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Abstract

Objectives : The purpose of this study was to identify the anticancer effect of biological substances of
ethylacetate(EtOAc) fraction from Orostachys japonicusOJEF), their effect on human melanoma A375 cells and
the related molecular mechanisms.

Methods : The MTS assay was used to confirm the inhibition of cancer cell proliferation in A375 cells. And the
MUSE" analyzer was used to determine the ability of OJEF to induce cell cycle arrest. Western blotting was used
to determine the changes in protein expression in A375 cells after treatment with OJEF.

Results : OJEF showed cytotoxicity to A375 cells. And cell cycle arrest occurred in G1 phase and G2/M phase
owing to inhibition of CDKI, cyclin B1, CDK4, and cyclin D, which are related to cell cycle regulation and cell
division control.

Conclusion : OJEF is effective in regulating cell cycle of human melanoma cells and thus can be a good

theraputic agent to treat patients with melanoma.
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1. Cell line and reagents

A375 human melanoma cell linese Korean
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cell line bank(KCLB, Seoul, Korea) 256 5}
ARSI AlaEidadolld= Dulbecco’'s modified
Fagle’s medium(DMEM; Corning, Manassas. VA,
USA), fetal bovine serum(FBS; Corning, Manassas.
VA, USA),
solution(Hyclone, Logan, UT, USA)Z ARS5IL)
MTS(3-14,5-dimethylythiazol-2-yl]-5-[3-carbpxy-
methoxyphenyl]-2-[4-sulfophenyl]-2H-tetrazoliu

penicillin-streptomycin  antibiotic

m, innersalt) 881 CellTier 96 non-radioactive
cell proliferation assay kit(Promega, Madison,
WI, USAE ©o|&3}%1, Apoptosis -5} cell
cycle arrest AEE ISP Yste] MUSE®
Annexin V and Dead Cell Assay Kit(Merck KGaA,
Darmstadt, Germany)?t MUSE® Cell Cycle
Kit(Merck KGaA, Darmstadt, Germany)S Arg3}
At T3S 4,6-diamidino-2-phenylindole(DAPI)
solution(VECTASHIELD mounting medium with
DAPI, Burlingame, CA, USA)S2 HS GAlslo] §
FHAu)4 o2 3RISIFCE Western blottingS 51
ARESE  primary  antibodies?] NF-¢B, Bcl-2,
pro-caspase-3, cleaved caspase-3, CDK1, CDK4,
Cyclin Bl, Cyclin D1, p-ERK, p-JNK, p-p38,
ERK, JNK, p382 cell signaling technology
(Danver, MA, USA)EHE Ielst] ARSI,
Glyceraldehyde  3-phosphate  dehydrogenase
(GAPDH)= AbFrontier(Seoul, Korea)ollAl -5}
ARESIFILE T18]3l Mouse anti-Rabbit IgG-HRP
conjugated secondary antibodiess= Santa Cruz

Biotechnology(Dallas, TX, USA)ollA ++Jstsich.

2. Plant materials and extraction

O. japonicusS Geobugiwasong &3 (Miryang,
Korea) S 2RE AFEIt. O, japonicuse AFA7A
FAIA, HA7IE ol8sto] FA #4ffsto] powder®:
=90t Round bottom flask@tll 200g9] powder
O. japonicus¥ 95% ethyl alcohol(EtOH) 10& &

ekst thS- reflux condenser(Scilab®, Seoul, Korea)
£ o|83l9] 3h, 33 Bt Crude O japonicus
extractE rotary evaporator(IKA-Werke GmbH &
Co. KG, Staufen, Germany)E AR83la] 40CofA
EtOHE 5] Atk &Y &40 109
double distilled water(H;0)Z Y1 &3] &E0]
& & %=2F9) n-hexane(hexane), dichloromethane
(DCM), n-butanol(BuOH),
H0£0= systematic solvent fractionatione 4%
SIHtHFig. 1). 27 3549 solvent fractione
rotary evaporatore AR&sto] BHiE 5] A Aot
o, FE871 AR 7, silica gelo] E01%= ¥
HE 710K FES] ARAPIAL 71RE E4fste] -2
0C JEEASIGIE 2 Aol ARG 8 E8E2
olF9] AFolA FAaIt 7FE FHold o= By
AP EtOAc BEERA A% A AZAFAE 0.1%
dimethyl sulfoxide(DMSO; applichem GmbH,
Darmstadt, Germany) -&2of =04 ARESIL]

ethylacetate(EtOAc),

O. japonicus (200g)

95% EtOH, 3 times (150g)
Hexane : H,O (1:1) |

I
Hexane fI. (2.386g)

DCM fr. (2.814g)
E{OAC fr. (6.806g)

BuOH fr: (13.358g)
H,0 fi. (6.221g)

