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Abstract 

Background: Cyclophilin A (CyPA) concentration increases in acute coronary syndrome. In an 
animal model of acute myocardial infarction, administration of angiotensin-converting-enzyme 
inhibitor was associated with lower left ventricular (LV) CyPA concentration and improved LV 
performance. This study investigated the relationships between changes in plasma CyPA con-
centrations and LV remodeling in patients with ST-elevation myocardial infarction (STEMI). 
Methods and Results: We enrolled 55 patients who underwent percutaneous coronary inter-
vention for acute STEMI. Plasma CyPA, matrix metalloproteinase (MMP), interleukin-6 and 
high-sensitivity C-reactive protein concentrations were measured at baseline and at one-month 
follow-up. Echocardiography was performed at baseline and at one-, three-, and six-month fol-
low-up. Patients with a decrease in baseline CyPA concentration at one-month follow-up (n = 28) 
had a significant increase in LV ejection fraction (LVEF) (from 60.2 ± 11.5% to 64.6 ± 9.9%, p < 0. 
001) and preserved LV synchrony at six months. Patients without a decrease in CyPA concen-
tration at one month (n = 27) did not show improvement in LVEF and had a significantly increased 
systolic dyssynchrony index (SDI) (from 1.170 ± 0.510% to 1.637 ± 1.299%, p = 0.042) at six 
months. Multiple linear regression analysis showed a significant association between one-month 
CyPA concentration and six-month LVEF. The one-month MMP-2 concentration was positively 
correlated with one-month CyPA concentration and LV SDI.  
Conclusions: Decreased CyPA concentration at one-month follow-up after STEMI was associated 
with better LVEF and SDI at six months. Changes in CyPA, therefore, may be a prognosticator of 
patient outcome. 
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Introduction 
Cyclophilin A (CyPA) is a ubiquitously distrib-

uted intracellular protein of the cyclophilin family 
that functions as an intracellular chaperone protein 
with peptidyl cis-trans prolyl-isomerase activity, and 
is the high-affinity receptor for the immunosuppres-
sive drug cyclosporine [1]. During inflammatory 
processes and in response to oxidative stress, CyPA is 
released into the extracellular space by both inflamed 
living cells and dying cells [2-4] to provide protection 
against oxidative stress-induced apoptosis [5, 6]. 
However, extracellular CyPA is a potent chemoat-
tractant for human monocytes and neutrophils, and 
enhanced expression of CyPA is involved in various 
pathophysiological processes such as atherosclerosis, 
myocardial ischemia-reperfusion injury, and aortic 
aneurysm formation [7-11]. CyPA is also an important 
mediator of angiotensin II-induced cardiac hyper-
trophy [12]. In addition, CyPA or its receptor extra-
cellular matrix metalloproteinase inducer 
(EMMPRIN) has been shown to be associated with 
myocardial inflammation, ischemia, and remodeling 
[13]. The CyPA-EMMPRIN activation pathway may 
play a role in increasing the vulnerability of athero-
sclerotic plaques [14]. Patients with acute coronary 
syndrome have high plasma concentrations of CyPA, 
and CyPA is strongly expressed in the athermanous 
plaques of patients with acute myocardial infarction 
(AMI) [15]. In a rabbit model of AMI, CyPA concen-
tration was up-regulated in the left ventricular (LV) 
wall, and administration of the angioten-
sin-converting-enzyme inhibitor (ACEI) ramipril 
caused an increase in antioxidant enzyme activities, 
resulting in a significant decrease in LV CyPA con-
centration, significant improvement in LVEF, and a 
marked reduction in LV remodeling [16]. Further-
more, disruption of the CyPA-EMMPRIN pathway 
was shown to reduce infarct size and preserve systolic 
function after myocardial ischemia and reperfusion in 
an animal model [17]. These results suggest that per-
sistently high CyPA concentration in cardiac tissue 
after AMI may be a biomarker of LV remodeling and 
impaired systolic function. Plasma CyPA is secreted 
from monocytes and vascular wall cells in response to 
oxidative stress and inflammation, but can also be 
secreted by or leaked from damaged cardiomyocytes 
and interstitial fibroblasts [13]. Persistently elevated 
plasma circulating CyPA levels in patients after 
STEMI may reflect a state of increased oxidative stress 
and proinflammatory status. However, it is unknown 
whether persistent elevation of plasma CyPA con-

centration after AMI affects LV performance. 
Ischemia-reperfusion injury is characterized by 

an extensive inflammatory response with leukocyte 
recruitment, induction of a complex inflammatory 
chemokine network, and generation of matrix metal-
loproteinases (MMPs) [18]. Optimal healing requires a 
balanced MMP-mediated extracellular matrix turno-
ver [19], and inadequate MMP activity triggers an 
intensified remodeling process leading to fibrosis and 
cardiac rupture [20, 21]. Experimental and clinical 
evidence indicates that MMP activity can modulate 
and predict remodeling [22, 23]. CyPA and its recep-
tor EMMPRIN represent a ligand/receptor pair that 
critically regulates both leukocyte recruitment and 
MMP activity [3, 24, 25]. LV dyssynchrony is also an 
important predictor of LV remodeling after AMI [26], 
and is correlated with infarct size and LV function 
[27]. However, no previous studies have evaluated 
the relationship between plasma CyPA and MMP 
concentrations in terms of LV remodeling after AMI, 
or the associations of these concentrations with LV 
dyssynchrony. 

