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ABSTRACT: A pilot study of the association of single nucleotide polymorphisms in catalase (rs7943316), glutathione perox-
idase-1(rs1050450), and transferrin (rs8177178) genes with the risk of keratoconus development was conducted in a sample
of Russian patients. Genotyping was performed by analyzing the polymorphism of the lengths of restriction fragments using
a polymerase chain reaction. Venous blood samples from 25 patients with keratoconus treated at the Ophthalmology Clinic of
the Kirov Military medical Academy in 2019 and 2020 were examined. The control group included 20 patients who had no clini-
cal signs of keratoconus. The effect of the single nucleotide polymorphism rs7943316 of the catalase gene on the risk of kera-
toconus development has not been established. The T allele of the glutathione peroxidase-1 gene containing the rs1050450
polymorphism slightly increases the risk of keratoconus compared with the C allele (odds ratio = 1.91; 95% confidence
interval= 0.75-4.85; p=0.17). Amoderate association of the A allele of the transferrin gene containing rs8177 178 polymorphism
with the occurrence of keratoconus and anincrease in the incidence of the disease associated with the AG genotype was revealed
(odds ratio = 5.67; 95% confidence interval = 1.07-30; p = 0.12). Thus, when examining a limited sample of Russian patients
with keratoconus, it was not possible to identify a link between the disease and single nucleotide polymorphisms of catalase
rs7943316 and glutathione peroxidase-1rs1050450. The relationship between the polymorphism of the transferrin rs8177178
gene (allele A and genotype AG) and the risk of keratoconus development was weak and not significant. Thus, expanding
the study sample and further studying the polymorphisms of the transferrin gene that affect the structure of the enzyme and
reduce the effectiveness of antioxidant protection of the cornea were recommended.
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F’EHETUYECKME NOJIMMOPOU3MbI KATAJIA3bI
(rs7943316), TNYTATUOHNEPOKCUOA3bI-1
(rs1050450) U TPAHCOEPPUHA (rs8177178)

NMPU KEPATOKOHYCE HA NPUMEPE OrPAHUYEHHOM
rPYNNbl NALMEHTOB POCCMUCKOM NonynALUK
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A.P. Apiokos', B.I0. Kpasios'

' BoeHHO-MeaMUMHCKanA akagemna uM. C.M. Kuposa, CaHkT-TleTep6ypr, Poccua

2 Jlabopatopus MOfIEKYNIAPHOM FeHETUKIM BCepocCMIACKOro HayHHO-MCCrIEA0BaTEIbCKOTO MHCTUTYTa FEHETVUKN U Pa3BeAEeHNA CENbCKOXO3ANCTBEHHbIX
HMBOTHBIX, CaHKT-[eTepbypr, Poccua

