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Abstract
This paper reviews the distinctive roles played by 

the transcriptional coactivators CREB-binding protein 
(CBP) and p300 in Wnt/β-catenin signaling and cell 
physiology in colorectal cancer (CRC). Specifically, 
we focus on the effects of CBP- and p300-mediated 
Wnt activity on (1) neoplastic progression; (2) the 
activities of butyrate, a breakdown product of dietary 
fiber, on cell signaling and colonic cell physiology; (3) 
the development of resistance to histone deacetylase 
inhibitors (HDACis), including butyrate and synthetic 
HDACis, in colonic cells; and (4) the physiology and 
number of cancer stem cells. Mutations of the Wnt/
β-catenin signaling pathway initiate the majority of 
CRC cases, and we have shown that hyperactivation of 
this pathway by butyrate and other HDACis promotes 
CRC cell apoptosis. This activity by butyrate may in 
part explain the preventive action of fiber against 
CRC. However, individuals with a high-fiber diet may 
still develop neoplasia; therefore, resistance to the 
chemopreventive action of butyrate likely contributes 
to CRC. CBP or p300 may modify the ability of butyrate 
to influence colonic cell physiology since the two 
transcriptional coactivators affect Wnt signaling, and 
likely, its hyperactivation by butyrate. Also, CBP and 
p300 likely affect colonic tumorigenesis, as well as 
stem cell pluripotency. Improvement of CRC prevention 
and therapy requires a better understanding of the 
alterations in Wnt signaling and gene expression that 
underlie neoplastic progression, stem cell fate, and the 
development of resistance to butyrate and clinically 
relevant HDACis. Detailed knowledge of how CBP- and 
p300 modulate colonic cell physiology may lead to new 
approaches for anti-CRC prevention and therapeutics, 
particularly with respect to combinatorial therapy of 
CBP/p300 inhibitors with HDACis.
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Core tip: Deregulated Wnt/β-catenin signaling is res
ponsible for initiating most human colorectal cancer 
(CRC), and hyperactivation of this pathway by histone 
deacetylase inhibitors such as butyrate, derived from 
dietary fiber, promotes CRC cell death. The tran
scriptional cofactors CREB-binding protein (CBP) or 
p300 affect Wnt signaling and the hyperactivation of 
this pathway by butyrate. CBP and p300 likely affect 
colonic tumorigenesis, stem cell fate, and butyrate 
resistance in CRC. Therefore, pharmacological or genetic 
methodologies that target CBP- and p300-mediated 
Wnt activity are possible preventive or therapeutic 
approaches against CRC.
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WNT SIGNALING, BUTYRATE, AND 
CREB-BINDING PROTEIN /P300
Dietary fiber, colorectal cancer, and Wnt signaling
The anti-colorectal cancer (CRC) protective effect[1-5] 
of dietary fiber has been attributed to its fermentation 
product butyrate[6-10], a histone deacetylase inhibitor 
(HDACi)[11]. HDACis, which are current or proposed 
chemotherapeutic agents, induce apoptosis[1,2,12-14], CRC 
cell cycle arrest, and/or differentiation in vitro[1,2,15-17]. 
Deregulated Wnt/β-catenin signaling[18-23], involving 
β-catenin and Tcf/Lef factors[23,24], is responsible for 
most CRCs[25-27], and in these cells HDACis hyperactivate 
the Wnt/β-catenin pathway[1,2,17]. Exciting new fin
dings[18] suggest one mechanism whereby this hype
ractivation takes place at Wnt target genes. Thus, 
the repressor p15RS inhibits Wnt/β-catenin activity 
by recruiting HDAC2 to Wnt target gene promoters, 
where it associates with Tcf4 and maintains histone 
H3 in a deacetylated state. In this scenario, β-catenin-
Tcf4 association is disrupted and transcription from 
Wnt target gene promoters is repressed; HDACis 
interfere with the activity of p15RS and HDAC2 at these 
promoters, upregulating canonical Wnt transcriptional 
activity[18]. Wnt hyperactivation has important con
sequences for CRC cell physiology. Butyrate and other 
HDACis induce CRC cell apoptosis, and we have shown 
that Wnt signaling hyperactivation promotes high levels 
of apoptosis[1,2,17]. Thus, there is a causative linear 
relationship between fold-induction of Wnt activity 
and the degree of apoptosis in CRC cells exposed to 
butyrate. In agreement with these findings, abrogation 
of Wnt/β-catenin activity in CRC cells markedly 
reduces the levels of butyrate-induced apoptosis[1]. 

To summarize, Wnt/β-catenin signaling, which is 
deregulated by mutations, leads to moderate Wnt 
activity levels that promote colonic cell proliferation 
and tumorigenesis; however, relatively high and 
relatively low levels of the same signaling activity lead 
to increased CRC cell apoptosis and repressed cell 
proliferation[1,2,17,28,29].

