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Growth Arrest by Bufonis Venenum is Associated with Inhibition of
Cdc2 and Cdc25C, and Induction of p21WAF1/CIP1 in T24 Human
Bladder Carcinoma Cells

Tae Yeol Park, Cheol Park', Hwa Jung Yoon, Yung Hyun Choi', Woo Shin Ko*

Department of Otorhinolaryngology & Dermatology 1:Department of Biochemistry, Dongeui University College of Oriental Medicine
and Research Institute of Oriental Medicine

Bufonis venenum (dried toad venom; Chinese name, Chan su) is a traditional Chinese medicine obtained from
the skin venom gland of the toad. It has long been used in treating arrhythmia and other heart diseases in China and
other Asian countries. Additionally, Bufonis venenum has been reported to selectively inhibit the growth of various lines
of human cancer cells. In the present study, it was examined the effects of extract of Bufonis venenum (EBV) on the
growth of human bladder carcinoma cell line T24 in order to investigate the anti-proliferative mechanism and induction
of apoptosis by EBV. Treatment of T24 cells to EBV resulted in the growth inhibition, morphological change and
induction of apoptotic cell death in a dose-dependent manner. Flow cytometric analysis revealed that EBV treatment
caused G2/M phase arrest of the cell cycle and down-regulation of cyclin A, cyclin B1 and Cdc2, which was associated
with a marked up-regulation of cyclin-dependent kinases (Cdks) inhibitor p21(WAF1/CIP1) in a p53-independent
manner. The Cdc25C expression was also significantly inhibited by EBV treatment, however Wee1 kinase expression
was not affected. The induction of apoptotic cell death by EBV was connected with down-regulation of anti-apoptotic
Bcl-XS/L expression without alteration pro-apoptotic Bax expression. Taken together, these findings suggest that EBV
may be a potential chemotherapeutic agent for the control of human bladder carcinorma cells and further studies will
be needed to identify the active compounds that confer the anti-cancer activity of EBV.

Key words : Bufonis Venenum, T24 bladder carcinoma, cell cycle, Cdc2, Cdc25C, inhibitor p21
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1. ekMEnief Bl X159 A

& Aol AHEE T24 OIA = St=rdiy
Lol BF wol AMZSIG e, GAIZY] sieks Aa] 90%2
RPMI-1640 HHA] (Gibco BRL, Grand Island, NY, USA), 10%
fetal bovine serum (FBSYol 1%9} penicillin & streptomycin
(Biofluids, Rockville, MD, USA)ol Zgg HEHIAIE Al&5Ha]
37°C, 5% COx £71 clolA uiersidnt. 2 Agd ARE 44
HUrs FEoRIANAIE)0A] FRiokR 21 dimethyl sulfoxide
(DMSO, Sigma Chemical Co., St. Louis, MO, USA)ol]
2 3A5I¥ch HaZEE(extract of Bufonis Venenum, EBV)&
oM el ®elalr] el A8 a2 2 &R ol T 8435
&, FA718 HEJFUl(pore size; 0.22 im)S AIE0l0] B+EE
Fed the AlEsict

WEUH 2

=

=

BB

EAE] o)
=

2. MTT assayoll 98 AZ A FAH TA}
M ZER 6 well plateo]] well & 4x10°719] T24 BFLORA)
2T EFSHL 24417 5¢ oY g de FEEe
Ao g4l Mgt & Wil 48417 & wiRE #AS)
I tetrazolium bromide salt (MTT, Sigma)i 0.5 mg/m¢ =52
34451 200 o4 b

HEFSLIL 3AIZESCE AM2IBIATE 3417

k=4
(L

MTIT A|2kS A ABLL DMSOZ 100 w4 B35l wello] A4
=0l & ELISA reader (Molecular Devices,
Sunnyvale, CA, USA)E 0|88} 540 nmollA EHTE S5}
of A4 vixojA] BieE FHZS H4 REE0] AMTIE Al
oAl BiekE AMZEQ HAEES HlusHIrh

