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Dexamethasone Upregulates the Expression of the
Nuclear Cofactor p300 and its Interaction With
C/EBPb in Cultured Myotubes
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Abstract Muscle wasting during sepsis and other catabolic conditions is, at least in part, mediated by gluco-
corticoids and is associated with upregulated transcription of multiple genes in the ubiquitin-proteasome proteolytic
pathway. In addition to transcription factors, nuclear cofactors, including p300, regulate gene transcription. We tested
the hypothesis that glucocorticoids upregulate the expression of p300 in muscle cells. Treatment of cultured L6 myotubes,
a rat skeletal muscle cell line, with dexamethasone resulted in a dose- and time-dependent increase in p300 protein
and mRNA levels. Surprisingly, the effect of dexamethasone on p300 levels was not inhibited by the glucocorticoid
receptor (GR) antagonist RU38486 and RU38486 exerted an agonist effect on p300, increasing its expression. Co-
immunoprecipitation showed that treatment of the myotubes with dexamethasone resulted in protein–protein interaction
between p300 and C/EBPb, but not C/EBPd. The present results suggest that glucocorticoids upregulate the expression of
p300 and its interaction with C/EBPb in skeletal muscle. Increased expression and activity of p300 may be involved in the
regulation of gene transcription in glucocorticoid-dependent muscle wasting. J. Cell. Biochem. 94: 1058–1067, 2005.
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Muscle wasting, mainly reflecting increased
degradation of myofibrillar proteins, is a char-
acteristic metabolic response to various cata-
bolic conditions, including sepsis, severe injury,
renal failure, AIDS, and cancer [Mitch and
Goldberg, 1996; Hasselgren and Fischer, 2001;
Price, 2003]. Although multifactorial, there is
evidence that glucocorticoids are a predominant
mediator of the increased muscle proteolysis
seen in several of these conditions [Hasselgren,
1999]. Thus, sepsis- and injury-induced muscle
breakdown can be prevented by treatment with

the glucocorticoid receptor (GR) antagonist
RU38486 [Hall-Angerås et al., 1991; Tiao et al.,
1996]. In addition, treatment of rats [Auclair
et al., 1997] or human subjects [Darmaun et al.,
1988] with glucocorticoids results in increased
muscle protein breakdownanddexamethasone-
treated cultured muscle cells have been used as
an in vitromodel ofmusclewasting [Wang et al.,
1998; Du et al., 2000; Gomes et al., 2001].

There is evidence that the catabolic response
in skeletal muscle is at least in part caused by
increased expression and activity of the ubiqui-
tin-proteasome proteolytic pathway [Mitch and
Goldberg, 1996; Hasselgren and Fischer, 2001;
Price, 2003]. The gene expression of several
components of this pathway is increased in
atrophying muscle, suggesting that transcrip-
tional regulation plays an important role in
muscle wasting. In recent studies from this
laboratory, the expression and DNA binding
activity of the ‘‘inflammatory’’ transcription
factorsNF-kB,AP-1, C/EBPb, andC/EBPdwere
increased in muscle from septic rats [Penner
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et al., 2001, 2002], lending further support to
the concept that activation of gene transcription
is an integral part of the catabolic response in
skeletal muscle. Among transcription factors
activated in atrophying muscle, C/EBPb and d
are of particular interest because several genes
in the ubiquitin-proteasome pathway have
multiple potential C/EBP binding sites in their
promoter regions [Penner et al., 2002].
In recent years, it has become increasingly

clear that in addition to transcription factors, so
called nuclear cofactors (coactivators or core-
gulators) are important for gene regulation
[Janknecht and Hunter, 1996a]. One mechan-
ism by which nuclear cofactors regulate gene
transcription is histone acetylation resulting in
disruption of chromatin and facilitated access of
transcription factors to DNA binding sites
[Polesskaya et al., 2001]. Another important
mechanism by which nuclear cofactors influ-
ence transcriptional activity is protein–protein
interactionswith components of thebasal trans-
cription machinery and with various transcrip-
tion factors [Janknecht and Hunter, 1996b].
Although, the mechanisms that regulate the
functions of nuclear cofactors are not fully
understood at present, the abundance of the
cofactorsmay be a limiting factor, at least under
certain circumstances [Vanden Berghe et al.,
1999].
Among nuclear cofactors, p300 has received

much attention due to its promiscuous interac-
tion with a wide range of transcription factors,
including C/EBP [Mink et al., 1997; Schwartz
et al., 2003]. It is not known if the expression
and activity of p300 are influenced by muscle
wasting conditions and in particular, it is not
known if muscle p300 is regulated by glucocor-
ticoids. In the present study, we tested the
hypothesis that glucocorticoids upregulate the
expression of p300 in skeletal muscle and that
this response is accompanied by an increased
protein–protein interactionwithC/EBPband d.
This was done by treating cultured myotubes
with dexamethasone followed by measurement
of the gene and protein expression of p300 and
its interaction with C/EBP.

