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ABSTRACT

Aim. To compare the frequency of genotypes for polymorphic variants of GRIN24 and GRIN2B genes in patients
with schizophrenia and addictive behavior (alcohol / tobacco abuse) and in patients with schizophrenia without
addictive behavior in the Slavic population of the Tomsk region.

Materials and methods. The study included 219 inpatients with the established diagnosis of schizophrenia who
received treatment in the clinics of Mental Health Research Institute and Tomsk Clinical Psychiatric Hospital. A
history of alcohol / tobacco abuse was identified during a clinical interview and objective data collection. DNA was
isolated from peripheral blood leukocytes by standard phenol — chloroform extraction.

15 single nucleotide polymorphisms (SNPs) in the GRIN2A gene and 9 polymorphisms in the GRIN2B gene were
selected for genotyping. Allelic variants were determined by real-time polymerase chain reaction (PCR) with spe-
cific primers. The SPSS 17.0 software package was used for statistical data processing. The distribution of genotype
frequency was assessed using the Pearson’s y2 test with the Yates’ correction and the Fisher’s exact test.

Results. Significant differences in the allele frequency for the rs9788936 polymorphism in the GRIN24 gene
(%2 =4.23, p = 0.04) and for the rs10845838 polymorphism in the GRIN2B gene (y2 = 4.27, p = 0.04) were rev-
eled between the groups of patients with and without alcohol abuse. It was found that the polymorphic variant
rs8049651 of the GRIN2A gene had a clear association (F = 8.06, p = 0.029) with the development of tobacco
addiction in patients with schizophrenia.

Conclusion. The study identified the association between alcohol abuse and the rs9788936 polymorphism in the
GRIN24 gene and the rs10845838 polymorphism in the GRIN2B gene in patients with schizophrenia. The associ-
ation between the 1s8049651 and rs7190619 polymorphisms in the GRIN2A4 gene and the development of tobacco
abuse in patients with schizophrenia was revealed.
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Accouymnaumm nonumop@PHbix BapnaHToB reHoB GRIN2A n GRIN2B
co 3noynotTpebneHnem ankoronem n Tabakom y 60nbHbIX Wn3oppeHen

TuryHues B.B.', FTepacumosa B.U.", KopHetoBa E.I'.", DegopeHko O.10.', Cemke A.B.',
KopHeTtoB A.H.2

I Hayuno-uccneoosamenvckuii uncmumym (HHH) ncuxuuecko2o 300po6bs, ToMCKULL HAYUOHATbHBLIL
uccreoosamenvcexull meduyunckuil yeump (HUMIL]) Poccutickoul akademuu Hayk
Poccus, 634014, 2. Tomck, yn. Aneymckas, 4

2 Cubupcruil 2ocyoapcmeennviil meouyunckutl yuueepcumem (Cuol' MY)
Poccus, 634050, 2. Tomck, Mockoeckuu mpaxkm, 2

PE3IOME

Heawb. CpaBHUTH YaCTOTHI TEHOTHIIOB MOIUMOPGHBIX BapuaHTOB reHoB GRIN24 u GRIN2B B rpynmnax 00JbHBIX
mu3oppeHnell ¢ aaJuKTHBHBIM MOBEACHHEM (3I10ynoTpedieHne ajaKkorojieM M KypeHue Tabaka) u 0e3 HUX B
cl1aBsHCKOH nomysauu Tomckoil o0macTu.

Marepuaabl 1 MeToabl. O6cieioBaHbl 219 ManMeHTOB ¢ yCTAHOBJICHHBIM JTHArHO30M IIU30(QPEHUS», IPOXO-
JUBILIUX cTannoHapHoe neyeHue B kinHukax HUM ncuxuyeckoro 3p0posbs Tomckoro HUMIT u ToMckoi KiInHU-
4eCKOM NcuxuaTpudeckoi 6onpHuIBI. Hannane 35oynorpedieHns ankoroieM 1 KypeHHs B aHaMHe3€ BBISIBIISIIOCH
B IIpoIlecce KIMHUYECKOTr0 HHTEPBBIO U cOopa 00bekTHBHBIX cBeneHnil. JIHK Bbinensn u3 neikonuros nepudge-
PHYECKON KPOBY CTaHIAPTHBIM (DEHOI-XI0PO(GOPMHBIM METOIOM.

