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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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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).
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typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.
Schizophrenia is a multifaceted psychiatric disorder
characterized by hallucinations, delusions, cognitive

impairments, and behavioral disturbances. Genetic factors
significantly contribute to its pathogenesis, accounting for
approximately 80% of the heritability. Globally, about 1% of the
population is affected by schizophrenia, with 45,054 individuals
in Kazakhstan receiving medical treatment for the condition,
indicating a prevalence rate of 238,6 per 100,000 people. The
rise in mental health disorders in Kazakhstan underscores the
need for personalized treatment approaches to address these
public health challenges. This study examines the influence
of key polymorphisms—CYP2D6 (rs1135840), CYP3AS
(rs776746), COMT (rs4818, rs4680, rs9606186), CNRI1
(rs1049353), HTR2A (rs6311, rs6313), and DRD2 (rs1799978,
rs1800497)—on AP drug metabolism and therapeutic outcomes.
The findings underscore the potential for genotype-guided
AP dosage individualization in Kazakh individuals, laying a
foundation for future research on optimizing AP therapy in this
population.

Key words. Paranoid schizophrenia, SNPs, CYP2D6, DRD?2,
HTR2A, COMT, CNRI1, pharmacogenetics, Kazakh ethnic
group, antipsychotics, central Asian.

Abbreviation. BMI: Body Mass Index; SCZ: Schizophrenia;
Snps: Single Nucleotide Polymorphisms; PANSS: Positive And
Negative Syndrome Scale; AP: Antipsychotic; ASD: Autism
Spectrum Disorders; UKU: Side Effect Rating Scale.

Introduction.

Schizophrenia (SCZ) remains a severe, progressively
debilitating psychoneurological disorder, posing a significant
burden on patients, their families, and global healthcare systems
including in the regions of Central Asia, as they grapple with
pharmacotherapeutic considerations for the disease. In 2020,
Kazakhstan reported a prevalence of 238.6 cases per 100,000
people for SCZ and related disorders (Ministry of Health of the
Republic of Kazakhstan, 2020). The disease affects 0.6-0.7%
of the Kazakh population, representing 19% of the mentally
ill population, with 215-245 new cases diagnosed annually [1-
5]. Understanding the etiopathogenesis, clinical aspects, and
treatment of SCZ in Kazakhstan is crucial.

SCZ is a chronic condition requiring long-term antipsychotic
(AP) treatment, although side effects often impede adherence
and contribute to relapses. Effective therapy involves
biological interventions tailored to the individual, including
psychopharmacotherapy, psychotherapy, and social
rehabilitation [6]. Traditional APs, such as Haloperidol, were
once the mainstay of treatment due to their effectiveness in
reducing severe symptoms. Atypical APs, however, offer
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improved outcomes by targeting D2 dopamine receptors and
5-HT2A serotonin receptors, alleviating both positive and
negative symptoms while minimizing side effects [6]. This
genetically influenced mental disorder features disruptions in
cognitive functioning, including disturbances in perception,
comprehension, and the ability to meet life's demands [7].

The management of SCZ necessitates prolonged, often
lifelong, AP drug use, which can lead to drug resistance and
significant metabolic disturbances. Around 70% of individuals,
particularly in the early treatment phases, fail to meet the
minimum efficacy threshold for AP therapy [8].

Genetic variations play a key role in the effectiveness of
APs. For typical APs, CYP2D6 is the main enzyme involved
in metabolism, while for atypical APs, CYP3A4/AS, CYP2DG6,
and CYP1A2 are crucial [9]. SCZ's pathophysiology is linked to
disruptions in dopaminergic and serotoninergic pathways. APs
reduce positive symptoms by inhibiting dopamine receptors,
but they can cause side effects like prolactin elevation, which
leads to issues such as amenorrhea and sexual dysfunction.
Genetic variations in dopamine-related genes like DRD2 and
AKT1 influence drug dosage requirements [10,11]. Serotonin
receptor genes, including HTR2A and HTR2C, also play a role
in treatment responses [12]. Furthermore, the COMT gene's
variants affect dopamine metabolism, influencing the response
to APs [12,13].

The CNRI1 gene, involved in the endocannabinoid system, has
been linked to SCZ and its response to APs, though findings
remain inconclusive [14]. This research focuses on genotype
distributions related to drug metabolism and receptor genes in
SCZ patients from Kazakhstan, including CYP2D6, CYP3A4/5,
COMT, CNRI1, HTR2A, and DRD2 [15,16]. The research
covered in this article centers on the distribution of genotypes
by polymorphisms within genes related to drug metabolism
Risperidone and Haloperidol patients with paranoid SCZ in
the Kazakh cohort, such as CYP2D6, CYP3A4/5, COMT,
CNRI1. Additionally, genes that code for the drug targets of
AP medications, which encompass serotonin and dopamine
receptors (such as HTR2A, and DRD?2), also play a crucial role
in how these medications interact with the patient's body, also
will be covered [15,16].

Managing SCZ and associated psychotic disorders involves
lifelong therapy with AP medications from different
generations. Patients receive a combination of typical and
atypical drugs at customized dosages based on their clinical
history. The clinical response varies among individuals, with
around half experiencing benefits and others facing adverse
effects or insufficient efficacy. This highlights the importance
of personalized treatment strategies and ongoing monitoring for
optimal management.
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Materials and Methods.

Participants:

The study utilized a case-control design, involving a total of
1200 individuals of the Kazakh population. This group included
708 individuals diagnosed with a clinically verified diagnosis
of Paranoid Schizophrenia. Participants were gathered from
diverse areas throughout Kazakhstan, with the investigation
taking place in four regional centers of the Republic of
Kazakhstan: Astana, Almaty, Shymkent, and Kyzylorda. A
cohort of 1200 inpatients receiving AP therapy was assembled
over a three-year period, specifically from multidisciplinary
hospitals, within the Psychiatry Service of the Kazakh Clinic.

Patients in the experimental group fulfilled the criteria outlined
in the ICD-10 F20.0 category, ranging in age from 18 to 65
years. Data collection employed clinical research methods,
specifically clinical-psychopathological and psychometric
approaches, utilizing the PANSS scale (Table 1).

During the examination, the mental condition of the patients
was assessed by calculating cumulative scores for positive,
negative, and general psychopathological symptoms using the
PANSS (Positive and Negative Syndrome Scale) scale. The
effectiveness of AP therapy over a

6-month observation period was also evaluated using the
PANSS scale, categorizing effectiveness based on the main AP
drug detailed in (Table 1).

The distribution of patients receiving specific AP medications
in the Kazakh cohort of individuals diagnosed with Paranoid
Schizophrenia is presented in (Table 2).

Additionally, an adapted version of the international UKU
scale (Table 4) was utilized in this study to objectively evaluate
the dynamics of mental disorder severity and the adverse
effects associated with ongoing AP therapy using specific
psychotropic drugs. This version of the UKU scale, tailored to
the study's objectives, assessed the severity of side effects and
the tolerability of AP therapy, with symptom severity rated on a
scale from 0 to 3 points (Table 4).

