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Abstract

Tyrosine hydroxylase (TH) catalyzes the rate-limiting step in the synthesis of L-dihydroxyphenylalanine (L-DOPA), a precursor of
dopamine, and is considered to be involved in many aspects of mental health. On the other hand, the epigenetic mechanisms have
been recognized as mediators of stable changes in brain function. A recent study showed that mild isolation stress in adolescent mice
induced epigenetic control of dopaminergic neurons via glucocorticoids, which enhanced DNA methylation of the TH gene. It is
reasonable to presume that this TH gene hypermethylation could also be a stress marker in humans, particularly for occupational
stress, as several people report suffering from increased stress in the workplace. Mental health cohort data were used to assess the
DNA methylation status of the human TH gene. A total of 774 DNA samples were extracted from saliva and classified into 4 groups
according to individual job strain scores. Ninety samples of each group were selected randomly (360 subjects in total) and 4 DNA pools
were constructed. The Illumina Human Methylation 450K Microarray system was used to examine the DNA methylation patterns in
the whole TH gene, as well as promoter region, using these pooled samples. Our observations showed that DNA methylation levels of
the TH promoter region were significantly higher in subjects with high stress, as evaluated based on a validated job strain questionnaire
(p =7.14x10"). Furthermore, DNA methylation levels of the whole human TH gene were also elevated in individuals with higher stress
scores (p = 2.48x10°°) in an additive manner. These results revealed the increased methylation levels in salivary peripheral leukocyte
DNA with increased job stress, indicating that DNA methylation estimation has potential as an effective and objective stress marker.
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Introduction

Depression is a common illness and the leading cause of disability throughout the world, with an estimated 350 million people
affected, and is a major contributor to the global disease burden [1]. Depression results from complex interactions of social,
psychological, and biological factors, and occupational stress is one of the key contributing factors to depression [2,3]. In
occupational stress studies, three major components are used to describe workplace qualities: demands, control, and support,
and the Job Demand-Control-Support (JDCS) model is adopted widespread [4]. Job stress factors are generally measured via self-
administered questionnaire [4], however, the difficulty in objectively assessing occupational stress is a priority issue in research
related to treatment of depression.
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With advances in medical science, epigenetics has attracted interest in several fields, including mental health since the plasticity
of DNA methylation has been suggested to account for some of the essential mechanisms underlying the mood fluctuations that
occur in depression via gene-environment (G x E) interactions. Recent explorations of the epigenetic basis of depressive disorder
have identified the involvement of DNA methylation of several genes with mental health, such as the Brain-Derived Neurotrophic
Factor (5], Serotonin Transporter [6], and Catechol-O-Methyltransferase [7] genes.

According to the “Monoamine Hypothesis” of depression, monoamine neurotransmitters, including catecholamines (dopamine,
norepinephrine, and epinephrine) and serotonin [8], play a key role in the pathophysiology of depression [9,10]. Tyrosine
hydroxylase (TH) is an enzyme that catalyzes the initial and rate-limiting step in catecholamine biosynthesis, i.e., the conversion
of L-tyrosine to L-dihydroxyphenylalanine (L-DOPA) [11]. Catecholamines are a class of neurotransmitters that are implicated
in a various array of physiological processes associated with mental health. Therefore, expression of the TH gene is functionally
important, and accordingly, this gene region and its regulatory sequences, including cAMP responsive element, activator proteins,
and the E-box in its promoter region, are highly conserved [12]. Epigenetic mechanisms, which involve DNA and histone
modifications, result in the heritable silencing of genes without a change in their coding sequence [13]. Promoter methylation has
been demonstrated to correlate with many disease states, leading to reduced gene expression as example [14]. A recent epigenetic
study in adolescent mice showed that mild isolation stress affects the mesocortical projection of dopaminergic neurons in which
DNA hypermethylation (elevated methylation) of the TH gene is considered a genetic risk for neuropsychiatric disorders [15].

We previously investigated human mental health and its contributing factors in a large occupational cohort study (Japanese Study
of Health, Occupation, and Psychosocial Factors Related Equity; J-HOPE) [16-19]. Since there is little evidence about epigenetic
changes in the human TH gene in response to stress, we aimed to elucidate the DNA methylation state of the human TH gene in
a non-invasive manner by referring to occupational cohort data that includes information on both validated stress markers [20-
22] and a depression score [23,24]. In the current study, we examined the methylation status in CpG loci located along the whole
human TH gene, and the 5’ flanking region up to 11 kilo bases away from the transcription start site, because a previous study
suggested that potential recognition sites for several transcription factors are included in this region [25].

