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Abstract

Background: Although it has been reported to contain high polyphenols, the pharmacological studies of the calyx
of Diospyros kaki Thunb (DKC) have not been elucidated in detail. In this study, we elucidated anti-cancer activity
and potential molecular mechanism of DKC against human colorectal cancer cells.

Methods: Anti-cell proliferative effect of 70% ethanol extracts from the calyx of Diospyros kaki (DKC-E70) was
evaluated by MTT assay. The effect of DKC-E70 on the expression of cyclin D1 in the protein and mRNA level was
evaluated by Western blot and RT-PCR, respectively.

Results: DKC-E70 suppressed the proliferation of human colorectal cancer cell lines such as HCT116, SW480, LoVo and
HT-29. Although DKC-E70 decreased cyclin D1 expression in protein and mRNA level, decreased level of cyclin D1 protein
by DKC-E70 occurred at the earlier time than that of cyclin D1 mRNA, which indicates that DKC-E70-mediated
downregulation of cyclin D1 protein may be a consequence of the induction of degradation and transcriptional
inhibition of cyclin D1. In cyclin D1 degradation, we found that cyclin D1 downregulation by DKC-E70 was attenuated in
presence of MG132. In addition, DKC-E70 phosphorylated threonine-286 (T286) of cyclin D1 and T286A abolished cyclin
D1 downregulation by DKC-E70. We also observed that DKC-E70-mediated T286 phosphorylation and subsequent cyclin
D1 degradation was blocked in presence of the inhibitors of ERK1/2, p38 or GSK3p. In cyclin D1 transcriptional inhibition,
DKC-E70 inhibited the expression of 3-catenin and TCF4, and 3—catenin/TCF-dependent luciferase activity.

Conclusions: Our results suggest that DKC-E70 may downregulate cyclin D1 as one of the potential anti-cancer targets
through cyclin D1 degradation by T286 phosphorylation dependent on ERK1/2, p38 or GSK3[3, and cyclin D1
transcriptional inhibition through Wnt signaling. From these findings, DKC-E70 has potential to be a candidate for the
development of chemoprevention or therapeutic agents for human colorectal cancer.
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Background

Although the detection approaches has been advanced,
the incidence of human colorectal cancer with high
morbidity and mortality rate remains high [1]. The an-
nual incidence of human colorectal cancer is estimated
to be ~1 million, with ~500,000 mortalities [2].

In the United States in 2017, about 95,520 cases of hu-
man colorectal cancer are expected to be diagnosed and
52,260 cancer deaths are projected to occur due to hu-
man colorectal cancer [3]. Thus, many studies for more
effective therapy against human colorectal cancer have
been performed. Because long-term treatment using syn-
thetic anti-cancer drugs leads to a lot of side effects,
current research in developing a novel anti-cancer agent
has been focused to the plant derived chemical com-
pound as a prominent source of new compounds for
drug development [4]. Indeed, many plants have been
reported to exert anti-cancer activity [5-9].

Plant by-products have the potential value to food and
pharmaceutical products through various phytochemi-
cals and pharmacological properties [10]. Thus, plant
by-products have been focused for the untapped sources
of bioactives [11].

Diospyros kaki Thunb (Persimmon) has been reported
to contain a variety of beneficial compounds such as con-
densed tannin, carotenoids, vitamin C and polyphenols
[12]. In the plant by-products from Diospyros kaki Thunb
such as peels, seeds and calyx, calyx of Diospyros kaki
Thunb (DKC) has been reported to contain high polyphe-
nols and be effective for the treatment of intractable hic-
cups [13, 14]. DKC as a traditional medicine in Korea has
been treated to relieve asthma, chronic bronchitis, and
cough symptoms [15, 16]. In the study of DKC for the
pharmacological properties, DKC has been reported to pos-
sess anti-inflammatory effect through suppression of MAP
signaling [17]. In this study, we elucidated anti-cancer
activity and potential molecular mechanism of DKC against
human colorectal cancer cells. We here reported that 70%
ethanol extracts from calyx of Diospyros kaki Thunb (DKC-
E70) suppressed the proliferation of human colorectal
cancer cells and downregulated cyclin D1 level through
cyclin D1 degradation by T286 phosphorylation dependent
on ERK1/2, p38 or GSK3p, and cyclin D1 transcriptional
inhibition through Wnt signaling.

Methods

Materials

Cell culture media, Dulbecco’s Modified Eagle medium
(DMEM)/F-12 1:1 Modified medium (DMEM/F-12) was
purchased from Lonza (Walkersville, MD, USA). PD98059,
SB203580, LiCl, MG132 and 3-(4,5-dimethylthizaol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) were purchased
from Sigma Aldrich (St. Louis, MO, USA). Antibodies
against cyclin D1, phospho-cyclin D1 (T286), HA-tag, p-
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catenin, TCF4, p-ERK1/2, total-ERK1/2, p-GSK3p, total-
GSK3p, p-p38, total-p38 and B-actin were purchased from
Cell Signaling (Bervely, MA, USA). All chemicals were pur-
chased from Fisher Scientific, unless otherwise specified.

