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A B S T R A C T

The glucocorticoid-mediated response plays a pivotal role in the modulation of immune and inflamma-
tory processes. Deregulations at these levels have been implicated in a variety of disease conditions: exces-
sive concentration of glucocorticoids may enhance the susceptibility to or severity of infectious diseases,
whereas insufficient concentrations are associated with increased susceptibility and activity of inflam-
matory diseases.

Due to their immunosuppressive effects, glucocorticoids have been used for more than 50 years in the
treatment of multiple inflammatory diseases. Particularly in rheumatoid arthritis (RA) glucocorticoid the-
rapy has been proved to be very effective in ameliorating objective inflammatory markers, improving the
general well being of patients and decreasing joint damage. 

This review explores the mechanisms beneath the positive therapeutic impact of glucocorticoids in im-
mune–mediated rheumatic diseases, with emphasis in RA. 
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R E S U M O

A resposta mediada por glicocorticóides desempenha um papel fundamental na modulação dos proces-
sos imunológicos e inflamatórios. Perturbações nesta resposta foram implicadas numa variedade de
doenças: concentrações excessivas de glicocorticóides podem afectar a susceptibilidade a doenças infec-
ciosas, bem como a sua gravidade; concentrações insuficientes estão associadas a um aumento da sus-
ceptibilidade e actividade de doenças inflamatórias.

Devido aos seus efeitos imunosupressores, os glicocorticóides são usados há mais de 50 anos no trata-
mento de múltiplas doenças inflamatórias. Especificamente na terapêutica da artrite reumatóide, têm
demonstrado a sua eficácia na melhoria da actividade inflamatória, no bem-estar dos doentes e ainda na
diminuição da destruição articular. 

Este artigo de revisão aborda os mecanismos que estão subjacentes a este impacto terapêutico positi-
vo dos glicocorticóides em doenças reumáticas de base imunológica, com destaque para a artrite reuma-
tóide. 

Palavras-Chave: Glicocorticóides; Artrite Reumatóide; Inflamação; Sistema Neuroendócrino.
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Introduction

Glucocorticoids are very effective in the treatment
of a variety of inflammatory and auto-immune con-
ditions, including rheumatoid arthritis (RA). Not
only do they improve clinical and biological mar-
kers of inflammation but they also contribute for a
subjective feeling of well being in these patients.
The authors review the mechanisms beneath these
effects, highlighting the classic anti-inflammatory
role and exploring the potential role of glucocorti-
coids as hormone replacement therapy in the con-
text of a defective hypothalamus-pituitary-adrenal
(HPA) axis in these conditions.

Inflammation and the neuroendocrine 
system

In the most recent theoretical models of inflamma-
tory rheumatic diseases, it is proposed that multi-
ple genetic and environmental factors operate in
susceptible individuals, inducing chronic physio-
logic perturbations of homeostatic processes that
eventually lead to the typical features of these di-
sease states1-3. Following this model, identification
of risk factors and normalization of the physiolo-
gic imbalances during the premorbid phase should
allow to delay or even abort further development
of the disease process1. Neuroendocrine-immune
interactions play a central role in the modulation
of the immune system and may, thus, be placed at

the very core of the regulatory mechanisms able to
promote or prevent chronic inflammatory di-
seases4,5. That is why it is so important to unders-
tand them and to face the remarkable difficulties in
unravelling their complex and intricate nature.

Local inflammatory responses involve an enor-
mous variety of substances, including cytokines,
prostaglandins, free radicals and locally produced
hormones. The cytokines interleukin 1� (IL-1�), 
IL-6 and tumour necrosis factor � (TNF-�) induce
the production of chemotactic factors, responsible
for further recruitment of inflammatory cells from
the blood stream. This process is highly facilitated
by the increased expression of adhesion molecules
and selectines in endothelial cells, induced by the
same cytokines.6,7 Furthermore, IL-1, IL-6 and 
TNF-� start a cascade phenomenon amplified by 
a second wave of pro-inflammatory cytokines, 
such as IL-8, IL-12, IL-15, IL-17, IL-18, interferon �
(IFN-�) and IFN-�. 

