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The purpose of the study is to investigate the clinicopathological and prognos-
tic features of dual hypoxia-inducible factor la (HIF-1a) and vascular endothelial
growth factor (VEGF) expression in oesophageal squamous cell carcinoma (OSCC)
patients. A total of 73 patients were enrolled in this study. The positive expres-
sion of HIF-1a was identified in 69.9% of the cases. Hypoxia-inducible factor la
expression was correlative with pT (p = 0.008) and pTNM stage (p = 0.002).
The positive expression of VEGF was identified in 63.0% of the cases. Vascular
endothelial growth factor expression was correlative with pT (p = 0.005), pN
(p = 0.045), and pTNM stage (p < 0.05). HIF-1a and VEGF expressions had
a significantly positive correlation (p = 0.010). Dual positive expression of HIF-1a
and VEGF was identified in 50.7% (37/73) of the cases, and it was significantly
correlative with pT (p = 0.025), pN (p = 0.008), and pTNM stage (p = 0.014).
The OSCC patients’ 5-year survival rate was correlative with pT (p < 0.05), pN
(p < 0.01), pTNM stage (p < 0.01), VEGF expression (p < 0.01), and dual ex-
pressions of HIF-1a and VEGF (p < 0.01). Cox regression analysis showed that
pN and dual HIF-1a and VEGF expression were independent prognostic factors
for the S-year survival rate of the patients. In conclusion, HIF-1a combined with
VEGF could enable us to more accurately predict the prognosis of OSCC patients.

Key words: oesophageal squamous cell cancer, HIF-1a, VEGE, immunohisto-
chemistry.
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Introduction

Oesophageal cancer (OC) is one of the most com-
mon malignant neoplasms. Oesophageal squamous
cell carcinoma (OSCC) remains the major histologi-
cal type of OC worldwide, although the morbidity
of oesophageal adenocarcinoma is rising in North
America and Europe {1}. Oesophagostomy alone or
combined with adjuvant chemotherapy and/or ra-
diotherapy remains the main therapeutic regimen
for OSCC patients. However, their long-term effect
is unsatisfactory, and the 5-year survival rate is only
20-30% {21. Molecular markers are urgently needed
to improve the prognosis of OSCC patients {3}].

Hypoxia-inducible factor 1o (HIF-1a) is a key
transcription factor induced by hypoxia; HIF-la
is conducive to the regulation of multiple adaptive
responses involved in crucial aspects of cancer biol-
ogy, including cell proliferation, glucose metabolism,
and angiogenesis {4}. Hypoxia-inducible factor la
plays an important role in tumour phenotype, an-
giogenesis, invasion, and metastasis in some malig-
nant neoplasms {5}. It is a complicated, multistep,
and temporally ordered procedure involved in a lot of
genes and pathways regulated by HIF-1a. Hypoxia-
inducible factor la can regulate vascular endothelial
growth factor (VEGF) directly {6}. Vascular endothe-
lial growth factor is regarded as one of the most po-
tent sources of angiogenesis and has been shown to
be responsible for the development and maintenance
of vascular networks that promote tumour growth
and metastasis in many malignant neoplasms, in-
cluding OSCC {71.

Many previous studies focused on HIF-1o expres-
sion or VEGF expression in OC separately, with little
research to combine them. The purpose of our study
is to investigate the clinicopathological and prognos-
tic features of dual HIF-1a and VEGF expression in
OSCC patients who underwent surgery. Because no
immunohistochemistry (IHC) biomarker has been
accepted into clinical prognostic models in practice,
we use IHC to detect HIF-1a and VEGF expression
at the protein level.

Material and methods

Patients

A total of 73 patients were enrolled in this study
at the Department of Thoracic Surgery Jinan Cen-
tral Hospital Affiliated to Shandong University, from
January 2010 to January 2013. The inclusion crite-
ria were as follows: 1) patients with OSCC diagnosed
after undergoing complete resection and postsurgi-
cal pathology; 2) patients diagnosed as postoperative
pathologic stage I-III — the TNM staging was deter-
mined by the criteria established by the International

Union Against Cancer (UICC) in 2009; 3) patients
with no preoperative radiotherapy or chemotherapy;
and 4) patients with no serious surgical contraindi-
cations. The clinicopathological characteristics of the
patients are listed in Table I. This study was approved
by the Ethics Committee of Jinan Central Hospital
Affiliated to Shandong University.

