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Abstract

Hypoxia-inducible factor-1 (HIF-1), which is present at high levels in human tumors, plays crucial roles in tumor promotion by up-
regulating its target genes, which are involved in anaerobic energy metabolism, angiogenesis, cell survival, cell invasion, and drug
resistance. Therefore, it is apparent that the inhibition of HIF-1 activity may be a strategy for treating cancer. Recently, many efforts to
develop new HIF-1-targeting agents have been made by both academic and pharmaceutical industry laboratories. The future success of
these efforts will be a new class of HIF-1-targeting anticancer agents, which would improve the prognoses of many cancer patients. This
review focuses on the potential of HIF-1 as a target molecule for anticancer therapy, and on possible strategies to inhibit HIF-1 activity. In
addition, we introduce YC-1 as a new anti-HIF-1, anticancer agent. Although YC-1 was originally developed as a potential therapeutic
agent for thrombosis and hypertension, recent studies demonstrated that YC-1 suppressed HIF-1 activity and vascular endothelial growth
factor expression in cancer cells. Moreover, it halted tumor growth in immunodeficient mice without serious toxicity during the treatment

period. Thus, we propose that YC-1 is a good lead compound for the development of new anti-HIF-1, anticancer agents.

© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Although many anticancer regimens have been intro-
duced to date, their survival benefits are negligible, which
is the reason that a more innovative treatment is required.
Basically, the identification of the specific molecular fea-
tures of tumor promotion has allowed for rational drug
discovery in cancer treatment, and drugs have been
screened based upon the modulation of specific molecular
targets in tumor cells [1]. Target-based drugs should satisfy
the following two conditions. First, they must act by a
described mechanism. Second, they must reduce tumor
growth in vivo, associated with this mechanism. Many key
factors have been found to be involved in the multiple steps
of cell growth signal-transduction pathways. Targeting
these factors offers a strategy for preventing tumor growth;
for example, competitors or antibodies blocking ligand—
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receptor interaction, and receptor tyrosine kinase inhibi-
tors, downstream pathway inhibitors (i.e., RAS farnesyl
transferase inhibitors, mitogen-activated protein kinase
and mTOR inhibitors), and cell-cycle arresters (i.e.,
cyclin-dependent kinase inhibitors) could all be used to
inhibit tumor growth [2]. In addition to the intracellular
events, tumor environmental factors should be considered
to treat solid tumors. Of these, hypoxia is an important
cancer-aggravating factor because it contributes to the
progression of a more malignant phenotype, and to the
acquisition of resistance to radiotherapy and chemotherapy
[3]. Thus, transcription factors that regulate these hypoxic
events are good targets for anticancer therapy and in
particular HIF-1 is one of most compelling targets [4,5].
In this paper, we introduce the roles of HIF-1 in tumor
promotion and provide a summary of new anticancer
strategies designed to inhibit HIF-1 activity.

