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SUMMARY

Background: Posttraumatic stress disorder (PTSD) is an anxiety disorder caused by highly traumatic experiences. The aim of
this study was to investigate the influence of single nucleotide polymorphisms (SNPs) in the neuropeptide S receptor 1 (NPSR1) and
the glutamate decarboxylase 1(GAD1) gene on PTSD and its psychopathological aspects among individuals affected by the Balkan
wars during the 90s.

Subjects and methods: This study was conducted as part of the South Eastern Europe (SEE) study on molecular mechanisms of
PTSD. It comprised 719 participants (539 males), including those with current PTSD, remitted PTSD and healthy volunteers.
Psychometric evaluation was performed using the Mini International Neuropsychiatric Interview (M.ILN.L), the Clinician
Administrated PTSD Scale (CAPS) andthe Brief Symptom Inventory (BSI). We examined NPSRI single nucleotide polymorphism
(SNP) rs324981 and GADI variant rs3749034 genotypes. Case-control analyses were carried out using logistical regression to
determine genotype differences between all patients that had either current or remitted PTSD and control individuals. To analyse the
influence of the analysed SNPs on PTSD severity, we performed linear regression analyses with CAPS and BSI within each of the
two patient groups separately. All of the calculations were performed for additive allelic, recessive, dominant and genotypic models.

Results: We observed a nominally significant association for the major allele (G) of GADI rs3749034 with an increased risk to
develop PTSD in a case control analysis in the recessive model (P=0.0315, odds ratio=0.47, SE=0.35). In contrast, a nominally
significant association of the minor allele (4) with higher CAPS scores was identified within the patient group with lifetime PTSD in
the dominant model (P=0.0372, =6.29, SE=2.99). None of these results did withstand correction for multiple tests. No nominal
significant results of GAD1 rs3749034 were found with regard to the intensity of psychological BSI symptoms. Case-control analyses
of NPSR1 rs324981 revealed a nominally significant higher risk for homozygous T allele carriers to develop PTSD (P=0.0452) in
the recessive model. On the other hand, the T allele showed a nominally significant association with higher BSI scores in patients
suffering from lifetime PTSD in the recessive model (P=0.0434). Again, these results were not significant anymore after correction
for multiple tests. No associations of NPSRI rs324981 and CAPS score was identified.

Conclusion: The findings of this study provide some evidence that the NPSR1 and GAD1 polymorphisms might play a role in the
development of war-related PTSD and its related psychological expressions. Further research is needed to elucidate the interactions
of specific gene variants and environmental factors in the development of PTSD.
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INTRODUCTION

Posttraumatic stress disorder (PTSD) occurs in indi-
viduals exposed to traumatic events (e.g., life-threatening
accidents, rape, military combat), and includes four
groups of symptoms: intrusive re-experiencing of trauma,
avoidance of stimuli associated with the trauma, negative
cognitions and mood associated with the trauma, and
excessive psychophysiological reactivity (American
Psychiatric Association 2013). The etiology of PTSD is
complex and multifactorial, with an interaction between
various environmental and genetics factors (Breslau &
Kessler 2001, Domschke 2012, Jakovljevi¢ 2012).

Chronic PTSD is linked to considerable comorbidity,
mortality, and disability during daily activities (Brunello
et al. 2001, Gillespie et al. 2009, Weiss et al. 2011).
While 50-85% of Americans experience a traumatic
event during their lifetime, only a minority of these
individuals (5-7%) develop PTSD (Kessler & Wang
2008). Twin studies related to PTSD have addressed the
complex genetic relationship between exposure to
trauma and disorder risk. Over the last years, there has
been an increased interest in identifying genes that
increase the risk for PTSD or predict treatment outcome
(Sheerin et al. 2017). Because of the phenotypic hetero-
geneity and complexity of defining PTSD for the pur-
poses of genetic studies, many analyses rely on interme-
diate phenotypes (Meyer-Lindenberg & Weinberger
2006) or endophenotypes (Gottesman & Gould 2003),
which are conceptualized as being more directly related
to relevant gene action.

