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Abstract 

Deregulated Wnt signaling is responsible for most cases of colorectal cancer (CRC). Dietary fiber is 
protective against CRC and this activity is likely mediated by butyrate, a breakdown product of dietary 
fiber that hyperactivates Wnt signaling, repressing CRC proliferation and inducing apoptosis. 
Receptor-mediated Wnt signaling and oncogenic Wnt signaling, which is typically initiated by mutation in 
more downstream elements of the pathway, activate non-overlapping patterns of gene expression. 
Receptor-mediated signaling is associated with a poor prognosis for CRC while oncogenic signaling is 
associated with a relatively good prognosis. We have compared the expression of genes differentially 
expressed in receptor-mediated vs. oncogenic Wnt signaling to microarray data generated in our 
laboratory. Most importantly we evaluated these gene expression patterns comparing the early stage 
colon microadenoma line LT97 with the metastatic CRC cell line SW620. LT97 cells exhibit a gene 
expression pattern more strongly associated with that observed with oncogenic Wnt signaling, while 
SW620 cells exhibit a gene expression pattern moderately associated with that observed with 
receptor-mediated Wnt signaling. Given that SW620 cells are more advanced and malignant compared to 
LT97 cells, these findings are generally consistent with the better prognosis observed with tumors 
exhibiting a more oncogenic Wnt gene expression pattern. Importantly, LT97 cells are more sensitive to 
the effects of butyrate on proliferation and apoptosis that are CRC cells. We further examine these gene 
expression patterns in butyrate-resistant vs. butyrate-sensitive CRC cells. Based upon all of these 
observations, we hypothesize that colonic neoplastic cells exhibiting a more oncogenic as compared to 
receptor-mediated Wnt signaling gene expression pattern would be more sensitive to the effects of 
butyrate, and, hence, fiber, than are those cells exhibiting a more receptor-mediated Wnt signaling 
pattern of expression. Diet-derived butyrate may affect the differential patient outcomes resulting from 
the two types of Wnt signaling. We further posit that development of butyrate resistance and 
concomitant changes in Wnt signaling patterns, including associations with CBP and p300, disrupts the 
association between the two major types of Wnt signaling (receptor-mediated and oncogenic) and 
neoplastic progression/prognosis. Ideas about testing the hypothesis and therapeutic implications are 
briefly considered. 
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Introduction 
Deregulated Wnt signaling is responsible for 

most cases of colorectal cancer (CRC) [1-3]. Dietary 
fiber is protective against CRC and this activity is 
likely mediated by butyrate, a breakdown product of 
dietary fiber that hyperactivates Wnt signaling, 
repressing CRC proliferation and inducing apoptosis 
[4-6]. However, individuals may still develop CRC 

despite a high fiber diet; thus, resistance to the 
anti-CRC action of butyrate likely contributes to 
colonic tumorigenesis. To evaluate butyrate resistance 
we have developed a butyrate-resistant CRC cell line 
(HCT-R) [6] and have analyzed gene expression in 
this line compared to butyrate-sensitive parental 
HCT-116 CRC cells [7]. 
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 The histone acetylases CREB Binding Protein 
(CBP) and p300 activate different sets of Wnt target 
genes and therefore have different phenotypic 
consequences for cells [8]. Thus, Wnt activity 
mediated by CBP is typically associated with cancer 
cell proliferation; in contrast Wnt signaling influenced 
by p300 has been associated with differentiation [8]. 
HCT-R cells exhibit downregulation of p300 
expression [9,10], and we have shown that p300 
knockout HCT-116 cells are partially butyrate- 
resistant and that restoration of p300 expression [11] 
in such cells can resensitize them to the effects of 
butyrate [12]. CBP and p300 compete for binding to 
the Wnt factor beta-catenin and hence increased 
CBP-Wnt activity comes at the expense of p300-Wnt 
activity, and vice versa [8]. Thus, it is likely that CRC 
cells deficient in p300 have increased CBP-Wnt 
activity and, hence, more proliferation and viability in 
the presence of butyrate (butyrate-resistance) [12]. 

 Using a human colon organoid approach, it was 
shown that the gene expression profile resulting from 
oncogenic (APC KO) Wnt signaling is markedly 
different from that induced by receptor-mediated 
signaling [13]. The oncogenic Wnt signaling is 
associated with better patient prognosis and a 
consensus molecular subtype 2 (CMS2) tumor, even 
though CRCs remain “addicted” to Wnt activity [13]. 
It is uncertain why oncogenic Wnt activity is 
associated with better prognosis; one possibility is 
that this activity is associated with early adenomas 
and more advanced tumors downregulate Wnt 
signaling, but on the other hand, CRCs can remain 
“Wnt addicted” and in some cases Wnt signaling is 
associated with invasiveness [13]. Perhaps, as the 
authors suggest, it is the specific downstream 
responses to the signaling, rather the level of the 
signaling itself, that is more important. Thus, the 
responsiveness of different Wnt target genes to Wnt 
signaling may change over the lifetime of a neoplasm, 
modified by environmental context. On the other 
hand, receptor-mediated Wnt signaling, associated 
with CMS4 tumors, correlates to a worse prognosis 
[13]. 

