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ABSTRACT

A hallmark of aberrant activation of the Wnt/B-catenin signaling pathway has
been observed in most colorectal cancers (CRC), but little is known about the role
of non-coding RNAs regulated by this pathway. Here, we found that miR-150 was
the most significantly upregulated microRNA responsive to elevated of Wnt/-
catenin signaling activity in both HCT116 and HEK293T cells. Mechanistically, the
B-catenin/LEF1 complex binds to the conserved TCF/LEF1-binding element in the
miR-150 promoter and thereby transactivates its expression. Enforced expression
of miR-150 in HCT116 cell line transformed cells into a spindle shape with higher
migration and invasion activity. miR-150 markedly suppressed the CREB signaling
pathway by targeting its core transcription factors CREB1 and EP300. Knockdown of
CREB1 or EP300 and knockout of CREB1 by CRISPR/Cas9 phenocopied the epithelial-
mesenchymal transition (EMT) observed in HCT116 cells in response to miR-150
overexpression. In summary, our data indicate that miR-150 is a novel Wnt effector
that may significantly enhance EMT of CRC cells by targeting the CREB signaling
pathway.

Since the discovery of the proto-oncogene MYC as
a direct transcriptional target of Wnt/B-catenin signaling in
1998, more than one hundred protein-coding genes have
been determined to be direct targets of the Wnt pathway.
[6] In addition to a handful of genes that are directly
suppressed by the B-catenin/TCF/LEF1 transcription

INTRODUCTION

The Wnt/B-catenin signaling pathway plays a central
role in normal embryogenesis and development as well as
in various human diseases. [1-3] Dysregulation of Wnt/
B-catenin signaling is involved in multiple tumors and

regulates various processes, including tumor initiation,
tumor growth and metastasis. [4] Particularly, it is
reported that approximately 90% of sporadic colorectal
cancers (CRC) have an activation mutation Wnt/p-catenin
pathway. [5] Upon activation of Wnt signaling, B-catenin
accumulates in the cytoplasm and then translocates into
the nucleus, where it associates with members of the
TCF/LEF1 transcription factor family to modulate the
transcription of target genes that mediate the widespread
effects of Wnt signaling on cellular behavior.

factor complex, the majority of Wnt target genes are trans-
activated by the Wnt signaling pathway and thus serve as
pathway effectors. Among these Wnt effectors, which
include c-Myc, ZEBI and Twist, [7-9] are transcription
factors that can in turn modulate the transcription of
numerous downstream genes and transform the Wnt
signals into a whole genome response. MicroRNAs
(miRNAs) are endogenous small non-coding RNAs that
suppress protein expression by destabilizing messenger
RNAs (mRNAs) or by inhibiting their translation. [10]
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Studies over the past decade have uncovered a recurring
paradigm, namely, that miRNAs are key regulators of
cell fate and behavior under various physiological and
pathological conditions. [11, 12] On one hand, just like
transcription factors, a single miRNA has the ability to
directly control the expression of hundreds of genes. On
the other hand, unlike transcription factors that regulate
gene expression at transcriptional level, miRNAs directly
inhibit the protein synthesis of existing mRNAs and
thus monitor and fine-tune the translation of hundreds of
proteins in real-time. These characteristics of miRNAs
make them ideal effectors of signaling pathways that
regulate global cellular behavior in a previously unknown
mechanism. Recently, a handful of miRNAs have been
shown to be directly transactivated by the B-catenin/TCF/
LEF1 transcription factor complex, [13-18] showing
miRNAs as a new class of Wnt effector that contribute
significantly to the regulatory role of Wnt/B-catenin
pathway. However, with comparison to the numerous
protein effectors, the identity of Wnt miRNAs and their
functions in cancers remain largely undetermined.

In this study, we investigated the transcriptional
regulation and function of miR-150-5p (referred to as
miR-150) that was the most significantly responsive to the
activation of Wnt/B-catenin signaling pathway in the LiCl-
treated CRC cells. We showed that miR-150 was directly
transactivated by B-catenin/LEF1, and overexpression of
miR-150 significantly promoted CRC cell migration in
vitro and in vivo. These results set miR-150 as an effector
of Wnt/B-catenin signaling in EMT and the malignant
progression of CRC.

RESULTS

A group of miRNAs were responsive to the
activation of Wnt/p-catenin signaling

To identify miRNAs that are responsive to the Wnt
signaling pathway, we initiated the study by treating
HCTI116 and HEK293T cells with LiCl to activate the
Wnt/B-catenin signaling pathway. LiCl is commonly
used to mimic the activity of Wnt/B-catenin signaling via
inhibiting GSK-3f mediated B-catenin phosphorylation.
[19, 20] HCT116 cells have both mutant and wild-type
B-catenin alleles, but the mutant allele does not confer
higher Wnt activity. [21] In contrast, HEK293T cells
possess an intact Wnt/p-catenin pathway but exhibit low
Wht activity. As expected, the Wnt/B-catenin pathway was
activated in response to LiCl treatment in both HCT116
and HEK293T cells, as indicated by the significant
increases in B-catenin protein levels, in Wnt reporter
activities and in the expression of the Wnt target gene
Axin2 (Figure 1A, 1B and 1C).

A miRNA qRT-PCR array capable of monitoring the
expression of 212 highly conserved (between human and
mouse) miRNAs was utilized to investigate the miRNA

expression profile in LiCl-treated HCT116 and HEK293T
cells (Supplementary Table S6). This survey identified 16
miRNAs in HCT116 cells and 17 miRNAs in HEK293T
cells with significant changes in expression (either 1.5-
fold upregulated or 1.5-fold downregulated) (Figure 1D,
Table 1). Among these miRNAs, miR-150-5p, miR-34b-
5p, miR-34c¢-5p and miR-302b-3p were up-regulated and
miR-379-5p was down-regulated in both Wnt-activated
HCT116 and HEK293T cells. Remarkably, miR-150-
Sp ranked at the top of the upregulated miRNAs in both
cell lines (Figure 1D, Table 1). In addition, we treated
cells with another Wnt modulator BIO. As expected,
the Wnt/B-catenin pathway was activated in response
to BIO treatment in both HCT116 and HEK293T cells,
(Supplementary Figure S1A, S1B). We discovered
that activation of Wnt signaling by BIO also cause
significant upregulation of miR-150-5p by qRT-PCR assay
(Supplementary Figure S1C).

miR-150 is directly transactivated by
p-catenin/LEF1

To verify whether the LiCl and BIO-induced miR-
150 upregulation was a specific result of the activation
of Wnt/B-catenin signaling, we assessed the effects
of BIO, B-catenin and LEF1 on the expression of the
primary miR-150 transcript (pri-mir-150) and mature
miR-150. Overexpression of mutant-activated -catenin
(B-catenin™") in HEK293T cells or of LEF1 in HCT116
cells significantly increased miR-150 expression (Figure
2A, Supplementary Figure S1C, S1D). Conversely, siRNA-
mediated knockdown of B-catenin in SW480 and SW620
cells reduced the expression levels of both pri-mir-150 and
miR-150 (Figure 2B, Supplementary Figure S1E).

