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Summary

Aim. The aim of the study was to determine relationships between the selected DRD2
gene polymorphisms and drug addiction.

Methods. One hundred drug abusers undergoing treatment were recruited from the in-
patient psychiatric centers in Poland. All participants were screened by means of the clinical
interview SSAGA to describe the clinical picture. In the second part of the study, participants
were examined using psychometric tools assessing selected psychopathological features. After
that, blood samples were collected for a DNA isolation. The following DRD2 single nucleotide
polymorphisms (SNPs) of the dopamine gene were genotyped: rs1800498 polymorphism of
DRD2 gene (NC_000011.10:g.113420866G>A, GRCh38.p7); rs1079597 polymorphism of
DRD2 gene (NC_000011.10:g.113425564C>T, GRCh38.p7); rs1076560 polymorphism of
DRD2 gene (NC_000011.10:2.113412966C>A, GRCh38.p7).

Results. The rs1800498 polymorphism has shown an association with drug abuse in
which a higher frequency of the allelic T form was observed in the whole group of patients
and selected subgroups with concomitant opiates or cannabis abuse history when compared
with the controls.

Conclusions. In the presented study, one of selected polymorphisms of DRD2 gene, revealed
to be correlated with substance use disorder (at the limit of statistical significance), which could
suggest its impact on dependence endophenotype. The presented research was a pilot study, so
it requires replication on a larger group of patients to verify and confirm obtained outcomes.
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Introduction

The research carried out so far have shown that a lot of people have contact with
drugs through their lives. About 60% of the American population took an illicit drug
at least once in their lifetime and a percentage of the population exposed to addictive
factors, including alcohol, exceeds 90%, but only few display a clinically significant
dependence syndrome. Even in the case of very addictive drugs, including cocaine,
only 15-16% display addiction [1]. Addiction is defined as a compulsive pattern of
drug-seeking and drug-taking behavior expanding on all human activity [2].

The data presented below prompt reflection on a potential basis of pathogenesis
of'addiction. The widespread use of substances has led to intensive scientific research
into the issue of mechanisms involved in abuse. Moreover, it has been well known
for a long time that one drug abuse often leads to yet another concomitant abuse.
The experience of the recent decades of research elucidates a common underlying
mechanism shared by different abusive substances [3].

It appears that brain circuits connecting the globus pallidus, limbic system and
nucleus accumbens seem to be a crucial factor for the expression of reward in the
central nervous system (CNS) [4]. However, while each drug of abuse seems to affect
this system in a different way, the ultimate result is the same and consists in dopamine
release, which is the most important messenger of reward in such reward sites as the
nucleus accumbens and the hippocampus [5]. Dopaminergic transmission through the
D2 receptor in the above-described sites in the brain determines expression of reward
[3]. As it was observed in animal studies, an agonist of D2 receptor diminishes alcohol
consumption [6]. Its reduced availability in the aforementioned areas has been found
to be associated with the tendency to addiction [7].

The rs1079597 polymorphism of the DRD2 gene was associated with a low
dopamine receptor density [8]. The influence of the polymorphisms: rs1800497 of
the ANKK1 gene and the polymorphism in intron 6 of the DRD2 gene (rs1076560),
where the presence of allelic variants with A determined the reduced availability
of the receptor, compared with the carriers of the second allelic variant, was also
observed [9]. Furthermore, the DRD2 exists in two main splice molecular variants
(mRNA) with different length. The D2 short form lacks transcript exon 6 in compar-
ison to D2 long. The results of recent studies suggest an important role of intronic
polymorphisms in the proportion of two distinct transcription variants of the D2
receptor gene [10].

The minor variants of SNPs: rs2283265 and rs1076560 have a negative influence
on formation of short form of mRNA transcript of the DSD2 gene, which can lead to
an increased risk of addition [11]. Indirect impact of intronic polymorphisms of the
DRD2 gene suggests connections with mRNA splicing phenomenon, described in
previous studies, was a driving force for carrying out this study.

