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Abstract

A number of diseases including viral and bacterial infections, inflammatory and auto-immune disorders
is associated with glucocorticoids resistance. Tissue resistance to glucocorticoids is observed in untreated HIV
infected patients with hypercortisolism. These patients show a complete inability of glucocorticoids to exert their
effect, full Addisonian symptoms and an impressive increase in type-1 Th-directed cellular immunity. This clearly
suggests a severe receptor resistance to glucocorticoids. Removal of glucocorticoids by adrenal insufficiency
or decreased glucocorticoid receptors sensitivity, likely induced by HIV RNA, endotoxin and lipopolysaccarides,
significantly enhances morbidity and mortality in such patients. Highly active antiretroviral therapy is an important
advance in the treatment of HIV infection since confers survival and acceptable conditions of life, but the suppression
of viral replication is not associated with reconstitution of the immune function. This allows persistence of chronic
inflammatory disease and activation of local 11 hydroxy steroid dehydrogenase type-1 and type-2 with associated
increases in glucocorticoids and mineralcorticoids production. Glucocorticoids and their receptors have a central role
in the control of innate and adaptive immune responses. In turn, cytokines signaling pathway may influence neuro-
endocrine function through changes in the receptors sensitivity and function. Evidence shows that glucocorticoids
system works in concert with other systems, including the immune, metabolic and renin-angiotensin aldosterone
systems. Imbalance of this network mainly drives to chronic inflammation and the metabolic syndrome with its
component of insulin resistance, dyslipidemia and cardiovascular complications. Therapeutic strategies to restore
the integrity of glucocorticoid receptor function and reconstitute the immune function are needed to keep HIV
infected patients away from complications. Current therapeutic approaches tend to inhibit the 113 hydroxy steroid
dehydrogenase type-1 activity and the renin-angiotensin-aldosterone system function. Both these treatments may
reduce inflammation.
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Thelper-2

Introduction

Resistance to the anti-inflammatory and immune effects of
glucocorticoids is one of the most important clinical aspects of HIV
infection. Since the responsiveness of the target tissues to glucocorticoids
is crucial for the end effect of this hormone and any generalized changes
in the glucocorticoid signaling would be expected to be followed by
compensatory changes in the glucocorticoid regulatory mechanism,
this will result in a new adaptive equilibrium in the hormonal, immune
and metabolic system function. Glucocorticoids play an essential role
in restraining inflammatory, neuro-endocrine and immune responses
to a variety of challenges including pathogens exposure and stress [1].
It is now recognized that changes in Glucocorticoid Receptor (GR)
sensitivity have a role in the pathogenesis of a number of disorders
including auto immune and inflammatory diseases which are believed
to be related both to impaired or increased functioning of GR.

During human immune deficiency HIV virus infection, activated
immune cells lypogenic pro-inflammatory cytokines
interleukine -1 (IL-1), interferon alfa (IFNa), interferon gamma (IFNy),
tumor necrosis factor alfa (TNFa) stimulate the release of systemic
glucocorticoids which provide important control over the immune
system [2]. AIDS patients present several manifestations compatible
with an excessive production of cortisol. A decreased sensitivity to
glucocorticoids has been shown in the immune cells of HIV infected
individuals with high circulating levels of cortisol. Competitive binding
studies performed on mononuclear lymphocytes taken from these
patients revealed a low receptor affinity for glucocorticoid while the
number of receptors was increased. These changes were associated to
an impressive increase in type-1 Th-directed cellular immune response
no more suppressed by high levels of circulating cortisol, giving
evidence that HIV infected patients have become resistant to cortisol
[3]. Interestingly these receptor changes were similar to those induced
by endotoxin- lipopolysaccarides (LPS) which have been shown to
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increase GR numbers but decrease affinity [4]. Treatment of HIV
infection with High Active Antiretroviral Therapy (HAART) confers
survival and quality of life benefit. However these significant benefits
are at the cost of metabolic complications and risk of type-2 diabetes
and cardiovascular disease. These chronic diseases add complexity to
the standards of the care in HIV infection and much remains unknown
about the natural histories of the metabolic syndrome, diabetes,
cardiovascular complications and their therapeutic approaches. This
review will focus on the potential contribution of inflammation and
activation of the cytokine signaling pathway to GR resistance and its
relevance to major complications of HIV infection.

