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Abstract: Objective: Our study aims to investigate the expressions of hepatocyte growth factor (HGF), platelets de-
rived growth factor (PDGF), vascular endothelial growth factor (VEGF), angiopoietin | (Angl) in peripheral arterial
blood and coronary artery blood of patients with acute coronary syndromes (ACS), and to determine their relation-
ship with disease severity. Methods: In total 148 ACS patients were enrolled. Additionally, there were 50 volunteers
with normal CAG regarded as the control group. The levels of HGF, PDGF, VEGF and Ang-1 in peripheral arterial blood
were detected, the correlation of which with the disease severity was analyzed. Results: The levels of HGF and PDGF
in the coronary artery blood of ACS patients were significantly higher than those in the peripheral arterial blood (P <
0.05). However, the contents of VEGF and Angl in the coronary artery blood of ACS patients were statistically lower
than those in the peripheral arterial blood (P < 0.05). Additionally, the levels of HGF, PDGF and VEGF in the periph-
eral arterial blood of ACS patients were significantly increased compared to those in the control volunteers (P <
0.05). Besides, the Gensini score of ACS patients was (36.93 + 1.47), which was statistically higher than that of the
control group (5.48 £ 0.62) (P < 0.05). Correlation analysis showed that the Gensini score was positively associated
with levels of HGF, PDGF, VEGF (P < 0.05). Conclusion: The levels of HGF, PDGF, and VEGF in the peripheral arterial
blood and coronary artery blood of patients with acute coronary syndromes were significantly changed compared
to that in normal individuals, and were positively correlated with the Gensini score of ACS, which provides basis for
the further diagnosis of ACS.
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Introduction coronary intervention (PCl) and coronary artery

bypass grafting (CABG) [3]. However, due to the

Acute coronary syndromes (ACS) represents a
type of severe coronary heart disease (CHD)
and refers to complete or incomplete vessel
occlusion caused by the secondary rupture of
the coronary artery by atherosclerotic plaque.
However, the specific pathogenesis remains
unknown. Recent studies indicate that the mor-
tality rate of ACS is high, followed by instability
angina pectoris (UA), ST-elevation myocardial
infarction (STEMI) and non-ST-elevation myo-
cardial infarction (NSTEMI) [1, 2]. At present,
common therapies for CHD in clinic include
conservative drug treatment, percutaneous

severity and complication of ACS, current treat-
ment of CHD is still unsatisfactory. Therefore,
it is imperative to explore the pathogenesis
of ACS and develop new treatment strategies.
Therapeutic angiogenesis emerges as a new
treatment direction for ACS. As hepatocyte
growth factor (HGF), platelet derived growth
factor (PDGF), vascular endothelial growth fac-
tor (VEGF) and angiopoietin | (Angl) all play
important roles in angiogenesis, their involve-
ment in the pathogenesis of ACS remains poor-
ly understood. This study aims to investigate
the expression profiles of HGF, PDGF, VEGF and
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Table 1. General clinical data analysis of patients

Grou Cases BMI Average age Gender (case)  Diabetes  Hypertension  Smoking
P (case) (kg/m?) (years) Male Female history (n, %) history (n, %) history (n, %)

Control group 50 21.67+4.17 62.86+735 28 22 9 (18.0) 13 (26.0) 13 (37.14)

ACS group 148 22.45+239 61.99+8.02 81 67 31 (20.95) 49 (33.11) 61 (41.22)

Angl in peripheral arterial blood and coronary
artery blood of patients with acute coronary
syndromes (ACS), as well as determine their
relationship with disease severity.

Patients and methods
Clinic data

In this study, 148 ACS patients who were treat-
ed by coronary angiography (CAG) in our hospi-
tal from July 2016 to June 2017 were enrolled,
including 81 male patients and 67 female
patients with an average age of 62.86 + 7.35
years old ranging from 44 to 81 years old. They
included 52 UA patients, 51 STEMI patients
and 45 NSTEMI patients. According to the CAG
examination in our hospital, there were no
abnormal results. Fifty patients with negative
examinations of myocardial enzyme and cardi-
ac troponin were included in this study as the
control group. Gensini score was adopted to
evaluate disease stages. Age, gender, body
mass index (BMI), diabetes history, hyperten-
sion history and smoking history of both groups
were basically comparable between the two
groups (P > 0.05) (Table 1). This study was
approved by the ethics committee in our hospi-
tal and all the subjects provided informed
consent.

