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Clinical genetic studies propose a moderate genetic contribution to the pathogenesis of PTSD with a heritability of about 30-
35%. The present brief review will give an overview of molecular genetic research in PTSD yielding support for specific
vulnerability genes. Additionally, evidence for gene-environment (GxE) interactions between susceptibility genes of PTSD and
traumatic experiences will be reported. Recent studies suggest a pivotal role of epigenetic mechanisms such as DNA methylation in
mediating the impact of trauma in the pathogenesis of PTSD. Future approaches to further unravel the genetic underpinnings of
PTSD might comprise genome-wide association studies (GWAS), the investigation of the genetic influence on intermediate
phenotypes of PTSD (e.g., imaging genetics) as well as pharmaco- and psychotherapy-genetic studies. Genetic research in PTSD will
be discussed with respect to its potential benefit regarding innovative and individually tailored therapeutic approaches in PTSD.
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INTRODUCTION

Posttraumatic stress disorder (PTSD) is an anxiety
disorder characterized by symptoms of re-experiencing
the trauma such as flash-backs, intrusions or night-
mares, avoidance behavior and hyperarousal persisting
for more than 1 month post experiencing or witnessing
extreme traumatic events involving actual or perceived
threat of death or serious injury or threat to one's
physical integrity (American Psychiatric Association
1994).

Given methodological problems regarding definition
of the traumatic stressor as well as regarding valid
instruments and timing of assessment, the life-time
prevalence of PTSD is difficult to determine. However,
in the US general population the lifetime prevalence of
PTSD has been estimated at 7% (Kessler et al. 2005)
and as high as 35% in people who experienced the war
in Bosnia and Herzegovina (Priebe et al. 2010).

The etiology of posttraumatic stress disorder (PTSD)
is considered to be multifactorial with an interaction of
traumatic environmental factors as well as genetic
factors, since - as exemplarily shown by Kessler et al.
(1995) - about 75% of the investigated population
experienced a traumatic event in their lifetime, while
only 7.8% of this sample developed PTSD.

CLINICAL GENETICS

An influence of genetic factors on the pathogenesis
of PTSD has been demonstrated by clinical genetic
studies such as family studies and twin studies: First
degree relatives of patients with PTSD show an
increased risk of developing PTSD themselves (Sack et
al. 1995), with some evidence for maternal imprinting
mechanisms (Yehuda et al. 2008). Twin studies in e.g.

Vietnam war veterans have revealed a heritability of
PTSD of ~ 30-35% (Koenen et al. 2002, True et al.
1993), while a recent twin study suggests a heritability
of 70% (Sartor et al. 2012), i.e. about one third to up to
70% of the entire variance in the pathogenesis of PTSD
can be attributed to genetic factors with the remainder
of the variance being explained by environmental
factors, particularly with regard to the persistence of
PTSD symptoms (Roy-Byrne et al. 2004). Distinct
genetic risk factors for the latent internalizing (41%)
and externalizing (69%) comorbidity dimensions of
PTSD have been suggested (Wolf et al. 2010). In
accordance with a considerable clinical comorbidity
between PTSD and major depressive disorder, alcohol
dependence, nicotine dependence, panic disorder and
generalized anxiety disorder, there seems to be a great
overlap between genetic risk factors for these disorders
(Chantarujikapong et al. 2001, Davidson et al. 1998,
Goenjian et al. 2008, Koenen et al. 2003, Koenen et al.
2005, Koenen et al. 2008a, McLeod et al. 2001,
Pervanidou 2008, Sartor et al. 2011, Scherrer et al.
2008, Xian et al. 2000, for review see Afifi et al. 2010).

MOLECULAR GENETICS

Single risk genes contributing to this overall genetic
risk of PTSD have been identified by to date over 40
molecular genetic studies (for review see Broekman et
al. 2007, Cornelis et al. 2010, Koenen 2007, Nugent et
al. 2008): evidence has been provided for the serotonin
transporter (5-HTT) gene promoter region (5-HTTLPR)
to be associated with acute stress disorder symptoms, as
well as PTSD severity score and PTSD as a categorical
nosological entity (Lee et al. 2005, Mercer et al. 2012,
Wang et al. 2011). Association of variation in the
serotonin 2A receptor (5-HT2A) gene has been reported
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to be a risk factor for PTSD in a trauma-exposed
African-American sample (Mellman et al. 2009). Genes
related to the hypothalamus-pituitary-adrenal axis and
therefore supposed to be involved in the mediation of
stress response have constituted another major focus in
molecular genetic association analyses in PTSD: the
FKBP5 gene - coding for a co-chaperone protein influ-
encing glucocorticoid receptor sensitivity - has been
found to be associated with PTSD (Binder et al. 2008,
Boscarino et al. 2011), plasma cortisol and PTSD
severity among survivors of the World Trade Center
attacks (Sarapas et al. 2011) and specific types of
hypothalamic-pituitary-adrenal axis dysfunction within
PTSD (Mehta et al. 2011). Furthermore, corticotropin-
releasing hormone type 1 receptor gene (CRHR1)
variants were observed to predict posttraumatic stress
symptoms onset and course in pediatric injury patients
(Amstadter et al. 2011). Finally, a variant in a putative
oestrogen response element within the ADCYAP1R1
gene, coding for the receptor of the pituitary adenylate
cyclase-activating polypeptide (PACAP), was asso-
ciated with PTSD particularly in females (Ressler et al.
2011). Further evidence has accumulated for variation
in genes involved in the dopaminergic system to
increase vulnerability to PTSD: association with PTSD
has been reported for the catechol-O-methyltransferase
(COMT) gene (Boscarino et al. 2011) and the dopamine
D2 receptor (DRD2) gene (Voisey et al. 2009), with
some support for DRD2 variation to specifically
mediate severe co-morbid psychopathology (anxiety,
depression) and social dysfunction in PTSD subjects
(Lawford et al. 2006). The dopamine transporter
(DAT1) gene has also been found to be associated with
PTSD, with, however, also contradictory reports of no
association (Bailey et al. 2010, Drury et al. 2009,
Segman et al. 2002, Valente et al. 2011). Still unre-
plicated evidence has been published for a possible role
of the endocannabinoid receptor 1 (CNR1) and the
gamma-aminobutyric acid receptor subunit alpha-2
(GABRAZ2) genes to confer susceptibility to PTSD (Lu
et al. 2008, Nelson et al. 2009).

