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Abstract

The mechanisms that regulate angiogenesis in hypo-
xia or hypoxic microenvironment are modulated by
several pro- and antiangiogenic factors. Hypoxia-in-
ducible factors (HIFs) have been established as the ba-
sic and major inducers of angiogenesis, but under-
standing the role of interacting proteins is becoming
increasingly important to elucidate the angiogenic
processes of a hypoxic response. In particular, with re-
gard to wound healing and the novel therapies for vas-
cular disorders such as ischemic brain and heart at-
tack, it is essential to gain insights in the formation and
regulation of HIF transcriptional machineries related to
angiogenesis. Further, identification of alternative

ways of inhibiting tumor growth by disrupting the
growth-triggering mechanisms of increasing vascular
supply via angiogenesis depends on the knowledge of
how tumor cells develop their own vasculature. Here,
we review our findings on the interactions of basic
HIFs, HIF-1a and HIF-2¢, with their regulatory binding
proteins, histone deacetylase 7 (HDAC7) and trans-
lation initiation factor 6 (Int6), respectively. The present
results and discussion revealed new regulatory inter-
actions of HIF-related mechanisms.

Keywords: angiogenic proteins; anoxia; eukaryotic
initiation factors; histone deacetylases; hypoxia-is-
chemia, brain; neovascularization, pathologic

Hypoxia and angiogenesis (vascular
physiology and pathology)

Hypoxia means a reduction in the physiological
oxygen level. It is caused by vascular and pulmo-
nary diseases or by triggering of cancerous-tissue
growth and leads to cellular dysfunction. There are
3 types of hypoxia, namely, chronic hypoxia, acute
hypoxia, and hypoxia with reperfusion. Chronic
hypoxia (oxygen tension, 2-3%), in particular,
causes uncontrolled proliferation of cells under
limited oxygen diffusion (Harris, 2002). In contrast,
acute hypoxia, and particularly that with reperfusion,
causes tumor vasculature-specific temporary closure
of aberrant, irregular blood vessels with a following
reversal of blood flow (Brown and Giaccia, 1998;
Harris, 2002). In that case, even if the physiological
oxygen level is restored, the increased blood flow
supplies excessive oxygen; this results in increa-
sed free-radical concentration, tissue damage, and
concomitant activation of stress-response genes-a
condition known as “reoxygenation injury”
(Prabhakar, 2001)-in the tissue. In chronic hypoxia,
because of the relatively long duration of hypoxic
conditions, normal cells/tissues cannot survive;
however, tumor cells are able to continue proli-
feration within the hypoxic area, because these
cells undergo genetic and adaptive changes leading
to development of resistance against hypoxic
conditions. One of the most well-studied and
predominant hypoxic responses is the induction of
angiogenic and growth factors, which lead to the
formation and growth of new blood vessels (Figure
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Figure 1. Hypoxia and tumor angiogenesis: Hypoxia occurs in chronic and acute vascular diseases and tumor
formation. It is toxic to normal cells, but cancer cells can survive and continue to proliferate in hypoxia. Human tu-
mors grew like cords around blood vessels, and tumor cells located > 180 um from the blood vessels were ob-
served to become necrotic. Hypoxia induces angiogenesis during tumor growth; after tumor growth progresses, an
oxygen gradient develops from the oxygen source to the periphery of the tumor. Cells lacking oxygen and nutrition
because of their distance from the blood supply become necrotic, whereas those closer to the blood supply begin
sensing hypoxia and secrete angiogenic factors. As a result, angiogenesis occurs and the tumor develops its own

vasculature, independent of the original tissue.