The dopamine receptor D2 gene is located in the chromosome 11g23 and involves
area of 65.56 kb. The DRD2 gene includes 8 exons which undergo transcription to
mRNA of 2.713 kb, finally translated to D2 receptor protein of 443 amino acids.
Skipping of the exon 6 leads to a form of receptor shorter by 29 amino acids [12].



Case-control analysis of DRD2 gene polymorphisms in drug addicted patients 1015

The dopamine D2 receptor is found both in the pre — and postsynaptic area of
dopamine neurons in the brain.. The dopamine D2 receptor plays an essential role in
rewarding processes in the ventral tegmental area (VTA) and in the nucleus accumbens.
The attenuation of dopaminergic transmission in the reward cascade leads to the reward
deficiency syndrome [13].

In our study, we selected 3 SNPs located in introns of the DRD2 gene.
The rs1079597 polymorphism is located within the first intron of the DRD2 gene.
In previous studies some connections with heroin dependence were observed [14, 15].
Moreover, the association with other psychological disorders was also described [16].
The less frequent variant of the rs1079597 polymorphism influenced the D2 receptor
binding potential to a similar extent as in the case of the rs1800497 polymorphism of
the ANKK1 gene [17].

The rs1076560 polymorphism of the DRD2 gene is located within the 6™ intron.
It shows association with RNA splicing phenomenon, which can impact receptor
density in the brain [13]. In some previous studies carried out on patients suffering
from schizophrenia the presence of allelic variant A affected D2 receptor avail-
ability in the striatum, which was associated with preponderance of the so-called
long form of the receptor in that area [18]. This polymorphism was associated with
ineffective excitation of certain areas of the brain, as observed in studies using
functional magnetic resonance imaging (fMRI). Both healthy and schizophrenic
carriers of the alternative variant of this polymorphism showed similar changes in
brain activity [19].

The rs1800498 (T/C) polymorphism of the DRD2 gene is located within 2" intron.
The haplotype analysis revealed association between this polymorphism and different
addictions, including heroin [14] and nicotine addiction [20]. Some impact of this
polymorphism on prognosis and responsiveness in the treatment of schizophrenia was
depicted in previous studies [16].

Material and methods

Our case sample consisted of 100 poly-substance abusers who were recruited
from the inpatient psychiatric centers in Poland. It was required that the participants
stay free from drugs for at least three months prior to the study. A written consent was
obtained after the patients were informed about the aims and process of the research.
The presence of other psychiatric disorders apart from addictions was the exclusion
criterion. Our control sample consisted of 100 healthy subjects. The presence of any
psychiatric disorders was excluded using the Prime MD tool.

Table 1. Profile of substance use disorder among participants

Substance dependence Number of cases
Psychostimulants 100
Opiates 18
Cannabis 67

table continued on the next page
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Benzodiazepines 23
MDMA (‘Ecstasy’) 24

Mean age of treatment onset: 22 years (SD = 2); Mean age of substance use disorder (SUD) onset:
17 years (SD = 2); Mean period of untreated SUD — up to 5 years

Measures

All participants were screened for psychiatric disorders by means of the Semi-Struc-
tured Assessment for the Genetics of Alcoholism (SSAGA). This tool, used in genetic
studies on alcoholism, includes parts devoted to abuse of substances other than alcohol.
This tool enables to collect information regarding former conduct and personality
disorder [21].

Genetic analysis

After all participants were assessed and screened with psychometric tools, 10
ml blood samples were collected for a DNA extraction using salting out method
[22]. For genotyping selected SNPs of the DRD2 gene (rs1800498, rs1079597,
rs1076560) Real-time PCR method, involving the use of fluorescent oligonucle-
otide probes, which bind DNA by hybridization with a specific sequence, known as
‘HybProbes’, was used.

