Journal of Cancer 2013, Vol. 4

491

Ivyspring

Journal of Cancer

International Publisher

2013; 4(6): 491-501. doi: 10.7150/jca.6582

Research Paper

p300 Influences Butyrate-Mediated WNT Hyperactivation In Colorectal Cancer Cells
Darina L Lazarova, Terrence Wong, Christopher Chiaro, Eric Drago, and Michael Bordonaro
Department of Basic Sciences, The Commonwealth Medical College, 525 Pine Street, Scranton, PA 18509, USA.
 Corresponding author: The Commonwealth Medical College, 525 Pine Street, Scranton, PA 18509. Tel: 570-504-9646 Fax: 570-504-9636
Email: mbordonaro@tcmedc.org.
© Ivyspring International Publisher. This is an open-access article distributed under the terms of the Creative Commons License (http://creativecommons.org/
licenses/by-nc-nd/3.0/). Reproduction is permitted for personal, noncommercial use, provided that the article is in whole, unmodified, and properly cited.

Received: 2013.04.29; Accepted: 2013.06.13; Published: 2013.07.18

Abstract
Deregulated WNT/catenin pathway, usually resulting from mutations in the adenomatous polyposis
coli and beta-catenin genes, drives colorectal tumorigenesis. Dietary fiber has been shown to have a
protective role against colorectal cancer (CRC). We have previously demonstrated that the
histone deacetylase inhibitor (HDACi) butyrate, a fermentation product of dietary fiber, induces
WNT/catenin hyperactivation, which promotes CRC cell apoptosis. Therefore, the ability of
butyrate to induce WNT hyperactivation and thus promote CRC cell apoptosis may in part explain
the preventive function of fiber against CRC. The association between beta-catenin and the
transcriptional coactivator p300 may influence WNT/catenin signaling and, therefore, colonic cell
physiology. p300 functions as a histone acetylase (HAT); therefore, the modulation of
WNT/catenin activity by p300 may influence the ability of the HDACi butyrate to hyperinduce
WNT signaling and apoptosis in CRC cells. Our findings indicate that p300 affects the hyperinduction of WNT activity by butyrate. Knockdown of p300 levels represses butyrate-mediated
WNT/catenin activity; but still allows for butyrate-mediated apoptosis. Overexpression of p300
stimulates basal and butyrate-induced WNT signaling in some, but not all, CRC cell lines. We also
evaluate the role of p300 in therapeutic approaches that target CBP. The small molecule ICG-001,
in clinical trial, is a specific inhibitor of CBP-mediated WNT signaling, and previous studies have
suggested that p300 is required for the activity of ICG-001. However, we report that ICG-001
maintains full activity against CBP-mediated WNT signaling in p300-deficient cell lines, including the
butyrate-resistance line HCT-R. In addition, our findings evaluating combinatorial treatment of
ICG-001 and butyrate in HCT-R cells may have important therapeutic implications for the
treatment of butyrate-resistant CRCs.
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Introduction
Deregulated WNT/beta-catenin (WNT/catenin)
signaling, resulting from mutations in the adenomatous
polyposis coli (APC) and beta-catenin genes (1-3), promotes colonic cell proliferation and tumorigenesis.
Dietary factors, particularly fiber, have protective
effects against colorectal cancer (CRC) (4-11). We have
previously demonstrated that the histone deacetylase
inhibitor (HDACi) butyrate, a fermentation product of