This study was conducted to test the hypothesis 
that persistent high plasma CyPA concentration after 
AMI results in LV remodeling. This study investi-
gated the relationships between plasma CyPA con-
centrations, LVEF and LV dyssynchrony in patients 
with STEMI. The relationships between plasma MMP 
concentrations and CyPA concentrations, LVEF, and 
LV dyssynchrony were also evaluated.  

Materials and Methods 
Subjects and study protocol 

This single center study prospectively enrolled 
55 consecutive patients who underwent primary 
percutaneous coronary intervention (PCI) for de novo 
acute STEMI at the Changhua Christian Hospital, 
Taiwan between January 2010 and January 2011. We 
also enrolled a control group of 55 healthy age- and 
sex-matched volunteers to compare changes in plas-
ma CyPA levels after STEMI. All eligible patients 
aged between 18 and 80 years who consented to par-
ticipate in the study were included. Patients present-
ing with STEMI were eligible for primary PCI if the 
time from symptom onset to presentation was < 12 
hours. STEMI was diagnosed according to the uni-
versal definition of myocardial infarction [28]. Specif-
ically, STEMI was diagnosed if all of the following 
were present: symptoms of cardiac ischemia, ST seg-
ment elevation of > 0.2 mV in ≥ 2 contiguous electro-
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cardiogram leads, and serum troponin I or creatine 
kinase-MB (CK-MB) levels in excess of the 99th per-
centile reference limit within 24 hours of the onset of 
pain. The culprit vessel was identified based on clini-
cal, electrocardiographic, and angiographic findings. 
Aspirin and clopidogrel were administered to all pa-
tients before PCI. The goal for door-to-balloon time 
(D2B time) was < 90 minutes.  

Baseline creatine phosphokinase, creatinine, 
hemoglobin, and hemoglobin A1c levels were rou-
tinely measured prior to PCI. Baseline lipid and glu-
cose levels were measured after an 8-hour fast. 
CK-MB and troponin I levels were measured every 4 
hours until they started to decline, and the peak val-
ues were recorded. 

After PCI, patients received standard care, in-
cluding administration of aspirin, clopidogrel, be-
ta-blockers, ACEIs or angiotensin receptor blockers 
(ARBs) as appropriate. Patients also received smoking 
cessation and lifestyle counseling.  

The study protocol was approved by the Institu-
tional Review Board of the Changhua Christian Hos-
pital, Taiwan. All subjects gave written informed 
consent for inclusion in the study. 

Measurement of plasma CyPA, MMP-2, 
MMP-9, interleukin (IL)-6, and high-sensitivity 
C-reactive protein (hsCRP) concentrations 

Plasma CyPA, MMP-2 and MMP-9 concentra-
tions were obtained prior to PCI and at day 3, day 7 
and 1 month after the acute event. Plasma IL-6 and 
hsCRP concentrations were measured at baseline 
(prior to PCI) and at one-month follow-up. Plasma 
CyPA concentrations were measured using en-
zyme-linked immunosorbent assay kits from Wuhan 
USCN Science (Wuhan, China) in accordance with the 
manufacturer’s instructions. Plasma MMP-2, MMP-9, 
IL-6, and hsCRP concentrations were measured by 
enzyme-linked immunosorbent assay kits from R&D 
Systems (Minneapolis, MN, USA) in accordance with 
the manufacturer’s instructions. 

Echocardiographic examinations 
Echocardiography was performed at baseline 

(within 2 days after PCI) and at one-, three-, and 
six-month follow-up. All 2-D echocardiographic pa-
rameters were measured according to the guidelines 
of the American Society of Echocardiography [29]. We 
used a modified Simpson’s method to calculate LVEF 
as described by the American Echocardiographic So-
ciety [30]. Regional wall motion score index (WMSI) 
was calculated as the sum of wall motion scores di-
vided by the number of visualized segments (from 
17-segment model), where 1 indicates normal; 2, 
hypokinesis; 3, akinesis; and 4, dyskinesis [31]. Re-

al-time 3-D echocardiographic images were obtained 
using an iE33 xMATRIX echocardiography system 
(Philips Medical Systems, Andover, MA, USA). The 
systolic dyssynchrony index (SDI) was defined as the 
standard deviation of the time-to-minimum systolic 
volume of 16 LV segments expressed as a percentage 
of the R-R duration, as described by Kapetanakis et al. 
[32]. A higher index indicates greater LV dyssyn-
chrony. 

Angiographic assessments 
All quantitative coronary angiographic meas-

urements were performed by a single cardiologist 
who was blinded to the other investigation findings. 
The Thrombolysis in Myocardial Infarction (TIMI) 
flow [33] and myocardial blush grade [34] immedi-
ately after PCI were retrospectively reviewed by the 
same cardiologist, and the TIMI risk score was de-
termined. Coronary artery lesions were classified ac-
cording to the guidelines of the American College of 
Cardiologists/American Heart Association [35]. Re-
peat coronary angiographies were performed 6 
months later to detect residual stenosis of the in-
farct-related artery.  

