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Abstract

Background: The main mechanism of acute coronary syndrome (ACS) is the rupture of atherosclerotic plaques.
Matrix metalloproteinases (MMPs) play an important role in the rupture of the vulnerable plaques. MMP secretion is
stimulated by CD147, one of the immunoglobulin families. Malondialdehyde is an important marker of oxidative
damage, which is related to the atherosclerotic process. Superoxide dismutase normally prevents the oxidative
process. This study was conducted to evaluate the association of ACS with CD147 gene expression, lipid
peroxidation, and antioxidants in Egyptian population. The study included 124 people, 62 ACS patients and 62
healthy controls.

Results: CD147 gene expression in the ACS group was significantly increased compared to the control group (p <
0.001). The ACS was 9.71 ± 3.56-fold; the control group was 0.94 ± 0.19-fold. Also, the SOD activity in the ACS
group was significantly increased when compared to the control group (t = 16.023, p < 0.001). There was a highly
significant increase in the MDA level in ACS groups when compared to the control group (t = 35.536, p < 0.001).
There was a highly significant increase in the creatine kinase-MB (CK-MB) and high sensitive troponin I levels in ACS
groups when compared to the control group (p < 0.001).

Conclusion: There is a highly significant positive correlation between CK-MB and CD147 in both control and ACS
groups (p = <0.001**); also, there is highly significant positive correlation between high sensitive troponin I and CD
147 in both control and ACS groups (p = <0.001**), but we did not find significant correlation between SOD and
CD147 or between MDA and CD 147 in both control and ACS groups.
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Background
Acute coronary syndrome (ACS) is a serious subtype of
coronary heart disease (CHD); it is characterized by a pro-
gressive inflammation of the vascular wall and considered
as a fundamental cause of death [1]. Acute coronary syn-
drome describes types of myocardial ischemic states that
include unstable angina (UA), non-ST-elevated myocar-
dial infarction (NSTEMI), and ST-elevated myocardial
infarction (STEMI) [2].

Metalloproteinases (MMPs) are a family of latent zinc-
and calcium-dependent enzymes, and they are respon-
sible for the breakdown of the extracellular matrix in
many diseases [3]. MMPs play a vital role in the rupture
of the susceptible plaques by degrading the fibers of the
plaque [4, 5], as they can be secreted from the activated
vascular smooth muscle cells in the atherosclerotic pla-
ques. Rupture of the atherosclerotic plaque is the main
mechanism of ACS [6].
Extracellular MMP inducer (EMMPRIN) CD147 is re-

sponsible for the synthesis of these MMPs [7, 8]. CD147 or
EMMPRIN is one of the immunoglobulin superfamily in
humans, which plays an important role in the development
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of many cancers by stimulating the secretion of MMPs and
cytokines. CD147 also regulates cell proliferation, apoptosis,
tumor cell migration, metastasis, and differentiation, so it is
considered as the main marker for inflammation [9, 10].
In addition, CD147 is important in processes of athero-

genesis, atheroprogression, acute atherosclerothrombosis,
and angiogenesis that play a critical role in advanced ath-
erosclerotic plaques, which is believed to promote plaque
destabilization [11]. All the previous factors may support
many impaired pathways of atherosclerotic plaques lead-
ing to possible rupture of the vulnerable plaques [12].
Higher levels of CD 147 expression were detected in

CAD patients. These high levels are not only detected in
the plasma but also on platelets, monocytes, and granu-
locytes in the circulation [13].
The accumulation of free radicals has a crucial role in

the development of atherosclerosis. Lipids especially
low-density lipoproteins (LDL) are susceptible to be
attacked by free radicals [14, 15]. Oxidative modified
LDL (Ox-LDL) has a vital role in the progression of the
pathological state of atherosclerosis. Uptake of Ox-LDL
by macrophages as well as smooth muscle cells causes the
formation of foam cells, which is an important step in the
development of atherosclerosis. Oxidative activities of the
free radicals are revealed by measuring their oxidative
yields in biological systems [16, 17]. Malondialdehyde
(MDA) is the result of lipid peroxidation and its measure-
ment is considered as an important marker of oxidative
damage. So MDA is a useful marker for identification and
further assessment of patients with CAD [18].
Some of the most imperative free radicals in biological

