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Abstract: The mechanism of 5-HTT genetic polymorphisms related susceptibility of major depressive disorder (MDD)
has not been fully understood. Two hundred MDD patients and 199 control subjects were included. A model of two
binary logistical regressions with and without controlling for different psychosocial variables, was applied to inves-
tigate the possible mediation effects of psychosocial factors in contribution of 5-HTT polymorphisms in MDD devel-
opment. These psychosocial variables included personality, trait coping style, life events and social support. Then,
contribution of interactions between 5-HTT polymorphisms and psychosocial factors in MDD was investigated by a
stepwise logistical approach. The results indicated a significant association of 5-HTT LPR with the MDD indicence,
but not of VNTR genotype variances with the MDD incidence without counting effects of psychosocial factors. The
ss genotype of LPR demonstrated 2.50 (95% Cl: 1.11-5.62) times higher odds to develop MDD than Il genotype
(p=0.026). After including psychosocial variables, the odds ratio of 5-HTT LPR ss to Il genotype dropped to 1.30
times (95% Cl: 0.41-4.10) and became non-significant (p=0.658). While psychosocial variables all showed signifi-
cant contributions to MDD susceptibility. Our data suggested an intermediator role of this psychosocial variable in
LPR genetic pathogenesis of MDD. Whereas, 5-HTT VNTR could significantly affect MDD outcome by interacting with
life events (p=0.043). In conclusion, 5-HTT LPR and VNTR polymorphisms could affect MDD susceptibility through
mediation by trait coping styles and interaction with severe life events, respectively. The genetic information of
5-HTT can be potentially helpful for diagnosis and further therapy.
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Introduction

Major depressive disorder (MDD) is one of the
most common affective psychosocial disor-
ders. This disease was less acknowledged and
recognized in China till 2000. When the inter-
national diagnostic criteria and standardized
interview instruments were adopted, the diag-
nosis rate has increased dramatically since
then. The currently reported lifetime prevalence
is about 3.5% in mainland China, which is simi-
lar to that in Japan (3%) and lower than the
number in the United States (16.9%) [1, 2].

Studies in the early 1980s [3-5] have already
provided strong evidence for a salient role of
serotonin transporter (5-HTT) in the patho-

physiology of depression. In normal brain, after
released into synaptic cleft, serotonin would be
taken up, recycled and released again by pre-
synaptic neurons via 5-HTT to eliminate exces-
sive serotoninergic activity. Over-reactivated
5-HTT could result in a pathologically low extra-
cellular level of serotonin, which could influence
mood and further lead to psychological disor-
ders including depression [6-8]. Nevertheless,
the 5-HTT was soon proven to be an effective
drug target for depressive disorders [9, 10].
Widely prescript antidepressants, such as
selective serotonin reuptake inhibitors (SSRIs)
[11] and tricyclic antidepressants (TCAs) [12],
are believed to restore or boost the serotoniner-
gic neuron-transmission in the brain by sup-
pressing the reuptake activity of 5-HTT.
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Figure 1. Schematic diagram of the contribution of 5-HTT gene interact-
ing with different psychosocial factors to the etiology of MDD.