Immunohistochemistry

All the OSCC specimens were obtained from the
73 patients. Ten corresponding normal tissue samples,
which came from the 73 patients’ normal oesophagus
(5 cm away from ESCC) randomly, were used as con-
trols. The tissue specimens were fixed in 10% neutral
buffered formalin and processed routinely. Hypoxia-
inducible factor 1o and VEGF were detected by the
streptavidin-peroxidase (SP) method using the same
paraffin-embedded tissue samples, which were cut
into 4-mm-thick slices. The primary antibody was
applied using rabbit anti-human monoclonal HIF-1a
antibodies (1:100, Catalogue #PB0245, Boster Bi-
ological Technology, Wuhan, PR. China) or rabbit
anti-human monoclonal VEGF antibodies (1:100,
Catalogue #BA0407, Boster Biological Technology,
Whuhan, PR. China). A secondary antibody was ap-
plied using Goat Anti-Rabbit IgG Antibody (1:100,
Catalogue #BA1003, Boster Biological Technology,
Wuhan, PR. China). When intensive positive staining
of HIF-1a or VEGF was observed in more than 10%
of the tumour cells, the case was considered HIF-1a-
positive or VEGF-positive. These evaluation criteria
have been described in previous reports {8, 9, 10, 111.

Statistical analysis

The enumeration data was analysed using y? test
or Fisher’s exact probability test. The correlation be-
tween HIF-1a and VEGF expression was analysed us-
ing Spearman’s rank correlation coefficient. Univariate
analysis was performed with Kaplan-Meier survival
curves. The Cox proportional hazard model was used
for multivariate analysis. Differences were considered
significant when the P value was less than 0.05. The
statistical data were obtained using the SPSS 13.0
software package (SPSS Inc., Chicago, IL, USA).

Results

Positive HIF-1a. expression was primarily shown
on cytoplasm and nuclei (Fig. 1). The positive expres-
sion of HIF-1a was identified in 69.9% (51/73) of all
cases. Table I showed that HIF-1a expression corre-
lated significantly with pT (pT1 0.0%, pT2 67.3%,
pT3 85.7%; p = 0.008) and pTNM stage (pI 0.0%,
pll 67.2%, plIl 100.0%; p = 0.002).

The positive VEGF expression was shown primar-
ily on cytoplasm (Fig. 2). The positive expression of
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Table I. Correlation between HIF-10 and VEGF expression and clinicopathological features of the patients with oesopha-

geal squamous cell carcinoma

CLINICAL PATIENTS HIF-1a VEGF Duar HIF-1a aND VEGF

FEATURES (N=73) NEGATIVE  PoSITIVE P NEGATIVE  POSITIVE P NEGATIVE  PoSITIVE P
(n=22) (n=51) (N=27) (N=406) (N=36) (N=37)

Gender 0.289* 0.522* 0.754"

Male 62 17 45 22 40 30 32

Female 11 5 6 5 6 6 5

Age, years 0.613" 0.234 0.102

< 60 34 9 25 10 24 13 21

> 60 39 13 26 17 22 23 16

Differen- 0.074" 0.989" 0.591"

tiation

Good 13 7 6 5 8 8 5

Moderate 46 13 33 17 29 22 24

Poor 14 2 12 5 9 6 8

pT 0.008" 0.005" 0.025*

pT1 3 3 0 3 0 3 0

pT2 49 16 33 21 28 27 22

pT3 21 3 18 3 18 6 15

pN 0.295* 0.045" 0.008"

- 45 16 29 21 24 28 17

+ 28 6 22 22 8 20

pTNM 0.002* 0.027* 0.014"

pl 3 3 0 3 0 3 0

pll 58 19 39 22 36 31 27

pllI 12 0 12 2 10 2 10

P — 2 test, * — Fisher's exact probability test; pT — tumonr invasion; pN — lymph node metastasis; PTNM — tumonr stage; HIF-10. — hypoxia-inducible factor 10,

VEGF — vascular endothelial growth factor
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Fig. 1. Immunohistochemical staining of OSCC tissue sec-
tions demonstrating positive expression of HIF-1a (origi-
nal magnification 400 X)

VEGF was identified in 63.0% (46/73) of all cases.
Table I shows that VEGF expression was significant-
ly correlative with pT (pT1 0.0%, pT2 57.1%, pT3
85.7%; p = 0.005), pN (negative 53.3%, positive
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Fig. 2. Immunohistochemical staining of OSCC tissue sec-
tions demonstrating positive expression of VEGF (original
magnification 400 X)

78.6%; p = 0.045), and pTNM stage (pI 36.8%, pll
65.1%, plIl 88.2%; p < 0.05).

Table II shows that HIF-1a and VEGF expression
had a significantly positive correlation (p = 0.010).
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Dual positive expression of HIF-1a. and VEGF was
identified in 50.7% (37/73) of cases. Moreover, it
was significantly correlative with pT (pT1 0.0%,
pT2 46.6%, pT3 71.4%; p = 0.025), pN (nega-
tive 37.8%, positive 71.4%; p = 0.008), and pTNM
stage (pI 0.0%, pll 46.6%, plll 83.3%; p = 0.014),
as shown in Table I.

