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Monocyte chemoattractant protein-1 (MCP-1) is a monomeric polypeptide with
a low molecular weight that its major activity is associated with monocytes. The
polypeptide causes the expression of e-selectin and the infiltration of monocytes into the
subendothelial space by inducing a lasting impact on monocytes. MCP-1 activity also
activates monocytes and the express of tissue factor (TF), superoxide anions and
proinflammatory genes. Other roles identified for MCP-1 is the direct impact of
polypeptide on restenosis after surgery. This review article is aimed to use the available
resources of database in relation to MCP-1 to discuss in detail about the clinical
significances, the signaling pathways in which MCP-1 play a role, gene polymorphism
and its effects, the role of MCP-1 in vascular disease, particularly the role in the artery
reclogging and finally the gene therapy mediated by MCP-1- inhibition on restenosis.
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Restenosis is a narrowing of a blood
vessel that cause blood flow restriction. Restenosis
usually appertain to an artery or other large blood
vessel that has become narrow. The procedures
that frequently used to treat the vascular damage
from restenosis of blood vesselsinclude vascular
surgery, cardiac surgery, and angioplasty. Devices
(e.g., stent-grafts, balloon angioplasty, etc.) and
location of procedure make difference rates of
restenosis. In cardiac procedures, balloon
angioplasty has been associated with a high
incidence of restenosis, with rates ranging from
25% to 50%, and the majority of these patients
need further angioplasty within 6 monthst. In
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peripheral procedures, rates are still high. A 2003
study of selective and systematic stenting for limb-
threatening ischemiareported restenosisratesat 1
year follow-up in 32.3% of selective stenting
patientsand 34.7% of systematic stenting patients’.

Damage to the blood vessel wall by
angioplasty triggers physiological response that
can bedivided into two stages. Thefirst stage that
occurs immediately after tissue trauma, is
thrombosis. A blood clot formsat the site of damage
and further hinders blood flow. This is
accompanied by aninflammatory immuneresponse.

The second stage tends to occur 3-6
months after surgery and is the result of
proliferation of cellsinthe media, asmooth muscle
wall inthevessel. Thisisalso known as Neointimal
Hyperplasia(NIHA)Z.

Monocyte chemoattractant protein-1
(MCP-1), isamonomeric polypeptidewith 9,000 to
15,000 Damolecular weight. 1t'sthe C-C chemokine
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_ subfamily prototype and its most potent activity
is toward monocytes. It rapidly causes a change
on monocytes to adhere firmly onto endothelial
cells expressing E-selectin* and monocyte
infiltration into the subendothelial space®. besides
monocyte functions, M CP-1 activates monocytes
and causes the expression of tissue factor (TF),
superoxide anions, and proinflammatory genes®.

The arterial wall cells, including
endothelial cells, smooth musclecells (SMC), and
macrophages, produce M onocyte chemoattractant
protein-1in responseto variousstimuli. Cytokines’,
minimally modified low-density lipoprotein (MM-
LDL)3, angiotensin 11°, homocysteine', shear
stress!!, and activated platelets'? induce MCP-1
expression in these cells.

It showed that MCP-1 identical to JE, a
genethat platelet-derived growth factor persuade
itsexpression in mouse fibroblasts®®. However, its
human homolog, CCL 2, was purified from human
cell lines on the basis of its monocyte
chemoattractant properties.

The first discovered human CC
chemokine was CCL?2. Its gene location is on
chromosome 17 (chr.17, gq11.2), human MCP-1is
contain 76 amino acidsand is13kDa[14]. Different
molecular mass forms of CCL2 have been
discovered, and it seems to be caused by O-
glycosylation. Glycosylation of CCL2 reduce its
chemotactic potency.

Mutational analysisof CCL 2 has showed
two critical region for biological activity in its
primary structure®™. One of these regions consists
of the sequence from Thr-10 to Tyr-13, and the
other one consists of residues 34 and 35. CCL2
activity decreasing was showed in mutation of
either residue 10 or 13 . Two type of mutation
was studied in the second region, one of them by
insertion of a proline between Ser-34 and Lys-35,
and the other one by a replacement of those two
residueswith the Gly-Pro-His sequence. Thesetwo
mutationswas showed sameresults, CCL -2 activity
reduction. In addition, mutation of residues 28 and
30areimpressiveon cell-type specificity®. Further,
deletion of residues at the N-terminal causes of a
loss of CCL2 activity!” although it showed that
some of these N-terminus deletion mutants cause
CCL 2 antagonists'.

Clinical importanceof MCP-1
CCL2 isinvolved in pathogeneses of
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several diseases characterized by monocytic
infiltrates, such as psoriasis, rheumatoid arthritis
and atherosclerosis'®. Administration of anti-CCL2
antibodiesinamodel of glomerulonephritisreduces
infiltration of macrophages and T cells, reduces
crescent formation, as well as scarring and renal
impai rment.

Hypomethylation of CpG sites of the
CCL2 promoter regionisaffected by high levelsof
blood glucoseand TG, whichincrease CCL2 levels
in the blood serum. The later plays an important
role in the vascular complications of type 2
diabetes?.