To further explore the relationship between miR-
150 and the Wnt/B-catenin pathway, we analyzed the
endogenous levels of miR-150 and Wnt/B-catenin
signaling activity in different CRC cell lines and in
HEK293T cells. As shown in Supplementary Figure S1F,
S1G and S1H, miR-150 expression positively correlated
with Wnt/B-catenin pathway activity in most of these cell
lines, suggesting that the Wnt/B-catenin signaling pathway
may regulate miR-150 in a wide variety of cells.

To investigate the mechanism by which Wnt/p-
catenin signaling is involved in the transcriptional
regulation of miR-150, we analyzed the promoter region
of miR-150. Because the transcriptional start site (TSS)
and transcriptional termination site (TTS) for miR-150
were unknown, we first identified the 5’ and 3’ ends of
the miR-150 primary transcript by Rapid Amplification
of cDNA Ends (RACE). As shown in Figure 2C and
Supplementary Figure S2A and S2B, a single TSS and
three TTSs were identified.

To determine whether the 5° flanking region of
miR-150 contained a functional promoter, we performed
a unidirectional deletion analysis on the approximately 3.4
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kb DNA fragment. All the deletion derivatives were cloned
into the pGL4.11-basic vector, and luciferase activity was
measured in SW480 cells, which harbor a highly activated
Wnt/B-catenin signaling pathway. As shown in Figure 2D,
fragment F4/R exhibited the highest activity, suggesting
the presence of the core promoter in this region. To further
determine whether the F4/R fragment contained a Wnt-
responsive element, the F4/R construct was co-transfected
into HEK293T cells with the -catenin plasmid or into
HCTI116 cells with a dominant-negative TCF4 (dnTCF4)
plasmid. As expected, the F4/R fragment responded
to B-catenin-mediated activation or dnTCF4-mediated
inhibition in a dose-dependent manner (Figure 2E and 2F).

Studies have proven that the B-catenin/TCF/LEF1
complex regulates the transcriptional activity of target
genes by binding to the consensus core TCF/LEF1-
binding site (5’-A/TA/TCAAAG-3’) within promoter
regions. [22, 23] To precisely identify the -catenin/TCF/
LEF1 binding sites that orchestrated miR-150 expression,
we scanned the 5’ flanking region of the miR-150 gene
using a computational method called ACTLocater,
which identifies accessible and conserved transcription
factor binding sites based on data released by the
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ENCODE Project. [24] Interestingly, one perfect TCF/
LEF1-binding site (TBE, 5’-CTTTGAT-3") was found
55 nucleotides upstream of the TSS of miR-150 (Figure
2C). To confirm whether the predicted site was directly
bound by the B-catenin/TCF/LEF1 complex and whether
it contributed to Wnt-induced miR-150 upregulation, we
generated a construct with a mutant TBE (MT-TBE) and
then compared its activity with the F3/R construct, which
contains a shorter 5” flanking fragment but harbors the
entire TBE, and with the F2/R construct, which lacks the
TBE. As shown in Figure 2G, deletion or mutation of the
TBE in the miR-150 promoter significantly reduced the
responsiveness to B-catenin overexpression, suggesting
that this site was required for the trans-activation of miR-
150 by Wnt/B-catenin signaling.

To establish binding of LEF1 or TCF to the TBE
in vitro, electrophoretic mobility-shift assays (EMSA)
were performed by using SW480 cells, which express
high endogenous LEF1 and B-catenin (Supplementary
Figure S1H). A shift band was detected when incubated
the labeled wild-type (WT) oligonucleotide containing
TBE with nuclear extract from SW480 cells. Competition
EMSA and antibody supershift assays confirmed that
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Figure 1: A group of miRNAs were responsive to the activation of Wnt/B-catenin signaling. A-C. B-catenin Western blot
(A), Wnt pathway reporter assay (B) and Axin2 qRT-PCR (C) in HCT116/HEK293T cells treated with LiCl as indicated. The same molarity
of NaCl was used as a negative control (NC) for LiCl stimulation. D. The relative expression of miRNAs conserved between humans
and mice were analyzed by qRT-PCR in LiCl-treated HCT116 and HEK293T cells; miR-150-5p is indicated by an arrow. All qRT-PCR
experiments were performed at least three times. Error bars represent SEM. *p< 0.05 by Student’s ¢-test.
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Table 1: Differential miRNA expression in HCT116 and HEK293T cells in response to LiCl

miRNA HCT116-FoldChange miRNA HEK293T-FoldChange
miR-150-5p 5.845 miR-150-5p 2.809
miR-34b-5p 2.634 miR-146b-5p 2.807
miR-302a-3p 2.122 miR-146a-5p 2.588
miR-34¢-5p 1.974 miR-142-3p 2.337
miR-302d-3p 1.861 miR-139-5p 2214
miR-302b-3p 1.854 miR-199a-5p 2.179
miR-367-3p 1.793 miR-132-3p 1.865
miR-495-3p 0.663 miR-302b-3p 1.745
miR-33a-5p 0.648 miR-34b-5p 1.602
miR-221-3p 0.648 miR-199a-3p 1.568
miR-208b-3p 0.645 miR-34c¢-5p 1.536
miR-379-5p 0.580 miR-379-5p 0.645
miR-382-5p 0.472 miR-381-3p 0.586
miR-299-5p 0.349 miR-127-3p 0.564
miR-411-3p 0.281 miR-148b-3p 0.561
miR-410-3p 0.241 miR-137 0.503
miR-369-5p 0.441

complexes are specific and the shift band was mainly
composed of LEF1 (Figure 2H). We further performed
chromatin immunoprecipitation (ChIP) experiments.
As demonstrated in Figure 21, both B-catenin and LEF1
occupied the TBE site in the endogenous miR-150
promoter as well as the SP5 promoter (positive control)
but not the Myo ex2 promoter (negative control). [25, 26]
Collectively, these results indicated that miR-150 is a bona
fide target of the Wnt/B-catenin signaling pathway.

