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Abstract: Tumor endothelial cells have been found to be associated with metastasis and cancer progression. In this
study, we reported that human esophageal cancer endothelial cells (HECEC), unlike corresponding human esopha-
geal normal endothelial cells (HENEC) displayed several distinct feature couple with unique gene expression profile.
Further studies showed that HECEC can enhance migration, invasion and self-renewal properties of esophageal
carcinoma cell in vitro by a direct cell-cell interaction. In vivo assay demonstrated that HECEC could significantly
enhance the invasion and lung metastasis of esophageal cancer cells. To elucidate the molecular mechanisms of
HECEC in esophageal carcinoma progression, we employed the microarray to analyze the gene expression profiles
before and after treating with HECEC, HENEC or conditioned meium from HECEC. Among the highly expressed
HECEC-regulated genes, we focused on Epiregulin (EREG). Further studies demonstrated that overexpression of
EREG in EC9706 or Kyse30 cells can induce actin reorganization, sphere formation ability and a significantly enrich-
ment of CD44* cancer stem-like cells. Moreover, up-regulation of EREG in esophageal cancer cells could enhance
lung metastasis and decrease the survival time in vivo. Further study indicated that EREG could induce activation
of the Src and FAK. In addition, all these effects could also be inhibited by the function-blocking anti-EREG antibody
in a dose dependent manner. Immunohistochemical analysis revealed that high level of EREG was significantly cor-
related with lymph node metastases and poor prognosis. In summary, HECEC play key roles in enhancing the inva-
sion, migration, cancer stem cell phenotype and metastatic potential of esophageal cancer cells through Epiregulin.
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Introduction

Human esophageal carcinoma is one of the
most common causes of cancer death world-
wide, and is particularly prevalent in China. The
poor prognosis of esophageal cancer is largely
due to early-stage invasion of adjacent tissues
and late-satge distant metastasis [1].

It has been reported that many types of cancer,
including esophageal carcinoma, are initiated
from and maintained by cancer stem cells
(CSCs), which possesses the self-renewal
capacity and can give rise to the heteroge-
neous lineages of daughter cancer cells [2].

Accumulating evidence has shown that cancer
stem cells (CSCs) played essential roles in pro-
moting tumor invasion and metastasis [3, 4].
Thus, targeting cancer stem cell might be a
promising therapeutic option.

The tumor microenvironment contains endo-
thelial cells, immune cells as well as the soluble
factors could maintain the cancer stem cell
phenotype to facilitate cancer initiation, pro-
gression and distant metastasis [5, 6]. Among
them, tumor endothelial cells played essential
roles in the tumor growth and survival. Unlike
the endothelium in the normal “quiescent” tis-
sues, tumor endothelial cells owned unique
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structure and functions [7]. Previous studies in
our lab successfully isolated and harvested the
HECEC from fresh samples of esophageal squa-
mous cell carcinoma [8]. We also found that
HECECs, not HUVEC, can significantly enhance
the esophageal tumor growth when were co-
injected with human esophageal cancer cells
into nude mice [9]. Although there is a great
deal of evidence that immortalized normal EC
can enhance tumor growth, cancer stem cell
(CSC) phenotype and pro-metastatic proper-
ties, the roles of tumor endothelial cell in tumor
invasion and metastasis need further valida-
tion [10, 11]. In this study, we investigated the
mechanism of the interaction between HECECs
and esophageal cancer cells in promoting
tumor invasion and metastasis. Here, we report
that HECEC could promote esophageal cancer
progression through elevated Epiregulin.

Materials and methods

Samples

All tissue specimens were collected from
patients in the Department of Pathology in
Cancer Hospital, Chinese Academy of Medical
Sciences, Beijing, China. Patients did not
receive any treatment before surgery, and
signed informed consent forms for sample
collection. For immunohistochemistry analysis,
120 paraffin-embedded esophageal carcino-
ma and paired adjacent normal esophageal
tissues were randomly obtained from patients
with clinical follow-up records during 1996-
2005. 60 paraffin-embedded esophageal car-
cinoma and paired lymph node metastatic
samples were randomly collected from pa-
tients during 1997-2002. For all the speci-
mens, clinicopathological information (age,
gender, pathology, differentiation, and TNM
stage) was available. The study was approved
by the medical ethics committee of Cancer
Institute and Hospital, CAMS.