MATERIALS AND METHODS

Cell Culture

L6 rat skeletal muscle cells (American Type
CultureCollection,Manassas,VA)were thawed
andmaintained by repeated subculturing at low

density in 162-cm2 culture flasks and were used
between passages 2 and 8. Cells were grown in
DMEM supplemented with 10% fetal bovine
serum (FBS), 100U/ml of penicillin, and 100 mg/
ml of streptomycin in 10% CO2 atmosphere at
378C. When cells reached approximately 80%
confluence, they were removed by trypsiniza-
tion and seeded into 150mmculture dishes. The
cells were grown in the presence of 10% FBS
until they reached about 80% confluence at
which time the medium was replaced with
DMEM containing 2% FBS for induction of
myotube differentiation. Cultures were used for
experiments approximately 3 days later, when
myotube formation was observed. Myotubes
were treated with different concentrations of
dexamethasone for various periods of time up to
24 h as indicated in Results. Untreated myo-
tubes served as controls. In separate experi-
ments, the GR antagonist RU38486 (Sigma,
St. Louis,MO)was added to the culturemedium
at a concentration of 10 mM, either alone or in
combination with 1 mM dexamethasone. After
the different treatments, myotubes were har-
vested for determination of p300 gene and
protein expression and its interaction with the
C/EBPb and d as described below.

Immunoprecipitation and Western Blotting

p300 was detected in nuclear or whole cell
lysate extracts. For extraction of nuclear frac-
tions,myotubeswereharvestedby scraping into
ice-cold phosphate buffered saline (PBS) and
pelleted by centrifugation at 3,800g for 5 min.
Nuclei were isolated and nuclear fractions were
extracted as described recently [Luo et al.,
2003]. Whole cell lysates were prepared by
lysing myotubes in three volumes of buffer
(pH 7.4) containing protease inhibitor cocktail
(Roche, Mannheim, Germany), 50 mM Tris-
HCl, 0.3 M NaCl, 5 mMEDTA, and 1% Nonidet
P-40. Protein concentrations in the nuclear and
whole cell lysate extracts were determined with
the BCA Protein Assay Reagent Kit (Pierce
Biotechnology, Rockford, IL) using bovine
serumalbumin as standard. p300 in the nuclear
and whole cell lysate fractions was immunopre-
cipitated using a rabbit polyclonal anti-p300
anitbody (N-15; Santa Cruz Biotechnology,
Santa Cruz, CA). After 2 h of mixing at 48C,
40 ml of packed Protein A/G PLUS-Agarose
(Santa Cruz Biotechnology) was added and the
samples weremixed at 48C overnight. Immuno-
precipitates were washed five times with 1 ml
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of buffer containing 50 mM Tris-HC1, 0.15 M
NaCl, 1 mM EDTA, and 1% Nonidet P-40
(pH 7.4) prior to resuspending the precipitates
in sample buffer. Samples were then subject-
ed to SDS–polyacrylamide gel electrophore-
sis using 4%–20% linear gradient Ready Gels
(Bio-Rad Laboratories, Hercules, CA). The
separated proteins were transferred to Immo-
bilon PVDF Transfer Membranes (Millipore
Corp., Bedford, MA) using a Trans-Blot SD
semi-dry electrophoretic transfer cell (BioRad
Laboratories) and p300 was detected by Wes-
tern blotting using a mouse anti-human p300
monoclonal antibody (NM11; Pharmingen, San
Diego, CA) as primary antibody and a goat anti-
mouse IgG antibody (Promega, Madison, WI)
as secondary antibody. Immunoreactive pro-
tein bands were detected using the Western
LightningTM kit for enhanced chemilumines-
cence detection (Perkin-Elmer Life Sciences,
Boston, MA) and were exposed on Kodak X-
Omat blue film (EastmanKodakCo., Rochester,
NY). Because p300 levels were determined by
Western blotting of cell lysate aliquots that had
been immunoprecipitated for p300 (rather than
regular Western blotting of cell lysate total
proteins), controls for equal loading of each lane
could not be performed (and is typically not
performed when immunoprecipitation has to
be used for detection of the protein). Because
only immunoprecipitated protein was added to
each lane, no other proteins could be reliably
detected on the gels. Aliquots from control and
dexamethasone-treated myotube lysates con-
taining identical amounts of total protein (as
measured) were used for the immunoprecipita-
tion. It was important to confirm that these
aliquots were equivalent. To achieve that, we
performed Western blotting of aliquots from
control and dexamethasone-treated cell lysates
used for p300 immunoprecipitation. For this
Western blotting, an anti-a-tubulin antibody
was used. This control, then, provided evidence
that equal amounts of a-tubulin were present
when a fixed amount of total protein (as
measured) was sampled from the cell lysate for
p300 immunoprecipitation. The controls also
tested whether the changes in p300 levels were
specific.