1). Blood vessels can grow in typically 2 ways: (1)
vasculogenesis, in which they are derived from
endothelial progenitors and (2) angiogenesis and
arteriogenesis, which involves sprouting and colla-
teral growth of mural cells, forming collateral
bridges between arterial networks. When tissues
grow beyond the physiological oxygen diffusion
limit, the relative hypoxia triggers expansion of
vascular beds by inducing angiogenic factors in the
cells of the vascular beds, which are physio-
logically oxygenated by simple diffusion of oxygen.
One of the angiogenic factors, VEGF, has been
reported to be the most remarkable one stimulating
angiogenesis in a strictly dose-dependent manner
(Ferrara et al., 2003). Other factors such as
angiopoietin-2/angiopoietin-1 (Graham et al., 1998;
Phelan et al., 1998; Kietzmann et al., 1999), Tie2
(Kuwabara et al., 1995), PDGF (Negus et al,
1998; Wykoff et al., 2000), basic fibroblast growth
factor (bFGF) (Sakuda et al., 1992), and monocyte
chemoattractant protein 1 (MCP-1) (Phillips et al.,
1995) have also been reported as indispensable
factors responsible not only for increasing vascular
permeability, endothelial sprouting, maintenance,
differentiation and remodeling but also cell prolife-
ration, migration, enhancement of endothelial
assembly, and lumen acquisition (Figure 1). In
hypoxia, angiogenesis is modulated because of
the concomitant inflammation and by several
factors secreted from immune cells, because
leukocyte subtypes produce a myriad of angio-

genic factors, various interleukins such as TGF-p1
and MCP-1, and proteinases (Vacca et al., 1998;
Norrby, 2002). Thus, hypoxia provides an important
environment not only for angiogenesis but also for
related phenomena in the hypoxic or surrounding
area; this implies that hypoxia is more than simply
a regulator of angiogenesis (Paleolog, 2004).

Regulation of HIFs in hypoxia

Hypoxia inducible factors (HIFs) are transcriptional
complexes, which are heterodimers consisting of
HIF-o and HIF-B (aryl hydrocarbon receptor nuclear
translocator [ARNT]) subunits. They belong to the
Per/ARNT/Sim (PAS) subfamily of the basic helix-
loop-helix (bHLH) family of transcription factors.
HIF-a subunits are the main hypoxia sensors; they
are initially regulated by protein degradation, which
ensures a quick response to oxygen reduction
within 2 min (Jewell et al., 2001), compared with
transcriptional regulation which produces a delayed
response due to RNA processing and cytosolic
translation. Constitutively expressed cytosolic HIF-a
subunits are hydroxylated via two prolyl residues
comprising Pro402 and Pro564 (Hon et al., 2002)
in human HIF-1a, and Pro405 and Pro531 in
human HIF-2a (Kondo et al, 2003). Under
normoxic conditions, hydroxylation of the proline
residues triggers protein degradation via ubi-
quitin-proteasome systems (Jaakkola et al., 2001;



Ivan et al., 2001; Masson et al., 2001; Yu et al.,,
2001), a prerequisite for interaction with the von
Hippel-Lindau (VHL) E3 ubiquitin ligase complex
that contains elongin B, elongin C, Cul2, and Rbx1
(Kaelin, 2002) which only recognizes hydroxylated
prolins as a target (Kaelin, 2002) (Figure 2). In
hypoxia, the HIF heterodimer is formed by the
association of HIF-a subunits with their binding
partner HIF-13 forming an activated transcriptional
core complex. HIF-1B proteins are constitutively
expressed and not controlled by oxygen tensions
within the cells/tissues, and they are involved in
additional hypoxia-independent transcriptional acti-
vities related to dioxin response and estrogen
metabolism (Whitlock 1999; Brunnberg et al., 2003).
In addition to the protein degradation signaling,
HIF-1o. proteins are downregulated by an other
oxygen-dependent inhibitor, factor inhibiting HIF-1
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(FIH-1), which is an asparaginyl hydroxylase that
hydroxylates an asparagine residue in the
C-terminal transactivation domain (TAD), preven-
ting the interaction of the proteins with the trans-
criptional coactivator p300 (Koivunen et al., 2004).
Among the 3 HIF-a isoforms (Figure 2), HIF-1a
and HIF-2a are apparently closely homologous and
recognize hypoxia-responsive elements (HREs) in
the promoter regions of 546 and 143 genes,
respectively (Tian et al., 1997; Wiesener et al,
1998; Pugh as well as Ratcliffe, 2003; Mole et al.,
2009). In contrast, HIF-3a is involved in negative
regulation of hypoxic response, as an inhibitory
PAS domain protein (Makino et al.,, 2001; Pugh
and Ratcliffe, 2003).

