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ABSTRACT

Aim. To identify endogenous risk factors for the development of glaucoma and cataracts based on the results of a
comparative analysis of the nature of complex genetic trait distribution, including variants of genes for anumber of
cytokines and receptors for them, metalloproteinases, and their tissue inhibitorsincluded in the genome of patients.

Materials and methods. The study included 501 people of the Caucasian race born and living in the Siberian
region of Russia. They were divided into three groups of patients — patients with primary open-angle glauco-
ma (POAG) (n = 99), patients with senile cataract (» = 100), and the control group (n = 302) without
ophthalmic pathology. Genotyping of the analyzed polymorphic loci was carried out by real-time PCR using the
SYBRGreen I dye and TagMan probes and by restriction fragment length polymorphism (RFLP) for different
polymorphisms.

Results. Theresultsof the study on thefrequency of the analyzed genetic traitsamong patientswith POAG compared
to the control group showed the presence of combined genetic traits. The frequency of their detection in POAG
was high and characterized by the two-digit value of the odds ratio, high values of specificity (99—100%), and high
diagnostic coefficient. A direct comparison of the distribution of two ensembles of genes which protein products
are involved in the extracellular matrix remodeling revealed a significant number of genetic traits characteristic
of both diseases. This indicates significant differences in the implementation of the genetic predisposition to their
development.

Conclusion. The data obtained indicate the possibility of developing reliable laboratory criteria (riskometers) for
predicting predisposition to the devel opment of POAG and early diagnosis at the stage of preclinical manifestations.

Keywords: primary open-angle glaucoma, cataract, extracellular matrix, TGFBI — TGFBR2, MMP — TIMP,
immunogenetics
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KoHcTuTyunoHanbHble paKTopbl puicka NepBUYHO OTKPbITOYrOJIbHOM
rnayKkombl v KaTapaKTbl y eBponeouaHoro HaceneHma Poccun

KoHeHkoB B.W.’, LLleBueHko A.B.', Mpokodbes B.D.', TpyHos A.H.?, YepHbix B.B.2
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PE3IOME

He.l]b! BBISIBJICHUE DHAOI'CHHBIX (baKTOpOB PUCKaA pa3BUTHA I'NIAYKOMBI U KaTapaKThI 110 pE€3yJibTaTaM CpaBHUTEIIb-
HOT'0 aHaJIin3a XapaKTepa pacrpeACICHUS KOMIUICKCHBIX TCHETHICCKUX IPU3HAKOB, BKIIOYAKOIINX B cebst BapuaH-
ThI TCHOB pAAa HATOKWHOB U pEUCHTOPOB K HUM, METAJJIOIIPOTENHA3 U UX TKAHEBbIX I/IHI‘I/I6I/ITOp0B, BXOIAIIUX B
TCHOM ITAIlUCHTOB.

Matepuasl 1 MeToabl. O0cnenoBan 501 yenoBeK eBPONEONIHOTO MPOUCXOKICHNUS, POAUBIINXCS U IPOKHUBAIO-
mux B cHOMpCKoM pernoHe Poccum, pasaeneHHbIX Ha TPH IPYIIBI MAIHEHTOB — C IEPBHYHON OTKPBITOYTOJNBHOM
rnaykomoii (ITOYT) (n = 99), co crapueckoii karapakroii (n = 100), koHTponbHas rpynma (n = 302) 6e3 odranb-
Monaroioruy. ['eHOTHIHPOBaHHEe aHATTM3UPYEMBIX TOTUMOP(HBIX MO3UIHMIH OCYIIECTBIISIIN METOAaMHU pean-TaiiM
[LIP ¢ nucnonp3oBanneM HHTEpKagupytomero kpacutens SYBRGreen I, TagMan 30HI0B 1 METOJIOM PECTPUKTHO-
ro aHanu3a JIuH npoAaykToB ammuindukammu ([1IPP-ananu3) — 11 pa3HIX TOTUMOPQHBIX TEHOB.

