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Correlation between angiopoietin-like proteins in inflammatory
mediators in peripheral blood and severity of coronary
arterial lesion in patients with acute myocardial infarction
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Abstract. The effects of angiopoietin-like protein 2 (Angptl 2)
and interleukin-6 (IL-6) in inflammatory mediators on the
severity of coronary arterial lesion in patients with acute
myocardial infarction were investigated. One hundred and
twenty-six patients with acute myocardial infarction admitted
to Tianjin Union Medical Center (the myocardial infarction
group) and 133 healthy individuals (the control group) were
selected for retrospective analysis from January 2013 to
December 2015. The levels of Angptl 2 and IL-6 in serum
of patients were detected by enzyme linked immunosorbent
assay (ELISA), and the correlation analysis between the levels
and the degree of coronary stenosis in patients with myocardial
infarction was conducted. The expression level of Angptl 2
and IL-6 in the myocardial infarction group was significantly
higher than that in the control group P<0.001. In the myocardial
infarction group, the expression levels of Angptl 2 and IL-6
were the highest in the patients with severe stenosis, followed
by the moderate stenosis, and the lowest in the patients with
mild stenosis (P<0.050). Pearson's correlation analysis showed
that Angptl 2 and IL-6 were positively correlated with the
diameter of coronary stenosis (r=0.696, 0.750, P<0.001). In
conclusion, both Angptl 2 and IL-6 are highly expressed in
the peripheral blood of patients with acute myocardial infarc-
tion and involved in the occurrence and development of the
disease. Moreover, Angptl2 and IL-6 are positively correlated
with the severity of coronary arterial lesion in patients with
acute myocardial infarction, and they are expected to become
a target for the diagnosis and treatment of coronary atheroscle-
rosis (CA) in the future.

Correspondence to: Dr Yuming Li, Department of Radiology,
Pingjin Hospital Heart Center and Tianjin, Key Laboratory of
Cardiovascular Remodeling and Target Organ Injury, Logistics
University of PAPF, 220 Chenglin Street, Tianjin 300162, P.R. China
E-mail: drcyjuan@163.com; cardiolab@live.com

Key words: acute myocardial infarction, Angptl 2, IL-6, coronary
arterial lesion

Introduction

Coronary atherosclerosis (CA), a cardiovascular disease that
seriously endangers human health, is more common in middle-
aged and elderly individuals, and it easily causes diseases such as
hypertension, coronary heart disease and myocardial infarction,
which is a great threat to humans and very difficult to treat (1).
The number of CA cases in the world is still on the rise. According
to statistics, the world's new CA patients exceeded 80 million in
2016 (2,3). Data show that in some countries with a large popu-
lation (such as China and India), the cumulative number of CA
patients has exceeded 300 million (4). At present, CA is already
the most common cardiovascular disease in clinic, with about
one in every five individuals (5). The course of CA is extremely
slow, usually with no special clinical symptoms at the early
stage, but as the disease progresses, it usually manifests multiple
complications, such as hypertension, coronary heart disease,
heart failure and myocardial infarction (6). CA patients gene-
rally need a long treatment cycle, and the data show that the
complete cure rate of CA is less than 20% (7). As a result, the
mortality of CA remains high and with the 5-year survival
rate of only 30-40% (8). Because of the high incidence, high
injury and refractoriness of CA, it is regarded as an important
research focus in the clinic. However, the pathogenesis of CA
is not completely clear at present, and many studies world-
wide have proven that the occurrence and development of CA
involves a large number of cellular and non-cellular biological
processes (9-11).

Angiopoietin-like proteins (Angptls) are secreted glyco-
proteins that have been discovered in recent years and are
closely related to angiogenesis and have high homology
with angiopoietin (Ang) (12). Angiopoietin-like protein 2
(Angptl 2) is mainly expressed and secreted by visceral fat
cells and has been proven not only to have the ability to
regulate angiogenesis, but also a process of strong force for
survival and repair of hematopoietic stem cells, and it has a
correlation with diabetes and autoimmune diseases (13,14).
Shimomura et al (15) proposed that Angptl 2 could damage
the vascular endothelium of patients by regulating inflamma-
tory factors. However, there are few studies on Angptl 2 and
CA worldwide, and their influence is still unclear. Therefore,
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patients with acute myocardial infarction admitted to Tianjin
Union Medical Center (Tianjin, China) from January 2013 to
December 2015 were selected as research subjects to analyze
the expression of Angptl 2 and its effect on coronary arterial
lesion and interleukin-6 (IL-6) in patients with myocardial
infarction, to explore the role of Angptl 2 in CA and provide
reference for its future clinical diagnosis and treatment.