GENE-ENVIRONMENT (GXE)
INTERACTION STUDIES

In addition to the identification of wvulnerability
genes, the complex-genetic nature of PTSD necessitates
the investigation of the interplay of genetic factors with
environmental factors regarding the pathogenesis of
PTSD or resilience towards stress-related disorders,
respectively (see Gillespie et al. 2009, Koenen et al.
2008b, Koenen et al. 2009b, Nugent et al. 2011, Yehuda
et al. 2010). Thus, increasing effort has been put into so-
called gene-environment-interaction (GxE) analyses:
several studies have suggested variation in the serotonin
transporter (5-HTT) gene promoter region and traumatic
events to interactively increase the risk for PTSD with,
however, contradictory results regarding the direction of
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allelic association (5-HTTLPR long vs. short alleles)
(Grabe et al. 2009; Kilpatrick et al. 2007, Koenen et al.
2011a, Kolassa et al. 2010a, Thakur et al. 2009, Xie et
al. 2009) and evidence for a moderating influence of
county-level environment (Koenen et al. 2009a). 5-HTT
gene variation and childhood trauma have furthermore
been found to interactively increase the risk for PTSD-
related phenotypes like anxiety sensitivity (Klauke et al.
2011, Stein et al. 2008). Further attention has been paid
to gene-environment interactions related to the HPA
axis as this neurobiochemical pathway has been shown
to be crucially involved in response to stressful or
traumatic experiences (see review by Mehta & Binder
2012). In the largest GXE study in PTSD so far, Binder
et al. reported genetic variation in the FKBP5 gene and
child abuse severity to interactively predict PTSD
symptoms in adulthood (Binder et al. 2008), which
could be replicated in an independent sample (Xie et al.
2010). In a sample of Croatian war veterans, an
interaction between dopamine beta-hydroxylase (DBH)
gene variation and combat history on PTSD status was
reported, with DBH plasma activity being suggested to
possibly constitute a biomarker for PTSD susceptibility
(Mustapic et al. 2007). Further GXE interaction in PTSD
has been observed for variation in the RGS2 (Amstadter
et al. 2009a), GABRAZ2 (Nelson et al. 2009) and COMT
(Amstadter et al. 2009b, Kolassa et al. 2010b) genes (for
review see Koenen 2005, Koenen et al. 2009b).

EPIGENETICS

Recently, epigenetic mechanisms such as methyl-
lation or acetylation have been shown to critically
influence gene regulation and mediate adaptation to
environmental influences (Jaenisch & Bird 2003), with
the latter presumably being of particular relevance for
the pathogenesis of PTSD (Dudley et al. 2011, Yehuda
et al. 2011, Yehuda & Bierer 2009). In animal models, it
has been suggested that epigenetic processes might
constitute flexible and temporally dynamic mechanisms
of adjustment to stressful environmental influences
(Chertkow-Deutsher et al. 2010, Lesch 2011, Roth &
Sweatt 2011): e.g., increased methylation of the brain-
derived neurotrophic factor (BDNF) gene resulting in
reduced gene expression in the prefrontal cortex has
been observed after maltreatment in rats (Roth et al.
2011) and greater 5-HTT gene methylation was
associated with enhanced behavioral stress reactivity
following early life stress in primates (Kinnally et al.
2011). Very recent studies have identified a differential
methylation status in genes involved in the immune
system to be associated with PTSD (Smith et al. 2011,
Uddin et al. 2010). Also, higher methylation in the
MAN2C1 gene (Uddin et al. 2011) or lower 5-HTT
DNA methylation, respectively (Koenen et al. 2011b),
and greater exposure to potentially traumatic events
have been shown to interactively increase the risk for
PTSD.
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PERSPECTIVES

Clinical and molecular genetic studies point to a
moderate influence of genetic factors and provide strong
support for considerable gene-environment interaction
in the etiology of PTSD. First epigenetic studies
demonstrated methylation patterns to mediate the
impact of aversive experiences on a biological level to
increase vulnerability to PTSD.

