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ABSTRACT Histone acetylation is thought to have a role
in transcription. To gain insight into the role of histone
acetylation in retinoid-dependent transcription, we studied
the effects of trichostatin A (TSA), a specific inhibitor of
histone deacetylase, on P19 embryonal carcinoma cells. We
show that coaddition of TSA and retinoic acid (RA) markedly
enhances neuronal differentiation in these cells, although TSA
alone does not induce differentiation but causes extensive
apoptosis. Consistent with the cooperative effect of TSA and
RA, coaddition of the two agents synergistically enhanced
transcription from stably integrated RA-responsive promot-
ers. The transcriptional synergy by TSA and RA required the
RA-responsive element and a functional retinoid X receptor
(RXR)yretinoic acid receptor (RAR) heterodimer, both oblig-
atory for RA-dependent transcription. Furthermore, TSA led
to promoter activation by an RXR-selective ligand that was
otherwise inactive in transcription. In addition, TSA en-
hanced transcription from a minimum basal promoter, inde-
pendently of the RA-responsive element. Finally, we show that
TSA alone or in combination with RA increases in vivo
endonuclease sensitivity within the RA-responsive promoter,
suggesting that TSA treatment might alter a local chromatin
environment to enhance RXRyRAR heterodimer action. Thus,
these results indicate that histone acetylation inf luences ac-
tivity of the heterodimer, which is in line with the observed
interaction between the RXRyRAR heterodimer and a histone
acetylase presented elsewhere.

Acetylation of the amino termini of core histones has been
linked to formation of transcriptionally competent chromatin
(for reviews, see refs. 1 and 2). At present the mechanism by
which histone acetylation contributes to transcriptional acti-
vation of a specific gene is not fully understood. However,
available evidence suggests that histone acetylation has a role
in facilitating the activity of sequence-specific transcription
factors, because histone acetylation is reported to alter nu-
cleosomal templates and modulate binding of transcription
factors in vitro (refs. 3–5; for reviews, see refs. 6 and 7). Histone
deacetylase inhibitors such as sodium butyrate, trapoxin, and
trichostatin A (TSA) increase acetylated histones in many cell
types (for review, see ref. 8). Unlike sodium butyrate that
elicits pleiotropic effects, TSA is thought to specifically inhibit
histone deacetylase activity (9). For this reason, TSA has been
used as a tool to study the consequences of histone acetylation
in vivo (2, 8, 10).

Retinoid receptors, retinoic acid receptor (RAR) and ret-
inoid X receptor (RXR), are members of the nuclear hormone
receptor superfamily. These receptors bind to the retinoic
acid-responsive element (RARE) as RXRyRAR heterodimer

and regulate retinoic acid (RA)-dependent gene expression
(for reviews, see refs. 11–13). Although heterodimer binding to
the RARE does not require ligand in vitro, ligand is required
for heterodimer occupancy of the RARE in vivo in some
promoters (14, 15). These and our recent observations that RA
increases in vivo endonuclease sensitivity in an RA-responsive
promoter (41) suggest that transcription by liganded het-
erodimer occurs in conjunction with an alteration of chroma-
tin. The recent findings that coactivators and corepressors of
nuclear hormone receptors are complexed with histone acety-
lases and deacetylases (16–21) may suggest that ligand-induced
chromatin alterations are in some way affected by histone
acetylation. The activity of other nuclear hormone receptors
may also be affected by histone acetylation, because sodium
butyrate and TSA are reported to affect transcription medi-
ated by steroid and thyroid hormones (22, 23).

This work was undertaken based on our initial observation
that TSA potentiates RA-induced neuronal differentiation in
P19 cells. We found that TSA markedly potentiates RA-
dependent transcription from a stably integrated promoter in
these cells. This transcriptional potentiation was in part at-
tributed to the activity of RXRyRAR heterodimers. Results of
endonuclease sensitivity assays indicate that TSA leads to an
alteration of local chromatin structure that favors heterodimer
binding to the RARE.

MATERIALS AND METHODS

TSA and Retinoids. TSA was obtained from Wako Bio-
chemicals (Osaka) and dissolved in ethanol. All-trans-RA was
obtained from Sigma. The RXR-selective ligand SR11237 (24,
25) synthesized at Hoffmann–La Roche was provided by A.
Levin.

