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Abstract
We investigated the eﬀects of urantide, a receptor antagonist of urotensin II (U-II), on the expression of U-II and its receptor GPR in rat
vascular smooth muscle cells. Vascular smooth muscle cells from rat thoracic aorta were cultured by explant method. Subjects in this experiment were divided into eight groups: normal control group (group C), U-II group (group M), positive control group (Flu group) and urantidetreated groups (-, -, -, - and - mol/L). Cultured vascular smooth muscle cells in vitro were studied by immunocytochemistry,
biochemistry, and ﬂow cytometry. U-II (- mol/L) promoted the proliferation of vascular smooth muscle cells at each time point, inﬂuenced
cell cycle, increased proliferation index and S-phase cell fraction, and dramatically promoted the expression of U-II and GPR. In the concentration range from - to - mol/L, urantide dramatically inhibited the proliferation of vascular smooth muscle cells and the protein expression of U-II and GPR, especially at a concentration of - mol/L. U-II, binding with its receptor GPR, promotes vascular smooth muscle
cells proliferation and migration, which can be inhibited by urantide. This study provides an evidence for understanding the eﬀects of U-II and
its receptor GPR on vascular smooth muscle cells.
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INTRODUCTION
The development of atherosclerotic plaques is a slow and
gradual process, pathologically characterized by the proliferation and migration of vascular smooth muscle cells
[-]. Urotensin II (U-II) is an autocrine/paracrine growth
factor with mitogenic activity, which has various non-hemodynamic effects such as stimulating cellular proliferation and promoting extracellular matrix expression [, ].
The mitogenic eﬀects of U-II were ﬁrstly demonstrated in
vascular smooth muscle cells of rat thoracic aorta. Tsai et
al. demonstrated that both reactive oxygen species generation and epidermal growth factor receptor transactivation
play critical roles in U-II signal transduction []. It was
found that U-II increases ERK phosphorylation level in the
MAPK pathway, promotes vascular smooth muscle cells
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proliferation via activation of the Rho A/Rho kinase pathway, thus contributes to the pathogenesis and development
of atherosclerosis [, ]. Therefore, how to effectively
suppress the mitogenic eﬀects of U-II and inhibit the proliferation and migration of vascular smooth muscle cells has
attracted great attention in the ﬁeld of anti-arteriosclerosis.
The mitogenic effect of U-II is mediated by its receptor
GPR (G-protein coupled receptor ) and hence it can be
inhibited by GPR antagonist []. Urantide is a receptor
antagonist peptide derived from human U-II, which is the
most powerful known antagonist of GPR receptor with
an antagonistic eﬀect  to  times higher than other antagonists [], although it may act as partial agonist in some
animals and human cell line []. Up to now, research on
urantide mainly focused on myocardial ischemic injury and
vascular remodeling. Eﬀects of urantide on atherosclerosis
have been scarcely reported. Herein, under the intervention of the receptor antagonist urantide of U-II, we studied
the expression of U-II and its receptor GPR in vascular
smooth muscle cells cultured in vitro. The possible mechanism of effects of urantide was also explored. This study
provides an evidence for understanding the eﬀects of U-II
and its receptor GPR on vascular smooth muscle cells.
Bosn J Basic Med Sci 2013; 13 (2): 78-83

JUAN ZHAO ET AL.: EFFECTS OF UROTENSIN II AND ITS SPECIFIC RECEPTOR ANTAGONIST URANTIDE ON RAT VASCULAR SMOOTH MUSCLE CELLS