& formazing€ X%

L

3. Flow cytometryE O &3 MEF7] BA

QMO MEFE7] BRI njAlE FEEY g
2ot 7] 918k Cycle TEST PLUS kit (Becton Dickinson, San
Jose, CA, USAYE AI83INCH, @4 W d& 220 &R
Z iAo A 48417 iR QHA ZEE buffer solutiong O] &
Bl =M W Aojuld, Cycle TEST PLUS solution A 4! BE
2ol A Zkz} 1084 Ae]gh = Cycle TEST PLUS solution C
£ ANzlokd 4TolA 308 S HABIATE 0]F nylon mesh
2 MNEZ shi¥og EgA7] & DNA flow cytometry
(Becton Dickinson, San Jose, CA, USA)ol| HEA|AH &S
o m& histogramE ModiFit LT (Becton Dickinson) =& L

HOE 28I

e

4. Reverse transcriptase-polymerase chain reaction 24

SUSH ZAdolial FHlE GMEE WACE TRIzol
B(Invitrogen, Carisbad, CA, USA)E 01&36l0] total RNAE &
Zlsiirt. 2el¥ RNAZ Est ONE-STEP RT-PCR
PreMix (iNtRON BIOTECHNOLOGY, Korea)Z 0]&3dlH 2 pug
2} RNAOJA] ss cDNAE $HYGIICT 0] ¢cDNAE templateZ A}
g3t Bz t)dt FHAKTable 1)Z polymerase chain reaction
(PCR)y oz ZE3IMrt. olul housekeeping HHXIQ!
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 78 A&
internal control 2 AMS3IICE 2 PCR 4FEEE 1% agarose gel
olgslo] F7IEE5ILL ethidium bromide (EtBr, Sigma)Z
= UV glollA Zolsisirt

]

SDS-polyacrylamide
gel g hES
acrylamide gel& nitrocellulose membrane (Schleicher and
Schuell, Keene, NH, USA)©. 2 electroblottingell 93l Ho]A]71
%, 10% skim milkE &3¢t PBS-T (0.1% Tween 20 in PBS)ol
4ColA 1AI7F old) wHRISIHEA] HIEol&lel ThiE Sl et
blockingS A1A1BIICE 1E)1L o] it SAE
membraneo] & &A)H s+ SHA) 21071 Z, PBS-TE A
oy &8 Aol thgh olxl A dAlgh & ECL
(Erthanced Chemi Luminoesence) £ (Amersham Life Science
Corp., Arlington Heights, IL, USA)E HEAl7) thE Xeray film
of ZBAIA EF chiidol kg BAMsieirt. 2 dEol AFgE
(Santa Cruz, CA, USA)

e

-

0

=
=
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=
=

A=NeX
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el

—
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A S Santa Cruz Biotechnology Inc.
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3l Calbiochem (Cambridge, MA, USA)oA] F@181%3 2, o] =}
S E AFEE horseradish peroxidase-labeled donkey anti-
rabbit immunoglobulin & peroxidase-labeled sheep anti-mouse
immunoglobulin® Amersham Corp. (Arlington Heights, IL,
USA)OIA 7619

Table 1. Gene-specific primers for RT-PCR

Sequence
Serce 5-TCC-AAG-AGG-ACC-AGG-AGA-ATA-TCA-3'
Antisence 5-TCC-TCA-TGG-TAG-TCT-GGT-ACT-TCA-3
5-AAG-AGC-TTT-AAA-CTT-TGG-TCT-GGG-3
5-CTT-TGT-AAG-TCC-TTG-ATT-TAC-CAT-G-3
Cdeo Serce 5'-GGGAGAT-TCA-GAA-ATT-GATCA-S"
Antisence 5-TGT-CAG-AAA-GCT-ACA-TCT-TC-3
Sence 5-GCT-TTC-TGC-CAT-TCT-CAT-CG-3

