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Abstract

Objectives: Schizophrenia is a neuropsychiatric disease, and
its etiology is not exactly understood. DNA methylation is an
important phenomenon that affects the rise of abnormal phe-
notypes inmany cases. Investigation of the associationbetween
DNA methylation and schizophrenia is crucial for elucidating
thebasis of schizophrenia. Previous association studies confirm
that theSYN2gene is a strong candidate gene for schizophrenia.
In the current study, the relationship between the methylation
status of the SYN2 gene and schizophrenia was investigated.
The aim is to obtain crucial results for illuminating the effects of
the SYN2methylation changes in the etiology of schizophrenia.
Methods: In light of this scientific information, we investi-
gated the methylation status of three different CpG regions in
the promoter of the SYN2 gene and compared them in healthy
controls and schizophrenia patients. Thirty-three healthy
controls and 36 schizophrenia patients were included in this
study. Sequencing was performed using the pyrosequencing
method to reveal the methylation pattern.
Results: As a result of the statistical analysis, it was confirmed
that there is a significant relationship between themethylation
pattern of the SYN2 gene and schizophrenia. Schizophrenia
patients showedmoremethylation in position 2 and position 3.
Additionally, the average methylation ratio is increased in
schizophrenia patients.

Conclusions: We find an association between the DNA
methylation pattern of the SYN2 gene and schizophrenia.
These results can help to the understanding of the etiology of
schizophrenia. Except for these, DNA methylation changes
in the SYN2 gene in people who live in urban and rural areas
can be one of the reasons for the different incidences of
schizophrenia in these regions.

Keywords: schizophrenia; SYN2; DNA methylation; epige-
netics; synapse

Introduction

Schizophrenia is one of the serious psychiatric disorders that is
characterized by the impairment of social relations, thought,
emotion, and behavior. The high prevalence of schizophrenia
and considerable cost to society are reasons that make
schizophrenia a remarkable research subject. Schizophrenia
affects approximately 1% of the worldwide population [1].
Despite the high prevalence of the disorder, there are no
acceptable biomarkers to use in the diagnosis of schizophrenia.
Instead, clinicians use The Diagnostic and Statistical Manual
of Mental Disorders – fifth edition (DSM-5) to diagnose the
disorder. Treatment of schizophrenia generally occurs with
antipsychotic drugs.

Schizophrenia has a complex and heterogeneous etiolog-
ical background. Although scientific studies have been going on
for a long time, its etiology is still unknown completely. Both
biological andenvironmental factorsplaya crucial role together
in the existence of the disorder [2]. While the genetic architec-
ture is the most effective biological factor, there are a lot of
different environmental factors such as obstetric complications,
the season of birth, prenatal and postnatal infections, urbanity,
maternal malnutrition, maternal stress, child abuse, abnormal
life events, immigration, head injury, drug abuse, adverse
childhood experiences, and extreme living conditions [3–6].

Thousands of different genes were associated with
schizophrenia by genome-wide association studies (GWAS).
Beyond the genetics studies of schizophrenia, more compli-
cated studies than single nucleotide polymorphisms (SNPs)
and copy number variations (CNVs) were performed with
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the development of epigenetics. Epigenetics refers to a field
of science that is interested in the changes in gene expres-
sion without any changes in DNA sequence [7]. DNA
methylation is one of the major processes that control gene
expression epigenetically. The most frequent form of DNA
methylation is seen as adding a methyl (CH3) group to the
fifth carbon position of cytosine in CG dinucleotide and it can
then be inherited by cell division [8]. CpG islands are special
regions that include more CG dinucleotides than others, and
these regions are generally the target of epigenetic studies
that try to search DNA methylation patterns. DNA methyl-
ation patterns of specific genes play a critical role in the
pathophysiology of schizophrenia. For instance,RELN [9, 10],
5HTR1A [11], COMT [12], DRD2, andNR3C1 [13] are important
genes that show significant changes in methylation pattern
in schizophrenia patients.

Synapsins are a family of synaptic vesicle-associated
phosphoproteins, and they are involved in releasing synaptic
vesicles to the synaptic cleft. They are the most abundant
synaptic vesicle proteins and consist of 9 % of all proteins in
synaptic vesicles. Except those, 1 % of total neuronal proteins
are synapsins. There are three members of the synapsin
protein family, Synapsin 1, Synapsin 2, and Synapsin 3, and
they are all effective in neuronal plasticity, regulation of the
kinetics of synaptic vesicle exocytosis, axon elongation and
formation of the presynaptic terminal. Their most known
function is the control of the synaptic vesicle exocytosis by
attaching and releasing them. Synapsin 2 is a member of the
Synapsin group and coded by the SYN2 gene that localizes in
the 3p25.2 position of the human genome [14].

