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<> Purpose. To study the possible association of 25-hydroxyvitamin D level, and vitamin D receptor (VDR)
gene polymorphisms (Bsml, Apal, Taql, Fokl) with pseudoexfoliative glaucoma (PEG) clinical manifesta-
tions. Methods. We examined 160 subjects (72 males (45%), and 88 females (55%)) aged from 55 to
75 years, residents of St. Petersburg and Leningrad region. 122 patients with PEG were enrolled in the
main study group, the control group comprised 38 subjects without PEG, primary open angle glaucoma
(POUG) and pseudoexfoliation syndrome (PES). 25(OH)D serum levels were assessed by chemilumi-
nescent immunoassay (CLIA) method. Detection of VDR gene allele polymorphisms (Apal, Bsmli, Fokl,
and Taql) was carried out using polymerase chain reaction — restriction fragment length polymorphism
(PCR-RFLP) technique. Results. Patients with PEG had lower 25(OH)D serum levels compared to pa-
tients in the control group (39.3 + 1.2 and 52.7 + 2.1 nMol/l, respectively, p < 0.01). The prevalence of
vitamin D deficiency was found to be higher among PEG patients than among healthy subjects (86.4%
and 59.5%, respectively, p < 0.01). The prevalence of b allele (p < 0.001) and bb genotype (p < 0.001)
(Bsml polymorphism), as well as of f allele and ff genotype (p < 0.05) (Fokl polymorphism) in PEG pa-
tients were higher compared to healthy subjects. We found that the F allele carriers (Fok/ polymorphism)
had greater corneal thickness than the ff genotype carriers (547.3 + 4.1 pm and 502.1 + 25.8 pm, re-
spectively, p < 0.01). It was revealed, that bb genotype, Bb genotype (Bsml polymorphism), and ff geno-
type (Fokl polymorphism) were associated with the increased risk of PEG (OR = 8.2, CI 95%: 3.4-19.9;
OR = 3.9, CI 95%: 1.7-9.0; OR = 2.3, CI 95%: 1.2-4.5, respectively). Conclusions. Results of this
study for the first time ever showed the association between Bsm/ and Fokl VDR gene polymorphisms
and pseudoexfoliative glaucoma.
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<> Leav pabomer — H3yunTh BO3MOXKHYIO aCCOLHALMIO YPOBHS 25-THAPOKCHBUTaMUHA D W moJiuMop-
dusmon Bsml, Apal, Taql w Fokl rena peuentopa Butamuna D (VDR) ¢ KAMHHYeCKUMHU NPOSBJIEHUSIMH
ncesnoskcoanatupion ramaykomol (I1310). Memodet. O6cnenosano 160 xureneii Cankr-IletepOypra
u Jlenunrpaackoii o6aacti B Bozpacte oT 55 po 75 set: 72 myxuunbl (45 %) n 88 xenwun (55 %).
OcHoBHylto rpynny coctaBuan 122 nauuenrta ¢ auarnosdom [13I rpynny Koutpoas — 38 uesoBek 6e3
[191, nepBUYHOH OTKPBITOYTOJbHON TJ1AyKOMbI H MCEBA0IKCHOMMATUBHOTO cHHApoMa. YpoBeHb 25(OH)
D B chiBOpOTKE KPOBH OMpeesisiii METOAOM MMMYHOXeMUJIIOMUHECIIEHTHOrO aHaJausa. [leTekuuio aJg-
JiesIbHbIX nosiuMopuamoB Apal, Bsml, Tagl w Fokl rena peuenropa ButamuHa D npoBoaH/IH METOAOM
MOJIMMEPA3HOM 11eMHON peaK Ui — MoJuMopdu3Ma JUIHH pecTpUKIHOHHBIX (parmeHToB (ITLIP-TT/IP®).
Pesyavmameot. Y naunenton c [191 o6HapyKeHa GoJee HU3Kas KoHueHTpauus 25(OH)D B coiBoport-
Ke KPOBM M0 cpaBHeHMIO ¢ rpynnoil koutpoas (39,3 + 1,2 u 52,7 + 2,1 uMousb/1 COOTBETCTBEHHO,
p < 0,01). KosnuectBo GosibHbIX ¢ JeuitnTom ButTamuta D B rpynie [191° 66110 3HaUUTEBHO BhIllIE, YeM
B KOHTPOJILHOH rpynre (86,4 u 59,5 % cootsetctBenno, p < 0,01). BoisiBjeHo, uTo y nauuenTos ¢ [13T
yaule Betpevadics b-adnnedans (p < 0,001) u bb-renorun (p < 0,001) nonumopcdusma Bsml u [-angenb
u ff-renotun (p < 0,05) nonumopdusma Fokl rena VDR 1o cpaBHeHHI0 ¢ 001Iel nonyJsiiikeid. YCTaHOB-
JIeHO, 4TOo y HocUTeJel F-annens nonumopduama Fokl Tonumnna poropoit 060a04Ku 6blja 60Jblie, yueM
y HocuTeJielt ff-revoruna (547,3 + 4,1 u 502,1 + 25,8 mxm cootBetcTBeHHO, p < 0,01). BbisI0 BhIsSIBJIEHO,
uTo reHoTunsl bb u Bb nonmumopdusma Bsml u renotun ff nonumopduama Fokl accounnpoBaHbl ¢ yBeJn-
yenuem pucka [13T (OR = 8,2, C1 95 %: 3,4—19,9; OR = 3,9, C1 95 %: 1,7-9,0 u OR = 2,3, CI 95 %:
1,2—4,5 coorBeTcTBeHHO). Botgodsl. B pesysbrate npoBeiéHHOr0 MCCJ/e0BaHUS BIepPBble MokKasaHa
accouuainus Mexay nojaumophusmamu Bsml u Fokl rena peuentopa ButamuHa D W nceBnoskcdosina-
TUBHOH IJ1ayKOMOH.