Gene name

Cyclin A

Serce
CyclinB1 Antisence

Cok2 pntsence 5-GTC-CCC-AGA-GTC-CGA-AAG-ATS
53 Sence 5-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3
P Antisence 5-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3'
1 Sence 5-CGG-AAG-GTC-CCT-CAG-ACA-TC-3
P Antisence 5-TCA-TGA-AGT-CGA-CAG-CTT-CCG-3
1 Sence 5-CTC-AGA-GGA-GGC-GCC-ATG-S
b Antisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3
o7 Sence 5"-AAG-CAC-TGC-CGG-GAT-ATG-GA-3'
P Antisence 5'-AAC-CCA-GCC-TGA-TTG-TCT-GAC-3
Bax Sence 5-ATG-GAC-GGG-TCC-GGG-GAG-3'
Antisance 5-TGG-AAG-AAG-ATG-GGC-TGA-S
) Sence 5-CAG-CTG-CAC-CTG-ACG-3
‘ Antisance 5-GCT-GGG-TAG-GTG-CAT-3
ROXS/L Sence 5-CAG-CTG-CAC-CTG-ACG-3
Antisance 5-GCT-GGG-TAG-GTG-CAT-3
GAPDH Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3
' Aniisance 5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3

23 9 22
1. YA EY —JJoﬂ U]—]E M4 ZEE9 FFF
ZH|E Al EAEuTeRTe)

o HEist &, MTT assayOﬂ Nnelle ST
T24 2HEQUMEQ M2 FA] AA HEE ZEAMIct dEdhH
off Alegh AAME dae F2E0] Mel¥ T+ AEZE tHioE
ELISA readerE 0|28l & E—%E A= Fig. 1B Zth
Fig. 1BollA] & 4= QU015

9 47 oAl e HE 9\1«9?\091, 4 FEE KJE] =3
L7t E7HE4E S38EE HE 240 150 - 200 ng/ml A2
oAl 4t vl Aol A ke oAl o] Hlo}(ﬁ 30% ojake] 4
EE82 Bk 8 3 Al Arg e o
Ajzal g EH 1H 5} —’}ia

2
0fo
9,3
2 g
ox
o,
i
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Fig. 1. Anti-proliferative effect and morphological changes in T24
human bladder carcinoma cells following incubation with extract of
Bufonis Venenum (EBV). Cells were sesded as descrbed in materials and
methods, and treated with various concentrations of EBV. After 48 h incubation
with EBV, cell morphology was visualized by light microscopy (A), Magnification,
x200) and MTT assay was performed. Results are expressed as average from two
separate experments (E).

CieksE faAbsEel Q8 2Exed, 71
checkpoint Z+ A]7)off QFH A& 2 ZEQIAIR] cyclinsol
5k cyclin-dependent kinases (Cdks)Q (<&A01 a5
o] ZEFHAR NEFET) £2HO BHIA 2

HEF7|9 ulg sl 7iole AHos Ho € 4 o, &
g A7 MEFV] GHE NEFT] ZE GHOIAN W X
3 e 24 2F QX Hakdlol gt AR Qokd 4 Qlrt
O meld g4 RE 20 AZlo) A8 BB LY HAl
7 MEF7] B A9 Agoh e dBE g AueX Y o2
= ZF_/\PB‘U] k] M EFT] B3of v]x]
ARSIGATE Ol 8 FBle] 4 3 Tl 559 4
0] ] HiAJollA] 48A17F HHYGH &
o ¢} A== Fig. 3 W Table 20 LJERA 59} 2Tt
5%%0] BIREIA e Hd XAl Xigt YA EY &
Gl1, S L G2/M7|o} s M ZO] YT = 0F 54.04%, 18.24%
5! 26.60% @E?if} Je 4 FEE0] Mel® gz F
& Aol st SVHESE GI7ld dgEle AlZTe Hre
HAF Z4Eo] 200 ng/ml HETY 4% 44.01%9°2H, G2/M
7ol slgdE e Al2Y BlTs 3539%% F7EUCE oFH
apoptosisol] 2|8}t UM EY AMHEE Au|dle sub-Gl7]ol dlgs
= AEY RIEE tEFOA] 1.12%% 214, 200 ng/ml A 2] ol
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Table 2. Fractions of each cell cycle phase of T24 human bladder
carcinoma cells cultured in the presence or absence of various
concentration of EBV for 48 h.

