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ABSTRACT

Background. Primary open-angle glaucoma (POAG) is optic neuropathy, the etiology of which is associated
with genetic and non-genetic factors. /L-70 and MMP2 SNPs are associated with POAG, but the nature of the
association depends on the ethnic profile of the population. For the Russian Federation, whose population includes
190 nationalities, this issue is relevant.

Aim. To perform a multicenter comparative analysis of the /Z-10 and MMP2 SNPs as potential factors for predicting
the development of POAG in patients in four regions of the Russian Federation: the Novosibirsk, Leningrad, and
Orenburg Regions, and the Chuvash Republic.

Materials and methods. We examined 499 POAG patients from 4 branches of S. Fyodorov Eye Microsurgery
Federal State Institution (main group), 530 people without visual pathology (control 1), and 100 patients with
cataracts (control 2). Genotyping of /L10 (rs1800896 and rs1800872 SNPs) and MMP-2 (rs243865) was performed
by real-time polymerase chain reaction (RT-PCR) according to the manufacturer’s instructions (Lytex and Syntol,
Russia). The differences were considered statistically significant at the Bonferroni-corrected p < 0.05.

P4 Konenkov Viadimir I., vikonenkov@gmail.com

68 BionneTteHb cMbupckon megmumHbl. 2025; 24 (3): 68-80



Original artick s

Results. An increase in the incidence of IL-10-1082 A was revealed in POAG patients compared to patients with
cataract and healthy individuals. An increase in the incidence of IL-10 A4 in both regions and a decrease in the
frequency of MMP2-1306 TT were found. Similar patterns were established for interlocus /L-10 and MMP?2
genotypes. The group of patients in the Leningrad Region differed the most compared to other regions, which may
be due to their long-term residence together with the indigenous Finno — Ugric peoples.

Conclusion. The data obtained should be taken into account when developing additional criteria for predicting
predisposition to POAG, which is important in case of POAG in the family history.
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PE3IOME

Oo6ocHoBanue. [lepBuunas otkpbeIToyrosnpHas riaaykoma (IIOYT) — xpoHuyeckas mporpeccupyromast ONTHKOHEH-
pOMAaTHsI, STHOJIOTHsI KOTOPOU CBsI3aHa ¢ TEHETHYECKUMU U HereHeTnueckumu (akropamu. [omumopdusmer SNP
reHoB /L-10 u MMP?2 accouunposansl ¢ [IOVY], ogHako xapakTep acCOUMMPOBAHHOCTU 3aBUCUT OT 3THHUYECKOTO
cocraBa Hacenenus. s Poccuiickoit @enepannu, HaceneHne KOTOPOH cOCTOUT U3 mpeacTaButeneit 190 Hamo-
HaJIbHOCTEH, 3TO aKTyanbHas mpodiema.

Henapb uccrenoBaHus — MHOTOLIGHTPOBBIN CpaBHUTENbHBIN aHanu3 pacnpeaeneHus SNP renos /L-10 u MMP2 xak
MOTCHIMAIBHBIX ()aKTOPOB IIPOrHO3a pa3BUTHs 3aboseBaHus B rpymmnax nanueHTos ¢ [IOVT B uetsipex permonax
Hacenienust Poccun: HoBocubupckoii, Jlennnrpazckoii u Opendyprekoit odnacreid, Yysauckoit Pecriy6mamkn.

Matepuananl u Meroabl. ObcienoBanbl 499 nanuentoB ¢ [TIOYI' (ocHOBHas rpymma) w3 4eThlpex (GuiHanoB
MexOoTpaciieBOro Hay4HO-TEXHHYECKOro KoMIuiekca « MHUKpOXHUpyprus iiasay, 530 yenoBek 0e3 MaTojIoruu op-
raHoB 3peHus (KoHTpousib 1) 1 100 manueHToB ¢ KaTapakToil (KoHTpoib 2). ['eHotunupoBanue renos /L-10 (mo-
mumophusmbl 1s1800896, rs1800872) u MMP2 (monmumopdusm 1s243865) mpoBOAMIA METOIOM TOJIAMEPA3HON
LICITHON peaKklUK B PEAIbHOM BPEMEHH COTJIACHO MHCTPYKIMH (GupMbI npousBoxuteis («JIntex» u «CHHTOM,
Poccust). CTaTHCTHYECKU 3HAYMMBIME CYUTANUCH pasnuyus mpu p < 0,05 ¢ yuerom nonpasku Borpepponu.

