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Change of Ratio of Onchungeum Composition Induces Different G1
Arrest Mechanisms in Hep3B Cells

In Moo Goo, Gil When Kim, Heung Mook Shinx

Department of Physiology, College of Oriental Medicine, Dongguk University

Onchungeum(OCE), a herbal formula, has been used for treatment of anemia, discharging blood and skin
diseases. In the previous study, we investigated the anti-cancer effect of OCE by G1 arrest of the cell cycle in human
hepatocarcinoma cells, Hep3B cells. In this study, it was examined that the difference of anti-proliferative mechanisms
by change in the ratio of OCE composition (OCE I) in Hep3B cells. Treatment of OCE | exhibited a relatively strong
anti-proliferative activity and caused various morphological changes such as membrane shrinkage and cell floating. In
addition, OCE-I arrests the cell cycle at G1 phase, which was associated with the down-regulation of cyclin D1 and
Cdké expressions. The G1 arrest was also associated with the induction of Cdk inhibitors p27 and p21. Moreover, both
p21 and p27 were detected by immunoprecipitation with anti-Cdk4 and anti-Cdk2 antibodies in OCE I-treated cells but
in case of OCE, p21 did not make any complexes with Cdk4 and Cdk2. These results suggest that the change in the
ratio of OCE composition might induce different mechanisms in anti-cancer efficacy of OCE, which may confer

characteristic principles in oriental medical formula.

Key words : OCE |, Hep3B cells, G1 arrest, p21, p27, characteristic principles in oriental medical formula
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o ZIAE Aoz 1 24 WEL Table 17 2tk ik 19
 flaskell ¥ S74 1,000 ml& 718k
—'1% 043} A2 o]7}3}3l, rotary evaporator
z3}e] 1291 gof Be Agith
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& §5(Angelicae gigantis Radix) g
#Ait % (Rehmanniae Radlix) 69
N (Cnidii Rhizoma) 45 g
B %% (Paeoniae Radix) 45 g
#E & (Scutellariae Radix) 459
3&(Coptidis Rhizoma) 29
FH(Phellodendri Cortex) 29
¥& ¥ (Gardeniae Fructus) 39
st A 325 g
2. Wi

1) FAEuE B A5 A
E Ao AH&E Hep3B Al M EE American Type
Culture Collection (Rockville, MD, USA)| A £ wro} Al-8-3}
gom, GAE wIFS 93] 9% RPMI-1640 ¥ A (Gibco
BRL, Grand Island, NY, USA), 10% fetal bovine serum (FBS)Oﬂ
1%9] penicillin % streptomycin (Biofluids, Rockville, MD,
USA)o| 238 AAAE 283t 37T, 5% CO, &7 3ol A
HiFstAt ik I =52 dimethyl sulfoxide (DMSO,
Sigma Chemical Co., St. Louis, MO, USA)ell 7= =2 3|43t
%, T8 GEFY (pore size; 0.22 mm)S A3t BEES
Aeid o5 Al Zel A3tk
2) ANIX] Fef #F
A E Hl g 6 well plateo] well B 4 x 10°7/ml¢] Hep3B
7&"“1]‘#% 'Ev- Skl 247 Bt AT Wk 1 FF
= 52 3|4 A st 4847 T Mg &, =9
Hu| 7 (1nverted microscope, Carl Zeiss, Germany)< ©]&-3}
200808 wiEE 4 s e Y wsE #EsAth
3) MTT assay°ll &gt AZ AFHA 2A
A v %L 6 well plateo] well F 4 x 10%7 /mle] Hep3B
TAAZE EF3HL 2447 T AT oS EHFHRK FE
B WA A5t A F ufgatAnh 48413 & WA E
| A3}l tetrazolium bromide salt (MTT, Sigma)E 0.5 mg/ml
T2 845t 200 w0 EFEIL 3AZEEE A EAT 34
3 MTT A2 A A8} DMSOE 100 4 B33ke] wellol
AAEE formazing EF = F ELISA reader (Molecular
Devices, Sunnyvale, CA, USA)E ©]-43}4 540 nmolA 3=
£ 245 Ah
4) Flow cytometryS |83t AXF7] £4
i kol AEF710) WA= g&FS Cycle TEST PLUS kit
(Becton Dickinson, San Jose, CA, USA)E AM&-3lo] #4813
8 B RIEHK I FEE0] FE WA A 48R3l FE
SHEE S buffer solutiong o]-&3te] FA ¥ AU, Cycle
TEST PLUS solution A % BE 24 77} 1024 A3 &

