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Objective  Psychiatric disorders such as depression, anxiety and alcohol dependence are associated with serotonin metabolism. We as-
sessed the methylation level of the serotonin transporter (5-HT'T) promoter region in control and alcohol dependent patients.

Methods Twenty seven male patients who met the Diagnostic and Statistical Manual of Mental Disorder IV (DSM-IV) criteria for al-
cohol dependence were compared with fifteen controls. Polymerase chain reaction (PCR) assays of bisulfate-modified DNA were de-
signed to amplify a part of the CpG island in the 5SHTT gene. Pyrosequencing was performed and the methylation level at seven CpG is-
land sites was measured.

Results We found no differences in the methylation patterns of the serotonin transporter linked promoter region (5-HTTLPR) be-
tween alcohol-dependent and control subjects.

Conclusion Our negative finding may be because 5-HTT epigenetic variation may not affect the expression for 5-HTT or there may
be other methylation site critical for its expression. To find out more conclusive result, repeating the study in more methylation sites with

a larger number of samples in a well-controlled setting is needed.
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INTRODUCTION

Psychiatric disorders such as major depression, obsessive
compulsive disorder, autism, and alcohol dependence are as-
sociated with serotonin neurotransmission.'* The serotonin
transporter (5-HTT) is an integral membrane protein that
transports the neurotransmitter serotonin from the synaptic
space into presynaptic neurons and is a member of the SLC6
gene family, which reuptakes other neurotransmitters (e.g., gly-
cine, gamma-aminobutyric acid, dopamine, and norepineph-
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rine) across the plasma membrane of neurons and glia.’ There
are many studies regarding 5-HTT genetic polymorphisms
and the subsequent affects on etiology and response to treat-
ment in mental illness.*’

Feinn et al.* reported a significant association with the fre-
quency of the short (S) allele at the 5-HT'T linked promoter
region (5-HTTLPR) in patients with alcohol dependence. In a
meta-analysis, the S allele was significantly associated with an
early onset, severe subtype and a co-morbid psychiatric disor-
der in alcohol dependence. Decreased raphe 5-HTT, which
correlated with lifetime alcohol consumption, and association
of the 5-HT'T gene regulatory polymorphism in patients with
alcohol dependence were reported.'® Hinckers et al."' reported
that carriers of two long (L) alleles of the 5-HT'T regulatory re-
gion had a lower response to alcohol than carriers of one or
two S alleles among adolescents.

The CpG island that surrounds exon 1 was recently discov-
ered; its role in psychiatric disorders is unknown. Effects of



5-HTTLPR on 5-HTT mRNA production is modest and oth-
er cis- and trans-acting elements involved in the regulation of
the 5-HT'T gene region, such as the CpG island, constitute the
leading mechanisms that control 5-HTT activity."” Although
heritable components affect gene activity, gene-environment
interactions may contribute to gene status by gene regulatory
elements such as CpG islands.

However Philibert et al.'® reported relation between the
methylation level of 5-HTT promoter region and well known
5-HTTLPR polymorphism. They opened the possibility that
5-HTTLPR polymorphism may be the reflection of methyla-
tion difference of 5-HTT promoter region.

We hypothesized that there was a relationship between se-
rotonin transporter epigenetic changes and alcohol depen-
dence; thus, we investigated the differences in quantitative
CpG residue methylation of seven 5-HT'T promoter CpG po-
sitions between control subjects and patients with alcohol de-
pendence.

METHODS

Subjects

We assessed the 5-HTT promoter methylation level of the
subjects. Twenty seven male patients who met the Diagnostic
and Statistical Manual of Mental Disorder IV (DSM-IV)*® cri-
teria for alcohol dependence were interviewed and sampled.
They were all admitted to Hangang Sacred Heart Hospital.
Two hospital psychiatrists determined the diagnosis in a con-
sensus procedure using all available clinical material, including
a semistructured interview based on the DSM-IV. Patients
were excluded from the study if they had a history of comor-
bid psychiatric illness or physical disorders other than alcohol-
related medical illnesses. The control subjects consisted of fif-
teen unrelated healthy males, mostly nondrinkers. A few of
the control subjects were occasional light drinkers, as revealed
by a drinking-habit questionnaire.

