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Abstract

Introduction G protein-coupled receptors (GPCRs) are

transmembrane receptor proteins, which allow the transfer of

signals across the membrane. Rheumatoid arthritis (RA) is

an autoimmune disease characterized by synovitis and

accompanied with inflammatory and abnormal immune

response. GPCRs signaling pathways play a significant role

in inflammatory and immune response processes including

RA.

Findings In this review, we have focused on the advances

in GPCRs signaling pathway implicating the inflammatory

and immune response of RA. The signaling pathways of

GPCRs–adenylyl cyclase (AC)–cyclic adenosine 30, 50-
monophosphate (cAMP) include b2 adrenergic receptors

(b2-ARs)–AC–cAMP signaling pathways, E-prostanoid2/4

(EP2/4)–AC–cAMP signaling pathways and so on. Regu-

latory proteins, such as G protein-coupled receptor kinases

(GRKs) and b-arrestins, play important modulatory roles in

GPCRs signaling pathway. GPCRs signaling pathway and

regulatory proteins implicate the pathogenesis process of

inflammatory and immune response.

Conclusion GPCRs–AC–cAMP signal pathways involve

in the inflammatory and immune response of RA. Different

signaling pathways are mediated by different receptors,

such as b2-AR, PGE2 receptor, chemokines receptor, and

adenosine receptor. GRKs and b-arrestins are crucial pro-

teins in the regulation of GPCRs signaling pathways. The

potential therapeutic targets as well as strategies to mod-

ulate GPCRs signaling pathway are new development

trends.
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Introduction

G protein coupled receptors (GPCRs) are the largest fam-

ilies of membrane proteins, which are encoded by more

than 800 genes in the human genome. GPCRs contain

seven transmembrane helical bundles that provide binding

sites for ligands [1]. GPCRs include many of receptors,

such as b2-adrenergic receptor (b2-AR), prostaglandin E2

(PGE2) receptor, chemokines receptor, adenosine receptor,

and so on. These receptors participate actively in the

pathological and physiological process of cells by medi-

ating signal transduction across membranes in response to

extracellular stimuli, including light, proteins, peptides,

small molecules, hormones, protons and ions [2, 3].

Rheumatoid arthritis (RA) is an autoimmune disease

characterized by pain, swelling, and destruction of synovial

joints, and resulting in functional disability [4]. Abnormal

inflammatory and immune response result in excessive

secretion of inflammatory cytokines, growth factors, and

matrix metalloproteinases (MMPs), leading to synovitis

and joints degradation [5]. This article focuses on major

advances on GPCRs signaling pathway implicating in the

inflammatory and immune response of RA.
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Ga subunits were imbalanced in RA

GPCRs are functionally combined with heterotrimeric G

proteins, which composed of Ga, Gb, and Gc subunits. Ga
binds to guanosine diphosphate (GDP) in inactive state,

which promotes Ga to combine with the dimers of Gb and

Gc. GDP is released when ligand binds to GPCR. GPCR

promotes the replacement of GDP with guanosine

triphosphate (GTP), which results in the dissociation of Gb
and Gc from the heterotrimeric complex. GTP-Ga complex

initiate signal cascades to downstream effectors [6]. Ga
returns to inactive state with the hydrolysis of GTP,

allowing the recombination of Ga with Gbc, and signal is

terminated [7]. Ga includes Gas, Gai, Gaq, and Ga12/13
protein families [8].

Synoviocytes of RA expressed Gas-coupled receptors,

Gas-coupled receptor agonists increased TNF-alpha level

under hypoxia [9]. Gai protein-coupled receptors regulate

phosphoinositide 3-kinase (PI3K) dependent survival sig-

naling in B lymphoblastoid lines of RA patients [10]. The

expressions of Gaq mRNA and Gaq protein were signifi-

cantly decreased in the peripheral blood lymphocytes of RA

patients. Gaq controlled the apoptosis and survival of

peripheral blood lymphocytes through mediating the

activity of myeloid cell leukemia-1 (Mcl-1) and caspase-3

[11]. The expressions of Ga were imbalanced in the animal

models of RA. In collagen-induced arthritis (CIA) rats, the

expressions of Gai and Gas in fibroblast like synoviocytes

(FLS) were abnormal, Gas mRNA and Gas proteins were
decreased, but Gai mRNA and Gai proteins were increased
[12]. And compared with normal rats, cyclic adenosine 30,
50-monophosphate (cAMP) level and protein kinase A

(PKA) activity were reduced because of high level of Gai
[13]. Gaq and Gbc invole in survival signaling in B lym-

phocytes of CIA rats by promoting the generation of inositol

trisphosphate (IP3) and the activation of PI3 K [7, 14].

