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1. Introduction

Methylation of the cytosine bases in DNA (CpG 
islands) is an important epigenetic mechanism 
of gene transcription regulation in the central 
nervous system [1]. Methylated sites can be 
targeted by methylated DNA-binding proteins, 
which results in chromatin condensation 
and transcriptional repression [1]. Thus, gene 
promoter methylation generally results in 
lower gene expression. DNA methylation has 
been indicated as an important epigenetic 
mechanism in the modulation of synaptic 
plasticity in the adult brain by the regulation of 
neurogenesis in the adult hippocampus [2–4]. 
The status of an individual genome methylation 
is shaped during the ontogenesis, from the 
stadium of zygote till the young adulthood 
[5]. Among the multiple factors indicated as 
potentially influencing genome methylation, a 

variety is listed: from diet, to childhood trauma, 
and activity of enzymes connected with DNA 
methylation [6,7]. 

Alterations in DNA methylation were 
reported in depression, schizophrenia and 
neurodegenerative disorders (Alzheimer’s 
disease, Huntington’s disease, Parkinson’s 
disease) [8,9]. However the etiology and clinical 
translation of genome methylation in this 
disorders is still studied [8,9]. Adverse childhood 
experiences (ACEs) are one of factors postulated 
as potentially influencing DNA methylation 
[10,11]. Noteworthy, this influence can be 
bimodal. On the one hand, such experiences 
may increase DNA methylation and decrease 
the expression of genes that regulate synaptic 
plasticity and neurotransmission promoting 
lower adaptive skills after trauma [12]. On the 
other hand, there is an evidence that stress 
may decrease the DNA methylation of specific 

genes involved in stress responses resulting 
in silencing the harmful inflammatory serum 
response to stress [12]. Adverse events may 
influence epigenetic changes that allow for the 
establishment of long-term genetic programs 
that control learning and memory [13]. Roth et al. 
(2009) used a rat model of infant maltreatment to 
assess the possibility of lasting influences of early-
life adversity on DNA methylation [14]. Tissues 
were obtained from the prefrontal cortices and 
hippocampi of two groups of neonatal rats that 
were either exposed to stressed-abusive mothers 
or care-giving mothers for assessments of brain-
derived neurotrophic factor (BDNF) levels and 
DNA analyses. These authors revealed that infant 
maltreatment results in the methylation of gene 
for BDNF (BDNF) throughout the lifespan into 
adulthood and that this result is paralleled by 
reduced BDNF expression in the adult prefrontal 
cortex [14]. 
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Patients with AD are known to report 
significantly higher rate of ACEs than the 
general population [15]. In our opinion, it can 
be due to several reasons. Alcohol abuse may 
be an invalid strategy to deal with unresolved 
trauma in vulnerable subjects or may be 
connected with coping health-harming habits 
from dysfunctional households or may be 
partially genetically warranted, associated 
with family alcoholism. In the National 
Survey of Adolescents, approximately 25 
percent of physically assaulted or abused 
adolescents reported lifetime substance 
abuse or dependence [16]. In 587 adults 
assessed by Khoury et al. (2010), physical 
abuse correlated with the use of all substances 
examined (alcohol included) [17]. Nationally 
representative surveys of USA and GB have 
shown that ACEs have prolonged adverse 
effects on somatic and mental health [15,17]. 
In the USA national survey, persons reporting 
at least 4 ACE categories were 7 times more 
likely to suffer from alcoholism when compared 
with persons who reported none ACE category 
[15,18]. However, not all siblings who grow up 
in dysfunctional alcoholic households [16,17] 
develop AD, and among monozygotic twins, 
frequently only one develops depression or 
other mental problem, including AD [19]. These 
findings indicate  that neither environmental 
nor genetic factors exclusively increase 
the risk of alcoholism; rather, the complete 
environmental-epigenetic-genetic interaction 
should be considered. 

Somatostatin is a peptide hormone that has 
been found to act as a neurotransmitter and 
a neuromodulator of other neurotransmitters 
[20]. The role in cognitive function is complex 
and still remains to be determined [21]. One 
of its receptor, somatostatin receptor subtype 
4 (sst-4), is expressed at the highest levels in 
the fetal and adult lung and brain, particularly 
in the CA1 hippocampal region [22]. There is a 
very scarce data on a potential role of the sst-4 
in memory formation. Gastambide et al. (2009) 
found that intra-hippocampal injections of an 
sst-4 agonist (L-803.087) dramatically and dose-
dependently impair place memory formation, 
but agonists of somatostatin receptor 
subtypes 1, 2, and 3 have no effects [23]. Kim 
et al. (2010) found that the SSTR4 rs2567608, 

sst-4 gene functional polymorphism, T allele 
carriers display reduced sst-4 activity [24]. 
There are other studies on genes connected 
with neuroplasticity and memory formation 
(BDNF, SLC6A4) and childhood trauma but 
this is the first to assess SSTR4 in patients 
with AD severely affected with ACEs [14, 
25,26]. We hypothesize ACEs are associated 
with the SSTR4 promoter region methylation. 
Since gene promoter methylation is known 
to silence gene expression, SSTR4 promoter 
methylation would additively diminish sst-4 
activity in T allele carriers and buffer higher 
sst-4 activity in C allele carriers. This is the first 
study to verify: 1. The SSTR4 promoter region 
methylation frequency in patients with AD, 
2. If selected environmental (current age, 
gender, diet, childhood trauma, term and kind 
of labor, cigarette smoking, alcohol drinking) 
and genetic (SSTR4 rs2567608) factors are 
associated with SSTR4 promoter methylation in 
patients with AD.

2. Subjects and Methods

This  is a study based on retrospective and self-
reported data, performed in Poland between 
the years 2013 and 2015. 