dietary fiber (12,13), hyperactivates WNT signaling
and promotes CRC cell apoptosis (4,5). This is consistent with the reported activity of HDACis in inducing cell cycle arrest, differentiation, and/or
apoptosis of CRC cells (14-19). Therefore, the ability of
butyrate to induce WNT hyperactivation and apoptosis may in part explain the preventive function of fiber
against CRC (4,5,20). These findings are consistent
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with the observation that relatively high and relatively low levels of WNT/catenin activity lead to CRC
cell apoptosis, while moderate levels of deregulated
WNT/catenin
activity
promotes
proliferation
(4,5,20,21,22). Thus, by inducing excessive levels of
WNT/catenin activity, butyrate promotes CRC cell
death, reducing CRC risk.
The association between beta-catenin and the
transcriptional coactivators CREB-binding protein
(CBP) and p300, both of which are HAT factors, influences WNT signaling in CRC cells (23-28). Since
both HDACis and HAT factors result in net protein
acetylation, it is reasonable to hypothesize that CBP
and p300 potentiate the effects of butyrate on WNT
signaling and on apoptosis in CRC cells. On the other
hand, CBP/beta-catenin and p300/beta-catenin have
been reported to have distinct functions in mediating
aspects of cell physiology (e.g., proliferation vs. differentiation) (23-28). Thus, WNT signaling and CRC
cell apoptosis might be modulated differentially by
CBP and p300.
The small molecule inhibitor ICG-001, which
binds to CBP but not to p300, can be used to specifically evaluate the role of CBP/beta-catenin association on WNT signaling and cell physiology (23). In a
recent study (29), we utilized ICG-001 to demonstrate
that CBP-mediated WNT signaling is essential for the
effects of butyrate on WNT hyperactivation, and we
also observed important cell type-specific effects of
ICG-001/butyrate cotreatment on the induction of
apoptosis.
In the present study, we extend those studies to
evaluate the role of p300 in the activity of butyrate
and ICG-001 on WNT hyperactivation and CRC cell
physiology. We demonstrate that p300 affects the
hyperinduction of WNT activity by butyrate. Knockdown of p300 levels represses butyrate-mediated
WNT/catenin activity, but butyrate-mediated apoptosis is maintained. In addition, overexpression of
p300 stimulates basal and butyrate-induced WNT
signaling in some, but not all, CRC cell lines, emphasizing the importance of p300 for WNT hyperactivation. We also demonstrate that ICG-001 maintains full
activity against CBP-mediated WNT signaling in
p300-deficient cell lines, including butyrate-resistant
HCT-R cells. These findings may have important implications for chemopreventive and therapeutic approaches against CRC.

Materials and Methods
Reagents
Sodium butyrate was obtained from Sigma,
ICG-001 and IQ-1 was provided by Dr. Michael Kahn
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(USC, Los Angeles, CA); ICG-001 was also obtained
from Selleckchem.

Cell lines, Plasmids, siRNA, Transfection, reagent treatment.
Cell lines were obtained from the ATCC and
cultured as described previously (4,5). Expression
vectors for p300 and CBP were obtained from
Addgene. The TOPFlash and FOPFlash vectors were
described previously (1,2,4,5). p300 siRNA sequences
were as previously described (23). Control siRNA
(sc-37007 or sc-44230) were from Santa Cruz. HCT-116
and HCT-R cells were transfected with the TOPFlash
(wild-type) and FOPFlash (mutant) luciferase reporter
vectors along with the normalization vector pRLTK
(Promega) using Lipofectamine 2000 as previously
described (4,5). Cells were treated with 5 mM sodium
butyrate or mock-treated for 17.5 hr along with small
molecule inhibitors ICG-001 and/or IQ-1 (23-27), or
DMSO vehicle at the indicated for each experiment
concentrations. Cells were lysed and assayed for reporter expression by the Dual Luciferase system
(Promega) as previously described (4,5).

Apoptosis
Apoptotic analyses were performed using the
caspase 3/7 Caspase-Glo luciferase system (Promega)
(23). 20,000 HCT-R or HCT-15 cells/well in a 96 well
plate were plated and the next day treated with 75 µM
ICG-001, 5 mM sodium butyrate, both agents, or mock
treated 24 hr, a time point which we have found
yields optimal butyrate-induced apoptosis subsequent to WNT hyperactivation (4,5). Caspase 3/7 activity was measured with the Caspase Glo kit
(Promega) according to manufacturer’s instructions.
Statistical analyses of caspase data was performed on
background corrected raw data.

Western blot
Western blotting was performed as previously
described (4,5), using anti-p300 antibody (sc-584,
Santa Cruz Biotechnology) and ACTIN (A-5441, Sigma). For siRNA transfection for western blot 350
pmoles p300 siRNA per 1 million cells were nucleofected into HCT-116 CRC cells, compared to
scrambled control siRNA (control). Total protein lysates were analyzed by western blot analysis, using
p300 or CBP antibodies, with ACTIN antibody used
as a control.

Proliferation assays and cell cycle analysis
Proliferation assays were performed with the
QuickCell Proliferation kit (Biovision), according to
manufacturer’s instructions. Cell cycle analysis was
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performed with propidium iodide treatment; for flow
cytometry, the propidium iodide was excited at 488
nm, and its fluorescence collected between 620 and
650 nm.

Statistics
Student’s T-test was utilized to determine statistical significance (P < 0.05).

