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WUNNIOCTPALUU K CTATBE «OCOBEHHOCTU UMMYHONOIMYECKU AKTUBHOIO U «XOJIOAHOI O» ®EHOTUMNOB WHBA3UBHOM
KAPLIMHOMbI LLEUKU MATKU PAHHUX CTALIMX NO NAHHBIM CEKBEHUPOBAHWA TPAHCKPUMTOMA» (ABTOPbI:
KYPMbILLKWHA 0.B., KOBYYP IN.1., BONKOBA T.0. [c. 1141-1150])

ILLUSTRATIONS FOR THE ARTICLE "CHARACTERISTICS OF IMMUNE-ACTIVE AND IMMUNESILENT PHENOTYPES OF EARLY-
STAGE CERVICAL CARCINOMA AS REVEALED BY TRANSCRIPTOME SEQUENCING" (AUTHORS: KURMYSHKINA O.V., KOVCHUR P,
VOLKOVA T.O. [pp. 1141-1150])
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Figure 1. Cluster analysis and Gene Ontology enrichment performed on gene expression profiles of cervical lesions
Note. (A) Hierarchical clustering identified 3 clusters (‘A, ‘B’, and ‘C’) comprising invasive CeCa, precursor CINs, and normal epitheli. (B) t-SNE plot visualizing
distribution of groups ‘A, ‘B’, and ‘C’ between the three patterns of coordinately expressed genes.

WNNIOCTPALUU K CTATBE «3KCNPECCUA MOJIEKYI CD56 U TIM-3 HA PA3HbIX CYBNOMynAUMAX MOHOLIUTOB
NEPU®EPUYECKOW KPOBU NPU BEPEMEHHOCTW» (ABTOPbI: OPITOBA E.I"., IOTMHOBA O.A. [c. 1177-1182])

ILLUSTRATIONS FOR THE ARTICLE "CD56 AND TIM-3 MOLECULE EXPRESSION IN DIFFERENT MONOCYTE SUBSETS IN
PHYSIOLOGICAL PREGNANCY" (AUTHORS: ORLOVAE.G., LOGINOVA O.A. [pp. 1177-1182])
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Figure 1. Gating strategy for monocytes subsets and assessment of Tim-3 and CD56 expression

Note. (A) Monocytes gate selection according to the forward (FSC-A) and side (SSC-H) scattering parameters; discrimination of doublets according

to the FSC-A/FSC-H parameters; discrimination between dead and live cells by LIVE/DEAD-ZOMBIE UV stained; selection of CD3- cells in the peripheral blood
PBMC living cell gate; the number of the monocytes subsets was determined as a percentage of CD14°*CD16* (non-classical, NC), CD14""CD16* (intermediate,
INT) and CD14""CD16- (classical, CL) in the gate of CD3-negative monocytes. (B) Expression of Tim-3 and CD56 in monocytes subsets.
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COOEP>XAHUE MEOUATOPOB BPOXAEHHOIO
WMMYHWUTETA B CJIESHOMN XXUOKOCTU NALUUEHTOB
C COCYAUCTbIMU U HEUPOAErEHEPATUBHbIMU

NPOSAABJIEHNAMW AUABETUMECKOI PETUHOMATUMU
Pyukun M.IL" 2, MapkesioBa E.B.!, @ensames I A2

@I'BOY BO «Tuxookeanckuii 20cy0apcmeeHHblil MeOUYUHCKULL yHugepcumen» Munucmepcmea
30pasooxpanenus PD, e. Bradusocmok, Poccus
2000 «IlIpumopckuii yenmp mukpoxupypeuu eaasza», 2. Braousocmok, Poccus

Pesiome. I1o pesynbpraTam NMociaeaHUX UCCAEIOBAHUN TMA0ETUUECKYIO0 PETUHOMNATUIO MOXHO paccMaTpu-
BaTh HE TOJBKO KaK COCYIMCTOE 3abojieBaHMEe, HO U KaK HellpoaereHepaTUBHEIN mpoliecc. M3ydyeHume co-
CcTaBa CJI€3HOM XUIKOCTU MCHOJb3YeTCs IJISI OLIEHKM COCTOSIHUS JIOKAIbHOIO MMMYHMTETa MIPU Pa3BUTUU
1a3HbIX 3a0oieBaHu. OQHAKO MCCIeA0BaHMS, U3yJalollle BIUsSHUE COCTaBa CJie3bl MPU NUabeTUUeCKOMn
peTuHomatTuu HeMHorouncieHHbI. Llenb uccnenoBanuss — ompenenuts ypoBuu IL-1B, 1L-10, TGF-33,
MMP-7, TIMP-2, 6enka S100b, BDNF u NGF B ciie3HOI XKMIKOCTH MALIMEHTOB COCYANCTBIMU U HENPO-
JIeTeHEpaTUBHBIMM TIPOSIBICHUSIMU AUa0eTUYeCKoll peThuHomatuu. B ucciegoBaHue ObuiM BKIOYeHBI 80
NalKMeHTOB C AUAarHO30M caxXapHbI auabdeT 2 TuIla, KOTOpble ObLIM pa3aeaeHbl Ha 2 rpynnbl: rpynna 1 —40
MaUEHTOB, Y KOTOPBIX HE OBLIO KIIMHUYCCKUX IIPU3HAKOB TMa0CTUICCKO pEeTUHOIIATUM Ha TJIA3HOM IHE,
rpymia 2 — 40 maiMeHTOB ¢ HaYaJIbHBIMU MPU3HAKaMU HepoJudepaTUBHON 11a0eTUYECKON peTUHOMNATHU.
BceMm BKITIOYEHHBIM B KCCIeIOBaHUE TIPOBOANIOCH 00CIeIoBaHUE HAa ONTUYECKOM KOT€pEHTHOM ToMorpade
RTVue-100 (CIIIA), omrpenensuit 00beM (POKATBHBIX TOTEPh TAHTIINO3HBIX KJIeTOK ceTtdaTku (FLV). YBenn-
yeHnue FLV Brillle mokazaTesneit HopMaTUBHOM 0a3bl mpuoopa paciieHnBaiu kak OKT-npusHak Helpoaere-
Hepauuu cetyatku. [To pesynbsratram OKT yyacTHUKOB IepBOil ¥ BTOPOI IpyMIbl JOTIOJHUTEIBHO pa3aeiu-
1 Ha 4 moarpynnel: 1A — manueHThl 6€3 COCYAUCTBIX U3MEHEHUI Ha r1a3HoM aHe U 6e3 OKT-npusHakos
HelponereHepauu cetdyatku (n = 12), 1b — manmeHTH 6€3 COCyaUCThIX M3MEHEHMI Ha TJIa3HOM JTHE M C
HamnureM OKT-npusHakoB HelipojereHepalimu cetyatku (n = 28), 2A — malueHThl ¢ HaYaJlbHOM Henpo-
nudepatuBHoit JIP u 6e3 OKT-npusHakoB HelipoaereHepauu cetyatku (n = 10), 2b — mamueHTsI ¢ Ha-
ganbHOU HermpomudepatnBHoit AP 1 ¢ OKT-npu3Hakamu HeliponereHepanuu cetdatku (n = 30). YpoBeHb
IL-1B, IL-10, TGF-B3, MMP-7, TIMP-2, 6enxa S100b, BDNF u NGF B ciie3Holi XKUIKOCTH ONPEAEIsLIN C
TMOMOIIIbI0O UMMYHOMEPMEHTHOTO aHanu3a. YpoBHU IL- 1 u IL-10 B cie3Ho XUIKOCTU BO BCEX MOATPYIIIIax
OBUTM COTTOCTaBMMBI C KOHTPOJIEM Ha TIPOTsikeHUU Bcero uccienoBanusi. Conepxanune TGF-B3 B ciesnoit
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KUJKOCTHU TAlIMEHTOB IPYMITbI ¢ HAYaIbHBIMU MTpU3HaKaMu HenpoiaudepatuBHoii [P (rpynna 2) 0bUIO 10-
croBepHo (p = 0,001) HUXKe B cpaBHEHUU C KOHTpoJieM U rpyrmnoit 2. OgHakKo OTCyTCTBOBajia 1OCTOBEpHast
pazHuua (p > 0,05) mexnay noarpynnamMu A u b BHyTpu rpyni. Konnenrpanus MMP-7 B cie3HO XUIKOCTA
BO BCEX MOATPYINIaX ObLIa JOCTOBEpHO HIXe 4eM B KoHTpoJje (p < 0,05), omHako, B moarpymmax ¢ OKT-
Mpu3HaKaMu HeliponereHepanuu cetdyatku (16 u 2B) nedunnT nanHo MeTajuTONTPOTENHA3BI OBLT 00JIEe BhI-
paxeH (p = 0,0001). YpoBHu uccnenyembix HeiiporienntuaoB NGF, BDNF u S100B B cie3Hoi XKUaAKOCTH He
OTJIMYAJIUCh OT KOHTPOJISI BO BCEX MOArpyMax.

Knrouesuie crosa: neiipodecenepayus, yumoxkubl, Hellponenmudsl, MAMPUKCHble MEMAII0NPOMeUHasbl, duabemuyeckas
pemuHonamusi, cie3a

CONTENT OF MEDIATORS OF INNATE IMMUNITY

IN THE TEARS OF PATIENTS WITH VASCULAR AND
NEURODEGENERATIVE MANIFESTATIONS OF DIABETIC
RETINOPATHY

Ruchkin M.P.*» *, Markelova E.V.2 Fedyashev G.A.»"

@ Pacific State Medical University, Viladivostok, Russian Federation
b Primorsky Eye Microsurgery Center, Viadivostok, Russian Federation

Abstract. According to the results of recent studies, diabetic retinopathy can be considered not only as a
vascular disease, but also as a neurodegenerative process. Study of the composition of the tear fluid is used to
assess the state of local immunity in the development of eye diseases. However, studies examining the effect
of tear composition in diabetic retinopathy are few. The aim of the study is to determine the levels of 1L-18,
IL-10, TGF-B3, MMP-7, TIMP-2, protein S100b, BDNF and NGF in the tear fluid of patients with vascular
and neurodegenerative manifestations of diabetic retinopathy. The study included 80 patients diagnosed with
type 2 diabetes which were divided into 2 groups: the 1% group included 40 patients who had no clinical signs
of diabetic retinopathy on the fundus; the 2" group included 40 patients with initial signs of non-proliferative
diabetic retinopathy. All those included in the study were examined on an optical coherent tomograph
RTVue-100 (USA); the volume of focal losses of retinal ganglion cells (FLV) was determined. An increase
in FLV above the normative base of the device was regarded as an OCT-sign of retinal neurodegeneration.
According to the results of OCT, the participants of the first and second groups were additionally divided
into 4 subgroups: 1A — patients without vascular changes in the fundus and without OCT signs of retinal
neurodegeneration (n = 12); 1B — patients without vascular changes in the fundus and with the presence
of OCT signs of retinal neurodegeneration (n = 28); 2A — patients with initial non-proliferative DR and
without OCT signs of retinal neurodegeneration (n = 10); and 2B — patients with initial non-proliferative DR
and with OCT signs of retinal neurodegeneration (n = 30). The levels of IL-1p3, IL-10, TGF-B3, MMP-7,
TIMP-2, protein S100 b, BDNEFE, and NGF in tear fluid were determined by enzyme-linked immunosorbent
assay. Levels of IL-1p and IL-10 in tear fluid in all subgroups were comparable to controls throughout the
study. TGF-B3 content in the tear fluid of patients in the group with initial signs of non-proliferative DR
(group 2) was significantly (p = 0.001) lower compared with control and group 2. However, there was no
significant difference (p > 0.05) between subgroups A and B within groups. The concentration of MMP-7 in
the tear fluid in all subgroups was significantly lower than in the control (p < 0.05). However, in the subgroups
with OCT signs of retinal neurodegeneration (1B and 2B), the deficiency of this metalloproteinase was more
pronounced (p = 0.0001). The Ievels of the neuropeptides under study NGF, BDNF and S100 B in tear fluid
did not differ from controls in all subgroups.

Keywords: neurodegeneration, cytokines, neuropeptides, matrix metalloproteinases, diabetic retinopathy, tear
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Introduction

Currently, the influence of metabolic disorders
that occur in diabetes mellitus, on the neurosensory
apparatus of the retina, is being actively discussed.
According to the results of both our research and
a number of studies by other authors, diabetic
retinopathy (DR) can be considered not only as a
vascular disease, but also as a neurodegenerative
process [1, 2]. At the same time, damage to retinal
neurons can lead to visible vascular changes and
reduced visual function.

In the pathogenesis of the development of retinal
neurodegeneration in diabetic retinopathy, one of
the basic roles is played by a violation of the balance
between damaging and neuroprotective factors [3].
We identified systemic disorders in the levels of cy-
tokines, matrix metalloproteinases and their inhi-
bitors, and neuropeptides in patients with retinal
neurodegeneration against the background of type 2
diabetes mellitus, and their role as predictors of the
development of this process was also determined.

Study of the composition of the tear fluid is used
to determine the effect of local immunity on the
development of eye diseases [4]. So the change in the
content of various biologically active substances in the
tear were found in patients with diabetic retinopathy
had a correlation with its severity [5]. However,
complex studies studying the composition of tears in
diabetic retinopathy are few.

The aim of the study is to determine the levels of
1L-1B, IL-10, TGF-p3, MMP-7, TIMP-2, protein
S100b, BDNF and NGF in the tear fluid of patients
with vascular and neurodegenerative manifestations
of diabetic retinopathy.

Materials and methods

The study included 80 patients with an endo-
crinologist-verified diagnosis of type 2 diabetes melli-
tus, who, after an ophthalmological examination,
were divided into 2 groups: group 1 — 40 patients who
did not have clinical signs of diabetic retinopathy on
the fundus; and group 2 — 40 patients with initial signs
of non-proliferative diabetic retinopathy (the presen-
ce of single microhemorrhagia and microaneurysms
on the fundus). All participants in the main group took
oral hypoglycemic drugs. The average experience of
diabetes was 7.5 years. The level of glycated hemoglo-
bin averaged 7.7%. The control group consisted of 30
practically healthy volunteers comparable in sex and
age with the main group. Sex distribution in the main
group: men 42.5% (n = 34), women 57.5% (n = 46),
average age 60.8£6 years. All persons participating in
the study provided informed consent. The study was
approved by the ethics committee of the Pacific State
Medical University (of 16.12.2019 protocol No. 4).

All those included in the study were examined on
an optical coherent tomograph RTVue-100 (USA);
the volume of focal losses of retinal ganglion cells
(FLV) was determined. An increase in FLV above
the normative base of the device was regarded as an
OCT-sign of retinal neurodegeneration. According
to the results of OCT, the participants in the first
and second groups were additionally divided into 4
subgroups: 1A — patients without vascular changes
in the fundus and without OCT signs of retinal
neurodegeneration (n = 12); 1B — patients without
vascular changes in the fundus and with the presence
of OCT signs of retinal neurodegeneration (n = 28);
2A — patients with initial non-proliferative DR and
without OCT signs of retinal neurodegeneration
(n = 10); and 2B — patients with initial non-proli-
ferative DR and with OCT signs of retinal neurode-
generation (n = 30).

The levels of IL-1p, IL-10, TGF-3, MMP-7,
TIMP-2, protein S100b, BDNF and NGF in the tear
fluid were determined using specific reagents from
R&D Diagnostics Inc. (USA) by the sandwich version
of the solid-phase enzyme-linked immunosorbent
assay, according to the attached instructions. Recor-
ding of results was performed using the enzyme-
linked immunosorbent assay “Multiscan” (Finland).
Quantification of the measured parameters was ex-
pressed in pg/mL or ng/mL.

Clinical-instrumental and laboratory examination
of patients of the main group was carried out at the
initial treatment, as well as after 6 months.

Statistical processing of the results obtained was
carried out using the SPSS Statistics 23 program
(IBM, USA). Indicators are presented in the form of
medians (Me), as well as lower and upper quartiles
(Qy25-Qp75). Comparison of quantitative values in
unrelated samples was carried out using the Mann—
Whitney U test. The Wilcoxon T-test was used in the
bound samples. The Spearman rank coefficient was
used for correlation analysis. The differences were
considered significant at p < 0.05. The sensitivity and
specificity of changes in the studied indicators were
assessed by linear regression with the construction of
ROC curves.

Results and discussion

The results of a laboratory study of the tear fluid of
the study participants are presented in Table 1.

Levels of IL-1p and IL-10 in tear fluid in all
subgroups were comparable to controls throughout
the study. Given the fact that in other studies serum
levels of these cytokines were altered in patients with
retinal neurodegeneration in diabetic retinopathy, it
is possible that IL-1p and IL-10 play a role. In these
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TABLE 1. LEVELS OF THE STUDIED INDICATORS IN THE TEAR FLUID OF THE EXAMINED CONTINGENT, Me (Q, ,:-Q; 75)

after 6 months

(10.45-18.13)

(10.65-17.78)

(10.43-18.93)

(10.15-18.19)

Index Subgroup 1A Subgroup 1B Subgroup 2A Subgroup 2B Control
(n=12) (n=28) (n=10) (n=30) (n =30)
IL-1p pg/mL 1.62 1.79 1.67 1.86
primary (1.23-1.95) (1.49-2.09) (1.39-1.76) (1.39-1.98)
1.78
(1.57-2.09)
IL-1B pg/mL 1.66 1.84 1.79 1.81
after 6 months (1.21-1.88) (1.49-2.07) (1.33-1.72) (1.27-2.08)
IL-10 pg/mL 15.21 15.19 16.01 15.68
primary (10.33-17.85) (10.02-18.95) (10.32-18.25) (10.12-17.71)
16.33
(10.04-18.87)
IL-10 pg/mL 16.12 15.91 15.89 16.11

TGF-3 pg/mL
primary

102.24
(79.14-131.00)

99.7
(81.38-115.99)

70.82
(37.54-101.50)*

74.8
(35.68-91.87)*

TGF-3 pg/mL
after 6 months

103.33
(73.23-119.86)

100.52
(77.14-117.39)

71.89
(38.23-92.6)*

67.33
(34.13-96.34)

98.49
(84.19-112.35)

MMP-7 ng/mL 1.88 1.34 1.95 1.29
primary (1.71-2.66)* (1.11-2.16)* # (1.82-2.62)* (1.15-2.11)* #
2.74
(2.56-2.95)
MMP-7 ng/mL 1.86 1.38 1.96 1.32
after 6 months (1.77-2.65)* (1.09-2.11)* # (1.77-2.75)* (1.13-2.14)* #
TIMP-2 pg/mL 0.15 0.16 0.13 0.17
primary (0.09-0.23) (0.12-0.26) (0.07-0.21) (0.12-0.24)
0.12
(0.07-0.23)
TIMP-2 pg/mL 0.18 0.13 0.16 0.15
after 6 months (0.12-0.26) (0.09-0.23) (0.11-0.27) (0.09-0.21)
S100B pg/mL 12.55 11.61 13.11 11.65
primary (3.29-17.56) (4.29-16.16) (4.33-18.41) (5.09-17.33)
13.19
(3.14-17.15)
S100B pg/mL 11.53 11.23 13.77 11.37
after 6 months (3.11-18.42) (5.01-16.12) (4.11-19.21) (5.51-17.94)
NGF pg/mL 8.54 9.02 9.13 9.01
primary (6.23-11.79) (6.23-11.96) (6.78-12.03) (6.14-11.98)
8.14
(5.99-12.02)
NGF pg/mL 8.56 9.05 9.16 9.01
after 6 months (6.28-12.05) (6.25-11.85) (6.66-12.05) (6.18-12.01)
BDNF pg/mL 10.14 10.25 10.64 10.05 10.31
primary (6.61-15.32) (6.98-14.93) (7.01-15.33) (6.98-15.17) (6.91-14.79)

Note. *, significant difference with control group (p < 0.05); #, reliable difference between groups A and B within groups (p < 0.05).
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patients, it would be more indicative in the study of
intraocular fluids.

The content of TGF-B3 in the tear fluid of patients
in the group with initial signs of non-proliferative DR
(group 2) was significantly lower (p = 0.001) compared
with the control and group 2. However, the presence
of OCT signs of retinal neurodegeneration did not
affect this indicator, which shows the absence of a
significant difference (p > 0.05) between subgroups A
and B within the groups. TGF-3 8 under physiological
conditions increases the survival of endothelial cells
and pericytes in the vessels of the retina [6]. It is
possible that a local decrease in TGF-33 potentiates
the damaging effect of chronic hyperglycemia on
retinal vessel cells.

The concentration of MMP-7 in the tear fluid
in all subgroups was significantly lower than in the
control (p < 0.05). However, in the subgroups with
OCT signs of retinal neurodegeneration (1B and 2B),
the deficiency of this metalloproteinase was more
pronounced (p = 0.0001). A decrease in the activity
of MMP-7 at the systemic and local level in patients
with diabetes mellitus was found in many studies [7].
According to some reports, MMP-7 is involved in the
activation of some neuroproteins, and a decrease in
its activity can lead to a decrease in the neurotrophic
support of retinal neurons and potentiates their
apoptosis [8, 9].

The content of TIMP-2 in the tear fluid in all
subgroups was comparable to control both during the
initial examination and after 6 months.

In contrast to the expected results, the levels of the
neuropeptides NGFE, BDNF and S100B in the tear
fluid did not differ from the control in all subgroups.

References

Since these proteins are actively involved in main-
taining the vital activity of retinal neurons, it may
be more indicative to study their level in intraocular
fluids [8].

Correlation analysis showed a significant negative
relationship between FLV and the concentration of
MMP-7 in the tear fluid (r = -0.3 38, p = 0.02), the
level of which was reduced in subgroups with retinal
neurodegeneration. However, ROC analysis showed
unsatisfactory model quality (AUC = 0, 47) for this
indicator as a prognostic marker for the development
of retinal neurodegeneration. There was a positive
correlation between the levels of MMP-7 and TGF-f33
in the tear fluid (r = 0.311, p = 0.03).

Conclusion

This study showed a decrease in local levels of
MMP-7 and TGF-B3 in the tears of patients with
diabetic retinopathy. The presence of vascular symp-
toms had an effect on the level of TGF-3. In turn,
patients with OCT signs of retinal neurodegeneration
showed greater deficiency of MMP-7. Despite the
existence of an association between FLV and MMP-7
levels. in the tear, this laboratory indicator for ROC
analysis does not have sufficient conjugation with
retinal neurodegeneration and cannot be used as a
marker of this process.

Thus, further study of the state of the local level
of various factors of innate immunity in patients with
diabetic retinopathy is required to search for predictors
of the development of vascular and neuronal retinal
lesions, which will provide a basis for personalized
management and treatment of these patients.
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OUHAMUKA NOKASATENEWN KNETOYHOO MUMMYHUTETA
NnPU KOMIMJIEKCHOM JIEHEHUWX OCTPOIO ONTUYECKOIO
HEBPUTA

Croposxmiaosa JI.A.L, Kosenro O.B." %3, Jannaosa JLIL!, Emanosa JLIL!,
Bacuasesa M.M.2

! Xabaposckuii puauan @TAY «HMHUL] «MHTK «Mukpoxupypeus enaza» umenu axademuxa C.H. @edoposa»
Murucmepcmea 30pasooxpanenus P, e. Xabaposck, Poccus

2 KI'BOY JT10 «Hncmumym noevluleHus KearuGuKayuu cneyuaiiucmos 30pasooxpaneius» Munucmepcemea
30pasooxpanerus Xabaposckoeo Kpas, e. Xabaposck, Poccus

S @I'BOY BO «/lanvregocmounblii 20cy0apcmeeHHblil MeOuyuHcKuil ynueepcumenm» Munucmepcemea
30pasooxpanenus PO, e. Xabaposck, Poccus

Pesome. YBenrueHre 4aCTOThI pa3BUTHS ONITUYECKOTO HEBPUTA CPEIU HACETEHUS TPYIOCIIOCOOHOTO BO3-
pacTa, a TaKKe HEeyTeIIUTeIbHbBIN MTPOTHO3 [IJIsl 3pEHUST BBULY Pa3BUTUS aTpoGh Uy 3pUTEIbHOTO HEPBA OTIpe-
NIeJIsIeT BBICOKYIO COLIMATBbHYIO 3HAYUMMOCTb JaHHOU Mpo0bsieMbl. Llenbio paboThl sIBIsIeTCsT aHaIU3 BIUSHUS
«MMyHO(paHa» Ha TMoKa3aTeau KJIETOYHOTO UMMYHUTETA U KIIMHUYECKUE CUMIITOMBI O0OJI€3HU B KOMILIEKC-
HOM JISYEHUU ONTUYECKOTO HEBPUTA, ACCOLIMMPOBAHHOTO C TepriecBUpycHOI nHbeKkuueii. B uccienoBanun
npuHsIM yyactue 37 yenosek (37 r1a3) ¢ OCTPbIM ONTUYECKUM HEBPUTOM, aCCOLIMMPOBAHHBIM C reprecBU-
pycHoit nuHdekimeit. Cxema JieueHUsT BKJIIoYajia Ha3HauYeHNe pacTBOpa JAeKcaMeTa3oHa 1o YObIBaloIIel cxe-
me, 1% pactBopa npemnaparta «DMokcunuH» 0,5 Mt u 12,5% pactBopa npenapara «AuimmHon» 0,5 M1 yepes
WPPUTALIMOHHYIO CUCTEMY, UMIUIAHTUPOBAHHYIO B PETPOOYIb0apHOE MPOCTPAHCTBO, B KOMOMHALIMU C Ha-
3Ha4YEHMEM JIEKApCTBEHHbBIX CpeacTB HeliponpoTekuuu («ITukamunon» u «Cemakc») B reuernue 10 nHeii. Bee
MalMeHThl ObUTY pasaesieHbl Ha 2 rpyrnnbl. OcHOBHas rpymnna — 20 mauueHToOB, KOTOPBIM B CXEMY JICUEHUS
0611 no6aBeH mnpemnapat «MMyHodan». [pymnma cpaBHeHUsT — 17 nalleHTOB, JJ€YEHUE KOTOPBIX MPOBOIUINA
TOJIBKO MO BbIllIeonTUcaHHO# MeToauke. Kypc nedenust coctaBun 10 nHel. AHaIU3 JTAaHHBIX TPOIEMOHCTPHU-
poBaJl 0oJjiee 3HAUMMYIO TOJIOXKUTENbHYIO JMHAMUKY MOKa3aTeseil KI€TOUHOr0 MMMYHUTETA, TOJyYaBIINX
UMMYHOTepanuo. Hamm uccienoBanust nokasanu 3¢ GheKTUBHOCTh JAHHOTO TperapaTa B KOMITJIEKCHOM
JICUEHUU ONTUYECKOTO HEBPUTA, ACCOLIMUPOBAHHOTO C TePrIECBUPYCHOU MHGEKIIUeH, YTO TTOATBEPXKIACHO
YCKOpPEHUEM KyITUpPOBaHUS BOCNaJIeHUs, 00Jiee 3HAYMMBbIM TMOBBIIIIEHUEM 3PUTEJIbHBIX (GYHKIIUNA Y allueH-
TOB, TIoyuaBinx «MMyHodaH», 1 MEHBIINM TIPOIIEHTOM Pa3BUTHS aTpoduu 3pUTETBHOTO HepBa. B aToit
TpyIiTe NalMeHTOB B 0ojiee paHHUE CPOKU MTPOU3OIIUIM U OCTABAIMCH CTAOWJIBHBIMU Ha MPOTSKEHUU BCETO
CpoOKa HaOJIoAeHNSI U3MEHEHUS TMoKa3aTesield KJIETOYHOTO 3BeHa UMMYyHUTeTa. [1o HaluuM JaHHBIM, MeX-
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TPYIIOBasl OLleHKa UMMYHOPETYJISITOPHOTO MHAEKCA MoKa3ayia ero 0ojee ObICTpOe HapacTaHWE Y TAllUEHTOB
TpyNIbl CpaBHEHUS, TToJlydaBIIuX npenapatr «MIMyHodaH», 1 focTUrajia HOPMIbHBIX 3HAYEHUI yXKe CITy-
¢t 6 MecsileB Toche jgedeHust. KnmuHudeckast 3¢ deKTUBHOCTh npenapata «MMyHodaH» B KOMILIEKCHOM
Tepanuu ONTUYECKOrO0 HEBPUTA, AaCCOLIMUPOBAHHOTO C repnecBUPYCHOU MHMeEKIIMei, xapakTepu3oBaiach
COKpallleHMeM CPOKOB KyITMPOBaHUS MPHU3HAKOB BOCMAIEHUs B 3pUTEJIbHOM HEpBE B 2 pa3a u 0oJiee, yBeIu-
YEeHUEM MaKCUMaJlbHO KOPPUTUPOBAHHOM OCTPOTHI 3peHUs 4,5 pa3za, CHUXKEHUEM YaCTOThl BOSBHUKHOBEHUS
pPEeUMAMBOB ONITUYECKOTO HEBPUTA B 2 pa3a Mpu cpokKax HaboaeHus 12 mecsies.

Karouesnie cnosa: onmuueckuii Hegpum, eepneceupychas uH@eKyus, KopmukocmepouoHas mepanus, UMMYHOMOOYAUpYIOuas
mepanus, nokasamenu KAemo4H020 UMMYHUMema, UMYHOPaH

DYNAMICS OF CELLULAR IMMUNITY INDICATORS IN THE
COMPLEX TREATMENT OF ACUTE OPTIC NEURITIS

Storozhilova D.A.2, Kolenko O0.V.2>¢<, Danilova L.P.2, Emanova L.P.2,
Vasilieva M.M.?

@ Khabarovsk Branch, S. Fedorov National Medical Research Center “MNTK Eye Microsurgery”, Khabarovsk,
Russian Federation

b Postgraduate Institute for Public Health Workers, Khabarovsk, Russian Federation

¢ Far-Eastern State Medical University, Khabarovsk, Russian Federation

Abstract. An increase in the incidence of optic neuritis among the working-age population, as well as an
unpromising prognosis for vision due to the development of optic nerve atrophy, determines the high social
significance of this problem. The aim of the work is to analyze the effect of Imunofan at the parameters of
cellular immunity and clinical symptoms of the disease in the complex treatment of optic neuritis associated
with herpes virus infection. The study involved 37 people (37 eyes) with acute optic neuritis associated with
herpes infection. The treatment regimen included the appointment of a dexamethasone solution according to a
decreasing scheme, a 1% solution of the drug Emoxipin 0.5 mL and a 12.5% solution of the drug Dicynone 0.5
mL through an irrigation system implanted in the retrobulbar space, in combination with the neuroprotection
drugs (Pikamilon and Semax) for 10 days. All patients were divided into 2 groups. The main group consisted
of 20 patients who received Imunofan to the treatment regimen in addition. The comparison group included
17 patients who were treated only according to the method described above. The course of treatment lasted 10
days. The analysis of the data showed a more significant positive dynamics of cellular immunity parameters in
those who received immunotherapy. Our studies showed the effectiveness of this drug in the complex treatment
of optic neuritis associated with herpes infection, what is confirmed by the acceleration of inflammation relief, a
more significant increase in visual functions of patients treated with Imunofan, and a lower percentage of optic
nerve atrophy. In this group of patients, changes in the parameters of the cellular link of immunity occurred
earlier and remained stable throughout the entire period of observation. According to our data, an intergroup
assessment of the immunoregulatory index showed its faster increase in patients of the comparison group who
received Imunofan, and reached normal values already 6 months after treatment. The clinical effectiveness
of Imunofan in the complex therapy of optic neuritis associated with herpes infection was characterized by a
reduction in the period of relief of signs of inflammation in the optic nerve by 2 times or more, by an increase
in the maximum corrected visual acuity by 4.5 times, and by a decrease in the incidence of recurrence of optic
neuritis by 2 times over a 12 months observation period.

Keywords: optic neuritis, herpes virus infection, corticosteroid therapy, immunomodulatory therapy, indicators of cellular immunity,
imunofan

development of optic nerve atrophy (ONA) determi-
nes the high social significance of this problem [1].
Along with CNS diseases, including autoimmune

Introduction

According to the literature, optic neuritis (ON)

reaches 30-40% in the structure of inflammatory
diseases of the visual pathway [1]. An increase in the
incidence of ON among the working-age population
and a disappointing prognosis for vision due to the

damage to the optic nerve, acute and chronic bacterial
and viral infections, including herpesvirus infection
(HVI) [5, 6, 10, 11], are of great importance in the
etiology of ON.
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HVI causes changes in the systemic and
local immune status, which is determined by the
characteristics of the antigenic structure of the
pathogen, the level of antigenic load, the production
of antibodies, and the rate of elimination of the
antigen by the immune system.

Glucocorticoid therapy is the main and rapid way to
block immune-mediated inflammation mechanisms
in the optic nerve, but at the same time it can lead
to a weakening of the immune defense and increased
replication of the herpes simplex virus [3, 4, 13].

In connection with the immune imbalance, the
possible formation of resistance to antiviral che-
motherapy, most authors adhere to the principles
of complex treatment for ophthalmic herpes and
the appointment of etiotropic chemotherapy and
immunocorrective therapy [4, 8, 9].

The aim of the work is to analyze the effect of
Imunofan in the complex treatment of ON associated
with HVI at the parameters of cellular immunity and
clinical symptoms of the disease.

Materials and methods

We examined 37 people (37 eyes) with acute
unilateral ON associated with HVI, aged 17 to 36
(average 26.5) years. Inflammation of the optic nerve
proceeded in the form of intraocular neuritis.

The clinical study did not include patients with
ON within the background of multiple sclerosis and
other neurodegenerative diseases of the CNS, Devic’s
disease and severe concomitant somatic diseases.

According to the results of laboratory serological
studies of blood serum by ELISA method in the
process of clarifying the etiological diagnosis of ON
IgM antibodies to herpes simplex virus were identified
in 23% of cases, in all 37 patients HVI was confirmed
with an increase in the titer of IgG antibodies to
herpes simplex virus by 4-5 times.

The avidity index of IgG antibodies at the time of
admission to the hospital in 23 (61.5%) patients with
ON was 31-49%, which indicated that they had a late
stage of primary infection; in the remaining 14 patients
(38.5%) the avidity index IgG antibodies ranged from
56 to 72% and indicated a chronic persistent HVI.

The standard treatment regimen included the
introduction for 10 days through an irrigation system
implanted in the retrobulbar space of Dexamethasone
solutions in a decreasing pattern (course dose of 60
mg), 1% solution of Emoxipin 0.5 mL and 12.5%
Dicynone 0.5 mL [13].

Antiviral chemotherapy with Acyclovir (orally
0.4 mg 5 times a day) was prescribed 2-3 days after
receiving positive laboratory results of the study for
the presence of HVI. In 7 patients with concomitant
chronic inflammatory pathology of the upper
respiratory tract, the treatment was supplemented with

intravenous injections of the antibiotic Ciprofloxacin
100 mg daily for 7 days.

The patients were divided into 2 observation
groups: the 1st main group (n = 20), which standard
treatment was supplemented by intramuscular
injections of Imunofan 50 mcg daily for 10 days.
2nd comparison group (n = 17), which patients
received standard treatment without Imunofan. The
formed groups were comparable in terms of sex, age,
severity of the inflammatory process in the optic nerve
(p > 0.05).

Ophthalmological examination methods inclu-
ded: visometry (sign projector Carl Zeiss Jena,
Germany); ophthalmoscopy (indirect non-contact
lens with a lens of 90 diopters) with the calculation
according to the severity of the clinical signs of the
inflammatory process in the optic nerve in scores of
the total clinical inflammation index (TCITI), which is
characterized by a score of the degree of severity of the
ophthalmoscopy picture (0 — no symptom; 1 — mild;
2 — moderately expressed; 3 — sharply expressed);
static computer perimetry (Humphrey, Germany).
The morphological status of the optic disc (OD) was
studied by optical coherence tomography (OCT)
(Cirrus HD-OKT 4000, Carl Zeiss Meditec AG,
Germany), the thickness of the peripapillary retinal
nerve fiber layer (RNFL) was measured.

Immunophenotyping of lymphocytes was per-
formed with an assessment of CD3*, CD4", CD8",
CD?22". The studies were carried out on the basis of the
Research Institute for the Protection of Motherhood
and Childhood in Khabarovsk. The results of an
immunological blood test, obtained at the regional
blood transfusion station in 20 healthy people who
donated blood for the first time, were taken as normal
indicators.

Cellular immunity testing was performed before
the start of treatment, 1.5 months after treatment,
then after 6 and 12 months of observation.

Statistical analysis of the obtained results was
carried out using the computer program Microsoft
Excel with the identification of the significance of the
difference according to the Student’s criterion.

Results and discussion

When evaluating the results of immunoenzymatic
typing of lymphocytes in patients of both groups,
a deficiency in the absolute and relative content
of CD3* lymphocytes and CD4* lymphocytes was
initially determined. In turn, most of the examined
patients (75%) had an increase in the absolute and
relative content of CD8" and CD22* lymphocytes.

Comparative dynamics of clinical-functional and
morphometric parameters in patients with ON with
various treatment methods is shown in Table 1.

Analysis of the data presented in Table 1 showed
that after 10 days of inpatient treatment, more Sig-
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nificant positive dynamics was noted in the clinical
course of ON in patients of the main group. Thus,
the best corrected visual acuity (BCVA) by this
observation period increased by 4.5 times against the
initial one, while in patients of the comparison group
it increased only by 3.25 times (p < 0.05).

In the comparison group, 10 days after treatment,
the thickness of RNFL was 116.32+4.51 um, which is
statistically significantly higher than that of the main
group — 96.5+3.4 um (p < 0.05).

One month after treatment, in patients of the
main group, the RNFL thickness indicator reached
values that was not significantly different from that
of the intact eye (p > 0.05), while in the comparison
group, only by the 3 month of observation. At the
same time, it should be noted that in 4 patients of the
comparison group, by the 3 month of observation,
the thickness of the RNFL tended to decrease by 10-
15 um compared with the intact eye, which indicated
the development of partial optic nerve atrophy (ONA).

A more rapid completion of the inflammatory
process in the optic nerve in patients of the main
group compared to the comparison group was also
evidenced by the dynamics of the decrease in TCII.
So, after 1 month of observation, TCII in patients
who did not receive immunotherapy still remained on
average level of 4.5%0.1 points, in patients of the main
group, TCII was significantly lower (1.91+0.1 points),
while after 2 months after treatment, clinical signs
of inflammation of the OD were already completely
absent in patients of both observation groups.

At the end of 12 months after treatment, the
majority of patients (85%) of the main group had
stable results. Only 1 patient in this group showed a
trend towards a decrease in BCVA by 0.1-0.2 of the
previously achieved level. Ophthalmoscopically,
these patients were diagnosed with decoloration of
the temporal half of the OD, according to OCT, a

decrease in the thickness of RNFL by 8-10 um, which
was regarded by us as evidence of the development of
postneuritic partial ONA, which was later confirmed
by the results of electrophysiological studies.

In the comparison group, 12 months after
treatment, partial ONA occurred in 4 cases (23.5%),
which was supported by the data of ophthalmoscopy,
OCT and electrophysiological studies. This condition
was accompanied by a decrease in BCVA by 0.2-0.4
from the previously achieved level. Only one patient
in the comparison group had a relapse of ON and one
case of acute ON in the fellow eye in the absence of
such cases in the main group.

Table 2 shows the indicators of cellular immunity
of patients in groups.

Analyzing the data in Table 2, it can be seen
that in patients with OH who received Imunofan
as part of complex treatment, the indicators of
cellular immunity normalized already 6 months
after treatment and remained stable throughout
the entire observation period, while in patients who
did not receive immunotherapy, data results were
achieved only 12 months after treatment. Intergroup
assessment of the immunoregulatory index showed its
faster increase in patients of the main group.

An analysis of the literature data points to the huge
role of the herpesvirus family in the development of
human infections common in nature [2, 4, 9, 10, 12].

The etiological role of HVI in the occurrence of
ON is insufficiently presented in the ophthalmological
literature, which significantly limits the possibilities
of effective therapy. There is an opinion that in
patients with infectious and inflammatory diseases
of herpetic etiology, due to concomitant secondary
immunodeficiency, antiviral chemotherapy without
restoring the adaptive-compensatory capabilities of
the immune system is ineffective. In such clinical
situations, according to researchers, a positive result

TABLE 1. DYNAMICS OF FUNCTIONAL AND MORPHOMETRIC INDEXES IN DIFFERENT METHODS OF IMMUNOTHERAPY,

Mzm
Index Before After treatment Intact eye
treatment 10 days 1 month 3 months 12 months control
Main group, n = 20 people
BCVA 0.16+0.02 0.63+0.02 0.72+0.03 0.75+0.02 0.77+0.03 1.00+0.05
Thickness * * *
of PRNFL, um 129.5+5.5 96.5+3.4 92.3+2.1 88.5+5.2 87.2+5.1 87.5+5.6
TCIl, points 13.1+0.3 3.7+0.2* 1.9+0.1* - -
Comparison group, n = 17 people

BCVA 0.14+0.02 0.52+0.05* 0.65+0.01* 0.72+0.05 0.71+0.03 1.00+0.05
Thickness 130.743.3 116.324¢45.00 | 110.0£3.2 90.14.9 87.3+3.2 87.545.6
of PRNFL, pm
TCII, points 13.2+1.4 6.5+0.1 4.5+0.1 - -

Note. *, reliability of intergroup differences p < 0.05; BCVA, best corrected visual acuity; PRNFL, peripapillary retinal nerve fiber

layer; TCII, total clinical inflammation index.
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TABLE 2. INDEXES OF CELLULAR IMMUNITY OF PATIENTS DEPENDING ON THE THERAPY

Before After treatment
Index Treatment Control group
1.5 months 6 months 12 months
Main group, n = 20 people
T lymphocytes (CD3), % 61.95+£0.08% 68.72+0.71* 68.98+0.34* 68.88+0.11* 70.02+1.41
T helpers (CD4), % 30.25+0.16* 33.01+0.14# 38.01+0.32* 37.82+0.10* 38.41+1.22
T cytotoxic (CD8), % 27.9140.02% 25.99+0.05* 24.9740.02% 25.72+0.07 25.94+0.05
IRI 1.05+0.01# 1.38+0.02% 1.45+0.01* 1.44+0.02 1.46+0.05
Comparison group, n = 17 people
T lymphocytes (CD3), % 61.28+0.04# 64.21+£0.29* #| 65.04+0.09*#| 65.91£0.04*#| 70.02+1.41
T helpers (CD4), % 31.06+0.23% 33.16+0.32% 34.23+0.19*#| 33.70+0.06* #| 38.41+1.22
T cytotoxic (CD8), % 28.0040.08% 26.40+0.02* 24.21+0.03*#| 25.28+0.03 25.94+0.05
IRI 1.19+0.21# 1.22+0.01* # 1.37+0.01* # 1.35+£0.02 1.46+0.05

Note. *, statistically significant differences between the compared groups; #, statistically significant differences from the control

group, p < 0.05; IRI, immunoregulatory index.

of antiviral etiotropic therapy can only be guaranteed
by immunomodulatory therapy [4, 8, 10, 11].

There are a few works in the literature concerning
the use of Imunofan in ophthalmology in the treatment
of endogenous uveitis in adults [6] and children.
However, we have not found any works on the use
of Imunofan in the treatment of patients with optic
neuritis of HVI etiology in the available literature.

Our studies have shown the effectiveness of this
drug in the complex treatment of ON associated
with HVI, which was confirmed by the acceleration
of inflammation relief, a more significant increase in
visual functions in patients treated with Imunofan,
and a lower percentage of ONA. In this group of
patients, changes in the parameters of the cellular
link of immunity occurred earlier and remained
stable throughout the entire period of observation.
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OCOBEHHOCTW NOKASATEJIEA KJIETOYHOIO
WMMYHUTETA B SABUCMMOCTU OT AKTUBHOCTU
OYAroB JEMMENVUHU3ALWUN Y DETEU C PACCESIHHbIM

CKJIEPO3OM

Pappiruna T.B.Y, Kynnosa JI.I'.}, Kypoarosa O.B., Ilerpuuyx C.B.},
Cemuknna E.JI.'2 ducenro A.ILl, Aonynaaesa JIL.M.!, Bypcarosa B.JI.!
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2@IAOY BO «Ilepswiit Mockosckuii 2ocydapcmeentbiii meduyurnckuil ynueepcumem umenu M. M. Ceuernosa»
Munucmepcmea 30pasooxpanenus PO (Ceuenosckuii ynugepcumem), Mockea, Poccus

Pesome. PC gBisieTcsl pacnipocTpaHEHHBIM 3a00JieBaHMEM LIEHTPaJlbHOW HEPBHOUW CHUCTEMBI, KOTOPOE
MPUBOAUT K MHBAJIUIN3ALMY 1 CHIXKEHUIO KaueCcTBa XKU3HU. J1e61oT 3a601eBaHus y 3-5% malueHTOB IIPUXO0-
JUTCS Ha IETCKUIL BO3pACT U UMEET MEHee OJIaronpusiTHOE TeUeHUeE, II0 CPABHEHUIO CO B3pociabiMU. PC BbI-
3bIBAETCS aKTUBalMEN ayTOpeaKTUBHBIX 3(pheKTOpHBIX T-KIIETOK NpU CpbiBe NepudepruiecKoil ToepaHT-
HOCTH, KOTOpasi B HOpMe KOHTposiupyetcs T-peryasTopHbiMu kKieTtkamu (Treg). [lepcieKTUBHBIM SIBJISIETCS
uccienoBaHue 3kcrpeccuu s3kToHykieotraas CD39 u CD73 B nonynsuusax Treg u Thl7 mis oueHKM mx
CYMpecCUBHOU aKTUBHOCTU. Llesb — OLIeHUTh cofep>KaHUE OCHOBHBIX U MAJIBIX TTOMYJISILUIA JIUM(OIIUTOB U
sKcnpeccuto 3kToHykieotuaas CD39 u CD73 B monynsuuu CD4* numbouutoB y aereii ¢ PC. O6cienoBaHo
111 nereii ¢ PC, 66 neteit — ¢ KOHTpacT HeraTuBHbIMU oyaramu Ha MPT (1-s rpymnma), 45 neteit — ¢ KOHTpacT
MO3UTUBHBIMU oyaraMH (2-s rpytia). [pyriny cpaBHeHUs COCTaBUIIN 46 YCIIOBHO 3I0POBBIX IETEM, COMOCTA-
BUMBIX 0 Bo3pacTy (3-sa rpynmna). Coaepxanue T-mumpornuros, B-numdonurtos, NK-mumdonuros, Treg
(CD4+*CD25"e"CD127%%), Thact (CD4*CD25Me"CD127"eh), Th17 xierok (CD3*CD4*CD161%); skcmpec-
cuto CD39 u CD73 B Treg, Th17 u Thact npoBognii METOAOM NPOTOYHOU IMTOMIIyoOpuMeTpUn. BBISIBIEHO
yBennueHue conepxkanus T-xennepon, cHuxeHue NK-kiieTok y maimeHToB Bo 2-i rpyrre. [TonyyeHo yBe-
nuueHue konndectBa Thact u Th17 numbouuTtoB y mauueHToB odeux rpymni ¢ PC. KonnuectBo Treg B 1-14
rpynmne 0bUT0 JOCTOBEPHO BhIIIE, YeM B 3-1i rpynne. CooTHOIIEHUE KIeTOK ¢ akcnpeccueirt CD39 u CD73 y
nauueHToB ¢ PC 3aBucesno ot nonyasiuuu JMM@oOLMTOB TakKe, Kak 1 B 3-1 rpyrire. Hanboabiee cogepxka-
Hue CD39* kieTok oTMevanoch B monyJsiuuu Treg, a HauMeHblee B nmonyJsiuuu Thact. s akcnipeccun
CD73 Haoboport, Hauboabias akcrnpeccust CD73 HabGaoganack B Thact kierkax, HaumeHblinas B Treg. [Tpu
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CPaBHEHUU TPYIIN MAllMEHTOB MOJYYEHO, YTO Y MAlIMEHTOB |-i Tpynmbl ObLJIO JOCTOBEPHO YBEJIUYEHO KO-
JIMYECTBO KJIETOK, DKCIIPeCcCUpyrolmnx 3KToHykiaeotunady CD39, a konudectBo supThl7 OblIO cpaBHUMO
¢ 3-it rpynmnoii. B obeux rpynmnax nanueHToB ¢ PC HaGaoganock yBeanueHue koaudectsa CD73 B Treg,
Thact u Th17. Takum 06pa3om, BeIsIBIIeHbI THDOPMaTUBHBIE TOmyassuuu JuMdbonutos (CD4* kitetku, Treg,
CD39"Treg, supTh17), KoTopble MOTYT OBITh MCITOJIb30BaHbI JIJISI MOHUTOPWHTIA COCTOSTHUS AETEM C pacCesiH-
HBIM CKJIEPO30M.

Knroueswie cnosa: nonyasyuu aumepoyumos, CD4* aumgouyumet, Treg, Th17, Thact, CD39, CD73, paccesnnulii cknepo3, demu

FEATURES OF PARAMETERS OF CELLULAR IMMUNE
DEPENDING ON THE ACTIVITY OF FOCI OF DEMYELINATION
IN CHILDREN WITH MULTIPLE SCLEROSIS

Radygina T.V.2 Kuptsova D.G.?, Kurbatova O.V.2 Petrichuk S.V.2,
Semikina E.L.»*, Fisenko A.P.2, Abdullaeva L.M.?, Bursagova B.1.2

¢ National Medical Research Center of Children’s Health, Moscow, Russian Federation
b J. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Abstract. MS is a common disease of the central nervous system that leads to disability and reduced quality
of life. The debut of disease in 3-5% of patients occurs in childhood and has a less favorable course compared
to adults. MS is caused by the activation of autoreactive T cells in the breakdown of peripheral tolerance,
which is normally controlled by regulatory T cells (Tregs). It is promising to study expression of CD39 and
CD?73 in Treg and Th17 populations to assess their suppressive activity. Aim is to evaluate content of major
and minor lymphocyte populations and expression of CD39 and CD73 in CD4* lymphocyte population in
children with MS. 111 children with MS were examined, 66 with contrast-negative lesions on MRI (Group 1),
45 with contrast-positive lesions (Group 2). The comparison group consisted of 46 healthy children (Group
3). Content of T, B, NK lymphocytes, Treg (CD4*CD25MehCD127'°v), Thact (CD4*CD25"e"CD127"eh), Th17
cells (CD3*CD4"CD161%); expression of CD39 and CD73 in Treg, Th17 and Thact was performed by flow
cytometry. An increase in content of T helpers, a decrease in NK cells in patients in group 2 was revealed. An
increase in number of Thact and Th17 lymphocytes was obtained in patients of both groups with MS. Number
of Tregs in group 1 was significantly higher than in group 3. Ratio of cells expressing CD39 and CD73 in MS
patients depended on lymphocyte population as well as in the group 3. The highest content of CD39* cells was
observed in Treg population, and the lowest in Thact population. For CD73 expression, on the contrary, the
highest expression of CD73 was observed in Thact cells, the lowest in Treg. When comparing groups of patients,
it was found that in patients of group 1, number of cells expressing CD39 ectonucleotidase was significantly
increased, and number of supTh17 was comparable with group 3. In both groups of MS patients, an increase
in CD73 counts in Treg, Thact and Th17 was observed. Thus, informative populations of lymphocytes (CD4*
cells, Treg, CD39*Treg, supTh17) have been identified, which can be used to monitor condition of children
with multiple sclerosis.

Keywords: lymphocytes subsets, CD4* subsets, Treg, Th17, Thact, CD39, CD73, multiple sclerosis, children

Introduction

Multiple sclerosis (MS) is a chronic, demyeli-
nating disease, which is based on a complex of auto-
inflammatory and neurodegenerative processes
leading to multiple focal and diffuse lesions of the
central nervous system (CNS), resulting in disability
of patients. There are about 2.8 million people with
MS in the world. Since 2013, the prevalence of M S has
increased in all regions of the world, in Russia it ranges
from 51 to 100 cases per 100,000 population [15].
There are 2 main forms of MS: relapsing-remitting

(RR) and primary progressive. The onset of MS
disease in 3-5% of patients begins before the age of
16 [8]. MS in children is different from the disease in
adults and has its own characteristics. Children are
less likely to develop primary or secondary progressive
multiple sclerosis; 98% of children with MS have a
RR form of the course. Children have more frequent
relapses and disability occurs 10 years earlier than
adults [1, 8].

The etiopathogenesis of M S is not fully understood.
It is believed that the disease occurs in a genetically
determined individual under the influence of adverse

1020



2023, T. 25, Ne 5
2023, Vol. 25, No 5

Knremounvwiii ummynumem y demeli ¢ paccesHHbiM CKAEPO30M

Cellular immunity in children with multiple sclerosis

environmental factors [5]. There are over 200 genes
associated with MS. Understanding of the process
and the significance of certain genes is proven only for
a few associated loci, such as variants of HLA-A*02:01
and HLA-DRBI1*15:01, as well as genes encoding
the a-chains of IL-2 and IL-7 receptors [11]. MS is
caused by the activation of peripheral autoreactive
effector T cells (Teff), which migrate to the CNS
and initiate the pathological process [5]. Most Teff is
discarded in the thymus (central tolerance), a small
amount of Teff is released to the periphery. Normally,
regulatory T cells (Treg) control peripheral tolerance
mechanisms by downregulating the activity of various
cell types, including Teff, cytotoxic CD8*T cells, and
antigen presenting cells (APCs), through intercellular
contact and the secretion of suppressor cytokines [10].

‘When peripheral tolerance is disrupted, which in-
volves genetic factors, environmental factors, inclu-
ding infectious agents (Epstein-Barr virus) and micro-
biota, cell clones are formed that, due to molecular
mimicry, are capable of causing damage in the
CNS [12, 14]. After entering the CNS, Teff (CD8*T
cells, Th1 and Th17 cells) and B lymphocytes activate
cellular and humoral immunity reactions, secreting
cytokines that cause the activation of CNS resident
immune cells (microglia, astrocytes, macrophages),
which also produce cytokines, amplifying functions
of APC [8].

It is known that Teff in the CNS, in addition to
Tregs, can be regulated by other regulatory cells: type 1
T regulatory cells (Tr1), CD8"Tregs, NK cells, and
B regulatory cells. Thus, an increase in the number
of NK cells is associated with remission with effective
therapy with daclizumab and IFNf [3]. In patients
with MS, it has been shown that Treg, as well as Trl,
have a reduced suppressor activity in relation to the
inhibition of Teff proliferation [3]. The suppressor
activity of Tregs can be assessed by the amount of
CD39 and CD73 ectonucleotidase expressed on their
surface.

CD39 and CD73 are enzymes expressed on
the surface of immune cells that sequentially
dephosphorylate pro-inflammatory ATP to adenosine,
which has anti-inflammatory properties. To date,
there are conflicting data regarding the expression of
CD39 in Treg in patients with MS. Some studies have
shown that the frequency of CD39* cells in the Treg
population is reduced [4], in others, on the contrary,
both their content and ATPase activity are increased,
regardless of immunomodulatory treatment [2, 7].
In this regard, the aim of this study is to evaluate the
content of major and minor lymphocyte populations,
as well as the expression of CD39 and CD73 in the
CD4* lymphocyte population in children with MS.

Materials and methods

We examined 111 children with MS at the age of
16 (14.2-17.5) years. MS patients were divided into
groups based on clinical and anamnestic data and

magnetic resonance imaging (MRI) results: group 1 —
patients with contrast-negative demyelination foci
(without active foci), n = 66; Group 2 — with contrast-
positive foci of demyelination (with active foci),
n = 45. We also examined 46 conditionally healthy
children, comparable in age and with no deviations
in the results of standard clinical and biochemical
blood tests. The examination of all groups of children
was carried out in accordance with the ethical and
regulatory documents of the Russian Federation. The
study was approved by the local ethical committee.
Before the study, informed consent was obtained
from the parents in accordance with the Declaration
of Helsinki. Venous blood samples for the study were
obtained by taking from the cubital vein on an empty
stomach in BDVacutainer® tubes with K,EDTA
anticoagulant.

The content of the main and small populations
of lymphocytes, as well as the study of the number
of lymphocytes with the expression of CD39 and
CD73 ectonucleotidase, was carried out by laser
flow cytometry (Novocyte, ACEA Biosciences,
USA). A panel of monoclonal antibodies conjugated
to various fluorochromes was used: CD4-FITC
(cat. A07750, Beckman Coulter, USA), CDI127-
PE (cat. IM 10980U, Beckman Coulter, USA),
CD25-PC7 (cat. A52882, Beckman Coulter, USA),
CD161-PE (cat. IM 3450, Beckman Coulter, USA),
CD3-PC5 (cat. A07749, Beckman Coulter, USA),
CD39-APC-Cy7 (Clone Al, cat. RT2241130 Sony
Biotechnology, USA), CD73-APC-Cy7 (Clone
AD?2, cat. RT2320110, Sony Biotechnology, USA).
The number of cells with CD39* and CD73" in
Treg (CD4*CD25"e"CD127"%), activated T helpers
(Thact — CD47CD25*CD127"e"), Th17 lymphocytes
(CD4*CD1617CD3*) was assessed using stepwise
gating. To isolate Tregs and Thacts carrying CD39
and CD?73, first, the “lymphoid” region was isolated
according to the parameters of direct (FSC) and side
(SSC) light scattering, CD4* positive lymphocytes
were isolated, among CD4" cells, Tregs were isolated
by markers (CD47CD25"s"CD127°%) and Thact
(CD4*CD25"ehCD1274eh), Within the selected Treg
and Thact regions, the percentage of cells carrying
CD39 and CD73 was evaluated. Within the isolated
region of Thl7 cells (CD3"CD4*CD161%), the
number of cells expressing CD39 and CD73 was also
evaluated.

The obtained data were statistically processed
using the Statistica 10.0 program (StatSoft; USA).
Descriptive statistics of quantitative traits are presented
in the format: median (lower and upper quartiles) —
Me (Qq,5-Qo75). The significance of differences bet-
ween groups was assessed using the nonparametric
Mann—Whitney U test. Differences were considered
statistically significant at p < 0.05.
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Results and discussion

The content of lymphocyte populations in patients
with MS in groups without active foci and with active
foci was assessed in comparison with apparently
healthy children (Table 1). A significant increase
in the relative content of T lymphocytes due to the
population of T helpers was found in patients with
active foci compared with healthy children. The
content of NK cells was significantly reduced in
patients with active lesions compared with apparently
healthy children and compared with patients without
active lesions.

In patients with MS in both groups, the content
of small helper populations was also significantly
increased. An increase in the population of Thact

lymphocytes and an increase in the absolute number
of Th17 lymphocytes were obtained. It is interesting
to note that the number of Tregs in patients without
active lesions was significantly higher than in the group
of apparently healthy children. While in patients with
active foci, the number of Treg was significantly lower
than the comparison group.

As mentioned above, both Treg lymphocytes and
NK cells are involved in the regulation of autoreactive
lymphocyte clones in MS patients. In our study,
in patients without active lesions, the number of
Treg significantly increased and the number of
NK lymphocytes was increased relative to patients
with active lesions, which is a good prognostic sign for
patients with MS [3].

TABLE 1. RELATIVE AND ABSOLUTE CONTENT OF MAJOR AND MINOR POPULATIONS OF LYMPHOCYTES IN CHILDREN
WITH MS COMPARED WITH HEALTHY CHILDREN, Me (Q, ,5+Q; +:)

Patien_ts with.out Patie?nts wi?h Comparison group
Parameter active foci active foci n = 46
n =66 n=45

CD3, % 74'g (©52769) 76'§ (ra4-50-9) 72.4 (67.9-75.3)
CD3, cells/uL 130§ 292%11144) 13‘% 213)?(;;;794) 1617 (1237-1850)
CD4, % 39'§ 233:?6‘;8'6) 43'2 fg:gb‘f'g) 38.4 (35.2-44.6)
cD4, cellsiyL 730 (535-645) 804 (516-1064) 857 (717-1016)
cDS, % 26.3 féfiém .0) 25.2 (jg:jéso.s) 26.3 (24.1-31.9)
CD8, cells/uL 502 (=38,76$33) 472 fg%?g’o) 618 (415-804)
B lymphocytes, % 13'§ 98:;27'5) 12'5 (=962.]177'4) 13.5 (12.1-17.5)
B lymphocytes, cells/uL 232 9890_?267) 212 (=1g_76:0391,9) 304 (252-370)
NK, % 11 2 (=869.é12 6.7) 9-:; 266561122-0)* 14.2 (8.3-17.2)
NK, cells/pL 215 98?32;6) 182 98_2;;530’* 263.9 (177-402)
Treg, % from CD4 9'2 gb?;z‘;-g) 3'; 2361.6‘82) 7.7 (7.2-9.4)
Treg, cells/uL from CD4 6$ S‘gfg) 72 (=58_'§§) 67.3 (54-89)
Thact, % from CD4 21 '; 98:8(')207'3) 18'g 213:86204'9) 14.1 (9.9-16.5)
Thact, cells/uL from CD4 142 98% 1126) 152 iggfgfp 117.1 (83-139)
Th17, % from CD4 21 'i 92;36205'7) 28 218:36245'6) 17.1 (14.0-19.4)
Th17, cells/uL from CD4 15:) 98%‘11 88) 16‘7) (=1 8'12'1208) 150.2 (118-172)

Note. *, p < 0.05 between groups of patients with MS.
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In children with MS, an analysis of the number of
cells expressing CD39 and CD73 ectonucleotidase
showed that the content of populations with the
highest and lowest number of CD39* and CD73*
cells in lymphocyte populations is comparable to
that in conditionally healthy children [13]. Thus, the
highest content of CD39* cells was noted in the Treg
population and amounted to Me-34.5 (29.5-44.6) %,
and the smallest number in the Thact population
was Me-3.5 (1.8-5.7) %. The reverse situation was
observed for CD73 expression. The highest expression

of CD73 was in Thact cells -Me-21.9 (16.4-28.9) %,
and the lowest in Treg -Me-13.2 (9.6-20.9) %.

An analysis of the expression of ectonucleotidase
in the populations of Th17, Thact and Treg lym-
phocytes in patients without active foci (n = 42), with
active foci (n = 26) and in the group of apparently
healthy children (n = 34) is shown in Figure 1.

When comparing the expression of ectonucleo-
tidase in groups of patients with MS with a group of
apparently healthy children, a significant increase
in cells expressing CD39 in Treg in patients without

A B
4 2%
il Por=0014 —_ 24| Pos=0.158 —F
Po.=0.620 2 p,,=0.017
®1p,,=0.146 2 pip=0.121
% _16
=y T S 14
g =T
& @ — = °
o o )
30 8 =
L 6 |
28 4
26 2
0 _ 1
24 2
0 1 2 0 1 2
C D
35 45
Pos =0.004 T 0 Pos =0.000
301 p,,=0.042 P, =0.00
5| P1270788 Bl =0459
S 30 o
= =
= 20 = -
= =
E‘) 15 E 20 - )
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10 S
5 j

0 Mediana [ Q)55-Qy 75

T Min-Max

Figure 1. Relative content of CD39 and CD73 in the populations of Th17 lymphocytes and Treg in patients with MS of the

group of apparently healthy children

Note. 0, group of apparently healthy children; 1, group of MS patients without active lesions; 2, group of MS patients with active lesions.
p, reliability between groups of patients and conditionally healthy children. (A) % of Treg expressing CD39. (B) % of Th17 expressing CD39.

(C) % of Treg expressing CD73. (D) % of Th17 expressing CD73.
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active foci was shown (Figure 1A). The number of
CD39*Th17 lymphocytes was significantly reduced
in patients with MS with active lesions compared
with apparently healthy children (Figure 1B). As for
patients without active lesions, the number of Th17
expressing CD39* was comparable to that ofapparently
healthy children. It is known that the Th17 population
expressing CD39 ectonucleotidase (supThl7) has
suppressor properties [6]. Thus, in children with MS
in the group with active foci, a decrease in the content
of supThl7 was revealed. For Thact, a significant
decrease in the number of cells expressing CD39 was
found in patients of both groups with MS, and in the
group of patients with active foci, this decrease was
more significant (p,, = 0.000, p,, = 0.000). At the
same time, the expression of CD73 in the populations
of Treg (Figure 1C), Thact (p,., = 0.000, p,_, = 0.000)
and Th17 (Figure 1D) was significantly higher in both
groups of patients relative to the control group.

The greatest differences in the content of the main
and small populations of lymphocytes in children with
MS relative to conditionally healthy children were
found in patients with active foci of demyelination
according to MRI and consisted in an increase in the
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METAJUJIOMNMPOTEUHA3A-9 U EE POJ1b B NATOMEHE3E

AJINEPTMMECKUX 3ABOJIEBAHUN Y OETEU
Cemepnurk O.E, JIebenenrko A.A., AnmoeBa A.A.

DI'BOY BO «Pocmosckuii eocydapcmeernbiit MeduyuHcKuil yrusepcumem» Munucmepcmea 30pasooxparerus PD,
2. Pocmoeé-na-/lony, Poccus

Pesome. MetannonporerHassl (MMP) urpaioT 3HauMMyIo poJib B MeXxaHMU3Max TOJIepKaHUs XpOHUYe-
CKOTIO BOCITJICHUSI U PEMOJIeIMPOBaHUs TKaHel. M3ydyeHre u3MeHEeHMI KOHIIEHTpalluM 3TUX (DePMEHTOB B
CBIBOPOTKE KPOBMU Y AeTel C aJIepronaToJiorueit mpeacTasisieT 00bII0M NPpaKTUYECKUI 1 HayYHBIi UHTEpeC.

Lenp — u3yyuts poab MMP-9 B maToreHese ajuieprudeckux 3adojieBaHuii y gereit. 180 nereii B Bo3pac-
Te oT 1 rona o 18 jeT nmpoluM KOMIUIEKCHOE KIIMHUKO-1abopaTopHoe obciienoBaHue. B aTo ncciegoBaHue
OBbLIM BKJIIOYEHBI MAallMEHTHI, CTpagatolne OpoHxuaabHoii actMoil (BA) (n = 54), atonnyeckum 1epMaTUTOM
(AD) (n = 54) u coyetaHueM 3TUX IaTojoruit (n = 72). YposHu MMP-9 B cbIBOpOTKE KPOBU OIpEACIsIIN
METOIOM MMMYHOMEPMEHTHOIO aHam3a ¢ ucnonb3oBanueM tecT-cucreM Cloud-CloneCorp® (CILA). Pe-
3yJIBTaThl KIIMHUYECKUX, MHCTPYMEHTAIbHBIX 1 JIJAOOPAaTOPHBIX MCCIEIOBAaHUI MallUEHTOB ObLIM COOTHECEe-
HbI ¢ naHHbIMU MDA -nccinenoBanus ypoBHs: MMP-9 B CBIBOpOTKE KPOBH.

AHaJI13 NOIyYeHHBIX JaHHBIX MTOKa3al, YTO CpeAr MallMeHTOB C YCTAaHOBJIEHHBIM IUarHo3oM «bA» Mak-
cuMaJibHasi KOHIIEHTPAlMsI 3TOro HIUTOKMHA ObljIa 3aperucTprupoBaHa y AeTeil CO CPeIHETSKEIbIM TeUeHUEM
3abosieBaHus. [IpoBeneHHBII KOPPEISIIMOHHBINA aHAIM3 TT0Ka3aJl HajJluyrde 3HAYMMONM KOPPESIIIUU MEXIY
TsKeCThIO BA M ypoBHEM KOHTpOJIst Haz 3a0oneBaHueM (r = 0,63). AHaJlornyHbIe JaHHbIE ObUTH TTOJIYYEHBI Y
nauueHToB ¢ coyeTaHueM BA u AJI. V meTeit aToi rpynnbl TakKe HaOJII01a710Ch 3HAYNUTEIbHOE MOBBIIIIEHUE
ypoBHsSI MMP-9 B CBIBOpOTKE KPOBU MO CPaBHEHMIO CO 310poBbIMU nanueHTamu (p = 0,015). Makcumanb-
HbIe MoKa3aTe I ObUIM 3apeTUCTPUPOBAHbI y MAILIMEHTOB CO CpeaHeTsKeIbIM TeueHueM BA. KoHuieHTpanus
3TOM MaTPUKCHON METAJJIONPOTEMHA3bl B CHIBOPOTKE KPOBU ObLIa HECKOJIBKO BHIIIIE Y IETEH C IOJMBaICHT-
HOI ceHCUOMIM3alUei, Y4eM y MallMeHTOB C MOHOAaJIJIepruuyeckKoi aTuojorueit 3adonesanus (p = 0,272). I1o-
KazaTeau MMP-9 y maliueHTOB TOJIBKO C KOXXKHBIMU IPOSIBICHUSIMU aTONMMU ObLIM JOCTOBEPHO BBIIIE, YEM
B KOHTpoJibHOM rpynmne (p = 0,025). [1pu 3ToM He OBLJIO HUKAKWX Pa3IWYuil B 3aBUCUMOCTHU OT IToJia. belio
YCTAaHOBJIEHO, YTO MaKCUMasibHble 3HaYeHUsI MMP-9 ObLIu 3aperucTpupoBaHbl Cpeau AeTeil ¢ MTOAPOCTKO-
Boit (popmoii AJI.

IMonyyeHHble HaMU JaHHBIE TTOKA3aJIU, YTO Y BCEX 00CIEAOBAaHHBIX HAMM TMallMEHTOB HAOII0AaI0Ch 3HA-
YUTEIbHOE MOBBILIeHUE YPOBHSI MMP-9 B ChIBOpOTKE KPOBM, UTO YKa3bIBaeT HAa BaXKHYIO POJIb 3TOTO IIUTO-
KHMHa B MaToreHe3e ajylepruiecKux 3a00JieBaHUM y IeTell.

Karouesvie crosa: Memaﬂﬂonpomeuﬁa3a—9, 6p0HXLlaJlea}l acmma, amonuyeckui 0epmamum, 6uaeHocmuica, namoceenes, demu
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PATHOGENESIS OF ALLERGIC DISEASES IN CHILDREN
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Abstract. Metalloproteinases (MMP) play a significant role in the mechanisms of maintaining chronic
inflammation and tissue remodeling. The study of concentration changes in these enzymes in the blood serum
of children with allergopathology is of great practical and scientific interest.

Objective: to study the role of MMP-9 in the pathogenesis of allergic diseases in children. 180 children
aged from 1 to 18 years passed a comprehensive clinical and laboratory examination. This study included
patients suffering from bronchial asthma (BA) (n = 54), atopic dermatitis (AD) (n = 54) and combination of
these pathologies (n = 72). Serum levels of MMP9 were determined by enzyme immunoassay using Cloud-
CloneCorp® test systems (USA).

The analysis of the obtained data showed that among patients with the established diagnosis of BA, the
maximum concentration of this cytokine was registered in children with a moderate course of the disease. The
conducted correlation analysis showed the presence of a significant correlation between the severity of asthma
and the level of control over the disease (r = 0.63). Similar data was obtained in patients with a combination
of BA and AD. In children of this group, there was also a significant increase in serum MMP-9 compared
with healthy patients (p = 0.015). The concentration of this matrix metalloproteinase in serum was slightly
higher among children with polyvalent sensitization than in patients with monoallergic etiology of the disease
(p = 0.272). The values of MMP-9 in patients with only skin manifestations of atopy were significantly higher

than in the control group (p = 0.025).

The data we obtained showed that all the patients we examined had a significant increase in the level of
MMP-9 in the blood serum, which indicates an important role of this cytokine in the pathogenesis of allergic

diseases in children.

Keywords: metalloproteinase 9, bronchial asthma, atopic dermatitis, diagnostic, pathogenesis, children

Introduction

Allergy is a specific immune reaction of the
body to an allergen which is accompanied by the
development of chronic inflammation and tissue
damage. Unfortunately, allergic diseases belong to the
group of the most common pathology of childhood
and they are considered in modern society as a major
medical and social problem [12]. The frequency
of allergic diseases, according to different authors,
varies widely, and atopic diseases such as asthma and
atopic dermatitis are in the first place (they affect up
to 20% of the population individually or in various
combinations) in most industrialized countries.

Allergic diseases are chronically recurrent in-
flammatory diseases caused primarily by IgE-
mediated allergic reactions and genetically associated
with atopy [4]. However, the pathogenesis of allergic
diseasesismultifaceted and representsarathercomplex
system. In recent years, special attention has been
paid to the study of non-inflammatory mechanisms
underlying allergic diseases. It was found that
metalloproteinases (MMP) play a significant role in
the mechanisms of maintaining chronic inflammation
and tissue remodeling [10]. For example, MMP-9 is
involved in the processes of inflammation, repair and

mobilization of matrix-related growth factors and
cytokine processing. Substrates for MMP-9 include
denatured type I collagen (gelatin), native collagens
of types 1V, V, VII, X and XI, fibrinogen, vitronectin,
IL-1, and entactin which connects laminin and type
IV collagen. Keratinocytes, monocytes, leukocytes,
macrophages, and fibroblasts are sources of MMP-9.
Basal levels of MMP-9 are usually low, it s expression
can be induced by various cytokines/chemokines,
including TNFa (tumor necrosis factor-alpha),
and MMP-9 mainly secreted by inflammatory cells.
The regulation of inflammation by gelatinases is
carried out by cytokine/chemokine processing, since
MMP-9 has a stimulating effect, and MMP-2 has
an inhibitory effect on inflammation. The promoter
region of MMP-9 has some functional binding sites of
enhancers, such as NF-«xB and AP-1 sites. These sites
make MMP-9 capable of inducing Pro-inflammatory
cytokines, especially TNFa, which is a key mediator
in the pathogenesis and maintenance of chronic
inflammation [1]. This gelatinase triggers a cascade
of reactions of degradation of the extracellular matrix
having the ability to destroy denatured collagen.
MMP-9 acts synergistically with other metallo-
proteinases in this case. This type of MMP can interact
with various matrix proteins through its fibronectin-
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like fragment being in the pericellular space. MMP-9
contributes to the creation of feedback between the sta-
te of the matrix and potential activation of MMP [1].
Therefore, the study of changes in the concentration
of this enzyme in children with allergopathology
represents the large practical and scientific interest.
Objective: to study the role of MMP-9 in the
pathogenesis of allergic diseases in children.

Materials and methods

180 children aged from 1 to 18 years were exa-
mined. This study included patients suffering from
bronchial asthma (n = 54), atopic dermatitis (n = 54)
and combination of these pathologies (n = 72). The
average age of the examined patients was 11.44+4.67
years. The control group consisted of 56 children of
the I and Ila health groups comparable in gender
and age, without clinical manifestations of allergic
diseases and positive allergy history.

The diagnosis of bronchial asthma (BA) was made
on the basis of the National program “Bronchial
asthma in children. Strategy of treatment and
prevention” (2017) [13]. The diagnosis of atopic
dermatitis (AD) was verified on the basis of the clinical
recommendations “Atopic dermatitis in children”
(2016) [4].

The criteria for inclusion in this study were:
the presence of a confirmed diagnosis of BA, AD
or a combination of these diseases, the absence of
concomitant chronic pathology from other organs
and systems, (age under 18 years), Russian nationality,
the presence of signed patient (aged over 15 years)
or parents (for children under 15 years) informed
consent to conduct the study.

Exclusion criteria: the presence of previously
established chronic and acute diseases of the bron-
chopulmonary system (tuberculosis, acute tracheo-
bronchitis, pneumonia, etc.) or skin, the age of
patients older than 18 years.

All children passed a comprehensive clinical and
laboratory examination on the basis of the pediatric

Department of the clinic of the Rostov State Medical
University. Serumlevelsof MMP-9were determined by
enzyme immunoassay using Cloud-CloneCorp® test
systems (USA). The results of clinical, instrumental
and laboratory studies of patients were correlated with
the data of the ELISA study of the level of MMP-9 in
blood serum.

The study was conducted in compliance with
all ethical standards set out in WAME (the World
Association of Medical Editors) and approved by the
Local Ethics Committee of Rostov State Medical
University.

Statistical processing of results was performed by
using Microsoft Office Excel 2003 and Statistica 12.0
for Windows software package.

Results and discussion

Our study found that the values of MMP-9 in the
examined patients with allergopathology in blood
serum significantly exceeded the parameters set in the
control group (Table 1).

The analysis of the obtained data showed that
among patients with the established diagnosis of BA,
the maximum concentration of this cytokine was
registered in children with a moderate course of the
disease 714.93 pg/mL (517.37-902.51), while with
mild it was 569.0 pg/mL (377.79-825.29), and with
severe — 2.89 pg/mL (121.35-362.91) (Figure 1).

The conducted correlation analysis showed the
presence of a significant correlation between the
severity of asthma and the level of control over the
disease (r = 0.63). An inverse correlation was estab-
lished between the concentration of MMP-9 and the
severity of BA (r = -0.53).

Similar data was obtained in patients with a
combination of BA and AD. Thus, in children of
this group, there was also a significant increase in
serum MMP-9 (596.285+82.169 pg/mL) compa-
red with healthy patients (307.391+42.394 pg/mL)
(p = 0.015). At the same time, the maximum indica-

TABLE 1. MMP-9 INDICATORS IN THE BLOOD SERUM OF THE EXAMINED PATIENTS

Diagnosis

MMP-9 indicators in blood serum, ng/mL p

BA

489.20+59.52
431.76 (306.15-612.93)

AD

573.75+113.71
445.04 (266.43-790.06)

P, 4 =0.023

BA + AD

596.29+82.17
473.02 (339.33-687.26)

D, 4 = 0.042
Ds 4 = 0.019

Control group

307.39+42.39
276.05 (160.33-397.02)

Note. p, 4, significance of differences between BA and control; p, 4, significance of differences between AD and control;

Ps, 4, Significance of differences between BA + AD and control.
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Figure 1. Concentration of MMP-9 in blood serum depending on the severity of BA

tors were registered in patients with moderate course
of the disease (Table 2).

At the same time the MMP-9 values had no
statistically significant differences between children
with controlled (566.12 (424.94-687.26) pg/mL) and
uncontrolled (376.55 (241.04-815.64) pg/mL) course
of the disease (p = 0.269).

However, it is interesting to note that the
concentration of this matrix metalloproteinase in
serum was slightly higher (645.52+75.04 pg/mL)
among children with polyvalent sensitization than
in patients with monoallergic etiology of the disease
(462.65+118.89 246.20 pg/mL) (p = 0.272).

The values of MMP-9 in patients with only skin
manifestations of atopy were significantly higher
(573.75%£113.71 pg/mL) than in the control group
(307.39£42.39 pg/mL) (p = 0.025). At the same time
there were no differences depending on gender: the
average values for girls were 538.09+119.64 or 385.24,
while for boys — 680.73+324.17 pg/mL.

Analysis of indicators based on the severity of the
disease showed that the patients in all three groups
had a significant variation of MMP-9 indicators in
blood serum. Meanwhile there were no significant
differences in severity (p > 0.05).

However, there is a clear tendency to increase
the concentration of MMP-9 in the blood serum
of patients with changes in age-related forms of
the disease. It was found that the maximum values
of MMP-9 were registered among children with
adolescent AD (1163.04+120.17 pg/mL), while with
children the average values were 342.56+50.73, and
with infants (924.71+124.74 pg/mL).

The results of our research are consistent with the
data obtained by our foreign colleagues. Ko EW. et al.
conducted a study of the level of MMP-9 in patients
with various degrees of BA severity and healthy
patients. Scientists have found that uncontrolled
moderate and severe asthma are associated with
greater activity of proteolytic enzymes and, therefore,

TABLE 2. DISTRIBUTION OF MMP-9 INDICATORS IN THE BLOOD SERUM OF PATIENTS WITH AD AND BA DEPENDING ON

THE SEVERITY OF AD, MxErr

Severity of BA

MMP-9 indicators, pg/mL P

Mild BA

567.54+91.72
472.08 (424.32-598.46)

P, =0.682

694.87+132.98 27
Moderate BA 572.39 (413.77-776.06) Py.5 = 0.042
Pss=0.019

Severe BA

222.47+18.81
235.87 (185.33-246.20)

Note. p, ,, significance of differences between mild and moderate BA; p, 5, significance of differences between mild and severe BA;

P, 3, significance of differences between moderate and severe BA
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despite a similar inflammation of the respiratory tract,
this can play a significant role in the remodeling of the
bronchi and accelerate the process of reducing lung
function in these patients [10].

Maria P. Foschino Barbaro and her colleagues
studied the concentration of MMP-9, pH, NO
level in exhaled air, as well as inflammatory cells in
sputum in patients suffering from BA. The results of
the study showed a significant increase in the exhaled
MMP-9 in patients compared to the control. It was
noted that the maximum concentrations of MMP-9
were observed in patients with severe BA, compared
with patients suffering from mild and moderate forms
of the disease. An increase in MMP-9 was most
frequently recorded in patients with neutrophilic
inflammation of the respiratory tract. A correlation
was also established between the exhaled MMP-9
and the percentage of neutrophils in sputum, FEV1,
exhaled NO and PH. The obtained results indicate
a significant role of MMP-9 in the pathogenesis of
airway remodeling in asthma, and also suggest that
monitoring MMP-9 in exhaled air can help not only
to monitor the current airway remodeling, but also to
recognize severe forms of BA in order to determine
the appropriate choice of therapy in time [2]. This fact
is confirmed by the research conducted by Grzela K.
et al. [7, 9] it is important to note that an increase
in the concentration of MMP-9 in exhaled air is
accompanied by an increase in its concentration in the
blood serum of patients with BA [3, 10].
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important role in maintaining allergic inflammation
in AD. It has been shown that patients suffering from
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activity of MMP is 10-24 times greater than in normal
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antibody array) revealed significant levels of MMP-9 in
samples obtained in sick children, while lower levels of
MMP-10 and tissue metalloproteinase inhibitors were
observed, as well as low levels of MMP-1 (fibroblast
collagenase), MMP-3 (stromelizin 1) and TIMP-4.
The obtained research results once again prove the high
significance of MMP in the pathogenesis of AD [8].

Conclusion

The data we obtained showed that all the patients
we examined had a significantly increase in the level
of MMP-9 in the blood serum, which indicates an
important role of this cytokine in the pathogenesis of
allergic diseases in children.
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PE3YJILTATbI TEPANTUN XPOHWUYECKOUN KPAMMUBHULLbI

Y NAUUEHTOB C IgE-SABUCUMbBIM U IgE-HESABUCUMbIM
NMPODUJIEM 3ABOJIEBAHUY

Ryrosa H.H., Mazoxa R.C., Man:xoc M.B., Aceesa E.B.

Meouyunckuii ynueepcumem «Peasus», e. Camapa, Poccus

Pestome. [l1aBHBIM MeXaHU3MOM BO3HUKHOBEHMS KPAITMBHULIBI SIBJISIETCS IETPAHYISIIIMS TYYHBIX KJIETOK.
Jloka3zaHo, YTO BHE 3aBUCHUMOCTH OT MYTH aKTUBALIMM KIMHUYECKUE MPOSIBJICHUS He OyayT oTimyaTbes. 1o
JIAaHHBIM JIMTEPATYPHI JO0 TTOJOBUHBI CJIydaeB XPOHUYECKOM CIIOHTAHHOW KPAITMBHUIIbI UMEIOT ayTOMMMYH-
HBIN XapaKTep, MOTYT COYETaThCsl C ayTOMMMYHHOI nmaTojoruei muroBuaHoi xxene3nol, CKB u np. 1 numeror
0oJsiee TsoKesoe TeyeHue. B Tepanuu TpaaulIMOHHO MCIIOJB3YIOTCS aHTUTMCTAMUHHBIE MpernapaThl B CTaH-
MapTHBIX WX YBEIUYEHHBIX 1031MpoBKax. OqHaKO YyacTh MAallMEHTOB HE pearupyeT Ha MPOBOIUMOE JIeUeHUE
JTake Ipy KPaTHOM YBEIUYCHUU 103,

B Tepanumn pe3anMCTeHTHOM K TPaaUIIMOHHOMY JIeYEHUIO aHTUTMCTAMMHHBIMU MperapaTaMu KpaltuBHM-
LIbl PEKOMEHI0BaHO NPHUMEHEHNE FTeHHO-MHXEHEPHOM TapreTHOM Tepanuu npenaparoM Omanu3symao. Lle-
JIbIO MCCIIEAOBaHUsl ObLIO omnpeaeeHne npoduis MmalurMeHTOB ¢ XpoHnueckoi kpanuBHuuei (XK) u cpaB-
HeHre 3(Pp(PEeKTUBHOCTU JeueHus1 npernaparoM OManuzymad y namueHToB ¢ IgE-3aBucumoii (1-s1 rpymnrma)
u IgE-He3aBucumoit (2-g rpymnna) kpanuBHulein. OocneaoBaH 81 MalUeHT ¢ XPOHUYECKON KpanuBHULIEH
(60 B3pocCIBIX, 21 pebeHoK). [TanmeHTH! 10 Havajaa Tepanuy uMean JuTeabHblin crax XK: ot 1 roga mo 20
Jet. Bce manyeHThl 10 Havajia TapreTHOM Tepanyy Mojydaid JedyeHe aHTUTUCTAMUHHBIMU IperapaTaMu
B CTAaHJAPTHBIX U KPAaTHO YBEJIMYEHHBIX J103aX, OMHAKO KOHTPOJISI MOJIyYeHO He ObL10. [ToBbIlIeHEe YPOBHS
ceiBopoTouHoro IgE BeisiBieHo B 51,7% cnyvaeB y B3pocibix U 42% y nereil. ComyTcTBylollas CEHCUOU-
nu3aius onpenessiiack y 48,3% B3pocibix, U 76,2% neteid. Y nmereit HanboJjiee pacrpoCcTpaHEeHHON Oblia
MUIleBasi, SMUAePMalbHasl U IbLUIbLIEBasi CEHCMOMIMU3alus. Y B3pOCJIbIX Yallle BCTpedasach MbUIbLIEBast U
SMUAepMalibHAsl CEHCUOMIU3alusl. YpOBeHb 203UHOMMINU B 1-i1 Tpyrire OblL1 0osiee BbIpaXkeH, 4eM BO 2-ii
rpymie — 302,6 u 116,4 kinetok/Mki1 (U = 61,5; p=0,0097). Yepes 6 MecsitieB B 1-ii Tpyniie OTMEYEHO yiIyd-
meHue 6amna cummnromoB (UCT) ¢ 3,1 6auto AN (1,5-4,6) no 12,2 AU (10,8-13,7), (p = 0,0001). Bo 2-i1
rpyrie yaydineHue cumiromos ¢ 0,63 6amnos M (0,36-1,6), no 8,1 AN (5-11,2) yepes 6 mecsies. ITocie
6 MecsleB TeHHO-UHXeHepHoM ononorndeckoii repanuu (FTMBT) nmoiHbli KOHTPOIb Hal cuMnToMamMu XK
B 1 rpymmne nonydeH y 66,7% G0OJbHBIX, YaCTUYHBIIA — Yy 33,7%. Bo Bropoii rpymiie B 33,3% ciy4aeB I10J10-
JKUTEJbHBIX PEe3yJbTaTOB JIeYeHUST TOOUThCS He yaaiaock. Takum oopaszom, TMBT npenaparom Omanusymad
MOBBIIIAET KOHTPOJIb Had TeueHUueM XK. PesynbraThl 1edueHus Bhille y nauueHToB ¢ IgE-3aBucuMbIM npo-
dusieM 3ab0JieBaHUS.

Karouesvie croga: xponuueckas kpanuenuya, omaiusymao, IgE, 6uosoeuneckas mepanus, so3unogpuast, UCT-mecm
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RESULTS OF THERAPY OF CHRONIC URTICARIA IN PATIENTS
WITH IgE-DEPENDENT AND IgE-INDEPENDENT DISEASE
PROFILE

Zhukova N.N., Mazocha K.S., Manzhos M.V., Aseeva E.V.

Medical University “Reaviz”, Samara, Russian Federation

Abstract. The main mechanism for the occurrence of urticaria is the degranulation of mast cells. It has
been proven that, regardless of the activation pathway, clinical manifestations will not differ. According to the
literature, up to half of cases of chronic spontaneous urticaria are autoimmune in nature, can be combined with
autoimmune thyroid disease, SLE, etc., and have a more severe course.

In therapy, antihistamines are traditionally used. However, some patients do not respond to the treatment,
even with a multiple increase in doses. In the treatment of urticaria resistant to traditional antihistamines,
the use of Omalizumab is recommended. The purpose of the study: to determine the profile of patients with
chronic urticaria, as well as to evaluate the effectiveness of treatment with Omalizumab in patients with IgE-
dependent and IgE-independent chronic urticaria.

Eight-one patients with chronic urticaria (60 adults, 21 children) were examined. Patients before the start
of therapy had a long history of CU: from 1 to 20 years. Patients before the start of therapy were treated with
antihistamines, but no control was obtained. An increase in the level of serum IgE was detected in 51.7% of
cases in adults and 42% in children. Concomitant sensitization was determined in 48.3% of adults and 76.2%
of children. In children, food, epidermal and pollen sensitization was the most common. Pollen and epidermal
sensitization were more common in adults. The level of eosinophilia in the group with IgE-dependent was
more pronounced than in other group (p = 0.0097). After 6 months, the group with IgE-dependent showed
an improvement in the symptom score (UCT) from 3.1 CI (1.5-4.6) to 12.2 CI (10.8-13.7), (p = 0.0001). In
other group, symptoms improved from 0.63 CI (0.36-1.6) to 8.1 CI (5-11.2) after 6 months (no control). After
6 months of genetically engineered biological therapy (GIBT), complete control over the symptoms of CU in
group 1 was obtained in 66.7% of patients, partial — in 33.7%. In the second group, in 33.3% of cases, positive
treatment results could not be achieved. Thus, genetically engineered biological therapy with Omalizumab
increases the control over the course of CU. Treatment outcomes are higher in patients with an IgE-dependent
disease profile.

Keywords: chronic urticaria, omalizumab, IgE, biological therapy, eosinophils, UCT test

In therapy, antihistamines are traditionally used
in standard or increased dosages. However, some
patients do not respond to the treatment, even with a
multiple increase in doses [4].

According to current concepts, genetically engi-
neered biological therapy (GIBT) Omalizumab the-
rapy can be prescribed already on the second line [1].
And although this therapy is not disease-modifying, it
is widely used to achieve disease control and improve
the quality of life. The duration of therapy has not yet
been determined, but should be at least 6 months.
Early termination of therapy is not recommended,
because there is a risk of losing patients with a late

Introduction

Chronic spontaneous urticaria is a disease lasting
more than 6 weeks, characterized by the appearance
of blisters and/or angioedema, passing without a
trace within 24 hours. Several pathways of mast
cell activation have been proven. However, the
mechanisms by which urticaria occurs are not fully
understood. It has been shown that, regardless of the
activation pathway, clinical manifestations in all types
will be the same.

Mast cell degranulation may be associated with
activation of high-affinity receptors (FceRI) by
immunoglobulin E or autoreactive anti-IgE or anti-

FceRI IgG, as well as autoreactive IgE [2, 6, 8].

Degranulation can also occur due to disruption
of mast cell activation signaling mechanisms, for
example, when exposed to complement components
or unknown factors [3, 7].

According to the literature, up to half of cases of
chronic spontaneous urticaria are autoimmune in
nature, can be combined with autoimmune thyroid
disease, SLE, etc., and have a more severe course.

response. Even long-term therapy with Omalizumab
does not eliminate the risk of relapse after treatment
is stopped. The drug is characterized by a good safety
profile and high efficacy.

The purpose of the study: to determine the profile
of patients with chronic urticaria, as well as to evaluate
the effectiveness of treatment with Omalizumab in
patients with IgE-dependent and IgE-independent
chronic urticaria.
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Materials and methods

A total of IgE level, peripheral blood eosinophil
count, and association with comorbidities were
assessed in 81 patients with CU. Of the patients who
did not respond to antihistamine therapy at standard
and elevated doses, 27 patients received biological
therapy with Omalizumab, including 17 women and
10 men. The mean age of patients receiving GIBT
was 45.4%+12.6. Patients were divided into 2 groups:
with IgE-dependent (gr 1; 18 patients) and IgE-
independent urticaria (gr 2; 9 patients). All patients
were treated with Omalizumab (as a lyophilisate
for solution for subcutaneous administration) sub-
cutaneously at a dosage of 300 mg once every four
weeks. When dosing the drug, the initial level of IgE
was taken into account. Efficacy was assessed after 3
and 6 months of therapy clinically and using the UCT
questionnaire, where values of 16 points indicated
complete control of the disease, more than 12
points — partial control, and values < 11 — no control
of urticaria [11].

Statistical data processing was carried out using
generally accepted methods of variation statistics.
Methods of nonparametric statistics were used,
the Mann—Whitney U test (U), and the cross-
tabulation method (?) were used. The critical value
of the significance level was taken equal to 5%. The
data obtained were processed using the application
package AtteStat, version 10.5.1, Statistical formulas
of the Microsoft Excel program, version 5.0.

Results and discussion

Under observation were 81 people with chronic
urticaria: 60 adults and 21 children. Among adults,
in 34 people (56.7%), urticaria was combined with
angioedema, among children, a combination with
angioedema was observed in 8 people (38.1%).

In 51.7% of adult patients and 42% of children, an
increase in the level of total IgE was not detected. The
mean values of serum IgE in patients with elevated
values of this indicator did not differ significantly in
children and adults and amounted to 405.4 TU/mL
CI (205-605.6) and 480.25 IU/mL CI (257.5-703),
respectively (U = 144, p = 0.22).

Concomitant sensitization to one or more
allergens was detected in 55.6% of patients: in adults
in 48.3% of cases (29/60), in children in 76.2%
(16/21). In children with CU, food, epidermal and
pollen sensitization was most common: 38%, 38%,

33.3%, respectively. In adult patients with urticaria,
pollen sensitization was most often noted — 33.3%,
and epidermal sensitization — 18.3%.

All patients, before the start of GIBT, according
to clinical guidelines, received treatment with
antihistamines in standard and multiple-fold
increased doses, however, no control was obtained
against the background of this therapy. Patients before
the start of therapy had a long history of CU: from
1 to 20 years. The average experience of urticaria in
group 1 was 3.3 years, CI (2.2-4.4), in group 2 — 6.28,
CI (0.13-12.43). The level of eosinophilia in group 1
was more pronounced and averaged 302.6 cells/uL CI
(159-445), in group 2 — 116.4 cells/uLL CI (65-179),
(U=61.5; p=0.0097).

In group 1, at the beginning of therapy, the average
symptom intensity score according to the UCT
questionnaire was 3.1 points CI (1.5-4.6). There was a
statistically significant increase in the mean symptom
intensity score after 3 months to 10.6 CI (8.6-12.5),
(U =296.5, p =0.0001), and after 6 months to 12.2
CI(10.8-13.7), (U = 353.5, p = 0.0001) — the disease
acquired a well-controlled course. Complete control
over the symptoms of urticaria was achieved in 66.7%
of patients, partial control — in 33.3% of cases. In
some patients who had not previously responded to
GCS therapy, an improvement in sensitivity to this
group of drugs was noted (Table 1).

In group 2, by the beginning of treatment, the
intensity of symptomsaccordingto UCT averaged 0.63
points CI (0.36-1.6), after 3 months of therapy 8.75 CI
(6.92-10.6), and after 6 months 8.1 CI (5-11.2). In the
group as a whole, the intensity of symptoms according
to the UCT questionnaire increased already after 3
months of treatment (U = 64, p = 0.0007), however,
in 33.3% of patients, the disease had an uncontrolled
course after 6 months of therapy. Complete control
over the symptoms of CU after 6 months of GIBT
was obtained in 11.1% of cases, partial — in 55.6% of
cases.

In a comparative analysis of the effectiveness of
GIBT with Omalizumab, in general, in group 1, the
positive effect of treatment (disease control) was more
pronounced than in group 2 (x2 = 7.4; p = 0.0245).

The high efficacy of Omalizumab in urticaria
has been shown in numerous studies; it improves
the condition of more than half of patients after
2 months. According to the literature, a more
pronounced effect of Omalizumab therapy is observed
in patients with clinically associated sensitization to

TABLE 1. DYNAMICS OF THE INTENSITY OF SYMPTOMS OF URTICARIA AFTER 6 MONTHS OF THERAPY WITH

OMALIZUMAB
Group 1 Group 2
before after before after p
3.1 points 12.2 _ 0.63 points 8.1 _
UCT test (1.5-4.6) (108-137) | P=000T | (036.160) (5.0-112) | P=00040
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allergens, confirmed by skin prick testing and/or
serological methods, the level of eosinophilia more
than 260 cells/ul, the duration of treatment with
Omalizumab for more than 12 months, which is
consistent with our results [5, 9].

Conclusion

Thus, GIBT with Omalizumab increases the
control over the course of CU. The results of treatment

References

are higher in patients with an IgE-dependent disease
profile: the presence of a higher level of eosinophilia,
the presence of concomitant sensitization, confirmed
by serology or skin tests.
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NMPODUJIN SKCNMPECCUU TEHOB GAKTOPOB
BPOXXAEHHOIO UMMYHUTETA Y NAUMEHTOB
C ATONMUYECKUM OEPMATUTOM

Broicrpunkasa EILY, Mypamkun H.H.> 3, Oimcosa O.10.3,
Marepurkun AJI1% Iloranosa M.B.! 3, Bunaunkas A.B.}, Yonarosa A.I'.

'®@IbHY «Hayuno-uccaedosamenvckuli UHCMUmMym 6axKuut u coieopomok umenu M. U. Meunuxosa», Mockaa,
Poccus

2 @IAY «HauyuonanvHwiii meOuyuHcKuil uccaedogamensekuil yenmp 300poevs demeily Munucmepemea
3dpasooxpanenusi PO, Mockea, Poccus

S DIAOY BO «Ilepswiit Mockosckuit eocydapcmeentbiii meduyunckuil yuueepcumem umenu M. M. Ceuenosa»
Murucmepcmea 30pasooxpanenus PO (Ceuenosckuii ynusepcumem), Mockea, Poccus

PesomMe. ATonmmuecKuit fepMaTUT — MHOTO(PAKTOPHOE TeHETUIECKH IETCPMUHNPOBAHHOE BOCIIATIUTCIIb-
HOe 3a00JicBaHIE KOXM, XapaKTepH3YIoIIeecs 3yIoM, XPOHNICCKUM TeUCHNEM, BO3paCTHBIMU OCOOCHHO-
CTSIMM JIOKAJIM3aN U MOP(OJIOTUM 0YaroB MopaxeHus. IlaToreHe3 aTOMMYECKOTO IepMaTUTA CIOXKECH U
BKJTIOYACT SIMMTCHETUYSCKIIE M3MCHEHNS, BOBJICUCHHBIC B TCHOMHYIO aIaIlTalliio, peaKIIU MMMYHHOTO OT-
BeTa W TUC(HYHKIINIO SIIUTSINAIBHOTO Oapbepa, KOTOPEIE B COBOKYITHOCTH 3aITyCKalOT pa3BUTHE 3TOTO 3a-
6oseBanms. Llebio JaHHOTO UCCIEOOBAHUS SIBISIETCSI OTIpeAeieHIE YPOBHS dKcrpeccuy reHoB /L4, IL13,
IL33, TLR2, TLRYy nanineHTOB C aTOITMYECKUM ISPMATUTOM.

TapreTHbIe TeHBI TS JaIbHEHWIIEH OIIEHKM 3KCIIPECCUM OBLIA BEIOPAHBI B COOTBETCTBUU C HAIITUMM IIpE-
IBITYIITNME pe3yabTaTaMM ITOJTHOTeHOMHOTO HUcciemoBanms MeTimmpoBanus JJHK. Hamu 60t onpenese-
HBI CUTHAJIBHBIC ITyTU ¢ I depeHINATEHO METIIMPOBAHHBIMIA TeHaMM, KOTOPBIE, CKOpee BCEro, MMEIOT
MECTO B ITaTOT€HE3E aTOIMMISCKOTO AepMaTuTa. I103TOMy MBI MCCIeIOBaIl YPOBHU 3KCIIPECCUM TeHOB /1.4,
IL13, IL33, TLR2, TLRY B KOXe, MOHOHYKJICAPHBIX KJIeTKaX ITeprudepuIccKoil KpOBH, a TaKKe B IICIbHOMN
KkpoBu ¢ nomoliibio [TL[P-PB y 55 neteit 1 26 310poBhIX JIIoAcH, a TakKe Y 50 IMalieHTOB CTapllero Bo3pacTa.
CTaTUCTUIECKUN aHAJIN3 IPOBOAMIICS ¢ McItoiib3oBaHneM H-kputepust Kpackena—Yomnuca n U-Kpurepus
ManHa—YuTHU.

AHamM3 3KCIIPECCUM TeHOB ITOKa3aj, YTO B 00pa3liaXx KoM ypoBeHb 3Kkciipeccust TLR9 v IL4 6611 B 12
pa3 Huxe (p < 0,0001, p < 0,0005) B mopaxkeHHOI1 Koxe; a B ciyyae TLR2 — B 6 pa3 (p < 0,01); pe3syibra-
THI IUISI MOHOHYKJICAPHBIX KJIETOK KPOBH OTIIMYAJINCh, M YPOBHM 3KCIIPECCHU IS TEX XK& MUTOKMHOB OBLIN
3HAYUTEJIFHO BHIIIC IO JICYCHUSI. MBI TaK:Ke OOHAPYXKWJIHM, UYTO 3T Pa3INdMs OBLIN CHJIBHO BBIPAsKCHBI B
crapiireit Bo3pactHoi rpymre (12-18 et). M3ydyenme sKkcrpeccun reHa /L33 B oOpa3nax LeIbHON KPOBH Y
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B3POCJbIX MALIMEHTOB MOKa3aJI0, YTO €ro YpOBEHb JOCTOBEPHO BhILLIE Y O0JBbHBIX CO CpeaHETSKEo (hopMoit
AT/l. Kpome Toro, Mbl NpMIILUIA K BBIBOY, UTO JIOKAJILHO B MOPaXK€HHOI KOXe MOXET TIOMUHUPOBATh BOCIIa-
JIUTEJbHBI UMMYHHBIN OTBET; B MOHOHYKJIEAPHBIX KJIETKax, IMO-BUAUMOMY, UMeeT MeCTO Th2-uMMyHHbBINH
OTBET.

JI1s moHMMaHUs naToreHe3a aTONUYeCKOTo AepMaTUTa HEOOXOAMMO YYUThIBATh IEMCTBUE UMMYHOJIOTH-
yecKunx (paKTOPOB, a TaKKe CBSI3b MEX1Y HUMU. OnrcaHHbIe TeHbl U UX OEJIKOBBIE TIPOAYKTHI MOTYT SIBJISITHCSI
NOTEeHLMAJbHBIMU JIEKAPCTBEHHBIMU MUILEHSIMM, a TAaKXKe CIIOCOOCTBOBATh (DOPMUPOBAHUIO TAKTUKM BeJle-
HUSI NAlIMEHTOB C aTOMMWYECKON IMaTOJIOTUEA.

