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Abstract: This study aimed to investigate the potential roles of sonic Hedgehog (SHH) expression in vasculogenesis
in post-myocardial ischemic-reperfusion injury (MIRI) and its underlying mechanism. Cardiac microvascular endo-
thelial cells (CMECs) isolated from the SD rat hearts tissues were used to construct the MIRI model. mRNA level
of SHH in control cells and MIRI cells was detected using RT-PCR analysis. Furthermore, effects of SHH expression
on CMECs viability and apoptosis were analyzed using MTT assay and Annexin-V-FITC kit respectively. Moreover, ef-
fects of SHH expression on the pathway signal proteins expression was analyzed using ELISA and western blotting.
mRNA level of SHH was significantly decreased compared to the controls (P<0.05). Besides, CMECs viability was
significantly increased while cell apoptosis was decreased by SHH application compared with the controls (P<0.05).
Vasculogenesis-related factors including VEGF, FGF and Ang were significantly increased by SHH application, as well
as the SHH signal proteins including Patch-1, Gli1, Gli2 and SMO (P<0.05). However, these effects of SHH applica-
tion on biological factors levels were reversed by the SHH inhibitor application. This study suggested that SHH over
expression may play a pivotal contribute role in vasculogenesis through activating the SHH signals in post-MIRI.
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Introduction

Myocardial ischemic-reperfusion injury (MIRI) is
a kind of injury that recovers blood perfusion
after a long period ischemia, and is character-
ized by more apparent and serious damage or
dysfunction including systolic function declined,
coronary flow and vascular reactivity changes
[1]. MIRI is the major predisposing factor that
leading to coronary heart disease development
or even deaths [2]. Mechanism for IRl is compli-
cate, but the accepted major pathogen mecha-
nism is various signal transduction pathways
damages and biological factors including Oxy-
gen radical, calcium overload, endothelial cell
activation, mitochondrial damage and cell apo-
ptosis or autophagy [3]. To data, approaches on
MIRI treatment are mainly focused on drug
therapy such as statins, which results in unsat-
isfactory treatment due to the complicate

mechanism [4, 5]. Hence, to explore the deep
mechanism of MIRI and to develop several tar-
get therapeutic methods for MIRI in clinical will
be of great significance.

Sonic Hedgehog (SHH) is a member of HH fam-
ily protein, which is highly and widely expressed
in tissues, and has been implicated as the key
inductive signal in patterning of the ventral neu-
ral tube and the ventral somites [6]. SHH often
functions as a precursor that is autocatalytical-
ly cleaved, the N-terminal protein is soluble and
contains the signaling activity while the C-
terminal portion is involved in precursor pro-
cessing [7]. The combination of N-SHH and the
cell surface receptor Patched (PTC) leads to the
dissociation of compound of PTC and smooth-
ene, and then the dissociated Smo activity was
inhibited by PTC which results in the intracellu-
lar signal activation including Glil and Gil2 [8,
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9]. Increasing evidences have demonstrated
that SHH is not only associated with the involve-
ment of embryonic development and organ for-
mation, but also mediates abnormal signaling
leading to tumor occurrence [10].

Vasculogenesis plays pivotal roles in blood sup-
ply during MIRI [11]. Studies about correlations
between SHH and vasculogenesis are mainly
fasten on the tumor development and progres-
sion, especially the SHH inhibitor application in
tumor treatment [12, 13]. Recently, various evi-
dences have demonstrated that SHH is involved
in vasculogenesis among diversity ischemia
models including cerebral ischemia, skeletal
muscle ischemia and cornea and body model
[14, 15]. However, few studies have mentioned
the effects of HH signaling in MIRI.

In this study, we using SD rats isolated cardiac
microvascular endothelial cells (CMECs) to
investigate the potential roles in SHH signal on
vasculogenesis during MIRI. A variety of experi-
mental methods were used to analyze the
effects of SHH signal proteins expression on
CMECs apoptosis and proliferation, as well as
the deep mechanism. This study aimed to
investigate the potential role of SHH on CMECs
vasculogenesis in post-MIRI and to explore the
underlying mechanism. Our study may provide
theoretical basis for the possibility application
of SHH inhibitor on MIRI protection in clinical.

