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Abstract

Obstructive sleep apnea (OSA), a widespread breathing disorder,
leads to intermittent hypoxia (IH). Patients with OSA and
IH-treated rodents exhibit heightened sympathetic nerve activity
and hypertension. Previous studies reported transcriptional
activation of nicotinamide adenine dinucleotide phosphate
(NADPH) oxidases (Nox) by HIF-1 (hypoxia-inducible factor-1)
contribute to autonomic dysfunction in IH-treated rodents. Lysine
acetylation, regulated by KATs (lysine acetyltransferases) and
KDAG:s (lysine deacetylases), activates gene transcription and plays

pheochromocytoma-12 cells and rats treated with IH. IH
increased KAT activity, p300/CBP protein, HIF-1a lysine
acetylation, HIF-1 transcription, and HIF-1 binding to the Nox4
gene promoter in pheochromocytoma-12 cells, and these responses
were blocked by CTK7A, a selective p300/CBP inhibitor. Plasma
norepinephrine (index of sympathetic activation) and blood pressures
were elevated in [H-treated rats. These responses were associated
with elevated p300/CBP protein, HIF-1a stabilization, transcriptional
activation of Nox2 and Nox4 genes, and reactive oxygen species, and
all these responses were absent in CTK7A-treated IH rats. These
findings suggest lysine acetylation of HIF-1a by p300/CBP is an

an important role in several physiological and pathological
processes. This study tested the hypothesis that acetylation of

by IH.

HIF-1a by p300/CBP (CREB-binding protein) (KAT) activates

Nox transcription, leading to sympathetic activation and
hypertension. Experiments were performed on

Obstructive sleep apnea (OSA) is a
widespread breathing disorder characterized
by periodic cessation of breathing during
sleep, affecting several million people in
the United States alone (1, 2). Intermittent
hypoxia (IH) is a hallmark manifestation
of OSA and a major factor contributing

to OSA-related cardiovascular pathology.
Rodents treated with IH patterned

after blood O, profiles in OSA exhibit
sympathetic nervous system activation

and hypertension, a phenotype reported

in patients with OSA (3-6). Experimental
studies identified that HIF-1 (hypoxia
inducible factor-1)-dependent activation of
nicotinamide adenine dinucleotide

important contributor to sympathetic excitation and hypertension
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phosphate (NADPH) oxidases (Nox) and
the resulting increase in oxidative stress is an
important molecular mechanism underlying
IH-evoked sympathetic activation (7, 8).
Mice with partial deficiency of HIF-1a, the
O,-regulated subunit of the HIF-1 complex,
exhibit remarkable absence of IH-evoked
sympathetic activation and hypertension (9).
Stabilization of HIF-1a protein is an
essential prerequisite for initiating HIF-
1-dependent transcription. HIF-1a
stabilization by IH involves, in part,
hydroxylation of prolyl residues (7). In
addition to hydroxylation, lysine acetylation
is another important post-translational
modification contributing to HIF-1o

stabilization (10, 11). Lysine acetylation is
mediated by lysine acetyltransferases (KATs).
P300 and CBP (CREB-binding protein)
are widely studied members of the KAT
family and share considerable sequence
homology. Mice harboring a homozygous
deletion of either p300 (p300~'~) or
CBP (CBP /") or a double heterozygous
(p300+/7/CBP+/7) deletion show
embryonic lethal phenotypes (12, 13).
Several lines of evidence suggest that
p300/CBP is a critical component of the
HIF-1 transcriptional complex (14-17).
HIF-1o has multiple acetylation sites, and
downstream effects of HIF-1a acetylation
vary depending on the modified lysine
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Clinical Relevance

To the best of our knowledge, results
of this manuscript provide a hitherto
uncharacterized role for p300/CBP as
regulators of HIF-1 (hypoxia-inducible
factor-1)-dependent transcriptional
activation causing hypertension under
the setting of intermittent hypoxia
(IH). Given the broad physiological
importance of p300/CBP and HIF-1
in health and disease, our results

are of considerable biological and
therapeutic significance for preventing
cardiovascular morbidities caused

by IH such as that occurring in
obstructive sleep apnea patients.

residue (18, 19). However, little information
is available on the role of p300/CBP on
HIF-1a lysine acetylation and transcription
by IH. In the present study, we tested the
hypothesis that lysine acetylation by
p300/CBP stabilizes HIF-1a protein during
IH and increases HIF-1 transcription of

the genes encoding NADPH oxidase (e.g.,
Nox-4), thereby contributing to sympathetic
activation and hypertension by TH.