Future avenues to further unravel the complex-gene-
tic underpinnings of PTSD might comprise genome-
wide studies, imaging genetics and other intermediate
phenotype approaches as well as pharmaco- and
psychotherapy-genetic studies in PTSD.

Novel candidate genes of PTSD might arise from
large-scale molecular target screenings in validated
animal models of stress response (Zhang et al. 2006)
and genome-wide association studies (GWAS) in
patients with PTSD, where the entire genome is
interrogated for association with the disorder applying a
hypothesis-free approach (Cornelis et al. 2010).

A first imaging genetic study examining the impact
of genetic variants on relevant neuronal activation
patterns as an intermediate phenotype of PTSD revealed
a significant influence of serotonin transporter (5-HTT)
gene variation on activity of brain regions involved in
the cognitive control of emotion (amygdala, prefrontal
cortex) in patients with PTSD (Morey et al. 2011).
Besides the cortico-limbic interaction during cognitive
or emotional processing, further promising intermediate
phenotypes of PTSD might comprise the function of
hypothalamic-pituitary-adrenal axis or the locus
coeruleus-noradrenergic system, a smaller hippocampal
volume, a large cavum septum pellucidum, more
neurological soft signs, lower general intellectual ability
and poorer performance in the specific cognitive
abilities of executive function, attention, declarative
memory, and processing of contextual cues, which have
been shown to be heritable and related to PTSD
(Grossman et al. 2002, Kremen et al. 2007, Kremen et
al. 2012, Skelton et al. 2012).

Pharmaco- and psychotherapy-genetic studies ana-
lyze the genetic control of inter-individual variation in
treatment response. To date, two such studies have been
published with respect to PTSD: significant improve-
ment in social functioning during pharmacotherapy with
paroxetine was found to be influenced by DRD2 gene
variation (Lawford et al. 2003), while 5-HTTLPR low-
expression alleles (S or L(G)) were reported to confer
impaired treatment response to cognitive behavioral
therapy in PTSD (Bryant et al. 2010).

Genetic research in PTSD is hoped to finally result
in the development of novel therapeutic approaches
such as innovative drugs based on vulnerability genes
identified by molecular genetic studies or in the
application of resilience-increasing psychotherapeutic
techniques counteracting genetic susceptibility (cf.
Haglund et al. 2007). In the light of recent findings

regarding epigenetic processes crucially shaping the risk
for PTSD, future studies might additionally want to
explore epigenetic x environment (EpiGXE) interactions
as well as the potential benefit of psychotropic drugs
acting on epigenetic mechanisms such as valproate
(histone deacetylase inhibitor), the MAO-A inhibitor
tranylcypromine  (demethylation inhibitor) or S-
adenosyl-methionine (methyl group donor) in the
treatment of PTSD as previously suggested for e.g.
affective disorders (Hamm & Costa 2011, Papakostas
2009, Schmidt et al. 2011). Furthermore, advances in
genetic research hold great promise with regard to the
development of a more personalized, individualized
medicine. Increasing identification of genetic risk
factors in pharmaco- and psychotherapy-genetic studies
might allow for an early definition of non-responders to
a particular therapeutic intervention and thus for a more
targeted choice of the most efficient therapeutic agent or
psychotherapeutic  approach. This would help
tremendously to lower the individual patient’s suffering
as well as the economic burden of healthcare cost
related to the treatment of PTSD (Bowirrat et al. 2010,
Ramey-Hartung et al. 2008).

Acknowledgements

This work was supported by a grant from the DAAD
(54573244) and the Deutsche Forschungsgemein-
schaft (DFG; SFB-TRR-58, project C2).

Conflict of interest: None to declare.

REFERENCES

1. Afifi TO, Asmundson GJ, Taylor S & Jang KL: The role of
genes and environment on trauma exposure and
posttraumatic stress disorder symptoms: a review of twin
studies. Clinical Psychology Review 2010; 30:101-112.

2. American Psychiatric Association. 1994. Diagnostic and
Statistical Manual of Mental Disorders. Washington, DC.

3. Amstadter AB, Koenen KC, Ruggiero KJ, Acierno R,
Galea S, Kilpatrick DG & Gelernter J: Variant in RGS2
moderates posttraumatic stress symptoms following
potentially traumatic event exposure. Journal of Anxiety
Disorders 2009a; 23:369-373.

4. Amstadter AB, Nugent NR, Koenen KC, Ruggiero KJ,
Acierno R, Galea S, Kilpatrick DG & Gelernter J:
Association between COMT, PTSD, and increased
smoking following hurricane exposure in an epidemiologic
sample. Psychiatry 2009b; 72:360-369.

5. Amstadter AB, Nugent NR, Yang BZ, Miller A, Siburian R,
Moorjani P, Haddad S, Basu A, Fagerness J, Saxe G,
Smoller JW & Koenen KC: Corticotrophin-releasing hor-
mone type 1 receptor gene (CRHR1) variants predict post-
traumatic stress disorder onset and course in pediatric
injury patients. Disease Markers 2011; 30:89-99.