Transfections and Luciferase Assays. RA-responsive lucif-
erase reporter genes have been described (25). Transfection of
P19 cells was performed by lipofection using the Lipo-
fectamine reagent (GIBCOyBRL) (25). To construct P19 cells
with stably integrated luciferase reporter genes, parental cells
were cotransfected with the reporter and the pSV-neo con-
struct in a 10:1 molar ratio (typically using 4.5 mg of the
reporter and 0.5 mg of the neo marker in a 60-mm dish) and
selected with G418 (250 mgyml; GIBCOyBRL) for 10–15 days
(26). Clones were isolated and propagated as described (27).
In some experiments 100–1,000 colonies of G418-resistant
cells were pooled and used for analysis. To obtain P19 cells
expressing the dominant negative RXRb DNA binding do-
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main (DBD2) (26) and a luciferase reporter, cells were
cotransfected with the luciferase reporter and pcxn2-RXRb
DBD2 or the control pcxn2 vector and RARb2s(GL3)-Luc in
a 1:10 ratio (26) and pooled transfectants were obtained as
above. Luciferase activities were normalized by protein con-
centrations as described (26).

Analysis of Acetylated Histones. This procedure was as
described (18, 28). Briefly, nuclear preparations from P19 cells
treated with TSA or RA were extracted with acid. The
extracted proteins were resolved on a Tritonyacid urea poly-
acrylamide gel and stained by Coomassie blue.

Endonuclease Sensitivity Assay. Nuclear preparations (20
mg of DNA equivalent) from P19 cells were digested with SmaI
(240 units) or HincII (100 units, both from Promega) at 37°C
for 30 min in digestion buffer (10 mM TriszHCl, pH 7.4y15 mM
NaCly60 mM KCly0.1 mM EDTAy5 mM MgCl2y5% glycer-
oly1 mM DTT). DNA was purified, digested with appropriate
enzymes, and resolved on a 2.2% agarose gel. Filters were
hybridized to 32P-labeled probes indicated in each experiment.
The conditions for digestion and hybridization had been
optimized before experiments, which are presented elsewhere
(41).

Neuronal Differentiation and Cell Cycle Analysis. These
assays were performed as described (27).

Apoptosis. DNA fragmentation was monitored by terminal
deoxynucleotidyl transferase-mediated dUTP nick end label-
ing (TUNEL) assay as described (29). Briefly, P19 cells treated
with TSA or RA were fixed in 1% formaldehyde in PBS. Cells
were incubated with biotinylated dUTP, dNTPs, and terminal
deoxynucleotidyl transferase and then stained with fluorescein
isothiocyanate-avidin (all from Boehringer Mannheim). In-
corporation of dUTP by single cells was monitored on a
FACScan flow cytometer with CELLQUEST data analysis soft-
ware (Beckton Dickinson).

RESULTS

TSA Increases Acetylated Histones in P19 Cells. To ascer-
tain whether TSA treatment leads to acetylation of core
histones in P19 cells, acid-extractable proteins were analyzed
on a Tritonyacid urea gel (Fig. 1C). As noted before (18, 28),
histone 4 (H4) exhibited the best resolution among other
histones. Before TSA treatment, H4 were primarily in the
unacetylated or mono-ydiacetylated form (lanes 1 and 5). Four
hours of TSA treatment at both 10 ngyml (1) and 100 ngyml
(11) led to some increase in tri- and tetraacetylated forms.
After 20 h, tri- and tetraacetylated H4 were greatly increased,
with the unacetylated form of H4 almost undetactable. Addi-
tion of RA itself did not alter the acetylation pattern or affect

FIG. 1. Biological effect of TSA. (A) Apoptosis. P19 cells were treated with TSA at 10 ngyml (1), 100 ngyml (11), or RA (1 mM) for 8 or
20 h and the percent of apoptotic cells was determined by TUNEL assay. (Inset) A flow cytometry profile of DNA fragmentation after 20 h of
TSA treatment (100 ngyml) (thin line) compared with untreated cells (thick line). (B) Neuronal differentiation. Cells were treated with solvent
alone, TSA at 5 ngyml, RA (1 mM), or RA (1 mM) and TSA (5 ngyml) for 48 h, followed by a further 48-h incubation without treatment.
Neurofilaments were detected by immunohistochemical staining. (C) Histone acetylation patterns after TSA treatment. Cells were treated with
TSA [10 ngyml (1) or 100 ngyml (11)] with or without RA (1 mM) for indicated time, and acid-extractable proteins were resolved in an acid
urea gel. Positions of core histones are shown on the right. The number on the left indicates the degree of histone H4 acetylation.
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the changes caused by TSA. Thus, TSA treatment increases
global levels of histone acetylation in P19 cells with complex
kinetics.

