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Abstract

Hypoxia inducible factors (HIF) are the master transcriptional regulators of angiogenesis and
energy metabolism in mammals. Histone deacetylase inhibitors (HDAIs) are among the promising
anti-cancer compounds currently in clinical trials. In addition to inducing hyperacetylation of
histones, HDAIs have been found to repress HIF function, which has been construed as an
important pharmacological mechanism underlying the HDAI-mediated repression of tumor growth
and angiogenesis. While HDAIs are potent inhibitors of HIF function and thus may be useful in
the prevention and treatment of cancers, a major dilemma is that they may induce hyperacetylation
of nonspecific targets thus causing side effects. A better understanding is now required of the
molecular and biochemical mechanisms underlying the anti-HIF effects of these compounds. Here
we summarize the recent advances towards a better understanding of these molecular and
biochemical mechanisms.
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HYPOXIA INDUCIBLE FACTORS AND THE CONVENTIONAL REGULATORY
PATHWAYS

Hypoxia-inducible factors 1 and 2 (HIF-1 and HIF-2) are the most important regulators of
angiogenesis and energy metabolism in tumors, thus having become two of the major targets
for cancer therapy.1=® As heterodimeric transcription factors, function of HIF-1 and HIF-2 is
determined by their alpha subunits, HIF-1a and HIF-2a respectively. Collectively, HIF-a
activity is controlled by two well known mechanisms®-8 (Fig. 1). The first mechanistic
regulation is that HIF-a is rapidly degraded under normoxic conditions through a
hydroxylation-ubiquitination-proteasomal system (HUPS). In the presence of an adequate
supply of oxygen, newly translated HIF-a is hydroxylated at its oxygen-dependent
degradation domain (ODD) by a family of proline hydroxylases (PHD).5-8 Hydroxylated
HIF-a is recognized by VHL as a substrate for ubiquitination,®12 and is degraded by the
ubiquitination proteasome system (UPS). Secondly, HIF-a activity is controlled by its
transactivation potential (TAP) which depends on formation of a complex including
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coactivator p300/CBP and other factors. Interaction between the C-terminal activating
domain of HIF-a (HIF-aCAD, aa786-826 in HIF-1a, the major transactivation activity) and
the CH1 domains of p300/CBP involves a hydrophobic interface and a charge-mediated
interaction. Factor inhibiting HIF-1 (FIH), an oxygen-dependent asparagine hydroxylase,!3
modifies HIF-1a, hence affecting the hydrophobic interface and disrupting its interaction
with p300/CBP.14.15 ack of oxygen (hypoxia, anoxia), a common pathophysiologic
condition frequently associated with neoplastic, cardiovascular, hematologic and respiratory
disorders, represses the activity of the hydroxylases and activates HIF function.® Oxygen
and these oxygen-dependent, hydroxylation-triggered events form the conventional
regulatory pathways of HIF function (Fig. 1). In tumors, a combination of multiple factors,
including hypoxia, growth factors, mitogenic signaling (MAPK, PI3K/Akt), activation of
oncogenes and loss of tumor suppressors (VHL, p53, and PTEN), activates HIF-a by acting
on various points of the conventional pathways.8:16-20 Thus, it is generally difficulty to
repress HIF function in tumors by restoring the conventional regulatory pathways.

HDAIs REPRESS ANGIOGENESIS THROUGH HIF

Accumulating evidence supports that HDA\Is repress the function of HIF in tumor cells
through yet unclear pathways.21-24 HDAIs are in clinical trials for cancer therapy and
demonstrate anti-cancer and anti-angiogenic features.2>-27 The direct targets of HDAIS,
histone deacetylases (HDACs), include a large family of enzymes that remove the acetyl
groups from N-e-lysines of histones, transcription factors, coactivators and other
proteins.28-30 Acetylation status of these proteins affects their function and is, in most cases,
reversibly regulated by a dynamic balance between histone acetyl transferases (HATS) and
HDACSs. Exposure to HDAISs represses HDACs, modulates the balance and induces
hyperacetylation of these proteins. Generally, HDACs are considered to be repressive
factors for gene expression as they are present in transcriptionaly repressive complexes such
as SMRT, Sin3 and NCoR.28 On the other hand, HDAIs and HATS are believed to promote
transcription by enhancing acetylation of histones, transcription factors and coactivators.
Based on genetic homology and phylogenetic analysis, mammalian HDACs are classified
into three classes.2%30 Those HDAIs showing anti-HIF activity in clinical trials generally
block Class | and Il HDACs, while most are not specific for a particular HDAC.3!

