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Targeting Hypoxia-Inducible Factor (HIF) as a Therapeutic Strategy for
CNS Disorders
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Abstract: Hypoxia occurs when oxygen availability drops below the levels necessary to maintain normal rates
of metabolism. Because of its high metabolic activity, the brain is highly sensitive to hypoxia. Severe or
prolonged oxygen deprivation in the brain contributes to the damage associated with stroke and a variety of
other neuronal disorders. Conversely, the extreme hypoxic environment found in the core of many brain
tumors supports the growth of the tumor and the survival of tumor cells. Normal cells exposed to transient or
moderate hypoxia are generally able to adapt to the hypoxic conditions largely through activation of the
hypoxia-inducible transcription factor HIF. HIF-regulated genes encode proteins involved in energy
metabolism, cell survival, erythropoiesis, angiogenesis, and vasomotor regulation. In many instances of
hypoxia or hypoxia and ischemia, the induction of HIF target genes may be beneficial. When these same
insults occur in tissues that are normally poorly vascularized, such as the retina and the core of solid tumors,
induction of the same HIF target genes can promote disease. Major new insights into the molecular
mechanisms that regulate the oxygen-sensitivity of HIF, and in the development of compounds with which to
manipulate HIF activity, are forcing serious consideration of HIF as a therapeutic target for diverse CNS
disorders associated with hypoxia.
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INTRODUCTION benefits through a process known as preconditioning. In
preconditioning, exposure to a brief period of hypoxia gives
rise to a protective state that substantially reduces damage in
the brain and other organs caused by a subsequent ischemic
insult.

Hypoxia occurs when the availability of oxygen to
tissues drops below the levels necessary to maintain normal
rates of metabolism. This can result from a reduction in
blood flow, a decrease in oxygen partial pressure, or a
decrease in the ability of cells to utilize oxygen for aerobic
ATP production. The brain with its high oxygen demand is
particularly vulnerable to hypoxia. The most obvious
condition in which oxygen-deprivation contributes to brain
damage is stroke. Heart failure, traumatic brain injury, brain
cancer and subcortical vascular disease are other conditions
that disrupt normal patterns of blood flow and oxygen
delivery in the brain. Hypoxia may also contribute to
neuronal dysfunction and cell death in major
neurodegenerative diseases. Pathologic processes and toxins
associated with Alzheimer’s disease, Parkinson’s disease,
Huntington’s disease, and amyotrophic lateral sclerosis can
produce a state analogous to chemical hypoxia by interfering
with the mitochondrial electron transport chain, resulting in
impaired oxygen utilization.

Whether oxygen deprivation results in an adaptive,
protective, or detrimental outcome depends on the degree
and duration of hypoxia and on the tissue that is affected.
The oxygen content of tissues under normal physiologic
conditions depends on their extent of vascularization and the
metabolic activity of their constituent cells. In the brain,
oxygen levels range from approximately 5% to less than 1%.
This compares with oxygen levels of 21% in air, about 12%
in arterial blood, and roughly 5% in venous blood. Despite
substantial differences in oxygen content among brain
regions and even among cells within a region, the
mechanisms activated by various cells in response to
hypoxia are surprisingly similar [1]. Less well understood is
the nature of the cellular oxygen sensors and how it is that
different types of cells can initiate similar responses at
different oxygen tensions. These and related issues have been
the topic of recent thorough reviews [2,3].

While severe and prolonged hypoxia causes cell death,
tissue damage, and ultimately loss of life; transient or
moderate hypoxia stimulates adaptive responses that allow
cells and tissues to cope with reduced oxygen. These
adaptive responses are critical for normal development and
for coping with changing environmental and physiological
conditions. Transient hypoxia can also produce therapeutic

The cellular responses to hypoxia range from acute effects
on ion channel function and membrane potential, to long
lasting changes in gene expression. Gene expression during
hypoxia is largely regulated by a family of transcription
factors known collectively as hypoxia-inducible factor (HIF).
HIF-regulated genes encode proteins involved in energy
metabolism, cell survival, red blood cell production, blood
vessel formation, and vasomotor regulation [4]. In most
occurrences of ischemia, the induction of HIF target genes is
beneficial; however, in tissues that are poorly vascularized,
such as the retina and the core of solid tumors, induction of
the same HIF target genes can promote disease [5].
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Additionally, a few HIF targets genes have been directly
implicated in promoting cell death [6]. Thus activation of
HIF may be protective or detrimental depending on the type
of cell in addition to other (mostly unknown) factors.