Co-Immunoprecipitation

Co-immunoprecipitation was used to detect
protein–protein interaction between p300 and
C/EBPb and d. Immunoprecipitation of p300 in

whole cell extracts was performed as des-
cribed above using the N-15 anti-p300 anti-
body. Proteins in the immunoprecipitate
were separated on 10% Ready Gels (Bio-Rad
Laboratories) and after transfer to Immobilon
PVDF Transfer Membranes (Millipore Corp.),
C/EBPb and d were detected by Western blot-
ting using a mouse anti-human C/EBPb and a
rabbit anti-rat C/EBPd antibody (Santa Cruz
Biotechnology) as primary antibodies and goat
anti-mouse and anti-rabbit IgG antibodies
(Promega) as secondary antibodies. Thus, in
this experiment, Western blotting detected C/
EBPb and d that was bound to p300.

Real-Time PCR

p300 mRNA levels were determined by real-
time PCR performed as described in detail
recently [Okuno et al., 2002]. Total RNA was
extracted by the acid-guanidinium thiocyanate–
phenol–chloroform method [Chomczynski and
Sacchi, 1987] using Tri Reagent (MRC, Inc.,
Cincinnati, OH). Multiplex RT-PCR for quanti-
tation of rat p300 expression with amplification
of 18S RNA as endogenous control, TaqMan
analysis, and subsequent calculationswere per-
formed with an ABI Prism1 7700 Sequence
Detection System (Perkin-Elmer, Foster City,
CA). This system detects the increase in fluor-
escent signal released from an internal fluoro-
genic probe as the PCR proceeds. For each
sample, 100 ng of total RNA was subjected to
real-time PCR according to the protocol pro-
vided by the manufacturer of the TaqMan One
Step PCR Master Mix Reagents Kit (Part
#4309169, ABI, Foster City, CA) The sequences
of the forward, reverse, and double-labeled
oligonucleotides were as follows, respectively:
50-GCCAAACATGCAGTACCCAA-30, 50-CCC-
TGCTGTAGTGGCTCAGTC-30 , and FAM-
AGGCATGGGCAATGCTGGCAGTT-TAMRA.
Amplification of 18S RNA was performed in the
same reaction tubes as an internal standard
with an alternatively labeled probe (VIC label-
ed probe) to distinguish its product from that
derived from p300 RNA. Experiments were per-
formed in triplicate for each standard and L6
cell sample. The p300 level in control myotubes
was arbitrarily set to 1.0 and the levels in dexa-
methasone-treatedmyotubeswere expressed as
fold increase. The p300 mRNA levels were
normalized to 18S mRNA. In addition, mRNA
levels for GAPDH were determined to test for
the specificity of changes in p300 mRNA levels.
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Statistics

Results are given as means�SD. Experi-
ments were repeated at least three times to
provide evidence of reproducibility.

RESULTS

In previous studies, we found that treatment
of cultured L6 myotubes with dexamethasone
resulted in increased ubiquitin-proteasome-
dependent protein degradation with a maximal
effect seen after treatment with 1 mM dexa-
methasone for 6 h [Wang et al., 1998]. Here,
we found that the same treatment resulted in
increased cellular levels of p300 (Fig. 1).
Because in initial experiments, identical re-
sults with regards to the effect of dexametha-
sonewere observedwhen p300was examined in
whole cell lysates or nuclear fractions (data not
shown), we used whole cell lysates in subse-
quent experiments. Further analysis of the
effect of dexamethasone onmyotube p300 levels
revealed that the changes in p300 levels were
time- and dose-dependentwith amaximal effect
seen after 8–16 h in cells treated with 0.5–1 mM
dexamethasone (Figs. 2 and 3). The myotubes
were sensitive to the effects of dexamethasone
with an increase in p300 levels seen in cells
treatedwith 0.05 mMdexamethasone.When the
myotubes were treated with 1 mM dexametha-
sone, p300 levels were increased already after
2 h. Thus, p300 levels were upregulated earlier
and at lower dexamethasone concentrations
than we observed previously for protein break-
down rates in dexamethasone-treated L6 myo-
tubes [Wang et al., 1998]. Because in the
present study, we wanted to examine the effect
of dexamethasone on p300 levels in amodel that
reflected the increase noticed previously in

protein degradation [Wang et al., 1998], inmost
subsequent experiments in the present study,
myotubes were treated with 1 mM for 8 h.

