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Abstract

Background: Acute coronary syndrome (ACS) refers to
a group of conditions due to diminished blood flow in the
coronary arteries such that part of the heart muscle is incapable
to act properly or dies.

Aim of Study: Is to evaluate the role of serum cyclophilin
A level in acute coronary syndrome, its clinical significance
in identifying patients with coronary artery disease and its
correlation with the severity of the disease.

Methods: This study included 60 ACS cases, were sub-
jected to full history taking. Clinical examination, Fasting
blood glucose, Lipid profile (Total cholesterol, triglycerides,
LDL and HDL), High sensitivity CRP, Troponin I level,
CKMB level, Cyclophillin A. 20 apparently healthy age and
sex matched subjects serving as a normal control group.

Results: Patients were divided into three groups unstable
angina, NSTMI and STEMI. according to Cyclophilin A
estimation: The mean values of serum Cyclophilin A level
were significantly increased in unstable angina group, NSTMI
group and STEMI group as compared to those in control
group, there was also significant increase in NSTMI and
STEMI as compared to those in group unstable angina.

Conclusion: From this study, it could be concluded that
serum cyclophilin A levels Increased in patients with acute
coronary syndrome and its associated with the progression of
the disease suggesting its role in accelerating atheroscelerosis
and may be a valuable marker for predicting the severity of
ACS. So it is reasonable to assume that it could be a target
for therapeutic treatment and its down regulation may be a
new therapeutic strategy in ACS patients in near future.

Key Words: Acute coronary syndromes — Cyclophilin A —
Atherosclerosis

Introduction

ACUTE Coronary Syndrome (ACS) refers to a
group of conditions due to diminished blood flow
in the coronary arteries such that part of the heart
muscle is incapable to act properly or dies [1].

Correspondence to: Dr. Esraa E. Emara,
The Department of Clinical Pathology, Faculty of Medicine,
Tanta University
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Chest pain is the most common symptom, often
radiating to the left arm or angle of the jaw, pres-
sure-like in character, and accompanied with nausea
and sweating. Acute coronary syndrome usually
occurs as a result of one of three problems, ST
elevation myocardial infarction (STEMI), non ST
elevation myocardial infarction (NSTEMI), or
unstable angina (UA) [2]. These types are named
according to the apparent show of the electrocar-
diogram as non-ST segment elevation myocardial
infarction (NSTEMI) and ST segment elevation
myocardial infarction (STEMI) [3].

Coronary atherosclerosis is the underlying con-
dition for ACS, with very few exceptions as ACS
is rarely caused by coronary dissection, arteritis,
myocardial bridging, thromboembolism, or coro-
nary vasospasm without obvious coronary artery
disease [4].

Human Cyclophilins consist of 16 family mem-
bers that are structurally distinct. Among them,
the most abundant member is Cyclophilin A
(CypA), which makes up to 0.1-0.6% of the total
cytosolic proteins [5].

Cyclophilin A is an immunophilin secreted from
human monocytes activated by high glucose, given
its role as an inflammatory mediator of vascular
tissue damage associated with inflammation and
oxidative stress [6]. It is believed to have important
roles in many biological conditions including
protein folding, trafficking, and T-cell activation
[71.

Previous studies showed that although CyPA
is present intracellular; it can be secreted from
cells in response to inflammatory stimuli such as
hypoxia, infection, and oxidative stress [8] and
suggesting its role in late stages of atherosclerosis
and plaque rupture [9].
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Patients and M ethods

This retrospective study was carried out between
March 2016 and October 2016 at Clinical Pathology
Department, Tanta University.

Subjects: The present study included 80 subjects
classified asfollows: Group I: 20 apparently healthy
volunteers (as a control group), Group UNSTABLE
ANGINA: 20 patients with unstable angina, Group
UNSTABLE ANGINALI: 20 patients with non ST
segment elevation myocardial infarction, Group
IV: 20 patients with ST segment elevation myocar-
dial infarction.