Effects of TSA on RA-Induced Neuronal Differentiation and
Apoptosis. Retinoids not only stimulate neuronal differentia-
tion but also inhibit cell growth and cause apoptosis in EC cells
(27). To assess biological role of histone acetylation, we first
investigated whether TSA affects apoptosis and differentiation
in P19 cells. Results of TUNEL assays in Fig. 1A show that
TSA treatment causes DNA fragmentation in a large fraction
of P19 cells. After 24 h of TSA treatment, DNA fragmentation
occurred in more than 50% of P19 cells. DNA fragmentation
was observed reproducibly with a wide range of TSA concen-
trations (10–500 ngyml), peaking at 20–24 h after treatment.
Although RA also caused DNA fragmentation, the extent was
much less than that by TSA. These results suggest that in-
creased histone acetylation leads to rapid and extensive apo-
ptosis in P19 cells. Interestingly, coaddition of RA and TSA
significantly reduced the percentage of apoptotic cells (Fig.
1A, compare lanes 10 and 11 to lanes 8 and 9), suggesting that
the cell death pathway induced by TSA may be distinct from
that by RA. Although TSA caused apoptosis in other cells such
as NIH 3T3 cells and U2OS cells, it was much less extensive
than in P19 cells (data not shown).

In Fig. 1B, the effect of TSA on neuronal differentiation was
investigated by immunocytochemical detection of neurofila-
ments and by morphological inspection (27). Although a 48-h
treatment with RA alone led to differentiation of P19 cells
(Fig. 1B), as expected, TSA alone neither changed cell mor-

phology nor induced neurofilament expression. In these ex-
periments TSA was added at less than 10 ngyml to circumvent
extensive apoptosis. When cells were treated with both RA and
TSA, neuronal differentiation was markedly enhanced, as
evidenced by a large increase in neurofilament-positive cells,
many of which had longer and thicker neuronal processes than
those observed with RA treatment alone. We also examined
alterations of cell cycle profiles following TSA treatment.
Results of f low cytometry analysis are shown in Table 1. TSA
treatment increased the fraction of cells in G1 phase and
decreased those in S and G2 phases, similar to the changes
noted by RA (27). Addition of the two agents further increased
cells in G1 and decreased those in S and G2 phases. These
results indicate that TSA inhibits cell cycle progression in P19
cells (1, 2, 8).

TSA Potentiates Retinoid-Dependent Promoter Activity.
The enhanced differentiation of P19 cells observed by TSA
suggests the possibility that histone acetylation influences
retinoid-dependent transcription. We examined whether TSA
affects promoter activity of the RARb2 gene that had been
stably integrated into P19 cells (27). The RARb2 promoter
contains a canonical RARE and is strongly activated by RA
(14, 25, 30, 31). The promoter also contains a cAMP-like
responsive element and an auxiliary RARE (CRE and rare, in
Fig. 2). At an early stage (4 h after treatment), RA alone led
to 35-fold enhancement in promoter activity, but treatment
with TSA, alone or added with RA, caused no change in
reporter activity. However, 8 and 20 h after treatment, coad-
dition of RA and TSA led to dramatic synergy in reporter
activation, yielding a greater than 400-fold induction, but RA
alone gave less than 75-fold induction in reporter activity. TSA
alone also gave modest reporter activation (,35-fold) 8 and 20
h after treatment. Thus, TSA synergistically enhances RA-
dependent transcription in P19 cells, although its effect is
delayed relative to that of RA. The RA dose–response curve
was not altered by addition of TSA (data not shown), suggest-
ing that the synergy was not due to a change in ligand binding
of the heterodimer. Although less prominent, synergistic en-
hancement of promoter activity was observed with NIH 3T3
and U20S cells (data not shown).

