Prognostic significance and clinicopathological features of
hypoxicinducible factor-2alpha expression in hepatocellular
carcinoma
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Objectives: To assess the association between hypoxic
inducible factor-2alpha (HIF-2a) and hepatocellular
carcinoma (HCC) by meta-analysis.
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Methods: This study was carried out at Anhui
Province Hospital, Hefei, Anhui, China in February
2014. We searched various databases for studies
published in English or Chinese up to February
28, 2014. The hazard ratio for overall survival and
analyzed odds ratio were combined to evaluate the
clinicopathological features of HIF-20l expression in

HCC.

Results: A total of 7 eligible studies comprising
1066 patients with HCC were identified after our
full assessment according to inclusion criteria. All of
the patients came from China. The results indicated
that the association between HIF-2a0 expression
and prognostic values in HCC was inconspicuous,
while the expression of HIF-2a. was significantly
associated with capsule infiltration, vein invasion, and
histological grade.

Conclusion: Expression of HIF-2a. was associated
with invasion and metastasis in HCC, but did not
have a distinct significance in prognosis, according
to the limited evidence. However, high quality, large
sample size, and controlled trials are required.
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Hepatocellular carcinoma (HCCQC) is the sixth most
common cancer of humans, and the third leading
cause of cancer-relation deaths worldwide.! In spite of
advances in surgical technique and early diagnosis, the
prognosis of HCC is still poor due to high recurrence
and metastatic rate. The recurrence rate in the first year
after curative surgery reaches up to 40%.> However, the
mechanism is complex and unclear. Thus, it is essential
to identify new molecules targeted in the development
of HCC. Hypoxic inducible factors (HIFs) which
include HIF-1, HIF-2, and HIF-3, were reported to
play a crucial role in HCC development. The latest
evidence indicates that HIF-1at is up-regulated in HCC
development, and its expression may be associated
with the clinical outcome of HCC.? Similarly, HIF-2a
which is encoded by the endothelial PAS domain
protein 1 (EPAS1) gene, shares 48% similarity in amino
acid sequence and certain overlapping functions with
HIF-1a.* Under the condition of hypoxia in vitro,
the HIF-2aw protein is gradually accumulated so that
it can persistently activate downstream target genes,
while HIF-1a is transiently stabilized and primarily
mediates acute responses, which suggests that HIF-2a
plays a more essential role in the hypoxia response in
tumors.” Increasing evidence indicates that expression
of HIF-2a is deregulated in a variety of solid tumors,
and its expression may be associated with clinical
progression and outcome of tumors. However, less is
known about the expression and roles of HIF-2al in
HCC. The existing studies have not provided conclusive
evidence that HIF-2a overexpression was relevant to
the progression of HCC.

In this study, we reviewed the currently available
evidence in medical literature on the relationship
between HIF-2a. expression and clinical features and
prognosis of HCC, and further assessed the strength
of association between them to better understand the
development and progression of HCC.

Methods. Scarch strategy and literature search. We
searched a range of databases including PubMed (1966-
2014), Web of Science (1945-2014), ELSEVIER
Science Direct (1823-2014), EMBASE (1990-2014),
Chinese Biological Medicine (CBM, 1982-2014) and
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work was not supported or funded by any drug company.

China National Knowledge Infrastructure (CNKI,
1979-2014) updated to February 28th, 2014 using
the terms: “HIF-2a” or “hypoxia-inducible factor
2, alpha subunit” or “hypoxia inducible factor 2a”
or “endothelial PAS domain protein 1”7 or “EPAS1”
with “carcinoma, hepatocellular” or “hepatocellular
carcinoma” or “liver cell carcinoma” or “HCC”. All
eligible studies were retrieved, while the review of
reference lists was also conducted. Some of them were
ruled out because of insufficient data. When faced with
the same study specimens, we filtered the latest and the
most informative study, to avoid duplicate data.

Criteria for inclusion and exclusion. 1) studies
regarding HCC, 2) studies using immunohistochemical
staining (IHC) to detect the expression of HIF-2a,
3) samples obtained via surgical resection, 4) studies
revealing that the expression of HIF-2a in HCC was
relevant to clinical features or the prognostic indexes.
We excluded studies complying with the following:
1) studies on cell lines or animals, 2) reviews without
any data, case studies, or conference, 3) tumor samples
without intratumoral tissues, or just involving the para-
carcinoma tissues, 4) the detection method was not
IHC.