Statistical analysis 
Statistical analyses were performed using the 

SPSS statistical software package (version 15.0; Chi-
cago, IL, USA). Values are presented as mean ± SD. 
Differences between baseline CyPA levels and those 
measured at one-month follow-up were compared 
between patients with and those without a decrease in 
CyPA concentration using the Student’s t-test. 
Changes in echocardiographic findings and MMP-2 
and MMP-9 concentrations over time were compared 
between patients with and those without a decrease in 
CyPA concentration at 1 month using the 
paired-samples t-test. Changes in baseline SDI, IL-6, 
MMP-2, and MMP-9 concentrations at one-month 
were compared between patients with low and those 
with high baseline CypA concentration (below and 
above the median value, respectively) using the Stu-
dent’s t-test. The relationship between quartiles of 
1-month CyPA concentration and 1-month MMP-2 
concentration was analyzed using the Jonck-
heere-Terpstra test. Multiple linear regression anal-
yses were performed to identify factors associated 
with 6-month LVEF, baseline SDI, and 6-month SDI. 
The analysis for 6-month LVEF included the baseline 
and 1-month CyPA concentrations and known prog-
nostic factors for LVEF (peak CK-MB level, in-
farct-related artery, wall motion score index, and 
hsCRP concentrations). Further multiple regression 
analyses were performed using the same model, but 
replacing CyPA concentration with IL-6, MMP-2, or 
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MMP-9 concentration as one of the covariates, to in-
vestigate the relationships between these variables 
and 6-month LVEF. The analyses for SDI included 
CyPA and MMP-2 concentrations and factors associ-
ated with LV dyssynchrony (age, sex, peak CK-MB 
level, IL-6 concentration, and LVEF). Receiver opera-
tor characteristic (ROC) curves were constructed to 
assess the predictive accuracy of CyPA for LVEF and 
MMP-2 for SDI. The area under the curves (AUC) for 
predicting LVEF with CyPA and SDI with MMP-2 
were calculated. Correlations between MMP-2 con-
centrations and SDI were analyzed using Spearman’s 
rho coefficient. A p < 0.05 was regarded as statistically 
significant. As there were few data available regard-
ing CyPA concentrations after AMI, we were unable 
to estimate sample size and study power. 

Results 
Comparisons between patients with and 
without a decrease in plasma CyPA concen-
tration between baseline and 1 month  

Plasma CyPA concentration in the AMI group 
was significantly higher than that in the control group 
(61.3 ± 24.2 vs. 54.3 ± 9.4 ng/mL, p = 0.042). The char-
acteristics of patients with (n = 28) and without (n = 
27) a decrease in CyPA concentration between base-
line and 1 month are shown in Table 1. Changes in 
plasma CyPA concentrations over time in patients 
with and without a decrease in CyPA are shown in 
Figure 1. The 1-month CyPA concentration was sig-
nificantly lower in patients with a decrease in CyPA 
concentration at 1 month than in patients without a 
decrease in CyPA concentration at 1 month (55.4 ± 
25.7 μg/dL vs. 71.2 ± 26.0 μg/dL, p = 0.021). No other 
significant differences were found between the two 
groups, including use of ACEIs and ARBs after PCI. 
However, plasma MMP-2 concentrations were signif-
icantly higher among patients without a decrease in 
CyPA concentration at 1 month (45.3 ± 41.7 ng/mL vs. 
15.9 ± 56.6 ng/mL, p = 0.027).  

Repeat PCI for restenosis of the infarct-related 
artery was performed in 9 patients with a decrease in 
CyPA concentration at 1 month and in 9 patients 
without a decrease in CyPA concentration at 1 month. 
There was no significant difference in infarct-related 
artery restenosis rate between the two groups (p = 
0.782). There were no deaths during the 6-month fol-
low-up period. 

 

Table 1. Comparisons between patients with and without a 
decrease in plasma CyPA concentration at 1 month.  

 Decrease in 
CyPA at 1 month 
(n = 28) 

No decrease in 
CyPA at 1 month 
(n = 27) 

p-value 

CyPA (ng/mL)    
baseline  65.7 ± 25.7 56.3 ± 24.1 0.150 
1 month 55.4 ± 25.7 71.2 ± 26.0 0.021* 
ΔCyPA -10.4 ± 12.7 14.9 ± 14.6 < 0.001** 
Sex (male/female) 23/5 24/3 0.337 
Age (years) 57.7 ± 12.3 57.9 ± 11.2 0.960 
Body mass index (kg/m²) 25.6 ± 3.4 25.7 ± 3.8 0.894 
Creatine phosphokinase 
(u/L) 

1,959 ± 1,774 2,742 ± 2,225 0.139 

CK-MB, peak (ng/mL) 208 ± 190 265 ± 196 0.254 
Troponin I, peak (ng/mL) 7.02 ± 21.01 2.90 ± 4.51 0.362 
Creatinine (mg/dL) 0.95 ± 0.21 1.05 ± 0.41 0.257 
WMSI 1.27 ± 0.21 1.28 ± 0.19 0.949 
Statin used (%) 84 83 0.910 
TIMI risk score 2.90 ± 1.17 2.69 ± 1.10 0.508 
LVMI (g/m²) 109 ± 22 110 ± 28 0.928 
LVEF (%) 60.2 ± 11.5 61.2 ± 10.1 0.723 
SDI (%) 1.50 ± 1.28 1.17 ± 0.51 0.214 
EDV (mL) 74.8 ± 24.5 77.1 ± 17.8 0.696 
Hemoglobin (g/dL) 14.7 ± 1.6 14.1 ± 1.6 0.159 
Hematocrit (%) 57.1 ± 15.0 40.8 ± 4.6 0.292 
Fasting glucose (mg/dL) 153 ± 80 152 ± 91 0.950 
Hemoglobin A1c (%) 6.5 ± 1.7 6.3 ± 1.5 0.706 
Cholesterol (mg/dL) 191 ± 46 191 ± 51 0.995 
HDL-C (mg/dL) 40.9 ± 11.0 41.9 ± 9.4 0.730 
LDL-C (mg/dL) 137 ± 39 132 ± 41 0.674 
Culprit lesion LAD(16), 