Inclusion criteria

(1) The patients was diagnosed with ACS th-
rough evaluation by CAG, clinic symptoms and
auxiliary examination; (2) The patients and their
family members signed informed consent.

Exclusion criteria

(1) Patients didn’t meet the above inclusion cri-
teria; (2) The patients had severe disturbance
of consciousness, hypertensive crisis, or acute
heart failure before treatment; (3) The patients
had severe combined impairment of liver and
kidney function; (4) The patients had severe
blood system diseases or hemorrhagic dis-
ease; (b) The patients had malignant tumor.
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Main instruments and reagents

A GTR16-2 type high-speed desktop refrigerat-
ed centrifuge was used (Beijing Times Beili
Centrifuge Co., Ltd., Beijing, China). A US ELX-
808 type fully-automatic quantitative drawing
microplate reader was used (Shanghai Maisha
Biotechnology Co., Ltd., Shanghai, China). HGF,
PDGF, VEGF, Angl ELISA kits were purchased
from BD (San Jose, CA, USA).

Coronary angiography (CAG)

Patients were injected at 2 cm of the processus
styloideus radii, with an injection of 3000
U-6000 U heparin through a sheathing canal.
All-round X-ray examination for left and right
coronary arteries was performed while DSA
image processing system for quantitative anal-
ysis of the degree of coronary artery stenosis
was adopted. Gensini scoring system was used
for evaluation: 1 score, stenosis < 25%; 2 score,
25%-50% stenosis; 4 score: 51%-75% stenosis;
8 score: 76%-90% stenosis; 16 score: 91%-
99% stenosis; 32 score, 100% stenosis.
Coefficient of each section of the coronary
artery: left main coronary artery x 5; proximal
segment, meddle segment and distal segment
of anterior descending branch x 2.5, x 1.5, x 1,
respectively. The first and second diagonal
branches were x 1, x 0.5, respectively; proxi-
mal segment, meddle segment and distal seg-
ment of circumflex branch were x 2.5, x 1.5, x
1, respectively. The proximal segment, meddle
segment and distal segment of the right coro-
nary artery, posterior descending branch and
posterior branch of left ventricle were x 1,
respectively. All disease scores were summed
as final total scores.

In order to detect indicators related to angio-
genesis, 5 ml blood from the coronary artery
blood of the ACS patients was extracted. When
all subjects were processing CAG, 5 ml blood of
the radial artery or peripheral blood of the fem-
oral artery was collected. Blood samples were
centrifuged at 1500 g at room temperature and
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Table 2. Comparison of examination results of subjects of both groups at admission (mean + SD)

Group PLT (x 10%/L)  PFG (mmol/l)  HbAlc (%)

TG (mmol/l)  TC (mmol/l)  HDL (mmol/Il) LDL (mmol/I)

Control group 176.95 +£69.37 5.41+148 6.33+1.56
ACS group 21743 +81.62" 6.58+1.28" 6.24+0.97

1.23+124 411+165 126+017 252+0.21
1.05+1.33 3.98+1.44 1.26+0.34 2.57+0.16

Note: “Compared with control group, P < 0.05.

Table 3. Comparison of HGF, PDGF, VEGF and angi levels of peripheral arterial blood and coronary

artery blood of ACS patients (mean * SD)

ACS HGF (ng/ml) PDGF (ng/ml) VEGF (pg/ml) Angl (ng/ml)
Coronary artery 39.05 + 8.33 3.87 £ 1.04 1.36 £+ 0.38 7.57 £2.16
Peripheral arterial blood 7.42 + 1.08" 1.02 + 0.36" 91.24 + 26.42" 32.69 + 10.22°

Note: “Compared with blood content of coronary artery of ACS patients, P < 0.05.

Table 4. Comparison of HGF, PDGF, VEGF and angi levels of peripheral arterial blood and gensini

score of subjects of both groups (mean + SD)

Group HGF (ng/ml) PDGF (ng/ml) VEGF (pg/ml) Angl (ng/ml) Gensini Score
Control group 1.27 £ 0.18 0.26 £ 0.02 19.83 + 7.49 29.76 £9.15 5.48 + 0.62
ACS group 7.42 +1.08" 1.02 + 0.36" 91.24 + 26.42" 32.69 + 10.22 36.93 + 1.47"

Note: “Compared with control group P < 0.05.

the supernatant was collected and stored at
-80°C.

According to the ELISA levels, HGF, PDGF, VEGF
and Angl in serum were detected. A fully-auto-
matic quantitative microplate reader was used
to measure the OD value at the wavelength of
450 nm.

