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Objectives: This study was undertaken to explore the role of MCP-1 in acute myocardial
infarction (MI).

Background: MI is followed by an inherent and extensive inflammatory reaction leading
to a plethora of cytokines released by the injured myocardium regulating tissue repair and
the subsequent host outcome. Monocyte Chemoattractant Protein (MCP)-1 , a CC
chemokine is greatly expressed in atherosclerotic plaques and has an established
fundamental role in initiation and progression of atherosclerosis.

Methods: This study was conducted in the Department of Biochemistry, Lady Hardinge
Medical College & associated SSKH in collaboration with the Department of Cardiology,
G B Pant Hospital, New Delhi. Patients of Myocardial Infarction (MI) presenting within 24
hours of the event were recruited in 2 groups group A consisted of 100 patients of MI who
do not have a family history of MI and group B consisted of 100 patients of MI who had a
family history of MI. Each of these groups was further divided into 2 subgroups - patients
with first time MI and patients with recurrent MI .Blood samples were evaluated for serum
MCP-1 by ELISA.

Results: Patients with recurrent MI had higher serum levels of MCP-1 compared to
patients with first time MI (p= 0.064) .Serum MCP-1 was significantly raised (p=0.049) in
MI with a positive family history of MI.

Conclusions: MCP-1 has a key role in atherosclerosis and may be an encouraging
biomarker for risk prediction in patients with coronary artery disease.

Copyright©2020 Sana Tasnim et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

atherosclerosis like regulation of tissue factor expression,

Elaborate inflammatory reaction and cytokine expression are
intrinsic components of host response after myocardial
infarction (MI) .Thearray of cytokines released by the injured
myocardium regulate tissue repair and the subsequent host
outcome.Chemokines are a subset of inflammatory cytokines
that play a role in the recruitment of leukocytes to sites of
inflammation and are grouped into subfamilies: CXC
chemokines and CC chemokines. Monocyte Chemoattractant
Protein (MCP)-1 or CCL2 is a CC chemokine which is greatly
expressed in atherosclerotic plaques (1). Acting through its
receptor CCR2, it mediates monocyte infiltration in the
atheromatous lesion and the accumulation of lipid-laden foam
cells (2,3).

Monocytes play a fundamental rolein initiation of the fatty
streak, promotion of plaque instability, as well as remodelling
and restenosis after MI (4, 5). Besides this, MCP-1 has been
implicated to have myriad of roles in the development of
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interference in nitric oxide synthesis, promotion of
proliferation and migration of the smooth muscle cells,
participation in oxidative stress and neovascularization of the
atheromatous plaque making it unstable (4-7). MCP-1 thus
has an established crucial role in initiation and progression of
atherosclerosis.

Since atherosclerosis is a chronic inflammatory state, the
biochemical markers of inflammation form a bedrock of
potential non-invasive indicators of risk assessment and
prognosis of recurrent cardiovascular events following an
acute coronary syndrome (ACS) (8), and are the subject of
intense investigation. Since patients of coronary artery disease
(CAD) are at a greater risk of recurrent cardiovascular events
and premature deaths, risk prediction and secondary
prevention of CAD patients should be the primary focus. This
study was undertaken to evaluate the role of MCP-1 as an
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inflammatory biomarker in acute MI in first time or in
recurrent event.

METHODS

The prospective observational study was conducted in the
Department of Biochemistry, Lady Hardinge Medical College
& associated SSKH in collaboration with the Department of
Cardiology, G B Pant Hospital New Delhi. Ethical clearance
was obtained from Institutional Ethical Committees.