6. Bailey JN, Goenjian AK, Noble EP, Walling DP, Ritchie T
& Goenjian HA: PTSD and dopaminergic genes, DRD2
and DAT, in multigenerational families exposed to the
Spitak earthquake. Psychiatry Research 2010; 178:507-510.

269



Katharina Domschke: PATHO-GENETICS OF POSTTRAUMATIC STRESS DISORDER
Psychiatria Danubina, 2012; Vol. 24, No. 3, pp 267-273

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Binder EB, Bradley RG, Liu W, Epstein MP, Deveau TC,
Mercer KB, Tang Y, Gillespie CF, Heim CM, Nemeroff
CB, Schwartz AC, Cubells JF & Ressler KJ: Association
of FKBP5 polymorphisms and childhood abuse with risk
of posttraumatic stress disorder symptoms in adults.
JAMA 2008; 299:1291-1305.

Boscarino JA, Erlich PM, Hoffman SN, Rukstalis M &
Stewart WF: Association of FKBP5, COMT and CHRNA5
polymorphisms with PTSD among outpatients at risk for
PTSD. Psychiatry Research 2011; 188:173-174.

Bowirrat A, Chen TJ, Blum K, Madigan M, Bailey JA,
Chuan Chen AL, Downs BW, Braverman ER, Radi S,
Waite RL, Kerner M, Giordano J, Morse S, Oscar-Berman
M & Gold M: Neuro-psychopharmacogenetics and Neuro-
logical Antecedents of Posttraumatic Stress Disorder:
Unlocking the Mysteries of Resilience and Vulnerability.
Current Neuropharmacology 2010; 8:335-358.

Broekman BF, Olff M & Boer F: The genetic background
to PTSD. Neuroscience and Biobehavioral Reviews 2007;
31:348-362.

Bryant RA, Felmingham KL, Falconer EM, Pe BL,
Dobson-Stone C, Pierce KD & Schofield PR: Preliminary
evidence of the short allele of the serotonin transporter
gene predicting poor response to cognitive behavior
therapy in posttraumatic stress disorder. Biological
Psychiatry 2010; 67:1217-1219.

Chantarujikapong SI, Scherrer JF, Xian H, Eisen SA,
Lyons MJ, Goldberg J, Tsuang M & True WR: A twin
study of generalized anxiety disorder symptoms, panic
disorder symptoms and post-traumatic stress disorder in
men. Psychiatry Research 2001; 103:133-145.
Chertkow-Deutsher Y, Cohen H, Klein E & Ben-Shachar
D: DNA methylation in vulnerability to post-traumatic
stress in rats: evidence for the role of the post-synaptic
density protein Dlgap2. The International Journal of
Neuropsychopharmacology 2010; 13:347-3509.

Cornelis MC, Nugent NR, Amstadter AB & Koenen KC:
Genetics of post-traumatic stress disorder: review and
recommendations for genome-wide association studies.
Current Psychiatry Report 2010; 12:313-326.

Davidson JR, Tupler LA, Wilson WH & Connor KM: A
family study of chronic post-traumatic stress disorder
following rape trauma. Journal of Psychiatric Research
1998; 32:301-309.

Drury SS, Theall KP, Keats BJ & Scheeringa M: The role
of the dopamine transporter (DAT) in the development of
PTSD in preschool children. Journal of Traumatic Stress
2009; 22:534-539.

Dudley KJ, Li X, Kobor MS, Kippin TE & Bredy TW:
Epigenetic mechanisms mediating vulnerability and
resilience to psychiatric disorders. Neuroscience and
Biobehavioral Reviews 2011; 35:1544-1551.

Gillespie CF, Phifer J, Bradley B & Ressler KJ: Risk and
resilience: genetic and environmental influences on
development of the stress response. Depression and
Anxiety 2009; 26:984-992.

Goenjian AK, Noble EP, Walling DP, Goenjian HA,
Karayan 1S, Ritchie T & Bailey JN: Heritabilities of
symptoms of posttraumatic stress disorder, anxiety, and
depression in earthquake exposed Armenian families.
Psychiatric Genetics 2008; 18:261-266.

Grabe HJ, Spitzer C, Schwahn C, Marcinek A, Frahnow
A, Barnow S, Lucht M, Freyberger HJ, John U,
Wallaschofski H, Volzke H & Rosskopf D: Serotonin
transporter gene (SLC6A4) promoter polymorphisms and

270

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

the susceptibility to posttraumatic stress disorder in the
general population. American Journal of Psychiatry 2009;
166:926-933.

Grossman R, Buchshaum MS & Yehuda R: Neuroimaging
studies in post-traumatic stress disorder. Psychiatric
Clinics of North America 2002; 25:317-340.

Haglund ME, Nestadt PS, Cooper NS, Southwick SM &
Charney DS: Psychobiological mechanisms of resilience:
relevance to prevention and treatment of stress-related
psychopathology. Development and Psychopathology
2007; 19:889-920.