Materials and methods
Cell culture

Cardiac microvascular endothelial cells (CM-
ECs) were isolated from adult SD rat heart tis-
sue as previously described [16]. Briefly, heart
tissues were obtained from the adult male SD
rats (100-150 g) under sterile condition. The
left ventricle was obtained after removing the
atria, visible connective tissues and right ven-
tricle, and then was immersed in 75% ethanol
for 10 s to devitalize epicardial and endocardial
cells. After digested in 0.025% trypsin for 10
min at 37°C in a shaking bath, the solution was
filtered through a 100 mm nylon mesh to
remove the undigested tissue.

The isolated CMECs were resuspended in
DMEM medium (Invitrogen, USA) supplement-
ed with 10% fetal bovine serum (FBS, Invitrogen)
and then were seeded on cell culture dishes.
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Cell treatment with oxygen-glucose deprivation
(OGD)

After 10 days of cultivation, CMECs were
exposed to OGD as described in previous study
[17]. Briefly, cells were washed once with phos-
phate buffered saline (PBS) buffer and then
cultured in serum-free OGD medium, DMEM-
without glucose or L-glutamine (Sigma-Aldrich,
USA) for 1 h at 37°C in an atmosphere of 5%
CO,. CMECs were plated onto OGD medium in
the hypoxic chamber for 90 min. After depriva-
tion period, CMECs were washed once with PBS
buffer and then incubated in culture medium
under normoxic conditions for 72 h. Cells main-
tained for the same time under a normoxic
atmosphere in DMEM for 90 min were consid-
ered as the controls.

Cell viability assay

CMECs at density of 5 x 10% cells/mL were
seeded onto the 96-well plates with 200 pL per
well. For the determinate of effects of SHH on
CEMCs cell viability under OGD, cells were
treated with SHH (3 pug/mL) and no treatment
with or without OGD were incubated for 48 h.
Cells were then centrifuged at 12,000 rpm, and
then supernatant was removed. Followed with
addition into 20 uL MTT and then cultured for 4
h. After that, 150 pL dimethylsulfoxide (DMSO)
was added to mix with the cells for 10 min.
Absorbance of cells in each well was observed
at 570 nm under an absorption spectropho-
tometer (Olympus, Japan).

Cell apoptosis assay

Cell apoptosis was assessed using annexin-V-
FITC and propidium iodide (PI) double staining
using an Annexin-V/FITC kit (Antigene, Wuhan,
China). Cells were harvested and washed with
PBS buffer for 3 times, and then resuspended
in the staining buffer. Consequently, 5 uL of
annexin-V-FITC and 5 pL of propidium iodide
(Pl) were mixed with the cells for 10 min at
room temperature. After that, mixtures were
analyzed using the FACS can flow cytometry.
Annexin V-positive and propidium iodide-nega-
tive cells were considered to be apoptotic cells.

Enzyme-linked immune sorbent assay (ELISA)

VEGF, Ang and FGF in CMECs were measured
using ELISA according to the manufacturer’s
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Table 1. Primers used for targets amplification

for 2 h at 37°C. Finally, reaction was

blocked with 2N H,SO, and absorbance

was measured using a microplate read-
er (BioRad) at 492 nm.

Real-time PCR

Total RNA was isolated from CMECs
using TRIzol Reagent (Invitrogen) as pre-
viously described. RNse-free Dnase |
was used to isolate the DNA. Conse-
quently, purity and concentration for iso-
lated RNA were detected using SMA 400
UVOVIS (Merinton, Shanghai, China).

