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Cell Cycle Arrest of Human Lung Carcinoma A549 Cells by an
Aqueous Extract from the Roots of Platycodon grandiflorum
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College of Oriental Medicine and Research Institute of Oriental Medicine, Dongeui University

Platycodi Radix, the root of Platycodon grandiflorum, commonly known as Doraji, is used as a traditional oriental
medicine. Extracts from the roots of P. grandiflorum have been reported to have wide ranging health benefits. We
investigated the effects of an aqueous extract from the roots of P. grandifiorum (AEPG) on the cell proliferation of
human lung carcinoma A549 cells in order to understand its anti-proliferative mechanism. AEPG treatment resulted in
the inhibition of cell proliferation in a concentration-dependent manner. This anti-proliferative effect of A549 cells by
AEPG treatment was associated with morphological changes such as membrane shrinking, cell rounding up and
inhibition of cell migration. DNA flow cytometric histograms showed that populations of both S and G2/M phase of the
cell cycle were increased by AEPG freatment in a concentration-dependent manner. AEPG treatment induced a marked
accumulation of tumor suppressor p53 and a concomitant induction of cyclin-dependent kinase (Cdk) inhibitor p21 and
p27. In addition, SBS treatment resulted in down-regulation of Cdk2 and Cdk4 expression. The present results indicated
that AEPG-induced inhibition of lung cancer cell proliferation is associated with the blockage of S to G2/M phase
progression the induction of apoptosis. Taken together, these findings suggest that P. grandiflorum has strong potential
for development as an agent for prevention against human lung cancer.
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1. A ZO wigt I dF +8u9 F&

2 48] ALE3H A549 Q1A HUMEZE American Type
Culture Collection (Rockville, MD, USA)dilAl 78l om
Lee et al”9] whHol F3lo] wiYsIct. 28e sYisa
Sro ol st B st o)A SEten] 100 g 1,000 mi
Q) Z24r0) 347} 014 #Q) &, 3,000 rpmQE 2027+ L4
2e|r|H AHEE AAHSKHCE ol& TR 045 pm8] A
£ 0|83ld B HEE Huld & £84EE 52 dXol
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2. M zge & U cell migration 4| R ZA}

24 FEE A2IE Aol YHEE UA|THSC HHEIA]

, TS 5E(0-20 mg/m)E 2F F£2 20| XE vix

M EE 484171 i &, Y4JA}L S0|ZE 085k 400 Bf
o] HIEE 7t Al kol WE Fehs Wl RIS 24
Z2&% Aglol 93} cell migration GA| o FAR= Igura et
alo) o] Folol 2417 B REE AP &
razor bladeZ 0|83l 5 mm HEQ EOZ HEE AHT &,
phosphate-buffered saline (PBS) U O T 44| & HA &= 2
2 £220] 34 iR RSl 48417F sl BTt FHiF
MEEE Wright staining 8 (Fisher Scientific, Pittsburgh, PA,
USA)E o835l ¥4 & Fo§u)ABlollA A9 migration
HLE HEsIErt
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3. DNA flow cytometryol]l Q|§} A ZF7] B4

o W 48 FEEC] g mA6IA Al MZEES PBS
2 FA H Ao, UHY (70% ethyl alcohol, 0.5% Tween
20)2 H7iskad 4TolA THAT) F, dltlol EolH o= AFsH
= @FEZQ) DNA intercalating dye propidium iodide (P,
concentration, 50 ug/md; Sigma)@} 10 kunit®] RNase (Sigma)&
AEIBHL 4TolA] 1A]17HEQE FABIULE 0lE THAl PBSE +
H Hojdl &, nylon mesh®Z HEE SWIHCE EPJAZ] £
DNA flow cytometry (Becton Dickinson, San Jose, CA, USA)oll
HEAH BBWSo]| WE histogramS ModiFit LT (Becton
Dickinson) ZZ 70 F 2504,

4. SDS-polyacrylamide gel H7|€ &S

Choi et al’¥9] Biio)] 5l Bt W 27 X5E20) g8
B iR oA At MEE PBSE A H Slo] WL, MY lysis
buffer (40 mM Tris-Cl pH8.0, 120 mM NaCl, 0.1% NP-40, 0.1
mM sodium orthovanadate, 2 pg/m¢ aprotinin, 2 pg/mb

leupeptin 2 100 pg/mé phenymethylsulfonyl fluoride)& B7}51

o] 4CollA] 2087 BESAIZ] =, 14,000 rpm S F 302 QMR
25k 11 AEANE FHIArk 4599 thiE 55+ Bio-Rad
childl "t Ajeky T AR wigiti(Bio-Rad, Hercules,
CA, UsA). 539 thillZlE SDS (sodium dodesyl sulfate)
-polyacrylamide gel A71E &% EEI5IACt