PestoMe. [poBesieHO NWIOTHOE MCCNEOBaHWE accoLMaLM MeXaY 0AHOHYKNEOTUAHBIMU NOIMMOPPU3MaMK B FeHax
KaTanasbl (rs7943316), rnytatmoHnepokcupasbl-1 (rs1050450) u TpaHcdeppmHa (rs8177178) ¢ pucKoM pasBuTMA KepaTo-
KOHyca B Bbl6OpKe pOCCMMCKOM nomynAuMK. [eHoTMNMpoBaHWe NPOBOAMIOCH MYTeM aHanu3a nonuMopduaMa AauH pe-
CTPUKLMOHHBIX (pparMeHTOB € UCMO/b30BaHWMEM MO/IMMEPA3HOM LIEMHOM peakumu. MatepuanoM cnyum npobel BEHO3HOM
KpOBM 25 NaLMEHTOB C AMArHOCTUPOBAHHBIM KEPATOKOHYCOM, NPOXOAMBLLMX IEYEHUE B KNUHUKeE o¢TanbMonorum BoeHHo-
MeguumHeKon akagemum uM. C.M. Knpoea B 2019 1 2020 rr. KoHTponbHana rpynna Bratovana 20 naumeHToB, He UMEBLLINX
KMMHWYECKMX NPU3HAKOB 3TOro 3abonieBaHuA. BavaHWe ofHOHYKNEOTMAHOMO nonuMopgusMa rs7943316 reHa Katanasbl
Ha PUCK pa3BuTWA 3aboneBaHunA He ycTaHoBNeHo. Annenb T reHa rnyTaTMOHNEpOKcUaasbl-1, cogeprKalLmii nonumMopduam
rs1050450, He3HauUMTENbHO YBENMUMBAET PUCK KEpaTOKOHyca no cpasBHeHwio ¢ anneneM C (oTHowenue waHcoB = 1,91;
95% poseputenbHbin MHTepBan = 0,75-4,85; p = 0,17). BoiABneHa yMepeHHan cBA3b annenda A reHa TpaHcdeppuHa, co-
Aepxauero nonvmopdumsM rs8177178, ¢ BO3HMKHOBEHMEM KepaTOKOHYCa, a TaKkKe YBENMYEHWE 4YacTOTbl BCTpPEYaeMo-
CTW 3aboneBaHus, CBA3aHHOE C reHoTUNoM AG (oTHoLeHMe LiaHcoB = 5,67; 95% poBepuTenbHbln uHTepBan = 1,07-30; p
= 0,12). Takum obpa3oMm, Npu 06CneA0BaHUM OrpaHUYEHHON FPyNNbl NPeACTaBUTENEN POCCUIMCKOW NONYNALMM, BONbHBIX
KepaTOKOHYCOM, He yAanoch BbIABUTL CBA3b MY 3a60/1eBaHMEM U OAHOHYKNEOTUAHBIMU NONMMOPdU3MaMM KaTanasbl
rs7943316 n rnytatnoHnepokcmaasbl-1 rs1050450. CeAsb Mexay nonMMopguaMoM reHa TpaHcdeppuHa rs8177178 (an-
nenb A v reHotun AG) 1 pUCKOM pa3BUTUA KepaTOKOHYCa OKa3anach cnabow M cTaTUCTUYECKU He3HaumMMol. Lienecoobpas-
HO pacLumpeHue BblIbOpKM obcnesyeMbIX U JOMNOSHUTENBHOE M3yYeHUe MONMMOPPU3MOB reHa TpaHCPeppuHa, BAMAIOLLMX
Ha CTPYKTYpy PepMeHTa M CHUHKAIOLLMX 3GDEKTUBHOCT AHTUOKCUAAHTHON 3aLLUTbI POrOBULLbI.

KnioueBble cnoBa: Katanasa; rnyTaTMOHNEPOKCUAa3a-1; TpaHCheppUH; KePaTOKOHYC; OHOHYKNEOTUAHbINA NOIUMOPOU3M;
aHanu3 nonMMoppu3Ma ANMH PeCTPUKLIMOHHBIX (ParMeHTOB; FreHOTUNMPOBaHME; MoMepasHas LienHasa peaKkums; aHTu-
OKCMJAHTHaA 3almTa.
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BACKGROUND

Keratoconus (KC) is a genetically determined disease
associated with corneal dystrophy, corneal thinning and
stretching, followed by a cone-shaped protrusion, clouding,
and scarring, which results in a significant decrease in visual
acuity and often disability. The incidence ranges from 4 to 600
cases per 100,000 populations, depending on the geographic
region [1, 2]. The treatment of KC is long and complicated.
Thus, high-tech surgical techniques are used, such as cross-
linking, implantation of stromal rings, and keratoplasty in
various modifications, which prevent further progression of
clinical signs without eliminating the cause [3, 4]. Moreover,
the prognosis of the subsequent development of symptoms
often remains uncertain [5, 6].

Oxidative stress is considered one of the major
mechanisms of KC pathogenesis. This process can develop
in the structures of the cornea following a hereditary failure
of enzymes to provide antioxidant protection and regulate
other mechanisms of natural detoxification. Among genetic
factors associated with KC development, single nucleotide
polymorphisms (SNPs) of genes such as catalase (CAT),
glutathione peroxidase-1 (GPX-T), and transferrin (TF) have
been studied [7].

