
p15RS/RPRD1A (p15INK4b-related Sequence/Regulation of
Nuclear Pre-mRNA Domain-containing Protein 1A) Interacts
with HDAC2 in Inhibition of the Wnt/�-Catenin Signaling
Pathway*

Received for publication, October 23, 2014, and in revised form, February 15, 2015 Published, JBC Papers in Press, February 19, 2015, DOI 10.1074/jbc.M114.620872

Chunxiao Liu‡§, Yanquan Zhang‡§, Jun Li¶, Yinyin Wang‡§, Fangli Ren‡§, Yifan Zhou‡, Yinyuan Wu‡�, Yarui Feng‡§,
Yu Zhou‡, Fuqin Su‡, Baoqing Jia**, Dong Wang‡§‡‡, and Zhijie Chang‡§1

From the ‡State Key Laboratory of Biomembrane and Membrane Biotechnology, School of Medicine, School of Life Sciences,
National Engineering Laboratory for Anti-tumor Therapeutics, Tsinghua University, Beijing 100084, China, the §State Key
Laboratory of Biotherapy, Collaborative Innovation Center for Biotherapy, West China Hospital, Sichuan University, Sichuan
610041, China, the ¶Department of Immunology, Third Military Medical School, Chongqing 610041, China, the �F. M. Kirby
Neurobiology Center, Boston Children’s Hospital, Harvard Medical School, Boston, Massachusetts 02115, the **Departments of
Surgical Oncology and Pathology, Chinese PLA General Hospital, Beijing 100853, China, and the ‡‡Bioinformatics Division and
Center for Synthetic and Systems Biology, Tsinghua University, Beijing 100084, China

Background: p15RS/RPRD1A inhibits Wnt/�-catenin signaling by recruiting HDAC2.
Results: p15RS interacts with HDAC2 and enhances the occupancy of HDAC2 to promoters of Wnt-targeted genes, keeping
histone3 in a deacetylated state.
Conclusion: p15RS cooperates with HADC2 in the inhibition of Wnt/�-catenin signaling.
Significance: p15RS/HDAC2 is a novel co-repressor in the regulation of Wnt/�-catenin signaling.

We previously reported that p15RS (p15INK4b-related
sequence), a regulation of nuclear pre-mRNA domain contain-
ing protein, inhibited Wnt signaling by interrupting the forma-
tion of the �-catenin�TCF4 complex. However, how p15RS func-
tions as an intrinsic repressor to repress transcription remains
unclear. In this study, we show that p15RS, through a specific inter-
action with HDAC2 (histone deacetylase 2), a deacetylase that
regulates gene transcription, maintains histone H3 in a deacety-
lated state in the promoter region of Wnt-targeted genes where
�-catenin�TCF4 is bound. We observed that histone deacetylase
inhibitors impair the ability of p15RS in inhibiting Wnt/�-catenin
signaling. Depletion of HDAC2 markedly disabled p15RS inhibi-
tion of Wnt/�-catenin-mediated transcription. Interestingly, over-
expression of p15RS decreases the level of acetylated histone H3 in
the c-MYC promoter. Finally, we demonstrate that p15RS signifi-
cantly enhances the association of HDAC2 and TCF4 and enhances
the occupancy of HDAC2 to DNA, resulting in the deacetylation of
histone H3 and the failure of �-catenin interaction. We propose
that p15RS acts as an intrinsic transcriptional repressor for Wnt/
�-catenin-mediated gene transcription at least partially through
recruiting HDAC2 to occupy the promoter and maintaining
deacetylated histone H3.

The Wnt/�-catenin signaling pathway, commonly referred
to as the canonical Wnt cascade, has been unveiled as a highly

conserved pathway from fly to diverse vertebrates, including
frog, mouse, and human (1, 2). Canonical Wnt signal transduc-
tion eventually activates the TCF/LEF2 transcription factors (2,
3), which are modulated by different complexes formed with
either co-activators or co-repressors in the promoters of a
group of genes, including c-MYC and CCND1 (4). Upon activa-
tion of canonical Wnt signaling, TCF/LEF forms an active tran-
scriptional complex with �-catenin, a major component in the
signaling pathway, which is dephosphorylated and accumulates
and translocates into the nucleus (4 – 6). In contrast, in the
absence of Wnt signaling, TCF/LEF forms a complex with
co-repressors, including Groucho and histone deacetylases
(HDACs) (7, 8), resulting in inhibition of gene transcription. In
particular, TCF/LEF was reported to act as a repressor by asso-
ciating with HDAC1 and HDAC2, leading to the hypo-acetyla-
tion of LEF1 target genes from a hyper-acetylated status (9).

HDACs are a family of enzymes that catalyze the removal of
acetyl groups from lysine residues in histone and non-histone
proteins involved in a variety of biological events, including cell
proliferation, apoptosis, and differentiation (10, 11). In mam-
mals, the HDAC family contains 18 members, categorized into
four classes, including class I (HDAC-1, -2, -3, and -8), class II
(HDAC-4, -5, -6, -7, -9, and -10), class III (sirtuins), and class IV
(HDAC-11) (12, 13). Among these HDAC proteins, the func-
tion of HDAC1/2 in the regulation of gene transcription has
been widely studied (14, 15). HDAC1/2 per se is unable to bind
to DNA but is recruited by transcription factors, including SP1/
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SP3 (16), and the tumor suppressors p53 (17) and BRCA1 (18).
Recently, HDAC1/2 was reported to regulate the Wnt/�-
catenin signaling pathway (19), seemingly through competing
with �-catenin in the interaction with TCF4. The biological role
of HDAC1/2 in regulating Wnt signaling was attributed to
allowing oligodendrocytes to differentiate on an appropriate
schedule (8). HDAC1 also functions as a component of the
Groucho�TLE repressor complex, which maintains Wnt signal-
ing in a quiescent state (4, 20). Interestingly, another report
proposed that the activation of TCF/LEF target genes by
�-catenin occurred by a two-step process. The first step
involves HDAC1 dissociation from LEF-1, and as a conse-
quence, the target gene promoter is inactive but poised for acti-
vation. Once HDAC1-dependent repression is relieved,
�-catenin then binds LEF-1 at the promoter and activates
downstream target genes of Wnt signaling (21). However, how
HDAC2 specifically functions on Wnt signaling, differentially
from HDAC1, remains unclear.

