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ABSTRACT

Introduction: Dopaminergic gene variants may affect nicotine
dependence through their possible impact on the dopamine reward
pathway. The purpose of this study is to investigate the relationship
between the variable number tandem repeat (VNTR) variant in exon IlI
of the Dopamine D4 receptor (DRD4) gene and genetic predisposition of
smoking status in a Turkish population.

Methods: We performed a study comparing 154 subjects as the smoker
group, and 111 subjects as the non-smoker group. Genotyping for the
DRD4 VNTR variant was performed using a PCR method.

Results: There was a significant difference between smoker and non-
smoker groups regarding the distribution of the alleles and genotypes of
the DRD4 gene (p=0.000, p=0.000, respectively). The 2R allele was higher
in the non-smoker group compare to the smoker group (p=0.000). We
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found that the 2/7 and 4/9 genotypes were more common in smokers
than non-smoker group (p=0.037, p=0.028, respectively) while 2/4
genotype was more prevalent in non-smokers than smokers (p=0.000).
When the number of repeat alleles (48 bp) are accepted as short (S) if six
or less, and as long (L) if seven or more, it was found that the frequency of
S/S genotype of the DRD4 VNTR variant was lower in the smoker group
and S/L genotype was higher in the smoker group (p=0.006, p=0.006,
respectively). The subjects carrying the S/L genotype have a 2.25-fold
increased risk for smoking than a non-smoker.

Conclusion: The results indicated that the subjects carrying DRD4
exon Il VNTR S/L genotype have a risk for smoking status in a Turkish
population.

Keywords: Smoking, Dopamine D4 receptor, gene, variant

Amag: Dopaminerjik gen varyantlari, dopamin 6diil yolu tizerindeki olasi
etkileri yoluyla nikotin bagimliligini etkileyebilir. Bu calismanin amaci,
Dopamin D4 reseptor (DRD4) geni 3. ekzonundaki degisken sayili bitisik
tekrarlar (VNTR) ile Turk popilasyonundaki sigara igme durumuna
yatkinhk arasindaki iliskiyi arastirmaktir.

Yontem: Sigara icen grubu olarak 154 kisi ve sigara icmeyen grup
olarak 111 kisiyi karsilastiran bir calisma yaptik. DRD4 VNTR varyant
genotiplemesi PZR metodu kullanilarak yapildi.

Bulgular: Sigara icen ve sigara icmeyen gruplar arasinda DRD4 gen
genotip ve allel dagilimi agisindan anlamli fark vardi (p=0,000, p=0,000,
sirasiyla). iki tekrarl allel sigara igmeyen grupta sigara icen gruba kiyasla
daha fazlaydi (p=0,000). Sigara icmeyen grupta 2/4 genotipi sigara

icenlerden daha fazlayken (p=0,000), 2/7 ve 4/9 genotiplerinin sigara icen
grupta sigara icmeyen gruptan daha fazla oldugunu (p=0,037, p=0,028,
sirasiyla) bulduk. Kirk sekiz baz ciftlik tekrar alleleri alti tekrar veya daha
kisa (K) ve 7 tekrar veya daha uzun (U) olarak kabul edildiginde, DRD4
VNTR K/K genotipinin sigara icen grupta az ve K/U genotipinin sigara
icen grupta fazla oldugu bulundu (sirasiyla, p=0,006, p=0,006). K/U
genotipi tasyan kisiler sigara icme agisindan sigara icmeyenlere gére
2,25 kat yuksek riske sahipti.

Sonug: Sonuglar, DRD4 ekzon 3 VNTR K/U genotip tastyan kisilerin Ttirk
toplumunda sigara icme riski tasidigini gostermistir.

Anahtar Kelimeler: Sigara icme, Dopamin D4 reseptor, gen, varyant
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INTRODUCTION

Despite significant improvements in public health related to tobacco
control and reducing smoking frequency over the last five decades,
tobacco use is still one of the leading causes of death worldwide. Nicotine,
the principle addictive chemical substance in tobacco smoke, is crucial
for continued and compulsive tobacco use (1).

