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Effects of an Extract from the Roots of Platycodon Grandiflorum on the
Levels of p53 and pRB in NCI-H460 Human Lung Carcinoma Cells

Bong Kyu Park, Chul Woo Gam, Tae Yool Heo, Dong Il Park®

Department of Oriental Medicine, Graduate School, Dong-Eui University

Platycodi Radix, the root of Platycodon grandiflorum A. DC (Campanulaceae), commonly known as Doraji in
Korea (Chinese name, ‘Jiegeng’, and Japanese name, ‘Kikyo') has been used as an expectorant in traditional Oriental
medicine. Extracts from the roots of P. grandiflorum have been reported to have wide ranging health benefits. In
Korea, Platycodi Radix is also used as a food and employed as a folk remedy for adult diseases, such as bronchitis,
asthma and pulmonary tuberculosis, hyperlipidemia, diabetes, and inflammatory diseases, and as a sedative. Several
studies on its chemical and immunopharmacological effects including immunostimulation and antitumor activity have
been performed. However, the relevant molecular mechanisms are poorly understood. Platycodi Radix, the root of
Platycodon grandiflorum A. DC (Campanulaceae), commonly known as Doraji in Korea (Chinese name, ‘Jiegeng’, and
Japanese name, ‘Kikyo’) has been used as an expectorant in traditional Oriental medicine. Extracts from the roots of
P. grandiflorum have been reported to have wide ranging health benefits. In Korea, Platycodi Radix is also used as
a food and employed as a folk remedy for adult diseases, such as bronchitis, asthma and pulmonary tuberculosis,
hyperlipidemia, diabetes, and inflammatory diseases, and as a sedative. Several studies on its chemical and
immunopharmacological effects including immunostimulation and antitumor activity have been performed. However, the
relevant molecular mechanisms are poorly understood. In the present study, we investigated the effects of an aqueous
exiract from the roots of P. grandiflorum (AEPG) on the cell growth of human lung adenocarcinoma NCI-H460 cells
in order to understand its anti-proliferative mechanism. AEPG treatment down-regulated the cyclin D1 expression in
both transcriptional and translational levels without alteration of cyclin E. In AEPG-treated cells, the levels of
cyclin-dependent kinase (Cdk) 6 mRNA and protein were significantly inhibited, but the levels of Cdk2 and Cdk4 were
slightly inhibited by treatment of AEPG. AEPG treatment induced a marked accumulation of Cdk inhibitors, p16 and
p27. However, AEPG treatment did not affect not only retinoblastoma protein (pRB) but also tumor suppressor p53
protein expression. The present results indicated that AEPG-induced inhibition of lung cancer cell proliferation is
associated with the blockage of G1 phase progression through induction of Cdk inhibitors such as p16 and p27, and
inhibition of cyclin D1 and Cdk6. AEPG exposure, as offered by this study, provides clues for the mechanism of AEPG
action. Taken together, these findings suggest that P. grandifiorum has strong potential for development as an agent
for prevention and treatment against human lung cancer.
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9 PBSZ Ao} WL 0.05% trypsin-EDTAS A
1,000 ipm Q2 1027 YAIBZE &l
AZQF FT) 24413 & M|EE disposable
FHoA] 50 ml tubeol] &3]

dEHg Ml
cell lifter (Fisher scientific)
1,000 rpmoflA} 5& =t Y4 EEE SIUTt Pelleto] PBSE
7¥5kd el T 1,000 rpmollAl 5E7F MR E B
pelletol] RNAzol B w8 7510 U51A SIBFS 3L e-tubeo]
FAA 4T 1A B AEE E3AZTE o7l
chloroform 200 & B invertingE HIE35l] IEA 42 ot
£ 4TollA 58 SQF HAAIZ]IL 14,000 rpmofiA] 158 ¢t
AMEZEAT)ol] R AENTLS 400 M e 5 Y
isopropanolE ¥ 1l invertingE YIEGl] I=EA A2 }S 4T
oAl 158 S0 HEXIA)1F1 AL 14,000 rpmollA] 158 ¢t A4127]
(4C)51d A2 pellet (RNA)AI 75% ethanol (25% DEPC treated
water, Nalgene) 500 /2 @0 15,000 gollA] 152 ¢ A2 27)
(4C)3HL ethanolg &F5) LRl Fof DEPC water 50 (S &
o} RNAZE £3d15l0d A260 nmollA] EBEE S350 RNA
glre AlkSIt.

