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Disorder of the sympathetic nervous system (SNS) is closely related to the pathogenesis
of various autoimmune diseases (ADs). Catecholamine triggered beta2-adrenergic
receptor (β2-AR) signaling is important in creating a bidirectional response in the
progression of ADs due to factors including diverse expression patterns, single
nucleotide polymorphisms (SNPs), biased signals, and desensitization of β2-AR, as well
as different subtypes of Gα binding to β2-AR. In this review, we summarize the actions
of β2-AR signaling in regulating the functions of immunocytes and in the pathogenesis of
ADs, and the application of β2-AR agonists or antagonists in treating major types of ADs
is also discussed. We suggest that restoring the immune balance via a soft regulation of
the expression or activation of β2-AR is one of the promising therapeutic strategies for
systematic ADs.

Keywords: autoimmune diseases, β2-adrenergic receptor, single nucleotide polymorphisms, immune response,
soft regulation

INTRODUCTION

Although the current understanding of the pathogenesis of autoimmune diseases (ADs) such as
systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), myasthenia gravis (MG), and
Grave’s disease (GD) is unsettled; many ADs hold in common the expression of autoantigens,
abnormal immunoregulation, and shared genetic factors (Harris et al., 2018). Researchers have
found that the nervous system is an important regulator in the function of immune cells and
thus affects inflammation important in the pathogenesis of ADs (Weissert, 2017; Bellinger and
Lorton, 2018). Elevated pro-inflammatory cytokines signal to brain and influence the activity and
reactivity level of sympathetic nerves (Kenney and Ganta, 2014). Chronic inflammation in RA is
accompanied by activation of the sympathetic nerves system (SNS) and relative parasympathetic
hypofunction (Lowin and Straub, 2015). This imbalanced autonomic nervous system is a consistent
feature of RA patients. Both central and peripheral immune organs innervated precisely by
sympathetic nervous (Bellinger and Lorton, 2018). Activated sympathetic nervous secrete abundant
epinephrine (E) and norepinephrine (NE), which activate α-adrenergic receptors (α-ARs) and
β-ARs in immune cells to regulate immune response (Janig and Green, 2014). Literatures reported
that β-ARs, which include β1-AR, β2-AR, and β3-AR play important roles in inflammation. Of
note, β2-AR is regarded to play a key role in the process of immunological imbalance (Chavan and
Tracey, 2017). β-ARs belong to the seven transmembrane G-protein coupled receptors (GPCRs).
β1-AR couples with Gαs, while β2-AR is able to couple both Gαs and Gαi. The transition
in G-protein coupling from Gαs to Gαi, thus influences cAMP production within the β2-AR
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microenvironment (Fu et al., 2014). This review will summarize
the effects of β2-AR in regulating the function of immunocytes
and in the pathogenesis of Ads, with special emphasis on how β2-
AR can exert bidirectional function depending on the stage of the
disease.

REGULATORY EFFECTS OF β2-AR ON
IMMUNE CELLS

β2-AR is widely expressed, with distinct densities, on various
immune cells, including T cells, B cells, dendritic cells (DCs),
and macrophages (Kolmus et al., 2015). Evidence amply confirms
its role in immunomodulation. However, during the different
processes of immune diseases, β2-AR exerts contradictory effects
on immunocytes (Pongratz and Straub, 2013).

