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Abstract: Esophageal cancer (EC) is one of the most common causes of cancer-related mortality
in the world. Although much effort has been made to improve the 5-year survival rate of patients
with EC, it still remains low due to diagnosis at an advanced stage, aggressive local invasion,
early metastasis, and resistance to chemotherapy. Although grainyhead-like 2 (GRHL2) has
attracted interest since it has been recently identified as a novel suppressor of the epithelial—
mesenchymal transition, clinical values of GRHL2 and its relationship with the metastasis-related
factors, such as hypoxia-inducible factor 1o, (HIF-101) and vascular endothelial growth factor
(VEGF), remain unclear. In order to investigate the expression of GRHL2, HIF-1a, and VEGF,
and their correlation with angiogenesis in EC, 63 patients with EC were examined. The expres-
sion of GRHL2, HIF-10, and VEGF in tumor tissues was higher than that in adjacent tissues
and was associated with tumor differentiation. GRHL2 expression was significantly correlated
with lymph node metastasis and invasion depth, whereas VEGF expression was associated with
tumor (TNM) stage. A significant correlation was found between the expression of GRHL2 and
HIF-10. The patients expressing low GRHL2 and high HIF-10o showed significant reduction in
both overall survival rate and disease-free survival rate. The results demonstrated that abnormal
expression of GRHL?2 is common in EC, and low expression of GRHL2 accompanied by a high
expression of HIF-1o indicates poor prognosis.
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Introduction

Esophageal cancer (EC) is the sixth most common cause of cancer-related mortality
in the world, with an estimated 455,000 new cases and 400,000 deaths worldwide in
2012." About half of the EC cases that are newly diagnosed each year worldwide occur
in eastern Asia, especially in Linxan, People’s Republic of China.! Although the 5-year
relative survival rate of patients with EC has improved during the past 3 decades, it
still remains low at about 20% due to diagnosis at an advanced stage, aggressive local
invasion, early metastasis, and resistance to chemotherapy and adjuvant therapy.>* The
prognosis and choice of therapy for patients with EC are determined by the cancer
stage.* However, there is an increasing evidence that even patients with the same
pathologic stage of EC may have considerable differences in outcome after complete
surgical resection, and so it is not sufficient to precisely predict individual prognosis
on the basis of the current staging system alone. Therefore, there is an urgent need to
discover more biomarkers and therapeutic targets for EC.

Advances in molecular biology have led to the discovery of a variety of new
molecules that contribute to carcinogenesis and tumor progression. Grainyhead-
like 2 (GRHL2), a mammalian homolog of Drosophila grainyhead, is a member of
grainyhead-like (GRHL) transcription factor family. GRHL is a newly discovered
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family of tissue- and development-specific genes including
three distinct members: GRHL1, GRHL2, and GRHL3.? It has
been shown that GRHL 1 regulates epidermal differentiation,
as the Grhl1—/—mice has been found to exhibit palmoplantar
keratoderma, impaired hair anchoring, and desmosomal
abnormalities,® whereas GRHL3 acts as a direct activa-
tor of PTEN expression, and deletion of GRHL3 in adult
epidermis has been shown to result in aggressive squamous
cell carcinoma induced by evoking of PI3K/AKT/mTOR
signaling.” Recently, GRHL2 has drawn much attention for
its function in regulating developmental neural tube closure,
and modulating the epithelial-mesenchymal transition
(EMT), partly due to the activation of target genes includ-
ing claudin-4 and E-cadherin.® To date, a few studies have
focused on the role of GRHL2 protein in the development
of cancer. However, its clinicopathological significance as
an independent prognostic factor of EC has not yet been
investigated.

EMT is a pathological process by which epithelial cells
lose their cell polarity and cell—cell junction, and acquire
a mesenchymal phenotype. EMT results in enhanced
mobility and invasiveness of carcinoma cells, which is
considered as a crucial early step in cancer progression and
metastasis.!! Together with the progression of tumor, angio-
genesis provides necessary nutrients and oxygen for tumor
cells, and also plays a key role in facilitating proliferation
and metastasis.?