HIF-1α have been the focus of intense scrutiny.

Accumulation of HIF-1α in hypoxic cells is followed by
its entry into the nucleus, where it binds HIF-β. Nuclear
HIF-1 complexes bind to specific cis-regulatory sequences
called hypoxia response elements (HREs), first identified in
the promoter of the erythropoietin (EPO) gene [9,10]. To
transactivate gene expression, HIF-1 must first associate
with the transcriptional co-activators CREB-binding protein
(CBP) and p300 [11]. HIF target genes are involved in
virtually all aspects of hypoxic adaptation at both the
cellular and systemic levels (Fig. 1). The importance of HIF-
1 as a transactivator of hypoxia-dependent gene expression
has been confirmed by disrupting the HIF-1α gene in mice
and embryonic stem cells [12-14].

In this review, we discuss the rationale for considering
HIF as a target for therapies directed at alleviating brain
disorders associated with hypoxia. Therapies aimed at
increasing HIF activity could be beneficial for conditions
associated with a failure to adapt to hypoxia, such as
ischemic brain injury caused by stroke. Conversely,
inhibiting HIF function might be useful for reducing growth
of brain tumors and for blocking ischemia/reperfusion injury
in the retina.

HIF and the Hypoxic Response
HIF in Development and DiseaseHIF is a heterodimeric α/β transcription factor conserved

from nematodes to man. In humans, HIF consists of three
different α subunits (HIF-1α, HIF-2α, and HIF-3α) and a
single β subunit, known as the aryl hydrocarbon receptor
nuclear translocator (ARNT) or simply HIF-β. Both α and β
subunits belong to the basic helix-loop-helix (bHLH)-
containing PER-ARNT-SIM (PAS) domain family of
transcription factors. Each subunit contains two PAS
domains that mediate the α/β protein-protein interaction.
HIF-β is a nuclear protein whereas HIF-1α (the best
characterized HIF-α isoform) shuttles between the cytoplasm
and nucleus. Moreover, while HIF-β is constitutively present
in all tissues and is not influenced by oxygen tension, the
protein levels of HIF-1α are tightly linked to oxygen
tension [7,8]. During hypoxia HIF-1α protein stability
increases dramatically. Over the last three years, the
mechanisms that underlie hypoxia-induced stabilization of

An increasing body of evidence suggests that HIF is
essential for ischemia induced angiogenesis, vascularization
and growth of tumors, and as a mediator of hypoxic
preconditioning [3]. HIF activation has been implicated in
neovascularization of the retina—a major cause of blindness
[15]; familial polycythemia—a condition caused by
overproduction of red blood cells [16]; and von Hippel
Lindau (VHL) disease—an inherited disorder that
predisposes afflicted individuals to highly angiogenic
tumors [17].

In normal tissues that become ischemic, such as the brain
during stroke, enhancing HIF activity might increase cell
survival through the expression of anti-apoptotic proteins,
antioxidant enzymes and trophic factors. HIF activation in
ischemic tissues could also increase oxygen delivery by

Fig. (1). A representative list of HIF target genes.
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promoting erythropoiesis and angiogenesis. In brain tumors
and in ischemic injury of the retina, blocking hypoxia-
induced HIF activation might promote cell death and prevent
new blood vessel growth—outcomes that could be beneficial
under these conditions.