Molecular biology of MCP-1

CCL2isamonomeric polypeptide, witha
molecular weight of approximately 13kDa. CCL2is
anchored in the plasma membrane of endothelial
cells by glycosaminoglycan side chains of
proteoglycans. CCL?2 is primarily secreted by
monocytes, macrophages and dendritic cells.
Platelet derived growth factor isamajor inducer of
CCL2 gene. To becomeactivated CCL 2 protein has
to be cleaved by metalloproteinase MM P-12.CCR2
and CCR4 aretwo cell surface receptorsthat bind
CCL22,

CCL 2 exhibitsachemotactic activity for
monocytes and basophils. However, it does not
attract neutrophils or eosinophils. After deletion
of theN-terminal residue, CCL 2 |osesitsattractivity
for basophils and becomes a chemoattractant of
eosinophils. Basophils and mast cells that are
treated with CCL2 releases their granules to the
intercellular space. This effect can be also
potentiated by a pre-treatment with IL-3 or even
by other cytokines. CCL 2 augments monocyte anti-
tumor activity and it is essential for formation of
granulomas™ 24,

Cédll signalingand MCP-1

CCL2 can be found at the sites of tooth
eruption and bone degradation. Inthe bone, CCL2
isexpressed by mature osteocl asts and osteobl asts
anditisunder control of nuclear factor °B (NF°B).
In the human osteoclasts, CCL2 and RANTES
(regulated on activation normal T cell expressed
and secreted). Both MCP-1 and RANTES induce
formation of TRAP-positive, multinuclear cellsfrom
M-CSF-treated monocytes in the absence of
RANKL, but produced osteoclasts that lacked
cathepsin K expression and resorptive capacity. It
is proposed that CCL2 and RANTES act as
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autocrine loop in human osteoclast
differentiation®.

The CCL2 chemokine is also expressed
by neurons, astrocytes and microglia. The
expression of CCL2inneuronsismainly foundin
the cerebral cortex, globus pallidus, hippocampus,
paraventricular and supraoptic hypothalamic
nuclei, lateral hypothalamus, substantia nigra,
facial nuclei, motor and spinal trigeminal nuclei,
gigantocellular reticular nucleus and in Purkinje
cellsinthe cerebellum?,

Cambien and colleagues used Mono-
Mac6 cell lineto examine the mcp-1 intermediate
receptor in the signaling pathway of the trans-
endothelial migration of monocytes. The
stimulation of mcp-1, with aspecific period of time,
is influenced by the extracellular signals of erkl
and erk2 kinases and al so depends on sapk1/jnk1
and sapk?2/p38 protein kinases””. Sapk1/jnk1 was
blocked by piceatannol that shows its regulation
by syk kinase, while sapk2/p38 activation is
suppressed by pp2 that obviously shows the
upregulation by src kinase. The erk activation was
not influenced by pp2 and piceatannol. Pertussis
toxin, a blocker of Go/Gi protein, prevents the
activation of mcp-1 affected by erk, with no impact
on the sapkl/jnk and sapk2/p38 activity. The
resultsindicate theinfluence of Go/Gi protein and
nonreceptor tyrosin kinase in the early MCP-1
signaling. Moreover, chemotaxis and the MCP-1
dependent migration of trans-endothelial were
decreased significantly by ahigh concentration of
SB202190, the general inhibitor of SAPK or by
SB203580, the specific inhibitor of spak2/p38, and
were completely ceased by pertussistoxin. Overal,
the results showed that the coordination of distinct
signaling pathways is needed to create a perfect
response to mecp-1 for transmission of monocyte?®

MONZA ME and colleaguesinvestigated
how mcp-1 and ccr2b receptor complex impacts
smokers. Cigarette smoke is a risk factor in the
development of chronic obstructive pulmonary
disease (copd), respiratory disease of airflow
obstruction, mucus hypersecretion, chronic
inflammation, and upregulation of inflammatory
mediators such as mcp-12-32, Mcp-1 causes
chemotoxin impacts and activates ““MAPK, an
effective Kinase in the regulation of mucin in
bronchial epithelium. During the study, they used
normal human bronchial epithelial cells (NHBE).
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They showed that nhbe cells release the mep-1 to
the epithelial surface and cause the expression of
ccr2b receptor isoformin apical pole. In addition,
they introduced anew activity for themcp-1 which
increases two major respiratory track mucins
MUCS5AC and MUCS5B, and finally activates the
cascade pathways mediated by the interaction of
mcp-1 and Ccr2b receptors with Gqg subunit,
followed by activating PL C?, PKC, and MAPK. It
also showed that mcp-1 is capable of self-
regulation and increasing its expression through a
different pathway, in which RhoA GTPase is
involved. They also stated that just a single
exposureto mep-1issufficient to induce the M cp-
1 secretion and the stability of mucin upregulation
was shown till 7 days after initial exposure®,.
(figurel)

Fig. 1. Schematic view of ccr2b signal transduction,
indicating the expression of mucin and the positive
self- regulation of mep-1 =

