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Abstract

Background: Besides its physical and psychological effects on individuals, addiction is a major personal and societal issue that
threatens cultural, political, and community well-being. Genetic factors play essential roles in susceptibility to methamphetamine
dependence. The purpose of this study was to investigate the correlation between methamphetamine use disorder in Iranian males
and the rs2652511 polymorphism in the promoter of SLC6A3.

Methods: We recruited 100 men with methamphetamine use disorder as cases and 100 age- and ethnically-matched normal men
from East Azerbaijan, Tabriz, Iran as healthy controls. From peripheral blood leukocytes, genomic DNA was extracted. PCR-RFLP
was utilized for genotyping.

Findings: The genotype distribution of rs2652511 polymorphism in the case group was 56% CC, 33% CT, and 11% 44, whereas
in the control group it was 25% CC, 42% CT, and 33% TT. According to statistical analysis, there was a substantial variation in
genotype and allele frequencies of the rs2652511 polymorphism between the case group and the healthy control group (P>0.05).
Conclusion: Our research revealed that the rs2652511 polymorphism in the SLC6A3 gene was associated with methamphetamine
misuse disorder in the Iranian population. To clarify the exact role of this polymorphism in the pathology of methamphetamine
use disorder, further research is required across different racial and geographic groups.
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Introduction

In China, methamphetamine, a potent central
nervous system (CNS) psychostimulant, is the
most commonly utilized illicit substance.! Multiple
organs, including the heart, intestines, and brain, are
susceptible to methamphetamine damage.” Additionally,
methamphetamine-related psychoses, such as auditory
hallucinations and paranoid thinking, are becoming
more prevalent in those with a history of chronic
methamphetamine consumption.*® Methamphetamine
addiction places a substantial financial burden on
individuals and their families. In addition, it can trigger
a series of violent incidents, leading to an array of social
issues.

It has been demonstrated that methamphetamine-
induced changes in gene expression are closely associated
with severe disruption of regular neurophysiological
brain activity, even though the precise mechanism

underlying methamphetamine dependence remains
unknown. Recent investigations of genome-wide
associations have been employed in different populations
to identify correlations between genetic variations and
complicated illnesses, including height, coronary heart
disease, and schizophrenia.>® We have recently gained a
better understanding of the genetic pathways underlying
complex behaviors such as alcohol and other substance
use, which can be attributed to numerous loci that
influence these traits.”® However, despite numerous
reports of candidate genes, data on methamphetamine
dependence are sparse.”'

Dopamine is involved in various brain functions,
including inflammation, sleep, cancer, heart failure,
and circadian rhythms, as well as numerous additional
functions.!"® The plasma membrane’s human dopamine
transporter protein (hDAT) is a vital regulator of synaptic
dopamine transmission. Dopamine reuptake activity,
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the density of hDAT, and the dynamics of dopamine
neurotransmission can all be altered by variations in the
coding gene SLC6A3 (DAT1) on chromosome 5 (chr5).
These alterations may influence the pathophysiology of
the peripheral and CNSs.'*!?

The SLC6A3 gene sequence has been associated with
a broad spectrum of environmentally sensitive mental
health conditions, such as Parkinson’s disease, substance
use disorders, attention deficit hyperactivity disorder, and
major depressive disorder. Serious health concerns arise
when comorbidity is present.'>!” Various environmental
risk factors, including drugs, stressors, high-fat meals,
stimulant medications, and environmental enrichment,
can impact the in vivo activity of Slc6a3 (written in
lower case to denote animal genes).’*** However, these
regulations remain unclear from a mechanical standpoint
for humans with the associated diseases. Although
research has not yet been capable of validating these
findings, genetic variation of SLC6A3 has also been
associated with specific drug misuse.>*!

There is currently no thorough investigation of
SLC6A3 gene variants among methamphetamine users
in the Iranian population. We investigated the causal
relationship between the rs2652511 polymorphism in the
SLC6A3 gene and methamphetamine use among Iranian
Azeri men in this case-control study.

Methods

Sample collection

In this case-control study conducted in 2018 and 2019,
we recruited 100 males from the educational hospitals in
Tabriz, Iran. All of the women in the investigation were
between the ages of 20 and 40. The 60 patients in the case
group had just been identified as methamphetamine users
who had not undergone any rehabilitation. Participants
with serious illnesses were not allowed to participate in the
study; this included individuals with chronic conditions,
neurological problems, cardiovascular disease, and severe
mental illnesses. Additionally, individuals who consumed
drugs or substances other than methamphetamine were
excluded. The 60 individuals who participated in the
control group were matched for age and gender and were
referred to as routine physical examinations and health
check-ups.