All members of the Synapsin family are attractive candi-
date genes for the etiology and molecular pathology of
schizophrenia and other psychiatric disorders because of their
role in organisms [15, 16]. All scientific literature and the role of
Synapsin 2 in the synapse are sufficient to raise suspicion to
investigate the relationship between the DNA methylation
status of SYN2 and schizophrenia [17–19]. In the present study,
we have performed a pyrosequencing approach to detect and
compare the methylation status of three specific CpG regions
that are found in the promoter region of the SYN2 gene in
schizophrenia patients and healthy controls.Wemainly expect
to find a significant difference in methylation status rate be-
tween the healthy control and schizophrenic groups.

Materials and methods

Participants

Peripheral blood samples from both schizophrenia patients (n=36) and
healthy controls (n=33) were collected by professional medical staff.

Schizophrenia patients who applied to the Department of Psychiatry
in Turgut Özal Medical Center (Affiliated with İnönü University) and
agreed to participate as volunteers were included in the study. Thirty-
nine blood samples were collected from patients, but three schizo-
phrenia patients were discarded who did not meet the inclusion
criteria, and 36 patients were included in the analysis. Informed
consent forms were obtained from all patients. The case group con-
sisted of 11 female (31 %) and 25 male (69 %) volunteers. The average
age of the case group was 45.4±12.9. The age of onset of schizophrenia
in the case group was about 25 (17–50 years). Most of them had lower
education degrees (88.9 %). All sociodemographic characteristics and
medication status of the case group were given in Table 1. All exper-
imental steps have been carried out in accordance with The Code of
Ethics of the World Medical Association (Declaration of Helsinki). All
schizophrenia patients were diagnosed by professional psychiatrists
according to the DSM-V criteria. The healthy controls were unrelated
individuals with no current or past psychiatric or physical diagnoses
and no first-degree relatives had schizophrenia. All of the participants
(both patients and controls) were Turkish. Ethics approval for the
project was obtained from the Malatya Clinical Research Ethics Com-
mittee of İnönü University.

DNA extraction and bisulfite conversion

10 mL of venous blood samples were collected in EDTA-coated tubes
from each patient or healthy individual after an overnight fast (10 h)
between 8:00 and 10:00 a.m. All blood samples were collected by pro-
fessional medical staff. Whole blood samples were then stored at 4 °C
until DNA extraction. DNA isolation was completed using a PureLink™
Genomic DNA Mini Kit (Thermo Fisher Scientific, United States, Cat.
No: K182001) according to the manufacturer’s instructions. DNA

Table : Sociodemographic characteristics andmedication status of
the case group.

Variables Cases (n=)

Age, year .±.
Age at onset, year  (–)
Sex, n (%)
Female  (%)
Male  (%)

Education level, n (%)
Non-university graduate  (.%)
University graduate  (.%)

Marital status, n (%)
Single  (.%)
Married  (.%)
Divorced  (.%)

Region, n (%)
Rural  (.%)
Urban  (.%)

Antipsychotic medication, n (%)
Atypical  (.%)
Atypical+typical  (.%)

Age parameter is given as mean±standard deviation, age at onset as
median (min to max).
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quality was assessed using a DeNovix DS-11 FX+ spectrophotometer
(DeNovix, United States) and gel electrophoresis. Bisulfite conversion
was performed to convert unmethylated cytosines to the uracil and
make a difference between methylated and unmethylated positions of
the DNA before the PCR amplification and sequencing. Bisulfite con-
version of the isolated genomic DNA was performed using EpiTect
Bisulfite Kit (Qiagen, United States, Cat. No: 59104) following the
manufacturer’s instructions. Bisulfite-modified genomic DNA was
stored at 4 °C to amplify and analyze the methylation pattern of the
sequence region in the promoter of the SYN2 gene.

PCR amplification

Bisulfite-converted genomic DNA was used as a template in a PCR
reaction to amplify the sequence region. All of the PCR reactions were
set up according to the PyroMark PCR Kit (Qiagen, United States, Cat. No:
978703) instruction. Summarily, wemade amixture by adding 12.5 μL of
PyroMark PCR Master Mix, 2.5 μL of CoralLoad Concentrate, 2.5 μL of
PyroMark assay primers A and B and 5.5 μL of RNase-free water,
respectively per reaction. 2 μL of bisulfite-modified DNA as a template
was added to the mix per reaction. 2 μL of RNase-free water was added
extra to the NTC tube. The thermal cycler was set up to 95 °C for 15 min,
94 °C for 30 s, 55 °C for 30 s, 72 °C for 30 s, 45 cycles, and 72 °C for 10 min.
The samples obtained from PCR were stored at −20 °C to perform
pyrosequencing.

