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Abstract: Under the condition of low oxygen tension (hypoxia) for cells and tissues it leads to the transcriptional
induction of genes that participate in angiogenesis, iron metabolism, glucose metabolism, and cell
proliferation/survival. The primary factor mediating this response is the hypoxia-inducible factor (HIF). HIF consists
of an oxygen-regulated subunit HIF-la, HIF-1B3, HIF-2a and HIF-3a. The stability and activity of HIF-a are
regulated by the post-translational modifications such as hydroxylation, ubiquitination, acetylation, and
phosphorylation, etc. Overexpression of HIF-1 has been found in disease condition.
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Abbreviations: hydroxylase (Cockman et al. 2009). This occurs only
HIF, hypoxia inducible factor; in normoxic conditions. In hypoxic conditions, HIF
HIF-a, hypoxia-inducible transcription factor-a prolyl-hydroxylase is inhibited since it utilizes
pVHL, von Hippel-Lindau protein oxygen as a cosubstrate. Hypoxia results in a build up
PHD, HIF prolyl hydroxylase of succinate, due to inhibition of the electron
RA, rheumatoid arthritis transport chain in the mitochondria. The build up of
IPAS, inhibitory PAS succinate further inhibits HIF prolyl-hydroxylase
TNF-a, tumor necrosis factor action since it is an end product of HIF hydroxylation
VEGF, vascular endothelial growth factor (Tanaka and Nangaku 2009). The oxygen-dependent
IGF, insulin-like growth factor hydroxylation of proline residues in o subunit of
EPO, erythropoietin hypoxia-inducible transcription factor (HIF-a) is the
central to the hypoxic response in animals. Prolyl
Introduction hydroxylation of HIF-a increases its binding to the
Oxygen is one of the key factors for the von Hippel-Lindau protein (pVHL), so signaling for
living things in the earth, and it is basic for the degradation via the ubiquitin-proteasome system. The
biochemical metabolic reactions of animals and HIF prolyl hydroxylases (PHDs) are related to the
plants. Oxygen availability is a critical signal for the collagen prolyl hydroxylases, but form unusually
proper development of many tissues. Hypoxia has stable complexes with their Fe(Il) cofactor and 2-
been recognized as an important tumoral feature oxoglutarate cosubstrate (Chowdhury et al. 2009).
related to resistance to radiotherapy since 1933 HIF-1 is a dimeric protein complex and
(Giatromanolaki and Harris 2001). The transcription serves as a transcription factor regulator for many
factor hypoxia-inducible factor (HIF) plays an target genes, and it is one of the major factors
important role in maintenance of oxygen homeostasis responsible for the activation of compensation
in all metazoans. Numerous growth and transcription processes during cell hypoxia (Rekwirowicz and
factors have been implicated in the development of Marszalek 2009). As a heterodimeric transcription
the skeletal system (Sun and Wei 2009). Adaptation factor composed of an oxygen-dependent a-subunit
of cancer cells to their microenvironment is an and constitutively expressed beta subunit, it plays a
important driving force in the clonal selection that central role in cellular adaptation to hypoxia by
leads to invasive and metastatic disease. O, transcriptionally upregulating its target genes
concentrations are markedly reduced in many human involved in angiogenesis, erythropoiesis, glycolysis,
cancers compared with normal tissue, and a major and so on. Recent studies demonstrated that hypoxia
mechanism mediating adaptive responses to reduced in the tubulointerstitium is involved in the pathology
O, availability (hypoxia) is the regulation of of progressive renal diseases and that HIF, which is
transcription by HIF) (Semenza) (Cunshuan Xu activated in experimental kidney diseases, may serve
20006). to protect tubulointerstitium from the ischemic insult.
HIF is a transcription factor that responds to The expression of HIF a-chains is post-translationally
decreases of oxygen in cell. The o subunit of HIF-1 is regulated and hydroxylation at one or two of the
a target for prolyl hydroxylation by HIF prolyl- conserved proline residues by PHDs is a critical step
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for the oxygen-dependent recruitment of the pVHL.
Modalities to inhibit the enzymatic activities of PHDs
have been shown to activate HIF irrespective of
oxygenation status and are regarded as candidate
targets of pharmacological approaches against
chronic kidney diseases characterized by hypoxia
(Tanaka and Nangaku 2009).