Glucocorticoids and GR: A Functional Unit

GR is essential to life and the GR anti-inflammatory action may
be most critical for survival. It is important to remember that GR is
ubiquitous in the human body and that, upon cortisol binding to GR
is activated, this steroid regulates the transcription expression of the
target genes and downstream physiological function. Glucocorticoids
exert many effects through cytosolic receptors, member of the nuclear
hormone receptor super family, which also includes the thyroid
hormone, mineral corticoid, estrogen and progesterone receptors.
Upon ligand activation, GR is released from the protein complex,
dimerizes and translocates in the nucleus where it binds to specific
DNA sequences called glucocorticoid response elements (GRE). Thus,
GR function has a ligand dependent transcription factor [5]. GR
activation by glucocorticoids primarily represses gene transcription by
interfering with the action of signaling pathways such as nuclear factor
KB (NF,B) and activator protein (AP-1). It is through this mechanism
that glucocorticoids exert their anti-inflammatory action [6]. Cortisol
participates to physic and psychic responses to stress, inflammation and
immune challenges. Circulating cortisol is produced by biosynthesis
in the adrenal glands, regulated by the HPA axis, and by activation
of hydroxysteroid dehydrogenase type 1 enzyme (11pHSD1) which
catalyzes the conversion of inactive cortisone into active cortisol,
mainly in adipose, liver, muscle and brain tissues [7].

Another enzyme, the 11p hydroxysteroid dehydrogenase type 2
(11PHSD-2), participates to the process, catalyzing the conversion of
active cortisol into inactive cortisone in target tissues such as kidney,
heart, endothelium and colon. These enzymes also interact with the
mineral corticoid receptor (MR) and directly regulate aldosterone
production [8]. Thus the receptor responsiveness to glucocorticoid is
crucial for the responses to HPA axis, 11BHSD-1, 113HSD-2 and MR.

Endocrine and Immune Alterations in Acute HIV
Infection

A certain number of untreated HIV infected individual’s present
hypercortisolim and an acquired form of glucocorticoid resistance. This
may be related to a chronic activation of HPA axis by inflammatory
cytokines. Infact TNFa, IL-1 and IL-6 may account for most of HPA
axis-stimulating activity [9]. IL-6 stimulates both ACTH and cortisol in
men [10] and glucocorticoid suppresses IL-6 production by decreasing
the transcription rates of the gene for this interleukin [11]. However,
chronically elevated levels of inflammatory cytokines may restrain
HPA axis by blocking the stimulatory effect of ACTH and CRH on the
pituitary and adrenal cortex [12]. Thus we are faced with a complex
mechanism aimed to regulate glucocorticoids function. An important
question regards the role that glucocorticoids and their receptors have
in HIV disease progression in untreated HIV infected individuals. In
the advanced stage of the disease these patients may present signs and
symptoms of adrenal insufficiency such as skin hyperpigmentation,

chronic fatigue, hypotension but high cortisol levels in the plasma.
Progression of the disease in such patients is also associated with a
shift of the cytokine pattern from a Th-1 to a Th-2 type, which allows
replication to the virus to proceed [13]. Association of hypercortisolism
with addisoniam symptoms and the impressive increase of T Helper-1
(Th-1) directed cellular immunity strongly suggest that HIV infected
patients become resistant to glucocorticoids [3]. A moderate resistance
to glucocorticoid has been detected in more than half of untreated HIV
infected patients in the early phase of the disease [14] which suggests
that HIV retrovirus infection induces progressive changes in receptors
function and that these changes may have the effect of glucocorticoid
antagonists in reversing the cytokine pattern from the Th-2 to Th-1
sub-type.

In HIV infected patients, intact HPA axis and glucocorticoid
response are needed for survival to viral and bacterial infection. GR is
a target for toxins. Endotoxemia is associated with altered innate and
adaptive immune response in untreated HIV patients [15]. An excess of
TNFa is considered the most likely cause of enhanced LPS/ endotoxin
induced mortality. Removal of endogenous glucocorticoids by adrenal
insufficiency or decreased GR sensitivity significantly enhances the
mortality from endotoxin, LPS and viral HIV RNA [4]. When invading
pathogens are not controlled as occurs in HIV retrovirus infection,
the immune system starts destroying immune cells, and consequently
causes auto-immune and inflammatory diseases.  Continuous
stimulation of T-cells also occurs leading to the functional exhaustion
of effector T-cells. During chronic HIV retrovirus infection several
inhibitory molecules are over expressed on virus specific CD-4 and
CD-8 T-cells and this is associated with functional exhaustion leading
ultimately to delation of the exhausted T-cells. IL-2 production and
T-cell proliferation potentially are lost first, TNFa production and
cytotoxic capacity disappears later; finally exhausted cells are deleted
via apoptosis [16,17]. Increments of glucocorticoids production may
be also responsible for functional exhaustion of T-cells and increased
apoptosis. GR resistance may counteract these effects.

