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ASSOCIATION STUDY OF DNA POLYMORPHIC LOCI OF SEROTONINERGIC 

NEUROTRANSMITTER SYSTEM GENES WITH SUIСIDAL ATTEMPTS 

D.A. GAISINA, E.B. JURYEV, E.K. KHUSNUTDINOVA 

Institute of Biochemistry and Genetics of Ufa Scientific Centre of Russian Academy of Science 

Several lines of evidence suggest that serotoninergic system genes are involved in the predisposition to suicidal behaviour.  
We examined whether the Msp1- restricted polymorphic marker of the serotonin 2A receptor gene (HTR2A), VNTR- and 5-
HTTLPR polymorphic markers of the serotonin transporter gene (SLC6A4) were associated with one form of suicidal 
behaviour – suicidal attempts. 145 suicide attempters and 300 healthy volunteers were included in the study. All subjects 
were typed for the above-mentioned gene variants using polymerase chain reaction (PCR) technique. We found that allele A 
of the HTR2A gene (OR = 1.35) and genotype 12/10 of the SLC6A4 (OR = 1.57) were associated with suicidal behaviour. 
But our data showed that the 5-HTTLPR polymorphism of the SLC6A4 gene was unlikely to be involved in the biological 
susceptibility for suicide. 

 

 
Introduction 

Suicidal behaviour is a notion, which includes 

suicidal ideas and intention, suicide attempts, 

completed suicide. Suicide is an important public 

health problem, ranking among the top 10 causes of 

death for individuals all over the world [10]. The rate 

of suicide in Russia is 37,8 per 100 000 inhabitants 

per year. Suicidal attempt, less critical form of 

suicidal behaviour, have more wide distribution 

among the population. 

Studies in twins and in adopted subjects have 

shown, that genetic risk factors accounted for 

approximately 55% of the variance in suicidal 

behaviour [21]. 

Resent molecular-genetical investigations of suicidal 

behaviour have been focused on a role of serotonergic 

system [7, 10]. The serotonin is one of the key 

neurotransmitters within both central and peripheric 

nervous systems. 7 classes and 14 subclasses of 

serotonin receptors are identified now [8]. The special 

attention is given to the serotonin receptor 2А gene 

(HTR2А). The human serotonin transporter (5-HTT) 

is believed to be essential for regulating the magnitude 

and duration of serotonergic responses [9]. Both genes 

are characterized by some polymorphisms, which are 

considered as genetic markers linked with behavioural 

disorders. 
The results on the molecular-genetical 

investigations of suicidal behaviour are still separate 

and are discordant. One of possible reason results 

from a heterogeneity samples of subjects with suicide 

attempt by such criteria as a sex, age, mental status, mean 

of suicide, and also ethnic origin. Ethnic differences in 

allele frequencies are known for majority of 

polymorphisms of neutotransmitter systems genes [15, 

21]. 
The aim of the present study was to analyse 

polymorphisms of the serotonin 2A receptor gene 

(HTR2A) and serotonin transpoter gene (SLC6A4) in 

suicidal behaviour. 

 

Materials and methods 

Genomic DNA was extracted from peripheral 

blood leukocytes using a standard phenol-chloroform 

method. Both polymorphisms were genotyped using 

amplification by polymerase chain reaction (PCR) and 

subsequent enzyme digestion. Polymerase chain 

reaction was carried out in a total volume of 12.5 (.iL 

con-taining 100 ng of genomic DNA; 0.25 μM of the 

specific primers; 0.25 mM dNTPs; 0.5 units of Taq 

DNA polymerase (Silex, Moscow, Russia) and 1.25 μL 

of 10 xbuffer (67 mM Tris-HCl, pH 8.8, 6.7 mM 

MgCI2, 16.6 mM (NH4)2 SO4, 0.01% Tween-20).   

The PCR products of the HTR2A gene were 

digested with 5 units of MspI enzime, The PCR 

products of all markers were electrophoresed on a 7% 

acrylamide gel (Table 1).  

