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Abstract

Posttraumatic stress disorder (PTSD) is defined as a psychiatric disorder; however, PTSD co-

occurs with multiple somatic manifestations. People living with PTSD commonly manifest 

dysregulations in the systems that regulate the stress response, including the hypothalamic-

pituitary-adrenal (HPA) axis, and development of a pro-inflammatory state. Additionally, somatic 

autoimmune and inflammatory diseases and disorders have a high rate of co-morbidity with 

PTSD. Recognition and understanding of the compounding effect that these disease states can 

have on each other, evidenced from poorer treatment outcomes and accelerated disease 

progression in patients suffering from co-morbid PTSD and/or other autoimmune and 

inflammatory diseases, has the potential to lead to additional treatment opportunities.
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Introduction

Although traditionally considered a type of anxiety disorder, post-traumatic stress disorder 

(PTSD) is classified as a Trauma and Stress related disorder in DSM-V. PTSD is a chronic 

psychiatric illness that develops subsequent to experiencing a significant traumatic event. 

Although exposure to a stressful event is required for PTSD, only a minority (8–18%) [1–3] 

of trauma exposed individuals go on to develop the disorder. DSM-V criteria for PTSD 

include delayed onset of behavioral changes that can be grouped into 4 distinct diagnostic 

clusters: re-experiencing, avoidance, hyper-arousal and negative cognitions and mood.
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PTSD is also a somatic condition, such that patients with PTSD have been found to have 

biological alterations in several primary pathways involving the neuroendocrine [4] and 

immune systems [5]. Much like physiological stress, chronic psychological stress stimulates 

the stress response pathways of the hypothalamic-pituitary-adrenal (HPA) axis and 

sympathetic nervous system leading to downstream release of glucocorticoids (GC) and 

catecholamines. Cortisol, which is the primary endogenous GC hormone in humans, acts on 

the central nervous system, metabolic system, and immune system to modulate the stress 

response. GCs impact physiology and behavior by binding to the intracellular GC receptor 

(GR) on target tissues leading to downstream effects of immunosuppression, increased 

energy metabolism, and negative feedback inhibition of the HPA axis. In this way, GC 

signaling is central to the neuroendocrine modulation of the immune system.

PTSD co-occurs with dysregulation of the HPA axis, impaired GC signaling, and the 

development of a pro-inflammatory state. Not surprisingly, PTSD is associated with poor 

self-reported physical health as well as high rates of comorbidities, such as cardiovascular, 

respiratory, gastrointestinal, inflammatory and autoimmune diseases [6–8]. Recently a large 

retrospective cohort study of 666,269 Iraq war veterans showed a two-fold increase in the 

risk of autoimmune diseases in individuals with PTSD compared to those without any 

psychiatric illness and a 51% increased risk when compared to individuals with other 

psychiatric illnesses [9]. Dysregulations in immune function as a result of the complex 

interplay between the neuroendocrine and immune systems in PTSD may unmask a 

predisposition to, or accelerate the progression of, autoimmune (AI)/inflammatory diseases, 

thereby compounding the disease burden in these patients. In the following sections we will 

review the mechanistic links between neuroendocrine and immune dysfunctions in PTSD 

and outline existing and novel pharmacological treatment options that may be able to 

address both the psychological and biological disturbances observed in patients living with 

PTSD.

Candidate Mechanisms Linking PTSD and Immune Dysfunction

Reduced Circulating Cortisol

As mentioned above, neuroendocrine alterations in people living with PTSD may precipitate 

immune disturbances. The dogmatic physiological signature of chronic stress is 

simultaneous elevations in concentrations of cortisol and catecholamines [5]. Contrary to 

this dogmatic view, PTSD is associated with low levels of morning cortisol and elevated 

levels of norepinephrine (NE). Excessive activation of the HPA axis in response to trauma 

and sustained increases in corticotrophin-releasing factor (CRF) are collectively proposed to 

downregulate CRF receptors in the pituitary leading to downstream reduction in GC 

signaling, decreased secretion of cortisol, and subsequently increased GC sensitivity [10]. 

