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ABSTRACT

Aggressive cancer cells gain robust tumor vascular mimicry (VM) capability that promotes tumor growth and metastasis. VE-
cadherin is aberrantly overexpressed in vasculogenic cancer cells and regarded as a master gene of tumor VM. Although
microRNAs (miRNAs) play an important role in modulating tumor angiogenesis and cancer metastasis, the miRNA that targets
VE-cadherin expression in cancer cells to inhibit tumor cell-mediated VM is enigmatic. In this study, we found that miR-27b
levels are negatively co-related to VE-cadherin expression in ovarian cancer cells and tumor cell-mediated VM, and
demonstrated that miR-27b could bind to the 3′-untranslated region (3′UTR) of VE-cadherin mRNA. Overexpression of miR-
27b in aggressive ovarian cancer cell lines Hey1B and ES2 significantly diminished intracellular VE-cadherin expression;
convincingly, the inhibitory effect of miR-27b could be reversed by miR-27b specific inhibitor. Intriguingly, miR-27b not only
effectively suppressed ovarian cancer cell migration and invasion, but also markedly inhibited formation of ovarian cancer
cell-mediated capillary-like structures in vitro and suppressed generation of functional tumor blood vessels in mice. Together,
our study suggests that miR-27b functions as a new inhibitor of ovarian cancer cell-mediated VM through suppression of VE-
cadherin expression, providing a new potential drug candidate for antitumor VM and anti-ovarian cancer therapy.
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INTRODUCTION

Ovarian cancer is the foremost cancer that threatens the life
of women worldwide (da Costa et al. 2016; Davidson
2016). Although great effort has been made in the treatment
of ovarian cancer, including surgical radical resection,
chemotherapy, and radiotherapy, the 5-yr survival rate of
patients is only 35% (Suh-Burgmann and Kinney 2016);
hence, new strategies and therapeutics are highly desired to
keep ovarian cancer at bay. Malignant tumors usually have
a robust angiogenesis (Folkman 1971; Carmeliet and Jain
2011) and vasculogenic mimicry (VM) (Hendrix et al.
2001; Cao et al. 2013a,b). Accumulated evidence shows that
tumor cell-mediated VM increases the progression and
metastasis of various malignant tumors (Cao et al. 2013a,
b), including ovarian cancer (Du et al. 2014), lung cancer
(Wu et al. 2012), breast cancer (Fry et al. 2016), gastric cancer
(Li et al. 2010), colon cancer (Baeten et al. 2009), osteosarco-
ma cancer (Ren et al. 2014), pancreatic cancer (Xu et al.

2014), and glioma (Mao et al. 2013); notably, cancer cell-
lined vascular channels supply oxygen and nutrition for
tumor growth and cancer cell metastasis (Cao et al. 2013a,
b; Wagenblast et al. 2015). Additionally, tumor VM is co-
related to metastatic tumors and closely associated with
poor prognosis of cancer patients (Cao et al. 2013b;
Wagenblast et al. 2015). Accordingly, tumor VM has been
regarded as a sensible target for anticancer therapy
(Hendrix et al. 2016; Tang et al. 2016); however, effective an-
titumor VM therapeutics is absent in the clinical setting and
highly desired.
Multiple genes are involved in tumor VM. Among the im-

portant genes that increase VM, vascular endothelial cad-
herin (VE-cadherin or CDH5) is recognized as a master
gene of tumor VM (Hendrix et al. 2001; Seftor et al. 2012;
Cao et al. 2013a,b; Mao et al. 2013). VE-cadherin is a cell sur-
face adherent protein that connects the cancer cells with its
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extracellular domains to form tumor blood vessels (Hendrix
et al. 2001; Seftor et al. 2012; Cao et al. 2013b,c; Mao et al.
2013). In normal tissues and cells, VE-cadherin is restrictively
expressed in vascular endothelial cells, not in various other
normal tissues and cells; however, it is aberrantly overex-
pressed in various malignant tumors (Hendrix et al. 2001,
2016; Seftor et al. 2012; Cao et al. 2013b,c; Mao et al.
2013). Convincingly, either blocking the cell membrane sur-
face VE-cadherin with a specific antibody against the protein
(May et al. 2005), or down-regulation of VE-cadherin gene
expression by small molecules, results in diminishing the
neovascularization of malignant tumors including ovarian
cancer (Bao et al. 2012; Cao et al. 2013c; Liu et al. 2015c;
Tang et al. 2016). Hence, tumor cell VE-cadherin has been se-
lected as a target for novel antitumor vasculogenic and anti-
cancerous drug discovery.