CREB-binding protein, p300, butyrate, and Wnt signaling
The physical association between β-catenin and the 
histone acetylases CREB-binding protein (CBP) and 
p300[30-34], which are cotranscriptional factors[35-39], 
influences Wnt/β-catenin signaling[30-33]. CBP-mediated 
Wnt signaling has been associated with colonic cell 
proliferation, and p300-mediated Wnt activity promotes 
differentiation[30-39]. The interaction between CBP and 
Wnt signaling can be evaluated utilizing the small 
molecule inhibitor ICG-001 that binds to CBP but not 
to p300[30]. ICG-001 downregulates Wnt transcriptional 
activity in CRC cells by suppressing the association 
between CBP and β-catenin without blocking p300/
β-catenin association[30]. Treatment of cells with 
ICG-001 enhances p300/β-catenin association at the 
expense of CBP/β-catenin association, promoting 
cellular pathways that favor differentiation and/or 
apoptosis and repress cell proliferation[30-33]. Thus, 
ICG-001 inhibits CRC cell proliferation, increases 
apoptosis as measured by caspase activity, and inhibits 
expression of the anti-apoptotic factor survivin[30,33]. 
A water soluble version of ICG-001 reduced the 
formation of intestinal neoplasms in the APCMin mouse 
model of CRC[30], and the second generation CBP-
Wnt inhibitor PRI-724 is in clinical trials[31,40]. Thus, 
although CBP and p300 have pleiotropic effects on 
gene expression and cell physiology, these findings 
clearly indicate differential roles for CBP- and p300-
mediated Wnt signaling in colonic cell physiology. In 
summary, these studies suggest that Wnt signaling 
can be divided into CBP-mediated and p300-mediated 
components, with CBP-Wnt activity promoting cell 
proliferation, while p300-Wnt activity is associated with 
cell differentiation and, possibly, apoptosis.

HDACis are promising agents against mali
gnancies[15,16], including CRC. In addition to the already 
recognized therapeutic uses of synthetic HDACis, the 
production of the HDACi butyrate from dietary fiber 
in the human colon and the effects of butyrate on 
CRC cells suggest that dietary HDACis play a role in 
CRC prevention[1,2,17,28,29]. HDACis may influence the 
ability of CBP and p300 to modulate Wnt/β-catenin 
activity and affect colonic cell physiology. Therefore, 
studies have been conducted to evaluate how CBP and 
p300 activity influence butyrate-mediated effects on 
Wnt activity and cell physiology in colonic adenoma 
and butyrate-sensitive and butyrate-resistant colonic 
carcinoma cells[41-43].

While all studied human CRC cells expressed 
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CBP[41,42], differences in p300 expression have been 
detected. Thus, butyrate-sensitive HCT-116 and 
SW620 CRC cells express p300; butyrate-resistant 
HCT-R cells, which were derived from HCT-116 cells, 
do not[41,42]. Treatment with ICG-001, which specifically 
targets the association of CBP, but not of p300, with 
β-catenin, inhibited basal and butyrate-induced 
Wnt signaling in all CRC cell lines studied[41-43]. Both 
ICG-001 and butyrate were shown to reduce HCT-116 
and SW620 cell proliferation; however, ICG-001 
interfered with butyrate-induced apoptosis in SW620, 
but not HCT-116, CRC cells[41]. Butyrate-mediated 
apoptosis in SW620 cells was reduced by ICG-001, 
but it was not completely abrogated, since (1) p300-
mediated Wnt activity remains intact after treatment 
with ICG-001[30]; and (2) butyrate exerts both Wnt 
signaling-dependent and Wnt signaling-independent 
effects on CRC cell apoptosis[1,2]. Most likely, the 
differential modulation of butyrate-mediated apoptosis 
by ICG-001 in the CRC cell lines is at least partially due 
to the relative utilization of CBP-mediated vs p300-
mediated Wnt activity in each CRC cell line. 

Modulation of cell cycle progression and proliferation 
can also affect apoptosis. Therefore, the differential 
effects of ICG-001 on butyrate-induced apoptosis 
in CRC cells could be due to the variable effects of 
ICG-001/butyrate treatment on cell proliferation, 
through modulated expression of the cell cycle 
inhibitor p21 and the anti-apoptotic factor survivin (a 
gene targeted by CBP-mediated Wnt signaling)[33,41]. 
Significantly, ICG-001 has more marked effects on 
proliferation and cell cycle arrest in SW620 cells than in 
HCT-116 cells, and the effects of butyrate and ICG-001 
on p21 and survivin expression differ between these 
two cell lines[41].

ICG-001 was shown to repress butyrate-induced 
Wnt activity, and knockdown of p300 with siRNA 
also repressed butyrate-mediated Wnt signaling[42]; 
therefore, CBP and p300 activities are both required 
for the hyperactivation of Wnt signaling by butyrate. 
It is likely that butyrate upregulates separate CBP- 
and p300-mediated components of Wnt activity, 
which both contribute to the overall hyperactivation 
of Wnt signaling observed in butyrate-treated CRC 
cells. Targeting CBP vs p300 activity can have different 
effects on butyrate-mediated changes in CRC cell 
physiology. For example, unlike ICG-001 treatment, 
partial p300 knockdown did not affect HCT-116 or 
SW620 CRC cell proliferation in the presence or 
absence of butyrate[42]; this lack of effect may be 
due to differences in the function of CBP and p300 in 
these cell lines. However, the role of p300 in butyrate-
mediated CRC cell proliferation is likely cell type-
specific; thus, findings from CRC cells that naturally 
lack p300 expression suggest that p300-Wnt activity 
is required for optimal butyrate-mediated repression 
of cell proliferation (see below)[42]. Thus, upregulation 
of the specific p300-mediated component of Wnt 