LCX(3), RCA(9) 
LAD(14), 
LCX(3), RCA(10) 

0.718 

D2B time (min) 85.5 ± 38.4 84.3 ± 38.0 0.916 
Myocardial blush grade  2.10 ± 0.87 2.00 ± 0.93 0.693 
Restenosis (n) 9 9 0.782 
ACEI use after PCI (%) 55 53 0.436 
ARB use PCI (%) 31 24 0.163 
hsCRP (mg/L)    
baseline  0.47 ± 0.86 0.47 ± 0.44 0.966 
1 month 0.32 ± 0.92 0.46 ± 0.76 0.541 
ΔhsCRP -0.18 ± 0.96 -0.00 ± 0.64 0.431 
IL-6 (pg/mL)    
baseline  17.1 ± 16.0 18.1 ± 9.3 0.761 
1 month 10.8 ± 8.5 11.9 ± 7.8 0.651 
ΔIL-6 -6.6 ± 11.0 -6.3 ± 8.1 0.190 
MMP-2 (ng/mL)    
baseline  239 ± 61 212 ± 54 0.071 
1 month 255 ± 49 257 ± 43 0.878 
ΔMMP-2 15.9 ± 56.6 45.3 ± 41.7 0.027* 
MMP-9 (ng/mL)    
baseline  203 ± 181 274 ± 249 0.213 
1 month 54.3 ± 52.4 52.3 ± 28.5 0.856 
ΔMMP-9 -149 ± 160 -221 ± 242 0.180 
Data are presented as mean ± SD. All values are baseline values unless otherwise 
indicated. Δ indicates value changes between 1 month and baseline. Normal la-
boratory values of creatine- kinase-MB (CK-MB) range from 0.6−6.3 ng/ml; Normal 
troponin-I concentration levels are < 0.04 ng/mL. 
* p < 0.05, Student’s t-test. 
ACEI: angiotensin-converting-enzyme inhibitor; ARB: angiotensin receptor block-
er; CK-MB: creatine kinase-MB; CyPA: cyclophilin A; D2B: door-to-balloon; EDV: 
left ventricular end-diastolic volume; HDL-C: high-density lipoprotein cholesterol; 
hsCRP: high-sensitivity C-reactive protein; IL-6: interleukin 6; LAD: left anterior 
descending artery; LCX: left circumflex artery; LDL-C: low-density lipoprotein 
cholesterol; LVEF: left ventricular ejection fraction; LVMI: left ventricular mass 
index; MMP: matrix metalloproteinase; PCI: percutaneous coronary intervention; 
RCA: right coronary artery; SDI: systolic dyssynchrony index; TIMI: Thrombolysis 
in Myocardial Infarction; WMSI: wall motion score index. 
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Figure 1. Changes in plasma CyPA concentration in patients with a decrease 
and without a decrease in plasma CyPA levels between baseline and 1 month. 
Group A comprised patients with a decrease in plasma CyPA concentration at 1 
month. Group B comprised patients without a decrease in plasma CyPA 
concentration at 1 month. A1 vs. A4, (p < 0.001). B1 vs. B4 (p < 0.001) 
(paired-samples t-test). A4 vs. B4 (p = 0.021, Student’s t-test). 

 

Changes in echocardiographic findings and 
MMP concentrations over time in patients 
with and without a decrease in CyPA concen-
tration at 1 month 

In patients with a decrease in CyPA concentra-
tion at 1 month, LVEF significantly improved at 1, 3 
and 6 months (p = 0.006, p = 0.018, and p = 0.004, re-
spectively); however, in patients without a decrease in 
CyPA concentration at 1 month, there were no signif-
icant changes at any of the time points (Table 2). The 
wall motion score index improved significantly at all 
time points in both groups of patients (both p < 0.001). 
SDI did not change significantly at 1, 3 and 6 months 
in patients with a decrease in CyPA concentration at 1 
month; however, in patients without a decrease in 
CyPA concentration at 1 month, SDI but deteriorated 
significantly at 3 months and at 6 months (p= 0.018 at 
3 months and 0.042 at 6 months). Patients without a 
decrease in CyPA concentration at 1 month also had a 
significant increase in MMP-2 concentration at 1 
month (p < 0.001). Both groups of patients had a sig-
nificant decrease in MMP-9 concentration at 1 month 
(both p < 0.001). 

Comparisons between patients with low and 
high baseline CyPA concentrations 

The median baseline CyPA concentration was 60 
ng/mL. Patients with a low baseline CyPA concen-
tration (below the median) had a significantly lower 
baseline SDI than patients with a high baseline CyPA 
concentration (above the median) (p = 0.043, Table 3). 
Patients with a low baseline CyPA concentration also 
had significantly lower 1-month IL-6 and MMP-2 
concentrations than patients with a high baseline 

CyPA concentration (p = 0.019 and p = 0.007, respec-
tively). 