Angiogenesis plays an important role in the
pathogenesis of inflammatory diseases, including
rheumatoid arthritis (RA). The site and extent of
inflammation and subsequent joint destruction in the
rheumatoid synovium is dependent on the
development of new vasculature. Inhibition of
angiogenesis, extensively studied in cancer, might
therefore be of interest as treatment option for RA
(Westra et al. 2009). HIF-1 has been reported to play
a critical role in the regulation of hypoxia driven
angiogenesis that is constitutively expressed in many
cells. It gains transcriptional activity in hypoxic cells
leading to the expression of genes involved in
angiogenesis. The synovium is hypoxic, but also in
an inflammatory environment such as seen in RA,
inflammatory cytokines may be important inducers of
HIF-1 expression and activation (Brouwer et al.
2009). Blocking of tumor necrosis factor-a (TNF-a),
for instance, reduces TNF-a induced vascular
endothelial growth factor (VEGF) production (Ma
Hongbao 2007). Inhibition of HIF-1 expression or
activation, either by blocking signal transduction
pathways leading to HIF-1 induction or by inhibiting
accumulation of HIF-1 protein, represents a new
strategy, which is of interest for the treatment of RA
(Westra et al. 2009).

HIF-1a

HIF-1 is discovered by the identification of
a hypoxia response element (HRE; 5'-RCGTG-3') in
the 3’ enhancer of the gene for erythropoietin (EPO),
a hormone that stimulates erythrocyte proliferation
and undergoes hypoxia-induced transcription (Lim et
al. 2009). Inhibition of HIF-1 is an attractive
therapeutic ~ strategy to target the tumor
microenvironment. HIF-la inhibitors may have
limited activity as single agents and combination
therapies may be required (Rapisarda et al. 2009).
The protein that binds to the HRE under hypoxic
conditions as HIF-1, a heterodimeric complex
consisting of a hypoxically inducible subunit HIF-1a
and a constitutively expressed subunit HIF-1p
(Clottes 2005). HIF-le plays important roles in
modulating the developmental plasticity of stem cells
by integrating physiological, transcriptional and
epigenetic inputs (Maltepe et al. 2005).

Human HIF-1 protein sequence and mRNA
are given In Figure 1 and Figure 2.
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HIF-2a

HIF-1a and HIF-2a have been identified as
key proteins that directly respond to hypoxic stress.
HIF-2a shares 48% amino acid sequence identity
with HIF-lo and accordingly shares a number of
structural and biochemical similarities with HIF-1a.
In contrast to ubiquitously expressed HIF-1a, HIF-2a
is predominantly expressed in the lung, endothelium,
and carotid body. Following hypoxia, stabilisation
and nuclear binding of HIF-2a triggers the expression
of a variety of genes related to erythropoiesis,
glycolysis and angiogenesis (Marti et al. 2000).

HIF-3a

HIF-3a is the third member of the HIF
transcription factor family. HIF-3a protein could be
detected under normoxia in the cytoplasm and nuclei,
but increased under hypoxic conditions. Promoter
analyses and chromatin  immunoprecipitation
experiments localized a functional hypoxia-
responsive element 5' to the transcriptional start of
HIF-30. Immunohistochemistry revealed an overlap
of HIF-la-positive and HIF-3a-positive areas in
human renal cell carcinomas (Tanaka et al. 2009).
HIF-3a is expressed in a variety of tissues. Tissue
hypoxia is a pathologic feature of many human
diseases including cancer, myocardial infarction,
stroke, and kidney disease. A splice variant of HIF-
30, inhibitory PAS (IPAS), which is predominantly
expressed in the Purkinje cells of the cerebellum and
corneal epithelium. IPAS can be induced by hypoxia
in the heart and lung, contributing to a negative
feedback loop for HIF-1 activity in these tissues
(Hatanaka et al. 2009). An evolutionarily conserved
oxygen-sensing mechanism enables cells to adapt and
maintain homeostasis under hypoxic conditions by
transcriptional activation of a host of genes that
mediate metabolic adaptation, angiogenesis, energy
conservation, erythropoiesis, and cell survival.
Inappropriate activation of the HIF system is linked
to the development and progression of many human
malignancies including clear cell renal cancer
(Gunaratnam and Bonventre 2009).