This hypothesis was tested first in
pheochromocytoma (PC12) cells and
assessed the significance of HIF-1a
acetylation on IH-evoked sympathetic
activation and blood pressure (BP) in rats.

Methods

Experimental protocols were approved by
the Institutional Animal Care and Use
Committee of the University of Chicago
(approved protocol #71811). Experiments
were performed on age- and sex-matched
4-month-old Sprague Dawley rats. Detailed
description of methods, antibodies, primer
information, and statistical analysis are
provided in the data supplement.

Exposure of Rats and PC12 Cells to IH
Rats were exposed to alternating cycles of
hypoxia between 9:00 a.M. and 5:00 p.m. for
10 days, as described previously (9). PC12
cells (20) were exposed to IH, as described
(21). In the experiments involving drug
treatment, cells were preincubated for

30 minutes before and during IH exposure.

BP and Plasma Norepinephrine
Measurement

BP was measured in rats by the tail-cuff
method, using a noninvasive BP

system (IITC Life Science Inc.). Plasma
norepinephrine concentrations were
determined by high-pressure liquid
chromatography (9).

KAT Activity and Malondialdehyde
Levels

KAT activity was measured in nuclear lysates
using the colorimetric Epigenase KAT activity
kit (Epigentek, Farmington, NY), as per
manufacturer’s instruction. Malondialdehyde
(MDA) concentrations were measured in the
cell lysates using the TBARS assay kit (Cayman
Chemical Company), as described (9).

Immunoblot Assays

PC12 cell and rat adrenal medulla (AM)

cell extracts were fractionated by
polyacrylamide-SDS gel electrophoresis.
Immunoblots were probed with the primary
antibodies (see Table E1 in the data
supplement) followed by corresponding
horseradish peroxidase-conjugated
secondary antibody and detected using the
Clarity Western ECL substrate kit (Bio-Rad).
Immunoblots were quantified using Image
studio software by Odyssey Fc imaging
system (LI-COR). Raw pixel data for each
protein is normalized to loading control
(tubulin) and visualized as scaled cluster
heatmaps in R studio (v4.2.2) using
heatmaply. In addition, data are also
expressed as fold change relative to mean
vehicle-treated control under normoxia.

gRT-PCR

qRT-PCR was performed using iScript
cDNA synthesis kit and SsoFast EvaGreen
(Bio-Rad) as a fluorogenic binding dye.
Housekeeping genes 185 RNA and B-actin
were included as controls for quantitation.
Changes in target mRNA expression were
calculated based on the A(ACt) method, as
described previously (22). Primer sequences
are listed in Table E2.

HIF-1 Reporter Gene Assay

Cells were cotransfected with reporter
plasmid p2.1, which contains a 68-bp
hypoxia response element (HRE) from the
human EPOI gene (23), and Renilla
luciferase control reporter vector (pRL).
The Bright-Glo Luciferase Assay System
(Promega) was used to measure luciferase
activity in nuclear lysates.

Wang, Su, Sams, et al.: p300 Regulates HIF Transcriptional Activity by IH

Chromatin Immunoprecipitation Assay
Chipped DNA and input DNA were
analyzed by qPCR (Primer sequences listed
in Table E2), as described previously (24).
The percent input method was used to
represent the data, which was calculated by
the equation 2((C10N)~log2(DEN=CUIP) 5 100
DF, dilution factor, is the ratio of sample
volume lysate used for immunoprecipitate
(IP) and input (IN) processing.

Statistical Analysis

Data are expressed as mean = SEM from
three to six independent cell culture
experiments and six to eight rats per group
per experiment. Data were analyzed using
one-way or two-way ANOVA followed by a
post hoc Tukey honestly significant difference
(HSD) test as appropriate (Table E3).

Results

IH Increases KAT Activity and
p300/CBP Protein Expression in

PC12 Cells

The effect of IH on p300/CBP was studied in
PC12 cells because they respond to IH with
robust activation of HIF-1 (7). KAT enzyme
activity was determined in PC12 cells treated
with 60 cycles of IH (IHg) or room air

(N: controls). IHg, was chosen because it
activates HIF-1 transcription (14). IH
increased KAT enzyme activity (Figure 1A).
Trichostatin A (TSA), an inhibitor of
KDAC: (25, 26), also increased KAT activity
compared with vehicle-treated controls,
similar to IH (Figure 1A). We determined
whether augmented KAT activity is
associated with increased KAT protein.