Trichostatin A (TSA) is among the early HDAIs reported to repress angiogenesis in vitro
and in vivo.2! Other HDAIs,2531 including FK228 (depsipeptide, FR901228),23 butyrate,24
and LAQ82432 were found to repress angiogenesis and expression of pro-angiogenic factors,
such as vascular endothelial growth factor (VEGF). While HIF-1 is well documented as the
mediator of these observed effects, the explanation of such an effect varies, perhaps because
of the pleiotropic nature of HDAIs. Here we discuss two mechanistic explanations that are
better supported by available data: (1) HDAI-mediated destabilization of HIF-1a; and, (2)
HDAI-mediated repression of the TAP of HIF-aCAD (Fig. 1). We discuss data consistent
with or contrary to these two views in more detail. Interested readers are referred to other
proposed mechanisms including repressing DNA binding ability?3 and inhibiting nuclear
translocation of HIF-1a2433 for a complete view.
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HDAIs PROMOTE VHL-INDEPENDENT PROTEASOMAL DEGRADATION OF

HIF-1a

An early report describing the anti-angiogenic effect of TSA suggested that TSA
destabilized HIF-1a.21 Indeed, when degradation was completely blocked by proteasome
inhibitors, a comparison of the rate of de novo HIF-1a accumulation in the presence or
absence of TSA reveals that TSA has no effect on HIF-1a translation.3# The generally
agreed fact that HDAIs destabilize HIF-1a indicates that a deacetylation event is required to
stabilize HIF-1a. Perhaps influenced by the documented role of VHL and p53 in the
degradation of HIF-1a and the effect of HDAIs in stimulating transcription, the HDAI-
mediated destabilization of HIF-1a was originally explained as a result of enhanced
expression of VHL and p53.21 Later the same group reported that direct acetylation of
Lys532 of HIF-1a by ARD122 promoted its interaction with, and ubiquitination by VHL,22
proposing an acetylation-ubiquitination proteasomal system (AUPS) (Fig. 2). Since ARD1
was reported to be regulated by oxygen supply,2? if proven, ARD1 would represent another
VHL-dependent oxygen sensor, mimicking PHDs in the HUPS pathway. While HDAI-
mediated destabilization of HIF-1a and repression of angiogenesis are consistently observed
by several independent laboratories, it seems difficult to confirm the HDAI-enhanced
expression of VHL and p53 under hypoxia conditions as originally reported.3* More
importantly, TSA and FK228 were found to induce HIF-1a degradation in VHL-null RCC4
cells,3% suggesting a VHL-independent mechanism. Using 8-hour exposure with 500 nM of
TSA, we also observed that TSA decreased the hypoxia-induced HIF-1a levels in most
tumor cell lines tested, including Caki, Hep3B, DU145, PC3, U87, BT20, MCF7, and
particularly, VHL ™" cells such as RCC4 and C2.34 Similarly, TSA repressed HIF-1a levels
in HCT116 cells (p53*/*) and an isogenic p53~/~ HCT116-derived cells.3436 These
observations suggest that HDAI-mediated destabilization of HIF-1a is through a mechanism
existing in various tumors and is independent of VHL and p53 function.

HDAIs PROMOTED PROTEASOMAL DEGRADATION OF HIF-1a IS
INDEPENDENT OF HYDROXYLATION-UBIQUITINATION

The ubiquitination proteasomal system (UPS) plays essential roles in intracellular
degradation of misfolded, toxic or no longer needed cellular proteins. While HDAI-triggered
degradation of HIF-1q is clearly independent of VHL function,343% and lack of
hydroxylation failed to protect HIF-1a from HDAI-mediated degradation, HDAIs failed to
decrease HIF-1a levels in the presence of proteasome inhibitors, indicating that proteasomal
activity is indispensable for HDAI-mediated HIF-1a degradation. As mentioned above,
HIF-1a accumulated by VHL deficiency can be destabilized by HDAIs. It seems unlikely
that HDAISs stimulate an alternative E3 activity that compensates for VHL deficiency in
these VHL ™ cells, because exposure to HDAISs did not induce ubiquitination of HIF-1a. in
these cells. More importantly, HDAIs effectively destabilized HIF-1a accumulated by
inactivation (39°C) of the ubiquitin-activating enzyme (E1) in Ts20TGR cells3* which
contains a temperature-sensitive E1,37 the only ubiquitin-activating enzyme in cells. In
addition, HDAI treatment failed to cause ubiquitination of HIF-1a or other proteins in E1-
inactivated cells,3* ruling out the possibility that HDAIs somehow restore the ubiquitination
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process, and demonstrating that E1 is absolutely required for protein ubiquitination in
Ts20TGR cells.

