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Abstract 
Background: Hypoxia inducible factor 1alpha (HIF-1alpha) plays a major role in the response of tumors to hypoxia, and 
contributes to tumor aggressiveness, invasiveness and resistance to radiotherapy and chemotherapy. Targeting HIF-1alpha 
is an attractive strategy, with the potential for disrupting multiple pathways crucial for tumor growth. Thus, the evaluation 
of HIF-1alpha in patient biopsies could be useful in personalized cancer treatment.  

Methodology: The current literature on HIF-1alpha immunohistochemical expression is reviewed along with the relation 
to clinical outcome and prognosis. In addition, the significant correlation of HIF-1alpha to vascular endothelial growth 
factor (VEGF) expression is reported, as well as the possible role of HIF-1alpha in predicting the therapeutic response to 
anti-EGFR therapies.  

Conclusion: Herein, an overview of the HIF-1alpha expression in lung carcinoma is presented. Since there is no 
consensus regarding the assessment of HIF-1alpha in tissue specimens, heterogeneous results have been reported 
especially regarding prognosis. In this context, methods to optimize the evaluation of HIF-1alpha in biopsies are needed in 
order to clarify the role of HIF-1alpha as a prognostic or predictive biomarker in lung carcinoma. 
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1 Introduction 
Lung cancer is the leading cause of cancer deaths in USA and worldwide. The two major forms of lung cancer are non–
small cell lung cancer (NSCLC, about 85% of all lung cancers) and small-cell lung cancer (SCC, about 15%). Despite 
advances in early detection and standard treatment, lung carcinoma is often diagnosed at an advanced stage and has a poor 
prognosis [1, 2].  

A common characteristic of all solid tumors is hypoxia, a condition under which proliferating tumor cells are deprived of 
oxygen due to a limited blood supply caused by abnormal tumor microvasculature [3]. However, hypoxic cancer cells show 
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a range of genetic changes that improve survival, they continue to proliferate, are associated with a more invasive and 
metastatic phenotype and are usually resistant to conventional treatments such as radiotherapy and  
chemotherapy [4-6].  

The impact of hypoxia on cellular biology has been presented by the concept of the “hypoxia signature” which consists of 
a hypoxia-regulated gene cluster [7]. The major component of hypoxia signaling in the cell is the hypoxia-inducible factor 
(HIF) transcriptional complex [8]. Overexpression of HIF-alpha, the regulatory subunit of HIF, is associated with increased 
vascularity, severity of tumor grade, treatment failure and a poor prognostic outcome with conventional therapies. 
Therefore HIF is an attractive therapeutic target, and several different strategies have been developed to target HIF in 
recent years [9]. 

This review outlines the current evidence on the role of Hypoxia-inducible factor 1 (HIF-1) and especially its subunit 
HIF-1alpha in biopsies of lung carcinoma. Histopathological evidence of HIF-1alpha expression is presented along with 
the possible involvement in prognosis and tumor progression. In addition, the immunohistochemical methodology of 
evaluating HIF-1alpha in tumor specimens is discussed. 

2 Tumor hypoxia 
Tumor growth is a process demanding a constant supply of nutrients and oxygen in order to be maintained. This supply is 
mainly achieved via angiogenesis [10, 11]. However, the tumor growth often outruns the existing supply rate, with 
development of hypoxic areas, acidosis and nutrient starvation [12]. 

In response to hypoxia, tumor cells and their corresponding environment express regulatory factors capable of protecting 
from the energy depletion, leading to apoptosis or necrosis. These factors are the commonest indirect way of identifying 
hypoxia in tissues [13]. Hypoxia can be directly measured by intervention techniques, measuring intratumoral PO2 

[13] 
although, such an approach is limited to experimental settings. 

The most studied hypoxia-related factors are the hypoxia inducible factors (HIFs) [14]. HIF activity is deregulated in many 
human cancers, and this is most commonly due to the overexpression of HIF-alpha, the regulatory subunit of the HIF 
complex even under normoxic conditions. Overexpression of HIF-alpha is usually associated with neoangiogenesis, 
higher tumor grade, treatment failure and a poor clinical outcome [15-18], with HIF-1 being considered as a candidate 
biological predictor for tumor cell response to treatment. Additionally, in vitro and in vivo studies have shown that HIFs 
could be targets of molecular therapy [6, 9]. 