2L

= o

G 5l7} Hep3B Al E ] Gl arrest 7] A0 vx& &

Cycle TEST PLUS solution C& A 2]ate] 4T A 302 < 4
At H T ©]F nylon mesh® AXE st o=z BYPA7 &
DNA flow cytometry (Becton Dickinson, San Jose, CA, USA)°
HgA A PN wE histograme ModiFit LT (Becton
Dickinson) ZZ 1302 FAs} ¢t}
5) Reverse transcription-polymerase chain reaction (RT-PCR)
RT-PCR £4& 7|0 M2t T 230 M Fuld oAl =
£ U4} 2 E TRIzol B (Invitrogen, Carlsbad, CA, USA)E ©]&
3t total RNAE #e8tgith. £el¥ RNAS AZFd F,
ONE-STEP RT-PCR PreMix (iNtRON BIOTECHNOLOGY,
Korea)E ©] 83} 2 uge] RNAYA sscDNAE 433t o]
cDNAE templateZ AME3le #& 4 A (Table 2)E
polymerase chain reaction (PCR) W o.2 FH3IHt}. ojnf
Zf A7 (housekeeping genes)$l  glyceraldehyde-3-phosphate
dehydrogenase (GAPDH)E internal controlZ AM&-3}th. 7t
PCR HEES 1% agarose gels ©o]&3ld 7|93t
ethidium bromide (EtBr, Sigma)Z @& ¥ ultra violet (UV)
stoll A Eelst Aot

Table 2. Gene-specific primers for RT-PCR

Gene
n
name Sequence

Cyclin DI Sence 5-TGG-ATG-CTG-GAG-GTC-TGC-GAG-GAA-3
Antisence  5-GGC-TTC-GAT-CTG-CTC-CTG-GCA-GGC-3'

Cyclin E Sence 5-AGT-TCT-CGG-CTC-GCT-CCA-GGA-AGA-3'

Antisence  5'-TCT-TGT-GTC-GCC-ATA-TAC-CGG-TCA-3'
Cak2 Sence 5'-GCT-TTC-TGC-CAT-TCT-CAT-CG-3'
Antisence 5-GTC-CCC-AGA-GTC-CGA-AAG-AT-3'
Cdkd Sence 5-ACG-GGT-GTA-AGT-GCC-ATC-TG-3
Antisence 5-TGG-TGT-CGG-TGC-CTA-TGG-GA-3
Cdk6 Sence 5'-CGA-ATG-CGT-GGC-GGA-GAT-C-3
Antisence 5-CCA-CTG-AGG-TTA-GAG-CCA-TC-3
o1 Sence 5'-CTC-AGA-GGA-GGC-GCC-ATG-3
P Antisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3'
027 Sence 5'-AAG-CAC-TGC-CGG-GAT-ATG-GA-3'
Antisence 5'-AAC-CCA-GCC-TGA-TTG-TCT-GAC-3'
PCNA Sence 5'-GCT-GAC-ATG-GGA-CAC-TTA-3'
Antisence 5'-CTC-AGG-TAC-AAA-CTT-GGT-G-3'

GAPDH Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3
Antisence  5'-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3'

6) Western blotting
oz Ro® wwde
nitrocellulose membrane (Schleicher and Schuell, Keene, NH,
USA)S. 2 electroblotting®ll ©]3 Zo]A]7]13 10% skin milks
& -3 PBS-T (0.1% Tween 20 in PBS)o] 4Coll ] 1417+ o] 4 u
Gt A v A T AEe o3t blockingS AT
£ A gig A E membraned] HEAA T &
HHeS 907§, PBS-TE Aol 54 Ao tigh o=
Lle

=
< AAI$ & enhanced chemiluminoesence (ECL) &

SDS-polyacrylamide gel H7]%9%

(Amersham Life Science Corp., Arlington Heights, IL, USA)

