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Abstract
There have been several attempts to use gene microarrays from peripheral blood mononuclear
cells to identify new biological pathways or targets for therapy in Posttraumatic Stress Disorder
(PTSD). The few studies conducted to date have yielded an unclear pattern of findings, perhaps
reflecting the use of heterogeneous samples of circulating immune cells for analysis. We used
gene microarrays on a homogeneous sample of circulating monocytes to test the hypothesis that
chronic PTSD would be associated with elevated inflammatory activity and to identify new
pathways dysregulated in the disorder. Forty-nine men (24 PTSD+ and 25 age-matched trauma-
exposed PTSD− controls) and 18 women (10 PTSD+ and 8 age-matched PTSD− controls) were
recruited. Gene expression microarray analysis was performed on CD14+ monocytes, immune
cells that initiate and respond to inflammatory signaling. Male subjects with PTSD had an overall
pattern of under-expression of genes on monocytes (47 under-expressed versus 4 over-expressed
genes). A rigorous correction for multiple comparisons and verification with q-PCR showed that
of only 3 genes that were differentially expressed, all were under-expressed. There was no
transcriptional evidence of chronic inflammation in male PTSD+ subjects. In contrast, preliminary
data from our pilot female PTSD+ subjects showed a relatively balanced pattern of increased and
decreased expression of genes and an increase in activity of pathways related to immune
activation. The results indicate differential patterns of monocyte gene expression in PTSD, and the
preliminary data from our female pilot subjects are suggestive of gender dimorphism in biologic
pathways activated in PTSD. Changes in immune cell gene expression may contribute to medical
morbidity in PTSD.
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Introduction
Posttraumatic Stress Disorder (PTSD) is highly prevalent in both military and civilian
populations, is chronic and often accompanied by substance abuse, depression, difficulties
with interpersonal relationships, poorer occupational functioning and increased physical
health problems (Kulka et al., 1990). A number of studies have demonstrated that PTSD is
associated with alterations in immune function (Hoge et al., 2009). Specifically, PTSD is
associated with enhanced cellular immune responses (Altemus et al., 2003; Laudenslager et
al., 1998; Watson et al., 1993), activated T lymphocytes (Wilson et al., 1999) and impaired
humoral immunity, as indexed by higher antibody responses to cytomegalovirus levels
(Uddin et al., 2010). PTSD has also been shown to be associated with increased levels of
some inflammatory cytokines (Maes et al., 1999a; Spivak et al., 1997; Sutherland et al.,
2003). Finally, PTSD is associated with increased levels of C-reactive protein (Miller et al.,
2001), an index of systemic inflammatory activity, though this has not been found in all
studies (Sondergaard et al., 2004). These findings of altered immune functioning in PTSD
have important implications for understanding the high rates of cardiovascular (Cohen et al.,
2009; Kubzansky et al., 2007), musculoskeletal, and neurocognitive disorders associated
with PTSD (Reviewed in (Schnurr et al., 2000)). Chronic inflammation is well known to be
associated with a broad spectrum of neurodegenerative diseases including Alzheimer’s
disease (AD), Parkinson’s disease, amyotrophic lateral sclerosis (ALS), and possibly
neuropsychiatric disorders.

Gene expression microarray analysis has facilitated the discovery of genes/pathways/
proteins associated with biological and pathological processes. Only in the past few years
has this powerful tool been used to elucidate mechanisms of action for psychiatric disorders.
Microarray studies in peripheral immune cells in PTSD have the potential to test hypotheses
about immune function as well as to explore biological pathways that are expressed in both
the brain and periphery (e.g. glucocorticoid signaling). For example, recent investigations
using microarrays and peripheral blood mononuclear cells (PBMC) or lymphocytes have
shown that major psychiatric disorders including depression, anxiety, schizophrenia and
Alzheimer’s disease as well as chronic stress perturb multiple biological pathways
measurable in peripheral immune cells (Irwin, 1999; Maes et al., 1998; Maes et al., 1999b;
Ohmori et al., 2005; Schwarz et al., 2001a; Schwarz et al., 2001b).