Dysfunction of the gamma-aminobutyric (GABA)
system has been proposed as a major neurobiological
pathomechanism of anxiety, including PTSD (Domschke
& Zwanzger 2008, Nemeroff 2003, Roy-Byrne 2005,
Zwanzger & Rupprecht 2005). The key enzyme for the
synthesis of the inhibitory and anxiolytic neurotrans-
mitter gamma-aminobutyric acid (GABA), is supposed
to influence various mental disorders, including mood
and anxiety disorders. Genetic variants of glutamate
decarboxylase 1 (GADI1) have been linked to mood
symptoms (Lundorf et al. 2005) and panic disorder
(Weber et al. 2012). For example, Weber et al. (2012)
found an association between GADI single nucleotide
polymorphisms (SNPs) and panic disorder symptoms,
although only among female participants. Similar
findings were obtained in a mixed anxiety (including
panic disorder) and mood disorder sample (Hettema et
al. 2006). With regard to PTSD, only one recent
preliminary study documented a significant association
between GADI polymorphisms and more pronounced
PTSD symptoms among American combat veterans
(Bountress et al. 2017). However, this preliminary work
was based on the genetic risk sum score (GRSS), so no
information is available for individual SNPs.

Neuropeptide S receptorl (NPSR1) encodes a mem-
ber of the vasopressin/oxytocin subfamily of G protein-
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coupled receptors. The encoded membrane protein acts
as a receptor for neuropeptide S and affects a variety of
cellular processes through its signaling. Based on pre-
vious animal and molecular genetic studies, neuropep-
tide S has been suggested to play a crucial role in the
pathogenesis of stress, arousal and anxiety (Vitale et al.
2008, Xu et al. 2004). Moreover, Domschke et al. (2011)
have shown an association of the T allele of the NPSR1
SNP rs324981 with panic disorder among female pa-
tients, as well as with elevated anxiety sensitivity and
increased heart rate during a behavioral avoidance test. In
addition, NPSR1 genotypes also influence explicit an-
xiety ratings through their interaction with stressful life
events (Glotzbach-Schoon et al. 2013). Thus, previous
research suggests that the T allele of the NPSR1 SNP
rs324981 (Domschke et al. 2011, Pape et al. 2010, Racz-
ka et al. 2010) represents a vulnerability factor for the
development of anxiety disorders, presumably as a result
of facilitated fear conditioning (Mineka & Oechlberg
2008, Orr et al. 2000). However, no studies have been
carried out on combat veterans suffering from PTSD.

Given the literature on the involvement of common
genetic variants of GADI and NPSRI1 in stress-related
and anxiety disorders, the general aim of this research
was to investigate the influence of GAD1 and NPSR1
SNPs on combat-related PTSD, its psychopathological
aspects and related coping strategies.

SUBJECTS AND METHODS
Subjects

This research was conducted as part of the South
Eastern Europe (SEE)-PTSD study on “Molecular me-
chanisms of posttraumatic stress disorder” (see Dzubur
Kulenovi¢ et al. 2016). The study was carried out at five
psychiatric research centres in Bosnia and Herzegovina
(Sarajevo, Mostar, Tuzla), Croatia (Zagreb), and the
Republic of Kosovo (Pristina). These are countries
whose population has experienced severe war-related
trauma between 1991 and 1999. Recruitment of patients
and controls began in 2013 and was completed by the
end of 2015. The general inclusion criteria were that
participants were at the time of traumatization at least
16 years of age and not older than 65 years at time of
recruitment. The exclusion of subjects who survived
trauma in childhood was based on the frequently
described difference in both clinical presentation and
course of PTSD and other psychiatric disorders occur-
ring after trauma exposure at young age (Nemeroff
2016). Other exclusion criteria were: the presence of
organic depression, epilepsy, psychotic symptoms, ad-
diction (except smoking), intellectual disability, onco-
logical disorders, valproid acid use and 1% and 2™
degree relation to an already recruited person.

Of 747 recruited individuals, finally 719 participants
(mean age 49.4+7.9; 487 males) could be included in
this study. Of those 218 participants (mean age 50.1+6.7;
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157 males) suffered from current PTSD, 151
participants had lifetime PTSD (mean age 49.5+8.2; 98
males) and 350 healthy volunteers showed no diagnos-
able PTSD (mean age 48.8+8.5; 232 males) symptoms.
Additional details about the study design, recruitment,
gender distribution, methodology of blood collection
and procedures of storing and transporting were
described in our previous paper (Dzubur Kulenovié et
al. 2016).