signaling by butyrate may be responsible for that 
agent’s activity in promoting CRC cell apoptosis, 
consistent with previous reports that p300-Wnt 
activity is associated with differentiation (and possibly 
apoptosis), while CBP-Wnt activity is more pro-
proliferative[30-33]. The relative effects of butyrate 
upregulation of CBP-Wnt vs p300-Wnt activities likely 
determine the final cell fate, and would differ on a cell-
type dependent basis. Thus, in summary, modulating 
distinct CBP-mediated and p300-mediated components 
of Wnt/β-catenin activity (e.g., by ICG-001, siRNA, 
HDACis) may differentially affect CRC cell physiology 
(e.g., proliferation vs differentiation/apoptosis cell fate) 
in a cell type-specific manner[41-43]. 

Combinatorial therapy and effects on apoptosis
Both relatively high and low levels of Wnt/β-catenin 
activity can promote apoptosis of colonic cells 
with activating mutations in the pathway[1,2,17,28,29]. 
Interference between butyrate and ICG-001 on 
apoptosis in certain CRC cells can be explained by the 
fact that butyrate upregulates Wnt activity; whereas, 
ICG-001 suppresses that activity. The hyperactivation 
of Wnt signaling by butyrate is responsible for part, 
albeit not all, of that agent’s ability to promote CRC 
cell apoptosis[1]; on the other hand, ICG-001 can 
activate apoptosis by repressing Wnt activity[30-33]. 
However, in certain CRC cell lines butyrate and 
ICG-001 cooperate to enhance Wnt activity-dependent 
effects on apoptosis and proliferation, and this requires 
explanation.

One possibility is that ICG-001 has both Wnt 
activity-independent as well as Wnt activity-dependent 
effects on colonic cell physiology. Thus, one study 
suggested that ICG-001 may enhance apoptosis in 
multiple myeloma cells in a Wnt activity-independent 
manner[44], although that study did not distinguish 
between the effects of CBP-Wnt and p300-Wnt activity. 
However, it has been shown that in colonic cells 
ICG-001 has significant Wnt-dependent effects[30-43]. 
Thus, a Wnt activity-specific mechanism to explain our 
findings is that ICG-001, a specific inhibitor of CBP-
mediated Wnt signaling, represses the CBP-mediated 
Wnt activity required for cell growth; whereas, 
leaving unaffected p300-mediated Wnt signaling that 
promotes colonic cell differentiation and apoptosis[41-43]. 
Further, it is the fold-change in Wnt activity, and not its 
absolute levels, which correlates to butyrate’s effects 
on cell proliferation and apoptosis[1]. Thus, whereas 
ICG-001 suppresses the absolute level of Wnt/β-catenin 
signaling, butyrate retains the ability to induce a 
fold-increase in Wnt activity even in the presence of 
ICG-001[41-43].

Thus, combinatorial treatment of colonic cells with 
ICG-001 and butyrate inhibits CBP-mediated Wnt 
signaling, a pathway responsible for cell proliferation, 
whereas, it maintains fold-induction of p300-
mediated Wnt signaling, a pathway that enhances 
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differentiation[30-33] and apoptosis in certain cell 
types[41-43]. On the other hand, in butyrate-resistant 
CRC cells in which butyrate does not increase Wnt 
signaling levels and does not induce apoptosis, ICG-
001-like agents enhance apoptosis[42] by repressing 
CBP-mediated Wnt activity below the threshold 
required for CRC cell viability. Finally, both butyrate and 
ICG-001 can have Wnt-independent, as well as Wnt-
dependent, effects on cell apoptosis and proliferation. 
Therefore, in some cell lines the Wnt-independent 
effects of butyrate/HDACis and ICG-001 on apoptosis 
may be additive while, at the same time, the Wnt-
dependent effects of these agents may counteract 
each other.

ICG-001 and high/low-Wnt activity fractions in CRC
Modulation of the relative levels of CBP vs p300 activity 
can affect tumor behavior by influencing the cell 
populations within a neoplasm. CRC cell populations 
in culture can be divided into fractions with high and 
low Wnt activity, and the number of cells with high 
Wnt activity is increased by butyrate treatment[1,2]. 
CRC cells with hyperactivated Wnt signaling commit 
to apoptosis[1,2]; whereas, cells with moderate 
but constitutive levels of Wnt signaling have been 
associated with more aggressive CRC phenotypes[45]. 
An EGFP reporter for Wnt activity combined with 
flow cytometry analysis of the transfected cells was 
utilized to evaluate the effects of ICG-001 treatment 
on Wnt activity fractions in CRC cell populations. 
This experimental approach revealed that CBP-
mediated Wnt signaling is absolutely required for the 
maintenance of high Wnt activity and low Wnt activity 
fractions in CRC cell lines, and that ICG-001 abrogates 
the ability of butyrate to increase the number of 
CRC cells with high Wnt signaling levels[41]. These 
findings suggest a possible CRC therapy approach 
of modulating CBP-mediated Wnt activity in order to 
transition CRC cells to less tumorigenic types. 