Pe3yabTathl. BrisiBieHo noctoBepHoe npeodnananue nokyca -1082 amnens 4 (ren /L-10) y nauuenrtos ¢ [IOYTD
OTHOCHTEJIBHO JIHI[ C KATAPAKTON M 3/10POBBIX. Y CTAHOBIICHO MOBBIILICHHE YacTOThl reHoTuna A4 (IL-10) B obenx
MO3MIHSAX U CHIKEHUE 4acTOThl -1306 TT (MMP2). CxoaHble 3aKOHOMEPHOCTH YCTAHOBIICHBI TSl MEKIIOKYCHBIX
reHotunoB /L-10 u MMP2. Tlony4yeHsl JaHHbIE O HATMYUK JOCTOBEPHBIX Pa3lIn4Mil B XapaKTepe paclpeaeacHus
aJulel, TeHOTHIIOB MeX 1y pernoHamu Poccun. Hanbosee oTinyanack OT OCTalbHBIX PETMOHOB TPYIINA HALUCHTOB
Jlenuurpaackoit 0071acTH, YTO MOXKET OBITH CBSI3aHO C €€ MHOTOJICTHUM IPO’KMBAaHHEM COBMECTHO C KOPEHHBIM
HaceJIeHneM (PUHHO-YyropcKOro NPOMCXOXKACHHUSL.

3akioueHue. HOJ’[y‘IeHHHe JIAHHBIC H€O6XOHI/IMO YUYUTBIBAThL IIpU pa3pa60TKaX JOIIOJIHUTECIIbHBIX KPUTEPUEB
IIpOTrHO3a MPEeAPACIIONIOKEHHOCTU K PA3BUTUIO HOVF, YTO aKTyaJIbHO IIpHU HAJIMYUU OTATOLIEHHOT'O CEMEIHOTO
aHaMHE3a.

Karouesslie cioBa: /L-10, MMP2, SNP, IIOYT

Hcrounuk ¢puHancupoBanus. PaboTa BBINOIHEHA B paMKax 0TOBOPA O HAYYHO-TIPAKTHIECKOM COTPYAHHIECTBE
mexry HUMKDJI — dummanom ULul" CO PAH n HoBocubupckum ¢pununanom MHTK «Mukpoxupyprus riaaza»
nm. akaa. C.H. ®denoposa Mun3zapasa Poccun.

Konpaukt naTepecoB. ABTOPHI 3asBISIIOT 00 OTCYTCTBUU KOH(IIMKTA HHTEPECOB IPU MPOBEICHUH HCCIIeI0Ba-
HUSI

CooTBeTCTBHE NMPHHIMIIAM ITHKH. Bce y4aCTHHKH MOJNUCANN MMCbMEHHOE MH()OPMUPOBAHHOE COTJIacue Ha
y4acTue B UCCIIEJOBAHUU U 00pabOTKY NMepcoHaIbHbBIX AaHHBIX VccnenoBanne 000peHO KOMUTETaMH o Grome-
nmurmHcekor atnke HUWMKOJT — dummamom ULul” CO PAH (mporokon Ne 177 ot 02.02.2003) u HoBocubupckoro
¢umana MHTK «Mukpoxupyprus rinaza» um. akag. C.H. @emopoa Munzapasa Poccun (mpotokor Ne 2 ot
2.09.2018).

Jnsa untupoBanusi: Konenkor B.U., IlleBuenko A.B., IIpokoprer B.®D., ApcroroB JI.I'., Xomxkaes H.C.,
Boiiko 2.B., IIpaBocynoa M.M., Uynpos A./l., Kysaitnesa O.C., I'op6ynosa H.}O., Mapkosa A.A., [Tmenmy-
HoB M.B., Iloctynaesa H.B., Mansimesa 10.B., BanoB A.A., Epemuna A.B., Tpynos A.H., Uepusix B.B. Me-
JKperuoHaypHble pasnuuus pacnpenencHus SNP renos IL-10 1 MMP2 B rpynnax nanueHToB ¢ IEPBUYHOM OT-
KPBITOYTOJIbHOM IN1ayKOMOH 0 JaHHBIM MHOTOLICHTPOBOI'0 UccienoBanus B Poccuiickoit denepanuu. broriemens
cubupcroi meduyunsl. 2025;24(3):68-80. https://doi.org/10.20538/1682-0363-2025-3-68-80.
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INTRODUCTION

