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ABSTRACT

Background: In this study, we evaluated the anti-cancer activity and potential molecular mechanism of 70% ethanol extracts of the
root of Aralia cordata var. continentalis (Kitagawa) Y. C. Chu (RAc-E70) against human colorectal cancer cells.

Methods and Results: RAc-E70 suppressed the proliferation of the human colorectal cancer cell lines, HCT116 and SW480.
Although RAc-E70 reduction cyclin D1 expression at the protein and mRNA levels, RAc-E70-induced reduction in cyclin D1 pro-
tein level occurred more dramatically than that of cyclin DI mRNA. The RAc-E70-induced downregulation of cyclin D1 expres-
sion was attenuated in the presence of MG132. Additionally, RAc-E70 reduced HA-cyclin D1 levels in HCT116 cells transfected
with HA-tagged wild type-cyclin D1 expression vector. RAc-E70-mediated cyclin D1 degradation was blocked in the presence of
LiCl, a GSK3p inhibitorbut, but not PD98059, an ERK1/2 inhibitor and SB203580, a p38 inhibitor. Furthermore, RAc-E70 phos-
phorylated cyclin D1 at threonine-286 (T286), and LiCl-induced GSK3p inhibition reduced the RAc-E70-mediated phosphorylation
of cyclin D1 at T286.

Conclusions: Our results suggested that RAc-E70 may downregulate cyclin D1 expression as a potential anti-cancer target through
GSK3pB-dependent cyclin D1 degradation. Based on these findings, RAc-E70 maybe a potential candidate for the development of
chemopreventive or therapeutic agents for human colorectal cancer.
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ot AEe] Wik S8 AFSE WAl Dulbecco’s
modified Eagle’s medium (DMEM)/F-12 1:1 modified
medium (DMEM/F-12)= Lonza (Morristown, NJ, USA)®|
A Fafsiginh. Sola ma AIAIQ] PDIS059, SB203580,
LiCl B MG1329} thdet AlaEe] A E5S W7t 9
St 3-(4,5-dimethylthizaol-2-y1)-2,5-diphenyl tetrazolium bromide
(MTT)E Sigma-Aldrich (St. Louis, MO, USAW oA uj
3kttt 283l western blot w418 #13F AR cyclin DI,
phospho-cyclin D1 (Thr286), HA-tag % B-actin> Cell
Signaling Technology (Danvers, MA, USA)A] ol =] ic)

=0
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B AFollA AR oY AlEFQ HCT1163 SW4802
SHEA| T oA FulE A, AlEZE 10% fatal bovine
serum (FBS), 100 U/m{ penicillin and 100 g/mé streptomycin
o] ¥3tE DMEM/F-12 HjA| 2 37CellA 5% CO, dtollA
At A EAEE I8l 582 70% othE F== (RAc-
E70Ye DMSOZE £3|3133, IZ7= DMSOZ 0.1%= %

FHalA] ere HelolA ARESRTh oAl HCT1163%
SW4802] FAAA= MTT assay2 =739

et AlEZQ HCT1163 SW4802 96 well plateol] A1
well G 1x10° cellsZ 24 A|7F vl¥3F & RAC-E705 F=
HE2 24 A7 B3 ATk 24 AIZF $ 7 wellel MTT
(1 mg/me) & 50 A H7¥sted 2 AJZE FRF ThA] HiFAIK
%, well vl FAE formazano] Z01%|#] %A oS
AASZL DMSOS 100 4 H7}sle] AHF) =9 3 yv/
Visible (Xma-3000PC,
Corporation Co., Seoul, Korea)& ©]-&3}d 540 nm oA &3

=g s,

spectrophotometer Human

4. SDS-PAGE %! western blot A

RAc-E700] A€ AEoA diids FZ3517] flsiA Al
¥E 1 x phosphate-buffered saline (PBS)Z 3 & Al&3F 3,
protease inhibitor cocktail (Sigma-Aldrich Co., St.
MO, USA)3} phosphatase inhibitor cocktail (Sigma-Aldrich
Co., St. Louis, MO, USA)°] &% radioimmunoprecipitation
assay (RIPA) buffer (Boston Bio Products, Ashland, MA,
USA)E 4Collx] 30 &7+ X2jsted lysisAlA Thalag Ak
Bicinchoninic acid (BCA) protein assay (Pierce Biotechnology
Inc., Waltham, MA, USA)Z ©ld H7F & FUFe] oz
< 12% SDS-acrylamide®l] loadingdt32 PVDF membrane
(Bio-Rad, Hercules, CA, USA)°l ©]&AZl ¥ 5% non-fat
dry milkZ ‘2014 1 AlZF E<F blockingdtit). 1 AIZF &,
1 2} IS 5% nonfat dry milkel] £34A1AH 4T 14
A7 FF HHSAIZ] & membraneS 0.05% tween-20°] X3+
¥ tris-buffered saline (TBS-T)Z 5 #7+ 3 3] A3
I % 2 2 A= 5% non-fat dry milkel] £3|A]A
membrane®l] 24 1 A7+ A&k, TBS-TZ 5 7+ 3
3 A3 ¥ membrane> ECL western blotting substrate
(Amersham Biosciences Co., Little Chalfont, England)E ©]
gste] TS gl
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Table 1. Sequence of oligonucleotide primers used for RT-PCR.

