
Introduction 
 Chronic Fatigue Syndrome (CSF), also referred to as myalgic en-
cephalomyelitis or systemic exertion intolerance disease, is charac-
terized by extreme fatigue or tiredness that doesn’t go away with rest 
and can’t be explained by an underlying medical condition. CFS is a 
gender-bias disorder, in which females are more likely to develop the 
illness [1]. Furthermore, those with family members who are diag-
nosed with CSF are more likely to develop this condition, suggesting 
the presence of a genetic predisposition to CFS [2]. This enigmatic 
disorder consists of a wide range of symptoms, such as memory loss, 
muscle or joint pain, fatigue and prolonged exhaustion after physi-
cal or mental exercise (post-exertional malaise) [3]. Because of the 
pathological heterogeneity of CFS patients, studying hallmark symp-
toms of this disorder such as fatigue and post-exertional malaise are 
critical for further understanding of its pathological mechanisms.  
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Furthermore, understanding and identifying similarities between CFS 
and other medical illnesses could also be useful for delineating the 
primary cause(s) of this disorder.

Fatigue as the Pathological Hallmark of CFS

 Fatigue is one of the most common CFS symptoms, which has a 
major impact on life quality of CFS patients [3,4]. Fatigue can be de-
fined as the lack of energy to complete voluntary physical and mental 
functions. Fatigue can occur as a result of drastic fluctuations in nor-
mal bodily functioning or as a symptom of other medical conditions, 
such as heart disease, depression and autoimmunity [5-7]. However, 
fatigue in autoimmunity is likely to result from a different underlying 
pathology than fatigue in heart disease or other neurological condi-
tions. Abnormal immune functions might result in fatigue in autoim-
munity while fatigue associated with other neurological conditions 
might be the result of a multitude of factors such as sleep pattern 
disruption, depression, or neuroendocrine changes [6]. For example, 
fatigue is a common symptom of several autoimmune diseases: 98% 
of patients with autoimmune diseases suffer from fatigue and this 
symptom was reported to be the primary cause of autoimmunity-re-
lated depression and behavioral incompetency [8]. Fatigue is also a 
prominent feature of Multiple Sclerosis (MS), a neurodegenerative 
disease with female gender-biased like CFS [9,10]. 70-90% of MS 
patients suffer from fatigue, which is often the most disabling symp-
tom in this disease [9]. While the precise pathological mechanism 
of fatigue in neurological diseases remains unknown, disturbance 
of neurotransmitter signaling pathways as a consequence of primary 
neuronal defects in this disease might be the underlying cause of this 
symptom.

CFS as a Multi-system Disorder

 Accumulating evidences have suggested that abnormalities in the 
neuroendocrine and immune systems are involved in the manifesta-
tion of CFS-related fatigue. In this regard, fatigue is often associated 
with some neurometabolic conditions as well as immune dysregula-
tion during autoimmunity. These findings will be discussed in details 
below to provide a novel perspective on how immunity and neuro-
endocrine system could be intimately involved in the modulation of 
fatigue in CFS.

