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The Effects of Orostachys japonicus on HepG2 Cell
Proliferation and Oncogene Expression

Young-Hun Moon, Young-Chul Kim, Jang-Hoon Lee, Hong-Jung Woo

Department of Internal Medicine, College of Oriental Medicine, Kyung Hee University

Objectives : The aim of the study was to evaluate the effect of WS on HepG2 cell cycle and expression of related genes.

Methods :
Quantitative RT-PCR were studied.

The MTT assay, Cell counting analysis, ["H]-Thymidine Incorporation Assay, Flow cytometric analysis,

Results : WS inhibited HepG2 cell proliferation in low concentration(1-10gg/mf) which did not cause direct cytotoxicity,
with dose-dependant manner. WS in-hibited DNA synthesis as well. Flow cytometric analysis on the HepG2 cell showed

G2/M phase arrest.

Conclusion : These results suggest that WS inhibits HepG2 cell proliferation not by the gene regulation but by G2/M
phase arrest in the cell cycle. Thus further studies on the effect of WS in G2/M phase regulation are thought to be needed.
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PTENZ-S tumor suppressor gene @ cyclin DI,
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Orostachys japonicus
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Ao AR A FAl= B 100gS 33}
4 500mel] &3Hate] oomerl 2 wizA 71,
A713 BFFFEE F WO ofifsle] I
= 80C = T8 A 3t w53x, 54
7](Christ LDC-1, Alpha/4, Osterode, Germany)
o] g3t AZXFEHE 215 AAHFE
21.5%). BolA Z=ZE-S DMEM Hj#| 110 miol o
atod 37°ColA 3A%E Bt =k AR E s
ol AMNEE AAT AERS 045m TH
(Millipore, USA)& ofa}ale] Biala 4T A3
SHATH
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1) Aok

AA ZFIAZF HepG2E  American  Type
Culture Collection(ATCC, Rockvelle, MD)oj| A}
A5t DMEM 90%3%} fetal bovine serum 10%2]

1-’1

EFAE o) &3t 5%l CO» e/t FAEE
37T incubatorol| A B ka4 T}
2) HepG2 cello] g 7 de] g
A2 HepG2 cell F2of mX| = AEFS H43]
71 915ted HepG2 cellE 1 x 107 cells/welle] 2%
2 wjokst & g 1, 10, 25, 50, 100 pg/mie] %
T2 12, 24, 48X 7H59F A aeT)
3) MTT assay
(1) MTT gelA14 2 Az
MTT 5ug/mi-S PBSo] o] pH 752 9 &
0.22ymo] filter2 o}3}3}a] stock solutiong Y&
o 2 F 1 x 10049 NES T3 E 10040
2] cell suspensiono| 10;4¢] MTT stock solutiong
A7V A
(2) Bawg Wy REHy

o0
-

MTT stock solutiondl] cell suspension2- #7}3k
ZFEHIRZ 37TeAlA 347 HES 32 100409] 0.04M
HCI in absolute isopropanol-g z}7}+e] welld] 2 &
gHs}le] blue formazan crystalsS A3 {347
o G40 37 8¢ H 570nmolA]  enzyme
linked assay(ELISA) reader®
optical density(OD)E =43}tk

4) Cell counting analysis

Fie] HepG2 cellg Ao ujxlw dakg B3}

7] 95} HepG2 cellS 1 x 10° cells/welle] 2%
2 ookt & IS 1,5, 10pg/mie] FE 24, 48,
72, 964135t ATlelth. Lihs A3 Az
)8R & YF7+ MEE trypsinizationS E&
F=3tg o™ cell counter(Coulter Corp., USA)E
olgste] AESE 2T

5) [’H]-Thymidine Incorporation Assay

A o] DNA A4 vzl e d3ks ZA}
37 95k [3H]-Thymidine Incor-poration Assay
£ A5tk HepG2 cellS 1 x 10° cells/well 2
seeding3t & 10% serumo] H7}E wix|Z 2427
Zob wjekstdth PBSE 23] AH3 & A28 w)
Az wEgy FA) B 1, 5, 10ug/nlS A28}
Aok LR A 2047 Fol 1.0 uCi/mée]

immunosorbent
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HH0] HeoG2 celle] MEEY U BESTA el olls o8t

[’H]-Thymidine(Amersham, Arlington Heights, IL)
S 44)7F F<b pulse-labeling 319131 DNAUE
incorporation®  trichloroacetic  acid-precipitable
radioactivity?] %(Count per minute:CPM)L- liquid
scintillation counter® ©]-83lo &A5}Ht}.

