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There have been significant advances in understand- extant findings that the PTSD neurobiology is analo-
ing the phenomenology and biology of PTSD in the gous to the classical neurobiology of chronic stress or
more than thirty years since the disorder first appeared fear. While stress neurobiology arguably explains the
in the DSM-III. However, as we stand in the crossroads emergence of some symptoms in the acute aftermath of
towards DSM-V, it is clear that scientific efforts in the  trauma, it has not been able to explain either the per-
examination of PTSD have yielded more questionsthan sistence of those symptoms in the subset of trauma sur-
they have answered. PTSD was initially described as a vivors who do not recover, or why such persons do not
conditionin which “the essential feature is the develop- undergo what is arguably the defining hallmark of the
ment of characteristic symptoms following a psycho- stressresponse —the recalibration of biological systems
logically traumatic event that is generally outside the towards homeostasis. Given these existing questions,
range of usual human experience” (APA, 1980). Itwas the next generation of biological studies in PTSD must
not only implied, but made explicitin the DSM-III, that  evaluate a broader range of biological mechanisms, and
the symptoms result from the trauma exposure. Thus, this examination must include molecular biology.
the one question that investigators did not feel they had It is for this reason that we have compiled a volume
to attend to in the early years of research on this dis- that puts together a series of conceptually related papers
order was what causes PTSD. Rather, initial investiga- on the emerging molecular biology of PTSD. In that
tions focused on demonstrating that persons who expe- this is a new field, a volume that summarizes various
rience extreme trauma showed alterations in biological methodological and theoretical approaches may have
systems that have also been implicated in chronic stressvalue in creating a scaffolding for future studies.
and/or identified as correlates of fear. Molecular biology is an approach that focuses on in-

Avariety of converging findings have now provided a tegrating information about the functioning of different
scientific mandate to answer the question of what caus- cellular components. This includes how information
es PTSD. First and foremost are results from epidemi- travels from DNA to RNA, from RNA to protein syn-
ologic studies demonstrating that only a proportion of thesis, and ultimately from protein synthesis to func-
trauma exposed persons develop PTSD. These studiegion and behavior. Molecular biology is not only inter-
have led to the conclusion that trauma exposure alone ested in the regulation of transcription and translation,
is not a sufficient causal agent. Furthermore, it has but also in other processes of gene regulation includ-
become clear that the findings related to stress or fear ing epigenetic regulation or genomic imprinting. The
neurobiology may not be fully or completely applica- latter mechanisms are particularly interesting to exam-
ble to the PTSD phenotype. Itis true that the two major ine in PTSD because they may reflect enduring conse-
stress-responsive biological systems — the hypothala- quences of environmental perturbations. In turn, epige-
mic pituitary adrenal (HPA) axis and sympathetic ner- netic alterations can influence other molecular process-
vous system (SNS) — seem to be dysregulated in PTSD. es such as transcriptional and post-transcriptional reg-
However, it has not been possible to conclude from ulation (e.g., sequestration, alternative splicing, 4ran

ISSN 0278-0240/11/$27.50 2011 — 10S Press and the authors. All rights reserved



62

lational regulation, and both reversible and irreversible
post-translational regulation). Whereas the field of psy-
chiatry has begun to make use of molecular biology by
identifying genetic association with symptoms, it has

become clear that studies of genotype must be supple-

mented by efforts to evaluate the proteome, transcrip-

tome and epigenetic aspects regulating cell function.
The ideal methodology for identifying a molecular

biology of PTSD involves the development and testing

of models that integrate genetic, epigenetic, neuroen-

docrine, and risk and resilience factors together with
environmental factors to predict the development of
PTSD. Such an approach would also account for con-
tributing factors, would preferably be prospective (i.e.,
initiated even before trauma exposure) and longitudi-
nal, and would consider sampling biases. Given the
massive number of existing biological measures, this
vision seems overwhelming if not prohibitively expen-
sive. However, the papers in this volume take a step
towards realizing this ultimate vision.

In the first paper, Yehuda and colleagues ask the
guestion of why genes might be involved in the biolo-
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develop PTSD following trauma exposure and others
do not.