Gene name Sequence
. Forward: 5'-aactacctggaccgcttect-3’
Cydlin D1 Reverse: 5'-ccacttgagcttgttcacca-3'
GAPDH Forward: 5'-acccagaagactgtggatgg-3’

Reverse: 5'-ttctagacggcaggtcaggt-3'
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6. Transient transfection

HA-tagged wild type cyclin D1 construct®] transient
transfection<> PolyJet DNA transfection reagent (SignaGen
Laboratories, Rockville, MD, USA)S ©]&3t] 3= At}
6 well plateo] ®]<F® HCT116 A2l 14g construct}

PolyJet DNA transfection reagent’} 3]4%l plasmid mixture

= Helsle] 24 A7k Bk YA A Aol AHEESITh
5. Reverse transcriptase-polymerase chain reaction (RT-
PCR) 7. S

Total RNA & RAc-E70°] *12]¥ HCT1163} SW480 BE A3 3 3] vk 34 Hd + BEUAE JER
MAEZHEE RNeasy Mini kit (QIAGEN GmbH., Hilden, A3, A7t 5242 Student’s t-testZ FHS3H p-value 3k
Germany)E ©]-&3t9 4=, cDNAE 119 total °] 0.05 P9 o FAHSZ fFeosivtar Y IATH

RNAE Verso ¢cDNA kit (Thermo Fisher Scientific
Waltham, MA, USAYE ©]&3lo] A==t PCRS

Inc.,
PCR

(Microsoft Exel 2010, Microsoft, Redmond, WA, USA).

master mix kit (Promega Co., Madison, WI, USA)E ©|-& o} 2 pE
sto] YA, ARSE primer= Table 13+ 2t}
1. S22 oE2 F==22 WESMES M5 AL cycin
D1 ChE 4F 24 RE Y
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= 60 : = 60
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2 . 2 :
0 0
0 25 50 100 0 25 50 100
RAc-ET0 (pgiml) RAc-ET0 (pg/ml)
H 0 25 5 RACET0 (ugml "
CET0 (vfmh) HCT116
Cyclin D1
HCT116|1 yem 0 1 3 6 10 24 RACETO (50 pgimi,h)
E -actin CLrEE Cyclin D1
E Cyclin D1 - e w Wl | p-actin
SWA80
L E]

Fig. 1. Effect of RAC-E70 on the cell growth and cyclin D1 ﬁ)rotein level in human
colorectal cancer cells. (A), (B); HCT116 and SW480 cells were plated overnight
and then treated with RAc-E70 at the indicated concentrations for 24 hours. Cell
growth was measured using MTT assay. *p < 0.05 compared to cell without RAc-
E70. (O); HCT116 and SW480 cells were plated overnight and then treated with
RAC-E70 at the indicated concentrations for 24 hours. 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. (D); HCT116 cells were
treated with RAc-E70 (50 zg/ml) for the indicated times. Cell lysates were subjected
to SDS-PAGE and the western blot was performed using antibody against cyclin D1.
B-actin was used as internal control for western blot analysis.
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Fig. 2. Effect of RAc-E70 on the expression of cyclin D1 mRNA and cyclin D1
degradation in human colorectal cancer cells. (A); HCT116 and SW480 cells were
plated overnight and then treated with RAc-E70 at the indicated concentrations for
24 hours. For RT-PCR analysis of the gene expression of cyclin D1, total RNA was
prepared. GAPDH was used as internal control for RP-PCR. (B); HCT116 cells were
pretreated with MG132 at the indicated concentration for 2 hours, and then co-
treated with RAc-E70 (50 zg/ml) for 6 hours. Cell lysates were subjected to SDS-
PAGE and the western blot was performed using antibody against cyclin D1. p-actin
was used as internal control for western blot analysis. (C); HCT116 cells were
transfected with HA-tagged wild type cyclin D1 construct for 24 h, and then treated
with RAc-E70 (50 ug/me) for the indicated times. Cell lysates were subjected to SDS-
PAGE and the western blot was performed using antibody against HA-tag. p-actin
was used as internal control for western blot analysis.