Recent studies on HIF-1a or HIF-2a inactivation
in mice models (knockout mice) revealed different
characteristics and functions of the 2 isoforms
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Figure 2. HIF pathway: Upper panel: Known HIF-o isoforms and their cofactor HIF-f. HIF-1( and HIF-2a. appear closely related, whereas HIF-3a. seems
to be involved in negative regulation of hypoxia response. Lower panel: Schematic diagram of HIF-1c. regulation. In normoxia, the proline residues are hy-
droxylated and recognized by pVHL, which targets HIF-1c for degradation. pVHL is part of a large complex that comprises elongin B, elongin C, CUL2,
RBX1, and a ubiquitin-conjugating enzyme (E2). The asparagine residue in the C-TAD of HIF-1a is an oxygen-dependent hydroxylation-regulated binding
site for p300, which is inactive in its hydroxylated state. In hypoxia, prolyl hydroxylase cannot modify HIF-1ct, and the protein remains stable. The stabi-
lized HIF-1au is translocated to the nucleus, where it interacts with cofactors HIF-13 and p300 and transcribes hypoxia-related target genes. HIF, hypo-
xia-inducible factor; bHLH, basic helix-loop-helix; PAS, Per-ARNT-SIM; N-TAD, N-terminal transactivation domain; C-TAD, C-terminal transactivation do-
main; ID, inhibitory domain; ODDs, oxygen-dependent degradation domains; pVHL, von Hippel-Lindau protein; CUL2, cullin 2; RBX1, RING-box protein 1;

E2, ubiquitin-conjugating enzyme; HRE, hypoxia-responsive element.
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(Rosenberger et al.,, 2002; Holmquist-Mengelbier
et al., 2006). The HIF-2a-knockout mice developed
a syndrome of multiple-organ deficiency and
biochemical abnormalities and showed altered
gene expression patterns. Histological and ultra-
structural analyses revealed retinopathy, hepatic
steatosis, cardiac hypertrophy, skeletal myopathy,
hypocellular bone marrow, azoospermia, and mito-
chondrial abnormalities in these mice. Analyses of
serum and urine metabolites revealed hypoglyce-
mia, lactic acidosis, altered Krebs cycle, and
dysregulated fatty acid oxidation (Scortegagna et
al.,, 2003). In contrast, the HIF-1a-knockout mice
mainly showed abnormal vascular development
and embryonic lethality (Ryan et al., 1998; Kotch et
al., 1999), and superisingly, VEGF mRNA levels
were raised in Hif-1a™ mice embryos. These
distinct phenotypes observed in the HIF-1a- and
HIF-2a-knockout mice indicate differences in tissue
specificity and temporal expression patterns of the
2 isoforms, implying that substitution of one with
the other is not possible. Raval et al. (2005) have
suggested that HIF-1a and HIF-2a have distinct
transcriptional targets. This is because in clear cell
renal carcinomas (CCRCs), the usual predomi-
nance of HIF-1a expression in non-neoplastic renal
tubules (Rosenberger et al., 2002) is altered
strikingly in favor of HIF-2a expression in neoplastic
epithelial cells; moreover, selective activation or
suppression of HIFs has been reported. In mouse

Class Il HDAC family members

embryonic fibroblasts, HIF-2a is transcriptionally
inactive and remains in the cytoplasm (Park et al.,
2003), while there is evidence that a dose-depen-
dent repressor restricts the activity of nuclear
HIF-2a in embryonic stem cells (Hu et al., 2006).
Furthermore, genetic manipulation in CCRC cells
indicates that activation of HIF-2a, but not HIF-1q,
promotes tumor growth (Kondo ef al., 2002; Raval
et al., 2005). This parallels patterns of transcrip-
tional selectivity in CCRCs, by which HIF-2a drives
the expression of genes encoding prosurvival
factors such as VEGF, TGF-a, and cyclin D1,
whereas HIF-1a drives the expression of genes
encoding proapoptotic factors such as BCL2/ade-
novirus E1B-interacting protein 1, NIP3 (BNIP3)
(Raval et al., 2005). In addition, HIF-1o primarily
regulates transcriptional activation of VEGF in
response to hypoxia and insulin-like growth factor-I
(IGF-I), compared with HIF-2a. in MCF-7 cells; in
contrast, in renal carcinoma cells that constitutively
express HIF-1a and HIF-2a because of loss of VHL
function, it was observed that high basal VEGF,
glucose transporter 1 (GLUT1), urokinase-type
plasminogen activator receptor, and plasminogen
activator inhibitor 1 expression was predominantly
dependent on HIF-2a activity (Carroll and Ashcroft,
2006).