Cell culture

The HECECs and HENECs were isolated from
human esophageal squamous carcinoma and
paired adjacent normal tissues [9]. Briefly, The
tissues were rinsed with 0.1 M Phosphate buf-
fer saline for about 10 minutes and cut into
slices. Then, they were digested with 0.1% col-
lagenase at 37°C for 2 hr. Magnetic beads
(Miltenyi Biotec, Germany) coupled with anti-
CD31 (Endogen, Woburn, MA, USA) were added
into the plates to bind to the endothelial cells.
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The cells were washed three times with D-MEM
to discard excessive beads. After 10 mM
EDTA/0.1% trypsin (Gibco) treatment, cells
binding with magnetic beads were subfraction-
ated by magnetic attraction. Finally, endothelial
cells were incubated in plates coated by 2%
Gelatin (Sigma) in D-MEM supplemented with
10% FBS and 100 upg/ml ECGS (endothelial
cells growth supplement, Sigma) at 37°C, 5%
CO,. The esophageal carcinoma cell (ESCC) line
EC9706 (a gift from Dr. Minrong Wang, Chinese
Academy of Medical Sciences Cancer Institute
Hospital, Peking University Medical School,
Beijing 100021, China) was cultured in RPMI
1640 supplemented with 10% fetal bovine
serum. KYSE30 was generously provided by Dr.
Shimada, Kyoto University, were maintained in
the medium containing MEM (Gibco) with 10%
FBS.

In vitro angiogenesis assay

As described previously, 96-well plates were
coated with 50 ul/well ice-cold Matrigel (BD
Biosciences, San Jose, CA, USA), which was
allowed to polymerize for 30 min at 37°C. 2 x
103 HECECs, HENEC and HUVEC were seeded
into a 96-well culture plate pre-coated with
Matrigel and then cultured in the culture condi-
tion. After 24 h incubation, tube formation was
observed and quantified by using a phase con-
trast microscopy [8].

Invasion assay

Invasion assays were carried out in a 24-well
transwell unit on polycarbonate filter (40 um)
coated with Matrigel. Esophageal cancer cells
were placed into the upper well, cultured for 24
h and allowed to invade into the Matrigel layer.
After a 24 h incubation period, the cancer cells
that had passed through the filter into the lower
wells were stained by 4’,6-diamidino-2-phenyl-
indole (DAPI), counted and photographed. All
experiments were performed in triplicate.

Immunohistochemistry

The avidin-biotin-complex method was used
forimmunohistochemical analysis. Endogenous
reactivity for peroxidase was inactivated before
antigen retrieval with citrate buffer. After block-
ing with 10% goat serum at 37°C for 30 min,
the slides were incubated with primary anti-
body at 37°C for 2 hours. Standard avidin-bio-
tin complex peroxidase immunohistochemical
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staining was performed with anti-EREG Poly-
clonal Antibody (AF1195, R&D Systems) at 10
ug/mL. Biotinylated secondary antibodies were
used to visualize the specific markers by avidin-
HRP/DAB reaction. Tissues with no staining
were rated as O, with faint staining or moderate
to strong staining in 10% of cells as 1, with
moderate staining or strong staining in 10% to
50% of cells as 2, and with strong staining in >
50% of cells as 3. Esophageal carcinoma tis-
sues that registered levels O and 1 were defined
as negative for expression, whereas samples at
levels 2 or 3 were defined as positive.

RT-PCR

Cells were harvested in Trizol® reagent (Invi-
trogen), and total RNA was isolated according
to the manufacturer's instructions. Single-
stranded cDNA was synthesized from 4 ug total
RNA using M-MLV reverse transcriptase (Invi-
trogen), with an oligo(dT) 18-mer as the primer,
in a final reaction volume of 25 pl.

