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ABSTRACT

Rheumatoid arthritis (RA) is a chronic autoim-
mune disease of unexplained causes. Its patho-
logical features include synovial tissue
hyperplasia, inflammatory cell infiltration in
joint cavity fluid, cartilage bone destruction,
and joint deformation. C-C motif chemokine
ligand 3 (CCL3) belongs to inflammatory cell
chemokine. It is highly expressed in inflamma-
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tory immune cells. Increasingly, studies have
shown that CCL3 can promote the migration of
inflammatory factors to synovial tissue, the
destruction of bone and joint, angiogenesis,
and participate in the pathogenesis of RA.
These symptoms indicate that the expression of
CCL3 is highly correlated with RA disease.
Therefore, this paper reviews the possible
mechanism of CCL3 in the pathogenesis of RA,
which may provide some new insights for the
diagnosis and treatment of RA.
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Key Summary Points

Rheumatoid arthritis (RA) is an
inflammatory and systemic autoimmune
disease characterized by synovial
inflammation, synoviocyte expansion,
and damage to cartilage and bone.

variety of chemokines can cause immune
activation of RA.

In particular, C-C motif chemokine ligand
3 (CCL3) is widely involved in the
inflammatory response, cartilage
destruction and vascular formation of RA.

Therefore, therapeutic strategies targeting
CCL3 and its receptors are being actively
developed to treat RA.

This review considers the possible
mechanism of CCL3 in the pathogenesis
of RA, which may provide some new
insights for the diagnosis and treatment of
RA.

INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune
disease with systemic inflammatory changes of
unknown etiology that affect all synovial joints,
especially the hands and feet. It is the sym-
metrical, persistent, and progressive process of
chronic inflammation [1]. A large-sample epi-
demiological  study found that the
global prevalence of RA was about 0.4-1.3%,
with women 2-3 times higher than men, and
the incidence was in all ages, with the peak of
incidence in 40-50 years [2]. Besides, the global
point-prevalence of RA is increasing year by
year [3]. During the pathogenesis of RA,
fibroblastoid synovial cells are the main cells in
the synovial layer, which can affect macro-
phages, neutrophils, T cells, and other inflam-
matory cells to aggravate the pathogenesis of RA
by secreting inflammatory factors, chemokines

and metalloproteinases [4]. Lianhua et al. found
that Shikonin alleviates collagen-induced
arthritis (CIA) mice by inhibiting M1 macro-
phage polarization [5]. Kang SE shows that the
combined inhibition of TNF-oo and CXCL10 by
the novel BsAb blocks the effect of tumor
necrosis factor-o (TNF-a) and CXCL10 induced
immune response and improves arthritis in
K/BXN serum transfer mice [6]. Therefore,
inhibiting the inflammatory response in the
synovial microenvironment is the key to the
treatment of RA.

In recent years, more and more studies have
found that chemokines have the ability to reg-
ulate signaling pathways related to leukocyte
migration and inflammatory response. Inap-
propriate chemokine activity leads to an exces-
sive  inflammatory response, which is
characteristic of autoimmune and inflamma-
tory disease [7]. In particular, C-C motif che-
mokine ligand 3 (CCL3) have attracted the
attention of most researchers. CCL3, also
named macrophage inflammatory protein-lo
(MIP-1a), belongs to the CC chemokine sub-
family. CCL3 receptors are CCR1, CCRS5, and
CCR9. Under pathophysiological conditions,
the expression of CCL3 in vivo is low. However,
in the occurrence and development of RA,
mature hematopoietic cells, macrophages,
lymphocytes, neutrophils and other immune
cells can highly express CCL3 in response to
inflammatory stimuli, thus participating in the
immune inflammatory response of RA [8]. Ros-
sato et al. show that an early peritoneal CC
chemokine response is an important feature of
arthritis susceptibility [9]. Sun et al. have shown
that B cells affect osteoblast differentiation
through a high expression of CCL3 and proin-
flammatory factors which further inhibit bone
formation in RA [10]. Based on protein-protein
interactions (PPI) showing a network of 43
CVD-related biomarkers, CCL3 was identified as
increased in patients with RA and periodontal
disease [11]. Those findings provide vivid evi-
dence for the role of CCL3 in the pathogenesis
and immune regulation of RA. Therefore, this
paper will review the role and mechanism of
CCL3 in the pathogenesis of RA, hoping to offer
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some new directions for the research and
treatment of RA.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