<> Karouesoie caosa: ncesnoskchonnatusHas raaykoma; 25(OH)D; nosiumopduam rena petienrtopa Bu-
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INTRODUCTION

Pseudoexioliation glaucoma (PEG) is the most
aggressive form of primary open-angle glau-
coma (POAQG), which is often resistant to phar-
macotherapy and surgical treatment. The highest
prevalence of PEG is seen in Scandinavian coun-
tries and Northwestern and Central regions of
the Russian Federation [7]. Pathogenesis of PEG
and pseudoexioliation syndrome (PEX) is driven
by disorders of the extracellular matrix, oxida-
tive stress, immunological disorders, apoptosis,
genetic determinants, and environmental factors
[22, 24, 27].

Vitamin D is a fat-soluble vitamin that is similar
in its chemical structure and mechanism of action to
steroids. Hydroxylated derivatives of vitamin D ex-
hibit hormonal activity [6]. The main role of vitamin
D is regulating calcium/phosphorus homeostasis; it
has many pleiotropic effects on the inflammatory and
immune processes, cell proliferation, differentiation,
and apoptosis in various organs and tissues, includ-
ing the eye [14, 18].

Vitamin D synthesis has been extensively inves-
tigated. Its inactive precursors are cholecalciferol,
produced from 7-dehydrocholesterol in the skin via
exposure to ultraviolet rays (270—310 nm), and
ergocalciferol, obtained ifrom food. The first stage
of precursor activation occurs in the liver. Hepa-

tic 25-hydroxylase (CYP27A1 and CYP2RI) con-
verts the precursors to calcidiol, or 25-hydroxyvi-
tamin D [25(OH)D], which is the main form
circulating in the blood [6]. Then, 1-alpha-hydroxy-
lase (CYP27B1) converts calcidiol into its active form
1,25-dihydroxyvitamin D3, also known as calcitriol
[1,25(OH),D), or D-hormone]. This second stage
of hydroxylation occurs in kidneys [8]. However, hy-
droxylation enzymes were also found in other organs
and tissues; therefore, active D-hormone can be pro-
duced elsewhere. Several experimental studies and
clinical trials have shown 1,25(OH),D production in
the corneal endothelium (CE), non-pigmented cili-
ary epithelium (NPCE), retinal pigment epithelium
(RPE), and scleral fibroblasts (SF) [10]. The ability
of ocular barrier epithelial cells to produce the ac-
tive form of vitamin D is comparable to that of the
metabolically active tissues, including the respira-
tory, bladder, and breast epithelia [10, 19, 28].

