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SUMMARY 
Background: Post-traumatic stress disorder (PTSD) is a stress related disorder which can occur in an individual after exposure 

to a traumatic event. It most commonly co-occurs with depression. The two disorders share not only overlapping symptoms, but also 

genetic diathesis. The aim of this study was to investigate the potential role of single nucleotide polymorphisms (SNPs) of the two 

serotonergic candidate genes 5-hydroxytryptamine receptor 1A (HTR1A) and tryptophan hydroxylase 2 (TPH2) in the pathogenesis 

of PTSD and comorbid psychopathology.  

Subjects and methods: 719 (487 males, 232 females) participants who had experienced war-related trauma between 1991 and 

1999 in Bosnia and Herzegovina, Kosovo and Croatia were included in the study. The Sociodemographic questionnaire, Mini 

International Neuropsychiatric Interview (M.I.N.I.), Clinician Administered PTSD Scale (CAPS) and Brief Symptom Inventory (BSI)

were used to collect clinical data. The SNPs rs6295 (HTR1A), rs11178997 and rs1386494 (TPH2) were investigated for their 

association with PTSD and comorbid psychopathology. 

Results: A nominal significant association was found between the BSI total score in Lifetime PTSD with the SNP rs6295 of the 

HTR1A gene. The best result was seen in the dominant model (P=0.018), with the minor allele (C) being the risk allele. Several BSI 

subscores were also associated with the minor (C) allele in Lifetime PTSD. No association was found for the TPH2 SNPs 

rs11178997 and rs1386494 in relation to PTSD or comorbid psychopathology. 

Conclusions: Our findings suggest that rs6295 in the HTR1A gene may contribute to the psychopathology of PTSD. 

Key words: PTSD - single nucleotide polymorphisms - 5-hydroxytryptamine receptor 1A - tryptophan hydroxylase2 

*  *  *  *  *  

INTRODUCTION

Post-Traumatic stress disorder (PTSD), is a stress 

related disorder which can occur in an individual after 

exposure to a traumatic event. In DSM-5, the symptoms 

of PTSD are grouped in 4 clusters: intrusion symptoms, 

avoidance, negative alterations in cognitions and mood, 

alteration in arousal and reactivity (APA 2013). The 

majority of people experience some traumatic event at 

some point in their life. The frequency of any exposure 
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to traumatic events for an individual was reported to 

range from 76% (Norris et al. 2003) to 89.7% (Kil-

patrick et al. 2013). In spite of this high occurrence of 

trauma exposure, the estimated lifetime prevalence of 

PTSD is not equivalently raised. In the general US 

population, the lifetime prevalence of PTSD was repor-

ted to be at 7.8% in a study conducted by Kessler et al. 

in 1995, and at 8.3 % in a newer study conducted by 

Kilpatrick et al. in 2013, while the lifetime prevalence 

of combat related PTSD in the US studies ranges from 

6–31% (Richardson et al. 2010).  

In war torn countries the frequency of PTSD is high 

as the majority of population experiences multiple trau-

ma. The prevalence of PTSD in Kosovo one year after 

the war was 25% (Lopes Cardozo et al. 2003) while 

several years later Priebe et al. (2010) found the pre-

valence of PTSD to be 18.2% in Kosovo, 18% in Croa-

tia and 35.4% in Bosnia and Herzegovina. Similarly, De 

Yong et al. (2001) found high prevalence rates ranging 

from 15.8% to 37.4% in a survey conducted in Ethiopia, 

Gaza, Cambodia and Algeria. 

Since PTSD is a complex and very disabling dis-

order, it is important to use a multi perspective integra-

tive model of PTSD in order to provide proper treatment 

and healing (Jakovljevic et al. 2012). 

Studies in the recent years have shown the influence 

of both environmental and genetic factors on the patho-

genesis of PTSD. Genetic twin studies show that PTSD 

has a moderate heritability of about 30-40% (Almli et 

al. 2014, Stein et al. 2002, Domschke 2012, Cornelis et 

al. 2010), and that it is a polygenic disorder (Boyajyan 

et al. 2015). 

The serotonergic system is among the most studied 

pathways in candidate gene association studies in men-

tal disorders. Some genes of the serotonergic system 

studied in mental disorders are the 5-hydroxytryptamine 

receptor 1A (HTR1A) gene and the tryptophan hydro-

xylase 2 (TPH2) gene. 