EREG: 5-AGCTTCCCTTCTAGGCTGACA-3, 5-CGA-
GTATTCAGACTTGCGGC-3; AREG: 5-AAGCTTAC-
TCGCTCTTCCAAC-3, 5-CTATGCTATAGCATGTACA-
TTTCC-3; MMP1: 5-AGCTTAGCCATCACTTACCT-
TG-3, 5-AGCTCGAGCCAATTTTTCCTGC-3; MM-
P3: 5-CGAGCTAAGTAAAGCCAG-3, 5-AGCCAAC-
AATTAAGCCAGC-3; CYR61: 5-GCAAAGCTTCTT-
GTTGGCGTCT-3, 5-CAGGCTCGAGAAAGTCCCTA-
AATT-3; IL6: 5-ATGTCCTTCTCCACAAGCGC-3,
5-GAAGAGCCCTCAGGCTGGACTG-3; IL8: 5-GA-
TGACGAGTTGTGGTCCCT-3, 5-GATTGGCCTTGG-
AAGATGAA-3; CD44: 5-ATCTACCCCAGCAACC-
CTAC-3, 5-GCCTGCTGAGATGGTATTTG-3; GAP-
DH: 5-TGGTATCGTGGAAGGACTCATGAC-3, 5-AT-
GCCAGTGAGCTTCCCGTTCAGC-3.

Western blotting

For western blot analysis, cellular proteins were
extracted in 40 mM Tris-HCI (pH 7.4) containing
150 mM NaCl and 1% (v/v) Triton X-100, sup-
plemented with a cocktail of protease inhibi-
tors. Equal amounts of protein were resolved
on 10% SDS-PAGE gels, then transferred to a
PVDF membrane. After blocking with 5% non-
fat milk, the membranes were incubated, first
with primary antibody at 4°C overnight, then
with HRP-conjugated sheep anti-rabbit or anti-
mouse IgG secondary antibodies (Vector,
Burlingame, CA). After washing, the blots were
developed using the Super Enhanced chemilu-
minescence detection kit (Applygen Tech-
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nologies Inc., Beijing, China). Protein bands
were visualized after exposure of the mem-
brane to Kodak X-ray film. Antibodies against
EREG (AF1195, 0.1 upg/mL) was purchased
from R&D Systems. EGFR (44796G, used at
1:1000), EGFR [pY1086] (44790G, used at
1:1000), FAK (34Q36, used at 1 ug/mL), FAK
[pY576] (44-652G, used at 1 ug/mL), SRC (44-
655G, used at 1:1000), SRC [pY418] (446600,
used at 1:1000) were purchased from
Invitrogen.

Immunofluorescence

Cells were cultured for 24 hours. After rinsing
with PBS, cells were fixed in PBS-4% parafor-
maldehyde for 30 minutes and were permeabi-
lized with 0.1% Triton X-100 (Roche Diagnostics
GmbH, Mannheim, Germany) for 10 minutes at
4°C. F-actin of the cells were then dyed with
Phallotoxin (A12381).

Animal experiments

All the animal experiments were performed in
full compliance with institutional guidelines and
with the approval of the Animal Care and Use
Committee, Cancer Institute/Hospital, CAMS
and PUMC. Female nu/nu mice from the
Jackson Laboratory (Vitalriver, China) were kept
in a pathogen-free facility at Cancer Hospital,
Chinese Academy of Medical Sciences. The
facility is accredited for animal care by the
Chinese Association for Accreditation of
Laboratory Animal Care. For co-transplantation
of Tumor Cells with Endothelial Cells model, 1 x
108 tumor cells (KYSE30s or EC9706) mixed
with 4 x 10° endothelial cells (HECECs or
HENECs) were transplanted into nude mice.
Mice were divided into groups of six animals
each, according to the number and kind of
cells injected. Cell mixture was subcutaneously
inoculated on the back by one injection per
mouse. Mice were sacrificed 30 days after
injected with the mixture of KYSE30 or EC9706
cells with HECECs, and KYSE30 or EC9706
cells with HENECs to measure the invasive pat-
tern and distant metastatic foci. For experimen-
tal metastases model, EC9706, EC9706-EREG
and vector cells were subcutaneously injected
into nude mice with 1 x 108 cells per animal for
each group. 43 days after injection, 24 mice
were killed and invasive pattern were analyzed
with hematoxylin and eosin (H&E) staining. The
lung with metastasis foci was used for patho-
logical confirmation.

