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Abstract. – OBJECTIVE: Posttraumatic stress
disorder (PTSD) is an adverse psychological re-
sponse to traumatic events. Microarray technolo-
gy for large-scale gene expression analysis facili-
tates the identification of signatures that underlie
the pathogenesis of PTSD. Previous studies most-
ly used variance/regression analysis without con-
sidering array specific factors. We aim to investi-
gate the underlying mechanism of PTSD through
partial least squares (PLS) based analysis.

MATERIALS AND METHODS: With a gene ex-
pression profile data set for 17 chronic PTSD pa-
tients and 16 controls recovered from psycho-
logical trauma from the Gene Expression Om-
nibus (GEO) database, we performed Partial
Least Square (PLS) based analysis.

RESULTS: We acquired 230 down-regulated
genes and 335 up-regulated genes. Significantly
increased representations of dysregulated genes
in immune, endocrine and nervous pathways
were identified. Among the top 5 hub genes in the
network, PRKCA has been reported to be related
with PTSD before.Three other genes,TP53, EP300
and CALM1 might also contribute to the patho-
genesis of PTSD since they are all related with
other neuronal disorders.

CONCLUSIONS: Our findings shed light on ex-
pression signatures of PTSD with the hope to
give further theoretical supports for future thera-
peutic study.
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Introduction

Posttraumatic stress disorder (PTSD) is an ad-
verse psychological response to traumatic events,
such as sexual assault, serious injury or the threat
of death1. As a common mental disorder, the life-
time prevalence of PTSD is various across cul-
tures2. Typically, the female-to-male ratio is 2:13,
and the lifetime prevalence of PTSD in general
population was about 6.8%4. Since 1980, when
PTSD was firstly proposed by the American Psy-
chiatric Association, a great deal of efforts has
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been devoted to explore the molecular mecha-
nism of PTSD. Biological alterations, which may
be associated with differential gene transcription,
have been suggested to be related with the patho-
genesis of PTSD5,6. Advances in microarray tech-
nology for large-scale gene expression analysis
facilitate the identification of signatures that un-
derlie the pathogenesis of PTSD. Several studies
have investigated gene expression from PTSD
patients using microarray analysis7-9. These stud-
ies implemented the standard variance/regression
analysis, which cannot remove unaccounted ar-
ray specific factors. For example, it may happen
that some genes are identified to be induced or
depressed as result of specific demographic pro-
file. Previous study10 proposed that partial least
squares (PLS) based gene expression analysis
was robust in selecting disease specific genes.
Compared with variance/regression analysis,
PLS-base analysis yielded higher sensitivity, rea-
sonably high specificity and impressively small
false discovery rate and false non-discovery rate.
Characterize the gene expression signatures of
PTSD using PLS based method may conduce to
further understanding of pathogenesis and the de-
velopment of novel preventing or therapeutic
procedure. In this study, with an expression pro-
file downloaded from the gene expression om-
nibus (GEO) database, we investigated the patho-
logical mechanism in PTSD using PLS-based
analysis. Corresponding pathways with signifi-
cantly increased dysregulated genes were also
acquired. Moreover, protein-protein interaction
(PPI) network analysis was carried out to identify
key genes among the differentially expressed
genes.

Materials and Methods

Microarray Data
The gene expression array data (GSE860)

was downloaded from the GEO
(http://www.ncbi.nlm.nih.gov/geo/) database.
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KEGG id Pathway description Pathway class p-value

05164 Influenza A Infectious diseases 2.83E-05
04940 Type I diabetes mellitus Endocrine and metabolic diseases 1.63E-04
04672 Intestinal immune network for IgA production Immune system 1.83E-04
05214 Glioma Cancers 3.87E-04
04728 Dopaminergic synapse Nervous system 8.85E-04
04961 Endocrine and other factor-regulated Excretory system 1.08E-03

calcium reabsorption
04912 GnRH signaling pathway Endocrine system 1.08E-03
04151 PI3K-Akt signaling pathway Signal transduction 1.47E-03
04914 Progesterone-mediated oocyte maturation Endocrine system 1.76E-03
5169 Epstein-Barr virus infection Infectious diseases 1.85E-03

Table I. Pathways enriched with differentially expressed genes.

This series represents transcription profile of 17
chronic PTSD patients and 16 controls recovered
from psychological trauma. All samples were
taken from peripheral mononuclear blood cells of
survivors of psychological trauma. The data set
was based on platform GPL91: [HG_U95A]
Affymetrix Human Genome U95A Array.

Identification of Differentially Expressed
Genes (DEGs)

Raw data in CEL format which were generat-
ed from satisfactory image files were obtained
from the GEO database. Raw intensity values
normalization was performed by Robust Multi-
array Analysis (RMA)11. The resulting log2-
transformed expression value for each probe was
used in subsequent analysis. Briefly, PLS was
used to estimate the effects of each probe in
PTSD patients and healthy controls. Firstly, PLS
latent variables derived from expression profile
were calculated by using the non-linear iterative
partial least squares (NIPALS) algorithm12; Sec-
ondly, the variable importance in the projection
(VIP)13 was calculated to evaluate the importance
of the expressed genes on the status of the sub-
jects. Finally, the empirical distribution of PLS-
based VIP was obtained with a permutation pro-
cedure (n=10000 times). False discovered rate
(FDR) of each probe was then calculated based
on the empirical distribution. In this study,
probes with FDR less than 0.05 were considered
as significantly differentially expressed.

