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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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GENETIC PREDICTORS OF SCHIZOPHRENIA AND THEIR FEATURES IN INDIVIDUAL
ETHNIC POPULATIONS (REVIEW ARTICLE)

N.A. Negay!, K.S. Altynbekov?*, N.I. Raspopova®3, A.A. Abetova?®, N.B. Yessimov?.
World Health Organization Country Office in Kazakhstan, Astana, Republic of Kazakhstan

’Republican Scientific and Practical Center for Mental Health, Almaty, Republic of Kazakhstan
3Kazakh National Medical University named after S.D. Asfendiyarov, Almaty, Republic of Kazakhstan, IRN OR12165486).

Abstract.

The paper presents a review of current literature data on
ongoing international studies to identify genetic predictors
of schizophrenia, since heredity and family predisposition to
schizophrenia have been known for several decades. New data
on the interaction between genetic variants, epigenetic marks,
including cross interaction between the processes of DNA
methylation and histone modification, affecting the regulation
of gene expression under the influence of the environment,
are reflected. Particular attention is paid to studies devoted to
identifying the features of genetic predictors of schizophrenia in
certain ethnic populations, in particular in relation to persons of
the Kazakh ethnic group in the Republic of Kazakhstan.

The study was carried out within the framework of the
project: "National program for the introduction of personalized
and preventive medicine in the Republic of Kazakhstan" IRN
OR12165486.

Key words. Schizophrenia, genetics, epigenome, ethno-
cultural features, Kazakh population.

Schizophrenia is a severe mental illness associated with
significant social and economic losses [1]. Schizophrenia affects
about 1% of the world's population [2,3]. The initial manifestations
of the disease often occur in childhood and in adolescence and
can lead to early disability, causing significant family and social
problems, as well as increasing health care costs [4,5].

Heredity and familial predisposition to schizophrenia have
been known for several decades [6]. Although schizophrenia
has a fairly strong genetic component with a heritability of
about 80%, there is also a significant range of environmental
and stressors that may be involved in the development of the
disease, such as maternal infections during pregnancy, obstetric
complications, childhood trauma, and exposure to cannabis [7].

Epigenetics was originally used to develop mitotic and
meiotic changes in gene transcription that could not be
attributed to genetic mutations. Later, this referred to changes
in the epigenome not transmitted through the germline. Thus,
epigenetics refers to a wide range of molecular mechanisms,
including DNA methylation of cytosine residues in CpG
dinucleotides and post-translational modifications of histones
[8]. These mechanisms alter the way transcription factors bind
to DNA by modulating its expression. Prenatal and postnatal
environmental factors may influence these epigenetic factors
responsible for long-term DNA transcription [9]. It is assumed
that epigenetic factors, as well as regulatory non-coding RNAs,
mediate the action of these environmental factors and play a
role in the genesis of this disease [10].

Ongoing genetic research in the field of schizophrenia
shows that, despite clear evidence of the presence of a genetic
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component, it is very difficult to pinpoint the specific genes that
cause the disease [11]. Studies have addressed topics that reveal
the involvement of nervous system development, glutamate
regulation, and differential activation of the immune system in
the causes of hereditary predisposition to schizophrenia [12].
Modern epigenetic research aimed at identifying the biological
mechanisms underlying family dependence in schizophrenia
(SZ) has provided an opportunity to obtain additional
information about the interaction of genes and the environment
[13].

New data have been obtained on the interaction between
genetic variants, epigenetic labels, including cross-interaction
between DNA methylation processes and histone modification,
affecting the regulation of gene expression under the influence
of the environment [14]. A combination of genetic and/
or environmental factors during critical periods of brain
development is thought to increase the risk of developing
schizophrenia [15]. Epigenetic regulations, such as DNA
methylation, can mediate gene-environment interactions at the
genome level and may serve as a potential substrate to explain
the variability in symptom severity and the effect of family
heritability [16].