Name Primer Sequence (5’-3)
GAPDH Sense TATGATGATATCAAGAGGGTAGT
Antisense  TGTATCCAAACTCATTGTCATAC
SHH Sense GCCTACAAGCAGTTTATTCC
Antisense  GGATGTGTGCTTTGGATTCGTA
VEGF Sense CTCTTCTCTCTCCGGAGTAG
Antisense  CAGTGCACCCAAGAGAGCAG
FGF Sense ATCCTTCCGGATGGCACA
Antisense  ATA GTGAGTCCGAGGACC
Ang Sense TCCACCTCGTCATCCACA
Antisense  GGCTCCCAGATAGAGAGA
Gli-1 Sense GCGAATTCACTGAAGACCTCTCCAGC

Antisense  CATAAGCTTGCTGACAGTATAGGCAGA
CGACACCAGGAAGGAAGGTA
Antisense  AGAACGGAGGTAGTGCTCCA-

Gli-2 Sense

Patched-1 Sense TCAGAAGATAGGAGAAGA
Antisense  TCCAAAGGTGTAATGATTA

Purified RNA at density of 0.5 yg/uL with
nuclease-free water was used for cDNA
synthesis using the PrimerScript 1
Strand cDNA Synthesis Kit (iScript™
cDNA Synthesis Kit; Bio-Rad Labora-
tories). Expressions of targets were
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Figure 1. mRNA expression of SHH in CMECs is
significantly decreased compared to that in control
group. **: P<0.01 compared to control.

recommendation [18]. Briefly, pre-treated
microtitre plates were coated with 50 pg/mL
anti-bodies (VEGF, FGF and Ang, Sigma) for 2 h
at 37°C. After incubation overnight at 4°C, the
plates were washed with PBS buffer containing
0.05% Tween-20 (PBST) for 3 times, followed by
blocked with 5% goat serum in PBST for 1 h.
Then samples (diluted at 1:100 in PBST con-
taining 10% calf serum and 5% goat serum)
were incubated with horseradish peroxidase
(HRP)-conjugated goat anti-mouse IgG (Sigma)
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detected using the SYBR green-based
quantitative RT-PCR (SYBR Green Ma-
ster mix; Thermo Scientific, Waltham, MA, USA).
Melting curve analysis of amplification prod-
ucts was performed at the end of each PCR to
confirm that only one product was amplified
and detected. Phosphoglyceraldehyde dehy-
drogenase (GAPDH) was chosen as the internal
control. Primers used for targets amplification
were as listed in Table 1.

Western blotting analysis

CMECs were lapped in RIPA (radioimmunopre-
cipitation assay, Sangon Biotech) lysate con-
taining phenylmethanesufonyl fluoride (PMSF)
and then were centrifuged at 12,000 rpm at
4°Cfor 5 min to obtain the protein supernatant.
Concentration of lysed proteins in supernatant
was detected using bicinchoninic acid (BCA)
protein assay kit (Pierce, Rochford, IL). After
that, 30 pg protein samples per lane was sub-
jected onto 10% sodium dodecylsulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and
then transferred onto a polyvinylidencefluoride
(PVDF) membrane (Mippore). Then membrane
was blocked in Tris buffered saline Tween
(TBST) supplemented with 5% non-fat milk for
1 h, and subsequently incubated with monoclo-
nal antibodies (1:100 dilution, Patched-1, Gli-1
and Gli-2) overnight at 4°C, followed by incuba-
tion with horseradish peroxidase labeled goat
anti-rat secondary antibody (1:1000 dilution) at
room temperature for 1 h. Membrane was
washed with 1 x TBST buffer for 10 min for 3
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Figure 2. SHH expression on CMECs cell viability. *: P<0.05 compared to the

control, and #: P<0.05 compared to the OGD group.

times. Finally, detection of PVDFs was per-
formed using the development of X-ray after
chromogenic substrate with an enchanced
CEL (chemiluminescence) method. Phospho-
glyceraldehyde dehydrogenase (GAPDH) was
considered as the internal control.

Statistically analysis

All experiments were conducted independently
for 3 times. Data of multiple experiments were
expressed as the mean + SD. Statistical analy-
sis was performed using Graph prism 5.0.
Significances among groups were calculated
using one-way analysis of variance (ANOVA).
The P<0.05 was considered as statistically
significant.

