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Abstract

AIM: To investigate whether hypoxia inducible factor
(HIF)-1a. modulates vasculogenic mimicry (VM) by up-
regulating VE-cadherin expression in esophageal squa-
mous cell carcinoma (ESCC).

METHODS: Esophageal squamous cancer cell lines
Ecal09 and TE13 were transfected with plasmids har-
boring small interfering RNAs targeting HIF-1a or VE-
cadherin. The proliferation and invasion of esophageal
carcinoma cells were detected by MTT and Transwell
migration assays. The formation of tubular networks of
cells was analyzed by 3D culture /n vitro. BALB/c nude
mice were used to observe xenograft tumor forma-
tion. The relationship between the expression of HIF-
la and VE-cadherin, ephrinA2 (EphA2) and laminin5y2
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(LN5y2) was measured by Western blot and real-time
polymerase chain reaction.

RESULTS: Knockdown of HIF-1a inhibited cell prolif-
eration (32.3% + 6.1% for Ecal09 cells and 38.6% =+
6.8% for TE13 cells, P < 0.05). Both Eca109 and TE13
cells formed typical tubular networks. The number of
tubular networks markedly decreased when HIF-1a
or VE-cadherin was knocked down. Expression of VE-
cadherin, EphA2 and LN5y2 was dramatically inhibited,
but the expression of matrix metalloproteinase 2 had
no obvious change in HIF-1a-silenced cells. Knockdown
of VE-cadherin significantly decreased expression of
both EphA2 and LN5y2 (P < 0.05), while HIF-1a ex-
pression was unchanged. The time for xenograft tumor
formation was 6 £ 1.2 d for Ecal09 cells and Ecal09
cells transfected with HIF-1a. Neo control short hairpin
RNA (shRNA) vector, and 8.4 £ 2.1 d for Ecal09 cells
transfected with an shRNA against HIF-1a. Knockdown
of HIF-1a inhibited vasculogenic mimicry (VM) and tu-
morigenicity /n vivo.

CONCLUSION: HIF-1o. may modulate VM in ESCC by
regulating VE-cadherin expression, which affects VM
formation through EphA2 and LN5y2.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Esophageal squamous cell carcinoma;
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Core tip: Hypoxia-inducible factor (HIF) is a key factor
in regulating and promoting tumor progression. Angio-
genesis and vasculogenic mimicry (VM) may play an im-
portant role in tumor acquisition of increased blood sup-
ply. We investigated the role of HIF-1a in the formation
of VM in esophageal squamous cell carcinoma (ESCC).
We showed that HIF-1o. may upregulate the expression
of VE-cadherin to modulate VM in ESCC, which may be
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related to changes in ephrin A2 and laminin 5y2 protein
expression. These results may have implications for the
treatment of malignant tumor diseases.

Tang NN, Zhu H, Zhang HJ, Zhang WF, Jin HL, Wang L, Wang P,
He GJ, Hao B, Shi RH. HIF-1a induces VE-cadherin expression
and modulates vasculogenic mimicry in esophageal carcinoma
cells. World J Gastroenterol 2014; 20(47): 17894-17904 Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v20/
147/17894.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i147.17894

INTRODUCTION

As tumors grow, their microenvironment becomes in-
creasingly hypoxic. Under hypoxic conditions, a signaling
pathway involving a crucial oxygen response regulator,
termed hypoxia-inducible factor (HIF), is switched on.
The o subunit of HIF-1 (HIF-1q) is a nuclear factor that
is generally present in mammals, and is a well-established
mediator in cancer response to hypoxia'l. HIF-1¢, is de-
graded shortly after expression in the cytoplasm under
normoxic conditions. However, HIF-1q, protein can be
translocated into the nucleus where it is combined with
the B subunit of HIF-1 to form the HIF-1 heterodimer
under hypoxic conditions. Research has shown that HIF-
la is[zrglated to angiogenesis and vasculogenic mimicry
(VM)™.