Jlns reHoTunmpoBanus 06110 BeIOpano 15 SNP B rene GRIN2A u 9 nomumopdusmoB B reae GRIN2B. Onpenene-
HHUE aJUIETBHBIX BapHAHTOB MpoBoamian MetonoM real-time PCR co cnenndunuecknmu npaiimepamu. st cratu-
CTHYECKOH 00pa0OTKH JaHHBIX MCIIONB30Bajica makeT mporpamM SPSS 17.0. PacnpeneneHne 9acToT TeHOTHIIOB
OILIEHMBANIOCH TIPH TTOMOIIH Kputepus y2 ITnpcona ¢ monpaskoii Merca i Tounoro tecra ®uimepa.

Pe3yabTaThl. BhIsBICHBI CTATUCTHYECKH 3HAYMMBbIC PA3Inyus B 4acTOTax ajteneil moiaumopdusma rs9788936
B reHe GRIN2A (*= 4,23; p = 0,04), a taxxe nomumopduoro Bapuanta rs10845838 B rene GRIN2B (y*= 4,27,
p = 0,04) B rpynmnax mamyeHToB, 3J0yNOTPEOIAIOMNX aJIKOT0JIEeM, U HeMBIOMHUX. BbUTIO YCTaHOBIEHO, YTO MOJIH-
Mop¢HbIit BapuanT rs8049651 rena GRIN2A nmeet uetkyro accormanuio (F = 8,06; p = 0,029) ¢ hopmupoBannem
3aBHCHMOCTH OT Tabaka y OOJbHBIX MH30(pEHUCH.

3akaouenne. [lokazaHbl accolyayy 3J10ynoTPeOICHHs aJKOTroJIeM ¢ HOJIMMOpQHBIM BapuantoM rs9788936 B
rene GRIN2A n nonmumopdubM BapuantoM 1s10845838 B rene GRIN2B y mainueHToB ¢ mu30(ppeHnei, a Takxke
accoumarys noiauMopHeix BapuaHTtoB rs8049651 u rs7190619 rena GRIN2A ¢ ¢dopmupoBanueM TabayHOU
3aBUCHMOCTH y OOJIBHBIX IIU30(pPEHUCH.

KnroueBble cioBa: mm3odpeHus, TeHETHKA, OJHOHYKICOTHUAHBIE MONMMOPGH3MBI, KypeHHE, AKOTOIU3M,
TIIyTamar
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INTRODUCTION

Psychoactive substance abuse is quite common in
patients with schizophrenia. Thus, the risk of devel-
oping mental disorders associated with alcohol abuse
in this cohort is three times higher than in the general
population [1]. A recent meta-analysis showed that
the lifetime prevalence of alcohol-related disorders
in this group of patients is 24.3% [2]. Symptoms of
alcohol abuse are often present before the onset of
a psychotic disorder [3]. It does not matter which of
these disorders manifests earlier, as their comorbidity
is characterized by poor prognosis, increased risk of
relapses, and instability of remissions [4]. In indivi-
duals with schizophrenia, alcohol abuse is associated
with depression, a high risk of suicide, poor adherence
to antipsychotic medications, chronic physical illness,
homelessness, high levels of aggression, and frequent
hospitalizations [5]. Alcohol abuse in patients with
schizophrenia often contributes to the development of
a hostile attribution bias, which is closely associated
with delusions, delusional thinking, and the ability to
recognize emotions [6].

Currently, there are a number of theories that
attempt to explain high comorbidity of schizophrenia
and alcohol abuse. First of all, this is the diathesis —
stress model proposed in 1970 to describe the contribu-
tion of predisposed vulnerability and life experiences
to the development of the disorder [7]. The alternative
is the self-medication hypothesis, which suggests that
individuals with schizophrenia use psychoactive sub-
stances to relieve symptoms or as an attempt to reduce
adverse events of antipsychotic treatment. However,
the latter has not been confirmed by research; among
young people with a first episode psychosis, substance
use disorder often developed before treatment [8].
There is also a unifying hypothesis that comorbidity
of schizophrenia and substance abuse may be associ-
ated with dysregulation of the reward pathway in the
brain (primary addiction hypothesis or reward defi-
ciency syndrome), which was studied using functional
magnetic resonance imaging (fMRI) [9].