NEOPLASTIC PROGRESSION
Repression of CBP-mediated Wnt/β-catenin activity 
by ICG-001 has greater effects on butyrate action 
on apoptosis and proliferation in SW620 cells than 
in HCT-116 cells[41]. SW620 cells are derived from a 
CRC metastasis and HCT-116 cells are derived from a 
primary CRC. One possibility is that CBP-mediated Wnt 
activity, which is associated with cell proliferation and 
pluripotency[30-33,40], has a more central role (i.e., it is 
utilized to a greater extent) in later, advanced stages 
of neoplastic development. Although studies evaluating 
different forms of cancer come to variable conclusions 
about the prognostic value of p300 expression, the 
most recent study involving colon cancer showed 
that overexpression of nuclear p300 was associated 
with a favorable prognosis (disease-free survival 

rate for patients with colon cancer)[46]. This finding is 
generally supportive of the general hypothesis that 
p300-mediated Wnt activity is associated with a lesser 
degree of neoplastic progression, while CBP-mediated 
Wnt activity is associated with more aggressive and 
advanced cancer. The differential effects of CBP and 
p300 on cell physiology during neoplastic progression 
may derive from altered expression of genes targeted 
by CBP-mediated and p300-mediated Wnt activity. 
For example, survivin, c-myc, and cyclin D1 are all 
genes targeted by Wnt/β-catenin signaling, and their 
expression is controlled by the relative levels of CBP 
vs p300 activity; furthermore, the products of these 
genes directly influence decisions of proliferation, 
differentiation, and apoptosis. Thus, survivin expression 
is stimulated by CBP and repressed by p300, expression 
of cyclin D1 is stimulated by CBP and unaffected 
by p300, and expression of c-myc is stimulated by 
p300[33]. The anti-apoptotic protein survivin and 
the pro-proliferative cyclin D1 may mediate more 
tumorigenic/aggressive cell phenotypes associated 
with CBP-mediated Wnt activity[30,33]. The role of c-myc 
expression in the downstream consequences of p300 
activity is uncertain, as increased expression of c-myc 
is usually associated with tumorigenesis. However, 
c-myc can, in certain contexts, promote differentiation 
and apoptosis, consistent with the pro-differentiation 
role suggested for p300-mediated Wnt activity[30,33]. 

In vitro studies evaluating the effects of butyrate 
have typically utilized CRC cells; however, diet-derived 
butyrate is likely most effective against early stage 
colonic neoplasia[1,2]. In this context, it is important to 
note that microadenoma LT97 cells, isolated from the 
earliest stage of colonic neoplasia[3,4], have been found 
to be extremely sensitive to the growth-suppressing[4] 
and apoptosis-inducing[43] effects of butyrate. These 
cells were used to determine the role of CBP- and 
p300-mediated Wnt signaling in modulating the effects 
of butyrate. Similar to what was observed in colon 
carcinoma cells, ICG-001 repressed the butyrate-
induced hyperactivation of Wnt signaling in LT97 
adenoma cells. Unlike late-stage metastatic SW620 
CRC cells, cotreatment of LT97 cells with ICG-001 does 
not repress butyrate-mediated apoptosis. Proliferation 
of LT97 cells was more affected by butyrate than by 
ICG-001, and expression of the anti-apoptotic product 
of the survivin gene was unaffected by ICG-001 
treatment.

Differences in apoptotic levels between ICG-001/
butyrate-treated LT97 adenoma cells and metastatic 
SW620 CRC cells may be due to: (1) the relative role of 
CBP-mediated and p300-mediated Wnt signaling; and/
or (2) the levels of factors such as survivin (a target 
gene of CBP-mediated Wnt signaling), p21, and other 
Wnt signaling-targeted genes. Thus, the repression 
of butyrate-induced apoptosis in ICG-001 – treated 
SW620 cells, compared to LT97 cells, is consistent with 
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a more prominent role of CBP-mediated Wnt activity in 
SW620 CRC cells, and a more prominent role of p300-
mediated Wnt activity (not affected by ICG-001) in 
LT97 cells. ICG-001 represses butyrate-induced Wnt 
transcriptional activity in both SW620 and LT97 cells, 
and this finding could be reconciled by the possibility 
that p300-mediated Wnt activity (that is not affected 
by ICG-001) is utilized to a greater extent in LT97 
than in SW620 cells. In addition, the lack of effect of 
ICG-001 on the expression of survivin, a gene targeted 
by CBP-mediated Wnt activity[33], in LT97 cells[43] also 
suggests that CBP-mediated Wnt signaling has a lesser 
role in these cells compared to later-stage, metastatic 
SW620 cells. This explanation is supported by the 
higher RNA expression levels of survivin in SW620 cells 
compared to LT97 cells, as established by microarray 
analysis[43]. In addition, exogenous overexpression of 
CBP stimulates the butyrate-induced hyperactivation 
of Wnt signaling in LT97 cells[43], but not in SW620 
cells[42], a finding that suggests saturation of CBP-
mediated Wnt activity in SW620 but not in LT97 cells. 