ACETYLATION TARGETS INVOLVED IN HDAI-INDUCED DESTABILIZATION
OF HIF-1a

Direct acetylation of HIF-1a at Lys532 was proposed in the AUPS model as the underlying
reason for HDAI-mediated destabilization of HIF-1a2122 (Fig. 2). So far the only evidence
to support HIF-1a acetylation in vivo is detection of HIF-1a in immunocomplexes
precipitated by an anti-acetyl lysine antibody.?2 Those results, however, could be interpreted
alternatively as an acetylated protein coprecipitating with HIF-1a. It has been demonstrated
that at least two HIF-1a interacting proteins, p300 and heat shock protein 90 (Hsp90), are
subject to acetylation in vivo.3438-41 |t remains unclear whether full-length HIF-1a. is
acetylated in vivo, and if yes, its role in HIF-1a stability. In any case, this proposed model
can not explain HDAI-mediated, VHL-independent and ubiquitination-independent
degradation of HIF-1a.

While the acetylated targets underlying HDAI-mediated destabilization of HIF-1a remains a
debatable issue, studies with Hsp90 inhibitors revealed a good candidate. Hsp90 inhibitors
represent another group of compounds in clinical trials with good anti-cancer efficacy and
anti-angiogenic features.*2 Hsp90 is a central component of the cellular chaperone
machinery which is responsible for the folding, maturation and quality control for its client
proteins including various oncogenic signaling proteins.*3 Normal function of Hsp90
depends on its intrinsic ATPase activity. Geldanamycin and its derivatives bind to Hsp90
directly, thus blocking its association with ATP. It was observed that when geldanamycin or
its derivatives were used to block Hsp90 function, some oncogenic proteins, including viral
oncoproteins, activated cellular oncoproteins and mutated tumor suppressors were
destabilized, suggesting a general role of Hsp90 in stabilizing its client proteins.40:42:43
Interestingly, HIF-1a was found to bind Hsp90,44:4° and inhibition of Hsp90 function leads
to VHL-independent destabilization of HIF-1a.*4 When examined in Ts20TGR cells, the
destabilization of HIF-1a caused by Hsp90 inhibitors also is independent of E1 function,34
suggesting a common ubiquitination-independent mechanism shared by both HDAIs and
Hsp90 inhibitors. In fact, it was reported that Hsp90 is one of the nonhistone targets of
HDACS6; and HDAI-induced hyperacetylation of Hsp90 repressess its chaperone
function.40.41.46 Therefore, it seems reasonable to speculate that the normal chaperone
function of Hsp90 protects its client proteins from degradation. Inactivation of Hsp90
renders its client proteins to be degraded by a ubiquitination-independent proteasomal
system (UIPS). Consistent with this speculation, butyrate which inhibits both Class | and
Class Il HDACs except for HDACG shows little effect on HIF-1a stability (Fig. 3A).
Moreover, while TSA destabilizes HIF-1a accumulated in VHL ™" cells, in the presence of a
translation blocker, TSA did not shorten the half life of HIF-1a accumulated prior to the
addition of TSA (Fig. 3B), suggesting that the stability of nascent HIF-1a translated in the
presence of HDAIs is affected. A UIPS has been reported to degrade p53, ODC and other
proteins through the 20 S proteasome.*7-49 Interestingly, it has been reported that HIF-1a
directly interacts with PMSA7, a component of the 20 S protea-some.>? Contrary to this
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speculation, several reports described that HDAIs promote degradation of ubiquitinated
client proteins of Hsp90.#4 No evidence, however, supports that ubiquitination per se is
absolutely required for degradation of these client proteins. It is possible that in the presence
of functional Hsp90, its client proteins are adequately folded, thus being protected from
degradation unless ubiquitinated. Upon inhibition of Hsp90, its client proteins may not
assume the protective folding, so that both UPS and UIPS are engaged in the degradation of
those misfolded, wasteful, and sometimes even toxic proteins (Fig. 4).