Patients and methods

Patient data. One hundred and twenty-six patients with
acute myocardial infarction in Tianjin Union Medical Center
(the myocardial infarction group) from January 2013 to
December 2015 and 133 healthy individuals (the control group)
were selected for retrospective analysis. In the myocardial
infarction group, there were 72 males and 54 females, aged
38-73 years and with an average age of 56.36+13.17 years,
and the pathological changes were classified according to
the results of coronary arteriography. In the control group,
there were 84 males and 49 females, aged 35-70 years and
with an average age of 54.62+11.87 years. Inclusion criteria
for the myocardial infarction group were: Patients with acute
ST segment elevation in electrocardiogram and diagnosed as
acute myocardial infarction; patients with complete cases;
and patients receiving no related treatment in other hospitals.
Exclusion criteria were: Patients unwilling to undergo coro-
nary arteriography; patients allergic to coronary arteriography
agents; patients during pregnancy and lactation; patients with
other serious cardiovascular diseases or tumors; patients with
severe liver and renal dysfunction; and patients with communi-
cation or cognitive impairment. All subjects and their families
signed an informed consent, and cooperated with the medical
staff to complete the diagnosis and treatment.

The study was approved by the Ethics Committee of
Tianjin Union Medical Center.

Detection methods of Angptl 2 and IL-6 levels. Peripheral
venous blood (4 ml) was taken from the patients of the two
groups in the fasting state, and the serum was separated by
centrifugation at 8,200 x g for 15 min at 4°C, then stored in a
cryogenic refrigerator at -80°C (Meling Biology and Medical,
Hefei, China) for testing. The expression levels of Angptl 2
and IL-6 were detected by enzyme linked immunosorbent
assay (ELISA) in strict accordance with the instructions of
Angptl 2 ELISA detection kit (Shenzhen Kerunda Biotech
Co., Ltd., Shenzhen, China, cat. no. 27409) and human IL-6
ELISA detection kit (Shanghai Qiaoyu Biotechnology Co.,
Ltd., Shanghai, China, cat. no. QY-SE0049).

Determination of coronary arteriongraphy and severity of
coronary arterial lesion. The cardiac catheter was percutane-
ously inserted into the femoral artery of the lower extremity,
retrograded along the aorta descendens to the root of the aorta
ascendens, and then inserted into the ostium of the left or right
coronary artery. The contrast agent was injected to develop the
coronary artery. The degree of coronary stenosis was divided
according to the results: i) Mild stenosis: >50% - <70% diam-
eter of coronary stenosis; ii) Moderate stenosis: >70% - <89%
diameter of coronary stenosis; iii) Severe stenosis: diameter of
coronary stenosis =90%.
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Figure 1. Comparison of the expression level of Angptl 2 between the two
groups. The expression level of Angptl 2 in the myocardial infarction group
was significantly higher than that in the control group. "P<0.050, compared
with the expression level of Angptl 2 in the myocardial infarction group.

Statistical analysis. PSS 17.4 software system (Shanghai
Yuchuang Network Technology Co., Ltd., Shanghai, China)
was used for statistical analysis. The basic enumeration data
of patients are expressed by percentage [n (%)] and detected
by % test. The expression levels of Angptl 2 and IL-6 were
expressed as mean + standard deviation, the difference
between the two groups was analyzed by t-test. ANOVA with
LSD post hoc test was uesd for the comparison of multiple
groups. The correlation between the degree of coronary
stenosis and Angptl 2, IL-6 in the myocardial infarction group
was analyzed by Pearson's correlation analysis. P<0.05 was
considered to indicate a statistically significant difference.

Results

Comparison of clinical data between the two groups. In
order to make the results accurate and reliable, there was no
significant difference in sex, age, symptoms such as headache,
dizziness, facial paralysis or hearing loss in the two groups
when compared, and the results showed no significant differ-
ence (P>0.05), indicating that the patients in the two groups
were comparable. Details of the patient information are shown
in Table I.