Studies on twin subjects show that genetic factors can explain a
minimum of 50% of the variance in nicotine dependence (2). Studies
on the neurobiology of nicotine dependence emphasize the role of
dopamine (3). Nicotine binds to and interacts with nicotinic Acetylcholine
Receptors (nAChRs) (4). Stimulation of central nAChRs by nicotine leads
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to the secretion of several neurotransmitters in the brain, particularly
dopamine. Dopamine secretion signals a pleasant experience and is
essential to the enhancing effects of nicotine and other drugs of abuse (5).
Various subtypes of dopamine receptors have fundamentally different
expression levels in specific neuronal groups of the brain, hence
having fundamentally distinct roles in the occurrence of substance
dependence/addiction and recurrence (6).

Chromosome 11p which contains the D4 dopamine receptor (DRD4)
locus was shown to be related with a high tendency to cigarette
smoking (7). DRD4 encodes a seven transmembrane G-protein coupled
receptor that interacts with endogenously produced dopamine. A
variable number of tandem repeats (VNTR) variant in exon 1l (rs1805186)
affects the size of the protein in the receptor’s third cytoplasmic loop,
changing receptor sensitivity. This 48 base pair sequence is repeated (R)
between 2 and 11 times. In most nationalities, the 4R allele is the most
common, whereas 2R and 7R allele frequencies vary widely (8). Studies
reported that people had been categorized as either “short repeat length
allele” (S: 6 or fewer repeats) and long repeat length allele (L: 7 or more
repeats) (9). Humans who have at least one DRD4-L are less common
in the overall population. There is a relation of DRD4-L with a greater
tendency for consuming alcohol among alcoholic individuals (10), and
greater heroine uptake among heroin addicts (11). However, the results
showing the correlation between smoking status and DRD4 VNTR variant
are contradictory. Babec et al. revealed the lack of significant (p>0.05)
effect of the all genotypes of the DRD4 VNTR on smoking status (12).
But Hutchison et al. suggested that subjects in the L group showed
significantly greater craving, and more attention to the smoking cues
than did the participants in the S group (13).

We aimed to study the relationship between the VNTR variant in exon
Il of the DRD4 gene and genetic predisposition of smoking status in a
Turkish population.

METHODS

Study Population

We performed a case-control study and included 154 subjects with a
smoker (72 females and 82 males; mean age: 43.23+13.01), they were
recruited from the X hospital and 111 healthy non-smoker controls
(64 females and 47 males; Mean age:36.25+13.06). Data on the average
amount of tobacco consumed per day was recorded for all participants.
The smoker group consisted of active smokers. These people were defined
as those who had previously smoked more than one cigarette/day but had
quit smoking for more than one year. The degree of smoking was evaluated
by the scores on the Fagerstrom Test for Nicotine Dependence (FTND) (14).
Control group was selected from ‘Non-smokers’ and included the subjects
who had smoked less than one cigarette per day for no more than one
year during their lifetime. All members of the patient and control groups
were of the same ethnic origin, declared as Turkish ethnicity. Both the study
and the control groups contained individuals non-relevant and all above
the 18 years of age. Informed consent was obtained from all participants
before they enrolled in this study. This study was conducted in accordance
with the Declaration of Helsinki and was approved by the Ethics Comitte of
Istanbul University, Faculty of Medicine.

Genotyping

Genomic DNA was extracted from the whole blood treated with EDTA
according to the salting out method (15). The extracted DNA was stored
at -20°C until analysis. The DRD4 48-bp VNTR variant in exon Il with a
variable length was genotyped, as described previously method (16). The
following primers were used: forward 5'-CGCGACTACGTGGTCTACTCG-3'
and reverse 5-AGGACCCTCATGGCCTTG-3". The PCR conditions were as

Uysal et al. DRD4 VNTR and Smoking Status

follows: 5 min at 95°C followed by 30 cycles of the 20s at 95°C, 20s at
54°C, 40s at 72°C and final extension 5 min at 72°C. PCR products were
electrophoresed on 3.5% agarose gel and visualized by ethidium bromide
staining under UV illumination. The products ranged from 380 bp (2
repeats) to 812 (11 repeats). The products were divided into 2 groups:
short alleles (S) (2-6 repeats) and long alleles (L) (7-11 repeats).

