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Gene variants and serum levels of synaptic vesicle and presynaptic plasma membrane
proteins in alcohol dependence and their relationship with impulsivity and temperament
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ABSTRACT
Background: Exocytosis-related gene variants have been suggested to be associated with externalizing behaviors.
Objective: This study aimed to examine VAMP2 26 bp Ins\Del, synaptotagmin XI (Syt11) rs3820594 and 33-bp promoter, Syntaxin 1A
(Syn-1A) rs1569061 and SNAP-25 rs1051312 and rs3746544 polymorphisms, their serum levels and their relationship with impulsivity,
temperament in individuals with alcohol dependence (AD) and healthy controls (HC).
Methods: The study included 107 individuals with AD and 104 HCs. Single-nucleotide polymorphisms (SNPs) were studied with
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method and serum levels with ELISA. Michigan
Alcohol Screening Test (MAST), Barratt Impulsiveness Scale-11 (BIS-11) and Temperament Evaluation of Memphis, Pisa, Paris and San
Diego Autoquestionnaire (TEMPS-A) were applied.
Results: Syn-1A rs1569061 C allele polymorphism was significantly higher in AD group. Syn-1A rs1569061 C allele was associated with 1.5
times increased risk of AD. All serum levels were significantly higher in the HC group. There was a relationship between Syn-1A rs1569061
polymorphism and BIS-11 motor impulsiveness in the AD group; Syt11 rs3820594 polymorphism and BIS-11 total, TEMPS-A depressive,
hyperthymia in the HC group.
Discussion: In our study, gene variants and serum levels of synaptic vesicle and presynaptic plasma membrane proteins were related to AD,
impulsivity and temperament.
Şenormancı G / Arch Clin Psychiatry. 2021;48(2):99-104.
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Introduction
Specific soluble N-ethylmaleimide-sensitive factor attachment
protein receptor (SNARE) complexes consist of Syntaxin 1A
(Syn-1A), vesicle-associated membrane protein 2 (VAMP2) and

synaptosomal associated and protein 25 kDa (SNAP-25) [1]. The
SNARE complex plays an important role in neurotransmission.
It takes part in the regulation of the release of neurotransmitters
in the presynaptic area, through exocytosis [2]. VAMP forms the
part of the SNARE complex in the vesicle, whereas syntaxin and
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SNAP-25 are plasma membrane proteins. The complex constituted
by syntaxin and SNAP-25 is like a receptor for VAMP. The SNARE
complex is the result of a quartet complex. One of these four
complex bonds consists of syntaxin, the second one is VAMP and
the latter two are SNAP-25 [3]. Despite the fact that alcohol has a
wide variety of synaptic effects, it is not clear which proteins and
processes are affected at the presynaptic terminal and how these
arrangements occur [4].
Current studies have suggested that exocytosis-related gene
variants are associated with externalizing behavioral problems
such as dependence [5,6]. Impulsivity is one of the main features
of recurrent severe externalizing behavioral problems such as
alcohol/ substance dependence, risky sexual behaviors and sudden
outbursts [7]. It has been claimed that impulsivity is hereditary in
approximately 45% [8]. People with AD are characterized by high
level of impulsivity, which is associated with the hedonic effects of
alcohol [9].
Temperament is defined as emotional responses and
behavioral patterns, which develop through childhood. Given
that it has a permanent nature and hereditary basis, it can also
be conceptualized as the biological base of personality. Reactions
against the reward cues concerning the development and
maintenance of dependence are related to temperament [10,11].
AD has been suggested to be associated with various temperament
types, particularly cyclothymic temperament [12]. Impulsivity
and externalizing behaviors are some characteristic features of
cyclothymic, hyperthymic and irritable temperament [10]. SNARE
protein polymorphisms have also been shown to be associated with
impulsivity [13] and temperament [14]. Thus, there may be relations
between AD, SNARE proteins, impulsivity, and temperament. In
our study, it was aimed to compare polymorphisms and serum
levels of 2 synaptic vesicle proteins (VAMP2 26 bp ins\del and
synaptotagmin XI [Syt11] rs3820594 and 33 bp in the promoter)
and 2 presynaptic plasma membrane proteins (Syn-1A rs1569061
and SNAP-25 rs1051312 and rs3746544) among people with AD
and HC. Moreover, the relationships between polymorphisms and
serum levels of SNARE proteins, related to externalizing behaviors
in both groups, and impulsivity and temperament were searched.