2.1. Subjects
A total of 209 consecutive patients with AD 
who were admitted to psychiatry wards for a 
course of AD psychotherapy or a treatment 
of alcohol withdrawal syndrome and gave 
informed consent were involved into the study. 
Patients were informed in the study informed 
consent that they have right to withdraw the 
consent at any step of the study without giving 
any reason. Of 209 patients, 33 did not undergo 
further analysis because of incomplete data 
(giving the questionnaire back without all the 
answers completed) or consent’s withdrawal 
during the study (mainly, when finding the 
questions too personal/intimate or deciding 
not to undergo buccal smear). The study 
analyzed 176 inpatients with AD (134 males and 
42 females) aged 43.4±10.5 (mean ± SD years). 
Each patient received a consensus diagnosis of 
AD by 2 psychiatrists according to the ICD-10 
(F10.2) [29]. The period from the most recent 
alcohol intake was at least one week. Patients 

with AD scored 27.2±7.5 (mean ± SD points) 
out of the possible 40 points on the AUDIT 
interview (Alcohol Use Disorders Identification 
Test) [30]. The exclusion criteria were: 1. age 
< 18;  2. a history of a significant psychiatric 
comorbidity according to the ICD-10 [29]; 3. 
ever having received chemotherapy consisting 
of drugs that influence DNA methylation, i.e., 
5-azacytidin and decitabine, since these drugs 
are known to influence genome methylation 
[31].

The controls were initially 140 healthy 
volunteers who gave informed consent. 
Controls were informed in the study informed 
consent that they have right to withdraw the 
consent at any step of the study without giving 
any reason. Of them, 13 did not go further 
analysis because of incomplete data (giving 
back the questionnaire with incomplete data) 
or meeting any from below listed exclusion 
criteria. The study analyzed 127 healthy 
volunteers (96 males and 31 females) aged ≥18 
[39.4±12.0 (mean ± SD years].  Exclusion criteria 
for controls were: 1. ever been diagnosed with a 
mental disorder according to the ICD-10 [29] in 
their lifetimes; 2. ever attempted suicide or self-
mutilated; 3. reaching the AUDIT scoring [30] 
indicating alcohol abuse (F10.1 according to 
the ICD-10) [29] or possible AD (F10.2 according 
to the ICD-10) [29]; 4. ever having received 
chemotherapy consisting of drugs that 
influence DNA methylation, i.e., 5-azacytidin 
and decitabine [31]. Controls were introduced 
to the study to assess the difference between 
non-clinical subjects and patients with AD 
according to the history of ACEs’ and SSTR4 
rs2567608 allele and genotype frequency.

Patients with AD and the controls were 
age and sex matched and they were  native, 
unrelated inhabitants of Central Poland.

2.2. Data collection
This study used a structured self-reported 
questionnaire that had been designed for 
the study to measure the sociodemographic 
and clinical characteristics of the study 
participants. The study participants were 
ensured confidentiality of the obtained data. 
The researcher remained present during the 
completion of the questionnaires in order, 
to address the participants’ questions and to 
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make sure the respondents understood all of 
the items. 

The term “age at alcohol initiation” means 
age at first take of any amount of alcohol. The 
term “age at onset of problem drinking” (AOPD) 
sign the age the patient esteemed he had lost 
control of drinking which influenced adversely 
his occupational and family life. Respondent 
was signed as a cigarette smoker while he had 
given “Yes” answer for question: “Have you 
smoked at least 100 cigarettes during your 
lifetime?”.

ADs and controls were asked about proper 
nutritional health habits with a module of 
Catalogue of Healthy Behavior (CHB) [27], 
comprising following items:

“I eat a lot of fruit and vegetables” 
“I limit a consumption of such products as 

animal fat and sugar”
“I care about proper diet”
“I avoid foods containing preservatives” 
“I avoid eating salt and heavily salted dishes” 
“I eat wholemeal bread” .
Their task was to specify on a 5-point scale 

how often had they performed a certain 
action over the last year (1-almost never, 
2-rarely, 3-sometimes, 4-often, 5-almost 
always). Thus, it was possible to score 
between 6 to 30 points.

The Alcohol Use Disorders Identification Test 
(AUDIT) [28] with a Cronbach’s alpha index of 
0.85 was applied to characterize alcohol intake 
severity during the past year in patients with 
AD and to exclude healthy volunteers with 
alcohol abuse (F10.1 according to the ICD-10) 
[29] or suspected AD (F10.2 according to the 
ICD-10) [29].

The ACEs were measured with a tool 
designed for this study that was named the 
ACE (13) Score. The first 10 questions were 
developed by Kaiser Permanente and the 
Centers for Disease Control and Prevention 
and evaluated exposure to abuse and family 
dysfunction occurring during the first 18 
years of life (ACE Study Score) [15]. These 10 
questions focus on chronic physical, verbal, and 
sexual abuse; neglect; the loss of one or both 
parents for any reason (i.e., divorce, separation, 
or death); exposure to domestic violence; and 
growing up in a household with mental illness, 
alcohol abuse, drug abuse, or incarceration. The 

3 additional questions concern events that also 
took place in one’s life under the age of 18 and 
included: witnessing a family member’s suicide 
attempt; witnessing a family member’s death 
due to any cause; and witnessing a stranger’s 
death due to any cause (e.g., traffic accident). 
The details of our statistical analysis, allow 
for our results to still be still comparable with 
studies based on the ACE Study Score.

In order to address the possible bias 
connected with the participant’s intentional 
attempt to present him or herself in either a 
better or worse mental and general condition, 
the researcher who remained present during 
completion of the questionnaires listed above 
was not involved in the patients’ therapy. The 
recall bias was still possible during ACE (13) 
Score completion, which was listed among the 
limitations of the study.

