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Abstract

The etiology of autoimmune diseases is multifactorial: genetic, environmental, hormonal, and immunological factors are all
considered important in their development. Nevertheless, the onset of at least 50% of autoimmune disorders has been attributed
to “unknown trigger factors”. Physical and psychological stress has been implicated in the development of autoimmune disease,
since numerous animal and human studies demonstrated the effect of sundry stressors on immune function. Moreover, many
retrospective studies found that a high proportion (up to 80%) of patients reported uncommon emotional stress before disease
onset. Unfortunately, not only does stress cause disease, but the disease itself also causes significant stress in the patients,
creating a vicious cycle. Recent reviews discuss the possible role of psychological stress, and of the major stress-related
hormones, in the pathogenesis of autoimmune disease. It is presumed that the stress-triggered neuroendocrine hormones lead to
immune dysregulation, which ultimately results in autoimmune disease, by altering or amplifying cytokine production. The
treatment of autoimmune disease should thus include stress management and behavioral intervention to prevent stress-related
immune imbalance. Different stress reactions should be discussed with autoimmune patients, and obligatory questionnaires
about trigger factors should include psychological stress in addition to infection, trauma, and other common triggers.
© 2007 Published by Elsevier B.V.
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1. Introduction

The etiology of the loss of normal self-tolerance in an
autoimmune disease is considered multifactorial. Genetic,
environmental, hormonal and immunological factors are
all considered important in the development of these
disorders [1]. Nevertheless, the onset of at least 50% of
autoimmune disorders has been attributed to unknown
trigger factors. Physical and psychological stress has
been implicated in the development of autoimmune
disease, since numerous animal and human studies [2]
demonstrate the effect of sundry stressors on immune
function [3]. Many retrospective studies found that a high
proportion (up to 80%) of patients report uncommon
emotional stress before disease onset [4]. Several studies
suggest that stress is not only a participating factor, but
can in fact cause disease exacerbation. Unfortunately, not
only does stress cause disease, but the disease itself also
causes significant stress in the patients, creating a vicious
cycle. [5,6].

However, although physicians and patients agree that
stress plays a role not only in the onset of many disease
processes, but also in their exacerbation, there is very
little clinical research work demonstrating the mechan-
isms by which this occurs. One of the reasons for this is
that animal models are much easier to control environ-
mentally, and that these models are genetically identical.
In humans, factors like the environment, diet, and
concomitant medication are difficult variables that need
to be controlled.

2. Back to the past

More than 50 years ago Dr. Hans Selye demonstrated
how stress diminishes health and leads to glandular
disturbances, including autoimmune endocrine disor-
ders [7,8]. To grossly oversimplify to the point of a
circular argument, Selye discovered and documented
that stress differs from other physical responses in that
stress is stressful irrespective of whether one receives
good or bad news, whether the impulse is positive or
negative. While many natural health enthusiasts, as well
as a number of rheumatologists, continued to research
the role of stress, the elite fraction of mainstream
medicine, particularly the endocrinologists, grew skep-
tical [9,10]: how could one prove that stress, and not
some genetic flaw or predisposition, was responsible for
those withered glands Selye offered us? Cause and
effect have always been tinted with doubt in medicine.
Unless one is hit by a car, how can one prove exactly
what caused any medical disorder? This prevailing
thought holds the key to a certain lack of progress

surrounding prevention, not just treatment, of auto-
immune diseases.

3. Definition and diagnosis of stress

Hans Selye was the first to define stress as a non-
specific response of the body to any demand made upon
it [7]. It has been demonstrated that Selye’s theory about
the effects of stress is applicable to any sort of stress. He
called negative stress distress and positive stress eus-
tress. Some commentators consider him the first to
demonstrate the existence of a particular stress disease,
the stress syndrome, or the general adaptation syn-
drome. Selye was also the first to describe the system by
which the body copes with stress — the hypothalamus—
pituitary—adrenal system. However, the word stress has
been oversimplified and manipulated in public usage
[9], with psychiatrists and psychologists mainly respon-
sible for a great overlap and consequent confusion
between the definition of stress and its diagnosis. It
is worth re-iterating that the stress system orches-
trates the response of the body and of the brain to the
environment.