=% [dralia cordata var. continentalis  (Kitagawa)
Y.C.Chul®] 70% o€+ %% (RAc-E70)S o]83te]
oF MEFQl HCT1163 SW480 Al ZAS A S-S =A 5}
7] $l8l MTT assaye G333 TE RAc-E70> HCT1162
SWAS0AIZ L] &S FoHom z47F 25 pg/mlol X 16.4%S}
19.6%, 50 pg/ml oA 50.0%2t 50.4% Z=]3L 100 zg/ml ol A]
87.8%%} 84.0% AANSHATH (Fig. 1A, B).

Cyclin DI ThFeh Sholla iRtz defx] 9lom,
cyclin-dependent kinase (CDK) 4/69} E3HAE A3l
retinoblastoma proteing <14k} AJA MEF7] F GI/S7I2
] transitions E/dsFste] HAIEOAA BIHGHR] A XSS
fsittal R E S Qlth (Gopalakrishnan et al., 2014). Al
47}, cyclin D1 ¥ o] 2} e gt 233k thefst
oF WA WHE Heo] e Zoz d#A AUt (Qin et
al., 2015). 18]35}, RAc-E70°] cyclin DI ©@d +5&
Zaen7leA Bels] S8l, RAc-E700] *2]¥ HCT1163
SW480 A2l western blotS ©]83}¢] cyclin D1 T2
< Uty 2 A3} RAc-E70S F94o 2 HCTI163
SW480°1 4 cyclin D1 &2 2] HaAZ (Fig.
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< 3 AIZHRE cyclin D1 @&

T3 RAC-E702 Ag & LR
TS HAAFHY (Fig 1D).
2. S8 el FE29| cyclin D1 SR 26l mEatd
RAc-E70°] ]3] F=%= cyclin D1 ©¥& = 7447}

cyclin D19] A=A 7118 Q1A E1sl7] 9I8 RAc-
E700] *2]¥ HCT116% SW480 A|3Eo|4 RT-PCRE ©]&3}
o] cyclin DI mRNA &g g1kt = 23, RAc-ET0
2 25 pg/ml oAM= HCT116 AlZ2] cyclin DI mRNA #&
a7 gllon, 50l sEolME A HAY (Fig
2A). ZEL} SW480 AlEo)E RAc-E700 2l f=He
cyclin DI mRNA 2&7a7F oA 39kt (Fig. 2A). £
AIR= RAC-ET00] €13 F=¥= cyclin DI @9 3 74
Ay T fa 7lske Aoz AdELh

H]% cyclin D1 Tide] ojddS oiagehS HlESk ok
St oA Yehe 358 @A, cyelin DI T
o] IS 07 cyclin D1 S8 Fadoel] 7121314
ety HuEa gk AAlHoz thddteld cyclin DI
HAre] sl chil o] s el g2 7H7t 2.5%%)
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[ @ |cyinni |-. - a0 o |p—cyc|in D1 (T286)
|- - - -| B-actin |_ - e - e -l B-actin

(B) HCT116 () HCT116
+ + SB203580 (20 pM) s LiCl (10 mM)

- + - + RAc-ET0 (50 pg/ml) - + - + RAc-ET0 (50 pg/ml)

|— — - - -|Cyclin D1 | R ‘| P-cyclin D1 (T286)

|- ) ;.ccin

|- - & -| B-actin

© HCT116
+ + LiCI{10 mM)
- + = +  RAcET0 (50 pg/ml)
[a <o @® qm| cycin 1

|--- -| B-actin

Fig. 3.