p15RS, a p15INK4b-related gene, also named RPRD1A, was
identified by a differential display experiment from cells over-
expressing p15INK4b (22). p15RS contains a RPR domain and
evolutionarily is homologous to yeast Rtt103 and human
CREPT (23–25). Inhibition of p15RS expression by an antisense
DNA led to increased expression of cyclin D and cyclin E in
A375 cells (22). Therefore, p15RS was considered as an inhibi-
tor for cell proliferation (26). Other reports demonstrated that
p15RS might function through an association with RNA
polymerase II during gene transcription (25, 27), similar to its
yeast homolog Rtt103 (28). Our group recently found that
p15RS played an important role in attenuating Wnt/�-catenin
signaling by disrupting the �-catenin/TCF4 interaction (29)
and proposed a model where p15RS interacts with TCF4 to
block the interaction of �-catenin with TCF4. Here, we dem-
onstrate that p15RS specifically interacts with HDAC2, not
HDAC1 or -3, and reduces the level of acetylated histone H3 in
the TCF4 binding region of the c-MYC promoter. We reveal
that p15RS�HDAC2 is a novel co-repressor complex binding to
TCF4.

EXPERIMENTAL PROCEDURES

Cell Culture and Transfections—HEK293T, HEK293 and
MCF-7 cells were cultured in DMEM supplemented with 10%
fetal bovine serum (FBS) and penicillin (100 units/ml)/strepto-
mycin (100 units/ml). All cells were grown at 37 °C with 5%
CO2. Media and serum were purchased from Invitrogen. Cells
were transfected with plasmids as indicated using Vigofect
(Vigorous Inc. Beijing, China), according to the manufacturer’s
instruction. To generate the stable cell line, MCF-7 and
HEK293 cells were infected by lentivirus, which was produced
by HEK293T cells transiently transfected with vectors of pLVX
and pLL3.7 carrying different cDNAs. GFP-positive cells were
selected by FACS.

Plasmids and RNA Interference—pLVX-p15RS plasmid was
constructed by inserting a PCR-amplified fragment into pLVX
vector. FLAG-�-catenin plasmid was kindly provided by Dr. Xi
He, Harvard Medical School. HA-TCF4 and pTOP/FOP-Luc
were kindly provided by Dr. Hans Clevers, Hubrecht Institute.
HA-�-catenin, FLAG-HDAC1, FLAG-HADC2, and FLAG-

HDAC3 were kindly provided by Dr. Wei Wu, Tsinghua Uni-
versity. pLVX and pLL3.7 vectors were provided by Dr. Jing
Cheng, Tsinghua University. For generation of an shRNA
against p15RS, we synthesized two single strand DNA
fragments, 5�-GATCCACCAAACAGGAAGCTTACTTTCAA-
GAGAAGTAAGCTTCCTGTTTGGTTTA-3� and 5�-AGCTT-
AAACCAAACAGGAAGCTTACTTCTCTTGAAAGTAAGC-
TTCCTGTTTGGTG-3�, to target the human p15RS gene
(target is underlined) and used a nonspecific shRNA, 5�-TACAA-
GACCTAAGTGCACTGTTCAAGAGACAGTGCACTTAGG-
TCTTGTTTTTTTC-3� and 5�-TCGAGAAAAAAACAAGAC-
CTAAGTGCACTGTCTCTTGAACAGTGCACTTAGGTCT-
TGTA-3�, as a control and inserted them into HpaI-XhoI sites in
the pLL3.7 vector.

Reagents and Antibodies—Trichostatin A (TSA) and sub-
eroylanilide hydroxamic acid (SAHA) were purchased from
Sigma. Antibody against �-actin was purchased from Sigma.
Anti-Myc (9E10), anti-p15RS, anti-HDAC1, anti-HDAC2, anti-
HADC3, anti-�-catenin, and anti-HA (F-7) antibodies were
from Santa Cruz Biotechnology (Santa Cruz, CA). Antibodies
against TCF4, Ac-H3, and c-MYC were purchased from Cell
Signaling Technology. Fluorescent secondary antibodies (goat
anti-rabbit IgG and goat anti-mouse IgG) were purchased from
Jackson ImmunoResearch.

Luciferase Assays—Luciferase assays were performed in
24-well plates using HEK293T and MCF-7 cells transfected
with the Super-TOPFlash-Luc reporter plasmid along with an
internal control (pRL-TK vector from Promega, Madison, WI).
24 –36 h after transfection, reporter activity was determined by
the Dual-Luciferase Assay System (Vigorous Inc. Beijing, China).
Firefly luciferase activity was normalized against Renilla luciferase
activity and presented as a mean � S.D.

Co-immunoprecipitation and Western Blot—For co-immu-
noprecipitation assays, HEK293T cells were plated in a 60-mm
dish transfected with the indicated plasmids. 24 – 48 h after
transfection, cells were lysed in 800 �l of cell lysis buffer (80
mmol/liter KCl, 10 mmol/liter Na2HPO4, 1 mmol/liter EDTA
(pH 8.0), 0.5% Nonidet P-40, 10% glycerol, 1 mmol/liter DTT,
0.1 mmol/liter Na3VO4, 1 mmol/liter phenylmethylsulfonyl
fluoride, 1 �g/ml aprotinin, 1 �g/ml leupeptin, and 1 �g/ml
pepstatin). 600 �l of whole-cell lysates were incubated with 2
�g of the indicated antibody and 30 �l of protein G/A-Sephar-
ose beads at 4 °C overnight. Beads were washed four times with
cell lysis buffer, and precipitates were eluted with 2� SDS-
PAGE sample buffer and analyzed by Western blotting with the
indicated antibodies.

Immunofluorescent Analysis—Cells were plated on glass cov-
erslips in 6-well dishes, incubated overnight at 37 °C, and then
transfected with the indicated plasmids. 24 h after transfection,
cells were rinsed with PBS three times, fixed with 4% parafor-
maldehyde in PBS for 15–20 min at room temperature, and
permeabilized with 0.2% Triton X-100 in PBS for 10 min. Cells
were blocked with 10% goat serum for 1 h at room temperature.
The primary antibodies, diluted in PBS with 3% bovine serum
albumin, were incubated overnight at 4 °C, and bound antibod-
ies were detected with secondary antibodies conjugated with
FITC (green) or TRITC (red) for 1 h at room temperature.
Finally, cells were stained with DAPI. Stained cells were ana-
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lyzed with a laser scanning confocal microscopy (OLYMPUS
FV10i-Oil).

