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a b s t r a c t

We demonstrate that chikusetsusaponin IVa methyl ester (CME), a triterpenoid saponin from the root of
Achyranthes japonica, has an anticancer activity. We investigate its molecular mechanism in depth in
HCT116 cells. CME reduces the amount of b-catenin in nucleus and inhibits the binding of b-catenin to
specific DNA sequences (TCF binding elements, TBE) in target gene promoters. Thus, CME appears to
decrease the expression of cell cycle regulatory proteins such as Cyclin D1, as a representative target for
b-catenin, as well as CDK2 and CDK4. As a result of the decrease of the cell cycle regulatory proteins, CME
inhibits cell proliferation by arresting the cell cycle at the G0/G1 phase. Therefore, we suggest that CME
as a novel Wnt/b-catenin inhibitor can be a putative agent for the treatment of colorectal cancers.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Colorectal cancer is caused by multiple transition steps,
including the accumulation of genetic errors [1,2]. Previous studies
discovered several critical genes and pathways that regulate the
progression of colorectal cancers [3]. Among those mutated genes,
genetic mutations in theWnt/b-catenin signaling pathway increase
the progression of colorectal cancer through the up-regulation of b-
catenin transcriptional activity [4e6]. The Wnt/b-catenin signaling
pathway affects cellular developmental processes and human
carcinogenesis through the activation of genes associated with cell
proliferation, such as c-jun, c-myc, fibronectin, cyclinD1 and fra-1
[7e11]. Thus, inhibition of the Wnt/b-catenin signaling pathway
can be an important candidate for drug targeting for the treatment
of colorectal cancers.

Inhibition of the Wnt/b-catenin signaling pathway may be a
useful treatment for colorectal cancer through the induction of cell
cycle arrest. Some compounds from natural products inhibit the
Wnt/b-catenin signaling pathway. For example, quercetin, fisetin,
curcumin, resveratrol and genistein are well-known inhibitors of
ms@snu.ac.kr (Y.S. Kim).
the pathway. Moreover, lignans, which are cancer chemopreventive
agents, have also been reported to inhibit the Wnt/b-catenin
signaling pathway [12e16]. These previous studies imply that
natural compounds, including dietary compounds, are potential
inhibitors of the Wnt/b-catenin signaling pathway and may inhibit
colon cancer proliferation. Among natural compounds, saponins
are well known to have an anticancer activity [17e19]. However, it
is not well known that saponins may serve as an inhibitor for Wnt/
b-catenin signaling.

In this study, we investigated whether chikusetsusaponin IVa
methyl ester (CME), a triterpenoid saponin from the root of
Achyranthes japonica, disrupts Wnt/b-catenin signaling to inhibit
cell proliferation in colon cancer cells. We elucidated the underly-
ing mechanism of the regulation by treating cells with CME. We
used a molecular assay to observe the cell cycle distribution and
apoptosis and measured the ability of b-catenin binding, its tran-
scriptional activity and changes in protein expression in HCT116
cells treated with CME.

2. Materials and methods

2.1. Plant material, extraction and isolation

The root of A. japonica was purchased and identified by Pro-
fessor Jehyun Lee (College of Oriental Medicine, Dongguk
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University, Gyeongju, Korea). The dried root of A. japonica (12.15 kg)
was extracted with methanol (60 [) under reflux 3 times, and the
filtrate was concentrated under reduced pressure to give the
methanol extract (962.16 g). The methanol extract was suspended
in H2O and partitioned with hexane (20 [), ethylacetate (20 [) and
butanol (20 [) to yield hexane (45.04 g), ethylacetate (28.81 g),
butanol (79.90 g) and H2O (770.62 g) extracts, respectively. A
portion of the butanol extract (76.37 g) was separated by RP-18
column chromatography with a CH3CN:H2O (gradient) to give 11
fractions. Fraction 4 was chromatographed again by silica gel col-
umn chromatography with CHCl3: methanol (gradient) and an RP-
18 column eluted with a gradient mixture of methanol and H2O to
give chickusetsusaponin IVa methyl ester. It's structure was char-
acterized and identified based on the previous report [20].