Hamm CA & Costa FF: The impact of epigenomics on
future drug design and new therapies. Drug Discovery
Today 2011; 16:626-635.

Jaenisch R & Bird A: Epigenetic regulation of gene
expression: how the genome integrates intrinsic and envi-
ronmental signals. Nature Genetics 2003; 33:245-254.
Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR
& Walters EE: Lifetime prevalence and age-of-onset
distributions of DSM-IV disorders in the National
Comorbidity Survey Replication. Archives of General
Psychiatry 2005; 62:593-602.

Kessler RC, Sonnega A, Bromet E, Hughes M & Nelson
CB: Posttraumatic stress disorder in the National
Comorbidity Survey. Archives of General Psychiatry
1995; 52:1048-1060.

Kilpatrick DG, Koenen KC, Ruggiero KJ, Acierno R,
Galea S, Resnick HS, Roitzsch J, Boyle J & Gelernter J:
The serotonin transporter genotype and social support
and moderation of posttraumatic stress disorder and
depression in hurricane-exposed adults. American Journal
of Anxiety 2007; 164:1693-1699.

Kinnally EL, Feinberg C, Kim D, Ferguson K, Leibel R,
Coplan JD & John MJ: DNA methylation as a risk factor
in the effects of early life stress. Brain, Behaviour, and
Immunity 2011; 25:1548-1553.

Klauke B, Deckert J, Reif A, Pauli P, Zwanzger P,
Baumann C, Arolt V, Glockner-Rist A & Domschke K:
Serotonin transporter gene and childhood trauma--a G x
E effect on anxiety sensitivity. Depression and Anxiety
2011; 28:1048-1057.

Koenen KC: Nature-nurture interplay: genetically
informative designs contribute to understanding the effects
of trauma and interpersonal violence. Journal of
Interpersonal Violence 2005; 20:507-512.

Koenen KC: Genetics of posttraumatic stress disorder:
Review and recommendations for future studies. Journal
of Traumatic Stress 2007; 20:737-750.

Koenen KC, Aiello AE, Bakshis E, Amstadter AB,
Ruggiero KJ, Acierno R, Kilpatrick DG, Gelernter J &
Galea S: Modification of the association between sero-
tonin transporter genotype and risk of posttraumatic stress
disorder in adults by county-level social environment.
American Journal of Epidemiology 2009a; 169:704-711.
Koenen KC, Amstadter AB & Nugent NR: Gene-envi-
ronment interaction in posttraumatic stress disorder: an
update. Journal of Traumatic Stress 2009b; 22:416-426.
Koenen KC, Fu QJ, Ertel K, Lyons MJ, Eisen SA, True
WR, Goldberg J & Tsuang MT: Common genetic liability
to major depression and posttraumatic stress disorder in
men. Journal of Affective Disorders 2008a; 105:109-115.
Koenen KC, Harley R, Lyons MJ, Wolfe J, Simpson JC,
Goldberg J, Eisen SA & Tsuang M: A twin registry study
of familial and individual risk factors for trauma exposure



Katharina Domschke: PATHO-GENETICS OF POSTTRAUMATIC STRESS DISORDER
Psychiatria Danubina, 2012; Vol. 24, No. 3, pp 267-273

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

and posttraumatic stress disorder. Journal of Nervous and
Mental Disease 2002; 190:209-218.

Koenen KC, Hitsman B, Lyons MJ, Niaura R, McCaffery
J, Goldberg J, Eisen SA, True W & Tsuang M: A twin
registry study of the relationship between posttraumatic
stress disorder and nicotine dependence in men. Archives
of General Psychiatry 2005; 62:1258-1265.

Koenen KC, Lyons MJ, Goldberg J, Simpson J, Williams
WM, Toomey R, Eisen SA, True WR, Cloitre M, Wolfe J &
Tsuang MT: A high risk twin study of combat-related
PTSD comorbidity. Twin Research and Human Genetics
2003; 6:218-226.

Koenen KC, Nugent NR & Amstadter AB: Gene-
environment interaction in posttraumatic stress disorder:
review, strategy and new directions for future research.
European Archives of Psychiatry and Clinical
Neuroscience 2008b; 258:82-96.

Koenen KC, Uddin M, Chang SC, Aiello AE, Wildman DE,
Goldmann E & Galea S: SLC6A4 methylation modifies the
effect of the number of traumatic events on risk for
posttraumatic stress disorder. Depression and Anxiety
2011a; 28:639-647.

Koenen KC, Uddin M, Chang SC, Aiello AE, Wildman DE,
Goldmann E & Galea S: SLC6A4 methylation modifies the
effect of the number of traumatic events on risk for
posttraumatic stress disorder. Depression and Anxiety
2011b; 28:639-647.

Kolassa IT, Ertl V, Eckart C, Glockner F, Kolassa S,
Papassotiropoulos A, de Quervain DJ & Elbert T:
Association study of trauma load and SLC6A4 promoter
polymorphism in posttraumatic stress disorder: evidence
from survivors of the Rwandan genocide. Journal of
Clinical Psychiatry 2010a; 71:543-547.