Primary open-angle glaucoma (POAG) is chronic
progressive optic neuropathy that unites a group of
diseases whose etiology is not fully understood. Its
origin and development are predominantly explained
by a multifactorial concept involving the variety of
genetic and non-genetic factors [1]. Among the causes
of incurable blindness in Russia, glaucoma occupies
one of the leading places, exceeding the European
average by 1.5-2 times [2]. In addition to genetic
predisposition, disorders of aqueous humor outflow
caused by impaired angiogenesis, damage to the optic
nerve, and retinal ganglion cell loss play an essential
role in the development of POAG [3]. Both vascular
(circulatory and lymphatic vascular) networks
and extravascular spaces (extracellular matrix) are
involved in the aqueous humor outflow [4].

Matrix metalloproteinases (MMPs) are a family
of proteolytic enzymes that break down extracellular
matrix (ECM) components and are crucial in many
biological processes, including the development and
remodeling of tissues both in normal and pathological
conditions. This family of zinc-containing
endopeptidases, which catalyze degradation reactions
of ECM components, consists of more than 20
enzymes in the human body. The substrates for MMP-
2 are gelatinases represented by type 4 collagen,
aggrecan, gelatin, and fibronectin. The activity of
MMPs is affected by their expression level and the
expression of tissue inhibitors of MMPs. In the eye,
MMP-mediated ECM turnover in the juxtacanalicular
region of the ocular trabecular meshwork reduces
aqueous humor outflow resistance and helps maintain
intraocular pressure homeostasis [5, 6].

MMPs are involved in the pathogenesis of various
types of glaucoma; the content of MMP-2 and -9 is
significantly higher in glaucomatous eyes compared
to healthy ones. These changes were found in watery
eye discharge, the iridocorneal angle, and the Tenon
capsule in patients with POAG, primary angle-closure
glaucoma, and exfoliative glaucoma. Anincrease in the
content of MMP-9 both in the systemic circulation and
locally may also indicate impaired cellular remodeling
in the structures of the eye, which contributes to the
formation of autoimmune inflammation with tissue
destruction [7].

Associations have been established between the
genotypes 1G2G (MMP-1 gene), C/T (MMP-9 gene)
(p < 0.001), and CT (IL-1b gene) (p < 0.05) and a
decrease in the thickness of the retinal nerve fiber

layer in the group of patients with POAG. The results
showed a relationship between the reduced rim area
and the A/G genotype (MMP-12 gene) (p < 0.001).
The normal value of this parameter was detected in
the group of patients with POAG associated with
the genotypes T/C (TIMPI gene) (p < 0.05) and CT
(IL1b gene) (p < 0.05). Finally, the results showed
an association of the C/T genotype (MMP-9 gene)
(p <0.001) with a decrease in the optic disc excavation
index in the group of patients with POAG [8].

In humans, the MMP-2 gene is located on
chromosome 16. A total of 37 polymorphisms
located in the MMP-2 gene were studied, most of
which are located in the promoter region. The main
polymorphisms studied were rs243865, rs2285053,
rs243866, and 1s243864, which can affect the
expression of encoded regulatory proteins.

Cytokines, and in particular the inhibitory
immunosuppressive interleukin (1L)-10, play anessential
role in regulating the functional activity of MMP. IL-
10 stimulates tissue inhibitors of metalloproteinases
(TIMPs) and inhibits the expression of MMP, thus
influencing the induction of angiogenesis [9].

In humans, IL-10 is encoded by the IL-10 gene
located on the long arm of chromosome 1. The 7L-
10 gene promoter is characterized by the presence
of polymorphisms that can significantly affect IL-
10 expression in different people [10]. Of the 49
polymorphisms identified, 46 are single-nucleotide
polymorphisms (SNPs), 2 are microsatellite poly-
morphisms, and 1 is a small (3-letter) dropout.
Twenty-eight polymorphisms occur in the promoter
region of the gene, 20 polymorphisms are non-coding
intronic or synonymous substitutions, and only
1 polymorphism leads to a change in the amino acid
sequence of the protein.

Based on these data, we formulated the aim of the
study — to conduct a multicenter comparative analysis
of the distribution of three SNPs of the /L-10 and
MMP?2 genes as potential factors for predicting the
development of POAG in patients in four regions of
the Russian Federation: the Novosibirsk, Leningrad,
and Orenburg Regions, and the Chuvash Republic.
These studies are relevant for the Russian Federation,
where, according to the latest population census, more
than 190 nationalities of various ethnicities live.