MATERIALS AND METHODS
The study protocol was approved by the Local Ethics Committee of Medical Research Center.
Materials
Male Wistar rats weighing  to  g were obtained from
the Animal Department of Norman Bethune Division of
Medical Sciences, Jilin University. Urantide was synthesized by HD Biosciences Ltd (Shanghai, China). DMEM
powder culture medium and U-II were obtained from
Gibco (Carlsbad, USA), fetal bovine serums (FBS) from
Hao Yang Biological Manufacture Corporation (Tianjin,
China), α-smooth muscle actin (α-SMA) antibody from
Beijing Biosynthesis Biotechnology Co. Ltd, biotin-labeled
secondary antibody IgG from Boster Biological Technology
Co. Ltd (Wuhan, China), and strept avidin-biotin complex
(SABC) Immunohistochemistry Kit and diaminobenzidine
(DAB) Staining Kit from Fuzhou Maxim Biotech Inc (Fujian, China). The reverse transcription systems were purchased from Promega (Madison, WI, USA). Sequences of
oligonucleotide primers for RT-PCR analysis were synthesized by Sai Bai Sheng (Beijing). The western blot kits were
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Isolation and primary culture of vascular smooth muscle cells
Under etherization, Wistar rats were killed by dislocation
of the neck, which was approved by the Local Ethics Committee of Medical Research Center. The skin over the thorax
and abdomen was sterilized, and thoracic aorta was quickly
taken out and immersed in  alcohol for about  min. Under aseptic conditions, the thoracic aorta was cut into – cm
strips and rinsed in phosphate buﬀer saline (PBS, pH .) repeatedly. The adventitia containing ﬁbroblasts was carefully
removed by microforceps. The adventitia-removed aorta was
placed in culture dishes, cut longitudinally and washed in
culture solution after the endomembrane was scraped with
a blade. Then the tunica media was cut into  mm pieces,
inoculated evenly in culture ﬂasks by bent sippers, and incubated at  °C for  to  h. When tightly adherent to the
wall, the tissue pieces were incubated with DMEM containing  FBS in a CO-incubator for  days. When conﬂuence
was reached, vascular smooth muscle cells were subcultured.
Morphological observation and identification of vascular
smooth muscle cells
Morphology of vascular smooth muscle cells was observed
under an optical microscope with hematoxylin and eosin
staining. Vascular smooth muscle cells identiﬁcation was performed by SABC immunohistochemical staining according
to kit instruction. The primary antibody α-SMA was diluted
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:. DAB developer was freshly prepared as needed. Positive
cells were observed under an optical microscope at × magniﬁcation and the percentage of positive cells was calculated.
Eﬀects of urantide on vascular smooth muscle cells proliferation
and cell cycle
Grouping
Vascular smooth muscle cells in logarithmic growth
phase were used and divided into eight groups: () control group (group C) where cells were continuously cultured in  FBS DMEM; () U-II group (group M) where
- mol/L U-II was added; () positive control group (Flu
group) where in the presence of - mol/L U-II and -
mmol/L fluoxetine (Flu); () urantide-treated groups
where in the presence of - mol/L U-II, -, -, -,
- and - mol/L of urantide were added, respectively.
Four parallel experiments were performed for each group.
Detection of vascular smooth muscle cell viability
Vascular smooth muscle cells viability was detected
at , , ,  and  h by methyl thiazolyl tetrazolium