systems are oxygen derivatives or reactive oxygen species
(ROS). ROS molecules are characterized by the presence of
one or more unpaired electrons plus their instability and
high reactivity. They also interact rapidly with surrounding
molecules, altering their structure and functions, so they
are involved mainly in the pathogenesis of atherosclerosis
and coronary heart diseases. Normally, these processes are
largely nonpathogenic to the host organism because low
levels of ROS are maintained by enzymatic scavenger
mechanisms presented by antioxidant enzymes like cata-
lase, glutathione peroxidase, and superoxide dismutase [19].
In this study, we aimed to evaluate the association of

ACS with CD147 gene expression, lipid peroxidation,
and antioxidants in Egyptian population.

Methods
The study was conducted in the Medical Biochemistry
department. The study included 124 people, 62 ACS
patients and 62 apparently healthy controls. This study
has been approved by the Faculty of Medicine, Zagazig
University, Institutional Review Board (IRB), for human
studies (reference number is 2735/27-3-2016), and the
patients have signed an informed written consent.

Blood sampling
Peripheral blood mononuclear cells (PBMCs) were purified
from peripheral blood by standard density-gradient centri-
fugation using lymphocyte separation medium (Ficoll). In
brief, blood was diluted 1:3 with sterile phosphate-buffered
saline then became layered over the separation medium
then centrifuged at 2000 rpm for 20 min at 20 °C
temperature using a cooling centrifuge. PBMC layers
were carefully aspirated after centrifugation.

Real-time quantitative PCR analysis for expression of
CD147 gene
The total RNA was extracted from PBMCs following the
manufacturer’s instructions. Relative mRNA expression
was performed by two-step qRT-PCR. RNA was reverse-
transcribed to synthesize cDNA using iNtRON Biotechnol-
ogy kit. The amplification of specific RNA was performed
in a 20-μl reaction mixture containing 5 μl of cDNA tem-
plate, 10 μl Eva Green mix (Jena Bioscience), and 100
pmol/μl l (0.5 μl) of each primer. The amplification was
carried out using real-time PCR (StratageneMx3005P-
qPCR System). β-Actin was used as a housekeeping gene.
Primer pair sequence for CD147 gene was CD147-F: CAG
AGT GAA GGC TGT GAA GTCG; CD147-R: TGC GAG
GAA CTC ACG AAG AA and for β-actin was β-actin-F:
GGT TCC GCT GCC CTG AGG; β-actin-R: GTC CAC
GTC ACA CTT CATG. qPCR reactions were as follows:
initial denaturation and polymerase activation at 95 °C for
2min, then 40 cycles of denaturation 95 °C for 15 s, anneal-
ing and elongation at 58 °C for 1min. Relative changes in
gene expression were calculated using the 2−ΔΔCT method,
described by Livak and Schmittgen [20].

Measurement of MDA serum level
Serum samples for measurement of MDA were obtained
from venous blood by centrifugation of clotted specimen
within 30min, and samples were kept frozen at − 70 °C
until assays were carried out. Thiobarbituric acid (TBA)
reacts with malondialdehyde (MDA) in acidic medium
at a temperature of 95 °C for 30 min to form a thiobarbi-
turic acid reactive product with pink color, which is read
at 534 nm [21].

Measurement of SOD activity level
This assay depends on the ability of SOD to inhibit phena-
zine methosulphate-mediated reduction of nitroblue tetra-
zolium dye. EDTA whole blood samples were washed 4
times with 0.9 % NaCl solution. The samples were centri-
fuged and the plasma was aspirated off. RBCs were
washed 4 times with 3ml 0.9% NaCl solution with centri-
fugation after each wash. The washed centrifuged RBCs
were made up to 2ml with cold redistilled water, mixed
and left to stand at 4 °C for 15min, then assayed for SOD
according to the manufacturer’s instructions of Abcam
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(Catalog no ab65354). If the samples were not assayed im-
mediately, they were stored at − 70 °C and then the lysate
was diluted with distilled water. A spectrophotometer was
used at a wave length of 450 nm [22].