Chronic Inflammatory Disease in HAART Treated HIV
Patients

Investigation of the HPA axis in chronic inflammation has shown
an anti-inflammatory influence of the HPA axis, equivocal results
with respect to the levels of adrenocortical hormone ACTH and
cortisol , inadequate low secretions of adrenal hormone in relation
to inflammation, modulating role of a TNFa and IL-6 on the HPA
axis and GR hyposensitivity. Basis of these alterations is an adaptive
program selected for short lived inflammatory responses which
becomes a disease inherent pathologic factor. If this adaptive program
continues longtime, it can drive systemic disease sequel such chronic
inflammatory disease and the metabolic syndrome [18]. The metabolic
syndrome refers to unbalances of the endocrine, immune and metabolic
functions which lead to the development of obesity, primarily of the
visceral type, with its components of insulin resistance, dyslipidemia,
hyperglycemia, endothelium dysfunction, blood hypercoagulation and
hypertension. The risk of developing the metabolic syndrome seems
related to HIV infection, specific antiretroviral agents, inflammation
and body fat distribution. The prevalence of metabolic syndrome in
AIDS ranges from 17 to 34 percent and is partly dependent on the
diagnostic definition used [19]. Seen the slow evolution of the disease
an increased prevalence of metabolic and cardiovascular complications
can be expected.

Although circulating cortisol levels are normal in HIV patients
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treated with HAART, the 1188 HSD-1 enzyme is activated. Over-
expression of 11p HSD-1, induced by the inflammatory cytokine IL-1
and TNFa - is associated with increased production of intracellular
cortisol in target tissues [7]. 11p HSD-1 is also elevated during
hyperglycemia, the effect being mediated by an increase in cytosolic
exose-6-phosphate dehydrogenase, which in turn drives 11 HSD-
1 activity and local glucocorticoid generation [20]. Interestingly
glucocorticoids are powerful inhibitors of IL-1p and TNFa secretion
and of many of the inflammatory effects of these cytokines [21], and at
the same time they can limit inflammation by inducing the reductase
activity of 11 HSD-1. These processes occur in different times thus,
dual actions of 113 HSD-1 and TNFa, may balance the inflammatory
effect and contribute to the ultimately necessary arrest of inflammation
or its persistence. Dual actions of 11 HSD-1 and 113 HSD-2 which
control access of cortisol and cortisone to GR and MR, determine the
anti-inflammatory effect of the glucocorticoid or the pro-inflammatory
effect of aldosterone [22]. Since pro-inflammatory cytokines reduce GR
sensitivity, this must be considered an important mechanism leading to
persistence of inflammation in HIV infected patients.

Metabolic and Cardiovascular Complications

Visceral obesity is one major risk factor for cardiovascular and
metabolic disease. Studies have shown that T-cells are key regulators
not only of adipose inflammation but also of systemic glucocorticoids
and insulin activity. Adipose tissue inflammation in the metabolic
syndrome, results in activation of the 11p HSD-1, cortisol resistance,
insulin resistance and a shift from expansion of subcutaneous fat to
deposition of abdominal and ectopic fat. Protease inhibitors- associated
syndrome of peripheral lipodystrophy, hyperlipidemia and insulin
resistance has been described. This effect of protease inhibitors may be
directed or mediated by inflammation. Glucocorticoids are recognized
to play a key role in the pathogenesis of insulin resistance in HAART
treated patients. As cortisol acts as natural antagonist of insulin and
has the same target tissues of insulin, changes in the sensitivity of the
glucocorticoid and insulin receptors may be a fundamental mechanism
by which these hormones regulate lipid and glucose metabolism in
tissues such as fat, liver, muscle and brain. With insulin resistance,
skeletal muscle, liver and adipose tissue metabolism is altered.
Decreased glucose metabolism is often correlated with elevation in FFA
metabolism; glucocorticoid- induced insulin resistance is associated
with augmented FFA utilization [23]. Specific inactivation of hepatic
GR reduces elevated glucose output and improves hyperglycemia. These
metabolic alterations are widely believed to predispose to diabetes
mellitus type-2 and cardiovascular complications.

