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Abstract: Colorectal cancer is the third most commonly diagnosed type of cancer worldwide with a high incidence
and mortality rate. The long-term post-operational survival of colorectal cancer is limited by metastasis and chemo-
resistance. In this study, we demonstrated that CELF1 expression was upregulated in colorectal cancer. Knockdown
of CELF1 expression in colorectal cancer cells inhibited cell proliferation and chemoresistance. Conversely, overex-
pression of CELF1 promoted colorectal cancer cell proliferation and chemoresistance. We also determined that loss
of CELF1 expression downregulated the MAPK signaling pathway, and that CELF1 regulated colorectal cancer cell

proliferation via activating the MAPK signaling pathway.
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Introduction

Colorectal cancer is the third most commonly
diagnosed type of cancer worldwide with a high
incidence and mortality rate [1]. Each year,
more than 600,000 individuals die from colon
cancer [2]. The tumorigenesis of colorectal can-
cer is a multistep process that involves accu-
mulation of genetic and epigenetic changes [3].
It has been shown that the occurrence and pro-
gression of colorectal cancer are driven by a
variety of signaling pathways, including p53
pathway, EGFR-MAPK pathway, Wnt-B3-catenin
pathway, PI3K-Akt pathway, and NF-kB pathway
[4]. Despite the improvement in the available
treatment regimens, the long-term post-opera-
tional colorectal cancer survival is still hindered
by metastasis and chemoresistance. Therefore,
targeting metastasis and chemoresistance is
an important strategy for treating colorectal
cancer, and this would require better under-
standing of the precise molecular mechanisms
of colorectal cancer. CELF1 is a member of the
CELF family (CUGBP and embryonic lethal
abnormal vision-like factor) that belongs to the
ELAV-like family of RNA binding proteins. CELF1
was found to preferentially bind to GU-rich ele-

ments predominantly located in the 5" and 3’
UTRs of mRNAs [5-7]. The functional conse-
quences of CELF1 association with its targets
include altered mRNA splicing, translation and
turnover [8, 9]. Most previous research on
CELF1 was focused on its function during
embryonic development process, including
myotonic development [10, 11]. However, em-
erging evidence has suggested that CELF1 is
also a potential regulator of cancer develop-
ment. CELF1 expression correlates with poor
patient survival in non-small cell lung cancer.
Reduction of CELF1 in lung cancer cells inhibit-
ed proliferation and colony formation [12, 13].
CELF1 is also overexpressed in human squa-
mous cell carcinoma. Knockdown of CELF1
expression in oral cancer cells promoted apop-
tosis and suppressed cell growth [14]. A series
of studies have demonstrated that CELF1 is
overexpressed in many other human malignant
tumors, including hepatic carcinoma [15],
breast cancer [16], glioma [17], acute B cell
lymphoma [18] and acute myeloid leukemia
[18]. The role of CELF1 in colorectal cancer,
however, has not been studied before.In this
study, we reported that CELF1 expression was
upregulated in colorectal cancer. We also found


http://www.ijcep.com

CELF1 promotes colorectal cancer

that knockdown of CELF1 inhibited colorectal
cancer cell proliferation and chemoresistance.
Conversely, overexpression of CELF1 promoted
colorectal cancer cell proliferation and chemo-
resistance. In addition, we determined that loss
of CELF1 expression downregulated the MAPK
signaling pathway, and that CELF1 regulated
colorectal cancer cell proliferation via activat-
ing the MAPK signaling pathway.

Materials and methods
Human samples

Freshly frozen 10 human colorectal cancer tis-
sues and adjacent non-cancerous normal
colorectal tissues were obtained from surgical
resection specimens of pathologically con-
firmed colorectal cancer patients at Cancer
Hospital of Harbin Medical Hospital. The
informed consents were obtained from all par-
ticipants before this work. This study was
reviewed and approved by the Ethics Committee
of Cancer Hospital of Harbin Medical Hospital.

Immunohistochemistry

Tumor tissue specimens were fixed in neutral
formalin and embedded in paraffin. Paraffin-
embedded sections (4 um) were dewaxed in
xylene and rehydrated in a gradient alcohol.
Sections were incubated in 3% hydrogen
peroxide for 10 min to deactivate the endoge-
nous peroxidase. Then, the sections were
heated at 100°C for 15 min in 0.01 M na-
triumcitricum for antigen. The sections were
blocked with normal goat serum at 37°C for 10
min to prevent nonspecific binding and then
incubated overnight at 4°C with anti-CELF1 pri-
mary antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA). The EliVision plus kit
(Maixin-Bio, Fuzhou, China) was used to exam-
ine the antibody binding. The slide was stained
with diaminobenzidinetetrahydrochloride (DAB,
Sigma, St. Louis, MO, USA), washed in flowing
water, re-stained with hematoxylin, dehydrated,
cleared, dried and mounted.