(MTT) assay. Viability curves were made in each group.
Cell cycle analysis by ﬂow cytometry
Cell cycle analysis was performed using a flow cytometer (FACS Aria, BD Corporation, Franklin Lakes, USA)
according to manufacturer's instructions [, ]. After hour culture, vascular smooth muscle cells were digested
with . trypsin. Cells were collected, rinsed with PBS
and fixed in  cold ethanol overnight. After centrifugation, cells were resuspended with propidium iodide working solution and underwent a chemical reaction in dark
at  °C for  min. Cell cycle distribution was detected and
flow cytometric data were analyzed with Modfit LT .
software. Proliferation index (PI) and S-phase cell fraction
(SPF) of vascular smooth muscle cells were calculated. PI =
(GM+S)/(GG+S+GM); SPF = S/(GG+S+GM) [].
Eﬀects of urantide on the gene and protein expression of U-II
and GPR in vascular smooth muscle cells
Vascular smooth muscle cells in logarithmic growth phase
were cultured in conditioned medium for  h and then collected for detection. qRT-PCR and Western blot analysis
were used to detect the gene and protein expression of U-II
and GPR in vascular smooth muscle cells. For the RT-PCR
analysis, two micrograms of total RNA was reversetranscribed into single-strand cDNA using of M-MLV reverse
transcriptase and oligo (dT) primers. RT-PCR was carried out according to a modiﬁed procedure []. The primers '-GCA TCT TCA CCC TGA CCA TAA-' (sense) and
'-CCC AGAAGA GAA GGA CGA TAC C-' (antisense)
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were used to amplify a -bp fragment of the rat UT cDNA.
The primer pair for GAPDH used as an internal control was
'-ATCTGGCACCACACCTTC-' (sense) and '-AGCCAGGTCCAGACGCA-' (antisense) for a -bp fragment.
Reverse transcription was carried out at  °C for  min
and then terminated at  °C for  min. Target cDNA was
ampliﬁed by quantitative PCR with . mM dNTPs,  mM
MgCl, . U Taq DNA polymerase,  mM each primer, ×
PCR buﬀer and ddHO to a ﬁnal volume of  μL. Thermal
cycling involved an initial denaturation of min at  °C, then
 cycles of  s at  °C,  s at  °C and  s at °C, followed by an extension step of  min at  °C. The PCR products were resolved on  agarose gel; the gel was stained
with ethidium bromide. Peak ﬂuorescent area of the target
gene and control transcripts was measured in GeneScan
under UV light by use of ScionImage software (GEL/Chemi
Doc, Bio-Rad), and a standard curve of the ratio was drawn.
For the Western blot analysis, total protein ( μg) was separated by SDS-PAGE and blotted onto nitrocellulose membrane (Hybond ECL, Amersham). The membranes were then
blocked overnight at – °C with  BSA in TBST solution,
and then incubated with primary antibodies rabbit polyclonal
against rat UT (:), mouse polyclonal against rat ERK/
or p-ERK/ (:), rabbit polyclonal antibody against rat
PKC or p-PKC (:), and rabbit polyclonal against rat
p-P MAPK and GADPH (:). After  washes with
TBST, the membranes were incubated with HRP-labeled secondary antibody in TBST. After extensive washing in TBST,
membranes were developed using of an enhanced chemiluminescence kit (NEN Life Science Products, Boston, MA, USA).
Statistical analysis
Statistical analysis was executed by SPSS . software. The
results are presented as mean ± SD. The differences between each group were analyzed with analysis of variance
or rank sum test. Probability values less than . were
considered to indicate statistically significant differences.