Expression levels of Angptl 2 and IL-6 in serum of the two
groups. The expression level of Angptl 2 in the myocardial
infarction group (112.83+18.74 ng/ml) was significantly higher
than that in the control group (73.18+11.29 ng/ml), and the
difference was statistically significant (t=20.750, P<0.001);
The expression level of IL-6 in the myocardial infarction
group (198.36+19.37 U/ml) was significantly higher than that
in the control group (97.47+8.37 U/ml), and the difference was
statistically significant (P=54.910, P<0.001) (Figs. 1 and 2).

Expression levels of Angptl 2 and IL-6 in serum of patients
with different degrees of coronary stenosis in the myocardial
infarction group. Angptl 2 in patients with mild stenosis
was 91.21£10.36 ng/ml, in patients with moderate stenosis
110.16+12.68 ng/ml, and in patients with severe stenosis it was
123.83+23.47 ng/ml. There was significant difference in the
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Table I. Basic information of patients [n(%)].
Myocardial infarction
Factors group (n=126) Control group (n=133) ¥* or t value P-value
Sex 0.977 0.323
Male 72 (57.14) 84 (63.16)
Female 54 (42.86) 49 (36.84)
Age (years) 0.350 0.554
<45 49 (38.89) 47 (35.34)
>45 77 (61.11) 86 (64.66)
Systolic pressure (mmHg) 145.16+10.25 142.98+9.86 1.745 0.082
Diastolic pressure (mmHg) 78.21+8.33 76.84+7.95 1.354 0.177
BMI (kg/m?) 23.8+34 23.1+2.8 1.813 0.071
Smoking 3.081 0.079
Yes 88 (69.84) 79 (59.40)
No 38 (30.16) 54 (40.60)
Drinking 0.260 1.268
Yes 76 (60.32) 71 (53.38)
No 50 (39.68) 62 (46.62)
Severity of coronary stenosis - -
Mild stenosis 65 (51.59) -
Moderate stenosis 47 (37.30) -
Severe stenosis 14 (11.11) -

Table II. The expression levels of Angptl 2 and IL-6 in serum of patients with different degrees of coronary stenosis in the

myocardial infarction group.

Mild stenosis

Moderate stenosis

Severe stenosis

Mediators (n=65) (n=47) (n=14) F value P-value
Angptl 2 (ng/ml) 91.21+10.36 110.16+12.68* 123.83+£23.47° 49.850 <0.001
IL-6 (U/ml) 155.83+14.48 196.47+18.92* 214.15+17.61° 129.100 <0.001

1P<0.05, compared with patients with mild stenosis, there was statistical significance; "P<0.05, compared with patients with moderate stenosis,

there was statistical significance.

expression of Angptl 2 in the serum of patients with different
degrees of coronary stenosis (P<0.001). The expression levels
of Angptl 2 were the highest in the patients with severe stenosis,
followed by moderate stenosis, and the lowest in the patients
with mild stenosis (P<0.050). IL-6 in patients with mild stenosis
was 155.83+14.48 ng/ml, in patients with moderate stenosis
196.47+18.92 ng/ml, and in patients with severe stenosis it
was 214.15£17.61 ng/ml. There was significant difference in
the expression of IL-6 in the serum of patients with different
degrees of coronary stenosis (P<0.001). The expression levels
of IL-6 were the highest in the patients with severe stenosis,
followed by those with moderate stenosis, and the lowest in the
patients with mild stenosis (P<0.050) (Table II).

Correlation analysis of expression levels of Angptl 2, IL-6
and stenosis diameter. Pearson's correlation analysis showed
that Angptl 2 was positively correlated with the diameter of

coronary stenosis (r=0.696, P<0.001); IL-6 was positively
correlated with the diameter of coronary stenosis (r=0.750,
P<0.001) (Figs. 3 and 4).

Discussion

Cardiovascular disease was reported as the highest mortality
in clinic, among which the most common disease is coronary
atherosclerosis (CA) (16). Acute myocardial infarction is a very
common complication in CA and its pathological mechanism
is closely related to the sustained inflammatory response in
vascular tissue. Intradermal cells cause vascular obstruction
because of the blocking effect of inflammatory mediators,
which leads to insufficient blood supply to the heart and the
occurrence of myocardial infarction (17,18). Therefore, finding
an effective way to prevent atherosclerosis is a major research
focus in clinical practice. With the deepening of research,
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Figure 2. Comparison of the expression level of IL-6 between the two groups.
The expression level of IL-6 in myocardial infarction group was significantly
higher than that in the control group. "P<0.050, compared with the expression
level of IL-6 in the myocardial infarction group.
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Figure 3. Correlation analysis of expression level of Angptl 2 and severity of
coronary arterial lesion. Pearson's correlation analysis shows that Angptl 2
was positively correlated with the diameter of coronary stenosis (r=0.696,
P<0.001).

