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SUMMARY

Background: Previous research showed inconsistent results concerning a possible association between solute carrier family 6
member 3 (SLC6A3) gene polymorphisms and dopamine symptoms of posttraumatic stress disorder (PTSD). Several studies also
indicate that the myelin basic protein (MBP) gene is of importance in the etiology of several psychiatric disorders. The aim of this
study was to investigate the relation of distinct SLC643 and MBP gene polymorphisms with PTSD and whether SLC643 and MBP
genotypes contribute to PTSD symptom severity.

Subjects and methods: The study included 719 individuals who had experienced war trauma in the South Eastern Europe (SEE).
Genotypes of variable number tandem repeat (VNTR) polymorphism within the SLC6A3 gene were assessed in 696 participants, and
the single nucleotide polymorphism (SNP) rs12458282 located within the MBP gene region was genotyped in a total of 703 subjects.
The Mini International Neuropsychiatric Interview, the Clinical Administrated PTSD Scale (CAPS) and Brief Symptom Inventory
(BSI), were used for data collection.

Results: No significant differences concerning the investigated SLC6A3 and MBP polymorphisms was identifiable between PTSD
and non PTSD participants. Also we could not detect significant influence of these distinct SLC643 and MBP alleles on the severity
of PTSD symptoms (CAPS) or BSI scores. However, the results of MBP rs12458282 within the patients with lifetime PTSD may point
to a possible correlation of the major allele (T) with elevated CAPS scores.

Conclusions: Our results do not support an association of the analysed SLC643 and MBP gene polymorphisms with PTSD in
war traumatized individuals. We found that there is a possibility for a correlation of the T allele rs12458282 within the MBP gene
with higher CAPS scores in lifetime PTSD patients which would need to be tested in a sample providing more statistical power.
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INTRODUCTION members with PTSD, are at higher risk for this disorder,
compared to individuals whose family members were

Family and twin studies indicate the importance of exposed to the similar traumatic events, but did not
genetics in the development of posttraumatic stress develop PTSD (Yehuda et al. 2001). Also, in recent
disorder (PTSD) as an extreme maladaptive response to years there has been increased interest in PTSD genetics
terrible and traumatic events. People, who have family and epigenetics in order to identify genes that predict
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who may develop PTSD or how best to treat the disorder
(Almli et al. 2014). Modifications of the genes, such as a
methylation may correlate with symptom severity of
current PTSD (Ziegler et al. 2018). Clinical and mole-
cular genetic studies showed a strong evidence for the
importance of gene - environment interactions in PTSD
etiology (Domschke 2012). Further studies point to the
importance of other mental disorders in the etiology of
PTSD (Koenen et al. 2008). According to neuroimaging
studies, patients with PTSD may be subject to disregu-
lations in the dopamine system (Charney 2004). The most
important protein for regulating intracellular and extra-
cellular dopamine levels is the dopamine transporter
protein (DAT) (Masoud et al. 2015) which is encoded by
the solute carrier family 6 member 3 (SLC6A3) gene on
chromosome 5p15.3 (Vandenbergh et al. 1992). The most
prominent polymorphism of SLC6A3 is a VNTR (vari-
able number tandem repeat) in the 3' untranslated region
(3'UTR). The alleles in this sequences may comprise
three to 13 repeats, but, alleles spanning nine (9R) and ten
(10R) repeats are the most common variants. Segman et
al. (2002) found a correlation between life time PTSD
and the 9R allele among Jewish populations who
experienced different traumatic events. Also, there is a
connection between allelic variation in SLC6A3 and
PTSD diagnosis, especially with criterion D symptoms of
PTSD (Drury et al. 2013). Carriers of 9R alleles have an
increased risk for PTSD diagnosis than carriers of 10R
(Chang et al. 2012). The proven impact of dopamine on
many psychiatric diseases and certain psychological
symptoms suggests that the analysis of genotype varia-
tions of its transporter gene may contribute to a better
understanding of PTSD diagnosis and treatment.