The first study of gene expression in peripheral blood mononuclear cells (PBMCs) in PTSD
came from a study conducted in Israel (Segman et al., 2005). This study examined gene
expression patterns from 24 trauma victims, men and women, who were treated in the
hospital emergency department in Jerusalem within hours of a traumatic event and 4 months
later. Only 13 met the clinical criteria for PTSD; however, the signature profile did correlate
with the severity of the PTSD symptom clusters and several differentially expressed genes
were described as having a role in stress. A second study recently published by Yehuda and
colleagues (Yehuda et al., 2009) examined gene expression from whole blood in 35 subjects
exposed to the World Trade Center attack. The 15 subjects with PTSD showed significant
differences from the controls in a number of genes related to immune function, HPA
activity, and signal transduction. In particular, this study found decreased expression of the
glucocorticoid receptor chaperone protein gene, FKBP5, which extended a previous study
showing that specific polymorphisms of the FKBP5 gene interact with severity of child
abuse to predict risk for adult PTSD (Binder, 2008). It is very likely that differences in
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findings from different studies may in part be related to the heterogeneity of different cell
types used for microarrays. One important study suggests that not only age and sex can
cause variation in microarray data but also cell composition (Whitney et al., 2003). For
example, lymphocytes are a diverse group of cells in the periphery that produce a number of
hormones such as ACTH, endorphins, insulin-like growth factor and somatostatin as well as
cytokines. In a study of acute stress using lymphocytes in a microarray panel in 10 graduate
students before and after an entrance examination, 70 genes were significantly responsive, in
spite of individually different baseline activity (Rokutan et al., 2005).

We examined gene expression profiles in monocytes in healthy men and women with and
without chronic PTSD. Monocytes are peripheral immune cells that can respond to foreign
antigens as well as modulate the immune system by producing inflammatory cytokines that
can additionally induce sickness behavior (Dantzer et al., 2008; Middle et al., 2000; Watkins
and Maier, 2005). We chose to use CD14+ monocytes for gene expression profiling in
PTSD for several reasons. The primary reason is that we wished to limit sources of
heterogeneity by restricting our analyses to a homogeneous cell type. Secondly, CD14+
monocytes are relatively less differentiated than most immune cells and have a high degree
of plasticity (Kuwana et al., 2003). Furthermore, monocytes (Gidron et al., 2003; Maes et
al., 1999b) have demonstrated reactivity, in vivo, to psychological challenges. Our overall
hypothesis was that subjects with chronic PTSD will show evidence of chronic
inflammation. Given that gender is a well-established risk factor for autoimmune disorders
(Fairweather et al., 2008) and that women may have greater inflammatory responses to
endotoxin and psychological stress compared with men (Rohleder et al., 2001; van Eijk et
al., 2007), we examined a pilot sample of healthy women with and without PTSD to
examine gender differences in immune activation. Our second hypothesis was that gene
expression for FKBP5 would be decreased in PTSD subjects similar to previously published
results (Binder, 2008; Yehuda et al., 2009). Finally, given the lack of an established
biological marker for PTSD, we tested the hypothesis that PTSD would be associated with
an altered gene expression profile that would be expressed and detectable in peripheral
monocytes.

Methods
Subjects

cDNA microarray gene expressions were analyzed in monocytes collected from a sample of
49 men (PTSD+ N= 24, PTSD− Control N= 25) and 18 women (PTSD+ N= 10, PTSD−
Control N= 8). Medically healthy male and female subjects were recruited from the
community by internet and newspaper advertisements and from the San Francisco Veterans
Affairs Medical Center (SFVAMC) PTSD Outpatient Program by fliers and brochures. As
such, the study subjects should be considered a convenience sample. All subjects were
medication free (apart from three female participants who were taking the oral contraceptive
pill), medically healthy, with no current infection, negative serology for HIV and hepatitis,
no elevation in body temperature or white blood cell count, no current substance or alcohol
use disorders, and no exposure to a traumatic event in the past 3 months. Baseline laboratory
tests included a serum chemistry panel, liver function tests, thyroid functions, complete
blood count and differential serology for Hepatitis B & C, urine toxicology screen, and urine
pregnancy test (if appropriate). Self-report questionnaires were used to determine
demographics, lifetime exposure to traumatic stressors, PTSD symptoms, general
psychiatric symptoms, and drug and alcohol use. A structured clinical interview was used to
assess lifetime and current anxiety and mood disorders, an in-depth assessment of PTSD and
history of stressful life events. The interview assessments included the Structured Clinical
Interview for DSM-IV, Patient edition (SCID-P) (First et al., 1996) to assess mood
disorders, substance use disorders, and anxiety disorders, as well as the Clinician
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Administered PTSD Scale (CAPS) (Blake et al., 1995). All subjects were given details of
the study and asked to sign a written informed consent form if they wished to participate.
The study protocol and consent form were approved by the Committee on Human Research
at the University of California, San Francisco (UCSF).