Methods
Subjects

J-HOPE is a national level, large-scale occupational cohort study on social class and health in Japanese workers involving more
than ten thousand employees representing a number of different industries [16-19]; the study was initiated in 2009 and designed
as a 5-year follow-up survey. For the current study, workers of a major manufacturing company with offices spread all over Japan
were recruited. All workers were invited to participate in this study, and 774 agreed to provide their saliva samples (mean age 43.4
+ 9.8 years; 75 females). Nobody of the participants has any medical history of psychiatric disorders. The protocol and explanation
documents of our study were approved by the ethics committees of the National Center for Global Health and Medicine and the
University of Tokyo School of Medicine, and all participants provided written informed consent.

Sample Collection

Each subject was first asked to deliver approximately 2 mL of saliva into an Oragene kit according to the instructions for use
included with the kit (DNA Genotec; Ontario, Canada) [26]. Shortly after collection, the Oragene/saliva samples were mixed
by shaking for 15 seconds and then stored at room temperature. The genomic DNA was extracted from leukocytes by using the
Oragene DNA Self-Collection Kit User Instructions, OG-500 Tube Format (DNA Genotec; Ontario, Canada) [26]. All of the DNA
samples were diluted to a working concentration of 20ng/pL with TE buffer (10mMTris, Im Methylene diaminetetraacetic acid
(EDTA).

Assessment

The age, sex, height, weight, blood pressure, fasting blood glucose, serum lipid level, serum concentrations of interleukin-6 (IL-6)
and C-reactive protein, and smoking and alcohol consumption status were collected during health checkups for all subjects. Body
mass index was calculated by dividing the weight (in kg) by the height squared (in meters). The degree of depressive symptoms
was assessed using the Japanese version of Kessler’s K6 questionnaire [23,24]. Subjects were divided into quartile groups based
on their overall job strain scores determined by job demands and job control. Job demands and job control were assessed using
the corresponding subscale of the Japanese version of the Job Content Questionnaire (JCQ) [4,20], consisting of 5 and 9 items,
respectively. Each item was scored on a four-point scale, ranging from 1 to 4, and responses to each item were summed to create
the scale scores. The job strain score is defined as the ratio of job demands to job control multiplied by 2 in order to adjust for
the difference in scoring ranges between the job demand scale (12-48) and the job control scale (24-96) [27]. Years of education,
annual household income, and job position were assessed by a self-administered questionnaire as described above.

Based on a validation study demonstrating that a DNA pool generated with 89 individual samples can provide an accurate and
reliable quantitative estimate of average group DNA methylation levels [28], four independent pools were formed from 90 1-uL
DNA samples randomly selected from each job strain quartile group. Thus, a total volume of 90pL corresponding to a total amount
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of 1.8pug of DNA was evaluated for each pool. Genome-wide DNA methylation profiling was performed using Illumina Inifium
Human Methylation 450 Bead Chip arrays and kit (Illumina; San Diego, CA). Four microliters of bisulfite-converted DNA was
used for hybridization onto the Human Methylation450 BeadChip, following the Illumina Inifium HD Methylation protocol.

Data Analysis

The IlluminaiScan SQ scanner was used to create images of the single arrays, and intensities of the images were evaluated using
GenomeStudio (v.2011.1) Methylation module (v.1.9.0) software. The methylation levels were measured quantitatively using
methylated and unmethylated signal intensity of each job strain quartile. The methylation score is represented as the ratio of
methylated to methylated plus unmethylated signal intensity.

We calculated the methylation levels for every CpG site individually, as well as the average methylation levels of all 28 CpG sites and
all CpG sites in the promoter region only, for each of the four pools. Then, methylated and unmethylated signal intensity between
the lowest (Q1) and highest (Q4) job strain quartiles were compared using Pearson’s chi-square test. Furthermore, Pearson’s
chi-square test was used to evaluate the difference in the average p values of the merged CpG sites among all four quartiles. The
IBM SPSS Statistics for Windows version 19.0] (IBM; Armonk, NY, USA) statistics software packages were used for all statistical
analyses. Statistical significance for all analyses was defined as p < 0.05.