While for a long time the myelin sheath only was
thought to serves exclusively for functioning of axons,
bat nowadays there is evidence, that myelin is involved
in the metabolism of neurons and that environmental
factors, such as stress, can substantially change the mye-
lination of the central nervous system. Acordingly,
myelination within the hippocampus is more prevalent
among veterans with PTSD compared to that of trauma-
tized but healthy (Chao et al. 2015). Myelinated axons
are abundant in white matter but they occur are as well
in gray matter too. Therefore, changes in myelination,
could also influence changes of gray matter areas. For
example, smaller gray matter regions of the hippo-
campus are associated with the severity of insomnia in
people with PTSD (Mohlenhoff et al. 2014). Myelin
basic protein (MBP) is the main component of the
myelin sheath. MBP is involved in several functions,
like the adhesion of the cytosolic surfaces multilayered
compact myelin interaction with actin and tubulin as
well as signal transmission among cells (Boggs 2006).
Two classes of MBP proteins are known, classic MBP,
which is specifically found in Shwann cells and the
myelin shats of oligodentrocytes in the nervous system,
and Golli MBP which is observed within the immune
system, bone marrow and in the nervous system. The
human MBP gene is located at chromosome position
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18g22/23 chromosome (Kamholz et al. 1987). Many
studies described the 18g-23 locus as important for
bipolar disorder and suggest that this region contains
genes involved in many psychiatric and cognitive dis-
orders (Hampson al et. 1999). Previous findings showed
that the C allele of the MBP SNP 1512458282 can be of
importance for the psychiatric disorders, for example
schizophrenia (Baruch et al. 2009). The aim of this study
was to investigate a possible association of SLC6A3 and
MBP gene polymorphisms with development and the
symptoms of posttraumatic stress disorder.

SUBJECTS AND METHODS

Subjects

This study is a part of the South Eastern Europe -
PTSD Study where recruited 719 (mean age 49.4 + 7.9;
487 males) individuals who had experienced war-related
trauma in the SEE conflicts between 1991 and 1999
(Kulenovic et al. 2016). Data for this study were obtained
in the period from 2013 to 2015 in the following five
psychiatric centres which are all located in countries,
whose population had experienced war-related trauma
between 1991 and 1999: Zagreb in Croatia (1991-1992),
Sarajevo, Tuzla and Mostar in Bosnia and Herzegovina
(1992-1995), and Prishtina in the Republic of Kosovo
(1999-1999). Recruiment of participans for this study was
performed as previously described by Kulenovic et al.
(2016). Only participants with an age of at least 16 and
no more than 65 years at the time of traumatisation were
included. Exclusion criteria were the presence of organic
depression, epilepsy, psychotic symptoms, addiction,
valproid acid use and intellectual disability.

Depending on diagnosis, all 719 participants were
divided into three experimental groups: patients with
diagnosed current PTSD (N=218; mean age 50.146.7;
157 males), remitted participants with lifetime PTSD
symptoms (N=151; mean age 49.5+8.2; 98 males) and
healthy volunteers (N=350; mean age 48.8+8.5; 232
males) with no diagnosable PTSD.

Ethical Votes

Ethical votes at the participating clinical centre
obtained between 2011 and 2013 on the basis of local
translations of an information and consent form desig-
ned by the Wiirzburg center. All participants were infor-
med and signed consent for participation in this study
after they underwent an explanation according to the
principles of the declaration of Helsinki (WMA 2013).