Monocyte gene expression analysis
To identify genes differentially expressed in PTSD subjects, we performed genomewide
expression analysis of CD14+ monocytes using CodeLink Human Whole Genome
BioArrays and methods described in detail in our previous study (Pulliam et al., 2004). To
summarize, the BioArrays have a total of 54,841 probes of which 83% of the represented
genes are clearly annotated (based on unique UniGene IDs), 39% well annotated
(categorized to a gene ontology) and 53% have been mapped to specific chromosome
locations. For monocyte gene expression analysis, sixty milliliters of blood were drawn from
each subject into CPT tubes (Becton Dickinson) and immediately centrifuged at 4 C to
enrich for peripheral blood mononuclear cells (PBMC). CD14+ monocytes were
subsequently isolated within 20 minutes from the PBMC fraction by positive separation
using MACS CD14 Microbeads (Miltenyi Biotech, Auburn, CA). Total RNA was isolated
from CD14+ monocytes using Qiagen RNeasy Micro Kit (Qiagen, Valencia, CA) following
the manufacturer’s protocol and stored at −70C. All samples, control and PTSD, were
handled identically and the technicians were blind to study group. The purity and
concentration of the RNA were determined with spectrophotometry. Bacteria mRNAs were
spiked in at different concentrations ranging from 1:1,000 mass ratio to 1:1,024,000 mass
ratio as internal controls. The integrity of the RNA was determined with an RNA picochip
on an Agilent Bioanalyzer 2100 (Agilent Technologies, Inc, Palo Alto, CA). Gene
expression was evaluated according to the manufacturer’s instructions. One half microgram
of total RNA isolated from CD14+ monocytes was amplified and labeled with biotin-11-
UTP (Perkin Elmer, Boston, MA) using the CodeLink iExpress iAmplify Kit (AMI). Ten
micrograms of fragmented cRNA were hybridized to microarrays using the procedures
suggested by the manufacturer. The arrays were scanned on an Axon GenePix 4000B
scanner (Molecular Devices, Sunnyvale, CA). Image analysis and data extraction were
performed by CodeLink Expression Software Kit v4.1 (AMI).

Validation of microarray gene expression
In significant differentially expressed targets, validation was performed using Applied
Biosystem (ABI, Foster City, CA) qPCR protocols. cDNAs were generated by reverse
transcription (Superscript III; Invitrogen, Carlsbad, CA). Gene-specific primers were
identified using the ABI Primer Express (v2.0) software, commercially synthesized and used
for RT-PCR to amplify the target sequence with the SYBR Green PCR kit (ABI).
Fluorescent product was quantified and analyzed on the ABI Prism 7900HT Sequence
Detection System with ABI Prism SDS software (v2.1). Relative expression of target RNA
was calculated in relation to GAPDH beta-actin and 18S rRNA (Pulliam et al., 2004).