These changes, along with enhanced sympathetic activity driven stimulation of β2-

adrenergic receptor on immune cells, may lead to increased cytokine production, fostering 

the hyper-inflammatory state frequently co-morbid with PTSD.

An alternative view is that low cortisol concentrations are a precipitator of PTSD rather than 

a consequence of PTSD. Low salivary and urinary cortisol immediately following trauma 

have been reported to be predictors of PTSD suggesting that low cortisol concentrations may 

Neigh and Ali Page 2

Curr Opin Pharmacol. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in fact be a preexisting vulnerability for developing PTSD rather than a consequence of 

PTSD [11]. Interestingly, inadequate cortisol secretion in relation to the chronic 

inflammation observed in rheumatoid arthritis, suggests that the suboptimal production of 

cortisol may be involved in onset and/or progression of autoimmune disease [12,13]. Hence, 

overlap may exist between the mechanisms by which low cortisol concentrations may 

precipitate both psychiatric and somatic diseases and disorders.

However, because of the multifaceted regulation and impact of the GR, information about 

glucocorticoids alone is not consistently predictive of their function or dysfunction. GRs 

have extensive variability in their actions depending on the target tissue. Multiple 

independent promoters present in the GR gene contribute to GR variability by influencing 

tissue specificity of GR gene expression. Epigenetic modulation of some of these promoters 

has been demonstrated to change GR gene expression and function in PTSD [14]. Moreover, 

single nucleotide polymorphisms in the GR gene NR3C1 and the FKBP5 gene (co-

chaperone of hsp90 which regulates GR sensitivity) are associated with altered HPA axis 

sensitivity (GR hypersensitivity or GR resistance) [15]. Hence, alterations in multiple factors 

including GR expression levels, GR affinity, co-factors, GR heterogeneity and GR density in 

target tissues are sufficient to affect GC signaling and are candidate mechanisms for 

enhanced inflammation associated with PTSD.

Chronic Low Grade Inflammation

PTSD is linked to cytokinemia and a recent meta-analysis of 20 studies found increased 

plasma levels of pro-inflammatory cytokines tumor necrosis factor-alpha (TNF-α), 

interleukin-1beta (IL-1β) & interleukin-6 (IL-6) in individuals with PTSD compared to 

healthy controls [16]. In addition, there is a prospective association of plasma C-reactive 

protein (CRP) concentrations with the development of PTSD [17], and higher mitogen 

induced cytokine production in trauma exposed soldiers correlates with augmentation of 

PTSD symptoms in response to subsequent stressors [18]. These findings suggest that 

inflammation may predispose an individual to PTSD, and inflammation may even form the 

biological basis of stress sensitization [18] that precipitates PTSD after trauma exposure.

The relationship between the HPA axis and cytokines is bidirectional. In addition to the 

previously discussed effects of the HPA axis on cytokines, cytokines can influence HPA axis 

signaling and impair cellular processes by stimulating oxidative stress. The sequela that 

follows cytokine-induced changes in the HPA axis and central nervous system has been 

proposed to lead to the manifestation of PTSD symptoms [19]. This proposition is consistent 

with results of a study using the predator exposure animal model of PTSD that demonstrated 

elevated levels of pro-inflammatory cytokines and reactive oxygen species in the brain 

(hippocampus, amygdala, pre-frontal cortex) and in the periphery as a consequence of 

stressor exposure [20]. Conversely, administration of the anti-inflammatory agent 

minocycline following a laboratory stressor is sufficient to block the development of PTSD-

like behaviors in a rodent model [21].

Chronic inflammation is a pathological feature of multiple somatic diseases that are highly 

co-morbid with PTSD including cardiovascular disease, rheumatoid arthritis, asthma, 

psoriasis, metabolic syndrome, fibromyalgia, chronic pain syndromes and hypothyroidism. 
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Common cytokines implicated in enhanced inflammation in PTSD and other diseases may 

therefore serve as a potent therapeutic target in the treatment of both types of conditions.