EZ]3F RNAo oligo dT primer®} DEPC waterE @11 65T
oflAl 108 S0t HISAIZ] & A2olA] 38 & BAIS thz 10x
buffer, 10 mM dNTP, RNasin, AMV Reverse transcriptase, 50
mM MgCl2 & DEPC treated waterE &Il 42TolA] 1X7F &
OF HESAIFAHA] reverse transcription (RT) product® THEATHEL
Soll Z2ok 229 AJok2 Table 1 &X). THEOIZ RT product
(template ¢cDNA)oll 25 mM dNTP, 10x buffer, DEPC water,
premixed primer (GenoTech, Korea) 2! Taq DNA polymeraseE
@1 polymerase chain reaction (PCR)Z #sIQirhEkeo] RQs
Zk7}0] Ajet AF2 W PCRY £ Table 2 & 3 AX). &
One-step RT-PCR PreMix (iNtRON Biotechnology, Korea)& AFZ
Slod AEEIE APollE 223 RNAo| iNtRON ONE-STEP
RT-PCR PreMix, premixed primer % DEPC treated waterE &1L
RT-PCRE Ssiri(Hbsol Hash 2249 Alokd)] 243 Alg B
RT-PCRY] 2712 Table 4 = 5 F%). PCRE &l WEAZX
DNAY kg ERQI5H71 21510 1x TAE buffer©F 1% agarose
gele UETL welld]l 24249 primerol] SlE8k= PCR 4AHEO]
DNA gel loading solution (5x, QUALITY BIOLOGICAL, INC.)&
41014] loading gF & 100 VoA A7I¥ECE 286t & Etbr ¥

ABBIFCE. O] ultra violet (UV) o}OﬂA SROI5} & Picture works’
photo enhancerg ¢85l AR Y& oI ¥, ol Alg=
primer£2] 4122 Table 60 L}EH B2} ZOM housekeeping &
FAW1 glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
ARE EE510] internal controlZ ARSSIACH
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Az HED FAlol 6 x 10°H/nt SEE HAUHEE
2F0l0] 24417 F¢F OEsTI The 24 FEEES M5
Ch 48AIZWA] wlSt &, MZE PBSE Aol Wi 0.05%

5% - S1EN

g 95y
trypsin-EDTAE Azidle]l BRA7 e AUEEE Sl A=

& EQMrt. o]8A okl MlEo ko) lysis buffer (250 mM
Na(Cl, 25 mM Tris-HCl pH 7.5, 5 mM
ethylenediamine-tetraacetic acid : EDTA pH 8.0, 1% NP-40, 0.1
M phenymethylsulfonyl fluoride ; PMSF, 1 M
14-dithio-DL-threitol ; DTT, protease inhibitor cocktail, DW)&
Hrlskd 4ColA] 3087 HF=2A1F1 &, 13,500 rpm 2.2 308271
HUBEISIY I 439g Foldrt 5% il 5=
Bio-Rad ThZl Fgr Aok (Bio-Rad, Hercules, CA, USA)¥ 1

AgwEel mel SYoR wE
buffer (B-melcaptomethanol 5%, Laemmli sample buffer 95%,
Bio-Rad)g 41014 sampleg =T O[EA WIE sample =
=& sodium dodesyl sulfate (SDS) polyacrylamide gel 7]
EOR 2ty