Inarguably, the study of epigenetics is an important
frontier in the molecular biology of PTSD. Schmidt
and colleagues provide an elegant summary of the epi-
genetic mechanisms that may be of high relevance to
PTSD, while also summarizing existing data from ani-
mal models and emerging clinical studies that support
arole for these mechanisms in PTSD. The rationale for
examining the epigenome in PTSD is to gain insight
into the mechanisms that mediate communication be-
tween the environment and genes. To address the issue
of enduring alterations in the HPA and SNS - that is,
those that cannot be explained by current stress theory —
Schmidt et al. distinguish between effects of a traumatic
“wound” rather than an ongoing challenge (i.e., “stres-
sor”). The authors also examine the distinction be-
tween epigenetic processes that control the chromatin
and those that alter the DNA molecule itself. Both
changes modify access to biological information. Rel-
evant modifications of chromatin can be accomplished
by methylation and phosphorylation of histone proteins

gy of PTSD at all. Of all psychiatric disorders, PTSD at defined sites, and also more rare modifications of
represents the quintessentially environmental condition histones, such as sumolyation, ubiquitination, ADP-
because it cannot exist without the exposure. However, ribosylation, biotinylation, carbonylation, deiminatio
genotype may be important to PTSD in at least two proline isomerization, and glycosylation. These serve
major ways. First, the presence of a specific gene vari- to explain how the DNA molecule becomes available
ant could increase the risk to environmental exposure. for methylation and acetylation of bases which then di-
Second — and the more classical explanation for the rectly alter gene expression generally by silencing the
role of genotype in PTSD — the presence of a specific gene. The truly exciting idea presented by Schmidt et
gene variant can contribute to individual differencesin al. is that PTSD prophylaxis may come from secondary
response to an event. Indeed the important question prevention using epigenetic therapy in PTSD during
that arises regarding gene and environment is whether, the incubation phase immediately following trauma ex-
in fact, they areindependent. If genotype contributes posure. Some of the novel approaches towards PTSD
to trauma exposure, than some effects that are inter- prophylaxis, such as treatment with high doses of glu-
preted as gene x environment interactions may sim- cocorticoids [1,2], may be effective because they may
ply be gene x environment correlations. A true gene interruptthe trajectory of symptom developmentthatis
X environment interaction implies that environmental the result of a post-traumatic epigenetic process.
events are random, but exposure to trauma may not be The next section of this volume is devoted to clin-
independent of genotype. The authors also attempt to ical studies examining various aspects of the molec-
distinguish between an environmental exposure thatin- ular biology in PTSD populations. The first of these
teracts with a gene to produce a specific response, andstudies by Amstadter and colleagues is an example of
one that modifies the gene (e.g., via epigenetic mech- a classic candidate gene (and gene x environment) ap-
anisms). Importantly, epigenetic mechanisms can con- proach. Candidate genes are chosen for study based
trol the ways genes function because they regulate how on their functional significance to a biological corre-
information carried in the genotype is accessed. Thus late of PTSD. In the past, the existence of a function-
functional changes in gene expression can theoretically al gene variant generally provided the justification for
occur independent of specific allelic variation. If thisis further examining more downstream molecular biolog-
true in practice, then the field of molecular biology of ical mechanisms leading to the phenotype. The chal-
PTSD may begin to rely less on relatively static inher- lenge of this approach is to select a biological alteration
ited genotype differences to explain why some people that is highly specific to a disorder or symptom. In
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this study the authors have chosen to examine variation mental perturbations, eg. trauma exposure). Another

in the CRHR1 gene. This gene, and putative down-
stream CRH alteration, has been generally implicated
in mood and anxiety disorder, but less specifically in
PTSD. Rather, the alterations in the HPA axis that have

advantage of the approach by Sarapas et al. is that the
sample utilized was one in which risk for PTSD was not
confounded with risk for trauma exposure. The sample
studied was selected from a longitudinal and prospec-

been observed in PTSD appear to occur more at the tive epidemiological cohort of persons exposed to the