A review of the PubMed database summarized the evidence
for two major epigenetic mechanisms in the genesis of
schizophrenia: DNA methylation and post-translational
modifications of histones. According to the current literature
from an epidemiological perspective, the theoretical model of
epigenetics is applicable to schizophrenia. It has been found that
most environmental factors that have proven to be associated
with this disease can generate epigenetic mechanisms.
Mutations have been found in regions involved in the epigenetic
mechanism among populations with schizophrenia. Some
epigenetic changes in sections of DNA have previously been
associated with abnormalities in the development of the nervous
system. In psychosis, some authors have found differences in
the methylation of the COMT gene, the reelin gene, and some
genes involved in the dopaminergic, serotonergic, GABAergic,
and glutamatergic pathways. Histone modifications have been
described, in particular the methylation of histone H3L4.

A review of epigenetic studies of patients with schizophrenia
using the postmortem brain or peripheral tissues focused on
DNA methylation [17]. This review investigated the most
well-known epigenetic labels, including DNA methylation and
histone modification, as well as emerging epigenomic RNA
mediators, including miRNAs and dnRNAs, and concluded
about their potential involvement in the pathophysiology of
schizophrenia, based on postmortem analysis of brain tissue in
schizophrenia patients.



Given that peripheral tissues such as blood, saliva, and
the olfactory epithelium have the same genetic makeup and
are exposed to the same environmental influences, studies
supporting the use of peripheral tissues to detect epigenomic
biomarkers in schizophrenia are of interest, which also describe
how these biomarkers can be used to capture the signature of
past events that will inform future treatment [18].

DNA methylation (DNA m) is important for brain development
and potentially important in schizophrenia. There is evidence
in the literature of DNAm in the prefrontal cortex of 335 non-
psychiatric control groups throughout life and 191 patients
with schizophrenia, which revealed widespread changes in the
transition from prenatal to postnatal life. These are changes in
DNAm are manifested in the transcriptome, strongly correlate
with the shift in the cellular landscape and overlap the areas
of genetic risk of schizophrenia [19]. A quarter of published
genome-wide associative studies (GWAS) — suggesting
loci (4208 out of 15,930, P <10 (-100)) appear as significant
quantitative methylation feature (meQTL) loci, including 59.6%
of GWAS-positive loci of schizophrenia [20].

The studies focus on 104 CpG, which differ between
patients with schizophrenia and the control group, they
were enriched with genes associated with development and
neurodifferentiation. Schizophrenia-related CpG is strongly
correlated with changes associated with prenatal-postnatal
transition and show little enrichment of GWAS risk loci, but do
not correspond to CpG that distinguish adolescence from later
adulthood. These findings point to an epigenetic component of
the origin of this mental disorder [21].

The result of most studies suggested a negative relationship
of the polymorphism of D2-like receptors with the etiology of
schizophrenia, but at the same time, the fact of their influence
on the clinic and severity of the symptoms of this disease is not
denied. Fragments of genes D2-like receptors were amplified by
polymerase chain reaction; polymorphisms were identified by
methods of polymorphism of the length of restriction fragments
and single-strand conformational polymorphism. There were
no statistically significant differences in polymorphisms and
their combinations between patients with schizophrenia and the
control group.

Patients with schizophrenia with D4E1 (A1/A2), which
contains 2 and 1 tandem repetitions of a sequence of 12 base
pairs in exon 1, had a lower overall score of positive symptoms
before treatment than patients with schizophrenia with D4EI
(A1/A1). No association was found between polymorphism and
negative symptoms [22].

Of great interest are genetic studies in the field of schizophrenia
in individual ethnic populations. For example, the literature
presents the first results of a study of variants UCP2 -866G /
A / and CFH Y402H on the risk of developing schizophrenia
in the Turkish population. In this study, the authors sought to
assess whether variants of the Uncoupling protein 2 gene and
complement factor H play any role in the risk of developing
schizophrenia [23]. This study was conducted on 200 people (100
patients with schizophrenia and 100 healthy people). Genomic
DNA was isolated from blood samples. UCP variants 2-866G/A
(rs659366) and CFHY402H were analyzed using PCR-PDRF.

In this study, the G/G genotype of UCP2-866G/A variants and
the G allele were significantly associated with an increased risk
of schizophrenia. (p = 0.001, p = 0.001, respectively).