Pe3yabTathl. Pe3ynbraThl HCcae10BaHUS YaCTOT BCTPEYaEMOCTH aHAIU3UPYEMbIX T€HETHUECKHX NIPU3HAKOB Cpe-
1 anueHToB ¢ [IOVT oTHOCHTENbHO AaHHBIX KOHTPOJIBHOM IPYIIIBI TOKA3aIH HATMYHe KOMOMHUPOBAHHBIX T'e-
HETUYECKUX IPU3HAKOB, YaCTOTa BHIABICHHUSA KOTOpHIX NpH [IOVYI BBICOKa M XapakTepu3yercs IBYX3HauHBIMU
HOKa3aTesIMH OTHOILCHUSI IIAHCOB, BBICOKMMH 3HaYCHUSIMHU ToKa3aresnel cnenuduanoctd 99—-100% u BeIcOKUMH
3HAUCHUSIMU BEJIMYMHBI TUarHOCTHYecKoro koddunuenta. [IpsiMoe cpaBHeHne XapakTepa paclpeeleHus JBYX
aHcaM0Jiell TeHOB, OeTKOBbIE IPOYKThI KOTOPBIX YYaCTBYIOT B IIPOLIECCAX PEMOIEITUPOBAHMS BHEKJIETOUHOTO Ma-
TPHKCA, BHIIBIJIO 3HAUUTEIBHOE KOJIMUYECTBO M'eHETUUCCKHUX NPU3HAKOB, XapaKTEPHBIX KaK Ul OJJHOTO, TaK U JJIS
JIPYTroro 3aboJieBaHus, YTO CBUACTEIBCTBYET O 3HAYUTEIBHBIX PA3IMYMAX B pPeali3allii TeHeTHIeCKOH npeapac-
HOJIO)KEHHOCTH K UX PAa3BUTHIO.

3axaouyenne. [TorydeHHbIe TaHHBIE CBUAETEIBCTBYIOT O IPUHIMITHATILHON BO3MOXXHOCTH pa3pabOTKH TOCTOBEp-
HBIX J1a0OPaTOPHBIX KPUTEPHEB (PHCKOMETPOB) IIPOTHO3a MPepacIioiokeHHOCTH K passutio [IOYI u pannei
JIMAarHOCTHKY Ha CTaIHU JOKINHUYECKHUX HPOSBICHHUI.

KiroueBble ciioBa: nepBUYHAs OTKPBITOYTOJbHAS IVIAyKOMa, KaTapakTa, BHEKJIETOUYHbIH MaTtpukc, IGFBI —
TGFBR2, MMP — TIMP, ummyHoreHeTuka

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKaKeil HACTOSIIEeH CTaThH.

Hcrounux ¢punancuposanms. VccienoBanue NpoBOAWIOCh B paMKax rocyaapcrseHHoro 3ananus HUMKIJI —
¢dunmman ULul" CO PAH FWNR-2022-0009 (peructpanuonnsiii Homep 122022800132-1) » HMUL] «MHTK "Mu-
kpoxupyprust riaza” um. akan. C.H. denoposa» «Pa3paboTka KOMIIEKCHON CUCTEMbI IMArHOCTUKU U MOHUTOPUH-
ra OOJIbHBIX IIEPBUYHOMN OTKPHITOYTOJIBbHOM INIAYKOMBI C OLICHKOW COCTOSIHHS 3pUTENBHBIX QYHKLHUHA U 2P PeKTHB-
HOCTH JieueHus (MeIMKaMEeHTO3HOE, JIa3epHOe, XUpypruueckoe)» (perucrpaunonubiii Homep Ne 121072800028-3).

CooTBeTCTBHE NPUHIOUIAM 3THKH. Bce NanUeHTBI IMOoAIUCaIn I/IH(i)OpMI/IpOBaHHOC corjlacue€ Ha IPOBEACHUC
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oreparuy, 3a00p KPOBH, a TAK)KE UCIIOIB30BAHHIE JAHHBIX UCCIICNOBAHMS B HAy4YHBIX LensiX. VccnenqoBaHue ono-
openo strmuecknM komuteroM HUUKIJI — ¢pmman U ul” CO PAH (nmpotokon Ne 177 ot 02.02.2003) u xomure-
TOM Io OromenuuuHCKo# 3tuke HoBocubupckoro ¢pmmana HMULL « MHTK "Mukpoxupyprus riaza" uMm. akaji.

C.H. ®enoposay (mpotokon Ne 2 ot 2.09.2018).

Jst umrupoBanns: Konenkos B.1., [llesuenko A.B., IIpokopres B.®., Tpynos A.H., Uepusix B.B. Konctury-
LHOHAJIbHEIE (DAKTOPBI PUCKA IIEPBUYHOM OTKPBITOYTOJIBHOM I1ayKOMBI M KATAPAKTHI y €BPOIIEONTHOTO HACEICHHS
Poccun. Bromemens cubupckoti meduyunot. 2023;22(3):43-53. https://doi.org/10.20538/1682-0363-2023-3-43-53.

INTRODUCTION

The extracellular matrix (ECM) is awell-organized
3-dimensional architectura network that plays
an important structural and functional role in the
organi zation and remodeling of tissues, aswell asinthe
regulation of cellular processes [1]. The building blocks
of these ultrastructures are collagens, proteoglycans
and glycosaminoglycans, elastin and elastic fibers,
laminins, fibronectin, and other proteins / glycoproteins
[2]. ECM provides interaction between cells in organs
and tissues, coordinating multiple commands for the
transmission of intracellular and intercellular signals.
As a consequence, ECM affects morphogenesis,
development, and homeostasis of tissues through
regulation of cellular physiology, growth, proliferation,
differentiation, and adhesion. ECM undergoes intensive
remodeling under pathological conditions, playing a
key rolein the progression of many diseases, including
ophthalmic pathologies [3, 4].