CHEMOKINES FAMILY

Chemokine Ligand

Chemokines, also known as chemotactic hor-
mones or chemotactic agents, are a small
molecule type of cytokine that induces chemo-
taxis in cells [12]. The structure and function of
chemokines have been further clarified.
Chemokines have a highly conserved tertiary
structure defined by an irregular “N-loop”, a
C-terminal helix, and a three-stranded p-sheet
connected by loops. So far, more than 40
human chemokines have been found, belong-
ing to the largest family of cytokines. To facili-
tate communication, since the late 1990s the
chemokine international naming organization

COOH

CXCL

COOH

CX3CL

@ Cysteine
B-sheet

Fig. 1 Structure of four chemokine subtypes. The XC
chemokine subfamily has only two cysteine residues. There
are three other arbitrary amino acids between two cysteines
at the N-terminal of the CX3C chemokine subgroup, one
other arbitrary amino acid between two cysteines at the

@ Arbitrary amino acid

(D ohelix s polypeptide chain

has mainly been divided into four chemokine
subfamilies according to the relative differences
of cysteine positions in the structure [13]. There
are three other arbitrary amino acids between
two cysteines at the N-terminal of the CX3C
chemokine subgroup, one other arbitrary amino
acid between two cysteines at the N-terminal of
the CXC chemokine subgroup, and two cys-
teines at the N-terminal of CC chemokine sub-
group are adjacent to each other. Most
chemokines have four conserved cysteine resi-
dues. However, the XC chemokine subfamily
has only two cysteine residues [14] (Fig. 1). The
XC chemokine subfamily contains only XCL1
and XCL2 chemokines. The main function of
chemokines is chemotactic immune cells
involved in the body’s defense and exudation of
inflammatory process [15].

Chemokine Receptor

There are currently more than 20 chemokine
receptors. According to the difference of bind-
ing ligands, they divide into the following four

COOH

COOH

i disulfide linkage

N-terminal of the CXC chemokine subgroup, and two
cysteines at the N-terminal of CC chemokine subgroup are
adjacent to each other. CXCL C-X-C motif chemokine
ligand, CC C-C motif chemokine, CX3CL C-X3-C motif
chemokine ligand, XC X-C motif chemokine
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types: CXCR, CCR, CX3CR, and XCR. Chemo-
kine receptors belong to the G-protein-coupled
receptor superfamily of seven transmembrane
receptors. They share many structural features:
similar in size with approximately 350 amino
acids. There is homology between different
chemokine receptors [16]. Studies have shown
that chemokine receptor N-terminal amino acid
residues deletion cannot bind ligands. This
confirms that the extracellular N-terminal
sequence is the recognition site for ligands. The
chemokine receptor C-terminal contains Ser/
Thr site, which is mainly involved in intracel-
lular signal transduction, and C-terminus
phosphorylation may be involved in signal
transduction after receptor activation. Ligand-
receptor binding of chemokines is a classical
two-site model [17]. In the first step, the che-
mokine core domain binds to the N-terminal
recognition site of the chemokine recognition
site 1 (CRS1). The core region of chemokines
refers to structures other than N-terminal
sequences. Then, the N-terminal of chemokine
binds to the transmembrane domain of
chemokine recognition site 2 (CRS2) (Fig. 2).

