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Sympathetic nervous system plays an important
role in the relationship between immune mediated
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Summary T helper (Th) lymphocytes have been classified into distinct subsets, Th1 and Th2 on the basis of the
cytokines they produce. According to the cross-regulatory properties of Th1 and Th2 cells, one would assume that to be
affected by a Th1 type disease increases susceptibility to a Th1 type disease and inhibits a Th2 type disease and vice
versa about being affected by a Th2 type disease. However, the pattern of related diseases does not necessarily follow
the conventional pattern of inhibitory effects of Th1 and Th2 immune responses on each other. For example,
Mycobacteria including BCG, that induce Th1 immune responses; can modulate some Th1 type autoimmune diseases
including MS, experimental autoimmune encephalomyelitis (EAE; an animal model for Multiple Sclerosis) and insulin-
dependent diabetes mellitus (IDDM) thereby leading to an alleviation of their symptoms. Also BCG precipitates a
syndrome similar to systemic lupus erythematosus (SLE), a Th2 type disease; in NOD mice. The coexistence of the
major Th2-mediated atopic diseases such as asthma, eczema and allergic rhinitis with the Th1-mediated autoimmune
conditions including; coeliac disease (CD), IDDM, rheumatoid arthritis (RA) and psoriasis is another example that is in
apparent disagreement with counter-regulatory effects of Th1/Th2 phenotypes.
Hypothesis: SNS can be stimulated by pro-inflammatory cytokines, production of which is induced by mycobacteria
including BCG. Although these cytokines can inhibit SNS activity in the site of inflammation and secondary lymphoid
organs, they increase sympathetic tone in other places. Increased sympathetic tone can induce an anti-inflammatory
and Th2 type milieu. This milieu can inhibit MS and IDDM and provide a susceptible environment for starting of SLE.
Atopic diseases are Th2 type immune mediated diseases; therefore, they increase the production of Th2 type cytokine
and decrease production of pro-inflammatory cytokines in the site of allergic reaction and also in secondary lymphoid
organs. Therefore, atopic diseases decrease sympathetic tone in all tissues except in the sites of allergic reaction and
secondary lymphoid organs. Decreased sympathetic tone results in a pro-inflammatory milieu and in such an
environment, Th1 type autoimmune diseases can affect tissues.
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Introduction

T helper (Th) lymphocytes have been classified into
distinct subsets on the basis of the cytokines they
produce. Th1 cells primarily secrete IFN-c, IL-2,
IL-12 and TNF-b, which promote cellular immunity,
whereas Th2 cells secrete a different set of cyto-
kines, primarily IL-4, IL-10 and IL-13, which promote
humoral immunity. Naive CD4+ (antigen-inexperi-
enced) Th0 cells are clearly bipotential and serve
as precursors of Th1 and Th2 cells. Among the fac-
tors currently known to influence the differentia-
tion of these cells toward the Th1 or Th2 subsets,
cytokines present in the microenvironment and
produced by the cells of the innate immune system
are the most important. Thus, IL-12, produced by
activated antigen presenting cells (APCs), is a ma-
jor inducer of Th1 differentiation. Th1 and Th2 re-
sponses are mutually inhibitory. Thus, IL-12 and
IFN-c inhibit Th2 responses, and IL-4 and IL-10 inhi-
bit Th1 responses [1]. According to the cross-regu-
latory properties of Th1 and Th2 cells and since the
balance of antigen-specific Th1/Th2 cells may dic-
tate the clinical outcome of an immune system re-
lated disease [1], one could assume that to be
affected by a Th1 type disease, would increase sus-
ceptibility to a Th1 type disease and inhibit a Th2
type disease and vise versa about being affected
by a Th2 type disease. This is true regarding the
pattern of certain diseases, for example, infection
with BCG (a Th1 type disease) inhibits and/or
attenuates Th2 type atopic diseases. However, this
pattern does not stand for other diseases which do
not seem to follow the pattern of inhibitory effects
of Th1 and Th2 immune responses on each other.
For example, Mycobacteria, including BCG, has
been shown to alleviate the symptoms of MS and
experimental autoimmune encephalomyelitis
(EAE; an animal model for Multiple Sclerosis) [2–
7] and insulin-dependent diabetes mellitus (IDDM)
[6]. There apparently seems to be a paradox in
that a Th1-promoting immune stimulus can
demonstrate an alleviating effect on a supposedly
Th1-mediated autoimmune disease [6]. Also the
precipitation of a syndrome similar to systemic
lupus erythematosus (SLE) by BCG in NOD mice
[8,9] is another example that is unexplainable by
the inhibitory effects of Th1/Th2 diseases on each
other, because BCG, as a Th1 type disease, in this
case precipitates a Th2 autoimmune disease [10]
to start.