Here, we address the question whether distinct
transcriptional responses of HIF-1a. and HIF-2a
might be integrated in a way that supports a
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particular type of physiological adaptation to hy-
poxia. Further, superimposed on target gene-spe-
cific patterns of transcriptional selectivity, there
might be additional levels of control that limit or
enhance HIF-2a activity in certain contexts. Thus,
in our study, we focused on novel HIF-1o- and
HIF-2o-binding proteins and discovered histone
deacetylase 7 (HDAC7) and translation initiation
factor 6 (Int6)/subunit of eukaryotic translation
initiation factor 3 (elF3e), respectively, by using the
yeast two-hybrid system. Here, we demonstrate
and discuss the regulation of both the HIF-a
isoforms discussed above by the novel binding
proteins, focusing on the interaction of HDAC7 with
HIF-1a and that of Int6 with HIF-2a.

Role of HDAC?7 in HIF-1a regulation

In our study, we used the yeast two-hybrid system
to identify novel proteins that interact with the
inhibitory domain (ID) of HIF-1a and may affect
HIF-1a transcriptional activity. We identified HDAC7
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as a HIF-1a-interacting protein, which is a trans-
criptional repressor belonging to the mammalian
class Il HDAC family. Class Il HDAC family members
include HDAC4, HDACS5, HDAC6, HDAC7, HDAC9,
and HDAC10. HDAC4, HDAC5, and HDAC7 are
closely homologous to each other, whereas
HDAC6, HDAC9, and HDAC10 share only the
conserved HDAC domain (Kao et al, 2000; de
Ruijter et al., 2003). HDAC7 plays a role in the
repression of gene transcription by associating with
HDACS3 in vivo via recruitment of corepressors-nu-
clear receptor corepressor (N-CoR) and silencing
mediator for retinoic acid receptor (RAR) as well
as thyroid hormone receptor (TR) (SMRT) in the
nucleus. HDACY7, like 2 other class Il HDAC family
members HDAC4 and HDACS5, requires HDAC3
for enzymatic activity (Fischle et al., 2001, 2002;
Guenther et al., 2001; Yang et al., 2002). HDACA4,
HDACS5, and HDAC7 contain a highly homologous
conserved catalytic domain (HDAC domain) in the
C-terminal region (Figure 3). The N-terminal region
and the C-terminal tail of HDAC7 are less homo-
logous to the corresponding regions of HDAC4 and
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Figure 4. Multiple functions of Int6: Left panel: Schematic diagram of Int6-HIF-2a. interaction leading to oxygen-independent HIF-2o. degradation. The
N-terminal region of Int6 specifically binds to the C-terminal inhibitory domain of HIF-2c.. Binding of Int6 induced HIF-2c instability, whereas that of the
dominant-negative mutant Int6-AC with deleted C-terminal PINT domain induced stable HIF-2c. expression, even under normoxic conditions. Right panel:
Known function of Int6, which may also be indirectly involved in proteolysis via at least 3 Int6-binding proteins, namely, Tax, Ret finger protein, and p56.
Int6 has a C-terminal PCI domain, which has also been found in the subunits of the following 3 complexes: proteasome regulatory lid, CSN, and elF3
complex. HIF, hypoxia-inducible factor; MOP2, member of PAS protein 2; pVHL, von Hippel-Lindau protein; bHLH, basic helix-loop-helix; PAS,
Per-ARNT-SIM; N-TAD, N-terminal transactivation domain; C-TAD, C-terminal transactivation domain; Int6, translation initiation factor 6; CSN, constitutive
photomorphogenesis (COP9) signalosome; PINT, proteasome/Int6/Nip1/thyroid receptor-interacting protein 15 (TRIP-15); PCI, proteasome/CSN/elF3;
elF3, eukaryotic translation initiation factor 3; Moe1, microtubule over extended; Sum1, suppressor of uncontrolled mitosis 1; Tax, transactivator x; Ret, re-
ceptor tyrosine kinase; Rpn5, regulatory particle non-ATPase 5; Rpt5, regulatory particle, ATPase like.
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HDACS5. HDAC4, HDACS5, and HDACY also contain
N-terminal nuclear localization signal sequences
and C-terminal signal-responsive nuclear export
signal sequences (Figure 3) (Bertos et al., 2001;
McKinsey et al., 2001). In addition, the 3 proteins
are known to shuttle between the cytoplasm and
nucleus in a process regulated by calcium/calmo-
dulin-dependent protein kinase (McKinsey et al.,
2000; Kao et al, 2001). By studying clinical
samples, Ouaissi et al. (2008) recently reported
that HDAC7 expression is significantly associated
with adenocarcinomas of the pancreas from clinical
samples. In our study, we showed that HDAC7
forms a complex with HIF-1a and p300 in the
nucleus under hypoxic conditions, resulting in
enhanced transcription of HIF-1a target genes
(VEGF and Glut-1). In contrast, HDAC4 and
HDACS do not bind to HIF-1a.. Moreover, HDAC7
translocates from the cytoplasm to the nucleus
under hypoxic conditions. We propose that the
HDAC domain of HDAC7 may be masked through
HDAC7-HIF-1a interaction, causing interference in
the binding of HIF-1a to N-CoR/SMRT corepressor
under hypoxic conditions. Alternately, the ID of
HIF-1a. may act as a regulator of TAD function.
Binding of HDAC7 to HIF-1a. may lead to a
conformational change within the ID of HIF-1a,
resulting in facilitated binding of coactivators such
as cyclic AMP response element-binding protein
(CREB)-binding protein (CBP) and p300 and
increased transcriptional activity under hypoxic
conditions. HDAC7 regulates the transcriptional
activity of HIF-1a, but not that of HIF-2a (Kato et
al., 2004). Previous reports suggest that HDAC7
silencing in endothelial cells alters cell morphology,
migration, and capacity to form capillary tube-like
structures in vitro but does not affect cell adhesion,
proliferation, or apoptosis. HDAC7 has been iden-
tified to function as a key modulator of endothelial
cell migration and hence angiogenesis, at least in
part, by regulating PDGF-B/PDGFR-f3 gene expre-
ssion (Mottet et al., 2007).