Catalase is a common enzyme contained in cellular
peroxisomes. This enzyme is a tetramer with a molecular
mass of approximately 240 kDa with four heme groups
per tetramer [8, 9]. Catalase deficiency can cause
elevated concentrations of hydrogen peroxide and
increase the risk of oxidative stress [10]. CAT is located at
the locus of chromosome 11p13 and includes 13 exons.
The polymorphism rs7943316 (A/T), localized in the promoter
region, is the most studied [11].

GPX-1 is a selenium-containing enzyme that is an
intracellular antioxidant and protects the body from oxidative
damage. GPX-1 is located on chromosome 3p21.3 [12, 13].
The polymorphism rs1050450 (C > T), which changes
the amino acid proline (PRO) to leucine (LEU) at position
197, has the most clinically confirmed significance among
SNP mutations of this gene. The mutant allele of this gene is
associated with a reduced ability to absorb reactive oxygen
species (ROS).

TF belongs to antioxidant defense enzymes and is
a glycosylated protein that provides iron homeostasis in
cells. By removing iron ions beyond the cell wall, TF controls
their involvement in the induction of oxidative stress. TF
is located in the region of the third chromosome 3q21.
Multiple mutations in TF determine the pronounced ethnic
polymorphism of the protein it encodes [14]. The rs8177178
(G > A) polymorphism is most associated with KC
development in the European population.

To the best of our knowledge, no studies have
comprehensively examined the role of polymorphisms of
antioxidant defense genes in Russian patients with KC. In
this regard, this study aimed to assess the influence of CAT
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rs7943316 A/T, GPX-1 rs1050450 C/T, and TF rs8177178
(G > A) polymorphisms in patients with KC in a sample
of the population in the European part of Russia. These
polymorphisms may alter the antioxidant capacity of
enzymes, resulting in synergistic effects on KC caused by
oxidative damage.

In Central Asians, the AA genotype and A rs7943316 A/T
allele in CAT reduce significantly the KC risk. In addition,
the GPX-1 rs1050450 C/T T allele is associated with
increased KC risk. Genetic variations in antioxidant defenses
may reduce antioxidant capacity or increase oxidative stress
and alter the risk of KC. SNPs and gene variants suggest
a complex etiology or convergence of multiple disease
pathways. An increase in oxidative stress from SNPs in
specific antioxidant enzymes is possibly associated with
the disease [15].

The study aimed to analyze the association of SNPs in
CAT (rs7943316), GPX-1 (rs1050450), and TF (rs8177178)
with KC risk in a sample of the Russian population.

MATERIALS AND METHODS

This study examined 25 patients diagnosed with KC
(23 men and 2 women aged 21-49 years; mean age,
27.76 + 1.75 years) who were treated at the Ophthalmology
Clinic of the S.M. Kirov Military Medical Academy in 2019
and 2020. The control group included 20 healthy individuals
without this pathology (6 men and 14 women aged
23-40 years; mean age, 24.9 + 0.6 years). All patients
examined represented a sample of the population of
the European part of Russia.

The study was conducted in accordance with
Good Clinical Practice standards and the principles of
the Declaration of Helsinki [16, 17]. The study protocol was
approved by the Ethics Committee of the S.M. Kirov Military
Medical Academy. Written informed consent was obtained
from all participants before their enrollment in the study.
KC was diagnosed based on objective examination data in
accordance with generally accepted criteria [18].

Corneal thickness was determined by corneal topography
using Pentacam (Oculus, USA). The measurement results
were evaluated in the pupil center projection.

