
INTRODUCTION 

Across the globe, approximately one million people kill them-
selves every year.1 Suicide represents a serious public health 
problem worldwide. According to the Organization for Eco-
nomic Cooperation and Development (OECD), South Korea 
has one of the higher rates of suicide, among OECD coun-
tries.2 Approximately 60% of all suicides occur in the context 
of mood disorders.3 The serotonin transporter (5-HTT) is 
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the major determinant of serotonin inactivation following se-
rotonin release at synapses, and it is the target for many anti-
depressants. Moreover, a decrease in central 5-HTT has also 
been observed in suicide victims with mood disorders.4 Ge-
netic factors have been generally implicated in the etiology of 
suicide, although the precise mechanism and amount of ge-
netic contribution have not yet been established.5 Therefore, 
the 5-HTT gene is considered to be a promising candidate to 
explain various psychiatric disorders, including suicidal be-
havior. 

The serotonin transporter gene is located on chromosome 
17q11.1-q12, and two polymorphisms have been reported: first, 
the various number of tandem repeats (VNTR) of 17 base 
pairs in intron 2 with three different numbers repeated (9, 10, 
12)6; second, the bi-allelic insertion/deletion polymorphism 
in the promoter region, with the deletion (or short=S) and the 
insertion (or=L) alleles localized upstream from the transcrip-
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tion start site.7 
The VNTR polymorphism on intron 2 (5-HTTVNTR) was 

previously thought to be functionless, however, a recent study 
with transgenic mice demonstrated that 5-HTTVNTR acts 
as a transcriptional regulator within an area of the hindbrain, 
and that the 12-repeat allele was better able to induce tran-
scription than was the 10-repeat analog.8 Many studies have 
demonstrated associations between the 5-HTTVNTR and 
major depressive disorder.9,10 There are also many studies in-
vestigating the association between 5-HTTVNTR and sui-
cide.11-14

On the other hand, S allele in serotonin transporter linked 
polymorphic region polymorphism (5-HTTLPR) has been 
reported to be associated with reduced serotonin uptake in 
platelets compared with L allele.15,16 An association between 
this polymorphism and major psychiatric disorders has been 
reported,17,18 whereas other studies have reported no associa-
tion.19,20

In this study, we investigated the associations between the 
serotonin transporter gene polymorphisms (5-HTTVNTR 
and 5-HTTLPR) and suicide behavior of major depressive dis-
order patients.

METHODS

Subjects
One hundred thirty-two subjects with major depressive 

disorder were recruited from among patients admitted to the 
emergency rooms of the Korea University Medical Center 
Ansan Hospital following suicide attempts. Initial psychiatric 
interviews were conducted by psychiatrist within 1 and again 
24 hours after admission to the emergency room, and the 
subjects were diagnosed according to DSM-IV criteria. We 
defined suicide attempt as self-harming behaviors with at 
least some intent to end one’s life. Subjects were excluded if 
their self-injurious behaviors were determined to have no sui-
cidal intention or ideation. 

Subjects suffering from alcohol or substance dependence or 
who had any comorbid diagnosis including bipolar disorder, 
schizophrenia or dementia based on DSM-IV criteria were 
excluded from the study. Patients with serious or unstable 
medical illness were also excluded from the study. There were 
twenty-eight patients who were smokers who were included in 
the present study. All subjects were at least 18 years of age.

The control subjects consisted of randomly selected healthy 
individuals who visited the Korea University Ansan hospital 
for regular health screenings. Subjects were excluded if they 
had any self-reported personal, familial psychiatric history or 
psychotropic medication history, or if they had scores of ≥10 
on the Beck Depression Inventory (BDI) or ≥40 on the State-

Trait Anxiety Inventory (STAI). Finally, 122 control subjects 
were selected. The study protocol was approved by the Ethics 
Committee of Korea University, and written informed con-
sent was obtained from all subjects. All patients and control 
subjects were at least 18 years of age and of Korean ethnicity.