A written informed consent was obtained from
all students enrolled in the study after explaining
the aim of the study and the procedures in which
they will beinvolved. All subjects related data
were kept confidential. All subjects were given the
right to withdraw at any step of the research. All
these ethical procedures were reviewed, approved
and monitored by the Faculty of Medicine Tanta
University Research Ethics Committee.

Exclusion criteria:

Patients with infection, tumor, liver or kidney
diseases were excluded from the study.

Methods: Patients were subjected to the follow-
ing: Complete history with special emphasis age,
sex, smokers, hypertension and diabetes mellitus
also(ECG) and coronary angiography were done.
Laboratory investigations including: Fasting blood
glucose, lipid profile (Total cholesteral, triglycer-
ides, LDL and HDL), high sensitivity CRP, troponin
I level, CKMB level and Cyclophillin A. Cyclo-
philin A levels were measured using a commercially

Table (1): Comparison between the studied groups.
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available enzyme-linked immune-sorbent assay
(ELISA) kit.

Satistical analysis of the data:

Datawere fed to the computer and analyzed
using IBM SPSS software package Version 20.0.
For quantitative data, the Shapiro-Wilk test for
normality was performed. ROC-curve was used
for assessment of sensitivity and specificity. Sig-
nificance of the obtained results was judged at the
p-value <0.05.

Results

In thiswork it was found that there was no
significance difference among all studied groups
as regard age and sex, however it was observed
that the percentage of male patients with acute
coronary syndrome was increased as compared to
that of female patients in the same group. The
result of thiswork revealed that the percentage of
smokers, patients with diabetes mellitus and hy-
pertension in the coronary artery disease group
were significantly increased when compared to
that of control group also the mean values of total
serum cholesterol, triglyceride and LDL with con-
comitant a significant decrease of HDL in unstable
angina and myocardial infarction groups as com-
pared with the control group (Table 1).

Theresult of thiswork reveadled a statistically
significance increase in the mean values of serum
hsCRP, CKMB in patients with unstable angina
and myocardial infarction groups when compared
to control group while Troponin | test was found
to be positive in 100% of MI but negative in un-
stable angina (Table 2).

Group 1 Group 2 Group 3
Parameter (n=30) (n=20) (n=20) Group 4 p
Ageinyears 53.7+5.5 60.5+7.5 58.9+8.1 55.9+9.6 0.067
Sex (female/male) 9/11 7/13 8/12 6/14 0.785
Smoking (Smoker/non smoker)  0/20 3/17 6/14 14/6 <0.001
Diabetesmellitus 0/20 11/9 14/6 14/6 <0.001
(diabetic/non diabetic)
Hypertention 0/20 9/11 14/6 16/4 <0.001
Total cholesterol (mg/dl) 152.40+16.19 190.65+23.35 227.50+61.52 261.40+36.91 <0.001
Triglycerides (mg/dl) 87.65+8.94 129.05+46.37 172.30x64.47 211.60+52.87 <0.001
LDL (mg/dl) 88.80+8.17 118.10+23.35 139.55+49.38 150.75+40.14 <0.001
HDL (mg/dl) 51.25+3.37 46.50+5.27 35.35%6.32 30.55+5.97 <0.001
Table (2): Comparison between the different studied groups according to HSCRP (mg/L).
Group | Group Il Group |11 Group IV
Parameter (n=20) (n=20) (n=20) (n=20) P
HsCRP (mg/L) 0.61+0.21  2.82+1.42 4.77+1.82 6.98+2.24 <0.001
Troponin | (negative/positive) 20/0 20/0 0/20 0/20
CKMB (U/L) 5.20+1.85 13.40+4.64  97.40+36.80  135.90+55.05
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Asregard the result of cyclophilin A, the mean
values of serum Cyclophilin A levels were signif-
icantly increased in ACS patient groups as com-
pared to those in control group with more signifi-
cant increasein M1 groups (NSTEMI and STEMI)
(Table 3) and (Fig. 1).