Cross-linking Experiment—Transiently transfected HEK293T
cells were washed twice with PBS and then cross-linked for 30
min at 37 °C with 1% formaldehyde. The reaction was stopped
by the addition of 0.25 M glycine for 5 min at room temperature.
After cross-linking, cells were boiled directly in SDS-PAGE
sample buffer and analyzed by Western blotting with mAbs
against the Myc, FLAG, or HA epitope.

Chromatin Immunoprecipitation (ChIP) Assay—A modified
protocol from Upstate Biotechnology was used. Briefly, cells
were fixed at 37 °C for 10 min with 1% formaldehyde for cross-
linking. The cells were resuspended in 300 �l of ChIP lysis
buffer and mixed at 4 °C and then sonicated for 30 s at level 2
(Ultrasonic Processor, Sonics) to yield DNA fragments that
were 100 –500 bp in size. Eluted DNA was recovered with
QIAquick columns (Qiagen, Germany) and used as templates
for PCR amplifications. The input control was from the super-
natant before precipitation. The fragment corresponding to the
TCF4-binding site in the c-MYC promoter was amplified by
PCR with primers 5�-TTGCTGGGTTATTTTAATCAT-3�
and 5�ACTGTTTGACAAACCGCATCC-3�. Real time PCR
was used to quantify the precipitated DNA fragments.

Real Time Reverse Transcription (RT)-PCR—Total RNA was
extracted using TRIzol reagent (Invitrogen). Reverse transcrip-
tion was done using a Quant script RT kit (TIANGEN Biotech,
Beijing, China). Real time PCR was performed using a Real-
MasterMix (SYBR Green) kit (TIANGEN Biotech, Beijing, China)
using the following conditions: denature, 95 °C, 20 s; annealing,
58 °C, 20 s; and extension, 68 °C, 30 s. Primers used for the
human c-MYC gene were 5�-TGGTCGCCCTCCTATG-
TTG-3� and 5�-CCGGGTCGCAGATGAAACTC-3�. Primers
used for the human CCND1 gene were 5�-CCGAGAAGCTGTG-
CATTACAC-3� and 5�-AGGTTCCACTTGAGCTTGTTCAC-
3�. Primers used for the human GAPDH gene were 5�-
AGACCACAGTCCATGCCATC-3� and 5�-TTGCCCACAGC-
TTGGCAG-3�. Primers used for real time PCR analyses for the
human c-MYC gene were as follows: region A, 5�-TGCCTCT-
ATCATTCCTCCCT-3� and 5�-TCCACACCGAGAACG-
CAC-3�; region B, 5�-CATATCGCCTGTGTGAGCCA-3� and
5�-TAAAAGGATCAGGGCGGTT-3; region C, 5�-CCTCAAA-
TTGGACTTTGGGCA-3� and 5�-AGGATTGAAATTCTGTG-
TAACTGCT-3�; region D, 5�-TTTCTTCCCCCTCCCAA-
CCA-3� and 5�-GCCCCCAGACCCATTTCAAC-3�. Primers
used for real time PCR analyses for the human CCND1 gene were
as follows: region A, 5�-GGTACCTGGTGGAAAAGCGGGT-3�
and 5�-AAGCTTCACCTTCACGCTTTCCTC-3�; region B, 5�-
GAGAAGCCAGTGCCAGGG-3� and 5�-CAATAAAAGAGC-
AAAGATGGC-3�; region C,5�-GGCTCACGCTTACCTCAA-
C-3� and 5�-GGAAACATGCCGGTTACAT-3�; region D,
5�-TGTGGGAAGTTCAGCAGCAT-3� and 5�-TTGTCTC-
GCGTGGTTGG-3�.

Cell Proliferation—Cell proliferation was measured through
an MTT assay. 293 cells were transfected with indicated plas-
mids in addition to Wnt3a conditioned medium, which was
produced from a Wnt3a stable cell line. Cells were seeded into
a 96-well plate at a density of 1000 cells/well. When cells were
cultured for the indicated times, MTT was added. Cells were

incubated for another 4 h before measurement. The MTT-pro-
duced formazan was dissolved in 150 �l of dimethyl sulfoxide,
and the absorbance at 530 nm was measured with a reference
filter of 630 nm using a spectrophotometer (model 680, Bio-
Rad). Three independent experiments were performed.

RESULTS

HDACs Contribute to the Inhibitory Function of p15RS—
HDACs bind to the TCF/LEF transcription factor to repress the
Wnt target gene expression in the absence of Wnt ligands (19).
Because p15RS functions as an intrinsic inhibitor of Wnt sig-
naling, we attempted to address whether HDAC proteins might
contribute to the inhibitory effect of p15RS. For this purpose,
we examined the effect of TSA and SAHA, two HDAC inhibi-
tors (30), on the inhibitory role of p15RS in Wnt-3a-induced
transcriptional activation. A luciferase reporter assay using
TOP/FOP-Flash-Luc, which responds to canonical Wnt signal-
ing, demonstrated that overexpression of p15RS significantly
inhibited the luciferase activity in control cells in the presence
of solvent DMSO but had no significant effect when the
HEK293T cells (Fig. 1A) and MCF-7 cells (Fig. 1B) were treated
with TSA and SAHA.

To study the physiological role of HDAC inhibitors on
p15RS, we examined the expression of CCND1 and c-MYC,
two Wnt3a-targeted genes. The results showed that p15RS
decreased the expression of CCND1 (Fig. 1C) significantly in
the presence of DMSO but has no significant effect in the pres-
ence of TSA or SAHA. Similarly, overexpression of p15RS sig-
nificantly decreased the expression of c-MYC, and both TSA
and SAHA weakened this effect (Fig. 1D). Taken together, these
data suggest that HDAC inhibitors counteract the inhibitory
ability of p15RS on Wnt-3a-stimulated gene expression.