As we all know, angiogenesis is not the only mecha-
nism by which tumors acquire a blood supply. Highly ag-
gressive and metastatic melanoma cells can form vascular
channel-like structutes that are independent of angiogen-
esis. This phenomenon is called VMY, Tumor cell VM
describes the functional plasticity of aggressive cancer
cells forming de novo vascular networks. The initial moz-
phological and molecular characterization of VM in hu-
man melanoma showed that the tumor cells coexpressed
endothelial and tumor markers and formed channels, net-
works, and tubular structures. This provides a perfusion
pathway for rapidly growing tumors, transporting fluid
from leaky vessels, and/or connecting with endothelial-
lined vasculature as well as an escape route for metastasis.

Recent research has suggested that tumors can be
viewed as highly heterogeneous populations detived from
one common progenitor. As suggested by Grunewald e#
al”) although the degree to which cancer cells resemble
endothelial cells is debatable, cancer cells can directly line
the lumen of functional tumor blood vessels. Moreover,
like the foragers in ant colonies, these cancer cells do not
reproduce, but instead enable tumor growth indirectly
by attraction of heterotypic tissues through chemotac-
tic substances [e.g., vascular endothelial growth factor
(VEGF)], in the same way that ants attract and recruit
nestmates and even prey by odor trails and pheromones.
Since the introduction of VM, many studies have con-
tributed mechanistic insights into VM in a variety of
cancers. In particular, critical VM-modulating genes are

associated with vascular [VE-cadherin, ephrinA2 (EphA2)
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and VEGF] and hypoxia-related (HIF and Twist1) signal-
ing pathways.

HIF-10-siRNA significantly suppressed the VM net-
works under either normoxic or hypoxic conditions in
gallbladder carcinoma. Su ez a/” have suggested that a
hypoxic microenvironment increases HIF-1a expression
and induces the formation of VM channels to acquire an
adequate blood supply in ovarian cancer cells.

V' E-cadherin is a master gene for both tumor angio-
genesis and VM Overexpression of VE-cadherin in
various vasculogenic tumor cells has been implicated in
tumor neovascularization, growth, and progression!’.
Accordingly, VE-cadherin is proposed as a target for
antiangiogenic drug discovery and anti-cancer therapy[“].
HIF-1 is combined with the core recognition sequence
5-RCGTG-3 of the promoter sequence of hypoxia-in-
ducible genes to promote transcription and translation of
these genesm]. There is the 5-ACGTG-3 sequence in the
promote region of I'E-cadherin gene. Therefore, we spec-
ulate that ["E-cadberin may be one target gene of HIF-1q,
which plays an important role in the development of VM
in esophageal squamous cell carcinoma (ESCC).

This study was designed to observe the formation
of vascular-network-like structures in ESCC cell lines
and the impact of HIF-1a and VE-cadherin on VM
in ESCC. Furthermore, the possible molecular mecha-
nism by which HIF-1o modulates VM in ESCC cells
was investigated.

MATERIALS AND METHODS

Cell culture

ESCC cell lines Ecal09 and TE13 were obtained from
Cell Resource Center of Shanghai Life Science Institute.
In former work, we established Ecal09 and TE13 cells
stably transfected with an short hairpin (sh)RINA target-
ing HIF-1a, which were designated as Ecal09/HIF-1a
shRNA cells and TE13/HIF-1a, shRNA cells, respec-
tively. The protein gel blot results demonstrated that
compared to untransfected cells or cells transfected with
HIF-1a Neo control shRNA vector, HIF-1¢, level was
significantly decreased in shRNA-transfected cells'™”
Ecal09 and TE13 cells were incubated in Dulbecco’
Modified Eagle’s Medium (DMEM; Hyclone, Logan, UT,
United States) supplemented with 10% heat-inactivated
fetal bovine serum (FBS; Hyclone) at 37 'C in a humidi-
fied atmosphete containing 5% CO2/95% air, or hypoxic
treatment was given by placing cells in a hypoxia cham-
bet flushed with a gas mixture comprising 1% Oz2/5%
CO2/94% Nz2. Ecal09/HIF-1¢, shRNA and TE13/HIF-
1o shRNA cells were cultured in the same environment.