2.2. Chemicals and reagents

The CDK4, CDK2, p21, b-actin and secondary antibodies were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-
bodies against cyclin D1 and b-catenin were purchased from Cell
Signaling Technology (Beverly, MA). Antibodies against Lamin B1
were purchased from Abcam (UK).

2.3. Cell culture

HCT116 cells were obtained from the American Type Culture
Collection (ATCC, Rockville, MD). RPMI1640 was used for cell
cultivation. The media was supplemented with 10% FBS (Hyclone,
Logan, UT), penicillin (100 units/mL) and streptomycin (100 mg/mL).
The cells were maintained at sub-confluence in 95% air and 5% CO2
in a humidified atmosphere at 37 �C.

2.4. Flow cytometry analysis

To measure the cell cycle, we prepared samples as described
previously [18]. The samples were analysed using a FACScalibur
flow cytometer (Becton Dickinson, San Jose, CA).

2.5. Transient transfection and luciferase assay

To measure b-catenin/TCF transcriptional activity, we per-
formed a luciferase reporter assay (reporter plasmids; TOP Flash,
FOP Flash, and pRL-CMV) as described previously [12].

2.6. Oligo pull down assay

To measure b-catenin binding activity in the nucleus, we per-
formed an oligo pull-down assay as described previously [16].

2.7. Reverse transcription polymerase chain reaction

Total RNA (1 mg) was converted to cDNA by PCR (Genius
FGEN05TD, Teche, England) using the iScript™ cDNA Synthesis Kit
(BIO-RAD, Hercules, CA) according to the manufacturer's in-
structions. Reverse-transcription polymerase chain reaction (RT-
PCR)analysis for cyclinD1, c-mycandb-actinwasperformedusingan
Applied Biosystems 7300 Real-Time PCR system and software
(Applied Biosystems, Carlsbad, CA). The quantitative PCR was con-
ducted in 0.2-mL PCR tubes with forward and reverse primers and a
SYBR Green working solution (iTaq™ Universal SYBR Green Super-
mix, BIO-RAD, Hercules, CA) using a custom PCRmaster mix and the
following conditions: followed by 40 cycles of 95 �C for 30 s, 60 �C for
30 s and 72 �C for 30 s. The sequences of the PCR primers were as
follows: b-actin, 50-CCCACTC CTAAGAGGAGGATG-30 and 50-AGGG
AGACCAAAGCCTTCAT-30; cyclin D1, 50-AGCTCCTGTGCTGCGAAG
TGGAAAC-30 and 50-AGTGTTCAATGAAATCGTG CGGGGT-30; and c-
myc, 50- CTTCTCTCCGTCCTCGGATTCT-30 and 50- GAAGGTGATCC
AGACTCTGACCTT-30.

2.8. Western blot analysis

The cells were treated for different time periods with the indi-
cated compounds or with vehicle only as a control. The cells were
collected and lysed in lysis buffer (20 mM HEPES, 350 mM NaCl,
20% glycerol, 1% Nonidet P-40, 1 mM MgCl2, 0.5 mM EDTA, 0.1 mM
EGTA, 1 mM DTT, 1 mM PMSF, protease inhibitor cocktail (Sigma
Chemical, Saint Louis, MO) and a phosphatase inhibitor cocktail
(Sigma Chemical, Saint Louis, MO). Total cell lysates were obtained
following centrifugation at 12,000 g for 30 min at 4 �C. The protein
concentration was determined using a protein assay kit (BIO-RAD,
Hercules, CA). Nuclear proteins and cytoplasmic fractions were
extracted using a nuclear extraction kit (Sigma Chemical, Saint
Louis, MO) according to the manufacturer's instructions. Total cell
lysates and nuclear fractions were separated by electrophoresis on
10% SDS-PAGE gels, and western blotting was carried out using
standard protocols. The signal was detected with WEST-SAVE Up
luminal-based ECL reagent (AB Frontier, Korea). Western blots were
quantified by densitometry using a Las-4000 image reader and
Multi Gauge 3.1 software (Fuji Photo Film Co., Japan).