M. Carmen and colleagues also found
that activation of erk by mcp-1 is mediated by th
einvolvement of heterotrimeric Gi, protein kinase
¢, phospho-inositid-3-kinase and Ras subunits. It
was also showed that the activity of cytosolic
tyrosine kinase, the transactivation of epidermal
growth factor receptor and the changesin calcium
level are not required for the mitogenic activity
caused by mcp-1. They also found that the
internalization of ccr2b is not essential alone to
activate erk by mcp-1, although dynamin mutant
partialy inhibits erk. The overal results showed
that the parallel pathways are activated for the
compl ete activation of mitogen-dependent kinase
cascade and the internalization of other signaling
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proteins. However, thereceptor isnot only required
for the complete activation of erk of not only®.
Transmission of monocytes into subendothelial
space is an early step in the formation of plaque
and inflammation. The activity of chemotoxin and
integrin are an important function in the
transmission of monocytes® *. N. Ashida and
colleagues investigated the signaling cascade of
integrin activation and chemotaxisby MCP-1, the
role of MAPK and Rho GTPAse in THP-1 cells,
monocyte cell lines. Mcp-1 stimulates the 1
integrin dependent cell adhesion. The MCP-1
mediated cell adhesion isinhibited through MEK
inhibitor, but not the p38-MAPK inhibitor. In
contrast, mcp-1 dependent chemotaxisisinhibited
by p38-mapk inhibitor, but not influenced by mek
inhibitors. mcp-1 dependent chemotaxis is also
inhibited by Rho GTPase, C3 exoenzyme and Rho
kinase but not influence on theintegrin-dependent
cell adhesion. Moreover, the c3 exoenzyme and
the Rho kinase inhibitor inhibit the p38-MAPK
activation of MCP-1 dependent pathway. Their data
showed that ERK is responsible for integrin
activation, p-38-MAPK and Rho are responsible
for chemotaxis mediated by mcp-1 and also Rho
and Rho kinasesarelocated in the mcp-1 dependent
signaling pathway in the upstream of p38-mapk.
Generally and finally, the results showed that two
distinct MAPK controls two distinct pathways of
mcp-1 dependent activation of integrin and
chemotoxisinthp-1%. (figure2)
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Fig. 2. MCP-1-mediated cascade
for chemotaxisand integrin activation
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M CP-1 genepolymor phism

Regarding the possihility of the effect of
genetic polymorphismsin the regulatory region of
mcp-1, which increases the expression of
chemokine®, C. czali and colleagues in
2001examined the role of this polymorphism
detection simultanously with SDF-1_810A
chemokine and chemokine receptor mutant CCR2-
CCR5(delta-mosalase bozorg) 32 and 641 in 318
patients with coronary artery disease (CAD) for
coronary artery bypass surgery compared with 320
healthy subjects. Their results showed that the
level of homozygous MCP-1_ 2518 G/G was
significantly higher in CAD patients than
controls. The levels of Lp (a) in CAD patients
with G/G genotype was significantly higher than
patientswith G/A and A/A. No homozygous patient
wasfound for the chemokine mutant CCR2-CCR5
(delta-mosalase bozorg) 32 and 641 . Studies
showed that the genotype distribution of two alleles
in patients had a deviation from Hardy-Weinberg
equilibrium, indicating the significant low number
of homozygousthan expected. It seemsthat Mcp-
1 2518G variant in the homozygous state is an
important and effective genetic factor in CAD .
This genotype is associated in the patients with
thelevel of Lp (a). Also, homozygousindividuals
for the chemokine mutation CCR2-CCR5 (delta-
mosal ase bozorg) 32 and 641 are at lower risk of
CAD®,.
Roleof MCP-1invascular injury

Taubman et a reported MCP-1 mRNA
presence following balloon injury at 4 hiin arat
carotid mode®. Theinhibitory effect of polyclonal
IgG of goat against MCP-1 in arat carotid injury
model had been reported by Furukawaet al*t. Also,
Gu et aldemonstrated consequential reductionsin
lipid and monocyte agglomeration in the aortas of
mice because of genetically lackingin MCP-1 and
the LDL receptor. Micewith deficientin CCR2 and
apoE showe less extensive atherosclerotic lesion
development®. After that, Ni et a have reported
effectiveness of anti-M CP-1 gene therapy against
atherosclerotic lesion development in an apoE
knockout mouse sample*. The findings of
Frederick GPWeltaet a study confirm the earlier
findings of Taubman et al, study that shown peak
levelsof MCP-1 mRNA within hoursafter balloon
injury. Also they showed that MCP-1 mRNA is
stable aslong as 14 days post stent implantation*.
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Overview of MCP-1roll in Restenosis

It implied that Inflammation has a
pathogenic role in the development of restenosis
after percutaneous transluminal coronary
angioplasty (PTCA). It demonstrated that MCP-1
MRNA wasrapidly increased inpigiliac arteriesat
2 h up to maximum at 8 h before returning to low
levels at 16-24 h after deendothelialization?.
Hokimoto et al. researchs about MCP-1 plasma
levels before, 24 and 48 h, and 3 months after
elective PTCA for stable angina showed that in
therestenosisgroup PlasmaMCP-1 antigen levels
were higher at 48 h and 3 months after PTCA in
contrast of in the nonrestenosis group*. Increasing
of MCP-1 level significantly correlate with the
monocyte activity increasing, as reflected by
enhanced O2— generation. These results showed
that in the balloon-injured vessels MCP-1
production and monocyte activation play a basic
rolein restenosis after PTCA%.