Increased myotube levels of p300 may reflect
inhibited degradation or upregulated synthesis

Fig. 1. p300 levels in cultured L6 myotubes treated for 6 h with
1 mM dexamethasone (Dex). Untreated L6 myotubes served as
controls (ctr). p300 levels were determined by immunoprecipita-
tion as described in Materials and Methods. Almost identical
results were observed in three repeated experiments. a-Tubulin
levels were determined by Western blotting of cell lysates from
control and Dex-treated myotubes using identical aliquots that
were used for immunoprecipitation of p300.

Fig. 2. p300 levels in cultured L6 myotubes treated for different
periods of time with 1 mM Dex. A representative immunoblot is
shown in the upper panel. a-Tubulin levels were determined by
Western blotting of cell lysates from control and Dex-treated
myotubes using identical aliquots that were used for immuno-
precipitation of p300. Quantification of multiple p300 immuno-
blots by densitometry is shown in the lowerpanel in which results
are given as means� SD with n¼ 3 for each time point.

Fig. 3. p300 levels in L6 myotubes treated with different
concentrations of Dex for 8 h. A representative immunoblot is
shown in the upper panel. a-Tubulin levels were determined by
Western blotting of cell lysates from control and Dex-treated
myotubes using identical aliquots that were used for immuno-
precipitation of p300. Quantification by densitometry of p300
immunoblots is shown in the lower panel. Results are means�
SD with n¼3 for each data point.
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of the protein or a combination of these changes.
In order to test whether dexamethasone influ-
enced the stability of p300, myotubes were first
treated with 1 mM dexamethasone for 2 h (in
order to increase p300 levels) whereafter the
cells were washed and incubated for an addi-
tional 24 h in a medium containing 10 mg/ml of
the protein synthesis inhibitor cycloheximide in
the absence or presence of 1mMdexamethasone.
Results from that experiment showed that
the decline in p300 levels was not affected by
dexamethasone, suggesting that dexametha-
sone did not influence the degradation of p300
(Fig. 4).

In order to test the role of protein synthesis in
dexamethasone-induced increase in myotube
p300 levels, cells were treated with 1 mM
dexamethasone in the absence or presence of
10mg/ml of cycloheximide.Cycloheximide inhib-
ited the increase in p300 levels observed after
treatmentwith dexamethasone suggesting that
the increased p300 levels reflected increased
synthesis of the protein (Fig. 5). In the same
experiment, actinomycin D completely abolish-
ed the dexamethasone-induced expression of
p300, suggesting that the increased p300 pro-
duction was regulated at the transcriptional
level. The potential role of transcriptional up-
regulation was further supported by increased
p300 mRNA levels in the dexamethasone-
treatedmyotubes (Fig. 6) although this increase

was relatively modest (approximately 1.5-fold).
The mRNA levels shown in Figure 6 were
normalized to 18S mRNA. In additional ex-
periments, we found that GAPDHmRNA levels
(also normalized to 18S mRNA) were not af-
fected by dexamethasone treatment (data not
shown), suggesting that the increase in p300
mRNA levels did not reflect a generalized,
nonspecific increase in gene expression. The
more pronounced increase in p300 protein than
mRNA levels (compare Figs. 2 and 6) suggests
that p300 protein expression was influenced by
both transcriptional and post-transcriptional
regulation, possibly increased translational
efficiency.

In some [Polesskaya et al., 2001], but not all
[Puri et al., 1997], previous studies, p300 was
differentially regulated in myoblasts and myo-
tubes. It is notknown if the regulationof p300by
glucocorticoids is different inmyoblasts and dif-
ferentiated myotubes. We, therefore, compared

Fig. 4. p300 levels in L6 myotubes that had first been treated
with Dex for 2 h in order to increase p300 levels and that were
then incubated up to 24 h in the presence of 10 mg/ml of
cycloheximide. Myotubes were incubated in the absence (open
circle) or presence (filled circles) of 1 mM Dex. p300 levels were
quantified by densitometry. Results are means� SD with n¼ 3
for each data point.

Fig. 5. p300 levels in L6 myotubes treated for 8 h with 1mM Dex
in the absence or presence of 10 mg/ml of cycloheximide (Chx) or
5 mM actinomycin-D (Act D). Similar results were observed in
three repeated experiments.