Sample extraction

Calyx of Diospyros kaki Thunberg (DKC) was purchased
from Humanherb, Korea and formally identified by Jin Suk
Koo as the professor of Andong National University, Korea.
Twenty gram of DKC was extracted with 300 ml of 70%
ethanol with shaking for 48 h. After 48 h, the ethanol-
soluble fraction was filtered and concentrated to approxi-
mately 90 ml volume using a vacuum evaporator and then
freeze-dried. The ethanol extracts (2 g, yield percentage:
10%) from DKC was kept in a refrigerator until use.

Cell culture and treatment

Human colorectal cancer cell lines such as HCT116,
SW480, LoVo and HT-29 were purchased from Korean
Cell Line Bank (Seoul, Korea) and grown in DMEM/F-
12 supplemented with 10% fatal bovine serum (FBS),
100 U/ml penicillin and 100 pg/ml streptomycin. The
cells were maintained at 37 °C under a humidified at-
mosphere of 5% CO,. The ethanol extracts from calyx of
Diospyros kaki Thunberg (DKC-E70) was dissolved in di-
methyl sulfoxide (DMSO) and treated to cells. DMSO
was used as a vehicle and the final DMSO concentration
did not exceed 0.1% (v/v).

Cell proliferation assay

Cell growth was measured using MTT assay system.
Briefly, the cells were plated onto 96-well plate and
grown overnight. The cells were treated with DKC-E70
for 24 h. Then, the cells were incubated with 50 pl of
MTT solution (1 mg/ml) for an additional 2 h. The
resulting crystals were dissolved in DMSO. The forma-
tion of formazan was measured by reading absorbance
at a wavelength of 570 nm.

Cell cycle analysis

HCT116 cells were plated in a 6-well plate and grown over-
night. The cells were treated with DKC-E70 for 24 h. After
then, the cells were dissociated with trypsin, washed in cold
PBS and fixed with 70% cold ethanol on ice for 30 min. The
suspensions were centrifuged at 1500 rpm for 5 min. The
pellets were resuspended in a solution containing 50 pg/ml
propidium iodide, 1 mg/ml sodium citrate, 0.3 ml nonidet
P-40 and 5 pg/ml RNase A and stayed on ice at least
40 min. Then the pellets were analyzed by a flow cytometer.

Expression vectors

Wild type HA-tagged cyclin D1 and point mutation of
T286A of HA-tagged cyclin D1 were provided from
Addgene (Cambridge, MA, USA). Transient transfection
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of the vectors was performed using the PolyJet DNA
transfection reagent (SignaGen Laboratories, Ijamsville,
MD, USA) according to the manufacturers’ instruction.

SDS-PAGE and western blot

After DKC-E70 treatment, cells were washed with
1 x phosphate-buffered saline (PBS), and lysed in radioim-
munoprecipitation assay (RIPA) buffer (Boston Bio Prod-
ucts, Ashland, MA, USA) supplemented with protease
inhibitor cocktail (Sigma-Aldrich) and phosphatase inhibi-
tor cocktail (Sigma-Aldrich), and centrifuged at 15,000xg
for 10 min at 4 °C. Protein concentration was determined
by the bicinchoninic acid (BCA) protein assay (Pierce,
Rockford, IL, USA). The proteins were separated on SDS-
PAGE and transferred to PVDF membrane (Bio-Rad La-
boratories, Inc., Hercules, CA, USA). The membranes
were blocked for non-specific binding with 5% non-fat dry
milk in Tris-buffered saline containing 0.05% Tween 20
(TBS-T) for 1 h at room temperature and then incubated
with specific primary antibodies in 5% non-fat dry milk at
4 °C overnight. After three washes with TBS-T, the blots
were incubated with horse radish peroxidase (HRP)-con-
jugated immunoglobulin G (IgG) for 1 h at room
temperature and chemiluminescence was detected with
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ECL Western blotting substrate (Amersham Biosciences,
Piscataway, NJ, USA) and visualized in Polaroid film.

Reverse transcriptase-polymerase chain reaction (RT-PCR)
Total RNA was prepared using a RNeasy Mini Kit (Qiagen,
Valencia, CA, USA) and total RNA (1 pg) was reverse-
transcribed using a Verso ¢cDNA Kit (Thermo Scientific,
Pittsburgh, PA, USA) according to the manufacturer’s
protocol for cDNA synthesis. PCR was carried out using
PCR Master Mix Kit (Promega, Madison, WI, USA) with
human primers for cyclin D1 and GAPDH as followed: cyc-
lin D1: forward 5'-aactacctggaccgcttect-3" and reverse 5'-
ccacttgagcttgttcacca-3’, GAPDH: forward 5’-acccagaa-
gactgtggatgg-3" and reverse 5’-ttctagacggcaggtcaggt-3 .