In summary, findings reported in the literature 
are consistent with neoplastic progression being 
affected by the relative role/activity of CBP-mediated 
and p300-mediated Wnt signaling. This possibility 
is supported by the following findings: (1) most of 
the analyzed CRC cell lines express CBP but some 
do not express p300[41-43]; (2) p300-mediated Wnt 
signaling is associated with cell differentiation; 
whereas, CBP-mediated Wnt signaling is associated 
with cell proliferation[30,33]; (3) CBP is the preferred 
binding partner for β-catenin in CRC cell lines[30,41]; 
(4) expression of survivin, a gene targeted by CBP-
mediated Wnt activity, is inhibited by ICG-001 in 
CRC cells but not in LT97 cells, suggesting a greater 
utilization of CBP-mediated Wnt activity in later stages 
of colonic neoplasia; and (5) overexpression of CBP in 
LT97 cells enhances butyrate-induced hyperactivation 
of Wnt signaling[43]; whereas, no similar effect is 
observed in CRC cells[42], suggesting that endogenous 
CBP-mediated Wnt signaling is saturated in CRC 
cells, but not in LT97 adenoma cells. In addition, a 
recent report[47] suggests that CBP can interact with 
thymine DNA glycosylase to enhance Wnt signaling 
and proliferation of colonic cells. This finding suggests 
that it is likely that a number of signaling pathways 
and enzymatic factors cross-talk with CBP and p300 to 
influence decisions of proliferation vs differentiation/
apoptosis, and underscores the importance of CBP 
activity in promoting Wnt activity-driven proliferation 
of human colon cancer cells. An interpretation of these 
findings is that a more advanced neoplastic phenotype 
is characterized by enhanced expression of genes 
targeted by CBP-mediated Wnt activity (e.g., survivin, 
cyclin D1). Transcription reporter assays and microarray 
findings[1,2,45,48,49] clearly have established that HDACis 
hyperactivate Wnt signaling; however, certain Wnt 
activity-targeted genes exhibit downregulated expression 

due to both Wnt signaling-dependent and Wnt signaling-
independent mechanisms[45,48,49]. For example, expression 
of survivin, c-myc, and cyclin D1 is typically repressed in 
HDACi-treated CRC cells[48]. Therefore, one possibility 
is that both up- and downregulated expression of 
Wnt activity-targeted genes in HDACi-treated colonic 
neoplastic cells is influenced by the relative levels of 
CBP-mediated vs p300-mediated Wnt activity, and the 
relative levels of these activities in different colonic cells 
determine the direction and magnitude of the effects 
of HDACis on gene expression. These conjectures need 
to be carefully evaluated in future studies.

Such additional studies will require use of other 
colonic cell lines, particularly those intermediate on 
the neoplastic spectrum between the LT97 and SW620 
lines. Another cell line useful for evaluating neoplastic 
progression is SW480. The SW480 cell line was 
derived from a primary tumor from the same patient 
from whom the SW620 metastatic line was isolated, 
and we have shown that these two cell lines differ in 
the degree of response to butyrate[1]. Thus, future 
studies should utilize cell lines such as SW480, in 
addition to LT97 and SW620, to further dissect the role 
of CBP and p300 in colonic tumorigenesis. In general, 
studies that compare cells from matched primary 
vs metastatic tumors from the same patient would 
assist in identifying the roles played by CBP and p300 
in neoplastic progression. We would expect that cell 
lines derived from metastases would exhibit a greater 
degree of CBP-Wnt activity and less p300-Wnt activity 
compared to matched primary tumor samples from 
the same patient.

Butyrate/HDACis resistance
Preliminary analyses of the mechanisms underlying 
butyrate resistance in CRC cells[49] utilized HCT-R cells 
that were derived from HCT-116 cells exposed to 
increasing concentrations of butyrate (up to 5 mmol/L). 
Microarray and western blot analyses demonstrated 
altered gene expression in HCT-R cells, compared to 
HCT-116 cells[47]. Importantly, HCT-R cells exhibit a 
markedly decreased expression of p300 compared 
to parental HCT-116 CRC cells. ICG-001, an inhibitor 
of CBP-mediated Wnt activity, was shown to repress 
Wnt activity in HCT-R cells, and these cells are highly 
sensitive to the apoptosis-inducing effects of ICG-001, 
suggesting that survival of butyrate resistant cells is 
associated with CBP-mediated Wnt activity. 

Butyrate does not affect HCT-R cell proliferation, 
unlike the sharp repression of cell growth caused by 
the agent in butyrate-sensitive CRC cells expressing 
p300[41]. HCT-15 CRC cells that, similar to HCT-R 
cells, lack expression of p300 also exhibit repressed 
hyperactivation of Wnt signaling upon exposure to 
butyrate[42]. Also similar to HCT-R cells, the proliferation 
of HCT-15 cells is not influenced by butyrate[42]. Thus, 
both HCT-15 CRC cells that are deficient in p300 
expression, and HCT-R cells with repressed p300 
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expression, exhibit relative resistance to the effects 
of butyrate on Wnt signaling and cell proliferation. 
Unlike HCT-R cells, HCT-15 cells respond to butyrate 
treatment with a modest upregulation of apoptosis 
and lack the heightened sensitivity to the apoptosis-
inducing action of ICG-001 displayed by the HCT-R 
line[42]. These findings suggest that p300-mediated 
Wnt signaling is required for optimal hyperactivation 
of Wnt signaling and repression of cell proliferation by 
butyrate in at least some CRC cell lines. This possible 
role for p300 in mediating butyrate-modulated CRC cell 
apoptosis may be related to the association of p300-
mediated Wnt signaling in colonic cell differentiation 
and apoptosis[30-33]. In butyrate-resistant HCT-R 
cells, CBP-mediated Wnt signaling likely promotes 
cell proliferation[42], and the downregulation of this 
signaling by ICG-001 induces apoptosis[42]. Thus, 
resistance to butyrate and other HDACis might be 
associated with a shift of the cancer cells utilizing more 
CBP-mediated than p300-mediated Wnt signaling. 

