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Coronary Artery Disease

Study on Connective Tissue Growth Factor
Expressed in Patients with ST-Segment Elevation
Myocardial Infarction
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Background: This study measured the change in connective tissue growth factor levels after the onset of unstable
angina and ST- segment elevation myocardial infarction, and studied its correlation with peak creatine kinase-MB
(CK- MB) enzyme. It also discussed the significance of myocardial fibrosis after myocardial infarction. To detect the
serum levels of connective tissue growth factor in patients with ST-segment elevation myocardial infarction and its
relationship with the maximum level of CK-MB.
Methods: We selected 50 patients with ST-segment elevation myocardial infarction and 50 patients with unstable
angina. Connective tissue growth factor levels were examined 24 h, 2 d, 7 d, and 14 d after the onset of ST-segment
elevation myocardial infarction, and within 24 h for unstable angina, using enzyme-linked immunosorbent assay
(ELISA). The maximum level of CK-MB was detected by immunosuppression.
Results: The serum level of connective tissue growth factor in the unstable angina patients was 10.34 ± 2.00 ng/
mL, and the levels in the ST-segment elevation myocardial infarction patients were 16.76 ± 3.17 ng/mL at 24 h,
29.87 ± 4.90 ng/mL at 2 d, 45.02 ± 8.35 ng/mL at 7 d, and 31.61 ± 4.40 ng/mL at 14 d. Compared with the unstable
angina patients, the connective tissue growth factor levels in the ST-segment elevation myocardial infarction
patients were significantly higher since day 1 (p < 0.01). The maximum level of CK-MB was correlated with connective
tissue growth factor levels at 7 d (r = 0.859, p = 0.000).
Conclusions: Connective tissue growth factor was significantly expressed in the ST-segment elevation myocardial
infarction patients, indicating that it might play an important role in myocardial fibrosis.
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INTRODUCTION
Connective tissue growth factor (CTGF) was first
cloned from human umbilical vein endothelial cells by
Bradham in 1991.1 CTGF has a variety of biological activities, and it is believed that CTGF can promote cell proliferation, extracellular matrix deposition, cell phenotype
transformation, mediate cell adhesion, and angiogenesis,
stimulate cell migration, and induce apoptosis.2-7 With
regards to cardiovascular disease, CTGF can promote
the formation of atherosclerotic plaque, participate in
the inflammatory response with myocardial infarction,8
lead to left ventricular hypertrophy with hypertension,9
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and promote myocardial fibrosis with chronic heart failure.10 This study measured the change in CTGF levels in
different time periods after the onset of unstable angina
(UA) and ST-segment elevation myocardial infarction
(STEMI), and studied its correlation with peak creatine
kinase-MB (CK-MB) enzyme. It also discussed the significance of myocardial fibrosis after myocardial infarction
and its correlation with the range of myocardial infarction.

All of the patients received conventional intensive medical treatment and elective PCI after hospitalization.
The door-to-balloon time was 278.30 ± 43.20 h for these
50 patients from chest pain to open infarction-related
artery (IRA).
The present study was approved by the ethical committees of The Second Affiliated Hospital of Xuzhou Medical College, and all participants provided written informed consent.

MATERIALS AND METHODS

Specimen collection
There were 50 hospitalized patients with myocardial
infarction and 50 patients with unstable angina. Five ml
of venous blood were extracted from the patients with
myocardial infarction to detect CTGF at 24 h, 2 days, 7
days, and 14 days after disease onset. Five ml of venous
blood were extracted from the patients with UA to detect CTGF at the time of hospitalization. Five ml of venous blood were extracted from the patients with STEMI
every two hours to detect CK-MB and to obtain the CKMB enzyme peak value.

Study population
This study collected 50 patients hospitalized due to
initial acute ST-elevation myocardial infarction without
direct percutaneous coronary intervention (PCI) or thrombolytic indications from February 2014 to February
2015. The general situations of the patients are shown
in Table 1. All patients were diagnosed with initial acute
ST-elevation myocardial infarction and confirmed by
both electrocardiography and coronary angiography.
The exclusion criteria were previous severe valvular disease, cardiomyopathy, severe chronic heart failure, and
persistent atrial fibrillation. These STEMI patients included 16 cases of wide range myocardial infarction (including 13 cases of acute extensive anterior myocardial
infarction, 2 cases of inferior wall combined right ventricular myocardial infarction, and 1 case of inferior wall
combined posterior wall myocardial infarction), 18 cases
of mid-range myocardial infarction (all of anterior myocardial infarction), and 16 cases of small range myocardial infarction (including 11 cases of anterior myocardial
infarction, 3 cases of inferior wall myocardial infarction,
and 2 cases of limitation anterior myocardial infarction).
These 2 cases were small range myocardial infarction.

