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Oxygen Homeostasis: A Balancing Act
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Hypoxia-Inducible Factor 1 (HIF-1) Binds to the EPO Gene 
and Activates Transcription
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HIF-1α is Regulated by Oxygen-dependent Hydroxylation

CO2 + succinate

O2 + 
α-ketoglutarate

PHDs = Prolyl Hydroxylase Domain proteins target HIF-1α for destruction when O2 is available.



HIF-1α Protein Accumulates in Response to Hypoxia 
Leading to Increased Transcription of HIF-1 Target Genes 

% O2
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Am. J. Physiol. 
1996;271:C1172

Arterial PO2
~100 mm Hg

Venous PO2
~40 mm Hg



HIF-1 Mediates Homeostatic Responses to Reduced O2 Levels

> 4,000 Target Genes



HIF-1α is Required for Development of the Circulatory System
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HIF-1α, HIF-2α and HIF-3α Heterodimerize 
with HIF-1β and Activate Gene Transcription
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Cardiovascular Disease is the Leading Cause of Death
In the Industrialized World
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Critical Limb Ischemia:
End-Stage Peripheral Arterial Disease

Critical Limb Ischemia

Perfusion is not sufficient to maintain 
tissue viability, leading to:

Ischemic pain at rest

Ischemic ulcers

Gangrene 

Limb amputation

stenosis

collateral
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AdCA5 gene therapy corrects age-related
impairment of vascularization



HIF-1 Regulates the Expression of Angiogenic Growth Factors
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Advanced Human Cancers Commonly Contain
Regions of Intratumoral Hypoxia

Direct measurements of O2 concentration 
in human tumors have demonstrated that 

PO2 < 10 mm Hg is associated with a 
significantly increased risk of invasion, 

metastasis, and patient mortality.

HIF-1α
expression by hypoxic cancer cells



HIF-1α Overexpression is Associated with Patient Mortality



K. Lee et al.
Proc. Natl. Acad. Sci. USA

2009;106:2353

HIF Inhibitor Acriflavine Inhibits Tumor Growth and 
Vascularization in a Mouse Model of Prostate Cancer

Acriflavine (ACF) inhibits
dimerization of HIF-α
and HIF-1β subunits



HIF Inhibitor Digoxin Decreases Primary Tumor Growth 
and Metastasis in a Mouse Model of Breast Cancer

H. Zhang et al. Oncogene 2012;31:1757
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Treatment with Gemcitabine + HIF Inhibitor Digoxin
Causes Tumor Eradication
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D. Samanta et al. Proc. Natl. Acad. Sci. USA 2014;111:E5429
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HIF Pathway in Biology and Medicine

1. Development: HIF-1α, HIF-1β, HIF-2α, PHD2, and VHL are 
all required for normal mammalian embryonic development. 

2. Physiology: Even modest gain or loss of function of pathway 
components interferes with normal postnatal physiological 
responses to hypoxia (congenital polycythemia). 

3. Medicine: HIFs play key roles in cancer and cardiovascular 
disease, the major causes of mortality in the U.S. population. 
Clinical trials are planned or underway to evaluate novel 
therapies that target HIFs for inhibition (cancer, retinopathy) 
or activation (anemia, cardiovascular disease).

4. Evolution: HIF-1α, HIF-1β, PHD, and VHL homologs are 
found in all metazoan species. Genetic evidence implicates 
the HIF pathway as the critical genetic target for successful 
adaptation to high altitude in Tibetan and Andean 
populations.
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