Both IH and TSA increased p300/CBP
protein, which belongs to the TIP 60 family
of KATs (Figures 1B-1D). In contrast,
PCAF and GCN5 (GNAT family of KATs)
decreased with IH (Figures 1B and 1C) but
not with TSA (Figures 1D and 1E). These
results demonstrate IH selectively increases
p300/CBP protein in PC12 cells.

We then assessed whether p300/CBP
contributes to increased KAT activity by IH.
Cells were treated with CTK7A, a curcumin-
derived water-soluble, cell-permeable
inhibitor of p300/CBP (27). The effect of
different concentrations of CTK7A on
p300/CBP protein in the nuclear fractions
was analyzed; =50 uM CTK7A decreased
cell viability under normoxia as measured
by Trypan blue exclusion assay (data not
shown). On the other hand, 10 uM and
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Figure 1. Intermittent hypoxia (IH) increases KAT (lysine acetyltransferase) activity and KAT proteins p300/CBP (CREB-binding protein) in
PC12 (pheochromocytoma) cells treated with 60 cycles of IH (IHgg). (A) KAT activity in nuclear lysates from PC12 cells treated with either
normoxia (N) or IHgg or treated with 50 nM Trichostatin A (TSA), a KDAC (lysine deacetylase) inhibitor, for 7 hours in room air. Data presented
are mean = SEM; n=4 individual experiments. (B) Representative immunoblot showing p300/CBP, PCAF, and GCN5 protein expression with
tubulin as a loading control in lysates from room air— and IH-exposed cells. (C) Densitometric analysis of immunoblots. (D) Representative
immunoblot showing p300/CBP, PCAF, and GCN5 protein expression with tubulin as a loading control in lysates from room air treated with
vehicle (veh)- or TSA (50 nM)-treated cells. (E) Densitometric analysis of immunoblots. Image Studio software by Odyssey Fc imaging system
was used for immunoblot quantification. Raw pixel values are normalized to tubulin loading control and expressed as fold change relative to a
normoxic control. P values (**P=<0.01, *P<0.05, and ns = not significant) compared with normoxia or vehicle-treated controls as determined by
post hoc Tukey honestly significant difference (HSD) test. Data from four individual experiments. ns =not significant; veh = vehicle.
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Figure 2. P300/CBP is autoacetylated and stabilized in IH-treated PC12 cells. (A) Representative immunoblot showing p300/CBP and TBP (TATA-
binding protein) as loading control in nuclear lysates of PC12 cells exposed to normoxia (N) or IHgg treated with different concentrations of CTK7A
(inhibitor of p300/CBP) run on the same gel. (B) Densitometric analysis of the immunoblots. (C) KAT activity in IHgo- or normoxia-exposed cells treated
with veh or CTK7A. (D) Nuclear cell lysates from IHgo- or normoxia-exposed PC12 cells treated with and without CTK7A were immunoprecipitated (IP)
with anti-p300/CBP antibody. Representative immunoblot showing immunoprecipitate replicates run on the same gel and probed with anti-p300/CBP
and anti-acetyl-lysine antibodies. (E) Densitometric analysis of the immune blots showing ratio of acetyl p300/CBP to total p300/CBP. Pvalues
(**P=<0.01) between different groups as determined by post hoc Tukey HSD test. Data are mean = SEM from three to four experiments.
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25 uM CTKT7A inhibited the increased
p300/CBP protein by IH in a concentration-
dependent manner (Figures 2A and 2B).
Because higher concentrations were toxic to
cells and may have nonselective effects (27),
25 uM of CTK7A was used in all subsequent
experiments; 25 uM CTK7A decreased KAT
enzyme activity in cells exposed to either
normoxia or IH (Figure 2C). These results
indicated that p300/CBP contributes to
increased KAT activity by IH.

Autoacetylation Stabilizes p300/CBP
Protein in Response to IH

We next determined how IH increase
p300/CBP protein. Autoacetylation-
mediated stabilization of p300/CBP enhances
its acetyltransferase activity (28). We assessed
the autoacetylation status of p300/CBP in
response to IH by coimmunoprecipitation
assays, because pan-acetylated lysine
antibody was not sensitive enough to detect
Pp300/CBP acetylation in total cell lysates.
IH-increased total p300/CBP protein was
accompanied by a parallel increase in
acetylated p300/CBP, with an increase in the
ratio of acetyl p300/CBP to total p300/CBP.