Quantity real-time PCR (qRT-PCR)

Total RNA was extracted from tissues or cul-
tured cells using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) and treated with DNase |
(TaKaRa, Dalian, China) to remove residual
genomic DNA. For qRT-PCR, RNA was reverse
transcribed to cDNA by using a reverse tran-
scription with PrimeScript RT Master Mix
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(TaKaRa). Real-time PCR analyses were per-
formed with SYBR PCR Master Mix (TaKaRa).
The gRT-PCR assays were conducted on
Applied Biosystems 7500 Real-Time PCR
System (Applied Biosystems, Forster City, CA,
USA). The relative expression of CELF1 was
calculated using the 2-AACt method. Glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH)
served as the internal control. The primers
used for the study are as follows: CELF1 for-
ward 5-ACCTGTTCATCTACCACCTG-3’ and re-
verse 5-GGCTTGCTGTCATTCTTCG-3’; CCNA1L
forward 5-GGGCTCCCAGATTTCGTCTT-3’ and
reverse 5-GACCTCGGGCCACTGTAGC-3’; CC-
ND1 forward 5-CGTGGCCTCTAAGATGAAGG-3’
and reverse 5-CTGGCATTTTGGAGAGGAAG-3’;
c-myc forward 5’-GCCACGTCTCCACACATCAG-3’
and reverse 5-TCTTGGCAGCAGGATAGTCCTT-3’;
FOXM1 forward 5-AACCGCTACTTGACATTGG-
3’ and reverse 5-GCAGTGGCTTCATCTTCC-3%;
MAPK3 forward 5-CTTCCCTGGCAAGCACTACC
-3’ and reverse 5-GTTTCGGGCTTCATGTTGA-3’;
GAPDH forward 5’-GACCCCTTCATTGACCTCAAC
-3’ and reverse 5-CTTCTCCATGGTGGTGAA-
GA-3.

Cell culture

Two human colorectal cell lines (SW-480 and
Caco2) were cultured in RPMI 1640 (Gibco
Lab., Grand Island, NY, USA) supplemented
with 10% fetal bovine serum (FBS; Gibco Lab.),
2 mM L-glutamine, 100 U/ml penicillin and 100
mg/ml streptomycin (Invitrogen, Carlsbad, CA,
USA) in humidified air at 37°C with 5% CO,,.

Transfection

Colorectal cancer cells were transfected with
siRNAsand plasmidvectorsusingLipofectamine
2000 transfection reagent (Invitrogen) follow-
ing the manufacturer's protocol. Design of
CELF1 siRNA as described previously [13]. The
full-length of CELF1 complementary DNA was
amplified from SW-480 cells and subcloned
into the pcDNA3 (+) vector (Invitrogen) accord-
ing to the manufacturer’s instructions. At 48 h
post-transfection, cells were subjected to next
analysis.

Western blot

Colorectal cells were lysed with RIPA lysis buf-
fer [50 mM Tris-HCI (pH 7.6), 150 mM NacCl, 1%
Triton X-100, 0.5% sodium deoxycholate, 0.1%
SDS, and 2 mM EDTA] containing protease
inhibitors for 30 min, followed by centrifugation
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Figure 1. CELF1 expression is upregulated in colorectal cancer. A. Representative immunohistochemistry staining
of CELF1 in normal and cancerous colorectal tissues. B. The mRNA levels of CELF1 in 10 colorectal cancer tissues
compared with those of adjacent normal colorectal tissues, as determined by qRT-PCR (P<0.001).

at 12,000xg for 30 min. The protein concentra-
tion of each sample was quantified with the
BCA method (Beyotime, Beijing, China). Then,
equal amounts of proteins were electropho-
resed on a 10% gradient gel by sodium do-
decyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and transferred to a nitrocellu-
lose membrane (Bio-Rad, Hercules, CA, USA).
The membranes were blocked with 5% BSA in
Tris-buffered saline and 0.2% Tween (TBST) at
room temperature for 1 h and then incubated
overnight at 4°C with the following specific
primary antibodies: anti-CELF1, anti-p-ERK1/2,
anti-ERK1/2 and GAPDH. All primary antibod-
ies were purchased from Santa Cruz Bio-
technology. The blots were washed three times
with TBST and incubated with a horseradish
peroxidase (HRP) conjugated secondary anti-
body (Beyotime) for 1 h at room temperature.
The expression signals were detected with an
enhanced chemiluminescence (ECL) reagent
(Beyotime).

