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Hypoxia inducible factor: a potential prognostic biomarker
in oral squamous cell carcinoma
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Abstract Oral squamous cell carcinoma (OSCC) is the
most common oral cancer. Hypoxia inducible factor
(HIF) is involved in many malignant tumors’ growth
and metastasis and upregulated by hypoxia, including
oral cancer. Many studies have studied about the prog-
nostic value of HIF expression in OSCC; however, they
do not get the consistent results. Therefore, this study
explored the correlation between the HIF expression
and the prognosis of OSCC. It conducted a meta-
analysis of relevant publications searched in the Web of
Science, PubMed, and ISI Web of Knowledge databases.
Totally, this study identified 12 relevant articles reporting
a total of 1112 patients. This analysis revealed a signif-
icant association between increased risk of mortality
(RR=1.20; 95 % CI 0.74–1.95; I2 85.4 %) and overex-
pression of HIFs. Furthermore, different HIF isoforms
were associa ted with overal l survival [HIF-1α
(RR= 1.18; 95 % CI 0.66–2.11; I2 87.2 %) and HIF-2α
(RR= 1.40; 95 % CI 0.93–2.09; I2 0.0 %)]. These results
show that overexpression of HIFs, regardless of whether
the HIF-1α or HIF-2α isoforms are overexpressed is sig-
nificantly associated with increased risk of mortality in
OSCC patients. In this study, the funnel is symmetric,
suggesting existed no publication bias.
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Introduction

Oral cancer is defined as any cancerous tissue growth located
in the oral cavity and is now one of the most common malig-
nancies [1]. OSCC constitutes about 90 % of oral malignan-
cies [2]. Although the diagnostic techniques and treatment
modalities have improved a lot, the prognosis of OSCC still
remains poor, mainly because of the high rate of recurrence
and the newmalignant changes in the original field [2, 3]. Oral
cancer patients are usually vulnerable since the visible nature
of the disfigurement of the face because of the results from
treatments [4], besides there are some other side-effects in-
cluding swallowing problems andmucositis. Therefore, in this
setting, it is of great importance to identify reliable prognostic
indicators.

It is known that tumor hypoxia has a negative impact on the
efficacy of radiotherapy and chemotherapy so it is a prognostic
factor in solid tumors. Hypoxia inducible factors (HIFs), espe-
cially HIF-1 and HIF-2, are crucial characteristic markers
which mediate cellular responses to hypoxic stress. HIF-1 is
composed of a hypoxia inducible HIF-1α subunit and a con-
stitutively expressed HIF-1β subunit which is a heterodimeric
transcription factor [5]. HIF-1 is able to promote erythropoiesis,
angiogenesis, anaerobic energy production, and some other
adaptive processes to enable cells to survive under conditions
of hypoxia [6]. Recently, some studies showed that HIF-2 plays
a role in resistance to radiotherapy and chemotherapy [7].

Many studies have shown that high tumor expression
of HIF-1 and HIF-2 suggested an adverse prognostic in-
dicator in OSCC, but it is not a universal finding.
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Therefore, the present work tried to evaluate the prog-
nostic significance of HIFs in OSCC.

Materials and methods

Identification and eligibility of relevant studies

Literature searches of the PubMed, Web of Science, and ISI
Web of Knowledge databases were conducted using all pos-
sible combination of the following search terms: BHIF ,̂ Bhyp-
oxia inducible factor^, BOSCC^, BOral Squamous Cell
Carcinoma^, Bupper aerodigestive tract cancer^,BUADTC^
Bprognosis^. An upper date limit of Jan 12, 2016 was applied;
no lower date limit was used. Furthermore, the analysis was
focused on studies conducted in humans and only full-text
articles were included. Conference abstracts, reviews, letters,
case reports, or experiments conducted in animal models were
excluded from the analysis. The reference lists of reviews and
retrieved articles were searched manually.

Data extraction and management

Both investigators (Q. Jiang and WG. Xu) reviewed eligible
studies and extracted data independently. Issues of controver-
sy were settled by consensus between all authors. The follow-
ing information was collected from each study: the first au-
thor’s name, year of publication, country, cancer type, patient
sex and age, survival data, and HIF isoforms. We did not
contact the author of the primary study to request the
information.

Methodological assessment

The present work used the Newcastle–Ottawa quality assess-
ment scale (NOS) [8] to access the methodological quality of
the included studies. There were 0 to 9 stars which were des-
ignated as the lowest to highest quality. Studies awarded more
than 6 stars including 6 stars, were regarded to be of high
quality. Two researchers provided the scores independently
and disagreements were settled by a consensus value for each
item was achieved.

