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Abstract: Daily life stress markedly affects the response toward stressful stimuli. DNA methy­

lation is one of the factors that regulate this response, and is a normal mechanism of somatic 

cell growth, but its regulatory gene variations may cause alterations in the stress response. The 

aim of the present study was to investigate genotypic variants of the DNA methyltransferase 3A 

(DNMT3A) gene in 129 healthy subjects and evaluate its association with daily life stress. Blood 

samples were collected, and genomic DNA was isolated. DNA was amplified using specific tetra 

primers for DNMT3A (C/T) rs11683424 and visualized following 2% agarose gel electropho­

resis. The association of DNMT3A genetic variants with daily life stress was analyzed using 

the Kessler Psychological Distress Scale (K10). We observed that the distribution of subjects 

with genotype CC (wild type), CT (heteromutant), and TT (homomutant) was 13.95%, 81.4%, 

and 4.65%, respectively. Genetic variations significantly affected the daily life stress condition 

(p=0.04) in Indonesian healthy subjects, but most of the subjects with the CT phenotype were 

classified in a stress condition.

Keywords: daily life stressor, DNA methylation, epigenetic, Kessler Psychological Distress 

Scale (K10), rs11683424, DNMT3A

Introduction
The response to stressful stimuli can be regulated by environmental experiences (early 

and later), genetic liability, and epigenetic mechanisms.1,2 Epigenetic mechanisms 

regulate the expression of several genes that are involved in experience-dependent plas­

ticity, which is a structural and functional change in the brain.3 Histone modification, 

non-protein coding RNA, and especially DNA methylation are epigenetic mechanisms 

that affect heritable gene expression or phenotype without causing a transformation 

in the DNA sequence or genotype.4–7

DNA methylation is required during normal somatic cell growth, and alterations 

in DNA methylation following stressful conditions have been shown in several stress-

related genes.8,9 A key family of enzymes that plays a role in the addition of a methyl 

group to cytosine at the position 5 within cytosine–guanine dinucleotides (CpG) in 

the DNA sequence is the DNA methyltransferases (DNMTs: DNMT1, DNMT3A, 

and DNMT3B).9–11 The function of DNMT1 is to modulate the methylation process 

during DNA replication, whereas DNMT3A and DNMT3B are involved in de novo 

methylation.9,11 Inhibition of the DNMT enzymes may cause defects in cell growth, 

cell death, and genome instability, which shows that DNMT enzymes play a pivotal 

role in basic cell functions.9,12–14
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Modification in DNA methylation affects the binding of 

transcription factors and RNA polymerase into the DNA. 

Gene expression, thus, will be influenced by the location 

of DNA methylation and recruitment of cofactors – usually 

associated with decreased transcription and increased gene 

expression.1 Alteration in DNA methylation has been shown 

in several stress-related conditions. Low expression of hippo­

campal glucocorticoid receptor (GR) with hypermethylation 

of the GR gene was shown in subjects exposed to prenatal 

stressor, postnatal stressor, and childhood maltreatment.15–19

DNMT3A has 23 exons, two isoforms (DNMT3A1 

and DNMT3A2), and is regulated by an additional unique 

promoter.20,21 Among three single-nucleotide polymor­

phisms (SNPs) of DNMT3A (rs11683424, rs1465764, and 

rs1465825), rs11683424 has been shown to be involved in 

emotional responses to daily life stress. The variability of 

DNMT3A genes mainly exist in the intronic regions, including 

DNMT3A rs11683424, which is correlated with the alterna­

tive splicing of the DNMT3A gene.3,22

Currently, studies about the correlation between DNA 

methylation and mental health are limited, especially in the 

Indonesian population. In the present study, we examined 

the association between epigenetic gene variants, such as 

SNP rs11683424 of DNMT3A (C/T), with daily life stress. 

A questionnaire tool determined the level of daily life stress. 

The Kessler Psychological Distress Scale (K10) is a 10-ques­

tion tool that is used to screen for nonspecific psychological 

distress and is usually used in general purpose health surveys; 

it is highly precise and is effective at identifying mental ill­

nesses. Furthermore, the K10 questionnaire is an easy and 

quick tool that only takes 2–3 minutes for self-administration 

or interviewer-administration.23 Results of this study may 

provide a method for preliminary screening that may enable 

the targeted prevention and early intervention of mental 

health in Indonesian citizens.