5. Western blot analysis

SDS-polyacrylamide gel H7|HEOE TS gIael
acrylamide gel& nitrocellulose membrane (Schleicher and
Schuell, Keene, NH, USA)© & electroblottingoll 2J3] F10]A]7)
%, 10% skim milkE &S PBST (0.1% Tween 20 in PBS)E
0185k 4TolA] 1417} 014} incubationdIHA] HIZ0|HQ! Thul
ZEol et blockingS HAISHL, 58 Wiz wigt SHE
membraneol] H&A1H S A YhgS 2 F, PBSTE A
ol 8 Aol thdl o|xt A& A 841! o Enhanced
ChemijLuminoesence (ECL) &% (Amersham Life Science
Corp., Arlington Heights, IL, USA)E H 847! T} X-ray film
o ZBAIA B8 g &g BMsT™. 4gl Agd
SAE %, mouse monoclonal antibodyQ! cyclin A, Bl, D1,
p21, p27 W p532 Calbiochem (Cambridge, MA, USA)ollA]
51t 18] rabbit polyclonal antibody@] cyclin E, Cdk2,
Cdk4 W Cdk62 Santa Cruz Biotechnology Int. (Santa Cruz,
CA, USA)O)A] FYUBIH o, 2k} SRZ AKSE peroxidase-
labeled donkey anti-rabbit T peroxidase-labeled sheep anti-
mouse immunoglobulin® Amersham Life ScienceollA] TIICY.

6. RT-PCR

47191 YT ZHclA FEHIE YMEES thatQE RNAzol
B (TEL-TEST, INC,, Texas, USA)E 0|85} total RNAE 2216}
rt HzlY RNAZ Y8t &, Choi”9) wgoll skl oligo
dT primer®} AMV reverse transcriptaseE 01231 2 g RNA
oll4] ss cDNAZ #45IRC) o] (DNAE templateZ AFZ3IH
Table 20] UE® F[HAE BYLE  polymerase chain
reaction(PCR) WH 07 ZZ3|cHTable 1). Olml housekeeping
FHARI glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
FHARE 8610 internal control 2 ARES5IAEE. 2t PCR A28
S 1% agarose gelS 0|23k HII1QESIL ethidium bromide
(EtBr, Sigma)Z O|8310] @B % UV slolAl SRIGKATH
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4= Fig. 1004 B 4 ARl FEEY sk 7l WE GA=E
o] A% HeN® wgo] FEAFJET, 4817 U ASE A
2)Z (04 mg/ml Y 0.8 mg/ml)ollx19) A2 HAHLE HZ
Dol SEHVWA HIL B /AE 2 X3 ZYCE UL
™, 1.2 mg/ml 049 T AelFdlA Me) sk 57l w
2 5% 9EHOF QM ESo| HAR 44 dYE B 4 U
o} 0123 A3 FENE HE 2 Rl 218 23 FEEA A
glol g8t AN e 2 dBEE Adria & & AR/
) 313 ol disholl QM E7} A9l ESMMENE L T HERollA
Igura et al9) wiHol 93} cell migrationo] MAE WA &£&
2] @ats AR 2, 23 $&29 Ao sk &7 mt
QM) migrationo] A9 0] FAA RoIXTHFig. 2). o142
274 2229 Azl A5l FHMEY] Bl Bk AEHSE
sk AREASS Bol FE= Aotk

Table 1. Sequences of primer used for RT-PCR

Gene name Sequence
053 Sence 5-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3
Antisence  5-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3
021 Sence 5-CTC-AGA-GGA-GGC-GCC-ATGS
Antisence  5-GGG-CGG-ATT-AGG-GCT-TCC-3
GAPDH Sence 5-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3

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

1.6 2.0
AEPG (mg/me)

Fig. 1. Morphological changes in A549 human lung carcinoma cells
following incubation with™ an aqueous extract of Platycodon
grandifiorum SAEPG . Exponentially growing cells were Incubated with either
Vehicle alone (0) or AEPG for 48 h. Cell morphology was visualized by light
microscopy. Magnification, X200.