Statistical Analysis
We used the GeneSpring GX 7.3 software package (Agilent, Santa Clara, CA) together with
the Bioconductor (Gentleman et al., 2004) suite of R packages (Team, 2009) as main tools
for the microarray data analysis. Following data import, additional quality checks were
performed. Subsequent pre-processing steps included application of background correction,
standardization, normalization and summarization of the data. A laboratory adapted analytic
procedure was used to adjust for multiple testing (Pulliam et al., 2004). The raw data were
normalized using loess normalization in R/BioConductor. In total, 53,423 gene-mapping
probes were evaluated. After normalization, the intensities of known defect spots were
assigned 0.001. The full set of probes was then filtered to exclude non-responding probes
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defined as normalized gene expression intensities below 200 in 75% of the PTSD and
Control samples. Following this screening procedure, the males had 19,046 probes and the
females had 17,455 probes left. We applied a second filter to exclude probes below 1.5 fold
change between PTSD and controls. A comparison between PTSD and control was made for
each probe for male or female groups respectively. At 1.5 fold change level, the males had
200 probes and the females had 528 which passed the two filters. The differences were then
calculated using Student’s t-test with the Benjamini and Hochberg multiple comparison
correction (Benjamini and Hochberg, 1995). The p-values of each probe were rank ordered
from smallest to the largest. The largest p-value (least significant) remained uncorrected.
The next largest p-value was multiplied by the total number of probes (n) in the list divided
by its rank (n-1). Thus, the corrected p-value = p-value multiplied by (n/n-1). The third
largest p-value was corrected with the same procedure: corrected p-value = p-value
multiplied by (n/n-2). The correction becomes more stringent as the p-value decreases.
Genes with fold change greater than 1.5 either up or down regulated and adjusted (as above)
Student’s t-test p < 0.05 were considered differentially expressed genes. The differentially
expressed genes were further analyzed to identify gene ontology groups using the
GeneSpring GX software package to look for possible functional or structurally related
genes. Then, gene network analyses were conducted using VisAnt (Hu et al., 2009). Because
the male and female data were analyzed separately, the multiple comparison correction was
not applied between groups.

Results
Male Sample

Demographic and clinical details are presented in Table 1. Male PTSD+ participants were
not significantly different from male PTSD− controls in age, marital status, or trauma
exposure. Approximate duration of time since exposure to the traumatic event ranged from 6
months to 28 years. However, male PTSD+ participants had significantly less education and
were significantly more likely to have current MDD or a lifetime history of MDD. No
participants fulfilled criteria for alcohol abuse or dependence or substance abuse or
dependence at the time of participation and there were no group differences in past alcohol
or substance use disorders.

The microarray results in the male sample showed that four genes were increased ≥1.5 fold
and 47 genes were decreased ≥1.5 fold (p <0.05) suggesting an overall pattern of suppressed
gene expression on monocytes in subjects with PTSD versus controls. Functional annotation
analyses showed that male PTSD subjects showed decreased activation in several classes
within the gene ontology including immune response, cytokine-cytokine interactions, and
chemotaxis (Table 2). Overall there was no evidence for a pro-inflammatory profile in male
PTSD subjects. After correction for multiple comparisons, 5 genes were identified and after
validation with q-PCR, 3 genes were differentially expressed in male PTSD versus controls
(Table 3). In each of the three genes, the PTSD group showed reduced expression. The first
was serum deprivation response protein (SDPR) which is a calcium-independent
phospholipid binding protein. The second was platelet factor 4 (PF4). The third was a
histone protein (HIST1H2AC).

Female Pilot Sample
Female PTSD+ participants were not significantly different from female PTSD− controls in
age, years of education, marital status or current presence of MDD. However, PTSD+
participants were significantly more likely to have a lifetime history of MDD. Further, only
two of the eight female control participants had experienced a traumatic event fulfilling
Criterion A for PTSD, leading to a significant group difference in trauma exposure.

Neylan et al. Page 5

Brain Behav Immun. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Approximate duration of time since exposure to the traumatic event ranged from 6 months
to 26 years. PTSD+ females were also significantly more likely to have past alcohol abuse
or past alcohol dependence.

Female PTSD+ subjects showed 11 genes increased ≥1.5 fold and 13 genes decreased ≥1.5
fold (Adjusted p <0.05) suggesting a gender-specific differential pattern of monocyte gene
expression in PTSD versus controls. The female sample demonstrated a relative balance of
increased versus decreased gene expression. Of note, functional annotation analysis in the
female PTSD subjects relative to controls showed a pattern of expression of several gene
ontologies suggestive of increased inflammatory response including regulation of
phagocytosis, and leukocyte activation (Table 4). For example, there was increased
expression of orosomucoid 1 (ORM1), transforming growth factor beta 1 (TGFB1),
interleukin 2 receptor, gamma (IL2RG), and azurocidin 1 (ASU1).