Vascular endothelial growth factor (VEGF), an endothe-
lial cell-specific mitogen, mediates related proteins con-
tributing to key steps in tumor angiogenesis and vascular
permeability.’* The upstream gene of VEGF, hypoxia-
inducible factor 1o (HIF-10), is overexpressed in the early
stages of carcinogenesis, and is correlated with diagnostic
and prognostic indicators; this makes HIF-1a a potential
therapeutic target.'* Under hypoxic stress, HIF-10 binds with
HIF-1pB, and controls the expression of downstream target
genes, including genes that participate in EMT.'* Recently,
the GRHL2 protein has received more attention as a potent
prognosis factor with regard to its roles in tumor EMT.!¢-1#
To the best of knowledge, expression of the GRHL2 protein
in connection with tumor angiogenesis in human EC has not
yet been elucidated.

The present study investigated the expression of GRHL2,
HIF-10, and VEGF protein by immunohistochemistry in
specimens surgically resected from 63 patients with EC,
and analyzed the relationships of these proteins with various
clinicopathological features and prognosis of patients.
Furthermore, this study also investigated the possible

angiogenic role by comparing the expression of these three
proteins with intratumoral microvessel density (MVD) and
assessed the independent prognostic factors affecting long-
term survival.

Materials and methods

Patients

Esophageal carcinoma and the paired adjacent normal tissues
were obtained from patients who were diagnosed with EC and
had undergone a subtotal esophagectomy from April 2009
to May 2011, at the Department of Thoracic Surgery, Anhui
Provincial Hospital. None of these patients had received
radiotherapy or chemotherapy before surgery and had no
distant metastases. Data on the clinicopathological features
of the disease and follow-up of the patients were collected
from their medical records and pathological reports. Written
informed consent was obtained from all the patients, and the
study protocols were approved by the Ethics Committee of
Anhui Provincial Hospital.

Immunohistochemical (IHC)

analysis and evaluation

IHC staining was performed on 4-um sections obtained
from formalin-fixed paraffin-embedded blocks. Sections
were deparaffinized in xylene, and rehydrated in gradi-
ent alcohol. Endogenous peroxidase activity was blocked
using 3% hydrogen peroxidase. Antigen was retrieved by
pressure cooking for 3 minutes with Tris/ethylenediamine
tetraacetic acid (pH 8.0). Then, the slides were incubated
with diluted antibodies (GRHL2, 1:100, ab86611 [Abcam,
Cambridge, UK]; HIF-1a., 1:100, ab113642 [Abcam]; VEGF,
1:100, 19003-1-AP [Proteintech, Rosemont, IL, USA]; anti-
CD34, 1:100, 60180-1-Ig [Proteintech]) overnight at 4°C.
After incubation with the secondary antibody for 30 minutes,
the sections were stained with 3,3’-diaminobenzidine.
Finally, the sections were counterstained with hematoxylin,
dehydrated, and mounted.

Brown granules of HIF-10,, VEGF, and GRHL2 indicated
positive expression. The staining intensity was scored as
follows: 0, no staining; 1, mild staining; 2, moderate stain-
ing; and 3, intense staining. The area of staining was scored
as follows: 0, <10% of tissues stained positive; 1, between
10% and 25% of tissues stained positive; 2, between 25%
and 50% of tissues stained positive; and 3, >50% of tissues
stained positive. IHC score was calculated as the product of
the staining intensity and staining extent, where 0—1 indicated
a negative score (—), 2—3 a weak positive score (+), and 4 a
positive score (++).
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Evaluation of tumor MVD

The IHC staining of CD34 was used for MVD counting. First,
sections stained for CD34 were scanned at a low magnifica-
tion (x100), and areas with a high density of highlighted
microvessels were identified. Then, five hot spots were
selected randomly and observed, and the values of MVD
were counted by scanning at a magnification of x200. The
mean score of the five areas was then calculated as the value
of MVD for each section.

Statistical analysis

Values are presented as mean + standard deviation. Statistical
analysis was performed using SPSS 17.0 (SPSS, Inc.,
Chicago, IL, USA). The statistical significance of differ-
ences between groups was evaluated by two-tailed Pearson’s
x* test. Survival curves were plotted using the Kaplan—Meier
method. Statistical significance was defined as P<<0.05.

Results
Expression of GRHL2, HIF-10, and VEGF

in EC tissues and adjacent normal tissues

The cell membrane and cytoplasm were stained brown in
cells positive for GRHL2, HIF-1a., or VEGF (Figure 1). The
expression levels of GRHL2, HIF-1a, and VEGF in EC tissues
were remarkably higher than those in the corresponding

adjacent normal tissues (Table 1), which indicated that all
these proteins may be involved in the progression of EC.