DRD2 gene polymorphisms analysis was performed using LightCycler 2.0, Roche
Diagnostics, and a melting curve analysis for each allele. After the reaction was com-
pleted, genotyping results were analyzed by means of LightCycler System Software
Version 4.1 (Roche).

The paper contains only tables with statistically significant values (rs1800498).

Statistical analysis

1. Potential deviations from the Hardy—Weinberg equilibrium were assessed using
an open access HWE calculator [23].

2. Age and gender analysis in the case and control group: Statistica 10 software.

3. Association analysis: case-control comparison of differences in the distribution of
alleles or genotypes and comparison in the homogenous subgroups: IBM SPSS
Statistics 20 software.

In the study, a significance level was set at p < 0.05.
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Results and discussion

Table 2. Age characteristic of the control and study group

Study group (n = 100) Control group (n = 100)
Men Women Men Women
(n=280) (n=20) (n=77) (n=23)
25.0 26.0 25.0 24.0
Mean age/SD
(SD=4.0) (SD=4.0) (SD=2.0) (SD=4.0)
Min.-max. 18-35 18-33 18-37 24-34

SD — standard deviation

The study as well as control group was matched according to gender and age.

Table 3. Assessment of the Hardy—Weinberg equilibrium

Hardy-Weinberg equilibrium
SNPs
Study group Control group
D2 rs1076560 0.9341 0.2458
D2 rs1800498 0.3163 0.7619
D2 rs1079597 0.9341 0.743

In both the study group (» = 100) and the control group (n = 100), there were no
deviations from the Hardy—Weinberg equilibrium.

Analysis of genotypes and alleles

Table 4. Frequency of genotypes and alleles of the rs1800498 polymorphism of the DRD2
gene in patients with opiate dependence syndrome and in the control group

Genotypes Alleles
G
roup | n cic cr T p c T Pl HwE
n (%) n (%) n (%) n (%) n (%)
0 10 8 10 26
Sy B 00 | s | (044 028) | (072 0.103
2.1 4-18 51 009 éo 1-10 005
Control | 100 0.762
(0.21) (0.48) (0.31) (0.45) (0.55)

p — statistical significance; n — number of subjects; HWE — Hardy—Weinberg equilibrium

A significantly more frequent occurrence of the allelic variant T was found among
patients diagnosed with opiate dependence syndrome compared with the control group

(p = 0.05).
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Table 5. Frequency of genotypes and alleles of the rs1800498 polymorphism of the DRD2
gene in patients with cannabis dependence syndrome and in the control group

Genotypes Alleles
G
roup n CIC CIT TIT 0 C T p HWE
n (%) n (%) n (%) n (%) n (%)

Stud 67 6 34 27 46 88 0.304
udy :
0.09 0.51 0.4 0.34 0.66

(0.09) (051) 04) 0.09 (0:34) (0.66) 0.05
21 48 31 90 110
Control | 100 0.762
(0.21) (0.48) (0.31) (0.45) (0.55)

p — statistical significance; n — number of subjects; HWE — Hardy—Weinberg equilibrium

It was found that the allelic variant T was significantly more frequent among pa-
tients diagnosed with dependence on cannabis preparations compared with the control
group (p = 0.05).

The remaining polymorphisms examined in the presented study did not show
statistically significant differences in the frequency of occurrence of both genotypes
and alleles between the study and control group.

Discussion

Dopamine D2 receptor is widely present in the striatum and the prefrontal cortex
(PFC), areas engaged in the cognitive processes [24]. The results indicate that intronic
polymorphisms of the DRD2 gene determinate, at least partially, the risk of display-
ing substance abuse in a lifetime [11]. In animal studies (monkeys), the effect of an
environmentally-induced dopaminergic transmission deficit on cocaine self-adminis-
tration was observed [25]. Inversely, a high D2 receptor expression reduced alcohol
self-administration in rats [26].

In family studies, the subjects with abuse history showed a lower D2 receptor
density when compared with unaffected relatives [27].

