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ANALYSIS OF MYOCILIN (MYOC) AND NEUROTROPHIN 4 (NTF4)
GENES IN PATIENTS WITH GLAUCOMA IN KAZAKHSTAN

Abstract. Primary Open-Angle Glaucoma being the most common type of glaucoma has a great socio-medical
significance and it is a major focus for scientific researching in ophthalmology. In 21-50% of cases the disease is the
result of genetic causes and for descendants of people with glaucoma, the risk of this pathology is 10 times higher.
Mutations causing Primary Open-Angle Glaucoma have been identified in MYOC/TIGR gene, which encodes a
57kDa protein known as myocilin and in the gene NTF4 that codes a dimeric peptide (28kD). In this study we in-
vestigated the frequency of mutations in MYOC/TIGR and NTF4 genes in Kazakhstan population. The study was
conducted involving 85 patients diagnosed with primary glaucoma and 100 individuals as a control group. The
results of our research show that T3531, D208E in MYOC/TIGR gene and R206W polymorphisms in NTF4 gene
among Kazakhstan population has no influence on the POAG progression while R76K SNP in MYOC/TIGR gene
can be as a genetic factor which affects the development of POAG type of glaucoma.

Keywords: POAG, polymorphism, MYOC/TIGR, NTF4.

Introduction. Glaucoma is a neurodegenerative disease which is characterized by progressive
damage to ganglion cells, optic nerve fibers, and visual field defects. It is one of the main reasons of
irreversible blindness in the world. Primary Open-Angle Glaucoma (POAG) is a basic form of primary
glaucoma. Glaucoma is a treatable disease if it is detected early, however, many patients get being diag-
nosed only after the loss of visual field, since glaucoma is typically asymptomatic at the early stages [1].

An estimated 66.5 million people were identified as having open-angle and angle-closure glaucoma
by 2010 and it tends to reach 79.6 million by 2020. Binocular blindness in 2010 was observed in 8.4
million patients with glaucoma, and by 2020 it is going to rise to 11.2 million [2]. According to J. Gold-
berg's estimates, the number of glaucoma patients will reach 120 million by 2030 [3]. Since 2011,
24 750 patients with glaucoma have been registered in Kazakhstan [4].

Primary open-angle glaucoma (POAG) is described distinctly as a multifactorial optic neuropathy
that is progressive, and irreversible, with a characteristic acquired loss of optic nerve fibers. POAG is a
chronic disease. It may be hereditary. Genetic predisposition is a distinctive feature of primary glaucoma
and confirmed in 50% of cases. Currently, there are 4 causative genes and 70 candidate genes associated
with the development of POAG [5]. The well-recognized genes associated with POAG include myocilin
(MYOC/TIGR) [6, 7], optineurin (OPTN) [8] and neurotrophin-4 (NTF4) [9]. In the past 2 years, large
scale genetic studies that have examined the blood samples of thousands of glaucoma patients have been
instrumental in the discovery of more common genetic risk factors for POAG. For glaucoma, these
genetic factors include changes in the DNA sequences or actual loss of DNA, and several different genes
have been implicated [10]. How these genes cause or influence the likelihood of developing POAG is of
major interest. The definition of a mutation in these genes is important for the diagnosis of glaucoma and
genetic counseling of patients.

MYOC/TIGR gene located in chromosome 1q24.3 and expressed in many ocular tissues, including
the trabecular meshwork. Therefore, the alternative name for this gene is T/GR (gene trabecular mesh-
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work-induded glucocorticoid response protein). The gene has 3 exons of size 604, 126, and 782 bp.
MYOC is expressed as a 2.3 kb transcript and the translated product is predicted to contain 504 amino
acids (58 kDa) [11]. Myocilin mutations, in general, are more strongly associated with POAG and JOAG
than other forms of glaucoma [12, 13].