Fig. 6. p300 mRNA levels determined by real-time PCR in L6
myotubes treated for 2 or 4 h with 1 mM Dex in the absence
(filled bars) or presence (open bars) of 10mg/ml of cycloheximide.
Results are given as fold increase compared to mRNA levels in
untreated myotubes. Results are means� SD with n¼ 3 for each
group.
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the effect of dexamethasone on p300 levels in
undifferentiated myocytes and myotubes and
found that the glucocorticoid-induced expres-
sion of p300 was independent of myocyte
differentiation (Fig. 7A).
p300 is closely related to another nuclear

cofactor, the CREB-binding protein CBP
[Shikami et al., 1997]. In fact, because of the
similarities, these proteins are frequently re-
ferred to as p300/CBP. They are commonly, but
not always, expressed in the same cell and
regulated by various treatments in a parallel
fashion. We next tested whether CBP was ex-
pressed in L6 myotubes and regulated by
dexamethasone. We could not detect CBP in
untreated or dexamethasone-treated myotubes
(Fig. 7B). To make certain that this finding did
not reflect a defective CBP antibody, the same
antibody was used in human kidney epithelial
293T cells transfected with a CMV-HA-CBP ex-
pression plasmid (kindly provided by Dr. Hong
Wang, Department of Cardiology, Beth Israel
Deaconess Medical Center, Harvard Medical
School). In this experiment, Western blotting
yielded a strong signal at the expected molec-
ular weight for CBP (Fig. 7B). Taken together,
these results suggest that CBP is not expressed
at the protein level in normal or dexametha-
sone-treated L6 myotubes.

In order to further characterize the regula-
tion of p300 expression by dexamethasone, we
tested whether cycloheximide would influ-
ence the dexamethasone-induced increase in
p300 mRNA levels. Results from that experi-
ment showed that cycloheximide did not pre-
vent the increase in p300 mRNA levels seen in
dexamethasone-treated myotubes (Fig. 6). This
observation suggests that glucocorticoids reg-
ulate the p300 gene through a primarymechan-
ism [Falkenstein et al., 2000].

Although most effects of glucocorticoids are
secondary to activation of theGR, recent studies
suggest that glucocorticoids may induce some
metabolic changes independent of GR binding
[Chen and Qiu, 1999; Falkenstein et al., 2000;
Qiu et al., 2001]. In order to test the role of
GRbinding indexamethasone-induced increase
in p300 levels, we examined the influence of
RU38486 on p300 levels in dexamethasone-
treated myotubes. Surprisingly, RU38486, at
a ten molar excess of dexamethasone, did not
prevent the dexamethasone-induced increase
in p300 levels (Fig. 8). In the same experiment,
RU38486 exhibited agonist activity and by itself
induced increased p300 levels.

One important mechanism by which nuclear
cofactors regulate gene transcription is protein–
protein interaction with various transcription
factors. Recent studies from our laboratory
suggest that the transcription factors C/EBPb
and d are activated in atrophyingmuscle during
sepsis and that this effect of sepsis may at least
in part be regulated by glucocorticoids [Penner
et al., 2002]. It is not known if glucocorti-
coids increase the interaction between p300
and C/EBPb or d in skeletal muscle. We, there-
fore, next used co-immunoprecipitation to test
whether treatment of myotubes with dexa-
methasone resulted in protein–protein interac-
tion between p300 and the b and d isoforms of
theC/EBP family.Results from that experiment
provided evidence that dexamethasone resulted

Fig. 7. A: p300 levels in L6 myoblasts and myotubes treated for
8 h with 1 mM dexamaethasone (dex). Control myotubes (ctr)
were cultured in the absence of Dex. B: CBP levels in myotubes
cultured for 8 h in the absence (ctr) or presence of 1 mM Dex.
The third lane represents CBP levels in 293T cells transfected
with a CMV-HA-CBP expression plasmid. Similar results were
observed in three repeated experiments. a-Tubulin levels were
determined by Western blotting of cell lysates from control and
Dex-treated cells using identical aliquots that were used for
immunoprecipitation of p300.

Fig. 8. p300 levels in L6 myotubes treated for 8 h with 1mM Dex
and/or 10 mM RU38486 as indicated below the blot. Identical
results were observed in three repeated experiments.
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in protein–protein interaction between p300
and C/EBPb (Fig. 9A). In contrast, there was
no evidence of protein–protein interaction
betweenp300andC/EBPd. In additional experi-
ments, treatment of myotubes with dexametha-
sone resulted in a pronounced increase in both
C/EBPb and d protein levels determined by
Western blotting and using the same antibodies
as used in the co-immunoprecipitation experi-
ments (Fig. 9B). Thus, the lack of evidence for
interaction between p300 and C/EBPd noticed
heredidnot reflect adefectiveC/EBPdantibody.