Materials and methods
Subjects
This study was an experimental study including 129 healthy 

subjects in Bandung city, Indonesia, who were >18 years 

old, without a history of mental disorders, not under any 

antipsychotic or antidepressant drugs, and not undergoing 

any psychological therapy. Participant information was 

anonymized during the analyses. All procedures conducted 

in studies involving human participants were approved (No. 

727/UN6.C2.1.2/KEPK/PN/2014), and in accordance with, 

the ethical standards of the institutional and/or national 

research committee (Medical Research Ethics Committee 

of the Medical Faculty at Universitas Padjadjaran) and with 

the 1964 Helsinki declaration and its later amendments or 

comparable ethical standards. Informed consent was obtained 

from all individual participants included in the study.

Genotyping of DNMT3A rs11683424
A variant of the DNMT3A gene was identified as rs11683424 

(C/T) and described in The National Center for Biotechnol­

ogy Information (http://www.ncbi.nlm.nih.gov). Samples 

(whole blood) were collected from all subjects and stored at 

−80°C until used in the assay. Genomic DNA was isolated 

using the PureLink™ Genomic DNA Mini Kit (Thermo 

Fisher Scientific, Waltham, MA, USA), and PCR was 

undertaken using 1.1× PCR SuperMix (Thermo Fisher 

Scientific) with specific tetra primers to identify SNPs 

in the DNMT3A gene (rs11683424). The tetra primers 

used in this analysis are as follows: primer forward 1 (F1) 

5′-CTGTGCCTACTCCAAACATCATCATT-3′; primer 

forward 2 (F2) 5′-AGTTCAACACCCTTTCCCTGGT-3′; 
reverse primer 1 (R1) 5′-CAAAAATAACATCACCCTT­

GAAGGAG-3′; and reverse primer 2 (R2) 5′ CTCCTCT­

GACTTTACAACCCTGC-3′ (Sigma-Aldrich Co., St Louis, 

MO, USA). The PCR fragment was visualized by agarose gel 

electrophoresis (2%) followed by ultraviolet light at 312 nm. 

Three bands were visualized: the control (724 bp), C (407 

bp), and T (368 bp) alleles. The genotyping of DNMT3A gene 

was repeated three times for each samples.

Kessler Psychological Distress Scale
All participants filled out the Kessler Psychological Distress 

Scale (K10) questionnaire to determine nonspecific psy­

chological distress. Frequencies in the K10 questionnaire 

were described on a 5-point Likert scale with the responses: 

1) all, 2) most, 3) some, 4) little, and 5) none of the time. 

These responses were scored from 4 to 0 and summed for a 

possible score range of 0–40. Scores <20 were classified as 

not stressed, 20–24 as mild stress, 25–29 as moderate stress, 

and ≥30 as severe stress.

Statistical analysis
Analysis of allele frequencies in each locus were calculated 

by chi-square test using the Hardy–Weinberg equilibrium 

(df = 1). Correlations between the DNMT3A genetic variants 

and stress conditions or among the DNMT3A genetic variants, 

stress condition, and gender were determined by chi-square (c2) 

bivariate analysis (binary and multinomial logistic regression) 

with odds ratios (ORs) and 95% CI. A p<0.05 was considered 

as statistically significant.
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Results
Genotyping of DNMT3A rs11683424 in 
healthy subjects
Profiling of the DNMT3A gene (rs11683424) was undertaken 

using specific tetra primers. The PCR result was visualized 

on a 2% agarose gel: the CC genotype was shown at 407 bp, 

CT at 368 bp and 407 bp, and TT at 368 bp; the control band 

was present in all genotypes (Figure 1). The distribution of 

DNMT3A rs11683424 in healthy subjects was as follows: 18 

subjects were wild-type CC homozygotes (13.95%); 105 sub­

jects were CT heterozygotes (81.4%); and six subjects were 

TT homozygotes (4.65%; Figure 2). The Hardy–Weinberg 

equilibrium showed that the frequencies of the genotypes 

were in a disequilibrium state with p<0.05 (Table 1).

Stress levels in healthy subjects by the 
Kessler Psychological Distress Scale
The K10 questionnaires were validated with p<0.05. Analy­

ses of the stress level in 129 healthy subjects by the K10 

questionnaire showed 33 subjects with no stress (25.58%), 

48 subjects with mild stress (37.21%), 33 subjects with 

moderate stress (25.58%), and 15 subjects with severe stress 

(11.63%; Table 2).