6) Flow cytometric analysis

Cells pellete(5 x 10°)Z 0.2 m¢ PBSo] &etr|z]
& 2509 ice-cold 75% ethanol/25% PBSE 7))
of A A PBSO 2 slA AAEAZ £ 100
pg/mé RNase9} 40ug/mi propidium iodide(PT)7} X
e PBSOA 37C= 3083 Widst & A2E 3
48} FACScan(FACS Caliber cellquest program

[Becton Dikinson])g ©]-&38}] cell cycled =3
3Tt

7) Quantitative RT-PCR analysis

(1) Total Cellular RNAS] =

Total RNAT wiYk® XX ZHE single-step
methodo] 93] FZstAth. RNA F&& A%
solution D¥ GSS solution(250g2] guanidine
isothiocyanate, 17.6m¢2] 0.75M sodium citrate, 26.4
mle] 10% sarkosyl “Le]al 293mie] 3z} ZH5)
0.1M 5% 9] 2-mercaptoethanol-2- 7135l THE9)
ot g & ggE AEE 50040 solution D9}
2M2] 50p0 sodium acetate(pH 4.0)5 713 &
vortexing 3}Th 50044 water-saturated phenol :
chloroform : isoamyl alcohol (25 : 24 : 1)& £33}
of 2027F vortexingd+ - 1587 QLo A whx]5tg
I 2083 15000g2 AR F FF5Ael 1000
w4 cold isopropanolS &3}l -70°C o)A 24417
ok 43 F Az th RNAZ 20827+ 15000g%
HA4E T35 & RNA pellets2 100% ethanolzt 70%
ethanolZ 4|43} t}. RNAE 30402 RNase-free
waterol] -&3JA AT} F&E RNAY T+ F34%
260nm3}+ 280nmell Al spectrophotometric measurement
(Schimadzu Scientific Instruments, Inc., Concord,
CA, USA)® =3 3sl4r}t

(2) cDNA9] 3H4
=29 1 g9 RNAE M-MLV(Gibco)$t

50

random hexamerE AFR-3lo] cDNAR HAAAA
% lwge] F&F  RNAE  2u
transcriptase buffer, 1402] random hexamer(10pM),
1409] M-MLV RT (10U/4f), 140¢] dNTP(10pM),
283 0.540¢] RNase inhibitor®} %815t o]
EFEL 23CAA 1587 2CAA 147 28x
95T A 537F §HEA AT 2429 RNASRE &
o]Z 270e] E8H cDNAE 1:4 =& 1:8% sterile
H02 3]43}e] PCR kg9l ©]-&-3dtt.
(3) PCR A3

TR wde g AHH EAE 98k cycle
numbers(21, 24, 27, 30, 33, 36, 39, and 42 cycles)
& F/M71HA A&5H o2 3AE cDNAs (1:0,
1:2, 1:4, and 1:8)¢] )3+ PCRE A5ttt 22
9] cycle 95CE 182719] denaturation, 58-62TC 2
4523} aga 72CoA 1874
polymerization® 2 +A38l49c} 50x2] PCR ¥-&
o A '12.5-25ng2] ¢cDNA+T 26-34cycled A|3sl=
%<} housekeeping gene$l GAPDH-S ¥ 3§38l R E
FAAE FFo] YrALR S| BN
t}. RT-PCR AAEL 147153 110 VoltsE 2%
agarose gel(FMC, Rockland, ME)2 o]&3&}a] A 7]
5359t Agarose gel2 3087
bromide(0.5 yg/m of 1 X TBE)Z GAst & 158
7+ 1 X TBEZ €435tk PCR AP EL A9 4
& olgee] s F AR Behch AR
o] §Fo] ARANAEE FFHF] AL UM A
ZA)1ZA v} Unspliced RNA £ genomic DNA2]
CR AF¥E 3} spliced mRNAS] PCR 2HAE2] 7+
¥-E& 93ted 3'7) 5 primere & o{% 32| intron
o o3 Feso] 747t tE exonsd] FHAATE
Ay