Results
Role of p300 in the hyperactivation of
WNT/catenin signaling by butyrate
ICG-001, a specific inhibitor of CBP/betacatenin association (23-28), influences butyrate-mediated WNT/catenin activity and colonic cell
physiology (29). In a previous study (29), we demonstrated that ICG-001 treatment of HCT-116 and SW620
CRC cells diminished basal WNT/catenin activity
and markedly repressed the hyperactivation of WNT
signaling by butyrate. Further, while ICG-001 and
butyrate inhibited proliferation in these cell lines, we
demonstrated important cell type-specific effects of
ICG-001/butyrate combinatorial treatment on CRC
cell apoptosis. Thus, combining ICG-001 and butyrate
interferes with the apoptotic response in SW620, but
not HCT-116, cells, with implications for the use of
ICG-001 as a chemotherapeutic agent in the human
patient (29).
Given that CBP and p300 may play different
roles in cell signaling and downstream physiological
responses (23-28), it is important to evaluate the role
of p300 in butyrate-mediated WNT hyperactivation
and consequent effects on cell proliferation and
apoptosis. In the absence of an available pharmacological inhibitor of p300/beta-catenin association, we
utilized multiple approaches to ascertain the role of
p300 in the hyperactivation of WNT/catenin signaling by butyrate.
In our main approach, we used siRNA to knock
down p300 levels to evaluate how reduced expression
of p300 influences the hyperactivation of
WNT/catenin signaling by butyrate. We first confirmed that SW620 cells express p300 (Fig. 1). We also
confirmed that HCT-116 cells express a truncated
form of p300, which retains normal HAT activity
(30-32), and that this expression is upregulated by
butyrate (Fig. 1).
We then confirmed that a p300 siRNA previously
shown to efficiently downregulate expression of p300,
and to have a minimal effect on CBP expression (23),
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functions similarly under our experimental conditions
(Fig.2A).
To evaluate the effects of p300 silencing on the
ability of butyrate to hyperactivate WNT signaling,
HCT-116 cells were cotransfected with the TOP/FOP
reporter vectors and with control or p300 siRNA.
Knockdown of p300 repressed the enhancement of
WNT/catenin activity by butyrate (Fig. 2), analogous
to the disruption of CBP-WNT activity by ICG-001
(23-29). Thus, whereas p300 knockout did not influence WNT/catenin activity in mock-treated cells, in
the presence of butyrate, WNT signaling levels were
sharply repressed by p300 siRNA (P<0.001) (Fig. 2B).
However, even though p300 knockdown reduced the
final levels of butyrate-mediated WNT/catenin activity, butyrate still retained the ability to induce WNT
hyperactivation. Thus, HCT-116 cells transfected with
p300 siRNA and treated with butyrate exhibited 6-fold
higher levels of WNT/catenin activity compared to
similarly transfected cells not treated with butyrate
(P<0.02). The second p300-expressing CRC cell line
used in this study, SW620 cells, exhibited similar repression of butyrate-induced WNT/catenin activity
after p300 knockdown (P<0.03). In addition, butyrate
retained the ability to upregulate WNT/catenin activity in SW620 cells transfected with p300 siRNA
(P<0.002). These data are consistent with p300 contributing to the hyperactivation of WNT/catenin activity by butyrate. In addition, p300 knockdown
mimics ICG-001 treatment in that while final levels of
butyrate-mediated WNT/catenin activity are reduced, butyrate remains capable of inducing a several-fold increase in WNT signaling.

Fig 1. Expression of p300 in CRC cells. SW620 and HCT-116 cells,
mock treated (M) or treated for 17.5 hr with 5 mM butyrate (B) were
lysed, and total protein analyzed by western blot, utilizing an anti-p300
antibody, with ACTIN antibody used as a control. Representative data are
shown.
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Fig 2. Repression of p300 influences WNT signaling hyperactivation by butyrate. (A) Confirmation of activity of p300 siRNA previously utilized
to downregulate p300, but not CBP, expression (30). (B) 15 pmoles/well control (mock, M) or p300 siRNA (p300si) were cotransfected into HCT-116 cells
(96-well plate) along with the TOPFlash or FOPFlash vectors and pRLTK control. Cell media was changed after 5 hours, and after another 24 hr, cells were
mock treated (M) or treated with 5 mM butyrate (B) for another 17 hr. Data are from three separate experiments. Bars, SDs. * = statistical significance. (C)
SW620 cells were treated as in (B). Data are from three separate experiments. Bars, SDs. * = statistical significance. (D) HCT-116 cells were transfected
with Ctl or p300 siRNA, mock treated or treated with 5 mM butyrate for 24 hr, and proliferation assayed as described in Materials and Methods. Data are
from four separate experiments. Bars, SDs. (E) SW620 cells were treated with p300 siRNA and butyrate as in (D). Data are from four separate experiments. Bars, SDs.