RNA interference

A set of three shRNA constructs directed against hu-
man VE-cadherin mRNA and one negative control
(Neo) were purchased from Shanghai Shengneng Gam-
ing Biological Technology Company. Ecal09 and TE13
cells were transfected with the VE-cadherin shRNA
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constructs or VE-cadherin control construct using Li-
pofectamine 2000 reagent (Invitrogen, United States) ac-
cording to the manufacturer’s instructions. After transfec-
tion, 400 ug/ml G418 (Sigma, United States) was added
to medium to select stable knockdown cells. The clones
were charactetized by real-time polymerase chain reaction
(PCR) and Western blot to assess the level of silencing
of VE-cadherin.

The stable cell lines in which HIF-1q, was efficiently
knocked down were named Ecal09/shVE-cad derived
from the Ecal09 cell line and TE13/shVE-cad derived
from the TE13 cell line, and the stable control cell lines
were named Ecal09/shVE-cad Neo and TE13/shVE-
cad Neo.

The sequences of the three shRNA constructs against
human VE-cadherin mRNA and the negative control
were as follows: pGCsi-VE-cadherin 1: 5-TGC TGA
TGT CTT GCA GAG TGA CCA GCG TTT TGG
CCA CTG ACT GAC GCT GGT CAC TGC AAG ACA
T-3’ and 5>-CCT GAT GTC TTG CAG TGA CCA GCG
TCA GTC AGT GGC CAA AAC GCT GGT CACTCT
GCA AGA CAT C-3’; pGCsi-VE-cadherin 2: 5-TGC
TGT AAG ATG GCT ACC ACT GCCTGG TTT TGG
CCA CTG ACT GAC CAG GCA GTT AGC CAT CTT
A-3’and 5-CCT GTA AGA TGG CTA ACT GCC TGG
TCA GTC AGT GGC CAA AAC CAG GCA GTG
GTA GCC ATC TTA C-3’; and pGCsi- VE-cadherin
3: - TGCTG AAA TGT ACT GCG CGT GGA GAC
GTT TTG GCC ACT GAC TGA CGT CTC CAC GCA
GTA CAT TT-3’ and 5-CCTG AAA TGT ACT GCG
TGG AGA CGT CAG TCA GTG GCC AAA ACG
TCT CCA CGC GCA GTA CAT TTc-3".

MTT assay

Cells were seeded into 96-well plates at 1 X 10* cells/well
(100 pL) and cultured for 7 d. In the following days, the
medium was removed and 20 pl. MTT solution (500 ug/
ml) was added to each well, followed by 4 h incubation.
MTT solution was replaced by DMSO to dissolve blue
formazan crystals and absorbance was measured at 570
nm using a microplate reader.

Flow cytometry analysis of apoptosis

Cells were seeded into 100-mm dishes and allowed to
grow to 90% confluence. The cells were collected by
digestion with EDTA-free trypsin (Invitrogen). The cell
pellet was washed with cold phosphate-buffered saline
(PBS) twice and resuspended in 250 pl. Annexin V bind-
ing buffer (10 mmol/L. HEPES pH 7.4, 150 mmol/L
NaCl, 2.5 nmol/L. CaClz, 1 mmol/L. MgClzand 4% bo-
vine serum albumin). The cells were stained with Annexin
V fluorescein isothiocyanate (FITC) for 15 min in the
dark and subjected to flow cytometry analysis within 1 h.

3D cell culture

Matrigel (300 pL/hole) was added to 24-well plates
on ice and then incubated at 37 ‘C for 30 min. Tumor
cells (5 X 105/ ml) were then seeded onto the gels and
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incubated at 37 C in 5% CO2/95% air. The cells were
maintained in DMEM supplemented with 10% FBS. The
tube-like structures in tumor cells were observed 12 h
later. Five visual fields (up, down, left, right and center)
were randomly chosen from each hole under an inverted
microscope (Carl Zeiss, GER) to count the number of
tube-like structures. The VM channels were identified by
scanning at low power (magnification X 100 and magni-
fication X 200). Ten non-overlapping fields at magnifica-
tion X 400 were chosen to determine the median value
of the VM channels. The number of VM channels was
assessed using an ocular grid and the forbidden lines
method to facilitate the counting,