Data extraction and synthesis. The data was
independently extracted from all studies by 2 authors,
and the following information obtained: authors,
publication year, sample size, index of the prognostic
and clinical features (Table 1). They also rated the quality
of each eligible study using the Newcastle-Ottawa
quality assessment scale (NOS).® The assessment has 8
items and each of them range from one to 2 points, a
total of 10 points. We summed the scores of each study,
as shown in Table 1.

Statistical analysis. We measured the impact of
HIF-20o. expression on HCC in 2 steps. Firstly, we
pooled the data of overall survival (OS) by hazard ratios
(HRs) and 95% confidence intervals (Cls) to calculate
the effective value to assess the correlation between
HIF-2a and prognosis of HCC. If the HR and 95%
CI were described in the study, we pooled it directly.
When the variables were not given explicitly, they were
calculated from available numerical data according to
the method described by Parmar.” Secondly, to assess the
importance of HIF-2aw expression on clinical features
in HCC, we compared the rate of HIF-20. expression
and clinicopathological features in HCC by odds ratio
(OR) and 95% CI. By convention, an observed HR<1
implies favorable parameters for the test of HIF-2a
overexpression on the variable; otherwise, it implies
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poorer survival in the group with overexpression of
HIF-20. in HCC. If the 95% CI >1 or <1 completely,
it suggests that HIF-20. expression was statistically
significantly different between the negative group on
OS or clinicopathological features.

Heterogeneity test was assessed by Chi-square based
on Q statistical and I? statistical test. If the HR of the
studies had fine homogeneity, the fixed effect model
(Mantel-Haenszel method) was used to pool the data;
otherwise, we used the DerSimonian-Laird method as
the random-effect model.® We assessed the possibility of
publication bias by performing Begg’s test. Publication
bias was indicated when the p-value of Begg’s test was
<0.05. All of the calculations were performed by using
Stata version 11.0 (Stata Corporation, College Station,

TX, USA).

Results. Study identification and quality. We
identified 1103 potentially relevant studies, and 1095 of
them were excluded from analysis (Figure 1) after careful
extraction. As a result, 7 studies”"® were finally included
in the meta-analysis, and coincidentally they all derived
from China. From these 7 studies, 1066 HCC patients
were retrospectively analyzed, and all the tissue samples
were examined using IHC.

The study characteristics and the results of quality
assessment are shown in Table 1. By assaying the methods
and confounders in these studies, we found that the
quality scores ranged from 5 to 7 with a median value
of 6.1. Five of them described the items prognostic in
OS, only 2 studies contained disease free survival rates,
we only analyzed the OS by meta-analysis. We then
analyzed the correlation of HIF-2a expression with
tumor characteristics, included tumor size,''* liver

1103 records identified through database searching: PubMed (n=878),
Web of Science (n=9), ELSEVIER Science Direct (n=72),
EMBASE (n=10), CBM (n=20), and CNKI (n=114)

—

1011 records screened

v

L 4

92 duplicates records removed

972 records excluded:

528 not relevant to HIF-« or HCC

329 associated with HIF-1c

115 reviews or case studies or conference

39 full-text articles assessed
for eligibility

——————————————————%

L 4

7 studies included in meta-analysis

32 full-text articles excluded, with reasons:
22 cell lines or animals studies

8 lack relevant data

1 only researched the relationship of HIF-2o
expression in tissue para-carcinoma

liver tissue

Figure 1 - Study flow chart of data selection of 1103 records identified through database
selection. HCC - hepatocellular carcinoma. CBM - Chinese Biological Medicine,
CNKI - China National Knowledge Infrastructure

Table 1 - Characteristics of studies included in the meta-analysis extracted from different studies and quality rating of each study using the Newcastle-