MicroRNAs (miRNAs) are small noncoding RNAs con-
sisting of 19–24 nucleotides (nt), acting as the crucial post-
transcriptional regulators of gene expression through specific
binding to target mRNA (Yang et al. 2005). Although various
miRNAs have recently been found to play an important role
in the regulation of endothelial cell-mediated tumor angio-
genesis (Khorshidi et al. 2016; Wang et al. 2016), the
miRNAs that can inhibit tumor cell-dominant VM through
targeting VE-cadherin in cancer cells have not been fully un-
derstood yet. Among the miR-27 family, miR-27a has been
reported to inhibit VE-cadherin expression, EMT (Zhao
et al. 2016), and miR-27b reduced endothelial cell-mediated
angiogenesis (Young et al. 2013); however, whether miR-27b
suppresses tumor cell-mediated VM by diminishing the
VE-cadherin expression level in ovarian cancer has not been
addressed at present.

In the current study, we found that the low expression
levels of miR-27b were not only closely associated with
high VE-cadherin gene expression, but also with the strong
VM capability of ovarian cancer cells, and we demonstrated
that miR-27b directly bound to the 3′UTR of VE-cadherin
mRNA. Convincingly, miR-27b mimics significantly down-
regulated VE-cadherin expression and effectively inhibited
ovarian cancer cell VM migration, invasion in vitro, and
formation of functional blood vessels in mice with ovarian
cancer cells-xenograft, and it provided a miRNA-based new
therapeutic candidate for antitumor VM and anti-ovarian
cancer therapy.

RESULTS

Low miR-27b expression levels are closely associated
with high VE-cadherin expression and the robust
vasculogenic mimicry capability of ovarian cancer cells

It is well established that VE-cadherin plays a critical role in
tumor cell-mediated VM (Hendrix et al. 2001, 2016; Seftor
et al. 2012; Cao et al. 2013b,c; Mao et al. 2013), and that
miRNAs actively regulate tumor neovascularization

(Khorshidi et al. 2016; Wang et al. 2016); whereas whether
miRNAs are able to modulate VE-cadherin expression in
cancer cells and consequently affect tumor cell-dominant
VM is largely unknown. In this study, we first searched for
complementary miRNAs to VE-cadherin mRNA in the
mRNA database using TargetScan Human v6.2 (http://www.
targetscan.org), and we predicted a possible binding of
miRNA-27b to the 3′UTR of VE-cadherin mRNA (context
+ score percentile: 88; PCT: 0.87) based on the following se-
quence (UUGAA and UGACACUU) present in miRNA-
27b that is complementary to the 3′UTR of VE-cadherin
mRNA (Fig. 1A). Further database and literature searches in-
dicated that the effect of miRNA-27b on VE-cadherin expres-
sion in cancer cells and tumor cell-mediated VM have not
been reported yet.