MATERIALS AND METHODS

We performed a comparative, multicenter, case —
control genetic study of 499 patients with POAG (main
group) from four regions of the Russian Federation.
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The patients were treated and followed up in
Novosibirsk (199 people), Cheboksary (100 people),
Orenburg (100 people), and Saint Petersburg (100
people) branches of S. Fyodorov Eye Microsurgery
Federal State Institution. The study included patients
aged 36-91 years, with a median of 71.0 [66.0; 76.0]
years; 259 men (51.9%) and 240 women (48.1%).

Control group 1 (530 people) included apparently
healthy individuals (157 men and 373 women) aged
18-69 years. Control group 2 encompassed 100
patients with cataract who received treatment in the
Novosibirsk branch of S. Fyodorov Eye Microsurgery
Federal State Institution. Relatives of the patients
were not included either in the main or in the control
groups.

The study was approved by the Bioethics
Committees at Research Institute of Clinical and
Experimental Lymphology — Branch of the Institute
of Cytology and Genetics, Siberian Branch of
Russian Academy of Sciences (Minutes No. 177
dated 02.02.2003) and the Novosibirsk Branch of S.
Fyodorov Eye Microsurgery Federal State Institution
(Minutes No. 2 dated 2.09.2018) and was carried out
in accordance with the WMA Declaration of Helsinki
“Ethical Principles of Conducting Medical Research
Involving Humans as Subjects” (Fortaleza, Brazil,
October 2013). A written informed consent was
obtained from all participants to participation in the
study and to personal data processing.

The inclusion criterion for the main group was
stage 11-111 POAG with the axial length of 22.5-24.5
mm.

The exclusion criteria were the presence of any
hereditary and genetic diseases, autoimmune diseases
and tumors of any localization (including multiple
sclerosis, diabetes mellitus of any form, cataracts
(total cataract, if it made it difficult to conduct an
instrumental examination), neovascular, pigmentary
glaucoma, low-tension glaucoma, keratitis and uveitis
of various etiology and localization, central retinal
vein occlusion, central serous chorioretinopathy, wet
macular degeneration, eye injuries and burns in the
medical history.

The diagnosis of POAG was verified according
to the developed and approved criteria set out in the
clinical guidelines “Primary open-angle glaucoma”
(http://avo-portal.ru/documents/fkr/Klinicheskie_
rekomendacii_POUG_2022.pdf).

To assess intraocular pressure (IOP), applanation
tonometry data were used. Structural pathological

neuroretinal alterations were assessed following
protocols for the optic disc and retinal nerve fiber
layer examination (according to optical coherence
tomography). Typical defects in the visual field
were confirmed by the perimeter index MD (average
deviation of photosensitivity) and narrowing of the
boundaries of the visual field along the nasal isopters.
Grade 3-4 opening of the iridocorneal angle was
confirmed by gonioscopy. Given the fact that the
Russian classification of POAG includes four clinical
and pathogenetic forms (pseudoexfoliative glaucoma,
chronic (simple) glaucoma, low-tension glaucoma,
and pigmentary glaucoma), biomicroscopy of the
anterior segment of the eye was performed. Its results
allowed for the differential diagnosis and correct
selection of patients. The study included patients
with pseudoexfoliative glaucoma and primary simple
glaucoma.

Single-nucleotide polymorphisms of the /10 gene
(-592 C/A, rs1800872 and -1082 G/A, rs1800896)
were genotyped using real-time polymerase chain
reaction (RT-PCR) with the SYBR Green dye
(Lytech and Syntol, Russia) on the DT-96 amplifier
(DNA Technology, Russia) according to the
manufacturer’s instructions. DNA isolation and RT-
PCR were performed using a unified instrument
and reagent database at the Laboratory for Clinical
Immunogenetics of the Research Institute of Clinical
and Experimental Lymphology (Novosibirsk).

