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Niclosamide inhibits colon cancer progression through
downregulation of the Notch pathway and upregulation
of the tumor suppressor miR-200 family
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Abstract. Colorectal cancer (CRC) is among the most frequent
causes of cancer-related deaths worldwide. Thus, there is a
need for the development of new therapeutic approaches for
the treatment of CRC. Accumulating evidence has revealed
that niclosamide, an anthelminthic drug, exerts antitumor
activity in several types of cancer, including colon cancer.
However, the underlying molecular mechanisms responsible
for the effects of this drug remain elusive. Previous studies
have shown that the aberrant Notch signaling pathway
contributes to the carcinogenesis of colon cancer. Herein, we
examined the effects of niclosamide on the growth, migration
and apoptosis of colon cancer cells, and the role of the Notch
signaling pathway. By performing MTT, wound-healing and
Transwell migration assays, we observed that niclosamide
suppressed the growth and migration of colon cancer cells, and
flow cytometry demonstrated that cell apoptosis was induced.
This was associated with the decreased protein expression of
Notchl, Notch2, Notch3 and Heyl, and the increased expres-
sion of the tumor suppressor microRNA (miR or miRNA)-200
family members (miR-200a, miR-200b, miR-200c, miR-141
and miR-429) that are typically downregulated in colon cancer.
Collectively, these findings demonstrate that niclosamide
potentially inhibits the progression of colon cancer by down-
regulating Notch signaling and by upregulating the miR-200
family members.
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Introduction

Colorectal cancer (CRC) has become a major clinical problem
and ranks as the third most prevalent cancer and the fourth
leading cause of cancer-associated death worldwide (1).
This is due to the limitations of chemotherapy as a result of
drug resistance and organ toxicities (2). To overcome these
serious limitations, the design of novel approaches targeting
cancer-related signaling pathways is key to improving treat-
ment outcomes in colon cancer.

The Notch signaling pathway plays a vital role in several
cellular processes. Notch signaling is considered to play an
oncogenic role in the pathogenesis of CRC (3.4). Previous studies
have also revealed that Notch signaling is deregulated in several
types of human tumors, including colon cancer (5,6), which
implies that screening various chemotherapeutic agents for their
anti-colon cancer potency by targeting the Notch pathway may
be extremely valuable. In humans, the Notch signaling pathway
has four receptors (Notch-1, -2, -3, and -4) and five ligands
(Jagged-1, Jagged-2, Delta-1, Delta-3 and Delta-4) (7). The
interactions between these molecules determines the fate of the
cell (8). Notch receptor-ligand interactions lead to proteolytic
cleavage of Notch by y-secretase and other proteases, which
causes the release of the Notch intracellular domain (NICD)
from the plasma membrane and initiates its subsequent trans-
location into the nucleus. In the nucleus, the NICD binds to one
of three cofactors, CBF-1/Suppressor of Hairless/Lag-1 (CSL),
mastermind-like (MAML)-1 and p300/CBP, to generate a
complex that acts as a transcriptional coactivator (3,9). This
complex then activates the transcription of target genes, such
as Hes-1 and Hey-1 (10,11). Thus, chemotherapeutic agents that
more specifically block the Notch signaling pathway to inhibit
the proteolytic cleavage activity of y-secretase would be an
essential development in cancer therapy.

Niclosamide, an anthelminthic drug, has been used in
the treatment of tapeworm infections for approximately five
decades (12). Several studies have independently reported
that niclosamide is active against cancer cells, including
leukemia (13), colon cancer (14), glioblastoma (15) and breast
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cancer (16), although its precise mechanism of antitumor
action remains only partially understood. Due to this lack of
understanding, we performed this study in order to determine
whether niclosamide triggers the inactivation of the Notch
pathway, which in turn may contribute to the increased expres-
sion of members of the microRNA (miRNA or miR)-200
family that are suppressed in colon cancer.