The next gene is neurotrophin (NTF4). Cytogenetic Location: 19q13.33, which is the long (q) arm of
chromosome 19 at position 13.33. NTF4 is translated as pre-pro-neurotrophin. The gene is organized in
2 exons and encodes a polypeptide of 210 amino acids. Neurotrophin protein is dimeric polypeptide with
a molecular weight of 28 kDa and they are important regulators of neural survival, development, function,
and plasticity. NTF4 gene is expressed in most parts of the brain and in other tissues [14].

Mutations in the MYOC/TIGR and NTF4 genes result in damage to actin fibers in the trabecular
meshwork [15] and a decrease in neurotrophin signal [16]. Mutations in these genes are responsible for
the development of glaucoma from 2% to 20%.

The main goal of this study is to investigate the polymorphism of MYOC/TIGR (rs772312298,
1s2234926, D20SE) and NTF4 (rs121918427) genes in patients with glaucoma in population of Ka-
zakhstan.

Materials and methods. The study was conducted involving 85 patients diagnosed with primary
glaucoma. These materials were collected in the Kazakh Research Institute of Eye Diseases and in the
Medical Centre Hospital of President’s Affairs Administration of the Republic of Kazakhstan. As a cont-
rol group, people were selected who did not suffer from this disease and they were chosen depending
on the age, gender and ethnic composition of patients with glaucoma. Genomic DNA was extracted from
200 pl of whole blood using a kit (ThermoFisher Scientific, USA). The concentration of the DNA molecu-
le was determined using a DNA fluorometer (BioPhotometer plus, Eppendorf, Germany), and the quality
was determined by agarose gel electrophoresis.

Genotyping of polymorphisms was carried out by polymerase chain reaction (PCR) and restriction
fragment length polymorphism (RFLP). The volume of the reaction mixture for PCR is 20 pl: 50-100 ng
of genomic DNA, 5 pmol of primer and Master Mix (ThermoFisher Scientific, USA). For the PCR ther-
mal cycle, a touchdown annealing temperature of 62°C minus 0.2°C per cycle for 35 cycles was used in a
thermal cycler (Mastercylcer nexus, Eppendorf, Germany). Patients with POAG and members of the cont-
rol group were also screened by restriction analysis. Restriction enzymes were mixed with each sample
and incubated with their corresponding buffers overnight at 37°C (ThermoFisher Scientific, USA). Primer
pairs and restriction enzymes are listed in table 1. DNA fragments were detected by electrophoresis on 2%
agarose or 12% polyacrylamide gels.

Table 1 — Primer pairs and restriction enzymes for PCR-RFLP analysis

Polymorphism Primer pair (5'— 3') Codon changes | Nucleotide changes | Restriction enzyme
mom [ GCTACCCIEIAGTIONNTAC | o | ssic-ny | pcnan
o | cnaoeacortaciacs [ g | omaen | s
oo | DIONenoeal | apton | aneeo | s
oo | ooaeeaTiemial | e | asen | g

When processing the PCR products with restriction enzymes, the following DNA fragments were ob-
tained: Thr/Thr-181, 101, 44, 30 bp.; Arg/Arg — 310 bp., Arg/Lys -310, 213, 97 bp, Lys/Lys - 213, 97 bp;
Asp/Asp - 207,126 bp; Arg/Arg-501,86,71 bp.

Results and discussion. In order to observe MYOC and NTF4 polymorphism by PCR-RFLP
methods 85 patients suffering from glaucoma and 100 glaucoma-free individuals as a control group were
included in genetic case-control studies. The genotype distribution based on SNPs are shown in figures 1
and 2.