2.9. Immunofluorescence assay

The cellular distribution of b-catenin was evaluated by an
immunofluorescence assay using confocal microscopy (Leica,
Wetzlar, Germany) as previously described [21]. In brief, HCT116
(7 � 103 cells/well) cells were seeded onto glass cover slips in 24-
well plates and were incubated for 24 h prior to treatment. The
primary antibody for b-catenin (1:150, Cell Signaling Technology,
Beverly, MA) was incubated overnight at 4 �C. The secondary
AlexaFluor488-conjugated anti-rabbit antibody (Invitrogen, Carls-
bad, CA) was used at a 1:150 dilution for 1 h at room temperature.
All antibodies were diluted with PBST containing 5% normal serum
and 0.3% Triton X-100. Images were obtained using a Leica TCS SP5
confocal system.

2.10. Statistical analysis

The results are presented as themean± standard deviation (SD).
Analysis of variance (ANOVA)with Dunnett's t-test was used for the
statistical analysis of multiple comparisonsand p values less than
0.05 were considered statistically significant.

3. Results

3.1. CME inhibits cell proliferation in HCT116 cells

To investigate the anticancer activity of CME (the chemical
structure shown in Fig. 1A) in colorectal cancer cells, we used
HCT116 cells, which are colon cancer cells with mutations in the b-
catenin gene [6]. First, we performed the cell viability assay that
measures cellular mitochondrial dehydrogenase activity. We
treated the cells with different concentrations of CME, as shown in
Fig. 1B. CME decreased the cell proliferation of HCT116 cells in the
range of 25 mM and 50 mM and caused severe cell death at con-
centrations above 50 mM (Fig. 1B) in HCT116 cells.

We next evaluated whether CME induces cell cycle arrest to
inhibit cell proliferation by analysing the DNA content by flow
cytometry. As shown in Fig. 1C, the proportion of cells in the G0/G1
phase changed from 40.9 % to 78.5 % at 20 mM CME and 63.0% at
30 mM CME in HCT116 cells. Also, CME increased the sub G1



Fig. 1. Inhibition of cell proliferation by chikusetsusaponin IVa methyl ester (CME) in HCT116 cells. (A) The chemical structure of chikusetsusaponin IVa methyl ester. (B) Cell
survival was determined using a cell viability assay. HCT116 cells were treated with CME at the indicated concentrations for 24 h. (C) Cell cycle distribution was measured by flow
cytometry DNA content analysis (FACS) in HCT116 cells. (D) The sub G1 population was analysed by FACS in HCT116 cells. Bars represent the mean ± SD of three replicates; *,
p < 0.05; **, p < 0.01; ***, p < 0.001, significant versus vehicle-treated control.

K.-M. Lee et al. / Biochemical and Biophysical Research Communications 459 (2015) 591e596 593
population of cells from 2.57% at 0 mM to 10.73% at 40 mM in HCT116
cells (Fig. 1D). These results suggested that CME inhibits cell pro-
liferation by inducing cell cycle arrest at G0/G1 phase.

3.2. CME reduces cyclin D1, a representative target of Wnt/b-
catenin signaling, to induce G0/G1 cell cycle arrest

As shown in Fig. 1C, we observed that CME induced cell cycle
arrest in HCT116 cells through FACS analysis. To determinewhether
CME regulates cell cycle regulatory proteins to induce cell cycle
arrest, wemeasured the expression of cell cycle regulatory proteins
bywestern blot.We observed the expression of cyclin D1, which is a
target of the Wnt/b-catenin signaling pathway and is known to
regulate cell cycle arrest at G0/G1 phase [14,22]. HCT116 cells
treated with CME showed a significant decrease in cyclin D1
expression in a time- and dose-dependent manner (Fig. 2A, B).

3.3. CME regulates cell cycle regulatory proteins including CDK2,
CDK4, and p21

Next, we investigated whether CME also affects the expression
of cell cycle regulatory proteins that are involved in the regulation
of G1 progression and G1/S transition [22,23]. Therefore, we
measured the expression level of other cell cycle regulatory pro-
teins, including CDK2, CDK4, and p21. The expression of CDK4 and
CDK2was decreased, whereas the expression of p21 appeared to be
increased in HCT116 cells treated with CME (Fig. 2A, B). These re-
sults showed that CME plays a crucial role in the co-regulation of
cyclin D1 as well as cell cycle regulatory proteins, such as CDK 2,
CDK 4 and p21.