GPCRs signal transduction pathways implicate
in the inflammatory and immune response of RA

Signal transduction pathways mediated by GPCRs regulate

the functions of almost cells and have been widely impli-

cated in human disease [15]. GPCRs are activated by the

binding of ligands and mediate classical adenylyl cyclase

(AC)–cAMP–PKA signaling pathway [2]. GPCRs–AC–

cAMP–PKA signaling pathway transmits signaling from

extracellular to intracellular, resulting in a series of phys-

iological and pathological response [16]. b2-ARs, PGE2

receptors, chemokines receptors, adenosine receptors

belong to GPCRs, and different GPCRs mediated different

GPCRs signaling pathways.

b2 adrenergic receptors (b2-ARs) couple signal

transduction pathways are associated with abnormal

function of lymphocytes in RA

The first GPCR of human to be found was b2-AR, and the

crystal structure was first described by Cherezov et al. [2].

As an important link between sympathetic nervous system

and immune system, b2-AR is expressed on skeletal and

cardiac muscle cells and peripheral blood lymphocytes,

including T cells, B cells, and NK cells. The interactions of

b2-ARs and Gas formed the foundation of the ternary

complex model of GPCR activation. The expression of b2-
AR on target cells is dynamically regulated by ligand

availability [17, 18]. b2-ARs bind to ligands and mediate

b2-ARs–AC–cAMP transmembrane signal, resulting in

trafficking a series of physiological and pathological efforts

[19] (Fig. 1).

b2-ARs have been shown to have a role in time-de-

pendent, immuno-modulating effect and are expressed on

innate and adaptive immune cells of humans and rodents

[20]. Peripheral blood mononuclear cells (PBMCs),

specifically monocytes, B cells and CD8? T cells, from RA

patients express lower levels of b2-ARs compared with

healthy subjects [21]. In patients with RA, b2-AR on syn-

ovial fluid lymphocytes was significantly decreased

compared to that on peripheral blood lymphocytes [22].

RA PBMCs are less responsive to norepinephrine (NE)

treatment compared with healthy subjects: upon NE

administration in vitro [21, 23]. The patients with RA

augment cAMP production and suppression of TNF-alpha

production by b2-adrenergic agonist (terbutaline) stimula-

tion [24].

b2-AR phosphorylated by PKA (pb2-ARPKA) is reduced

in splenocytes and draining lymph node (DLN) cells of

adjuvant arthritis (AA) rats. pb2-ARPKA impairs Gas cou-
pling, and enhances Gai coupling [17]. The studies in our

lab showed that the expression of b2-AR in mesenteric

lymph node (MLN) lymphocytes was reduced apparently

in CIA and AA rats [25, 26]. The cAMP level in syn-

oviocytes and MLNLs of CIA rats was lower than that in

normal rats [12, 25].

Prostaglandin E2 (PGE2) receptor signal

transduction pathways play roles in synovitis

and joint destruction for RA

PGE2 was a potent stimulator of PKA and an inducer of

cytokines and proteinase. Biological activities of PGE2 are

exerted through four different E-prostanoid (EP) receptors,

namely EP1, EP2, EP3, and EP4. These four receptors have

seven transmembrane domains and belong to the GPCRs

superfamily. Different EPs bind to different G proteins and
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mediate different downstream signal pathways [27, 28].

PGE2 binds to EP2/4, Gas is activated and initiates

downstream signaling cascade cAMP-PKA-cAMP

response element binding protein (CREB) by the activation

of AC. PGE2 binds to EP1, Gaq is activated and initiates

the downstream signaling of phospholipase C (PLC)-IP3-

Ca2?-nuclear factor of activated T-cells (NFAT)

(Fig. 1).The four EP receptors are expressed in diverse

tissues and play essential roles in variety of pharmaco-

logical and biochemical processes [28].

PGE2 contributes to the pathogenesis of RA, and nons-

teroidal anti-inflammatory drugs, inhibitors of the synthesis

of PGE2, continue to be used in the treatment of RA [29].