Most of the biological effects of 1,25(OH),D are
mediated by a specific nuclear receptor NRII1 [vita-
min D receptor (VDR)] [15]. VDR is a DNA-binding
transcription factor that regulates multiple physiolog-
ical processes, including cell differentiation, apopto-
sis, immune reactions, and lipid and carbohydrate
metabolism, thereby acting as a protective agent for
cardiovascular, autoimmune, oncological, and other
diseases [1, 4, 14, 23].
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So far, few studies have reported the presence of
VDRs in the ocular tissues. VDR mRNA was found
in the corneal and limbal epithelium [19, 28]. Alsa-
lem et al. also reported that cells from the SF, CE,
NPCE, and RPE are capable of expressing mRNA
and the VDR protein [10]. The highest expression
was observed in CE and NPCE, which plays an
important role in intraocular fluid production [10].

VDR polymorphism is believed to be involved in
the pathogenesis of ocular diseases [1, 2, 17, 23].
The following single nucleotide polymorphisms
(SNPs) of VDR are well researched: Cdx2
(rs11568820) in exon 1, Fokl (rs10735810) in exon
2, Bsml (rs1544410) and Apal (rs7975232) in intron
8, and Tagql (rs731236) in exon 9 [12, 26]. There is
an association between these SNPs and Parkinson’s
disease, diabetes mellitus, cancer, and Alzheimer’s
disease [17, 23, 26]. Only few studies have explored
an association between VDR polymorphisms and
ocular disorders [2, 20]. Understanding the mech-
anisms underlying the development of open-angle
glaucoma (including PEG and POAG) in the context
of vitamin D action will further expand the knowl-
edge in this area.

This study aimed to explore the association be-
tween the level of 25(OH)D, VDR polymorphisms
(Bsml, Apal, Tagl, and Fokl), and clinical manifes-
tations of PEG.

MATERIALS AND METHODS

The study included 160 residents of Saint Peters-
burg and the Leningrad region of Caucasian origin
(aged between 55 and 75 years). They comprised
72 males (45%) and 88 females (55%) who signed
an informed consent to participate in the study.
All participants were divided into two groups. The
study group included 122 patients (42% males and
58% females) with stage I-III PEG, whereas the
control group comprised 38 patients (55% males
and 45% females) with POAG and PEX, but with-
out PEG.

Patients who had one or more of the following
conditions were excluded: diabetes mellitus; cancer;
autoimmune disorders; severe comorbidity therapy
with corticosteroids, immunosuppressive agents, or
vitamin D; history of uveitis; acute circulatory dis-
orders in the central retinal artery/vein; eye trauma;
corneal disorders; or a wet form of age-related macu-
lar degeneration.

Ophthalmologic examination was performed in
the Polyclinic and the Department of Ophthalmol-
ogy at the I.P. Pavlov First Saint Petersburg State
Medical University. All patients underwent autore-

fractometry, visual acuity testing, Maklakov’s ap-
planation tonometry, biomicroophthalmoscopy, and
automated perimetry. The optic disc (OD) param-
eters were evaluated using the Heidelberg Retinal
Tomography II. The length of the anteroposterior
axis (APA) of the eyeball and central corneal thick-
ness (CCT) were measured using an ultrasonic
AL-3000 Bio & Pachymeter (Tomey Corporation,
Japan).

Molecular and biochemical tests were performed
in the Laboratory of Human Biochemical Homeo-
stasis at the Research Institute of Nephrology,
[.P. Pavlov First Saint Petersburg State Medical
University.

Serum 25(OH)D levels were measured by im-
munochemiluminescence using the Architect i2000
SR System (Abbott Laboratories, USA). The rec-
ommendations of the Russian Association of Endo-
crinologists (2015) were used to assess vitamin D
deficiency: serum 25(OH)D levels of >75 nmol/L
(normal); 50—75 nmol/L (insufficient); <50 nmol/L
(deficient) [6].

VDR polymorphisms (including Bsml, Apal,
Tagql, and Fokl) were measured in 120 patients with
PEG (50 males and 70 females) using polymerase
chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) with restriction endonu-
cleases (SibEnzyme, Novosibirsk). PCR was per-
formed using the iCycler System (BioTeck, United
Kingdom). The specificity of the primers was veri-
fied using Primer-BLAST (http://www.ncbi.nlm.
nih.gov/tools/primerblast) (Table 1). Fokl poly-
morphism was visualized using a 3% agarose gel,
whereas Apal, Bsml, and Taql polymorphisms
were visualized using a 12% polyacrylamide gel.
We used the 100 bp + 50 bp DNA ladder (Sib-
Enzyme, Novosibirsk) to assess the size of PCR
products.