Regulation of HIF-1

Basophils play a pivotal role in regulating
chronic allergic inflammation as well as
angiogenesis. HIF-1 facilitates cellular adaptation to
hypoxic conditions such as inflammation and tumour
growth by controlling glycolysis, angiogenesis and
cell adhesion. Abrogating HIF-la expression in
basophils using siRNA demonstrated that this protein
is essential for VEGF mRNA expression and,
consequently, release of VEGF protein (Sumbayev et
al. 2009).
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In normoxia, the HIF-1a proteins are rapidly
degraded, resulting in essentially no detectable HIF-
la protein. During hypoxia, HIF-la becomes
stabilized and translocates from the cytoplasm to the
nucleus, where it dimerizes with HIF-1p, and the HIF
complex formed becomes transcriptionally active
(Adams et al. 2009). In normoxia, hydroxylation of
two proline residues and acetylation of a lysine
residue (Hagele et al. 2009).

The proliferation-specific Forkhead box M1
transcription factor is overexpressed in cancer cells
and acts as an important regulator of cancer cell
growth and survival (Xia et al. 2009).

Target Gene of HIF-1

HIF-1a, HIF-20 and HIF-3a play critical
roles in the cellular and systemic adaptation to
hypoxia. There are more than 100 HIF-1 downstream
genes identified. HIF-302 and HIF-3a4 transcripts,
HIF-3a splice variants expressed in Caki-1 renal
carcinoma cells, rapidly increased after exposure to
hypoxia or chemical hypoxia mimetics. Promoter
analyses and chromatin  immunoprecipitation
experiments localized a functional hypoxia-
responsive element 5' to the transcriptional start of
HIF-302. siRNA-mediated knockdown of HIF-3a
increased transactivation of a HIF-driven reporter
construct and mRNA expression of lysyl oxidase.
Immunohistochemistry revealed an overlap of HIF-
la-positive and HIF-3a-positive areas in human renal
cell carcinomas (Tanaka et al. 2009).

Angiogenesis

Angiogenesis is a complex process that
involves multiple gene products expressed by
different cell types. A large number of genes
involved in different steps of angiogenesis have been
shown to increase by hypoxia challenge. Among
them, VEGF is the most potent endothelial-specific
mitogen, and it directly participates in angiogenesis
by recruiting endothelial cells into hypoxic and
avascular area and stimulates their proliferation. HIF-
1 regulates genes that are involved in governing the
vascular tone such as nitric oxide synthase, heme
oxygenease 1, endothelin 1, adrenomedulin, and the
alB-adrenergic receptor (Westra et al. 2009). Tumor
hypoxia is a common feature of many cancers. A
master regulator of hypoxic response is the
transcription factor HIF-1. It functions as a master
regulator of oxygen and undergoes conformational
changes in response to varying oxygen
concentrations (Otrock et al. 2009).

Angiogenesis plays an important role in the
pathogenesis of inflammatory diseases, including
RA. The site and extent of inflammation and
subsequent joint destruction in the rheumatoid
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synovium is dependent on the development of new
vasculature. Inhibition of angiogenesis, extensively
studied in cancer, might therefore be of interest as
treatment option for RA. HIF-1 has been reported to
play a critical role in the regulation of hypoxia driven
angiogenesis. HIF-1 is a transcription factor that is
constitutively expressed in many cells. It gains
transcriptional activity in hypoxic cells leading to the
expression of genes involved in angiogenesis. The
synovium is hypoxic, but also in an inflammatory
environment such as seen in RA, inflammatory
cytokines may be important inducers of HIF-1
expression and activation. Many drugs currently used
in the treatment of RA have anti-angiogenic effects,
which are exerted at different levels. Blocking of
TNF-oa, for instance, reduces TNF-a induced VEGF
production. Studies aiming at direct inhibition of pro-
angiogenic factors, such as inhibiting VEGF-receptor
or FGF-receptor signalling or blocking VEGF by
monoclonal anti-VEGF antibody therapeutics, are
potential treatments in clinical applications.
Inhibition of HIF-1 expression or activation, either by
blocking signal transduction pathways leading to
HIF-1 induction or by inhibiting accumulation of
HIF-1 protein, represents a new strategy (Hongbao
Ma 2005b; Westra et al. 2009).