T-helper (Th) cells play a major role in the am-
plification of the immune response, presenting a
clear polarization between Th1 and Th2 types, tra-
duced in differential patterns of cytokine expres-
sion. Th1 cells are involved in the cellular immune
responses producing mainly pro-inflammatory cy-
tokines such as IL-2 and IFN-�, whereas Th2 cells
are believed to ensure protection against extracel-
lular pathogens through a humoral response, with
the secretion of anti-inflammatory cytokines such
as IL-4, IL-10, IL-11 and IL-13.8,9

Neuropeptides and hormones can modulate the
activity of immune cells. Prolactin (PRL), corti-
cotrophin-releasing hormone (CRH), arginine va-
sopressin (AVP) and substance P (SP)5,10-14 are all pro-
duced and released at the inflammatory site where
they have been demonstrated to play a potent pro-
inflammatory role. Pro-inflammatory effects of lo-
cal CRH have been similar, in potency, to those of
TNF-�. Other neuropeptides and hormones, like
adrenocorticotrophic hormone (ACTH), �-en-
dorfin, somatostatin and �-melanocyte-stimula-
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ting hormone (�-MSH) seem to counterregulate
these effects, exerting an anti-inflammatory in-
fluence.15

Conversely, IL-1�, TNF-� and IL-6 released from
the inflammatory site, activate the production of
�-MSH, CRH and AVP in the hypothalamus, re-
sulting in the release of ACTH by the pituitary
gland,16 and finally increased cortisol production in
the adrenal cortex.17

Anti-inflammatory role of glucocorticoids

Glucocorticoids exert potent anti-inflammatory
effects at virtually every step of the inflammatory
and immune process, suppressing cell adhesion,
margination and migration, macrophage activa-
tion, antigen presentation, T cell receptor expres-
sion, T lymphocyte activation, proliferation, diffe-
rentiation and mature cell function, including cy-
totoxicity, and B cell function including antibody
production. They suppress cell-mediated immune
responses in several ways, with emphasis on the in-
hibition of IL-2 and IL-2 receptor production,
which leads to diminished lymphocyte prolifera-
tion and activation.18 The production of almost all
pro-inflammatory cytokines (e.g. IL-1�, IL-2, IL-6,
IL-8 and TNF-�) is inhibited by glucocorti-
coids.19-22 Conversely, glucocorticoids enhance the
production of anti-inflammatory cytokines, such
as IL-4, IL-5, IL-10, IL-13, and transforming growth
factor � (TGF-�).23 Finally, glucocorticoids lead to
impaired synthesis of collagenase, elastase and tis-
sue plasminogen activator thus reducing the
degradation of cartilage, soft tissue and bone.24

Glucocorticoids achieve these effects through a
variety of molecular mechanisms, including gene
expression, transcription, translation, post-trans-
lational processing, protein secretion and cell pro-
genitor proliferation and differentiation.25,26 For
example, they directly decrease transcription of
the IL-6 and IL-1� genes, decreasing their produc-
tion by immune cells. Other immunosuppressive
effects are indirectly mediated through inhibition
of pro-inflammatory transcription factors such as
NF-kB and AP-1.27 These factors promote the ex-
pression of genes for many pro-inflammatory cy-
tokines, enzymes and adhesion molecules in in-
flammatory diseases. Conversely, cytokines such as
TNF-� and IL-1� further activate NF-kB, leading to
perpetuation of local inflammatory responses.28

At first, glucocorticoids were thought to have

only immunosuppressive effects.29,30 This still holds
true for most pharmacologic effects. However, re-
cent studies indicate that, at physiological concen-
trations, glucocorticoids have an immunomodu-
latory, rather than immunosuppressive effect,
causing a shift from a Th1 to a Th2 cytokine pat-
tern.31-33 DeRijk et al have demonstrated that phy-
siological changes in circulating glucocorticoid
levels are associated with shifts in patterns of im-
mune cytokine production.34,35 Glucocorticoids
were found to be especially efficient in diminishing
the circulating levels of TNF-�, followed by 
IL-1�. IL-6 levels seem to be less responsive to
these hormones.35

The entire synthetic enzyme machinery for
glucocorticoid production has been identified in
the thymus, as have glucocorticoid hormones and
their precursors.36 Studies have shown that these
glucocorticoids play an important role in thymic T
cell selection: depending on the concentration of
glucocorticoids produced relative to the concen-
tration of antigen, T cells undergo negative or posi-
tive selection, that is to say, they may be shunted
to the death pathway and die by apoptosis or they
may undergo clonal proliferation. 