Clinical evaluation
Individuals in the patient groups were evaluated indepen-

dently by two trained psychiatrists. Diagnoses and ratings 
were decided by mutual consent of the psychiatrists. The eval-
uations consisted of reviews of psychiatric and medical histo-
ries, current and previous medication and alcohol intake, fol-
lowed by a semi-structured interview for the purpose of esta-
blishing DSM-IV criteria diagnosis. We also administered 
Hamilton’s 17-item Depression Rating Scale.21 We evaluated 
the lethality of individual suicide attempts using Weisman 
and Worden’s Risk-Rescue rating (RRR) system22 and the Le-
thality Suicide Attempt Rating Scale-updated (LSARS-II).23,24

According to the RRR system, lethality is expressed as the 
ratio of five risk and five rescue factors that are operationally 
defined, weighted, and scored.25 The LSARS23 is an 11-point 
offering an appendix listing drugs, chemicals and lethal ranges 
of ingestion by body weight. The LSARS-II24 includes a table 
of drugs and chemicals, based on current medications and re-
cent data on the minimum lethal doses in humans.25 

Blood sample collection and testing
After written informed consent was obtained, venous blood 

was drawn from antecubital vein of each subject.

Genotyping 
Genotyping of the 5-HTTVNTR was carried out using a 

previously described method.9 Genomic DNA was isolated 
from buffy coat by a genomic DNA purification kit (Promega, 
Madison, WI, US). Target DNA was amplified via polymerase 
chain reaction with oligonucleotide primers 8224(5’-GT-
CAGTATCACAGGCTGCGAG) and 8223(5’-TGTTCCTA 
GTCTTACGCCAGTG). This primer pair amplifies across 
the VNTR region of intron 2 that contains the 17 bp repetitive 
element. PCR was performed in a final volume of 25 uL con-
taining 50 ng of genomic DNA, 0.2 mM dNTPs, 10 pmoL of 
each primer, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM 
MgCl2, 0.01% gelatin and 1 unit of Taq DNA polymerase. 
PCR amplification consisted of 35 cycles at 95°C (1 min), 
58°C (1 min) and 72°C (1 min). Amplified fragments were se-
parated on 3% agarose gels, and bands were visualized via eth-
idium bromide staining and ultraviolet transillumination. 

For the polymerase chain reaction (PCR) analysis in 5-HT-
TLPR, the forward primer 50-GGC GTT GCC GCT CTG 
AAT TGC-30 and the reverse primer 50-GAG GGA CTG 
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AGC TGG ACA ACC CAC-30 were employed. A 25 mL PCR 
analysis was performed according to a protocol previously 
described.16 PCR products were separated on 3% agarose gels 
supplemented with ethidium bromide to allow identification 
of the long (528 bp) and the short (484 bp) variants.

Statistical analysis
Pearson chi-square tests were performed in order to test 

the categorical variables (e.g., gender and diagnosis) to test for 
deviations from Hardy-Weinberg equilibrium. Group mean 
differences were ascertained using a Student’s t-test or analysis 
of variance (ANOVA) according to the number in each group. 
Haplotype analysis of serotonin transporter gene polymor-
phism was performed. A probability value of p<0.05 was con-
sidered statistically significant. Probability values were correct-
ed by multiplying the number of comparisons made (Bonfer-
roni correction). All statistical analyses were performed with 
SPSS version 12.01 for Windows. 

RESULTS 

The gender distribution did not differ significantly between 
control subjects (63 males/59 females) and suicidal subjects 
(53 males/79 females; p=0.07). There was no significant dif-
ference in the age distribution between suicidal subjects and 
control subjects (34.9±13.3 years, mean±SD in suicidal sub-
jects and 34.1±12.7 years in control subjects, p=0.64). Meth-
ods of suicide attempt included drug ingestion (n=53, 40.1%), 
wrist cutting with superficial laceration (n=15, 11.3%), wrist 
cutting with deep laceration (n=22, 16.7%), pesticide or agri-
cultural chemical ingestion (n=27, 20.5%), fall down (n=6, 
4.5%), hanging (n=3, 2.3%), and miscellaneous other methods 
(n=6, 4.5%). 