Fig. 1. Scheme for Extraction and Preparation
of EtOAc Fraction from O. Japonicus

3. Cell culture

2 Ato]l ARERE A= A375 human melanoma
cell24 10% FBS, 1% penicillin-streptomycin®]
E°19= DMEM HiRIE ©ol&sto] 37C, 5% CO,
incubatoroA Bie¥slgich AIE7T 90-95% confluency
£ HY o, 4597t Aol 1-29Ht
1xPBSE ARg3to] 21 AIASHL HiAlE wAls] 1
t}. ol 10% trypsin(Corning, Manassas. VA,
USA)Z o]-&5to] Dishofl F21 A5 wlojuiie:
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AEFE HE AYoA 5x10° cells/nl =2 AME:
3190, =¥ EtOAc fraction(0, 20, 40, 60, 80,
100ug/md)E A2lel] A, 1% penicillin-streptomycin
9k £0] 9l serum free(SF) mediaZ ©]-&3}lo] 6h

oJA} starvation S}t

4. Cell viability assay

A375 human melanoma cells?ll gt EtOAc
fraction®] FEH, AZHE AEBEES ERIsh] 9
519 CellTier 96 non-radioactive cell proliferation
assay kits ARSI, AR AFARIA A|A|
= 2 S35tk 96 well plateso] 5x10°
cells/m L= AEE £55t F, 18h 37C, 5% CO,
incubatoroll A BigelAct. HiYF & SF media®
washingdlal, 6h starvation A7l & EtOAc
fraction =2(0, 20, 40, 60, 80, 100ug/m)= A
ot AZPE 6, 12, 24h viYF &, ASHE HF
AAsIL MTS Al 100uE &5ttt 37C, 5%
CO; incubatorolAd 1h ®iF & 470melA]
Multiskan sky microplate spectrophotometer
(ThermoFisher Scientific, Waltham, MA, USA)S
olgstol FFEE oI MISE o83t cell
viability assay= 39 RHE Agsie] Hydd 9
standard deviation A& AFESHITE

5. Cell cycle analysis

OJEF9] A375 human melanoma cellso] ot
cell cycle arrest GE5S ERIS] ¥dle] MUSE™
analyzers ©]8s9 GO/G1, S, G2/M phase?] %=
77y 2795kt A375 human melanoma cells©]
tigt BtOAc fraction®] =2 AEF7] AlolsS &
olsl7] 9Jsto] MUSE® Cell Cycle KitS ARSI,
AATHL A RAPIA AASH=EE 53513 6
well platesol]l 5x10° cells/ml FE2 AELE B33t
%, 18h 37C, 5% CO, incubatorollA] BT

W

¥ ¥ SF media® 3SPH  washingdlal, 6h
starvation A%l &, BtOAc fraction& 520, 20,
40, 60, 80, 100ug/m)Z Aot 6h viF &, 4
SHS F AASKL, 1xPBSE AREsto] 26 Al&s)
k. 2 trypsin 100uE E5519] plateo]] F2+
H AZE 2251, 1.5m0 e-tubeol] AIEE 3l4=5}
k. 38t A= 5,000rpmolA] 581 AAEEE
5l cell pelletsgs 8091, 3 cell
pellets2 70% cold EtOHel &&sto] 4holA -20T
Y5704 fixation A|ZTE MUSE™ analyzerE o8
slo] BAsl7| Z14of| EtOAc 859 vEd AlREs
X2 ofirt. WA 5000rpmellA] 587 YAlEEE
F¥5lo EtOHo| @A Y=g AJ5HE AAst,
1Xcold PBSE A|&s}tal 1xcold PBS 100ul]] HEr
3t & cell cycle-MUSE solution 10040 7}kl ©]
T8 ALofA 3087 incubator AlZTE HiRF 9
Aol gt 5" cell cycle arrestd=E Gl, S,
G2/M phaseZ FEx]ojA4 MUSE™ analyzer(Merck
KGaA, Darmstadt, Germany)Z ©-&3}o] =45}
T} MUSE™ analyzerE ©]-83t cell cycle analysis=
3 WHE Agsio] BatEn 9 standard deviation

2E AEsIg,

6. Western blot analysis

A375 human melanoma cellso] gt EtOAc
fraction®] w='H, ARPE Tl UHAFEE SRlst
7] 9J5to] Western blottinge 319t} 6 well
plates?] 5x10° cells/ml HE2 NMES B33 3,
18h 37C, 5% CO, incubatorollA] viFst3ict. Bk
5 SF mediaZ $MH washingdka!, 6h starvation Al
71 3, EtOAc fraction& 5=3(0, 20, 40, 60, 80,
100ug/ml)= A2ISHEIEE. 3, 12, 24h ¥} &, 5
S I%F AASHY, cold 1xPBSE AMgat] 24 Al
SKLt. Lysis buffer(Cell signaling technology,
Danver, MA, USA)E 100uE E511L scrappers