After undergoing operations, 48 patients had che-
motherapy and 27 had radiotherapy. The 5-year sur-
vival rate for the 73 OSCC patients was 39.7%. In
the log-rank test with univariate analysis, the OSCC
patients’ S-year survival rate was significantly cor-
relative with pT (p < 0.05), pN (p < 0.01), pTNM
stage (p < 0.01), VEGF expression (p < 0.01), and
dual expression of HIF-1a and VEGF (p < 0.01;
Fig. 3, Table III). In the Cox regression with multi-
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variate analysis, pN and dual expression of HIF-1a
and VEGF were the independent prognostic factors
on the 5-year survival rate of the OSCC patients (Ta-
ble IV).

Table II. Correlation between HIF-1a and VEGF expres-
sion in the patients with oesophageal squamous cell carci-
noma

‘VARIABLE Rs P
HIF-1a 0.301 0.010
VEGF

P — Spearman’s rank correlation; Rs — rank correlation coefficient; HIF-10. —
hypoxia-inducible factor 10; VEGF — vascular endothelial growth factor
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Fig. 3. Kaplan-Meier analysis of the overall survival rate after operation (A), in patients with pT (B), and in patients with

pTNM stage (C)
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Table III. Univariate analysis with respect to S-year surviv-
al of the patients with oesophageal squamous cell carcinoma

CLINICAL PATIENTS  5-YEAR ~ RATE P
FEATURES (N =73) SURVIVAL (%)

(%) 39.7

PATIENTS

29
Gender 0.120
Male 62 22 35.5
Female 11 7 63.6
Age, year 0.422
< 60 34 12 35.3
> 60 39 17 43.6
Differentiation 0.535
Good 13 6 46.2
Moderate 46 18 39.1
Poor 14 5 35.7
pT 0.006
pT1 3 3 100
pT2 49 22 44.9
pT3 21 4 19.0
pN 0.001
- 45 27 60.0
+ 28 2 7.1
pTNM 0.001
pl 3 3 100
pll 58 25 43.1
plII 12 1 8.3
Chemotherapy 0.481
No 25 12 48.0
Yes 48 17 35.4
Radiotherapy 0.457
No 46 20 43.5
Yes 27 9 33.3
HIF-1a 0.099
Negative 22 11 50.0
Positive 51 18 35.3
VEGF 0.001
Negative 27 21 77.8
Positive 46 17.4
Dual HIF-1a 0.001
and VEGF
Negative 36 24 66.7
Positive 37 5 13.5

P — Log-rank test; SCC — squamous cell carcinoma; ADC — adenocarcinoma;
pT — tumonr invasion; pN — lymph node metastasis, pPTNM — tumonr stage;
HIF-10 — hypoxia-inducible factor 10y VEGF — vascular endothelial growth
Jactor
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Discussion

In 1999, Zhong et al. provided the first clinical
data showing that HIF-1a might play an important
role in human cancer progression [12}. Since then,
more and more literature has reported the relation-
ship between HIF-1a expression and clinical charac-
teristics of tumourous cancers. Sun e @/. [13} used
meta-analysis to sum up 16 studies and HIF-1a ex-
pression was detected by IHC. They concluded that
HIF-1a expression was associated with tumour inva-
sion, lymph node metastasis, and advanced patholog-
ical stage for OSCC. In their meta-analysis, the prog-
nostic value of HIF-1a for survival in OSCC patients
was evaluated only in a few studies, and the results
were conflicting. In our study, 69.9% of OSCC pa-
tients had HIF-1la expression, and it correlated sig-
nificantly with pT and pTNM stage. Our results sup-
port previous studies and suggest that HIF-1a plays
an important clinicopathological role in OSCC. The
5-year survival rate of OSCC patients was 39.7%,
and we did not find HIF-1a to be correlative with
the 5-year survival rate. Because many downstream
genes involving crucial aspects of cancer biology are
regulated by HIF-1a, it is reasonable to expect that
HIF-1a is the leading biomarker, but it is not the
only proposed prognosis marker for OSCC.