The genotype and allele frequency distribution of 

these polymorphisms were com- pared between suicidal 

and control groups using a chi-square test with Yets's 

correction; p<0.05 was considered statistically 

significant. Odds ratios(OR) with 95% confident 

intervals (CI) were calculated [17,19]. 
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Table 1 

Candidate genes of suicidal behaviour and their polymorphisms 

Candidate genes, 

their localization 
Polymorphism, 

localization 
Primers Alleles 

НТR2А  
13 q14-q21 

 

(Мsр1 - RFLP) 

promotor 

 

5'-AAGCTGCAAGGTAGCAACAGC-3' 

5'-AACCAACTTATTTCCTACCAC-3' [12]. 

 

А (468 bp) 

G (224, 

244 bp) 
 SС6А4  

17 q11.1 -q 12 
 

 
 

(5-HTTLPR) 

promotor 
 

5-CTTGTTGGGGATTCTCCCGCCTGGCGTT-3 

5-CGAGGCTGAGCGTCTAGAGGGACTGAGCT 

G-3 [19]. 

S (480 bp) 

L (520 bp) 

 (VNTR) 

Intron 2 
5-GTCAGTATCAACAGGCTGCGAG-3 

5-TGTTCCTAGTCTTACGCCAGTG-3 [5]. 

9 (250 bp) 

10 (267 bp) 

12 (301 bp) 

Results and discussion 
The НТR2А is a prime candidate gene of the 

suicidal behaviour. An alteration of the density of the 

serotonin 2A receptor has been demonstrated in cortical 

and subcortical regions in post-mortem brains of suicide 

victims. [8]. We investigated the Мsp1 – RFLP (-

1438G/A) in the НТR2А gene (table 1). This 

polymorphism or any other unknown polymorphisms 

close to the 1438G/А region are supposed to influence 

expression of the HTR2A gene. In both investigated 

groups genotype distribution was in Hardy-Weinberg 

equilibrium (Table 2). А/G genotype was the most 

frequent in both groups; its frequency was 0.55 in 

control group, and 0.61 – in suicide attempters group. 

G/G genotype had frequencies 0.31 (in control group) 

and 0.20 (in suicidal group); tА/А genotype was 

observed with almost equal frequency (0.19) in suicidal 

group, and its frequency was much lower (0.14) in 

control group. The differences in genotype frequencies 

of the HTR2A between these groups were not 

significant (χ
2
= 5.52, р = 0.066). 

The significant differences were revealed in allele 

frequencies between control and suicidal groups (χ2 = 

3.92, р = 0.048, ОR = 1.35). The higher frequency of  

 

A allele was observed in suicidal group – 0.49 versus 

0.42 in controls.  

Thus, our data suggest the association of the HTR2А 

gene with suicidal behaviour. The subjects with suicide 

attempts had significantly higher frequency of A allele.  

The data of some authors confirm association of 

suicidal behaviour with the Мsр1-polymorphism of the 

HTR2A. For example, the associations of G/G genotype 

with suicide attempts in males from China [2], and of G 

allele with suicidal ideas in depression [7] were 

reported. There are also data about the association of 

this polymorphism with bipolar disorders in Korean 

population [3]. At the same time, Japanese researchers 

reported a lack of association of this polymorphism 

with completed suicide [15]. The allele frequencies of 

the A-1438G polymorphism seem to be ethic-specific. 

In studies of Japanese subjects, the frequencies of A 

allele were generally increased over G allele. In 

contrast, in studies of Caucasian subjects, the opposite 

frequencies were obtained: the frequency of G allele 

was higher than that of A allele. 

Our data in healthy controls are in line with these 

reports: the frequency of G allele is higher than that of 

A allele. 

