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Notch has been linked to �-catenin-dependent tumorigenesis; how-
ever, the mechanisms leading to Notch activation and the contribu-
tion of the Notch pathway to colorectal cancer is not yet understood.
By microarray analysis, we have identified a group of genes down-
stream of Wnt/�-catenin (down-regulated when blocking Wnt/�-
catenin) that are directly regulated by Notch (repressed by �-secretase
inhibitors and up-regulated by active Notch1 in the absence of
�-catenin signaling). We demonstrate that Notch is downstream of
Wnt in colorectal cancer cells through �-catenin-mediated transcrip-
tional activation of the Notch-ligand Jagged1. Consistently, expres-
sion of activated Notch1 partially reverts the effects of blocking
Wnt/�-catenin pathway in tumors implanted s.c. in nude mice. Cross-
ing APCMin/� with Jagged1�/� mice is sufficient to significantly reduce
the size of the polyps arising in the APC mutant background indicat-
ing that Notch is an essential modulator of tumorigenesis induced by
nuclear �-catenin. We show that this mechanism is operating in
human tumors from Familial Adenomatous Polyposis patients. We
conclude that Notch activation, accomplished by �-catenin-mediated
up-regulation of Jagged1, is required for tumorigenesis in the intes-
tine. The Notch-specific genetic signature is sufficient to block differ-
entiation and promote vasculogenesis in tumors whereas prolifera-
tion depends on both pathways.

beta-catenin � APC � intestine � crosstalk

The Wnt signaling pathway plays a crucial role during develop-
ment of different tissues and organisms. A multiprotein com-

plex including adenomatosis polyposis coli (APC), axin and Gly-
cogen Synthase Kinase-3� (GSK3�) is responsible for regulating
�-catenin (ctnnb1) protein levels. Activation of canonical Wnt
signaling results in GSK3� inhibition, stabilization and nuclear
accumulation of �-catenin and subsequent activation of lymphoid
enhancer factor/T cell factor (LEF1/TCF) target genes (1).

Constitutive activation of Wnt is one of the best-characterized
events in several types of cancer (2). Familial Adenomatous Pol-
yposis (FAP), a disease characterized by the presence of hundreds
of colorectal polyps, is usually associated with APC germ-line
mutations. Colorectal cancer (CRC) develops upon mutational
damage or loss of the wild-type allele resulting in further increased
�-catenin/TCF activity (3, 4). Similarly, mice carrying germ-line
mutations in APC, APCMin (Multiple intestinal neoplasia), are
predisposed to the formation of intestinal adenomas (5, 6). Canon-
ical Wnt target genes such as c-myc, cyclinD1, MMP7, TCF1, and
EphB2 but also the Notch-target gene hes1 have an increased
expression in the tumors of these mice (7–9). Overexpression of
hes1 and other Notch targets has been associated with sporadic
colorectal tumors (10), human medulloblastomas (11), melanomas
(12), meningiomas (13), and T cell leukemias (14, 15).

Notch is a family of transmembrane receptors that plays impor-
tant roles in regulating cell fate decisions. After ligand binding,
Notch protein undergoes a proteolytic cleavage dependent on
�-secretase activity that releases the active intracellular domain,
Notch-IC (16, 17). Once activated, Notch translocates into the
nucleus to bind RBPj� and to activate specific gene transcription
(for review, see ref. 18). Different Notch receptors with specific
functions have been identified but, interestingly, they all trigger the
activation of the same downstream cascade. In the intestine, Notch
signaling is required for the maintenance of the proliferative
compartment (8, 19) and a recent report shows that both Notch1
and 2 participate in the regulation of intestinal cell differentiation
(20). Different Notch ligands (Jagged1, 2 and Delta 1–4) can also
confer specificity to the Notch receptors (21, 22); however, distinct
functions for each ligand remain unknown on many tissues.

The cross-talk between Wnt and Notch pathways including
genetic interactions in Drosophila (23–25), the physical binding of
Notch to �-catenin (26) or their association to common cofactors
(27) have been described. In mammalian cells, GSK3� directly
phosphorylates the Notch protein thus modulating its transcrip-
tional activity (28). Moreover, �-catenin activates Jagged1 tran-
scription thus leading to Notch activation during murine hair follicle
differentiation (29). Conversely, in different types of tumor cells,
Notch activates the Wnt pathway stabilizing �-catenin by unknown
mechanisms (12) or by transcriptional activation of slug (30).