Patients of Myocardial Infarction presenting within 24 hours of
the event to Cardiology department / Emergency of GB Pant
hospital were enrolled after confirmation of the diagnosis by
clinical Evaluation, ECG and blood tests as per accepted
criteria. The patients were enrolled in the study after informed
consent. Patients of diabetes mellitus, cancers, patients of
chronic liver disease, chronic kidney disease, diseases of
inflammatory pathology like arthritis were excluded from the
study. Patients were divided into two main groups which were
further divided into two subgroups each:

Group A: Patients of MI who do not have a family history of
MI- 100 patients

Group Al: Patients who had MI for the first time (n= 53
enrolled)

Group A2: Patients who had recurrent MI (n= 47enrolled)
Group B: Patients of MI who have a family history of MI-100
patients
Group B1:
enrolled)
Group B2: Patients who had recurrent MI (n= 46 enrolled)
Five milliliter (5 ml) of peripheral blood was collected using
all aseptic procedures, from all the participants within 24 hours
of MI after confirmation of the diagnosis by clinical
evaluation, ECG. Informed consent was taken before
sampling. Blood sample was collected in vacutainer with clot
activator and was used for the obtaining serum after
centrifugation at 2000 rpm for 10 minutes. Serum was stored
at minus 20 degrees before it was batch analyzed for MCP-1
by ELISA.

Patients who had MI for the first time (n= 54

Serum levels of MCP-1 were measured using Human MCP1
ELISA kit by Diaclone SAS, France (Batch: MCP1-08,
Catalog No0.873.030.096). The absorbance of the coloured
complex was measured at 450nm wavelength within 15
minutes after adding the stop solution using TECAN Infinite
200 Pro ELISA plate reader and the generated OD values for
each standard were plotted against expected concentration
forming a standard curve.

Statistical Analysis

The data obtained was entered into Microsoft Excel
Worksheet. Statistical analysis was performed using statistical
software package statistical package for the social sciences
(SPSS) version 22.0 (IBM Corporation, Armonk, New York,
United States). Data are represented as mean =+ standard
deviation; mean value of the continuous variable was
compared using t-test. The Pearson’s correlation coefficient
was calculated to assess the correlation between two
continuous variables. Value of p< 0.05 was considered as
statistically significant.

RESULTS AND DISCUSSION

It is a well established fact that atheromatous lesions are
abundant with macrophages. Several factors such as
hemodynamic forces (9), oxidative stress (10), and modified
lipoproteins (11) cause injury to vascular endothelium , and the
injured epithelium express adhesion molecules such as
vascular adhesion molecule 1 (VCAM-1), intercellular
adhesion molecule 1 (ICAM-1), endothelins and selectins that
bind to leukocytes (12) . There is accumulation of LDL in the
endothelium, which after forming oxidised LDL is engulfed by
monocyte-derived macrophages. These lipid-laden foam cells
constitute a key element of the fatty streak (13, 14). Cytokine
and chemokine production is induced by these foam cells and
this leads to the recruitment of additional circulating immune
cells. Thus, Inflammation plays a cardinal role in the
pathogenesis of atheromatous lesion, widespread inflammation
being associated with acute and unstable coronary events (15,
16).

MCP-1 is the most extensively characterized CC chemokine
and a potent chemotactic factor for monocytes. It is produced
by a variety of cell types like endothelial, fibroblasts,
epithelial, smooth muscle, mesangial, astrocytic, monocytic,
and microglial cells, either constitutively or after induction by
oxidative stress, cytokines, or growth factors (17, 18) .

However, the major source of MCP -1 is the
monocyte/macrophages (19). MCP-1modulates the migration
and infiltration of monocytes, memory T lymphocytes, and
natural killer (NK) cells. There is enough evidence that
supports that MCP-1 plays a dominant role in the recruitment
of macrophages in atheromatous lesions. In LDL receptor
deficient mice (20) and in animals over expressing human
apolipoprotein B (21), deletion of the MCP-1 gene majorly
reduced macrophage recruitment in the aortic wall. In apoE
null mice fed with a high-fat (22) or a regular chow diet (23),
deletion of CCR2, the receptor for MCP-1, attenuated
macrophage accumulation in  atherosclerotic  lesions.
Formation  of  new atherosclerotic ~ plaques in
hypercholesterolemic mice was impaired by MCP-1 inhibition
using transfection with an N-terminal deletion mutant of the
MCP-1 gene (24).