Correlation of stress level with the 
DNMT3A genotype variant
The rs11683424 variant of DNMT3A showed multiple 

distributions among stress levels (K10 analysis), but the 

majority of subjects carried the heterozygous (CT) genotype 

(Figure 3). In each stress group, the CT genotype was present 

and accounted for 87.88%, 79.17%, 87.9%, and 60% of the 

no, mild, moderate, and severe stress groups, respectively. 

Using bivariate analysis, the genotype variant significantly 

affected the stress level (p=0.04). Within the subjects with 

CT genotype (Figure 3), if we compared between no stress 

(n=29) and all stress conditions taken together (mild, moder­

ate, and severe; n=76), the incidence of stress was observed 

at a higher extent (72.38%). There were no significant cor­

relations among DNMT3A genetic variants, stress condition, 

and gender. Analysis using binary logistic regression for no 

stress and all stress conditions (mild, moderate, and severe 

were grouped together as stress) resulted in a p-value of 0.88, 

whereas multinomial logistic regression for no, mild, moder­

ate, and severe stress resulted in a p-value of 0.93 (Table 3).

Discussion
This is the first study to study the correlations between 

DNMT3A variants and the daily life stress response in healthy 

Indonesian subjects. Our results showed that most of the 

stress-condition subjects (mild, moderate, and severe), as 

determined with the K10 questionnaire, were T-allele carriers Figure 1 Visualization of the DNMT3A rs11683424 polymorphism using agarose 
gel electrophoresis.
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Figure 2 Frequency and variants of the DNMT3A gene (CC, CT, and TT) in healthy 
subjects.
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Table 1 Hardy–Weinberg equilibrium for the observed and 
expected genotype frequencies for DNMT3A rs11683424

Genotype Observed Expected p-value

CC 18 (13.95%) 38.53 (29.87%) 0.00
CT 105 (81.4%) 63.94 (49.57%)
TT 6 (4.65%) 26.53 (20.57%)

Table 2 The Kessler Psychological Distress Scale (K10) of healthy 
subjects: distribution correlated with the variations of genotype

Genotype Stress level

No Mild Moderate Severe

CC 2 8 3 5
CT 29 38 29 9
TT 2 2 1 1
n 33 48 33 15
Percentage 25.58 37.21 25.58 11.63
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(CT or TT) of DNMT3A rs11683424. Our results were differ­

ent with the previous study in the Netherlands, which showed 

that the T-allele carriers of rs11683424 were less affected by 

daily stress events and also that the T genotype seemed to be 

buffering the emotional changes.2

All subjects were in a healthy condition with no psycho­

logical disorders or use of antipsychotic therapy. The K10 

questionnaire result showed that 74.42% of the respondents 

were in stress conditions (mild, moderate, or severe) in which 

only daily life stress caused their psychological condition. 

Although the analysis result showed that the DNMT3A 

genotype variant (rs11683424) significantly correlated with 

psychological distress (p=0.04), a specific genotype (CC, CT, 

or TT) was not significantly associated with distress.

There might be certain gene regulatory pathways that medi­

ate this nonspecific psychological distress. Epigenetic altera­

tions involved in gene regulation initiated by environmental 

stress occur in early infancy and regulate the hypothalamic– 

pituitary–adrenal (HPA) pathways.1 DNA methylation of 

the cytosine residue is one of the epigenetic mechanisms 

that cause gene silencing and gene activation.24–26 Unpleas­

ant experiences will modify DNA methylation in different 

stress-related genes, which may affect emotional reactivity.8

Levels of emotional reactivity to daily life stress are 

individual-dependent, where higher levels of emotional 

reactivity indicate symptoms of psychological disorder.27,28 

Studies on the DNMT3A gene in the regulation of daily life 

stress are still limited. Other studies on the polymorphisms 

of DNMT3A rs11683424 have shown a significant correlation 

with the emotional response to daily life stress as analyzed 

by the Experience Sampling Methodology (ESM).2 Further­

more, variations in the DNMT3A genotype induces several 

diseases, such as myelodysplastic syndrome (MDS)29 and 

acute myeloid leukemia (AML), in southeast Asian popula­

tions.30,31 The expression of DNMT3A SNPs was increased 

in hepatocellular carcinoma, but it was not significantly cor­

related as a predictive marker.32 Another variant of DNMT3A 

polymorphism at rs2289195 was observed to be associated 

at the genotypic level with schizophrenia in India, but was 

not significantly associated with onset of schizophrenia. 

