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Abstract

In the last couple of years special attention paid to the role of chemokines, cytokine, and their receptors in controlling several
pathophysiological processes by attracting chemokines. Our goal is to understand regulating mechanism and activation of the molecular
mechanism by chemokines and their receptors. There are many numbers of chemokines that combine with their reporter and produced
chemokine ligand and receptor interaction. The chemokine Ligand 2 (CCL2) and its main chemokine receptor 2 (CCR2) have been playing an
important role in various inflammatory diseases. Chemokines mediate normal host defense and tissue repair. However, CCR2 has dual roles
and has both pro-inflammatory and anti-inflammatory actions. CCR2 may be involved in the pathology of diseases such as neurodegenerative
disorders, chronic obstructive pulmonary disease (COPD), obesity, atherosclerosis, and cancer. CCL2-CCR2 is therefore used as a therapeutic
target for various neurological and pain-related disorders.

Keywords: Adhesion molecules; Pro-inflammatory cytokines; Matrix metalloproteinase; Chemotactic cytokines; Chemokine ligands;
Glycosaminoglycans

Abbreviations: GPCRs: G protein-coupled receptors; HIV: Human Immunodeficiency Virus; GAGs: Glycosaminoglycans; TAMs: Tumor-associated
macrophage; MCP-1: Monocyte chemo-attracting proteins-1; COPD: Chronic obstructive pulmonary disease; HDL: high-density lipoprotein; CNS:

central nervous system; TRPV1: Transient receptor potential vanilloid receptor subtype 1

Introduction

The inflammatory response can be defined as the physiological
reaction of vascularised tissues to injury. For the inflammatory
response generation, the migration and recruitment of leukocytes
to an endothelial cell into the inflamed tissue is necessary. That is
a complex process in which several adhesion molecules and the
chemokines play a key role [1]. Leukocyte recruitment is a well-
orchestrated process that involves several protein families. That
includes adhesion molecules, pro-inflammatory cytokines, matrix
metalloproteinase, and the large cytokine subfamily of chemotactic
cytokines, the chemokines [2]. Chemokines are defined by a
common structure that is the chemokine fold. Chemokines form
a large family composed primarily of 40 small, secreted cytokine
proteins, which is secreted by the different cell [3]. The variety
of cells includes leukocytes and structural cell types of the
immune system and inflammatory cytokines. Chemokines bind
to their specific 7- transmembrane (7-TM) G protein-coupled
receptors (GPCRs). The varieties of downstream signals are
activated by them, which notably modulate polymerization of
the actin cytoskeleton, and drive cellular motility [3]. To control

cell migration during the inflammation and immune surveillance
host defense depends on the ability of chemokines. The
lymphocyte development, homing, and maturation are regulated
by the chemokine, and also, regulate lymphoid and other organs’
development. However, chemokines also contain a darker side [4].
Chemokines mediate normal host defense and tissue repair, and
they may also support pathological immune responses, including
chronic inflammation, autoimmunity, and cancer.

The chemokine system is also a major target for immune
system evasion or exploitation by pathogens e.g, human
immunodeficiency virus [HIV] and Plasmodium vivax. The non-
immunological functions can be beneficial as in embryogenesis or
harmful as in cancer. An inappropriate inflammatory response is
a characteristic of many human diseases which include multiple
sclerosis (MS), metabolic syndromes, and also atherosclerosis.
This may lead to much attention to molecules involved in the
inflammatory response, including chemo-attractants and their
receptors, as potential drug targets for the future management of
such disorders [1].
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Chemokine Structure

There are 50 chemokine ligands and 22 CKRs in humans, not
including splice variants or isoforms [5,6]. Usually ligands are
proteins with 7-12 kDa. They are classified into 4 subfamilies
based on their terminative cysteine amino residues patten. The
subfamilies are C, CC, CXC, and CX3C. (where X = any amino
acid) [7]. Generally, most chemokines bind to their own class of
receptors. The many chemokines bind with the multiple receptors
and vice versa. Chemokines contain 3 -sheets in Greek key shape
arrangement. Chemokines have a C-terminal a-helical domain
and an N-terminal domain that lacks order. All chemokines
contain at least 2 cysteines and all but 2 have at least 4. In the
4-cysteine group, the first 2 are either adjacent (CC motif, n = 24)
or separated by either 1 amino acid (CXC motif, n = 16) or 3 amino

acids (CX3C motif, n = 1). C-1 to C-3 and C-2 are linked by the
Disulfide bonds. Corresponding to C-2 and C-4 in the other groups
C chemokines (n = 2) contain only 2 cysteines. The group names
of chemokines are followed by the letter “L” and with the number
(e.g., CL1, CCL1, CXCL1, CX3L1) in a systematic nomenclature
to resolve competing for aliases [8]. Each chemokine contains a
transmembrane domain, mucin-like stalk, C- terminal cytoplasmic
module, and classic chemokine domain. Each of them exists as
either a shed form or a membrane-bound form and enabling as
chemotaxis or direct cell-cell adhesion. Chemokine has different
forms such as monomer, dimer, and tetramer structures and
complex quaternary structures. And on the cell surface, they bind
with glycosaminoglycans (GAGs). This may be important for in-
vivo functions [4], (Figure 1).
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Figure 1: Structure of chemokine classes.
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Chemokine Receptor