polyubiquitination by an E3 ubiquitin-ligase complex
comprised of the VHL tumor suppressor protein (pVHL),
elongins B and C, cullin 2, and ring-box 1 (Rbx1).
Polyubiquitination in turn tags HIF-1α for degradation by
the 26S proteasome (Fig. 2). The oxygen-sensitive step in
this process involves the binding of pVHL to the ODD of
HIF-1α [17,24]. In the absence of sufficient oxygen or, in
the case of VHL disease, when critical residues in pVHL are
mutated, the affinity of HIF-1α for pVHL is greatly reduced
[25,26]. Thus, during hypoxia HIF-1α escapes
ubiquitination and is able to translocate to the nucleus where
it transactivates the expression of hypoxia-response genes.

In VHL disease the oxygen-sensitive pathway responsible
for destabilizing HIF-α is disrupted. This results in the
accumulation of active HIF in the nucleus and induction of
HIF target genes. Tumors typically associated with VHL
disease include CNS and retinal hemangioblastomas,
pheochromocytomas, pancreatic neuroendocrine tumors, and
renal clear cell carcinomas [18]. Overexpression of HIF-1α
and HIF-1 target genes is detected in many human cancers
including those that afflict the brain, such as glioblastomas,
oligodendrogliomas, and anaplastic astrocytomas. HIF-1α
overexpression is also correlated with increased mortality in
various tumors including oligodendrogliomas. Additionally,
HIF-1α overexpression has been associated with increased
resistance of tumors to existing therapies. In tumors with
high basal HIF-1α, overexpression of HIF-1 target genes
contributes to the increased reliance of tumor cells on
anaerobic ATP production (i.e., the Warburg effect), the
infiltration of new blood vessels into tumors, and the
enhanced survival of cells in the core of tumors [18].

A major breakthrough came in 2001 with the
demonstration that oxygen-dependent hydroxylation of a
conserved proline (Pro564) in the ODD of HIF-1α was
critical for mediating its interaction with pVHL [27-29].
Hydroxylation of Pro564 requires Fe(II) in addition to
oxygen, explaining the ability of iron chelators such as
desferrioxamine (DFO) to mimic hypoxia by stabilizing
HIF-1α. (For a discussion of iron chelators in
neuroprotection and HIF stabilization, see [30]). Subsequent
studies identified the enzymes responsible for hydroxylating
Pro564 and a second proline (Pro402) at the opposite end of
the ODD [31,32]. These studies not only described a family
of HIF prolyl hydroxylases in humans, they also revealed
that oxygen-dependent prolyl hydroxylation as a mechanism
for regulating HIF stability is conserved throughout most of
the animal kingdom.

In addition to its involvement in various pathological
conditions, HIF is also critical for normal development.
Disrupting the HIF-1α gene in mice leads to defects in
blood vessel and heart development that result in death by
embryonic day 11 [12,14]. Mice lacking HIF-2α have
defects in heart rate regulation and lung maturation and die
around the 16th day of embryonic development [19,20]. The
fact that disrupting either HIF-1α or HIF-2α results in
embryonic lethality indicates that these closely related
proteins have non-redundant functions during development.
The different phenotypes of the HIF-1α and HIF-2α
knockouts probably reflect the induction of distinct target
genes or tissue-specific differences in their expression, or
both [21,22]. Recently, a number of laboratories have
generated mice with tissue-specific deletions of the HIF-1α
locus. In one of these studies, mice with selective loss of
HIF-1α in neuronal cells exhibited severe hydrocephalus,
vascular regression, memory impairment, and a marked
reduction in cortical neuron numbers [23]. The latter effect
was apparently related to an increase in apoptosis during
embryogenesis. Thus HIF-1α may exert a survival-
promoting effect on neurons or their precursors during
development.