Knockdown of p300 levels with siRNA did not
affect the ability of butyrate to upregulate caspase
activity in either the HCT-116 or SW620 cells; for both
cell lines, levels of butyrate-mediated caspase activity
were similar in the presence or absence of p300 siRNA
(data not shown). However, unlike what was observed with ICG-001-mediated disruption of
CBP-WNT activity (23-29), p300 knockdown did not
reduce HCT-116 or SW620 cell proliferation in the
presence or absence of butyrate (Fig. 2D,E). In both
cell lines, in the absence of butyrate, p300 knockdown
resulted in a modest (20%) increase of cell growth,
which did not reach the level of statistical significance.

Activity of butyrate and ICG-001 in p300 deficient CRC cell lines
The role of p300 in the effects of butyrate on
WNT signaling was also evaluated utilizing p300 deficient CRC cells. Previous studies (23-28) suggest that
expression of p300 may be required for the activity of
ICG-001; thus, it has been suggested that the repressive role of ICG-001 on WNT signaling and CRC cell
growth is due to inhibition of CBP/beta-catenin complexes and promotion of p300/beta-catenin complexes. If p300 is required for ICG-001 activity, then the
effects of ICG-001 would be attenuated or abrogated
in p300-deficient CRC cells.
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We have developed a butyrate-resistant version
of HCT-116 cells, by exposing that cell line to increasing levels of butyrate. Thus, HCT-R cells are resistant to the effects of butyrate (and other HDACis)
on WNT/catenin activity, apoptosis, and growth
suppression (2). While HCT-R cells express CBP, we
establish here that they do not express p300 (Fig. 3A).
Thus, we evaluated the effects of ICG-001 treatment
on HCT-R cells, to ascertain if p300 plays a required
role in the activity of this clinically relevant (33)
chemotherapeutic agent.
Similar to what was observed for HCT-116 cells,
treatment of HCT-R cells with 75 µM ICG-001 reduced
WNT/catenin activity, as measured by the T/F ratio
(Fig. 3B). However, given the variability in
WNT/catenin activity in mock-treated HCT-R cells
(routinely maintained in butyrate), the repression of
WNT activity by ICG-001 was slightly above the level
of statistical significance (P=0.08). As expected,
ICG-001 markedly reduced WNT/catenin activity in
HCT-R cells cultured in butyrate (P<0.001). Importantly, treatment with ICG-001 eliminated the low
level of induction of WNT/catenin activity in butyrate-exposed HCT-R cells: WNT/catenin activity was
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modestly enhanced (P<0.01) after 17.5 hr exposure to
5 mM butyrate; cotreatment with ICG-001 resulted in
the loss of this induction (P<0.001). Therefore, HCT-R
cells differ from HCT-116 and SW620 cells in that
ICG-001 completely eliminates the ability of butyrate
to induce WNT/catenin activity.
Next, we evaluated how ICG-001 influences the
ability of butyrate to induce apoptosis in HCT-R cells,
as measured by caspase activity (Fig. 3C). HCT-R cells
are resistant to the apoptotic effects of butyrate compared to parental HCT-116 cells (5). Consistent with
previous findings (2), treatment of HCT-R cells with
butyrate did not upregulate apoptosis. In contrast to
HCT-116 cells (29), treatment of HCT-R cells with
ICG-001 significantly upregulated caspase activity
(P<0.01). Cotreatment with butyrate and ICG-001 repressed caspase activity compared to ICG-001 alone
(P<0.03). Compared to mock treatment, exposure of
HCT-R cells to both butyrate and ICG-001 resulted in
a modest 20% increase in caspase activity (P<0.01).
Thus, in butyrate-resistant HCT-R cells, the greatest
level of caspase activity was achieved by treatment
with ICG-001 alone, and butyrate interfered with the
pro-apoptotic action of ICG-001.