In APC mutant mice that generate multiple intestinal tumors
because of �-catenin activation, treatment with a �-secretase/Notch
inhibitor promotes differentiation of the adenoma cells into goblet
cells, similar to the effect of Notch signaling deficiency in the
intestine (8). How Notch is activated in �-catenin-dependent tu-
mors and what is the contribution of the Notch pathway to
Wnt-dependent intestinal tumorigenesis is largely unknown.

We have now demonstrated that �-catenin/TCF is responsible
for activating Notch in CRC cells through direct regulation of
Jagged1 expression. By microarray screening of colorectal cancer
cells, we have identified several genes downstream of TCF/�-
catenin pathway that are directly regulated by the Jagged1/Notch
pathway including hes1, CD44, KLF5, NOX1, EpHB3, and SOX9.
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Consequent with a crucial role for Notch in the tumorigenesis
induced by �-catenin, N1IC reverts the growth arrest imposed by
dnTCF4 expression in Ls174T cells whereas deletion of a single
Jagged1 allele reduces the size of tumors arising in the intestine of
APCMin/� mice. Finally, we show correlative evidence that this
mechanism operates in human adenomas of APC-associated FAP
patients.

Results
Inhibiting Notch or Wnt Pathways Results in the Down-Regulation of
a Common Genetic Program in Ls174T Cells. To determine the
contribution of the Notch pathway to �-catenin/TCF-dependent
tumorigenesis, we first compared the transcriptional effects of
blocking Wnt, Notch or both pathways in the Ls174T CRC cells that
contain active Notch1 (see Fig. S1a) and nuclear �-catenin (9). We
took advantage of a published cell line carrying a doxycycline-
inducible plasmid encoding a dominant negative TCF4 that does
not bind �-catenin (Ls174T/dnTCF4) (9). We performed microar-
ray analysis comparing Ls174T/dnTCF4 cells untreated, treated for
48 h with doxycycline and/or with the Notch/�-secretase inhibitor
DAPT (31), using a whole human genome oligonucleotide mi-
croarray from Agilent (G4112A). We identified 366 genes that were
simultaneously down-regulated (�1.3-fold) in response to doxycy-
cline and/or DAPT treatments (Table S1 and Fig. 1A) correspond-
ing to 34% of the genes down-regulated by doxycycline. Some of the
genes in this group have been associated with cancer such as CD44,
hes1, EpHB3, SOX9, NOX1, or KLF5 in different systems (32–40)
and a number of them had been identified as �-catenin/TCF targets
(9). We designed specific primers (Table S2) for some of these genes
to confirm the microarray data by qRT-PCR, including the use of
two different �-secretase inhibitors, DAPT and L685,458 (Fig. S1
b and c). In addition, blocking Notch and/or Wnt pathways, resulted
in an increase in the expression levels of several differentiation
markers such as villin2, muc20 or TFF1 (Fig. 1A).

Many of the TCF4-dependent genes identified in our screening
were also inhibited by the �-secretase treatment, suggesting that at
least two different mechanistical explanations: (i) Notch is down-
stream of �-catenin/TCF signaling or (ii) both �-catenin and Notch
are required to properly activate a specific gene signature in CRC
cells. To test this, we first studied the transcriptional signature of
cells expressing dnTCF4 with or without the constitutively active
N1IC [control (C) versus N1IC (N) clones, see Fig. S1d]. We found
that N1IC expression is sufficient to reactivate 31% of the genes
identified as common Wnt-Notch-dependent genes including hes1,
SOX9, CD44, KLF5, or NOX1 in a �-catenin/TCF-deficient back-
ground (Fig. 1b, Fig. S1d, and Table S3). Using the Genomatix
software, we identified Notch/RBPj�-binding consensus in the
regulatory regions of all of the analyzed genes (hes1, Nox1, EpHB3,
SOX9, KLF5, CD44) (Fig. 1c and Table S4). By ChIP experiments,
we found that Notch1 associated to the promoters of these genes in
Ls174T cells (Fig. 1c and Fig. S1e), but also in other CRC cell lines
concomitant with increased transcriptional activity (Fig. S1f).
Moreover, we found that DAPT treatment reduces the recruitment
of Notch to these promoters (Fig. S1e). As expected, several genes
involved in intestinal differentiation, such as FABP1 and FABP5,
were down-regulated in N1IC-expressing clones (Fig. 1B) indicating
the effects of Notch in inhibiting differentiation in these cells.