Table 1 shows the distribution of 5-HTTVNTR genotypes 

for the two groups. We found few subjects with a 10/10 geno-
type in either group. The genotype distributions for the two 
groups were in Hardy-Weinberg equilibrium. Despite not 
reaching statistical significance (p=0.08), the incidence of 10/ 
10 and 10/12 genotypes was higher in suicidal subjects than 
in the control subjects. Comparing allele frequency, 10 allele or 
10 allele carriers were more frequently found in suicidal sub-
jects than in control subjects. After Bonferroni correction, the 
statistical significance disappeared. 

 Table 2 shows the distribution of 5-HTTLPR genotypes for 
the two groups. We found few subjects with L/L genotype in 
either group. The genotype distributions for the two groups 
were in Hardy-Weinberg equilibrium. There was no signifi-
cant difference in 5-HTTLPR genotype distribution between 
suicidal subjects and control subjects. 

Haplotype frequencies calculated from the genotypic data 
for both groups are presented in Table 3. No difference was 
noted in haplotype distribution between the suicidal subjects 
and control subjects. 

Across all participants, HDRS, LSARS-II, RRR scores were 
20.3±8.5, 4.0±2.1, 34.3±15.0 respectively. Table 4 shows the 
scores on three psychiatric scales according to 5-HTTVNTR 
genotype. There were no significant differences in the HDRS 
and LSARS-II according to the 5-HTTVNTR genotype. The 
RRR score in the subjects with 10/10 genotype of 5-HTTVN-
TR polymorphism was significantly lower than those in the 
subjects with other genotypes. The RRR score of the subjects 
with 10 allele was significantly lower than that of the subjects 
with 12 allele. After Bonferroni correction, the statistical sig-
nificance sustained. The RRR score of 10 allele carriers were 
lower than that of 10 allele non-carriers (data not shown, p= 
0.028). After Bonferroni correction, the statistical significance 
disappeared. 

There were no significant differences in the HDRS, LSARS-

Table 1. Distributions of 5-HTTVNTR polymorphism and allele frequencies of the subjects

Genotype Allele Allele carrier
10/10 10/12 12/12 10 12 10+ 10–

Suicidal subjects with MDD (%)* 4 (3.0) 33 (25.0) 95 (72.0) 41 (15.5) 223 (84.5) 37 (28.0) 95 (72.0)
Control subjects (%)† 3 (2.5) 17 (13.9) 102 (83.6) 23 (9.4) 221 (90.6) 20 (16.4) 102 (83.6)
Genotypes: χ2=5.12, df=2, p=0.08(pcorr=0.16); alleles: χ2=4.29, df=1, p=0.04 (pcorr=0.08); allele carriers: χ2=4.93, df=1, p=0.026 (pcorr=0.052). 
10+: 10 carrier, 10–:10 non-carrier. *Hardy-Weinberg equilibrium test for suicidal group: χ2=2.969, df=1, p=0.08, †Hardy-Weinberg equilibri-
um test for control group: χ2=2.668, df=1, p=0.10. pcorr: p-value after Bonferroni correction, MDD: major depressive disorder

Table 2. Distributions of 5-HTTLPR polymorphism and allele frequencies of the subjects

Genotype Allele 
L/L L/S S/S L S

Suicidal subjects with MDD (%)* 9 (6.8) 45 (34.1) 78 (59.1) 63 (23.9) 201 (76.1)
Control subjects (%)† 6 (4.9) 46 (37.7) 70 (57.4) 58 (23.8) 186 (76.2)
Genotypes: χ2=0.65, df=2, p=0.72; alleles: χ2=0.001, df=1, p=0.98. *Hardy-Weinberg equilibrium test for suicidal group: χ2=0.50, df=1, p=0.48, 
†Hardy–Weinberg equilibrium test for control group: χ2=0.20, df=1, p=0.66. MDD: major depressive disorder



HY Lee et al. 

   www.psychiatryinvestigation.org  139

II, RRR scores according to the 5-HTTLPR polymorphism 
(Table 5). 

DISCUSSION

The aim of the present study was to identify the role of a se-
rotonin transporter polymorphism on suicide behavior in 
major depressive disorder. 