In the present study , patients of MI who had a positive family
history of CAD had significantly raised serum MCP-1 levels
as compared to patients who had MI but had no family history
(p=0.049) indicating a strong genetic predisposition(Fig 1) .

Comparison of MCP1(pg/ml)
between with and without family
history

Fig 1 Patients with a positive family history of CAD significantly raised serum
MCP-1 levels (p=0.049) as compared to patients who had MI but had no
family history
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Interestingly, CAD is a multifactorial disease occurring from a
complex interactions between genes and environment (25).
Independent of established risk factors such as hypertension
and elevated blood lipid levels, CAD in a first-degree relative
confers an increase in risk of cardiovascular disease (26, 27).
In a nationwide cohort study by Ran the et al using Danish
national registers, , 4.4 million personsborn between 1930 and
1992 were followed for 104 million person-years, and 128,384
incident MIs were identified between 1930 and 1992. An
incidence rate ratio (IRRs) was calculated for Mlin 1, 2 or 3
first-degree relatives were 1.46, 2.38 and 3.58, respectively.
Corresponding estimates for second-degree relatives were
1.17, 1.87 and 2.18. A history of MI in combinations of first
and second-degree relatives increased risks 1.8- to 7- fold in
middle-aged persons (28). Genetic predilection of CAD can be
attributed to certain gene polymorphisms. In a meta analysis
published in 2013 which included eleven case—control studies
with a total 2325 MI patients and 6310 healthy controls,
MCP-1-2518A>G polymorphism was implicated to be a
potential  risk factor for MI, especially among Asian
populations.( 29). In the Framingham Heart Study Offspring
Cohort, higher circulating MCP-1 levels and a greater risk of
MI was seen in persons with MCP-1-2578G allele
(30).Another common genetic variant is the presence of
isoleucine at position 64 instead of valine in CCR2.
Deleterious effect of this 641 mutation was seen in a study
where in patients aged 65 years or younger, the mutation was
associated with myocardial infarction or reduced left
ventricular function (31). However, the effect of this mutation
on the risk of CAD is uncertain with a protective role of this
polymorphism seen in healthy subjects with a family history of
heart disease with two copies of the Ile allele due to decreased
chances of coronary artery calcification (32).

MCP -1 levels are higher in CAD patients esp with acute
coronary syndrome like MI than in healthy controls (33, 34).
In the present study ,patients with recurrent MI had higher
serum levels of MCP-1 compared to patients with first time MI
though the difference was not statistically significant (p=
0.064) (Fig2) .

Comparison of MCP1(pg/ml)
between 1st M| and recurrent Ml in
total study subjects

Fig 2 Patients with recurrent MI had higher serum levels of MCP-1 compared
to patients with first time MI (p= 0.064)

Sustained inflammation after the first episode of MI could lead
to persistent elevated levels of MCP-1 and the increased risk of
major adverse cardiovascular events (MACEs) including
recurrent acute coronary events. As is well known, healing
requires a balanced inflammatory environment, and
inflammation can act as a double edged sword. Although,
monocytes and macrophages recruited by MCP-1 after MI