Results

A total of 360 subjects were selected from the 4 job strain groups to form the DNA pools, 32 of which were women. The basic clinical
characteristics, K6 score, job strain, and socioeconomic status factors (education level, household income, and job position) of
these subjects are shown in Table 1, and the mean (+ standard deviation) values of these indices were compared among job strain
groups. Only systolic blood pressure and years of education were found to be significantly different among the 4 groups (p-value
for trend test < 0.05).

There are a total of 28 CpG sites spread throughout the human TH gene and the 5 flanking region (Figure 1), which can be
detected by the Infinijum Human Methylation 450 Bead Chip. Of these sites, 22 are located within exons or introns (Nos. 1-22 in
Figure 1), 4 are located in the promoter region (Nos. 23-26), and 2 are located in the 5 flanking region of this gene approximately
11,000 bases away from the transcription start site (Nos. 27-28). The DNA methylation status was examined for all 28 loci in
each pool. The methylation levels of the lowest job strain group (Q1) and the highest job strain group (Q4) were compared. DNA
methylation levels of the Q4 group were significantly higher than those of the Q1 group in 12 loci and were significantly lower
in 7 loci (Table 2), and 5 loci showed differences greater than 5% (Nos. 4, 7, 14, 15, 24). The average methylation levels of the 28
loci in the Q4 group were 66.3% and 67.0%, respectively, the chi-square test showed that the ratio of methylated signals in the Q4
group was significantly higher than that in the Q1 group (p =2.48x10°, Table 3), suggesting that the DNA methylation level in the
TH gene is significantly greater in individuals experiencing stronger occupational stress. Focusing on the promoter region 200bp
upstream of the transcription start site, which corresponds to the promoter region of the mouse TH gene analyzed in the previous
study [15], the average methylation levels for CpG site Nos. 23-25 of the Q1 and Q4 groups were 63.9% and 66.9%, respectively,
which remained significantly different (chi-square test, p =7.14 x10?). Furthermore, considering two upstream loci far from the
transcription start site, Nos.27 and 28, the difference was even greater; the average methylation levels for CpG loci 23-28 of the
Q1 and Q4 group were 74.8% and 76.8%, respectively (p=1.01 x 10"). In addition, the average values for the 28 loci of the four
job stress groups Q1-Q4 were 0.673, 0.675, 0.678, and 0.689, respectively, showing an additive relationship of DNA methylation
levels with stress score, although it was not statically significant by a regression analysis (Standardized coeflicient = 0.024, P =
0.801) (Figure 2).

Hypermethylation of the TH gene under conditions of high stress was also confirmed using another validated stress marker, the
Effort Reward Imbalance (ERI) index (p = 3.67 x 10%).

Job strain
P for trend
1% quartile (Lowest) 2" quartile 3 quartile 4" quartile (Highest)

Age (year) 43.5+11.0 43.8 £8.7 442 +£9.5 443+9.4 0.577
Proportion of women (%) 10.0 11.1 8.9 5.6 0.589
Body mass index (kg/m?) 22.8+26 22928 22.6+2.9 23.0+32 0.962

Systolic blood pressure (mmHg) 128.6 + 16.9 124.4 +14.7 120.9 + 15.9 121.0 + 15.7 0.001*
Diastolic blood pressure (mmHg) 79.5+12.6 77.0+11.8 75.5 + 13.0 76.9 £ 12.0 0.139
Serum total cholesterol (mg/dL) 210.1 £72.0 191.4 + 325 195.1 + 28.9 204.9 + 34.9 0.773
Serum triglyceride (mg/dL) 209.9 +780.1 118.1 +109.9 119.8 +122.0 139.5+172.2 0.360
Ser““lf:ﬁi;‘::ﬁg:ﬁi‘;“’tein 62.5+15.3 62.4+16.5 62.8+17.6 62.9+18.6 0.856
Fasting plasma glucose (mg/dL) 101.6 +28.1 90.7 £20.5 93.2+16.5 97.9 £26.2 0.585
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Job strain
P for trend
1% quartile (Lowest) 2" quartile 3 quartile 4t quartile (Highest)

Serum IL-6 (pg/mL) 1.7+26 14+0.7 1.3+£0.9 14+1.2 0.178

Serum C-reactive protein (pg/mL) 579.2 £1149.8 509.5 + 690.1 425.2 +524.6 824.7 +2032.7 0.346

