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Anti-proliferative Effects of Cheonkumwikyung-tang in A549

Human Lung Carcinoma Cells

Bong Kyu Park, Dong Il Park*

Department of Oriental Medicine, Dongeui University

To investigate the anti-cancer effects of aqueous extract of Cheonkumwikyung-tang (CKWKT) on the growth of
human lung carcinoma cell line A549, we performed various biochemical experiments such as the effects of CKWKT
on the cell proliferation and viability, the morphological changes, the effects on expression of apoptosis and cell
growth-regulatory gene products. Results obtained are as follow; CKWKT treatment declined the cell viability and
proliferation of A549 cells in a concentration-dependent manner. The anti-proliferative effect by CKWKT treatment in
A549 cells was associated with morphological changes su¢h as membrane shrinking and cell rounding up. CKWKT
treatment induced apoptotic cell death of A549 cells in a concentration-dependent manner, which was associated with
inhibition andfor degradation of apoptotic target proteins such poly(ADP-ribose) polymerase, B-catenin and
phospholipase C-y1. Western blot analysis revealed that the levels cyclin-dependent kinase inhibitor p21 expression
were induced by CKWKT treatment in A549 cells. Taken together, these findings suggest that CKWKT-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 CKWKT may have therapeutic potential in human lung cancer.
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Hgla
cells)i= American Type Culture Collection (Rockville, MD,
USA)ollA] 25 ol ARZSIR e, AAZ9) wike s 90%
9] RPMI-1640 8iX](Gibco BRL, Grand Island, NY, USA), 10%
9] fElol@A(fetal bovine serum, FBS) 2! 1%2] penicillin &
streptomycin (Biofluids, Rockville, MD, USA) 7} E3Hd A ZhH
AE AHBBIo] 37T, 5% CO, 4 BloliAl wiQBIATH?. Ml £
Salo] WE NULT g 46k fIokd M 48417}
0.05% trypsin- ethylenediamine tetraacetic acid (EDTA, Gibco
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W oHkel 2ol FeETEE(CKWKT, aqueous extract of

Cheonkumwikyung-tang)9] F&Z& H7] sl oxf 1 g&
5874 1 M2 7ol 87 dAFR7F F&2E 7id7]olAl 18
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Table 1. Composition of Cheonkumwikyung-tang (CKWKT)

e " Be
BEZ 432 (Herb name) (Weight. g)
B™ Phragmitis Rhizoma 30
B Coicis Semen 30
it Melo Pedicellus 24
Bk Persicae Semen 9

Total amount 33

3. Al7Q Al
FEEEE ZE29 AAE A3 HAES  005%

trypsin-EDTAE 0]83l0] BRA17 the 1 x 107)/mt BE

A ZHE FER] FAlo) BFalo] 24417 S0t eFg 3} A5k
Azol MElall AF T2EEE FE228 88 552 Jau
Aol Frrelel =01 thg, 022 m9] pore sizeE 7H FA1E
ZHRUES AESHAL 138 HZ gE |RUS ARBSId 1y
2 4 BEFES Z2od oS, AZ9 HEEIAE ZolFHA F

1

4. HematocytometerZ 0| &3¢t Ml HEEQ)
A ERIRE 6 well plateo] A549 BHUMEE 2
YEE EF0HL 24417 3 FE I the TeBES
Z& X0l 450 ATl T iLBINITE. 48417
ABLL 0.05% trypsin-EDTA 0.5 mE XI5l M %
71 & phosphate-buffered saline (PBS) 0.5 m{& 7151 A
22 Tig AlE B 0.5% trypan blue (Gibco BRL)
OF 4lo] 287 HE|51A Tt Pasteur pippette®] T
01E35ld MEE hematocytometero] 371 & Q4R glu|d
o185l 200uH9] SR WESl] FEMog gdd AZE
2 MEE FFoL gao] HA k2 dolQls A9 5
ZX5Ict olol w2 Al Sigma Plot 40 TE I (SPSS
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5. 9145 BN|ES 018