HTR1A is a G-protein-coupled receptor and is ex-

pressed both as a presynaptic auto receptor on raphe 

neurons, and as a postsynaptic receptor in other struc-

tures of the brain such as the hippocampus, the frontal 

cortex and the hypothalamus. These brain regions are 

involved in mood, emotion and stress response (Savitz 

et al. 2009, François et al. 2008).  

The single nucleotide polymorphism (SNP) rs6295 

in HTR1A is one of the most investigated polymor-

phisms of this gene and was is associated with several 

disorders such as depression and suicide (Lemonde et 

al. 2003), panic disorder (Domschke et al. 2006), impul-

sivity (Benko et al. 2010), depression and bipolar 

disorder (Kishi et al. 2013).  

Donaldson et al. (2016) found a relation between 

rs6295G and an increased risk for substance abuse, 

psychiatric hospitalization and suicide attempts, but not 

with trauma, while Savitz et al. (2009) concluded in 

their review that in humans, the frequency of the G 

allele of rs6295 in HTR1A was increased in patients 

with Major depressive disorder (MDD), while the C 

allele was shown to be associated with a better response 

to antidepressant drugs.  

Tryptophan hydroxylase (TPH) is the rate limiting 

enzyme in the synthesis of serotonin. The TPH2 isoform 

is found exclusively in the brain (Kennedy et al. 2012). 

The SNPs rs11178997 and rs1386494 within the TPH 

gene are investigated in relation to PTSD and depres-

sion by Goenjian et al. 2012. They found a significant 

association of PTSD symptoms and the T allele of the 

TPH2 SNP rs11178997 (p=0.03), explaining 4% of the 

variance of PTSD, and no association with depression. 

The same SNP is significantly associated (P=0.001) 

with unipolar depression in a Swedish study (Van Den 

Bogaert et al. 2006). In 2014, Cao et al. studied the 

TPH2 SNP rs11178997 in relation to PTSD. They found 

no significant associations between this SNP and total 

PTSD symptoms, but the TT genotype was significantly 

associated with avoidance symptoms in women. Fur-

ther, the SNP rs1386494 within TPH2 was found to be 

related to depression in a study of Zill et al. (2004). 

The aim of this study was to investigate the potential 

role of common genetic variants of two serotonergic can-

didate genes, HTR1A (rs6295) and TPH2 (rs11178997 

and rs1386494) in the pathogenesis of PTSD and comor-

bid psychopathology of PTSD.  

SUBJECTS AND METHODS 

Subjects

The current study is part of the project “Molecular 

mechanisms of post-traumatic stress disorder” which 

was funded by the German Academic Exchange Service 

(DAAD), Stability pact for South Eastern Europe. 

Recruitment was performed between 2013 and 2015 in 

5 psychiatric centers, within three countries which have 

experienced war: Prishtina (Kosovo), Sarajevo, Tuzla, 

Mostar (Bosna and Herzegovina) and Zagreb (Croatia).  

Inclusion criteria were being at least 16 years old at 

time of experiencing war trauma, taking into account 

the time of war which differed for each country: Croatia 

1991-1992, Bosnia-Herzegovina 1992-1995 and Kosovo 

1998-1999. The exclusion criteria were: being older 

then 65, suffering from: organic brain disorders, epilepsy, 

oncologic disease, mental retardation, psychotic dis-

order, substance use disorder (except for smoking), or 

using medication that affects methylation such as val-

proic acid. Also, first and second-degree relatives were 

not included in the study. More detailed information 

regarding the study design, recruitment, diagnostic as-

sessment, sample and gender distribution are described 

in detail elsewhere (Dzubur-Kulenovi  et al.2016). 

Of the 747 recruited individuals, 719 (mean age 

49.4±7.9; 487 males and 232 females) participants who 

had experienced war-related trauma between 1991 and 
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1999 could be included in the molecular genetics study. 

The experimental group comprised 218 patients (mean 

age 50.1±6.7; 157 males and 61 females) with current 

PTSD, 151 participants with lifetime PTSD (mean age 

49.5±8.2; 98 males and 53 females), and 350 par-

ticipants with no diagnosable PTSD (mean age 

48.8±8.5; 232 males and 118 females). 