(4) RT-PCR AHUE-9] densitometric analysis

A 2 gk AFste
bromide-stained densitometry 2
scanningdled ATl Signal intensity?] A&
Molecular Analyst Program(version 2.0)& ©]&3}
o] laser densitometer(Bio-Rad)& 23)s}4ch

Ireverse

annealing,

ethidium

-~

ethidium

gel&  laser



RT-PCR A& Ao S9zdne A4
o2 scanningdlyl, w79 intensityE
housekeeping gene(GAPDH)2| intensityol
Zhel #2374 28 intensity] W &-& Ao EH
A wRE FIAAY. 479 2
cDNAT FHA 23]9] A&z RT-PCRES uk:E
S i=

. & %

1. MTT assayZ 0[&%t cell viability &4

Fe] 4ol
A Adiel v

e o) 9 kel 3
g 5

=AM A8
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4 99 44 FpEEae) 498 skl MIT

wssayE BT, 33 24T o

Oligonucleotide Primers Used for Quantitative RT-PCR Analysis

(Al sequences are listed 5' to 3)

£}l THE

Gene Sequences Orientation
GAPDH TGAAGGTCGGAGTCAACGGATTTGGT sense
GACCATGAGAAGTATGACAACAGC antisense
p53 TCTGTCCCTTCCCAGAAAACC sense
TTGGGCAGTGCTCGCTTAGTGCTCC antisense
p21/Wafl AGCTGGGCGCGGATTCGCCGAG sense
AGGCTTCCTGTGAGCGGGCCTTTG antisense
p27/Kipl CCATAGCCTAGTCAACAGATCAC sense
AGGCATAGGCGCTTTAACGAGAGT antisense
Cyclin DI TCTAAGATGAAGGAGACCATC sense
GCGGTAGTAGGACAGGAAGTTGTTG antisense
Cdc2 CTAACTATGGAAGATTATAC sense
GAGATATAACCTGGAATCCT antisense
c-Mye GATTCTCTGCTCTCCTCGACGGAG sense
GCGCTGCGTAGTTGTGCTGATGTG antisense
¢-Fos TTACTACCACTCACCCGCAGACTC sense
TGGAGTGTATCAGTCAGCTCCCTC antisense
c-Jun GGTACCATGGAACATAAGGATCAAT sense
CTTAGATCTGGATAAACTGATCGG antisense
CDK4 GGTAAGCTGCATCGATCGGCTAC sense
AAATCCAGTCACCTAGGTAGCTC antisense
RB1 AATCCCGTAGATCGAGAGTCCGG sense
CCTAACAGTTGATCGAGGTCCCTA antisense
PTEN ACATCTCTACTATACATCTTGAT sense
ACATCTCTCCTATTTATAGTCGTT antisense
p16/INK4A AACATACCATTGGGACATGAGTC sense

GACTTGACCGTGCGGTAGTAGTT

antisense
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FAO! HepG2 cellel MEEE ¥ HEHKFHAL waiof oz dg

1, 10, 25, 50 100 pg/mie) 58 ¥ & 1 x
10°712] HepG2 cello] 12413, 24417, 48417t A
3} 1 ELISAE o]43ta] MTT assayE 4|85}
AEGAe) WakE BA

e 1 - 10pgymt w22 AT A5 F3lg
A EEA ) ZHavt BEEA] G Wb, 25/zg/m€ o]
4 w22 AP A AXEF9 dA4% g4
g AEAPE Y ko] BEEY] AFEGT 2 4
PAHRE EUZ o]F Hho] MEFAC nX|=
Bl dig A A2 FAsze LAY %
AEAE AT = e 1-10 pgmt HYE BAHT)
4 THTable 1, Fig. 1).

2. HepG2 cellel S4Alofl o|xl= H&
HHRo] HepG2 celle] Z4of v]RE 93+e B4

sl7] Slatel mhse] M ARk HepG celle] %
4zel B4 RTE B sk cell

countingS- 3tHTh KL g T 24, 48, 72 A|7H
3o AEE I8t AEY F5 dReH vl
314 Th HepG2 celle] 224 1, 5, 10 pgg/ml AT
oA BF Azl 48A17F FHE iz Wk 7
AgRon aAEE Agszd HlEAT
(Table 2, Fig. 2).