Role of Int6 in HIF-2¢ regulation

To distinguish between HIF-1a and HIF-2a activities
and identify HIF-2a-specific binding proteins, we
performed yeast two-hybrid analysis and identified
the tumor suppressor Int6/elF3e/p48 as a novel
HIF-2o-binding protein (Chen et al.,, 2007). The
Int6 gene was first described as a tumor-suppressor
gene during screening of mouse mammary tumor
virus (MMTV) integration sites and was recognized
as the insertional mutagenesis target of MMTV,
which is critical for murine breast tumor formation

(Marchetti et al, 1995). MMTV insertion into
mouse [nt6-coding DNA sequences appears to
create a C-terminal truncated protein (Int6-AC;
Figure 4), which functions as a dominant-negative
mutant. Overexpression of these truncated proteins
can ftransform cells in culture, and injection of
these transformed cells into nude mice can induce
tumor formation (Rasmussen et al., 2001; Mayeur
and Hershey, 2002). Human Int6 may also be
indirectly involved in proteolysis via at least 3
proteins that have been identified as Int6-binding
proteins, namely, Tax (Desbois et al., 1996), Ret
finger protein (Morris-Desbois et al., 1999), and
p56 (Guo and Sen, 2000) (Figure 4). Tax, a
transactivator of human T-cell leukemia virus type
I, binds to Int6 and stimulates the activity of the
proteasome (Desbois et al., 1996; Asano et al,
1997). Ret finger protein contains a RING finger
motif, which is widely present among ubiquitin
ligases (Jackson and Eldridge, 2002), and
localizes to promyelocytic leukemia gene product
nuclear bodies, which are rich in proteasomes
(Desbois et al., 1996). p56 was first identified as
one of the molecules whose expression is induced
by interferons; it contains 2 ubiquitin-like domains,
suggesting that it can also bind to the proteasome
(Guo and Sen, 2000). The Int6 protein has been
independently identified as a subunit (elF3e) of
elF3. In addition, this protein can interact with 2
other multisubunit complexes: constitutive photo-
morphogenesis (COP9) signalosome (CSN) and
proteasome (von Arnim and Chamovitz, 2003).
Taken together, diverse involvements of Int6 in
protein expression and proteolytic control make its
exact role in tumorigenesis complex to understand,
and therefore, exact mechanisms are not fully
understood thus far. During our research, we
further analyzed the specific interaction between
Int6 and HIF-2a and observed that the N-terminal
region of Int6 specifically binds to the C-terminal ID
of HIF-2a, but not to that of HIF-1a or HIF-3c.
Binding of Int6 induced HIF-2a. instability in MCF-7
and Hela cells, whereas that of the dominant-ne-
gative mutant Int6-AC with deleted C-terminal pro-
teasome/Int6/Nip1/thyroid receptor-interacting pro-
tein 15 (TRIP-15) (PINT) domain (von Arnim and
Chamovitz, 2003) induced stable HIF-2a. expre-
ssion, even under normoxic conditions. HIF-2a
degradation could be completely inhibited by the
proteasome inhibitors MG132 and MG101, but
Int6-induced HIF-2a degradation was still observed
in 786-O cells lacking endogenous pVHL expre-
ssion. These results imply that Int6 is able to bind
to HIF-2a and induce its instability through the
ubiquitin-proteasome pathway, independent of
pVHL. Further, the results suggest which pathway