Fig 3. ICG-001 modulates WNT/catenin activity and apoptosis in p300 deficient HCT-R CRC cells. (A) Western blot data confirming
expression of CBP and lack of p300 expression in HCT-R cells, mock treated (M) or treated with 5 mM butyrate (B). In the p300 immunoblot, non-specific
background bands are present, but p300 expression is not observed. (B) ICG-001 inhibits butyrate-induced WNT/catenin activity in HCT-R cells. Experiments were performed as described in ref. 29. Data are from three separate experiments. Bars, SDs. * = statistical significance. (C) Butyrate interferes
with upregulation of apoptosis by ICG-001 in HCT-R cells. Experiment performed as in the Materials and Methods section. Data are from four separate
experiments. Bars, SDs. * = statistical significance.
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Fig 4. ICG-001 modulates WNT/catenin activity and apoptosis in p300 deficient HCT-15 CRC cells. (A) Western blot data confirming
expression of CBP and lack of p300 expression in HCT-15 cells, mock treated (M) or treated with 5 mM butyrate (B). (B) ICG-001 inhibits butyrate-induced
WNT activity in HCT-15 cells. Experiments were performed as in Fig 3B. Data are from three separate experiments. (C) Butyrate and ICG-001 influence
apoptosis in HCT-15 cells. Experiment performed as in Fig. 3C. Data are from three separate experiments. Bars, SDs. * = statistical significance.

HCT-R cells do not express detectable levels of
p300 in presence or absence of butyrate (Fig. 3A), and
these cells exhibit marked differences in global gene
expression compared to the parental HCT-116 cells
(34). Therefore, HCT-R cells, which were developed in
our laboratory, may not fully reflect the characteristics
of CRC cells that are p300-deficient due to spontaneous mutation in vivo. Therefore, we also assessed effects of ICG-001 in HCT-15 CRC cells. The HCT-15
line is WNT activity-positive and APC mutant; these
cells lack expression of p300, but express CBP (30).
The lack of p300 expression is due to an in vivo mutation during the process of tumorigenesis, and it is
believed that this mutation results in nonsense mediated decay of p300 mRNA (30-32). Therefore, HCT-15
cells represent p300-deficient tumors that naturally
arise in vivo; such tumors may exhibit differential
sensitivities to butyrate and to agents such as
ICG-001. The lack of p300 expression and the presence
of CBP expression in HCT-15 cells (30) was confirmed
under our experimental conditions, and we established that this pattern of CBP and p300 expression is
not altered in presence of 5 mM butyrate (Fig. 4A).
Titration experiments indicated that the
WNT/catenin activity in HCT-15 cells was downregulated effectively by 50 to 100 µM ICG-001, with
maximal downregulation at 75 µM (data not shown).
We therefore used 75 µM ICG-001 for all subsequent
experiments with these cells. HCT-15 cells exhibited a

marked repression of WNT/catenin activity in presence of ICG-001 (Fig. 4B, P<0.001). Interestingly,
HCT-15 CRC cells did not markedly induce
WNT/catenin activity in the presence of butyrate (Fig.
4B, P<0.003); this is similar to butyrate-resistant
HCT-R cells. The observation that both p300-deficient
cell lines exhibit low-fold induction of WNT activity
by butyrate supports a role for p300 in WNT hyperactivation.
We then examined the effects of ICG-001 on butyrate-induced apoptosis of HCT-15 cells (Fig. 4C).
Butyrate induced caspase activity compared to mock
treated controls (P < 0.001), while there was no statistically significant difference between caspase activity
in HCT-15 cells treated with 75 µM ICG-001 compared
to control. ICG-001 did not interfere with the ability of
butyrate to upregulate caspase activity; the combination of butyrate and ICG-001 resulted in the largest
induction of caspase activity compared to control
(P<0.01). However, compared to butyrate alone, cotreatment with butyrate/ICG-001 did not further increase caspase activity to a statistically significant
extent.
We also assessed the effects of butyrate and/or
ICG-001 treatment on HCT-R and HCT-15 cell
growth. As expected HCT-R cell proliferation was
unaffected by treatment with butyrate, but was
sharply decreased by treatment with ICG-001
(P<0.002), as well as by cotreatment with both agents
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(P<0.001) (Fig. 5A). In HCT-15 cells, butyrate did not
result in a statistically significant decrease in the
number of viable cells, while cell growth was diminished by ICG-001 (P<0.05) and cotreatment with both
butyrate and ICG-01 (P<0.03) (Fig. 5B).