T Cells
β2-AR expression is predominant in human and murine T
cells when comparing with other immune cell subtypes (Ross
et al., 2018). Studies suggest that CD8+ cytotoxic T cells
(Tc) express a significantly higher level of β2-AR compared
to CD4+ helper T cells (Th). Therefore, stimulation of β2-
AR reduced the percentage of interferon-γ (IFN-γ) + Tc to
a much higher extent than that of IFN-γ + Th (Zalli et al.,
2015). Moreover, the level of β2-AR on memory Tc is further
increased than that on naïve Tc, leading to a more sensitive
response of memory Tc to catecholamine stimulation manifesting
as a decrease in cytokine production (Slota et al., 2015). Thus,
treatments that activate β2-AR achieve their immunoregulatory
effects primarily through inhibiting the cytokine secretion ability
and the cell killing function of Tc, as well as some natural
killer (NK) cells which also express CD8. Stimulation of β2-
AR reduces the production of interleukin-2 (IL-2), granulocyte-
macrophage colony-stimulating factor (GM-CSF), IFN-γ, and
IL-3; yet, it does not influence IL-4 level (Grailer et al.,
2014) in murine T cells. However, in human T cells, β2-AR
signals to IL-2 production facilitates the Th2 cell differentiation
and recues the Th1/Th2 balance under the circumstances of
inflammation which indicates that the β2-AR function is species
dependent (Scanzano and Cosentino, 2015). Even from the
same species, the T cells from different tissues are diversely
regulated by β2-AR. Chronic β2-AR stimulation differentiates
cord blood T cells to Th2 cells, while it cannot promote the
differentiation of peripheral blood T cells (Padro and Sanders,
2014). β2-AR agonist terbutaline exacerbates anti-CD3/anti-
CD28-induced IL-17A production but reduces IFN-γ-secreting
Th1 cells, suggesting that β2-AR plays a reciprocal role in
modulating human Th1/Th17 balance (Carvajal Gonczi et al.,
2017).

Interestingly, β2-AR attenuates inflammation and
immunization by restricting T cells in immune organs (Tracey,
2014). Activation of IL-13+ human memory T cells by β-AR
agonist immediately increases the production of cyclic adenosine
monophosphate (cAMP) and the activity of protein kinase A
(PKA), leading to reduced p38 mitogen-activated protein kinase

(MAPK) activation. Subsequently, p38 MAPK inhibits CD3-
induced CD25 expression and CD3-mediated IL-13, IFN-γ, and
IL-2 production (Lajevic et al., 2011). Calcimycin and phorbol
myristate acetate (PMA)-triggered p38 MAPK, ERK, and nuclear
factor-κB (NF-κB) activation is biasedly inhibited by β-agonist
leading to selective reduction of IFN-γ and IL-2 production but
not IL-13 (Loza et al., 2006). Therefore, the impaired function of
β2-AR in circulating T cells may induce immunological diseases
such as RA by decreasing production of select cytokines (Kenney
and Ganta, 2014).

B Cells
Autoantibodies produced by B cells are widely observed in
the majority of ADs. When activated, β2-AR initially couples
with Gαs to promote physiological production of cAMP and
inhibit the proliferation of human peripheral B cells (Faisy
et al., 2010). However, the expression of β2-AR is reduced
on B cells in RA patients, leading to the abnormal survival
of activated B cells and the accelerating progress of disease.
Catecholamines including E and NE are reported to have a
positive effect on attenuating specific mitogens that mediate
B cell proliferation. This function can be abolished by β2-AR
antagonists (Hu et al., 2013). Therefore, exciting the autonomic
nervous system is regarded as a promising therapeutic strategy
for treating RA (Ulloa et al., 2017).β2-AR signaling impairs IL-17
receptor induced maturation and anti-collagen II autoantibody
production of B cells in mice with collagen induced arthritis
(CIA) (Pongratz et al., 2014). Researchers also reported that
activation of β2-AR by NE accelerates antibody responses of
B cells upon immune challenge (Simkins et al., 2014). Antigen
exposed B cells or β2-AR agonist terbutaline treated B cells
express higher level of CD86 than resting B cells, combining
with CD86 stimulation, IgG1 and IgE production is obvious
increased in IL-4 dependent manner. β2-AR induces CD86
expression through cAMP-PKA pathway (Qiao et al., 2018).
Later on, people found that combined stimulation of CD86 and
β2-AR increases IgG1 secretion of human B cells through the
promotion of transcription of Oct-2 and its coactivator OCA-B
(Podojil and Sanders, 2005). When ADAM10 gene transcription
and CD23 expression is enhanced by the activation of β2-
AR, the upregulated CD23 and ADAM10 can be shuttled to
exosomes and stimulate IgE production of recipient primed
B cells (Padro et al., 2013). In addition, β2-AR signaling
promotes the expression of IgE and its regulator soluble CD23
through downstream PKA and p38 MAPK pathways in B
cells (Sergienko et al., 2012). Taken together, these studies
portray a picture where a reduction in β2-AR signaling in
B cells of individuals with AD is associated with unchecked
B cell proliferation, increased autoantibody production, and a
reduction in immune response upon challenge. Moreover, the
different mechanisms on B cell activation and isotype switching
provide a clinical therapeutic target in IgG1 or IgE response-
mediated diseases.

