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Induction of Cdk Inhibitor p21 and Inhibition of hTERT Expression by
the Aqueous Extract of Wikyung-tang in Human Lung Carcinoma Cells

Hae-Yun Choi, Cheol Park', Yung Hyun Choi', Dong Il Park™

Pohang Oriental Hospital of Daegu Haany University,

1. Department of Internal Medicine,

2! Biochemistry, Dongeui University College of Oriental Medicine and Research Institute of Oriental Medicine

In the present study, we investigated the anti-proliferative effects of aqueous extract of Wikyung-tang(WKT) on
the growth of human lung carcinoma cell line A549. WKT treatment declined the cell viability and proliferation of A549
cells in a concentration-dependent manner. The anti-proliferative effects by WKT treatment in A549 cells was
associated with morphological changes such as membrane shrinking and cell rounding up. WKT treatment induced an

inhibition andfor degradation of apoptotic target proteins such
C-v1 (PLC-v1). WKT treatment did not affect the levels of ot

poly(ADP-ribose) polymerase (PARP) and phospholipase
her Bcl-2 family gene products, such as Bcl-2, Bax and

Bad. Western blot analysis and RT-PCT data revealed that the levels of tumor suppressor p53 and cyclin-dependent

kinase inhibitor p21 were induced by WKT treatment in

A549 cells. Additionally, WKT treatment induced the

down-regulation of telomerase reverse transcriptase mRNA (hTERT) expression of A549 cells, however, the levels of
other telomere-regulatory gene products were not affected. Taken together, these findings suggest that WKT-induced
inhibition of human lung cancer cell proliferation is associated with the induction of apoptotic cell death via regulation

of several major growth regulatory gene products and WKT

may have therapeutic potential in human lung cancer.
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Table 1. Composition of Wikyung-tang

BER B (Scientific name) & (Weight g)
BX Phragmitis Rhizoma 30
B Coicis Semen 0
£z Benincasae Semen 24
= Persicae Semen 9
Total amount 33

2 QHIZF B MIQER

Agol AMES AS49 Q1A HQAE (human lung carcinoma
cells)= B EEA A (KRIBB, Daejeon, Korea)ol| 4] £ o}
AMBBIRCH, ¢t 1:%_4 eFS Qal 90%S RPMI-1640 HEA]

(Gibco BRL, Grand Island, NY, USA), 10%9] LEjol&E (fetal
bovine serum, FBS) = 1%9] penicillin 2
(Biofluids, Rockville, MD, USA)o] 28 A ZMIXE AHE5Io
BB MZ = 37T, 5% CO; £ BloflA] uisldiem, 4
K9} wEk2 wj 48AJ M} iR, M ELY FAlol e
T FLE sl §8ld 0.05% trypsin-EDTA (Gibeo
BRL)E Azlsld AZE EFAI thag A ZugE sES] FA)
2 &7 sideidnt

streptomycin

3. oirfe] Azl

TER 2289 ATE A8 MES 005% trypsin-EDTA
0183l BRAIZ T 1 x 1071/m BEE A ZMYE H
Ep] Fajoll B0l 24417 SQF oFF 3l AlZdrt. Azl A
71 AW 5EE FEES A sEE A Erisiod
=0] THE, 0.22 im9] pore sizeE 718 FA|E HEIFWE At

i

8olALE 1318 BE gE] FUE ARSI n|8E W ExES
Zeid T2, AE JEMAE dobruia AH Mgt

4. MTT assayE OlE%F M2 &9 &3

M ZENCEE 96 well plateol] FHQHME 2 x 1070/ me = 3|43
oF MENS 100 ph/wellg2 EFGEIL 24417} %OJ CHESIAIZI
2 BEEB FEEE oKX 48l Azlgt & midsict

48417 & BiXIE MASLL tetrazolium bromide salt (MTT,
Sigma Chemical Co., St. Louis, MO, USA) A|2F& 0.5 ng/m! &
T2 8|48la] 200 w BFBIL 3A1THEQ siUBIATE vl ko)
Ty o2 MTT A12-2 FASHL dimethylsulfoxide (DMSO
Sigma)E 100 ue¥] EF5l wellol] A4¥E formazing E5F

Q1 & ELISA reader (Molecular Devices, Sunnyvale, CA, USA)
Z 540 nmoflA| EBEE ZE8Irt HF Al ¥1E 5l
om, o) et BAuw FTF 2AFE Sigma Plot 4.0 =2 738
(SPSS Ins.) Q& F5IATE
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QUAQHES) Mol vIxl= BEBY Gl B AT