ol&sto] MEE 4ot 4t AlEE iceolA



30%4F incubation A7l & T AR BCAAI}
(Pierce, Rockford, IL, USAYE o]8sl] & 3
3t & 8-15% SDS-polyacrylamide geloll A71%4%
(Bio-Rad, Philadelphia, PA, USA) & £33t}
A71%9s & TE¥EE PVDF membrane(Bio-Rad,
CA, USA)CZ  transfersiy,
nonfat milkZ 2h blocking 3t%9.2™, 1:1,000°0%
345t 12} antibody@} 4CollA 18h oA HRSAIH
t}. B3 membraneS 1xPBST buffero] 587t 31
AlAsta, A4 & membrane2 1:500°0& 343t 2
2} antibody@} 4Tl 2h ¥ESA]7]TL ThA] 1XPBST
of Al ¥ AHsIgIt. #4 THEL ECL detection
kit(Santa Cruz, CA, USA)E °]-&5t] X-ray filmol
ZBAIA BRISIHT, band= Image] softwareZ ©]
-olo] EASHIH:

membrane< 5%

7. Statistical analysis

= A9 Aik= 39 ol WREAsto] B ATt
9 standard deviation A& A5t A A2
= p{0.05 #2014 Student's +testoll I3l AR IS
A5

n. 2

n
X

1. Inhibition of cell growth

A375 Ao thgt QMR F4] A EIE MTS
assayE 5ot SRISIT}. AL} F4lo] OJEFY
Aot vkl gEHos ok AS ¥
& SI9itkFig. 2). OJEFE w=H(0, 0.1%DMSO, 20,
40, 60, 80, 100, 120, 140, 150ug/m)Z A2} 3},
12h 5 3)5=510] Heb9] formazan BEHPEE 470
m FFEoN &5k, gFES 100% JEeE B
I 7 e AETY A e %oE SHRE 4
J#== JepRQckFig. 24). 11 A3 Controldl H]
3] 7 &=(20, 40, 60, 80, 100, 120, 140, 150ug/

DA 5

!
A

5 Aol et 9 2289 MlEFY| S B FUEIR} 1AW AT

Cell viability rates (% of control)
2 & 2 8 2

B

Control 0.1% 20 40 60 80 100 120 140 150

DMSO Concentration (ng/mL)

®)

60
40

20

Cell viability rates (% of control)

=

Control 0.1% 20 40 60 80 100 120 140 150
Duso Concentration (ng/mL)

==
w = D
8 8 3

Cell viability rates (% of control)
s 2

o
= 2

Control 0.1% 20 40 60 80 100 120 140 150
DMSO

Concentration (ug/mL)

Fig. 2. Effect of OJEF on Viability of A375 Cells

The cells were treated with the indicated concentration(0,
0.1% DMSO, 20, 40, 60, 80, 100, 120, 140, and 150ug/m)
of OJEF for (A) 12, (B) 24 and (C) 48 h, and the cell
viabilities were examined by using the MTS assay. The
values are expressed as the mean * SD. *Significantly
different from the control at p<0.05.

) B3} FH AR 104.88+1.38, 105.95+1.46,
98.05+0.90, 97.1+2.42, 74.59+1.24, 58.32+3.82,
57.3948.58, 36.49+2.930]201, 100ug/mloIAIHE]
FolHoR HAasiglh. OJEFE =R A9 sk,
24h 3 3|$5le] MTS assays 5985t 23}, B
(20, 40, 60, 80, 100, 120, 140, 150ug/m)E
92.21+0.85, 93.55+5.65, 80.32+0.93, 68.78+0.80,
47.34+0.12, 39.88+1.78, 28.67+0.88, 27.47+0.37
]2, °]% 20ug/m2}t 60ug/mARE FejHo=z
HAasllthFig. 2B). OJEFE s=4E& A9 sl
48h & 3|55f0] MTS assayS 3fet 23, 59
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(20, 40, G0, 80, 100, 120, 140, 150ug/mf)E
76.97+1.56, 68.15+1.38, 51.85+1.38, 51.85+5.88,
41.74+1.34, 28.18+0.46, 21.31+0.71, 19.87+2.42,
18.38+1.150]911, 20ug/molMEE Goldog 74
Sk Fig. 20).

2. Induction of cell cycle arrest

OJEFQ] A375 A2 gt cell cycle arrest =%
< RIS st MUSE™ analyzerE ©l83519]
G0/G1, S, G2/M phase® %= Z1Z+ 45190t} =
TR0, 0.1% DMSO, 20, 40, 60, 80, 100ug/m)=
OJEFE AZslal 6h HiF & NEF7IE ERIg
histogram A, ®Eo&EHCoZ (GO/Gl phase
peak’} o= Zol WEERNCH, HHZ G2/M
phase peak= RoM|= @4o] TEEIKFig. 3).