We did not find any differences in expression of FKBP5 in either of our male or female
PTSD subjects, and there were no genes commonly over- or under-expressed in the male
and female PTSD+ samples (Figure 1).

Discussion
The primary finding of the present research was that monocytes in healthy male PTSD
subjects showed a predominant pattern of decreased gene expression. These results are
consistent with the finding of diminished gene expression of transcription factors reported
by Segman et al (Segman et al., 2005). Notable categories of decreased expression pertain to
cytokine/chemokine signaling, platelet function, and histone activity. Thus, there was no
evidence for chronic inflammation in our male PTSD subjects. In contrast, preliminary data
from our pilot sample of women subjects with PTSD showed a relatively balanced pattern of
increased and decreased expression of genes with ontology suggestive of increased activity
of pathways related to immune activation. We did not replicate the published finding of
decreased expression of FKBP5 in either our male or female samples. Overall, our results
indicate altered monocyte gene expression profiles in males and females with PTSD, and are
suggestive of gender dimorphism in biologic pathways activated in PTSD, particularly in the
domain of immune function.

Diminished gene activation in immune cells in PTSD has been reported in both published
studies (Segman et al., 2005; Yehuda et al., 2009) and a third unpublished study (Kerry
Ressler, personal communication). In the Segman el al study (Segman et al., 2005), PTSD
subjects at 4 months post trauma showed a similar pattern of diminished transcription in
PBMCs relative to controls. In our secondary analysis of the publically available data from
this study, we found that with a cut-off of 50% difference in expression levels and using p
values less than 0.05 (without corrections for multiple testing), 386 transcripts were
downregulated and only 56 were upregulated. Using Ingenuity Pathways Analysis software
suite (Ingenuity Systems) to annotate gene function in this data set, we found 28 known
transcription regulators were under-expressed versus 2 that were over-expressed. Yehuda
and colleagues found that PTSD subjects differed from controls in 17 transcription factors,
15 of which were under-expressed (Yehuda et al., 2009) in whole blood. In addition, Miller
et al found in a sample of chronically stressed caregivers, that monocyte genes that were
differentially expressed by at least 50%, were predominantly in the direction of under-
expression (79% vs. 21 %) (Miller et al., 2008). Recently, Segman and colleagues found in a
study using microarrays of PBMCs sampled from postpartum women, that women with post
partum depression had marked diminished gene expression in a broad range of markers
(Segman et al., 2010). It is possible that PTSD, chronic stress, and postpartum depression
each have broad general effects on overall gene transcription in circulating immune cells,
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which by function are supposed to exhibit a high degree of plasticity. It suggests that these
disorders may involve adaptations that reduce cellular reactivity to homeostatic challenges,
and if proven, may account for the high rates of comorbid medical illness associated with
these conditions (Cohen et al., 2007; Evans et al., 2005; Schnurr et al., 2000).

Our results in the male PTSD subjects did not show a pro-inflammatory pattern as was
previously reported by Miller and colleagues in chronically stressed caregivers (Miller et al.,
2008). This difference may be related to two issues. The first is that biological aspects of
chronic PTSD maybe fundamentally different from those associated with chronic stress
exposure as has been emphasized by several investigators (e.g. (Yehuda and McFarlane,
1995)). Second, the sample of chronic caregivers in the Miller study was predominantly
women. Our results suggest that gender maybe a crucial factor for examining the role of
inflammation in the disease burden associated with PTSD.

