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ABSTRACT: 

In hypoxic condition, cell undergoes variety of biological responses. These include activation of 
various regulatory pathways through hypoxia inducible factors. Hypoxia inducible factor is the 
essential mediator for cellular oxygen – signaling pathway that enhances oxygen delivery and 
adaptation to oxygen deprived condition through regulation of genes. The adaptation to cellular 
hypoxia and hypoxic microenvironment result in cell proliferation, migration and angiogenesis 
through various pathways. Cancer cell adapted this function result in survival of cells under any 
circumstances. Accumulation of HIF can induces variety of growth factors and play as common 
mediator to various pathways by maintaining relationship in voyage of tumorogenesis to distinct 
metastasis. There is great need of the hour is to understand the basic molecular pathways of 
carcinogenesis. Knowing pathways will facilitates research gateway for targeted therapeutics. 
This review highlights on various pathways HIF as it commands on various molecules and genes 
in pathways of carcinogenesis and it has a great potential in predicting malignant transformation 
in potentially malignant disorders. For this reason, HIF has surplus potential in prevention and 
treatment of early phases of carcinogenesis.  

Key Words: Hypoxia, Hypoxia inducible factor, Cancer regulatory pathway, HIF pathway, 
Carcinogenesis. 

 

INTRODUCTION: 

Cancer has still great burden on world and 
leading cause of death. Many factors are 
responsible for death including behavioral and 
dietary risk. Interaction between genetic factor 
and stimuli result in to cell transformation from 
precancer to cancer. In carcinogenesis cells 
undergo hypoxic condition due to increased 
oxygen demand.1 The get adapted to according 
to duration of hypoxia.2 In acute hypoxia cells 

experience reoxygenation, with lacking of 
functional p53 is more susceptible to genetic 
mutation and tumorogenesis.3  

In cyclic hypoxia, the reoxygenation in tumor 
tissue is the result of dysfunctional vascularity 
and diverse blood supply.4 Undoubtedly hypoxia 
inducible factor (HIF) in the hypoxic regions in 
tumors directly affect the cells through the entire 
process of tumorogenesis, progression, and 
metastasis. To regulate stem cell biology, HIFs 
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attempt an important role in harmonizing 
cellular metabolism in stem cells and niches and 
provide a suitable environment to stem cells to 
hold undifferentiated status and multilineage 
differentiation potential of cells.5 This review 
emphasis on multitasking role of hypoxia 
inducible factor in various steps involved in 
cancer development and distant metastasis along 
with pathways involved in these process and can 
be utilized securely in cancer treatment  
therapeutic. 

Tumor and Hypoxia: 

All cells demands constant oxygen to produce 
ATPs for tissue development and their functions. 
In tumor tissue, due to increased cellularity and 
sustainability, O2 demand is maintained by the 
vascular system. The imbalance between oxygen 
consumption and oxygen delivery develops 
cellular hypoxia in the microenvironment.6  

Vascular dysfunction, deteriorating genome, 
structural abnormality of a vessel, and disturbed 
microcirculation (Figure 1) results in to hypoxia 
and cell responses to it by activating various 
genes along with expression of various growth 
factors which are mainly induced by HIF. 
(Figure 2).This is responsible for adaptive 
mechanisms and regulates many functions like 
cell motility, metabolism, survival, the integrity 
of the basement membrane, angiogenesis, and 
many other functions.7 HIF mediated adaptation 
said to be associated with malignant 
transformation and early carcinogenesis.6 

Hypoxia in malignant transformation: 

Hypoxia relatively less studied in oral 
premalignancy. Hypoxia related markers or 
proteins are strongly over expressed in stages of 
oral squamous cell carcinoma. It is observed that 
the predictability of malignant transformation 
was increased when few proteins were observed 
together like HIF-1α, Glut-18 and CA9.9 Even 
Galetin-3 along HIF-1α strongly predict 
malignant transformation in epithelial 
dysplasia.10 Neoangiogenesis in early dysplasia 

exhibits increased nutritional demand which is 
fulfilled by expressed HIF-1α resulting to 
increased vessels and microvessel density which 
facilitate malignant transformation.11 

These transformations when studied in 
sequential basis from normal epithelium to 
dysplastic epithelium and regional lymph node 
metastasis shows significant increase in 
expression of HIF-1α12 where epithelium 
adjacent to dysplasia shows negative expression 
this justifies its prominent role in oral 
carcinogenesis, invasion and metastasis.13 

HIF Roles in Regulatory Pathways: 

Von Hippel-Lindau Pathway: 