Chemokine

Fig. 2 The binding of chemokine to its receptor is a two-
locus model. In the first step, the chemokine core domain
binds to the N-terminal recognition site of the chemokine

Chemokines Family in Rheumatoid
Arthritis

In the process of chemokine ligand-receptor
binding, we can see the redundant characteris-
tics of the binding. It determines the specificity
of chemokine action with its receptor. There-
fore, chemokines have different expressions in
synovial fluid of patients with arthritis [18]. In
the family of chemokines, several chemokines
are involved in the pathogenesis of RA (Tablel).
Macrophages secrete CXCL1, CXCLS, and
CXCLS8, which trigger synovial inflammation
and fibrosis [19-21]. A new study indicates that
that CXCL7 levels were increased in RA patient
platelet [22]. Neutrophils produce CXCL6 and
trigger the production of CXCL4, CXCL9,
CXCL10, and CXCL16 from fibroblast-like syn-
ovial cells and macrophages [23-25]. Further-
more, CXCL12 stimulated osteoclast migration
and bone resorption of osteoclasts in RA animal
models [26]. Elevated levels of CCL2, CCL3, and
CCLS in RA were closely associated with
increased T cell infiltration in joints [27]. Stud-
ies have shown that CCL13 is correlated with
RA, and CCL13 is highly expressed in chon-
drocytes [28]. Besides, CCL18 promotes the

2 Chemokine core domain

+ Chemokine receptor transmembrane domain

/: Chemokine N-terminal

receptor (CRS1). Then, the N-terminal of chemokine
binds to the transmembrane domain of chemokine

receptor (CRS2). CRS chemokine receptors
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Table 1 Chemokines associated with rheumatoid arthritis
Formal = Receptor Chromosome Producing cell Function References
name region
CXCL1 CXCR2  4ql2-13 Macrophage Inflammatory, synovial fibrosis [19-21]
CXCL5 CXCR2
CXCL8 CXCR1/

2
CXCL7 CXCR2  4ql2-13 Platelet Angiogenesis, synovial fibrosis [22]
CXCL6 CXCRI1/ 4ql2-13 Neutrophils Synovial fibrosis [23]

2
CXCL4  Unknown 4ql2-13 Macrophage, fibroblasts Anti-angiogenic [24]
CXCL9 CXCR3 4q2121
CXCL10 CXCR3  4q21.21
CXCL12 CXCR4 10qll.1 Endothelial cells Bone erosion, osteoclastogenesis [26]
CXCL16 CXCR6  17ql13 Macrophage, fibroblasts Lymphocyte recruitment [25]
CCL2 CCR2/11 17ql1.2 T-cell Inflammatory [27]
CCL3 CCRI1/5
CCLs CCR1/3/

S
CCL13  CCR2/3/ 17qll2 Chondrocytes Fibroblast proliferation (28]

11
CCL18 CCRS8 17q11.2 Neutrophils Facilitates T cell attraction by [29, 30]

antigen-presenting cell
XCL1 XCR1 1923 CD8", CD4T/CD28" T Stimulates T cell, down-regulates (31, 32]
XCL2 XCR2 CCHS MMP-2
CX3CL1 CX3CRl 16q13 Dendritic cell, endothelial, Monocyte chemotaxis and [33]
macrophage angiogenesis

CXCL C-X-C motif chemokine ligand, CXCR C-X-C motif chemokine receptor, CCL C-C motif chemokine ligand, CCR
C-C motif chemokine receptor, XCL X-C motif chemokine ligand, XCR X-C motif chemokine receptor, CX3CL C-X3-C
motif chemokine ligand, CX3CR C-X3-C motif chemokine receptor

attraction of T cells to joint inflammation
through antigen-presenting cells [29, 30]. XCL1
and XCL2 synergistically up-regulated CD4%/
CD28 T cells, thereby inducing osteoclast
proliferation [31, 32]. CX3CR1 expressed by
monocytes interacts with CX3CL1 produced by
macrophages, and this interaction promotes

their migration and recruitment into RA syn-
ovium [33].