scavenge tissue debris, stimulate angiogenesis and initiate
collagen synthesis, these cells can also cause severe tissue
damage by exaggerated secretion and release of proteases and
oxygen radicals (35). Therefore, MCP-1 plays a major
regulatory role in post infarction remodeling as an optimum
amount of inflammatory monocytes recruitment, as governed
by it, to sites of injury would result in better prognosis. It is
also postulated that expression of MCP-1 might be carried to
the late phase of acute coronary event in contrast to CRP
which elevated in the acute phase only (36). Additional
prognostic information in MI patients can be derived from
serial measurement of MCP-1. (37). The A to Z trial suggested
that risk stratification in both the initial and the chronic phases
after an ACS can be done with the help of MCP-1 and MCP-1
>238 pg/ml remained independently associated with mortality
and with each composite end point (38). Different mechanisms
have been proposed for the adverse prognosis of patients with
elevated MCP-1 levels (39). The higher baseline plasma MCP-
1 may be due to increased expression of chemokines in the
atherosclerotic lesion causing a more extensive disease or the
amplified systemic activation of MCP-1 axis may result in
greater prothrombotic effects leading to recurrent coronary
events or, lastly, sustained elevated plasma MCP-1 levels may
identify patients who exhibit a more exaggerated cardiac
inflammatory reaction after MI. Hence, the inflammatory
response after MI plays an important role in phagocytotic
removal of dead cells and matrix debris from the infarcted
region of the cardiac muscle. This inflammatory response is
localized and transient, and is followed by clearing up of the
inflammatory infiltrate and deposition of fibrous tissue (40).
However, sustained inflammation after the acute event may
result in adverse cardiac remodeling and secondary cardiac
events.

CONCLUSION

MCP-1 has a key role in atherosclerosis right from initiation
and progression of atherosclerotic lesion to plaque rupture and
healing response following an acute coronary event. MCP-1
may be an encouraging biomarker for risk prediction in
patients with coronary artery disease. It is essential to
understand the nature of postinfarction inflammatory response
incited by MCP-1 and other inflammatory mediators and offer
treatment options for prophylaxis of secondary coronary
events. MCP-1 and CCR2 can be effective future therapeutic
target in the way of development of potent and specific
antagonists against these in atherosclerotic disease and its
complications.

Acknowledgement: We are grateful to the Department of
Health Research (DHR), Ministry of Health and Family
Welfare, Government of India for funding this project

References
1. Nelken NA, Coughlin SR, Gordon D, Wilcox JN.
Monocyte  chemoattractant protein-1 in  human

atheromatous plaques. J Clin Invest 1991;88:1121-1127
2. Yadav A, Saini V, Arora S. MCP-1: chemoattractant
with a role beyond immunity: a review. Clin Chim Acta.
2010; 411(21-22):1570-9.
3. Bianconi V, Sahebkar A, Atkin SL, Pirro M. The
regulation and importance of monocyte chemoattractant
protein-1. CurrOpinHematol. 2018;25(1):44-51.

21215



International Journal of Current Advanced Research Vol 9, Issue 11(A4), pp 23257-23261, November 2020

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Birdsall HH, Green DM, Trial J, Youker KA, Burns
AR, MacKay CR, et al. Complement C5a, TGF-beta 1,
and MCP-1, in sequence, induce migration of
monocytes into ischemic canine myocardium within the
first one to five hours after reperfusion. Circulation.
1997; 95(3):684-92

Libby P. Molecular bases of the acute coronary
syndromes. Circulation. 1995; 91(11):2844-50.
Sakamoto T, Ishibashi T, Sakamoto N, Sugimoto K,
Egashira K, Ohkawara H, et al. Endogenous NO
blockade enhances tissue factor expression via
increased Ca2+ influx through MCP-1 in endothelial
cells by monocyte adhesion. Arterioscler ThrombVasc
Biol. 2005; 25(9):2005-11.

Lee PC, Ho IC, Lee TC. Oxidative stress mediates
sodium arsenite-induced expression of heme oxygenase-
1, monocyte chemoattractant protein-1, and interleukin-
6 in vascular smooth muscle cells. Toxicol Sci. 2005;
85(1):541-50.

Morrow DA, Braunwald E. Future of biomarkers in
acute coronary syndromes: moving toward a
multimarker strategy. Circulation 2003; 108:250-252.
Glagov S, Zarins C, Giddens DP, Ku DN.
Hemodynamics and atherosclerosis: insights and
perspectives gained from studies of human arteries.
Arch Pathol Lab Med 1988; 112:1018—31.