Statistical Analysis

Data was analyzed using the StataCorp. 2017 Stata Statistical Software:
Release 15.1. College Station, TX: StataCorp LLC. Mean, and the standard
deviation was used for the presentation of continuous quantitative
variables. Frequencies and percentages were used for categorical data.
The DRD4 VNTR overall genotype distribution was compared by chi-
square (x?) test, and the specific genotype and allele distributions
were compared by using Fisher's exact test. The DRD4 VNTR genotype
distributions in both the patients and the healthy controls were analyzed
according to the Hardy-Weinberg Equilibrium (HWE). The p-values
smaller than 0.05 were considered as statistically significant.

RESULTS

Subjects Characteristics

A total number of 265 subjects (154 smoker group and 111 non-smoker
group) were evaluated for the DRD4 gene exon Il VNTR variant. The
demographic features of the study population are presented in Table 1.
There was a significant difference between a smoker and non-smoker
group according to mean age. The mean age of the smoker group was
higher than the non-smoker group (p=0.001). The gender proportion was
represented in the present study as in subjects with the smoker group.72
subjects (46.75%) were females, and 82 subjects (53.25%) were males.
Among the non-smoker group, 64 subjects (57.65%) were females, and 47
subjects (42.35%) were males. No gender differences were found among
the smoker and the non-smoker group. Educational level was lower in
the smoker group compared to the non-smoker group (p=0.001).

Table 1. Demographic feature distributions of smoker and non-
smoker groups

Smoker Group Non-smoker Group
n: 154 n: 111 p

Age Mean (SD) 43.23+13.01 36.25£13.06 0.001
Gender n (%) n (%)

Male 82 (52.3) 47 (42.3)

Female 72 (46.8) 64 (57.7) 0.052
Education

Primary 147 (95.45) 76 (68.47) 0.001

Secondary 7 (4.55) 35(31.53)

SD, standard deviation.
The results that are statistically significant are shown in boldface.

DRD4 VNTR Genotyping

The frequency of the genotype and alleles of the DRD4 exon Il VNTR
variant was shown in Table 2. Six length variants of the VNTR (2R, 3R,
4R, 5R, 7R, 9R) were detected. The 4R allele was the most common allele
in both study and control groups (smoker group: 64.29%, non-smoker
group: 63.96%). There was statistical significance between smoker and
non-smoker groups regarding the frequency of the alleles of the DRD4
gene (p=0.000). In the smoker group, 5R, 7R, and 9R alleles were more
frequent compared to the non-smoker group. Also, the 2R allele was
higher in the non-smoker group than the smoker group (p=0.000).
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Table 2. DRD4 VNTR variant genotypes and allele frequencies in smoker and non-smoker group

Genotypes Smoker Group Non-smoker Group
n: 154 % n: 111 % p
2/4 11 7.14 35 31.53 0.000
2/7 8 5.84 1 0.90 0.037
3/3 0 0 1 0.90 0.238
3/4 7 4.55 6 5.41 0.749
3/5 1 0.65 1 0.90 0.815
3/7 1 1.065 1 1.090 0.815
4/4 68 4416 42 37.84 0.303
4/5 6 3.90 0 0 0.035 0.000
4/7 36 23.38 17 1532 0.106
4/9 2 1.30 0 0 0.028
5/7 1 0.65 1 0.90 0.815
5/9 2 1.30 0 0 0.028
7/7 8 5.19 5 4.50 0.797
7/9 0 0 1 0.90 0.238
9/9 2 1.30 0 0 0.228
Alleles p
2R 20 6.49 36 16.22 0.000
3R 9 2.92 10 4.50 0.334
4R 198 64.29 142 63.96 0.939
5R 10 3.25 2 0.90 0.073 0.000
7R 63 20.45 31 13.96 0.054
9R 8 2.60 1 0.45 0.059

DRD4, D4 dopamine receptor; R, repeat.

Comparison between patients and controls regarding DRD4-48 bp VNTR
genotype distribution exhibited a significant difference between the two
groups (p=0.000). Genotyping for DRD4-48 bp VNTR revealed that the
2/7 and 4/9 genotypes were more common in smoker group than non-
smoker group, respectively (p=0.037, p=0.028) while 2/4 genotype are
was more prevalent in non-smoker group than smoker group (p=0.000).