Methods
Participant characteristics and evaluation
The study consisted of 107 inpatients, diagnosed with AD depending
on the Diagnostic and Statistical Manual of Mental Disorders fifth
edition (DSM 5) criteria for dependence at the Research, Treatment
and Training Center for Alcohol and Substance Dependence,
University of Health Sciences Bursa Yuksek Ihtisas Training and
Research Hospital and 104 healthy subjects with no history of any
substance dependence. Individuals with AD diagnoses of at least
one year duration were included in the study. The control group was
recruited from the hospital staff and their relatives with no history
of psychiatric illness or substance use. Having intellectual disability
or a serious medical disease (thyroid disorder, diabetes, etc.) were
applied as exclusion criteria. HC whose Michigan Alcohol Screening
Test (MAST) score ≤5 were included in the study. All participants
were Turkish. After all participants were informed and written
consent was obtained, SNARE polymorphisms, blood serum levels
and blood samples were collected. MAST, Barratt Impulsiveness
Scale-11 (BIS-11) and Temperament Evaluation of Memphis, Pisa,
Paris and San Diego Autoquestionnaire (TEMPS-A) were applied to
the participants and their relationship with SNARE polymorphisms
and blood serum levels were inquired. The scales were administered
at least 30 days after the last alcohol use in order for the results

not to be affected by withdrawal symptoms, especially depressive
symptoms. The amount of alcohol consumed was calculated in
terms of a standard drink in this study. Accordingly, rakı, whiskey,
gin, brandy and vodka were accepted to contain almost equal
amounts of alcohol and 70 cl of high alcoholic beverages were
calculated as 30 units. 0.33 L beer, 0.15 L wine were recorded as
1 unit after self-reporting. Ethical approval was granted by the
Clinical Research Ethics Committee of Bülent Ecevit University
Research Hospital (No. 33479383-2018/01). The study was carried
out with the financial support of the Scientific Research Projects
Unit of the University of Health Sciences (Project No: 2018/029).

Assessment tools
Michigan Alcoholism Screening Test (MAST)
MAST, developed by Gibbs (1983), is an assessment tool including
25 self-report questions that examine whether a person has alcohol
use problems [21]. Turkish validity and reliability study of the test
was accomplished by Coşkunol et al. (1995) [22].
Barratt Impulsiveness Scale-11 (BIS-11)
BIS-11 was developed by Patton and Barrat (1995). It is a selfreport form that evaluates impulsivity with regard to its three
main components [23]. Turkish validity and reliability study was
conducted by Güleç et al. (2008) [24].
Temperament Evaluation of Memphis, Pisa, Paris and San
Diego Autoquestionnaire (TEMPS-A)
It consists of 5 sub-scales named cyclothymic, depressive,
irritable, hyperthymic and anxious, it was developed by Akiskal et
al. (2005) [25]. Turkish validity and reliability study of 5 sub-scales
was done by Vahip et al. (2005) [26].

Genotyping
Genomic DNA was extracted from peripheral blood leucocytes
(200 µl of total blood) by using Macherey-Napel (MN) Nucleospin
blood® DNA extraction kit (Cat no. 740.951.250) according
to manufacturer instructions. A polymerase chain reaction
(PCR)-based restriction fragment-length polymorphism (RFLP)
method was used for Syn-1A rs1569061, SNAP-25 rs1051312 and
rs3746544, Syt11 rs3820594 polymorphism and VAMP2 26 bp ins/
del polymorphism and Syt11 33-bp polymorphism were genotyped
using polymerase chain reaction. In a total reaction volume of 25
μL, 2.5 μL 10×buffer, 20 pM each primer, 2.5 μL genomic DNA,
2.5 μL dNTP mixture were combined. The primer sequences and
annealing temperature for each SNP were shown in Table 1. The
PCR products (15 μL) were used for digestion with the appropriate
restriction enzyme (Table 2), and digests were analyzed by
electrophoresis in a 3% agarose gel.