Psychometric instruments

Demographics, clinical history, medication, psycho-
pathology, life events and coping styles were evaluated
using standard psychometric instruments in local lan-
guages, PTSD diagnosis being made in accordance with
DSM-IV. Interviews were performed by trained medical
personnel (psychiatrists, psychologists or psychiatric
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residents). The presence or absence symptoms of symp-
toms of PTSD in the screening stage, was assessed
using the Structured Clinical Interview M.L.N.I. (Mini
International Neuropsychiatric Interview). The Clinician
Administrated PTSD Scale (CAPS) (Blake et al. 1995)
was used to make a categorical PTSD diagnosis and to
assess the severity of symptom of PTSD. For the assess-
ment of psychological symptoms we used the Brief
Symptom Inventory (BSI) (Derogatis & Melisaratos
1983). BSI is a self-assessment scale composed of nine
categories of symptoms (somatisation, obsessive-com-
pulsive, anxiety, depression, interpersonal sensitivity,
hostility, phobic anxiety, paranoid ideation and psycho-
ticism). It includes three global indices of distress
(Global Severity Index, Positive Symptom Distress
Index, and Positive Symptom Total), which measure the
overall psychological distress level, the intensity of
symptoms, and the number of self-reported symptoms.
Each item is scored on response scale of 0 to 4, where 0
=not at all, 1 = a little bit, 2 = moderately, 3 = quite a
bit and 4 = extremely. The cut-off points for clinically
significant symptoms are for all scales at the T-score of
the normative population sample of T>0.63. The reliabi-
lity of the BSI for the present sample was high (Cronbach
0=0.987). We performed case-control analyses for each
genetic variation by testing patients with either current or
lifetime PTSD in combination versus the control indi-
viduals. Further, we analysed each of the two patients
groups individually with regard to a correlation of the
polymorphic sites with CAPS and BSI score levels.

Molecular Analyses

DNA was isolated from whole blood using the Flexi
Gene Kit (QIAGEN, hidden, Germany) and stored until
genotyping at -80 °C as described (Kulenovic et al. 2016).
Genotyping of the SLC6A3 VNTR was done according
previously published protocols (Hiinnerkopf et al. 2007).

The MBP variant rs12458282 was genotyped using a
custom designed KASP genotyping assay (LGC, Berlin,

Germany). A PCR reaction including an end-point fluo-
rescent read-out was done according to manufacturers’
instructions in a CFX384 Touch Cycler (Biorad, Mu-
nich, Germany). Genotype analysis was performed
using the CFX Manager Software.

Statistical Analyses

Statistics were performed using R v. 3.3.1, and PLINK
1.9. Both polymorphisms were polymorphous (minor
allele frequency (MAF) > 10%), reached a minimal
genotyping call rate of 96% and did not deviate from
Hardy-Weinberg equilibrium p>0.1). Logistic regres-
sion (MBP) and the y” test (SLC6A3) were used for case
control analyses combining both patient groups to be
tested against the control individuals. Linear regression
and the Mann-Whitney U test, respectively, were car-
ried out for analyses on CAPS and BSI scores within
each of the two patient groups individually. The fol-
lowing models were tested in all phenotypes: additive
allelic, dominant and recessive, as well as the genotypic
model. Analyses regarding the SLC6A3 VNTR were
only performed with the 9R and 10R alleles. Individuals
homozygous for 10R were tested against the group of
individuals with any other genotype combination. The
significance level was Bonferroni adjusted for 23 variants
that were analysed in total in the entire project (¢=0.002).

RESULTS

In order to examine the influence of the SLC6A3
and MBP gene on the etiopathology of PTSD, we
examined the SLC6A3 VNTR and the MBP SNP
rs1245828 in a case control study (N=719) and analysed
additionally their influence on two PTSD linked ques-
tionnaires, CAPS and BSI, in patients suffering from
either current or lifetime PTSD symptoms. The allele
and genotype distributions for the analysed SLC6A3
and MBP gene polymorphisms in war traumatized
participants are shown in Table 1 and Table 2.

Table 1. Allele and genotype distribution of the DAT VNTR gene polymorphism in sample of war traumatized (N=696)

Groups in sample Allele frequencies (n)

Genotype distribution (n)

9R 10R 10/10 9/10 9/9
PTSD (n=359) 178 540 208 124 27
No PTSD (n=337) 180 494 183 128 26
¥=0.668, df=1, p=0.414 ¥’=0.986, df=2, p=0.611

PTSD - respondents with posttraumatic stress disorder; No PTSD - respondents without posttraumatic stress disorder;

9R - nine repeat allele of DAT; 10R - ten repeat allele of SLC6A3
Table 2. Allele and genotype for MBP variant rs12458282 in sample of war traumatized individuals (N=703)