Regulation of HIF by oxygen is not limited to proline
hydroxylation and its effects on HIF-α stability. Oxygen
availability also influences the ability of HIF-1α to
transactivate gene expression [33]. Under normoxic
conditions, hydroxylation of an asparagine residue (Asn803)
located in the C-terminal transactivating domain (C-TAD) of
HIF-1α acts to inhibit its interaction with the transcriptional
co-activators CBP and p300 [34]. As with proline
hydroxylation, asparagine hydroxylation is greatly reduced
by hypoxia. Thus, agents that prevent hydroxylation of
specific proline and asparagine residues in HIF-1α are
potentially useful tools for activating HIF-1.

Several other mechanisms for regulating HIF activity
have been described, although their sensitivity to oxygen is
generally not well defined. For example, the acetyltransferase
ARD1 has been reported to acetylate a lysine residue in the
ODD of HIF-1α and negatively influence HIF-1α stability
[35]. Binding of HIF-1α to the p53 tumor suppressor
protein has also been shown to decrease HIF-1α stability
[36]. Another mechanism for inhibiting HIF-1α involves an
alternatively spliced form of HIF-3α, known as inhibitory
PAS domain protein (IPAS), which may function as a
dominant-negative inhibitor of HIF-1α [37,38]. Finally,
growth factor-mediated activation of a signaling pathway
involving phosphatidylinositol 3-kinase, Akt protein kinase,
and mammalian target of rapamycin (mTOR) has been
implicated in enhancing HIF-1α expression and activity
under normoxic conditions [39].

Based on the various pathophysiologic roles of HIF and
its central role in regulating transcription-dependent
adaptations to low oxygen during development and in the
adult, it is not hard to believe that modulating HIF activity
could have therapeutic benefits for a variety of diseases.

Regulation of HIF Stability

Transcription and translation of HIF-α subunits is
generally insensitive to oxygen. HIF-α stability, on the
other hand, is closely tied to oxygen tension. When oxygen
is not limiting (i.e., normoxia), HIF-1α is rapidly degraded
with a half-life of just a few minutes. Destabilization of
HIF-1α is mediated through its oxygen-dependent
degradation domain (ODD). The ODD targets HIF-1α for

HIF Proline and Asparagine Hydroxylases

The enzymes that hydroxylate HIF-α subunits are
members of the Fe(II)- and 2-oxoglutarate (2OG)-dependent
dioxygenase superfamily [31,40]. This large and diverse
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Fig. (2). A simplified scheme for the regulation of HIF stability by oxygen.

family is characterized by a core structural motif, comprised
of a double-stranded β-helix, that is itself made up of 8 β-
strands arranged in a ‘jelly roll’ topology. Situated within
the jelly roll is a highly conserved 2-histidine-1-carboxylate
(H-x-D/E…H) motif that binds Fe(II). Fe(II)/2OG
dioxygenases utilize molecular oxygen (O2) to oxidize their
substrates. Fe(II) appears to be important for activating O2
and for organizing the binding of reactants in the active site.
During the HIF hydroxylation reaction, the enzyme must
bind O2, 2-oxoglutarate, and the HIF substrate. Catalysis
occurs when one oxygen atom is added to the peptidyl
proline or asparagine in HIF while the other is used in a
coupled reaction that decarboxylates 2-oxoglutarate to
succinate [41].

EGLN family is characterized by a highly conserved C-
terminal domain, which among the Fe(II)/2OG dioxygenase
is most similar to the catalytic domain of collagen prolyl-4-
hydroxylase [31,32,40]. The N-terminal domains of the
EGLN proteins are much less conserved, which probably
accounts for their distinct subcellular localizations.
Transfections with GFP-tagged proteins showed EGLN1-
GFP mostly in the cytoplasm, EGLN2-GFP almost
exclusively in the nucleus, and EGLN3-GFP distributed
equally in the cytoplasm and nucleus [45]. An earlier study
on the rat EGLN3 protein, also known as SM-20 [46],
revealed a mitochondrial targeting sequence in its N-
terminus [47]. Surprisingly, the human and murine EGLN3
genes appear to encode smaller proteins that lack the
mitochondrial targeting sequence [42]. A potential caveat
with all the localization studies to date is their reliance on
over-expressed proteins. With this in mind, if these
localization patterns hold true for the endogenous proteins,
then it may indicate that different EGLN proteins function as
hydroxylases for separate pools of cytoplasmic and nuclear
HIF-1α.