Statistical processing of the results was carried
out using IBM SPSS Statistics 23 and specialized
programs for volumetric processing of biological
information, including multidimensional genetic
analysis: Arlequin 3.5.2, SNPStats, and Cytoscape
3.10.3. When analyzing the results of the genetic
study, the allele and genotype frequency, their poly-
locus combinations, the odds ratio (OR), and the
95% confidence interval (95% CI) were calculated.
The distribution of genotypes across the studied
polymorphic loci was checked for compliance with the
Hardy — Weinberg equilibrium using the exact Fisher’s
criterion. The significance level of differences in the
frequency of genetic trait distribution (alleles, simple
and complex genotypes) in the compared groups was
determined by the two-tailed Fisher’s exact test for
2 x 2 contingency tables (P_TMF2). To eliminate
the effect of multiple comparisons, the Bonferroni
correction was applied. The critical significance level
when testing statistical hypotheses was assumed to be
0.05.

72 BionneTteHb cMbupckon megmumHbl. 2025; 24 (3): 68-80



Original artick s

RESULTS

At the first stage of the study, it was necessary to
identify groups comparing the results identified among
patients with POAG with the controls. As the latter, we
identified groups of healthy individuals without signs
of visual organ dysfunction (control 1) as the most

representative and a group of patients with cataract
who did not have an increase in IOP (control 2, 100
people). The comparison group (control 1) included
530 people that matched with the main POAG group
(499 people) based on gender and age. The results of
comparing the distribution of the studied parameters
are presented in Table 1.

Table 1
Results of the Frequency Distribution of rs243865 in the MMP-2 Gene, rs1800896 and rs1800872
in the IL-10 Gene in Groups of Patients with POAG and Healthy Individuals
. . Alleles/ POAG Donors
Polymorphic region of the gene
genotypes Frequency, % OR OR_CI95 p_TMF2 p_COR

1L10-592 C 77.5 79.9 0.86 0.69-1.07 0.187 0.374
1L10-592 A 22.6 20.1 1.16 0.93-1.44 0.187 0.374
1L10-1082 A 63.1 49.8 1.73 1.38-2.16 0.000 0.000
1L10-1082 G 36.9 50.2 0.58 0.46-0.73 0.000 0.000
MMP2-1306 C 75.7 74.6 1.06 0.84-1.33 0.639 1.278
MMP2-1306 T 24.4 254 0.95 0.75-1.19 0.639 1.278
1L10-592 cC 60.7 62.6 0.93 0.72-1.20 0.556 1.669
1L10-592 CA 335 34.8 0.94 0.72-1.23 0.687 2.061
1L10-592 AA 5.8 2.7 2.25 1.15-4.37 0.017 0.052
1L10-1082 AA 38.5 22.8 212 1.48-3.04 0.000 0.000
1L10-1082 AG 49.3 54.0 0.83 0.60-1.14 0.260 0.781
1L10-1082 GG 12.2 23.2 0.46 0.31-0.69 0.000 0.001
MMP2-1306 CcC 55.7 57.1 0.95 0.71-1.26 0.718 2.155
MMP2-1306 CT 39.9 35.1 1.23 0.92-1.64 0.184 0.552
MMP2-1306 TT 4.4 7.8 0.54 0.39-0.98 0.045 0.136
1L10-592:1L.10-1082 CC-AA 17.0 10.8 1.69 1.04-2.75 0.033 0.260
1L10-592:1L.10-1082 CC-AG 32.7 329 0.99 0.71-1.39 1.000 8.000
IL10-592:1L.10-1082 CC-GG 11.0 18.9 0.53 0.34-0.82 0.006 0.050
1L10-592:1L.10-1082 CA-AA 16.6 9.9 1.81 1.10-2.99 0.022 0.174
1L10-592:1L.10-1082 CA-AG 15.6 20.7 0.71 0.47-1.06 0.109 0.869
1L10-592:1L10-1082 CA-GG 1.2 45 0.26 0.09-0.72 0.011 0.085
1L10-592:1L.10-1082 AA-AA 4.8 18 2.75 0.94-8.03 0.060 0.483
1L10-592:1L.10-1082 AA-AG 1.0 0.5 2.24 0.26-19.26 0.672 5.378
1L10-592: MMP2-1306 Cc-cC 35.1 329 1.10 0.82-1.49 0.544 4.352
1L10-592: MMP2-1306 CC-CT 22.7 24.6 0.90 0.64-1.25 0.551 4411
1L10-592: MMP2-1306 CC-TT 3.0 51 0.58 0.28-1.18 0.136 1.09
1L10-592: MMP2-1306 CA-CC 17.2 21.4 0.76 0.54-1.09 0.141 1.131
1L10-592: MMP2-1306 CA-CT 14.8 10.5 1.48 0.95-2.29 0.088 0.706
1L10-592: MMP2-1306 CA-TT 14 29 0.48 0.18-1.30 0.193 1.547
1L10-592: MMP2-1306 AA-CC 34 2.2 154 0.63-3.76 0.399 3.194
1L10-592:MMP2-1306 AA-CT 2.4 0.3 7.69 0.99-54.42 0.021 0.169
I1L10-1082:MMP2-1306 AA-CC 20.2 11.9 1.88 1.17-3.01 0.007 0.065
1L10-1082:MMP2-1306 AA-CT 17.2 9.5 1.98 1.18-3.31 0.008 0.072
1L10-1082:MMP2-1306 AA-TT 1.0 14 0.70 0.17-2.95 0.700 6.300
1L10-1082:MMP2-1306 AG-CC 28.7 27.6 1.05 0.73-1.51 0.855 7.697
I1L10-1082:MMP2-1306 AG-CT 18.0 219 0.78 0.53-1.17 0.251 2.257
1L10-1082:MMP2-1306 AG-TT 2.6 3.8 0.68 0.28-1.65 0.467 4.196
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Endof Table 1