Sample preparation and genotyping:

Genomic DNA was extracted from the whole blood samples
with KingFisher Flex-Ready DNA Ultra 2.0 Prefilled Plates on
the KingFisher Flex Purification System (ThermoFisher, USA)
according to the manufacturer’s protocol. The concentration of
DNA was measured on a Qubit 4 Fluorometer (ThermoFisher,
USA) instrument using reagents from the manufacturer
according to the standard protocol. Polymorphisms for CYP2D6
(rs1135840), CYP3AS (1s776746), COMT (rs4818, rs4680,
1s9606186), CNR1 (rs1049353), HTR2A (rs6311, rs6313), and
DRD2 (rs1799978, rs1800497) were detected and analyzed
using the QuantStudio 12K Flex Real-Time PCR System
(ThermoFisher, USA) using QuantStudio 12K Flex Accufill
System.

Statistical Analysis:

Descriptive statistics were utilized for demographic data
analysis. Genotype variations for Hardy-Weinberg equilibrium
were tested using x? test. A P value of < 05 denoted statistical
significance and for the mutant allele was calculated using the
Clopper-Pearson exact method [17].
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Exclusion Criteria:

The comprehensive list of exclusion criteria is available on the
ClinicalTrials.gov portal under trial registration NCT05090644.
The main exclusion criteria include individuals who are non-
Kazakh or lack confirmed Kazakh ethnicity up to the third
generation, individuals younger than 18 or older than 65,
those with diagnoses unrelated to ICD-10 F20.0 "Paranoid
Schizophrenia," illness duration less than one year, the presence
of severe somatic or neurological diseases, comorbid substance
use disorders, and those who fail to provide signed informed
consent.

Ethical issues:

The research received ethical clearance from the Local Ethics
Committee of the S.D. Asfendiyarov Kazakh National Medical
University, Almaty, Republic of Kazakhstan, under Protocol
No. 12 118 dated September 28, 2021. Furthermore, it obtained
approval from the Central Bioethics Commission of the Ministry
of Healthcare of the Republic of Kazakhstan, per Protocol No.
14 dated November 24, 2021. The study was registered on
ClinicalTrials.gov (NCT05090644), where detailed information
on the exclusion and inclusion criteria can be accessed.

All procedures adhered to the appropriate protocols and
standards. Informed consent was acquired from all participants
or their legal representatives. During the assessment phase, all
eligible participants provided written informed consent, signifying
their voluntary engagement in the research, permission to collect
biological samples (specifically, deoxygenated blood), and
authorization for the potential publication of research findings.

Results and Discussion.

Clinical and biochemical data:

Recent research has focused on evaluating the effectiveness
and safety of various antipsychotic (AP) medications to
identify treatments that balance symptom control and side
effect reduction. Atypical APs were developed to overcome
limitations and adverse effects of typical APs, particularly
reducing movement disorders such as tardive dyskinesia and
elevated prolactin levels [18].

Typical APs include D2-dopamine receptor antagonists like
Haloperidol and chlorpromazine, while second-generation
APs, such as amisulpride and clozapine, also target serotonin
and other receptors. However, individual responses to these
medications can vary significantly, influencing treatment
efficacy and adverse effects, including weight gain, sedation,
orthostatic hypotension, and agranulocytosis [19].

In our study of Paranoid SCZ patients in Kazakhstan,
Risperidone, Paliperidone, Clozapine, and Haloperidol were
identified as the most frequently prescribed medications, in
accordance with the clinical protocol for neuroleptic treatment
(Table 2, Figure 1). Despite the popularity of Risperidone and
Haloperidol, their effectiveness is often limited by variability
in patient responses and adverse reactions. Our study focuses
on analysing the distribution of six genes involved in the
metabolism of these drugs in the Kazakh population.

In this research, the genetic, clinical, and psychopathological
characteristics of the study cohort were summarized in (Table 3).

For instance, the mean age at primary SCZ was 28.74 (SD



Table 1. Mental Status at the Time of Examination: Assessment Using the PANSS Scale.

Positive Symptoms according to the PANSS scale (symptom severity from 1 to 7 points).

The total score of positive symptoms.

. Items-total Average PANSS score
N Age Mean SD Median correlation initial %xamination \after 12 weeks \after 24 weeks
Male
1. 18-30 13.22 8.12 12 .83 72.71 62.51 43.92
2. 31-50 16.31 10.54 14 .87 79.83 68.33 46.43
3. 51 years and older 12.62 19 17 .89 87.15 72.68 49.35
4. Total 16.38 10.8 14 .88 80.75 68.63 46.86
Female
1. 18-30 16.37 9.25 15 .78 81.36 63.45 47.11
2. 31-50 14.94 8.42 14 75 79.24 67.17 45.36
3. 51 years and older 14.81 7.21 15 73 83.45 66.13 44.25
4. Total 15.11 8.1 15 .74 81.44 65.63 45.78
The Total Negative Symptoms Score according to the PANSS scale
Male
1. 18-30 20.45 10.25 20 75 68,33 59,80 41,22
2. 31-50 24.28 11.44 27 .82 82,08 70,59 47,58
3. 51 years and older 27.84 12.3 29 .88 97,91 82,5 56,39
4. Total 24.44 11.65 27 .84 83,3 71,43 48,5
Female
1. 18-30 23.15 10.08 24 71 65,32 58,4 43,31
2. 31-50 23.59 9.64 24 .61 76,89 65,44 44,96
3. 51 years and older 24.66 8.74 25.5 .63 79,10 65,45 44,32
4. Total 24.01 9.37 25 .62 77,9 65,55 45,10
The Total Score of General Psychopathological Symptoms according to the PANSS scale
Male
1. 18-30 35.65 17.68 33 97 68,13 77,98 65,96
2. 31-50 41.11 21.28 33 .96 82 70,52 47,62
3. 51 years and older 51.34 25.36 48 .98 97,41 82,19 56,40
4. Total 42.32 22.21 34 .97 83,23 71,5 49,5
Female
1. 18-30 39.29 17.08 37 .95 64,3 65,96 47,59
2. 31-50 38.19 15.47 38 .94 76,76 65,38 45,03
3. 51 years and older 41.09 15.47 39 .92 79,1 66,45 44,50
4. Total 38.79 15.59 38 .95 73,4 65,93 45,5

Patients with Primary First-Generation AP Discontinued/Replaced due to inefficacy (Trifluoperazine and Haloperidol), during the

observation period (6 months)

Ne  Age The drug was discontinued (replaced) PANSS <50% PANSS >50%
1. 18-30 0 23 4

2. 31-50 10 109 34

3. 51 years and older 6 49 15

4. Total 16 (2.2%) 181 (25.5%) 53 (7.4%)
Patients with Primary Second-Generation AP Discontinued/Replaced (e.g., Risperidone) during the observation period (6 months)
N  Age The drug was discontinued (replaced) PANSS <50% PANSS >50%
1. 18-30 6 59 25

2. 31-50 17 158 59

3. 51 years and older 8 89 37

4 Total 31 (4.4%) 306 (43.2%) 121 (17.1%)

Table 2. The distribution of medications (Aps) administered to individuals diagnosed with Paranoid SCZ in the Kazakh cohort.