Ectopic expression of miR-150 promoted EMT,
migration and invasion of HCT116 cells

To investigate the biological role of miR-150 in
CRC tumorigenesis and progression, we first performed
a transient overexpression study in HCT116 cells using
miR-150-5p mimics. Interestingly, we found that miR-
150 induced an obvious morphological change in
HCTI116 cells, from a round epithelial-like shape to a
spindle shape; this phenotypic change implied that the
cells may have undergone the epithelial-mesenchymal
transition (EMT) (Figure 3A). To validate this hypothesis,
we detected the protein levels of EMT markers in these
cells. Both western blotting and immunofluorescence
data showed that miR-150 overexpression markedly
repressed E-cadherin and ZO-1 expression and enhanced
vimentin protein expression, further indicating that miR-
150 induced EMT in HCT116 cells (Figure 3B and 3C).

Conversely, we found that expression of E-cadherin and
Z0-1 was up-regulated by miR-150 inhibitor in SW480
cells (Supplementary Figure S3A). Given that EMT is
usually associated with increased migratory ability, we
performed transwell assays. As shown in Figure 3D and
Supplementary Figure S3B, transfection of miR-150 into
HCT116 cells significantly promoted cellular invasion
and migration, while miR-150 inhibitors blocked TGF-f3
mediated migration and invasion of SW480 cells.

To further substantiate the role of miR-150 in vivo,
we established a HCT116 cell line stably overexpressing
miR-150 (HCT116-pLSNCG-miR-150, Figure 3E) using
a lentiviral system as described previously [27] and the
cells were then subcutaneously implanted into BALB/c
nude mice. Quantitative RT-PCR data revealed that
miR-150 expression was significantly increased in both
cultured cells and xenograft tumors relative to the control
(pPLSNCG-miR-NC) (Figure 3E). Ten mice were used
in each group and sacrificed 35 days after inoculation of
tumor cells. Three of ten mice of miR-150 overexpression
group showed signs of hepatic metastasis, but no sign
was found in NC-group (Figure 3F). Moreover, HE
staining and GFP immunofluorescence of the liver
sections confirmed that the cells populating the metastatic
nodules had migrated from the xenografted HCT116 cells
(Figure 3G and 3H). However, miR-150 had no impact
on xenograft growth, which was in line with the effect of
overexpression of miR-150 on HCT116 cells proliferation
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Figure 2: miR-150 is directly transactivated by B-catenin/LEF1. A. qRT-PCR for pri-mir-150 and miR-150 expression after
overexpression of -catenin (HEK293T cells) or LEF1 (HCT116 cells). B. qRT-PCR for pri-mir-150 and miR-150 expression after siRNA-
mediated B-catenin knockdown in SW480 and SW620 cells. C. Schematic of the genomic miR-150 region. The transcriptional start site
(TSS) is marked as +1, and the three transcription termination sites (TTSs) are indicated. The sequence and location of the TCF/LEF1
binding site (TBE) is be noted by a black dot. The locations of the primers used in this study to generate plasmid constructs are indicated
by arrows below the schematic. D. Deletion analysis of the miR-150 gene promoter in SW480 cells. The luciferase activity of each reporter
construct is presented relative to that of the pGL4.11-basic vector. E, F. Luciferase reporter assays showing the dose-dependent effect of
B-catenin (left panel) or dnTCF4 (right panel) overexpression on miR-150 promoter activity. G. Luciferase reporter assays showing the
effect of B-catenin on the activity of the deleted or mutated TBE promoter. H. Gel shift and supershift assays showing binding of LEF1 to
the miR-150 promoter in SW480 cells. 10 or 50-fold molar excess of unlabeled wild-type (WT) cold probe or mutate-type (MT) cold probe
was used in the competition EMSA assay. I. Chromatin immunoprecipitation (ChIP) assays demonstrating an in vivo interaction between
the B-catenin/LEF1 complex and the miR-150 promoter. The TBE site in the SP5 gene promoter was used as a positive control, and the
coding region of Myo was used as a negative control (NC). All experiments were repeated at least three times with similar results. Error
bars represent SEM. *p < 0.05 by Student’s #-test.
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in vitro (Supplementary Figure S3C and S3D). These
results indicated that miR-150 significantly increases CRC
metastasis in vivo.

As activation of Wnt pathway is reported to promote
EMT in cancer cells, [5, 8, 9, 28] we confirmed this by
activating Wnt pathway using LiCl treatment or LEF1

(Supplementary Figure S3E and S3F). Furthermore,
we activated Wnt signaling in HCT116 cells using LiCl
and at the same time inhibit the expression miR-150 by
tranfecting miR-150-inhibitor. We found that inhibition
of miR-150 attenuate the effect of enhanced migration
and invasion caused by activation of Wnt signaling

overexpression in HCT116 cells and detected decreased
expression of epithelial markers E-cadherin and ZO-1

(Supplementary Figure S3G). Therefore, these results
indicated that Wnt-transactivated miR-150 contributed
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Figure 3. Ectopic expression of miR-150 promoted EMT, migration and invasion of HCT116 cells. A. Morphological
changes in HCT116 cells transfected with miR-150-5p mimics or NC after 48 h. B. Western blotting for EMT markers (adherens junction
protein E-cadherin, tight-junction protein ZO-1 and mesenchymal intermediary filament vimentin) in HCT116 cells treated with miR-150-
5p mimics. C. Immunofluorescent microscopy analysis of the localization and expression of EMT markers in HCT116 cells. Cells were
counterstained with Hoechst 33342 dye. Scale bars, 50 um. D. Migration and invasion assays in HCT116 cells treated with miR-150-5p
mimics. Representative images are shown in the left panel. The mean number of cells per visual field was determined while viewing the
entire chamber, and the experiments were performed in triplicate (right panel). Scale bars, 100 um. E. A schematic of the structure of the
plasmid for lentiviral overexpression of miR-150 (upper panel). qRT-PCR analysis of miR-150 expression in HCT116 stable cell lines and
xenograft tumors (lower panel). Experiments were performed in triplication. Error bars represent SEM. *p< 0.05 by Student’s #-test. F.
Photographs of mice injected with HCT116-pLSNCG-miR-150 cells illustrate the metastatic sites found. The white arrow indicates clusters
of metastatic cells. G, H. Microscopic images of HE staining (G) and GFP expression (H) in livers isolated from mice 35 days after the
subcutaneous injection of HCT116 cells stably overexpressing miR-150. Scale bars, 100 pm.
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to the effects of aberrant activation of the Wnt/B-catenin
signaling pathway in CRC cells.