 Genes modulated for the receptor-mediated 
signaling pathway include ADAMTS14, ASIC1, 
SLC2A3, and SMOC1; genes modulated for the 
oncogenic pathway include ATOH8, BMX, CKB, 
FCGBP, ID3, MTMR11, RA12, and VAV3 [13]. It is 
useful to examine the expression of the above-
mentioned sets of genes in microarray data generated 
in our laboratory [7,14,15], in order to better 
understand the association between receptor vs. 
oncogenic Wnt signaling and colonic neoplasia, which 
can inform understanding and hypothesis about how 
this association may be affected by dietary 

fiber/butyrate. 
 SLCA3 and SMOC1 are among the genes whose 

expression is upregulated by butyrate in a 
Wnt-signaling dependent manner in HCT-116 cells, 
while the upregulation of expression of ATOH8 by 
butyrate is partially dependent upon Wnt activity 
[14]. In those cases, the Wnt activity is oncogenic, but 
due to beta-catenin, rather than APC, mutation. And in 
all cases, the array studies performed using a 
physiologically relevant concentration (5 mM) of 
butyrate.  

 Most important is the comparison of gene 
expression between SW620 metastatic CRC cells and 
the early-stage microadenoma line LT97 [16]. 
Consistent with the idea that a receptor-mediated 
gene expression profile correlates to a worse 
prognosis, both ADAMTS14 and SLC2A3 are more 
highly expressed in SW620 cells than in LT97 cells 
(+/- butyrate); however, SMOC1 unexpectedly 
exhibits the opposite pattern [15]. The situation for the 
oncogenic Wnt signaling pattern, which is correlated 
to a better prognosis, is more clear-cut. Thus, CKB, 
FCGBP, ID3, MTMR11, and VAV3 are all more highly 
expressed in early-stage LT97 adenoma cells (+/- 
butyrate) compared to metastatic SW620 cells, while 
ATOH8 is more highly expressed in LT97 cells but 
only in the absence of butyrate [15]. Therefore, this is a 
clear pattern of the better-prognosis oncogenic Wnt 
gene expression pattern being associated with benign 
adenoma cells as compared to metastatic carcinoma 
cells, and this association holds in the presence of 
butyrate with the exception of ATOH8. It should be 
noted that both SW620 and LT97 cells exhibit 
oncogenic Wnt signaling due to APC mutation, 
similar to the colon organoids of the Michels et al. 
study [13], and it is important to note that LT97 cells 
are particularly sensitive to the effects of butyrate on 
cell proliferation and apoptosis compared to CRC 
cells such as SW620 cells [15,17] (Fig. 1). 

 HCT-R cells are a butyrate-resistant form of 
HCT-116 CRC cells, and comparing HCT-R to 
HCT-116 gene expression [7] yields a mixed gene 
expression pattern with respect to receptor-mediated 
vs oncogenic Wnt signaling molecular profiles. 
ADAMTS14 is downregulated in HCT-R cells 
compared to HCT-116 cells, while SLC2A3 shows the 
opposite pattern (both +/- butyrate). ATOH8 is 
upregulated and FCGBP is downregulated in HCT-R 
cells compared to HCT-116 cells (both +/- butyrate), 
while CKB is downregulated in HCT-R cells in the 
presence of butyrate, compared to HCT-116 cells. 
HCT-R cells exhibit downregulates expression of 
p300, which can be a cofactor in Wnt signaling, and 
we have shown that this downregulation is associated 
with butyrate resistance [12,15]. HCT-116 cells 
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engineered to be p300 knockout (KO) are partially 
butyrate-resistant, and the gene expression patterns of 
such cells have been compared to the parental 
HCT-116 line [12]. Expression of ADAMTS14 is 
downregulated in the KO cells, as is expression of 
ASIC1, while MTMR11 is modestly upregulated (not 
statistically significant). One reason why the data for 
the butyrate resistant cell line vs. HCT-116 
comparisons are not as clear-cut as that of SW620 vs. 
LT97 is that while SW620 cells are clearly more 
advanced along the neoplastic spectrum than are 
LT97, the situation for the butyrate-resistant lines are 
not as clear. On the one hand, loss of p300 can be 
associated with worse prognosis [11, 12 and refs. 
therein]; p300 KO lines show increased migration in 
culture [11], and resistance to butyrate is also 
reasonably seen as leading to worse outcomes. On the 
other hand, HCT-R cells tend to proliferate less 
rapidly than parental HCT-116 cells, and the in vivo 
tumorigenic potential of HCT-R vs. HCT-116 cells has 
not yet been evaluated. It is possible that butyrate- 
resistant cells, which have disrupted response of Wnt 
signaling to butyrate, with decreased p300 responses, 
exhibit a disrupted association between the two major 
types of Wnt signaling (receptor-mediated and 
oncogenic) and neoplastic progression/prognosis 
(Fig. 1). This deficiency in p300 would tip the balance 
in favor of more CBP-Wnt activity, more proliferation, 
and a worse prognosis, even though these 
butyrate-resistant cells would not mimic the same 