Medication Quantity of patient intake n (%)
Haloperidol 212 42.4
Paliperidone (Invega, Xeplion, Trevicta) 141 28.2
Risperidone (Rispolept) 129 25.8
Clozapine 90 18
Olanzapine (Zyprexa, Ferzapine, Olfrex) 59 11.8
Trifluoperazine 38 7.6
Anmisulpride 27 5.4
Cariprazine (Reagila) 7 1.4
Aripiprazole (Aripegis) 5 1
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Table 3. Summary of genetic, clinical and psychopathological characteristics of the study cohort.

Genotype

X:;?:;f i ‘ GPVD Study Cohort (n =708) n (%) P Value
CYP2D6 (rs1135840)

*1/*1 (wild-type, G/G) BB 252 (35.6%) 0.117
*2/*1 (G/C) AB 300 (42.3%) 0.0027
*2/*2 (C/C) AA 144 (20.3%) 0.053
Unknown (“no call”) 11 (1.5%)

CYP3AS5 (rs776746)

*1/*1 (wild-type, C/C) BB 534 (75.4%) 0.825
*3/*1 (C/T) AB 161 (22.7%) 0.650
*3/*3 (T/T) AA 9 (1.3%) 0.652
Unknown (“no call”) 4 (0.56%)

COMT (rs4680)

G/G (wild-type) BB 254 (35.8%) 0.480
G/A AB 341 (48.2%) 0.156
A/A AA 89 (12.6%) 0.327
Unknown (“no call”) 24 (3.4%)

COMT (rs9606186)

G/G (wild-type) BB 308 (43.5%) 0.595
G/C AB 307 (43.4%) 0.291
C/C AA 77 (10.8%) 0.328
Unknown (“no call”) 16 (2.2%)

COMT (rs4818)

G/G (wild-type) BB 111 (15.6%) 1.000
G/C AB 356 (49.8%) 0.940
C/C AA 237 (33.4%) 0.012
Unknown (“no call”) 4 (0.56%)

CNRI1 (rs1049353)

C/C (wild-type) BB 475 (67.09%) 0.169
C/T AB 188 (26.5%) 0.004
T/T AA 18 (2.5%) 0.078
Unknown (“no call”) 27 (3.8%)

HTR2A (rs6311)

C/C (wild-type) BB 291 (41.1%) 0.970
C/T AB 327 (46.1%) 0.910
T/T AA 80 (11.2%) 0.238
Unknown (“no call”) 10 (1.4%)

HTR2A (rs6313)

C/C (wild-type) BB 298 (42%) 0.879
C/T AB 324 (45.8%) 0.762
T/T AA 83 (11.7%) 0.862
Unknown (“no call”) 3 (0.42%)

DRD?2 (rs1799978)

A/A (wild-type) BB 575 (81.2%) 0.918
A/G AB 110 (15.5%) 0.834
G/G AA 4 (0.6%) 0.824
Unknown (“no call”) 19 (2.6%)

DRD?2 (rs1800497)

G/G (wild-type) BB 381 (53.8%) 0.821
G/A AB 256 (36.1%) 0.083
A/A AA 63 (8.9%) 0.096
Unknown (“no call”) 8 (1.1%)

Demographic data

Sex (M/F) 369 (52,1%) /339 (47,8%)

Age (years) (mean + SD) 43 +£11.31
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Up to 18 years

18 to 30 years

31 to 50 years

51 to 60 years
First-time

More than 1 times
1 or 2 times

3 or 4 times

5 or more times

Age of Onset of Mental Disorders

Frequency of Hospitalizations over the past 5 years

Do not use

Uses occasionally
Alcohol addiction
Does not use
Uses occasionally

Alcohol Consumption

Use of Psychoactive Substances (Drugs)

63 (12.6%)
317 (63.4%)
114 (22.8%)
6 (1.2%)
26 (5.2%)
474 (66,9%)
267 (53.4%)
121 (24.2%)
86 (17.2%)
603 (85.1%)
95 (13.41%)
10 (1.41%)
673 (95.3%)
25 (3.53%)

0.4768
0.00001
0.0187
0.4090
0.2742

0.0001

0.0001

Drug addict
Clinical-psychopathological data
No

Yes (no additional instructions)

10 (1.4%)

421 (59.5%)

113 (15.9%) 0.5955 0.1596

. . o
Yes, Schlzo.phrel}la 88 (12.4%) 0.1243 0.0042
Yes, Affective Disorder 3 (0.4%)
. 0.0932 0.0085
Psychopathological heredity burden Yes, Alcoholism 66 (9.32%) 0.0056
yehop g y Yes, Other Psychoses 6 (0.84%) 0'0028
Other non-psychotic illnesses 4 (0.56%) )
Yes, Mental Retardation 2 (0.28%) 0.0071
Yes, (drug addiction/ '
substance abuse) 5(0.7%)
Sociability 270 (38.1%) 8.5x107"
Closedness 437 (61.7%)
Independence 276 (38.9%) 1.1x1071¢
Dependence 432 (61.01%)
Confidence 262 (37%) 1.4x1072
Uncertainty 446 (62.3%)
. . . Activity 275 (38.8%) 4.5x107"7
Premorbid personality traits Passivity 433 (61.1%)
Altruism 227 (32%) 1.5x1074
Selfishness 481 (68%)
Goodwill 376 (53.1%) 0.019
Hostility 332 (46.9%)
Tendency to Feel Guilty 227 (32.06%) 1.5x1074
Tendency to Self-Justification 481 (67.9%)
No 122 (17.2%) 4.9%x10°°
R First Group 16 (2.25%) 1.2x107%
Presence of Mental Illness Disability Second Group 549 (77.5%) 1.6x10-6
Third Group 21 (3%) 1.8x107%

*It should be mentioned that in this cohort the indicated SNPs have been accessed separately (1 SNP = 1 panel), which does not exclude the
possibility of presence of several SNPs in the same patient (compound heterozygous carriers). GPVD = Genetic Profile from Visual Data.

7.9; age range = 18-65 years). Based on the phenotypic data,
the most common manifestation of Paranoid Schizophrenia
occurs at the age of 18 to 30 years among men (41.2%) and
women (22.2%) in the Republic of Kazakhstan. Particularly, at
the age of 21 to 30 years among men, the onset of the mental
disorder Schizophrenia predominates (47.6%). The frequency
of hospitalizations more than once also prevails among men
(53.4%), while among women, it is observed much less often
(32.4%). Episodic use of alcohol/psychoactive substances as
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well as alcohol/drug addiction is also more common in men.
Having analyzed the questionnaire data of patients according
to psychopathological heredity, Schizophrenia (10.2%) and
Alcoholism (10%) prevailed, as well as burden without
additional instructions (18.2%) in the cohort of Ethnic Kazakhs.
In terms of premorbid personality traits, the prevailing number
of patients noted Confidence (66.8%), Addiction (64.6%),
Uncertainty (66.8%), Passivity (65.8%), Selfishness (70.4%)
and a tendency to Self-Justification (69.4%).