5. 1At '5‘4“]749 ol&S MEHeN] TE

AEYE FHED FAlo) A549 HUMEE 6 x 10°7]/ne
B2 -‘?——7‘6}04 247171 SO IHEA] this HEB FE=S
34 Aelsld 48417 ZQF uieret &, QJakA §olE (inverted
microscope, Carl Zeiss, Germany)& ©] 28l 200812] HiEZE
7 550l ME Hrj9 Wsls B TFE Kodak XS iz}
2 €& 018dld ARE I

6. SDS-polyacrylamide gel 7|8 & 2 Western blot analysis
HZ e HER Al 6 x 1070/m BEE AN EE
B35 24417 SO MR T HEE FE=S AElsh
ACt 48A17AX] wiQFSt &, MXEE PBSE Ao WL 0.05%
trypsin-EDTAE RZ]dle] BE7A17] thag SUESE Sl M=
8 ZJT) o8 A oAl AlE) HYErd] lysis buffer (250 mM
NaCl, 25 mM Tris-HCl pH 7.5, 5 mM ethylenediamine-tetraacetic
acid : EDTA pH 80, 1% NP-40, 0.1 M phenymethylsulfonyl
fluoride ; PMSF, 1 M 1,4-dithio-DL-threitol ; DTT, protease
inhibitor cocktail, DW)E H7I51 4 CollA] 3027 2FEAI7] &
13,500 rpm .2 3087 A ERIEl I AENE FaKHTt é}
ZHO] Tl ST Bio-Rad ©HHZA ZFZF AJ9F (Bio-Rad,
Hercules, CA, USA)1} 7L AlSHiH ulgl SZOE WE e
&2 Laemmli sample buffer (B-melcaptomethanol 5%,
Laemmli sample buffer 95%, Bio-Rad)E 41ciA] sampleg 2+
SiCt ol€ A THE sample SEE sodium dodesyl sulfate (SDS)
polyacrylamide gel R71G&CE E2I5IT}
Jslel BElE wUES @AY
acrylamide gel& nitrocellulose membrane (Schleicher and
Schuell, Keene, NH, USA)2 & electroblottingoll 2a} F0]A|7]
%, 10% skim milkE €F7¢F PBS-T (0.1% Tween 20 in PBS)oll
2ol 2120041 2417F B X incubationdld] H|E0]AQ] thRd
E0f thgt blockings 4AIGHL PBS-TZ 158 X MASIS
HA & 1z SH (PBS-TZ 1:500 = 1:10000.2 3]4d5)0d AFE)
& Azlsle] 2004 17T 0] i 4TolA over nightA]Z]
THe PBS-TE MESIL Az)E 1xF 8o 2 2x 84 (PBS-T
Z 1150028 34ald ARRYE ARSGH] 4204 1A %
HESAIZACE ThA] PBS-TE A3}l enhanced chemiluminoesence
(ECL) €% (Amersham Life Science Corp., Arlington Heights,
IL, USA)S H A7) TFS QlolA) Xeray filmo]l ZHEAIH EX
HEol ukel eretrg Hln BASIT 2 dE AlSH g
E2 Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA) 2l
Calbiochem (Cambridge, MA, USA)ollA] #5191 0m, 22} &ka)
& ARZH peroxidase-labeled donkey anti-rabbit immunoglobulin
4l peroxidase -labeled sheep anti-mouse immunoglobulin®
Amersham Corp. (Arlington Heights, 1L, USA)oA] FIBIRACh

Western blot analysis&

7. RT-PCRE ©0]&%F RNA u}59] 54
e & E’:—E(h FEEO] 0] A vix]olA] 48417 SOt
At G EZE PBSE Alo] W 0.05% trypsin-EDTAE &Zl5t

o 2817 tHE 1,000 rpmQ E 1027 X EDE Jld 45
Ag vell MEDE FQt) 24817 & M EE disposable cell
lifter (Fisher scientific)2 UM EE O} 50 m¢ tubed] £
1,000 rpmoliA] 582 et AL EDIE TIT) Pelleto] PBSE
7¥6kd SEISE C1S 1,000 rpmojlA] 5EIF QRIEZE )
pelletofl RNAzol B 1 mi-2 H7isk] U6HAH &R SFL e-tube
of A4 4TolA 117 ¢ H=EE EdlAlZch o7l
chloroform 200 (E 21 invertingS B8l I2H 42 I‘/}
Z 4TColA] 58 S HA]AZCE o]F 14,000 rpmoijA] 158