2. Role of HIF-1 in adaptation to hypoxia

Oxygen is essentially required by the aerobic metabo-
lisms of most eukaryotic organisms. It functions as a
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scavenger to remove harmful electron and hydrogen ions,
both of which are waste by-products that remain after
mitochondrial oxidative phosphorylation. However, when
oxygen delivery is disrupted in cardiovascular, pulmonary,
and hematological diseases, this energy metabolism is
seriously impaired. Thus, organisms have developed
numerous adaptive mechanisms to enable cells to survive
in oxygen-depleted conditions. Hypoxic adaptation
includes reflex hyperventilation, the increased production
of red blood cells, and new vessel formation, which in
combination lead to increased oxygen delivery from the
atmosphere to tissues [6]. At the cellular level, adaptation
involves a switch of energy metabolism from oxidative
phosphorylation to anaerobic glycolysis, which increases
glucose uptake, and expressions of stress proteins related to
cell survival or death [7]. The regulations of most proteins
required for hypoxic adaptation occurs at the gene level,
which involves transcriptional induction via the binding of
a transcription factor HIF-1, to the HRE on the regulated
genes [8]. To date, more than 60 putative hypoxia-induci-
ble genes have been found to be directly regulated by HIF-
1. Wang and Semenza [9] affinity-purified HIF-1 by using
oligonucleotide containing the HRE sequence, 5'-RCGTG-
3'. HIF-1 is a heterodimer composed of two bHLH proteins
of the PAS family, HIF-1 and ARNT (or HIF-1§). Of these,
HIF-1a is the key protein, as it determines the presence of
HIF-1 and transactivates the hypoxia-inducible genes.
HIF-1a is composed of 826 amino acids [9]. Its N-
terminal contains the bHLH and the PAS domains, which
are essential for dimerization and DNA binding [10], and
its C-terminal contains two transactivation domains and a
nuclear localization signal [11]. The central portion of
HIF-1a (aa. 401-603) contains ODDD, which determines
the stability of HIF-1a protein [12]. In aerobic conditions,
HIF-1-prolyl hydroxylases modify two proline residues in
the amino acid motif LXXLAP located at either end of
ODDD [13-17]. Then, pVHL, a part of the E3 ubiquitin
ligase protein complex, binds to the modified HIF-1a,
which results in the ubiquitination and proteasomal degra-
dation of HIF-1a [18,19]. Since the enzymatic reaction of
prolyl hydroxylation requires oxygen as a substrate,
hypoxia limits this hydroxylation, thereby precluding the
binding of pVHL and thus leading to the stabilizing HIF-1a.
[20]. In addition to prolyl hydroxylation, the acetylation of
a lysine residue (Lys532) within the ODDD also mechan-
istically regulates HIF-1q stability. Lysine acetylation also
enhances the interaction between HIF-1a and pVHL, since
the expression of ARDI1, an HIF-la acetyltransferase,
decreases under hypoxic conditions, HIF-1o escapes from
acetylation and becomes stable [21]. On the other hand,
homology searches in the gene bank and cloning experi-
ments found other members of this family, such as HIF-2a
(also known as endothelial PAS protein-1 or MOP2)
[22,23] and HIF-3o [24]. HIF-2a is highly similar to
HIF-1o in protein structure, but exhibits restricted tis-
sue-specific expression. HIF-2a is also tightly regulated

by oxygen tension and its complex with HIF-1f appears to
be directly involved in hypoxic gene regulation, as is HIF-
1o [25]. However, although HIF-3a is homologous to HIF-
la, the physiological role of HIF-3« is uncertain. It could
function as a negative regulator of hypoxia-inducible gene
expression [26].

3. Role of HIF-1 in tumor promotion

Within solid tumors, hypoxia commonly develops
because the rate of tumor cell proliferation outpaces the
rate of vessel formation, thus the blood supply is compro-
mised due to aberrant vasculature formation. Tumor
hypoxia is presumed to occur early during tumor growth,
when a tumor diameter reaches only a few millimeters
[27]. Since HIF-1a is induced by a hypoxic stimulus, it is
no wonder that HIF-1a protein is highly expressed in solid
tumors containing hypoxic regions. Furthermore, the
expression of HIF-1oe may be enhanced by genetic altera-
tions in oncogenes or tumor suppressor genes, regardless of
oxygen tension. For instance, gain-of-function mutations
in the oncogenes Ras, Src, Her2, or mTOR, and loss-of-
function mutations in the tumor suppressor genes VHL,
PTEN, or p53, are associated with a higher HIF-1a expres-
sion in human cancers [28]. In some cancer cell-lines,
tumor growth factors also induce HIF-1a expression. The
bindings of these factors to their receptors activate respec-
tive receptor tyrosine kinases, which in turn activate the
PI3K/AKT/mTOR pathway. Finally, mTOR stimulates the
expression of HIF-1a even under normoxic conditions [29—
31]. In addition, reactive oxygen species (ROS), which are
well-known tumor promoters, can stabilize HIF-1o. and
stimulate the transcriptional activity of HIF-1. Park et al.
[32] demonstrated that HIF-1a is expressed in normoxic
gastric cancer cells, and that its expression is closely
related to ROS activity. They also showed that infection
with H. pylori, which in gastric epithelial cells contributes
to the initiation and progression of gastric cancer, stimu-
lates ROS production and stabilizes HIF-1a even under
normoxia. The mechanisms of HIF-lo expression in
tumors are illustrated in Fig. 1. Based on the functions
of proteins up-regulated by HIF-1, it may be expected that
HIF-1 contributes to tumor progression and metastasis.
The possible roles of HIF-1-targeted gene products in
tumor promotion are summarized in Fig. 2. Indeed, immu-
nohistochemical analyses in biopsy specimens have shown
that HIF-1a is overexpressed in human tumors [33], and
that its levels are associated with vascular density in
various solid tumors [34]. In cancer patients, HIF-1a levels
in tumors have been positively related to tumor aggres-
siveness and a poor prognosis [35-37]. Moreover, animal
studies using xenografted human tumors have shown that
the over-expression of HIF-1a enhances tumor growth and
angiogenesis [38,39]. Taken together, HIF-1 is likely to
play a central role in tumor growth and progression, and
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Fig. 1. Mechanisms of HIF-1a expression in tumor cells and the roles of HIF-1a in tumor promotion. HIF-1a is overexpressed in solid tumors by either
hypoxic or non-hypoxic stimuli and up-regulates the expression of various genes that favor tumor growth and metastasis, and which confer resistance to
anticancer therapies. (?): not well defined.
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Fig. 2. HIF-1-targeted genes related with tumor promotion. Abbreviations: ADM, adrenomedullin; AK-3, adenylate kinase 3; AMF, autocrine motility factor;
ANP, atrial natriuretic peptide; o;5-AR, o g-adrenergic receptor; CA-9, carbonic anhydrase 9; DECI and 2, differentiated embryo-chondrocyte expressed
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dehydrogenase A; LRP1, LDL-receptor-related protein 1; MMP-2, matrix metalloproteinase 2; NOS-2, nitric oxide synthase 2; P-gp, P-glycoprotein
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strategies to inhibit HIF-1 may be the basis of appropriate
anticancer therapies.