Cipollone F. and colleagues in 2001
evaluated the role of mcp-1 in restenosis after
percutaneous trans-luminal angioplasty (PTCA).
They also tested the theory that MCP-1 exertsits
effect, at least in part, by inducing O* generation
in circulating monocytes®. Mcp-1 plasma levels
was measured before PTCA and 1, 5, 15 and 180
days after PTCA in 50 patients (30 male and 20
female with mean age 62 years), those who had
ptca surgery and individuals whose angiography
was repeated in 6 months follow-up. Restenosis
was observed in 12 patients (28%). The change of
mcp-1 from baseline level was not observed in
patients with or without restenosis. However,
during the statistical analysis a significantly
increased rate of mcp-1 levels was found after
surgery in restenotic patients compared with non-
restenotic patients. In contrast, there was no
differenceinthe plasmalevelsof other chemokine
such as RANTES and interleukin-8 between the
two groups after ptca. In their study, mcp-1levels
were associated with restenosis. In addition, the
increased level of MCP-1issignificantly associated
with theincreased macrophage activity, which was
reflected by O2- generation. Finally, after
multivariateregression analysis, the Mcp-1 plasma
level was measured 15 days after ptcaand showed
that Mcp-1 is the only statistically significant
independent factor in restenosis. In general, their
study shows that
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probably the mcp-1 production and the
accumulation of macrophages in balloon-injured
vessel hasacentral rolein restenosis. Mcp-1 may
induce the renarrowing of ducts, at least in some
cases, with the creation O* from monocytes®.
Plasma M CP-1 antigen and restenosisrisk after
coronary stent implanation

It has been shown that plasma MCP-1
antigen levels were significantly elevated in the
patients with stable exertional angina (SEA)
compared with the control chest pain syndrome
group. It isreported that MCP-1 isupregulated in
the primates arteries and in vascular endothelial
and smooth muscle cells which exposed to
minimally modified lipids®*%; moreover, MCP-1 has
a significant role early atherosclerotic lesions
development®® %2, Recent clinical studies have
shown that plasmalevels of MCP-1 areincreased
in patients with unstable angina and acute
myocardial infarction®, soitislogical to conclude
that the level of circulating MCP-1 reflects the
clinical state of coronary artery disease.

In-stent restenosis continues to be an
important clinical issue3,4 and recent studieshave
indicated that neointimal hyperplasia post stent
placement is related to vessel traumaduring stent
implantation,8-10 although, importantly,
angiographic measurements could not predict
restenosis post stent implantation.5 In the present
study, as well as in the previous report,5 the
angiographic measurementsdid not differ between
the patients with restenosis and those without
restenosis; however, the current study revealed a
difference in the lesion length. Restenosis was
present in 17 (41%) of 41 consecutive stent-treated
patients, which appearsto be arather high ratefor
stenting in this size coronary vessels and is
thought to be astatistical quirk related to the small
number of subjects in the present study.

The researchers showed the serial
changes in antigen levels of plasma MCP-1 that
had difference between the restenosis group and
the non-restenosis group after stent implantation:
the MCP-1 level is higher in restenosis group.
MCP-1 is expressed by many kinds of cells and
modifies the movement of monocytes into an
inflammatory lesion in some inflammatory
processes.14 researches implied that possible
causative factors of restenosis post stent
implantation is inflammatory processes. It
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demonstrated that MCP-1 promotes neointimal
hyperplasia in early neointimal lesion formation
and that neutralization of MCP-1 before, and
immediately after, arterial injury may beeffectivein
preventing restenosis after angioplasty*.

Also it shown that heparin infusion
therapy can bind with high affinity to a range of
cytokines including interferon- gamma and
members of the chemokine superfamily, and can
block interferon-gamma-dependent upregulation
of MCP-1 production by cultured endothelial
cells* %5,

Antimonocyte chemoattractant protein-1gene
therapy

Recent studies suggested that
inflammation isanimportant determinant of in-stent
neointimal hyperplasia. Farb A. described the
association of Inflammation with coronary
stenting® %"; in early stages neutrophils surround
stent struts were observed transiently, whereas
chronicinflammatory cells such asmonocyteswere
observed both in early (within 7 days) and late
stages (6 monthsor later) after stenting. Monocyte
inflammation increasing is connected with greater
neointimal formation after stenting®”:8,
Furthermore, a studies with monoclonal antibody
against the adhesion molecule Mac-1 shown a
monocyte recruitment and neointimal formation
reduction after rabbit iliac artery stenting™.

As inflammation is inescapable during
stent placement, therapies against stent-induced
inflammation are a rational approach for stent-
associated restenosis reduction. Recent
experiments shown that an intense reduction in
neointimal formation with rapamycin- eluting stents
is mediated by its antiproliferative and anti-
inflammatory effects®.

MCP-1will rapidly increasein plasmain
the first day of coronary intervention*®s,
Increasing of MCP-1 after angioplasty is a
significant and independent predictor of restenosis.
transferring of 7ND gene markedly reduced
inflammatory and proliferative changes and
increased apoptotic cell death, and thus blocked
in-stent neointimal hyperplasia.

locally production of MCP-1 induce the
recruitment of monocytes and also active lesional
monocytes and vascular smooth muscle cells to
produce the inflammatory cytokines and growth
factors(IL-6, IL-1b, VEGF), which might resultin-
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stent neointimal hyperplasia. 7ND gene
transferation suppressed neointimal formation after
balloon or cuff injury and in-stent neointimal
hyperplasia®-3,

Horvath et al. exhibited that an antibody
injection against murine CCR2 decreased
neointimal hyperplasia after iliac arterial stenting
in normocholesterol emic cynomolgus monkeys*.