Two genetic polymorphisms of 5-HTT were
found associated to the susceptibility for MDD.
In 1996, Ogilvie et al. [13] suggested that a
5-HTT polymorphism with different alleles was
associated with susceptibility. The 5-HTT poly-
morphism had different numbers of variable-
number-tandem-repeat (VNTR) region of 16-17
base-pair (bp) in the second in tron of 5-HTT
gene. The most common frequent alleles of
VNTR contain 10 (STin2.10) and 12 (STin2.12)
repeats, which acts as transcriptional regula-
tors with allele-dependent differential enhanc-
er-like properties. STin2.12 allele showed a
stronger transcriptional enhancing effect than
STin2.10 both in vitro and in vivo level [14, 15].
Another functional polymorphic region was
identified at 1.2 kb upstream the start codon in
the promoter of 5-HTT gene as linked polymor-
phic region (LPR). The LPR defines two types of
allele, including short (s) with 14 and long (/)
with 16 (or more) copies of a 22 to 23 bp repeat
[16]. The LPR is also associated to the regula-
tion of BHTT activity. The previous studies
showed that s allele reduced transcriptional
efficiencies of the 5-HTT gene [17, 18].
Lymphoblast with s allele exhibit decreased
5-HTT mRNA expression and less serotonin
uptake compared with /I homozygotes [17],
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suggesting that the s variant may
act as a dominant allele. The two
polymorphisms of 5-HTT are
potentially associated to various
behaviors and psychiatric disor-
ders including major depression. A
few clinical studies reported sig-
nificantly higher frequency of
5-HTT LPR s allele in MDD patients
than in control subjects [19-21]. A
recent meta analysis showed an
interesting ethnic difference in the
5-HTT LPR epigenetic regulation.
The meta results indicated that
the ss genotype was associated
with an increased risk of MDD
among Caucasian populations,
but not that clearly among Asians
[22]. For VNTR variants, higher
proportion of STin2.10 allele was
found among MDD patients or sui-
cidal subjects with MDD in com-
parison to control subjects in a few
clinical studies [23, 24]. However,
the association between 5-HTT
polymorphisms and MDD was not
conclusive, due to non-statistical significance
or unclear conclusion from other studies includ-
ing meta-analysis [25-28]. The polymorphisms
of 5-HTT seem to have rather a little predes-
tined effect on the etiology of MDD. For the eti-
ology of MDD, the genetic variation needs to
react with or on other susceptive factors, such
as environmental and/or other biological patho-
genic influences. It was indeed demonstrated
that gene by environment can significantly
affect MDD by excessive number of studies
[29-33]. These studies showed that the s allele
of 5-HTT LPR was associated with an enhanced
risk for developing depression under stress
and challenges.

MDD is well known to be a complex multi-facto-
rial disease. Besides the demographic influenc-
ers, the gender, education, history of mood,
psychiatric disorders, physiological disease his-
tory, abuse history [34-36] could also contrib-
ute to the etiology of MDD. Furthermore, the
other various psychosocial factors, including
personality, trait coping styles, the important
life events and social support, could also con-
tribute to the etiology of MDD. However, except
for the interaction between stressful life events
and 5-HTT LPR polymorphisms mentioned
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above being excessively investigated, the other
psychosocio-genetic relationships involved in
the development of MDD are less clear. Other
relevant psychosocial factors might also react
with or link to specific genetic variants, and
affect the development of MDD (Figure 1). The
genetic influence of 5-HTT on depression could
also be mediated by some of the psychosocial
factors, which must be correlated to the genet-
ic polymorphism itself. In this study, we would
like to obtain a better insight of these compli-
cated “psychosocial mechanisms” of the 5-HTT
polymorphisms contribution in the develop-
ment of MDD.

To investigate this question, we have detected
5-HTT LPR and VNTR genotypes and collected
various psychosocial data. In this study, the
psychosocial data, including personal trait,
coping style, life events and social support
were studied. All of these data were obtained
from MDD patients and control subjects from
ShanXi province in China under rigorous clinical
process. We firstly used a model of two logisti-
cal regressions with and without controlling for
different psychosocial variables, to compare
the associations of 5-HTT polymorphisms to
the susceptibility to MDD. Then the interactions
between 5-HTT polymorphisms and psychoso-
cial factors were investigated by a stepwise
logistical approach.

Materials and methods
Subjects

This study was conducted in the Department of
Psychiatry of the First Hospital of Shanxi
Medical University and approved by the Ethical
Committee for Medicine of First Hospital of
Shanxi Medical University.

Total 314 Chinese Han participants were
recruited from January 2008 to January 2010.
The participants were categorized into two
groups, including one group of patients with
MDD and one control group. The patients with
MDD were all aged 18 or over, from outpatients
who were diagnosed according to the Diagnostic
and Statistical Manual of Mental Disorders
Version IV (DSM-IV)MDD criteria [37]. All of the
patients with MDD with a minimum Hamilton
Depression Rating Scale (HAMD) score of 17.
Patients with serious suicidal attempt, major
psychiatric disorder history, severe physical dis-
order, organic disease or drug-induced second-
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ary depression were excluded from the study.
The final 200 patients with MDD consisted of
96 men and 104 women, aged from 14 to 52
years old with average age of 29.9 + 8.9 (mean
+ SD) years. The control subjects were selected
among the healthy individuals visiting the same
hospital for physical examination and matched
by age. Subjectswere excluded from this study
if they have significant depressive manifesta-
tions, serious organic disease, or families of
psychiatric history. The selected 199 control
subjects included 93 men and 106 women,
aged 17 to 65 years old, with average age of
28.7 + 9.0 years. The two groups all provided
informed consent before participating in the
study.