. Allele frequencies (n Genotype distribution (n

Groups in sample C 4 (T) T/T My C/T (n) c/c
PTSD (n=356) 224 488 170 148 38
No PTSD (n=347) 199 495 173 149 25

=130, df=1, p=0.255

¥’=2.60, df=2, p=0.642

PTSD - respondents with posttraumatic stress disorder; No PTSD -

respondents without posttraumatic stress disorder
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Figure 1. The distribution of CAPS scores within PTSD
lifetime patients according to MBP rs12458282 geno-
types n the dominant model for the T allele

Solute carrier family 6 member 3 VNTR

No significant differences of SLC6A3 VNTR geno-
type or allele distributions were detectable between PTSD
cases and controls (p,>0.1; Table 1). Concerning the
CAPS and BSI we did not identify an impact of SLC6A3
VNTR genotypes or alleles (p>0.1) on the scores within
the current or lifetime PTSD patient subgroups.

Myelin Basic Protein rs12458282

For MBP rs12458282 no significat associations were
identified within allelic, genotypic-dominant and reces-
sive models, neither for the dimensional CAPS and BSI
traits or for the categorical phenotype of PTSD (P,;=>0.05;
Table 2). However, regarding the CAPS total score
within the the lifetime PTSD patient subgroup our re-
sults may point to a posssible correlation of the T allele
with higher scores (p=0.079, B =-7.865, SE=4.451) but,
they were not even passing the nominal significance
level and were observed only in a dominant model of
the T allele (Figure 1).

DISCUSSION

As we know, this is the first genetic research on
PTSD in a South Eastern European population. Two
studies, (Priebe et al. 2010, Lopes et al. 2003) have
shown that there is a greater prevalence of PTSD in the
region, compared with the prevalence in other parts of
the world. Our results are inconsistent with previous
published positive results there showed correlation in
SLC6A3 gene polymorphisms and PTSD diagnosis
(Segman et al. 2002, Drury et al. 2009, Chang et al.
2012, Valente et al. 2011). One reason for disagreement
with results of Segman et al. (2002) could be that their
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sample comprised exclusively chronic forms of PTSD in
their sample, while PTSD subjects in this study comprise
the lifetime and current forms of PTSD. It is impossible
to directly compare this results to results of Chang et al.
(2012), because they suggest that myelination on
SLC6A3 along with 9R allele probably leads to an
elevated dopamine levels in the synaptic cleft, and risk of
PTSD diagnosis. Also there is a difference in sample
composition and methodology compared with Drury et
al. (2009) and Drury et al. (2013), they worked with
children who experienced different kinds of trauma.
These results also indicate the possibility that C allele of
the MBP SNP 1512458282 may be correlated with the
severity of lifetime PTSD symptoms. However, a higher
severity of symptoms was not a criterion during the
recruitment of participants in this study. In addition, for
the development of PTSD a combination of genetic and
environmental factors is suggested. Further distinct
changes of the volume of the hypocampus, and other
brain regions, are not just specific for PTSD, as they
observed in a lot of psychiatric disorders. Apart from the
disorder itself, also duration and severity of the symptoms
affect structural changes of the central nervous system.
Hence, our results may imply the possibility that carriers
of 1512458282 T allele who were exposed to trauma may
develop PTSD over time, because we identified sugges-
tive but not significant correlations with elevated CAPS
scores in patients with lifetime PTSD diagnosis.

Limitations of this study can be that the sample com-
prises participants with a single type of trauma and that
the sample size is relatively small. Also no data about a
history of juvenile mental disorders was collected. This
could be important because psychiatric disorders in
childhood may determine which subjects have a risk for
developing PTSD (Koenen et al. 2008). Other studies
with larger samples and with more specific data about
the severity of PTSD symptoms are needed to extend
knowledge about the etiology of this frequently ob-
served disorder.

CONCLUSIONS

The present study has shown that neither MBP nor
SLC6A3 polymorphisms are significantly correlated
with PTSD diagnosis. However, our results indicate that
there is a possibility for correlation between an elevated
CAPS score and T allele of MBP gene in patients with
remitted PTSD.
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