receptor-mediated Wnt gene expression profile as, 
e.g., SW620 cells (Fig. 1). We also note that 
ADAMTS14 and ASIC1 are downregulated in p300 
KO cells [12], demonstrating that p300 deletion can 
induce a butyrate-resistant phenotype even without 
some of the gene expression profiles associated with 
receptor-mediated Wnt signaling. 

 Increased expression of ADAMTS14, which 
codes for a metalloproteinase that can affect the 
extracellular matrix, and of SLC2A3, a glucose 
transporter, could conceivably promote tumori-
genesis through effects on the tumor microenviron-
ment and on metabolism, consistent with the 
association of receptor-mediated Wnt gene expression 
with a poorer prognosis. Interestingly, expression of 
the transcription factor ATOH8 has been associated 
with poor survival in CRC and knockdown of the 
gene inhibits cancer cell proliferation [18], which is 
not consistent with the oncogenic pathway being 
related to improved outcomes, although the effects of 
the expression of specific genes may be dependent on 
context, such as the stage of neoplasia. Similarly CKB 
is associated with cancer progression, yet is part of the 
oncogenic Wnt pathway. This counter-intuitive 
pattern continues with FCGBP, associated with 
metastasis and poor outcomes in CRC [19], and VAV3, 
the expression of which correlates to poor outcomes in 
CRC and can promote cancer cell growth [20]. ID3 is 
associated with higher prostate cancer grade. 

 

 
Fig. 1. Potential effects of butyrate on oncogenic and receptor-mediated gene expression profiles in neoplastic colonic cells. Canonical Wnt signaling can be 
broadly divided between receptor-mediated Wnt signaling (left) and oncogenic Wnt signaling (right), activated by mutations in APC or beta-catenin. The former signaling is 
represented by a gene expression pattern more similar to that of the metastatic SW620 CRC cell line and results in a worse outcome for CRC patients, while the latter type of 
signaling is similar to that of LT97 adenoma cells and results in a better outcome in CRC. LT97 cells are more sensitive to the effects of butyrate, derived from dietary fiber, than 
are CRC cells. Thus, we posit that oncogenic Wnt signaling results, possibly mediated by CBP/p300, can be hyperactivated to a greater degree than receptor-mediated signaling, 
leading to a cell response (less proliferation and more apoptosis) associated with better outcomes. While the better outcomes for patients may be independent of Wnt 
modulation by butyrate, we note that physiological levels of butyrate in the colonic lumen reach and surpass that which can result in the aforementioned responses in cell culture. 
Therefore, it is possible that diet-derived butyrate affects the outcomes for patients with tumors with different Wnt signaling gene expression patterns. Butyrate-resistant cells 
have disrupted CBP-Wnt and p300-Wnt signaling and this results in worse outcomes independent of possessing a typical receptor-mediated Wnt signaling gene expression 
pattern. In this case, the loss of p300, and the consequent butyrate-resistance, obviates the requirement for other elements of a receptor-mediated molecular signature.  
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 The researchers [13] also found that the APC KO 
organoid cells exhibit limited changes in gene 
expression when exposed to the extrinsic stimulus of 
receptor-mediated signaling, suggesting that in this 
system, canonical Wnt signaling is relatively 
saturated by the APC KO status. It is unknown how 
the organoid APC KO system would react to 
stimulation by HDACis such as butyrate. While 
upregulation of outside-in receptor-mediated 
signaling, which is still active in CRC cells with 
Wnt-activating mutations, is one mechanism whereby 
HDACis hyperactive Wnt signaling [6], other 
mechanisms, including enhanced binding of 
Tcf-beta-catenin complexes to target DNA, also 
contribute to the effect [21]. Furthermore, butyrate 
modulates Wnt signaling through effects of the 
histone acetylases CBP and p300 [9,10]. Therefore, 
even if increased receptor-mediated signaling could 
not contribute to Wnt hyperactivation in the APC KO 
organoid cell model, these other mechanisms may be 
able to affect Wnt signaling levels. Evaluating 
response of the organoid models to butyrate (and 
other HDACis) would constitute part of the approach 
to test the hypothesis (below).  