The study material was venous blood in test tubes
with ethylenediaminetetraacetic acid. Blood samples taken
from patients upon their admission for inpatient treatment
were used. Deoxyribonucleic acid (DNA) was isolated from
blood samples by the standard phenol-chloroform method
using Proteinase K. Cellular debris-containing DNA was
obtained by centrifuging 2 mL of venous blood (5000 rpm,
15 min). The supernatant was decanted, and 1 mL of
N-[tris(hydroxymethyl)methyl]-2-aminoethanesulfonic acid
buffer (TES buffer) was added, mixed, and centrifuged again.
This procedure was repeated twice. The resulting material
was diluted in 1 mL of TES buffer and 10 L of Proteinase
K (20 mg/mL) was added. After resuspension, 25 pL of
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10% sodium dodecyl sulfate was added to each sample
to a concentration of 0.5% in solution. After incubation at
a temperature of 58°C for 2 h, 0.5 mL of phenol (pH = 8) was
added to the samples, mixed on a rotator for 10 min, and
centrifuged (10,000 rpm for 10 min). The supernatant was
collected into test tubes, each of which was added with 30 pL
of NaCl and 1 mL of 96% ethanol, and vigorously mixed.
After centrifugation (10,000 rpm for 5 min), the precipitate
was used, adding 1 mL of 70% ethanol to it. It was mixed
again and centrifuged (10,000 rpm for 5 min). For complete
evaporation of alcohol, open test tubes with samples were
incubated for 20 min. The precipitate containing the isolated
DNA was diluted with TE buffer (50-300 pL of the buffer
according to the amount of isolated DNA) and dissolved
on a rotator for 24 h. The isolated DNA was qualitatively
and quantitatively assessed using a NanoDrop 2000
spectrophotometer by Thermo Fisher Scientific (MA, USA)
and subsequently stored at -20°C.

Genotyping was performed by analyzing the restriction
fragment length polymorphism. During the amplification,
the reaction mixture for the polymerase chain reaction
included 6 pL of deionized water, 2 pL of fivefold Taq Red
buffer (Evrogen, Russia), 1.2 pL of 2.5 mM dNTPs (Evrogen,
(Russia), 0.1 pL of 20 uM forward and reverse primers each
(Table 1), 0.2 pL of 1 U Tag-DNA polymerase (SibEnzim,

Table 1. Characteristics of the primers used
Tabnuua 1. XapakTepucTyKa UCMob30BaHHLIX NpaliMepoB
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Russia), and 0.4 pL of isolated DNA matrix. In this study,
the C1000 amplifier (BioRad, USA) was used. Amplification
was performed under 95°C for 5 min for initial denaturation,
95 °C for 20 s for basic denaturation, primer annealing was
performed at Tm °C for 20 s, elongation was performed for
20 s at 72 °C, and final elongation was performed at 72 °C
for 5 min. Stages 2-4 were repeated cyclically 35 times.

SNP mutations in the material obtained after amplification
were detected using restriction endonucleases matched
to the nucleotide sequences of mutation points. Moreover,
2-5 units of enzyme activity were added to the samples and
incubated. The fragments formed as a result of restriction
were separated by electrophoresis on a 2% agarose gel
using a Sub-Cell GT electrophoretic chamber from BioRad
(USA). We used LE agarose from Thermo Fisher Scientific
(USA) diluted in TBS buffer and added with ethidium bromide
(biotechnology grade). The size of DNA restriction fragments
was assessed using standard DNA length markers (100 bp
and 50+ bp DNA ladder). The results of electrophoresis
were recorded using an ECX-20M transilluminator (Vilber
Lourmat, France). The results were recorded using the gel
documentation system (Fig. 1).

Based on the data obtained (number and size of
restriction fragments), the genotype of the examined patients
was determined (Table 2).

Gene/polymorphism

Primer (forward/reverse)

Tm* (°C)/amplification

product, bp
CAT 5-CTTCCAATCTTGGCCTGCCTAG-3 95/312
rs7943316 — AT 5-CCGCTTTCTAAACGGACCTTCG-3
GPX-1 5-TTATGACCGACCCCAAGCTC-3 95/349
rs1050450 — C/T 5-GACACCCGGCACTTTATTAGTG-3
TF-2 5-AGCTGTATGTGTGCATGCTGCTC-3 60,5/472

rs8177179 —A>G

5- GGGCCAATTCACACATTCAAT-3

Note: * — Tm primer annealing temperature; bp — base pair.