DISCUSSION

In the present study, treatment of cultured
L6 myotubes with dexamethasone resulted in
upregulated p300mRNA and protein levels and
increased protein–protein interaction between
p300 and C/EBPb. Because in other studies,
glucocorticoids increasedmuscle protein break-
down [Hall-Angerås et al., 1991; Tiao et al.,
1996; Hasselgren, 1999], activated the tran-
scription factor C/EBPb [Penner et al., 2002],
andupregulated the expression of various genes
in the ubiquitin-proteasome proteolytic path-
way [Wang et al., 1998; Du et al., 2000; Fischer

et al., 2000; Gomes et al., 2001], it is possible
that increased expression and activity of p300
plays a role in glucocorticoid-regulated muscle
wasting. Further studies are needed, however,
to more definitively test the potential link be-
tween increased p300 expression and activity
and protein degradation in dexamethasone-
treated myotubes.

To our knowledge, the present study is the
first report of glucocorticoid-induced upregula-
tion of p300 expression in skeletalmuscle or any
other cell type. In other studies, evidence was
found that increased p300 levels can regulate
glucocorticoid-induced gene transcription. For
example, in a recent report by Li et al. [2002],
dexamethasone-induced transcription of the
mouse mammary tumor virus (MMTV) gene
was potentiated several-fold in cells in which
the p300 levels were increased by transfection
with a p300 expression plasmid. Although, the
influence of glucocorticoids on p300 expression
was not specifically studied by Li et al. [2002],
results in some of their experiments suggested
that p300 levels were not altered by treatment
of HeLa cells for up to 20 h with 0.1 mM
dexamethasone, a concentration of dexametha-
sone that increased p300 levels substantially in
L6 myotubes in the present study. Thus, it is
possible that the regulation of p300 expression
by glucocorticoids is cell specific.

p300 can influence gene transcription through
multiple mechanisms, including histone acetyl
transferase (HAT) activity and interaction with
various transcription factors. Interestingly,
when HeLa cells were treated with dexametha-
sone, increased MMTV gene transcription was
the result of p300-GR association during the
first 2–4 h of treatment but reflected increased
HAT activity after more prolonged dexametha-
sone treatment [Li et al., 2002]. It is not known
from the present study if gene transcriptionwas
influenced by the increased p300 levels in the
dexamethasone-treated myotubes. We found,
however, that the interaction with at least one
transcription factor that has been found to be
associatedwith increased expression of genes in
the ubiquitin-proteasome proteolytic pathway,
C/EBPb, was increased in myotubes expressing
high levels of p300.

Results in the present study suggest that
dexamethasone-induced increase in myotube
p300 levels reflected increased synthesis,
rather than reduced degradation, of the protein.
Recent studies suggest that changes in p300

Fig. 9. A: Interaction between p300 and C/EBPb or d in un-
treated (ctr) L6 myotubes and in L6 myotubes that were treated for
8 h with 1 mM Dex. The protein–protein interaction between
p300 and C/EBPb or d was detected by co-immunoprecipitation
using an anti-p300 antibody for pull down and an anti-C/EBPb or
d antibody for Western blotting as described in Materials and
Methods. Neg, negative control in which non-specific IgG was
used instead of anti-p300 antibody. Pos, positive control in
which cell lysate extract (25mg protein) from L6 myotubes treated
with 1 mM Dex for 8 h was added to the gel.B: Western blotting of
cell lysates from control myotubes (ctr) and myotubes treated
with 1 mM Dex for 8 h.
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degradation may be important for the regula-
tion of p300 levels in other conditions. For
example, treatment of cultured cardiomyo-
cytes with doxorubicin or of HeLa cells with
sodium butyrate reduced cellular p300 levels by
activating proteasome-dependent degradation
of the protein without altering p300 synthesis
[Poizat et al., 2000]. Interestingly, proteasome-
dependent degradation regulated p300 levels
in sodium butyrate-treated HeLa cells with-
out influencing basal p300 levels in the same
cells [Li et al., 2002]. Thus, the role of altered
synthesis versus degradation for changes in
p300 levels may vary with cell type and
treatment.
One important function of nuclear cofactors is

to influence gene transcription by binding to
various transcription factors. C/EBPwas added
only recently to the growing list of transcription
factors with which p300 interacts [Mink et al.,
1997; Schwartz et al., 2003]. Results in the
present study suggest that p300 interacts
selectively with individual C/EBP isoforms in
dexamethasone-treated myotubes. In contrast,
p300 interacted with several members of the
C/EBP family of transcription factors, includ-
ing C/EBPa, b, and d, in cultured QT6 cells
[Schwartz et al., 2003]. Although, the mechan-
isms bywhich the interaction between p300 and
transcription factors influence gene transcrip-
tion are not fully understood at present, there is
evidence that phosphorylation and acetylation
of transcription factors induced by p300 binding
may be involved [Shikami et al., 1997]. Inter-
estingly, results in a recent study showed that
the recruitment of p300 by C/EBPb induced a
substantial phosphorylation and activation of
the cofactor [Schwartz et al., 2003]. Thus, the
protein–protein interaction between p300 and
C/EBPb, and probably other transcription fac-
tors as well, results in complex changes of both
the cofactor and transcription factor that may
be important for the regulation of gene tran-
scription.
An interesting observation in the present