Angptl 2 has been proven to play an important role in the
damage of vascular endothelial cells and the promotion of
macrophage infiltration in atheromatous plaques (19,20), and
it has become a hotspot in research of cardiovascular disease.
Therefore, the expression levels of Angptl 2 and IL-6 in
peripheral blood of patients with acute myocardial infarction
were studied to analyze the effect of Angptl 2 on the severity
of coronary arterial lesion.

The results of this evaluation showed that Angptl 2 and
IL-6 were highly expressed in patients with acute myocardial
infarction, suggesting that Angptl 2 and IL-6 are involved in
the occurrence and development of myocardial infarction. In
the pathogenesis of acute heart infarction, adipose tissue can
secrete a large number of pro-inflammatory cytokines and anti-
inflammatory factors (21), which can be confirmed by the high
expression of IL-6 in this experimental result. Because of the
imbalance between pro-inflammatory and anti-inflammatory
factors caused by the dysfunction of adipose tissue, a chronic
inflammatory state occurs, which constantly destroys the
integrity of the vascular endothelium in the patient's body,
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Figure 4. Correlation analysis of expression level of IL-6 and severity of
coronary arterial lesion. Pearson's correlation analysis shows that IL-6
was positively correlated with the diameter of coronary stenosis (r=0.750,
P<0.001).

thereby promoting the progression of arterial lesions (22).
Taketani er al (23) studied the adipose tissue of transplanted
Angptl 2 transgenic mice and found that Angptl 2 could promote
inflammation and intimal thickening of the neovascular wall.
Therefore, it is speculated that the mechanism of Angptl 2 in
patients with myocardial infarction may cause vascular endo-
thelium dysfunction, induce the migration of endothelial cells
in the coronary artery, stimulate the expression of endothelial
proinflammatory cytokines and adhesion molecules, and accel-
erate as well as promote the occurrence of myocardial infarction.

In this study, it was shown that Angptl 2 and IL-6 were
positively correlated with the severity of coronary arterial
lesion in patients with acute myocardial infarction, indicating
that Angptl 2 and IL-6 are closely related to coronary arterial
lesion and expected to be a target for diagnosis and treatment
of CA. The pathological mechanism of CA involves the loss
of function of endothelial cells and the proliferation, migra-
tion, degradation of leukocytes, smooth muscle cells as well as
the activation of platelets (24), and Angptl 2 is closely related
to the changes of these cells. The study of Biscetti er al (25)
showed that the use of Angptl 2 could significantly increase
the size and cholesterol levels of atherosclerotic plaques in
rats. Therefore, it is speculated that Angptl 2 can increase
the secretion of inflammatory factors in the body of patients
by inducing the pro-inflammatory response, thereby causing
a significant increase in plasma cholesterol and low-density
lipoprotein cholesterol, aggravating the progression of coro-
nary atherosclerotic lesions. However, other mechanisms that
induce cholesterol elevation have not yet been elucidated and
need to be further studied.

The expression of Angptl 2 and IL-6 in peripheral serum
of patients with acute myocardial infarction were studied in
this research to analyze the correlation between Angptl 2 and
the severity of coronary arterial lesion. However, due to the
limited experimental conditions, there are still shortcomings.
The number of subjects in the study was small and the sample
size of other types of CA patients were not available for statis-
tical analysis. The study population lacks different ethnic and
age groups that may have different outcomes. The mechanism
of Angptl 2 needs further research.
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In conclusion, both Angptl 2 and IL-6 are highly expressed
in the peripheral blood of patients with acute myocardial
infarction and involved in the occurrence and development of
the disease. Moreover, Angptl2 and IL-6 are positively corre-
lated with the severity of coronary arterial lesion in patients
with acute myocardial infarction and are expected to become
a target for the diagnosis and treatment of CA in the future.
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