2.1 HIF-1alpha  
Tumor hypoxia results in the stabilization of the HIF family of transcription factors. The prototype of the family is HIF-1. 
HIF-1 is a heterodimeric transcription factor. It comprises an alpha and a beta subunit [8]. While HIF-1beta is constantly 
expressed, HIF-1alpha intracellular concentrations vary as a result of hypoxic conditions [16].  

In normoxia, HIF-1alpha is hydroxylated [16, 19] to become target for proteolysis in proteosomes [13, 16]. Additionally, an 
oxygen-dependent asparaginyl hydroxylase called factor inhibiting HIF-1 (FIH) represses the transactivational ability of 
HIF-1 [20]. In contrast, under hypoxic conditions, HIF-1alpha escapes from proteolysis [13, 16]. The accumulated HIF-1alpha 
binds to HIF-1beta, assembling the active HIF-1 which then acts as a transcription factor binding to specific hypoxia 
response elements (HRE) inducing transcription of its target genes [8, 16]. The genes activated by activated HIF-1 are 
involved in the uptake and metabolism of glucose, erythropoiesis, angiogenesis, regulation of extracellular pH, cell cycle 
regulation, apoptosis, and mitogenesis [7, 8, 14, 16]. Finally, HIF-1 is suggested to be a factor related with cancer invasion and 
metastasis [21]. 
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HIF-1alpha expression and activity can be also controlled by oxygen-independent mechanisms activated by oncogenes 
(such as EGFR, RAS and BRAF) or growth factors that stimulate the MAPK, mTOR and PI-3K/Akt pathways [22, 23, 24].  

2.2 HIF-1alpha in lung cancer 
The literature for HIF-1alpha expression in lung carcinoma was systematically reviewed using the terms “hypoxia 
inducible factor AND lung carcinoma” OR “HIF AND lung carcinoma”, from 1991 to 2012. Despite the increasing 
interest in hypoxia regarding carcinomas of different origin, the relevant literature was not extensive. The inclusion criteria 
were: a) evaluation of lung cancer prognosis based on HIF-1alpha expression and b) application of 
immunohistochemistry. The main details of the studies focusing on HIF-1alpha in lung carcinoma are demonstrated in 
Table 1. 

Table 1. Presentation of the studies regarding lung carcinoma, assessing HIF-1alpha with immunohistochemistry 

Reference Sample size/type HIF-1alpha related remarks  
Significant association 
with adverse outcomes 

Swinson et al 
2004[35] 

172/ NSCLC  
High levels of expression are associated with a poor prognosis. Epidermal 
growth factor receptor expression was closely associated with HIF-1alpha 

Yes 

Giatromanolaki 
2001[28] 

108/ NSCLC HIF-1apha was not identified as an independent prognostic indicator No 

Kim et al 
2005[37] 

74/ NSCLC 
Expression of HIF-1alpha and CA IX was significantly associated with 
shorter disease free survival. HIF-1alpha was not an independent prognostic 
indicator 

No 

Hung et al 
2009[31] 

87/ NSCLC 
Overexpression of HIF-1alpha was associated with a shorter recurrence-free 
survival 

Yes 

Wu et al 
2011[30] 

140/ NSCLC HIF-1alpha, was not related to poor outcome No 

Volm et al 
2000[38] 

96/ NSCLC 
Patients with HIF-positive carcinomas had significantly longer median 
survival times than patients with HIF-negative carcinomas 

No 

Ioannou et al 
2009[34] 

30/ SCC 
HIF-1 alpha expression was significantly correlated with VEGF expression 
HIF-1alpha/ VEGF double positive tumors were associated with poor 
survival 

No 

Enatsu et al 
2006[39] 

78/ NSCLC HIF-1alpha is associated with VEGF expression and poor prognosis Yes 

Giatromanolaki 
2001[40] 

107/ NSCLC 
HIF-1alpha is associated with carbonic anhydrase 9 expression which is an 
independent prognostic indicator 

N/A 

Yohena et al 
2009[44] 