Transient transfection and luciferase activity

Transient transfection was performed using the PolyJet DNA
transfection reagent (SignaGen Laboratories, I[jamsville, MD,
USA) according to the manufacturers’ instruction. Cells were
plated in 12-well plates at a concentration of 2 x 10° cells/
well. After growth overnight, plasmid mixtures containing
1 pg of TOP-FLASH or FOP-FLASH luciferase constructs
(Addgene, Cambridge, MA, USA) and 0.1 pg of pRL-null
vector were transfected for 24 h. The transfected cells were
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Fig. 1 The effect of DKC-E70 on the cell proliferation in human colorectal cancer cells. HCT116 (a), SW480 (b), LoVo (c) or HT-29 cells (d) were plated
overnight and then treated with DKC-E70 at the indicated concentrations for 24 h. Cell proliferation was measured using MTT assay. *P < 0.05 compared
to cell without DKC-E70. e HCT116 cells were plated overnight and then treated with DKC-E70 at the indicated concentrations for 24 h. Cell cycle
progression was analyzed by flow cytometer
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Fig. 2 The effect of DKC-E70 on the expression of cyclin D1 at the protein and mRNA level in human colorectal cancer cells. The cells were plated
overnight and then treated with DKC-E70 at the indicated concentrations for 24 h. For Western blot analysis (a), cell lysates were subjected to
SDS-PAGE and the Western blot was performed using antibody against cyclin D1. Actin was used as internal control for Western blot analysis. For
RT-PCR analysis of the gene expression of cyclin D1 (b), total RNA was prepared. GAPDH was used as internal control for RP-PCR. (c) HCT116 cells
were treated with DKC-E70 (50 pg/ml) for the indicated times. The protein and mRNA level of cyclin D1 was analyzed using Western blot and
RT-PCR, respectively. *P < 0.05 compared to cell without DKC-E70 treatment
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treated with DKC-E70 for 24 h. The cells were then har-
vested in 1 x luciferase lysis buffer, and luciferase activity was
normalized to the pRL-null luciferase activity using a dual-
luciferase assay kit (Promega, Madison, W1, USA).

Statistical analysis

All the data are shown as mean + SEM (standard error
of mean). Statistical analysis was performed with one-
way ANOVA followed by Dunnetts test. Differences
with *P < 0.05 were considered statistically significant.

Results

DKC-E70 suppresses the proliferation of human colorectal
cancer cells

To assess whether DKC-E70 possesses anti-cancer property,
we evaluated anti-proliferative activity in human colorectal
cancer cell lines such as HCT116, SW480, LoVo and HT-29
cells using MTT assay. As shown in Fig. 1, DKC-E70

suppressed the cell growth by 32% and 28% at 25 pg/ml,
49% and 43% at 50 pg/ml, and 71% and 77% at 100 pg/ml
in HCT116 and SW480 cells, respectively (Fig. 1a and b).
We also observed that the proliferation of LoVo and HT-29
cells treated with DKC-E70 were reduced by by 15% and
19% at 25 pg/ml, 29% and 32% at 50 pg/ml, and 55% and
39% at 100 pg/ml, respectively (Fig. 1c and d). Next, we in-
vestigated whether the inhibition of the cell proliferation by
DKC-E70 results from the cell cycle arrest. As shown in Fig.
1e, the majority of HCT116 cells without DKC-E70 were in
S phase. However, DKC-E70 treatment dose-dependently in-
duced the accumulation of GO/G1 phase in HCT116 cells.

DKC-E70 downregulates cyclin D1 expression in both
protein and mRNA level in human colorectal cancer cells
Cyclin D1 regarded as one of the proto-oncogenes leads to
abnormal cell proliferation through forming the complex
with cyclin dependent kinase (CDK) 4/6 [18]. In addition,
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cyclin D1 overexpression has been reported to be signifi-
cantly correlated with various cancers including human
colorectal cancer [19]. Thus, we investigated the regulatory
effect of DKC-E70 on cyclin D1 expression in human colo-
rectal cancer cells. As shown in Fig. 2a, the downregulation
of cyclin D1 protein level was observed in the cells treated
with DKC-E70. In addition, DKC-E70 reduced the level of
cyclin D1 mRNA (Fig. 2b). These data indicate that the
transcriptional inhibition may be involved in the downregu-
lation of cyclin D1 protein level mediated by DKC-E70.

In time-course experiment, cyclin D1 protein level was
decreased at 10 h after DKC-E70 treatment, while the re-
duction of cyclin D1 mRNA level by DKC-E70 was ob-
served at 24 h (Fig. 2c). These data suggest that cyclin D1
downregulation by DKC-E70 may be attributed to protea-
somal degradation as well as transcriptional inhibition.

