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<> Aim. To determine serum 25(OH)D and plasma MMP-2 and MMP-9 levels in patients with primary open-
angle glaucoma (POAG), pseudoexioliation glaucoma (PEG), and pseudoexfoliation syndrome (PES) — to as-
sess potential associations between vitamin D status and the above mentioned diseases. Methods. We included
238 patients (105 males and 133 females) aged from 55 to 75 years. One hundred twenty two patients had
PEG, 46 patients had POAG, 32 had PES. 38 subjects were healthy, and were considered as the control
group. Cases with clinically significant systemic diseases and concomiatant eye diseases were exclud-
ed, if there was a confirmed pathogenic impact of vitamin D and MMP. The serum 25(OH)D level was
investigated by immunochemiluminescence method, plasma MMP-2 and MMP-9 levels — by ELISA.
Results. Serum 25(OH)D level was between 4.6 and 82.25 nM/1 (mean 41.7 nM/1), so most participants
showed vitamin D deficiency. It was shown that mean serum 25(OH)D level in patients with PEG, POAG and
PES was similar (39.3 + 1.2, 38.8 + 2.1 and 40.51 + 2.4 nM/l, p > 0.05), but it was lower than those in the
control group (52.7 + 2.1 nM/1, p < 0.01). Plasma MMP-2 concentration was the same in all study groups.
Plasma MMP-9 level was higher in POAG and PES patients (48.23 + 3.26 and 54.01 + 3.57 ng/ml) than in
the control group (32.60 + 2.34 ng/ml, p < 0.001) and in patients with PEG (40.86 + 3.60 ng/ml, p < 0.05).
We found positive correlations between MMP-2 and MMP-9 levels in patients with PEG (r = 0.48, p = 0.001)
and patients with POAG (r = 0.43, p = 0.003). The correlation analysis showed also a negative relation between
25(0OH)D and MMP-9(r = —0.32, p = 0.02), as wellas MMP-2 (r = —0.33, p = 0.02) in patients with POAG.
Summary. Study results confirmed a potential role of vitamin D in apoptosis regulation and tissue remodeling
in patients with POAG and PES. Hence, vitamin D deficiency can be considered as a risk factor for glaucoma
development.

<> Keywords: open angle glaucoma; pseudoexfoliative glaucoma; pseudoexfoliation syndrome; matrix me-
talloproteinases; vitamin D.