PGE2 is important for IL-17 production induced via IL-23

and IL-1b in T cell- antigen presenting cell (APC) co-

culture system, and PGE2 enhanced Th17 cell function and

differentiation through cAMP and EP2/EP4 receptor sig-

naling [30]. PGE2 is also produced in response to

proinflammatory cytokines. PGE2 binding to EP4 stimu-

lates osteoclastogenesis through enhancing RANKL

expression. At the same time, PGE2 suppresses osteoclas-

togenesis by inhibiting macrophage colony-stimulating

factor (M-CSF) expression in FLS [31]. PGE2 produced in

rheumatoid synovium negatively regulates aberrant

Fig. 1 Schematic diagram of GPCR-AC-cAMP signaling pathway.

b2-ARs-AC-cAMP signaling pathway: adrenaline binds to b2-ARs,
the Gas subunit is activated and dissociates from heterotrimeric G

proteins. And the activated Gas initiates downstream signaling

cascade cAMP-PKA-CREB by the activation of AC. PGE2-EP2/4-

AC-cAMP and PGE2-EP1-PLC signaling pathways: PGE2 binds to

EP2/4, Gas is activated and initiates downstream signaling cascade

cAMP-PKA-CREB by the activation of AC. PGE2 binds to EP1, Gaq
is activated and initiates the downstream signaling of PLC–IP3–

Ca2?–NFAT. Chemokine–chemokine receptors signaling pathway:

chemokine binds to its receptor, activated Ga bind to GTP, and free

Gbc initiate signal cascades of PLC–IP3–Ca2?–NFAT and PI3K–

AKT–mTOR to downstream effectors. Activated Ga initiates

downstream signaling cascade of GEF–RhoA–ROCK-SRF. Adeno-

sine-A3ARs signaling pathways: adenosine binds to A3ARs, Gai and
Gaq subunits are activated, and initiates downstream signaling

cascade of PLC–IP3–Ca2?–NFAT. In parallel, Gbc initiates down-

stream signaling cascade of PI3K–PKB/Akt-mTOR. GPCR G protein

coupled receptor, AC adenylate cyclase, cAMP cyclic adenosine

monophosphate, PKA protein kinase A, MAPK mitogen-activated

protein kinase, CREB cAMP response element binding protein, PLC

phospholipase C, IP3 inositol triphosphate, NFAT nuclear factor of

activated T-cells, PIP2 phosphatidylinositol-4,5-bisphosphate, GEF

guanine nucleotide exchange factor, RhoA Ras homolog gene family

A, ROCK RhoA kinase, SRF serum response factor, PI3K phospho-

inositide 3-kinase, PKB/Akt protein kinase B
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synovial overgrowth and the development of osteoclast

activity via EP4. EP4-specific agonists significantly

inhibited the activities of synovial tissue-derived inflam-

matory cells in a dose-dependent manner [32]. The small

GTPase Rap1 is implicated in a variety of cellar functions.

PGE2 activates Rap1 via EP2/EP4 receptors and cAMP-

signaling in rheumatoid synovial fibroblasts [33]. PGE2

promotes TNF-alpha-induced the expression of IL-6

mRNA in synovial fibroblasts of RA patients [34]. PGE2

level in FLS of AA rats was elevated significantly [35].

PGE2 could stimulate bone resorption and osteophyte for-

mation in CIA rats and contribute to joint damage by

upregulating MMPs, and PGE2 level is associated with the

edema and erosion of cartilage and juxta articular bone in

RA [13, 27, 36]. EP4 receptor-deficient mice showed

decreased incidence and severity of disease. The joint

histopathology of EP4 receptor-deficient mice was allevi-

ated in bone destruction, proteoglycan loss, and type II

collagen breakdown compared with EP4 receptor -suffi-

cient mice [29]. EP2 and/or EP4 might inhibit the

biosynthesis of TNF-alpha and IL-6. The expression of

EP2 and EP4 in the synovial tissue of AA rats decreased

significantly [27], which suggests that PGE2 contributes to

RA progression via binding to the EP2 and EP4 receptor.

The modification of EPs signaling may be a new thera-

peutic strategy for RA.