FIGURE 1. Morphologies of vascular smooth muscle cells stained
with hematoxylin and eosin (×100).

FIGURE 2. Immunohistochemical staining of vascular smooth
muscle cells with strept avidin-biotin complex (×100).

Eﬀects of urantide on vascular smooth muscle cell proliferation
In group M, U-II dramatically promoted vascular smooth
muscle cells proliferation at each time point when compared
with group C (p<.). In urantide-treated group, urantide
inhibited vascular smooth muscle cells proliferation with
time and concentration dependence in the concentration
range from - to - mol/L, and the differences were
found to be significant in comparison with group M. The

RESULTS
Morphological observation and identification of vascular
smooth muscle cells
Second-passage cultured vascular smooth muscle cells
were stained with hematoxylin and eosin and observed
under an optical microscope. Vascular smooth muscle
cells are rhombus, cestiform, triangle or stellate in shape
and cell nuclei are mostly oval. The cytoplasm appears
pinky, and nucleus is blue-purple (Figure ). Over  cultured cells were positive with SABC immunohistochemical staining for α-SMA. The cytoplasm appears claybank
and granular, and the nucleus is unstained (Figure ).



FIGURE 3. Effects of concentrations of Urantide on the proliferation of vascular smooth muscle cells. p<0.01: group M vs. group
C; p<0.05 urantide groups vs group M. Label A of y-axis is an arbitrary unit of absorbance.
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inhibitory effect of - mol/L urantide was most evident,
very close to that of the positive control group (Figure ). It
should be mentioned that before treatment all the groups
have comparable cell numbers as indicated by MTT assay.

FIGURE 4. Effects of concentrations of Urantide on cell cycle of
vascular smooth muscle cells. 2: Control group (group C); 3: U-II
group (group M); 5-9: 10−10, 10−9, 10−8, 10−7, and 10−6 mol/L Urantide group. *p<0.05, **p<0.01 vs group C; #p<0.05, ##p<0.01 vs
group M.

Eﬀects of urantide on cell cycle of vascular smooth muscle cells
Cell cycle is evaluated with PI and SPF. PI indicates the percentage of the total number of cells in proliferative phases of
the cell cycle, and SPF indicates the percentage of cells in the
S-phase (DNA Synthesis Phase). In group M, both PI and SPF
are dramatically higher than those in group C (p<.). After -hour culture with urantide of diﬀerent concentrations,
PI and SPF are both dramatically lower than those in group
M, especially in - mol/L urantide group (Figures  and ).
Eﬀects of urantide on U-II and GPR mRNA expression in
vascular smooth muscle cells
In group M, the expression of U-II and GPR mRNA
dramatically increased compared with group C (p<.).
In urantide-treated group, the expression of U-II and
GPR mRNA were dramatically down-regulated by urantide of different concentrations ranging from - to
- mol/L, especially by - mol/L urantide (Figure ).

FIGURE 5. Effects of Urantide concentrations on cell cylcle of vascular smooth muscle cells. (a): Control group (group C); (b): U-II
group (group M); (c-g): 10−10, 10−9, 10−8, 10−7 and 10−6 mol/L Urantide groups.

Eﬀects of urantide on protein expression of U-II and GPR in
vascular smooth muscle cells
In group M, the protein expression of U-II and GPR in vascular smooth muscle cells were dramatically up-regulated by
U-II, compared with group C (p<.). In urantide-treated
group, the protein expression of U-II and GPR were dramatically inhibited by urantide at diﬀerent concentrations (p
<.) (Figure ). It should be noted that the inhibition of U-II
protein expression by urantide seems to follow a dose-response curve, the reason of which needs further investigation.

FIGURE 6. Effects of Urantide on U-II and GPR14 mRNA expression in vascular smooth muscle cells. 1: Marker; 2: Control group (group C);
3: U-II group (group M); 4: Positive control group (Flu group); 5-9: 10−10, 10−9, 10−8, 10−7, and 10−6 mol/L Urantide group. *p<0.05, **p<0.01
vs group C; #p<0.05, ##p<0.01 vs group M.
Bosn J Basic Med Sci 2013; 13 (2): 81-83
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FIGURE 7. Effects of urantide on protein expression of U-II and
GPR14 in vascular smooth muscle cells. 1: Marker; 2: Control
group (group C); 3: U-II group (group M); 4: Positive control group
(Flu group); 5-9: 10−10, 10−9, 10−8, 10−7, and 10−6 mol/L Urantide
group. **p<0.01 vs group C; #p<0.05, ##p<0.01 vs group M.