2.3. Ethics
All of the participants gave written informed 
consent for their participation in the study. 
The study was approved by the Local 
Bioethics Committee: No. RNN/467/13/KB 
and KB/843/13/P. The study was carried out 
in accordance with the ethical standards laid 
down in the 1964 Declaration of Helsinki and 
its later amendments. 

2.4. Laboratory testing
2.4.1. Endothelium collection
The laboratory work was carried out in the 
Central Scientific Laboratory of the Medical 
University in Lodz. Buccal smears were 
obtained by rubbing the buccal mucosal with a 
sterile, DNA-free set of forensic swabs (Sarstedt, 
Nümbrecht, Germany, product no 80.629). 
The buccal smears were obtained by a trained 
personnel and then stored in accordance 
with the manufacturer’s instructions until 
the laboratory analysis. The buccal smears 
were obtained at least 2 hours after eating, 
tooth brushing, cigarette smoking, or gum 
chewing. Choosing buccal smears for the 
genetic and epigenetic analysis let us to 
avoid procedures that violate the continuity 
of the skin, cause pain, or carry a risk of blood 
disorder transmission, to maintain high level of 
cooperation with the subjects and to ensure a 
safety of participation in the study.

Epigenetics has evoked increasing interest in 
the last decades, the methodologies utilized in 
original papers vary, and further studies on the 
role of epigenetics in disorders pathogeny are 
necessary [30]. Methylation patterns are known 
to be tissue specific but change with age and 
under variety of environmental conditions [31]. 
The question remains, what is the proper tissue 
selection to evaluate the role of epigenetic 
modification in mental disorders. In this area, 
animal studies rely on hippocampal tissue [i.e., 
32,33]. Olsson et al. (2010) selected the buccal 
endothelium to assess the serotonin transporter 
gene (SLC6A4) promoter methylation in 150 
patients with depression [34]. They emphasized 
that it is necessary for epigenetic studies on 
mental disorders, to use a peripheral tissue that 
shares a sufficiently similar exposure history 
with central nervous system. A good approach 
might be the selection of a peripheral cell type 
that is derived from the same embryonic origin 
as neurons. Buccal cells are derived from the 
ectoderm; thus, the epigenetic profiles of buccal 
cells may be more similar to those of neurons 
than lymphocytic cell lineages if environmentally 
associated epigenetic changes occur early in 
development. However, a common embryonic 
origin does not guarantee that promoter 
methylation is not altered during other 
periods of development. It is not clear whether 
local exposure to psychoactive substances 
influences promoter methylation in the buccal 
endothelium and thus decreases the similarity of 
the promoter methylation of this tissue with that 
of the central nervous system. There is a little 
number of epigenetic studies based on buccal 
mucosa, and our study attempts to fill this 
gap. Olsson et al. (2010) found no associations 
of alcohol, tobacco or cannabis consumption 
with buccal cell methylation, which is crucial 
for the methodology of our study [34]. Lowe et 
al. (2013) proposed that the endothelial cells 
of the mouth are better suited for epigenetic 
studies than peripheral blood leucocytes [35]. 
During the enrolment of the controls into our 
study, 4 males were excluded due to reaching 
the AUDIT scoring [28] indicating alcohol abuse 
(F10.1 according to the ICD-10) [29] or possible 
AD (F10.2 according to the ICD-10) [29]. None 
of these subjects exhibited SSTR4 rs2567608 
promoter methylation. 
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An additional exclusion criterion for 
patients with AD and controls was a history 
of ever having received chemotherapy 
consisting of drugs that influence DNA 
methylation, i.e., 5-azacytidin and decitabine, 
because these drugs are known to influence 
genome methylation [36]. Methylation is 
shaped from the period of zygote till the 
young adulthood by multiple environmental 
factors. Here we took into consideration the 
following variables that may be involved in 
DNA methylation: 1. current age; 2. gender; 
3. variables related to alcohol drinking: AUDIT 
scoring, age at alcohol initiation, age at onset 
of problem drinking; 4. cigarette smoking; 5. 
term and kind of labor; 6. nutritional habits 
assessed with the CHB module 7. SSTR4 
rs2567608 genotype and allele. Since our 
study relies on self-reported questionnaire, 
particular data on periconceptual and 
intra-uterine development, labor and early 
development (i.e., Apgar scale score, birth 
weight, prescribed or over-the-counter drugs 
used by mother during pregnancy) – they 
could not be obtained with confidence, were 
not known or forgotten. We generalized that 
any inequity at that time might have led to 
pre- or post-term labor or labor disturbances 
that required surgical interventions (here 
the term “surgical labor” comprise cesarean 
sections, forceps and vacuum lift deliveries).

2.4.2. DNA isolation
Genomic DNA was isolated from the buccal 
swabs using the High Pure PCR Template 
Preparation Kit (Roche) according to the 
manufacturer’s protocol. DNA was eluted in 
100 µl Elution Buffer and quantified using 
a Picodrop spectrophotometer (Picodrop 
Limited). The quality of the DNA samples was 
analyzed by measuring the ratio of absorption 
at 260/280 nm. The purified total DNA was 
immediately used for PCR reactions or stored 
at −20°C.

2.4.3. The SSTR4 rs2567608 SNP 
genotyping

The SSTR4 rs2567608 was analyzed using the 
commercially available Pre-made TaqMan 
SNP Genotyping Assay (Applied Biosystems, 
ID: C_3206279_1). The assay consisted of 

PCR primers and reporter probes that were 
labeled with a quencher (MGB) and either 
6-carboxyfluorescein (FAM) or VIC (Applied 
Biosystems’ proprietary dye with λex = 488 nm 
and λem = 552 nm). Amplification of the probe-
specific product causes cleavage of the probe, 
generating an increase in reporter fluorescence. 