ot AXEE] (4T)sk T BN }% 400 pt FoF F 5%'}
9] isopropanols @1 invertingg HHESlH UZA A2 oS
4TojA] 158 SO @Fx]AIF] 1L 14,000 rpm0ﬂ/\1 158 50 24
2] 40)51] 92 pellet (RNA)S 75% ethanol (25% DEPC
treated water, Nalgene) 500 & € 15,000 rpmollA] 158 &
QF Y1A1EE] (4TC)BLIL ethanolS &HA5)] €7l S0l DEPC water
50 W& @oji] RNAZ 8615} A260 nmolA] EBEE &3
Gl RNA HFS ARISI[TE 2218 RNAY oligo dT primer
2} DEPC waterE 211 65CollA] 102 S0 BIZAI7] F 420
Al 38 Z=0F "kx|sE vk 10 x buffer, 10 mM dNTP, RNasin,
AMV Reverse transcriptase, 50mM MgCl, % DEPC treated
waterES Pl 42ToA 1AZF B¢t BISAIAHA]  reverse
transcriptase (RT) product® THERUT} THEOJZ RT product
(template cDNA)ojl 2.5 mM dNTP, 10 x buffer, DEPC water,
premixed primer (GenoTech, Korea) ! Taq DNA polymeraseZ
gollrt. ®
ONE-STEP RT-PCR PreMix (iNtRON Biotechnology, Korea)E
AMESle]  Aslde ARole 22l RNAo] iNtRON
ONE-STEP RT-PCR PreMix, premixed primer % DEPC treated
waterE =1 RT-PCRE 3I¥ch PCRE il ZHEAXR
DNAY} kg 2101617] 918K 1 x TAE buffer®. % 1% agarose
gel& THE 1 welloll 2}2}9) primer (Table 2)oll 315 k= PCR 4}
=oll DNA gel loading solution (5x, QUALITY BIOLOGICAL,
INC.)& #{0]A] loading3t ¥ 100 Vo4 A7|EES 3l Picture
works’ photo enhancerE 01831 AR ¥ & BINGTh

Jor |1>£ 401|

Yl polymerase chain reaction (PCR)&

Table 2. Gene-specific primers for RT-PCR

Gene name Sequence
WTERTA Sence 5"-AGC-CAG-TCT-CAC-CTT-CAA-CC-3
Antisence 5-GTT-CTT-CCA-AAC-TTG-CTG-ATG-3
-1 Sence 5:-TCA-AGC-CAA-ACC-TGA-ATC-TGA-G»B:
Antisence 5-CCC-CGA-GTG-AAT-CTT-TCT-ACG-C-3
e Sence  5-TCT-AAC-CCT-AAC-TGA-GAA-GGG-CGT-AG-3'
Antisence  5-GTT-TGC-TCT-AGA-ATG-AAC-GGT-GGA-AG-3'
omye Sence 5’—AAGfACT~CCA-GCG-CCT-TCT»CTC-SI'
Antisence 5-GTT-TTC-CAA-CTC-CGG-GAT-CTG-3
053 Sence 5-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3
Antisence 5-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3
Sence 5-CTC-AGA-GGA-GGC-GCC-ATG-3
Antisence 5-GGG-CGG-ATT-AGG-GCT-TCCY
CAPDHA Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3

Antisence  5-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3

"telomerase reverse transcriptase, Ytelomerase-associated protein, ‘telomeric repeat
binding factor, “glyceraldehyde-3-phosphate dehydrogenase
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1. Q1A BAAMEY Falo] mixle BERY g
FH|E BEE AIEE QA HYME A5499] 4817 B9t

AHelgt &, MTT assayHoll F5lo] HEEE Mo g A2
9] MEZZEA oA TS ZARIEEY. A A&sh A

XE 48A)7) EQF HEXEE FEE0] JE|E AS49 MEE o
Z ELISA readerZ O]&3}] 2 EZT A= Fig 1A9 &
t} Fig. 1A0lA] @& &= Q15%0] 1 mg/ml AB]TollAl= thR ol
Higld E&FE0t oF 30% A% 7‘4: RoH, BE¥E FEEY
Al 5571 E7HESE 35 E B2 2459 3 mg/ml Az
TojAE= 50% olSlE oAk 0]’&}-4 AHEdA HEERO| A

2E wiXlolA At YHEE BEEBO Adlsk JEHoE B
T Z4E0l MEFA0] Ao dMEAES & = UACE

T oo=d
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B) WKT concentration (mg/ml)

WKT concentration {(mg/ml)