Ethical Votes 

Ethical votes at the participating clinical centers 

were obtained between 2011 and 2013 on the basis of 

local translations of an information and consent form 

designed by the Würzburg center. 

Included in the study were only participants who 

signed consent letter according to the principles of the 

declaration of Helsinki (WMA 2013). 

Psychiatric Instruments 

Sociodemographic questionnaire was designed for 

obtaining the demographic data for purpose of the 

study. For screening for PTSD and other psychiatric 

disorders the Mini International Psychiatric Interview 

(M.I.N.I) was applied. Clinician Administered PTSD 

Scale (CAPS), a semi-structured interview, was used for 

identification of lifetime and current PTSD, as well as 

severity of PTSD. Brief Symptom inventory (BSI) was 

used to measure symptom dimensions of depression, 

somatization, obsessions and compulsions, phobic an-

xiety, hostility, interpersonal sensitivity, anxiety, para-

noid ideation, psychoticism.  

Molecular Analyses 

Molecular analyses were performed at the Labora-

tory of the Department of Psychiatry, Psychosomatics 

and Psychotherapy, University of Würzburg, Germany. 

Genomic DNA was isolated from frozen venous EDTA-

blood using the FlexiGene DNA Kit (Qiagen, Hilden, 

Germany) according to manufacturer’s instructions and 

stored until use at -80°C. 

The HTR1A single nucleotide polymorphism rs6295 

was genotyped as described in publication of Straube et 

al. 2014.  

For the TPH2 gene, 2 SNP were analysed. Rs11178997 

was investigated according to previously published pro-

tocols (Baehne 2009). Rs1386494 genotypes were deter-

mined by the described PCR-RFLP procedure: DNA 

was amplified by PCR in a 25 µl reaction volume 

containing 45-65 ng genomic DNA, 0.4 mM of each 

genomic primer (F: 5’- AAATTCTCTGTCTCTCTGATA-

3‘ and R: 5’-TGAATGGAAATAAACACAGCT-3’), 

0.1 mM of each nucleotide, 1.5 mM MgCL2 and 0.3 U 

Taq DNA polymerase under the following cycler 

conditions: 5 min denaturation at 95 °C, followed by 35 

cycles with 45 s at 95°C, 45 s at 54°C and 45 s at 72°C 

and a final extension step of 3 min at 72°C. PCR frag-

ments were digested with the restriction endonuclease 

BsaWI (NEB, Frankfurt a. Main, Germany) for 1.5 h at 

60°C which results in differentially sized fragments 

representing the respective genotypes. The fragments 

were separated on a 3% agarose gel by electrophoresis 

and visualized with ethidium bromide. Fragment lengths 

and resulting genotypes were determined by two 

independent investigators blinded for diagnosis.  

Statistical analyses 

Statistics were performed using PLINK 1.9. All 

three SNPs were polymorphous (minor allele frequency 

>5%), reached a minimal genotyping call rate of 98% 

and did not deviate from Hardy-Weinberg equilibrium 

(p>0.05). Logistic regression was used for case-control 

analyses. Within the two groups of patients, i.e. indivi-

duals with lifetime or current PTSD, linear regression 

was carried out for analyses on dimensional CAPS and 

BSI scores. The following models were tested in all 

phenotypes: additive allelic, dominant and the genotypic 

model. The significance level was Bonferroni adjusted 

for 23 variants that were analysed in total in the entire 

project ( =0.002).

RESULTS 

To examine the contribution of HTR1A and TPH2 

in the development of PTSD, the most investigated 

HTR1A variant rs6295, as well as the two known TPH2 

SNPs rs11178997 and rs1386494 were analyzed in a 

case-control approach in altogether 719 participants. 

The influence of allelic variation on the both PTSD 

linked questionnaires, CAPS and BSI, was determined 

in all cases with diagnosed current PTSD and separately 

in those with lifetime PTSD symptoms.  

5-Hydroxytryptamine Receptor 1A 

In none of the three calculated models there was any 

detectable impact of the HTR1A variant rs6295 on the 

categorical PTSD phenotype (Pall>0.05; Table 1) found. 