The amplification was performed according 
to the manufacturer’s standard PCR protocol. 
Briefly, 10 ng total DNA was mixed with 10 µl 
TaqMan Genotyping PCR Master Mix and 0.5 
µl TaqMan Assay to a final volume of 20 µl. 
The PCR thermal cycling was as follows: initial 
denaturing at 95°C for 10 min; 40 cycles of 92°C 
for 15 sec; and 60°C for 1 min. Thermal cycling 
was performed using a GeneAmp PCR System 
9700 (Applied Biosystems). Each 96-well plate 
contained 92 test samples and 4 reaction 
mixtures without DNA template (no-template 
control).

The end-point fluorescence intensities 
of each probe were monitored using the 
ABI7900HT Real-Time PCR System (Applied 
Biosystems). The genotypes were determined 
automatically and then visually verified based 
on the dye component’s fluorescence emission 
data depicted in the X-Y scatter-plot of the 
Sequence Detection System 2.3 Software. 

2.4.4. DNA methylation analysis
The DNA methylation status study was 
performed via the use of a specific and sensitive 
method involving chemical modification of 
cytosines to uracils via bisulfate treatment [37]. 
To detect the methylation status, the altered 
DNA was then amplified via methylation-
specific PCR (MSP) with selective amplification 
of the methylated and unmethylated alleles 
and the analyzed PCR products.

The bisulfite conversion technique, 
which involves the treatment of the DNA 
with bisulfate, was utilized employed. The 
conversion of unmethylated by not methylated, 
cytosines into uracil was performed using the 
commercially available EZ DNA Methylation-
Gold™ bisulfite conversion kit according to 
the manufacturer’s protocol (Zymo Research). 
The methylated cytosines remain unchanged 
during the treatment. DNA denaturation and 
bisulfite conversion were performed in a one-
step reaction. 

DNA (100-500 ng) in a volume of 20 µl was 
sodium-bisulfite-modified and subsequently 
denatured with heat and subjected to a 
CT-conversion reaction in a thermal cycler 
(GeneAmp PCR System 9700; Applied 
Biosystems). The DNA was bisulfate-treated 
along with positive and negative controls 
(Human Methylated & Non-methylated DNA 
Set, Zymo Research).

The reaction conditions were as follows:
1. 98°C for 10 minutes
2. 64°C for 2,5 hours
3. 4°C for 16 hours.
The DNA was cleaned-up and desulfonated 

using Zymo-Spin™ IC Columns. Eluted ultra-
pure DNA was stored below -20°C. 

After bisulfite modification, the screening 
of the converted DNA for SSTR4 promoter 
methylation with methylation-specific PCR was 
performed with a two-step approach.

To discriminate between methylated and 
unmethylated alleles following bisulfite 
treatment and between the bisulfite-modified 
and unmodified DNA, the primers designed 
with the Methyl Primer Express v1.0 software 
(Applied Biosystems) were used. 

The sequences of primers sets were as 
follows:
- for the stage I PCR:
SSTR4zewFor: 5’-TTGAATAGAGGTTTGAAGGA
SSTR4zewRev: 5’-AAAAATCACAAAAATAACCA
- for the stage II PCR:
SSTRM_3For: 
5’-TTTAGCGTAGTCGGGAAGAGTCGCGC
SSTRM_3Rev: 
5’-AATACCGACGCAAAACAACTAAACGC
SSTRUM_3For: 
5’-TTTTTTAGTGTAGTTGGGAAGAGTTG
SSTRUM _4Rev: 
5’-ATACCAACACAAAACAACTAAACAC

The primers used in the stage I PCR 
recognized the bisulfate-modified template 
but did not distinguish between methylated 
and unmethylated alleles, whereas the primers 
used in the stage II PCR selectively bound and 
annealed the unmethylated or methylated 
sequences of SSTR4.

The methylation-specific stage I PCR was 
performed in a final volume of 20 µl using 

1 U GoTaqG2 Flexi DNA Polymerase 
(Promega), 1x Enzyme Buffer, 1.2 mM MgCl2,
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10 pmole of each primer, 7,5 nmole dNTPs 
and 1 µl of target DNA.

Amplification was performed with a 
GeneAmp PCR System 9700 (Applied 
Biosystems).

The stage I PCR conditions were as follows: 
initial denaturing at 94°C for 10 min; by 35 

cycles of denaturing at 94°C for 45 s, annealing 
at 54°C for 45 s, extension at 72°C for 45 s; and 
final extension at 72°C for 10 min.

The stage II PCR was performed in a final 
volume of 20 µl using 1U GoTaqG2 Flexi DNA 
Polymerase (Promega), 1x Enzyme Buffer, 
1,2 mM MgCl2, 10 pmole of each primer 
(methylated or unmethylated), 7,5 nmole 
dNTPs, and 4 µl of the PCR products from the 
previous reaction. 

The stage II PCR protocol for detecting 
methylated and unmethylated SSTR4 
sequences was as follows: an initial denaturing 
at 94°C for 10 min, 30/35 cycles of denaturing 
at 94°C for 45 s, annealing at 65°C/59°C for 
45 s, extension at 72°C for 45 s; and a final 
extension at 72°C for 10 min. The methylated/
unmethylated status of SSTR4 was analyzed 
with a Microchip Electrophoresis System 
MCE®-202 MultiNA (Shimadzu).

2.5. Statistical analysis
Differences in analyzed parameters between 
groups were evaluated with the Chi2 test 
(nominal variables) and the Student-t test or 
U Mann-Whitney test (continuous variables), 
according to the results of Shapiro-Wilk test. 
Bonferroni correction for multiple testing was 
applied. Afterwards parameters that differed 
significantly between patients with or without 
SSTR4 promoter methylation were included 
into the logistic regression analysis. Statistical 
analysis was performed with Statistica 12.0 
(StatSoft Polska, Crakow, Poland). A p-value 
<0.05 was concerned significant.