Correlation of GRHL2, HIF-10, and VEGF

expression in EC tissues

In order to investigate the relationship between the expres-
sion of GRHL2, HIF-10., and VEGF and clinicopathological
parameters in the 63 patients with EC, they were divided into
groups as follows: low GRHL2 and high GRHL2 groups, low
HIF-1o and high HIF-1oa groups, and low VEGF and high
VEGF groups. Significant correlations were found between the
expression of all these three proteins and tumor differentiation.
GRHL2 expression was significantly correlated with lymph
node metastasis and invasion depth, whereas VEGF expres-
sion was associated with tumor (TNM) stage. Furthermore,
higher expression of VEGF also indicated more advanced
tumor stage and higher MVD. There were no statistical con-
nections between the expression of these three proteins and the
clinicopathological parameters (Table 2 and Figure 2).

Low expression of GRHL2 and high
expression of HIF-1¢ indicate poor
prognosis

As the expression of GRHL2, HIF-1¢., and VEGF was higher
in EC tumor tissues than the adjacent normal tissues and

Figure | Expression of GRHL2, HIF-lc, and VEGF in esophageal cancer tissues. (A, D, and G) Negative expression of GRHL2, HIF-1a, and VEGF. (B, E, and H) Weak
positive expression of the three proteins. (C, F, and I) Positive expression of the three proteins. The scale bars are 100 um and the magnification is x200.
Abbreviations: GRHL2, grainyhead-like 2; HIF- | o, hypoxia-inducible factor |o; VEGF, vascular endothelial growth factor.
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Table | Expression of GRHL2, HIF-10, and VEGF in EC tissue and the corresponding adjacent normal tissues

Variables GRHL2 P-value HIF-1o P-value VEGF P-value
Low High Low High Low High

EC tissue 47 16 <0.01 28 35 <0.01 53 10 <0.01

Adjacent normal tissues 6l 2 3 60 63 0

Abbreviations: GRHL2, grainyhead-like 2; HIF-10., hypoxia-inducible factor |o; VEGF, vascular endothelial growth factor; EC, esophageal cancer.

was correlated with tumor differentiation, the relationship
among these three proteins was detected. According to the
Kaplan—Meier survival analysis, there was no significant rela-
tionship between any of the single proteins and survival time
including disease-free survival (DFS) and overall survival
(OS). The expression of GRHL2 was negatively correlated
with HIF-1o; however, no significant relationship was found
between GRHL?2 and VEGF (Table 3). Furthermore, the asso-
ciation between the expression of GRHL2 and HIF-1a in EC
tissue and the survival time of selected patients was analyzed
with Kaplan—Meier survival analysis. The median DFS and
OS (Figure 3) in low GRHL2 and high HIF-1o expression
group were significantly shorter than that of other patients
(including patients with low GRHL2 and low HIF-1a, high
GRHL2 and high HIF-10., and high GRHL2 and low HIF-1a.
expression). However, no significant relationship was found

between the expression of GRHL2 and VEGF in EC patients
after curative resection (data not shown). These results col-
lectively indicate a functional role of GRHL2 accompanied
by HIF-1o in the progression of EC.

Discussion

EC is a complex and heterogeneous disease, commonly associ-
ated with multiple underlying pathogenic mechanisms caused
by various risk factors. Therefore, it is of great significance to
identify novel and effective molecular markers for the diag-
nosis of EC and for the assessment of its treatment. Currently,
multiple biomarkers with a potential prognostic value have
been investigated for EC, such as VEGF," cyclooxygenase-2,%
E-cadherin,?! CD133,?? and HIF-10;> however, there still
remains controversy. Besides, coexpression of multiple bio-
markers has also been reported to be a potent poor survival

Table 2 Correlation between the clinicopathological features and the expression of GRHL2, HIF-1a, and VEGF in EC

Variables GRHL2 staining P-value HIF-la staining P-value VEGEF staining P-value
Low High Low High Low High

Age (years) 0.299 0.292 0.508
=50 4 0 | 3 3 |
>50 43 16 27 32 50 9

Gender 0.526 0.176 0.430
Male 25 8 12 21 27 6
Female 22 8 16 14 26 4

Tumor size (cm) 0.430 0.444 0.337
=5 38 12 21 29 43
>5 9 4 7 6 10 3

Invasion depth <0.001 0.588 0.387
TI 3 4 | 3 4 0
T2 16 I 8 12 18 2
T3 28 | 19 20 31 8