miR-150 suppressed CREB signaling by directly
targeting EP300 and CREB1

To explore the molecular mechanism by which
miR-150 promoted CRC metastasis, we employed two
strategies to identify the functional targets of miR-
150 (Supplementary Figure S4A). We searched for the
predominant signaling pathways that were regulated by
miR-150 in HCT116 stable cells using a Cignal 45-Pathway
Reporter Array. As shown in Figure 4A, CREB signaling
was the most significantly downregulated pathway in
HCT116-pLSNCG-miR-150 cells compared with negative
control cells, suggesting that miR-150 may target the
critical mediators of this pathway. After analyzing the genes
predicted to be involved in the CREB pathway, we obtained
161 candidate genes. We also used computational tools
(TargetScan and miRanda [30, 31]) to predict miR-150
targets; with these methods, we obtained 4327 candidate
genes. By comparing the two pools of predicted target
genes, we identified 34 candidate genes that were included
in both pools (Supplementary Figure S4A). Interestingly,
CREBI, the central transcription factor of the CREB
pathway, was a predicted miR-150 target. In addition,
EP300, which can act as a co-activator in the CREB
pathway, has been reported to be regulated by miR-150 in
high glucose-induced cardiomyocyte hypertrophy. [32]

To determine whether CREB1 and EP300 were
direct targets of miR-150, we synthesized 3’UTR
fragments of CREB1 and EP300 harboring either wild-
type (WT) or mutant (Mut) putative binding motifs for
miR-150 and inserted them downstream of the Renilla
luciferase gene in the psiCHECK-2 vector (Supplementary
Figure S4B). The 3’UTR reporter assays revealed that
miR-150 overexpression significantly attenuated the
activity of Renilla luciferase downstream of the wild-
type 3°’UTRs of CREBI and EP300, whereas the mutant
3’UTRs abrogated the miR-150-induced repression (Figure
4B). Correspondingly, clear reductions in endogenous
CREBI and EP300 protein expression were observed in
HEK293T and HCT116 cells transfected with miR-150
mimics. Conversely, expression of CREB1 and EP300
was up-regulated by transient transfection of SW480 cells
using miR-150 inhibitors (Figure 4C). Notably, CREB1
mRNA levels were also significantly decreased by miR-
150 transfection in HCT116 cells (Figure 4D).

To determine whether the repression of CREBI
and EP300 accounted for the miR-150-mediated
downregulation of the CREB pathway, we analyzed the
effects of EP300 and CREB1 knockdown on the CREB
pathway. As expected, HCT116 cells transfected with
siRNA against EP300 or CREBI1 exhibited decreased
CREB pathway activity, similar to the effect of miR-150
overexpression (Figure 4E, Supplementary Figure S4C).

Moreover, c-Fos, which is a downstream target gene of
CREB signaling, [33] was significantly downregulated
when HCT116 cells were transiently transfected with
miR-150-5p mimics, EP300 siRNA or CREBI1 siRNA
(Figure 4F). Together, these results indicated that miR-150
regulated the CREB pathway by directly targeting CREB1
and EP300.

Importantly, we observed that activating Wnt
pathway by LiCl treatment or LEF1 overexpression in
HCT116 cells caused the decrease of CREB1 and EP300
expression, while knockdown B-catenin in SW480 cells
had opposite effects, indicating that Wnt pathway could
suppress the expression of these two targets (Figure 4G,
4H and 41). Therefore, these results indicated that Wnt-
transactivated miR-150 suppressed CREB pathway by
directly targeting CREB1 and EP300 in CRC cells.

CREBI1 and EP300 were the key mediators of
miR-150-regulated EMT and CRC cell migration

The above results prompted us to determine
whether the downregulation of CREB signaling mediated
the effects of miR-150 overexpression: EMT and the
subsequent increased migration of CRC cells. As expected,
knockdown of EP300 or CREB1 by siRNA resulted in
a similar mesenchymal-like morphological change in
HCT116 cells (Figure 5A). Consistent with this phenotype,
the analysis of E-cadherin, ZO-1 and vimentin expression
revealed that EP300 and CREB1 knockdown mimicked
the effects of miR-150 overexpression in HCTI116
cells (Figure 5B and 5C). In addition, the invasion and
migration of HCT116 cells were significantly elevated by
EP300 or CREB1 knockdown but were reduced by CREB1
overexpression (Figure 5D, Supplementary Figure S5A and
S5B). To further exclude the possibility that the phenotype
is caused by off-target effects of siRNAs, we completely
knockout CREB1 in HCT116 cells by CRISPR/Cas9 and
detected a consistent phenotype of enhanced migration
and invasion (Figure 5E and 5F). Importantly, CREBI
overexpression attenuated the migration- and invasion-
promoting effects of miR-150 (Figure 5G). Therefore,
these data strongly indicated that both CREB1 and EP300
were critical targets of miR-150, and by targeting them,
miR-150 suppressed CREB signaling and induced EMT in
CRC cells. It is worth noting that c-Myb, the known target
of miR-150 in lymphocytes, was not repressed by the
overexpression of miR-150 in the HCT116 cells (data not
shown). Both target dual luciferase assay and western blot
confirmed this result, suggesting that miR-150 functions in
a context-dependent manner.

DISCUSSION

In the present study, we demonstrated an interesting
miRNA effector of Wnt signaling, miR-150, that plays a
central role in mediating the crosstalk between the Wnt/p3-
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catenin and CREB signaling pathways and contributes to CREB signaling by targeting CREB1 and EP300. Ultimately,

the EMT of CRC cells (Figure 6). According to our model, the downregulation of the CREB signaling pathway results
in CRC cells with activated Wnt signaling, B-catenin/LEF1 in EMT and thus facilitates CRC cell invasion and migration.
transactivates miR-150 by directly binding to its promoter, This model can explain the abnormal expression of miR-150
and the increased miR-150 expression in turn suppresses in various cancers with activated Wnt pathway.
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miR-150 was originally found to be specifically
and highly expressed in mature B and T cells, where it
plays critical roles in normal hematopoiesis and immunity.
[34, 35] Although miR-150 is expressed at much lower
levels in other tissues under normal physical conditions,
[34] later studies suggested that miR-150 is dysregulated
in human solid tumors and involves in the development
or/and progression of many types of cancer. [29, 36—45]
In this study, we provided direct evidence that miR-150
plays a role in regulating CRC cell EMT, invasion and
migration. We have also found that miR-150 increased the
migration of RKO cells (Supplementary Figure S6A and
S6B). Collectively, our data clearly indicated that miR-150
may have the effect of pro-migration and contribute to the
development of CRC. Furthermore, we demonstrated that
activation of the Wnt/B-catenin signaling in HCT116 cells
resulted in reduction of E-cadherin and ZO-1, which is
in agreement with previous studies that the Wnt/p-catenin
pathway contributed to EMT, migration and invasion
of cells, [5, 8, 9, 28] suggesting that Wnt/B-catenin
signaling may contribute to the development of cancers
depending on the coordinated regulation between its
downstream non-coding RNA and protein coding genes.