SSTR4 SNPs were evaluated for deviation 
from Hardy–Weinberg equilibrium using 
Michael H. Court’s (2005–2008) online 
calculator (http://www.tufts.edu/~mcourt01/
Documents/Court%20lab%20-%20HW%20
calculator.xls). 

3. Results

3.1. Study sample characteristic
The comparison between patients with AD and 
controls is depicted in the Table 1. The patients 
with AD and controls did not differ significantly 

according to gender and age (Table 1). Patients 
with AD reported significantly higher number 
of ACE categories experienced before the age 
of 18 within both, ACE Study Score and ACE 
13 Score (Table 1); scored significantly lower in 
CHB module for proper nutritional habits (Table 
1); were significantly more frequent cigarette 
smokers (Table 1). There was no significant 
difference between patients with AD and controls 
according to the term and kind of labor (Table 1).

The characteristic of particular clinical 
variables in patients with AD with comparison 
between female patients with AD and male 
patients with AD is presented in Table 2. Male 
and female patients with AD did not differ 
significantly according to current age, age at 
alcohol initiation, and AOPD (Table 2). Female 
patients with AD scored significantly lower in 
AUDIT than male patients with AD (Table 2).

3.2. SSTR4 promoter region 
methylation and SSTR4 rs2567608 
allele and genotype frequencies in 
patients with AD and controls
The genotype and allele frequencies of 
SSTR4 rs2567608 in patients with AD and 
controls are shown in Table 3. For the studied 

Table 1. Basic characteristic of the study population (patients with AD n=176 and controls n=127)

Feature characteristic Patients with AD  (n=176) Controls (n=127) p-value

Age (Mean±SD) [years] 43.4 (10.5) 39.5 (11.9) 0.0091

Gender [number, (%)] Males 134 (58.3) 96 (41.7) 0.6472

Females 42 (57.5) 31 (42.5)

AUDIT interview scoring
(Mean±SD points)

27.3 (7.5) 3.3(2.2) <0.0013

Number of adverse childhood experiences self-reported in the ACE Study Score 
(Mean number±SD)

2.8 (2.5) 0.5 (1.2) <0.0013

Number of adverse childhood experiences self-reported in the ACE 13 Score 
(Mean number±SD)

2.9 (2.6) 0.5 (1.2) <0.0013

Smokers (over 100 cigarettes during the lifespan) [number, (%)] 158 (67.2) 77 (32.8) <0.0012

CHB module for proper nutritional habits
(Mean±SD points)

14.3 (4.9) 21.8 (4.2) <0.0013

Term of labor [number, (%)] Pre-/Postterm 19 (61.3) 12 (38.7) 0.7462

Proper term 153 (57.1) 115 (42.9)

Kind of labor [number, (%)] Natural 159 (56.4) 123 (43.6) 0.0372

Surgical 17 (81.0) 4 (19.1)

1 The t-Student test; 2 the Chi2 test; 3 the U Mann-Whitney test - Bold values mean a statistical significance according to Bonferroni correction (p<0.005)
AD – alcohol dependence; AUDIT - Alcohol Use Disorders Identification Test; ACE – adverse childhood experience; CHB – Catalogue of Healthy Behavior; p – level of statistical 
significance; SD – standard deviation
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polymorphism, the distribution of genotypes 
within the patients with AD and controls was in 
Hardy–Weinberg equilibrium (Chi2=3.629; df=1; 
p=0.056 for ADs; Chi2=0.044; df=1; p=0.833 for 
controls). There were no significant differences 
in genotype and allele frequencies between 
the patients with AD and controls (Table 3) nor 
between the males and females in each group 
(p=0.920 for genotypes and p=0.932 for alleles 
frequencies in patients with AD; p=0.080 for 
genotypes and p=0.082 for alleles frequencies 
in controls; data not shown).

Patients with AD had significantly more 
frequently theirs SSTR4 promoter region 
methylated than controls (Table 3). There was no 
statistical significance according to the frequency 
of the SSTR4 promoter region methylation 
between male and female patients with AD 
(methylation in 20.2% of AD males vs. 26.2% of 
AD females, p=0.5383; data not shown). Among 

controls, only 3 subjects had SSTR4 promoter 
region methylated (1 female and 2 males). 

3.3. The comparison of variables 
potentially significant for DNA 
methylation in the study subjects 
(patients with AD and controls) with 
methylated and unmethylated SSTR4 
promoter region
We chose following variables that may 
be associated with DNA methylation and 
compared them between study subjects 
(patients with AD and controls) with and 
without SSTR4 promoter region methylation: 
group affiliation, gender, current age, age 
at alcohol initiation, AOPD, AUDIT scoring, 
number of reported ACE categories, smoking 
cigarettes, SSTR4 genotype, SSTR4 allele, 
term and kind of labor, and scoring in a CHB 
module for proper nutritional habits. We found 

study subjects with SSTR4 promoter region 
methylation to be significantly more frequently 
alcohol dependent and score significantly 
higher in AUDIT (which obviously mirror 
higher frequency of SSTR4 promoter region 
methylation in ADs), to report significantly 
higher number of ACE categories (Table 4).

3.4. The logistic regression model for 
SSTR4 promoter region methylation
Variables that differed significantly between 
study subjects (patients with AD and controls) 
with and without SSTR4 promoter region 
methylation (Table 4) were included into the 
logistic regression model. The model was 
significant (Chi2 = 32.8; p<0.0001). Only the 
group affiliation appeared to be a significant 
predictor of SSTR4 promoter region methylation 
in the whole study sample of patients with AD 
and controls (Table 5).