Dendritic Cells
Dendritic cells (DCs) express α1-AR, α2-AR, β1-AR and β2-
AR. Nevertheless, β2-AR is the primary effecter of DCs for
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cytokine production and antigen presentation, with β2-AR able
to exert either a stimulatory or inhibitory function that is
dependent on the differentiation status of DCs and/or the
activation time of the receptor (Wu et al., 2016). Activation of
β2-AR with the selective agonist clenbuterol restrains human
DCs differentiation from monocyte (Giordani et al., 2015).
In differentiated DCs, in vitro treatment with isoproterenol
(ISO) reduced CD86 and MHC-II expression, enhanced antigen
uptake and IL-10 production, and simultaneously prevented T
cells activation and pro-inflammatory cytokines secretion such
as TNF-α in a β2-AR dependent manner (Wu et al., 2016).
In another study, stimulation of β2-AR by NE induced the
migration of DCs from antigen sites to immune organs but
suppressed the antigen presentation capacity of DCs to activate
T cells. In detail, the stimulation of β2-AR on CD11c+CD8a+
DCs impaired DC mediated CD8+ naïve T cell activation
(Nijhuis et al., 2014). Meanwhile, β2-AR signaling in DCs reduces
IL-12 production via inhibition of the activation of NF-κB
pathway. Decreased IL-12 leads to a shift in the balance of IL-
12/IL-13 in LPS induced DCs, preventing IFN-γ production
and Th1 development while, increasing IL-17 levels, thus
affecting adaptive immunity (Takenaka et al., 2016). Stimulation
of β2-AR also decreases the level of IL-1, IL-6, and TNF-α
through attenuating toll-like receptor (TLR) response (Manni
et al., 2011). Therefore, the major effect of β2-AR stimulation
in DCs is a reduction in the number of T cells activated
which correlates with a reduction in cytokine release from
DCs.

Macrophages
Accumulating evidence shows that β2-AR signaling plays a
pivotal role in macrophage activation and pro-inflammatory
cytokine production. Some researchers reported that stimulation
of β2-AR inhibits the activation of RAW264.7 (a mouse
macrophage cell line) and THP-1 (a human monocytic cell
line) induced by LPS through restraining ERK1/2, JNK
and NF-κB pathways (Sharma et al., 2017). Further studies
have revealed that β2-AR attenuates ERK activation in a
cAMP-dependent manner, and blunts NF-κB pathways via
increasing β-arrestin2 expression which is a scaffold protein
for IκBα activation (Keranen et al., 2017). The up-regulated
cAMP upon β2-AR response triggers cAMP-response element
binding protein (CREB), CCAAT/enhancer binding protein beta
(C/EBPβ), and activating transcription factor (ATF) signaling.
This results in the polarization of macrophages to M2,
which is an anti-inflammatory subset (Lamkin et al., 2016).
Cyclic-AMP induced expression of mitogen-activated protein
kinase phosphatase 1 (MKP-1), an anti-inflammatory factor,
also contributes to the negative regulation of macrophages
(Levine et al., 1988). Therefore, exciting β2-AR induces the
differentiation of microphages into M2 subtype and promotes
expression of type 2 cytokines, including IL-6 and TGF-
β while simultaneously decreasing the production of pro-
inflammatory cytokines such as TNF-α (Grailer et al., 2014).
Similarly, β2-AR signaling decreases IL-6, IL-1β and TNF-α
in human macrophages derived from monocyte (Ağaç et al.,
2018). Nonetheless, β2-AR signaling evokes the secretion of the

tumor necrosis factor (ligand) superfamily, member 11 (RANKL)
therefore initiating the differentiation of osteoclasts (Jiao et al.,
2015).

