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A lot of evidence gathered over the last 3 decades indicates that
there is bidirectional communication between the central nervous
system (CNS), endocrine system and immune system starting
during embryonic and neonatal development to the final stages of
life. This “neuro-immuno-endocrine” communication is constantly
seen in situations of stress as occurs in infections, inflammatory/
autoimmune diseases or trauma, which trigger a series of reactions
that activate the neuro-immuno-endocrine system. This system
is composed of the following areas: 1. hypothalamic-pituitary-
adrenal (HPA) that includes the cortisol, corticotropin-releasing
hormone (CRH) and adrenocorticotropic hormone (ACTH); 2.
hypothalamic-pituitary-gonadal (HPG), that includes luteinizing
hormone (LH), follicle stimulating hormone (FSH), gonadotropin-
releasing hormone (GnRH), oestrogen, progesterone and androgen;
3. Hypothalamic-pituitary-thyroid (HHT) composed of thyroid
hormones (T3 and T4) and 4. prolactin/growth hormone (PRL/GH)
system. The messengers of this bidirectional communication are
the abovementioned hormones, neuropeptides, “pro-inflammatory”
and “anti-inflammatory” cytokines as well as neurotransmitters that
are synthesised by the cells of the 3 systems. These messengers act
via receptors, producing activation or inhibition of the innate and
adaptive immune response, from the nervous system and endocrine
system. The autonomic nervous system together with the synthesis
and release of catecholamines also participate in this communication.
The breakdown of this homeostatic-molecular balance shares in the
pathogenesis of various inflammatory, autoimmune, neoplastic,
infectious, cardiovascular, metabolic and psychiatric processes.'

The synthesis and release of messengers has 24 hour action cycles
when referring to the physiological processes. These variations are
called circadian rhythm, and they influence the clinical manifestations
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of various diseases. This circadian rhythm is generated and controlled
by the CNS through the hypothalamus.*

The synthesis and secretion of hormones and cykotines is a
dynamic process that is undertaken in a cellular microenvironment.
The cells have receptors for hormones, cykotines and pathogen-
associated molecular patterns (PAMPs). They are all activated to
physiologically respond to pathogens.

When there is a local or systemic inflammatory/immune
process, the immune systems cells release proinflammatory
cytokines: interleukin 1 beta (IL-1B), tumour necrosis factor (TNF)
and interleukin 6 (IL-6), which cross the blood-brain barrier and
reach the CNS. The blood-brain barrier breakdown is mediated by
lipopolysaccharides and cytokines that activate the CNS functions
and produce behavioural and cognitive changes, arthritis, fever
and activate systems to respond to stress.® We have seen that an
IL-1 injection in mice produces activation of the HPA axis releasing
ACTH and cortisol, since tests were carried out in the eighties of the
last century. This is a hypothesis that was later confirmed by the
demonstration that IL-1 activates neurons in the paraventricular
nucleus of the hypothalamus that contain CRH.”

A characteristic of autoimmune rheumatic diseases is the loss
of immunological tolerance. The tolerance occurs when antigen-
presenting cells process and present to it in the context of a reduced
expression of the major histocompatibility complex (MHC) class Il in
a microenvironment that contains cykotines and anti-inflammatory
hormones (IL-4, IL-10, cortisol, progesterone, androgens). If the
microenvironment is made up from cytokines and pro-inflammatory
hormones (IL-1, TNF-a, IL-6, oestrogen, PRL), the immune response
will be exarcerbated and will lead to a loss of tolerance and the
development of an autoimmune disease.?

Therefore, disturbances in these physiological regulatory
processes could become a potential risk factor in the development of
autoimmune rheumatic diseases. In fact,an abnormal neuro-immuno-
endocrine response has been found in patients with rheumatoid
arthritis (RA), lupus erythematosus (SLE), Sjogren’s syndrome,



86 LJ. Jara / Reumatol Clin. 2011,7(2):85-87

systemic sclerosis, fibromyalgia, etc. These alterations could be
the cause or consequence of inflammatory and immunological
abnormalities observed in these entities.*"°

Many studies on animals and humans have shown the effect of
stress on the immune system, which is considered a risk factor in the
development of autoimmune diseases. Furthermore, retrospective
studies have found that a high proportion of patients (80%) referred
to a situation of stress before their illness started. Additionally, the
disease itself causes stress, creating a vicious circle. Psychological
stress, infections, physical trauma, etc. act as triggers to neuro-
immuno-endocrine activity releasing cytokines and hormones."
A recent study analysed the response systems to stress of RA and
SLE patients. They were submitted to short term experimental
stress (psychological, cognitive, exercises and pain induction) and
changes were found in the immune response when compared to
the controls. However the results were inconsistent regarding the
autonomic nervous system response and HPA axis.”? These changes
can contribute to the maintenance or exacerbation of inflammatory
response in patients with these autoimmune diseases. Other
studies have analysed the role of stress factors in infancy and their
relationship with the risk of diseases, and found that individuals that
reported 2 or more traumatic events during this stage in their life had
an increased risk of up to 100% in developing a rheumatic diseases
when compared to those that did not report it."® The mechanisms
implicated in these associations probably include changes in the
function of the neuro-immuno-endocrine system.