Table 2. Comparison of selected characteristics of alcohol dependence between male patients with AD (n=134) and female patients with AD (n=42)

Clinicopathological features Female patients with AD (n=42) Male patients with AD (n=134) p-value Patients with AD - general (n=176)

Age (Mean ± SD years) 43.5 (11.2) 42.5 (10.1) 0.0421 43.4 (10.5)

Age at alcohol initiation (Mean ± SD 
years)

17.4 (6.2) 15.1 (3.5) 0.0131 15.6 (4.4)

AOPD (Mean ± SD years) 32.0 (14.2) 25.4 (9.7) 0.0211 26.9 (11.2)

AUDIT
(Mean ± SD points) 

24.2 (7.2) 28.2 (7.4) 0.0021 27.3 (7.5)

1 The U Mann-Whitney test - bold values mean a statistical significance according to Bonferroni correction (p<0.01)
AD – alcohol dependence; AOPD – age at onset of problem drinking; AUDIT - Alcohol Use Disorders Identification Test; p-level of statistical significance; SD – standard devia-
tion

Table 3. Comparison of SSTR4 rs2567608 genotype and allele frequencies and SSTR4 promoter methylation between patients with AD (n=176) and controls (n=127)

Patients with AD 
(n=176)

Controls (n=127)  Chi2 p-value

n (%) n (%)

SSTR4 rs2567608 genotype CC 31 (17.6) 28 (22.1) 2.1126 0.3481 

CT 100 (56.8) 62 (48.8)

TT 45 (25.6) 37 (29.1)

SSTR4 rs2567608 allele T (wild) 190 (54.0) 141 (54.23) 0.0039 0.9501 

C (variant) 162 (46.0) 119 (45.8)

SSTR4 promoter methylation 
[number, (%)]

Met 38 (21.6) 3 (2.3) 22.328 <0.0011 

unMet 138 (78.4) 124 (97.7)

1 The Chi2 test - bold values mean a statistical significance according to Bonferroni correction (p<0.01)
AD – alcohol dependence; SSTR4 Met – somatostatin receptor subtype 4 gene promoter region methylated; SSTR4 unMet – somatostatin receptor subtype 4 gene promoter 
region unmethylated; p-level of statistical significance; SD – standard deviation
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Table 4. Comparison of variables potentially associated with DNA methylation in subjects (patients with AD n=176 and controls n=127) with methylated and unmethylated 
SSTR4 promoter region

Variable SSTR4 promoter methylation
p - value

Met unMet

Group affiliation [number,%] Patients with AD (n=176) 38 (21.6) 138 (78.4) <0.00011

controls (n=127) 3 (2.3) 124 (97.7)

Gender [number,%]
(Patients with AD n=176 and controls n=127)

Females 12 (29.3) 64 (24.4) 0.480341

Males 29 (70.7) 198 (75.6)

Current age
(Mean±SD years)
(Patients with AD n=176 and controls n=127)

43.1 (9.6) 41.5 (11.5) 0.39842

Age at alcohol initiation (Mean±SD years)
(Patients with AD n=176)

15.9 (2.8) 15.6 (2.9) 0.55933

AOPD
(Mean±SD years)
(Patients with AD n=176)

27.6 (11.1) 26.7 (11.3) 0.60153

AUDIT
(Mean±SD points)
(Patients with AD n=176 and controls n=127)

24.8 (9.6) 15.7 (13.3) 0.00013

ACE Study Score
(Mean±SD points)
(Patients with AD n=176 and controls n=127)

2.7 (2.3) 1.6 (2.3) 0.00013

ACE 13 Score
(Mean±SD points)
(Patients with AD n=176 and controls n=127)

2.8 (2.4) 1.7 (2.4) 0.00013

Cigarette smoking
(Patients with AD n=176 and controls n=127)

Yes 33 (88.5) 202 (77.1) 0.777691

No 8 (19.5) 66 (22.9)

SSTR4 rs2567608 Genotype 
(Patients with AD n=176 and controls n=127)

C/C 7 (11.9) 52 (88.1) 0.766851

C/T 24 (14.7) 139 (82.3)

T/T 10 (11.9) 74 (88.1)

SSTR4 rs2567608 Allele
(Patients with AD n=176 and controls n=127)

C 38 (13.5) 243 (86.5) 0.93371

T 44 (12.3) 287 (86.7)

CHB module scoring for proper nutritional habits (Mean±SD points)
(Patients with AD n=176 and controls n=127)

15.9 (5.9) 17.8 (5.9) 0.03413

Term of labor
(Patients with AD n=176 and controls n=127)

Preterm 36 (13.3) 235 (86.7) 1.0001

Term 4 (12.9) 27 (87.1)

Kind of labor
(Patients with AD n=176 and controls n=127)

Natural 37 (12.9) 248 (87.0) 0.501641

Surgical 4 (19.1) 17 (81.0)

1 The Chi2 test; 2 The t-Student test; 3 The U Mann-Whitney test - Bold values mean a statistical significance according to Bonferroni correction (p<0.003)
AD – alcohol dependence; AOPD – age at onset of problem drinking; AUDIT - Alcohol Use Disorders Identification Test; ACE – adverse childhood experience; CHB – Cata-
logue of Healthy Behavior; SSTR4 Met – somatostatin receptor subtype 4 gene promoter region methylated; SSTR4 unMet – somatostatin receptor subtype 4 gene promoter 
region unmethylated; p – level of statistical significance; SD – standard deviation

Table 5. Variables included into the logistic regression model for SSTR4 promoter methylation (38 patients with AD and 3 controls had methylated SSTR4 promoter region)

Variable ß-coefficient (SE) Confidence interval p - value

- 95% 95%

Group affiliation -3.095 (0.86) -4,785 -1,405 <0.001

AUDIT 0.018 (0.03) -0.032 0.069 0.467

ACE 13 Score -0.080 (0.07) -0.225 0.066 0.283

Proper nutritional habits (CHB module) -0.045 (0.037) -0.117 0.027 0.224

Bold values mean a statistical significance; AD – alcohol dependence; AUDIT - Alcohol Use Disorders Identification Test; ACE – adverse childhood experience; CHB - Cata-
logue of Healthy Behavior; p – level of statistical significance;
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4. Discussion

This is the first study to analyze a possible 
influence of selected environmental inequities 
on SSTR4 promoter region methylation in 
human sample of patients with alcohol 
dependence. Due to an exploratory nature of 
our results, it requires further investigation in 
future studies.