Results
SHH expression in CMECs

The mRNA level of SHH in CMECs was detected
using RT-PCR analysis (Figure 1). Compared
with the control, mRNA level of SHH was signifi-
cantly decreased compared to that in control
group (P<0.01).

SHH expression on cell viability

To assess the effects of SHH expression on
CMECs viability, control cells and OGD cells
(CMECs treated with OGD) were treated with or
without SHH, as well as its inhibitor CAP (Figure
2). Results showed that cell viability was signifi-
cantly increased by SHH application compared
to that in control, but this effect was significant-
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T harmful effects of OGD on
0\3 cell viability. However, this
effect was highly increased
(o) by SHH addition compar-
ed with the OGD group
(P<0.05).

SHH level on cell apoptosis

Effects of SHH on CMECs cell apoptosis were
analyzed using flow cytometry (Figure 3).
Although cell apoptotic percentage in SHH
group was slightly decreased (4.09% in SHH
group), there was no significant difference of
cell apoptosis among control, SHH and CAP
group). When cells were added with CAP, apop-
totic percentage was slightly increased but not
significantly increased (6.43%). Besides, when
cells were treated with OGD, apoptotic cells
were more than that in the control group
(12.4%, P<0.05), but this enhance effect was
significantly suppressed by SHH application,
which was decreased from 12.4% to 5.21%
(P<0.05).

Vasculogenesis associated factors expression

In order to assess the influence of SHH treat-
ment on CEMCs vasculogenesis, vasculogene-
sis-related factors levels including VEGF, FGF
and Ang were detected (Figure 4). SHH treat-
ment significantly increased the expressions of
VEGF, FGF and Ang compared to that in control
(P<0.05), but this effect was inhibited by CAP
treatment (P<0.01). Similarly, SHH application
significantly increased the three kinds of pro-
teins level compared to the OGD group (P<0.01),
but this effect was reversed by CAP appli-
cation.

HH signaling proteins expression

In order to investigate the potential mechanism
of SHH on vasculogenesis in CMECs, the down-
stream signaling proteins expression was
detected (Figure 5). SHH application signifi-

Int J Clin Exp Pathol 2015;8(10):12464-12472
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Figure 3. SHH application on CMECs cell apoptosis. Compared to the percentage of apoptosis cells in control
(5.57%), SHH treatment presented no significant effects on normal cell apoptosis. However, when cells were treated
with OGD, apoptotic cells were significantly increased (12.4%) compared to the control group, but this effect was
reversed by SHH application (5.23%). However, when CEMCs were treated with CAP, the percentage of apoptosis
cells were again increased to 16.7%. *: P<0.05 compared to the control, #: P<0.05 compared to the OGD group,

##: P<0.01 compared to the OGD group.

cantly increased the protein level of Pathced-1,
Gli-1 and Gli-2 in cells compared to the control
(P<0.05). However, this enhance effect was sig-
nificantly suppressed by the application of
inhibitor of CAP (P<0.01). These results showed
that SHH treatment may play certain roles in
activating the downstream signal proteins ex-
pression.
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Discussion

Accumulate studies have reported SHH play
crucial roles in various diseases including
tumor, cerebral ischemia, skeletal muscle isch-
emia [13, 15, 17]. Little has been known about
the roles of SHH on vasculogenesis in post-
MIRI. In this study, we used SD rat heart isolat-
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ELISA analysis showed that concentration of VEGF, FGF and Ang in SHH group

were higher than that in control group, and SHH over expression significantly
increased the three factors levels in CMECs, but this promote effect was sup-
pressed by the SHH inhibitor of CAP application. B. Effects of SHH over expres-
sion on relative mRNA levels of VEGF, FGF and Ang was similar to the protein
concentration which was assessed by ELISA. *: P<0.05 compared to the control,
#: P<0.05 compared to the OGD group, ##: P<0.01 compared to the OGD group.

ed CMECs to analyze the potential roles of SHH
on vasculogenesis in post-MIRI and to explore
its potential molecular mechanism. Our data
showed that mRNA level of SHH in MIRI CMECs
was significantly decreased. Besides, SHH over
expression significantly increased CMECs via-
bility but suppressed cell apoptosis. Expression
of vasculogenesis-related factors including
VEGF, FGF and Ang was significantly increased
by SHH over expression, as well as the HH sig-
naling pathway-associated proteins such as
Gli1, Gli2, Pathch-1 and SMO.