Statistical analysis

Relative risk (RR) with 95 % confidence intervals (CIs) was
used to determine the strength of associations between the
HIFs and the prognosis of OSCC. As hazard ratio (HR) was
broadly equivalent to RR [9], HRs were directly considered as
RRs. Odds ratios (ORs) were transformed into RRs using the
formula RR=OR/[(1-P’)i + (P’×OR)] where P stands for the
incidence in control group [10].

Publication bias was evaluated by the linear regression
asymmetry test described by Egger et al. [11]. All data were
analyzed using STATA12.0 (Stata-Corp, College Station, TX,
USA).

Results

Figure 1 summarizes the study selection procedure. From an
initial 392 potentially relevant articles, 12 were included in the
final analysis (Fig. 1). Of these, all studies [12–19] assessed
the relationships between HIF-1α expression and OSCC

Fig. 1 Flow diagram of study
selection procedure
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prognosis, while two studies [14, 17] evaluated the association
of HIF-2α expression and prognosis.

Table 1 shows the methodological quality of the included
studies, according to the Newcastle–Ottawa quality assess-
ment scale. Table 2 show the characteristics of populations
and cancer types of the studies included in the study.

A forest plot of the data revealed a significant association
between overexpression of HIFs and increased risk of mortal-
ity (RR=1.20; 95 % CI 0.74–1.95; I2 85.4 %). Furthermore,
the expression of different HIF isoforms was associated with
overall survival (OS) [HIF-1α (RR=1.18; 95 % CI 0.66–

2.11; I2 87.2 %) and HIF-2α (RR=1.40; 95 % CI 0.93–
2.09; I2 0.0 %)] (Fig. 2).

Figure 3 shows the funnel plot used to evaluate the publi-
cation bias. In the study, the funnel is symmetric, suggesting
there exist no publication bias.

Discussion

Hypoxia is a basic characteristic of locally advanced solid
tumors. It has emerged as a significant factor influencing the
tumor (patho-)physiome because of its ability to promote tu-
mor progression and resistance to radiotherapy and chemo-
therapy. Hypoxia, independent of standard prognostic factors
such as tumor stage and nodal status, has been implicated as
an adverse prognostic factor for cancer patients. Persistent
hypoxia leads to the selection of genotypes promoting surviv-
al and accelerating tumor angiogenesis, metastasis and inva-
siveness, epithelial-to-mesenchymal transition, and suppress-
ing immune reactivity [20]. Therefore, hypoxia is a prognostic
factor for a variety of cancers including OSCC. HIF-1α and
HIF-2α are two of the most significant transcription factors
mediating the cellular response to hypoxia [21]. HIF-1α and
HIF-2α are hydroxylated by specific prolyl hydroxylases in
aerobic conditions, which promote the von Hippel–Lindau
protein bind to the HIF-1α and HIF-2α. Von Hippel–Lindau
protein becomes the substrate recognition module for the E3
ubiquitin ligase complex. After that, HIF-1α and HIF-2α pro-
tein is quickly degraded by ubiquitination. While in hypoxic
conditions, prolyl hydroxylases becomes inactivated, so HIF-

Table 2 Characteristics of populations and cancer types of the studies included in the meta-analysis

Study Country Cancer Type Case Male Female Average Age RR 95% CI Time (months)