In humans and other vertebrates, prolyl hydroxylases
capable of modifying HIF-1α are encoded by three genes
termed egg-laying nine (EGLN) 1, 2, and 3 because of their
homology to the egl-9 gene of C. elegans [31,42,43]. The
egl-9 gene was originally identified during a search for
mutations causing defects in egg laying [44]. The proteins
encoded by the EGLN genes have also been named HIF
prolyl hydroxylases (HPH) and prolyl hydroxylase domain
proteins (PHD), where EGLN1 = HPH-2 = PHD2; EGLN2
= HPH-3 = PHD1; and EGLN3 = HPH-1 = PHD3. The

When over-expressed, each of the EGLN proteins can
hydroxylate HIF-1α and reduce HIF-1α protein levels and
activity [32,48]. Nevertheless, several observations indicate
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that the function of the three EGLN proteins is not entirely
redundant [49]. For example, all three EGLN proteins
hydroxylate Pro564 in HIF-1α (and the analogous prolines in
HIF-2α and HIF-3α), but only EGLN1 and EGLN2
hydroxylate Pro402 (as well as its equivalent in HIF-2α)
[50]. The significance of the more restrictive substrate
specificity of EGLN3 is unknown.

Assuming a similar low oxygen-affinity for the EGLNs in
vivo, then EGLN catalyzed reactions will almost certainly
proceed at sub-maximal rates under physiologic oxygen
levels, which can be an order of magnitude lower than in air.

A novel approach for examining the oxygen sensitivity
of HIF prolyl hydroxylases involves the construction of
fusion proteins containing a minimal portion of the ODD
fused to a reporter gene such as luciferase or GFP. (A similar
approach has been described for studying factors that
influence Cdk2 and Skp2 regulation of p27 turnover [61]).
Hydroxylation of the critical proline in the ODD portion of
the fusion protein should trigger its binding to pVHL and
its subsequent degradation by the proteasome. The predicted
result is that luciferase activity or GFP fluorescence will be
altered in a way that is inversely proportional to prolyl
hydroxylase activity. Stable cell lines and transgenic mice
expressing inverse HIF prolyl hydroxylase reporters could
prove to be useful indicators of the effects of varying oxygen
on HIF stability in vivo.

EGLN mRNAs are expressed with unique although
somewhat overlapping tissue specificity, raising the
possibility that HIF regulation by the EGLNs is also tissue
specific [46,51]. Interestingly, the mRNA expression of
certain EGLN genes is also regulated by oxygen tension.
Oxygen deprivation results in an increase in EGLN1 and
EGLN3 mRNA levels whereas EGLN2 mRNA expression is
unaffected [31,52,53]. The absence of hypoxia-induced
EGLN2 expression is even more interesting in light of in
vitro studies suggesting that EGLN2 is the least active
isoform, at least with respect to hydroxylation of Pro564

[48]. Hypoxia-induced EGLN1 and EGLN3 expression
almost certainly involves HIF, although canonical HREs
have not yet been identified in their promoters. Nevertheless,
hypoxia-dependent up-regulation of select EGLN proteins
makes an attractive negative feed-back mechanism that could
act to ensure the rapid removal of HIF-α subunits when
hypoxic cells are reoxygenated [54].

Therapeutic Targeting of HIF Prolyl Hydroxylases

Two recent reports involving the retina exemplify the
potentially wide-ranging therapeutic benefits of targeting
HIF. In the first report, induction of HIF-1α by hypoxia
provided significant protection against light-induced retinal
degeneration [62]. The protective effect was mediated by
HIF-1-dependent up-regulation of EPO, a well-known
survival factor for a variety of neurons [63]. The second
study dealt with a model for hyperoxic retinopathy in mice
hemizygous for HIF-2α. In this paradigm, a partial
reduction in HIF-2α protected the retina from vascular
hypertrophy and retinal neovascularization [64]. The results
from these studies highlight the opposing influences that
HIF activity can have on diverse disease states.