The present study also demonstrates that clas-
sical risk factors as smoking and hypertension, and
all laboratory parameter levels, including LDL,
triglycerides, total cholesterol, troponin I, CKMB
and Hs CRP were in positive correlation with
Cyclophilin A except for HDL showed negative
correlation with Cyclophilin A (Tables 4,5).
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In thiswork alinear regression analysis was
significant for serum cyclophilin A and serum
HsCRP while it was not significant for LDL gative
correlation with Cyclophilin A (Table 6).

On the basis of the present findings ROC curve
analysis in discriminating acute coronary syndrome
patients showed that Cyclophilin A at a cut off
level >8.9ng/ml had a diagnostic sensitivity of
81.67%, specificity of 100%, positive predictive
values of 100% and negative predictive values of
64.5% with an area under the curve (AUC) of
0.893 (Tables 7,8) (Figs. 2,3).

Table (3): Comparison between the different studied groups according to cyclophilin A (ng/ml).

Group | Group 11 Group 111 Group IV
Parameter (n=20) (n=20) (n=20) (n=20) P
Cyclophilin A (ng/ml):
Range 3.40-8.90 3.37-2541 6.24-46.60 11.96-53.40 <0.001*
Mean + SD. 7.22+1.26 10.31+4.39 21.07+12.32 25.54+15.14
o]} 0.001* <0.001* <0.001*
Sig. bet. Grps p2=0.006*, p3<0.001*, p4=0.685

Table (4): Comparison between cyclophilin A in different risk
factors of all patients groups.

Table (5): Correlation between serum cyclophilinA and dif-
ferent parametersin total cases (n=60).

Cyclophilin A (ng/ml) Cyclophilin A
Risk factors N - p Parameters
Min.—Max. Mean + SD. I's p
Smoking: Fasting blood sugar 0.436* 0.001*
Smoker 23 4.96-53.08 20.67+13.36 0.001* Tota cholesterol 0.713* <0.001*
Nonsmoker 37 3.37-51.21 17.54+12.58 Triglycerides 0.717* <0.001*
Diabetes LDL 0.608* <0.001*
mellitus: 39 7.10-53.08 23.12+13.78 <0.001* HDL -0.657* <0.001*
Diabetic 21 3.37-19.20 10.61+4.56 hsCRP 0.693* <0.001*
Non diabetic CKMB 0.762* <0.001*
Hypertension: Angiography 0.774* <0.001*
Hypertenson 39 7.10-53.08 23.40+13.33 <0.001* (number of stenotic
Non 21 3.37-28.17 10.09+5.45 .
. coronary arteries)
hypertension
Table (6): Linear regression for LDL (mg/dl), Cyclophilin A (ng/ml) and HSCRP (mg/l).
0,
Parameters b SE Sig. OR 95%Cl
Lower Upper
LDL (mg/dl) 0.035 0.019 0.063 1.035 0.998 1.074
Cyclophilin A (ng/ml) 0.416 0.173 0.003* 1.515* 1.079 2.129
HsCRP (mg/L) 5.889 1.998 0.016* 361.129* 7.197 18119.55

Table (7): Agreement (sensitivity, specificity) for Cyclophilin
A (ng/ml) to diagnose acute coronary syndrome
patients.

Cut
off

Cyclophilin A >8.9
(ng/mi)

Parameter Sensitivity Specificity PPV NPV

81.67 100.0 100.0 64.5

Table (8): Agreement (sensitivity, specificity) to diagnose
myocardial infarction from unstable angina.

Parameter Ot Sensitivity Specificity PPV NPV
CyclophilinA >1325 775 950 969 67.9
(ng/ml)
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Fig. (1): Comparison between the different studied groups
according to cyclophilin A level (ng/ml).
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Fig. (2): ROC curve for Cyclophilin A (ng/ml) to diagnose
acute coronary syndrome patients.
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Fig. (3): ROC curve for Cyclophilin A (ng/ml) to diagnose
myocardial infarction from unstable angina.

Discussion

Atherosclerotic vascular disease, particularly
coronary heart diseases are major causes of human
morbidity and mortality in both industrialized and
developing countries [10].

Coronary plaque disruption, with consequent
platelet aggregation and thrombosis is the most
important mechanism by which atherosclerosis
lead to ACS of unstable angina, acute myocardial
infarction and to some extent sudden cardiac death
11].