Years of education (year) 15.4 +2.2 14.8 +2.6 15.0 + 2.6 14.5 +£2.6 0.019*

Annual household income (ten 693.9 +296.7 7311+ 274.6 7317 +291.7 665.6 +279.8 0.532
thousands yen/year)

Proportion of 1nd1v1.d.uals in a man- 311 244 211 211 0.355
agement position (%)

K6 Score 53+53 4.8+49 5.7+57 4.6+43 0.602

Job strain score 1.0+04 23+0.3 35+04 7.6 3.5 <0.001**
Proportion of current smokers (%) 26.7 25.6 18.9 28.9 0.803
Proportion of 'sub')ects with Habitual 78.9 711 711 753 0.429
drinking (%)

Values are shown as mean + standard deviation or percentage. For continuous variables linear regression analysis was used, and for categorized variables
Pearson’s chi-square test was used to compare indices between the 4 job strain groups.*P < 0.05, **P < 0.01

Table 1: Comparison of clinical characteristics, depressive scores, job stress, and socioeconomic status among subjects in 4 job strain group

| 10kb | kb
3(011 1 Exon 14
7 - 200bp 74 g
rr e 77 —
No. 28 No. %6 ._,..---*""'I.No. 25 No.23 H No.2-22 No.1
No. 27 e No. 24 B

CTGTCTCAGCCCCCCGCAGAGCACGAGCCCCTGGTCCCOGCAAGCCCGCGGG

No.25

No. 24

CTGAGGATGATTCAGACAGGGCTGGGGAGTGAAGG CAATTAGATTCCACGGA

CGAGCCCTTTCTCCTGCGCCTCCCTCCTTCCTCACCCACCCCCGCCTCCATCA

No. 23

GGCACAGCAGGCAGGGGTGGGGGATGTAAGGAGGGGAAGGTGGG

Figure 1: Schematic representation of the human TH gene and the CpG loci analyzed

The whole human TH gene and the 5 flanking region up to 11,000 bp from the transcription start site are shown. The line in the center
represents the chromosome. Small square boxes: CpGs analyzed; big square boxes: exons of the TH gene; the sequence of the region from
nucleotides 200 to -1 (numbers are relative to the transcription start site, considered as +1) is shown below the line in which CpG sites
23-25 are located and are underlined

DNA Methylation
CpG site No. ID of IlluminaCpG sites Location in the gene 1 quartile 4" quartile P value
(Lowest job strain, %) | (Highest job strain, %)

21 cg05912121 Exon 1 83 81 4.59 x 10"
22 cg08573687 Exon 1 98 96 6.26 x 103"
16 cg08560888 Exon 3 94 96 1.19 x 103"
13 cg15572496 Exon 4 62 63 0.073

6 cg16844661 Exon 8 74 73 0.151

4 cg21191514 Exon 9 24 39 1.29 x 107"
1 €g26966083 Exon 14 76 73 5.73 x 10"
17 cg09199250 Intron 2-3 88 85 7.70 x 101"
18 cg14803762 Intron 2-3 77 79 1.92 x 10*
19 cg01516872 Intron 2-3 27 28 0.078
20 cgl4714364 Intron 2-3 81 80 0.37

14 cgl19125767 Intron 3-4 62 69 6.63 x 10"
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DNA Methylation
CpG site No. ID of IlluminaCpG sites Location in the gene 1% quartile 4" quartile P value
(Lowest job strain, %) | (Highest job strain, %)
15 cg16003049 Intron 3-4 71 81 2.16 x 107"
8 €g26464934 Intron 4-5 86 86 0.501
9 cg25150846 Intron 4-5 99 97 9.68 x 10"
10 €g26969596 Intron 4-5 100 98 5.60 x 107"
11 cg23042775 Intron 4-5 59 60 2.73 x 10%
12 cg18226539 Intron 4-5 68 68 0.697
7 ¢g00358132 Intron 7-8 72 81 4.42 x 103"
5 €g23951474 Intron 8-9 60 60 0.876
2 ¢g19878200 Intron 10-11 11 13 7.38 x 107"
3 cg14149680 Intron 10-11 2 2 0.214
23 cg25011257 5’ upstream (Promoter) 58 60 9.71 x 10"
24 cg05141787 5’ upstream (Promoter) 62 70 2.00 x 101"
25 €g21644468 5’ upstream (Promoter) 73 74 0.499
26 cg04204669 5’ upstream (Promoter) 65 67 4.27 x 10"
27 cg27626334 5’ upstream 86 89 5.05 x 107"
28 cg07419975 5’ upstream 96 95 7.68 x 10"

P values show the significance for the Pearson’s chi-square test.
Job strain score is defined as the ratio of job demands to job control multiplied by 2.
*P <0.05, **P < 0.01.