: . Alleles/ POAG Donors

Polymorphic region of the gene
genotypes Frequency, % OR OR_CI95 p_TMF2 p_COR

1L10-1082:MMP2-1306 GG-CC 6.8 15.2 0.41 0.24-0.68 0.001 0.009
IL10-1082:MMP2-1306 GG-CT 4.6 7.1 0.63 0.32-1.23 0.201 1.805
IL10-1082:MMP2-1306 GG-TT 0.8 14 0.56 0.12-2.51 0.428 3.856
IL10-592:1L10-1082: M-
MP2-1306 CC-AA-CC 9.6 3.8 2.67 1.24-5.76 0.009 0.187
IL10-592:1L10-
1082:MMP2-1306 CC-GG-CC 6.2 11.5 0.51 0.29-0.89 0.021 0.437
IL10-592:1L10-1082: M-
MP2-1306 CA-AA-CT 7.8 2.4 3.46 1.34-8.90 0.006 0.120
1L10-592:1L.10-1082:M-
MP2-1306 CA-GG-CC 0.6 3.8 0.15 0.04-0.58 0.004 0.076
1L10-592:1L10-
1082:MMP2-1306 AA-AA-CT 2.2 0.0 5.15 0.67-39.89 0.040 0.832

Note. Here and in Table 2: p TMF2 — significance of the two-ailed Fisher’s exact test; p COR — Bonferroni-corrected significance.

As seen from the data presented, the distribution
of IL-10 gene alleles at position -592 and MMP2 gene
alleles at position -7306 was similar in both compared
groups, whereas at position -7082, significant
predominance of allele 4 among patients was revealed.

For the SNP genotypes of the /L-10 gene, an
increase in the frequency of homozygous A4 variants
at both positions and a decrease in the frequency of
the homozygous 7T variant of the MMP2 gene in the
position -71306 were found. A slight increase in the
frequency of CC-44 and CA-AA genotypes was also
detected in the group of patients with POAG, along
with a decrease in the frequency of 7L-10 genotypes
containing the G allele.

Similar patterns were established for the interlocus
genotypes of the 7L-10 and MMP2 genes, which are
characterized by a combination of alleles A and C at
positions -592 and -1082 and double homozygotes
GG / CC at position -1082. Minor multidirectional
changes were revealed for three-locus combinations.

The conducted studies of patients from the
Novosibirsk branch S. Fyodorov Eye Microsurgery
Federal State Institution showed that, unlike the
control group of patients with cataracts who did not
have an increase in IOP, a significant decrease in
the frequency of the homozygous 77 variant of the
MMP-2 gene at position -71306 (OR = 0.33; p_ cor =
0.0258) was also found among patients with POAG.
Moreover, this pattern persisted in the complex
genotype [ILI10-1082:MMP2-1306 AA-TT (OR =
0.07; p_cor = 0.0207) and with lower reliability in the
complex genotype IL10-592:1L10-1082:MMP2-1306
CC-AA-TT (OR = 0.08; p TMF2 = 0.0039; p _cor =
0.08). This conclusion was also verified by comparing

the data obtained in a group of patients with POAG
with the results of the study of healthy individuals
(526 people) used as an additional control group.
The frequency of distribution of the homozygous
TT variant at MMP2-1306 position among patients
with POAG was also significantly lower (OR = 0.54;
p = 0.045) than among healthy individuals without
identified eye diseases.