They are the mediators upon binding with chemokines they
activate cellular responses. There are 23 subtypes of chemokine
receptors that have been identified in humans. All chemokine
receptors are members of the 7-TM (seven-transmembrane)
domain superfamily of receptors [4].

CCRs are divided into two main groups:

a) TheG protein-coupled chemotactic chemokine receptors
(n=19) and

b)  The atypical chemokine receptors (n = 4).

Chemokine binding, membrane anchoring, and signaling
domains for receptors from both groups come from a single
polypeptide chain, and by the structural and biochemical
evidence, these receptors form homodimers, and heterodimers.
Some of them pair alone with their chemokine ligands and some
are promiscuous but restricted to one chemokine structural
group. Each receptor and chemokine have a unique specificity

profile for each. Mostly all chemokines are chemotactic agonists.
Few of them may be agonists at 1 G protein-coupled chemokine
receptor and antagonists at another, in addition to binding to
atypical receptors.

Atypical chemokine system components contain three classes

a) The atypical 7TM bind
chemokines without signaling or with atypical signaling. These

chemokine receptors:
proteins are thought to function as chemokine scavengers but
may also facilitate chemokine transcytosis across endothelial
barriers. They are structurally unique chemokine-binding

proteins (scavengers) [9].

b) Endogenous non-chemokine agonists: act as chemokine
receptors. (Agonists or antagonists) [10].
c) Virally encoded chemokines: Viral chemokine avoids

recruiting new target cell proliferation, gene expression, and
angiogenesis, lastly inhibits target cell entry by inhibiting inhibits
immunes system [11].
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Immunological classification of the chemokine system

i. Homeostatic system: They play an important role in
hematopoiesis and the immune system and expressed ligand and
receptors for it.

ii. Inflammatory system: inflammatory system play role
in adaptive and innate immunity. In both immune systems, they
expressed receptor and inducible ligands [12].

Chemokine receptors can be signaled by the various Ga-
protein families, and it leads to various transduction pathways
and produces biological effects. At the leading edge of a migrating
cell, the coupling of Gai regulates the gradient sensing and

Table 1: Chemokine classification based on chemokine receptors.

polymerization of F-actin. The “backness” signaling depends on
chemo-attractant induce activation of Ga12/13 and this results
in contraction of actin-myosin. The coupling of the chemokine
receptor with Gaq/11 will cause an increase in cell adhesion and
activation [13].

By diverse factors, CCL and its receptor expression can be
negatively/positively regulated at the transcriptional level. That
includes pro-inflammatory cytokines, antigen uptake, bacterial
products (e.g., lipopolysaccharide), Oxidative stress, T-cell co-
stimulation, cell adhesion, and diverse transcription factors (e.g.,
NF-kB) (Table 1 & 2).

Receptors Chemokine Distribution of Source
G protein-coupled receptors/ Typical receptors
C MOTIF
XCR1 ‘ XCL1, XCL2 ‘ cross-presenting CD8+ DC; thymic DC
CX3C MOTIF
CX3CR1 ‘ CX3CL1 ‘ resident Mo, M¢, Th1, y8 T, CTL, DC, NK, MG, neurons
CXC MOTIF
CXCR1 CXCL5, CXCL6, CXCL8 N, Mo, NK, MC, Ba, DC, CD8+ T, Treg, EC, Ca
CXCR2 CXCL1, CXCL2, CXCL3, CXCL5, CXCL6, CXCL7, CXCL8 N, Mo, NK, MC, Ba, DC, T, EC, Ca
B, Th1, CD8+T, pDC, NK,
CXCR3 CXCL4, CXCL9, CXCL10, CXCL11
NKT, Treg
CXCR4 CXCL12 most leukocytes, NHC
CXCR5 CXCL13 B, CD8 T, TFH
CXCR6 CXCL16 Th1and Th17,y8 T, NKT, NK, PC, Ca
CXCR8 CXCL17 Monocytes
CC MOTIF
CCL3, CCL3L1, CCL5, CCL6, CCL7, CCLY, CCL13, CCL10,
CCRL CCL14a, CCL14b, CCL15, CCL16, CCL23 N, Mo/M¢, Th1, Tmem, Ba, DC, NHC
CCR2 CCL2, CCL5, CCL7, CCL12, CCL13, CCL16 Mo/Md, Th1,iDC, Ba, NK
CCR3 CCL4, CCL5, CCL7, CCL11, CCL13, CCL15, CCL24, CC L26, Eo, Ba, Th2, MC, MG, DC, PC, NHC
CCL28
Th2, Th17, skin-homing T, Treg, iDC, Mo, B, eff/mem
CCR4 CCL17, CCL22 CD4, and CD8T
CCR5 CCL3, CCL3L1, CCL4, CCL5, CCL7, CCL14a, CCL14b, CCL16 DC, Mo,M, NK, Th1, Th17, Treg,CTL, NHC
CCR6 CCL20 Th17,y8 T, NK, NKT, Treg
CCR7 CCL19, CCL21 mDC, thymocytes, B, Tn, Tcm
DC, Mo, M@, Th2, skin
CCR8 CCL1, CCL8, CCL18
CD4RM, CD8, and Y5 T; Tregs; thymocytes, NHC
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thymocytes, gut-homing T, B,