Since HIF-2a is expressed in a number of cancer cell
lines and involved in hypoxic gene regulation, HIF-2a is
also suggested to be associated with tumor promotion, but
may not contribute to the growth of most tumors. In breast
cancer cell lines that express both HIF-1oo and HIF-2q,
HIF-1o rather than HIF-2a appears to predominantly
contribute to the transcriptional response to hypoxia
[40]. However, HIF-20. may take over the role of HIF-
la in tumors that express only HIF-2o. Indeed, in VHL-
defective 786-O renal cell carcinoma cells, the transcrip-
tional response to hypoxia depended on expression levels
of HIF-2a [40]. Moreover, the ectopic expression of HIF-
2a led to enhanced growth of 786-0O tumors grafted in nude
mice [41,42]. Therefore, HIF-2a. could be a target for
cancer treatment.

4. Genetic approaches for HIF-1-targeting
anticancer therapy

Many approaches have been made to inhibit the expres-
sion or the transcriptional activity of HIF-1. Antisense HIF-
1o plasmid has been used to reduce HIF-1a levels at the
genetic level. Sun et al. [43] demonstrated that HIF-1o
expression in tumors is suppressed by the intratumoral gene
transfer of an antisense HIF-1a plasmid, and that this leads
to the down-regulation of VEGF and reduced tumor vascular
density. Moreover, this gene therapy resulted in the com-
plete and permanent rejection of small EL-4 tumors.
Another genetic approach to inhibit HIF-1 activity made
use of the dominant-negative isoforms of HIF-1oo mRNA.
After HIF-1a has been stabilized, the next essential steps -
required prior to HIF-1 binding to the HRE consensus
sequence and the transactivation of hypoxia-inducible genes
are its nuclear translocation and dimerization with ARNT.
Thus, these translocation and dimerization processes may
be good targets for the inhibition of HIF-1 activity.

In this respect, two HIF-low variant cDNAs that we
recently found may be useful. One HIF-1-inhibitory cDNA
was designated HIF-1aZ because it is induced by zinc [44].
This variant is derived from an alternatively spliced mRNA
that lacks exon 12 of the HIF1a locus. The direct joining of
exons 11 and 13 generates an immediate termination codon
and a new short frame in the 13th exon. This alternative
mRNA-splicing produces a truncated HIF-lo protein of
557 amino acids, which conserves both the bHLH and PAS
domains of HIF-1a. However, HIF-1aZ loses the C-term-
inal end of ODDD, TAD, and NLS motifs, which results in
impaired regulation by oxygen tension and a lack of
transactivation activity. The expression of HIF-1oZ inhi-
bits the hypoxic activation of HIF-1 and reduces the mRNA
expressions of HIF-1-targeted genes. This inhibitory action
of HIF-10Z is due to its competing with HIF-1a for
dimerization with ARNT.