Ottawa quality assessment scale.®

Study Year Population Sample size Technique Survival analysis ~ HR estimate HR 95% Cls qsl;:l?Zy
Bangoura etal'' 2004 China 97 IHC No data No data No data No data 5
Bangoura etal? 2007 China 315 IHC (6N Reported 3.699  1.385-10.236 6
Wang et al' 2009 China 67 IHC No data No data No data No data 6
Wang et al' 2011 China 104 IHC oS Event 7.965 3.839-16.526 7
Zhang et al” 2012 China 103 IHC oS Event 0.87 0.45-1.69 7
Sun et al’ 2013 China 254 IHC OS+DEFES Reported 0.65 0.45-0.943 6
Yang et al'? 2014 China 126 IHC OS+DFS Reported 2.69 1.33-5.44 6

IHC - immunohistochemical staining, OS - overall survival, DFS - disease-free survival, HR - hazard ratio, CI -confidence interval
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vein invasion,
10,11,13

cirthosis,'""** capsule infiltration,
histological grade,'*'* and necrosis.

Meta-analysis of HIF-20. for HCC. 1. The prognosis
value of HIF-20. expression in HCC. By assuming

found that there was no statistical significance between
HIF-2a expression and other tumor features, including
tumor size, necrosis, and liver cirrhosis in HCC. All of
the results are summarized in Table 2.

the heterogeneity between primary studies, we meta-
analyzed the data in a random-effects model. Five A
studies were included in this meta-analysis to assess the =~ *¥ (*)(Feterence) U, - WNER)
association of HIF-2a expression with OS (Figure 2).

The pooled HR was 1.640, but 95% CI was 0.648 to Bangoura (2004) (11 ) —————euan.nen 1296
4.151. Then we randomly removed one of the studies  sonooura 2oon(13) —=— 2(119,428)  s437
and combined the HR. The results showed that the Weng (2009) (10 ) ——f——  swamem w7
HRs ranged from 1.374 (95% CI: 0.495-3.815) to Viad B9 (12) ———, SrRaTE, bR
2.129 (95% CI: 0.693-6.544), which suggests that A T A R <> N —
the difference between expression of HIF-2aw and OS E
in patients with HCC was not statistically significant. " mmem e s mine
There was no evidence of publication bias on OS using 0426 1 235
Begg’s test (p=0.881). B
2. Correlation of HIF-20. expression with  swdy() Reference OR(8s%C)  Weiahti%)
clinicopathological features. We also assessed the ;
correlation between expression of HIF-2a and  Bangowra (2004) ) T 20
clinicopathological features in HCC. Overexpression  gansoua 2007 13 —e—  smasmen e
of HIF-2a. was significantly associated with capsule Vang (201 ;
N . an 4) (12 —e) 099(041,241 352
infiltration  (OR=2.738, 95% Cl: 1.709-4.386) '@ @ | BHa
(Figure 3A), vein invasion (OR=2.458, 95% CI: 1.053-  Overall (-squared = 69.4%, p = 0.038) <> 2460105579 10000
5.734) (Figure 3B), and histological grade (OR=0.172, i
95% CI: 0.042-0.713) in HCC (Figure 3C). We also e weigns e rom o etects s
0897 1 114
Study (1D ) | Reference ) OR (95% CI) Waight (%) C
Study (1D ) ( Reference ) HR {95% CI) 'I'Eft;‘l‘url
: Bangoura (2004) (11) -—-— 0.37 (0.16, 0.84) 23.42
Bangoura (2007) { 13 ) —_— 3,70 (1.38, 10.24) 17.89 iy :
i goura (2007) (13) € 0.00 (0.00, 0.05) 1284
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Sun (2013) (9) —— 065 (0.45,004) 2179 ;
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i Yang (2014) (12) — 0.56(0.16, 1.93) 21.32
Weang (2011) (14 ) 7 197084, 1053 1981 Overall (-squared = 84.1%, p = 0.000) 0 017 (0.04,0.71) 100.00
Overall (I-squared = 90,6%, p = 0,000) 49 164 (065,415 100,00 :
T NOTE:Vhlghuuuwnmommanulyslu
NOTE: Weights are from random effects analysis ! DTS 1 5248

S5 115
Figure 3 - The correlation between expression of hypoxic inducible

Figure 2 - The association of hypoxic inducible factor-2alpha expression factor-2alpha and capsule infiltration in HCC (A),
with overall survival in hepatocellular carcinoma. HR - hazard vein invasion (B), histological grade (C) in HCC.
ratio HCC - Hepatocellular carcinoma