These effects were absent in IH cells treated
with CTK7A (Figures 2D and 2E). However,
CTK7A-treated cell lysates showed bands at
lower molecular weights in both IH and in
normoxia, likely representing degraded
products (Figure 2D). These results suggest
that TH increases auto-acetylation of
p300/CBP protein.

p300/CBP Protein Is Required for HIF-
1« Acetylation and Stabilization by IH
We then investigated whether p300/CBP
contributes to HIF-1a acetylation and
stabilization by IH. HIF-1a abundance
increased in nuclear lysates of IH-treated
cells, which was reduced with 25 uM CTK7A
(Figures 3A and 3B). These results indicated
increased HIF-1a protein might involve
lysine acetylation by p300/CBP. However,
demonstrating acetylation of endogenous
HIF-1a in native PC12 cells proved
technically challenging because of low
abundance of acetylated HIF-1a.. To
circumvent this limitation, PC12 cells were
transfected with a FLAG-tagged HIF-
la—expressing plasmid or a control plasmid
(p3X FLAG-CMYV) and exposed to IH. Cells

with ectopic expression showed higher
HIF-1a protein under normoxia and in
response to IH than cells expressing control
plasmid (Figure 3C). Treating cells with
CTK7A blocked HIF-1a levels in both
normoxia and IH (Figure 3C).

To demonstrate lysine acetylation,
coimmunoprecipitation assay was
performed in nuclear lysates of HIF-
la—overexpressing cells with anti-lysine
acetylated antibody. IH increased lysine-
acetylated HIF-1a and total HIF-1a, and
these effects were blocked by CTK7A
(Figures 3D and 3E). We next analyzed if
p300/CBP binds directly with HIF-1la in a
complex to acetylate and stabilize HIF-1a in
response to IH. Coimmunoprecipitation
experiments showed binding of p300/CBP
to HIF-1a, which was blocked with CTK7A
(Figures 3D and 3F). Similar results were
obtained when endogenous HIF-1a was
coimmunoprecipitated with p300/CBP
(Figure E1). These findings demonstrate
that p300/CBP increases HIF-1a acetylation
by physically interacting with HIF-1a and
suggest lysine acetylation contributes in part
to HIF-1a stabilization by IH.
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Figure 3. p300/CBP acetylates and stabilizes HIF-1a in PC12 cells treated with IH. (A) Representative immunoblot showing HIF-1a expression
with TBP as loading control in IHgo- or normoxia-exposed PC12 cells treated with either vehicle or CTK7A (25 uM) run on the same gel.

(B) Densitometric analysis of the HIF-1a immunoblots. (C) HIF-1a protein expression in nuclear lysates of PC12 cells transiently transfected with
FLAG-tagged HIF-1a plasmid or empty vector (p3 X FLAG-CMV) and exposed to IHgg or normoxia and treated with vehicle or CTK7A (25 uM).
TBP is shown as a loading control run on the same gel. (D) HIF-1a was immunoprecipitated with anti-FLAG antibody from nuclear extracts (600
wg) of cells transiently transfected with FLAG-tagged HIF-1a overexpression plasmids and exposed to IHgg or normoxia with or without CTK7A
(25 uM) treatment. HIF-1a protein, HIF-1a acetylation, and p300/CBP protein levels were analyzed in replicates of the immunoprecipitates run on
the same gel and probed using anti-HIF1a, anti-acetylated lysine, and p300/CBP antibodies, respectively, by immunoblots. (E) Densitometric
analysis of the immune blots showing ratio of acetyl HIF-1a to total HIF-1a. (F) Densitometric analysis of the immune blots showing p300/CBP
coimmunoprecipitated with HIF-1a. P values (**P<0.01 and *P < 0.05) between different groups as determined by post hoc Tukey HSD test.
Data are mean = SEM from three experiments. IP =immunoprecipitate.
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Figure 4. P300/CBP contributes to HIF-1-mediated transcription by IH. (A) Hypoxia response
element (HRE) transcriptional activity in nuclear lysates of cells transfected with a plasmid p2.1,
containing HRE upstream of SV40 promoter and luciferase coding sequence, and the Renilla
luciferase control vector exposed to IHgg or normoxia with or without CTK7A (25 uM). (B) Nox4
mMRNA in PC12 cells exposed to IHgg or normoxia treated with CTK7A. (C) Nox4 enrichment in
the immunoprecipitates from PC12 cells treated with CTK7A and exposed to IHgg or normoxia as
determined by chromatin immunoprecipitation (ChlP) assay using antibodies against HIF-1a. Data
are represented as percentage of input (mean + SEM) from five to seven independent experiments.
P values (**P<0.01) between different groups as determined by post hoc Tukey HSD test.