Neuro-immuno-endocrine changes before an autoimmune
disease develops have not been greatly investigated. A subgroup of
premenopausal women that developed RA before they were 50 years
old had decreased serum levels of dehydroepiandrosterone (DHEA),
cortisol and testosterone elevation of IL-1, TNF and IL-6, for up to 12
years before developing the disease. Risk has also been related to
lactation, which causes an increase of PRL and immune activation
and with other environmental factors such as smoking in pregnancy
and the positivity of anti-citrullinated antibodies and rheumatoid
factor, amongst others. Although somewhat controversial, these
findings suggest a change in the neuro-immuno-endocrine system
in a pre-symptomatic phase of RA."*"7 Some patients have presented
hyperprolactinemia before developing an autoimmune disease such
as Graves disease, dermatomyositis, Sjégren syndrome and SLE.'®
In accordance with the above a subgroup of patients with SLE who
presented prolactinomas has been described. Nearly 50% of these
patients presented hyperprolactinemia up to 5 years before the SLE
diagnosis and developed clinical manifestations of SLE when the PRL
levels were between 20-40 ng/ml."®

The neuro-immuno-endocrine system changes in RA and SLE have
been a reason for research during the last decades. Serum cortisol
levels similar to control subjects have been found in patients with
RA, although with the presence of high levels of pro-inflammatory
cytokines, which represent an inefficient response to this
proflammatory medium, evenin the initial stages of the disease. These
alterations are measured by hypothalamic hormones, pituitaries and
some pro-inflammatory cykotines, such as IL6 and TNF-0..2%?! In fact
it has been demonstrated that anti-TNFa therapy restores the HPA
axis alterations in patients with RA and reduces tiredness, which
clearly indicates that the pro-inflammatory cykotines alter the CNS
function.?>?* A recent study showed that patients that had a good
response to anti-TNF-o treatment also presented an increase in
serum cortisol levels in contrast to patients with a poor response. The
study indicates that inflammation induced by TNF-a interferes with
the integrity of the HPA axis and correlates to treatment response.
The determination of plasma cortisol can be a sensitive marker to
predict the response to anti-TNF-o treatment.?

There are low serum concentrations of androgens and their
metabolites in RA patients, while the estrogen levels remain
normal or even high.?6 An altered hormone metabolism with raised

16a-hidroxiestrona/4-hidroxiestradiol metabolites has been reported
in the synovial liquid of RA patients, which plays a role in the in
synovial hyperplasia and interacts with pro-inflammatory cytokines
(TNF-a,IL-1,eIL-6)and with estrogen receptors present in the synovial
cells.?3° Therapeutic blockade of TNF-o has shown beneficial effects
on these alterations, increasing the dehydroepiandrosterone sulfate
(DHEAS) levels, improving HPG axis.>!

The activation of the sympathetic and parasympathetic nervous
system in RA occurs parallel to the HPG axis activation and to the
expression of cytokines, hormones and neurotransmitters. This
hypothesis is based on experimental models of arthritis induced by
type Il collagen and studies on humans.??-3

There is a clear female predominance in the autoimmune/
inflammatory disease where SLE is a prototype, which indicates an
immunomodulatory role of oestrogens and PRL. There is evidence in
Murine SLE and humans of changes in the HPG axis characterised by
adrenal insufficiency and normal pituitary functioning.*® There has
been evidence of abnormalities in androgen and estrogen metabolism
with relation to the HPG axis since the eighties of the last century.’’
These changes are characterised by a hyperestrogenism state , with
a reduction of androgens and their metabolites that participate in
T cell activation and contribute to SLE pathogenesis.® Oestrogens
also take part in the development and maturing process of the B
lymphocytes.®

The relationship between PRL and the immune system has been
demonstrated over the last 3 decades. PRL is secreted not only by
the anterior pituitary but also by many cells, including those of the
immune system. PRL has an important role in innate and adaptive
immune response as well as regulating the growth differentiation
of the mammary gland and ovary. Hyperprolactinemia has been
described in SLE, RA, systemic sclerosis, and psoriatic arthropathy
amongst others. PRL increases the IFN-y and IL-2 synthesis by
lymphocytes and takes part in antibody production. Experimental
studies and a few studies in humans support the efficacy potential of
Dopamine agonists in LES, even during pregnancy and postpartum.*

To conclude: A great amount of clinical and experimental evidence
indicates that stress and changes in the neuro-immuno-endocrine
system are a risk factor for the development of RA, SLE and other
autoimmune diseases, and that they participate in the pathogenesis
and clinical expression of these diseases. However, we still have along
way to go. It is necessary to confirm these findings, investigate how
these systems interact as a response to stress with the autoimmune
system and propose new therapeutic alternatives that are able to
restore the delicate balance of the neuro-immuno-endocrine system
in autoimmune rheumatic diseases. This represents a real challenge
for the rheumatologist over the next few years.
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