Chemokines receptors signal transduction pathways

are involved in angiogenesis underlying

the pathogenesis of RA

Chemokine receptors are GPCR family members and the

classification of chemokine receptors is based on the

number and arrangement of conserved cysteine residues in

the N-terminus of chemokines [8]. In humans, chemokines

are classified as CXC (a-chemokines), CC (b-chemokines),

XC (d-chemokines, often referred to as C subfamily), and

CX3C (c-chemokines) [37]. Chemokine binds to its

receptor, and initiates downstream signaling cascade of

guanine nucleotide exchange factor (GEF)–Ras homolog

gene family A (RhoA)–RhoA activates RhoA kinase

(ROCK)–serum response factor (SRF), which regulates a

variety of cellular responses, such as cytoskeletal rear-

rangement and cell proliferation [38, 39] (Fig. 1).

Chemokine receptors also activate Rho GTPases, resulting

in the reorganization of actin cytoskeleton, and cell sur-

vival signaling by Gbc-mediated activation of PI3K-

protein kinase B (Akt)-mTOR signaling pathway. Free

Gbc also initiate signal cascades of PLC–IP3–Ca2?–NFAT

to downstream effectors [7, 40]. Chemokine receptors

signaling pathway could promote Ca2? stores via PLC and

mitogen-activated protein kinase (MAPK) activation [7, 8].

Chemokines and chemokine receptors participate in

cellular migration, survival, angiogenesis and leukocyte

recruitment of RA and other autoimmune diseases [41].

CCL3, CCL4, CCL5, CCL20, CX3CL1, CXCL13,

CXCL9, CXCL10 and CXCL16 are expressed at high

levels in inflamed synovium of RA, and CXCL16 acts as a

potent chemoattractant for T cells in RA [42, 43]. CCL2

produced by synovial fibroblasts is a pivotal chemokine for

the recruitment of monocytes [42]. CCR2 is expressed on

regulatory T cells [44, 45]. CCR2 is directly involved in the

infiltration of neutrophils in RA. High expression of CCR2

was also demonstrated in neutrophils from early patients

with RA and antigen-induced arthritis (AIA) [46]. In CIA

model mice, blockade of CCR2 during the initiation phase

of disease improved the clinical symptoms. In vitro CCR2

blockade interfered with collagen-specific activation and T

cells proliferation [45]. Gene polymorphisms of CCR5 are

a genetic risk factor for radiographic severity denoted by

modified Sharp score in joint erosion of RA patients [47].

The expression of CCR7 was enhanced in RA synovial

tissue lining and endothelial cells compared to normal

synovial tissue. CCL21 induces human microvascular

endothelial cell (HMVEC) migration in the RA joints and

activates PI3 K, extracellular signal-regulated kinase

(ERK) and c-Jun N-terminal kinase (JNK) pathways in

HMVECs. Suppression of PI3 K decreases CCL21-in-

duced HMVEC chemotaxis and tube formation. It suggests

that CCL21-induced HMVEC chemotaxis and tube for-

mation are mediated through the PI3K/Akt 1 pathway [48].

CCL28 and CCR10 expression is elevated in RA synovial

tissue compared with normal synovial tissue. Proinflam-

matory factors, namely LPS, TNF-a, IL-1b, IL-17 and IL-

6, provoke CCL28 production in RA monocytes and

endothelial cells [49].

The constitutive chemokine CXCL12 and its receptor

CXCR4 are significant in T lymphocyte accumulation.

CXCR4 is involved in CXCL12-dependent infiltration of

lymphocytes into synovium of RA. Additionally, CXCR1,

the receptor for CXCL8, was persistently expressed on

neutrophils [43]. CXCR5 is highly expressed in B cells,

CD4? and CD8? T cells and involved in synovial lym-

phoid neogenesis underlying arthritis [50]. CXCR6

mediates CXCL16-induced synovitis [37]. T lymphocytes

in synovium may express higher CXCR2, CXCR3 and

CXCR6 than that in circulating T lymphocytes [51, 52].

CCR4, CCR6 have been implicated in lymphocytes infil-

tration into joint of RA. XCR1 is expressed on

lymphocytes, macrophages and fibroblasts in RA, while

CX3CR1 has been detected on macrophages and dendritic

cells [37].

CXCL10/CXCR3 mediate FLS invasion in animal

model of RA and RA patients [53]. CXCL10 concentra-

tions were increased in synovial fluid of RA patients.
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CXCL10 augmented nuclear factor kappa-B ligand

(RANKL) expression in Jurkat/Hut 78 T cell or CD4? T

cell and was regulated by CXCR3. The results suggested

that CXCR3 mediates CXCL10-induced RANKL expres-

sion [54].