The synovial tissue and synovial fluid of RA
contain plentiful chemokines, and their recep-
tors have higher expression in T cells, mono-
cytes, neutrophils, and other immune cells. In
general, a variety of chemokines derived from
immune cells can cause the immune activation
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Fig. 3 Mechanisms of CCL3 in pathologic rheumatoid
arthritis. In healthy joint, the synovial membrane is 1-2
layers, and the synovial fluid in the joint cavity protects the
articular cartilage, and the cartilage layer is smooth and
complete. Synovial hyperplasia (red pannus formation),
inflammatory cell infiltration in synovial fluid, and bone
surface wear in RA joint. Fibroblast-like synoviocyte (FLS)
are the primary cells in the synoviocytes. The cross-talk
between FLS and inflammatory immune cells is an
important reason to accelerate the progression of RA.
Proliferating FLS cells secrete pro-inflammatory cytokines
such as CCL3 and TNF-a, which stimulate the recruit-
ment of more T cells and the aggregation of macrophages.
These inﬂammatory immune cells in turn secrete TNF-o
and IL-1P to increase the activation of synovial cells. In the
microenvironment of joint synovial inflammation, MMPs

of RA, and it is of great significance to clarify
their mechanism of action for the prevention
and treatment of RA, especially representative
inflammatory chemokines such as CCL3 and
CCL2.

RELATIONSHIP BETWEEN THE
PATHOLOGICAL

MECHANISM OF RHEUMATOID
ARTHRITISAND CCL3

Chintalacharuvu [34] found that CCL3 ™/~ mice
exhibited milder inflammation and joint
destruction inducedin CIA mice. Single-cell
transcriptomic profiling showed that CCL3 was
elevated in  the synovial state of
CXCL10"CCL2" inflammatory macrophages in
RA [35]. Hosonuma showed that hepatocyte
growth factor from synovial inflammation in

produced in synovial fluid can directly degrade cartilage
tissue. CCL3 and cytokines can also interact with receptor
activators of nuclear factor kappa-P ligand (RANKL) to
stimulate osteoclast activation, resulting in bone erosion.
Due to synovial hyperplasia caused by inflammation,
CCL3 and VEGF-A promote angiogenesis by activating
the JNK/ERK/P38 signaling pathway. FLS Fibroblast-like
synoviocyte, IL-1f secreting interleukin-1B, 7TNF-o
Tumor necrosis factor-o, CCL3 C-C motif chemokine
ligand 3, RANKL Receptor activator of nuclear factor-kB
Ligand, MMPs Matrix metalloproteinases, Ang-2
Angiopoietin-2, VEGF-A Vascular endothelial growth
factor A, JNK JUN N -terminal kinases, ERK extracellu-
lar-signal regulated protein kinase, P38 mitogen-activated
protein kinases 38, EC Endothelial cells

RA patients activates monocyte migration to
synovial membrane and promotes bone
destruction by enhancing CCL3/CX3CL1 pro-
duction and chemotaxis [36]. Up to now, the
mechanism of CCL3 in the pathogenesis of RA
has attracted more researchers. Therefore, this
paper discusses the pathogenesis of CCL3 in RA

(Fig. 3).

CCL3 Promote the Migration
of Inflammatory Factors to Synovial Tissue

Inflammatory cytokine infiltration in joint
synovium is one of the main features of RA
disease [37]. Zhang et al. demonstrated inflam-
matory cell status in synovial tissues of RA by
integrating single-cell transcriptome and mass
cytography. For example, in leukocyte-rich RA,
CCL3 is mainly upregulated in monocytes.
However, in RA and osteoarthritis (OA)
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synovium without leukocytes, the CCL3
expression level was comparable in B and T cells
[38]. Using immunofluorescence technology to
further analyze the localization of CCL3 in
synovial tissues, the results show that CCL3 was
highly expressed in the cytoplasm of CD4" T
cells. When synovial macrophages and fibrob-
lasts are stimulated by pro-inflammatory fac-
tors, synovial cells are activated to produce
CCL3. More importantly, CCL3 recruits more
inflammatory cells to migrate and accumulate
in the joint, then inflammatory cells generate
more inflammatory factors in the synovial
microenvironment, further aggravating the
local inflammatory response in RA [39]. In
rheumatoid arthritis fibroblast-like synovial
cells (RA-FLS), Zhang et al. observed that CCL3
causes the onset of RA through PI3K/AKT sig-
naling pathway. Besides, CCL3 could active
CD4" T cells to mediate synovitis [40]. CCL3/
CCRS may overexpress inflammatory mediators
such as cyclooxygenase-2 (COX-2), matrix
metalloproteinases-3 (MMP-3), and interleukin-
6 (IL-6) in synovial cells through mitogen-acti-
vated protein kinase pathway, thus contribut-
ing to RA synovitis [41]. In RASF, mRNA
sequencing data showed that Mir-147b-3p
mimics and ZNF148 siRNA usually upregulate
CCL3 and other inflammatory pathways medi-
ate synovitis [42]. All of the above studies indi-
cate that CCL3 is involved in the pathological
process of synovitis.