66/ NSCLC 
The level of HIF-1alpha mRNA showed a significantly positive correlation 
with the mRNA levels of vascular endothelial growth factor and it is 
associated with disease progression in NSCLC 

Yes 

Wan et al 
2011[46] 

SCC cell line 
HIF-1alpha significantly promotes the growth and angiogenesis of SCC cell 
lines by upregulating the expression of angiogenic genes 

N/A 

Andersen et al 
2011[36]* 

335/ NSCLC 
Coexpression of HIF-1alpha and NOTCH-1 is significantly indicative for 
poor prognosis 

No 

Peng et al 
2009[29]* 

80/ NSCLC 
The positive rate of HIF-1alpha was significantly higher in lung cancer than 
that in normal lung tissues 

Yes 

Zuo et al 
2008[41] 

48/ NSCLC HIF-1alpha and VEGF-C work synergically in the process of NSCLC Yes 

Karetsi et al 
2012[27] 

33NSCLC, 22 SCC 
The expression of HIF-1alpha differs significantly between SCC and 
NSCLC of lung cancer. HIF-1alpha expression is significantly associated 
with VEGF expression in both types of lung carcinoma 

N/A 

Wan et al 
2009[47] 

SCC cell line 
HIF-1alpha effects on genes expression profile of SCC. HIF-1alpha 
antagonistic effect on SOCS1 regulation of growth and apoptosis 

N/A 

Zhou et al 
2011[26]* 

NSCLC cell line Inhibition of both HIF-1 and HIF-2 prevents tumor colonization N/A 

Park et al 
2011[51] 

178/ NSCLC 
HIF-1alpha was a significant worse prognostic factor for overall survival in 
patients with low EGFR gene copy number and negative EGFR expression 

Yes 

*Reference not used in the current review 

N/A, not applicable 
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Recent studies using genetically engineered mouse models expressing stabilized HIF delineate its importance in the 

evolution of NSCLC angiogenesis and tumor progression and demonstrate genetically that HIF is causally involved in 

NSCLC. Experimental studies concluded that treatment with HIF-1alpha antagonists inhibited the progression and spread 

of both NSCLC and SCC in mice [25]. Moreover, agents that target HIF-1, renders tumour cells more susceptible to 

radiotherapy and conventional chemotherapeutic agents and further delay tumor regrowth in cell lines [17, 18]. In this 

context, the demonstration of HIF-1alpha ‘’status’’ in biopsies from patients with lung carcinoma has been considered as 

possibly helpful in identifying hypoxia induced targets in tumor. 

Systematic review of the relevant literature revealed immnohistochemical studies of HIF-1alpha expression mainly in 

biopsies from patients with NSCLC. Although there are very limited data regarding HIF-1alpha in SCC, however, 

HIF-1alpha is found to be expressed in both types of lung carcinoma albeit possibly to a different extent [27]. 

An early study reported HIF-1alpha protein overexpression in 62% of tissue samples from 108 patients with early stage 

resectable NSCLC [28], while according to a more recent tissue microarray study high HIF-1alpha expression was reported 

in 35% of NSCLC cases [30]. On the other hand, retrospective analysis of 87 patients with resectable NSCLC showed, 

immunohistochemical overexpression of HIF-1alpha, was shown in 32.2% of primary tumors [31]. Regarding SCC, the 

expression of HIF-1alpha mRNA and protein expression was documented in SCC cell lines under hypoxia [32], while two 

studies with immunohistochemical analysis of tissue specimens demonstrated HIF-1alpha protein expression in 66.7% [33] 

and 43% respectively [34]. 

2.3 HIF-1alpha and prognosis  
A number of HIF-1alpha immunohistochemical studies have provided statistically significant clinical correlations. 