Statistical analysis
Data analysis was performed using SPSS (statistical
package for the social science) version 20. Data are sum-
marized as the mean ± standard deviation. To compare
means, an independent sample t test was used when ap-
propriate. Nonparametric test (Mann-Whitney) was used
to compare means when data was not normally distrib-
uted and to compare medians in categorical data. Corre-
lations were performed using Pearson’s correlation.

Results
There was a highly significant increase of CD147 gene
expression, SOD activity, and MDA level in ACS groups
when compared to the control group (t = 19.368, p <
0.001; t = 16.023, p < 0.001; and t = 35.536, p < 0.001,
respectively) as shown in Table 1.
Also, there was a highly significant increase in the CK-

MB and high sensitive troponin I levels in ACS groups
when compared to the control group (p < 0.001) as shown
in Table 2.
We found that there is no significant correlation

between SOD and CD 147 gene expression in both
control (r = − 0.016, p = 0.902) and ACS groups (r =
0.112, p = 0.386), and also, there is no significant cor-
relation between MDA and CD147 gene expression in
both control (r = 0.023, p = 0.858) and ACS groups
(r = 0.187, p = 0.146) as shown in Table 3.
There is a highly significant positive correlation between

CK-MB and CD147 gene expression in both control (r =
0.976, p = < 0.001) and ACS groups (r = 0.870, p = <0.001).
There is also a highly significant positive correlation be-
tween high sensitive troponin I and CD147 gene expression

in both control (r = 0.877, p = <0.001) and ACS
groups (r = 0.850, p = < 0.001) as shown in Table 4.

Discussion
Acute coronary syndrome is considered as a severe sub-
type of coronary heart diseases. It is due to progressive
inflammation of the vascular wall, and it is considered as
the most common cause of mortality worldwide [1]. The
key mechanism of ACS is the rupture of atherosclerotic
plaques. MMPs play the main role in the rupture of the
vulnerable plaques by degrading the fibrous tissue of the
plaques [4, 5].
CD147, a member of the immunoglobulin superfamily,

is a potent inducer of extracellular MMP, lymphocyte
development, and immune response [23]. Higher levels
of CD147 expression were detected in CAD patients.
These high levels were not only detected in the plasma
but also on platelets, monocytes, and granulocytes in the
circulation. The severe situation of CAD is highly corre-
lated with the level of CD147 on platelets [13]. The
CD147 level was very high in ACS when compared with
SA patients and the control group. Also, the higher
levels of CD147 in the plasma were found in culprit ves-
sels. These findings were strong evidence that CD147
was more relevant to unstable plaques and acute vascu-
lar diseases [12].
In our research, we found that the mean value of

CD147 gene expression in the ACS group was signifi-
cantly highly increased when compared to the control
group. This finding could be explained on the basis of
the identification of CD147 as a potent activator of
MMP in adjacent fibroblasts through the homotypic
CD147–CD147 interaction [24, 25]. Moreover, CD147

Table 1 A statistical comparison of CD147 gene expression,
SOD activity, and MDA level among studied groups

ACS, N = 62 Controls, N = 62 t test P

CD147 gene fold change

Mean ± SD 9.71 ± 3.56 0.94 ± 0.19 19.368 < 0.001**

Range 4.2–23.9 0.65–1.78

SOD

Mean ± SD 91.64 ± 8.55 73.8 ± 1.93 16.023 < 0.001**

Range 70.22–115.62 70.23–78.32

MDA

Mean ± SD 3.82 ± 0.24 2.02 ± 0.32 35.536 < 0.001**

Range 3.06–4.45 1.53–2.6

**p ≤ 0.001 is highly significant

Table 2 A statistical analysis of CK-MB and high sensitive
troponin I levels in the studied groups