Although anti-MCP-1 therapy by 7ND
gene transfer must be tested for the prevention of
restenosis in humans, but its observed effects in
rabbit and monkey modelsimply a consequential
potent for this new mode of treatment. MCP-1
protein basal plasma level in patients before PCI
arereported to be 500 pg/ml“*®. Other reports show
plasmaMCP-1 levelsin patientsto bein therange
of 150-852 pg/ml®%:%, Compared to plasmaM CP-
1 levelsin humans, 7ND levels achieved by i.m.
transfection of 7ND gene seem to be less.

By attention to Model studiesit deduced
that MCP-1-mediated inflammation is a basic
mediator in the development of experimental
restenosis (neointimal formation) after stenting.
7ND genetransfer by next-generation genetherapy
may Inhibit stent-associated inflammation and
could be a good method to reduce restenosis and
toimproveclinical outcomeafter stent placement®’.

REFERENCES

1 Grech ED: ABC of interventional cardiology:
percutaneous coronary intervention. |: history
and development. BMJ: British Medical Journal
2003; 326(7398):1080.

2. Becquemin J-P, Favre J-P, Marzelle J, Nemoz
C, Corsind C, LeizoroviczA: Systematic versus
selective stent placement after superficial
femoral artery balloon angioplasty: amulticenter
prospective randomized study. Journal of
vascular surgery 2003, 37(3):487-494.

3. Park S-J, Shim WH, Ho DS, Raizner AE, Park
S'W, Hong M-K, Lee CW, Choi D, Jang Y, Lam
R: A paclitaxel-eluting stent for the prevention
of coronary restenosis. New England Journal of
Medicine 2003, 348(16):1537-1545.

4, Gerszten RE, Garcia-Zepeda EA, Lim Y-C,
Yoshida M, Ding HA, Gimbrone MA, Luster
AD, Luscinskas FW, Rosenzweig A: MCP-1
and IL-8 trigger firm adhesion of monocytesto
vascular endothelium under flow conditions.
Nature 1999, 398(6729):718-723.

5. Takahashi M, MasuyamaJ-1, IkedaU, Kitagawa



10.

11.

12.

13.

14.

DEZASHIBI & KHANAHMAD, Biosci., Biotech. Res. Asia, Vol. 11(3), 1289-1298 (2014)

S, Kasahara T, Saito M, Kano S, Shimada K:
Suppressive role of endogenous endothelial
monocyte chemoattractant protein—1 on
monocyte transendothelial migration in vitro.
Arteriosclerosis, thrombosis, and vascular
biology 1995, 15(5):629-636.

Schecter AD, Rollins BJ, Zhang Y J, Charo IF,
Fallon JT, RossikhinaM, Giesen PL, Nemerson
Y, Taubman MB: Tissue factor is induced by
monocyte chemoattractant protein-1 in human
aortic smooth muscle and THP-1 cells. Journal
of Biological Chemistry 1997, 272(45):28568-
28573.

Takahashi M, Masuyama J-, lkedaU, Kasahara
T, Kitagawa S+, Takahashi Y-1, ShimadaK, Kano
S: Induction of monocyte chemoattractant
protein-1 synthesisin human monocytes during
transendothelial migration in vitro. Circulation
research 1995, 76(5):750-757.

Cushing SD, Berliner JA, Valente AJ, Territo
MC, Navab M, Parhami F, Gerrity R, Schwartz
CJ, Fogelman AM: Minimally modified low
density lipoprotein induces monocyte
chemotactic protein 1in human endothelial cells
and smooth muscle cells. Proceedings of the
National Academy of Sciences 1990, 87(13):
5134-5138.

Chen X-L, Tummala PE, Olbrych MT,
Alexander RW, Medford RM: Angiotensin |1
induces monocyte chemoattractant protein-1
gene expression in rat vascular smooth muscle
cells. Circulation research 1998, 83(9):952-959.
Sung FL, Siow YL, Wang G, Lynn EG, Karmin
O: Homocysteine stimulates the expression of
monocyte chemoattractant protein-1 in
endothelial cellsleading to enhanced monocyte
chemotaxis. Molecular and cellular biochemistry
2001, 216(1-2):121-128.

Shyy Y-J, Hsieh H-J, Usami S, Chien S: Fluid
shear stress induces a biphasic response of
human monocyte chemotactic protein 1 gene
expression in vascular endothelium. Proceedings
of the National Academy of Sciences 1994,
91(11):4678-4682.

Gawaz M, Brand K, Dickfeld T, Pogatsa-
Murray G, Page S, Bogner C, Koch W, Schémig
A, Neumann F-J: Plateletsinduce al terations of
chemotactic and adhesive properties of
endothelial cellsmediated through aninterleukin-
1-dependent mechanism. Implications for
atherogenesis. Atherosclerosis 2000, 148(1):75-
85.

Cochran BH, Reffel AC, Stiles CD: Molecular
cloning of gene sequencesregulated by platel et-
derived growth factor. Cell 1983, 33(3):939-947.
Van Caoillie E, Van Damme J, Opdenakker G:

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

1295

The M CP/eotaxin subfamily of CC chemokines.
Cytokine & growth factor reviews 1999,
10(1):61-86.