Coexistence of the major Th2-mediated atopic
diseases such as asthma, eczema and allergic rhini-
tis with the Th1-mediated autoimmune conditions
including coeliac disease (CD), IDDM, rheumatoid
arthritis (RA) and psoriasis is another example that
seems to be in discrepancy with the counter-regu-
latory effects of Th1/Th2 phenotypes [11,12].

Some mechanisms have been suggested to con-
tribute to the modulation of MS and IDDM by Myco-
bacterium. These mechanisms include deletion of
auto reactive T cells, induction of suppressor (reg-
ulator) T cells and redirected trafficking of acti-
vated auto antigen-specific T cells to the local
inflammatory sites, induced by mycobacterial
infection [2,5–7,13–15].

Also coexistence of the above mentioned Th1
and Th2 diseases has been attributed to certain
mechanisms including the existence of a common
environmental denominator behind the disease
processes, sharing risk factors that increase the
propensity of the immune system to generate both
Th1- and Th2-mediated inappropriate responses to
non-pathological antigens [11,12].

Some other mechanisms including counter regu-
lation of Th2 responses by IL-10 and transforming
factor beta (TGF-b) and contribution of Th2-type
cytokines to the pathological mechanisms of sev-
eral autoimmune diseases have been proposed as
a solution to the above mentioned relationship be-
tween Th1 and Th2 type diseases [11].

Regarding the close relationship between the
sympathetic nervous system (SNS) and immune sys-
tem [16], particularly the expression of b2 adrener-
gic receptors on various types of immune cells
including T, B and APCs also considering the effects
of SNS on the Th1/Th2 paradigm [16] and autoim-
mune diseases [17], it can be hypothesized that
SNS may play a role in the relation of Th1/Th2 type
diseases.

Previously we have hypothesized that the SNS
has a role in the beneficial effects of Mycobacteria
on MS [18], and in this article we intend to extend
that hypothesis to other disease conditions that
seem to contradict the concept of counter-regula-
tory effects of Th1/Th2 phenotypes.
Hypothesis

Pro-inflammatory cytokines including TNF-a, IFN-c,
IL-12, IL-1b and IL-6 can inhibit local sympathetic
tone, whereas they increase systemic sympathetic
tone [16]. These cytokines are produced during
the Th1 type immune responses [16], therefore sys-
temic sympathetic tone is increased as a result of
Th1 type immune response and due to the coun-
ter-regulatory effects of Th1/Th2 type immune re-
sponses [1], Th2 immune-deviation decreases
systemic sympathetic tone.
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Mycobacterium infection including BCG infec-
tion induces Th1 type immune responses and pro-
inflammatory cytokines [19–22]. Since, APCs carry
mycobacterium antigens to secondary lymphoid or-
gans and activate naı̈ve T lymphocytes in these
places [23], there is a Th1 type and pro-inflamma-
tory milieu both in the secondary lymphoid organs
and the infection loci. Therefore, what appears
during the infection by mycobacterium is the
reduction of sympathetic tone in the infection loci
and secondary lymphoid organs, accompanied by
an increase in the tone in other places. Increased
sympathetic tone can induce an anti-inflammatory
and Th2 type milieu [16,17,24] in all the tissues ex-
cept mycobacterium infection loci and secondary
lymphoid tissues. This milieu can inhibit MS and
IDDM which both are Th1 type autoimmune disease
[17,18]. Increased sympathetic tone may inhibit
these diseases via other mechanisms, mentioned
in our previous article [18]. Therefore, the paradox
that a Th1-promoting immune stimulus has inhibi-
tory effects on purportedly Th1-mediated autoim-
mune diseases in certain aspects can be explained
by the increased systemic sympathetic tone by
mycobacterium infection.