A ZSE HED HAlol A549 HUMEZ 6 x 10°7]/ml

YEE 25061 24410 B SR thig FoBER &5
€ 34 Azlcld 48117 ¢t wigket =, et dvig

slad 200612
T+2 Kodak AHE

(inverted microscope, Carl Zeiss, Germany)& 0}
HER 7t 5o WE e Hals Hach
72t &g ol&sid ARle 295K

6. SDS-polyacrylamide gel H718 S
HZAEE HEE] FHAlol 6 x 1071/ HER UM ES
EFl] 24410 9 ¢S T T4EEE FEEE A
2l6ISTE 4817 77kA] Bi RS &, A ZE PBSE o] WL 0.05%
trypsinEDTAZ R2|okd B8AI7) THE Y4R2)E olal A2
£ EUTt olEA okt MiEe Bk lysis buffer (250 mM
NaCl, 25 mM Tris-HCl pH 7.5, 5 mM ethylenedjamine-tetraacetic
EDTA pH 8.0, 1% NP-40, 0.1 M phenymethylsulfonyl
fluoride ; PMSF, 1 M 14-dithio-DL-threitol ; DTT, protease
inhibitor cocktail, DW)E A 71510 4 CollA} 30871
13,500 rpm QO F 3027 A EE|GIH I dENS
Zol9 TE ST Bio-Rad T Y A
Hercules, CA, USA)1} 1 AlguiHo) Wl 250
&9 Laemmli sample buffer
Laemmli sample buffer 95%, Bio-Rad)& 41014 sampleg T+&
At o[E A UHE gample SHE sodium dodesyl sulfate (SDS)
polyacrylamide gel A71G&522 BEISIC]

Western blot analysisE flold Eolg S
acrylamide gelE nitrocellulose membrane (Schleicher and
Schuell, Keene, NH, USA)2.&E electroblottingof] 2]a} F0OJA|7]
%, 10% skim milkE &}38F PBS-T (0.1% Tween 20 in PBS)ol]
o] 4204 2213t Lk incubationdlo] H]E0]E Q1 THEE
Eoll thdt blockingS 4JAIH1L PBS-TE 152 (521} 3¥) A%
AEBIGCE AIE & 1A} 88 (PBS-TE 1:500 = 1:1000C 8
M5l AR)E AzlIsia] 42004 1AI7F 0]} EE 4TollA]
over nightA]7] CHz PBS-TE A& (1587} 1, 5871 58)8l1
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AElE 1z} ghalof 8= 2%} 3} (PBS-TE 1:15000.8 3]435)0]
ARE)E ARESIH] G20l 1AR} HE dFSAIZATE THA] PBS-T
2 AH (08} 3", 523 3H)5kn
chemiluminoesence (ECL) €% (Amersham Life Science Corp.,
Arlington Heights, IL, USA)g F&4A17] T2 YAUNA] X-ray
filmo]l ZHEA)7] EFCRIRO] vk Qitg vl BAEIE Y.
2 dsld AEE RES Santa Cruz Biotechnology Inc.
(Santa Cruz, CA, USA) %! Calbiochem (Cambridge, MA, USA)
ollAl TSI em(Table  2), 2z A= ARH