However, regarding prognosis these studies show relatively heterogeneous results. From a pathological point of view, this 

could be attributed, at least in part, to differences in the mode of HIF-1alpha histopathological evaluation (see paragraph 

“HIF-1alpha evaluation in tissue specimens”) and differences in the type of sample examined (bioptic or whole tumor). In 

NSCLC, high level of HIF-1 alpha expression was associated with a poor prognosis in a study including 172 patients with 

NSCLC [35]. On the other hand, a different study reported that HIF-1alpha expression was marginally associated with poor 

prognosis, whereas poor clinical outcome was correlated only with HIF-2alpha [28]. High level HIF-1alpha expression 

detected immunohistochemicaly was correlated with a decreased disease free survival in 74 early stage NSCLC  

patients [37]. Along the same line, a retrospective analysis of 87 patients with resectable NSCLC, showed that HIF-1alpha 

immunoexpression was associated with a shorter overall survival and with a shorter recurrence-free survival [31]. 

In contrast, immunohistochemical expression of HIF-1alpha was suggested to have no impact on patient survival in a 

tissue microarray study including surgical specimens of 140 patients with NSCLC [30] and another study reported that 

among 96 patients with NSCLC, those with HIF-1 positive carcinomas had significantly longer median survival times than 

patients with HIF-1 negative carcinomas [38]. In the latter report, using multivariate analyses the authors demonstrated that 

the presence of HIF-1 at a given stage or extent of lymph node involvement is an independent prognostic factor for the 

survival of patients with non-small cell lung carcinomas [38]. 

In respect to SCC, it was shown that double positive HIF-1alpha/ Vascular Endothelial Growth Factor (VEGF) cases were 

associated with poor survival [34]. However, large studies with big number of patients should be performed in order to 

investigate the precise role of HIF-1alpha immunoistochemical expression in SCC biopsies.  

2.4 HIF-1alpha and angiogenesis 
Upregulation of angiogenic pathways by HIF-1alpha has been seen in NSCLC and it is reported as a common event 

associated with poor prognosis [28, 39-41].  



www.sciedu.ca/jst                                                                                                                    Journal of Solid Tumors, 2013, Vol. 3, No. 2 

Published by Sciedu Press                                                                                                                                                                                     39

Vascular endothelial growth factor (VEGF) and its receptors play critical roles in the development of tumor vasculature 
and can be targeted by agents such as bevacizumab in the treatment of NSCLC [42, 43]. Furthermore, tumor hypoxia and the 
expression of the HIF family of proteins are also linked to poorer survival in these patients [42]. A significant correlation 
between HIF-1alpha and VEGF expression has been documented in protein as well as in mRNA level and it is associated 
with disease progression in NSCLC tissues [28, 30, 44]. 

Recent studies have shown that the HIF-1alpha/VEGF angiogenic pathway may be active in SCC, similar to that in 
NSCLC [34, 45, 46, 47]. Investigation of angiogenesis in a vivo experimental model concluded that HIF-1alpha significantly 
promotes the growth and angiogenesis of SCC cell lines by upregulating the expression of angiogenic genes [46]. Moreover, 
significant correlation between HIF-1alpha and VEGF immunohistochemical expression was found in SCC biopsies [34]. 
In the same study, a positive correlation between VEGF and VEGF-R2 expression was also detected suggesting a potential 
VEGF/VEGF-R2 autocrine pathway in SCC.  

2.5 HIF-1alpha and EGFR 
The Epidermal Growth Factor Receptor (erb1/EGFR), a member of the family of receptor tyrosine kinases, is 
overexpressed in 80% of NSCLC and mutated in a smaller percentage [1, 48-50]. EGFR activation regulates important 
tumorigenic processes, including proliferation, apoptosis, angiogenesis, and invasion, and, along with its ligands, it is 
frequently correlated to the development and progression of NSLC. Clinical trials of the EGFR tyrosine kinase inhibitor 
erlotinib and of cetuximab, a monoclonal antibody against EGFR, validated EGFR as a molecular target for therapy [1]. 

Different studies have demonstrated close association between the HIF-1alpha signaling pathways and epidermal growth 
factor receptors (EGFRs). The prognostic significance of HIF-1alpha expression was evaluated in 178 NSCLC patients 
using tissue microarray in the context of EGFR gene copy number and protein expression status [51]. The difference in 
overall survival between HIF-1alpha-positive and HIF-1alpha-negative groups was statistically significant in patients with 
low EGFR gene copy number and negative EGFR expression. In univariate and multivariate analyses, HIF-1alpha was a 
significant worse prognostic factor for overall survival in patients with low EGFR gene copy number and negative EGFR 
expression. The results suggested that the gene and protein status of EGFR and HIF-1alpha will be important to select 
patients most likely to derive the greatest clinical benefit from EGFR or HIF-1alpha targeted therapies [51].  