The lengths of the amplicon and restriction en-
donuclease recognition sites were determined us-
ing National Center for Biotechnology Information
and NebCutter resources. Standard nomenclature
for Bsml, Apal, Taql, and Fokl polymorphisms are
used, and the alleles without the restriction sites are
indicated by capital letters (B, A, T, F). The alleles
with restriction sites are indicated by lowercase let-
ters (b, a, t, [) [12].

The results of molecular testing of patients with
PEG were compared with those of 212 healthy con-
trols (145 males and 67 females) examined in the
Almazov National Research Centre [4]. The com-
parison group was considered to be a general popu-
lation.
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Table 1
Primers for VDR polymorphisms (Fokl, Apal, Bsml, and Taql)
Tabauya 1
CTpyKTypa 0JUronpaiMepos s onpeieneHus aniebHbix noaumophusmos Fokl, Apal, Bsml n Taql B reve VDR
Gene Location Polymorphism Structure of oligoprimers
Fokl (T>C) F: 5-AGCTGGCCCTGGCACTGACTCTGGCTCT3
0
R: 5-ATGGAAACACCTTGCTTCTTCTCCCTC-3
F: 5-GTATCACCGGTCAGCAGTCATAGA-3
Apal (A>C)
R: 5-TGTACGTCTGCAGTGTGTTGGA-3
VDR 12q13-14
F: 5-GAGCCCAGTTCACGCAAGAG-3
Bsml (A>QG)
R: 5-GGGGGGATTCTGAGGAACTAGATA-3
Tagl (C>T) F: 5-GTATCACCGGTCAGCAGTCATAGA-3
7 R: 5-TGTACGTCTGCAGTGTGTTGGA-3

STATISTICAL ANALYSIS

Statistical analysis was performed using
STATISTICA 9.0 for Windows. The Pearson y? test,
including the Yates correction for small groups, and
the Fisher exact test were used to compare cat-
egorical variables. Continuous variables were com-
pared using the Mann—Whitney U-test, Wald test,
median y?, and analysis of variance. To assess the
relative risk of developing the disease, odds ratios
(ORs) and confidence intervals (Cls, the intervals
that contain the true OR with a probability of 95%)
were assessed. An OR =1 indicates no risk, an
OR < 1 indicates a negative association (protective
factor), and an OR > | indicates a positive asso-
ciation between the allele/genotype and the dis-
ease (risk factor). Cls for categorical variables were
calculated using the Fisher exact test. Descriptive
statistics are shown as means with standard devia-
tions (M + m).

RESULTS

Analysis of biometric parameters, including the
eye length (mm), CCT (pm), and OD size (mm?),
demonstrated no significant differences between the
experimental and control groups (Table 2).

Biochemical testing demonstrated that patients
with PEG have lower serum 25(OH)D levels than
controls (39.3 + 1.2 nmol/Lvs. 52.7 + 2.1 nmol/L,
respectively, p < 0.01). The number of patients
with vitamin D deficiency was higher in the PEG
group than in the control one (86.4% vs. 59.5%,
respectively, p < 0.01). Moreover, 12.6% of the pa-
tients with PEG had severe vitamin D deficiency
(<25 nmol/L).

The distribution of genotypes and prevalence of
Bsml, Apal, Tagl, and Fokl VDR polymorphisms and
their alleles in patients with PEG and in the general
population are shown in Table 3.

The observed frequencies of all VDR genotypes
were consistent with Hardy—Weinberg equilibrium
frequencies. There was no significant difference in the
distribution of genotypes and prevalence of Apal and
Tagl VDR polymorphisms and their alleles between
the groups. However, patients with PEG were more
likely to have the Bsml b allele (p < 0.001) and bb
genotype as well as the Fokl [ allele and ff genotype
(p < 0.05) than those in the general population. The
distribution of the VDR genotypes between the males
and females was similar in the PEG group and in
general population (p > 0.05).