CCR9 CCL25
and DC; pDC
skin-homing T; IgA+
CCR10 CCL27,CCL28
plasmablasts; skin Fb, EC and Me; Ca
Atypical Receptors

CXCLS5, CXCL6, CXCL8, CXCL11, CCL2, CCL5, CCL7, CCL11,

ACKR1 (DARC) CCL13, CCL14, CCL17

RBC, LEC, Purkinje cell

CCL2, CCL3, CCL4, CCL5, CCL7, CCL8, CCL11, Barrier sites; LEC, DC, B;
ACKR2 (D6)
CCL13,CCL14, CCL17,CCL22 Some leukocytes,
ACKR3 (CXCR7) CXCL11, CXCL12 B, BMVE, AV, EC, Stromal cells Cancer, Neurons
ACKR4 (CCRL1) CCL19, CCL21, CCL25 Lung, gut, LN
ACKR5 (CCRL2) CCL19 Many leukocytes
Abbreviation:

N: Neutrophils, Nk: Natural Killer cell, Nkt: nk t cell, Mo: Monocyte.

Dc: Dendritic cell, B: b lymphocyte, Bmvec: Bone marrow vascular endothelial cell, Avec: Aortic vascular endothelial cell, Rbc: Red blood cell, Lec:
Lymphatic endothelial cell, Ln: Lymph node, Mg: Microglial cells, Ctl: Cytotoxic t lymphocytes, M¢: Macrophage, Pdc: Plasmacytoid dendritic cells,
Idc: Immature dendritic cells, Ba: Basophil, I'§ t: Gamma delta t cells, Treg: Regulatory t cells.

Ec: Endothelial cells, Ca: Cancer, N hc: Nonhematopoietic cells, Tth: t-follicular helper cells, Pc: Plasma cells, Eo: Eosinophil, Tmem: Memory t cells,
Tcm: Central memory t cells, Fb: Fibroblasts.

Table 2: Chemokine receptor classification based on immunological role.

Main Role ‘ Receptors
C MOTIF
CD62LI° T effector cell migration ‘ XCR1
CX3C MOTIF
natural killer cell, monocyte, macrophage, and Th1-cell migration ‘ CX3CR1
CXC MOTIF
Neutrophil trafficking CXCR1, CXCR2
Procoagulant CXCR3
Th1 response CXCR3
Myelopoiesis; HPC, neutrophil homing to bone marrow; B lymphopoiesis CXCR4
Naive B- and T-cell homing to follicles; B1-cell homing to peritoneum; Natural Ab production CXCR5
Macrophage migration NA
T-cell and DC homing to the spleen CXCR6
Monocyte and myeloid DC trafficking CXCR8
CC MOTIF
Th2 response CCR1, CCR2, CCR3, CCR4, CCR5, CCR8
Innate immunity CCR1, CCR2, CCR3, CCR5
CD4+ T-cell differentiation CCR1, CCR2, CCR5
Th1 response CCR1, CCR3, CCR5
Eosinophil trafficking, Mast cell trafficking, Basophil trafficking, degranulation CCR3
Allergic inflammation CCR2
DC attraction of naive T cells CCR8
Naive and memory T-cell and DCs homing to lymph node CCR7
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DCs homing to Peyer patch Humoral response CCR6
Eosinophil migration CCR3
Thymocyte migration CCRO

Homing of memory T cells to gut
Homing of memory and effector T cells to skin CCR10
Homing of T cells to mucosal surfaces CCR10

CCR2-CCL2: CCR2-CCL2 (MCP-1) is a CC chemokine that
activates the CCR2 on T cells and monocytes [14]. CCL2 is first
discovered in human CC chemokine, and it is localized on
chromosome 17. Its size is 13 kDa and is composed of 76 amino
acids polypeptide and is a member of the C-C chemokine family
characterized by adjacent cysteine residues [15,16]. CCL2
recognizes the CCR2, all chemokines interact with Chemokines
receptor 2. Chemokine receptor is present on the surface of
several leukocytes that are dendritic cells, monocytes, basophils,
and natural killer cells and activated T lymphocytes. The main
function of chemokine was inducing granule release, chemotaxis,
histamine and cytokines releases, and respiratory burst. CCR2
has 2 different forms of the receptor such as CCR2A and CCR2B
and these different forms of receptor differ from each other by
C-terminal region.