HDAC2, but Not HDAC1 or HDAC3, Interacts with p15RS in
Mammalian Cells—The fact that HDAC inhibitors TSA and
SAHA impaired the role of p15RS in the inhibition of Wnt
signaling implied that p15RS might function through HDACs.
To identify individual HDACs, we examined whether HDAC1,
-2, and -3, the class I HDACs, localize to the nucleus and asso-
ciate with p15RS, which is also localized to the nucleus (29). An
immunoprecipitation experiment showed that Myc-p15RS
interacts with FLAG-HDAC2 but not FLAG-HDAC1 or FLAG-
HDAC3 in HEK293T cells (Fig. 2A). These results therefore
identify that p15RS specifically interacts with HDAC2. Because
p15RS consists of RPR and CCT domains (Fig. 2B), we ques-
tioned how p15RS interacts with HDAC2. To map the region of
p15RS responsible for the interaction with HDAC2, we per-
formed an immunoprecipitation assay using different domains
of p15RS. The results show that both the RPR and the CCT
domains showed decreased binding abilities with FLAG-
HDAC2, and seemingly, the CCT domain had a lower binding
affinity (Fig. 2C). To further examine the interaction of endog-
enous HDAC2 with p15RS under physiological conditions, we
performed an immunoprecipitation experiment using an anti-
body against HDAC1, -2, or -3 in HEK293T cells where p15RS
and HDAC1, -2, or -3 are simultaneously expressed. The results
showed that the endogenous p15RS protein was precipitated
down by an anti-HDAC2 antibody but not by antibodies against
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HDAC1 or HDAC3 (Fig. 2D). These results firmly confirm that
p15RS specifically interacts with HDAC2 in mammalian cells.

As p15RS was reported to associate with TCF4 in the nucleus
(29), we next examined whether HDAC2, TCF4, and p15RS
form a complex in mammalian cells. An immunoprecipitation
experiment demonstrated that FLAG-HDAC2 precipitated
down both HA-TCF4 and Myc-p15RS simultaneously (Fig. 2E).
Consistently, another immunoprecipitation experiment using
endogenous proteins showed that an antibody against HDAC2
(Fig. 2F) or p15RS (Fig. 2G) precipitated down TCF4, and an
antibody against TCF4 simultaneously precipitated down
p15RS and HDAC2 (Fig. 2H). All these results suggest that
p15RS, HDAC2, and TCF4 form a complex in mammalian cells.

We next examined whether p15RS and HDAC2 co-localize
in intact cells. An immunostaining experiment showed that
both p15RS and HDAC2 localize to the nucleus, and p15RS
co-localized with HDAC2 (Fig. 2I). In line with this observation,
we further demonstrated that both p15RS and HDAC2 co-lo-
calized with TCF4 in the nucleus, which is consistent with pre-
vious observations (Fig. 2I) (19, 29).

We next observed whether the three proteins could form a
triplex complex. To clarify this, we co-transfected HEK293T
cells with vectors encoding differentially tagged p15RS, HDAC2,
and TCF4. Interestingly, formaldehyde treatment of cells that
co-express Myc-p15RS (�38 kDa), FLAG-HDAC2 (�65 kDa),
and HA-TCF4 (�62 kDa) revealed the presence of an addi-
tional band of �170 kDa (Fig. 2J), corresponding to the
expected size of a heterotrimer formed by these three mole-
cules. We also co-expressed Myc-p15RS (�38 kDa), FLAG-

HDAC1 (�65 kDa), and HA-TCF4 (�62 kDa) for the same
experiment with formaldehyde cross-linking. The results
showed that p15RS, HDAC1, and TCF4 failed to form a triplex
complex at �170 kDa (Fig. 2K). Taken together, our results
show that p15RS, HDAC2, and TCF4 build a heterotrimer in
living cells.

HDAC2 Is Involved in the p15RS-conducted Inhibition of
Wnt/�-Catenin—To determine whether the inhibitory role of
p15RS on Wnt-3a-mediated transcriptional activity is specifi-
cally dependent upon HDAC2, we depleted HDAC1, HDAC2,
or HDAC3 using siRNAs and examined TOP/FOP-Flash-Luc
reporter activity stimulated by Wnt3a conditioned medium in
the presence of overexpressed p15RS in HEK293T cells. The
results showed that depletion of HDAC2 disabled or impaired
the role of p15RS on the inhibition of luciferase activity under
basal conditions or with Wnt stimulation, whereas depletion
of either HDAC1 or HDAC3 had no effect on p15RS inhibition
of Wnt signaling (Fig. 3A), suggesting that the inhibitory role of
p15RS on Wnt signaling specifically depends on HDAC2.
Meanwhile, when we depleted p15RS, we observed increased
activation of Wnt signaling (Fig. 3B), which is consistent with
our previous findings (29). Intriguingly we found that depletion
of p15RS retained a similar effect on reporter activity in control
and HDAC1 and -3 depletion cells, whereas depletion of p15RS
did not further facilitate Wnt signaling when HDAC2 was
depleted (Fig. 3B). There results suggest that p15RS inhibits
Wnt signaling through HDAC2 rather than the other HDACs.
A Western blot result showed the efficiency of knockdown of
the HDACs and p15RS in these cells (Fig. 3, C and D). Taken