Gong KW, Zhu GY, Wang LH, Tang CS. Effect of
active oxygen species on intimal proliferation in rat
aorta after arterial injury. J Vasc Res 1996; 33:42—6.
Steinberg D. Antioxidants and atherosclerosis: a current
assessment. Circulation 1991; 84:1420—S5.

Blake GJ, Ridker PM. Inflammatory bio-markers and
cardiovascular risk prediction. J Intern Med 2002; 252:
283—94.

Stary HC. Evolution and progression of atherosclerotic
lesions in coronary arteries of children and young
adults. Arteriosclerosis 1989; 9:119—32.

Steinberg D, Parthasarathy S, Carew TE, Khoo JC,
Witztum JL. Beyond cholesterol: modifications of low-
density lipoprotein that increase its atherogenicity. N
Engl J Med 1989; 320:915—24.

Buffon A, Biasucci LM, Liuzzo G, et al. Widespread
coronary inflammation in unstable angina. N Engl J
Med 2002; 347:5-12.

Libby P. Atherosclerosis: disease biology affecting the
coronary vasculature. Am J Cardiol2006; 98:3Q-9Q.
Cushing SD, Berliner JA, Valente AJ et al Minimally
modified low density lipoprotein induces monocyte
chemotactic protein 1 in human endothelial cells and
smooth muscle cells. Proc Natl Acad Sci USA 1990;
87:5134-5138.

Barna BP, Pettay J, Barnett GH, Zhou P, Iwasaki K,
Estes ML. Regulation of monocyte chemoattractant
protein-1 expression in adult human non-neoplastic
astrocytes is sensitive to tumor necrosis factor (TNF) or
antibody to the 55-kDa TNF receptor. J Neuroimmunol
1994; 50:101-107.

Yoshimura T, Robinson EA, Tanaka S, Appella E,
Leonard EJ.Purifi cation and amino acid analysis of two
human monocyte chemoattractants produced by
phytohemagglutininstimulated human blood
mononuclear leukocytes. J Immunol 1989a; 142:1956—
1962.

21216

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Gu L, Okada Y, Clinton SK, et al. Absence of monocyte
chemoattractant protein-1 reduces atherosclerosis in low
density lipoprotein receptor-deficient mice. Mol Cell
1998;2:275-281.

Gosling J, Slaymaker S, Gu L, et al. MCP-1 deficiency
reduces susceptibility to atherosclerosis in mice that
overexpress human apolipoprotein B. J Clin Invest
1999;103:773-778.

Boring L, Gosling J, Cleary M, Charo IF. Decreased
lesion formation in CCR2-/- mice reveals a role for
chemokines in the initiation of atherosclerosis. Nature
1998;394:894-897.

Dawson TC, Kuziel WA, Osahar TA, Maeda N.
Absence of CC chemokine receptor-2 reduces
atherosclerosis in apolipoprotein E-deficient mice.
Atherosclerosis 1999; 143:205-211.

Ni W, Egashira K, Kitamoto S, et al. New anti-
monocyte chemoattractant protein-1 gene therapy
attenuates atherosclerosis in apolipoprotein E-knockout
mice. Circulation 2001;103:2096-2101

Clayton D, McKeigue P. Epidemiological methods for
studying genes and environmental factors in complex
diseases. Lancet 2001; 358: 1356-60.

Bachmann JM, Willis BL, Ayers CR, Khera A, Berry
JD. Association between family history and coronary
heart disease death across long-term follow-up in men:
the Cooper Center Longitudinal Study. Circulation.
2012; 125: 3092-3098.

Chow CK, Islam S, Bautista L, Rumboldt Z, Yusufali
A, Xie C, et al. Parental History and Myocardial
Infarction Risk Across the World: The INTERHEART
Study. J Am Coll Cardiol. 2011; 57: 619-627.