Knroueswie cnosa: amonuueckuii depmamum, yumokurul, Toll-nodobHvle peyenmopsl, Memuauposanue, 8pOXNCOCHHbLI UMMYHUMEM,
9KCnpeccusl 2eH08

INNATE IMMUNE FACTOR GENE EXPRESSION PROFILES
IN PATIENTS WITH ATOPIC DERMATITIS

Bystritskaya E.P.2, Murashkin N.N.><, Olisova 0.Yu.c, Materikin A.L,
Potapova M.B.*¢, Vinnitskaya A.B.?, Upatova A.G.?

@ I. Mechnikov Research Institute for Vaccines and Sera, Moscow, Russian Federation
b Medical Research Center for Children’s Health, Moscow, Russian Federation
¢ I. Sechenov First Moscow State Medical University, Moscow, Russian Federation

Abstract. Atopic dermatitis is a multifactorial genetically determined inflammatory skin disease characterized
by itching, chronically relapsing dermatitis, age-related features of localization and morphology of lesions.
The pathogenesis of atopic dermatitis is complex and includes epigenetic alterations, involved in the genomic
adaptation, immune response reactions and dysfunction of the epithelial barrier that together trigger the
development of atopic dermatitis. The aim of this study is to detect the expression level for /L4, IL13, IL33,
TLR2, TLRY genes in the biological materials of atopic patients.

The targeted genes for further expression evaluation were selected according to our previous findings on
genome-wide methylation study. We detected the cascades with the differentially methylated genes that are
most likely to take place in atopic dermatitis. Thus, we investigated expression levels for the /L4, IL13, IL33,
TLR2, TLRYgenes in the skin, peripheral blood mononuclear cells and whole blood cells using RT-PCR on 55
pediatric patients and 26 healthy volunteers, and on 50 adult patients. Statistical analysis was performed with
the use of Kruskal—Wallis H test and Mann—Whitney U test. Targeted expression analysis revealed that in the
skin samples the expression of TLR9 and /L4 was 12 times significantly lower (p < 0.0001, p < 0.0005) in the
lesional skin; and there was a 6-fold decrease in case of TLR2 (p < 0.01). The results for blood mononuclear
cells differed and expression levels for most of the assessed targets were significantly higher before treatment.
We have also found out that those differences were strongly pronounced especially in an elder age group (12-
18 y.0.). Studying the /L33 gene expression in the whole blood samples of adults revealed that its level was
significantly higher in case of patients with moderate form of AD. Besides, we concluded that locally in the
affected skin inflammatory immune response may dominate; in the mononuclear cells Th2 immune response
apparently takes place. New insights on immunological markers and links among them may shed a light on
atopic dermatitis pathogenic mechanisms. The detected molecules could play role as potential therapeutic
targets and form a management approach for patients with atopic dermatitis.

Keywords: atopic dermatitis, cytokines, Toll-like receptors, methylation, innate immunity, gene expression

Introduction

Atopic dermatitis (AD) is a multifactorial gene-
tically determined inflammatory skin disease
characterized by itching, chronically relapsing der-
matitis, age-related features of localization and
morphology of lesions. Frequently the onset of AD
occurs in childhood, and in some cases may become a
chronic lifelong disease. The prevalence of the disease

among the child population reaches 20%, among the
adult population about 3% worldwide [7].

The pathogenesis of atopic dermatitis is complex
and includes dysfunction of the epithelial barrier
(gene mutations as well, e.g. FLG gene), epigenetic
alterations, involved in the genomic adaptation, and
immune response reactions. In most cases of AD, Th2
immune response dominates. However, depending on
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the course of the disease, Th17 and Th22 responses
may also take place [1]. In moderate-to-severe course
of AD, an increase in the number of T and B cells is
observed both at the systemic level in the blood cells
and locally in the skin [3]. Depending on specific
cytokines’ presence and expression of their genes, it
is possible to determine the exact phase of the AD
pathogenesis.

Besides the cytokine release, some innate immune
structures could play an important role as triggers
of the AD development. AD is often complicated
by recurrent bacterial or viral infection. In this
case, pattern recognition receptors (PRRs) that re-
cognize certain microbial molecules (known as
PAMPs) become activated and trigger innate immune
responses. Thus, gene polymorphisms of some PRRs
(for example) TLRs are involved in the pathogenesis
of various autoimmune and inflammatory diseases,
including AD.

The aim of this study is to detect the expression
level for IL4, IL13, IL33, TLR2, TLRY genes in the
biological materials of atopic patients.

Materials and methods

The study was conducted in accordance with the
WMA Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, 2013.
The study was approved by the local ethics committee
atthe Mechnikov RIVS. All patients signed a voluntary
informed consent to participate in the study.

Fifty-five pediatric patients from 6 to 18 years
of age and 50 adult patients from 18 to 60 years old
with the verified diagnosis of atopic dermatitis were
enrolled in the study. According to the SCORAD
score we divided patients into two groups: moderate,
SCORAD 25-50 (n = 38 children; n = 26 adults)
and severe, SCORAD > 50 (n = 17 children; n = 24
adults) forms. Biological materials such as biopsies of
the affected skin and blood samples were taken from
patients in the Medical Research Center for Children’s
Health; 26 healthy volunteers formed a control group.
Whole blood samples were taken from adult patients
in the Clinic for Skin and Venereal Diseases named
after V. A. Rakhmanov.

The targeted genes for further expression
evaluation were selected according to our previous
findings on genome-wide methylation study. After
the enrichment analysis we got canonical signaling
pathways, including IRAK-TRAF6-NFxB cascade
that may be triggered by different types of TLRs and
influence the production of cytokines; and the IgE-
dependent cascade that also have an effect on cytokine
profile.

RNA was extracted from PMBCs of patients and
healthy donors using Extract RNA reagent as per the
manufacturer (Evrogen, RF). Total RNA from whole
blood samples from adult patients was extracted using

the AmpliPRIME RIBO-sorb kit (NextBio, Russia),
rRT-PCR was performed using the SYBR Green
Syntol kit (Syntol, RF), and oligonucleotide primers
for TLR2, TLRY, IL4, IL13, IL33, and ACTB genes
were synthesized by Syntol (Syntol, RF). The reaction
was carried out under the following conditions: 1 cycle
at 95 °C for 5 min; 40 cycles at 95 °C for 15 sand 60 °C
(or 58 °C) for 50 s; melting. Beta-actin was used as
the reference gene for the analysis of target genes. The
2¢ <™ method was used for analysis of the obtained
data. Statistical analysis was performed with the use
of Kruskal-Wallis H test and Mann—Whitney U test.

Results and discussion

The first set of questions aimed to /L4 and IL13
cytokine expression profiles in the PBMCs. All results
considered to be significant at the p < 0.05 levels. It
must be mentioned that all significant differences
were found in case of adolescents (12-18 years of age).
Figure 1 provides an example of the experimental
data on /L4 gene expression. There was a significant
increase of /L4 relative expression level (median for
elder group of pediatric patients = 1717.3, median
for control group = 0.4, p < 0.0001; median for
patients of 6-12 y.o. = 29.4). Similar results were
obtained regarding /L 13 gene: median for adolescent
group = 380.0, median for control group = 0.3,
p < 0.0001; median for younger group of patients was
3.9).

Further analysis revealed the expression levels for
TLR2 and TLR9 genes in the PBMCs. Comparing
the data for patients of childhood years and healthy
controls again did not show any significant results.
Figure 2 shows an example of the results on TLR9Y
gene expression. It can be seen from the graph that
there was an increase of this gene expression in
comparison with control group (p < 0.0001). Medians
for 6-12 age group, 12-18 age group, and healthy
donors were equal 82.7, 1478.6, and 1.3 respectively.
Similar situation is for 7TLR2 gene: medians for
children = 33.0, adolescents = 10226.3, and healthy
donors = 8.3, p < 0.0001.

Changes in /L33 gene expression in the whole
blood samples were assessed in the adult group of
patients. As can be seen from the Figure 3, patients
with moderate form of AD reported significantly
higher expression level of /L33 than patients with
severe form. Median for the moderate AD group
equals 57.7 and for severe AD group =4.4 (p <0.01).

Our study showed differences between groups
of atopic patients and healthy donors concerning
the expression profile of /L4, ILI3 cytokines and
pattern-recognition receptors 7LR2 and TLR9 in
the blood mononuclear cells. Increased levels of
all suggested molecules may be an evidence of Th2
immune response enhancement in the acute phase
of the dermatitis, which is, in fact, an acknowledged
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Figure 3. IL33 gene expression level in the whole blood samples of adult ad patients

Note. ****, p < 0.0001.

classic model of the systemic AD pathogenesis.
Nevertheless, our previous studies showed that at the
same time there might be a difference at the local
level (in the skin), where the inflammation takes
place and anti-inflammatory mechanisms prevail [2].
Targeted expression analysis revealed that in the skin
samples the expression of TLR9 and /L4 was 12 times
significantly lower (p < 0.0001, p < 0.0005) in the
lesional skin; and there was a 6-fold decrease in case

of TLR2 (p <0.01). Such differences may occur due to
different factors, epigenetic alterations in particular.

The findings on /L33 expression level suggested
that in case of moderate form of AD in adults, where
the chronic form of the disease often takes place, this
cytokine may prevail on systemic level. Presumably,
in case of severe form /L33 may be released locally, in
the affected skin, so its systemic effect reduces. Thus,
further studies are required.
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There is much research that emphasis the
importance of /L4 and [ILI13 cytokines in the
pathogenesis and management of atopic dermatitis.
These cytokines are proven targets for treatment of
moderate-to-severe forms of AD with a systemic
upregulation of the mentioned interleukins.
Dupilumab is the targeted biologic agent approved
in many countries that inhibits the /L4-receptor a,
the shared subunit of /L4 and /L13 [4]. Due to the
mechanism of this medical agent, it is important to
prescribe it not only regarding the symptoms and
severity of AD, but also the inadequate levels of Th2
type cytokines (e.g., via blood or serum analyses).

1L-33 belongs to the IL-1 inflammatory cytokine
family. IL-33 is one of the inflammatory cytokines
associated with innate immunity. It can activate group
2 innate lymphoid cells without antigen stimulation to
induce type 2 cytokines. There is evidence that it may
be produced in keratinocytes of the lesional skin and
even become a trigger for itch-scratch cycle [5]. But
there is lack of studies explaining its systemic role in
the AD pathogenesis.

TLR2 is a PRR family member, which is also
known to be expressed on immune cells. TLR2 is able
to recognize variety of microbial components and
form a link between innate and adaptive immunity.
Iwamoto et al. suggested that in situ analysis of
isolated Langerhans cells and inflammatory dendritic
epidermal cells there was a decreased level of TLR2
expression and this could partly contribute to the
immune deviation in AD [6]. In another study
conducted by Yangyang et al., an excessive chemokine
mRNA expression (CCL5, CCLS8, CCL13, CCLI18,
and CCL22) in PBMCs was shown to be induced by

References

TLRZ2 activation, which was associated with the AD
development [9]. All in all, our findings agree with the
studies as due to different biological material (local
tissue or systemic level cells) the results may differ.

TLR9isidentified as a CpG DNA sensing receptor
expressed in professional innate immune cells such as
dendritic cells and macrophages. It was proved that
polymorphisms of the TLR9Y gene in the promoter
region with significantly increased activity were
associated with the development of AD. In a study
by Moriwaki et al., it was shown that S. aureus in
AD was captured by keratinocyte lysosomes, which
led to the secretion of the proinflammatory cytokine
IL-1a via TLR9 [8]. Our study did not show any
activation of this receptor locally in the skin, although
its higher expression in the blood may contribute to
inflammation maintaining.

Conclusion

New insights on immunological markers and links
among them may shed a light on atopic dermatitis
pathogenic mechanisms. The detected molecules
could play role as potential therapeutic targets and
form a management approach for patients with atopic
dermatitis.
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POJ1b NOJIMMOP®HbIX MAPKEPOB B FrEHAX TLR2, TLR4
U TLR9 B PUCKE PA3SBUTUA ATOINMUYECKOIO AEPMATUTA

CeBurnu 0.A.'% Omaucosa 0.J0.!, Mepembaanna E.A.%3,
Paccrkazosa H.J1.2, domuna B.A.}, [Toranosa M.B.!2
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2@I'FHY «Hayuno-uccaedosamenvckuii uncmumym eaxuyui u cvleopomok umenu U.U. Meunukosa», Mockea,
Poccusa

S @I'BOY AII0 «Poccuiickas meOuyunHckas akademus HenpepbligHo20 Npopeccuoranbio2o oopasosanus», Mockea,
Poccus

Pesome. ATonmuueckuii IepMaTUT — PacIPOCTPAaHEHHOE XPOHMYECKOE BOCHAJIMTENIbHOE 3a00JieBaHUe
KOXXH, aCCOIIMMPOBAHHOE CO 3HAYMTEJIbHBIM CHUKEHUEM KadecTBa XU3HU. CUMTaeTcs, YTO aTOMMYeCcKuii
JIepMaTUT Pa3BUBACTCS y JIMI] C TEHETUYECKOU TIPEIPaCIIONOKEHHOCTHIO K aTOIMU MO BO3[eiicTBUEM (haK-
TOPOB OKPY3Karolleil Cpeibl, UIMMYHHOM TUCPETY/ISIIIMUA Y U3MEHEHUEM MUKpPOoOroMa KoxXu. ToJUI-Tmoto0HbIe
penenTopsl (TLR) IBISIFOTCS HEOTheMIIEMOM YacThIO BPOXACHHON MMMYHHOM CHUCTEMBI U YIaCTBYIOT B pac-
MO3HAaBaHUM MMAaTOreH-aCCOLIMMPOBAHHBIX MOJIEKYJISIPHBIX MaTTepHOB. Llenbio nccaenoBaHus ObLIO OLIEHUTh
TEHETUYECKUI PUCK Pa3BUTHS aTOTTMYECKOTO IepMaThTa HA OCHOBAaHUY U3YyYEeHUS TIOTMMOPGHBIX MapKEPOB
BreHax TLR2, TLR4wu TLR9. B uccienoBaHnue 0bUIH BKIOYeHBI 100 marieHTOB C aTONMMYECKUM JePMAaTUTOM
cpeaHeit (n = 56) u Tsikeoit (n = 44) cTereHblo TsikecTu. Bo3pacT BapbupoBait ot 18 10 65 neT. B rpymimmy KoH-
TPOJIST OBUTM BKJIIOYSHEI 72 MOOPOBOJIBIIA cTapiie 18 jieT, He MMEIONINX B aHaMHe3¢ KaKMUX-JIM0O aJuieprude-
CKMX 3a00JieBaHUI KOXHU. B xone ucciaenoBaHust ObLUIM IMTpOaHaAIN3MPOBaHbI Ceaylolie MapKepbl: 1s5743708
BreHe TLR2, 14986791 B rene TLR4 n rs352140 B rene TLRY. UccnenoBaHue reHeTMIecKux MmapkepoB SNP
1s5743708 B reHe TLR2 v 154986791 B rene TLR4 He BBISIBUWIO CTATUCTUYECKM 3HAYMMBIX pa3IM4Mii B pac-
npenejeHun ajieseil u reHoTuroB. M3yuyeHue noaumMopgHoro Mapkepa rs352140 B rene 7L R9 nokazajio
CTAaTUCTUYECKN OJOCTOBEPHOE Pa3IMUMEe MEXIY I'PYIIION MallMeHTOB C aTOIMMYECKUM IePMAaTUTOM CpeaHei
CTETICHHU TSKECTU M KOHTPOJIbHOM BhIOOpKOIL. YacToTa BcTpedyaeMocT roMo3uroTel GG B TpyIline ¢ aToIu-
yecKUM aepMaTuTtoM coctaBuia 0,169, B To BpeMst Kak B rpymiie KoHTpois — 0,329 (p < 0,05; OR = 0,42;
95% CI =0,18-0,97). Ha ceronHsIIHUiA IeHb U3yYeHUE BAUSHUS IMTOJIUMOPGMHBIX TeHETUYECKUX JIOKYCOB Ha
PUICK pa3BUTHUS Pa3IMIHBIX 3a00JIeBaHW TIPECTaBIsIET 0COOBI MHTepec. OMHAKO Cpeay MHOTOYMCIIEHHBIX
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WICCIIeIOBaHMI, HAIIpaBJICHHBIX Ha MONCK SNP-MapKepoB MIsT IMarHOCTUKHY ITOBBIIIIEHHOTO PHCKA pa3BU-
TS 3a00JIeBaHUIA, BCTPEYaIOTCS JINIIb eAMHUYHBIE ITyOJIMKALIMM 00 acCOoLMay IMTOJIMMOP(MHEBIX MapKepoB
B reHax TLRs ¢ aronnueckum aepMatutoM. BeiOpaHHble HaMU noJiuMopdHBIe Mapkephl 155743708 B reHe
TLR4 v 154986791 B rene TLRY 6bU1M M3ydeHbI BITEPBBIE IIPU aTOITMYECKOM JepMaThuTe. B 3akimoueHue, 1Mo
pesyJbTataM UCCieNoBaHMsI ObUT BBISIBJIEH OJMH NOJUMOPMHBIN MapKep, aCCOLIMMPOBAaHHBIN C pUCKOM pa3-
BUTUSI aTOMUYECKOro JIepMaTuTa. Tak, ObLJI0 IMoKazaHo, 4To roMmo3urota GG reHeTuyeckoro mapkepa SNP
1352140 TLR9Y MmoxXeT ObITh NPEAMKTOPOM OTHOCHUTEJIFHO PUCKa Pa3BUTHSI aTOIMMYECKOT0 CpeIHEeH CTeNeHU
TsDKecTU. TakuM 00pa3oM, MOJyYeHHbBIE TaHHBIE MOTYT OBITh MCITIOJIb30BaHbI IIPU OLICHKE PUCKA Pa3BUTHS
aTOIMMYECKOTO OIePMATHUTA Y 3TOPOBBIX JIUIL C OTSITOIIEHHBIM CEMEITHBIM aHAMHE30M.

Karoueswvie crosa: amonuueckuii depmamum, TLR, SNP, mapkep, amonuueckue 3a001e6aHus, 8p0jicOeHHbLI UMMYHUmMEm

ASSOCIATION OF SINGLE NUCLEOTIDE POLYMORPHISMS
OF TLR2, TLR4 AND TLR9 WITH ATOPIC DERMATITIS

Svitich O.A.»?, Olisova 0.Yu.2, Meremianina E.A.>¢, Rasskazova N.D.",
Fomina V.A2 Potapova M.B.*"

@ I. Sechenov First Moscow State Medical University, Moscow, Russian Federation
b J. Mechnikov Research Institute for Vaccines and Sera, Moscow, Russian Federation
¢ Russian Medical Academy of Continuous Professional Education, Moscow, Russian Federation

Abstract. Toll-like receptors (TLRs) are the most studied among all Pattern Recognition Receptors, the
main function of which is to initiate innate immune response by recognizing pathogen-associated molecular
patterns of various microorganisms on the skin surface. TLR-mediated recognition plays an important role in
linking innate and adaptive immunity that ultimately leads to the production of key cytokines, chemokines
and antimicrobial peptides. Today, there is growing interest in research on single nucleotide polymorphisms
(SNPs) in TLR genes and its influence on susceptibility to inflammatory disease, including atopic dermatitis.
The aim of the research was to study the association of the rs5743708 gene polymorphism in the 7LR2 gene, the
rs4986791 gene polymorphism in the 7L R4 gene and the rs352140 gene polymorphism in the TLR9 gene with
the risk of developing severe cases of AD. A total of 100 patients with AD were included in the study (38 male
and 62 female). The age range was from 18 to 65 years old. All participants were divided into 2 groups according
to the SCORAD index (SCORing Atopic Dermatitis). The control group included 72 volunteers over 18 years
old. The results of our study showed a statistically significant difference between the moderate AD group and
healthy controls in the r$s352140 gene polymorphism in the TLR9 gene (Figure 1). The frequency of the GG
genotype of SNP rs352140 in TLR9 was 0.169 in the AD group versus 0.329 in the control group (p < 0.05;
OR =0.42;95% CI =0.18-0.97).

In conclusion, the results of our study showed that the 7L R9rs352140 gene polymorphism may be linked to
an increased risk of atopic dermatitis. Moreover, it was found that the GG genotype of SNP rs352140 in TLR9
can be used as a predictor of the risk of developing moderate AD.

Keywords: atopic dermatitis, TLR, SNP, marker, atopic diseases, innate immunity

Introduction

Atopic dermatitis (AD) is a common chronic
inflammatory skin disease associated with the
significantly decreased quality of life. The first
signs of AD usually appear in infancy, which may
precede the development of other allergic diseases,

including asthma, allergic rhinitis or food allergy [2,
8]. Clinical presentations are diverse and may vary
over time depending on age and the course of disease.
Generally, the acute phase of AD is characterized by
erythematous skin lesions and edema, whereas chronic
stage features lichenification, generalized xerosis and
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post-inflammatory hyperpigmentation. Although the
pathophysiology of AD is still not completely under-
stood, it is regarded as a complex interaction between
immune dysregulation, altered skin microbiome and
environmental factors in individuals with a positive
family history of atopy [2, 4].

Skin microbiome research has highlighted its role
in the development and exacerbation of AD. The
composition of microbial communities in AD patients
is usually characterized by loss of microbial diversity
and predominance of Staphylococcus aureus (S. aureus)
in both lesion and non-lesional skin [5]. That in turn
induces altered immune responses by maintaining
type 2 inflammation due to the elaboration of a wide
range of staphylococcal enterotoxins (SEs) and other
virulence factors by S. aureus strains [10]. Thus, these
data suggest that the disturbed microbial composition
and overgrowth of S. aureus are significantly involved
in the clinical manifestation and pathogenesis of AD
flares.

Toll-like receptors (TLRs) are the most studied
among all Pattern Recognition Receptors (PRRs),
the main function of which is to initiate innate
immune response by recognizing pathogen-
associated molecular patterns (PAMPs) of various
microorganisms on the skin surface, such as lipo-
polysaccharide of Gram-negative bacteria, pepti-
doglycan and lipoteichoic acid of Gram-positive
bacteria. TLR-mediated recognition plays an
important role in linking innate and adaptive im-
munity that ultimately leads to the production of key
cytokines, chemokines and antimicrobial peptides.
These TLRs are expressed by both immune cells and
non-immune cells, including keratinocytes. To date,
there are 10 members of the TLR family (7LRI-
TLRI10) identified in humans, which are further
divided based on their localization into extracellular
TLRs (TLRI1,TLR 2, TLR4, TLR5, TLR6, TLR10)
and intracellular TLRs (TLR3, TLR7, TLRS, TLR9)
[9, 10]. The latter recognize nucleic acids of viruses,
bacteria as well as damaged host cells. Conversely,
extracellular TLRs can detect a broad spectrum
of structures of Gram-positive bacteria and also
components of damaged host cells. In addition, TLR4
is implicated in the recognition of lipopolysaccharide
of Gram-negative bacteria. TLRS5 binds bacterial
flagellin found in many Gram-negative and Gram-
positive bacteria. TLR2 and TL R4 are known for their
ability to bind endogenous ligands such as heat shock
protein and hyaluronic acid [10, 11].

There is growing interest in research on single
nucleotide polymorphisms (SNPs) in 7LR genes
and its influence on susceptibility to inflammatory
disease. For instance, certain polymorphisms were
associated with impaired TLR2 and TLR4 function

in individuals with AD, which may contribute to the
prevalence of Th2-mediated immune responses [1, 7].

The aim of the research was to study the association
of the rs5743708 gene polymorphism in the 7LR2
gene, the rs4986791 gene polymorphism in the TLR4
gene and the rs352140 gene polymorphism in the
TLR9 gene with the risk of developing severe cases of
AD.

Materials and methods

A total of 100 patients with AD were included in
the study (38 male and 62 female). All patients were
admitted in the clinic of skin and venereal discases
named after V.A. Rakhmanov (Sechenov University).
The age range was from 18 to 65 years old. The
diagnosis of AD was established by using Hanifin and
Rajka’s criteria [3]. All participants were divided into
2 groups according to the SCORAD index (SCORing
Atopic Dermatitis) results: moderate (n = 56) and
severe (n = 44) [6]. The control group included 72
volunteers over 18 years old without atopic dermatitis
and other allergic diseases. Peripheral blood samples
were collected into EDTA tubes (VACUETTE®
TUBE 4 ml K3E K3EDTA, Greiner Bio-One). Total
RNA was extracted using the “AmpliPRIME RIBO-
sorb” kit (Amplisens, Russia). The following markers
were analyzed by PCR-based techniques using “SYBR
Green I RT-PCR” kit (Syntol, Russia) and DT
Prime 5 Real-Time PCR device (DNA-Technology,
Russia): TLR2 r1s5743708, TLR4 1s4986791 and
TLR9 rs352140. Statistical analysis was performed by
using the 2 test. Results were considered statistically
significant if a p-value was less than 0.05 (p < 0.05).

Results and discussion

Genotyping of the rs5743708 gene polymorphism
in the TLR2 and rs4986791 gene polymorphism in
the TLR4 did not reveal any statistically significant
differences in allele frequency and genotype
distribution. However, the results of our study
showed a statistically significant difference between
the moderate AD group and healthy controls in
the rs352140 gene polymorphism in the TLR9 gene
(Figure 1). The frequency of the GG genotype of SNP
1s352140 in TLR9 was 0.169 in the AD group versus
0.329 in the control group (p < 0.05; OR = 0.42;
95%CI1 = 0.18-0.97).

Although studies focused on SNP analysis
have been of particular interest in recent decades,
the data on potential associations between TLR
polymorphisms and AD is limited to a few publica-
tions. To our knowledge, the investigated SNPs
1s5743708 in the TLR4 gene and rs4986791 in the
TLR9 gene were studied for the first time in patients
with atopic dermatitis.
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Figure 1. Distribution of TLR9 SNP rs352140 genotypes in patients with moderate atopic dermatitis compared to healthy

controls
Note. *, p < 0.05.

According to a meta-analysis conducted by
Zhang Y. et al. (2019), carriage of TLR2 SNP
1s5743708 GA genotype revealed a significantly
higher risk for developing AD in the Caucasian
race [12]. Nevertheless, the results of our study found
no difference between patients with AD and healthy
subjects.

It is notable that the scientific literature contains
scarce data related to the analysis of TLR4 gene
polymorphisms and the susceptibility of AD. Zhao J.
et al. (2017) conducted a meta-analysis that included
more than 340 articles. It has been reported that
rs4986791 in TLR4 was significantly associated with
the risk of developing asthma [13]. However, no data
on AD was found.

According to the literature, the most common
TLR9 polymorphisms are rs5743836, rs187084,
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U3MEHEHUA CYBNONYJI9UMOHHOIO COCTABA
T-XEJINEPOB 17 TUNA U UUTOKUHOBOIO NPODPUNA
B SABUCUMOCTU OT KIMHUYECKOW KAPTUHDI

CAPKOUAO3A
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Pesome. [Ipn capkonmose IMpOUCXOOUT THIICPAKTUBAINS KICTOK MMMYHHON CUCTEMBI, a TIPOIYILIMpYe-
MbIe UMY [IMTOKMHBI UTPAIOT BasKHYIO POJIb B ITaToreHe3e 3aboseBaHms. KiieTouHo-orocpenoBaHHbIE peak-
UM SIBJISTIOTCSI OCHOBHBIMM B MMMYHOIIaTOT€HE3e capKounao3a. B UX pasBUTUM YyYaCTBYIOT CYONOITYJISIIIUN
T-xenmnepos (Th), B Tom uncie Thl7-Tumna n peryampyrommx ux UIMTOKUHOB. BbIu ncciaenoBaHbl 00pa3ibl
IUTa3Mbl KPOBU OOJIBHBIX capkoumo3oM (n = 123), 18% ¢ octpbiM u 82% ¢ XpOHUYECKUM TedeHreM. KoH-
TpOJibHas Ipyrnna — odpasibl, MOJydeHHbIe OT MPaKTUUEeCKHU 300pOBLIX JULL (n = 43). Onpeaensyioch coaep-
JKaHUe CyOTOIy IS TMMGOIIUTOB METOAOM IMTPOTOYHON LIMTOMIYOPUMETPUM U KOHIIEHTPALIN A IUTOKMHOB
(TIT/MJT) METOIOM MYJIBTMIUIEKCHOTO aHaym3a no texHojorun xMAP (Luminex). ComepkaHue «kjraccude-
ckux» Th17 gocToBepHO CHUXKEHO B 0Opa3iiax 00JbHBIX OCTPHIM CAPKOUI030M OTHOCUTEIbHO XPOHUYECKO-
ro: 28,3% npotus 33,3%, p = 0,046. YpoBeHb «aBaxKAbI-1103UTUBHBIX>» Th17 (DP Thl17) GbL1 1OCTOBEPHO
MOBBIIIIEH B 0Opa3lax KPOBH OOJIBHBIX C XPOHUYECKMM U OCTPHIM CapKOMIO30M OTHOCHTEIBHO TPYIIIIHI
kourposst: 31,7% wu 34,2% niporus 26,2%, p < 0,001; conepxxaHue «He Kiaaccudyeckux» Thl7.1 okaszamock
JIOCTOBEPHO CHUKEHO Y OOJIbHBIX XPOHUYECKUM T€4EHHEM OTHOCHUTEJIBHO YCIOBHO 3I0POBLIX Jull: 27,9%
1 35,9%, p < 0,001. AHaIU3 KIMHUKO-1abopaTopHOii 3HauuMocTu orpeaeieHuss DP Th17 cpequ CD45RA-
HeraTUBHBIX KJ1eTOK Th addekTopHOI MaMsITH BBISIBUJI, YTO TIPU OCTPOM CAapKOUI03€ OTHOCUTEIBHO IPYIIIbI
YCJIOBHO 3JIOPOBBIX JIULI: YYBCTBUTEIBHOCTb — 82%; cielimunaHocTh — 71%; npu xpoHUdeckoM: 67% u 56%
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COOTBETCTBEHHO. Y OOJIbHBIX CAPKOU030M OTHOCUTEIBHO YCJIIOBHO 3I0OPOBBIX JIMI] OTMEYATI0Ch TOCTOBEPHO
3HAYMMO¢E TTOBBIIIIEHUE YpOoBHe# uTokuHOB 1L-12 (p70) — 1,3 mpotus 0,56, p = 0,028; IL-17A — 1,5 1ipo-
tuB 0,43, p < 0,001; IFNy — 4,1 ipotus 1,1, p < 0,001; TNFa — 21,7 npotus 6,7 nir/mi, p < 0,001. Takum
o6paszoM, BeisiBiaeHHe cyoromynsiuuii CCR67Th17 u DP Thl7, a Takke YpOBHU CUHTE3UPYEeMbIX TaKUMU
KJIETKAaMU LIMTOKWHOB, SIBJISIIOTCS Ba>XHBIMU B JTUArHOCTHMKE CapKOWI03a MPU €ro pa3HOM TEUEHMUU: TOKa-
3aHa IpsMasi KOppesslMOHHAasl 3aBUCUMOCTb MEXIY YPOBHEM aKTMBHOCTU aHTMOTEH3UH-IIPeBpallaioIero
depMeHTa M OTHOCUTENBbHBIM conaepxkaHrueM DP Thl7-kieTok nmamMsaTu; y 60JbHBIX C IIPOrPeCCUPYIOLIM
Te4eHUEM B CPaBHEHUU C PErPeCCUPYIOIINM TeueHreM 3ab0sieBaHUS ObLIO JOCTOBEPHO CHUXKEHO a0COJTIOT-
Hoe coaepxkaHue Bcex CD45RATh17-kjieToK maMsITU U KJIETOK LEHTPAJIbHON MaMsITU; Y OOJIbHBIX C DKC-
TpaITyIbMOHAJbHBIMU TIPOSIBJICHUSIMU CapKOMI03a OTMEUYAIOCh JOCTOBEPHO IOBBIIIICHHOES OTHOCUTEILHOS
comepxanue DP Th17 CD45RA- u DP Th17 agdekTopHOI TaMATH; IPU XpPOHNIESCKOM CapKOUI03€ OBLIN
JIOCTOBEPHO TMOBbINIEeHbI KOHIeHTpauuu 1L-17A, IFNy, IL-12 u oOHapyXeHa NoJ0XUTeIbHas KOpPesus
mexay ypoBHeM [FNy 1 akTUBHOCTBIO aHTMOTEH3UH-TIpeBpallamliero depMeHTa.

Karoueswie crosa: capxoudos, T-xeanepot, oupghepenyuposxa T-xeanepos, T-xeanepvr 17 muna, npomounas yumomempus,
UUMOKUHbL

SARCOIDOSIS CLINICAL PICTURE GOVERNS ALTERATIONS
INTYPE 17 T HELPER CELL SUBSET COMPOSITION AND
CYTOKINE PROFILE

Lazareva N.M.*» *, Kudryavtsev L.V.> ¢, Baranova O.P.2, Isakov D.V.2,
Serebriakova ML.K.C, Bazhanov A.A.? Arsentieva N.A.%,
Liubimova N.E., Ses’ T.P.2, Ilkovich M.M.?, Totolian Areg A.> 4

@ First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

b Russian Research Institute of Hematology and Transfusiology of the Federal Medical and Biological Agency,
St. Petersburg, Russian Federation

¢ Institute of Experimental Medicine, St. Petersburg, Russian Federation

@ Saint Petersburg Pasteur Institute, St. Petersburg, Russian Federation

Abstract. Immune cell hyperactivation along with cytokines they overproduce plays an important role in
sarcoidosis and related disease pathogenesis. A central place in the immunopathogenesis of sarcoidosis is
held by diverse cell-mediated reactions governed by T helper (Th) cell populations including Th17 subsets
and relevant signature cytokines. We studied peripheral blood plasma samples of the patients with sarcoidosis
(n = 123): 18% with acute and 82% with chronic course. The control group — samples from healthy volunteers
(n = 43). T cell subset composition was assessed by flow cytometry. Cytokine concentrations (pg/mL) were
measured by multiplex analysis using xXMAP technology (Luminex). The level of “classical” Th17 turned out
to be significantly reduced in acute vs chronic sarcoidosis: 28.3% vs 33.3% (p = 0.046). The level of “double-
positive” Th17 (DP Th17) was significantly increased in chronic and acute vs control group: 31.7% and 34.2%
vs 26.2% (p < 0.001 in both cases), without differences patient inter-group; “non-classical” Th17.1 were shown
to have significantly reduced level only in chronic vs healthy subjects: 27.9% and 35.9% (p < 0.001). Clinical and
laboratory diagnostic characteristics for blood DP Th17 levels in CD45RA-negative Th effector memory cells in
sarcoidosis: in acute sarcoidosis vs healthy subjects, they were characterized by sensitivity — 82%; specificity —
71%,whereas in chronic: 67% and 56%, respectively. In patients with sarcoidosis vs healthy subjects were found to
have significantly increased level of IL-12 (p70) — 1.3 vs0.56, p =0.028; IL-17A — 1.5vs0.43, p< 0.001; IFNy —
41vs 1.1, p <0.001; TNFa — 21.7 vs 6.7, p < 0.001. Thus, CCR6" Th17 and DP Th17 subsets and relevant
signature cytokines are important in diagnostics of sarcoidosis of varying clinical course: a direct correlation was
shown between the level of angiotensin-converting enzyme activity and percentage of memory DP Th17; disease
progression vs regression had significantly reduced absolute number of total CD45RA- memory and CM Th17;
extrapulmonary manifestations had a significantly increased percentage of DP Th17 CD45RA- and EM DP
Th17; in chronic sarcoidosis are significantly increased concentration of IL-17A, IFNy, IL-12 and positively
correlation between [FNy and the activity of angiotensin-converting enzyme.

Keywords: sarcoidosis, CD4* T cells, Th cell differentiation, Th17 cell subsets, flow cytometry, cytokines
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Cybnonyaayuu T-xeanepoe 17 muna u HeKomopwie YUMOKUHbL NPU CapKOUd03e

Th 17 subsets and cytokines in sarcoidosis

Introduction

Sarcoidosis is a multisystem inflammatory gra-
nulomatous disease of unknown etiology characteri-
zed by developing highly organized immune cell
aggregates (granulomas) lacking signs of necrosis in
the affected organs, most commonly found in the
respiratory organs [12, 14, 16]. Sarcoid granulomas
are predominantly localized in the bronchopulmonary
Ilymph nodes as well as directly in the lung tissue,
less commonly being observed in other anatomical
sites. Extrapulmonary or systemic sarcoidosis mani-
festations are presented due to damage to the skin,
eyes, joints, heart, nervous system and some other
organs [4, 14, 16].

Immune cell hyperactivation along with cytokines
and chemokines they overproduce plays an important
role in developing sarcoid granuloma and related
disease pathogenesis [13, 16]. According to current
concepts, a central place in the immunopathogenesis
of sarcoidosis is held by diverse cell-mediated reactions
including T helper cell subsets (Th): Thl, Th17 types,
as well as relatively recently described “non-classical”
or “plastic” Thl7 subpopulations (Th1/Th17 and
Thl17.1), expressing surface chemokine receptors
and capable of simultaneously producing several
signature cytokines [5, 13, 16, 18]. It was shown that
various Th17 subsets and relevant cytokines (IL-17A,
1L-22, IFNy) also take part in granuloma formation.
Currently, special attention is paid to the role of Th17
cells in the immunopathogenesis, course and outcome
of sarcoidosis, which are detected in the center and
along the periphery of sarcoid granulomas [3, 4, 12,
13, 16].

Alterations in cytokine profile and the effects
related to IFNy, IL-12 and TNFoa may result
in transition of Thl/Thl7 cells to plastic IFNy-
producing Thl7, called “non-classical” Thl7 [8,
17, 18]. Th17 cells include IFNy/IL-17A-producing
double positive (Th1/Thl17 cells) and IFNy single
positive cell subsets defined on the basis of surface
expression of chemokine receptors: Th17.1 cells [3,
13] co-expressing CCR6 (Th17 lineage) and CXCR3
(Th1 lineage) [17].

While investigating immune-related pathogene-
sis of sarcoidosis it is important to assess cytokine
and chemokine profile ensuring directed migration
of immune cells from the circulation to the focus
of inflammation followed by sarcoid granuloma
formation [1, 2, 3, 11, 13, 14]. Moreover, both cyto-
kines and diverse immune cell types largely account
for resolution or outcomes of granulomatous process
in sarcoidosis, from resorption of granulomas in
spontaneous remission to developing pulmonary
fibrosis in unfavorable scenario, are also largely
determined by the participation of various cells and
cytokines [1, 2, 4, 12, 13].

Various studies in the field often report con-
tradictory data, therefore underlying a need to search
for and identify most diagnostically significant and

informative markers (T cell subset composition and
cytokine profile) aligned with disease clinical signs
and course. Thus, the aim of the study was to assess
type 17 T helper cell subset composition and some
cytokine levels in accordance to clinical course of
sarcoidosis.

Materials and methods

Patients with sarcoidosis (n = 123) were enrolled
to the study, of which 18% (22/123) with acute
(“Lofgren’s syndrome”) and 82% (101/123) with
chronic disease course (“non-Lofgren’s syndrome”)
were examined at the Research Institute of Interstitial
and Orphan Lung Diseases, Pavlov First Saint Peter-
sburg State Medical University, Ministry of Health
of Russia. Sarcoidosis in all patients examined was
verified as first-onset disease, without therapeutic
interventions applied at time of examination.

Informed consent to participate in the study was
obtained from all patients. Studies were conducted in
accordance with the Declaration of Helsinki of the
World Association “Ethical principles for conducting
scientific medical research involving humans” amen-
ded in 2013, “Rules of Clinical Practice in the Russian
Federation”, approved by the Order of the Ministry of
Health of the Russian Federation dated of 19.06.2003
No. 266 and the “Rules of Good Clinical Practice
in the Russian Federation”, approved by the Order
of the Ministry of Health of the Russian Federation
dated 01.04.2016 No. 200n.

Patients with sarcoidosis were enrolled to main
group: 49 males, 74 females, aged 20 to 67 years.
Diagnosis in all patients was established based on
comprehensive clinical and radiological (including
chest computed tomography) study. The diagnosis of
sarcoidosis was verified by histological examination
after biopsy of bronchopulmonary tissue and/or
mediastinal lymph nodes was collected in 67%
(82/123) patients as well as according to clinical and
radiological data in 33% (41/123) patients. In the
control group, there were analyzed biological samples
from 43 apparently healthy subjects lacking any
clinical manifestations including respiratory diseases
(18 males, 25 females, aged 20 to 61 years), age- and
sex-matched to sarcoidosis patients.

According to the recommendations of the Ame-
rican Thoracic Society (ATS), the European Res-
piratory Society (ERS), and the World Association of
Sarcoidosis and Other Granulomatosis (WASOG) [6],
radiological classification was used to characterize
patient groups. Patients were examined by using
generally accepted methods (analyzed complaints,
history of disease, life, occupational anamnesis, phy-
sicalexamination, palpation, percussion, auscultation,
clinical blood count, general urinalysis, biochemical
blood and urine tests for assessing disease course
and activity). All patients underwent chest multislice
computed tomography (MSCT), a comprehensive
functional examination of external respiration
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(CFEER), echodopplercardiography (Echodop-
plerCG) based on calculated systolic pressure in
the pulmonary artery (SPPA, mm Hg), abdominal
ultrasound examination, videothoracoscopy (VTS),
if necessary, was performed with a biopsy of the lung
tissue or mediastinal lymph node, fibrobronchoscopy
(FBS) with endobronchial biopsy of the bronchial
mucosa or transbronchial biopsy of the lung tissue,
followed by histological examination in laboratories
and departments of the Pavlov First Saint Petersburg
State Medical University.

Based on the aforementioned data, patients were
stratified as follows: group with pulmonary sarcoidosis
without systemic disease manifestations (44%, 39/88)
and group with respiratory sarcoidosis along with
extrapulmonary manifestations (56%, 49/88).

Level of blood serum angiotensin-converting
enzyme (ACE) was used to assess disease activity.
Units of measurement — units of activity: ACE Unit
(=1 IU/mL). Reference values for ACE activity for
subjects over 18 — 20-70 ACE Units. Accordingly, for
patients with sarcoidosis elevated ACE activity level
was set above 70 ACE Units.

Clinical disease course was assessed 3 months,
six months and one year after establishing a verified
diagnosis, in 38 patients enrolled to the study, based
on the chest CT scan data, functional parameters and
detected extrapulmonary manifestations. A retrospec-
tive analysis of immunological parameters was carried
out depending on the clinical picture of the disease one
year later by taking into account: presence or absence
of spontaneous regression; severity of extrapulmonary
manifestations; severity of pulmonary fibrosis.

There were investigated venous blood samples
collected by puncture of peripheral vein into
K3EDTA-containing vacuum tubes. T cell subset
composition in peripheral blood samples was asses-
sed by flow cytometry using a Navios diagnostic
cytometer (Beckman Coulter, Inc., USA) equipped
with three lasers with emittance at 405, 488, and
638 nm wavelengths. Data processing was carried
out using Navios Software v. 1.2, Kaluza™ v. 2.0
(Beckman Coulter, USA). Various combinations
of direct monoclonal antibodies were applied for
immunophenotyping. The data on lymphocyte level
are presented as follows: % — percentage out of total
number of lymphocytes or examined lymphocyte
subset; absolute (cell/uL, number of cells in 1 puL of
peripheral blood) number of lymphocytes.

In the study, 100 pL of peripheral blood samples
were stained with monoclonal antibodies in accor-
dance with the manufacturer’s recommendations;
we have described the details previously [7]. Ery-
throcytes were removed by using VersalLyse lyse (Cat.
No. A09777) adding 975 pL sample with ex fempere
prepared 25 puL of IOTest 3 Fixative Solution
(Cat. No. A07800). After incubation, the samples
were washed once from unbound antibodies using
phosphate buffered saline, by centrifugation for 7

minutes at 330g. The supernatant was removed, and
cell pellet was resuspended in 200 pL of same solution
(pH 7.2-7.4) containing 2% neutral paraformaldehyde
(Cat. No. HT5011, Sigma-Aldrich, USA).

The following antibody cocktail was used to
analyze peripheral blood Th cell subset composition:
antibodies against CD3 (clone UCHT1) and CD4
(clone 13B8.2); Th cells were detected as CD3*CD4*
lymphocytes. In order to identify individual Th cell
subsets at various differentiation stages, antibodies
against surface CD45RA (clone 2H4LDHI11LDB9
(2H4)) and CD62L (clone DREG56) were used.
“Naive” Th cells bearing the CD45RA*CD62L"
phenotype were not used for further studies due to
the lack of expressed surface chemokine receptors.
CD45RA-positive terminally differentiated effector
memory T cells (TEMRA) bearing CD45RA*CD62L-
phenotype were also excluded from further analysis
due to almost full lack of such cell population in the
peripheral blood in apparently healthy donors.

Memory Th cells were subdivided based on CD62L
and CD45RA surface expressioninto central (CM) and
effector (EM) memory T helper cells with CD45RA-
CD62L* and CD45RA-CD62L- phenotypes, res-
pectively. The expression levels of the following che-
mokine receptors were analyzed on Th cell subsets
by using monoclonal antibodies: CD45RA-FITC,
CD62L-PE, CXCR5- PerCP/Cy5.5, CCR6-PE/
Cy7, CXCR3-APC, CD3-APC/Cy7, CD4-PacBlue,
CCR4-BV510. We used antibodies against CD3,
CD4, CD45RA and CD62L, respectively (Beckman
Coulter, USA). Antibodies against CCR4, CCR6,
CXCR3 and CXCRS3, respectively (BioLegend, USA)
were also used.

Polarized Th17 cell subset composition was ana-
lyzed by immunophenotyping as follows: four
major Th17 cell subsets were identified based on
expression patterns of surface chemokine receptors
CXCR3 and CCR4, and according to the spectrum
of functional properties in total pool of CCR6*
cells of all CD45RA-negative, CM Th, and EM Th
cells [15]. According to the phenotyping strategy,
peripheral blood cells were divided into the following
subsets: “classical” Th17 cells with CCR4*CXCR3-
phenotype, “double-positive” CCR4"CXCR3* (DP
Th17), “non-classical” CCR4-CXCR3* (Thl7.1)
and “double-positive” CCR4 CXCR3* (Thl7.1),
“double-negative” CCR4-CXCR3- (DN Th17).

Blood plasma cytokine levels (pg/mL) were
analyzed by using commercially available Milliplex
MAP kits (Millipore, USA) along with magnetic
microspheres (Milliplex Mag, USA), according to
manufacturer’s instructions. Data registration and
analysis were carried out using Luminex MAGPIX
instrument (Luminex, USA).

The data obtained were statistically processed
by using software Statistica 8.0 (StatSoft, USA) and
GraphPad Prism 5.00 for Windows (GraphPad Prism
Software Inc., USA). Forthis, there were used standard
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nonparametric methods of statistical processing.
Quantitative data were presented as median (Me)
and interquartile range (Q,,s-Q,7s). Non-parametric
Mann—Whitney test, non-parametric Spearman rank
correlation method and coefficient (r) calculation were
applied. To determine a diagnostic relevance of the
data, ROC analysis (receiver-operating-characteristic
ROC curve) was used. The area under curve (AUC)
of the operating characteristic, magnitude of the
optimal point (criterion) of separation, sensitivity and
specificity level were determined. Hypotheses were
considered as statistically different with significance
level set at p < 0.05.

Results and discussion

During the study there were analyzed parameters
between main comparison groups: patients with acute
onset of sarcoidosis — group 1, patients with chronic
sarcoidosis — group 2, and control group — group 3.

It was found that CCR6-positive Th17 cell level
was altered in EM Th cell subset composition. In
particular, peripheral blood samples from patients
with acute vs chronic sarcoidosis and control group
were shown to have significantly increased absolute
number of CCR6-positive Th17 cells: 73 cells/uL
(60-150) vs 57 (38-88) and 59 cells/uL (46-75),
respectively, at p,, = 0.011 and p,; = 0.032. However,
no changes in percentage and absolute number of CM
Th17 cells were observed (Table 1).

While assessing polarized Th17 cell subset com-
position in peripheral blood samples from patients
with sarcoidosis, it was found that Th17 cell level
was significantly altered in total CD45RA-negative
memory T cell pool.

The level of “classical” Th17 cells turned out to be
significantly reduced in acute vs chronic sarcoidosis:
28.3% (23.6-35.4) vs 33.3% (26.5-40.4) (p =0.046). In
addition, the level of DP Th17 cells was significantly

increased in chronic and acute sarcoidosis vs control
group: 31.7% (26.2-38.9) and 34.2% (29.1-42.7) vs
26.2% (22.6-28.3) (p < 0.001 in both cases), without
differences between patient groups. Regarding “non-
classical” Thl17.1 cells, it was found that their level
was significantly reduced only in chronic sarcoidosis
vs healthy subjects: 27.9% (23.0-33.9) and 35.9%
(26.5-41.3) (p < 0.001). A significant decline in level
of DN Th17 cells was revealed in chronic and acute
sarcoidosis vs control group: 4.7% (3.2-6.1) and 4.2%
(2.7-5.3) vs 5.9% (4.4-7.7) (p = 0.002).

The data comparing the level of such Th17 cell
subsets in CD45RA-negative CM and EM Thl7
cells are shown in Figure 1 and Figure 2, respectively.
Along with that, CCR6* CM Th cell subset level was
significantly reduced for “non-classical” Th17.1 and
DN Th17 cells in chronic sarcoidosis compared to
control group: 22.6% (18.6-28.1) vs 27.5 % (21.8-
34.3) (p < 0.001) and 5.6% (3.9-7.1) vs 6.7% (4.8-
8.9) (p = 0.004), respectively. The level of CCR4-
expressing DP Th17 cells in chronic sarcoidosis was
significantly higher than in control group: 30.9%
(26.2-37.4) vs 27.2% (23.6-31.6) (p = 0.002), whereas
in acute disease it was noted to increase as compared
to healthy subjects (32.3% (28.5-37.4) vs 27.2% (23.6-
31.6), p = 0.003) along with decreased DN Th17 cell
levels (5.3% (3.2-7.2) vs 6.7% (4.8-8.9) (p = 0.017).

While analyzing magnitude of CCR6-positive EM
Th cells capable of exiting from the circulation and
migrating to peripheral tissues, similar changes were
observed. Patients with chronic and acute sarcoidosis
vs control group were noted to have significantly
reduced EM level of “non-classical” Thl17.1 cells:
36.2% (30.3-44.9) and 40.3% (30.6-46.9) vs 45.9%
(38.3-54.7) (p < 0.001 and p = 0.017, respectively).
Moreover, patients with both chronic and acute onset
sarcoidosis had a significantly increased DP Thl17
cell level compared to control group: 30.9% (24.4-

TABLE 1. PERCENTAGE AND ABSOLUTE NUMBER OF PERIPHERAL BLOOD CENTRAL MEMORY (CM) AND EFFECTOR
MEMORY (EM) Th17 CELL SUBSET LEVEL IN ACUTE AND CHRONIC SARCOIDOSIS COMPARED TO CONTROL SUBJECTS,

Me (Qq2-Qq75)
Group 1 Group 2 Group 3
Th cell subset (n = 22) (n=101) (n = 43) p
37.1 39.3 36.8
0, *
o (32.8-41.3) (33.4-46.3) (31.6-43.3) Th17 CM
Th17 CM* =
cells/uL 84 83 96 E” = g.gig
_ _ _ 1-3 = Y.
(58-125) (58-1110) (76-143) 0,2 = 0.074
57.5 58.6 51.3
o, *%k
o (44.9-67.6) (44.3-69.4) (40.9-60.1) Th17 EM
Th17 EM** =
cells/uL 73 57 59 51-2 = 8 8(13;
" _ 5 13— Y.
(60-150) (38-88) (46-75) 0,2 = 0.583

Note. Significant differences according to the Mann-Whitney U test: p,_,, differences between groups of patients with acute
and chronic onset sarcoidosis; p,_s, differences between groups of patients with acute onset sarcoidosis and apparently healthy
subjects; p,.5, differences between groups of patients with chronic onset sarcoidosis and apparently healthy subjects (control

group). *, level within total CM Th cell population. **, level within total EM Th cell population.
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Figure 1. Major Th17 cell subset distribution within total CCR6* CD45RA-CD62L* central memory (CM) Th cells in chronic
(n=101) and acute (n = 22) sarcoidosis as well as control subjects (n = 43)

Note. White circles, patients with chronic onset sarcoidosis; black circles, patients with acute onset sarcoidosis; white squares, group of apparently
healthy donors. Results are presented as median and interquartile range (Me (Q, ,5-Q, +5)). Differences between groups are presented based on
nonparametric Mann-Whitney test. Phenotypes of major Th17 cell subsets are as follows: “classical” Th17 — CCR6*CCR4*CXCR3:, “double-
positive” DP Th17 - CCR6*CCR4*CXCR3", “non-classical” or Th17.1 - CCR6*CCR4 CXCR3"*, “double-negative” DN Th17 - CCR6*CCR4-CXCR3-.

40.9) and 33.4% (27.1-52.9) vs 24.7% (20.2-27.5),
respectively (p < 0.001).

To determine a relevance for data on percentage
of peripheral blood DP Thl7 cells in the examined
patients, we analyzed operating characteristic curves
(ROC analysis) by plotting representative ROC curves
and calculating AUC. It was found that levels of
DP Th17 among total CD45RA-negative memory
cells in acute onset sarcoidosis vs control group
were characterized with AUC = 0.812 (p < 0.001).
Applying a separation criterion > 29%, the sensitivity
was 82%, with specificity reaching 81%. In contrast,
chronic sarcoidosis vs control group was associated
with AUC = 0.727 (p < 0.001), separation criterion
> 27%, sensitivity and specificity of 72% and 63%,
respectively. The data on assessing DP Thl17 cell
level among CD45RA-negative EM Th cells in acute
sarcoidosis vs healthy subjects were characterized by
AUC = 0.807, p < 0.001, separation criterion > 27%,
sensitivity — 82%; specificity — 71%, whereas in
chronic disease: AUC = 0.709, p < 0.001, separation
criterion > 25%, sensitivity — 67%; specificity — 56%.

A relation between level of peripheral blood
Th17 cell subsets and ACE as a generally accepted
laboratory parameter of disease activity was assessed.
A correlation analysis revealed a direct relationship
between ACE activity level and percentage of DP
Th17 cells in total CD45RA-negative memory cells,
DP Th17 CM and EM memory cells: r = 0.422,
p = 0.001; r = 0.330, p = 0.012 and r = 0.410,

p =0.002, respectively. It was shown that chronic onset
sarcoidosis was associated with positive correlations
between level of ACE activity and percentage of DP
Th17 CD45RA-negative, DP Th17 CM and DP Th17
EM memory cells: r = 0.498, p < 0.001; r = 0.366,
p=0.012, and r=0.512, p < 0.001, respectively.
Previously, we reported on cytokine magnitude
and highest relevance in patients with sarcoidosis
aligned with the characteristics of the disease
course [9, 10]. In particular, along with the quantitative
characterization of plastic Th17 cells, there were
analyzed levels of crucial cytokines they produce in
patients with varying clinical course of sarcoidosis.
Blood plasma samples from patients with sar-
coidosis vs healthy subjects were found to have
significantly increased level of cytokines IL-12
(p70) — 1.3 pg/mL (0.56-2.0) vs 0.56 pg/mL (0.23-
1.3), p = 0.028; IL-17A/CTLAS8 — 1.5 pg/mL (0.44-
3.3) vs 0.43 pg/mL (0.15-1.2), p < 0.001; IFNy — 4.1
pg/mL (2.7-6.9) vs 1.1 pg/mL (0.29-2.3), p < 0.001;
TNFa — 21.7 pg/mL (12.6-30.3) vs 6.7 pg/mL (3.4-
10.6), (p < 0.001). In contrast, no difference was
observed for IL-1 and IL-12 (p40) in patients vs
control subjects: 3.0 pg/mL (1.2-10.6) vs 7.5 pg/mL
(0.6-14.7), p = 0.391 and 11.9 pg/mL (3.9-28.4) vs
12.8 pg/mL (0.36-17.2), (p = 0.633), respectively.
While assessing patients with chronic vs acute
sarcoidosis, it was shown that level of cytokines
IL-17A/CTLAS was significantly increased (1.9 pg/mL
(0.67-3.9) vs 0.67 pg/mL (0.42-1.9), p = 0.018),
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Figure 2. Major Th17 cell subset distribution within total CCR6* CD45RA-CD62L- effector memory (EM) Th cells in chronic
(n=101) and acute (n = 22) sarcoidosis as well as control subjects (n = 43)

Note. As for Figure 1.

IFNy (5.1 pg/mL (2.9-8.1) vs 2.7 pg/mL (2.5-4.6),
p = 0.027). At the same time, 1L-17A/CTLAS8 were
also significantly increased in chronic sarcoidosis vs
healthy subjects: 1.9 pg/mL (0.67-3.9) and 0.43 pg/mL
(0.15-1.2), at p < 0.001). The concentration of
cytokine IL-12 (p70) was significantly increased only
in chronic sarcoidosis vs control group comprising
1.3 pg/mL (0.56-2.0) vs 0.56 pg/mL (0.23-1.3),
p = 0.037). While comparing cytokine levels based on
clinical course of sarcoidosis, a positive correlation
was found between level of IFNy (pg/mL) and ACE
activity (r = 0.349; p = 0.032).

Retrospectively analyzed alterations in type 17
T helper cell composition in patients with respiratory
sarcoidosis aligned with changes in clinical picture
during a one-year follow-up allowed to find that
31.6% (12/38) of the examined patients with a newly
diagnosed disease receiving no immunosuppressive
therapy had spontaneous regression of clinical and
radiological signs as well as normalized functional
parameters. In contrast, 68.4% of subjected (26/38
patients) receiving immunosuppressive therapy
were characterized by signs of disease progression
(deteriorating pulmonary changes based on chest
organ CT scan data, functional parameters, and
documented extrapulmonary manifestations).

Flow cytometry analysis assessing level of polari-
zed peripheral blood Thl17 subset composition in
sarcoidosis aligned with clinical disease course allo-
wed to find the following alterations: disease pro-
gression vs regression was associated with significan-
tly reduced absolute number of total CD45RATh17
and CD45RACM T cells: 111 cells/uL (63-148) vs

180 cells/puL (138-315), p=0.009 and 56 cells/uL (37-
88) vs 110 cells/uL (66-157) (p = 0.006), respectively.

Patients with disease progression vs regression were
found to have significantly reduced absolute number
of both CD45RAThl7 and CD45RA'CM cells:
111 cells/uL (63-148) vs 180 cells/uL (138-315),
p = 0.009 and 56 cells/uL (37-88) vs 110 cells/uL (66-
157), (p = 0.006), respectively. In case of extrapulmo-
nary manifestations in sarcoidosis, a significantly in-
creased percentage of DP Th17 CD45RA- and DP
Th17 EM cells was observed: 38.3% (29.6-41.6) vs
29.4% (23.2-34.6), (p = 0.037) and 43.6% (25.4-48.9)
vs 26.9% (21.9-30.8), (p = 0.018), respectively.

Here, we present data regarding a role for
peripheral blood plastic Th17 cells in various types
of clinical course of sarcoidosis. Our data suggest
an important pathogenetic role played by plastic
Th17 cells, not only in triggering granulomatous
inflammation in sarcoidosis, but also in kinetics of
granuloma formation potentially resulting in distinct
outcomes of the pathological process (spontaneous
disease remission in acute course and progression
with formation of pulmonary fibrotic in chronic
course). While comparing the patterns described here
with available publications, it turned out that the data
on peripheral blood Th17 cell subset composition in
sarcoidosis were contradictory.

Some studies suggest about increased level of
CCR6* effector Th (CD45RACD45R0%) cells in
patients with sarcoidosis compared with control
group, whereas others evidence that number of peri-
pheral blood IL-17A-producing T cells is markedly
reduced compared to healthy subjects [8, 12, 13,
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16]. At the same time, numerous studies are noted
showing increased Thl7-produced cytokine and
chemokine level in sarcoidosis, e.g., 1L-6, 1L-17,
IL-22, IFNy and CCL20 [12, 13, 18]. At the same
time, bronchoalveolar lavage fluid (BALF) along
with granulomatous tissue samples are not only
characterized by elevated cytokine level, but also
contain higher number of cells involved in cytokine
production [13].

Th17 cells are detected in granulomas of patients
with sarcoidosis, both during active and recurrent
disease course [13, 18]. Apparently, Thl/Thl7
cells play a central role in developing pulmonary
inflammation in sarcoidosis, because their increased
level is observed in BALF and peripheral blood
samples [3, 4, 8].

A study by Broos et al. showed that the mediasti-
nal lymph nodes of patients with sarcoidosis vs
control group contained elevated number of CCR6*
Th17, including classical Th17 and Thl7.1 cells [3].
In addition, transitional CCR6TCXCR3*"CCR4*'Th
Th17/Th17.1 or DP CCR6" Th cell level was
increased [3, 13].

While analyzing our data, we found significantly
increased level of peripheral blood CM and EM
Th17 memory cells providing a deeper insight
into understanding granuloma formation, because
among all Th17 subsets, it is DP Thl7 cells that
are characterized by higher potential to migrate to
peripheral anatomical sites due to the high level
of expressed adhesion molecules and chemokine
receptors [3, 12, 18].

Many studies have been attempting to establish a
role for Th17 cell subsets in developing granulomas.
It was shown that cytokines IL-1, IL-6 and IL-23,
necessary for polarization towards Th17 cells, or IL-12
responsible for naive ThO-to-Thl cell differentiation,
the majority of DP Thl7 cells, in in vitro settings,
acquired the phenotype and properties of non-
classical Th17 cells [3, 4, 8, 12, 18]. It is the “non-
classical” Th17 or Th17.1 cell subsets, which seem
to represent the major IFNy producers in developing
granulomas [17, 18]. It should be noted that BALF
from patients with sarcoidosis was noted in many
studies to have increased levels of ligands for surface
Th17.1 cell chemokine receptors CXCR3 (e.g.,
CXCL10 [1]) and CCR6 (CCL20 [4]).

It may be assumed that compared with other
Th17 cell subsets, this cell type is able to migrate
more efficiently along the chemokine gradient to be
selectively accumulated in the focus of inflammation,
which is confirmed by the data on predominantly
detected Thl17.1 cells in the foci of granuloma
formation and BALF in sarcoidosis [3].

Apart from this, it was also observed that Th17 cell
subset composition was altered providing, with most
valuable relevance found for level of memory DP
Th17 cells, correlations with ACE activity level as well

as their increased level in respiratory sarcoidosis with
extrapulmonary manifestations.

It has been uncovered that cytokines such as
1L-1, IL-6, IL-12, IL-17, IL-23, TNFa, and IFNy
are involved in cell differentiation and granuloma
formation. Moreover, the roles of 1L-2, 1L-4, IL-5,
1L-6, IL-10, and IL-13, as well as a number of anti-
inflammatory cytokines (IL-1RA, IL-10), are of
importance in the pathogenesis of sarcoidosis [3, 11,
12, 13, 14, 18]. While assessing the cytokine profile,
we showed that patients with chronic sarcoidosis had
significantly increased level of cytokines IL-17A/
CTLAS, IFNy, and IL-12 (p70).

Aligning the level of the peripheral blood pro-
inflammatory cytokine IFNy with varying types
of sarcoidosis allowed to find that first diagnosed
respiratory sarcoidosis prior to immunosuppressive
therapy was associated with a direct correlation
between IFNy and ACE level. Such parameters
mirror disease activity. It is known that IFNy is a key
mediator in developing granulomatous inflammation.
Current data indicate that not only Th1 cells, but also
various plastic Th17 cell types, and to a greater extent,
Thl17.1 cells, are capable of producing IFNy [1, 3,
13, 18]. The study by Arger et al. revealed the role
for IFNy in developing sarcoid granulomas coupled
to importance of identifying plastic Th17 cell types.
Other studies show a correlation between the number
of Tbet-positive Th17.1 and severity of manifestations
in systemic sarcoidosis as well as the level of IFNy-
dependent chemokines: CXCL9, CXCLI10, and
CXCLI11 [1].

Conclusion

Thus, our study allowed to find that peripheral
blood plastic CCR6-positive particularly DP Thl7
cell subsets as well as level of cytokines they produce
driving their differentiation in sarcoidosis are
important in diagnostics of sarcoidosis with varying
clinical course:

— a direct correlation was shown between the
level of angiotensin-converting enzyme activity and
percentage of memory DP Th17 cells;

—  patients with disease progression vs regression
had significantly reduced absolute number of total
CD45RA-negative memory and CM Th17 cells;

—  patients with extrapulmonary manifestations
of sarcoidosis had a significantly increased percentage
of DP Th17 CD45RA" and effector memory DP Th17
cells;

—  patients with chronic sarcoidosis were shown
to have significantly increased concentration of blood
plasma cytokines IL-17A/CTLAS, IFNy, IL-12 (p70)
paralleled with positively correlated level between
IFNy (pg/mL) and the activity of angiotensin-
converting enzyme.
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B3AMMOCBS3b CUCTEMHOW BOCINAJIUTE/IbHOU
PEAKUUU U TUNEPKOATynduun 'y nALLMEHTOB

C UMMYHOBOCHNAJIUTEJIbHbIMU PEBMATUYECKUMU
3ABOJIEBAHUAMU

sRypasaera I0.A,, I'yces E.10.

DIBYH « Uncmumym ummyHosoeuu u guzuonoeuw» Ypanvckoeo omoenenus Poccuiickoll akademuu HaykK,
2. Examepunoype, Poccus

PesomMe. B3auMoCBS3b ITpOI1IECCOB KOATYJISIIMUA U BOCITaJIeHUSI 0OeCTIeUrBaeT 3alllMTy OpraHu3Ma oT Io-
TEHIMAJIBHO OIAaCHBIX OMOJIOTMYECKMX areHTOB. OIHAKO TMIepBOCHAICHUE BeUeT 3a COOOU MOBBIIIEHUE
MPOKOATYISIIMOHHOIO TTOTEHIIMala, a aKTUBalMs (pakTOpoB reMocrasa MOMIEePKUBAET BOCIATIUTEIbHBIN
mnpoliecc. DTOT Mpoliece MOJMYYU Ha3BaHUE «MMMYHOTPOMOO3» WX «TpoMOOBocHajieHue». [UmepunuToKu -
HEMUIO MOXHO TPaKTOBaTh KaK MPOsIBJICHHME CUCTEMHOU BocnanuTeabHoi peakiiuu (CBP), koTtopas siBis-
eTcs aTpuOyTHBIM (b€ HOMEHOM THUIIOBOI'O MAaTOJOTMYECKOTO Ipoliecca — CUCTEMHOro BocrnajieHus. Mmmy-
HOBOCHAJIUTENbHbIE peBMaTudeckue 3abosneBanusa (MBP3) aBasioTcd naeaabHOU MOOENbIO JIsT U3YyUYEHUS
B3aMMOCBSI3M MPOILIECCOB KOATyJsSlIMM U BOCIaJCHUSI Ha CUCTEMHOM ypoBHe. M3yueHue TpoMOoBOCHAIU-
TEJbHBIX MEXaHU3MOB SBJISIETCS aKTyaJlbHOU MPOOJIEMO COBPEMEHHOI MEIUIINHBI, TIOCKOJBKY B ITepCHeK-
TUBE MTOMOXET YJIYUIIUTh Teparuio 3a001eBaHNl, B MaTOreHe3¢ KOTOPhIX TPOMOOBOCHAJICHUE UTPAET CyIlIe-
CTBEHHYIO POJIb.

Llenp paboThl — MPOBECTU CPABHUTEIBHBIA aHAINU3 BhIPA)KEHHOCTH CUCTEMHOU BOCIIAIMTEILHON peak-
U1 y MAlMEHTOB C UMMYHOBOCIIUIMTEIbHBIMU peBMaTU4YecKuMU 3aboneBanusamu (MBP3) ¢ Hanmuuuem u
OTCYTCTBUEM IPOSIBJICHUI TUITePKOATYJISILIU.

st moCTUXKEHUsT TIOCTaBJACHHOM I1ieJd ObLI MPOBEAEH CPaBHUTEJbHBIA aHAIM3 MPOBOCHATUTEIbHBIX
mapkepos (1L-6, IL-8, IL-10, TNFa, sIL-2R, CRP, ECP, B2-Mukporio06ynH) B KpoBu nanueHToB ¢ MBP3
(cucTeMHOU KpacHOI BOJIYAaHKOI, PEBMAaTOMIHBIM apTPUTOM, PEAKTUBHBIM apTPUTOM, aHKWJIO3UPYIOIIUM
CIIOHAWJIUTOM, TICOPUATUYECKUM apTPUTOM, peBMaTUYECKOU Oojie3Hblo cepalia). Ha ocHoBaHuM omnpene-
JIIeMbIX OMIOMapKepoOB BOCHAJICHUS 110 OPUTUHAJIbHON aBTOPCKOM METOAMKE OLICHUBAJIM TaKXKe MHTErpaib-
HBII ToKa3aTesib BbipaxkeHHOCTU CBP — ypoBeHb peakTuBHOCTH (RL). 1o Ha1M4unio MOBBILIIEHHOTO YPOBHS
D-numepa (> 500 Hr/mn) BeiOOpKa ObLIa pa3fiesieHa Ha 2 TPYMITbl: ¢ HATMYKWEM MPU3HAKOB TMIIEpKOaryJis-
M (n = 56) 1 6e3 MPU3HAKOB TUItepKoarysaiuu (n = 119). [pyniy KOHTPOJISI COCTaBUIIM JOHOPHI KPOBU
(n = 50).
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PesynbraThl MccaeqoBaHUS MOKA3aI, 9To y ITanimeHToB ¢ MBP3, He3aBMCHMO OT TeMOCTAaTHIECKOTO MO~
TeHIIMajla KpoBH, pa3BuBaeTcs BohIpaxkeHHass CBP. ITanimeHTsI ¢ IpU3HAKaMW TUIIEPKOATYJISIINA XapaKTe-
pU30BaJINCh 60Jiee BHICOKMMM 3HAYEHUSIMU OOJIBIIMHCTBA IIPOBOCITAIMTEIbHBIX MOJICKYJISIDHBIX MapKepoB
(HanGoJIbIIIME OTKJIOHEHHUS BBISIBJIECHBI B OTHOLIEHUU YPOBH 1L-6), a Tak:Ke MOBBIILIEHHBIM MHTETrPaJIbHbIM
ypoBHeM CBP, uTo cBUIETEIBCTBYET O TECHOI B3aUMOCBSI3U IIPOLIECCOB KOATYJISILIMM U BOCIIAJICHUS HAa CH-
CTEMHOM ypoBHe. M, HaIIpoTuB, ¢ Bo3pacTaHreM BeIpaxkeHHOCTH CBP (oieHeHHOM ¢ TTOMOIIIBIO0 MHTETPAJThb-
HOTO0 MoKa3aTesisa — Y P) yBeanumBaeTcss BEpOSITHOCTh Pa3BUTHUS THIIE pKOATYJISIIINA. TakiM o0pa3oM, HaOJTiO-
JTaeTcs Tepexo] KOIMIeCTBEHHO 0oiee BRIpaXkeHHBIX (haKTOPOB Ha MHOM KadeCTBEHHBIW YPOBCHb Pa3BUTHUS
MaTOJIOTMYECKOTIO Mpoliecca.

IlaToreHe3 MMMYHOBOCHAIUTEIbHBIX PEBMATUYCCKMX 3a00JIeBaHUI XapaKTEpM3YeTCsl Pa3BUTUEM CH-
CTEMHOI BOCIAJIMTEIbHOM peakuuu (TMIIEPLUUTOKMHEMUEN, 0CTpoda3HbIM OTBETOM, BHYTPUCOCYIAMCTOMN
aKTUBAIMCH JICHKOILUTOB), BEIPAXKEHHOCTh KOTOPOI TECHO CBs3aHa C BHYTPUCOCYIVCTHIM MUKPOTPOMOOO-
OpazoBaHUuEM.

Karoueswle croea: cucmemuas 60CnaiumenvHas peaxkuus, cunepKoazcyiiuus, mpozwﬁoeocnaﬂeﬂue, uMMyHomp0M603,
peemamuuecKue 3a50/l€80Hll}1, UUMOKUHbL

RELATIONSHIP BETWEEN SYSTEMIC INFLAMMATORY
RESPONSE AND HYPERCOAGULATION IN PATIENTS WITH
IMMUNO-INFLAMMATORY RHEUMATIC DISEASES
Zhuravleva Yu.A., Gusev E.Yu.

Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Yekaterinburg, Russian
Federation

Abstract. The relationship between the processes of coagulation and inflammation protects the organism
from potentially dangerous biological agents. However, hyperinflammation leads to an increase in the
procoagulation potential, and activation of hemostasis factors maintains the inflammatory process. This
phenomenon is called “immunothrombosis” or “ thromboinflammation”. The study of thromboinflammatory
mechanisms is an actual problem of modern medicine, because in the future it will help to improve the therapy
of diseases, in the pathogenesis of which thromboinflammation plays a significant role. The aim: to carry
out a comparative analysis of the severity of the systemic inflammatory response in patients with immuno-
inflammatory rheumatic diseases depending on the manifestations of hypercoagulation.

To achieve the aim, a comparative analysis of proinflammatory markers (IL-6, IL-8, I1L-10, TNFa,
sIL-2R, CRP, ECP, 2-microglobulin) in the blood of patients with immune-inflammatory rheumatic diseases
(systemic lupus erythematosus, rheumatoid arthritis, reactive arthritis, ankylosing spondylitis, psoriatic
arthritis, rheumatic heart disease) was performed. Based on these inflammatory markers according to the
authors’ original methodology, the integral index of systemic inflammatory response (SIR) — Reactivity Level
(RL) — was calculated. The cohort was divided into 2 groups: with the presence of signs of hypercoagulation
and without signs of hypercoagulation according to the presence of elevated D-dimer level (> 500 ng/mL).
Control group — healthy blood donors.

The results of the study showed that SIR develops in patients with immuno-inflammatory rheumatic diseases
regardless of the blood hemostatic potential. Patients with signs of hypercoagulation were characterized by
higher values of most proinflammatory molecular markers, as well as increased integral level of SIR, which
indicates a strong relationship between coagulation processes and inflammation at the systemic level. In
addition, the probability of hypercoagulation increases with increasing severity of SIR (assessed by means of
the integral index — RL). Thus, there is a transition of quantitatively more pronounced signs to a new qualitative
level of pathological process development.

The pathogenesis of immuno-inflammatory rheumatic diseases is characterized by the development of SIR
(hypercytokinemia, acute phase response, intravascular leukocyte activation), the severity of which is closely
related to intravascular microthrombosis.

Keywords: systemic inflammatory response, hypercoagulation, thromboinflammation, immuno-thrombosis, rheumatic diseases,
cytokines
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Introduction

The relationship between the processes of coa-
gulation and inflammation protects the organism
from potentially dangerous biological agents. Ho-
wever, uncontrolled mutual activation of the he-
mostasis and inflammation mechanisms causes
the development of pathological process, recently
named “immunothrombosis”, or “thromboinflam-
mation” [4, 9]. Molecular studies have allowed to
explain the complex relationship between certain
factors of the platelet-vascular and coagulation
hemostasis, inflammation and immunity [3, 5, 11].
Cytokines play an important role in intercellular
interactions, including those in thromboinflam-
mation. Hypercytokinemia and especially “cytokine
storm” can be interpreted as a manifestation of
systemic inflammatory response (SIR), which is an
attributive phenomenon of a general pathological
process — systemic inflammation [14]. Immuno-
inflammatory rheumatic diseases (RD) is an optimal
model to study the relationship between coagulation
and inflammation processes at the systemic level.

The aim of the present work was to carry out a
comparative analysis of the severity of the systemic
inflammatory response in patients with immuno-
inflammatory rheumatic diseases depending on the
manifestations of hypercoagulation.

Materials and methods

A retrospective study included 175 patients
with rheumatic diseases, including systemic lupus
erythematosus (n =49), rheumatoid arthritis (n = 42),
reactive arthritis (n = 30), ankylosing spondylitis
(n=27), psoriatic arthritis (n = 12), chronic rheumatic
valvular heart disease (n = 15). The levels of a key
molecular marker of hypercoagulation, D-dimer,
as well as levels of inflammatory mediators such as
C-reactive protein (CRP) and cytokines (I1L-6, 1L-8,
TNFa, IL-10) were measured in blood plasma in all
patients. On the basis of these inflammatory markers
according to the authors’ original methodology,
the integral index of SIR — Reactivity Level — RL
(min 0 — max 5) was calculated [14]. Additional
markers of SIR, indicating intravascular activation
of various leukocyte subpopulations, were also
measured in some patients: levels of eosinophilic
cationic protein (n = 96), soluble receptor to IL-2 —
sIL-2R (n = 91), and B2-microglobulin (n = 108).
The study was performed using a closed system
for immunochemiluminometric assay, Immulite
(Siemens Medical Solutions Diagnostics, USA).

The cohort was divided into 2 groups: with the
presence of signs of hypercoagulation (n = 56)

and without signs of hypercoagulation (n = 119)
according to the presence of elevated D-dimer level
(> 500 ng/mL). The control group was healthy blood
donors aged 18-55 years (n = 50).

Statistical analyses were performed using Statistica
12.0 program (Stat Soft, Inc., USA). The descriptive
statistics are presented by their main characteristics:
m (mean value) + SD (standard deviation). Com-
parisons between the groups were performed using the
Mann—Whitney test. All the results were considered
statistically significant if the p-value was < 0.05.

Results and discussion

In both study groups, the levels of all proinflam-
matory mediators (IL-6, IL-8, TNFa, CRP, ECP,
B2-microglobulin, sIL-2R) and RL values were
statistically significantly higher than those in the
control group, which indicates the development of
significant SIR in patients with rheumatic diseases,
regardless of the blood hemostatic potential
(Table 1). The IL-10 concentration did not exceed
the analyzer detection level (5 pg/mL) in 88.6% of
the total patient sample and in 100% of the control
subjects, so no basic statistical characteristics were
calculated for this index. Thus, SIR, manifested as
intravascular leukocyte activation, hypercytokinemia
and acute phase response, plays a significant role in
the pathogenesis of immuno-inflammatory rheumatic
diseases.

A comparative analysis demonstrated that patients
with elevated D-dimer levels were characterized
by significantly higher proinflammatory markers
(except for ECP levels) compared to patients without
signs of hypercoagulation (Table 1). The greatest
differences (more than 6-fold) were found for 1L-6.
The results obtained are in agreement with the data
of some authors indicating a significant correlation of
proinflammatory cytokines with hypercoagulability
indices in rheumatic diseases [2, 12].

Since SIR is a multi-factorial process, it was im-
portant to assess its severity in the studied subgroups
not only by individual markers, but also using integral
indices. Our suggested integral RL was also significant-
ly (p < 0.05) higher in patients with hypercoagulation
(Table 1). An analysis of the distribution of patients by
RL from 0 (no SIR) to 5 (hyperergic variant of SIR)
showed the following. Increased hemostatic potential
in rheumatic diseases is most often associated with
R = 1-2 (SIR, which is most typical for Low-grade
systemic inflammation and classical inflammation);
RL = 0, which indicates the absence of significant
SIR, was found in this group only in single cases. In
contrast, patients without signs of hypercoagulation
are most characterized by RL = 0-1. It is noteworthy
that unusual for a chronic process RL = 5 (increase of
proinflammatory cytokines in the blood by thousands
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TABLE 1. VALUES OF PROINFLAMMATORY MARKERS IN THE STUDIED GROUPS

Marker Patients witl_1 Patients withqut Control group
hypercoagulation hypercoagulation
CRP, mg/dL 2.32+2.66 0.97+1.25* 0.26+0.24
IL-6, pg/mL 373.50+£1762.95 59.75+347.82* 2.0210.45
IL-8, pg/mL 1326.72+4895.19 266.96+926.30* 5.58+1.56
TNFa, pg/mL 53.12+116.97 53.31+£179.69* 4.33%£1.03
ECP, ng/mL 11.37£12.74 6.76+10.69 3.87+1.61
siL-2R, U/mL 1598.5+1900.1 696.0+738.7* 315.6+£101.2
B2-microglobulin, ng/mL 2707.7£1319.1 2198.5+835.3* 1508.4+232.1
RL, point 2.07+1.20 1.08+1.27* 0
RL=0 54 43.7 100
RL=1 32.1 28.6 0
RL=2 30.4 12.6 0
RL, %
RL=3 16.1 6.7 0
RL=4 14.3 7.6 0
RL=5 1.7 0.8 0

Note. The control group was statistically significant different from both studied groups for all indicators (p < 0.05); *, p < 0.05
between the groups of patients with and without signs of hypercoagulation.

and tens of thousands of times) were observed in two
patients with systemic lupus erythematosus.

The ranking of the total sample by RL showed
that, in general, the increase in the severity of SIR
was associated with an increase in the rate of D-dimer
detection (Figure 1).

Also of interest was a comparative assessment
of commonly used clinical criteria of diseases
activity depending on the manifestation of signs of
hypercoagulation. This analysis was performed in the
groups of patients with rheumatoid arthritis (DAS28

]
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scale) and systemic lupus erythematosus (SLEDAI
scale). In this case, statistically relevant differences
were found only in the rheumatoid arthritis group
(DAS28: 5.92%1.11 points in the group with D-dimer
and 4.65%1.45 points in patients without D-dimer).
In patients with SLE with and without signs of
hypercoagulation, the SLEDAI index did not differ
significantly and was 23.2%t12.1 and 19.8%+10.5,
respectively. This phenomenon can be explained
by the fact that the clinical scales mainly focus on
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Figure 1. Rates of D-dimer detection at different severities of SIR
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specific clinical manifestations of diseases, but not on
the systemic pathogenetic pattern of these disorders.

Thus, the detected increase in separate molecular
and integral markers of SIR in patients with
increased procoagulation potential indicates a strong
relationship between these processes in patients with
rheumatic diseases. The impact of damage factors (in
particular, immune complexes, cytotoxic antibodies,
molecules from own damaged cells, etc.) as well as
proinflammatory triggers (primarily cytokines) leads
to microcirculatory disorders. These are based on
such processes as endothelial glycocalyx degradation
and endothelium activation with increased vascular
permeability, interstitial edema, exposure of endo-
theliocyte cell membranes expressing receptors to
proinflammatory and platelet-derived factors, and
increased procoagulant potential. Increased hemo-
static potential is associated with the production
of tissue factor, as well as with the inhibition of
anticoagulant pathway and suppression of fibrinolysis
(in particular, by increasing the production of
Plasminogen activator inhibitor-1 — PAI-1).

It is known that some proinflammatory cytokines
(IL-6, TNFa, TGF-B) significantly increase PAI-1
synthesis [7]. Thus, hyperinflammation leads to
a shift of hemostatic balance towards its increase,
and activation of vascular and platelet hemostasis,
production of soluble coagulation factors promote
maintenance of the inflammatory process. Thus, there
is formed a self-sustaining vicious pathogenetic circle
of pathological process, which becomes independent
ofthe damage factors at a certain stage of development.
This process, called “thromboinflammation” or
“immunothrombosis” is considered today as a uni-
versal pathogenetic mechanism of many acute and
chronic diseases [1, 5, 8, 10, 11]. The results of the
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CPABHUTEJIbHOE UCCJIEAOBAHUNE AKTUBALIUUA
SHAOONEHHOIro PETPOBUPYCA HEJIOBEKA HERV-E )\ 4-1

NMPU AYTOUMMYHHOW NATOJIOTUN
I'oaspuuaa VLA, Mapkosa E.B.

DI'BHY «Hayuno-uccaedosamenbckuil UHCMUmym QyHOaMeHmanbHol U KAUHUYECKOU UMMYHOA0UU»
2. Hosocubupck, Poccus

Pe3iome. YuuThiBasi HAIM4YKE y SHAOTEHHBIX PETPOBUPYCOB Y€JI0BEKA UMMYHOMOIYJIMPYIOIIUX CBOMCTB —
(1) crrocoOHOCTH K aKTMBAlIMM BPOXIEHHOTO MMMYHHOIO OTBeTa HyKJIeMHOBBIMU Kuciaotamu HERVs; (2)
AHTUTCHHOCTU MOJIEKYJIbl IPOTEMHA O0O0JIOUYKM TPAHCKPUITLIMOHHO-KOMIETEHTHBIX SHIOTEHHbBIX PETPOBU-
PYCOB, BBI3bIBAIOIIEH MOJMKIOHAIBHYIO aKTUBaLUIo JuMdoiuToB; (3) orcyrcTBue akcnpeccuu HERVs u
MPOLYKLIMHU IIPOTEMHOB B TUMYCE BO BpeMst (pOpMUPOBAHUSI UMMYHHOM TOJIEPAaHTHOCTH, YTO ITO3BOJISIET pac-
CMaTpUBaTh 3TU BUPYChI KaK ayTOAHTUIEHbI WJIM HEOAHTUTEHbI, IIPEICTABISUIOCH aKTyaJlbHBIM MCCJIeA0BaTh
accolLMalUIo PEIINKALIMOHHO-KOMIIETEHTHOTO SHIOTeHHOTo peTpoBupyca uenoBeka HREV-E A 4-1 c Teue-
HUEM psiia ayTOMMMYHHBIX 3a00JIeBaHUII — pacCesIHHOTO CKJIep03a, PEBMAaTOUIHOIO apTPUTa U CUCTEMHOM
KpacHo BoiuaHKU. 1lesibio HacTosiIIell paGoThl ObLIIO CPaBHUTEJIBHOE MCCIIEIOBaHME YACTOThl aKTUBALIMKU
SHAOTeHHOTO peTpoBupyca uyenoBeka HERV-E A 4-1 B MOHOHYKJICAPHBIX KJIETKaX KPOBU MPU PacCeTHHOM
CKJIepO3e, PeBMAaTOMIHOM apTPUTE, CUCTEMHOI KpacHOM BOJYaHKE, a TAKXKE XPOHUYECKUX HEIPOrpeccu-
pyIoLIuX 3a00JIeBaHUSIX HEPBHOM CUCTEMbI U IereHEPaTUBHO-IUCTPO(PUUECKOM 3a00JIeBaHUU KOCTHO-MbI-
LIIEYHOM CUCTeMbl. MOHOHYKJICApHbIE KICTKU MepudepruecKoil KpOBU BBIACISIIA IPU MOMOIIM LEHTPHU-
¢byrupoBaHUsl BEHO3HOI KPOBUY Ha IpafleHTe II0THOCTU (hukouia 1,078 r/cm3. Dkcnpeccuto reHa envelope
HERV-E X 4- 1 BRISIBASIIN METOAOM OOpaTHO-TPAHCKPUINITA3HOM MOJUMMEPa3HOi1 LIeITHOM peakuuu. bblio 00-
HapyXeHo, YTO YacToTa aKcrnpeccuu reHa envelope HERV-E A 4-1 npyu XpOHUYECKUX HEITPOTPECCUPYIOITNX
3a00JIeBaHUsX HEPBHOM CUCTEMBI, TaKXKe, KaK U MpU JereHepaTUBHO-IUCTPOPUUECKOM 3a00jIeBaHUU CY-
CTaBOB COTIOCTaBUMA C YACTOTOM 3KCMPECCUU Y YCIOBHO-3A0POBbIX JUIl. ONHAKO YaCTOTa 9KCIPECCUU FeHa
envelope HERV-E )\ 4-1 npu ayTOUMMYHHBIX 3a00J1€BaHUSIX 3HAUUTEJIBHO ITPEBBIIIaa TAKOBYIO M Y YCJIOBHO-
3[0POBBIX, U IIPU HEBOCIAJIUTEIbHBIX 3a00JIeBaHUSX. MaKCUMalbHbIE 3HAYEHUsI YaCTOThl KCIIPECCUM OT-
MeYaJluCh IPU aKTYBHOM PacCesIHHOM CKJIepO3e, 3HAUUTEIbHO MPEBbIILIAIOIIMe ITI0Ka3aTeIM IPYU CUCTEMHOM
KpacHOM BOJIUaHKE U PEBMaTOUITHOM apTPUTE B cTaauu odbocTpeHus. [Ipyyem yacToTa 3KCpeccuu B COCTOSI -
HUM PEMUCCHUM PACCESTHHOIO CKJIepo3a Oblla 3HAUUTEIbHO HIXKE MTOKa3aTeIsl IPY PEMUTTUPYIOIIEM TeYECHUU
B cTanuy 00OCTPEHMsI, a TAaKKe IIPU MPOrpeAMeHTHOM TeueHun. OLieHKa YacTOThI 9KCIIPECCUU TeHa envelope
HERV-E )\ 4-1 ipu pa3NIU4YHBIX CTEMEHSX TSKECTU PacCesTHHOIO CKJIepOo3a BBISIBUJIA €€ MaKCUMaJbHbIE TT0-
Kazarenau npu crerieHu Tsikectu 111 u I'V-V, kak mpu peMUTTUPYIOLLEM, TaK U ITPU TIPOrPEANSHTHOM TeUEHU N
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paccestHHOro ckijieposa. TakuM obpa3oM, aKTUBAIMSl SHIAOTEHHOro perpoBupyca dyenoBeka HERV-E h 4-1
acCOLMMpPOBaHa C TEYEHUEM ayTOMMMYHHBIX 3a00JIEBaHUI — PAcCEsTHHOTO CKJIep03a, peBMAaTOMAHOTO ap-
TpUTa, CHCTEMHOM KpPaCHOU BOJTYaHKU U MOJOXUTEIbHO KOPPETUPYET C AKTUBHOCTBIO U CTEMEHBIO TSKECTU
paccessHHOTO CKJIEpO3a.

Knroueswie crosa: andoeennutii pemposupyc HERV-E ) 4-1, akcnpeccus, paccesnHblil CKAepo3, peeMamouorblil apmpum,
CUCMEMHAsi KPACHASL BONYAHKA, MOHOHYKAeApHble KAeMKU KPO8U

A COMPARATIVE STUDY OF HUMAN ENDOGENOUS
RETROVIRUS HERV-E ). 4-1 ACTIVATION IN AUTOIMMUNE
PATHOLOGY

Goldina LA, Markova E.V.

Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation

Abstract. Considering the presence of immunomodulatory properties of human endogenous retroviruses,
namely (i) the ability to activate the innate immune response by HERVs nucleic acids; (ii) the antigenicity
of transcriptionally competent endogenous retroviruses envelope protein molecule, which causes polyclonal
activation of lymphocytes; (iii) the absence of HERVs expression and protein production in the thymus during
the immune tolerance formation, which allows us to consider these proteins as autoantigens or neoantigens,
it seemed relevant to investigate the association of replication-competent human endogenous retrovirus
HERV-E ) 4-1 with course of some of autoimmune diseases, such as multiple sclerosis, rheumatoid arthritis
and systemic lupus erythematosus. The aim of this work was a comparative study of the human endogenous
retrovirus HERV-E )\ 4-1 activation frequency in blood mononuclear cells in multiple sclerosis, rheumatoid
arthritis, systemic lupus erythematosus, as well as in chronic nervous system non-progressive diseases and
the degenerative-dystrophic disease of the musculoskeletal system. The peripheral blood mononuclear cells
were isolated by the venous blood centrifugation on Ficoll density gradient of 1.078 g/cm3. Expression of the
HERV-E X 4-1 envelope gene was detected by reverse transcriptase polymerase chain reaction. It was found that
the HERV-E)\ 4-1 envelope gene expression frequency in the chronic non-progressive diseases of nervous system,
as well as in degenerative-dystrophic joint disease, is comparable to the expression frequency in conditionally
healthy individuals. However, the HERV-FE ) 4-1 envelope gene expression frequency in autoimmune diseases
significantly exceeded that in conditionally healthy individuals and in non-inflammatory diseases. The
maximum values of expression frequency were observed in active multiple sclerosis, significantly higher than in
systemic lupus erythematosus and rheumatoid arthritis in the acute stage. Moreover, the expression frequency
in the remission stage of multiple sclerosis was significantly lower than in the acute stage of the relapsing-
remitted course, as well as in the progredient course. Estimation of HERV-E A 4-1 envelope gene expression
frequency at different severity levels of multiple sclerosis revealed its maximum rates at I1I and IV-V severity
levels, both in relapsing-remitting and progressive course of multiple sclerosis. Thus, activation of the human
endogenous retrovirus HERV-E A 4-1 is associated with the course of autoimmune diseases, namely multiple
sclerosis, rheumatoid arthritis, and systemic lupus erythematosus; it positively correlates with the activity and
severity of multiple sclerosis.

Keywords: endogenous retrovirus HERV-FE ) 4- 1, expression, multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus,
blood mononuclear cells

Introduction considered to be as one of autoimmune disorders
L . triggers. It was confirmed by the presence of increased

The ability of human endogenous retroviruses levels of proviral RNA and antibodies to some of
(HERW) to regulate immune response has made HERWVs proteins in the sera of many autoimmune
it possible to consider these genome elements djseases patients, namely multiple sclerosis (MS),
as potentially involved in autoimmune disease systemic lupus erythematosus (SLE), type 1 diabetes
development. Altered expression of HERVs is also mellitus, rheumatoid arthritis (RA) [3, 5, 8, 10]. Thus,
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the spectrum of HERVs associated with autoimmune
diseases and the mechanisms of its direct involvement
in diseases pathogenesis are still far from being fully
understood.

Among the classical mechanisms of virus-driven
autoimmunity, such as molecular mimicry and
epitope spreading, special attention is given to the
role of HERVs nucleic acids in direct activation of
innate immunity and in the epigenetic modulation
of interferon status. HERVs mechanism of action
cannot be fully explained either by de novo insertional
mutagenesis, or by the viral particle’s formation. It has
been suggested that potential HERVs pathogenicity
may be realized through the presence of their proviral
DNA in the genome, acting as a regulatory sequence
that changes the neighboring and distant genes
expression. Moreover, HERVs proviral DNA may be
considered as a binding site for transcription factors.
Therefore, HERVs potential effects will be limited to
some genomic window around the primary insertion
site of the provirus [1, 7]. However, there is evidence
which supports a more global HERVs mechanism of
action.

Some HERVs, in particular HREV-E A 4-1, are
able to encode an envelope protein, and its presence
in a number of autoimmune disecases has been
identified. In addition, it was suggested that HERVs
envelope proteins mechanisms of action are based on
antigenicity of their molecule, that possibly causing
lymphocyte’s polyclonal activation, ie. they function
as “superantigens”. Moreover, proteins encoded by
HERVs, which are a part of human genome, should be
considered as autoantigens or neoantigens, since they
are not expressing in the thymus during the immune
tolerance formation [6, 7, 12]. It was shown that
the sequence similarity between HERV-W envelope
proteins and myelin can induce an immune response
in MS [11].

Retroviral nucleic acids and viral proteins can be
perceived by various pattern recognition receptors,
such as Toll-like (TLR) or NOD-like receptors [14],
which leads to the induction of autoimmunity [15].
A direct interaction between some HERVs and TLR
proteins has been shown. For example, the envelope
protein of HERV-W binds to TLR4 and CDI14
and stimulates the pro-inflammatory cytokines
production, including IL-1B, IL-6, and TNFa [9].
Although the majority of HERVs sequences are
nonfunctional, some of HERVs loci are coding and
can be activated when exposed to some external and
internal environmental factors [4].

The aim of this work was a comparative study of
the human endogenous retrovirus HERV-E A 4-1
activation frequency in blood mononuclear cells of
patients with multiple sclerosis, rheumatoid arthritis,
systemic lupus erythematosus, as well as with chronic
non-progressive diseases of the nervous system and

with degenerative-dystrophic disease of the muscu-
loskeletal system.

Materials and methods

Examination of patients and collection of the
material was carried out in the Clinic of Research
Institute of Fundamental and Clinical Immunology,
the Research Institute of Clinical and Experimental
Lymphology, Branch of the Institute of Cytology and
Genetics, Siberian Branch of the Russian Academy of
Sciences and the Novosibirsk’s NIITO named after.
Ya. L. Tsivyan.

The study included analysis of:

— 96 healthy volunteers, 45 men and 51 women
with an average age 38.0 (24.0-46.0) years;

— 205 unrelated patients with a diagnosis of MS
(G35) established in accordance with the McDonald
criteria (2010, 2017) and confirmed by magnetic
resonance imaging. Forty-five people were in the
stage of disease remission (21 men and 24 women,
with an average age 36.0 (29.0-43.0) years), and 160
people — in the stage of MS exacerbation (76 men and
84 women with an average age 38.0 (30.0-43.0) years),
with a disease duration of 2-18 years, an average age
of the disease onset in both groups of 25.0 (23.5-
31.5) years, corresponding to the inclusion/exclusion
criteria and signed a voluntary informed consent;

— 26 patients with an established diagnosis of
systemic lupus erythematosus (SLE) (M32) in the
acute stage (12 men and 14 women with an average
age 33.0 (27.0-42.0)) years);

— 53 patients with rheumatoid arthritis (RA)
(MO05), in the acute stage (25 men and 28 women with
an average age (34 (28-46) years)

—  patients with chronic non-progressive orga-
nic diseases of the nervous system (CND) with static,
motor, mental and speech disorders, including 16
patients (8 men and 8 women with an average age
36 (18-33) years) with children’s cerebral palsy
(CCP) (G80), and 20 patients (12 men and 8 women
with an average age 34 (27-43)) years) with long-
term consequences of spinal injury, in some cases in
combination with craniocerebral injury (T91.3)

— 24 patients with deforming osteoarthritis
(DOA) (M16-M17) (14 men and 10 women with an
average age 46 (38-53) years).

The control groups were formed from healthy
volunteers, the patients with relapsing-remitting
type of MS in remission stage, patients with CCP,
long-term consequences of spinal injury and DOA.
The study groups were formed from the patients with
autoimmune diseases in acute stage, namely MS,
SLE, and RA.

The study protocol was developed in accordance
with the Helsinki Declaration of the World Medical
Association “Ethical principles for conducting
scientific medical research involving humans” as
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TABLE 1. COMPARATIVE FREQUENCY OF HERV-E A, 4-1 ENVELOPE GENE EXPRESSION IN BLOOD MONONUCLEAR

CELLS OF AUTOIMMUNE DISEASE PATIENTS

. Expression of HREV-E ) 4-1 Expression of HREV-E ) 4-1
Patient group o
envelope gene, persons envelope gene, persons, %
Conditionally healthy, n = 96 3 3.13
Children’s cerebral palsy, n =16 1 6.25
Spinal injury, n =20 2 10.0
Deforming osteoarthritis, n = 24 1 417
Ml:ltlple sclerosis, remission, 1 24 4%+
n=45
Sy_stemlc lupus erythematosus, 8 30.77*
n =26
Rheumatoid arthritis, n = 53 22 41.5*
Multiple sclerosis, relapsing . xxx
g _ 51 62.2
course, exacerbation, n = 82
Severity I-ll, n =29 17 58.6*
Severity lll, n = 31 20 64.5% ***
Severity IV-V, n = 22 18 81.8* ***
Multiple sclerosis, progressive 58 T4.4%
course, n =78
Severity I-ll, n = 27 17 62.9*
Severity lll, n = 28 22 81.5% ***
Severity IV-V, n = 23 20 86.9* ***

Note. Statistical significance of differences (F — Fisher’s test): *, p < 0.05 between control groups and study groups; **, p < 0.05

between control groups; ***, p < 0.05 between study groups.

amended in 2013 and the “Rules of Good Clinical
Practice”, approved by the Russian Federation Mi-
nistry of Health Order No. 200n dated April 1, 2016.
This work was approved by local ethical committees.
Peripheral blood mononuclear cells (PBMCs)
were isolated by venous blood centrifugation on a
Ficoll density gradient of 1.078 g/cm? (Lymphocyte
separation medium, MP Biomedicals, LLC, Esch-
wege, Germany) at a ratio of 3:1, at 1500 rpm within
45 min. Cells collected from the interphase were
washed thrice with 199 medium and precipitated by
centrifugation. Isolation of total RNA was carried
out by the phenol extraction method, using the
test system VectoRNA — extraction (Vector-Best,
Novosibirsk). The obtained DNA amplification
was carried out in a programmable thermocycler
“Tertsik”, (DNA-technology, Moscow), using pairs
of oligonucleotide primers to the human endogenous
retrovirus HERV-FE )\ 4-1 envelope gene, homologous
to the conservative regions of antiparallel DNA
chains. The resulting cDNA fragments were analyzed
by electrophoresis in 2% agarose gel with the addition
of 0.00001% ethidium bromide (VectoDNA-EF,

Vector-Best, Russia). The resulting cDNA segment
was detected as a discrete band after electrophoretic
separation of cDNA molecules. Samples with a visible
c¢DNA band in the gel corresponding to the expected
amplicon size were considered as positive.

Statistical data processing was carried out using the
software package “Statistica 10.0” (StatSoft, USA).
Comparison of gene expression frequencies between
the studied samples was carried out using the Fisher’s
exact F-test. The statistical significance level was
taken at p < 0.05. The sample was checked for normal
distribution using the Kolmogorov-Smirnov test. To
study the correlation relationships, the method of the
Spearman rank correlation coefficient calculating was
used.

Results and discussion

The results of the frequency of HERV-E X 4-1
envelope gene expression study in PBMC of patients
with MS, SLE and RA, compared with patients with
CND and DOA, are presented in Table 1.

It was found that the HERV-E A 4-1 envelope
gene expression frequency in PBMC of patients
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with chronic non-progressive diseases of the nervous
system, as well as with DOA, is comparable to the
expression frequency in PBMC of healthy individuals,
but less than in MS in remission stage. The frequency
of the HERV-E X 4-1 envelope gene expression in
autoimmune diseases (MS, SLE, RA) significantly
exceeded parameters in the control groups. The
maximum of expression frequency observed in active
MS, exceeding those in SLE and RA in the acute
stage. Moreover, the expression frequency in the
stage of MS remission was significantly lower than
its rate in the relapsing course in the acute stage and
in the progredient course of MS. Estimation of the
HERV-E )\ 4-1 envelope gene expression frequency in
various MS severity levels revealed its highest values in
severity I1I and IV-V, both in relapsing-remitting and
progressive MS. The frequency of the HERV-E )\ 4-1
envelope gene expression positively correlated with
MS activity, as well as with its severity (r = 0.75 and
r=0.78, respectively).

Thus, the human endogenous retrovirus
HERV-E ) 4-1 activation is associated with the
course of autoimmune diseases, namely MS, RA and
SLE. Expression of the HERV-E A\ 4-1 envelope gene
positively correlates with the MS activity and severity.