 Detailed clinical, cellular, biochemical, and 
molecular comparisons between oncogenic and 
receptor-mediated Wnt signaling, with respect to the 
issues covered in this manuscript, are summarized in 
Table 1. 

Hypothesis 
We hypothesize that colonic neoplastic cells 

exhibiting a more oncogenic as compared to 
receptor-mediated Wnt signaling gene expression 
pattern would be more sensitive to the effects of 
butyrate, and, hence, fiber, than are those cells 

exhibiting a more receptor-mediated Wnt signaling 
pattern of expression. This main hypothesis allows us 
to derive further, consequent hypotheses. Diet- 
derived butyrate may affect the differential patient 
outcomes resulting from the two types of Wnt 
signaling. Thus, levels of butyrate in the colonic 
lumen would hyperactivate Wnt signaling and induce 
apoptosis to a greater degree in patients with tumors 
exhibiting more of an oncogenic Wnt signaling gene 
expression pattern than those with tumors of the 
receptor-mediated type. These differences could 
decrease tumor load, and affect tumor grade, 
probability of metastasis, as well as response to 
treatment. It is possible that differences in the types of 
tumors (e.g., CMS2 vs. CMS4) that are found in 
patients are affected by dietary history. Thus, a high 
fiber diet, with higher levels of colonic butyrate, may 
select against the development of CMS2 tumors 
(oncogenic signaling that is more sensitive to 
butyrate) as opposed to CMS4 tumors (more resistant 
receptor-mediated signaling). Thus, development of 
CRC in the context of a high fiber diet may not only be 
due to butyrate resistance per se, but also to a 
particular molecular signature that is naturally less 
sensitive to the effects of butyrate. Given that CMS4 
tumors tend to have a worse prognosis, a high fiber 
diet would have the advantage of reducing overall 
risk of CRC, but when CRC does develop, it may have 
a worse prognosis. We further posit that development 
of butyrate resistance and concomitant changes in 
Wnt signaling patterns, including associations with 
CBP and p300, disrupts the association between the 
two major types of Wnt signaling (receptor-mediated 
and oncogenic) and neoplastic progression/ 
prognosis. 

 

Table 1. Summary of clinical, cellular, biochemical, and molecular characteristics of oncogenic and receptor-mediated 
Wnt signaling. The table emphasizes the comparison between LT97 and SW620 cells, as well as the relevance to fiber/butyrate. 

 Type of Wnt Signaling  Oncogenic  Receptor-Mediated 
 Clinical characteristics Better clinical outcomes, but 

possibly can have increased invasiveness as well; 
CMS2 tumor subtype 

Worse clinical outcomes; CMS4 tumor subtype 

 Cellular characteristics LT97-like (early adenoma); APC KO organoids; more 
butyrate-sensitive but can become butyrate-resistant 
(HCT-R cells are partially in this category); selected 
against by a high fiber diet 

SW620-like (more advanced, including metastatic); 
in general, more butyrate-resistant resistant (HCT-R 
cells are partially in this category); is more likely if 
CRC develops despite a high fiber diet 

 Biochemical Less likely to exhibit receptor-mediated Wnt 
signaling; more dependent on oncogenic mutations 
(“Wnt addicted”); fewer receptor-ligand interactions 
driving Wnt activity-mediated cell growth; more 
responsive to butyrate with respect to Wnt signaling 
activation 

Typically more strongly dependent on 
receptor-mediated Wnt signaling in addition to 
oncogenic mutations; receptor-ligand interactions 
(particularly those feeding into Wnt signaling) 
important; less Wnt signaling activation upon 
exposure to butyrate 

 Molecular Typically, expression of ATOH8, BMX, CKB, FCGBP, 
ID3, MTMR11, RA12, and VAV3; specifically, CKB, 
FCGBP, ID3, MTMR11, and VAV3 are more highly 
expressed (+/- butyrate) in LT97 adenoma cells, and 
ATOH8 is more highly expressed in LT97 cells 
(absence of butyrate only) 