TSA Treatment Renders an Inactive RXR Ligand Active in
Transcription. Ligands selective for RAR stimulate transcrip-

FIG. 2. Synergistic enhancement of RARb2 promoter activity by TSA and RA. (A) P19 cells stably transfected with the RARb2 promoter fused
to the luciferase gene (14, 25, 27) were treated with RA (1 mM) or TSA [10 ngyml (1) or 100 ngyml (11)] for indicated period of time and luciferase
activity was measured as described (25). (B) P19 cells were treated with RA (1 mM) or SR11237 (1 mM) and TSA as above for 20 h.

Table 1. Cell Cycle Analysis

Treatment

Phase

G1, % S, % G2yM, %

Solvent 30.8 48.3 20.5
RA (1 mM) 38.2 40.6 20.6
TSA (2 ngyml) 41.2 39.5 19.2
RA 1 TSA 44.5 38.6 16.4

P19 cells were treated with the indicated agents for 48 h and stained
with propidium iodide, and the percentage of cells in each stage of cell
cycle was analyzed on a FACScan as described (27). The data are the
average of three experiments.
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tion from promoters containing the RARE, but ligands for
RXR do not, as liganded RXR and RAR have distinct roles
(11–13, 15, 24, 25). RXR ligands, however, contribute to
promoter activation, when added with RAR ligands (15, 25).
We asked whether TSA treatment could change the transcrip-
tional property of RXR by testing an RXR-selective ligand,
SR11237, for reporter activation (Fig. 2B). Addition of this
ligand alone did not stimulate the promoter activity, as ex-
pected. However, coaddition of TSA and SR11237 led to an
almost 100-fold activation of promoter activity, much greater
than activation by TSA alone (20- to 30-fold). Thus, TSA
treatment enables a liganded RXR to activate transcription
without requiring the partner RAR to bind to ligand. These
results indicate that TSA treatment changes the way in which
the liganded heterodimer functions in vivo.

TSA Potentiates RA-Dependent Promoter Activity Through
the RARE. To investigate whether the transcriptional poten-
tiation by TSA was mediated through the RARE, we next
tested an artificial reporter in which the RARE was mutated
and no longer bound the heterodimer (25). In this promoter,
the RARE was connected to the basal promoter that had only
a TATA box and initiator (Fig. 3). As shown in Fig. 3A, the
control reporter with the intact RARE responded to both RA
and TSA added alone, and coaddition of the two agents led to
further enhancement in reporter activity. As expected, the
reporter with the mutated RARE was not activated by RA.
However, TSA alone enhanced activity of the mutated re-
porter, at levels higher than that by the control reporter, the
basis of which has not been studied. Nevertheless, coaddition
of the two agents failed to elicit synergistic transcription from
the mutant reporter. These results indicate that TSA enhances
transcription through the RARE as well as through the basal
promoter. In support of these results, the RARa antagonist
RO41–5253 (25) abrogated synergy by RA and TSA but did
not affect promoter activation by TSA alone (data not shown).

Potentiation of Promoter Activation by TSA Requires the
RXRyRAR Heterodimer. Results in Fig. 3A suggest a role for
the RXRyRAR heterodimer in synergistic transcription. We
tested whether TSA could enhance RA-dependent transcrip-
tion when heterodimers are nonfunctional. P19 cells were
stably transfected with a dominant negative RXRb DBD2
(26) along with the RA-responsive reporter used in Fig. 3A.
This dominant negative RXR lacks the DBD and RXRyRAR
heterodimers formed with this RXR are unable bind to the
RARE (26). We and others showed that such a dominant
negative receptor represses RA-responsive promoter activity
(26, 32). As shown in Fig. 3B, cells transfected with RXRb
DBD2 did not elicit synergistic transcription in response to
TSA and RA, although they elicited enhanced promoter
activation by TSA alone. In contrast, the expected synergy was
observed in control transfectants (pcxn-2 in Fig. 3B). As
previously noted (26), RXRb DBD2 proteins were expressed
in these cells as confirmed by immunoblot analysis, and
addition of RA did not enhance promoter activity in these cells
(data not shown). These results indicate that a functional
RXRyRAR heterodimer is required for synergistic activation
of the promoter by TSA and RA but not for transcription
through the basal promoter by TSA.