Other Immune Cells
β2-AR exerts complicated effects on immune cells and influences
the function of almost all kinds of immune cells. Stimulation
of β2-AR on peripheral blood mononuclear cells (PBMCs)
inhibits interferon alpha-1 (IFNA1) production mediated by
Toll like receptor 9 (TLR9) (Hilbert et al., 2013). It drives
leukocyte migration and tissue infiltration via enhancement of
chemokine production (Grisanti et al., 2016). β2-AR signaling
is involved in the reduction of NK cells and inhibits their
cytotoxicity (De Lorenzo et al., 2015). But conflicting evidence
shows that the sympathetic response attracts mature and
activated NKs to peripheral blood and primes innate immunity
(Bigler et al., 2015). Taken together, the apparent conflicting
functions of β2-AR within the immune system lead to the
controversial role of β2-AR in the onset and development of
ADs.

THE ROLE OF β2-AR IN THE
PATHOGENESIS OF ADs

The SNS is activated in ADs and acts on humoral and
cellular immunity primarily through β2-AR. Having a better
understanding of β2-AR in the course and progression of ADs
will help to develop β2-AR targeted drugs for the treatments of
ADs (Zhao et al., 2011).

Rheumatoid Arthritis
RA is a long-lasting autoimmune disorder that primarily affects
joints. Evidence reveals that the polymorphisms of β2-AR
determine the susceptibility of RA. The studies report single
nucleotide polymorphisms (SNPs) at codon 16 together with
the HLA-DRB1∗04 mutation have a positive correlation with
the expression of anti-cyclic citrullinated peptide (CCP) and are
strongly associated with RA (Malysheva et al., 2008). Similarly,
in northern Sweden, RA susceptibility and activity is higher
in patients with variants at Arg16 or Gln27 (Xu et al., 2005).
Generally, in RA patients, the expression of β2-AR is decreased
on both peripheral blood lymphocytes (PBLs) and synovial
fluid lymphocytes (SFLs), especially on SFLs (Wahle et al.,
2002). Therefore, β2-AR response is significantly attenuated
in patients with RA. Therefore, β2-AR induced B cell death
is impaired, which then leads to the elevated production of
autoantibodies and the progress of RA (Sanders, 2012). As a
further result, T cells fail to shift to the Th2 subtype in response
to catecholamines stimulation, causing decreased levels of anti-
inflammatory cytokines (Lubahn et al., 2014).

Results indicate that β2-AR desensitization of the β2-AR-
AC-cAMP transmembrane signal transduction pathway plays a
crucial role in the ongoing inflammation of RA (Zhao et al.,
2011). However, β2-AR signaling is observed to exert different
functions during the onset of pathogenesis of RA. In the early
stages of RA, catecholamines are released from the sympathetic
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nerve terminal and stimulate β2-AR on T cells, promoting
production of IFN-γ, which is a beneficial target for treating RA
(Lee et al., 2017). Nevertheless, when catecholamines bind to β2-
ARs on other immune cells, they exacerbate the inflammation.
For example, β2-AR stimulation promotes B cell autoantibody
secretion; drives macrophages to generate various chemokines
and pro-inflammatory cytokines including IL-1β and TNF-α; and
enhance DC capacity for autoantigen uptake and processing, as
well as TNF-α, IL-12, and IL-6 production. At first glance it
would appear that β2-AR signaling produced from conflicting
roles in regulation of immunoreactions in different cells might
cancel each other out, but actually the result is that overall β2-
AR signaling accelerates the development of inflammation in
early stages of RA. In late stage RA, β2-AR primarily exerts
immunosuppressive action by facilitating IFN-γ production from
T cells; IL-10 secretion from B cells and macrophages; and IL-10,
IL-33 expression from DCs. Moreover, it restrains DC generated
inflammatory cytokines such as TNF-α, IL-12, and IL-6 (Pongratz
and Straub, 2013) (Figure 1). These studies indicate that the
divergent role of β2-AR is cell type and time point dependent.