Glucose Metabolism

In the tumor cells exposed to hypoxia, HIF-
l-mediated  adaptation  responses such as
angiogenesis and anaerobic metabolism are induced
for their survival (Chen et al. 2003). Under low
oxygen supply, cells switch their glucose metabolism
pathway away from the oxygen-dependent
tricarboxylic acid (TCA) cycle to the oxygen-
independent glycolysis. With only 2 ATP molecules
from each glucose molecule produced by glycolysis,
instead of 38 ATP provided by TCA cycle, hypoxic
cells elevate their ability to generate ATP by
increasing the glucose uptake. This is achieved by
up-regulating the expression of glycolytic enzymes
and glucose transporters. Hypoxia and HIF-1 increase
virtually all the enzymes in the glycolytic pathway, as
well as the glucose transporters 1 and 3 (GLUI,
GLU3). Furthermore, the glycolysis metabolic
products, such as lactate and pyruvate, have been
reported to cause HIF-la accumulation under
normoxia and regulate hypoxia-inducible gene
expression, hence establishing a potential positive
feedback loop (Staab et al. 2007).

Apoptosis

There are two ways for cell dying: (1) By
injury or disease. (2) Suicide. Programmed cell death
is also called apoptosis - cell suicide. Apoptosis is
that the cells undergo death to control cell
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proliferation. There are 3 different mechanisms by
which a cell commits suicide by apoptosis: (1)
Generated by signals arising within the cell; (2)
Triggered by death activators binding to receptors at
the cell surface; (3) Triggered by disadvantaged
environment. Besides animal, plant also performs the
apoptosis (Hongbao Ma 2005a). Cell adaptation to
hypoxia leads not only to cell survival but also to cell
death. Hypoxia has been shown to induce apoptosis,
where HIF-1 plays a complex role. Genetic studies
using embryonic stem cells harboring a deletion of
HIF-1a showed decreased apoptosis compared with
wild type when challenged with low oxygen.
Activation of caspase-3 and Apaf-1-mediated
caspase-9, and the release of cytochrome c, have
been reported in several cell types under hypoxic
conditions. HIF-1 also regulated many other target
genes implicated in diverse processes such as
adipogenesis, carotide body formation, B lymphocyte
development, and immune reactions. High expression
of HIF-1a may be responsible for the high apoptosis
(Chunjing Fu 2005; Xinsheng liu 2008; Yunwei Li
2008).

Role of HIF-1 in Development and Diseases

The site and extent of inflammation and
subsequent joint destruction in the rheumatoid
synovium is dependent on the development of new
vasculature. HIF-1 plays a critical role in the
regulation of hypoxia driven angiogenesis. It gains
transcriptional activity in hypoxic cells leading to the
expression of genes involved in angiogenesis (Adams
et al. 2009). Hypoxia and HIF pathway have been
linked to the embryonic development and
pathophysiology of numerous human diseases
(Higgins et al. 2008). Inhibition of HIF-1 expression
or activation, either by blocking signal transduction
pathways leading to HIF-1 induction or by inhibiting
accumulation of HIF-1 protein, is potentially useful

HIF-1 protein sequence:

for the treatment of RA (Ma 2007; Westra et al.
2009).

Implication of HIF-1 in Therapy

The importance of HIF-1 as a transcription
factor and the broad spectrum of processes influenced
by HIF suggest that it could have important clinical
implications (Ding et al. 2006). HIF-1 regulation
provides a variety of possibilities for therapeutic
intervention. In contrast to the inhibition of HIF-1
activation in cancer therapy, promoting its activation
could be advantageous in ischemic diseases. Ischemic
diseases such as stroke and heart attack are caused by
localized hypoxia manifested as cerebral and
myocardial ischemia, respectively. Increase of the
VEGF expression by HIF-1a or HIF-2a could induce
the formation of new blood vessels of the target area
in the brain and heart, thereby providing an increased
blood flow and oxygen supply and reduce harmful
response to ischemia. HIF-la in epidermis showed
increased expression of VEGF and marked induction
of hypervascularity without induction of edema,
inflammation, or vascular leakage. @ VEGF
overexpression is correlated with HIF-1a and MMP-2
expression, underlining the role of VEGF in psoriasis
as a key factor in the link between inflammation and
angiogenesis (Simonetti et al. 2006). HIF-1a has a
potential ability to treat common clinical hypoxic-
ischemic injuries (Tang et al. 2009) (Kwon et al.
2004).