ACS, N = 62 Control, N = 62 MW test P

CK-MB

Mean ± SD 59.59 ± 26.23 6.28 ± 0.46 − 9.596 < 0.001**

Range 15.76–100.76 1.77–19.55

High sensitive troponin I

Mean ± SD 148.83 ± 61.82 0.94 ± 0.5 − 9.605 < 0.001**

Range 79.33–320.77 0.15–2.01

MW Mann-Whitney test
**p ≤ 0.001 is highly significant

Table 3 Correlation of CD147 gene fold change with SOD and
MDA

ACS, N = 62 Control, N = 62

r p r p

SOD 0.112 0.386 − 0.016 0.902

MDA 0.187 0.146 0.023 0.858
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has recently been recognized as a potent marker of inflam-
mation [26]. It has also a vital role in the complex process
of atherogenesis, atheroprogression, acute atheroscler-
othrombosis, and angiogenesis, which play a critical role
in advanced atherosclerotic plaques. Furthermore, it is
believed to promote plaque destabilization [11]. All the
previous factors may support many impaired pathways of
atherosclerotic plaques leading to possible rupture of the
vulnerable ones [12].
MMPs become activated by complex activation cas-

cade: the pro-MMPs become activated by plasmin or by
binding to membrane-anchored MMPs [27, 28]. So
membrane type 1 MMP (MT1-MMP) facilitates all asso-
ciated proteolysis and enhances monocyte migration and
transmigration through activated endothelial cells [29].
MMP9 is highly found in the plasma of MI patients [30].
In a study by Schmit et al. [8], they discovered that

in vitro EMMPRIN induce MMPs in SMCs (MMP-2)
and monocytes (MMP-9). This assumes that the expres-
sion of EMMPRIN is greatly involved in MT1MMP ex-
pression and secretion of MMP9 in acute MI. They also
approved that EMMPRIN-hindering will abrogate the
activity of MMP-9. These findings suggest that EMM-
PRIN may not only induce MMPs directly but also play
an important role as a key element in MMP induction.
In 2015, Sturhan et al. [31] proved that there is a

significant difference in monocyte subtype distribution
between healthy subjects and patients with stable CAD
and no significant difference between acute MI patients
and stable CAD one. This finding proves that the upreg-
ulation of EMMPRIN is associated with the rupture of
the plaques by MMP-9 and followed by MI. EMMPRIN
can function as an adhesion receptor. Platelets induce a
pro-inflammatory phenotype in monocytes via CD147.
The upregulation of CD147 gene expression in ACS af-
fects monocyte differentiation and upregulates EMMPRIN
in unstable patients as rupture plaques in acute MI are
associated with a high expression level of CD147 gene. All
these results go hand in hand with our findings.
SOD activity in this study showed a highly significant

increase in the mean value in the diseased group when
compared to the control one (p < 0.001). Increased SOD
activity can predict a worse outcome in CAD patients
[32]. In CAD, increased activity of SOD is not good, as it
leads to peroxidation of lipids and hypersensitivity to

oxidative stresses [33]. The main function of SOD is the
conversion of superoxide anion to H2O2 [34] but in-
creased SOD activity will shift the equilibrium equation,
and this will lead to decreased H2O2 concentration [35].
Alongside with these findings, Vichova and Motovska

in 2013 [36] reported that interruption of blood flow in
the coronary arteries causes ischemia of the supplied
tissues leading to their injury, necrosis, and apoptosis.
During ischemia, cellular defense against oxidative injury
is impaired with lower activities of SOD, glutathione
peroxidase, and huge amount of ROS produced. A sec-
ond explanation is that SOD is essential for radical dis-
posal so that the low radical concentration is important
to stop lipid peroxidation. If these chain of reactions are
scavenged by decreased superoxide radical, this will lead
to the whole reaction to be stopped or terminated [37].
A third explanation is that increasing SOD activity re-
sults in an increase of H2O2 concentration [38].
Brown and Griendling [39] reported that the presence