Fig. 39 histogram %°o& W3t A7, GO/G1
phase] A% 44.17+6.712] control¥ HWa}] 5
TH(20, 40, 60, 80, 100ug/mdZE 48.30+4.82,
50.1047.00, 57.47+3.50, 59.47+4.48, 61.80+6.26
oL, 60ug/mieIAFE FeloHA S7FelH. S7=
A wZolA & Aelg HolA| gdskon|, G2/M
phase?l 79 27.90+5.2191 control¥} Blw5}o] &
TH(20, 40, 60, 80, 100ug/mdZE 23.63+6.29,
21.1347.60, 19.10£2.65, 15.8343.58, 11.43+2.17
oj2A,  O0ug/meFEl  [EjFoE ATt
(Table 1).

3. Regulation of cell cycle

Fig. 39} Table 194 Hol%, OJEF A2 &, A375

human melanoma cells®] AZ32]o] G1 phase

EY) 1

Count

Count

2345678 910

GOG1472
$18%

GaIM 3%

012345678291 0
(C) GO'G1503 0)) GOG1 571
4 $163 _sma
< - G2M 190 - GZM 152
= [= 5
3 2
El 8 5
z
I i —
v 0123488 T8 810 012345678910
(E) 1 £l GOGI61S m <1 GOG1I6S (G) €| GOG1660
g 2 S167 - §172
-— - GZM 120 - G233
[= c g
= 2 2
o 1] 5]
012345671891 01234567891 01234567891
DNA contents

Fig. 3. Effect of OJEF on Cell Cycle Regulation in A375 Cells

The cells were treated with the indicated concentration(A-G: 0, 0.1% DMSO, 20, 40, 60, 80, and 100ug/m{) of OJEF for
6 h, and the cell cycle distribution was determined by using a MUSE™ analyzer. Histograms display Go/Gi, S, and Go/M
phase of A375 cells. The data shown are representative of three experiments.
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arrest] 2JsiA Al S0l IAEE= ZE s
th. ole} HAse] 7t RF7E 2ESHE Al o
sto] oA =204 western blottings 5o &
oI5}tk MUSE™ analyzerE ©]-835to] A3t cell
cycle BI04 G1 phases= FJAOZ arrest’} &
7KL, G2/M phaseQ&9] AP {207 7t
451t} G1 phaseclAl= AlZ2] 2717F DNA £A|
of AFHA] ERIsk= A7190E], ofuff Hofsh= Thild
2 CDK 4%} cyclin D1 complex °Jtt. E3t £47]
& Xg¥5}7] Hofl DNA EA7} S2=U=A] ERlsk=
A71E G2/M phasezA #ofois e CDK13%
cyclin Bl complex ©|t}. Fig. 4= OJEF A8 &, &
(0, 0.1% DMSO, 20, 40, 60, 80ug/mf) & AI7H12
9 24h)o]] w2 CDK49} cyclin D19 =S 3
ATt AMEA, T H AR &Aoo thild Iy
o] Hasle 2 &Rl 4= S ZF 5= band
JEE house keeping geneQl GAPDHE} H|wo}o]
FAE HERE AL s Uehd 275 29, 12h
°] CDK 4 7%, 1.93+1.82 < control¥} H|w 5}
B529(20, 40, 60, 80ug/m)E 0.73+0.25,
0.46%0.22, 0.66%0.20, 0.29+0.05°02 ZA3IH1L,
cyclin D19] 3%, 1.37+0.472! control¥} H]w o}
5L9(20, 40, 60, 80ug/m)E 0.70£0.13,

A 5] et O 2280] A7) ole B3t FRtane} 7 AT

0.37+0.04, 0.29+0.06, 0.14+0.07°=2 ZAsk=
A oM, 40ug/mlolAFE FojHoR Faet
FchFig. 4A). 283 24h9] CDK 4 739,
1.3140.4321 control¥} H|ws}lo] =20, 40, 60,
80ug/m)E 0.82+0.23, 0.22+0.11, 0.03+0.03, 0
07 7145k S HA0H, 40ug/molARE 9
Aog 74319k cyclin D19 4<%, 1.43+0.632
control@ HWslo] =20, 40, 60, 80ug/m)Z
1.34+0.79, 1.52+1.27, 1.44£1.05, 0.48+0.42°
2 7A519cKFig. 4B). CDK 13 cyclin Bl
complex?] FoME F& H ARE ofEA 0w ol
A ggo] ks 22 gRI5kITFig. 5). 12h9]
CDK 1 7%, 3.66%1.31 9 control¥} H]W5}o] 5%
(20, 40, 60, 80ug/m)Z 2.99+1.22, 1.41+0.84,
0.76%0.45, 0.24+0.26°0%2 ZAsk= TS BFO
™, 60ug/mlelAFE Foldos sl cyclin
B19] A%, 0.71£0.53%! control¥} Hws}o] s
(20, 40, 60, 80ug/mh)ZE 0.37+0.48, 0.13£0.13,
0.03+0.06, 002 A5 HFig. 54). 18jal 24h
°] CDK 1 % 1.74+0.22 <l control¥} B|wa}o]
20, 40, 60, 80ug/mdE  1.94%0.76,
1.79+1.14, 1.09+0.77, 0.94+0.80°02 #4311,
cyclin B19] 7% 0.5440.162 control¥} H|w5}o]