Acute coronary syndrome (ACS) refers to any
group of clinical symptoms compatible with acute
myocardial ischemia and covers the spectrum of
clinical conditions ranging from unstable angina
(UA) to non ST elevation myocardial infarction
(NSTEMI) to ST elevation myocardial infarction
(STEMI) [12].

Biochemical markers of myocardial injury are
considered the gold standard for diagnosis of AMI
and are particularly important in the non diagnostic
ECG patients, the isoenzyme CKMB was reported
the benchmark for comparison with other markers
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It has been reported by Ramachandran et al.,
that Cyclophilin A shown to elicit inflammatory
responses and thus contribute to recruitment of
circulating blood cells during inflammatory re-
sponse. Given that cyclophilin A is a potent chem-
otactic agent for immune cells, particularly mono-
cytes; it is plausible that this immunophilin plays
an important role in accelerating atherosclerosis

[14]

Seizer et al., reported that both extra- and
intracellular CyPA significantly contribute to car-
diovascular inflammation, myocardial ischaemia
and reperfusion injury, and myocardial remodelling
processes [15].

Jin et al., and Satoh et al., also reported that
cyclophilin A is highly expressed at sites of unstable
atherosclerotic plaques, especially those associated
with macrophages and foam cells [15,16] .

So the aim of the present study was to evaluate
the role of serum cyclophilin A level in patients
with acute coronary syndrome and to investigate
the relationship between its serum level and the
severity of the disease.

In this work it was found that there was no
significance difference among all studied groups
as regard age and sex, however it was observed
that the percentage of male patients with acute
coronary syndrome was increased as compared to
that of female patients in the same group.

This was in agreement with Rossouw et al.,
who reported that men are more likely to develop
coronary artery disease, stroke and other cardio-
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vascular manifestation of atherosclerosis. Thisis
due to the protective effect of female hormones
(estrogens) so that heart disease risk for women
rises dramatically after menopause [18].

This comes with the fact that cardiovascular
diseases are common in males than females. Car-
diovascular diseases develops 7 to 10 years later
in women than in men and are still the major cause
of death in women over the age of 65 years. This
risk of heart disease in women is often underesti-
mated due to the misperception that females are
protected against cardiovascular diseases [19] .

Also Michelle reported that the incidence of
coronary artery disease increases with age, men
older than 45 and women older than 55 (or younger
if they have premature menopause) are at greater
risk of heart disease [20].

The result of thiswork revealed that the per-
centage of smoking was higher among cases of
unstable angina and M| as compared to that of
control group.

This agrees with Fusegama et al., who reported
that the incidence of cardiovascular diseaseis
increased six fold in women and three fold in men
who smoke at least 20 cigarettes per day when
compared to subjects who never smoked and the
components of cigarette smoke are known to have
avariety of thrombogenic effects [21].

In this study, it was found that the percentages
of patients with diabetes mellitus with coronary
artery disease group were significantly increased
when compared to that of control group. This
indicated that hyperglycemiais an important risk
factor for atherosclerosis and have arole in devel-
opment of CAD. Thisisin agreement with Boyle
who demonstrated that hyperglycemiais one of
therisk factors for atherosclerotic coronary artery
disease [22] . Another study by Stephen et al., re-
ported that diabetes is accompanied by more ex-
tensive atherosclerosis and inadequate compensa-
tory remodeling [23].

In thiswork it was found that the percentages
of patients with hypertension in the coronary artery
disease group were significantly increased when
compared to that in control group. Thiswasin
agreement with Foley et al., who reported that the
hypertension is an important risk for development
of cardiovascular disease which may play arole
in atherogenesis process [24].

Data of the present study demonstrated a sta-
tistically significance increase in the mean values
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of total serum cholesteral, triglyceride and LDL
with concomitant a significant decrease of HDL
in unstable angina and myocardial infarction groups
as compared with the control group.

Assmann et al., reported that epidemiologic
studies have indicated that hyperlipidemia and low
levels HDL are important risk factors for coronary
heart diseases [25] . Gordon et al., also proved that
the incidence of coronary heart disease was gener-
aly highest in those with alow HDL and lowest
in those with high HDL [26].