Western blot

The cells were washed twice with ice-cold PBS and harvest-
ed in 100-200 uL cold lysis buffer [20 mmol/L Tris-HCl (pH
7.5), 2% SDS, 4 mmol/L EDTA, 1 mmol/L PMSF and 10
U/mL aprotinin and 1 %(v/v) Ttiton X-100]. Lysates were
kept on ice for 30 min and sonicated for 24 s using ultra-
sonic cell disrupter JY96-1I (Ningbo, China). The extract
was then centrifuged at 12000 rpm for 10 min at 4 C
and the supernatant was collected. Protein concentrations
were determined using a BCA protein assay kit (Pierce,
Rockford, 1L, United States). Protein (40 pg) was loaded
in each lane and separated by 10% SDS-polyacrylamide
gel electrophoresis at 40 mA for 90 min. The protein was
transferred electrophoretically to a polyvinylidene difluo-
ride (PVDF) membrane (Roche, CH) at 100 V for 70
min, which was blocked with 5% non-fat milk in TBS-T
(100 mmol/L Tris-HCI, pH 7.5, 150 mmol/L NaCl, 0.1%
Tween-20) at room temperature for 1 h. Subsequently,
the membrane was incubated with the indicated primary
antibodies [(EphA2 1:500, HIF-1a 1:500, VE-cadherin
1:500, LN5y2 1:200, matrix metalloproteinase (MMP)2
1:2000, B-actin 1:8000, a-tubulin 1:5000)] overnight at
4 °C and then incubated with the secondary antibodies
for 1 h at 37 'C. Bands were visualized using the ECL
Western Blotting Detection System (Pierce) according to
the manufacturer’s instructions.

Animal xenograft model

Protocols used in the animal experiment have been ap-
proved by the institutional animal ethics committee. All
procedures were performed on thirty 6-wk-old female
BALB/c nude mice (Nanjing Medical University Ani-
mal Centre). The mice were randomly divided into three
groups (7 = 10 for each). For tumor formation evalua-
tion, 4 X 10° cells/0.2 mL (Ecal09, Ecal09/Neo and
Ecal09/shHIF) were suspended and injected subcutane-
ously near the shoulder and back area. Mice in Group A,
B and C received an injection of Ecal09 cells, Ecal09/
Neo cells, and Ecal09/shHIF cells, respectively. Tumor
size was determined by caliper measurements of length
and width. Tumor volume was calculated using the fol-
lowing formula: (length X width)®/2. Four weeks after in-
jection, the mice were sacrificed. Tumors were harvested,
fixed with formalin and embedded in paraffin.
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Immunohistochemistry

Formalin-fixed, paraffin-embedded sections were depar-
affinized, hydrated in a graded ethanol series, and rinsed
with PBS. Antigens were retrieved by heating sections in
a steam cooker for 30 min. Endogenous peroxide was
inactivated with 3% H202 inhibitor in PBS for 12 min.
Nonspecific binding was blocked in 5% horse serum
and 1% goat serum for 20 min. Slides were incubated
overnight at 4 C with Gal-3 (1:1000), interleukin-8 (1:25;
Biosource International, Camarillo CA, United States), or
MMP-2 (1:400; Chemicon, Temecula, CA, United States)
antibody, and next day with a peroxidase-labeled anti-
rabbit antibody (1:500; Jackson Immunoresearch,United
States) for 1 h at room temperature. Signaling was de-
tected with 3, 3-diaminobenzidine (DAB; Phoenix Bio-
technologies, San Antonio, TX, United States) substrate
for 6 min, and the slides were counterstained with Gill’s
No. 3 hematoxylin (Sigma) for 20 s.