Like most complexly organized physiological
systems, the functional state of ECM is largely
determined by genetic factors, the most important
of which are structures of polymorphic sites in
regulatory regions of genes of both ultrastructural
ECM components and humoral factors affecting its
activity (growth factors, cytokines, chemokines,
matrix metalloproteinases, their tissue inhibitors,
etc.). Combinations of structural variantsin regul atory
regions of these genes, usually located in promoter
regions, determine the intensity of protein expression
and the level of synthesis by producer cells [5].
These parameters define the concept of “quantitative
trait loci”, which are attracting increasing attention
of researchers in the field of medical genetics [6].
Given the undoubtedly polygenic nature of a person’s
genetic predisposition to development of most
diseases, studies on the association of pathological
processes not so much with single candidate genes as
with functionally related complexes of polymorphic
genotypesis of the greatest interest.

The aim of the study was to identify endogenous
risk factors for the development of glaucoma and
cataracts based on theresults of acomparativeanaysis
of the nature of complex genetic trait distribution,
including variants of genes for a number of cytokines
and receptors for them, metalloproteinases, and their
tissue inhibitors included in the genome of patients.

MATERIALS AND METHODS

The study was carried out in accordance with the
principles of the Declaration of Helsinki “Ethical
Principles of Medical Research Involving Human
Subjects”, the Federal Law of the Russian Federation
No. 323 FZ of 21.11.2011 “On principles of health
preservation of citizens of the Russian Federation”,
and requirements of the Federal Law No 152-FZ of
27.07.2006 (ed. of 21.07.2014) “On personal data’
(with amendments that came into effect on 01.09.2015).
The study included 501 people of the Caucasian race
born and living in the Siberian region of Russia.

Following the ophthalmic examination
(determination of visual acuity, binocular indirect
ophthalmoscopy, perimetry, echoophthalmography,
optical coherence tomography, measurement of
intraocular pressure), they were divided into three
groups of patients. Group 1 included 99 patientswith a
verified diagnosis of stage I (advanced) primary open-
angle glaucoma (POAG) (ICD-10 code H40.1), 52
(52.53%) malesand 47 (47.47%) females. The average
age of patientsin this group was 62.8 + 4.3 years.

Group 2 encompassed 100 patients with senile
(uncomplicated) cataract, 81 (81%) femaes and 19
(19%) males, 63.5 + 0.4 years old. Exclusion criteria
were inflammatory eye diseases, diabetic retinopathy,
neovascular glaucoma, uveitis, hemophthalmos,
verified autoimmune diseases and tumors, as well as
diabetes mellitus without ocular complications. The
control group (similar in age and ethnic composition
to groups 1 and 2) included 302 people without
ophthalmic pathology.

Bulletin of Siberian Medicine. 2023; 22 (3): 43-53 45



Konenkov V.l., Shevchenko A.V., Prokofiev V.F et al.

Constitutional risk factors for the development of glaucoma and cataracts

All  patients underwent an immunogenetic
examination a the Laboratory for Clinical
Immunogenetics of the Research Institute of Clinical
and Experimental Lymphology, a branch of ICIG
SB RAS. Genotyping was carried out by real-time
PCR using SYBRGreen | dye (Litech, Russia)
for rs1800629, rs361525, rs1800630, rs1143627,
rs2243250, rs1800872, rs1800896 and TagM an probes
for rs1800795, rs243865, and rs3918242 (Syntol,
Russia); by restriction fragment length polymorphism
(RFLP) for rs4073 [7], rs4898 [8], rs8179090 [9],
rs3025058 [10], rs1800469 [11], Gene ID 7046,
D50683, L07594 [12].

The comparison group was analyzed by 11
polymorphic sites (Table 1). Patients with glaucoma
and cataract were examined for 8 cytokine genes:
ILS- A251T (rs4073), ILI174- A197G (rs227593),
TGFB- C509T (rs1800469), TGFBRI, TGFBR II,
TGFBR III receptor genes (Gene ID 7046, D50683,
LO7594, respectively), metalloproteinase inhibitor
genes TIMPI -C372T (rs4898), TIMP2 -G 418C
(rs8179090).

In the statistical analysis of the results of genetic
studies, we calculated the frequency of genotypes
and their combinations, the odds ratio (OR) and the
95% confidence interval (CI) [13]. The distribution
of genotypes was tested by the Hardy — Weinberg
equilibrium.