The case and control group participants were selected
from East Azerbaijan, Iran, and matched for ethnic
background and age, and were genetically unrelated.
Interviews and questionnaires were used to collect
information regarding each participant’s demographic
characteristics, clinical history, and lifestyle. The data
gathered included gender, age, syphilis infection status,
marriage status, literacy levels, and drug use history.
Following the ethical guidelines of the Declaration
of Helsinki, each participant signed an authorization
document after being briefed about the study.

Genotyping analysis

Each participant’s peripheral blood (5 mL) was
drawn into EDTA (Ethylenediaminetetraacetic acid)-
containing receptacles. Leukocytes in peripheral
blood were used to extract DNA using the salting-out
technique. The genotyping was conducted using the
PCR-RFLP technique and specific primers (forward:
5-GGAGCATCGAGGGTACAC-3' and reverse:
5'-GACGGCCTGGAAAGCCCTG-3"). The amplified
fragment (252 bp) was digested by Mspl enzymes and
incubated at 37 °C. After digestion, five fragments (97
bp, 46 bp, 44 bp, 34 bp, and 31 bp) were obtained for the
C allele, and four fragments (141 bp, 46 bp, 34 bp, and
31 bp) for the T allele (Figure 1). The template DNA (1
ug), primers (25 pmol), and PCR master mix (12.5 uL)
were employed in a PCR reaction in a 25 pL total volume.
Electrophoresis on a 3% agarose gel, designated with
a nontoxic stain, was utilized to separate the digested
fragments. The size of DNA bands was estimated using a
50 bp size ladder.

Statistical analysis

SPSS software (version 21.0) was used to analyze the
collected data statistically. The correlation between
the rs2652511 polymorphism in the SLC6A3 gene and
methamphetamine use disorder was studied with logistic
regression. The Fisher’s exact test and chi-square (x2)
test were employed to evaluate the Hardy-Weinberg
equilibrium (HWE) in the genotype distribution
of patients and healthy controls. Additionally, 95%
confidence intervals (CIs) and the odds ratio (OR) were
calculated. The independent sample t-test was applied to
investigate the distinctions in clinical and demographic
characteristics between the case and healthy control
groups. A P value of less than 0.05 was considered
statistically significant.
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Figure 1. The electrophoresis-digested PCR products of SLC6A3 152652511
C/T polymorphism on agarose gel. After digestion, five fragments (97bp, 46
bp, 44 bp, 34 bp, and 31 bp) were produced in the presence of the C allele,
and four fragments (141 bp, 46 bp, 34 bp, and 31 bp) were produced in the
presence of the T allele
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Results

The demographic data of the subjects are presented in
Table 1. Age, marital status, and syphilis infection status
(P<0.05) were significantly different between the patients
and the healthy controls. There were no significant
differences in body mass index (BMI) or education levels
between the two groups (P>0.05).

The statistical analysis indicated that the rs2652511
polymorphism in the SLC6A3 gene conformed to HWE
for both the case and healthy control groups (P>0.05).
Allele and genotype frequency distributions for SLC6A3
rs2652511 polymorphism in case and healthy control
groups are shown in Table 2.

In the case group, the frequencies of homozygous
CC, heterozygous CT, and homozygous TT were 56%,
33%, and 11%, respectively. In the control group,
25% of individuals were homozygous CC, 42% were
heterozygous CT, and 33% were homozygous TT.
Statistical analysis revealed that patients and healthy
controls had significantly different genotype frequencies
for the rs2652511 polymorphism (P=0.002; OR=0.83;
95% CI=0.54-1.68).

72.5 percent of patients and 46.0 percent of healthy
persons carried the C allele. Additionally, the prevalence
of the T allele in patients was 27.5%, compared to 54.0%
in the healthy controls. By analyzing allele frequencies, it
was possible to statistically differentiate between the case
and healthy control groups (P=0.003; OR=0.60; 95%
CI=0.49-1.13).