CCL3 Promotes Cartilage Destruction

Cartilage destruction involves an interaction
between osteoclast (OC) generation and osteo-
blast (OB) inhibition. Joint bone destruction is
an irreversible process and is the main cause of
disability in patients. Studies have shown that
many cytokines and immune cells contribute to
osteoclast formation [43, 44]. Immune cells in
the pathogenesis of RA directly up-regulate the
expression of receptor activator of nuclear fac-
tor-kB Ligand (rankl), but indirectly increase the
expression of rankl through secretion of pro-
inflammatory cytokines, and promote the for-
mation of OCs, ultimately leading to cartilage
fragmentation [45]. CCL3 is a chemokine of

macrophages, which can induce osteoclast
aggregation and activity [46]. Various rodent
studies in vitro have demonstrated a link
between CCL3 production and bone degrada-
tion [47, 48]. Studies have shown that CCL3 can
promote the differentiation of OC precursors in
peripheral blood. It is worth noting that cur-
cumin further inhibits the differentiation of
osteoclast precursors and the formation of
osteoclasts by inhibiting the production of
CCL3. The addition of CCL3 could significantly
reverse the OC formation decreased by cur-
cumin [49]. Zhang et al. demonstrated that
C/EBPB and NF-«B are involved in the expres-
sion of CCL3 in IL-1p-induced human chon-
drocytes [50]. In TNF-Tg and CIA mouse models
and in human RA samples, Wen Sun et al.
showed that B cells in synovial tissue signifi-
cantly reduced osteoblast differentiation
through the high expression of CCL3 [10]. In
addition, most studies have confirmed that
CCL3 is an inhibitor of OBs [51]. These findings
suggest that CCL3 is a major contributor to
cartilage matrix degradation in RA. In the CIA
model, CCL3~/~ mice were protected from bone
injury, further demonstrating the important
role of CCL3 in osteoclasts [34]. However, CCL3
is indirectly involved in the pathological pro-
cess of bone resorption in osteoclast. MMPs lead
to bone degradation by dissolving the lacunar
organic matrix. Studies have shown that the
increased expression of CCL3 and enhanced
activation of MMPs in human CD14 OC pro-
mote the differentiation and reabsorption of
OC [52]. Most importantly, other studies have
shown that CCL3 increases MMP3 activity in
FLS cells in a culture medium in a dose-depen-
dent or time-dependent manner. MMPs can
promote the migration of FLS cells to adjacent
cartilage and induce cartilage degradation [53].
Therefore, CCL3 may play an important role in
RA cartilage degradation through autocrine or
paracrine action.