We next studied whether the Wnt-Notch-dependent genes were
overrepresented in any specific functional category. Our analysis
revealed that these genes were highly enriched into functional
categories related to proliferation, differentiation and DNA and
RNA metabolism, including transcription and replication. Interest-
ingly, the putative direct targets of Notch downstream of �-catenin
(those that are reexpressed in the N1IC clones) are specifically
enriched for cell cycle arrest and differentiation categories
(Fig. S1g).

Together, these results strongly suggest that Notch is a direct
regulator of specific gene transcription downstream of �-catenin/

TCF nevertheless most of the identified Wnt-Notch-dependent
genes likely require the cooperative effects of Notch and �-catenin
pathways.

Activated Notch1 Blocks Differentiation and Promotes Vasculogenesis
in Vivo in the Absence of �-Catenin/TCF Signaling. We next studied
whether N1IC conferred any malignant capacity to Ls174T cells in
the absence of �-catenin/TCF signaling. We found that doxycycline-
treated Ls174T/dnTCF4/N1IC clones displayed an increased clo-
nogenic capacity in soft agar cultures compared with Ls174T/
dnTCF4 clones (Fig. S2a), together with a blockage in goblet-cell
differentiation (Fig. S2b). In contrast, N1IC expression did not
revert the antiproliferative effects of dnTCF4 as indicate the cell
cycle profiles (Fig. S2c). To test the tumorigenic capacity of these
cells in vivo, we injected 1.5 � 106 cells from different control
Ls174T/dnTCF4 (C1, C5) or Ls174T/dnTCF4/N1IC (N14, N15,
N17, N18) s.c. in nude mice and treated or not the animals with
doxycycline for 4 weeks. We found that N1IC expressing clones
(Ls174T/dnTCF4/N1IC) generated tumors that were significantly
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Fig. 1. Inhibition of Wnt and Notch leads to down-regulation of a common
gene program. (A) Gene expression profile from Ls174T/dnTCF4 cells treated for
48 h with doxycyline (to inhibit Wnt signaling) or DAPT (Notch inhibitor) or both
compared with untreated cells. Some top significant genes ranked by Student’s
t test are shown for each group. *, genes further studied in this work. (B)
Microarray analysis of 2 doxycycline-treated Ls174T/dnTCF4/N1IC clones (N14,
N15) compared with doxycycline-treated Ls174T/dnTCF4. Color codes represent
only-Notch targets (blue) and the Notch-targets downstream of Wnt (yellow). (C)
ChIP experiment in Ls174T cells and PCR of the indicated promoters. Scheme of
the 2-kb proximal promoter showing the position of the primers used, the
RBP-binding sites and TSS.
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larger compared with the doxycycline-treated control group (P �
0.022) (Fig. 2 A and B) although we did not detect significant
differences in the proliferation ratio in the growing areas as
measured by Ki67 staining (Fig. 2C). However, we observed that
tumors expressing N1IC showed a strong reduction of Alcian blue
staining indicating a blockage in mucosecreting cell differentiation
(Fig. 2C) together with an increase in the proportion of growing
areas within the tumor concomitant with the presence of vascular-
ization as detected by �-SMA staining (11/11 in N1IC tumors versus
3/10 in control tumors). This is in contrast with the extensive
necrotic areas observed in most of the control tumors (7/10) (Fig.
S2d). Importantly, we detected high levels of endogenous Notch
activity in the untreated Ls174T/dnTCF4 tumors as detected by a
specific antibody recognizing cleaved Notch1 (N1ICv antibody) that
was greatly inhibited after doxycycline treatment (Fig. S3g).

Together, these results indicate that activated Notch1 exert a
direct effect in regulating goblet-cell differentiation and tumor
vasculogenesis whereas regulation of cell proliferation requires the
contribution of �-catenin/TCF signaling pathway.

Notch Is Downstream of Wnt Through Transcriptional Activation of
Jagged1 by �-Catenin/TCF. To determine whether �-catenin/TCF is
responsible for the high Notch activity that is found in CRC cells
(Figs. S1a and S3d), we searched in the microarray data for the
presence of Notch ligands and found that Jagged1 and Delta-like1
were down-regulated 1.3-fold after doxycycline treatment in
Ls174T cells (Table S1). Using qRT-PCR, we confirmed that
jagged1 is highly expressed in Ls174T/dnTCF4 and its mRNA levels
decreased after doxycycline treatment (Fig. 3A). Most important,
expression of dnTCF4 or inhibition of �-catenin with PKF115–584
(41) results in a huge reduction in the protein levels of Jagged1
concomitant with a decrease in the amount of activated Notch1
(Fig. 3B and Fig. S3b), similarly to that found in s.c. tumors (Fig.
S3g). Of note, the disappearance of Jagged1 was delayed with
respect to dnTCF4 expression likely because of the extended
half-life of Jagged1 protein (24 h) (Fig. S3a).