CCR2A is the major isoform expressed by mononuclear
cells and vascular smooth muscle cells, and the CCR2B isoform
expresses predominantly by the monocytes and activated NK

actions. Chemokine receptor 2 has dual roles as pro-inflammatory
and anti-inflammatory like both actions. The sequence homology
between Chemokine ligand 2 and other family members is high
and varies between 61% for CCL8 and CCL4, and 71% for CCL7.
Several studies have shown that the CCR2 can bind with the 5 pro-
inflammatory Chemokine Ligands i.e.,, CCL2, CCL7, CCL8, CCL12
and CCL13 [17]. Several chemokines like CCL2, CCL7,CCL8, CCL13,
and CCL16, act as CCR2 agonists and other like CCL11 and CCL26
act as antagonists. Effects of the various chemokine ligands 2 on
3-arrestin recruitment to the receptor are qualitatively different
from one another. There are differences found in the efficacy
and identification of CCL7, CCL8, and CCL13 as partial agonists.
The study result supports the validity of models for receptor-
ligand interactions in which different ligands stabilize different
receptor conformations also for endogenous receptor ligands,
with corresponding implications for drug development targeting
CCR2 [18]. CCR2 may be involved in the signaling pathology of
diseases such as chronic obstructive pulmonary disease, obesity,

. i . . . . atherosclerosis, cancer metastasis, neurodegeneration, and
cells. There is the possibility of activation of various signaling tivle scl is (Fi 2), (Table 3)
multiple sclerosis (Figure 2), (Table 3).
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Figure 2: Chemokine ligand 2- chemokine receptor 2 intra-cellular signaling pathway.
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Table 3: Involvement of ccl2 in different diseases.

Effects

Mechanism

Tuberculosis

Lower levels of IL-12 p40

Recurrent miscarriage

IL-1B-induced MCP-1

Thrombus formation

By generating tissue factor

HIV-neurological complications

Tat-mediated upregulation of COX-2, MCP- 1, IL-1f, TNF-a, and
iNOS, and activation of microglial cells

Viral clearance from CNS

Increased infiltration of T lymphocytes

Tumor neovascularity

CCL2 influence by affecting macrophage Infiltration

Secondary progressive multiple sclerosis Nociception (perception of pain)

CCL2-mediated depolarization of neurons

Nephropathy

p38 MAPK phosphorylation

Oxygen-induced injury (retinopathy)

A marked increase in CCL2 in microglia/macrophages

Rheumatoid arthritis

Increased CCL2 before the onset

Ischemia-related neuronal death

Astrocytes expressing CCL2, MIP1-q, and cells expressing its
receptors

HIV-associated neurocognitive impairment

Correlation between plasma MCP-1 and

tissue status TNF-a and anisotropy measurements

Inflammatory bowel disease

CCL2-mediated differentiation of intestinal macrophages

Insulin resistance

Increased MCP-1, TNF-q, and IL-6

active pharmacological agents such as opioids and cannabinoids

Brain development and heterologous desensitization, influence of neuronally

Chemokine-based intracellular communication interaction with
neurotransmitter systems

Excitotoxic (NMDA) neuronal injury

CCL2 production by astrocytes

Immunotolerance in endometriosis

Apoptosis of T-lymphocytes

Multiple sclerosis

Correlation between CCL2 and axonal damage CCL2 and IP-10 in
hypertrophic

astrocytes

The role of CCL2-CCR2 in disease pathology

CCL2-CCR2 signaling in immunity and inflammation:
Inflammation is a complex mechanism, it is characterized by the
activation and migration of inflammatory cells, and displacement
of immune cells through lymphoid organs to the site of
inflammation and initiate immune responses. But such movement
of inflammatory cells required chemokines receptor to trigger
the inflammatory cell expression on target sites. The interaction
between immune cells and chemoattractant triggers a cascade of
cellular events. CCL2- CCR2 stimulates monocytes, macrophages,
and several cellular chemotaxis events, including integrin
expression and calcium influx. It is also an inducer of cytokine and
chemokines expression in monocytes and microphage, at high
concentrations, and expedites the generation of reactive oxygen
species by doing respiratory bust.