2. 27 AZEo] QUEY MEFY| E3o] njXe G
olatal ZE FEEA A3 YAE HFAM 5 7IW
M Yslol MEF7] TR HTY IR E ZARINC. 0]
2 5l WA 23 220 7Y X0l 484)7 SOt vl
oFgl oM EE 4O E DNA flow cytometry B4 HAIGIA
om, 7 A= Table 20] LJERH H}9} 2T} Table 20 LIERA
B} Zo} Al i KlolAl AR A549 B Z0) S G717t
Ao o 5847%E AABIL AN, 5719} G2/MYN0) &dh=
AZ7 Zkz} 14.30% B 27.23% AEIch T2 08 mg/mld
27 A2 =Told 48417 wigE M2 FP GUI7t

55.79% 2 ZHAEIQOM, $719F G2/M717} F 14.64% X 29.57%
2 UERGC) E38 1.2 mg/ml & 1.6 mg/mlo] sTol4] Akt &
HEQ ALE Gl7lol igske Az 2IE7 46.95% B
9I1%E ZAEUOH, AHHOF 571(16.30% H 23.20%)
G2/M71(36.75% 2 3553%)0) Sig=E AlZo) ¥ire A
HERrE & 28 2289 A st E7HESE 91
G2/M7101M Q) M ZHZFo] AAlEE ARE 2ol FUCt oY
9 Z2VE S5 B Z2F FEEY Aelol 9o FHEY
HEH FiH= Gl71Ech= DNA 471 ) 2870 Z80]
chh GAEIREE & & AU

W oo w2

Table 2. Fractions of each cell cycle phase of A549 lung carcinoma
cells cultured in the presence or absence of various concentration
of aqueous extract of Platycodon grandiflorum (AEPG) for 48 h.

AEPG % of the cells

(mg/ml) Gt S G2/M
0 . 5847 1430 21.23
04 58.00 14.86 27.14
08 55.79 1464 2957
12 469 16.30 .75
16 39.91 2320 3553

2.0

AEPG (ng/mt)

Fig. 2. Effect of AEPG treatment on the migration of A549 cells.
Confluent cultures of A549 cells were wounded with a razor blade.

The cells were incubated with the indicated concentrations of AEPG for 48 h. After
fixation and staining, the mophology was pictured under light microscopy.

Magnification, X200.
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Fig. 3. Effect of AEPG treatment on the levels of cyclins in A549
human lung carcinoma cells. Cells were incubated with various
concentrations of AEPG for 48 h, lysed and cellular proteins were separated by
10% SDS-polyacrylamide gels and transferred onto nitroceliulose membranes. The
membranes were probed with the anti-cyclin A, cyclin B1, cyclin D1 and cyclin E
antibodies. Proteins were visualized using ECL detection system.
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Fig. 4. Effect of AEPG treatment on the levels of Cdks in A549
human fung carcinoma cells. Celis were incubated with various
concentrations of AEPG for 48 h, lysed and cellular proteins were separated by
10% SDS-polyacrylamide gels and transferred onto nitroceliulose membranes. The
membranes were probed with the ant-Cdk2, Cdk4 and Cdké antibodies. Proteins

were visualized using ECL detection system,

4. Cdk inhibitors@] Wlol vX= 24 FEEY &

oj19] dijoli 23 FEE el st dAEZ HEY
A Z3oll Cdke] & ZHIk= cycling w3 ZAF I )
oA A5 VERIR Gtc) wElk olE R RERIRT ¢ ©}
E FAA} 420 98t £F Jhsido] e 7] widol 2E &
EE9 Aeglol Qg M2 F41NA)7} Cdk inhibitore] wl&
I AEHo]l RAEXY ABRE FABIGTE 018 st sl &
7R edZl Cdk inhibitor & 713} W2 A7 ol FoJ MU=
p21 & p273} EUATIQIA} p539] eido) vlAlE 28 FEHEY
A5EZ Western blotting % RT-PCRH O F ZAFSISIEL. Fig. 5A
9 Aalld] & 4= R0l iET U AT AelFolMe AY
deo] HZ) e SYAH FHAL ps3 iAo AL 12
mg/ml Az ojalollA] i ZEHA wdo] S7HERen, of

T Al oA ZEEES RT-PCRE I 5= URACHFig.
5B). ZANE Cdk inhibitor & p219] A2E AzE AzlFol4]
FE ddlo] 7= AL mRNAY] eidE i 270 ulsle {9
Hol &7t A2 € B 4 YT E3F p27 thilA9 H2: A
gl sk A&EHo T dalo] FUiERA) ek 4 FEE A
2ol 918k Al F419] ArjollE Cdksel THEZA ulg it
£ Cdk inhibitorQ] 2 5718 8ol 18 €4 XANE 24
AlHE REE Hzislojzict.