— (4 ——
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1 2 3 4 5 6 7 8 9 10 11 M

e
181pp 175 'ﬁi’,
150 bp
125 bp
101bp 100 bp
75 bp
T4 bp
50 bp
44 bp
30 bp
25 bp
M — DNA Ladder 25 bp (ThermoFisher Scientific, USA), 1-11 — CC genotype.
Figure 1 — R76K SNP genotyping results by PCR-RFLP method
1 2 3 4 5 6 7 8 9 M
310 bp 325bp
300 bp
275 bp
250 bp
213 bp 225 bp
200 bp
175 bp
150 bp
125bp
97 bp

100 bp

75bp

50 bp

M — DNA Ladder 25 bp (ThermoFisher Scientific, USA),
1,2, 3, 5— GG genotype, 4, 6 — GA genotype, 7, 8, 9 — AA genotype.

Figure 2 — Results of R76K SNP polymorphism by PCR-RFLP method

The frequencies of R76K polymorphisms in glaucoma patients and healthy control group are
tabulated in table 2.
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Table 2 — Genotype frequencies of the studied R76K G>A polymorphism in population

Patients group Patients group )
SNP Genotypes X OR CL 95% P
n=85 n=100
GG 0.682 0.970 0.07 0.02-0.23
R76K G>A GA 0.259 0.030 26.59 11.29 3.24 -39.30 3.0E-7
AA 0.059 0.000 13.73 0.75 -252.07

It this study R76K SNP has been detected in 27 glaucoma patients (22-Arg/Lys, 5-Lys/Lys) and in
3 individuals (3-Arg/Lys) from the control group.

R76K polymorphism is nucleotide change resulted in G being replaced by 4 (¢.227G>A) in exonl of
MYOC/TIGR gene predicting amino acid change (substitution of Arg by Lys). The research carried out in
Germany shows that R76K SNP was detected in 40 out of 112 glaucoma patients and in 3 patients there
was identified Lys76Lys mutation at a polymorphic level [17].

According to the data, the variation T3531 c.1058C>T in exon3 of MYOC gene can be one of the
main reasons for developing POAG with increased intraocular pressure [15]. The reported findings on
glaucoma genetics in Chinese Han population add to a growing body of evidence supporting that
hypothesis. However, the genomic analyses of populations in Caucasus and Africa revealed that there is
no genetic association of mutation T3531 with glaucoma. Thus, genetic variations of MYOC gene can be
varied among different ethnicity [16]. D208E mutations of MYOC/TIGR gene are causes of amino acid
changes (Asp to Glu) due to the 624-cytosine nucleotide in exon2 of this gene is substituted by guanine.
F. Mabuchi et al. reports that Asp208Glu mutations have been found in 4 hypertensive glaucoma patients
and 3 POAG patients, at the same time it was revealed in 1 individual from the control group in Japan
[18]. In addition, Japanese researchers investigated the distribution of Asp208Glu polymorphism among
99 glaucoma patients and their families also, in which Asp208Glu SNP has been indicated in one of the
patients' mother and the researchers considered Asp208Glu polymorphism as an occasional neutral
change with no effect on the gene's output [26]. Consequently, genetic variations of MYOC gene can be
varied among different ethnicity.

The studies were carried out in China showed that R206W polymorphism in NTF4 gene is a rare
example of mutation. This SNP was indicated only in one of the 174 patients [27]. The research held by
Pasutto found that named SNP was indicated in 4 glaucoma patients out of 399 from the experimental
group and in none of the controls [28]. Abundant studies lead us to conclude that R206W polymorphism
is a very rare SNP. Indeed, as a result of our study R206W polymorphism has been detected in neither
case belong to the test group nor the control group.