Kolassa IT, Kolassa S, Ertl V, Papassotiropoulos A & de
Quervain DJ: The risk of posttraumatic stress disorder
after trauma depends on traumatic load and the catechol-
o-methyltransferase Val(158)Met polymorphism. Biolo-
gical Psychiatry 2010b; 67:304-308.

Kremen WS, Koenen KC, Afari N & Lyons MJ: Twin
studies of posttraumatic stress disorder: Differentiating
vulnerability factors from sequelae. Neuropharmacology
2012; 62:647-653.

Kremen WS, Koenen KC, Boake C, Purcell S, Eisen SA,
Franz CE, Tsuang MT & Lyons MJ: Pretrauma cognitive
ability and risk for posttraumatic stress disorder: a twin
study. Archives of General Psychiatry 2007; 64:361-368.
Lawford BR, McD YR, Noble EP, Kann B, Arnold L,
Rowell J & Ritchie TL: D2 dopamine receptor gene
polymorphism: paroxetine and social functioning in
posttraumatic stress disorder. European Neuropsycho-
pharmacology 2003; 13:313-320.

Lawford BR, Young R, Noble EP, Kann B & Ritchie T:
The D2 dopamine receptor (DRD2) gene is associated
with co-morbid depression, anxiety and social dysfunction
in untreated veterans with post-traumatic stress disorder.
European Psychiatry 2006; 21:180-185.

Lee HJ, Lee MS, Kang RH, Kim H, Kim SD, Kee BS, Kim
YH, Kim YK, Kim JB, Yeon BK, Oh KS, Oh BH, Yoon JS,
Lee C, Jung HY, Chee IS & Paik IH: Influence of the
serotonin transporter promoter gene polymorphism on
susceptibility to posttraumatic stress disorder. Depression
and Anxiety 2005; 21:135-139.

Lesch KP: When the serotonin transporter gene meets
adversity: the contribution of animal models to under-

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

standing epigenetic mechanisms in affective disorders and
resilience. Current Topics in Behavioral Neuroscience
2011; 7:251-80.

Lu AT, Ogdie MN, Jarvelin MR, Moilanen IK, Loo SK,
McCracken JT, McGough JJ, Yang MH, Peltonen L,
Nelson SF, Cantor RM & Smalley SL: Association of the
cannabinoid receptor gene (CNR1) with ADHD and post-
traumatic stress disorder. American Journal of Medical
Genetics Part B: Neuropsychiatric Genetics 2008; 147B:
1488-1494.

McLeod DS, Koenen KC, Meyer JM, Lyons MJ, Eisen S,
True W & Goldberg J: Genetic and environmental
influences on the relationship among combat exposure,
posttraumatic stress disorder symptoms, and alcohol use.
Journal of Traumatic Stress 2001; 14:259-275.

Mehta D & Binder EB: Gene x environment vulnerability
factors for PTSD: The HPA-axis. Neuropharmacology
2012; 62:654-662.

Mehta D, Gonik M, Klengel T, Rex-Haffner M, Menke A,
Rubel J, Mercer KB, Putz B, Bradley B, Holshoer F,
Ressler KJ, Muller-Myhsok B & Binder EB: Using
polymorphisms in FKBP5 to define biologically distinct
subtypes of posttraumatic stress disorder: evidence from
endocrine and gene expression studies. Archives of
General Psychiatry 2011; 68:901-910.

Mellman TA, Alim T, Brown DD, Gorodetsky E, Buzas B,
Lawson WB, Goldman D & Charney DS: Serotonin
polymorphisms and posttraumatic stress disorder in a
trauma exposed African American population. Depression
and Anxiety 2009; 26:993-997.

Mercer KB, Orcutt HK, Quinn JF, Fitzgerald CA,
Conneely KN, Barfield RT, Gillespie CF & Ressler KJ:
Acute and Posttraumatic Stress Symptoms in a Prospe-
ctive Gene x Environment Study of a University Campus
Shooting. Archives of General Psychiatry 2012; 69:89-97.
Morey RA, Hariri AR, Gold AL, Hauser MA, Munger HJ,
Dolcos F & McCarthy G: Serotonin transporter gene
polymorphisms and brain function during emotional
distraction from cognitive processing in posttraumatic
stress disorder. BMC Psychiatry 2011; 11:76.:76.
Mustapic M, Pivac N, Kozaric-Kovacic D, Dezeljin M,
Cubells JF & Muck-Seler D: Dopamine beta-hydroxylase
(DBH) activity and -1021C/T polymorphism of DBH gene
in combat-related post-traumatic stress disorder. Ameri-
can Journal of Medical Genetics Part B: Neuropsychiatric
Genetics 2007; 144B:1087-1089.

Nelson EC, Agrawal A, Pergadia ML, Lynskey MT,
Todorov AA, Wang JC, Todd RD, Martin NG, Heath AC,
Goate AM, Montgomery GW & Madden PA: Association
of childhood trauma exposure and GABRA2 poly-
morphisms with risk of posttraumatic stress disorder in
adults. Molecular Psychiatry 2009; 14:234-235.