Experimental methods
We pre-studied a certain amount of the sample (< 3
months) to determine the best ratio of dilution. Then
we used unified enzyme-linked immunosorbent assay
(ELISA) to detect both CTGF and N-terminal pro-B-type
natriuretic peptide (NT-proBNP) contents in serum. The
ELISA kits for CTGF and NT-proBNP were bought from
PeproTech Company in America, and all of the operations were conducted in strict accordance with their instructions. Quality control and calibration results were
all in required ranges. Immune suppression and a Roche
automatic biochemical analyzer were used to detect serum CK-MB levels, with the reference value being 0-25

Table 1. Clinical data comparison between two groups of patients
Variable
Age (yr)
Sex (male/female)
Combined with hypertension
Combined with diabetes
Creatinin (umol/L)
LVEF (%)
NT-proBNP (pg/ml)

UA group (n = 50)

STEMI group (n = 50)

p value

61.80 ± 6.30
36/14
44
26
69.00 ± 8.80
55.40 ± 7.60
170.40 ± 53.70

62.00 ± 7.60
39/11
46
25
71.00 ± 7.90
51.20 ± 6.80
0632.80 ± 186.90

0.785
0.491
0.507
0.842
0.325
0.038
0.012

LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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U/L. All reagents were purchased from Roche Company.
The left ventricular ejection fraction (LVEF, %) was determined by echocardiographic measurements.

and 14 days after disease onset, while a correlation between CTGF and peak CK-MB enzyme was noted 7 days
after the onset (Table 3).

Statistical analysis
We used SPSS 17.0 software for data analysis, and
data are presented as mean ± standard deviation (x ± s).
We used the independent samples t test for comparisons between two groups, and the paired t test within
certain groups. Pearson linear correlation analysis was
used to analyze the quantitative relationship between
indicators. A p value < 0.05 was considered to be statistically significant.

Table 2. Serum CTGF and CK-MB content changes of two
groups of patients
Group

CTGF (ng/mL)

Angina group
STEMI patients
24h
2d
7d
14d

10.34 ± 2.00*

Peak value of CK-MB( U/L)

‡

-0.90 ± 0.300

‡

103.45 ± 28.64*
‡
158.37 ± 39.41*
†
187.10 ± 57.43*
#
162.21 ± 42.53*

16.76 ± 3.17*
‡
29.87 ± 4.90*
†
45.02 ± 8.35*
#
31.61 ± 4.40*

‡

#

†

* p = 0.01 vs. Angina group; p = 0.01 vs. 7 days; p = 0.01 vs. 2
‡
days; p = 0.01 vs. Myocardial infarction 24 h. Data were
presented as mean ± SD or as number. p < 0.05 was considered
statistically significant.
CK-MB, creatine kinase-MB; CTGF, connective tissue growth
factor; SD, standard deviation; STEMI, ST-segment elevation
myocardial infarction.

RESULTS
General comparison between two groups of patients
With respect to age, sex, and comorbidities, there
were no statistically significant differences between the
patients with UA and STEMI. It has been reported that
serum concentrations of CTGF are related to renal function,11,12 however there was no statistically significant
difference in creatinine between our two groups of patients. The LVEF (%) values and NT-proBNP levels of the
STEMI patients were significantly higher than those of
the UA patients (p < 0.05, Table 1).
CTGF test results
There was a statistically significant difference between the patients with UA and those with STEMI in CTGF.
In addition, compared to the patients with angina, those
with myocardial infarction had higher CTGF levels (Table
2, p < 0.01).
CTGF levels were detected in the patients with STEMI
at 24 h, 2 days, 7 days, and 14 days after disease onset.
The results were statistically significant, with a gradual
increase from 24 h to 7 days after disease onset, and
then a gradual decrease (Figure 1; Table 2, p < 0.01).