DISCUSSION
U-II is a somatostatin-like cyclic peptide initially isolated
from the caudal neurosecretory system of teleost fish, existing widely in different species from mollusks to mammals []. The receptor GPR is a specific U-II receptor
in human body, mainly expressed in vascular and cardiac
tissue []. U-II and its receptor GPR form U-II/GPR
system and induce series of biological effects, such as vascular constriction and mitogenic eﬀects. Numerous studies
have shown that U-II plays an important role in the regulation of cardiovascular homeostasis and in the development
of cardiovascular diseases. The systemic hemodynamics
of U-II and the effects on vessel walls and cells could be
among main mechanisms in the occurrence and development of atherosclerosis []. Hence, the application of U-II
receptor antagonist may have potential and great clinical
value for the prevention and treatment of atherosclerosis.
Urantide is a GPR receptor antagonist peptide derived
from human U-II, as the most powerful known antagonist
of GPR receptor with an antagonistic effect  to 
times higher than other antagonists. The antagonistic effect of urantide is highly selective, only acting against the
vasoconstrictive effect of U-II by ignoring the responses
produced by different spasmogenic compounds, such as
noradrenaline and ET- [, ]. Zhang et al. [] found
that exogenous U-II may upregulate mRNA levels of the
GPR receptor and increase collagen and cell prolifera-



tion, all of which would contribute to intimal hyperplasia
after angioplasty. In studies on isolated rat aorta, urantide
can competitively antagonized the vasoconstriction induced
by U-II, obviously inhibited the up-regulation of cholesterol acyltransferase- in human monocyte-derived macrophages and prevented the development of foam cells [].
In this work, we investigated the expression of U-II and its
receptor GPR in vascular smooth muscle cells in vitro
under the intervention of U-II and its receptor antagonist
urantide. We found that U-II (- mol/L) promoted vascular smooth muscle cells proliferation at each time point, inﬂuenced cell cycle and increased PI and SPF, and dramatically promoted protein expression of U-II and GPR. In
the concentration range of - to - mol/L, urantide dramatically inhibited vascular smooth muscle cells proliferation and protein expression of U-II and GPR, especially at
a concentration of - mol/L. The present data suggest that
U-II promoted the mitogenic effect of U-II and increased
the expression of U-II and its receptor GPR in rat vascular smooth muscle cells, which can be antagonized by urantide. It has been reported that U-II protein and mRNA levels were signiﬁcantly elevated in the arteries of patients with
coronary atherosclerosis in comparison to healthy arteries
and U-II acts in synergy with mildly oxidized LDL inducing
vascular smooth muscle cells proliferation [, ]. It can be
concluded that U-II binding with its receptor GPR promotes the proliferation and migration of vascular smooth
muscle cells, being able to be inhibited by urantide, providing a theoretical basis for the clinical application of urantide.
It should be noted that the UII eﬀect is not only direct to vascular smooth muscle cells but also to the endothelium. In fact,
it has been demonstrate that UII pathway is present in endothelial cells too and that its eﬀect on vascular tissues is trough
NO release where a mechanism of action it has been proposed []. This evidence should be taken in account since
the eﬀect of urantide in vivo could be diﬀerent depending on
physiological or pathological conditions also due to the fact
that urantide may act as partial agonist in some animals and
human cell line; and it is unknown what it does in human.
To date, urantide is still in the stage of fundamental research
and show great potential as an anti-atherosclerosis drug.
Moreover, investigations on urantide will beneﬁt the elucidation of pathophysiological role of U-II and its receptor GPR
in cardiovascular diseases, especially in atherosclerosis.

CONCLUSIONS
We have investigated the eﬀects and mechanisms and the
receptor antagonist urantide of urotensin II (U-II) on the
expression of U-II and its receptor GPR in rat vascular
smooth muscle cells. U-II promoted the proliferation of vasBosn J Basic Med Sci 2013; 13 (2): 82-83

JUAN ZHAO ET AL.: EFFECTS OF UROTENSIN II AND ITS SPECIFIC RECEPTOR ANTAGONIST URANTIDE ON RAT VASCULAR SMOOTH MUSCLE CELLS

cular smooth muscle cells, inﬂuenced cell cycle, increased
proliferation index and S-phase cell fraction, and dramatically promoted the expression of U-II and GPR. Urantide inhibited the proliferation of vascular smooth muscle
cells and the expression of U-II and GPR. Furthermore,
this inhibition shows dependence on the concentration.
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