Fig. 1. (A) Effect of WKT on the cell proliferation in A549 human
lung carcinoma cells. Celis were seeded as described in materials and methods,
and treated vith various concentrations of WKT. After 48 h incubation with WKT, MTT
assay was performed. Results are expressed as average from two separate experiments.
(8) Morphological changes in A549 human lung carcinoma cefls following incubation
with WKT. Exponentially growing cells were incubated with either vehicle alone (Q) or
WKT for 48 h. Cell morphology was visualized by light microscopy. Magnification, x200.
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FEUSNE ETSIL p-catenin THEZA 2159 #5L7}
€ En2& AHOILL cadeherin THEZ SN AE2 €
RO gAREE ME 22T @3 thl2lE9] kinase
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FZ Aol 9561H epidermal growth factor, transforming
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growth factor, insulin-like growth factor-1 & cytokine £} Z
2 AE H8g X5k QARE0] apoptosisE TAE = AUE
AOE HI XL Urh ol HAIAY FEAHE2
(PI3K),

phosphatidylinositol ~ 3-kinase G-protein %
phospholipase C-v (PLC-v1) €1 Z& FQ A5de BAlEE
g3l & ut PIBKol 96 44k = phosphatidylinositol
3, 4, S-trisphosphate (PIP3)= protein kinase B (PKB)/Akt &
PLCv1E &HYslAZIrtk &3] PLC-v12 phosphatidylinositol
4,5-bisphosphateE hydrolyzeA|7 protein kinase C (PKC)
activator] diacylglycerol & MIE W Ca®" Z&Eo] Q3 o9&
S k= inositol 1,45-trisphosphate (IP3)E 4HAFSHN?. wEhil
PI3KL} Ras@} Z+& K Z A /1S EAIS}F ZHo] PLC-v1 EA] A=
o] Zilol BYFHe! GBS Fh= AT LA AT, T8k
apoptosis7} FtE A EHJS1F caspase G40 Q5] PLC-y
1 RiA e 2ag 7ol &7 5 BR79 o &
7 apoptosis 0] WHBE FAIRIE A18o) 7RSI, w
B HEE 589 Aol oot apOpt031s FretFgolAl PLC-
V1 Tl Balvt BOGHAES oRE RALSISIE. Fig. 2A0
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7ol whg W9 Za FEE PARPS ML FAISIN
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cysteine-related proteaseQl caspase, DNAS] THH B g
endonuclease 0] 4 & =& oh‘/}5’47’48), O1EL AE dimerQ]
Oﬂﬁﬂﬁ EMeI 159 Wil a=Fo] Halyt ZeiEH apoptosis

b FEEE AoE WBA ow‘“g nEh BRE 2589 A
Zloll 93l B Z O] apoptosis F240] Bel-2 family Q] @& S}
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Fig. 2. (A) Degradation of PARP and PLC-v1 by WKT treatment
in A549 human lung carcinoma cells. Cells were incubated with WKT for
48 h lysed and cellular proteins were separated by 8-12% SDS-polyacrylamide gels and
wansferred onfo  nitrocelivlose membranes. The membranes were probed with the
indicated antibodies. Proteins were visualized using ECL detection system. (B) Effects of
WKT treatment on the levels of Bcl2 family proteins in A543 human lung carcinoma
cells. Cells were incubated with WKT for 48 h lysed and cellular proteins were
separated by 12 % SDS-polyacrylamide gels and transferred onto nitrocellulose
membranes. The membranes were probed with indicated antibodies. Proteins were

visualized using ECL detection system. Actin was used as a loading control.
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Fig. 3. Effects of WKT treatment on the levels of tumor
suppressor p53 and Cdk inhibitor p21 mRNA and protein in A549
human lung carcinoma celis. () Cels were incubated with WKT for 48 h and
total ANAs were Isolated and RT-PCR was performed using p53 and p21 primers described
in materials and methcds. GAPDH was used as a house-keeping control gene. (B) Cells
were incubated with WKT for 48 h, lysed and celilar proteins were separated by 10 %
SDS-polyacrylamide gels and transferred onto nitrocellulose  membranes.  The
membranes were probed with the anti-p53 and anti-p21 antibodies. Proteins were
visualized using ECL detection system. Actin was used as a loading control.
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Fig. 4. Down-regulation of hTERT mRNA by WKT treatment in
A549 human lung carcinoma cells. Cels were Ureated with various
concentrations of WKT. After 48 h incubation, total RNAs were isolated and RT-PCR
was performed using indicated primers described in materials and methods. GAPDH was
used as a house-keeping control gene.
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