Table 1. Effect of OJEF on Cell Cycle Regulation in A375 Cells

Conc.(ug/md) G0/G1 S G2/M
Control 44.17 £ 6.71 16.70 + 4.39 27.90 + 5.21
0.1 DMSO 44.00 + 6.43 17.80 + 2.82 27.23 + 5.54
20 4830 + 4.82 13.33 + 5.24 23.63 * 6.29
40 50.10 + 7.00 14.83 + 3.66 21.13 + 7.60
60 57.47 + 3.50* 13.17 + 3.02 19.10 + 2.65*
80 59.47 + 4.48* 1550 + 4.13 15.83 + 3.58"
100 61.80 + 6.26* 16.87 + 1.23 11.43 + 2.17*

The results are represented as the percentage of total treated cells.

The data are the mean + SD (n=3).
*Significantly different from the control at p<0.05.
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A) Concentration (ug/mL) (B) Concentration (ng/mL)

Control 0.1% DMSO 20 Control 0.1% DMSO 20 40 60 80

CDK 4 h-.-— e — ‘ CDK 4

--—-.- —-

Cyclin D1 _—- B S wdh - ‘ Cyclin D1 ‘ I
GAPDH ‘-————-——‘ GAPDH ‘-----‘
ECDK4 ®mCyclin D1 ECDK4 ®Cyclin D1

4.0 3.0

35 2.5

) Z 20

H

. s s

) E 1.0

X * * *

. * 0.5 .

*
0.0 0.0

Control  0.1% DMSO 20 40 60 80
Concentration (ug/mL)

Control  0.1% DMSO 20 40 60 80

Concentration (ng/mL)

Fig. 4. Effect of OJEF Treatment on Protein Expression of CDK4 and Cyclin D1 in A375 Cells

The cells were treated with the indicated concentration(0, 0.1% DMSO, 20, 40, 60, and 80ug/mf) for (A) 12 h and (B)
24 h. The expression of CDK4 and cyclin D1 was examined by western blotting. The band density was quantitated
and plotted on the bar graph. CDK4, 30 kDa; cyclin D1, 36 kDa. GAPDH was used as an internal control. The
intensities of bands were determined by using Image] software for three separate experiments with similar results.
The values are expressed as the mean * SD. *Significantly different from the control at p{0.05.

@) Concentration (ng/mL) ®) Concentration (ng/mL)
Control 0.1% DMSO 20 40 60 80 Control 0.1% DMSO 20 40 60 80
CDK 1 ‘ — — — - ‘ CDK 1 ‘ — =
Cyclin B1 ‘ — —— ‘ Cyclin B1 ‘ T S, — ‘
AP | — o —— —— o > e e =

ECDK1 ®Cyclin B1 ECDK1 ECydin Bl

Relative intensity

=R e s oo

5 5 5 5 = 3
*
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Fig. b. Effect of OJEF Treatment on Protein Expression of CDK1 and Cyclin B1 in A375 Cells

The cells were treated with the indicated concentration(0, 0.1% DMSO, 20, 40, 60, and 80ug/mf) for (A) 12 h and (B)
24 h. The expression of CDK1 and cyclin Bl was examined by western blotting. The band density was quantitated
and plotted on the bar graph. CDK1, 34 kDa; cyclin Bl, 55 kDa. GAPDH was used as an internal control. The
intensities of bands were determined by using Image ] software for three separate experiments with similar results.
The values are expressed as the mean + SD. *Significantly different from the control at p<0.05.

BEH00, 40, 60, 80w/mdE  0.49+0.26,  OF, GOug/mElMRE gojdos 7HAsArkFig.

0.36£0.34, 0.12+0.15, 0°= FAdk= %S B 5B).