The increased production of corticosteroids
constitutes an integral part of the systemic respon-
se to inflammation and a crucial step in preventing
the progression of uncontrolled immune response
or inflammation.1

Altogether, these neuroendocrine-immune
loops play a pivotal role in the adequate modula-
tion of the inflammatory response. Significant ano-
malies in these interactions may have a decisive
contribution to the generation and progression of
inflammatory rheumatic diseases.15

Dysfunction of the 
hypothalamus-pituitary-adrenal 
axis in rheumatoid arthritis?

Data generated from studies in animal models in
the late 80´s led to the exciting hypothesis that RA
and other human inflammatory and autoimmune
diseases could be due to a blunted HPA axis res-
ponse to immune challenge, leading to unchecked
damaging inflammation. A series of elegant expe-
riments by researchers from the NIH clearly
demonstrated that the inherent high susceptibili-
ty for auto-immune disease of the Lewis rats
(LEW/N),37 is due to a defect in CRH production by
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the hypothalamus, leading to an impaired corti-
costerone response to a variety of immune challen-
ges.38 The susceptibility in Lewis rats can be re-
versed by administration of glucocorticoids within
the physiological range. Conversely the histocom-
patible Fischer rats, which are resistant to a varie-
ty of experimental auto-immune diseases can be
made susceptible through glucocorticoid receptor
blockade.37 Interestingly, blunted plasma corticos-
terone responses were also described in lupus-pro-
ne mice, prior to the development of clinical symp-
toms.39 Several studies in animal models also de-
monstrate that interrupting HPA axis adaptative
response increases disease severity in animal 
models of arthritis40 and mortality from septic
shock.41-43 Overall, serious disruption of the HPA
axis at any level, whether in a genetic basis, through
surgical means such as adrenalectomy or hypo-
physectomy, or with pharmacological interven-
tions such as the treatment with the glucocorti-
coid receptor antagonist RU 486, can render an in-
flammatory resistant host into a susceptible one.4,44

Conversely, transplantation of fetal hypothalamic
tissue from inflammatory resistant Fisher rats into
the third ventricle of inflammatory susceptible
Lewis rats corrects the Lewis blunted HPA axis res-
ponses to bacterial lipopolysaccharide (LPS) and
reverses its susceptibility to auto-immune disea-
se.45 Predisposition for autoimmune/inflammato-
ry diseases has also been associated with abnormal
glucocorticoid receptor46 in experimental animal
studies.47

A considerable effort has been employed in the
search for evidence supporting the existence of a
defective HPA axis in RA patients. Despite some
inconsistency,48-50 studies in untreated RA patients
have mostly shown an association of normal serum
and 24-hour urine cortisol with high ACTH serum
levels. These results suggest a defective adrenal
gland function.51 A number of other studies have
indicated that untreated individuals with RA have
hypersecretion of ACTH without increased levels
of cortisol, again suggesting a normal central res-
ponse to inflammation, but impaired adrenal func-
tion.51,52,53 In addition, there is evidence suggesting
that RA patients have a loss of the normal circadian
cortisol variance,54 which is in the lower limit of
normality during the day and does not increase in
response to stress (surgery, for example).55 Overall,
these observations suggest a defect in the response
to ACTH, again placing the HPA axis in the center
of potentially crucial pathogenetic mechanisms. 

Conclusion

The glucocorticoid-mediated response to inflam-
mation must be stringently regulated, since both
excessive and insufficient hormone secretion are
associated with disease: chronic HPA axis over-ac-
tivation, as occurs during stress, can affect sus-
ceptibility to or severity of infectious diseases, due
to the immunosuppressive effects of glucocorti-
coids. On the other hand, blunted HPA axis res-
ponses are associated with increased susceptibili-
ty and activity of inflammatory diseases. In addi-
tion to the well known anti-inflammatory proper-
ties of corticosteroids the evidence for a defective
HPA axis in RA offers new avenues to understand
the spectrum of therapeutic benefits of glucocor-
ticoids in RA and other immune mediated rheu-
matic diseases. 
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