Alterations in Innate and Adaptive Immunity

A burgeoning area of study is the relationship between PTSD and innate and adaptive 

immunity. A recent study of U.S. Marines applied weighted gene co-expression network 

analysis to RNA-Seq and microarray assessment of peripheral blood leukocyte gene 

expression taken pre- and post-deployment. The authors reported that PTSD risk and PTSD 

cases groups both had enhanced differential expression of genes associated with innate 

immune responses mediated by interferon signaling. These findings add to the authors 

previous work showing that differential expression of CRP and genes involved in antiviral 

interferon response were associated with the risk of developing PTSD [22] and suggest that 

innate immunity up-regulation may be both a risk for, and consequence of, PTSD.

A relationship between PTSD and adaptive immunity is also plausible given that cytokines 

drive differentiation of T cell subsets, and individuals living with PTSD exhibit elevated 

cytokine production. To this end, a recent study demonstrated an association between PTSD 

and a T cell phenotype consistent with increased differentiation of T cells and interpreted as 

early aging of the immune system [23]. Furthermore, T cells may provide a window into the 

susceptibility of an individual to psychiatric disorders such that responsiveness of T cells to 

the synthetic GC dexamethasone prior to military deployment predicted both PTSD and 

depression following deployment [24]. Collectively, the shifts in T cell biology observed in 

PTSD push towards a preponderance of CD4+ T helper 1 (Th1) cells over the C4+ T helper 

2 (Th2) type cells which correlates with increased plasma levels of Interferon-gamma (IFN-

γ) in PTSD [25]. Although mechanisms have not been elucidated to date, Marpe Bam et al., 

has shown that epigenetic modifications and miRNAs were associated with elevated gene 

expression of the pro-inflammatory cytokine interleukin-12 (IL-12) in peripheral blood 

mononuclear cells (PBMCs) of PTSD patients [26]. In addition to PTSD, several 

autoimmune diseases are associated with alterations of the Th1 versus Th2 cytokine balance 

including rheumatoid arthritis, multiple sclerosis, type 1 diabetes, and autoimmune thyroid 

disease. In these somatic conditions, the balance is skewed towards Th1 and an excess of 

IL-12 and TNF-α production, whereas Th2 and production of anti-inflammatory 

interleukin-10 (IL-10) appear to be deficient [12].

In addition to shifts in T helper cells, Jergovic et al., found a ~50% decrease in the number 

of regulatory T cells (Treg) in PTSD patients compared to healthy controls [27]. Treg are 

essential for controlling immune responses and maintaining self-tolerance by inhibiting auto 

reactive T cells. A decrease in number and function of peripheral Treg has been associated 

with the development of multiple autoimmune diseases that are highly co-morbid with 

PTSD [28].

Telomere Shortening and Premature Immunosenescence

In addition to elevated levels of terminally differentiated T cells and an altered Th1/Th2 

balance, PTSD has been associated with the age-related phenomenon of telomere 

shortening. Chronic inflammation has been shown to accelerate telomere shortening leading 
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to cellular aging and premature senescence that have been implicated in loss of control of 

the immune system [29]. Senescent cells are terminally differentiated and no longer fully 

functional, but instead of undergoing cell death, they exist in a zombie-like state spewing 

cytokines into the cellular milieu. Telomere shortening has been identified in many 

autoimmune diseases [30] and is associated with acceleration of the manifestation of age-

related diseases. Telomere shortening of leukocytes/PBMCs has emerged as a biomarker of 

PTSD and a recent literature review of 32 studies between 2001 and 2014 found reduced 

leukocyte telomere length and increased pro-inflammatory markers in PTSD patients 

suggesting early immunosenescence [23]. Additionally, PTSD is associated with earlier 

onset of age-related conditions linked to telomere shortening and increased mortality [31].

Sex Differences and PTSD

Similar to other neuropsychiatric and somatic disorders, sex differences have been reported 

in the context of PTSD. There are well-known differences in PTSD risk between men and 

women with women exhibiting a higher frequency of PTSD than men (2:1)[33], not 

explained solely on the basis of exposure type and/or severity alone. Dias et. al demonstrated 

that female-specific elevation of pituitary adenylate cyclase-activating peptide (PACAP) and 

differential methylation of a single nucleotide polymorphism (rs2267735) on the PACAP 

gene (Adcyap1r1) was associated with a PTSD diagnosis in females, but not in males [32]. 