Pathway Analysis
Data in simple omnibus format in text (SOFT)

format were also downloaded from the GEO
database. All probes were annotated according to
the SOFT format file. All genes were annotated
based on the Kyoto Encyclopedia of Genes and

Genomes (KEGG) database14. Enrichment analy-
sis was then carried out by using hypergeometric
distribution test to identify pathways enriched
with dysregulated genes.

Network Analysis
We used Cytoscape (V 2.8.3, available on

http://www.cytoscape.org/)15 and the National Cen-
ter for Biotechnology Information (NCBI) database
(http://ftp.ncbi.nlm.nih.gov/gene/GeneRIF/, 2013-
2-25) to construct the interaction network for differ-
entially expressed genes.

Results

Compared with normal controls, a total of 565
genes were differentially expressed, including
230 down-regulated genes and 335 up-regulated
genes. For all well-characterized genes in the ar-
ray, 4359 genes can be mapped to various path-
ways while 286 differentially expressed genes
were mapped to KEGG pathways. The top ten
pathways enriched with dysregulated genes are
listed in Table I. We identified pathways involved
in immune response, endocrine system, and sig-
nal transduction. The Glioma pathway, which is a
type of cancer in the nervous system, was also
identified to be enriched with differentially ex-
pressed genes. Significantly increased represen-
tation of genes involved in the dopaminergic
synapse pathway was also found.

Most proteins function with other proteins,
thus, protein-protein interaction (PPI) is critical
for all biological processes16, which should be
considered as complex PPI networks constituted
with interconnected proteins. The known interac-
tions between proteins encoded by differentially
expressed genes were visualized using Cytoscape
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Gene Implications in PTSD or other neuronal disorders (PubMed ID) Degree

TP53 Alzheimer's disease (22503900) 20
PRKCA PTSD (22586106) 13
EP300 Alzheimer’s disease (17197080); neuronal survival (10350644) 12
EWSR1 No known association with neuronal disorders. 10
CALM1 Drug addiction (17205118) 8

Table I. The top 5 hub molecules in the network constructed by differentially expressed genes.

patients15. It was suggested that TP53 may be im-
plicated in the pathological mechanism of
Alzheimer’s disease by repair of oxidative DNA
damage and/or apoptosis19. Implication of TP53
in neuronal disorders suggested that TP53 may
be involved in PTSD through similar biological
process.

PRKCA was also identified as a hub gene with
the second highest degree (Figure 1, Table II).
Previous study20 has indicated a genetic link be-
tween this gene and PTSD since genetic variabil-
ity of the gene was associated with memory ca-
pacity. Our investigation here confirmed the rela-
tionship between PRKCA and PTSD.

EP300 encodes a transcriptional co-activator
protein, which stimulates CREB-dependent gene
expression by integrating various signal-respon-
sive transcription factors. The promoted signal-
ing mechanism of EP300 is important in neu-
ronal survival21 and it has also been related with
familial Alzheimer’s disease21. Therefore, the as-
sociation of EP300 and PTSD warrants further
investigation. Another hub gene might be related
with PTSD is CALM1. Protein encoded by this
gene is a member of the calcium-binding protein
family. No previous report of the relationship be-
tween PTSD and CALM1 has been proposed.
However, according to KEGG database, it is in-
volved in several nervous pathways, including
the Neurotrophin signaling pathway, Dopaminer-
gic synapse, Alzheimer’s disease, Glioma and
Amphetamine addiction.

Conclusions

With gene expression profile data from the
GEO database, we carried out a PLS based
analysis to identify differentially expressed genes
which may contribute to the pathology of PTSD
patients. Further analysis was also implemented
to identify pathways and hub genes related with
the disease. Our results facilitate the disclosure
of the molecular mechanism underlying PTSD.

(V 2.8.3)15. Degree is a measure that is used to
identify critical molecules called ‘hubs’. The de-
gree of one node is defined as its number of in-
teractions. We defined the top 5 nodes with the
highest degrees as hubs (Table II). All the hub
genes except EWSR1 were known to be associat-
ed with neuronal disorders.

Discussion

Pathophysiology of PTSD is highly complex.
Gene expression profiling has offered great ease
for investigating the underlying pathophysiologi-
cal cascades in PTSD. However, using a suitable
model to handle large number of genes and rela-
tively small sample size is challenging. Previous
gene expression studies for PTSD mostly used
variance/regression analysis, which cannot re-
move hidden biological effects. Here, we used a
PLS based model to identify differentially ex-
pressed genes in PTSD patients and healthy con-
trols. Subsequent pathway and network analysis
was also used to explore underlying mechanism.

The pathway analysis results were generally con-
sistent with previous findings. Over-representation
of differentially expressed genes was found in the
immune system. Dysregulation of immune genes in
PTSD has been reported in previous studies7, and
alterations in the immune system were suggested to
be the characteristic of the disorder17. Identification
of increased presentation of the endocrine system is
also expected since over-reactive adrenaline re-
sponse is a common clinical manifestation of
PTSD. In addition, the dopaminergic synapse path-
way was found with significantly increased dysreg-
ulated genes. Dopamine functions as a neurotrans-
mitter and it has been considered as a potential tar-
get for the treatment of PTSD18.

Network analysis revealed that TP53 was a
hub gene with the highest degree (Figure 1, Table
II). No previous report has proposed the associa-
tion of TP53 and PTSD. However, TP53 protein
expression was increased in Alzheimer’s disease
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