TSA Treatment Enhances Endonuclease Sensitivity in the
RARb Promoter in Vivo. In some steroid-responsive promot-
ers, addition of hormones leads to an alteration of chromatin
structure, which can be assessed by altered endonuclease
sensitivity in and around the promoter (32–34). We recently
showed that RA treatment of P19 cells causes an increase in
endonuclease sensitivity within the RARb2 promoter, which
closely correlated with the RA-induced in vivo footprint and
transcriptional activation of the promoter (41). Herein we
examined whether TSA treatment alters sensitivity to nuclease
digestion in the RARb2 promoter. SmaI was chosen, because
it cuts a site near the RARE (shaded in Fig. 4A) in the

promoter (boxed, positions 2142 to 114). Nuclei from P19
cells treated with TSA or RA were digested with SmaI in vivo,
DNA was purified, and digestion products were detected by
Southern blot hybridization using a 32P-labeled probe corre-
sponding to the RARb2 promoter. As shown in Fig. 4D, P19
cells treated with RA alone showed increased SmaI digestion
relative to untreated cells, as noted before (41). Furthermore,
cells treated with TSA alone (100 ngyml) also showed in-
creased SmaI digestion relative to untreated cells (compare the
ratio of the undigested, upper most band to two smaller
digested fragments). Quantitation of SmaI digestion (Fig. 4D
Lower) shows that SmaI cleavage in TSA- or RA-treated cells
was 33% and 39%, respectively, both significantly higher than
that by control cells (20%). In a separate experiment shown in
Fig. 4E, TSA was added at a lower concentration (10 ngyml)
with RA. Although TSA alone at this low concentration did
not affect SmaI digestion (16%), coaddition of TSA and RA
led to greater SmaI digestion (33% by TSA plus RA vs. 22%
by RA alone). Similar increased SmaI sensitivity was seen 8 h

FIG. 3. Requirement of the RARE and RXRyRAR heterodimer
for synergistic promoter activation by TSA and RA. (A) Promoter
activity with a mutated RARE. P19 cells stably transfected with the
indicated reporters were treated with RA or TSA (same concentra-
tions as in Fig. 2) for 20 h and luciferase activity as measured as above.
(B) Analysis of a dominant negative RXRb. P19 cells stably trans-
fected with the promoter and RXRb DBD2 or control vector (pcxn-2)
were treated with RA or TSA as above.
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of TSA treatment (data not shown). To examine whether the
increased sensitivity to SmaI was specific for a sequence in the
RARb2 promoter, we tested sensitivity to HincII, another
restriction enzyme that cuts a site outside the promoter (see
the HincII site upstream from the promoter in Fig. 4B). Results
in Fig. 4F show that HincII digestion produced two digested
fragments (888 bp and 175 bp) whose levels were not affected
either by TSA or RA. Thus, TSA by itself and in combination
with RA increases SmaI sensitivity in a promoter-specific
manner, suggesting that histone acetylation contributes to an
alteration of chromatin structure in the RARb promoter.
Interestingly, the promoter containing the mutated RARE
tested in the preceding section (Fig. 3A) did not elicit increased
SmaI sensitivity in response to either TSA or RA (Fig. 4G).
These results suggest that increased SmaI sensitivity seen by
the two agents is dependent on the intact RARE, implications
of which are discussed below.

DISCUSSION

Histone deacetylase inhibitors have been shown to inhibit cell
growth and differentiation in some cell types (2, 8). In the
present work we found that TSA potentiates RA-induced
neuronal differentiation in P19 cells, although alone it did not
induce differentiation in these cells. In addition, TSA led to
extensive apoptosis in P19 cells. This and the recent report that
TSA causes rapid apoptosis in rat thymocytes (35) suggest an
intriguing possibility that histone acetylation has a role in
programmed cell death. TSA-induced cell death in P19 cells,
however, was offset by addition of RA, although RA itself
caused moderate apoptosis (Fig. 1). These results raised the
possibility that histone acetylation might modulate RA action.

Synergy Between RA and TSA. The main thrust of this work
is the observation that the combined treatment with RA and
TSA synergistically activated transcription from RA-
responsive promoters (Fig. 2). The synergy required the intact

RARE and the ligand-bound functional RXRyRAR receptors
(Fig. 3). These results raises the possibility that increased
histone acetylation caused by TSA treatment alters a local
chromatin structure leading to enhanced recruitment of the
heterodimer to the RARE. Such chromatin alterations might
enable even those heterodimers bound only to an RXR ligand
to be recruited to the promoter, which does not occur under
normal circumstances (Fig. 2B). Compatible with the role of
histone acetylation in factor recruitment, Lee et al. (3) showed
that acetylation of core histones stimulates binding of TFIIIA
to the 5S RNA gene in vitro, which may occur through
destabilization of nucleosomes. Histone-acetylation-regulated
recruitment of heterodimers may involve corepressor and
coactivators that are known to dissociate from or associate
with the heterodimer after ligand binding (36–39).