Relationship between quartiles of 1-month 
CyPA concentration and 1-month MMP-2 
concentration 

Patients were divided into 4 groups according to 
quartiles of 1-month CyPA concentration (≤ 39.7, 
39.8–59.7, 59.8–73.1, and ≥ 73.2 ng/mL). Trend analy-
sis showed that 1-month MMP-2 concentration was 
positively correlated with quartiles of 1-month CyPA 
concentration (p = 0.026) (Figure 2).  

 
 

Table 2. Changes in echocardiographic findings and MMP con-
centrations over time in patients with and without a decrease in 
CyPA concentration at 1 month. 

AMI patients Measured value p-value 
With decrease in CyPA concentration at 1 month (n = 28)  
LVEF (%)   
baseline 60.2 ± 11.5  
1 month 64.3 ± 10.2 0.006** 
3 months  63.5 ± 9.1 0.018* 
6 months 64.6 ± 9.9 0.004** 
SDI (%)   
baseline 1.50 ± 1.28  
1 month 1.69 ± 1.22 0.323 
3 months 1.50 ± 0.77 0.999 
6 months 1.74 ± 1.67 0.099 
MMP-2 (ng/mL)   
baseline 239 ± 61  
1 month 255 ± 49 0.129 
MMP-9 (ng/mL)   
baseline 204 ± 181  
1 month 54 ± 52 < 0.001*** 
WMSI   
baseline 1.27 ± 0.21  
6 months 1.14 ± 0.18 < 0.001*** 
Without decrease in CyPA concentration at 1 month (n = 27) 
LVEF (%)   
baseline 61.2 ± 10.2  
1 month  62.5 ± 12.1 0.292 
3 months  61.5 ± 13.5 0.830 
6 months  60.6 ± 12.9 0.701 
SDI (%)   
baseline 1.17 ± 0.51  
1 month  1.64 ± 1.35 0.075 
3 months  1.81 ± 1.26 0.018* 
6 months  1.64 ± 1.30 0.042* 
MMP-2 (ng/mL)   
baseline 212 ± 54  
1 month  257 ± 43 < 0.001*** 
MMP-9 (ng/mL)   
baseline 274 ± 249  
1 month 52 ± 29 < 0.001*** 
WMSI   
baseline 1.28 ± 0.19  
6 months 1.17 ± 0.23 < 0.001*** 
Data are presented as mean ± SD. 
* p < 0.05, ** p < 0.01, *** p < 0.001 compared with baseline, paired-samples t-test. 
AMI: acute myocardial infarction; CyPA: cyclophilin A; LVEF: left ventricular 
ejection fraction; MMP: matrix metalloproteinase; SDI: systolic dyssynchrony 
index; WMSI: wall motion score index.  
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Table 3. Comparisons between patients with low and high base-
line CyPA concentrations.  

 Low baseline CyPA (< 
60 ng/mL; n = 28) 

High baseline CyPA 
(≥ 60 ng/mL; n = 27) 

p-value 

SDI, baseline (%) 1.07 ± 0.43 1.62 ± 1.29 0.043* 
IL-6 (pg/mL)    
baseline 15.8 ± 11.4 19.9 ± 14.7 0.207 
1 month 9.0 ± 6.0 15.2 ± 9.5 0.019* 
MMP-2 (ng/mL)    
baseline 216 ± 53 235 ± 61 0.193 
1 month 240 ± 45 271 ± 42 0.007** 
MMP-9 (ng/mL)    
baseline 253 ± 226 222 ± 195 0.556 
1 month 49.2 ± 34.9 57.1 ± 48.3 0.469 
Data are presented as mean ± SD. 
* p < 0.05, ** p < 0.01, Student’s t-test. 
CyPA: cyclophilin A; IL-6: interleukin-6; MMPs: matrix metalloproteinase; SDI: 
systolic dyssynchrony index. 

 

 
Figure 2. Relationship between quartiles of 1-month cyclophilin A (CyPA) 
concentration and 1-month matrix metalloproteinase-2 (MMP-2) concentra-
tion. Trend analysis showed that 1-month MMP-2 concentration was positively 
correlated with quartiles of 1-month CyPA concentration (Jonck-
heere-Terpstra test, p = 0.026). 

 

Factors associated with 6-month LVEF 
Multivariate analysis revealed that 6-month 

LVEF was independently associated with 1-month 
CyPA concentration and baseline wall motion score 
index, but not with baseline CyPA concentration, 
baseline or 1-month hsCRP concentration, infarct lo-
cation, or peak CK-MB level (Table 4). Further anal-
yses using the same model but with IL-6, MMP-2, or 
MMP-9 concentration as variables rather than CyPA 
concentration did not show significant associations 
between these variables and 6-month LVEF. 

Evaluation of plasma CyPA at 1 month as a 
predictor of LVEF at 6 months 

The median LVEF at 6 months was 64%. Using 
this as a reference value, patients with STEMI were 
divided into two subgroups, namely a high 6-month 
LVEF group and a low 6-month LVEF group. The 
dependent variable was 6-month LVEF. The area un-
der the curves (AUC) for plasma 1-month CyPA con-

centration as a predictor of 6-month LVEF was 0.734 
(95% CI, 0.618−0.869, p = 0.001) (Figure 3). 