To evaluate the results obtained, in addition to the
common methods of statistical processing, we used
computational methods of biocinformatics based on
the probability theory of pattern recognition, based
on the Bayes theorem (inverse probability theorem
or hypothesis theorem) and the modified Wald’s
sequential probability test—aheterogeneous sequential
pattern recognition procedure that allows to determine
the diagnostic value of variables by calculating
diagnostic coefficients (DCs) [14]. DC is a decimal
logarithm of ratios of smoothed variables multiplied
by 10. DC is represented by positive or negative
numbers. At the same time, the greater the value of
the DC, the more differential diagnostic information
it carries. DCs of each found genetic trait are summed
up, and when the limit values (threshold) are reached,
the probability of the presence or absence of one of the
alternative diseases (conditions) is established.

When calculating the integral characteristics of
genetic traits as diagnostic and prognostic criteria,
in addition to calculating DC, the specificity of the
biomarker (Sp) was calculated as the probability of a
truly negative proportion [15].

The differences in the genotype frequencies were
determined by the two-tailed Fisher’s exact test with
2 x 2 contingency tables. Statistical processing of
the obtained results was performed using IBM SPSS
Statistics 23 software package (USA). The differences
were considered statistically significant at p < 0.01.
The critical significance level in multiple comparisons
was assumed with account of the Bonferroni correction
[16, 17].

RESULTS

The comparison of the distribution of single and
complex genetictraitsin groupsof patientswith POAG
and cataract with similar datafrom the reference group
of healthy individuals without signs of ophthalmic
diseases was carried out in 11 polymorphic sites
(Table1).

Table 1

Polymorphic sites of the studied genes in groups of patients
with POAG and cataract and individuals without ophthalmic

pathology
Parame- | Polymorphic | Locus (chro- | Reference se-
ters site mMOosome) guence number
Cytokine genes
1 TNFA -238 G/A 6021.3 rs361525
2 TNFA -308 G/A 6021.3 rs1800629
3 TNFA -863 C/A 6021.3 rs1800630
4 IL] B -31CIT 2q14.2 rs1143627
5 1.4 -590 C/T 5g31.1 rs2243250
6 IL6 -174 G/C 7p21. rs1800795
7 IL10 -592 C/A 193132 rs1800872
8 ILI10 -1082 A/G 1g31-32 rs1800896
Metall oproteinase genes
9 MMP2 -1306 C/T 16q12.2 rs243865
10 MMP3 | -1171 SA/6A 11g22.3 rs3025058
11 MMP9 -1562 CIT 20913 rs3918242

The results of the study of the POAG patients are
presented in Table 2. During the initial analysis of the
significance of differences between healthy individuals
and POAG patients using the two- tailed Fisher’s
exact test, we reveaed variables whose frequency
significantly differed towards both an increase and a
decrease in the POAG group with the significance of
differences p < 0.01.

To obtain more significant values, which can be
transferred into clinical practice to develop additiona
laboratory early diagnostic and prognostic criteria, we
used the Bonferroni correction. It was used as away to
eliminate the effect of multiple comparisons that occurs
when it is necessary to build a family of statistical
conclusions, which avoids false conclusions about the
presence of differences between groups, whereas in fact
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the null hypothesis about the absence of differences is
true. The application of thisapproach madeit possibleto
select traits whose frequency differed most significantly
in the group of POAG patients from the distribution
of similar genetic traits in a sufficiently significant
healthy group while maintaining the significance level
of differences p < 0.01.

Aspart of complex genetic traits, whose frequency
is significantly changed among POAG patients, both
variants of cytokine genes with proinflammatory and
anti-inflammatory activity and variants of matrix
metalloproteinase genes are identified. Among the
cytokine genes for these traits, variants of the TNFA
and /L 10 genes are most often detected, and among
the metalloproteinase genes, variants of the MMP2
gene are commonly detected. Variants of the /L /B and
MMP3 geneswerenotincludedinany of thecomplexes
that significantly differ in the frequency of occurrence
in the groups. The traits themselves are complex and
include from two to six loci, variously combined and
associated with different gene expression levels.

Among the complex genetic traits most closely
associated with the development of POAG, the
following complexes are distinguished: IL6-
174:1L4-590:1L10-592:MM P2-1306:M M P9-1562,
TNF-238:1L6-174:1L4-590:1L10-592:MMP2-1306,
TNF-308:1L6-174:1L4-590:1L10-592:MMP2-1306,

and TNF-308:1L4-590, TNF-308:TNF-238. Their
prognostic value, according to the DC, exceeds
11.0, which corresponds to the reliability of the
prognostic conclusion of over 95%. The combined
genetic traits TNF-238:1L4-590:1L10-1082, IL10-
1082:MMP2-1306:MMP9-1562, and TNF-308:1L10-
1082:MMP2-1306 were practically not detected
among patients with POAG, which indicates their
probable protective value.