Table 4. Adapted UKU Scale for Symptom Severity Assessment.

Monitoring Side Effects from taking Antipsychetics (tolerance to AP therapy)

Side Effects after taking Antipsychotics

The quality of being expressive

0 1 2 3
Hyperprolactinemia 606 92 7 3
Weight gain 553 137 13 5
Other side effects 589 108 10 1
Extrapyramidal symptoms (neuroleptic syndrome) 477 159 47 25
Cancellation of the main AP due to the severity of side effects 32 (4,5%) yes 676 (95,4 %) no

The main AP was canceled/replaced due to insufficient effectiveness

n=47 (6.6%) patients

Low efficiency (decrease in PANSS score < 50% of points)

n=487 (68.7%) patients

High (decrease in PANSS score > 50% of points)

n=174 (24.6%) patients

Level of Compliance (adherence to therapy)

Full compliance

283 (39.9%)

Partial non-compliance

343 (48.4%)

Complete non-compliance

82 (11,58%)

The Primary AP was changed due to ineffectiveness

Age of onset of mental disorders

n (%)

Before 18

n=10 ((1.4%)

From 18 to 30

=30 (4.23%)

From 31 to 50

n=7 (0.98%)

51 and older

n=2 (0.28%)

Distribution of Medications and Compliance Levels in Patients with Paranoid Schizophrenia in the Kazakh Cohort

Paliperidone

Haloperidol

Drugs
B Paliperidone
B Cariprazine
Risperidone
Aripiprazole
Olanzapine
Amisulpride
Clozapine
= Trifluoperazine
= Haloperidol
Trifluoperazine

Aripiprazole

Clozapine

Olanzapine
Amisulpride

Full compliance

Complete non-compliance

Compliance Level
B Full compliance
Partial non-compliance
= Complete non-compliance

Partial non-compliance

Level of Compliance (Adherence to Therapy)

Figure 1. Paliperidone (19,9%), Risperidone (18,2%) and Haloperidol (29,9%) are the predominant pharmacological agents for the treatment of
individuals diagnosed with Paranoid Schizophrenia and are commonly prescribed in clinical practice in the Republic of Kazakhstan. The images
were created using the JupyterLab program, based on the Anaconda 4.0.16 platform.

Although not the main objective of this paper, these data were
presented since they may help establish the genotype-phenotype
correlation and may provide a solid base for prospective research
on the individualization of AP dosage in the affected Kazakh
individuals shortly.

The monitoring of side effects from AP medication (tolerability
of antipsychotic therapy) is detailed in (Table 4), which is an
adapted version of the UKU scale. This scale evaluates symptom
severity on a 0 to 3-point scale and is visually represented in the
as (Figure 2).

The prevailing drugs in AP therapy were Paliperidone
(19.9%), Risperidone (18.2%) and Haloperidol (29.9%). In the
process of psychopharmacotherapy in patients with paranoid
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schizophrenia, partial and complete non-compliance with APs
was observed, predominating in both men (27.8%) and women
(28.2%) of cases in Kazakhs.

Genetic Polymorphism/Genotyping.

1. rs1135840 of the gene CYP2D6:

CYP2D6 enzymatic activity plays a key role in the metabolism
of several AP medications used in treating SCZ, including
Haloperidol, Risperidone, and Aripiprazole. Genetic variations
in CYP2D6 can influence both the efficacy and tolerability of
these drugs. Polymorphisms resulting in reduced or enhanced
enzyme activity may require dose adjustments or alter the risk
of adverse effects. Genotyping CYP2D6 can help optimize AP
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Figure 3. Allele frequency distribution of CYP2D6*2 (rs1135840) in the Kazakh population.
1) Homozygous wild-type CYP2C9*1/*1 G/G (indicated as BB, n = 252) allele carriers.

2) Heterozygous CYP2C9*2/*1 G/C (indicated as AB, n = 300) allele carriers.

3) Homozygous CYP2C9*2/*2 C/C (indicated as AA, n = 144) allele carriers.

4) “No call” signal (n = 11).
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drug selection and dosing, identifying patients at higher risk of
side effects or those needing specific adjustments based on their
genotype. For instance, CYP2D6 genotype impacts Risperidone
plasma levels and clinical outcomes [20].

Preliminary research suggests that individuals with the
CYP2D6*2 (rs1135840) allele may metabolize Haloperidol
more slowly, leading to higher drug levels and an increased risk
of side effects. The clinical impact of CYP2D6 polymorphisms
depends on the drug, the individual’s genetic profile, and health
conditions [21].

CYP2D6 activity is essential for the effectiveness of APs like
Haloperidol, Risperidone, and Aripiprazole. Genetic variations
can significantly influence drug metabolism and patient
responses. Incorporating CYP2D6 genotyping into clinical
practice in Kazakhstan could improve personalized treatment
by identifying patients at risk of adverse effects or those needing
dose adjustments. However, the use of genotyping in psychiatry
is still debated and requires consultation with experienced
healthcare providers.

The CYP2D6 gene shows significant polymorphism, with
drug metabolism influenced by the specific allele combinations
present. Individuals with the *2 (B) allele and a normal function
allele typically metabolize Haloperidol slower than ultra-rapid
metabolizers. Poor metabolizers (*4/*4) should receive 60% of
the standard Haloperidol dose, while ultra-rapid metabolizers
*1/%1 (BB), *1/*2 (AB), are shown in blue and yellow in
(Figure 3), may need 1.5 times the usual dose or an alternative
AP [21,22].

Within the examined Kazakh cohort, a notable prevalence of
heterozygous AB genotypes is evident among those diagnosed
with Paranoid SCZ, while homozygous BB allele carriers,
represented in blue in the accompanying illustration, are
classified as normal metabolizers of Haloperidol. Understanding
this polymorphic locus within the CYP2D6 gene family is
essential for elucidating the metabolic profile of a given AP.

The genetic variant rs1135840, known as CYP2D62, has
been extensively linked to altered Risperidone metabolism and
treatment outcomes. This polymorphism, characterized by a
guanine to cytosine substitution at position 4181 in the CYP2D6
gene, results in distinct metabolic profiles and drug responses.
Lu et al. reported a significant association between the G4181C
polymorphism and variations in plasma Risperidone levels and
the R/9-OH ratio.

Notably, individuals with the CYP2D6*10 genotype showed
different changes in glucose and triglyceride levels compared to
AB carriers, suggesting a potential influence on Risperidone's
metabolic effects. Additionally, individuals with the AA
allele, which is associated with reduced enzyme activity,
exhibited increased Risperidone concentrations and R/9-OH
ratios, highlighting a possible interactive effect on Risperidone
metabolism and therapeutic response [20,22,23].

In summary, the rs1135840 polymorphism, particularly
in conjunction with alleles like CYP2D6*10, significantly
influences Risperidone plasma concentrations and may affect its
metabolic and therapeutic effects [24].