Discussion

Drug addiction is the nonmedical use of illegal substances
characterized by symptoms of intoxication or withdrawal.
Genetic factors have a significant role in addiction, and
dopamine is influential in reward and motivation.???*
Individual tendencies towards methamphetamine use
disorder may, therefore, be affected by alterations in
dopaminergic signaling. In this study, the rs2652511
polymorphism in the promoter of SLC6A3, a crucial
protein in the dopaminergic signaling pathway, was
evaluated for the first time in its connection with the risk
of methamphetamine use disorder in Iranian men. The
findings of the study, which was conducted on 100 men
with methamphetamine use disorder and 100 healthy
men, showed a significant correlation between the
rs2652511 polymorphism and methamphetamine use in
Iranian men.

Evidence has demonstrated that the SLC6A3 gene is
influential in drug dependency.* A 40 bp 3-untranslated
polymorphism (rs28363170) was linked with risky
behavior, such as use of cannabis, heroin, cocaine, tobacco,
alcohol, and other illicit drugs in the Guo et al.” study. In
another investigation, Stolf et al*® discovered a significant
correlation between crack cocaine usage and this
polymorphism. Our investigation identified a substantial
correlation between the rs2652511 polymorphism and
methamphetamine use disorder, which is consistent
with the previously cited investigations. The functional
rs2652511 polymorphism influences the density of
transporter protein, and does not influence the amino

Table 1. The clinical features and demographic characteristics of the subjects with methamphetamine abuse and the healthy controls

Variable Case (n=100) Controls (n=100) P value*
Age, years 28.41+2.51 32.73+£9.22 <0.001
BMI, kg/m? 22.19+2.18 22.34+2.55 0.529
Marital status
Married, No (%) 48 (48%) 77 (57%)
Single, No (%) 23 (30%) 15 (15%) 0.004
Divorced, No (%) 19 (19%) 8 (8%)
Educational degree
Under diploma and diploma, No (%) 69 (69%) 56 (56%)
Higher diploma, No (%) 31 (31%) 44 (44%) 0:089
Drug use history
Onset age of drug use (years) 24.78+2.28 - -
Drug use time (years) 4.56+3.24 - -
Daily frequency of drug use 1.87£2.11 - -
Drug manner
Injection, No (%) 20 (20%) - -
Oral inhalation, No (%) 80 (80%) - -
Syphilis infection status
Positive, No (%) 15 (15%) 0 (0.0%)

<0.001
Negative, No (%) 85 (85%) 100 (100.0%)

Note: BMI: body mass index. *Statistically significant P<0.05.
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Table 2. Genotype and allele distribution of SLC6A3 gene rs2652511 polymorphism in cases and controls

Inheritance model Genotype and allele Patients (n=100) Controls (n=100) P value* OR (95% CI)

CcC 56 (56%) 25 (25%) Ref Ref=1
Codominant CcT 33 (33%) 42 (42%) 0.801 0.83 (0.54-1.68)

T 11 (11%) 33 (33%) 0.002 2.68 (1.10-6.81)

CC 56 (56%) 25 (25%) Ref Ref=1
Dominant

CT+TT 44 (44%) 75 (75%) 0.009 0.73 (0.12-1.03)

T 11 (11%) 33 (33%) Ref Ref=1
Recessive

CC+CT 89 (89%) 67 (67%) 0.64 1.01 (0.67-1.71)

CT 33 (33%) 42 (42%) Ref Ref=1
Overdominant

CC+TT 67 (67%) 58 (58%) 0.77 1.02 (0.59-1.71)

C 145 (72.5%) 92 (46.0%) Ref Ref=1
Allele

T 55 (27.5%) 108 (54.0%) 0.003 0.60 (0.49-1.13)

Note: OR, odds ratio; Cl, confidence interval. *Statistically Significant P<0.05.

acid sequence of the protein.”

Genome-wide association study (GWAS) is the most
effective technique for discovering biological pathways
in the context of addiction. Therefore, researchers
proceeded and performed a GWAS for personality
characteristics. 1089 Korean women participated in the
research. This genetic study investigated 1042 pathways
consisting of 8297 genes. However, no associations were
found between the personality trait scores and the genes
examined in this research.”®* The gender and ethnicity
of the individuals in both populations varied, which
could influence the findings. It would be advisable that
our research be replicated in a female study group and in
populations other than Iranians.

Conclusion

In conclusion, this research elucidated methamphetamine
use disorder as a complex condition. The findings
indicated that the rs2652511 polymorphism in SLC6A3
may be associated with Iranian men’s susceptibility
to methamphetamine addiction. The function and
consequences of this polymorphism in methamphetamine
use disorder are yet to be illuminated. Further study on
other groups and races with larger sample numbers is
suggested to gain a better understanding of the relationship
between this polymorphism and methamphetamine
addiction.
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