Clinical evaluation

The participants from both groups were
assessed with the validated 17-item version of
the HAMD in Chinese [38] by well trained psy-
chiatrists with unified guidance language. The
patients also received a Diagnostic Interview
for Genetic Studies (DIGS) in Chinese version
[39], which was specifically developed for the
assessment of major mood and psychotic dis-
orders [40]. The criteria for MDD in this study
was set at a minimum score of 17 on the HAMD.

General demographic information, such as age
and gender, was collected. Psychosocial vari-
ables assessed in this studies included person-
al trait, coping style, life events and social sup-
port. All of the above variables were evaluated
by using highly reliable and efficient measure-
ment tools that are widely used internationally
and also adapted into a validated Chinese
version.

Eysenck Personality Questionnaire (EPQ) Per-
sonality traits were evaluated with the Chinese
version of EPQ revised by Gong [41], which was
originally developed by Eysenck [42]. The ques-
tionnaire consisted of 88 entries of “Yes/No”
questions within four dimensions, including
Extraversion-introversion (with higher scores
representing extraversion and sociability), Ne-
uroticism (with higher scores suggesting anxi-
ety and worry), Psychoticism (reflecting impul-
siveness, solitude and stubbornness), and Lie
scores (indicating pretense). The score was the
sum of the answers within each dimension.

Life Event Scale (LES) was used to assess life
events, to which participants were exposed in
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Table 1. Conditions of PCR

Genomic DNA was ex-

Primers Denaturation 94°C for 5 min

tracted and purified fr-

LPR F:5-GGC GTT GCC GCT CTG AAT GC-3’
R: 5-GAG GGA CTG AGC TGG ACA ACC AC-3’

VNTR F: 5’-GTC AGT ATC ACA GGC TGC GAG-3’
R: 5’-TGT TCC TAG TCT TAC GCC AGT G-3’

35cycles 94°C for 30 sec

30 cycles 94°C for 30 sec

Extension  72°C for 10 min

om the blood by stan-
dard phenol/chlorofo-
rm method. The 5-HTT
LPR and VNTR polymor-
phisms were amplified
58°C for 40 sec by using polymerase
72°C for 45 sec chain reaction (PCR)
as described previous-

60°C for 30 sec
72°C for 60 sec

the past one year. This survey was developed
by Yang and Zhang [43], and consisted of 48
items that described various life events. The
life events include iliness, housing problems,
social difficulties, relationship breakdowns,
unemployment, and financial crisis. All of the
above life events were divided into three cate-
gories, including family life, working problems
and social and other aspects. The occurrence,
character (positive or negative), severity and
influence of the life events were determined by
the interviewers. The higher score means more
sever and influential of the event. The total
score of both positive and negative life events
was used in the analysis.

Social Support Rating Scale (SSRS) was used
to evaluate the social support available to the
participants before the MD patients were clini-
cal diagnosed and received medical therapy.
Xiao [44] has developed the Chinese SSRS
based on the measures and concepts of social
support proposed by House and Kahn [45]. It
has 10 items within 3 dimensions of objective
support, subjective support and the use of
social support. The items were assessed by a
4-point Likert scale (1-4). The total score was
the sum of the results from every items, higher
scores represent better social support.

Trait Coping Style Questionnaire (TCSQ), com-
piled by Jiang [46], was applied to assess regu-
larly used coping strategies related to personal-
ity traits. The TCSQ comprised 20 items with
two dimensions, including positive or negative
coping strategies. Each item was rated by a
5-point Likert scale (1-5). The sum score of the
results in each dimension represented the ten-
dency of use.