£3v % of the ce's

(ng/rm) sub-G* Gt S G2/M
0 IR 5404 1824 26.60
25 2.9 5129 1852 28.00
50 432 4881 1763 28.14
100 480 46.03 AL 3139
200 493 4401 15,67 35.39

EBV (ng/ml)

0 % 50 100 200

No of celis

5 i N
: st
B : Sedel trgeicd Sy

DNA content
Fig. 2. DNA-flourescence histogram of T24 cell nuclei after
treatment with EBV. Lxcorertay growng cess ai 50% confiuency were
reated ‘or 48 1wt rgcated cercentrarors of EBY. Ce's were trypsmized and
oe els were Co.ec'td e ce s were fxed ard agested wih BNase, and then
ceowar ONA was stanea witr P ard aralyzed by fow cytometry.

EBV (ng/ml)
f !
0 25 50 100 200

s w0 4= Weel

- Cdc25C

Pe——— .V 111

Fig. 3. Effects of EBV treatment on the levels of cyclin A and cyclin
B1 in T24 human bladder carcinoma cells. (A) Ce's were rcubated with
tBV for 48 b ana ‘ot ANAs were soalea ard Ri-PCR was performed using
oyl A ard cycln B prmers GAFUH was used as a house-keeoing control
gere (B) Ce's were ncutated w i LBV for 48 h, ysea ara cel'uar proters were
separated by 10% SOS coyacrya™ge ges ard ‘ransferred onto nifrocellulose
Terprares. Tre meroranes were probed vwin the art-cyce A and ant-cyclir B1
aricoaes Protens were vsua zed Lsng ECL detecton sys'em, Actn was used as
a i0agng ceriro

3. Cyclins & Cdks9 glsdoll v|AlT 4= FHEY I&
eivrg o Zleh M 2ol A H]i’v‘7 9] @?3”';05 Al A2
7] 20]EQ] cycling] 1ia
tt. & mid GloflA] D-type cychn (cyclm D1, D2 & D3)9] sl
3 AT 6l late GlolA] 7129 Q)& YdlAe
o] wiglo] Frhelojoksit . 12| S7l0lAl G27129) Y
1wl G2719F M7] A8 Etolli= 2k cyclin A 2 B-type cyclin
(cyclin B1 %! B2)9] dlsio] &rix]ojolgh}. JI2] L O]& cyclin

cyclin E

B2 B4 Cdkse} £0]1%01 At 9
£ guslol MEFITBE 2. B3] Cdk2: cyclin A
o sl 5719 G7) ¢ dgg™ She vl Cdes
cyclin B12} g6 8239 histone H13} lamino] ¢1413lof] €]
gdo] &ricid aintel B3 B A9 AuRZo]
UofLhid M7IE Zgol Hrp' P, aby] ZalolAl & 4 QI%o]
Ha FEEQ AMelod Qg 1A B &4 AA Gk
MIETF7] G2/M arrest@} @z} Q710 G2/M7] ZEAH
cyclins & CdksQ} 2+ FEECY H8kg RT-ECR
%! Western immunoblotting HO & ZAISISICE
Flg 39] BT cylein A W cyclin Bloj &8 ZAEA] A
£E9 XMl st E7HESE F FAAR] HAFE HY
”"Zv:‘ DFoMY e HLUt o daEeE 74%0
4 ATt T2l cyclin A B cyclin Bli#Ho AEE Sl
G2/M7] 71l XX"OH SR%H AEE sl Cdk2 Ui] Cdc29] 2k
ol BiXlE= 4 EE9 gekg IS AFe Fig 4of LIERA
Hieh 2tk ?:fJ/J’OﬂH Y 4 UK0] Cde2 W Cdk2 2k HEF7}
e % —J ANl s& 710l wel FA ZAFReH, E5)
A2 At Mlw(25 B 50 ng/mlojjA] RE]
UH’? ‘7:",-.540“] AET MEITH(100 9 200 ng/mljolAle AL w
U2 & 4= URUCE o]ae] AFolA] T24 dhEt
/dl:toﬂﬁ M4 ZEE Aolo wigt ZARE 471K FAA19) Wl
o] RHCE AU} Cdc29] thiE =F0] Bo|HoZ
A Ba¥ §8§ njgo] HEF719 G/M7] Zde] oA #