Beall C, Mahajan S, Kuhn D, Kolattukudy P:
Site-directed mutagenesis of monocyte
chemoattractant protein-1identifiestwo regions
of the polypeptide essential for biological
activity. Biochem J 1996, 313:633-640.
Ebisawa M, Yamada T, Bickel C, Klunk D,
Schleimer RP: Eosinophil transendothelial
migration induced by cytokines. I11. Effect of
the chemokine RANTES. The Journal of
Immunology 1994, 153(5):2153-2160.

Gong J-H, Clark-Lewis I: Antagonists of
monocyte chemoattractant protein 1 identified
by modification of functionally critical NH2-
terminal residues. The Journal of experimental
medicine 1995, 181(2):631-640.

Gong J-H, Ratkay LG, Waterfield JD, Clark-
Lewis I: An antagonist of monocyte
chemoattractant protein 1 (MCP-1) inhibits
arthritis in the MRL-Ipr mouse model. The
Journal of experimental medicine 1997,
186(1):131-137.

Xia M, Sui Z: Recent developments in CCR2
antagonists. In: Expert Opinion on Therapeutic
Patents. 2009: 295-303.

Lloyd CM, Minto AW, Dorf ME, Proudfoot A,
WEells TN, Salant DJ, Gutierrez-Ramos J-C:
RANTES and monocyte chemoattractant
protein-1 (MCP-1) play an important role in
the inflammatory phase of crescentic nephritis,
but only MCP-1 is involved in crescent
formation and interstitial fibrosis. The Journal
of experimental medicine 1997, 185(7):1371-
1380.

Liuz, ChenlL,Deng X, SongH, LiaoY, Zeng T,
Zheng J, Li H: Methylation status of CpG sites
in the MCP-1 promoter is correlated to serum
MCP-1 in Type 2 diabetes. Journal of
endocrinological investigation 2012, 35(6):585-
589.

Craig MJ, Loberg RD: CCL2 (Monocyte
Chemoattractant Protein-1) in cancer bone
metastases. Cancer and Metastasis Reviews
2006, 25(4):611-619.

Bischoff SC, Krieger M, Brunner T, Dahinden
CA: Monocyte chemotactic protein 1 isapotent
activator of human basophils. The Journal of
experimental medicine 1992, 175(5):1271-1275.
Conti P, Boucher W, Letourneau R, Feliciani C,
Reale M, Barbacane R, VVlagopoulos P, Bruneau
G, Thibault J, Theoharides T: Monocyte
chemotactic protein-1 provokes mast cell
aggregation and [3H] 5HT release. Immunol ogy
1995, 86(3):434.



1296

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

DEZASHIBI & KHANAHMAD, Biosci., Biotech. Res. Asia, Vol. 11(3), 1289-1298 (2014)

Kim MS, Day CJ, Morrison NA: MCP-1 is
Induced by Receptor Activator of Nuclear
Factor- B Ligand, Promotes Human Osteoclast
Fusion, and Rescues Granulocyte Macrophage
Colony-stimulating Factor Suppression of
Osteoclast Formation. Journal of Biological
Chemistry 2005, 280(16):16163-16169.
Banisadr G, Gosselin RD, Mechighel P, Kitabgi
P, Rostene W, Parsadaniantz SM: Highly
regionalized neuronal expression of monocyte
chemoattractant protein 1 (MCP 1/CCL2) in
rat brain: Evidence for its colocalization with
neurotransmitters and neuropeptides. Journal
of Comparative Neurology 2005, 489(3):275-
292.

Dubois PM, Palmer D, Webb ML, Ledbetter
JA, Shapiro RA: Early signal transduction by
the receptor to the chemokine monocyte
chemotactic protein-1inamurine T cell hybrid.
The Journal of Immunology 1996, 156(4):1356-
1361.

Cambien B, Pomeranz M, Millet M-A, Rossi
B, Schmid-Alliana A: Signal transduction
involved in MCP-1-mediated monocytic
transendothelial migration. Blood 2001,
97(2):359-366.

Barnes PJ: New conceptsin chronic obstructive
pulmonary disease. Annual review of medicine
2003, 54(1):113-129.

InnesAL, Woodruff PG, Ferrando RE, Donnelly
S, Dolganov GM, Lazarus SC, Fahy JV:
Epithelial mucin storesareincreased inthelarge
airways of smokers with airflow obstruction.
CHEST Journal 2006, 130(4):1102-1108.
Kuschner W, D’ Alessandro A, Wong H, Blanc
P: Dose-dependent cigarette smoking-related
inflammatory responses in healthy adults.
European Respiratory Journal 1996,
9(10):1989-1994.

Takeyamak, Jung B, Shim JJ, Burgel P-R, Dao-
Pick T, Ueki IF, Protin U, Kroschel P, Nadel
JA: Activation of epidermal growth factor
receptors is responsible for mucin synthesis
induced by cigarette smoke. American Journal
of Physiology-Lung Cellular and Molecular
Physiology 2001, 280(1):L165-L172.