Factors associated with baseline and 6-month 
SDI 

Multivariate analyses revealed that baseline SDI 
was independently associated with baseline MMP-2 
concentration and baseline LVEF and that 6-month 
SDI was independently associated with 1-month 
MMP-2 concentration and 6-month LVEF (Table 5). 
Baseline and 6-month SDI were significantly higher in 
females than in males. 

Evaluation of plasma MMP-2 concentration at 
1 month as a predictor of SDI at 6 months  

The median SDI at 6-month follow-up was 
1.42%. Using this as a reference value, patients with 
STEMI were divided into two subgroups, namely a 
high 6-month SDI group and a low 6-month SDI 
group. SDI at 6 months was considered as a depend-
ent variable. The AUC for plasma 1-month MMP-2 
concentration as a predictor of 6-month SDI was 0.682 
(95% CI, 0.547−0.817, p = 0.015) (Figure 4). 

Table 4. Results of multiple regression analysis with 6-month 
LVEF as the dependent variable. 

Predictors Regression 
coefficient 

Standard 
error 

Standardized 
coefficient 

P-value 

Intercept 120.329 9.850  < 0.001*** 
CyPA, baseline 0.080 0.078 0.164 0.310 
CyPA, 1 month −0.160 0.069 −0.356 0.026* 
CK-MB, peak −0.006 0.007 −0.093 0.417 
IRA −0.201 1.394 −0.016 0.886 
WMSI −41.263 6.997 −0.692 < 0.001*** 
hsCRP, baseline 1.174 1.808 0.071 0.519 
hsCRP, 1 month 2.786 1.689 0.180 0.106  
R2 = 0.618. * p < 0.05, *** p < 0.001. 
CK-MB: creatine kinase-MB; CyPA: cyclophilin A; hsCRP: high-sensitivity 
C-reactive protein; IRA: infarct-related artery; LEVF: left ventricular ejection frac-
tion; WMSI: wall motion score index. 

 

 
Figure 3. Evaluation of plasma CyPA concentration at 1 month as a predictor 
of 6-month LVEF in STEMI patients after primary balloon angioplasty. The area 
under the curves (AUC) for plasma 1-month CyPA concentration as a predictor 
of 6-month LVEF was 0.734 (95% CI, 0.618−0.869, p = 0.001). 
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Figure 4. Evaluation of plasma MMP-2 concentration at 1 month as a predictor 
of 6-month SDI in STEMI patients after primary balloon angioplasty. The area 
under the curves (AUC) for plasma 1-month MMP-2 concentration as a pre-
dictor of 6-month SDI were 0.682 (95% CI, 0.547−0.817, p = 0.015). 

 

Table 5. Results of multiple regression analyses with baseline or 
6-month SDI as the dependent variable. 

Predictors Regression 
coefficient 

Standard 
error 

Stand-
ardized 
coeffi-
cient 

P-value 

Baseline SDI (R2 = 0.616)     
Intercept 3.284 1.076  0.004** 
Age 0.022 0.009 0.256 0.015* 
Sex −0.643 0.280 −0.233 0.026* 
CK-MB, peak −0.001 0.001 −0.183 0.069 
CyPA, baseline −0.006 0.004 −0.142 0.192 
MMP-2, baseline 0.004 0.002 0.251 0.013* 
IL-6, baseline 0.004 0.007 0.061 0.552 
LVEF, baseline −0.051 0.009 −0.560 < 0.001*** 
6-month SDI (R2 = 0.641)     
Intercept 8.246 1.966  < 0.001** 
Age −0.019 0.017 −0.142 0.259 
Sex −2.232 0.495 −0.487 < 0.001** 
CK-MB, peak −0.001 0.001 −0.177 0.132 
CyPA, 1 month −0.013 0.009 −0.181 0.135 
MMP-2, 1 month 0.009 0.004 0.248 0.034* 
IL-6, 1 month 0.038 0.021 0.195 0.082 
LVEF, 6 months −0.079 0.016 −0.596 < 0.001** 
* p < 0.05, ** p < 0.01, *** p < 0.001. 
CK-MB: creatine kinase-MB; CyPA: cyclophilin A; IL-6: interleukin-6; LVEF: left 
ventricular ejection fraction; MMP-2: matrix metalloproteinase-2; SDI: systolic 
dyssynchrony index. 

 

Correlations between MMP-2 concentrations 
and SDI 

Baseline MMP-2 concentration was positively 
correlated with baseline, 1-month, and 6-month SDI. 
The 1-month MMP-2 concentration was positively 
correlated with 1-month and 6-month SDI (Table 6). 

Factors associated with changes in plasma 
CyPA concentration between baseline and 1 
month 

Multivariate analyses revealed that ΔCyPA 
(plasma CyPA concentration at 1 month minus base-

line CyPA concentration) was positively associated 
with D2B time, peak CK-MB level and infarct location 
(Table 7). 

 

Table 6. Correlations between MMP-2 concentrations and SDI.  

 MMP-2 at 
baseline (n = 

55) 

P1 MMP-2 at 1 
month (n=55) 

P2 

SDI, baseline 0.465 < 0.001***   
SDI, 1 month 0.360  0.007** 0.342 0.011* 
SDI, 6 months 0.370  0.005** 0.325 0.015* 
Values are Spearman’s rho coefficient.  
* p < 0.05, ** p < 0.01, *** p < 0.001. 
P1 refers to the correlation between baseline MMP-2 concentration and SDI. P2 
refers to the correlation between 1-month MMP-2 concentration and SDI. 
MMP-2: matrix metalloproteinase-2; SDI: systolic dyssynchrony index. 