Nugent NR, Amstadter AB & Koenen KC: Genetics of
post-traumatic stress disorder: informing clinical concep-
tualizations and promoting future research. American
Journal of Medical Genetics Part C, Seminars in Medical
Genetics 2008; 148C:127-132.

Nugent NR, Tyrka AR, Carpenter LL & Price LH: Gene-
environment interactions: early life stress and risk for
depressive and anxiety disorders. Psychopharmacology
2011; 214:175-196.

Papakostas Gl: Evidence for S-adenosyl-L-methionine
(SAM-e) for the treatment of major depressive disorder.
Journal of Clinical Psychiatry 2009; 70:18-22.

271



Katharina Domschke: PATHO-GENETICS OF POSTTRAUMATIC STRESS DISORDER
Psychiatria Danubina, 2012; Vol. 24, No. 3, pp 267-273

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Pervanidou P: Biology of post-traumatic stress disorder in
childhood and adolescence. Journal of Neuroendocrino-
logy 2008; 20:632-638.

Priebe S, Bogic M, Ajdukovic D, Franciskovic T, Galeazzi
GM, Kucukalic A, Lecic-Tosevski D, Morina N, Popovski
M, Wang D & Schutzwohl M: Mental disorders following
war in the Balkans: a study in 5 countries. Archives of
General Psychiatry 2010; 67:518-528.

Ramey-Hartung B, EI-Mallakh RS & Reynolds KK:
Pharmacogenetic testing in schizophrenia and pos-
ttraumatic stress disorder. Clinics in Laboratory Medicine
2008; 28:627-643.

Ressler KJ, Mercer KB, Bradley B, Jovanovic T, Mahan A,
Kerley K, Norrholm SD, Kilaru V, Smith AK, Myers AJ,
Ramirez M, Engel A, Hammack SE, Toufexis D, Braas
KM, Binder EB & May V: Post-traumatic stress disorder
is associated with PACAP and the PAC1 receptor. Nature
2011; 470:492-497.

Roth TL & Sweatt JD: Epigenetic marking of the BDNF
gene by early-life adverse experiences. Hormones and
Behavior 2011; 59:315-320.

Roth TL, Zoladz PR, Sweatt JD & Diamond DM:
Epigenetic modification of hippocampal Bdnf DNA in
adult rats in an animal model of post-traumatic stress
disorder. Journal of Psychiatric Research 2011; 45:919-
926.

Roy-Byrne P, Arguelles L, Vitek ME, Goldberg J, Keane
TM, True WR & Pitman RK: Persistence and change of
PTSD symptomatology--a longitudinal co-twin control
analysis of the Vietnam Era Twin Registry. Social
Psychiatry and Psychiatric Epidemiology 2004; 39:681-
685.

Sack WH, Clarke GN & Seeley J: Posttraumatic stress
disorder across two generations of Cambodian refugees.
Journal of the American Academy of Child and Adolescent
Psychiatry 1995; 34:1160-1166.

Sarapas C, Cai G, Bierer LM, Golier JA, Galea S, Ising
M, Rein T, Schmeidler J, Muller-Myhsok B, Uhr M,
Holsboer F, Buxbaum JD & Yehuda R: Genetic markers
for PTSD risk and resilience among survivors of the
World Trade Center attacks. Disease Markers 2011;
30:101-110.

Sartor CE, McCutcheon VV, Pommer NE, Nelson EC,
Grant JD, Duncan AE, Waldron M, Bucholz KK, Madden
PA & Heath AC: Common genetic and environmental
contributions to post-traumatic stress disorder and
alcohol dependence in young women. Psychological
Medicine 2011; 41:1497-1505.

Sartor CE, Grant JD, Lynskey MT, McCutcheon VWV,
Waldron M, Statham DJ, Bucholz KK, Madden PA, Heath
AC, Martin NG & Nelson EC: Common heritable
contributions to low-risk trauma, high-risk trauma,
posttraumatic stress disorder, and major depression.
Archives of General Psychiatry 2012; 69:293-299.
Scherrer JF, Xian H, Lyons MJ, Goldberg J, Eisen SA,
True WR, Tsuang M, Bucholz KK & Koenen KC:
Posttraumatic stress disorder; combat exposure; and
nicotine dependence, alcohol dependence, and major
depression in male twins. Comprehensive Psychiatry
2008; 49:297-304.

Schmidt U, Holsboer F & Rein T: Epigenetic aspects of
posttraumatic stress disorder. Disease Markers 2011;
30:77-87.

272

74.

75.

76

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Segman RH, Cooper-Kazaz R, Macciardi F, Goltser T,
Halfon Y, Dobroborski T & Shalev AY: Association
between the dopamine transporter gene and posttraumatic
stress disorder. Molecular Psychiatry 2002; 7:903-907.
Skelton K, Ressler KJ, Norrholm SD, Jovanovic T &
Bradley-Davino B: PTSD and gene variants: New
pathways and new thinking. Neuropharmacology 2012;
62:628-637.

. Smith AK, Conneely KN, Kilaru V, Mercer KB, Weiss TE,

Bradley B, Tang Y, Gillespie CF, Cubells JF & Ressler
KJ: Differential immune system DNA methylation and
cytokine regulation in post-traumatic stress disorder.
American Journal of Medical Genetics Part B: Neuro-
psychiatric Genetics 2011; 156B:700-708.