CD34-periodic acid Schiff dual staining

C918 xenograft specimens were fixed in 10% neutral
buffered formalin and embedded in paraffin. Paraffin-
embedded specimens were cut into serial 5-pum sections.
The sections were deparaffinized, rehydrated, and sub-
jected to immunohistochemical and periodic acid Schiff
(PAS) double staining. Immunohistochemistry was con-
ducted with a mouse monoclonal antibody against the
endothelium marker CD34 (1:50 dilution; Zhong Shan
Goldenbridge, Beijing, China) to identify the endotheli-
um. DAB chromogen was used for immunohistochemis-
try. CD34 staining helped to distinguish the PAS-positive
network of VM from endothelium-lined microvessels.
Tissues were stained with PAS to identify the matrix-
associated vascular channels of uveal melanoma. Quan-
tification of VM was performed as follows: CD34-PAS
dual stained sections were viewed at magnification X 400.
The channels defined as VM were lined by PAS-positive
material with red cells in the center of the channels, but
not lined by CD34-positive endothelial cells. The mean
VM count of 10 areas was calculated as the VM density
(VMD) for each section. The mean VMD from five xe-
nograft specimens in the genistein and control groups
was obtained as the final VMD count.

Statistical analysis

Data were evaluated for statistical significance by one-
way ANOVA with SPSS software version 11.0. All data
are expressed as mean * SE, accompanied by the number
of experiments performed independently. P < 0.05 was
considered statistically significant.

RESULTS

Knockdown of HIF-1c: inhibits proliferation and
migration of ESCC cells

MTT and Transwell migration assays demonstrated that
Ecal09/HIF-1a shRNA and TE13/HIF-10 shRNA cells
proliferated and invaded slower than normal Ecal09 and
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TE13 cells or Ecal09 HIF-1g Neo and TE13 HIF-1q,
Neo cells (Figure 1). On day 7, knockdown of HIF-1q
led to 32.3% £ 6.1% inhibition of Ecal09 cell prolifera-
tion and 38.6% * 6.8% inhibition of TE13 cell prolifera-
tion (Figure 1A). These results suggest that HIF-1¢, could
promote the proliferation and invasion of esophageal
carcinoma cells (P < 0.05).

Knockdown of HIF-1c. expression inhibits VM formation
and expression of VM-related genes in vitro

Ecal09 and TE13 cells on Matrigel could connect with
each other, and then formed a vascular network-like struc-
ture. The channel-forming abilities of Ecal09/shHIF
and TE13/shHIF cells 77 vitro were significantly inhibited,
which demonstrated that the cyclic structure fractured
and the number of tubular structures in the stable trans-
fection group was markedly less than that in the control
group (Figure 2A). The expression of HIF-1a, EphA2,
VE-cadherin and laminin (LN)5y2 proteins in TE13 and
TE13/Neo (Ecal09 and Ecal09/Neo) cells under hypox-
ic conditions was increased compared with those under
normoxia (P < 0.05), and expression of MMP2 had an
increasing but nonsignificant trend (P > 0.05). Expression
of HIF-1a, EphA2, VE-cadherin and LN5y2 was nota-
bly inhibited in Ecal09/shHIF and TE13/shHIF cells
under normoxic conditions (P < 0.05) and expression of
MMP2 did not change obviously. However, expression of
HIF-1a and the four VM-related genes in TE13/shHIF
and Ecal09/shHIF cells under hypoxia was not increased
compared with that under normoxia (P > 0.05) (Figure
2B).

HIF-1c. knockdown inhibits tumorigenicity and VM
structure in vivo

To validate the above 7 vitro tindings in vivo, we estab-
lished xenograft tumors by subcutaneous injection of
HIF-1a knockdown Ecal09 cells or the corresponding
control cells into the flanks of BALLB/c nude mice. The
time for tumor formation was 6 = 1.2 d for Ecal09 and
Ecal09 HIF-1q Neo cells, and 8.4 £ 2.1 d for Ecal09
HIF-1o shRNA cells. Four weeks after tumor formation,
the size and weight of tumors derived from Ecal09/
shHIF-1¢, cells were significantly smaller (1.61 £ 0.29 cm’
and 1.04 * 0.16 g) than those derived from Ecal09 cells
(2.96 £ 0.69 and 2.02 £ 0.28 g), and Ecal09/HIF-1a
Neo cells (2.69 * 0.63 cm’ and 1.83 + 0.39 g) (Figure 3A)
(P < 0.05). Knockdown of HIF-1a significantly inhibited
xenograft growth 7 vivo.