of ROS is responsible for the increased activity of SOD
as a result of inflammation and neutrophil migration.
Also, Buettner et al. [33] suggested that SOD is not like
GPX-1 as the increase in SOD activity has no protective
effect but is associated with the deregulation of oxidative
processes leading to severe tissue damage and an adverse
outcome.
MDA is the result of lipid peroxidation. It is an un-

dependable marker of oxidative damage, so the measure-
ment of the MDA level is considered as a useful
indicator and marker for the identification and assess-
ment of ACS patients [18]. During myocardial ischemia
or ongoing MI, high levels of free radicals may be gener-
ated. MDA that is generated from breakdown of lipids
during peroxidation processes is considered as a reliable
marker of oxidative damage [40].
Furthermore, Sharma et al. in 2008 [41] reported that

the serum MDA level is increased in CAD patients sig-
nificantly when compared to the control group. Also,
Yaghoub et al. [42] proved that the serum level of MDA
is considered as a potent marker of lipid peroxidation in
CAD patients when compared to the control group, and
this increase is correlated with the disease severity. In
agreement with the previous authors, we found a signifi-
cant increase in MDA in the ACS group when compared
to the control one (p < 0.001).
High sensitive cardiac troponin I assay enables accur-

ate quantification of troponin in most of healthy people.
Moreover, these assays can help the assessment of pa-
tients with chest pain through the development of safe
strategies to exclude myocardial infarction [43, 44].
Coven et al. [45] also demonstrated that the current def-
inition of NSTEMI requires a typical clinical syndrome
plus elevated troponin or CK-MB. They also found that
cardiac-specific troponins are not detectable in the blood

Table 4 Correlation of CD147 gene fold change with CK-MB
and high sensitive troponin I levels

ACS, N = 62 Control, N = 62

r p r p

CK-MB 0.870 < 0.001** 0.976 < 0.001**

High sensitive troponin I 0.850 < 0.001** 0.877 < 0.001**

**p ≤ 0.001 is highly significant
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of healthy individuals. Therefore, they provide high spe-
cificity for detecting injury of cardiac myocytes. These
molecules are also more sensitive than CK-MB for myo-
cardial necrosis and consequently improve early detec-
tion of small myocardial infarctions.
Alvin et al. [46], on the contrary, found that CK-MB-

testing provides no incremental value to patient care and
its elimination can lead to millions of health care dollars
saved without adversely affecting patient care. In our
work, we found a highly significant positive correlation be-
tween the levels of CD147 gene expression, CK-MB and
high sensitive troponin I in both studied groups.
These results agree completely with the findings re-

ported by Sturhan et al. [31]. The explanation of our
findings simply depends on the following facts: inter-
action of monocytes and platelets via CD147 leads to in-
flammation and differentiation [47]. There is no doubt
that platelets induce pro-inflammatory phenotype in
monocytes by CD147 as platelets play an important role
in coronary heart disease, and this will speculate that the
upregulation of CD147 in ACS must affect monocyte dif-
ferentiation in their inflammatory activity [48]. The ex-
pression levels of healthy subjects were similar to patients
with stable CAD. This means that the upregulation of
CD147 on monocytes must be associated with unstable
patients such as plaque rupture in acute MI [31].
Current care pathways are unable to exclude out MI

presentation that is requiring admission to hospital in
most patients, although most of them have no myocar-
dial infarction and must be discharged from the hospital.
High sensitive troponin I assay is a helpful and effective
strategy to exclude MI [2].

Conclusion
We concluded that the positive correlation between high
sensitive troponin I and CD147 gene expression will
definitely diagnose MI. In summary, EMMPRIN may
represent promising targets in atherosclerosis to prevent
inflammatory activities leading to the progression of
atherosclerosis and plaque rupture. In vivo studies are
needed to evaluate the therapeutic potential of EMM-
PRIN in atherosclerosis.
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