YPOBEHDb 25-TUAPOKCUBMTAMUWHA D U MATPUKCHbIX METAJUIONPOTEMHA3-2 U -9
Y 60J1bHbIX NEPBUYHOU OTKPLITOYTOJIbHOW [IAYKOMOIA
W NCEBJ03KCOONNATNBHOM [JTAYKOMOIA/CUHAPOMOM
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<> ILleav pabomol: onpesieUTh YPOBEHb 25-IHAPOKCHBUTAMUHA D B CHIBOPOTKE KPOBH M MATPUKCHBIX METaJI-
Jornporentas-2 u -9 (MMII) B nnasme KpoBH y GONBHBIX MEPBUUHON OTKPBITOYTo/bHON riaykomo#n (ITOYT),
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nceBnosKchoauatuBHol raykomo# (I1317) n nceBnoskedonmuatuBHbIM cuHapoMoM (I12C), aist yTouHeHHs BJIH-
SIHUSI YPOBHSI 06ecredeHHOCTH BUTAMUHOM D Ha pa3BuTHe ykasaHHbIX cocTosiHuil. Memodst. O6cnenoBaHo
238 yesoBek (105 My»kunH U 133 »KeHIIMHBI) B Bo3pacTe OT 55 o 75 jeT: 122 yeyoBeka ¢ nuaruosom [131]
46 — c T1OVT, 32 — c Hanuuuem [19C 6e3 ryaykombl, 38 y4acTHHKOB COCTABUJIM IPyNIy KOHTpoJs. Kpure-
pUSIMM HEBKJIIOUeHHS OblJIM HaJIHUMe CUCTEMHBIX H 0(PTaIbMOJIOTHUECKUX 3a60JIeBaHU, B TaTOreHe3e KOTOPBIX
noATBepKIeHo yuactue ButamuHa D u MMIL. ¥Yposenb 25(OH)D B cbIBOpOTKe KPOBH ONpeaessiyii METOLOM
MMMYHOXeMHJIIOMHHECLEHTHOTO aHaJn3a, KoHueHTpaiuio MMII-2 u -9 B nsaamMe KpoBH — MeTO/IOM TBep/IO-
(hazHoro UMMyHo(epMeHTHOr0 aHau3a. Pe3yavmamot. YpoBeHb BUTaMUHA D B CbIBOPOTKe KPOBH BaApbUPOBAJI
oT 4,6 10 82,25 HMoub/1 (B cpenneM — 41,7 HMOJIb/JI) H B OCHOBHOM COOTBETCTBOBAJI HEJOCTATKY H Je(H-
uuty ButamuHa D. BeisiBsieno, uto y naunento [131, TIOYT u [19C yposens 25(OH)D B chiBopoTKe KpoBH
He oTnyadcs (39,3 + 1,2, 38,8 + 2,1 u 40,51 + 2,4 umoJib/a cootBeTcTBeHHO, p > 0,05), HO GBI HUKE, YeM
B rpynne Koutpoas (52,7 + 2,1 umoasn/n, p < 0,01). Konuentpauus MMII-2 B njazMme KpoBH He OT/IHuYa/IaCh
BO BCEX Ipymnmnax 00CJ/eI0BaHHBIX U 110 CPaBHEHHUIO C I'PYMNNOH KoHTpoJid. YpoBenb MMII-9 B niasme kpou
y nauuentos ¢ [TOYT u [19C 6bin noctoBepHo Bbilie (48,23 + 3,26 u 54,01 + 3,57 HI/ M1 COOTBETCTBEHHO),
yeM B KOHTPOJILHOM rpynre (32,60 + 2,34 ur/ma, p < 0,001) u B rpynne T13T (40,86 + 3,60 ur/ma, p < 0,05
1 p < 0,01 cooTBeTCTBEHHO). BhIsIBJIECHBI M0OJI0KUTEJ/bHbBIE KOppesiLMOHHbIe cBsI3H Mexky MMIT-2 u MMII-9
B rpyme 60abHbIX [191 (r = 0,48, p = 0,001) u 60abHBIX [TOYT (r = 0,43, p = 0,003). Takxke y 60abHBIX [TOY T
OblJla yCTaHOBJIEHA OTpHIlaTe bHAS KOppeJsiuoHHast ¢Bsidb Mexxiy MMII-9 u yposnem 25(OH)D (r = —0,32,
p = 0,02), atakxke MMII-2 u 25(OH)D (r = —0,33, p = 0,02). Bot8odbt. Pe3ynbTaThl HACTOSIIIIETO HCCJIEI0BA-
HHUSI TIOATBEPXKAAIOT BO3MOXKHOCTD yUacTHs BUTaMUHa D B peryJisiliui arnonto3a u TKAHeBOro PeMOJIEIMPOBaHHUS
y 60JibHBIX [IOYT 1 [19C 1 no3BoJisiioT oTHECTH JeHLIMT BUTaMuHa D K akTopaM pHcKa pa3BUTHSI T1ayKOMBI.

<> Karouesoie crosa: OTKPbITOYTOJibHAs1 IJlayKoMa; HCeBﬂoaKCq)OJIHaTHBHaH rjiaykoma, HCeBILO9KC(pOJ'IH-

ATHBHBIN CUHAPOM; MAaTPUKCHbIE MeTaJIJIONPOTEUHA3bl; BUTAMHWH D.

BACKGROUND

High prevalence of glaucoma and its social
importance encourage researchers to work on the
identification of new causes of the disease [22].
Several recent publications confirmed the role of
vitamin D deficiency in the development of primary
open-angle glaucoma (POAG) and pseudoexfoliation
syndrome (PES) [16, 24, 25]. It could be attributed
perhaps to the immunosuppressive activity of
vitamin D or its involvement in the regulation
of cell proliferation, differentiation, and apoptosis
(including those in the ocular neuroglia) [8, 14,
19]. Alsalem et al. (2014) demonstrated that
epithelial cells of the eye border (non-pigmented
ciliary epithelium, retinal pigment epithelium,
and corneal endothelium) can demonstrate both
first and second stages of vitamin D enzymatic
hydroxylation with the synthesis of biologically
active form of vitamin D (calcitriol). This finding
was confirmed by discovering vitamin D receptors
in the non-pigmented ciliary epithelium and
corneal endothelium [10]. In addition to that, there
are some data suggesting the ability of vitamin D
to regulate intraocular pressure (IP) through gene-
gene interactions. The 1,25-dihydroxyvitamin D
(calcitriol) was shown to downregulate the
expression of genes responsible for the synthesis

of carbonic anhydrase 1, angiotensin-converting
enzyme, and aquaporin 1. Besides, calcitriol is likely
to regulate the expression of genes involved in the
synthesis of some cytoskeleton and extracellular
matrix components, such as fibronectin 1 and alpha
actin [17]. Calcitriol can upregulate the expression
of genes encoding matrix metalloproteinases
(MMP) and simultaneously decrease the activity
of their tissue inhibitors involved in the regulation
of the trabecular meshwork metabolism [17].