Pyrosequencing

Pyrosequencing was performed using the PyroMark Q24 ID system
(Qiagen, United States) to analyze and compare the DNA methylation
pattern of the SYN2 gene both in schizophrenia patients and healthy
controls. Considering that DNA methylation generally occurs in the
promoter regions and controls gene expression by blocking the
recruitment of transcription factors to the promoter, we decided to
analyze three different CpG positions they found on the promoter of
the SYN2 gene. Hs_SYN2_01_PM PyroMark CpG assay (Qiagen, United
States, Cat. No: 978746) was used to set up all the experiments ac-
cording to our target region. 5′-CGCCCTCCCCGCATAGTCACGT-3′ was
analyzed by pyrosequencing using Hs_SYN2_01_PM PyroMark CpG
assay. Three different CpG positions are shown in bold in sequence
(Position 1 for the first, Position 2 for the second, and Position 3 for the
third CG dinucleotide). According to the outputs from methylation
analysis of schizophrenia patients and the healthy control group,
statistical methods were applied to the results.

Statistical analysis

The distribution of the qualitative data was presented by count and
percentage. The normality of the quantitative data was examined using
the Shapiro-Wilk test. Normally distributed quantitative data were
summarized by mean and standard deviation, the others by median,
minimum, and maximum values. For comparison of two independent
groups, the Mann-Whitney U test was used. The correlation between
quantitative data was analyzed using Spearman’s rank correlation co-
efficient. The two-sided significance level was accepted as 0.05 in all
tests. Analyses were performed by IBM SPSS Statistics for Windows
version 22.0 (Armonk, NY: IBM Corp.).

Results

Relationship between demographic and
clinical characteristics and DNA methylation

There was a significant difference in methylation of position
1 and position 3 in schizophrenia patients who live in urban
and rural areas. Schizophrenia patients who come from
urban areas show a higher methylation ratio in the first and
third CpG positions comparedwith patients from rural areas
(p=0.027 for position 1 and p=0.038 for position 3) (Table 2).
On the other hand, there was no significant difference
between DNA methylation and age of onset, gender, educa-
tional status, age, and marital status of patients. Some clin-
ical data such as the age of onset, type of antipsychotic
medication, the scale for the assessment of negative symp-
toms (SANS) score, and the scale for the assessment of
positive symptoms (SAPS) score were also analyzed. There
was another significant relation between SANS scores and
the type of antipsychotic medication. The patients who have
been medicated with both typical and atypical antipsy-
chotics have higher SANS scores than patients who have
been medicated only with atypical antipsychotics (p=0.007)
(Table 3). The correlations between SAPS/SANS and methyl-
ation status are given in Table 4. Except for those, there was
not a significant relation between SANS and SAPS score and
DNA methylation, age, age of onset, gender, marital status,
educational status, and living in urban or rural areas.

Table : The relationship between DNA methylation and patients who come from urban and rural areas.

Rural areas (n=) Urban areas (n=) p-Value
Median (min.–max.) Median (min.–max.)

CpG position  Meth, %  (–) . (–) .
CpG position  Meth, %  (–)  (–) .
CpG position  Meth, %  (–)  (–) .

Bold p-values indicate statistical significance (p<.).
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Methylation of the SYN2 gene in
schizophrenia patients and healthy controls

As stated earlier, our main hypothesis was that there is a sig-
nificant difference in the DNAmethylation pattern of the SYN2
gene between schizophrenia patients and the healthy control
group. Each CpG region was analyzed separately for its signif-
icant difference between schizophrenia and healthy controls.
Statistical analysis showed that the DNA methylation of CpG
islands in schizophrenia is higher than healthy controls for
second and third CpG positions (p=0.006 for position 2 and
p=0.003 for position 3). Beyond these, average CpGmethylation
was significantly higher in CpG regions of schizophrenia
patients than in healthy controls (p=0.014) (Table 5).