CCL2 is rapidly produced by immune and stromal cells after
toll-like receptor (TLR) activation. As the activation of TLR, CCL2
undergo dimerizes of ligand and binds to their extracellular matrix
glycosaminoglycans, thus establishing a stable gradient for CCR2+
inflammatory monocytes. CCL2 expression has been identified
as upregulated in certain cell types, such as macrophages/
foam cells and smooth muscle cells in atherosclerosis, delayed
type of hypersensitivity reactions, endothelial cells, cancer, and
inflammatory diseases. Monocyte chemo-attracting proteins
(MCP-1), includes CCL2, CCL7, CCL8, and CCL13. In the inflamed
tissue CCL2 and receptors of it show a non-redundant role in
the monocyte trafficking. And also, in the regulation of specific
aspects of the response of adaptive immune and involvement in
mobilization of monocyte precursors of bone marrow [19,20].

CCL2-CCR2 signaling in chronic obstructive pulmonary
fibrosis: Subject with Chronic obstructive pulmonary disease
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(COPD), CCR2, has a role and they were markedly increased
level of chemokines and neutrophils [21]. The concentration
of chemokines more acclimated in the BAL (bronchoalveolar
lavage) fluid, sputum, and lungs of COPD patients compared to
non-COPD [22]. Furthermore, CCL2 is also expressed by T cells,
alveolar macrophages, type 2 pneumocytes, and epithelial cells
in culture followed by stimulation with lipopolysaccharide. The

CCR2 is down-regulated by Toll-like receptor-2 (TLR2), TLR4,
and other inflammatory receptors, and the mechanism for
terminating chemotactic response is provided by it, which leads
to monocyte accumulation. Macrophages have a major role in
chronic obstructive pulmonary disease by blocking CCR2, it may
help in therapy [23], (Figure 3).
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The role of CCL2-CCR2 in cancer: The chemokines and
growth factors are responsible for recruitment of cytokines and
activation microenvironment for development of tumors in the
host [24] Alteration of chemokines and their receptor function
affects the function of cells and accelerates progression of
cancer in cells. Although altering the function of chemokines and
cytokines does not participate not only in progression of cancer
but also in metastasis and invasion of cancer. However, there is
distinct mechanism of chemokines, such as the endocrine and
the paracrine actions play role in metastasis and progression of
cancer [25]. Chemokines and their receptor signaling has recently
been identified as a player in promoting tumorigenesis and
metastasis [26], (Figure 4).

CCL2-CCR2 signaling in the metastatic cascade: Metastasis
of cancers is a multistep process that includes invasion of cancer
cells into surrounding environment of tissues and followed by
intravasation and extravasation of cells into blood vessels and
secondary sites of tissue. Now cancer cells have to adapt their new
environment at secondary sites for proliferation of cells and which
promote outgrowth of cells at sites and form colonization at letter
stage of cancer. Chemokines ligand 2 and their receptor play an
important role in the metastasis of cancer. Several experimental
shreds of evidence suggest that CCL2 is involved in the both early
as well as letter stage of metastasis. Chemokines are involved in
metastasis by affecting activities of pro-tumorigenic mediators
in cancer cell microenvironment and they excite direct effect on
function of cancer cells [27].

Firstly, in the early phase of metastasis, cancer cells have
to achieve migration to surrounding environment by breaking
extracellular matrix of neighboring tissue and move it toward
the blood vessels for invasion. Chemokine ligand 2 plays a role
in increasing the expression of matrix metalloproteinases such
as MMP9 and MMP2 in cancer cells, which break down the
extracellular matrix of tissue and helps in migration of cancer
cells into blood vessels and increases invasion [28]. Intravasation
of Cancer cells permitted into the circulation is needed for
metastatic dissemination. Wyckoff et al. demonstrated that
intravasation of cancers cell is an important process to interact
with tumor-associated macrophages (TAMs) [29]. Extravasation
of cancer cells to secondary sites is also dependent on TAMs and
bone marrow endothelial cells. CCL2 is a potent chemoattractant
for TAMs, it may indirectly promote the intravasation and
extravasation process of cancer cells [30].

The most common challenging step for cancer cells to series in
a secondary site, the cancer cell enters to secondary site they have
to adopt homeostasis mechanism for cell growth and apoptosis,
but sometimes they cannot be able to adopt that and it goes to
quiescent phase. This state of dormancy is in keeping with clinical
observations that many patients with prostate and breast cancer
develop metastatic relapse after the initial diagnosis or treatment
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[31]. Now this kind of cell dormancy occurs in tumor cells called
as delayed cell adaptation to the new environment. For example,
in an adaptation to new environment cancer cell needs to adopt
immune dormancy, cellular dormancy, and mass dormancy for
successful cancer formation at secondary sites which means
metastatic proliferation of cells [32]. Although there has certain
evidence that CCL2 play role in cell cycle arrest, by initiating
recruit TAMs and encouraging an angiogenesis control and switch
level of myeloid-derived suppression cells to suppress immune-
mediated death [33,34].