peroxidase-labeled donkey anti-rabbit immunoglobulin %

enhanced

peroxidase-labeled
Amersham Corp. (Arlington Heights, IL, USA)oll4] F-]3I9iEt

sheep anti-mouse immunoglobulin2

7. RT-PCRE ¢]&£3} RNA gt 249
A W FEEER ZE20] So] U= X o)A] 48117
S0 At A EZE PBSE Hlof WL 0.05% trypsin-EDTAE A
15l 27171 T2 1,000 rpm O E 1087 YMEEE 5io]
SENE HEILL MET ZRATE 24413 & HEE
cell lifter (Fisher scientific)22 QIM|ZEE HO} 50 ml tubeo)] £371
= 1,000 rpmollA] 5EEQF A EE]E It Pelleto] PBSE
Hrole] et ThE 1,000 rpmoilA] 527 AREIE o &
pelleto]l RNAzol B 1 mg &7i5k] oA &S I e-tube
ol ®AHA 4TAA 1A B9 MEE SdlAlzich 7]l
chloroform 200 & €1 invertingE vHE3dld LEA 412 ¢}
£ 4TolA] 52 ZoF wAAIFIAL 14,000 rpmollAl 158 F¢F
HEe] @C)sl S HEUTLE 400 p FIOF FH FO
isopropanol& @1l invertingE HHE3kd IEA 412 THE 4T
oA 158 50 &R]AF]1 14,000 rpmoiA] 1582 S¢t A2
(4C)sld A2 pellet (RNA)oll 75% ethanol (25% DEPC treated
water, Nalgene) 500 w0 & ol 15,000 rpmoj A 158 59 24
2] 4C)SIL ethanolE &718) Z Foll DEPC water 50 x4
& "ojA RNAE 2di5ld A260 nmojA] SETE &85K
RNA gbe AEInh 2Elsh RNAO oligo dT primer9}
DEPC waterZ @1 65T0ol4] 1082 S0 9124171 & AL0)4]
32 S0t 2ix|gt i 10 x buffer, 10 mM dNTP, RNasin, AMV
Reverse transcriptase,- 50mM MgCl2 W DEPC treated waterZ&
Wl 42°CollA] 1417} &0 HhEA1AHA] reverse transcriptase (RT)
product® NEQCHEI=SO] H QS 21719 A0k Table 3 &
Z). =7 RT product (template cDNA)o] 2.5 mM dNTP,
10 x buffer, DEPC water, premixed primer (GenoTech, Korea)
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Y4l Taq DNA polymeraseZ @1 polymerase chain reaction
(PCR)E& @54k (Table 4 2 5 ZF). ' ONE-STEP RT-PCR
PreMix (iINtRON Biotechnology, Korea)Z AlE3lH A8 E
ALoll= 2|8k RNAo] iNtRON ONE-STEP RT-PCR PreMix,
premixed prlmer 2! DEPC treated water® @1l RT-PCRE ¢
SIACHEFS Ol EQ3E 21219] Ajeke] £ 3} AHE Bl RT-PCRY
72 Table 6, 7 ¥ 8 &X). PCRE sl TIE0{Z] DNAY
& ZRI517] 18k 1 x TAE bufferZ 1% agarose gelS THs

03 }-)i

SAH ] Bk o

I wello] Z}71Q)] primer (Table 9)ofl 3lHSH= PCR 4HEol
DNA gel loading solution(5 x, QUALITY BIOLOGICAL, INC.)
S AolA loadingdt & 100 VolA] H71GEE &l Picture
works’ photo enhancerZ 0]2310] ARl EAS IR,

2% 9 w2

AlRE QFE 3 A17) £ 48A17F EQ uiAlol]l TLERE FEES
AE =58 3M8kd A &, trypan blue® 48l

hemocytometeri Aol MES +£E A4S FEEXRE

80| Ne|HA &2 hETEY Blasis Fig. 1o LERARA
E% olui trypan blueol]l 9Jah @aho] E]X] 222 MEE oRIE
M ZFE hemocytometer®E 0]&3 Al<=alod ALt uiAlollA] vl
o UAHIES] et niusiirt