By sequence analysis, we identified 2 TCF-binding consensus in

the human Jagged1 promoter and showed the recruitment of
�-catenin by ChIP experiments in Ls174T (Fig. 3C and Fig. S3c).
We next asked whether �-catenin regulates Jagged1 and Notch
activation in other CRC cell lines. We found that Jagged1 tran-
scription was highly increased in cells carrying nuclear �-catenin,
such as HCT116, SW480, and Ls174T, compared with the non-
transformed HS27 control cells (Fig. S3d) and �-catenin was
recruited to the Jagged1 promoter to a different extent, in all these
cancer cell lines (Fig. S3e). Moreover, stabilization of �-catenin in
a nontumorigenic cell line (NIH 3T3) by a 16-h treatment with the
GSK3� inhibitor LiCl (30 mM) was sufficient to increase both
mRNA and protein levels of Jagged1 (Fig. S3f). By cell fraction-
ation followed by Western blot analysis, we detected activated
Notch1 and Notch2 (cleaved Notch2 fragment of 110 kDa) in the
nuclear fraction of CRC cell lines with high Jagged1 levels
(Fig. S3d).

To demonstrate that Jagged1 was responsible for regulating
Notch-targets downstream of �-catenin, we treated Ls174T cells
with specific siRNA against Jagged1 and found that all of the
selected genes were down-regulated (from 20 to 60% inhibition)
compared with cells treated with scrambled siRNA (Fig. 3D). In
addition, ectopic expression of Jagged1 is sufficient to block dif-
ferentiation in �85% of the transfected Ls174T/dnTCF4 cells when
Wnt/�-catenin signaling is switched off, similar to N1IC expression
in these conditions (Fig. S3h).

Deletion of a Single Jagged1 Allele Reduces Tumor Growth in the
APCMin/� Intestine. To investigate whether the expression of Jagged1
is altered by the activation of the Wnt pathway in vivo, we
determined the levels of this protein in intestinal tumors arising in
the APCMin/� mice compared with normal mucosa. By IHC, we
found a strong overexpression of Jagged1 in the tumor tissue of
these animals compared with the normal crypts that was concom-
itant with Notch1 and Notch2 activation (Fig. 4A).

To test the importance of Jagged1-dependent activation of Notch
downstream of �-catenin, we crossed the APCMin/� mice with the
Jagged1 hemizygous (Jag1�/�) mice, which are phenotypically nor-
mal (whereas Jag1�/� are lethal) (42). A total of 23 animals of the
different genotypes were killed at 4 months of age and analyzed for
the presence of macroscopic intestinal tumors. We found that
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deletion of one Jagged1 allele is sufficient to significantly reduce the
size of tumors in the APC mutant background (P � 0.0001) (Fig.
4B) concomitant with a reduction in the amount of active Notch1
(Fig. S4), whereas the nuclear levels of �-catenin in the tumors from
the different genotypes were equivalent (Fig. 4C Upper). This result
suggests that Jagged1 deficiency confers a growing disadvantage to
�-catenin-dependent tumors. In agreement with this, we found a
reduction in the number of Ki67 positive cells in the tumors of the
APCMin/�Jag1�/� double mutants compared with the ones from the
APCMin/� littermates (from 80.4 � 2% to 55.6 � 3%, P � 0.001)
(Fig. 4C Lower), whereas no differences were found in the number
of apoptotic cells as measured by TUNEL assay or in the number
of infiltrating lymphocytes in the tumors (Fig. S4). Moreover, the
expansion of the proliferative compartment in the morphologically
normal crypts of APC mutant mice described in ref. 43, is reverted
in the APCMin/�Jag1�/� mice (P � 0.001) (Fig. 4D). These results
demonstrate that activation of Notch by Jagged1 confers a prolif-
erative advantage to the tumors with APC mutations.