The distinct role of enzymes modifying HIF-
la post-translationally, the interplay among the HIF-
la post-translational modifications, the identity of
additional target genes of HIF-1, the function of the
paralogs of HIF-1a (such as HIF-2a and HIF-3a), the
link between HIF-1 activation and other oncogenic or
tumor suppressor pathways, the mechanism by which
the HIF-1 pathway contribute to tumor growth and
other pathological responses (Nikiforov et al. 2007).
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(Iyer, et al, 1998)
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HIF-1 mRNA sequence:

1
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ccgattcacc
tcgaaaagaa
ttatgagctt
ctctgtgatg
tttggatatt
tggttttgtt
caaatacatg
tccatgtgac
gggtaaagaa
ccgaggaaga
cattcacgta
gacctgcttg
agatagcaag
aagaattacc
atattatcat
aggacaagtc
tgaaactcaa
tgtgaattac
agaatgtgtc
agttgaatca
aactttgctg
cacagaaact
ctcacccaac
aacgccaaag
attagaacca
gacacctagt
tgaatattgt
aaaacttttt
agacttggag
cgatcagttg
cacagttaca
cactgccacc
attgattgca
accatataga
agaacagaca
aagaactaca
gagaaagcga
attacagcag
atgcaaatct
tttagcatgt
ttatgattgt
attactcaga
ac

(Rupert, et al, 1999)

Conclusion

HIF is a transcription factor found in
mammalian cells cultured under reduced oxygen

atggagggcg
aagtctcgag
gctcatcagt
aggcttacca
gaagatgaca
atggttctca
ggattaactc
catgaggaaa
caaaacacac
actatgaaca
tatgatacca
gtgctgattt
actttcctca
gaattgatgg
gctttggact
accacaggac
gcaactgtca
gttgtgagtg
cttaaaccgg
gaagatacaa
gccccagecg
gatgaccagc
gaaaaattac
ccacttcgaa
aatccagagt
ccttccgatg
ttttatgtgg
gctgaagaca
atgttagctc
tcaccattag
gtattccagc
actgatgaat
tctccatctc
gatactcaaa
gaaaaatctc
gttcctgagg
aaaatggaac
ccagacgatc
agtgaacaga
agactgctgg
gaagttaatg
gctttggatc

ccggeggcge
atgcagccag
tgccacttcc
tcagctattt
tgaaagcaca
cagatgatgg
agtttgaact
tgagagaaat
agcgaagctt
taaagtctgc
acagtaacca
gtgaacccat
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gatatgagcc
ctgatcatct
agtacaggat
tatataacac
gtattattca
ttgaatcttc
gtagcctctt
ctggagacac
aacttgagga
agaatataaa
gtagtgctga
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gaagcactag
atagtgatat
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aaagcagttc
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ctacccacat
gtcggacagc
atccaagaag
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atgatggttc
atgcagctac
atggaatgga
ggcaatcaat
ctcctataca
aagttaactg

been
pathophysiology of numerous diseases. HIF has a
potential ability to treat clinical hypoxic-ischemic
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linked

tension that plays an essential role in cellular and diseases.
systemic homeostatic responses to hypoxia. HIF-1 is

a heterodimer composed of an alpha subunit and a References
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21

Iyer, N.V., Leung,S.W. and Semenza, G.L. The
human hypoxia-inducible factor lalpha gene:
HIF1A structure and evolutionary conservation.

to

aaaaagataa
agtaaagaat
agttcgcatc
aaacttctgg
ttttatttga
tacatttctg
agtgtgtttg
agaaatggcc
atgaagtgta
gtattgcact
gggtataaga
tcaaatattg
aaattttctt
ttaggccget
catcatgata
agaggtggat
caaccacagt
attttctccc
atgactcagc
aagaaggaac
ttagattttg
tataatgatg
tctccattac
aatcaagaag
atgccccaga
cctgagccta
ttcaagttgg
tctactcagg
gacttccagt
gaaagcgcaa
actgctaatg
cgtatggaag
actactagtg
agagcaggaa
ttatctgtcy
ctagctttgc
gcagtaggaa
tcttggaaac
attattttaa
ggattaccac
aacctactgc
taatttcatt