Blood sampling and genotyping

After standard disinfection, 5 mL of venous
blood was withdrawn from ante-cubital vein of
each participant.
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ly [47, 48]. In brief, after
cell-lysing and diges-
tion with proteinase K, the DNA from blood lym-
phocytes was extracted with a phenol/chloro-
form/isoamyl alcohol (25:24:1) mixture and
precipitated with 100% ethanol. The DNA pel-
leted was then washed with 70% ethanol and
finally resuspended in ddH,0 or buffer for fur-
ther PRC experiments. 5-HTT LPR and VNTR
genes were amplified by PCR, which was per-
formed in a 25-pl reaction volume containing
2.5 yl of 10x GC buffer (Tiangen, Beijing,
China), 1.0 U of Tag DNA polymerase (Tiangen,
Beijing, China), 200 uM of dNTPs, 0.4 uM of
each primer, and 60 ng of genomic DNA. The
PCR ampilification conditions and primers were
listed in Table 1. The specific primers were
designed using Primer 5.0 and verified with
BLASTN against the human genome database
(www.ncbi.nim.nih.gov/BLAST) for their specifi-
city.

The PCR products of HTTLPR and HTTVNTR
variants were separated on 12% polyacryl-
amide electrophoresis gels and visualized by
using BIO IMAGING SYSTEM (Gene Genius,
American). The purified PCR products were bi-
directionally sequenced with an ABI 3700 DNA
sequencer (Perkin-Elmer, Applied Biosystems,
Foster City, CA, USA). Alleles and genotypes
were defined by Chromas software (version
2.31) and four types alleles of the HTTLPR,
including 14 repeats characterized as “s” allele,
16, 18 and 22 repeats as “I” allele, 10 and 12
repeats as and two types of HTTVNTR.

Statistical analysis

Difference in age and in measured psychoso-
cial variables between the group of patients
with MDD and control group was compared
with independent t-test. Differences in sex were
analyzed with the Pearson chi-square (x?) test.
The genotypic distribution of polymorphisms in
both MDD and control groups was tested for
Hardy-Weinberg equilibrium by x2 test. The fre-
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Table 2. Characteristics of participants

Control MDD torx? df p
n 199 200
Demographic information
Gender (frequency) M 93 (46.7%) 96 (48.0%) 0.064 1 0.8
F 106 (53.3%) 104 (52.0%)
Age (years, mean * SD) 28.7 9.0 29.9+8.9 -1.229 397 0.195
5-HTT genetics
5-HTT LPR Genotypes (frequency) |l 21 (10.6%) 10 (5.0%) 6.788* 2 0.034
Is 80 (40.2%) 70 (35.0%)
ss 98 (49.2%) 120 (60.0%)
5-HTT LPR Alleles (frequency) / 122 (30.7%) 90 (22.5%) 6.789% 1 0.009
S 276 (69.3%) 310 (77.5%)
5-HTT VNTR Genotypes (frequency) STin2.12/12 167 (83.9%) 172 (86.0%) 1.224 2 0.542
STin2.12/10 31 (15.6%) 28 (14.0%)
STin2.10/10 1 (0.5%) 0 (0.0%)
5-HTT VNTR Alleles (frequency) STin2.12 365 (91.7%) 372 (93.0%) 0.471 1 0.492
STin2.10 33 (8.3%) 28 (7.0%)
Psychosocial variables
EPQ (score, mean + SD) Total 1925+ 16.4 1999+ 16.0 -4.526* 397 0.000
Extraversion 58.5+10.2 43.9+10.8 13.87* 397 0.000
Neuroticism  44.1 + 10.6 61.5+9.7 -17.1%* 397 0.000
Psychoticism  47.5 + 8.7 51.4+10.6 -3.993* 397 0.000
Lie 424+ 10.3 43.0+10.2 -0.664 397 0.507
LES (score, mean + SD) Total 252+41.0 46.8+65.8 -3.929* 397 0.000
Positive 9.44 + 18.4 7.9+ 188 0.845 397 0.399
Negative 15.8+29.3 389+52.7 -5423* 397 0.000
SSRS (score, mean * SD) Total 38175 33.8+74 5.747* 397 0.000
Objective 9.1+28 8.6+2.6 1.865 397 0.063
Subjective 21.0+5.1 18.67 +5.3 4.541* 397 0.000
Use 81+1.8 6.6+21 7.697* 397 0.000
TCSQ (score, mean *+ SD) Positive 35.9+6.2 25.7+8.1 14.151* 397 0.000
Negative 255+71 35.2+76 -13.42* 397  0.000