High Levels of Jagged1 Correlate with Activated Notch1 and Notch2
in Human Colorectal Tumors Containing Nuclear �-Catenin. We next
investigated whether this mechanism for Notch activation was
relevant in human colorectal adenomas arising in Familial Adeno-
matous Polyposis (FAP) patients harboring APC germ line muta-
tions. By qRT-PCR we found that Jagged1 mRNA levels were
significantly increased in most FAP adenomas compared with
normal intestinal tissue (P � 0.05). Interestingly, some increase in
Jagged1 expression was also detected in the normal colonic mucosa
of FAP patients, compared with normal controls (Fig. 5A). By IHC,
we found high levels of the Jagged1 protein confined in the tumor
areas containing nuclear �-catenin staining (n � 6) that were not
detected in the normal adjacent tissue (Fig. 5B and Fig. S5a). This
was concomitant with the presence of nuclear Notch2 (Fig. 5B and
Fig. S5a) and active Notch1 (Fig. 5C and Fig. S5a). Further
demonstrating the importance of Notch transcriptional activity in
human tumors carrying active �-catenin, we found increased ex-
pression of CD44 (P � 0.0002), SOX9 (P � 0.005), NOX1 (P �

0.002), KLF5 (P � 0.01) and hes1 (not significant) (Fig. 5D),
identified in our microarray screening as Wnt-dependent Notch
targets (see Fig. 1), in the adenoma samples from FAP patients.
Some of these genes were also up-regulated in the normal colonic
mucosa from these patients compared with the normal controls
(Fig. 5D) likely because of the presence of 1 mutated APC allele
(Fig. S5b). These results indicate that Notch, downstream of
Jagged1, acts as an essential mediator of �-catenin-dependent
intestinal tumorigenesis (i.e., FAP) and is responsible for regulating
a specific transcriptional cancer signature.

Discussion
Previous work has shown that inactivating mutations of the Wnt/
�-catenin pathway eliminate the stem/proliferative compartment of
intestinal cells (44). Similarly inactivation of the Notch pathway
leads to an exhaustion of the stem cell compartment concomitant
with increased goblet cell differentiation (8, 19). Here, we define
the mechanism that mediates the cross-talk between Notch and
Wnt pathways in CRC and determine its functional relevance. In
these tumors, the Notch ligand Jagged1 is directly regulated by
�-catenin, thus leading to aberrant activation of Notch1 and 2. We
identified a total of 366 genes that are simultaneously regulated by
both Notch and Wnt in Ls174T CRC cells and 31% are reactivated
by active N1IC in the presence of dnTCF4, indicating that are
directly dependent on Notch. This group of genes was sufficient to
revert some of the anti-tumorigenic effects of dnTCF4 both in vitro
and in vivo, because N1IC expression inhibits differentiation and
promotes vasculogenesis in the absence of Wnt/�-catenin. How-
ever, N1IC is not able to regulate proliferation in these conditions,
similar to that observed by Fre et al. (52). As expected, one of the
genes identified as direct Notch target in our arrays is hes1. Hes1
regulates intestinal differentiation (45) by inhibiting math1 thus
favouring enterocytic differentiation (46). It is overexpressed in
CRC (10) and in tumors arising in APC mutant mice (8). However,
and in contrast to the effects of N1IC, we found that hes1 was not
sufficient to induce tumor growth in vivo in the absence of
�-catenin/TCF activity indicating that other Notch-targets down-
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stream of �-catenin participate in regulating colorectal tumorigen-
esis. Consistently, several of the identified Notch-target genes in our
screening have been involved in different aspects of intestinal
differentiation or cancer including SOX9 (38, 39) KLF5 (47), CD44
(32), or NOX1 (48).

Mutations in the APC gene have been found in most sporadic
colorectal tumors and in those arising in FAP patients. We have
found that Jagged1 is up-regulated in the tumors but also, in a lesser
extent, in the normal adjacent tissue of FAP patients suggesting that
inactivation of 1 APC allele could be sufficient to increase Notch
activity. In this sense, others and we have observed that Ki67-
positive cells are aberrantly distributed throughout the intestinal
glands in APC mutant mice, a phenotype that is abolished in the
Jag1�/�APCMin/� mice. This indicates that Notch is involved in the
crypt/villus compartmentalization. Most important, tumor growth
is reduced in Jag1�/�APCMin/� mice indicating that partial inhibition
of Notch in an active �-catenin background may be therapeutically
relevant for FAP patients.

Because we identified 3 different genetic signatures associated
with CRC cells that depend on Notch, �-catenin or both pathways
that are likely complementary for tumor development, we propose

that using of a combination of Notch and �-catenin inhibitors will
enhance the antitumoral effects of the individual drugs. However,
this strategy needs to be tested.