=
74

el

v. o FH

o e SEVER . TR
Sk slela, okbel el ot ol
Friedelin, epi-friedlanol, grutinone, glutinol,
triterpenid, kaempferol, quercetin, flavonoidg
cam-pesterol, fatty acid ester,
quercetin, flavonoid & T3t 2|4 AJHo] A
sl Aog wEgomB up 520 olbol

Triterpene %

-sitosterol,

Steroid AJECZ  taraxerone,
stigmast-4-3-one and ergost-4-ene-3-one< £
SHoich 250 o Aol ek TS A o
Elo] SkefsHAlo A 196610 ZHAQ] Agolitat
YLt EAdo] digt o] ojRojFomP 2
of SpE AUV, T 718 ARMLH 1t
291 AFHRWO L g SojlA Yotatsol
YA Qo ey BARESH EollAfe] %t 71
2t QBB REF}E Aol

oM SAZTE HnES B9l Aol HA wEF
ol ofst AR OF 80%E ARk o TREYF
olc)?), ek H|E7} ZAJSH= of F9jofut uhyst
= Slom, tE nEeht g A St vl
A 2710 HE 712 Holgo] Eof =Tt =
Fgos A . WlE] A9 v, 5% &
H AN T HI=r HAF F7IsKE FAlol,
TR Ao s AR 821 o] oM ST
Hhdol 293 QlolthY, S4iZo] ThE m¥okTh
o A8AQ olf= FUBteka ol digt A 7t
A3 Q7] wzRle] 1L 712 o2l B AR ehtA|
T A AFE 713 Ao} itk ABZEL QLo
™, 3} o]Zo] AH9| XIg¥x} Holof dAxk=|o] Sk
I gEA qlo] Al Aol 5t 7|- A7 HAS]
[

A|Z25=7] 289] TollA A= AlEF719 Bl
Jatoll 71915t A oA B4 A719] Hl2F7] oA
© MIZEF7] checkpoint 2219} Al7]e]l 85= Al

o190« A BT Ao iRt o 2] AEFY] oIS B a7 A

7] AR/ I 9 24 ofFo] wet g
3132 3 WA= restriction pointZH G1710l =3
717F 774141 DNA EAo] degt 2452 Ad=
A=A HAHE Al7lo]H, o] Z|of olsi: A
EZ7) $9AH= CDK2/4/69} cyclin D/E|e?. &
WA= G2/M transitionC2# NEZEIS WP
Zofl DNA EAI7F S2=U=AE EIsk= A5oH,
o] Mo olsle MEF7] A= CDK1%
cyclin BoleP?. Al A= M7] o] metaphase-
anaphase transition® 24 WA} Az H25
A ERIsk= Agoleh AlERgo] o] HsiA
HIEA] " Q3t QRS mitosis promoting factor
(MPPE}aL s, CDK1} cyclin B 239 848 ¢
P, A4 AEoHE DNA &4 Al AlZ F7)7}
G1/87] = G2/M710IA A=l &4H DNAS
FES & Sl DNA 5 7|%o] &R}, 1=y 2
tFet DNA £40] of7|jo] DNA o] ofg{f]]A
=M G1/S E= G2/M check pointollA] o& 7|5}
o] apoptosis7t =% 0] Aol F/de FAIsHL
TP, B adgloML OJEF A2 A B Ao
Gl phasex= 9% 0& arrest’} 2718191, G2/M
phase2 29| ZP2 [Fojgoz st} OJFFE
SERE Aokl 6h wiYEE o 100ug/m Al
Al control®]l B]8ll GO/G1 phase peak®] %+ 1.4H}
=71 31931, 2L BS54 G2/M phase peak® %
= controlol| I3} 2.444] 7433t o]e} -2 Ax}
£ 53] OJEF7F A375 human melanoma cells®]
Gl phaseE arrest AIFICEA] FAE FAZ JAIRH
< MBI ol G17] ol¥AE £4¥5k= CDK4
9} cyclin D19] Thld Wadzfo] 5 U A7 9=
o7 ZHagt At Z12 o] 9lF AR WoETh
ESH CDK 13} cyclin B171 & 9 A7t 9oz
43 AL G2/M phase 29] AL 2= 79 o
E o= Helth ol 53] OJEF/F A375 34
T A9 A7) JAE PoA NEEHo] Alojd

oK FAo] A ZAor AmEd



YtomIS T R 3tE]R] A32d A42(20194¢ 119)

o/l A THGHH OJEF= SMF A<l
A375 cellsol] Ao A)7F 9 F5% Of&A]] AL
=4 Eglon Axsr] 24y #@#d" CDKI,
cyclin Bl, CDK4, cyclin D A2 G1 phase®t
G2/M phase°lA| AEF7] H2]7} dofit AR Ho]
A= Pa2 RISt wEbA 2% R A 24
49| SAFo| tigt gf Bt ERlEgleug of
o7 ofF FEE| YYARY /S HsiMe AlE
Aol tiste] Hrh ARt A 71H A}
in vivo A7} K5} AREH o]F HEFOoR
oefet Aog 15 W SRES ARShet =
o] & AgA=A MY 7FsAdo] i =T AR
=g

V.2 B

A375 QA SAF Ao gt ekso] FAaTE
AdA R FEstr| fJote] OJEFE Foidh & oAl
Z&) A a7}e} cell cycle arrest -G5S =79
western blotting2 5319 apoptosis T R-XIA}
chilEo] IS S4olo] vt 22 29E A9l
A375 QA SMF Ao F4lo] OJEFS] AZls=et
HiFAIIO QEH 02 T4 AZ & 5 AU A
23] 288 By Bk 9EFHOZ Gl phase: #
OJF O & arrest’} 2715191, G2/M phasef=29] A
PO Goldor ZkAsIIck CDK4S cyclin DI,
CDK 13 cyclin B19] ©id dddzfo] 5% E AI7H
ojEA 07 A5

B OE

i)

T

==

Acknowledgement

This work was supported by the

Soonchunhyang University Research Fund.