Discussion

The idea of the heritability of schizophrenia arose from the
adoption, twin, and family studies in the first years of

schizophrenia research. Research to reveal the genetic basis
of schizophrenia proves that thousands of different genes are
responsible for the existence of the disorder. Scientists have
more doubts about some of these genes because of their
critical roles in synapse and neuronal plasticity. In addition to
the early studies like SNPs andCNVs, recent studies likeGWAS
show crucial evidence about the heritability of schizophrenia
[20, 21]. Beyond the DNA sequence, it is clear epigenetic
modifications have a huge effect on the existence of abnormal
phenotypes. In the present study, we investigate the differ-
ence in DNA methylation pattern of the SYN2 gene between
schizophrenia patients andhealthy people. Toour knowledge,
this is the first study that investigates the association of
methylation status of the SYN2 gene that codes Synapsin 2
protein with schizophrenia. We succeeded in finding signifi-
cant results about the association of DNA methylation in the
SYN2 gene with schizophrenia.

Synapsins were first reported synaptic vesicle proteins
and were reported by Edward Johnson and colleagues in
1972 [22]. As we mentioned before, there are three different
types of synapsins as Synapsin 1, Synapsin 2 and Synapsin 3.
All types of Synapsins have different isoforms as “a” and “b”.
The number of isoforms can show variety from cell to cell
[23]. Knockdown experiments of the SYN2 show their huge
role in the synapse. Studies performed by Ferreira et al.
reveal the problems in synapse formation in the case of SYN2
knockout. In addition to troubles with vesicular docking,
presynaptic terminal problems and deficiency in axon
elongation exist in the lack of SYN2 [24, 25]. As mentioned
before, they control the synaptic vesicles via binding or
separating them by phosphorylation.

Table : The linkage between SANS and SAPS scores and type of antipsychotic medication.

Single medication
(atypical, n=)

Combined medication
(atypical+typical, n=)

p-Value

Median (min.–max.) Median (min.–max.)

SAPS  (–)  (–) .
SANS  (–)  (–) .

Bold p-values indicate statistical significance (p<.). SANS, scale for the assessment of negative symptoms; SAPS, scale for the assessment
of positive symptoms.

Table : Correlations between SAPS/SANS and methylation status.

SAPS SANS

rs p-Value rs p-Value

Position  Meth, % −. . . .
Position  Meth, % . . −. .
Position  Meth, % −. . . .

rs, Spearman’s correlation coefficient; SANS, scale for the assessment of
negative symptoms; SAPS, scale for the assessment of positive symptoms.

Table : CpG methylation ratios in schizophrenia and healthy controls.

Control (n=) Schizophrenia (n=) p-Value
Median (min.–max.) Median (min.–max.)

CpG position  Meth, %  (–)  (–) .
CpG position  Meth, %  (–)  (–) .
CpG position  Meth, %  (–)  (–) .
Average, %  (.–.) . (–.) .

Bold p-values indicate statistical significance (p<.).
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Previously, DNA methylation pattern analysis and alter-
ations in DNA methylation in schizophrenia patients have
been reported especially for candidate genes of schizophrenia
such as EGR3 [26], COMT [12], RELN [27], GABRB2 [28],MMP9
[29],HTR2A [30, 31],HTR1A [11], BDNF and DAT1 [32]. Synapse
andneuroplasticity-related geneshave come into prominence
as candidate genes for schizophrenia because of their role in
organisms in recent years. Schizophrenia, bipolar disorder
(BD), and major depression (MD) are primary psychiatric
disorders linkedwith SYN2 [17, 33]. Previous studies about the
association of SYN2 with schizophrenia were at the level of
SNP or indel association studies [34–36]. These studies also
found significant results and these results create a suggestion
for our study. Different from previous studies, we investi-
gated the relationship at the level of DNA methylation and
epigenetically. A study performed by Cristiana Cruceanu et al.
investigated the relationship between SYN2 methylation
pattern and BD and MD in 2016 [37]. Their results show
hypomethylation in the SYN2 gene in BD and MD patients
compared with healthy controls. Unlike the BD and MD pa-
tients, our investigation says schizophrenia patients show
more methylation in the SYN2 gene compared with healthy
controls. When considering BD, MD, and schizophrenia have
common points in mechanisms and pathophysiology, these
results may look inconsistent, but it should not be forgotten
that DNA methylation patterns can show differences in
different tissues. Their studies were performed using
post-mortem brain tissue. Instead, we detected methylation
patterns in DNA extracted from blood. On the other side, as-
sociation studies were performed on different populations.
While cases in their study were White Caucasian individuals
with diagnoses of BD orMDandwho died primarily by suicide,
our studywas performed by using cases of Turkish individuals
whowere diagnosedwith schizophrenia. Different populations
may show different methylation patterns. Except for different
populations and tissues, there are many other factors that
affect the DNAmethylation pattern, like diet, hormones, stress,
drugs, or exposure to environmental chemicals.