MTT assay

Colorectal cell proliferation and survival was
assessed by 3-(4,5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) assay.
SW-480 or Caco2 HCC cells (3000/well) were
seeded into 96-well plates to allow adhering to
the plates. Fresh medium containing 50 pL of
MTT solution (0.5 mg/mL) was then added to
each well at different time points. After incuba-
tion for another 3 hours, the MTT formazan
crystals were dissolved in dimethyl sulfoxide
(DMSO0) and viable cells were detected by mea-
suring the absorbance at 570 nm wavelength
using a microplate reader.
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Statistical analysis

Data were expressed as mean * standard devi-
ation (SD) of at least 3 replicates. Analysis was
conducted with GraphPad Prism version 5
(GraphPad Software Inc., San Diego, CA, USA).
Significance between two groups was analyzed
using the unpaired two-tailed t test (*P<0.05,
P<0.01, "P<0.001).

Results

CELF1 expression is upregulated in colorectal
cancer

In order to investigate the involvement of
CELF1 in colorectal cancer, we first analyzed
the protein levels of CELF1 in human colorectal
tissues by immunohistochemistry staining. We
found that the protein levels of CELF1 were
substantially increased in colorectal cancer tis-
sues, compared with those of adjacent normal
tissues (Figure 1A). Furthermore, we used qRT-
PCR analysis to determine the mRNA levels of
CELF1 in 10 paired colorectal cancer tissue
samples and adjacent histologically normal tis-
sue samples. We found that the mRNA levels of
CELF1 were significantly higher in colorectal
cancer tissues than those in matched normal
tissues (Figure 1B). Taken together, these
results indicated that CELF1 expression was
upregulated in colorectal cancer.

CELF1 enhances colorectal cancer cell prolif-
eration and chemoresistance

To investigate the functional role of CELF1 in
colorectal cancer progression, we first knocked
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Figure 2. Knockdown of CELF1 inhibits colorectal cancer cell proliferation and chemoresistance. A. Protein levels of
CELF1 as determined by Western blot analysis and relative mRNA levels of CELF1 as determined by gRT-PCR in SW-
480 and Caco?2 cells transfected with control siRNA or CELF1 siRNA. GAPDH protein was used as an internal control
in the Western blot analysis. B. MTT assay in SW-480 and Caco?2 cells transfected with control siRNA or CELF1 siRNA
for the indicated times. C. MTT assay in SW-480 and Caco2 cells transfected with control siRNA or CELF1 siRNA
treated with the indicated concentrations of 5-Fu (0, 10, 50, 100 and 200 ug/ml). "P<0.05, **"P<0.001.

down CELF1 expression in two independent
colorectal cancer cell lines (SW-480 and
Caco2). The efficacy of knockdown was con-
firmed in both protein and mRNA levels (Figure
2A). We carried out MTT assays on these cells
and found that knockdown of CELF1 expression
significantly inhibited colorectal cell prolifera-
tion in both SW-480 and Caco2 cells (Figure
2B). To examine whether CELF1 is involved in
the chemoresistance of colorectal cancer cells,
we treated CELF1 knockdown and control
colorectal cancer cells with different concen-
tration of 5-Fu (0O, 10, 50, 100 and 200 pg/ml)
and performed MTT assay on these cells. We
found that knockdown of CELF1 significantly
reduced the chemoresistanceability of both
SW-480 and Caco2 cells (Figure 2C). Con-
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versely, we overexpressed CELF1 in colorectal
cancer cells by transfecting vector or CELF1
expressing plasmid into SW-480 and Caco2
cells (Figure 3A). We found that in contrast to
the results in CELF1 knock down cells, CELF1
overexpression led to significantly enhanced
cell proliferation (Figure 3B) and chemoresis-
tance (Figure 3C) in both SW-480 and Caco2
cells.

CELF1 regulates colorectal cancer cell prolif-
eration via the MAPK signaling pathway

Since deregulation of the MAPK signaling
pathway has been shown to be involved in
the development of multiple cancer types (ref),
we hypothesized that CELF1 could regulate

Int J Clin Exp Pathol 2016;9(11):11254-11261
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Figure 3. Overexpression of CELF1 promotes colorectal cancer cell proliferation and chemoresistance. A. Protein lev-
els of CELF1 as determined by Western blot analysis and relative mRNA levels of CELF1 as determined by qRT-PCR
in SW-480 and Caco?2 cells transfected with empty vector or CELF1 expressing plasmid. GAPDH protein was used
as an internal control in the Western blot analysis. B. MTT assay in SW-480 and Caco?2 cells transfected with empty
vector or CELF1 expressing plasmid for the indicated times. C. MTT assay in SW-480 and Caco?2 cells transfected
with empty vector or CELF1 expressing plasmid treated with the indicated concentrations of 5-Fu (0, 10, 50, 100

and 200 pg/ml). “P<0.05, **P<0.01.