3.4. CME inhibits TCF/b-catenin-dependent transcriptional activity
by decreasing b-catenin binding to TCF binding element (TBE)

HCT116 cells have a mutated b-catenin that is not degraded by
the proteasome system, resulting in abnormal cell proliferation [6].
We observed that CME significantly reduces the cyclin D1 protein,
one of the main targets of the Wnt/b-catenin signaling pathway
(Fig. 2A, B). In the present work, we investigated whether cell cycle
arrest by CME involves the regulation of the Wnt/b-catenin
signaling pathway. First, we transiently co-transfected cells with
reporter plasmids, including TOP flash and FOP flash as a negative
control and pRL-CMV for normalization. b-catenin transcriptional
activity was decreased by CME in dose-dependent manner
(Fig. 3A). To confirm the decrease of b-catenin transcriptional ac-
tivity, we measured the binding of b-catenin to specific DNA se-
quences, called TCF-binding elements (TBE), in CME treated HCT116
cells (Fig. 3B). CME decreased the binding activity of b-catenin in a
dose-dependent manner.

3.5. CME suppresses translocation of b-catenin to nucleus to reduce
the expression of cyclin D1

b-catenin usually translocates from the cytoplasm to the nu-
cleus to increase the transcriptional activity of target genes, such as
cyclin D1 and c-myc [9,11]. To examine the accumulation of b-



Fig. 2. Regulation of cyclin D1, a representative target of Wnt/b-catenin signaling, and cell cycle regulatory proteins by chikusetsusaponin IVa methyl ester (CME). HCT116
Cells were treated with 20 mM and 30 mM CME for 24 h (A) and 4 h, 8 h (B). Bars represent the mean ± SD of three replicates; *, p < 0.05; **, p < 0.01; ***, p < 0.001, significant versus
each vehicle-treated control.
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catenin in the nucleus, we measured the nuclear expression of b-
catenin using immunofluorescence and used western blot analysis
to assess the nuclear fractions (Fig. 3C and D). As shown in Fig. 3C
and D, the level of b-catenin was decreased in the nucleus in both a
dose- and time-dependent manner in HCT116 cells treated with
CME. These results suggested that CME inhibits the Wnt/b-catenin
signaling pathway by disrupting the binding of b-catenin to TBE in
the promoters of target genes. After CME treatment, as the amount
of b-catenin in the nucleus decreased, the mRNA expression of
cyclin D1 and c-myc, which are targets of the Wnt/b-catenin
signaling pathway, were decreased in HCT116 cells (Fig. 3E).

4. Discussion

Here, we report the anticancer activity of chikusetsusaponin IVa
methyl ester (CME) and elucidate its molecular mechanism. CME
induced cell cycle arrest by inhibiting b-catenin nuclear trans-
location in HCT116 cells. The Wnt/b-catenin signaling pathway is
significant in human cancer because mutations of the pathway's
components, such as Axin, APC and b-catenin, are common causes
of cancer progression [24]. Mutations in the APC gene as a negative
regulator of Wnt/b-catenin signaling are typically truncated and
identified in the majority of sporadic colon cancer [24]. Addition-
ally, mutations in the APC gene have been discovered in lung,
ovarian and breast cancers [25e28]. Mutations in b-catenin, which
abrogate its regulation by APC, represent an alternative method of
Wnt activation and occur in sporadic cancers, including colon
cancers and melanoma [6,29,30]. Mutations in the regulatory re-
gion of b-catenin or loss of APC function have been identified in
human colon cancers [6].
Inhibitors of the Wnt/b-catenin signaling pathway from natural
products are thought to be potential chemotherapeutic agents for
colorectal cancer [12e16]. However, although previous study
showed that saponins have an anticancer activity [17e19], the ef-
fects of saponins on Wnt/b-catenin signaling have been poorly
understood. One recent report has described the regulation of the
Wnt/b-catenin signaling pathway. It showed that the inhibitory
effect of ginsenoside Rg3, a red ginseng saponin, is, at least in part,
caused by diminishing nuclear translocation of the b-catenin pro-
tein and hence decreasing transcriptional activity of it [31]. In the
present study, we found that CME strongly regulates the Wnt/b-
catenin signaling pathway in HCT116 cells.