CCL3 Promotes Pannus Formation

Pannus is composed of newly neovasculariza-
tion, proliferating synovial cells, inflammatory
cells, and cellulose, with tumor-like features
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[54]. The proliferation of synovial vessels may
be one of the reasons why RA is difficult to cure,
a feature similar to vascular proliferation in
malignant tumors. Angiogenesis is a vital factor
in the formation and maintenance of RA pan-
nus. On the one hand, the formation of neo-
vascularization will increase the surface area of
vascular endothelium, which makes it easier for
inflammatory cells to seep into the synovium,
thus aggravating inflammation. On the other
hand, some mediators that regulate angiogene-
sis are also involved in the pathogenic mecha-
nism of RA [55]. Arthritis often causes local
hypoxia due to active metabolism in the joints.
In the local hypoxic microenvironment of the
joint during RA, synovial fibroblasts secrete
CXCL12. It combines with its receptor CXCR4
to participate in vascular remodeling and pro-
mote the migration of various endothelial cells,
thereby promoting capillary formation. The
new vessels recruit more immune inflammatory
cells into synovial tissue with the help of
inflammatory chemokines such as CCL3 [56]. In
addition, Liao et al.’s studies have shown that
CCL3 inhibits mir-374b expression by activat-
ing the JNK/ERK/P38 signaling pathway,
thereby promoting VEGF-A expression and
angiogenesis in human osteosarcoma cells [57].
After being stimulated by some proinflamma-
tory cytokines, synovial fibroblasts in RA joint
tissue secrete CCL3 and CCL28, which are also
involved in vascular proliferation in RA. Their
promotion of vascular proliferation is mainly
indirectly by macrophages and fibroblasts in
synovial tissue to secrete pro-angiogenic factors
[58-60]. In a mouse CIA model, Krausz et al.
found that the synergistic effect of angiopoi-
etin-2 (Ang-2) and TNF-a on Tie2 signaling in
macrophages enhances the expression of CCL3
and IL-6 while inhibiting the production of
thrombospondin-2 (TSP-2), widely coordinating
angiogenesis in RA [61]. Therefore, blocking
angiogenesis will become a new treatment for
RA.

CCL3 Promotes Rheumatoid Arthritis
Secondary to Other Diseases

RA is an immunological, systemic disease with
clinical manifestations involving joints and
other systemic systems. For example, interstitial
lung diseases are the most common, which can
eventually progress to pulmonary fibrosis [62].
Through radiation lung injury irradiation on a
CCL3~/~ mouse model, CCR1 ~/~ mouse model,
and wild mice, it was found that the degree of
pulmonary fibrosis in normal mice was signifi-
cantly higher than that in CCL3~/~ mice and
CCR1~/~ mice. CCL3 can initiate NF-kB signal-
ing to participate in the pathogenesis of pul-
monary interstitial lesions. Therefore, selective
blocking of the CCL3/CCR1 signaling axis can
effectively relieve pulmonary fibrosis secondary
to RA [63]. TGF-B1 is a typical cytokine-stimu-
lating epithelial-mesenchymal transformation.
It may stimulate CCL3 expression in lung NK
cells and is associated with increased TGF-B1 in
RA patients. Inhibition of TGF-f signaling can
down-regulate pulmonary CCL3 to regulate
interstitial pneumonia [64]. These studies show
that CCL3 may be involved in the progression
of lung diseases and is most closely related to
the formation of pulmonary fibrosis.

CCL3 IN OTHER AUTOIMMUNE
DISEASES

CCL3 and its receptors are a major part of the
immune system. Studies have found that CCL3
can induce the migration and infiltration of
chemotactic immune cells to target organs, and
eventually participate in the immune process of
target organs [65]. In recent years, extensive
studies have observed that CCL3 is up-regulated
in a variety of autoimmune diseases, which can
affect the susceptibility and development of
diseases [66]. It has been shown that CCL3
mediate a variety of auto-inflammatory
immune diseases (Table 2).

CCL3 levels were associated with systemic
lupus erythematosus (SLE) activity. Elevated
levels of CCL3 also have been detected in the
serum of patients with SLE. CCL3, through
recruiting polymorphonuclear cells,
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Table 2 Autoimmune disease associated with CCL3

Autoimmune Express cell/tissue  Salient pathological features References

disease type

SLE Blood serum Recruit polymorphonuclear cells [67]

SSc Skin Recruit monocytes and helper T lymphocytes, up-regulate [68]
adhesion molecules

HT Serum and thyroid =~ Lymphocytes infiltration [69]

UC Blood serum Activation of Thl transcription factor T-bet via STAT1 [70]