Mounting evidence indicates that cross-talk occurs
between miRNAs and the Notch signaling pathway during
carcinogenesis (17). miRNAs are a class of small, evolutionary
conserved, non-coding RNAs that bind to the 3' untranslated
region of messenger RNAs (mRNAs) in order to regulate
gene expression (18-20). miRNAs are involved in various
regulatory cellular functions including cell proliferation,
differentiation and apoptosis (21). They regulate the Notch
signaling pathway and Notch-related genes and affect various
types of cancer (20). Moreover, some miRNAs have been
reported to be oncomirs, which act either as oncogenes or as
oncosuppressors (22). This indicates that further understanding
of the Notch signaling-miRNA circuit may be critical for the
discovery of novel chemotherapeutic agents for the treatment
of colon cancer.

Five members of the miR-200 family, miR-200a, miR-200b,
miR-200¢, miR-141 and miR-429, which are located on chro-
mosomes 1 and 12 in humans, have been identified (20,23).
miRNA-200 family members play a vital role in suppressing
cancer metastasis by inhibiting the epithelial-mesenchymal
transition (EMT). Decreased levels of miR-200c and miR-141
are associated with the increased expression of the transcrip-
tion factor ZEB-1 (20), which in turn activates the Notch
signaling pathway by targeting Notch ligand Jagged-1 and
mastermind-like co-activators MAML-2 and -3 (24). Through
suppression of the miRNA-200 family, ZEB-1 upregulates
the Notch signaling pathway in tumor cells (24). ZEB-1 is an
EMT activator, and its expression promotes tumor metastasis
by inducing EMT activation (25). It has previously been shown
that overexpression of the miRNA-200 family may inhibit
EMT through increased E-cadherin expression targeting ZEB1
and ZEB2 (23). Low levels of miR-141 and miR-200c¢ affect
stem cell properties and drug resistance in pancreatic adeno-
carcinoma and basal breast cancer types (24). Furthermore, it
has been shown that re-expression of miR-141 and miR-429
hinders Jagged-1 in metastatic prostate cancer cells, which
suggests a novel means of controlling the fate of the Notch
pathway (26). A study by Wang et al revealed that transfection
of miR-200b in Rink-1 cells (pancreatic cell line) inactivated
the Notch signaling pathway directly by decreasing the levels
of Jagged-1/2 and those of their target genes Hes-1, Hey-2 and
Bcl-2, which led to the inhibition of cell growth (27). Taken
together, these findings show the connection among Notch
signaling, miRNA-200 and ZEB in cancer. Nevertheless, a
more in-depth investigation is warranted in order to understand
how the miR-200 family directly regulates the Notch signaling
pathway.

Collectively, these findings suggest that pharmacologic
inactivation of Notch signaling with niclosamide may have
potential therapeutic applications in the treatment of colon
cancer. Herein, we report for the first time, to the best of our
knowledge, a novel mechanism by which niclosamide inhibits
colon cancer progression through upregulating the tumor
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suppressor miRNA-200 family and suppressing the Notch
pathway. This strategy may be of therapeutic value in colon
cancer and provide the basis for the development of specific
inhibitors.

Materials and methods

Cell lines and cell culture. Human colon cancer cell lines
LoVo and SW620 were purchased from the Cell Bank of the
Shanghai Institutes for Biological Sciences, Chinese Academy
of Sciences (Shanghai, China). All LoVo, SW620 and HCT116
(China Infrastructure of Cell Line Resources, Beijing, China)
cells were grown in RPMI-1640 medium supplemented with
10% heat-inactivated fetal bovine serum (FBS) and 1% peni-
cillin and streptomycin. The cell lines were maintained in a
humidified incubator at 37°C with an atmosphere of 5% CO,.