We investigated the genotype and allele distribution according to the
number of repeat alleles (48 bp) [six repeats or less as short (S) and, seven
repeats or more as long (L)] (Table 3). The frequency of L/S genotype

(heterozygous) of the DRD4 VNTR variant was significantly higher in the
smoker group compared to those in the non-smoker controls, while S/S
(homozygous) genotype was lower in smoker group than the control
group (p=0.006, p=0.006, respectively). DRD4 VNTR variant S allele was
significantly lower in the smoker group than the non-smoker group
(p=0.038).

We also evaluated the association between the DRD4 VNTR variant
allele distribution and gender. Further stratification of the population
by gender revealed no significant difference in DRD4 VNTR variant

Table 3. DRD4 VNTR variant genotypes and allele frequencies in smoker and non-smoker group

DRD4 VNTR Smoker Group Non-smoker Group p OR 95% ClI
Genotypes n: 154 (%) n: 111 (%)
S/S 93 (60.39) 85 (76.58) 0.006 2.02 1.243-3.699
S/L 51(33.12) 20(18.02) 0.006 2.25 1.250-4.060
L/L 10 (6.49) 6(5.41) 0.714 0.823 0.290-2.335
Alleles*
S 237 (76.95) 190 (85.59) 0.038 1.327 1.016-1.734
L 71 (23.05) 32(14.41) 0.850 1.054 0.614-1.807
HWE 0.00 0.40

OR, odds ratio; % 95 Cl, confidence interval.
* Genotype distribution were compared with chi-square test and, Fisher’s exact test was used when needed. OR (95% Cl) adjusted according to age and gender.
HWE, Hardy-Weinberg equilibrium.
The results that are statistically significant are shown in boldface.

For statistical analyses, alleles of DRD4 VNTR variant were classified as ‘short’ (6< repeats) or ‘long’ 7= repeats).
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Figure 1. Allele frequencies of DRD4 VNTR variant in smoker and non-smoker group.
Alleles are presented as frequencies.

allele frequencies between the males and females (p>0.05). There was a
deviation from HWA for DRD4 VNTR variant in the control group.

DISCUSSION

In this study, we analyzed whether the DRD4 gene VNTR variant was
a possible risk factor for smoking status, in a case-control study of 154
subjects with smokers and 111 non-smokers. To the best of knowledge,
this is the first study to determine the involvement of DRD4 exon Il VNTR
variant and smoking status in Turkish individuals. We found a significant
association between the DRD4 VNTR variant and smoking status in a
Turkish population.

Tobacco smoking is currently responsible for approximately 20% of all
mortality in developed countries. Tobacco dependence is defined as a
chronic, recurring disorder in which compulsive drug-seeking and drug-
taking behavior persist although there are negative consequences and
the desire to quit. Nicotine is believed to have a critical role in tobacco
dependence via its involvement as a reinforcing factor of drug-seeking
and drug-taking behavior (17). Inhalation of smoke from a cigarette
extracts nicotine from the tobacco in the cigarette. Smoke particles
convey the nicotine into the lungs. Nicotine is quickly absorbed through
the lungs into the pulmonary blood circulation. The nicotine then goes
into the arterial blood and moves rapidly to the brain. It binds to nicotinic
cholinergic receptors (ligand-gated ion channels that bind acetylcholine
in the brain (18). Several distinct neurotransmitters are secreted in the
brain by stimulation of nicotinic cholinergic receptors (19). For example,
dopamine signals a pleasant experience and is crucial for the reinforcing
effects (effects that induce self-administration) of nicotine and other drugs
of abuse, as well as for compulsory drives like eating (5). Nicotine leads to
the release of dopamine in the mesolimbic region, the corpus striatum,
and the frontal cortex. Experimental lesions in dopamine-releasing
neurons hinder self-administration of nicotine in animal models (18).