In later stage of metastasis CCL2 play an additional role in
cancer by increasing attraction of leucocytes at secondary site.
Leucocyte trafficking attracts the cancer cell at secondary site
which prompts metastasis of cancer. However, the trafficking and
migration process is quite complex in nature, and it may require
other immense cell involvement for this process [35]. In addition
to that CCL2 play role in cell survival and stimulate cancer cell
proliferation at secondary site by facilitating environment by
promoting migration, recruitment, and proliferation of endothelial
cells. Endothelial cells of both humans, as well as animals, have
a receptor of CCL2 that is CCR2 that expresses CCL2 and recruit
microenvironment of metastasis of cancer cells. In addition to
that CCL2 and CCR2 signaling play role in angiogenesis, there are
several in vitro and in vivo models demonstrate that CCL2 and
CCR2 help in neovascularization and its facilities angiogenesis.

Apart from direct action of CCL2 on tumor and endothelial
cells, CCL2 also have an indirect effect via recruiting various
immune cells, such as monocytes and macrophages at site of
metastasis and medicating polarization and differentiation
of various cell [36]. Polarization of immune cell play role in
function property of immune cell and altimetry shift balance
between tumor growth and inhibition. For example, polarized
macrophages shift balance towards an M2 phenotype, they are
responsible for immunosuppressive and may lead to tumor cell
survival by dampening immune attack [37,38]. Similarly, CCL2
is also involved in T cell differentiation and polarization and
has been shown to regulate Th2 polarization towards a more
immunosuppressive T regulatory phenotype in vitro and in mouse
models. It is evident that CCL2-CCR2 signaling has multiple key
functions, in both metastatic development and progression [39].
Inhibition of CCL2-CCR2 signaling by using an antagonist of CCR2
helps us to inhibit cancer progression and metastasis.

CCL2-CCR2 signaling in cardiovascular disease and metabolic
syndrome

i. Metabolic syndromes

Obesity, hypertension, insulin resistance, and dyslipidemia
all are factors of metabolic syndrome, which often lead to
cardiovascular diseases and endocrine diseases. Many tissues
in the body, such as the skeletal muscle, liver, pancreas, heart,
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and vessels are adversely influenced by metabolic syndrome.
Although recent data suggest that complex molecular mechanism
responsible for inflammation and migration of macrophages/
inflammatory marker in tissues which is responsible for
development of obesity-related complication and play a central
role in Pathological role in obesity-related disorders [40]. Obesity
is characterized by activation and infiltration of inflammatory and
immune cells into metabolic organs such as adipose tissue, skeletal
muscles, liver and leading to chronic inflammation in tissues and
generates a signal that attracts chemokines and cytokines which
regulated the immune response into tissues [41]. Adipocytes are
major source of CCL2 in obesity. In addition, adipocytes trigger
the production of CCL2 during high fatty acid and inflammatory
conditions. Recently one article suggests that microRNA193b and
126 have been implicated in the regulation of chemokines ligand
in obesity [42]. In addition, other cells such as vascular smooth
muscle, skeletal muscle cells, hepatocytes, and endothelial cells
are capable to secrete chemokines in obesity. CCL2 role in obesity
is not well studied but some evidence found that higher levels
of circulating CCL2 in obese adults as well as children [43,44].
This circulatory CCL2 level was directly correlated with obesity
inflammatory markers like high-density lipoprotein (HDL)
interleukins and creative protein as well as body mass index
(BMI) in obesity. But some conflicting evidence found that CCL2
administration causes insulin resistance in mice and humans
[45,46]. Some research articles suggest that reduction in weight
by doing exercise reduced CCLZ levels and improved insulin
sensitivity [47].

ii. Atherosclerosis

Atherosclerosis is a chronic metabolic inflammatory disease;
cause of atherosclerosis leads to some heart disease as well as
stock. The accumulation of inflammatory and immune cells and
fatty acids in the intima is an essential step in the development of
atherosclerosis. The development of atherosclerosis is primarily
triggered by section of chemokines and cytokines from endothelial
and epithelial cells. Various members of the CC chemokine family
play crucial role in progression and development of atherosclerotic
plaque [48]. CCL2 have primarily been involved in inflammation
due to their role in the recruitment of leukocyte migration as
well they also up-regulate some inflammatory and fibrotic cells
[49,50]. In patients at risk for developing atherosclerosis, it has
been seen that there is a higher level of serum CCL2 is direct
correlate with the inflammatory activity,[51] and therefore CCL2
serves as a marker for cardiovascular risk.