Subjects carrying the UCP2-866G/A G variant genotype had
a 4,377-fold increased risk of developing schizophrenia. There
was no significant difference between the groups in genotype
frequencies and alleles of the CFH Y402H variant (p> 0.05).
The observed number of genotypes deviated significantly from
that expected in patients with schizophrenia according to HWE.
for the UCP2-866G/A variant (p = 0.001). The study concluded
that the UCP2-866G/A variant, but not the CFH Y402H variant,
may play an important role in the development of schizophrenia.

In China, studies have been conducted to determine the
association between the Ser9Gly polymorphism of the
dopamine D3 receptor gene and tardive dyskinesia in patients
with schizophrenia in the Chinese population [24]. It has been
suggested that the dopamine receptor D3(DRD3) may be
important for tardive dyskinesia (TD) caused by antipsychotics.
Previous studies have demonstrated an association between
serine and glycine polymorphism in the first exon of the DRD3
and TD gene; however, the results were inconsistent. Therefore,
the authors reproduced these studies on a sample from China.
A total of 115 patients with schizophrenia were assessed for
TD severity using the Abnormal Involuntary Movement Scale
(AIMS) and were subsequently genotyped for polymorphism
DRD3. The average SCORE on the AIMS scale in patients
carrying heterozygote (DRD3 (ser-gly)) was significantly higher
than in patients with homozygotes (DRD3 (ser-ser) and DRD3
(gly-gly)). Thus, the results obtained in this study confirmed the
conclusions of previous studies.

Geneticstudiesinthefield of schizophreniahave been conducted
on the South Indian population [25]. The aim of this study was
to study the genetic variations of DNA methyltransferase genes
that predispose to the risk of developing schizophrenia. The
authors tested the polymorphism of DNA methyltransferases,
DNMT1, DNMT3A, DNMT3B and DNMT3L in 330 patients
with schizophrenia and 302 healthy people from the control
group for association with schizophrenia in the South Indian
population. These polymorphisms were also tested for subgroup
analysis considering the patient's sex, age of onset of the disease
and family history. DNMT1 rs2114724 (genotype P = 0.004,
allele P = 0.022) and rs2228611 (genotype P = 0.004, allele P
= 0.022) were found to be largely related at the genotypic and
allelic level to schizophrenia in the South Indian population.

Genotype DNMT3B 152424932 (P = 0.023) and allele (P =
0.0063) increased the risk of schizophrenia in men but not in
women. DNMT3B 151569686 (genotype P = 0.027, allele P =
0.033) was found to be associated with early onset schizophrenia,
as well as with family history and early onset (genotype P =
0.009). DNMT 3L rs2070565 (genotype P = 0.007, allele P
= 0.0026) poses an increased risk of developing schizophrenia
at an early age in individuals with a family history. In-silico
prognosis has shown the functional significance of these SNPs
in gene regulation. The results of this study may have significant
implications for considering and understanding the genetic
control of differences in methylation levels from an ethnic
perspective.
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In large-scale genetic studies of schizophrenia, samples of
European origin have been reported primarily, which potentially
did not take into account important biological discoveries [26].
A large-scale genetic study has now been conducted, involving
representatives from East Asia (22,778 cases of schizophrenia
and 35,362 people in the control group). In this study, 21
genome-wide significant associations were identified in 19
genetic loci. The common genetic variants that create the risk
of schizophrenia have very similar effects between East Asian
and European ancestors (genetic correlation = 0.98 + 0.03),
indicating that the genetic basis of schizophrenia and its biology
are widespread among populations in different regions of the
world. A fixed-effect meta-analysis involving people from East
Asia and Europe identified 208 significant associations in 176
genetic loci (53 new).

Accurate mapping of trans ancestors reduced the set of possible
causal variants in 44 loci. Polygenic risk scores have reduced
efficacy in inter-pedigree transfer, highlighting the importance
of including sufficient samples of major ancestral groups to
ensure their generalizability among populations.