FIGURE 1. Low miR-27b levels are closely associated with high VE-
cadherin expression and robust vasculogenic mimicry capability of ovar-
ian cancer cells. (A) The binding of miR-27b to the 3′UTR of VE-cad-
herin mRNA was analyzed using TargetScan Human v6.2. (B)
Expression of miR-27b in four ovarian cancer cell lines (Hey1B, ES2,
SKOV3, OVCAR3) was measured by real-time quantitative PCR (QT-
PCR). The expression of VE-cadherin in the four ovarian cancer cell
lines was analyzed by QT-PCR (C), RT-PCR (D), and Western blotting
(E), respectively. (F) The vasculogenic capabilities of the four ovarian
cancer cell lines were subjected to a tube formation assay on Matrigel
in vitro, and the capillary-like structures were stained with Giemsa sol-
ution and photographed by an inverted microscope. Results represent
the mean of three individual experiments; error bars represent SD.
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Then, we experimentally measured the expression levels of
bothmiRNA-27b andVE-cadherin in four ovarian cancer cell
lines including Hey1B, ES2, SKOV3, and OVCAR3 using
quantitative real-time PCR (QT-PCR), and found that the
expression levels of miR-27b in low metastatic SKOV3 and
OVCAR3 cells were 6.27-fold higher than the two high met-
astatic ovarian cancer cell lines Hey1B and ES2 cells on
average (Fig. 1B). In contrast, QT-PCR data (Fig. 1C) showed
that the expression levels of VE-cadherin in miRNA-27b-
overexpressed SKOV3 and OVCAR3 were 267.36-fold less
as compared to the Hey1B and ES2 cells expressed in low
miRNA-27b. In addition, these results were also confirmed
by RT-PCR (Fig. 1D) and Western blotting (Fig. 1E). In
short, these results clearly indicate that there is a negative
correlation between intracellular miRNA-27b amounts and
VE-cadherin expression levels in ovarian cancer cells.
Convincingly, in vitro tube formation assay showed that

Hey1B and ES2 cells, which have low miRNA-27b amounts
but high VE-cadherin expression levels, directly formed cap-
illary-like structures on the Matrigel even in the absence of
vasculogenic growth factor supplement; whereas SKOV3
and OVCAR3 cells, which overexpressed endogenous
miRNA-27b and barely expressed VE-cadherin, could not
form capillary-like structures (Fig. 1F). Collectively, these
data suggest that miR-27b levels are negatively co-related to
both VE-cadherin expression and the VM capability of the
ovarian cancer cells.

MiR-27b targets the VE-cadherin mRNA 3′UTR
to suppress expression of the protein in ovarian
cancer cells

In light of the reverse correlation between miR-27b and VE-
cadherin expression levels in ovarian cancer cells, we per-
formed a series of experiments to confirm the direct effect
of miR-27b on VE-cadherin expression in ovarian cancer.
Either a wild-type or mutant VE-cadherin mRNA 3′UTR
(182 bp) that contains a predicted miR-27b binding site (po-
sition 715–722 at VE-cadherin mRNA 3′UTR) was cloned
into a psiCHECK-2 transcriptional reporter vector (Fig.
2A). Hey1B cells were transiently cotransfected with the re-
porter constructs together with either miR-27b mimics or
scrambled miR-27b (smiR-27b). The luciferase assay showed
that miR-27b mimics significantly attenuated the luciferase
activity in the cells transfected with the wild-type VE-cad-
herin mRNA 3′UTR-psiCHECK-2 transcriptional reporter
vector; whereas the luciferase activity was not changed in
the cells cotransfected with either mutant VE-cadherin
mRNA 3′UTR, which abolished miR-27b binding sites, or
scrambled miR-27b, which lost the binding capability to
VE-cadherin mRNA 3′UTR (Fig. 2B). Convincingly, after
blockage of miR-27b by the miR-27b inhibitor, the luciferase
activity in ovarian cancer cells did not significantly change
(Fig. 2C). These data suggest that miR-27b may directly
bind to VE-cadherin mRNA 3′UTR in the ovarian cells.

Next, we investigated the effect of miR-27b onVE-cadherin
expression in metastatic ovarian cell lines Hey1B and ES2 by
transfection of the cells with miR-27b mimics and scrambled
miR-27b, respectively. QT-PCR showed that miR-27b levels
are markedly high after transfection of the mimics (Fig. 3A);
whereas VE-cadherin expression levels were significantly re-
duced in the Hey1B and ES2 cells transfected by miR-27b
mimics when compared with the cells transfected by scram-
bled miR-27b (Fig. 3B). Similarly, Western blotting also indi-
cated that the VE-cadherin protein levels were significantly
decreased in miR-27b transfected cells compared to the cells
transfected with the scrambled miR-27b control (Fig. 3C,
D). Together, these data imply that miR-27b inhibits VE-cad-
herin expression in the aggressive ovarian cells.