Typically, expression of ADAMTS14, ASIC1, 
SLC2A3, and SMOC1; specifically, ADAMTS14 and 
SLC2A3 are more highly expressed (+/- butyrate) in 
SW620 cells; cell phenotype possibly mimicked by 
p300 deletion (albeit without same gene expression 
pattern) 
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Fig. 2. Testing the hypothesis. (A) Testing the hypothesis that organoids with oncogenic (0) Wnt signaling will be more sensitive to butyrate than those with 
receptor-mediated (RM) signaling and that this will be at least in part mediated by CBP/p300. The two types of organoids [13] will be treated with butyrate and metrics such as 
Wnt signaling, proliferation, apoptosis, and the expression of genes diagnostic of the two molecular signatures [13] will be determined. Dependence of Wnt activity for observed 
effects will be determined through the use of a Wnt inhibitor. Repressing CBP-Wnt activity with ICG-001 may enhance the ability of butyrate to induce apoptosis in RM cells, 
while repressing p300-Wnt signaling with YH249 may induce butyrate resistance in O cells, although potentiation of butyrate effects are theoretically possible through 
p300-independent mechanisms [23]. (B) Engineering cells to mimic molecular signatures and consequent phenotypes and further evaluation in vivo. Cells will be modified to reflect 
gene expression patterns similar to that found in receptor-mediated Wnt signaling organoids, oncogenic Wnt signaling organoids, or in butyrate-resistant cells. Resulting cells will 
be tested as in (A) and an iterative approach will be used to redesign the cells to reflect the optimized phenotypes expected for each of these cell types. These cells could then 
be implanted in nude mouse models, and tumorigenesis and survival assayed under different dietary conditions or with treatment with butyrate. (C) Relationship between patient 
dietary history and tumor type. We would expect high fiber diets to be associated with overall lower CRC risk, but for those patients with CRC, high fiber diets may select for 
CMS4 tumors with receptor-mediated Wnt signaling molecular signatures and a poor prognosis. Organoids can be prepared from patient tumor samples and evaluated as in ref. 
13 and in (A) 

 

Testing the hypothesis 
The hypothesis can be tested by three 

approaches (Fig. 2). First, the hypothesis that 
organoids with oncogenic Wnt signaling will be more 
sensitive to butyrate than those with receptor- 
mediated signaling can be evaluated (Fig. 2A) by 
treating the two types of organoids [13] with butyrate, 
and metrics such as Wnt signaling, proliferation, 
apoptosis, and the expression of genes diagnostic of 
the two molecular signatures can be determined. 
Dependence of Wnt activity for the observed effects 
can be determined through the use of a Wnt inhibitor, 
such as iCRT3. The hypothesis that differences in 
CBP-Wnt vs. p300-Wnt signaling may in part mediate 
the relative efficacy of butyrate in the two types of 
cells can be tested utilizing specific inhibitors of those 
signaling pathways. Thus, repressing CBP-Wnt 
activity with ICG-001 [8] may enhance the ability of 
butyrate to induce apoptosis in cells that favor 
receptor-mediated Wnt signaling, while repressing 
p300-Wnt signaling with YH249 [22] may induce 
butyrate resistance in cells that favor oncogenic Wnt 
signaling, although data from our laboratory suggests 
that, in some cases, YH249 can potentiate the effects of 
butyrate on colonic cells [23]. However, these latter 
effects are most likely independent of p300, Wnt 
activity, and p300-Wnt activity [23], and distin-
guishing between Wnt-dependent and Wnt- 

independent effects of YH249 can be determined 
through the use of the more general Wnt inhibitor 
iCRT3. 

CBP or p300 knockout (e.g., CRISPR) can also be 
utilized, although one would expect a greater number 
of (possibly off-target) effects by a general knockout 
of these factors, as opposed to a more targeted 
pathway inhibition with the pharmacological agents. 
However, use of Wnt inhibitors can be used to better 
define the Wnt signaling-dependent components of 
the effects of CBP or p300 knockout, with ICG-001 
more consistently mimicking CBP ablation [8] than 
YH249 does for p300 [23]. 

Next, the hypothesis can be evaluated in vivo; 
however, first genetic engineering of CRC cells should 
be performed to ascertain what components of the 
receptor-mediated vs. oncogenic Wnt signaling 
molecular signatures are required for effects of 
butyrate treatment and to optimize response or 
resistance to the effects of butyrate treatment. Thus, 
CRC cells can be modified to reflect gene expression 
patterns similar to that found in receptor-mediated 
Wnt signaling organoids, oncogenic Wnt signaling 
organoids, or in butyrate-resistant cells. Cells can be 
stably transfected with expression vectors for the 
relevant genes, and CRISPR can be used to knockout 
other relevant genes, depending on whether increased 
or decreased expression is desired. The gene 
expression patterns used to model these engineered 
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cells would be derived from ref. 13, as well as from 
microarray data from our laboratory [7,14,15] as well 
as that of other researchers. 

 The resulting cells could then be tested 
according to the same metrics outlined above and an 
iterative approach used to redesign the cells to reflect 
the optimized phenotypes expected for each cell type. 
This approach could be used to evaluate the extent 
that CBP-Wnt vs. p300-Wnt signaling is involved in 
the differential outcomes of receptor-mediated Wnt 
signaling vs. oncogenic Wnt signaling, particularly in 
conjunction with butyrate treatment. CBP-Wnt 
signaling would be expected to be relatively more 
important in neoplasia that is derived more from 
receptor-mediated Wnt signaling, while the oncogenic 
Wnt signaling profile would be expected to exhibit a 
relatively greater reliance on p300 and p300-Wnt 
activity. Knockout and/or overexpression of these 
two factors may be an important component of the 
iterative process of engineering cells to express the 
optimized molecular signatures and cell phenotypes 
characteristic of the organoid types studied in ref. 13. 