Results in Fig. 3 suggest that increased histone acetylation
caused by TSA leads to stimulation of transcription from a
basal promoter without an activator. Because TBP binding to
the TATA box is shown to be inhibited when the template is
chromatinized (40), recruitment of basal factors (polymerase
II holoenzyme and TFIID, and possibly additional factors)
may be precluded under ‘‘normal’’ conditions where nucleo-
somal histones in and near the promoter are not excessively
acetylated. It is possible that increased histone acetylation
results in increased recruitment of basal factors leading to
transcription without an upstream activator.

TSA-Induced Restriction Site Accessibility and Chromatin
Opening. Data in Fig. 4 demonstrate that TSA increases SmaI
sensitivity in the promoter in a site-specific manner. It is
remarkable that the same site shows increased sensitivity to
RA (Fig. 4 and ref. 41). Our results suggest that TSA, both
alone and in combination with RA, alters a chromatin struc-
ture within the RARb2 promoter. However, we do not know
the precise mechanism by which this alteration occurs. A
simple possibility would be that SmaI accessibility reflects
recruitment of heterodimers to the RARE, which is stimulated

FIG. 4. Endonuclease sensitivity in the RARb by TSA. (A–C) Diagrams of promoters and endonuclease digestion. The promoters are boxed.
Upper and lower arrows indicate digested and undigested fragments. Solid bars indicate 32P-labeled probes used in each digestion. P19 cells stably
transfected with the RARb-luciferase promoter (A and B) or the mutant RARE-TATA (C) were tested. (D, F, and G) Cells were treated with
TSA (100 ngyml) or RA (1 mM) for 20 h. (E) Cells were treated with RA (1 mM) plus TSA (10 ngyml) for 20 h. Nuclei were digested with SmaI
(D, E, and G) or HincII (F) and hybridized with indicated probes. The upper most band and lower bands represent the undigested or SmaI- or
HincII-digested bands. The length of undigested and digested fragments are shown on the left. Genomic DNA was digested with the enzymes in
vitro (naked DNA) and used as a control. The lower-most panels indicate percent digestion quantified on a PhosphoImager.
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by histone acetylation. When histones are hyperacetylated by
TSA treatment, some unliganded heterodimers may be re-
cruited to the RARE causing increased SmaI accessibility.
Such recruitment, if it had occurred, appears transcriptionally
abortive, because no promoter activation through the RARE
ensued in the absence of ligand (Fig. 3). Nevertheless, this
scenario may prove correct because induction of SmaI sensi-
tivity was not observed with the reporter that contained a
defective RARE after TSA or RA treatment (Fig. 4F).
Alternatively, however, it is possible that the SmaI site in the
promoter is inherently sensitive to histone acetylation and can
be opened without heterodimer binding. In this scenario, the
increased SmaI sensitivity seen by RA treatment alone (Fig. 4)
may simply be a result of histone acetylation that occurred
concomitant with heterodimer binding. In support of such a
possibility, Van Lindt et al. (4) reported that TSA induces
chromatin modifications in the stably integrated HIV pro-
moter that closely resembles modifications associated with
factor binding and promoter activation. These authors noted
that TSA caused endonuclease sensitivity changes without
apparent factor binding and even under the conditions where
active transcription was inhibited.

Finally, our observations may support the idea that the
histone acetylation contributes to the enhanced function of
RXRyRAR heterodimer in the normal conditions. Consistent
with this idea, we have recently observed that a histone
acetyltransferase, PCAF interacts with liganded heterodimers
that are bound to the RARE and stimulate RA dependent
transcription (J. Blanco, personal communication). Recently,
a reciprocal situation has been reported in which nuclear
hormone receptors and other specific transcription factors
associate with histone deacetylases (20, 21).

We thank Drs. A. Levin, A. Dey, J. Blanco, J. Wong, and A. P.
Wolffe for reagents and discussions.
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