MiR-27b effectively suppresses ovarian cancer cell
migration and invasion as well as vasculogenic mimicry

Tumor cell migration and invasion play important roles in
tumor cell-mediated VM and cancer metastasis (Cao et al.

FIGURE 2. MiR-27b targets VE-cadherin 3′UTR mRNA in ovarian
cancer cells. 182 bp of either a wild-type or mutant VE-cadherin
mRNA 3′UTR that contains a predicted miR-27b binding site (red col-
or) were cloned into psiCHECK-2 transcriptional reporter vector (A)
and were transiently cotransfected with the reporter constructs together
with either miR-27b mimics or scrambled miR-27b (smiR-27-b). After
2 d of transfection, the luciferase activity was measured (B).
Additionally, the wild-type or mutant-type of VE-cadherin 3′UTR re-
porter constructs was transiently cotransfected with either miR-27b in-
hibitor or scrambled miR-27b inhibitor, and the luciferase activity was
detected (C). Results represent the mean of three individual experi-
ments; error bars represent SD. (∗) P < 0.05 versus control.
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2013b,c; Wagenblast et al. 2015); therefore, we investigated
whether miR-27b can suppress the migration and invasion
as well as VM of ovarian cancer cells. As shown in Figure
4A and B, the migration rate of Hey1B cells overexpressing
miR-27b was significantly lower than that of the control cells
transfected with scrambled miR-27b. Similar results were
also seen in another ovarian cancer cell line, ES2 (Fig. 4C,
D). In addition, after expression of miR-27b, the invasive ca-
pability of ovarian cancer cells was significantly inhibited in
both high metastatic ovarian cancer Hey1B and ES2 cells
(Fig. 4E,F), suggesting that miR-27b decreases ovarian cancer
cell migration and invasion.

Subsequently, we investigated whether miR-27b could in-
hibit ovarian cancer cell-mediated VM. In vitro tube forma-
tion assay showed that overexpression of miR-27b in Hey1B
and ES2 cells strongly inhibited the formation of capillary-
like structures (Fig. 5A,B), suggesting that miR-27b dimin-
ishes the VM capability of ovarian cells. Furthermore, we
used a standard Matrigel-plug model to detect whether
miR-27b suppresses formation of blood vessels by Hey1B
cells in mice. Tissue hematoxylin and eosin (HE) staining in-
dicated that the density of ovarian cell-lined functional blood
vessels was high in the tumor tissues from the mice trans-
planted with scrambled miR-27b-transfected Hey1B cells;
whereas the blood vessel density was much lower in the tu-
mor tissues from mice transplanted with miR-27b-transfect-

ed Hey1B cells (Fig. 5C,D). In addition, in the tumor tissues,
VE-cadherin expression was obviously inhibited in the ovar-
ian cancer cells transfected by miR-27b as compared to the
scrambled miR-27b control (Fig. 5E), which was consistent
with the antivasculogenic effect of miR-27b in vitro as men-
tioned above (Fig. 3C,D). Collectively, these results indicate
that miR-27b effectively inhibits ovarian cancer VM in vivo.
Taken together, low miR-27b expression levels are closely

associated with high VE-cadherin expression and the robust
vasculogenic mimicry capability of ovarian cancer cells.
MiR-27b binds to the 3′UTR of VE-cadherin mRNA to
diminish intracellular VE-cadherin expression in aggressive
ovarian cancer Hey1B and ES2 cells, suppresses ovarian can-
cer cell migration and invasion, and inhibits ovarian cancer

FIGURE 3. MiR-27b suppresses the VE-cadherin expression in ovarian
cancer cells. After ovarian cancer cell lines (Hey1B and ES2) were trans-
fected with miR-27b mimics or scrambled miR-27b (smiR-27-b), the
expression of miR-27b (A) and VE-cadherin (B) was detected by QT-
PCR, respectively. The expression of VE-cadherin was also confirmed
by Western blotting (C). The bands were scanned and the results
were statistically analyzed (D). Results represent the mean of three indi-
vidual experiments; error bars represent SD. (∗) P < 0.05, (∗∗) P < 0.01
versus control.