FIGURE 1. HDACs contribute to the inhibitory function of p15RS. A and B, TSA and SAHA impaired the inhibitory effect of p15RS on Wnt signaling.
TOP/FOP-Flash-Luc (0.1 �g) and pRT-TK (0.05 �g) were co-transfected into HEK293T cells (A) and MCF-7 cells (B) with Myc-p15RS (0.05 �g). Cells were treated
with TSA (10 ng/ml) for 12 h in combination with Wnt3a conditioned medium (Wnt3aCM) treatment for 8 h. The solvent DMSO was used as a control. C and D,
TSA and SAHA blocked the inhibitory effect of p15RS on Wnt target gene expression. mRNA levels of cyclin D1 (C) and c-MYC (D) were examined by RT-PCR
analysis in HEK293T cells with or without overexpression of p15RS and treatment with TSA (10 ng/ml) or SAHA (10 ng/ml) for 12 h. Experiments were repeated
in triplicate, and data are represented as the mean � S.D. (n � 3). Asterisk indicates a statistically significant difference (*, p � 0.05; **, p � 0.01; ***, p � 0.001).
ns indicates no statistical difference.
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FIGURE 2. p15RS specifically interacts with �DAC2. A, p15RS interacts with HDAC2 but not with HDAC1 or HDAC3. HEK293T cells co-transfected with
Myc-p15RS (4 �g) and FLAG-HDACs (4 �g) were harvested for an immunoprecipitation (IP) experiment using an anti-FLAG antibody. Myc-p15RS and FLAG-
HDACs were revealed by an anti-Myc antibody and an anti-FLAG antibody in the Western blot analyses. IB, immunoblot. B, schematic illustration of p15RS and
its domains. The RPR domain is an RNA polymerase II CTD-interacting domain, and the CCT domain is assigned as a coiled-coil terminus. C, both the RPR and
the CCT domains interact weakly with HDAC2. The full-length and each of the two domains of p15RS were co-expressed with FLAG-HDAC2. Immunoprecipi-
tation was performed using an anti-Myc antibody (Ab). Precipitants were detected with an anti-FLAG antibody. D, endogenous p15RS interacts with HDAC2.
Nuclear extracts from HEK293T cells were immunoprecipitated with an anti-HDAC1, anti-HDAC2, or anti-HDAC3 antibody. The immunoprecipitated complex
was revealed using an anti-p15RS antibody. E, p15RS forms a complex with HDAC2 and TCF4. HEK293T cells were co-transfected with the indicated plasmids.
Antibodies used for IP and Western blotting are shown. F and G, endogenous TCF4 interacts with HDAC2 and p15RS. Nuclear extracts from HEK293T cells were
immunoprecipitated with an anti-HDAC2 (F) or an anti-p15RS (G) antibody. The immunoprecipitates were analyzed by Western blotting. H, endogenous p15RS
forms a complex with HDAC2 and TCF4. Antibodies used for IP and Western blotting are shown. I, p15RS, HDAC2, and TCF4 co-localize in the nucleus. MCF-7
cells expressing GFP-p15RS, FLAG-HDAC2, and HA-TCF4 were stained with an anti-FLAG or anti-HA antibody. Images were viewed with a confocal microscope.
Co-localization of the proteins is shown as yellow. Scale bar, 10 �m. J, p15RS, HDAC2, and TCF4 form a heterotriplex. Transiently transfected HEK293T cells
expressing Myc-p15RS, FLAG-HDAC2, and HA-TCF4 proteins were cross-linked for 30 min at 37 °C with 1% formaldehyde 24 h after transfection. Specific mAbs
were used for the detection of the �38-kDa monomer of Myc-p25RS and the �65- and �62-kDa monomers of FLAG-HDAC2 and HA-TCF4, respectively (*).
Heterotrimer of �170 kDa is indicated by the dark arrowheads. K, p15RS, HDAC1, and TCF4 failed to form a heterotriplex. The assay was performed according
to J except with the expression of FLAG-HDAC1 instead of FLAG-HDAC2. Molecular masses are indicated in kDa.
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FIGURE 3. HDAC2 is involved in the p15RS-mediated inhibition of Wnt/�-catenin signaling. A and B, overexpression of p15RS results in lower inhibitory
function when HDAC2 was depleted. HEK293T cells were transfected with an siRNA against HDAC1, HDAC2, or HDAC3, TOP/FOP-Flash-Luc (0.1 �g), and pRT-TK
(0.05 �g) in the presence of Myc-p15RS (0.05 �g) (A) or pLL3.7-si-p15RS (B). Cells were treated with Wnt3a conditioned medium (Wnt3aCM) or control medium
for 8 h. The luciferase activity was examined as in Fig. 1. C and D, protein levels of HDACs and p15RS were detected. Western blot shows the effect of the siRNA
in the regulation of HDACs expression. A nonspecific siRNA was used as a control (C). The effect of an siRNA against p15RS is shown in D. E, HDAC2 cooperates
with p15RS to repress Wnt signaling. Super-TOP-luciferase (0.1 �g), FLAG-HDACs (0.1 �g), and Myc-p15RS were co-transfected into HEK293T cells for a
luciferase assay. Experiments were repeated in triplicate, and the data represent the mean � S.D. (n � 3). Asterisk indicates a statistically significant difference
(*, p � 0.05; **, p � 0.01). ns indicates no statistical difference. F, overexpression of p15RS has lower inhibitory effect on cell growth under the depletion of
HDAC2. Cell proliferation experiments were performed using 293 cells stably overexpressing p15RS, stimulated with or without Wnt3a. 293 cells transfected
with a siRNAs against HDAC2 or a nonspecific siRNA were seeded into 96-well plate at a density of 1000 cells/well. OD570 was measured to assess cell numbers.
A t test was performed to detect statistical difference between the two groups (**, p � 0.01). G, depletion of p15RS failed to promote cell growth when HDAC2
was knocked down. Depletion of p15RS in 293 cells was examined for its effect on cell growth under Wnt3a stimulation. 293 cells transfected with a siRNAs
against HDAC2 or a nonspecific siRNA were seeded into 96-well plate at a density of 1000 cells/well. Results shown are representative of three independent
experiments. A t test was performed to detect statistical difference between the two groups (**, p � 0.01).
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together, these results indicate that p15RS inhibits the tran-
scription of Wnt targeted genes through recruiting HDAC2.

The specific role of HDAC2 on p15RS in the inhibition of
Wnt signaling was further demonstrated in an overexpression
experiment. A luciferase reporter result showed that HDAC1,
HDAC2, or HDAC3 did not repress Wnt-3a-induced TOP/
FOP-Flash-Luc reporter transcription when transfected alone
(Fig. 3E, 4th to 6th lanes), which might be due to a high level of
endogenous HDAC proteins in a cell. This result is similar to
that of a previous report, where overexpressing HDAC1 alone
did not repress Wnt-1-induced LEF-1 transcription (9). How-
ever, co-expression of HDAC2 with p15RS had a synergistic
effect on the inhibition of the luciferase activity (Fig. 3E, com-
pare 3rd, 5th, and 8th lanes) but co-expression of either
HDAC1 or HDAC3 showed no further inhibitory effect on the
luciferase activity (Fig. 3E, 7th and 9th lanes). These results
suggest that HDAC2 contributes to the inhibition of Wnt sig-
naling conducted by p15RS.

To examine whether the role of p15RS on cell growth is
affected by HDAC2, we sought to deplete HDAC2 in 293 cells
where p15RS was stably overexpressed or depleted. A cell pro-
liferation experiment showed that overexpression of p15RS
inhibited cell proliferation upon Wnt3a stimulation (Fig. 3F,
5th and 6th lanes), but the inhibition was weakened when
HDAC2 was depleted (Fig. 3F, 7th and 8th lanes). In contrast,
p15RS depletion cells grew faster than mock cells under Wnt3a
treatment (Fig. 3G, 5th and 6th lanes), whereas depletion of
p15RS showed no further effect on cell proliferation when
HDAC2 was depleted (Fig. 3G, 7th and 8th lanes). These results
indicate that the negative regulation of cell proliferation by
p15RS under Wnt3a stimulation is partly dependent on
HDAC2.

p15RS Enhances HDAC2/TCF4 Interaction—To reveal how
HDAC2 participates in the inhibition of Wnt signaling con-
ducted by p15RS, we examined whether p15RS could influence
the association of HDAC2 with TCF4 or HDAC2 could affect