The anti-inflammatory effect of adenosine/adenosine

receptor signal transduction pathways in RA

Adenosine is considered a major regulator of local tissue

function, especially when energy supply fails to meet cel-

lular energy demand, and involves the activation of four G

protein-coupled adenosine receptors (ARs): A1, A2A, A2B,

and A3 [55]. A2AARs couples to Gas proteins, stimulating

cAMP accumulation. cAMP regulates gene expression via

PKA and CREB protein [56, 57]. A2AARs signaling

increases cAMP levels in immune cells and is crucial in

down-regulating pro-inflammatory cytokine and protection

from tissue damage [58]. A2AAR agonist suppresses both

the basal and LPS-induced release of TNF-alpha and IL-1b
in RA patients, while causing an increase in the release of

both basal and LPS-induced IL-6 [59]. A2AARs inhibit

osteoclast differentiation and regulate bone turnover via

PKA-dependent inhibition of nuclear transcription factor-

kappa B (NF-jB) nuclear translocation, suggesting a

mechanism by which adenosine could target bone

destruction in RA [60]. A2AARs agonist CGS 21680 was

able to increase IL-10 production in lymphocytes of RA

patients. A2AARs up-regulation was gradually decreased

with the treatment time [61]. A3ARs couple to classic or G

protein-dependent second messenger pathways through

activation of both Gai and Gaq, and initiate downstream

signaling cascade of PLC–IP3–Ca2?–NFAT [55]. PLC

activity results in the release of Ca2? from intracellular

stores in different cellular models [62–67]. In parallel, Gbc
initiates downstream signaling cascade of PI3K–PKB/Akt-

mTOR [56, 68] (Fig. 1).

In early RA patients and MTX-treated RA patients, the

up-regulation of A2AAR and A3AR was associated with

high levels of TNF-alpha and NF-jB activation. A high

density and altered functionality of A2AAR and A3AR was

found in early RA patients [69]. A1AR and A2BAR were

not implicated in the inflammatory process, whereas

stimulation of A2AAR and A3AR was closely associated

with a down-regulation of the inflammatory status in

human synoviocytes [70].

The A3ARs protein was highly expressed in the synovia,

PBMC and DLN tissues of RA patients and AA rats

[71–75]. AA rats responded to IB-MECA (highly selective

A3AR agonist) treatment with a decrease in clinical and

pathological score. IB-MECA de-regulated A3ARs

expression and PI3K-NF-jB signaling pathway [73],

inhibited the production of TNF-alpha and macrophage

inflammatory protein-1alpha (MIP-1a) in vitro, and pre-

vented the development of CIA and AA [76, 77]. A2AAR

and A3AR may represent a potential target and biologic

markers in RA and other autoimmune diseases [78].

Regulatory proteins for GPCRs signaling pathway
play a significant role in inflammatory
and immune response for RA

Concomitant with the activation of GPCRs, GPCRs sig-

naling are also attenuate via desensitization, and/or

internalization. The desensitization process of GPCRs

Fig. 2 Regulation of GRKs and b-arrestins in GPCR-AC-cAMP

signaling pathway. The desensitization process of GPCRs occurs via

receptor phosphorylation by GRKs and subsequent binding of b-

arrestins. b-arrestins bind to phosphorylated receptors and facilitate

receptor internalization and desensitization, resulting in signaling

terminal
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occurs via receptor phosphorylation by G protein coupled

receptor kinases (GRKs) and subsequent binding of b-ar-
restins. b-arrestins bind to phosphorylated receptors and

facilitate receptor internalization [79] (Fig. 2). GRKs and

b-arrestins are involved in the regulation of G protein

coupled signaling pathway, and play a significant role in

inflammatory and immune response processes.

GRKs expressions are abnormal in RA

GRKs play a crucial role in GPCR internalization, desen-

sitization, dephosphorylation, and recycling. Changes in

GRKs expression affect GPCRs signaling [80]. GRKs are

grouped into seven subtypes, GRK1-GRK7. Based on

sequence similarity and gene structure analysis, vertebrate

GRKs are further divided into three subcategories,

including visual or rhodopsin–kinases subfamily (com-

prising of GRK1 and GRK7), b-AR kinases subfamily

(comprising of GRK2 and GRK3), and the GRK4 sub-

family (comprising of GRK4, GRK5, and GRK6) [81].