FIGURE 4. MiR-27b diminishes ovarian cancer cell migration and in-
vasion.Ovarian cancer cell lines (Hey1B and ES2) were transfected with
miR-27b mimics or scrambled miR-27b (smiR-27-b), and the cells were
plated in six-well plates. When the cells formed a confluent monolayer,
it was first scraped with the fine end of a pipette tip; then the migrated
cells were counted and imaged under an OLYMPUS FSX-100 micro-
scope after 24 h (A,C), and the inhibitory rate was calculated (B,D).
Furthermore, the cells transfected with miR-27b mimics or smiR-27b
were transferred to the upper Transwell chamber precoated with
Matrigel. The cells that invaded the lower Transwell chamber were
stained with Wright-Giemsa solution, imaged as described in
Materials andMethods (E) and counted under a microscope. The inhib-
itory rate was calculated from three independent experiments (F).
Results represent the mean of three individual experiments; error bars
represent SD. (∗∗) P < 0.01 versus control.
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cell-mediated formation of capillary-like structures in vitro
and generation of functional blood vessels in mice (Fig. 6).

DISCUSSION

MiR-27b is down-regulated in various malignant tumors
(Jiang et al. 2014; Takahashi et al. 2015; Zhang et al. 2015;
Matsuyama et al. 2016), and the reduction of miR-27b levels
in cancer is closely associated with the strong tumor cell pro-

liferation, malignant progression, and poor prognosis of the
cancer patients (Goto et al. 2014; Takahashi et al. 2015;
Matsuyama et al. 2016). In contrast, overexpression of miR-
27b inhibits carcinogenesis (Tao et al. 2015; Matsuyama
et al. 2016); thus, miR-27b belongs to a tumor-suppressive
miRNA. Molecular mechanistic studies reveal that miR-27b
targets various genes in tumor cells, including Notch ligand
Dll4 (Veliceasa et al. 2015), semaphorin 6A (Urbich et al.
2012), VEGF-C (Ye et al. 2013), Sprouty-2 (Liu et al. 2015a),
and PPARγ (Lee et al. 2012). In 2013, Young et al. (2013) re-
ported that miR-27a binds to the 3′UTR of VE-cadherin
mRNA to inhibit angiogenesis and vascular leaks in mice
with ischemic limb injury. Most recently, Zhao et al. (2016)
showed that miR-27a-3p suppresses tumor metastasis and
VM via suppressing VE-cadherin expression and inhibiting
EMT in hepatocellular carcinoma. However, whether miR-
27b is able to inhibit VM in ovarian cancer is largely un-
known. In the current study, we find that miR-27b suppresses
ovarian cancer cell-mediated VM by inhibiting VE-cadherin
expression in the cancer cells. Our study provides new insight
into the miRNA-27b-mediated suppression of intracellular
VE-cadherin gene expression and revealsmiR-27b as a new in-
hibitor of cancer cell-mediatedVM, providing a potential new
drug candidate for antitumor VM and anti-ovarian cancer
therapy.
Anti-angiogenesis therapy has become an important

approach in the treatment of various malignant tumors, in-
cluding ovarian cancer. VEGF-targeted therapy with bevaci-
zumab, a humanized monoclonal antibody able to diminish

FIGURE 5. MiR-27b inhibits the formation of ovarian cancer cell-me-
diated capillary-like structures and vasculogenic mimicry in mice.
Ovarian cancer cells were transfected with miR-27b mimics or smiR-
27b, and capillary-like structure formation of the cells was tested on
Matrigel and photographed under a light microscope (A), and the
tube numbers from six randomly chosen areas were counted (B). In ad-
dition, ovarian cancer cell-mediated vasculogenic mimicry was detected
by Matrigel plug assay. The Matrigel plugs were exercised, fixed sec-
tioned, and stained with HE (C, 1000×), the red arrows indicate func-
tional blood vessels with red blood cells, and the number of tumor
vessels from six randomly chosen areas were analyzed (D); results rep-
resent the mean of three individual experiments; error bars represent
SD. (∗) P < 0.05, (∗∗) P < 0.01 versus control. At the same time, the
Matrigel plugs were doubly stained with both vasculogenic mimicry
marker VE-cadherin and tumor marker HE4, and subjected to image
under immunofluorescent microscopy (E, 1000×, green: VE-cadherin;
red: HE4; blue: DAPI), and the red arrows indicate tumor cell-formed
blood vessels.

