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Pesiome. [1o pesynbraTam nociaeaHUX UCCACTOBAHUI TMA0ETUUECKYIO0 PETUHOMATUIO MOXHO paccMaTpu-
BaTh HE TOJBKO KaK COCYIMCTOE 3abojieBaHMEe, HO U KaK HellpoaereHepaTUBHEIN mpoliecc. M3yueHue co-
CcTaBa CJI€3HOM XKUIKOCTU UCHOJb3YeTCS JIS1 OLIEHKM COCTOSIHUS JTIOKAJIbHOIO MMMYHMUTETa TIPU Pa3BUTUU
r1a3HbIX 3a0ojieBaHul. OQHAKO MCCIeA0BaHMS, U3yJdalolle BIUSHUE COCTaBa CJIe3bl MPU NUabeTUUEeCKOM
peTuHomnaTuu HeMHorouuciaeHHbl. Llenb uccienoBanuss — omnpenenuts ypoBuu IL-1B, 1L-10, TGF-33,
MMP-7, TIMP-2, 6enka S100b, BDNF u NGF B ciie3H0Ii )KMIKOCTH MALlUEHTOB COCYANUCTBIMU U HENPO-
JIeTeHEepaTUBHBIMU TPOSIBICHUSIMU AUa0eTUYECKOl peThHomatuu. B ucciegoBaHue ObuiM BKIOYeHBI 80
MalMeHTOB ¢ AUAarHO30M caXapHbI auabdeT 2 ThuIa, KOTopble ObLIM pasaeaeHbl Ha 2 rpynnbl: rpynna 1 —40
MAIEHTOB, Y KOTOPBIX HE OBLIO KIIMHUYCCKUX IMTPU3HAKOB TMa0CTUICCKON peTUHOIIATUM Ha TJIa3HOM JHE,
rpyria 2 — 40 maiMeHTOB ¢ HaYaJIbHBIMU MPU3HAKaMU HepoJudepaTUBHON AUa0eTUYECKOM peTUHOMNATHN.
BceMm BKITIOUEHHBIM B KCCIeIOBaHUE TTPOBOANIOCH O0CIeIoOBaHUE HAa ONTUYECKOM KOT€pEHTHOM ToMorpade
RTVue-100 (CIIA), omrpenensui 00beM (pOKaTBHBIX TOTEPh TAHTIINO3HBIX KJIeTOK ceTtdaTtku (FLV). YBenn-
yenue FLV Brillle mokazaTesneit HopMaTUBHOM 0a3bl mpuoopa paciieHuBaiu kak OKT-npusHak Heiiponere-
Hepauuu cetyatku. [To pesynbratram OKT yyacTHUKOB MepBOil 1 BTOPOI IpyMIIbl JOTIOJHUTEIBHO Pa3aeiu-
v Ha 4 noarpynnel: 1A — mMauueHThl 6€3 COCYAUCTBIX U3MEHEHUI Ha r1a3HoM aHe u 6e3 OKT-npusHakos
HelponereHepauuu cetyatku (n = 12), 1b — manmeHTH 6e3 COCyaUCThIX M3MEHEHMI Ha TJIa3HOM JTHE M C
HanmuuneM OKT-npusHakoB HelipojaereHepalimu cetyatku (n = 28), 2A — malueHThl ¢ HaYaJlbHOU Hempo-
nudepatuBHoit JIP u 6e3 OKT-npusHakoB HelipoaereHepanuu cetyatku (n = 10), 2b — mamueHTsI ¢ Ha-
ganbHOU HerrpomudepatnBHoit AP n ¢ OKT-npu3Hakamu HelipomereHepanuu cetdatku (n = 30). YpoBeHb
IL-1B, IL-10, TGF-B3, MMP-7, TIMP-2, 6enxa S100b, BDNF u NGF B ciie3H01i 3KUIKOCTH OTIPEAEIsIN C
TMOMOIIbI0O UMMYHOMEPMEHTHOTO aHanu3a. YpoBHU IL-1 u IL-10 B cie3Hoi XUIKOCTU BO BCEX MOATPYIIIax
OBUTM COTTOCTaBUMBI C KOHTPOJIEM Ha TIpOTsikeHUU Bcero uccienoBanusi. Compepxanue TGF-B3 B cnesnoit
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KUJKOCTHU TMAlIMEHTOB IPYMITbl ¢ HAYaJIbHBIMU MTpU3HaKaMu HenpoiaudepatuBHoii JIP (rpynna 2) 0bUIO 10-
croBepHo (p = 0,001) HUXKEe B cpaBHEHUU C KOHTpoJieM U rpyrnmnoit 2. OgHako OTCyTCTBOBajia JOCTOBEpHasi
pasHuua (p > 0,05) mexnay noarpynnamMu A u b BHyTpu rpyni. Konnenrpanus MMP-7 B cie3HOM XUIKOCTA
BO BCEX MOATPYINIaxX ObLIa JOCTOBEpHO HIDKe 4eM B KoHTpoJse (p < 0,05), omHako, B moarpymmax ¢ OKT-
Mpu3HaKaMu HeliponereHepaluu cetdyatku (16 u 2B) nedunnT nanHo1 MeTajuTOTTpOTENHA3BI OBLT 00JIEe BbI-
paxeH (p = 0,0001). YpoBHuu uccnenyembix HeiiporientuaoB NGF, BDNF u S100B B cie3Hoi XKUaAKOCTH He
OTJIMYAJIUCh OT KOHTPOJISI BO BCEX MOArpyIMax.

Knrouesuie cnosa: neiipodeeenepayus, yumoxkumbl, Hellponenmuodsl, MAMPUKCHble MeMAII0NpoOmMeunHassl, 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 IL-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
(Qu25-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 3 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-B3. 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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