Our data on human endogenous retrovirus
HERV-E )\ 4-1 activation in autoimmune diseases are
consistent with the results of the study, indicating an
increase of mMRNA HERV-FE clone 4-1 expression in
CD4*T cells in patients with SLE, which positively
correlated with the diseases activity,. Among the
possible mechanisms of HREV-E A 4-1 involvement
in the pathogenesis of these diseases, activation of
the Ca?*/calcineurin (CaN)/NFAT1 and E2/ER-a
signaling pathways and hypomethylation of the 5’L'TR
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COAEP)XAHUE CYBNONYNALNNA CD4T-KNETOK
B NPOrHO3E 3®®EKTUBHOCTU BUOJIOTMYECKOM

TEPAMUU NCOPUASAY OETEN

RKynmoga J.I'Y, Pageiruua T.B.!, Kypoarosa O.B.!, Marepuxkuu A.J1.},
Enumer P.B.!, Onpsaruu JLA.!, Xorko A.A.%, Mypamkna H.H." 23
IHeTpuayk C.B.

' @IAY « HayuonanvHolii MeOuyuHcKuil uccaedogamensckuii yenmp 300poevs demei» Munucmepcmea
3dpasooxpanenusi PO, Mockea, Poccus

2Q@I'BY JII0 «llenmpanvras eocydapcmeennas meouyurckas akademus» Ynpaenenus oesamu Ipezudenma PO,
Mockea, Poccus

3 DIAOY BO «Ilepswiit Mockosckuii 2ocydapcmeennbiii meouyurckuil ynueepcumem umernu M. M. Ceuernosa»
Munucmepcmea 30pasooxparnenus PO (Ceuenosckuii ynusepcumem), Mockea, Poccus

Pesiome. Ilcopuaz — XpoHHUYECKOE BOCHAIMTENIbHOE 3a00jieBaHUE KOXM, XapaKTepHU3ylolleecsl IOBbI-
IIEHHOI TIposindepaleil SnuaepMaIbHbBIX KIETOK, HapyllIeHMeM KepaTUHNU3alluU U BOCIIAIUTEIbHOM peak-
uel B iepMe, 00yCIOBIeHHOM akTuBaleii T-1uM@OoLUTOB U CUHTE30M MPOBOCHAIUTEIbHBIX IIMTOKMHOB.
IMTatodusunonorus ncopuasa TakKe CBsA3aHa CO CHYKEHMEM IPOTUBOBOCHAIUTEIbHBIX (PYHKIIMI MMMYHO-
CYIIPECCHUBHBIX KJIETOK. B IociienHee BpeMsl Bce 4allle BCTPEYalOTCs ClIydaud pa3BUTUSI PE3UCTEHTHOCTU K
MPOBOAMMON Tepaluu GuomnpernapaTaMu B I€TCKOM BO3pacTe, TpeOylolue OTMeHbI IperapaTa Win ero 3a-
MeHbl. Llenb nccnenoBaHusl — OLIEHUTH CoAepXKaHMe cyononyasiuuii T-xearnepoB B MPorHose 3p@eKTuB-
HOCTU OMOJIOTMYECKON Tepaliuu y aeTeil ¢ mcopuazoM. UMMyHoheHOTUIIMPOBaHUE NOIyIsAuii T-xenmnepoB
nepudepruyecKoit KpoBu mpooawin y 110 geTeii ¢ ByJbrapHbIM IICOPUA30M 10 Ha3HAYEHUST OMOI0TMYECKOM
Tepanuu, Ha 16-it u 52-i1 Henmene JedeHus1. BospacT mereir coctaBui oT 6 1o 18 net. TskecTh nmcopuasa 1
3 dEKTUBHOCTD Tepanuu olieHuBaau no nHaekcy PASI, koropslit uameHsuicst ot 0 no 68 6auioB. Metomom
NPOTOYHOI LIUTOMETPUU ONpPEIesian coaepxkaHue T-xeanepon, peryaaTopHbix T-knetok (Treg), akTuBu-
poBaHHbIX T-xenmepon (Thact) u Thl7-numdouuToB. B rpyrrme nmanueHTOB ¢ XOopomiuM 3¢ ¢deKToM O61o-
JIOTMYECKOM Tepanuu IoJiydeHo 3HaunMoe cHukeHue PASI, kak Ha 16-it Heaesne tepanuu (p = 0,000), Tak
u K rony nedyeHust (p = 0,017). ¥ gereii ¢ ncopuazomM, He 3aBUCUMO OT IJIUTEIBHOCTU U 3(PPEKTUBHOCTU
ouomnperapaToB, ObLI YBeJIMYEH MpolieHT Thact oTHOCUTETbHO HOPMAaTUBHBIX 3HaUeHUit. B rpynne 1 1o Ha-
3Ha4YeHUs OMoJIornyecKkoi Tepanuu 6w yBeaudeH npoueHT Thact (p = 0,005) u Th17 (p = 0,001). Ananu3s
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JTUHAMUKU CONepKaHUs NMOMyaauuii T-xeamnepoB B TeYeHUE rofa 6MoJIOTUYeCKO Teparuu y AeTell ¢ pa3HOu
3 PEeKTUBHOCTHIO JICUCHUS ITOKa3ajl, YTO HanboJiee 3HAUNMbIC 3MEHCHMSI BBISIBJICHBI B comepxkanuu Thl7
u Treg, a Takxe ux orHoiueHust Th17/Treg. ROC-aHanu3 nmoka3sai, 4yTo npu otkiaoHeHuu Thl7 Beire 53%,
Thact Boiiie 181% u Th17/Treg Boliiie 2,6 10 HazHaYeHUsI GUoMIpenapaToB B 75% ciy4aeB MOXHO OXKKIATh
HEIOCTATOYHYIO 3¢ (DEKTUBHOCTD Tepanuu K roxy. K oKOHYaHMIO MHAYKIIMOHHOTO Kypca IPpY OTKJIOHCHUU
Th17 Beire 102% u orHouennu Th17/Treg Boiiie 2,6 BepoSITHOCTb Hea(h(HEKTUBHOIO JeYSHUSI COCTABIISI-
eT yxe 82%. B rcciienoBaHm nokazaHa MHGOPMAaTUBHOCTh olieHKH Thact 10 HazHaYeHUsT OMOJIOTMYECKOMN
Tepanuu, nuHamMuka Thl7 K KOHLY MHAYKIMOHHOTO Kypca u Treg mociie 16 Hedelab Tepanuu B MPOTHO3€e
appexktuBHoctu M BI1 y meTeit ¢ mcopuazom.

Knroueswie cnosa: demu, ncopuas, buonpenapamot, T-xeanepoi, Th17, Treg

CONTENT OF CD4'T CELL SUBPOPULATIONS IN PREDICTING
THE EFFICACY OF BIOLOGICAL THERAPY FOR PSORIASIS IN

CHILDREN

Kuptsova D.G.?, Radigina T.V.2, Kurbatova 0.V.?, Materikin A.L?,
Epishev R.V.2 Opryatin L.A.?, Khotko A.A.*, Murashkin N.N.»"¢,
Petrichuk S.V.2

¢ National Medical Research Center for Children’s Health, Moscow, Russian Federation
b Central State Medical Academy of Department of Presidential Affairs, Moscow, Russian Federation
¢ I. Sechenov First Moscow State Medical University, Moscow, Russian Federation

Abstract. Psoriasis is a chronic inflammatory skin disease characterized by increased proliferation of
epidermal cells, impaired keratinization and an inflammatory reaction in dermis caused by activation of
T lymphocytes and synthesis of pro-inflammatory cytokines. The pathophysiology of psoriasis is also associated
with a decrease in anti-inflammatory functions of immunosuppressive cells. Recently, there are more cases
of development of resistance to ongoing therapy with biologics in children, requiring cancellation of drug or
its replacement. The aim of the study was to evaluate the content of T helper subpopulations in prognosis
of effectiveness of biologics in children with psoriasis. Immunophenotyping of T helper populations was
performed in 110 children with psoriasis vulgaris before appointment of biologics, at 16 and 52 weeks. Age
of children ranged from 6 to 18 years. Severity of psoriasis and effectiveness of therapy were assessed by index
PASI, which varied 0-68. Content of Tregs, Thact and Th17 was determined by flow cytometry. In group with
a sufficient effect of biologics, a decrease in PASI was obtained, both at week 16 of therapy (p = 0.000) and by
year of treatment, p = 0.017. In children with psoriasis, regardless of duration and effectiveness of biologics,
percentage of Thact was increased relative to normal values. In group 1 before prescription of biologics was
increased percentage of Thact (p = 0.005) and Th17 (p = 0.001). Analysis of dynamics of content of small
populations of T helper during 1 year of use of biologics in children with different efficacy of therapy showed
that significant changes were found in content of Th17 and Treg, as well as their Th17/Treg. ROC analysis
showed that when Th17 deviation was above 53%, Thact above 181% and Th17/Treg above 2.6 before biologics
were prescribed, insufficient efficacy of therapy could be expected in 75% of cases by year. By the end of
induction course, with a Th17 deviation above 102% and a Th17/Treg above 2.6, probability of ineffective
treatment was already 82%. The study shows the informative value of assessment of Thact before appointment
of biologics, dynamics of Th17 by the end of induction course and Treg after 16 weeks of therapy in prognosis
of effectiveness of biologics in children with psoriasis.

Keywords: children, psoriasis, biologics, T helpers, Th17, Treg
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Ouenxa Thact, Th17, Tregy demeii c ncopuazom

Assessment of Thact, Th17, Treg in children with psoriasis

Introduction

Psoriasis is a systemic chronic inflammatory
disease with an immunogenetic basis [3, 11]. Adaptive
immune cells in psoriasis are activated by aberrant
signaling of innate immune cells, and subsequently
release inflammatory mediators that enhance pso-
riatic manifestations on the skin. The cellular link of
the immune system is predominantly involved in the
development and maintenance of inflammation in
psoriasis [3, 14]. Clinically, psoriasis is characterized
by well-defined red, scaly plaques, and histologically
by increased proliferation of keratinocytes, dense skin
inflammatory infiltrates and angiogenesis [7, 14].

A special role in psoriasis is assigned to Th17-
lymphocytes (Th17) and cytotoxic T lymphocytes
(CD8%), since they largely produce cytokines of the
interleukin (IL)-17 family, thereby stimulating the
proliferation of keratinocytes [9, 13, 14]. It has been
shown that in psoriasis, Th17 enhances the immune
response of Thl cells, mainly due to the production
of IL-17A, which is responsible for the recruitment
of neutrophils, activation of innate immunity cells,
enhancement of B-cell functions and the release of
pro-inflammatory cytokines [7, 9]. A high percentage
of Th17 cells have been found in the circulating
and affected skin of psoriasis patients and a direct
correlation has been established between the number
of Th17 cells and the PASI (Psoriasis Area and Severity
Index) [8, 9, 13].

The pathophysiology of psoriasis is not only related
to the activation of pro-inflammatory reactions, but
also to a decrease in the anti-inflammatory functions
of immunosuppressive cells [10, 11]. It has been
shown that regulatory T cells (Treg), regulatory B cells
and myeloid-derived suppressor cells (MDSCs) do
not perform their classical homeostatic functions in
psoriasis [8, 10, 11]. It is known that Tregs are able
to suppress the activation and proliferation of effector
cells through the production of TGF-f3 and 1L-10 [5,
12]. Anincrease in Th17 content and a decrease in the
proportion of Treg in the peripheral blood of patients
with psoriasis lead to an imbalance of Thl17/Treg,
which correlates with the severity of the disease [7, 8,
9, 13].

Over the past decade, the use of biologics in
children with psoriasis has shown its effectiveness,
persistent long-term remission and significantly
improved the quality of life of patients [2, 15]. The
targeting effect of genetically engineered biological
drugs (GEBD) is based on a blockade of the main pro-
inflammatory cytokines of disease pathogenesis, such
as tumor necrosis factor-alpha (TNFa), IL-17, IL-12
and IL-23 [2, 15]. However, in recent years, there are
more and more cases of resistance to biologic therapy
in children, requiring withdrawal or replacement
of the drug [1, 4, 6]. Factors in the loss of response
to GEBD therapy in patients with psoriasis include

a high body mass index, a burdened family history
and the production of antibodies to biologics [1, 2,
4, 6]. Nevertheless, there is a lack of information
and guidelines on the tactics of switching biologics,
and a complete lack of clear laboratory markers for
predicting the efficacy of GEBD in children with
psoriasis.

The aim of the study was to evaluate the content
of CD4* cell subpopulations (Thact, Th17, Treg) in
predicting the effectiveness of biologics in children
with psoriasis.

Materials and methods

In 110 children with psoriasis vulgaris, peripheral
blood T helper subpopulations were examined before
biological therapy, at weeks 16 and 52 of therapy
with adalimumab, etanercept and ustekinumab. The
effectiveness of therapy was assessed by achieving
“PASI 75” or more by the year of therapy: group 1
included children with insufficient effect of biologics
(“IE”, less than PASI 75, n = 52), group 2 — children
with good effect of biologics (“PASI 75” and more,
n = 58). The age of the examined children ranged
from 6 to 18 years. The children of groups 1 and 2
did not differ in age: 12.3 (7.8-16.4) years versus
12.5 (8.8-15.3) years, p = 0.821. Inclusion criteria
in the study: the age of children from 6-18 years old,
established diagnosis of psoriasis vulgaris, compliance
with the frequency and dose of administration GEBD.
Exclusion criteria: other forms of psoriasis in children,
age over 18, inability to obtain a blood sample. The
severity of psoriasis was assessed by the PASI, which
varied from 0 to 68 (Me 14.0 (9.0-19.9)). The study
complied with the ethical principles of the Declaration
of Helsinki (WMA Declaration of Helsinki — Ethical
Principles for Medical Research Involving Human
Subjects, 2013) and was approved by the local ethical
committee National Medical Research Center for
Children’s Health of the Russian Ministry of Health
(protocol No. 2 of 14.02.2020).

Immunophenotyping of peripheral blood lym-
phocyte populations was performed by flow cytome-
try using monoclonal antibodies from the “Beckman
Coulter” (USA). Sample preparation involved
incubating 100 uL of whole blood with 10 uL of
fluorochrome-labelled monoclonal antibodies for
20 minutes in the dark. For lysis of erythrocytes was
used BD FACS™ Lysing Solution (BD Biosciences,
USA), with incubation time in the dark at room tem-
perature not exceeding 10-12 minutes. The samples ob-
tained were recorded on flow cytometer the Novocyte
(ACEA Biosciences, USA). The following populations
were determined by the sequential gating method:
CD3"CD4" (T helpers), CD4*CD127°*CD25"e" (Treg),
CD4"*CD25*CD127"eh (activated T helpers — Thact)
and CD3*CD4*CD161" (Th17). Statistical analysis
was performed using Statistica 10.0 (StatSoft,
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USA) and ROC analysis using SPSS 16.0 (SPSS:
An IBM Company, USA). Descriptive statistics of
the number of cells are presented in the form of a
median (lower — upper quartiles) — Me (Q,,5-Q.75)-
The non-parametric Mann—Whitney test considered
differences between independent groups; differences
were considered significant at p < 0.05. The study
included children of different ages; in this regard, in
order to assess changes in the lymphocyte population,
the deviation of individual indicators from the age
norm level was calculated according to the formula:

X = Kain=X) / 0,01* (X — Xinin)

X,, value of the individual index normalized to the
age norm; X, value of the studied index; X,,,,, upper
limit of the age norm; X, ,, lower limit of the age
norm. The range of age norm was taken as 100%.

Results and discussion

Analysis of the efficacy of biologics in children
with psoriasis, as measured by index the PASI,
showed a significant and significant reduction in
disease severity in the group of patients with good
effect of GEBD (PASI 75), both at 16 weeks of
therapy (PASI decreased from 20.1 (14-31) to 11.3
(7-15), p = 0.000), and by year of treatment — PASI
decreased to 6.1 (1.5-9.9), p=0.017. However, in the
group of children with insufficient effect of biological
therapy (group 1), the decrease in the PASI index
was less pronounced and by the year of treatment

of biologics PASI exceeded 10 points (16 weeks —
16.2 (15-21), 52 weeks of GEBD — 10.9 (4.9-22).
It is worth noting that the groups of children with
different efficacy of biologics before the appointment
of therapy according to the PASI index did not
differ (p = 0.631), but by the 16" week of therapy, a
significant difference was revealed between the groups
according to PASI (p = 0.000), which persisted by the
year of treatment (p = 0.002).

An assessment of the content lymphocyte
population showed that children with psoriasis,
irrespective of the duration and effectiveness of therapy
GEBD, had an increased percentage of Thact relative
to the normal values (over 100; Table 1). In patients
of group 1, the percentage of Thact (p = 0.005) and
Th17 (p = 0.001) was significantly increased before
the appointment of therapy, relative to the indicators
of group 2 (Table 1, Figure 1).

At the end of the biological therapy induction
course (16 weeks), children with psoriasis in group 1,
as before the start of therapy, had a higher Thl7
content than in group 2 (Tablel, Figurel). The
assessment of content Th17 by the year of biological
therapy treatment in patients with insufficient effect
also showed a significant increase in the content of
this population relative to the indicators of group 2
(p =0.003; Figure 1, Table 1).

Analysis of content Treg in children with psoriasis
showed that regardless of the effectiveness of biolo-
gical therapy both before treatment and at the end of

TABLE 1. CONTENT OF Thact, Th17, Treg POPULATIONS IN CHILDREN WITH PSORIASIS AT DIFFERENT EFFECTIVENESS
OF BIOLOGICAL THERAPY (% DEVIATION FROM AGE-SPECIFIC NORM)

. Duration G:rc_»up 1 Group 2
Population of therapy, week Insufflmeft effect PA?I 75 ¢]
(IE, n = 52) (n =58)
0 225.2 (183.3-264.1) 164.3 (114.3-235.9) 0.005
Thact, % CD4 16 181.3 (149.1-211.7) 202.3 (101.6-269.0) 0.956
52 198 (125.0-246.9) 156.1 (79.7-169.0) 0.279
0 31.8 (-12-82) 70.8 (4.5-136.0) 0.116
Treg, % CD4 16 66.2 (7.58-125.00) 67.5 (48.0-131.8) 0.359
52 -18.4 (-68.2-19.6) 90.1 (16.0-159.1) 0.008
0 73.5 (51.5-135.9) 25.2 (-5.9-54.4) 0.001
Th17, % CD4 16 161.1 (109.1-177.2) 33.7 (-5.6-83.8) 0.000
52 117.4 (72-215) 41.7 (-1.5-56.5) 0.003

Note. p, differences between independent groups by Mann-Whitney test; p < 0.05.
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Figure 1. Deviation of the relative numbers of Th17 (A) and Treg (B) with insufficient effect (IE) and achievement of PASI 75
in children with psoriasis before, at 16 and 52 weeks of biological therapy

Note. The range of age norm was taken as 100%.

the induction course (16 weeks), the percentage of
Treg in the groups was in the range of normal values
(Figure 1, Table 1). However, by the year of treatment
with biologics in group 1, a significant decrease in the
percentage of Treg (p = 0.008) was obtained relative
to the indicators of group 2 (p = 0.008), while in
the group with insufficient effect of biologics, the
percentage of Treg was lower than the normal values
(Figure 1).

A Before treatment (0 weeks)
1.0 T p
! 7 = Thact, % CD4
""" ,7° == Th17,%CD4
0.8 e - - Reference line
>, 06 e
=
.“5
c
B 04
AUC Thact = 0.843
02 (0.776-0.910)
’ AUC Th17=0.816
(0.743-0.888)
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Assessment of the dynamics of T helper popula-
tions in children with psoriasis with insufficient effect
of biological therapy revealed a significant increase
in Th17 by 16 weeks of therapy (p,_;, = 0.046), which
persisted to a year of therapy and was higher than
normal values. Analysis of the dynamics of content
Treg in this group showed a significant decrease in
the population by year of therapy (p,s, =0.047,
Pie-s2 = 0.006).

B 16 weeks of therapy
10 ' ”
] e
! " ==Th17,% CD4
----- ' y — Th17,/ Treg
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=1 ’
.. 06| )z
2 ;
® | L
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Figure 2. ROC-analysis of deviation of Th17, Thact in predicting efficacy of biological therapy in children with psoriasis
before prescription (A) and Th17, ratio Th17/Treg at 16 weeks of biological therapy (B)

Note. AUC, area under curve.
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Analysis of the Th17/Treg ratio in children with
psoriasis at different effectiveness of biological the-
rapy showed that the Th17/Treg ratio was significantly
increased in the group of children with insufficient
effect of biologics before therapy and during the year
relative to group 2 (week 0: 3.0 (2.6-3.6) vs 1.6 (1.2-
2.5),p=0.001; week 52: 3.9 (2.6-4.3) vs 1.7 (1.2-2.3),
p = 0.000).

The performed ROC analysis showed an excellent
separating model for the “PASI 75 — insufficient
effect” states for Th17, Thact and Th17/Treg ratio
before the appointment of biological therapy and for
Th17, Th17/Treg at 16 week of biologics (AUC > 0.8;
Figure 2). The calculation of threshold values of
indicators with the coincidence of sensitivity (Se)
and specificity (Sp) showed that with a deviation of
Th17 above 53%, Thact above 181% and Th17/Treg
above 2.6 before the appointment of biologics in
75% of cases, insufficient effectiveness of biological
therapy can be expected by the year. ROC analysis of
the immunological parameters at 16 weeks showed
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MUWEJIOUOHBIE CYNPECCOPHbIE KJIETKU B KAYECTBE
BUOMAPKEPOB 3P DEKTUBHOCTU TEPANUA HOBbIMU
BUOJIOTMYECKUMMU NPEMNAPATAMU Y BOJIbHbIX

AKCHWUAJIbHbIM CNTOHAUNOAPTPUTOM

Teipnaosa T.B.}, Mopeurxora A.J0.!, ®enoposa A.B.Z, Tuxonosa M.A.},
Nasuaa H.A.L, Yymacosa O.A.}, Cuzukon A.9.!

'@I'BHY «Hayuno-uccaedosamenbckuii UHCMUmym (QyHOAMeHmMAanbHol U KAUHUYECKOH UMMYHOA0UU»

2. Hoeocubupck, Poccus

2 Hayuno-uccredosamenvckuii UHCMUmMym KAUHUMECKOU U JKCHepUMenmanvioi aumgponoeuu — guauar ®PIrbHY
«@edepanvhulii uccaedosamensvckuii yenmp Uucmumym yumonoeuu u eenemuxu Cubupckoeo omoenenusi Poccuiickoil
akademuu Hayk», e. Hoeocubupck, Poccus

Pesiome. bosbllioe 3HayeHUE B MaToreHe3e akcuaabHOTO crioHauoapTpuTta (AkcCn) OTBOAUTCS KJIETKaM
BPOXKICHHOTO UMMYHUTETA, B TOM YHCJIC KJICTKAM MUEJIOMIHOTO psifa — CYIIPEeCCOPHBIM KJICTKaM MUEIION/I -
Horo npoucxoxaeHus (MC). MC npeacTaBasiioT TeTepOTeHHYIO MOMYJISLINIO HE3pENbIX KJIETOK, CITIOCOOHBIX
MOMABJIATh PeaKIIMU BPOXIEHHOTO U MTPUOOPETEHHOTO UMMYHUTETA ¢ HanboJiee BhIpakeHHON CyIrpeccop-
HOM aKTMBHOCTBIO B OTHOIIIeHUU T-KieToK. Tepanusi reHHO-MHXEHEPHBIMU OMOJIOTHYECKUMMU MpenaparTa-
MU TTO03BOJISIET CHU3UTh KIIMHUKO-J1A00PaTOPHYIO aKTMBHOCTH 3a00yieBaHUS Y 00JbHBIX AKCCIT, OTHaKO UX
3(hheKTUBHOCTH MIMPOKO BAPhUPYET Y pa3HBIX NallMeHTOB. Hacrosiee nccaenoBaHue HaIIpaBJIeHO Ha U3-
y4eHue pa3ImdHbIX cyoronyssiiuuii MC u ux cynpeccopHoro noteHnuana npu AKcCIi, B 3aBUCUMOCTH OT
OTBETa Ha Tepanuio TeHHO-UHKCHEPHBIMM OMOJIOTUYCCKUMU MIpenaparaMu. B mcciiemoBaHme ObLIN BKIIO-
YeHbI MauneHThl ¢ AKCCIT ¢ TTPOIOJIKMTEILHOCTBIO 3a00ieBaHus 16,5 net (Mmengnana); HLA-B27 (+) cratyc
ObU1 BbISIBIIEH B 79% ciydyaeB. Bce malueHThl B TeUeHME KaK MUHUMYM HOCAeAHUX 12 Hemesb ITOaydYaliu
OMOJIOTUYECKYIO TepaIrinio, B ToM uyncie nHruontopsl TNF (aTaHeplient, LiepToan3ymMad Maroi1, agaiumMyMao
WM ToumMyMmat) uinn nHruoutopst [L-17 (cekyknnymab, nkcekuzymad muinu HetaknuMmab). OTHOCUTETbHOE
conepxanue rpanyonurapabix MC (I'-MC, Lin HLA-DR-CD33*CD66b*), monouutapusix MC (M-MC,
HLA-DRP"-CD14"), MC pannux craguit guddepennuposku (P-MC, Linn HLA-DR-CD33*CD66b"), a
TaKKe BHYTPUKJICTOYHYIO SKCIIPECCUIO apTUHA3BI- 1 OIeHWBAIM METOIOM IIPOTOYHOM IImToMeTpun. Ilammm-
€HThI CO CTAOMJIBHBIM OTBETOM Ha OMOJIOTMYECKYIO TEPanio 3HAYMMO He OTJIMYAJIMCh OT 3[I0POBBIX JTOHOPOB
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no conepxaHuto Bcex Tpex nonyysiuuii MC B nepudepudueckoil kposu. Ilanmentsl ¢ AKkcC, He OTBeYaro-
1€ Ha Teparnulo, IeMOHCTPUPOBAIU TTOBBILLIEHHOE OTHOCUTEIbHOE 1 abcotoTHoe KoaudectBo P-MC no
CPaBHEHMUIO cO 300pOoBbIMU foHOpPamu (py = 0,01 u py = 0,02 COOTBETCTBEHHO) U NAlIUEHTAMU CO CTAOWJIb-
HbIM oTBeTOM (py = 0,03 1 p; = 0,07 coorBeTcTBeHHO). [1pn 3TOM MOBBITIIEHHOE conepxkanHue P-MC B ciy-
Yae OTCYTCTBHSI OTBETa Ha TEPAIMIO aCCOLMUPOBAIOCH C IToKa3arersiMu aktuBHocT — COD (R, = 0,821;
p=0,023), CPb (R,=0,714 p = 0,07) u ASDASp (R, = 0,829; p = 0,042). B rpymnrie maiineHTOB CO CTA0OWITb-
HBIM OTBETOM KOPPEJISIIMOHHON 3aBUCUMOCTH MEXIYy aKTUBHOCTBIO 3a00JieBaHMs 1 comepkanueM MC He
obHapyXeHo. /111 oeHKH cynpeccopHoro noreHnuaaa MC Obu1a IIpoaHaIn3NpOBaHa SKCIPECCUS BHYTPH -
KJIETOYHOI MOJIEKYJIBI apTHUHA3a- 1, KOTopasi y4acTByeT B MHTHOMpoBaHUM T-KieTouHoro oTBeTa. IlarmeHTHI
CO CTaOMJILHBIM OTBETOM XapaKTepU30BaJINCh MOBBIIIEHHOM 3KcIIpeccueit apruHasbi-1 B P-MC (py = 0,02).
I1pu oTCyTCTBHMM OTBeTa Ha Tepamuio 3HAYMMBIX U3MEHEHUU B 3Kcmpeccur Arg-1 He BBISIBICHO, OJHAKO
nonst Arg-1-skenpeccupyromux ['-MC Haxoaniaach B MPSIMOI COTIPSIKEHHOCTU ¢ MHAEKCAaMU BOCHAJIEHUS
ASDAS 5 (R, =0,857; p=10,014) u BASDAI (R, =0,785; p=0,036). Takum obpazom, P-MC, a Takzke 3KC-
npeccus cyrpeccopHoi MoneKyabl Arg-1 B MC MOryT CiIy>XKuTh OMomapkepamu 3(p¢GeKTUBHOCTA OTBETa Ha
MPOBOAMMYIO Te€panuio TeHHO-UHXEHEPHBIMU OMOJOIrMYECKUMU MpernapaTaMu, a TakoKe BBICTYIIaTh B POJIU
MOTEeHIIMAIbHBIX MapKEePOB-KaHIAUAATOB C TOYKU 3pEHUST paHHEro MpeauKTopa OTBeTa Ha IMTPOBOAUMYIO Te-
paruio.

Karouesnle croea: mueaoudnsie cynpeccopsl, aKCuanbHblii ChoHOUA0apmpum, buoso2uyeckas mepanus, apeunasa- 1, uneubumop
TNF, uneubumop 1L-17

MYELOID-DERIVED SUPPRESSOR CELLS AS BIOMARKERS
OF THE EFFECTIVENESS OF THERAPY WITH NEW
BIOLOGICAL AGENTS IN AXIAL SPONDYLOARTHRITIS

Tyrinova T.V.2, Morenkova A.Yu.?, Fedorova A.V.>, Tikhonova M.A.2,
Ilina N.A.2, Chumasova 0.A.3, Sizikov A.E.?

¢ Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation
b Institute of Clinical and Experimental Lymphology, Branch of Institute of Cytology and Genetics, Siberian Branch,
Russian Academy of Sciences, Novosibirsk, Russian Federation

Abstract. Innate immune cells, including myeloid cells — myeloid derived suppressor cells (MDSCs) — are
supposed to play an important role in the pathogenesis of axial spondyloarthritis (AxSp). Myeloid derived
suppressor cells represent a heterogeneous population of immature cells capable of suppressing innate and
adaptive immune responses with the most pronounced suppressor activity against T cells. Biological discase-
modifying antirheumatic drugs (bDMARDSs) can reduce the clinical and laboratory disease activity, but their
effectiveness varies widely in different patients with AxSp. The present study is aimed at studying MDSCs
subpopulations and their suppressive function depending on the response to bDMARD therapy in AxSp.
The study included AxSp patients with a disease duration of 16.5 years (median); HLA-B27 (+) status was
detected in 79% of cases. All patients received bDMARDs at least the past 12 weeks, including TNF inhibitors
(etanercept, certolizumab pegol, adalimumab, or golimumab) or IL-17 inhibitors (secukinumab, ixekizumab,
or netakimab). Percentage of granulocytic MDSCs (G-MDSCs, Lin HLA-DR-CD33*CD66b"), monocytic
MDSCs (M-MDSCs, HLA-DR"**-CD14"), MDSCs of early stage differentiation (E-MDSCs, Lin-HLA-DR-
CD33*CD66b"), as well as intracellular expression of arginase-1 was assessed by flow cytometry. Frequency
of circulating MDSC subpopulations of patients with a stable response to bDMARDs (responders) did not
differ significantly compared to healthy donors. Patients not responding to bDMARDs therapy showed
increased relative and absolute number of E-MDSCs compared to healthy donors (p, = 0.01 and py = 0.02,
respectively) and the responders (py = 0.03 and p = 0.07, respectively). Increased percentage of E-MDSCs
was positively correlated to disease activity — ESR (R, = 0.821; p = 0.023), CRP (R, = 0.714; p = 0.07) and
ASDASgp (R, = 0.829; p = 0.042) in the non-responder group. Responder patients exhibited no correlation
between disease activity and circulating MIDSCs. The suppressor potential of MDSCs was analyzed by the
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intracellular expression of arginase-1 molecule which is involved in the inhibition of T cell response. Patients
with the stable response were characterized by increased expression of arginase-1 in E-MDSCs compared to
donors (py = 0.02). Non-responders did not demonstrate significant changes in Arg-1 expression, however, the
percentage of arginase-1-expressing G-MDSCs was positively correlated to indexes ASDASEs: (R, = 0.857;
p =0.014) and BASDAI (R, = 0.785; p = 0.036). Thus, E-MDSCs as well as arginase-1 expression in MDSCs
may serve as biomarkers of effectiveness bDMARD therapy, and act as potential candidate predictors of

response to therapy in AxSp.

Keywords: myeloid-derived suppressor cells, axial spondyloarthritis, biological therapy, arginase- 1, TNF inhibitor, IL- 17 inhibitor

The study was funded by budget of Research
Institute of Fundamental and Clinical Immunology
(theme No. 122011800108-0).

Introduction

Axial spondyloarthritis (AxSp) is a chronic inflam-
matory disease of the axial skeleton with frequent in-
volvement of entheses and peripheral joints, as well as
other organs and systems, in the pathological process.
The leading role in the development and progression
of AxSp is assigned to pro-inflammatory cytokines —
IFNy, TNFa, IL-1 and IL-6 [12]. Advances in
understanding the immunopathogenesis of AxSp
have served as the basis for the development of new
therapies aimed at neutralizing the activity of these
pro-inflammatory cytokines [2, 12]. The appointment
of biological disease-modifying antirheumatic drugs
(bDMARDSs) allows to quickly reduce the clinical and
laboratory disease activity, improve quality of life and
slow radiographic AxSp progression [2, 7]. Despite
the high efficiency, it has been reported failure of
TNFa or IL-17 inhibitors in a significant percentage
of AxSp patients [1, 4, 10]. The use of new biomarkers
that could be considered predictors of good response/
non-response to bDMARD therapy would effectively
control the disease and reduce the economic burden
of biological therapy.

As AxSp is believed to be more of an auto-
inflammatory than an autoimmune disease, innate
immunity cells, in particular myeloid cells —
myeloid derived suppressor cells (MDSCs) — play
an important role in its pathogenesis. MDSCs
represent a heterogeneous immature cell population
of myeloid origin, capable of suppressing the innate
and adoptive response with the most pronounced
suppressor activity against T cells [3]. In humans,
MDSC:s includes granulocytic (polymorphonuclear),
monocytic MDSCs, and MDSCs of early stage
of differentiation (G-MDSCs, M-MDSCs, and
E-MDSC:s, respectively), which differ in morphologi-
cal features, expression of membrane markers, and
mechanisms of their suppressor activity. However, data
on the functional activity of MDSCs in autoimmune
and autoinflammatory diseases are controversial,
including reports of intact suppressive activity of

MDSCs, diminished or its complete absence [5, 6, 8,
11, 13].

The present study was aimed to analyzed circula-
ting MDSC subpopulations and their suppressor
function depending on response to bDMARDs in
AxSp patients.

Materials and methods

The study included 28 patients with AxSp (19 men
and 9 women aged 19 to 56 years) and 36 age-matched
healthy donors. Informed consent was obtained from
all patients and donors according to the Declaration
of Helsinki. All patients met the modified New York
criteria for diagnosis of AxSp and/or Assessment of
Spondyloarthritis International Society criteria for
AxSp. The disease duration was 16.5 years (median).
Twenty-two patients (79%) were HLA-B27-positive.
All patients received bDMARDs at least for the past
12 weeks. Nineteen out of 28 patients received TNF
inhibitors (etanercept, certolizumab pegol, ada-
limumab, or golimumab); nine out of 28 patients
received IL-17 inhibitors (secukinumab, ixekizumab,
or netakimab).

Disease activity was determined according to
ASDAS ¢z and/or ASDAS, indexes. Most patients
(20/28, 71%) demonstrated low/moderate AxSp
activity (ASDAS index < 2.1). In 29% of cases (8/28)
high/very high AxSp activity was determined (ASDAS
index > 2.1). Additionally, the Bath Ankylosing Spon-
dylitis Disease Activity Index (BASDAI) and Bath
Ankylosing Spondylitis Functional Index (BASFI)
were used to evaluate the activity and severity of
functional limitations, respectively.

The frequencies of G-MDSCs (Lin"HLA-DR-
CD33*CD66b"), M-MDSCs (CD14*HLA-DR"""),
and E-MDSCs (Lin HLA-DR-CD33*CD66b") was
assessed by flow cytometry using anti-Lineage Cock-
tail 1 (CD3, CDI14, CD16, CD19, CD20, CD56;
FITC, BD Biosciences, USA), anti-CD14 (FITC,
BD Biosciences), anti-CD33 (PerCP-Cy5.5, BD
Biosciences), anti-CD66b (APC, Biolegend,
USA), anti-HLA-DR (FITC, APC-Cy7, PerCP, BD
Biosciences) monoclonal antibodies. The number of
MDSC subpopulations are presented as a percentage
of mononuclear cells (MNCs). The absolute number
of MDSCswas calculated using data on the percentage
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TABLE 1. MYELOID-DERIVED SUPPRESSOR CELL SUBPOPULATIONS DEPENDING ON THE PATIENT RESPONSE

TO bDMARD THERAPY IN AxSp

MDSCs

Donors
(n =21-36)

AxSp patients

Responders
(n=17-18)

Non-responders
(n=7-10)

G-MDSCs (%)

0.05 (0.04-0.07)

0.08 (0.02-0.16)

0.13 (0.04-0.24)

E-MDSCs (%)

0.82 (0.662-1.340)

1.1 (0.62-1.58)

1.9%# (1.0-2.6)

M-MDSCs (%) 1.7 (1.2-2.4) 2.1 (1.57-3.00) 1.6 (1.2-2.7)
MNCs (x 10°L) 2.5 (2.1-2.7) 2.9* (2.6-3.4) 2.8* (2.5-3.2)
G-MDSCs (x 10° cells/mL) 1.4 (1.1-2.0) 2.8 (0.7-5.2) 2.6 (0.9-5.1)

E-MDSCs (x 10° cells/mL) 25.4 (13.0-31.4)

32.2 (17.3-44.8) 47.9% (29.3-58.0)

M-MDSCs (x 10¢ cells/mL) 46.3 (28.2-71.6)

56.6 (42.4-95.5) 50.6 (24.7-86.8)

Note. Relative (%) and absolute (x 10° cells/ml) numbers of granulocytic (G-MDSCs), early-stage MDSCs (E-MDSCs) and
monocytic (M-MDSCs) MDSCs in peripheral blood samples are shown as median and interquartile range (IQR) in the donor group
and the responders and non-responders to biological disease-modifying antirheumatic drugs; *, pyvalue < 0.05 compared to

donors; #, pyvalue < 0.05 compared to responders.

TABLE 2. ARGINASE-1 EXPRESSION IN MYELOID-DERIVED SUPPRESSOR CELL SUBPOPULATIONS DEPENDING ON THE

PATIENT RESPONSE TO bDMARD THERAPY IN AxSp

Donors

Arg-1* cells (%) (n=16-32)

AxSp patients

Responders
(n=8-13)

Non-responders
(n=7)

Arg-1"G-MDSCs 70.0 (43.0-89.4)

86.3 (71.3-96.6) 75.0 (29.0-87.2)

Arg-1"E-MDSCs 16 (5.8-31.0)

44.3* (33.9-50.7) 19.0 (16.0-36.0)

19.8 (11.4-38.8)

Arg-1*M-MDSCs

14.2 (6.5-26.7) 7.0 (4.5-21.3)

Note. Data are presented as median and interquartile range (Me (Q, .s-Q,.75) Of the percentage of arginase-1-positive cells among
granulocytic (G-MDSCs), monocytic (M-MDSCs) and early-stage MDSCs (E-MDSCs) in peripheral blood of donors and AxSp
patients with different response to biological disease-modifying antirheumatic drugs; *, p,value < 0.05 compared to donors.

of MDSC subpopulations and the absolute number of
MNCs (lymphocytes + monocytes; blood test).

To assess the intracellular expression of arginase-1
(Arg-1), MNCs were stained with fluorochrome-
conjugated monoclonal antibodies to G-MDSCs,
M-MDSCs, E-MDSCs according to the standard
method for determining surface antigens. Then, cells
were permeabilized using Fixation/permeabiliza-
tion solution kit (BD Cytofix/Cytoperm™, USA)
according to the manufacturers instructions and
incubated with PE- or APC-conjugated anti-Arg-1
(BD PharMingen, USA) monoclonal antibodies.
The relative amount of MDSCs expressing Arg-1 was
assessed among Lin"HLA-DR-CD33*CD66b", Lin
HLA-DR-CD33*CD66b- and CDI14*HLA-DR""-
cells. In each experiment, isotype-matched control
monoclonal antibodies were used to determine non-
specific background staining.

Statistical data processing was performed using
the Statistica 6.0 (StatSoft) and GraphPad Prism
8 software package. Data are presented as median

(Me) and interquartile range (Q,,5-Q,;s). To identify
significant differences, the nonparametric Mann—
Whitney U-test was used for independent samples.
Correlation analysis was performed using Spearman’s
rank correlation (R,). Differences were considered
statistically significant at p value < 0.05.

Results and discussion

In patients with a stable response to bDMARDs
(during the last 12 weeks of therapy; responders),
including 13 patients receiving TNF inhibitors and 5
patients receiving 1L-17 inhibitors, the frequency of
circulating G-MDSCs, M-MDSCs and E-MDSCs
was not significantly different from healthy donors
(Table 1). Patients who did not respond to bDMARDs
(according to the criteria for the absence of
effectiveness; non-responders), including 6 patients
receiving TNF inhibitors and 4 patients with 1L-17
inhibitors, showed an almost two-fold increase in the
relative and absolute number of E-MDSCs compa-
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red with healthy donors (p, = 0.01 and py = 0.02,
respectively). Besides, non-responders were chara-
cterized by a significantly increased percentage
(py =0.03) and tendency to higher absolute number of
E-MDSCs (py = 0.07) compared with the responder
group.

In the non-responder group, the increased fre-
quency of E-MDSCs was associated with inflam-
mation activity,. The frequency of E-MDSCs
was revealed to have a high correlation with ESR
(R, =0.821; p = 0.023), CRP (R, = 0.714; p = 0.07)
and ASDAS g (R;, = 0.829; p = 0.042). Absolute
E-MDSC count was correlated as a trend with ESR
(R,=0.607;p=0.15) and CRP (R, = 0.607; p=10.15).
In the group of patients with the stable response to
bDMARDs, no correlation between AxSp activity
and MDSCs was found.

To assess the suppressor potential of MDSCs in
AxSp, intracellular expression of Arg-1 molecule
(Table 2) involved in the arginine depletion in the
extracellular space and inhibiting the T cell activa-
tion was analyzed. Non-responders demonstrated
a tendency to reduced expression of Arg-1 in
M-MDSCs (py = 0.12), whereas the responder group
had no difference with the donor group. Responders
to bDMARDs were characterized by more than 2.5-
fold increased expression of Arg-1 in E-MDSCs
(py = 0.02). Non-responders did not demonstrate
significant changes in Arg-1-expressing E-MDSCs.

In the responder group, Arg-1 expression in
G-MDSCs directly correlated with the BASDAI
index (R, = 0.667; p = 0.07), and in E-MDSCs
it inversely associated with the BASDAI index
(R;=-0.691; p=0.057). In the non-responder group,
the percentage of Arg-1-expressing G-MDSCs was
positively correlated to indexes ASDAS ¢ (R,=0.857;
p =0.014) and BASDAI (R, = 0.785; p = 0.036).

Thus, the present study has shown that the
ineffectiveness of bDMARD therapy in AxSp
patients was associated with the increased number of
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CPABHEHME ®EHOTUNMUYECKUX CBOUCTB BPOXXAEHHbIX
JIMMOOUNAHbIX KNIETOK HA PASHbIX CTAOUAX
PEBMATOUOHOIO APTPUTA

Boesa 0.C.2 Kozuos B.A.Y, Cuzuxos A.9.!, Kopoiaes M.A.2
Yymacosa 0.A.l, Omeasuenko B.0.2, Kypouknna FO.J1.3 ITamuknna E.A.!

'®@IbHY «Hayuno-uccaedosamenvckuli uHcmumym @yH0ameHmanbHoll u KAUHUMECKOU UMMYHOA02UL,

2. Hosocubupck, Poccus

2@DIAOY BO «Hosocubupckuii HayUuOHAAbHbLL UCCAC008AMENbCKUL 20CY0apCMEeHHbLI YHUGEPCUmMem»,

2. Hosocubupck, Poccus

3 Hayurno-uccaedosamenvCkuil UHCIMUMYmM KAUHUMECKOI U SKCnepumeRmanvHoill aumponoeuu — guauar PIrrbHY
«Dedepanvhulil uccredosamensvckuii yenmp Uncmumym yumonoeuu u eenemuxu Cubupckoeo omoenenus Poccuiickoil
akademuu Hayk», 2. Hosocubupck, Poccus

Pe3iome. AyroumMMyHHBIE 3a00JIeBaHUSI HAa CETOMHSIIITHWUN JeHb 3aHUMAIOT JIMAUPYIOIEee MEeCTO IIO
YacTOTE BCTPEUYACMOCTH B MOMYJISIINAM, CPEAU KOTOPBIX OIWH MPOICHT 3aHMMAaeT PEBMATOMIHBINA apTPUT
(PA). Pemuccust ipy gJaHHOM BuUJie 3a00JIeBaHUSI JOCTUTaeTcsl KpaliHe peaKo U TpeOyeT MOCTOSTHHOTO
MCMOJb30BaHUs (hapmakoTepanuu. B ¢BsI3UM ¢ 3TMM HeoOXOAMMO MOAPOOHO M3yyaTh IatoreHe3 PA mjs
TIOVCKa HOBBIX MUIIIEHEH JIeKapCTBEHHBIX IIpeapaToB. MI3BeCTHO, YTO B pa3BUTHUHM PA MprMHMMAOT yJacThe
T-xemmepst (Th)l u Th17. OgHako HEKOTOpBIE UCCIIENOBATEN MIPEAIOIaraloT, 94to B pa3sutuu PA urpa-
T poab ILC. ILC saBisioTcs «BpOXAECHHBIMU aHajioraMu» Th, BBUIY TOTrO, YTO JaHHAS CYOITOITY/ISIIMS
CUHTe3upyeT Takue Xe HUToKuHBbI. ILC1 gBaseTrcss BpoxiaeHHbIMM aHamoramu Thl, ILC2-Th2, ILC3-
Th17. ILC mpencrtaBiasgioT coOOil pe3uAeHTHbIE B TKAHSIX BPOXACHHBbIE TUMMOUIHbIE KIETKU, KOTOPbIE
MMEIOT QYHKIIMOHAJIBHOE pa3HOOOpa3ne U peTyIUpyIOT HAIIPaBICHHOCTh MMMYHHOTO OTBETa C IIOMOIIBIO
OPOOYKIIMU IIUTOKMHOB.

B kauecTBe MaTepuraia Mbl MCITIOJb30BaIM MOHOHYKJIEpHBIe KJIeTKU nepudepudeckoit Kposu (MHK ITK)
oT nauueHToB (n = 19) u ycioBHO-310pOBLIX JOoHOPOB (n = 10). Ipymnmna nauveHTOB Oblia pasaeicHa B 3a-
Bucumoctu ot tepanuu: 'MBIT 1 MTX, a Takke B 3aBUCUMOCTU OT ctanuu PA (paHHUII U OYeHb paHHUI
apTpuT, pa3BepHyThIit 1 mo3aHuit). MHK ITK 6b111 oKpaiiieHbl MOHOKJIOHATbHBIMU aHTUTEIAMU U OITpee-
Jgsuiich Kak Lin"CD127*, B o0111eii momnyiassuuu olleHuBau Koandectso CD294+1LC (ILC2), CD117-CD294-
ILC 6pu1u uaeHTUdULMpoBaHbl Kak ILC1, a CD117*CD294-1LC 6butu onipeneneHbl kak ILC3.

MEI TOJTY9IMITH CIIeAYIOIIHe pe3yabTaThl: KoamdecTBO ILC1 ObUIO JOCTOBEPHO CHIDKEHO Y ITAIIMEHTOB, ITT0-
nydaBimx MT 1o cpaBHeHUIO ¢ mauveHTamMu, Haxoasgimumucs Ha TUBIT u ycioBHO 310pOBBIMU JOHOPAMU.
Opnako nauueHTbl Ha MTX ¢ no3aHeit cragueit PA nmenn Huskue yposHu ILC2 u ILC3 no cpaBHEeHUIO ¢
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nauueHtamu Ha M BII. Jonsg ILC2 noctoBepHO Bo3pacTaja y mallMeHTOB Ha paHHUX cTtaausax PA 1o cpaB-
HEHUIO ¢ mauureHTaMu ¢ nmo3gHeit cragueii PA. OgHako ILC1 OblIM 3HAYMTENbHO CHUXKEHBI Y TAallMEHTOB,
nojyuyaBmiux MTX, a ILC3 3HauuTeIbHO YBEJIMUWIUCH Y MTAllMEHTOB, nojyyaBiiux MTX no cpaBHEHUIO C
T'BII.

Okcnpeccus PD1 Ha ILCI1 6buta moBbIlIeHAa IO CPaBHEHUIO ¢ MaleHTaMu, noaydaBmmmmu ['MBIT. On-
Hako ILC3 mauueHToB ¢ mo3nHUMU ctanusaMu Ha MTX nMmenu noBeIIeHHYIO Kcnpeccuio PD1 mo cpaBHe-
HUto ¢ naureHTamu, npuHuMaBuMu I MBI, ILC3 noHOpoB ObLT 3HAYUTEIBHO MOBBIIIEH IO CPABHEHUIO C
nanueHtamu Ha TUBII.

Karouesnie cnosa: aposcoennvie aumgoudHsie Kaemu, peemMamoudHbslii apmpum, KOHMPOAbHble MOYKU UMMYHHO20 Om@ema,
NpomMoHHAs YUMomempus, YUmoKuHbl

COMPARISON OF PHENOTYPIC PROPERTIES OF INNATE
LYMPHOID CELLS AT VARIOUS STAGES OF RHEUMATOID
ARTHRITIS

Boeva 0.S.2%, Kozlov V.A2 Sizikov A.E.2, Korolev MLA.S,
Chumasova 0.A.%, Omelchenko V.0.¢, Kurochkina Yu.D.¢,
Pashkina E. A2

@ Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation

b Novosibirsk National Research State University, Novosibirsk, Russian Federation

¢ Research Institute of Clinical and Experimental Lymphology, Federal Research Center Institute of Cytology and
Genetics, Siberian Branch, Russian Academy of Sciences, Novosibirsk, Russian Federation

Abstract. Autoimmune diseases currently take a leading place in terms of frequency of occurrence in the
population, among which 1 percent is occupied by rheumatoid arthritis (RA). Remission in this type of disease
is extremely rare and requires constant use of pharmacotherapy. Studying the pathogenesis of RA is necessary to
study to search for new drug targets. It is known that T helpers 1 (Th) and Th17 are involved in the development
of RA. However, some researchers suggest that ILCs play a role in the development of RA. ILCs are “innate
analogues” of Th, due to the fact that this subpopulation synthesizes the same cytokines. ILC1 is innate analogs
of Thl, ILC2-Th2, ILC3-Th17. ILCs are tissue-resident innate lymphoid cells that have functional diversity
and regulate the direction of the immune response through the production of cytokines.

We used peripheral blood mononuclear cells (PBMCs) from patients (n = 19) and conditionally healthy
donors (n = 10) as material. The group of patients was divided biologic disease-modifying anti-rheumatic drugs
(bDMARDs) and Metotrexate (MTX) and of stage of RA (early and very early arthritis, advanced and late).
PBMC:s were stained with monoclonal antibodies. ILCs were identified as Lin-CD127*, CD294*ILCs (ILC2)
were measured in the general population, CD117-CD294-1LCs were identified as ILC1, and CD1177CD294-
ILCs were identified as ILC3.

We obtained the following results: ILC1 was significantly reduced in patients treated with MTX comparison
with patients on bDMARDs and healthy donors. However, patients on MTX with advanced RA had low levels
of ILC2 and ILC3 compared to patients on bDMARDs. ILC?2 significantly increased in patients with early
stages of RA comparison with patients with advanced RA. However, ILC1 was significantly reduced in patients
treated with MTX, and ILC3 increased significantly in patients treated with MTX comparison with bDMARDs.
Expression of PD1 on ILC1 was increased compared to patients treated with bDMARDs. However, ILC3
patients with advanced stages on MTX had increased expression of PD1 comparison with patients taking
bDMARDs. The ILC3 of donors was significantly increased comparison with patients on bDMARDs.

Keywords: ILC, rheumatoid arthritis, immune checkpoint molecules, flow cytometry, cytokines

The study was carried out within the framework
of research project No. 122012000366-9 “Study of
the immunopathogenesis of phenotypes of socially
significant human diseases and polymorbidity as

Introduction

Today rheumatoid arthritis (RA) is one of the
most common diseases among autoimmune diseases
[8, 9]. RA is associated with progressive disability,

a basis for the development of new methods of
personalized diagnosis and treatment”.

systemic damage of organs and tissues, as well as with
economic costs for society [6]. Until today, research
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on rheumatoid arthritis is important and a significant
problem due to low efficiency of medicines and the
risk of developing unwanted effects. Therefore, it is
necessary to study in detail the pathogenesis of RA
and to search for new drug targets. Remission of RA is
achieved extremely rarely and requires permanent use
of pharmacotherapy [6]. It is interesting to research the
role of innate lymphoid cells (ILC) in the development
of autoimmune inflammation in RA, especially
the role of plasticity of these cells. ILCs are tissue-
resident innate lymphoid cells which have a functional
diversity similar to T cells. In addition, ILCs regulate
the direction of the immune response through the
production of cytokines. Accordingly, understanding
of these processes will allow the development of new
therapeutic strategies aimed at reducing inflammation
or enhancing antitumor immunity and based on the
possible reprogramming of T cell populations towards
one or another phenotype [1, 2].

ILCs are same as Thl because they respond to
intracellular pathogens, secrete IFNy, and they
depend on T-bet for their differentiation. ILC2s are
like Th2 cells which produce high levels of interleukin
(IL)-4, IL-5 and IL-13 in response to IL-33, IL-25
and thymic stromal lymphopoietin (TSLP). ILC-2s
express high levels of the transcription factors GATA3
and RORa. ILC-3s are innate analogues of Thl7
cells. It depends on RORyt [1, 2, 7, 11].

Materials and methods

The study included 10 volunteers and 19 patients
with RA divided into 3 groups according to the
disease stage and treatment: (1) late and advanced
stages 10 patients were treated with biologic disease-
modifying anti-rheumatic drugs (bDMARD:s); (2)
late and advanced stages 5 patients were treated with
methotrexate (MTX); (3) early and very early stages
4 patients were treated with MTX 9 ml of blood
was collected from donors and patients. Peripheral
blood mononuclear cells (PBMCs) were isolated
from heparinized venous blood in a ficoll-urografin
density gradient (1.077 g/ml). Isolated PBMCs were
stained with fluorochrome-conjugated monoclonal
antibodies: anti-Lineage (CD3/14/16/19/20/56)
and anti-FceR1 alpha-FITC, anti-CD294-APC/
Cy7, anti-CD127-PerCP/CyS5.5, anti-CD336-PE,
anti-CD117-APC.C3. ILCs were defined as Lin-
CD127*, CD294*ILCs were estimated as ILC2,
CDI117-CD294°ILCs were defined as ILCI, and
CDI117*CD294-ILCs were identified as ILC3. The
cell phenotype was analyzed on a FACS Canto II
flow cytometer (BD Biosciences, USA). Statistical
processing of the obtained data was carried out
using the GraphPad Prism 9.0.0 application package
with one way ANOVA. Differences were considered
significant at p < 0.05.

Results and discussion

We found that ILC 1 is significantly reduced
in patients treated with MTX in comparison with
volunteers (D) and patients on bDMARDs in all
stages of RA. However, we found that in patients with
advanced and late stages of RA treated with MTX
had significantly reduced ILC2 and ILC3 compared
to volunteers and patients in bDMARDs (Figure 1).
ILCs2 were significantly increased in patients in early
and very early stages of RA in comparison with patients
on late stage of RA on MTX and bDMARDs. However
ILCsl were significantly reduced in patients which
were treated with MTX, but ILCs3 were significantly
increased in patients on MTX comparison with
patients in bDMARDs (Figure 2).

ILC1 of patients who were treated with MTX
had significantly increased expression of PDI1 in
comparison with patients on bDMARDs. However
we noted relative to ILC3 that expression of PD 1 is
significantly increased in patients who were treated
with MXT (late stages of RA) in comparison with
patients with use bDMARDs. Also we found that ILC3
of donors are significantly increased in comparison
with patients were treated with bDMARDs, however
were compared to ILC1 and ILC2 donors and patients
on bDMARDs we found trend. In the proportion
of ILC2 cKit" we didn’t obtain significant results
(Figure 3).

It has been shown that various cells play a role in
the development of RA, such as DCs, T and B cellsand
other cells. ILC have been seems have been involved
in the pathogenesis of development RA too [2, 10, 11,
13].

This study demonstrates that numbers of ILCs
depend on stage of RA as well as therapy. Some
research reports that numbers of ILC1 and ILC3 is
increased in the peripheral blood, synovial fluid, and
lymph node of patients with RA, however numbers
of ILC2 were low [5]. Apparently, the balance of ILC
changes in patients with RA. In early stage of RA we
observed ILC1 was low, but ILC?2 is increased in the
peripheral blood. These results are consistent with
previous studies [12]. While the number of ILC2 in the
synovial fluid (SF) of patients was decreased in active
phase of RA, it was increased in remission [3, 12]. In
later stage of RA we observed that numbers of ILCI is
significant increased. ILC 2 has been suggested to play
a protective role synthesizing IL-4 and 1L-5 activated
Th2 to downregulate the inflammatory processes in
RA [12]. ILCs2 secrete IL-10 and TBF b to reduce
inflammation in gut by suppressing both ILC1 and
1ILC3[2, 11, 13].

As known, patients with RA have an overactive
immune response. These patients have a biased
immune response, T helpers (Th)1 and Th17 which are
significantly increased in comparison with Th2. ILCs
are “innate analogues Th”. ILCs locate on barrier
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Figure 1. Number of ILC Lin". D, healthy donors, bDMARDs (biologic disease-modifying anti-rheumatic drugs), MTX E
(patients who were treated MTX with early stage RA), MTX (patients who were treated MTX with advance stage RA)

Note. Data are presented as median + interquartile range with n = 10 (D), n = 12 (-DMARDs), n = 4 (MTX E.), n = 5 (MTX).*, significant

differences are p < 0.05 by employing one-way ANOVA.
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Figure 2. Number of ILC Lin"CD127*. D, healthy donors, bDMARDs (biologic disease-modifying anti-rheumatic drugs), MTX
E (patients who were treated MTX with early stage RA), MTX (patients who were treated MTX with advance stage RA)

Note. Data are presented as median + interquartile range with n = 8. *, significant differences are p < 0.05 by employing one-way ANOVA.

tissues and first respond on various stress signals by
synthesizing cytokines to affect to TH. So we conclude
that balance Th depends on ILCs and in that way
anti-rheumatic therapy can balance the population of
T helpers. [3]. Herman et al. [4] reported that MTX
significantly reduces Thl cells and modulates the
immune status towards Th2 dominance. We obtained
that balance of ILC depends on therapy as well.
Patients which were treated with MTX have higher
numbers of ILC2 and ILC3. However, Tamimoto et

al. [10] reported that bDMARDs (rituximab) directs
the immune response to Th 1. We obtained similar
results that bDMARDs significantly increase 1LCI.
Thus numbers of ILC depends on stage and therapy
of RA.

PDI1 is an important negative regulator of dif-
ferentiation that plays similar role on ILC as on other
cells. The numbers of ILCs 2 depends on expression of
PD 1 [11]. ILC synthesize high level of Th2 cytokines
such as IL-5, IL-13, IL-9 in the absence PDI or
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ILCPD1

[l ILC1PD1
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Figure 3. Expressions of PD-1 and PDL-1 immune checkpoint molecules on ILC. D, healthy donors, bDMARDs (biologic
disease-modifying anti-rheumatic drugs), MTX E (patients who were treated MTX with early stage RA), MTX (patients who
were treated MTX with advance stage RA)

PD-1-knockout (KO) mice, so that high lever PD1  Conclusion

can to inhibit of ILC [11]. We found that expression We found that the balance of ILC depends on
PD1 of ILC1 with patients on bDMAR Ds significantly therapy and stage of RA. However, further research
reduced which can explain high level of numbers of js needed to confirm the relationship between the
ILC. Thus PD1 plays an important role to maintain  balance of ILC and antirheumatic drugs to improve
the number of ILC. the effectiveness of treatment.
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CPABHUTEJ1bHbIW AHAJIU3 3KCIMPECCUMN
PACTBOPMMOW ®OPMbI PELIEMTOPA IL-7
Y NALMEHTOB C APTPOMNATUEMN

Koaeposa A.B.'% Anreanckas 0.A.}, Yymacosa O.A.l, Cuzuxos A.9.},
HInpunacknii MI.B., Iupnuackuii B.C.!, Bimuosa E.A."-3

'®@IbHY «Hayuno-uccaedosamenvckuli UHCMUmMym @yH0ameHmanvHoll u KAUHUMECKOU UMMYHOA02UUY,
2. Hosocubupck, Poccus

2@DIAOY BO «Hosocubupckuii HayuoHAAbHbLL UCCAe008AMEAbCKUL 20CY0apCMEeHHbLIl YHUSEPCUmMem»,

2. Hosocubupck, Poccus

S @I'BOY BO «Hogocubupckuii 2ocyoapcmeentblii mexHuveckuii yuugepcumem», 2. Hosocubupck, Poccus

Pe3iome. ApTponaTiu SIBJISIFOTCS OMHUMM M3 CAMbIX paclipOCTpaHEHHBIX 3a00JIeBaHU, B OCHOBE KOTOPBIX
JIEXKUT OSCTPYKLMS U peMOJeIMPOBaHUE XPsIleBOi U KOCTHOM TKaHM. [IpeniecTByioiiee 1ecCTpyKIIMHA BOC-
HajieHrue MOXET OBITh BRI3BAHO MEXaHMUIECKOM HATpy3KOM Ha CYCTaBhbl, ayTOMMMYHHBIMH peakusIMu. B mo-
cienHee Bpems [L-7 paccMaTpMBaOT KaK OOWH M3 KITFOYEBBIX IIMTOKWHOB, CIIOCOOCTBYIOIIMX MPOAYKIINKU
MaTPUKCHBIX METAJUIONPOTEMHA3, KaTaboMnIeCcKnXx (hepMEeHTOB, T-KIIETOYHOOIIOCPEIOBAHHONW aKTHUBAILIUMN
MOHOILIMTOB, CO3peBaHMI0 ocTeokJiacToB. PacTBopumasi (popma peuentopa K IL-7 MoxeT cnmocodcTBOBaTh
YBEJIUYEHUIO TIPOAOIKUTEAbHOCTU XU3HU IL-7 1 TeM cambIM obecriednuBaTh OMOIOCTYITHOCTb LIMTOKUHA U
onocpenoBathb 3¢ dekT I1L-7 Ha KireTkn. 1lenbo JTaHHOTO MCCIEeAOBAaHMS CTAJIO OIIPeaeICHIE pacCTBOPHUMOIL
dopmbl peuentopa K IL-7 (sIL-7R) B mia3Me KpoBU MallMEHTOB ¢ peBMaTouaHbIM apTputoM (RA), octe-
oaptputoM (OA), mcopuarnueckum aptputoM (PsA) m BynabrapHbeiM 1icopuaszoM (PS), a Takxke 310pOBBIX
nHauBUIyyMoB. [1ammeHTE ¢ RA, Bomeame B MCciieOBaHNe, UMEIN YMEPEHHYIO M BBICOKYIO aKTUBHOCTD
3a00aeBaHus coryiacHo uHaekcy DAS28. IMauueHThI ¢ PSA nmpenMyllieCTBEHHO UMEJIM YMEPEHHYIO U HU3KYIO
aKTUBHOCTH 3aboseBanms (DAS28) u xapakTepu30BaInCh JITKON U CpeTHell CTEIICHBIO TSKEeCTH 3a00J1eBa-
Hus (PASI). B coorBercTBUu ¢ nHaekcoM PASI B rccieqoBaHue ObUIW BKIIOYEHBI MallMeHThI ¢ PS ¢ terkum
M TSIKEIbIM TeueHUeM 3a0oJieBaHus. Y Bcex mauneHTOB ¢ OA ObLT MeTabOINYEeCKUN (DEHOTUTT, KOTOPHI CO-
MPOBOXAACTCS MOBBIIICHHBIM MHIEKCOM MAacCChI TeJIa.

sIL-7R onpenensiaiu B riadmMe KpOBU METOJOM MUMMYHO(MEPMEHTHOIO aHaJn3a. bblio oOHapykeHOo, UYTO y
MalMeHTOB C apTpoNaTreiil MOBLIIIEH YPOBEHb pacTBOpUMO (popMbl I1L-7 OTHOCUTENIHLHO 3M0POBBIX MHAW-
BUJIYYMOB, UCKJIIOUEHHE COCTaBWIa rpymnmna nauueHToB ¢ PsA. Takxe Bbicokasg KoHueHTpauus sIL-7R Ha-
omopanach y nauueHToB ¢ PS. IlpoBeas aHanu3 ¢ ydeTOM KIIMHUYECKHMX XapaKTePUCTUK TMALlMEHTOB, MbI
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YCTaHOBWIM, 4TO ypoBeHb SIL-7R moBblanicd y nmanuueHToB ¢ RA u PsA ¢ BbICOKOI aKTUBHOCTBHIO 3a00-
neBaHus o DAS28. Kpome Toro, ObLIN BBISIBJICHBI MOJOXUTEIbHBIE KOPPEJISIIMOHHbBIE CBSI3U MEXIY KOH-
neHTpanuei sSIL-7R 1 DAS28 ripu RA 1 PsA. Y nanmeHTOB ¢ PSA co cpeaHe-TsKesoi CTeIeHbIO TSKeCTH
(PASI) xonuenTpanus sIL-7R Ttakke ObuUIa TTOBBIIIIEHA OTHOCUTEIBHO JTOHOPCKMX 3HaYeHuii. HampoTus,
y nanreHToB ¢ PS Bbricokmii ypoBeHb sIL-7R dbukcrupoBaicsd BHE 3aBUCUMOCTU OT CTENIEHM TSKECTU 3a00-
JeBaHus. Y manueHToB ¢ OA He ObLIO BBISIBJICHO B3aMOCBS3eit Mexny ypoBHeM sIL-7R u kinmHuYeckuMu
napaMeTpamMu.

TakuM o6pa3oM, NOBBIILIEHHBIN ypoBeHb sIL-7R y maniMueHToB ¢ apTpornaTrueil MOXXeT TOBOPUTH O BOBJIE-
yeHHocTU IL-7 1 ero penenTopHoOii CUCTeMbI B MaTOTeHe3 CyCTaBHBIX 3a0oneBaHuii. Peuentop IL-7 Moxer
CTaTh MEPCIEKTUBHON MUIIICHBIO KaK B Tepannu 3a00JeBaHUI CyCTaBOB, TaK M APYTUX ayTOUMMMYHHBIX 3a-
OoJneBaHUI, BKJIIOUYAs ICOPUA3.

Karoueswie crosa: pacmeopumbiit peyenmop [L-7, ummynopepmermubiit ananus, nCOpUamMu4ecKuil apmpum, ncopuas,
DpeemMamouoHblii apmpum, 0Cmeoapmpum

COMPARATIVE ANALYSIS OF THE EXPRESSION OF THE
SOLUBLE IL-7 RECEPTOR IN PATIENTS WITH ARTHROPATHY

Kolerova A.V.*?, Angelskaya 0.A.%, Chumasova 0.A2 Sizikov A.E2,
Shirinskiy I.V.2 Shirinskiy V.S.?, Blinova E.A.*¢

¢ Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation
b Novosibirsk National Research State University, Novosibirsk, Russia, Russian Federation
¢ Novosibirsk State Technical University, Novosibirsk, Russian Federation

Abstract. Arthropathy is one of the most prevalent diseases, which are based on the destruction and remode-
ling of cartilage and bone tissue. The inflammation that precedes destruction can be caused by mechanical
stress on the joints, or by autoimmune reactions. Recently, IL-7 is considered as one of the key cytokines
that promote the production of matrix metalloproteinases, catabolic enzymes, T cell-mediated activation of
monocytes, and maturation of osteoclasts. The soluble form of the IL-7 receptor can help prolong the lifespan
of IL-7 and thereby it ensures the bioavailability of the cytokine and mediates effect of IL-7 on cells. The aim
of this study was to determine the soluble form of the IL-7 receptor (sIL-7R) in the blood plasma of patients
with rheumatoid arthritis (RA), osteoarthritis (OA), psoriatic arthritis (PsA) and psoriasis vulgaris (PS), as well
as healthy individuals. The RA patients included in the study had moderate to high disease activity according
to the DAS28 index. Patients with PsA predominantly had moderate and low disease activity (DAS28) and were
characterized by mild to moderate disease severity (PASI). In accordance with the PASI index, patients with
PS with mild and severe severity of the disease were included in the study. All patients with OA had a metabolic
phenotype that is accompanied by an elevated body mass index.

sIL-7R was determined in blood plasma by enzyme-linked immunosorbent assay. It was found that in
patients with arthropathy, the level of soluble form of IL-7 was increased relative to healthy individuals, with
the exception of the group of patients with PsA. Also, a high concentration of sIL-7R was observed in patients
with PS. Analyzing the clinical characteristics of the patients, we found that sIL-7R levels were elevated in RA
and PsA patients with high disease activity by DAS28. In addition, positive correlations were found between
the concentration of sIL-7R and DAS28 in RA and PsA. In patients with PsA with moderate severity of the
disease (PASI), the concentration of sIL-7R was also increased relative to donor’s values. On the contrary, in
patients with PS, a high level of sIL-7R was noted regardless of the severity of the disease. In patients with OA,
no relationship was found between sIL-7R levels and clinical parameters.

Thus, an elevated level of sSIL-7R in patients with arthropathy may indicate the involvement of IL-7 and its
receptor system in the pathogenesis of joint diseases. The IL-7 receptor may become a promising target both in
the treatment of joint diseases and other autoimmune diseases, including psoriasis.

Keywords: soluble IL-7 receptor, enzyme-linked immunosorbent assay, psoriatic arthritis, psoriasis, rheumatoid arthritis,
osteoarthritis
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Introduction

Arthropathy is one of the most prevalent diseases,
and it often irrevocably changes the quality of patient
life [7]. It is believed that osteoarthritis (OA) is based
on inflammation caused by inappropriate mechanical
stress on the joints, rheumatoid arthritis (RA) is based
on autoimmune inflammation, while in psoriatic
arthritis (PsA) there is no relatively well-formed
pathogenetic concept. In addition, the common
feature of the three diseases is the destruction and
remodeling of bone tissue and cartilage.

IL-7 is an important cytokine for the generation,
development, maintenance and function of human
T Ilymphocytes [11]. In addition to its role as a T cell
homeostatic factor, it also promotes the production
of IFN and IL-17, which adversely affects the course
of Th1- and Th17-mediated diseases, including joint
diseases.

Itisknown that IL-7 is produced not only by immu-
ne cells, but also by keratinocytes and chondrocytes. At
the same time, cytokine production by chondrocytes
is enhanced in response to stimulation by fibronectin
filaments, IL-1 and IL-6. Through its receptor
(IL-7R), IL-7 induces the production of matrix
metalloproteinase-13 associated with the release of
proteoglycans from cartilage. It can be assumed that
IL-7 is indirectly involved in the destruction of joint
tissue through autoimmune mechanisms [7]. 1L-7
induces T cell-mediated activation of monocytes, and
also increases the production of TNFa, which is an
inhibitor of cartilage matrix synthesis and an inducer
of cartilage degradation through an increase in the
activity of fibroblasts that produce catabolic factors.
IL-7 promotes the maturation of osteoclasts from
monocytes through the induction of TNFa and an
increase in RANKL expression [12], which may have
an aggravating effect on the condition of the joints
in OA, RA, and PsA. IL-7 expression is increased
in OA [6]. In this disease, IL-7 has been found to
mediate destruction of joint tissue through osteoclast
activation as well as through its action on IL-7R*
chondrocytes. Blockade of IL-7R led to a decrease in
the intensity of cartilage tissue destruction in vitro and
in vivo [8].

Soluble forms of receptors can be formed from the
extracellular portion of a membrane-bound protein or
asaresult ofalternative splicing. They are able to trigger
the development of various immunological reactions
through binding to the appropriate ligands, however,
the effect may differ from the result of activation
of the signaling pathway of a similar membrane-
bound receptor [1]. The reason for this difference is
the activation of different signaling pathways upon

binding of cytokines to soluble and membrane forms
of receptors [13].

The soluble form of the IL-7 receptor (sIL-7R)
increases the bioavailability of IL-7 and enhances pro-
liferative activity caused by activation of the membrane
receptorsignaling pathway [4]. An association of serum
sIL-7R levels with the development of autoimmune
diseases, such as systemic lupus erythematosus,
rheumatoid arthritis, and Schegen’s syndrome, has
been established [2, 5]. At the same time, in RA,
a high level of sIL-7R is associated with a lack of
response to non-steroidal anti-inflammatory drug
therapy and systemic glucocorticosteroids, and with
a poor prognosis for the patient. In addition, in RA,
fibroblasts produced sIL-7R in response to TNFa,
IL-1B, and IL-17. All of this indicates the need to
study the role of sIL-7R in the development of joint
diseases [9]. The aim of this study was to determine
the soluble form of the IL-7 receptor (IL-7R) in the
blood plasma of patients with rheumatoid arthritis
(RA), osteoarthritis (OA), psoriatic arthritis (PsA) and
psoriasis vulgaris (PS), as well as healthy individuals.

Materials and methods

Object of investigation

The study included patients with rheumatoid
arthritis (RA, n = 14), osteoarthritis (OA, n = 16),
psoriatic arthritis (PsA, n = 26), psoriasis vulgaris
(PS, n = 12) and healthy individuals (n = 16). The
recruitment of patients with rheumatoid arthritis and
osteoarthritis was carried out on the Department
of Rheumatology, Clinic of Immunopathology
of RIFCI (Novosibirsk) with the participation
of rheumatologists. The recruitment of patients
with psoriatic arthritis was carried out on the State
Budgetary Health Institution of the Novosibirsk
Region “City Hospital No. 3” (Novosibirsk) with the
participation of rheumatologists and dermatologists.
The recruitment of patients with psoriasis was carried
out on the Clinic “Allergo-city” (Novosibirsk) with
the participation of dermatologist. Written informed
consent was obtained from all participants included
in the study prior to collection of peripheral blood
samples. Peripheral blood samples were collected in
the 6 mL vacuum tubes, containing K,EDTA.

Characteristics of persons included in the study, are
presented in Table 1. Thirteen patients with OA had an
obesity: body mass index was more than 30; 3 patients
had body mass index more than 25 and less than 30.
Patents with RA characterized by moderate and high
activity of the disease, Rg-stage II-1V. Patients with
PsA had predominantly moderate and low activity
of the disease (DAS28), mild and moderate severity
(PASI). The group of psoriasis was presented by
patients with mild and severe severity of the disease,
according to PASI.
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TABLE 1. CHARACTERISTICS OF PERSONS INCLUDED IN THE STUDY

Healthy control Psoriasis Psoriatic Rhaerltj:: iat'itg'd Osteoarthritis
(n=16) (n=12) arthritis (n = 26) (n = 14) (n=16)

Age, years 41.304£3.26 38.00+3.62 55.10+2.66 45.904£3.95 65.34+2.1
Gender: m/f (%) 6/10 (37.5/62.5) 6/6 (50/50) 11/15 (42.3/57.7) 0/14 (0/100) 0/16 (0/100)
PASI 23.3015.78 8.70+0.89
Severity:
- mild _ — 5 patients — 19 patients _ _
— moderate — 0 patients — 7 patients

o severe
— severe — 7 patients — 0 patients
DAS28 3.7510.21 5.00+£0.35
Activity of
the disease: _ _ _
- low — 7 patients — 0 patients
— moderate — 14 patients — 7 patients
- high — 3 patients — 7 patients
VAS (mm) _ _ B _ 65.40+4.87
BMI (kg/m?) 32.70+0.97
Rg-stage:
-1 — 6 patients — 6 patients
—1n — 6 patients — 10 patients
-V — 2 patients — 0 patients

Note. VAS, Visual Analogue Scale of pain; BMI, body mass index. The data are presented as Mean=Standard error.

Evaluation of soluble IL-7 receptor

Vacuum tubes with blood were performed
centrifugation on 3000 rpm during 20 minutes to
obtain plasma. Samples of plasma were collected
and frozen. Prior to enzyme-linked immunosorbent
assay, samples were rethawed and diluted in 5 times by
0,01M PBS (pH 7.0).

We used the ELISA kit for IL-7 receptor (Cloud-
Clone Corp., USA), that is a sandwich enzyme
immunoassay, to quantitatively measure human IL-7
receptor in the plasma samples, acting accordingly
to the instruction. Measurement of absorbance of
the enzyme-substrate reaction was performed at a
wavelength of 450 nm with reference at a wavelength
of 620 nm by a spectrophotometer Infinite F50
(Tecan, Austria). The concentration of IL-7 receptor
in the samples was determined by counting the optical
density of the samples to the standard curve (0.156-
10 ng/mL) and multiplying the dilution factor.

Statistical analysis

Statistical data processing was carried out using
the software “Statistica 6.0” (StatSoft, USA) and
“GraphPadPrism 9.0” (GraphPad, USA), using
nonparametric statistics methods (Mann—Whitney
U test). For correlation analysis, the Spearman
correlation coefficient was used. Differences were
considered statistically significant at p < 0.05.

Results and discussion

We found that the concentration of the soluble IL-7
receptor was increased in patients with arthropathy
compared to healthy individuals, excluding patients
with PsA (Table 2, pl). Nevertheless, content of
the soluble 1L-7 receptor in plasma of patients with
PS was significantly higher than that in healthy
individuals and patients with PsA. Patients with RA
had a large concentration of the soluble IL-7 receptor;
it significantly differed from values of patients with
PsA. We suggested that observed differences may be
linked to the severity and the activity of the diseases.

In the next step, we analyzed the soluble 1L-7
receptor concentration in patients with PS, PsA and
RA depending on the PASI and DAS28. It turned out
that IL-7 receptor level was elevated in patients with
PsA, having moderate to severe severity (Figure 1A)
and high activity of the disease (Figure 1C) relatively
donor’s values.

Similar results were found for patients with RA:
significant increasing of the soluble IL-7 receptor
concentration was observed in patients with high
activity of the disease (Figure 1D). On the contrary,
the concentration of the soluble IL-7 receptor was
increased in patients with PS regardless of the severity
of the disease (Figure 1B). Moreover, IL-7 receptor
level was strongly correlated with DAS28 values in
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Figure 1. Concentration of the soluble IL-7 receptor depending on the severity and activity of the disease

Note. (A) Concentration of the soluble IL-7 receptor depending on PASI in psoriatic arthritis. (B) Concentration of the soluble IL-7 receptor
depending on PASI in psoriasis. (C) Concentration of the soluble IL-7 receptor depending on DAS28 in psoriatic arthritis. (D) Concentration of the
soluble IL-7 receptor depending on DAS28 in rheumatoid arthritis. *, significant differences, p < 0.05 (Mann-Whitney U test).

group of patients with RA (R = 0.84, p < 0.05). In
patients with PsA, it was observed direct relationship
between content of IL-7 receptor in plasma and
PASI (R = 0.48, p < 0.05). No relationship has been
found between clinical parameters (BMI, VAS pain)
and concentration of IL-7 receptor in the plasma of
patients with osteoarthritis.

It is known that sIL-7R enhances the activity of
IL-7 and increases IL-7-induced proliferation of
T lymphocytes and their survival [4, 7]. Our data also
indirectly indicate this: in patients with severe and
moderate PsA and RA, a significantly higher content
of sIL-7R was observed compared with a mild form
of the disease, and a correlation was found with the

TABLE 2. CONCENTRATION OF THE SOLUBLE IL-7 RECEPTOR IN THE PLASMA OF HEALTHY INDIVIDUALS AND PATIENTS

WITH ARTHROPATHY, Me (Q; ,5Q;75)

Groups sIL-7R, ng/mL P4 P2 P
0.76

Healthy control (0.61-0.96) - 0.13 0.0006

Psoriasis 1.89 0.0001 0.022 0.52
(1.45-2.41) : : :

Psoriatic arthritis 1.16 0.13 - 0.015
(0.58-1.94) : :

Rheumatoid arthritis 2.68 0.0006 0.015 -
(1.11-12.64) : :

Osteoarthritis 1.33 0.001 0.103 0.236
(1.09-2.61) : : :

Note. sIL-7R, soluble IL-7 receptor; p,, p values of the difference from group of healthy control; p,, p values of the difference from
group of patients with psoriatic arthritis; ps;, p values of the difference from group of patients with rheumatoid arthritis.
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level of sIL-7R and PASI in PsA and with DAS28 in
rheumatoid arthritis. Similar data on the relationship
between the severity of the course of the disease and
the level of sIL-7R in the blood serum were found in
systemic lupus erythematosus [3]. Moreover, in this
disease, an inverse relationship was also found between
the content of the soluble form of the receptor and the
level of the complement component Clq.

These data allowed us to consider the content of
sIL-7R as a prognostic factor in the course of the
disease, which can be done based on our data on
PsA and RA. However, for this, in our opinion, it is
additionally necessary to evaluate the relationship
between the sIL-7R content and laboratory para-
meters, such as C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), and also to evaluate the
response to conventional therapy in patients with high
and low levels of the receptor in peripheral blood.

Patients with classic psoriasis vulgaris without
joint involvement were characterized by significantly
higher levels of sIL-7R compared to controls, while no
association with disease severity was found. At the same
time, the concentration of sIL-7R in psoriasis vulgaris
is higher than in patients with the arthropathic form
of the disease. It can be assumed that keratinocytes,
even in limited forms of the disease, are characterized
by a more pronounced ability to produce sIL-7R
compared to chondrocytes in the arthropathic form
of the disease.

In RA, the highest concentration of sIL-7R
in the peripheral blood was observed compared
with PsA and OA. It is known that sIL-7R a-chain
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APPEKTUBHOCTb U BESOMNACHOCTb KYPKYMUHA
Y NAUMEHTOB C METABOJIUMECKUM PEHOTUINOM

OCTEOAPTPUTA: NMUIOTHOE UCCNNIEAOBAHUE
IMupusckmic VI.B., Ilupnucknii B.C.!, ®uaarosa K.10.

' @I'bHY«Hayuno-uccredosamensbckuil UHCMUmMym (yHOAMeHMAAbHOU U KAUHUYECKOL UMMYHOA0LUU
2. Hosocubupck, Poccus
2 Hosocubupckuii obaacmuoil kaunuueckui duaenocmuveckuii yenmp, 2. Hosocubupck, Poccus

Pesome. Llennio nccaemoBanus OblIa olleHKa 3(M(MEKTUBHOCTH M 0€30MaCHOCTU KypKyMUHA IIPU OCTEO-
apTpUTe, aCCOLIMMPOBAHHOM ¢ MeTaboanyeckum cuHapoMoM (MeTC-0OA). Tlepen BKIIIOYEHUEM B UCCIIEI0-
BaHWE BCE MALIMEHTHI Toanucaiu (popmy 100poBOIbHOTO HHMOPMUPOBaHHOTO cornacus. Jluarno3 OA cra-
BUJICSI B COOTBETCTBUM ¢ KpuTepussMu AMepukaHckoii Komnernn PeBmatonoros, MeTC — B COOTBETCTBUM C
Kputepusimu Poccuiickoro oodiiecTBa KapaAroJa0roB.

Jwv3aiiH ucciaenoBaHus: 10, rocjie. OCHOBHBIMM KpUTEPUSIMU BKIOUeHUs ObUiM Hanmuuue OA u MetC,
YPOBEHbB OLICHKHM OOIIIETO COCTOSIHUS 3M0POBhs U 601U 6071ee 50 MM ¢ ncrionb3oBaHueM 100 MM BU3yalbHOM
aHayioroBoil 1mkajgsl (BAIIl). OCHOBHBIMU KOHEUHBIMU ToukKaMu ObL1 BAII ob1iiero 310poBbs. Jdpyrumu
ucxogamu owuiu BAII 6onu, pazauyHble MOAKATeropuu IKaabl moBpexaeHuss 1 OA KOJIEHHOro CcycTaBa,
Knee injury and Osteoarthritis Outcome Score (KOOS): nmogkareropust 6o (KOOS 6071b), TToAKaTeropust
npyrue cumnToMbl (KOOS cuMnitomsl), moakaTeropus nosceaHeBHbIX akTuBHOoCcTel (KOOS ITA), noakare-
ropusi aKTUBHOCTEN pu criopte otabixe sport and recreation (KOOS criopT u oTabIX) ¥ MOAKATEropus Kaye-
ctBa xu3HU (KOOS K2K). BeipaxkeHHOCTB IeTIpecCcru OlieHMBAJIAaCh ¢ TToMoIbio onpocHuka PHQ-9. Ore-
HUBaJIaCh OJISI MAllMEHTOB, JOCTUTIIMX MUHUMAJbHOTO KJIMHUYECKU 3HAUYMMOTO pa3jIMuusl B UBMEHEHUU
6omu (MK3P). Toukoii paznenenus st MK3P mist 6onu 6sut0 (a) 15 u3 100 a1 aGCOIOTHOTO YIIyYIIEHUS
1 20% IJ1s1 OTHOCUTEIBHOTIO YJIyYILIeHUSI.

IMauuenTs npuHUMau 3kcTpakT C. longa B no3e 1000 Mr/neHsb B TeueHue 4 Heneab. OlLieHKa mapaMeTpoB
MPOBOAMJIACH O JICUCHUS U Yepe3 4 HeAe U Tepartin.

B nccneposanue o6butn BKItouyeHHI 18 xxeHmmH ¢ MeTC-OA. K KOHIIy Teparnu BhISIBIISIOCH JOCTOBEPHOE
ymeHblueHue BAIL o61iero 310poBbs B cpeaHeM Ha 33,9 mm (p = 0,001), BAII 60a1m Ha 25 mMm (p = 0,001).
Hab6monanacek TeHaeHuus K yayuiieHuto nokasatenasds PHQ-9 Ha 2,9 (p = 0,05). Cpennee ymenbiieHue KOOS
6omu 6610 11 (p = 0,001). KOOS cumnromom — 9 (p = 0,025), KOOS ITA — 12,4 (p 0,001), KOOS criopt
u otabix — 10,3 (p = 0,044), KOOS KK — 14,4 (p = 0,009). MK3P 6011 1 00111er0o 310pOBbs BBISIBJIEHO Y 9
(56%) naumeHToB. HexxenaTe TbHBIX COOBITHIT He GBLITO.

PesynbraThl 3TOr0 MCCaeqOBaHMs YKa3bIBalOT HA O0e30macHOCTh U 3ddeKTuBHOCTHL 3KcTpakTa C. Longa
npu MetC-OA. /1151 ToATBEPXKAEHUS 3TUX JaHHBIX HEOOXOAUMBI KPYTTHbIE KOHTPOJUPYEeMbIe UCCIeI0BAHMS.

Karouesvle croea: kypkymuH, peemamonoeus, MUHUMAAbHOE KAUHUYMECKU 3HAYUMOE pasiuyue, MemadoiudecKuii CuHopom,
denpeccus, ocmeoapmpum, KOMOpOUOHOCMb
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Abstract. The aim of this study was to assess efficacy and safety of curcumin in metabolic syndrome-
associated osteoarthritis (MetS-OA). All patients provided written informed consent. Knee OA was diagnosed
according to American College of Rheumatology criteria; MetS was diagnosed according to Russian Scientific
Society of Cardiology Guidelines. The study had before-and-after design. The main inclusion criteria were
presence of knee OA and MetS, levels of global health assessment and pain assessment more than 50 mm using
0-100 visual analogue scale (VAS). The main outcome was VAS global. The other outcomes were VAS pain,
Knee injury and Osteoarthritis Outcome Score (KOOS) consisting of five subscales: pain (KOOS pain), other
symptoms (KOOS symptoms), activities in daily living (KOOS ADL), function in sport and recreation (KOOS
Sport/Rec) and knee related Quality of life (KOOS QoL). The level of depression was measured using PHQ-
9. For pain, proportion of patients achieving minimal clinically important improvement (MCII) was assessed
using the cut-offs of (a) 15 of 100 for absolute improvement and 20% for relative improvement.

The treatment consisted of C. longa extract 1000 mg/day for 4 weeks. The assessments were performed on
baseline and 4 weeks thereafter. Eighteen women with MetS-OA of the knee were included in the study.

At the end of treatment, there were significant improvements in the VAS global scale by an average 33.9
mm (p = 0.001), VAS pain by 25 mm (p = 0.001). There was a trend towards improvement in PHQ-9 by
2.9 (p = 0.05). The mean improvement in KOOS pain was 11 (p = 0.001). KOOS symptoms improved by 9
(p=10.025), KOOS ADL — by 12.4 (p =0.001), KOOS Sport/Rec by 10.3 (p = 0.044), and KOOS QOL by 14.4
(p = 0.009). The proportion of patients achieving clinically significant improvement (MCII) were nine (56%)
for both global health and pain. There were no adverse events during the study. The findings of this study suggest
clinical efficacy and safety of C. Longa in MetS-associated knee OA. There is a need for large controlled studies
to confirm these results.

Keywords: curcumin, rheumatology, minimal clinically important difference, metabolic syndrome, depression, osteoarthritis,
comorbidity

Introduction

The World Health Organization (WHO)
declares prevention and treatment of chronic non-
communicable diseases (NCDs) as a priority of the
third decade of the 21% century. Common NCDs
are heterogeneous in terms of their pathogenesis
and clinical manifestations. This heterogeneity is

A promising way to treat comorbidity is to use
pleiotropic phytotherapeutic agents aimed at various
pathogenetic pathways [3]. One of the popular
phytomedicines, Curcuma longa (CL) and its active
components (curcuminoids) has been shown to exert
anti-inflammatory, immunomodulatory, and lipid
lowering effects [1]. There have been many studies
assessed the effects of CL in OA. In a meta-analysis

manifested as different endotypes (distinct patho-
biological mechanisms of a disease) and phenotypes
(observable characteristics or traits of a disease) of
NCD [4, 8]. It now becomes evident that further
improvements in the prevention, diagnostics, and
treatment of NCDs are possible only in case of better
understanding of the differences in various endotypes
and phenotypes of asthma, rheumatoid arthritis,
osteoarthritis and other NCDs.

Metabolic syndrome (MetS) — associated OA, also
called metabolic OA, occurs as a result of metabolic
disturbances caused by obesity, diabetes mellitus,
insulin resistance, dyslipidemia, hyperuricemia, and
arterial hypertension [8]. The prevalence of MetS
ranges from 10 to 34% in people older than 18 years.
In Russia, the estimated prevalence of MetS varies
from 20% to 35% |5, 8].

treatment with CL was associated with clinically
significant improvements of pain in knee O [6]. It
should be noted that the studies on CL included
patients with OA irrespective of their comorbidities or
phenotype of OA.

There is a lack of studies evaluating effects of CL
in a selected group of patients with particular pheno-
type of OA. Therefore, we undertook this exploratory
study to assess efficacy and safety of CL in patients
with MetS-associated OA.

Materials and methods

The study protocol, patient information sheet,
and case report form were approved by the Local
Ethics Committee attached to the Scientific Research
Institute of Fundamental and Clinical immunology.
The main inclusion criteria were as follows:
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—  The diagnosis of knee OA made in accordance
with ACR 1986 criteria [2].

—  MetS diagnosed according to criteria of
Russian Society of Cardiology:

Presence ofabdominal obesity [waist circumference
(WC) > 80 cm in women and > 94 cm in men] and two
of the following criteria:

1) Arterial hypertension (arterial blood pressure
> 140/90 mm hg);

2) Triglycerides (TG) > 1.7 mmol/L;

3) High density lipoprotein (HDL) cholesterol
< 1.0 mmol/L in men and < 1.2 mmol/L in women;

4) Low density lipoprotein (LDL) cholesterol
> 3.0 mmol/L;

5) Fasting hyperglycemia (blood glucose > 6.1
mmol/L) or impaired glucose tolerance (plasma
glucose > 7.8 but < 11.1 mmol/L 2 hours after meal).

— Pain level more than 50 mm on Visual
Analogue Scale (VAS).

— Not taking non-steroidal anti-inflammatory
drugs due to poor tolerability or lack of effect.

All patients underwent knee x-ray and assessment
according to Kellgren-Lawrence classification.
The study design was before-and-after study. Each
participant was given oral curcumin 1000 mg daily in
two doses for four weeks. The patients were not allowed
to take non-steroidal anti-inflammatory drugs during
the study. Paracetamol up to 3 g/day could be used as
a rescue therapy.

The assessments and blood sampling were made
on baseline visit (W0) and 4 weeks thereafter (W4).
The primary end point was global assessment of health
by the patient using 100 mm VAS. The secondary
endpoints were:

— Knee injury and Osteoarthritis Outcome
Score (KOOS) consisting of five subscales: pain (nine
items), other symptoms (seven items), activities in
daily living (ADL) (17 items), function in sport and
recreation (Sport/Rec) (five items) and knee related
Quality of life (QoL) (4 items). Likert scale was used
so all items had five possible answer options scored

from 0 (No Problems) to 4 (Extreme Problems).
Each of the five scores was calculated as the sum of
the items included. The scores were transformed to
a 0-100 scale, with zero representing extreme knee
problems and 100 representing no knee problems [7].

—  Patient Health Questionnaire (PHQ-9) for
the assessment of depression presence and severity.
The PHQ-9 has nine Likert (0 to 3) questions. After
the completion all items are summed thus giving
range from 0 to 27, with 0 — indicating no depression,
27 — maximal depression. In accordance with PHQ-
9, depressive symptomatology is classified as no
depression (0-4), mild depression (5-9), moderate
depression (10-14).

—  Pain on 100 mm VAS.

We assessed the proportion of patients achieving
minimal clinically important improvement (MCII)
in global scale assessment and in VAS pain. The cut-
offs for MCII changes were (a) 15 of 100 for absolute
improvement and 20% for relative improvement [9].
The descriptive statistics is presented with mean and
standard deviation/median and interquartile range for
continuous variables, absolute number (percentage)
for dichotomous variables. The differences between
means before and after the treatment were assessed
using paired t-test.

Results and discussion

Eighteen women with knee OA and concomitant
MetS were included in the study. The baseline
demographic and clinical characteristics of the
included patients are presented in Table 1. All
patients had obesity and have had diagnoses of knee
OA or hypertension for 8-10 years. All patients had
radiographic knee OA, grades II-III according to
Kellgren-Lawerence classification. The majority
(88%) of patients had symptoms of mild to moderate
depression.

Table 2 shows changes in VAS global, VAS pain,
and PHQ-9 before and after the treatment. There

TABLE 1. BASELINE CHARACTERISTICS OF PATIENTS WITH KNEE OA AND MetS

Patients with knee OA and MetS, n =18

Age (years)

65 (61-71)

Body mass (kg)

90 (85-100)

Waist circumference (cm)

107.5 (103.5-116.0)

Body mass index (kg/m?)

34 (31.5-36.8)

Time since the diagnosis of OA (years) 8 (5-11)
Time since the diagnosis of hypertension (years) 10 (4-14)
TABLE 2. VAS GLOBAL, VAS PAIN AND PHQ-9 BEFORE AND AFTER THE TREATMENT
Before treatment (W0) After treatment (W4) p
VAS global, mm 57.6 (15.8) 23.7 (20.5) 0.001
VAS pain, mm 65.3 (19.4) 40.3 (22.9) 0.001
PHQ-9 9.4 (4.9) 6.5 (4.1) 0.05

Note. The values represent mean (SD).
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TABLE 3. KOOS SUBSCALES BEFORE AND AFTER THE TREATMENT WITH CURCUMIN

Before treatment (W0) | After treatment (W4) p
KOOS symptoms 49 (13.5) 58 (14.9) 0.025
KOOS pain 49.2 (12.1) 60.9 (11.5) 0.001
KOOS function in daily living 47.6 (10.2) 60 (13.9) 0.001
KOOS function in sport and recreation 24.3 (13.5) 34.6 (13.6) 0.044
KOOS knee related Quality of life 22.5(13.6) 36.9 (19.1) 0.009

were statistically significant improvements in VAS
global (-33.9 mm) and VAS pain (-25 mm) at the end
of treatment. The proportion of patients achieving
clinically significant improvement (MCII) were nine
(56%) for both global health and pain. There was a
trend towards improvement of depressive symptoms.

The mean values of KOOS subscales before and
after treatment are shown in Table 3. There were
significant improvements in all subcategories: KOOS
symptoms, KOOS pain, KOOS function in daily
living, KOOS function in sport and recreation, and
KOOS knee related Quality of life.
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PEHOTUMUYECKAA XAPAKTEPUCTUKA
WHTPASMUTEJIMAJIbHBIX TUMDOLIUTOB TOJICTOM

KULLKW Y NAUMEHTOB C BOJIE3HbIO KPOHA

Huskeropoposa JI.B.1% Illyaeiiko A.4.!, CrapocTua A.M..,
Bancaas ML, Usanuuk I.J1.!, Beanmuko A.B.'% 3adpanckas M.M."2

! beaopycckas meduyuHcKas axademus nocaeouniomioeo oopazosanus, . Mumnck, Pecnybauka beaapyco
2 Mexcoynapoonwlit eocydapcmeenblil sxoaoeuueckuil uncmumym umenu A.Jl. Caxaposa benopycckoeo
eocyoapcmeeHHo20 yHugepcumema, 2. Munck, Pecnybauka beaapyce

Pesome. Mutpastmrenunanpabie TuMdonutsl (IEL) urpaioT BaxkHYIO poyib B OAASPKaHUN UMMYHHOTO
roMeocrasa u odbecrneuyrBaloT NEPBYIO JIUHUIO 3aLUTHI CIM3MUCTHIX 000104YeK XKeJTyT0UYHO-KUIIIEYHOIO TpaKTa
OT aHTUTEHOB, a TaKKe OBICTPO pearnupyloT Ha moBpexxaeHue anuteaus. B mocinennee Bpems IEL paccmaTpu-
BalOTCS B KaUeCTBE KITIOUYEBBIX MEINATOPOB a0eppaHTHOTO MMMYHHOTO OTBETa, XapaKTepPU3YIOIIETroCs CTOM -
KOIf UMMYHHOM aKTUBAIIUE, BOCITAJIECHEM 1 HapylIeHneM 0apbepHOM (DYHKIINY CIIM3UCTHIX 000JI0UYEK, YTO
HaOmogaeTcs npu 6osie3Hu KpoHa. B jaHHOM ucciienoBaHUU BIiepBble MPUBOAUTCS CpaBHUTEIbHAS XapaK-
TepUCTHKa cyononyasiuoHHoro coctaBa IEL ToncToli KMIIKKY y TAalIMEHTOB ¢ 60Jie3Hbi0 KpoHa 1 310pOBbIX
JIOHOPOB IJIST TIOCJICAYIONIETO OIIpeIeACHUS NX ITOTCHIIMAILHOM pOJIM B IATOTeHe3¢e 3a00JIeBaHMSI.

MarepuanoM McCIeIOBaHUS SIBIJIACH TKAHB TOJICTOM KUIIKHU U TIepudeprdecKast KpoBb 10 maiimeHToB ¢
60se3Hb10 KpoHa 1 6 31opoBbix 1oHOpoB. IEL BhIIeNsIM 13 TKAHU METOJIOM KJIETOYHOM JMUCCOLIMALIMN; LI~
Kynupyroiye JTUM@OINUTE ITOJTyJaan U3 TTepudeprmIecKoil BEHO3HO KPOBH ITyTeM HeHTpU(MYTUPOBaHUS Ha
rpagreHTe TUIOTHOCTH. PeHOTUIT TMMMOUITHBIX KJIETOK OLICHUBAJIM C UCITOJIb30BaHUEM MOHOKJIOHAJBHBIX
aHTHUTEJI 1 METOJa IPOTOYHOM IIMTOMETPHU.

boabmmncTBo IEL TONCTOM KMk naeHTUduipoBagochk Kak CD3*T-n1uM@oLuThI, OAHAKO CTATUCTU-
YeCKM 3HAYMMBIC pa3IMIMs B UX KOJIMUIECTBE OTCYTCTBOBAJIM B UCCIIEAyeMBIX rpynmnax. [Ipm 3ToM ycTaHOB-
JICHBI U3MEHEHMsI CYOITOITYJISIIIMOHHOTO cocTaBa T-KJIETOK: y MAallMEHTOB ¢ 60J1e3HbI0 KpoHa cooTHOIIIeHNE
CD3*CD4*IEL u CD3*CDS8*IEL coctaBuio 1:1 u KoppeaupoBajo ¢ IpoueHToM T-I1uM@OoLUTOB B epu-
depuueckoit kposu (R =0,7; p < 0,05), B To BpeMs1 KaK B JOHOPCKOI TKaHU BBISIBISUIOCH OXHIaeMOe Mpe-
obnaganue CD3*CD8*T-kwmmiepoB (cooTHomenue mocturano 1:2, p < 0,05). Hapsiny ¢ aTuM moBbILIIeHNE
Hekimaccuyeckux ySIEL (mpeumyiiectBeHHOo 3a cuetr Vo1*T-kierok) u CD1617T-kiIeTok B coYeTaHUU CO
cHmkeHueM TNK-kJieTok Habmomanock Kak B TojicToi kuike (p < 0,01), Tak u B nepudepudeckoit Kpo-
BU (p < 0,05) manueHTOB ¢ 00yie3HbI0O KpoHAa OTHOCUTENIBHO KOHTPOJBHOU IpyIiIibl. [Tpu 3TOM KOJIMYECTBO
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ySIEL koppenupoBaio ¢ nokanusanuei (R = -0,6; p < 0,05) u reuerHuem 3a6onesanus (R = 0,7; p < 0,01)
corjacHo MoHpeanbcKoi KiaccudurKalu.

Y nanueHToB ¢ 60sie3HbI0 KpoHa BhIsIBJIeHBI U3MeHeHUs cocTaBa IEL TONCTOI KUIIIKU, KOTOPBIE XapaK-
TepU3YIOT BOBJIeueHUE cyOonomyasauuii T-xenmnepon, yOT-TUMGOLIMUTOB U MYyKO3aJIbHO-aCCOLIMUPOBAHHBIX
CDI161*T-KkJIeTOK B ITaTOreHe3 ayTOMMMYHHOTO BOCITAJIEHUsI, YTO TPeOyeT TaIbHEHIIIero UCCAeTOBAHUST TSI
YCTAHOBJIEHUS UX MATOT€HETUYECKON POJIH.

Knrouegwie crosa: UHmpasnumeauaibHole /llle¢0[4lebl, npomo4Has yumomempus, 601€e3Hb KpOHa, moiacmas Kuwka,
aymoumMmyHHoe eocnanedue, MyICO\?a/lebll/VI UmmyHumem

PHENOTYPE CHARACTERISTIC OF COLONIC
INTRAEPITHELIAL LYMPHOCYTES IN PATIENTS WITH
CROHN’S DISEASE

Nizheharodava D.B.»", Shuleika A.Ch.?, Starastsin A.M.?, Vanslau M.L?,

Ivanchyk G.I.% Vialichka A.V.»* Zafranskaya M.M.>"?