Table 2: Comparison of quantitative DNA methylation values for CpG sites on the human TH gene between the pools of
the first and fourth job strain quartiles

DNA Methylation
CpG sites included Stress (job strain) Y P value
unmethylated methylated
Signal intensity (n) 5228 10564
Si 4™ quartile (highest)
23 Z;tes 4 (%) 33.1% 66.9% i 100
to 25 merge .14 x 10°
t i 1 Signal intensity (n) 6494 11490
(promoter region only) 1# quartile(lowest) g ty
(%) 36.1% 63.9%
Signal intensity (n) 65219 132234
Si 4% quartile (highest)
: 281tes 4 (%) 33.0% 67.0% 48 10°
to 28 merge - - - 48 x 10°
(all CpG sites) 1 i Signal intensity (n) 73320 144114
quartile(lowest)
(%) 33.7% 66.3%

The chi-square test was used to compare differences in methylation values between the pools of 1st (lowest) and 4th (highest) job strain quartile

Table 3: Average DNA methylation values for the CpG sites on the human TH gene in the pools of the first and fourth
job strain quartiles

0.70
0.68 -
a 0.66
o
=y
2
= 0.64 -
062 -
0.60 | i 3 o _ 3 - - .
Q1 Q2 Q3 Q4

lowest stress group highest stress group

Figure 2: The relationship between DNA methylation status and job strain quartiles
The longitudinal axis presents the average B values of 28 CpG sites on the human TH gene in four pools formed by 90 DNA samples
extracted from job strain quartiles. The mean values and standard errors of average {3 values of the 4 job strain groups are shown
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Discussion

In the current study, Infinium Human Methylation 450K technology was used to obtain a high-throughput methylation profile of
the human genome. The new high-density BeadChip can assay over 480,000CpG sites, and provides coverage of 99% of RefSeqgenes
with multiple probes per gene and 96% of CpG islands throughout the whole genome. DNA methylation profiles generated by this
array were shown to be comparable with those obtained using conventional sequencing methods (average R? = 0.95) [29]. This
approach was also confirmed to be powerful in terms of reagent cost, time of labor, sample throughput, and coverage [30].

In our study in humans, we obtained the similar result as that of a recent study in adolescent mice showing that mild isolation
stress during adolescence resulted in epigenetic changes of the TH gene [15]. To our knowledge, our study is the first to investigate
the association of DNA methylations on the TH gene with occupational stress in humans. DNA methylation levels of the whole
human TH gene were significantly elevated in individuals with relatively higher job strain (p = 2.48 x 10°). Furthermore, DNA
methylations of the promoter region of the human TH gene, which corresponds to the same region investigated in the mouse study
[15], were also significantly elevated in individuals experiencing high job stress (p = 7.14 x 107).

TH is encoded by the TH gene, and the enzyme is involved in the catalysisof catecholamine (monoamine) biosynthesis [11].
A previous study reported that stress in a mouse model enhanced DNA methylation of the TH gene. We here found that DNA
methylations of the human TH gene are also significantly elevated in response to high stress, despite species differences. Furthermore,
the methylation levels were found to be elevated by high stress in an additive manner; higher job strain was associated with
increased methylation state of the TH gene (Figure 2). There is no universally accepted theory that slight difference in methylation
would lead to a different expression. However, it is possible to affect the expression via small change of methylation biologically.
On the other hand, methylation levels of cg21191514, cg00358132, cg19125767 and cg16003049 in the exons/intron region were
significantly elevated in individuals experiencing high job stress. Therefore, these CpG sites could be possible marker. Further
studies are needed. By contrast, in general, methylation and gene expression are typically thought to show an inverse correlation,
such that increased methylation corresponds to decreased gene expression and vice versa [13]. However, Uddin et al. reported
that some processes (e.g. brain development, tryptophan metabolism) showed patterns suggestive of increased methylation
among individuals with depression whereas others (e.g. lipoprotein) showed patterns suggestive of decreased methylation among
individuals with depression [31]. As stated above, it could be resulted in that DNA methylation levels in 7 Loci of TH gene were
lower in subjects with high stress.