Fig 5. HCT-R and HCT-15 cell proliferation. Effects of butyrate and
ICG-001 on HCT-R (A) and HCT-15 (B) cell proliferation were assayed as
described in Materials and Methods. Data are from three separate experiments. Bars, SDs. * = statistical significance.

Overexpression of p300 in CRC cells
The p300 siRNA data (Fig. 2) clearly show that
p300 is involved in the hyperactivation of WNT activity by butyrate, a finding supported by the low
level of WNT/catenin hyperactivation observed in
p300-deficient CRC cells (Figs. 3,4). To further confirm
that p300, like CBP, influences butyrate-mediated
WNT/catenin activity, we performed overexpression
experiments. If p300 positively influences WNT hyperactivation, then exogenous overexpression of p300
should upregulate butyrate-induced WNT signaling.
Since p300 contributes to butyrate-mediated WNT
hyperactivation in CRC cells (Figs. 3,4), overexpressed
p300 and ICG-001 may have opposing effects on
WNT/catenin activity in CRC cells.
To confirm the positive role of p300 on WNT
hyperactivation, and to assess interactions between
p300 and the action of ICG-001, we exogenously
overexpressed p300 in CRC cell lines. We then evaluated effects of p300 overexpression on basal
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WNT/catenin activity, butyrate-induced WNT hyperactivation, and ICG-001-mediated changes in
WNT activity. CRC cells were cotransfected with the
TOPFlash or FOPFlash reporters, and an expression
vector for p300 and treated with butyrate and/or
ICG-001. Overexpression of p300 in HCT-116 cells
upregulated WNT/catenin activity in the presence
and absence of butyrate (Fig. 6A). Treatment with
ICG-001 reduced WNT/catenin activity resulting
from expression of p300. Thus, expression of p300 in
HCT-116 cells enhanced WNT activity (P<0.05), and
this statistically significant increase was eliminated by
treatment with ICG-00l. Overexpression of p300 also
augmented WNT/catenin activity in butyrate-treated
HCT-116 cells (P<0.005). This fold increase in WNT
signaling was maintained in the presence of ICG-001
(compare IB and p300IB, P<0.001). However, the absolute levels of WNT/catenin activity in
p300-transfected cells exposed to butyrate was decreased by ICG-001 (compare p300B with p300IB,
P<0.001). In contrast, overexpression of p300 did not
have any significant effect on WNT/catenin activity
in mock and butyrate-treated SW620 CRC cells (data
not shown).
Since HCT-R and HCT-15 cells do not express
p300 protein (Figs. 3,4), it was important to evaluate
the effects of exogenous p300 expression in these cell
lines. We observed that HCT-R cells transfected with
p300 exhibited enhanced WNT/catenin activity, and a
higher level of induction of this activity by butyrate
(Fig. 6B). Similar to HCT-116 cells, treatment of
HCT-R cells with ICG-001 eliminated the upregulation of WNT/catenin activity resulting from endogenously expressed p300 (compare p300I with p300,
P<0.02). The high levels of WNT activity in butyrate-treated p300-transfected HCT-R cells were markedly repressed by cotreatment with ICG-001 (compare
p300B with p300IB, P<0.002). In addition, in contrast
to HCT-116 cells, ICG-001 treatment of HCT-R cells
also eliminated the fold-increase in WNT activity
mediated by p300 in the presence of butyrate (compare p300IB to p300I). Exogenous expression of p300
did not significantly alter levels of WNT/catenin activity in mock-treated p300-deficient HCT-15 cells
(Fig. 6C). However, exogenous p300 markedly augmented the ability of butyrate to upregulate
WNT/catenin signaling (P<0.001). Similar to HCT-116
and HCT-R cells, the high final levels of WNT/catenin
activity observed with p300 expression and butyrate
treatment were reduced by ICG-001 (P<0.001). Finally, ICG-001 did not eliminate the fold-increase of
WNT/catenin
activity
observed
from
p300–transfected, butyrate-treated HCT-15 cells
(compare p300IB to p300I).
http://www.jcancer.org
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Fig 6. Overexpression of p300 levels influences WNT signaling in CRC cells. Overexpression of p300 enhances WNT/catenin activity in
HCT-116 (A), butyrate-resistant HCT-R (B), and p300-mutant HCT-15 (C) CRC cells. Cells were transfected with TOP/FOPFlash reporter vectors (0.1
µg/well), and an expression vector for p300 or a control vector (0.4 µg/well), and with pRLTK for normalization of transfection efficiency. After 5 hours
cells were left untreated (M and p300) or treated with 75 µM ICG-001 (I), 5 mM butyrate (B) or both agents (IB) overnight. Data for Fig. 6 are from three
to four separate experiments; Bars, SDs. * = statistical significance.