FIGURE 4. p15RS enhances the interaction of HDAC2 and TCF4. A, p15RS promotes the TCF4�HDAC2 complex formation. 293 cells stably expressing p15RS
(pLVX-p15RS) and an shRNA against p15RS (pLL3.7-si-p15RS) by lentivirus were co-transfected with FLAG-HDAC2 (2 �g) and HA-TCF4 (3 �g) for IP using an
anti-HA antibody. FLAG-HDAC2 associated with HA-TCF4 was revealed by immunoblotting using an anti-FLAG antibody. B, �-catenin-HDAC2 complex is not
affected when p15RS was overexpressed or depleted. The HA-�-catenin and FLAG-HDAC2 complexes were revealed using 293 stable cell lines co-transfected
with FLAG-HDAC2 (2 �g) and HA-�-catenin (2 �g). C and D, HDAC2 fails to affect the interaction of p15RS with TCF4 or �-catenin. HEK293T cells were
co-transfected with Myc-p15RS and HA-TCF4 (3 �g) (C) or HA-�-catenin (2 �g) (D) with or without FLAG-HDAC2 (2 �g). IP was performed using an anti-Myc
antibody. E, p15RS interfered with the interaction of �-catenin and TCF4. 293 cells co-transfecting with FLAG-�-catenin (1 �g) and HA-TCF4 (3 �g) were
harvested for IP using an anti-FLAG antibody. HA-TCF4 was revealed by an anti-HA antibody (upper panel). F, depletion of HDAC2 recovered the �-catenin/TCF4
interaction, which is disrupted by p15RS. HEK293T cells were transfected with an siRNA against HDAC2. Myc-p15RS was expressed as indicated. IP was
performed using anti-TCF4 antibody. G, p15RS and HDAC2 coordinately inhibit �-catenin/TCF4 interaction. HEK293T cells were transfected with the indicated
plasmids. The cells were harvested for IP by using an anti-HA antibody.
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the association of p15RS with TCF4 in the nucleus. For this pur-
pose, we generated different cell lines to stably overexpress
(using vector pLVX) or deplete (using vector pLL3.7-si) p15RS
in 293 cells that constitutively express moderate levels of p15RS
(data not shown). An immunoprecipitation experiment indi-
cated that the interaction of FLAG-HDAC2 and HA-TCF4 was
decreased in the p15RS depletion cells, whereas it was
enhanced in the p15RS overexpression cells (Fig. 4A). Because
�-catenin interacts with HDAC2 (8), we questioned whether
p15RS influences the �-catenin�HDAC2 complex. Interest-
ingly, we observed that the interaction of HA-�-catenin and
FLAG-HDAC2 was not affected in either the p15RS overex-
pression or p15RS depletion cell line (Fig. 4B). Furthermore, we
questioned whether HDAC2 affects the interaction of p15RS
and TCF4. A reciprocal immunoprecipitation experiment
demonstrated that Myc-p15RS and HA-TCF4 were equally
precipitated in the absence or presence of FLAG-HDAC2 in
HEK293T cells (Fig. 4C), suggesting that HDAC2 failed to affect
the interaction of TCF4 and p15RS. The interaction of HA-�-
catenin and Myc-p15RS was also not affected in HDAC2 over-
expression cells (Fig. 4D).

We previously demonstrated that p15RS interfered with the
formation of the �-catenin�TCF4 complex (30). Although we
confirmed that overexpression of p15RS decreased the interac-
tion of �-catenin with TCF4 and the amount of complex (Fig.
4E), we questioned whether HDAC2 is required for p15RS to
block the �-catenin and TCF4 interaction. An immunoprecipi-
tation experiment showed that expression of Myc-p15RS
impaired the interaction of �-catenin and TCF4 strongly in
control cells, but the inhibition was weakened when HDAC2
was depleted (Fig. 4F). To address whether p15RS and HDAC2
coordinately regulate the formation of the �-catenin and the
TCF4 complex, we examined the interaction of �-catenin and
TCF4 under co-expression of p15RS and HDAC2. To this
end, FLAG-�-catenin and HA-TCF4 were co-expressed in
HEK293T cells with overexpression of Myc-p15RS or FLAG-
HDAC2. Immunoprecipitation results showed that the interac-
tion of FLAG-�-catenin with HA-TCF4 was further decreased
when Myc-p15RS and FLAG-HDAC2 were co-expressed com-
pared with the case where Myc-p15RS or FLAG-HDAC2 was
expressed separately (Fig. 4G). These results indicate that
HDAC2 contributes to the function of p15RS in interfering
with the formation of the �-catenin�TCF4 complex.

p15RS Decreases the Level of Ac-H3 in the c-MYC Promoter by
Recruiting HADC2—As p15RS enhanced the interaction of
HDAC2 with TCF4, we questioned whether p15RS maintains
the association of HDAC2 to the promoters of Wnt target
genes. A chromatin immunoprecipitation (ChIP) experiment
using different pairs of primers along the c-MYC (Fig. 5A) and
CCND1 genes (Fig. 5B) revealed that p15RS localized mostly to
the promoter region of these two genes (marked A) (Fig. 5, C
and D). Further ChIP experiments using a TCF4-binding
sequence (TBS) (31) revealed that both p15RS and HDAC2
localized to the c-MYC promoter (Fig. 5, E–G), suggesting that
both p15RS and HDAC2 are involved in regulating c-MYC
expression. To address whether the co-localization of p15RS
and HDAC2 functions on the maintenance of deacetylated his-
tones, we examined the level of acetylated histone 3 (Ac-H3), a
representative histone acetylated in activated gene promoters,
in the promoter of the c-MYC gene in the 293 and MCF-7 cell
lines. A ChIP analysis showed that the level of Ac-H3 bound to
the TBS of the c-MYC promoter was markedly increased when
p15RS was depleted (Fig. 5H, top panel, compare 2nd with 1st
column), whereas the bound TCF4 level remained unchanged
(Fig. 5H, 2nd image lane). Conversely, overexpression of p15RS
decreased the level of Ac-H3 significantly (Fig. 5H, top panel,
compare 4th to 3rd column). Quantitative analyses for the
amounts of ChIPed DNA by real time PCR further confirmed
the increased or decreased change in acetylated H3 by deple-
tion or overexpression of p15RS (Fig. 5, I and J). These results
suggest that p15RS blocks the acetylation or promotes the
deacetylation of H3 in the c-MYC promoter. To address
whether p15RS affects the Ac-H3 level through HDAC2 in the
deacetylation of H3, we examined the Ac-H3 level in the c-MYC
promoter in 293 cells where HDAC2 was depleted. The results
showed that p15RS failed to reduce the Ac-H3 level when
HDAC2 was depleted (Fig. 5, K and L), suggesting that p15RS
maintains the deacetylation of H3 through HDAC2.