The dopamine D2 receptor is one of the main target for many antipsychotic
medicines. The rs1076560 polymorphism in intron 6, similarly to the rs1800497
polymorphism of the ANKK1 gene, influences D2 receptor availability in the CNS
[11]. The altered availability of the receptor may lead to the development of substance
abuse and behavioral addictions [28]. In one study, benzamide, which is a D2 receptor
agonist, displayed a 2.4-fold lower affinity to the long form of D2 receptor as compared
to the short form of D2 receptor. The predominance of the long form of D2 receptor
determinates a lower availability of its protein, which results in fewer presynaptic
terminals where D2 short receptors are commonly located. This may be a ground for
development of dopamine super-sensitivity evidenced both in schizophrenia [18] and
as result of psychostimulants administration [29].

In post-mortem studies of the brain tissue of cocaine addicts genomic mRNA and
DNA were extracted. The proportions of the DRD2 mRNA transcript between the long
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and short form in the collected samples of the CNS tissue from the prefrontal cortex and
the putamen were evaluated. The selected SNPs were also determined: rs1076560 and
1$2283265. Significant association between rs2283265 and rs1076560 polymorphisms
and reducing formation of the short form of D2 receptor in relation to the long form
of D2 was evidenced. The minor gene variant was significantly more frequent among
cocaine abusers compared with the control group [10].

In another study, the authors did not find the rs1076560 polymorphism to be as-
sociated with cocaine dependence, however, they did observe the trend that the minor
allele was increased in cocaine addicts compared with the controls. The rs1076560
polymorphism was found to be strongly associated with opioid dependence [30].

The rs1076560 and rs2283265 polymorphisms exhibited an association with a low-
ered expression of the short form of D2 receptor, whereas the rs12364283 (T/C) poly-
morphism in the promoter region of the gene showed an association with a higher level
of receptor mRNA. The decreased expression of the DRD2 gene caused an increased
firing of the striatal medium spiny neurons. The electrophysiological investigations
results demonstrated the influence of the rs1076560 and 152283265 polymorphisms on
the increased activity in the striatum and other regions associated with working mem-
ory. This was manifested by lower results in tests evaluating cognitive processes [31].

The rs1079597 polymorphism was investigated in heroin dependent patients.
The allelic variant T of the rs1079597 polymorphism exhibited an association with
heroin dependence, which remained significant after the Bonferroni’s correction [14].
In other studies the rs1079597 polymorphism appeared to be associated with nicotine
addiction [32, 33], cocaine abuse [34] and addiction to other psychostimulants [35].

Conclusions

In our study, an allelic variant T of the rs1800498 polymorphism of the DRD2
gene appeared to be significantly more frequent in opiate (p = 0.05) and cannabis (p =
0.05) addicts when compared with the controls. The rs1076560 polymorphism of the
DRD2 gene, described in previous data as having impact on cutting introns out (and
related dopamine D2 receptor availability in the brain) did not show any significant
association with drug abuse in the presented study.
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Bioethical statement: The study was conducted in accordance with the worldwide Good Clini-
cal Practice (GCP) standards and ethical standards as outlined by the Declaration of Helsinki
(1989). All experiments were done with approval of the Bioethics Committee of the Pomeranian
Medical University in Szczecin.



1020 Mariusz Sznabowicz et al.

11.

12.
13.

14.

15.

16.

17.

References

. Wagner FA, Anthony JC. From first drug use to drug dependence; developmental periods of

risk for dependence upon marijuana, cocaine, and alcohol. Neuropsychopharmacology 2002;
26(4): 479-488.

. Robinson TE, Berridge KC. Addiction. Annu. Rev. Psychol. 2003; 54: 25-53.
. Blum K, Braverman ER, Holder JM, Lubar JF, Monastra VJ et al. Reward deficiency syndrome:

A biogenetic model for the diagnosis and treatment of impulsive, addictive, and compulsive
behaviors. J. Psychoactive Drugs. 2000; 32(Suppl. i-iv): 1-112.