The comparative analysis on the frequency of
occurrence of genetic traits in POAG patients and
healthy individuals revealed formally similar, but
different in content results. Thus, the analysis of the
significance of differences according to the two-tailed
Fisher’s exact test revealed a significant group of 844
traits. The application of the Bonferroni correction as
a way to eliminate the effect of multiple comparisons
made it possible to select the traits whose frequency
most significantly differed in the group of POAG
patients as opposed to heathy individuas (p <
0.01). Among the complex genetic traits associated
with the development of cataract, traits containing
various variants of the TNF gene in all three studied
sites prevailed. However, the 4 or A4 variant in the
position -308, associated with an increased ability of
cells to produce this proinflammatory cytokine, was
predominant (Table 3).

Table 2
The distribution frequency of the analyzed genetic traits in patients with POAG and healthy individuals
Polymorphic site Genotypes PO(QG Cor;/irol, OR 95% ClI Sp Dc p_cor
TNF-308 AA 7.07 0.66 | 1141 | 2.33-55.90 | 99.34 | 10.3 | 0.0033
TNF-308:TNF-238 AA-GG 6.06 0.34 | 18.84 | 224-15850 | 99.66 | 12,5 | 0.0091
TNF-308:1L4-590 AA-CC 7.07 0,34 | 2237 | 272-184.21 | 99.66 | 13.2 | 0.0024
1L10-592:MM P2-1306 CA-TC 26.26 7.89 4,16 2.15-8.02 92.11 5.2 0.0008
TNF-308:1L10-592:MMP2-1306 GG-CA-TC 19.19 5.70 3.93 1.85-8.32 94.30 5.3 0.0080
TNF-238:1L10-592:MMP2-1306 GG-CA-TC 24.24 7.05 4.22 2.13-8.37 92.95 54 0.0015
IL6-174:1L10-592:M M P2-1306 GC-CA-TC 17.35 3.07 6.63 2.65-16.57 96.93 75 0.0023
1L4-590:1L10-592:M M P2-1306 CC-CA-TC 17.17 351 5.70 2.37-13.71 96.49 6.9 0.0022
TNF-308:1L6-174:1L10-592:MMP2-1306 GG-GC-CA-TC 14.29 2.63 6.17 2.29-16.58 97.37 7.3 0.0092
TNF-238:1L6-174:1L10-592:MMP2-1306 GG-GC-CA-TC 16.33 3.08 6.13 243-1.44 96.92 7.2 0.0038
1L6-174:1L4-590:1L 10-592: MM P2-1306 GC-CC-CA-TC 12.24 0.88 15.77 | 3.46-71.91 99.12 114 0.0053
1L6-174:1L10-592:M M P2-1306:M M P9-1562 GC-CA-TC-CC 13.27 2.22 6.73 2.33-19.45 | 97.78 7.8 0.0098
TNF-238:1L6-174:1L4-590:1L10-
592:MMP2-1306 GG-GC-CC-CA-TC| 11.22 0.88 | 1422 | 3.09-6548 | 99.12 | 11.1 | 0.0073
ILE-1741L4-5901L 10-592MMP2-1306M- | o0 oo ca-Tece| 1122 | 044 | 2832 | 36022267 | 9956 | 140 | 00090
MP9-1562
Note (in all tables): p_cor - adjusted p value in the two-tailed Fisher’s exact test (Bonferroni correction).
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Table 3
The distribution frequency of the analyzed genetic traits in patients with cataract and healthy individuals