the life

gttctgaacg
ctgaagtttt
ttgataaggc
atgctggtga
aagccttgga
ataatgtgaa
attttactca
ttgtgaaaaa
ccctaactag
gcacaggcca
aaccacctat
aaattccttt
attgtgatga
caatttatga
tgtttactaa
atgtctgggt
gcattgtatg
ttcaacaaac
tattcaccaa
ctgatgcttt
gcagcaacga
taatgctccc
ccaccgctga
ttgcattaaa
ttcaggatca
atagtcccag
aattggtaga
acacagattt
tacgttcctt
gtcctcaaag
ccaccactac
acattaaaat
ccacatcatc
aaggagtcat
ctttgagtca
agaatgctca
ttggaacatt
gtgtaaaagg
taccctctga
agctgaccag
agggtgaaga
ccttttttgg

development

Genomics 1998;52 (2):159-165.



Researcher, 2010;2(12)

http://www.sciencepub.net/researcher

10

11

12

Rupert, JL. and Hochachka,P.W. HIFla
sequence in the Quechua, a high altitude
population.

http://www.ncbi.nlm.nih.gov/nuccore/6636337.
1999

Wikipedia-Hypoxia inducible factors.
http://en.wikipedia.org/wiki/Hypoxia_inducible
factors. 2006.

Wikipedia-Thromboxane (the free
encyclopedia). Thromboxane.
http://en.wikipedia.org/wiki/Thromboxane.
2006.

Wikipedia-Vascular endothelial growth factor.
Vascular endothelial growth factor. (VEGF)
http://en.wikipedia.org/wiki/Vascular_endothelia
1 growth_factor. 2006.

Adams JM, Difazio LT, Rolandelli RH, Lujan JJ,
Hasko G, Csoka B, Selmeczy Z, Nemeth ZH.
HIF-1: a key mediator in hypoxia. Acta Physiol
Hung 2009;96(1):19-28.

Brouwer E, Gouw AS, Posthumus MD, van
Leeuwen MA, Boerboom AL, Bijzet J, Bos R,
Limburg PC, Kallenberg CG, Westra J. Hypoxia
inducible factor-1-alpha (HIF-lalpha) is related
to both angiogenesis and inflammation in
rheumatoid arthritis. Clin Exp Rheumatol
2009;27(6):945-951.

Chen J, Zhao S, Nakada K, Kuge Y, Tamaki N,
Okada F, Wang J, Shindo M, Higashino F,
Takeda K, Asaka M, Katoh H, Sugiyama T,
Hosokawa M, Kobayashi M. Dominant-negative
hypoxia-inducible = factor-1 alpha reduces
tumorigenicity of pancreatic cancer cells through
the suppression of glucose metabolism. Am J
Pathol 2003;162(4):1283-1291.

Chowdhury R, McDonough MA, Mecinovic J,
Loenarz C, Flashman E, Hewitson KS, Domene
C, Schofield CJ. Structural basis for binding of
hypoxia-inducible factor to the oxygen-sensing
prolyl hydroxylases. Structure 2009;17(7):981-
989.

Chunjing Fu HT, Longhui Guo, Youtian Huang,
Qi Shen. Changes of Left Ventricular
Dysfunction and Cardiomyocyte Apoptosis in
Losartan-treated Heart Failure Rats. Life Science
Journal 2005;2(1):49-54.

Clottes E. [Hypoxia-inducible factor 1:
regulation, involvement in carcinogenesis and
target for anticancer therapy]. Bull Cancer
2005;92(2):119-127.

Cockman ME, Webb JD, Kramer HB, Kessler
BM, Ratcliffe PJ. Proteomics-based
identification of novel factor inhibiting hypoxia-
inducible factor (FIH) substrates indicates
widespread asparaginyl hydroxylation of ankyrin

22

13

14

15

16

17

18

19

20

21

22

23

repeat domain-containing proteins. Mol Cell
Proteomics 2009;8(3):535-546.

Cunshuan Xu FF, Hongpeng Han, Xiaoguang
Chen. Expression Patterns and Action Analysis
of Genes Associated with the Responses to
Ischemia, Hypoxia and Starvation during Rat
Liver Regeneration. Life Science Journal
2006;3(4):1 - 11.