The idea that early brain development disruption
may lead to the onset of schizophrenia in late adoles-
cence or early adulthood is one of the most promising
theories. It is notable that in animal models of schizo-
phrenia (based on neonatal ventral hippocampal dam-
age), experimental rats consumed more psychoactive
substances than the control group [10]. These data
indicate a high probability of a common biological
and, possibly, genetic substrate in schizophrenia and
alcohol-related disorders.

The prevalence of tobacco smoking among pa-
tients with schizophrenia is 2-3 times higher than
in the general population in Western countries [11].
Recent epidemiological, biological, and clinical data
indicate a correlation between smoking, severity of
positive symptoms, and the frequency of suicidal ten-
dencies in patients with schizophrenia [12].

Some studies show that there are also common
pathogenetic pathways in schizophrenia and tobac-
co addiction. A group of authors led by S. Leonard
[13] found that various polymorphic patterns in the
promoter region of the nicotinic acetylcholine recep-
tor a7-subunit gene (CHRNA7 or a7), leading to a
decrease in the transcription of this gene, are signifi-
cantly more frequent in patients with schizophrenia
compared with healthy individuals.

It was established that negative symptoms of
schizophrenia are associated with NMDA receptor hy-
pofunction [14]. Exposure to nicotine during system-
atic tobacco smoking increases the density of NMDA
receptors in the hippocampus and at the same time
enhances glutamatergic activity through the activation
of presynaptic nicotinic acetylcholine receptors [15].
It leads to stimulation of the release and metabolism of
dopamine, one of the fundamental neurotransmitters
in the pathogenesis of schizophrenia. Also, nicotinic
acetylcholine receptors modulate activity in the frontal
and parietal lobes of the cerebral hemispheres, thereby
participating in excitation and motor activity, as well
as in glutamatergic neurotransmission [16, 17].

Glutamate is the main excitatory neurotransmitter
of the neocortex [18]. The imbalance between gluta-
mate and its metabolite, the inhibitory neurotransmit-
ter GABA, is involved in the pathogenesis of a num-
ber of mental and neurodegenerative diseases [19, 20].
The main physiological function of glutamate is par-
ticipation in the intracellular regulation of Ca*" ions.
Accumulation of glutamate in the extracellular space
and, as a result, entry of high levels of calcium ions
into the cell through NMDA receptors underlie the
phenomenon of excitotoxicity [21].

Glutamatergic activity plays a role in brain de-
velopment, synaptic plasticity, mood disorders, and
schizophrenia spectrum disorders [22, 23]. Proteins
encoded by the GRIN2A4 and GRIN2B genes are sub-
units of the NMDA receptor, a member of the iono-
tropic glutamate receptor superfamily. The GRIN2B
protein also acts as a receptor agonist binding site.
In turn, NMDA receptors are involved in the calci-
um-mediated component of excitatory synaptic trans-
mission in the central nervous system.
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Based on these data, we have formulated a hypoth-
esis that polymorphic variants of the GRIN2A and
GRIN2B genes may be associated with the develop-
ment of addictive behavior in patients with schizo-
phrenia.

The aim of this study was to compare the frequen-
cy of genotypes for polymorphic variants of GRIN2A4
and GRIN2B genes in patients with schizophrenia
with comorbid addictive behavior (alcohol abuse and
tobacco use) and in patients with schizophrenia with-
out addictive behavior in the Slavic population of the
Tomsk region.

MATERIALS AND METHODS

The study involved 219 patients with an established
diagnosis of schizophrenia who received inpatient
treatment at the clinics of the Mental Health Research
Institute of Tomsk NRMC and in the Tomsk Regio-
nal Psychiatric Hospital. Alcohol abuse and smoking
history were identified during a clinical interview and
objective data collection.

The study was carried out in accordance with
ethical standards of the Declaration of Helsinki de-
veloped by the World Medical Association “Ethical
Principles for Medical Research Involving Human
Subjects” as amended in 2000 and the “Rules of Cli-
nical Practice in the Russian Federation” approved
by Order of the Ministry of Healthcare of the Rus-
sian Federation No. 266 of 19.06.2003. The main in-
clusion criteria for patients were a verified diagnosis
of schizophrenia according to ICD-10 (International
Classification of Diseases, Tenth Revision), age 18—
65 years, a signed informed consent from the patient,
Caucasian race, and permanent residence in Western
Siberia. Exclusion criteria were acute and chronic
infectious, inflammatory, autoimmune, and somat-
ic symptom diseases in the acute phase, as well as
dependence on opioids, cannabis, sedatives, hypno-
tics, cocaine, and other stimulants, including caffeine,
hallucinogens, and inhalants.