Systemic Lupus Erythematosus
SLE is a very different disease from RA. Clinical observations
indicate that psychological stress, which often stimulates the
SNS, aggravates the activity of SLE (Morand, 2018). The up-
regulation of β2-AR on PBMC from SLE patients in response
to stress is significantly abolished when compared to healthy
subjects (Pawlak et al., 1999). As a consequence, the increment of
cAMP in B cells upon β2-AR activation is significantly reduced in
SLE patients (Wahle et al., 2001). In addition, β2-AR stimulation
exacerbates the production of serum anti-DNA antibodies in
MRL/1 pr mice (Chedraoui et al., 2008). Therefore, blockage of
β2-AR signaling on B cells is able to successfully reduce the level
of immunoglobulin, and attenuates SLE (Hudson et al., 2005).

Multiple Sclerosis
Multiple sclerosis (MS) is a potentially disabling disease of the
central nervous system (Giovannoni, 2017). The mechanisms
of progressive focal inflammatory demyelinating lesions is
complex, but basically due to the functional loss of β2-AR, which
is important in facilitating glycogenolysis and reducing inducible
nitric oxide synthase (NOS2) in astrocytes (Cambron et al.,
2012). The impaired β2-AR signaling leads to metabolic disorder
in axons, the unbalanced distribution of potassium in astrocytes,
and an increase in calcium concentration in astrocytes. The
transformation of astrocytes to antigen-presenting cells that
ensues triggers inflammation, as well as glutamate excitotoxicity,
which results in the progression of damage to the myelin
sheath (Durfinova et al., 2014). The expression of β2-AR
is found to be upregulated on PBMCs of MS patients, but
does not change the immune response of T cells (Giorelli
et al., 2004). Stimulation of β2-AR on astrocytes promotes
intracellular cAMP production and PKA activation, inhibits
the transcription of coactivator class II transactivator (CIITA)
and IFN-γ-induced major histocompatibility (MHC) class
II molecule, thus suppressing the antigen presenting activity
of astrocytes and finally reducing the focal inflammatory

FIGURE 1 | Bidirectional functions of β2-AR signaling in different stages of
RA. (A) In the early stage of RA, norepinephrine-mediated-β2-AR signaling
promotes IFN-γ production of T cells, which is an inhibitory cytokine in RA.
However, β2-AR facilitates autoantibody secretion by B cells; chemokine,
IL-1β and TNF-α production by macrophages; and auto-antigen presentation,
TNF-α, IL-12 and IL-6 generation by dendric cells (DCs), consequently
aggravates synovitis and clinical symptoms. (B) In the late stage of RA, the
activation of β2-AR induces IFN-γ production by T cells; IL-10 generation by B
cells and macrophages; decreases the secretion of TNF-α, IL-12, and IL-6
and, increases the IL-10 and IL-33 levels by DCs. These changes then
attenuate synovitis and clinical symptoms.

demyelinating lesions (De Keyser et al., 2010). Thus, measures
that enhancing the expression of β2-AR by IFN-β administration
or exercise, or exciting β2-AR response by agonists may be
considered as promising strategies in treating MS. A total
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population-based case-control study performed by Tsai et al.
(2014) revealed that the β2-AR agonist, fenoterol significantly
improved outcomes associated with MS, and reduced the risk of
MS by 51%.