@ Belarusian Medical Academy of Postgraduate Education, Minsk, Republic of Belarus
b International Sakharov Environmental Institute of Belarusian State University, Minsk, Republic of Belarus

Abstract. Intraepithelial lymphocytes (IEL) play a critical role in maintaining the immune balance of the
gut and provide the first line of mucosal defense against luminal antigens as well as rapidly respond to epithelial
injury. Recently, IEL have received a lot of attention as key mediators of aberrant immune response resulted
in persistent immune activation, inflammation and altered intestinal barrier function, seen in Crohn’s disease
(CD). This study describes for the first time subsets of colonic IEL in CD patients as compared to healthy
controls aimed at characterization of altered IEL contribution to the pathogenesis of Crohn’s disease.

The peripheral venous blood and colon tissues were obtained from 10 CD patients and 6 donors. IEL were
isolated from the mucosa by incubation the tissue in a predigesting solution. Lymphoid cells phenotype was
investigated using monoclonal antibodies and flow cytometry.

The majority of colonic IEL was identified as CD3*T lymphocytes and no significant differences were found
in their numbers in investigated groups. However, changes in T cell subsets composition have been shown: the
ratio of CD3*CD4*IEL and CD3*CDS8*IEL was 1:1 in colon of CD patients and correlated with T cells in
peripheral blood (R = 0.7; p < 0.05) while donor tissues were characterized by expected CD3*CDS8*T Kkillers
prevalence and the ratio reached 1:2 (p < 0.05). The increase of unconventional ySIEL (mainly due to
V81T cells) and CD161*T cells in association with TNK cells decrease were revealed in colon (p < 0.01) as
well as in peripheral blood (p < 0.05) of CD patients as compared to donors. Moreover, the number of colonic
ySIEL was correlated with disease location (R = -0.6; p < 0.05), and disease behavior (R = 0.7; p < 0.01)
according to Montreal classification.

The observed data indicates changes in colonic IEL composition in CD patients that may provide valuable
insight into the contribution of T helpers, y8T cells and mucosa-associated CD161*T cells in autoimmune
intestinal inflammation but need further possible mechanisms discussion.

Keywords: intraepithelial lymphocytes, flow cytometry, Crohn’s disease, colon, autoimmune inflammation, mucosal immunity

received a lot of attention as key mediators of
aberrant immune response seen in Crohn’s disease
(CD), a chronic autoimmune inflammatory bowel
disease characterized by multifactorial aetiology and
an uncontrolled adaptive immune reaction against

Introduction

The mucosal immune system is the largest
(about 400 m?) autonomous immune structure,
which has evolved as the first line of a body defense
and represented by organized compartments and

isolated lymphoid cells, classifying into intraepithelial
lymphoid cells (IEL) and lamina propria lymphoid
cells [8]. As 80% of the mucosal immunocompetent
tissue is localized in the gut, intestinal IEL have

intestinal microbiota [5]. Experimental data suggest
that an imbalance between regulatory and cytolytic
effector mechanisms results in a dysregulation of
mucosal immunity, persistent immune activation, a
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generation of a pro-inflammatory microenvironment,
altered intestinal barrier function or even promotion
of cancer development in CD patients [14].

On the one side, the location of IEL between
epithelial cells, their effector memory and in-
flammatory phenotype as well as ability to destroy
infected epithelial cells place them to protect the
intestine from pathogens. On the other side, 1IEL-
mediated epithelial cytolysis leads to ulceration,
allowing bacterial invasion, and enhanced T cell
activation in combination with regulatory cell
reduction. Moreover, the interaction with non-
immune epithelial cells and fibroblasts initiates tissue
reorganization, including epithelial proliferation and
fibrosis in gastrointestinal tract [3, 11].

As TEL immunobiology goes beyond the scope
of classical immunology, limited data were reported
about a role of IEL subsets in CD pathogenesis.
It has not yet been clarified in what manner IEL
subpopulations are changed during the initiation and
development of adaptive antigen-specific autoimmune
response and what are distinctive features of IEL
distribution in CD patients. This article will focus
on colonic IEL exhibiting properties of innate and
adaptive immunity and describe for the first time IEL
subsets in CD patients as compared to donors aimed
at characterization of altered IEL contribution to
immune dysregulation in intestinal mucosae.

Materials and methods

The peripheral venous blood samples and colon
tissues were obtained from 10 CD patients, aged 28.0
(22.7-36.8) years, of which 6 men and 4 women,
during electively scheduled surgical resections in
Minsk Regional Clinical Hospital (Republic of
Belarus). The “Crohn’s disease” diagnosis was
confirmed by histopathological examination of
the resected specimen. Patients had the following
disease location: terminal ileum (n = 4), colon
(n = 3), ileocolon (n = 3). Of these, 3 patients had
an inflammatory disease behavior, 4 patients —
stricturing and 3 patients — a penetrating/fistulous
phenotype; 2 patients were also diagnosed perianal
disease. None of the patients was taking steroids or
other immunosuppressive drugs at the time of the
operation. Control specimens were obtained from
age- and sex-matched 6 donors undergoing surgery
for large intestine. Written informed consent was
provided by all individuals.

Tissues were processed within 2 h after resection.
After removal of the muscular layer mucosal tissue
was cut into pieces of 0.5 cm?. IEL were isolated from
the mucosa by shaking the tissue in a predigestion
solution (Hank’s balanced salt solution without Ca?*
and Mg?* containing 10 mM HEPES, 5 mM EDTA,
5% fetal bovine serum, 1 mM dithioerythritol (Gibco,
Germany)) for 20 min at 37 °C under continuous

rotation followed sample application onto cell strai-
ner (100 um). Cell suspension containing [EL was
centrifuged at 300 g for 10 min and resuspended to the
required volume for immunophenotyping.

Peripheral blood lymphocytes (PBL) were
isolated from heparinized venous blood samples by
Histopaque-1077 (Sigma, Germany) density gradient
centrifugation. Cells viability was determined by
trypan blue exclusion.

The lymphoid cells subsets of IEL and PBL were
determined using monoclonal antibody panels:
CD45-FITC/CD4-RD1/CD8-ECD/CD3-PC5,
CD45-FITC/CD56-RD1/CD19-ECD/CD3-PC5/
CD5-PC7, ydTCR-FITC/afTCR-PE/V31TCR-PC7/
CD3-AF750/V32TCR-PB/CD45-KrO, CD127-FITC/
Lin-PE/CD3-APC/CD161-PB/CD45-BrV
(Beckman Coulter, USA). Monoclonal antibody rea-
gents were added according to the manufacturer’s
instructions to 100 pL of cell suspension, and reaction
mixtures were incubated at 20-25 °C for 15 min in the
dark. Results were analyzed on 20000 lymphocytes
using a 10-channel flow cytometer Cytoflex (Beckman
Coulter, USA).

Statistical data processing was performed using
Statistica 8.0. The median (Me), 25" and 75 per-
centiles were used as descriptive statistics of the
studied groups. Significant differences between inve-
stigated groups were determined by nonparametric
criteria Mann—Whitney U-test; p-values < 0.05 and
p < 0.01 were considered as statistically significant.
The correlation was estimated using Spearman’s rank
coefficient (R).

Results and discussion

The comparative analyses of IEL and PBL
numbers, cell viability and phenotype were done in
investigated groups. After isolation IEL viability was
not less than 86% in CD patients and not differed
from one’s in donor’s tissue. But IEL yield per 1 g of
tissue was significantly higher in colon of CD patients
as compared to control group: 30.1 (27.9 + 39.0) x 10°
versus 19.4 (15.6 + 24.7) x 108, respectively, indicating
the activity of the autoimmune inflammation. An
increase of colonic IEL may disrupt the balance
between immune tolerance and immune response to
self-antigens, including microbiota, which can result
in damage of the intestinal epithelium. At the same
time there were no significant differences in PBL total
numbers in investigated groups.

As lymphoid cells are a highly heterogeneous po-
pulation the following subsets have been investigated
in colon and peripheral blood: NK cells, TNK cells,
voT cells (VB1*T, Vo2*T and V33*T subpopulations),
mucosa-associated innate lymphoid Lin"CD161* cells
and B, cells were identified as innate immunity cells
while T helpers, T killers and B, cells — as the main
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TABLE 1. CHARACTERISTIC OF LYMPHOID CELLS IN COLON AND PERIPHERAL BLOOD OF CD PATIENTS AND CONTROL

GROUP, Me (Qq,5+Qy75) %o

] IEL PBL
Lyr::::;md CD patients Control group CD patients Control group p-value
1 2 3 4

CD3*T cells, 74.7 70.4 75.2 72.1 N s

% (65.1 + 80.1) (50.2 = 78.1) (66.3 +78.3) (67.9 = 70.3) T

CcD3*CD4* 47.9 30.8 63.2 60.2 N s

T helpers, % (17.9 + 54.7) (25.2 + 36.6) (59.8 + 65.6) (57.6 + 62.7) o

CD3*CD8* 471 66.9 334 33.3 <0.01

T killers, % (36.3 +51.1) (63.9 +70.5) (25.5 + 33.7) (27.3 + 39.3) P12 =0
24.0 13.5 8.5 3.1 P, < 0.01

+ o, 1-2

BTCRTcells, % | 173 356) (9.9 + 16.4) 2.5+ 10.6) (2.1 +5.5) Dy, < 0.05

CD19'B cells, 211 12.6 12.8 13.1 ns

% (14.9 + 26.3) (7.9 +17.3) (11.8 +14.7) (10.8 + 15.3) T

CD19*CD5* 5.6 111 16.8 20.8 N s

B, cells, % (3.7 +10.0) (10.0 +12.2) (14.9+19.7) (17.1 = 24.5) T

CD56* 14.1 27.3 14.3 10.1 N s

NK cells, % (11.8 + 19.8) (18.4 = 35.7) (12.8 +17.9) (7.2 +13.1) o

CD3*CD56* 13.7 26.6 0.2 5.8 <0.01

TNK cells, % (3.8+19.3) (24.9 + 33.3) (0.1 +0.3) (7.2 +13.1) P12 =0

CD161" cells, 241 5.4 19.7 9.6 P < 0.01

% (20.7 + 34.7) (2.6 + 15.0) (16.3 + 23.1) (5.8 +13.5) ps4 < 0.05

Note. Me (Qq,s+Q, +5), median, 25" and 75" percentiles; IEL, intraepithelial ymphocytes; PBL, peripheral blood lymphocytes;
n, patients’ number in a group; p-value, statistically significant test result; n. s., not significant; CD, cluster of differentiation; TCR,
T cell receptor; NK cells, natural killer cells; TNK cells, natural killer T cells.

population of acquired immunity cells. The results of
lymphoid cells phenotype are presented in Table 1.

The majority of colonic IEL was determined as
CD3*T lymphocytes and no significant differences
were found in their numbers in investigated groups.
However, changes in T cell subsets composition
have been shown: the ratio of CD3*CD4*1EL and
CD3*CDS8*IEL was 1:1 in colon of CD patients and
correlated with T cells in peripheral blood (R = 0.7;
p < 0.05) while donor tissues were characterized by
expected CD3*CDS8*T killers prevalence and the ratio
reached 1:2 (p < 0.01).

Currently the generally accepted approach to the
immune status assessment is the characterization
of lymphoid cells in the peripheral blood. However,
the investigation of local mucosal gut immunity
under immunopathological conditions remain highly
relevant as well as its following comparison with
circulating lymphoid cells for the identification the
relationship between local reactions and systemic
effects.

The obtained results are consistent Hu et al. (2017),
indicating the absolute majority of CD3*T lympho-
cytes among IEL and a decrease in their percentage
in lamina propria, but at the same time demonstrating
the active involvement of T lymphocytes of both
compartments in inflammatory bowel diseases
pathogenesis [5]. IEL localization contributes to

their rapid response to antigenic structures, including
microbiota components that come into contact with
the gut epithelium. Mucosal T lymphocytes have a
predominantly effector phenotype, exhibit various
cytotoxic activities, including alloreactive and virus-
specific, provide assistance to B cells, play a role in
maintaining tolerance, and regulate the function of
epithelial cells, thereby fulfilling the role of immune
surveillance or the first line of defense. However, the
presence of autoreactive T cells clones in CD patients
leads to the fact that instead of the first line of defense,
epithelial damage occurs as a result of an imbalance
between immunological tolerance and effector
immune response [12].

In healthy gut tissues o T lymphocytes are
mainly represented by cytotoxic CD3*CDS8*T cells,
which play an important protective role in the
detection and elimination of damaged epithelial
cells and anti-infective protection. While in CD
patients there is an infiltration of the epithelial layer
by CD3*CD4*T helpers what was also confirmed in
this study as T helpers were mainly determined in
the colon of CD patients (Table 1). This presumably
is associated with chronic antigenic stimulation by
opportunistic bacteria in the gut and indicates an
autoimmune inflammatory response. Autoimmune
inflammation in CD patients is mainly associated
with increased activation and aberrant proliferation of
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Figure 1. y8T cells subsets (%) in colon and peripheral blood of CD patients and control group
Note. (A) ySIEL subsets in colon of CD patients. (B) y3IEL subsets in colon of control group. (C) y3T cells subsets in peripheral blood of CD

patients. (D) y3T cells subsets in peripheral blood of control group.

T helpertypes 1 and 17, the effector reactions of which
are mediated by the production of pro-inflammatory
cytokines (IL-12, TL-23, IFNy and IL-17). T helpers
are the main mediators of cellular immunity and play
a key role in the activation of other immune cells
such as B cells and cytotoxic T cells by modulating an
antigen-specific immune response [6].

However, a growing number of evidence points to
the role of cytotoxicity mechanisms in intestinal tissue
injury: T killers realize their effector reactions through
the appearance of such highly active biomolecules
as perforin, granzymes, granulisin, Fas-ligand and
tumor necrosis factor o.. Moreover, pro-inflammatory
cytokines released by T killers may be involved in
disrupting the epithelial barrier by inducing epithelial
cell apoptosis and increasing intestinal permeability.
High levels of cytotoxicity support the existing concept
that CD affects the entire gastrointestinal tract [1].

The investigation of T cells subsets based on
the type of T cell receptors (afTCR or ydTCR)
expression revealed a statistically significant increase
in the number of y8T cells in colon (p < 0.01) as well
as in peripheral blood (p < 0.05) of CD patients as
compared to donors (Table 1). Moreover, the number
of colonic ySIEL was correlated with disease location
(R =-0.6; p < 0.05), and disease behavior (R = 0.7;
p < 0.01) according to Montreal classification what
confirmed the involvement of unconventional y3T lym-
phocytes in CD immunopathogenesis.

Due to the high heterogeneity of ydT cells, a
detailed subsets analysis of circulating and resident
unconventional T cells was carried out. As seen in
Figure 1, V31*'T cells subset was prevailed (> 60%)
among colonic y3IEL (Figure 1A) and significantly
elevated in peripheral blood among CD patients
(Figure 1C) in combination with decreased
Vé2*T cells numbers as compared to control group
(Figure 1B and D, p < 0.05).

Unlike afT lymphocytes, y8T cells combine
cells’ properties of innate and acquired immunity:
their receptor apparatus is partially similar to that of
antigen-presenting cells and NK cells in expression
of pattern recognition and killer/inhibitor receptors,
however, this population is able to recognize antigenic
structures via a specific T cell receptor, similarly to
classical T lymphocytes [2]. An established persistent
increase in ydT lymphocytes rate in colon and
peripheral blood of CD patients is consistent with
Regner et al. [12] characterizing the non-thymic
origin of some lymphoid cells of the gut mucosa,
at times reaching up to 50% of intestinal lymphoid
cells. Experimental studies are rather contradictory
in confirming the involvement of ydT lymphocytes
in CD pathogenesis which is partly due to the high
heterogeneity of this population, and therefore their
clinical significance has not been fully elucidated [10].

Taking into consideration the predominantly cy-
totoxic VB81*T cells profile, y8T cells can be assumed
as one of the potential mechanisms of mucosal barrier
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damage and gut inflammation contributing to the
chronicity and systemic reactions to antigens of the
gastrointestinal microbiota. Most authors support the
hypothesis of aberrant activation of y8T lymphocytes
due to inflammatory microenvironment formed by
changes in afT cells subsets in the intestinal mucosa,
as well as microbial stimulation what resulted in their
active homing through the intestinal epithelium via
an occludin-dependent mechanism and involvement
in disease progression by realizing their cytotoxic
effector reactions. In addition, excessive epithelial
regeneration mediated by y3T cells may contributes
to the formation of pseudopodia, atypical serrated
surface, and the development of serious disease
complications, such as colorectal cancer [9].

Besides ydT cells, CD patients also display a
significantly higher percentage of mucosa-associated
innate lymphoid CD161* cells in colon and peripheral
blood than healthy individuals (Table 1). CD161 is a
C-type lectin-like type-II transmembrane protein
that is expressed on the majority of natural killer (NK)
cells, innate T cells (mucosal-associated invariant
T cells, invariant natural killer T cells, y3T cells),
some adult peripheral blood afT cells as well as on
innate lymphoid cells, restricting to those cells with a
secretion of interleukin-17, and therefore to type 17
phenotype [7]. The reasons behind the preferential
accumulation of CD161* cells in the intestine are
not completely understood. Apart from the presence
of CD161" cells in the gut, a number of studies
demonstrated that CD161 was preferentially expressed
on circulating T cells that exhibited gut-homing
properties like expression of chemokine receptor 9
or integrin a4p7. In fact, CD161 was proposed to be
involved in lymphocyte transendothelial migration
and thereby could facilitate trafficking of CD161-
expressing T cells to the intestine [4].

The interesting revealed fact was the decrease of
circulating and colonic TNK cells reflecting a possible
reduction of immunoregulatory mechanisms as this
population has a critical role in peripheral tolerance.
TNK cells represent a minor subset of T lymphocytes

References

that share cell-surface proteins with conventional
T cells and NK cells. A lack of TNK cells may result
in a defective regulation of luminal bacteria and as a
consequence overt bacterial invasion into the intestine
and chronic inflammatory responses. Accordingly,
in the presence of TNK cells, dendritic cells were
found to produce more IL-10 and lose the ability to
produce IL-12. It is unclear what percentages of IEL
are in fact TNK cells in human colon, presumably,
it may vary from 17 to 45%. The biological function
of TNK cells is paradoxical, because these cells can
rapidly produce large amounts of T helper type 1
(Th1), Th2, and regulatory cytokines. TNK cells may
thus promote or suppress cell-mediated immunity
in different conditions. But the exact function of
TNK cells in the intestine and whether they may also
have regulatory functions in intestinal inflammation
remain uncertain [13].

Conclusion

In colonic IEL composition the changes in major
(T helpers) and minor (ydT cells, TNK cells and
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FMNEPCErMEHTALUUA 9AEP HEATPODUIIOB
KPOBU Y BOJIbHbIX C JIOKAJIN3OBAHHbIM
U PACNPOCTPAHEHHbIM PAKOM rOPTAHU

U TOPTAHOITIOTKH

Koaorpusosa E.H.}, Ilnemxko P.J1.!, Yepemucuna O.B.2
Boianbnuesckas M.A2

@I'BOY BO «Cubupckuii eocydapcmeernHuiii meouyuHcKui yrugepcumem» Munucmepcemea 30pagooxpanenus PO,
2. Tomck, Poccus

2 Hayuno-uccaedoeamenvcruii uncmumym oukonocuu @IBHY « Tomckuil HayuoHaabHblil Uccae008amenbCKuil
meduyunckuii yeump Poccuiickoii akademuu nayk», e. Tomck, Poccus

Pesiome. HeiiTpoduibHble TpaHyJIOHUTHI 00JIaJal0T MIMPOKUM CIIEKTPOM (DYHKIIMOHAJIBHOM aKTUBHO-
ctu. B mocnenHue roabl oocyxknaeTcs pyHKIIMOHAIbHAS 3HAYMMOCTh HEUTPO(UIIOB B pa3BUTUU U TCYCHUU
3JI0Ka4eCTBEHHBIX HOBOOOpa3oBaHuii. [IokazaHO, 4TO IIpU OMYXOJEBOM POCTE HEUTPOMUIbHBIE TPAHYJIOLI-
TBHI MOTYT UTPATh TBOSIKYIO POJIb, IIPOSIBIISISI ITPO- UJIU IIPOTUBOOITYXOJIEBYIO aKTUBHOCTD. Pe3yibraTsl KIIMHI-
YeCKUX M 9KCIEPUMEHTAIbHbBIX UCCACAOBAHUI CBUAETEIbCTBYIOT O BO3MOXKXHOCTH IepepOrpaMMUPOBaAHUSI
HEUTPOOUIIOB IIOI BAUSIHUEM (haKTOPOB MUKPOOKpY:KeHUs. Lless nccaemoBaHusT — OLIEHKa CTPYKTYPHBIX
1 (PYHKIIMOHAJIBHBIX OCOOCHHOCTEN HEUTPOMIILHBIX IT'PAaHYJIOIMTOB Y OOJBbHBIX C Pa3HOM CTENEHBIO pac-
MPOCTPAaHEHHOCTU pakKa ropTaHu M ropTaHorioTku. [IpoBeaeHo obcienoBanue 41 mamueHTa (My>XXKYUHBI B
Bo3pacTe OT 35 10 67 JieT) C BIepBbI€ BbISIBICHHBIM PAaKOM T'OpTaHU M ropTaHOrIoTKU. Ilociae oKkoHYaTeIb-
HOM BepuGUKaIlMKU IMarHo3a IallMeHThI ObLIM pa3aeeHbl Ha IOATPYIIIbl B COOTBETCTBUM C Kiaccuduka-
nueii TNM: mepBylo MOArpyHITy C JIOKAJIU30BaHHBIM OITyxoJieBbIM IipoiieccoMm (T, ;N M,) coctaBuiu 14
MalMEeHTOB, BTOpasi MOArPYIIa COCTOsUIa U3 27 MallMEeHTOB C PacIIPOCTPAHEHHBIM OIYXOJIEBBIM IIPOLIECCOM
(T;N,,M,). B nepudepuyeckoir KpoBU OLIEHUBAIN OTHOCUTEIBHOE 1 a0COJIOTHOE KOJIMYECTBO HEUTPODU-
JIOB, ompenessiiu HeruTpobuiabHO-TuMboluTapHoe cooTHoireHue (NLR). IMomcuuTeiBaim OTHOCUTEIb-
HOE ColiepKaHUe B KPOBU HEHMTPOGWIOB C pPa3HOM CTENEHbIO CETMEHTUPOBAHHOCTH SIAEP, LIMTOXUMUYECKU
OIpPENe/IsIA AKTUBHOCTh KUCJIOPOI03aBUCMBIX 1 KHUCJIIOPOAOHE3aBUCMbIX MEXaHM3MOB MUKPOOUIIUIHOCTH
(MuesornepoKcuaa3bl, KATUOHHBIX OEJIKOB, IIeJJOYHOM (ocdaTasbl U CTEIIEHb aKTUBALIUU HEHTPOUIIOB B
HCT-tecte). KoHlieHTpaLio MHTEPJIEHKNHA-8 ONpelessiii ¢ TTOMOIIbLI0 UMMYHO(MEPMEHTHOTO aHaInu3a.
BoIsiBIEHO, YTO Y GOJIBHBIX PAKOM FOPTaHU ¥ TOPTAHOIJIOTKU Ha (hOHE MOBBIIICHHOMN B CPABHEHUHU CO 300PO-
BbIMM KOHILIEHTpPALlUM MHTEPJICHKMHA-8 BO3pacTaeT YMCACHHOCTD LIMPKYJIMPYIOIINX B KPOBU HEUTPODUIIb-
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HbIX rpanysiouToB (p = 0,045) 1 NLR (p = 0,033). B monyasiuu HEUTpodUIOB MO Mepe pacrpoCTpaHEHUS
OITyXOJIEBOTO Ipollecca yBEIWUMBAETCS MOJIsSI KJIETOK, OOJIaJaolnNX TMIEePCerMeHTUPOBAHHBIMU SIIPaMU
(p < 0,001) 1 MOBBIIIEHHBIM IUTOTOKCUYECKUM MOTEHIIMATIOM. BhIsiBIIeHa TIpsiMast KOPPEISILIMOHHAs CBSI3b
cpeaneit cuibl (r = 0,42, p = 0,03) Mmexay nHaekcom T, oTpaxkaroluM o0bEM OIMYyXOJIU, U OTHOCUTEIbHBIM
coliepkaHUeM TUIIepCerMeHTUPOBAaHHBIX HeTpoduaoB. Ha ocHoOBaHMY pe3yIbTaTOB HACTOSIIETO UCCIIEN0-
BaHUSI MOXHO yTBEPXIaTh, YTO TAKOIl MPOCTOM M JOCTYIHBIN TSI aHAJIM3a J1abOpaTOPHBIN ITapaMeTp, Kak
CTeTieHb CEeTMEHTAIIUM SIIep HEUTPOMUIBHBIX TPAHYJIOIIUTOB, MOXET OBITh MCITOJIb30BaH B KAUYE€CTBE OJTHOTO
W3 KPUTEPUEB, MTO3BOJISTIONINX OLIEHWBATh U IIPOTHO3MPOBATh OCOOEHHOCTH TEUEHMSI OITyXOJIEBOTO TIpoI1iecca.

Karouesvle croea: pak eopmanu, pak 20pmano2iomiu, 00sem onyxonu, Hellmpoguast, cunepceemeHmayus s0ep, YumomoxKcuuHoCnme
Hetimpogunog, IL-8

HYPERSEGMENTATION OF NEUTROPHIL NUCLEI IN
PERIPHERAL BLOOD OF PATIENTS WITH LOCALIZED
AND ADVANCED CANCER OF THE LARYNX AND
LARYNGOPHARYNX

Kologrivova E.NN.2 Pleshko R.1.? Cheremisina O.V.},
Boldyshevskaya M.A.

@ Siberian State Medical University, Tomsk, Russian Federation
b Research Institute of Oncology, Tomsk National Research Medical Center, Russian Academy of Sciences, Tomsk,
Russian Federation

Abstract. Neutrophilic granulocytes have a wide spectrum of functional activity. In recent years, the
functional significance of neutrophils in the development and course of malignant neoplasms has been
discussed. It has been shown that neutrophilic granulocytes can play pro- or antitumor activity. The aim of
the study was to assess the structural and functional features of neutrophils in patients with varying degrees of
prevalence of cancer of the larynx and laryngopharynx. Forty-one patients (aged 35-67) with newly diagnosed
cancer of the larynx and laryngopharynx were examined and divided into subgroups according to the TNM
classification: the first subgroup (14 patients) with a localized tumor process consisted; and the second
subgroup (27 patients) with a widespread tumor process. The relative and absolute number of neutrophils
was assessed, and the neutrophil-lymphocyte ratio (NLR) was determined. The content of neutrophils with
varying degrees of nuclear segmentation in the blood was calculated, the activity of myeloperoxidase, cationic
proteins, alkaline phosphatase, and the degree of neutrophil activation in the NBT test was determined
cytochemically. Concentration of interleukin-8 was determined using ELISA. In patients with cancer of the
larynx and laryngopharynx the number of neutrophils (p = 0.045) and NLR (p = 0.033), as well as serum
concentration of interleukin 8 (p = 0.011), increased compared to healthy individuals. The proportion of cells
with hypersegmented nuclei in the neutrophil population (p < 0.001) and cytotoxic potential increased with the
spread of tumor process. A direct correlation (r = 0.42, p = 0.03) was found between the T index, which reflects
the volume of the tumor, and the content of hypersegmented neutrophils. It can be argued that such a simple
and accessible laboratory parameter as the degree of segmentation of the nuclei of neutrophilic granulocytes
can be used as one of the criteria to assess and predict the course of the tumor process.

Keywords: cancer of the larynx, cancer of the laryngopharynx, tumor volume, neutrophil, hypersegmentation of nuclei, cytotoxicity
of neutrophils, IL-8

immune system through phagocytosis, secretory
degranulation, and the formation of neutrophil extra-
cellular “traps” (NETs) [1].

Introduction
Neutrophilic granulocytes (NGs), also called po-

lymorphonuclear or segmented leukocytes, are the
dominant cell population among circulating leuko-
cytes. Their most important function is considered to
be antimicrobial protection implemented in the innate

In recent years, information has appeared that NGs,
along with the phagocytic ability, have a wide variety of
functional activities. It has been shown that neutrophils
are able to produce cytokines, modulate the activity
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of cells in the microenvironment, and thus actively
participate in the pathogenesis of various diseases,
including cancer [, 8]. Relatively recently, it has be-
come clear that neutrophilic granulocytes can play a
dual role during tumor growth, exhibiting either pro- or
antitumor activity [ 1]. The subpopulation of neutrophils
with antitumor properties is commonly referred to as
N1, with protumor properties as N2 [1, 4, 7]. The results
of clinical and experimental studies demonstrate the
ability of neutrophils to transform under the influence
of tumor microenvironment factors [4, 7]. Currently,
close attention of researchers is directed to the search
for morphological, phenotypic, and molecular genetic
markers of pro- and antitumor NGs phenotypes and
to assess the possibility of using these cells as diagnostic
and therapeutic targets [2, 4, 6].

The aim of this study was to evaluate the structural
and functional features of neutrophilic granulocytes
circulating in the blood in patients with varying
degrees of prevalence of cancer of the larynx and
laryngopharynx.

Materials and methods

On the basis of the endoscopic department of
the Research Institute of Oncology of the Tomsk
Research Medical Center of the Russian Academy of
Sciences (Tomsk), 41 patients with newly diagnosed
cancer of the larynx and hypopharynx (men aged 35
to 67 years) were examined before starting antitumor
therapy. After the final verification of the diagnosis, all
patients with cancer of the larynx and laryngopharynx
were divided into subgroups in accordance with the
TNM classification, in which the T (tumor) criterion
characterizes the size of the primary tumor, the N
(nodus) criterion describes the state of regional lymph
nodes, and the M (metastasis) criterion indicates the
presence or absence of distant metastases. The first
subgroup with a localized tumor process (T1-3NOMO)
included 14 patients, the second subgroup consisted of
27 patients with a widespread tumor process (T3N1-
2M0). As a control group, 55 apparently healthy
individuals (men aged 39 to 69 years) were examined,
for whom the inclusion criteria were: the absence of
malignant and benign neoplasmsin history, the absence
ofchronicdiseasesofthe oropharynxand nasopharynx,
the absence of acute respiratory viral infections within
3 weeks before the examination, sanitized oral cavity
(absence of carious teeth and bleeding gums). All
examined persons underwent the procedure of signing
the informed consent to participate in the scientific and
practical research.

The total number of leukocytes was determined in
the blood and the leukocyte formula was calculated
using a Carl Zeiss Axioskop 40 FL microscope
in the standard mode and the ratio of the relative
number of neutrophils and lymphocytes (Neutrophil-
Lymphocyte Ratio — NLR) was determined. The

percentage of active neutrophils and the intensity
of activation of oxygen-dependent mechanisms of
cytotoxicity were assessed using the NBT-test in the
form of an average cytochemical coefficient (ACC)
according to the L.S. Kaplow [3]. Cytochemically, the
intracellular expression of neutrophil marker enzymes
(myeloperoxidase, alkaline phosphatase) and cationic
proteins involved in the implementation of the
cytotoxic function was determined [3]. In addition,
when analyzing 100 neutrophilic granulocytes, groups
of cells with varying degrees of nuclear segmenta-
tion were identified: 1) cells with nuclei containing
2-3 segments; 2) neutrophils containing 4 segments;
3) neutrophils containing 5 or more segments (hy-
persegmented nuclei). To analyze the structural fea-
tures, the average segmentation coefficient (ASC)
was introduced, which reflects the distribution of
neutrophils with different nuclear morphology. The
average segmentation coefficient was determined by
the formula:

ASC = (1-a+2:-b+3-c)/N,

where a is the relative number of neutrophils with
a nucleus consisting of 2-3 segments; b is the relative
number of neutrophils with a nucleus consisting of 4
segments; c is the relative number of hypersegmented
neutrophils with a nucleus of 5 or more segments; N
is the number of counted cells.

In blood plasma, ELISA was used to determine the
concentration of interleukin (IL)-8, one of the main
chemokines for NG. To determine the concentration
of IL-8, a set of reagents Interleukin-8-ELISA-BEST
(CJSC Vector-Best, Russia) was used.

For statistical analysis of the obtained data, the
software package “SPSS Statistics 17.0” was used.
The results were processed using the Mann-Whitney
U-test and presented as a median and quartiles —
Me (Q,,5-Q,75). Differences between groups were
considered significant at a significance level not
exceeding 0.05. Spearman’s paired correlation
analysis was used to identify the relationships between
the parameters.

Results and discussion

Statistically significant differences in the group of
patients with cancer of the larynx and laryngopharynx
from the group of healthy ones were manifested
in the shift of the leukocyte formula towards the
predominance of neutrophilic cells: 59.00 (54.00-
66.00) % — in patients and 55.00 (51.00-61.00) % in
healthy people (p = 0.045). Changes in the hemogram
were also reflected in the increase in NLR: in the group
of patients, this indicator was 2.12 (1.66-3.00), while
in healthy people it was 1.75 (1.31-2.13), p=0.033. In
the last decade, many publications have appeared on
the change in NLR in cancers of various localizations,
and our data are consistent with the results of other
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authors, who recorded an increase in this indicator in
tumors of various localizations [13].

It should be noted that an increase in the relative
and absolute number of neutrophils in the blood
was noted against the background of an increase
in the concentration of IL-8, the content of which
was 17.36 (15.14-41.45) pg/mL in patients with
cancer of the larynx and laryngopharynx compared
with 10.75 (6.86-32.95) pg/mL in healthy people
(p = 0.011). Information about the increased con-
centration of IL8 in the blood serum of cancer patients
has been presented in recent years in a number of
publications, while the position on the possibility of
using an elevated level of this cytokine as a negative
prognostic criterion in various malignant neoplasms is
very well substantiated [6].

Analysis of the structural features of neutrophils,
conducted in this study, revealed in patients with
cancer of the larynx and laryngopharynx an increased
number of NGs circulating in the blood with four, five
or more segments of the nuclei (Table 1).

The oxygen-dependent cytotoxicity of NGs was
assessed by the results of a spontaneous NBT-test,
reflecting the activity of NADPH oxidase, and by the
activity of myeloperoxidase (Table 2). The relative
number of NBT-positive neutrophils and the average
cytochemical coefficient (ACC) in this test in patients
with cancer of the larynx and laryngopharynx were
increased in comparison with the control group,
mainly due to cells with an average and high degree
of activation (Table 2). Myeloperoxidase activity was
also increased in NGs in cancer patients (Table 2).
Similar features were revealed when assessing
the state of oxygen-independent mechanisms of
neutrophil cytotoxicity: cytochemical coefficients
characterizing the content of cationic proteins and
alkaline phosphatase in patients with laryngeal cancer
exceeded the corresponding values in the healthy
group (Table 2). The ability to implement cytotoxic
reactions is regarded ambiguously when considering

the pro- and antitumor effects of NGs. On the one
hand, this cytotoxicity can be realized in relation to
tumor target cells, on the other hand, it can contribute
to disruption of the structural organization of the
extracellular matrix, abnormal angiogenesis, and
metastasis [2].

Analyzing the relationship between the parame-
ters characterizing the morphofunctional status of
NGs with the clinical characteristics of the tumor
process, determined using the TNM classification,
we found that in the subgroup of patients with
advanced tumor process (T3N1-2M0), the number of
hypersegmented cells (5 or more segments) exceeded
the corresponding indicator patients with localized
cancer of the larynx and laryngopharynx (T1-
3NOMO): (10.0 (7.5-14.5)) % and (4.0 (2.0-8.5)) %,
respectively (p = 0,04). When conducting a paired
correlation analysis, a direct relationship of medium
strength (r = 0.42, p = 0.03) was revealed between the
T index, which reflects the volume of the tumor, and
the relative content of hypersegmented neutrophils.

Currently, the prevailing opinion is that a segmen-
ted nucleus is necessary for neutrophils for accelera-
ted migration into tissues, while the mechanisms and
functional significance of the hypersegmentation
phenomenon are not fullyunderstood [5]. Itisgenerally
accepted that hypersegmented forms of NGs (more
than 5 segments) appear in the blood in pathological
conditions [5]. Nuclear hypersegmentation is one
of the earliest, most sensitive and specific signs
of megaloblastic anemia, and is also observed in
myelodysplastic syndrome, chronic infections,
and conditions associated with a decrease in the
concentration of granulocyte colony-stimulating
factor (G-CSF) [5]. It is well known that NGs are
the first immunocompetent cells migrating from
blood vessels to the area of tissue damage or infectious
inflammation. It has been proven that, due to their
pronounced ability to extravasation and interstitial
migration, NGs, along with the implementation of

TABLE 1. DISTRIBUTION OF NEUTROPHILS ACCORDING TO THE DEGREE OF NUCLEAR SEGMENTATION IN PATIENTS
WITH CANCER OF THE LARYNX AND LARYNGOPHARYNX, Me (Q, ;:-Q; 75)

Study group
Indicator
Cancer of the Iaryn): and Healthy volunteers (n = 55) P
laryngopharynx (n = 41)
Neutrophils with a moderate degree
of segmentation (2-3 segments), % 48 (36-60) 76 (70-82) p < 0.001
Neutrophils with a high degree of ) )
segmentation (4 segments), % 39 (31-50) 20 (18-29) p < 0.001
Hypersegmented neutrophils (5 and ) }
> segments), % 11 (7-17) 1(0-2) p <0.001
Average segmentation coefficient
(ASC) 1.66 (1.47-1.79) 1.24 (1.18-1.33) p < 0.001

Note. n, the number of examined individuals, p, the level of significance of differences.
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TABLE 2. INDICATORS CHARACTERIZING THE CYTOTOXIC POTENTIAL OF NEUTROPHILS IN PATIENTS WITH CANCER OF

THE LARYNX AND LARYNGOPHARYNX, Me (Q, 55-Q; 75)

Study group
Indicator p
Cancer of the larynx and _
laryngopharynx (n = 41) Healthy volunteers (n = 55)
NBT-positive 20 10 0.042
neutrophils, % (10-30) (10-12) ’
. 0.28 0.12
ACC in the NBT-test (0.13-0.57) (0.10-0.16) 0.003
Myeloperoxidase 1.92 1.58 0010
activity, ACC (1.74-2.12) (1.39-1.80) ’
- . 1.61 1.34
Cationic proteins, ACC (1.44-1.68) (1.221.51) 0.039
Alkaline phosphatase, 0.66 0.33 <0.001
ACC (0.61-0.79) (0.25-0.40) '

Note. n, the number of examined patients; p, the level of significance of differences; ACC, the average cytochemical coefficient.

phagocytosis, are actively involved in tissue remode-
ling during wound healing, angiogenesis, tumor
formation, and metastasis [9]. Moreover, neutrophils
very quickly have to switch between different modes
of migration. The segmented nucleus allows cells to
change their shape and easily overcome intercellular
contacts as part of tissue cell layers. However, other
cells with non-segmented nuclei, such as lymphocytes
and monocytes (mononuclear cells), are also able to
migrate into tissues [11]. It is believed that the severity
of segmentation of the NGs nuclei characterizes the
degree of their maturity, and the hypersegmented
nucleus, which has increased flexibility, indicates the
readiness of the cell to complete the life cycle [5].
Interestingly, “old” neutrophils migrate faster to
the sites of inflammation [9]. To date, there is no
unequivocal answer about the functional significance
of hypersegmented neutrophils present in the tumor
growth zone. Experimental studies have shown that
nuclear hypersegmentation, which is a morphologi-
cal sign of more mature neutrophils, is characteristic
of cells with antitumor properties, i.e. for N1-neut-
rophils [4]. At the same time, there is evidence that
the presence of a large number of hypersegmented
neutrophils in tumor tissue is associated with an
unfavorable outcome of oncological diseases [6].
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OYHKUNOHAJIbHAA AKTUBHOCTb MOHOUWMTAPHOI'O
3BEHA UMMYHUTETA NP AAZEHOKAPLMHOME XXEJTYAKA
Cvupnona O.B., OBuapenko E.C.

Hayuno-uccaedosamenvcruit uncmumym meduyunckux npooasem Cegepa — obocobaennoe noopaszdenenue OIbHY
«@Dedepanvrutii uccredosamenvckuil yenmp “Kpacnospcxuil nayunotii yeump Cubupckoeo omdenenus Poccutickoli
akademuu Hayk”», e. Kpacnoapck, Poccus

Pesome. Pax xemynka BXOIUT B AECITKY MO PACIIPOCTPAHEHHOCTH U 3aHUMAaeT 4-¢ MeCTO MO NpUYrHaM
CMEpPTHOCTU BO BceM Mupe. Hanbosee pacripocTpaHEeHHBIM U MPU 3TOM CaMbIM arpeCCUBHBIM BapUAHTOM
paka xeayaka sipisercs ageHokapumHoMma (AK2K). MoHoumTapHoe 3BeHO UMMYHUTETa 00eceunBaloT OC-
HOBHYIO JIUHUIO 0OpbhOBI OpraHn3Ma Co 3JI0Ka4YeCTBEHHBIMU KJIETKaMU, MpU 3ToM y nanmeHToB ¢ AKXK sB-
JISIETCS HEAOCTaTOYHO U3YUYEHHBIM.

Llenp ucciaenoBaHusl — OLIEHUTH MOKa3aTeau MGYHKIIMOHATBHOW aKTUBHOCTU MOHOIIMTOB Y MAllUEHTOB C
aJIECHOKapIIMHOMOM XeTyaKa Ha pa3HbIX CTAAUSIX 3a00I€BaHUSI.

O6cnenoBaHo 164 yenoBeka, cper KOTOPBIX 85 ObLI MOCTaBICH IMArHO3 afieHoKapIHoMa xenynka [-1V
cranuu. Takke B UCCIIeIOBAaHUY MIPUHSUIM ydacThe 79 mMpakKTUIeCKU 3M0POBBIX TOHOPOB. DYHKIIMOHATBHYIO
aKTUBHOCTh M KHWCJIOPOA-3aBUCUMBIN (harolimTo3 MOHOIIUTOB OIIEHWBAIU XEMIIIOMUHECIIEHTHBIM METO-
oM. B KkauecTBe MHIYKTOpAa XEMUJIIOMUHECIIECHIIUU UCITOJIb30BaIN JTIOMUHOJI. AKTUBAIIUS PECTIUPATOPHOTO
B3pPbIBa OCYIIECTBIISIIACh OTICOHU3UPOBAHHBIM 3UMO3aHOM.

Y 00bHBIX aeHOKAPIIMHOMOM XeTyIKa BhISIBJIEHO B COCTOSTHUU TTOKOS (CIOHTaHHAS XeMUJTIOMUHECIICH -
11s1) yBEJIMYEHUE MTOKa3aTe el BpeMeH! BbIXOAa KPMBOU Ha MAKCUMYM MHTEHCUBHOCTHU XEMIJTIOMUHECIIEH -
muu (Tmax = 7957 ¢), miolany noa KpuBo xemmwtnioMuHeceHunu (Squr = 0,2 x 10°), nHaekca akTUBALIKA
(1,89y. e.) U CHUKEHWE MAaKCUMAaIbHOTO 3HAUY€HMSI MHTEHCUBHOCTU XeMUTtoMruHecueHIuu (Imax =424 y. e.)
OTHOCHUTEJIbHO KOHTPOJIbHOM rpymnnoi (Tmax = 5533 ¢, Squr = 0,011 x 10°, ungekc aktuBaunu = 0,88 y. e.,
Imax=424y.e.,p <0,05). [Ipu uHAYLIMPOBaHUU XeMWIIOMUHeCIIeHIIMHU Y 00bHBbIX AKZK hukcupyercs cra-
TUCTUYECKHU 3HaYnMoe npeobnaganue Squr (0,46 x 10°, B koHTposibHOM rpyme Squr = 0,031 x 10°). Takxke
B IrpyIINe MallMeHTOB C aIeHOKapIIMHOMOM XeJTy1Ka MOHOLIMTAPHBIN (DarolimTo3 CHUXeH 6oJiee 4yeM B 2 pa3a
(29% nipoTtus 84% B KOHTpOIBHOI rpyte, p < 0,05). [Tpu aHanM3e UccaeayeMbIX MapaMeTPOB B 3aBUCUMO-
CTU OT CTaaAuU 3a00JeBaHUsI ObLIO YCTAHOBJIEHO, YTO HAPYILIEHUE XEMIIIOMUHECIIEHTHOU peakliuu y 00Jb-
HBIX aICHOKapIIMHOMOM KeJlynKa (ukcupyeTcs yxXe Ha paHHel cranuu. [1pu aToM y 6osibHBIX ¢ [V cTangueit
aJeHOKaPILIMHOMBI XXeJTyJKa IToKa3aTeJIM CIIOHTAHHOW U MHAYLIMPOBAaHHOMN XeMUJTIOMUHECLIEHIIUU 00Jiee YeM
B 2 pa3a OTJIMYAlOTCSI OT ToKa3aTeJieii KOHTPOJbHON TPyIIbl U MalMeHTOB Ha | ctaguu 3a6oneBaHusi. Bol-
SIBJICHHBIE 0COOEHHOCTH CBUIIETEJILCTBYET O CHUXKEHUM 3(h(HEKTUBHOCTH UMMYHHBIX PeaKIIMii MOHOIIMTap-
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HOTO 3B€Ha ITpU aJleHOKapLIMHOME XKeJIyJaKa y>Ke Ha paHHUX CTaausIX 3a00JieBaHUS U MOTYT MCITOJIb30BaThCs
IUTSE BBISIBJICHHSI paHHUX MPU3HAKOB MMMYHHBIX HapyIICHUI U ONTUMMU3AIINN TePaAIIeBTUUCCKUX ITOIXOIO0B
MpU TaHHOM 3a00JIEBAHUM.
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FUNCTIONAL ACTIVITY OF THE MONOCYTE IMMUNE LINK
IN GASTRIC ADENOCARCINOMA
Smirnova 0.V, Ovcharenko E.S.

Research Institute of Medical Problems of the North, Krasnoyarsk Science Center, Siberian Branch, Russian Academy
of Sciences, Krasnoyarsk, Russian Federation

Abstract. Stomach cancer is in the top ten in terms of prevalence and ranks 4™ in terms of causes of death
worldwide. The most common and most aggressive variant of gastric cancer is adenocarcinoma. The monocytic
link of immunity provides the main line of the body’s fight against malignant cells, while in patients with
adenocarcinoma it is insufficiently studied. The purpose of the study was to evaluate the functional activity of
monocytes in patients with gastric adenocarcinoma at different stages of the disease.

Individuals (n = 164) were examined, among whom 85 were diagnosed with stage I-IV stomach
adenocarcinoma. The study also involved 79 apparently healthy donors. The functional activity and oxygen-
dependent phagocytosis of monocytes were assessed by the chemiluminescent method. Luminol was used as a
chemiluminescence inducer. The respiratory burst was activated with opsonized zymosan.

In patients with stomach adenocarcinoma, at rest (spontaneous chemiluminescence), an increase in the
time the curve reached the maximum intensity of chemiluminescence (Tmax = 7957 s), the area under the
chemiluminescence curve (Squr = 0.2 x 10°), the activation index (1.89 c. u.) and a decrease in the maximum
value of chemiluminescence intensity (Imax = 424 c. u.) relative to the control group (Tmax = 5533 s,
Squr=0.011 x 10°, activationindex=0.88 c. u., Imax =424 c. u., p < 0.05) were seen. When chemiluminescence
is induced in patients with stomach adenocarcinoma, a statistically significant predominance of Squr
is fixed (0.46 x 109, in the control group Squr = 0.031 x 10°). Also, in the group of patients with stomach
adenocarcinoma, monocytic phagocytosis was reduced by more than 2 times (29% vs 84% in the control group,
p < 0.05). When analyzing the studied parameters, depending on the stage of the disease, it was found that the
violation of the chemiluminescent reaction in patients with stomach adenocarcinoma is fixed already at an
early stage. At the same time, in patients with stage IV stomach adenocarcinoma, the indicators of spontaneous
and induced chemiluminescence are more than 2 times different from those in the control group and patients at
stage I of the disease. The identified features indicate a decrease in the effectiveness of immune reactions of the
monocytic link in stomach adenocarcinoma already in the early stages of the disease and can be used to detect
early signs of immune disorders and optimize therapeutic approaches in this disease.

Keywords: gastric adenocarcinoma, monocytes, chemiluminescent activity, immunity, immunodeficiency, macrophages

mortality among oncological diseases. Stomach
cancer has a low survival rate due to late diagnosis,
with survival rates directly correlated with the stage of
the disease. Russia is among the top three countries in
terms of morbidity and mortality for this disease. Also,
for stomach cancer, pronounced regional variability
is characteristic. According to MSROI named after
P.A. Herzen for 2020, the highest percentage of the
prevalence of this disease is recorded in the Central,

Introduction

Oncological diseases remain one of the most
pressing socioeconomic problems worldwide [11].
According to the WHO for 2020, stomach cancer is
among the ten most common and ranks 4th in terms
of causes of death worldwide [12]. And although in
the developed countries of the world there has been
a trend towards a decrease in the incidence of this

pathology, in developing countries, stomach cancer
continues to occupy a leading position in terms of

Volga and Siberian federal districts, while this disease
is least common in the North Caucasian and Far
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Eastern regions. The Krasnoyarsk Territory among
the territories of the Siberian federal district is the
leader in terms of incidence of stomach cancer [7].
Currently, the mechanisms of the pathogenesis of
gastric cancer remain poorly understood. The etiology
of this disease is characterized by multifactoriality,
with special attention being paid to the infection of
the body with Helicobacter pylori, recognized by WHO
as a carcinogen [6]. Adenocarcinoma is the most
common and aggressive type of stomach cancer [1, 4].

The immune system, and primarily phagocytic
leukocytes, provide the body’s main line of defense
against malignant cells. The monocyte is the
most active phagocyte in peripheral blood, with a
phagocytic index approximately 3 times higher than
that of neutrophils. A distinctive feature of monocytes
is their high activity in an acidic environment,
as well as the preservation of viability after the
phagocytization process. Monocytes perform various
functions — cytokine production, pathogen clearance,
antigen presentation, are involved in wound healing
and providing pro- and antitumor response [2]
chemiluminescent activity. Chemiluminescent ana-
lysis is based on the registration of the emission
of light quanta caused by the production of free
radicals and reactive oxygen species by phagocytic
cells at rest (spontaneous chemiluminescence),
as well as in response to a stimulus or stimulus
(induced chemiluminescence). There are works
in the literature devoted to the chemiluminescent
activity of neutrophils in various malignant diseases,
however, such studies on monocytes in stomach
adenocarcinoma are rare. Given the asymptomatic
nature of the course of stomach cancer in the early
stages, the identification of markers of impaired
immune response, including the phagocytic activity
of monocytes, can expand laboratory capabilities for
detecting this malignant disease during population
screening.

The aim of the study was to evaluate the features
of the functional activity of monocytes in stomach
cancer, depending on the stage of the disease.

Materials and methods

As part of the goal, 164 people were examined, of
which 85 were patients with stomach adenocarcino-
ma (SAC) aged 22-69 years. The control group
consisted of 79 practically healthy donors without
gastroenterological complaints (aged 20-68 years).
Diagnosis of stomach adenocarcinoma was carried
out by oncologists in the Krasnoyarsk regional on-
cological dispensary on the basis of a comprehensive
instrumental and morphological examination. The
study included patients with SAC stages I, I, 111, I'V.

The study was conducted with the permission
of the Ethics Committee of the FRC KSC SB RAS
(protocol no. 4 dated 02.08.2019). In working with

the examined patients, the ethical principles required
by article 24 of the Constitution of the Russian
Federation and the Declaration of Helsinki by the
World Medical Association. Each participant signed
an informed consent form for the study confirming
their voluntary participation in the study.

Venous blood for research was taken in the mor-
ning from 8 to 9 o’clock, on an empty stomach,
from the cubital vein, into vacutainer tubes with
sodium heparin solution (5 U/mL). Peripheral blood
monocytes were obtained by the standard method
of adhesion to flat surfaces from mononuclear cells
isolated from heparinized venous blood by ficoll-
urografin density gradient centrifugation (p = 1.077).

The assessment of spontaneous and induced
chemiluminescence of monocytes was carried out
for 90 minutes on a 36-channel CL 3606 chemi-
luminescent analyzer (Russia). The study of oxygen-
dependent phagocytosis of blood monocytes was also
carried out by the chemiluminescent method. The
following characteristics were determined: the time
of appearance of the chemiluminescence intensity
maximum (Tmax), the maximum value of the
chemiluminescence intensity (Imax), and the area
of the chemiluminescence curve (S). Luminol was
used as a chemiluminescence enhancer. Opsonized
zymosan served as the respiratory burst inducer. The
enhancement of chemiluminescence induced by
opsonized zymosan was estimated by the ratio of the
area of induced (S induced) to the area of spontaneous
(S spont.) chemiluminescence and was designated
by the activation index. Statistical data processing
was carried out using the Statistica for Windows 8.0
(StatSoft Inc., USA, 2008) and Microsoft Excel
2007 (Microsoft, USA) application packages. Pro-
cessing of the received data included calculation of
non-parametric data: median (Me) and quartiles
(Qu25-Qy75). Statistical differences between the data
were assessed using the nonparametric Mann—
Whitney U test. The critical level of significance
when testing statistical hypotheses was taken equal to
p <0.05.

Results and discussion

The study of the chemiluminescent activity (CA)
of monocytes will allow us to evaluate the chara-
cteristics of a respiratory burst in a spontaneous
and induced state in stomach adenocarcinoma. It
is believed that the functional activity of phagocytes
depends on CA, the higher the chemiluminescent
activity, the greater the functional ability of the cells.

At the first stage, the chemiluminescent acti-
vity of monocytes was studied in patients with
gastric adenocarcinoma relative to the control group
(Table 1). It was found that the index of maxi-
mum intensity (Imax) during spontaneous chemi-
luminescence is lower compared to the control
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TABLE 1. PARAMETERS OF THE CHEMILUMINESCENT REACTION OF MONOCYTES IN PATIENTS WITH STOMACH
ADENOCARCINOMA (SAC) COMPARED WITH THE CONTROL GROUP, Me (Q, ,5+Q; +:)

Patients with SAC Control group

Indicator (n = 85) =79}

Imax spontaneous, c. u 424" 486
P S (295.6-614.7) (77.7-690.4)

Tmax spontaneous, s 7957* 5533
P ’ (7313-10465) (3505-9992)

0.2* 0.011

Squr spontaneous (x 10°)

(0.140-0.305) (0.006-0.022)

Imax induced, c. u 1183 1395.6
& U (657-1284) (412.9-1637.3)

5496 5485

Tmax induced, s

(5085-5869) (3104-6185)

. 0.46* 0.031
6’
Squr induced (x 10°) (0.39-0.96) (0.01-0.07)
PP 1.89* 0.88
Activation index (0.91-2.07) (0.6-1.3)

--------

Monocytic phagocytosis 29%+5% *

________

Note. *, statistically significant differences between the indices of patients with stomach cancer and the control group (p < 0.001).

TABLE 2. INDICATORS OF SPONTANEOUS AND INDUCED CHEMILUMINESCENT RESPONSE OF MONOCYTES IN PATIENTS
WITH STOMACH ADENOCARCINOMA (SAC) COMPARED WITH THE CONTROL GROUP, Me (Q, ,5-Q, 15)

Control arou SAC SAC SAC SAC
Indicator (n= 799) P | stage Il stage lll stage IV stage
(n=19) (n=22) (n = 24) (n = 20)
1 2 3 4 5
486.8 454 425 390 362
Imax (77.7-690.4) (342-597) (296-615) (305-506) (280-477)
spontan., c. u.
p.s < 0.05
5523 6401 7951 9057 9285
Tmax (3505-9992) (6355-10060) (7313-10465) (7678-11263) (7569-11406)
spontan., s 5<0.001
P, < 0.001 P.s < 0.001 P4 < 0.001 p‘;; < 0.05
0.01 0.12 0.20 0.29 0.33
Squr spontan. | (0.006-0.022) (0.099-0.240) (0.14-0.30) (0.20-0.34) (0.21-0.37)
(x 10°) 5<0.05
P1, < 0.001 P15 < 0.001 0,4 < 0.001 pif:< 0.001
Imax 1375.6 1077 1173 1186 1181
induced, c. u. (412.0-1637.3) (819-1202) (657-1284) (1101-1324) (956-1425)
Tmax 5385 5584 5436 5768 5850
induced, s (3104-6185) (5499-6977) (5085-5869) (5288-6497) (5070-6719)
0.03 0.34 0.44 0.69 0.72
Squr induced (0.01-0.07) (0.29-0.38) (0.39-0.95) (0.6-0.7) (0.66-0.77)
(x 109) <0.001
Py, < 0.001 P14 < 0.001 P4 < 0.001 EZ <005
o 0.86 1.7 1.79 2.0 2.4
Activation (0.6-1.3) (1.4-2.2) (0.90-2.06) (1.90-2.27) (2.0-2.6)
index, c. u.
p., < 0.001 p.s < 0.001 P14 < 0.001 P15 < 0.001
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group, which characterizes the low functionality of
monofilaments in SAC. The time for the appearance
of the spontaneous chemiluminescence maximum
(Tmax) in patients with stomach adenocarcinoma
is higher than in the control group, which indicates
a prolongation of the time required for monocyte
activation. The area under the curve of spontaneous
and induced chemiluminescence (CL), as well as
the activation index, were also increased in patients
with SAC relative to the control. When studying the
phagocytic activity of monocytes in patients with
stomach adenocarcinoma, a decrease in the number
of functionally mature phagocytic cells relative to the
control group was recorded (Table 1).

In the second stage, the indicators of the
chemiluminescent activity of monocytes in patients
with stomach adenocarcinoma depending on the
stage of the disease were studied (Table 2). The index
of maximum intensity (Imax) in spontaneous CL of
monocytes decreased in proportion to the stage of
the disease, reaching statistical significance in stage
IV of SAC relative to the control group. The Tmax of
spontaneous CL, Squr of spontaneous and induced
CL, as well as the monocyte activation index, on
the contrary, progressively increased from stage 1 to
stage IV of stomach adenocarcinoma, exceeding the
control group by more than two times at the last stage
(p < 0.05). Statistical differences between the studied
parameters between I and IV stages of SAC were also
revealed (p < 0.05) (Table 2).

The development of stomach adenocarcinoma is
promoted by many etiological factors, accompanied
by the development of inflammatory and atrophic
changes in the gastric mucosa [3, 6, 8]. The literature
presents studies of the state of the immune system in
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AHTMOTMEHHbIW NOTEHLUMAJ LUUPKYJIUPYIOLLUX
HEUTPODUIJI0B NEPUDEPUYECKOW KPOBU NMPU PAKE
NOYKU

Msarpuesa VI.P.!, Acakymosa T.B.!, loarosa JI.P.}, 'opiukos O.FO.%
I'eanar T.I1.!

@I'BOY BO «Yavsanosckuii eocyoapcmeennblii ynusepcumem», e. Yavanoeck, Poccus
2 I'V3 «Ob6aacmuoii KaunHuveckull onKoao2u4eckui ducnancep», 2. Yavanosck, Poccus

Pesome. B HacTosIiee BpeMsT aKTyaJbHBIM SIBJISICTCSI U3YYEHUE POJIM HEHTpOMMIOB MpU pakKe MOYKH.
WX ponb B KaHLleporeHe3e HeoqHO3Ha4YHa. SIBJIsIsSICh OMHUM M3 HauboJiee pacIpoOCTpaHEHHBIX JICKOLIMTOB
KPOBU, HEUTPOMUIIBI UTPAIOT BaXKHYIO POJIb B IPOrPECCUPOBAHUM paKa MOCPEACTBOM MHOXKECTBA MEXaHU3-
MOB, BKJII0Yasi CTUMYJIMPOBaHKME aHIMOreHe3a, MMMYHOCYIIPECCUM U MeTacTa3upoBaHus paka. Helitpodu-
JIbl CUHTE3UPYIOT U BEICBOOOXIAIOT IIPOAHTMOTeHHbIE (DAKTOPhI, KOTOPhIE CLIOCOOHI IIPSIMO WJIM KOCBEHHO
CTUMYJIMPOBaTh POCT Y MUTPALIMIO SHIOTEIMAIbHBIX KJIETOK, YTO, B CBOIO OYepe/ib, BhI3BIBAET 00Opa30BaHUE
HOBBIX KPOBEHOCHBIX COCYAOB M3 paHee CyllecTBoBaBiluxX. [Ipomykiius HeidTpoduiaMy pa3IndHbIX (ak-
TOpPOB, B TOM 4YMCJIE U IIPOAHTMOTeHHbBIX, ONOCPEAOBaHA SKCIIPECCUECH TeHOB JaHHBIX MOJIeKy1. DYyHKIIN-
OHaJIbHasl T€TEPOreHHOCTh XapaKTepU3YeTCsl pa3IMYMsIMU B MaTTEPHAX IKCIIPECCUU T'€HOB HEATPO(UIIOB.
Llenpio JaHHOTO MCCIeaAOBaHus ObLIa OLIEHKA aHTMOTeHHOTO MOTEHIIMAA HUPKYIMPYIOLIMX HeUTPOodUIOB
npu pake Moyku. OObEKTOM HCCASAOBAHUS SIBUJIMCh HEATPOMDMIBI KPOBU ITAlIMEHTOB ¢ BepU(UIIMPOBaH-
HBIM paKoM IIOYKHU cBeTJIoKJIeTouHoro tuma Ha [ ctanuu (TINOMOG1, n = 28, meanana Bo3pacTa 60), I1 cta-
muu (T2NOMOG2, n = 15, meauana Bo3pacta 61) u 111 ctaguu (T3ANOMOG2, n = 15, MmeauaHa Bo3pacTa 63)
IO XMPYPTrUYeCKOro JiedeHus1. [pyIimy KOHTPOJISI COCTABIISIA YCIOBHO 3I0POBBIC JOHOPHI (n = 15, MeauaHa
Bo3pacTa 54). MetogomM UMMyHO(GEPMEHTHOTO aHau3a oleHuBanuch ypoBHu IL-8 u VEGF-A B ceiBopoTKe
kpoBu. Dkcrnpeccusi reHoB CXCL8 nu VEGF-A B uupKkyaupylommx HelTpoduiax Oblia onpeaeieHa MeTO-
noM KonndectBeHHoi [TLP ¢ o6paTHOi1 TpaHcKpunueii. B pe3yibraTe mpoBeleHHOTO HaMU MCCJIeTOBaHUS
BBISIBJIeHO TToBhIIeHUEe YpoBHS IL-8 1 VEGF-A B cbIBOpOTKe KpPOBU IMAlIMEHTOB C PAKOM ITOYKM BO BCEX
HMCCJIeAyeMbIX TpYIIaxX 10 CPAaBHEHUIO C IPYIIION KOHTPOJsa. Mbl HaOIIOaIU MPSIMYIO KOPPEISLIMOHHYIO
cBsa3b Mexay ypoBHeM 1L-8 1 VEGF-A B chIBOpOTKe y MalMeHTOB ¢ pakoM Iouku (r = 0,429; p = 0,016),
KOTOpasi OATBEPKIAET B3aMMOCBSI3b JaHHbIX aHTMOTeHHbBIX (haKTOpOB. BbLIO ycTaHOBJIEHO 3HAYUMOE I10-
BbiLIeHUE 3Kcnpeccnn reHa CXCL8 nupkynupyromumu HeiTpodgunamu y naureHToB Ha 11 (2,91, Qg 55-Q, 75:
(1,296-4,99), p = 0,02) 1 I1I (1,93, Q;45-Qy75: (0,755-11,36, p = 0,014) cranuu paka IOYKU 11O CPABHEHUIO C
KOHTpoJIbHOM rpynnoii (1,50, Q,,5-Q 5: (0,80-4,05)), onnako skcnpeccust reHa VEGF-A nupkynupyromm-
MU HeiTpodiiaMu He OT/IMYAIach OT aHAJIOTUYHBIX ITOKa3aTeJieil B rpyIine KOHTpojsa. Ha ocHoBaHMU moTy-

Anpec Anig nepenyucKu:
Mzseoduesa Hnvcess Punamosna

Address for correspondence:
Ilseya R. Myagdieva

DI'BOY BO «YavsHosckuil 20cy0apcmeeHHbLil
YHU8epcumem»

4321017, Poccus, e. Yavanoesck, ya. JI. Toacmoeo, 42.
Ten.: 8 (937) 039-85-86.

E-mail: ilseya2015@yandex.ru

Ulyanovsk State University

42 Leo Tolstoy St

Ulyanovsk

432017 Russian Federation
Phone: +7(937) 039-85-86.
FE-mail: ilseya2015@yandex.ru

Oo0pa3sen NMTHPOBAHMS:

U.P. Mseouesa, T.B. Abakymosa, /I.P. llonreosa,

O.10. lopwkos, T.I1. Ienune «AneuoeenHblil nomeryuan
YUPKYAUPYIOWUX Hedmpopuaos nepugepu4eckoli Kpoeu
npu pakxe nouxu» // Meduyunckas ummyHnonoeus, 2023.
T.25 No 5. C. 1123-1128.

doi: 10.15789/1563-0625-AP0O-2678

© Msazouesa HU.P. u coaem., 2023
Dma cmamos pacnpocmMparHsiemcst No AUUEH3UU
Creative Commons Attribution 4.0

For citation:

L.R. Myagdieva, T.V. Abakumova, D.R. Dolgova,

O.Yu. Gorshkov, T.P. Gening “Angiogenic potential

of circulating peripheral blood neutrophils in kidney cancer”,
Medical Immunology (Russia)/Meditsinskaya Immunologiya,
2023, Vol. 25, no. 5, pp. 1123-1128.

doi: 10.15789/1563-0625-APO-2678

© Myagdieva IL.R. et al., 2023
The article can be used under the Creative
Commons Attribution 4.0 License

DOI: 10.15789/1563-0625-AP0O-2678

1123



Mseduesa U.P. u op.
Mpyagdieva L.R. et al.

Meduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

YEHHBIX PE3YIBTaTOB MOXHO TPEINOJI0XUTh, YTO UPKYJIMPYIOIINE B KPOBU HEUTPOMWIIBI TIPU paKe TTOYKHN
OCYIIECTBIISIIOT CBOM aHTMOTEHHbIN MTOTSHIIMAJ Yepe3 npoayKimio 1L-8.

Knroueswie cnosa: neiimpoghunst, aneuoeenes, VEGF-A, IL-8, penomun neiimpogunos, pak nouxu

ANGIOGENIC POTENTIAL OF CIRCULATING PERIPHERAL
BLOOD NEUTROPHILS IN KIDNEY CANCER

Myagdieva LR.2, Abakumova T.V.2, Dolgova D.R.2, Gorshkov O.Yu.",
Gening T.P.?

@ Ulyanovsk State University, Ulyanovsk, Russian Federation
b Regional Clinical Oncologic Center, Ulyanovsk, Russian Federation

Abstract. The role of neutrophils in kidney cancer is currently being studied. Their role in carcinogenesis
is ambiguous. As one of the most abundant blood leukocytes, neutrophils play an important role in cancer
progression through multiple mechanisms, including promotion of angiogenesis, immunosuppression, and
cancer metastasis. Neutrophils synthesize and release pro-angiogenic factors that are able to directly or
indirectly stimulate the growth and migration of endothelial cells, which in turn causes the formation of new
blood vessels from pre-existing ones. The production of various factors by neutrophils, including proangiogenic
ones, is mediated by the expression of the genes of these molecules. Functional heterogeneity is characterized
by differences in neutrophil gene expression patterns. The aim of this study was to evaluate the angiogenic
potential of circulating neutrophils in kidney cancer. The object of the study were blood neutrophils of patients
with verified clear cell kidney cancer at stage I (TINOMOG1, n = 28, median age 60), stage 11 (T2NOMO0G?2,
n = 15, median age 61) and stage 111 (T3ANOMO0G?2, n = 15, median age 63) before surgery. The control group
consisted of apparently healthy donors (n = 15, median age 54). Serum levels of IL-8 and VEGF-A were
assessed by enzyme immunoassay. Expression of the CXCL8 and VEGF-A genes in circulating neutrophils
was determined by reverse transcription quantitative PCR. As a result of our study, an increase in the level
of IL-8 and VEGF-A in the blood serum of patients with kidney cancer in all studied groups compared with
the control group was revealed. We observed a direct correlation between serum levels of IL-8 and VEGF-A
in patients with kidney cancer (r = 0.429; p = 0.016), which confirms the relationship of these angiogenic
factors. A significant increase in CXCLS8 gene expression by circulating neutrophils was found in patients on
11 (2.91, Qg ,5-Qp 75 (1.296-4.99), p = 0.02) and I1I (1.93, Q,,5-Q,+5: (0.755-11.36, p = 0.014) stages of kidney
cancer compared with the control group (1.50, Q,,s-Q,,s: (0.80-4.05)). However, VEGF-A gene expression
by circulating neutrophils did not differ from those in the control group. Blood neutrophils in kidney cancer
exercise their angiogenic potential through the production of IL-8.

Keywords: neutrophils, angiogenesis, VEGF-A, IL-8, neutrophil phenotype, kidney cancer

of inflammation [11]. These tumor-associated Nph
(TANSs) are the main effector cells of the tumor micro-
environment [9]. Nph can support tumor growth
through various mechanisms, including suppression
of T cell activation, stimulation of genetic instability,
tumor cell proliferation, angiogenesis, and metasta-
sis [8].

Nph are known to play an important role in
stimulating tumor angiogenesis through the pro-
duction of pro-angiogenic factors, including
MMP-9, Bv8, vascular endothelial growth factor A
(VEGF-A), and chemokines [3]. The proangiogenic

Introduction

The most common type of kidney cancer (KC) is
clear cell (about 70% of cases). KC is considered to
be an immunogenic tumor but is known to mediate
immune dysfunction to a large extent by causing the
entry of immunoinhibitory cells, such as regulatory
T cells and myeloid suppressor cells, into the tumor
microenvironment [4]. The microenvironment of
a tumor can contribute to its development from
initiation to metastasis [7]. Neutrophils (Nph) are
the most common population of granulocytes in hu-

man blood and, as a rule, make up a significant pro-
portion of tumor-infiltrating immune cells in KC [3,
13]. In response to chemokine signals, neutrophils
quickly migrate from the bloodstream to the focus

activity of Nph is crucial in the early stages of tu-
mor progression, since Nph-produced MMP-9 trig-
gers angiogenesis, facilitating the mobilization of
VEGF-A and subsequent binding to VEGFR2 [3].
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In addition to its pro-inflammatory function, IL-8
enhances the proliferation, survival, and migration of
endothelial cells, thereby activating and maintaining
the development of angiogenesis [2]. IL-8 and its
receptors are widely expressed by both tumor cells
and a variety of non-malignant cells present in the
tumor microenvironment, including tumor-associated
macrophages, Nph, and endothelial cells [2, 6]. It
was found that elevated serum levels of IL-8 in KC
were associated with the prevalence of the process and
worse overall survival [12]. The production of various
factors by neutrophils, including proangiogenic
ones, is mediated by the expression of the genes of
these molecules. The functional heterogeneity of
neutrophils is characterized by differences in the
patterns of neutrophil gene expression [10].

The aim of the study was to assess the angiogenic
potential of circulating Nph in KC.

Materials and methods

The object of the study was blood Nph of patients
with verified KC, clear cell type I stage (TINOMOGT,
n =28, median age 60), Il stage (T2NOMO0G2,n=15,
median age 61) and III stage (T3NOMO0G2, n = 15,
median age 63) before surgical treatment. The control
group consisted of apparently healthy donors (n = 15,
median age 54). Informed consent to participate
in the study was obtained from all patients. The
study was approved by the Ethics Committee of the
Institute of Medicine, Ecology and Physical Culture
of Ulyanovsk State University (protocol No. 1 dated
January 15, 2020).

Nph was isolated from leukocyte suspension on
a double density gradient of sterile ficoll-verografin
solutions. The isolated Nph were washed from
the gradient three times with sterile saline sodium
chloride solution and adjusted to a concentration of
5x10°¢ cells/ml. The purity of the Nph fraction was
92—94%. The viability of Nph in the test with 0.5%
trypan blue was 95%. From the general blood test,
the following were calculated: the absolute number
of leukocytes in patients with KC, median 6.36
(Qu25-Qp75: 5.00-7.18), neutrophils, median 3.072

(Qu25-Qpss: 0-4.14). RNA was isolated from the
peripheral blood Nph fraction using SileksMagNA
magnetic particles (LLC Sileks, Moscow, Russia) at a
KingFisher automated nucleic acid isolation station.
After isolation, the reverse transcription reaction
was set up. Expression of CXCL8 and VEGF-A
genes was determined by quantitative PCR with
reverse transcription using primers (CJSC Evrogen,
Moscow, Russia). The level of I1L-8 and VEGF-A in
serum was determined using ELISA (CJSC Vector-
Best-Volga, Russia). Sets of quantitative indicators,
the distribution of which differed from normal,
were described using the values of the median (Me)
and the lower and upper quartiles (Q,,s-Qgs,). The
statistical significance of differences was assessed
using the Mann—Whitney U test. In order to study
the relationship between quantitative variables, the
calculation of the Spearman correlation coefficient
and the linear regression model were used. Statistical
processing was performed using Statistical 13.

Results and discussion

As a result of our study, an increase in the level
of IL-8 in the blood serum of patients with KC in all
the studied groups compared with the control group
was revealed (Table 1). High concentrations of IL-8
have also been found by Wu L. et al. (2021) in serum
and tissue samples from patients with various types of
cancer and have been shown to correlate with tumor
progression and worse overall survival. High levels
of IL-8 in the blood promote the migration of Nph
into the tumor, and blocking the signaling of this
chemokine, according to Schimek V. et al. (2022),
suppresses this process. Accordingly, an increase in
the level of this chemokine in patients with KC can
lead to an increase in Nph chemotaxis into the tumor.

We also found an increase in the serum level of
VEGF-A at all stages of KC relative to the control
group (Table 1), which is consistent with previous
studies [5]. In addition, the studies of Apte R.S. et al.
(2019) found that a high serum level of VEGF-A
correlates with invasiveness, vascular density, me-

TABLE 1. SERUM LEVELS OF IL-8 AND VEGF-A AT VARIOUS STAGES OF KIDNEY CANCER, Me (Q; 5-Q,75)

Group Control Stage | Stage Il Stage Il
. n =22 n=28 n=15 n=15
Indicator
11.04 94.26 409.08 96.37
IL-8, pg/mL (10 30;14 99) (36.07-387.50) (29.23-422.15) (61.83-275.22)
) ’ p = 0.00001 p = 0. 00023 p = 0.0001
136.34 372.99 337.52 227.34
VEGF-A, pg/mL ) (282.99-545.82) (329.33-692.18) (227.34-399.49)
(91.01-168.95) b = 0.0001 b = 0.00047 b = 0.0017

Note. Statistical significance p was calculated relative to the control group; the values were considered statistically significant

at p<0.05.
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Figure 1. CXCL8 gene expression in circulating neutrophils

tastasis, and relapses in KC and can serve as a bio-
marker for the development of angiogenesis.

We observed a direct correlation between the level
of IL-8 and VEGF-A in serum in patients with KC
(r=0.429; p=0.016), which confirms the relationship
of these angiogenic factors. It is known that 1L-8
promotes a proinflammatory state, stimulates angio-
genesis and is a powerful chemoattractant for Nph [7,
14], and also activates pro-angiogenic pathways, which
is confirmed by previous studies by Zhou N.A.N.
et al. (2016).

The phenotype of neutrophils is characterized by
gene expression in them [10]. We found a significant
increase in CXCLS8 gene expression by circulating
neutrophils in patients on I1 (2.91, Q,,5-Q 75 (1.296-
4.99),p=0.02) and I11 (1.93, Q,,5-Q, +5: (0.755-11.36,
p = 0.014) of the KC stage compared with the control
group (1.50, Q,,5-Q, +s5: (0.80-4.05)) (Figure 1), which

20
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VEGF-A gene expression
wn
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Figure 2. VEGF-A gene expression in circulating neutrophils
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may indicate an increase in the ability to produce I1L-8
Nph in the studied groups.

From previous studies by Apte R.S. et al. (2019)
it is known that Nph synthesize VEGF-A, which is
stored in them and released during inflammatory
angiogenesis. VEGF-A is one of the factors that de-
termine protumor (IN2) neutrophil polarization [7]. In
studies by Amorim C. et al. (2022) also demonstrated
that a high level of VEGF-A released by neutrophils
is characteristic of the N2 phenotype. As a result of
our analysis, the expression of the VEGF-A gene by
circulating Nph in KC did not differ from similar
indicators in the control group (Figure 2). Expression
of the VEGF-A gene (Me = 1.47, Q,,5-Q,s5: (0.645-
3.96)) by circulating Nph in patients with KC
was significantly lower than the expression of the
CXCLS8 gene (Me = 2.34, Q,,5-Q,s: (0.904-8.32),
p = 0.0023). Analysis of the linear regression model
of the VEGF-A gene expression Nph and the serum

range

—— mediane

Stage Il Stage Ill
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level of IL-8 in the group of patients at stage I1 showed
an inverse relationship between these indicators
(R2=10.8, p =0.0054).

Conclusion

Thus, our results suggest that Nph circulating in
the blood during KC exercise their angiogenic po-
tential through the production of IL-8, and are not

the main producers of serum VEGF-A. An elevated
serum level of IL-8 probably contributes to the
formation of a protumor phenotype of circulating
Nph. It can be assumed that an increase in the level
of this chemokine in the future will lead to a change
in the expression of proangiogenic factor genes in
neutrophils and their protumor polarization in the
process of recruitment to the tumor.
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IL-4 U ErO NOJINMOP®U3M (IL4-589C/T) NPU
LLEEPBUKAJIbHON HEOMJIASMMA

Abakymora T.B., Marguesa J1.P.!, loarosa JI.P.},
I'eannar C.0.}, Aaroneesa VL.JI.'2 I'eannr T.I1.!

T@PI'BOY BO «Yavsanosckuii eocydapcmeentulil yHusepcumem», 2. Yavanosck, Poccus
2 I'V3 «Obaacmuoil Kaunuveckuli onKoao2uteckui ducnaucep», 2. Yavanosck, Poccus

Pesiome. Ilepexon Heorutazuu meiiku Matku (CIN) B pak LIEKM MaTKU TIPOUCXOAUT TIPU aKTUBHOM
yuactuu 1L-4, 1151 KOTOpOro noka3aHo Kak Ipo-, TaK U IIPOTUBOOMYX0JIEBOE ACUCTBUE IIPU OMYXOJIsSIX pa3-
JIMYHON JIOKAIM3aLMKU. DKCIIPEeCcCusl IUTOKMHOB PEryJIMpyeTCsl Ha YPOBHE TPAHCKPUIILIMM B IPOMOTOPHOI
objactu reHa. IlokasaHo, yto reHotun /L4 (589C/T) (1rs2243250) accoumupoBaH C pa3BUTHEM paKa xKeJIyaKa
1 MOJOYHOM Xene3bl. Bknan Bapuanuii reHotuna /L4 B pazsutue CIN eme He udydeH. Llens nccnenona-
HUSI — OLICHUTh PUCK Pa3BUTHUSI HEOIUIA3UM IICHKKW MAaTKU 110 Haauduio noiaumopdusma IL4 (589C/T) n
ypoBHIo 1L-4.

OOBEKTOM MCCIEAOBAHUS CIYKWINA LIUPKYIUPYIOIIME HEMTPOdMIbI, chiBOpoTKa M reHomHas JHK 36
60abHBIX CIN 1 20 xxXeHIIMH 6e3 nuciuia3un (rpymma cpaBHeHus1). C nmomoinpio MDA onpenensin ypoBeHb
IL-4 B nu3are HeHTPOUIOB 1 CHIBOPOTKE KpoBU. OlLieHUBaIU (harolUuTapHylo aKTUBHOCTb M CIIOCOOHOCTh
HelTpoduios K agresun (CD11b). Amnens-cnenndudeckyro ITIP B peaibHOM BpeMeHH C UCIIOJIb30BaHUEM
30HA0B Tag-Man ucnosnb3zoBanu wist aHanuza IL4 589C/T (rs2243250). Ctatuctuueckyio oo0padboTKy IIpOBO-
JIWIA ¢ TOMOIIBIO mporpamM Statistica 13 u Jamovi 1.6.5.0.

B pesynbraTte ucciaenoBaHUs YCTAaHOBJIECHO, UTO YypoBeHb I11.-4 B CHIBOPOTKE KPOBU U LIUPKYIUPYIOIINX
HelTpoduinax y 6oiapHbIX ¢ CIN mocToBepHO BBIIIIE, YeM B I'pyIie cpaBHeHU. AJieib -589C* rena IL4 n
redHotun TT uvame BcTpevatorcst B rpymiie ¢ CIN (55,5%), yem B KoHTpoje (25%). Ilpu aTOM ycTaHOBIIE-
Ha IpsMasl CBSI3b MEXIy HaJM4uMeM IoJuMop¢hH3Ma U IOBBIIIEHHON aAre3MBHONM CIIOCOOHOCTBIO U C I10-
KazareasMu (aroluTapHOIro 4yrciaa HUPKYJIMPYIOIINX HEUTpodUaoB. AHaIU3 4acTOThl BcTpeyaeMocTu /1.4
C589T meTomoM «ciTydaii-KOHTPOJIb» TToKa3aJ, 4To maHckl (jopmupoBanus CIN y Hocuteneit aymens -589C
u redorumna TT cocraBum 3,75 (95% AW: 1,013-13,880, Xu-kBaapat = 4,161, p = 0,042). Amienp -589C*
u TT renorun /L4, ypoBHU HeilTpoduiaoB 1 ceiBopotodHoro IL-4 cBsa3anbl ¢ nHdpekuueit BITY. C momo-
LL[bIO MOJIeJIM OMHAPHOI JTOTMCTUYECKOM perpecCur nokKa3aHa BO3MOXHOCTh UCIOIb30BaHUs ypoBHeil 11.-4
B LMPKYJIUPYIOLIMX HeiTpodmiax u nonumopdusma IL4 (589C/T) nis nuddepeHIMaaibHOM TMarHOCTUKYA
nanueHToB ¢ CIN (y2 = 15,6, p =0,001). 3HaYUMOCTb UX COYETAHMSI OLICHUBAJIU C TOMOIIbI0 aHan3a ROC-
kpuBbIX (IL-4 B HeliTpodmnax; IL4 (-589C*), BeposiTHOCTb 75%).
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Takum obpazom, IL-4 (589C/T) cBsizaH ¢ anre3auBHOM U (haroMTapHON aKTUBHOCTBIO IIMPKYJIMPYIOIITAX
HelTpodunos. Y BITY-uHbUIIMPpOBaHHBIX TTAIMeHTOB TTouMopdusm reHa IL-4 (589C/T) MoXeT CIyKUTh
MapKepoM paHHEero BbIsgBIeHUs U mporHo3a CIN.

Karouesnie cnosa: IL-4, noaumoppusm IL4 (589C/T), uepsukanvhas unmpasnumenuansHas Heonaasus, Heiimpoguasi, BITY,
dugpghepenyuanvras duasHocmuxa

IL-4 AND ITS POLYMORPHISM (/IL4-589C/T) IN CERVICAL
NEOPLASIA

Abakumova T.V.2, Myagdieva LR.?, Dolgova D.R.?, Gening S.0.%,
Antoneeva LL*>", Gening T.P.?

@ Ulyanovsk State University, Ulyanovsk, Russian Federation
b Regional Clinical Oncologic Center, Ulyanovsk, Russian Federation

Abstract. The transition of cervical neoplasia (CIN) to cervical cancer occurs with the active participation
of IL-4, for which both pro- and antitumor effects have been shown with tumors of various localizations. The
expression of cytokines is regulated at the transcriptional level in the promoter region of the gene. It has been
shown that the genotype /L4 (589C/T) (rs2243250) is associated with the development of gastric and breast
cancer. The contribution of 1L-4 genotypic variations to the development of CIN has not yet been studied.
The aim of the study was to assess the risk of developing cervical neoplasia by the presence polymorphism of
IL4 (589C/T) and the level of IL-4. The object of the study was circulating neutrophils, serum and genomic
DNA of 36 patients with CIN and 20 women without dysplasia (comparison group). Using ELISA, the level
of IL-4 was determined in neutrophil lysate and serum. Phagocytic activity and adhesive ability (CD11b) of
neutrophils were assessed. Allele-specific real-time PCR using Tag-Man probes was used to analyze of the /L4
589C/T (rs2243250). Statistical processing was carried out using Statistica 13 and Jamovi 1.6.5.0. As a result
of the study, it was found that the level of IL-4 in serum and circulating neutrophils in patients with CIN is
significantly higher than in the comparison group. The -589C* allele of the /L4 gene and the TT genotype are
more common in the group with CIN (55.5%) than in the control (25%). At the same time, a direct relationship
was established between the presence of polymorphism and increased adhesive ability and with indicators of the
phagocytic number of circulating neutrophils. Analysis of the incidence of /L4 C589T by the «case-control»
method showed that the chances of CIN formation in carriers of the -589C allele and the TT genotype were
3.75 (95% CI: 1.013 — 13.880, Chi-square = 4.161, p = 0.042). The -589C* allele and TT /L4 genotype,
neutrophil and serum IL-4 levels are associated with HPV infection. Using a binary logistic regression model,
we demonstrated the possibility of using 1L-4 levels in circulating neutrophils and 1L-4 gene polymorphism
(589C/T) for the differential diagnosis of patients with CIN (y? = 15.6, p = 0.001). Significant significance for
their combination was assessed by ROC-curve analysis (IL-4 in neutrophils; /L4 (-589C*), 75% probability.
Thus, the /L4 (589C/T) is associated with the adhesive and phagocytic activity of circulating neutrophils.
In HPV-infected patients, /L4 gene polymorphism (589C/T) can serve as a marker for early detection and
prognosis of CIN.

Keywords: I1L-4, I1L4 polymorphism (589C/T), neutrophils, cervical intraepithelial neoplasia, HPV, differential diagnosis

modulate immunological control can play a special
role. Interleukin 4 (IL-4) has an antitumor effect [13],
however elevated levels of IL-4 have been found
in tumor tissues in patients with breast, renal cell,
prostate, colon and lung cancers [8, 11]. IL-4 is mainly
produced by macrophages and T lymphocytes [1], as

Introduction

Infection with certain strains of human
papillomavirus (HPV) is associated with a high risk
of malignant transformation, and HPV-associated
cervical intraepithelial neoplasia (CIN) can become
an invasive cancer. Up to 32% of cases there is a

transition from CINIII to cervical cancer [2]. In
this case, factors that regulate tumor growth and

well as by neutrophils (Nph) [3]. At the same time, it
causes hyperproduction of antibodies, which leads to
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increased tumor growth due to “antibody screening”
of tumor cell antigens [9]. At the same time, the
tumor growth-inhibiting effect of IL-4 associated
with blockade of the cell cycle, increased expression of
MHC on tumor cells, and a decrease in the expression
of oncogenes was shown [12].

The expression of cytokines is regulated at the
transcriptional level in the promoter region of the
gene. The functional polymorphism of the promoter
region of the /L4 gene at position -590C — T and
the association of increased protein production with
the *T allelic variant of the gene were shown [10]. In
a detailed subgroup analysis by cancer type, the /L4
genotype (589C/T) (rs2243250) was associated with
the risk of developing gastric and breast cancer [4,
14]. At the same time, Wang et al. (2012) showed that
carriers of the Q576R G IL4R allele were associated
with a significantly reduced risk of cervical cancer. To
date, the contribution of /L4 genotypic variations to
the development of CIN has not been studied.

The aim of the study was to assess the risk of
developing cervical neoplasia by the presence of /L4
polymorphism (589C/T) and the level of IL-4 in
circulating neutrophils.

Materials and methods

The study included 36 patients with verified CIN
who were examined and then treated at the Regional
Clinical Oncological Center in Ulyanovsk, and 20
women without dysplasia (comparison group), cor-
responding in age to patients in the study group and
not having a history of oncological diseases (Table 1).
The study was conducted in compliance with the
principles of voluntariness and confidentiality, in
accordance with the requirements of the ethics

commission of the Institute of Medicine, Ecology
and Physical Culture of Ulyanovsk State University
(protocol No. 3, dated March 15, 2015).

The level of IL-4 was determined by ELISA in the
Nph lysate and serum before the start of treatment
(CJSC Vector-Best-Volga, Russia). Genomic DNA
was isolated from peripheral blood leukocytes using
the DNA Express Blood kit (Litekh, Russia). The
study of the phagocytic activity of Nph was carried out
by quantitative determination of the absorption and
digestion capacity of Nph during 30 min incubation
with Saccharomyces cerevisiae. The ability of Nph to
adhere was assessed by the expression of the surface
marker CD11b. Allele-specific real-time PCR using
Tag-Man probes was used to analyze the polymorphic
variant of the promoter region of the /L4 gene
589C/T (1s2243250) (Litekh, Russia).

The frequencies of alleles and genotypes of
polymorphic loci, as well as the correspondence of the
distribution of the observed frequencies of genotypes
to those theoretically expected according to the
Hardy—Weinberg equilibrium, were checked using
the x? test. To assess the relative risk of developing
a disease/event, the OR value (odds ratio) was
calculated in case-control studies. Sets of quantitative
indicators, the distribution of which differed from
normal, were described using the values of the median
(Me) and the lower and upper quartiles (Q,,5-Qq+s)-
The Mann—Whitney U test was used to compare
independent populations in cases where there were no
signs of normal data distribution. The construction of
a predictive risk model for the outcome of a malignant
neoplasm was performed using the binary logistic
regression method. The statistical significance of the
resulting model was determined using the y? test. The
quality of the predictive model obtained using ROC

TABLE 1. CHARACTERISTICS OF PATIENTS INCLUDED IN THE STUDY

Characteristic

Number of patients (%)

Mean age, median 51.5 years (IQR, Qq,5-Qg 75; 39-59)

n = 56 (100%)

Diagnosis :
Without dysplasia
CIN (dysplasia llI-Ill, cancer in situ)

HPV-positive

20 (35,7%)
36 (64.3%)
52 (92,8%)

leukocytes, *10%/L, median 6.2 (IQR, Q,,5-Qy +5; 5.2-7.7)

Complete blood count of patients with CIN before treatment:

neutrophils, *10%L, median 10.6 (IQR, Qg ,5-Q,s; 8.6-11.6)
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Figure 1. Level of IL-4 in the blood serum of the comparison
group (1) and patients with CIN (2)
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Figure 2. IL-4 level in circulating neutrophils of the
comparison group (1) and patients with CIN (2)
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Figure 3. ROC-curve for the regression model of the
differential diagnosis of CIN, taking into account the
indicators: the level of IL-4 in neutrophils and IL4 (-589C*)

analysis was assessed based on the area under the
ROC curve with a standard error and 95% confidence
interval (CI) and the level of statistical significance
(Jamovi 1.6.5.0). Statistical processing was carried
out using Statistica 13.

Results and discussion

Today, there is an opinion that 1L-4 is a “tumor-
promoting molecule”. Serum levels of IL-4 are
usually elevated in cancer patients [7, 15]. According
to Harris et al. (2019), through IL-4 receptors have
a direct stimulating effect on epithelial tumor cells.
As a result of the study, we also found a significantly
increased serum level of IL-4 (p = 0.003) in patients
with CIN compared with the values in the comparison
group (Figure 1).

The relationship between IL-4 and circulating Nph
seems to be quite complex and poorly understood. An
analysis of literature data suggests that 1L-4 actively
influences the morphofunctional state of Nph: it
limits the migration of Nph into tissues, inhibits its
survival in tissues, delays their apoptosis, activates
de novo actin synthesis and rearrangement of the Nph
cytoskeleton [5]. According to Guo et al. (2013), 1L-4
also recruits Nph through the activation of cytokine-
induced chemoattractant and adhesion molecules.
We found a significant increase in the level of 1L-4
in circulating Nph (p = 0.0008) compared with the
control group (Figure 2).

A study of the polymorphism of the promoter
gene, which determines the level of I1L-4 production
in patients with neoplastic processes, showed an
association of 1L-4 SNP with the risk of developing
bladder cancer, gastric and pancreatic cancer, and
metastatic kidney cancer [6]. At the same time,
both an increase and a decrease in the frequency of
the TT genotype in patients with breast cancer were
noted [10]. Analysis of the polymorphism of the /L4
promoter region (589C/T) in patients with CIN has
not been performed to date. In our study, the -589C*
allele of the /L4 gene and the TT genotype were more
common in the group with CIN (55.5%) than in the
control (25%).

At the same time, a direct relationship was
established between the presence of polymorphism
and an increase in adhesive ability (r = 0.409,
p =0.004) and with indicators of the phagocytic
number of circulating Nph (r = 0.428, p = 0.002).
Analysis of the incidence of functional polymor-
phism C-589T of the /L4 gene by the “case-control”
method showed that the chances of CIN formation in
carriers of the -589C allele and the TT genotype were
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3.75 (95% CI: 1.013 — 13.880, Chi-square = 4.161,
p=0.042). Allele -589C* and TT IL4 genotype
(r=-0.397, p = 0.004), IL-4 level in Nph (r = 0.386,
p = 0.009) and in serum (r = 0.458, p = 0.0002) are
associated with HPV infection. The level of IL-4 in
Nph and serum is not associated with the C-589T
polymorphism of the /L4 gene.

Using a binary logistic regression model, we
demonstrated the possibility of using indicators of
the level of IL-4 in circulating Nph and /L4 gene
polymorphism (589C/T) for the differential diagnosis
of patients with CIN (2= 15.6, p=0.001). Significant
significance in their combination was assessed by
ROC-curve analysis (IL-4 in Nph, OR 1.693 95%
CI 1.048-2.74, p = 0.032; IL4 (-589C*), OR 4.317
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YPOBHU MECTHbIX LLUTOKMHOB KAK MPOrHOCTUYECKUN
®AKTOP PAHHEIO PELUMANBA HEMbILLEYHO-
WHBA3UBHOW KAPLLUHOMbI MOYEBOIO NY3bIPH

3aatank EJO., Carakaun A.B.L, lllyasruma O.I', Illesuenxo A.H.!,
dunarosa E.B.!, Beaakosa JLI1.2 Bpeyc A.A.l, Macaos A.A.},
Maciaos A.A2, Pozenko JL.!

'@I'BY «Hayuonanrvhvlii MeOuyuHCKUl Uccaedogamensckuil yenmp onkonoeuws Munucmepcmea

30pasooxpanenus PD, e. Pocmos-na-Ilony, Poccus

2 Ilenmp ambynamopHoii onxonoeuuecxoii nomouiu I'bY PO « Knunuxo-ouaenocmuveckuii yenmp “300pogve ™,

2. Pocmoeg-na-/lony, Poccus

3 @I'BOY BO «Pocmosckuii 2ocydapcmeeHHbilli MeOuyunckuil ynugepcumem» Munucmepcemea 30pagooxpanenus PD,
2. Pocmoe-na-/lony, Poccus

Pestome. Lleab paboThl — JaTh OLIEHKY JIOKAJIbHOIO YPOBHSI IIMTOKMHOB B Ka4eCTBE BO3MOXKHBIX IPO-
THOCTHMYECKMX (DAKTOPOB paHHETO PEeUMAWBUPOBAHUS HEMEIIICYHO-MHBA3UBHOIO MOYEBOTO ITY3BIPS
(HMHWPMII). B uccnenoBaHue BKIIFOYECHO 75 O0JBHBIX: 51 ¢ mepBUYHBIM U 24 — ¢ perunuBHbEIM HM U PMIT;
B 00eux IrpyImmnax ObIJIM OIMYXOJIM BBICOKOU U HU3KOI cTeneHu 3nokadyecTBeHHOcTU (HG n LG). BoabHBIX ¢
nepBuuHeiIM HMUWPMII Ha6monanu B TeueHue 9 mec. mocie jiedeHus: TYP u anbioBaHTHaAsI XMUMHUOTEpaIIys
(Ne6). 13 06pasiioB OITyX0JIeBOi TKAHW TOTOBUJIN CYyMIEPHATAHTBI, B KOTOPBIX OMPEAEIISUIN YPOBHU IIUTOKK -
HoB (IL-1B, IL-6, IL-10, IL-18, TNFa, IFNy, IL-8) Mmeronom UPA. Pe3ynbraThl MccienoBaHUS TTOKA3aIH,
4yTO y 60JIbHBIX ¢ TiepBUYHBIM HMUPMII permansel pa3Buinuchk B 15 ciayvasx (46,8%) LG u B 11 (45%) —
HG-omnyxoJieit; He BBISIBJICHO pa3MUYUii B 3aBUCUMOCTH OT CTEIIEHU 3JIOKAaYeCTBEHHOCTHU. B McxomHo penu-
auBHBIX onyxoJisix Kak HG, tak 1 LG, ypoBHM IUTOKMHOB OBbLIM MakKCUMaJIbHbIMU: B LG OHU NpeBbIIIAIN
niepsuyHbie oT 7,1 (IFNy) no 300 (IL-6) pa3, B HG — ot 2,0 (IL-10) 1o 9,7 (IL-6) pa3. Ypouu IL-13, IL-6,
1L-10, IFNy, I1L-8 6butn BbILIE B TeX MepBUYHBIX LG-0IMyXoJIsiX, KOTOpbIe pelUANBUPOBAIN Yepes 6-9 Mec.
HaOJIIOACHUS, YeM B HEPELIMANBUPOBABIIIMX, XOTS X COllepXKaHKUe ObUIO 3HAUMTEJILHO HUXE, YeM B ICXOIHO
peLMANBHBIX OIyxoJisiX (oT 2,6 pa3 mist IFNy mo 150 pa3 mis I1L-6). CxonHast TEHASHIIMSI, XOTSI U HE 10 TeM
Ke HUTOKnHaM, Habmoganack B HG-omyxoisax: Tkanesbie ypoBHU 1L-6, IL-10, IL-18 1 TN Fo Gbliin BhILIE B
OITYXOJISIX, pELIMANBUPOBABIIMX Yepe3 6-9 Mec. rocie JedeHust. [IoBbIlIIeHre ypOBHEN IBYX IUTOKUHOB OBLIO
obomuM 111 LG- u HG-onyxodneii (IL-6 u 1L-10), 4To MOXXHO paccMaTpuBaTh B Ka4eCTBe HOBOIO (pakTopa
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HeraTMBHOTIO MporHo3a. Takum obpazom, peuuauBupoBaHue LG 1 HG HMMWPMII cBsizaHO ¢ HEKOTOPbI-
MU UMMYHOJIOTMYECKMMU MeXaHU3MaMU, a UMEHHO C JIOKaJIbHOM I'MNepHpoayKIueil HIMTOKMHOB, OCOOEHHO
1L-6 u IL-10, xotst IL-1B, IL-8, IFNy MoryT urpats posb nipu LG, a 1L-18, TNFoa — npu HG-omyxoJsx.
VYuureiBast obiue curHanbHble myTd 1L-6 u IL-10 (JAK/STAT), 3T1 TpaHCKPUMLIMOHHBIE (paKTOPHI MOTYT
OBITh MOTCHIIUAIbHBIMY MUILIEHSIMU JJIsI HOBBIX 3((MEKTUBHBIX ITOIXOI0B K JICUYSHUIO.

Karouesnie cnosa: yumokuHsl, MUKPOOKPYJICEHUE ONYX0AU, NPOSHO3, HEMbIUIEHYHO-UHBA3UBHDLI PAK MO4€8020 NY3bipsl, PAHHee
peyudusuposanue
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Abstract. The aim of our study is to assess the local cytokine levels as prognostic factors for early relapse in
NMIBC patients. 75 patients with NMIBC were enrolled in the study: 51 with primary NMIBC and 24 with
initially recurrent NMIBC, LG and HG tumors were diagnosed in each group. Patients with primary NMIBC
were monitored during 9 months after treatment: TURB and chemotherapy (No. 6). During TURB samples of
tumors were taken, supernatants were obtained and tissue cytokine levels were measured (IL-13, IL-6, 1L-10,
IL-18, TNFa, IFNy, IL-8) by ELISA test. The results showed that in patients with primary NMIBC early
relapses were diagnosed in 15 (46.8%) of LG tumors and in 11 (45%) of HG tumors matching that there was
no difference depending upon tumor grade. In initially recurrent tumors of both LG and HG NMIBC the
amounts of cytokines were maximal: in LG tumors they exceeded the primary ones from 7.1 (IFNy) to 300
(IL-6) while in HG — from 2.0 (IL-10) to 9.7 (IL-6). The amounts of IL-1p, IL-6, IL-10, IFNy, IL-8 were
higher in those LG primary tumors which relapsed in 6-9 months compared to the ones which didn't, though
their levels were much lower than in initially manifested relapse (from 2.6 times for IFNy to 150 times for
I1L-6). A similar trend, though not for all the same cytokines, was observed in HG tumors: tissue levels of IL-6,
IL-10, IL-18 and TNFa were higher in tumors which relapsed in 6-9 months after treatment. The increase
of 2 cytokines' levels were common for both LG and HG tumors (IL-6 and IL-10). This finding might be
considered as a new prognostic factor of the early relapse. We conclude that relapse of LG and HG NMIBC
is related to some immune mechanisms, namely to local hyperproduction of cytokines, especially I1L-6 and
IL-10, though IL-1B, IL-8, IFNy could have an impact on LG and 1L-18, TNFoa — on HG tumors. Taking
into account common signaling pathways of 1L-6 and 1L-10 like JAK/STAT, these transcription factors might
be potential targets for new effective approaches to treatment.

Keywords: cytokines, tumor microenvironment, prognosis, non-muscle-invasive bladder carcinoma, early relapse

Introduction phages and lymphocytes contributes to tumor
microenvironment (TME) formation  which
plays a crucial role in immunoediting of tumor
of the main triggers of carcinogenesis in many growth [3, 6, 12]. It is well known that cytokines
types of malignant tumors. Local hyperproduction are able to enhance neoangiogenesis and epithelial-
of cytokines by tumor cells or activated macro- mesenchymal transition (EMT), and disrupt

Chronic inflammation is considered to be one
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the extracellular matrix, as well as to cause the
migration to TME of immunosuppressive cells like
M2, Tregs or MDSC [13]. Inflammatory cytokines
can cause epigenetic modifications that upregulate
the expression of oncogenes or downregulate the
expression of tumor-suppressor genes [5]. IL-10,
IL-6, TGF-B are described by many researchers as
prooncogenic, nevertheless cytokines, proclaimed as
immunostimulating (IL-13, TNFa, IFNa and y and
some others) seem to possess dual function in tumor-
bearing organism and demonstrate promotion not
only of immune response but also of tumor growth [8].

Relapse of malignant tumors following months
or even years after treatment including surgery and
radio- and/or chemotherapy is usually considered to
be a problem of insufficiently radical approach. But
nowadays more and more data proves the biologic
causes of tumor recurrence, emphasizing the role of
cancer stem cells [9] and cytokines of TME [7, 10]. At
the time of the first referring for medical care 75-80%
of patients with urothelial bladder carcinoma have
non-muscle-invasive tumor (NMIBC), i.e. located in
mucosa (Ta, CIS), or submucosa (st. T1). Though it
is the initial stage of bladder cancer, the tumor has a
marked tendency to recur even when the treatment is
started timely.