Based on the above data, these results can be
interpreted as indirect evidence that the level of
MMP-2 expression in patients with POAG should be
higher, which can be regarded as one of the possible
factors of ECM disorders in this eye disease. For
our multinational country, it is interesting to see
how common the data obtained are for a number of
regions of the Russian Federation, or whether there
are significant differences in these distributions. To
get an answer to this question, we conducted a joint
study with branches of S. Fyodorov Eye Microsurgery
Federal State Institution located in such regions
as Saint Petersburg, Orenburg, Cheboksary, and
Novosibirsk. The results of this multicenter study are
presented in Table 2.

The results presented in Table 2 show that
interregional differences were revealed in a number
of analyzed genetic parameters between the patient
groups from the Novosibirsk Region and the
Chuvash Republic, which is probably due to different
representation of the Mongoloid population in these
regions, with predominantly white population. It was
found that the frequency of the 7T genotype in the
position -7306 of the IL-10 gene was increased among
patients from the NSR, while it was completely absent
in patients from the CHR.
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Atthe sametime,anincrease inthe frequency of two-
locus genotypes (CC-CT IL10-592:MMP2-1306; AA-
CTIL10-1082:MMP2-1306)andthree-locusgenotypes
(IL10-592:1L10-1082:MMP2-1306 CC-AA-CT,
and CA-GG-CT 1L10-592:1L10-1082:MMP2-1306)
was noted in this region. The latter was identified
exclusively in patients from the CHR and never
occurred in patients of the other three regions. Perhaps
this is due to the greater proportion of the Mongoloid
population in this region of the Russian Federation.

The group of patients from the Orenburg Region
appeared to be more similar in the distribution of the
studied parameters to the population of the NSR. In
this group, only one difference was found related to
an increase in the frequency of the CC-AG-CC IL10-
92:1L10-1082:MMP2-1306 genotype.

The group of patients from the Leningrad Region
differed the most compared to other regions, which may
be due to their long-term residence together with the
indigenous Finno — Ugric peoples. Among patients in
thisregion,anincreaseinthefrequency of CC-CCIL10-
592:MMP2-1306; CC-CTIL10-592:MMP2-1306;
CC-AA-CC 1L10-592:1L10-1082:MMP2-1306; CC-
AA-CT IL10-592:1L.10-1082:MMP2-1306 genotypes
was revealed. Along with this, there was a decrease
in the distribution frequency of genotypes CA-CT
IL10-592:MMP2-1306; CA-AA-CC I1L10-592:I1L10-
1082:MMP2-1306; CA-AA-CTIL10-592:1L10-
1082:MMP2-1306, and CA-AG-CT IL10-592: IL10-
1082:MMP2-1306. At the same time, the frequency of
the last two traits ranged from 0.00 to 1.00.

DISCUSSION

The interim conclusion in this section of the study
may be significant differences in the detection rates of
the studied polygenic parameters for the association
of POAG with SNPs of functionally related genes,
with the establishment of significant differences
between significant groups of patients in the studied
regions of the Russian Federation. This speaks of a
necessity to use regional standards in the development
of prognostic criteria for individual’s predisposition to
the development of POAG, even in case of POAG in
the family history. For such a multinational country
as the Russian Federation, this is a prerequisite for the
development of personalized approaches in medicine.

Since vascular and capillary networks are integrated
into the ECM space, regulation of its metabolism and
regulation of angiogenesis are also interdependent.
The processes of angiogenesis are under the control
of numerous families of cytokines, chemokines, and

growth factors with complex effects on the vascular
and extravascular pathways of aqueous humor, blood,
and lymph and their interactions with each other [11,
12]. In addition to a large family of proangiogenic
factors, cytokines with an antiangiogenic effect, of
which IL-10 is one of the most important, also play
a significant role in maintaining the homeostasis of
aqueous humor outflow.

The single nucleotide polymorphism IL-10 -1082
and the haplotype -7082, -819, -592 are associated
with different expression of IL-10 in vitro, while
haplotype -1082 A/ -819 T/ -592 A is associated with
reduced expression of 1L-10 compared to haplotype
-1082 G/-819 C/-592 C. It is believed that up to 75%
of individual differences in IL-10 expression may be
due to genetic differences [13].