study was that the dexamethasone-induced ex-
pression of p300 was not inhibited by RU38486.
Although most effects of glucocorticoids are
typically the result of binding to and activation
of the GR, there is recent evidence that gluco-
corticoids can also influence cell biology by GR-
independent mechanisms [Chen and Qiu, 1999;
Qiu et al., 2001]. Results from experiments in
other cell types suggest that GR-independent

responses to glucocorticoid treatment may at
least in part be mediated by membrane-asso-
ciated receptors, activating different intracel-
lular signaling pathways [Guo et al., 1995;
Lackner et al., 1998].

In addition to being unable to prevent the
effect of dexamethasone on p300 levels,
RU38486 had an agonist effect on myotube
p300 levels. A similar correlation between in-
ability to block glucocorticoid-induced meta-
bolic changes and an agonist effect of RU38486
was reported in other cell types as well andmay
reflect the involvement of various signaling
pathways and co-activators/repressors in gluco-
corticoid agonist activity [Beck et al., 1993; Liu
et al., 2002; Schulz et al., 2002; Zhang et al.,
2003]. In recent experiments, we found that
dexamethasone-induced upregulation of C/
EBPb expression in L6 myotubes was not
blocked by RU38486 whereas the drug effec-
tively inhibited the expression of C/EBPd
(unpublished observations). Whether that ob-
servation is related to the present finding that
dexamethasone resulted in interaction between
p300 and C/EBPb but not C/EBPd remains to be
determined.

Although, the present study is the first report
of glucocorticoid-induced regulation of p300
expression in muscle cells, several previous
reports provided evidence that p300 is ex-
pressed in skeletal muscle [Yuan et al.,
1996; Puri et al., 1997; McKinsey et al., 2001;
Polesskaya et al., 2001]. In those studies, p300
was found to interact with multiple muscle-
specific transcription factors, including MyoD
[Yuan et al., 1996; Puri et al., 1997], and to play
an important role in muscle differentiation
[McKinsey et al., 2001; Polesskaya et al.,
2001]. In previous studies, both p300 and the
closely related protein CBPwere expressed and
playedalmost identical roleswith regards to cell
differentiation in cultured C2C12 cells, amouse
skeletal muscle cell line [Polesskaya et al.,
2001]. Surprisingly, CBP protein was not ex-
pressed in untreated or dexamethasone-treated
L6 myotubes in the present study. The reason
for this finding is unclear but may be related to
different expression of CBP in mouse and rat
muscle.

In summary, the present study reports for the
first time that dexamethasone upregulates the
expression of p300 and its interaction with C/
EBPb in cultured muscle cells. It will be impor-
tant in future studies to determine whether
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these changes are involved in glucocorticoid-
induced gene transcription andmusclewasting.
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Hall-Angerås M, Angerås U, Zamir O, Hasselgren PO,
Fischer JE. 1991. Effect of the glucocorticoid receptor
antagonist RU 38486 on muscle protein breakdown in
sepsis. Surgery 109:468–473.

Hasselgren PO. 1999. Glucocorticoids and muscle catabo-
lism. Curr Opin Clin Nutr Metab Care 2:201–205.

Hasselgren PO, Fischer JE. 2001. Muscle cachexia:
Current concepts of intracellular mechanisms and
molecular regulation. Ann Surg 233:9–17.

Janknecht R, Hunter T. 1996a. Versatile molecular glue.
Transcriptional control. Curr Biol 6:951–954.

Janknecht R, Hunter T. 1996b. Transcription: A growing
coactivator network. Nature 383:22–23.

Lackner C, Daufeldt S, Wildt L, Allera A. 1998. Glucocorti-
coid-recognizing and -effector sites in rat liver plasma
membrane. Kinetics of corticosterone uptake by isolated
membrane vesicles. III. Specificity and stereospecificity.
J Steroid Biochem Mol Biol 64:69–82.

Li Q, Su A, Chen J, Lefebvre YA, Hache RJ. 2002.
Attenuation of glucocorticoid signaling through targeted
degradation of p300 via the 26S proteasome pathway.
Mol Endocrinol 16:2819–2827.

Liu Z, Auboeuf D, Wong J, Chen JD, Tsai SY, Tsai MJ,
O’Malley BW. 2002. Coactivator/corepressor ratios mod-
ulate PR-mediated transcription by the selective receptor
modulator RU486. Proc Natl Acad Sci USA 99:7940–
7944.