In certain CRC cell lines, treatment with ICG-001
promotes p300/beta-catenin complex formation,
while inhibiting CBP/beta-catenin binding (23). The
small molecule IQ-1 has the ability to block increased
p300/beta-catenin complex formation that is promoted by ICG-001 treatment (27). To evaluate
whether the repression of WNT/catenin activity by
ICG-001 is due to enhanced p300/beta-catenin association, we co-treated CRC cells with both ICG-001
and IQ-1, and observed no significant difference
compared to treatment with ICG-001 alone (data not
shown). This finding further argues against a repressive role for p300/beta-catenin complexes in the hyperactivation of WNT signaling by butyrate, and is
consistent with our data that p300 positively contributes to butyrate-induced WNT/catenin signaling
(Figs. 2-4).
In contrast to the p300 findings we did not detect
an effect of overexpressed CBP on basal or butyrate-mediated WNT signaling in CRC cells (data not
shown).

Discussion
Our findings demonstrate that p300-mediated
WNT/catenin activity contributes to the upregulation
of WNT signaling by butyrate, as demonstrated by
suppression and overexpression experiments (Figs.
2,6), and the observation that CRC cell lines deficient
in p300 exhibit low fold induction of WNT/catenin
activity by butyrate (Figs. 3,4).
While modulation of CBP-WNT activity has
been more extensively studied, p300-WNT activity
represents another potential target for therapeutic
intervention. Previous studies indicated that
CBP-mediated and p300-mediated WNT signaling
have distinct functions in colonic cell physiology, with
CBP enhancing cell proliferation and p300 promoting
differentiation (23-28). Consistent with this, while the
CBP-WNT inhibitor ICG-001 sharply decreased CRC
cell proliferation (23,29), silencing of p300 did not
have a statistically significant effect on cell growth
(Fig. 2). However, our findings suggest that, similar to
CBP (29), p300 contributes to the hyperactivation of
WNT/catenin activity by butyrate (Figs. 2-4,6).