Myasthenia Gravis
MG has the characteristic of formation of autoantibodies to
acetylcholine nicotinic receptors at the neuromuscular junction
of skeletal muscles (Nacu et al., 2015). The expression of
β2-AR on PBMC of MG patients is reduced leading to the
attenuated signaling transduction. Thus, stimulation of β2-AR
effectively ameliorates many symptoms of MG induced by anti-
muscle specific kinase (Ghazanfari et al., 2014). In addition,
autoantibodies can also target the second extracellular loop of
β2-AR (residues 172–197), which amplifies the β2-AR reactive T
and B cells and involves in the patho-genesis of MG. The risk of
production of β2-AR autoantibodies in MG patients is increased
if SNPs of Arg16Gly on β2-AR are present (Lantsova et al., 2013).
Evidence also shows similar polymorphisms of β2-AR affect the
incidence of many kinds of ADs such as RA, juvenile idiopathic
arthritis (JIA), and GD, the same as MG. The homozygosity for
Gly16 can be applied to predict the tolerance of β2-AR agonist
treatment, again suggesting that this SNP plays a key role in AD
pathology (Lantsova et al., 2013; Wang et al., 2017).

Grave’s Disease
GD is an AD that affects the thyroid. Although the pathogenesis
of GD is still unclear, genetic predisposition, especially for

SNPs within β2-AR is regarded to be important in the
development of GD (Park et al., 2017). Multiple studies have
revealed that the SNPs 47A– > G (Arg16Gly) and 79C– > G
(Gln27Glu) on chromosomal region 5q31-33 in β2-AR as well
as rs1042714 SNPs contribute to the susceptibility of GD in
a Caucasian population. However, these polymorphisms have
no significant correlation to the risk of GD in Chinese and
Korean male populations (Jazdzewski et al., 2007). Differences
in how specific SNPs in β2-AR affect the outcomes of GD in
different racial groups highlight the probability that GD, as well
as other ADs, are polygenic disorders which need more study
to identify important genetic factors that can be targeted for
treatment.

Other ADs
Genomic variations contribute to the morbidity of various
ADs besides those discussed above. The significant prevalence
of homozygous Gly16Arg genotype in β2-AR has been found
to also have a positive correlation with the predisposition
to interstitial cystitis (Sugaya et al., 2002). Conversely, the
variation of β2-AR does not influence susceptibility to JIA,
even though it has similar symptoms to RA (Pont-Kingdon
et al., 2009). In JIA, catecholamine response is still abnormally
changed. For instance, β2-AR stimulation reduces cAMP level,
probably due to its faster degradation (Kavelaars et al., 1998).
The divergent effects of β2-AR perturbation in these different
ADs underscore the bidirectional nature of this important
receptor.

TABLE 1 | Effect of β2-agonist or β2-blocker on ADs.

Category Name of the drug Disease model Outcome Reference

Agonist Terbutaline Adjuvant challenge of AA Exacerbate disease pathology Lubahn et al., 2014

Agonist Terbutaline Established AA Attenuate inflammation Lubahn et al., 2014

Agonist Salbutamol AA Great clinical benefit by inducing oral
tolerance

Cobelens et al., 2002

Agonist Salbutamol or Terbutaline Onset of CIA Reduce disease severity Cobelens et al., 2002

Agonist Salbutamol or Terbutaline Established CIA Suppress the clinical progression of
arthritis

Pongratz et al., 2014

Agonist Salbutamol Antibody-induced arthritis Prevent joint destruction via selective
mast cell silencing

Kneilling et al., 2007

Agonist Salbutamol or Terbutaline EAE Decrease the average neurologic
function score

Zhang et al., 2015

Agonist Fenoterol MS Reduce the risk Tsai et al., 2014

Agonist Albuterol Patients with MS Well tolerated and improves clinical
outcomes

Khoury et al., 2010

Agonist Salbutamol Secondary progressive MS patients Be in the treatment of MS Makhlouf et al., 2001

Agonist Terbutaline MG patients An effective adjunct therapy Soliven et al., 2009

Agonist Albuterol Anti-MuSK MG Reduce whole-body weakness Ghazanfari et al., 2014

Agonist Formoterol or Salbutamol EAM Suppress the development of EAM Nishii et al., 2006

Agonist Salbutamol or Albuterol SLE Improve the shrinking lung syndrome Munoz-Rodriguez et al., 1997

Antagonist Propranolol Hypertensive patients with type 2 ADs Beneficial Namazi, 2004

Antagonist Butoxamine or ICI 118, 551 Initiation phase of AA Deteriorate the symptoms Lubahn et al., 2014