From the 45-pathway reporter array analysis,
we found that miR-150 overexpression seriously

affects multiple signaling pathways for cell growth or
proliferation, and CREB was the most downregulated.
Importantly, we found that activation of Wnt/B-catenin
pathway in HCT116 cells suppressed CREB signaling
pathway core factors EP300 and CREB. These findings
revealed an unexpected significance of the CREB
pathway in colorectal cancer biology, providing
evidence in understanding CREB signaling from a new
perspective. The CREB signaling pathway participates in
various biological processes, [46] including cell growth,
differentiation, and metabolism [47] as well as neuronal
activity [48] and immune function. [49] In some cases,
CREB is considered to be an oncogenic transcription
factor because it is overexpressed and/or constitutively
phosphorylated in several human cancers and induces
a cell growth and antiapoptotic survival signal. [50]
However, other reports have shown that CREB suppresses
tumorigenesis, particularly, in inhibiting the invasion and
migration of pancreatic and breast cancer cells. [51, 52]
Intriguingly, EP300, a transcriptional co-activator of
CREBI, is frequently mutated, lost or underexpressed
in numerous types of cancer, such as gastric cancer,
colon cancer, and breast cancer. [53, 54] Krubasik ef al.
reported that disrupting EP300 in HCT116 cells resulted
in EMT and migration. [55] These findings indicate that

Wnt pathway

B-catenin

AN

Sromerpn e

!

D M-wo /é
\%m’&mpc /

=1= =

miR-150 gene

miR-150-5p ¢/ \rrrr

CREB pathway

EMT

N
N

Figure 6: A model of the Wnt/p-catenin-miR-150-CREB signaling regulation axis in colorectal cancer. The Wnt/B-catenin
signaling pathway transcriptionally activates the expression of miR-150, and miR-150-5p subsequently suppresses the CREB pathway by

directly targeting EP300 and CREB1, thereby inducing EMT in CRC cells.
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EP300, a known target of miR-150, [32] may act as a
tumor suppressor in cancers. In the present study, we
showed that knockdown of EP300 or CREBI1 promoted
EMT in HCT116 cells and increased the invasion and
migration of these cells, whereas CREB1 overexpression
had the opposite effects. Furthermore, we completely
knockout CREBI in HCT116 cells using CRISPR/Cas9
and observed the similar effects, strongly suggesting
that CREB pathway plays a role in the development
of CRC. Although it is currently unclear how CREB
signaling regulates EMT in CRC cells and subsequent
migration, several previous studies have suggested that
CREB signaling influences TGF-f signaling in pancreatic
cancer cells and fibroblast [51, 56] and that EP300 can
act as a transcriptional co-activator to regulate E-cadherin
expression. [57] It will be interesting to further explore
the underlying mechanism by which CREB signaling
regulates EMT in CRC cells and affects their migration.

Previously, we reported that Wnt/B-catenin signaling
can directly transactivate the miR-372/373 cluster in
CRC cells to promote cell proliferation and invasion, in
part by targeting the Wnt signaling inhibitor Dickkopf-1
(Dkk1). [14] Recently, miR-146a was determined to be
transactivated by the B-catenin/TCF4 complex in CRC
cells, in which miR-146a directed the symmetric division
of colorectal cancer stem cells by targeting NUMB, a
protein that controls B-catenin stability by promoting its
polyubiquitylation. [17] Both the miR-372/373 cluster
and miR-146a maintain or enhance Wnt signaling via a
similar positive feedback mechanism. However, miR-150
mediates the crosstalk between Wnt and other signaling
pathways. The Wnt-transactivated miRNAs (designated as
WntmiR) may play essential roles in the oncogenesis of
CRC mediated by the aberrant activation of Wnt/B-catenin
signaling through various mechanisms.

In addition to miR-150, a cohort of miRNAs have
been upregulated following the activation of Wnt/p-catenin
signaling in our cell models (see Table 1), and there are
WntmiRs remained to be identified in different cells. [58,
59] Thus, WntmiR may consist of numerous miRNAs
and play essential roles in maintaining the robustness
and transduction of Wnt signaling. Furthermore, as
the same pathway may activate different effectors in a
context-dependent manner, we can speculate that the
combinatorial use of a subset of WntmiRs accounts for
the unique regulation of gene expression by Wnt signaling
in response to different stimuli and in the cancer therapy.

MATERIALS AND METHODS

Cell cultures and treatments

Cell lines derived from the human CRC (SW480,
SW620, HCT116 and RKO) and HEK293T were all
purchased from the Shanghai Institute of Cell biology,
Chinese Academy of Science. HEK293FT cells were

obtained from Invitrogen (Carlsbad, CA, USA). Cell lines
were maintained using standard media and conditions.
Establishment of HCT116 subline that stably expressed
miR-150 was performed as previously described. [27] To
stimulate the Wnt pathway by LiCl, HEK293T cells were
treated with 30 mM LiCl (Sigma-Aldrich, L9650) for 12
h and HCT116 cells were treated with 20 mM LiCl for
24 h, and negative control cells were treated with NaCl
(Sigma-Aldrich, S5886) at the same time. To stimulate
the Wnt pathway by BIO, HEK293T cells and HCT116
cells were treated with 2uM BIO (Sigma-Aldrich, B1686)
for 24 h, and negative control cells were treated with
DMSO (Sigma-Aldrich) at the same time. In order to
activate EMT programs, SW480 cells were treated with
20 ng/ml TGFB (PeproTech, 100-21) for 24h in serum-
free medium. [60]

Cell transfection

All RNA transfections were performed at a final
concentration of 50 nM using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s instruction.
Transfection of plasmid DNA was performed using
Lipofectamine LTX reagent (Invitrogen) for SW480 and
HCT116 cells and Lipofectamine 2000 for other cells.

RNA extraction and qRT-PCR assays

Total RNA was extracted from cells or tumors
with TRIzol reagent (Invitrogen) according to the
manufacturer’s instruction. qRT-PCR assays were
performed as previously described. [14] U6 and GAPDH
were employed as endogenous controls for miRNA
and mRNA respectively. The comparative Ct Method
(AACT Method) was used to determine the expression
levels of genes. The stem-loop primer for miRNAs was
designed according to the published method of Moltzahn
et al. [61] The primers used for qRT-PCR are shown in
Supplementary Table S2.