Am J Cancer Res 2016;6(10):2277-2288



EREG promote metastasis and CSC phenotype through elevated Epiregulin

p=

HECEC HENEC

HUVEC

w

Cell count

- HENEC
*+HECEC

O =2 N W e OO
—Tr—TrTrTr

8

HENEC HECEC

Statistical analysis

The SPSS, version 15, software package (SPSS
Inc., Chicago, IL) was used for statistical analy-
sis. The two-sided t-test method was used for
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Figure 1. The characterics of HECECs. A. The level
of CD31 and the tube formation of HECECs, HENEC
and HUVEC (x 20). B. The growth curve and pas-
sage time of HECECs and HENEC. C. Heat map of
microarray data between HECECs and HENEC. D.
Different Functional Gene Clusters.

analysis of the number of lung metastatic foci
among groups. The association between the
immunoreactive markers and the clinicopatho-
logic features was analyzed using the Chi-
square test or the two-sided t-test, as appropri-
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Figure 2. The HECECs enhance ESCC cell malignant phenotype. A. The migration and invasion of EC9706 and
Kyse30 after co-culturing with HECECs or HENEC or treated by CM from HECECs. B. The sphere number of EC9706
and Kyse30 in serum free medium after co-culturing with HECECs or HENEC. The percentage of CD44 in EC9706
and Kyse30 after co-culturing with HECECs or HENEC. C. H&E staining of EC9706 and Kyse30 xenograft tumor con-
taining HECECs or HENEC. The showed a high invasive pattern in the EC9706 and Kyse30 co-injecting with HECECs.
D. EC9706 and Kyse30 xenograft tumor containing HECECs significantly increased the lung metastatic foci number.

(Statistical plots of lung metastasis foci).

ate. The survival rates were assessed by the
Kaplan-Meier method and compared by the
log-rank test. P-value < 0.05 was considered
statistically significant.

Results

Tumor endothelial cells from human esopha-
geal carcinoma tissues displayed the distinct
gene pattern

We previously reported that HECECs displayed
spindle-shaped endothelial cell morphology
with EC-specific markers and enhanced the
tumor growth in vivo [9]. To explore the biologi-
cal significance of angiogenesis, we used
HECECs, HENECs and HUVEC for tube-forma-
tion assays, and found that they can form the
tube in the Matrigel by the Tube formation
assay for six hours at 37°C (Figure 1A). Cell
proliferation assay using CCK-8 showed that
HECECSs proliferated more quickly than HENECs
did. Also, HECECs can be continually passaged
for at least 25 times or longer than HENECs
(Figure 1B). To further analyze the different
gene expression profiles between HECECs and
HENECs, we identified 55 genes including 29
up-regulated genes and 26 down-regulated
genes with respect to HENECs (cutoff of > 3
fold or < 0.2-fold) (Figure 1C). Functional clus-
tering analysis by using DAVID database dem-
onstrated that these differentially expressed
genes were highly related to extracellular matrix
factors (Figure 1D). We speculated that HECECs
can facilitate tumor growth and metastatic dis-
semination by maintaining tumor microenvir-
onment.

HECECs enhance the invasion, migration and
cancer stem-like cell self-renewal of esopha-
geal cancer cells in vitro