Serum SNARE Measurement
Serum VAMP2, Syt11, Syn-1A and SNAP-25 levels were measured
by Sandwich Enzyme Linked Immunosorbent Assay (ELISA).
YL-Biont's commercial Human PDYN ELISA kit (Ca, USA,
Cat. No: YLA3974HU) was used for measurements. The PDYN
concentrations of the studied samples were calculated from the
absorbance measurement at 450 nm wavelength and the plotted
standard curve graph after the incubations made before the study
according to the kit, procedure used. The PDYN concentrations of
the samples were calculated from the absorbance measurement at
450 nm wavelength and the plotted standard curve chart after the
incubations made before the study.

Statistical analyses
Statistical analysis was performed with SPSS 18.0 package (SPSS
Inc., Chicago, IL). The normality of the numerical variables was
examined with Shapiro-Wilk test. For group comparisons, one-way
analysis of variance analysis (ANOVA) was used for continuous
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Table 1. Primer sequences and binding temperatures for PCR
SNP ID
26bp in\del
polimorfizmi
33 bp repeat in the promotor and
rs3820594

Name of gene

Primer sequences (5’-3’)
F:ACAAAGTGCGCCTTATACGC
R:GGGATTTTCCTTGACGACACTC
F:TCTACCTATGCTTCTTACCC
R:TGTCGTAATCAGAGGCTGTTGCT
F: CAATGCTGCTGCTGAACTC
R: CGCTGACATTTATGTGACC
F:TTCTCCTCCAAATGCTGTCG
R:CCACCGAGGAGAGAAAATG

VAMP2 (Synaptobrevin)
Synaptotagmin XI

rs1569061

Syntaxin 1A

rs3746544
rs1051312

SNAP-25

Binding Temperatures
(⁰C)
57
62
57
58

SNP=Single nucleotide polymorphism
Table 2. Enzymes specific to polymorphism and restriction conditions
SNP ID
26bp in\del
polymorphism
33 bp repeat in the promotor and
rs3820594
rs1569061
rs3746544
T>G
rs1051312
T>C

Restrictive Enzyme

Restriction conditions

-

-

HphI (NEB-Time saver)

15 min incubation at 37⁰C

TaiI (Thermo Scientific)

3 h incubation at 65 ⁰C
Overnight incubation at 37 ⁰C

MnlI (Thermo Scientific)
DdeI (Thermo Scientific)

Overnight incubation at 37 ⁰C

SNP=Single nucleotide polymorphism

variables that meet the assumption of parametric test, Mann
Whitney U test or Kruskal Wallis test was used for continuous
variables that do not meet the assumption. Serum SNARE level
and scale scores were evaluated using Spearman correlation
analysis. χ2 (chi-square) test was carried out to compare the
genotype frequency of polymorphisms between AD group and
HC group. The relationship between polymorphisms and AD was
modelled through binary logistic regression analysis. OR value
and 95% confidence interval were calculated to compare the risk
of dependence among genotypes. Numerical variables were shown
as mean ± standard deviation (Mean ± SD) or median (MinMax), and categorical variables were indicated with the number of
observations and percentage (n-%) notation. A value of ρ<0.05 was
considered statistically significant.