Summary: neoplastic progression and resistance to 
HDACis
Further studies should address the possibility that the 
simultaneous upregulation of p300-mediated Wnt 
signaling and downregulation of CBP-mediated Wnt 
signaling represent a therapeutic approach against 
both neoplastic progression and the development of 
resistance to butyrate and other HDACis (Figure 1). 

CBP/p300-Wnt activity and cancer stem cell therapeutics
Differential modulation of CBP and p300 activity can 

target the cancer stem cell (CSC) fraction of a tumor, 
while sparing normal somatic stem cells (SSCs). The 
Wnt signaling pathway is associated with promotion of 
pluripotency/stemness; enhanced nuclear translocation 
of β-catenin (a marker for Wnt transcriptional activity) 
is most evident at the invasive front of metastatic solid 
tumors where epithelial to mesenchymal transition 
(EMT) takes place[31]. However, Wnt activity has also 
been associated with differentiation; therefore Wnt 
activity can trigger distinct physiological pathways 
in normal and neoplastic cells. These reports are 
consistent with the proposed specific role of CBP-
mediated Wnt activity in proliferation vs the role of 
p300-mediated Wnt activity in differentiation. Thus, 
blocking the CBP-β-catenin interaction (e.g., with 
ICG-001) promotes p300-mediated Wnt activity and 
differentiation of stem and progenitor cells; conversely, 
inhibiting the p300-β-catenin interaction enhances 
CBP-mediated Wnt activity, promoting pluripotency 
and multipotency[31]. Therefore, repression of CBP-
mediated Wnt signaling would seem to be an effective 
approach to eliminate CSCs through enforced 
differentiation.

However, this leads to the question of whether 
normal SSCs will be also targeted by this CBP-Wnt 
inhibitory approach. Lenz and Kahn[31] argue that 
negative effects on SSCs may be evaded due to the 
tendency of SSCs to multiply through asymmetric 
division (producing one daughter stem cell and one 
daughter differentiated cell); whereas, CSCs, due 
to various mutations, tend to divide symmetrically 
(producing either two daughter stem cells or two 
daughter differentiated cells). Agents such as 
ICG-001 would not change the differences between 
these types of stem cells regarding division; SSCs 
and CDCs exposed to these agents will continue 
to divide asymmetrically and symmetrically, res
pectively. However, the objective of treatment 
would be to force the CSC symmetrical cell division 
to produce two differentiated cells, abrogating the 
symmetrical production of daughter stem cells. The 
CSC symmetrical division that produces stem cells 
would be repressed by CBP-Wnt inhibitors, reducing 
the fraction of stem cells in the tumor. Thus, when 
exposed to a pro-differentiation CBP-Wnt inhibitor (such 
as ICG-001), CSCs would undergo a symmetrical 
division that only produces differentiated cells. In 
contrast, when exposed to the same agent, SSCs 
continue to normally divide asymmetrically, producing 
daughter stem cells that allow for the maintenance 
of the stem cell niche[31]. Effects of CBP and p300 on 
stem cell dynamics have a number of implications 
for cancer. For example, in human CML cell lines, 
hypoxia enhances the leukemia stem/initiating-like 
fraction of the cell population via increased CBP-
mediated Wnt signaling[50]. ICG-001 can reverse 
the effects, emphasizing the role played by CBP in 

Neoplastic progression
SW620 cells

CBP > p300 activity

LT97 cells

p300 > CBP activity

Therapeutic direction

butyrate/HDACis resistance
HCT-R cells

CBP > p300 activity

HCT116 cells

p300 > CBP activity

Therapeutic direction

A

B

Figure 1  CREB-binding protein/p300 in neoplastic progression and 
Histone deacetylase inhibitors resistance, and a possible therapeutic 
approach. We posit that neoplastic progression (A) and resistance to HDACis 
(B) are associated with downregulated p300-mediated Wnt activity and 
relatively increased CBP-mediated Wnt signaling. Gene expression programs 
dependent upon CBP activity > p300 activity drive cell phenotype changes 
characteristic of greater neoplastic progression and HDACi resistance. 
Therefore, therapeutic approaches to prevent and/or reverse progression 
and resistance will depend upon enhancing p300-mediated Wnt activity at 
the expense of that mediated by CBP. Adapted from[43]. CBP: CREB-binding 
protein; HDACis: histone deacetylase inhibitors.
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CSC maintenance and suggesting that repression of 
CBP-Wnt activity is a therapeutic option against the 
relatively larger pool of CSCs maintained in hypoxic 
conditions.