To investigate the effect of HECECs on esopha-
geal cancer cells, we established a tumor-endo-
thelial cells co-culture experiment [12]. Briefly,
HECECs and HUVECs were grown as a mono-
layer to confluence on a galetin-coated flask.
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EC9706 and KYSE3O0 cells were plated on
them. After 72 hours, the cancer cells began to
penetrate the monolayer of endothelium, and
ultimately grew up to cancer cell nests. We then
removed endothelium by taking advantage of
the fact that they were much more easily tryp-
sinized than the esophageal cancer cells. The
surviving tumor cells were subjected to analyze
for several biological properties, and the can-
cer cells treated with HECEC cultural medium
(CM) were as a control. As shown in Figure 2A,
HECECs significantly accelerated the invasion
and migration of EC9706 and Kyse30 cells,
while CM from HECEC hardly affected the cor-
responding phenotype. To examine the effects
of tumor endothelial cells on the self-renewal
of CSCs, esophageal cancer cells interacting
with tumor endothelial cells were cultured in
serum-free medium and sphere formation was
observed. We found that HECEC could increase
sphere-forming capability of EC9706 or Kyse30
cells by nearly 3-fold as compared to parental
cells or co-culture with HENEC (Figure 2B). It
has been reported that CD44 was a CSC mark-
er in esophageal cancer [13, 14]. Further fluo-
rescence-activated cell sorting (FACS) analysis
indicated that percentage of CD44" cells was
significantly increased by co-culturing with
HECEC (Figure 2B).

HECECs promotes esophageal cancer cell in-
vasion and lung metastasis in vivo

To investigate the role of HECEC in tumor pro-
gression, we inoculated the cell mixture con-
taining KYSE3O0 cells or EC9706 with HECECs
or HENECs into nude mice, and collected the
lungs along with primary tumor tissues at the
end of the experiment. The result demonstrat-
ed that Kyse30 or EC9706 cancer cells con-
taining HECEC exhibited the highly invasive
growth patterns into the surrounding muscles
(Figure 2C). More importantly, we found that
Kyse30 or EC9706 cells with HECEC displayed
significantly more lung metastasis foci as com-
pared to esophageal cancer cells with HENEC
(Figure 2D).

Am J Cancer Res 2016;6(10):2277-2288
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or treated by CM from HECECs. B. Reverse transcription-PCR analysis of the

selected genes.

HECEC-regulated genes gene expression
analysis

To identify the HECEC-regulated genes, we
employed microarrays to analyze the gene pro-
file and identified 15 up-regulated genes in
EC9706 cells directly contacting with HECEC (P
< 0.01, cutoff of > 3-fold) (Figure 3A). Functional
analysis revealed that most of them were
involved in tumor invasion and metastasis.
Furthermore, we selected 8 genes to validate
microarray results by RT-PCR. The results
showed that the expression changes of 8
selected genes were in consistence with the
microarray data, and Epiregulin (EREG) was
selected for further study (Figure 3B).

EREG promotes invasion, sphere formation,
actin reorganization and lung metastasis by
activation of FAK and Src

To study the function of EREG, we established
the EREG-overexpressed cells (ECO9706-EREG
and Kyse30-EREG) by using plasmid trans-
fection. As shown in Figure 4A, EREG over-
expression can induce a marked 3.9 fold
increase in EC9706 cell invasion. The similar
results also were found in KYSE30 cell line.
There is evidence that reorganization of actin
cytoskeleton contributed to the cancer cell mi-
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of EREG could enhance the
level of CD44* cells by flow
cytometric analysis. The re-
sult showed that high level of
EREG enriched the CD44-
positive cell population by 8
fold comparing to EC9706-vector cells. Con-
sistently, overexpression of EREG in Kyse30
cells also enhance the percentage of CD44
positive cell by 7.3 fold (Figure 4D). To investi-
gate the role of EREG in lung metastasis,
ECO706-EREG cells were injected subcutane-
ously into the flanks of nude mice, and the
number of lung metastatic foci was measured
at the end of experiment. We found that EREG-
EC9706 cells formed significantly more lung
metastatic foci as compared to control (vector)
cells (Figure 4D). In addition, the mice injected
with EC9706-EREG cells showed a shorter
survival time than mice with EC9706 cells
(Figure 4E). EREG, a member of the epidermal
growth factor family, can function as a ligand
of EGFR. We found that the phospho-signals
of EGFR (Y1068), Src (pY418) and FAK (pY576)
were increased in Western blot. Meanwhile,
we employed the specific EREG polyclonal
inhibitory antibody and measured its effects.
It could significantly suppress the phosphoryla-
tion of EGFR, Src and FAK in a dosage-depen-
dent manner (Figure 4F).