FIGURE 6. A mechanistic model for the inhibitory effect of miR-27b
on ovarian cell-mediated vasculogenic mimicry. MiR-27b binds to the
3′UTR of VE-cadherin mRNA and significantly suppresses intracellular
VE-cadherin expression in aggressive ovarian cancer Hey1B and ES2
cells, inhibits ovarian cancer cell migration and invasion, and reduces
formation of ovarian cancer cell-mediated capillary-like structures in vi-
tro and generation of functional tumor blood vessels in mice.
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endothelial cell-mediated angiogenesis, is promising in the
short term of cancer patient therapy, including ovarian can-
cer (Cao et al. 2013b; Hou et al. 2016; Zhang et al. 2016).
However, the latest meta-analysis of 12 clinical trials of
VEGF-targeted anti-angiogenesis therapy in ovarian cancer
patients shows that the benefit of the anti-angiogenesis ther-
apy using a combination of bevacizumab with standard cyto-
toxic chemotherapy is short-lived, since it significantly
increases progression-free survival (PFS) but does not signif-
icantly prolong overall survival (OS), as seen in several ran-
domized Phase III trials (Jackson et al. 2015; Liu et al.
2015b; Yoshida et al. 2015; Al Wadi and Ghatage 2016;
Monk et al. 2016), suggesting that single inhibition of
endothelial cell-dominant angiogenesis is not enough to
keep ovarian cancer at bay, and new strategies and therapeu-
tics are highly desirable in order to increase the long-term
survival rate of ovarian cancer patients. Accumulated evi-
dence shows that cancer cell-mediated VM plays a critical
role in the tumor malignant progression and metastasis,
and VM-positive cancer patients have poor 5-yr overall sur-
vival when compared with VM-negative malignant tumor
cases (Cao et al. 2013a; Wagenblast et al. 2015); hence, cancer
cell-mediated VM is a sensible target for antitumor VM
therapy. However, tumor VM-targeted therapeutics is absent
in the clinical setting. In this study, for the first time we
identified miR-27b as an effective inhibitor of ovarian cancer
cell-mediated VM, furnishing a new way for anti-ovarian
cancer VM therapy. The combination of antitumor VM-
based therapeutics, including miR-27b, with traditional
anti-angiogenic drugs may improve the efficacy of anti-ovar-
ian cancer therapy.

Various angiogenesis- and tumor-suppressive miRNAs
have been recently discovered (Sun et al. 2014; Wang et al.
2015). Among these miRNAs, miR-27b is frequently down-
regulated in human ovarian cancer cells and associated with
malignant progression and poor prognosis of patients (Goto
et al. 2014; Takahashi et al. 2015; Matsuyama et al. 2016);
hence, up-regulation of endogenous miR-27b expression in
cancer cells or delivery of synthesized miR-27b mimics to ma-
lignant tumor cells seems to be a new strategy for antitumor
neovascularization and anti-ovarian cancer therapy. In the
foreseeable future, finding the endogenous molecules and
signaling pathways that are able to effectively up-regulate
miR-27b expression in ovarian cancer cells will bring about
antitumor vasculogenic and tumor-suppressive effects in
ovarian cancer patients. On the other hand, screening and val-
idation of exogenous agents that elevatemiR-27b levels in can-
cer cells will provide new potential antitumor drug candidates.