In this study, we found less number of the subjects with 10/ 
10 than that of the subjects with other genotypes in control 
subjects and suicidal subjects, which is similar to rates found 
in other Asian populations.13 In this study, we demonstrated 
that the presence of the 10 allele was more frequent in suicidal 
subjects than in control subjects. In line with the present study, 
an earlier study found a significant association between sui-
cide completion and the presence of at least one copy of the 
5-HTTVNTR 10 allele.12 Further investigation regarding the 
frequencies of concurrence of tryptophan hydroxylase (TPH) 
and 5-HTTVNTR containing ‘‘lower activity’’ alleles (C/C and 

10/10, respectively) revealed higher frequencies of lower ac-
tivity in 5-HTT and TPH genotype combinations in suicidal 
victims than in control subjects.26 In a study performed in a 
Chinese population, however, no association was demon-
strated between the 5-HTTVNTR polymorphism and sui-
cidal history in mood disorder patients.27 It is difficult to con-
clude the association between the 5-HTTVNTR polymor-
phism and suicidal attempts was due to major depressive dis-
order, because that study was performed with participants 
with bipolar disorder or major depressive disorder who had an 
attempted suicide. 

For 5-HTTLPR genotype, we could not find higher frequ-
ency of the genotype with lower activity in suicide subjects. 
A meta-analysis including many psychiatric disorders re-
vealed significant association between 5-HTTLPR polymor-
phism and suicide.28,29 In line with the present study including 
only major depressive disorder, however, there are many nega-
tive association studies between 5-HTTLPR and suicidal be-
havior in the patients with each specific psychiatric disorder.30,31

Table 3. Estimated distribution of haplotype frequencies for 5-HTTLPR and VNTR alleles in suicide subjects with MDD and control subjects

Haplotypes*
L-10 (%) L-12 (%) S-10 (%) S-12 (%)

Suicidal subjects with MDD 12 (4.5) 25 (9.5) 42 (15.9) 185 (70.1)
Control subjects 8 (3.3) 12 (4.9) 44 (18.0) 180 (73.8)

*χ2=4.70, df=3, p=0.20. MDD: major depressive disorder, VNTR: various number of tandem repeats

Table 4. Clinical characteristics according to the serotonin transporter gene polymorphism (5-HTTVNTR) in suicidal subjects with major de-
pressive disorder

5-HTTVNTR genotype
χ2 p (pcorr)

5-HTTVNTR allele
t p (pcorr)10/10 10/12 12/12 10 12

Age(years) 47.3±15.2 34.0±12.6 33.6±12.5 3.19 0.20* 34.3±12.9 0.67  0.50
Gender (male/female) 4/0 15/18 34/61 7.1 0.03
HDRS 15.0±7.2 22.5±3.4 23.7±2.9 2.04 0.36* 18.4±8.21 20.7±8.5 -1.23 0.22
LSARS-II 4.2±1.6 3.8±1.8 4.1±2.2 0.19 0.91* 3.8±1.8 4.0±2.1 -4.81 0.63
RRR 18.0±1.7 30.7±13.5 36.3±15.3 7.93 0.02 (0.04)* 28.7±13.2 35.4±15.1 -2.54 0.01 (0.02)
*Kruskal-Wallis test. HDRS: Hamilton’s 17-item Depression Rating Scale, LSARS-II: the Lethality Suicide Attempt Rating Scale-updated, 
RRR: Risk-Rescue rating (RRR) system, pcorr: p-value after Bonferroni correction

Table 5. Clinical characteristics according to the serotonin transporter gene polymorphism (5-HTTLPR) in suicidal subjects with major de-
pressive disorder