These findings suggest that the AA genotype (illustrated in
red) in the Kazakh cohort may affect the metabolic response
to Risperidone, leading to variations in drug efficacy and side
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effects. Individuals with the AA genotype for rs1135840 may
process Risperidone differently, resulting in unique plasma
concentrations and metabolic ratios compared to those with the
AB genotype.

This underscores the importance of incorporating genetic
variations, such as the rs1135840 polymorphism, into
personalized medicine strategies to optimize Risperidone
treatment for individuals with schizophrenia. Notably, the
CYP2D6 *2/*2 (AA) genotype has been linked to elevated
Haloperidol concentrations in individuals diagnosed with SCZ
compared to those with the CYP2D6 *1/*1 (BB) or *1/*2 (AB)
genotypes [25].

2. 18776746 of the gene CYP3A5:

The rs776746 A>G variant, known as 6986A>G, defines
the CYP3AS53 haplotype. In CYP3AS5 3/*3 individuals, the
A>G change creates a cryptic splice site in intron 3, leading to
alternative splicing. This results in a nonfunctional protein due
to a premature termination codon. Unlike the T allele, the C
allele isn't linked to Risperidone dose, but *3/*3 carriers exhibit
higher serum Risperidone levels and a greater Risperidone/9-
hydroxy Risperidone ratio, indicating altered pharmacokinetics
[26].

The examination of the Kazakh sample reveals a discernible
prevalence of BB and AB genotypes (Figure 4). Individuals
harboring the AB genotype exhibit elevated serum levels of
Risperidone, as highlighted in yellow within the accompanying
image. Conversely, those possessing the allele B and the BB
genotype, denoted in blue on the image, demonstrate typical
metabolization patterns of Risperidone [27].

The CYP3AS rs776746 variant *3 (A) affects Olanzapine
metabolism, with *3/*3 (AA) carriers showing lower drug
exposure compared to those with at least one *1 (B) allele.
Patients with the *1 (B) allele may have higher Olanzapine
levels than those with two non-functional alleles, while *3 (A)
carriers with a normal-function allele may also show increased
exposure [28,29].

Based on genotyping results and observed distributions, it
is assumed that AB and AA genotypes are prevalent in the
Kazakh cohort, with AA carriers potentially showing reduced
Olanzapine response, lower plasma concentrations, and poorer
adherence compared to AB carriers, who may demonstrate
better therapeutic outcomes.

3. rs4680 of the gene COMT:

The Vall58Met (rs4680) variant in the COMT gene,
characterized by the substitution of a high-activity Val allele
(rs4680G) with a low-activity Met allele (rs4680A), COMT
plays a significant role in SCZ treatment responses [30].

Several research investigations propose that specific
individuals carrying methylated alleles, such as the “L” allele
synonymous with rs4680A and identified in scholarly works as
a low-activity allele, may be more susceptible to the onset of
negative symptoms [31].

The deductions regarding the polymorphic loci and variations
in genotypes influencing both metabolism and the occurrence of
side effects during the prescription of APs were drawn from a
thorough analysis of data derived from prior research endeavors
within this specific domain [29-31].
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Figure 4. Allele frequency distribution of CYP3AS (rs776746) in the Kazakh population.
1) Homozygous wild-type CYP345*1/*1, C/C (indicated as BB, n = 534) allele carriers.
2) Heterozygous CYP3A5%3/%1 C/T (indicated as AB, n = 161) allele carriers.

3) Homozygous CYP3A45%3/*3 T/T (indicated as AA, n = 9) allele carriers.
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Figure 5. Allele frequency distribution of COMT (rs4680) in the Kazakh population.
1) Homozygous wild-type COMT G/G (indicated as BB, n = 254) allele carriers.

2) Heterozygous COMT G/A (indicated as AB, n = 341) allele carriers.

3) Homozygous COMT A/A (indicated as AA, n = 89) allele carriers.

4) “No call” signal (n = 24).
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Upon examination of the Kazakh sample, it becomes evident
that the prevalence of genotypes is skewed towards AB and BB
(Figure 5). Individuals with the BB genotype display reduced
manifestations of metabolic syndrome and a diminished
susceptibility to extrapyramidal syndromes compared to
the higher-risk AB genotype carriers, indicating a favorable
distribution of genotypes in relation to these manifestations of
side effects when prescribing Haloperidol [31].

Individuals diagnosed with SCZ possessing the AA genotype,
when subjected to AP treatment, may encounter heightened
methylation within the promoter regions of the COMT gene
in contrast to those with the BB genotype. Additionally, an
association has been established between increased methylation
and the occurrence of metabolic syndrome [32].

Carriers possessing the AA and AB genotypes demonstrate
a comparatively attenuated response to Risperidone when
contrasted with those bearing the BB genotype, indicating a
notably diminished level of responsiveness within the former
genotypic cohorts. Based on this, it can be assumed that the
genotypes depicted in blue in the illustration (BB) are best
adherent to treatment with Risperidone [33].

4. rs9606186 of the gene COMT:

The rs9606186 polymorphism is another significant genetic
factor discussed in the study of Risperidone treatment efficacy
in SCZ patients. This polymorphism is located in the COMT
gene, which encodes an enzyme involved in the degradation
of catecholamines such as dopamine, epinephrine, and
norepinephrine [34].

Upon examination of the Kazakh sample, it is evident that
the prevalence of genotypes tilts towards AB and BB (Figure
6). Based on various sources, it can be argued that individuals
with the BB genotype demonstrate an elevated responsiveness
to Risperidone in patients with SCZ in comparison to those with
AA and AB genotypes.

In addition, the recent investigation identified rs9606186, along
with additional COMT polymorphisms, as a pivotal determinant
of Risperidone treatment efficacy. This finding corroborates
earlier observations in Chinese patients, underscoring the
substantial involvement of COMT gene variations in shaping
responses to Risperidone treatment. The rs9606186 variant was
linked to improved clinical outcomes in male patients treated
with Risperidone. The presence of rs9606186 underscores the
intricate interplay of genetic factors in influencing individual
treatment outcomes for individuals with SCZ [35,36].

5. rs4818 of the gene COMT:

The haplotypes associated with the COMT gene, responsible
for encoding catechol-O-methyltransferase—a key player in
dopamine metabolism—have been demonstrated to impact the
efficacy of Risperidone treatment in patients. For individuals
possessing the AA genotype in the context of SCZ, there is
a potential for a diminished response to Risperidone when
compared to those with AB or BB genotypes [36].

The rs4818 variant of the COMT gene is associated with
psychiatric disorders and a familial predisposition to such
conditions. Individuals with these traits are more likely to carry
the B allele, indicating its potential involvement in the genetic
risk for psychiatric illnesses [37].
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Figure 6. Allele frequency distribution of COMT (rs9606186) in the Kazakh population.
1) Homozygous wild-type COMT G/G (indicated as BB, n = 308) allele carriers.