Study evidence suggests that deficiency in CCL2 leads to
reduction of atherosclerosis lesions in mice LDLR-/-.[52]. In
support of the theory, some more evidence suggests that the
chemokinereceptoraxisplaysanimportantroleinthe development
of atherosclerotic lesions. Some studies have manifested that
a deficiency in receptor CCR2, which is binding receptor of

How to cite this article:

CCL2, ultimately represents reduction in the progression of
atherosclerosis in ApoE-/- mice [53,54]. Administration of an
inactive N-terminal deletion mutant of CCL2 that binds CCR2
and thus blocks CCLZ mediated chemotaxis of immune and
inflammatory cells and has shown positive modulatory effects in
ApoE-/- mice, thus positive modulatory effects play vital role in
development of atherosclerosis and related several consequences
[55]. The above decibels all findings suggest the importance of the
CCL2-CCR2 axis as a target in the development of future clinical
therapies.

ii. CCL2-CCR2 signaling in the central nervous system

CCL2-CCR2 signaling also has important functions in the
central nervous system. The central nervous system (CNS) has
resident immune cells such as microglia and it is phylogenetically
related tomonocytes [56]. Duringneuroninfection orinflammation
activated astrocytes secret CCL2 and attract microglia at site of
inflammation and where they phagocytose microbes or cellular
debris [57]. However, endothelial cells and neurons under
both basal and neuroinflammatory conditions macrophage/
microglia produced CCL2. During neuroinflammatory conditions,
peripheral microphage has migrated into CNS. In this condition,
CCR2 increases expression of brain microvascular endothelial cell
response to the CCL2, and it increases permeability of the blood-
brain barrier by activating RhoA signaling and reorganization of
actin cytoskeletal [58]. Also, at the site of neuronal damage and
inflammation neuronal progenitor cells (NPCs) are attracted
[59]. CCL2 and CCR2-dependent migration of NPCs in the CNS
has been reported during many brain conditions, such as glial
tumors, ischemia and stroke, epilepsy, and striatal cell loss. CCR2
expression in neurons and astrocytes has also been reported.
Activation of astrocytes which enhances CCR2. Survival of
astrocytes via NF-xB and Akt signaling pathways promotes the
production of neurotrophic factors [60,61].

iv. The role of CCL2-CCR2
diseases

in neurodegenerative

CCI2-CCR2 axis play role in neurodegenerative diseases.
Alzheimer’s disease (AD) is
neurodegenerative diseases. AD is characterized by deposition
of the B-amyloid peptide, which is a degenerative product of the
-amyloid precursor protein (3-APP). B-APP is a peptide and has
capacity to aggregate and form neurotoxins intracellular as well
as extracellularly. This is responsible for formation of fibrils and
senile plaques in neurons. The accumulation of beta-amyloid
peptides triggers neurodegeneration. Amyloidal peptides more
affect the cholinergic neurons and lead to a loss of memory

one of the most common

function which is common symptom of AD. During this process
activated immune cells are a hallmark for AD. In the affected area
of brain, alarge number of inflammatory cytokine and chemokines
was found including CCL2.
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The patient suffering from mild cognitive impairment and
examine the level of CCL2 in CSF, which was found to be high in AD
suffering patients, so higher level of CCL2 in CSF was an indicator
of early pathogenesis of AD [62]. In studies, they found that higher
CCL2 expression leads to microgliosis and plague formation in
biogenic mice. In addition to that, this mouse model was originally
established as beta amyloidal mice model with overexpression of
CCL2 via under regulation of glial acidic fibril protein promoter.
Some research on biogenic mice has proven that involvement of
CCL2 were enhance plaque formation and Af accumulation in
neurons [63]. CCL2 also play role in accumulation of amyloidal
peptides and cognitive dysfunction has been found in a murine
model of beta-amyloidosis. From the study, they support that CCL2
plays role as a co-factor in amyloidal peptide-induced cognitive
impairment in APP mice. However, the exact mechanism behind
oligomerization is not elucidated. But it has been revealed that
beta-amyloid uptake by microglia, which is significantly enhanced
CCL2 and its leads to an oligomerized A species in intracellular
as well as extracellularly. Therefore, CCL2 is a potent chemokine
chemoattractant for microglia and may activate cytoskeleton
dynamics as a part of its chemoattractant signaling and thereby
affect A3 uptake. This research evidence indicates a possible role
of CCL2/CCR2 system in the pathogenesis of AD where CCL2
levels in CSF and plasma are augmented.

Multiple sclerosis (MS)

Multiple sclerosis (MS) is a chronic autoimmune disease
causing severe neurologic impairment. It is characterized by
immeasurable demyelination and inflammation of neurons. The
activated macrophages and infiltration of lymphocytes, reactive
astrocytes, and microglia, are the majorly associated with
Multiple sclerosis [64]. In MS, inflammatory process is controlled
by cytokines and chemokines, and which generate chemotaxis
and attract the leukocytes [65]. The presence of Chemokine
ligand 2 has been detected in autopsy tissue samples collected
from patients with active and chronic MS [66]. More specifically,
the expression of CCL2 and CCR2 in MS have been described in
the cerebrospinal fluid, brain, and blood [67]. In a clinical study,
the higher expression of chemokine ligand 2 has been found in
acute as well as chronic MS plaques. Also, it has been found that
chemokine ligand 2 is expressed by astrocytes and macrophages
within demyelinating MS plaques. Many studies have indicated the
involvement of CCR2 in MS. One study was done by utilizing CNS
tissue and revealed that chemokine receptor 2 is highly expressed
by microphage and microglia and perivascular cells in chronic MS
conditions [68]. Some other studies support that mice lacking
CCR2 cannot undergo encephalopathy-like conditions however
the mice show overexpression of chemokine ligand 2.