Aebersold 2001 America OPSCC 98 / / 57a 0.46 0.28 0.75 31.2a HIF-1α

Fillies 2005 Germany OSCC 85 71 14 57 0.2 0.1 0.5 154 HIF-1α

Lin 2008 China Taiwan OSCC 57 54 3 49 1.98 1.27 7.62 120 HIF-1α

Zhu 2010 China OSCC 97 52 45 58 2.64 1.43 4.87 60 HIF-1α

Eckert 2010 Germany OSCC 80 60 20 59.2 4.53 1.31 15.66 >55 HIF-1α

Eckert 2011 Germany OSCC 82 60 22 60.1 3.24 1.17 8.99 120 HIF-1α

Liang 2011 china OSCC 89 49 40 60 2.39 1.28 4.44 60 HIF-1α

Santos 2012 Brazil OSCC 66 56 10 55 3.41 1.13 10.34 24 HIF-1α

Kang 2013 China OSCC 49 28 21 69.2 0.28 0.11 0.73 24 HIF-1α

Zheng 2013 China OSCC 120 66 54 57 0.33 0.17 0.62 60 HIF-1α

Hong 2013 Australia OPSCC 233 186 47 58.2 0.72 0.48 1.03 51* HIF-1α

Mendes 2014 Brazil OSCC 56 48 8 56 3.88 1.24 12.07 >48 HIF-1α

Zhu 2010 China OSCC 97 52 45 58 1.31 0.76 2.24 60 HIF-2α

Liang 2011 China OSCC 89 49 40 60 1.51 0.83 2.76 60 HIF-2α

RR relative risk, OSCC oral squamous cell carcinoma

/ means information not available in the original paper, only total number of the patients was recorded
amedian

Table 1 Quality of the articles in this analysis

Study Total points Selection Comparability Outcome

1 2 3 4 1 1 2 3

Aebersold 2001 7 1 1 1 1 1 1 1 0

Fillies 2005 3 0 0 1 0 0 1 1 0

Lin 2008 5 1 1 1 0 0 1 1 0

Zhu 2010 7 1 1 1 0 1 1 1 1

Eckert 2010 7 1 1 1 0 1 1 1 1

Eckert 2011 6 1 0 1 0 1 1 1 1

Liang 2011 7 1 1 1 0 1 1 1 1

Santos 2012 6 1 1 1 0 0 1 1 1

Kang 2013 6 1 0 1 1 1 1 1 0

Zheng 2013 6 1 0 1 1 1 1 1 0

Hong 2013 7 1 1 1 1 1 1 1 0

Mendes 2014 6 1 1 1 0 0 1 1 1
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1α and HIF-2α become activated and steady. Then, it could
activate the downstream target genes which regulate numbers
of biological processes including cell proliferation and surviv-
al, angiogenesis, glucose metabolism, migration, and pH reg-
ulation [22]. The evidence about the fundamental role of HIFs
in tumor progression is becoming more and more.

The present work found that in OSCC patients, HIF over-
expression was significantly associated with increased risk of
mortality, regardless of the HIF-1α or HIF-2α isoform
expressed. Therefore, HIF expression is shown to be a

prognostic marker in evaluating the severity of OSCC and
guiding the decision of clinical treatment for patients.

However, some limitations of the present work should be not-
ed. The relatively small size of the samplemay increase the risk of
bias in the study. Only two studies were included for the analysis
of HIF-2α. More researches are needed to validate the relation-
ship between HIF-2α and OSCC. Besides, oropharyngeal squa-
mous cell cancer might also be associated with HIF [23].

Despite these limitations, the results of the present work
suggest that HIF expression is a prognostic marker for
OSCC patients. Although HIF-2α has been reported to sup-
press or promote different types of cancer, it is widely accept-
ed HIF-2α leads to tumor angiogenesis [24–28]. Some studies
showed that a hypoxic microenvironment could stabilize HIF-
1α inside the cancer [29]. HIF-1α could lead to a rapid ex-
pression of VEGF, therefore promoting angiogenesis [29] and
increasing tumor oxygenation and vascularization [18].

As a regulator of lymphangiogenesis and angiogenesis in
OSCC, HIF-1αmay play an important role in regional lymph
node metastasis by a possible novel pathway involving vas-
cular endothelial growth factor (VEGF). Studies have shown
that microvessel density (MVD) is directly related with VEGF
expression and vascularization [30]. According to previous
reports,the high HIF-1α expression is related to higher
MVD, probably as a result of VEGF pathway activation [30].

Lymph node metastasis and angiogenesis may have some
negative impact on human, leading a worse prognosis [31]. AsFig. 3 Funnel plot for evaluation of publication bias

Fig. 2 Forest plot of the relative
risk (RR) for the association of
different HIF isoform expression
with overall survival in OSCC
patients
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a consequence, HIF-1α could be a particularly promising target
in OSCC for controlling regional lymph node metastases
through antiangiogenic and anti-lymphangiogenic effects [31].

In conclusion, this study suggests that the overexpression
of HIFs is significantly associated with increased risk of mor-
tality in OSCC patients. Further subgroup analysis showed
that HIF overexpression, regardless of the isoform (HIF-1α
or HIF-2α) is significantly associated with a poorer prognosis.
Although more well-designed studies with larger sample sizes
are required to confirm the associations between HIF-2α and
the OSCC. The relationship between the OSCC and HIF-1α is
clear.
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