 

Table 7. Results of linear regression analyses with ΔCyPA as the 
dependent variable. 

Predictors Regression 
coefficient 

Standard 
error 

Standardized 
coefficient 

p-value 

Constant -8.613  26.655   0.760  
Age, year -0.180  0.331  -0.088  0.591  
Female vs. Male 5.906  8.184  0.114  0.476  
CK-MB, peak 0.043  0.020  0.380  0.042*  
Troponin I, peak -0.125 0.197 -0.101 0.530 
IRA-LAD vs. 
IRA-RCA 

-10.940  7.655  -0.259  0.164  

IRA-LCX vs. 
IRA-RCA 

-37.768  12.515  -0.483  0.005*  

D2B time 0.239  0.082  0.436  0.007*  
IL-6 -0.279  0.234  -0.194  0.243  
R2 = 0.409. * p < 0.05. 
ΔCyPA indicated plasma CyPA concentration at 1 month minus CyPA concentra-
tion at baseline. 
CK-MB: creatine kinase-MB; IRA: infarct-related artery; LAD: left anterior de-
scending artery; LCX: left circumflex artery; RCA: right coronary artery. 

 

Discussion 
This study found that patients with a decrease in 

plasma CyPA concentration between baseline and 1 
month after STEMI had better LV function at 6-month 
follow-up than patients without a decrease in CyPA 
concentration at 1-month follow-up. This finding 
suggests that prolonged inflammation may be associ-
ated with relatively poor recovery of LV function after 
STEMI. Multiple linear regression analyses identified 
only 1-month CyPA concentration and the baseline 
wall motion score index as predictive factors for 
6-month LV function. Baseline IL-6, MMP-2, MMP-9, 
and hsCRP concentrations, infarct-related artery, and 
degree of myocardial injury were not significantly 
associated with 6-month LV function. This indicates 
that CyPA concentration may be a better predictor of 
LV function after STEMI than hsCRP concentration, 
which may be because CyPA is a marker of both oxi-
dative stress and inflammation, whereas CRP is a 
marker of inflammation only [15].  



Int. J. Biol. Sci. 2015, Vol. 11 
 

 
http://www.ijbs.com 

45 

Our findings support those of Piot et al. [36], 
who found that administration of cyclosporine to pa-
tients with STEMI at the time of reperfusion during 
PCI reduced the infarct size as estimated by myocar-
dial enzyme levels. The same group of researchers 
analyzed cardiac MRI findings in 28 patients from the 
same study group [37]. At 6 months, patients who had 
received cyclosporine had a persistent reduction in 
infarct size compared with the control group. In a 
mini-pig model of irreversible anterior wall AMI, in-
tra-coronary administration of cyclosporine inhibited 
the inflammatory cascade, reduced LV infarct size, 
and reduced LV remodeling [38]. The mechanisms 
underlying these outcomes are still unclear. Cyclo-
sporine is a potent inhibitor of the mitochondrial 
permeability-transition pore, which plays an im-
portant role in attenuating ischemia-reperfusion in-
jury [39]. Cyclosporine also binds to CyPA, thereby 
reducing circulating CyPA concentration. The results 
of these studies provide indirect evidence that it may 
be beneficial to decrease the CyPA concentration after 
AMI.  

During AMI, reactive oxygen species (ROS) are 
generated in the ischemic myocardium, especially 
after reperfusion [18]. Although the mechanism is 
complex, basically inflammatory cytokines, e.g. IL-6, 
are produced in the ischemic region and surrounding 
myocardium as a host reaction [18], which in turn 
stimulate the production of ROS [42]. ROS and in-
flammatory cytokines then work in tandem to activate 
MMPs and collagen deposition, which contribute to 
LV remodeling after myocardial infarction [43, 44]. 
Additional evidence for the role of ROS play in AMI is 
provided by Chen et al and Wang et al, who showed 
that infarct size is markedly reduced in transgenic 
mice that overexpress the antioxidant protein super-
oxide dismutase (SOD) [40, 41]. CyPA plays a crucial 
and synergistic role in ROS augmentation [45]. In ad-
dition, CyPA has been shown to activate NF-κB and 
promote IL-6 release in monocytes [46] and is most 
likely broadly involved in the regulation of 
pro-inflammatory activity of monocytes/ 
macrophages.  

The renin-angiotension-aldosterone system 
(RAAS) plays an important role in the pathophysiol-
ogy of LV remodeling and progression of heart failure 
after myocardial infarction. It also known that RAAS 
is an ROS inducer that promotes CyPA secretion [45]. 
Pharmacologic inhibition of RAAS attenuates oxida-
tive stress and LV remodeling and might decrease 
CyPA levels. There is a large body of clinical evidence 
that angiotensin-converting enzyme inhibitors and 
angiotensin receptor antagonists improve the prog-
nosis of patients by attenuating the progression of LV 
remodeling [47,48]. In this study, there were no sig-

nificant differences in the proportions of patients 
treated with ACEIs or ARBs between the groups with 
and without a decrease in CyPA concentration at 1 
month. In a rabbit model of AMI, ACEI administra-
tion resulted in a decrease in CyPA concentration in 
the LV wall [16]. The discrepancy may be due to the 
relative small sample size of our study. Further stud-
ies are needed to clarify the difference between CyPA 
concentration in the LV and in plasma after ACEI 
administration. 