According to European Organization for the
Research and Treatment of Cancer (EORTC) the
most often type of tumor progression in NMIBC is
relapse occurring in 37% of patients with low risk,
in 65% of patients with intermediate risk and in 84%
of patients with high risk after transurethral bladder
resection (TURB) and adjuvant chemotherapy. In
the last case early relapses are typically diagnosed
during 6-12 months after surgery and chemotherapy,
especially in high grade (HG) carcinomas; such
patients need more aggressive treatment. That is why
the search for new prognostic factors which might also
serve as targets for treatment of NMIBC is an topical
medical and biological problem.

The aim of our study is to assess the local cytokine
levels as prognostic factors for early relapse in NMIBC
patients.

Materials and methods

Seventy-five patients with NMIBC were treated
in the Department of Urology of National Medical
Research Centre for Oncology, Rostov-on-Don,
Russia. The group of 51 patients (46 men (90.2%)
and 5 women (9.8%) aged 40-83 years) had primary
NMIBC which was histologically verified as papillary
urothelial carcinoma: low grade (LG, n = 31 or
60.8%) and high grade (HG, n = 20 or 39.2%). All
the patients were in high and intermediate risk groups
according to EORTC; they received surgical treatment
(TURB) and 6 courses of adjuvant intravesical
chemotherapy. Patients were monitored during 9

months after treatment. Patients of the group with
initially recurrent NMIBC (n = 24), had LG tumors
(n=15or 62.5%) and HG tumors (n =9 or 37.5%).
They were also subjected to surgical treatment and
chemotherapy according to the accepted standards.
Prior to enrollment in the study, all participants gave
written informed consent.

The samples of tumors were taken from all
the patients during TURB, disintegrated by BD
Medimachine (USA), supernatants were obtained
by centrifugation and stored at -80 °C. After thawing
sandwich Elisa test was performed with cytokine
kits to estimate the levels of IL-1B3, IL-6, IL-10,
1L-18, TNFa, IFNy, IL-8 (Vector-Best, Russia) by
Uniplan Reader (Russia). Total protein amount was
measured by biuret test on analyzer Sinnowa Medical
Science and Technology Co (China). Cytokine levels
were expressed in pg/mL per 1 g protein. Statistical
analysis was performed by program STATISTICA 13
(StatSoftInc., USA). Since our data had no Gaussian
(normal) distribution they were represented as median
with interquartile range, 25 and 75 percentiles —
Me (Q,,5-Q,75). Intergroup differences were estimated
by Mann—Whitney U test. Statistically significant
differences were accounted when p < 0.05.

Results and discussion

During the period of clinical monitoring of the
patients with primary NMIBC early relapses were
diagnosed in 15 (46.8%) of them with LG tumors and
in 11 (45%) with HG tumors matching that there was
no difference depending upon tumor grade. Patients
without these early relapses were regarded as groups 1
in LG and 4 in HG (better prognosis) and with newly
diagnosed early relapses as groups 2 in LG and 5 in
HG (worse prognosis) while patients with initially
recurrent tumors formed groups 3 in LG and 6 in HG.

Comparative analysis of tissue cytokine contents
between these groups with different course of the
disease is shown in Table 1. In relapse tumors (groups
3 and 6) of both LG and HG NMIBC the amounts of
most of cytokines were maximal: in LG tumors they
exceeded the primary ones from 7.1 (IFNy) to 300
(IL-6) while in HG — from 2.0 (IL-10) to 9.7 (IL-6).
It is worth noting that in HG tumors some cytokines
demonstrated no difference between the recurrent
and the primary ones (IFNy) and IL-18 level was
higher in relapse HG tumors than in primary ones of
the group 4, but not 5.

We found out that primary tumors which
manifested relapse after 6-9 months after treatment
also contained higher cytokine levels than primary
tumors without relapse during this period and it was
typical for both groups. The amounts of IL-1p3, IL-6,
IL-10, TFNy, IL-8 were statistically significantly
higher in those LG primary tumors which relapsed
in 6-9 months compared to the ones which didn't,
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TABLE 1. TISSUE CYTOKINE LEVELS IN TUMORS OF NMIBC PATIENTS WITH DIFFERENT COURSE OF THE DISEASE,

Me (Qp25-Qy.75)
€ Groups of patients
[]
3 2 NMIBC LG NMIBC HG
$2
2 2 5
o
§ - 1 Primary 4 Primary
3 g | Primary with 3 Primary with 6
5* a without relapse Relapse, p without relapse Relapse, o]
g relapse, in 6-9 n=15 relapse, in 6-9 n=9
2 n=16 months, n=11 months,
= n=15 n=9
Lap | 133 19.8" 149212 P21 7 8'38? 31.3" 38.52 83895 |p.,=0.035
(10.2-17.9)| (19.1-48.9)| (83.0-215.4) ';2-; o001 | (17:341.0) | (26.7-49.6) | (60.8-91.1) [pgs=0.04
L6 1.1 2.6' 330.212 [P 8'35? 3.0" 6.224 29.245 |Ps4 = 3'8517
- - _ _ P31 =U. _ ) _ Pes = 0.
(0.6-15) | (22:7.3) |(167.8-4926) ' 4 | (1:3-39) (45:9.2) | (291317) | e
L 10 3.2 5.9 55.412 | P~ 0099 3.6 5.1¢ 72045 [Pra =009
- N - _ P31 = U. i ) _ Pes = 0.
(21-42) | (49909) | (294:814) |17 ic | (1639) | (42:56) (6.1-10.5) |24 Z o5
IL18 59.7 57.3 641.02 |p,,=0.014 22.8 87.624 69.0545 (P54~ g'ggf
(41.8-90.0)| (31.7-81.5)[(478.2-903.9)| p,, = 0.016 | (20.3-34.4) | (83.9-124.1)| (46.9-80.4) SS-‘* 0,035
65 — Y-
TNFq | 1041 10.0 212.0"2 |p,,=0.001 5.5 10.94 22,7345 [Pss ™ 8'8?3
(5.9-13.8)| (7.1-17.5)|(113.3-310.7)| p,, = 0.001 | (4.5-7.2) (8.3-12.7) | (21.9-42.7) 26-4 0012
65 — V-
EN 6.9 19.0" 49.0v2 (P17 8'8% 15.21 11.2 10.8°
V| (4.9-84) | (11.1-38.9) (28.9-69.2) |P+1 =" (11.0-20.9) | (5.3-19.4) | (9.8-16.1)
P, = 0.039
L | 130 264" | 66341z [PZ0028 | ggg 42604 | 190gues |Pea” 009
(8.4-15.3)| (22.4-37.8)|(341.6-985.2) [P+ = - (47.5-113.2)| (38.4-45.7) |(125.7-329.2) |Pe+ =
P, = 0.001 Pes = 0.022

though their levels were much lower than in initially
manifested relapse (2,6 times for IFNy and 150 times
for IL-6). A similar trend, though not for all the same
cytokines, was observed in HG tumors: tissue levels
of IL-6, IL-10, 1L-18 and TNFa were statistically
significantly higher in tumors which relapsed in
6-9 months after treatment. This finding might be
considered a new prognostic factor of the early relapse.
Based on the values of the ranged data represented as
LQ and UQ we tried to specify the limits of cytokines'
indicators possibly prognostic for early relapse during
the period of monitoring. For LG tumors the value
appeared to be IL-1p > 18.0, IL-6 > 1.5, IL-10 > 4.2,
IFNy > 8.4, IL-8 > 15.3 pg/mL per 1 g of protein and
for HG tumors IL-6 > 3.9, IL-10 > 3.9, IL-18 > 34.4,

TNFa > 7.2 pg/mL per 1 g of protein. We observed
that the increase of 2 cytokines' levels were common
for both LG and HG tumors (IL-6 and IL-10). So
they might be used as a possible prognostic factors
for early relapse in patients with NMIBC though
verification on more broad groups and more prolonged
monitoring is needed.

Accounting the biologic properties of both
cytokines, it is rather expected. IL-6 induces invasion
and metastasis through the Janus kinase (JAK) signal
transducer and activator of transcription (STAT)
pathway and thus is able to activate a wide array of
signaling pathways and transcription factors promoting
EMT, fostering the acquisition of mesenchymal
features in cancer cells [1]. The other type of its
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prooncogenic activity is support of cancer stem cells
which are considered to be a pool for relapse forming
from treatment-resistant tumor cells [11].

IL-10 is known to be an immunosuppressive factor
of TME due to suppression of T cell proliferation,
modulation of APCs, preservation of the activity/
stability of Treg cells, though it remains unclear if it
can stimulate them [4]. Notably, both IL-6 and IL-10
are involved in STAT3 activation matching that pro-
inflammatory and anti-inflammatory cytokines can
work through the same signaling pathway, although
they perform very distinct functions and their
downstream mechanisms are different. In the review
cited above the authors point out that in macrophages,
both IL-10 and IL-6 induce the activation of SOCS3,
and this could be the target for future therapeutic
approaches.
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Pesome. Bormpockl MoeKyIsIpHON KiaccudrKalii, UMMYHHOW TeTEPOreHHOCTU U CYIIIECTBOBAHUS pa3-
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HauOoJiee paHHUX KIIMHUYECKUX U JOKJIMHUYECKUX (POPM — LIEpPBUKATBbHBIX UHTPANUTEINATIBHBIX HEOTIa -
suii (LIMH), — ocTaroTcss HemoCcTaTOYHO UCccaenoBaHHBIMU. Llenb naHHOM padoThI 3aKiIIoYaiach B aHaJIM3e
TPaHCKPUNTOMHBIX ITpoduiieid nHBa3uBHOro PIIIM Ha HauallbHBIX 3Talax ero Mporpeccuu, pa3andarolmnx-
Cs1 UMMYHOJIOTUYECKMHM XapaKTePUCTUKAMM, CIIEKTPOM CUTHAJBHBIX ITyTEM M COCTAaBOM MUKPOOKpYXe-
HUsA. TpaHCKPUNITOMHBIN aHaIU3 MpoBoawics ¢ ucnoab3doBaHueM PHK-cekBeHupoBaHusa Ha 1iatdopme
[llumina. ITaHexs 0Opa3ll0OB HATUBHOI TKaHWU, ITOJYYSHHBIX B XOlI€ XMPYPIUUYECKOW Omepalluy, BKIIIOYa-
na: BITY-nonoxurensHbie LIMH 1-3-i1 crenenu, nuBazuBHbilt PLIM [A1-11B ctaguit 1 mopdonoruye-
CKU HOPMAJIBHBIN 3nuTeanii. TpaHCKpUNTOMHBIC ITPOMMIN 1ajiee ObLIN IIPpOaHATU3UPOBAHBI C TIOMOIIBIO
OronH(MOPMATUIECKUX WHCTPYMEHTOB, BKJIIOYasi MOUCK AU(bepeHIIMAIBHO SKCIPECCUPOBAHHBIX T€HOB
(DESeq2), ananmu3 curHaiabHBIX ITyTeil (Gene Set Enrichment, GAGE), usBieyeHre KJI€TOUYHOTO COCTaBa
(xCell), MO3UIIMOHHBIN aHATU3 TN GEePEeHIIMATIBHO SKCIIPECCUPOBAHHBIX TeHOMHBIX pernoHOB (PREDA).
Ha niepBoHavaIbHOM 3Talle UepapXUIeCKU KJIaCTSPHBIN aHaJIM3 BBISBUJI TeTePOTeHHOCTh TPAHCKPUIITOMA
obpasnoB PIIIM paHHuX cTaauii, a UMEHHO UX paclipedesieHue 1Mo ABYM KjiacTepaM; Metola K-means momu-
TBEePAWJI HAJTUIME TpeX GYHKIIMOHAIBHO Pa3IUYHbBIX ITATTEPHOB T€HOB ¢ KOOPAMHUPOBAHHO U3MEHSIOIIEH-
¢ akcnpeccueii. CpaBHUTENbHBINA aHAIU3 OOOTallleHNWsI CUTHAJIbHBIX MyTEe B ABYX OIyXOJIEBBIX KJIacTepax
nHBazuBHoro PIIIM (‘A’ u ‘B’) otHOcuTenbpHO rpymiisl ‘C’, mipencTaBieHHOM mpeuMyiiiectBeHHO LIMH, mo-
KazaJl, UTo omnyxoJjieBasi mporpeccus B kjaactepax ‘A’ 1 ‘B’ MOXeT OCHOBBIBATbCS Ha Pa3IMUHBIX UMMYHHBIX
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mexann3max. xCell aHanm3 MoATBEpAMI pa3aIudMsi B U3BMEHEHUN YMCIEHHOCTHU TOIYJISIIU UMMYHHBIX 1
CTPOMAJTbHBIX KJIETOK, a TAKXKE CYMMAapPHbBIX MOKa3aTeseil BIUSIHUS MUKPOOKPYXXEHUS, IPU CPABHEHUU KJia-
crepoB PIIIM u LI H. ITo pe3ynsratam PREDA ycTaHOBJI€HO, UTO TPAHCKPUIITOMHBIE Pa3IUUUS aCCOLUU-
POBaHBI C PA3IMYHBIMUA XPOMOCOMHBIMU PETUOHAMU U KO-JIOKAJIM30BaHbI C OMPEIeICeHHBIMU CeMeCcTBaMU
T€HOB, BOBJIEUEHHBIX B PETYJISIIMI0 UMMYHHOTIO OTBeTa. TakM 00pa3oM, Ha TPaHCKPUIITOMHOM YPOBHE BbI-
SIBJIEHO CYIIIECTBOBaHME pa3IMYHbIX UMMYyHOMeHoTUI1I0B PIIIM paHHUX cTagunii, 4YTO MOXET UMETh 3HAaUCHH1E
JUTST pa3BUTUS METOIOB TApTeTHON 1 UMMYHHOM MPOTHUBOOIYXO0JIEBOI TepaITuu.

Katoueagnie crosa: gupyc-accoyuupoganHslii pax weiiku Mamxku, npoguiuposanue mpaHcKpunmoma, onyxone8as UHeasus,
0nyxo01e60e MUKPOOKDYJCEeHUEe, UHMPAINUMEAUANbHbIE HEONAA3UU, CUSHAAbHbIE NYMU, UMMYHHbIU UHGUALIMPAM, UMMYHOCYRpeCccUs

CHARACTERISTICS OF IMMUNE-ACTIVE AND IMMUNE-
SILENT PHENOTYPES OF EARLY-STAGE CERVICAL
CARCINOMA AS REVEALED BY TRANSCRIPTOME
SEQUENCING

Kurmyshkina 0.V.?, Kovchur P.I** Volkova T.O.?

@ Petrozavodsk State University, Petrozavodsk, Russian Federation
b Republican Oncological Dispensary, Petrozavodsk, Russian Federation

Abstract. Molecularclassification,immuneheterogeneity, andtheexistence ofdistinctimmunophenotypes
of virus-associated cervical cancer (CeCa) remain as-yet weakly explored issues, and this is particularly true
of its earliest clinical stages and pre-invasive forms: cervical intraepithelial neoplastic (CIN) lesions. The
goal of the study was to identify transcriptomic landscapes of invasive CeCa at its initial progression that
differ substantially in their immune-related characteristics, patterns of signaling pathways and composition
of the microenvironment. Transcriptome profiling was carried out using RNA-sequencing on Illumina
platform. A panel of surgical-derived tissue samples comprised human papillomavirus-positive CIN grade
1-3, cancer of FIGO ITA1-1IB stages, and morphologically normal epithelium. Transcriptomic profiles
were analyzed with the use of bioinformatics tools, such as gene set enrichment (GAGE) for signaling
pathways, xCell enrichment for cell composition identification, and PREDA positional analysis of genomic
data. Hierarchical clustering revealed heterogeneity of transcriptomic profiles within the early-stage CeCa,
namely, the existence of two clusters of tumor samples and three functional patterns of genes showing
coordinately altered expression. Pathway enrichment analysis on genes differently expressed between the
two clusters/groups of CeCa samples (‘A’ and ‘B’) and CIN (group ‘C’) suggested that invasive tumor
progression in groups ‘A’ and ‘B’ might rely on immunologically dissimilar mechanisms. xCell analysis
confirmed heterogeneity of changes in the abundancies of cell populations when comparing CeCa sample
groups and CIN, along with differences in immune and stromal scores. PREDA demonstrated that
these transcriptomic differences could be linked to different chromosomal regions and co-localized with
particular gene families and potentially the reported virus integration hotspots. Overall, the existence and
detectability of different transcriptomic immune-based phenotypes of invasive CeCa at its initial stages of
progression is shown, which may provide new options to broaden the knowledge and applicability of target
and immune anti-cancer therapy.

Keywords: virus-associated cervical cancer, transcriptome profiling, tumor invasion, tumor microenvironment, pre-invasive lesions,
signaling pathways, immune infiltration, immune suppression
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Introduction

According to WHO data on global incidence and
mortality rates of oncological diseases and the results
of the Global Cancer Observatory database analysis,
cervical cancer (CeCa) is the fourth most common
cancer in women and therefore continues to be a major
health problem [2]. One of the reasons for this may
arise from insufficient understanding of pathogenesis
mechanisms hampering elaboration of new diagnostic
and therapy approaches. Rapid advance in cancer
immunotherapy boosts an ever-increasing interest
toward CeCaduetoitsvirus-associated nature. Current
high-throughput techniques provide researchers with
an opportunity to construct immune-based, or tumor
microenvironment (TME)-based, classification sys-
tems, which serve an essential basis for designing
immunotherapeutic approaches [11]. On the whole,
classification models proposed by researchers on the
basis of expression profiles of immune-related genes
and/or immune infiltration patterns are in accord with
the concept of “hot”, “cold”, and “altered” tumors.

It should be noted, however, that the problem of
immune heterogeneity and the possibility of detecting
diverse immune-related phenotypes have only re-
cently come under discussion with respect to CeCa.
By analyzing The Cancer Genome Atlas datasets,
some authors define human papillomavirus (HPV)
associated CeCa as the “hot” subtype evolving on the
basis of chronically inflamed TME and showing high
rates of immune infiltration, Th1-dominant cytokine
profile, an activated interferon status, high level
of genomic instability and hence high neoantigen
load [8, 15, 16]. Importantly, high immune activity in
a tumor site is believed to invoke intrinsic inhibitory
checkpoint mechanisms, which tumor cells take
advantage of to combat immune response. However,
such categorization of CeCa immunophenotypes
presently seems insufficient to account for all the
processes of active immunosuppression within this
“hot” tumor type, which may be the cause of low-
to-moderate efficiency of immunotherapy in CeCa
patients [3].

Along with the problem of elaborating CeCa
molecular classification and refining its immu-
nophenotypes, there are still many debatable questions
regarding the earliest stages of CeCa progression (pre-
cancer lesions, microinvasive cancer). Since most
CeCa molecular profiling studies addressed more

advanced, metastatic and recurrent disease stages, it
remains largely unknown how the diversity of CeCa
immune “portraits” isformed and what are the putative
determinants. Despite the widely studied mechanisms
behind the action of HPV-oncogenes, there is still no
clear understanding of how an immunologically latent
infection transforms into a “hot”, heavily infiltrated
and inflamed neoplasia in certain cases and why the
latter acquires further an immunosuppressive and
exhausted phenotype [5].

Addressing the above issues, we performed who-
le-transcriptome sequencing (RNA-Seq) and bio-
informatics analysis of a cervical tissue sample panel
consisted of mostly preclinical cancerous and pre-
cancerous lesions. We were aimed at showing detec-
tability of distinct transcriptomic patterns that may
reflect the formation of different immunophenotypes
at early stages of CeCa invasion and progression, as
well as gaining deeper understanding of the role of
innate immune and proinflammatory pathways in
promotion of invasive tumor growth.

Materials and methods

Tissue samples were obtained from patients with
high-risk HPV(+) cervical intraepithelial neoplasia
(CIN) of grade 1-3 (CIN3 comprised carcinoma
in situ, n = 5) and early invasive squamous cell car-
cinoma of the cervix at FIGO stages IA1-1I (including
microinvasive cancer with stromal invasion < 3 mm in
depth, n = 9) during a colposcopy-directed biopsy or
surgery; morphologically normal cervical epithelium
(n = 2) was also included. The diagnosis was based on
comprehensive physical examination, extended col-
poscopy findings, cytology and histopathology tests,
in full compliance with the approved standards for the
diagnosis and treatment of patients with gynecological
malignancies. All women engaged in this this study
were informed and gave voluntary written consent.
Cervical tissue samples were placed in a stabilization
reagent immediately after excision. Total RNA was
isolated using TriZOL (Invitrogen). The quality and
quantity of isolated RNA were assessed based on
28S:18S rRNA ratio using Fragment Analyzer system
(Advanced Analytical) and NanoDrop-2000.

cDNA libraries were constructed using TruSeq
stranded Ribo-Zero kit (Illumina). The adaptors-
ligated purified fragments were loaded onto the flow
cell using MiSeq v3 sequencing kit; 75 bp end-reads
were generated on the MiSeq platform (Illumina).
Raw paired-end reads were filtered (sequence quality
control was done with the FastQC tool). Then, the

1143



Kypmoiuurxuna O.B. u op.
Kurmyshkina O.V. et al.

Meduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

filtered reads were mapped to the reference human
genome (GRCh38/p13, NCBI) using STAR aligner
to generate BAM-files and, further, calculate read
counts. HTSeq package was used to assess the
abundance of transcripts in Counts Per Million reads
mapped (CPM). Genes with minimum counts of 0.5
in at least one sample were considered for analysis.
The generated RNA-Seq datasets has been deposited
in the NCBI Gene Expression Omnibus (GEO) with
accession ID GSE223804.

The top 1000 most variable genes were selected
for hierarchical clustering and heatmap construction.
K-means clustering was performed using 2000
most variable genes and 3 clusters considered the
most optimal choice. Total transcriptional profiles
were compared among the samples via principal
component analysis (PCA) along the first two
principal components. DESeq?2 software was applied
to study the differential gene expression. The genes
with the base 2 log fold change value [logFC| larger
than 1.0 and an adjusted p-value < 0.1 were identi-
fied as Differentially Expressed Genes (DEGs). Gene
ontology (GO) functional enrichment analysis were
carried out on DEGs using Gene Ontology biological
processes with an adjusted p-value of < 0.05 and gene
count of > 2 considered as the thresholds.

Pathway analysis for patient group comparisons
was performed using the Generally Applicable Gene
set Enrichment (GAGE) method, and the genes were
annotated according to GO biological processes. The
minimum and maximum gene set sizes were set to 15
and 2000 respectively, and the pathway significance cut-
off was set to 0.2. The top 30 pathways were retrieved
for each pairwise group comparison. Identification
of co-expression networks and sub-modules was
performed using weighted gene co-expression network
analysis (WGCNA). Cell-type enrichment analysis
of bulk transcriptomes was performed using xCell
deconvolution method, and enrichment scores of 64
immune and stroma cell types across samples were
obtained. PREDA Position RElated Data Analysis
(PREDA) package was conducted to identify genomic
regions significantly enriched with upregulated or
downregulated genes. The study was performed on
the equipment of the Unique Scientific Installation
(No. 075-15-2021-665).

Results and discussion

Identification of DEGs and pathway enrichment
To search for the biologically relevant transcripto-
mic alterations that may reflect the formation of

distinct immune-related molecular phenotypes upon
transition from a pre-invasive lesion to an inva-
sive tumor, we initially examined distribution of
samples between pathologic groups according to their
transcriptomic profiles. Unsupervised hierarchical
clustering yielded a heatmap with two main clusters
that overall matched the expected separation among
CIN and cancer groups (Figure 1A, see 2" page of
cover), and PCA confirmed the results. However,
it turned out that the tumor group was clearly
heterogeneous and could be further subdivided into
two sub-groups, which cannot be accounted for by
pathological staging.

Therefore, a transcriptomic comparison was next
performed between the three groups of specimens
identified on the basis of similarity of their gene
expression profiles. Groups A and B were designated
as “tumorous” (A1-AS5 consisted of microinvasive and
invasive CeCa only, group B also included one CIN3),
while group C (C1-C7) was considered as “control”,
since it comprised both Norm cases and most part of
pre-invasive CIN cases. K-means clustering approach
confirmed successful distribution of groups A, B, and
Cbetween the three patterns of coordinately expressed
genes; GO enrichment analysis defined the functional
differences between these patterns (Figure 1B, see 2
page of cover).

Pairwise differential expression analysis resulted in
809 down- and 552 upregulated DEG in group A vs
C comparison, 679 down- and 217 upregulated DEG
in group B vs C comparison, and 434 down- and
488 upregulated DEG in group A vs B comparison,
showing a trend of a higher ratio of down-regulated
over up-regulated genes in tumor groups. This is,
overall, in concordance with the current concept that
HPV-dependent carcinogenesis rests on epigenetic
reprogramming and silencing of vast regions of the
host genome. DEG were found to be enriched in
different GO functions for each pair of groups. Group
C expectedly exhibited a higher expression level of
genes mediating epithelial terminal differentiation.
Group A was distinguished by up-regulation of the
immune response-related genes involved primarily
in the innate immunity reactions and members of
cytokine-dependent signaling pathways. Group B
showed elevated expression of many genes employed
in various forms of (intra-)cellular motility and
cardiovascular system-associated processes, whereas
group A samples showed up-regulation of genes
functionally related to the chromatin structure (DNA
packaging and conformational changes accompanying
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the cell cycle progression, and response to stress). This
provides opportunity to presume that the early-stage
A and B tumors may utilize different mechanisms to
sustain progression and may thus constitute different
phenotypes. In light of this assumption, we analyzed
the range of signaling pathways on a more rigorous
basis with the use of GAGE approach.

According to GAGE, repression of the epithelial
differentiation program was a common feature dis-
tinguishing both groups A and B. Besides, it emerged
that group ‘A’ datasets displayed higher prevalence of
DNA/chromatin- and immunity-related gene sets
(Table 1). Regarding chromatin-associated proces-
ses, GAGE reveals these include not only spatial
chromatin organization per se (at the level of DNA-
histone interactions), but activation of chromatin
remodeling and epigenetic regulation (such as post-
transcriptional silencing) as well; with detection
of DNA damage repair (DDR) signaling no less
important. One can suppose the tumor evolution
in this case is accompanied with the large-scale
epigenetic repression of oncosuppressor genes,
with DDR reflecting a higher degree of genomic
instability and a mutator phenotype. The observed
enrichment in immune-related gene sets most likely
implies a primary role of interferon-dependent and
other innate immunity mechanisms, which could
be elicited by genomic instability and, in turn,
could foster the adaptive immunity arm with tumor
progression. Similarly, a marked up-regulation of
innate immunity pathways (such as DNA sensor-
mediated or interferon-induced), along with DDR
“heating-up” the immune TME, has been evidenced
by other researchers who explored transcriptomic
profiles of more advanced CeCa stages using publicly
available databases [7, 12, 13].

We found it curious that the early consecutive
stages of cervical cancer progression, differing actually
in their invasion status, demonstrated activation of a
specific set of genes with immune annotations. Activity
of anumber of these genes is known to be abrogated by
HPV-oncoproteins in a chronic infection setting [8,
9]. On the other hand, it is well established that
chronic antigen stimulation can turn on inhibitory
immune checkpoint mechanisms and lead to immune
exhaustion/suppression thereby restraining anti-
tumor response. We therefore looked at the expression
profile of individual genes recognized as immune
checkpoint modulators: indeed, an immune-active
group A displayed significantly enhanced expression of

several markers (e.g., BTN3A1/2, SLAMF7, TIGIT);
an increasing trend was also observable for PD-1.2
expression. Unlike A, group B displayed significant
elevation of an immunosuppressive HMGBI1 gene
and CD73, but reduced GZMB expression.

To get closer to the systemic-level understanding
of relations between the observed gene expression
changes and CeCa phenotypes at initial progression
stages, a search for gene co-expression networks (mo-
dules) was done with the use of WGCNA. Ten different
modules of the highly correlated genes were obtained,
and subsequent GO enrichment analysis of these
modules pointed out that the mechanisms guiding
developmental programs, including angiogenesis,
cell adhesion and migration, might be functionally
important to the formation of CeCa phenotypic traits
at early disease stages; the mechanisms of chromatin
conformation maintenance and remodeling turned
out to be tightly coupled with the morphogenetic
processes. A separate module was enriched for
immune effector pathways.

Identification of differentially expressed chromo-
some regions

The above results suggest that the chromatin
structure-associated processes playaroleindiversifying
the molecular portrait of CeCa. Furthermore, in
HPV-dependent cancers, the proximity effect of
HPV-integration sites may influence the functional
control mechanisms of genome expression [14]. To
discern chromosomal patterns of highly or weakly
expressed genomic regions specific for groups A and
B tumors, we applied PREDA [4] and found that
down-regulated DEG tended to group into relatively
extended blocks, while up-regulated DEG were more
scattered throughout the genome. From a functional
standpoint, many of these regions overlapped
with tandemly arranged gene families that shared
common functions in the innate immune response,
inflammation, cell death, invasion, and cell identity.
For example, interleukin (2ql1-ql2), chemokine
(4q13), and siglec gene clusters were found to
distinguish group A from both B and C.

Several other group A-distinguishing gene fami-
lies were functionally linked by their role in antiviral
response and cytosolic DNA sensing: these are inter-
feron-inducible IFIT family genes (10g23), TRIM
gene cluster (11pl15), and IFN cluster (19q13). Fur-
thermore, group A-specific genome regions contain
collections of genes implicated in inflammasome
activity and various forms of inflammatory cell death
such as pyroptosis (GSDM cluster, pro-inflammatory
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TABLE 1. SIGNALING PATHWAY ANALYSIS BY GAGE APPROACH FOR SAMPLE CLUSTERS ‘A’, ‘B’, AND ‘C’ PAIRWISE
COMPARISONS

Direction Pathways Genes adj p-value
‘A’ versus ‘C’ comparison
DNA conformation change 243 0.016
Chromatin assembly 127 0.016
DNA packaging 158 0.016
Nucleosome assembly 86 0.023
Protein-DNA complex assembly 189 0.027
Response to virus 230 0.051
DNA repair 419 0.051
Up
Defense response to symbiont 177 0.062
Chromosome segregation 248 0.062
Adaptive immune response 273 0.1
DNA recombination 225 0.1
Type | interferon signaling pathway 58 0.14
Cellular response to type | interferon 58 0.14
Posttranscriptional gene silencing 116 0.16
Epidermis development 232 0.002
Down Epidermal cell differentiation 161 0.002
Keratinocyte differentiation 125 0.003
‘A’ versus ‘B’ comparison
Nucleosome organization 115 9.9e-05
Chromatin assembly 124 0.00014
DNA replication-dependent nucleosome organization 19 0.0025
Protein-DNA complex assembly 184 0.00034
DNA conformation change 240 5e-04
Negative regulation of gene expression, epigenetic 78 0.002
Chromosome segregation 244 0.0015
ue Gene silencing 185 0.0031
RDNA heterochromatin assembly 28 0.011
Mitotic sister chromatid segregation 132 0.0057
Chromatin remodeling 155 0.0059
DNA-dependent DNA replication 161 0.0081
Nuclear division 329 0.013
DNA repair 411 0.02
‘B’ versus ‘C’ comparison
Keratinocyte differentiation 109 2.5e-05
Down
Epidermal cell differentiation 144 2.5e-05
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TABLE 2. xCELL ENRICHMENT SCORES FOR SUBCLUSTERS (‘A’, ‘B’, OR ‘C’) OF CERVICAL TISSUE SAMPLES

Cell population

A

B

Cc

CD4* memory T cells

0.016 (0.001-0.048)*

0.0021 (0.000-0.008)

0.002 (0.000-0.015)

CD4* naive T cells

0.050 (0.014-0.104)

0.0343 (0.014-0.089)

0.009 (0.000-0.037)

CD4'T cells 0.021 (0.000-0.044)* 0.005 (0.000-0.019) 0.001 (0.000-0.010)
CD8'T cells 0.024 (0.000-0.043) 0.003 (0.000-0.013) 0.003 (0.000-0.012)
CD8/CD4 1.126 0.667 2.270

Tregs 0.016 (0.000-0.038) 0.018 (0.000-0.054) 0.009 (0.000-0.059)
CD8/Treg 1.481 0.177 0.380

Th1 cells 0.050 (0.000-0.090) 0.004 (0.000-0.018) 0.007 (0.000-0.015)
Th2 cells 0.078 (0.003-0.129)* 0.002 (0.000-0.004) 0.019 (0.000-0.078)
B cells 0.059 (0.000-0.190)* 0.002 (0.000-0.008) 0.000
Class-switched mem B cells 0.025 (0.000-0.084)* 0.001 (0.000-0.003) 0.001 (0.000-0.006)
Macrophages M1 0.018 (0.000-0.044)* 0.003 (0.000-0.011) 0.000
Macrophages M2 0.002 (0-0.006) 0.005 (0-0.015)* 0.001 (0-0.002)
M1/M2 8.530 0.650 0.064

conventional DC

0.002 (0.000-0.001)

0.016 (0.000-0.051)

0.024 (0.000-0.083)

inhibitory DC

0.019 (0.000-0.053)

0.148 (0.120-0.165)*

0.055 (0.000-0.135)

activated DC

0.181 (0.110-0.266)*

0.044 (0.000-0.147)

0.025 (0.000-0.042)

Pericytes

0.049 (0.000-0.134)

0.129 (0.100-0.212)

0.045 (0.000-0.127)

Endothelial cells

0.029 (0.004-0.083)

0.067 (0.025-0.146)

0.029 (0.000-0.072)

Epithelial cells

0.113 (0.030-0.184)

0.052 (0.000-0.100)

0.165 (0.108-0.278)

Keratinocytes

0.071 (0.046-0.093)

0.030 (0.000-0.057)

0.100 (0.066-0.139)

ImmuneScore 0.081 0.018 0.008
StromaScore 0.062 0.158 0.057
MicroenvironmentScore 0.143 0.176 0.066

Note. *, p < 0.05 (Wilcoxon—Mann-Whitney test).

caspases-1, caspases-4, caspases-5, and caspases-12,
clAP1/2).

Several chromosome regions specifically expres-
sed in either A or B groups showed functional linkage
to invasion, as they contained clustered protease
gene families or their inhibitors (e.g., SPINK, KLK,
MMP). Group B was distinguished by the engagement
of CEACAM gene cluster in 19q13 region, as well
as SCCA locus (18g21) containing two apoptotic
inhibitors and immune modulators, SERPINB3 and
SERPINB4. A number of identified group-specific
regions spanned the reported integration hotspots [14]
suggesting that the differences in HPV integration

breakpoints may guide molecular phenotype deter-
mination of early CeCa.

Transcriptome-based analysis of cell population
composition

We compared the cell population content between
the sample groups defined by similarity of their
gene expression profiles using xCell algorithm [1].
Considering infiltrating T cells, substantial differences
were derived for the CD4'T subset, with its score
showing a significant increase in group A (Table 2).
Although the counts of CD4* naive T cells were
comparably elevated in both A and B groups relative
to C, the CD4" memory T cell score increased only
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in group A suggesting that not only CD4* cells are
increasingly recruited at the tumor site, but in contrast
to B, group-A tumors exhibited a more efficient
immune response.

Regarding Thl/Th2-differentiation, A and B
groups showed opposite changes: group A was distin-
guished by a sharp increase in enrichment scores of
both Th1 and Th2 gene sets, this increase being higher
for the Thl. In group B, Thl score didn’t alter and
Th2 score was dramatically decreased. Tregs showed
a clear trend to an increase in both A and B groups
pointing at a developing immunosuppression in
both cases. A different landscape of alterations was
observed for CD8*T cell population: unlike group-A
that displayed an abruptly increased signal from the
total CD8* cell population and its na ve CD8*T cell
subset, group B had reduced frequencies of those cell
types indicating CD8*T cell exclusion.

Interestingly, however, while in group C samples,
CD8*T cells were about twofold more prevalent
than CD4*T cells, A and B tumors showed a notable
decline of the CD8/CD4 ratio. The observed trend
also agrees with divergent changes of the CDS8/Treg
ratio: group A demonstrated an increase of CD8/Treg
ratio to the values averagely higher than 1, while this
ratio fell to negligibly low levels in group B tumors.
Group A also showed a clear enrichment across the B
cell-differentiation lineage, and a significant increase
in the level of class-switched B cells may indicate that
the recruited B cells become actively engaged with a
specific antibody-mediated response.

Specific differences between groups A and B com-
pared with C were seen in the abundances of dendritic
cells (DC) and macrophages (M), particularly their
different functional or polarization states (Table 2).
Immature DC (iDC) constituted a substantial pro-
portion of conventional DC (cDC) in the pre-
invasive group C, which could be explained from
a concept that, by the time of CIN3 establishment,
the processes of DC activation become suppressed
as the result of prolonged action of HPV-oncogenes.
However, in group A the percentage of activated
DC (aDC) greatly increased, while that of iDC cells
decreased. Conversely, in group B the frequencies of
iDC cells were significantly elevated suggesting that
these tumors likely exhibit exacerbated impairment
of DC maturation, which could be one of the
underlying causes of deviating T and B cell responses
described above. A relatively high prevalence of aDC-
specific gene set seen in group A might be related to

the higher rates of DDR-signaling, interferon- and
pro-inflammatory patterns, which create a more
conducing milieu for DC maturation and favor T/B
cell infiltration. As to M1/M2-differentiation, group
A and B tumors also represented different phenotypes:
group A displayed an apparent M1-polarity, whereas
group B showed a significantly increased percentage
of M2-macrophages.

Quantities of non-immune cells (epithelial,
stromal lineages) indicated that group A tumors
corresponded to a more differentiated epithelial
phenotype, while group B specimens had a more
extensive microvascular network. The combined
xCell-scores (ImmunoScore, StromalScore, and
MicroenvironmentScore) revealed a detectably hig-
her TME impact in both A and B cancerous groups
than in C, but group A demonstrated a significantly
increased influence from immune infiltration, while
group B conversely exhibited an expanded role of
tumor stroma. Given that A and B tumors comprised
mainly the earliest invasive stages, these groups can
be viewed as not only different immunophenotypes,
but likewise as different scenarios of transition from
intraepithelial growth toward active invasion with
different sources of immune suppression. Overall,
these findings highlight the dual, complicated role
of immune-activating and inflammatory processes
in viral-driven biology of CeCa invasive progression.
Overstimulation of protective mechanisms in early
periods may be one of the triggers and contributors of
CeCa invasion. At the same time, at later, advanced
stages this could become manifest in the form of a
widely documented immune-active but chronically
inflamed and exhausted molecular subtype [6, 10].

Conclusion

In conclusion, we have shown the feasibility of
detecting consistent transcriptomic immune-related
patterns manifested at different levels (i.e., gene
enrichment, signaling mechanisms, co-expression
modules, cell type enrichment, genome positioning)
for the earliest stages of invasive CeCa progression.
These transcriptomic landscapes can be taken as a
starting point for further investigation of cervical
cancer molecular subtypes and the diversity of
underlying mechanisms, this being of potential
value in point of developing treatment approaches to
preclinical or early forms of invasive cervical cancer,
as well as stratifying advanced cancer patients for
targeted therapy.
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OLLEHKA NPSIMbIX BBAMMOENCTBUX ONMYXOJIEBbIX
KJIETOK, MUEJIOUOHbIX CYNMPECCOPHbIX KJIETOK
U PD-1- U TIM-3-3KCINMPECCUPYIOLLUX T-KNIETOK

Y 60J1bHbIX MHOXKECTBEHHOW MUEJIOMOW

Baropos E.B." 2, Apucrosa T.A.l, [Ipouxuna H.B.!, Jleancosa B.B.},
Cusuxoa C.A., Yimaxkosa I'.JO.!

'®@IbHY «Hayuno-uccaedosamenvckuli UHCMumym (yH0ameHmanbHoll u KAUHUMECKOU UMMYHOA02ULY,

2. Hosocubupck, Poccus

2 Unemumym meouyunnt u ncuxonrozuu B. 3envmana @TAOY BO «Hosocubupckuil HAyUOHAAbHbLEI UCCAC008aMENbCKUTLL
eocydapcmeenHulil yHugepcumem», 2. Hosocubupck, Poccus

PestoMe. Yxon atunuuHbix miazmatudeckux kietok (ITK) mM3-mox MuMMyHHOTO Haa3opa MpuU MHOXE-
cTBeHHOU muenome (MM) omnocpenoBaH pa3HOOOPa3HBIMU MEXaHU3MaMU, CPEIU KOTOPBIX CYIECTBEH-
HBI€ POJIM UTPAIOT UHAYKIUS T-KII€TOYHOTO UCTOILIEHUS U SKCHAaHCUS MUEJIOUIHBIX CYMTPECCOPHBIX KJIETOK
(MCK). IIpu aTOM B HacTosIIee BpeMs BCe ellle HeT JaHHbIX O BO3MOXXHOM BaussHuM MCK Ha nHayKiuio
T-xnerouHoro ucrolieHus. Llenblo HacTosdIIel padboThl OblIa OlLIEHKA BO3MOXHOUW B3aMMOCBSI3M OTHOCHU-
TeabHOro conepxaHus atTunuuHbiX [1K, MCK u ¢peHoTunnuecku uctouieHHbIX PD-17 1 TIM-3*T-kieTok
B KocTHOM Mo3re (KM) n nepudepuueckoit kposu (IT1K) 60npHbIx MM Tipu pasinyHbIX CTaaUsIX 3a001e-
Banwus. O6pasupl [1K (n = 88) 1 KM (n = 56) ObIIM MOJy4eHbl y 60IbHBIX MM (BIlepBbIe BBISIBIICHHBIS
(n = 6), manyeHTHl B peMuccuu (n = 71) U ¢ mporpeccUpyrImuM tedeHrueM (n = 11)). MeTomomM mpoTou-
HOU LUTOMETpUU ObLIa MPOBEIeHAa OlLlEHKAa OTHOCUTEIBHOTO COAEepKaHUs T-KJIETOK, 3KCIPECCUPYIOIINUX
uHruoutopHele peuentopsl PD-1 u TIM-3, nonumopdHosaepusix MCK (ITMA-MCK, LinCD14-HLA-
DR-CD33*CD66b"), monoumtapubeix MCK (M-MCK, CD14*HLA-DR"**"), panaux MCK (P-MCK, Lin"
HLA-DR-CD33*CD66b") u arnmnunbix [1K (CD454"CD38*CD138*CD56"CD19-CD117*CD27-CD81-, B
KM). LIupkymupyiomniue u BeimeneHHbIe 13 KM otmenpHbIe cyoronynsauu PD-11/TIM-3*T-nmuMod1mTos,
P-MCK KM, a takxe atunuuHbie [1K 1 ypoBHU 6eTa-2-MUKPOTJIOOYIMHA CBIBOPOTKU MOCIEA0BATEIHLHO
YBEJIMUYUBAIUCH B TPyINax OOJbHBIX HA PA3JIMYHBIX CTaausgx MM, oT BnepBble BbISIBJICHHBIX 10 MallUeH-
TOB B PEMUCCUU U C MIPOTPECCUPYIONIUM TeueHueM. HecMOoTps Ha mapajuiesibHOE YBEIUYEHUE U3ydaeMbIX
nokKasaTesieil, He ObUIO BBISIBIEHO KaKUX-JIUOO0 accolMaluii MeXay MapKepaMu OITyXOJeBOro pocrta (aTtu-
nuuHble [TK KM, KoHIleHTpaluus 6eTa-2-MUKPOTITOOyINHA CHIBOPOTKU) U UCCIAEAYEMBIMU TTOMYJISILIASIMUA
kieTok. B o6pasmax KM 6osbHbIX ¢ pemuccuein [TMA-MCK o6paTHO KOppeaupoBaJii C OTHOCUTETbHBIM

Anpec 1Jisi epenucKu:

bamopoe Eeop Bacunvesuu

DI'BHY «Hayuno-uccaedosamenvckuil uHcmumym
GYyHOAMEHMANbHOU U KAUHUYECKOU UMMYHOA02UU»,

2. Hosocubupck, Poccus

630099, Poccus, e. Hosocubupck, ya. Aopunuesckas, 14.
Tea.: 8 (383) 228-21-01.

FE-mail: ebatorov@mail.ru

Address for correspondence:

Egor V. Batorov

Research Institute of Fundamental and Clinical Immunology
14 Yadrintsevskaya St

Novosibirsk

630099 Russian Federation

Phone: +7(383) 228-21-01.

FE-mail: ebatorov@mail.ru

Oo0pa3sen IMTHPOBAHMS:

E.B. bamopos, T.A. Apucmosa, H.B. [Ipoukuna,

B.B. Jlenucoesa, C.A. Cuzuxosa, I.1O. Ywarxosa

«OueHKa npamoix 83aumooeticmeuil 0nyxoneeuix KAemox,
MUEeNoUOHbIX cynpeccopruix kaemox u PD-1- u TIM-3-
axcnpeccupyrouux T-kaemok y 601bHbIX MHONCECMBEHHOL
muenomoit» // Meduyunckas ummyrnonoeus, 2023. T. 25,
Ne 5. C. 1151-1158.

doi: 10.15789/1563-0625-ATO-2760

© bamopos E.B. u coasm., 2023
Ima cmamwvs pacnpocmpansemcs o AUYEH3UU
Creative Commons Attribution 4.0

For citation:

E.V. Batorov, T.A. Aristova, N.V. Pronkina, V.V. Denisova,
S.A. Sizikova, G.Yu. Ushakova “Attempt to assess direct
interactions between tumor burden, myeloid-derived
suppressor cells and PD- 1- and TIM-3-expressing T cells

in multiple myeloma patients”, Medical Immunology
(Russia)/Meditsinskaya Immunologiya, 2023, Vol. 25, no. 5,
pp. 1151-1158.

doi: 10.15789/1563-0625-ATO-2760

© Batorov E.V. et al., 2023
The article can be used under the Creative
Commons Attribution 4.0 License

DOI: 10.15789/1563-0625-ATO-2760

1151



bamopoe E.B. u dp. Meduyunckas Ummynonoeus
Batorov E.V. et al. Medical Immunology (Russia)/Meditsinskaya Immunologiya

conepxanueM CD4*T-numoduuto, CD4*PD-1" u CD8*TIM-3* cyononyasiiusiMu; TakxKe OOHapy>KEeHbI
MO3UTUBHBIE Koppeasuuu Mexny pe3uaeHTHbIMU P-MCK u CD4*PD-1*TIM-3* kjeTKaMu U MeXIy LIUp-
kymupytommMu M-MCK u CD8*PD-1" u (B Bune tennenunn) CD8*TIM-3*T-knerkamu. He ymanoce 06-
HapyXUTb KaKUX-JTUOO B3aUMOCBS3€i MEXIY UCCIIeNYyeMbIMU NOMYIIIUSIMU KIETOK B oopasiax KM u IIK
OOJILHBIX C BITEPBBIE BBIABIeHHO MM 1 y TTaIIMEHTOB C TIPOTrpecCUpyoIINM TeueHueM. Bo3MokHoe B3arM-
Hoe BausHue aTunudHeiX [1K, MCK u PD-1*/TIM-3*T-nmumdonuTos, 1o Bceil BUIUMOCTU, HE JIMHEIHO, B
0COOEHHOCTH B YCJIOBUSIX SKCTCHCHUBHOI'O POCTA OITYyXOJIM Ha MOMEHT IIOCTAHOBKH AUarHO3a U IIPOTPEeCCUN
MM. OGHapyXeHHbIE 00paTHbIE KOPPEISIIIUU MEXIY OTHOCUTENbHBIM cofepxxaHnuem [TMA-MCK u cy6-
nonyasauusMu T-KJIETOK MOTIJIM ObITh aCCOLIMMPOBaHbBI ¢ cynpeccopHbiMU 3dhdekTamu MCK kak Ha mipe-
UMYIIECTBEHHO aKTuBUpoBaHHbIe PD-1% kiteTku, Tak n Ha uctomieHHble TIM-3* cyononynsiiuu. [1pssmble
Koppensiuuu Mexay pe3uneHTHeiMu P-MCK 1 CD4"PD-1"TIM-3* T-kneTkamMu 1 MeXX1y TN PKYTUPYIOI -
mu M-MCK u PD-1* u TIM-3" CD8*T-kJieTKaM1 MOIJIY MMOATBEPKAaTh crtocodHocTh MCK nHayuupoBaTh
T-kneToyHOE UCTOIIICHHE.

Karouesvie crosa: muenoudusie cynpeccophvie knemku, PD-1, TIM-3, T-aumgpoyumol, onyxonesvle naasmamuueckue Kaemxu,
MHOJICECMBEHHAS MUCLOMA

ATTEMPT TO ASSESS DIRECT INTERACTIONS BETWEEN
TUMOR BURDEN, MYELOID-DERIVED SUPPRESSOR CELLS
AND PD-1- AND TIM-3-EXPRESSING T CELLS IN MULTIPLE
MYELOMA PATIENTS

Batorov E.V.2? Aristova T.A.2, Pronkina N.V.2, Denisova V.V.2
Sizikova S.A.?, Ushakova G.Yu.?

¢ Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation
by, Zelman Institute of Medicine and Psychology, Novosibirsk National Research State University, Novosibirsk,
Russian Federation

Abstract. The avoidance of immune surveillance by malignant plasma cells (PCs) in multiple myeloma
(MM) is mediated by different mechanisms, among which an induction of T cell exhaustion and expansion
of myeloid-derived suppressor cells (MDSCs) appear to play substantial roles, but it is still a lack of data on
possible MDSC-mediated induction of T cell exhaustion. The aim of the present work was to evaluate possible
relationship between frequencies of MM PCs, MDSCs and phenotypically exhausted PD-1* and TIM-3*
T cells in bone marrow (BM) samples and peripheral blood (PB) of MM patients at various disease stages.
Peripheral blood (n = 88) and BM samples (n = 56) were obtained from MM patients (newly diagnosed
(n = 6), patients in remission (n = 71) and with progressive disease (n = 11)). Frequencies of T cells expressing
checkpoint receptors PD-1 and TIM-3, polymorphonuclear MDSCs (PMN-MDSCs, LinCD14-HLA-DR-
CD33*CD15*/CD66b*), monocyte MDSCs (M-MDSCs, CD14*HLA-DR"""), early MDSCs (E-MDSCs,
LinnHLA-DR-CD33*CD15/CD66b"), and MM PCs (CD45%mCD38*CD138*CD56"CD19-CD117*CD27-
CD81-) were assessed with flow cytometry. Circulating and BM-resident PD-1*/TIM-3"T cell subsets, BM
E-MDSCs, as soon as MM PCs and serum beta2-microglobulin (B2-M) levels were gradually increased in
patients at different stages. Despite that, there were no associations between the markers of tumor load and
the studied cell subsets. In patients in remission, BM PMN-MDSCs negatively correlated with CD4*T cells,
CD4"PD-1* and CD8*TIM-3"T cell subsets; there were positive correlations between BM E-MDSCs and
CD4*PD-1*TIM-3* cellsand PB M-MDSCs and CD8*PD-1* and (as atrend) CD8*TIM-3*T cells. We found
no associations for the samples of patients at diagnosis and with progression. We can conclude that a possible
mutual influence of malignant PCs, MDSCs and PD-1*/TIM-3*T cells is nonlinear, especially during a
manifest tumor growth at diagnosis and progression. The detected negative correlations between resident PMN-
MDSCs andT cell subsets might be associated with MDSC suppressive function, affecting both predominantly
activated PD-1" cells and exhausted TIM-3* subsets. The positive correlations between BM E-MDSCs and
CD4"PD-1"TIM-3* cell subset and circulating M-MDSCs and PD-1* and TIM-3* CD8*T cells might confirm
an ability of MDSCs to induce T cell exhaustion.

Keywords: myeloid-derived suppressor cells, PD-1, TIM-3, T cells, tumor plasma cells, multiple myeloma
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Introduction

Multiple myeloma (MM) is an incurable he-
matological malignancy characterized by the un-
controlled proliferation of a B cell precursor clone
that differentiates to plasma cells in the bone marrow
(BM). Multiple myeloma pathogenesis involves
complex interactions between tumor cells, bone
marrow microenvironment, and immune cells with
pro- or anti-tumor properties. The avoidance of
immune surveillance by malignant B cells in MM
is mediated by a variety of mechanisms, among
which an induction of T cell exhaustion (TCE)
and expansion of myeloid-derived suppressor cells
(MDSCs) seem to play crucial roles [10, 14]. T cell
exhaustion is characterized by a pronounced decrease
in T cell functions and phenotypically recognized by
an up-regulation of inhibitory checkpoint receptors
(ICRs) PD-1, TIM-3 etc [14]. An increment in
T cells expressing ICRs was previously described
for MM [1, 2]. Myeloid-derived suppressor cells,
which origin and functions are clear from the
name, are traditionally divided into three subsets:
polymorphonuclear MDSCs (PMN-MDSCs, Lin-
CD14HLA-DR-CD33*CD15"/CD66b"), monocyte
MDSCs (M-MDSCs, CD14"HLA-DR"*¥") and early
MDSCs (E-MDSCs, LinHLA-DR-CD33*CD157/
CD66b") [6].

TABLE 1. BASELINE CHARACTERISTICS OF PATIENTS

In MM, an increase in CD14"HLA-DR/°* and
CD11b"CD14-CD33* MDSC subsets and the absence
of quantitative changes compared with healthy
individuals have been described [5, 8]. The suppression
of the immune response [6, 8], enhancement of
angiogenesis [15], support for the survival of tumor
cells [8, 11] are currently identified for a tumor-
promoting activity of MDSCs. Simultaneously, it
is still a lack of data concerning possible MDSC-
mediated induction of TCE. The aim of the present
work was to evaluate possible relationship between
frequencies of MM plasma cells (MMPCs), MDSCs
and PD-1* and TIM-3*T cells in BM specimens and
peripheral blood (PB) of MM patients during the
induction therapy courses.

Materials and methods

Eighty-eight MM patients who had been treated
at the Department of Hematology of Research
Institute of Fundamental and Clinical Immunology
(Novosibirsk, Russia) were enrolled in the study.
All patients gave informed consent in accordance
with the Declaration of Helsinki of 1975; the local
ethics committee approved the study protocol. The
patients were staged according to the Durie-Salmon
system (1975). Responses were defined according to
the International Myeloma Working Group criteria.
Baseline characteristics of patients are described in
Table 1.

Peripheral blood (n = 88) and BM (n = 54) samples
were obtained during routine diagnostic procedures.

Characteristic Value
Age at analysis, years; median (min-max) 52 (35-68)
Sex, female/male 47/41
Types
IgG 53
lgA 18
Light chain 8
Unknown 9
Durie-Salmon stage
Il 25
] 63
Disease status at analysis:
— newly diagnosed 6
— complete remission, partial response 71
— progressive disease 11
Chemotherapy regimens before analysis
1 14
2 45
23 23
Time from the date of diagnosis to analysis, months; Me (Q,,s-Q, ;s) 8.5 (6.1-12.7)
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Mononuclear cells (MNCs) were isolated by density
gradient centrifugation and stained with the following
mouse anti-human monoclonal antibodies according
to the manufacturer's recommendations: CD3 (FITC,
PerCP), CD4 (FITC, PerCP), CD8 (FITC, PE-Cy
7), PD-1 (PE, APC) and TIM-3 (PerCP-Cy 5.5,
BV421) — for T cell assessment; Lin (FITC), CD33
(PerCP-Cy 5.5), HLA-DR (FITC, PerCP), CD66b
(APC), CDI14 (FITC) — for MDSC assessment.
Before and after incubation with monoclonal
antibodies, samples were washed with PBS 1,500
rpm for 7 min. As controls were used unstained live
cells, “fluorescence-minus-one”, BD CompBeads
Anti-mouse Ig, /Negative Control Compensation
Particles Set (BD Biosciences). The evaluated
T cell and MDSC subsets were: CD4'PD-1%,
CD4*'TIM-3*, CD4'PD-1"TIM-3*, CDS8*PD-1",
CDS8'TIM-3*, CD8"PD-1"TIM-3* and Lin"HLA-
DR-CD33*CD66b- (E-MDSCs), LinHLA-DR-
CD33*CD66b* (PMN-MDSCs), CDI4*HLA-
DR/~ (M-MDSCs), respectively.

Samples were analyzed on FACSCalibur and
FACSCanto II flow cytometers (BD Biosciences)
using CellQuest Pro and FACSDiva software,
respectively. T cell and MDSC subsets were presented

as the percentage of lymphocytes and MNCs,
respectively. To assess MMPCs, fresh BM samples
were stained with the following mouse anti-human
monoclonal antibodies: CD38 (FITC or APQC),
CD56 (PE), CD27 (PerCP-Cy5.5), CD138 (PerCP-
Cy5.5 or APC), CD117 (Pe-Cy7), CD81 (APC-H7),
CD19 (V450), CD45 (V450), cytlgLambda (FITC),
cytlgKappa (PE-Cy7). For intracellular staining,
samples were incubated with BD FACS Permeabilizing
Solution 2 (BD Biosciences). Samples were analyzed
on FACSCanto II flow cytometer using FACSDiva
software. Multiple myeloma plasma cells were
indicated as CD45¢"CD38*CD138"CD56"CD19-
CDI117*CD27-CD81- and were presented as the
percentage of all nucleated BM cells.

Serum beta2-microglobulin (B2-M) was assessed
using latex particle-enhanced turbidimetry kit (Dako
Beta-2-Microglobulin PET Kit) on the IMMAGE 800
Immunochemistry System (Beckman Coulter, USA).
Statistical analysis was performed using Statistica 6
(StatSoft) package. Data in the text were presented
as median and interquartile ranges. The Mann—
Whitney U test (two-sided) was used to calculate
differences between groups of patients. Spearman’s
rank correlation was used to evaluate associations for

TABLE 2. COUNTS OF BONE MARROW PD-1* AND TIM-3*T CELL SUBSETS AND MYELOID-DERIVED SUPPRESSOR CELLS

IN MULTIPLE MYELOMA PATIENTS, Me (Q25-Q 75)

Newly diagnosed

Cell subset (n=6)

Remission
(n=41)

Progressive disease
(n=7)

CD4%, % 14.4 (11.3-27.5)

24.3 (17.5-33.4) 19.4 (16.0-24.1)

CD4*PD-1*, % 2.4 (2.1-3.1) 6.2 (3.7-8.7)* 6.1 (2.0-12.7)*
CD4'TIM-3*, % 1.1 (0.8-1.7) 2.1 (1.3-3.4) 3.0 (1.3-5.1)*
CD4*PD-1"TIM-3", % 0.2 (0.1-0.3) 0.7 (0.4-1.2)* 1.2 (0.6-1.4)*
CD8*, % 33.9 (21.6-45.6) 18.0 (12.7-25.5)* 15.6 (13.3-29.0)*
CD8'PD-1*, % 4.3 (2.9-10.9) 5.1 (3.4-7.2) 6.4 (4.6-11.4)
CD8*TIM-3*, % 2.0 (1.4-2.7) 3.7 (2.6-4.9)* 6.5 (4.7-7.2)* #
CD8'PD-1*TIM-3*, % 0.2 (0.1-0.7) 0.5 (0.4-0.8) 1.5 (1.0-3.4)* #
E-MDSCs, % 0.6 (0.4-0.7) 1.0 (0.6-1.5)* 1.0 (0.8-1.1)*
PMN-MDSCs, % 3.3 (1.5-6.0) 2.2 (0.7-4.0) 1.5 (0.8-2.3)
M-MDSCs, % 1.6 (1.1-3.9) 1.9 (1.2-2.9) 0.3 (0.2-0.4)* *#

Note. Relative counts of T cell subsets and MDSCs are presented as the percentages of lymphocytes and mononuclear cells,
respectively. p values are assessed with Mann-Whitney U test. *, p, < 0.05 between newly diagnosed patients and treated patients
(in remission or with progression). #, p, < 0.05 between patients in remission and patients with progressive disease. E-, M-, PMN-
MDSCs indicate early, monocyte, polymorphonuclear myeloid-derived suppressor cells, respectively.
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TABLE 3. COUNTS OF CIRCULATING PD-1* AND TIM-3*T CELL SUBSETS AND MYELOID-DERIVED SUPPRESSOR CELLS IN

MULTIPLE MYELOMA PATIENTS, Me (Q 5-Q,75)

Cell subset Newly diagnosed Remission Progressive disease
(n=6) (n=71) (n=11)
CD4*, % 33.4 (20.0-51.7) 47.8 (37.0-59.7) 41.0 (32.7-58.6)
CD4'PD-1*, % 4.6 (3.7-9.9) 5.1 (3.3-7.7) 7.0 (4.4-13.2)
CD4'TIM-3*, % 1.0 (0.5-1.3) 1.3 (0.8-3.1) 2.5(2.2-52)**
CD4'PD-1*TIM-3*, % 0.1 (0.1-0.3) 0.2 (0.1-0.4) 0.9 (0.4-1.1)**

CD8*, % 26.1 (16.5-34.8) 22.9 (12.4-33.7) 33.7 (14.9-58.3)
CD8'PD-1*, % 2.8 (1.5-4.4) 2.7 (1.4-4.1) 5.4 (1.6-6.4)
CD8*TIM-3*, % 4.4 (3.6-6.3) 3.2 (1.8-5.5) 5.8 (2.3-9.6)
CD8*PD-1*TIM-3*, % 0.2 (0.2-0.4) 0.2 (0.1-0.3) 0.8 (0.4-1.4)* *
E-MDSCs, % 0.5 (0.3-0.5) 0.8 (0.5-1.2) 0.6 (0.5-0.8)

PMN-MDSCs, %

0.05 (0.02-0.06)

0.02 (0.01-0.07)

0.05 (0.02-0.6)

M-MDSCs, %

3.9 (2.2-5.1)

2.4 (1.2-5.7)

2.8 (1.7-3.9)

Note. As for Table 2.

continuous variables. p values presented were two-
sided. p < 0.05 was considered statistically significant.

Results and discussion

We first comparatively assessed MMPCs in patients
with different stages of the disease. Frequencies
of multiple myeloma plasma cells in BM samples
of patients in remission were significantly lower
compared to both newly diagnosed patients and the
individuals with progressive disease: 0.12% (0.027-
0.875%) vs 21.0% (6.8-38.0%); py = 0.00010, and
4.2% (1.4-20.6%); py = 0.0021, respectively.

The percentages of BM CD4"PD-1*, CD4*PD-1
*TIM-3* and CD8*TIM-3"*T cell subsets, as well as
E-MDSCs were significantly higher in both patients
in remission and with progressive disease compa-
red with newly diagnosed MM (Table 2). Besides,
CD4*'TIM-3*, CDS8*TIM-3* and CDS8"PD-1"TIM-3*
were increased in BM samples of MM patients with
progression compared with individuals in remission
and/or newly diagnosed patients (Table 2). On the
contrary, BM M-MDSCs were significantly lower in
patients with progression (Table 2).

Multiple myeloma PCs and the studied cell subsets
were evaluated in same BM samples, and we tried to
assess possible direct associations between the tumor
burden and frequencies of dysfunctional T cells and

MDSCs in MM microenvironment. There were no
correlations between malignant PCs and these cell
compartments in the each group of patients (data not
shown).Then we evaluated associations between BM
MDSCs and PD-1*/TIM-3*T cells. In specimens
of patients in remission, PMN-MDSC frequencies
negatively correlated with CD4*T cells (Rg = -0.39,
p = 0.030; n = 31), CD4"PD-1* (Rg = -0.56,
p = 0.00097; n = 31) and CDS8*TIM-3*T cells
(Rg =-0.59, P =0.00044; n = 31), while E-MDSCs
positively correlated with CD4*PD-1*TIM-3* cell
subset (Rg = 0.39, p = 0.040; n = 31). We failed to
find such associations for the samples of patients at
diagnosis and with progression.

Serum B2-M is used as a surrogate marker of
tumor burden. Bone marrow MMPC frequencies
correlated with serum B2-M levels: Rg = 0.55,
p = 0.000014; n = 56. Serum B2-M levels of patients
in remission were significantly lower compared to
both newly diagnosed patients and the individuals
with progressive disease: 2.4 mg/L (1.97-2.99 mg/L,;
n = 55) vs 5.19 mg/L (2.82-15.8 mg/L; n = 6);
py =0.013, and 6.35 mg/L (3.37-7.75 mg/L; n=11);
py = 0.000029, respectively. The only association
we found was a negative correlation between B2-M
and circulating CD4*T cells (Rg = -0.31, p = 0.039;
n = 45) in patients with remission.
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The percentages of circulating CD4*PD-1%,
CD4*PD-1"TIM-3* and CD8*PD-1*"TIM-3*T cell
subsets were significantly higher in patients with
progressive disease compared with both the newly
diagnosed MM patients and the individuals in
remission (Table 3). Contrary to the BM samples,
there were no differences in PB MDSC subsets
depending on the stage of the disease (Table 3).

Further we assessed associations between
circulating MDSCs and PD-1*/TIM-3*T cells. In PB
samples of patients in remission, only CD14*HLA-
DRP*-  M-MDSCs negatively correlated with
CD4'T cells (Rg = -0.34, p = 0.0064; n = 60),
and positively correlated with both CD8*PD-1*
(Rg = 0.28, p = 0.029; n = 60) and — as a trend —
CDS8*TIM-3*T cells (R¢=10.22, p=0.098; n =60). As
in the case of BM samples, we found no associations
between circulating MDSCs and PD-1*/TIM-
3*T cells of patients at diagnosis and with progression.

Conclusion

The present work was devoted to an attempt to
find possible direct associations between tumor load,
MDSCs and PD-1- and TIM-3-expressing T cells in
multiple myeloma patients, asthese cell compartments
appear to play substantial roles in MM escape from
immune surveillance and its clinical progression.

The described gradual increase in circulating and
BM-resident PD-1*/TIM-3*T cells and E-MDSCs
of patients at different stages are in agreement with
the previously published data [2, 3, 7, 13]. The only
unexpected finding was the decrease in CD14*"HLA-
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COMNPAXEHHOCTb MUEJIONAHbIX CYMPECCOPHbIX
KJIETOK C BOCCTAHOBJIEHUEM KPOBETBOPEHUSA
NOCJIE BbICOKOAO03HOU XUMUOTEPAMNKUU NPU

MHO)XECTBEHHON MUEJIOME

AumyT B.C., Teipunosa T.B.'2, Baropos E.B.2, Apucrosa T.A.2
Cusurosa C.A.2% Ymaxosa I'.10.%, [leancosa B.B.2, Yepubix E.P.2

TDIAOY BO «Hogocubupckuii HayuoHaAbHbLIL UCCAe008AMEAbCKULL 20CY0apCMEeHHbLIl YHUGepCUmem»,
2. Hoeocubupck, Poccus

2@I'BHY «Hayuno-uccaedosamenvckuii uncmumym QyHOAMEeHMAAbHOU U KAUHUYECKOU UMMYHOA0SUL»
e. Hoeocubupck, Poccus

Pesiome. CynpeccopHble KJIETKM MUETOUMAHOro TNpoucxoxkaeHus: (MC) urpaloT BaxKHYIO pOJIb B peryJisi-
MM UMMYHHOTO OTBETa IIPY MHOTHUX MATOJIOTHSIX M IIPEXKJIE BCETo IMPH 3JT0KAYECTBEHHBIX OIMYXOJISIX, OTHAKO
X POJIb B IIPVKUBIECHUM TEMOIIOATUYECKMX CTBOJIOBBIX KJIETOK I BOCCTAHOBJIEHUM KPOBETBOPECHMSI TTOCIIE
BBICOKOIO3HOM XMMHUOTEPAITMU C ayTOJOTMYHOM TpaHCIUIAHTAIIMEN CTBOJIOBBIX KJIETOK OCTAeTCs IIpaKTuie-
CKU He u3yyeHHoi. HacTosiee ncciaeqoBaHyue HalpaBJIeHO Ha U3yUYeHUE 3aBUCUMOCTH MEXIY COAePKaHU -
eM cyonomysiiuiit MC u rmokasaTeIsiMyd KpOBU Ha 3Tarie BOCCTaAHOBJICHUST KPOBETBOPEHMSI ITOCJIE BBICOKOIO-
3HOI XMMUOTEPAIUU C ayTOJIOTUYHOM TpaHCIUIaHTAIIUEe TEMOITO3TUYECKUX CTBOJIOBBIX KJIETOK Y TTAIIUEHTOB
¢ MHOXecTBeHHoi1 Muesomoit (MM). MC oueHuBaIu METOJOM NPOTOYHOM LIUTOMETPUU B 0Opa3liax nepu-
depuyeckoii KpOBM Ha 3Talle BBIXOJA M3 JICMKOIEHUU (IIPU KOJMYECTBE JICHKOLIMTOB B IepuGepruIecKoit
KkpoBu 6ojiee 1 x 10°/1). KonmmuectBo TpaHcIutaHTUpyeMbIXx CD34*CD45" reMoImoaTHYeCKrX CTBOJIOBBIX
KJ1eTOK coctaBuiio 4,38 x 10¢/kr (IQR (3,1-5,6) x 10°/kr). JIIUTeIbHOCTh BBIXOJA U3 JIEMKONEHUN BapbUPO-
Basia ot 8 1o 18 gHeit (Me 12 gHeii). Conepxkanue MC Ha aTane BbIXoJa U3 JJEeHKOIMEHUU He OBLJIO CBSI3aHO C
kosmuyectBoM CD34" kieToK/Kr B TpaHcILIaHTaTe. OTHOCUTEIbHOE coaepkaHue MOHoLUTapHbix MC (M-
MC, CD14*HLA-DR""") mpsMo KOppeJIupoBaJIO C COIepKaHUEM MOHOLIMTOB Ha 3Talle BhIXOAA U3 JIEMKO-
neanu (R = 0,417, p = 0,002). g rpanyaountapHeix MC (I'-MC, LinHLA-DR-CD33*CD66b") 6bu1a
XapakTepHa oOpaTHasl CBsI3b C KoaudyecTBOM MoHouuToB (R = -0,493, p = 0,0003), mpu 3TOM CONpsIKEeH-
HOCTb C a0COJIOTHBIM CoAepxkKaHreM HeilTpoduiaoB Obuia ciado BeipaxkeHa (R = 0,273, p = 0,048). Conep-
>KaHue JIUM@OLIMTOB Ha 3Talle BbIX0/1a U3 JICMKOIIEHNU HaXoauia0ch B oopaTtHoi cBsa3u ¢ [-MC (R = -0,347,
p = 0,014) u He kKoppeaupoBajio ¢ M-MC. Ilpu aHan3e JJIMTEIbHOCTb JICMKOTIEHUM oO0paTHasi KOppesilu-
OHHasI CBSI3b C JaHHBIM IMOKa3aTeseM ObLIa BBISIBJIEHA IS HPOLIEHTHOIO U aGCOJIIOTHOrO coaepxkanuss M-MC
(R=-0,347,p=0,018 1 R =-0,469, p = 0,0008 cooTBeTCTBEHHO). MHOXECTBEHHbI! PErPECCUOHHBII aHa-
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JIM3 MOKa3aJl 3aBUCUMOCTbD JUIUTEIBHOCTH JUMMOINEHUM OT noju nupKyaupyomux M-MC (p = 0,014) u
KoJIMyecTBa TpaHcIIaHTupoBaHHbIXx CD34* knetok/Kr (p = 0,032). CortacHO TaHHBIM MHOTO(haKTOPHOIO
JHUCIIEPCUOHHOTO aHaln3a 3HAYUMbIMU (haKTOpaMU [JIsI TIPOJOIXKUTEIBHOCTH JICUKOTIEHNU SIBJISLIMCH KO-
JIMYECTBO TpaHcIuTaHTUpoBaHHBIX CD34* xiteTok/Kr u conepxanue M-MC. I1pu 5TOM Takue KIIMHUYECKUE
rmapaMeTphbl Kak IJIyOMHa OTBeTa U HAJIMYMEe MUHUMAJIbHOM OCTaTOYHOU 0O0JIe3HU mepel MPoBeaeHEeM BbI-
COKOJI03HOU XMMMOTEpanu U TPAHCTUIAHTALIMY TeMOTIO3TUYECKUX CTBOJIOBBIX KJIETOK, a Takxke ctanus MM
HE BIWSIIA Ha UTUTEILHOCTh BOCCTAHOBJICHUSI KPOBETBOPEeHUS. TakuM 00pa3oM, MOyIeHHBIE PE3YTbTaThl
CBUJIETEJBCTBYIOT O COMNPSIKEHHOCTU OoJiee BbICOKOro conepxkaHuss M-MC ¢ MeHblIel AIUTETbHOCTBIO
JIEKOIIEHWU I10CJIE BBICOKOIO3HOM XMMUOTEPAIIMHU C ayTOJTOTMYHOM TPaHCIUIAHTALIMEN CTBOJIOBBIX KJIETOK U
YKa3bIBaIOT Ha MO3UTUBHYIO posib M-MC B BOCCTAaHOBIIEHUM KPOBETBOPEHUSI B PAHHEM MOCTTPAaHCILIAHTA-
LIMOHHOM TIepro/ie y NaireHToB ¢ MM.

Kntouesuie crosa: muenoudnwie CynpeccopHbsle KAemKU, MHOWCeCMEEeHHAA mueaoma, mpancnianmayusd, ecemonosmuvecKue
Cmeo/108ble KaemkKu, 0AUmMenbHOCMb /leﬁlCO}’leHLlu, PAaHHee 60CCMAHOBNEHUe 2eM0ono33a

ASSOCIATION OF MYELOID-DERIVED SUPPRESSOR CELLS
WITH HEMATOPOIETIC RECOVERY AFTER HIGH-DOSE
CHEMOTHERAPY IN MULTIPLE MYELOMA

Anmut V.S.2 Tyrinova T.V.>*, Batorov E.V.», Aristova T.A.",
Sizikova S.A.*, Ushakova G.Yu.’, Denisova V.V.’, Chernykh E.R.’

¢ Novosibirsk State University, Novosibirsk, Russian Federation
b Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation

Abstract. Myeloid-derived suppressor cells (MDSCs) play an important role in the immune response
regulation in many pathologies, primarily in malignant tumors, but their role in the hematopoietic stem
cell engraftment and the hematopoietic recovery after high-dose chemotherapy and autologous stem cell
transplantation remains practically unexplored. This study is aimed at studying the correlation between the
number of MDSC subpopulations and blood parameters at the stage of hematopoietic recovery after high-
dose chemotherapy and autologous hematopoietic stem cell transplantation in patients with multiple myeloma
(MM). Circulating MDSCs were assessed at the stage of leukopenia recovery (absolute leukocyte count in
peripheral blood (PB) > 1 x 10°/L) by flow cytometry. The number of transplanted CD34*CD45* hematopoietic
stem cells was 4.38 x 10%/kg (IQR (3.1—5.6) x 10¢/kg). The duration of recovery from leukopenia varied from
8 to 18 days (Me 12 days). The number of MDSCs at the engraftment was not associated with the number of
CD34" cells/kg in the graft. The relative number of monocytic MDSCs (M-MDSCs, CD14*HLA-DR"*"/")
directly correlated with the number of monocytes at the stage of recovery from leukopenia (R = 0.417,
p = 0.002). Granulocytic MDSCs (PMN-MDSCs, LinHLA-DR-CD33*CD66b") were characterized by an
inverse correlation with the number of monocytes (R = -0.493, p = 0.0003) while the association with the
absolute number of neutrophils was weak (R = 0.273, p = 0.048). The number of lymphocytes at the stage of
recovery from leukopenia had an inverse correlation with PMN-MDSCs (R = -0.347, p = 0.014) and did not
correlate with M-MDSCs. When analyzing the duration of leukopenia, an inverse correlation with this indicator
was revealed for the percentage and absolute number of M-MDSCs (R = -0.347, p = 0.018 and R = -0.469,
p = 0.0008, respectively). Multiple regression analysis showed dependence of the lymphopenia duration on the
proportion of circulating M-MDSCs (p = 0.014) and the number of transplanted CD34" cells/kg (p = 0.032).
According to the data of multivariate analysis of variance, the number of transplanted CD34* cells/kg and the
number of M-MDSCs were significant factors for the duration of leukopenia. At the same time, such clinical
parameters as the depth of response and minimal residual disease status before high-dose chemotherapy and
hematopoietic stem cell transplantation, as well as the MM stage, did not affect the duration of hematopoietic
recovery. Thus, the obtained results indicate the association of a higher number of M-MDSCs with a shorter
duration of leukopenia after high-dose chemotherapy with autologous stem cell transplantation and indicate a
positive role of M-MDSCs in hematopoietic recovery in the early post-transplant period in patients with MM.

Keywords: myeloid-derived suppressor cells, multiple myeloma, transplantation, hematopoietic stem cells, duration of leukopenia,
early hematopoietic recovery
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Introduction

Myeloid-derived suppressor cells (MDSCs)
play an important role in the immune response
regulation in many pathologies, primarily in
tumors [6]. MDSCs release a suppressor activity
towards innate and adaptive immune cells in vitro
and in vivo with the most pronounced suppressor
activity against T cells [5]. In humans, monocytic
MDSCs (M-MDSCs, CD14"HLA-DR"¥), granu-
locytic, or polymorphonuclear, MDSCs with a
phenotype similar to neutrophils (PMN-MDSCs,
CDI11b*CD33*CD14-CD15" (CD66b*) HLA-DR™"")
and immature MDSCs (E-MDSCs) with the
Lin- (CD3, CD14, CD15,CD19, CD56) HLA-DR CD33%)
phenotype have been described [1, 2].

In solid tumors, the number of MDSCs increases
and correlates with tumor size, stage and poor
prognosis [5]. In hemoblastosis, especially in patients
with hematopoietic stem cell transplantation (HSCT)
the MDSC population is less studied and the role of
MDSCs is not clear [11]. MDSCs of donor origin
presented in the allograft can suppress the graft-versus-
host reaction [4], playing a positive role. There is much
less clarity regarding the role of MDSCs in autologous
HSCT (auto-HSCT). Since early reconstitution of
lymphocytes is provided by homeostatic proliferation
of T cells transplanted as a part of the graft, MDSC
suppressive activity against T cells can reduce the
effectiveness of immune reconstitution after auto-
HSCT.

Multiple myeloma (MM) is a malignant lympho-
proliferative disease characterized by infiltration of
the bone marrow by tumor plasma cells secreting
monoclonal immunoglobulin and/or free light chains.
Despite advances in therapy, MM still remains an
incurable disease with a 5-year survival rate of just over
50% [12]. At the same time, high-dose chemotherapy
(HDCT) with auto-HSCT is an important and
effective standard of treatment for MM. One of
the prognostically favorable factors associated with
successful HSCT and greater overall survival after
HDCT and auto-HSCT is a faster and more stable
hematopoicetic recovery [8, 10]. The study of the
immune reconstitution mechanisms and the search
for prognostic factors affecting the hematopoietic
recovery after HSCT attracts special attention in
terms of optimizing therapy and predicting the
development of infectious complications and MM
relapse. However, there is no information about
the possible role of MDSCs in the regulation of
autologous hematopoicetic stem cell (HSC) engrafting
after HDCT and the hematopoietic recovery.

The aim of this study was to find the relationship
between the number of MDSC subpopulations and
the hematopoietic recovery after HPCT and auto-
HSCT in patients with MM.

Materials and methods

The study included 55 patients (30 women and 25
men) with MM aged 38 to 72 years (Me 54 years), who
underwent HDCT with auto-HSCT. A complete or
very good partial response (CR/VGPR) was achieved
in 37 patients; a partial response (PR) was achieved
in 18 patients at the time of HSC transplantation.
Auto-HSCT was performed with a conditioning
regimen of melphalan 200 mg/m?, or 140 mg/m? in
patients with impaired renal function. The median
number of CD347"CD45* hematopoietic stem cells
was 4.38 x 10%/kg (IQR (3.1-5.6) x 10°/kg).

To assess the number of MDSCs, mononuclear
cells (MNCs) at the stage of recovery from leukopenia
(number of leukocytes in peripheral blood (PB)
>1x10°/L) were isolated from PB by standard
centrifugation of whole heparinized venous blood in
a ficoll-verografin density gradient (p = 1.077). Flow
cytometry (BD FACSCanto II, USA) was used to study
the relative number of PMN-MDSCs (Linn HLA-DR-
CD33*CD66b%), M-MDSCs (CD14*HLA-DR""), and
P-MDSCs (LinHLA-DR-CD33*CD66b") among
MNC:s using anti-Lineage Cocktail 1 (CD3, CD14,
CD16, CDI19, CD20, CD56; FITC, BD Biosciences,
USA), anti-CD14 (FITC, BD Biosciences), anti-
CD33 ( PerCP-Cy5.5, BD Biosciences), anti-CD66b
(APC, BiolLegend, USA), anti-HLA-DR (APC-
Cy7, PerCP, BD Biosciences). Isotype antibodies
conjugated with similar fluorochromes were used as a
negative control.

Statistical data processing was performed using
the Statistica 6.0 (StatSoft) and GraphPad Prism 8
software packages. Correlation analysis was performed
using the Spearman rank correlation test. Additionally,
linear regression analysis and multivariate analysis of
variance were performed. Differences were considered
statistically significant at p < 0.05.

Results and discussion

The duration of recovery from leukopenia (leu-
kocytes in the PB > 1 x 10°/L, platelets > 50 x 10°/L)
in patients with MM after HDCT and auto-HSCT
varied from 8 to 18 days (Me 12 days, IQR 11-14 days).
The number of leukocytes and platelets counted at
this stage is shown in Table 1.

Since the number of transplanted CD34" HSCs
is one of the important factors of immune re-
constitution, we conducted a correlation analysis of
the transplanted CD34* cells/kg with hematopoietic
recovery indicators. The duration of leukopenia was
in a reverse association with transplanted CD34*
cells/kg (R =-0.305, p=0.008). A significant de-
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TABLE 1. PARAMETERS OF HEMATOPOIETIC RECOVERY AFTER AUTO-HSCT IN MULTIPLE MYELOMA

Parameter Me (Qg25-Q,.75) Min-max
Neutrophils (x 10°/L) 1.26 (0.78-2.44) 0.22-7.95
Thrombocytes (x 10°/L) 65 (47-90) 7-243
Monocytes (x 10°/L) 0.12 (0.05-0.25) 0.005-1.560
Lymphocytes (x 10°/L) 0.48 (0.33-0.79) 0.02-2.68
M-MDSCs (%) 3.4 (2.0-6.9) 0.3-19.1
M-MDSCs (x 10%/mL) 26.8 (14.1-68.8) 4.4-350.0
PMN-MDSCs (%) 0.32 (0.03-0.90) 0.001-15.540
PMN-MDSCs (x 10¢/mL) 2.90 (0.43-7.47) 0.02-148.40
E-MDSCs (%) 0.63 (0.39-1.19) 0.09-2.55
E-MDSCs (x 10%/mL) 5.5 (3.7-10.5) 0.6-34.3
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Figure 1. Association of leukopenia duration and numbers of M-MDSCs at the stage of recovery from leukopenia after

high-dose chemotherapy

TABLE 2. MULTIVARIATE ANALYSIS OF THE CLINICAL PARAMETERS’ INFLUENCE ON THE DURATION OF LEUKOPENIA

AFTER AUTO-HSCT IN PATIENTS WITH MULTIPLE MYELOMA

Factorial ANOVA F-value p-value
CD34* cells/kg (> Me vs < Me) 6.95 0.01
M-MDSCs, % (> Me vs < Me) 7.66 0.008
Response (CR vs PR) 0.33 0.57
MRD (positive vs negative status) 0.15 0.70
Stage at diagnosis (Il vs lll Durie-Salmon stage) 0.003 0.96

Note. Response, the depth of the response before the HDCT; CR, complete response; PR, partial response; MRD, minimal residual

disease before HDCT
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pendence on the transplanted CD34" cells/kg was
found only for the absolute number of platelets
(R=0.378, p =0.0007) among all the analyzed pa-
rameters. A similar relationship with the number
of monocytes was weak (R = 0.250, p = 0.03). The
number of MDSC subpopulations at the stage of
recovery from leukopenia was not associated with the
CD34* cells/kg in the graft.

In order to assess the importance of MDSCs in
terms of hematopoietic recovery after HPCT and auto-
HSCT, we compared the number of MDSCs with the
number of other blood cells populations. The relative
number of M-MDSCs directly correlated with the
number of monocytes (R =0.417, p = 0.002). PMN-
MDSCs was characterized by an inverse relation-
ship with the number of monocytes (R =-0.493,
p = 0.0003). At the same time, PMN-MDSCs and
the absolute number of neutrophils were revealed to
have weak positive correlation (R =0.273, p = 0.048).
In addition, an inverse significant correlation was
found between the proportion of PMN-MDSCs and
the number of lymphocytes (R = -0.347, p = 0.014).
When analyzing the duration of leukopenia, it turned
out that this indicator was associated only with the
number of M-MDSCs. The duration of leukopenia
had an inverse correlation with the percentage and
absolute number of M-MDSCs (R=-0.347,p=0.018
and R = -0.469, p = 0.0008, respectively; Figure 1),
which indicates the association of a higher number
of M-MDSCs with earlier recovery of hematopoiesis
after HDCT and infusion of autologous HSCs.

Multiple regression analysis confirmed the
dependence (determination coefficient R? 0.241,
F-test 3.45, p =0.015) of the duration of leukopenia on
the proportion of circulating M-MDSCs (p = 0.014)
and the number of transplanted CD34* cells/kg
(p =0.032). According to regression analysis,
the proportion of circulating PMN-MDSCs and
E-MDSCs did not affect the duration of leukopenia
(p =0.14 and p = 0.66, respectively) at the same time.
A similar pattern was found for the absolute number of
M-MDSCs (p = 0.048).

At the final stage we tried to find the most
significant factors associated with a shorter duration
of leukopenia using multivariate analysis of variance
(Table 2). The number of transplanted CD34" cells/kg
and the number of M-MDSCs were significant fac-
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Kpamxkue coobuienus
Short communications

OCOBEHHOCTU B3BAMMOAENCTBUA MEAU U KOBAJIBTA,
YYACTBYIOLLNX B KPOBETBOPEHUU, N BJIUAHUE

nX AgEPULNTA HA PASBBUTUE AHEMUUN
Ruemyparona I'.K.

Hucmumym ummyHonoeuu u eeHomuku yenogexa Axademuu Hayk Pecnybauxu Y3b6exucman, e. Tawkenm, Pecnybauxa
Yabexucman

Pe3iome. OnHOI 13 OCHOBHBIX 3a71a4 KPOBETBOPEHMSI SIBJISIETCSI OIEP>KaHME TTOCTOSTHHOTO KOJTMYECTBEH-
HOTO M KaUYeCTBEHHOTO COCTaBa OTIEJbHBIX KOMIIOHEHTOB 1 3BEHbEB CUCTEMBI KPOBU, YTO COOTBETCTBEHHO
00JIe3HN KPOBU MOXHO paccMaTpyBaTh KaK HapyllleHWe 3aKOHa KJIETOYHOTO paBHOBecus. Puznonornyie-
CKMe MeXaHU3Mbl aJJaliTUBHOM TTepeCcTPONKM JETCKOTr0 OpraHn3Ma B 9KOJOTMYECKM HEOJIarormpUusITHBIX yC-
JIOBUSIX 3aKOHOMEPHO MPUBOMIAT K CIBUTAM 3JIEMEHTHOTO roMeocTasa. JleduimT omHOro MUKpO3JeMeHTa
MOXET MPUBECTH K AUCOATAHCY NPYTUX MUKPO3JIEMEHTOB.

Llenbio HaCTOSIIETO UCCIeNOBAHUS SIBJISIETCSI M3YUEHUE POJIU U B3aUMOACHCTBUST MeIU, KOOaIbTa U Xe-
Jie3a, y9aCTBYIOIIMX B KDOBETBOPEHUH, a TAKKE PACIIPOCTPAHEHHOCTh aHEMUM CPENIU JIETe, TIPOXKUBAIOIINX
B peruoHe [Ipuapanbs.

Bcero 6bu10 06cnenoBano 1120 gereit 1 mogpocTKOB. bbUT MTpoBeeH KIMHUYECKUI OCMOTP BCEX NIETEN,
¢ orpenesieHrueM (PU3NIECKOTO Pa3BUTHS: BHITIOJTHEHBI aHTPOTIOMETPUYECKHUE U3MEPEHUST U OOIIIETTPUHSITHIE
JabopaTopHble aHaTM3BI. 151 oTipesie]ieHrs] MUKPO3JIEMEHTHOTO cTaTyca MCCIeIOBaHbI BOJIOCH! MIpakKTUIe-
CKM 3[IOPOBBIX JIETEIA.

ITo pe3ynabTaTaM MpOBEAEeHHBIX UCCIEI0OBAHUI BBISIBICHO, UYTO Y 78% neTeil HaGII0AaeTCsI CHKEHUE Te-
mornoburHa. [Toka3zaTenu aHeMuUM y MOAPOCTKOB OB JOCTOBEPHO BhIIIE (B 2,5 pasza), YeM y AeTeil MiTaainmnx
Bo3pacTHbIX rpymi (p < 0,0001).

CpaBHUTEBbHBIN aHAJIN3 YPOBHS 3PUTPOIIMTOB 1 TEMOTIOOMHA TT0 OCHOBHBIM TTOKa3aTeIsiM (DU3UIeCKO-
ro pa3BUTHS TTOKa3ayia, YTO BHICOKUI POCT TTOJIOKUTEILHO KOPPEIUPYET C YPOBHEM 3PUTPOLIMTOB U TE€MO-
r1o0uHa.

B pesynbrate aHaanM3a MUKPO3JEMEHTHOTO COCTaBa BOJIOC y neTeil B pernoHe Ilpuapaibsi, BISIBICHBI
HamnboJiee 4acTo BCTpedaeMble TMTTOMUKPO3JIeMeHTO3bl. O0111ast 4acToTa MUKPOIJIEMEHTO30B, 00yCJIOBIEHA
B OCHOBHOM JeduniutoM meau B 98,4% ciydaes (63), nepuuntom Kobdansra B 92,1% (59), neduLIMTOM LIMHKA
B 57,8% (37). TakXe mpoBeneHO UCCIENOBAHNUE HE TOJIBKO COAEPKAHMS DJIEMEHTOB, HO I UX COOTHOILIEHUSI.
Brisgsieno noseimeHHoe cooTHomreHne Fe/Cu u Fe/Cu Bo Bcex Bo3pacTHBIX rpyniax. JucbamaHc MUKpPO-
2JIEMEHTOB, a TaKXKe NeUIINT MeIr, KOOaJIbTa, IIMHKA CIIOCOOCTBYIOT Pa3BUTHUIO aHEMUHU Y JAETEM.

ITonyyeHHBIE pe3yJbTaThl ITOKA3aJIM, YTO aHEMUSI, BBISIBIIsIeMasl y AeTell, TpOXUBaOIINX B pernoHe [1pu-
apaJibsi, 00yCJIOBJIeHa He TOJIbKO CHIDKEHUMEM XeJjle3a, HO TakKe CHUXKEHUEeM Melu, KoOayibTa, IIMHKa, Map-
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raHua. AHaiau3 BOJIOC Ha MUKPOIJIEMCHTBbI UMECT CBOC 3HAYCHUC B zmcb(bepeHuI/Iaanoﬁ JUAarHoCTUKEC 1
JeyeHuu aeteil. Kaxaplii u3 N3YYCHHBIX MUKPOSJICMCHTOB, OKAa3bIBACT HCITOCPCACTBCHHOC BJIMAHHNEC HAa CO-
CTOAHUC pC6CHKa 1 BOGHUKHOBCHHNEC PA3JIMYHbIX 33.60HCB8.HI/H71, B TOM YMCJIe aHEMUM.

Knrouesuie crosa: 3abonesanue cucmemol Kpoeu, aHemus, meﬂe3oded)uuumﬁa;1 aHemus, 6emu, MUKPO3/1eMEeHmbl, OCHOBHble
MUKPOHYMPUCHMbL 2MON033a4

INTERPLAY BETWEEN COPPER AND COBALT IN
HEMATOPOIESIS AND THE IMPACT OF THEIR DEFICIENCY ON
ANEMIA DEVELOPMENT

Jiemuratova G.K.

Institute of Immunology and Human Genomics, Academy of Sciences of the Republic of Uzbekistan, Tashkent, Republic
of Uzbekistan

Abstract. Hematopoiesis is a complex process that requires a specific set of blood components to
function properly. Blood diseases can result from imbalances or deficiencies in these components. The body
has physiological sensors that respond to environmental changes by maintaining elemental homeostasis.
A deficiency in one micronutrient can lead to imbalances in others. The purpose of this study was to investigate
the role and interaction of copper, cobalt, and iron in hematopoiesis and to determine the prevalence of anemia
in children living in the Aral Sea region.

A total of 1120 children and adolescents were examined, and their physical development was measured
using anthropometric measurements and laboratory tests. Hair samples were analyzed to determine the
children’s micronutrient status. The results revealed that 78% of the children had a decrease in hemoglobin,
and anemia was more prevalent in adolescents. A correlation was found between high growth and increased
levels of erythrocytes and hemoglobin. The study also identified the most common hypomicroelementoses
in the Aral Sea region, including copper deficiency in 98.4% of cases, cobalt deficiency in 92.1%, and zinc
deficiency in 57.8%.

The study also analyzed the ratio of trace elements, revealing an increased Fe/Cu and Fe/Cu ratio in all
age groups. Imbalances and deficiencies in copper, cobalt, zinc, and manganese were found to contribute to
the development of anemia in children. Hair analysis for trace elements was shown to be significant in the
differential diagnosis and treatment of children with anemia.

In conclusion, the study highlights the importance of maintaining a proper balance of trace elements in
hematopoiesis. Deficiencies in copper, cobalt, zinc, and manganese can contribute to anemia in children, and
hair analysis can be used to diagnose and treat the condition. Further research is needed to better understand
the role of trace elements in hematopoiesis and their impact on human health.

Keywords: blood system disease, anemia, iron deficiency anemia, children, trace elements, micronutrients of hematopoiesis

Introduction deficiency anemia (IDA) accounting for about 90% of
all cases [5, 12]. In Karakalpakstan, the prevalence of
anemia exceeds 40%, a level that has been identified
as a grave health concern for the entire population,

One of the pivotal goals of hematopoiesis is to
maintain the constant quantitative and qualitative
composition of individual blood components and . .
subsystems, which is predicated on the principle of partlcularl.y children _Of_ all ages and women of
Kinetic regulation, whereby an equal number of cells feproductive age. This issue demands not only a

are produced and undergo cell death per unit time. As medical approach, but also a social one that involves
such, hematologic disorders can be conceptualized as ~ State-level interventions. Living conditions and health

aberrations of cellular homeostasis [6]. outcomes in the Aral Sea region are inextricably

Hematologic diseases are among the most linked to the quantity and quality of available water
prevalent maladies worldwide. Approximately one resources. Research hasrevealed a correlation between
quarter of the global population, including young the hardness (r = 0.40) and mineralization (r = 0.53)
children and women, suffer from anemia, with iron- of drinking water and disease incidence in children. In

1166



2023, T. 25, Ne 5
2023, Vol. 25, No 5

Dnemenmol 6 pazgumuu aHemuu
Elements in the development of anemia

this context, the physiological mechanisms that drive
adaptive responses in children residing in ecologically
adverse conditions inevitably lead to perturbations in
elemental homeostasis [8, 9].

According to the available literature, nutritional
imbalances among the population of the Aral
Sea region may lead to the depletion of essential
micronutrient reserves. In addition, the deficiency of
one micronutrient may result in imbalances of other
micronutrients. Furthermore, the inadequate supply
of vital micronutrients can be attributed not only
to their insufficient presence in food but also to the
antagonistic effects of more toxic micronutrients [7,
8, 9].

Currently, anemia is viewed not only as a
symptom of disease but also as a pathogenetic factor
that exacerbates systemic damage in the organism.
Nonetheless, many etiological and pathogenetic
aspects of deficiency anemia remain unresolved to
date.

The objective of the current study is to investigate
the role and interaction of copper, cobalt, and iron
in hematopoiesis, as well as the prevalence of anemia
among children residing in the Aral Sea region.

Materials and methods

The study enrolled children and adolescents (from
birth to 18 years of age) who underwent regular medical
check-ups at their schools and resided in the Aral
Sea region. A total of 1120 children were examined,
all of whom were native inhabitants residing in the
epicenter of the environmental crisis — the Republic
of Karakalpakstan — and whose parents provided
written consent for their participation in the study.

All children underwent a clinical examination, with
assessments of their physical development including
anthropometric measurements (height, weight, head
and chest circumference) and standard laboratory
analyses. The criteria for anemia were based on the
reference values of hemoglobin levels proposed by the
World Health Organization.

Hair samples were used for the assessment of the
children’s microelement status through neutron
activation analysis. Hair is a convenient and non-
invasive biological substrate for medical and biological
rescarch and offers several advantages compared
to other biosubstrates. Hair analysis enables the
evaluation of a child’s microelement status, the
determination of the state of individual organs
and systems of the body based on this assessment,
the degree of exposure to environmental factors,
nutrition, and the development of methods to correct
any identified deficiencies [1, 3, 10].

Hair samples from practically healthy children
were examined to determine their micronutrient
status. Of the total number of children examined,
64 aged between 1 and 18 years were selected for the

study. All children were divided into four age groups:
Group I comprised children from birth to 4 years,
Group II comprised children from 4 to 8 years, Group
IIT comprised children from 8 to 15 years, and Group
IV comprised children from 15 to 18 years.

As a result of the multi-element determination of
the composition of children’s hair residing in the Aral
Sea region, more than 20 elements were identified.
This study focuses on the results of the analysis of hair
samples for essential micronutrients, namely iron,
cobalt, copper, and zinc.

The obtained data on the content of micronutrients
in hair samples were compared with reference values
for practically healthy children aged 1 to 18 years [1,
9]. Statistical processing of the obtained data was
performed using Microsoft Excel 2007 and Statistica
6.0 software packages.

Results and discussion

According to the results of the conducted research,
a decrease in hemoglobin was observed in 78% of the
children, with an average of 97.8+£1.6 g/L. Based on
the obtained data, anemia of varying severity was
detected in all age groups of children. Anemia was
detected in 33.4% of children in group 1, 42.7% in
group 2, 62.4% in group 3, and 72.2% in group 4.

The prevalence of anemia among adolescents was
significantly higher (2.5 times) than in younger age
groups of children (p < 0.0001).

According to the results of our study, the mean
value of erythrocyte count in peripheral blood was
3.840.4 x 1012 cells/L. This laboratory parameter
was significantly higher in children of the 1-2 age
groups compared to those of the 3-4 age groups.
Additionally, male children demonstrated higher
levels of erythrocytes and hemoglobin compared to
female children.

Further stratification of erythrocyte and hemo-
globin levels by major indicators of physical
development revealed a positive correlation between
high height and erythrocyte/hemoglobin levels.
Additionally, an increase in body mass and mass-height
index values also showed a positive correlation with
erythrocyte and hemoglobin parameters (Table 1).

However, this trend was observed only among
14-16-year-old children, especially boys. Both boys
and girls under 14 years of age did not significantly
differ in terms of their height and body weight from
the average values for healthy children.

Comparative evaluation of weight and height
indicators in children with anemia and healthy
children showed that the greatest growth and body
weight lag was observed in 14-year-old children.
The height of healthy boys was 158.7+0.7 ¢cm and
girls 157.9%20.7 cm, while in children with anemia,
these indicators did not exceed 153.5+0.7 and
151.4%0.3 cm, respectively (p < 0.001). In healthy
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TABLE 1. COMPARATIVE ASSESSMENT OF AGE-RELATED DYNAMICS OF GROWTH AND BODY WEIGHT IN HEALTHY
CHILDREN AND THOSE WITH ANEMIA LIVING IN THE ARAL SEA REGION

Height, cm Weight, kg
Age Sex Children with Healthy Children with Healthy

anemia children P anemia children P
14 M 153.5+0.7 158.7+0.7 < 0.001 40.2+0.7 45.1£0.6 < 0.001
F 151.410.4 157.9+0.7 < 0.001 40.1£0.4 47.240.7 < 0.001
15 M 162.6+0.2 166.1+0.6 < 0.001 46.5+0.2 50.3+0.6 < 0.001
F 155.4+0.5 158.8+0.6 < 0.001 45.5+0.3 48.3+0.6 <0.001

16 M 165.9+0.6 169.2+0.6 < 0.001 53.410.6 56.2+0.7 <0.01

F 156.7+0.4 159.51£0.5 < 0.001 48.5£0.7 51.1+05 <0.01

Note. The anthropometric measurements of healthy children were used as a control in this study. p, significance of differences
between data for healthy children and children with anemia. M, boys; F, girls.

children of the control group, the body weight in boys
averaged 45.1£0.6 kg, and in girls 47.2+0.7 kg, while
in children with anemia, it was respectively 40.2+0.7
and 40.1£0.4 kg (p < 0.001).

According to the results of recent studies, a cor-
relation has been established between the frequency
of verification of a decrease in the level of hemoglobin
and erythrocytes and the environmental conditions of
the region of residence. This may be explained by the
peculiarities of the region’s environment, diet, dietary
traditions of the population, regional features of iron
content in food products, and the absorption of this
element in the body of adolescents.

The analysis of hair microelement composition in
children living in the region of the Aral Sea revealed
the most common hypomicroelementoses. The
overall frequency of microelementoses was mainly
due to a deficit of copper in 98.4% of cases (63),
cobalt deficit in 92.1% (59), and zinc deficit in 57.8%
(37). Only 29.6% of the examined children had iron
deficiency (19), while the rest had iron levels within
the reference values (20-30 pg/g). Table 2 shows the
element content values for different age groups of
children. As seen in the table, the most commonly
encountered hypomicroelementoses are deficits of
essential elements: Cu, Zn, Co, and Fe.

According to some authors [2, 5, 11], not only the
content of elements but also their ratio should be taken

into account. The results of the study showed that the
ratios of elements have their peculiarities. The Fe/Cu
coefficient was calculated for the examined children.
An increased Fe/Cu ratio of more than 3 times was
found in all age groups (Table 3).

It is widely known that many physiological and
metabolic processes occurring in both children and
adults are associated with free radical oxidation of
lipids, proteins, and carbohydrates, in which iron plays
an important role. According to N. A. Gres, a Fe/Cu
ratio exceeding the optimal value of 0.9 indicates an
increase in the amount of free radicals [11].

Moreover, the analysis of the Fe/Co coefficient
also revealed a 2-4-fold increase in this ratio in each
age group. Low values of this coefficient (< 440)
indicate a predisposition of the body to thyroid
dysfunction. N.A. Gres’s data suggests that a decrease
in iron content leads to the predominance of cobalt’s
influence on the metabolism of thyroid hormones,
which can lead to disruptions in iodine exchange and
the development of diffuse goiter.

Let us delve into the role of each element and its
interaction with iron.