The study of genetic predictors of schizophrenia, which begins
in childhood, was also carried out in the Republic of Kazakhstan
in relation to persons of the Kazakh ethnic group [27-29]. In
particular, in one of the previously conducted studies [27], the
sample of patients consisted of 112 people of Kazakh nationality
aged 4 to 30 years. The average age in the group of patients at
the time of the examination was 16.8 years (the study included
adults in whom the onset of schizophrenia was recorded in
childhood). The control group consisted of 190 individuals of
Kazakh ethnicity aged 19 to 76 years, who had no history of
psychoneurological diseases. The average age in the control
group was 31.6 years.

A replicative analysis of the associations of 15 SNPs in the
region of 14 genes previously identified in wide-genome studies
(GWAS) with ecarly-onset schizophrenia in Kazakhs was
carried out. An association of early schizophrenia with markers
of three genes (VRK2, KCNB2 and CPVL) was found. Using
multivariate data dimensionality reduction methods, two groups
of four and six genes were found to exhibit intergenic epistatic
interactions. The gene ontologies of the 14 genes studied were
reduced to variants of one molecular function (peptidase activity)
and one biological process (positive regulation of biosynthesis
processes). Bioinformatic analysis of the protein interactions of
the products of the studied genes showed that the products of
six of the 14 genes can be involved in a single interconnected
network, the main link of which is the ubiquitinylation of them
by the UBC protein.

For replicative association analysis, this study selected 15
single-nucleotide genetic markers for which a highly reliable
association with schizophrenia and cognitive traits that are
endophenotypes of this disease in GWAS [30-36] was identified.
Of the 30 genotype distributions studied, two deviations from
the distribution expected in PCV were observed for the single-
nucleotide polymorphism rs8020441 of the ZFP64 P gene. 1
in the group of patients with schizophrenia and for rs2252521
of the C PVL gene in the control sample. In general, the allele
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frequencies in patients and in the control were close and within
the variations observed in world populations according to the
HapMap and "1000 genomes" projects [37,38].

Minor allele rs2252521 of the CPVL gene (OR = 1.46, p =
0.037) and major alleles rs2312147 of the VRK2 gene (OR =
1.72, p=0.008) and rs2247572 of the KCNB2 gene (OR = 1.54,
p = 0.030) were significantly more common among patients with
early schizophrenia Kazakhs compared with the control group.
For two of the three associated markers (SNP genes VRK2
and KCNB?2), the association was confirmed by significant
differences in the distribution of genotypes, estimated according
to the criterion of maximum chi-squared likelihood. For
152252521 of the CPVL gene, the differences in the distribution
of genotypes were close to statistically significant (p = 0.092).

All three SNPs associated with early schizophrenia in Kazakhs
have been found to be non-coding nucleotide substitutions
localized in introns. The first set of consistent cross validations
consisted of four interacting genes: SLCOO6A1, VRK2,
ZFP64P1, and CSMDI, with only one of them (VRK 2)
demonstrated a statistically significant association with
schizophrenia in Kazakhs at the level of individual SNPs.
The second set included six single-nucleotide cumulatively
active polymorphism variants and in addition to the four SNPs
described above, it included two more polymorphic variants:
rs17594526 of the TCF4 gene and rs2229741 of the NRIP1
gene.

The balance accuracy of the training and test samples for this
set of markers was 90.55% (sensitivity 98.95%, specificity
82.14%) and 53.64% (sensitivity 44.02%, specificity 65.09%;
P = 0.377). For this combination of markers, despite the high
balance accuracy (>90%) of the training sample, there was a
weaker classification ability on 10 test samples. The authors
note that it is likely that the problems of small sample size that
arise during multiple testing with an increase in the number of
subgroups with an increase in the number of interacting genes
in the training sample could lead to a decrease in sensitivity and
a loss of statistical significance of the model.