CME inhibited the transcriptional activity of b-catenin in HCT116
cells by disrupting the binding of b-catenin to the TCF binding
element (TBE) (Fig. 3). Thus, CME caused G0/G1 arrest by inhibiting
the nuclear translocation of b-catenin to the nucleus, inducing
target genes, such as cyclin D1 or c-myc, which are involved in cell
cycle regulation, to induce proliferation [7e9]. Like CME, curcumin
inhibited the transcriptional activity of b-catenin to induce cell
cycle arrest and apoptosis in HCT116 colon cancer cells [32].
However, the mechanism by which they disrupt nuclear trans-
location of b-catenin is still unclear. Investigating the detailed
mechanism of the inhibition of b-catenin binding or b-catenin
nuclear translocation by natural products may be an important
approach for searching potential anticancer agents, such as CME, in
colon cancer.

We measured the expression level of other crucial G1 phase cell
cycle regulatory proteins in cells treated with CME. CME decreased
the expression of not only cyclin D1 but also CDK4 and CDK2 which
play a crucial role as cyclin-dependent kinases that control the G1/S



Fig. 3. Inhibition of TCF/b-catenin-dependent transcriptional activity by decreasing b-catenin binding to TCF binding element (TBE) and translocation to the nucleus. (A)
Luciferase reporter assay. HCT116 cells were treated with luciferase reporter plasmids and then treated with 20 mM or 30 mM CME for 24 h. (B) Oligo pull-down assay in HCT116 cells
with TBE elements. After cells were treated with 20 mM and 30 mM CME for 24 h, cell lysates were used for the oligo pull-down assay. Oligo with mutations in TBE elements is used
as a negative control (N.C.). (C) Immunofluorescence staining of b-catenin nuclear translocation under 30 mM CME for 0 h, 6 h and 24 h in HCT116 cells (Bar ¼ 20 mm). (D) Western
blot analysis of nuclear fraction in HCT116 cells with 20 mM and 30 mM CME for 24 h. (E) Real-time PCR analysis of cyclin D1 and c-myc expression in HCT116 cells. The cells were
treated with 20 mM and 30 mM CME for 24 h. Bars represent the mean ± SD of three replicates; *, p < 0.05; **, p < 0.01; ***, p < 0.001, significant versus vehicle-treated control.
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transition and G1 progression [22,23] (Fig. 2). Interestingly,
although CME attenuated the expression of p53 (data not shown),
CME increased the expression of p21 (Fig. 2A), which is involved in
cell cycle arrest regulation and is a target for p53 [22,23]. We
suggested that the expression of p21 increased by CME in a p53-
independent manner. Our results indicated that CME regulates
multiple genes associated with the cell cycle and inhibits the Wnt/
b-catenin signaling pathway.

Our data showed that CME induced apoptosis at concentrations
above 30 mM CME (Fig. 1D). Although the apoptotic activity by CME



Fig. 4. Hypothetical model of chikusetsusaponin IVa methyl ester (CME)-induced
cell cycle arrest. CME induces cell cycle arrest at G0/G1 phase through regulation of
cell cycle regulatory proteins and inhibition of translocation of b-catenin to nucleus.
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and the detailed molecular mechanisms remain unclear, we have
evidence that CME inceases the transcription of SFRP1 gene, an
antagonist for Wnt ligand [33] and further in-depth studies are
needed.

Overall, we demonstrated that CME, isolated from the root of A.
japonica, inhibited the Wnt/b-catenin signaling pathway to induce
cell cycle arrest (Fig. 4). CME disrupted b-catenin nuclear trans-
location and the transcriptional activity of b-catenin also repressed
in HCT116 cells. Thus, cyclin D1, a target gene for b-catenin, also
decreased and was accompanied by a decrease in the expression of
CDK2 and CDK4 in cell cycle arrest at the G0/G1 phase. Finally, CME
strongly inhibited the cell proliferation in HCT116 cells. It is
important to note that CME, a naturally occurring compound, might
act as a putative anticancer drug in colon cancer even in the cases of
mutations in Wnt/b-catenin signaling components.
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