10

ORCID

Deok-Hyun Ryu
(https://orcid.org/0000-0001-8886-9269)

Deok-Seon Ryu
(https://orcid.org/0000-0002-7164-7149)

References

1. Sekulic A, Haluska P Jr, Miller AJ, Lamo
JGD, Ejadi S, Pulido JS, et al. Malignant
melanoma in the 21st century: the emerging
molecular landscape. Mayo Clinic Proc.
2008:83(7):825-46.

2. Rigel DS, Carucci JA. Malignant melanoma:
prevention, early detection, and treatment in
the 2Ist century. CA Cancer ] Clin.
2000:50(4):215-36.

3. Cho HK, Yu §J, Roh JY, Hwang WI, Sohn HJ.
Molecular Mechanism of the Antiproliferative
Effect by Ginseng Panaxynol on a Human
Malignant Melanoma Cell Line, SK-MEL-1. ]
Ginseng Res. 1999;23(3):190-7.

4. Kwon JH, Lee DS, Jung EC, Kim HM, Kim
SB, Ryu DS. Anti-cancer activity of the
ethylacetate  fraction from  Orostachys
japonicus in A549 human lung cancer cells
by induction of apoptosis and cell cycle
arrest. Asia-pacific Journal of Multimedia
Services Convergent with Art, Humanities,
and Sociology. 2017;7(1):395-405.

5. Lee BM, Shim JS, Kim TS Han DG. Clinical
Consideration of 137 Cases of Basal Cell
Carcinoma in Face. Arch Craniofac Surg.
2013;14(2):107-10.



10.

11.

12.

13.

14.

. Hussein MR, Haemel

el

SR 9 1911 O S AEA) o S 252 AEFY) OIS BT YAEAS} 7A A7

AK, Wood GS.

Apoptosis  and  melanoma:  molecular

mechanisms. ] Pathol. 2003;199(3):275-88.

. Helmbach H, Rossmann E, Kern MA,

Schadendorf D. Drug-resistance in human
melanoma. Int J Cancer. 2001;93(5):617-22.

. Kang YJ, Jung HJ, Yim KI, Lee KY, Lee YS,

Kang §J, et al. Alternation of Apoptosis-
Related Proteins(Apaf-1, Caspase-9, Bcl-2,
p53, and Survivin) According to Malignant
Melanocytic

Progression in  Cutaneous

Lesion. Korean ] Pathol. 2011:45(3):247-53.

. Yamamoto T, Senba K. Illustration map of

(SG Oh and ES Oh
trasslation). Seoul:World science. 2006.

Athar M, Back JH, Kopelovich L, Bickers DR,
Kim AL Multiple molecular Targets of

cell signaling.

Resveratrol: Anti-carcinogenic Mechanisms.
Arch Biochem Biophys. 2009;486(2):95-102.
Ryu DS, Kim SH, Kwon JH, et al. Orostachys
japonicus induces apoptosis and cell cycle
arrest through the mitochondria-dependent
apoptotic pathway in AGS human gastric
cancer cells. Int ] Oncol. 2014:45(1):459-609.
Jo CS and Jo JG. A Literature Review about
Orostachys  japonicus. ] Korean Med
Daejeon Univ. 1993;2(2):83-98.

Jeong JH, Ryu DS, Suk DH, Lee DS.
Anti-inflammatory effects of ethanol extract
from Orostachys japonicus on modulation of
signal pathways in LPS-stimulated RAW
264.7 cells. BMB REP. 2011;44(6):399-404.
Je Ma C, Jung WJ, Lee KY, Kim YC, Sung
SH. Calpain inhibitory flavonoids isolated
from Orostacys japonicus. J Enzyme Inhib
Medic Chem. 2009:24(3):676-9.

15.

16.

17.

18.

19.

20.

21.

Ryu DS, Lee HS, Lee GS, Lee DS. Effects of
the Ethylacetate Extract of Orostachys

japonicus on Induction of Apoptosis
through the p53-Mediated signaling Pathway
in Human Gastric Cancer Cells. Biol Pharm
Bull. 2012:35(5):660-5.