Statistical treatment

SPSS 21.0 software was used for statistical
analysis. Data were presented as means %
standard deviation (SD). Those samples that fit-
ted a normal distribution were compared by
two-sample independent t-test. One-way AN-
OVA, with the Tukey’s post hoc test was per-
formed for the analysis on data from multiple
groups. Pearson examination or Spearman
examination was adopted for correlation analy-
sis. P < 0.05 indicated statistical significance.

Results
Preoperative examination

Blood biochemical indexes in both groups were
examined and the result showed that, platelet
count (PLT) and fasting blood-glucose content
of ACS patients were significantly higher than
those of the control group (P < 0.05). However,
other indexes including glycosylated hemog|o-
bin (HbAlc), triglyceride (TG), total cholesterol
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(TC), high-density lipoprotein (HDL), low-density
lipoprotein (LDL) presented no statistical differ-
ences (P > 0.05) (Table 2).

HGF, PDGF, VEGF and Angl levels in peripheral
arterial blood and coronary artery blood

HGF, PDGF, VEGF and Angl contents in the peri-
pheral arterial blood and the coronary artery
blood of ACS patients were then detected in
our study and we found that the values of HGF
and PDGF from the coronary artery of ACS
patients were significantly higher than those
from the peripheral arterial blood, but VEGF
and Angl levels were statistically lower than
those from the peripheral arterial blood (P <
0.05) (Table 3).

We further compared the HGF, PDGF, VEGF and
Angl contents from the peripheral arterial blood
of ACS patients with those in the control group.
Interestingly, levels of HGF, PDGF and VEGF
from the peripheral arterial blood of ACS
patients were significantly higher than those of
the control group (P < 0.05). However, Angl lev-
els from the peripheral arterial blood showed
no statistical difference with that of the control
group (P > 0.05). In addition, the Gensini score
of the ACS patients (36.93 + 1.47) was signifi-
cantly higher than that of the control group
(5.48 + 0.62) (P < 0.05) (Table 4).
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Table 5. Correlation analysis of gensini score
and expression of HGF, PDGF, VEGF and Angl|

Variable r P

HGF 0.419 0.012
PDGF 0.731 0.003
VEGF 0.486 0.010
Angl 0.119 0.078

Correlation analysis of HGF, PDGF, VEGF, Angl
and Gensini score

Pearson analysis was performed for correlation
analysis. Our data indicated that the Gensini
score was positively correlated with the levels
of HGF, PDGF and VEGF of the ACS patients (P
< 0.05) without significant association with the
level of Angl (P > 0.05) (Table 5 and Figure 1).

Discussion

Coronary heart disease is one of the cardiovas-
cular and cerebrovascular diseases that se-
verely impairs human health, and it can give
rise to remarkably high mortality rates and dis-
ability rates. In recent years, the age of onset
presents towards a younger trend. It also
causes a great economic burden to the family
of patients, but the pathogenesis remains poor-
ly understood [4, 5]. ACS is the most severe
coronary heart disease [6]. Increasing studies
have confirmed that, coronary endothelial dys-
function, plaque rupture, platelet aggregation,
inflammation and other aspects are closely
related to the development and progression of
ACS [3, 7]. In particular, endothelia injury in-
flammation theory is proposed and increasingly
recognized as the cause of arterial intimal inju-
ry [8].

HGF, PDGF, VEGF and Angl belong to a multi-
tiude of cell factors and are closely related to
the generation of the inflammatory reaction,
angiogenesis, apoptosis and other physiologi-
cal and pathological processes [9]. HGF is
derived from Leydig cells and specifically com-
bines with C-met receptor. It can activate mul-
tiple signaling pathways, participate in angio-
genesis and inhibit apoptosis. Meanwhile, it is
also involved in the repair and proliferation of
endothelial cells to protect ischemic myocardial
cells [10, 11]. In this study, levels of HGF, PDGF,
VEGF and Angl from the coronary artery of ACS
patients were apparently changed compared to
those from peripheral arterial blood, indicating
the potential role of these molecules in the
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pathogenesis of ACS. Similar to HGF, PDGF also
exerts various physiological effects on vaso-
constriction by inhibiting the synthesis of endo-
thelium-derived relaxing factor. After endotheli-
al injury occurs in ACS patients, platelets are
activated, which promotes the release of PDGF
and Angl, as well as further induces migration
of smooth muscle cells into the intima to form
thrombus [12]. Recent research utilized PDGF
as a candidate gene to predict long term out-
come in patients with acute myocardial infarc-
tion [13]. VEGF secreted from vascular endo-
thelial cells is necessary for growth and differ-
entiation of endothelial cells [14]. Angl also can
strengthen angiogenesis of VEGF, induce endo-
thelial cell aggregation to promote vascular
damage and endothelialization [15].