4. Pathogenesis of a stress-related disease

The possible role of psychological stress and of the
major stress-related hormones as etiological factors in
the pathogenesis of autoimmune disease was discussed
in recent reviews [2,12,13,14]. It is presumed that
neuroendocrine hormones triggered during stress lead to
immune dysregulation and altered or amplified cytokine
production, resulting in atopic autoimmune diseases or
in decreased host defense. Various types of transmitter
substances of the neuroendocrine-immune network
include epinephrine, norepinephrine, acetylcholine,
substance P, vasoactive intestinal peptide, glucagon,
insulin, cytokines, growth factors, and numerous other
mediators. In addition, the multiple roles of Th2 cells in
maintaining allergic inflammation and altering the
balance between Thl and Th2 responses are important
mechanisms for allergic inflammation and tissue
damage.

5. The role of stress in autoimmune disease

It was presumed that repeated episodes of acute or
chronic psychological stress might induce an acute
phase response, triggering a subsequent chronic inflam-
matory process, such as atherosclerosis and certain
metabolic diseases [10,14]. There is evidence that the
liver, the endothelium, and fat cell depots are the
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primary sources of cytokines, particularly of IL-6. IL-6
and the acute phase protein C-reactive protein are
strongly associated with, and likely play a dominant role
in, the development of such inflammatory process,
which leads to insulin resistance, non-insulin dependent
diabetes mellitus type II, and Metabolic syndrome X
[10]. The fact that psychological stress can activate an
acute phase response, which is part of the innate
immune inflammatory response, is evidence that the
inflammatory response is contained within the stress
response, and that stress can induce an inflammatory
response [11].

5.1. Association of stress and immune dysregulation

Epidemiological research increasingly suggests that
exposure to traumatic stressors and psychological
trauma 1is related to increased health care utilization,
adverse health outcomes, the onset of specific diseases,
and premature death [15,16]. To date, studies have
linked traumatic stress exposures and posttraumatic
stress disorder to such conditions as cardiovascular
disease, diabetes, gastrointestinal disease, fibromyalgia,
chronic fatigue syndrome, and musculoskeletal dis-
orders [10]. Recent finding indicate that victims of post-
traumatic stress disorder (PTSD) have higher circulating
T-cell lymphocytes and lower cortisol levels, suggesting
that chronic sufferers of PTSD may be at risk for
autoimmune diseases. In addition, patients with comor-
bid PTSD were more likely to have clinically higher T-
cell counts, hyper-reactive immune responses on
standardized delayed cutaneous hypersensitivity tests,
clinically higher immunoglobulin-M levels, and clini-
cally lower dehydroepiandrosterone levels. The latter
clinical evidence confirms the presence of biological
markers consistent with a broad range of inflammatory
disorders, including both cardiovascular and autoim-
mune diseases [15].

5.2. Rheumatoid arthritis as an example of a stress-related
disease

Stress is now recognized as an important risk factor
in the pathogenesis of autoimmune rheumatic diseases,
including. rheumatoid arthritis (RA). The activation of
the stress response system influences the close relation-
ship between the hypothalamic—pituitary—adrenal axis,
the sympathetic nervous system, and the immune
system [17]. The quality of the relationship between
the patient and his family, along with other social
factors, were found to be useful prognostic factors in
patients with RA [18]. Coping strategies are important

Table 1
Factors predicting autoimmune disease

Changeable factors Unchangeable factors

Psychological stress

Infection Genetic

Vaccination Hormonal

Smoking Immune deficiency state
Obesity Gender

Ultraviolet light exposure

Drugs

for the daily routine and for the psychological well-
being of chronic patients. They enable the patient to
adapt to the problems and stressors arising from the
disease, such as pain, fatigue, limitations in mobility,
difficulties in daily life activities, and threats to the
patient’s self-esteem [13,17,18].

6. Stress management and behavioral intervention

New disciplines like neuroendocrinoimmunology
aim to better understand the role of stress in disease
pathogenesis, and to develop improved treatment
methods for autoimmune diseases [14]. The treatment
of autoimmune diseases should include stress manage-
ment and behavioral intervention to prevent stress-
related immune imbalances. Interventions such as
weight management, stress reduction, appropriate diet,
and a healthy home environment may be very important
in the prevention of flares and in slowing the
progression of arthritis [16,19]. Unlike hereditary and
genetic etiological factors that cannot be changed, many
lifestyle and environmental factors can be modified in
order to better manage autoimmune disease (Table 1).