Ethical Votes

Ethical votes were obtained at each of the partici-
pating clinical center and participants gave their written
informed consent according to the principles of the
Helsinki declaration (WMA 2013).

Psychometric methods

Interviews were performed by trained medical per-
sonnel (psychiatrists, clinical psychologists or psychia-
tric residents). The presence or absence of PTSD
symptoms in the screening stage was assessed using a
structured clinical interview - Mini International Neuro-
psychiatric Interview (M.LN.L.). The Clinician Admini-
strated PTSD Scale (CAPS) (Blake et al. 1996) was
performed to make a categorical PTSD diagnosis (cur-
rent or remitted PTSD) and to assess the severity of
PTSD symptoms. And finally the Brief Symptom Inven-
tory (BSI) (Derogatis & Melisaratos 1983) was applied
to provide information on the severity of general
psychiatric symptoms.

Molecular Analyses

For genotyping, genomic DNA was isolated from
frozen venous blood by using the FlexiGene DNA Kit
(Qiagen, Hilden, Germany) according to manufacturer’s
instructions and stored until use at the Laboratory of the
Department of Psychiatry, Psychosomatics and Psycho-
therapy in Wiirzburg, at -80°C. The GADI1 SNP
rs3749034 was genotyped by means of a custom desig-
ned KASP genotyping assay (LGC, Berlin, Germany).
PCR reaction including an end-point fluorescent read-
out was performed according to manufacturers’ instruc-
tions in a CFX384 Touch Cycler (Biorad, Munich, Ger-
many). Genotypes were determined by using the CFX
Manager Software. The functional variant NPSRI
rs324981 was genotyped according to already published
protocols (see Domschke et al. 2011).

Statistical analyses

Statistical analyses were performed using PLINK
1.9. Both variants GADI1 rs3749034 and NPSRI
rs324981 were polymorphous (minor allele frequency
>20%), reached a minimal genotyping call rate of 96%
and did not deviate from Hardy-Weinberg equilibrium
(p>0.05 after Bonferroni correction). Logistic regression

was used for case-control analyses in which both patient
groups were analyzed jointly versus the control indi-
viduals. Within the two groups of patients, i.e. indi-
viduals with current or lifetime PTSD, linear regression
was carried out for the dimensional CAPS and BSI
scores, respectively. The following models were tested
in all phenotypes: additive allelic, dominant and re-
cessive, as well as the genotypic model. The signifi-
cance level was Bonferroni adjusted for 23 variants that
were analyzed in total in the entire project (0=0.002) as
already described by Dzubur Kulenovi¢ et al. (2016).
The level of significance was set at P<0.05 (two-tailed)
for all the analyses.

RESULTS

In this study we investigated first in a case-control
approach (N=719) the role of the two known poly-
morphisms GAD1 rs3749034 and NPSR1 rs324981, on
the development of a PTSD and characterized in a
second step the influence of allelic variation on PTSD
linked CAPS and BSI total scores individually in all
cases who suffered either from current PTSD (N=211
for GAD 1 and 215 for NPSRI1) or lifetime PTSD
(N=148 for GAD1 and 150 for NPSR1) symptoms.

GAD1 rs3749034 polymorphism

Categorical analyses of GAD1 rs3749034 reached
nominal significance in the recessive model (P=0.0315,
odds ratio =0.47, SE=0.35) (Table 1) with the major
allele (G) representing the risk allele. With regard to
the CAPS phenotype we obtained not in the current, but
in the lifetime PTSD group a nominal association in
the dominant model (P=0.0372, f=6.29, SE=2.99) (Table
1 and Figure 1), where carriers of the minor (A) allele

100

80

CAPS

60

40

AGIAA GG

N =252/96
Figure 1. Scores on the CAPS among lifetime PTSD
participants, for the GADI1 rs3749034 genotypes
(P=0.037) in the dominant model
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Table 1. Association results of GADI rs3749034, along with genotype- and allele counts, for individuals in analysis,
CAPS and BSI means and standard deviations (SD), as well as nominal p-values of regression analyses