Reagents and antibodies. Niclosamide was obtained from
Sigma-Aldrich (St.Louis,MO,USA).3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT; also known
as thiazolyl blue and methylthiazolyldiphenyl tetrazo-
lium bromide) was purchased from Sigma-Aldrich. The
Annexin V-FITC Apoptosis Detection kit was purchased
from Vazyme Biotech (Nanjing, China). Dimethyl sulf-
oxide (DMSO) was obtained from BioSharp (Hefei, China).
The primary antibodies, rabbit polyclonal anti-Notchl
(ab27526), rabbit polyclonal anti-Notch2 (ab8926), rabbit
polyclonal to anti-Notch3 (ab23426) and rabbit polyclonal
anti-Heyl (ab22614) were purchased from Abcam (Cambridge,
UK). Mouse anti-f-actin monoclonal antibody (TA-09) was
purchased from ZSGB-BIO (Beijing, China). The secondary
antibodies, peroxidase-conjugated AffiniPure goat anti-rabbit
IgG (ZB-2301) and peroxidase-conjugated AffiniPure goat
anti-mouse IgG (ZB-2305), were purchased from ZSGB-BIO.

Cell proliferation assay. For the cell proliferation assay,
HCTI116, LoVo and SW620 cells (2-3x10%) were seeded in
96-well plates (one plate for each day) and incubated for 24 h
to allow the cells to attach to the bottom of the wells. The cells
were then treated with various concentrations of niclosamide
or the corresponding volume of DMSO for 24, 48 and 72 h.
To determine cell proliferation, MTT was added at a final
concentration of 0.5 mg/ml and incubated for 3 h at 37°C and
5% CO, in a humidified incubator. Crystallized MTT was
resolved by 1:1 DMSO and isopropanol, and the absorption of
each well was measured at 570 nm using a microplate spectro-
photometer (xMark: BioRad, Berkeley, CA, USA). In addition,
the morphology of the cells was observed under an inverted
phase contrast microscope, and images were captured with the
microscope (1X71; Olympus, Tokyo, Japan).

Wound-healing assay. For the wound-healing assay, HCT116,
LoVo and SW620 cells were grown to confluence in 6-well
plates. A perpendicular scratch wound was generated with
a 200 ul pipette tip, and the wells were washed twice with
phosphate-buffered saline (PBS) to remove the detached
cells; the cells were then incubated with 1 M niclosamide or
DMSO for 48 h. Images of each well were captured at 0 and
48 h. Wound healing was quantified by measuring the distance
between the wound edges using Image-Pro Plus 6.0 software.
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Transwell (Boyden chamber) migration assay. A Boyden
chamber (8 mm pore size; Corning, Inc., Acton, MA, USA)
was used to perform the assay. A total of 2.5x10° HCT116,
LoVo or SW620 cells in 200 ul serum free medium were added
to the top chamber and treated with different concentrations of
niclosamide. Then, 600 gl medium with 20% FBS was added
to the bottom chamber to act as the chemoattractant. The cells
were allowed to migrate for 24 h. Non-migrated cells in the
top chamber were removed. The migrated cells were fixed in
4% paraformaldehyde and stained with 0.5% crystal violet
(Biosharp, Hefei, China). The migrated cells were counted and
images were captured under an inverted microscope.

Apoptotic assay. To examine the apoptosis inducing effect
of niclosamide, an Annexin V-FITC apoptosis detection kit
(Vazyme Biotech) was used. The cells, HCT116 and SW620
(@x10° cells/well) were seeded in a 6-well plate overnight and
treated with niclosamide at the indicated concentrations. After
the 48-h treatments, the cells were harvested and washed with
cold PBS twice. Apoptosis levels were studied using the apop-
tosis detection kit according to the manufacturer's instructions
by flow cytometry. The data were then analyzed using FlowJo
software.