Mean age for the control subjects and alcohol dependent
patients was 44.93+6.47 and 46.67+13.74 years, respectively.
The two groups did not differ significantly in age (t=-0.46, df=
17.5, p=0.65). The institutional review board of Hangang Sa-
cred Heart Hospital approved the study and all subjects pro-
vided informed consent after a complete description of the
present study.

Table 1. PCR and sequencing primers for 5-HTT pyrosequencing

BY Park et al.

Procedures

Alcohol dependent patients consumed alcohol almost con-
tinually before admission. Ten mL of fasting blood was drawn
into an EDTA tube on the day after admission and the blood
was immediately centrifuged at 3,800 rpm for 10 minutes.
Plasma was stored at -70°C until it was thawed for assay.

Bisulfite modification

Discrimination of methylated and unmethylated site of CpG
island were done Bisulfate modification. Bisulfite treatment
changes unmethylated cytosine residues to uracil, but leaves
methylated 5-methylcytosine unaffected. Bisulfite treatment of
200 ng of each sample was accomplished using the EZ DNA
Methylation-Gold kit (Zymo Research, Orange, CA, USA) ac-
cording to the manufacturer’s instructions. The bisulfite con-
verted DNA was eluted in 20 uL of elution buffer (Zymo Re-
search, Orange, CA, USA). DNA samples were immediately
stored at -20°C until use.

Primer design and pyrosequencing methylation
analysis

Pyrosequencing were used to identify sequence change after
bisulfate modification. Pyrogram (Figure 1) shows DNA se-
quence representation with sequential addition of ANTP de-
tected by luciferase in one sample. Methylation Index were de-
scribed above gray area which represents each CpG sites.

Polymerase chain reaction (PCR) assays were designed to
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Figure 1. Representative pyrogram of the SHTT gene promoter.
The seven targeted cytosines are enclosed in gray squares. The
Methylation Index (Mtl) was calculated as the average rate of G
incorporation at each CpG.

Gene GeneBank No.

Primers Size (bp)

S5HTT *182138 Forward
Biotinylated-reverse

Sequencing

5-GTAAAGTTAAAGAGTAGGAAAGTTAGG-3 302
5-AACCCTCACATAATCTAATCTCTA-3’
5-TTTTGGTTTTGGGGT-3’
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amplify a part of the CpG island in the 5SHTT gene. Primers
were designed using the PSQ assay design program (Biotage,
Charlotte, NC, USA). The primer sequences are listed in Ta-
ble 1. The PCR reaction was carried out in a volume of 50 uL
with 20 ng or less converted gDNA, 5 uL of 10X Taq buffer, 5
units Hot Start Taq polymerase (Enzynomics, Korea), 4 uL of
2.5mM dNTP mixture, and 2 uL of 10 pmole/uL PCR prim-
ers. Amplification was carried out according to the general
guidelines suggested by pyrosequencing: denaturating at 95°C
for 5 min, followed by 45 cycles at 95°C for 40 sec, 60°C for 45
sec, and 72°C for 40 sec and a final extension at 72°C for 5
min. Confirmation of PCR product quality was established on
a 1.5% agarose gel stained with ethidium bromide. Pyrose-
quencing was performed using the PSQ96MA System (Bio-
tage, Charlotte, NC, USA) according to the manufacturer’s in-
structions, including single strand binding protein (Pyro
Gold reagents; Qiagen Inc., Valencia, CA, USA). PCR primer
sequences, PCR conditions and sequencing primer sequences
are given in Table 1.

Data analysis

The methylation index (MtI) at the promoter and for the
samples was calculated as the average value of methylated cy-
tosine/(methylated cytosine+unmethylated cytosine) for all
examined CpGs in the gene. All data were analyzed using
SPSS for Windows software (version 12.0; SPSS Inc., Chicago,
IL, USA). All analyses were set at a two-tailed significance level
of p<0.05.