 

Table 2 

Genotype and allele frequency distribution of the MspI polymorphism of the serotonin 2A receptor gene in the 
suicidal and control groups 

 •Groups 

 

Value 

 

Genotypes 

 

Alleles 

 

χ
2 

(Р) 

 

А/G 

 

G/G 

 

А/А 

 

G 

 

А 

 
Control 

 

277 

 

1 5 2  

(0.55) 

 

85 

(0.31) 

 

40 

(0.14) 

 

322 

(0.58) 

 

232 

(0.42) 

 

2,28 

(0.29) 

 Suicidal  

 

143 

 

87 

(0.60) 

 

29 

(0.21) 

 

27 

(0.19) 

 

145 

(0.51) 

 

141 

(0.49) 

 

3,39 

(0.18) 

 
• χ

2
 (Р) ~ conformity to Hardy-Weinberg equilibrium 
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Таблица 3 

Genotype and allele frequency distribution of the VNTR polymorphism of the serotonin transporter gene in the 

suicidal and control groups 

•Groups 

 

N 

 

Genotypes 

 

Alleles 

 

χ
2 

(Р) 

 
12/10 

 

12/12 

 

10/10 

 

10/9 

 

12/9 

 

12 

 

10 

 

9 

 Control 

 

301 

 

117 

(0.39) 

 

133 

(0.44) 

 

42 

(0.13) 

 

4 

(0.01) 

 

5 

(0.01) 

 

388 

(0.64) 

 

205 

(0.34 ) 

 

9 

(0.02) 

 

2,04 

(0.75) 

 Suicidal  

 

140 

 

70 

(0.50) 

 

47 

(0.34) 

 

18 

(0.13) 

 

2 

(0.01) 

 

3 

(0.02) 

 

167 

(0.60) 

 

108 

(0.39) 

 

5 

(0.02) 

 

0,43 

(0.97) 

 N - value, • χ
2
 (Р) ~ conformity to Hardy-Weinberg equilibrium 

  

The serotonin transporter gene (SLС6А4) has been 

investigated in relation to behaviour. Many studies 

suggest that there is less 5-HTT binding in the 

thrombocytes of depressive subjects and in prefrontal 

cortex of suicide victims [8, 10]. We investigated 2 

polymorphisms in the SLC6A4 gene – VNTR and 5-

HTTLPR. Genotype distributions of both markers 

were in Hardy-Weinberg equilibrium.  
VNTR polymorphism is located in intron 2 (9, 10 or 

12 repeats) of the SCL6A4 (Tab. 1). The VNTR-

polymorphism is suggested to influence gene 

expression on transcriptional level, or is in linkage 

disequilibrium with another functional polymorphism in 

the SLС6А4 gene. Allele with 9 repeats is likely to lead 

to the increased expression of this gene. 

We revealed 5 genotypes of VNTR-polymorphic 

locus (tab. 3), from which 12/12 genotype was the most 

frequent in control group (0.44), and 12/10 genotype – 

in suicidal group (0.50). Genotypes with 9 allele (10/9, 

12/9) had the lowest frequencies (< 5%) in the both 

groups. The genotype 9/9 was not revealed. Differences 

in genotype frequencies between the control and 

suicidal groups were not significant (χ
2
 

=
 5.42, Р = 

0.24). 

However, in suicidal group the significant increase of 

12/10 genotype (χ
2
 = 4.40, Р = 0.036, ОR= 1.57) and 

decrease of 12/12 genotype (χ
2
 = 4.03, р = 0.045, ОR = 

0.64) were revealed. 

Among three alleles of this marker, allele 12 was 

the most frequent – 0.60 and 0.64 (in group with 

suicidal behaviour and control group, respectively). 

Rare allele 9 in both groups had very low frequency 

(no more 0.02). There were no significant differences 

in allele frequencies between these groups (χ2= 1.69, р 

= 0.44). 
The obtained data suggest a possible significance 

of the SLС6А4 VNTR, namely, 12/10 genotype (ОR 

= 1.57) in development of suicidal behaviour. The 

associations of 9 allele with depression [14], of 

genotype 12/12 and allele 12 with affective disorders 

have previoulsy been reported [22]. 