Monzon ME, Forteza RM, Casalino-Matsuda
SM: MCP-1/CCR2B-dependent loop
upregulates MUC5AC and MUCSB in human
airway epithelium. American Journal of
Physiology-Lung Cellular and Molecular
Physiology 2011, 300(2):L 204-L215.
Jiménez-Sainz MC, Fast B, Mayor F, Aragay
AM: Signaling pathways for monocyte
chemoattractant protein 1-mediated extracellular
signal-regulated kinase activation. Molecular

35.

36.

37.

38.

39.

40.

41.

42.

pharmacology 2003, 64(3):773-782.

Libby P: Changing concepts of atherogenesis.
Journal of internal medicine 2000, 247(3):349-
358.

Reape TJ, Groot PH: Chemokines and
atherosclerosis. Atherosclerosis 1999,
147(2):213-225.

AshidaN, Arai H, Yamasaki M, KitaT: Distinct
signaling pathways for M CP-1-dependent
integrin activation and chemotaxis. Journal of
Biological Chemistry 2001, 276(19):16555-
16560.

Rovin BH, Lu L, Saxena R: A novel
polymorphism in the MCP-1 gene regulatory
region that influences MCP-1 expression.
Biochemical and biophysical research
communications 1999, 259(2):344-348.

Szalai C, DubaJ, Prohaszkaz, KalinaA, Szab
T, Nagy B, Horvéth L, Csaszér A: Involvement
of polymorphisms in the chemokine system in
the susceptibility for coronary artery disease
(CAD). Coincidenceof elevated Lp (a) and MCP-
1" 2518 G/G genotype in CAD patients.
Atherosclerosis 2001, 158(1):233-239.
Taubman MB, Rollins BJ, Poon M, Marmur J,
Green RS, Berk BC, Nadal-Ginard B: JE mRNA
accumulates rapidly in aortic injury and in
platelet-derived growth factor-stimulated
vascular smooth muscle cells. Circulation
research 1992, 70(2):314-325.

FurukawaY, Matsumori A, Ohashi N, Shioi T,
Ono K, HaradaA, MatsushimaK, Sasayama S:
Anti—-monocyte chemoattractant protein-1/
monocyte chemotactic and activating factor
antibody inhibits neointimal hyperplasia in
injured rat carotid arteries. Circulation research
1999, 84(3):306-314.

GuL, Okaday, Clinton SK, Gerard C, Sukhova
GK, Libby P, Rollins BJ: Absence of Monocyte
Chemoattractant  Protein-1  Reduces
Atherosclerosis in Low Density Lipoprotein
Receptor—Deficient Mice. Molecular Cell 1998,
2(2):275-281.

Ni W, Egashira K, Kitamoto S, Kataoka C,
Koyanagi M, Inoue S, Imaizumi K, AkiyamaC,
Nishida K-i, TakeshitaA: New anti-monocyte
chemoattractant protein-1 gene therapy
attenuates atherosclerosis in apolipoprotein E—
knockout mice. Circulation 2001, 103(16):2096-
2101.

WEelt FG, Tso C, Edelman ER, Kjelsberg MA,
Paolini JF, Seifert P, Rogers C: Leukocyte
recruitment and expression of chemokines
following different forms of vascular injury.
Vascular Medicine 2003, 8(1):1-7.

Wysocki SJ, Zheng MH, Smith A, Lamawansa



46.

47.

49.

50.

51.

52.

53.

DEZASHIBI & KHANAHMAD, Biosci., Biotech. Res. Asia, Vol. 11(3), 1289-1298 (2014)

MD, lacopetta BJ, Robertson TA,
Papadimitriou JM, House AK, Norman PE:
Monocyte chemoattractant protein 1 gene
expression in injured pig artery coincides with
early appearance of infiltrating monocyte/
macrophages. Journal of cellular biochemistry
1996, 62(3):303-313.

Hokimoto S, OgawaH, Saito T, OshimaS, Noda
K, SogiimaH, TakazoeK, Ishibashi F, Nakamura
S, Yasue H: Increased plasma antigen levels of
monocyte chemoattractant protein-1in patients
with restenosis after percutaneous transluminal
coronary angioplasty. Japanese circulation
journal 2000, 64(11):831-834.

lkeda U, Matsui K, Murakami Y, Shimada K:
Monocyte chemoattractant protein 1 and
coronary artery disease. Clinical cardiology
2002, 25(4):143-147.

Laurindo F, daLuz PL, Uint L, RochaT, Jaeger
R, Lopes E: Evidence for superoxide radical-
dependent coronary vasospasm after
angioplasty in intact dogs. Circulation 1991,
83(5):1705-1715.

Cipollone F, Marini M, Fazia M, Pini B, lezzi
A, Reale M, Paloscia L, Materazzo G,
D’Annunzio E, Conti P: Elevated circulating
levels of monocyte chemoattractant protein-1
in patients with restenosis after coronary
angioplasty. Arteriosclerosis, thrombosis, and
vascular biology 2001, 21(3):327-334.

YuX, Dluz S, GravesDT, Zhang L, Antoniades
HN, Hollander W, Prusty S, Valente AJ,
Schwartz CJ, Sonenshein GE: Elevated
expression of monocyte chemoattractant protein
1 by vascular smooth muscle cells in
hyperchol esterolemic primates. Proceedings of
the National Academy of Sciences 1992,
89(15):6953-6957.