DKC-E70 induces cyclin D1 proteasomal degradation
dependent on ERK1/2, p38, JNK and GSK3p

To test whether the downregulation of cyclin D1 level by
DKC-E70 is mediated via the proteasomal degradation, the
cells were pretreated with MG132 as the proteasome in-
hibitor and then co-treated with DKC-E70. MG132 has
been used to investigate ubiquitin-mediated degradation of
cyclin D1 [20]. As shown in Fig. 3a, we observed that
MG132 attenuates the downregulation of cyclin D1 by
DKC-E70. To verify these results for DKC-E70-mediated
cyclin D1 degradation, the cells were-pretreated with
DMSO or DKC-E70, and then exposed to cycloheximide.
As shown in Fig. 3b, DKC-E70 decreased half-life of cyclin
D1 protein in HCT116 cells. These data suggest that down-
regulation of cyclin D1 protein level by DKC-E70 may be
involved in the proteasomal degradation.
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Cyclin D1 proteasomal degradation has been reported to
be associated with the activation of ERK1/2 [21], p38 [22]
and GSK3p [23]. Thus, the cells pretreated with PD98059
(ERK1/2 inhibitor), SB203580 (p38 inhibitor) or LiCl
(GSK3p inhibitor) and then co-treated with DKC-E70. As
shown in Fig. 4a-c, the protein level of cyclin D1 was re-
duced by DKC-E70 treatment in the cells without the in-
hibitor treatment such as PD98059, SB203580 and LiCl.
However, the reduction of cyclin D1 protein level was
blocked in presence of PD98059, SB203580 and LiCl. These
data suggest that DKC-E70-mediated cyclin D1 proteaso-
mal degradation may be dependent on the activation of
ERK1/2, p38 and GSK3p. To investigate whether DKC-E70
activates ERK1/2, p38 and GSK3p, the phosphorylation of
each kinase was analyzed with Western blot. As shown in
Fig. 4d, DKC-E70 phosphorylated ERK1/2, p38 and GSK3p.

DKC-E70-mediated proteasomal degradation of cyclin D1
is preceded by threnonine-286 phosphorylation

There is a report that threonine-286 (T286) phosphoryl-
ation of cyclin D1 increases the rate of cyclin D1 protea-
somal degradation [24]. Thus, we firstly tested the effect
of DKC-E70 on T286 phosphorylation of cyclin D1. As
shown in Fig. 5a, time-dependent increase of cyclin D1
T286 phosphorylation was observed in DKC-E70 treat-
ment. In addition, we investigated whether T286 phos-
phorylation of cyclin D1 is essential for cyclin D1
proteasomal degradation by DCK-E70 using HA-tagged
wild type cyclin D1 and HA-tagged T286A cyclin D1 ex-
pression vector. In this assay, the decrease of cyclin D1
by DKC-E70 was not observed in the cells transfected
with HA-tagged T286A cyclin D1 compared to the cells
transfected with HA-tagged wild type cyclin D1 (Fig.
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5b). These data indicate that DKC-E70-mediated cyclin
D1 proteasomal degradation may be dependent on T286
phosphorylation.

In Fig. 4, we observed that DKC-E70-mediated cyclin
D1 proteasomal degradation may be dependent on the ac-
tivation of ERK1/2, p38 and GSK3p. Thus, we investigated
whether the inhibition of ERK1/2, p38 and GSK3[ affects
T286 phosphorylation of cyclin D1 by DKC-E70. As
shown in Fig. 5¢, inhibition of ERK1/2 by PD98059, p38
by SB203580 and GSK3[ by LiCl attenuated DKC-E70-
mediated T286 phosphorylation of cyclin D1. These data
suggest that DKC-E70-mediated proteasomal degradation
of cyclin D1 may be preceded by T286 phosphorylation
dependent on the activation of ERK1/2, p38 and GSK3p.

In addition, we determined whether DKC-E70-mediated
cyclin D1 proteasomal degradation affects the cell viability
using HCT116 cells. As shown in Fig. 5d, T286A cyclin
D1 transfection partially attenuated the reduction of cell

viability induced by DKC-E70 compared to the wild type
transfection.

DKC-E70-mediated transcriptional inhibition of cyclin D1
is attributed to the downregulation of Wnt activation
Wnt signaling pathway has been reported to target cyc-
lin D1 in human colorectal cancer cells [25]. Because we
observed that DKC-E70 inhibited the expression of cyc-
lin D1 mRNA, we investigated the effect of DKC-E70 on
Wnt signaling using Western blot against -catenin and
TCF4, and B —catenin/TCF-dependent luciferase activity.
As shown in Fig. 6a, DKC-E70 dose-dependently inhib-
ited the expression of P-catenin and TCF4. In a lucifer-
ase reporter assay using TOP-FLASH or FOP-FLASH
constructs containing six copies of wild type or mutated
TCF binding sites, TOP/FOP ratio was significantly sup-
pressed in the cells treated with DKC-E70 (Fig. 6b).
These findings indicate that DKC-E70-mediated
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transcriptional inhibition of cyclin D1 may result from
the suppression of B-catenin/TCF-dependent signaling.