Polymorphic site Alleles/Genotypes | Cataract, % | Control, % | OR 95% ClI Sp DC p_cor
IL1B-31 T 50.50 64.46 0.56 0.41-0.78 4950 | -1.1 | 0.0012
IL1B-31 C 49.50 35.54 178 1.28-2.46 64.46 14 0.0012
TNF-308 AA 12.00 0.66 20.45 4.49-93.12 99.34 | 12.6 | 0.0003
IL1B-31 CcC 28.00 13.59 247 1.42-4.29 86.41 31 0.0057
TNF-863:TNF-308 CC-AA 11.00 0.67 18.42 4.01-84.64 99.33 | 12.2 | 0.0007
TNF-863:MMP2-1306 CA-TT 9.00 0.87 11.32 2.40-53.42 99.13 | 10.2 | 0.0045
TNF-308:TNF-238 AA-GG 12.00 0.34 39.82 | 511-310.52 | 99.66 | 155 | 0.0007
TNF-308:IL1B-31 AA-TC 7.00 0.35 2153 | 2.61-177.27 | 99.65 | 13.0 | 0.0036
TNF-308:1L6-174 AA-GC 6.00 0.00 21.81 | 2.65-179.55 | 100.00 | 15.8 | 0.0018
TNF-308:MMP9-1562 AA-CC 8.00 0.71 12.09 2.52-57.94 99.29 | 105 | 0.0040
IL6-174:1L10-1082 GC-GG 3.00 16.47 0.16 0.05-0.53 97.00 | -7.4 | 0.0054
TNF-863:TNF-308:TNF-238 CC-AA-GG 11.00 0.34 36.09 | 4.60-28340 | 99.66 | 15.1 | 0.0013
TNF-863:1L6-174:1L10-1082 CC-GC-GG 1.00 12.35 0.07 0.01-0.54 99.00 | -10.9 | 0.0088
TNF-863:MMP2-1306:MMP9-1562 CA-TT-CC 8.00 0.44 19.65 | 242-159.36 | 99.56 | 12.6 | 0.0088
TNF-308:TNF-238:IL1B-31 AA-GG-TC 7.00 0.36 21.08 | 2.56-173.56 | 99.64 | 129 | 0.0085
TNF-308:TNF-238:1L6-174 AA-GG-GC 6.00 0.00 21.29 | 2.59-175.31 | 100.00 | 15.7 | 0.0054
TNF-308:TNF-238:MMP9-1562 AA-GG-CC 8.00 0.36 2391 | 295-193.77 | 99.64 | 134 | 0.0013
IL6-174:1L4-590:1L10-1082 GC-CC-GG 0.00 10.06 0.08 0.01-0.64 100.00 | -13.2 | 0.0100

In this group of patients, a significantly higher

Obtaining data on the similarities and differences

proportion of genetic traits closely associated with
the development of the disease was found. Thus, of
the traits whose frequency is significantly increased
in cataract, 12 are characterized by a two-digit DC,
99-100% specificity, and a two-digit OR.

The following traits have the maximum
prognostic value: TNF-308:TNF-238, TNF-863:TNF-
308:TNF-238, TNF-308:TNF-238:MMP9-1562, TNF-
308:1L6-174, TNF-308: IL1B-31, TNF-308:TNF-
238:1L6-174, and TNF-308:TNF-238:IL1B-31. At
the same time, their composition in all cases includes
TNFA -308 AA. Complex genetic traits with high
protective value were also identified: 1L6-174:IL
4-590:1L 10-1082, and TNF-863:1L6-174:1L10-1082.

in the distribution of single and complex genetic
traits among POAG and cataract patients prompted
us to investigate these results in more detail.
IL17A-197 A/G, TGFB-509 C/T, and IL8 -251
A/T genes were added to the comparative anaysis
of the distribution of genetic traits in both groups of
patients due to dataon the active involvement of their
protein products in the regulation of inflammatory
processes and remodeling of the ECM. Genes of
tissue metalloproteinase inhibitors TIMP1-372 C/T,
TIMP2-418 G/C, constituting a single regulatory
complex with MMP, and TGFB receptor genes:
TGFBRI, TGFBR II and TGFBR III were also added
to the analysis (Table 4).

Table 4
Distribution frequency of the analyzed genetic traits in patients with POAG and cataract

Polymorphic site Alleles/Genotypes PO(QG Catg/f)aa’ OR 95% ClI Sp DC p_cor
IL1B-31 T 64.65 50.50 179 1.20-2.68 49.50 11 0.0092
IL1B-31 C 3535 | 49.50 0.56 0.37-0.83 64.65 -15 0.0092
TGFBR2 C 98.48 91.50 6.04 1.74-20.95 8.50 0.3 0.0040
TGFBR2 G 152 8.50 0.17 0.05-0.57 98.48 —7.5 0.0040
TGFBR2 CcC 96.97 84.00 6.10 1.72-21.65 16.00 0.6 0.0084
IL1B-31:MMP2-1306 TT-TC 2222 5.00 5.43 1.96-15.00 95.00 6.5 0.0036
TNF-238:IL1B-31:MMP2-1306 GG-TT-TC 22.22 5.00 543 1.96-15.00 95.00 6.5 0.0072
IL8-251:1L17-197:MMP9-1562 TA-GG-CC 21.21 4.08 6.33 2.08-19.21 95.92 7.2 0.0088
TNF-863:TNF-238:1L1B-31:1L4-590 CC-GG-cc-cC 101 16.00 0.05 0.01-0.41 98.99 | -12.0 | 0.0060
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Table 4 (continued)