MATERIALS AND METHODS

Materials

Human ovarian cancer cell line Hey1B was obtained from American
Type Culture Collection (ATCC) (Manassas) and ES2, SKOV3,

and OVCAR3 were purchased from the Shanghai Institute of
Biochemistry and Cell Biology, Chinese Academy of Sciences.
MiR-27b mimic (5′-UUCACAGUGGCUAAGUUCUGC-3′), miR-
27b mimic negative control (5′-UUCUCCGAACGUGUCACGU
TT-3′), miR-221 inhibitor (5′-GCAGAACUUAGCCACUGUG
AA-3′), and miR-27b inhibitor negative control (5′-CAGUA
CUUUUGUGUAGUACAA-3′) were purchased from Jima Biotech.
The RevertAid First Strand cDNA Synthesis Kit was from
Fermentas Life Sciences. The Taq DNA Polymerase was from
TaKaRa Biotechnology Co., Ltd. Matrigel was from BD Biosciences.
Transwell chambers were from Corning Costar. The monoclonal
antibody against β-actin was obtained from Sigma-Aldrich. The
anti-VE-cadherin antibody was from Abcam. Primers were synthe-
sized by GENEWIZ, Inc. and listed in Supplemental Table 1.

Cell culture

Cells were cultured in a DMEM medium supplemented with 10%
fetal bovine serum (FBS), penicillin (100 units/mL), and streptomy-
cin (100 µg/mL) in a 5% CO2 incubator at 37°C as previously de-
scribed (Cao et al. 2013c).

Reverse transcription PCR and QT-PCR

Reverse transcription PCR (RT-PCR) and QT-PCR were performed
as previously described (Bao et al. 2012; Cao et al. 2013c). In brief,
total RNA was extracted from cells by TRIzol, and the cDNA was
generated by reverse transcription using the RevertAid First Strand
cDNA Synthesis Kit. Primer sequences for miRNA27b and U6
detection are listed in Supplemental Table 1, and the RT primer
for mature miRNA27b was designed according to the method of a
stem–loop RT primer (Lei et al. 2014). RT-PCR products were mea-
sured by the GelDoc XR System (Bio-Rad), and the results were an-
alyzed using Quantity One software (Bio-Rad) (Bao et al. 2012).
Real-time PCR was conducted using a LightCycler480 II Real-
Time PCR system (Roche Applied Science) with the SYBR-Green-
based method according to the manufacturer’s instructions.
Briefly, the real-time PCR was performed as follows: 7 µL ddH2O,
10 µL 2× SYBR mix, 1 µL forward primer, 1 µL reverse primer,
and 1 µL cDNA templates were added to a 200 µL tube. The PCR
reaction consisted of an initial denaturation at 94°C for 10 min, fol-
lowed by denaturation at 94°C for 30 sec, annealing at 60°C for 30
sec, and extension at 72°C for 30 sec each PCR cycle for a total of
45 cycles. Relative expression levels of VE-cadherin mRNA and
miR-27b were analyzed by the ΔΔCt method, following normaliza-
tion to β-actin and U6 reported by Lei et al. (2014), respectively.

Western blotting

Cells were collected and protein lysates were prepared as we reported
earlier (Cao et al. 2013c; Yu et al. 2014). Equal amounts of protein
were loaded into each lane and resolved by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) with Tris-glycine
running buffer and transferred to nitrocellulose membranes.
Membranes were blocked with 5% nonfat milk and incubated over-
night at 4°C with primary antibodies against VE-cadherin, followed
by incubation with HRP-coupled secondary antibody. Blots were vi-
sualized using enhanced chemiluminescence (ECL) detection
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reagents and exposed to X-ray film, then stripped and reprobed with
the anti-β-actin-HRP antibody.

Tube formation assay

The tumor cell formation of capillary structures in vitro was per-
formed as we previously described (Cao et al. 2013c). In brief, cells
were transferred to each well of a 48-well plate containing 0.15 mL
Matrigel matrix (without supplement of growth factors). After incu-
bation at 37°C, 5% CO2 for 16 h, the tubes were photographed by a
microscope, and the tubes in six randomly chosen fields were
analyzed.