In contrast with findings in our male sample with PTSD, we found that our pilot sample of
women with PTSD had gene expression patterns indicative of greater immune activation
compared with women without PTSD. Previous research has shown differences in stress-
related inflammatory responses between males and females, but the pattern of findings has
been mixed and apparently related to the menstrual phase and menopausal status of the
female participants (Prather et al., 2009; Rohleder et al., 2001). Sex hormones may mediate
these effects because immune cells bear receptors for the hormones estrogen and
progesterone, and levels of these hormones have been found to modulate inflammatory
activity and immune cell gene expression (Burger and Dayer, 2002; Kramer and Wray,
2002). Female gender is a well-established risk factor for both PTSD (Kessler et al., 1995)
and autoimmune disorders (Fairweather et al., 2008). Further research, dedicated to
understanding the transcriptional control pathways mediating observed patterns of gene
expression in women and men with and without PTSD, will be necessary to begin
examining potential mechanisms of the sex differences in gene expression observed in the
present study.

This study has a number of limitations including a limited sample size, cross-sectional
design, and genetically heterogeneous population. Further, our small female PTSD− control
sample included a mix of trauma exposed and trauma unexposed women meaning that our
findings of menstrual phase gender differences must be taken with caution until replicated.
Further, we did not control for in our female sample. Another limitation relates to the
presence of comorbid major depressive disorder (MDD) in approximately a quarter of our
male and female subjects. PTSD and MDD have common overlapping criterion symptoms,
and hence are by definition are intricately intertwined. Covarying for the presence of MDD
is not a satisfactory statistical approach to this problem because presence of MDD increases
with PTSD symptom severity. PTSD symptoms residualized for presence of MDD
represents variance attributable to milder severity of PTSD. In the absence of a robust
biomarker which distinguishes PTSD from MDD, comborbid MDD remains a limitation of
this study. Significant strengths of this study include examination of subjects on the day of
blood draw, rigorous screening for chronic illness, leukocytosis screening and the selection
of subjects who were afebrile and medication free. Moreover, our selection of CD14+
monocytes for analysis as a homogenous population of immune cells limits sources of
variability not related to group assignment and thereby extends previous research that has
focused on heterogeneous populations of cells. It is possible that biological pathways
relevant to PTSD that are co-expressed in the brain and circulating immune cells may be
discernible only in specific cell types. In order to discern these cell-specific patterns, it is
necessary to analyze homogenous cell populations as we have done.
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Differential gene expression in male subjects with PTSD was disproportionately in the
direction of under-expression of genes across functional classes (within the Gene Ontology).
There was no evidence for chronic inflammation in male PTSD subjects. In contrast,
preliminary data from our pilot sample of female subjects with PTSD showed a different
profile of gene expression, particularly in pathways related to immune activation. The
results are suggestive of gender dimorphism in biologic pathways altered in PTSD
particularly in the domain of immune function. In sum, our data indicate that monocyte gene
expression patterns are altered in PTSD, supporting the idea that changes in monocyte gene
expression could contribute to the increased medical morbidity observed in PTSD.

Research Highlights

Male subjects with PTSD had an overall pattern of under-expression of genes on
monocytes (47 under-expressed versus 4 over-expressed genes).

There was no transcriptional evidence of chronic inflammation in male PTSD+ subjects.

In contrast, preliminary data from our pilot sample of female PTSD+ subjects showed a
relatively balanced pattern of increased and decreased expression of genes and an
increase in activity of pathways related to immune activation.

The results indicate differential patterns of monocyte gene expression in PTSD, and are
suggestive of gender dimorphism in biologic pathways activated in PTSD.
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Figure 1. Differentially expressed monocyte genes in males and females with PTSD
Hollow circles denote male and solid circles denote female. Red dots show the differentially
expressed genes that passed multiple comparison correction and remained significant for
qPCR (Table 3). EST = expressed sequence tag; probes without an official gene name
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TABLE 2