The optimized cells could then be implanted in 
nude mouse models, and tumorigenesis and survival 
assayed under different dietary conditions or with 
treatment with butyrate. One would expect that cells 
with an “extreme” receptor-mediated Wnt molecular 
signature would be butyrate resistant, similar to cells 
designed to be butyrate-resistant (e.g., with a 
molecular signature similar to the HCT-R line), and 
would be more aggressively tumorigenic in animal 
models. Conversely, cells with optimized oncogenic 
Wnt molecular profiles would be more sensitive to 
butyrate, and less tumorigenic in mouse models. 
Dietary interventions leading to increased levels of 
colonic butyrate would be more effective in orthotopic 
nude mouse models in which oncogenic Wnt 
signaling-optimized tumors are implanted into the 
colon, as opposed to receptor mediated Wnt 
signaling-optimized tumors. 

Finally, the relationship between patient dietary 
history and tumor type can be ascertained (Fig. 2C). 
According to our hypothesis, we would expect high 
fiber diets to be associated with overall lower CRC 
risk, but for those patients with CRC, high fiber diets 
may select for CMS4 tumors with receptor-mediated 
Wnt signaling molecular signatures and poor 
prognosis. Organoids can be prepared from patient 
tumor samples and tested as in ref. 13 and in Fig. 2A. 
We would expect that these organoids would 
recapitulate the previously observed molecular 
signatures and physiological characteristic observed 
in the original study [13] and in the experiments 
proposed above. Further, it may be possible that the 
CMS4 tumors selected for in high fiber diet contexts 

(assuming that such selection occurs) would exhibit 
more extreme molecular signatures and phenotypes, 
compared to that generally observed in patients not 
stratified by diet [13]. One may expect that CMS4 
tumors from patients with very high fiber diet 
histories to possess characteristics that to some extent 
mimic those exhibited by the cells intentionally 
engineered to exhibit an extreme receptor-mediated 
Wnt signaling molecular signature and phenotype, 
suggestive of selective pressure on neoplastic cells to 
evade the effects of high concentrations of butyrate in 
the colonic lumen. 

Conclusion 
While dietary fiber is protective against CRC, 

likely in part due to the activity of butyrate, resistance 
to butyrate would decrease the preventive efficacy of 
a high fiber diet [2,3,6]. The differential patterns of 
gene expression resulting from receptor-mediated 
and oncogenic Wnt signaling, associated with worse 
and better CRC prognosis respectively, may exhibit 
variable sensitivity to butyrate. We hypothesize that 
oncogenic Wnt signaling exhibits a greater sensitivity 
to, and hyperactivation by, butyrate than does 
receptor-mediated signaling, resulting in a cell 
response leading to a better prognosis (e.g., less 
proliferation and more apoptosis. These differences 
are represented by cell culture models; hence, the 
adenoma cell line LT97 exhibits a greater degree of 
oncogenic Wnt expression than do metastatic SW620 
CRC cells and the LT97 cells are, not surprisingly, 
more sensitive to butyrate than are CRC cells [15,17).  

 The degree of Wnt hyperactivation exhibited by 
the different Wnt signaling pathways may be 
mediated by effects of CBP and p300 on Wnt activity 
and consequent gene expression. Therefore, we expect 
that different classes of CRC, representing greater or 
lesser degrees of receptor-mediated vs. oncogenic 
Wnt signaling will exhibit differential sensitivity to 
butyrate and to therapeutic HDACis, with clinical 
significance. This may be amenable to modulation by 
specific inhibitors of CBP-Wnt vs. p300-Wnt activity 
[8,22]. Butyrate-resistant cells are deficient in p300 
expression [10,12] and this may disrupt the 
association between outcome and type (receptor- 
mediated vs. oncogenic) Wnt signaling. Hence, 
butyrate-resistant cells would represent tumors with 
poor outcomes despite having gene expression 
profiles that overlap that of SW620-type and 
LT97-type cell lines (Fig. 1). It is possible that 
diet-derived butyrate, mediated through effects on 
Wnt signaling and cell physiology, is in part 
responsible for the differential effects on 
outcome/patient prognosis for the type types of Wnt 
signaling. These hypotheses can be tested (Fig. 2) and 
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have possible clinical implications for CRC prevention 
and therapy. This testing is of particular value given 
findings of the importance of various signaling 
pathways in CRC [24-30], including those that 
influence Wnt signaling [25,26, 28-30]. These other 
signaling pathways can be included in the categories 
of (a) receptor-mediated Wnt signaling and/or (b) 
those related to butyrate resistance [27], and the 
non-Wnt signaling pathways may exhibit cross-talk 
with Wnt activity, particularly Wnt activity that is 
mediated by CBP and p300. 