As shown in Figure 3B, the VM structure was found
in Ecal09 and Ecal09/Neo shHIF cells cultured in 3D
collagen gels more than in Ecal09/shHIF cells. We ex-
amined the effects of HIF-1q, knockdown on the expres-
sion of HIF-1a, EphA2, VE-cadherin and MMP2 7z vivo.
Protein gel blot analysis demonstrated that the expression
levels of EphA2 and VE-cadherin were significantly low-
er in tumor tissues derived from Ecal09/shHIF-1q cells
than in those derived from Ecal09 and Ecal09 HIF-1a
Neo control cells (Figure 3C). However, MMP2 protein
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Figure 1 Effects of hypoxia inducible factor-1o. knockdown on regulation of esophageal cancer cell viability and migration. A: MTT assay demonstrated that
Eca109/HIF-1o. shRNA and TE13/HIF-1c. shRNA cells proliferated slower than normal Eca109 and TE13 cells or Eca109 HIF-1a. Neo and TE13 HIF-1a Neo cells; B:
Transwell migration assay demonstrated that Eca109/HIF-1oc shRNA and TE13/HIF-1o. shRNA cells invaded slower than normal Eca109 and TE13 cells or Eca109
HIF-1o. Neo and TE13 HIF-1a Neo cells. Expression of HIF-1o. and the four VM-related genes in TE13/shHIF and Eca109/shHIF cells under hypoxia vs under nor-

moxia, P < 0.05. HIF: Hypoxia inducible factor.

expression was similar among the three groups. Quantita-
tive PCR results for HIF-1o, EphA2, VE-cadherin and
MMP2 in the Ecal09 group were 1.0 + 0.106, 1.0 £ 0.123,
1.0 £ 0.114 and 1.0 £ 0.172, respectively. In the Ecal09/
NeoHIF group, the PCR results for HIF-1a,, EphA2, VE-
cadherin and MMP2 were 1.103 + 0.118, 1.078 £ 0.091,
0.937 £ 1.083 and 0.911 £ 1.106, respectively (P > 0.05).
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In the Ecal09/shHIF group, the PCR results for HIF-
la, EphA2 and VE-cadherin were 0.684 £ 0.105, 0.713
+ 0.112 and 0.629 £ 0.094, respectively (P < 0.05) and
for MMP2, it was 0.957 £ 0.162 (P > 0.05). These studies
support the findings that knockdown of HIF-1q inhibits
EphA2 and VE-cadherin expression in Ecal09 cells iz
vivo.
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A Group 1 Group 2
Ecal09 Eca109/Neo

- TEL3/Neo
B Ecal09 Eca109/Neo Eca109/shHIF
N H N H N H
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TE13/shHIF
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Figure 2 Knockdown of hypoxia inducible factor-1c inhibits vasculogenic mimicry formation and expression of vasculogenic mimicry-related genes in
vitro. A: Effect of silencing HIF-1o. on the formation of VM in ESCC cells (magnification x 200) (Group 1: Untransfected cells; Group 2: Cells transfected with empty
vector; Group 3: Cells transfected with pGCsi-HIF3); Control group vs parental cells, P < 0.05; B: Expression of HIF-1c. protein and VM-related genes in esophageal
squamous cancer cells. Expression of HIF-1a, and the four VM-related genes in TE13/shHIF and Eca109/shHIF cells under hypoxia vs under normoxia, P < 0.05.
HPF: High-power field; HIF: Hypoxia inducible factor; VM: Vasculogenic mimicry; ESCC: Esophageal squamous cell carcinoma. N: Normoxia; H: Hypoxia.

Generation and characterization of ESCC cell clones
stably expressing shVE-cadherin