Yoon SY, Lee SY, Kim KBWR, Song EJ, Kim
SJ, Lee S, et al. Antimicrobial activity of the
solvent extract from different parts of
Orostachys japonicus. ] Korean Soc Food Sci
Nutr. 2009;38(1):14-8.

Lee §J, Zhang GF, Sung NJ. Hypolipidemic
and hypoglycemic effects of Orostachys
japonicus A. Berger extracts in
streptozotocin-induced diabetic rats. Nutr
Res Pract. 2011;5(4):301-7.

Lee GS, Lee HS, Kim SH, Suk DH, Ryu DS,
Lee DS of the

ethylacetate from  Orostachys

Anti-cancer  activity
fraction
japonicus for modulation of the signaling
pathway in HepG2 human hepatoma cells.
Food Sci Biotechnol. 2014;23(1):269-75.
Ryu DS, Baek GO, Kim EY, Kim KH, Lee
DS. Effects of polysaccharides derived from
Orostachys japonicus on induction of cell
cycle arrest and apoptotic cell death in
human colon cancer cells. BMB REP.
2010:43(11):750-5.

Kim CM, Shin MG, Lee GS, et al. Dictionary
of Chinese herbs(7). Seoul:Jungdam. 1998:
4042-4.

Lee WS, Yun JW, Nagappan A, Jung JH, Yi
SM, Kim DH, et

Orostachys Japonicus A. Berger Induces

al. Flavonoids from

Caspase-dependent Apoptosis at Least Partly
through Activation of p38 MAPK Pathway in

11



YtomIS T R 3tE]R] A32d A42(20194¢ 119)

22.

23.

24.

25.

26.

27.

28.

12

U937 Human Leukemic Cells. Asian Pac ]
Cancer Prev. 2015;16(2):465-9.

Park HJ, Lim SC, Lee MS, Young HS.
Triterpene and Steroids from Orostachys
Jjaponicus. Kor ] Pharmacog. 1994;25(1):
20-3.

Kim JS, Yoon SH, Ryu BH, Ryu KW.
Anti-cancer Effects of Orostachyos Herba on
some Kinds of Cancer Cells. Korean J Intern
Med. 2005:26(2):333-40.

Kim JY, Jung EJ, Won YS, Lee JH, Shin DY,
Seo KI. Cultivated Orostachys japonicus
Induces Apoptosis in Human Colon Cancer
Cells. Korean ] Food Sci Technol. 2012;
44(3):317-23.

Won YS, Lee JH, Kown §J, Ahn DU, Shin
DY, Seo KI. Anticancer Effects of Cultivated
Orostachys japonicus on Human Prostate
Cancer Cells. Korean ] Food Sci Nutr.
2014:43(1):67-73.

Kim KS, Yea SC, Yoo BC, Cho CK, Lee YW,
Yoo HS. Altered Protein Expression in
Ovarian and Cervical Cancer Cells by the
Treatment of Extracts from Fuonymus alatus
Sieb, Oldenlandia ditfusa(Wild) Roxburgh,
and Orostachys japonicus A. Berger. Korean
J Intern Med. 2011;32(1):33-42.

Yun KS, Kim YC, Lee JH, Woo HJ. Effect of
Orostachys  japonicus A. Berger on
Apoptosis in K562 Cell Lines. Korean ]
Intern Med. 2006;27(1):166-77.

Oh HS and Kim JH. Effects of Partial Cervus
elaphus on Antitumoral

Linne' Extract

Immune Response in Melanoma-induced
Mice. ] Korean Oriental Med. 2000;14(1):

39-77.

20.

30.

31

32.

33.

34.

35.

30.

Flwood JM. Melanoma and sun exposure.
Semin Oncol. 1996;23(6):650-66.

Garbe C, Eigentler TK. Diagnosis and
treatment of cutaneous melanoma: state of
the art 2006. Melanoma Res. 2007:17(2):
117-27.

Pines J. Protein kinases and cell cycle
control. Semin Cell Biol. 1994;5(6):399-408.
Flledge SJ, Harper JW. Cdk inhibitors: on
the threshold of checkpoints
development. Curr Opin Cell Biol. 1994;
6(6):847-52.
Blagosklonny

and

MV, Pardee AB. The
Restriction Point of the Cell Cycle. Cell
cycle. 2002;1(2):102-9.

Stark GR, Taylor WR. Analyzing the G2/M
Checkpoint. Meth Mol Biol. 2004;280(1):
51-82.

Vermeulen K, Van Bockstaele DR, Berneman
ZN. The cell cycle: a review of regulation,
deregulation and therapeutic targets in
cancer. Cell Prolif. 2003;36(3):131-49.

Ko HS, Kang KW, Kim JH. Anticancer
Effects of Gleditsin in Human Mammary
Cells. Yeungnam Univ ] Med.
2007:24(2):580-90.

Cancer