Western blot analysis. For total protein extraction, HCT116,
LoVo and SW620 cells (4x10°) were seeded overnight in
6-well plates and treated with niclosamide. After 48 h, the
cells were lysed with a total protein extraction kit (KeyGen,
Nanjing, China). To assess the total protein concentration, a
BCA protein assay was performed using a BCA protein assay
kit (Beyotime Biotechnology, Shanghai, China) according to
the manufacturer's instructions. The lysates of equal protein
concentrations were then separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to nitrocellulose membranes using a wet
transfer system. The membranes were incubated in blocking
solution containing 5% nonfat dry milk in Tris-buffered
saline containing 0.1% v/v Tween-20 (TBST) for 1 h at room
temperature. The membranes were incubated overnight at 4°C
with rabbit anti-human Notchl polyclonal antibodies (dilution,
1:500), rabbit anti-human Notch2 polyclonal antibodies (dilu-
tion, 1:1,000), rabbit anti-human Notch3 polyclonal antibodies
(dilution, 1:500), rabbit anti-human Hey1 polyclonal antibodies
(dilution, 1:200) and mouse anti-f3-actin polyclonal antibodies
(dilution, 1:500), followed by incubation for 1 h at room
temperature with HRP-conjugated anti-rabbit antibody (dilu-
tion, 1:5,000) or anti-mouse IgG antibody (dilution, 1:2,000).
The antibody protein complexes were visualized with an
electrochemical luminescence reagent (ECL system; Pierce;
Thermo Fisher Scientific, Rockford, IL, USA) according to
the manufacturer's instructions, and subsequent exposure
to ImageQuant LAS 500 (GE Healthcare Life Sciences,
Shanghai, China) for 30 sec to 10 min.

miRNA expression analysis. To determine the effect of
niclosamide on the expression of the miR-200 family
(miR-200a, miR-200b, miR-200¢, miR-141 and miR-429) in
colon cancer cells, the cells were seeded overnight in 6-well
plates and treated with niclosamide. After 48 h, total RNA
from the cultured cells was extracted using TRIzol reagent
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Table I. List of miRNAs and mature miRNA sequences used
in this study.

miRNA Mature miRNA sequence

GCGCTAACACTGTCTGGTAACGATGT
GCCGTAATACTGCCTGGTAATGATGA
CGTAATACTGCCGGGTAATGATGGA
GCGGTAACACTGTCTGGTAAAGATGG
GCGGTAATACTGTCTGGTAAAACCGT
CTCGCTTCGGCACA
AACGCTTCACGAATTTGCGT

hsa-miR-200a-3p-F
hsa-miR-200b-3p-F
hsa-miR-200c-3p-F
hsa-miR-141-3p-F
hsa-miR-429-3p-F
U6-F

U6-R

F, forward; R, reverse.

(Takara Biotech, Beijing, China) according to the manufac-
turer's instructions. To detect mature miRNA expression,
reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) was performed. The extracted RNA was
reverse transcribed, and cDNA was synthesized using an
miRcute miRNA First-Strand cDNA synthesis kit (Tiangen
Biotech, Beijing, China) according to the manufacturer's
instructions. qPCR was then conducted with an miRcute
miRNA qPCR detection kit (SYBR-Green I) (Tiangen
Biotech). U6 was used as an endogenous control. The
following PCR cycling conditions were used: 95°C for 30 sec
followed by 40 cycles of 95°C for 5 sec and 60°C for 30 sec.
In addition, melting curves were used to estimate non-specific
amplification. The relative expression level was calculated
using the AACt method. The primer sequences used in this
study are presented in Table I.

Statistical analysis. All statistical analyses were performed
using GraphPad Prism 5 software. A one-way analysis of vari-
ance (ANOVA) was used for comparisons among the groups,
and a two-way ANOVA was used to compare two indepen-
dent variables among the groups, followed by Tukey's test
to compare all pairs of columns. The data are shown as the
means + SE; P<0.05 was considered to indicate a significant
difference.