Stein MB, Schork NJ & Gelernter J: Gene-by-environment
(serotonin transporter and childhood maltreatment)
interaction for anxiety sensitivity, an intermediate
phenotype for anxiety disorders. Neuropsychopharma-
cology 2008; 33:312-319.

Thakur GA, Joober R & Brunet A: Development and
persistence of posttraumatic stress disorder and the 5-
HTTLPR polymorphism. Journal of Traumatic Stress
2009; 22:240-243.

True WR, Rice J, Eisen SA, Heath AC, Goldberg J, Lyons
MJ & Nowak J: A twin study of genetic and environmental
contributions to liability for posttraumatic stress
symptoms. Archives of General Psychiatry 1993; 50:257-
264.

Uddin M, Aiello AE, Wildman DE, Koenen KC, Pawelec
G, de los SR, Goldmann E & Galea S: Epigenetic and
immune function profiles associated with posttraumatic
stress disorder. Proceedings of the National Academy of
Sciences of the United States of America 2010; 107:9470-
9475.

Uddin M, Galea S, Chang SC, Aiello AE, Wildman DE, de
Los SR & Koenen KC: Gene expression and methylation
signatures of MAN2CL1 are associated with PTSD. Disease
Markers 2011; 30:111-121.

Valente NL, Vallada H, Cordeiro Q, Miguita K, Bressan
RA, Andreoli SB, Mari JJ & Mello MF: Candidate-gene
approach in posttraumatic stress disorder after urban
violence: association analysis of the genes encoding
serotonin transporter, dopamine transporter, and BDNF.
Journal of Molecular Neuroscience 2011; 44:59-67.
Voisey J, Swagell CD, Hughes IP, Morris CP, van DA,
Noble EP, Kann B, Heslop KA, Young RM & Lawford BR:
The DRD2 gene 957C>T polymorphism is associated with
posttraumatic stress disorder in war veterans. Depression
and Anxiety 2009; 26:28-33.

Wang Z, Baker DG, Harrer J, Hamner M, Price M &
Amstadter A: The relationship between combat-related
posttraumatic stress disorder and the 5-HTTLPR/rs25531
polymorphism. Depression and Anxiety 2011; 28:1067-
1073.

Wolf EJ, Miller MW, Krueger RF, Lyons MJ, Tsuang MT
& Koenen KC: Posttraumatic stress disorder and the
genetic structure of comorbidity. Journal of Abnormal
Psychology 2010; 119:320-330.

Xian H, Chantarujikapong SI, Scherrer JF, Eisen SA,
Lyons MJ, Goldberg J, Tsuang M & True WR: Genetic
and environmental influences on posttraumatic stress
disorder, alcohol and drug dependence in twin pairs.
Drug and Alcohol Dependence 2000; 61:95-102.



Katharina Domschke: PATHO-GENETICS OF POSTTRAUMATIC STRESS DISORDER
Psychiatria Danubina, 2012; Vol. 24, No. 3, pp 267-273

87.

88.

89.

90.

Xie P, Kranzler HR, Poling J, Stein MB, Anton RF, Brady
K, Weiss RD, Farrer L & Gelernter J: Interactive effect of
stressful life events and the serotonin transporter 5-
HTTLPR genotype on posttraumatic stress disorder
diagnosis in 2 independent populations. Archives of
General Psychiatry 2009; 66:1201-1209.

Xie P, Kranzler HR, Poling J, Stein MB, Anton RF, Farrer
LA & Gelernter J: Interaction of FKBP5 with childhood
adversity on risk for post-traumatic stress disorder.
Neuropsychopharmacology 2010; 35:1684-1692.

Yehuda R, Bell A, Bierer LM & Schmeidler J: Maternal,
not paternal, PTSD is related to increased risk for PTSD
in offspring of Holocaust survivors. Journal of Psychiatric
Research 2008; 42:1104-1111.

Yehuda R & Bierer LM: The relevance of epigenetics to

Correspondence:

Katharina Domschke, MA, MID, PhD

Department of Psychiatry, University of Wiirzburg
Fiichsleinstrasse 15, D-97080 Wiirzburg, Germany
E-mail: Domschke_K@Kklinik.uni-wuerzburg.de

91.

92.

93.

PTSD: implications for the DSM-V. Journal of Traumatic
Stress 2009; 22:427-434.

Yehuda R, Flory JD, Pratchett LC, Buxbaum J, Ising M &
Holsboer F: Putative biological mechanisms for the
association between early life adversity and the
subsequent development of PTSD. Psychopharmacology
2010; 212:405-417.

Yehuda R, Koenen KC, Galea S & Flory JD: The role of
genes in defining a molecular biology of PTSD. Disease
Markers 2011; 30:67-76.

Zhang L, Zhou R, Xing G, Hough CJ, Li X & Li H:
Identification of gene markers based on well validated and
subcategorized stressed animals for potential clinical
applications in PTSD. Medical Hypotheses 2006; 66:309-
314.

273