The effect of BCG on SLE can be explained by
the above mechanism, as well. BCG precipitates a
syndrome like SLE in NOD mice [8,9]. This effect
can be due to the increased systemic sympathetic
tone as a result of the infection with BCG, since,
SLE is a Th2 type disease, a sympathetic-induced
Th2 type milieu can provide a susceptible environ-
ment for the emergence of this disease.

Coexistence of atopic diseases, as Th2 type dis-
eases, with Th1 type autoimmune diseases like RA,
IDDM, psoriasis and CD is explainable with the pres-
ent hypothesis. As mentioned above, atopic dis-
eases are Th2 type immune mediated diseases
therefore; they increase the production of Th2
type cytokine and decrease the production of
pro-inflammatory cytokines in the site of allergic
reaction and also in secondary lymphoid organs.
The latter is because of the circulation of T lym-
phocytes among the secondary lymphoid organs.
As mentioned above, pro-inflammatory cytokines
inhibit local sympathetic tone locally and increase
systemic sympathetic tone; therefore, atopic dis-
eases decrease sympathetic tone in all tissues ex-
cept in the sites of allergic reaction and
secondary lymphoid organs. Decreased sympa-
thetic tone results in a pro-inflammatory milieu in
all the tissues except the site of allergic reaction
and the secondary lymphoid organs; and since the
environment at the site of endogenous antigen
has important impact on the pathogenic responses
to self [25], therefore in such an environment, indi-
viduals with a favorable genetic background will be
more susceptible to Th1 type autoimmune
diseases.
Discussion

According to this hypothesis the discrepancies ob-
served in the coexistence of certain immune med-
iated diseases can be attributed to the regulatory
effects exerted by the SNS in addition to the direct
counter-regulatory effects of Th1/Th2 immune re-
sponses on each other.

As mentioned above, BCG infection inhibits and/
or attenuates atopic diseases but increases suscep-
tibility to SLE in NOD mice. The immune responses
in both atopic diseases and SLE are Th2 type, but
why does BCG exert opposite effects on these dis-
eases? The critical role of immunoglobulin E (IgE)
in atopic diseases may be a suitable explanation.
IgE has important role both in the sensitization
phase of atopic diseases through binding to its
receptors on the surface of APCs, and in the effec-
tor phase, by binding to its receptors on the surface
of the effector cells like mast cells and basophiles.
Switching from IgM to IgE happens in the secondary
lymphoid organs and is strongly related to the envi-
ronmental factors including cytokine milieu. As
mentioned above, BCG induces a Th1 type cytokine
milieu in the secondary lymphoid organs, there-
fore, despite sympathetic-induced Th2 type cyto-
kine milieu in the site of allergic reaction, (due
to systemic stimulatory effects of BCG on SNS)
BCG inhibits and/or attenuates atopic diseases
through the reduced production of IgE. IgE has no
important role in the pathogenesis of SLE there-
fore; a systemic sympathetic tone induced Th2
type milieu produced by BCG can provide a suscep-
tible environment for the starting of necessary im-
mune reactions for SLE.

In brief, we hypothesized that in the relations
between the above mentioned diseases, where it
seems that the counter-regulatory effects of Th1/
Th2 immune responses are not followed, in fact it
is followed, but it is important to notice that be-
cause of the effects of SNS, a Th1 type disease
may provide a Th2 milieu for an autoimmune dis-
ease. While in this article we have discussed the
role of SNS in the relationship between coexisting
Th1/Th2 immune mediated diseases, it is possible
that other elements of the central and peripheral
nervous system such as the vagus nerve and inflam-
matory reflex, hypothalamus-pituitary- adrenal
(HPA) axis and endogenous opioid system may play
a role too. Further studies on the cellular and
molecular mechanisms involved in neuro-immune
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pathways may also elucidate the etiology behind
the apparently contradictory clinical observations
discussed here.
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