A8 2)7] TS Xoray filmol 7344 54 wgo] ke B
131900 £ 54 BuAS Aole A 452 a7 9
sto] A 2 ik I FE3=0] A2 A A it AZd
A 74zt 500 pgel B AL Fulste] o FAS o] &ate] W
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immunoprecipitation) & AA3FF T 1A12F o] ¥

PAE immune-complexo] protein A-Sepharose beads
THA] 1213 o) BESAIA 3 A1713L, 33] o 41
T 2X SDS sample buffers A7 & 7143t
17 8 gl d S A9 oz 23l Western blot

Table 3. Antibodies used in the present study

Antibody Origin Company
cyclin D1 rabbit polyclonal Santa Cruz Biotechnology
cyclin E rabbit polyclonal Santa Cruz Biotechnology
Cdk2 mouse monoclonal Santa Cruz Biotechnology
Cdk4 rabbit polyclonal Santa Cruz Biotechnology
Cdké mouse monoclonal Santa Cruz Biotechnology
p21 mouse monoclonal Calbiochem
p27 rabbit polyclonal Calbiochem
PCNA rabbit polyclonal Calbiochem
Actin rabbit polyclonal Santa Cruz Biotechnology

3

)

)

1. ik o] AEZZ 2 nX= 43

MTT assay 23, ifiiFfk [ Mg % EH 22 Hep3B
AL WEEES ZAaAA 200 pg/ml HFAAM 40% D39
AEEE BAFUT o= olm| TR 3 kS Hep3B {FHA
AT A stE Aolt)

80
60
40
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0 H H
200 250

0 50 100 150
OCE | (ng/ml)

Fig. 1. Growth inhibition of human hepatoma Hep3B cells after
treatment with Onchungeum | (OCE ). Cells were plated at 4 x 10*
cells/ml in a 6-well plate and incubated for 24 h. Cells were treated with variable
concentrations of OCE | for 48 h. The growth inhibition was measured by the
metabolic-dye-based MTT assay. Results are expressed as the means + S.E. of
three independent experiments.

Relative viability (%)

2. Wik 19 AX e WXE 4

i 19 Aele ¥E 9EHOE HepdBe MEAL &
SAAT & AEZ Beko] ZojAwA E7]9 22 FYrt £
AE o] F7] AlZsEATE 100 pg/ml o129 & AollA B
2 dHEE0] 7 = (membrane shrinking) ¥ F2H2 9] 44l
of o3 B #io] HFHLH, < dishol F2E AEE
T A% FdA wolg #ukatsithFig. 2).
3. WAk 18] AE2F7] X vA= 4%

B 1o 218 Hep3B T+t 2] M EF7] B X 1%
£ 9FS flow cytometryS o] -&3to] B2ttt A2 iAo
A A& Hep3B A E9] G1, S 2 G2/M7]dll sZs& AE2] ¥l
T 9 58%, 21% % 20%ZE e} TH(Table 4).

HiH I AYE 35 g&Fo 2 Gl7)o &8l AT ¥

EE Z7HA 150 pg/ml 2 250 pg/ml ATolA Zz
85.74% % WEbskth 22y S 3 G2/M7]9 &=
72 A A th(Fig. 3, Table 4).

66.92% 3
A2 ¢

L
Lk

= AFe=w 7

250 (pg/m |

OCE I (pg/ml)

Fig. 2. Morphological changes in Hep3B human hepatoma cells
following incubation with OCE . Cells were plated at 4 x 10° cells/ml in a
6-well plate and incubated for 24 h. Cells were treated with variable concentrations
of OCE . After 48 h incubation with OCE I, cell morphology was visualized by
inverted microscopy (Magnification, x200).

(ug/mi)
0 50 100 150 200 250
Gl
) e
E
2 ¥
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o
DNA content

Fig. 3. DNA-flourescence histogram of Hep3B cell nuclei after
treatment with OCE |. Exponentially growing cells at 50% confluency were
treated for 48 h with indicated concentrations of OCE I. Cells were trypsinized and
pellets were collected. The cells were fixed and digested with RNase, and then
cellular DNA was stained with PI, and analyzed by flow cytometry.