This time, we focused on TH gene as biologically-important gene to avoid producing false positive results from multiple
comparisons. A global methylation analysis would be interesting. DNA methylation levels of the highest job strain group (Q4)
were significantly higher than those of the lowest job strain group (Q1) (44.8% versus 44.5%, P < 0.001). However, it was considered
that the difference has no medical significance because a comparison of a huge sample showed statistically a significant difference.

Concerning years of education (Table 1), the difference in years of education among 4 groups of job strain was considered to be
not clinically-significant because of slight difference although the difference were statistically-significant. On the other hand, it
was considered that it was possible that many years of education cause an elevated stress, and thus, elevated methylation profile.
Concerning systolic blood pressure (Table 1), the systolic blood pressure was higher in 1st quartile than 4th quartile although
in the 1st quartile are less stressed than 4th quartile. Possible mechanism was considered that blood pressure could go up a little
adversely in normal level under the environment of poor stimulation.

The strength of our study is the high reliability of cohort data that were collected longitudinally and using validated questionnaires.
These occupational stress indices, job strain [4,20,27,32,33] and ERI [21,34-36], have been confirmed to reflect acceptable levels
of reliability and validity. The JCQ, based on Karasek’s demand-control model [4], has been one of the most popular instruments
designed to assess the psychosocial work environment [37]. It is the most widely used workplace environment questionnaire, and
is currently available in over 12 languages [38]. The validity of the JCQ has been assessed for various languages, including English,
Dutch, and Japanese [32].

Nevertheless, it is difficult to objectively assess stress in humans because most conventional methods depend on self-administered
questionnaires. By contrast, the DNA methylation level is a quantitative measure that is notself-administered. The methylation
level represents the ratio of the intensity of methylated to total (methylated plus unmethylated) signal outputs. Therefore, our
results provide strong support that estimation of the DNA methylation levels in specific regions of the human genome could serve
as an effective and objective marker for some psychiatric factors, including stress.

There are some limitations in the current study. First, stress comes in a variety of different forms. In the previous mouse study,
isolation stress was assessed during adolescence, whereas occupational stress in adulthood was evaluated in the present study.
Job strain [4,20,27,32,33] and ERI [21,34-36], which have been established internationally as reliable stress factor indices for
occupational stress, was measured in the present study using a validated questionnaire in Japanese. Job strain was measured using
the JCQ scale [4,20,27,32,33] and ERI was measured using the Effort Reward Imbalance Questionnaire scale [21,34-36]. Results
of previous and our studies have indicated that DNA methylations of the TH gene were elevated by stress in each age category.
Second, in the previous study, DNA samples were extracted directly from tissues of the midbrain [15]. It was reported that the
stress only affected the mesocortical projection of dopaminergic neurons in which DNA hypermethylation of the TH gene is
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elicited, but did not affect the mesolimbic projection of dopaminergic neurons [15]. Therefore, two distinct dopaminergic
projections (mesocortical and mesolimbic) were differentially affected in the mouse. By contrast, in the present study, we analyzed
methylation levels of the TH gene from DNA extracted from salivary peripheral leukocytes, which move through the blood-
brain barrier. Therefore, although our method cannot distinguish between the mesocortical and mesolimbic projections of
dopaminergic neurons, it was selected because of its non-invasiveness, thereby facilitating a clinical study using living people. Our
results showed that estimating DNA methylations of the TH gene from salivary peripheral leukocyte DNA could be an effective
and objective stress marker in humans. Although DNA is also easily obtained from blood, it is necessary to establish home-based
and noninvasive methods of DNA collection in order to carry out large epidemiological studies; saliva collection is a safe and easy
means of DNA collection. In addition, it has been demonstrated that salivasamples are a viable alternative to blood samples as a
source of DNA for high-throughput genotyping [39], and DNA methylation patterns in saliva are relatively consistent with those
in whole blood [40]. Furthermore, the method used for sample collection in the current study, a whole-saliva collection device,
provided a significantly greater DNA yield than other established non-invasive methods (e.g., cytobrush, foam swab, and oral
rinse) [41].

Conclusion

In conclusion, our study provides new evidence that epigenetic regulations are associated with increased job stress. Although
further studies are necessary to confirm our results, wide application of our method and accumulation of this type of objective
evidence could help to prevent depression or suicide for people who might have had a disadvantaged childhood.
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