5-HTTLPR genotype
χ2 p 

5-HTTLPR allele
t p

10/10 10/12 12/12 L S
Age(years) 30.5±7.0 34.3±13.4 35.0±13.1 2.931 0.23* 33.4±12.2 34.8±13.2 -1.05 0.29*
Gender (male/female) 2/7 18/27 33/45 1.35 0.51
HDRS 19.6±9.2 20.4±7.4 20.7±9.2 0.31 0.86* 19.6±7.7 20.5±8.7 -5.05 0.62*
LSARS-II 2.5±1.3 4.3±2.1 4.0±2.1 4.43 0.11* 3.7±2.0 4.1±2.1 -1.07 0.28*
RRR 25.7±8.5 34.8±14.6 35.2±15.7 3.13 0.21* 31.8±13.5 35.1±15.4 -1.45 0.15*
*Kruskal-Wallis test. HDRS: Hamilton’s 17-item Depression Rating Scale, LSARS-II: the Lethality Suicide Attempt Rating Scale-updated, 
RRR: Risk-Rescue rating (RRR) system
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In the present study, no difference was noted in haplotype 
distribution between the suicidal subjects and control sub-
jects. Similary, it was reported no statistically significant differ-
ences between serotonin transporter genotypes of controls and 
suicide victims.14 On the Contrary, It was reported a trend to-
wards an increase of 5-HTTLPR allele L and 5-HTTVNTR 
allele 10 in Croatian suicide victims.6 Across all studies inves-
tigating links between haplotype and rate of suicide comple-
tion, however, there does appear to be a trend such that hap-
lotypes that include 10 allele of 5-HTTVNTR are more fre-
quently found in suicide victims. Regarding suicide attempts, 
it was found that the L10 haplotype in Russian females was 
associated with suicidal behavior, although the association 
was not significant after Bonferroni correction.11 With respect 
to patients of Asian ethnicity, neither the 5-HTTVNTR and 
5-HTTLPR, nor the haplotype frequencies of these genes 
was shown to be significantly different between inpatients with 
suicidal attempt of different psychiatric disorders and con-
trols in a Chinese population.13

Decreased levels of platelet 5-HTT have been observed in 
depressive patients.32 Furthermore, the impulsivity that often 
leads to suicide was significantly correlated with low 5-HTT 
in suicidal attempters.33 Because the 10-repeat allele displayed 
lower transcriptional activity than the 12-repeat allele,8,34 it is 
possible that the 10-repeat allele could be a contributing fac-
tor for suicide. If so, this would support findings in the pres-
ent study. Contrary to previous in vitro data, Bah and collea-
gues35 assessed the availability of serotonin 5-HTT in male sui-
cide attempters with single photon emission computed tomo-
graphy and found that the 12-repeat allele was related to low 
5-HTT availability in whole brain. However, they reported 
that the abnormality in suicidal depression was localized to 
parts of the prefrontal cortex.36 Further studies with a larger 
number of subjects are needed in order to verify the 5-HTT 
contribution to activity in a specific brain region. 

In the present study, LSARS-II scores did not differ with 
both serotonin transporter polymorphisms. In 5-HTTVN-
TR, however, RRR scores in the subjects with the 10/10 gen-
otype or 10 carriers were lower than those in the subjects with 
other genotypes, indicating that there were fewer fatal attempts 
in 10/10 or 10 carriers. In contrast, other studies suggest the 
prevalence of 10 carriers was higher in completed suicides, th-
erefore it is difficult to obtain a clear conclusion regarding the 
effect of 5-HTTVNTR on the lethality of suicide. 

Some potential limitations of the present study should be 
noted. First, the distribution of 5-HTTVNTR in Korean is 
different from among Caucasians. The ratio of the 10/12 allele 
in control subjects in the present study was 0.09/0.91, where-
as the frequency of the 12 allele in general Caucasian popula-
tion is 0.54–0.66.37 Furthermore, the 9 allele was absent in the 

Korean population. The ratio of the S/L allele among our sub-
jects was approximately 0.76/0.24, while the corresponding 
figure for Caucasians is 0.43/0.57. As such, due to such eth-
nic differences in the distribution of the genotype, the results 
of this study are not necessarily applicable to other ethnicities. 
Second, the methods of suicide attempt were not controlled, 
although there is no statistical difference in the prevalence of 
fatality in suicidal attempts. Third, there was not a depressed 
group without a suicidal attempt to stand as an additional con-
trol group, and the total number of subjects was small. Fourth, 
controls were not clinically evaluated and the scale for stress 
or personality trait was not given to these subjects. 

Notwithstanding of these limitations, this study is an impor-
tant first step in examining the potential association between 
serotonin transporter gene polymorphisms and suicide be-
havior of major depressive disorder patients in a Korean popu-
lation. Finally, identification of other polymorphisms which 
are related to 5-HTT activity or serotonin would be useful in 
identifying the role of the 5-HTT gene in the pathogenesis of 
suicidal behavior.
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