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Original Article 
CGRP inhibits vascular smooth muscle cell proliferation 
through suppressing ERK1/2 signaling pathway
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Abstract: Vascular smooth muscle cell (VSMC) plays an important role in cardiovascular system disease occurrence 
and development. Calcitonin gene related peptide (CGRP) is an important regulatory protein that regulates enzymes 
activity, influences ion channel switch, and participates in the reconstruction of structural protein. CGRP was used 
to treat injured CGRP and test its impact on phenotype transformation and cell proliferation, aiming to explore the 
protective effect of CGRP on arterial injury. Rat VSMC was induced by angiotensin II (Ang II) and divided into three 
groups. The experimental group received CGRP treatment, the control was injured without intervention, and the 
blank group was conventional cultured VSMC. VSMC phenotype marker α-SMA and osteopontin (OPN), and ERK1/2 
phosphorylation were tested by Western blot. Cell cycle, apoptosis, and proliferation were analyzed by flow cytom-
etry. α-SMA expression significantly elevated, while OPN level obviously reduced in VSMC after CGRP intervention (P 
< 0.05). Cell percentage in S phase and proliferation index in experimental group markedly declined compared with 
control after 6 h, 12 h, and 24 h (P < 0.05). Cell percentage in S phase and apoptosis index gradually decreased 
in experimental group following CGRP intervention time extension (P < 0.05). ERK1/2 and p-ERK1/2 proteins in 
experimental group were obviously lower than that in control (P < 0.05) and declined following treatment time 
elongation (P < 0.05). CGRP may regulate VSMCs phenotype and restrain cell proliferation via inhibiting ERK1/2 
signaling pathway activation.
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Introduction

Calcitonin gene related peptide (CGRP) belongs 
to the endogenous vascular dilation protein 
peptide that can regulate the function of car-
diovascular system. It distributes extensively 
and plays an important role in stabling cardio-
vascular system. CGRP plays its biological func-
tion mainly via regulating important signaling 
pathways in the body. Among them, it can ele-
vate cAMP concentration and enhance the 
activity of cAMP dependent protein kinase in 
the cytoplasm of various cells. It can regulate 
ion channel switch and structure protein 
expression by increasing the enzyme activity [1, 
2]. It was reported that CGRP plays a promoting 
role in vascular endothelial cell proliferation 
and differentiation, inducing a large amount of 
neovascularization [3]. It was found that CGRP 
can suppress vascular smooth muscle cell 

(VSMC) differentiation and proliferation togeth-
er with fetal bovine serum and angiotensin II 
(Ang II) [4]. VSMC proliferation participates in 
the occurrence and development of cardiovas-
cular disease and vascular hyperplastic dis-
ease, such as hypertension, atherosclerosis, 
and vascular restenosis [5]. CGRP can act on 
vascular active suppression material including 
Ang II and inflammatory factors such as inter-
leukin 1 to regulate VSMC phenotype transfor-
mation and promote VSMC proliferation and 
differentiation [6-8]. In this study, we used Ang 
II to damage rat VSMC and provide CGRP inter-
vention. Cell apoptosis and proliferation were 
analyzed by flow cytometry, while VSMC pheno-
type marker α-SMA and osteopontin (OPN), and 
ERK1/2 phosphorylation were tested by 
Western blot to analyze the protective effect of 
CGRP on artery injury.
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Materials and methods

Experimental cells

VSMC was purchased from Beyotime (China).

Reagents and instruments

RPMI 1640 medium and fetal calf serum was 
got from Gibco (USA). Ang II and CGRP were 
from Sigma (USA). Primary antibodies for 
ERK1/2 and p-ERK1/2, and goat anti rabbit 
secondary antibody were from Cell Signaling 
Technology (USA).

Experimental methods

Conventional cell culture: VSMCs were cultured 
in RPMI 1640 medium supplemented with 10% 
fetal calf serum and maintained in 5% CO2 and 
37°C. The cells were digested by 0.25% trypsin 
and seeded in 24 well plate at 105/ml. The cells 
were incubated in medium containing 1% fetal 
calf serum for 24 h when the cell fusion reached 
80%.

Ang II induction: VSMC single cell suspension 
was seeded in 24-well plate at 5×103/ml. When 
the cell fusion reached 80%, the cells were 
incubated in medium containing 0.1% FBS and 
treated by 100 nmol/L Ang II.

Grouping

Experimental group: VSMC proliferation model 
was established by Ang II induction. It was 
treated by 10 nmol/L CGRP for 6 h, 12 h, and 
24 h.

Control group: VSMC proliferation model was 
established by Ang II induction. It was treated 
by equal amount of normal saline with CGRP in 
experimental group for 6 h, 12 h, and 24 h.

Blank group: VSMC cultured in serum free 
medium without Ang II or CGRP intervention.

