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Induction of Apoptosis by Yukwool-tang
in Human Cervical Carcinoma HelLa Cells
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Yukwool-tang (YWT) is a traditional Chinese medicine, which has been used for patients suffering from a uterine
disease in Oriental medicine. In the present study, it was examined the biochemical mechanisms of apoptosis by YWT
in human cervical carcinoma Hela cells. It was found that YWT could inhibit the cell growth of HelLa cells in a
dose-dependent manner, which was associated with apoptotic cell death such as formation of apoptotic bodies and
DNA fragmentation. Flow cytometry analysis confirmed that YWT treatment increased populations of apoptotic-sub-G1
phase of the cell cycle. We observed the p53-independent induction of p21 proteins, down-regulation of anti apoptotic
Bcl-2 expression and proteolytic activation of caspase-3 in YWT-treated HelLa cells. YWT treatment also concomitant
degradation andjor inhibition of poly (ADP-ribose) polymerase (PARP), phospholipase C-1 (PLC%1), [*-catenin and
DNA fragmentation factor 45/inhibitor of caspase-activated DNase (DFF45/ICAD). Taken together, these findings
partially provide novel insights into the possible molecular mechanism of the anti-cancer activity of YWT.
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o oAl 13 FFF 100 7ol #F YA4EA7t 3HE 7}
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o] ZA ufsta WHAIA AL YEae] Hastrh Aol
AH&3 HeLa QJAASAFTAANEE AW 3 AT4(KRIBB,

Korea)oll A &80} 90% 9] DMEM HJ|A|(Gibco BRL, Grand
Island, NY)&} 10%<9] $ejo}87 (fetal bovine serum, Gibco
BRL)# 1%9] penicillin @ streptomycin (Gibco BRL) 5°] 3
H ulAE ALg3te] 37C, 5% CO, 24 st A wlgatglch,

Table 1. Prescription of Yukwool-tang used in the present study

BEL 3 I g £(
SR CYPERI RHIZOMA 75
& ATRACTYLODIS RHIZOMA 6.0
N3 LIGUSTICI RHIZOMA 6.0
2l CITRI RETICULATAE PERICARPIUM 40
Nz ZINGIBERIS RHIZOMA 30
HHSHA]) PINELLIAE RHIZOMA 20
ey PORIA 28
R| R} GARDENIAE FRUCTUS 28
Atol AMOMI FRUCTUS 20
zx GLYCYRRHIZAE RADIX 20
REE 38.1

Z X

. MTT assay°ll &3t ME F24 A A

AE wFE 6 well plated] HeLa Aﬂ:\z—g— 3 X 1090 /ml=
T8l 24213 Bt P SAI BhF S 'S wjA ol 348t
o A2t 72417 & vl A S A A} tetrazolium bromide
salt (MTT, Sigma, St. Louis, MO)E #H7}t
dimethylsulfoxide (DMSO)2.Z wellel A4
% ELISA reader (Molecular Devices, Sunnyvale, CA)Z 540 nm®]|

N

e wheAll 3,

J%¥ formazing =9l

- o] &-H
A FREE SAHIAL SAHLS EF A U 3} ‘11 9] o
3 Py ¥+ 23S Microsoft Excel ZZ 71 T3tk

3. Ax Fe W #F

AE QA ] B Hg aEe 5857
(inverted microscope, Carl Zeiss, Germany)< ©]-4&
&2 #ESAT F28 Aol 93 apoptosis 1 o F &
e AT do A wa #Fe Fold AHEZE 37%

fdo2 14 ¥ 4 6-diamidino-2-phenylindole

AY &, =9 dvA
3o 20041 <]

formaldehyde
(DAPI, Sigma) &4 02 g3}, ¥4 A F(Carl Zeiss)S
§-stod 400019 wi&2 AAISHATH
4. DNA flow cytometry®l] &J3g &4

FHE AEZE A7 ethanolZ 4TAM 1ZAZ F, 1%
bovine serum albumin (BSA, Sigma)o| ¥ PBSE 2 ~ 33]
FASAT 97l DNA intercalating dye?l 50 pg/ml<]
propidium iodide (PI, Sigma) % 0.1 mg/ml¢] RNase (Sigma,
St. Louis, MO, USA)E A z|dtd &4, 4TellA 1417 &< 44
AZH T PBSE A #S AX 9 AZE 2247 ¥ DNA
flow cytometry (Becton Dickinson, San Jose, CA)°ll 2-&A1A &
3ukg-o] w2 histograms ModiFit LT programs AR-g-3}¢d
Akt