Western blot analysis

Total protein was extracted using TRIzol reagent
(Invitrogen) as recommended. Protein precipitation was
lysed in the buffer containing 1% DTT, 4% CHAPS, 7
M urea, 2 M thiourea and 2% ampholine. Equal total
protein extracts were loaded and separated by SDS-
polyacrylamide gel electrophoresis (SDS-PAGE),
transferred onto Protran™ nitrocellulose membranes
(Whatman). The following antibodies were used for
western blot: B-catenin (CST, 9582S), p-B-catenin
(CST, 95618), LEF1 (CST, 2230S), TCF4 (CST, 2569S),
EP300 (SCB, sc-584), CREBI (CST, 9197S), E-cadherin
(CST, 3195S), ZO-1 (Invitrogen, 40-2200), vimentin
(CST, 57418), a-tubulin (CST, 2144S) or GAPDH (CST,
2118S). GAPDH or a-tubulin was used as the loading
control.
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Immunofluorescence analysis

Cells cultured on coverslips were fixed with 4%
Paraformaldehyde and incubated with antibodies against
E-cadherin (CST, 31958, 1:50), ZO-1 (Invitrogen, 40-
2200, 1:50) or vimentin (CST, 57418, 1:25), then stained
with secondary antibodies (Alexa Fluor® 488, donkey
anti-rabbit, Invitrogen, A-21206, 1:400) and nuclear
counter-staining with Hoechst 33342 (Life technologies,
H1399). Fluorescent images were examined using Zeiss 7
DUO NLO (Leica Microsystems, Bannockburn, IL, USA).

Immunohistochemistry assay

For Immunohistochemistry (IHC), tissues were
fixed in 4% formalin for 1 day and followed by paraffin
embedding. 4 um thick serial sections were used for HE
staining or IHC-IF. For IHC-IF, primary antibody was
used against GFP (Abcam, ab13970) and Goat Anti-
Chicken IgY H&L (Alexa Fluor® 488, ab150173) was
used as secondary antibody. Then the fluorescence was
detected with Zeiss AxioObserver.Z1 (Carl Zeiss).

Animal studies

All procedures for the experiments involving mice
were performed in accordance with the Guidelines for the
Care and Use of Laboratory Animals (NIH publications Nos.
80-23, revised 1996), and according to the ethical principles
for experiments on animals. HCT116-miR-150 or HCT116-
NC stable cells (1.5%10°) were suspended in 200l 1xPBS
and then injected subcutaneously into the dorsal flank of
5-week-old athymic nude mice (BALB/c-nu, n=10/group,
Guangdong Medical Laboratory Animal Center, China). The
mice were sacrificed 35 days after injection. The primary
tumors and livers of mice were dissected, fixed in 4%
formalin, and then embedded in paraffin.

Statistical analysis

Quantitative data were presented as the mean +
the standard error of the mean (SEM) from a minimum
of three independent experiments. Comparisons between
two groups were analyzed using the Student’s z-test with
n=3, unless otherwise indicated. Statistical analyses were
performed with GraphPad Prism 6 (GraphPad Software
Inc., San Diego, CA, USA). p<0.05 was considered to be
statistically significant.

ACKNOWLEDGMENTS

We thank Prof. Mitsuyasu Kato at the University of
Tsukuba for providing the pPCAGGS-HA-LFE1 plasmid
and Dr. Jian-You Liao at Sun Yat-sen Memorial Hospital
of Sun Yat-sen University for providing the PX462
plasmid. Xiao-Hong Chen and Qiao-Juan Huang helped
as a technical assistant in the project. We thank them for

their invaluable support. This work was supported by the
National Natural Science Foundation of China (31230042,
31200593, 31471223, 91440110), the project of Science
and Technology of Guangzhou (201504010022),
and the National Basic Research Program of China
(2011CB811300), the Natural Science Foundation of
Guangdong Province (2016A030310102).

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Clevers H, Nusse R. Wnt/B-Catenin Signaling and Disease.
Cell. 2012; 149:1192-1397.

2. MacDonald BT, Tamai K, He X. Wnt/beta-catenin
signaling: components, mechanisms, and diseases. Dev
Cell. 2009; 17:9-26.

3. Ng RC, Matsumaru D, Ho AS, Garcia-Barcelo MM, Yuan
ZW, Smith D, Kodjabachian L, Tam PK, Yamada G, Lui VC.
Dysregulation of Wnt inhibitory factor 1 (Wifl) expression
resulted in aberrant Wnt-beta-catenin signaling and cell death
of the cloaca endoderm, and anorectal malformations. Cell
death and differentiation. 2014; 21:978-989.

4. White BD, Chien AJ, Dawson DW. Dysregulation of
Whnt/beta-catenin signaling in gastrointestinal cancers.
Gastroenterology. 2012; 142:219-232.

5. Schneikert J, Behrens J. The canonical Wnt signalling
pathway and its APC partner in colon cancer development.
Gut. 2007; 56:417-425.

6. Nusse R, Varmus H. Three decades of Wnts: a personal
perspective on how a scientific field developed. The EMBO
journal. 2012; 31:2670-2684.

7. He TC, Sparks AB, Rago C, Hermeking H, Zawel L,
da Costa LT, Morin PJ, Vogelstein B, Kinzler KW.
Identification of c-MYC as a target of the APC pathway.
Science. 1998; 281:1509-1512.

8. Sanchez-Tillo E, de Barrios O, Siles L, Cuatrecasas M,
Castells A, Postigo A. beta-catenin/TCF4 complex induces
the epithelial-to-mesenchymal transition (EMT)-activator
ZEBI1 to regulate tumor invasiveness. Proc Natl Acad Sci
USA.2011; 108:19204-192009.

9. Howe LR, Watanabe O, Leonard J, Brown AMC. Twist
is up-regulated in response to Wntl and inhibits mouse
mammary cell differentiation. Cancer research. 2003;
63:1906-1913.

10. Bartel DP. MicroRNAs: target recognition and regulatory
functions. Cell. 2009; 136:215-233.

11. Xie S, Zhang Y, Qu L, Xu H. A Helm model for microRNA
regulation in cell fate decision and conversion. Sci China
Life Sci. 2013; 56:897-906.

12. Mogilyansky E, Rigoutsos I. The miR-17/92 cluster: a
comprehensive update on its genomics, genetics, functions

www.impactjournals.com/oncotarget

Oncotarget



13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

and increasingly important and numerous roles in health and
disease. Cell death and differentiation. 2013; 20:1603-1614.

Kapinas K, Kessler C, Ricks T, Gronowicz G, Delany AM.
miR-29 Modulates Wnt Signaling in Human Osteoblasts
through a Positive Feedback Loop. Journal of Biological
Chemistry. 2010; 285:25221-25231.

Zhou AD, Diao LT, Xu H, Xiao ZD, Li JH, Zhou H, Qu LH.
beta-Catenin/LEF1 transactivates the microRNA-371-373
cluster that modulates the Wnt/beta-catenin-signaling
pathway. Oncogene. 2012; 31:2968-2978.