2) Heterozygous COMT G/C (indicated as AB, n = 307) allele carriers.
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Upon analysis of the Kazakh sample, it becomes evident that
the prevalence of genotypes leans notably towards AB and AA
(Figure 7). Individuals bearing the AA genotype, highlighted
in red within the visual representation, exhibit a substantially
diminished responsiveness to Risperidone treatment when
contrasted with carriers of the AB and BB genotypes, such
patients may require an increase in the daily dose of the drug or a
change to an alternative medication. Individuals diagnosed with
SCZ who possess the AA genotype exhibit the most diminished
response to Risperidone therapy when juxtaposed with those
carrying the AB and BB genotypes. Individuals diagnosed with
paranoid SCZ and possessing the BB genotype exhibit higher
adherence to Risperidone and Quetiapine treatment compared
to carriers of alternative genotypes, marked by a decrease in
scores on the PANSS Scale > 50% [34,37,38].

6.rs1049353 of the gene CNR1:

The endocannabinoid system assumes a crucial role in
modulating dopamine transmission and various metabolic
pathways. The endocannabinoid receptor type 1 gene (CNR1)
is recognized as a candidate gene implicated in both SCZ and
metabolic disorders [39].

The rs1049353 variant of the CNR1 gene has been linked
to treatment response and side effects associated with
Aripiprazole, Clozapine, Haloperidol, Olanzapine, quetiapine,
and Risperidone in ASD, psychotic disorders, and SCZ. Patients
with the AB genotype show a higher risk of weight gain when
treated with these APs compared to AA genotype carriers.
Studies investigating the rs1049353 variant's role in Haloperidol
response suggest potential influences on drug efficacy and side
effect susceptibility.
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However, the relationship is complex, as it can be affected by
genetic, environmental, and individual factors. Drug effects may also
vary based on the specific psychiatric condition being treated [40].

In the context of Risperidone, allele (B) has been associated
with an elevated risk of weight gain in children with ASD
compared to allele (A). BMI increases over an eight-week
treatment period were highest in patients with the AB genotype,
identifying it as a "risk allele" for Risperidone-induced weight
gain. Risk scores based on the presence of alleles, including
rs806378 and rs7799039, were used to predict weight gain
severity in patients [41].

Among Kazakh patients with Paranoid Schizophrenia, the
rs1049353 polymorphism was predominantly represented by
the homozygous genotype BB (67%) and heterozygous AB
(26.5%), (Figure 8). Individuals with psychotic disorders such as
SCZ or ASD who possess the AB genotype exhibit a heightened
vulnerability to weight gain when undergoing treatment with
APs, including Haloperidol and Risperidone, as opposed to
carriers of the BB and AA genotypes. According to the UKU
scale for evaluating AP therapy tolerability, 21.9% of Kazakh
patients reported weight gain following neuroleptic treatment.

On the other hand, the BB (67%) genotype is linked to a lower
risk of weight gain during Clozapine or Olanzapine treatment in
individuals with SCZ compared to the AB genotype.

Some investigations focused on the rs1049353 variant within
the CNR1 gene concerning its correlation with Haloperidol
in terms of treatment response and potential adverse effects.
Several studies suggest that this genetic variant might impact
the efficacy of Haloperidol and an individual's susceptibility to
its side effects [42].
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Figure 8. Allele frequency distribution of CNRI (rs1049353) in the Kazakh population.
1) Homozygous wild-type CNR1 C/C (indicated as BB, n = 475) allele carriers.”

2) Heterozygous CNR1 C/T (indicated as AB, n = 188) allele carriers.
3) Homozygous CNR1 T/T (indicated as AA, n = 18) allele carriers.
4) “No call” signal (n = 27).

Nevertheless, it is imperative to acknowledge the intricate
nature of the association between the rs1049353 genetic variant
and the response to Haloperidol, a complexity that additional
genetic factors, environmental variables, and individual
differences may influence.

7.1s6311 of the gene HTR2A:

HTR2A encodes a receptor protein crucial for serotonin
neurotransmission. This variant, also known as -1438G/A,
is a single nucleotide polymorphism involving a substitution
of guanine (G) for adenine (A) at position -1438. Research
suggests that rs6311 may influence HTR2A receptor expression
or function, affecting neurotransmission and responses
to receptor-targeting drugs. The rs6311 variant, linked to
medication response and studied in psychiatric conditions, was
examined by Chen et al. regarding its impact on aripiprazole
efficacy. Two significant polymorphisms, 1438G (rs6311) and
T102C (rs6313), revealed that the BB genotype predicted poorer
improvement in negative symptoms [34,43].

The rs6311 polymorphism of the HTR2A gene has been
associated with variability in treatment outcomes among
patients undergoing AP therapy. Specifically, the AB genotype
may act as a potential marker for reduced treatment resistance,
indicating that individuals with this genotype might experience
a more favorable therapeutic response compared to other
genotypes. Additionally, the polymorphism has been linked to
differing responses to medications like Risperidone, potentially
due to shared receptor targets with antidepressants, further
underscoring its significance in influencing treatment efficacy
[44].

While the AB genotype is suggested to correlate with lower
resistance to AP therapy, including Risperidone, the evidence
remains inconclusive, necessitating further investigation
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to validate this relationship. These findings highlight the
intricate role of genetic factors in shaping treatment responses,
emphasizing the need for more comprehensive studies to clarify
these associations and their clinical implications [44].

In the Kazakh sample under scrutiny, the predominant
genotypes identified are BB (41.1%), which exhibit a reduced
likelihood of experiencing side effects associated with
tardive dyskinesia when subjected to AP treatments. The red-
highlighted AA (11.2%) genotype is correlated with an elevated
susceptibility to tardive dyskinesia in individuals with SCZ
undergoing AP drug treatment, in contrast to those with BB and
AB (46.2%) genotypes (Figure 9).

Based on the analyzed data, it can be inferred that within the
Kazakh population, the BB genotype may correspond to a limited
response to Aripiprazole, showing insufficient improvement in
negative symptoms. In contrast, carriers of the AB genotype
may exhibit a better response to Risperidone, potentially serving
as an indicator of reduced treatment resistance.

8. 156313 of the gene HTR2A:

The HTR2A gene encodes the 5-HT2A receptor, a G
protein-coupled receptor crucial in the central nervous
system, mediating serotonin's effects on mood, cognition, and
perception, and playing a key role in the action of antipsychotic
drugs. The rs6313 polymorphism, also known as the T102C
polymorphism, is a SNP located in the first exon of the HTR2A
gene. Specifically, it involves a substitution of thymine (T) with
cytosine (C) at nucleotide position 102.

This polymorphism results in three possible genotypes: AA,
AB, and BB [45-47].

Upon examination of the Kazakh sample, it is evident that
the prevalence of genotypes leans towards AB (45.7%) and
BB (42%). Individuals with the AA genotype may exhibit
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Figure 10. Allele frequency distribution of HTR2A (rs6313) in the Kazakh population.

1) Homozygous wild-type HTR2A C/C (indicated as BB, n = 298) allele carriers.

2) Heterozygous HTR2A C/T (indicated as AB, n = 324) allele carriers.
3) Homozygous HTR2A T/T (indicated as AA, n = 83) allele carriers.