Therapeutic implications of findings involving HDACis 
and modulation of CBP and p300 activity
Findings[41-43] suggest that combinatorial therapy 
utilizing HDACis and ICG-001-like agents is likely to 
be effective in suppressing CRC cell growth. However, 
since apoptosis is a preferable outcome to repressed 
cell growth in therapy, cotreatment with HDACis and 
CBP-Wnt signaling inhibitors (such as ICG-001) should 
be avoided in CRCs in which these two types of agents 
interfere with each other’s effect on apoptosis. A 
challenge would be identifying which subset of CRCs 
fall into this category. In addition, the effect of diet 
on anti-CRC chemotherapeutics must be considered. 
Physiologically relevant concentrations of butyrate are 
produced in the colonic lumen from the fermentation 
of dietary fiber, and may also interfere with the activity 
of ICG-001-like agents on apoptosis. Therefore, 
the effects of a fiber-rich diet on the therapeutic 
activity of ICG-001-like agents against CRC needs 
to be investigated through animal studies. To evade 
undesirable interactions between dietary factors such 
as butyrate and CBP-Wnt inhibitors, CRC patients 
who are treated with ICG-001-like agents may need 
to fast or consume a low-fiber diet[41]. Modulation 
of p300-mediated Wnt activity represents another 
potential therapeutic approach, although further studies 
evaluating of the association of p300 with β-catenin are 
required in order to fully evaluate the role of p300 in 
colonic cell physiology.

Compared to HDACi-sensitive CRC cell lines, 
HDACi-resistant CRC cells exhibited greater apoptotic 
response to ICG-001[41,42]. Possibly, CBP-Wnt signaling 
inhibitors exert their greatest therapeutic effects against 
CRCs that are resistant to dietary and pharmacological 
HDACis. We theorize that right-sided colonic tumors 
may be particularly sensitive to CBP-Wnt signaling 
inhibitors since these neoplasms are more likely to be 
butyrate resistant since they have developed in the 
proximal colon where diet-derived butyrate is at its 
highest levels.

The anti-CRC preventive action of diet-derived 
butyrate is most likely exerted during early stage 
disease. Consistent with this, LT97 microadenoma 
cells are highly sensitive to the anti-proliferative and 
pro-apoptotic effects of butyrate[3,4,43]. Thus, growth 
arrest is an important mechanism whereby HDACis, 
combined with CBP-Wnt signaling inhibitors, affect 
cells in early stage colonic neoplasia[43]. With respect 
to apoptosis, both ICG-001 and butyrate each 
stimulated apoptosis of LT97 cells, and there was no 
interference between these agents in the induction of 
LT97 cell death; whereas, this type of interaction was 
observed in some CRC cell lines[41-43]. These findings 

suggest that CBP-Wnt signaling inhibitors, alone or in 
combination with HDACis, are effective in suppressing 
the earliest stages of colonic tumorigenesis. Practically 
speaking, application of this combinatorial treatment 
approach would be most useful in patients who are 
at particularly high risk for developing CRC (e.g., 
patients who have already had CRC and are at risk for 
recurrence).

Suppression of CBP-mediated Wnt activity may also 
have a therapeutic effect by stimulating differentiation 
of cancer stem cells[31,40]. How this activity of ICG-001 - 
like agents is influenced by dietary or pharmacological 
HDACis remains to be determined. The therapeutic 
choice of enhancing or suppressing Wnt signaling 
activity in CRC could be based upon (1) levels of the 
Wnt pathway, CBP and p300 expression levels in 
neoplastic cells ascertained through biopsy of patient 
samples; and (2) identification of specific gene 
mutation profiles associated with the HDACi-resistant 
and HDACi-sensitive phenotypes.

What next?
CBP-Wnt signaling inhibitors are in clinical trial for 
cancer and are specifically being investigated as 
differentiating agents for normal and cancer stem 
cells[31,40]. We believe that modulation of CBP- and 
p300-mediated Wnt activity has preventive and 
therapeutic potential for CRC, particularly with respect 
to controlling neoplastic progression and preventing/
reversing resistance to HDACis. Combinatorial therapy 
with such agents and HDACis remains a possibility. 
However, additional in vitro and in vivo studies are 
required to further evaluate these possibilities. The 
unexplored question of how the combination of CBP-
Wnt signaling inhibitors and HDACis influences cancer 
stem cell phenotypes remains to be determined.

The dissection of the relative roles of CBP and p300 
in Wnt activity-mediated CRC would be advanced by 
the development of new specific inhibitors of p300-
mediated Wnt activity in human cells, analogous to the 
CBP-Wnt inhibitor ICG-001. One promising development 
in this regard is the identification of windorphen as 
an agent which has greater activity against p300 HAT 
activity and the p300-β-catenin association compared 
to its effects on CBP; in addition, windorphen treat
ment also stimulates apoptosis of CRC cells[51]. The 
activity and specificity of this agent, alone or in 
combination with other agents (e.g., HDACis) requires 
further investigation. Future studies can utilize primary 
patient samples and animal models of CRC to validate 
in vitro findings. Comparison of adenoma vs carcinoma 
stage in patients and animal models may recapitulate 
the differences observed between LT97 vs SW620 cells 
with respect to CBP and p300 expression and activity, 
response to butyrate and/or ICG-001, as well as 
expression of target genes.