There were no differences in the serum 25(OH)D
levels between patients with PEG carrying various
VDR genotypes (Table 4).

Eye length, CCT, and OD size in patients with
various genotypes of Bsml, Apal, Taql, and Fokl VDR
polymorphisms were measured (Table 5).

As shown in Table 5, there were no differences in
the parameters studied between patients with PEG
with various VDR genotypes. However, individuals
with a Fokl F allele had higher CCT than carriers of
the ff genotype (547.3 + 4.1 pmvs. 502.1 + 25.8 pm,
respectively, p < 0.01).

The risk of PEG depending on the genotypes of the
VDR polymorphisms was assessed. Being carriers of
the Bsml bb genotype increased the risk of PEG by
8.2 times [95% CI: 3.4—19.9], whereas the Bsm/ Bb
genotype increased the risk of PEG by 3.9 times [95%
CIL: 1.7-9.0]. Therefore, PEG is associated with the
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Table 2

Eye length, central corneal thickness, and optic disc size in patients with pseudoexfoliation glaucoma and controls
Tabauya 2

ﬂ.]'ll/lHa nepeﬂHe-sauHeﬁ OCH IJla3HOro H6J10Ka, TOJIILMHA POrOBHIbl B LUEHTPE W NJolaab JUCKa 3PUTEJbHOTO HEpBa y 60JbHbBIX

nceB103KC(OIMATUBHOI IVIAYKOMOI U B Ipyrne KOHTPOJSsI

Parameter Patlents. with pseudoexiolia- Controls »
tion glaucoma
Anteroposterior axis, 995 + 0.4 99.3 4 0.6 ~ 005
mm
E;ntral corneal thickness, 537.8 4 7.9 560.3 + 5.9 0.09
Optic disc size, 1.7 £0.1 1.6+ 0.1 >0.05
mm

Table 3

Distribution of genotypes and prevalence of Bsml, Apal, Taql, and Fokl VDR polymorphisms and their alleles in patients with

pseudoexfoliation glaucoma and in general population

Tabauya 3

Pacnpenenenue reHOTUNOB U BCTpeuaemMocTh ajiedeii noaumopdusmos Bsml, Apal, Taql v Fokl rena peuentopa Butamuna D
y MaLMEHTOB C MCeBA03KCHONMATHBHON I1ayKOMOW U B 00LLEl MonyJsiiuu

. Distribution of genotypes (%)

Polymorphisms and prevalence of alleles p
Bsml BB bb Bb B-allele b-allele
Patients with pseudoexfoliation 58 43.3 50.8 031 0.69
glaucoma <0.001
Controls 24.1 21.7 54.2 0.51 0.49
Apal AA aa Aa a-allele a-allele
Patients with pseudoexfoliation 175 275 55.0 045 055
glaucoma >0.05
Controls 26.0 22.6 51.4 0.52 0.48
Taql T tt Tt T t
Patients with pseudoexfoliation 399 15.0 45.8 0.62 0.38
glaucoma >0.05
Controls 45.3 9.4 45.3 0.68 0.32
Fokl FF Nid Ff F f
Patients with pseudoexfoliation 95.0 95.0 50.0 05 05
glaucoma <0.05
Controls 34.0 14.6 ol.4 0.6 0.4

b allele of the Bsml VDR polymorphism. Moreover,
carriers of the Fokl [f genotype are 2.3 more likely
to develop PEG [95% CI: 1.2—4.5].

DISCUSSION

A thin cornea is one of the risk factors for glau-
coma [13]. Many studies have reported that patients
with PEX/PEG often have reduced CCT, which can
likely be attributed to a decrease in the density of

stromal cells and loss of endothelial cells [9, 25]. In
our study, patients with PEG tended to have lower
CCT than those in the control group (537.8 + 7.3 pm
vs 560.3 + 5.9 pm, respectively), although this dii-
ference was not significant (p = 0.09).