Lan F, Yue X, Han L, Shi Z, Yang Y, Pu P, Yao Z, Kang C.
Genome-wide identification of TCF7L2/TCF4 target miRNAs
reveals a role for miR-21 in Wnt-driven epithelial cancer.
International journal of oncology. 2012; 40:519-526.

Brautigam C, Raggioli A, Winter J. The Wnt/beta-Catenin
Pathway Regulates the Expression of the miR-302 Cluster
in Mouse ESCs and P19 Cells. PLoS One. 2013; 8:¢75315.
Hwang WL, Jiang JK, Yang SH, Huang TS, Lan HY, Teng
HW, Yang CY, Tsai YP, Lin CH, Wang HW, Yang MH.
MicroRNA-146a directs the symmetric division of Snail-
dominant colorectal cancer stem cells. Nature cell biology.
2014; 16:268-280.

Tang X, Zheng D, Hu P, Zeng Z, Li M, Tucker L, Monahan
R, Resnick MB, Liu M, Ramratnam B. Glycogen synthase
kinase 3 beta inhibits microRNA-183-96-182 cluster via the
beta-Catenin/TCF/LEF-1 pathway in gastric cancer cells.
Nucleic Acids Res. 2014; 42:2988-2998.

Stambolic V, Ruel L, Woodgett JR. Lithium inhibits
glycogen synthase kinase-3 activity and mimics wingless
signalling in intact cells. Curr Biol. 1996; 6:1664-1668.

Azzolin L, Panciera T, Soligo S, Enzo E, Bicciato S, Dupont
S, Bresolin S, Frasson C, Basso G, Guzzardo V, Fassina
A, Cordenonsi M, Piccolo S. YAP/TAZ incorporation in
the beta-catenin destruction complex orchestrates the Wnt
response. Cell. 2014; 158:157-170.

Sekine S, Shibata T, Sakamoto M, Hirohashi S. Target
disruption of the mutant beta-catenin gene in colon cancer
cell line HCT116: preservation of its malignant phenotype.
Oncogene. 2002; 21:5906-5911.

Bottomly D, Kyler SL, McWeeney SK, Yochum GS.
Identification of {beta}-catenin binding regions in colon
cancer cells using ChIP-Seq. Nucleic Acids Res. 2010;
38:5735-5745.

Boj SF, van Es JH, Huch M, Li VS, Jose A, Hatzis P,
Mokry M, Haegebarth A, van den Born M, Chambon P,
Voshol P, Dor Y, Cuppen E, Fillat C, Clevers H. Diabetes
Risk Gene and Wnt Effector Tef712/TCF4 Controls Hepatic
Response to Perinatal and Adult Metabolic Demand. Cell.
2012; 151:1595-1607.

Xiao ZD, Diao LT, Yang JH, Xu H, Huang MB, Deng Y1,
Zhou H, Qu LH. Deciphering the transcriptional regulation
of microRNA genes in humans with ACTLocater. Nucleic
Acids Res. 2013; 41:e5.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Takahashi M, Nakamura Y, Obama K, Furukawa Y.
Identification of SP5 as a downstream gene of the beta-
catenin/Tcf pathway and its enhanced expression in human
colon cancer. Int J Oncol. 2005; 27:1483-1487.

Schepeler T, Holm A, Halvey P, Nordentoft I, Lamy
P, Riising EM, Christensen LL, Thorsen K, Liebler DC,
Helin K, Orntoft TF, Andersen CL. Attenuation of the beta-
catenin/TCF4 complex in colorectal cancer cells induces
several growth-suppressive microRNAs that target cancer
promoting genes. Oncogene. 2012; 31:2750-2760.

Xu H, He JH, Xiao ZD, Zhang QQ, Chen YQ, Zhou H,
Qu LH. Liver-enriched transcription factors regulate
microRNA-122 that targets CUTL1 during
development. Hepatology. 2010; 52:1431-1442.
Yang XH, Li L, Huang Q, Xu W, Cai XP, Zhang JS, Yan
W1J, Song DW, Liu TL, Zhou W, Li ZX, Yang C, Dang YY,
Xiao JR. Wnt signaling through Snaill and Zeb]1 regulates

liver

bone metastasis in lung cancer. American journal of cancer
research. 2015; 5:748-755.

Li YJ, Zhang YX, Wang PY, Chi YL, Zhang C, Ma Y,
Lv CJ, Xie SY. Regression of A549 lung cancer tumors by
anti-miR-150 vector. Oncology Reports. 2012; 27:129-134.

Lewis BP, Burge CB, Bartel DP. Conserved seed pairing,
often flanked by adenosines, indicates that thousands of
human genes are microRNA targets. Cell. 2005; 120:15-20.

Betel D, Koppal A, Agius P, Sander C, Leslie C.
Comprehensive modeling of microRNA targets predicts
functional non-conserved and non-canonical sites. Genome
Biol. 2010; 11:R90.

Duan Y, Zhou B, Su H, Liu Y, Du C. miR-150 regulates
high glucose-induced cardiomyocyte hypertrophy by
targeting the transcriptional co-activator p300. Exp Cell
Res. 2013; 319:173-184.

Schiller M, Bohm M, Dennler S, Ehrchen JM, Mauviel A.
Mitogen- and stress-activated protein kinase 1 is critical for
interleukin-1-induced, CREB-mediated, c-fos gene expression
in keratinocytes. Oncogene. 2006; 25:4449-4457.

Xiao C, Calado DP, Galler G, Thai TH, Patterson HC,
Wang J, Rajewsky N, Bender TP, Rajewsky K. MiR-150
controls B cell differentiation by targeting the transcription
factor c-Myb. Cell. 2007; 131:146-159.

Zhou B, Wang S, Mayr C, Bartel DP, Lodish HF. miR-
150, a microRNA expressed in mature B and T cells, blocks
early B cell development when expressed prematurely. Proc
Natl Acad Sci U S A. 2007; 104:7080-7085.

Wu Q, Jin H, Yang Z, Luo G, Lu Y, Li K, Ren G, Su T,
Pan Y, Feng B, Xue Z, Wang X, Fan D. MiR-150 promotes
gastric cancer proliferation by negatively regulating the
pro-apoptotic gene EGR2. Biochem Biophys Res Commun.
2010; 392:340-345.

Zhang N, Wei X, Xu L. miR-150 promotes the proliferation
of lung cancer cells by targeting P53. FEBS Lett. 2013;
587:2346-2351.