Table 2 - Correlation of hypoxic inducible factor-2alpha expression with clinicopathological features.
Clinicopathological Study  Sample Pooled data Heterogeneity ~ Model used
features number  size OR 95% Cls P-value  T3(%) P-value
Tumor size'*' 5 709 2.173 0.553-8.533  0.226 91.1  0.000 REM
Capsule infiltration'®"? 4 605 2.738 1.709-4.386  0.000 61.0 0.542 FEM
Vein invasion'!""? 3 538 2.458 1.053-5.734  0.038 69.4 0.038 REM
Liver cirrhosis'!"'4 4 642 1.179  0.525-2.647  0.690 76.1 0.006 REM
Histological grade''* 5 709 0.172  0.042-0.713  0.015 33.2 0.000 FEM
Necrosis!®!!'13 3 479 2362  0.472-11.815 0.295 89.9 0.000 REM
OR - odd ratio, FEM - fixed effects model, REM - random effects model, CI - confidence interval, I? - I-square test
www.smj.org.sa  Saudi Med J 2015; Vol. 36 (2) 173
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Discussion. Due to rapid cell proliferation and the
formation of aberrant blood vessels, hypoxia has been
proven to be present in solid tumors,'® similarly in HCC,
even though it is one of the most hyper-vascularized
tumors. Intrahepatic hypoxia has been shown to
be correlated with tumor progression, invasiveness,
resistance to chemotherapy, and metastasis.” In
addition, HIFs play a central role in hypoxia response in
HCC. Recently, numerous immunochemical analyses
have demonstrated that overexpression of HIFs was
detected in a number of primary and metastatic human
cancers. Some of them mentioned that overexpression
of HIF-2a. was associated with tumor progression,
metastasis, and poor outcome in HCC.

Our meta-analysis aimed to examine the association
between HIF-2a expression and the prognosis and
clinicopathologic features of HCC. We combined the
outcome of 902 patients with HCC from the 5 studies,
and result showed that the 95% CI overlapped 1, which
means no statistically significant, even removed one of
the studies. They all suggested that the overexpression
of HIF-2at was not relevant to poor outcome in HCC
by statistical analysis, but was correlated with capsule
infiltration, vein invasion, and histological grade. This
indicates that HIF-200 may play an important role
in tumor angiogenesis, metastasis, and recurrence in
HCC, but not in prognosis.

It was reported” that HIF-2, which was the
heterodimerization of HIF-2a. and HIFf (ARNT)
can activate TGF-a and cyclinD1 in promoting cell
proliferation in numbers of tumors, and can promote
metastasis through regulating the factors involved in
controlling metastasis such as CXCR4, TWIST, and
E-cadherin. As we know, CXCR4 and its ligand SDF1
are highly expressed under hypoxia in a number of
cell types.'® It was reported that'” HIF-1 can promote
the regulation of TWIST in tumor metastasis and
E-cadherin, which were involved in EMT (epithelial-
mesenchymal transition), while HIF-2a seemed to
repress this expression.”” Moreover, HIF-2 can activate
tumor suppressor genes such as SCGB3A1 to repress
the growth of a tumor.”

Conditional inactivation of HIF-2aw suppressed the
development of VHL-associated liver hemangiomas,
suggesting that liver angiogenesis was predominantly
regulated by HIF-2a..?> The expression of HIF-2a was
positively correlated with VEGF in HCC, and it can
directly activate the expression of genes encoding the
pro-angiogenic factor, erythropoietin and angiopoietin.
All of them provide evidence for the role of HIF-2al in
tumor angiogenesis in HCC.
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The conduction of higher quality, lager sample
size, and more controlled trials is required to verify the
hypothesis. Limitations of our meta-analysis inlcude
small sample size and regional limitations (all the
patients of HCC were derived from China). We used
a random effects models to analyze the data of OS, and
the heterogeneity was detected (I’=90.6% »=0.000).
The limitation of restricted exclusion may explain the
heterogeneity, and different methods of extracting
HRs may also lead to bias in results. Direct analysis of
variance may be more reliable than calculating from
data or extracting from survival curves.

In summary, HIF-200 was correlated with the
progression of HCC but not with poor prognosis.
However, the conclusion was restricted by the
limitations of the included studies. More studies
evaluating the significance of HIF-2a expression in
HCC are necessary in the future.
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