Discussion
In cancer development and progression, much attention
has been focused on the cyclin D1 as one of the onco-
genes associated with the regulation of cell cycle [26]. In
cell cycle, cyclin D1 has been reported to induce G1 to
S-phase cell cycle transition, which promotes cell prolif-
eration and plays a major role in oncogenesis [27]. Actu-
ally, the overexpression of cyclin D1 was observed in
many human cancers such as endometrial [28], thyroid
[29], urothelial bladder [30], breast [31], brain gliomas
[32], esophageal [33] and colorectal cancers [34]. Thus,
the regulation of cyclin D1 protein level may be useful
for the prevention and treatment of cancer.

Although cyclin D1 overexpression has been regraded
to be a common event in the variety of cancer, cyclin D1
overexpression does not occur solely as a consequence of

gene amplification. For example, CCDNI amplification
and cyclin D1 overexpression have been reported to ac-
count for 2.5% and 55% in human colorectal cancer, re-
spectively [35]. Indeed, there is growing evidence that the
upregulation of cyclin D1 protein level frequently is attrib-
uted to its defective regulation at the post-translational
level [36, 37]. Because cyclin D1 degradation by many
anti-cancer agents has been observed in human cancer
cells [38—40], cyclin D1 degradation has been regarded as
a useful treatment for anti-cancer. In this study, we sug-
gested two evidences related to the induction of cyclin D1
degradation by DKC-E70. Firstly, decreased level of cyclin
D1 protein by DKC-E70 rapidly occurred compared to
that of cyclin D1 mRNA. Secondly, MG132 treatment as a
proteasome inhibitor abolished DKC-E70-mediated down-
regulation of cyclin D1 protein level. Lastly, DKC-E70 de-
creased half-life of cyclin D1 protein in the cells exposed
to CHX. These findings indicate that decreased level of
cyclin D1 by DKC-E70 may result from its degradation.
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Fig. 6 Decreased level of cyclin D1 mRNA by DKC-E70 is attributed to the inhibition of Wnt activation. a HCT116 cells were treated with DKC-E70
at the indicated concentrations for 24 h. Cell lysates were subjected to SDS-PAGE and the Western blot was performed using antibodies against
f3-catenin or TCF4. Actin was used as internal control for Western blot analysis. b HCT116 cells were co-transfected with TOP-FLASH or FOP-FLASH
constructs containing wild-type or mutated TCF binding sites and pRL-null. The cells were treated with DKC-E70 for 24 h. Luciferase activity for
TOP-FLASH and FOP-FLASH was measured as a ratio of firefly luciferase signal/renilla luciferase signal using a dual luciferase assay kit
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Cyclin D1 degradation can be regulated by RxxL motif,
and phosphorylation of threonine-286 and -288 [24]. The
RxxL motif is associated with anaphase promoting
complex-dependent degradation by genotoxic insult [41].
And, cyclin D1 degradation by phosphorylation of
threonine-288 has been reported to be mediated by the
mirk/Dyrk 1b kinase [42]. In addition, the cyclin D1 stabil-
ity has been shown to be regulated by threonine-286
(T286) phosphorylation induced by ERK1/2, p38 and
GSK3p [21-23, 43, 44]. In this study, we found that DKC-
E70 phosphorylated T286 of cyclin D1 and T286A trans-
fection blocked cyclin D1 downregulation by DKC-E70. In
addition, it was observed that the inhibition of ERK1/2,
p38 and GSK3p associated with T286 phosphorylation at-
tenuated DKC-E70-mediated T286 phosphorylation and
subsequent decrease of cyclin D1 protein level. These
findings indicate that DKC-E70-mediated cyclin D1 deg-
radation may be attributed to Thr286 phosphorylation
dependent on ERK1/2, p38 and GSK3p.

Cyclin D1 overexpression can be regulated by gene
amplification through transcriptional activation medi-
ated by Wnt signaling [25]. Interestingly, we observed
that DKC-E70 downregulates cyclin D1 mRNA indicat-
ing that DKC-E70 may suppress cyclin D1 transcrip-
tional activity. In addition, DKC-E70 downregulated the
levels of P-catenin and TCF4, and [ —catenin/TCEF-
dependent luciferase activity. These data indicate that
DKC-E70-mediated downregulation of cyclin D1 protein
level may be a consequence of the inhibition of gene
amplification through suppressing Wnt signaling.

Conclusions

In conclusion, DKC-E70 downregulates the cyclin D1
level through inducing cyclin D1 degradation by phos-
phorylation dependent on ERK1/2, p38 and GSK3p and
cyclin D1 transcriptional inhibition by blocking Wnt

signaling. Complementary alternative medicine has been
used for patients with chronic diseases including cancer.
Although calyx of Diospyros kaki Thunb (DKC) has been
treated against asthma, chronic bronchitis and cough
symptoms, the anti-cancer activity of DKC has been re-
ported [45]. This study supports the hypothesis that
DKC-E70 exerts anticancer property. Our findings will
provide the complementary and alternative use of DKC
for cancer treatment.