colorectal cancer via the MAPK signaling path-
way. To test this hypothesis, we knocked down
CELF1 expression in SW-480 and Caco2 cells
and examined the levels of phosphorylated
ERK. We found that loss of CELF1 expression
significantly decreased the levels of phosphory-
lated ERK1/2 (Figure 4A), indicating reduced
MAPK signaling activity. In addition, we exam-
ined the expression of a series of downstream
target genes of the MAPK signaling pathway,
including CCNA1, CCND1, c-myc, FOXM1 and
MAPKS3. Consistently, knockdown of CELF1 led
to suppressed expression of all these genes in
both SW-480 and Caco2 cells (Figure 4B).
Taken together, these results demonstrated

11258

that loss of CELF1 expression downregulated
the MAPK signaling pathway.

In order to further confirm whether or not CELF1
regulates colorectal cancer cell proliferation via
the MAPK signaling pathway, we treated CELF1
overexpressing SW-480 and Caco2 cells with
MAPK signaling pathway inhibitor PD98059 (20
uM). Importantly, we found that when MAPK
signaling is inhibited, overexpression of CELF1
was no longer able to enhance the proliferation
of colorectal cancer cells (Figure 5). These
results collectively suggested that CELF1 pro-
moted colorectal cancer cell proliferation via
activating the MAPK signaling pathway.

Int J Clin Exp Pathol 2016;9(11):11254-11261
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Discussion

Our study primarily focused on the effect of
CELF1 on the development of colorectal can-
cer. As shown in the results, the expression of
CELF1 was higher in colorectal cancer tissues
compared with normal tissues. Moreover,
knockdown of CELF1 expression in colorectal
cancer cells inhibited cell proliferation and
chemoresistance, and overexpression of CELF1
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recent studies concerning the
roles of CELF1 in various can-
cer types, including lung can-
cer [12, 13], squamous cell
carcinoma [14], hepatic carci-
noma [15], breast cancer
[16], glioma [17], acute B cell lymphoma [18]
and acute myeloid leukemia [18]. Although
CELF1 levels are upregulated in all of these
reports, the mechanism by which CELF1 regu-
lates cancer development appears to be cell
type specific. For example, CELF1 was shown to
affect E-cadherin levels in A549 lung cancer
cells, but the mechanism is not well understood
[12]. CELF1 was also reported to regulate the
proliferation of intestine epithelial cells via

Int J Clin Exp Pathol 2016;9(11):11254-11261
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modulating the translation of oncogene Myc
[19]. In addition, CELF1 promoted glioma cell
proliferation by inhibiting the expression of
cyclin dependent kinase inhibitor CDKN1B
expression [17].

In this study, we showed that CELF1 regulated
colorectal cancer cell proliferation via activat-
ing the MAPK signaling pathway. However, the
detailed mechanism underlying this regulation
remains to be investigated. It is important to
notice that CELF1 is an RNA binding protein
(RBP). There are more than 400 predicted
RBPs in human genome, but only a few have
been extensively characterized for their roles in
cancer development [20]. RBPs are critical reg-
ulators transcriptional and translational gene
expression and are capable ofassociating with
both mRNAs and non-codingRNAs [21]. RBPs
interact with their targets by recognizing spe-
cific RNA sequence motifs or secondary struc-
tures [22]. Consequently, RBPs play major
roles in the metabolism of mMRNAs [23, 24]. In
response to extracellular stimuli, the RNA-
binding activity and theexpression level of RBPs
can be rapidly modulated [25]. As a result,
deregulation of RBPs can lead to cancer pro-
gression. In this context, it is intriguing that a
recent study reported that the overexpression
of CELF1 could alter the expression levels of
EGF receptor, causing activation of downstream
targets of EGFR signaling in oral cancer [26].
Since MAPK signaling is one of the downstream
targets of EGFR signaling. It is therefore possi-
ble that in colorectal cancer, CELF1 activates
the MAPK signaling pathway by increasing the
expression of EGFR.

Since suppression of CELF1 expression inhi-
bits the proliferation and chemoresistance of
colorectal cancer cells, itis likely that the CELF1
mediated gene expression program, including
the expression of EGFR, could act as stimula-
tors in the development of colorectal cancer.
Therefore, a promising direction in future study
would include pharmacological intervention
disrupting the CELF1-mRNA interfaces, which
could potentially inhibit the development of
colorectal cancer.
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