Table 2. Restriction analysis conditions and interpretation of results

Tabnuua 2. YcnoBuA NpoBeaeHNsA PECTPUKLMOHHOMO aHasn3a U UHTepnpeTauus pesybTaToB

Endonuclease and incubation

Gene/polymorphism conditions, °C/h

Genotype: restriction fragments, bp

CAT Hinf |
rs7943316 — A/T 37/3
GPX-1 Apal
rs1050450 — C/T 37/3
TF-2 BssT1/
rs8177179 —A>G 60/3

AA: 203, 312; AT: 109, 203, 312; TT: 312

CC: 84, 88, 218; CT: 84, 88, 218, 306; TT: 84, 306

AA: 274, 198; AG: 472, 274, 198; GG: 472

DOl https://doi.org/1017816/brmma95944
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Fig. Electrophoresis schemes for SNP detection and genotype identification in CAT, GPX-1, and TF genes: a — CAT rs7943316;
AT genotype — 109, 203, and 312 bp bands; AA genotype — 203 and 312 bp bands; AA genotype — 203 and 312 bp bands; TT genotype — 312
bp band; b — GPX-1 rs1050450; CT genotype — 84/88, 218, and 306 bp; CC — 84/88 and 218bp; c — TF rs7943316; AG — 472/274/198 bp;
AA — 274/198 bp; GG — 472 bp; M — DNA marker (100 bp). SNP — single nucleotide polymorphism; GPX-1 — glutathione peroxidase-1,

CAT — catalase; TF — transferrin

Puc. CxeMbl anekTpodopesa ana obHapyxeuna SNP u naoeHtuduKaumm reHotunos B reHax CAT, GPX-1 n TF: a — CAT rs7943316,
beHabl pparmenToB pectpukumm 109, 203, 312 bp cooTBeTCTBYIOT reTepo3nroTHOMY reHoTUny, ¢pparmenTsl 203, 312 bp — romosurot-
Hbl reHoTUn AA, dparMeHT 312 bp — reHotun TT; b — GPX-1 rs1050450, CT — reteposurota (84/88, 218, 306bp), CC — roMosurota
(84/88, 218bp); ¢ — TF rs7943316, AG — reteposurota (472/274/198 bp), AA — romosuroTa (274/198 bp), GG — romosurota (472 bp);

M — mapkep [OHK (100 bp)

Comparison of quantitative variants between groups
was assessed using Student’s t-test. Allele and genotype
frequencies were analyzed using chi-square and Fisher's
exact test. Odds ratios (OR) and 95% confidence intervals (Cl)
were also evaluated, and p less than 0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

The mean values of corneal thickness in patients with
KC were significantly lower than those in healthy individuals
(470.5 £ 4.9 ym and 533.7 + 3.6 um, respectively; p < 0.05).

The frequency distributions of CAT rs7943316 genotypes
A/T in patients with KC were 40% of TT, 52% of TA, and 8% of
AA, whereas among healthy people, these were 35% of TT,
55% of TA, and 2.7% of AA. A significant association of this
SNP with KC development was not found. None of the alleles
(A and T) was significant in reducing KC risk (OR = 0.78; 95%
Cl =0.33-1.88, p = 0.59) (Table 3).

Frequency distributions of CC and CT genotypes of
GPX-1 rs1050450 C/T polymorphism were 56% and 44% in
patients with KC and 30% and 70% in healthy individuals,
respectively. The T allele was weakly associated with KC and
slightly increased the risk of KC compared with the C allele;
however, the reliability of these indicators was insufficient
to regard them as significant (OR = 1.91; 95% Cl = 0.75-4.85;
p=0.17).

The distribution of genotypes and alleles of TF rs8177179
in patients with KC was 20% of AA, 40% of AG, and 40%

DOl https://doi.org/1017816/brmma95944

of GG, whereas in the control group, these were 40%,
10%, and 50%, respectively. The presence of the A allele
in the genotype increased the incidence of KC, whereas
the G allele decreased it. The incidence of KC associated with
the AG genotype of the rs8177179 polymorphism increased
(OR = 5.67, 95% Cl = 1.07-30.00; p = 0.12). No correlation
was detected between the GG genotype and the incidence of
KC (OR = 0.74, 95% Cl = 0.22-2.47, p = 0.62).