Table 1. Effect of WS on HepG2 Cell Viability (MTT Assay)

0 0.643 ¥

0.650
10 0.626
25 0.541
50 0.478
100 0.363

0.632 0.629

0.643 0.623
0.611 0.602
0.505 0.481
0.440 0.412
0.327 0.305

a) Each value represents the exponent obtained from optic density and cell concentration

Cell viability (MTT assay, OD.,}

12h 24h

[ control
1 1 pgimi
B 10 pg/ml
N 25 pgim!
] 50 pgiml
100 pg/ml

48 h

Fig. 1. Effect of WS on cell viability of HepG2, human hepatocarcinoma cells (MTT assay)
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Table 2. Effect of WS on HepG2 Cell Proliferation

Herb: concentration

Oh 24h 48h 72k
(ug/ml)
0 1.00 ¥ 1.48 3.49 6.86
1 1.00 1.32 298 5.56
5 1.00 1.15 2.54 5.02
10 1.00 1.10 2.30 4.14
a) Each value represents cell number(x10°cells)
8 -
71 Control
& ° 1 pg/mi
X 54 5 ug/ml
@
'g 4 10 pg/ml
=]
=
= 34
[
[&]
2 4
1
0
0h 24 h 48 h 72 h

Fig. 2. Dose-dependent effect of WS on inhibition of HepG2 cell proliferation (cell counting assay)

3. HepG2 cell2l DNA synthesisoll D|x|& &t
el obadel gigh 48 918te] HepG2

cellef FAo] vlx& TS LA}s}‘iiW HepG2

cell ZE5H digt

DNA F4E& YAk 8o JeAY o3

[’H]-Thymidine incorporation assayS A3 3}o] v‘i‘

At oAl 244

B 4A Ao

Mg AeA

HepG2 celle] DNA A%
H#8le] 7+48l9T(Table 3, Fig. 3).

Table 3. Suppression of DNA Synthesis of HepG2 Cells by WS

13b &<t Agjsiglon A

[*H]-Thymidines ¥5}9331
DNAUYe] incorporation® [’H]-Thymidine?] %<
B Wit

ok o
BT

o =75
2 iR Fo%F

o

concentration {yg/mf) 0

1

10

CPM 5150 ¥

5100

4950

4900

a) CPM: count per minutc
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5500

4500 -

4000

[FH]T hymidine incorporation assay (CPM)

3000
0 1

5 10 (giml)

Fig. 3. Suppression of HepG2 cell DNA synthesis by WS (PHl-Thymidine incorporation assay)

4. Flow cytometric analysisE 0|23t N ZEEF7|
of chst B4

Cell counting assayE 33 &AE AN M
FA A FRo] NEREFVY EA dAE 24

gogH FEHestE ZRIE) st flow
cytometryE o]&-3te] AERGF7ol gt EAE
2834t} 1-10ug/mle] 52 HepG2 cellol] 484]
7+ A3 Fo] 10,000719] M T Wd DNA

TabIe 4, Effect of WS on HepGQ Cell Cycle (Flow Cytometnc AnalyS|s)

: cllcycle ‘
concentration (ug/ml) i

0 66.2 ¥

15.6 18.2

66.9 134 19.7
5 69.0 9.00 22.0
10 70.3 6.10 23.6
a) Each value represents cellular percentage in cell cycle.
100
a0 + D Control
| 1 pg/ml
% MW 5uyml
g T 10 pg/mi
2 8D+
3
"6 50 "
€ a0/
2
& 30
20 1
10
1}

G1 S

G2IM (Cell cycle phase)

Fig. 4. Induction of G2/M cell cycle arrest by WS (flow cytometric analysis)
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Row Gyl AZsE i 2718 R v
GuM7] AZFe E77} FRs BRE.
G2/M7] HEFE] ZF7he AZEERZ o] JA|

HE ofustE R obgol 9sh HepG2 cellZ2] 9} ¢

AL SR 3 ALELTA &
cgosy FPHEY F4L 3 3
24 c-Fos, ¢-Mye, Cyclin D1, CDC2
AERGS AAgto za] Foko] AL
p33, p21/Wafl, pl6/INKda 72+ W3
o Fofo] oJste] Wajehe PE EHHS