So far, very few studies have attempted to
investigate the association between glaucoma and its
severity, and the level of vitamin D [12, 25]. Despite
the high prevalence of both vitamin D deficiency and
glaucoma, there are no Russian studies devoted to
this problem.

The objective of this study is to assess serum
levels of 25-hydroxyvitamin D and classic markers
of apoptosis and tissue remodeling, like MMPs, and
to clarify their impact on the development of various
forms of glaucoma.

MATERIALS AND METHODS

We enrolled 238 individuals (105 males and 133
females; aged 55—75 y) in this study, after they
signed an informed consent. We excluded patients
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who had at least one of the following conditions:
diabetes mellitus; cancer; autoimmune disorders;
severe comorbidity; therapy with corticosteroids,
immunosuppressants, or vitamin D; acute circulatory
disorders of the central retinal artery/vein; ocular
trauma; corneal disorders; wet form of age-related
macular degeneration.

In all patients, diagnosis was confirmed
by an ophthalmologic examination that inclu-
ded autorefractometry, visual acuity assessment,
Maklakov’s applanation tonometry, biomicro-
ophthalmoscopy, automated  perimetry, and
Heidelberg Retinal Tomography II. Patients were
examined at the out-patient department, and at the
Department of Ophthalmology of the Pavlov First
Saint Petersburg State Medical University.

We measured the serum 25(OH)D levels by
immunochemiluminescence  method using the
Architect i2000SR System (Abbott Laboratories,
USA). We followed the recommendations of the
Russian Association of Endocrinologists (2015) in
assessing Vitamin D deficiency: serum 25(OH)D levels
of 75 nmol/L (normal); 50—75 nmol/L (insufficient);
50 nmol/L (deficient) [6]. We used ELISA to measure
the concentrations of serum MMP-2 and MMP-9
using the Quantikine Total MMP-2 Immunoassay
(R&D Systems, Inc., USA & Canada) and Human
MMP-9 Platinum ELISA Kit (eBioscience, USA),
respectively.

Statistical analysis was performed using the
SPSS17.0RU for Windows. We calculated the rates
and mean values with standard deviations. Pearson
¥? test was used to compare categorical variables.
Continuous variables were compared using ANOVA.
We calculated the Pearson’s correlation coefficient to
assess the correlation between the variables.

RESULTS

Mean age of the participants was 66.7 + 0.3y. Out
of 238 individuals tested, 196 were diagnosed with
pseudoexfoliation glaucoma (PEG)/POAG/PES, and
the remaining 38 individuals comprised the control
group (mean age 65.2 + 0.8 y). All patients were
divided into three groups: group 1—patients with
PEG (n = 122; mean age 67.4 + 0.4 y), group 2—
patients with POAG (n = 46; mean age 65.5 + 0.9y),
and group 3—patients with PES without glaucoma
(n = 32; mean age 67.4 + 1.0 y). Patients in all the
groups were matched for gender and age.

The serum 25(OH)D level in patients and controls
varied between 4.6 and 82.3 nmol/L (mean level was
41.7 nmol/L); most of the study participants were
vitamin D deficient. Our results were similar to the

results of the study that evaluated the prevalence of
vitamin D deficiency in the Northwest region of the
Russian Federation [5]. The level of 25(OH)D did not
significantly differ among patients with PEG, POAG,
and PES (39.3 + 1.2 nmol/L, 38.8 + 2.1 nmol/L,
and 40.51 + 2.4 nmol/L, respectively; p > 0.05), but
it was lower than in controls (52.7 + 2.1 nmol/L;
p < 0.01). None of the patients with PEG, POAG,
or PES had normal serum levels of 25(OH)D. The
number of patients with vitamin D deficiency did not
vary across the experimental groups and comprised
87.4%, 80.0%, and 78.1% in the first, second,
and third group respectively. Only three (8.1%)
participants from the control group had normal
serum 25(OH)D levels (over 75 nmol/L); the number
of individuals with vitamin D deficiency was lower
among the controls (62.2 %, p < 0.05) compared to
the patients with PEG/POAG/PES.