According to the results of this study, the association of
schizophrenia with early onset in Kazakhs of the Republic of
Kazakhstan with markers of three genes (VRK2, KCNB2 and
CPVL), who had previously found a highly reliable connection
with the disease or its endophenotypes in wide-genomic
associative studies, was revealed. The VRK2 gene encodes a
protein serine/threonine protein kinase that belongs to the casein
kinase group I. These protein kinases phosphorylate the hydroxyl
group in serine or threonine residues. They are involved in the
control of cytoplasmic and nuclear processes, including DNA
replication and repair, and are also involved in the control of
apoptosis. The possible role of VRK2 in the predisposition
to schizophrenia, in our opinion, may be due to the fact that
serine / threonine protein kinase binds the protein JIP1, which
in neuronal cells serves as an anti-apoptosis factor in response
to stress and plays a role in the development of the axon [34].
The association of VRK2 gene markers with schizophrenia
was identified in one of the first GWAS [22] on Caucasoids.
Later, the association rs2312147 of this gene with the disease



was replicated in the Chinese [35]. The authors believe that the
independent replication of the association of this gene in Asian
Mongoloids (Chinese and Kazakhs) possibly demonstrates the
race-specific nature of the association, probably associated
with the features of the structure of the gene pool or patterns of
linkage disequilibrium in this locus in Mongoloids.

With regard to the markers of the other two genes (KCNB2 and
CPVL), the association with which was replicated in Kazakhs,
the mechanisms of their possible involvement in susceptibility
to the disease are even less clear. Markers of these genes have
been identified in recent GWAS [26,27] as associated with
cognitive abilities, which are endophenotypes of schizophrenia.
The KCNB2 gene encodes a protein that is a member of the
potential-dependent potassium channel. The gene is expressed
in the smooth muscle cells of the gastrointestinal tract. The
protein encoded by the CPVL gene is carboxypeptidase and has
a strong sequence similarity to serine-type carboxypeptidases.
The authors suggest that the association with the disease of
markers in the locus of CPVL may not be associated with this
gene, but with the nearby locus LOC100506497, which encodes
miscRNA.

According to the results of the study of allelic polymorphism
of the serotonin receptor SHTR2A gene in children and
adolescents with schizophrenia of the Kazakh population, it was
suggested that there are significant differences in the distribution
of genotype and allele frequencies both between patients with
schizophrenia and mentally healthy individuals, and between
different variants of schizophrenia itself [29].

Thus, modern genetic studies have identified several risk
candidate genes or genome regions for schizophrenia, and
epidemiological studies have identified several environmental
risk factors [39]. However, the etiology of schizophrenia is
still largely unknown [40]. Epigenetic mechanisms, such as
DNA methylation and histone modifications, may explain the
interaction between genetic and environmental factors at the
molecular level, and accumulated evidence suggests that such
epigenetic changes are involved in the pathophysiology of
schizophrenia. [41] However, replication studies are needed
to confirm previous findings and to investigate the causal
relationship of epigenetic changes in schizophrenia [42], which
determines the relevance of further research.
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I[eCSITI/IHCTHfl. OTpa)KeHLI HOBBIC JJaHHBIC O B3aPIMOZ[eI>iCTBPIH

MEXAYy TEHEeTHYEeCKMMH BapHaHTaMU, SIUTCHETHYECKUMU
METKaMHM, BKJIIOYasl TEPEeKPEeCTHOE B3aUMOJIECUCTBUE MEXKIY
mporieccamu  MetwiupoBanus  JJHK  w  momudukarnmum

THCTOHOB, BIMSIIOIIUX HA PEryJIALHUI0 dKCIPECCUU TEHOB MOJ
BIMSIHHEM OKpysKarolei cpensl. Ocoboe BHHUMaHHE YAEICHO
WCCIIEIOBAaHMSIM, TIOCBSIICHHBIM BBIIBICHUIO OCOOCHHOCTEH
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TCHETUYECKUX TPEAUKTOPOB MIHM30()PEHUU B  OTACIBHBIX
STHUYCCKUX MOMYJISIHUAX, B YACTHOCTA B OTHOIICHUH JIHI]
Ka3axckoro 3THoca B PecyOnuke KazaxcraH.

HccrmenoBanue BEITOTHEHO B paMKax mpoekra: « HarmonansHas
MporpamMMa BHEIPEHUS IEPCOHATM3UPOBAHHON U TPEBEHTUBHON
MeaunuHbl B PecrryOmuke Kazaxcran»y UPH OR12165486.

KiroueBbie ciioBa: mu3odpeHus, FTeHETHKA, SITUTCHOM, 3THO-
KYJbTypaJIbHbIe 0OCOOCHHOCTH, Ka3aXCKasl MOITYJISIIHSL.
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