Western blot

Total protein was extracted from VSMC and 
separated by SDS-PAGE. After transferred to 
NC membrane, the protein was blocked by skim 
milk for 2 h. Next, the membrane was incubat-
ed with primary antibody at 4°C overnight, and 
then incubated in secondary antibody for 2 h. 
At last, the membrane was developed to ana-
lyze the absorbance. β-actin was selected as 
internal reference. 

Flow cytometry 

VSMC was centrifuged and collected at 1×109/L 
in centrifuge tube. After washed by PBS and 
resuspsended in 75% ethanol for 12 h. The 
VSMC was stained by PI and incubated avoid of 
light for 30 min. At last, the cells were analyzed 
on flow cytometry to calculate cell proliferation 
index (PI) and apoptosis index. PI = (S +G2M)/
(G0G1 +S +G2M).

Data analysis

SPSS 17.0 software was adopted for data anal-
ysis. The data was depicted as mean ± stan-
dard deviation. Enumeration data was tested 
by chi-square test, while measurement data 
was compared by t test. P < 0.05 was consid-
ered as statistical significance.

Results

α-SMA and OPN expression changes in VSMC

α-SMA expression reduced, while OPN level 
increased in VSMC after Ang II induction com-
pared with blank group (P < 0.05), suggesting 
that VSMC transformed from contractile pheno-
type to synthetic phenotype. α-SMA expression 
significantly elevated, while OPN level obviously 
reduced in VSMC after CGRP intervention (P < 
0.05), indicating that CGRP intervention appar-
ently suppress VSMC phenotype transforma-
tion (Figure 1).

Figure 1. α-SMA and OPN expression changes in 
VSMC. *P < 0.05 compared with control. #P < 0.05 
compared with blank group.
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Cell cycle, PI, and apoptosis index comparison

It was showed that cell percentage in S phase 
and PI in experimental group markedly declined 
compared with control after 6 h, 12 h, and 24 h 
(P < 0.05). Cell percentage in S phase and PI 
gradually decreased in experimental group fol-
lowing CGRP intervention time extension (P < 
0.05) (Table 1).

ERK1/2 and p-ERK1/2 protein expression in 
VSMC

ERK1/2 and p-ERK1/2 proteins in experimen-
tal group were obviously lower than that in con-
trol (P < 0.05). Their expressions gradually 
declined following treatment time elongation (P 
< 0.05) (Table 2; Figure 2).

cell damage, and regulating materials exchange 
inside and outside of blood vessels [9, 10]. As a 
key nerve related peptide, CGRP is an impor-
tant microvascular diastolic agent with power-
ful functions that participates in the occurrence 
and development of nervous system and car-
diovascular system disease. CGRP can play a 
vasodilation role via restraining VSMC differen-
tiation and proliferation, contract myocardial 
cells, and promote vascular endothelial cell 
proliferation [11-13]. Angiotensin converting 
enzyme inhibitor is involved in reverse vascular 
reconstruction. It is not only related to its inhibi-
tion on renin angiotensin system, but also can 
enhance the function of sensory nerve to 
increase CGRP synthesis and release [14]. This 
study analyzed the impact of CGRP on VSMC 

Table 1. Cell cycle, PI, and apoptosis index comparison
Index Experimental group Control group Blank group

6 h 12 h 24 h 6 h 12 h 24 h 6 h 12 h 24 h

G0-G1 (%) 84.6±1.3 82.2±2.6 77.1±1.3 84.7±2.0 82.1±1.4 77.0±1.5 94.3±0.3 93.1±0.4 94.0±1.5

S (%) 9.5±0.7*,# 8.0±1.4*,#,& 6.8±2.4*,#,&,@ 10.1±0.7 9.0±2.2 6.5±3.2 2.9±0.2 3.7±0.2 2.5±3.2

G2-M (%) 5.9±1.9 9.6±1.2 15.2±2.1 5.3±1.8 9.0±1.2 16.6±4.0 2.9±0.6 3.0±0.1 3.6±0.2

Apoptosis rate (%) 1.4±0.4 2.1±0.4 3.0±0.7 1.0±0.2 1.9±0.2 2.8±0.3 0.8±0.2 0.9±0.1 0.8±0.1

PI 0.12±0.01*,# 0.15±0.01*,#,& 0.18±0.02*,#,&,@ 0.15±0.02 0.18±0.03 0.23±0.03 0.06±0.02 0.07±0.01 0.05±0.03
*P < 0.05, compared with control. #P < 0.05, compared with blank. &P < 0.05, compared with 6 h. @P < 0.05, compared with 12 h.