Frequency: frequencies of each subtype among their may category; t: t value in independent t-test; x°: x° value in Pearson chi-
square test; df : degrees of freedom; SD: standard deviation; 5-HTT: serotonin transporter; LPR: linked polymorphic region in
the promoter; VNTR: variable-number-tandem-repeat region in the second intron; EPQ: Eysenck Personality Questionnaire; LES:
Life Event Scale; SSRS: Social Support Rating Scale; TCSQ: Trait Coping Style Questionnaire; *p<0.05, considered statistically

significant.

quency of alleles and genotypes was compared
between MDD group and control group with x?
test. The association of 5-HTT LPR or VNTR
with the probability of MDD was analyzed with
two multivariable binary logistic regressions.
Using 5-HTT genetic variance as the indepen-
dent effect and MDD incidence as the depen-
dent outcome and adjusted for demographic
characteristics. The association between the
psychosocial variables and 5-HTT LPR geno-
types was checked with nonparametric Spear-
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man correlation. The independent effect of the
interactions between 5-HTT polymorphisms
and various psychosocial factors on the MDD
was investigated by a stepwise logistic regres-
sion using probability with cut-offs at 0.05 in
and 0.10 out.

All of the statistical analyses were carried out
with SPSS 22.0 software for Macintosh (IBM,
USA). The significance level was set at a p value
of 0.05 (2-tailed).
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Table 3. The contribution of 5-HTT LPR or VNTR genotype variance to the odds ratio for MDD, with or

without controlling for psychosocial variables (PVs)

OR (95% Cl)

w/oPVs pw/oPVs OR (95%Cl) wPVs p wPVs

Gender FtoM

5-HTT LPR Genotypes  Istoll

0.929 (0.623, 1.386) 0.719

Age 1.010 (0.987, 1.033) 0.402 (

1.852 (0.813, 4.221) 0.142 1.018 (0.314, 3.296) 0.976
(

0.940 (0.533, 1.656) 0.830
1.014 (0.976, 1.054) 0.477

sstoll 2.504* (1.116, 5.619) 0.026 1.297 (0.410, 4.096) 0.658
EPQ 1.029* (1.011, 1.048) 0.001
LES 1.008* (1.002, 1.015) 0.012
SSRS 0.922* (0.880, 0.966) 0.001
TCSQ Positive 0.862* (0.827,0.899) 0.000
Negative 1.104* (1.059, 1.151)  0.000
Gender FtoM 0.954 (0.642, 1.417) 0.815 0.931 (0.530, 1.634) 0.803
Age 1.014 (0.992, 1.037) 0.205 1.017 (0.979, 1.056) 0.393
5-HTT VNTR Genotypes STin2.12/10 0.876 (0.503, 1.525) 0.639 1.072 (0.511, 2.247) 0.854
STin2.10/10 n.a. n.a. n.a. n.a.
EPQ 1.029* (1.012, 1.048) 0.001
LES 1.008* (1.002, 1.015)  0.010
SSRS 0.921* (0.879, 0.965) 0.001
TCSQ Positive 0.861* (0.826, 0.897)  0.000
Negative 1.103* (1.058, 1.150)  0.000

OR: odds ratio of independent factors without PVs; OR’: odds ratio of independent factors including PVs; CI: confidence inter-

vals; *p<0.05, considered statistically significant.

Results
Characteristics of participants

Participants were divided into two groups,
including patients with MDD and controls,
according to their diagnosis by professional
psychiatrists. Characteristics of the two groups
are presented in Table 2. The two groups had
similar age and sex composition. Concerning
5-HTT polymorphisms, the distributions of LPR
alleles were significantly different in the two
groups (p=0.009). The MDD group had more
patients carrying s allele (77.5%) compared
with the control group (69.3%), and there were
more patients of ss genotype in the MD group
(60%) than in the control group (49.2%). No dif-
ference was found in VNTR distribution between
the two groups. Our result suggested that the s
allele of 5-HTT LPR was strongly related to the
susceptibility to MDD, while the genotype dif-
ference of VNTR did not show any influence on
the probability of the disease.