One of the essential elements for human health is
copper. It is a constituent of vital enzymes involved in
crucial respiratory and erythropoietic processes [13].
Copper serves as the primary activator of hemoglobin
and participates in iron metabolism, promotes cel-

TABLE 2. CONTENT OF ELEMENTS IN THE HAIR OF CHILDREN LIVING IN THE ARAL SEA REGION IN ACCORDANCE WITH

AGE GROUPS (mcg/g)
Examined children Norm range
Element I
gr.1-3y.o0. Il gr.4-8y. o. lligr.9-14y. o. IV gr. 15-18 y. o. .

n=16 n=14 n=16 n=18 Min Max

Fe 29.0+£5.6 20.0£1.9 21.0£1.5 16.0+£3.5 15 30
Co 0.0200+£0.0027 0.0130+0.0034 0.0220+0.0044 0.0170+£0.0034 0.02 0.11
Cu 6.90+£0.97 6.60+0.89 7.5%1.0 7.241.0 10 15
Zn 83+14 120473 120.048.1 170+18 150 250
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TABLE 3. RATIO OF ESSENTIAL ELEMENTS IN CHILDREN OF DIFFERENT AGE GROUPS IN THE ARAL SEA REGION

(mcglg)
. . lgr.1-3y.o. llgr.4-8 y. o. Il gr.9-14y. o. IV gr.15-18 y. o.
Proportion Optimal n=16 n=14 n=16 n=18
Fe/Cu 0.9 3.50+0.65 3.40+0.88 3.90+0.61 3.00£0.63
Fe/lCo 400 12861133 1470+£120 1620+195 1060+205

lular membrane stability, and facilitates iron transport
from tissues to the bone marrow. Copper deficiency
can impair erythro- and granulopoiesis, leading
to the development of hypochromic anemia and
neutropenia. Additionally, copper plays a crucial
role in the functioning of the antioxidant system,
being a component of superoxide dismutase. By
activating cytochrome oxidase, it participates in the
maturation and stimulation of reticulocytes and other
hematopoietic cells [4].

The inadequate supply of copper results in poor
iron absorption, leading to a reduced iron reserve
in the depots and a decline in serum iron levels [11,
13]. Copper deficiency hampers the absorption and
utilization of iron, thereby reducing the lifespan of
erythrocytes. Previous studies have demonstrated
the effectiveness of copper in treating anemia and
investigated the potential mechanisms of copper’s
action on iron metabolism and its absorption in
the intestine. These investigations continue today,
utilizing modern molecular biology and genetics to
further develop our understanding of these questions.
In summary, there are copper-dependent factors in the
hematopoietic system that promote iron absorption
and erythropoiesis.

It is known that cobalt participates in many
processes in the body, contributing to the production
of erythrocytes in the bone marrow and better
absorption of iron. The mass fraction of cobalt is 4.5%
in vitamin B12. By activating hematopoiesis, cobalt
regulates the synthesis of heme from protoporphyrin
and iron, stimulates the production of erythropoietin,
activates bone marrow functions, and accelerates
the maturation of erythrocytes, preventing the
development of anemia. In the liver of animals, more
than 40% of cobalt is bound to protein fractions.
Cobalt can form compounds with the amino acids
histidine and cysteine. In case of cobalt deficiency,
animals may develop anemia and hypokobaltosis.

It has been established that zinc deficiency leads
to the development of zinc-deficient anemia (ZDA).
Zinc affects the absorption of metals in the intestine
and competes with copper. Zinc-dependent anemias
can lead to taste distortion and muscle hypotonia. By
influencing the processes of nucleic acid synthesis,
zinc affects hematopoiesis, participates in the
transport of carbon dioxide to the lungs, and is part

of the enzyme carbonic anhydrase, which is present in
erythrocytes [4].

It has been demonstrated that vitamin C facilitates
the reduction of trivalent iron to divalent iron through
copper-dependent ferrireductase enzymes, which
subsequently enter enterocytes via manganese-
dependent proteins and are transported into the
bloodstream through the ferroportin protein. Iron
plays a vital role in immune function, participating
in the synthesis of immunoglobulins, collagen,
and porphyrins, which can affect the quantity and
functional properties of T lymphocytes. In normal
conditions, approximately 30% of transferrin is
saturated with iron. Iron is also involved in the
functioning of non-specific defense factors, cellular
immunity, and local immunity. Normal iron levels
are necessary for proper phagocytosis and high
natural killer activity. Iron deficiency in children can
result in increased susceptibility to respiratory and
gastrointestinal infections [5]. It has been established
that children treated with iron supplements for
anemia experience a reduced incidence of respiratory
and intestinal infections. Iron maintains normal
proliferation and mitotic activity of T lymphocytes
through the “ribonucleotide-reductase” system. Iron-
containing enzymes regulate the expression of major
histocompatibility complex class II surface antigens
on T lymphocytes. It has also been found that Fe2*
ions, but not Fe3" ions, exhibit cytotoxic effects. In
iron homeostasis, 9 copper-containing enzymes and
22 manganese-dependent proteins are involved [12].

The conducted study, analysis, and discussion of
the obtained results have shown that anemia detected
in children living in the Aral Sea region is caused not
only by a decrease in iron but also by a decrease in
copper, cobalt, zinc, and manganese. Hair analysis
for trace elements has diagnostic and therapeutic
value in children. Each of the studied trace elements
has a direct impact on the child’s health and the
development of various diseases, including anemia.

Conclusion

Thus, the assessment of age-related physical
development characteristics in children living in the
environmentally disadvantaged region of the Aral Sea
showed that it can be one of the sensitive, simplest,
and most reliable criteria characterizing the state of
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organism development. Environmental factors in of the environment and the role of elemental status in
the region likely led to a delay in the pubertal age of the development of the child’s body.

the children. The slowdown in the pace of physical Imbalances in micronutrients, as well as
. . . deficiencies in copper, cobalt, and zinc, contribute
development in children is due to the general delay T .
in thei wth and the devel t of mi trient to the development of anemia in children. Therefore,
mn élr gr'o an ] ¢ development 0 'mlc‘ronu HeNt investigating the factors that provoke the development
deficiencies resulting from the negative impact of f anemia and studying possible ways to correct it

unfavorable environmental factors in the region. The i a relevant problem for Karakalpakstan and other
obtained data emphasize the importance ofthe impact countries worldwide.
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ONPEOEJNIEHUE MEOAWATOPOB ®PUBPO3NPOBAHUA
U AHTMOM'EHE3A B CbIBOPOTKE KPOBU HEAOHOLLEHHbIX
DETEW C BPOHXONErO4YHON OUCMJIA3UEN

Cemurnna E.JI.,, CHoBckasa M.A., Bacapriuaa M.A., CeanBepcToBa A.A.,
Ry:xkyna A.A, laesigosa V.B.

DIAY « HayuoHnanvhwlii MeOUYUHCK UL UCCAe008amMeNbCKUL yeHmp 300po8bs demeil» Munucmepcmea
3dpasooxpanenusi PO, Mockea, Poccus

Pesome. Ilpu mpexxneBpeMeHHBIX pojax M IOCJEPOAOBOM ITOBPEXICHUM pPa3BUBAIOILIETOCS JIETKO-
ro HapyuiaroTcsl MPOILECChl POCTa JIETOYHBIX COCYA0B U (DOPMUPOBAHUS JIETOYHBIX aJIbBEOJI, TIPUBOASIINE
K (hopmupoBaHuio 6poHxosneroyHoi aucruiazuu (BJI). BJI siBasercsas MHOTO(MaKTOPHBIM 3a00JieBaHUEM,
naToreHes MopaxeHus TKaHeu JIErKoro J0 CUX IOp OCTaeTCsl He A0 KOHIIa udydyeHHbIM. MccaenoBaHust OMo-
MapKepoB aHTMOTeHe3a MOTYT ObITh MH(MOPMATUBHBI 11 olleHKU pa3Butusi BJI. Lleab paboTsl — onpene-
JINTh YPOBEHb OMOMAapKEepPOB aHTMOTeHe3a B TCUCHNUH OPOHXOJIETOYHOM AUCIUIA3MH Y HETOHOIICHHBIX JeTel
JIJISI COBEpIIIEHCTBOBAHUS paHHel auarHoctuku BJIJ1.

HccienoBaHa ChIBOPOTKA KPOBM 65 HeIOHOILLIEHHBIX AeTeil B Bo3pacTe oT 6 mo 180 mHeit xxu3nu. [Ipu
POXAESHUN reCTallMOHHbBIN BO3pacT cocTaBisii oT 23 mo 33 Hexenb, Macca Tesia ot 480 mo 1840 r, orleHKa 110
APGAR 5-6. Bce netu B paHHeM HeOHaTaJIbHOM IIEPUOJE TIEPESHECIN PECITUPATOPHBIN IUCTPECC-CUHIPOM,
nocjie Kotoporo 46 mereit cpopmupoBaiu u 19 He cchopmupoBanu BJIJI. MeTtomoM uMMyHO(GEPMEHTHOIO
aHa/IM3a MPOBEACHO OIpeneeHe KOHIIEHTPAlIMU KOMILIeKca (haKTOpOB aHTMoreHe3a u Gruodpo3upoBaHUs.

He BbIsIBI€HO 3HAYMMBIX PA3JIMUUA B YPOBHSIX aHTUOIIO3TUHOB 1 U 2, (hakTOpa pocTa COCyIUCTOrO dH-
notenusi VEGF-D, tpancdopmupyromiero dakropa pocra 6eta TGF-3, TpombocnonanHa-1. OTMeyeHa
TEHJICHIIMS K MOBBILIEHUIO YPOBHS (hakTopa pocTa cocyaucroro sHnotTenuss VEGF-A, asnsiolierocs pery-
JIATOPOM aHTHMOTeHEe3a U CO3PEBaHUS JIETKUX; HapyIlIEeHWE €r0 CUHTE3a MOXET MPUBECTU K JOJTOCPOYHOMY
TMOBPEXAECHUIO MAapEHXUMBI JIETKUX. TeHAeHIWIo K noBbiieHuo ypoBHs VEGF-A y neteii ¢ BJI MbI pac-
HeHWBacM KaK OJIarolpusITHBIN IIPU3HAK MOJOXUTEIFHON TUMHAMWKM 3a00J1eBaHNsI. BEISIBICHBI TCHACHITUN
K MOBBIIICHNIO KOHIICHTPAIINY MOJICKYJIBI aAre3U SHIOTEeINAIBHBIX KiIeTOK TpoMoOonutoB PECAM-1, un-
TepaekiknHa-8, dakropa pocta coenmHutenabHol TKaHM CTGE Okcnpeccus CTGF ycunmuBaeTcst MCKyc-
CTBEHHOM BEHTWISILIUEH JIETKUX U BO3JeMICTBMEM BbICOKMX KOHILIEHTpaluii Kuciaopoaa. [1oBblllieHrEe YPOBHS
CTGF y gereit ¢ BJIJI MBI cunTaeM HeOJIaronpusTHBIM M3MeHeHueM, Tak Kak cBsa3biBanue CTGF ¢ VEGF
cHmkaet poctyrmHoctb VEGF mis ero peuentopos, uHruoupys nanyuupoBaHHbiii VEGF anruorenes. ¥ ne-
Teii ¢ BJIJI oTMedeHO CTaTUCTUYECKU JTOCTOBEPHOE CHUKEHHE YPOBHS TPOMOOLIMTAapHOTO (pakTopa pocTa
PDGF-BB, menunana cocraBuna y aereit ¢ bJIJ1 3180 rir/mun mpotus 4782 rir/mn y neteii 6e3 BJI (p = 0,024).
PDGF saBnsieTcst BaxXHbIM (DaKTOPOM pereHepaliuu TKaHeil, pelenTopbl K HeMy UMEIOTCsl Ha hubpoobiacTax
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U TJIaAKOMBIILIEYHBIE KJIETKAaX COCYAUCTON cTeHKU. CTuMyaupys ux npoaudepanuio, PDGF urpaet BaxkHyio
poJib B GOPMUPOBAHUU KPOBEHOCHBIX COCYIOB.

Hawubosnee BoipakeHHbIM U3MeHeHUeM y feteil ¢ BJI/] sBunock cHmkenne ypoBHst PDGF, koTtopoe Mo-
XKET NMIPUBOAUTD K HAPYILIEHUIO aJIbBEOJISIPU3ALINU, HEOOXOAUMOU 1711 (DOPMUPOBAHUS CTPYKTYPHI 310POBBIX
nerkux. McciaenoBaHus (haKTOpOB aHTHOTEeHEe3a IIOMOTYT JIy4dIlle ITOHSATh ITaTOTreHe3 IMMOpakeHMsI JICTKUX IIPHU
BJI.

Knroueswie crosa: 6ponuxonecounas oucnaazus, meduamoput aneuoeereza, PDGF, CTGF, VEGF, PECAM, nedonowiennbie oemu

EVALUATION OF MEDIATORS OF FIBROSIS AND
ANGIOGENESIS IN THE BLOOD SERUM OF PREMATURE
INFANTS WITH BRONCHOPULMONARY DYSPLASIA

Semikina E.L., Snovskaya M.A., Basargina M.A,, Seliverstova A.A.,
Zhuzhula A.A., Davydova LV.

National Medical Research Center of Children’s Health, Moscow, Russian Federation

Abstract. In premature birth and postpartum damage to the developing lung, the processes of the formation
of pulmonary vessels and alveoli are disrupted, leading to bronchopulmonary dysplasia (BPD). BPD is
a multifactorial disease and the pathogenesis of lung tissue damage is still not fully understood. Studies of
angiogenesis biomarkers can be informative for assessing the development of BPD. In this study we examined
the blood serum of 65 premature infants aged 6 to 180 days of life; gestational age at birth was 23-33 weeks,
body weight 480-1840 g, APGAR score 5-6. All children in the early neonatal period had respiratory distress
syndrome, then 46 children formed and 19 did not form bronchopulmonary dysplasia. The concentration of
the factors of angiogenesis and fibrosis was determined in blood serum by ELISA. There were no differences
in the levels of angiopoietins 1 and 2, vascular endothelial growth factor VEGF-D, transforming growth factor
beta TGF-f3, thrombospondin-1. We observed a tendency to increasing the level of VEGF-A, which is a key
regulator of angiogenesis and lung maturation; we regard this tendency as a favorable sign of lung formation.
We found tendencies to increase of the adhesion molecule of endothelial platelet cells PECAM-1, interleukin
8 and connective tissue growth factor CTGE. CTGF expression is enhanced by artificial lung ventilation and
exposure to high oxygen concentrations. We consider an increase of CTGF in BPD to be an unfavorable change,
since the binding of CTGF to VEGF inhibits VEGF-induced angiogenesis. In children with BPD, we found a
decrease in the level of platelet derived growth factor PDGF-BB, the median concentration was 3180 pg/mL
in BPD versus 4782 pg/mL without BPD (p = 0.024). PDGF is an important factor in tissue regeneration and
plays an important role in the formation of blood vessels. We assume the decreasing of PDGF concentration in
BPD can lead to a violation of the alveolarization necessary for the formation of the structure of healthy lungs.
Studies of angiogenesis factors will help to better understand the pathogenesis of lung damage in BPD.

Keywords: bronchopulmonary dysplasia, mediators of angiogenesis, PDGF, CTGF, VEGF, PECAM, premature infants

assessing the development of BPD [13], however, the
question of the diagnostic and prognostic significance
of early changes in their levels requires further
research.

The purpose of the study was to determine the
level of some important biomarkers of angiogenesis
in the formation and course of bronchopulmonary
dysplasia in premature infants to improve the early
diagnosis of this disease. Materials and methods
of research: the work was carried out in 2022 at the
Federal State Autonomous Institution “NMIC of
Children’s Health” of the Ministry of Health of the
Russian Federation in the Laboratory of experimental

Introduction

Bronchopulmonary dysplasia (BPD) is a chronic
lung disease that occurs in premature infants who
required intensive respiratory support and high oxygen
concentration therapy at birth. The main clinical
manifestations of BPD are respiratory insufficiency,
prolonged need for additional oxygen, intolerance to
physical exertion, and the formation of pulmonary
hypertension [7]. BPD is a multifactorial disease, the
pathogenesis of which is still not fully understood [12].
With premature birth and postpartum damage to
the developing lung, the processes of pulmonary
vascular growth and the formation of pulmonary

alveoli are disrupted [5, 12]. It is assumed that studies
of angiogenesis biomarkers can be informative for

immunology and virology (head of the department,
PhD N.M. Alyabieva), the Laboratory of neonatology
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and early childhood health problems (head of the
department, PhD, MD 1.V. Davydova), and the
Department of Pathology of Newborns and infants
(head of the department, PhD M.A. Basargina).

The study included 65 premature infants who
were hospitalized in the Department of pathology of
newborns and infants FSAU “NMIC of Children’s
Health” and in the department of resuscitation
and intensive care of newborns of the GBUZ MO
“MOPC” Balashikha. The age at the point of
examination was 6 to 180 days of life. There were
23 children (35%) at the stage of respiratory distress
syndrome of newborns (up to 28 days of life); and 42
children (65%) older than 28 days were examined.
When analyzing the data, 2 groups were formed:
children who formed BPD — 46 patients (71%) and
those who did not form — 19 children (29%). The
gestation period at birth of patients ranged from 23 to
33 weeks, including 32 children (49%) had gestation
periods from 23 to 27.6 weeks and 33 children (51%)
had gestation periods from 28 to 33 weeks. The birth
weight ranged from 480 to 1840 grams (the average
1011£320 g). 43 children (66%) had an extremely low
birth weight, 14 children (22%) had a very low birth
weight, and 8 children (12%) had a low birth weight.
The patients were examined according to clinical
indications, taking an acceptable volume of blood (no
more than 1 mL, taking into account the child’s body
weight). To determine the factors of angiogenesis, a
residual amount of serum was used after performing
a biochemical analysis in the amount of 100-150 pL.
The work was approved by the local independent
ethical committee of the FSAU “NMIC of Children’s
Health” of the Ministry of Health of the Russian
Federation.

A complex of the most interesting factors
from a modern point of view was selected for the
study: angiopoietin 1 (ANGPTI1), angiopoietin 2
(ANGPT?2), vascular endothelial growth factor A
(VEGF-A), vascular endothelial growth factor D
(VEGF-D), platelet endothelial cell adhesion
molecule (PECAM-1), thrombospondin 1 (TSP1),
transforming growth factor beta-1 (TGF-1), platelet
derived growth factor BB (PDGF-BB), interleukin-8
(IL-8), and connective tissue growth factor (CTGF).
The study was conducted by enzyme immunoassay.
Aviscera Bioscience kits were used for CTGF, R&D
Systems for thrombospondin, and for all other
analytes — manufactured by RayBiotech (all — USA).

Results and discussion

When analyzing anamnestic factors, we confirmed
known patterns: children with BPD compared to
children without BPD had lower gestational age at
birth (median 27 weeks versus 30), lower birth weight
(920 g versus 1150 g), lower APGAR score (5vs 6 at 1
minute and 6 vs 7 at 5 minute), as well as a significant-
ly longer period artificial lung ventilation (13 days vs 3
days). There were no diagnostically significant changes

in the number of leukocytes and leukocyte formula at
the time of the examination; all indicators were within
the age norm. At the time of the study, children with
BPD had aslightly higher level of C-reactive protein —
the median concentration in children with BPD was
0.825 mg/L, without BPD — 0.5 mg/L. This indicates
the absence of laboratory signs of inflammatory
reactions at the time of examination. The median
concentrations of the angiogenesis factors determined
are shown in Table 1.

Discussion of the results obtained: To date, it
has been established that with premature birth and
postpartum damage to the developing lung, the
processes of growth of pulmonary vessels and the
formation of pulmonary alveoli are disrupted [5,
7, 12]. The interaction of multidirectional factors
seems to be important in the pathogenesis of BPD
formation [12, 13]. Angiopoietins are important
modulators of physiological and pathological neo-
vascularization of the lungs [13]. It is known that
experimental management of VEGF and ANGPT1
in laboratory animals stimulated lung growth and
vascular maturation more effectively than VEGF
therapy alone; the interaction of ANGPT2 with
VEGF stimulated angiogenesis in hypoxia, while
in the absence of sufficiently strong pro-angiogenic
signals, ANGPT?2 can cause endothelial cell death
and vascular regression [14]. In our study, were no
significant differences in the levels of angiopoietin 1
and 2 in children who formed BPD was slightly lower
than in those who did not form.

VEGF has been identified as a key regulator of
lung angiogenesis and maturation due to the coor-
dination of the branching of the respiratory tract and
microvascular bed, a violation of its synthesis can
lead to long-term damage to the lung parenchyma.
A decrease in VEGF levels in tracheal aspirates has
been described in premature newborns born at 28-29
weeks of gestation who later developed BPD [2]. In
the cohort we examined, the median concentration of
VEGF-D in both groups of children was almost equal.
However, the median concentration of VEGF-A
in children with BPD was higher than in children
without BPD — 109 and 78 pg/mL, respectively; this
trend is statistically unreliable, but we can evaluate
the data as a trend. A tendency to increase the level
of vascular endothelial growth factor VEGF-A can
be important for BPD pathogenesis. The violation of
VEGF-A synthesis can lead to long-term damage to
the lung parenchyma, and we regard the tendency to
increase the level of VEGF-A in the examined cohort
of children with BPD as a favorable sign of positive
dynamics of the disease.

Thrombospondin-1 is an extracellular matrix gly-
coprotein that has an antiangiogenic effect. It was
shown that the level of thrombospondin-1 in the lung
tissue of premature newborns who were on a ventilator
was 5.5 times higher than in the lungs of children
of the same gestational age who did not have a
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TABLE 1. CONCENTRATIONS OF MEDIATORS OF ANGIOGENESIS AND FIBROSIS IN THE BLOOD SERUM OF PREMATURE

INFANTS WITH AND WITHOUT BPD, Me (Q, :-Q, 75)

Mediator BPD No BPD o]
ANGPT1, pg/mL (7117125-$2037) (751?,373:?8004) p=060
ANGPT2, pg/mL (57276(3)-18%00) (58?76-2;;305) p=081
VEGF-A, pg/mL (418(??97) (4;8235) p=0.54
VEGF-D, ng/mL (1 .15'-3.4) (1 .17'-2.2) p=087
TSP1, ng/mL (1672758?2;173) (1632213(35(2)144) p =094
TGF-41, pg/mL (1192135-411428262) (11711 ggi%%sss) p=0.56
IL-8, pg/mL (3:33-21 76) (2§-8265) p=038
PECAM-1, pg/mL (14;3 5-2;;45) (11317 —234565) p=024
CTGF, pg/mL (1 017?;30) (7121-192) p=013
PDGF-BB, pg/mL (25891,-85%16) (33;27%31 70) p=0024

ventilator [11]. In our study, the median concentration
of thrombospondin-1 had no significant differences.

One of the well-known regulators of cell growth
is TGF-B, which mediates interactions between
cells and the extracellular matrix. Its level has been
shown to increase with damage and inflammation in
lung tissue; at the same time, the authors emphasize
that TGF-B has antiangiogenic properties, inhibits
inflammatory processes, is a mediator of lung repair
and tissue remodeling [8]. There were no differences
in the concentration of TGF-f in the groups of
children we examined.

The role of inflammatory markers such as
interleukin 6, 8, 10, tumor necrosis factor in the
development of bronchopulmonary dysplasia has been
proven in many studies [4]. Interleukin 8, a neutrophil
migration factor, is one of the main pro-inflammatory
chemokines produced by macrophages. In a published
study in 2022, when assessing the levels of IL-6 and
IL-8 in the blood serum of premature infants during
the first week of life, it was shown that children with
higher levels of these biomarkers were more often
diagnosed with BPD in the first week of life [4]. We
determined the median concentration of IL-8 in
children with BPD of 62 pg/mL versus 48 pg/mL in
children without BPD, so we can suppose a trend to
an elevation in BPD, but the trend has not statistical
significance.

PECAM-1 is a glycoprotein, a membrane protein
from the immunoglobulin superfamily, belonging to
the class of cell adhesion molecules. In infants with
BPD, a decrease in the expression of VEGF and

PECAM has been described, as well as a decrease
in the staining density of alveolar -capillaries,
which is regarded as evidence of impaired lung
development and the development of the pulmonary
microcirculatory network [3]. In the groups of
children we compared, the median concentrations
of PECAM-1 were 3624 pg/mL in children with
BPD and 2724 pg/mL without BPD. The differences
are statistically unreliable, however, from our point
of view, the data can be regarded as a definite trend
towards an increase in the level of BPD.

As part of the scientific work carried out at the
FSAU “Children’s Health Research Center” of
the Ministry of Health of the Russian Federation
to determine the clinical and genetic features of the
development of a new form of BPD in premature
infants, full-exome sequencing was performed in
100 patients with BPD. As a result, 8 genetic variants
significant for the pathogenesis of BPD were selected,
in particular, the important role of the CTGF gene
was established [1]. The molecular structure of CTGF
allows it to interact with various growth factors —
TGF , VEGE etc. [10]. The important role of CTGF
in the pathogenesis of various forms of pulmonary
fibrosis and vascular diseases, including BPD, has
been shown in many studies [6, 10, 15].

CTGF expression has been shown to be enhanced
by artificial lung ventilation and exposure to high
oxygen concentrations. Binding of CTGF to TGF-§3
provides dimerization of TGF- with its receptors,
thus facilitating the transmission of TGF-f3 signals [2].
On the contrary, binding of CTGF to VEGF reduces
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the availability of VEGF for its receptors, inhibiting
VEGF-induced angiogenesis [6]. We obtained data
on a higher concentration of CTGF in children
with BPD: the median was 167 pg/mL check units
with an indicator of 117 pg/mL in children without
BPD. The trend was not statistically reliable due to
large data spread (p = 0,13); perhaps a larger volume
of observations will give more reliable results. We
consider an increase in CTGF levels in children with
BPD to be an unfavorable change, since the binding of
CTGF to VEGF reduces the availability of VEGF for
its receptors, inhibiting VEGF-induced angiogenesis.

An important stimulator of tissue repair is PDGF,
whichiscontained inthe -granules ofplatelets. PDGF
receptors have fibroblasts and smooth muscle cells of
the vascular wall. By stimulating their proliferation,
PDGF plays an important role in the formation
of blood vessels. There is evidence that the PDGF
level decreases with BPD, which leads to a violation
of the alveolarization necessary for the formation of
the structure of healthy lungs [8]. However, in other
studies, when determining the levels of PDGF-AA
and PDGF-BB in the aspiration fluid of the trachea,
no differences were obtained between aspirates
from children who developed BPD, compared with
aspirates from children who did not develop BPD [10].
In the children with BPD examined by us, the median
concentration of PDGF-BB was 3180 pg/mL, and in
children without BPD — 4783 pg/mL (p =0.024). The
diagram of PDGF-BB concentration comparison is
shown in Figure 1.

We assume the decreasing of PDGF concentration
in infants with bronchopulmonary dysplasia can lead
to a violation of alveolarization necessary for the
formation of the structure of healthy lungs. Studies of
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Figure 1. Medians and spread of serum levels of PDGF-BB
in infants with and without BPD

angiogenesis factors will help to better understand the
pathogenetic mechanisms of lung damage in BPD.

This study, conducted in limited groups of
patients, revealed some trends. In this regard, we
consider it appropriate to further study angiogenesis
factors on more extensive and more diverse groups
of patients, since it is these biomarkers that can help
predict respiratory diseases in premature newborns
during their initial hospitalization. Understanding
the interaction of growth factors, transcription fac-
tors and inflammatory processes that regulate
the normal development of the parenchyma and
microvascular bed of the lungs, as well as their role in
the pathogenesis of BPD, can help in the development
of new treatment methods aimed at stimulating
proper alveologenesis and angiogenesis, as well as the
prevention of pulmonary hypertension in premature
infants.
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SKCNPECCUHA MOJIEKYJ1 CD56 U TIM-3 HA PA3HbIX
cyenonynauuax MOHOLMTOB NEPUDEPUYECKON

KPOBU NPU BEPEMEHHOCTH
Opaosa ET'., JIorunosa O.A.

Hucmumym skonoeuu u eeHemuku MUKpoOpeaHu3mos Ypaavckoeo omoenenus Poccuiickoii akademuu Hayk — guauan
DI'BYH «llepmckuil pedepanvhblii uccaedosamenvckuii yeump Ypaavckoeo omoeaenus Poccutickoli akademuu HayK»,
e. Ilepmo, Poccus

Pesome. MoHOLIMTHI epudepruIecKOoil KPOBU UTPAIOT BaXKHYIO POJIb B 3allIMTE OpraHu3Ma OT ITaTOI€HOB
M YYaCTBYIOT B moAAepKaHUU husnoaorundyeckoit oepemeHHoctu. [lepudepriyeckrue MOHOIIMTHI MUTPUPYIOT
B IELIMAYJIbHYIO0 000JI0UKY M 00pa3yIoT Iy JeUUAYyaIbHbIX MaKpodaros, KOTOpbI€ Y4acTBYIOT B hOPMUPO-
BaHUM W Pa3BUTUM TKaHe# Tu1anieHThl. OYHKIIMM MOHOIIMTOB MeprudepruIecKoil KPOBH TaKXKe CYIIECTBEHHO
MEHSIOTCSI, YTO CBSI3aHO C CUCTEMHBIM M3MEHEHUEM MMMYHOPEAaKTUBHOCTU Npu 6epeMeHHOCTU. Tlomys-
111 MOHOLIMTOB Tepudeprudyeckoin KpoBU (PeHOTUNMMUYECKU U (PYHKIIMOHAJIBHO HEOAHOPOAHA. BhIoensior
HECKOJIBKO CYOITOMYJISILMiA MOHOLIUTOB B 3aBUCUMOCTH OT 3kcipeccun CD14 u CD16. Takxe B niepude-
pudeckoii kpoBu npucyrcTBytor CD56-no3utuBHble 1 Tim-3 (T-kiterounoro Ig u Genka 3, comepkaliero
JOMEH MYyILIMHA) — 9KcIpeccupytomme MoHOIUThl. CD56 1 Tim-3 urparoT BaskHYIO pOJIb B PETYJISIINU HyHK-
LIMOHAJIbHOU aKTUBHOCTU MOHOLIUTOB. OTHAKO U3MEHEHUE UX SKCIIPECCUU Ha Pa3HbIX CYOMOITYISIIMSIX MO-
HOIIUTOB MepudepruIecKoil KpoBU MpU OEPEMEHHOCTU OCTaeTcsl Malon3ydeHHbIM. [loaToMy 1iebio uccie-
JIOBaHUsI BJISITIOCH M3ydeHue akcnpeccu CD56 u Tim-3 pa3HbIMU CYOITONYJISILMSIMU MOHOLIUTOB Y€JIOBEKA
npu 6epeMeHHOCTU. MOHOHYKJIeapHbIE KJIETKU BbIACISIN U3 TepudeprudyecKoil KpoBU OepeMEHHBIX XKeH-
1IMH (cpoK 6epeMeHHOCTU 29 Henenb (28-31) nmyreM LIeHTpUDYTUPOBaHUS B TpaMeHTE MIOTHOCTU U aHa-
JIM3UPOBAIU METOJOM MPOTOYHOU HUTOMETpUU. [pynmy cpaBHEHHUSI COCTABISIU 3N0POBbIe HEOEpEMEHHBbIE
KEHIIUHBI (B POJTUKYISIPHON (haze MEHCTPYaIbHOTO LIUKJA) (pepTUiIbHOro Bo3pacta (21-29 set). YcraHOB-
JIEHO, 4TO GepeMeHHbIe XKEeHIIMHBI UMeIN 60Jiee HU3KU MPoLeHT Kiaccuueckux CD14M/CD16 MOHOLIMTOB
B nepudepruyeckoii KpoBU IO CPaBHEHUIO C HeOepeMeHHbIMU. [IpolieHTHOe coiepXKaHUe MPOMEKYTOUHBIX
(CD14"/CD16") u Heknaccudeckux (CD14°¥/CD16") MOHOLIMTOB HE OTJIMYAJI0Ch OT HeOEpEMEHHBIX. DKC-
npeccust MoJiekysibl CD56 oGHapy:KMBajlaCh BCEX CYOITOMY/ISILMSAX MOHOLIMTOB KaK y OepeMEHHBIX, TaK U
y HebepeMeHHbIX XeHIIMH. bepeMeHHbIe XeHIIMHBI UMeIU 0ojiee BhICOKMI MpolieHT CD56-1n03uTUBHBIX
kimaccmyecknx (CDI14MCD167) m Heknaccudeckux (CD14°YCD16") MoHOIMTOB, 4eM HebepeMeHHBIE.
IMpouenT CD56-N03UTUBHBIX MPOMEXYTOUHBIX MOHOLIUTOB (CD14M"CD16%) He oTinyaics oT HebepeMeH-
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HBIX. ¥ GepeMeHHBIX JKEHIIIMH MPOLEHTHOE comepkaHue Ayoapno3uTuBHbIX CD567Tim-3* Kinaccruyeckux
(CD14"CD16°) u "Heknaccuyeckux (CD14°*CD16") MOHOLMTOB ObUIO BHILIE, 4eM Yy HeOepeMeHHbIX. Ko-
mnaectBo CD56*Tim-3* mpoMeskyTodHbix MoHOIIMTOB (CD14MCD16%) He oTiiMyaaoch y 6epeMeHHbBIX M He-
OGepeMeHHBIX. TakuM 00pa3oM, Ipu GU3MOJIOIrMYECKO OepeMEeHHOCTH dKcIpeccust Mojiekya CD56 u Tim-3
MEHSETCS Ha Pa3HBIX CyONOMYISIIUSIX MOHOILIMTOB NepudeprudeckKoii KpoBU.

Knrouesuie crosa: kaaccuueckue MOHOUUMbL, HeKaaccu4eckKue MOHOUUMbL, npomexcymourvle monouumot, CD56, Tim-3,
nepughepuueckas Kpoeb, bepemMeHHOCMb

CD56 AND TIM-3 MOLECULE EXPRESSION IN DIFFERENT
MONOCYTE SUBSETS IN PHYSIOLOGICAL PREGNANCY
Orlova E.G., Loginova O.A.

Institute of Ecology and Genetics of Microorganisms, Perm Federal Research Center, Ural Branch, Russian Academy
of Sciences, Perm, Russian Federation

Abstract. Monocytes play an important role in the systemic immune defense against pathogens and
maintaining physiological pregnancy. During pregnancy peripheral monocytes migrate into the decidua and
form the pool of decidual macrophages which participate in the formation and development of placental
tissues. The population of peripheral blood monocytes is phenotypically and functionally heterogeneous. In
humans, there are different monocyte subsets depending on the expression of CD14 and CD16. CD56-positive
monocytes are found in healthy women. Their number is positively correlated with body mass index, body
fat. Tim-3 (T cell Ig and mucin domain-containing protein 3) expression is observed in peripheral monocytes
during pregnancy. It is known that peripheral monocyte functions effectively change at pregnancy to form the
immune tolerance at the maternal-fetal interface and the systemic immune defense against pathogens. However,
the monocyte phenotype shift during pregnancy remain poorly understood. Therefore, the aim of the study
was to evaluate the CD56 and Tim-3 expressions in monocyte subsets in human pregnancy. Peripheral blood
mononuclear cells were isolated from peripheral blood of pregnant women (gestational age 29 weeks (28-31) by
density gradient centrifugation and analyzed by flow cytometry. Peripheral blood of healthy non-pregnant fertile
women (in follicular phase of the menstrual cycle) aged 21-29 years was studied as control. Pregnant women had
a lower percentage of classical CD14"/CD16- monocytes in comparison with non-pregnant. The percentages
of intermediate (CD14"/CD16") and non-classical (CD14"°*/CD16%) monocytes did not change. The CD56
molecule expression was observed in all monocyte subsets in pregnant and non-pregnant women. Pregnant
women had a higher percentage of CD56-positive classical (CD14"CD16°) and non-classical (CD14°*CD16")
monocytes than non-pregnant. The percentage of CD56-positive intermediate (CD14"CD16%) monocytes
did not change. The percentages of double-positive CD56*Tim-3" classical (CD14"CD16°) and non-
classical (CD14°*CD16%) monocytes were increased in pregnant women. The numbers of double-positive
CD56*Tim-3%intermediate (CD14"CD16") monocytes did not change. Thus, the CD56 and Tim-3 expressions
in different monocyte subsets were changed in human pregnancy.

Keywords: classical monocytes, non-classical monocytes, intermediate monocytes, CD56, Tim-3, peripheral blood, pregnancy

This study was carried out within the frame- physiological pregnancy [2]. Monocytes originate in
work of a state task: state topic registration number: the bone marrow and circulate in the peripheral blood.

AAAA-A19-119112290007-7. Monocytes phagocytose, produce cytokines and
. present antigens to na ve lymphocytes [2, 7]. During
IntrOdUCt|0n pregnancy peripheral monocytes migrate into the

Monocytes play an important role in the systemic decidua and form the pool of decidual macrophages
immune defense against pathogens and maintaining which since with natural killer cells participate in the
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formation and development of placental tissues [2,
6]. In humans, there are two main monocyte sub-
populations depending on the expression of CD14
and CD16: classical (CD14"CD167), non-classical
(CD14°*CD16%), and intermediate subpopulation
(CD14"CDI16%) [7, 10]. CD14 is a pattern recognition
receptor and was first identified as a marker of mono-
cytes to initiate intracellular responses to bacterial
antigens [2]. CD16 is the Fc RIII receptor responsible
for antibody-dependent phagocytic activity [2].

Monocytes are able to differentiate into many cell
types. Classical monocytes are the main sources of
the macrophage pool in tissues [7, 10]. Only a minor
proportion of classical monocytes differentiates into
intermediate, and most of the intermediate monocytes
finally mature into non-classical monocytes [7,
10]. Classical monocytes are considered mature;
they show pronounced phagocytic activity and are
capable of producing reactive oxygen species and
cytokines through activation of toll like receptors
signaling pathway [7, 10]. Non-classical monocytes
do not produce reactive oxygen species but are better
at production of pro-inflammatory cytokines [7,
10]. Non-classical monocytes patrol the surface of
the endothelium and infiltrate tissues under normal
state and during inflammation [7, 10]. Non-classical
monocytes are involved in resolving inflammation and
restoring the tissue and releasing cytokines [7, 10].
The intermediate monocyte role is poorly understood,
but given the high expression level of MHC-II they
probably participate in antigen presentation and
activation of T lymphocytes [5, 7, 10]. It is known
that peripheral monocyte functions effectively
change at pregnancy to form the immune tolerance
at the maternal-fetal interface and the systemic
immune defense against pathogens [11]. However, the
monocyte phenotype shift during pregnancy remains
poorly understood.

CD56-positive  monocytes are found in low
frequencies in the peripheral blood of healthy
individuals [3, 4]. Their number is expanded in obesity;,
autoimmune diseases and correlated positively with
body mass index, body fat, C-reactive protein [3]. The
CD56" monocyte characteristics are controversial
now. Some authors note effective production of
reactive oxygen intermediates and pro-inflammatory
cytokines by CD56* monocytes, and are more efficient
antigen-presenting function or dysregulated cytokine
response to inflammatory stimuli [3, 4]. There are
not CD56" monocyte characteristics at physiological
pregnancy.

Tim-3 (T cell Ig and mucin domain-containing
protein 3) molecule plays critical role in function
regulation of innate and adaptive immune cells during
pregnancy [11]. Tim-3 expressions are observed
in peripheral monocytes during pregnancy [11].
However, the Tim-3 expression in different peripheral
blood monocyte subsets during physiological
pregnancy are not elucidated. The aim of the study
was to evaluate the occurrence of CD56 and Tim-3
expression in monocyte subsets in human pregnancy.

Materials and methods

Peripheral blood of healthy pregnant women in
third trimester (gestational age 29 weeks (28-31) aged
21-29 years was studied (n = 7). Peripheral blood of
healthy non-pregnant fertile women (in follicular
phase of the menstrual cycle) aged 21-29 years was
studied as control (n = 7). The inclusion criteria were
the absence of acute and chronic somatic, endocrine,
autoimmune, genetic diseases; compliance with diet,
treatment with contraceptive and hormonal, anti-
inflammatory or antibacterial drugs. This study was
approved by the local ethics committee of the Institute
of Ecology and Genetics of Microorganisms of the
Ural Branch of the Russian Academy of Sciences in
accordance with the Helsinki Declaration. Written
informed consent was received from all participants.

Peripheral blood samples were collected in
sodium heparin vacutainer tubes. Peripheral blood
mononuclear cells (PBMC) were obtained from
peripheral blood by ficoll-verografin (1.077 g/cm?)
density gradient centrifugation. PBMC was collected
for further flow cytometry analysis.

Monocytes were harvested for flow cytometry
using the following antibodies: CD14 (PE anti-human
CD14, clone MESE2, “BiolLegend”, UK), CDI16
(FITC anti-human CD16, clone 3GS8, “BiolLegend”,
UK), CD3 (APC/Cy7 anti-human CD3, clone
UCHT]1, “BioLegend”, UK), CD56 (Brilliant Violet
605™ anti-human CD56 (NCAM), clone HCD56,
“BioLegend”, UK), CD366 (APC anti-human
CD366 (Tim-3), clone F38-2E2, “BiolLegend”,
UK), isotype controls (APC Mouse IgG1, Isotype
Ctrl, “BioLegend”, UK; Brilliant Violet 605™ Mouse
IgG1, Isotype Ctrl “BioLegend”, UK). Cells were
labeled with Zombie (Zombie UV™ Fixable Viability
Kit, BiolLegend) to assess viability. Gating strategy
was presented in Figure 1 (see 2" page of cover).
Flow cytometry was performed on a CytoFlex S flow
cytometer using CytExpert and Kaluza 1.5 software
(Beckman Coulter, USA).
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Figure 2. Assessment of monocyte subsets and Tim-3 and CD56 expression

Note. (A) Assessment of monocyte subsets (NC, INT, CL) in non-pregnant (NP) and pregnant women, 3" trimester (P, Ill). (B) Percentage of
co-expressions of Tim-3 and CD56 (Tim-3*CD56*) (C) (Tim-3*CD567) and (D) (CD56) in monocyte subsets in non-pregnant (NP) and pregnant
women, 3 trimester (P, Ill). Data are presented as median and the lower and upper quartiles, Me (Q,,5-Q,+); *, p value by two-tailed unpaired

t-test in corresponding subsets in NP and (P, Ill) groups.

The data were presented as median and the lower
and upper quartiles, Me (Q,,s-Q,,s). Statistical
analyses were performed using “GraphPad Prism
version 8.01” (StatSoft, USA). The Kolmogorov-
Smirnov test was used for verifying normal distribution.
The significance of the difference between two groups
was determined using the two-tailed unpaired t-test.
The differences were considered as significant at
p <0.05.

Results and discussion

To investigate the subsets of monocytes in periphe-
ral blood of pregnant women, PBMC were isolated
from peripheral blood and analyzed by flow cytometry.
Three subpopulations of monocytes in peripheral
blood of pregnant and non-pregnant women: classical
(CD14"CD16%), non-classical (CD14°*CD16%), and
intermediate subpopulation (CD14"CD16%) were
identified according to the literature [7, 10]. Classical
monocytes were the predominant subpopulation in

both pregnant and non-pregnant women (Figure 1 (see
2" page of cover), 2A). Pregnant women had a lower
percentage of classical CDI14"/CD16° monocytes
in comparison with non-pregnant (Figure 2A). The
percentages of intermediate (CD14"/CD16%) and
non-classical (CD14"°*/CD16%) monocytes did not
change in pregnant women in comparison with non-
pregnant (Figure 2A).

The obtained results are in accordance with the data
ofotherauthors[2]. Itisknown that a minor proportion
of classical monocytes matures into intermediate
monocytes and subsequently into non-classical
monocytes [7]. The majority of classical monocytes
transform in tissue macrophages [2]. Therefore, the
decrease in the number of classical monocytes can be
explained by their migration into tissues at pregnancy
and maturation in macrophages [2]. The data about
monocyte subset changes in peripheral blood at

pregnancy are controversial, which may reflect the
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influence of methods used for monocyte isolation,
gating strategy, gestational ages [5].

The CD56 molecule expression was observed in
all monocyte subsets in pregnant and non-pregnant
women (Figure 2D). The obtained results are in
accordance with the data of other authors [3, 4].
Pregnant women had a higher percentage of CD56-
positive classical (CD14"CD16-) and non-classical
(CD14**-CD16%) monocytes than non-pregnant.
The percentage of CDS56-positive intermediate
(CD14"CD16%) monocytesdid not changed compared
non-pregnant women. It is established that monocytes
have intensive adhesion to endothelium due to high
expression of adhesion molecules (CDl11a, CD11b,
CDll1c, CD29) during physiological pregnancy [6].
CD56 (neural cell adhesion molecule) plays an
important role in the recruitment of monocytes
into the tissues [3]. Therefore, it may be supposed
that CD56 high expression in monocytes explained
the mechanism of transendothelial migration of
monocytes during physiological pregnancy. Addi-
tionally, there were strong associations between the
number of CD56" classical monocytes and fat mass
increase in human [3], which is also associated with
late pregnancy.

The coexpression of CD56 and Tim-3 molecules
were determined in all monocyte subsets in pregnant
and non-pregnant women (Figure 2B). It was shown
that the percentages of double-positive CD56*Tim-3*
classical (CD14"MCD16°) and non-classical
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AHAJIN3 PAKTOPOB, OTPAXKAIOLLUX PASBUTUE
CTEPUJIbHOIO BOCIMNAJIEHNA, HA ®OHE PA3JIUYHbIX
CXEM r'MNOTEH3UBHOMW TEPANMWN Y BEPEMEHHbIX

C NPE3KJIAMINCUEN
Mymunosa R.T., Xogskaesa 3.C.,, dAponkasa E.JI., Suranmmuaa M. M.

@I'BY «HayuonanvHwlii MeOUUYUHCKUE UCCACO08AMENbCKUL UEHMP AKYIEPCMBA, 2UHEK0A0UU U NEPUHAMON0UL
umenu axademuxa B.U. Kyraxoea» Munucmepcmea 30pasooxpanenus PO, Mockea, Poccus

Pe3iome. CunraeTcs, 4TO CUCTEMHOE BOCHaJeHHWE W dHIOTeINaIbHAS TUCHYHKIIUS UTPAIOT 3HAYMMYIO
poutb B mmatoreHese I19. OneHNTh SHAOTEINATBHYIO TUC(GYHKIIMIO BO3MOXKHO ITO CTEITICHU ITOPaKeHUST DHI0-
TenuanbHoro rmkokanukca (3I'K). aI'K mpencraBisieT co60ii ITOBEpXHOCTHBIN CJION KJIETOK, CBSI3aHHBIX C
9HJIOTEIMaIbHON MeMOpaHOoii, 1 obecrieunBaeT Bce (hyHKIIMU dHAOTEIMaIbHOM KIeTKU. Ero moppexneHue
MOXKHO OILICHUTB T10 YPOBHIO HUPKYJIUPYIOIINX €T0 KOMITOHEHTOB B MaTepUHCKOM KpoBH. [TantmenTku ¢ 1D
B OCHOBHOM MOJIyYalOT aHTUTUIIEPTCH3UBHYIO TEPaIIIoO B 00BbEME TOJBKO METWIIONE! («JoIernT») minu B
KoMOmHauu ¢ HugenumaHoM («Kopmadiaexc»). I 1o cux mop HEeT JaHHBIX O BIMSIHUY JaHHBIX IIPEITapaToB
Ha MpPOBOCHAIUTEIbHBIN (pOH cocynoB. Llenpio Hallero mcciaeaoBaHusI ObLIO omnpenesieHue yposHeit 1L-6,
1L-18, TNFa, rajektuHa-3, roMoLlMCTeHA 1 cMHAeKaHa-1 (cTpykTypHoro KoMmroHeHTa 31'K), oTpaxaro-
X Pa3BUTHE CUCTEMHOTO BOCHAJIUTEIBHOTO OTBETA U SHIOTCIMAIBHON TNCHYHKIUN B KPOBH KSHIITTH C
paHHeit u mo3aHe 19, moygalonux pa3Hble CXeMbl aHTUTUIICPTCH3UBHOM Tepaliii. B maHHOe MHTepBeH-
ILIMOHHOE MPOAOJbHOE MUJIOTHOE UCCIeA0BaHME BOILIM 82 manuMeHTKU. Bce manmeHTKM ObUTH 1oao0paHbl
MEeTOAOM noadopa rap ¢ yuetoM cpoka oepemeHHocT 1 UMT. [pynny cpaBHeHMsI COCTaBUIU 15 malimeHTOK
1o 34 Hepenb u 15 — 1mocie 34 Hemenb 6epeMeHHOCTH. OTBITHAS ITOATpyNMa 1 cocTosuia n3 12 MaleHToK ¢
pauneit [1D, monydaroinux ToabpKo «/Jlormernt», u 16 maumeHToK ¢ paHHeit [1D, monyyaommx «Jomernt» co-
BMecTHO ¢ «Kopaadaekcom». OmnbITHas MOArpyIna 2 BkiaoJana 12 mauyMeHToK ¢ mo3aHei [19, momyvyarommx
«domerut», n 12 maueHTOK ¢ nmo3aHei 1D Ha KOMOMHUpPOBAHHOI Tepanuu. B pe3ynbraTe McciaeagoBaHuUS
0Ka3aJIoCh, YTO YPOBEHb TOJILKO 1L-6 GBLI CTATUCTUYECKM 3HAYMMO BbIIIIE Y ITALIMEHTOK ¢ paHHel 1D BHe
3aBUCUMOCTH OT TuIia jgeueHus1. [IpoBocranuTeabHbIN (OH OBLT OoJiee BbIpaxKeH Iipu To3nHei [1D. Ypo-
BeHBb IL-6 OBLI 3HAYMMO MOBKINIIEH Y MallMEHTOK ¢ mo3gHe 1D Ha MoHoTepanuu «JomerntoM». YpoBHU
IL-6 1 TNFo 6bUTM 3HAaYMMO BBILIE Y TTAIUEHTOK, Totydaromux «Jdormerut» + «Kopnadnekc» B cpaBHEHUN
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C KOHTpOJIEM. YpOBeHb CUHAeKaHa-1 ObLI 3HAUMMO MOBBIIIEH Y MallMeHTOK ¢ paHHeu 1D, moaydarommx
TobKO «Jlonerut». He ObLIO BBISIBJIEHO CTATUCTUYECKU 3HAYMMBbIX Pa3JIMunii B ypOBHE CUHIeKaHa-1 MeXay
rpyIrramu mpu no3gHei I1D HecMOTps Ha ero CTaTUCTUYECKM HE3HAYMMO TIOBBILLIEHHBIE YPOBHU Y JAHHBIX
MalMEeHTOK. YPOBHU rajieKTUHA-3 Y TOMOLIMCTEMHA TakKxKe 3HAYMMO HE pa3indajuch MEXIy rpyrnmnamMu, 4To
CBUIETEIBbCTBYET 00 OTCYTCTBUU BhIPAXKEHHOI BOCHAIIMTEIbHON peaklud U SHAOTEINAIBHON IUCHYHKLINN
y nmaueHToK ¢ I19.

Karouesvie crosga: npesxaamncus, SHOOMeAUANbHbLI CAUKOKANUKC, sHdomenuanvhas ducd)ymcuuﬂ, eocnanedue,
armucunepmeH3UueHsle npenapamaol

ANALYSIS OF FACTORS ASSOCIATED WITH STERILE
INFLAMMATION IN WOMEN WITH PE RECEIVING DIFFERENT
ANTIHYPERTENSIVE TREATMENT STRATEGIES

Muminova K.T., Khodzhaeva Z.S., Yarotskaya E.L., Ziganshina M.M.

V. Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russian
Federation

Abstract. Systemic inflammation alongside endothelial dysfunction is considered to play a crucial role
in PE pathogenesis. Endothelial dysfunction can be assessed by endothelial glycocalyx (eGC) damage.
eGC is a superficial layer of cells associated with endothelial membrane that provides all endothelial cells
functions. Its damage can be evaluated by the levels of its circulating components in blood. Patients with PE
generally receive methyldopa (Dopegyt) solely or in combination with nifedipine (Cordaflex), and there is
no understanding of their effect on proinflammatory state of blood vessels. Our study aimed to assess levels of
1L-6,1L-18, TNFa, galektin-3 and homocysteine as well as levels of syndecan-1, eCG structural component,
representing system inflammatory response and endothelial dysfunction development in blood of women
with early- and late-onset PE receiving different antihypertensive treatment strategies. Eighty-two patients
were enrolled into this interventional longitudinal pilot study. The comparison group included 15 patients
before 34 gestational weeks and 15 patients after 34 weeks. Study subgroup 1 included 12 patients with early-
onset PE receiving Dopegyt solely and 16 patients with early-onset PE receiving Dopegyt together with
Cordaflex. Study subgroup 2 included 12 patients with late-onset PE receiving Dopegyt solely and 12 patients
with late-onset PE receiving combined therapy. As for early-onset PE, only IL-6 demonstrated statistically
significant differences in patients receiving both treatment strategies compared to control. Proinflammatory
state was more profound in late-onset PE. IL-6 levels were significantly increased in late-onset PE treated
with Dopegyt. IL-6 and TNFa levels were significantly higher in late-onset PE patients treated with Dopegyt
+ Cordaflex compared to control. Syndecan-1 levels were statistically significantly higher in patients with
early-onset PE treated with Dopegyt solely. There were no statistically significant differences between the
groups despite elevated mean values of syndecan-1 in late-onset PE. Galectin-3 and homocysteine levels
did not differ significantly between the groups, representing lack of pronounced inflammatory response and
endothelial dysfunction.

Keywords: preeclampsia, endothelial glycocalyx, endothelial dysfunction, sterile inflammation, antihypertensive drugs

The study was carried out with the funding within
the State Contract # 121040600435-0 “Justification of
personalized approaches to antihypertensive therapy
for HDP and PE”.

Introduction

Preeclampsia (PE) remains one of the leading
causes of maternal and perinatal morbidity and

mortality worldwide. Alongside with risks that face
the mother and fetus, there is proof that women with
the history of PE have long-term risk of cardiovascular
diseases. Prolonged system inflammation and as
a result endothelial dysfunction cause changes in
cardiovascular system in PE. Sterile inflammation in
contrast to infectious etiological factor is considered
to be one of the leading triggers of PE [1, 11].
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According to present beliefs, there are two clinical
phenotypes of PE, i.e. early-onset PE that manifest
before 34 gestational weeks and late-onset PE with
its debut after 34 weeks. Generally healthy pregnant
women develop early-onset PE with impaired
placentation being the main cause leading to formation
of proinflammatory milieu in placental tissues [11].
Since extragenital maternal pathology is a risk factor
of late-onset PE its rate is higher than that of early-
onset PE, i.e. chronic arterial hypertension, inherited
and acquired thrombophilia, diabetes mellitus ant
other diseases accompanied by proinflammatory state
and endothelial activation. Placental stress as a result
of hypoxia-ischemic changes of placental tissues [12]
leads to formation of molecular patterns associated
with damage (DAMPs). DAMPs activate maternal
immune system. Thus, vicious circle forms leading to
permanent endothelial activation transforming into
endothelial dysfunction. Clinically these processes
manifest with loss of the ability to hold physiological
blood pressure (BP), "capillary leakage" syndrome
of different severity and proadgesive, thrombogenic
state. According to recent findings, these symptoms
are a result of endothelial dysfunction that starts with
dysfunction of superficial layer of cells associated
with endothelial membrane, endothelial glycocalix
(eGC) [16].

Antihypertensive therapy in pregnancy is limited
by a small number of drugs that are safe for the mother
and the fetus and do not affect feto-placental blood
flow. Standard antihypertensive treatment strategies
represented by monotherapy with methyldopa
(Dopegyt) or alongside with nifedipine (Cordaflex)
have demonstrated stabilizing effect on cardiovascular
eGC state. However, eGC destruction evaluated by
the level of circulating structural components of eGC
did not occur only in late-onset PE [8]. It should be
noted that effect of these medicines on eGC has not
been fully studied yet [14]. In particular, there is no
information on their action on proinflammatory
state in vessels, especially in terms of evaluation
of complex of parameters produced by activated
immune cells (cytokines), endothelium (cytokines
and homocysteine), eGC components (syndecan-1)
and associated molecules (galectin-3).

Aim of this study was an assessment of immune
factors and biochemical parameters representing
system inflammatory response and endothelial
dysfunction development in blood of women with
early- and late-onset PE receiving antihypertensive
monotherapy and combined treatment.

Materials and methods

Eighty-two patients were enrolled into this
interventionallongitudinal pilotstudy. The comparison

group included 30 pregnant women: i. 15 patients
before 34 gestational weeks, and ii. 15 patients after
34 weeks (NP1 and NP2 groups, respectively). Study
group comprised 52 patients that were stratified by
gestational age and type of antihypertensive treatment.
Study subgroup 1 included 28 patients before 34 weeks:
12 patients with early-onset PE receiving Dopegyt
solely (subgroup PE 1); and 16 patients with early-
onset PE receiving Dopegyt together with Cordaflex
(subgroup PE 2). Study subgroup 2 included 24
patients after 34 weeks: 12 patients with late-onset
PE receiving Dopegyt solely (subgroup PE 3); and
12 patients with late-onset PE receiving combined
therapy (subgroup PE 4). The study was conducted on
the basis of NSBI “National Medical research center
for obstetrics, gynecology and perinatology named
after academician V.I. Kulakov” (further in the text
Center) in accordance with the principles of WMA
Declaration of Helsinki. Study design was approved
at local ethical committee (protocol Ne 5, May, 27t,
2021). Preeclampsia was diagnosed according to the
clinical recommendations of Ministry of Health of
Russian Federation criteria [11]. Inclusion criterion
for the study group was PE and for the comparison
group — healthy pregnancy. Non-inclusion cri-
teria were as follows: ART pregnancy, severe extra-
genital disease, history of organ transplantation,
immunotherapy in pregnancy. Exclusion criteria were
HELLP-syndrome, acute viral and infectious diseases
during pregnancy. Patients were matched by age, BMI,
gestational term. All patients signed informed consent.
Antihypertensive therapy comprised of drug of central
action, Dopegyt (mean daily dose 1500 mg). When
there was insufficient hypotensive effect, additional
Ca-channel blocker, Cordaflex, was prescribed
(mean daily dose 40 mg). Mean therapy duration
was at least 11 days. In order to assess effectiveness of
given therapy 24-hor BP monitoring was performed
(BPLab® device, Peter Telegin, Nizhniy Novgorod,
Russia).

Fasting blood samples were collected into vacuum
test-tubes. Preparation of blood serum was performed
according to standard operation procedure of Center
Biobank where probes were stored at -80°C till factors
analysis. Humoral factors were studied by ELISA using
commercial test-systems. We used test-systems for
identification of desquamated forms of e GC structural
component, syndecan-1 (SEB966Hu, Cloud-Clone
Corp., USA); identification of cytokines — IL-18
(BMS267-2, Bender MedSystem, Austria), IL-6
(A-8768, Vector-Best, Russia), TNFo (BMS223-4,
Bender MedSystem, Austria), galektin-3 (BMS279-
4, Bender MedSystem, Austria) and homocysteine
(FHCY100, Axis-Shield, United Kingdom).
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We used the program MedCalc version 16.4
(MedCalc, Belgium) for statistical analysis of
obtained data. The normality of distribution of studied
characteristics was assessed using Shapiro—Wilk test.
The nonparametric Mann—Whitney U test was used.
Data are represented as median and interquartile
range for continuous variables. Differences were
considered significant when p-value was less than 0.5.
We included data with p-value less than 0.1 considered
as a trend in changes into our pilot study.

Results and discussion

Typical feature of inflammatory response, inclu-
ding that caused by non-infectious agents, is an

increase in proinflammatory cytokines and factors,
thus proving endothelium activation. An increase
in gene expression of cytokines in placenta and in
blood levels of IL-18, IL-6, and TNFa was reported
in PE [1, 6, 7, 10]. Proinflammatory milieu induces
eGC destabilization which in turn reduces protective
layer of endothelium proteoglycans and destroys
composition of their carbohydrate chains [16].
Meanwhile, blood levels of circulating proteogly-
cans and molecules normally bound to glycocalyx
rise.

An elevation of shed forms of eGC proteoglycans
in blood of patients with PE was demonstrated [15],
as well as an increase in galectin-3, secreted car-
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Figure 1. IL-18 (A), IL-6 (B), and TNFa (C) levels in peripheral blood of patients with early-onset PE, receiving Dopegyt and

Dopegyt + Cordaflex
Note. Differences are given at p < 0.1.
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Figure 2. Cytokines IL-18 (A), IL-6 (B), and TNFa. (C) levels in peripheral blood of patients with late-onset PE receivng
Dopegyt and Dopegyt + Cordaflex

Note. Differences are given at p < 0.1.

TABLE 1. COMPARATIVE ANALYSIS OF SYNDECAN-1, GALECTIN-3, AND HOMOCYSTEINE LEVELS IN PATIENTS WITH PE
RECEIVING DOPEGYT AND DOPEGYT + CORDAFLEX

Parameter NP 1 PE 1 PE 2 NP 2 PE 3 PE 4
(n=15) (n=12) (n=16) (n=15) (n=12) (n=12)

SDC-1, 930 3065* 1715% 1290 5070 2570
pg/mL (753-3640) (1595-5385) (1130-5265) (820-11288) | (2095-9835) (1475-3490)
Galectin-3, 11.96 17.04 12.97 15.17 13.09 14.82
ng/mL (10.91-19.17) (9.49-29.26) | (11.56-16.90) | (10.52-32.00) (9.74-15.63) | (11.48-20.16)
Hcy, 10.00 9.16 8.67 8.61 8.99 9.67
umol/L (8.84-11.15) (6.18-10.79) (6.62-9.69) (6.90-10.04) (7.05-9.91) (7.84-11.89)

Note. #, p =0.019 comparing groups NP1 and PE1;##, p = 0.075 comparing groups NP1 and PE2.
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bohydrate-binding protein bound to glycocalyx [9].
Amino acid homocysteine (Hcy) is a factor associated
with inflammation. Higher levels of Hcy were de-
monstrated in PE (above 10 mkMol/L), being con-
sidered as hyperhomocysteinemia associated with
elevated risk of cardiovascular, cerebral, and peri-
pheral arteries pathology leading to endothelial
dysfunction [5].

Comparative analysis revealed elevated levels of
proinflammatory factors in patients with PE recei-
ving Dopegyt and Dopegyt + Cordaflex compared
to control. However, only IL-6 demonstrated sta-
tistically significant differences reflecting increased
proinflammatory state in blood vessels of patients with
early-onset PE receiving both treatment strategies
(Figure 1B).

Proinflammatory state was more profound in late-
onset PE. In particular, IL-6 levels were significantly
increased in patients treated with Dopegyt (p = 0.001),
as well as a trend to increase in TNFa levels, p = 0.068
(Figure 2B, C). Generally proinflammatory state was
seen in patients treated with Dopegyt + Cordaflex:
IL-6 (Figure 2B) and TNFa (Figure 2C) levels were
significantly higher compared to control (p < 0.001
and p = 0.004, respectively). Same trend was seen for
1L-18, p = 0.083 (Figure 2A).

Syndecan-1 levels were statistically significantly
higher in patients with early-onset PE treated with
Dopegyt solely, p = 0.019, and non-significantly
higher in those receiving combined therapy, p =
0.075 (Table 1). There were no statistically significant
differences between the groups despite elevated mean
values of syndecan-1 in late-onset PE. Galectin-3
and homocysteine levels did not differ significantly
between the groups (Table 1), representing lack of
pronounced inflammatory response and endothelial
dysfunction.

Symptoms of system inflammatory response
are known to be seen in healthy pregnant women,
however, as pregnancy progresses those symptoms
become more prominent due to penetration of
allogenic fetal cells, debris and fetal DNA into mother
blood as well as physiological “placenta aging” [3].
More pronounced proinflammatory state is observed
in patients of elder age because of blood vessel aging
due to cardiovascular and metabolic, i.e. obesity,
diseases [8]. Given this fact we enrolled patients
matched by age, BMI and gestational age to eliminate
confounders that intervene with study results.

IL-6 plays vital role in chronic inflammatory
response and TNFa controls its production. Our
results demonstrate that despite antihypertensive

therapy key proinflammatory cytokines levels are
increased, especially in late-onset PE and in those
receiving combined therapy. What is more, not only
IL-6 and TNFa levels are elevated in patients treated
with Dopegyt + Cordaflex but strong direct correlation
between their blood levels was observed (r,=0.72, p =
0.003). This finding proves their pathogenic role and
demonstrates absence of positive effect of therapy
on inflammatory response in this group of patients.
Strong direct correlation between IL-6 and galectin-3
levels was revealed in patients with early-onset PE
receiving Dopegyt + Cordaflex (r, = 0.75, p = 0.005).
Though galectin-3 levels did not differ significantly
between these patients and control group, identified
correlation may imply its potential pathogenic
role in long-term changes of vessels as galectin-3
is a biomarker of heart failure in cardiology [2].
It is believed that main source of galectin-3 in
maternal blood is placenta and not endothelium [9].
Nevertheless, vessels molecular changes as a result of
PE may bear long-term consequences and galectin-3
is a promising candidate for long-term prognosis of
risk of cardiovascular diseases.

It is known that antihypertensive drugs affect
cytokine production by immune cells of placenta
and peripheral blood. In particular, dose-dependent
effect, i.e. inhibition of cytokine production by
placental cells and mononuclear cells in preeclamp-
tic patients, was demonstrated in vitro for clonidine,
diazoxide, hydralazine and furosemide [13]. Com-
bined antihypertensive treatment affects cytokines
state in patients with arterial hypertension. Therapy
with enalapril + hydrochlorothiazide and enalapril +
indapamide significantly decreased IL-6 and TNFa
levels aswell as mean blood pressure. These effects were
accompanied by clinical improvement of heart failure
parameters according to scale of patient’s clinical
state assessment [4]. As for Dopegyt and Cordaflex,
we have not found similar articles. Limitation of our
study is having no data on baseline levels of studied
molecules before the start of therapy, sometimes
because of urgent need for delivery of some patients
with severe PE. This point limits therapy duration
and explains retrospective analysis of antihypertensive
treatment. However, obtained data allow us to evaluate
proinflammatory state in blood vessels of patients with
early- and late-onset PE receiving different treatment
options.

Conclusion

Immune and biochemical factors reflecting de-
velopment of system inflammatory response and

1188



2023, T. 25, Ne 5
2023, Vol. 25, No 5

HmmyHonoeuueckue mapkepvl npesKiamncuu
Immunological markers of preeclampsia

endothelial dysfunction in patients with early- and
late-onset PE receiving Dopegyt solely and Dopegyt
+ Cordaflex were studied. It was demonstrated that
proinflammatory state was more profound in late-
onset PE patients treated with combined therapy.
This finding may be explained by the presence of
comorbidities that require additional prescription

of Cordaflex. In early-onset PE more prominent
eGC destruction alongside with higher 1L-6 levels
was observed. Our results demonstrate necessity for
differential approach to therapy of different PE clinical
phenotypes and perspectives of anti-inflammatory
drugs prescription in patients with late-onset PE to
negate symptoms of sterile inflammation.
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UMMYHOJIOMT'MYECKUE PAKTOPbI PASBUTUA HAPYXXHOIO

FrEHUTAJIbHOIO SHAOMETPUO3A

JIesrosura ML.A., Epmosioa H.B., Rpyknuep JLIL., IToropeaosa T.H.,,
KpaBuenko JL.B.

Hayuno-uccaedosamenvckuii uncmumym axywepcmeéa u neduampuu @IbOY BO «Pocmosckuil 2ocydapcmeeHHulii
MeduyuncKkuii yrusepcumem» Munucmepcmea 30pasooxpanenus P®, e. Pocmos-na-Zlony, Poccus

Pesiome. HapyxHblii reHUTanbHbIi sHAOMeTpro3 (HI'D) — omHO M3 pacnmpocTpaHeHHBIX TMHEKOJIOTH-
YecKMX 3a00JIeBaHUN XEHIIWH PEeNpPOAYKTUBHOTO BO3pacTa € PELUIUBUPYIOLIUM, MPOrPECCUPYIOIIUM
TEYCHUEM, YXYAIIAIONINM KadeCTBO KM3HW MAIlMCHTOK M3-3a 00JIEBOr0 CHUHIPOMA, SMOLMOHAILHOM HE-
YPaBHOBEIIIEHHOCTH, CTpaxa peluanBa 1 BO3MOXHOIO OIlepaTUBHOIO BMeIIaTeIbcTBa. B HacTosIee BpeMst
SHJIOMETPUO3 MPU3HAH OJHUM U3 HanboJiee pacCIpOCTpaHEHHbBIX 3a00eBaHU, CBSI3aHHBIX C OECIIIIOAEM.
Tak, cpeny GepTUIbHBIX XXEHIIWH C COXpaHEHHOI OeTOpOoAHON (pyHKIIMEel 3a0ojieBaHUE B LIEJIOM JUArHO-
CTUpPYETCsI IPUMEPHO y 6-7%, Torna Kak cpeiy NalyeHTOK, CTpadaloluX OeCIUIOANEM, €ro YacTOTa MOXET
nmocturath 20-48%.

OnHako NPUYMHBI, OMPEAESIONINE PENTPOAYKTUBHYIO TUChYHKIIMIO ¥ 601bHBIX ¢ HI'D, n3yyeHs! Hemo-
cTaToYHO. bonbImoe BHUMaHMe B HACTOSIIEe BpeMsI YACISIEeTCS POIM UMMYHUTETA B (DOPMUPOBAHUU SHIO-
MeTpuo3a. Y 6oabHbIX ¢ HI'D oTMeualoTcst maMeHeHUs Kak (aKTOPOB MECTHOTO UMMYHUTETA, TaK 1 UMMY-
HOJIOTMYECKUX KOMITOHEHTOB LIUPKYJIMPYIOIIE KPOBU.

Llenp nccitenoBaHms — N3ydeHNe (paKTOPOB BPOXKICHHOTO U aIalITUBHOTO MMMYHHUTETA Y MAIIMEHTOK pe-
NPOAYKTUBHOIO BO3pacTa C Hapy>KHBIM T'€e HUTAIbHBIM 3HHoMeTprozoM (HI'D).

B uccnenoBanue Oblta BKJIOYeHa 71 mamMeHTKa ¢ pa3idyHbIMMU CTaAUSIMU HapYy>KHOI'O FeHUTaJIbHOTO
9HIOMETPNO03a, B KOHTPOJIBHYIO TPYIITY BOIUIK 24 TTallMEHTKH, 0e3 a3HmoMeTpro3a. OnpeneseHue moIryJisi-
UOHHOTO cOCTaBa JUMQOIINTOB NeprdepniecKoil KpOBH, YPOBHSI MOHOIIMTOB, 3Kcnpeccupyomux TLR,
aKTUBAlLIMOHHBIX MapKEePOB, IIPOBOAMIN METOIOM JIa3epPHOI IMTPOTOYHOMI uToMeTpun — Immunotex (PpaH-
mus), Caltag (CIIIA), FITC (u3otuouuHar diyopecuenHa) — medensle CD3, CD4, CDS8, CD16, CD19,
HLA-DR, CD282, CD284 u PE(dpuxkospurpun) — meuersie CD25, CD69, CD95, CD107a, CD14.

HapyxHblil reHUTanbHbIN 9HAOMETPUO3 XapakTepusyercs: npu I-11 cranuu 3a6osieBaHUs — HapyllIEeHUEM
paHHUX 3TaIloB BPOXIEHHOTO MMMYHHOTO OTBeTa (IOBBIIIEHUE KOJIUYECTBAa MOHOIIMTOB, 3KCIIPECCUPYIO-
mux TLR-4, HapyuieHueM mpolLeccoB aKTUBALMU U NUGDOEPEHIITUPOBKU UMMYHOKOMITIETEHTHBIX KJIETOK,
YTO OTpaxaeTcsl B cHKeHuu skcnpeccun CD16, CD8, CD16*HLA-DR*, CD16*CD107a*, CD8*CD107a*,
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a ipu I11-1V cTannu 3abosieBaHus oTMedyaeTcss cHukeHur ypoBHss CD16 u mapkepoB aktuBaruu CD69,
HLA-DR, CD107a Ha nX IOBEPXHOCTH, YTO COUYETaeTCd cO CHMKeHueM akcrnpeccun CD8, CD16, HLADR
u CD107a Ha ux nmoBepxHocTu. [loBbieHne CD167"CD95" u CD8*CD95" BbISIBIEHO HPU pa3IUYHBIX CTa-
muax HI'D.

IMosydeHHbBIE pe3yIBTaThI ITO3BOJISIOT ITOHITH OCOOEHHOCTU (DYHKIIMOHUPOBAHUS BPOXKIACHHOTO W ajar-
TUBHOTO UMMYHUTETA Ha Pa3IMYHBIX CTAAUSIX HAPY>KHOTO TeHUTAJILHOTO 3HAOMETPHUO3a, a U3YYCHHbIC M-
MYHOJIOTUYECKHE TT0Ka3aTeJIM MOTYT OBITh MCIIOJIb30BAaHBI B KAYECTBE MMATHOCTUYCCKUX KPUTEpHUEB (hOpMU-
pOBaHMS pa3INIHLIX cTanuii HI'D. DT maHHBIE MOTYT CIIYKUTh TSCOPETUUECKON OCHOBOU TSI JaJIbHEUIIICH
UIeHTUdUKALIMU MapKepoB IporpeccupoBaHust HI'D, a Takxke MeXaHU3MOB, JieXKallluX B OCHOBE UMMYHHO-
TO BOCITAJICHUSI.

Karouesvie crosa: eposicoennboiii ummyrnumem, aoanmuenviii ummynumem, TL R-peuenmopul, yumomokcu4yHoCmy, MapKepbl
AKMuayul, HapyJiCHoLl 2eHUMANbHbLL IHOOMEMPUO3

IMMUNOLOGICAL FACTOR DEVELOPMENT OF EXTERNAL
GENITAL ENDOMETRIOSIS

Levkovich M.A,, Ermolova N.V,, Krukier LI, Pogorelova T.N.,
Kravchenko L.V.

Research Institute of Obstetrics and Pediatrics, Rostov State Medical University, Rostov-on-Don, Russian Federation

Abstract. External genital endometriosis (EGE) is one of the common gynecological diseases of women
of reproductive age with a relapsing, progressive course that worsens the quality of life of patients due to pain,
emotional imbalance, fear of relapse and possible surgical intervention. Currently, endometriosis is recognized
as one of the most common diseases associated with infertility. Thus, among fertile women with preserved
childbearing function, the disease is generally diagnosed in approximately 6-7%, while among patients suffering
from infertility, its frequency can reach 20-48%.

However, the causes that determine reproductive dysfunction in patients with EGE are not well understood.
Much attention is currently paid to the role of immunity in the formation of endometriosis. Patients with EGE
show changes in both local immunity factors and immunological components of circulating blood.

Purpose of the study: the study of factors of innate and adaptive immunity in patients of reproductive age
with external genital endometriosis (EGE).

The study included 71 patients with various stages of external genital endometriosis, the control group
included 24 patients without endometriosis. Determination of the population composition of peripheral
blood lymphocytes, the level of monocytes expressing TLR, activation markers, was carried out by laser flow
cytometry — Immunotex (France), Caltag (USA), FITC (fluorescein isothiocynate) — labeled CD3, CD4,
CD8,CDl16,CDI19, HLA -DR, CD282, CD284 and PE (phycoerythrin) — labeled with CD25, CD69, CD95,
CD107a, CD14.

External genital endometriosis is characterized by: at stages I-1I of the disease — a violation of the early
stages of the innate immune response (an increase in the number of monocytes expressing TLR-4, a violation
of the activation and differentiation processes of immunocompetent cells, which is reflected in a decrease in
the expression of CD16, CD8, CD16"HLA-DR*, CD16"CD107a*, CD8*CD107a*, at I1I-1V stages of the
disease, there is a decrease in the level of CD16 and activation markers CD69, HLA-DR, CD107a on their
surface, which is combined with a decrease in the expression of CD8, CD16, HLADR and CD107a on their
surface. CD95* and CD8*CD95" were found at various stages of EGE.

The results obtained allow us to understand the features of the functioning of innate and adaptive immunity
at various stages of external genital endometriosis, and the studied immunological parameters can be used
as diagnostic criteria for the formation of various stages of EGE. These data can serve as a theoretical basis
for further identification of markers of EGE progression, as well as the mechanisms underlying immune
inflammation.

Keywords: innate immunity, adaptive immunity, TLR receptors, cytotoxicity, activation markers, external genital endometriosis

1192



2023, T. 25, Ne 5
2023, Vol. 25, No 5

HmmyHonoeus eeHumanbHo20 dHOOMempuo3a
Immunology of genital endometriosis

Introduction

External genital endometriosis (EGE) is one of
the common gynecological diseases of women of
reproductive age with a relapsing, progressive course
that worsens the patient’s quality of life due to pain,
emotional imbalance, fear of relapse and possible
surgical intervention. Currently, endometriosis is
recognized as one of the most common diseases
associated with infertility. Thus, among fertile women
with preserved childbearing function, the disease is
generally diagnosed in approximately 6-7%, while
among patients suffering from infertility, its frequency
can reach 20-48% [1].

However, the causes that determine reproductive
dysfunction in patients with EGE are not well
understood. Much attention is currently paid to the
role of immunity in the formation of endometriosis [ 3,
4]. Patients with EGE show changes in both local
immunity factors and immunological components in
the circulating blood [2, 5].

To date, it is obvious that immune system disorders
play an important role in the development of EGE,
however, despite research in this area, there is
practically no information on markers of positive and
negative activation, cytotoxicity of T lymphocytes,
NK cells. Insufficiently studied are the mechanisms of
innate immunity, in particular, the level of monocytes
expressing TLR-2, TLR-4.

In this regard, the purpose of our study was to
study the factors of innate and adaptive immunity
in patients of reproductive age with external genital
endometriosis.

Materials and methods

Under observation there were 71 patients with
EGE, who were divided into two groups: group 1 —
women with I-II stages of EGE (n = 31); Group
2 — patients with III-1V stages of EGE (n = 40). The
control group included 24 patients who were examined
in the Department of Operative Gynecology, who
underwent therapeutic and diagnostic laparoscopy.
In this group of patients, neither EGE, nor acute or
chronic inflammatory diseases of the pelvic organs,
nor benign neoplasms were detected intraoperatively.
Criteria for inclusion of patients in the study:
the reproductive age of patients 18-49 years, the
presence of complaints of infertility and/or pain
syndrome, body mass index 18.5-25 kg/m?, normal
body temperature, laparo- and hysteroscopy. with
morphological verification of the diagnosis. The
exclusion criteria from the study were: pubertal
and perimenopausal age of patients, malignant
neoplasms, severe extragenital pathology at the stage

of decompensation, acute infectious diseases or
exacerbation of their chronic forms. Determination
of the population composition of peripheral blood
lymphocytes, the level of monocytes expressing Toll
receptors (TLR), activation markers was carried out
by laser flow cytometry — Immunotex (France),
Caltag (USA), FITC (fluoresceinisothiocyanate) —
labeled CD3, CD4, CDS8, CD16, CD19, HLA-DR,
CD282, CD284 and PE (phycoerythrin) labeled
with CD25, CD69, CD95, CD107a, CDI14. The
results were taken into account on a BECKMAN
COULTER EPICS XL-II laser flow cytometer
(USA). To form a database and conduct a statistical
study, the capabilities of the Excel 2003 spreadsheet
processor and application packages (“Megastat” and
Statistica 6.0) were used. Descriptive statistics was
carried out with the determination of the values of
the median and interquantile range: Me (Q,,5-Q,7s)-
A p value < 0.05 was considered statistically signi-
ficant.

Results and discussion

Analysis of clinical data in observed women with
EGE showed a high percentage of primary infertility —
69%. In patients with stages I-11 of the disease — in
67.7% of cases, in patients with stages III-IV — in
70%. Secondary infertility occurs in 31% of patients
with EGE, while with minimal forms of the disease —
in 32.3%, and with severe forms of endometriosis —
in 30%. In women with EGE, chronic inflammatory
processes were detected in the same percentage of
cases (67.7%), and sexually transmitted infections in
patients with stage I-1I EGE were detected in 32.2%
of women, while in patients with EGE III-IV stages
are 2 times less.

Our work showed that the formation of external
genital endometriosis was accompanied by significant
changes in immunity parameters. When studying
the parameters of the immune status in the 1% and
2n groups, compared with the control group, a
statistically significant decrease in CD8 was revealed,
the most pronounced deviations were noted in the 2"
group, the indicators were 1.7 times lower than in the
control group (p < 0.05).

According to current data, NK cells are divided
into two types: typical CD56bright CD16-NK cells
producing cytokines, and CD56dimCD16* NK cells
characterized by high cytotoxicity. Analyzing the
indicators of the content of natural killers (CD16")
in the 1% and 2" groups, a statistically significant
decrease in their relative number was noted compared
to the control group (by 2.9 and 1.3 times, (p < 0.05);
indicators in the 2" group were lower than in the
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It (p < 0.05). The role of B lymphocytes in the
development of endometriosis and their relationship
with clinical symptoms and disease severity are not
well understood. In the 2™ group, the CD19 values
were higher than in the control group (p < 0.05), which
indicates the activation of the B cell link of immunity.

When analyzing the functional state of immu-
nocompetent cells, it was found that the level of
CD16*CD69* in group 2 was lower than the values
in the control group and in group 1 by 2.0 times
(p < 0.05). The content of CD8"CD25" in the 2™
group was statistically significantly lower than in
the control group (p < 0.05). When studying the
expression of markers of late activation, a decrease
in CD16"HLADR" was revealed at various stages of
EGE, the most pronounced deviations were noted
in the 2" group, the indicators were 2 times lower
control (p < 0.05). The study of the content of CD8",
expressing HLA-DR, showed their decrease in the 2"
group compared with the control group and the 1%
group (1.7 and 1.89 times (p < 0.05).

CDI107a* is a marker for degranulation of CD8&8"
and CD16" lymphocytes.

The study of the number of CD16 lymphocytes
expressing the CD107a molecule involved in im-
mune inflammation through the mechanism of
cellular cytotoxicity revealed that in the 2™ group the
content of CD16*CD107a* was 2.6 times lower than
in the control group (p < 0.05), and 1 — 1.8 times
(p < 0.05). Similar data were found for the content of
CD8*CD107a%, the indicators in the 2" group were
lower than the control level and group 1 by 1.7 and
1.1 times, respectively, (p < 0.05), which indicates a
decrease in functional activity natural killer cells and
cytotoxic T lymphocytes. The study of the content of
cytotoxic lymphocytes and NK cells expressing the Fas
receptor CD95" revealed an increase in CD16*CD95*
at various stages of ege. Similar data were found for
CD8*CD95*, their level exceeded the control values
in the 1% group by 1.2 times, in the 2" — by 1.46 times
(p <0.05).

It is known that the proliferation of endometrioid
lesions is regulated by the innate immune system.
Important components of the innate immune sys-
tem are Toll-like receptors (TLRs), which are type
1 transmembrane proteins with an N-terminal
extracellular domain. TLRs can be activated by
endogenous ligands, including lipopolysaccharide
(LPS), heat shock protein, S100, fibronectin, fatty
acids, neutrophil elastase, etc. In our study, groups
1 and 2 showed a statistically significant increase in
the number of peripheral blood monocytes expressing
TLR-4 (CD14*CD284"), compared with the control

group. The most significant deviations were noted in
the 2" group.

Thus, external genital endometriosis is charac-
terized by: at stages I-II of the disease, a violation
of the early stages of the innate immune response
(an increase in the number of monocytes expressing
TLR-4, a violation of the activation processes
of immunocompetent cells, which is reflected
in a decrease in the expression of CDI16, CDS,
CDI16"HLA-DR*, CD16*CD107a*, CD8*CD107a",
at ITI-1V stages of the disease, there is a decrease in the
level of CD16 and activation markers CD69, HLA-
DR, CDI107a on their surface, which is combined
with a decrease in the expression of CD8 and CD16
lymphocytes, HLADR*, CD107a on their surface.
An increase in CD16*CD95" and CD8*CD95* was
found at various stages of EGE.

Aberrant immune responses of cytotoxic T lym-
phocytes and NK cells are trigger factors for the
development of endometriosis. Violation of the work
of innate immunity mediated by natural killers leads
to disruption of the functioning of adaptive immuni-
ty, the development and progression of endometriosis
and infertility. Immune dysfunction in endometriosis
is probably formed both due to a decrease in the num-
ber of cytotoxic T lymphocytes and NK cells, and due
to a functional defect [7]. The decrease in cytotoxicity
mediated by T lymphocytes and NK cells in women
with EGE may also be associated with the induction of
apoptosis along the Fas-FasL pathway and contributes
to the formation of endometrial heterotopias.

The revealed increase in the content of
CDI147CD284* in women with EGE suggests that
TLR-4-dependent signaling can lead to an increase
in the synthesis of pro-inflammatory cytokines and
chemokines, stimulates the proliferation of endo-
metrial cells, activates macrophages, DC, natural killer
cells, forming an inflammatory microenvironment,
contributing to the progression EGE.

Conclusion

The results obtained allow us to understand the
features of the functioning of innate and adaptive
immunity at various stages of external genital
endometriosis, and the studied immunological para-
meters can be used as diagnostic criteria for the
formation of various stages of EGE. These data may
provide a theoretical basis for further identification
of markers of EGE progression as well as underlying
immune inflammation. Further research is needed to
explore the role of cytotoxic T lymphocytes, NK cells,
and TLR signaling pathways in the pathogenesis and
molecular mechanisms of EGE.
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KOJINYECTBEHHOE ONPEAEJIEHUE C1-3CTEPA3HOIO
UHTMBUTOPA B CbIBOPOTKE KPOBU YEJIOBEKA METOAOM
UMMYHO®PEPMEHTHOIO AHAJIN3A: KOPPENALUSA

C TYYPBUAUMETPUHECKMUM METOAOM

I'opoyuos H.IL!, #iKaxos A.B.,, T'opoynora VI.H.!, Muanukuna A.M.},
Hpozx VI.B., I'yoanosa A.B.!, Januaosa EM.!, Kyzuenosa P.H.!,
Casun T.B.!, Bypuesa A.I'.}, IIurapesa H.B.!, Imeaxo A.M.},
ToToasau Aper A2

'@BYH «Canxm-Ilemepbypeckuii HAy4HO-UCCACO08AMENbCKUN UHCIMUMYM NUOEMUOA02UL U MUKPOOUOA02UU UMEHU
Ilacmepa», Cankm-IlemepOype, Poccus

2@I'BOY BO «Ilepsuiit Canxm-IlemepoOypeckuil 20cyoapcmeenHblil MeOUUUHCKUL YHUBEPCUMem UMEHU
axademura U.11. ITasroea» Munucmepcmea 3opasooxpanernusi P®, Cauxm-Ilemepbype, Poccus

Pestome. C1-mHrnoutop ceprHOBEIX ITpoteas (C1-INH) BoIITOTHSICT peryassTopHY (PyHKIIUIO B CUCTEME
KOMIUIEMEHTA U IMpoHuIaeMoct cocynoB. Jlebunur C1-INH mpuBomuT K pasandaHbeIM (hopMaM aHTHOOTeE-
KOB, B TOM YHCJIe HacleACTBeHHOMY aHTnoHeBpoTuueckoMy oTeky (HAO). [Ipumunnoit HAO sBisieTcst reHe-
THYecKU obycioBiaeHHoe HapyuieHrue cuHre3a C1-INH. CHimxenue ypoBHst C1-INH mo 50% orHOCUTETBHO
HOPMBI MMPUBOAUT K YBEJUYEHUIO MPOAYKIIUM OpadluKUHUHA, YTO SIBJISIETCS OCHOBAHUEM ISl MTOCTAaHOBKU
nuarHo3a «HAO». Pa3paboTka JOCTYITHBIX MMMYHO(MEpMeHTHBIX TecT-crucTeM (MMDA) mist KOJTMYeCTBEHHOTO
onpeneneHus C1-INH sBasieTcss BocTpeboBaHHBIM HarpaBlieHUeM A1 KIMHULIMCTOB. B mpouecce paspa-
00TKHM HOBOro Habopa ais1 KoaundecTBeHHoro onpeaeaeHust C1-INH 6111 rojiydyeHbl 1Ba MOHOKJIOHATbHBIX
aHtutena Mol (MAT), obnagaolirMx pa3HoM anUTONHON crneluduyHocThio. Ha ux ocHoBe Oblia pa3pa-
6otana MDA Tect-cucrema 1o Ty coHABUY. CrieninduIHOCTh momydeHHbIX MAT Oblla TIoaTBepKIeHa C
MICIOIb30BaHNEM KOMMEPUYECKOTO penapara «bepurept». s mpurotosieHns KaanopatopoB C1-INH 6511
abUHHOOUYMIIICH 13 TUIa3Mbl KPOBH YEJIOBEKA C MCIOJIb30BaHMEM COpOeHTa ¢ MMMOMIN30BaHHBIMI MAT.
Wpentmanocts 0enky C1-INH moarsepxxmanu mpu rmomolinu ainekrpodopesa B ITAATL, UMMyHOOIOTTHHTa U
macc-criekrpomeTpun Ha MALDI-TOF/TOF macc-cnekrpomerpe UltrafleXtreme. [I1st olieHKH IToKa3aTe-
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Jieil kadyecTBa pa3paboTaHHOro Habopa peareHTOB ObLIM MPOBeIeHbl uccaeaoBaHus B cooTBeTcTBUU ¢ TOCT
P 51352-2013 u TY 21.20.23-041-01967164-2022. 3HaueHus1 IToKa3aresjieil KauecTBa: TOYHOCTh (TTPaBUJIb-
HOCTb) — 93,53%; uHTEepBaj JMHENHOCTH U3MepeHuit — 22,00-176,07 ar/mi. IlpucyrctBue nHTEPDEPUPY-
IOLIMX areHTOB (reMOorjJo0uHa, OUIUpyOrHa, TPUINIMLEPUIOB) He BIUsII0 HA 3¢PEKTUBHOCTb udMepeHuil. C
oMol paszpaboranHoii MDA TecT-crcTeMbl HaMU OBUTA MCCJIETOBAaHBI 28 CHIBOPOTOK KPOBH 3I0POBBIX
JIOHOPOB U 7 CBIBOPOTOK KPOBH IAlIMEHTOB C MOATBEpXKAeHHBIM auarHo3oM «HAO». B atux ke obpasiax
onpenensuiu coaepxkanvue C1-INH npu momomnu TypOMaAUMETpUIESCKOTO METOAA, MCITONb3ys MEAULIMHCKOE
n3nenne «PeareHTbl TMarHOCTUYECKUE 1T MMMYHOXMMWYECKUX WMCCICIOBAHMUI in Vitro criel(UIecKrX
6enkoB KpoBu. Monenb: Cl-unruourop acrepassl (C1 EsteraseInhibitor)» (Aptec, bensrust). Koadbdummenr
Koppesust coctaBui 0,94 (p < 0,05). Be10 ycTaHOBIIEHO, YTO IMATHOCTUYECKASI IyBCTBUTEIIBHOCTD M CITEII-
U(PUYIHOCTh pa3paboTaHHOM TecT-cucteMbl coctanisier 100%. B pesyibrate mpoBeAeHHOIO MCCIIEI0BAHUS
pa3pabotaHa opurnHaibHass MDA tect-cucteMa mist konnuectBeHHOTO onpeneneHuss C1-INH «Habop pea-
TE€HTOB 11 UMMYHOMEPMEHTHOTO KoJinuecTBeHHOoro onpeaenacHus Cl-unruouropa yenoseka (Cl-inh PS)».

Knroueswie cnosa: CI-uneubumop, MOHOKAOHAAbHOE AHMUMENO, UMMYHOGEPMEHMHbLI aHAAU3, mypoudumempus, Kaiubpamop,
KOpensiyUOHHbLI AHAAU3

QUANTIFICATION OF C1 ESTERASE INHIBITOR IN HUMAN
SERUM BY ENZYME-LINKED IMMUNOSORBENT ASSAY:
CORRELATION WITH TURBIDIMETRIC IMMUNOASSAY

Gorbunov N.P.2 Zhakhov A.V.2 Gorbunova I.N.2, Milichkina A.M.3,
Drozd 1.V.2, Gubanova A.V.2 Danilova E.M.?, Kuznecova R.N.2,
Savin T.V.2, Burtseva A.G.2, Pigareva N.V.2, Ischenko A.M.?,
Totolian Areg A.»"

4 Saint Petersburg Pasteur Institute, St. Petersburg, Russian Federation
b First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. C1 inhibitor of serine proteases (C1-INH) performs a regulatory function in the complement
system and vascular permeability. Deficiency of C1-INH leads to various forms of angioedema, including
hereditary angioedema (HAE). The cause of HAE is a genetically determined violation of the synthesis of
CI1-INH. A decrease in the level of C1-INH to 50% relative to the norm leads to an increase in the production
of bradykinin, which is the basis for the diagnosis of HAE. The development of affordable ELISA for the
quantitative determination of C1-INH is a popular direction for clinicians. During the development of a
new Kkit for quantitative determination of C1-INH, two mouse monoclonal antibodies (mAb) with different
epitope specificities were obtained. On their basis, a sandwich-type ELISA was developed. The specificity
of the obtained mAb’s was confirmed using the medical device “Berinert”. To prepare calibrators, C1-INH
was affinity purified from human blood plasma using a sorbent with immobilized mAbs. The identity of
the C1-INH protein was confirmed by PAGE electrophoresis, immunoblotting, and mass spectrometry on
MALDI-TOF/TOF UltrafleXtreme mass spectrometer. To assess the quality indicators of developed reagents
kit, studies were carried out in accordance with GOST R 51352-2013 and TU 21.20.23-041-01967164-2022.
Values of quality indicators: accuracy — 93.53%; measurement linearity interval — 22.00-176.07 ng/mL. Using
the developed ELISA test system, we examined 28 blood sera from healthy donors and 7 blood sera from
patients with confirmed HAE. In the same samples, the content of C1-INH was determined by turbidimetric
method, using the "Diagnostic reagents for in vitro immunochemical studies of specific blood proteins. Model:
Cl-esterase inhibitor (C1 EsteraseIlnhibitor)" (Aptec, Belgium). The correlation coefficient was 0.94 (p < 0.05).
It was found that the diagnostic sensitivity and specificity of the developed ELISA is 100%. As a result of the
study, an original ELISA test system for the quantitative determination of C1-INH was developed "Reagent kit
for enzyme-linked immunosorbent assay of human C1-inhibitor (C1-inh PS)".

Keywords: C1 inhibitor, monoclonal antibody, enzyme immunoassay, turbidimetry, calibrator, correlation analysis
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Introduction

C1 esterase inhibitor (C1-INH) belongs to the
superfamily of serine protease inhibitors (serpins) and
is a single-chain highly glycosylated protein. The main
function of CI1-INH is to control the inflammatory
response by inhibiting spontaneous complement
activation via the classical and lectin pathways, as
well as regulate vascular permeability by inactivating
proteases of the fibrinolytic, coagulation, and kinin
pathways, preventing unregulated production of
bradykinin [2, 3].

Deficiency of the C1-INH inhibitor leads to in-
creased generation of complement anaphylatoxins,
which stimulate the release of vasoactive amines by
mast cells and eosinophils and cause a strong inflam-
matory response. The weakening of control over
the activation of contact systems leads to enhanced
production of the powerful vasodilator bradykinin. In
both cases, this leads to systemic inflammation, which
manifests in the form of angioedema (AE) [2, 4].

The most severe manifestation of AE is here-
ditary angioedema (HAE), which can occur in
presence or absence of urticaria, accompanied by
repeated, self-limiting relapses and not reversed by
antihistamines [1].

The cause of HAE disease is a rare dominant
mutation in the human autosome, which leads to
genetically determined defects in the genes encoding
C1-INH synthesis. The incidence of HAE ranges
from 1:20,000 to 1:100,000 [1, 6].

The symptoms of AE are similar to those of other
diseases (allergies, asthma, inflammatory processes,
etc.), which causes difficulties in determining of its
cause, diagnostics and choosing a therapy strategy
by clinicians. A decrease in the level of C1-INH to
a value below 50% of normal (20-40 mg/L) is strictly
associated with the diagnosis of HAE, which makes it
relevant to determine its concentration in the blood of
patients [5, 6].

In this regard, the aim of the work was to develop
an available ELISA test system for the quantitative
determination of C1-INH, which can compete with
other registered more expensive test systems.

Materials and methods

Human serum samples

The panel of serum samples from healthy donors
and confirmed type I HAE patients was provided by
the Pasteur Institute Medical Center (St. Petersburg,
Russia).

Obtaining mouse monoclonal antibodies (mAbs)
against human C1-INH

Monoclonal Abs against human CI1-INH used
to develop human CI1-INH enzyme-linked im-

munosorbent assay (ELISA) test system were obtai-
ned according to Kohler and Milstein hybridoma
technology. To immunize animals (Balb/c mice),
commercial intravenous human CI1-INH «Berinert»
(Aptec) was used. Immunization was carried out in
three stages with 31 day interval. At the first stage,
20 pg of protein together with Freund’s complete
adjuvant (FCA) was administered subcutaneously
by footpad injection. Re-immunization was carried
out with the same dose of antigen with Incomplete
Freund’s Adjuvant (IFA), followed by booster dose of
100 mg protein in saline.

Six days after boosting, lymphocytes were harvested
and fused with SP 2/0 mouse myeloma cells. The cells
were cultured in RPMI-1640 (Sigma) supplemen-
ted with 10% fetal bovine serum (Sigma) and HAT
selection agent (Sigma) containing hypoxanthine,
aminopterin, thymidine. Thus obtained hybridoma
clones were screened by ELISA. The antigen was
immobilized on the plate well surface, then the
supernatants from hybridoma cells were added to
the wells, and the resulting immune complexes were
detected using commercial goat anti-mouse IgG
conjugated with horseradish peroxidase (A4416,
Sigma). mAbs were produced by intraperitoneal
injection of hybridoma cells into experimental
animals, followed by collecting of ascitic fluid once
ascites was developed. To purify the mAbs, ascitic
fluid was preliminarily precipitated with ammonium
sulfate and applied to a column filled with a protein
A resin (MabSelectXtra, GE), elution was carried out
according to the manufacturer’s instructions, having
regard to the antibody isotype, previously determined
using Mouse Monoclonal Antibody Isotyping Rea-
gents (ISO 2, Sigma).

Monoclonal antibodies labeling with horseradish
peroxidase

Monoclonal Ab conjugates with horseradish pe-
roxidase were obtained by the periodate-oxidation
method.

Development of an enzyme-linked immunosorbent
assay test system for determination of human C1-INH

To create a sandwich-type ELISA test system for
determination of human CI1-INH, a seclection of
mADbs with different epitope specificity was made. For
this purpose, each of the obtained mAbs was tested
as both a capturing (immobilized on the wells of the
plate) and detecting (conjugated with horseradish
peroxidase) antibody with respect to other mAbs
against CI-INH. Concentration of CI1-INH in
the calibration samples was selected by successive
dilutions of the initial sample. The sample was diluted
until no saturation of capture antibodies with C1-INH
was observed. The titer of capturing antibodies was
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selected in order to ensure optimal characteristics of
the ELISA test system, i.e., the consistency of the
following parameters: low background values, the
calibration sample signal level providing a relatively
linear relationship between CI1-INH concentration
and optical density values on the calibration curve.
The titer of the conjugate was determined by ELISA.
The antigen was immobilized on the plate well surface,
then serial dilutions of the tested mAb HRP conjugate
were added into the wells, and the first dilution after
which a decrease in the signal level was observed
relative to the previous dilution was determined.

Preparation and characterization of human
C1-INH for calibration samples

Human CI1-INH was obtained by chromatogra-
phy purification from blood plasma using an affinity
sorbent with immobilized monoclonal antibodies.
Phosphate-buffered saline, pH 7.5 was used as an
equilibration buffer, and 3M MgCl, solution was
used as an eluent. The matrix for affinity sorbent
was BrCN-activated Sepharose 6B (GE), antibodies
were immobilized according to the manufacturer’s
instructions.

The physicochemical and immunological pro-
perties of the obtained human C1-INH were compared
with human C1-INH from “Berinert” drug (Aptec)
using such methods as SDS-PAGE, immunoblotting,
ELISA, and mass spectrometry on UltrafleXtreme
MALDI-TOF/TOF mass spectrometer.

Study of the analytical characteristics of an expe-
rimental test system for the quantitative determination
of human C1-inhibitor

Such parameters as the accuracy (correctness) of
measurements, assessment of control samples K1*
and K27, precision under reproducibility conditions;
sensitivity, detection limit, linearity, analytical mea-
surement range; possible influence of interfering
substances in blood serum samples; concordance
with the reference medical device (MD), diagnostic
significance were determined.

To evaluate these parameters, the components of
the developed ELISA testsystem (calibration and cont-
rol samples) were used, as well as 2 panels of biological
samples: the first comprising 24 sera from healthy
donors, and 11 sera from patients with confirmed
HAE; the second comprising 28 sera from healthy
donors, and 7 sera from patients with confirmed type
I HAE. As a reference MD, a commercial C1 Esterase
Inhibitor assay kit (Aptec) was used, designed for the
analysis of C1-INH by the turbidimetric method on a
FURONO 270 Clinical Chemistry Analyzer.

To assess the possible influence of interfering
substances in blood serum samples, solutions of

hemoglobin 1000 mg/dL, bilirubin 60 mg/dL, tri-
glycerides 50 mg/dL were used.

Results and discussion

As a result, two mouse monoclonal antibodies,
Cl1-1i and C1-2i, against human C1-INH were ob-
tained.

The antibodies were characterized by ELISA and
immunoblotting. The specificity of the obtained
antibodies was confirmed by detection in the above
assay of the immune complex of target antibodies with
the CI1-INH protein contained in the commercial
“Berinert” drug (control protein), a similar complex
was also detected in the presence of human blood
serum. One band was stained on the nitrocellulose
membrane, corresponding to the molecular weight of
C1-INH, 105 kDa, when analyzing a sample loaded
to the gel without addition of B-mercaptoethanol. It
was determined that the mAbs have different epitope
specificity, which made it possible to implement the
developed ELISA test system as a sandwich-type
assay, where one of the antibodies is capturing and
immobilized in the wells of the plate, and the second
one is detecting and conjugated with horseradish
peroxidase.

A combination of mAbs was determined for the
developed ELISA test system, where mAb C1-2i is
capturing, and mAb C1-1i is detecting.