The genetic mutation in the VHL gene has the 
potential for malignant transformation.14 VHL 
senses altered oxygen level in the pathway and 
regulates and stabilizes HIF-1α through protein 
VHL (pVHL) (Figure 2). In hypoxic conditions, 
it did not bind with HIF-1α and activate the 
number of genes like VEGF, PDGF-B, 
erythropoietin which contribute to various 
cancer.15,16,17 In hypoxic condition, pVHL along 
with  HIF2α directly or indirectly affect the 
interaction of related genes and proteins like B-
Myb, and CFB gene which involves in 
regulation of cell cycle and differentiation, 
angiogenesis, tumor invasion, migration, 
respectively.18,19,20  

The experiment confirmed the physical 
interaction between pVHL and HIFα that 
targeted by pVHL as a part of the ubiquitin 
ligase complex by the interaction between the β-
domain of pVHL and HIF-α ODDD (Figure 2).21 
These targets are regulated by hydroxylation of 
specific prolyl residues in the regulation of 
HIF1α.22  

MDM2 Pathway: 

Mouse double minute 2 homolog (MDM2), acts 
as a negative regulator of the P53 tumor 
suppressor gene and also known as E3 ubiquitin-
protein ligase Mdm2 protein suppressor.23 To 
maintain the stability of P53 signaling, MDM2 
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ligate P53 protein through E3 ubiquitin ligase 
and ubiquitinated P53 get degraded by 
proteasome as transferred to the cytoplasm 
(Figure 2). Under the hypoxic condition, P53 
accumulation weakened HIF1α activity, and 
miR-17-92 (P53 trans represses anti-apoptotic 
genes) to relieve inhibition of pro-apoptotic 
genes like BIM. P53 stabilization is enhanced 
where more Mdm2 is associated with 
unacetylatedHIF1α.24 A recent study proved that 
MDM2 is a major regulator of the pro-
angiogenic mechanism involved directly in the 
control over VEGF transcription through 
HIF1α.25  

Heat shock protein pathway: 

Hsp properties are to prevent unfold protein to 
form an insoluble complex, maintain damage 
cell and participate in signaling transduction 
pathway of protein which regulate oncogenic 
factors.26,27  Hsp90 activity stimulated by heat 
acclimation stabilizes  HIF1α which further 
initiate collateral circulation.28 

Increased Hsp90 precipitate phosphorylates and 
stabilizes HIF1α, independent of oxygen level. 
Increase HIF1 transcription factors bind to the 
hypoxic response element (HER) which results 
in increased growth factors. The relation 
between HIF and Hsp90 has been demonstrated 
modulation of Hsp90 and or HIF1α, which 
shows a profound effect on the severity of the 
injury or in the process of recovery.29 Hsp70 and 
HIF1α are considered a cytoprotective proteins 
coordinate beneficial effect that provides long-
standing protection to recurrent stress effects.30 

Hypoxia and Angiogenesis:  

HIF rapidly increase O2 supply by upregulation 
of vasodilator enzyme inducible nitric oxide 
synthase (iNOS) by relaxing vascular smooth 
muscle for short term and compensate by 
increasing blood flow and long term hypoxia is 
by stimulating angiogenesis. It regulated by pro-
angiogenic genes including VEGF, angiopoietin-
1, angiopoietin-2, Tie 2, Platelet-derived growth 

factor (PDGF), basic fibroblast growth factor 
(bFGF) and monocyte chemo attractant protein-
1 (MCP-1). HIF executes the angiogenic 
program by increasing endothelial cell 
proliferation, increased vascular permeability, 
sprouting, migration, and tube formation.31 Even 
in highly vascularized tumors, stabilization of 
HIFα occurs due to leaky and poor functioning 
vessels. Other factors like RAS pathway 
hyperactivation, P53 mutation, and succinate 
accumulation are also responsible for HIF 
stabilization.32 Endothelial cell in response to 
hypoxia synthesize Ang2 interfere Ang1 to 
normalize vasculature. Ang1 to promote 
angiogenesis recruits pericyte to mature 
vessels.33     

Invasion and Metastasis: 

Clusters or even in cells away from the blood 
vessels are undergoes hypoxic condition.34 