p15RS Enhances the Occupancy of HDAC2 to the c-MYC
Promoter—To address whether the interaction of p15RS and
HDAC2 affects the association of HDAC2 to the promoters of
Wnt target genes, we investigated the occupancy of HDAC2 to
DNA. A ChIP analysis indicated that overexpression of p15RS
resulted in significantly enhanced, although depletion of p15RS
led to decreased, HDAC2-DNA binding to the TBS of the
c-MYC promoter compared with that in control HEK293T cells
(Fig. 6A). An RT-PCR result further confirmed the role of

FIGURE 5. p15RS decreases the level of acetylated histone H3 (Ac-H3) on the c-MYC promoter. A and B, graphic representation of the c-MYC (A) and CCND1
(B) genomic structures. Fragments detected by PCR are shown as A–D. C and D, p15RS mostly localizes to the promoter region of the c-MYC (C) or CCND1 (D)
genes. HEK293T cells were transfected with FLAG-p15RS and then harvested for ChIP assay using an anti-FLAG antibody. DNA fragments from ChIP assay were
detected using RT-PCR with primer pairs indicated as A–D. The relative binding of FLAG-p15RS on the different regions were normalized with the respective
input. E, both p15RS and HDAC2 localize to the TCF4 binding region (TBS) in the c-MYC promoter. HEK293T cells were transfected with FLAG-p15RS or
FLAG-HDAC2 and then harvested for the ChIP assay using an anti-FLAG antibody. PCR bands indicating the presence of p15RS and HDAC2 on the TBS were
normalized with the respective input. F and G, relative amounts of FLAG-p15RS (F) or FLAG-HDAC2 (G) on the TBS in the c-MYC promoter. The amounts of
ChIPed DNA from E were quantitated by real time PCR. H, p15RS decreases the level of Ac-H3 on the TBS. Stable 293 and MCF-7 cell lines which constitutively
express p15RS, or si-p15RS, were harvested for ChIP assay using an anti-Ac-H3 antibody and an anti-TCF4 antibody, respectively. The PCR bands from the Ac-H3
precipitated complex on the TBS were normalized with the respective input. I and J, relative amounts of Ac-H3 on the TBS of HEK293T (I) and MCF-7 (J) cells. Real
time PCR was used to quantify the amounts of ChIPed DNA from H. K, p15RS-mediated maintenance of deacetylated H3 depends on HDAC2. HEK293T cells
were transfected with an siRNA against HDAC2 (si-HDAC2). Cells were transfected with Myc-p15RS or si-p15RS. ChIP was performed using an anti-Ac-H3
antibody. NC, negative control. PCR bands were quantified and normalized with the respective input. L, relative amounts of Ac-H3 on the TBS region. The graph
is a quantification of the ChIPed DNA from (K) examined by real time PCR. Asterisk indicates a statistically significant difference (*, p � 0.05; **, p � 0.01; ***, p �
0.001).
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p15RS on the occupancy of HDAC2 to promoters (Fig. 6B).
Similar results were obtained in MCF-7 cells (Fig. 6, C and D).
Taken together, these results suggest that p15RS enhances the

interaction of HDAC2 with TCF4 and the occupancy of
HDAC2 in the c-Myc promoter to repress the gene transcrip-
tion by maintaining deacetylated H3.
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To unveil the mechanism of the inhibitory role of p15RS and
HDAC2 on the transcription of Wnt target genes, we investi-
gated whether the interaction of p15RS or HDAC2 with TCF4
is dependent upon Wnt signaling. IP results showed that the
interaction of p15RS (Fig. 6E) or HDAC2 (Fig. 6F) with TCF4
decreased when cells were treated with Wnt3a. However,
another IP experiment demonstrated that the interaction of
p15RS with HDAC2 was increased under Wnt3a stimulation
(Fig. 6G). These results suggest that both p15RS and HDAC2
are removed from TCF4 and form a complex free from binding
with TCF4 when Wnt signaling is activated. Further ChIP anal-
yses indicated that HDAC2 bound to the TBS of the c-MYC
promoter in the static condition but that the binding of HDAC2
to the promoter was decreased when p15RS was depleted (Fig.
6H, 1st and 2nd lanes). Consistently, the binding of HDAC2 was
significantly decreased after Wnt3a treatment (Fig. 6H, com-
pare 3rd with 1st and 4th with 2nd lanes). All the results suggest
that both p15RS and HDAC2 collectively bind to the promoter
region of Wnt target genes, and their binding can be released by
Wnt signaling.

DISCUSSION

We have demonstrated that p15RS requires deacetylation
activity to repress gene transcription. Interestingly, we identi-
fied that p15RS interacts with HDAC2 but not HDAC1 or
HDAC3. Our results provide evidence for a model that p15RS
and HDAC2 coordinately inhibit TCF4-initiated transcription.
Previously, we proposed that p15RS blocked the interaction of
�-catenin with TCF4 (29). In this study, we observed that
p15RS not only interacted with TCF4 but also with HDAC2.
We revealed that the interaction of p15RS with HDAC2 results
in decreased acetylation of histone H3. We propose that p15RS
maintains HDAC2 to occupy the promoter and keeps H3 in a
deacetylated state. In such a way, �-catenin fails to associate
with TCF4, and gene transcription is repressed. Therefore, the
role of p15RS in the inhibition of gene transcription in the
absence of Wnt stimulation is by simultaneously blocking
the interaction of �-catenin with TCF4 and maintaining H3 in a
deacetylated (or hypo-acetylated) state, which is less accessible
to transcriptional activators or the basal transcription machin-
ery (Fig. 6E, top) (8, 9). However, when Wnt signaling is acti-
vated, �-catenin translocates into the nucleus to associate with
p15RS, removing both p15RS and HDAC2 from binding to
TCF4. This ultimately results in the formation of the �-catenin
and TCF4 complex at the promoters of Wnt target genes (Fig.
6E, bottom).