In general, our results did not reveal an association
between KC and any of the genotypes and alleles of CAT
rs7943316 A/T. An analysis of the frequency distribution
of the genotypes of GPX-1 rs1050450 C/T showed a weak
relationship between the T allele and KC, and its presence
in the genotype increased the relative risk of occurrence of
clinical signs. No significant relationship was found between
KC and gene mutations of antioxidant enzymes CAT and
GPX-1 because ultraviolet radiation, being the cause of
the appearance of ROS, is insignificant in the pathogenesis
of KC as an etiological factor in the European part of Russia.
However, the small number of cases does not give grounds
for making unambiguous statements.

TF can provide antioxidant protection for the structural
elements of the cornea. Variations in TF may contribute to an
increase in the level of unbound iron, which leads to oxidative
damage and KC development [19]. In some European
populations, specifically in a sample of the population of
Central and Eastern Poland, the A/A genotype and A allele
of the g.3296G > A polymorphism of TF were associated with
an increase in the incidence of KC [20]. A weak and moderate
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Table 3. Genotypes and alleles of the CAT, GPX-1, and TF genes among patients with keratoconus and healthy individuals
Tabnuua 3. M'eHoTMNbl M annenbHoe pacnpepenexue B reHax CAT, GPX-1 v TF cpeay 60NbHbIX KePaTOKOHYCOM W 3[,0pOBbIX

Variant Patients, n (%) Control group, n (%) OR (95% CI) p* Bond strength **
rs7943316, CAT

11 10 (40) 7 (35) 1.78 (0.36-4.18) 0.73 Insignificant
TA 13 (52) 11 (55) 0.88 (0.27-2.88) 0.84 Insignificant
AA 2(8) 2(10) 0.78 (0.10-6.10) 0.86 Insignificant
Allele T 34 (68) 25 (62.5)

0.78 (0.33-1.88) 0.59 Insignificant
Allele A 16 (32) 15 (37.5)

rs1050450, GPX-1

cC 14 (56) 6 (30)

2.97 (0.86-10.3) 0.47 Insignificant
CT 11 (44) 14 (70)
il 0(0) 0(0) - - -
Allele C 39 (78) 26 (65)

1.91 (0.75-4.85) 0.17 Weak
Allele T 11(22) 14 (35)

rs8177179, TF

AA 5(20) 8 (40) 0.34 (0.09-1.31) 0.1 Medium
AG 10 (40) 2(10) 5.67 (1.07-30.0) 0.12 Medium
GG 10 (40) 10 (50) 0.74 (0.22-2.47) 0.62 Insignificant
Allele A 20 24

0.44 (0.19-1.04) 0.06 Weak
Allele G 30 16

Note: * — significance level x% **— based on the @-criterion.

correlation was found between TF rs8177179 and KC
development among the examined patients. An insignificant
increase in the incidence of KC was noted in heterozygous
patients (AG genotype). The risk of clinical manifestations
had a slight upward trend in the presence of the A allele of
the rs8177179 polymorphism, however without statistical
significance.

CONCLUSION

The results obtained comprise preliminary data on
the relationship between KC development and polymorphisms
of genes for antioxidant defense enzymes in the Russian

DOl https://doi.org/1017816/brmma95944

population. However, they have certain limitations. For
example, only one polymorphism of each KC-associated
gene has been considered, and different ethnic groups have
not been examined.

Our data suggest that etiological factors in the KC
pathogenesis for the Russian population may be more similar
to that for the European population than for the Central
Asian population. This assumption requires further studies
involving representatives of various ethnic groups and
nationalities. A more detailed study of TF polymorphisms
(particularly rs8177178), which can modulate KC risk by
changing iron homeostasis and inducing oxidative stress, is
warranted.
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