In addition, downregulation of HIF-1alpha was associated with positive therapeutic responses of cancer cells to 
EGFR-targeted therapy and suggested further investigation using HIF-1alpha as an indicator of tumor response to 
EGFR-targeted therapy in preclinical studies and in the clinical setting [52]. 

The above data indicate that if HIF-1alpha develops as a therapeutic target, consideration should be given to combining the 
novel anti-HIF-1alpha agents with anti-EGFR targeted drugs in NSCLC [53].  

2.6 HIF-1alpha evaluation in tissue specimens  
Effective evaluation of hypoxia could be essential for cancer detection and diagnosis, assessment of therapy, as well as 
drug development. It could provide a prognostic and/or a predictive basis by which the effects of tumor hypoxia could be 
evaluated in personalised cancer treatment. Several direct and indirect methods for measuring hypoxia have been 
developed including sophisticated radiological imaging [6, 54]. The development of Eppendorf polarographic probes has 
permitted the direct measurement of tumor hypoxia, however in accessible tumors. This method has been performed in 20 
patients with early stage NSCLC. Low tumor/normal lung PO2 level ratios were associated with an increased risk of 
disease relapse [55]. 

For histopathological examination of lung carcinoma biopsies, immunohistochemistry has been a common method of 
studying HIF-1alpha expression in tumor samples. However, there is controversy about the pattern of HIF-1a staining to 
be evaluated. HIF-1alpha was reported to be localized both in the nucleus and the cytoplasm of tumor cells. Some authors 
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consider only nuclear staining as positive [31, 34] while others take into account cytoplasmic reactivity as well [28, 30, 39]. The 
presence and the biological significance of cytoplasmic HIF-1alpha staining in tissue samples are controversial. Recent 
studies suggest that, at least in cultured cancer cells, transport of HIF-1alpha between nucleus and cytoplasm and its 
subsequent subcellular distribution is a highly regulated process, linked to the activation status of the MAPK pathway and 
the proliferation state of the cells [56, 57]. It is beyond the scope of this review to investigate the possible biological 
significance of cytoplasmic HIF-1alpha in tissue samples. However the nuclear localization of HIF-1alpha could be 
considered as a certain measure of HIF-1 activation; cytoplasmic HIF-1alpha cannot activate transcription and its presence 
may not be related to extent of the hypoxic response [13]. In this context, evaluation of cytoplasmic reactivity might lead to 
overestimations.  

It is also of note that antibody selection has been largely limited to a few commercially available reagents and variation in 
HIF-1alpha immunoreactivity has been documented. This variation has been ascribed primarily, albeit conveniently, to 
alterations of tumor neovascularization and hypoxia. However, a recent comprehensive study has demonstrated that 
HIF-1alpha immunostaining might show significant ‘antibody-dependent’ variation [58]. Given the demand for reliable 
immunoassays and precision-oriented immunohistology which follows the increasing application of novel targeted 
therapies, it would be important to optimize the assessment of HIF- 1alpha expression in tissue specimens by using a panel 
of antibodies as well as controls with well characterized HIF-1alpha overexpressing cell lines. Additional validation of the 
immunoassay could be performed by including analysis of known downstream specific targets of HIF-1 as their 
upregulation is mainly due to HIF-1alpha pathway activation [58]. 

3 Conclusion 
Hypoxia is involved in lung cancer, with HIF-1alpha being thoroughly studied. Current evidence supports the involvement 
of HIF-1alpha in carcinogenesis, tumor angiogenesis and cancer progression through the interaction of HIF-mediated 
pathways with other oncogenic signaling networks. Therefore, the combination of HIF inhibitors with existing treatments 
or other new targeted therapies may be very useful clinically. However, the development of appropriate methods to 
accurately measure hypoxia in tumors, as well as the establishment of consensus for HIF-1alpha evaluation in tissue 
samples, are needed in order to clarify the role of HIF-1alpha as a prognostic and predictive biomarker in lung carcinoma. 
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