Luo G, Hershko DD, Robb BW, Wray CJ, Hasselgren PO.
2003. IL-1b stimulates IL-6 production in cultured
skeletal muscle cells through activation of MAP kinase
signaling pathway and NF-kB. Am J Physiol 284:R1249–
R1254.

McKinsey TA, Zhang CL, Olson EN. 2001. Control of
muscle development by dueling HATs and HDACs. Curr
Opin Genet Dev 11:497–504.

Mink S, Haenig B, Klempnauer KH. 1997. Interaction and
functional collaboration of p300 and C/EBPb. Mol Cell
Biol 17:6609–6617.

Mitch WE, Goldberg AL. 1996. Mechanisms of muscle
wasting. The role of the ubiquitin-proteasome pathway.
N Engl J Med 335:1897–1905.

Okuno Y, Huettner CS, Radomska HS, Petkova V,
Iwasaki H, Akashi K, Tenen DG. 2002. Distal elements
are critical for human CD34 expression in vivo. Blood
100:4420–4426.

Penner CG, Gang G, Wray C, Fischer JE, Hasselgren PO.
2001. The transcription factors NF-kB and AP-1 are
differentially regulated in skeletal muscle during sepsis.
Biochem Biophys Res Commun 281:1331–1336.

Penner G, Gang G, Sun X, Wray C, Hasselgren PO. 2002.
C/EBP DNA binding activity is upregulated by a
glucocorticoid-dependent mechanism in septic muscle.
Am J Physiol 282:R439–R444.

Poizat C, Sartorelli V, Chung G, Kloner RA, Kedes L.
2000. Proteasome-mediated degradation of the coactiva-
tor p300 impairs cardiac transcription. Mol Cell Biol 20:
8643–8654.

Polesskaya A, Naguibneva I, Fritsch L, Duquet A, Ait-
Si-Ali S, Robin P, Vervisch A, Pritchard LL, Cole P,
Harel-Bellan A. 2001. CBP/p300 and muscle differentia-
tion: No HAT, no muscle. EMBO J 20:6816–6825.

Price SR. 2003. Increased transcription of ubiquitin-
proteasome system components: Molecular responses
associated with muscle atrophy. Int J Biochem Cell Biol
35:617–628.

Puri PL, Avantaggiati ML, Balsano C, Sang N,
Graessmann A, Giordano A, Levrero M. 1997. p300 is
required for MyoD-dependent cell cycle arrest and
muscle-specific gene transcription. EMBO J 16:369–383.

Qiu J, Wang P, Jing Q, Zhang W, Li X, Zhong Y, Sun G,
Pei G, Chen Y. 2001. Rapid activation of ERK1/2
mitogen-activated protein kinase by corticosterone in
PC12 cells. Biochem Biophys Res Commun 287:1017–
1024.

Schulz M, Eggert M, Baniahmad A, Dostert A, Heinzel T,
Renkawitz R. 2002. RU486-induced glucocorticoid re-
ceptor agonism is controlled by the receptor N terminus
and by corepressor binding. J Biol Chem 277:26238–
26243.

Schwartz C, Beck K, Mink S, Schmolke M, Budde B,
Wenning D, Klempnauer KH. 2003. Recruitment of p300
by C/EBPb triggers phosphorylation of p300 and mod-
ulates coactivator activity. EMBO J 22:882–892.

Shikami N, Lyon J, LaThangue NB. 1997. The p300/CBP
family: Integrating signals with transcription factors and
chromatin. Trends Cell Biol 7:230–236.

1066 Yang et al.



Tiao G, Fagan J, Roegner V, Lieberman M, Wang JJ,
Fischer JE, Hasselgren PO. 1996. Energy-ubiquitin-
dependent muscle proteolysis during sepsis in rats is
regulated by glucocorticoids. J Clin Invest 97:339–348.

Vanden Berghe W, De Bosscher K, Boone E, Plaisance S,
Haegeman G. 1999. The nuclear factor-kappaB engages
CBP/p300 and histone acetyltransferase activity for
transcriptional activation of the interleukin-6 gene pro-
moter. J Biol Chem 274:32091–32098.

Wang L, Luo GJ, Wang JJ, Hasselgren PO. 1998.
Dexamethasone stimulates proteasome- and calcium-

dependent proteolysis in cultured L6 myotubes. Shock
10:298–306.

Yuan W, Condorelli G, Caruso M, Felsani A, Giordano A.
1996. Human p300 protein is a coactivator for the
transcription factor MyoD. J Biol Chem 271:9009–
9013.

Zhang X, Krishnamoorthy RR, Prasanna G, Narayan S,
Clark A, Yorio T. 2003. Dexamethasone regulates
endothelin-1 and endothelin receptors in human non-
pigmented ciliary epithelial (HNPE) cells. Exp Eye Res
76:261–272.

p300 in Skeletal Muscle 1067