P300/CBP Participates in HIF-1
Transcriptional Activation by IH

The role of p300/CBP in HIF-1 transcriptional
activity by IH was determined by transfecting
cells with a plasmid containing an HRE
upstream of luciferase coding sequences. Cells

were then exposed to IH or room air (controls),

with or without CTK7A. IH led to robust
activation of HIF-1 transcription, as evidenced
by increased luciferase activity, and this effect

was absent in CTK7A-treated cells (Figure 4A).

HIF-1 transcriptional activity is driven
by HIF-1a binding to the HRE in the
promoter regions of target genes (29, 30). We
and others have shown binding of HIF-1a to
the HRE of the promoter region of the Nox4
gene (24, 31). Therefore, we determined the
effect of IH on Nox4 mRNA. IH increased
Nox4 mRNA, and CTK7A blocked this effect
(Figure 4B). Further analysis by chromatin
immunoprecipitation (ChIP) assay showed
the absence of HIF-1a binding to the HRE
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site in the promoter region of the Nox4 gene
in CTK7A-treated cells exposed to TH
compared with untreated cells (Figure 4C).
These data demonstrate interaction of
p300/CBP with HIF-1a is necessary for
binding of HIF-1 to the HRE site of the
Nox4 gene.

P300/CBP Contribution to HIFI-
Signaling in IH-treated Rats

Thus far, studies on cell cultures suggest that
p300/CBP regulates HIF-1-dependent
transcriptional activation by IH. We next
sought to validate the role of p300/CBP in
HIF-1 transcription in rats treated with IH.
We studied male rats to exclude behavioral
variations arising from the estrous cycle in
female rats.

Rats were treated with IH for 10 days,
and KAT activity as well as p300/CBP and
HIF-1a protein levels were analyzed in the
AM. AM tissue was chosen because: 1) PC12
cells studied in the cell culture experiments
are of adrenal medullary chromaffin cell
origin (20); and 2) the AM is critical for
evoking IH-induced hypertension (32).
KAT enzyme activity, p300/CBP, and
HIF-1a protein were increased in the AM
of IH-treated rats (Figures 5A-5C). These
effects were absent in IH-exposed rats treated
with CTK7A (2 mg/kg intraperitoneally
every day for 10 d) (Figures 5A-5C).
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Figure 5. P300/CBP activation increases HIF-1a in the adrenal medulla (AM) of IH-exposed rats. Rats exposed to room air or 10days of IH
(IH10q) were treated daily with either vehicle or CTK7A (2mg/kg/d, intraperitoneal). (A) Effect of CTK7A treatment on KAT activity. (B) Top panel:
representative immunoblot showing p300/CBP and HIF-1a protein expression. Tubulin is shown as loading control run on the same gel. Bottom
panel: data shown as heat map generated from raw pixel data for each protein normalized to loading control (tubulin) and scaled using R studio
(v4.2.2) and heatmaply (43). Numbers denote the number of experiments. (C) Densitometric analysis of the immunoblots showing fold change in
expression of p800/CBP and HIF-1« relative to a vehicle-treated normoxia control. P values (**P<0.01 and *P<0.05) between different groups
as determined by post hoc Tukey HSD test. Data presented as mean = SEM and individual data points from 8 to 10 rats per group.
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Figure 6. P300/CBP activation contributes to NADPH oxidase gene expression and reactive oxygen species (ROS) generation in the AM of rats
exposed to IH. (A) Effect of CTK7A on Nox4 and Nox2 mRNA. (B) Top panel: immunoblots showing replicates of total lysates run on separate
gel and analyzed for Nox4 and Nox2 protein expression with tubulin as loading control. Bottom panel: heat map. (C) Densitometric analysis of
the immunoblots showing fold change in Nox4 and Nox2 relative to a vehicle-treated normoxic control. (D) MDA measured as in index of ROS in
cell lysates of AM. P values (**P=<0.01 and *P<0.05) between different groups as determined by post hoc Tukey HSD test. Data shown are
mean * SEM together with individual data points from eight rats per group. MDA = malondialdehyde.