WWw

.impactjournals.com/oncotarget

42525

Oncotarget



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Cao M, Hou D, Liang H, Gong F, Wang Y, Yan X, Jiang
X, Wang C, Zhang J, Zen K, Zhang CY, Chen X. miR-
150 promotes the proliferation and migration of lung
cancer cells by targeting SRC kinase signalling inhibitor 1.
European journal of cancer. 2014; 50:1013-1024.

Huang S, Chen Y, Wu W, Ouyang N, Chen J, Li H, Liu X,
SuF, Lin L, Yao Y. miR-150 promotes human breast cancer
growth and malignant behavior by targeting the pro-apoptotic
purinergic P2X7 receptor. PLoS One. 2013; 8:¢80707.

Lei Y, Hu X, Li B, Peng M, Tong S, Zu X, Wang Z, Qi
L, Chen M. miR-150 modulates cisplatin chemosensitivity
and invasiveness of muscle-invasive bladder cancer cells
via targeting PDCD4 in vitro. Med Sci Monit. 2014;
20:1850-1857.

Yokobori T, Suzuki S, Tanaka N, Inose T, Sohda M, Sano
A, Sakai M, Nakajima M, Miyazaki T, Kato H, Kuwano H.
MiR-150 is associated with poor prognosis in esophageal
squamous cell carcinoma via targeting the EMT inducer
ZEBI1. Cancer science. 2013; 104:48-54.

Jin M, Yang Z, Ye W, Xu H, Hua X. MicroRNA-150
predicts a favorable prognosis in patients with epithelial
ovarian cancer, and inhibits cell invasion and metastasis
by suppressing transcriptional repressor ZEB1. PLoS One.
2014; 9:¢103965.

Feng JL, Yang YZ, Zhang P, Wang F, Ma YL, Qin HL,
Wang Y. miR-150 functions as a tumour suppressor in
human colorectal cancer by targeting c-Myb. Journal of
cellular and molecular medicine. 2014; 18:2125-2134.
Wang WH, Chen J, Zhao F, Zhang BR, Yu HS, Jin HY,
Dai JH. MiR-150-5p Suppresses Colorectal Cancer Cell
Migration and Invasion through Targeting MUC4. Asian
Pac J Cancer P. 2014; 15:6269-6273.

Yang K, He M, Cai Z, Ni C, Deng J, Ta N, Xu J, Zheng
J. A Decrease in miR-150 Regulates the Malignancy of
Pancreatic Cancer by Targeting c-Myb and MUCA4. Pancreas.
2015; 44:370-9. doi: 10.1097/MPA.0000000000000283.
Shaywitz AJ, Greenberg ME. CREB: a stimulus-induced
transcription factor activated by a diverse array of
extracellular signals. Annual review of biochemistry. 1999;
68:821-861.

Altarejos JY, Montminy M. CREB and the CRTC
co-activators: sensors for hormonal and metabolic signals.
Nature reviews Molecular cell biology. 2011; 12:141-151.
Carlezon WA, Jr., Duman RS, Nestler EJ. The many faces
of CREB. Trends Neurosci. 2005; 28:436-445.

Wen AY, Sakamoto KM, Miller LS. The role of the
transcription factor CREB in immune function. J Immunol.
2010; 185:6413-6419.

Sakamoto KM, Frank DA. CREB in the pathophysiology
of cancer: implications for targeting transcription factors
for cancer therapy. Clin Cancer Res. 2009; 15:2583-2587.
Zimmerman NP, Roy I, Hauser AD, Wilson JM, Williams
CL, Dwinell MB. Cyclic AMP regulates the migration

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

and invasion potential of human pancreatic cancer cells.
Molecular carcinogenesis. 2015; 54:203-215. doi: 10.1002/
mc.22091.

Hansen C, Howlin J, Tengholm A, Dyachok O, Vogel WF,
Nairn AC, Greengard P, Andersson T. Wnt-5a-induced
phosphorylation of DARPP-32 inhibits breast cancer cell
migration in a CREB-dependent manner. J Biol Chem.
2009; 284:27533-27543.

Gayther SA, Batley SJ, Linger L, Bannister A, Thorpe
K, Chin SF, Daigo Y, Russell P, Wilson A, Sowter
HM, Delhanty JD, Ponder BA, Kouzarides T, Caldas C.
Mutations truncating the EP300 acetylase in human cancers.
Nature genetics. 2000; 24:300-303.

Tonov Y, Matsui S, Cowell JK. A role for p300/CREB
binding protein genes in promoting cancer progression in
colon cancer cell lines with microsatellite instability. Proc
Natl Acad Sci U S A. 2004; 101:1273-1278.

Krubasik D, Iyer NG, English WR, Ahmed AA, Vias M,
Roskelley C, Brenton JD, Caldas C, Murphy G. Absence
of p300 induces cellular phenotypic changes characteristic
of epithelial to mesenchyme transition. Br J Cancer. 2006;
94:1326-1332.

Schiller M, Dennler S, Anderegg U, Kokot A, Simon JC,
Luger TA, Mauviel A, Bohm M. Increased cAMP levels
modulate transforming growth factor-beta/Smad-induced
expression of extracellular matrix components and other
key fibroblast effector functions. J Biol Chem. 2010;
285:409-421.

Liu YN, Lee WW, Wang CY, Chao TH, Chen Y, Chen JH.
Regulatory mechanisms controlling human E-cadherin gene
expression. Oncogene. 2005; 24:8277-8290.

Wang X, Lam EKY, Zhang JB, Jin HC, Sung JJY.
MicroRNA-122a functions as a novel tumor suppressor
downstream of adenomatous polyposis coli in
gastrointestinal cancers. Biochemical and biophysical
research communications. 2009; 387:376-380.

Schepeler T, Holm A, Halvey P, Nordentoft I, Lamy
P, Riising EM, Christensen LL, Thorsen K, Liebler DC,
Helin K, Orntoft TF, Andersen CL. Attenuation of the beta-
catenin/TCF4 complex in colorectal cancer cells induces
several growth-suppressive microRNAs that target cancer
promoting genes. Oncogene. 2012; 31:2750-2760.

Sun'Y, Shen S, Liu X, Tang H, Wang Z, Yu Z, Li X, Wu M.
MiR-429 inhibits cells growth and invasion and regulates
EMT-related marker genes by targeting Onecut2 in
colorectal carcinoma. Molecular and cellular biochemistry.
2014; 390:19-30.

Moltzahn F, Olshen AB, Baehner L, Peek A, Fong L,
Stoppler H, Simko J, Hilton JF, Carroll P, Blelloch
R. Microfluidic-based multiplex qRT-PCR identifies
diagnostic and prognostic microRNA signatures in the sera
of prostate cancer patients. Cancer Res. 2011; 71:550-560.

WWw

.impactjournals.com/oncotarget

42526

Oncotarget