The sample size was 219 people: 144 men (65.8%)
and 75 women (34.2%). The study included persons
aged 18-65 years, the average age was 38.9 + 13.4
years.

The majority of the examined patients — 114
(52.1%) — had disease duration of more than 10 years.
The disorder duration of 5-10 years was observed in
44 patients (20.1%), duration of 1-5 years — in 47 pa-
tients (21.5%), and less than 1 year — in 8 patients
(3.7%). The age of disease onset and duration could
not be established in three people. The duration of

alcohol and tobacco abuse corresponded to that of the
disease.

Daily chlorpromazine equivalent (CPZeq) dose of
all antipsychotics was 536 [240; 762.5] mg; the medi-
an duration of treatment was 11 [4; 21] years. During
the initial examination of patients using the PANSS,
we obtained the following results (Table 1).

Table 1
PANSS parameters in patients of the sample
Scale n Me [Q, O]
Positive symptoms 219 21[18;26]
Negative symptoms 219 26 [22; 31]
General psychopathological symptoms | 219 52 [42; 63]
Total 219 99 [85; 118]

DNA was isolated from peripheral blood leuko-
cytes using standard phenol — chloroform extraction.
A total of 15 single nucleotide polymorphisms (SNPs)
in the GRIN2A gene and 9 SNPs in the GRIN2B gene
were selected for genotyping. Allelic variants were
determined by real-time PCR with specific primers
using the SNP Genotyping Assay kits on StepOnePlus
real-time PCR system (USA). SPSS 17.0 software
was used for statistical data processing. Genotype fre-
quency distribution was assessed using the Pearson’s
x2 test with the Yates’s correction and the Fisher’s ex-
act test (F).

RESULTS

Statistically significant differences were found
in the allele frequency of the rs9788936 polymor-
phism in the GRIN2A gene (%> = 4.23; p = 0.04) and
the rs10845838 polymorphism in the GRIN2B
gene (2 = 4.27; p = 0.04) in the group of patients
with comorbid alcohol abuse and in the group of
patients without alcohol abuse (Table 2). The G al-
lele of the rs9788936 polymorphism (odds ratio
(OR) = 0.47; 95% confidence interval (CI): 0.22—
0.98) and the A allele of the rs10845838 poly-
morphism (OR = 0.60; 95% CI: 0.37-0.98) have a
protective effect. At the same time, the A allele of
the 159788936 polymorphism (OR = 2.15; 95%
CI: 1.02-4.51) and the G allele of the rs10845838
polymorphism (OR = 1.64; 95% CI: 1.02-2.72) pre-
dispose to alcohol abuse.

It was also found that the rs8049651 polymorphic
variant of the GRIN2A4 gene had a clear association
(F = 8.06; p = 0.029) with tobacco addiction devel-
opment in patients with schizophrenia (Table 3). In
terms of statistical significance, the AG genotype was
less common in the group of smokers (OR = 0.48; 95%
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CI: 0.26-0.87) compared with the group of non-smok-
ers. Also, the analysis of the allele distribution showed
that their frequencies in the rs7190619 polymorphic
variant of the GRIN2A gene were significantly dif-

ferent in the groups of smokers and non-smokers
(x*=4.71; p=10.03). The OR for the A allele was 0.49
[95% CI: 0.25-0.94], for the G allele it was 2.05 [95%
CI: 1.06-3.94].

Table 2

Frequency distribution for genotypes and alleles of GRIN24 and GRIN2B gene polymorphisms in persons
with schizophrenia with alcohol abuse and in persons with schizophrenia without alcohol abuse, abs., %