When linear regression was carried out for CAPS total 

and BSI total scores, nominal significant associations 

were found only for BSI within the PTSD lifetime 

group, with the best result being in the dominant model 

(P=0.018, =22.51, SE=9.44; Table 1 and Figure 1). 

Nominal significance was also found in the allelic 

model (P=0.029, =13.22, SE=6.00; Table 1) and a 

trend to significance in the genotypic model (P=0.053; 

Table 1), always with the minor allele (C) conveying 

genetic risk. However, results for the BSI ques-

tionnaire could not be replicated in patients with 

diagnosed current PTSD (Pall>0.05; Table 1). Analyses 

on CAPS total scores revealed neither for the current 

nor for the lifetime PTSD group any association 

(Pall>0.05; Table 1). 
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Table 1. Association results of rs6295 (HTR1A) along with genotype- and allele counts, for individuals in analysis, 

CAPS and BSI means and standard deviations (SD), as well as nominal p-values 

Allelic Model Genotypic Model Dominant Model 
5HTR1A rs6295

C G CC CG GG CC/CG GG 

Controls  328 362 84 160 101 244 101 

PTSDlifetime 148 152 33   82   35 115   35 

PTSDcurrent 189 243 43 103   70 146   70 

Pcase-control-value 0.576 0.434 0.2441 

CAPSlifetime (mean±SD) 66.6±18.3 66.6±18.3 64.8±14.2 69.4±18.5 63.3±17.6 68.1±17.5 63.3±17.6 

PCAPS-value 0.704 0.1722 0.167 

CAPScurrent (mean±SD) 80.3±21.3 78.3±20.5 79.2±22.6 81.2±20.1 76.3±20.4 80.6±20.9 76.3±20.4 

PCAPS-value 0.349 0.321 0.157 

BSIlifetime (mean±SD) 78.7±49.1 67.1±48.4 81.6±47.3 76.4±50.4 56.1±42.7 77.8±49.6 56.1±42.7 

PBSI-value 0.029 0.053 0.018 

BSIcurrent (mean±SD) 115.6±44.7 111.2±47.0 114.3±43.6 116.7±45.5 107.3±47.9 116.0±44.9 107.3±47.9

PBSI-value 0.349 0.321 0.157 

HTR1A - 5-hydroxytryptamine receptor 1A;   PTSD - posttraumatic stress disorder;   CAPS - Clinician Administered PTSD 

Scale;    BSI - Brief Symptom Inventory;   Italics indicates p 0.05

Figure 1. Boxplot showing the distribution of BSI values 

within the lifetime PTSD patients according to genotypes 

in the dominant model (GC/CC versus GG) for the minor 

allele (P=0.018) 

When tests were run for both types of PTSD (current 

and lifetime) with BSI subscales, we found nominal sig-

nificance only for current PTSD and Obsessive-Compul-

sive Disorder (OCD) in the dominant (P=0.026, =0.33, 

SE=0.15) and additive allelic (P=0.040, =0.040, SE=0.10) 

model. No further significant results were found for 

current PTSD and other subscales of BSI (Pall>0.05).  

In contrast lifetime PTSD was significantly associa-

ted with depression (PDominant =0.031, =0.44, SE=0.20; 

PAllelic=0.036. =0.27, SE=0.13), hostility (PDominant=0.043, 

=0.42, SE=0.21; PAllelic=0.019. =0.31, SE=0.13), 

paranoid ideation (PDominant=0.022, =0.47, SE=0.20; 

PAllelic=0.029. =0.28, SE=0.13), psychoticism 

(PDominant=0.010, =0.44, SE=0.17; PAllelic=0.044. =0.22,

SE=0.11), somatization (PDominant=0.023, =0.27, SE=0.12; 

PAllelic=0.005. =0.52, SE=0.18) and phobic anxiety 

(PDominant=0.039, =0.39, SE=0.19). In all subscales 

again, the minor allele (C) increased risk to develop 

symptoms at a nominal level. 

However, none of the associations withstood Bon-

ferroni correction for multiple tests.  

Tryptophan Hydroxylase 2 

No significant association between SNPs of the 

TPH2 gene (rs11178997 and rs1386494) and PTSD or 

depression were found, neither for dimensional nor for 

the categorical phenotypes (Pall>0.05).  