GADI1 rs3749034

Allelic Model Genotypic Model Dominant Model Recessive Model

A G AA AG GG AA/AG GG AA AG/GG
Controls 153 523 25 103 210 128 210 25 313
PTSDjietime 57 239 5 47 96 52 96 5 143
PTSDeurent 77 345 8 61 142 69 142 8 203
Pease-contro-value 0.0778 0.0889 0.2516 0.0315
CAPSjiime (mean+SD)  70.7£19.1 66.0+£17.1 644145 72.1£19.7 64.6£16.0 71.3+194 64.6£160 64.4+14.5 67,0177
Pcaps-value 0.0945 0.0703 0.0372 0.7063
CAPS, e (meantSD)  80.5423.8  79.0420.1 85.5426.2 79.2423.0 78.9+19.5 79.9423.5 78.9+19.5 85.54262 79.0+20.5
Pcaps-value 0.5823 0.6932 0.7621 0.3931
BSliime (MeantSD)  66.9443.2  75.0450.6 42.8+10.8 72.3+45.8 75.6+51.6 69.3+44.5 75.6+51.6 42.8+10.8 74.5+49.8
Ppg-value 0.2579 0.3295 0.4454 0.1529
BSlyyren (Mean+SD)  112.6£49.0 112.7445.5 103.8452.6 115.1447.7 112.3445.1 113.7+484 112.3+45.1 103.8+52.6 113.1+45.9
Pyg-value 0.8093 0.8097 0.9789 0.5290

GADI - glutamate decarboxylase 1; PTSD - posttraumatic stress disorder; CAPS - Clinician Administered PTSD Scale;

BSI - Brief Symptom Inventory;

Italics indicates p<0.05

Table 2. Association results of NPSR/ rs324981, along with genotype- and allele counts, for individuals in analysis,
CAPS and BSI means and standard deviations (SD), as well as nominal P-values of regression analyses

NPSR1 15324981

Allelic Model Genotypic Model Dominant Model Recessive Model

T A TT TA AA TT/TA AA TT TA/AA

Controls 331 357 72 187 85 259 85 72 272
PTSDjigetime 155 145 40 75 35 115 35 40 110
PTSD cyrrent 218 212 60 98 57 158 57 60 155
Pasecontroi-value 0.2577 0.0935 0.8787 0.0452
CAPSjitetime (meantSD)  66.8+17.8 67.0£17.4 65.9+14.6 68.1+19.9 65.2+15.1 67.3+18.3 65.2+15.1 65.9+14.6 67.3£18.5
Pcaps-value 0.9060 0.6968 0.5499 0.7054

CAPS et (meantSD)  78.1£21.0 80.4+20.7 77.6+22.8 78.7+18.6 82.1+22.3 78.3+20.3 82.14£22.3 77.6+22.8 79.8+£20.0
Pcaps-value 0.2511 0.4758 0.2389 0.4669
BSljifetime (mean+SD) 77.8+£50.6 68.7+47.7 87.0+50.5 67.7+48.8 69.5+46.8 74.5£50.2 69.5+46.8 87.0£50.5 68.4+48.0
Pgg-value 0.1198 0.1246 0.6132 0.0434
BSIcyrrent (mean+SD) 113.4445.9 112.3+46.5 114.4+45.7 112.2+46.1 113.1+46.9 113,0+45.9 113.1+46.9 114.4+45.7 112.1+46.3
Pgg-value 0.8728 0.9614 0.7944 0.9986

NPSR1- neuropeptide S receptor 1; PTSD - posttraumatic stress disorder; CAPS - Clinician Administered PTSD Scale;

BSI - Brief Symptom Inventory;

showed nominal significantly higher average CAPS
scores than others. Neither in the current nor in the life-
time PTSD sample significant differences between the

Italics indicates p<0.05

lyses on CAPS total scores revealed neither for the
current nor for the lifetime PTSD group any associa-
tion (P,>0.05) (Table 2).

genotypes with regard to the intensity of psychological

BSI symptoms were identified (P,;> 0.1) (Table 1).