AEPG (mg/me)
A r 1
0 0.4 08 1.2 16 20
- SBNGE 053
S s g, MM <+«— p21
5w wwes tsaw | 4—— P27
AEPG (mg/me)
8 0 04 08 1.2 16 2.0
p53
p21
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Fig. 5. Effect of AEPG treatment on the mRNA and protein levels
of tumor suppressor p53 and Cdk inhibitors in A549 human lung
carcinoma cells. (A) Cells were incubated with various concentrations of AEPG
for 48 h, lysed and cellular proteins were separated by 10% or 13%
SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The
membranes were probed with the anti-p53, p21 and p27 antibodies. Proteins were
visualized using ECL detection system. (B) Cells were incubated with SBS for 48
h and lotal RNAs were isolated and RT-PCR was performed using p53 and Cdk
inhibitor p21 primers described in Materials and Methods. GAPDH was used as a
house-keeping control gene.
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2 o}F st A7t IASQ M2F7] ZE2 2 A
EF7IEE Fojdle tigkt fHARE dol 2EE =], J1E
HOZ MEZF7] checkpoint Zt A|7]0] QFEAKIE cyclinsol
9l5lod CdksSl A4EQ) Sy at Bayo] ZFEHAZTH. MR
Cdk4 % Cdk6%} complexE 0] FE= D-type cyclin2 G17]9] &
Aol 233", cyclin E= Cdk29} complexZ 0]2HA] S7|2
o] "olol £Q8F HEre wsha Utk E5] D-type cyclin
2 SYAR|QIA} retinoblastoma protein (pRB)Q| Q14ts} A1}
Ol2 QI%t G1/S o] ¥ DNA &4 711 g 2&dke |44l
FQ¢ FAEEQIAL E2F familyo] 48 £&H. Cyclin A
T Gl #7lol YAE AIEGIY 5719 G27] &¢t wdo] &715
il cyclin B12 G27]ofA] MZ|29) olflE ZRFEolM, 242k
Cdk2 & Cdc29 kinase &9l x£FZol 5338 Hgrg sl
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20,21). 2 A79) Aol Y 2F FEEQ Mg MEFT]
9] G710l dldsh= AES YT 7t LORXHA AHESE S7]
g2 G2/M7)o] dgEE MEEY HEE F7HIckTable 2).
5 24 £8% A&E Aelol g olA HUMEY HEY
A Holle ZARE 2 7HA] cyclin SollA] cyclin D1glo] £018
o7 gl st JEHoF wdo] AAEUCHFig. 3). ol
cyclin D10] GI7129] ol#E At X7] o]l 53¢ Hgre
JTh= Me IEE o tih YAEE AAE HHE + Aok
JEiLt YEE O R cyding] wisio] of= Fx AFHGHH FAH
OE Cdks2}Q) complexE H43)H kinase BHAKE £HE
& JEXY g5rt B 5250 TV, 0l21E B
47 ZEEQ Nglo) gdll det AzEE QA gt o]
T cyclin W Cdko] wdo] o= T RA¥TH: H& Cdk
inhibitor®} Z+2 negative ZEQIAZ} T Q¢ AEE & 4
k= AS gu|gict tirst MESA] ) ASd 93 F
%] Cdk inhibitor= CdksSlQ] Ziet Z§HS Edle] 189 &
HS AFATIE ABE Sh=H, 252 A F 7MY family