Therefore HIF1 pathways are expected to 
activate in a very early phase of tumor 
progression. Indeed premalignant condition and 
carcinoma in situ also express HIF1 
overexpression, suggesting early HIF pathway 
activation towards progression and metastasis.35 
HIF1stimulate genetic transcription like protease, 
which is responsible for the degradation of 
cathepsin C, MMP2, 9, and 14 and lysyl oxidase 
(LOX).36 LOX forms a "premetastatic niche" by 
mediating bone marrow-derived cells recruited 
by accumulating at a new site.37  In cancer cell 
CXCR4 induced by hypoxia plays a role as cell 
trafficking.38 Invadopodia ( actin-rich membrane 
protrusions) are mainly upregulated in hypoxia 
facilitating the invasion of the tumor cell 
through extracellular proteolysis.39 HIF 
signaling promotes epithelial-mesenchymal 
transitional transcription factors by a direct or 
indirect mechanism whish are also responsible 
for cell adhesion capacity of cells and reliving it 
to metastatic cascade. 40 Hypoxia induced EMT 
shows decreased in epithelial-associated gene 
expression and an increase in mesenchymal-like 
gene expressions (Figure 3). The protein which 
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holds the rigid cytoskeleton and cell to cell 
adhesion is inhibited by HIF 1α by activating 
repressor gene, which stimulate flexible 
cytoskeleton and hence prove its role.41 

In cancer therapy: 

The agent affects HIF protein synthesis and acts 
as a pathway inhibitor are tyrosin kinase, cyclin 
dependent kinase, oncogene pathway inhibitor, 
thioredoxinreductase inhibitor. Recently the 
agent used as an inhibitor is topotecan which 
generates double-strand DNA breaks and 
cytotoxicity.  Another agent is cardiac 
glycosides of which Digoxin is a potent HIF-1 
inhibitor. It inhibits HIF-1 translation by mTOR- 
independent mechanism and exhibits antitumor 
activity.  PX478 is another inhibitor that is in 
phase I trial of advanced metastatic cancer it 
shows antitumoral activity in correlation with 
HIF-1 expression. Translation of HIF-1 protein 
can be regulated and these pathways are the 
target for HIF inhibitor. HIF-1 mRNA levels 
affect protein translation. Aminoflevone (AF) is 
an agent act as a ligand of the aryl-hydrocarbon 
receptor (AhR) which affects the expression of 
HIF-1 mRNA.4249 EZN- 2968is a RNA 
modulator that inhibits HIF-1α mRNA 
expression.4350 It shows tumor reduction and in 
the clinical study observed reduced HIF-1α 
mRNA in post-treatment biopsies.4451 Inhibition 
of these pathways indicates that inhibition of 
HIF- 1α has potential in the treatment of cancer. 

CONCLUSION:  

Hypoxia in many human cancers plays a critical 
and decisive role in initiation, progression, and 
metastasis of malignant cells and appears to be 
controlled by HIF α factor. In malignancy the 
molecule that controls and controlled by HIF is 
large in numbers and growing with new research, 
to identify target molecule in the pathway of 
malignancy, but the common binding factor 
observed to be HIF. The role of HIF molecule is 
found to be as if supplying oxygen to ignition 
and spread fire beyond their boundaries. It was 

even observed that controlling hypoxia controls 
the havoc. The new approach in the 
development of pharmacology that initiates or 
inhibit HIF or its target gene products can 
provide new dawn in cancer therapeutics. 

Figure 1: 

In normoxia HIF1α is hydroxylated and 
recognized further by VHL, ubiquitin ligase and 
degrade HIF1α through proteosomal pathway. In 
hypoxic condition, hydroxylation is restricted, 
resulting in combination of HIF1α and HIF1β 
association with hypoxic response element 
(HER) of targeting gene by activating their 
transcription and modulate cell survival, 
angiogenesis, invasion and glycolysis. 

 
 

Figure 2: 

Figure shows factors responsible for hypoxia 
causing genetic instability which leads to 
increased HIF transcription through various 
pathways. Growth factor activation from clonal 
mutation till distant growth of tumor. In HSP 
pathway, HSP binding with HIF1α is inhibited 
by Inhibitor Geldanamycin (GA), leading to 
increased HIF1α transcription (which is nullify 
by inhibitor in normoxia). VHL - In absence of 
oxygen VHL form hetrodimer leading to 
increased growth factors in absence of 
hydroxylation which inhibits proteolysis. 
MDM2 - The bond between HIF1α and P53 is 
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inhibited by MDM2 mediated ubiquitination 
leading to increased HIF protein. 

 
Figure 3:  

In metastatic cascade, HIF expression stimulates 
genetic transcription like protease degrading 
bunch of proteins. HIF signaling promotes 
epithelial-mesenchymal transitional transcription 
factors (by degrading or upgrading) and 
responsible for cell adhesion molecule, 
basement membrane and ECM of cells and 
relieved it to cascade. TWIST causes shift of 
expression marker from mesenchymal to 
epithelial marker. 
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