Table 4. Fractions of each cell cycle phase of Hep3B human
hepatoma cells cultured in the presence or absence of various
concentration of OCE | for 48 h.

OCE!I % of cell
(ug/ml) G1 S G2/M
OCE!I
0 57.92 21.04 20.68
50 61.59 20.20 18.21
100 65.71 17.26 17.03
150 66.92 16.30 16.78
200 72.80 11.90 15.30
250 85.74 5.43 8.83

4. WK 19 Cycling ¥ Cdkse] #dol vX= &

e 19 A 98 Hep3B HAIZ ] &2 AA a7
7F AIEF7] Gl arrestd] #AstEZ Gl7] Z24do| BA =
cyclins ¥ Cdks®] & v|A& J3s ZASFAT ik 1
FTE 9EHOZ cyclin D19 H&ES A 9 WY FFEAA FA
3] ZHAAFAY & cyclin B9 HdS Zom, g
X Cdk6o] HAS FAATIE BEFS HAY
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GAPDH
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Actin

Fig. 4. Effects of OCE | treatment on the levels of cyclins and Cdks
in Hep3B human hepatoma cells. (A) Cells were incubated with OCE | for
48 h and total RNAs were isolated. RT-PCR was performed using indicated
primers. GAPDH was used as a house—keeping control gene. (B) Cells were
incubated with OCE | for 48 h, lysed and cellular proteins were separated by 10%
SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The
membranes were probed with the indicated antibodies. Proteins were visualized
using ECL detection system. Actin was used as a loading control.

5. {5 fk 19 Cdk inhibitors 3 PCNA®] W&ol wX|= 43

B 19 A 2PFM 29 GI arrest o] Cdk inhibitor
91 PCNASH p21 % p27e] #d o -2 2Abshach. Ml 12
WMot W FEA & JEAHOE p21 § p279] HHES F
JANZOH, PONAE M5F0A tha 3748 Uehj ik 5
3l WgEEaA p219) BHo] A e

A)

PCNA

Actin

Fig. 5. Effects of OCE | on the levels of PCNA and Cdk inhibitors
in Hep3B human hepatoma cells. (A) Cells were incubated with OCE | for
48 h and total RNAs were isolated. RT-PCR was performed using PCNA, p21
and p27 primers. GAPDH was used as a house-keeping control gene. (B) Cells
were incubated with OCE | for 48 h, lysed and cellular proteins were separated
by 10% SDS-polyacrylamide gels and transferred onto nitrocellulose membranes.
The membranes were probed with the anti-PCNA, anti-p21 and anti-p27
antibodies. Proteins were visualized using ECL detection system. Actin was used as a
loading control.

©3}7} Hep3B M9 Gl arrest 7| ¥l nx& J3F

6. ik 19 Cdks ¥ Cdk inhibitors$}$] complex &gl w1
= 9%

IimeE el s dde] 7t p27 3 p2l guiA e
binding partner BHASH ] 45 &S ZABIGT 9A
Hep3B Al Zo A #2]¥ 5% T ds o2 PCNA, Cdk4
2 Cdk2 A E o] &3te] YA (immunoprecipitation) & A A]
t %, p21 2 p27 FAE ©]-§3 Western blot 4 A5}
e 1 228 AHdd 98ty 718 p21e Cdk49} Cdk2
T olyEt PCNAS} complexs FAJ3AtH(Fig. 6). = p2/=
Cdk4 ¥ Cdk29}9] complex Aol #ATE & 4 AATH

129

Mg __E o

~ NS ~
S S < S
S o> £ £ 0
NSS4 < <
S & ¢ & s &

IP: PCNA Cdk4 Cdk2

Fig. 6. Induction of association between Cdk inhibitors and Cdks or
PCNA by OCE | treatment in Hep3B human hepatoma cells. Atter
treatment with 200 pg/ml OCE | for 48 h, total cell lysates (500 pg) were
immunoprecipitated with anti-PCNA, anti-Cdk2 or anti-Cdc2 antibody. The
immunocomplexes were separated on 12% SDS-polyacrylamide gels, and
transferred to nitrocellulose. p21 and p27 levels were detected with anti-p21 and
anti-p27 antibodies and ECL detection.
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