 Finally, we note the relevance and novel aspects 
of this work compared to the general field of butyrate 
studies on CRC, as well as our own work in this field. 
While there has been much focus on the role of 
butyrate in mediating the preventive effects of fiber 
against CRC, our work on this topic has been unique 
in relating these effects of butyrate to the 
fundamentally important Wnt signaling pathway. 
The first observation that the Wnt signaling pathway 
can be pharmacologically modulated, particularly by 
histone deacetylase inhibitors (including butyrate), 
and the physiological implications of this for CRC 
prevention, was from the work of the present author, 
in the Augenlicht laboratory [4]. Subsequently, details 
of the molecular mechanisms of this modulation, 
including gene expression profiles and the role of 
CBP/p300, were outlined by our group [2,3,5-7, 
9-10,12]. The novel aspects of the current manuscript 
compared to our previous work is the finding that 
cellular, biochemical, and molecular aspects of 
butyrate’s effects on different types of colonic cells 
correlate to oncogenic vs. receptor-mediated Wnt 
signaling, which has clinical relevance given the 
differences in prognosis of CRCs that emphasize one 
form of that signaling over the other. Further, we have 
extended this clinical relevance by determining that 
early adenoma cells combine aspects of oncogenic 
Wnt signaling with a greater response to butyrate, 
while metastatic SW620 CRC cells exhibit more 
characteristics of receptor-mediated Wnt signaling 
and less responsiveness to butyrate, possibly 
correlated to a poorer prognosis. Finally, we present a 
novel and testable hypothesis, based upon the 
relationship between the development of butyrate 
resistance and all of the aforementioned novel aspects 
of this manuscript. This hypothesis may assist in 
understanding how those CRCs that develop despite 
a high fiber diet may be selected to be more butyrate 
resistant and may possess certain characteristics (e.g., 
a CMS4 sub-type phenotype) leading to a worse 
clinical prognosis. These findings and the hypothesis 
may lead to fruitful future work that can target 
prevention of CRCs with worse clinical outcomes. 

Abbreviations 
APC: Adenomatous polyposis coli; KO: 

knockout; HDACi: histone deacetylase inhibitor; CBP: 
CREB Binding Protein. 

Acknowledgments 
MB is supported by funding of Geisinger 

Commonwealth School of Medicine.  

Competing Interests 
The author has declared that no competing 

interest exists. 

References 
1.  Korinek V, Barker N, Morin PJ, et al. Constitutive transcriptional activation by 

a beta-catenin-Tcf complex in APC-/- colon carcinoma. Science 1997; 
275:1784-7. 

2.  Lazarova DL, Bordonaro M. Extreme fluctuations in Wnt/beta-catenin 
signaling as an approach for colon cancer prevention and therapy. Advanced 
Studies in Biology. 2012; 4: 351-62. 

3.  Bordonaro M, Lazarova D, Sartorelli AC. Hyperinduction of WNT signaling: a 
new paradigm for the treatment of colorectal cancer? Oncol Res. 2008; 17:1-9. 

4.  Bordonaro M, Mariadason JM, Aslam F, et al. Butyrate-induced apoptotic 
cascade in colonic carcinoma cells: modulation of the beta-catenin-Tcf 
pathway and concordance with effects of sulindac and trichostatin A but not 
curcumin. Cell Growth Differ. 1999; 10:713-20 

5.  Lazarova DL, Bordonaro M, Carbone R, et al. Linear relationship between 
WNT activity levels and apoptosis in colorectal carcinoma cells exposed to 
butyrate. Internat J Cancer. 2004; 110:523-31. 

6.  Bordonaro M, Lazarova DL, Sartorelli AC. The activation of beta-catenin by 
WNT signaling mediates the effects of histone deacetylase inhibitors. Exp Cell 
Res. 2007; 313:1652-66.  

7.  Chiaro C, Lazarova DL, Bordonaro M. Tcf3 and cell cycle factors contribute to 
butyrate resistance in colorectal cancer cells. Biochem Biophys Res Commun. 
2012; 428:121-6. 

8.  Emami KH, Nguyen C, Ma H, et al. A small molecule inhibitor of 
β-catenin/CREB-binding protein transcription. Proc Natl Acad Sci USA. 2004; 
101:12682-7. 

9.  Lazarova DL, Chiaro C, Wong T, et al. CBP activity mediates effects of the 
histone deacetylase inhibitor butyrate on WNT activity and apoptosis in colon 
cancer cells. J. Cancer. 2013; 4: 481-90. 

10.  Lazarova DL, Wong T, Chiaro C, et al. p300 influences butyrate-mediated 
WNT hyperactivation in colorectal cancer cells. J. Cancer. 2013; 4: 491-501. 