It is suggested that HGF and PDGF are ex-
pressed in various organs through the endo-
crine pathway [16]. The levels of HGF and PDGF
from the coronary artery blood of ACS patients
are higher than those from the peripheral arte-
rial blood, which was consistent with the find-
ings in our study. Generally, VEGF in the body is
maintained at a low level. In response to isch-
emia and anoxia, a large amount of VEGF can
be secreted for compensation and repair of
ischemic tissues [17]. In this scenario, the con-
tent of VEGF from the peripheral arterial blood
is higher than that of the coronary artery blood.

In addition, we also found that levels of HGF,
PDGF and VEGF in the peripheral arterial blood
of ACS patients were higher than those of the
control group. VEGF has effects on new ves-
sels, promotes connection of endothelial cells
and with the extracellular matrix [18]. Intri-
guingly, our result exhibited that Angl levels in
the peripheral arterial blood of patients was not
significantly different from that of controls.
Presumably, Angl mainly plays a role in vascular
remodeling and maturation during the late
angiogenesis period and is closely related to
VEGF [19]. Whereas Pearson correlation analy-
sis showed no statistical relation was found
between the Gensini score and Angl. The exact
effect of Angl, as well as HGF, PDGF, VEGF, also
requires further investigation within a large
group of samples in order to comprehensively
evaluate the prognostic values [20, 21].

Conclusion

Our data demonstrate that HGF, PDGF, VEGF
and Angl are closely related to the development
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Figure 1. Correlation analysis of gensini score and expression of HGF, PDGF and VEGF.
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of ACS and can serve as potential molecular
markers, which provides new insights for future
ACS diagnosis and disease severity prediction.

Acknowledgements

The study was supported by grants from Key
Effects of remote ischemic postconditioning on
microvascular function in patients with acute
ST-segment elevation myocardial infarction
after primary percutaneous coronary interven-
tion using cardiovascular magnetic resonance
imaging (SZXJ2017041).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Bin Yuan, De-
partment of Cardiology, Anning Branch of The 940th
Hospital of The People’s Liberation Army, 1026
Anning East Road, Lanzhou 730070, Gansu, China.
Tel: +86-15117209956; Fax: +86-931-2583999;
E-mail: hongliangliu8yj@163.com

References

[1]  Sriha Belguith A, Baccouche H, Grissa MH,
Boubaker H, Bouida W, Beltaief K, Sekma A,
Fredj N, Bzeouiche N, Zina Z, Boukef R, Soltani
M and Nouira S. The risk of acute coronary syn-
drome in Ramadan. Tunis Med 2016; 94: 599-
603.

[2] Courties A, Sellam J, Maheu E, Cadet C, Barthe
Y, Carrat F and Berenbaum F. Coronary heart
disease is associated with a worse clinical out-
come of hand osteoarthritis: a cross-sectional
and longitudinal study. RMD Open 2017; 3:
e000344.

[3] Halushka MK, Mitchell RN and Padera RF.
Heart failure therapies: new strategies for old
treatments and new treatments for old strate-
gies. Cardiovasc Pathol 2016; 25: 503-511.

[4] Markel D. Identifying emergency department
patients with chest pain who are at low risk for
acute coronary syndromes. Emerg Med Pract
2017; 19: 1-24.

[5] Mejer-Barczewska A, Kapusta J, Godala M,
Kowalczyk E, Irzmanski R and Kowalski J. Eval-
uation of oxidative-reduction markers of blood
in patients with acute coronary syndromes
(ACS) subjected to cardiac rehabilitation. Pol
Merkur Lekarski 2017; 42: 236-240.

[6] Ahmed HM and Hazen SL. Novel risk stratifica-
tion assays for acute coronary syndrome. Curr
Cardiol Rep 2017; 19: 69.

[71 Zhang ZJ, Bi Y, Xia H, Wang H, Zhao G, Zhang
ZP and Yuan JP. Risk of death is higher after

13177

stent postdilation in patients with acute coro-
nary syndrome. Am J Cardiol 2017; 120: 720-
721.