Another Fe(II)/2OG dioxygenase termed factor inhibiting
HIF-1 (FIH1) is responsible for hydroxylating Asn803 in the
C-TAD of HIF-1α [34,55]. As with HIF prolyl
hydroxylation, asparagine hydroxylation is inhibited by
hypoxia, resulting in de-repression of HIF-1 activity. FIH1
was originally identified as an interacting partner of HIF-1α
and pVHL capable of blocking HIF-1 transactivating activity
[56]. Protein interaction and protein structure studies have
since revealed that asparagine hydroxylation by FIH1
sterically hinders the binding of HIF-1α to CBP/p300
transcriptional co-activators [57-59]. It is important to note
that FIH1 and the EGLN proteins utilize the same cofactors
and virtually the same chemistry to hydroxylate their
substrates. Therefore, most current inhibitors of HIF prolyl
hydroxylation will also inhibit FIH1-mediated asparagine
hydroxylation [60].

HIF activates a large number of genes important for the
ability of cells and tissues to adapt to an ischemic event.
Because of this, treatments aimed at increasing HIF activity
are predicted to be more beneficial than those that impact
just one or two HIF target genes. Initial support for this idea
came from a study in which delivery of a naked DNA
encoding a constitutively active HIF-1α/VP16 hybrid
transcription factor was found to promote angiogenesis and
accelerate reperfusion in a rabbit model of hindlimb ischemic
damage [65]. Additional evidence for the therapeutic
potential of HIF came from experiments with transgenic
mice expressing a stabilized, ODD-deleted form of HIF-1α
in keratinocytes [66]. In contrast to mice overexpressing
VEGF in keratinocytes, stabilization of HIF-1α resulted in
peripheral hypervascularization without significant vascular
leakiness or inflammation. Another report utilized a
somewhat complementary strategy involving synthetic
peptides centered on Pro564 in the ODD [67]. Delivery of
these peptides into cells and tissues resulted in normoxic
activation of HIF-1, as reflected by induction of several HIF
target genes and by stimulation of angiogenesis. Apparently,
either the Pro564-based peptide competed with HIF-1α
subunits for binding to the EGLN proteins, or it was first
hydroxylated by an EGLN and then it competed with HIF-
1α for binding to pVHL.

HIF Hydroxylases as Oxygen Sensors

Downregulating EGLN activity with pharmacologic
inhibitors, RNA interference, or through loss-of-function
mutations in the C. elegans and Drosophila, confirmed that
EGLN-dependent prolyl hydroxylation is the primary
mechanism for destabilizing HIF under normoxic
conditions. By themselves, these experiments do not reveal
whether the EGLN (and FIH1) proteins are also important
oxygen sensors. In other words, is the activity of the EGLN
proteins, and consequently HIF-1α hydroxylation, directly
related to oxygen availability over a physiologically relevant
range of oxygen tensions? Initial studies suggested that
oxygen availability is rate-limiting for hydroxylation of
HIF-1α over the range of oxygen tensions likely to be
experienced in vivo [31]. A recent in vitro study using crude
preparations of recombinant EGLN proteins supports this
conclusion [50]. The results from this study indicated that
each of the three EGLN proteins has a relatively high KM for
oxygen that is near the concentration of oxygen in room air.