Our female patients scored significantly 
lower in AUDIT than male patients with AD. 
It stays in line with data presented by World 
Health Organization (WHO) in 2014 [38]. WHO 
found in all WHO regions that females drank 
less on average and engage less often in heavy 
episodic drinking. WHO showed that total 
alcohol per capita consumption in 2010 among 
male and female alcohol drinkers in Poland was 
on average 31.5 litres and 14.0 litres of pure 
alcohol, respectively [38].

The adverse influence of ACEs on mental and 
physical health in the adulthood have been 
widely assessed and confirmed in national 
representative surveys [15,18]. The previous 
study by Berent et al. (2017) showed ACEs to 
rise significantly the risk of suicide attempt 
in patients with AD [39]. Not all siblings who 
grow up in dysfunctional alcoholic households 
[25,26] develop AD, and among monozygotic 
twins, frequently only one develops depression 
or other mental problem, including AD 
[19]. These findings indicate that neither 
environmental nor genetic factors exclusively 
increase the risk of alcoholism; rather, the 
complete environmental-epigenetic-genetic 
interaction should be considered. 

The mean number of self-reported ACE 
categories were 2.9 in patients with AD and 0.5 
in the controls (Table 1). Among the controls, 
3 carriers with a methylated SSTR4 promoter 
included one female who reported 8 ACEs, one 
male who reported 1 ACE, and a second male 
who reported no ACE. Number of self-reported 
ACE categories was not a significant predictor 
of SSTR4 promoter region methylation in our 
study sample of patients with AD and controls 
(Table 5). Patients with AD had their SSTR4 
promoter region significantly more frequently 
methylated than controls (Table 3). We made 
an attempt to verify if SSTR4 promoter region 
methylation in our whole study sample of 

patients with AD and controls is associated 
with factors, proposed in the relevant literature 
as possibly significant for DNA methylation 
[6,7,34,36]. When individuals with methylated 
and unmethylated SSTR4 promoter region 
compared (patients with AD and controls), 
individuals with methylated SSTR4 promoter 
region were significantly more frequently 
patients with AD, scored significantly higher 
in AUDIT, and reported significantly higher 
number of ACEs’ categories. However, only the 
group affiliation was found to be a significant 
predictor for SSTR4 promoter methylation 
(Table 5). These findings suggest that SSTR4 
promoter methylation in here studied 
individuals may be either a primary epigenetic 
change (inherited) or a secondary modification 
but neither to alcohol drinking severity nor to 
childhood trauma. Roth et al. (2009) found that 
altered methylation can be passed from one 
generation to the next [14]. If the methylation 
of the SSTR4 promoter region in our study 
sample was inherited, it could be proposed as 
a possible primary molecular background for 
vulnerability to childhood trauma, maybe due 
to better memorizing of ACEs. However, there 
is a constellation of personality characteristics 
that decide about awareness of emotions and 
strategies to manage strong emotions, which 
hardly allows us to state that SSTR4 promoter 
methylation may partially determine individual 
susceptibility to childhood trauma [40]. Since, 
evolutionary, it would be unwarranted to pass 
a harmful characteristic through subsequent 
generations, it should be taken into account 
that better memorizing is a potentially 
harmful characteristic in carriers brought up in 
dysfunctional households but also potentially 
advantageous in carriers brought up in 
supportive households. If the methylation of 
the SSTR4 promoter region was secondary to 
ACEs, it would be an acquired factor promoting 
vulnerability for further adverse and supportive 
life events. In our opinion, SSTR4 promoter region 
methylation may act as a buffer that modifies 
sst-4 activity warranted by SSTR4 rs2567608. 
SSTR4 promoter region methylation may cause 
SSTR4 rs2567608 C allele carriers more similar 
to carriers of the T allele, and similarly, SSTR4 
promoter region methylation may enhance 
the sst-4 activity of the SSTR4 rs2567608 T 

allele carriers. However the discussion about 
the role of SSTR4 promoter region methylation 
would be stronger if the factors responsible 
for methylation in this genome region were 
known. There is a little number of studies on 
DNA methylation and ACEs. Van Ijzendoorn et 
al. (2010) assessed serotonin transporter gene 
(SLC6A4) promoter methylation and functional 
length polymorphisms (i.e., the short (s) versus 
the long (l) allele) in the serotonin transporter-
linked promoter region (5-HTTLPR) in a sample 
of adopted children [25]. They found that the 
vulnerability of carries of the ss variant of the 
5-HTTLPR to the development of psychological 
problems in response to adverse events may 
be reduced by higher levels of methylation, 
which may reduce the risk of unresolved 
loss or trauma in the carriers of the s variant 
of the serotonin transporter gene and thus 
entail adaptive value [25]. Further, van 
Ijzendoorn et al. (2012) conducted a meta-
analysis of the potentially 5HTTLPR-moderated 
association between positive environments 
and developmental outcomes [26]. In the 
total set of studies, including studies with 
mixed ethnicities, these authors found that ss/
sl carriers were significantly more vulnerable 
to negative environments than ll carriers. 
However, in the Caucasian samples, the ss/
sl carriers also profited significantly more 
from positive environmental input than the 
ll carriers. The associations between (positive 
or negative) environment and (positive or 
negative) developmental outcome were absent 
in the ll carriers [26].