Thus, the study concludes that CCR2 signaling is essential

for CCL2-produced effects [69]. This research article agreed with
the above finding involvement of CCL2 signaling pathways, plays
an impotent role in the progression of EAE induced by a peptide
derived from myelin oligodendrocytes glycoprotein peptide 35-
55.72 However, In this study mice lacking immunized and CCR2
with myelin oligodendrocyte glycoprotein peptide, 35-55 and
cannot produce inflammatory cell infiltrates in the CNS and
prevent elevation of Chemokine levels in CNS. Accordingly, it
has been concluded that CCR2 and CCL2 are essential for the
production of active lesions, which is mediated via the production
of inflammatory chemokines that amplify the local inflammatory
response [70,71].

CCL2-CCR2 signaling in Pain: Expression of the Chemokine
receptor is done by monocytes, and they act in the presence of high
level of membrane Ly6C. For entry of the monocyte in different
inflammatory sites the CCR2 is required and it also includes
CNS. CCL2 is the ligand for trafficking of CCR2+ “inflammatory”
monocytes into the nervous system. Initial evaluated affected
tissues lead to a CCR2 up-regulation in injured nerve, in dorsal
root ganglia, and at the site of inflamed injection. In presence
of CCR2+ inflammatory monocytes, the pain pathways are
modulated. And the loss of Chemokines signaling ameliorates
the pain by dampening macrophage-mediated inflammation.
In the context of chronic nerve root damage, the CCL2-CCR2 is
up-regulated by the DRG neurons and becomes a more complex
situation. Furthermore, in synaptic-like vesicles, CCL2 is packed
and the action of it at CCR2 leads to the pain-promoting response.
That includes the transient receptor potential vanilloid receptor
subtype 1 (TRPV1) ion channel sensitization. They prove that the
Chemokine receptor plays a complex role inmonocytes and by its
startling and novel properties as an inducible neuromodulatory
receptor on DRG neurons [72].

Clinical significance of chemokine receptor antagonists:
Chemokines are highly conserved small signaling proteins, which
are secreted by a variety of cell types such as B cells, T cells, stem
cellsinnate lymphocytes, dendritic cells, myeloid cells, and stromal
cells. Chemokines are known for their multifactorial functions such
as chemotaxis, migration, and inflammatory. They are important
not only for their dual role in protection and/or distortive
property but also in development and mentioning of immune
system homeostasis in humans [73]. Due to this chemokine have
important roles in several pathophysiological conditions such as
cancer, pain, immunity, and inflammation, and several more. As
above we show the role of chemokines and chemokines reporter
are therapeutic targets of antagonists intended for the blockade
of chemokine receptor-ligand interactions and helps to prevent
disease progression. Several antagonists of CCL2 and CCR2 in
preclinical and clinical trials have been listed in [74], (Table 4).
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Table 4: CCR2 antagonists as drug therapies in various diseases.

No. Targets Disease Compounds Phases
1 CCR2 Diabetic nephropathies CCX 140 Phase 2
2 CCR2 Rheumatoid arthritis and insulin resistance INCB 3284 Phase 2
3 CCR2 inflammation BMS-741672 Preclinical
pulmonary Carlumab
4 CCR2 Phase 2
Fibrosis (CNTO-888) ase
5 MCP-1 Coronary artery restenosis BINDARIT Completed Phase 2
Metastatic cancer,
6 CCR2 Plozalizumab (MLN1202) Phase 2
Solid tumor
Chemo Centryx
CCX 587;
CCX 6239;
7 CCR2 Anti-inflammatory, skin diseases, antineoplastic CCX 9664; Pre-clinical
CCX991;
CCX-662;
CCX650)
Tropifexor/
8 CCR2 Non-alcoholic steatohepatitis L Phase 2
Cenicriviroc
(LjC-242)
Conclusion of chemokine receptor function. Br ] Pharmacol 165(6): 1617-1643.

Cellular and molecular mechanism of CCL2-CCR2 has been

made in the last couple of years it plays an important role in health
and various diseases. Some small molecule of CCR2 antagonists
are translated in the progress from basic research is still in the
starting phase, although initial clinical trials are running, currently

launched, or upcoming. Still, a substantial amount of research

work is needed to establish these targets which can help in the
management of healthcare systems.
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