Ding J, Li J, Chen J, Chen H, Ouyang W, Zhang
R, Xue C, Zhang D, Amin S, Desai D, Huang C.
Effects of polycyclic aromatic hydrocarbons
(PAHs) on vascular endothelial growth factor
induction  through phosphatidylinositol ~ 3-
kinase/AP-1-dependent, HIF-1alpha-independent
pathway. J Biol Chem 2006;281(14):9093-9100.
Giatromanolaki A, Harris AL. Tumour hypoxia,
hypoxia signaling pathways and hypoxia
inducible factor expression in human cancer.
Anticancer Res 2001;21(6B):4317-4324.
Gunaratnam L, Bonventre JV. HIF in kidney
disease and development. ] Am Soc Nephrol
2009;20(9):1877-1887.

Hagele S, Kuhn U, Boning M, Katschinski DM.
Cytoplasmic  polyadenylation-element-binding
protein (CPEB)1 and 2 bind to the HIF-lalpha
mRNA 3'-UTR and modulate HIF-1alpha protein
expression. Biochem J 2009;417(1):235-246.
Hatanaka M, Shimba S, Sakaue M, Kondo Y,
Kagechika H, Kokame K, Miyata T, Hara S.
Hypoxia-inducible factor-3alpha functions as an
accelerator of 3T3-L1 adipose differentiation.
Biol Pharm Bull 2009;32(7):1166-1172.

Higgins DF, Kimura K, Iwano M, Haase VH.
Hypoxia-inducible factor signaling in the
development of tissue fibrosis. Cell Cycle
2008;7(9):1128-1132.

Hongbao Ma K-JS, George Chen. Apoptosis.
Nature and science 2005a;3(2):1-4.

Hongbao Ma K-JS, Mei-Ying Chuang. Increased
Ambient Temperature Enhances  Human
Interleukin-2 Gene Transfer into Cultured Rat
Myocytes. Journal of American Science
2005b;1(3):51-55.

Kwon YW, Kwon KS, Moon HE, Park JA, Choi
KS, Kim YS, Jang HS, Oh CK, Lee YM, Kwon
YG, Lee YS, Kim KW. Insulin-like growth
factor-1I regulates the expression of vascular
endothelial growth factor by the human
keratinocyte cell line HaCaT. J Invest Dermatol
2004;123(1):152-158.

Lim W, Cho J, Kwon HY, Park Y, Rhyu MR,
Lee Y. Hypoxia-inducible factor 1 alpha
activates and is inhibited by unoccupied estrogen
receptor beta. FEBS Lett 2009;583(8):1314-
1318.


http://www.ncbi.nlm.nih.gov/nuccore/6636337.%201999
http://www.ncbi.nlm.nih.gov/nuccore/6636337.%201999
http://en.wikipedia.org/wiki/Hypoxia_inducible_factors
http://en.wikipedia.org/wiki/Hypoxia_inducible_factors
http://en.wikipedia.org/wiki/Thromboxane
http://en.wikipedia.org/wiki/Vascular_endothelial_growth_factor.%202006
http://en.wikipedia.org/wiki/Vascular_endothelial_growth_factor.%202006

Researcher, 2010;2(12)

http://www.sciencepub.net/researcher

24

25

26

27

28

29

30

31

32

33

Ma H. Comment: COX-2 and VEGF inhibitors
could be considered as clinical treatment and
prevention on the esophageal carcinoma. Life
Science Journal 2007;4(2):8 — 10.

Ma Hongbao CS. Relationship of
Inflammation/Thrombosis and C-reactive protein
(CRP), Plasminogen Activator Inhibitor 1 (PAI-
1), Inteleukin-6 (IL-6), Inteleukin-1 (IL-1),
Tissue Factor (TF), Tumor Necrosis Factor-alpha
(TNF-a), tTssue Plasminogen Activator (tPA),
CD40. Nature and science 2007;5(4):61-74.
Maltepe E, Krampitz GW, Okazaki KM, Red-
Horse K, Mak W, Simon MC, Fisher SIJ.
Hypoxia-inducible factor-dependent histone
deacetylase activity determines stem cell fate in
the placenta. Development 2005;132(15):3393-
3403.