To investigate the involvement of different psy-
chosocial variables in the development of MDD,
personal trait, coping style, life events and
social support were evaluated. Interestingly, all
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of these psychosocial variables showed signifi-
cantly difference (p<0.001) between the two
groups. When looked into the subcategories, in
the MD group, the participants tended to be
more introvert (p<0.001) and showed higher
scores in neuroticism (p<0.001) and psychoti-
cism (p<0.001). Furthermore, they were also
inclined to apply more negative coping strate-
gies (p<0.001) and less positive coping strate-
gies (p<0.001). The participants from the MD
group suffered a higher degree from important
life events, particularly from the negative ones
(p<0.001). Meanwhile, they also used less
social supportthan the control group (p<0.001).
These results confirmed that MD is quite a psy-
chosocial disorder, various psychosocial fac-
tors could affect the development the disease.

Psychosocial intermediation in the association
of 5-HTT genetic polymorphisms with MDD
incidence

To investigate the possible intermediation of
psychosocial variables in the genetic responsi-
bility of MD, two binary logistic regressions
were performed with and without controlling for
psychosocial variables. In this logistic regres-
sion analysis we used the SHTT LPR or VNTR
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Table 4. Correlations between psychosocial variables and 5-HTT LRP genotypes

Correlation
Genotypes ss Is I coefficient
n 218 150 31
EPQ (score, mean + SD)  Total 1969+ 169 196.2+15.3 1915+ 19.9 -0.046 0.361
Extraversion  50.5+ 12.5 51.9+13.0 52.5+10.9 0.057 0.253
Neuroticism 53.0+ 14.0 534+ 122 487 +135 -0.042 0.401
Psychoticism  50.1 + 9.7 48.6 + 10.2 49.3+9.9 -0.073 0.145
Lie 43.3+10.6 42.2 +9.9 41.1+9.5 -0.062 0.214
LES (score, mean + SD)  Total 41.2 +64.5 30.0+41.9 28.5 +46.6 -0.071 0.158
Positive 10.0 £ 20.7 6.9+ 154 81+17.0 -0.074 0.143
Negative 31.3+51.2 23.1+32.7 204+36.1 -0.048 0.339
SSRS (score, mean + SD) Total 36.6 + 7.8 349+73 36.8+9.0 -0.067 0.184
Objective 89+29 8.7+24 88+29 -0.028 0.580
Subjective 20.2+5.3 19.1+5.1 20.7 £ 6.0 -0.068 0.177
Use 74+22 72+1.9 74+2.1 -0.038 0.449
TCSQ (score, mean + SD) Positive 29.9+8.9 31.5+8.7 33.6+8.6 0.117* 0.020
Negative 30.9+8.6 30.2+8.6 27.1+84 -0.092 0.065

*p<0.05, considered statistically significant.

Table 5. The contribution of 5-HTT gene by psychosocial variables to

genotype to develop MDD.

the odds ratio for MDD

The OR for 5-HTT VNTR
genotype variants in their

OR (95% Cl) p

Gender FtoM 0.864 (0.487, 1.534) 0.617 frst regression did not
Age 1.017 (0.978, 1.058) 0.391 show significant influence
5-HTT LPR Genotypes Istoll 1.036 (0.318, 3.375) 0.953 on the odds of MDD. All of
these results corresponded

sstoll 1.274 (0.401, 4.041) 0.681 well to the comparison out-

5-HTT VNTR Genotypes STin2.12/10 0.575(0.217, 1.524) 0.266 comes between the two
STin2.10/10 n.a. n.a. groups. The second regres-

EPQ 1.029* (1.011, 1.048) 0.002 sion included psychosocial
LES 1.005 (0.998, 1.013) 0.139 variables, which were the
SSRS 0.919* (0.876, 0.964) 0.001 total scores of personality
TCSQ Positive 0.858* (0.822, 0.896) 0.000 test (EPQ), life events scale
Negative 1.103* (1.057, 1.151) 0.000 (LES), social support mea-

LES x VNTR LES x STin2.12/10 1.025* (1.001, 1.050) 0.043 sure (SSRS) and separate

LES x STin2.10/10

n.a. positive and negative cop-

*p<0.05, considered statistically significant.