Btad cyclin/Cdk complex

3 kinase
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Aol Cde28) ZHav) olnbe £Q3 QRO AgS o7 &
gol #rt.
4. p53 % Cdk inhibitors9] Yo v]A]= H4 ZEEY &

Cdk inhibitorsi= cyclin/Cdk complex@} ZAglslod T &4

2 oAshs ASE YA Y=u"P, EF] CIP/KIP T £
BH= p212 £k G QAR p53ol] 9lsle] 4 slEle] Gl
$Ek oRUEt G2/M71E EETH AA AEFVIY ddE Al
Bk FQ8 REIRI* . p219] g ol pS30] Loid}
= Zo] YubHo| AT MEFL oM W SHEZO EF0)
weiA p53 BIYEEQ HZE Esled p21o] 4FRriaL

SLEPS %D} o0 JEM pl6e] AL YN OZ G17] arresto]
oA R10m, p27 Oﬂ/\] G17] arrestol] &
gomg 5‘2—& O G2/M7] arrestoll & B8t 2 Q= ACE
B Elo} R 2L et

w2 ddTolAe B ZEEQ] Mol gt Q1
HeHA 2] G2/M719) IR Fddoll HF AR FHAL p53
pl6, p21 1811 p27i% Z+2 Cdk inhibitors£9] ¥ (2 E
AVBIITE Fig. 59) AollAl & 4 QI50] p53, pl6 & p272
AT T W ZRolk M £EEO) Azl mE
St WA ZRUhOLY, p212 MA H HA fEoM 25
o] B7ISIATE kA T24 B ZolA Yo
5} p21 AR W E7h= p53 HIQEEC] AR
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7] arrest ibo] p219) Wi 7P BBIEE & & ATt

EBV (ng/ml) EBV (ng/ml)

0 26 50 100 200 0 256 50 100 200
« Cde? - « Cde2
Ok | e e = v = e k2

+— GAPDH | ww ova v oo s | +— Actin

Fig. 4. Effects of EBV treatment on the levels of Cdc2 and Cdk2 in
T24 human bladder carcinoma cells. (A} Cells were incubated with EBV
for 48 n and total RNAs were isolated and RT-PCR was performed using Cdc2
and Cadk2 pnmers. GAPDH was used as a house-keeping control gene. (B) Cells
were rcubated with EBV for 48 h, lysed and cellular proteins were separated by
10% SDS-poyacryiamide gels ard transferred onto nitrocellulose membranes.
The membranes were probed with the ant-Cdc2 and ant-Cdk2 antibodies,
Proteins were visualzed using ECL detection system. Actin was used as a
loading control.

EBV (ngimi) EBV (ngimi)

0 25 50 100 200 0 25 50 100 200
m‘_pﬂ [T
- - - - - R
B | ———=— |-
B | |-w
E«GAPDH !m-...-..-n‘-—/\ctin

Fig. 5. Induction of Cdk inhibitor p21 by EBV treatment in T24
human bladder carcinoma cells. (A) Cells were incubated with EBY for 48
n ang ‘ota: ANAs were isolated and RT-PCR was performed using indicated
pr.ers. GAPDH was usea as a house-keeping control gene. (B) Cells were
incubated vith EBY for 48 h, lysed and cellular protemns were separated oy 10%
or 2% SDS-poyacryamide gels and fransferred onto nitrocellulose membranes.
Tha membranes wwere proped wih indicated antibodies. Proteins were visualized
using £C_ detecton system. Actin was used as a loading control.