Fig. 19} ZijoA] & = /I5%0] 48417 ¢t H4t vl X ollA]
AR B4 AB49 AIEY] ol dIGHe] FTLEBEER &
B oA Ae dHE BEES2 TeEEE 58 8Vt 3%
QEFCE ULBIUCE F 2 mg/ml MHElT9 4%
Higlo] oF 35% olde] AE dEE AUt AEEHIUCH, 4
mg/ml M|t o]dtollA dolQle HEE 50% nIRteZ Vieht
T2EEE £FZ2E20) XNoE dixolA] mlyE QM E0] MES
2 A9 E7EA giee & 7 Uk
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Fig. 1. Effect of an aqueous extract of Cheonkumwikyung-tang
(CKWKT) on the viability in A549 human lung carcinoma cells.
Cells were seeded as described in materials and methods, and the viable cells were
counted after 48 h. Results are expressed as average from two separate experiments.
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Fig. 2. Morphological changes in A549 human lung carcinoma
cells following incubation with CKWKT. Exponentially growing cells were
incubated with either vehicle alone (0) or CKWKT for 48 h. Cell morphology was
visualzed by lght microscopy. Magnification, x200.
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Fig. 3. Total protein pattern of A549 human lung carcinoma cells
after CKWKT treatment. Cells were treated with various concentrations of
CKWKT and the whole-cel lysats were prepared after 48 h. Proteins were separated on
8% (A) and 12% (B) SDS-polyacrylamide gels and visualized by coomasie blue staining.
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Poly(ADP-ribose) polymerase (PARP) THIZIE DNA
repairl} genomic stability®] FXlo] M EQ3 &S B,
apoptosis F2IE & S 31E proteaseQ] caspaseo]| &J&tod
B z1o] 2ai7t goluld PARPE] §4H 7159] A4 E Q151
40! DNA repair 2FH0] AIRIEoIZICI™, BAE0) M
9] AL PARP thiZE 116 kDa® REARE 7iAA2h
apoptosis?} Yojrt AL 85 kDa Z7]9] ©h@lo] ALY F
band9] wkslo] ZHARLH. wkA :Fﬁﬁr FEE9 A
ofl 9Bt apoptosis FHIFHAA L Ol2T Halo] TaEE=A9
A EE ZAP] §5k Tkt &9 FeEXE £E801 &
FE HiAollA] 48A[7F HHQFE A549 M| ZEE Hot SH9 T
&S 8% SDS-polyacrylamide gelZ2 7185082 HEEXZ &
nitrocellulose membrane©.F F0] A|#H PARP SN & 0|E56
Western blottingS 4 A13193C}

Fig. 4ollA] & ¢ QU&= 819} 2ol e miAlollA] sierd M2
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Fig. 4. Degradation of PARP, B-catenin and PLC-y1 by CKWKT
treatment in A549 human lung carcinoma cells. Cels were incubated
wih CKWKT for 48 b, tysed and cefular protens were separated by SDS-polyacrylamide
gels and wansferred onto ntroceliviose membranes. The membranes were probed with
tre ndicated antibodies. Protens were visualized using ECL detection system. Actin was
used as a ioading control,
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-catenin2 M2 79 FA L} iyst BaME MEY [AL
Aol EQs5kd ME FE BAE apoptosis A HABHE
FER I Qe Al M FEO) AS Bcatenin® 92 kDaQ] EA}
e 7EAL M E JEH apoptosis (adherent cell apopotosis)7}
AoiLhy 62-72 kDag HEE7F Yol k™. wigh TaEE
B R2E29 HFlo] Q3 A549 MIELQ| apoptosis Fuloll o]t
M FEBL UES BAE AUery A7 2-5*}0}7] A
B D F2EEE FE50] @RT mAdA 48417 S¢t ALt
MEEY B-catenin B3-S ZRAIGIATE Fig. 49 Western blot
analysis ZollA] B die} 220] 92 kDA T EI0] ¥4I Wl
A Lolx| A LA TLEEE FEEY Mgl st 7t
=g telsle vl ido] BriEREE & ¢ AT
oleg] 7ﬂJ40ﬂ/\1 FLEEE 2250 AlE AZE9 o &
7:—2 oAl FEHEE £&E%0] 5% vixlolA gt Mi2E9] B
AR o‘“—q O O]Z3t B-catenin THEZ wlsto] ¥ 5lo}
ATEE 7 ASE FEE ok