Endothelial dysfunction is an important event in the initiation
and progression of atherosclerotic-vascular diseases associated with
HIV infection. Endothelium activation leads to a pro-inflammatory
proliferative and protrombotic state of the endothelium [24]. The
presence of the insulin receptors on endothelial cells is well documented
and endothelium is now emerged as a potential important target tissue
for insulin. Diabetes and inflammation contribute to atherosclerosis and
associated endothelium damaged by promoting the position of modified
lipids in the endothelium and by inhibiting nitric oxide production [23].
Since glucocorticoids produce whole body insulin resistance changes in
glucorticoid production and/or glucocorticoid receptor function may
participate to endothelium dysfunction in HIV infected individuals.
However experiments in rat have recently shown that endothelial cells
may be resistant to glucocorticoids , so explaining the inefliciency
of glucocorticoids in the treatment of vasculitis [25]. Interestingly
113 HSD-2 enzyme is mainly expressed in vascular endothelium and

heart where induces activation of MR and increases the production of
mineralcorticoid which are pro-inflammatory hormones.

In the heart, elevated FFA has been implicated in metabolic,
morphological and mechanical changes and lypotoxicity [23]. During
metabolic stress, such as diabetes and insulin resistance characterized
by inadequate glucose utilization, cardiac FFA consumption
supersedes glucose oxidation. Thus, increased FFA delivery following
glucocorticoids, alters FFA composition in the heart. This may be an
important mechanism by which heart is damaged.

Finally, very early increase of blood pressure may be responsible for
pathologic changes in the endothelium and heart due to activation of
the RAAS. Blockade of this system improves the release of pancreatic
insulin, increases insulin-mediated glucose utilization as well as reduces
progression of inflammation and cardio metabolic disease [22].

Discussion

Anintact HPA axis and preserved glucocorticoid receptor sensitivity
is needed in HIV patients for survival to viral and bacterial infection
during HIV disease. Activated immune cells, secrete pro-inflammatory
cytokines that stimulate the release of cortisol which, in turn, provides
important controls of the immune system and inflammation. This does
not occur in acutely infected HIV patients as their GR,, target for HIV-
RNA, endotoxin and LPS [4], become resistant to cortisol. Cortisol
resistance also occurs in HAART treated patients as invading pathogens
are not contained by adequate immune-endocrine response. This
results in a chronic inflammatory disease. Persistence of inflammation
in these patients triggers the cortisone-cortisol shuttle resulting in an
increased intra-cellular cortisol production. The consequence is that
plasma cortisol concentration remains within normality, but 11 HSD-
1 activity and cortisol production increase in macrophages, adipose
tissue, liver, muscles and brain, until the inflammation is resolved. The
immune system controls glucocorticoids and their receptors. Infact
a number of cytokines including interleukin IL-1, IL-2, TNFa and
INFa influence the neuro-endocrine and GR function [26]. In turn,
the cytokines system is under the control of glucocorticoids hormones
and their receptors. Thus we are faced with a complex network which
interacts and works in concert with other systems, particularly the
metabolic and the RAAS system.

Since cortisol acts as a natural antagonist of insulin by reducing
insulin sensitivity in the same target tissues, changes in receptors
sensitivity to both cortisol and insulin may be considered a fundamental
mechanism by which cortisol and insulin lead to metabolic syndrome
and cardiovascular complications. Focus of this review is also the
endothelium dysfunction that has a key role in the initiation and
progression of atherosclerotic and vascular complications [24].

Conclusion

Evidence from studies in HIV infected patients shows that
glucocorticoids and their receptors play an essential role in the
regulation of endocrine, immune, metabolic and inflammatory
responses to a variety of challenges including pathogens exposure
inflammation and stress. Glucocorticoids and their receptors are the
basis of an adaptive program for short lived inflammatory response, but
if inflammation persists, as it occurs in HAART treated patients, a new
adaptive equilibrium between cortisol and its receptors can be reached,
to limit metabolic and vascular complications. Continuous resetting of
the glucocorticoid receptors during chronic inflammation may explain
the low increasing morbidity and the longtime occurring before severe
complications become manifest.
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Future therapeutic strategies will be designed to reconstitute the

immune function, restrain inflammation and regulate glucocorticoids-

glucocorticoid receptors cross-talk. Current treatments are based on 11§
HSD-1 antagonists, which are expected to reduce cortisol production
and prevent insulin resistance, and angiotensinl-aldosterone blockers

or

renin inhibitors that may be effective in preventing and treating

hypertension, atherosclerosis and metabolic complications.
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