RESULTS

An example of a bisulfite methylation profile is shown in
Figure 1.There was no difference in MtI between patients with
alcohol dependence and controls at any of the seven CpG res-
idues (Table 2). We considered low-level methylation (0-5%)

Table 2. Methylation levels of seven serotonin transporter pro-
moter CpG island positions in alcohol dependent patients and
control subjects

Alcohol dependence Control
(N=27) (N=15) p
Mean+SD MeantSD
Position 1 1.31+2.43 0.89%3.46 0.17
Position 2 2.68£2.70 2.351£2.95 0.62
Position 3 1.12£1.85 2.5613.32 0.16
Position 4 4.44+3.48 3.7215.87 0.18
Position 5 3.24£2.90 3.811£3.57 0.70
Position 6 2.76£2.76 3.6412.51 0.34
Position 7 1.56+2.30 3.631+2.51 0.14

Statistical significance was determined by the Mann-Whitney U test
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to represent background ‘noise’ with questionable significance.

DISCUSSION

Complex epigenetic mechanisms that regulate gene activity
without altering DNA code produce long-lasting changes in
gene expression essential to development, cellular differentia-
tion, and to adaptation to environmental changes. These me-
chanisms that include DNA methylation, post-translational
covalent modifications of histones, nucleosome sliding and
nucleosome and histone substitution, cause modifications of
chromatin conformation, which, in turn, reglate gene expres-
sion."* For example, the amount of DNA methylation in pro-
moter regions correlates with gene inactivation. Currently,
with regard to alcohol dependence, alpha synuclein (SNCA),
alcohol dehydrogenase and HT'T genes are often studied in
epigenetics. This study examined serotonin transporter epi-
genetic changes in alcohol dependent patients. However, we
found no differences in the methylation patterns of the sero-
tonin transporter promoter region between alcohol dependent
and control subjects.

Currently, with regard to alcohol intoxication, there are few
studies regarding methylation patterns of the serotonin trans-
porter promoter. Philibert et al.” found that females had more
CpG methylation in the 5-HT'T gene and less mRNA expres-
sion. They discovered a trend of increased overall methylation
in people with a lifetime history of major depression. Howev-
er, there was higher 5-HTT mRNA expression in patients with
a lifetime history of alcohol dependence.'®

Serotonin transporter mRNA expression is affected by 5-
HTTLPR genotype.'” However, there was no relationship with
overall CpG methylation level in the present study. This result
is in accordance with Philbert et al.,"”” who didn’t found the
main effect of total methylation and 5-HTT mRNA level. Al-
though increased average methylation only after SHTTLPR
genotype (I/1 or s/s) was taken into account; effects of CpG
methylation were then evident.

The epigenetics field and its methodologies are relatively
new and limited.”® To identify epigenetic changes associated
with alcohol dependence, the ideal experiment would pro-
spectively investigate the dynamics of genome-wide epigenetic
changes in the brains of individuals who eventually become
affected with alcohol dependence, as compared to unaffected
control individuals. At the present time, however, limitations
with our current range of epigenetic methodologies render
such an approach impossible. In addition, because there have
been no thorough epigenetic studies with regard to alcohol de-
pendence to date, it is not known how large a sample would
need to be investigated. At this stage, the degree of any poten-
tial epigenetic differences between cases and controls is un-



known, although the effects observed are likely to be small.

This study has an important limitation. Peripheral blood-
based assays will progress after properly controlling different
confounding variables that have an effect on DNA methyla-
tion, including medications, plasma homocysteine level," and
underlying disease.*® However, the use of peripheral cells would
also allow the longitudinal study of epigenetic changes thro-
ughout the life course of patients with alcohol dependence,
providing information about the epigenetic factors associated
with the development, remission and relapse of the disorder."

Conclusively, in this research, there were no differences of
5-HTTLPR epigenetic DNA methylation between patients
with alcohol dependence and control subjects. It is thought
that 5-HT'T epigenetic variation may not affect the expression
for 5-HTT or there may be other methylation site critical for
its expression.
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