level of the glucocorticoid receptor than at the level
of hypothalamic CRH regulation per se. Nonetheless,
in that variation in the CRHR1 gene was found to in-
teract with a history of childhood maltreatment in an-
other sample, it is interesting to consider whether this
genotype might also interact with childhood pediatric
injury. Even in this relatively small sample, an asso-
ciation between the CRHR1 gene variant and injury
in the prediction of PTSD in children was observed.
However, it is not clear to what extent this genotype
might have also interacted with injury to predict other
psychiatric symptoms of mood and depression. The
implications of the findings may be substantial. To the
extent that childhood maltreatment and pediatric injury
are distinct events, then the gene x childhood trauma
interaction observed in previous studies may reflect a
true interaction, not merely a correlation. On the oth-
er hand, pediatric injury, like childhood maltreatment,
may not occur in a vacuum, particularly in an inner
city sample. This paper, then illustrates that much of
molecular biological studies in PTSD will need to be
interpreted and evaluated in the context of the sample
chosen for study.

The above study provides a nice segue to the contri-
bution of Sarapas et al. which uses a completely differ-

9/11 World Trade Center attacks who either had PTSD
for at least two out of four longitudinal assessments or
never developed PTSD following this event. Because
some of the participants had also recovered from PTSD,
the authors were able to identify genes associated with
the development of PTSD, recovery from PTSD (i.e.,
“resilience genes”), and PTSD state symptomatology.
That at least one of these genes, FKBP5 was related to
glucocorticoid receptor sensitivity and was associated
with cortisol levels suggests the beginning of identify-
ing a functional molecular aspect of PTSD pathophys-
iology.

The contribution by Uddin et al. provides a very in-
novative template for future molecular biological stud-
ies. Here the authors used the existing literature to se-
lect genes that had been differentially expressed in oth-
er studies of PTSD (such as the aforementioned study),
and examined those genes for changes in methylation.
This approach is so interesting because it blends some
of the unique opportunities of genome-wide examina-
tion with the discipline of a candidate gene approach.
The authors asked whether the changes in gene ex-
pression are underpinned by an epigenetic mechanism
(i.e., cytosine methylation). Since the literature on
the molecular biology is relatively small, a manage-

ent strategy. Rather than a candidate gene approach,able number of 33 genes were evaluated. Methyla-

this study provides a genome-wide examination, which
is hypothesis-generating. Instead of examining geno-
type, this study utilized microarray analysis to provide
an unbiased survey of the mRNA expression level of
nearly the entire human genome, allowing the identi-

tion microarray specifically focused on whether any of
these candidate genes showed epigenetic signatures in-
dicative of increased risk for PTSD. The authors fur-
ther added a gene x environment analysis. Of the 33
candidate genes, only one was found to be associated

fication of molecular pathways that have not yet been with a higher methylation x cumulative trauma burden
identified in PTSD. The assessment of gene expression PTSD risk. It is difficult to draw too many conclusions

changes can help identify a broader range of relevant
pathophysiologic and risk factors in PTSD including

about epigenetic changes from this study. The identi-
fied gene, MAN2CI, has been implicated in t-cell func-

those associated with epigenetics, gene transcription tioning and is known to be involved in cancer progres-
and protein synthesis. Of course when departing from sion. Thus there is no apparent reason why this gene
studies of DNA, it becomes critical to consider the na- should be differentially methylated in association with

ture of the tissue that is being investigated. In the fol-

lowing three studies, gene expression and other anal-

yses are performed in mononuclear leukocytes (which

PTSD. Furthermore, the sample is relatively small and
mixed with respect to trauma exposure. Yet the possi-
bilities of using this type of approach are very impor-

may or may not be models of the brain). The genes tantto think about. Indeed, one of the very challenging

identified can then be genotyped to determine whether
changes in RNA are functional expressions of inherit-
ed allelic variation (rather than resulting from environ-

aspects of this kind of work is the number of variables
(i.e., genes) when departing from a candidate gene ap-
proach. Here, a rational way of selecting genes for fur-