Results
There was a significant difference between AD group and control
group in terms of age (p<0.001). SNARE genotype and allele
frequencies of alcohol dependence and control groups were shown
in Table 3
The relationship between SNARE polymorphisms and levels
and BIS-11, TEMPS-A in the AD group
As BIS-11 motor impulsiveness scores of TT [14.5 (9-17), n=27],
TC [15 (10-26), n=51] and CC [17 (12-24), n=29] genotypes of syn1A rs1569061 polymorphism were compared using Kruskal Wallis
test, a statistically significant difference was obtained (p=0.021).
As a result of Mann-Whitney U test and Bonferroni correction,
performed to confirm the significance level across groups, BIS-11
motor impulsiveness score of CC genotype was significantly higher
than TT genotype (p=0.005, α*=α/3=0.05/3=0.016).
There was a weak-moderate negative correlation between
SNAP 25 and MAST (r=-0.28, p=0.033).
The relationship between SNARE polymorphisms and levels
and BIS-11, TEMPS-A in the control group
When TT (54.6±7.2, n=59), TC (56.7±8.2, n=41) and CC
(64.7±12.4, n=4) genotypes of Syt11 rs3820594 polymorphism

were compared through ANOVA in terms of BIS-11 total scores,
significant difference existed (p=0.048). The results of post hoc
Tukey test conducted to determine the significance indicated that
the scores of those with CC genotype were significantly higher than
those with TT genotype (p=0.046).
As TEMPS-A depressive scores of Syt11 rs3820594
polymorphism TT [3.3 (1-8), n=59], TC [4.8 (1-12), n=41] and CC
[9.5 (5-14), n=4] genotypes were contrasted with Kruskal Wallis
test, a statistically significant difference was obtained (p=0.006).
The TEMPS-A depressive score of CC genotype was significantly
higher than TT genotype (p=0.002, α*=α/3=0.05/3=0.016), in
consequence of Mann-Whitney U test and Bonferroni correction
performed to detect the significance level.
TEMPS-A hyperthymia scores of TT [11.8 (4-18), n = 59],
TC [12.2 (4-18), n=41] and CC [6 (2-10), n=4] genotypes of
Syt11 rs3820594 polymorphism were compared using Kruskal
Wallis test; a statistically significant difference was recorded (p
= 0.036). As a result of Mann-Whitney U test and Bonferroni
correction, performed to determine the significance, the TEMPS-A
hyperthymia score of TT genotype was significantly higher than that
of CC genotype (p=0.009, α*=α/3=0.05/3=0.016). The TEMPS-A
hyperthymia score of TC genotype was significantly higher than
CC genotype (p=0.009, α*= α/3=0.05/3=0.016).
There was a weak-moderate positive correlation between
VAMP2 and BIS-11 attentional impulsiveness (r=0.34, p=0.003).
There was a weak-moderate positive correlation between VAMP2
and BIS-11 total (r=0.29, p=0.012).
There was a weak positive correlation between Syn-1A and BIS11 attentional impulsiveness (r=0.24, p=0.040).
Evaluation of serum SNARE levels of alcohol dependence and
control groups was shown in Table 5.

Discussion
In the study of people with AD, patients with schizophrenia and
HCs, the synapsin II variants related to SNARE proteins were
provided to be associated with people with AD compared to patients
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Table 3. Clinical features of individuals with alcohol dependence (n=107)
The onset age of alcohol
Amount of alcohol use (daily)
Years of alcohol use
Number of Hospitalizations in the Alcohol and Substance Dependence Treatment Center in the past

Med
19
15
22
0

min-max
11-46
7.5-86
1-45
0-16

Table 4. SNARE genotype and allele frequencies of alcohol dependence (n=107) and control (n=104) groups
SNP (SNARE)

Genotype/allele
ins/ins

Alcohol (n=107)
82 (76.6%)

Control (n=104)
72 (69.2%)

OR (95% CI)
Reference

p

ins/del

24 (22.4%)

30 (28.8%)

0.642 (0.332-1.242)

0.446

del/del
1/2 repeat

1 (0.9%)
1 (0.9%)

2 (1.9%)
0 (0.0%)

0.434 (0.037-5.155)
*

2/2 repeat

87 (81.3%)

82 (78.8%)

Reference

2/3 repeat
3/3 repeat
TT

17 (15.9%)
2 (1.9%)
45 (42.1%)

