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Editorial

The Neuroendocrine
System and Rheumatoid
Arthritis: Insights from
Anti-Tumor Necrosis
Factor-α Therapy

The widespread use of tumor necrosis factor-α (TNF-α)
inhibitors for treatment of rheumatoid arthritis (RA) provides
a unique opportunity to dissect the complex relationships of
hypothalamic-pituitary-adrenal (HPA) axis responses in the
context of inflammation. The prospective study of neuroen-
docrine responses in RA in the course of anti-TNF-α therapy
reported in this issue of The Journal1 provides important
insights into these relationships and disease prognosis. The
authors propose that inhibition of the key cytokine TNF-α,
which also affects interleukin 6 (IL-6) and IL-1, would be
expected to improve HPA axis function in RA.
Proinflammatory cytokines such as TNF-α, IL-6, and IL-

1 are potent activators of many aspects of central nervous
system (CNS) function, including induction of a set of
behaviors called sickness behavior, alteration of cognition,
memory and mood, induction of sleep and fever, and activa-
tion of the brain’s hormonal stress response2. In turn, the
CNS regulates immune and inflammatory responses through
the sympathetic, parasympathetic, and neuroendocrine
stress systems. Under normal conditions, activation of these
neural pathways by cytokines in the context of inflammation
results in a negative feedback loop that shuts off inflamma-
tion and returns the host to homeostasis3. More specifically,
proinflammatory cytokines activate the HPA axis by induc-
ing secretion of corticotropin-releasing hormone (CRH)
from hypothalamic secretory neurons, which in turn induces
release of adrenocorticotropin (ACTH) from pituitary corti-
cotrophs, finally stimulating secretion of antiinflammatory
cortisol from the adrenal cortex.
CNS regulatory pathways may be perturbed in RA in sev-

eral ways. An inappropriately low HPA axis response,
whether due to a blunted hypothalamic, pituitary, or adrenal
response, or resistance at the level of the glucocorticoid
receptor, predisposes to susceptibility to and/or exacerbates

autoimmune/inflammatory disease, including RA3,4. While
the latter association has been repeatedly established in ani-
mal models, the principle is more difficult to establish in
humans with already diagnosed inflammatory disease, due
to the activating effect of inflammation on the HPA axis5.
Thus, RA patients have been shown to exhibit normal cor-
tisol levels in the face of chronic inflammation, which in
this context are inappropriately low6,7. Further, the chronic
stress associated with the pain and disability of RA may
itself compound and amplify HPA axis activation. Exposure
to frequent or severe stress over a period of time (whether
immunogenic or psychogenic) may lead to increased sensi-
tization of the HPA axis, resulting in a pronounced stress
response, or on the other hand may result in hypocorti-
solism or deficient glucocorticoid signaling8. Such insuffi-
cient glucocorticoid responses may contribute to stress-
related pathology, including alterations in behavior, insulin
sensitivity, bone metabolism, and immune activation/
inflammation. Since glucocorticoids are often used for ther-
apeutic purposes in these patients, separating the effects of
the disease versus the medications on the HPA axis in RA
becomes even more complicated.
Other neural pathways also play a role in regulating the

inflammatory/immune response, including the sympathetic
nervous system (via the release of catecholamines and neu-
ropeptides, such as neuropeptide Y)9, which has been
shown to be dysregulated in RA10. The parasympathetic
nervous system exerts antiinflammatory effects through
cholinergic neurotransmitters and neuropeptides, such as
vasoactive intestinal peptide (VIP) and pituitary adenylate
cyclase-activating peptide (PACAP), released from the
vagus nerve11. The peripheral nervous system regulates
inflammation at local sites, including the synovium, through
the release of neuropeptides from sensory peripheral nerves.
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These, including substance P and calcitonin gene-related
peptide (CGRP), are generally proinflammatory3.
Recent studies indicate that the adrenal gland is an

important direct target of proinflammatory cytokines,
including IL-6, that directly stimulate the adrenal gland dur-
ing inflammation and infection5,12. Further, certain
cytokines, such as TNF-α, may inhibit steroidogenesis in
the adrenal cortex13, while stimulating central parts of the
neuroendocrine axis. Taking into consideration that
cytokines are also locally synthesized by the adrenal gland
(TNF-α and IL-6 in the cortex; IL-1 in the medulla) and
modify adrenal steroid synthesis and/or secretion, these
cytokines could play a paracrine or autocrine role in the reg-
ulation of adrenal function14. In addition, cytokines may
affect cortical steroidogenesis by modulating the synthesis
and/or release of various neurotransmitters and neuropep-
tides (e.g., catecholamines, acetylcholine, serotonin, VIP,
PACAP, CGRP, substance P, neuropeptide Y, opioids,
galanin, CRH, ACTH) from adrenal nerve endings (e.g.,
splanchnic nerve) and/or medullary chromaffin cells15,16.