http://www.jcancer.org

Journal of Cancer 2013, Vol. 4
Further, even though ICG-001 specifically represses CBP and beta-catenin association (23, 29), we
observed that ICG-001 treatment interfered with the
ability of p300 to enhance butyrate-mediated WNT
hyperactivation (Fig. 6). However, the HAT activity of
CBP and p300 is also mediated through interactions
with factors other than beta-catenin. For example, in
addition to acetylation of histones, CBP and p300
acetylate non-histone proteins, including those involved in WNT signaling, thus influencing transcriptional activity (35-38). Knockdown or overexpression
of p300 may have more pleiotropic effects compared
to the more targeted action of ICG-001 against CBP.
Thus, increased levels of p300 may influence
WNT/catenin signaling directly, as well as indirectly
by enhancing CBP-WNT activity. If p300 indirectly
enhances CBP-mediated WNT signaling, then effects
of overexpressed p300 on WNT/catenin activity
would be sensitive to ICG-001, as observed (Fig. 6).
The mechanism by which interference between
ICG-001 and overexpressed p300 occurs is currently
under investigation in our laboratory.
Although some studies suggest a role for p300 in
the activity of ICG-001, our findings with the
p300-deficient HCT-15 and HCT-R CRC cell lines
demonstrate that p300 is not required for the effects of
ICG-001 on WNT hyperactivation and cell proliferation. The p300-deficient HCT-15 cell line exhibits similar characteristics as the p300-expressing HCT-116
cell line with respect to response to ICG-001. Thus,
similar to HCT-116 cells (29), ICG-001 treatment of
HCT-15 cells reduces butyrate-induced WNT/catenin
activity; in addition, butyrate retains the ability to
upregulate WNT/catenin activity even in the presence of ICG-001 (Fig. 4B). Further, and also similar to
HCT-116 cells, the upregulation of HCT-15 cell
apoptosis induced by butyrate is not repressed by
ICG-001 (Fig. 4C).
In contrast, butyrate could not upregulate
WNT/catenin activity in HCT-R cells treated with
ICG-001; WNT/catenin activity observed after butyrate/ICG-001 cotreatment was statistically equivalent
to that observed with ICG-001 alone (Fig. 3B). HCT-R
cells also exhibit significant interference between
ICG-001 and butyrate in the induction of caspase activity: treatment with ICG-001 alone markedly upregulates caspase activity and this increased activity is
suppressed upon cotreatment with butyrate (Fig. 3C).
Previous work from our laboratory indicated that
HCT-R cells exhibit abnormal regulation of genes related to WNT/catenin signaling, cell cycle progression, and apoptosis (34). These changes in gene expression may in part explain the differences between
HCT-R cells and other CRC cell lines in the
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fold-induction of WNT signaling and of apoptosis
with butyrate/ICG-001 cotreatment.
Since HDACi-resistant HCT-R CRC cells exhibited the greatest apoptotic response to ICG-001 (Fig.
3C) compared to other CRC cell lines (Fig. 4, ref. 29),
we posit that ICG-001-like agents might be highly
effective in inducing apoptosis in colon cancers that
are resistant to the effects of butyrate and other
HDACis (1,2). Right-sided colonic tumors may exhibit
such resistance, since in patients with high dietary
fiber intake, such neoplasms develop despite the high
levels of butyrate in the proximal colon (39). In CRC
cells in which butyrate does not increase
WNT/beta-catenin signaling levels and therefore,
does not induce apoptosis, ICG-001-like agents can
potentiate apoptosis through suppression of WNT
activity (Fig. 3). The therapeutic choice of hyperactivating or suppressing WNT/beta-catenin activity in
colonic neoplasms could be based upon assays of this
signaling in patients’ cells obtained through biopsy.
Further, particular mutation profiles associated with
the HDACi-resistant and HDACi-sensitive phenotypes may allow for more informed therapeutic
choices in the future. Determination of the expression
levels of CBP and p300 in patient samples may also
contribute
to
the
decision
of
whether
ICG-001/HDACi combination therapy would be cooperative or antagonistic with respect to apoptosis.
However, we need to further characterize the molecular properties of CRC cells that facilitate a particular
apoptotic response to combination therapy, and such
studies are currently underway in our laboratory.
In summary, p300 plays an important role in
mediating the hyperactivation of WNT/catenin activity observed after treatment of CRC cells with the
HDACi butyrate. However, although p300 may be
required in mediating some effects of ICG-001 in CRC
cells (23-28), p300 expression is not required for effects
of ICG-001 on cell growth or on butyrate-mediated
WNT hyperactivation. We summarize the possible
role of p300 in the activity of butyrate and ICG-001 in
Fig. 7. In addition, the strong promotion of apoptosis
in the p300-deficient, butyrate-resistant HCT-R cell
line suggests that ICG-001 may be particularly effective against butyrate-resistant CRCs that may be enriched among right-sided colonic neoplasms. The
possibility that butyrate-resistance may be correlated
to downregulation of p300 also needs to be explored.
Further studies are required to fully evaluate the
therapeutic potential of targeting p300-WNT activity;
such studies will be facilitated by the development of
specific pharmacological inhibitors of the association
between p300 and beta-catenin.
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Fig 7. Role of p300 in mediating the effects of butyrate on WNT signaling in CRC cells. (Left). In p300-expressing CRC cells (e.g., HCT-116
and SW620), p300-mediated WNT/catenin activity, which is repressed by p300 siRNA knockdown, contributes to WNT hyperactivation by butyrate.
However, butyrate-mediated apoptosis, which is in part dependent on WNT signaling (29), is maintained in cells exposed to p300 siRNA. Exogenous
(over)expression of p300 stimulates WNT/catenin activity and WNT hyperactivation in HCT-116, but not SW620, CRC cells. (Right). Previous reports
have suggested that ICG-001, which represses CBP-mediated WNT signaling, works in part by inhibiting CBP/beta-catenin association and promoting
p300/beta-catenin association (23-28). However, in the present study, we show that p300 expression is not required for the activity of ICG-001 on basal
and butyrate-induced WNT/catenin activity, as demonstrated in the p300-deficient CRC cell lines HCT-R and HCT-15. Exogenous expression of p300 in
these cell lines stimulates WNT/catenin activity and WNT hyperactivation. The effects of exogenous p300 expression on WNT signaling can in some cases
be inhibited by the CBP-specific inhibitor ICG-001 by as yet unknown mechanisms. Arrows indicate positive interactions (activation); blocked lines indicate
negative interactions (repression).
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