A sample of human CI-INH was obtained and
characterized, intended for the preparation of ca-
libration samples. This sample was analyzed using
various analytical methods. According to SDS-
PAGE, the molecular weight of the protein was
105 kDa, which corresponded to the molecular
weight of the control protein. According to the
results of immunoblotting using a conjugate of
the obtained specific mAb against CI1-INH with
horseradish peroxidase (CIl-1i-HRP), one band
was observed on the nitrocellulose membrane,
corresponding to the molecular weight of the control
protein. MALDI-TOF/TOF mass spectrometric
analysis on UltrafleXtreme mass spectrometer
was also carried out. The processed spectra were
used to identify proteins by accessing the NCBI
or SwissProt databases using MASCOT. The
mass determination error was limited to 20 ppm.
According to the analysis, the studied protein was
reliably identified as "complement Cl-inh [Homo
sapiens]” (NP_000055.2); the Score value was 491
with a threshold value of 68.

Studies of the developed original ELISA test system
for the quantitative determination of C1-INH were
carried out. In the study of the diagnostic significance,
sera from the first panel of biological samples were
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Figure 1. Results obtained when studying the diagnostic significance for the developed original ELISA test system for

the quantitative determination of C1-INH
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Figure 2. Results obtained when studying concordance with reference MD for the developed original ELISA test system for
the quantitative determination of C1-INH
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TABLE 1. CHARACTERISTICS OF THE DEVELOPED ORIGINAL ELISA TEST SYSTEM FOR THE QUANTITATIVE

DETERMINATION OF C1-INH, OBTAINED DURING THE STUDY

Parameter

Value

Accuracy

within 90-110%

Limit of detection

2.00+0.60 ng/mL

Analytical measuring range

22.00 to 175.00 ng/mL

Linearity

within 90% to 110%
in the range from 22.00 to 175.00 ng/mL

Repeatability and reproducibility

the coefficient of variation (CV) does not exceed 15%

Concordance with reference MD corresponds
Diagnostic specificity 100%
Diagnostic sensitivity 100%

analyzed. The value of diagnostic sensitivity and
diagnostic specificity was determined to be at the level
of 100%, which indicates the absence of both false
negative and false positive results. Based on the data,
a graph (Figure 1A) and a histogram (Figure 1B) were
plotted, reflecting statistically significant differences
between the studied groups of sera, and Figure 1C
shows the data used to plot the above graphs.

In the study of concordance with the reference
MD, a correlation graph was plotted reflecting the
relationship between the values of C1-INH, mg/dL,
determined using the developed test system, and the
values of CI-INH, mg/dL, determined using the
reference MD (Figure 2). For this study, a second
panel of biological samples was used. The coefficient
R was determined to be 0.940, p < 0.05. The value of
this coefficient indicates a strong positive correlation
of data on the level of C1-INH in the studied samples
analyzed using the two test systems. The graph of the
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AKTUBHOCTb 94EPHOIO0 ®AKTOPA TPAHCKPUINLUUN
kB (NF-xB) B nonynauuax NTMMoOLUTOB Y AETEN

C BOJIE3HbIO BUJIbCOHA-KOHOBAJIOBA

Kypo6arosa O.B., Ilerpuuyx C.B.,, Ryniosa JI.I'.}, Moscucsau I'.B.},
Pageirmaa T.B.!, Komaposa A.Jl.l, Auymenko A.O.!, ®peitgianu E.B.},
Cemuruna EJL' 2 IToranos A.C." %, ®ducenko A.IL!

T @IAY « HayuonanvHolii MeOuyuHcKuil uccaedogamensckuii yenmp 300poevs demei» Munucmepcmea
3dpasooxpanenusi PO, Mockea, Poccus

2@DIAOY BO «Ilepswiit Mockosckuii 2ocydapcmeennbiii meduyunckuil ynuseepcumem umenu M. M. Ceuenosa»
Munucmepcmea 30pasooxpanenus PO (Ceuenosckuii ynusepcumem), Mockea, Poccus

Pe3iome. bonesnr Bunbcona (bB) — peakoe HaclieACTBeHHOe 3a0oJjieBaHUE, BbI3BaHHOE Ae(ULIMTOM
tpaHcnioptepa AT®7B. HakomnieHre Meay MOXeT BbI3bIBaTh IMMOBPEXIAECHNE OPTaHOB U KJIETOK, IPEUMYIIIe-
CTBEHHO IeyeHu. Bo3nelicTBrue Meau MOXET MOMYJIUPOBaTh CUHTE3 IUTOKWUHOB MOCPEICTBOM MOJIEKYJISIP-
HBIX U KJI€TOYHBIX CUTHAJIbHBIX ITyTel, BKJII0Yas MyTh siaepHoro dakropa TpaHckpunuuu NF-kB. NF-xB
SIBJISIETCS TJIaBHBIM PETYJISITOPOM BOCHAIEHUS U TMOEIM KJIETOK, NECTBYET KaK IIEHTPaJbHOE 3B€HO MEXIY
MOBpPEXIAECHUEM TIe4eHU, (UOpPO30M U renatoue/UTIoasIpHoi KapiuHoMbl. M30bTok NF-kB-3aBucrumoro
IIUTOKWHOBOTO OTBETAa CTUMYJIMPYET BOCIIAJIUTEIbHbBIE peaKkiii, HO U Ype3MepHoe nHruoruposanue NF-xB
MOXKET HEraTUBHO BJIUSITh Ha XMW3HECIIOCOOHOCTh IelaTolMTOB. MeToa MpPOTOYHOI [IUTOMETPUM C BU3ya-
nuzanueit — Amnis ImageStream* mosBoJisier oleHUTh aKTUBHOCTL NF-kB (% akTUBHpOBaHHBIX KJIETOK, B
MOMYJSIMIX KIeToK). Lleab padoTel — olleHUTh akTUBHOCTh NF-kB B monyasiusax 1uM@bOIMTOB y AeTei C
6one3Hb0 Bunbcona—KoHoBaioBa. UMMyHOMbeHOTUITMPOBaHME JUMPOIIMTOB U OLIEHKY YPOBHS TPaHCJIO-
kauuu NF-kB nmpoBoaunu y 52 pedbenka ¢ bB u y 25 nereit rpymiribl cpaBHeHUsI. MacCOBYI0 KOHLIEHTpaLIUIO
MeIU B CYyTOYHOI MOYe ONpeesisiIi aTOMHO-a0COpPOIIMOHHBIM METOIOM C TOMOIIIBIO ClIeKTpoMeTpa AAnalyst
800. Y nmereit ¢ BB conepxxanue kieTok ¢ TpaHciiokanueid NF-xB BapsupoBano ot 5 1o 90% B 3aBUCUMOCTH
OT MONYJISIIUU JIMM(POLIMTOB, HAMOOJIBIINI YPOBEHbD BhISIBIIEH B B-KkiteTkax u coctaBun 57,5 (37-68) %. Io-
Ka3zaHa JOCTOBEpHas pa3HMIIa B paclpeneaeHUsIX KoJIMYecTBa KJIeToK ¢ TpaHciaokaleir NF-«kB B momyJsi-
nusx aumapouuToB Mexay bB u 3nopoBeiMu netbmu (F-kputepuii, p < 0,01). s neteit ¢ BB B 60JibLIMH-
CTBE CJIyJasix XapaKTepHO CHUKeHUE aKTUBHOCTU (bakTopa TpaHckpunuuu NF-«B B momynsauusx B-kieTok
(B43% cnyuyaeB), T-xenmnepoB (48%), T-untotokcudeckux (44%) u Thl17-numdoruros (41%). Y nereii c BB
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KOHIIEHTpAIMs MeIN BapbupoBaja ot 9,7 mo 2582 Mkr/cyT, Med = 616 (210-1173). [TonydeHa npsimast 3aBH-
CHUMOCTb MEXKY COllep>KaHUEM MeaUu B Moue U ypoBHeM TpaHciaokauuu NF-kB B B-numdponuurax, r = 0,34,
p =0,016. AktuBHOCTh hakTOpa NF-xB KoppenupyeT ¢ GMOXMMUIECKUMU MapKepaMU TSKECTU TTOPaKEHUST
neueHu (AJIT, ACT, I'TT) u c conepkaHuem Meau B Moue. MccaenoBaHue curHaibHoro nytu NF-«kB npen-
CTaBJISIETCS TIEPCHEKTUBHBIM JUTSI OOJIBIIETO0 MOHMMAaHUS MAaTOTeHETUYECKUX MEXaHU3MOB (DOPMUPOBAHUS
MpPOLIeCCOB BOCIajeHus U (pudpo3a rneyeHu y aereii ¢ bB.

Knroueswie crosa: demu, 6oae3ub Buavcona— Konoeanosa, aumgpouumut, Th17, Tc17, npomounas yumomempus ¢ euzyasuzayuei,
NF-xB

NUCLEAR TRANSCRIPTION FACTOR kB (NF-xB) ACTIVITY
IN LYMPHOCYTE POPULATIONS IN CHILDREN WITH WILSON-
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Abstract. Wilson’s disease (WD) is a rare hereditary disease caused by a deficiency of the ATF7B transpor-
ter. The accumulation of copper can cause damage to organs and cells, mainly the liver. Copper exposure
can modulate cytokine synthesis through molecular and cellular signaling pathways, including the nuclear
transcription factor NF-kB pathway. NF-«B is the main regulator of inflammation and cell death, acts as
a central link between liver damage, fibrosis and hepatocellular carcinoma. An excess of NF-kB-dependent
cytokine response stimulates inflammatory reactions, but excessive inhibition of NF-kB can negatively affect
the viability of hepatocytes. Method of flow cytometry with visualization — Amnis ImageStreamX allows to
evaluate the activity of NF-kB (% of activated cells in cell populations). The aim: to evaluate the activity
of NF-kB in lymphocyte populations in children with WD disease. Immunophenotyping of lymphocytes
and assessment of the level of translocation of NF-kB were performed in 52 children with WD and in 25
children of comparison group. The mass concentration of copper in daily urine was determined by atomic
absorption method using the AAnalyst 800 spectrometer. In children with WD, the content of cells with NF-kxB
translocation varied from 5 to 90% depending on the lymphocyte population; the highest level was detected in B
cells — 57.5 (37-68) %. A significant difference in distributions of the number of cells with NF-«x B translocation
between WD and healthy children was shown (F-criterion, p < 0.01). In most cases, children with WD are
characterized by a decrease in the activity of NF-xB in populations of B cells (in 43% of cases), T helper cells
(48%), T cytotoxic (44%) and Th17 lymphocytes (41%). In children with WD, the concentration of copper
varied from 9.7 to 2582 mcg/day, Me = 616 (210-1173). A direct relationship was obtained between the copper
content in urine and the level of translocation of NF-kB in B lymphocytes, r = 0.34, p = 0.016. The activity
of the NF-kB correlates with biochemical markers of the severity of liver damage (ALT, AST, GGT) and with
copper content in urine. The study of the NF-kB signaling pathway seems promising for a better understanding
of the pathogenetic mechanisms of the formation of inflammation and liver fibrosis in children with WD.

Keywords: children, Wilson—Konovalov disease, lymphocytes, Th17, Tc17, flow cytometry with visualization, NF-x B

primarily in the liver and secondarily in other organs,
such as the central nervous system. WD in some
patients is asymptomatic, while others develop acute
liver failure. Verification of the diagnosis requires a

Introduction

Wilson’s disease (WD) is a rare hereditary disease
caused by a deficiency of the ATP7B transporter.
The protein encoded by this gene promotes the

incorporation of copper into the copper-containing
protein, ceruloplasmin. In WD, copper accumulates

combination of clinical signs and diagnostic tests such
as decreased serum ceruloplasmin levels, increased
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urinary copper excretion, liver biopsy or genetic
testing [3, 6].

Copper (Cu) is an essential micronutrient, however,
excessive accumulation of copper can cause damage to
organs and cells, catalyze the formation of free radi-
cals and trigger lipid peroxidation. Malondialdehyde
formed as a result of lipid peroxidation stimulates
collagen synthesis, promoting fibrogenesis. The toxic
effect of copper on the liver tissue can manifest itself
in the form of fatty degeneration of hepatocytes,
hepatitis, fibrosis and cirrhosis of the liver [12]. The
toxicological and inflammatory effects of Cu have
been investigated in various animal models and
cells [2]. It has been shown that excessive exposure to
Cu can modulate cytokine synthesis through various
molecular and cellular signaling pathways, including
the NF-kB nuclear transcription factor pathway,
the MAPKs pathway, the JAK-STAT pathway, and
NLRP3 pathway [2].

Disturbances in the immune system in patients with
WD have been described, progressing with an increase
in the stage of liver fibrosis and with an increase in the
concentration of copper in daily urine [5].

The transcription factor NF-kB is the main re-
gulator of inflammation and cell death, in the deve-
lopment of hepatocellular damage, liver fibrosis
and hepatocellular carcinoma, acts as a central link
between liver damage, fibrosis and hepatocellular
carcinoma, however, inhibition of NF-xB can not
only provide beneficial influence, but also negatively
affect the viability of hepatocytes, especially with
pronounced inhibition of NF-kB [7]. The p50 NF-«B
subunit plays a critical protective role in damaged
liver by limiting TNFo expression and inflammatory
cell recruitment. In an experimental model that
mimics chronic liver disease, NF-kB-mice developed
more severe neutrophilic inflammation and fibrosis
compared to NF-«B* mice [9]. However, an excess of
NF-kB-dependent cytokine response can stimulate
inflammatory responses. Therefore, NF-xB activity
should be kept under control to maintain immune
balance [8].

The modern method of flow cytometry with vi-
sualization — Amnis Image Stream X allows to eva-
luate the activity of the transcription factor NF-xB
(% of activated cells in which NF-kB passes from
the cytoplasm to the cell nucleus) in various cell
populations [1]. NF-xB activity has not been studied
in children with WD.

The aim: to evaluate the activity of NF-kB in the
populations of lymphocytes in children with WD.

Materials and methods

We examined 52 children with WD aged 6 to 18
years, Me 13.6 (11.0-16.4). The comparison group
consisted of 25 healthy children (HC) without
somatic, autoimmune, oncological pathology, com-

parable in age. Immunophenotyping of major and
minor populations of lymphocytes in peripheral blood
was performed by flow cytometry (Novocyte, ACEA
Biosciences, USA). The level of NF-«xB translocation
was assessed on pre-isolated peripheral blood mono-
nuclear cells (PBMCs) by flow cytometry with imaging
(Amnis ImageStreamX Mk II) using the Amnis
NF-«B Translocation Kit (Luminex, USA). We used
monoclonal antibodies labeled with fluorochromes:
CDI19-PE, CD4-PE, CDS8-PE, CD(16/56)-PE,
CD161-PE, CD3-ECD, CD4-PB (Beckman Coulter,
USA). The following cell populations were studied:
CD3-CD19* (B lymphocytes); CD3-CD167/CD56*
(NK cells); CD3*CD4" (T helpers); CD3"CD8* (cy-
totoxic T lymphocytes); CD3*CD161*CD4* (Th17
lymphocytes); CD3*CD161"CD8* (cytotoxic T17
lymphocytes — Tc17).

The mass concentration of copper in daily urine
was determined by the atomic absorption method
using an AAnalyst 800 spectrometer (N.E. Izmerov
Research Institute of Occupational Medicine).

Statistical processing of the obtained data was
carried out using the Statistica 10.0, descriptive
statistics of the indicators are presented in the
form: Me (Qu25-Q-5). To assess the significance
of differences between groups, the nonparametric
Mann—Whitney test, the Wilcoxon test for conjugated
pairs, and the Fisher test were used. Differences were
considered statistically significant at p < 0.05.

Results and discussion

The content of cells with NF-kB translocation in
different populations differed significantly both in the
group of children with WD and in the comparison
group (Wilcoxon test for conjugated pairs, p = 0.000).
The highest percentage was characteristic of the
B cell population (WD — 57.5 (37-68) %; HC —
58.4 (43-79) %), the smallest for T cells (WD — 16.4
(13-24)) %; HC — 17.6 (16-21) %), intermediate
values were found in the NK cell population (WD —
27.1 (19-43) %; HC — 27.8 (20-34) %). The Mann—
Whitney test did not reveal significant differences
between the groups in terms of the content of cells
with NF-xB translocation, however, due to the
large scatter of indicators in the group with WD, a
significant difference was shown in the distribution
of indicators in groups according to the F-criterion
(Figure 1A, p < 0.01). The distributions of NF-kB
activity in the studied populations differ, with the
exception of B cells.

In children with WD, NF-xB activity in Tcl7
lymphocytes was 20.8% (12.5-32.5) and exceeded
NF-«xB activity in T helpers (p = 0.024), Thl7
(p =0.000) and cytotoxic T — lymphocytes (p =0.001)
(Figure 1B). In children of the control group, NF-«xB
activity in Th17 lymphocytes was 19.3% (17-21) and
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Figure 1. Content of the main and small populations of lymphocytes with NF-«xB translocation in children with wd and

healthy children
Note. *, F-test, p < 0.01.

exceeded NF-«xB activity in T helpers (p = 0.033)
(Figure 1C).

To identify the features of NF-kB activity in the
group of children with WD, we performed a frequency
analysis of the distribution of indicators in all the
studied populations of lymphocytes. It was found
that the content of cells with NF-kB translocation in
B lymphocytes varied from 25 to 90%. At the same
time, only in 45% of patients with WD, the content
of cells with NF-xB translocation in B lymphocytes
corresponded to the level of the comparison group,
in 43% of patients this indicator was reduced, and in
12% of patients it was increased (Figure 2A).

The content of cells with NF-kB translocation into
NK cells varied from 5 to 70% of activated cells, only
in 29% of patients with WD the content of NF-«xB
in NK cells corresponded to the level of the control
group, in 42% of patients this indicator was higher
than the control group, decreased in 29% of patients
(Figure 2B). The content of cells with NF-«B
translocation in the T helper (CD4%) population was
characterized by less variability — from 10 to 50% of
activated cells, and in most children with WD (48%) a
decrease in this indicator was noted, and corresponded
to the level of the comparison group only in 21%
of patients (Figure 2C). A similar distribution was
also characteristic of the T-cytotoxic lymphocyte
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Figure 2. Distribution of the number of cells with NF-kB translocation in different populations of lymphocytes in children

with WD

population: a decrease in 44% and an increase in
29% of patients (Figure 2D). The content of cells
with NF-kB translocation in the Th17 lymphocyte
population was reduced in 41%, increased in 26% of
patients (Figure 2E). In the Tc17 lymphocyte popu-
lation, a decrease was found in 31% and an increase
in 38% of patients (Figure 2F). An increase in NF-«xB

activity was most characteristic of the NK cell
population (42% of observations), and the increase
in the content of cells with NF-kB translocation in
children with WD reached 70%.

It is interesting to note that in children with WD,
the translocation level indicators are comparable
with those of the comparison group (medians do
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not differ significantly), in contrast to children with
autoimmune diseases (IBD, psoriasis), who have an
increased level of NF-«B activity [4, 10, 11].

The number of lymphocytes with reduced NF-kxB
activity in the studied populations ranged from 29 to
48% of patients. This fact may be explained by the fact
that lymphocytes reflect the intensity of inflamma-
tory processes in the liver, which is consistent with the
data of Luedde T. that complete blockade of NF-xB
in hepatocytes enhances liver damage [7].

At the next stage of the study, we analyzed the
correlations between the content of major and minor
populations of lymphocytes and the percentage of
activated cells in these populations. An analysis
of cellular immunity parameters in this cohort of
children with WD confirms the previously published
data on the presence of an increase in the content
of T helpers, regulatory T cells, Th17 lymphocytes
and activated T helpers against the background of a
decrease in cytotoxic T lymphocytes and NK cells
relative to the comparison group [5].

An inverse correlation was found between
the relative number of B cells and the number of
B lymphocytes with NF-xB translocation, r = -0.347,
p = 0.012. Correlation analysis between the content
of other populations of lymphocytes and activated
cells with NF-kB translocation in these populations
did not reveal statistically significant relationships.
The level of NF-«xB translocation in the lymphocyte
populations of children with WD also did not depend
on age.

Significant sensitive markers of liver damage
and the proportion of affected cells with NF-«xB
translocation were identified. Thus, the concentration
of alanine aminotransferase (ALT) increased with
an increase in the number of activated cells with
NF-«B translocation in the populations of T helpers
(r = 0.53, p = 0.000), T lymphocytes (r = 0.5,
p = 0.000), cytotoxic T lymphocytes (r = 0.48,
p = 0.000), Th17 lymphocytes (r = 0.41, p = 0.003)
and NK cells (r=0.32, p =0.023). The concentration
of aspartate aminotransferase (AST) increased with an
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LUUTOKWUHbI CJTIOHbI MPOTUB NMNJIASMbl KAK BO3MO>XHbIE
NPEQUKTOPbI TAXXECTU AYTUSMA Y AETEM

dummnmoBa 010, AnekceeBa A.C,, JlearoBa E.B., Pycakosa R.A,,
Bbypmucrpona A.JL

@I'bOY BO «YHensbunckuii eocydapcmeennuiii ynugepcumem», e. Yensbunck, Poccus

Peswome. PaccTpoiictBa aytuctuueckoro cnekrpa (PAC) aBasIoTCS HIUPOKO PACIIPOCTPAHEHHBIMU, TETE-
POTEHHBIMU HAPYLICHUSIMUA HEMPOPA3BUTHUS C MHOXKECTBEHHOI 3TUOJIOTUEN, TTIOATUTIAMU U TPAEKTOPUSIMU
pa3BUTHUS, IJ11 KOTOPBIX OTCYTCTBYIOT TOCTYIHBIE U 3 (heKTUBHBIE OMOoMapKepbl. BaxkxHbIM (hakTOpOM prcKa,
CITOCOOCTBYIOIIUM Ae(ULIMTY pPa3BUTUSI HEPBHOI crcTeMbl, HabaogaeMomMy npu PAC, sBisieTcst UMMYHHAas
IUCOhYHKIMS, KOTOpasi MPOSIBISIETCS B TOM YMCJIE TUCOAIAaHCOM IIUTOKWHOB B MO3re 1 Ha nepudgepun. B mo-
cJIeIHUE TOJIbl B KAYeCTBE OMOJIOTUYECKOTO MaTepraia st nuarHoctuku PAC nmpeaioxeHa ciiioHa, 4To 00y-
CJIOBJIEHO IOCTYMTHOCTBIO U HEMHBA3UBHOCTHIO METO/Ia €€ MoJTydeHus. BMecTe ¢ TeM, BOMpoc 0 TOM, MOTYT JIU
YPOBHU LIUTOKWUHOB B CJIIOHE OBITh UCIIOJIb30BaHBI B KauecTBe 3(PPHEeKTUBHBIX pAHHUX OMOMapKepOB ayTHU3-
Ma TpeOyeT MOTIOTHUTETbHBIX UCCIENOBaHWM, B TOM YHCJIE CPAaBHEHU: CJTIOHA TIPOTUB TIJIa3Mbl/CHIBOPOTKU
KpPOBH.

Llesb — TIpoBeCTU CpaBHUTENBHBIN aHaIU3 ypoBHel uTokuHOB: 1L-6, IFNy, TNFa, IL-1B, IL-4, IL-10,
B CJIIOHE U TUIa3Me KPOBU IS BBIIEIEHUS BO3MOXHBIX MapkepoB PAC 1 UX TSIKECTH y IeTei.

B uccnenoBanue 0buTO BKITIOUEHO 11 gereit c TunmmyHbIM HeiipopaszsutreM (TPI) u 55 geteit c amarHozom
PAC, cpenu koTtopbix 37 4e0BEK UMENH JIETKYIO WM YMEPEHHYIO CTeTIeHb TsxkecTr aytusma (1o CARS), a
18 meteii — TsKey10. Y Beex IeTeli OMHOMOMEHTHO ObLUTU COOpaHbl 00pa3libl HE CTUMYJIUPOBAHHOM CMEIIaH-
HOM CITIOHBI ¥ BeHO3HO KpoBu. KoHneHTpaumnu nutokuHoB: 1L-6, IFNy, TNFa, IL-13, IL-4, 1L-10, ciioHe
onpeaesan multiplex Luminex™ analysis. ITazMeHHBIe ypOBHU TeX K€ IMTOKMHOB OLIEHUBAJIU C TOMOIIbIO
ELISA. Paznuuus Mexxay rpyriamMu mpoBepsiiv ¢ moMolibio U-kputepust Kpackena—Yonnuca, ¢c anoctepu-
OpPHBIMHU TIOTTAapHBIMU cpaBHeHUsIMU TTI0 KoHOBepy— M HManHy, MexX 1y oOpa3iiamu (1ra3ma/ciiioHa) — IapHo-
To KpuTepusl YUIKokcoHa. Hajinuue 3aBUCUMOCTH MEXIY KOHLIEHTPALMSIMU LIUTOKWHOB B TIa3M€ U CITIOHE
OMPEIEIISIIIA C TIOMOIIBIO JIMHEWHOU perpeccun MetonoM RMA.

Bo Bcex ob6cirenyeMbix rpyrimax ypoBHU 1L-6, IFNy u IL-10 B cmioHe 6btr HUXKe, a TNFa, IL-1pn [L-4 —
BBIIIIE, YEM COOTBETCTBYIOIINE YPOBHU TEX K€ IIMTOKWHOB B T1a3Me. He 3aBUCUMO OT COCTOSTHUS 3I0POBbe/
00J1e3Hb, 3HAYMMBIX KOPPEJISILIUIA MEXTY YPOBHSIMU [IUTOKWUHOB B CJIIOHE U MJ1a3Me y IeTeil He OOHapy>KeHO.
3HAYMMBIX Pa3IN4YUi B KOHLIEHTPALMSIX IIMTOKUHOB CITFOHBI MEXY IETbMU C JIETKOU U TSXKETOU CTETIEHBIO
PAC He oOHapyxeHo, ogHako ypoBHU IL-1p 6butn 3HauMMo HuxXe, a IL-10 — BbIle, B ciItoHEe 00erX rpymm
nereii ¢ PAC, o cpaBHenwuto ¢ TP/I.
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TakuM 06pa3oM, HIMTOKUHBI CIIOHBI MOTYT OBITh MCITOJIb30BaHbI B KayecTBe MapkepoB PAC y neteii, HO He
TSIKECTH cOCTOsTHUS. OTCYTCTBUE KOPPEISIIUI B YPOBHSIX HEKOTOPBIX TTPO-/TIPOTUBOBOCTIAJIMTETbHBIX ITUTO-
KUHOB MEXY CIIIOHON 1 TIJIa3MO¥ KPOBU, BEPOSITHO, MOXET CBUIETEILCTBOBATh 00 0COOOM MUMMYHOJIOTHUYE-
CKOM CTaTyce 3KOJOTMYECKOU HUIIU — POTOBAsI MTOJOCTbh.

Knrouegwie crosa: UUMmMoOKUHbL, CAIOHA, naasma, paccmpo[lcmea aymucmu4eckKoeo cnekmpa, 0emu, duaeHocmuka

SALIVA VERSUS PLASMA CYTOKINES AS POSSIBLE
PREDICTORS OF AUTISM SEVERITY

Filippova Yu.Yu,, Alekseeva A.S., Devyatova E.V,, Rusakova K.A,,
Burmistrova A.L.
Chelyabinsk State University, Chelyabinsk, Russian Federation

Abstract. The autism spectrum disorders (ASD) are now widely accepted as a pervasive, complex,
heterogeneous neurodevelopmental disorders with multiple etiologies, subtypes, and developmental trajectories.
There are no available and effective biomarkers for them. Immune dysfunction is seen as an important risk factor
contributing to the neurodevelopmental deficit in ASD, and is signified, among other things, by an imbalance
of cytokines in the brain and on the periphery. In recent years, saliva has been proposed as a biological material
for diagnosing ASD, due to the accessibility and non-invasiveness of the method for its production. However,
the question of whether salivary cytokine levels may be used as effective early biomarkers for autism requires
further research, including saliva versus plasma/serum comparisons.

Aim: a comparative analysis of the levels of cytokines: IL-6, IFNy, TNFa, IL-1pB, IL-4, IL-10, in saliva and
blood plasma to identify possible markers of ASD and their severity in children.

The study included 11 children with typical neurodevelopment (TDC) and 55 children with ASD, among
whom 37 children had mild or moderate autism (according to CARS), and 18 children had severe autism.
Samples of unstimulated mixed saliva and venous blood were simultaneously collected from all children.
Salivary concentrations of cytokines: IL-6, IFNy, TNFa, 1L-1B, 1L-4, 1L-10 were determined by multiplex
Luminex™ analysis. Plasma levels of cytokines were assessed by ELISA. Differences between groups were
tested using the Kruskal—Wallis U-test with post-hoc Conover—Inman comparisons, between samples (saliva/
plasma) are using the Wilcoxon signed-rank test. The correlation between the concentrations of cytokines in
plasma and saliva was determined using linear regression by the RMA method.

In all examined groups, the levels of 1L-6, IFNy and IL-10 in saliva were significantly lower, and TNFa,
IL-1B and IL-4 were higher than the corresponding levels of the same cytokines in plasma. Regardless of health/
disease status, no significant correlations were found between salivary and plasma cytokine levels in children.
IL-1p levels were significantly lower and IL-10 levels were higher in the saliva of both groups of children with
ASD compared with TDC. No significant differences in salivary cytokine concentrations were found between
children with mild and severe ASD.

Thus, salivary cytokines can be used as markers of ASD in children, but not the severity of the condition.
The absence of correlations in the levels of some pro/anti-inflammatory cytokines between saliva and blood
plasma may probably indicate a special immunological status of an ecological niche, the oral cavity.

Keywords: cytokines, saliva, blood plasma, autism spectrum disorders, children, diagnosis

Introduction bination of genetic and environmental factors [1].
Compounding evidence supports the role of maternal

Th ti t disord ASD) i . . .
¢ autism spectrum disorders ( ) is now immune system activation (MIA), particularly due to

widely accepted as a pervasive, complex, hetero- . . . . ) .
geneous neurodevelopmental disorders with mul- infection, at the specific periods of gestation as a risk

tiple etiologies, subtypes, and developmental tra- factor for autism [10]. The exact molecular pathways
jectories [8]. Currently there are no available that lead from MIA to ASD are not clear, however,
diagnostic biomarkers and the diagnosis of ASD @ fair amount of research indicates that cytokines
is based on typical features that include repetitive and chemokines may be the key elements in this
behaviors, and impaired social communication process [13]. Normally, cytokines regulate growth,
and interaction [11]. The etiology of ASD is largely cell proliferation and synaptogenesis in nervous
unknown but, in most cases, likely due to a com- tissue. Cytokines also modulate host responses
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to infection, injury, inflammation and diseases of
uncertain etiology [7]. However, the results of the
studies addressing serum or plasma levels of cytokines
in autism appear to be inconsistent, probably due to
these inconsistencies reflect the heterogeneity of the
ASD diagnosis [12].

In addition, the invasiveness and painfulness of
the procedure combined with the neuropsychological
features of children with ASD provides difficulties
in obtaining plasma samples. In recent years, a new
direction has been developing — the use of saliva as
a biological material for the diagnosis of a number
of pathological conditions, including autism [3, 5],
which is due to the accessibility of biological material
and the non-invasive method of obtaining it.

According to the current protocol for assessing
the immunity of saliva, it is a biological fluid with a
high potential of antibacterial and antiviral molecules.
Saliva contains a large number of immune cells, among
which 95% are heterogeneous neutrophils, and the
rest are lymphocytes and myeloid cells. The antigen-
presenting cells, neutrophils in the network of cells of
the innate immune system, T- and B-lymphocytes
are predominant in the oral mucosa. Moreover, saliva
plays an important role in the regulation of the oral
microbiome. Salivary mucin, antimicrobial peptides
and proteins, produced by salivary neutrophils, help
innate selection of bacterial colonization and biofilm
formation [4]. However, the question of whether
salivary cytokine levels may be used as effective early
biomarkers of neurodevelopmental diseases requires
further research, including saliva versus plasma/serum
comparisons.

Aim: a comparative analysis of the levels of cy-
tokines: 1L-6, IFNy, TNFa, IL-1B, I1L-4, IL-10, in
saliva and plasma to identify possible markers of ASD
and their severity in children.

Materials and methods

A total of 66 children participated in the study.
The study comprised 55 children diagnosed with
autism spectrum disorders (ASD, male /female ratio
43/13, age range 3-13 years) and 11 neurotypical
children (TDC) (male/ female ratio 9/2, age range
4-13 years). The ASD children met the International
Classification of Diseases 101" Revision (ICD-10)
criteria for Childhood autism (F84.0) and Atypical
autism (F84.1), which were determined a child
psychiatrist and a psychologist. Using the Childhood
Autism Rating Scale (CARS), children with ASD
were divided into 2 groups: 37 people with mild or
moderate autism (mean CARS score 32.0+1.5) and
18 people with severe autism (mean CARS score
39.0%£3.4). The protocol for this study was approved
by the Bioethics Committee of Chelyabinsk State
University (2/2019). Written informed consent was
obtained from the parents of each child before any
study procedure was carried out.

Unstimulated mixed saliva was collected from all
children between 8:00 and 9:00 a. m., by passive flow
in SaliCaps tubes (IBL International, Germany).
One hour before sampling, ASD and TDC children
refrained from eating, drinking, mouth rinsing, and
teeth brushing. Venous blood samples in a volume of 4
mL were collected at the same time in vacuette tubes
with K;EDTA. Blood was centrifuged for 10 min at
3000 rpm to obtain plasma. Saliva and plasma samples
were stored frozen at -70 °C until assayed.

The concentrations of the cytokines: IL-6,
IFNy, TNFa, IL-1B, IL-4, IL-10 in saliva were
determined by multiplex Luminex™ analysis, using
a 41-plex Human Cytokine/Chemokine Magnetic
Bead Panel (Merck, Millipore) and a MAGPIX
analyzer (Luminex). Plasma levels of the cytokines
were measured using the commercial ELISA kit (JSC
Vector-Best, Novosibirsk, Russia) on a MultiscanEX
plate analyzer.

The statistical analysis was carried out with PAST
software (v. 4.03). Data are presented as medians and
interquartile ranges (IQR). The differences between
groups were checked using the Kruskal—Wallis
test with post-hoc Conover—Inman comparisons,
between samples (plasma/saliva) were using the
Wilcoxon signed-rank test. The correlation between
the concentrations of cytokines in plasma and saliva
was determined using linear regression by the RMA
method.

Results and discussion

The results of the assessment of the concentration
of cytokines: 1L-6, IFNy, TNFa, I1L-18, IL-4, IL-10
in the saliva and plasma of children with ASD and
TDC are summarized in the Table 1.

We found that in all the examined groups of
children (regardless of the state of health/disease), the
levels of IL-6, IFNy and IL-10 in saliva were lower,
and the levels of TNFa, IL-1p and 1L-4 were higher
than the corresponding levels of the same cytokines
in plasma. All differences were statistically significant
except for IL-6 concentrations in the TDC group
(Table 1). This may indicate the determination of the
immune response by the humoral type in saliva and by
the cellular type in plasma.

Analysis of the levels of some pro/anti-
inflammatory cytokines in saliva depending on the
presence/absence of ASD and its severity showed that
the concentrations of IL-1p were significantly lower,
and the concentrations of IL-10 were significantly
higher in the saliva of children with ASD, compared
with TDC (Table 1). Thus, in the saliva of children
with ASD, we showed the activation of the anti-
inflammatory potential, whose indicators may be
used as markers of autism, but not of the severity of
the condition.

In plasma, in contrast to saliva, children with
severe ASD have reduced concentrations of early
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TABLE 1. CYTOKINE LEVELS IN PLASMA AND SALIVA OF TDC AND CHILDREN WITH MILD / SEVERE ASD, Me (Q, ,:-Q; 75)

Parameters (pg /mL)/ TDC mild ASD severe ASD
source
L6 | saliva 0.89 1.28 1.45
(0.67-1.57) (0.92-1.69) (0.71-2.57)
2.29 1.89 3.83% **
IL-6 / plasma (0.89-3.00) (0.67-3.06) (2.31-5.78)
W,,;, = 54.0; p = 0.060 W, = 507.0; p = 0.019 W, = 146.0; p < 0.001
FNy  saliva 0.49 0.83 0.59
¥ (0.28-0.80) (0.59-1.44) (0.44-1.36)
1.13 10.48 14.58" **
IFNy / plasma (8.91-11.15) (9.00-11.48) (11.99-15.93)
W,,,, = 66.0; p = 0.003 W, = 703.0; p = 0.001 W, = 171.0; p < 0.001
. 6.58 7.27 7.0
TNFa / saliva (4.10-7.83) (3.37-8.99) (3.59-12.94)
2.24 2.69 1.29% =
TNFa / plasma (1.53-3.40) (2.36-3.60) (1.17-1.69)
W,,,, = 66.0; p = 0.030 W, = 637.0; p = 0.001 W, = 165.0; p < 0.001
\LA1p / saliva 60.85 560" 8.18*
(43.43-101.64) (2.04-14.06) (3.77-46.55)
3.07 3.20 1.86" **
IL-1B / plasma (1.59-3.55) (2.54-4.32) (1.62-2.09)
W,,,, = 65.0; p = 0.004 W, = 532.0; p = 0.006 W, = 165.0; p < 0.001
. 10.89 9.46 10.89
IL-4/ saliva (6.67-31.36) (5.95-13.67) (6.67-30.01)
2.22 2.72% 2.21%
IL-4 / plasma (1.80-2.35) (2.40-3.07) (2.00-2.46)
W,,,, = 66.0; p = 0.003 W, = 690.0; p = 0.001 W, = 170.0; p < 0.001
. 1.15 2.33" 2.94*
IL-10/ saliva (0.69-1.50) (1.61-3.57) (1.20-6.54)
9.68 7.75 5.91% *
IL-10 / plasma (6.47-11.84) (6.38-10.42) (3.20-8.50)
W,,,, = 66.0; p = 0.004 W, = 636.0; p = 0.001 W, = 136.0; p = 0.028

Note. ASD, autism spectrum disorders; TDC, typically developing children. *, statistically significant differences between the
indicators of the groups “TDC” and “mild ASD” / “severe ASD” (p < 0.05); **, statistically significant differences between the
indicators of the groups “mild ASD” and “severe ASD” (p < 0.05). W is the value of the Wilcoxon test, p is the level of significance of

differences between the cytokine values in plasma and saliva.

inflammatory response cytokines — TNFa, IL-1p3
and anti-inflammatory — IL-10, against the back-
ground of an increased concentration of late in-
flammatory response cytokines — IL-6 and IFNy,
possibly supporting systemic low-grade inflammation
(Table 1). Thus, plasma cytokines are relevant
predictors of ASD severity in children.

An assessment of the links between the con-
centrations of cytokines in saliva and plasma showed
no significant correlations, regardless of the presence/
absence of ASD and its severity (Figure 1).

Different concentrations of cytokines and the
lack of correlations between salivary and plasma
parameters suggest that salivary cytokine levels
are not representative of plasma concentrations
in children, regardless of the presence/absence
of neurodevelopmental disorders. Although 30%
of salivary proteins are filtered out of plasma [6],
cytokines are too large to enter saliva via either
diffusion or ultra-filtration. Therefore, these mo-

lecules enter saliva via leaky patches, such as tissue
damage sites and inflammation, as well as crevicular
fluid. Maintenance of the basic level of cytokines in
saliva occurs with the help of the immune components
of the mucous membranes of the oral cavity [2].

It is known that the oral cavity is the entrance gate to
the human body. Commensal microorganisms, airborne
antigens/allergens, and foodstuffs initially enter the
oral mucosa before entering the gastrointestinal tract
and respiratory tract. For the normal functioning
of the body, the local immune system of the oral
cavity provides a delicate balance: it provides ef-
fective immune surveillance without an excessive
inflammatory response, and at the same time tolerance
to commensals and harmless antigens [9]. Violation of
this balance towards inflammation can lead to serious
consequences for the body as a whole. Therefore, the
anti-inflammatory potential of saliva in children with
ASD and the absence of correlations in the levels of
some pro/anti-inflammatory cytokines between saliva
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Figure 1. Linear regression between salivary and plasmatic levels of cytokines in typically developing children (TDC) and

children with mild/severe autism (mASD/sASD)

Note. Linear regression saliva versus plasma cytokines: (A) IL-6, (B) IFNy, (C) TNFa, (D) IL-1B, (E) IL-4, (F) IL-10 are shown. TDC, typically
developing children; mASD, childen with mild autism; sASD, childen with severe autism Cytokine concentrations are converted to base logarithm
10. The lines show the regression equations for the TRD - solid line, midl ASD — dots line, severy ASD — long dashes line. Values cytokines

for TDC are shown by squares, mild ASD by dots, severe ASD by triangles. y = ax+b — regression equation. p, the level of significance of the

corelations between saliva and plasma.

and blood plasma, shown in our pilot study, can probably
indicate the effectiveness of the regulatory functions of
the ecological niche, the oral cavity.

Conclusion

Thus, saliva and plasma are two completely dif-
ferent systems, with their own development programs,
structural components and functions. Changes of

salivary cytokine concentrations do not correlate
with plasma cytokine levels and do not reflect ASD
severity in children. It is probably necessary to talk
about the study of salivary immunome, which reflects
the homeostasis/destabilization of a unique local
niche, its tissue immunity, which, like any tissue
immunity, is a component of the axis of the immune-
neuroendocrine systems and the microbiome of the
digestive tract.
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POJ1b IL-6 B UMMYHOMNATOIMEHE3E YLWUBA rOJIOBHOIO
MOGSIA PA3JINMHOWU CTEMEHU T)KECTU

Hopka A.0.}2, Bopoonses C.B.2, Kyznenosa P.H." 2, JJanmu C.B.,
Kopoobosa 3.P.1'2, Monamenko JI.H.> 4, Torousan Aper A2

'®@BYH «Cankm-Ilemepbypeckuii Hay4HO-uccae008ameabCKull UHCIMUMYmM 3NUOeMUON0UU U MUKPOOUOA0UU UMEHU
Ilacmepa», Cankm-Ilemepoype, Poccus

2@I'BOY BO «Ilepsviit Cankm-Ilemepbypeckuii 20cydapcmeenbiii MeOUyUHCKUL YHUBEDCUMEM UMEHU aKa0eMuKa
HU.II. Ilasnosa» Munucmepcmea 30pasooxpanenus PO, Cankm-Ilemepbype, Poccus

S @I'BY «Hayuonanvholii meduyunckuii ucciedosamenvckuii yenmp umenu B.A. Aamazosa» Munucmepcmea
3dpasooxpanenusi PO, Cankm-Ilemepbype, Poccus

*CII6oTbY3 «lopoockas boavruya Ne 26», Cankm-Ilemepbype, Poccus

Pesome. UMMyHHasI cricTeMa MMeeT KITIOUEBYIO POJIb B ITATOTeHE3e¢ YePEeITHO-MO3TOBOI TpaBMEIL. TpaB-
MaTUYeCcKre MOBPEeXAEHNE FOJIOBHOTO MO3ra 00yCJIaBJIMBAaeT BHICBOOOXKIEHE MOJIEKYJI «OIMAaCHOCTU» C MO-
CJICIYIOIeM BOBJICUYCHHMEM KJIETOK BPOXKICHHOTO MMMYHHOI'O OTBETa, MHUIIMUPYIOLIUX Pa3BUTHE HEMpoO-
BocnaJieHus. Bo3HUKalolne HapylIeHUs B UMMYHHOM CUCTEME TIPU YePEITHO-MO3TOBOI TpaBMe SIBJISIIOTCS
MpPOSIBJICHMEM 3alllMTHOM peaklMU OpraHu3Ma, IMpU 3TOM MCXOH YepPeHO-MO3TrOBOM TpaBMbl OOYCJIOBJIECH
HE TOJIBKO TSDKECTBIO MIEPBUIHOTO MMOPasKeHMs TOJIOBHOTO MO3Tra, HO M BTOPUYHBIMU peakuusiMu. Heiipo-
BOCHAJIEHUE — 3TO MMMYHHBIN OTBET Ha MOpaXXeHNe MO3ra, B X0Ae KOTOPOTO IIPOMCXOINUT BHICBOOOXKICHNE
MOJIEKYJI, CBSI3aHHBIX C TIOBPEKIeHNEM, JaIbHEIei akTuBaleil 1 mpoarudepalueil KIeToK MUKPOTIIMUA U
acTpOIINM, MUTpaLIeil B 30HY MTOBpeXIeHMS T-TUMGOIIMTOB, 00J1aJaloNnX KaK MPOTeKTUBHEIM, TaK 1 Jc-
CTPYKTUBHBIM J€MCTBUEM B OTHOIIIEHMM MO3TOBOM TKaHU. YIIPABJISIOIIYIO POJIb B JAHHBIX MPOIeccax urpa-
FOT HUTOKUHBI — OCJIKH, TIPOAYIIMPYEMEIe Pe3UICHTHBIMU KJIETKAMU IJTUM, OIOCPEIYIONINE MEKKIIETOTHBIC
B3aMMOJIEHACTBUS TIPU PA3IMYHBIX MATOJOTUYECKUX COCTOSTHUSIX. YK€ Ha paHHUX CTaIUsSIX Pa3BUTUS B OTBET
Ha TpaBMY KJIETKAaMU MUKPOTJIMYA CUHTE3UPYIOTCS IIPOBOCITAIMTEIbHBIEC IIMTOKUHBI, KOTOPBIC JOTTOTHUTEIb-
HO CTUMYJIMPYIOT aKTUBAIIMIO MUKPOTIINU M OJIOKMPYIOT MpOoIecChl pemueanH3auun. [TokasaHo, 9To Imocie
TSKEJIOM TPaBMbI TOJIOBHOTO MO3ra BBICOKHE KOHIeHTpauuu 1L-6 B 1iepeGpocnnHaIbHOMN XXKUAKOCTH TEMOH-
CTPUPYIOT MPSIMYIO KOPPEJISIIIMIO CO CTETIEHBIO TSXKECTU U UCXOA0M 3abosieBaHusl. Lleabio mTaHHOTO ucciieno-
BaHUs SIBUJIOCh U3y4eHHUE OCOOCHHOCTE ypoBH: 1L-6 B iepeGpocnHaIbHOM KUIKOCTHU MAIUEHTOB C YIIIH-
OOM rOJIOBHOTO MO3Ta JIETKO#, CpeaAHEN M TSKEIOM CTETICHH TsKeCTH. MeTomoM MYJIBTUIDICKCHOTO aHaIl3a
no texHojorun XMAP onpenensiin KoHueHTpauuo IL-6 B 1iepedbpocnmHaIbHON XUaKocT. KoHTpoiem
CIIYKIUTH 00pa3iIbl 1IepeOPOCIIMHAIBHON XKUAKOCTU NAIIEHTOB C COTPSICEHUEM TOJIOBHOTO Mo3ra. OOHapy-
JKEHO JOCTOBEPHO TOBBIIICHHOE COAepKaHMe Y BCeX MAIIMeHTOB C YIITMOOM ToJI0BHOTO Mo3ra: 19,59 nr/mi
B TPYIIIE C YIIMOOM JIETKOM CTeIeHU TsKecTr, 103,6 nr/Mi1 B IpyIine ¢ yIIMOOM CpPeIHei CTeNeHHU TSXKECTU
u 2225 TIr/MJ1 B TPYIITE C YITUOOM TSDKEJION CTEIIeHU TSKECTU TTPOTUB 2,58 NMr/MJI B KOHTPOJIBHOM TPYTITIE.
YcraHoBIeHa MpsiMasi KOPPESIIMOHHAsT B3aMMOCBSI3b C COlepXKaHUEM OCHOBHOIO Oejika MUeJIMHa B liepe-
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OpOCIMHAIBHOM XUIKOCTH, YTO OTPAXKAET CTENIEHb BOCIIAJIEHUS U IIPOLIECCOB HEMpoaereHepaLuu. Boisisie-
HUE ocobeHHOoCTel comepkaHust IL-6 y 60JbHBIX ¢ YIIMOOM IFOJIOBHOTO MO3Ta MOXET CBUIETEILCTBOBATh 00
€ro BaXKHOM poJIM B Te4eHUs 3a00j1eBaHus. A TaKXKe TpeOyeT JOMOJHUTEILHOro 6oJiee AeTaIbHOIO N3yYEHUs,
COIOCTAaBJICHMS C pe3yJibTaTaMu coaepxkaHus 1L-6 B nepudeprndecKoili KpoBU.

Kirouesvie crosa: uepenno-moseoeas mpasma, 6uomapkep, npo8oCHAAUMENbHbIE UUMOKUHBL, Heliposochanenue, 1L-6, ocHosHoil
0e10K MUeNUHA, MYAbMUNACKCHBLI AHAAU3

ROLE OF IL-6 IN THE IMMUNOPATHOGENESIS OF MILD,
MODERATE AND SEVERE TBI

Norka A.0.>", Vorobyev S.V.,, Kuznetsova R.N.*?, Lapin S.V.},
Korobova Z.R.**, Monashenko D.N.©4, Totolian Areg A.»"

@ Saint Petersburg Pasteur Institute, St. Petersburg, Russian Federation

b First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation
¢ V. Almazov National Medical Research Centre, St. Petersburg, Russian Federation

@ St. Petersburg City Hospital No. 26, St. Petersburg, Russian Federation

Abstract. Traumatic brain injury (TBI) results in a significant inflammatory burden that increase the
production of inflammatory mediators and biomarkers. The immune system plays a key role in the pathogenesis
of traumatic brain injury. Neuroinflammatory mediators released from resident glia (activated microglia
and astrocytes) inside the brain recruit immune cells where cytokines are small soluble proteins that confer
instructions and mediate communication among immune and non-immune cells. Interleukin-6 (IL-6) is a
proinflammatory cytokine known to be elevated after trauma, and a major contributor to the inflammatory
response following TBI. Previous studies have investigated associations between I1L-6 and outcome following
TBI, but to date, studies have been inconsistent in their conclusions. The purpose of the current study was to
assessment of cerebrospinal fluid (CSF) interleukin-6 (IL-6) and MBP levels in patients with TBI. Samples
of cerebrospinal fluid of 85 patients with TBI were examined. Concentrations IL-6 were measured via xMAP
multiplexing technology. The control was the course of CSF in patients with concussion. An increased content
was found in all patients with traumatic brain injury: 19.59 pg/mL in the group with mild traumatic brain
injury; 103.6 pg/mL in the group with moderate traumatic brain injury; and 2225 pg/mL in the group with
severe traumatic brain injury load versus 2.58 pg/mL in the control group. A direct correlation was found with
the presence of basic myelin proteins in the cerebrospinal fluid, which indicates the degree of damage and
neurodegeneration processes. Identification of the features of IL-6 content in patients with brain injury may
indicate its important role in the course of disease. It also requires additional more detailed study, including
comparison with IL-6 content in peripheral blood.

Keywords: traumatic brain injury, biomarker, inflammatory cytokines neuroinflammation, IL-6, myelin basic protein, multiplex
analysis

cellular, tissue and organ levels with abnormalities
of the central regulation of body system. When the
brain is injured, it can cause disturbance of cerebral
circulation, fluid circulation, hypothalamic-pituitary-
adrenal system and blood-brain barrier (BBB) [3].
Following the primary injury extensive and lasting
damage is sustained through a complex cascade of
events referred to as “secondary injury”. Secondary
injury includes BBB-disturbance, excitotoxicity,
mitochondrial dysfunction, oxidative stress and
neuroinflammation [10]. Thus, the pathogenesis
of brain injury may be divided into two injury-
mechanisms: primary and secondary [12].

Introduction

Traumatic brain injury (TBI) is defined as intra-
cranial injury when a direct and indirect external
mechanical force transmitted to the head or
body results in structure of the brain damage and
dysfunction, change in its functioning [5]. Extensive
progress has been made in understanding the
immunopathogenesis over the last 10 years. Many
of the issues that TBI patients face are thought to
be mediated by the immune system. TBI results in
a significant inflammatory burden that increases
the production of inflammatory mediators and bio-

markers. It is a disease with a wide variety of injury
mechanisms and tissue pathologies.

The clinical presentation and prognosis TBI
depend on both the type and severity of the exposure
termed the “primary injury” which leads to primary
structural and functional brain damage of varying
degrees and prevalence at the molecular, subcellular,

There is increasing interest in the role the immune
system in TBI pathogenesis because neuroinflamma-
tion caused by detrimental or beneficial outcomes.
In addition, neuroinflammation leads to appear CSF
Myelin basic protein (MBP). MBP is a constituent
of the sheath, is essential for normal myelination and
axonal signal conduction, and mediates adhesion
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between cytoplasmic surfaces of individual myelin
layers. Brain injury contributes to increased MBP in
blood and CSF. Neuroinflammation instigated by
TBI is a complex immune process resulting from a
mechanical compression insult and depending on the
degree of the insult and leads to axon damage occurs
due to direct cytotoxic intercellular interaction or due
to the synthesis of pro-inflammatory cytokines and
chemokines [2].

Already at the early stages of development in
response to damage microglial cells synthesize IL-1(,
IFNy, IL-6, IL-12, IL-18, which can subsequently
induce the synthesis of GM-CSF and CCL2 by
astrocytes, additionally stimulating microglial acti-
vation and blocking remyelination processes [4, 6].
Elevated levels of many cytokines have been noted
in peripheral blood plasma and cerebrospinal fluid
(CSF), but the clinical results of their determination
are often contradictory [12]. It has been shown that
after TBI high concentrations CSF 1L-6 directly
correlate with the severity and outcome [7]. IL-6
together with TGFp stimulates the maturation clones
of T-lymphocytes into of Th17 and suppresses the
development of Treg, which provides aggravating the
course of the disease [8].

One of the factors in the development of the in-
flammatory process induced by trauma and ac-
companied by a structural impairment of the brain
and BBB permeability is immune dysfunction the
main regulators of which are cytokines and their
synthesis have provided by resident neuronal and
glial cells of the brain that secrete pro- and anti-
inflammatory cytokines [1]. In addition, the source
of cytokines in the CNS is the cells of the immune
system recruited to the focus of inflammation due to
a violation of the BBB [4]. The inflammatory process
that occurs during traumatic damage to brain tissues
accompanied by hypersecretion of proinflammatory
and inhibitory cytokines is essential during and after
TBI. Canonically, a shift in cytokine profile towards
anti-inflammatory mediator predominance can
increase neuroprotection and regeneration of the
CNS after injury [7, 11]. However, the role of IL-6 in
TBI pathogenesis remains insufficiently studied and
literature reviews are often contradictory, debatable
and require further study.

The purpose of the current study was to assessment
of CSF Interleukin-6 (IL-6) and MBP levels in
patients with TBI.

Materials and methods

Informed consent was obtained from patients for
sample collection. The study included 85 TBI patients
(aged 18-55 years (mean: 42.3111.3). Cerebrospinal
fluid (CSF) samples were obtained from patients
with the diagnosis of TBI at the time of the patient’s
admission to the hospital. Control CSF samples were
obtained from twenty-five age-matched controls who
underwent lumbar puncture.

According to the international classification, TBI
is classified as mild, moderate or severe, typically
based on the Glasgow Coma Scale (GCS) score:

1 group — control (n = 25);

2 group — mild brain injury (n = 30);

3 group — moderate brain injury (n = 31);

4 group — severe brain injury (n = 24);

CSF was obtained by lumbar puncture. All samples
were collected in tubes and they were centrifuged
(1100 g, 10 min, room temperature), aliquoted into
several portions and frozen at -80 °C until assayed.

The CSF IL-6 (pg/mL) level were measured
using Luminex xMAP technology for multiplexed
quantification. The samples were analyzed using the
“Milliplex MAP” (Millipore) (USA) with magnetic
microspheres “Milliplex Mag” (USA), according to
the manufacturer’s instructions. Registration and
analysis of data on the device “Luminex MAGPIX”
(Luminex) (USA). All samples were assayed in
duplicate wells and the mean of the ensuing results
was used.

Statistical analysis of the data was performed on
commercially available software (GraphPad Prism
5.00 for Mac). The nonparametric Mann—Whitney U
test was used for analysis of data. A P value less than
0.05 was considered to be statistically significant. Data
is presented as the median (Me) and interquartile
range (Q,s-Q,75)- Spearman’s correlation coefficient
was used for assesses how well the relationship between
MBP and IL-6.

Results and discussion

In order to investigate the cytokine level patients
with brain injury of varying severity underwent lumbar
puncture according to indications. A comparative
analysis was carried out with samples of the ce-
rebrospinal fluid of patients with concussion, which
was due to the absence of structural changes in them,
on the one hand, as well as the difficulties of collecting
cerebrospinal fluid (CSF) from apparently healthy
individuals, as a group that does not have indications
for this medical manipulation, on the other hand.

Our study was showed that TBI patients had a
significantly higher CSF level of IL-6 as compared to
the 1% group (Control) (Table 1).

IL-6 in all groups with TBI: 19.59 pg/mL (8.4-
46.5) at p = 0.0117 in the 2™ group (Mild TBI),
103.6 pg/mL (27.4-138.7) at p < 0.0001 in the 3" group
(Moderate TBI) and 2225 pg/mL (872.3-3739) in the
4™ group (Severe TBI) at p < 0.0001 as compared to
the 1% group (2.58 pg / mL (1.1-3.7)).

In order to investigate the diagnostic values of
the IL-6 for TBI we performed receiver operating
characteristic (ROC) curve analysis. Using ROC
curves, sensitivity and specificity were calculated for
each possible threshold value. The ROC characte-
ristic significant increased were IL-6 (Figure 1):
sensitivity — 87.5%; specificity -100%; AUC = 0.906;
Cutoff = 11.4 pg/mL, p = 0.0117 for the 2" group
(Mild TBI); sensitivity — 94%; specificity -100%;
AUC = 0.941; Cutoff = 17.33 pg/mL, p < 0.0001
for the 39 group (Moderate TBI); sensitivity
-100%; specificity — 87.5%; AUC = 0.961;
Cutoff = 241 pg/mL, p < 0.0001 for the 4™ group
(Severe TBI). The AUC of IL-6 all greater than
0.7 which indicated that they represented a high
diagnostic value.
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Additionally, to identify IL-6 characteristics of
TBI with different severity we performed receiver
operating characteristic (ROC) curve analysis. The
optimal cut-off for CSF IL-6 application in the 3
group was 46.14 pg/mL; the sensitivity and specificity
were 69% and 75%, respectively (Figure 2).

The optimal cut-off for CSF IL-6 application in
the 4™ group was 240.9 pg/mL; the sensitivity and
specificity were 100% and 88%, respectively. The 4
group appeared to have the best discriminatory ability
with an AUC of 0.981.

In this paper, we report the optimal cut-off for
CSF IL-6 the 2" group was 11.4 pg/mL.

Spearman’s test showed there was clinically
relevant correlation between 1L-6 and MBP level
(Figure 3) in TBI patients (r = 0.465; p = 0.017).
These findings reflect the degree of inflammation and
the process of neurodegeneration.

TBI activates microglia, the endogenous brain
immune cells and a major source of pro-inflammatory
cytokines in the central nervous system. In recent
years, the functions and role of IL-6 have been actively
studied in the in the pathogenesis of inflammation
from brain injury.

Some studies have identified associations between
IL-6 levels and outcome following TBI. Inflammation
in the context of TBI can be contributed to CNS
damage, including astrogliosis and disruption of the
BBB. Obviously, neuroinflammation contribute to
breakdown of the BBB and infiltration of immune
cells. So, in the study by Monsour M. [9] an increase
in IL-6 is considered as an unfavorable marker of
outcomes. According to our results, an increased
concentration of IL-6 was found in all patients with
TBI and had significantly significant informative
indicators (p < 0,05).

TABLE 1. CEREBROSPINAL FLUID LEVELS OF CYTOKINES (PG/ML) IN PATIENTS WITH TBI, Me (Q, ,5-Q;+s)

Cerebrospinal fluid levels of cytokines (pg/mL)
Cvtokines Concussion Mild TBI Moderate TBI Severe TBI Statistically
y (1%t group) (2™ group) (3 group) (4" group) significant (p)
n=25 n=30 n=31 n=24
L6 25 19.59 103.6 2225.0 E‘-Z - 8'8(1)2)1
= _ ~ _ . 1-3 .
(1.1-3.7) (8.4-46.5) (27.4-138.7) (872.3-3739.0) b1 < 0.0001
A B IL6 ¢ L6
IL-6 100~ -
100+
100 l——
80 _l
2 807 . 80
= = 60 Fd
£ 60+ % S 604
= 40 =
3 401 @ g 40
AUC=0.906 204 AUC=0.941 7]
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Figure 1. ROC curves and AUC of CSF IL-6: mild TBI (A), moderate TBI (B) and severe TBI (C) compared to control
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Figure 2. ROC curve and AUC of CSF IL-6: mild TBI (A) and moderate TBI (B) compared to severe TBI
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The use of ROC analysis data allows for differential
diagnosis of brain contusion based on the assessment r=0.465
CSF IL-6 showed that IL-6 > 11.4 pg/mL — Mild 5000 p=d.017
TBI, CSF 1L-6 > 46.14 pg/mL — Moderate TBI, °
CSF IL-6 > 240.9 pg/mL — Severe TBI (Figure 4).

Also, based on the fact that IL-6 is a pro- 4000r)
inflammatory cytokine and can influence the degree
and risk of demyelination, a correlation analysis
was performed between IL-6 and MBP level. Thus,
MBP is a specific structural component of neuronal
membranes, which is necessary for myelination of
oligodendrocytesand maintenance of myelinstructure.
The detection of MBP in the CSF is a sensitive
marker of myelin degradation. In healthy people, P
this indicator is not determined. Myelin degradation
in addition to TBI is possible with neuroinfectious

3000~ °

IL-6, pg/mL

2000+

and demyelinating diseases. Additionally, the level of 0

IL-6 was positively correlated with the level of MBP 0

(r=0.465; p=10.017). MBP, ng/mL

Conclusion Figure 3. Correlation between the concentration of myelin

Thus, TBI is a reaction of the whole organism to  basic protein (ng/mL) and IL-6 (pg/mL)

CNS injury. It causes a violation of homeostasis and  Note. r, Spearman’s correlation coefficient; MBP, myelin basic protein.
is accompanied by a complex of morphofunctional
changes not only in the area of damage, but
throughout the brain, and then in other organs and
systems. The inflammatory process that occurs during
traumatic damage to brain tissues, accompanied by
hypersecretion of pro-inflammatory cytokines (IL-6),
is essential during and after TBI.

All of these results suggest the important role of =114 pg/mL >46.14 pg/mL ~240.9 pa/mL
IL-6 in TBI immunopathogenesis, as a cytokine that <46.14 pg/mL < 240.9 pa/mL .
supports neuroinflammation and which is involved in
white matter damage.
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OLUEHKA BSAMMOCBSA3U NOJINMMOPOU3MA IL17A
G-197A C UMMYHOJ1I0rMSECKUMU HAPYLLEHUSAMU
U CTPYKTYPHbIMU UBMEHEHUAAMU MO3TrATIPU
LLUN30PPEHUN
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Pestome. 11IuzodpeHrs — XpoHUUYECKOE TICMXUYECKOe 3a00jieBaH1Ee, KOTOPOE BBI3BIBAETCS CIOXKHOM Ia-
JIMTPOI TeHETUYECKHUX, STTUTCHETUYECKUX (PAaKTOPOB U MOBPEXKAAIONINX BO3ICHCTBUI OKPYXalOIIeil Cpebl.
IIuzodpeHnst corpoBoXIaeTcss CTPYKTYPHBIMM MU3MEHEHUSIMU TOJJOBHOTO MO3Ta, aCCOLIMMPOBAHHBIMU C
KJIMHUYECKOM cuMnToMaTtukoii. K 3HaYMMBIM ITaTOreHETMYECKUM KOMITOHEHTaM IMM30(MPEHUN OTHOCSIT-
¢S UMMYHOJIOTUYECKME HapyIICHUs U CUCTEMHOE BOCIAJICHUE, TIPUBOISIINE K HEMPOBOCHaIeHUIO, KOTO-
poe SIBJISIETCSI BaXKHBIM (paKTOPOM B Pa3BUTUM CTPYKTYPHBIX MI3MEHEHU1 Mo3ra. PaHee HaMM 1TOKa3aHO, YTO
MOBBIIICHUE YPOBHSI MHTEpJIeKUHA-17A cBsI3aHO ¢ MOP(HOMETPUUECKUMU U3MEHEHUSIMIA MO3Ta, aKTHBa-
el cucTeMHOro BocnajeHus 1 Th2-3BeHa aganTUBHOTO UMMYHHTETa Npu In3odpeHnn. [eHeTuuecKui
noauMopdusm IL17A G-197A (1s2275913) MoxXeT BAMSITh HAa YPOBEHb CEKpellMu MHTepaeiikuHa-17A. Lle-
JIbIO TaHHOI pabOThI OBLIO U3YYeHUE accolaluii Mexay noaumopdusmoM IL17A G-197A, uaMeHeHUSIMU
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MUMMYHUTETa 1 MOPHOMETPUIECKUMH MOKa3aTeIIMN MO3Ta Yy OOJIBHBIX JUIST TIOJTyYeHUST HOBBIX TaHHBIX 00
MMMYHOIIaTOoreHe3e mu3odpeHun. B ocHoBHYI0 rpymiry Bouniu 60 4esIoBeK ¢ AMarHO30M <«IU30(MPEHUS»
B Bo3pacTe oT 18 1o 42 neT. KOHTpOAbHYIO TPYIITYy COCTaBUIIM 85 UenoBeK 0€3 KOTHUTUBHBIX HAPYIISHUIA,
COITOCTAaBMMEBIX C OOJBHBIMHU II0 ITOJTy M Bo3pacTy. s ompeneieHUsT KOHIIEHTPAIIMK IIMTOKMHOB 1 XEMO-
KWHOB B CBIBOPOTKE KPOBU UCTIOJIb30BAJICS MYJBTUIIIEKCHBINM aHanu3. [Tomumopdusm rena IL17A G-197A
onpenessiii METOAOM ITOJIMMEPAa3HOM LIEIMTHOM peaKIUu C 3JIeKTPohOpeTUIECKO IeTeKIIe TPOIYKTOB aM-
mindukamyu. B pesyabrare mpoBeIeHHOTO MCCIeA0BaHUS BIIEPBbIe ObUT BBISIBJICH PSIIT B3aMMOCBSI3EH MEXITY
reHeTndecKUM mojammMopduzmom IL17A G-197A u mtokazaTesiIMiu IMMYHHUTETa y OOJBHBIX T30 peHUCH.
¥V Hocutenelt annens G HaGM0Oa0Ch 3HaAUMTENbHOE TToBbIIeHNe [FNy — xirtoueBoro untokrnHa Thl-3BeHa
aJanTUBHOTO UMMyHUTeTa, U IL-8 — XxeMoKUHa, SBISIOIIErocs MeauaTtopoM BocnajeHus. Takxke y 00Jib-
HBIX — Hocutenel aeau G ObLIO OTMEYEHO MOoBhIlIeHMe YpoBHSI xeMoknHa CXCL16, KOTopblii MOXET
CTUMYJIMPOBATh CEKPEIINIO IPYTUX MPOBOCHAIMTEIBHBIX XeMOKMHOB 1 yJ9acTBYeT B akTuBalimu Thl-3BeHa
aganTUBHOTO MMMYyHHUTeTa. KpoMe Toro, B JaHHOM MCcJIeIoBaHUU ObljIa BIIEpBble OOHApY:KeHa acCollralius
rerepo3urotHoro reHotuma GA nojumopdusma IL17A G-197A co cHUXKeHrEM TOJIIIMHBI KOPBI TOJJOBHOI'O
Mo3ra B psifie obaacTeiil ppoHTaIbHOM KOpHI MpH u3odppeHun. M3mMeHeHNsT TOJIIUHBI KOPbl B HEKOTOPBIX
M3 3TUX 00JIacTeit, BKIIIOYAsl CPETHIOK JOOHYIO M3BWIMHY U OpOUTOMPOHTAIBHYIO KOPY, CBSI3aHO C I1aTO-
T€HE30M HETraTUBHOW CUMIITOMATUKU Y O0JbHBIX. [loydeHHBIe pe3yabTaThl CBUAETEIbCTBYIOT O BaXKHOCTHU
WUMMYHOTeHeTUYeCKUX (haKTOPOB B IMaTOreHe3e Mu30OpeHU 1 TOKa3bIBalOT IMEePCHEKTUBHOCTD NaJbHeuIIIe-
ro usydyeHus noaumopousma IL17A G-197A Ha pacimpeHHBIX BRIOOPKAX OOJBHBIX KaK MOTCHIIMAIbHOTO
onoMapKkepa UMMYHHOI OTUCPETYJISIHUN 1 MOP(MOMETPUUIECKIX U3MEHEHN MO3Ta IIpH IMN30(hpeHUH.

Karouesnie cnosa: xemokunol, yumokunsl, 1L-17A, maecHumnas pe3oHancHas momozpagus, 00HOHYKAeOMUOHbLI NOAUMOPDU3M,
CPeOHsAS MOAUWUHA KOPbL, WU30(PeHUs

ASSOCIATIONS OF IL17A G-197A SINGLE NUCLEOTIDE
POLYMORPHISM WITH IMMUNOLOGICAL PARAMETERS AND
STRUCTURAL CHANGES OF THE BRAIN IN SCHIZOPHRENIA

Malashenkova L.LK.**, Ushakov V.L.>%¢, Krynskiy S.A.?,
Ogurtsov D.P.**, Khailov N.A.?, Ratushnyy A.Yu., Filippova E.A.3,
Zakharova N.V.., Kostyuk G.P.c, Didkovsky N.A.’

@ National Research Center “Kurchatov Institute”, Moscow, Russian Federation

b Federal Research and Clinical Center of Physical-Chemical Medicine, Moscow, Russian Federation

¢ N. Alekseev Psychiatric Clinical Hospital No. 1, Moscow, Russian Federation

¢ National Research Nuclear University (Moscow Engineering Physics Institute), Moscow, Russian Federation
¢ Institute for Advanced Brain Studies, Lomonosov Moscow State University, Moscow, Russian Federation

I Russian State Research Center “Institute of Biomedical Problems”, Moscow, Russian Federation

Abstract. Schizophrenia is a chronic mental disorder that is caused by a complex palette of genetic,
epigenetic and environmental factors. Some of the important components of its pathogenesis are systemic
inflammation and the dysfunction of immunity, which lead to neuroinflammation, contributing to development
of structural brain changes. Earlier we have shown that increase in interleukin-17A levels is associated with
morphometric changes and immune dysregulation in schizophrenia. IL17A G-197A (rs2275913) genetic
polymorphism is involved in determining interleukin-17A secretion. The goal of this work was to investigate the
associations between rs2275913 polymorphism, immune disorders and structural neurovisualization findings
in schizophrenia to provide new insights into the immunopathogenesis of this disease. 60 patients aged 18 to 42
years diagnosed with schizophrenia were enrolled. 85 healthy volunteers were included into the control group.
Multiplex assay was used to determine cytokine and chemokine serum levels. Rs2275913 polymorphism was
assessed by polymerase chain reaction with electrophoretic detection of amplification products. A number of
relationships between rs2275913 polymorphism and the immune parameters in schizophrenia were revealed.
Carriers of G allele showed significant increase in IFNy, a key cytokine of Th1-link of adaptive immunity, and
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IL-8, an inflammatory chemokine. Also, increased levels of CXCL16 were observed in patients carrying the G
allele. CXCLI16 activates secretion of other proinflammatory chemokines and is involved in activation of Th1
adaptive immunity. Associations of heterozygous GA genotype with reduced cortical thickness in a number of
areas of the frontal cortex in schizophrenia were found. Changes in cortical thickness in some of these areas,
including middle frontal gyrus and orbitofrontal cortex, can be relevant to the pathogenesis of schizophrenia.
The results highlight the importance of immunogenetic factors in the pathogenesis of schizophrenia and indicate
that the rs2275913 polymorphism requires further studies as a potential biomarker of immune dysregulation

and morphometric brain changes in schizophrenia.

Keywords: chemokines, cytokines, IL-17A, magnetic resonance imaging, mean cortical thickness, schizophrenia, single nucleotide

polymorphism
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Introduction

Schizophrenia is a chronic mental disorder that is
caused by a complex palette of genetic, epigenetic and
environmental factors [5]. Symptoms of schizophre-
nia include disturbances in thinking, cognitive func-
tion, affects, emotional and psychomotor disorders.
Schizophrenia is also characterized by structural
brain changes that are associated with the severity and
character of clinical symptoms, as well as with the
duration of the disease [13].

The modern genetic, immunological, neuro-
imaging and other research methods allow to accu-
mulate a large amount of data on the multiple factors
of schizophrenia pathogenesis, which have not been
fully deciphered yet. One of the most important
components of the pathogenesis of schizophrenia is
associated with dysfunction of immunity and systemic
inflammation, which lead to the development of
neuroinflammation and dysregulation of the immune
response in the CNS [7]. Neuroinflammation is an
important factor in the development of structural
changes of the brain in schizophrenia. Therefore, it is
important to study the role of immunogenetic factors
that can influence systemic inflammation, immune
dysregulation and inflammation in the development of
morphometric changes of the CNS in schizophrenia.

In our previous studies, elevated levels of the
cytokine IL-17A were found to have significant
associations with morphometric changes of the brain
in schizophrenia patients, and were also associated
with systemic inflammation and activation of the Th2
type of the adaptive immune response [3].

The cytokine IL-17A plays a key role in protection
against extracellular bacterial and fungal infections.
However, overproduction of this protein is associated
with immunoinflammatory and autoimmune di-
seases. The main source of IL-17A are Th17 cells,

which induce local inflammatory processes in
response to extracellular pathogens and autoimmune
responses [1]. The pathogenetic role of IL-17A
in neurodegenerative diseases and inflammatory
CNS diseases is widely studied and is due to the
fact that it can stimulate proinflammatory cytokine
synthesis by microglial cells of the central nervous
system (CNS), increase the permeability of the
blood-brain barrier (BBB), permeate the BBB,
support neuroinflammation and promote excessive
activation of the glutamatergic neurotransmitter
system. This leads to excitotoxic neuronal damage
and has a depressing effect on neurogenesis in the
hippocampus [2].

Therefore, it is relevant to study the factors
influencing IL-17A levels in schizophrenia and
their possible contribution to the development of
morphometric changes of the brain in patients. The
IL17A G-197A (1rs2275913) genetic polymorphism
is involved in determining IL-17A secretion. This
SNP is located in the promoter region of the gene,
near the nuclear factor of activated T cells (NFAT)
binding motif. It has been suggested that substitution
of nucleotide G for A in this position can lead
to changes in IL-17A cytokine production [8].
Therefore, it is relevant to study the relationship of
IL17A G-197A SNP with immunological disorders
and morphometric parameters of the CNS in patients
with schizophrenia [10].

The aim of this work was to investigate the asso-
ciations between the IL17A G-197A polymorphism,
immune disorders and the findings of structural brain
MRI in schizophrenia patients to provide new insights
into the immunopathogenesis of schizophrenia.

Materials and methods

The clinical sample consisted of 60 patients aged
18 to 42 years diagnosed with schizophrenia (F20.0)
who were undergoing treatment at N.A. Alekseev
Psychiatric Clinical Hospital No.1. 85 persons wit-
hout cognitive impairment (31 men, 54 women),
comparable with patients with schizophrenia by sex
and age, were included into the control group. All
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participants signed an informed voluntary consent
form. The conduct of the study was approved by the
local ethical committee of the National Research
Center “Kurchatov Institute” (No. 5 of 05.04.2017).

The content and functional activity of lymphocyte
subpopulations were analyzed by flow cytoflowmetry.
Monoclonal antibodies for immunophenotyping
manufactured by Becton Dickinson (USA) were used
for cell staining.

A multiplex assay (Merck Millipore, Germany)
was used to determine cytokine and chemokine
concentrations in blood serum.

IL17A G-197A gene polymorphism was deter-
mined by PCR with electrophoretic detection of
amplification products. Two parallel amplification
reactions with two pairs of allele-specific primers
were performed. PCR amplification products were
separated in a 3% agarose gel. Ethidium bromide
solution was used as a dye to visualize PCR products
in the gel.

MRI brain scans were performed on a Siemens
Magnetom Verio 3T magnetic resonance imager
(Siemens GmbH, Germany). A 32-channel brain coil

was used to acquire data. High-resolution anatomical
data based on T1-weighted sequences (TR = 1900 ms,
TE = 2.21 ms, 176 slices, voxel size 1 x 1 x 1 mm?)
were obtained for gyrification, grey and white matter
morphometry, and cerebrospinal volume for each
subject. The obtained structural images were analyzed
in Freesurfer program designed for processing and
analysis of human brain MRI. This program allowed
a complete morphometry of the brain. Based on the
analyzed data, the index of local cerebral gyrification
was calculated.

Excel (Microsoft, 2010) and STATISTICA 10
(Stat Soft, 2010) programs were used for statistical
processing. The Shapiro-Wilk test was used to assess
the normality of the distribution. Results were
presented as means with 95% confidence intervals;
when comparing two groups, the significance of
differences was assessed using Student’s test. In the
case of discrete variables, Fisher’s exact test was used
to assess the significance of differences. Differences
between variables were considered statistically
significant at p < 0.05.

TABLE 1. FREQUENCY OF IL17A G-197A SNP IN PATIENTS WITH SCHIZOPHRENIA AND IN HEALTHY CONTROLS

Total Homozygotes for Homozygotes for
_ number |  the 1%t allele Heterozygotes the 2" allele
Polymorphism Group of
patients n % n % n %
IL17A G-197A Schizophrenia 85 29 34.1 39 459 17 20.0
(rs2275913) Controls 100 80 80.0 19 19.0 1 1.0
Note. *, significant differences with the control group (p < 0.05).
TABLE 2. ASSOCIATIONS BETWEEN IL17A G-197A SNP, CYTOKINE, CHEMOKINE LEVELS AND CELL IMMUNITY
PARAMETERS IN PATIENTS WITH SCHIZOPHRENIA
Parameter GG GA AA Controls
106.6£54.0 169.3+109.8
IFNy, pg/mL *p= 0036 5 =0038 85.8161.5 48.1+26.9
71.5£32.7 89.2+36.9
IL-8, pg/mL *p=0028 *p = 0.005 56.6+50.9 26.3+14.6
CCL3, pg/mL 1194.8+2441 1 4*7'11:25'3 27.2422.6 25.449.0
p =0.026
CXCL16, pg/mL 774.4+147.78 70?'{)82252);& 690.0+56.4 639.9+36.7
. 16.1+4.1
CD3-CD16*CD56* (NK cells), % 12.3£2.7 10.0£2.3 *p = 0.04 11.9£1.9
CD3-CD8*CD16*CD56* 6.6+3.2
(CD8* expressing NK cells), % 42415 3.3£1.9 *p=0.04 3.7+0.6

Note. *, significant differences with the control group (p < 0.05).
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Results and discussion

The study to identify the IL17A G-197A
(rs2275913) polymorphism of the IL17A gene revea-
led statistically significant differences in the frequency
of this SNP between the schizophrenia patient group
and the control group (Table 1).

As a result of this study, a number of relationships
between the studied genetic polymorphism IL17A
G-197A (rs2275913) and the immune parameters in
schizophrenia patients were revealed for the first time
(Table 2).

Thus, carriers of G allele of the investigated SNP
showed significant increase in [FNy, a key cytokine of
Thl-link ofadaptive immunity, and IL-8, a chemokine
mediating inflammation. In AA homozygotes, these
indices did not differ from the norm. However, they had
an increased content of CD3-CD16"CD56*NK cells
and of CD8" expressing CD3-CD8"CDI16"CD56*"NK
cells. According to the literature, this subpopulation of
NK cells has an immunoregulatory function and may
contribute to neuroprotection in brain diseases [6].
The association between IL17A G-197A SNP and
CD3-CD8'CD16"CD56*NK cells content has not
been previously studied and requires further research.

In addition, carriage of the G allele of SNP IL17A
G-197A was found to be associated with a tendency
for elevated levels of the chemokine CCL3. This pro-
inflammatory chemokine has a marked chemotactic
effect on neutrophils, monocytes and macrophages.
Previous studies involving this chemokine in
patients with schizophrenia did not show significant
differences with controls, which may have been due to
insufficient statistical power of sampling [11].

Also, increased levels of CXCL16 were observed in
patients carrying the G allele of SNP IL17A G-197A.
This chemokine is expressed by mononuclear pha-
gocytes after stimulation by the proinflammatory
cytokines IFNy and TNFa. It can activate the
secretion of other proinflammatory chemokines and
is involved in activation of the Thl type of adaptive
immune response [14].

According to our previous studies, elevated
IL-17A levels are associated with marked immune
abnormalities and with cortical morphometric chan-
ges in schizophrenia [4]. In this study, the G allele of
SNP IL17A G-197A was shown to be associated with
activation of systemic inflammation and signs of Thl
activation of the adaptive immune system in patients.
It is possible that the effect of this SNP on the state

TABLE 3. MEAN CORTICAL THICKNESS IN PATIENTS WITH SCHIZOPHRENIA DEPENDING ON THE SNP ALLELE IL-17A

G-197A
AA AG GG Controls
Indicator m o m o m o m o

Caudal part of the middle frontal | , 0.13 245 | 0.2 2.58 0.14 2.66 0.14
gyrus (right)
Precentral gyrus (left) 2.49 0.12 2.46* 0.10 2.65 0.10 2.62 0.14
Rostral part of the middle frontal | =, ,\ (43 | 240 | 009 | 246 | 011 254 | 013
gyrus (left)
Lateral orbitofrontal cortex 272 | o014 | 266*| 0.1 272 | o1 281 | 0.1
(right)
Rostral part of the middle frontal |, ,; 0.13 237* | 0.10 2.39 0.11 2.53 0.16
gyrus (right)
Precentral gyrus (right) 2.45 0.19 2.40* 0.12 2.59 0.14 2.56 0.16
Pars orbitalis of the inferior .
frontal gyrus (IFG) (left) 2.79 0.20 2.75 0.20 2.82 0.12 2.96 0.17
Pars triangularis of the inferior .
trontal gyrus (IFG) (loft) 2.42 0.18 2.46 0.14 2.49 0.07 2.60 0.14

Note. *, significance of differences p < 0.005 compared to the control group.
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of immunity is due to changes in the local IL-17A
secretion, although this requires further research.

Considering the results obtained in this study
indicating the effect of SNP IL17A G-197A on
the severity of immune disorders in patients, the
association of SNP IL17A G-197A (rs2275913) with
the average thickness of the large hemispheric cortex
in schizophrenia was assessed (Table 3).

The data presented in Table 3 suggest an association
of the heterozygous GA genotype of the SNP IL17A
G-197A with reduced cortical thickness in a number
of areas of the frontal cortex in schizophrenia.
Changes in cortical thickness in some of these areas
can be relevant to the pathogenesis of the disease,
particularly to the development of negative symptoms
in patients, which include apathy and abulia, as well
as disturbances in memory, attention, thinking and
speech. One such area is the middle frontal gyrus,
which is divided into upper and lower parts by the
middle frontal sulcus. Reduced middle frontal gyrus
volume has been found to be associated with impaired
episodic memory [9]. It is also known that the middle
frontal gyrus is associated with reading, writing and
numerical literacy skills, while the left middle frontal
gyrus is also active in tasks requiring the actualization
of verbal memory and word articulation, and supports
the feedback system during verbal activity [15].

The orbitofrontal cortex is an area of the brain
that plays an important role in the implementation
of volitional functions and the regulation of behavior,
as well as in emotional reinforcement in learning.
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According to the literature, structural changes in the
orbitofrontal cortex and disruptions in its functional
connections with surrounding structures can lead to
cognitive and behavioral disorders associated with
impaired decision-making and emotion regulation.
Decreased cortical thickness in these areas has been
confirmed by other studies of brain morphometrics
in schizophrenic patients, but the association of these
changes with the SNP IL17A G-197A has been shown
for the first time [12]. The findings indicate that SNP
IL17A G-197A requires further research as a potential
biomarker of adaptive immunity dysregulation
and morphometric abnormalities in the brain in
schizophrenia.

Conclusion

In conclusion, the results of this study demonstrate
the association of increased chemokine levels and
changed content of NK-cell subpopulations in
schizophrenia patients with carriage of SNP IL17A
G-197A (1s2275913) and also demonstrate the
association of carriage of this polymorphism with
morphometric changes in the cerebral cortex. The
results indicate that SNP IL17A G-197A requires
further studies on expanded samples of patients
as a potential biomarker of immune dysregulation
and morphometric abnormalities in the brain in
schizophrenia. The findings can be translated into
practice for use in predicting the course of the disease,
the development of structural brain abnormalities,
and the selection of therapy in schizophrenia.
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MOXMJIOM BO3pacTe. B yacTu ciydyaeB ee pa3BUTHIO TIPEAIIECTBYET TOAEMEHTHAs CTausl — MSITKOEe KOTHU-
TUBHOE CHUKEeHUE. BaXKHBIM KOMIIOHEHTOM IMaTOTeHe3a HellpoiereHepallny SIBJISIETCSI XPOHUUECKOe HEMpo-
BOCTaJIeHUe (BOCITAJIMTEIbHASI aKTUBAIINSI MUKPOTJINY U aCTPOILIMTOB B MO3T€), PAa3BUTHIO U TTOIJIEPXKAHUIO
KOTOPOTO MOXKET CITOCOOCTBOBATH CUCTEMHbI BOCITAJIMTEIbHBIN OTBET BCJIEACTBUE HAPYIICHUS UMMYHHOU
perynsituu. Mi3yueHne ypoBHsI XeMOKUHOB y TtaiieHToB ¢ MCI 1 ero B3auMoCBsI31 ¢ KTMHUYECKUMU TIPOSIB-
JICHUSIMU — aKTyaJIbHOE HaIlpaBJieHWE UCCIIENOBAHU, TaK KaK MOKA3aHO yJyacThe psijia U3 HUX B MaTOreHe3e
HeliponereHepauu. Llenbio faHHOTO NCccaen0BaHMSsI ObLIO U3YyYeHNE YPOBHS XeMOKUHOB U IPYTUX MEIUATO-
POB BOCMaJIEeHUsI B IMHAMUKE Y TTAIIMEHTOB C MSITKUM KOTHUTUBHBIM CHIDKEHUEM Ha (DOHE peaduinTaiuu, a
TaKXe MCCIIeIOBAHUE €T0 CBSI3U C BHIPAXKEHHOCTHIO KOTHUTUBHBIX HapylIeHUil. B ocHOBHYIO TpymITy ucciie-
JIoBaHUsI BONUTN 48 MallMeHTOB, MPOXOASIINX Kype peadbumraiimu B Kiimauke mamsatu [Nenxuatpuyaeckoit
KIMHWYecKoW 60abHULIBI No 1. TTpoaosKuTeIbHOCTh Kypca COCTaBiisia 6 Helelsib, TTporpaMma BKJTlouasa
KOTHUTUBHBIE TPEHUPOBKHU, ICUXOTEPAITNIO U CAMOCTOSITEIbHOE BBITIOJTHEHUE 3aAaHuii. [1ariueHTs Tpouuin
VUMMYHOJIOTUYECKUE MCCIeN0BAHUS U KIIMHUYECKYIO OLIEHKY B tMHamMuKke. [ToBTopHOE 00cienoBaHue mpo-
BOJMJIOCH Yepe3 6 MecsiieB Mocjie HadyalbHOU TOUKHM. B KOHTPOJIbHYIO rpyIiny BoLLIN 46 310POBBIX 10GPO-
BOJIBIIEB, COTIOCTABMMBIE C TIAIIUEHTAMU 10 BO3pacTy U nouy. st onpenesieHnst KOHIIEHTPAIluU IUTOKUHOB
U XEMOKWHOB B CHIBOPOTKE KPOBU MCITOJIb30BIM MYJIBTUTUICKCHbBIN aHaiu3. JIJIsi OlIEHKU TOCTOBEPHOCTU
pasnuuunii ncnonab3oBasin kputepuii CteiofeHTa. O1ieHKa KOTHUTUBHBIX (DyHKITWI TTPOBOAUIIACH C UCTIOb-
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30BaHUEM MEKIYHAPOIHBIX HEMPOIICUXOJIOTMISCKIX IIIKaJl, BKIII0Yass MOHpeaTbCKyI0 KOTHUTUBHYIO IITKAITY
n KpaTkyto mkany OIeHKH TICHXMIecKoro craryca. OOHapy>KeHO MOBBIIICHNE YV ITAlIMEHTOB YPOBHS psiaa
mUTOKUHOB 1 XeMOKMHOB (TNFo, CXCL10/IP10, CCL22/MDC), peryaupyoIlInx CHCTEeMHOE BOCIIaJICHHE,
KJIETOYHBIC ¥ TYMOpaJIbHBIE MEXaHU3MBI aJallTUBHOTO MMMYHUTETa. BhIsIBIIeHa B3aMOCBSI3b YPOBHSI XEMO-
kuHa CCL7 ¢ mapamMeTpaMu HeHpPOIICUXOJOTMUYECKOro 00Cae0BaHUS MAallMEeHTOB: OOHApPyXXeHO, YTO CHU-
JKEHME eT0 CoJIep>KaHUsT aCCOLIMUPOBAHO C 0oJiee BHICOKOM TSIKEeCThI0 KOTHUTHMBHBIX paccTpoiicTB. Ha dpoHe
MPOBEJEHHON peaduauTallMy OTMeUaa0oCch yBeJuuyeHue yncia 6auioB no mkaie MMSE, cHukeHre ypoBHS
npoBocnanuTeabHoro nutToknHa TN Fa, a Takske xemoknHoB CXCL10, CCL22 6onee yemM y 50% mammneHTOB.
[MTonyyeHHbIEe JaHHBIE BHOCST BKJIaA B TOHUMaHKE POJIU XeMOKHWHOB B IAaTOreHE3€ MSITKOro KOTHUTUBHOTO
CHMXKEHMS M YKa3bIBaIOT, YTO UX YPOBEHb MOXET SIBJISIThCS MOTEHLIMAIBHBIM OMOMAapKepPOM TSKECTH KOT-
HUTUBHBIX HapylleHui. st mocaenyroeit TpaHCASILAM TTOJYYeHHBIX JaHHBIX B KIMHUYECKYIO MPaKTUKY
HeoOXoIMMa UX BaTMIalMs B 00J1ee KPYIHBIX UCCASIOBaHUSIX, a TAKXKE OLIEHKA B3aUMOCBSI3U YPOBHEI XeMO-
KWHOB C BBIPa’K€HHOCTbIO KOTHUTUBHBIX HapylieHui mpu MCI B nuHaMuKe J0JTOCPOYHOTO HAOTIOASHMS.

Knrouesvie crosa: 6oaesnv Anvyeeiimepa, socnanenue, Monpeanbckas KOGHUMUBHAS WKANA, MACKOE KOCHUMUBHOE CHUMICCHUE,
peadurumayus, XeMOKUHbl

LEVELS OF CHEMOKINES AND OTHER INFLAMMATORY
MEDIATORS IN PATIENTS WITH MILD COGNITIVE
IMPAIRMENT UNDERGOING REHABILITATION

Malashenkova L.LK.*?, Krynskiy S.A.2, Ogurtsov D.P.>?, Khailov N.A.2,
Melnikova V.D.?, Andryushchenko A.V.©¢, Savilov V.B.¢,
Kurmyshev M.V.;, Kostyuk G.P.c, Didkovsky N.A."

@ National Research Center “Kurchatov Institute”, Moscow, Russian Federation

b Federal Research and Clinical Center of Physical-Chemical Medicine, Moscow, Russian Federation
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¢ Lomonosov Moscow State University, Moscow, Russian Federation

Abstract. Alzheimer’s disease is the most common neurodegenerative disease in old age. In some cases, it
is preceded by mild cognitive impairment (MCI). One of the important components in the pathogenesis of
neurodegeneration is chronic neuroinflammation (inflammatory activation of microglia and astrocytes in the
brain). Systemic inflammatory response and immune dysregulation may contribute to neuroinflammation. The
purpose of this study was to investigate the level of chemokines and other inflammatory mediators in patients
with MCI who underwent medical rehabilitation, and to study its associations with the severity of cognitive
impairment. The study group included 48 patients with MCI undergoing rehabilitation. Rehabilitation
included cognitive therapy, psychotherapy and tasks for unaided performance. Repeated examination was
conducted 6 months after the completion of rehabilitation. The control group included 46 healthy volunteers.
Multiplex assay was used to determine serum cytokine and chemokine concentrations. Student’s t-test was used
to assess the significance of differences. Assessment of cognitive functions was performed using international
neuropsychological scales. In patients with MCI, we have found an increase in the levels of several cytokines
and chemokines (TNFa, CXCL10/IP10, MDC) that regulate systemic inflammation, cellular and humoral
mechanisms of adaptive immunity. After the rehabilitation course their levels returned to normal. It was also
found that decrease in CCL7 level in the patients before the rehabilitation course is associated with the severity
of cognitive impairment. The findings contribute to understanding the role of chemokines in the pathogenesis
of MCI, and indicate that their levels can be potential biomarkers of the severity of cognitive impairment. For
translation of the findings into clinical practice, their validation in larger studies is needed, as well as assessing
the associations between chemokine levels and the severity of cognitive impairment in MCI over long-term
follow-up.

Keywords: Alzheimer’s disease, inflammation, mild cognitive impairment, Montreal Cognitive Assessment, rehabilitation, chemokines
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Introduction

Alzheimer’s disease (AD) is the most prevalent
neurodegenerative disease in people older than 65
years. The typical morphological attributes of AD
include amyloid plaques containing deposits of
amyloid-f peptide, neurofibrillary bundles composed
of tau protein, and chronic neuroinflammation [4].
An important component of the pathogenesis of
neurodegeneration in AD is prolonged activation of
innate immune response mechanisms in the central
nervous system (CNS) (neuroinflammation), the
development and maintenance of which can be
facilitated by systemic inflammatory response and
immune regulation disorders. In neuroinflammatory
conditions, activated microglial cells secrete high
levels of free oxygen species, cytokines, chemokines
and other inflammatory mediators, which causes
neuronal damage, disruption of trophic functions of
astrocytes and deposition of neurotoxic amyloid-3
oligomers [8].

In a number of cases, the development of AD-type
dementia is preceded by mild cognitive impairment
(MCI), a clinical condition that is characterized by
deficits of memory and other cognitive functions
that don’t reach the severity of dementia. Patients
with MCI have an increased risk of dementia, but
a number of patients remain cognitively stable.
Neurovisualization and morphological methods
detect neurodegeneration in the patients with MCI,
and finding new potential prognostic markers in
MCI, including immunological markers, is important
for clinical practice.

Chemokines are a superfamily of small structurally
related cytokines that form a complex network. They
normally regulate the movement of white blood cells,
but also perform a very wide variety of immune
and non-immune functions. Studying the level of
chemokines in the MCI patients and its relationship
with the clinical manifestations of the disease is a
promising area of research, since animal models
show that a number of chemokines are involved in
the pathogenesis of MCI and AD by stimulating
and maintaining neuroinflammation, activation
of amyloid-B oligomer deposition and tau protein
hyperphosphorylation [7]. Chemokines can be pro-
duced not only by innate and adaptive immunity
cells, but also by other cells of the body, including
CNS cells: microglia, astrocytes, oligodendrocytes,
endotheliocytesand neurons [12]. They can contribute

to the maintenance of chronic inflammation by
attracting T cells to the inflammation focus and
activation of mononuclear phagocytes.

The basis of the work was our earlier findings on
the associations between systemic inflammation,
deficiency of the humoral immune response and
progression of cognitive disorders in MCI [10].
The goal of this study was to assess the serum con-
centrations of chemokines and other inflammatory
mediators in patients with mild cognitive impairment
undergoing rehabilitation, to study their associations
with the severity of cognitive impairment in patients.

Materials and methods

The main study group consisted of 48 patients
with mild cognitive decline undergoing medical
rehabilitation at the Memory Clinic of Psychiatric
Clinical Hospital Ne 1 (4 men, 44 women, mean age
73.16%2.06 years).

Patients came in with complaints of subjective
cognitive impairment, including forgetfulness,
attention and concentration deficits, occasional
difficulty finding their way home, difficulty expressing
thoughts, decreased professional and social pro-
ductivity, impaired motor skills, and difficulty per-
forming everyday household activities (paying bills,
shopping). The rehabilitation course was carried out in
face-to-face and half-distance mode under conditions
of established restrictions because of COVID-19:
face-to-face — once a week (cognitive training and
psychotherapy session) and remotely — independent
daily performance of tasks by the project participants
directed on maintenance and self-rehabilitation of
cognitive functions, including use of the developed
program of the “Memory Clinic” portal.

Repeated examination of the patients was con-
ducted 6 months after the completion of the
rehabilitation course. The duration of the reha-
bilitation course was 6 weeks, and the total duration
of sessions was 96 hours. Rehabilitation was con-
ducted in a group format. The neurocognitive trai-
ning program was aimed at restoration of visual-
spatial recognition, memory, kinesthetic, tactile and
somatognostic functions, attention, goal setting, and
control functions. Psychotherapy included methods
of psychological aid adapted to the rehabilitation
program [13].

Patients underwent immunologic studies, clinical
evaluation and neuropsychological testing at the
starting point of the study and at follow-up. Re-
examination was performed 6 months after the initial
point.

The control group included 46 healthy volunteers
without a diagnosis of MCI, AD or other neurological
and psychiatric diseases, and without acute infectious
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diseases or systemic diseases in the decompensation
phase, comparable with the patients in age and gender.

The study was approved by the local ethics
committee of the Kurchatov Institute Research
Center. All participants were acquainted with the
details of the study and signed a voluntary informed
consent sheet, a questionnaire, and a consent to
process personal data.

We used a multiplex assay panel (Merck Millipore,
Germany) to determine the concentration of
cytokines and chemokines in blood serum.

250

200

150 +

pg/mL

100

50 A

CXCL10

m MCI m Controls

Figure 1. Levels of CXCL10 chemokine in MCI patients and
in the control group

Note. *, significant differences with the control group (p < 0.05).

100

pg/mL

CCL7
EMOCA <22 B MOCA 26 or higher
MOCA 22-25 m Controls

Figure 2. Levels of CCL7 chemokine in MCI patients with
different severity of cognitive impairment according to the
MOCA scale and in the control group

Note. *, significant differences with the control group (p < 0.05).

Cognitive functions were assessed at the Memory
Clinic of PKB No. 1 using international neuropsycho-
logical scales, including the Montreal Cognitive
Scale (MOCA), the Mini Mental Examination Scale
(MMSE), the Hospital Anxiety and Depression Scale
(HADS), and the clock drawing test.

Excel (Microsoft, 2010) and STATISTICA 10
(StatSoft, 2010) software were used for statistical
processing. Normality of distribution was assessed
using Shapiro-Wilks criterion. Group results were
presented as averages with 95% confidence intervals.
Student’s t-test was used to assess the significance of
differences.

Results and discussion

It was found that levels of the proinflammatory
cytokine TNFa (tumor necrosis factor-a), CXCL10/
IP10 (interferon-y inducible protein 10) and MDC
(monocyte-derived chemokine, CCL22), which is
involved in Th2-link activation of adaptive immunity,
were significantly increased in MCI patients (Figure 1,
Table 1).

CXCL10/IP10 is a proinflammatory chemokine
involved in the effects of cytokine interferon-y (IFNy).
As reported [2], the content of this chemokine is
elevated in the cerebrospinal fluid in Alzheimer’s
disease in the early stages of dementia and in MCI,
and in Alzheimer’s disease there is a significant
positive correlation between CXCLI10 levels and the
MMSE score, while in MCI no such correlation was
found. Serum CXCL10/IL10 levels in MCI have not
previously been studied.

TNFa is one of the major proinflammatory
cytokines, secreted mainly by macrophages, NK cells,
and lymphocytes. TNFa has 2 receptors, TNFRI1
and TNFR2. The TNFR2 receptor is associated
with homeostatic functions, whereas activation of
the TNFRI receptor triggers systemic inflammation
cascades and causes a wide range of biological
effects, including activation of innate immune cells,
endothelial activation, acute phase protein synthesis,
pyrogenesis, dendritic cell migration to lymph nodes
and activation of the adaptive immune response.
Depending on the state of the target cell and the
microenvironment, TNFo can cause stimulation
of survival, proliferative activity of target cells, their
necrosis or apoptosis [5]. Increased TNFa levels
indicate activation of the systemic inflammatory
response in MCI patients, confirming our earlier
findings [10]. Data obtained by other researchers
also indicate an increase in this cytokine in the blood
serum in MCI [15].

MDC is a chemokine expressed by dendritic
cells, NK-cells and some T cell subpopulations.
The main functions of MDC include the induction
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TABLE 1. LEVELS OF CHEMOKINES AND INFLAMMATORY MEDIATORS IN MCI PATIENTS AT BASELINE AND 6 MONTHS

AFTER THE REHABILITATION COURSE

Indicator Baseline 6 months point Controls
CXCL10, pg/mL 169.3+41.9% ** 75.1116.6 67.63+£19.59
CCL7/MCP-3, pg/mL 21.49+11.51 21.72+10.01 38.81+21.99
TNFa, pg/mL 8.17+1.36** 7.61+£2.97 5.57+1.45
MDC, pg/mL 1230.3+£323.8* ** 483.1£90.4 597.75+84.74

Note. *, the significance of differences between baseline and the 6 months point, p < 0.05; **, the significance of differences with

the control group, p < 0.05.

and maintenance of activation of the Th2-link of
adaptive immunity. This chemokine participates in
the pathogenesis of allergic diseases and malignant
tumors [11]. According to the literature, increased
MDC levels in the cerebrospinal fluid is one of the
markers of increased permeability of the blood-brain
barrier in AD, which may play an important role in the
pathogenesis of AD, contributing to the development
and maintenance of chronic neuroinflammation
due to violation of the CNS’s immuno-privileged

status [1].

It was also detected that the content of the

interferon-inducible

chemokine

CCL7/MCP-3

(monocyte chemotactic protein 3) was significantly
reduced in MCI patients with a significant degree
of cognitive impairment (less than 22 points on the
MOCA scale) (n = 13) (Figure 2). The chemokine
CCL7 is one of the mediators that promote
extravasation of monocytes and neutrophils to the
site of the inflammatory reaction. This chemokine
is important for the initiation of adaptive immune
response to viruses and other intracellular pathogens
(Listeria monocytogenes, etc.) [14]. Its deficiency leads
to impaired monocyte functions, including antigen
presentation. The low level of CCL7 in MCI patients
with severe cognitive decline may contribute to the
deficiency of mechanisms of antigen-dependent

cytotoxicity in these patients.

Assessment of the cognitive functions of MCI
patients before and after rehabilitation showed that
before rehabilitation, the mean MMSE score was

26.08+£0.54 and MOCA

score was 22.61+0.91.

After rehabilitation, the mean MMSE score was
28.184+0.74 (p = 3.75 x 10°) and MOCA score was
24.00+1.33 (p > 0.05). MOCA scores higher than 26
are considered normal and scores from 18 to 25 are
characteristic for MCI. For MMSE, scores higher
than 26 are considered normal and scores from 18 to
25 are characteristic for MCI. Thus, the rehabilitation
course had a favorable effect on the cognitive functions
of MCI patients in the short-term dynamics, which
was expressed in a significant increase in the MMSE

score.