Upon stimulation, the adrenal cortex releases not only
cortisol but also the hormone dehydroepiandrosterone sul-
fate (DHEAS). DHEA, the major androgen secreted by the
adrenal cortex, is transformed into its sulfuric acid ester,
DHEAS (a compound with a half-life of several hours), and
then converted again by the sulfatase enzyme to DHEA in
target tissues such as brain, bone, breast, and adipose tissue.
At the intracellular level, DHEA is further metabolized to
various other steroids such as the androgens, androstenedi-
ol, testosterone, and dihydrotestosterone and the estrogens,
estrone and 17-beta estradiol. In women, DHEA is the most
important source of androgens. Therefore it is fair to say that
in most cases, especially after the meno- and andropause,
circulating androgen levels in women may be higher than
those in men. DHEA is one of the most abundantly secreted
steroids, whose physiological function in adult life is poorly
understood. Recent studies have indicated that DHEAS
levels in plasma are altered in several circumstances.
DHEAS has been shown to have a role in adrenarche (early
onset of puberty)17. In addition, DHEAS secretion declines
steadily with age, one of the reasons why DHEAS levels
have been linked to longevity, with low levels being “pre-
dictive” of mortality18. Interestingly, DHEA is a neuros-
teroid locally produced by the brain, where it exerts some
neuroprotective action19. Moreover, as the authors point out,
this hormone is also decreased in RA prior to disease onset
and in HLA-identical siblings of patients with RA1. Unlike
other major steroids, a receptor for DHEA(S) has not been
isolated. The lack of a known receptor with the subsequent
development of selective antagonists has limited our ability
to understand the true physiological role of this hormone,
beyond fetal life. Therefore, although this hormone is often
used as an indicator of adrenal function, its true role remains
to be determined.

The study by Ernestam, et al has the major merit of being
a longterm study (2-year duration) in a field typically char-
acterized by shorter studies, as well as the merit of address-
ing an important question, the role of DHEA levels in RA.
Their conclusions should, however, be taken with some cau-
tion for various reasons related to the design of this interest-
ing study. First, the study was unblinded and not random-
ized. It is not clear how subjects were assigned to the 2
drugs, infliximab or etanercept, raising the question of
selection bias in terms of disease severity and other factors
in the 2 study groups. Second, studies of the neuroendocrine
stress response in humans are fraught with potential
methodological pitfalls because of various physiological
and disease related confounding factors. These include the
presence of inflammation, pretreatment with glucocorti-
coids, and the innate diurnal rhythms of these hormones. In
this study, the characterization of the HPA axis was per-
formed by means of single-timepoint determinations and
over a wide window of time (8:00–13:00 h). However, HPA
axis hormones fluctuate over 24 hours in a circadian fash-
ion, and changes in cortisol levels over this time period
could in part be related to circadian fluctuations. The char-
acterization of the hypothalamic-pituitary-gonadal axis,
similarly carried out by single-timepoint determinations,
was further limited by the fact that it was performed only in
a subgroup, 18 subjects, of the overall sample. In addition,
the HPA axis is easily activated during experimental proce-
dures including blood collection. The authors fail to mention
the method of blood collection, which makes it difficult to
determine whether the cortisol/ACTH levels reported are
due to the stress of a needle stick, or accurately reflect the
HPA axis status of the subjects. Further, the measurement of
cortisol in patients receiving glucocorticoid treatment may
not accurately reflect the status of HPA function. These con-
founding variables may explain why the data on DHEAS
appear to correlate better with physical improvement than
cortisol. That said, since most RA patients are or have been
treated with glucocorticoids, it is almost impossible to per-
form a study in non-glucocorticoid-treated patients with
RA.
The study by Ernestam, et al informs the complex rela-

tionships between HPA axis function and inflammation by
prospectively studying adrenal responses during the course
of anti-TNF therapy. As predicted, DHEAS levels increased
significantly after 1 and 2 years of treatment, and these
levels also correlated with improved physical function.
Interestingly, they did not correlate with clinical response or
inflammatory markers. Other hormones measured, includ-
ing cortisol, did not change over the period of the study. This
suggests the intriguing possibility that the main beneficial
effects of DHEAS may result from its general physiological
effects rather than its antiinflammatory effects. There is a
large body of literature claiming both improved energy
levels and self-perceived well-being especially in elderly
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subjects in association with higher endogenous levels of
DHEA(S) or in those receiving androgen replacement ther-
apy for adrenal insufficiency20. However, apart from a few
studies, solid evidence for a therapeutic role of DHEA is still
lacking. Since the majority of these studies were uncon-
trolled in design and mostly observational in nature, it is dif-
ficult to draw any definitive conclusion from them.
In conclusion, within the limitations listed above, the

findings of Ernestam, et al, coupled with the stability of
individual DHEAS measures, suggest that DHEAS may be
a good marker for adrenal function in the context of active
RA. Further, since in this study women with lower levels of
DHEAS also showed a lower age of onset of RA, DHEAS
may prove to be a prognostic indicator, if validated in larger
studies.
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