(pVHL and/or Int6) is critical for the regulation of
HIF-2o. stability and that HIF-2a degradation is
regulated independent from each other. Indeed,
the yeast two-hybrid binding assays demonstrated
that HIF-2a had different binding sites for pVHL
and Int6 and that the binding was non-competitive.
The association of pVHL with HIF-2a triggered
ubiquitin-dependent HIF-2a degradation in a
hypoxia-dependent manner. However, HIF-2a
degradation by Int6 was independent of oxygen
concentration. A luciferase assay performed using
the HRE promoter plasmid showed that Int6-AC
expression increased the stability and transcrip-
tional activity of HIF-2a.. Moreover, by using siRNA
against HIF-2a (Chen et al., 2007), we found that
the silencing of endogenous Int6 was sufficient to
induce HIF-20. expression even under normoxic
conditions. This normoxic stabilization of HIF-2a
enhanced the expression of angiogenic factors
such as angiopoietin, fetal liver kinase 1, Tie-2,
and VEGF. We also compared HIF-2qa stabilization
with HIF-1a overexpression and found HIF-1a to
be the less potent inducer of angiogenesis, making
HIF-2o. the major candidate for treatment of
vascular diseases. Taken together, our present
results suggest that novel regulation of HIF-2a by
Int6 plays a critical role in the regulation of vascular
remodeling and development.

Conclusion

Angiogenesis is a strongly regulated process,
influenced by the microenvironment and modulated
by a multitude of pro- and antiangiogenic factors. A
thorough understanding of the angiogenic process
may lead to the identification of novel therapies for
ischemic vascular diseases as well as diseases
characterized by excessive angiogenesis, such as
rheumatoid arthritis, psoriasis, or tumors. Hypoxia
is a highly endangering condition for cells and
responses must be quick and effective. One of
these responses is angiogenesis and hypoxia is
known to be a potent inducer of VEGF via
HIF-related transcription in vitro. However, extended
research revealed that cofactors are essential to
ensure maximum efficiency of the transcriptional
machinery related to changes in oxygen availability
within cells/tissues, and the roles of different HIFs
in eliciting hypoxic responses seem to be more
divergent as originally assumed. In our research,
we could establish direct involvement of HDAC7 as
a binding partner of HIF-1a and that it upregulates
the HIF-1a transcriptional activity. On the other
hand, angiogenesis can be detrimental when not
restricted to the absolutely necessary level and is
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miss-leaded by tumor cells. Therefore, angiogenic
factors must be highly active but also under strict
control. The instant HIF-1a protein degradation in
normoxia is a basic control mechanism. In our
studies, we demonstrated an alternative alternative
mechanism involving HIF-2a. Int6 induces HIF-2a
degradation in a hypoxia-independent manner after
direct interaction. In addition, silencing of Int6
produces a potent, physiological inducer of angio-
genesis (data not shown) and might be useful in the
treatment of diseases related to insufficient blood
supply. Further, the newly discovered binding pro-
teins-HDAC7 for HIF-1a. and Int6 for HIF-2a-su-
pport the assumption that the 2 HIF-a isoforms
play distinct roles in eliciting hypoxia-related
responses. HIF-2a. can be considered as one of
the master switches for inducing angiogenic factors,
at least in specific cells, in the time windows that
we used in our experiments. However, complete
understanding of the complex interactions involved
in hypoxic responses and their regulatory fine-
tuning remains a subject of further investigation.
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