Pharmacogeneticstudies of nicotine dependence, thus, have concentrated
mainly on the genetic variation in the dopamine pathway. The dopamine
D2 and D4 receptors have been the most widely scrutinized in genetic
studies of smoking-related phenotypes (20). Structure of D4receptors
are very similar to that of D2receptors and are found in different brain
areas, such as the cerebral cortex, amygdala, hypothalamus, hypophysis,
and other sites in the limbic region (21). Expression of D4receptors in the
prefrontal cortex is especially crucial regarding behavioral phenotypes
because these areas play a role in attention and cognitive functions (22).
Animal studies indicate that DRD4 knockout mice show hypersensitivity
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to drugs of abuse including ethanol, cocaine, and methamphetamine
(23).

Single nucleotide polymorphisms (SNPs) and length polymorphisms
of the receptors, transporters and metabolizing enzymes are among
the genetic polymorphisms of the dopaminergic system. The 48 bp
repeat variant is an exonic variant (48 bp VNTR) of DRD4 gene altering
the size of the third intracellular loop of the receptor with a possible
effect on signaling efficiency (24). The DRD4 VNTR variant has been
defined as a potential genetic contributor to numerous substance use
disorders along with intermediate traits and behaviors that result in
substance use and addiction. Studies of cell lines showed thatDRD4-Lis
linked with diminished ligand binding and decreased cyclic adenosine
monophosphate synthesis when dopamine is receptor-bound (21),
implying lowered dopaminergic tone in the mesocorticolimbic pathway
(25). Genetic variation in neurotransmitter systems has been associated
with several behavioral phenotypes and psychiatric diseases. Most
remarkably, previous research has shown that DRD4-L is related with
lowered intracellular dopamine sensitivity and response (22)which
may play a role in the differences in motivation, sensation-seeking, and
impulsivity frequently observed between carriers of DRD4-S and DRD4-L.

Studies investigating the effect of DRD4-exIII-VNTR genotype on cigarette
smoking have reported that carriers of the 7r allele have higher rates of
smoking, start smoking at a younger age and have lower quit rates

We found six-length variants of the VNTR (2R, 3R, 4R, 5R, 7R, 9R)
impending the 4R allele was the most common allele in smoker and non-
smoker groups. Allele frequency was statistically different between groups
(p=0.000). In the smoker group, 5R, 7R, and 9R alleles were more frequent
compared to the non-smoker group. Also, the 2R allele frequency was
higher in the non-smoker group than in the smoker group (p=0.000). Also,
we found that the 2/7 and 4/9 genotypes were more common in smoker
group than non-smoker group, respectively (p=0.037, p=0.028) while 2/4
genotype was more prevalent in non-smoker group than smoker group
(p=0.000). The number of repeat alleles (48 bp) was classified as short
(S) if six or less, and as long (L) if seven or more. It was observed that
DRD4 VNTR S/L genotype was significantly higher in the smoker group
compared to those in the non-smoker controls (p=0.006). The subjects
carrying S/L genotype have 2.25-fold increased risk for smoking than a
non-smoker. Presence of S/L genotype in smoker group had a role as
"heterozygosity disadvantage” for smoking status in a Turkish population.
Although statistically non-significant, DRD4 L/L genotype was higher in
the smoker group. Also, we found S/S genotype and S allele were lower
in the smoker group compared to-smoker group (p=0.016, p=0.038,
respectively).

There are several limitations to this study. Our study population had
arelatively small sample size from one center and consisted of only the
Turkish race. Our results might account for the differences in the effects
of genetic susceptibilities.

In conclusion, while this study has some restrictions, it is the first
research in which the relationship between DRD4 exon Il VNTR variant
and smoking status in Turkish population were analyzed. Smoking is a
central nervous system disorder that impacts pathways including the
dopaminergic and serotonergic pathways in the brain. A comprehension
of why people smoke cigarettes can have a crucial influence on smoking
prevention and cessation. Our results indicate that the 48-bp VNTR
variant in the third exon of the DRD4 gene, specifically persons with
DRD4 S/L genotype, may be a risk factor for smoking status in Turks. Also,
2R allele had a protective role from smoking status in our population.
However, further studies with larger samples are needed to confirm the
role of this variant in smoking status in a Turkish population.
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