By the frequency of T3531, D20SE and R206W polymorphisms in MYOC gene and in NTF4 respec-
tively, there is no statistically significant difference between patients with POAG and individuals from
control group. The available data point to the low frequency of above-mentioned polymorphisms. Our
study has revealed that R76K is the most frequent polymorphism in Kazakhstan population. According to
literary sources, the frequency of R76K SNP in Asia's population is higher than in Europe. The results of
our research suggest that T3531, D208E and R206W polymorphisms in Kazakhstan population are the
matter of neutral SNPs and could not be determined as a genetic reason of POAG progression, whereas
R76K SNP has a strong association with POAG form of glaucoma.
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Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

K. b. Tineyaec, O. X. Xamauena, C. b. 3aiinanosa, I'. A. Koiiluexkenosa, b. O. bekmanos
KP BFfM FK «Kanms! renetrka sxoHe nutoiorust ”HCTUTYThDY PMK, Anmatsl, Kazakctan

KA3AKCTAHJA I'TAYKOMAMEH AYBIPATBIH HAYKACTAPJIA MUOLIWJINH (MYOC)
/KOHE HEMPOTPO®UH 4 (NTF4) TEHJAEPIH TAJIJIAY

Annoranus. Kasipri TaHa OipiHIIUIIK amiblK OYpPBIMITH TiayKoMa O(TalbMOJIOTHS CalaChIHIAFbl MEIUIIH-
HAJTBIK-OJICYMETTIK MOHTE Me 0achkiM OarbsITTapAblH Oipi Oonbin caHamambel. [maykoma 21-50% »xarmailina TeHETH-
KaJIBIK HETI3JICNITCH, IIayKOMaMeH aybIpaThlH HAyKACTApIbIH YPHAKTapBIHAA OCHl aypyIblH namy Kaymi 10 ecere
JKOFaphl OONATHIHIBIFBl AHBIKTAIFAH. BIpIHIIIIIK amibIK OYpBIITHl TIAyKOMa aypyblH TYIBIPATHIH MYTaIUsIIap
57xda muonmnmH OenorbiH kKoatailTeiH MYOC/TIGR xone 28 x/la ammMepili HMONMHMIENTHATI KoaTaWTeiH NTF4
TeHnepinae anpIKTanFal. by sxymeicta Kazakcran nomynsmusceiana MYOC/TIGR xone NTF4 rernepinaeri Mmyra-
OUSUTApIBIH Ke3Iecy JKHLUIITi aHBIKTay KapacTHIPBUIFaH. 3epTTeyre OipiHIIUIK amiblK OYpBINTH TIIayKOMaMeH
aybpIpaThiH 85 HayKac jkoHe Oakpuiay petinze 100 cay agammapiaH )KMHANFaH KaH YATUIepi KOJINAHBUIIBL 3epTTey
notmwxkecinge MYOC/TIGR reninneri T3531, D208E sxone NTF4 reningeri R206W myTtanusiiapsl MeH riiaykoma
aypybIHBIH JaMybl apachiHAa OainaHbICThIH O0MMauThIHABIFEL, an MYOC/TIGR reninnmeri R76K SNP wmyTtarusi-
CBIHBIH aTaJIFaH aypy/blH J1aMyblHa 9CEp €TETIH/ITT aHbIKTaJ/IbI.

Tyiiin ce3nep: BABI, nomumopdusm, MYOC/TIGR, NTF4.

K. B. Tineyaec, O. X. Xamauena, C. b. 3aiinanosa, I'. A. Koiimuekenosa, b. O. BekmanoB
PI'TI «ucTuTyT 00mIeii reneTrky u muronorum» KH MOH PK, Anvmarter, Kazaxcran