We found no significant difference in the
levels of MMP-2 across the groups: it was
248.3 + 18.5, 2499 + 15.8, 2247 + 11.3, and
224.7 + 11.3 ng/mL, in patients with PEG, POAG,
PES, and in controls, respectively (p > 0.05).

The serum MMP-9 level was significantly higher
in patients with POAG and PES (48.2 + 3.3 and
54.0 + 3.6 ng/mL, respectively) when compared to
either the controls (32.6 + 2.3 ng/mL, p < 0.001) or
patients with PEG (40.9 + 3.6 ng/mL, p < 0.05 and
p < 0.01, respectively).

We also analyzed the concentrations of MMP-2
and MMP-9 depending on the stage of glaucoma.
We divided glaucoma patients into three groups
depending on the disease stage: early (stage
1), advanced (stage 2), and severe (stage 3)
(in accordance with the National Guideline on
Glaucoma) [4]. The results of the analysis are
shown in the Table 1.

Serum levels of 25(OH)D, MMP-2, and MMP-9
did not significantly differ in patients with different
stages of POAG and PEG (p > 0.05). Then, we
merged the stage-2 and stage-3 to form a single
group (AS), and compared against the early stage
glaucoma (ESG). Individuals with both ES- and
AS-POAG were found to have higher levels of
MMP-9 (47.8 + 3.6 ng/mL and 48.6 + 5.5 ng/mL,
respectively) compared to patients with advanced/
severe PEG (38.7 + 4.6 ng/mL; p<0.0l and
p<0.05 for ESG vs. PEG and AS vs. PEG,
respectively).

We found a positive correlation between the
levels of MMP-2 and MMP-9 in patients with
PEG (r=0.48, p=0.001) and POAG (r=0.43,
p=0.003) and a negative correlation between
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Table 1

The serum 25(0OH)D level, plasma MMP-2 and MMP-9 levels in patients with different pseudoexfoliation and primary open-

angle glaucoma severity

Tabauya 1

¥YpoBenb 25(OH)D B cbiBOpoTKe KPOBHM M KOHLIEHTPALUs MaTPUKCHbIX MeTaanonporenHas (MMII-2, MMII-9) B niasme kpoBu
y 60JIbHBIX C PAa3JMYHOI CTEMEHDbIO TAXKECTH NMCEBA0IKC(OJIUATUBHON U MEPBUYHON OTKPBITOYTOJbLHOMN IJIayKOMbI

Parameter Stage 1 Stage 2 Stage 3 p
PEG (n = 122) n=>55 n =27 n =40
Age, years 67.2 4+ 0.6 67.3+0.9 67.6 + 0.8 >0.05
25(0OH)D, nmol/L 38.8+ 2.1 426 + 2.0 37.8+2.2 >0.05
MMP-2, ng/mL 233.1 +41.9 276.0 + 38.4 246.0 + 21.6 >0.05
MMP-9, ng/mL 449+ 5.7 33.2+5.2 40.6 + 5.9 >0.05
POAG (n = 46) n =24 n=10 n=12
Age, y 65.5 + 1.2 63.5+ 2.3 67.2+ 1.9 >0.05
25(0H)D, nmol/L 381129 40.5 + 3.1 38.8 +£5.1 >0.05
MMII-2, ng/mL 250.9 + 21.7 236.2 + 17.2 259.7 £ 40.9 >0.05
MMII-9, ng/mL 47.8 + 3.6 437+ 7.0 52.3+ 8.2 >0.05
POAG—primary open-angle glaucoma, PEG—pseudoexfoliation glaucoma, 25(OH)D—25-hydroxyvitamin D, MMP-2—matrix
metalloproteinase-2, MMP-9—matrix metalloproteinase-9

Table 2

The serum 25(OH)D level, plasma MMP-2 and MMP-9 levels in patients with pseudoexfoliation glaucoma, pseudoexfoliation

syndrome and in the control group

Tabauya 2

Yposenb 25(0OH)D B cbIBOpOTKE KPOBH M KOHLIEHTPALUS MaTPUKCHBIX MeTanionporernHas (MMII-2, MMII-9) B niazme Kposu
Yy MaLMEHTOB C MCeBA0IKC(HOJMATUBHBIM CUHAPOMOM, NCEBA0IKCHOIUATUBHON INIAYKOMOIA U IPYNNbl KOHTPOJS