genotype set as independent variable and the
MDD incidence as dependent. The first regres-
sion only included age and gender as covari-
ates, while the second regression also included
the psychosocial variables as covariates. The
odds ratio (OR) for the 5HTT LPR ss genotype,
compared with Il genotype, in the first regres-
sion without counting the effects of psychoso-
cial variables, was 2.50 (95% Cl: 1.12-5.62)
with a p value of 0.026, which indicated a sig-
nificantly higher possibility for SHTT LPR ss
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ing styles questionnaires
(TCSQ). The OR of 5-HTT
LPR ss to Il was reduced to
1.30 (95% CI: 0.41-4.10), and became non-sig-
nificant (p=0.658) to the outcome of MDD. The
association of the 5-HTT VNTR genotypes to
the outcome of MDD still maintained non-sig-
nificant in the second regression model (Table
3). The result suggested that the effect of
5-HTT LPR genetic variance on the develop-
ment of MDD was probably medicated by the
psychosocial variables. It is worth noting that,
in the second regression model, the ORs of all
the psychosocial factors had significant contri-
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butions to the odds for MDD, which reflects the
importance of psychosocial influence on the
development of MDD.

To further identify the mediation psychosocial
factors in the contribution of 5-HTT LPR to the
MDD, the correlations between the genotype of
5-HTT LPR and the psychosocial factors includ-
ing their sub-categories were investigated. As
shown in the Table 4, the positive trait coping
styles was significantly correlated to the 5-HTT
LPR genotypes (p=0.02), participants carrying
5-HTT LPR s allele demonstrated lower scores
in positive coping styles than those of Il geno-
type, which were 30.6 =+ 8.8 and 33.6 + 8.6,
respectively. Potential correlation was also
found between the gene and the negative trait
coping styles (p=0.065), with s allele carriers
showing higher sores than Il genotype people,
30.6 + 8.6 and 27.1 + 8.4, respectively. These
trait coping styles are stable over time and gen-
erally believed inner sourced-meaning different
for each person. According to this result, the
5-HTT LPR polymorphism could strongly influ-
ence the differentiation of individual trait cop-
ing styles, which then would result in different
susceptibility to MDD.

Psycho-socio-genetic interaction in the asso-
ciation of 5-HTT genetic polymorphisms with
MDD incidence

Our result did not show a direct associated
between 5-HTT VNTR polymorphism with the
MDD, however, the genetic variance may well
affect individual vulnerability for the disease
under stressful and/or unfriendly environment.
We therefore investigated the involvement of
the interactions between the genetic polymor-
phisms, including both 5-HTT LPR and VNTR,
and the psychosocial factors in the MDD devel-
opment by using a stepwise binary logistic
regression. In this model, the MDD outcome
was set as a dependent factor. Both 5-HTT LPR
and VNTR genotype variances and psychoso-
cial variables were entered as covariates, and
the psycho-socio-genetic interactions were sta-
tistically selected as independent factors in a
forward stepwise process for significant contri-
bution. Among all the tested interactions, the
life events by 5-HTT VNTR showed a significant
contribution (p=0.043) in the MDD develop-
ment. And the OR of life events by STin2.12/10
to life events by STin2.12/12 was 1.03 with
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95% confidence intervals between 1.00 and
1.05, The contributions from other covariates
were shown in the Table 5.

Discussion

Previous studies have shown that specific psy-
chosocial predictors [49] of MDD include, but
not limited to stressful life events [50, 51], neu-
roticism of personality [52, 53], self-criticism
and interpersonal dependency [52], work
stress [54], social support [55] and coping style
[36, 56]. Anxiety-related personality trait, such
as neuroticism, is closely related to the genetic
difference itself. The higher neuroticism score
was observed in ss genotype group of 5-HTT
LPR compared with the | allele containing
groups. It has been demonstrated that the
association of 5-HTT gene with MDD is actually
mediated by neuroticism [57, 58]. Similar as
the previous studies, our results suggested
that the contribution of 5-HTT LPR genetic poly-
morphism to the MDD was mediated by trait
coping styles. We also found a tendency of
increased neuroticism scores in s allele carrier
(53.2 + 13.3) than in Il genotype (48.7 + 13.5),
however the correlation between neuroticism
and 5-HTT LPR genotypes was not significant in
our study (p=0.401; Table 4). As mentioned
before, the contribution of the interaction
between stressful life events and genetic vari-
ance to the vulnerability of MDD has been well
documented and reviewed. The findings show-
ed that 5-HTT LPR allele and/or other polymor-
phism-dependent stress sensitivity to severe
life events, namely childhood maltreatment or
major medical conditions, can predispose
someone to develop depression [59, 60]. We
used a stepwise logistic regression to identify
significant contribution(s) from the psycho-
socio-genetic interactions for the susceptibility
to MDD, while counting the independent main
effects from these genetic and psychosocial
factors themselves. The interaction between
life events and 5-HTT VNTR was showed up in
our analysis result. Interestingly, the odds ratio
of life events (1.005 with 95% CI of 0.998 to
1.013; Table 5) became non-significant (p=
0.139) for the MDD. This would also indicate
that the life events affect the development of
MDD mainly through the interaction with 5-HTT
gene. To our best knowledge, this is the first
time to show both mediation and interaction
psychosocial mechanisms of the 5-HTT genetic
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effects (with different polymorphisms) on the
psychosocial disorder. At the same time, MDD
is helpful to understand a more complete pic-
ture of how the 5-HTT gene affect the develop-
ment of MDD.