In summary, our results provide an explanation for the contri-
bution of Notch to �-catenin-dependent tumorigenesis and the
mechanism for Notch activation through Jagged1. Specific inhibi-
tors for Jagged1-mediated Notch activation [i.e., inhibitors of
glycosil-transferases that modulate Notch/Notch-ligand interaction
(21)] would be a new promising strategy for CRC therapy.

Materials and Methods
Animals. APCMin/� mice (Jackson Laboratories) were from homogenous outbred
C57BL/6J background. Jagged1 mutant mice (Jag1�/�) are described in ref. 42.
Jag1�/� were backcrossed into C57BL6/J background (n � 4) and crossed with
APCMin/�. In our experiments, cohorts of age-matched APCMin/�Jag1�/� were
compared with APCMin/�Jag�/� and APC�/�Jag�/�. All mice were genotyped by
PCR. Animals were kept under pathogen-free conditions and all procedures were
approved by the Animal Care Committee.

Cell Lines and Reagents. NIH 3T3, HS27, HCT116, SW480, DLD1, and Ls174T/
dnTCF4 [kindly provided by H. Clevers (Hubrecht Laboratories, Utrecht, Nether-
lands)]. SB216763 (Sigma) was used at 10 �M/mL. Doxycycline (Sigma) was used
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at 1 �g/mL. DAPT and L685,458, �-secretase inhibitors, were obtained from
Calbiochem, PKF115–584 (41) was a gift from Novartis. Ls174T/dnTCF4 cells were
transfected with Notch1IC-pCDNA3/TO using PPEI (Polysciences). Cells were se-
lected with 1 mg/mL G418, 5 �g/mL Blasticidin, and 100 �g/mL Zeocin.

Antibodies. �-cleaved Notch1 (N1ICv) (Cell Signaling), �-Notch2 (49), �-Jagged1
(sc-6011), �-�-tubulin and �-�-catenin (C2206) from Sigma. Secondary antibodies
conjugated to Horse Radish Peroxidase (HRP) were from DAKO (with Alex-
aFluor488 (A-11055) and 546 (A-11056) from Molecular Probes (Invitrogen) and
Cy3-coupled tyramide from PerkinElmer.

Immunofluorescence. Cells were fixed in 3% paraformaldehyde, permeabilized
in 0.3% Triton X-100 (Pierce). Primary antibodies were incubated overnight and
secondary antibodies for 90 min. Slides were mounted in Vectashield plus DAPI
(Vector) and visualized in an Olympus BX-60 or BX-61 microscope. Protocol for
cleaved-Notch1 detection is described in ref. 50. For immunohistochemistry (IHC),
secondary antibodies were developed with the DAB peroxidase substrate kit
(Dako Cytomation).

RT-PCR. Total RNA was extracted with Qiagen kit, and RT-First Strand cDNA
Synthesis kit (Amersham Pharmacia Biotech) was used. The primers used for
RT-PCR analysis are listed in Table S2. qRT-PCR was performed in LightCycler480
system using SYBR Green I Master kit (Roche).

Chromatin Immunoprecipitation. ChIP assay are described in ref. 51. Briefly,
Chromatin from cross-linked cells was sonicated, incubated overnight with the
indicated antibodies in RIPA buffer and precipitated with protein G/A–
Sepharose. Cross-linkage of the coprecipitated DNA-protein complexes was re-

versed, and DNA was used as a template for the PCR. �-cleaved Notch1 (ab8925;
Abcam), and �-�-catenin (BD Bioscience; catalog no. 61054) antibodies were
used. The primers used are listed in Table S2.

Human Colorectal Samples. Samples from FAP patients were obtained from the
Tumor Bank of ICO-IDIBELL. All patients gave written consent to donate the tumor
specimen. The study was approved by the Ethics Committee of our institution.

In Vivo Tumor-Growth Assay. Twenty male nu/nu Swiss mice per experiment
(Harlam) were housed in a sterile environment. Animals were injected s.c. with
1.5�106 Ls174T/dnTCF4cells intheleft legand1.5�106 Ls174T/dnTCF4/N1ICcells
in the right leg. The control group drank 1% sucrose and the treated group 1%
sucrose,2mg/mLdoxycycline inwaterad libitum.Tumorvolumeswerecalculated
as (length � width2)�/6.

Statistical Analysis. SAS version 9.1.3 (SAS Institute Inc.) and SPSS version 12
softwares were used.
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