Antagonist Butoxamine or ICI 118,551 Established AA Significantly retarded disease onset and
reduced the severity of joint injury

Levine et al., 1988

AA, adjuvant arthritis; CIA, collagen induced arthritis; EAE, experimental allergic encephalomyelitis; MS, multiple sclerosis; MG, myasthenia gravis; EAM, experimental
autoimmune myocarditis; ADs, autoimmune diseases.
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TARGETING β2-AR TREATMENTS
OF ADs

Catecholamine has both pro- and anti-inflammatory effects in
patients with chronic inflammatory disease (Woo et al., 2014).
Briefly, by exciting β2-AR, it attenuates type 1 ADs (characterized
for cellular immunity) and aggravates the symptoms of type
2 ADs (characterized for humoral immunity) by exciting β2-
AR (Namazi, 2004). So far, β2-AR-specific agonists (including
salbutamol, metaproterenol, terbutaline, salmetero, ect) or
antagonists (such as propranolol, butoxamine, ICI 118551,
and so on) have been investigated in treating ADs with
inconsistent results probably due to the non-synonymous SNPs
of β2-AR, desensitization, or the Gαi/Gαs coupling switch of
this receptor in the disease stage (Tandale et al., 2016). The
infusion of adrenaline was shown to be a safe and valid
method to induce immunological changes in RA patients,
with patients presenting an increase in both IL-8- and IL-
10-producing monocytes after infusion (Namazi, 2004). In
animal models, systemic treatments with a β2-AR agonists like
salbutamol or terbutaline is only effective in reducing disease
severity when administered starting at disease onset of CIA
(Pongratz and Straub, 2014). Correspondingly, the β2-AR agonist
fenoterol improves outcomes associated with MS (Tsai et al.,
2014).

Conversely, during the initiation phase of adjuvant arthritis
(AA), selective β2-AR antagonist butoxamine or ICI 118, 551
induces CD4+ Th0 cells to develop into Th1 cells by blocking the
inhibitory effects of endogenous NE on Th1 cell development.
β2-AR blockade effectively shifts the immune response to the
arthritogenic antigen toward a cell-mediated response, that
is beneficial for the processing of the arthritogenic antigen.
Consequently, blocking β2-AR function during AA development
can reduce pro-inflammatory cytokines production via inhibition
of the expression and activation of α1-AR, which is elevated
by chronic β2-AR stimulation. Therefore, β-blockers decrease
arthritic severity in the active phase of AA (Koopman et al., 2011).

Likewise, the application of salbutamol is able to attenuate
the rat model of experimental allergic encephalomyelitis (EAE)
by decreasing the average neurologic function score of model
rats, reducing calpain activity in brain tissues, and rescue
the activities of the BB isoenzymes of creatine kinase and
catalase (Zhang et al., 2015). Similarly, the blockage of β2-AR
using carvedilol protects rats with experimental autoimmune
myocarditis (EAM) by ameliorating systolic and diastolic heart

function, decreasing the serum level of IL-1β and TNF-α, and
increasing IL-10 expression (Liu et al., 2010). More research
investigating the effects of β2-agonists or β2-blockers on ADs are
listed in Table 1.

CONCLUSION

Taken together, β2-AR signaling is involved in the pathogenesis
and progress of ADs, and is a potential drug target in treating
these diseases. However, the genetic polymorphisms and the
expression of the receptor is diverse from individual patients
or different disease stages. Meanwhile, the function of β2-AR
signaling is bidirectional between different species, different
immune cell isotype, and different time point of diseases. In a
particular situation, β2-AR aggravates inflammation, but in some
cases, it reduces the production of pro-inflammatory cytokines
and auto-antibodies, acts as an immunosuppressor. Therefore,
there is a need for thorough elucidation of the precise regulation
of β2-AR in each specific AD (Kohr et al., 2011). In addition, soft
regulation of the expression or activation of β2-AR that restores
the immune balance will definitely be beneficial to the systematic
immune diseases (Wei, 2016).
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