High level of EREG is associated with
clinicopathological parameters

To investigate the expression and clinical sig-
nificance of EREG, we evaluated the its expres-

Am J Cancer Res 2016;6(10):2277-2288
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Figure 4. EREG overexpression enhanced cell migration, invasion, structure of actin cytoskeleton in vitro and lung
metastasis in vivo. A. F-actin cytoskeleton structure of EC9706 and Kyse30 was visualized by immunofluorescence
analysis. B. Representative images of spheroid colonies were shown. C. Self-renewal ability was investigated by
mammosphere assays in serum free medium. D. Flow cytometry analysis of CD44* population. E. Number of lung
metastasis foci formed by EC9706-EREG, Vector and EC9706 parental cells in the nude mice. F. Kaplan-Meier sur-
vival curve of mice injected with EC9706-EREG, Vector and EC9706 parental cells. G. The effects of EREG on EGFR
activation, phosphorylated EGFR, FAK or Src in EC9706 cells with or without overexpression of EREG were analyzed

by Western Blot.

sion in 120 esophageal carcinoma tissues
samples paired adjacent normal tissues. The
EREG immunopositivity was not observed in
the normal tissues, but 85 of 120 primary
lesions exhibited positive staining. Interestingly,
we observed that cancer cells adjacent to ECs
displayed higher level of EREG than in other
location (Figure 5A). Associations of EREG
expression with other variables were shown in
Table 1. High level of EREG was significantly
associated with depth of invasion (P = 0.000),
lymph node metastasis (P = 0.022) and differ-
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entiation (P = 0.029). While there was no signifi-
cant correlation between EREG expression and
other parameter including Distant metastasis,
Age and Gender. To further investigate the rela-
tionship between EREG expression and lymph
node metastasis, we also collected the 60
esophageal carcinoma tissues samples and
paired lymph node metastatic samples. We
found that among these 60 paired samples,
EREG was positive in 42 primary tumors (70.0%)
and in 42 corresponding lymph node metasta-
ses (70%). Further analysis revealed that the
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Table 1. Association between EREG expres-
sion and Clinicopathologic Characteristics of
the 120 esophageal cancer patients

EREG expression

Variables - — P value
Negative Positive
Age 59.2+10.7 61.7£10.1 0.231
Gender 0.502
Male 17 47
Female 18 38
T 0.000
T1 8 9
T2 11 5
T3 13 57
T4 2 14
N 0.022
NO 18 26
N1 16 59
M 0.36
MO 35 83
M1 0 2
Grade 0.029
High 5 17
Moderate 23 42
Low 4 25

levels of EREG were significantly higher in the
lymph node metastases tissues than in the pri-
mary tissues (Figure 5B). The prognostic signifi-
cance of EREG expression was determined by
EREG staining and the corresponding clinical
follow-up records. Kaplan-Meier survival analy-
sis revealed a correlation between higher EREG
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expression levels and shorter overall survival
times (P < 0.01) (Figure 5C). Taken together,
these observations indicated that overexpres-
sion of EREG was significantly associated with
poor prognosis in esophageal cancer.

Discussion

Human esophageal cancer is one of the most
common causes of cancer death worldwide,
and is particularly prevalent in China [15]. The
poor prognosis for esophageal cancer was
largely due to early-stage invasion of adjacent
tissue and distant metastasis [16]. Con-
sequently, inhibition of tumor invasion and
metastasis can significantly improve the sur-
vival of patients with esophageal cancer.

Cancer stem cell (CSC) is believed to possess
the self-renewal capacity and can give rise to
the heterogeneous lineages of daughter can-
cer cells [2]. CSC is not only responsible for
radiation and chemotherapy resistance, but
also are closely related to the migration, inva-
siveness and metastasis [17]. It has been
reported that esophageal cancer tissues con-
tained the cancer stem cell, and cancer stem
cell marker CD44 can be utilized to efficiently
enrich the CSC in esophageal cancer [13].