AHAJIN3 TEHOB MUOIIMJIMHA (MYOC) U HEUPOTPO®UH 4 (NTF4)
YV BOJIbHBIX TJIAYKOMOM B KASAXCTAHCKOM MONMYJISIIAA

Annotanus. [TepBryHas oTKpbITas riiaykoMa, siBJISIOLIascsl HanboJsiee pacpocTpaHeHHON (POPMOM TIIayKOMBI,
HUMCCT 60.]11)]_[106 COUAIIBHO-MCININHCKOEC 3HAYCHUE U ABJIACTCA OCHOBHBIM HaIlpaBJICHUEM Hay4YHbIX I/ICCJ'IeLlOBaHI/Iﬁ
B obOnactu odranemoiiorun. B 21-50% ciyuaer 3a00seBaHue 00yCIIaBIMBACTCS TEHETHYCCKH, & Y TIOTOMKOB JIFOJICH,
OoJeBIINX TIayKOMOH, pUCK 3ToH maTtonoruu B 10 pa3 Beimre. MyTanuu, BbI3bIBAIOIINE IEPBUYHYIO OTKPHITYIO Tiay-
KoMy, Obuti uneHtuuuuposansl B reHe MYOC/TIGR, KOTOpBIH KOAMpYeT OEJIOK, M3BECTHBIH KaK MHOLMINH
(57 x1a), u B rene NTF4, koropslii kogupyer aumepHbli nentun (28kD). B nanHOM mccnenoBaHuM MBI U3ydain
gactoTy MyTtammid B reHax MYOC/TIGR u NTF4 cpenn nHacenenms Kasaxcrana. MccienoBaHue MpOBOAMIOCH C
ydacTieM 85 MarueHTOB ¢ MepBHYHON riaaykomoii 1 100 denoBek B KauecTBe KOHTPOIBHOHM TpyIIBL. Pe3ynpTaTs
HAIIMX WCCIICIOBAHUHA MOKa3bBatoT, uTo moimMopdmsmer T3531, D20SE B reme MYOC/TIGR n R206W B rene
NTF4 cpenu nacenenus Kazaxcrana He BiausroT Ha nporpeccuto [IOVYT, rorna kak R76K SNP B renax MYOC/TIGR
MOXeET ObITh FeHETHYECKUM (DAaKTOPOM, KOTOPBIiA BIMSET Ha pa3BuTHe riiaykombl Tina [TOVT.

Kiarwuesnie cioBa: [1IOYT, nonmumopdusm, MYOC/TIGR, NTF4.

Author’s information:

Tileules Zhanerke — Master student, Institute of General Genetics and Cytology of the Ministry of Education
and Science of the Republic of Kazakhstan; Almaty, janerke.tleules@mail.ru

Hamdieva Ozada — Scientific Researcher, Institute of General Genetics and Cytology of the Ministry of
Education and Science of the Republic of Kazakhstan; Almaty, azadahamdieva@gmail.com

Zajpanova Saule — Scientific Researcher, Institute of General Genetics and Cytology of the Ministry of
Education and Science of the Republic of Kazakhstan; Almaty, saulelkz@mail.ru

Kojshekenova Gulshat — Scientific Researcher, Institute of General Genetics and Cytology of the Ministry of
Education and Science of the Republic of Kazakhstan; Almaty, ms.gulshat7@mail.ru

Bekmanov Bakhytzhan — PhD, Institute of General Genetics and Cytology of the Ministry of Education and
Science of the Republic of Kazakhstan; Almaty, bobekman@rambler.ru




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.com/postingpolicy),
that it is not under consideration for publication elsewhere, that its publication is approved by all authors
and tacitly or explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other language,
including electronically without the written consent of the copyright-holder. In particular, translations
into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked by the
Cross Check originality detection service http:/www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmieHus cTaTby IJ1s MyONIHUKAIMK B )KypHaIe CMOTPETh Ha caiTe:

www:nauka-nanrk.kz
ISSN 2518-1629 (Online), ISSN 2224-5308 (Print)

http://www.biological-medical.kz/index.php/ru/

Penaxrop M. C. Axmemosa, T. M. Anenoues, /[. C. Anenos
Bepctka Ha xommsrotepe /. H. Kankabexosoii

IToxmwucano B meuats 11.07.2018.
dopmar 60x881/8. bymara odcernas. [Teuars — puzorpad.
9,2 1. Tupax 300. 3akas 4.

Hayuonanvnas akademus nayk PK
050010, Anmamut, ya. Llesuenxo, 28, m. 272-13-18, 272-13-19