20 (19.2%)
2 (1.9%)
59 (56.7%)

0.801 (0.393-1.635)
0.943 (0.130-6.847)
Reference

Synaptotagmin XI
rs3820594

TC

54 (50.5%)

41 (39.4%)

1.460 (0.790-2.700)

SNAP-25 rs1051312

CC
TT
TC
CC
TT

8 (7.5%)
59 (55.1%)
40 (37.4%)
8 (7.5%)
46 (43.0%)

4 (3.8%)
57 (54.8%)
43 (41.3%)
4 (3.8%)
43 (41.3%)

3.449 (0.812-14.638)
Reference
0.820 (0.438-1.533)
1.911 (0.506-7.215)
Reference

TG

52 (48.6%)

45 (43.3%)

1.094 (0.582-2.055)

GG
TT
TC
CC

9 (8.4%)
27 (25.2%)
51 (47.7%)
29 (27.1%)

16 (15.4%)
24 (23.1%)
55 (52.9%)
25 (24.0%)

0.443 (0.157-1.250)
Reference
0.780 (0.388-1.565)
1.106 (0.493-2.483)

ins

188 (87.9%)

174 (83.7%)

Reference

del
1 repeat

26 (12.1%)
1 (0.5%)

34 (16.3%)
0

0.708 (0.408-1.228)
*

2 repeat

191 (9.8%)

184 (88.5%)

Reference

3 repeat

21 (86.6%)

24 (11.5%)

0.839 (0.451-1.556)

T

144 (67.3%)

159 (76.4%)

Reference

C

70 (32.7%)

49 (23.6%)

1.577 (1.027-2.423)

T

158 (73.8%)

157 (75.5%)

Reference

VAMP2
ins/del

Synaptotagmin XI
33 bp repeat

SNAP-25
rs3746544

Syntaxin 1A rs1569061
VAMP2
ins/del

Synaptotagmin XI
33 bp repeat
Synaptotagmin XI
rs3820594
SNAP-25
rs1051312

0.629

0.748

0.482

0.279
0.082
0.265

0.434

0.040

0.738

C

56 (26.2%)

51 (24.5%)

1.091 (0.703-1.692)

SNAP-25
rs3746544

T

144 (67.3%)

131 (63.0%)

Reference

0.360

Syntaxin 1A rs1569061

G
T
C

70 (32.7%)
105 (49.1%)
109 (50.9%)

77(37.0%)
103(49.5%)
105(50.5%)

0.827 (0.554-1.235)
Reference
1.018 (0.695-1.492)

1.000

Chi square test, p<0.05, * Probability ratio could not be calculated.
SNARE=N-ethylmaleimide-sensitive factor attachment protein receptor complexes, SNP=Single nucleotide polymorphism, OR (95% CI)=Odds ratio 95%
confidence interval
Table 5. Evaluation of serum SNARE levels of alcohol dependence (n=107) and control (n=104) groups
VAMP 2
Syt11
SNAP-25
Syn-1A

Alcohol (n=107)
21.5 (9.3-239.1) ng/L
2.9 (1.2-240.5) ng/L
75.2 (44.6-502.9) pg/ml
15.8 (9.2-380.3) ng/L

Mann Whitney U test, p<0.05
SNARE=N-ethylmaleimide-sensitive factor attachment protein receptor complexes,

Control (n=104)
35.5 (7.0-587.0) ng/L
35.0 (2.5-453.7) ng/L
78.4 (60.0-829.8) pg/
28.6 (18.5-390.4) ng/L