TNM stage 0.622 0.365 0.025
[ 10 5 13 7 17
Il 20 7 I 16 22 5
1] 17 4 4 12 14 5

Lymph node 0.003 0.498 0.430
Negative 17 13 12 18 26 4
Positive 30 3 16 17 27 6

Tumor differentiation 0.047 0.005 <0.001
Well 7 7 12 2 14 0
Moderate 25 7 14 18 31 |
Poor ) 2 2 15 8 9

Abbreviations: GRHL2, grainyhead-like 2; HIF-10., hypoxia-inducible factor |o; VEGF, vascular endothelial growth factor; EC, esophageal cancer.
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Figure 2 Correlation between GRHL2, HIF-10, and VEGF and MVD. (A) Expression of CD34 analyzed by immunohistochemical analysis. (B) Relative level of MVD in low
and high GRHL2 expression groups. (C) Relative level of MVD in low and high HIF-1c. expression groups. (D) Relative level of MVD in low and high VEGF expression groups.
*P<<0.05, compared with adjacent tissues. (A) Magnification left image: x100; right image: x200.

Abbreviations: GRHL2, grainyhead-like 2; HIF-10, hypoxia-inducible factor lo; VEGF, vascular endothelial growth factor; MVD, microvessel density.

predictor for EC.> Recently, a large number of cancer-related
proteins have been identified. In the present study, GRHL2 was
selected as a candidate protein because it has been reported to
be involved in several malignant neoplasms. However, little
is known about its expression and role in EC.

GRHL2 is a transcription factor that regulates the EMT-
related processes of wound healing, epidermal junction
assembly, and neural tube closure.”> ** Although the molecular
mechanisms promoting the tumorigenicity of cancer cells
undergoing an EMT have remained widely elusive, much
interest has been focused on them. Functional implications of
EMT include enhanced mobility, invasion, and resistance to
apoptotic stimuli.**° Both HIF-1c and VEGF are molecules
involved in tumor metastasis. HIF-1a. acts as a key media-
tor of cell metabolism, inflammation, and tumorigenesis
under hypoxic conditions. Evidence indicates that during

Table 3 Correlation between GRHL2, HIF-1¢, and VEGF in EC

Variables HIF-1o P-value VEGF P-value
staining staining
Low High Low High
GRHL2 staining 0.04 0.106
Low 17 30 42 5
High I 5 I 5

Abbreviations: GRHL2, grainyhead-like 2; HIF-1a, hypoxia-inducible factor loy;
VEGF, vascular endothelial growth factor; EC, esophageal cancer.

EMT, HIF-1a induces dissociation of B-catenin from the
E-cadherin/B-catenin cell membrane complexes and its
translocation into the nucleus where it acts as a promoter of
transcription of genes that induce EMT.?! Among the targets
of HIF-1a, VEGF is correlated with sprouting angiogenesis,
lymphangiogenesis, as well as with the dynamic tumor—
stromal interactions required for the subsequent stages
of metastasis.*

The present study investigated the expression of GRHL2,
HIF-1a, and VEGF in human EC samples using immuno-
histochemistry. It was found that expression of GRHL2,
HIF-10, and VEGF was higher in EC tissues than the adjacent
normal tissues and was associated with tumor differentiation.
GRHL2 expression was significantly correlated with lymph
node metastasis and invasion depth, whereas VEGF expres-
sion was associated with tumor (TNM) stage. Moreover,
concomitant expression of GRHL2 and HIF-1o was found
to be associated with the DFS and OS of all patients after
curative resection. However, no significant relationship was
found between GRHL2 and VEGF.

The present study retrospectively investigated the expres-
sion of GRHL1, HIF-1qa, and VEGF. Although the main limi-
tation is the number of tested patients, the study reveals that
GRHL2, a transcription factor which was thought to function
as a tumor suppressor, participates in the development and
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Figure 3 Kaplan—Meier survival analysis of GRHL2 and HIF-1o. expression in esophageal cancer tissues. Low GRHL2 and high HIF-lo. expression was correlated with
(A\) inferior recurrence-free survival and (B) overall survival in esophageal cancer patients.

Abbreviations: GRHL2, grainyhead-like 2; HIF- |, hypoxia-inducible factor lo.

progression of gastric cancer. Further work focusing on the
association of GRHL2 with other cancer-related proteins in
more number of patients with EC, and elucidating the role
and precise mechanism of GRHL?2 in the progression of EC

both in vitro and in vivo, is needed.
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