AielloRJ, BourassaP-AK, Lindsey S, Weng W,
Natoli E, Rollins BJ, Milos PM: Monocyte
chemoattractant protein-1 accelerates
atherosclerosis in apolipoprotein E-deficient
mice. Arteriosclerosis, thrombosis, and vascul ar
biology 1999, 19(6):1518-1525.

Boring L, Gosling J, Cleary M, Charo IF:
Decreased lesion formation in CCR2"/” mice
revealsarolefor chemokinesin theinitiation of
atherosclerosis. Nature 1998, 394(6696):894-
897.

Matsumori A, Furukawa Y, Hashimoto T,
Yoshida A, Ono K, Shioi T, Okada M, Iwasaki
A, Nishio R, Matsushima K: Plasma levels of
the monocyte chemotactic and activating factor/
monocyte chemoattractant protein-1 are elevated
in patients with acute myocardial infarction.
Journal of molecular and cellular cardiology

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

1297

1997, 29(1):419-423.

DouglasM, Ali S, Rix D, ZHANG JG, Kirby J:
Endothelial production of MCP 1: modulation
by heparin and consequences for mononuclear
cell activation. Immunology 1997, 92(4):512-
518.

OshimaS, OgawaH, Hokimoto S, Nakamura S,
Noda K, Saito T, Soejima H, Takazoe K,
Ishibashi F, Yasue H: Plasma monocyte
chemoattractant protein-1 antigen levelsand the
risk of restenosis after coronary stent
implantation. Japanese circulation journal 2001,
65(4):261-264.

Farb A, Sangiorgi G, Carter AJ, Walley VM,
Edwards WD, Schwartz RS, Virmani R:
Pathol ogy of acute and chronic coronary stenting
in humans. Circulation 1999, 99(1):44-52.
Farb A, Weber DK, Kolodgie FD, Burke AR,
Virmani R: Morphological predictors of
restenosis after coronary stenting in humans.
Circulation 2002, 105(25):2974-2980.

Rogers C, Edelman ER: Endovascular stent
design dictates experimental restenosis and
thrombosis. Circulation 1995, 91(12):2995-
3001.

RogersC, Edelman ER, Simon DI: A mAbtothe
a2-leukocyte integrin Mac-1 (CD11b/CD18)
reduces intimal thickening after angioplasty or
stent implantation in rabbits. Proceedings of the
National Academy of Sciences 1998,
95(17):10134-10139.

Suzuki T, Kopia G, Hayashi S-i, Bailey LR,
Llanos G, Wilensky R, Klugherz BD,
Papandreou G, Narayan P, Leon MB: Stent-
based delivery of sirolimus reduces neointimal
formation in a porcine coronary model.
Circulation 2001, 104(10):1188-1193.
EgashiraK, Zhao Q, Kataoka C, Ohtani K, Usui
M, Charo |IF, Nishida K-i, Inoue S, Katoh M,
Ichiki T: Importance of monocyte
chemoattractant protein-1 pathway in
neointimal hyperplasia after periarterial injury
inmiceand monkeys. Circulation research 2002,
90(11):1167-1172.

Mori E, Komori K, YamaokaT, Tanii M, Kataoka
C, TakeshitaA, Usui M, EgashiraK, Sugimachi
K: Essential role of monocyte chemoattractant
protein-1in development of restenotic changes
(neointimal hyperplasia and constrictive
remodeling) after balloon angioplasty in
hypercholesterolemic rabbits. Circulation 2002,
105(24):2905-2910.

Usui M, Egashira K, Ohtani K, Kataoka C,
Ishibashi M, Hiasa K-i, Katoh M, Kitamoto S,
Takeshita A: Anti-monocyte chemoattractant
protein-1 gene therapy inhibits restenotic



1298

64.

65.

DEZASHIBI & KHANAHMAD, Biosci., Biotech. Res. Asia, Vol. 11(3), 1289-1298 (2014)

changes (neointimal hyperplasia) after balloon
injury in rats and monkeys. The FASEB Journal
2002, 16(13):1838-1840.

Horvath C, Welt FG, Nedelman M, Rao P, Rogers
C: Targeting CCR2 or CD18 Inhibits
Experimental In-Stent Restenosis in Primates
Inhibitory Potential Depends on Type of Injury
and Leukocytes Targeted. Circulation research
2002, 90(4):488-494.

de Lemos JA, Morrow DA, Sabatine MS,
Murphy SA, Gibson CM, Antman EM, McCabe
CH, Cannon CP, Braunwald E: Association
between plasma levels of monocyte
chemoattractant protein-1 and long-term clinical

66.

67.

outcomes in patients with acute coronary
syndromes. Circulation 2003, 107(5):690-695.
Inadera H, Egashira K, Takemoto M, Ouchi Y,
MatsushimaK: Increasein circulating levels of
monocyte chemoattractant protein-1 with aging.
Journal of interferon & cytokineresearch 1999,
19(10):1179-1182.

Ohtani K, Usui M, Nakano K, Kohjimoto Y,
Kitajima S, Hirouchi Y, Li X, Kitamoto S,
Takeshita A, Egashira K: Antimonocyte
chemoattractant protein-1 gene therapy reduces
experimental in-stent restenosis in
hypercholesterolemic rabbits and monkeys.
Genetherapy 2004, 11(16):1273-1282.