Matrigel plug assay in mice

Matrigel plug assay was used to evaluate blood vessel formation in
mice as reported by Veliceasa et al. (2015). Briefly, 2 × 106 ovarian
cancer ES2 cells were mixed with 0.5 mLMatrigel, miR-27bmimics,
or random sequenced miR-27b as a negative control (80 µg per
mouse), and formulated with in vivo-JetPEI (PolyPlus Transfection)
in 5% glucose, according to the manufacturer’s instructions. The
mixture was injected subcutaneously in the median abdominal
area of anesthetized nude mice and allowed to solidify. After 10 d,
the plugs were excised and snap-frozen for analysis of blood vessel
formation in mice.

Immunohistochemical staining

Paraffin-embedded Matrigel plugs were cut at a thickness of 4 µm
and mounted on glass slides. Tissue sections were stained with he-
matoxylin and eosin (HE) as previously described (Cao et al.
2013c). In addition, Matrigel plugs were sectioned, deparaffinized,
and blocked with normal goat serum; then the slides were stained
with anti-VE-cadherin and anti-HE4 primary antibodies at 4°C
overnight, followed by incubation with Alexa Fluor 594 goat anti-
rabbit IgG and Alexa Fluor 488 goat anti-mouse IgG for 1 h at
room temperature, stained with DAPI for 10 min, and observed un-
der an Olympus confocal microscope.

VE-cadherin mRNA 3′UTR subcloning and luciferase
activity assay

A 182-bp fragment of human VE-cadherin mRNA 3′UTR (position
624–805) containing a predicted miR-27b-binding site at the posi-
tion of 715–722 (UGACACUU) was synthesized (Genewiz) and
subcloned into a psiCHECK-2 vector to create a wild type
psiCHECK-2-VE-cadherin mRNA 3′UTR. Comparably, 8 bp at
VE-cadherin 3′UTR (position 715–722) were mutated, and the mu-
tated fragment (CAGTCAGG) was also directly synthesized
(Genewiz) and subcloned into the psiCHECK-2 vector to generate
the respective psiCHECK-2-VE-cadherin mRNA 3′UTR-mutant.
Then, ovarian cell ES2 cells were cotransfected with 50 ng of the
above-described luciferase-VE-cadherin mRNA 3′UTR constructs
and with 20 nM of either miR-27b mimic or scrambledmiR-27b to-
gether with Renilla luciferase construct, respectively, using
Lipofectamine 2000 (Invitrogen). Forty-eight hours later, the cells
were harvested and the luciferase and Renilla luciferase activities

were analyzed using the Dual-Luciferase Reporter Assay System
(Promega).

Cell migration assay

The wound healing assay was used to evaluate cell migration in
this study as we previously described (Bao et al. 2012; Liu et al.
2015c). Briefly, ovarian cancer cells transfected with miR-27b
mimics or scrambled miR-27b were first cultured in six-well plates
to confluence, and then scraped with the fine end of a pipette tip
and washed three times with PBS to remove detached cells (time
0). The cells were incubated with the complete medium for 36
h. Cell migration was photographed using an Olympus FSX-100
microscope.

Cell invasion assay

The tumor cell invasion assay was performed using Transwell cham-
bers as reported previously (Bao et al. 2012; Liu et al. 2015c). Briefly,
cells transfected with miR-27b mimics or scrambled miR-27b were
suspended with serum-free medium. The cells (1 × 105 per well)
were added to the upper chamber precoated with 50 µL of
Matrigel for 0.5 h. Meanwhile, 0.5 mL of 10% FBS-DMEM com-
plete medium was added to the lower chamber. After 24 h, the in-
vaded cells in the lower chamber were fixed, stained with Wright-
Giemsa solution, and then photographed.

Statistical analysis

The data in this study are represented as mean ± SD. Differences be-
tween the groups were assessed by one-way ANOVA using SPSS
16.0. Comparisons were made between treated and untreated con-
trol groups, and the significance of differences is indicated as (∗)
P < 0.05 and (∗∗) P < 0.01.

SUPPLEMENTAL MATERIAL

Supplemental material is available for this article.
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