Results

Niclosamide affects the growth and morphology of colon
cancer cells. To determine whether niclosamide exerts direct
effects on colon cancer cells, we performed MTT assays to
examine the inhibitory effect of niclosamide on the prolifera-
tion of different colon cancer cell lines. As shown in Fig. 1A,
progressive inhibition of the growth of the HCT116, LoVo
and SW620 cell lines occurred following treatment with
niclosamide at concentrations of 1, 2 and 4 yM for different
time periods (24, 48 and 72 h). As shown in Fig. 1A, there was
no significant difference in the viability of cells treated with
0.1% DMSO and the control cells grown with medium only;
therefore, we used both as the controls for our subsequent
experiments. Niclosamide significantly suppressed the prolif-
eration of colon cancer cells after 24 h at a dose of 4 uM, which
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Figure 1. Effects of niclosamide on the proliferation and morphology of colon cancer cells. (A) Human colon cancer cell lines were treated with niclosamide
at the indicated doses for 1-3 days and the proliferation rate was measured using the MTT assay. Niclosamide treatment resulted in dose- and time-dependent
inhibition of cell growth. (B) Colon cancer cells were seeded in 6-well plates overnight and treated with niclosamide for 24 h and images were captured
using an inverted microscope (magnification, x100). Significant changes in cell morphology were observed in the niclosamide-treated groups. The results are

expressed as the means = SE ("P<0.05; “P<0.01 and ““P<0.001 vs. DMSO).

was followed by further significant suppression over the next
48 and 72 h in a dose- and time-dependent manner. The anal-
ysis of cell morphology revealed that niclosamide treatment
resulted in a dose-dependent change in cellular morphology,
with a stretched morphology at lower niclosamide concen-
trations and a rounded morphology at higher niclosamide
concentrations (Fig. 1B).

Niclosamide induces the apoptosis of colon cancer cells. It
has been reported that niclosamide induces the apoptosis of
breast cancer cells (16). To determine whether niclosamide
induced the apoptosis of colon cancer cells, we performed an
apoptosis assay using the Annexin V-FITC apoptosis detec-
tion kit. HCT116 and SW620 cells were treated with 1, 2
and 4 M niclosamide, with medium and DMSO serving as
controls, for 48 h. Following treatment, the apoptosis-inducing
effect of niclosamide was clearly observed in both cell
lines (Fig. 2). The induction of apoptosis was dose-dependent.
Specifically, niclosamide at concentrations of 1, 2 and
4 uM induced apoptosis rates of 16+2.763, 26.13+5.095 and
32.05+9.015%, respectively, in the HCT116 cells. Similarly,
niclosamide at concentrations of 1,2 and 4 yM triggered apop-
tosis at rates of 8.10+1.945, 8.87+0.9300 and 11.40+0.2000%,
respectively, in the SW620 cells. These results clearly indicate
that niclosamide induces the apoptosis of colon cancer cells.

Niclosamide decreases the migration of colon cancer
cells. Tumor cell migration remains one of the key steps
in successful cancer metastasis. Therefore, to determine
whether niclosamide inhibits colon cancer cell migration,
we conducted wound-healing assays on HCT116, SW620
and LoVo cells. As shown in Fig. 3A, niclosamide treat-
ment at a concentration of 1 M, significantly decreased the
wound healing capacity of HCT116, SW620 and LoVo cells
compared with the control cells after 48 h. In the HCT116
cells, niclosamide treatment decreased wound closure by
92.337+1.356% compared with the control. Niclosamide treat-
ment inhibited wound closure by 52.85+2.129% in SW620
cells. Similarly, niclosamide treatment in LoVo cells decreased
their wound healing ability by 78.19+0.4531% (Fig. 3B). To
confirm these results, we also performed a Transwell migra-
tion assay and found that niclosamide inhibited the migration
of the HCT116, SW620 and LoVo cells after 24 h (Fig. 3C).
At a 1 uM concentration, niclosamide significantly decreased
migration by 49.26+4.412% in the HCT116 cells compared
with the control (Fig. 3D). In addition, niclosamide decreased
migration by 54.49+6.696% in the SW620 cells (Fig. 3E).
Furthermore, in the LoVo cells, migration was inhibited by
54.49+6.696% with 1 uM niclosamide (Fig. 3F). These results
show that niclosamide suppresses the migration of colon
cancer cells.
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Figure 2. Niclosamide induces the apoptosis of colon cancer cells. HCT116 and SW620 cells were treated with niclosamide at the indicated doses for 48 h, and
the level of apoptosis was assessed using the Annexin V/PI dual-labeling technique, as determined by flow cytometry (FCM). Data shown are representative
of two independent experiments. Data are expressed as means + SE from two independent experiments ("P<0.05 and “P<0.01 vs. DMSO).