Differences in the neuroendocrine response to stress in males and females can be attributed 

to genomic (as above) or hormonal differences to the neuroendocrine response to stress 

between the sexes [34].

Additionally, autoimmune diseases disproportionally impact females over males, reflected in 

the study conducted by O’Donovan et al., showing that women with PTSD were three times 

more likely to be diagnosed with an autoimmune condition [9]. Interestingly however, the 

magnitude of PTSD-related increased risk was similar between the sexes and the authors 

therefore did not find a sex difference in the relative risk of autoimmune diseases in PTSD 

patients. They did however find that a history of Military Sexual Trauma (MST) and PTSD 

were associated with the highest risk of autoimmune diseases in both men and women and 

thus MST was an independent risk factor in the development of autoimmune disease. 

Notably, the patient populations in a large majority of studies referenced in this paper are 

composed of combat veterans exposed to the trauma of war. But the finding of MST as an 

independent risk factor for the development of PTSD points to the possibility that the type of 

trauma may correlate with severity and/or risk of autoimmune or somatic illness, and 

warrants further work in this area.

PTSD Treatment Opportunities: Immune System Intervention

The literature summarized here establishes that in addition to the commonly appreciated 

psychiatric manifestations of PTSD, marked alterations in the neuroendocrine and immune 

systems exist in individuals living with PTSD. As such, intervention strategies that target 

neuroendocrine and immune dysfunction may prove beneficial to the treatment of PTSD. A 

similar angle has been assessed in the context of depression such that a meta-analysis 

illustrates that elevations in CRP and IL-6 precede development of depression and that 
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patients with increased inflammation are less likely to respond to conventional anti-

depressants and more likely to respond to adjunctive anti-inflammatory treatment [35].

Although mechanistically interventions that target function of the HPA axis and/or GR 

should prove effective in the treatment of both PTSD and immune dysfunction, these 

neuroendocrine interventions have had mixed utility which may be due to the pervasive 

nature of the GR on multiple organ systems. Mifepristone, a GR antagonist, has been 

reported to effectively improve metrics of PTSD symptoms [36], but a more recent report 

from the same research group demonstrates improvements in cognition but not in symptoms 

of PTSD or metrics of physical health [37]. More targeted treatment of GR function, through 

manipulation of GR co-chaperones such as FKBP5, may be a more advantageous route of 

intervention given that this type of intervention should leave non-pathological GRs intact 

[38]. To this end, studies of rapamycin, a drug which, among other things, can alter function 

of GR co-chaperones, has shown promise in rodent models of PTSD [39] and is already 

FDA approved and in clinical trials unrelated to PTSD.

Given the potential limitations to interventions at the level of GR and the HPA axis, attention 

to immune-centric interventions is also warranted. Several pro-inflammatory cytokines 

elevated in PTSD are also implicated in autoimmune diseases and therefore are uniquely 

positioned to function as biomarkers for diagnosis and treatment of both conditions. For 

instance, plasma levels of IL-1β and IL-6 have been shown to positively correlate with 

PTSD symptom duration and severity respectively [16], and can therefore be used to monitor 

treatment response in PTSD. Drugs aimed at decreasing concentrations of pro-inflammatory 

cytokines in the circulation might have dual benefits and help ease disease burden in PTSD 

patients. Canakinumab, a monoclonal antibody against IL-1β, and anakinra, an IL-1 receptor 

antagonist, are two such medications that target IL-1β. These drugs have been used in the 

treatment of rheumatoid arthritis and other inflammatory conditions with positive results 

[40]. Clazakizumab, a monoclonal antibody against IL-6, is in phase 2 clinical trials to treat 

rheumatoid arthritis with promising results [41]. Furthermore, in rheumatoid arthritis 

patients, long term treatment with anti-TNF agents has been shown to raise cortisol levels 

(inadequate cortisol in relation to inflammation implicated in chronic low-grade 

inflammation) and normalize the HPA axis leading to rapid clinical improvement [42].