Several non-randomized small-scale studies suggest
that autoimmune disease could be prevented if treated
aggressively prior to manifestations of symptoms [2,5].
However, in order to better understand the utility of
preventive treatment, patient selection criteria must be
normalized: only patients who are relatively more likely
to develop clinical disease should be treated while still
asymptomatic. Individuals who are at risk to develop an
autoimmune disease should be advised to refrain from
lifestyle and activities that endanger their future health
and quality of life [5,16]. Different stress reactions should
be discussed with autoimmune patients, and obligatory
questionnaires about trigger factors should include
psychological stress in addition the usual suspects such
as infection and trauma. We refer to a variety of additional
works on other autoimmune diseases which reflect the
concept of the Mosaic [20—40].
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Take-home messages

® Stress is considered to be a risk factor of several
diseases. It is very important to both understanding
the effects of stress on our body, and to develop
effective stress management techniques.

® The exact role of stress in the pathogenesis of
autoimmune diseases should be clarified by prospec-
tive studies with both clinical and immunoserological
focus.

® Rheumatoid arthritis has been identified as an
example of a stress-related illness. Like other
stress-induced or stress-aggravated illnesses, rheu-
matoid arthritis and some other autoimmune diseases
often can be contained through a program of stress
management.

® Stress affects the immune system. Different stress
reactions should be discussed with autoimmune
patients, and obligatory questionnaires about trigger
factors should include psychological stress in addi-
tion to other common triggers.
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CD8+ T cell-mediated suppression of autoimmunity in a murine lupus model of peptide-induced immune tolerance
depends on Foxp3 expression

Systemic lupus erythematosus (SLE) is an autoimmune disease caused by autoantibodies, including IgG anti-
DNA. New Zealand Black/New Zealand White F(1) female mice, a model of spontaneous polygenic SLE,
tolerized with artificial peptide (p Consensus) based on anti-DNA IgG sequences containing MHC class I and class
II T cell determinants, develop regulatory CD4+CD25+ T cells and CD8+ inhibitory T cells (CD8+ Ti), both of
which suppress autoantibody production. CD8+ Ti inhibit primarily via secretion of TGF-beta. In the present
study, Singh RP. et al. (J Immunol 2007; 178: 7649-57) show that the inhibitory function of CD8+ T cells from
tolerized mice is sustained for up to 8 wk and at all times depends on expression of Foxp3. Both CD28-positive
and CD28-negative CD8+ T cells contain inhibitory cells, but the expression of mRNA for Foxp3 and for TGF-
beta is higher and lasts longer in the CD28-subset. In vitro addition of TGF-beta (in the presence of IL-2) induces
Foxp3 expression in a dose-response manner. Gene inhibition or blockade with small interfering RNA of Foxp3
abrogates the ability of CD8+ Ti to inhibit anti-DNA production and proliferation of CD4+ Th cells. Moreover, a
significant correlation between expression of Foxp3 and ability of CD8+ Ti to secrete TGF-beta is observed.
Therefore, CD8+ Ti in this system of tolerance are similar to CD4+CD25+ regulatory T cells in their dependence
on expression of Foxp3, and there may be a bidirectional Foxp3/TGF-beta autocrine loop that determines the
ability of CD8+ T cells to control autoimmunity.

TLRY stimulation drives naive B cells to proliferate and to attain enhanced antigen presenting function

Mechanisms that regulate naive B cell proliferation and function are incompletely defined. In this study, Jiang W.
et al. (Eur J Immunol 2007; 37: 2205-13) test the hypothesis that naive B cell expansion, survival and ability to
present antigen to T lymphocytes can be directly modulated by Toll-like receptor (TLR) agonists. In the absence of
B cell receptor stimulation, CpG oligonucleotide, a TLR9 agonist, was particularly efficient in inducing naive B
cell proliferation and survival. Although the expanded naive B cells did not mature into CD27+ or IgG+ memory B
cells, these cells did differentiate into [gM-secreting cells with increased surface expression of HLA-DR and CD40
and CD8. This was associated with an increased potential for these B cells to activate allogenic T cells. Thus, it is
proposed that the activation and expansion of naive B cells induced by TLR9 agonist could enhance the potential
of these cells to interact with cognate antigens and facilitate cell-mediated immune responses.
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