Deng et al., described significantly raised value
for atherogenic lipid as cholesterol and LDL in
patients with coronary heart disease [27]. The sig-
nificant relationship between the lipid profile and
CAD was also detected by Ryoko et d., using
invasive coronary angiography [2g].

The result of thiswork revealed a statistically
significance increase in the mean values of serum
hsCRP in patients with unstable angina and myo-
cardial infarction groups when compared to control

group.

Ridker et a., show that serum hsCRP concen-
tration in ACS patients was higher than in controls
[29] . Inflammation plays apivotal rolein all stages
of atherosclerosis, CRP which is the indicator for
inflammatory reactions, has been reported to be a
risk cardiac biomarker for ACS. Elevated serum
concentrations of CRP are associated with poor
prognosis in patients with cardiovascular diseases
and predict possible further coronary eventsin
population studies [30-32] .

Troponin | test in this study was found to be
positive in 100% of M| but negative in unstable
angina, while CKMB was significant increased in
both unstable angina and myocardial infarction
compared to control group.

The significance of measuring cardiac troponins
has been reported by Braunwald et al., as cardiac
troponins typically are measured at emergency
department admission and repeated in six to 12
hours [33] . Patients with anormal CK-MB leve
but elevated troponin levels are considered to have
sustained minor myocardial damage or micro-
infarction, whereas patients with elevations of both
CK-MB and troponins are considered to have had
acute myocardial infarction. The cardiac troponins
may remain elevated up to two weeks after symp-
tom onset, which makes them useful as late markers
of recent acute myocardial infarction, while CK-
MB typically is detectable in the serum four to six
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hours after the onset of ischemia, peaksin 12 to
24 hours, and normalizes in two to three days [34].

Asregard the result of cyclophilin A, the mean
values of serum Cyclophilin A levels were signif-
icantly increased in ACS patient groups as com-
pared to those in control group with more signifi-
cant increase in M1 groups (NSTEMI and STEMI).

According to Satoh et d ., theincrease in vas-
cular oxidative stress requires CyPA which thereby
sensitizes endothelial cells (ECs) to apoptosis. In
addition, CyPA secretion is regulated by Rho-
kinase activation, which is important for vascular
smooth muscle cells contraction and atherosclerosis.
Consistently, serum levels of CyPA were signifi-
cantly increased in patients with CAD [35].

Cyclophilin A is part of various intracellular
functions, such as intracellular signaling, protein
trafficking, and regulating activity of other proteins
[36] . Cyclophilin A, isalso well recognized as a
secreted growth factor that isinduced by oxidative
stress [37] . Functioning as a mediator of tissue
damage associated with inflammation and oxidative
stress [36] . Thus the secretory nature of this protein
and its presence in serum of patients with CAD
underlinesits potential as a marker of the disease.

Nigro et al., showed five mechanisms by which
Cyp A promotes atherosclerosis First: CypA stim-
ulates low density lipoprotein (LDL) uptake in the
vessel wall by regulating the expression of scav-
enger receptors. Second: CypA increases endothe-
lial cells activation and inflammation by increasing
vascular cell adhesion molecule 1(VCAM-1) ex-
pression. Third: CypA decreases endothelial nitric
oxide synthase (Enos) expression through Kruppel-
like factor 2 (KLF2) transcriptional repression in
endothelial cells. Forth: CypA is akey determinant
for tumor necrosis alpha (TNF- a) induced epithelial
cell apoptosis. Fifth:CypA stimulates recruitment
of inflammatory cells derived from BM to the
aortic wall later phases by affecting plague rupture
and thrombosis [39].

Interestingly in this study the number of stenotic
coronary arteries was in positive correlation with
Cyclophilin A level which came in consistent with
Satoh et al., who reported that Plasma CyPA levels
were significantly higher in patients with significant
coronary stenosis compared to those without it. A
positive correlation was noted between plasma
CyPA levels and significant coronary stenosis. The
average number of stenotic coronary arteries and
the need for coronary intervention were signifi-
cantly increased in the quartiles of higher CyPA
levels [39].