Lower doses of CTK7A (0.5 or 1 mg/kg
intraperitoneally) were ineffective in
inhibiting KAT activity. These results were
essentially the same as that seen in IH-treated
PC12 cells and suggest a role for p300/CBP
in HIF-1a increase by IH in rat AM.

To assess the functional significance of
p300/CBP-dependent stabilization of HIF-1o
in TH-treated rats, nRNAs encoding Nox2
and Nox4 and the corresponding protein
abundances were determined. IH-exposed
rats showed elevated Nox4 and Nox2 mRNA
expression (Figure 6A) as well as
corresponding proteins (Figure 6B), and
these responses were either reduced or
blocked by CTK7A treatment (Figures
6A-6C). NADPH oxidase activation
increases reactive oxygen species (ROS).
MDA concentrations representing oxidized
lipids were measured as an index of ROS
generation. IH increased MDA amounts in

the AM of vehicle-treated rats, which was
absent in CTK7A-treated rats (Figure 6D).
These findings suggest participation of
p300/CBP in HIF-1-mediated transcription
of the Nox2 and Nox4 genes by IH.

P300/CBP Contributes to Heightened
Sympathetic Activity and Hypertension
by IH

ROS signaling arising from HIF-1-
dependent transcription of prooxidant
enzymes (Nox) contributes to sympathetic
nerve activation and hypertension in
IH-treated rats (9). We hypothesized that
blockade of HIF-1 transcription by inhibiting
p300/CBP with CTK7A should prevent
IH-induced sympathetic nerve activation and
hypertension. This possibility was assessed
by measuring plasma norepinephrine
concentration as an index of activation of the
sympathetic nervous system and BP in

Wang, Su, Sams, et al.: p300 Regulates HIF Transcriptional Activity by IH

IH-exposed rats with and without CTK7A
treatment. IH increased systolic, diastolic,
and mean BP in rats exposed to 10 days of IH
compared with control rats treated with
room air, and these effects were absent in
CTK7A-treated rats exposed to IH (Figures
7A-7C). Likewise, the plasma NE amounts
elevated in IH-exposed rats decreased
significantly with CTK7A treatment (Figure
7D).

Discussion

Our cell culture studies showed that: 1)

IH increased KAT activity by selectively
increasing p300/CBP protein; 2) IH
increased autoacetylation of p300/CBP
acetylates and stabilized HIF-1a protein;

and 3) increased HIF-1 transcription requires
binding of p300/CBP to HIF-1a. TH-treated
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Figure 7. CTK7A (p300/CBP inhibitor) blocks elevated blood pressure and plasma norepinephrine (NE) changes in IH-exposed rats. (A-C)
SBP, DBP, and MBP and (D) plasma NE levels in IH- or normoxia-exposed rats treated with vehicle or CTK7A. Data shown are mean = SEM
together with individual points from eight rats per group. P values (**P=<0.01) between different groups as determined by post hoc Turkey HSD
test. DBP =diastolic blood pressure; MBP = mean blood pressure; SBP = systolic blood pressure.

rats also showed increased p300/CBP protein
in AM tissue, and this effect was associated
with elevated plasma catecholamine
concentrations and BP. IH-evoked
sympathetic nerve activation and
hypertension were absent in IH-exposed

rats with pharmacological inhibition of
p300/CBP with CTK7A.

The following findings demonstrate
that p300/CBP are the major KAT enzymes
responsible for the increased KAT enzyme
activity. 1) TH selectively increased
p300/CBP protein expression, whereas
PCAF and GCN5 were decreased; and 2)
pharmacological blockade of p300/CBP with
CTK7A inhibited IH-evoked increase of
KAT activity and p300/CBP protein. CTK7A
affected baseline KAT activity in PC12 cells,
which was not observed in the AM of rats.
The differences between in vivo and in vitro
experiments are likely due to differences in
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the dose of CTK7A and/or duration of IH,
wherein cell cultures were exposed to several
hours of IH as opposed to 10-day exposure
in rats. The relatively longer duration of

IH exposure in rats might have led to
compensatory mechanisms. We could not
delineate individual roles of p300 and CBP
because: 1) the antibodies used in this study
recognize both p300 and CBP; 2) there was a
lack of specific inhibitors for p300 versus
CBP; and 3) genetic silencing of p300 or CBP
by siRNA approach impaired cell viability
under normoxic conditions, which was
worsened with TH.