Figure 1. Connective tissue growth factor (CTGF) levels at 7 days after
myocardial infarction (MI) and peak creatine kinase-MB (CK-MB) levels
in patients of ST-segment elevation myocardial infarction (STEMI).

Table 3. Pearson correlation between CTGF and the peak value
of CK-MB enzyme of myocardial infarction patients in
different periods of time
Hospitalization time

Correlation between CTGF and the peak of CK-MB
enzyme
Pearson correlation analysis between CTGF and the
peak value of CK-MB enzyme in the STEMI patients at
different time points indicated an unobvious correlation
between CTGF and peak CK-MB enzyme at 24 h, 2 days

Item
r
p

24h

2d

7d

14d

-0.071
-0.625

-0.103
-0.477

0.859
0.000

0.227
0.113

CK-MB, creatine kinase-MB; CTGF, connective tissue growth
factor.
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DISCUSSION

0.859, p < 0.01), but was poorly correlated at other time
periods. This indicated that peak CTGF was related to
peak CK-MB enzyme after myocardial infarction, and
that peak CK-MB enzyme was positively correlated with
the range of myocardial infarction.16-18 Therefore, peak
CTGF might be associated with the range of myocardial
infarction, i.e., a greater range of myocardial infarction
results in a higher expression of CTGF in infarct myocardial tissue, more apparent of cardiac remodeling,
and greater impact on cardiac function. In this study,
there was no long-term follow-up of the patients with
cardiac function, so it was not clear whether CTGF was
negatively correlated with cardiac function in the patients after myocardial infarction.
The present study also had several limitations. First
we only analyzed the correlation of CTGF levels with the
maximum value of CK-MB. Second, deeper insights into
how CTGF influences the development of myocardial infarction were also unclear. Further studies are needed
to better understand these results.

CTGF is a C-terminal cysteine-rich secreted polypeptide containing 349 amino acids with a relative molecular weight of 30888. It is a member of the highly conserved CTGF, Cef10/cyr61 and Nov polypeptide family.13
It is widely presented in a variety of tissues and organs,
such as the heart, brain, kidney, lung, liver, placenta, pancreas, and connective tissue. Under physiological conditions, a variety of tissues and cells may secrete a basic
amount of CTGF; while, under pathological conditions, it
is closely related to skin scarring, atherosclerosis, organ
fibrosis, wound healing and other diseases.14 Studies
have shown that CTGF is closely related to myocardial
fibrosis, which plays an important role in cardiac remodeling after myocardial infarction.8
In this study, there was a statistically significant difference in CTGF content in the serum of the myocardial
infarction patients compared with the UA patients 24 h
after disease onset (p < 0.01), and it significantly increased with time, indicating that the inflammatory response caused by myocardial infarction can lead to the
release of a variety of inflammatory mediators, including CTGF, from regional myocardial tissue. The CTGF levels of patients with STEMI as 24 h, 2 days, 7 days, and
14 days after disease onset showed a statistically significant difference (p < 0.01), with a gradual increase
from 24 h to 7 days after disease onset. Compared with
the result on the 7th day, the CTGF level significantly decreased after 14 days (p < 0.01). However, this level was
still significantly higher than that of the UA patients (p <
0.01). These findings indicated that the expression of
CTGF after STEMI lasted from the start phase until the
late reconstruction phase of myocardial infarction. CTGF
is known to be involved in the process of tissue repair
after injury, and it can also promote the transformation
of cardiac fibroblasts to myofibroblasts, and stimulate
fibroblast proliferation. In addition, it can induce cardiac
fibroblasts to secrete collagen and sticky protein and increase the expression levels of myocardial infarction
markers.15 This function of CTGF can lead to myocardial
fibrosis,9,10 cardiac remodeling, and a decline in cardiac
function after myocardial infarction.
In this study, correlation analysis showed that the
peak level of CK-MB enzyme was positively correlated
with the CTGF level at 7 days after disease onset (r =
Acta Cardiol Sin 2019;35:355-359

CONCLUSIONS
This study demonstrated that CTGF might be related
to cardiac remodeling after myocardial infarction, although further investigations are needed to elucidate its
precise role and mechanism on myocardial infarction, as
well as on its relationship with other neuroendocrine
activation after myocardial infarction. CTGF may be considered to be an early diagnostic indicator and therapeutic target of myocardial infarction to prevent myocardial remodeling after myocardial infarction, and to
avoid the development of refractory heart failure.
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