W Eel 71 Al ZddtE e
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=

Thun A
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Determination of the upstream kinases involved in RAc-E70 mediated cyclin D1
degradation in human colorectal cancer cells. (A-C); HCT116 cells were
pretreated with PD98059 (20 pM) as an ERK1/2 inhibitor, SB203580 (20 uM) as a
p38 inhibitor or LiCl (10 mM) as a GSK3 inhibitor for 2 hours, and then co-treated
with RAc-E70 (50 pg/ml) for 6 hours. Cell lysates were subjected to SDS-PAGE and
the western blot was performed using antibody against cyclin D1. B-actin was used
as internal control for western blot analysis. (D); HCT116 cells were treated with
RAC-E70 (50 pg/ml) for the indicated times. Cell lysates were subjected to SDS-PAGE
and the western blot was performed using antibody against phospho-cyclin D1
(Thr286). B-actin was used as internal control for western blot analysis. (E); HCT116
cells were pretreated with LiCl (10 mM) as a GSK3p inhibitor for 2 hours, and then
co-treated with RAc-E70 (50 zg/ml) for 1 hour. Cell lysates were subjected to SDS-
PAGE and the western blot was performed using antibody against phospho-cyclin
D1 (Thr286). B-actin was used as internal control for western blot analysis.

55%% ZA|et= Aoz HA AT} (Musgrove et al., cyclin D1 constructs
2011). ©]AS cyclin DI T o] o S EoM & 3} RAc-E70 HA-cyclin D19 5%

o
omat} (Gillett  2C). ¥ AF=E RAc-E709] F%=

et al., 1994; Russell et al., 1999). T4 cyclin D1 @ #ajjof 7|Qleks Zlo= ddkdr)
ohekst dotEo] PM|EoA cyclin D1 HEld EIE F
AAE F=sb7] WEel cyclin D1 @92 3. S8 et S FE22 GSK3p 7= cycin D19
Bl duA sdel F28 A Ele® oJAXIL gty threonine-286 (Thr286) Q1AKsE OIEM cyclin D1 THHEZA
(Alao er al, 2004, 2006; Langenfeld er al, 1997). We}A] Tolrs 2o

2ol fEsheA] 5] 9]

Ealas JAA MGI3RE 2

transfectiondl22. RAc-E702 &3 2
#aAFH T (Fig
£ cyclin DI ©hlde] 4=

T}t kinase %, ERK1/2, p38 28|32 GSK3BE cyclin
DI wd Faf e} D5 Ado] rial BiE gt

A7 ARl 50 pgml F%=2] RAc-E70S 6 Al7F B¢t
2] 3 western blotS ©]€3l] cyclin DI T &g 3<ls}
Atk 2 A3, MG1327F A2lE Al2dA= RAc-E7090 9]
) FEEE cyclin DI @A) k47 A=A (Fig.
2B). B3k, RAc-E709 ]38} =5 cyclin D1 ©H3 3]
= A =937] Y8, HCT1164 %] HA-tagged wild type
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(Diehl et al., 1998; Okabe et al., 2006; Thoms et al.,
2007). 2&]3te] RAc-E700 o3l === cyclin DI T2
el et AEE kinases T8 sH7] #181, HCTI16 Al =]
ERK1/2 A#191 PD98059, p38 JAIAIQ! SB203580 2|3
GSK3p SAAIQ] LiICEE 747 2 AIZF 5¢F HAE] §, RAc-
E70& 6 Al7F <9t X2]3laL western blotS ©]-8-3k4 cyclin
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DI i 372 RISt 2 A3, PD980592E SB203580
o] 2" HCTI116 AZAAE RAc-E709] 23] F==+=
cyclin D1 ©¥ide] $FHa7t Yehst ot (Fig. 3A, B),
LiClo] g]® HCT116 MEZo|M= RAc-E700] 28] ==
= cyclin DI ©hlde] 3747 AR (Fig. 30). &
A= RAC-E700 28 F=H%E cyclin D1 &2 Eaje
GSK3p ol&golgh= A omgitt.

GSK3B ¢]&4 cyclin DI @& E3|= cyclin D12
Thr2862] Qlitslel gt Ado] rkal d&A 7] wizol
(Alao, 2007), RAc-E702] cyclin D1 Thr286 <¢14Fke} LiCl
o 23k GSK3p 9JAe] RAc-E70 %= cyclin DI Thr286
AAkstol] tigh d3S Hrkekith 2 A¥, RAC-E702 *E
1 Al1Zbl] cyclin D12] Thr2862 <14ks} A1Z13L (Fig. 3D),
LiCloll ]38 GSK3B 1A= RAc-E70 %= cyclin D19
Thr286 <1413l A8t (Fig. 3E). # Z3= RAc-E70
= cyclin D1 ©Ee] Eall= GSK3B 2]&4 cyclin DI
Thr2862] <12kslel Wxst o] ke Ae ofn]si.

ofe] A+ AR wFo] & w, & g
GSK3p 2]&A4 cyclin DI Thr286¢] <14
cyclin D1 ©¥lEe] F3lE f=3la, ©)%
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p
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