AIH Hepatic stellate cell HSC activation; immune cell infiltration [71]

MG Thymus, blood Cell apoptosis and migration [72]

serum

SLE Systemic lupus erythematosus, SS¢ Systemic sclerosis, H7 Hashimoto’s thyroiditis, UC Ulcerative colitis, AIH
Autoimmune hepatitis, MG Myasthenia gravis, HSC Hepatic stellate cell, STAT1 Signal transducer and activator of

transcription 1

participates in the SLE responses [67]. The
expression of CCL3 and IL-7 in skin of systemic
sclerosis  (SSc) patients are significantly
increased. CCL3 is involved in the recruitment
of adhesion molecules of monocytes and helper
T lymphocytes, which indirectly leads to SSc
fibrosis [68]. Hashimoto’s thyroiditis (HT), as
one of the autoimmune diseases, has an
increasing incidence year by year. The expres-
sion of CCL3 was up-regulated in the thyroid
tissues of HT patients. MRP14 participates in
lymphocyte infiltration in HT by regulating the
expression of CCL3 [69]. In an animal model of
ulcerative colitis (UC), increasing serum con-
centration of CCL3 intensify immune-mediated
colitis. CCL3 was highly expressed in lamina
propria inflammatory cells and intestinal
epithelial cells. Elevated concentrations of
CCL3 in peripheral blood may enhance the
intestinal Th1l response, thereby aggravating
ulcerative colitis [70]. Chemokines were used in
the field of autoimmune hepatitis (AIH)
research from 1972 to 2014. CCL3 promotes
fibrosis in mouse models by facilitating immune
cell migration and activation of hepatic stellate
cells [71]. In addition, RNA sequencing of serum
samples of myasthenia gravis (MG) showed that
CCL3 was involved in ThO cell to Th1 cell dif-
ferentiation. Therefore, the abnormal increase
of CCL3 is related to the inflammatory response

of MG patients. Other studies have suggested
that CCL3 involvement in immune cell migra-
tion and apoptosis may be a molecular feature
of MG disease [72].

PROSPECTS OF CCL3
IN THE TREATMENT
OF RHEUMATOID ARTHRITIS

As the etiology and pathogenesis of RA are not
completely clear, there is still no cure for RA.
Once RA is diagnosed, it should be treated with
medication as soon as possible. Several drugs
commonly used to treat RA are mainly botani-
cals, non-steroidal anti-inflammatory drugs,
disease-modifying anti-rheumatic drugs
(DMARD), biological agents, and chemokine
inhibitors under development (Table 3). Com-
mon botanical drugs include Tripterygium wil-
fordii, total glucosides of paeony, and
sinomenine [73-75]. Nonsteroidal anti-inflam-
matory drugs such as diclofenac, naphthal-
bumethone, meloxicam, and ketoprofen are
commonly used to relieve RA pain and inflam-
mation [76]. However, of these botanicals, most
lack evidence of clinical safety and efficacy.
DMARDs take between 1 and 6 months of dos-
ing to achieve significant improvement in
clinical symptoms and a degree of delay in the
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Table 3 Drugs for rheumatoid arthritis

Drug category Targets Drugs References
Botanical drug Tripterygium wilfordii, total glucosides of [73-75]
Pacony, sinomenine

Non-steroid anti- Diclofenac, naphthalbumethone, meloxicam, [76]
inflammatory drug ketoprofen

Disease-modifying anti- Methotrexate, leflunomide, cyclosporine, [77]
rheumatic drugs hydroxychloroquine

Biologicals IL-6, TNF-a, JAK, Tocilizumab, etanercept, tofacitinib, abatacept,  [78-82]

T-cell, B-cell rituximab

Chemokine receptor CCR1, CCRs5, CCR9 BX471, Vercirnon, Aplaviroc, Vicriviroc (87, 89]
inhibitors

Anti-chemokine antibody CCL3 MAB270 (85]

IL-6 secreting interleukin-6, TNF-o. tumor necrosis factor-o, JAK Janus kinase, CCR C-C motif chemokine receptor, CCL