Niclosamide downregulates the Notch signaling pathway.
Previous studies have indicated that the Notch pathway regulates
cell proliferation and migration and induces apoptosis during
cancer development (28,29). In this study, we examined whether
niclosamide affected the Notch pathway to inhibit the prolifera-
tion, decrease the migration and induce the apoptosis of colon
cancer cells. The expression of Notch1, Notch2, Notch3 and the
downstream target gene Hey-1 in HCT116, SW620 and LoVo
cells was assessed using western blot analysis following the
48-h treatment of colon cancer cells with different niclosamide
concentrations (1, 2 and 4 pM). Western blot analysis demon-
strated that niclosamide treatment resulted in reduced levels of
the Notch receptors and Heyl in the colon cancer cells (Fig. 4).

Effect of niclosamide on the expression of miRNAs in colon
cancer cells. Previous studies have shown that the miR-200
family plays a role in the carcinogenesis of colon cancer (30)
and that cross-talk occurs between miRNAs and Notch
signaling pathways during the development and progression of
tumors (17). Therefore, we investigated whether niclosamide
treatment regulated the expression of the miR-200 family
(miR-200a, miR-200b, miR-200¢, miR-141 and miR-429) in
colon cancer cells using RT-qPCR. Following a 48-h treatment
of the colon cancer cells with niclosamide at a concentration
of 2 uM, we found that niclosamide treatment increased the
relative expression of miR-200a and miR-141 in the HCT116,
SW620 and LoVo colon cancer cells (Fig. 5). Niclosamide
increased the relative expression of miR-200b and miR-200c
in the LoVo and SW620 cells but not in the HCT116 cells.
Notably, niclosamide treatment increased the relative expres-
sion of miR-429 only in the LoVo cells but not in the HCT116
and SW620 cells. These data indicate that niclosamide differ-

entially regulates the expression of these tumor-associated
miRNAs in colon cancer cells.

Discussion

CRC has become a major problem and is one of the most
frequent causes of cancer-related death worldwide (1).
It remains incurable, which indicates the need for novel
therapeutic strategies. For nearly five decades, niclosamide
has been used for the treatment of intestinal parasite infec-
tions in humans (31). Notably, a number of studies have
shown that it also has potential anticancer activity in both
in vitro and in vivo experiments through the inactivation of
multiple signaling pathways (13,38); however, the underlying
molecular mechanisms remain poorly understood. In the
present study, we aimed to explore the potential anticancer
activity of niclosamide in three colon cancer cell lines
(LoVo, SW620 and HCT116) and to elucidate the underlying
molecular mechanism responsible for the suppressive effects
of niclosamide in colon cancer. Under normal conditions,
the activated Notch signaling pathway plays a vital role in
controlling the apoptosis, differentiation and proliferation of
cells (32). Accumulating evidence indicates that inappropriate
activation of the Notch signaling plays a critical role in the
pathogenesis of cancer (33). Recent studies have revealed that
Notch receptors and their ligands are aberrantly activated in
many types of human cancers, including colon cancer (34,35).
Thus, considerable effort has been made to block this pathway
with an increasing range of pharmacologic agents, primarily
through the inhibition of Notch cleavage (36). Therefore, the
downregulation of the Notch signaling pathway may be a novel
approach for the treatment of colon cancer.
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with niclosamide at the indicated concentrations for 48 h. Whole cell lysates were prepared and blotted with specific antibodies (anti-Notchl, anti-Notch2,
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Figure 5. Effects of niclosamide on the tumor suppressor miR-200 family. Niclosamide upregulated the expression of miR-200a, miR-200b, miR-200c,
miR-141 and miR-429. RT-qPCR of the miRNAs was performed as described in the Materials and methods section. RNU6 was used to normalize the mRNA
level. Data are expressed as the means + SE from three independent experiments.