The 5-HTTLPR polymorphism consists of a 44 

base pair insertion (long form, l) or deletion (short 

form, s) in the 5k regulatory region of the SLC6A4 

gene. In studies of human lymphoblast cell lines 

expressing the different genotypes belonging to the l/s 

polymorphism, l/l lymphoblasts expressed more 

serotonin transporters than the l/s or s/s cells [13].  

 

 

Table 4 

Genotype and allele frequency distribution of the VNTR polymorphism of the serotonin transporter gene in the 

suicidal and control groups 

•Groups 

 

N 

 

 

Genotypes 

 

Alleles 

 

χ
2 

(Р) 

 

 
S/L 

 

L/L 

 

S/S 

 

L 

 

S 

 Control 

 

268 

 

127 

(0,47) 

 

76 

(0,28) 

 

65 

(0,24) 

 

279 

(0.52) 

 

257 

(0,48) 

 

0,37 

(0,83) 

 Suicidal  

 

143 

 

58 

(0.41) 

 

48 

(0.34) 

 

37 

(0.26) 

 

154 

(0.54) 

 

132 

(0.46) 

 

2,11 

(0.37) 

  χ
2
 (Р) ~ conformity to Hardy-Weinberg equilibrium 
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Among three genotypes of the 5-HTTLPR (tab. 4), 

the genotype L/S was the most frequent: 0.47 - in 

control group, 0.44 - in group with attempts of suicide. 

The genotype L/L had frequencies 0.28 in control group 

and 0.33 in the group with attempts of suicide. The 

frequency of the S/S genotype in both groups was the 

lowest (0.24 and 0.23 - in control and suicidal group, 

respectively). In both groups, a long allele had a slightly 

higher frequency than a short allele : 0.55 versus 0.45 

(in group with suicide attempts) and 0.52 versus 0.48 

(in control group). There was no significant difference 

in frequencies of genotypes (χ
2 

= 0.97, Р = 0.60) and 

alleles (χ
2 

= 0.62, Р = 0.44) of the 5-HTTLPR in 

suicidal group and controls.  

Our data do not confirm the association of this 

polymorphism with suicide; that is in line with results 

of some authors [4, 18]. However, there are multiple 

studies reported the association of the 5-HTTLPR with 

suicidal behaviour; the association was revealed for 

both short [1, 6, 16], and long allele [7]. Some 

researchers reported the possible association of this 

polymorphic marker with violent traits [20, 23]. 
Thus, our data allow to make conclusion that 

possible genetic markers of suicidal behaviour (attempts 

of suicide) are allele A of the HTR2A gene (OR = 1.35) 

and genotype 12/10 of the SLC6A4 gene (OR = 1.57). 

However, our data do not confirm the association of the 

5-HTTLPR with vulnerability for suicide.  
 

References 

1. Baca-Garcia E., Vaquero C., Diaz-Sastre C. et al. A gender-

specific association between the serotonin transporter gene and 

suicide attempts // Neuropsychopharmacology. 2002. V. 26. .№5. P. 

692-695. 

2. Cao L., Li T., Xu K. Association analysis of attempted suicide 

and 5-HT2A receptor gene // Zhonghua Yi Xue Yi Chuan Xue Za 

Zhi. 2001. V. 18. №3. P. 195-197. 

3. Chee I.S., Lee S.W., Kim J.L. et al. 5-HT2A receptor gene 

promoter polymorphism –1438A/G and bipolar disorder. // Psichiatr 

Genet. 2001. V. 11. №3. P. 111-114.  

4. Chong S.A., Lee W.L., Tan C.N. et. al. Attempted suicide and 

polymorphism of the serotonin transporter gene in Chines patients 

with schisophrenia. // J Psichiatr Res. 2000. V. 97. №2-3. P. 101-

106.  

5. Collier D..A.., Arranz M.J., Li T. et al. Association between 5HT2A 

gene promoter polymorphism and anorexia nervosa // Lancet. 1997. V. 