4) “No call” signal (n = 3).
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a diminished response to Risperidone therapy, whereas
heterozygous AB carriers manifest an intermediate response
and display a favorable reaction to Risperidone when compared
to those with the BB genotype (Figure 10).

Homozygotes with the BB variant of HTR2A 1s6313
showed improved treatment adherence for negative symptoms
compared to those with at least one (A) allele. Maffioletti et al.
found that the presence of the (A) allele could predict a better
response to Risperidone or Olanzapine monotherapy. In vitro,
pharmacogenetic research indicated that various HTR2A gene
variants influenced the activity of Aripiprazole, Clozapine,
Quetiapine, and Risperidone, while serotonin receptor gene
variants HTR3E and HTR3A had minimal impact on the early
response to Haloperidol or Risperidone treatment. According
to this research, it was uncovered the association between the
rs6313 polymorphism, and the efficacy of AP drugs was found
to be mainly influenced by drug and ethnicity. Caucasian
patients with the (A) allele responded better to drug therapy, and
Asian patients with the AB genotype showed better treatment
response [45,46].

When Olanzapine is administered, individuals with this
polymorphism and heterozygous AB carriage are noted for
experiencing weight gain [47].

The rs6313 polymorphism in the HTR2A gene has been studied
for its potential influence on AP drug efficacy, but findings have
varied across different populations and studies.

A meta-analysis by Wang et al., encompassing 18 studies,
found no significant overall association between rs6313 allele
or genotype polymorphisms and the response rate or scale score
reduction following antipsychotic treatment. However, the
analysis highlighted that ethnicity and specific drug regimens
may play a role in modifying treatment outcomes associated
with this polymorphism.

Ethnicity appears to be a critical factor influencing treatment
efficacy. For example, Caucasian patients carrying the (A) allele
demonstrated a more favorable response to AP therapy, whereas
Indian patients with the AA genotype exhibited the poorest
treatment outcomes, reflected in a lower scale score reduction
rate. In East Asian populations, individuals with the AB
genotype showed better treatment responses, while those with
the BB genotype experienced less favorable outcomes. These
findings underscore the importance of considering genetic and
ethnic variability when evaluating the clinical implications of
rs6313 in AP therapy [48].

Studying the Kazakh population, we emphasize that the
distribution of the rs6313 polymorphism is more common in
heterozygous AB and homozygous wild-type BB genotypes. As
the Kazakh population includes various Eurasian ethnic groups,
the mixing of these races may explain the higher prevalence of
heterozygosity and the presence of allele A. This supports findings
that ethnicity plays a crucial role in the response to AP treatment,
with populations like Caucasians showing better outcomes with the
(A) allele, while East Asians with the AB genotype tend to respond
more favourably compared to those with BB.

9. 151799978 of the gene DRD2:

The DRD2 gene encodes the Dopamine Receptor D2, a G
protein-coupled receptor essential to the dopaminergic system,
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influencing mood, motivation, reward, and motor control.
Located on chromosome 11 (11g22.1), itis linked to neurological
and psychiatric conditions, including schizophrenia, bipolar
disorder, and addiction [49].

Polymorphisms in the DRD2 gene, including rs1800497 and
rs1799978, have been extensively studied for their impact on
receptor function, density, and dopaminergic signalling. These
genetic variations are particularly relevant to AP treatments,
as the D2 receptor is a primary target for these medications.
Variations can influence the efficacy and side effect profiles of
APs, highlighting the potential for DRD2-related genetic testing
to inform personalized treatment strategies.

As reported by Taheri et al. in BMC Psychiatry, the G allele
(AA genotype, highlighted in red in Figure 11) of the DRD2
A-241G (rs1799978) polymorphism shows a notable correlation
with resistance to AP treatment among SCZ patients. This
indicates that individuals carrying the AA genotype might face
an elevated risk of poor response to AP therapy [50].

As per the genotyping of the Kazakh sample, it is evident that
the prevalence of genotypes tilts towards AA (81.2%), (Figure
11). Individuals carrying the AA genotype may experience
an extended biotransformation period for medications such as
Olanzapine and Risperidone, leading to a delay in the attainment
of therapeutic effects, heterozygotes for this polymorphism
are less resistant to the drugs Risperidone and Olanzapine;
against homozygotes BB are characterized by a normal
biotransformation time. According to the analyzed sample,
this polymorphism is associated with an increased risk of poor
adherence to medications such as Olanzapine and Risperidone
in the Kazakh cohort, with carriers of the risk allele potentially
requiring an extended duration to attain a therapeutic effect.

10. rs1800497 of the gene DRD2:

Upon scrutinizing the analyzed Kazakh sample, it becomes
apparent that the distribution of genotypes is predominantly
inclined toward BB (53.8%) (Figure 12). Individuals carrying
the BB genotype demonstrate lower prolactin levels when
subjected to Risperidone treatment compared to those with
genotypes AA (8.9%) and AB (36.1%), indicated in yellow
and red, respectively. The latter genotypes may be susceptible
to experiencing the side effects of hyperprolactinemia when
administered this medication.

Ikeda's study identified rs1800497 in the DRD2 gene as a
significant predictor of Risperidone treatment response in SCZ
patients. Along with that, other DRD2 and AKT]1 variants were
also found to influence treatment outcomes, emphasizing their
potential role in guiding personalized therapeutic strategies [51].

According to the study by Antonio Del Casale et.al, the
rs1800497 polymorphism in the DRD2 gene is linked to
variations in AP treatment response. Patients carrying the
A allele, in either the AA or AB genotype, showed greater
sensitivity to AP medications, with improved symptom
relief and fewer side effects. Conversely, the BB genotype
was associated with higher treatment resistance and poorer
therapeutic outcomes, often requiring alternative approaches.
These findings emphasize the potential of rs1800497 as a
predictive marker for personalized AP therapy [44,51].
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Figure 11. Allele frequency distribution of DRD2 (rs1799978) in the Kazakh population.
1) Homozygous wild-type DRD2 A/A (indicated as BB, n = 4) allele carriers.

2) Heterozygous DRD2 A/G (indicated as AB, n = 110) allele carriers.

3) Homozygous HTR2A G/G (indicated as AA, n = 575) allele carriers.

4) “No call” signal (n = 19).
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Figure 12. Allele frequency distribution of DRD2 (rs1800497) in the Kazakh population.
1) Homozygous wild-type DRD2 G/G (indicated as BB, n = 381) allele carriers.

2) Heterozygous DRD2 G/A (indicated as AB, n = 256) allele carriers.

3) Homozygous HTR2A A/A (indicated as AA, n = 63) allele carriers.

4) “No call” signal (n = 8).
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Conclusion.

The genetic variants analyzed in this study, including
CYP2D62 (rs1135840), CYP3AS53/3 (rs776746), and
polymorphisms in COMT, CNR1, HTR2A, and DRD2 genes,
were evaluated within a sample of the Kazakh population
with schizophrenia. This analysis highlights associations
between specific genotypes and variations in antipsychotic
drug metabolism, treatment adherence, and susceptibility to
side effects. Notably, genotypes such as CYP2D62, linked to
Haloperidol metabolism, and CYP3AS5 *3/*3, associated with
slower Risperidone metabolism, illustrate the potential for
pharmacogenetic insights to guide therapy.