A number of small molecule prolyl hydroxylase
inhibitors (N-oxalylglycine; pyridine 2,4-dicarboxylate;
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ciclopirox olamine; FG0041) can stabilize HIF-1α and
induce HIF target gene expression [50,68-73]. Most of these
compounds act by chelating iron, competitively inhibiting
2OG, or both. A potential limitation of these classes of
compounds is that they may exhibit little selectivity among
the various Fe(II)/2OG dioxygenases. Thus, investigators
should be careful not to assume that any biological effects
that are observed are mediated through inhibition of HIF
hydroxylation, at least not without corroborating evidence.
Even if compounds with increased specificity for the EGLN
prolyl hydroxylases can be identified or created, it may be
necessary to target specific EGLN family members to
minimize possible untoward side effects. Nonetheless, a few
of these compounds have recently been shown to have
protective effects in animal models of ischemia [74,75].

sensitive pathways that regulate HIF stability and activity.
We also discussed the potential for targeting the enzymes
that post-translationally hydroxylate HIF as a way for
manipulating HIF activity in pathological conditions.

Whereas previous strategies were directed at one or two
HIF-response genes (for example, EPO and VEGF),
targeting HIF has the potential advantage of simultaneously
regulating the expression of a large number of genes
involved in virtually all aspects of the response to hypoxia.
However, it may not always be advantageous to regulate all
HIF response genes at once. Moreover, therapies directed at
HIF will most likely need to discriminate between the
different HIF isoforms. Of course, the same concern applies
to drugs designed to target the HIF prolyl hydroxylases.
Finally, it is quite possible that additional targets of the
prolyl and asparaginyl hydroxylases exist that are critical for
the cellular adaptation to hypoxia.

Other potentially promising approaches for activating
HIF are being evaluated in a number of laboratories.
Possible strategies for increasing HIF activity include
inhibiting pVHL-dependent ubiquitination of HIF-α
subunits, blocking the binding of HIF-α to pVHL, creating
novel types of hypoxia mimetics, designing gene therapy
approaches to target regulators of HIF such as the EGLN
proteins, and utilizing endogenous glycolytic metabolites to
selectively increase the metabolic function of hypoxic cells
(for example, see [76]).
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The most obvious applications for therapies aimed at
downregulating HIF activity are in the treatment of cancer.
Selective inhibitors of HIF could be useful for reducing
tumor vascularization and growth, reducing tumor cell
survival, and decreasing the resistance of tumors to existing
radiation treatments and chemotherapies [18]. A complex
mix of signal transduction pathways, tumor suppressor
proteins, and oxygen-sensitive mechanisms are believed to
contribute to HIF up-regulation during tumorigenesis
making it difficult to predict the effects of therapies targeted
at any one mechanism [77]. Nevertheless, decreased tumor
growth was demonstrated in a study that used peptides
derived from the C-TAD of HIF-1α to compete with
endogenous HIF-1α for binding to the transcription co-
activators CBP/p300 [78].

ABBREVIATIONS

ARNT = Aryl hydrocarbon receptor nuclear translocator

CBP = CREB-binding protein

C-TAD = C-terminal transactivating domain

EGLN = Egg-laying nine

EPO = Erythropoietin

FIH1 = Factor inhibiting HIF-1

GFP = Green fluorescent protein

HIF = Hypoxia-inducible factor

HRE = Hypoxia response element
Recently, the approximately 2000 representative

compounds in the NCI “Diversity Set” was screened with
the goal of identifying compounds capable of inhibiting the
activation of HIF in intact cells, as measured using an HRE-
driven luciferase reporter gene [79]. Two of the small
handful of compounds identified are approved
chemotherapeutic agents that inhibit topoisomerase-I. How
these drugs inhibit HIF activity is not known. Several other
potential anti-cancer drugs were found to inhibit HIF
activation using more traditional approaches. These include
the guanylate-cyclase activator YC-1 [80], the HSP90
inhibitor 17-ally-aminogeldananycin (17-AAG) [81,82], two
thioredoxin inhibitors [83], and a disrupter of microtubule
polymerization 2-methoxyestradiol (2ME2) [84]. For each of
these drugs, the mechanism of HIF inactivation is not yet
known.

2OG = 2-oxoglutarate

OGD = Oxygen and glucose deprivation

ODD = Oxygen-dependent degradation domain

VEGF = Vascular endothelial growth factor

VHL = Von Hippel-Lindau disease
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