Our results have shown a significant overall
influence of 5-HTT LPR polymorphism on the
susceptibility to MDD, and the chance to devel-
op MDD increased about two times in ss geno-
type compared with Il genotype. It is shown by
previous studies that Asians tend to have high-
er frequency of ss and lower frequency of Il
genotype of LPR compared with western popu-
lation [61]. In our study, there was 54.6% par-
ticipant of ss genotype, which was in line with
the previous report. This probably explains the
significant raw effect of 5-HTT LPR on the MDD
development without controlling any psychoso-
cial variables in our study. We did not find direct
significant contribution of 5-HTT VNTR polymor-
phism. This may be because of the predomi-
nated STin2.12 allele distribution (92.4%) in
our samples. There were only 1 participant was
STin2.10/10 genotype who was in the control
group, and the STin2.12/12 genotype occupied
85% of the participants, which was also found
in previous research [62]. Due to the limited
size of sample, the conclusion needs to be con-
firmed by a bigger size of sample, even better in
different areas of China.

Recent research indicated that strict measures
and clear divisions of environmental risks
should be taken into account to study the con-
tribution of the gene-environment relationship
in psychiatric disorders [63]. Because different
types and duration of environmental risks could
confuse their impacts and interactions with
genetic variants to develop further complica-
tions and dilute the statistical power. Therefore,
in this study, two well trained psychiatrists with
M.D. degree have used those internationally
standardized questionnaires with scale mea-
sures for precisely divided categories. The psy-
chosocial factors investigated in this study
could be divided into two types, including state
variables (such as life events and social sup-
ports) and trait variables (such as personality
and trait coping style). Trait variables tend to
represent long-last characteristics thatare
highly heritable, which means that they could
well be associated with genetic variance, and
mediate the genetic contribution to certain psy-
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chiatric disorders [64, 65]. Since state vari-
ables are to describe temporary emotional per-
ception and response, they could be affected
by trait variables, such as coping could mediate
the correlation effect of stressful life events on
anxiety and depression [66]. The state and trait
variables are entangled under different circum-
stances, which may lead to various degrees of
psychiatric disorders. With the fast develop-
ment of molecular science and biostatistics, it
is suspected that certain genes such as 5-HTT
may play a central role in these complicated
interactions between the trait and the stat psy-
chosocial factors. In our study, the results
showed a significant association between the
positive trait coping styles with 5-HTT LPR gen-
otypes and alleles. The potential correlations
were also found with the negative coping styles.
S-allele carriers showed higher potential to
engage less positive and more negative coping
styles. The results also suggested that differ-
ent genotypes of 5-HTT VNTR tend to lead dif-
ferent vulnerability to MDD when encountering
severe life events. People with the STin2.10
alleles might have a higher chance to develop
MDD then. These results highlight the impor-
tance of 5-HTT in the MDD development, which
brings valuable information to potentially refine
the diagnosis and even the therapeutic strate-
gies for MDD.

In conclusion, our results indicated that 5-HTT
polymorphisms could affect the susceptibility
to MDD through different psychosocial mecha-
nisms, such as mediation by trait psychosocial
factors (including coping styles) and through
interacting with stat psychosocial factors (such
as severe life events). Diagnosis and even ther-
apeutic strategies for MDD can therefore be
potentially improved by using the genetic infor-
mation of 5-HTT from the patients.
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