64 Introduction
ther examination was identified. Whereas typically a than comparable Jewish adults whose parents did not
genome wide microarray analysis identifies genes that have any exposure to the Holocaust? The analysis per-
can be genotyped, in PTSD, the rationale for examining formed demonstrated that Holocaust offspring did re-
other molecular aspects is even more compelling (and port having poorer emotional and physical health, but
does not rule out gene analysis). that these observations were preferentially associated
Another very interesting approach to elucidate the with maternal, not paternal, Holocaust exposure. The
molecular biology of PTSD is presented by O’Donovon  subjective impression of poorer health was substanti-
et al. These authors also performed a gene expressionated by the findings of greater usage of current psy-
study but sought to identify transcription factor binding chotropic and other medicine for the treatment of med-
motifs in promoter regions of differentially expressed ical disorders (such as for hypertension). Because of
genes from persons with PTSD and matched controls. previously demonstrated links between maternal stress
Promotor regions are locations on the genes that are during pregnancy and the subsequent development of
most likely to be subject to epigenetic modifications. hypertension in adult offspring, it is suggested that the
This study is similar to the approach of Uddin et al., in  findings may be mediated by changesin early glucocor-
that genes that have been demonstrated to show differ-ticoid programming. This mechanism has already been
ential monocyte gene expression in PTSD were further invoked as the molecular mechanism through which
examined to determine whether the expression changesother observations, such as underlying lower cortisol
stemmed from differences in upstream inflammatory, levelsand increased prevalence of PTSD in adult Holo-

adrenergice or glucocorticoid transcriptional activity i
the promoter DNA sequences. Like the other papersin
this volume, this contribution also highlights the utility
of analyzing gene expression at multiple levels to obtain
insight into many different molecular aspects of PTSD.
The authors chose to focus on inflammatory activity

caust offspring [2,3]. The paper is included to help ex-
pand the field of molecular biology to careful clinical
observations.

The last paper in this volume is a review of gender
differences in animal models of PTSD, which is par-
ticularly pertinent given the evidence for gender dif-

because this may be an important pathway that relates ferences obtained by O’Donovon et al. The paper at

not only to the PTSD phenotype, but to the increased
risk for physical disease associated with the disorder.
One of the most fascinating aspects of this study is the

very substantial gender difference that was observed.

Men and women with PTSD both showed upregulation
of target genes associated with the NB/Rel fami-

ly of transcription factors, which convey inflammato-
ry signals and down-regulation of target genes for the
glucocorticoid receptor. However, men showed an up-
regulation of target genes for CREB/ATF transcription
factors, which convey adrenergic signals from the SNS,
while women showed a downregulation of these target
genes. These findings may ultimately yield insight into
gender differences in PTSD and should be examined
further.

Flory et al. demonstrate how behavioral observations
can implicate and be informative of molecular biologi-
cal mechanisms even when molecular biological tools
are not directly utilized. Here a careful examination
of behavior, phenotype, and patterns of familial trans-
mission, including attention to paternal vs. maternal
associations, identified behaviors that are possibly un-
derpinned by early developmental programming. In

the end of the volume rather than at the beginning is
meant to demonstrate the uniqueness of research in
PTSD where animal modeling has truly followed clin-
ical observation. Indeed, animal studies have the po-
tential of addressing many of the questions that have
arisen in clinical studies, including those in this vol-
ume. These concern the relevance of monocytes as
models of gene expression in the brain as well as is-
sues related to gender differences. Indeed, the litera-
ture suggests that in PTSD animal models, gender dif-
ferences are very strong, mirroring the observation of
gender differences in the prevalence, but not necessar-
ily the biology of PTSD. Animal models may also one
day be used to explain some of the findings that relate
specifically to transgenerational transmission of PTSD
risk from pregnant mothers to offspring. An important
idea that is presented is that prevalence differences do
not actually speak to molecular or biological mecha-
nisms associated with gender differences in vulnera-
bility and resilience, and in fact, there are starkly con-
trasting findings between the human and animal data
in this regard. These serve to heighten our interest and
enthusiasm for future studies that identify relevant bi-

one sense, the question being asked in this paper is aological templates of individual variation and potential

simple one: Do adult children of Holocaust survivors
report more emotional and physical health problems

cultural (i.e., environmental and enduring molecular)
influences.
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