11.  Krubasik D, Iyer NG, English WR, et al. Absence of p300 induces cellular 
phenotype changes characteristic of epithelial to mesenchyme transition. Br J 
Cancer. 2006; 94: 1326-32. 

12.  Lazarova D, Bordonaro M. p300 knockout promotes butyrate resistance. J 
Cancer. 2017; 8: 3405-9. 

13.  Michels BE, Mosa MH, Grebbin BM, et al. Human colon organoids reveal 
distinct physiologic and oncogenic Wnt responses. J Exp Med. 2019; 216: 
704-20. 

14.  Lazarova DL, Chiaro C, Bordonaro M. Butyrate induced changes in 
Wnt-signaling specific gene expression in colorectal cancer cells. BMC Res 
Notes. 2014; 7:226. 

15.  Lazarova DL, Lee A, Wong T, et al. Modulation of Wnt Activity and cell 
physiology by butyrate in LT97 microadenoma cells. J. Cancer. 2014; 5: 203-13. 

16.  Richter M, Jurek D, Wrba F, et al. Cells obtained from colorectal 
microadenomas mirror early premalignant growth patterns in vitro. Euro J 
Cancer. 2002; 38:1937-45. 

17.  Kautenberger T, Beyer-Sehlmeyer G, Festag G, et al. The gut fermentation 
product butyrate, a chemopreventive agent, suppresses glutathione 
S-transferase theta (hGSTT1) and cell growth more in human colon adenoma 
cells (LT97) than tumor (HT29) cells. J Cancer Res Clin Oncol. 2005; 
131:692-700. 

18.  Ye M, He Y, Lin H, et al. High expression of atonal homolog 8 predicts a poor 
clinical outcome in patients with colorectal cancer and contributes to tumor 
progression. Oncol Rep. 2017; 37:2955-63. 

19.  Qi C, Hong L, Cheng Z, et al. Identification of metastasis-associated genes in 
colorectal cancer using metaDE and survival analysis. Oncol Lett. 2016; 
11:568-74.  

20.  Uen YH, Fang CL, Hseu YC, et al. VAV3 oncogene expression in colorectal 
cancer: clinical aspects and functional characterization. Sci Rep. 2015; 5:9360. 

21.  Bordonaro M, Lazarova DL, Sartorelli AC. Role of Tcf-DNA binding and the 
chromatin remodeling factor Brg-1 in the modulation of Wnt activity by 
butyrate. Cell Cycle. 2008; 7:3472-3. 

 



 Journal of Cancer 2023, Vol. 14 

 
https://www.jcancer.org 

453 

22.  Higuchi Y, Nguyen C, Yasuda SY, et al. Specific Direct Small Molecule 
p300/β-Catenin Antagonists Maintain Stem Cell Potency. Curr Mol 
Pharmacol. 2016; 9: 272-9. 

23.  Bordonaro M. Further analysis of p300 in mediating effects of Butyrate in 
Colorectal Cancer Cells. J Cancer. 2020; 11: 5861-6. 

24.  Bordonaro M, Lazarova D. Amlexanox and UPF1 Modulate Wnt Signaling 
and Apoptosis in HCT-116 Colorectal Cancer Cells. J Cancer. 2019; 10:287-92. 

25.  Li T, Stevens AT, Xiong X, et al. Inhibition of protein tyrosine phosphatase 
receptor type F suppresses Wnt signaling in colorectal cancer. Oncogene. 2020; 
39:6789-801.  

26.  Park S-Y, Kim J-Y, Jang G-B, et al. Aberrant activation of the CD45-Wnt 
signaling axis promotes stemness and therapy resistance in colorectal cancer 
cells. Theranostics. 2021; 11:8755-70.  

27.  Yoo HY, Park SY, Chang S-Y, Kim SH. Regulation of Butyrate-Induced 
Resistance through AMPK Signaling Pathway in Human Colon Cancer Cells. 
Biomedicines. 2021; 9:1604.  

28.  Razzaq EAA, Bajbouj K, Bouzid A, et al. Transcriptomic Changes Associated 
with ERBB2 Overexpression in Colorectal Cancer Implicate a Potential Role of 
the Wnt Signaling Pathway in Tumorigenesis. Cancers (Basel). 2022; 15:130.  

29.  Tang F, Co F, Lu C, et al. Dvl2 facilitates the coordination of NF-κB and Wnt 
signaling to promote colitis-associated colorectal progression. Cancer Sci. 
2022; 113:565-75.  

30.  Vu T, Datta A, Banister C, et al. Serine-threonine Kinase Receptor-Associated 
Protein is a Critical Mediator of APC Mutation-Induced Intestinal 
Tumorigenesis Through a Feed-Forward Mechanism. Gastroenterology. 2022; 
162:193-208. 

 