In addition, targeting senescent cells may be an advantageous point of intervention. 

Senolytics are a new intervention strategy in aging research and in diseases of aging which 

show particular promise. These treatments target and remove the senescent cells, many of 

which are believed to contribute to cytokinemia, without damaging healthy cells. This 

exfoliation of the immune system may confer benefits for both traditional immune disorders 

and neuropsychiatric disorders with an immune component. Although initial studies used 

methods for clearance of senescent cells that lacked translational potential, recent work 

demonstrates successful administration of a pharmacological senolytic agent in a mouse 

model [43].

In addition to these novel immune-driven interventions, it is important to recognize that 

some of the existing treatments for PTSD confer immune benefits. SSRIs are first line 

treatment of PTSD, and have been shown to exert anti-inflammatory effects on T-
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lymphocytes, dendritic cells, and neutrophils [44]. Specifically fluoxetine and citalopram 

were found to exhibit an anti-arthritic effect on murine collagen-induced arthritis and in a 

human ex vivo disease model of rheumatoid arthritis [45]. The anti-inflammatory effect of 

SSRIs in human rheumatoid arthritis tissue was due to reduction of spontaneous cytokine 

production from macrophages (IL-6, INF-γ and IL-10) through toll-like receptors. Previous 

studies have found SSRIs to improve symptoms in encephalomyelitis, a multiple sclerosis 

model through reduction in pro-inflammatory cytokines [46–48]. Other drugs used in the 

treatment of PTSD that have been found to have anti-inflammatory effects include prazosin 

(alpha-1-adrenoreceptor blocker) and ketamine. Prazosin has been shown to be effective in 

treatment resistant cases of PTSD in which recurrent nightmares are problematic [49]. 

Previous studies have found prazosin and doxazosin, also an alpha-1 blocker, to exhibit anti-

inflammatory effects in rodent models of inflammation by inhibiting the production of 

lipopolysaccharide induced pro-inflammatory cytokines TNF-α and IL-1β [50,51]. 

Ketamine infusion has been shown to have a rapid reduction in symptom severity in patients 

with chronic PTSD [52] and ketamine possesses anti-inflammatory actions which have been 

attributed to inhibition of transcription factors activator protein-1 and nuclear factor (NF)-

κB, as well as lowering of serum levels of IL-6, TNF-α, inducible nitric oxide synthase and 

CRP [53].

Conclusions

Although once believed to be an immune-privileged site, the bidirectional communication 

between the brain and periphery is now commonly appreciated. The growing recognition 

that neuropsychiatric disorders are also somatic disorders will improve understanding of 

disease pathogenesis and lead to advances in treatment options. In the case of PTSD, the 

relationship with the immune system appears to be multi-tiered and bidirectional. Continued 

monitoring of developments in immunological interventions and efforts to apply these 

interventions to PTSD is essential to advancing biological psychiatry. Furthermore, given the 

bidirectional nature of the relationship between PTSD and immune system function, 

recognition and treatment of PTSD may improve immunological outcomes for individuals 

living with primary disorders of the immune system.
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Highlights

• PTSD co-occurs with somatic diseases.

• PTSD is commonly associated with neuroendocrine and immune 

dysfunction

• Targeting neuroendocrine and immune dysfunction may improve PTSD 

symptoms.

• Targeting PTSD may improve somatic co-morbidities.

• Translational reciprocity between biological psychiatry and 

immunology may advance treatment options.
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Figure 1. A Psychoneuroimmunological Model of PTSD
Exposure to severe psychological trauma in the presence of pre-existing risk factors leads to 

PTSD. Immune system changes in PTSD include altered glucocorticoid (GC) sensitivity in 

target immune cells, shifts in immune cell distribution, immunosenescence, elevated pro-

inflammatory cytokines and a decrease in regulatory T cells. A complex interplay of the 

biological alterations in the stress response known to exist in PTSD, along with immune 

alterations, are hypothesized to increase the risk for co-morbid somatic autoimmune and 

inflammatory disorders. Immune interventions may improve both primary PTSD symptoms 

and co-morbid somatic disorders related to the immune system.
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