The true prevalence of vitamin D deficiency
among patients with various forms of glaucoma is
largely unknown because few studies are currently
available. Our findings suggested that patients with
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Table 4
Serum 25(OH)D levels in patients with pseudoexfoliation glaucoma carrying different genotypes with Bsml, Apal, Taql, and
FokI VDR polymorphisms
Tabauya 4
Konuentpauus 25(OH)D B cbiBopoTKe KpOBH Y 60J1bHBIX NCEBA0IKC(HONMATUBHON INIAYKOMOIA, HOCHTEJ/1eH Pa3JIMUHbIX T€eHOTUIOB
noaumopusmos Bsml, Apal, Taql v Fokl rena peuentopa Butamuna D

Polymorphisms 25(OH)D, nmol/L P
BB Bb bb
Bsml
304 +6.2 395+ 1.6 40.05+ 2.0 > 0.05
AA Aa aa
Apal
404+ 4.2 39.1 + 1.4 38.6 +2.7 > 0.05
T Tt tt
Taql
39.9+22 39.1+ 1.6 37.7 + 3.7 > 0.05
FF Ff ff
Fokl
419+ 2.1 385+ 1.8 38.0+ 2.9 > 0.05

Table 5
Eye length, central corneal thickness, and optic disc size in patients with different genotypes of BsmlI, Apal, Taql, and Fokl
VDR polymorphisms
Tabauya 5
JnuHa nepeaHe-3aaHell OCH TJa3HOTrO s16JI0KA, LEHTPaJbHasl TOJIIMHA POTOBHMLbI M MJOLIAJAb JAHUCKA 3PUTEJbHOTO HepBa
y 6OJIbHBIX MCEBI0IKCHOIHATUBHOMN TJIAYKOMOI, HOCHTEJIEH Pa3JHYHBIX reHoTUNnoB noaumopdusmos Bsml, Apal, Taql v Fokl
reHa peuenropa Buramuaa D

Parameter Genotypes p
Bsml polymorphism of the vitamin D receptor gene
BB Bb bb
APA, mm 234403 221407 228 +0.5 >0.05
CCT, pm 544.8 +8.6 538.6 +£ 8.6 533.7 + 11.5 >0.05
OD size, mm? 1.6 + 0.3 1.6 £ 0.1 1.7+0.1 >0.05
Apal polymorphism of the vitamin D receptor gene
AA Aa aa
APA, mm 219+ 1.2 22.3+0.6 23.24+0.2 > 0.05
CCT, pm 546.3 £9.9 530.9 + 12.6 543.1 £6.5 >0.05
OD size, mm? 148 £ 0.2 1.66 + 0.1 1.69 +0.1 >0.05
Tagl polymorphism of the vitamin D receptor gene
TT Tt tt
APA, mm 22.7+ 0.5 22.1+0.8 23.2+0.2 >0.05
CCT, pm 532.9+0.2 533.8 £ 11.7 556.8 + 8.4 >0.05
OD size, mm? 1.7+ 0.1 1.65 + 0.1 1.48 +0.2 >0.05
Fokl polymorphism of the vitamin D receptor gene
FF Ff Nid
APA, mm 23.2+0.2 22.1+0.7 22.6 + 0.8 >0.05
CCT, pm 543.3 + 54 536.8 + 10.7 530.7 £ 19.9 >0.05
OD size, mm? 1.7+ 0.1 1.6 +0.1 1.7+ 0.1 >0.05

Note: APA, anteroposterior axis (eye length); CCT, central corneal thickness; OD, optic disc

<> O®TANIbMOJIOTMYECKME BEAOMOCTH. 2018.T. 11, No 2/ OPHTHALMOLOGY JOURNAL. 2018;11(2)

ISSN 1998-7102




ORIGINAL RESEARCHES / OPUTMHAJIbHBIE CTATbU

PEG/POAG/PEX have a higher prevalence of vita-
min D deficiency than those without glaucoma or
PEX (p < 0.01)[3]. Our results were consistent with
those observed in previous publications. A French
study assessed 25(OH)D serum levels in 314 indi-
viduals with POAG and reported a high prevalence
of vitamin D deficiency regardless of the time of
year. The authors also showed that an increase in
25(0OH)D levels by 10 nmol/L reduced the risk of
POAG, whereas vitamin D deficiency increased the
risk of POAG by 2.1 times [95% CI: 1.06—4.12]
[16]. The results of a Korean study comprising 6094
patients, aged >45 years, also suggested that low
vitamin D levels significantly increased the risk of
glaucoma and were associated with clinical mani-
festations of optic nerve dysfunction in patients with
POAG [29].