[8] LiangT, Liu M, Wu C, Zhang Q, Lu L and Wang
Z. Risk factors for no-reflow phenomenon af-
ter percutaneous coronary intervention in pa-
tients with acute coronary syndrome. Rev In-
vest Clin 2017; 69: 139-145.

[9] Wang X, Li C and Gong H. Morphological and
functional changes in bone marrow mesenchy-
mal stem cells in rats with heart failure. Exp
Ther Med 2017; 13: 2888-2892.

[10] Konopka A, Janas J, Piotrowski W and Stepin-
ska J. Hepatocyte growth factor-a new marker
for prognosis in acute coronary syndrome.
Growth Factors 2010; 28: 75-81.

[11] Heeschen C, Dimmeler S, Hamm CW, Boersma
E, Zeiher AM and Simoons ML; CAPTURE (c7E3
Anti-Platelet Therapy in Unstable REfractory
angina) Investigators. Prognostic significance
of angiogenic growth factor serum levels in pa-
tients with acute coronary syndromes. Circula-
tion 2003; 107: 524-530.

[12] Dong M, Zhou C, Ji L, Pan B and Zheng L.
AG1296 enhances plaque stability via inhibit-
ing inflammatory responses and decreasing
MMP-2 and MMP-9 expression in ApoE-/-mice.
Biochem Biophys Res Commun 2017; 489:
426-431.

[13] Novo G, Bellia C, Fiore M, Bonomo V, Pugliesi
M, Giovino M, Sasso BL, Meraviglia S, Assen-
nato P, Novo S, Dieli F and Ciaccio M. A risk
score derived from the analysis of a cluster of
27 serum inflammatory cytokines to predict
long term outcome in patients with acute myo-
cardial infarction: a pilot study. Ann Clin Lab
Sci 2015; 45: 382-390.

[14] Widen C, Holmer H, Coleman M, Tudor M, Ohls-
son O, Sattlin S, Renvert S and Persson GR.
Systemic inflammatory impact of periodontitis
on acute coronary syndrome. J Clin Periodontol
2016; 43: 713-719.

[15] Tofler GH, Kopel E, Klempfner R, Eldar M,
Buckley T and Goldenberg I; National Israel
Survey of Acute Coronary Syndrome Investiga-
tors. Triggers and timing of acute coronary syn-
dromes. Am J Cardiol 2017; 119: 1560-1565.

[16] Burgazli KM, Bui KL, Mericliler M, Albayrak AT,
Parahuleva M and Erdogan A. The effects of
different types of statins on proliferation and
migration of HGF-induced human umbilical
vein endothelial cells (HUVECs). Eur Rev Med
Pharmacol Sci 2013; 17: 2874-2883.

[17] Yu WY, Sun W, Yu DJ, Zhao TL, Wu U and
Zhuang HR. Adipose-derived stem cells im-
prove neovascularization in ischemic flaps in
diabetic mellitus through HIF-1alpha/VEGF
pathway. Eur Rev Med Pharmacol Sci 2018;
22:10-16.

Int J Clin Exp Med 2019;12(11):13172-13178


mailto:hongliangliu8yj@163.com

(18]

[19]

Relation of HGF, PDGF, VEGF and Angl with acute coronary syndrome

Ge HX, Xu W, Du DQ and Wang AJ. Impact and
clinical significance of embosphere micro-
sphere artery embolization therapy in serum
VEGF expression level of women patients with
uterine fibroids. Eur Rev Med Pharmacol Sci
2017; 21: 913-921.

Aref S, Goda H and Abdelaal E. Circulating vas-
cular growth factor (VEGF) angiopoietin-1
(Angi-1) and soluble Tie-2 receptor in pregnan-
cy complicated with pre-eclampsia: a prospec-
tive study. J Obstet Gynaecol India 2013; 63:
316-320.

13178

[20] Yuan HC, Jiang CW, Hou LY, Lv YB, Feng XZ,

(21]

Guo LF, Sun G, Liu K, Liu YJ, Xu B and Wang CY.
Effect of VEGF on neuronal degeneration and
interaction between Alzheimer’s disease bio-
markers. Eur Rev Med Pharmacol Sci 2017;
21: 3649-3657.

Shen W, Li HL, Liu L and Cheng JX. Expression
levels of PTEN, HIF-lalpha, and VEGF as prog-
nostic factors in ovarian cancer. Eur Rev Med
Pharmacol Sci 2017; 21: 2596-5603.

Int J Clin Exp Med 2019;12(11):13172-13178