Involvement of the neuroendocrine system in CFS

 Post-exertional Malaise (PEM), a unique type of fatigue that is ag-
gravated by physical and mental stresses in CFS, has been showed to 
be associated with unique changes in gene expression ofneurological 
and metabolic processes [11-13]. In this study, exercise induced genes 
encoding some adrenergic receptors in a major subgroup of CFS pa-
tients while others exhibit a marked reduction in other receptors be-
long to this family upon exercise, suggesting the involvement of the 
nervous system in CFS [12]. Interestingly, disturbances in the Hy-
pothalamic-Pituitary-Adrenal (HPA) axis have also been documented 
CFS. This signaling pathway is activated in CFS patients in response 
to stress stimuli, rangingfrom physical, mental, and emotional stress 
to sensitivity to noise, light and heat. Stressors with greater magnitude 
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will result in more severe fatigue in CFS. Notably, circulating corti-
sol, a major stress hormone that is released upon HPA activation, is 
reduced in some CFS patients in compared to healthy controls [14]. 
The natural “stress” of awakening also induced a blunted cortisol re-
lease in CFS patients [15]. Furthermore, CFS severity is negatively 
correlated with cortisol level. Conversely, CFS recovery is associated 
withnormalization of this stress hormone, suggesting a potential role 
of this molecule in the development and resolution of CFS-related fa-
tigue [16]. These genetic and post-transcriptional changes of the neu-
roendocrine system might represent the physiological maladaptation 
of the body to stressors, resulting in fatigue-like symptoms. Lastly, a 
subset of CFS patients notably undergoes remission during pregnancy 
[17]. This fatigue relief has been linked to the pregnancy-associated 
alterations of hormones such as lactogen, relaxin, and progesterone 
[18,19]. Together, these observations provide convincing evidences 
that neuro-metabolic changes may be involved in the development of 
fatigue in CFS.

The involvement of the immune system in CFS

 Immune system has been long suggested to be involved in the 
pathogenesis of CFS. When the immune system is suppressed, such 
as during pregnancy to ensure that the maternal immunological re-
sponses will not recognize the fetus as “foreign”, some CFS patients 
experience fatigue relief [17,18]. Another example in which suppres-
sion of immunity results in fatigue relief is in the context of ritux-
imab- induced CFS remission [20]. Rituximab is a monoclonal anti-
body that binds to the CD20 protein on the surface of B cells, causing 
their depletion by a variety of mechanisms, and therefore is used to 
successfully treat B-cell mediated autoimmune conditions, such as 
MS [21]. In this study, sustainable reduction in the symptom of fa-
tigue was reported in 67% of CFS patients who received rituximab 
in comparison to 13% of those in the placebo group after a 12-month 
follow-up [22,23]. However, a recent study showed that rituximab 
treatment was not associated with alleviation of CFS symptoms [24], 
suggesting that B cells might represent a pathological mechanism at 
play only in a subset of CFS subjects. Nevertheless, these observa-
tions are consistent with the hypothesis that fatigue, the pathological 
hallmark of CFS, might be associated with abnormal activation of the 
immune system.

Is CFS an autoimmune disorder of the neuroendocrine 
system

 Several similarities between MS and CFS such as the induction of 
symptom relief by the same pharmacologic agent as well as during 
pregnancy, and the (female) gender bias of both conditions suggest 
that CFS might represent an autoimmune disorder with a unique in-
volvement of the neuroendocrine system. In this regard, the reduced 
level of cortisol in some CFS patients point towards a hypothesis in 
which increased autogenic stimulation of the immune system against 
this stress hormone of the HPA axis might be involved in the modula-
tion of CFS-relatedfatigue.

HPA Signaling Axis

 The HPA axis is responsible for the release the neuroendocrine me-
diators of the fight or flight response. This response is characterized 
by hypothalamic release of Corticotropin-Releasing Hormone (CRH). 
When CRH binds to its receptor on the anterior pituitary gland, Ad-
renocorticotropic Hormone (ACTH) is released. ACTH subsequently  

engages with its receptor on the adrenal cortex, stimulating cortisol 
release. In response to stressors, cortisol will be released for several 
hours after encountering the stressor. After reaching a threshold level 
in the circulation, cortisol exerts negative feedback to the hypotha-
lamic release of CRH and the pituitary release of ACTH, returning the 
system to homeostasis. Thus, there is strong interdependency of the 
release of these three major HPA hormones in mounting appropriate 
response to stressors with varying intensities (Figure 1).