The effects of the methylation changes in the SYN2 gene
in the etiology of schizophrenia are open to interpretation.
Depending on themultifactorial and polygenic characteristics
of schizophrenia, it is hard to say that differentialmethylation
of the SYN2 gene has a huge effect on the pathogenesis of
schizophrenia, but certainly, our results will help the under-
standing of the etiology of schizophrenia. On the other hand,
synapse-related genes are one of the important gene groups
that are candidates for schizophrenia. Our study shows the
importance of epigenetic alterations in synapse-related genes,
which can be one of the reasons for schizophrenia.

Except those, our other results confirm that the living
area of patients has a relationship with the methylation

status of the SYN2 gene. It is known that the living area of
individuals has an effect on DNA methylation in other spe-
cies [38]. The incidence of schizophrenia is already showing
a significant difference between people from urban and
rural areas. The people who live in urban show more
methylation in positions 1 and 3 in the SYN2 gene. The rea-
sons for these different methylation ratios are arguable. The
people who live in urban areas are exposed to more chem-
icals. Soil components of rural and urban areas can show a
variety in their minerals and toxic materials. These chem-
icals can affect the methylation patterns of people. On the
other hand, stress factors are different between urban and
rural areas. It is known that people who live in urban areas
are exposed to more stress factors compared to those who
live in rural areas. These results are also compatible with the
higher schizophrenia incidence in people who live in urban
areas. More investigations are required to understand
whether these differences in incidence originate from DNA
methylation or not. Another important point is that no sig-
nificant pattern difference was found for the SYN2 gene in
previous blood methylation studies, unlike our study
[39–41]. There could be many reasons for this. The use of
different populations is among the main reasons. Different
populations can show different methylation status. Previous
methylome studies use Swedish and Japanese populations
[39–41]. On the other hand, the environment to which pop-
ulations were exposed is highly effective for changes in DNA
methylation patterns. The climate and geography of Türkiye
are wildly different from Japan and Sweden. Air pollution
may be another important reason for this difference.
Although there are studies showing that air pollution alters
DNA methylation, it is also known that there is a significant
difference between Japan, Türkiye, and Sweden in terms of
air pollution [42].

In our study, some limitations prevent the investigation
of the gene expression levels of SYN2. SYN2 is only expressed
in neuronal tissues, and it is not expressed in the blood [43].
The biggest problem was finding post-mortem tissues to
investigate the gene expression level. DNA methylation
studies can be carried forward by gene expression studies.

Previous transcriptome [44, 45] and proteome [46]
studies showing the expression of the SYN2 gene have been
performed in brain tissues. Our study was completed using
blood samples. Considering that DNA methylation shows
different patterns between tissues, comparisons with pre-
vious transcriptome and proteome studies may not provide
reliable results. Except from these, as mentioned before,
different populations may show different results. Such a
study on the Turkish population has not been conducted
before. On the other hand, animal modelling is an important
field in studying psychiatric disorders. In rats modelled for
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schizophrenia using phencyclidine, Synapsin 2 protein levels
were found to be significantly reduced in the medial pre-
frontal cortex [47]. Considering that methylation in the
promoter region is generally inversely correlated with gene
expression, the results of our study and the animal model-
ling study [47] support each other. On the other hand,
methylation status can show differences from region to re-
gion, as mentioned before. Although the results support our
study, it should be kept in mind that there are many points
that remain to be clarified. However, it should be kept in
mind that the validity of animal modelling and its power to
reflect schizophrenia is still a matter of debate. Besides gene
expression studies, miRNA studies can help to figure out the
relationship between SYN2 and schizophrenia. There is
another potential research subject to understand the basics
of DNA methylation in schizophrenia, which can be the ef-
fects of antipsychotic drugs on DNA methylation.

Conclusions

We find an association between the DNA methylation
pattern of the SYN2 gene and schizophrenia. These results
can help to understand the etiology of schizophrenia. Except
for these, DNA methylation changes in the SYN2 gene in
people who live in urban and rural areas can be one of the
reasons for the different incidences of schizophrenia in
these regions. To our knowledge, this is the first study that
investigates the relationship between SYN2 and schizo-
phrenia epigenetically. Further studies are necessary to
figure out the importance of SYN2 (and other genes that are
synapse-related) in the pathophysiology of schizophrenia.
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