350. P. 412. 

6.  Courtet P., Baud P., Abbar M., et al. Association between 

violent suicidal behaviour and the low activity allele of the 

serotonin transporter gene // Mol Psychiatry. 2001. V. 6. №3. P. 

338-341. 

7. Du L., Faludi G., Palkovits M., Bakish D. Serotonergic genes 

and suicidality // Crisis. 2001 V. 22. №2. P. 54-60 

8. Hartig P.R. In: Baumgarten H.G., Göthert M. (eds.) 

Serotoninergic neurons and 5-HT receptors in the CNS // 

Handbook of Experimental pharmacology. V. 129. 1997. P. 175-

221. 

9. Lesch K.P., Bengel D., Heils A. et al. Association of anxiety-related 

traits with a polymorphism in the serotonin transporter gene regulatory 

region. // Science. 1996. V. 274. P. 1527-1531. 

10. Mann J. The neurobiology of suicide // Nat Med. 1998. V. 4. 

№1. P. 25-30. 

11. Mathew C.C. The isolation of high molecular weight eucariotic 

DNA // Methods in Molecular Biology / Ed. Walker J.M. N -Y.: 

Human Press, 1984. V.2. P.31-34. 

12. Nakamura M., Ueno S., Tanabe H. The human serotonin transporter 

gene linked polymorphism (5-HTTLPR) shows ten novel allelic variants 

// Mol Psychiatry. 2000. V.  5. P. 32–38.  

13. Nollier D.A., Arranz M.J., Sham P. et al. The serotonin transporter is 

a potential susceptibility factor for bipolar affective disorder // Genet. 

Nervous System Disease. 1996. V. 7. P. 1675-1679. 

14. Ogilvie A.D., Battersby S., Bubb V.J. et al. Polymorphism in 

serotonin transporter gene assosiated with susceptibility to major 

depression // Lancet. 1996. № 9003. P. 731-733. 

15. Ono H., Shirakawa O., Nishimura A. et al. Serotonin 2A 

receptor gene polymorphism is not associated with completed 

suicide // J Psichiatr Res. 2001. V. 35. P. 173-176. 

16. Preuss U.W., Koller G., Soyka M., Bondy B. Association 

between suicide attempts and 5-HTTLPR-S-allele in alcohol-

dependent and control subjects: further evidence from a German 

alcohol-dependent inpatient sample // Biol Psychiatry. 2001. V. 50. 

№8. P. 636-639. 

17. Roff D.A., Bentzen Р. The statistical analysis of mitochondrial 

DNA: 2 and problem of small samples // Molecular Biology and 

Evolution. 1989. V. 6. P. 539-545. 

18. Rujescu D.,Giegling I., Sato T., Moeller HJ. A polymorphism 

in the promoter of the serotonin transporter gene is not associated 

with suicidal behaviour // Psichiatr Genet. 2001. V. 11. .№3. P. 

169-172.  

19. Schlesselman J. Case-control studies. Design, conduct, analysis 

// New York, Oxford: Oxford University Press. 1982. P. 58-96. 

20. Sukonick D.L., Pollock B.G., Sweet R.A. et al. The 5-

HTTPR*S/*L polymorphism and aggressive behaviour in 

Alzheimer disease.// Arch Neurol. 2001. V. 58. №9. P. 1425-1428. 

21. Turecki G. Suicidal behaviour: is there a genetic 

predisposition? // Bipolar Disord. 2001. V. 3. P. 335-349. 

22. Vincent J.B., Mesellis M., Lawrence J. et al. Genetic association 

analysis of serotonin system genes in bipolar affective disoder // Am. J. 

Psychiatry. 1999;. V. 156. №1. P. 136-138. 

23. Zalsman G., Frisch A., Bromberg M. et al. Family-based 

association study of serotonin transporter promoter in suicidal 

adolescents: no association with suicidality but possible role in 

violence traits // Am J Med Genet. 2001. V. 105. №3. P. 239-245. 