Roles of SHH expression on vasculogenesis in
post-MIRI were preliminarily explored in this
study. After being treated with OGD, which is a
inducer for MIRI model construction in vitro [19,
20], relative mRNA level of SHH in CMECs was
decreased compared to the control cells, sug-
gesting that SHH may be correlated with MIRI
development. In order to analyze the deep
effect of SHH expression on MIRI vasculogene-
sis, we further transfected the SHH overexpres-
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ity was increased while
cell apoptosis was inhibit-
ed by SHH over expres-
sion, indicating that the
promote role of SHH in
CMECS during MIRI.

VEGF is a glycosylated mitogen that specifically
acts on endothelial cells and has various
effects, including mediating increased vascular
permeability, including vasculogenesis and
inhibiting apoptosis [25], while Ang is an
exceedingly potent mediator of new blood ves-
sel formation [26]. Besides, FGF family mem-
bers possess broad mitogenic and cell survival
activities, and are involved in various biological
processes including cell growth, tumor growth
and invasion [27]. It has been demonstrated
that both VEGF and Ang are vasculogenesis
contributors, but VEGF promotes original vaso-
ganglion at the early stage while Ang plays roles
in reconstruction, shape and maturity promot-
ing of vasoganglion at later stage [28]. The skin
vessel length growth was enhanced by over
expression of VEGF in rats [29]. Hattori et al
proved that Ang stimulates postnatal hemato-
poiesis through recruiting vasculogenesis in
hematopoietic stem cells [30]. Based on our
results, we concluded that SHH over expres-
sion may play a contribute role in vasculogene-
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Figure 5. Expression of HH signaling pathway-related proteins. A. mRNA expres-
sions of SHH, Patched-1, SMO, Gli-1 and Gli-2 in each group; B. Relative density
of protein level of SHH, Patched-1, SMO, Gli-1 and Gli-2 in each group; C. West-
ern blotting analysis of signaling pathway-related proteins level. *: P<0.05, **:
P<0.01, and ***: P<0.001 compared to the control group.

pression of SHH may play
protective roles in CMECs
by enhancing vasculogen-
esis through activating the
HH-PTC-SMO-Gli signaling.

To sum up, the data pre-
sented in our study per-
formed that SHH over
expression plays contrib-
ute roles on vasculogene-
sis in post-MIRI by enhanc-
ing the vasculogenesis-
related factors expression
including VEGF, FGF and
Ang, and activating the
HH-PTC-SMO-GlIi signaling
pathway. Our study sug-
gests that SHH over ex-
pression may function as a
protector for CMECs from
MIRI and SHH may be a
potential therapeutic tar-
get for MIRI treatment in
clinical, and exploitation of
target drug SHH inhibitor
for suppressing MIRI will
be possible for MIRI treat-
ment in clinical. Further
experimental studies are
still need to explore the
deep molecular mecha-
nism of SHH in MIRI.

Disclosure of conflict of
interest

sis through enhancing VEGF, FGF and Ang
expressions in CMECs.

Meanwhile, Glil and Gli2 are two important
SHH signal downstream factors that play sig-
nificant contribute roles in tumors and other
disease [31, 32], while PTC and SMO are the
transmembrane receptors for the HH signal
pathway. our results showed that the HH signal-
ing-related proteins including Glil, Gli2, PTC
and SMO were higher than that in control cells,
but their levels was inhibited by SHH inhibitor
CAP, implying that HH-PTC-SMO-GIi signaling
was activated by SHH over expression in
CMECs. Therefore, we speculate that over ex-
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