p<0.001
p<0.001
p=0.017
p<0.001
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with schizophrenia and HCs27. In our study, Syt11 rs3820594 C
allele polymorphism was significantly higher in AD group than HC
group, in accordance with literature findings. Regression analysis
revealed that carrying the Syt11 rs3820594 C allele augments the
AD risk 1.5 times.
Even though the BIS-11 and SNAP-25 rs1051312 polymorphism
were found to be associated in the community-based study
conducted on Hungarian participants, in our study, no correlation
was detected between impulsivity and SNAP-25 rs1051312
polymorphism in both AD and HC groups [13]. In a study
performed using Temperament and Character Inventory (TCI) on
participants who have committed crimes and antisocial personality
traits, SNAP-25 rs1051312 and rs3746544 polymorphisms were
found to be related to TCI reward dependence and TCI novelty
seeking [28]. Having stated that the relationships between the
TC genotype of SNAP-25 rs1051312 polymorphism and TCI
novelty seeking, TCI harm avoidance and TCI cooperativeness
scores, used in the study, have been determined in fibromyalgia
patients [14]. Impulsivity and temperament are hereditary traits
and are associated with various neurotransmitter systems [8,10].
SNARE proteins have important roles in exocytosis. Alterations
of SNARE proteins lead to changes in many neurotransmitter
systems related to impulsivity and temperament [28]. Although
the TEMPS-A and TCI scales used in our study were divergent
scales, they showed a high correlation as compared with regard to
temperament characteristics they assess. In our study, the BIS-11
motor impulsiveness score of the Syn-1A rs1569061 polymorphism
CC genotype was significantly higher in the AD group than in the
TT group. In the literature, SNAP-25, one of the genes encoding
SNARE protein, was found to be correlated with impulsivity and
temperament in other psychiatric conditions, but no correlation
was obtained between SNAP-25 polymorphism and impulsivity and
temperament in the present study. According to the results of our
study, it can be stated that the effects of having Syn-1A rs1569061
polymorphism CC genotype on neurotransmitter system for people
with AD is related to increased BIS-11 motor impulsiveness scores.
When the relationship between SNARE polymorphisms
and levels of HC group and BIS-11, TEMPS-A were examined,
individuals with Syt11 rs3820594 polymorphism CC genotype had
higher BIS-11 total and TEMPS-A depressive scores than those
with Syt11 rs3820594 polymorphism TT genotype. In terms of
TEMPS-A hyperthermia scores, Syt11 rs3820594 polymorphism
TT genotype and Syt11 rs3820594 polymorphism TC genotype
were significantly higher than CC genotype. There was a positive
correlation between BIS-11 attentional impulsiveness and VAMP2
and Syn-1A. In conclusion, it can be stated that Syt11 rs3820594
polymorphism is associated with impulsivity and temperament
in HCs, except that it increases the risk of dependence in the AD
group.
There are also studies evaluating SNARE protein levels
on dependent people. A postmortem investigation of nucleus
accumbens in people with chronic heroin abuse confirmed the
downregulation of SNARE proteins. This down-regulation of
presynaptic protein gene transcripts has been thought to be a
compensatory mechanism developed due to chronic use of the
substance [29]. There is only one study inquiring of SNARE protein
levels in people with AD. The autopsy study in which dorsolateral
prefrontal cortex and anterior cingulate cortex analysed in patients
with schizophrenia and bipolar disorder and participants with no
psychiatric illness, pointed out a low SNAP-25b BA24 levels in
people with AD [30]. In our study, serum levels of VAMP2, Syt11,
Syn-1A and SNAP-25 were significantly higher in the control
group than AD group. There was a negative correlation between
SNAP-25 and MAST scores in people with AD. Our study is the
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first one to indicate the low serum levels of SNARE proteins in
people with AD. Unlike preclinical studies in the literature, alcohol
use generated alleviation in SNARE proteins in individuals. The
synaptic effectiveness of alcohol may have a different pattern in
humans distinct from animals.
Our study has some limitations. The number of participants was
small. Participants consisted of males, so gender-specific differences
in SNARE polymorphisms, impulsivity, and temperament
characteristics could not be evaluated. Another limitation was
that the medical history and alcohol use history of the participants
were taken as a self-report. Our study was conducted on Turkish
people with AD. It would be useful to carry out studies involving
both gender and other ethnic groups with a higher number of
participants.
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