In our study, patients with both PEG and POAG
were likely to have vitamin D deficiency, and the most
severe forms of it (86.4% in patients with PEG and
59.5% in controls, p < 0.01). Vitamin D deficiency
may affect the renewal of the extracellular matrix,
the progression of apoptosis in retinal ganglion cells,
and the state of the endothelium and vascular base-
ment membranes in structures responsible for eye
hydrodynamics and production of pseudoexfoliation
material, leading to impairments typical of PEX/PEG
[10, 18, 21, 30].

Considering the association between the ge-
netic characteristics of VDR and various diseas-
es[12, 17, 23], we analyzed four VDR polymorphisms
in patients with PEG. The distribution of VDR geno-
types between males and females was similar in the
PEG group and in general population, which was
consistent with the result obtained from other Rus-
sian studies [4]. Patients with PEG are more likely to
carry the Bsml b allele and bb genotype and the Fok/
[allele and ff genotype. Previous molecular studies on
VDR polymorphisms in patients with ocular disorders
primarily focused on diabetic retinopathy, age-related
macular degeneration, and myopia [2, 23] with few
studies evaluating VDR genotypes in patients with
glaucoma. A Chinese study assessed Bsml, Tagql,
Fokl, and Cdx2 VDR polymorphisms in Chinese
Han patients with POAG (n = 71), and the results
reported the predominance of the Bsm/ Bb genotype
and B allele (p = 0.001 and p = 0.002, respectively)
and the Taql Tt genotype and t allele (p = 0.013 and
p = 0.018, respectively) compared with healthy con-
trols (n = 73) [20]. We also showed an association
between PEG and Bsml/ polymorphisms; however,
Caucasian patients with glaucoma predominantly
have the bb genotype. There were significant differ-

ences in the distribution of Fok/ genotypes between
the groups. This can likely be attributed to ethnic
specificity, which was confirmed by literature data
including those obtained from the Russian Federa-
tion [5].

None of the genotypes studied were associated
with serum 25(OH)D levels. The prevalence of vi-
tamin D deficiency was high in both the study and
the control group.

There were no differences in the eye length and
OD size between the patients with PEG carrying
various genotypes of Bsml, Apal, Taql, and Fokl VDR
polymorphisms. Patients with the Fok/ ff genotype
had thinner cornea than those carrying the F allele
(CCT, 502.05 + 141.72 pm vs. 547 + 37.97 pm, re-
spectively, p < 0.01). This could be due to the specific
characteristics of VDR protein in Fokl polymorphism
carriers. Fokl polymorphism is located in the coding
region of VDR and determines the structure of VDR
protein. This polymorphism is considered as an inde-
pendent marker for VDR [12, 26]. The shorter variant
of VDR protein (424 amino acids, encoded by the
F allele) has a higher (1.7 times) transcription activity
than the longer one (427 amino acids, encoded by
[ allele), which may potentially affect the synthesis
and function at the transcriptional and posttrans-
lational levels of many molecules, such as various
types of collagen, matrix metalloproteinases, and
transforming growth factors, involved both in PEG
and POAG pathogenesis [11].

Analyzing the correlation between PEG and
VDR polymorphisms, the Bsml/ bb and Bb geno-
types were shown to increase PEG risk by 8.24 and
3.9 times, respectively. Carriers of Fokl ff genotype
are 2.3 times more likely to develop PEG. Therefore,
these genotypes should be considered as risk factors
for glaucoma. The Bsml polymorphism, located in
the 3" untranslated region, affects the functioning
of VDR protein. Therefore, it can be associated with
the disease due to the linkage to unknown important
allele areas located in distant regions in the nearest
gene. Similar to the Fokl polymorphism (ff geno-
type), SNPs located in the untranslated regions
of VDR can potentially affect VDR mRNA stabil-
ity, thereby triggering a number of ocular diseases
[12, 26].

CONCLUSION

Our findings suggest that the majority of patients
with PEG of Caucasian origin residing in Saint Pe-
tersburg and Leningrad region has mild to severe
vitamin D deficiency that is not associated with any
VDR polymorphisms, including Bsml, Apal, Tagl, and
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Fokl. This study also demonstrated an association
between the Fokl [f genotype and lower CCT, as well
as a correlation between the Bsml bb/Bb and Fokl [f
genotypes, and the increased risk of PEG.
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