Another acetylation candidate possibly involved in HDAI-induced destabilization of HIF-a
is the a subunit of the tubulin heterodimers (a-tubulin), which form microtubules and other
cellular structures with a variety of function. a-tubulin is a target of HDACG and its
acetylation at Lys40 is the marker of stabilized microtubules.>1:52 Small molecules
disrupting the dynamics of tubulins have been shown to affect the stability of HIF-1¢.53:54
However, a defined role of a-tubulin acetylation in either UPS or UIPS-mediated
degradation of HIF-1a remains unclear.

It is not clear whether the UIPS pathway is specifically triggered/enhanced by HDAIs, but it
seems to be part of a quality control system of protein synthesis which safeguards the cell by
responding to stress caused by misfolded proteins.

HISTONE DEACETYLASE INHIBITORS REPRESS THE TRANSACTIVATION
POTENTIAL OF HIF-a

Early reports ascribed the repressive effects of HDAIs on HIF transcriptional activity
exclusively to destabilizing HIF-a or changing its nuclear localization. A recent intriguing
observation is that HDAIs also repress the TAP of the major transactivation domain of HIF-
.38 We recently reported that low doses of HDAIs that were not sufficient to cause HIF-1a
degradation were sufficient to repress HIF-1a transactivation potential under both normoxic
and hypoxic conditions.38 This effect can be clearly demonstrated by using a recombinant
HIF-aCAD construct fused to the DNA binding domain of the yeast GAL4 transcription
factor. The protein levels of this fusion protein are not decreased by HDAIs, allowing the
examination of its activity by monitoring the expression of a reporter gene.38 All other
transactivators tested in the same way, including p300, VP16, MyoD and p53, were
enhanced by HDAIs under the same conditions. This is particularly interesting because it
shows the uniqueness of HIF-aCAD.

HDAIs repress HIF-1a-p300CH1 function independently of hydroxylation, because
mutation of Asn803 of HIF-1a to Ala does not abolish HDAI-mediated repression.38 In
addition, FIH levels were not affected by HDAIs. Furthermore, a minimal CAD domain
(HIF-1a.786-826) lacks the normoxic repressive region; and, thus being constitutively
activel® can be repressed by HDAISs, so the HDAI-mediated repression is distinct from the
oxygen-mediated repression. Similar to the destabilization, the HDAI-mediated repression
of HIF-a potential is independent of VHL or p53.38 Because the highly conserved,
constitutively active HIF-1aCAD (aa786-826) is repressed by HDAIs but contains no lysyl
residue, it is clear that the HDAIs repress HIF-aCAD by somehow targeting the HIF-aCAD/
p300 complex, not HIF-aCAD itself.
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Finally, HIF-1a possesses a p300/CBP CH1-independent trans-activating mechanism which
is sensitive to HDAIs.5556 Because HIF-aCAD has been demonstrated to be absolutely
dependent on p300/CBP CH1,% the p300/CBP CH1-independent mechanism might
implicate the N-terminal transactivation domain (NAD) of HIF-a. Indeed, we found that
HDAIs repress HIF-1aNAD in a similar dose-dependent manner. So it is likely that HDAIs
repress both NAD and CAD of HIF-a.

POSSIBLE MECHANISMS INVOLVED IN HDAI-MEDIATED REPRESSION OF

HIF-aCAD

The fact that HDAIs may alter the acetylation status of both histones and nonhistone
proteins complicates further dissection of underlying mechanism. Because HDAIs may
repress HIF-1aCAD without changing of nuclear localization of HIF-1a, a hyper-
acetylation event in nuclei might be involved. As discussed above, it is clear that no direct
acetylation of HIF-aCAD can explain the HDAI-mediated repression of its TAP. Based on
analysis of published and unpublished data, several possibilities, but neither exclusive nor
exhaustive are proposed.38 First of all, HDAIs can enhance the acetylation status of p300 in
vivo, and p300CH1 can be acetylated by p300HAT in vitro, suggesting a direct role of
p300CH1 acetylation in HIF-1a/p300 function. One possibility is that such acetylation
directly affects the dynamics of HIF-1a/p300 complex formation. Supporting this model,
three highly conserved Lysyl residues of CH1 have been proposed to be essential for the
HIF-aCAD/p300 interaction.>”-58 Alternatively, acetylation of p300 (CH1 and other
regions) or p300-interacting factors may enhance their interactions, thus competitively
sequestrating p300 to non-HIF proteins. It is also possible that HDAIs promote an inhibitory
factor, either by directly hyperacetylating this factor or by increasing its expression via
histone acetylation, to target the HIF-aCAD/p300 complex (Fig. 5). The observation that
proteasomal inhibitors increase HIF-1a levels but repress its TAP%9:€0 js consistent with this
model, in which a HIF-1a inhibitor is constitutively synthesized and needs to be actively
disposed by proteasomes.