Abbreviations

CHX: Cyclohexamide; DKC: Calyx of Diospyros kaki Thunberg; DKC-E70: 70%
ethanol extracts from calyx of Diospyros kaki Thunberg; DMSO: Dimethyl
sulfoxide; ERK1/2: Extracellular signal-regulated kinase 1/2; GSK3[: Glycogen
synthase kinase 3(3; MTT: 3-(4,5-dimethylthizaol-2-yl)-2,5-dipheny! tetrazolium
bromide; RT-PCR: Reverse transcriptase-polymerase chain reaction;

T286: Threonine-286; T286A: Threonine-286 to alanine; TCF4: T-cell factor-4

Acknowledgements
The authors would like to thank all of the colleagues and students who
contributed to this study.

Funding

This research was supported by Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of
Education (NRF-2016R1D1A3B03931713).

Availability of data and materials
Data are all contained within the paper.

Authors’ contributions

JBJ directed and JBJ and HSK designed the study. SBP, GHP, HMS, HJS and
YU performed the experiments. SBP and GHP drafted manuscript. JBJ and
HSK corrected the manuscript. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication

We confirm that this manuscript has not been published elsewhere. All
authors have approved that manuscript and agreed with submission to BMC
Complementary and Alternative Medicine.



Park et al. BMC Complementary and Alternative Medicine (2017) 17:445

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Medicinal Plant Resources, Andong National University,
Andong 36729, Republic of Korea. *Forest Medicinal Resources Research
Center, National Institute of Forest Science, Yeongju 36040, Republic of
Korea. *Department of Food Science & Biotechnology, Kyonggi University,
Suwon 16227, Republic of Korea. “Insititute of Agricultural Science and
Technology, Andong National University, Andong 36729, Republic of Korea.

Received: 9 March 2017 Accepted: 30 August 2017
Published online: 05 September 2017

References

1. Yan M, Song M, Bai R, Cheng S, Yan W. Identification of potential
therapeutic targets for colorectal cancer by bioinformatics analysis. Oncol
Lett. 2016;12(6):5092-8.

2. Cajuso T, Hanninen UA, Kondelin J, Gylfe AE, Tanskanen T, Katainen R,
Pitkanen E, Ristolainen H, Kaasinen E, Taipale M, Taipale J, Bohm J,
Renkonen-Sinisalo L, Mecklin JP, Jarvinen H, Tuupanen S, Kilpivaara O,
Vahteristo P. Exome sequencing reveals frequent inactivating mutations in
ARIDTA, ARID1B, ARID2 and ARID4A in microsatellite unstable colorectal
cancer. Int J Cancer. 2014;135(3):611-23.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin. 2017,
67(1):7-30.

4. Mahadevappa R, Kwok HF. Phytochemicals - A Novel and Prominent Source
of Anti-cancer Drugs against Colorectal Cancer. Comb Chem High
Throughput Screen. 2017.

5. Alam AK, Hossain AS, Khan MA, Kabir SR, Reza MA, Rahman MM, Islam MS,
Rahman MA, Rashid M, Sadik MG. The Antioxidative fraction of white
mulberry induces apoptosis through regulation of p53 and NFkappaB in
EAC cells. PLoS One. 2016;11(12):e0167536.

6. WangH, Tao L, Ni T, Gu H, Jin F, Dai X, Feng J, Ding Y, Xiao W, Guo S,
Hisamitsu T. Anticancer efficacy of the ethyl acetate extract from the
traditional Chinese medicine herb Celastrus orbiculatus against human
gastric cancer. J Ethnopharmacol. 2017,205:147-57.

7. Song HM, Park GH, Koo JS, Jeong HJ, Jeong JB. Vitex rotundifolia fruit extract
induces apoptosis through the downregulation of ATF3-mediated Bcl-2
expression in human colorectal cancer cells. Am J Chin Med. 2017,45(4)901-15.

8. Park GH, Sung JH, Song HM, Jeong JB. Anti-cancer activity of Psoralea
fructus through the downregulation of cyclin D1 and CDK4 in human
colorectal cancer cells. BMC Complement Altern Med. 2016;16(1):373.

9. Eo HJ, Park GH, Jeong JB. The involvement of cyclin D1 degradation
through GSK3beta-mediated threonine-286 phosphorylation-dependent
nuclear export in anti-cancer activity of mulberry root bark extracts.
Phytomedicine. 2016;23(2):105-13.

10.  Guendez R, Kallithraka S, Makris DP, Kefalas P. An analytical survey of the
polyphenols of seeds of varieties of grape (Vitis vinifera) cultivated in
Greece: implications for exploitation as a source of value-added
phytochemicals. Phytochem Anal. 2005;16(1):17-23.

11. O'Shea N, Arendt EK, Gallagher E. Dietary fibre and phytochemical
characteristics of fruit and vegetable by-products and their recent
applications as novel ingredients in food products. Innov Food Sci Emerg
Technol. 2012;16:1-10.