A= G1-S R rl= mitosisE o] 2P A8} e AERGE &48= 7ow & 2
& g mrh Whshl ABEo] Yol #e15)  Cyclin DI, CDK4 59| F34R= £2 AFERAL
2 THTable 4, Fig. 4). Al Aoz 4E p53yt RBIS g3 29k
AAFApe] Wl QdaFs v 2 Sk tH(Table
5. MEZEF7] oE FEA Welof ojxle g 5, Fig. 5, Table 6, Fig. 6).
Tike) AERE QA B §AA T A
Table 5. Effect of WS on mRNA Expression of Proto-oncogenes in HepG2 Cell
Genes Oh 12h 24h 48h
c-Jun 1.00 ¥ 1.01 1.07 1.02
c-Fos 1.00 1.02 1.06 0.99
c-Myc 1.00 1.06 1.02 1.05
Cyclin D1 1.00 1.04 0.99 1.06
CDK4 1.00 1.01 0.96 1.02

a) Fach value represents relative quantity of mRNA expression(density of each gene to GAPDH) after treatment with 10ug/mi WS

0 12 24

48

(hr)

Cyclin D1
CDK4
cbDCc2
c-Myc
c-Jun
c-Fos

GAPDH

Fig. 5. Inhibitory effect of WS on mRNA expression of proto-oncogenes
(quantitative RT-PCR analysis) after treatment with 10xg/mé WS
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Table 6. Effect of WS on mRNA Expression Inhibiting HepG2 Cell Cycle Progression

p53 1.00 ©
p21/Wafl 1.00
p27/Kipl 1.00
RB1 1.00
pl6/INK4a 1.00
PTEN 1.00

1.02 0.96 0.99
0.98 1.06 1.02
1.00 1.01 0.98
0.96 1.05 1.02
0.99 1.01 0.97
0.96 1.04 097

a) Each value represents relative quantity of mRNA expression(density of each gene to GAPDH) after treatment with 10ug/n{ WS

0 12 24

48 (hn)
p53

p21/\Wari
P27/KipTt
RET
p16/Ankd4A
PTEN

GAPDH

Fig. 6. Inhibitory effect of WS on mRNA expression of tumor suppressor genes
{(quantitative RT-PCR analysis) after treatment with 10ug/mé WS
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assayS A3tk S 1 - 10py/ml T2 X
23 A FES AEgAY At #EEA &
WA, 25pe/ml o]} FEE AT A4 AX
g ARG A g AZAPEY fdo] B
Attt & 43495 EdE LR
FoERe ke SAZME wAg &
1-10pg/mt RS2 A3k

Exs0] HepG2 celle] E24o) nA]= F3te cell
countingS o]&3e] EA3519 e HepG2 cell9)
A1, 5,10 gg/ml A2l A 25 AE] 48417
TRE el vlste] RAEon HAEE
e wxol vl s

Aol gekade gt BA% -‘%1*8}04 HepG2
cello] F2ol vz J
cell 2g58 st 4IF& %_’74‘4‘3}
DNA 45 Asjets A&o] §
[*HJ- Thymidine incorporation assays ] 0}0:1 %
23}t HepG2 cell®] DNA 4952 e %
o g Hd st 7HAsdnt

N,oae o

A

fr ox i H:

X0, D e

_,

m r{r
I
_&

Cell counting assayS E3 3@ Fine] A%
F2 oA Ao *1]il‘%°§3r 19 54 dAE =42
Stogn FRygertE #elsty] Ydtd  flow
cytometry S o] &3lo] AEZEAF7|Y OIF EML
3G 1-10pymie) =2 HepG2 cell-g 48
A7k Al 3o 10,0000 A E} the DNA
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contentE £ }%1 o1 Bt
A2 AEo] Z¢ FEG AX %@‘9111]7} Suigs)
o™ Gl7] ]E = OAe F7HE B w9
GUM7] ME42] Z717} F8lshA BaEdct o
A FiRel 2)3h HepG2 cell 2419 )= G1-S
A R H= mitosis22] 3PS AAsl= Zgo B
o EASA A=Y gl FAHA

AEZAAAZL FRel & 214 3] sl
o dlsted oprlE AsAe e Ad A9
2 quantitative RT-PCRE 53} A F3EA
FA3A AL MEEE A aA9} {34 &
Antel 4BYL Tt SAste] AEEEF]0)
& FEFoEA FYAXY F4S 5w
Rnog & 44 c-Fos, c-Mye, Cyclin D1, Cdc2
Rz} AZEES dAFo2A LY 4H4S
A8} p53, p21/Wafl, pl6/INKda AL &
do] ofAle] Foo ot ®Wglsle FE E4
ATh B AEEGe 3534 Cyclin DI,
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