. Wise RA, Bozarth MA. Brain reward circuitry: Four circuit elements “wired” in apparent

series. Brain Res. Bull. 1984; 12(2): 203-208.

. Koob GF, Bloom FE. Cellular and molecular mechanisms of drug dependence. Science 1988;

242(4879): 715-723.

. Dyr W, McBride WJ, Lumeng L, Li TK, Murphy JM. Effects of D1 and D2 dopamine receptor

agents on ethanol consumption in the high-alcohol-drinking (HAD) line of rats. Alcohol. 1993;
10(3): 207-212.

. Hietala J, West C, Syvilahti E, Nagren K, Lehikoinen P et al. Striatal D2 dopamine receptor

binding characteristics in vivo in patients with alcohol dependence. Psychopharmacology (Berl)
1994; 116(3): 285-290.

. Jonsson EG, Nothen MM, Griinhage F, Farde L, Nakashima Y et al. Polymorphisms in the

dopamine D2 receptor gene and their relationships to striatal dopamine receptor density of
healthy volunteers. Mol. Psychiatry 1999; 4(3): 290-296.

. Ritchie T, Noble EP. Association of seven polymorphisms of the D2 dopamine receptor gene

with brain receptor-binding characteristics. Neurochem. Res. 2003; 28(1): 73-82.

. Moyer RA, Wang D, Papp AC, Smith RM, Duque L et al. Intronic polymorphisms affecting

alternative splicing of human dopamine D2 receptor are associated with cocaine abuse. Neu-
ropsychopharmacology 2011; 36(4): 753-762.

Gorwood P, Le Strat Y, Ramoz N, Dubertret C, Moalic JM, Simonneau M. Genetics of dopamine
receptors and drug addiction. Huom. Genet. 2012; 131(6): 803-822.

http://www.genecards.org/cgi-bin/carddisp.pl?gene=DRD2&keywords=DRD2.

Blum K, Chen AL, Braverman ER, Comings DE, Chen TJ et al. Attention-deficit-hyperactivity
disorder and reward deficiency syndrome. Neuropsychiatr. Dis. Treat. 2008; 4(5): 893-918.

Vereczkei A, Demetrovics Z, Szekely A, Sarkozy P, Antal P et al. Multivariate analysis of do-
paminergic gene variants as risk factors of heroin dependence. PLoS One 2013; 8(6): €66592.

Wang N, Zhang JB, Zhao J, Cai XT, Zhu Y'S, Li SB. Association between dopamine D2 receptor
gene polymorphisms and the risk of heroin dependence. Genet. Mol. Res. 2016; 15(4).

Vijayan NN, Bhaskaran S, Koshy LV, Natarajan C, Srinivas L et al. Association of dopamine
receptor polymorphisms with schizophrenia and antipsychotic response in a South Indian pop-
ulation. Behav. Brain. Funct. 2007; 3: 34.

Gluskin BS, Mickey BJ. Genetic variation and dopamine D2 receptor availability: A system-
atic review and meta-analysis of human in vivo molecular imaging studies. Transl. Psychiatry
2016; 6(3): €747.



Case-control analysis of DRD2 gene polymorphisms in drug addicted patients 1021

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Seeman P. Schizophrenia thalamus imaging: Low benzamide binding to dopamine D2 recep-
tors suggests fewer D2Short receptors and less presynaptic terminals. Psychiatry Res. 2013;
214(3): 175-180.

Luykx JJ, Broersen JL, Leeuw de M. The DRD?2 rs1076560 polymorphism and schizophrenia-re-
lated intermediate phenotypes: A systematic review and meta-analysis. Neurosci. Biobehav.
Rev. 2017; 74(Pt A): 214-224.

Preuss UW, Zill P, Koller G, Bondy B, Sokya M. D2 dopamine receptor gene haplotypes and
their influence on alcohol and tobacco consumption magnitude in alcohol-dependent individuals.
Alcohol Alcohol. 2007; 42(3): 258-266.