BE(NK4 % CIP/KIP family)FloAXL JTh?. ol &
Cdk29} ZgslHA]l 1189 8¢ Adislke ALE &8z
CIP/KIP familyoll 451 p212 DNA &40 9J3t S0l &
HA} p53oll Y3l ZE S wom, ol MEF7] 4 Gl Al
ZEAE dFsle MZF719 dEE M £3% ZEQIRE
UEA . Jeiu A2 A7) 95K p21Y) Rk ME
F419] olw|®gl oligh, Al29] 2ol EQ8 &S 5
22 proliferating-cell nuclear antigen (PCNA)HT 2§+ 3l
DNA replicationg GH& 4 Y& ALE HuFH 21 Y
oP9. o}2 pS3oll 9§t p219] HAREE TH= BAIRI0] YA ]
HZAE AL 231 FEol p53 HIQEHQ] p21 7k 23 7]
o) sl HBIXI USem p21l HAEFo HAske
coactivator®} suppressoroll T} AFE0] EeksiA D@ Soltt
730 1% p210] YRIHOZ GI7iolA BRI LA $2
L}, Aat MGol 2 AEF7] EQF p21 mRNAY Wd =&
o] G171} G7lollA] % ¥ HAZE olErks AMdolA] p210]
G2/M719) & shsdol M71ERem™, A2 M2 @7 2
HERRE p212 MEF7] 4 G719 2820 okt G2/M
g EZet MEF7] Hukl 2 RIAEA s
cyclin/Cdk complex®} 84 X£E3I0, MEESS} L5 ¥
apoptosisol| & B MESAol 718 EQ3 ZEAE QI
Al5jold 1 JTF*P. 2 379 AdlolA] A LA Eo) 4
4 Z£E9 Al 95l skol wE 2804 thag X0
= HOAIY p219] wislE XESk= p53 ¥t ozt p21 ¥
p279] wglo] L% S7iERICt Ieut §5] p53sl A2 23 &
ZE9) el st AL 2 HAE fFollA 25 ddlo] E7t
R, p219] A= ThlA g wsinlo] S7IEHASE e
Eu|EC}. wighd 24 F2E29 Aeldl A p21 thilZIo) Bk
E7P7) AAleE e FEeh il KRG halflife 710l 9
o p53 HIQEHQ] vl & #4 7tsdk US AR Al
FHC} 2 ool AIRE A549 FYMEE A4t p53 SHAE
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7HRE MEFO|I7] wiEo] oo S dFe F/IHCE ps3
null £ mutant NEFE AMESH d50] Qg ez 4zt
HAZIC §H ME SAldlA] B8 229 HElE o ZdF
Q1 MEZF719] olgolLt Cdks BH9] HEH= apoptosis Fe
ZQlolo] 8 4 U=, apoptosis= 7HAS) wHITEAL) DNA
&Y, HolA A A#E 3ol A 7AF 28 sholix dojuke 8
Wk ARG 7)1Folg HolA necrosis®} THEE]D, apoptosis=
NABEFEolA E48 HNEEY HMAE At ST o]
TF. Apoptosis®] flolE MEZSAl0] £33 AT sl
ZQ0IA] SHAL ps3olt Cdk inhibitor p21 ol opig),
apoptosisZ A8 Z£AEBhk= B2 Y Bax®} 22 FAXTT B
ke ARdo] UTIAIAHA] apoptosiset H#E AN 71H0] 3
2 mol WHANT AUKPY. 3 Qe sieh Zol B2
apoptosisE |5k HhH, Baxe HUHERE W apoptosisS
/Es?, ® cwae ME HHoFHA
mitochondriad|A] cytochrome ¢ %! cysteine-related proteaseo
BH= caspaseS} Z+2 apoptosis Faloll Bk QXSS vt
2 ZFHICPY. 22 wEY HPATol AN 2E 8%
ZEol 93t apoptosis®] RIole Bd-2 FHAN] & A
Bax RAAL 29 E7loll QT caspase-39] Y30l Yt
og gokg v} T, wiei 4B £&E0 98 PHEQ
HEGAE 2 A7EAelMG 22 B RAXS Hee &8
MEF719] mehdt J# apoptosis ol 2T A2 Felg
4= Yo, ool S N&AQ] H771 Qg ALE ARt

dimer&

]

SN o2 gy

e | 2

Q1A St MEFTO! AS49 HEQS HE nXE AE 8
o RAERO geke AR 2, Z2F FEEY Mgl s E
7¥ekeE A2 HE0] AAEHACH, o= MZEY] A1gH HEel
= HE /4, 2588 44 Y cell migration®] AH S HH#H
o} AYr). DNA flow cytometry 243 Ax, A EF7] Gl ¥ILQ)
Zao whiE AuiEQl 571 ' G2/MY] &7t ddke BEE 4 U
et w3t 2 FEE Aeloll Y3t cyclin®] #H3} FHEro] Hojji]
= 44 FEEY AR cyclin D1 S0180] WiaZte 8 UEE
AelolAlg] Cdk2 & Cdk49l REEQ] ek Xldda BE
g 4 Ak 2211 28 FEEQ Aelol 9l EUiA F
HA} p539] 8ido] mRNA B Thild £Foli 2% Al s
QERCF Z7150 20, Cdk inhibitors o4} p21 & p27
uizlo) uiel wol B S7IEIRC. olgist Bl 2 FEE
9] Xelol Qg HUAES FAAA N MEZFZIZY XY o
A9} H@E apoptosis 7l A0 U A AIREC
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