There is evidence that IL-10 exerts its
immunosuppressive effect, including by inhibiting
angiogenesis. For example, IL-10 has been shown to
stimulate TIMPs and inhibit the expression of MMPs,
thus affecting the induction of angiogenesis [9].

In addition, during neuroinflammation,
characteristic of POAG, M2 macrophages, producing
IL-10, are able to inhibit the synthesis of MMP-9,
which leads to a decrease in macrophage infiltration of
tissues, blockade of T cell activation and differentiation,
and destruction of myelin [14]. Activation of nuclear
factor kappa B (NFxB) during neuroinflammation
also leads to a decrease in IL-10 synthesis [15].

The MMP-2rs243865 polymorphism is represented
by the substitution C—T at position -1306 in the
promoter. This variant disrupts binding to stimulating
protein 1 (Spl), which is a gene transcription factor,
which leads to a decrease in MMP-2 expression [16].
In the meantime, the presence of the C allele in this
position in the human genome leads to an increase in
the concentration of MMP-2 in the circulation [17].

Thus, the substitutions of all three SNPs studied
by us in promoter regions are associated with the
expression of regulatory proteins encoded by these
genes, and their presence in the human genome has
an impact on the state of ECM, which may trigger
a genetic predisposition to diseases associated with
these processes.

It is important to note that the detected patterns
of the association of POAG with SNPs of 7L-10
and MMP2 genes in the Russian population are not
exhaustive in terms of the involvement of polymorphic
regions of cytokine genes.

Thus, associations of the predisposition to the
development of POAG among the population of
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Southern Russia with SNPs of the 7NFo and IL1b
genes were established, and respondents with the
rare 308A allele and carriers of the 308G/A +308A/A
genotypes showed an increase in the TNFa level in
tear fluid — 49 (14.0-90.0) pg / ml compared to patients
with the 308G/G genotype [18].

Our studies of the population of Western Siberia
have shown a decrease in the frequency of the minor IL
1B-31*CC genotype, the IL8-251*TT genotype, and
the complex IL8-251*TT:IL17-197*AA genotype.
Differences in the distribution of genotypes positively
and negatively correlated with the pathology were
identified [19].

In the work by A. Golshan-Tafti et al. (2024),
which included 442 cases and 672 controls, the IL-10
-592C>A, -819T>C, and -1082A>G polymorphisms
were studied. A significant association was found
between -592C>A, -819T>C, and -1082A>G in the
IL-10 gene and predisposition to POAG among the
Mongoloid population [20].

It was shown that polymorphic loci MMP-1
rs1799750 and MMP-9 rs2250889, which play the
most significant role in the formation of susceptibility
to POAG (they are part of the largest number of
SNP x SNP interaction models associated with the
development of the disease), exert an important
function in the body. The MMPIrs1799750
polymorphism is located in the regulatory region of
DNA motifs interacting with regulatory proteins CFOS
and GATA2 and is associated with the expression
level of three genes (MMP1, MMP10, and WTAPPI).

The polymorphic locus rs2250889 determines a
non-synonymous substitution in the MMP-9 gene
(p.Arg574Pro), is localized in an evolutionarily
conserved DNA region, and is associated with the
transcription level of three genes (PLTP, PCIF1, and
NEURL?) and the level of alternative splicing of the
SLCI2A5 gene transcript [7].

According to the 2019 meta-analysis data for the
rs1799750 SNP in the MMP gene, a comprehensive
analysis of four studies (885 POAG cases and 875
control cases) showed that rs1799750 significantly
correlated with POAG in the recessive model [21].

CONCLUSION

The data obtained should be taken into account
not only when analyzing the possible involvement of
cytokine and metalloproteinase gene polymorphisms
in the genetic predisposition to the development of
POAG, but also when trying to elaborate additional
criteria for predicting individual predisposition to the

development of POAG, which is especially relevant
with a family history of the disease. In some cases,
markers of a relative risk of developing the pathology
in the group analysis reach very substantial values,
although not reliable.

Undoubtedly, the transition from the analysis of
the association of single SNPs of a single gene to a
comprehensive analysis using interlocus combinations
of SNIPs of a number of functionally related genes is
promising. While reducing the prevalence of such
polygenic traits in patient groups, it will significantly
increase the information and prognostic value of
identifying such genetic complexes as additional
personalized prognostic features. For conducting
such clinical and genetic studies, regional standards
for comparing data obtained in patient groups and in
randomized comparison groups can be recommended.
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