3P C‘ﬂ«] aiso] miXlE TEEEE F289 I

Z ol 2GHH epidermal growth factor, transforming

growth factor, insulin-like growth factor-1 ¥ cytokine 53} Z
2 ME 488 FX3k= QAHEC] apoptosisE AAE 4 U=
AeZ Hi HAAL Urth ol HERIAY SEAE
phosphatidylinositol 3-kinase (PI3K),
Cx1 (PLCy1) B3 2 FR AsHg
Act. Ed] PLCyI2
hydrolyzeA]d  protein kinase C  (PKC)
diacylglycerol H MXE Ul Ca" ZRZol £Q3 H&e sl=
inositol 1,4,5-trisphosphate (IP3)E 444181, ulgid PIBKLE
Ras®} Z+2 A Z & A S EALS 2o] PLC-y1 FA| A Z9) F4]
o E4F dag sl ASE gEA Yo Iy
apoptosis7} g AP 24 31F caspase G40l 98l PLC-
y1 thiZl2 25d 4= Ql7] mlEol] 47 & 579 izl &

G-protein % phosphohpase
2RSS BYHNL 5
phosphatidylinositol 4,5-bisphosphateZ

activatorQl

Zalodro] B @

7| apoptosis K} MSISIE FAIXIR AMEo) 7hEail™?, wh
o Te&EZE F&259 Aol 2$h apoptosis I ol4]
PLC-y1 RAEL] 2olf7 }%104;} 129 AEE ZAKIIT Fig

4ol FERIRAZO) F 9 Ml s/t E7ES
B ¢ QAR PLCy10] Wl
Ap) % AEHOR WA BLHUSS BIY 5 UYL

ol&9] ZIElA apoptosis7t FREAS Wl HEHOE
E51% caspased] S8l 2aiE 4 U 3 JHX] THA B F
9] uhslo] T-2EEE FEE9 Aelol g5l Askd At ol
32 SIS E & & ATk ol Bl TEEER &
£52 Aelol 9t A549 M9 apoptosis Tt IHHoll = caspase
23t 2EW JEE QXSS Wel HEt dojE AR F
Helolxirt
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5. p53 & p2191 welo] viAle TLEEE 2589 8%
LEe T2EER 289 Aelo s A549 H kM E9]
‘041117} %‘-%kodiﬂ FHA e A2F7] 28 dHAEs ¢
Wil 3o el dRE AP f16te SIAI7A]
24 & cyclin-dependent kinase (Cdk) inhibitor £ 713 T2 ¢
Tt o|FAKCH, MEFT] N F G714 STIE Folol
Q38 98e sH= SYAH SHA} p53 B Cdk inhibitor p21
Ol A & HAPF A9 2l g RT-PCR % Western blotting
OF ZAIBIMCE Fig. 5 A) & B9 A4 B 4 Ux0]
RT-PCRY] Ziloll 93t £ A FHA} p53 W Cdk inhibitor
p21 mRNAQ| W12 2 W3yl QIQom, p530] Thilz wis
9l p53 THES] Ol HROL TLEER FE22 < 82
o] Gt LEfLt p219] pE B TBEE ATl 5
7R W] At e SUIEEE ¢ & AALk B
3] Cdk inhibitor®] p212 p532) Hai Z710) YBle] FA} £
o] &Y % A, Qu £} F4] AR, apoptosis

3 7ol 8¢ ‘H%} Pb Hl —T— | \E'ﬂ_ ol 475] 7Pé} 58

r9& olx

O

Hro Jm SV,

o = w
29 571
A

+ Phospho-p53

Fig. 5. Effects of CKWKT treatment on the levels of tumor
suppressor p53 and Cdk inhibitor p21 mRNA and protein in
A549 human lung carcinoma cells. (A) Cells were incubated with CKWKT
for 48 h and total RNAs were isolated and RT-PCR was performed using p53 and p21
primers described in materials and methods. Glyceraldehyde-3- phosphate (GAPDH) was
used as a house-keeping control gene. (B} Celis were incubated with CKWKT for 48 h,
lysed and cellular proteins were separated by 10 % SDS-polyacrylamide gels and
transferred onto nitracellulose 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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