A=)
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5. DNA fragmentation®] &4
A4 9 FEo] AE AEE Zo} lysis buffer [5 mM
Tris-HCl (pH 7.5), 5 mM EDTA, 0.5% Triton X-100]E 4C il A]
3027 A2 ¥, 14,000 rpmoll A 208-7F Yalelste] Aozl A
Z e 05 mg/mle] proteinase K (Sigma)E A 2lg th3 60T
oA 34t E< WREAIZH T I % phenol :
isoamyl alcohol &3 &M (25 : 24 : 1, Sigma)<
7t rotateA] 7] ©H2 14,000 rpmoll A 108£3F €4
714 o S Aol HATF isopropanol® 5 M NaClE
7Vt a . 24417 A= W BESE F, 14,000 rpm, 4Tl A
7 AAEE AR F AEAE YL, RNase A7 A&
oJ= TE bufferg ©]-&3te] pellets Fo|il gel loading dye
(Bloneer, Korea)E 41t} ©]& 1.5% agarose gel< o] &3te &
g ¥ ethidium bromide (EtBr, Sigma)Z 4]3}3 ultra violet
(UV) &tollA #Zstdoh.
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6. RT-PCR 9]¢t mRNA £# 9] £4

THIE Mo TRIzol reagent (Invitrogen Co. Carlsbad,
CA)E 4TCeA 127 & X3t total RNAE w2 2 HF
gt &, Z}7+9] primer (Table 2), DEPC water 12|31 ONE-STEP
RT-PCR PreMix Kit (Intron, Korea)E
gradient (Eppendorf, Hamburg, Germany)& ©|-&
th. 7} PCR AHEES
buffer 1% agarose gelS
Fahe PCR 4HE|

Y31l Mastercycler
st F5519
FH ApolE Felsy] Yt 1x TAE
=3 well § Z42He] primero] 3l

DNA gel loading solutions 41o]A
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loading ¢ ¥ 100 VolA #71¥&S ATt #7952z
DNA £87} B¢ gel& EtBrg o] &3t g3k 3 UV oA
184t RT-PCT #4240l A glyceraldehyde-3-phosphate
dehydrogenase (GAPDH)% internal control2 A}-8-3}91th.

Table 2. Sequence of primers used for RT-PCR

Gene name

GAPDH

Sequence

Sense  5-CGG AGT CAA CGG ATT TGG TCG TAT-3
Antisense  5-AGC CTT CTC CAT GGT GGT GAA GAC-3'

Sense 5-GCT CTG ACT GTA CCA CCA TCC-3

P83 Anisense  5-CTC TCG GAA CAT CTC GAA GCG-3
o Sense 5'-CTC AGA GGA GGC GCC ATG-3
P Antisense 5-GGG CGG ATT AGG GCT TCC-3
Fas Sense  5-TCT AAC TTG GGG TGG CTT TGT CTT C-3
Antisense  5-GTG TCA TAC GCT TTC TTT CCA T-3
Fasl Sense  5-GGA TTG GGC CTG GGG ATG TTT CA-3
Antisense  5'-AGC CCA GTT TCA TTG ATC ACA AGG-3'
Bax Sense 5-ATG GAC GGG TCC GGG GAG-3
Antisense 5'-TCA GCC CAT CTT CTT CCA-3
Bol-2 Sense 5-CAG CTG CAC CTG ACG-3
Antisense 5-GCT GGG TAG GTG CAT-3
Bol-XL Sense 5-CAG CTG CAC CTG ACG-%
Antisense 5-GCT GGG TAG GTG CAT-3
XIAP Sense 5-GAA GAC CCT TGG GAA CAA CA-3

Antisense  5-CGC CTT AGC TGC TCT CTT CAG T-3'

7. Western blot analysisoll &3 @ald 2o £4
B 2 FE70 Agd wAdA Ad AZES PBSE A
o] Wi H3ake] lysis buffer [25 mM Tris-Cl (pH 7.5), 250 mM
NaCl, 5 mM EDTA, 1% NP-40, 1 mM phenymethylsulfonyl
fluoride (PMSF), 5 mM dithiothreitol (DTT)]E #7}3lo] 4T
A 3087 BESAIZ] ¥, 14,000 rppm O 2 3087 YA Rk 1
todS At dSsde @ud =S Bio-Rad @2 4
] 2F(Bio-Rad, Hercules, CA) AF&-¥H ol wha} J&F 3 th

o,

A

% 9] Laemmli sample buffer (Bio-Rad)E 4114 samples Tt
Atk o)A BE F7FY @A SDS-polyacrylamide gels
&3t A7|Ys R 2, wE g As T3 gels
nitrocellulose membrane (Schleicher and Schuell, Keene, NH).2
2 electroblotting®l] €]} o] A H T} FHE membranedl] 3|3
w12 FAE A AYsta 244 FAE AHE-Eh
W-gA1Z1 &, enhanced chemiluminoesence (ECL) &4
(Amersham Life Science Corp., Arlington Heights, IL)& 284
7 g FAHAA Xeray filmell 7FFAIA S A ¢S &
A3tAth 2 Aol A" A
Inc. (Santa Cruz, CA) ¥ Calbiochem (Cambridge, MA)ol| A
d3tger, 2x FAZ AFEE  peroxidase-labeled donkey

anti-rabbit %

M ot o

o]