Green fluorescence was observed by inverted fluores-
cence microscopy in Ecal09/siVE-cad and TE13/siVE-
cad cells (Figure 4A), which were G418-resistant mono-
clones. These results revealed that Ecal09/siVE-cad and
TE13/siVE-cad cells had stable expression of green flu-
orescent protein (GFP) gene inserted in plasmid pGCsi-
VE-cad. Western blot analysis indicated that expression
of VE-cadherin protein was inhibited > 90% compared
to untransfected cells or cells transfected with VE-cad
Neo control shRNA vector (Figure 4B).
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Knockdown of VE-cadherin inhibits proliferation and
promotes apoptosis of ESCC cells
MTT assay demonstrated that Ecal09/shVE-cad and
TE13/shVE-cad cells proliferated slower than normal
Ecal09 and TE13 cells or Ecal09/Neo VE-cad and
TE13/Neo VE-cad cells. On day 7, HIF-1a knockdown
led to 36.8% * 6.7% inhibition of Ecal09 cell prolifera-
tion and 31.0% % 6.2% inhibition of TE13 cell prolifera-
tion (Figure 5A). These results suggest that VE-cadherin
could promote the proliferation of ESCC cells (P < 0.05).
The apoptosis rate in different groups of ESCC
cells was determined by Annexin V-FITC as follows:

December 21, 2014 | Volume 20 | Issue 47 |



Tang NN et a/. HIF-1a, VE-cadherin, VM and esophageal cancer

Ecal09 Eca109/Neo

Eca109/shHIF

i‘h

s vem
| —* Ecal09
3.0 —=—  Ecal09/NeoHIF
257 . Ecal09/shHIF
2.0 -
1.5 -
1.0 +
0.5 -
0.0 !
7 10 13 16 19 22 25 28
t/d
2.5 - Xenograft weight (g)

2.0
1.5 -
1.0 i
0.5 -
0.0

Ecal09 Eca109/NeoHIF Eca109/shHIF
group group group

g-»', . I -

Figure 3 In vivo effects of hypoxia inducible factor-1c. knockdown on regulation of esophageal cancer cell xenograft formation and gene expression. A:
Tumor size curve and weight of xenograft (Eca109/shHIF-1c, cells vs Eca109 cells and Eca109/HIF-1a. Neo cells, °P < 0.05); B: VM structure (arrow) in xenografts
of three groups (a: Eca109 group; b: Eca109/shHIF group; c: Eca109/NeoHIF group; d: Normal vessels; arrow, VM structure); C: Western blot detected HIF-10. and
EphA2, VE-cadherin and MMP2 expression (a: Eca109 group; b: Eca109/NeoHIF group; ¢: Eca109/shHIF group; Eca109/shHIF-1a. cells vs Eca109 and Eca109 HIF-
1o Neo control cells, P < 0.05). HIF: Hypoxia inducible factor; VM: Vasculogenic mimicry.

Ecal09 6.77% =+ 1.56%, Ecal09/Neo 7.85% * 1.47%,
Ecal09/shVE-cad 20.29% =+ 5.23%; TE13 10.39% =
3.08%, TE13/Neo 11.65% =+ 3.79%, and TE13/shVE-
cad 29.95% * 7.39% (Figure 5B). Compared to control
groups, the apoptosis rate in VE-cadherin knockdown cells
was significantly increased in ESCC cells. These data indi-
cate that VE-cadherin had an inhibitory effect on apopto-
sis of ESCC cells (P < 0.05)

shRNA against VE-cadherin inhibits VM formation and
expression of VM-related genes in vitro

The channel-forming ability of Ecal09/shVE-cad and
TE13/shVE-cad cells # vitro was significantly inhibited
compared with Ecal09 and TE13 cells. This result dem-
onstrated that the cyclic structure fractured and the num-
ber of tubular structures in the stable transfection group
was markedly less than that in the control group (Figure
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6A). The mRNA and protein expression of VE-cadherin,
EphA2, and LN5y2 was notably inhibited in Ecal09/
shVE-cad and TE13/shVE-cad cells under normoxic
conditions (P < 0.05) and expression of HIF-1¢ did not
change obviously (Figure 6B).

DISCUSSION

Hypoxia is a unique microenvironment in solid tumots,
including ESCC". The particular characteristics of the
tumor microenvironment have the potential to strongly
promote tumor growth, metastasis and angiogenesis and
induce drug resistance. HIF-1a is a key transcription
factor in tumor development and only accumulates in hy-
poxic tumors'>'7,

Under normoxic conditions, the HIF-1q subunit
is rapidly degraded »ia the von Hippel-Lindau tumor
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suppressor gene product (pVHL)-mediated ubiquitin-
proteasome pathway. Under hypoxic conditions, the
translationally controlled tumor protein decreases the
protein level of VHL and increases the protein level of
HIF1q, therefore, HIF-1q, subunit becomes stable!”".
Recent studies have demonstrated that the inhibition of
HIF-1a expression could inhibit the development of
lung, liver, stomach, and other tumors' ", which indicate
that targeting HIF-1o appears to be effective for cancer
treatment.