The second HIF-1-inhibitory cDNA recently found is
called HIF-10'° [45]. This variant was derived from an
alternatively spliced mRINA lacking exons 11 and 12 of the
HIFla locus. In this variant, exons 10 and 13 are directly
joined, which generates an immediate termination codon.
Compared to HIF-l1oZ, HIF-10°'® is constitutively
expressed in various human cell-lines and translates into
a 516-amino acid polypeptide. HIF-10°'¢ conserves both
the bHLH and PAS domains, but like HIF-1aZ lacks the C-
terminal half of ODDD, and all TADs. Expressed HIF-
10°'® was also found to inhibit HIF-1 activity in hypoxic
cells and to reduce the mRNA expressions of HIF-1-
targeted genes. HIF-10°'¢ also inhibits the HIF-1 dimer-
ization process by sequestering ARNT.

In addition, although it is not an HIF-1a variant, inhi-
bitory PAS domain protein (IPAS) may also usefully
inhibit HIF-1 dimerization [46,47]. This protein is trans-
lated by an alternatively spliced variant of mouse HIF-3a
mRNA, and contains exons 2—-6 of the HIF3o locus;
however, its 1 and 7 exons differ from those of wild-type
HIF-3ac mRNA. However, since exons 1 and 7 are also
located in the HIF3a locus, this variant is considered a
spliced mRNA transcribed by the Hif3a gene. The protein
structure of IPAS is similar to those of the human HIF-1a
variants, HIF-1aZ and HIF-1°'®. It contains a bHLH
domain and a PAS domain, but has no transactivation
function due to the lack of TAD. It functions as a domi-
nant-negative regulator of HIF-1-mediated gene induction.
IPAS is expressed in hepatoma cells and selectively
impairs the induction of hypoxia-inducible genes regulated
by HIF-1, which result in retarded tumor growth and low
vascular density in vivo. In mice, IPAS was found to be
selectively expressed in Purkinje cells of the cerebellum
and in the corneal epithelium of the eye. Moreover, IPAS
expression in the cornea is associated with low levels of
VEGF expression under hypoxic conditions.

The inhibitory process of HIF-1 dimerization by trun-
cated HIF-1a or HIF-3a isoforms is illustrated in Fig. 3.
However, although these anti-HIF-1 approaches using
antisense plasmid and dominant-negative isoforms may
be experimentally relevant in cell culture, it has proven to
be almost impossible to achieve to any high therapeutic
effect in patients. If techniques for in vivo gene transfer
become more understood in the future, these genetic
materials could provide new anticancer strategies.

5. Pharmacological approaches for an
HIF-1-targeting anticancer therapy

Several approaches have been examined experimentally
to chemically target cellular processes that regulate HIF-1o
expression. For example, HSP90 is a molecular chaperone
involved in the folding of HIF-la protein [48,49]. A
previous study of the HSP90 inhibitor geldanamycin
showed that HIF-1o can be destabilized when HSP90
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Fig. 3. Inhibition of HIF-1 dimerization by HIF-1o. and HIF-3a isoforms. Truncated PAS-containing proteins are translated from the alternative splicing of
HIF-1o or HIF-3ao mRNA, and bind to the endogenous wild-types of HIF-1a. or ARNT, thus competing with HIF-1a/ARNT dimerization. Abbreviations:
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binding is inhibited [50]. The oncogenes Ras [51] and Src
[52] are also responsible for stabilizing HIF-1o.. Pharma-
cological agents that inhibit the activity of the Ras onco-
gene, such as the farnesyl transferase inhibitors, could
potentially exert anticancer effects by inhibiting HIF-1;
moreover, the inhibition of Src kinase could be targeted for
HIF-1 inhibitor development. On the other hand, tumor
suppressor genes, such as VHL, PTEN, and p53, have been
reported to inhibit HIF-1a expression. VHL protein binds
to HIF-1a prolyl-hydroxylated by molecular oxygen, and
in so doing targets HIF-1o for ubiquitin-mediated degra-
dation [53]. PTEN protein also inhibits the cellular process
of HIF-1a stabilization by antagonizing the phosphotidyl-
3-inositol kinase (PI3K) pathway. In some cancer cells,
such as prostate and breast cancer cells, HIF-1a is
expressed even under aerobic conditions by PI3K pathway
activation [54]. Another mechanism implicated in the
negative regulation of HIF-1a is the binding of the p53
tumor suppressor gene to HIF-1 [55]. However, the role of
p53 in the regulation of HIF-la remains controversial.
Therefore, it is possible that pharmacologic approaches
taken to activate these tumor suppressor genes may also be
applicable to the inhibition of HIF-1.

