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Pesiome. bosbllioe 3HaueHUEe B MaToreHe3e akcuaabHOTo crioHauoapTpuTta (AkcCn) OTBOAUTCS KJIETKaM
BPOKICHHOIO UMMYHUTETA, B TOM YHCJIC KJIETKAM MUEJIOMIHOTO psifa — CYIIPEeCCOPHBIM KJICTKaM MUEIIOU/I -
Horo npoucxoxaeHus (MC). MC npeAcTaBAsIIOT TeTEpOTeHHYIO MOMYJISILINIO HE3PEIbIX KIETOK, CITIOCOOHBIX
MOJIABJIATh PeaKIIMN BPOXKIEHHOTO U MTPUOOPETEHHOTO UMMYHUTETA ¢ HauboJiee BhIpaskeHHOM CyIpeccop-
HOM aKTMBHOCTBIO B OTHOIIIeHUU T-KieTok. Tepanusi TeHHO-MHXEHEPHBIMU OMOJIOTMYECKUMMU MpenapaTa-
MU TI03BOJISIET CHU3UTh KIIMHUKO-J1A00PaTOPHYIO aKTUBHOCTH 3a00yieBaHUS Y 00JbHBIX AKCCIT, OTHaKO UX
3(pPeKTUBHOCTH MIMPOKO BapbUPYET Y pa3HBIX MallMeHTOB. HacTosiee nccienoBaHne HaIlpaBIeHO Ha 13-
ydyeHue pa3mdHbIX cyoronysstiunii MC u ux cynpeccopHoro noteHuama npu AKcCri, B 3aBUCHUMOCTHA OT
OTBETA Ha Tepamnuio TeHHO-MHKCHEPHBIMM OMOJIOTUYCCKUMU TIpernaparaMu. B ncciiemoBaHme ObLIN BKITIO-
YeHbl MaureHThl ¢ AKCCIT ¢ TTPOIOJIKMTEILHOCTBIO 3a00eBanus 16,5 net (mennana); HLA-B27 (+) cratyc
ObU1 BbIsIBIIEH B 79% ciydyaeB. Bce mauueHThl B TedeHME KaK MUHUMYM MHOCAeAHUX 12 Hemesb I10aydain
OMOJIOTMYECKYIO Teparinio, B ToM uyucie nHruontopsl TNF (aTaHeplienT, LiepToan3ymMad Maroi, agajinmMyMao
WK ToumMymat) uinn nHruoutopst [L-17 (cekyknnymab, nkcekuzymad uinu Hetaknumad). OTHOCUTETbHOE
conepxanue rpanyionurapabix MC (I'-MC, Lin HLA-DR-CD33*CD66b*), monounutapubix MC (M-MC,
HLA-DR"/-CD14"), MC pannux craguii guddepennuposku (P-MC, Lin HLA-DR-CD33*CD66b"), a
TakKkKe BHYTPUKJICTOYHYIO SKCIIPECCUIO apTUHA3bI- 1 OIIEHUBAJIM METOIOM IIPOTOYHOM ItmToMeTpun. Ilam-
€HThbI CO CTAOMJIbHBIM OTBETOM Ha OMOJIOTMYECKYIO TePannio 3HAUYMMO HE OTJIMYAJIUCH OT 3[I0POBBIX JTOHOPOB
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no conepxaHutio Bcex Tpex nonyyassuuii MC B nepudepudueckoilt kposu. I[lanmeHntsl ¢ AkcC, He OTBeYaro-
1[[Me Ha Teparulo, 1eMOHCTPUPOBAIU TOBBILLIEHHOE OTHOCUTEIbHOE 1 abcotoTHoe KoandectBo P-MC no
CpaBHEHMUIO cO 300poBbIMU fJoHOPamMu (py = 0,01 u py = 0,02 COOTBETCTBEHHO) U NALIMEHTAMU CO CTAOWJIb-
HbIM oTBeTOM (py = 0,03 1 p; = 0,07 coorBeTcTBeHHO). [1pn 3TOM MOBBITIIEHHOE cofepxkaHue P-MC B ciy-
Yae OTCYTCTBHUSI OTBETa Ha TEPAIMIO aCCOLMUPOBAIOCH C TToKazarersiMu aktuBHOocT — COD (R, = 0,821;
p=20,023), CPb (R,=0,714 p =0,07) u ASDASp; (R, = 0,829; p = 0,042). B rpymnrie maiimeHTOB CO CTa0OWTb-
HBIM OTBETOM KOPPEJISIIMOHHON 3aBUCUMOCTH MEXKIYy aKTUBHOCTBIO 3a00JieBaHus 1 comepkanuemM MC He
obHapyXeHo. /111 oieHKH cynpeccopHoro noreHnuaia MC Ob1a IIpoaHaIn3MpoBaHa SKCIPECCUST BHYTPH -
KJIETOYHOI MOJIEKYJIBI apTHUHAa3a- 1, KOTopasi y4acTByeT B MHTHOMpoBaHUM T-KjieTouHoro oTBeTa. I[larmeHThI
CO CTaOMJILHBIM OTBETOM XapaKTepPU30BaJINCh MOBBIIIEHHOM 3KcIIpeccueit apruHasbi-1 B P-MC (py = 0,02).
I1pu oTCyTCTBUM OTBeTa Ha Tepamuio 3HAYMMBIX U3MEHEHUM B 3Kcrmpeccur Arg-1 He BBISIBICHO, OJHAKO
nonst Arg-1-skenpeccupyromux ['-MC Haxoaniaach B MPSIMOI COTIPSIKEHHOCTU ¢ MHIAEKCAMU 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 cyrpeccopHoii MoeKyabl Arg-1 B MC MOTyT CiIy>kKuTh OMomMapkepamu 3(p¢GeKTUBHOCTU OTBETa Ha
MPOBOAMMYIO TepPanuio TeHHO-UHXEHEPHBIMU OMOJOTMYECKUMU MpernapaTaMu, a TakoKe BBICTYIIaTh B POJIU
MOTEeHIUAIbHBIX MapKEePOB-KaHAUAATOB C TOYKU 3PEHUST paHHEro MpeaukKTopa OTBeTa Ha MPOBOAUMYIO Te-
parnuio.

Karouesole croea: mueaoudnsie cynpeccopol, aKCUanbHbulii ChoHOUL0apmpum, buosouyeckas mepanus, apeurasa- 1, uneubumop
TNF, uneubumop 1L-17
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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 (b DMARDSs) 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 p, = 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
ASDASp (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,
MDSCs 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, CDI16, 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

1081



Toipunosa T.B. u dp.
Tyrinova T.V. et al.

Meoduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

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=0.15).
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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