DISCUSSION 

The aim of our study was to investigate a possible 

association of serotonergic candidate genes HTR1A and 

TPH2 with PTSD and comorbid psychopathology. We 

chose to investigate two serotonergic genes based on 

their hypothesized impact for the serotonergic system in 

PTSD and other mental health disorders. For the case-

control analysis PTSD lifetime and PTSD current 

patients were tested together versus control individuals. 

For testing association with BSI and CAPS each of the 

two patient groups was analyzed individually. 

We found a nominal significant correlation (P=0.018) 

of the BSI total score in the lifetime PTSD patients with 

rs6295 (HTR1A) in the dominant model. The minor 

allele (C) was associated with a higher BSI score. No-

minally significant correlations were also found bet-

ween Lifetime PTSD and BSI sub scores such as 

depression, hostility, paranoid ideation, psychoticism, 

somatization and phobic anxiety, mainly in the 

dominant and additive allelic model. The only nominal 

significant correlation for current PTSD was found in 

relation to OCD subscale of BSI. However, these results 

did not withstand Bonferroni correction. 
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Our results support the findings of Donaldson et al. 

(2016) who did not find any significant association 

between HTR1A rs6295 and current PTSD or depres-

sion. The results from other candidate gene association 

studies that investigated the association of rs6295 with 

depression are inconsistent. While some studies found a 

significant association between this SNP and depression 

(Kishi et al. 2013, Lemonde et al. 2003) other studies 

did not observe any significant association (Chipman et 

al. 2010, Illi et al.2009, Hettema et al. 2008).  

In our study, we did not identify a significant asso-

ciation between rs11178997 (TPH2) and PTSD. Our 

findings are contradictory to those of Goenjian et al. 

2012 who found a significant correlation between 

rs11178997 and all PTSD clusters, and findings of Cao 

et al. 2014 who found significant association between 

rs11178997 and avoidance symptoms only in women. 

The negative findings concerning rs11178997 and de-

pression in our study are in line with the findings of 

Goenjian et al. (2012), and contradictory to the study of 

Van Den Bogaert et al. (2006) who found a significant 

association for the TPH2 SNP rs11178997 with unipolar 

depression among patients in Sweden. 

The second SNP of the TPH2 gene that was ana-

lysed in this study (rs1386494), was tested in relation to 

depression. We did not find a significant association 

between this SNP and depression. Our results are 

contradictory to those of Zill et al. (2004). 

There are several limitations to our study. First of 

all, within our PTSD group, we found individuals who 

no longer met the criteria for PTSD (the lifetime PTSD) 

and those who met the criteria for current PTSD. This 

reduced the sample size which in turn reduced the sta-

tistical power. The second limitation is the lack of epi-

genetic analyses of the investigated genes such as 

methylation pattern. Epigenetic processes are known to 

affect the biological response to trauma. The nominal 

significant associations of the HTR1A gene variation 

rs6295 with lifetime PTSD and other comorbid pathology 

did not withstand Bonferroni correction, thus making our 

study only exploratory and hypothesis generating. 

Although candidate gene association studies are the 

most commonly used approach in investigations of the 

genetics of PTSD, depression and other psychiatric 

disorders (Smoller, 2016), the results of such studies are 

mainly inconsistent and contradictory. Inconsistencies 

may be due to many factors such as methodological 

differences between studies, small sample sizes, the 

study of a limited number of genes or SNPs within 

genes, results that may differ related to the genetical 

background of the study populations, bias due to sam-

ples comprising various ethnicities, different types of 

trauma, the complex nature of the disorders, and a pub-

lication bias towards positive results (Cornelis et al. 

2010, Koenen et al. 2008, Koenen et al. 2013, Goenjian 

et al. 2012). However, negative findings do not 

necessarily rule out the role of a particular gene in a 

particular disorder (Cornelis et al. 2010).  

CONCLUSION 

Considering that candidate gene studies yield con-

tradictory results, we propose the use of Genome Wide 

Association Studies (GWAS) due to their hypothesis-

free approach to disorders and the investigation of 

whole genomes instead of single candidate genes. This 

kind of approach, with large samples included may be 

more appropriate for studying the genetics of complex 

disorders such as PTSD and other comorbid disorders. 
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