In lymphocytes of RA, a significant decrease in GRK

activity was detected that was mirrored by a decrease in

GRK-2 and GRK-6 expression, whereas GRK-5 protein

levels were unchanged. Proinflammatory cytokines induce

a declining in GRK-2 in leukocytes of healthy donors [24].

The expression of membrane and plasmatic GRK2 in

MLNLs of CIA and AA rats was decreased [25, 26]. GRKs

regulate b-ARs functions through b2-ARs phosphorylation
at different serines, and pb2-ARGRK was increased in AA

[17]. Lombardi demonstrated that down-regulation of

GRK2, GRK3, and GRK6 in splenocytes and MLN cells

were founded in AA rats [82]. These findings indicate that

the control of GRKs expressions and function might help to

affect inflammatory and immune response processes.

The expressions of b-arrestins are increased

in animal model of RA

Mammals have four arrestin subtypes, which have over

50% amino acid conservation and similar structures in

basal state. Arrestin-1 (also known as visual or rod arrestin)

and arrestin-4 (cone arrestin) are predominantly expressed

in photoreceptors, whereas arrestin-2 and -3 (also known as

b-arrestin-1 and -2) are present in virtually every cell with

high expression [80, 83]. b-arrestins are cytosolic proteins

and play important roles in the process of homologous

desensitization and internalization of GPCRs. Arrestins

bind to agonist-activated GPCRs at the plasma membrane,

when agonist-activated GPCRs were phosphorylated by

GRKs on serine and threonine residues located in the third

intracellular loop or carboxyl-terminal tail. The complex of

arrestins–GRKs–phosphorylated GPCRs results in the ter-

mination of GPCRs signaling, namely desensitization of

GPCRs. Formation of stable receptor-beta-arrestin com-

plexes that persist inside cell impedes receptor

resensitization. Aberrant formation of these complexes

may play a role in GPCR-based diseases [84].b-arrestins
also regulate other cellular signaling pathways by serving

as multifunctional scaffold/adapter proteins. b2-adaptin and

clathrin are recruited to the b-arrestin complex at plasma

membrane and initiate inward endocytosis. The endocy-

totic vesicle with seven transmembrane receptors was

targeted for lysosomal degradation, and receptors can be

recycled back to the plasma membrane [85, 86]. b-arrestins
can also initiate the recruitment and activation of numerous

kinases, including c-Src family kinases and MAPKs [26].

b-arrestins are critical regulators of inflammatory

response, and the expression of b-arrestins is differentially
regulated in immune cells and tissues in response to

specific inflammatory stimuli [87]. b-arrestin 1 was

increased in splenocytes of AA rats [82]. The expression of

the b-arrestin 1, 2 increased in MLN lymphocytes of CIA

and AA rats, and mRNA levels of b-arrestin 1 and 2 are

increased in FLS of CIA mice [25, 88, 89]. During

inflammatory process (d14, d28 after immunization), it was

found that a profound up-regulation of b-arrestins in syn-

oviocytes from CIA rats, and returned to baseline levels in

remission phase (d42 after immunization) [88]. b-arrestin 1

plays a critical role in the pathogenesis of CIA and Th17

cell differentiation. b-arrestin1 promoted signal transducer

and activator of transcription 3 (STAT3) activation through

scaffolding the interaction of Janus kinase 1 and STAT3

[90]. b-arrestin 1 promotes TNF-alpha and IL-6 production

in FLS of murine models of RA [89].

The expression of b-arrestin 2 increased significantly in

human FLS stimulated by IL-1b. b-arrestin 2 expression

showed a positive correlation with the FLS proliferation

[91]. The interaction of phosphodiesterase-4 (PDE4) with

b-arrestin at b-adrenoceptor site can induce receptor

switching from Gas-to-Gai signaling with subsequent

activation of ERK1/2 in RA synovial cells [9].

Conclusions

In sum, GPCRs are involved in inflammatory and immune

response of RA and mediate different external stimuli and

intracellular signaling cascades. b2-AR, PGE2 receptor,

chemokines receptor, and adenosine receptor play impor-

tant roles in RA. GRKs and b-arrestins are essential

proteins in the regulation of GPCRs signaling pathways,

and play a significant role in inflammatory and immune

response processes in RA. It is very important that to

understanding the mechanism of GPCRs signal transduc-

tion in inflammatory and immune response for the

discoveries of potential diagnostic biomarkers and
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therapeutic targets. And it also offers a profound founda-

tion and new insight into the development of new RA

drugs.
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