THE DEACETYLASES AND ACETYLASES INVOLVED IN HIF-a FUNCTION

In the AUPS model (Fig. 2), HIF-1a directly undergoes acetylation and deacetylation, and
such modification involves HDAC1 (HIF-a deacetylase) and ARD1 (acetylase),
respectively.21:22 Supporting that model, it was reported that hypoxia stimulates expression
of HDAC1, which in turn, stabilizes HIF-1a. A recent report described that hypoxia induced
expression of MTAL (metastasis associated protein 1), which interacts with and causes
deacetylation of HIF-1a by increasing the levels of HDAC1.%1 We found that HDAC1 is not
stimulated by hypoxia, and disrupting HDACL is not sufficient to destabilize HIF-1a under
conditions where the HUP pathway is repressed (38, and unpublished observation). Data
from Kim’s group indicate that ARD1, the mammalian orthologue of a yeast N-a-
acetylase,52 catalyzes N-g-acetylation of HIF-1a at Lys532, promoting HIF-1q for
recognition and ubiquitination by VHL.22 The same report described that TSA (about 1000
nM) destabilized HIF-1a in HT1080 cells by inducing hyperacetylation of HIF-1a.
However, because mutation of Lys532 to Arg failed to abolish the HDAI-induced HIF-1a
degradation, we believe that Lys532 acetylation, if it does happen in vivo, is unlikely
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involved in HDAI-triggered destabilization of HIF-1a..34 Moreover, two independent groups
found that ARD1 could not acetylate Lys532 in HIF-1a in vitro,83:64 which is inconsistent
with the role of ARDL1 as a bona fide N-e-acetylase of HIF-1a. Functionally, ARD1
expression status has been shown to have no effect on the expression of either HIF-1a or
HIF-regulated genes.%5:66 The recent identification of ARD1 variants in mice®” may not
provide an explanation, because the siRNA used®3:66 should disrupt all ARD1 variants.
Whether ARDL1 cotranslationally modifies the N-termini of nascent HIF-1a (N-a-
acetylation) remains to be investigated. On the other hand, considering the HDAC6-Hsp90
model,34 the acetylase involved should be one that acetylates Hsp90. Identification of the
acetylation site of Hsp90 and the responsible acetylase would eventually confirm the
mechanistic involvement of Hsp90 in HDAI-induced degradation of HIF-1a and other client
proteins.

The acetylase and deactylase involved in the HDAI-mediated repression of TAP of HIF-
aCAD remain unclear. HDAC6 seems not to be the major player in the HDAI-mediated
repression of HIF-1aCAD,38 because butyrate does not efficiently inhibit HDACS is equally
effective in repressing HIF-1aCAD. However, HDAC1 may play a role in HIF-1a TAP,
because cotransfection of HIF-1aCAD with HDACL1 increased TAP. Supporting this model,
HDAC1 has been reported to interact with p300.68 The report that HDAC? interacts with a
repressive domain of HIF-1a and regulates the subcellular translocation of HIF-1a upon
hypoxic stimulation33 raises the possibility that HDAC7 may regulate its TAP. However, the
facts that HDAIs repress HIF-1aCAD independently of direct HDAC?7 association, and
under certain conditions HDAIs can repress HIF-1 function without changing its protein
levels or nuclear localization38 support the idea that other HDACs are involved in this
regulation. Knowledge of the acetylated protein involved will facilitate identification of the
acetylase and deacetylase responsible for regulation of HIF-aCAD activity.