The tumor microenvironment including endo-
thelial cells plays key a role in cancer progres-
sion. Recent evidence also proved that tumor
endothelial cells could provide a niche to enrich
cancer stem cell phenotype [6]. Tumor endo-
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thelial cells owned different structure and
function, which is very different from endothe-
lium in normal tissues. Previous studies dem-
onstrated that immortalized normal EC can
enhance tumor growth, cancer stem cell (CSC)
phenotype and pro-metastatic properties [10].
However, the roles of tumor endothelial in inva-
sion and metastasis are known very little
nowadays.

In this study, we explored the characteristics
of HECECs. Firstly, HECECs can form the tube
in the Matrigel by the Tube formation assay,
and can be continually passaged for at least 25
times or longer than HENECs. Secondly, we
established a tumor-endothelial cells co-cul-
ture experiment, and used HENECs and cultural
medium from HECEC as control. We found
HECECs could enhance the invasion, migration
and cancer stem-like cell self-renewal of esoph-
ageal cancer cells in vitro, and promoted
esophageal cancer cell invasion and lung
metastasis in vivo. Microarray analysis identi-
fied 15 HECEC up-regulated genes, and most of
them were involved in tumor invasion and
metastasis by functional cluster analysis.
Among them, Epiregulin (EREG) was selected
the candidate genes in this model. Previous
studies suggested that Epiregulin plays an
important role in cancer progression including
bladder cancer [18], gastric cancer [19],
colorectal cancer [19], breast cancer [20] and
lung cancer [21]. But there is a limited number
of reports suggested that EREG was involved
in esophageal cancer progression. To investi-
gate the function of EREG, we established the
EREG-overexpressed cells. Functional assays
revealed that overexpression of EREG in
ECO706 or Kyse30 cells could significantly
increase invasion, sphere-forming capability,
the percentage of CD44-positive cell, and
induce cancer cell actin reorganization as well
in vitro. Furthermore, EC9706-EREG cells sig-
nificantly developed more lung metastatic foci
than parental cells in vivo.

Epiregulin (EREG), a member of the epidermal
growth factor family, can function as a ligand of
EGFR to induce invasion, migration and cell sur-
vival through a complex signaling pathways
such as Src and FAK activation [22-24]. On the
basis of recent studies, we evaluated the relat-
ed signaling targets including phospho-signals
of EGFR (Y1068), Src (pY418) and FAK (pY576)
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by using western blot. We found that all three
molecular targets were activated by EREG and
subsequently inactivated by EREG polyclonal
inhibitory antibody.

To determine the clinical significance of EREG
expression in esophageal carcinoma tissues,
we assessed the level of EREG in 120 esopha-
geal carcinoma tissues samples that had clini-
cal follow-up records by immunohistochemistry
analysis. We found that there was no detect-
able staining of EREG in the normal epithelium,
but 78% primary lesions exhibited positive
staining. The result also demonstrated that the
expression of EREG was correlated with Lymph
node metastasis and was coupled with shorter
overall survival. Furthermore, we also harvest-
ed the 60 esophageal carcinoma tissues and
paired lymph node metastatic samples to eval-
uate the EREG level. We found that expression
of EREG in the lymph node metastatic was
noticeably higher than that in the matched pri-
mary colon cancer tissues. Interestingly, we
also found that Esophageal carcinoma cells
Adjacent to ECs in esophageal carcinoma tis-
sues demonstrate over-expression of EREG.
Taken together, these observations indicated
that overexpression of EREG was significantly
associated with esophageal carcinoma poor
prognosis.

Taken together, the present study may have a
variety of implications for understanding the
role of HECEC in esophageal cancer progres-
sion. First, this is the first study defining a
mechanism how HECECs regulated the inva-
sion, migration, cancer stem cell phenotype
and metastatic potential of esophageal cancer
cells in a direct interaction. This study reports
that HECEC can enhance the level of EREG in
esophageal cancer and lead to activation of
phosphorylation of EGFR/Src/FAK. At last, our
findings suggest that overexpression of EREG
was significantly associated with lymph node
metastasis and was coupled with shorter over-
all survival. It is possible that targeting EREG
may inhibit CSC and improve the outcomes of
esophageal cancer.
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