HPA hormones as autoantigens in CFS

 In classical autoimmune conditions such as Rheumatoid Arthritis 
(RA) or MS, damage due to aberrant targeting of self-antigens would 
accumulate and is easily discerned. For example, in RA, whenever 
the immune system is targeting the synovial joints, symptoms such 
as joint pain, joint swelling, joint stiffness and loss of joint mobili-
ty occurs [25,26]. In MS, whenever the immune system is attacking 
nervous system, patients experience difficulties with vision, move-
ment, and speech. In contrast, the damages due to autoimmune attack 
against hormones would not accumulate significantly over time due 
to the short half-lives of these molecules. Therefore, while this would 
be consistent with the notion that CFS is an “invisible” illness, prov-
ing the presence of an autoimmune attack against a naturally short-
lived auto-antigen would not betrivial .Furthermore, even if autogenic 
hormone exists, correlating the severity of the autoimmune reaction 
with clinical outcome, fatigue in this case, would also be challenging 
because subjective metrics to quantify fatigue have not been well de-
fined. Nevertheless, there are several clinical studies outlining the ev-
idence of HPA hormones as autogenic targets in CFS, suggesting that 
dysregulation of the HPA signaling axis might be the chief underlying 
cause of CFS.

 Dysregulation of cortisol production has also been documented 
as a unique feature of CFS as well as a potentially novel biomarker 
for PEM [14-16]. Besides these abnormalities, in ACTH stimulation 
assay where actual stressors are mimicked in order to trigger cortisol 
release, CFS patients produced significantly less cortisol (Table 1). 
Furthermore, some studies showed the kinetics of cortisol production 
in ACTH stimulation revealed an initial exaggeration in cortisol level, 
followed by a drastic reduction in this hormone [16]. This observation 
implies that rapid removal of cortisol is accountable for the abnormal 
cortisol kinetics in CFS patients, raising the possibility that cortisol 
might be the autogenic target in CFS. If this hypothesis on the autoim-
mune nature of CFS-related fatigue is correct, HPA stimulation would 
trigger a greater production of hormonal antigens. These molecules 
are subsequently marked for destruction by the immune system, caus-
ing an increase in symptom of fatigue. On the other hand, CFS- related 

Figure 1: Molecular Components of HPA axis
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fatigue should be able to be reduced by restricting the activation of 
HPA axis, which might have been the underlying cause for the success 
of graded exercise and pacing therapies for CFS patients [27]. This 
rationale would be the foundation for an empirical scientific test to 
evaluate the neuroendocrine/autoimmune hypothesis of CFS, hope-
fully in the near future. It’s worth noting that while cortisol level was 
clearly diminished in these studies (Table 1), hypocortisolism was 
only present in a very small subset of CFS patients, reflecting the 
complex heterogeinity of this disease as well as the potential need to 
use cortisol as a bio-marker for further disease sub-classification in 
mechanistic studies of CFS.

Summary
 We highlighted the major findings in clinical and experimental re-
search that point towards a potential explanation for the multifactorial 
nature of CFS, in which abnormalities at the crossroad of immunity 
and neuroendocrine system might be the underlying cause of this ill-
ness. The hypothesis that CFS is an autoimmune disease is a strong 
fit for the pathological manifestation of a subtype of this disease, 
given the similarities between CFS and other autoimmune-mediated 
conditions as well as the positive response of some CFS patients to 
medications proven to be efficacious for autoimmune diseases. Fur-
thermore, the striking correlations between dysfunctions of HPA axis 
and fatigue symptoms allows us to postulate that molecular mediators 
of this signaling pathway, such as the stress hormone cortisol, might 
be the primary auto-antigenic targets for immune-mediated removal. 
While this novel medical hypothesis provide plausible explanations 
for major pathological features of CFS, empirical validations in clin-
ical studies of CFS subjects (synthetic ACTH stimulation, autoanti-
body identification, stress hormone biomarker discovery) as well as 
in experimental models (mechanisms of CFS remission induced by 
pregnancy or rituximab) are needed to confirm the potential involve-
ment of aberrant neuro-immune interaction in this illness.
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