Vascular endothelial growth factor is a transcrip-
tional target for HIF-1a. It is regarded as one of the
most potent antigenic factors, which can promote
vascular permeability [14]. Vascular endothelial
growth factor stimulates angiogenesis and is associ-
ated with invasion and metastasis in many tumours,
including OC. Xu ¢t al. [15} used meta-analysis to
sum up 17 studies to investigate the associations be-
tween VEGF expression and clinicopathological fea-
tures. They concluded that there was a significantly
increased risk for patients with VEGF overexpression
to have advanced stage disease. Vascular endothelial
growth factor overexpression was moderately associ-
ated with a lower grade of differentiation, depth of in-
vasion, and lymph node metastasis. They also showed
that VEGF expression had an impact on the survival
of OC patients from Asia and patients with OSCC.
In our study, 63.0% of OSCC patients had VEGF ex-
pression. Vascular endothelial growth factor expres-
sion was significantly correlative with pT, pathologi-
cal lymph node, and pTNM stage. The 5-year survival
rate in the negative VEGF expression group was sig-
nificantly higher than that in the positive VEGF ex-
pression group. However, VEGF was not a relevant
independent factor for the 5-year survival rate. Our
result demonstrated that VEGF expression was asso-
ciated with invasion and metastasis in OSCC patients.

Most of the previous reports are mainly on HIF-1a
expression or VEGF expression alone, and few studies
combine them. In Terashima’s report, VEGF expres-
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Table IV. Results of cox regression multivariate 5-year survival analysis of the patients with oesophageal squamous cell
carcinoma

B SE WALD P HR 95% CI ror HR
Gender 0.288 0.601 0.229 0.632 1.333 0.410~4.333
Age 0.105 0.341 0.096 0.757 1.111 0.570~2.166
Differentiation 0.354 0.306 1.336 0.248 1.425 0.782~2.597
pT 0.909 0.593 2.351 0.125 2.481 0.777~7.927
pN 1.662 0.484 11.778 0.001 5.269 2.040~13.613
pTNM 0.604 0.732 0.680 0.409 0.547 0.130~2.296
Chemotherapy 0.249 0.393 0.402 0.526 0.780 0.361~1.683
Radiotherapy 0.017 0.384 0.002 0.965 0.983 0.463~2.087
HIF-1a 1.926 1.148 2.816 0.093 0.146 0.015~1.382
VEGF 0.595 0.671 0.787 0.375 1.813 0.487~6.746
Dual HIF-1a and VEGF 2.703 1.253 4.653 0.031 14.928 1.280~174.070

B — regression coefficient; SE — standard error; Wald — Wald value; HR — hazard ratio; CI — confidence interval; pT — tumonr invasion; pN — lymph node metastasis;
PTNM — tumonr stage; HIF-10. — hypoxia-inducible factor 10; VEGF — vascular endothelial growth factor
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sion could be regulated by HIF-1a in OC spheroids
in vivo [16}. Takala er z/. detected HIF-1a and VEGF
expression using immunohistochemistry from 88 OC
patients, and they identified that there was also a ten-
dency for association between HIF-1a and VEGF im-
munoreactivity (p = 0.073) {17}. Kimura detected
HIF-1a expression and VEGF expression both in
OSCC cell lines and human OSCC tissue, and con-
cluded that HIF-1a expression correlated significant-
ly with VEGF expression both at mRNA and protein
levels. Moreover, they found that both HIF-1a and
VEGF immunohistochemical expression correlated
with microvessel density (MVD) by light microscopy.
The survival rate of OSCC patients with both high
expression HIF-1a and positive VEGF expression was
significantly lower than that of the negative group
in univariate analysis. {18]. Our study showed that
HIF-1a expression was positively related to VEGF
expression in cancer tissues. Dual positive HIF-1la
and VEGF expression was identified in 50.7% of cas-
es. It was significantly correlative with pT, pN, and
pTNM stage. The 5-year survival rate for the dual
positive expression of HIF-1a and VEGF group was
significantly lower than that of the negative group.
The results of multivariate analysis showed that pN
and dual HIF-1a and VEGF expression were relevant
independent factors for the 5-year survival rate. Our
data demonstrated that HIF-1o and VEGF worked
synergistically in invasion, metastasis, and poor sur-
vival in the OSCC patients.

In China, therapeutic regimens not only rely on
doctors’ advice, but also on patients’ desirability and
economic condition. In our study, 48 patients had
postoperative chemotherapy, and 27 had postopera-
tive radiotherapy. However, no statistically significant
correlations with postoperative radiotherapy and che-
motherapy were demonstrated for the S-year survival
rate with either univariate or multivariate analysis.

In conclusion, HIF-1o and VEGF work synergisti-
cally in invasion and metastasis of OSCC. Hypoxia in-
ducible factor 1o combined with VEGF enables more
accurate prediction in the prognosis of OSCC patients.

Our study was funded by the Second Group of Ji-
nan Science and ‘lechnology Development Program (No.
201602204) and the National Natural Science Founda-
tion of China (No.81502525).

The authors declare no conflict of interest.
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