Multiple studies by different groups have shown that
niclosamide inhibits several molecules and signaling pathways,
including the nuclear factor-kB (NF-«B) signaling pathway (13),
the mMTOR-signaling pathway (37), the Wnt/p-catenin signaling
pathway (38), the signal transducers and activators of the
transcription 3 (Stat3) signaling pathway (16), and the Notch
signaling pathway (39). However, the effects of niclosamide
on colon cancer cells and the mechanisms responsible for
these effects are not completely understood. In this study,
we observed that colon cancer cells exposed to niclosamide
treatment experienced growth inhibition and apoptosis induc-
tion, as demonstrated by the MTT assay and Annexin V-FITC
apoptosis detection assay, respectively, which suggests that this
treatment has therapeutic implications for the management of
colon cancer. To explore the mechanism of increased apoptosis
induced by niclosamide, we investigated the activity of the
Notch pathway, which plays a key role in inhibiting the apop-
totic response. We demonstrated for the first time, to the best of
our knowledge, that niclosamide downregulates the expression
of the Notch receptors (Notchl, Notch2 and Notch3) as well
as the downstream target gene Heyl, which is likely to inhibit
the development of colon cancer. Thus, we hypothesized that
the possible novel mechanism responsible for the triggering
of apoptosis by niclosamide may be due to the inhibition of
the Notch gene expression. Notch signaling genes are func-
tionally active and highly expressed, and suppress apoptosis
and promote cell growth in colon cancer (5,40). Moreover, the
results of the Transwell assay showed that niclosamide, at a

low concentration of 1 yM, inhibited the migration of colon
cancer cells in vitro, which suggests that it may be a possible
candidate for treating colon cancer metastasis. As the activa-
tion of Notch signaling may affect the upregulation of various
other signaling pathways, such as the NF-xB, PI3K/AKT,
c-MYC and EGFR pathways (41), an effective and in-depth
mechanistic study of the effects of niclosamide on these path-
ways through Notch signaling may be crucial for the design of
novel therapeutic approaches for the treatment of colon cancer.
In this regard, our findings may serve as a base for further
study of the anti-colon cancer effects of niclosamide due to the
inactivation of Notch signaling affecting multiple target genes
in these pathways.

miRNAs are key players that function as endogenous
post-transcriptional gene controllers to mediate protein synthesis
or mRNA stability (18,19). It has been demonstrated that a large
number of miRNAs are associated with tumor growth and
progression by regulating the expression and transcription of
many tumor-associated genes (22,42 ,43). Several studies have
suggested that miR-200 serves as a potential tumor suppressor,
primarily by repressing the acquisition of the EMT pheno-
type during tumor development and progression (44,45). The
decreased expression of miR-200 has been observed in many
tumors, such as pancreatic, breast and prostate cancer, which
is associated with tumor invasion and metastasis (46). For the
first time, to the best of our knowledge, this study demonstrated
that the miR-200 family was downregulated in colon cancer
cells and that inactivation of the Notch pathway by niclosamide
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led to increased expression of the miR-200 family (miR-200a,
miR-200b, miR-200c, miR-141 and miR-429). This suggests that
the Notch pathway is involved in the regulation of the miR-200
family, and that niclosamide may induce the re-expression of
these miRNAs, which would be highly valuable in attenuating
the aggressiveness of tumor cells.

In conclusion, these experiments provide mechanistic
evidence that the Notch pathway is inhibited in colon cancer
cells in response to niclosamide treatment. The downregula-
tion of Notch signaling by niclosamide is accompanied by the
upregulation of tumor suppressor miRNAs (miR-200a, miR-
200b, miR-200c, miR-141 and miR-429). Therefore, we propose
that the inhibition of Notch signaling is a novel strategy that
may be used to impede the induction of cancer survival mecha-
nisms in colon cancer. However, further in-depth, preclinical
experiments using appropriate animal models are warranted.
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