NPSRI1 rs324981 polymorphism

Case-control analyses of NPSR1 rs324981 revealed
in the recessive model a nominally significant higher
risk for homozygous T allele carriers to develop PTSD
(P=0.0452) (Table 2). Within the other models no im-
pact on the categorical phenotype of PTSD was detect-
able (P>0.05) (Table 2). When tests where run for the
dimensional CAPS and BSI total scores, a nominally
significant association was found for BSI in patients
suffering from lifetime PTSD (recessive model:
P=0.0434, 18.70, SE=9.17) (Table 2), with the T allele
conveying genetic risk. However, results for the BSI
questionnaire could not be replicated in patients with
diagnosed current PTSD (P,;>0.05) (Table 2). Ana-
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DISCUSSION

To the best of our knowledge, this multicenter study
was the first to assess the associations of the GADI
rs3749034 and NPSR1 15324981 polymorphisms with
war-related PTSD and its accompanying psychological
disturbances among the population of the Balkan war
survivors. There were found nominal significant diffe-
rences in the risk of PTSD development in the overall
recessive model for the GADI rs3749034 polymor-
phism. With regard to the CAPS phenotype in the life-
time PTSD group, we obtained a significant result in the
dominant model. With regard to PTSD, only one recent
preliminary study documented a significant association
between GADI1 polymorphisms and more pronounced
PTSD symptoms among American combat veterans
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(Bountress et al. 2017). However, this preliminary work
was based on the genetic risk sum score (GRSS), so no
information is available for individual SNPs.

There were nominally significant differences in the
risk of PTSD development in the overall case-control
recessive model for the NPSR1 polymorphism, where
homozygous T allele carriers are more enriched in those
suffering from PTSD compared to those without PTSD
which suggests a predisposition to an increased risk for
PTSD development. Considering that the T allele car-
riers have a higher risk for panic disorder (Domschke et
al. 2011), increased prefrontal activation in response to
a threatening context, this result is supportive of the
results of Domschke et al. (2011).

In the lifetime PTSD group, we found the NPSR1
1s324981 TT genotype to be associated with increased
BSI scores. These findings are in line with the study
conducted by Glotzbach-Schoon et al. (2013) who
demonstrated the influence of the NPSR1 genotype on
explicit anxiety ratings through its interaction with
stressful life events. In addition, our results confirm pre-
vious research showing that the T allele of the NPSR1
rs324981 polymorphism (Pape et al. 2010, Raczka et al.
2010) represents a vulnerability factor for the develop-
ment of anxiety disorders, presumably as a result of
facilitated fear conditioning (Mineka & Ochlberg 2008).

Inconsistent results from candiate gene studies are
seen frequently in neuropsychiatric research. Although
it is a widely performed approach (Smoller 2016), the
results of candidate gene analyses are subject to many
factors that may cause bias and lead to contradictory
conclusions (Cornelis et al. 2010, Koenen et al. 2008,
Koenen et al. 2013, Goenjian et al. 2012). Further, this
study had several methodological limitations. The patient
cohort is fairly small, in particular when it is separated
into remitted/lifetime PTSD and current PTSD which
may have reduced statistical power. Studies in consortia
such as the PGC consortia are therefore necessary. With
regard to previous studies, the genetic background of our
study population differed and may have had influence on
our results. Also, trauma type is significantly different
among individuals in this study, as the characteristics of
the war situation differed between the countries and re-
gions. This may have affected epigenetic processes which
have confounded the genetic analyses. Another issue is
the comorbidity with neuropsychiatric disorders which
does not allow for conclusions regarding the specificity
of the present findings to PTSD. However, even contra-
dictory results may still support a general involvement of
a gene in a particular disorder (Cornelis et al. 2010).

CONCLUSION

In conclusion, the results of this study provide some
evidence that NPSR1 and GADI polymorphisms might
play a role in the development and symptomatic ex-
pression of war-related PTSD. It will be of interest to
examine additional SNPs in genes involved in the regu-

lation of NPSR1 and GADI1 expression. As specific
genes can facilitate the occurrence of certain psychiatric
disorders, including war-related PTSD, the findings of
this study could further inform our understanding of the
complex pathophysiology of PTSD in the framework of
the stress-diathesis or vulnerability-resilience model
(Jakovljevic et al. 2012, 2017).
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