Marti HJ, Bernaudin M, Bellail A, Schoch H,
Euler M, Petit E, Risau W. Hypoxia-induced
vascular endothelial growth factor expression

precedes neovascularization after cerebral
ischemia. Am J Pathol 2000;156(3):965-976.
Nikiforov. MA, Riblett M, Tang WH,

Gratchouck V, Zhuang D, Fernandez Y,
Verhaegen M, Varambally S, Chinnaiyan AM,
Jakubowiak AJ, Soengas MS. Tumor cell-
selective regulation of NOXA by c¢-MYC in
response to proteasome inhibition. Proc Natl
Acad Sci U S A 2007;104(49):19488-19493.
Otrock ZK, Hatoum HA, Awada AH, Ishak RS,
Shamseddine AI. Hypoxia-inducible factor in
cancer angiogenesis: structure, regulation and
clinical perspectives. Crit Rev Oncol Hematol
2009;70(2):93-102.

Rapisarda A, Hollingshead M, Uranchimeg B,
Bonomi CA, Borgel SD, Carter JP, Gehrs B,
Raffeld M, Kinders RJ, Parchment R, Anver
MR, Shoemaker RH, Melillo G. Increased
antitumor  activity of  bevacizumab  in
combination with hypoxia inducible factor-1
inhibition. Mol Cancer Ther 2009;8(7):1867-
1877.

Rekwirowicz H, Marszalek A. Hypoxia-
inducible factor-1, a new possible important
factor in neoplasia. Pol J Pathol 2009;60(2):61-
66.

Semenza GL. Defining the role of hypoxia-
inducible factor 1 in cancer biology and
therapeutics. Oncogene;29(5):625-634.

Simonetti O, Lucarini G, Goteri G, Zizzi A,
Biagini G, Lo Muzio L, Offidani A. VEGF is
likely a key factor in the link between

10/2/2010

23

34

35

36

37

38

39

40

41

42

43

inflammation and angiogenesis in psoriasis:
results of an immunohistochemical study. Int J
Immunopathol Pharmacol 2006;19(4):751-760.
Staab A, Loftler J, Said HM, Katzer A, Beyer M,
Polat B, Einsele H, Flentje M, Vordermark D.
Modulation of glucose metabolism inhibits
hypoxic accumulation of hypoxia-inducible
factor-lalpha (HIF-lalpha). Strahlenther Onkol
2007;183(7):366-373.

Sumbayev VV, Nicholas SA, Streatfield CL,
Gibbs BF. Involvement of hypoxia-inducible
factor-1 HiF(lalpha) in IgE-mediated primary
human basophil responses. Eur J Immunol
2009;39(12):3511-3519.

Sun X, Wei Y. The role of hypoxia-inducible
factor in osteogenesis and chondrogenesis.
Cytotherapy 2009;11(3):261-267.

Tanaka T, Nangaku M. Drug discovery for
overcoming chronic kidney disease (CKD):
prolyl-hydroxylase  inhibitors to  activate
hypoxia-inducible factor (HIF) as a novel
therapeutic approach in CKD. J Pharmacol Sci
2009;109(1):24-31.

Tanaka T, Wiesener M, Bernhardt W, Eckardt
KU, Warnecke C. The human HIF (hypoxia-
inducible factor)-3alpha gene is a HIF-1 target
gene and may modulate hypoxic gene induction.
Biochem J 2009;424(1):143-151.

Tang B, Qu Y, Mu D. [Research progress of
hypoxia inducible factor lalpha in hypoxic-
ischemic injury]. Zhongguo Xiu Fu Chong Jian
Wai Ke Za Zhi 2009;23(6):755-758.

Westra J, Molema G, Kallenberg CG. Hypoxia-
Inducible Factor-1 as Regulator of Angiogenesis
in  Rheumatoid Arthritis -  Therapeutic
Implications. Curr Med Chem 2009.

Xia LM, Huang WJ, Wang B, Liu M, Zhang Q,
Yan W, Zhu Q, Luo M, Zhou ZZ, Tian DA.
Transcriptional up-regulation of FoxMI1 in
response to hypoxia is mediated by HIF-1. J Cell
Biochem 2009;106(2):247-256.

Xinsheng liu BS, Shifeng Zhang, Chunyao
Wang, Xiaohui Cai,Yuming Xu. Transfection of
human bone marrow mesenchymal stem cells
with hTE RT and SV40LT genes. Life Science
Journal 2008;5(1):30 — 34.

Yunwei Li YZ, Guojie Yang, Qiutang Zeng, Jin
Du. Role of endothelial apoptosis induced by
LPS in myocardial no-reflow after ischemia and
reperfusion. Life Science Journal 2008;5(1):35 —
37.