5. p53 %W Cdk inhibitors@] @de] vlAle d4 £EE9 ATt

SHH Cdc29] EHd 2 cyclin BLEC] Zgtol »
g} Cde2 AHAG Qi HEok gag werh & Cd2d
Tyr15 2717} ©ol4kalEl Aol A] cyclin Be} A8HE & 4 2ol
1 Cde2s= g & wA B3I H|ZEA MEF7|= mitosisTE RS
7Vssitt Cde2E Ql4telgld 1 &4 & AF Sk kinaseZe
Weel 08 aedrd =, Weel2 Ml Z7} mitosis2 S0l 4
U= £70] 2 wi7kA Cde29] Tyrl5 2| E ¢l4tslsled 1 &
22 AHBF*. Weel S mitosis EQF 1 8H90) oIz o]
olshetl, Weeld] EEH3lE ol AEdh= kinaseE&
Cdc2¢} niml/cdr ECE LA Tk oiZ A 014151 Weel 2
late G29} mitosis S0F E&GIE AENZ %7;]5]01 ZiCP9,
Cdc20]] thEt Weeld) A 2ik= v 2 ZHE31], MEFI)E G2
JIERE mitosisT ZAlshk=0 dgtg dl=
Q1 Cde25 phiZolr}. Cde25s Cde29] Tyrl5 FH|E B©l4ts)
Blad Cde22 MBS, Z late G2014] Cde259] BHH L &

0] phosphatase

Mo ZEZE0] Q8 T24 QA WU T ZAAA ] B T

V5| T Weeld) EHE OIE0] Cde2r} Boldtale Hule &
HEE O MEF7I= mitosisZ K HGH B RHolth nek

A G2/M7] F& REO I THE £Q8F O1AK] Weel 2 Cdc25
o) gl wEe] NS 4 AE20 9 G ik
Fig. 60l LYERD HIS} 2T}, Fig, 60141 & 4= QIE0], Weeld) Z
2 AAM By wHo] ¥4 ZE2Y G T v
S ASE LIERG ALY Cde25Col AL A4 ZEEY ANEl =&
B7lol Wk AAEl B e HEE e ZaHdes

=
& = ULt F T24 SrRAQ ZAA H4 FEE0] Aeld] w
2t Weel9] Hl = 28SHA Cdc25CY) wiglo] S461A da
AlZ2m, Cde29] Higl ZhA9} ?:Wﬂ CdC27} 2 9} =Pl
7] W2 mitosisZ 2] Tl

ol
arrestE Sulol AOog 2EE _/,: 5\’,11‘/}.

EBV (hg/ml)

1
0 25 650 100 200

Bodipe gee v ¥ Q_Wee1

WS ke e

<+ Cdc25C

e Sam o owos s |+ Actin

Fig. 6. Down-regulation of Cdc25C expression by EBV treatment in
T24 human bladder carcinoma cells. Cells were incubated with EBV for
48 h, lysed and cellular proteins were separated by 10% SDS-polyacrylamide
gels and transferred onto nitrocelulose membranes. The membranes were
probed with the ant-Weet and ant-Cdc25C antibodies. Proteins were visualized
using ECL detection system. Actin was used as a loading control.

6. Bcl-2 family9] wiglo] njxl= M4 ZEZ9] Pk

Fig. 2 3 Table29] Zi}ol] 25k M4 ZEZo] 98} T24
BEHOIA E9] SAI0IA| = G2/M7] arrest }@T‘; apoptosis &
SIS oli= BE Aol USE U 4 ARk ol 28t 4
B ol BEE d FE2E AT 4 A 229 HENE W
oAz (Fig. 1A) apoptosis F&& SE0 oﬂé—% A7 wf
2ol 44 ZEE Aglol Q¢ apoptosis Fakol] BASIE thE
Hol SR Bel2 familol] £31= B b8 EXIES] Welol
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