Functional annotation analysis for male PTSD+ versus control participants

Functional Term q-value GenBank Fold Symbol

Acetylation (posttranslationally ) 0.001
AW237066 −1.7 HIST1H2BJ

AA036997 −2.1 HIST1H2AC

NM_001828 −3.6 CLC

NM_033082 −2.6 CIP29

NM_003509 −1.5 HIST1H2AI

NM_004657 −2.8 SDPR

NM_020992 −1.7 PDLIM1

Chemotaxis 0.009
NM_002619 −4.1 PF4

NM_002704 −3.2 PPBP

NM_002985 −2.0 CCL5

Cell activation 0.010
NM_003037 −2.9 SLAMF1

NM_002619 −4.1 PF4

NM_007360 −3.8 KLRK1

CD244080 −1.6 SWAP70

Chromatin assembly 0.016
AW237066 −1.7 HIST1H2BJ

AA036997 −2.1 HIST1H2AC

NM_003509 −1.5 HIST1H2AI

Cytokine-cytokine receptor interaction 0.017
NM_002619 −4.1 PF4

NM_002704 −3.2 PPBP

NM_002985 −2.0 CCL5

NM_014452 −1.6 TNFRSF21

NM_002183 −1.9 IL3RA

Behavior 0.023
NM_002619 −4.1 PF4

NM_002704 −3.2 PPBP

NM_002985 −2.0 CCL5

NM_000954 −2.5 PTGDS

Immune response 0.029
NM_002619 −4.1 PF4

NM_002704 −3.2 PPBP

NM_007360 −3.8 KLRK1

NM_002985 −2.0 CCL5

AF533922 −4.0 HLA-DQA1

CD244080 −1.6 SWAP70

Protein-DNA complex assembly 0.034
AW237066 −1.7 HIST1H2BJ

AA036997 −2.1 HIST1H2AC

NM_003509 −1.5 HIST1H2AI

Lymphocyte activation 0.047
NM_003037 −2.9 SLAMF1
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Functional Term q-value GenBank Fold Symbol

NM_007360 −3.8 KLRK1

CD244080 −1.6 SWAP70

Cell death 0.070
NM_014288 −1.6 ITGB3BP

NM_007360 −3.8 KLRK1

AF010238 1.6 VHL

NM_014452 −1.6 TNFRSF21

NM_012329 −1.7 MMD

Cell adhesion molecules (CAMs) 0.093
AF533922 −4.0 HLA-DQA1

NM_032801 −1.8 JAM3

NM_138961 −1.9 ESAM

Genes shown are significantly expressed for PTSD versus control with Student’s t-test p<0.05. The q-value is the probability that a random subset
of genes drawn from the total set of genes will have one or more genes containing the functional term. For each functional term, it reflects the
enrichment in frequency of that term in the input gene list relative to the entire genes of the term.
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TABLE 4

Functional annotation analysis for female PTSD+ versus control participants

Functional Term q-value Genbank Fold Symbol

Immune system process 0.0054
NM_000660 1.54 TGFB1

NM_000206 1.53 IL2RG

NM_001700 1.50 AZU1

NM_006435 −1.51 IFITM2

NM_000057 −1.63 BLM

NM_006332 −1.77 IFI30

Regulation of phagocytosis 0.0104
NM_000660 1.54 TGFB1

NM_001700 1.50 AZU1

Leukocyte activation 0.0197
NM_000660 1.54 TGFB1

NM_001700 1.50 AZU1

NM_000057 −1.63 BLM

Inflammatory response 0.0383
NM_000607 2.72 ORM1

NM_000660 1.54 TGFB1

NM_001700 1.50 AZU1

Proteolysis 0.0484
NM_004851 2.22 NAPSA

NM_014224 2.20 PGA5

NM_001700 1.50 AZU1

NM_019029 −1.55 CPVL

Immune response 0.0701
NM_000660 1.54 TGFB1

NM_000206 1.53 IL2RG

NM_006435 −1.51 IFITM2

NM_006332 −1.77 IFI30

Response to stimulus 0.0809
NM_000607 2.72 ORM1

NM_000660 1.54 TGFB1

NM_000206 1.53 IL2RG

NM_001700 1.50 AZU1

NM_006435 −1.51 IFITM2

NM_000057 −1.63 BLM

NM_006332 −1.77 IFI30

Response to stress 0.0980
M_000607 2.72 ORM1

NM_000660 1.54 TGFB1

M_001700 1.50 AZU1

M_000057 −1.63 BLM

Genes shown are significantly expressed for PTSD versus control with Student’s t-test p<0.05. The q-value is the probability that a random subset
of genes drawn from the total set of genes will have one or more genes containing the functional term. For each functional term, it reflects the
enrichment in frequency of that term in the input gene list relative to the entire genes of the term.
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