Polymorphic site Alleles/Genotypes %

POAG,

Catﬁ/z"‘“’ OR 95% Cl sp | bc | pcor

TNF-863:TNF-238:IL1B-

31 TIMP2-418 CC-GG-CC-GG 4.04

21.00 0.16 0.05-0.48 95.96 —7.2 | 0.0092

TNF-308:1L6-174:1L17-

197:-MMP2-1306 GG-GC-GG-TC 15.31

1.00 17.89 | 2.31-138.31 | 99.00 11.8 0.0051

IL6-174:1L17-197:MMP2-

1306:TGFBR2 GC-GG-TC-CC 15.31

1.00 17.89 | 2.31-138.31 | 99.00 11.8 0.0037

IL8-251:1L17-197:MMP9-

1562: TGFBR2 TA-GG-CC-CC 20.20

3.06 8.02 2.30-27.97 96.94 8.2 0.0066

TNF-308:1L6-174:1L17-197:MMP2-

1306: TIMP2-418 GG-GC-GG-TC-GG 15.31

1.00 17.89 | 2.31-138.31 | 99.00 11.8 0.0060

TNF-308:1L6-174:1L17-197:M-

MP2-1306:TGFBR2 GG-GC-GG-TC-CC 14.29

0.00 17.82 | 2.31-137.72 | 100.00 | 14.7 | 0.0000

IL6-174:1L17-197:M-

MP2-1306:TIMP2-418: TGFBR2 GC-GG-TC-GG-CC | 1531

1.00 17.89 | 2.31-138.31 | 99.00 11.8 0.0047

TNF-308:1L6-174:1L10-592:1L17-

197:TIMP2-418: TGFBR2 GG-GC-CA-GG-GG-CC | 13.27

0.00 16.44 | 2.12-127.60 | 100.00 | 14.4 | 0.0067

TNF-308:1L6-174:1L17-197:MMP2-

1306:TIMP2-418:TGFBR2 GG-GC-GG-TC-GG-CC | 1429

When analyzing these results, three main aspects
are of interest. Firstly, with the Bonferroni correction,
the number of significantly different genetic traits
increases significantly compared to the group
of healthy individuals with a given level of the
significance p < 0.01. Secondly, the composition of
complex genetic traits includes a large number of
variants of newly included genes, which confirms the
correctness of their inclusion in the study. Thirdly, the
number of highly significantly different traits increases
significantly, which increases their prognostic value.
We increased the significance level of the differences
by five times from 0.05 to 0.01 in order to select the
analyzed genetic traits suitable for possible transfer
into clinical practice.

The predominant participation of TNFA gene
variants in the formation of complex genetic traits
differentiating comparable diseases is again of great
interest when analyzing the results obtained. The
results of the study showed a significant increase in
the frequency of the T aleleinthe ILIB gene at -31T
in the group of POAG patients (p = 0.0046), whereas
in the study of patients of the Balkans' population, the
protective role of ILIB rs16944 in the development
of this disease was shown [18]. More significant
differences between the groups were found in the
study of the distribution of the TGBR 2 gene. D50683
C was detected in more than 98% of POAG patients,
which is significantly more common than in patients
with cataract (OR = 6.04; p = 0.002).

The same pattern was reveal ed for the homozygous
TGFBR2 CC genotype. To date, there has been no

0.00 17.82 | 2.31-137.72 | 100.00 | 14.7 0.0000

data on the effect of TGBR 2 gene polymorphism on
the expression of its protein products, however, the
available data on a significant increase in the content
of the TGFB2RII protein in the trabecular network of
POAG patients suggest the presence of such alink in
the development of fibrotic processes in POAG [19].
Significant changes in the level of TGFB isoforms in
the intraocular fluid of POAG patients were described
by us earlier [20].

A comparison of the distribution of gene variants
involved in the ECM remodeling revealed significant
differences between the groups of patients. The
number of genetic traits, which presence in the
patient’s genome is significantly associated with
the development of POAG increases, which is
characterized by two-digit values of OR in the range
from 16.44 to 17.89, the DC of up to 14.7, and
specificity of 99-100%. Twelve such complex genetic
traits are presented in Table 4. There are also genetic
traits, whose frequency is significantly increased in
patients with cataract.

The data obtained in the digital format are clearly
illustrated in Figure, which presents the patterns of
frequency distribution of the studied genetic traits in
both diseasesin a diagram.

The figure clearly demonstrates pronounced
differences in the frequency of occurrence of
complex genetic traits, although a zone of repeated
combinations is visible in the central part of the figure,
which probably reflects the presence of common links
in the pathogenesis of eye diseases associated with
inflammation, fibrosis, and ECM remodeling.
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Figure. Graphical representation of differences in the frequencies of combinations of polymorphic variants in the studied genesin
POAG M and cataract I the numbers and scale of the radial axes correspond to the numerical valuesin Table 4.