Several groups have proposed that TCF/LEF might interact
with HDACs, probably in an indirect manner, for instance, via

the recently described NuRD complex containing HDAC and
ATPase (32, 33). In this study, we found that TCF4 interacts
with HDAC2 and p15RS, indicating that p15RS and HDAC2
are likely a novel co-repressor complex involved in the inhibi-
tion of the Wnt/�-catenin signaling pathway. Our findings
echo the observation that different TCF/LEF family members
may interact with different co-repressors, including two exclu-
sive complexes, the Groucho complex with human TCF1,
Drosophila melanogaster dTCF, and Xenopus laevis TCF-3
(XTCF-3) (34), and the NuRD complex with mTCF3 and
mTCF4 (33). Our study supports the notion that LEF/TCF
associates with different complexes in different cell types or
under different physiological conditions. The interaction of
TCF4 with HDAC2 and p15RS might represent a condition that
a cell requests for this complex to repress the transcription of a
specific gene.

We have found that p15RS, coordinating with HDAC2,
decreases the transcriptional activity of Wnt/�-catenin signal-
ing by interfering with the �-catenin�TCF4 complex formation.
However, how p15RS and HDAC2 interfere with the formation
of the �-catenin�TCF4 complex remains to be elucidated. It was
reported that �-catenin is modified by acetylation and deacety-
lation. The acetylation of �-catenin occurs at Lys-49 by CBP
(35) and at Lys-345 by p300 (36), leading to an increased bind-
ing affinity with TCF4 and an up-regulated transcriptional
activity of Wnt/�-catenin signaling. Instead, deacetylation of
�-catenin results in decreased binding affinity with TCF4.
Therefore, we envisioned that p15RS might interfere with the
formation of the �-catenin and TCF4 complex by recruiting
HDAC2 to deacetylate �-catenin and thus decrease the binding
affinity of �-catenin for TCF4. Indeed, we observed decreased
levels of acetylated �-catenin when p15RS was overexpressed
(data not shown). Therefore, we consider that the inhibitory
role of p15RS on Wnt target genes could be through recruiting
HDAC2, which maintains both �-catenin and histone H3 in a
deacetylated state.

Previous studies reported that HDAC1 could also inhibit
Wnt target genes. However, our study provided evidence
that HDAC1 failed to interact with p15RS and showed no effect
on p15RS-mediated inhibition (Fig. 3). We considered that
HDAC1 might function independently of p15RS and may
recruit a different regulator. For instance, NFATc2 was
reported to directly interact with HDAC1 and suppresses
CDK4 transcription (37). Therefore, HDAC1 and HDAC2 may
reciprocally recruit independent factors for the inhibition of
gene transcription. Indeed, NFATc2 was reported not to inter-
act with HDAC2 (37), similar to the case we describe here

FIGURE 6. p15RS enhances the occupancy of HDAC2 to the c-MYC promoter. HEK293T (A and B) and MCF-7 (C and D) cells were co-transfected with
FLAG-HDAC2, Myc-p15RS, or si-p15RS. Cells were harvested for ChIP using an anti-FLAG antibody. Results from PCR (A and C) and quantitative PCR (B and D)
using primers targeting the TBS are presented. E, Wnt3a decreases the interaction of HDAC2 and TCF4. FLAG-HDAC2 and HA-TCF4 were co-expressed in
HEK293T cells together with or without Wnt3a. IP experiments were performed using an anti-HA antibody. F, Wnt3a released the interaction of p15RS and TCF4.
Myc-p15RS and HA-TCF4 were co-expressed in HEK293T cells together with or without Wnt3a. The IP experiments were performed using an anti-Myc antibody.
G, Wnt3a enhanced the interaction of p15RS and HDAC2. Myc-p15RS and FLAG-HDAC2 were co-expressed in HEK293T cells together with or without Wnt3a.
IP experiments were performed using an anti-Myc antibody. H, depletion of p15RS attenuated the binding of HDAC2 to TBS. 293 cells were transfected with
FLAG-HDAC2 for 24 h with or without Wnt3a treatment. ChIP assay was performed using an anti-FLAG antibody. The ChIPed DNA was examined by PCRs using
primers for the TBS of the c-MYC gene. I, model demonstrating the inhibitory role of p15RS and HDAC2 on the canonical Wnt signaling pathway. In the
quiescent state, p15RS maintains the interaction of HDAC2 with TCF4 on the promoters of Wnt-target genes and keeps histone proteins in a deacetylation state
(upper panel). When Wnt signaling is activated, �-catenin translocates into the nucleus where it removes p15RS and HDAC2 from TCF4, and then initiates gene
transcription.
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where p15RS does not interact with HDAC1. Because differen-
tial roles for HDAC1 and HDAC2 have been demonstrated
(38), our study provides a case where p15RS specifically recruits
HDAC2, but not HDAC1 or HDAC3, for the inhibition of Wnt
signaling.

The role of p15RS in gene transcription seems quite different
from its yeast homolog Rtt103 and the human/mouse homolog
CREPT or RPRD1B. Although yeast Rtt103 was demonstrated
to be a gene that favors cell growth (as the double deletion of
Rtt103 is synthetic lethal) (39) and human/mouse CREPT
promotes tumor cell proliferation (24, 40), p15RS was reported
to inhibit cell growth as demonstrated by both Liu et al. (22) and
Chang and co-workers (29). Interestingly, although yeast
Rtt103 binds only to the 3�-end of genes to regulate transcrip-
tional termination by a mechanism called the Torpedo model,
our results indicated that p15RS preferably binds to the pro-
moter regions of the c-MYC and CCDN1 genes as shown here
(Fig. 5, C and D) and in our previous report (29). These results
suggest that mammalian p15RS functions differently from its
yeast homolog Rtt103. Intriguingly, the role of p15RS in the
regulation of gene transcription also differs from that of CREPT
as we observed that CREPT binds to both the promoter and
termination region of the CCND1 gene (24) and promotes Wnt
signaling (40). However, the differential roles of p15RS and
CREPT in regulating gene transcription were not elucidated by
partial structural analyses (23, 25, 27). Deciphering the molec-
ular mechanisms of this new family of RPR-containing proteins
will provide new insight for understanding the fine regulation
of gene transcription.

In summary, our findings extend our knowledge on the
molecular mechanisms underlying the negative regulation of
Wnt signaling by p15RS. In parallel to its function in interfering
with the interaction of �-catenin and TCF4, p15RS exerts its
inhibitory effect by recruiting HDAC2 to keep chromatin in a
repressive state. These mechanisms of p15RS in repressing Wnt
targeted gene transcription may work jointly or independently,
possibly depending on the cell type and differentiation state.
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