The findings are based on the analyzed cohort and should be
further validated in larger and more diverse samples. It is crucial
to emphasize that this represents the first investigation into
antipsychotic-related genotypes within the Kazakh population.
These initial insights provide a foundation for future research
but must be interpreted with caution until broader studies
confirm their applicability.

Pharmacogenetic testing for SNPs (rs1135840, rs776746,
rs4680, rs9606186, 1rs4818, 1rs1049353, rs6311, rs6313,
rs1799978, rs1800497) could play a pivotal role in optimizing
SCZ treatment in Kazakhstan. Personalized approaches based
on genetic profiles hold promise for improving therapeutic
outcomes and reducing adverse effects, but further studies are
required to refine these strategies and validate their effectiveness
across larger cohorts.
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AHHOTAIIVA

[uzodppennss —  MHOTOTPAHHOE  TICHXHATPUIECKOE
paccTpOMCTBO,  XapakTepu3ymomeecs  TaUTIONHHALINSMI,
OpenoM, KOTHHUTHBHBIMH HAapyIICHMSIMA W TIOBEICHYCCKUMHU
paccTpoiicTBamH. T'enetnueckue (haxTopHI WUrPaIOT
3HAYUTENBHYIO PONb B TAaTOreHe3e 3a00JIeBaHMS, COCTABIASA
oxkoio 80% mHaciencTBeHHOCTH. B rmobampHOM MaciiTabe
mH30(QpEeHNsT 3aTparuBacT HpUMEpHO 1% HaceJeHus, Npu
sToM B Kazaxcrane MeaWIWHCKOE JI€UEHHE IONydaroT 45
054 wdenoBeka, YTO COOTBETCTBYyeT 3aboneBaeMoctd 238,06
Ha 100 000 uemoBek. YBeIWUYCHHE YHCIA IICHXHYECKUX
3a0oneBannii B KazaxcraHe momdepknBaeT HEOOXOAMMOCTH
TIEPCOHATM3NPOBAHHOTO ITOAXOAa K JIEYCHHIO IS PEUICHUS
9THX TpoOIiIeM B cdepe 3ApaBOOXpaHEHUS. ITO UCCICIOBaHHE
MOCBSIIIEHO  BIMSHUIO KITIOYEBBIX  MOMUMOPPHU3MOB —
CYP2D6 (rs1135840), CYP3AS (rs776746), COMT (rs4818,
rs4680, 1s9606186), CNR1 (rs1049353), HTR2A (rs6311,
rs6313) u DRD2 (rs1799978, rs1800497) — Ha MeTaboaM3M
AHTUIICUXOTWYECKUX  TPETapaToB W TEPareBTHUCCKUE
pe3ynbTathl. [lomydeHHbIe TaHHBIE TTOJYEPKUBAIOT TOTCHIIAAT
WHAWBHIY ATH3AIAN JIO3UPOBKH AHTHUIICHXOTHYCCKHUX
MIPerapaToB ¢ Y4eTOM T€HOTHIA CPeOy Ka3axoOB, 3aKJIaIbIBast
OCHOBY [UIsI OyAymHX WCCIEIOBaHWW, HAIpPABICHHBIX Ha
ontuMu3anuio repanuu All B 3Toi momyssuu.
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KiroueBnbie ciaoa: Ilapanoupanenas IIusodpenns, SNP,
CYP2D6, DRD2, HTR2A, COMT, CNRI1, ¢papmakoreHeTHka,

Kazaxckas OTHHUYEeCKas I'pynna, AHTHIICUXOTHKH,
HenTpanbHas A3wus.

Coxpamenne: HWMT: wungexkc wmaccel Ttema; [IN3:
mu3odhpenus; SNP: OZHOHYKICOTHIHBIE TOIUMOP(HUMBL
PANSS: mxama TONOXWUTENBHBIX M OTPUIATEIBHBIX
cuaapomoB; All: anTuncuxormueckuir mnpemnapat; PAC:

paccrpoiictBa aytuctuueckoro crekrpa; UKU: mikana oueHku
0OOYHBIX I (PEKTOB.

BLAEHMoJBHo

Gobmxi™gbos  sM0oL  IMogz5¢dBMH030  BLodosEMoMEo
5o EMds, OMIGLOE  sbobosmgdlL  3seobszogdo,
0Mm©3900, 3MaboGNMMO  ©J390mgds  ©s  J3930000
©5M0393900. 3969303900 B5JBHMOGd0 860d369wmg6
ool 05059md3g6 93500 gd0L  3ommgbgBdo, Mg
09033000M9M3000MdOL  osbarmgdom 80%-b Fgoagbl.
AWM YH©, FoBMGBOHIB0s sB0sbgdL Tmbobergmdol
oobwmgdom  1%-b, gosbobgmdo 45,054 530560
093996065¢mdL, Moz 9gladsdgds 238,6 d9dmbggzsl 100,000
55d0sb%bg.  gobobgmBo  glodozMmmo o535 IdJOOL
dbso  Ggdmbggzs  boBL  Mlgeds  93wMbsEMmBdOL
3960bMbsoBgdo JoMIol LsFoMmMmgdsl xsbws330L
50 258m{)393900L A50LoFMEs. gl 33¢g30 Asbobowsgl
1533060Mm  3MEodmOmBOoBIOL  aog3wgbsl - CYP2D6
(rs1135840), CYP3A5 (1s776746), COMT (rs4818, rs4680,
1rs9606186), CNR1 (rs1049353), HTR2A (rs6329, 16313, 497) -
394500 0oBIBY logmbwGo Fodegdols s MgHsdowero
390093900 dgbobgd. ©ob33zbgdo bobl MLgadl ysBobgdl
dmmol  g9bm@odby ©sxgmdbgdmwo  bGHoglogmbreo
©MHBoMIOoL 06000300099 0BHE00L 3MEHIBEF0SWL, o3
Lo3wydzgenl  MygMol  dmdogoer  33¢9390L, OMIWGdOS
00Bbo  0lobsgl 98 3M3MEsE0sdo  sbGHoxLodnbMMmo
0329665¢MdoL Mm3E0d0Do30sL.

153396 LoGHY39d0: 35M9BMOEo FobmBegbos, SNP,
CYP2D6, DRD2, HTR2A, COMT, CNR1, gs6353m29693039,

gobobmMmo  gmbogmmo  xamxzo,  BGogLbodm@Gogze,
396@®5MMH0 5Bos.
00093008 Megdo:  BMI:  bbgwarol  dsbol  0bgduo;

SCZ: GobmxyMgbos; SNP:  gbhomo  bmzargm@EHommo
30dm™30bdo; PANSS: 05090000 ©o sMymaomo
LOBE®MMTOL Lzsws; AP: sb6@ogbodmBMMo 3M935M030;
ASD:  5993oLbG Mo 139dBHEOL  sdwowmds;  UKU:
3M3LOLMMZ90 Bm3zegbol 9ga30lgdol bgows.



	Title