The mechanism underlying the association be-
tween a decrease in CyPA concentration and preser-
vation of LV function after AMI probably involves 
disruption of the CyPA-EMMPRIN pathway. Expres-
sion of CyPA and CD147 are increased in infarcted 
myocardium in both humans and mice [17]. In a 
mouse model of myocardial ischemia and reperfusion 
injury, Seizer et al found that CyPA/CD147 interac-
tion was a critical mechanism in the pathophysiology 
of infarcted myocardium and mediated monocyte 
chemotaxis [17]. Disruption of the CyPA-EMMPRIN 
pathway resulted in a reduction in infarct size and 
preserved systolic function after myocardial ischemia 
and reperfusion, but anti-CD147 treatment did not 
result in further protection from ischemia-reperfusion 
injury in CyPA−/− mice. We hypothesize that a de-
crease in CyPA concentration after AMI reduces the 
ligand for CyPA/CD147 axis stimulation, thereby 
reducing chemotaxis and improving preservation of 
LV function. 

LV dyssynchrony is defined as a difference in the 
timing of contractions among different segments of 
the LV. Dyssynchronous contraction results in in-
creased wall stress in late contracting areas, increased 
myocardial oxygen consumption and a decrease in 
cardiac efficiency [49, 50]. These in turn result in a 
vicious cycle of deteriorating cardiac function. Early 
recognition of dyssynchrony may enable physicians 
to predict a higher probability of LV remodeling after 
AMI [51]. In this study, SDI did not change signifi-
cantly at 1-month, 3-month, or 6-month follow-up in 
patients with a decrease in CyPA concentration at 1 
month, but deteriorated significantly in patients 
without a decrease in CyPA concentration at 1 month. 
LV systolic dyssynchrony has been shown to be a 
predictor of cardiac remodeling after AMI [26, 52], 
and has been shown to be independently associated 
with an unfavorable prognosis [27, 53]. Patients in the 
highest quartile of 1-month CyPA concentration also 
had the highest 1-month MMP-2 concentrations (Fig-
ure 2). Furthermore, MMP-2 concentrations were sig-
nificantly correlated with baseline, 1-month, and 
6-month SDI (Table 5). Multiple linear regression 
analysis and ROC curve analysis (Figure 4) found that 
MMP-2 concentration was a significant predictor of 
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SDI. These results suggest that patients without a de-
crease in CyPA concentration at 1 month have a 
higher 1-month MMP-2 concentration and higher 
6-month SDI. To the best of our knowledge, this is the 
first study to examine the relationship between 
MMP-2 concentration and systolic dyssynchrony. A 
previous study found that higher MMP-2 concentra-
tion was an independent predictor of ventricular re-
modeling 6 months after AMI [23]. In addition, 
pharmacologic and genetic inhibitions of MMP were 
found to attenuate the development of heart failure in 
a rat model of AMI [22, 53]. Nilsson et al [54] found 
that plasma MMP-2 concentration was positively 
correlated with final infarct size and LV dysfunction 
in patients with STEMI. In addition, LV systolic func-
tion and infarct size have been shown to be signifi-
cantly associated with LV dyssynchrony [27, 55, 56]. 
In this study, a higher baseline CyPA concentration 
was significantly associated with a higher 1-month 
MMP-2 concentration, even though it was not associ-
ated with baseline MMP-2 concentration. This result 
may reflect augmentation of inflammation and gen-
eration of reactive oxygen species in patients with 
higher baseline CyPA concentrations. As CyPA plays 
a role in the inflammatory response and MMP pro-
duction via the CyPA-EMMPRIN pathway, it is not 
surprising that MMP-2 concentrations were associat-
ed with LV systolic dyssynchrony (expressed as SDI) 
in this study. 

The change in CyPA between 1 month and base-
line was positively correlated with D2B time and car-
diac muscle injury degree. This observation highlights 
the importance of early reperfusion. With decreased 
D2B time, STEMI patients are likely to have decreased 
plasma CyPA concentrations at 1 month. We found 
that female patients had more pronounced LV dys-
synchrony than male patients. This difference in sus-
ceptibility may be related to differences in sex hor-
mone levels and needs further investigation. 

Study limitations 
This study is limited by its relatively small sam-

ple size and short follow-up period. The number of 
female patients was small, and differences between 
males and females should be investigated further. 
Larger studies with longer follow-up are needed to 
confirm our findings.  

Conclusions 
Patients with a decrease in plasma CyPA con-

centration between baseline and 1 month after pri-
mary PCI for STEMI had better preservation of LV 
systolic function and better LV synchrony at 6 
months. Patients with a higher baseline CyPA con-
centration had a significantly increased MMP-2 con-

centration at 1 month after STEMI. The 1-month 
MMP-2 concentration was positively correlated with 
quartiles of 1-month CyPA concentration, and was 
significantly correlated with LV dyssynchrony. CyPA 
may be a novel biomarker for risk stratification of 
patients with STEMI, and clinical trials to examine the 
effects of drugs to decrease plasma CyPA concentra-
tions are warranted.  
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