12. Matsumura Y, Ito T, Yano H, Kita E, Mikasa K, Okada M, Furutani A, Murono Y,
Shibata M, Nishii Y, Kayano S. Antioxidant potential in non-extractable fractions
of dried persimmon (Diospyros kaki Thunb.). Food Chem. 2016;202:99-103.

13. Matsuura S, linuma M. Lignan from calyces of Diospyros kaki.
Phytochemistry. 1985;4:626-8.

14.  Saito M, Uno K, Honda Y, Watanabe T. The clinical efficacy of shitei-to on
intractable hiccups. J Pharm Health Care Sci. 2001;27:29-32.

15. Bei W, Zang L, Guo J, Peng W, Xu A, Good DA, Hu Y, Wu W, Hu D, Zhu X,
Wei M, Li C. Neuroprotective effects of a standardized flavonoid extract
from Diospyros kaki leaves. J Ethnopharmacol. 2009;126(1):134-42.

16. Sa'YS, Kim SJ, Choi HS. The anticoagulant fraction from the leaves of Diospyros
kaki L. has an antithrombotic activity. Arch Pharm Res. 2005,28(6):667-74.

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

Page 9 of 10

Cho YH, Kim NH, Khan |, Yu JM, Jung HG, Kim HH, Jang JY, Kim HJ, Kim DI,
Kwak JH, Kang SC, An BJ. Anti-inflammatory potential of quercetin-3-O-beta-
D-("2"-galloyl)-glucopyranoside and quercetin isolated from Diospyros kaki
Calyx via suppression of MAP signaling molecules in LPS-induced RAW 264.
7 Macrophages. J Food Sci. 2016;81(10):2447-56.

Gopalakrishnan N, Saravanakumar M, Madankumar P, Thiyagu M, Devaraj H.
Colocalization of beta-catenin with notch intracellular domain in colon
cancer: a possible role of Notch1 signaling in activation of CyclinD1-
mediated cell proliferation. Mol Cell Biochem. 2014;396(1-2):281-93.

Qin A, Yu Q, Gao Y, Tan J, Huang H, Qiao Z, Qian W. Inhibition of STAT3/
cyclinD1 pathway promotes chemotherapeutic sensitivity of colorectal
caner. Biochem Biophys Res Commun. 2015457(4):681-7.

Luo H, Zhang J, Dastvan F, Yanagawa B, Reidy MA, Zhang HM, Yang D, Wilson
JE, McManus BM. Ubiquitin-dependent proteolysis of cyclin D1 is associated
with coxsackievirus-induced cell growth arrest. J Virol. 2003;77(1):1-9.

Okabe H, Lee SH, Phuchareon J, Albertson DG, McCormick F, Tetsu O. A
critical role for FBXW8 and MAPK in cyclin D1 degradation and cancer cell
proliferation. PLoS One. 2006;1:¢128.

Thoms HC, Dunlop MG, Stark LA. p38-Mediated inactivation of cyclin D1/
cyclin-dependent kinase 4 stimulates nucleolar translocation of RelA and
apoptosis in colorectal cancer cells. Cancer Res. 2007,67(4):1660-9.

Diehl JA, Cheng M, Roussel MF, Sherr CJ. Glycogen synthase kinase-3beta
regulates cyclin D1 proteolysis and subcellular localization. Genes Dev. 1998;
12(22):3499-511.

Alao JP. The regulation of cyclin D1 degradation: roles in cancer
development and the potential for therapeutic invention. Mol Cancer. 2007;
6:24.

Shtutman M, Zhurinsky J, Simcha 1, Albanese C, D'Amico M, Pestell R, Ben-
Ze'ev A. The cyclin D1 gene is a target of the 3-catenin/LEF-1 pathway.
Proc Natl Acad Sci U S A. 1999,96(10):5522-7.

Hunter T, Pines J. Cyclins and cancer. II: cyclin D and CDK inhibitors come of
age. Cell. 1994;79(4):573-82.

Balcerczak E, Pasz-Walczak G, Kumor P, Panczyk M, Kordek R, Wierzbicki R,
Mirowski M. Cyclin D1 protein and CCND1 gene expression in colorectal
cancer. Eur J Surg Oncol. 2005;31(7):721-6.

Moreno-Bueno G, Rodriguez-Perales S, Sanchez-Estevez C, Marcos R,
Hardisson D, Cigudosa JC, Palacios J. Molecular alterations associated with
cyclin D1 overexpression in endometrial cancer. Int J Cancer. 2004;110(2):
194-200.

Seybt TP, Ramalingam P, Huang J, Looney SW, Reid MD. Cyclin D1
expression in benign and differentiated malignant tumors of the thyroid
gland: diagnostic and biologic implications. Appl Immunohistochem Mol
Morphol. 2012;20(2):124-30.