C-C motif chemokine ligand

progression of RA lesions. Traditional DMARDs
include methotrexate, leflunomide, cyclospor-
ine, and hydroxychloroquine [77]. TNF-o inhi-
bitors, IL-6R antibodies, JAK inhibitors, T-cell
co-stimulation modulator, and selective B-cell
depleting agents to targets have emerged. Toci-
lizumab, etanercept, tofacitinib, abatacept, and
rituximab are considered to be the most effec-
tive biological agents for RA [78-82]. The tar-
geted biological agents above play a role by
blocking a specific cell surface molecule or
inflammatory cytokines. The use of these drugs
is a breakthrough in the treatment of RA.
However, biological agents are expensive, or
their toxicity increases, causing local rashes and
signs of infection.

In recent years, more and more studies have
been conducted on inhibiting the expression of
CCL3 and its receptor in RA to alleviate the
progression of the disease, providing new ideas
for the treatment of RA. CCL3 infiltrates syn-
ovial tissue by recruiting inflammatory cells
such as monocytes and T cells. In addition,
serum CCL2 and CCL3 expression levels were
lower in RA patients who responded to IL-1
receptor antagonist therapy [83]. Similarly,
CXCL10, CCL2, and CCL3 levels were signifi-
cantly reduced when treated with TNF-o

antagonists [84]. The expression of CCL3 is
affected by the use of synthetic and biologic
antirheumatic drugs. Therefore, targeting CCL3
or its receptor (CCR1/5/9) may improve its
therapeutic potential in RA and other autoim-
mune diseases. These strategies were tested in a
large sample of RA models and limited human
RA clinical trials, in which blocking chemokines
has shown promising results. In the CIA model,
targeting CCL3 with monoclonal antibodies
strongly inhibited joint injury and bone erosion
in RA. However, antibodies against CCL3 have
not been tested in human RA trials [85]. Man-
czak et al.’s studies have shown that neutraliz-
ing CCL3 antibodies can alleviate chronic joint
inflammation [86]. CCR1 is an effective thera-
peutic target because it mediates TNF-o and IL-
10 expression in inflammatory diseases. For
example, the CCR1 antagonist BX471 can be
used to treat a variety of inflammatory diseases,
including RA [87, 88]. Previous studies have
shown that CCRS antagonists, Aplaviroc and
Vicriviroc, have been used to treat HIV infec-
tion. Vercirnon, a CCR9 antagonist, can be used
to treat Crohn’s disease [89, 90]. Due to the lack
of specificity of chemokine receptors, that is,
one receptor can bind to multiple ligands, and
one ligand can have multiple receptors. So
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different ligands can act as agonists or antago-
nists when they bind to receptors. Chemokines
and their receptors play a complex role, which
is related to the migration and activation of
leukocytes in different periods. These obstacles
may slow the development of effective com-
pounds in human clinical trials progress [91].
Although most chemokine blockers have shown
some failures in RA human trials, targeted
chemokines will continue to be studied [92, 93].

CONCLUSIONS

In summary, CCL3 promotes the migration of
inflammatory factors to synovial tissue, migra-
tion of osteoclasts, destruction of bone joints,
and production of vascular opacities. These
results suggest that the source and biological
characteristics of CCL3 and its receptor affect
the pathological process of RA. The application
of anti-CCL3 antibody can delay the onset of RA
and reduce inflammation, which opens up a
new way for the prevention and treatment of
RA. It appears that targeting CCL3 or its recep-
tor has not been successful in treating the
clinical disease of RA. This may be due to the
interaction between immune and non-immune
cells in RA synovial tissue. Limited studies on
the interaction of CCL3 with RA suggest that it
is inappropriate to use the chemokine CCL3 as a
diagnostic or therapeutic target. However, using
CCL3 inhibitors in conjunction with other
conventional anti-rheumatoid therapies may be
beneficial, and future studies should focus more
on combination therapy. However, more
research is needed in this area.
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