Bucholz KK, Cadoret R, Cloninger CR, Dinwiddie SH, Hesselbrock VM et al. 4 new, semi-struc-
tured psychiatric interview for use in genetic linkage studies: A report on the reliability of the
SSAGA. J. Stud. Alcohol. 1994. 55(2): 149-158.

Miller SA, Dykes DD, Polesky HF. 4 simple salting out procedure for extracting DNA from
human nucleated cells. Nucleic Acid Res. 1988; 16(3): 1215.

http://scienceprimer.com/hardy-weinberg-equilibrium-calculator.

Seamans JK, Yang CR. The principal features and mechanisms of dopamine modulation in the
prefrontal cortex. Prog. Neurobiol. 2004; 74(1): 1-58.

Morgan D, Grant KA, Gage HD, Mach RH, Kaplan JR et al. Social dominance in mon-
keys: Dopamine D2 receptors and cocaine self-administration. Nat. Neurosci. 2002; 5(2):
169-174.

Thanos PK, Volkow ND, Freimuth P, Umegaki H, Ikari H et al. Overexpression of dopamine
D2 receptors reduces alcohol self-administration. J. Neurochem. 2001; 78(5): 1094-1103.

Volkow ND, Wang GJ, Begleiter H, Porjesz B, Fowler JS et al. High levels of dopamine D2
receptors in unaffected members of alcoholic families: Possible protective factors. Arch. Gen.
Psychiatry 2006; 63(9): 999-1008.

Comings DE, Rosenthal RJ, Lesieur HR, Rugle LJ, Muhleman D et al. 4 study of the dopamine
D2 receptor gene in pathological gambling. Pharmacogenetics 1996; 6(3): 223-234.

Boileau I, Dagher A, Leyton M, Gunn RN, Baker GB et al. Modeling sensitization to stimulants
in humans: An [11C]raclopride/positron emission tomography study in healthy men. Arch. Gen.
Psychiatry 2006; 63(12): 1386-1395.

Clarke T-K, Weiss ARD, Ferarro TN, Kampman KM, Dackis CA et al. The dopamine receptor
D2 (DRD2) SNP rs1076560 is associated with opioid addiction. Ann. Hum. Genet. 2014;
78(1): 33-39.

Zhang Y, Bertolino A, Fazio L, Blasi G, Rampino A et al. Polymorphisms in human dopamine

D2 receptor gene affect gene expression, splicing, and neuronal activity during working memory.
Proc. Natl. Acad. Sci. USA. 2007; 104(51): 20552-20557.

Spitz MR, Shi H, Yang F, Hudmon KS, Jiang H et al. Case-control study of the D2 dopamine
receptor gene and smoking status in lung cancer patients. J. Natl. Cancer Inst. 1998; 90(5):
358-363.

Huang CL, Ou WC, Chen PL, Liu CN, Chen MC et al. Effects of interaction between dopamine
D2 receptor and monoamine oxidase A genes on smoking status in young men. Biol. Res. Nurs.
2015; 17(4): 422-428.



1022 Mariusz Sznabowicz et al.

34. Noble EP, Blum K, Khalsa ME, Ritchie T, Montgomery A, Wood RC et al. Allelic association

35.

of the D2 dopamine receptor gene with cocaine dependence. Drug Alcohol Depend. 1993;
33(3): 271-285.

Persico AM, Bird G, Gabbay FH, Uhl GR. D2 dopamine receptor gene Taql Al and BI re-
striction fragment length polymorphisms: Enhanced frequencies in psychostimulant-preferring
polysubstance abusers. Biol. Psychiatry 1996; 40(8): 776—784.

Address: Anna Grzywacz

Pomeranian Medical University in Szczecin
Independent Unit of Health Promotion
70-001 Szczecin, Broniewskiego Street 26
e-mail: grzywacz.anna.m@gmail.com