Mhawech P, Greloz V, Oppikofer C, Szalay-Quinodoz I, Herrmann F.
Expression of cell cycle proteins in T1a and T1b urothelial bladder
carcinoma and their value in predicting tumor progression. Cancer. 2004;
100(11):2367-75.

Stendahl M, Kronblad A, Rydén L, Emdin S, Bengtsson NO, Landberg G. Cyclin
D1 overexpression is a negative predictive factor for tamoxifen response in
postmenopausal breast cancer patients. Brit J Cancer. 2004,90(10):1942-8.

Tan PG, Xing Z, Li ZQ. Expression of cyclin D1 in brain gliomas and its
significance. Chin J Cancer. 2004;23(1):63-5.

Wu MY, Zhuang CX, Yang HX, Liang YR. Expression of Egr-1, c-fos and cyclin
D1 in esophageal cancer and its precursors: an immunohistochemical and
in situ hybridization study. World J Gastroenterol. 2004;10(4):476-80.

Kristt D, Turner |, Koren R, Ramadan E, Gal R. Overexpression of cyclin D1
mMRNA in colorectal carcinomas and relationship to clinicopathological
features: an in situ hybridization analysis. Pathol Oncol Res. 2000;6(1):65-70.
Musgrove EA, Caldon CE, Barraclough J, Stone A, Sutherland RL. Cyclin D as
a therapeutic target in cancer. Nat Rev Cancer. 2011;11:558-72.

Gillett C, Fantl V, Smith R, Fisher C, Bartek J, Dickson C, Barnes D, Peters G.
Amplification and overexpression of cyclin D1 in breast cancer detected by
immunohistochemical staining. Cancer Res. 1994,54(7):1812-7.

Russell A, Thompson MA, Hendley J, Trute L, Armes J, Germain D. Cyclin D1
and D3 associate with the SCF complex and are coordinately elevated in
breast cancer. Oncogene. 1999;18(11):1983-91.

Alao JP, Lam EW, Ali S, Buluwela L, Bordogna W, Lockey P, Varshochi R,
Stavropoulou AV, Coombes RC, Vigushin DM. Histone deacetylase inhibitor
trichostatin a represses estrogen receptor alpha-dependent transcription
and promotes proteasomal degradation of cyclin D1 in human breast
carcinoma cell lines. Clin Cancer Res. 2004;10(23):8094-104.



Park et al. BMC Complementary and Alternative Medicine (2017) 17:445

39.

40.

41.

42.

43.

44,

45.

Alao JP, Stavropoulou AV, Lam EW, Coombes RC, Vigushin DM. Histone
deacetylase inhibitor, trichostatin a induces ubiquitin-dependent cyclin D1
degradation in MCF-7 breast cancer cells. Mol Cancer. 2006;5:8.
Langenfeld J, Kiyokawa H, Sekula D, Boyle J, Dmitrovsky E. Posttranslational
regulation of cyclin D1 by retinoic acid: a chemoprevention mechanism.
Proc Natl Acad Sci U S A. 1997,94(22):12070-4.

Agami R, Bernards R. Distinct initiation and maintenance mechanisms
cooperate to induce G1 cell cycle arrest in response to DNA damage. Cell.
2000;102(1):55-66.

Zou Y, Ewton DZ, Deng X, Mercer SE, Friedman E. Mirk/dyrk1B kinase
destabilizes cyclin D1 by phosphorylation at threonine 288. J Biol Chem.
2004;,279(26):27790-8.

Alt JR, Cleveland JL, Hannink M, Diehl JA. Phosphorylation-dependent
regulation of cyclin D1 nuclear export and cyclin D1-dependent cellular
transformation. Genes Dev. 2000;14(24):3102-14.

Casanovas O, Miro F, Estanyol JM, ltarte E, Agell N, Bachs O. Osmotic stress
regulates the stability of cyclin D1 in a p38*****-dependent manner. J Biol
Chem. 2000;275(45):35091-7.

Jo KJ, Lee JM, Lee SC, Park HR. Anticancer activity of persimmon (Diospyros
kaki L) calyx extracts on human cancer cells. J Med Plants Res. 2011;5(12):
2546-50.

Page 10 of 10

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Materials
	Sample extraction
	Cell culture and treatment
	Cell proliferation assay
	Cell cycle analysis
	Expression vectors
	SDS-PAGE and western blot
	Reverse transcriptase-polymerase chain reaction (RT-PCR)
	Transient transfection and luciferase activity
	Statistical analysis

	Results
	DKC-E70 suppresses the proliferation of human colorectal cancer cells
	DKC-E70 downregulates cyclin D1 expression in both protein and mRNA level in human colorectal cancer cells
	DKC-E70 induces cyclin D1 proteasomal degradation dependent on ERK1/2, p38, JNK and GSK3β
	DKC-E70-mediated proteasomal degradation of cyclin D1 is preceded by threnonine-286 phosphorylation
	DKC-E70-mediated transcriptional inhibition of cyclin D1 is attributed to the downregulation of Wnt activation

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