Further, primary neoplastic samples acquired along 
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the length of the large bowel should be evaluated for 
relative butyrate resistance in ex vivo experiments. 
For example, CRCs from the right colon have been 
hypothesized to exhibit more butyrate resistance than 
those from the left colon[52,53], due to intra-colonic 
differences in luminal butyrate concentrations. We 
also note that CRCs with microsatellite instability 
(MSI+) are typically found in right-sided colon cancer; 
importantly, these tumors, which display differences 
in cell signaling and therapeutic response compared 
to non-MSI CRC, frequently exhibit mutations in CBP 
and, particularly, p300[54]. A number of cell lines, 
including HCT-116, that are characterized by p300 
mutation, are MSI+[54], and one can hypothesize a 
link between MSI+ status, p300 expression, butyrate-
resistance, and the development of right-sided CRC in 
the context of higher levels of butyrate in the proximal 
colon[53]. Whether agents such as ICG-001 would be 
especially efficacious against MSI+ colonic neoplasms 
(Figure 2) needs to be evaluated, including through 
the use of animal models of mismatch repair-deficient 
CRC (see below). Thus, variation in butyrate sensitivity 
in primary patient samples may reflect differences in 
CBP-mediated and p300-mediated Wnt activity, and 
the downstream consequences with respect to effects 
of butyrate.

Mouse xenograft models can be utilized to deter
mine how alteration in CBP- and p300-mediated Wnt 
activity correlates to in vivo tumorigenicity. Thus, 
adenoma cells engineered to exhibit greater neoplastic 
potential in vitro can be tested for their ability to 

form tumors in vivo; conversely, carcinoma cells with 
modified CBP- and p300-mediated Wnt activity and 
reduced neoplastic potential in vitro can be compared 
to parental cells with respect to tumorigenicity in vivo. 
The same principle can be applied in evaluating how 
modulation of CBP- and p300-mediated Wnt signaling 
in butyrate-resistant cells affects the ability of these 
cells to form tumors and the sensitivity of the resulting 
tumors to butyrate/HDACis.

The findings generated by these studies can be 
subsequently utilized to evaluate approaches that 
target earlier stages in tumor development using 
genetic Apc mutant mouse models. Perhaps a more 
optimal set of mouse models for these studies are 
those mismatch repair-deficient strains developed by 
the Edelmann laboratory[55]. Given the prevalence of 
MSI+ tumors in right-sided colon cancer, the increased 
possibility of butyrate resistance in such tumors, and 
the frequency of CBP and p300 mutations in MSI+ 
CRC, murine models of mismatch repair-deficient CRC 
should also be utilized to understand the role of CBP 
and p300 in colonic neoplasia, possible connections 
between MSI+ status, p300 expression, and butyrate-
resistance, as well as the utility of using ICG-001-like 
agents for the treatment of such tumors. Finally, we 
note that many of the issues discussed in this review 
are likely not confined to CRC; for example, the CBP-
Wnt inhibitor ICG-001 has shown efficacy in repressing 
pancreatic cell growth[56]. Further, inhibition of p300-
mediated Wnt signaling in mouse models indicate 
a role for p300-Wnt activity in proximalizing lung 

Figure 2  Hypothetical relationship between p300 loss, butyrate-resistance, and right-sided colon cancer. Wnt/β-catenin signaling has both CBP-mediated and 
p300-mediated components. CBP-Wnt activity, which is repressed by the clinically relevant agent ICG-001, likely mediates colonic cell proliferation and resistance to 
butyrate (and other HDACis). In contrast, p300-Wnt activity likely mediates differentiation, apoptosis, and sensitivity to butyrate. Butyrate, derived from dietary fiber, 
enhances apoptosis of colon cancer cells, possibly acting through the p300-mediated component of Wnt/β-catenin activity. Neoplasms that arise in the proximal colon, 
where butyrate concentrations are highest, may be resistant to butyrate, and this resistance may arise through loss of p300 expression and activity and a greater 
reliance on CBP-mediated Wnt signaling. Development of these right-sided colon cancers may be prevented/threated via agents such as ICG-001 and/or other 
approaches that can promote p300-Wnt > CBP-Wnt activity. CBP: CREB-binding protein; HDACis: histone deacetylase inhibitors.
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epithelium[57], raising the possibility that perturbation 
of CBP vs p300 activity influences lung carcinogenesis. 
These findings, and the work on effects of CBP and 
p300 on normal vs cancer stem cells, suggest that 
modulation of CBP vs p300 activity can be a common 
therapeutic tool against many forms of human cancer. 

CONCLUSION
A more comprehensive understanding of how CBP and 
p300 influence colonic cell physiology will allow for the 
development of anti-CRC preventive and therapeutic 
approaches that target CBP and p300 activity in order 
to repress neoplastic progression, prevent or reverse 
the development of resistance to butyrate and other 
HDACis, and target colon cancer stem cells. Further 
studies are required to generate data that may lead 
to novel chemopreventive and therapeutic approaches 
against CRC. 
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