PEG PES Control group
Parameter n =122 n =32 n =38 P
Psx < 0.01
25(0H)D, nmol/L 393+ 1.2 40.5+ 2.4 52.7+ 2.1
Pk < 0.01
MMI1-2, ng/mL 248.3 + 18.5 2344 +23.9 2247 + 11.3 p>0.05
Psx < 0.01
MMII-9, ng/mL 409 1+ 3.6 54.0 £ 3.6 326123
pi.3<0.01
PEG—pseudoexioliation glaucoma, PES—pseudoexfoliation syndrome, 25(OH)D—25-hydroxyvitamin D, MMP-2—matrix
metalloproteinase-2, MMP-9—matrix metalloproteinase-9

the levels of 25(OH)D and MMP-9 (r= —0.32,
p=0.02), 25(OH)D and MMP-2 (r= —0.33,
p = 0.02) in patients with POAG.

Levels of 25(OH)D, MMP-2, and MMP-9 were
comparable in patients with PES, PEG, and controls
(Table 2).

Participants in the control group had the highest
level of serum 25(OH)D (p < 0.01) compared to those
with PEG and PES. The highest level of MMP-9
was observed in patients with PES (which differed
significantly from the control and PEG groups),
whereas the level of MMP-2 was approximately equal
in all groups (Table 2).

DISCUSSION

The results of our study confirmed high
prevalence of vitamin D deficiency in patients with
different types of glaucoma. The serum 25(OH)D
level does not depend on the stage of glaucoma, a
finding that correlates with the results obtained by
Goncalves et al. (2015) [12]. Glaucoma is a chronic
progressive optic neuropathy with multiple factors
(immunological disorders, ischemia, oxidative
stress, and apoptosis) potentially contributing
to its development. Vitamin D is known to have
pleiotropic effects, including its ability to regulate
cell differentiation, inflammatory and immune
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processes, and apoptosis. Moreover, some eye
disorders, including glaucoma, were found to be
associated with certain geographic regions and the
level of insolation [1, 3, 9]. Some authors believe
that vitamin D deficiency can activate several
pathogenic mechanisms of glaucoma [17, 25].
MMPs are known to play an important role in
the development of glaucomatous optic neuropathy
[7, 11, 13, 15, 20, 21]. Our findings indicate higher
levels of MMP-9 in patients with POAG and
PES compared to controls. Furthermore, patients
with both early and advanced POAG, as well as
patients with PES, had higher concentrations of
MMP-9 compared to patients with severe PEG
(p<0.01, p<0.05, and p < 0.01, respectively).
Patients with PEG tended to have higher levels
of MMP-9 than controls, but the difference was
not statistically significant. Our data confirm the
earlier published results suggesting high serum
concentrations of MMP-9 in patients with POAG
[7, 11]. At the same time, serum level of MMP-2
appeared to be approximately equal in individuals
with POAG, PEG, and PES, and did not depend on
the disease severity. A negative correlation between
the serum 25(OH)D level and concentrations of
MMP-2 and MMP-9 possibly indicates elevated
levels of apoptosis markers associated with vitamin
D deficiency, but these changes were found only in
patients with POAG. Our findings provide support
to the idea of vitamin D playing a regulatory role
in patients with systemic disorders [18, 23].

PES is a well-known risk factor for PEG, which
is characterized by a more aggressive course, and is
poorly amenable to medical and surgical correction
[2, 3]. Within this study, patients with PES had
lower serum 25(OH)D levels compared to controls
(p < 0.01), but was not significantly different from
those with PEG and POAG, whereas the concentration
of MMP-9 occurred to be the highest in participants
with PES. Moreover, we found no difference in the
level of MMP-9 between patients with PES and
early stage PEG. Our results suggest that patients
with PES/early stage PEG, along with vitamin D
deficiency, are likely to have an active apoptotic
process, and intensive compensatory remodeling of
connective tissues and neuroglia, in the posterior pole
and optic disc.

CONCLUSION

Our study revealed high prevalence of vitamin D
deficiency in patients with POAG, PEG, and PES.
A correlation between the level of vitamin D and MMPs

(MMP-2 and MMP-9) was found only in patients

with POAG. This may indicate the involvement of
vitamin D in the regulation of apoptosis and tissue
remodeling in patients with POAG. Besides, it allows
considering vitamin D deficiency as a risk factor for
glaucoma.
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