In our previous study, we found that HIF-1o. expres-
sion significantly increased in hypoxia compared with
normoxia and inhibition of HIF-1q, expression by YC-1
could inhibit the development of ESCC". In this study,
we found that shRNA-mediated knockdown of HIF-1a
inhibited cell proliferation and migration in both hypoxia
and normoxia. We used a xenograft nude mouse model
to prove that shRNA-mediated HIF-1a knockdown sup-
pressed the tumorigenicity of ESCC cells 7z vivo. These
results indicated that HIF-1¢ could become an important
target for ESCC therapy.

In 1999, Maniotis ¢z @/’ found that tissue sections from
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highly aggressive and metastatic melanoma contained pat-
terned networks of interconnected loops of extracellular
matrix, in which endothelial cells were not identified and
tumor cells mimicked endothelial cells - a process called
VM. Wang ¢ a/*” reported that VM can supplement the
function of blood vessels to transport nutrients and oxy-
gen to maintain the growth of tumor cells in malignant tu-
mors™, Studies revealed that the presence of VM was as-
sociated with the expression of MMP-2, MMP-14, EphA2
and T.N5y2 in medulloblastoma™***!, At present, VM has
been found in many cancers, such as malignant melanoma,
osteosarcoma, ovarian cancer and liver cancet™ ™, VM is
also present in ESCC™. As a new blood supply pathway,
VM tends to exist in highly malignant tumor tissues”™ and
patients with VM often have a poor prognosis”™ . Some
molecular mechanisms of VM have been investigated,
however, the exact mechanism and the key signaling path-
way have not yet been elucidated.

In the present study, we found that VM exists in hu-
man ESCC and HIF-1q plays an important role in the
development of VM in human ESCC, which has not been
reported. Our data also showed that targeting HIF-1o or
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VE-cadherin effectively inhibited formation of VM in hu-
man esophageal cancer cells, indicating that HIF-1o and
VE-cadherin may be targeted for anti-ESCC therapy.

Recent publications have implied that development
of VM in malignant carcinoma is closely related to VE-
cadherin, EphA2, LN5y2 and MMP-2""*. Hess ef a/”"
brought forward the hypothesis that VE-cadherin and
EphA2 activate the phosphoinositide 3-kinase and focal
adhesion kinase (FAK) signaling pathways. These path-
ways further activate MT1-MMP, MMP-2 and then Lam-
inin 5y2 (LN5y2) to promote the formation of VM.
However, in our study, the expression of VE-cadherin
and EphA2 was inhibited after silencing of HIF-1q,
while expression of MMP-2 was not significantly af-
fected. The expression of L.IN3y2 gene was almost com-
pletely inhibited in Ecal09/shHIF and TE13/shHIF
cells. When VE-cadherin was silenced, expression of
LN5y2 and EphA2 was inhibited, while expression of
HIF-1a was unchanged. These results suggested that
VE-cadherin is the downstream gene of HIF-1a and
regulates VM in ESCC through EphA2 and LIN5y2 genes
but not MMP2 gene.

In conclusion, the present study indicated that human
ESCC cell lines could form vascular network-like struc-
tures, and HIF-1¢ plays an important role in the signal
transduction pathway of the VM. The possible mechanism
is that a hypoxic microenvironment causes greater expres-
sion of HIF-1a, and higher transcriptional activity of
HIF-1q, promotes the formation of VM by modulating
VE-cadberin, EphA2 and L.IN5y2 gene expression directly
ot indirectly to provide a blood supply to the tumor. An-
tiangiogenic drugs alone cannot completely block tumor
blood supply. Thus, treatment strategies for carcinoma that
presents with VM should take the latter into account, as
well as targeting endothelium-dependent vessels.
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