Satoh et al., also detected that the plasma CyPA
level significantly correlated with the presence of
CAD and plasmalevels of CyPA increased accord-
ing to the number of atherosclerotic risk factors
that all of which induce oxidative stress. Further-
more, plasmalevels of CyPA significantly reduced
after medical treatment of risk factors. Finally,
CyPA was strongly expressed in coronary athero-
sclerotic plague in patients with myocardial infarc-
tion [39].

The present study also demonstrates that clas-
sical risk factors as smoking and hypertension, and
all laboratory parameter levels, including LDL,
triglycerides, total cholesterol, troponin I, CKMB
and Hs CRP were in positive correlation with
Cyclophilin A except for HDL showed negative
correlation with Cyclophilin A.

In agreement with the present results Satoh et
al., observed a positive correlation between the
concentration of hsCRP and cyclophilin A in patient
with ACS and CypA is better CRP to predict ACS

[40].

In addition Satoh et al., found that age; diabetes
and HsCRP correlate with plasma cyclophilin A
levelsin their patients with stenotic coronary
arteries [39].

Moreover, Ramachandran., verified the presence
of Cyclophilin A (CypA) in monocytes of patients
with type 2 diabetes mellitus and he concluded
that CypA is a secretory factor released by mono-
cytes in response to oxidative stress induced by
high glucose. So, CyPA secreted by monocytes
could have important effects on enhancing mono-
cyte adhesion to endothelial cells and thusin the
pathogenesis of atherosclerosisin type 2 diabetes

[41]

Therefore, it islogical to propose that agents
which prevent CyPA binding to its receptors may
have therapeutic potential. By blocking this vicious
cycle that augments ROS production through CyPA
autocrine/paracrine signaling pathway [42] .

Importantly, CyPA is highly expressed at sites
with unstable atherosclerotic plagues, especially
those associated with macrophages and foam cells
[40] . Based on therole of extracellular CyPA in
MMP activation, it is reasonable to assume that
agents that prevent CyPA receptor binding and
reduce circulating CyPA may have therapeutic
potential for inhibiting atherosclerotic plague rup-
ture.
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Yan et al., reported that secreted cyclophilin A
is aproinflammatory cytokine which activates car-
diovascular cellsinvolved in different aspects of
the disease process [43].

Also Seizer et al., reported that CypA seemsto
be a suitable target for prohibiting or treating
inflammatory cardiovascular processes [44].

Therefore inhibition of CypA secretion and/or
its binding to target receptor will be promising
therapy for prevention and treatment in cardiovas-
cular disease. So CypA may be obtained as novel
therapeutic tool for controlling cardiovascular
diseases in the near future. This warrants further
investigation of the role of CyPA to identify poten-
tial CyPA-related therapeutic targets, although
further basic and clinical studies are needed to
identify CyPA-related therapeutic targets.

In thiswork alinear regression analysis was
significant for serum cyclophilin A and serum
HsCRP while it was not significant for LDL while
Yan et a., showed that alinear regression analysis
displayed that CyPA was better than CRP to predict
ACS [43].

Therefore CypA may obtained as a novel bi-
omarker for oxidative stressin CAD and in near
future as a therapeutic tool for controlling cardio-
vascular diseases.

Conclusion:

The significance of increasing Serum cyclophi-
lin levels and its association with severity of the
disease in patients with acute coronary syndrome
suggesting the role of this protein in accelerating
atheroscelerosisin ACS considering the evidence
that Cyclophilin A is an inflammatory mediator in
atherogenesis.

It may be considered as biomarker for ACS and
it isreasonable to assume that it could be a target
for therapeutic treatment in near future.

Recommendations:

Further studies on larger number of patients
should be done for more comprehensive statistical
analysis and better conclusions.

Further studies are required to evaluate role of
cyclophilin A in other cardiac diseases rather than
acute coronary syndrome.

Follow-up study is needed after ST elevated
myocardial infarction to evaluate a CypA prognostic
role for patient outcome.
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