Ranthe MF, Petersen JA, Bundgaard H, Wohlfahrt J,
Melbye M, Boyd HA. A Detailed Family History of
Myocardial Infarction and Risk of Myocardial
Infarction — A Nationwide Cohort Study. Aalto-Setala
K, editor. PLOS ONE [Internet]. 2015 May 26 [cited
2020 Mar 30];10(5):e0125896

Bin Mao, Jianqun Zhang, and FenglingZhuo.Genetic
Testing and Molecular Biomarkers. 2013. 17(2), 857-
863.

McDermott DH, Yang Q, Kathiresan S, et al. CCL2
polymorphisms are associated with serum monocyte
chemoattractant protein-1 levels and myocardial
infarction in the Framingham Heart Study. Circulation
2005; 112:1113-1120.

Ortlepp JR, Vesper K, Mevissen V, Schmitz F, Janssens
U, Franke A, Hanrath P, Weber C, Zerres K, Hoffmann
R. Chemokine recptor (CCR2) genotype is associated
with myocardial infarction and heart failure in patients
under 65 years of age. ] Mol Med. 2003;81:363-367.
Valdes AM, Wolfe ML, O’Brien EJ, Spurr NK, Gefter
W, Rut A, Groot PHE, Rader DJ. Val64lle
polymorphism in the C-C chemokine receptor 2 is
associated with reduced coronary artery calcification.
ArteriosclerThrombVasc Biol. 2002;22:1924 —1928.
Hokimoto S, Ogawa H, Saito T, Oshima S, Noda K,
Soejima H, et al. Increased plasma antigen levels of
monocyte chemoattractant protein-1 in patients with
restenosis after percutaneous transluminal coronary
angioplasty. Jpn Circ J. 2000; 64(11):831-4.

Cipollone F, Marini M, Fazia M, Pini B, lezzi A, Reale
M, et al. Elevated circulating levels of monocyte



Sana Tasnim., Role Of Mcp-1 In First Time Vs Recurrent Myocardial Infarction

35.

36.

chemoattractant protein-1 in patients with restenosis
after coronary angioplasty. ArteriosclerThrombVasc
Biol. 2001; 21(3):327-34.

Nahrendorf M, Pittet M.J, Swirski F.K. Monocytes:
Protagonists of Infarct Inflammation and Repair after
Myocardial Infarction. Circulation. 2010; 121:2437-
2445.

Ding D, SuD, Li X, Li Z, Wang Y, Qiu J, et al. Serum
Levels of Monocyte Chemoattractant Protein-1 and All-
Cause and Cardiovascular Mortality among Patients
with Coronary Artery Disease. 2015 PLoS ONE 10(3):
e0120633. doi:10.1371/journal.pone.0120633)

37.

38.

39.

Gonzalez-Quesada C, Frangogiannis N.G. Monocyte
Chemoattractant Protein (MCP-1)/CCL2 as a biomarker
in Acute Coronary Syndromes CurrAtheroscler Rep.
2009 March; 11(2): 131-138.

de Lemos JA, Morrow DA, Blazing MA, et al. Serial
measurement of monocyte chemoattractant protein-1
after acute coronary syndromes: results from the A to Z
trial. J Am Coll Cardiol2007; 50:2117-2124.
Frangogiannis NG. The prognostic value of monocyte
chemoattractant protein-1/CCL2 in acute coronary
syndromes. J Am Coll Cardiol2007; 50:2125-2127.

. Dewald O, Ren G, Duerr GD, et al. Of mice and dogs:

differences in the inflammatory
infarction. 4Am J

species-specific
response following myocardial
Pathol2004; 164:665-677.

How to cite this article:

Sana Tasnim et al (2020) 'Role of Mcp-1 in First Time Vs Recurrent Myocardial Infarction’, International Journal of
Current Advanced Research, 09(11), pp.23257-23261. DOI: http://dx.doi.org/10.24327/ijcar.2020.23261.4605

sk skoskoskok sk

21217