We studied the effect of the rehabilitation course on
the level of chemokines and inflammatory mediators
in MCI patients. The main results are shown in the
Table 1.

It was revealed that at repeated examination after
the rehabilitation course in MCI patients the content
of proinflammatory cytokine TNFa in blood serum
decreased to normal levels, as well as the content of
MDC chemokine. MDC, a chemokine that regulates
Th2 type of the adaptive immune response and the
permeability of BBB. The levels of MDC have been
found to increase in the cortex APP/PS1 mice that
are susceptible to AD [6]. The decrease of MDC
levels in systemic circulation can be beneficial for the
patients with MCI, reducing the BBB permeability
and neuroinflammation.

It was also found that the content of chemokine
CXCL-10/1P-10 (interferon-gamma inducible protein
10) decreased to normal levels after the rehabilitation
course. CXCL-10/IP-10 is an important component
of the antiviral response, stimulating migration to
the site of infection and adhesion of activated type 1
T helpers. CXCL10 is expressed by neurons, glial
and stromal cells in various CNS diseases and can
play both protective and damaging roles [3]. The
chemokine CXCL10 binds to the CXCR3 receptor,
which is mainly expressed on activated T cells and
natural Killer cells. CXCL10 mediates leukocyte influx
in various inflammatory diseases of the central nervous
system and may be involved in the development of
neuroinflammation, contributing to the pathogenesis
of Alzheimer’s disease [9]. Given the association of the
level of this chemokine with the severity of cognitive
impairment in MCI, it is of interest to further study it
as a marker of the effectiveness of MCI therapy.

Therefore, in this work, we found increase in
the levels of several major chemokines that regulate
systemic inflammation, cell and humoral mechanisms
of adaptive immunity in MCI patients. This increase
may reflect activation of inflammation, participate
in the development of neuroinflammation, and
contribute to the progression of Alzheimer’s disease.
In particular, we revealed an important fact about the
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relationship between the CCL7 chemokine level and
the parameters of neuropsychological examination
of patients with MCI: decrease in CCL7 content was
found to be associated with the severity of cognitive
impairment according to the MOCA scale. The
findings indicate that decrease in the content of the
CCL7 chemokine is a potential marker of the severity
of cognitive impairment in MCI.

According to this study, the medical rehabilitation
course had a beneficial effect on the cognitive
functions of the patients, and was associated with a
decrease of the levels of TNFa, CXCL10 and MDC
to normal values. These fascinating results show the
importance of further research of the influence of
medical rehabilitation in MCI on immunological
parameters. Some of the factors that can possibly
explain these results are a decrease in anxiety, better
emotional stability, better organized schedule and
higher physical activity in the patients who underwent
the rehabilitation course. These factors could have an
effect on neuroimmune interactions in the patients,
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OCOBEHHOCTU NOCTBUPYCHOIO CUHAPOMA
XPOHMYECKOW YCTAJIOCTU, ACCOLIUMPOBAHHOIO

C MArKkum KOrHutTuBHbiIM CHWXKEHUEM, Y NALUMEHTOB
C ATUNNYHLIMU XPOHUYECKUMU AKTUBHBIMU

FrEPNECBUPYCHbIMUA UHOEKLIUAMU
Xaarypuna E.O.', Hecreposa I1.B.*3

T®IAOY BO «Ilepswiit Mockosckuii 2ocydapcmeennbiii meouyurckuil ynusepcumem umenu M. M. Ceuernosa»
Murucmepcmea 30pasooxpanenus PO (Ceuenosckuii ynusepcumem), Mockea, Poccus

2@TAOY BO «Poccutickuii ynusepcumem opyycovt Hapoooe», Mockea, Poccus

S@I'BOY BO «Kybauckuii eocydapcmeeHHblil MeOuyuHcKuil ynueepcumenm» Munucmepcmea 30pasooxpanenus PD,
e. Kpacnooap, Poccus

Pesome. CoriiacHO COBpEMEHHBIM IIPEACTABICHUSIM, TUCGhYHKIIMOHAJTBHBIC U3MEHECHMS B pab0OTe UMMYH-
HOM CHCTEeMBI OKa3hIBAaIOT BIUSTHIE Ha UMMYHHBIE TIpoliecchl B LIHC, crtocoO¢TBYs pa3BUTHIO HEHPOUMMY-
HOBOCHAJICHUSI, U TEM CaMbIM OITOCPEIOBAHHO BJIMSIIOT HA CKOPOCTb IPOrpeCcCUPOBaHMS HeipoaereHepaTrB-
HBIX mpoieccoB. Llenplo Halllero ucciaeaqoBaHUsl IBUWIOCh U3YYEHUE PACIIPOCTPAHEHHOCTHA MOCTBUPYCHOTO
CHUHJIpOMa XPOHUYECKOM YCTaIOCTU U KOTHUTUBHBIX HapyieHuit (aMCI) cpeau manueHTOB, CTpagarolinx
aTUTTMYHOM, XpOHUYECKOW aKTUBHOM repriecBupycHolt nHgexiueit (AXA-T'BU).

IMTox HamMM HaOJIOACHWEM HaXOIVIUCH 126 manreHTOB 060MX MOJIOB B Bo3pacTte oT 18 1o 60 neT, cTpa-
narommnx AXA-I'BUA.

YcraHosiieHo, 4T0 MOHO-BDbB mHbeknueii crpanarot 27,7%, muker-BObB nHdeKkmns HabmomaeTes y
72,3% nauueHToB. [1pu olieHKe KOTHUTUBHOTO (DYHKIIMOHUPOBaHUs ¢ ucnoib3oBaHueM mkan CGl, MMSE
BbIsIBJIEHa YyacToTa BcTtpedaeMocT aMCI — 68,3%: npu mukcr-I'BU ona cocraBuna — 87,4%, ipu MOHO
I'BU — 38,8%. B nipoliecce uccnenoBaHust ObIJIM BBISIBJIECHBI CYLIECTBEHHBIE OTPAHMYEHUS B IPUMEHEHUN
MICTIOJIB30BAHHEIX CTAHIAPTHBIX IIKAJ B CBSI3M C HEBO3MOXHOCTBIO ITPOBEACHNST KOMIUIEKCHOM OLICHKH T1a-
paMeTpOB KIMHUYECKOIO CTaTyca U KOTHUTUBHBIX TUCHYHKIINMI, a TAaK:Ke KOPPEJSILUA 3TUX ITapaMeTpOB U
OLICHKM TUHAMHUKH Ha (POHE ITPOBOAUMOI MMMYyHOTepanuu. JJIsd peaan3aliy 3TON LeIU Ha JATbHEHIITNX
aTanax uccjaeaoBaHus OblIa UCITOIb30BaHa pa3padboTaHHas Hamu [1Ikasa olleHKM KpUTeprUaTbHbBIX KITMHUYE-
CKUX ITPU3HAKOB/CUMITTOMOB ManineHTOB, cTpamaiomnx AXA-I'BU ¢ CXY. ITokaszaHo, uro npu Mmukct-I'BU
BBIPAXKEHHOCTb CUMIITOMOB JOCTOBEPHO IPEBhIlIajia BEIPaXKEHHOCTh CUMIITTOMOB MallieHTOB ¢ MOHO-I'BH
U cocrtapisiia 52,7 (43,1-62,2) u 38,0 (31,9-42,8) 6a1oB cooTBeTcTBeHHO (p = 0,05). Takum o6pa3oM ObLIO
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YCTAHOBJIEHO, UTO MallUEHTHI, cTpafawinue MUKCT-I' BU, uMmeroT 60s1ee BhIpaXXeHHbIE, TSKEJIbIE MPOsIBIIE-
Hus1 CXY u aMCl, kotopsie B 1,5 pa3a mpeBbIIalOT aHAJTOTMYHbIEC TTPOSIBICHUS Yy TTallMeHTOB ¢ MOHO-T'BU,
CHUKasl KAYeCTBO XKU3HU 3TUX MAaLUEHTOB, YXYyAllasi UX COUMATBbHYIO afarnTaluio, Co3/1aBasi pUCK pa3BUTUS
TICUXOTEHHOU AETIPECCUMU.

JnuTenbHas MepCUCTEHIIMS Tepriec-BUPYCOB B OPTaHU3ME UMMYHHOKOMITPOMETUPOBAHHBIX JIIOACH CO3-
JTaeT yCJIOBUSI [IJIsSl TTOCTOSIHHOM aHTUTEHHOW CTUMYJISIIIUY Y UMMYHHOTO MCOaaHC ¢ 1e0I0TOM BTOPUYHOTO
UMMYHOIEeMUIIMTA WU KIIMHUYECKON MaHUdecTaluer UMEIOIUXCS MEPBUYHBIX HAPYILIEHUI B UMMYHHOMI
CUCTEME, YTO CO3[aeT MPEANOChUIKY I pa3BUTUsSI HeHpouMMYyBoIociaauTeabHbIXx ud3MeHeHuit B LIHC u
IMTHC ¢ nocnenyoumM ¢GopMUpPOBaHUEM KIMHUYECKUX MPOSIBACHUN MUEIodHLIedanTa 1 CUHApOMa Xpo-
HUYECKOU YCTAJIOCTU C Pa3IMYHBIMU KOTHUTUBHBIMU HAPYIIEHUSIMU, KOTOPbIE MOTYT OBITh KJIacCCUDULIUPO-
BaHBI KaK MSITKOE€ KOTHUTUBHOE CHUXKEHUE.

Karouesnie cnosa: eepneceupyctole unghekyuu, UMMYHHAS OUCPYHK YU, CUHOPOM XPOHUHECKOU YCMAA0Cmu, KOCHUMUBHbLE
paccmpoiicmea, uHmepghepoHonamuu, UMMyHOmMepanus

PECULIARITIES OF POST-VIRAL CHRONIC FATIGUE
SYNDROME ASSOCIATED WITH MILD COGNITIVE DECLINE IN
PATIENTS WITH ATYPICAL CHRONIC ACTIVE HERPESVIRUS
INFECTIONS

Khalturina E.O.2, Nesterova LLV.b¢

@ I. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation
b Peoples’ Friendship University of Russia, Moscow, Russian Federation
¢ Kuban State Medical University, Krasnodar, Russian Federation

Abstract. According to modern ideas, changes in the functioning of the immune system affect the immune
processes in the nervous system, contributing to the development of neuro-immuno-inflammation and thereby
indirectly affect the rate of progression of neurodegenerative processes. The aim of our study was to investigate
the prevalence of post-viral chronic fatigue syndrome and cognitive impairment (aMCI) among patients with
atypical, chronic active herpesvirus infections (ACA-HVI).

Under our supervision were 126 patients of both sexes aged 18 to 60 years with ACA-HVI.

It was established that mono-EBYV infection affects 27.7%; mixed EBV infection is observed in 72.3% of
patients. When assessing cognitive functioning using CGI, MMSE scales, the incidence of aMCI was found to
be 68.3%: with mixed HVI — 87.4%, with mono HVI — 38.8%. During the study, significant limitations were
identified in the use of standard scales due to the impossibility of conducting a comprehensive assessment of
clinical status parameters and cognitive dysfunctions, as well as correlation of these parameters and assessment
of dynamics of the immunocorrection. To achieve this goal the Scale of assessment of the criterion clinical
symptoms of patients with ACA-HVI with CFS was used. It was shown that in mixed-HVI, the severity of
symptoms exceeded the severity of symptoms of patients with mono-HVI and was 52.7 (43.1-62.2) and 38.0
(31.9-42.8) points, respectively (p > 0.05). Thus, it was found that patients suffering from mixed HVI have more
pronounced, severe manifestations of CFS and aMCI, which are 1.5 times higher than similar manifestations
in patients with mono-HVI, significantly reducing the quality of life of these patients, worsening their social
adaptation.

Prolonged persistence of herpes viruses in immune-compromised people creates conditions for constant
antigenic stimulation and immune imbalance with the onset of secondary immunodeficiency or clinical
manifestation of existing primary disorders in the immune system, which creates the prerequisites for the
development of neuro-immuno-inflammatory changes in nervous system, followed by the formation of clinical
manifestations of ME/CFS with different cognitive impairments that may be classified as aMCI.

Keywords: herpesvirus infections, immune dysfunction, chronic fatigue syndrome, cognitive disorders, interferonopathies,
immunotherapy
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Ocobennocmu nocmeupycrozo CXY
Peculiarities of post-viral CFS

Introduction

In recent years, the prevalence of viruses belonging
to the Herpesviridae family has become pandemic [1,
3]. In this regard, the Herpesviridae family study is of
great interest in the etio-and immunopathogenesis of
some infectious and non-infectious diseases, tending
to a chronic progressive course and characterized by
torpidity to ongoing standard therapy, the clinical
picture of which is often atypical, polysymptomatic
and polysyndromic. Possessing pronounced neuro-
and immunotropism, herpes family viruses are able
to persist for a long time in neuroglial cells, neurons,
cells of the immune system, causing the development
of chronic systemic and neuroimmune inflammation,
clinically accompanied by the meningoencephalitis
(ME) symptoms, post-viral chronic fatigue syndrome
and immune dysfunction, including signs of amnestic
mild cognitive impairment (aMCI) [2, 7, 11, 12,
14, 15]. It is known that one of the aMCI causes
is neuroinflammation induced by a viral process
of a predominantly integrative type [5, 6, 8, 10].
The leading clinical manifestations of aMCI are:
progressive memory impairment, visual-spatial
functions, fatigue, rapid exhaustion with little physical
and mental stress, emotional lability, and personality
changes in general [8].

According to modern concepts, dysfunctional
changes in the immune system affect the immune
processesinthe CNS, contributingto the development
of neuro-immuno-inflammation and thus indirectly
affect the rate of neurodegenerative progression.
Along with this, the results of studies evaluating
various parameters of the cellular and humoral parts
of the immune system, cytokine profile, interferon
system in aMCI are few and often contradictory.

The aim of our study was to study the prevalence
of aMCI among patients suffering from atypical,
active chronic mono and mixed herpesvirus infections
(ACA-HVI), as well as to clarify immuno-patho-
genetically significant disorders in the mechanisms of
immune antiviral defense and the interferon system
dysfunction.

Materials and methods

Study group (SG) included 126 patients of both
sexes aged 18 to 60 years, suffering from atypical
ACA-HVI. The comparison group (CG) consisted
of 30 apparently healthy individuals matched by sex
and age with GI patients. The study was approved by
the Ethics Commission, and informed consent was
obtained from all patients to participate in the study
and to process personal data in accordance with the
World Medical Association’s Declaration of Helsinki
(WMA Declaration of Helsinki — Ethical Principles
for Medical Research Involving Human Subjects,
2013).

Anamnesis and physical examination

All Herpes virus (HI) patients were surveyed using
questionnaires specially developed by us in order
to identify the features of the epidemiological and
infectious anamnesis, and identify the main clinical/
criteria signs and symptoms of ACA-HVI [4].

Cognitive functioning was assessed by the CGI
(Clinical Global Impression) and MMSE (Mini-
Mental State Examination) scales [13].

Laboratory diagnostics

The study included complex analysis consisting
of the traditional methods (history taking, physical
examination methods, CBC, etc.), serodiagnostic
methods (IgM VCA EBY, IgG VCA EBY, IgM CMYV,
IgG CMVIgM HSV1 /2, 1gG HSV1 /2) using ELISA
test systems, NPO Diagnostic Systems (Russia),
and the PCR method of the AmpliSense test system
(Russia) to detect the virus genome in biomaterials
(blood, saliva, urine, scrapings from the tonsils and
posterior pharyngeal wall). To assess the functioning
of antiviral immunity (immunogram, INF-status,
etc.) features, flow cytometry and ELISA methods
were used. Statistical analysis was performed using the
Microsoft Excel 2019, Statistica 2.0 software package.

Results and discussion

When analyzing the etiological structure of
morbidity in the observed groups, we established the
frequency of occurrence of mono- and mixed-HVI.
It is noteworthy that the Epstein-Barr virus (EBV)
was the dominant virus in both groups of patients.
According to the data obtained, 27.7% of patients
suffered from mono-EBV infection, and 72.3% —
from mixed-EBYV infection (Figure 1).

In the structure of these infections, combinations
of EBV+ CMV + HHV type 6 are in the lead (14.7%);
EBV+CMV+HSVtype1(12.4%); EBV+ CMV+HSV
type 1 + HHV 6 type (12.4%), as well as EBV + HHV
6 type and EBV + HSV type 1 — 8.8% each. Further,
the distribution of mixed infections according to the
occurrence of combinations is as follows: EBV+CMV
(8.8%); EBV+CMV+HSV2, EBV+CMV+ HHYV type
6 (14.7%) and rarer combinations (less than 27.3%)
(Figure 2).

In the patients suffering from mono- ACA-HVI
clinical picture, the leading clinical manifestations
of HSVI/HSV2 were vesicular rashes on the skin
and mucous membranes of various prevalence and
localization. Among the predominant symptoms,
subfebrile condition, regional lymphadenopathy,
the appearance of chills, headache, hyper- and
paresthesias in certain dermatomes, prodromes
preceding and accompanying HVI recurrence, as
well as the presence of cognitive impairment, sleep
disorders, insomnia, and a pronounced decrease in
working capacity were identified.
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Figure 1. Etiological structure of mixed EBV infections

100

50

s EBV+CMV

8.80%

8.80% EBV+HSV1
= EBV+HHV 6
m EBV+HSV2

= EBV+HHV6 +CMV

I'3.80%

EBV+CMV+HHV6+HSV1
EBV+CMV+HHV 6

Another

Mono ACA-HVI

Mixed ACA-HVI

Figure 2. Frequency of aMCl occurrence in patient groups with mono- and mixed herpesvirus infections (%)

In patients suffering from mixed ACA-HVI there
were more pronounced complaints and clinical
manifestations of dysfunction in the CNS, ANS and
PNS, that included a prolonged feeling of severe
weakness, chronic fatigue, and poor tolerance to
adequate physical activity. In addition, patients were
worried about excessive sweating, intermittent pain in
the throat, in muscles and joints, headaches, subfebrile
temperature, lymphadenopathy, sleep disturbance,
decreased memory, attention, intelligence (cognitive
dysfunction), less often — psychogenic depression.

When assessing cognitive functioning using the
CGI (Clinical Global Impression) scale and the Mini-
Mental State Examination (MMSE), it was found that
in patients with ACA-HVI, the incidence of aMCI
was 68.3%. At the same time, in patients with mixed
HVI, the incidence of aM CI was higher (87.4%), than
in patients with mono HVI (38.8%) (Figure 2).

The SG (patients diagnosed with aMCI) included
patients with ACA-HVI who had an MMSE score
of > 27 and met the diagnostic criteria for aMCI
syndrome at the stage of mild cognitive decline.

It is known that MCI can be an initial stage of
many neurodegenerative diseases, established on the
results of neuropsychological testing, complaints of

cognitive impairment by the patient or his relatives,
the absence of significant disturbances in the patient’s
daily activities, and the exclusion of other causes of
cognitive decline. Indicators of neuropsychological
scales for aMCI are intermediate between the
corresponding age norm and dementia values cha-
racteristic.

In our study, the use of these scales was of great
diagnostic value in the period of screening assessing
amnestic and cognitive impairment in order to identify
cognitive dysfunctions that meet the aMCI criteria in
CFS. However, these scales had some limitations as
they did not allow to assess comprehensive parameters
of the clinical status and cognitive dysfunctions,
as well as the dynamics and correlation of these
parameters against the background of the ongoing
integration program for correcting the immune
system of immunocompromised patients suffering
from ACA-HVI. To achieve this goal, at further stages
of the study, we developed the Scale for assessing the
criterial clinical signs/symptoms of patients suffering
from ACA-HVI with CFS [4].

A comparative assessment of the criterial CFS
signs/symptoms severity in patients suffering from
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TABLE 1. COMPARATIVE ASSESSMENT OF THE CRITERIAL CFS SIGNS/SYMPTOMS SEVERITY IN MONO AND MIXED HVI,

Me (Qq2-Qq75)
Symptom Mixed HVI Mono HVI

Severe fatigue 5.0 (5.0-5.0) 5.0 (5.0-5.0)
Poor tolerance to adequate exercise 5.0 (5.0-5.0) 5.0 (5.0-5.0)
Prolonged subfebrile condition 4.0 (3.5-4.5) 2.5 (2.0-3.0)
Pain and discomfort in the throat 4.0 (3.5-4.5) 3.0 (2.5-3.5)*
Excessive sweating, chilliness, sensitivity to cold 3.5 (2.5-4.5) 2.5 (2.0-3.0)
Headache, migraine 4.0 (3.5-4.5) 2.5 (2.0-3.0)*
Regional lymphadenopathy 4.5 (4.0-5.0) 3.5(3.0-4.0)*
Increased fatigue, decreased productivity 5.0 (4.5-5.0) 3.5(3.0-4.0)*
e e e el ynesthesia, sensery | 352540 201429
Decreased memory, concentration 2.4 (1.5-4.0) 2.0 (1.0-2.3)
Cephalgia, arthralgia, myalgia 3.3(2.1-4.2) 2.0 (1.5-2.5)
Sleep disorders (insomnia or increased sleepiness) 4.0 (2.5-5.0) 2.5 (2.0-2.7)
Z::Ilg :::::ss;i?:oe(:gisorders, emotional lability, psycho- 4.5 (3.0-5.0) 2.0 (1.5-2.3)*
Sum of points 52.7 (43.1-62.2) 38.0 (31.9-42.8)*

Note. *, significant differences between the parameters of the mono-HVI and mixed-HVI, p < 0.05.

mono and mixed herpes virus infections was made
(Table 1).

It was shown that in patients suffering from mixed
HVI, the severity of symptoms significantly exceeded
the severity of symptoms in patients with mono-
HVI: 52.7 (43.1-62.2) and 38.0 (31.9-42.8) points,
respectively (p > 0.05). Thus, it was found that patients
suffering from mixed HVI have more pronounced,
severe manifestations of CFS and aMCI, that were 1.5
times higher than similar manifestations in patients
with mono- HVI, significantly reducing patient
quality of life, worsening their social adaptation,
placing them at risk for the psychogenic depression
development.

It is obvious that the presence of an adequate,
simple and convenient tool for identifying and
assessing the criterial signs/symptoms of CFS helping
the doctor assess the existing disorders of the clinical
and cognitive status, determine their severity, will allow
timely diagnosis of existing disorders, and dynamic
assessment of the therapy effectiveness, as well as in a
timely manner to include the patient in the increased
risk of developing severe cognitive impairment and
psychogenic disorders.

According to modern concepts, the progression
of neurodegeneration in aMCI is facilitated by a
long-term latent activation of the innate immune
response mechanisms in the central nervous system
(neuroinflammation), one of the causes of which may
be the atypical active chronic course of herpes virus

infections, mostly with neutrotropism. In the brain
with aMCI, pathological activation of microglial
cells is noted, their secretion of excessive levels of
pro-inflammatory cytokines, free radicals, and the
neurotransmitter glutamate, increasing neuronal
damage. The relationship between markers of syste-
mic inflammation, individual indicators of immunity
and neuroinflammation in aMCI is being studied. It
has been shown that the presence of chronic systemic
inflammation increases the risk of developing aMCI
by 1.5-1.8 times.

Conclusion

Long-term persistence of viral and bacterial agents
in the body of immunocompromised people creates
conditions for constant antigenic stimulation. As a
result, there is a breakdown of adaptation mechanisms
with depletion of immune homeostasis reserves and
immune imbalance with the onset of secondary
immunodeficiency or clinical manifestation of existing
primary disorders in the immune system (congenital
immunity errors). All together, it leads to the chronic
pathology, allergization of the body, changes in the
autoimmune profile of patients, and creates the
prerequisites for the neuro-immuno-inflammatory
changes in the CNS and PNS, followed by the clinical
manifestations of encephalomyelitis and chronic
fatigue syndrome (ME/CFS), and various cognitive
impairments that can be classified as mild cognitive
impairment (aMCI).
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POJ1b MPOBOCMAJIUTEJIbHbIX ULUTOKMHOB NPU
TUPEOUWOUTE XALLUMOTO, ACCOLUUNPOBAHHOM

C NCUXUYECKUMU PACCTPONCTBAMMU

Cooboaesckas ILA.Y, I'sospenknii A.H.2, Kyapasues J1.B.2,
Yepemnes B.A4, Yypmiaos JLIL!

'@I'BOY BO «Canxm-Ilemepbypeckuii eocydapcmeennuiii yuusepcumem», Cankm-Ilemep6ype, Poccus
2@I'BOY BO «Cegepo-3anadnbtii 2ocydapcmeeriuiii MeOuyunckull yuusepcumem umenu M. U. Meunukosa»
Munucmepcmea 30pasooxpanenus PO, Cankm-Ilemepbype, Poccus

SOI'BHY «Hncmumym skcnepumenmanvioll meouyunvr», Cankm-Ilemep6ype, Poccus

*@I'BYH «Uncmumym ummynonsoeuu u gusuosoeuu» Ypanscikoeo omoenenus Poccuiickoit akademuu Hayk,
2. Examepunbype, Poccus

Peswome. [lcuxrnyeckue HapylIeHUS 4YacTO COMPOBOXAAIOT ayTOMMMYHHBIE 3a00JIEBaHUS, HAIIPUMED, C
1949 roga u3BECTHO O «<MUKCEAEMATO3HOM O€3yMUMN» — 3TO MCUX03, MPUYNHOI KOTOPOTO SIBASICTCS TUIIOTH-
peos. Camas yacTtasi TIpu4rMHa TUTIOTUPE03a — ayTOUMMYHHBIN TUPEOUINUT XalmMoTo. M3BECTHO TakkKe 1 O
JIPYTOM IICUXOHEBPOJIOTMISCKOM PAaCCTPOMCTBE, ACCOLIMMPOBAHHOM C ayTOMMMYHHBIM TUPECOUIUTOM — 3TO
sHUedamonaTusa XammnuMoTo. DHiedanonatus XallMMOTO — 3TO TsKeJloe HapylleHue (PYHKIMWI LeHTPalb-
HOM HEPBHOI CUCTEeMBbI, ITAaTOreHe3 KOTOPOro He CBs3aH ¢ TOPMOHAJbHBIMU HapylieHusiMu. M3BecTHO, 4TO
IIUTOKUWHBI SIBJISTIOTCSI pETyJIITOpaMU M y4aCTHUKaMU BOCTaJieH!sI, B TOM YKCJIe M ayTOMMMYHHOTO. Pazyme-
eTCs, KOTlIa pedb UACT O BBICOKMX KOHIICHTPAUSIX IPOBOCHAINTEIBHBIX IUTOKMHOB, MBI MOXKEM TOBOPUTH O
CUCTEeMHOM BocrajieHnr. OqHaKoO MUHUMAaJIbHBIC WJIW He3HAUYMTEIbHbIC KOJIeOaHMs IIMTOKMHOB B IIpeAesiax
JIMAana3oHOB, XapaKTePHBIX I 3M0POBBIX WM ISI HOPMEPTUYECKOro ocTpoda3zoBoro oreera rpu 00Je3HU,
HE MOTYT OBbITh MHTEPIPETUPOBAHBI C TOYKU 3pEHUSI OMHAPHOI 3HAOKPUHOJIOTUYECKOM JJornku. M3BecTHO,
9TO B LIEHTPAJIBbHOM HEPBHOI cHCcTeMe MUTOKUHBI CITTIOCOOHEI BIIMSITh HA HEMPOIHIOKPUHHBII KOHTPOJIb CH-
CTEMHO peryanpyeMbix (GpyHKIm. Heab3st 3a0b1BaTh 1 O TOM, UTO INIMaIbHBIC KISTKHU (aCTPOTJIMS, MUKPO-
IJIMs1) CIOCOOHBI K MPOAYKIIUY Psifia IMTOKMHOB U MOTYT OKa3bIBaTh TAKUM MyTeM BJIMSHUE Ha HEMPOHBI U
pa3BUTHUE MOBeAeHYECKNX U3MeHeHuii. Kpome Toro, mokaszaHa CITOCOOHOCTh psiila IIMTOKMHOB BHE caMoOii
IIHC neiictBoBaTh Ha BarayibHbIe adphepeHTHI U Yepe3 HUX foHocuTh nHdopmaruio B LIHC, Biusis Ha ee co-
CTOSTHHE W (ODYHKLIMU. Pa3yMHO MPEeAIToN0XNUTh, 9TO MUHUMAaIbHBIC KOJIeOaHsI YPOBHEH IMTPOBOCTIAINTEIb-
HBIX LIMTOKUHOB MOTYT OKa3bIBaTh BAUsHUE Ha cocTosiHue U pyHkuuu LITHC. Ienbio nccnepoBaHust ObLIO
W3YYUTh YPOBHU ITPOBOCITAIMTEILHBIX IIMTOKWHOB Yy ITAIIMEHTOB C ayTOUMMYHHBIM TUPEOUIUTOM; Y TTalleH -
TOB C ayTOUMMYHHBIM TUPEOUINTOM, aCCOLIMUPOBAHHBIM C IICUXUYECKUMMI HapYIICHUSIMH; Y TPYIIIEL 310~
POBBIX JIMII;, ¥ OLICHUTD BIUSHUE YPOBHE IIMTOKMHOB Ha KIMHUYECKUE TIPOSIBJICHUsI. B rpyIime manmeHToB
C TUPEOUIUTOM U IICUXUIYECKUMU paccTpoiictBamMu ypoBHU CCL20/MIP3a, 1L-13, IL-2, IL-27, IL-5 obu1n
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JIOCTOBEPHO BBIIIIE, YeM B APYTUX Ipymirax. IIpy 3ToM MeXIy KIMHUUYECKUMU ITPOSBIICHUSIMU IICUXNUECKIX
PACCTPOMCTB M YPOBHSIMU IIMTOKMHOB TOJIOXUTEIBHON KOPPEISIIIUN YCTAHOBJICHO He 0bUT0. HO OFBLIa BBI-
SIBJISHA MOJIOXKMTEIbHAS KOPPESIILUSI MEXIY YPOBHIMU HEKOTOPHIX IUTOKMHOB M CBOOOTHBIM TPUMOATH-
POHMHOM, a TaKXKe€ YPOBHEM aHTUTUPEOUIHbIX aHTUTeN. Ilcuxudeckue pacCTpoNCTB, aCCOLIMMPOBAHHBIE C
ayTOMMMYHHBIM TUPEOUINTOM MOTYT OBITh CBSI3aHBI C U3MEHEHUSIMHU B IIMTOKWHOBOM IPOMUJIC U SIBIISITHCS
pe3yJIbTaTOM HEeHPOBOCITAICHUSI.

Karouesuie crosa: yumokunsl, mupeoudum, Helipogocnanenue, nCUXu4ecKue paccmpoiicmea, sHyegaisonamus Xaumumomo,
wusoppenus

ROLE OF PROINFLAMMATORY CYTOKINES IN HASHIMOTO’S
THYROIDITIS ASSOCIATED WITH PSYCHIATRIC DISORDERS

Sobolevskaya P.A.?, Gvozdetskiy A.N.", Kudryavtsev LV.¢,
Chereshnev V.AY, Churilov L.P.2

@ St. Petersburg State University, St. Petersburg, Russian Federation

b I. Mechnikov North-Western State Medical University, St. Petersburg, Russian Federation

¢ Institute of Experimental Medicine, St. Petersburg, Russian Federation

¢ Institute of Immunology and Physiology of the Ural Branch of the Russian Academy of Sciences, Yekaterinburg,
Russian Federation

Abstract. Mental disorders often accompany autoimmune diseases, for example, since 1949 it has been
known about “myxedematous madness”, a psychosis caused by hypothyroidism. The most common cause
of hypothyroidism is Hashimoto’s autoimmune thyroiditis. It is also known about another neuropsychiatric
disorder associated with autoimmune thyroiditis, Hashimoto’s encephalopathy. It is a severe dysfunction of
the central nervous system, the pathogenesis of which is not associated with hormonal disorders. Cytokines are
regulators and participants of inflammation, including autoimmune. Certainly, when we are talking about high
concentrations cytokines, we mean systemic inflammation. The minimal or mediocre fluctuations in cytokines
within the ranges that are characteristic of healthy status or normergic acute phase response in disease cannot be
interpreted from the point of view of binary endocrinological logic. In the CNS, cytokines are able to influence
on the neuroendocrine control of systemically regulated functions. It is also important that glial cells (astroglia,
microglia) are capable of producing a number of cytokines and can affect neurons and develop behavioral
changes. In addition, the ability of a number of cytokines outside the CNS itself to act on vagal afferents
and through them to convey information to the CNS, affecting its state and functions, has been proven. It is
reasonable to assume that minimal fluctuations in cytokine levels may also affect the state and function of the
CNS. The aim of the study was to investigate the levels of cytokines in patients with thyroiditis; in patients
with thyroiditis associated with mental disorders; in a group of healthy individuals; and evaluate the effect of
cytokine levels on clinical manifestations. In the group of patients with thyroiditis and mental disorders, the
levels of CCL20/MIP3a, 1L-13, IL-2, IL-27, IL-5 were significantly higher than in other groups. At the same
time, no positive correlation was found between the clinical manifestations of mental disorders and the levels
of cytokines. A positive correlation was found between the levels of some cytokines and free triitodothyronine,
as well as the level of antithyroid antibodies. Mental disorders associated with autoimmune thyroiditis may be
associated with changes in the cytokine profile and result from neuroinflammation.

Keywords: cytokines, thyroiditis, neuroinflammation, psychiatric manifestations, Hashimoto’s encephalopathy, schizophrenia

The study was supported by a grant of the Russian
Science Foundation RSF No. 22-15-00113.

Introduction

Mental disorders often accompany autoimmune
diseases. In 1949, “myxedematous madness” was
described, a psychosis associated with hypothyroidism.
The main cause of hypothyroidism in areas without
iodine deficiency is Hashimoto’s autoimmune thy-

roiditis (AIT), affecting up to 15% of the female and
1-5% of the male population in some regions [1].
The focus of modern thyroidology is Hashimoto’s
encephalopathy (HE), a severe dysfunction of the
central nervous system (CNS) against the background
of AIT, manifested by various psychoneurological and
behavioral disorders, the pathogenesis of which is
not associated with hormonal disorders, since HE is
observed in euthyrosis [135].
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When evaluating data regarding the systemic
concentrations of cytokines in mental disorders, it is
worth to notice that cytokines are not hormones, but
chemical bioregulators of short-distance focal, contact
and zonal action (paracrine, juxtacrine, and autocrine
modes of signaling). The minimal or mediocre
fluctuations in concentrations within the ranges that
are characteristic of healthy status or normergic acute
phase response in disease cannot be interpreted from
the point of view of binary endocrinological logic. The
direction of a particular cytokine effect on various cells
differs in paracrine versus systemic modes of action,
depending on the contextual permissive background
of other bioregulators acting locally or systemically at
the moment [8, 14].

However, the central nervous system (CNS),
in particular, its hypothalamic area, undoubtedly
is accessible to the effects of cytokines through the
systemic circulation and from local glial/neuronal
interactions. Both may alter the neuroendocrine
control of systemically regulated functions [11].
The elements of the intra-barrier and extra-barrier
immune systems of the brain, in particular, glial cells
are capable of producing a number of cytokines and
can thus influence neurons and induce behavioral
changes [9, 11]. In addition, it has been proven that
cytokines outside the CNS itself are able to affect vagal
afferents thus conveying information to the brain [6].

Aim: to study the cytokine profile in Hashimoto’s
autoimmune thyroiditis (AIT), both in mentally intact
patients and in those having psychiatric disorders
(PD), and to evaluate the relationships of cytokine
levels with clinical manifestations

Materials and methods

We have studied three groups of patients: Three
groups of patients were involved: 1) AIT+PD, 27
patients (mean age 53.7%£16.0 years), having various
psychiatric diagnoses verified at specialized hospital
(among them: schizophrenia (n = 15), obsessive
compulsive disorder (n = 1), Alzheimer disease
(n = 1), dementia (n = 4), bipolar affective disorder
(n=4), organic delusional disorder (n = 1), depression
(n = 1)). 2) AIT, 30 mentally healthy patients with
Hashimoto’s thyroiditis (mean age 48.1+12.0 years) 3)
HC — 30 mentally and somatically healthy individuals
(mean age 40.61+12.4 years). An informed consent was
obtained from all participants prior to the study. The
study was approved by the Ethics Committee of St
Petersburg State University (protocols No. 76 dated
06/30/2017, No. 84 dated 06/20/2018 and No. 10/19
dated 10/17/2019).

The cytokine concentrations in peripheral venous
blood serum were measured by multiparametric
fluorescent analysis on a Luminex device, MagPix
model (Luminex Inc., USA) with a commercial

Human Thl7 Magnetic Bead Panel kit (Merck,
Germany), the study was carried out according to the
manufacturer’s instructions.

Laboratory studies of autoantibodies and hormo-
nes in peripheral venous blood serum were carried
out on a BioMark xMark plate spectrophotometer
(Bio-Rad, USA). Quantitative assessments of serum
concentrations of anti-thyroperoxidase antibodies
(anti-TPO), anti-thyroglobulin antibodies (anti-TG),
free thyroxine (FT4), free triiodothyronine (FT3),
thyroid stimulating hormone (TSH), and prolactin
were carried out using commercial kits of reagents from
Hema-Medica (Russia). The level of autoantibodies
to alpha-enolase were measured using reagent Kits
from Cusabio Biotech Co., Ltd (PRC). Each study
was performed according to the kit manufacturer’s
instructions.

Common methods of variation statistics were
applied. Absolute values and fractions of the whole —
n (%) were used to describe categorical variables.
Continuous, discrete,and rank variableswere described
by the median and quartiles: Me (Qg,s-Q,7s) [12].
Intergroup analysis was performed using the
Mann—Whitney test (U-statistics). Spearman’s test
(r-statistics) was used to perform correlation ana-
lysis between quantitative, countable and ordinal
characteristics [12]. To assess the association of
categorical variables with quantitative ones, a
logistic model with an ordered choice was used,
where the coefficient of the model (the logarithm
of the odds ratio (log (odds)) served as a measure of
association [4]. Improvement for multiple testing
of hypotheses was carried out by the Benjamini—
Hochberg correction [3]. The results were considered
statistically significant if the probability of error of the
first kind (p) was < 0.05 [13]. The calculations were
performed in the programming language R v. 4.1.0.

Results and discussion

The serum concentrations of 12 cytokines in
3 groups of patients were analyzed. The levels of
CCL20/MIP-3a (from the English “Macrophage
Inflammatory Protein-3") and IL-13 were statistical-
ly significantly different in all three groups of patients,
the highest levels of these cytokines were in patients
from the AIT + PD group, and the lowest in healthy
individuals. And the levels of IL-2 and IL-27 were
statistically significantly higher in patients from the
AIT + PD group than in healthy individuals, while
the level of IL-27 was statistically significantly higher
in patients with psychiatric disorders, compared with
patients only with Hashimoto’s. IL-21 and IL-5
levels were statistically significantly higher in the AIT
group and in the AIT+PD group compared to the HC
group. And the level of IL-15, on the contrary, was
statistically significantly higher in the group of heal-
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TABLE 1. RESULTS OF ANALYSIS OF THE LEVELS OF VARIOUS CYTOKINES IN THE STUDIED GROUPS, Me (Q, ,5-Q, 75)

Group of | i S moto's -
Cytokine Cc:)';t:lzgﬁ:;up ng:zm: Sv?:Lhy asg;)(,:ri:iz:ij\;ith con?:;?iZon sisgt:it;isc:;a(:e
individuals- HC Hashimoto’s P options (p)
oA | e
HC - AIT p = 0.006*
CCL20/MIP3o: (4.2;—:132.76) (10.2)2%.20) (13.5822.75) :li_':errJr Z’EE)) P= 6021;
_ + p=0. *
HC - AIT b > 0.999
IFNy (0.08'-2.202) (0.212?25) (0.412?78) :li_':errJr ':E; P> g'z:z
SAIT + p>0.
HC - AIT p = 0.220
L1p 026200 | @77y | (oszig | HOATSPO | poom
- + p =0.665
HC - AIT p=0.738
IL42PT0 (0.00:1.59) ooosa | (oose [ HO-AT:PO. ] prows
- + p=0.7
HC - AIT p <0.001*
L-13 oooz0m | (5810 | (strairzen | HO-ATPD | peooor
_ + p=0. *
HC - AIT p <0.001*
IL-13 (62.87:70.60) (0.00:3.98) (015308 :Ii ’:\';J' F:; p< 2'2:;*
AT+ 0.
HC - AIT p = 0.625
IL-17A 0.00-1.91) (0.00-187 (0.00:3.37 :Ii ’:\'IT F:; P= 2';::
AT+ 0.
HC - AIT p=0.125
IL-2 (0.00-3.89 (0.24.450 (3.26:6.79 :li ’:\';* EE P= ggz:*
AT+ Y
HC - AIT p <0.001*
IL-21 0.005) 0.00:18.77) (0.00-13.59) :li ’:\'IT ';E P < 2'22;*
AT+ 0.
HC - AIT p=0.310
27 036.0.71) oeror) | (swtos [ HOAT:PD [ p-ooow
_ + p=0. *
HC - AIT p <0.001*
IL-5 (o.oglg.os) (0.0151%15) (0.022?39) :li :T ';'; p< 3'32:
AT+ =0,
HC - AIT p=0.192
TNFa tozszie) | (412579 | (esszece | HOATIPO | poore
AT+ =0,

Note. *, are marked values p < 0.05 (according to the Mann-Whitney U test).
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Figure 1. Results of correlation analysis between cytokine levels and various psychiatric and hypothyroid symptoms in

patients with Hashimoto’s thyroiditis and psychiatric disorders

thy individuals than in other groups. And the levels of
IFNy, IL-1p, IL-12P70, IL-17A and TNFa did not
differ significantly in the study groups. The results are
presented in Table 1.

Thus, both IL-13 and IL-5 were significantly
higher in patients with mental disorders. Both of
these cytokines belong to Th2-dependent, and their
production is closely related, which probably explains
the concordance of their changes in AIT. The increase
in their production in AIT was also recorded by other
authors. IL-13 is associated with the development
of von Basedow-Graves disease, it is expressed not
only in lymphocytes, but also in thyrocytes, and its
production depends on TSH and its receptor [2].

To assess the mechanistic role of these changes,
we evaluated the correlations between cytokines and
hormones or autoantibodies. In AIT+ PD group,
statistically significant direct correlations were found
between the concentrations of FT3 and two cytokines:
IL-1B (r = 0.42; p = 0.031) and IL-15 (r = 0.51;
p = 0.015). This could result from the ability of these
cytokines to alter hypothalamic-pituitary regulation
of endocrine functions through vagal afferents that
bear their receptors [8]. The finding is also quite
consistent with the exclusive role of FT3 in the central
nervous system: it is this particular hormone that
has receptors on microglial cells and controls the
processes of their neuroinflammatory activation and
phagocytic behavior [10].

While analyzing the relationships between cyto-
kines and various autoantibodies in AIT + PD group,
we found significant direct correlations between the
concentration of antibodies to TG and some cyto-

kines: IL-15 (r = 0.55; p = 0.008) and IL-27 (r = 0.4;
p=0.038). IL-15isknownto be a cytokine stimulating
memory T cells, CD8* lymphocytes and enhancing
immune responses against intracellular parasites,
but may also promote autoimmune inflammation in
some autoimmunopathies. However, it also promotes
T regulator differentiation under certain permissive
conditions [5] which is in agreement with our results.

AIT patients without mental disorders had sta-
tistically significant inverse correlations between anti-
bodies to TPO and IL-12P70 (r = -0.54; p = 0.021)
and IL-17A (r = -0.72; p = 0.003) During the
analysis of the relationship between cytokine levels
and various clinical symptoms of mental disorders
or hypothyroidism, almost all cytokines were nega-
tively correlated with clinical manifestations,
that is, the higher was the cytokine level, the less
pronounced was the symptom (Figure 1). However,
IL-1B levels were positively correlated with signs
of depression (Figure 1). The data obtained in this
study can be interpreted taking into account that
cytokines can shift tryptophan metabolism in the
CNS towards kynurenine pathway, which contributes
to neurotransmitter disorders involved in the patho-
genesis of schizophrenia [7].

Conclusion

Mental disorders in AIT are related to characteris-
tic changes in cytokine profile, which may result from
neuroinflammation and associated with the level of
anti-thyroid autoimmunity (anti-TG antibodies) as
well as with the level of FT3.
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UMMYHOMOAYJIUPYIOLLUE SPDPEKTDI
NMPOTUBOOMNYXOJIEBbIX MPEMAPATOB - UHTUBUTOPOB
TUPO3UHKUHA3bI BPYTOHA - U BOSMOXHOCTU

X NCMNOJIb3OBAHUA NMPU AJITEPTMHECKUX

U MHOEKLUUOHHbBbIX 3ABOJIEBAHUAX

Topmmunaa FO.C.} 2 Cepeopanaa H.B.,, I'mazanosa T.B.2, Muxaaésa M.A.2%,
BoJgommnn C.B.?

'®@I'BHY «Hncmumym skcnepumenmanvioil meouyunvr», Cankm-Ilemep6ype, Poccus
2@I'BY «Poccuiickuil Hay4HO-UCCAC008AMENbCKUI UHCMUmMYm cemamonocuu u mpacgyysuonoeuu edepanvrozo
Meduko-buonoeuteckoeo acenmemea», Cankm-Ilemepoype, Poccus

Pesome. Murubutopsl Tupo3uHkurHasbel bpyroHa (BTK) npeacrasisitior coboii kKjiacc mpemnapaToB, KO-
TOpbIE TTOKa3aau CBOIO 3(h(HEKTUBHOCTh U OE€30MaCHOCTh Y OOJBHBIX XPOHUYECKUM JTUMGOLUTAPHBIM JIeli-
KO30M U HEXOXKKUHCKUMU JIUM(POMaMU, CYUTABIIUXCS HEBOCOPUUMUYUBBIMU K JTIOOOMY paHee MPUMEHS -
emomy Tutty Tepanuu. BTK urpaet kitoueByto pojib Ha BCEX CTaaUsIX pa3BUTUS B-1um@onnToB, oiHaKO B
nocJieIHUE TObl MOSIBUINCH JaHHbIE 0 ToM, YTo BTK Takke 3amelicTBOBaHAa U B aKTUBALIUU MUETOUTHBIX
KJIETOK.

Llenbto IaHHOTO UCCIETOBAHUS SIBJISIETCS AHAIM3 U CUCTEMAaTU3allUsl BCeX OMyOJMKOBAaHHBIX MAaTEPUATIOB
00 uMMyHOMoOayupytonux 3ddekrax uHrnHo6uTopoB BTK (MOpyTHHMO, akamabpyTUHUO U 1p.).

CucteMaTU4eCcKUii 0030p HayYHOU JTUTEPATyPhl ObLT BHIMIOJIHEH C UCITOJIb30BaHUEM MPOILIECcCca MOIIaroBo-
ro TIOMCKa B 3JIEKTPOHHBIX 6a3ax naHHBIX (PubMed, Web of Science, ScienceDirect u Scopus). I1pu moucke
B 0a3e JaHHBIX UCMOJb30BAIUCH cleaylolue Kiawdesblie ciaoBa: “CLL’, “BTK”, “ibrutinib”, “COVID-19”,
“allergy”, “inflamation”. [Touck ucciieqoBaHMIi TIPOBOIUIICS C MOMEHTA TTOSIBJICHUS TIEPBOTO MperapaTa NH-
rubutopa BTK (M6pytuHu6) B 2009 . 1o nekabps 2022 .

IMpencraBneHsl UMEOIIMECS Ha CETOAHSIIIHWUN EHb Pe3yJbTaThl WCCIEIOBAHUS BIUSHUS WHTUOU-
TopoB BTK Ha ¢yHKIuIMOHANBHOE cocToSTHUS B- m T-1MM@pOIIMTOB, HEUTPODMIOB 1 MOHOLIMTOB/MaKpO-
(aros, onucaHbl UMMyHOMOyaupytolue 3hdekTsl nopyTUHNOA Ha KIIETKU aNalTUBHONW U BPOXIECHHOMN
uMMyHHOI cuctemsbl, Bkaodass CD4" u CD8*T-numdonutel, NK-knetku. ITockonbky nnrubutopsl BTK
U3MEHSIOT (PyHKIIMOHABbHYIO aKTUBHOCTD (DArOLIMTAPHBIX KJIETOK U COOTHOLIEHUE MOMyasiuuii T-KieTok,
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MOSIBUJIOCH TIPEATIOJIOXKEHE O BO3BMOXHOCTUA MCHOJAb30BaHUS 3TUX TPErapaToB IS JEYESHUS psiaa Apyrux
HO30JIOTUYeCKUX (hopM, HE TOJBKO B-KJIETOUHBIX 3JI0KAUeCTBEHHBIX HOBOOOPA30BaHUM, YTO HA HAHHBIN
MOMEHT M3y4yaeTcsl B KIMHUYECKUX UcciienoBaHusx. CyMMUpPOBaHbI JaHHbIE O MTPUMEHEHUW UHTMOUTOPOB
BTK st 60pbs0BI CO CBEPXOCTPHIM BOCITAJIEHUEM, a TAKXKE C LIEJIBIO TTOJIaBICHUS AJNIEPTUUECKUX peakInii, B
TOM uuclie aHapuiakcuu. Kpome Toro, oocykaaeTcs 1ejiecoo0pa3HOCTh KPAaTKOBPEMEHHOI'O MPUMEHEHUST
uHruoutopoB BTK m1s cHuxeHus prucka noO0YHBIX 3(PheKTOB MpU OpaTbHOU UMMYHOTEpAIIUU, a TaKXKe
JUTSI IECEHCUOWIIN3AalMU K JIEKAPCTBEHHBIM CPEICTBaM.

ITpuBeneHHbIE JaHHBIE CBUAETEILCTBYIOT, UTO MHTHMOUTOPHI BTK gBasieTcss mepcrieKTUBHBIMU TIperapa-
TamMu ¢ UMMyHOMonyaupyimunM addekrom. OnHako narnouropam BTK cremyroiero nokoiaeHus Tpen-
CTOWUT MOBBICUTH CEIEKTUBHOCTD IS CHUXKEHUSI HELIEJIEBOr0O BO3IECTBUM Ha APYTUe KUHA3bI.

Knroueswie cnosa: muposunkunaza bpymouna, uneubumops: mupo3unkurassl bpymona, ubpymunu6, akaradbpymunuo,
T-aumpoyumot, NK-xaemiu, netimpopuavt, MoHOUUmMbL/MaKpopaeu

IMMUNOMODULATING EFFECTS OF ANTITUMOR DRUGS
BRUTON TYROSINE KINASE INHIBITORS AND THE
POSSIBILITY OF THEIR USE IN ALLERGIC AND INFECTIOUS

DISEASES

Torshina Yu.S.*", Serebryanaya N.B.2, Glazanova T.V.",
Mikhalyova M.A.", Voloshin S.V.?

@ Institute of Experimental Medicine, St. Petersburg, Russian Federation
b Russian Research Institute of Haematology and Transfusiology, Federal Medical and Biological Agency,
St. Petersburg, Russian Federation

Abstract. Bruton’s tyrosine kinase (BTK) inhibitors represent a class of drugs that have demonstrated their
efficacy and safety in patients with chronic lymphocytic leukemia and non-Hodgkin’s lymphomas who were
considered refractory to any previously used type of therapy. BTK plays a key role in all stages of B lymphocyte
development, but in recent years, there have been data indicating that BTK is also involved in the activation of
myeloid cells.

The aim of this study is to analyze and systematize all published materials on the immunomodulatory effects
of BTK inhibitors (ibrutinib, acalabrutinib, etc.).

A systematic review of the scientific literature was performed using a step-by-step search process in
electronic databases (PubMed, Web of Science, ScienceDirect, and Scopus). The following keywords were
used in the database search: “CLL’, “BTK”, “ibrutinib”, “COVID-19”, “allergy”, “inflammation.” The
search for studies was conducted from the time of the first BTK inhibitor drug (ibrutinib) appearance in 2009
until December 2022.

The results of the study on the influence of BTK inhibitors on the functional state of B and T lymphocytes,
neutrophils, and monocytes/macrophages are presented. The immunomodulatory effects of ibrutinib on
adaptive and innate immune system cells, including CD4* and CD8*T lymphocytes and NK cells, are described.
Since BTK inhibitors alter the functional activity of phagocytic cells and the ratio of T cell populations, there
is a suggestion about the possibility of using these drugs for the treatment of other nosological forms, not only
B cell malignancies, which is currently being studied in clinical trials. Data on the use of BTK inhibitors to
combat hyperacute inflammation and to suppress allergic reactions, including anaphylaxis, are summarized.
In addition, the expediency of short-term use of BTK inhibitors to reduce the risk of side effects during oral
immunotherapy and for desensitization to drugs is discussed.

The presented data indicate that BTK inhibitors are promising drugs with immunomodulatory effects.
However, BTK inhibitors need to increase selectivity to reduce off-target effects on other kinases.

Keywords: Bruton’s tyrosine kinase, Bruton’s tyrosine kinase inhibitors, ibrutinib, acalabrutinib, T lymphocytes, NK cells,
neutrophils, monocytes/macrophages
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Hneubumopwot BTK kak ummyHomodyasmopsi
BTK inhibitors as immunomodulators

Introduction

Bruton’styrosine kinase (BTK) inhibitors are a new
class of drugs for the treatment of chronic lymphocytic
leukemia (CLL) and small lymphocytic lymphoma
and mantle cell lymphoma. Since their FDA approval,
ibrutinib and acalabrutinib have significantly changed
the possibilities of CLL and mantle cell lymphoma
therapy, increasing progression-free survival time,
especially in patients with a high risk of unfavorable
disease progression. However, during the use of these
drugs, new data emerged that, in addition to their
antiproliferative action on malignant B cells, BTK
inhibitors also affect other immune system cells such
as T lymphocytes, NK cells, granulocytes, monocy-
tes, macrophages, demonstrating immunomodulatory
and anti-inflammatory effects. The aim of this study is
to analyze and systematize all published materials on
the immunomodulatory effects of BTK inhibitors.

Materials and methods

A systematic review of scientific literature was
conducted using a step-by-step search process in
electronic databases (PubMed, Web of Science,
ScienceDirect, and Scopus). The following keywords
were used in the database search: “CLL’, “BTK?”,
“ibrutinib”, “COVID-19”, “allergy”, “inflamma-
tion”. The search for studies was conducted from
the time of the first BTK inhibitor drug (Ibrutinib)
approval in 2009 until December 2022.

Results and discussion

BTK is a cytoplasmic non-receptor tyrosine kinase
that is essential for transmitting signals from the BCR
and thus plays an important role in the development,
survival, proliferation, differentiation, and activation
of B cells at different stages of their development [1].
Upon BCR activation, BTK forms a signaling complex
together with spleen tyrosine kinase (SYK), VAV
protein, phosphoinositide 3-kinase (PI3K), adapter
protein SLP65, and phospholipase Cy2 (PLCy2).
BTK phosphorylates PLCy2, transcriptional nuclear
factor kB (NF-xB), nuclear factor of activated T cells
(NF-AT), as well as extracellular signal-regulated
kinase 1 and 2 (ERK1, ERK?2), which in turn mediate
subsequent functional responses [1]. In addition
to BCR, BTK also regulates signaling pathways of
chemokine receptors, including CXCR4 and CXCRS5,
which play a key role in chemotaxis and migration of B
lymphocytes. Similarly, BTK plays an important role
in regulating the survival, proliferation, and migration
of malignant B lymphocytes, significantly affecting
the development of malignant B cell neoplasms.

In recent years, BTK inhibitors are increasingly
used instead of combined immunochemotherapy
regimens (such as FCR, BR), especially in CLL
and MCL patients with high risk of unfavorable
prognosis. The use of ibrutinib and acalabrutinib has

also been approved for the treatment of refractory and
relapsed forms of lymphoplasmacytic lymphoma,
marginal zone lymphoma, and Waldenstrom’s macro-
globulinemia.

Studies on the mechanisms of action of BTK
inhibitors have shown that BTK is expressed not only
in B lymphocytes but also in myeloid cell populations,
including monocytes, macrophages, granulocytes,
myeloid-derived suppressor cells (MDSC), dendritic
cells (DC), osteoclasts, adipocytes, megakaryocytes,
platelets, as well as NK cells and T lymphocytes [1].

Immune Modulatory Effects of Ibrutinib and Acala-
brutinib

As BTK is involved in the activation of many
immune cell populations, its inhibition by ibrutinib
exerts a complex immune modulatory effect on both
adaptive and innate immune system cells, including
CD4* and CDS8*T lymphocytes, NK cells, and cells
of most (all?) myeloid lineages [2, 3].

Impaired T lymphocyte function has been observed
in patients with CLL, manifested by exhaustion of
effectorTcells, memoryTcells,andimmunosuppressive
Treg. Most of the immune modulatory effects of BTK
inhibitors on T cells (shift towards Thl phenotype,
decrease in Th2 cell numbers, alteration of Th17/
Treg balance towards Treg dominance, reduction in
cytokine production) are mediated by inhibiting ITK
in TCR signaling pathways [3]. In response to CD3
and CD28 stimulation, BTK-/- T cells demonstrate
reduced expression of activation marker CD69 and
defective proliferation, as well as reduced cytokine
production [4].

High levels of BTK expression are also cha-
racteristic of monocytes and macrophages [4]. In
these cells, BTK critically regulates signal trans-
duction from Toll-like receptors (TLRs), directly
interacting with their cytoplasmic Toll/IL-1 (TIR)
domains. Upon ligand binding, TLRs induce BTK
phosphorylation, which promotes activation of trans-
cription factor NF-kB and interferon regulatory
factors (IRFs), necessary for upregulation of inflam-
matory cytokine, chemokine, and interferon gene
expression [5, 6]. In monocytes, macrophages, and
dendritic cells, ibrutinib and acalabrutinib inhibit
signal transduction from other receptors that recruit
BTK, including TREM-1 and Dectin-1, leading
to reduced production of inflammatory cytokines
and chemokines, as well as impaired phagocytosis
of tumor cells and infectious pathogens. It has been
shown that treatment with ibrutinib leads to decreased
serum levels of various chemokines and inflammatory
cytokines in patients with CLL. These changes may
contribute to predisposition to infectious diseases and
the possibility of cytokine imbalance.

In granulocytes, ibrutinib also inhibits activation
and effector functions induced by BTK-dependent
mechanisms upon activation of TLR, TREM-1,
and NLRP3 inflammasome formation [7]. It has

1255



Topwuna FO.C. u op.
Torshina Yu.S. et al.

Meduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

been shown that ibrutinib suppresses inflammatory
processes by blocking NLRP3 inflammasome as-
sembly and subsequent caspase-1 activation, which
prevents the maturation of IL-1B in neutrophils
infiltrating the site of injury [7]. Neutrophils isolated
from CLL patients treated with ibrutinib had
reduced oxidative burst and bactericidal activity, as
well as impaired ability to form extracellular traps
(NETs) [8]. Treatment with BTK inhibitors in a
mouse model of pneumococcal pneumonia led to a
reduction in systemic neutrophil activation and their
migration to the lungs [9]. In CLL patients in the
early stages of treatment with ibrutinib, neutrophils
produce less IL-8 (mediated by immune complexes
through FcyR) and show reduced degranulation in
response to opsonized FE. coli, leading to a decrease
in the release of neutrophil elastase, myeloperoxidase,
and lactoferrin. In addition, neutrophils with BTK
deficiency exhibit increased sensitivity to apoptosis,
impaired maturation and differentiation, and de-
creased production of active oxygen species [8, 9].

Since ibrutinib and acalabrutinib alter the func-
tional activity of phagocytic cells and the ratio of
T cell populations, there is a hypothesis about the
possibility of using these drugs to treat a number of
other pathological conditions, including various
malignancies of the hematopoietic and lymphoid
systems, solid tumors, autoimmune diseases, athero-
thrombosis, and autoimmune diseases [8, 9]. The
effectiveness of BTK inhibitors in the treatment of
diseases in these groups is currently being studied in
several clinical trials.

Possible use of BTK inhibitors in allergies

The main effector cells in allergic diseases, in-
cluding food allergies, drug allergies, allergic rhinitis,
asthma, and chronic spontaneous urticaria, are mast
cells and basophils. When an allergen cross-links
allergen-specific IgE bound to Fc RI on the surface
of mast cells and basophils, a powerful activation
signal is generated, which triggers rapid degranulation
with the release of numerous allergic mediators, in-
cluding histamine, prostaglandins, leukotrienes,
and cytokines, that determine the development of
clinical symptoms. Until recently, specific histamine
receptor blockers, leukotriene receptor antagonists,
and corticosteroids have been mainly used to treat
allergic diseases to suppress pathological immune
reactions and allergic inflammation. In recent years,
target immunobiological agents have emerged to
alleviate the symptoms of asthma and urticaria, aimed
at reducing the level of circulating immunoglobulin E
(IgE) (omalizumab), cytokines IL-4, IL-5 IL-13 or
blocking their receptors. However, the use of these
drugs does not allow achieving stable positive effects
in a number of treated patients.

Recent studies have shown that BTK is involved
in signal transduction through high-affinity Fc RI in
human mast cells and basophils, and it is a critical

signaling component forinducing histamine secretion,
leukotriene C4, and IL-4. BTK inhibitors can prevent
IgE-mediated degranulation and production of
inflammatory cytokines by human mast cells and
basophils [10]. Ibrutinib has inhibitory activity against
a number of kinases involved in transmitting signals
from Fc RI to ITK (proto-oncogenic tyrosine protein
kinase FYN and tyrosine protein kinase LYN). Thus,
BTK inhibitors can potentially be used to prevent
allergic reactions, including anaphylaxis.

It is noteworthy that in human basophils, IgE-
mediated reactions depend so much on the activity of
kinases SRC, LYN, SYK, BTK, and PI13-kinase delta
that selective inhibition of any of these kinases leads
to complete inhibition of the release of all mediators.
In 2017, a pilot study by Regan et al. demonstrated
that ibrutinib completely eliminates skin prick test
reactivity and IgE-mediated basophil activation test
response to aeroallergens in CLL patients within 7
days after starting treatment. Data were obtained that
only two doses of ibrutinib can reduce or eliminate skin
prick test reactivity to food products and aeroallergens
in individuals with allergies.

Currently, several new BTK inhibitors are under-
going clinical trials as potential drugs for the
treatment of chronic spontaneous urticaria. The
efficacy of fenebrutinib in chronic urticaria has been
demonstrated during clinical trials, however, in a
phase Ila study, a temporary increase in liver enzyme
levels was recorded; this hepatotoxicity, not previously
considered an effect characteristic of BTK inhibitors,
may interfere with further trials of fenebrutinib [11].

In numerous studies, it has been shown that food
oral immunotherapy (OIT) can lead to desensitization
to food products in patients with food allergies [11].
However, OIT can be complicated by allergic reac-
tions, ranging from minor (hives, upset stomach) to
severe (systemic anaphylaxis requiring adrenaline
treatment). Most adverse reactions during food OIT
occur during the dose escalation phase. Currently,
the feasibility of short-term use of BTK inhibitors
to reduce the risk of side effects during OIT is being
discussed. It is assumed that short courses of BTK
inhibitors can reduce the frequency and/or severity
of side effects during the escalation phase, allowing
patients to safely reach the maintenance dose.

BTK inhibitors can also be used episodically
in desensitization to drugs. It should be noted that
ibrutinib is unlikely to prevent reactions to drugs that
cause IgE-independent allergies, such as non-specific
activation of mast cells due to iodine-containing
contrast agents, as it is believed that BTK is not
involved in the development of these hypersensitivity
reactions. Thus, the use of BTK inhibitors is likely to
be limited to preventing immediate-type hypersensiti-
vity reactions (ITHRs), which have IgE-mediated
mechanisms, particularly to beta-lactam antibiotics
or platinum-based chemotherapeutic agents. BTK
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inhibitors act quickly and have a short-term effect that
wears off after discontinuation of the drug, potentially
making episodic use of drugs to prevent ITHRs such
as IgE-mediated anaphylaxis possible [11].

Despite the promising prospects for the use of
BTK inhibitors to develop new treatment concepts
for patients with IgE-dependent allergies, their
introduction into allergology practice may be hin-
dered by both their relatively high cost and the lack
of clinical trial data on the safety and efficacy of these
drugs — none of the BTK inhibitors currently used
in clinical practice have been tested in children, and
food OIT is typically indicated for children with food
allergies.

The use of BTK inhibitors in patients with
COVID-19

The presence of certain anti-inflammatory im-
munomodulatory effects of BTK inhibitors in patients
with hematologic and oncologic diseases has led
to the suggestion of using these drugs to control the
hyperacute inflammation in patients with COVID-19.
Positive expectations were supported by experimental
studies that showed that the use of BTK inhibitors
saved mice infected with influenza virus from
lethal acute lung injury. Interesting data were also
obtained when observing patients with hematologic
malignancies who developed COVID-19 while taking
the BTK inhibitor ibrutinib. For example, six patients
with Waldenstrom’s macroglobulinemia were reported
to have only mild upper respiratory tract symptoms
with COVID-19.

As of 2022, there are seven clinical trials registered
to study the effectiveness of acalabrutinib (four trials)
and ibrutinib (three trials) in COVID-19. Severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) causes acute respiratory distress syndrome,
often leading to a fatal outcome. In some patients, a
hyperactive inflammatory response of macrophages
develops, manifested as a cytokine storm, which
leads to respiratory failure. Pathological examination
of the lungs in patients who died from coronavirus
infection revealed extensive cellular infiltration with
predominance of macrophages. It is assumed that
the recruitment of macrophages in the development
of infection may be associated with an increase in
the expression of angiotensin-converting enzyme 2
(ACE2), regulated by increased concentrations of
locally produced alpha-interferon. Macrophages
can perceive the single-stranded RNA of the SARS-
CoV-2 virus through TLR-7 with subsequent signal
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NK-KJIETOK AJ11 UMMYHOTEPAINUN
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Pesiome. B Hacrosiiee BpeMsl 0OJIbIIOE KOJMYECTBO MCCAEeNOBaHUN Mo reHHoW Mmoaudukanuu NK-
kietok nmynoBuHHOM KpoBHu (UCB-NK) nmpoBoauTcst Kak Ha KIMHUYECKOM, TaK U JOKJIMHUYECKOM YPOBHE.
NmmyHoTtepanust Ha ocHoBe UCB-NK-kieTok obnagaeT 00JbIIMM TepareBTUYECKUM MOTCHLIMAIOM IS
MCIIOJIb30BaHMsI B IPOTUBOOITYX0JIeBOi Tepanuu. OQHAaKO, HECMOTPSI Ha U3BECTHBIC MPEUMYIIIECTBA Hepe
PB-NK-ki1eTkamu, Takie Kak BbICOKas KOHILIEHTpalusl B MyITOBUMHHOW KPOBU, HU3KHWI MPOLIEHT Mepeaa-
YU BHpYca OT JOHOPaA, a TaKXKe BO3MOXKHOCTh CoXpaHeHUs (peHoTUIa nocae kpuokoHcepsauuu, UCB-NK-
KJIETKM IIPEUMYILIECTBEHHO XapaKTepU3YIOT B HAyYHOM JIUTepaType KaK He3peble U HU3KOMYHKIIMOHAIbHbIC
NK-knetku. B naHHoli padoTte Ob1IM U3ydeHbl (peHoTUnmueckue xapakrepuctuku UCB-NK-kieTok u Bo3-
MOXHOCTb CTUMYJISIIMOHHOM KOMIIEHCALIMM CHUXKEeHHOM (pyHKIIMoHanbHO# akTuBHOCTU UCB-NK-KkJ1eToK.
IIpoBeneHHbIe UccaeaoBaHU BhIsABUIN, 4TO (peHOTUMMUYecK UCB-NK-KJIeTKM MOXHO oXapakTepu30BaTh
Kak MajioaruddepeHIUPOBaHHbIE U CJIa00AKTUBHUPOBAHHbBIC KJIETKHU, 3KCIIPECCUPYIOIINE BHICOKUI YPOBEHD
uHruoupytouero peuentopa NKG2A, Hu3kuit ypoeHb aktuBupytouiero peuentopa NKG2C 1 MoiaeKy/bl
aktuBauuu HLA-DR, 4To COOTBETCTBOBaIO JUTEPATYPHBIM JaHHBIM. JIJIs1 CTUMYISLIUN CBEXKEBbIICICHHBIX
UCB-NK-kneTok 66110 BeIOpaHo aABa Buaa ctumyJioB: 1) 100 en I1L-2; 2) komounausa 100 ex 1L-2 u dunep-
HbIX K1eToK K-562, skcrnpeccupylonmx MeMopaHocBsa3aHHbii 1L-21 (K562-mblIL21). beuto noka3aHo, 4To
npu ctumynsiunn UCB-NK-kietok B TeueHne 7 gHeit komouHauuein 1L-2 n K562-mblIL21 ypoBeHb aerpa-
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nysiuuu (LAMP-1) u nponvdepaTrBHAast aKTUBHOCTb 3TUX KJIETOK ObL1a BBIIIIE, YEM Y MapaUIeIbHO KYJIBTU -
pyeMBbIX B Tex Xke ycioBusx Ex vivo PB-NK-kietok, npu a3ToM ctumyit B Buae 11L-2 u K562-mbIL21 oka3aics
0oJiee TIePCIEKTUBHBIM CIIOCOOOM TMOJIyYEHUsI OOJBIIOTo KojarudecTBa npoiaudepatuBHO akTUBHbIX UCB-
NK-kJieTok, 1o cpaBHEHUIO co cTUuMyJisiuei Toabko IL-2. [Tockonbky reHeTrdeckass Moaudukanus NK-
KJIETOK SIBJISIETCSI MIEPCIIEKTMBHBIM HAIlPpAaBJI€HUEM YIyUIlIEHUSI TPOTUBOOITYXOJeBbIX cBOMCTB NK-K/IeTOK,
Ut najbHeiero udydyeHus noiydeHHbix UCB-NK-kieTok 6bu1a ipoBeieHa Npoleaypa peTpOBUPYCHOM
tpancaoykin. UCB-NK-kneTku, cTuMyinpoBaHHble KoMOuHatmei 1L-2 n K562-mblL21, TpaHcaympo-
BaJUCh Ha 8-I NeHb KyJbTUBUPOBaHUS. B 1aHHOU paboTe MprUMeHsIach HaIlpaBIeHHAs: OBEPIKCIIPECCUS
aganTopHoit MoJiekysbl DAP12, yyacTBytomieil B CUTHATMHTE aKTUBUPYIOIIUX N K-KJI€TOUHBIX PELIENITOPOB.
PB-NK-knetku 1 UCB-NK-k1eTKu TpaHCAyUUPOBAIU TapasjieibHO, B OJMHAKOBBIX 3KCIIEPUMEHTAJb-
HBIX YCJIOBUSIX IIPU PAaBHOM 00beMe BUPYCHBIX YacTUIl. B pe3ynbraTe ObLIO BBISIBIEHO, YTO 3¢ (HEKTUBHOCTD
TPAaHCAYKIIMY BUPYCHBIMU YaCTUIIAMU, HECYIIIUMU TeH afanTopHoil Mojekyasl DAP12, B 6onee ueM 4 pasa
Boiie aast UCB-NK-kietok mo cpaBHeHUI0 ¢ PB-NK-knerkamu. Takum oopazom UCB-NK-knetku npen-
CTaBJISIIOTCS TIEPCIEKTUBHBIM MHCTPYMEHTOM JUISI TATbHEUIIINX UCCIIETOBAaHUNA B 00J1aCTH UMMYHOTEPATIUNA
paxa.

Knroueswie cnosa: UCB- NK-kaemku, penomun, cmumyaayus NK-kaemok, ynkyuonarohas akmugnocms, mpaucoykyus, DAPI12

UMBILICAL CORD BLOOD AS A PROMISING SOURCE OF NK

CELLS FOR IMMUNOTHERAPY

Velichinskii R.A.?, Vavilova J.D.2, Boyko A.A.?, Shustova O.A.3,
Palamarchuk A.L? Yusubalieva G.M.» ¢4 Kucherova O.N.¢,
Streltsova M.A.?, Kovalenko E.I.?
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Abstract. Currently, a large number of studies on genetic modification of cord blood NK cells (UCB-NK) are
carried out at both clinical and preclinical levels. Immunotherapy based on UCB-NK cells has great potential
for antitumor therapy. However, despite having known several advantages over peripheral blood NK cells (PB-
NK), including a high concentration in cord blood and low virulence rate, UCB-NK cells are predominantly
characterized in the scientific literature as immature and low-functioning NK cells. In this work, we studied the
phenotypic characteristics of UCB-NK cells and the possibility of stimulatory compensation of the decreased
functional activity of UCB-NK cells. Our studies revealed UCB-NK cells can be characterized as poorly
differentiated and weakly activated cells with high level of inhibitory receptor NKG2A and low level of activating
receptor NKG2C and HLA-DR, accordingly with the literature data. Two types of stimuli were chosen to
stimulate freshly isolated UCB-NK cells: 1) 100 units of IL-2; 2) combinations of 100 units IL-2 and K-562
feeder cells expressing membrane-bound I1L-21 (K562-mblIL21). It was shown the degranulation (LAMP-1)
and proliferative activity was higher than for parallel cultured ex vivo PB-NK cells under the same conditions
for UCB-NK cells stimulated for 7 days with 1L-2 + K562-mbIL21. Moreover, stimulation in the way of IL-2 +
K562-mblIL21 seemed to be a more perspective way to obtain a large number of proliferatively active UCB-NK
cells compared to stimulation with IL-2 only. Since genetic modification of NK cells is a promising way to
improve the antitumor properties of NK cells, retroviral transduction procedure was performed to study of the
stimulated UCB-NK cells. UCB-NK cells stimulated with IL-2 + K562-mbIL21 were transduced on day 8 of
cultivation. In this study, we used targeted overexpression of the adaptor molecule DAP12, which is involved in
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the signaling of activating NK cell receptors. PB-NK cells and UCB-NK cells were transduced under the equal
experimental conditions in same volume of viral particles. As a result, the transduction efficiency was found to
be more than 4-fold higher for UCB-NK cells compared to PB-NK cells. Thus, UCB-NK cells appear to be a
promising tool for further research in cancer immunotherapy.

Keywords: UCB-NK cells, phenotype, NK cell stimulation, functional activity, transduction, DAP12
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Introduction

NK cells are lymphocytes of the innate immune
system with great cytotoxic potential against tumor
cells as well as cells infected by viruses [14]. Unlike
T cells, NK cells do not require prior sensitization by
antigen or presentation of antigen by HLA-I molecules
to recognize “targets” [7], making them an attractive
tool for tumor immunotherapy. Therapeutically
useful NK cells can be derived from various sources,
but currently the greatest number of clinical studies
are focused on NK cells from peripheral blood (PB-
NK) [9] and NK cells from cord blood (UCB-NK)
NK cells [13]. Thus, UCB-NK cells have several
advantages: 1) low risk of virus transmission from
donor to recipient; 2) high concentration and, as
a consequence, high availability of NK-cells and
rapid receipt of the “ready” product; 3) possibility
to preserve phenotypic characteristics and functional
activity after cryopreservation [12]. Nevertheless,
the use of cord blood as a source of NK cells for
immunotherapy has its limitations: 1) difficult blood
sampling; 2) UCB contains low numbers (between
10-100-fold fewer) nucleated cells blood [2] 3) UCB
have specific phenotypic characteristics compared to
PB-NK. It has been shown that UCB-NK cells have
an immature phenotype [8], which is comparable
to data reporting about decreased expression of the
activating receptor NKG2C and increased expression
of the inhibitory receptor NKG2A compared to PB-
NK cells [15], although some groups of researchers
have found that UCB-NK cells are sufficiently mature
and functional in their phenotypic characteristics
[11]. Currently, a large number of studies on UCB-
NK gene modification are being conducted at
both clinical and preclinical levels. One potentially
promising area is genetic modification to improve
the anti-tumor properties of NK cells. A variety of
strategies aimed to enhance the cytotoxicity, survival
and migration activity of NK cells have been developed
for clinical application. One the approach is targeted
overexpression of the adaptor molecule DAP12,
which is involved in the signaling of activating NK
cell receptors such as NKG2C, NKp44 and activating
receptors of the KIR family [3].

Materials and methods

Peripheral blood samples were collected from
healthy volunteers agreed to participate in the study.
The collection of umbilical cord blood samples of
volunteer healthy adults was carried out based on the
Federal Research and Clinical Center for Specialized
Types of Medical Care and Medical Technologies
(FMBA).

To isolate the umbilical cord mononuclear cells
were collected in EDTA-containing test tubes and
centrifuged in a Ficoll gradient with a density of
1.077 g/cm?. NK cells were isolated from by negative
magnetic separation from mononuclear cells using
the NK cell isolation kit (Miltenyi Biotec, Bergisch
Gladbach, Germany) according to the manufacturer’s
protocol. Freshly isolated NK cells were grown in
NK MACS Medium (Miltenyi Biotech, Bergisch
Gladbach, Germany) supplemented with 10% FCS
(HyClone, USA), 2 mM L-glutamine, 2 mM sodium
pyruvate (PanEco, Moscow, Russia), 2 mM antibiotic-
antimycotic (Sigma-Aldrich, St. Louis, MO, USA),
1% of NK supplement (Miltenyi Biotech, Bergisch
Gladbach, Germany).

To determine the most effective method of
activation, peripheral blood or cord blood NK cells
were cultured with stimuli in two variants: 1) 100 U/mL
IL-2 (Hoffmann La-Roche, Basel, Switzerland) 2)
in combination of 100 U/mL IL-2 (Hoffmann La-
Roche, Basel, Switzerland) and irradiated K562-
mblIL21 feeder cells with 1:2 ratio. The cells were
cultured at 37 °C with 5% of CO,. Cultivated NK cells
were counted on eighth and tenth days by cell counter
TC20 (Bio-Rad Laboratories, Hercules, CA, USA).

The proliferative activity of NK cells was evaluated
using the internalizable fluorescent label CFSE
passively penetrating the cells. The cellswere incubated
in a solution supplemented with 5 pmol/mL CFSE
for 15 minutes in heat. The cells were washed three
times with FBS serum medium to inactivate CFSE
and cultured in complete medium with the addition
of stimuli. The level of proliferation was measured
at 7 and 10 days after staining using flow cytometry.
Actively proliferating cells were detected by decreased
CFSE levels.

NK cell degranulation was determined by the
level of expression on the cell surface of the lysosomal
marker LAMP-1 in the presence of brefeldin A and
K562 target cells. For this purpose, NK cells were
mixed with K562 in a 1:1 ratio and incubated for 2.5
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hours in complete medium with CD107a antibodies
and brefeldin. Cell surface staining and flow cytometry
measurements were then performed.

UCB-NK were analyzed using a MACSQuant 10
flow cytometer (Miltenyi Biotec, Bergisch Gladbach,
Germany) equipped with lasers A = 405 nm, A = 488
nm, A = 635 nm; threshold was set to cut-off events
with low CD45 staining. The following mouse anti-
human fluorescent-labeled antibodies were used for
surface cell staining: NKG2C-FITC (clone REA205,
Miltenyi Biotec, Bergisch Gladbach, Germany),
HLA-DR-PE (clone L1243, Sony Biotechnology,
San Jose, CA, USA), CD56-APC-Vio770 (clone
REA196, Miltenyi Biotec, Bergisch Gladbach,
Germany), KIR2DL2/L3-APC (clone DX27, Sony
Biotechnology, San Jose, CA, USA), CD57-APC
(clone HNK-1, Sony Biotechnology, San Jose, CA,
USA).

The data was analyzed using FlowJo, GraphPad
Prism X 10.0.7r2. Statistical analysis of differences in
the data was conducted by Mann—Whitney one-tailed
U test. P < 0.05 were considered significant.

Transduction of PB-NK and UCB-NK was
performed in 24-well plates pre-treated with
retronectin solution (Takara, USA) and concentrated
viral particles containing the gene for the adaptor
molecule DAPI2 (TYROBP). To determine the
infectious titer of the obtained retroviral particles, we
preliminarily transduced the Raji cell line. Next, the
number of transducing units (TU) was calculated using
the formula (N cells * % transduction)/Vvir.particles)
to predict the parameters for efficient PB-NK and
UCB-NK transduction. Cytometric analysis of GFP
luminescence was used to evaluate the efficiency of
transduction, the measure was performed on day 3
after staging the experiment.

Results and discussion

To study the phenotypic features of NK cells, the
portion ofthe UCB mononuclearcell fraction obtained
during isolation was taken for analysis. Expression
of major NK cell surface markers, including the
activation marker HLA-DR, inhibitory receptors
KIR2DL2/3, NKG2A, activating receptor NKG2C,
and differentiation marker CD57 were measured by
flow cytometry. Phenotypic data characterize UCB-
NK as poorly differentiated and weakly activated
cells (Figure 1, see 3™ page of cover). However, it is
worth noting that in comparison with the ex vivo PB-
NK phenotype data we obtained earlier, a significant
difference in the analyzed phenotypes of peripheral
and cord blood NK cells was observed specifically in
the expression of NKG2 family receptors; apparently,
UCB-NK express higher levels of NKG2A and
lower levels of NKG2C (Figure 1A, see 3™ page of
cover), which corresponds to literature data [8, 15].
In addition, it has been shown decreased HLA-DR

expression observed in UCB-NK cells (Figure 1, see
31 page of cover) compared with PB-NK cells [5]
suggests a priority stage of activation of peripheral
blood NK cells over cord blood NK cells. However,
also comparing with our earlier data, it has not been
revealed significant differences in the percentage
of CDS56biet CD57" and KIR*' subpopulations
(Figure 1B, see 3 page of cover) between PB-NK and
UCB-NK cells were observed in the analysis [6].

The immaturity of UCB-NK cells makes it difficult
to obtain clinically relevant antitumor therapy agents
because such NK cells have reduced cytotoxicity
compared to PB-NK cells [10]. However, it has been
shown that various cytokine activation methods used,
such as IL-2 or IL-15, or the combination of IL-15
with IL-2 or IL-18 can increase the functional activity
of UCB-NK cells to the level observed for PB-NK
cells [1]. Low number per unit of donor blood and
immaturity of UCB-NK cells are the main obstacle
to obtain a sufficient number of NK cells to create
effective genetically modified antitumor therapy
tools, so optimization of effective activation and
genetic engineering processes is the basis for obtaining
clinically meaningful results

To measure the level of proliferative activity, isolated
PB-NK and UCB-NK cells were cultured under two
types of stimulation: 1) with 100 units of IL-2; 2) in
combination of IL-2 and K562-mbIL21 feeder cells.
Cell counts were performed on days 8 and 14. The data
obtained indicate that a steadily increasing induction
of UCB-NK proliferation occurred in response to all
stimuli added, and differences in proliferative activity
were also revealed depending on the stimulation for
PB-NK and UCB-NK stimulation (Figure 2, see
3 page of cover). It was shown that only UCB-NK
actively divided under conditions of stimulation with
IL-2, whereas PB-NK had weak proliferative activity
during the first 8 days of cultivation (Figure 2A, see 3™
page of cover), then the dynamics of the cell division
process slowed and reached a plateau by day 21, in
contrast to UCB-NK, which continued to proliferate
actively (data not shown). In the stimulation way with
K562-mblL21 feeder cells, UCB-NK was found to
outperform its own proliferation dynamics compared
with the IL-2 only, whereas for PB-NK a high level
of proliferation was observed only during the first 8
days after followed by a sharp decline in proliferative
activity (Figure 2A, see 3™ page of cover). According
to CFSE levels in cells on day 7 after IL-2 + K562-
mblIL21 stimulation, the highest proportion of UCB-
NK was involved in division (26.7%) compared with
IL-2 and stimulation (10.6%) (Figure 2B, C, see
3 page of cover). At day 10 after stimulation, there
was a significant increase in proliferating UCB-NK
stimulated by IL-2 + K562-mblIL21 (95.3%), whereas
for IL-2, the proportion of divided cells was 62.2%
(Figure 2B, C, see 3" page of cover). In addition to the
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analysis of NK proliferative activity, the cytotoxicity
of UCB-NKs activated with combination of IL-2 and
K562mblIL-21 was evaluated by measuring of the level
of degranulation. Degranulation was determined by
the level of expression of lysosomal marker LAMP-1
(CD107a) on the surface of UCB-NK. The baseline
degranulation of NK cells without targets was taken
as a negative control. It was shown that UCB-NK
stimulated for 7 days with a combination of IL-2 and
K562-mblL21 had increased and even exceeded level
of degranulation compared of PB-NK (Figure 2D, E,
see 3 page of cover).

Thus, UCB-NK cells proliferate in response
to stimulation by both IL-2 and a combination of
IL-2 and K562-mblIL21. Moreover, UCB-NK cells
showed a more pronounced positive proliferative
potential in response to cytokine stimulation, which
is supported by literature data [1, 4]. Cultivation of
ex vivo UCB-NK cells with IL-2 and K562-mblIL.21
stimulation is a promising way to obtain a large
number of proliferatively active UCB-NK cells with
stable cytotoxicity.

After several transfection procedures of Phoenix
Ampho cell line, sufficient volume of viral particles
was accumulated to perform transduction of PB-NK
and UCB-NK stimulated by a combination of 1L-2
and K-562mblIL-21 for 7 days. Transduction of
the Raji cell line (Figure 3A, see 3™ page of cover)
was preliminarily performed and the infecting
concentration of viral particles was determined using
the formula TU = (Ncells*%transduction)/Vvir.
particles) at a rate of 2TU for PB-NK and UCB-NK.
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U3Y4HEHUE COOEP>XAHNA UMMYHOIJTIOBYJIMHOB
N OKUCJIEHHBIX BEJIKOB B 99KYJIATE NPU BECMJ104UN

Basmios H.B., I'onosasos A.IL

DI'bOY BO «Ilepmckuii 2ocydapcmeeninlii MeOuyuHckuli yrugepcumem umenu axademuxa E.A. Baenepa»
Munucmepcmea 30pasooxparnenus PO, e. I[lepmo, Poccus

Pesome. Cpenn NMpUYMH MYXKCKOTO OCCIIOOUSI OTOCTAaTOYHO BHUMAHUS YIAENSIETCS OKUCIUTEIbHOMY
CTpeccy, KOTOPBI B CBOIO OoUepeb SBISETCS MaTOreHETUYECKUM 3BEHOM BOCIaIuTeIbHOro npoiecca. Ox-
HaKO MPAKTUYECKU HET UH(OPMAILIUU O CONEPXKAHUU OKHUCIEHHO MOIU(MULIMPOBAHHBIX IPOTEUHOB B CHEP-
MaJIbHOM XXKMIKOCTH, UYTO 3aTPYIHSICT U3ydeHME ITaToreHe3a 3a00JIeBaHN PePOLyKTUBHOM CUCTEMBI MYyXK-
yuH. OTYaCcTHU OKHMCJIEHUE MPOTEMHOB MOXET OBITh OOYCJIOBJIEHO MPOAYKIIME aKTUBHBIX (POpM KUcIopoaa
MUKPOOPTraHU3MaMM KaK HaMpsIMylo, TaK U OMOCPEOBAHHO Yepe3 aKTUBALIMIO KJIETOK UMMYHHOI CUCTEMBI.
Llenp MccmemoBaHusI — M3YYUTh YPOBEHBb OKMCIICHO MOIM(PUIIMPOBAHHBIX OCJIKOB U M3MCHEHMS KOHIICH-
Tpalliy UMMYHOIJIOOYJIMHOB B CIIEPMaIbHOM KUAKOCTH ITpU 0akTepuocnepmun. [IpoBeneHo uccienoBaHue
2SIKYJIsATa 48 My>KUMH, OOpaTUBIIUXCS B KJIMHUKY I10 TTOBOAY Oecruioaus B Opake. [pyrimy cpaBHeHUsT cocTa-
BIWIM 32 MPAKTUYECKU 3A0POBBIX MY>XKUYUHBI, Y KOTOPBIX OTCYTCTBOBaJl POCT MUKPOOPTaHU3MOB B 0Opa3iiax
asgkynaTa. [1py npoBeneHUN 0aKTEpPUOJIOTMYECKOTO aHaIn3a ucciieayeMble odbpa3nbl pa3Boauiau B 10 pa3 u
MCMOJIb30BaIM OOIIEIPUHATYIO METOAUKY. B criepMaibHOMN XXUAKOCTH OINpeAessiid KOHILIEHTPpaUIo alb0y-
MMHa, UMMYHoTJIoOyuHOB A, M, G, E. OxkuciureabHylo MoauuKalnio 0eJIKOB OLEeHUBAIN B peakluu
¢ 2,4-muanTpodeHmIrnapa3snHoM. KoHIIEHTpaio OKUCISHHBIX OCJIKOB BBIpaXKaJld B HMOJIb/MT OOIIIEro
OejiKa MCcClIeayeMOoil OMOJIOTMYeCKOM XUAKOCTU. 1 ompenesieHUs] KOHLIEHTpalMK OejlKka MCITOJIb30BaIu
OouypetoBblii MeToA. CTaTUCTUYECKUI aHaAJIM3 Pe3yJbTaTOB MPOBOJMIN C UCIOJIb30BAHUEM METOMIOB OMU-
caTeJIbHOI CTaTUCTUKU U t-KpuTepust CThIOAeHTA I ITapHBIX JaHHBIX. KOoHIIeHTpalus 0e1Ka B CeMEeHHOM
KUAKOCTU CPEeAr M3y4aeMbIX I'PYIIN CYLIECTBEHHO He oTinyanack. KoHueHTpauus anboymuHa (16,96+1,28
MI/MJT) OblJIa CTATUCTUYECKU 3HAYMMO HIDKE TIPU OTCYTCTBUU POCTa MUKPOOPTraHW3MOB, YeM IpU OaKTepu-
ocriepmui. [Ipu GakTeproCiepMrUM OTMEUEHO CHUXKeHUE KOHIeHTpauuu IgM u IgA v nmoBbillieHUE yPOBHS
IgG. CremeHb OKMCIICHUS OCTKOB MaKCUMAaJIbHA TIPH BEIISICHUN N3 CEMEHHOM XUIKOCTH SHTEPOOAKTEPUIA.
TakuM obOpa3oM, B X0lie¢ MCCIeAOBaHUI ObLJIO YCTAHOBJIEHO, YTO, HECMOTPSI HA OTCYTCTBUE KJIWMHUKU, TIPU
0eCCUMNTOMHOI OaKTeprOCIIEpMUM HaOMIOAaeTCs CeKpelsi UMMYHOITOOYIUHOB G B CIEPMAJIbHYIO KW -
KocTb. IToKkazaHo HaKOIJICHNE OKMCJIEHHBIX 0€JIKOB B CEMEHHOM KMIKOCTU MIPU 0AKTSPHUOCTICPMHUU.

Knroueguie crosa: okucaenno moouguyuposarvie 6eaku, CHepMarbHAas HCUOKOCHy, OUHUMPODeHUNUOPa3UH, anboecUudHble
npou36o0Hble, KeMOHOBble NPOU3BOOHbLE, UMMYHOA00YAUHbL
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Abstract. Among the causes of male infertility, enough attention is paid to oxidative stress, which in turn is
a pathogenetic link in the inflammatory process. However, there is practically no information on the content
of oxidized modified proteins in the semen, which makes it difficult to study the pathogenesis of diseases of the
male reproductive system. In part, protein oxidation may be due to the production of reactive oxygen species
by microorganisms, both directly and indirectly through the activation of immune system cells. The aim of the
research was to study the level of oxidized modified proteins and changes in immunoglobulin concentrations
in the semen under bacteriospermia. A study was made of the ejaculate of 48 men who applied to the clinic for
infertility in marriage. The comparison group consisted of 32 practically healthy men who had no growth of
microorganisms in the ejaculate samples. When conducting bacteriological analysis, the studied samples were
diluted 10 times and used the generally accepted method. The concentration of albumin, immunoglobulins A,
M, G, E was determined in the spermatic fluid. The oxidative modification of proteins was evaluated in the
reaction with 2,4-dinitrophenylhydrazine. The concentration of oxidized proteins was expressed in nmol/mg
of the total protein of the studied biological fluid. The biuret method was used to determine the protein
concentration. Statistical analysis of the results was performed using descriptive statistics and Student's t-test
for paired data. The concentration of protein in the seminal fluid did not differ significantly among the studied
groups. The albumin concentration (16.96+1.28 mg/mL) was statistically significantly lower in the absence of
microorganism growth than in bacteriospermia. With bacteriospermia, a decrease in the concentration of IgM
and IgA and an increase in the level of IgG were noted. The degree of protein oxidation is maximum when
enterobacteria are isolated from seminal fluid. Thus, during the studies it was found that, despite the absence of
a clinic, with asymptomatic bacteriospermia, the secretion of immunoglobulins G into the semen is observed.
The accumulation of oxidized proteins in the seminal fluid in bacteriospermia has been shown.

Keywords: oxidized proteins, semen, dinitrophenylhydrazine, aldehyde derivatives, ketone derivatives, immunoglobulins

(OMP), which lose their function. The determination
of the OMP-level in ejaculate can be a sensitive
integral marker of a decrease in male fertility, as well
as the development of urogenital pathology of both
infectious and non-infectious nature.

The aim of investigation was to evaluate the content
of immunoglobulins M, G, A, E and the intensity of
the accumulation of OMP in the sperm fluid of men

Introduction

Numerous research report a decrease in the
quality of semen and other markers of male
reproductive health [6, 7]. There is a global crisis of
male reproductive health [3], which is confirmed by a
global decrease in the number of spermatozoa and an
increase in anomalies of the male reproductive system,

such as cryptorchidism, tumors of the urogenital
tract [2]. The male factor of infertility occurs in about
40% of couples suffering from infertility [1, 5]. The
data demonstrate a link between male infertility and
general health [2].

It has been shown that asymptomatic bacte-
riospermia is often found in men who are in
infertile marriages. It describes both the direct
negative effect of microorganisms on the quality of
ejaculate, and indirectly through the reactions of
the macroorganism [4]. At the same time, humoral
factors of acquired immunity are one of the links
of protection against infection. The inflammatory
response also implements mechanisms of auto-injury,
in particular by hyperproduction of activated forms
of oxygen and nitrogen, which trigger carbonyl stress
and accumulation of oxidized modified proteins

with asymptomatic bacteriospermia.

Materials and methods

Investigation of the ejaculate of 48 men who applied
to the clinic for infertile marriage was conducted. The
comparison group consisted of 32 practically healthy
men who had no growth of microorganisms in the
ejaculate samples. The collection of the material and
its study were carried out according to standardized
methods proposed by WHO experts [9].

For bacteriological analysis, the studied samples
were diluted tenfold. Bacteriological examination
was performed according to the generally accepted
method [4]. The total microbial number was expressed
in Ig of colony-forming units per 1 mL (Ig CFU/mL).
Albumin concentration was measured using reagent
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kits with bromcresol green (Russia). To determine
the concentration of immunoglobulins M (IgM), G
(IgG), A (IgA) and E (IgE), an enzyme immunoassay
was used (Russia). The concentration of Ig and
albumin was expressed in mg/g of total protein.

The OMP was evaluated by reaction with
2,4-Dinitrophenylhydrazine [9], with preliminary
incubation of the sperm fluid with a 10%
solution of Streptomycin Sulfate. The resulting
2,4-dinitrophinylhydrazones (DNP) were recorded at
the following wavelengths: at 365 nm for ketone-DNP
of a neutral nature (kDNPn), at 432 nm — ketone-
DNP of a basic nature (KDNFb) and at 530 nm —
aldehyde-DNP of a neutral nature (aDNFn). When
determining the carbonyl content, a molar absorption
coefficient (e) equal to 22,000 M-'cm™ was used.
The molar extinction coefficient of DNP was used to
calculate the concentration of carbonyl derivatives of
OMP. Optical density was measured using a flatbed
spectrophotometer (USA) with a quartz 96-well
microplate.

The concentration of oxidized proteins was
expressed in umol/mg of total protein of the studied
biological fluid [8]. To determine the protein
concentration, a biuretic method was used (Russia).
The protein concentration was measured in each
sample after complete dissolution of the protein
precipitate in urea solution. The total concentration
of oxidized proteins was calculated by summing all
oxidized derivatives.

Statistical analysis of the results was carried out
using descriptive statistics and Student's t-test me-
thods for paired data, correlation analysis was carried
out using Spearman's rank correlation coefficient.

Results and discussion

It was found that in men with bacteriospermia,
67% had gram-positive cocci (group 1; 4.51£0.26 Ig
CFU/mL), in (33%) — gram-negative bacilli (group
2; 5.38+0.29 1Ig CFU/mL, p < 0.05 to group 1), the
31 oroup consisted of a comparison group without
bacterial growth.

The protein concentration in the sperm fluid
in the 3" group was 54.5+2.6 mg/mL, which is
not statistically significant from concentration in
the 1% (59.0£2.7 mg/mL; p > 0.05) and 2" groups
(57.31£3.9 mg/mL; p > 0.05).

The albumin concentration of 16.96+1.28 mg/mL
and its proportion to the total protein of 30.8+1.5%
in group 3 is statistically significantly lower (p < 0.05)
than in group 1 (21.12%+1.41 mg/mL and 35.3+1.2%,
respectively) and in group 2 (22.56+2.29 mg/mL and
38.6+2.2%, respectively). However, groups 1 and 2 did
not differ statistically significantly from each other.

The highest levels of IgM and IgA were discovered
in the comparison group. However, in contrast,
the minimum level of IgG was recorded in this
group (Table 1). Concentrations of different classes
of immunoglobulins did not differ statistically
significantly between group 1 and 2. Immunoglobulins
E were not detected in any sample.

The total concentration of OMP in group 1 was
1252+22 umol/mg of total protein, and the ratio of
oxidized serum proteins aDNPn : KDNPb : kDNPn
was expressed as: 1:1.7:3.2; in group 2, the sum of
OMP was 1674+64 umol/mg of total protein, the ratio
of OMP fractions: 1:1,8:3,3. In group 3, the amount
of OMP was 598+20 pmol/mg of total protein, and
the fractions of OMP were correlated as: 1:1.4:2.2.

TABLE 1. CONTENT OF IMMUNOGLOBULINS IN THE SPERM OF INFERTILE MEN

Content of immunoglobulins, mg/g of total protein
Group
IgG IgM IgA
1 231.8+11.4* 4.6+0.9* 34.63.5*
2 237.6+23.0* 5.0£0.8* 30.8+3.8*
3 167.2£12.7 12.4+2.9 96.2+10.0

Note. *, p < 0.05 when compared with the data of the 3 group.

TABLE 2. CONCENTRATION OF DIFFERENT OMP FRACTIONS IN SEMEN

Concentration of OMP, ymol/mg of total protein
Groups Ketone-DNP of Ketone-DNP Aldehyde-DNP
a neutral nature of a basic nature of a neutral nature
1 675+38* * 365+20%* 212+9%*
2 909+117* 493+56* 272+20*
3 282+30 187118 129412

Note. *, p < 0.05 in comparison with the data of the 3 group; #, p < 0.05 between the indicators in groups 1 and 2.
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The concentrations of every DNP derivatives are
presented in Table 2. It is worth noting that in the
group with germination of microorganisms of the
Enterobacteriaceae family, the concentrations of
all OMP derivatives (p < 0.05) significantly prevail
compared to the other groups.

Data analysis shows a moderate direct correlation
between the concentration of IgG and OMP fractions
in the comparison group (r = 0.41) and in the Ist
group (r = 0.44). In group 2, inverse correlation was
found between the concentration of IgA and OMP
fractions (r = -0.54).

The increase of albumin concentrations in groups
with bacteriospermia can be explained by the effect
of microorganisms on the microcirculation, resulting
in increased transudation of such "heavy" molecules,
but this mechanism need to study. The elevation IgG
levels in the groups from patients with bacteriospermia
are explained by chronic bacterial infection in the
genitourinary tract, but the decrease of IgA and IgM
levels in these groups can be associated with the
suppression of the pool of secretory immunoglobulins
of both class A and M, which also need to study. In
chronic bacterial infection, the spectrum of OMP
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WUNNOCTPALNU K CTATBE «MYMNOBUHHASA KPOBb KAK MEPCMEKTUBHbIA UCTOYHUK NK-KNETOK ANA UMMYHOTEPAMMUM»
(ABTOPbI: BENMYUHCKWM P.A., BABUITOBA 10.[1., BOUKO A.A., LIYCTOBA O.A., MANTAMAPYYK A.U., IOCYBAINUEBAT .M.,
KYYEPOBA O.H., CTPE/NIbLIOBA M.A., KOBAJIEHKO E.W. [c. 1259-1264])

ILLUSTRATIONS FOR THE ARTICLE "UMBILICAL CORD BLOOD AS A PROMISING SOURCE OF NK CELLS FOR IMMUNOTHERAPY"
(AUTHORS: VELICHINSKII R.A., VAVILOVA J.D., BOYKO A.A., SHUSTOVA O.A., PALAMARCHUK A.l,, YUSUBALIEVA G.M,,
KUCHEROVA O.N., STRELTSOVA M.A., KOVALENKO E.I. [pp. 1259-1264])
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Figure 1. Phenotypic analysis of ex vivo UCB-NK cells

Note. (A) Percentages of NK cells expressing CD57, KIR2DL2/3, NKG2C, NKG2A, and HLA-DR. Data are presented as mean + standard deviation.

(B) Representative staining with CD57, HLA-DR, KIR2DL2/3, NKG2C, NKG2A distribution for NK cell subpopulations. NK cells in UCB samples were analyzed
by flow cytometry after staining with fluorescent-labeled specific monoclonal antibodies. NK cells were defined as CD3:CD56" cells in CD45""CD14- cells in
the FSC-SSC lymphocyte gate.
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Figure 2. Proliferative and functional activity of NK cells

Note. (A) Comparison of PB-NK n UCB-NK expansion. Expansion coefficient (Kexp) = number of cells/initial number of cells (B) Representative CFSE profiles
onday 7 and 10 after IL-2 and IL-2 + K562-mblIL21 stimulation. D1 and D2, percentage of CSFE-positive UCB-NK cells divided once and twice, respectively. (C)
Proportion of CSFE-positive UCB-NK cells divided once (Division 1) + UCB-NK cells divided twice (Division 2) on days 7 and 10 after stimulation with two types
of stimuli. (D) Representative dot plots of CD107a and expression in PB-NK and UCB-NK cells (E) Comparative analysis of CD107a* levels between PB-NK and
UCB-NK stimulated with IL-2 in combination with K562-mblL21 feeder cells for 8 days (target K562 cell line).
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Figure 3. Retroviral transduction of the DAP12 gene

Note. (A) Estimation of the infectious titer for DAP12 viral particles on the Raji cell line. (B) Comparison of effectiveness for retroviral transduction of DAP12 gene
on PB-NK and UCB-NK. Representative data from three independent repeats with use of one viral stock. (C) Comparison analysis of percentages of GFP* cells
were conducted with nonparametric Mann—-Whitney one-tailed U test.
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