DISCUSSION

We began the analysis of the distribution of
polymorphic gene variants by comparing data
of patients with POAG with similar data in the
control group, which included 302 individuals of
the Caucasian race born and permanently living in
Russia. The results of the study showed significant
deviations in the distribution of the studied traits both
for a number of variants of individual genes and for
their combinations. The analysis of single-nucleotide
polymorphism (SNP) distribution revealed anincrease
in 1L10-1082 A and 1L10-592 A among patients
with POAG, with a corresponding relative decrease
in alternative G and C variants, which is confirmed
by changes in the frequencies of the corresponding
genotypes. The -1082 G/A polymorphism in the
promoter region is associated with higher IL-10
production in the presence of the G alele relative
to the 4 allele in the same position [21]. These data
may indirectly indicate that among patients with
POAG, alleles of the IL-10 gene associated with low
production of the corresponding cytokine with anti-
inflammatory activity synthesized by Th2 cells and
suppressing the production of cytokines by Thl cells
are more common.

It is worth noting that complex genetic traits
closely associated with POAG, as a rule, include
gene variants with both proinflammatory and anti-
inflammatory activity.

The analysis of the obtained data showed that
among patients with cataract, the frequency of
occurrenceof the 4 alleleand A4 genotypein TNF-308
wasincreased. It waspreviously shownthat the4 allele
is associated with an increased level of production of
this proinflammatory cytokine [22]. There are only
isolated meta-analysis data on a weak association of
the development of POAG with the 4 allele and the
AA genotype of the TNFA — 308G/A (OR 1.6-1.7),
more pronounced in Mongoloids. None of the other
polymorphisms was significantly associated with the
risk of POAG [23].

In our study, no isolated association of any of the
three polymorphic variants of this gene with POAG
or cataract was noted. However, in the composition of
significantly associated complex genetic traits, various
genotypes of this gene were repeatedly identified. In
contrast to the group of patients with POAG, among
patients with cataract we found an increase in the
frequency of the C variant and the homozygous CC
genotype in the 7ILBI -31 gene. At the same time,
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in the group of patients with POAG, an increase in
the frequency of 7L10-1082 A was reveded with a
corresponding relative decrease in alternative variants
G, which indicates the spread of the variant associated
with a low ability of cells to produce IL-10 among
patients with cataract.

The addition of IL17A-197 A/G, TGFB C/T,
and IL8 -251 A/T cytokine genes, TIMP1-372 C/T,
TIMP2-418 G/C tissue metalloproteinase inhibitor
genes, which form a single regulatory complex with
MMP, and TGFB receptor genes TGFBRI, TGFBR 11,
and TGFBR III more fully characterizes the state of
ECM in comparable diseases.

Products of these genes are involved in the
processes of vital activity in cells producing
structural elements of the ECM, in the regulation
of elasticity, looseness or stiffness of the ECM,
in angiogenesis and lymphangiogenesis, in tissue
fluid exchange, in the homeostatic nature of its
composition, in cell migration, apoptosis, etc.
Practically, the analysis includes two ensembles of
genes — the genes of cytokines and their receptors,
as well as the genes of metalloproteinases and their
tissue inhibitors. Along with the possible practical
application of the results obtained for prognostic
purposes, comparing the nature of the distribution
of genes involved in the ECM remodeling is also of
fundamental importance, allowing to identify general
and specific traits underlying a genetic predisposition
to the development of eye diseases of various
genesis.

Although the genes analyzed in this study have
only partially been included in the genes responsible
for remodeling of human eye tissue structures in
glaucoma so far [24], we believe that the high degree
of association of their variant complexes with eye
diseases of various genesis makes their analysis
promising for further research. Previously, the
association of POAG with TIMP polymorphisms in
Mongoloids [25] and MMP-TIMP polymorphisms in
Caucasians [26] was shown.

CONCLUSION

The comparative analysis of the results of the
study on the frequency of the analyzed genetic traits,
including cytokine and metalloproteinase genes,
in patients with POAG and hedthy individuals
showed the presence of complex genetic traits,
whose frequency is extremely high among POAG
patients, which is characterized by two-digit OR, high
specificity (99-100%), and high DC.

Alternative results were obtained by us in a
comparative analysis of the frequency of genetic
traits in groups of patients with cataract and healthy
individuals. The application of the Bonferroni
correction as a way to eliminate the effect of multiple
comparisons made it possibleto select thetraits whose
distribution frequency most significantly differed in
the group of patients with cataract compared to the
distribution of similar genetic traits in the control
group of 302 healthy individuals while maintaining
the given p < 0.01.

The direct comparison of the distribution of two
gene ensembles whose products are involved in the
processes of ECM remodeling — genes of cytokines
and receptors to some of them (TGFBI — TGFBR?2),
aswell as genes of metalloproteinases and their tissue
inhibitors (MMP — TIMP) revealed a significant
number of genetic traits characteristic of both
diseases, which indicates significant differences in
the implementation of genetic predisposition to their
development.

Thereceived dataindicateafundamental possibility
of developing reliable laboratory criteria(riskometers)
for early diagnosis and prognosis of predisposition to
the development of POAG and cataract before the
development of clinical and laboratory signs of the
disease at ayoung age.
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