Signal transduction pathways can be targeted to inhibit
HIF-1. A growing body of evidence indicates that the PI3K
pathway modulates both the protein expression and the

transcriptional activity of HIF-1a [29-31]. The growth
factor-mediated activation of PI3K contributes to the
expression of HIF-1a in tumors. This mechanism was first
demonstrated in prostate cancer cells, in which HIF-1« is
constitutively expressed even under aerobic conditions
[29]. Growth factors reported to show this effect, include
epidermal growth factor [29], insulin-like growth factor
[56], insulin [31,57], and interleukin-1 [57]. These growth
factors are known to bind to their receptors and to activate
receptor tyrosine kinases, which in turn activate the PI3K/
AKT/mTOR pathway. Finally, mTOR stimulates the trans-
lation of HIF-1a [29,30]. However, this signal transduction
system appears to contribute to HIF-1o expression under
aerobic rather than under hypoxic conditions. Therefore,
the clinical usage of pharmacological agents inhibiting
these pathways may be limited to the treatment of some
unique tumors that overexpress HIF-lo under aerobic
conditions. Of the anticancer agents that have been devel-
oped, mTOR inhibitors, such as rapamycin and CCI-779,
and receptor tyrosine kinase inhibitors, such as trastuzu-
mab, ZD-1839, and imatinib, are potentially re-evaluable
as HIF-1 inhibitors.

Recently, two compound types—microtubule-targeting
agents and topoisomerase-I inhibitors were reported to
inhibit HIF-1« stability and transactivation by unidentified
mechanisms. Microtubule polymerization and subsequent
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depolymerization are features of mitosis, and agents that
interfere with these processes lead to mitotic arrest and
death in cancer cells. Moreover, many types of anticancer
agents currently used may be categorized as microtubule-
targeting agents. Recently, Mabjeesh et al. [58] demon-
strated that these microtubule-targeting agents inhibit the
expression of HIF-la in normoxic and hypoxic cancer
cells. Two microtubule destabilizing agents (2-methoxyes-
tradiol and vincristine) and a microtubule stabilizing agent
(taxol) were found to inhibit HIF-1o expression. And, the
expressions of genes targeted by HIF-1, such as VEGF,
glucose transporter 1, and endothelin 1, and HRE reporter
activity were also found to be inhibited by these agents. It
was also demonstrated that 2-methoxyestradiol has anti-
angiogenic and anticancer effects on grafted human breast
tumors in immune-deficient mice.

The topoisomerase-I inhibitors are the second type of
compounds reported to inhibit HIF-1a stability. To identify
HIF-1 inhibitors by mass screening, Rapisarda et al. [59]
prepared a stable cell-line transfected with the luciferase
reporter gene, which was under the control of three copies
of a canonical hypoxia-responsive element (U251-HRE).
After screening approximately 2000 compounds, they
identified four that inhibited the HIF-1-dependent induc-
tion of luciferase. Of these four, three compounds were
identified as analogues of CPT, which inhibits topoisome-
rase-I activity. CPT compounds belong to a class of
chemotherapeutic agents that stabilize the complex formed
between topoisomerase-I and DNA, which results in cell-
cycle arrest and cell death. Although the mechanism of
HIF-1 inhibition has not been determined, these com-
pounds could be developed as anti-HIF agents because
they are effective HIF-1 inhibitors.

6. Anti-HIF-1, anticancer effects of YC-1

YC-1 [3-(5'-hydroxymethyl-2'-furyl)-1-benzyl inda-
zole] was first described by Ko et al. [60]. In isolated
platelets, YC-1 inhibits platelet aggregation, ATP release,
phosphoinositide breakdown, and the elevation of intra-