Table 2. ERK1/2 and p-ERK1/2 protein expression in VSMC
Group ERK1 ERK2 pERK1 pERK2
Experiment
    6 h 0.187±0.013*,# 0.326±0.018*,# 0.155±0.007*,# 0.194±0.008*,#

    12 h 0.172±0.011*,#,& 0.278±0.015*,#,& 0.103±0.004*,#,& 0.166±0.003*,#,&

    24 h 0.135±0.009*,#,&,@ 0.213±0.013*,#,&,@ 0.078±0.002*,#,&,@ 0.092±0.002*,#,&,@

Control
    6 h 0.198±0.0161 0.438±0.0211 0.186±0.0121 0.212±0.0151

    12 h 0.187±0.0171,2 0.315±0.0181,2 0.147±0.0081,2 0.186±0.0091,2

    24 h 0.165±0.0141,2,3 0.274±0.0151,2,3 0.102±0.0041,2,3 0.134±0.0051,2,3

Blank 0.018±0.007 0.011±0.002 0.003±0.002 0.002±0.001
*P < 0.05, compared with control. #P < 0.05, compared with blank. &P < 0.05, compared with 6 h. @P < 0.05, compared with 
12 h. 1P < 0.05, compared with Blank. #P < 0.05, compared with blank. 2P < 0.05, compared with 6 h. 3P < 0.05, compared 
with 12 h.

Figure 2. ERK1/2 and p-ERK1/2 protein expression in VSMC.

Discussion

VSMC maintains its structure 
and function stability mainly 
by regulating the balance 
between proliferation and 
apoptosis, which is mediated 
through a series of signaling 
pathways. It involves in the 
formation of antithrombus 
material, timely response to 
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proliferation and phenotype transformation, 
and related mechanism by establishing Ang II 
induced VSMC proliferation model and applying 
CGRP intervention.

VSMC abnormal differentiation, proliferation, 
apoptosis, and even the structure changes of 
extracellular matrix can lead to vascular remod-
eling, which is the basis of the development of 
cardiovascular disease [15]. For patients with 
hypertension disease for many years, Ang II 
excessive secretion may promote VSMC hyper-
trophy and hyperplasia, aggravating vascular 
remodeling [16]. In this study, VSMC phenotype 
marker protein was detected. VSMC contractile 
phenotype α-SMA protein declined, whereas 
synthetic phenotype OPN obviously increased 
after Ang II induction. CGRP intervention 
enhanced α-SMA level and declined OPN 
expression, suggesting that CGRP obviously 
restrain VSMC phenotype transformation 
induced by Ang II. 

This study compared cell cycle, PI, and apopto-
sis rate in VSMC. Cell percentage in S phase 
and PI in experimental group markedly declined 
compared with control after 6 h, 12 h, and 24 
h. Cell percentage in S phase and PI gradually 
decreased in experimental group following 
CGRP intervention time extension. It showed 
that CGRP suppressed Ang II induced VSMC 
cell proliferation, while exhibited no significant 
impact on VSMC apoptosis.

CGRP receptor is a kind of G protein coupled 
receptor. Previous study pointed out that CGRP 
receptor existed in a variety of cells and plays 
its important biological function mainly through 
activating MAPK signaling pathway [17]. This 
study tested ERK1/2 and p-ERK1/2 proteins  
in VSMC. ERK1/2 and p-ERK1/2 proteins in 
experimental group were obviously lower than 
that in control. Their expressions gradually 
declined following treatment time elongation. 
ERK, induced by a variety of cytokines and 
growth factors, mainly mediates cell prolifera-
tion and cell cycle. It plays a promoting role in 
cell differentiation and proliferation, of which 
the key factor is ERK1/2 [18]. It was revealed 
that ERK1/2 sustained activation may increase 
cell death, which mainly relies on the degree of 
ERK1/2 activation. It suggested that ERK1/2 
continuous activation may facilitate cell survive 
or induce cell death through a series of signal-
ing pathways and related downstream mole-

cules [19, 20]. Our results showed that Ang II 
enhanced ERK1/2 phosphorylation in VSMC, 
while CGRP treatment inhibited Ang II induced 
protein changes and ERK1/2 phosphorylation. 
It indicated that CGRP suppression on VSMC 
proliferation and phenotype transformation 
may be related to inhibiting ERK1/2 signaling 
pathway. It was pointed out that ERK1/2 signal-
ing pathway may affect VSMC cell growth, pro-
liferation, and migration [21]. Basic experi-
ments suggested Bowman’s capsule artery 
injury can induce significant ERK1/2 activation 
and sustain for 2 weeks. Inhibiting ERK1/2 
activation degree in this process can influence 
neovascularization [22]. Moreover, sulfur diox-
ide treatment can negatively regulate VSMC 
proliferation via inhibiting ERK/MAPK signaling 
pathway to regulate cAMP/PKA signal [23].

Conclusion

Ang II can induce VSMC proliferation. CGRP 
intervention can significantly inhibit VSMC phe-
notype transformation, obstruct protein synthe-
sis in proliferative VSMC, and inhibit the mitosis 
process by inhibiting ERK1/2 phosphorylation. 
Further in-depth investigation is needed to clar-
ify the mechanism of CGRP and its interaction 
with Ang II. 
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