Santa Cruz Biotechnology

peroxidase-labeled
immunoglobulin® Amersham®l| A 79} 3} 41t}

sheep  anti-mouse

8. in vitro caspase-3, -8 % -99] activity 74

Caspases?] in vitro &4 A& 9% colorimetric assay
kits R&D Systems (Minneapolis, MN)oll A F¢13}53.2.H, A
Al e F3te A9 F JFE ZAEATH o] & 93t
o FHE AEy duds Fato] 247 HA o
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1S fluorogenic peptide 7]Z o] ¥ extraction buffer [40

2 FE31 4
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AEe FAAA BdF AT

mM HEPES (pH 7.4), 20% glycerol (v/v), 1 mM EDTA, 0.2%
NP-40 and 10 mM DL-DTT][d] £33ttt A3 ALgd 712
o caspase-3<] A= Asp-Glu-Val-Asp
(DEVD)-p-nitroaniline  (pNA), caspase-8-% Ile-Glu-Thr-Asp
(IETD)-p-nitroaniline  (pNA), caspase-9+= Leu-Glu-His-Asp
(LEHD)-pNASTE. F8l®  plateZ 37CoA w-3AZ %
VERSAmax tunable microplate readerE ©]-83}] 405 nm<| &
FEolA whe-o A= S
23 8 o
gol 93 Hela /‘ﬂg“iﬂ 2994 € apoptosis %
AR ARG MEFQA HeLa AES] S4 0l WA= £&
T Gl A5k o & MANEL EER AT
MTT assay & ©]&3td ZAMSE A3+ Fig. 1A A YeRA uf
2o Ao A & F %ol A F=7F S7Heel Hela Al
o] T4l AAHNCH HF Az FeH o] Futy
o 53 BE7l 371855 A% 9E gasuA 2n
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Fig. 1. Inhibition on the cell viability and morphological changes by
Yukwool-tang (YWT) treatment in HeLa human cervical carcinoma
cells. (A) Cells were seeds as described in materials and methods, and treated with
various concentrations of YWT. After 72 h incubation, MTT assay was performed. The data
shown are mean +/- SD of three independent experiments. (B and C) Exponentially
growing cells were incubated with either vehicle alone various concentrations of YWT for
72 h. Cell morphology was visualized by inverted microscopy (Magnification, X200, B). The
cells were stained with DAPI solution and then photographed by fluorescent microscope
using blue filter. (Magnification, X400, C).
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Fig. 2. Induction of DNA fragmentation and increase of sub-G1 cell
population by YWT treatment in HelLa cells. (A and C) The cells were
exposed for 72 h to an increasing concentration of YWT. Then the cells were collected and
stained with PI for flow cytometry analysis. The percentage of cells with hypodiploid DNA
contents represent the fractions undergoing apoptotic DNA degradation. Each point
represents the average of three independent experiments. (B) After YWT treatment for 72 h,
the cells were collected and DNA was extracted. The fragmented DNA was separated on
1.5% agarose gel electrophoresis and visualized under UV light after stained with EtBr.
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Fig. 3. Induction of cyclin-dependent kinase p21(CIP1/WAF1) in

YWT-treated HelLa cells. (A) After 72 h incubation with YWT, total RNAs were
isolated and reverse-transcribed. The resuling cDNAs were subjected to PCR with p53 and
p21 primers and the reaction products were subjected to electrophoresis in a 1% agarose
gel and visualized by EtBr staining. GAPDH was used as an internal control. (B) The cellular
proteins were separated by SDS-polyacrylamide gels and transferred onto nitrocellulose
membranes. The membranes were probed with anti-p53 and anti-p21 antibodies. Proteins
were visualized using an ECL detection system. Actin was used as an internal control. (C)
Density of protein expression was determined by image analysis software. Each value
indicates the mean of two separate experiments.
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Fig. 4. Activation of caspase-3 by YWT treatment in Hela cells. (A)
The cells were treated with the indicated concentrations of YWT for 72 h and collected.
Western blots were detected with indicated antibodies and ECL detection. (B) After 72 h
incubation with YWT, aliquots (150 g protein) were incubated with substrates, DEVD-pNA,
IETD-pNA and LEHD-pNA, for in vitro caspase-3, -8 and -9 activity, respectively, at 37°C for
3 h. The released fluorescent products were measured. Data are means average of two
separate experiments.
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Fig. 5. Effects of YWT treatment on the expression of
poly(ADP-ribose) polymerase, [I-catenin, phospholipase C-#1 and
DNA fragmentation factor family proteins in HelLa cells. (A) The cells
were treated with the indicated concentrations of YWT for 72 h and collected. Western blots
were detected with indicated antibodies and ECL detection. (B) Density of protein expression
was determined by image analysis software. Each value indicates the mean of two separate
experiments.
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system and Bcl-2 family members in HelLa cells. (A) After 72 h incubation
with YWT, total RNAs were isolated and reverse-transcribed. The resulting cDNAs were
subjected to PCR with indicated primers and the reaction products were subjected to
electrophoresis in a 1% agarose gel and visualized by EtBr staining. GAPDH was used as
an internal control. (B) The cellular proteins were separated by SDS-polyacrylamide gels and
transferred onto nitrocellulose membranes. The membranes were probed with indicated
antibodies. Proteins were visualized using an ECL detection system. Actin was used as an
internal control.
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