How might IH increase p300/CBP
protein? Post-translational modifications
affect p300/CBP protein stability positively
or negatively, depending on the site (33).
Acetylation of p300/CBP is a well-studied
post-translational modification. Reversible
autoacetylation of the regulatory loop of

p300/CBP stabilizes, stimulates its acetyl
transferase activity, and increases its binding
affinity (28, 33, 34). IH increased total
p300/CBP and acetylated p300/CBP protein
(Figure 2D), and these effects are blocked
by CTK7A, suggesting that IH-increased
p300/CBP protein expression is attributable
to its lysine acetylation status. These
findings are reminiscent of a recent report
showing that CTK7A also inhibits p300-
autoacetylation in gastric cancer cell lines
(17). P300/CBP can also be phosphorylated
at several sites by kinases, including PKC,
cyclin E/CDK-2, CaMK IV, ERK2, and AKT
(35). An earlier study from our laboratory
showed increased phosphorylation of
p300/CBP by CamK II increases HIF-
1-mediated transactivation, suggesting

that post-translational modifications
involving phosphorylation also play a role in
IH-increased p300/CBP protein expression
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(14). It remains to be established whether
crosstalk between p300/CBP acetylation
and phosphorylation lead to greater
expression of p300/CBP under the setting
of IH. HIF-1a is known to be acetylated at
multiple sites by different KATs, with
different biological consequences. For
instance, PCAF is primarily responsible for
Lys®’* acetylation (36), whereas p300
acetylates Lys’%” in HIF-1a (19). Although
IH increased HIF-1a acetylation, our
study did not attempt to identify specific
lysine residue acetylated by IH.
Notwithstanding this limitation, we found
CTK7A blocked HIF-1a acetylation and
HIF-1a protein elevation by IH. These
findings suggest that lysine acetylation by
p300/CBP contributes to HIF-1a
stabilization by TH.

P300/CBP can bind to different
transcription factors by directly interacting
with various proteins and/or serve as a
scaffold to bring a complex of diverse
cofactor proteins to the promoters on
chromatin allowing transcriptional
activation (33). The finding that HIF-1a
coimmunoprecipitated with p300/CBP in
IH-treated cells demonstrates physical

binding of p300/CBP to HIF-1a.. CTK7A not
only blocked p300/CBP protein stability but
also inhibited p300/CBP binding to HIF-1a
and HIF-1 binding to the HRE on the Nox4
gene. Together, these findings suggest that
p300/CBP exists in a stable complex with
HIF-1a and facilitates activation of HIF-
1-dependent Nox4 transcription by IH.
Dehydroxylation at asparagine®” increases
HIF-1a—p300 interaction, shifting Lys”*
to an acetylated state, thereby contributing
to HIF-1a protein stability and HIF-1
transactivation (37). Additional studies are
needed to assess whether p300/CBP
interaction with HIF-1« is dependent on
aspargine®”® hydroxylation and whether
lys”® in particular is acetylated by p300/CBP
under IH conditions.

Emerging evidence suggests that IH is
a major contributor to hypertension, a
common comorbidity associated with
OSA (6). Previous studies have shown
HIF-1-dependent transcriptional activation
of the prooxidant Nox genes, and the
ensuing ROS signaling is a major cellular
mechanism underlying IH-induced
sympathetic nerve activation and the
resulting hypertension (6). The current

study showed systemic administration of
the p300/CBP inhibitor CTK7A prevented
HIF-1a stabilization, Nox4 upregulation,
activation of the sympathetic nervous
system as indicated by absence of elevated
plasma NE concentration, and hypertension
in IH-exposed rats. These findings provide
evidence for the hitherto unexplored role of
p300/CBP in autonomic dysregulation by
IH as it relates to OSA.

Interactions of p300/CBP with
transcription factors are involved in the
development of a variety of diseases (33, 38,
39) comprising viral infections, cognitive
disorders, Alzheimer’s disease, diabetes, and
cardiovascular diseases. Acetylation and the
protein binding function of P300/CBP are
intricately interrelated, and both sites are
targets for the treatment of cancer (40) and
many other diseases (41, 42). Our study of a
rodent model of sleep apnea with IH suggest
that pharmacological targeting of p300/CBP
acetylation with CTK7A might be a novel
therapeutic alternative for preventing
cardiovascular morbidity. l

Author disclosures are available with the
text of this article at www.atsjournals.org.
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