It is questionable if local exposition of 
buccal mucosa to psychoactive substances can 
change promoter methylation in endothelial 
cells. Olsson et al. (2010) found no associations 
between alcohol, tobacco or cannabis 
consumption and buccal cell methylation 
[34]. Our patients with AD and controls 
with methylated SSTR4 promoter region did 
not differ significantly from AD and control 
individuals with unmethylated SSTR4 promoter 
according to current age, age at alcohol 
initiation, AOPD, and cigarette smoking (Table 
4). Although the severity of drinking assessed 
with AUDIT was significantly higher in AD and 
control individuals with methylated SSTR4 
promoter region (Table 4), AUDIT scoring was 
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not found to be a significant predictor of SSTR4 
promoter methylation (Table 5). Alcohol and 
cigarette compounds act directly also on blood 
cells, but similarly, several studies found no 
association between cigarette smoking, alcohol 
drinking and leukocyte DNA methylation [i.e., 
41-45].

Nutrients and bioactive food components 
were shown to alter genome methylation 
[6]. Folate, vitamin B-12, methionine, choline, 
and betaine can affect DNA methylation 
through altering 1-carbon metabolism. Folate 
comprises a methyl group that enters the 
synthesis of S-adenosylmethionine, which is 
a direct methyl donor for enzymes engaged 
in DNA methylation. Individual differences 
in activity of these enzymes are associated 
with functional polymorphisms for enzymes’ 
genes and additionally modified by food 
components, i.e. genistein and tea catechin 
[6]. The MTHFR (methylenetetrahydrofolate 
reductase gene) 677T allele carriers present 
reduced enzyme activity [7]. Friso et al. (2002) 
found additionally that only the TT subjects 
with low levels of folate account for the 
diminished DNA methylation [47]. Sinclair et al. 
(2007) indicated that dietary methyl nutrients 
during the periconceptional period can change 
DNA methylation patterns in sheep offspring 
[48]. Steegers-Theunissen et al. (2009) found 
the differentially methylated region (DMR) of 
the insulin-like growth factor 2 gene (IGF2) 
higher methylated in children of mothers using 
folic acid periconceptionally than of mothers 
who did not [49]. According to the possible 
nutritional influence on genome methylation, 
it was rather predictable to find SSTR4 promoter 
less frequently methylated than in controls. 
First, lower than in controls scoring in CHB 
module for proper nutritional habits (Table 1), 
indicated that patients with AD were rather 
low-methyl donor intakers (had lower folate 
and fiber intake and diet richer in fat (Western 
diet: high meat, energy, and alcohol intake and 
low fruit, vegetable, and fiber intake). Second, 
alcohol intake, additionally diminishes folate 
amount, probably because of degradation of 
folate in the colon by acetaldehyde, the first 
metabolite of alcohol [47,48]. Nutritional habits 
assessed with CHB module were not significant 
predictors of SSTR4 promoter methylation in our 

study sample of patients with AD and controls 
(Table 5). Also, Zhang et al. (2011) found no 
significant difference in global leukocyte DNA 
methylation in 161 cancer-free participants for 
diet (intake of dietary folate equivalents and 
other one-carbon nutrients) [50]. 

5. Limitations

Due to several limitations, the study results 
should be interpreted cautiously. The study 
would provide stronger evidence after 
stratification for functionally important SNPs in 
genes involved in folate metabolism.

Because of population stratification, here 
found SSTR4 rs2567608allele and genotype 
frequencies and SSTR4 promoter region 
methylation frequency are restricted to the 
sample of polish Caucasian population and can 
not be generalized for other populations [51]. 
This is a first study that make efforts to map 
SSTR4 promoter region methylation frequency 
in this study sample of polish Caucasian 
population (please see the inclusion and 
exclusion criteria for this study). Population 
stratification should be controlled for in future 
studies that report phenotypic associations in 
samples from different populations [51].

There are periods in human life cycle in 
which the individual is particularly susceptible 
to epigenetic influences; these include 
fertilization, gametogenesis, and early embryo 
development. DNA methylation is of multiple 
etiology, hardly possible to be verified in adults.

Proper verification of the association 
between diet and SSTR4 promoter region 
methylation require quantitative assessment 
of the food consumed in the life periods crucial 
for DNA methylation, i.e., folate and choline 
[3]. Mehedint et al. (2010) showed that mice 
maternal choline status deprivation in the late 
gestational age results in hypomethylation of 
specific CpG islands in genes controlling cell 
cycling in fetal hippocampus [52].

 Starvation has also been indicated as 
a possible factor influencing promoter 
methylation. We did not strictly asked our 
respondents if they starved during the 
childhood or adolescence, but one of questions 
from ACE 13 Score concerns physical neglect 
that partially include not eating enough (“Did 

you often or very often feel that You didn’t have 
enough to eat (…)?”). However it is rather far 
from starvation. 

Exposure to heavy metals and other air 
pollutants, bioflavonoids, and endocrine 
disruptors, such as bisphenol A and 
phthalates, has been also shown to affect brain 
development and epigenetic memory [53,54]. 
However their long-term effects are unclear at 
this point and require further studies [53,54].

6. Conclusions

In our Caucasian patients with alcohol 
dependence, SSTR4 promoter region 
methylation was significantly more frequent 
than in healthy controls, which may put them 
at higher risk for vulnerability both to adverse 
and supportive environment. In here assessed 
subjects, SSTR4 promoter methylation is rather 
primary epigenetic modification (inherited) or 
secondary, but not to adverse childhood events 
and alcohol drinking severity. 
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