cellular free calcium. These pharmacological actions of
YC-1 are derived from the activation of platelet soluble
gualylate cyclase (sCG) and the elevation of cyclic gua-
nosine monophosphate (cGMP). In mice, YC-1 was found
to prevent intravascular thrombus formation by inhibiting
platelet aggregation [60]. Similarly, YC-1 was found to
activate sCG in vascular and corpus cavernosal smooth
muscle cells, promoting vasodilation and penile erection
[61-64]. Biochemical studies on expressed sGC showed
that the stimulatory effect of YC-1 on sGC is enhanced by
the physiologic sGC activators nitric oxide (NO) and
carbon monoxide (CO) [65,66]. Indeed, combined treat-
ment with YC-1 and natural sGC activators was found to
synergistically inhibit platelet aggregation and to relax
arterial smooth muscle. Thus, YC-1 is viewed as a research
tool for investigating sGC- and cGMP-mediated cellular
processes, and as a potential drug for treating platelet-rich
thrombosis, vasospasm, or male erectile dysfunction.
However, we recently found that YC-1 has novel effects
on HIF-1o expression and tumor promotion [67]. Initially,
YC-1 was used as a NO mimic to examine the effects of
NO signaling on hypoxic response in Hep3B hepatoma
cells. It was found to diminish the hypoxic induction of
both EPO and VEGF mRNA, and to suppress HRE-binding
by enhancing HIF-1 and HIF-1a protein expression. It was
also found to inhibit non-hypoxic HIF-1o induction by
cobalt or desferrioxamine. However, sGC inhibitors failed
to block these effects of YC-1 on HIF-1a, and further
treatment with 8-bromo-cGMP also failed to inhibit the
hypoxic induction of HIF-1a. These results indicate that
the HIF-1-inhibitory effect of YC-1 is unlikely to be
mediated by sGC/cGMP signal transduction, rather that
the YC-1 effect is probably achieved by a novel cellular
process linked with the oxygen-sensing pathway [67].
Since HIF-1 plays a crucial role in tumor promotion and
angiogenesis, YC-1, as a novel HIF-1 inhibitor, could be
further developed as a novel anticancer agent targeting
HIF-1 and tumor angiogenesis. Indeed, YC-1 effectively
halted tumor growth in immunodeficient mice grafted with
five types of human tumor cells [68]. These YC-1-treated
tumors showed reduced HIF-lo expression and poor

Table 1

Potential anticancer agents targeting HIF-1

Class Inhibitor Mechanism Reference

sGC activator YC-1 sGC/cGMP-independent inhibition of HIF-1a protein [67,68]
expression via uncertain target

HSP90 inhibitor Geldanamycin radicicol Destabilization of HIF-1a protein or inhibition of [48-50]

PI3K inhibitor
mTOR inhibitor
Microtubule modifier

Wortmannin LY 294002

Rapamycin CCI-779
2-Methoxyestradiol vincristine taxol
Topoisomerase I inhibitor Topotecan

Inhibitor

DNA binding of HIF-1
Inhibition of HIF-1a protein expression by blocking
the translational initiation of HIF-1oo mRNA

[29-31,56,57]

Inhibition of HIF-1a protein expression via [58]
uncertain target
Inhibition of HIF-1a protein expression via [59]

uncertain target
Via uncertain target

sCG, soluble guanylate cyclase; HSP70, heat-shock protein 90; PI3K, phosphatidylinositol 3-kinase; mTOR, mammalian target of rapamycin.



E.-J. Yeo et al./Biochemical Pharmacology 68 (2004) 1061-1069 1067

vascularization, and YC-1 suppressed the expressions of
the HIF-1-regulated genes, i.e., VEGF and glycolytic
enzymes, in these grafted tumor tissues. In addition, the
suppression of HIF-lao by YC-1 was associated with
blocked angiogenesis, and tumor growth inhibition in these
YC-1-treated tumors. Moreover, YC-1 treatment did not
cause serious toxicity or impair innate immunity during its
treatment period [68]. Thus, we believe that YC-1 should
be regarded as a good lead compound for the development
of novel anti-angiogenic, anticancer agents [69,70]. YC-1
and other small molecules found to have anti-HIF or
anticancer properties are summarized in Table 1.

7. Conclusion

Itis clear that the modulation of HIF-1 activity can be good
strategy for the treatment of a wide range of hypoxia- or
ischemia-related pathologies. Moreover, HIF-1 activity
upregulation may promote cell survival during hypoxia or
ischemia, and increase angiogenesis at oxygen-deficient
tissues. In contrast, the inhibition of HIF-1 activity could
prevent angiogenic activity and the survival of pathological
tissues with hypoxic or inflamed regions. Thus, HIF-1
inhibitors may be widely useful as therapeutic agents for
the treatment of various diseases associated the over-activa-
tion of HIF-1, such as tumor cardiovascular remodeling,
preeclamsia, and other angiogenesis-related diseases. How-
ever, since the experimental and clinical relevance of the
association between HIF-1 and tumor aggressiveness has
become more solid, the most compelling use of HIF-1
inhibitors is as anticancer agents. Much effort is being
expended to develop new HIF-1-targeting agents by acade-
mia and the pharmaceutical industry. The success of these
efforts will result in a new chemotherapeutic drug class,
namely, HIF-1-targeting anticancer drugs, which hopefully
will improve the prognoses of many cancer patients.
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