ACETYLATION IN OXYGEN SENSING

Albeit the destabilizing and repressing effects of HDAIs on HIF-1a, a role for acetylation in
oxygen sensing is unlikely. The AUPS model indicates that hypoxia stimulates expression of
HDAC1 and ARD1, implying a role for acetylation in oxygen sensing.21:22.61 We and others
observed that hypoxia or hypoxic mimics do not notably affect levels of ARD1 or
HDAC1.38.63.66 Similarly, so far there is no evidence to support that HDACS activity is
regulated by oxygen.3# Since HIF-1aCAD (aa786-826) can interact with p300/CBP
efficiently and is constitutively active under normoxic conditions,1® it is reasonable to
believe that HIF-aCAD-stimulating deacetylase maintains a considerable level of activity
even under normoxic conditions. Therefore, while deacetylase activity is absolutely required
for the activity of HIF-aCAD, it is unlikely that it is an oxygen sensor. It is more likely that
the acetylation-mediated modulation of HIF function represents a novel signaling pathway.
Nevertheless, the levels of deacetylase activity in cells may affect the magnitude of the HIF
response upon HIF-stimulating signaling.

In conclusion, HDAIs inhibit HIF activity by destabilizing HIF-a and repressing its TAP.
The HDAI-induced repressive pathways are distinct from the oxygen-dependent
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conventional regulatory pathways. The novel pathways may be explored as targets for
modulation of HIF function in vivo.
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Figure 1.
Oxygen-dependent conventional regulatory pathways of HIF-a. In the presence of sufficient

amount of oxygen and other substrates or cofactors, PHDs hydroxylate HIF-a at two prolyl
sites of ODD (Pro402 and Pro564 in HIF-1a). VHL-containing E3 ubiquitin ligase complex
recognizes the hydroxylated prolyl sites and leads to HIF-a degradation through the UPS
system. Similarly, FIH catalyzes the hydroxylation of an Asn residue (Asn803 in HIF-1a) in
the CAD, which blocks the interaction between HIF-aCAD and p300/CBP.
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Schematic outline of the HUPS and AUPS pathways of HIF-1a degradation. In the AUPS

pathway, ARDL is proposed to acetylate Lys532, and such modification leads to VHL
recognition. Both HUPS and AUPS are dependent on functional E1, E2 and VHL for

ubiquitination.

Cell Cycle. Author manuscript; available in PMC 2015 July 17.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Liang et al. Page 14

A Dfo
r N\
Nmx % <« m é
TEE
; - ——— HIF-1a

l— — — — _| a-tubulin

B DMSO TSA
0 2 4 6 0 2 4 6 (h)
o AR e A e, e e | F-100
g
z
o e e | T bulin
- = = - = = — | HIF-1a
e
&) — _
- e e au» e e - | Tl

Figure 3.
Additional evidence to support the HDAC6-Hsp90 model. (A) Hep3B cells were cultured at

normal condition (Nmx: normoxia), or exposed to a hydroxylase inhibitor (Dfo,
desferioxamine, 100 uM). Whole cell lysates were prepared and the effects of TSA (600
nM), sodium butyrate (NaB, 2.5 mM) and suberoylanilide hydroxamic acid (SAHA, 2.5 uM)
on HIF-1a stability were examined by Western blot. (B) VHL ™~ RCC4 cells were incubated
with DMSO or TSA (600 nM). In the absence of a translation blocker, the HIF-1a levels
represent a balance between gradual degradation and de novo synthesis. Addition of TSA
broke this balance and caused reduced HIF-1a levels. In the presence of a translation
blocker (CHX: Cyclohexamide, 20 pg/ml), however, TSA did not expedite the degradation
of HIF-1a synthesized prior to the treatment.
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Figure 4.

Schematic outline of the HUPS and the UIPS. Hsp90-containing chaperone function is
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proposed to be required for the folding and maturation of nascent HIF-a.. Upon maturation,
correctly folded HIF-a is regulated by the VHL-dependent HUPS pathway. When Hsp90
function is inhibited either by HDAIs or Hsp90 inhibitors, nascent HIF-a cannot be folded
correctly, and the misfolded HIF-a may be disposed either by the UIPS pathway or the UPS
pathway. The ubiquitination of misfolded HIF-a may be independent of hydroxylation or

VHL, the HIF-a specific ubiquitin ligase.
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Possible molecular basis underlying the HDAI-mediated repression of HIF-aCAD TAP. A
deacetylation event is proposed to be essential for the function of HIF-aCAD/p300 complex.
The addition of HDAIs blocks the deacetylation event and causes the hyperacetylation of an
inhibitory protein factor (IPF) or p300. The eventual consequence would be a change in the
formation of HIF-aCAD/p300 complex. Proteasome inhibitors may enhance the levels of
IPF, thus repressing HIF function in a similar model. ARNT: aryl hydrocarbon receptor

nuclear translocator, the dimerization partner of HIF-a, also known as HIF-1.
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