DNMT3B rs2424932, rs1569686, and DNMT3L rs2070565 

were observed to be significantly associated with early onset 

and familial early onset of schizophrenia in males.33

Other stress-related disorders that are affected are more 

prevalent in females. The RNA expression of DNMT3A 

in female mice after subchronic variable stress (SCVS) 

induction was highly stimulated.34 Epigenetic mechanisms 

involved in the methylation of the estrogen receptor and 

histone acetylation in the brain, which underline sex differ­

ences in behaviors, are vulnerable to repeated social defeat 

stress and mental disorders.35–43 Our results showed that there 

was no correlation between the rs11683424 polymorphism 

of the DNMT3A gene and psychological stress. Although 

the CT genotype was mainly observed in females, it was 

distributed in all types of stress as shown by K10 analysis. 

Figure 3 The Kessler Psychological Distress Scale (K10) of healthy subjects: distribution correlated with the variation of genotype (bar graphs).
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Table 3 The rs11683424 variant of DNMT3A and gender

Stress Women (n) Men (n)

CC CT TT CC CT TT

No 2 21 2 0 8 0
Mild 5 29 1 3 9 1
Moderate 2 21 2 1 7 0
Severe 4 6 0 1 3 1
Total (n) 13 77 5 5 27 2
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Therefore, the gene variants were not significantly correlated 

with stress in females.

A similar study was done in six SNPs (rs3736963, 

rs2767565, rs752016, rs1327175, rs2478813, and rs716461) 

of plexin A2 (PLXA2) in schizophrenic subjects, and showed 

that the rs2478813 variant was significantly correlated with 

anxiety, depression, neuroticism, and psychological distress 

(K10).44 Validation of the K10 questionnaire representing 

nonspecific psychological distress in Aboriginal people was 

done. Higher levels of distress were observed in females with 

lower education and lower household income as well as in 

subjects who reported poor mental health (mood disorder, 

anxiety disorder, and suicidal ideation).45 The K10 ques­

tionnaire is a method that is used to screen for nonspecific 

psychological distress as well as symptoms of depression 

and anxiety within 30 days. Moreover, this method was 

positively correlated with the Diagnostic and Statistical 

Manual of Mental Disorders, Fourth Edition (DSM-IV).23,46 

Analysis using the K10 questionnaire is suitable for ana­

lyzing psychological distress in Indonesia, especially with 

regard to the many community problems that are present in a 

developing country. However, further clinical analysis should 

be included, such as blood pressure, salivary alpha amylase 

(SAA) and levels of cortisol, and catecholamines in blood, 

saliva, and urine to confirm the correlation between genetic 

variations with K10 questionnaire analysis.

Some studies showed that SAA and salivary cortisol 

level are increased in stressed condition, especially during 

puberty.47–50 The cortisol level in the saliva can be used as 

a parameter of stress condition, but the level of salivary 

cortisol in the morning was observed to be at a higher level 

than in the evening. However, physical activities, psycho­

logical condition, and type of circadian rhythm also influ­

enced the level of salivary cortisol.51–53 Moreover, salivary 

alpha-amylase can be used as a biological marker for the 

sympathetic nervous system (SNS) to describe physiological 

and psychosocial stress.54–57 Differing from cortisol, levels 

of SAA decline an hour after awakening, increase during 

the rest of the day, and peak in the late afternoon or evening 

(diurnal profile).58,59

This study is the first report of a correlation between 

genotype variations with psychological distress in one par­

ticular city in Indonesia, Bandung city, as first screening and 

preliminary research. However, the present study provides 

data for the Indonesian genotype variation of DNMT3A. 

Although DNMT3A (rs11683424) genotypic variants were 

significantly correlated with psychological distress, it was 

not affected by gender. However, more samples are needed 

to describe data that represents all areas in Indonesia. For 

further investigation, patients with psychological disorder 

should be included as a comparison with healthy subjects and 

to confirm the involvement of DNMT3A variations in daily 

life stress susceptibility. Confirmation of DNA methylation 

to confirm DNMT3A gene variations should also be included 

using bisulfite methylation sequencing or methylation-

specific PCR for further analysis.
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