SNP Gez;)]te}igzs / Alcohol abuse No alcohol abuse OR 95% CI Fi2 p
GRIN24
AA 34 (79.1%) 102 (63.0%) 0.45 0.20-1.00
AG 9 (20.9%) 55 (34.0%) 1.94 0.874.34 F=432 0.18
159788936 GG 0 (0%) 5 (3.0%) - -
A .59 2 .99 2.1 1.02-4.51
77 (89.5%) 59 (79.9%) 5 02-4.5 =423 0.04*
G 9 (10.5%) 65 (20.1%) 0.47 0.22-0.98
AA 4(9.3%) 19 (11.4%) 1.26 0.41-3.92
AC 15 (34.9%) 90 (54.2%) 2.21 1.104.44 F=0.12 0.969
rs11866328 CC 24 (55.8%) 57 (34.3%) 0.41 0.21-0.82
A 23 (26.7Y 128 (38.6° 0.58 0.34-0.
(26.7%) ( %) 99 =289 <0.001*
C 63 (73.3%) 204 (61.4%) 1.72 1.02-2.91
GRIN2B
AA 8 (19.0 %) 19 (11.7%) 0.56 0.23-1.39
AG 22 (52.4%) 70 (42.9%) 0.68 0.35-1.35 $=43 0.12
rs10845838 GG 12 (28.6%) 74 (45.4%) 2.08 0.99-4.34
A 45.29 1 .59 1.64 1.005-2.
38 (45.2%) 08 (33.5%) 6 005-2.67 =427 0.04%
G 46 (55.8%) 214 (66.5%) 0.61 0.38-0.995
* p value < 0.05 (here and in Table 3).
Table 3
Genotypes / N
SNP Alleles Smokers Non-smokers OR 95% CI Fi2 )4
AA 0 (0%) 3 (6.0%) - -
AG 25 (19.4%) 12 (24.0%) 0.76 0.35-1.66 F=1729 0.051
rs7190619 GG 104 (70.6%) 35 (70.6%) 1.78 0.85-3.76
0, 0, —
A 25 (9.7%) 18 (18.0%) 0.49 0.25-0.94 pma7l 0.03*
G 233 (90.3%) 82 (82.0%) 2.05 1.06-3.94
AA 19 (12.2%) 4 (6.7%) 1.94 0.63-5.96
AG 65 (41.7%) 36 (60.0%) 0.48 0.26-0.87 F=238.06 0.029*
1s8049651 GG 72 (46.1%) 20 (33.3%) 1.71 0.92-3.19
0, 0, —
A 103 (33.0%) 44 (36.7%) 0.85 0.55-1.32 =052 047
G 209 (67.0%) 76 (64.3%) 1.18 0.76-1.82
DISCUSSION ants 1s9788936 and rs11866328 of the GRIN2A gene

In this study, we analyzed the associations of al-
cohol and tobacco abuse with 17 polymorphic vari-
ants of two genes involved in glutamate metabolism.
The results led to the conclusion that two polymor-
phisms (rs8049651 and rs7190619) in the GRIN2A
gene contribute to the development of tobacco addic-
tion in patients with schizophrenia. Polymorphic vari-

and 1510845838 of the GRIN2B gene demonstrated a
strong association with alcohol abuse in both groups.
In addition, the rs2072450 polymorphism in the GRI-
N2A gene may be associated with disruptions in aver-
sion learning, and its allelic state may be one of the
risk factors for alcohol addiction development [24].
The 152058878 and 152300272 polymorphisms of
the GRIN2B gene may serve as an indicator of the ef-
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fectiveness of acamprosate in the treatment of alco-
hol-related disorders [25], since researchers demon-
strated an association of allelic variants of these
polymorphisms with the duration of alcohol absti-
nence in patients.

The role of heredity in the pathogenesis and clin-
ical presentation of schizophrenia is undeniable, and
the associations we found also reflect this association.
The influence of genetic factors and glutamatergic
neurotransmission on the development of pathological
behavioral patterns in patients with schizophrenia is a
poorly studied issue in modern biological psychiatry.

The majority of genetic studies on schizophrenia
are associated with its key symptoms (positive, neg-
ative, and cognitive), while a few works dedicated to
comorbidity of schizophrenia and addictive disorders
cannot fully cover the issue yet. Further research in this
area, combining both genetic and clinical approaches,
may define the role of glutamate in the development
of addictive behavior in patients with schizophrenia.

CONCLUSION

This study showed associations of alcohol abuse
with the rs9788936 polymorphic variant in the GRI-
N2A4 gene and the rs10845838 polymorphic variant
in the GRIN2B gene in patients with schizophrenia.
The study also demonstrated that rs8049651 and
rs7190619 polymorphic variants of the GRIN2A gene
have a clear association with the development of to-
bacco addiction in patients with schizophrenia.
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