= 59 Laemmli sample

Table 1. Reaction components for RT

Separated ANA 2 ug (xul)
QOligo dT primer 2 ul
DEPC treated water 8 ulx ul
total 10 ul
65°C, 10 min reaction
10x buffer 5
10 mM dNTP 5 u
RNasin 1 ul
AMV Reverse transcriptase 1w
50 mM MgCl2 54
DEPC treated water 23 ul
Total 50 ul
42°C, 1 h reaction (RT product)
Table 2. Reaction components for PCR
Template cONA 8 ul
10x buffer 4
10 mM dNTP 025 ul
Tag DNA polymerase 02 ul
Premixed primer 1wl
DEPC treated water 2655 ul
Total 40 ul
Table 3. Condition for PCR
Temperature (TC) Time No. of cycle
45 30 min 1
94 15 min 1
94 5 min 1
94 30 sec
58 30 sec 50
72 30 sec
72 5 min 1
22 hold -

Table 4. Components of ONE-STEP RT-PCR PreMix

Components of ONE-STEP RT-PCR PreMix
AMV Reverse transcriptase
RT-PCR duffer (10x)
dNTPs
Tag DNA polymerase
Stabilizing buffer
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Table 5. Reaction components for RT-PCR

iNtRON ONE-STEP RT-PCR PreMix 8 ul
Separated RNA 2 we (Xul)
premixed primer 1
DEPC treated water 20-% ul
Total 20 wl

Table 6. Gene-specific Primers for RT-PCR
Gene
name
Cyclin  Sence
D1 Antisence

Sequence

5-TGG-ATG-CTG-GAG-GTC-TGC-GAG-GAA-S'
5-GGC-TTC-GAT-CTG-CTC-CTG-GCA-GGC-8

Cyelin F Sence 5’-AGT»TCT-CGG-CTC-GCT-CCA»GGA-AGA-S"
Antisence 5-TCT-TGT-GTC-GCC-ATA-TAC-CGG-TCA-3
Cdko Sgnce 5’-GCT-TTC-TGC-CAT-TCT-CAT-CG-B"
Antisence 5-GTC-CCC-AGA-GTC-CGA-AAG-AT-3
Cakd Sgnce 5’-ACG-GGT-GTA-AGT-GCC-ATC-TG-S”
Antisence 5-TGG-TGT-CGG-TGC-CTA-TGG-GA-3
o6 Sence 5-CGA-ATG-CGT-GGC-GGA-GAT-G-3
Antisence 5-CCA-CTG-AGG-TTA-GAG-CCA-TC-8
53 Sence 5-GCT-CTG-ACT-GTA-CCA-CCA-TCC-3
P Antisence 5-CTC-TCG-GAA-CAT-CTC-GAA-GCGY'
016 Sence 5-CGG-AAG-GTC-CCT-CAG-ACA-TC-S'
Antisence 5-TCA-TGA-AGT-CGA-CAG-CTT-CCG-3
001 Sence 5-CTC-AGA-GGA-GGC-GCC-ATG-3
Antisence 5-GGG-CGG-ATT-AGG-GCT-TCC-3
007 Sence 5-AAG-CAC-TGC-CGG-GAT-ATG-GA-3
Antisence 5-AAC-CCA-GCC-TGA-TTG-TCT-GAC-8
GAPDH Sence 5:-CGG-AGT-CAA-CGG-ATT-TGG~TCG-TAT-3’
Antisence 5'-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-S’

5. Western blot analysis

Western blot analysisE $|510d SDS-polyacrylamide gel
JI9E0E pHiZlS 2|8l acrylamide gelS nitrocellulose
membrane (Schleicher and Schuell, Keene, NH, USA)2 =
electroblottingoll Q&) FolA1Zl &, 10% skim milkE gHFot
PBST (0.1% Tween 20 in PBS) 84S 0183k A0 1417
0)4} incubationglEA] H1EO|A Q] TERAIE] tigl blockingS
AAIBHIL, PBS-T A& 0183l 52 HOE Ha 33 o]
AAHEFIAITE A & 28 vl ogk g(PBS-TE 1:500 &
= 1100022 344510 membraneo] HEAIAH Ao
Al 1A17E ol B S H}%—% Yo7l &, PBSTE Aol 3
3] ola} M3 &, BF SAloll thet o]k} 8kAI(PBS-TE 1:1500
o7 sl ARR)E HEAIA &olA 1A17F o] BISAI
T} CRA] PBS-TZ A& (1087F 3, 5271 3#)5k1 enhanced
ChemiLuminoesence (ECL) &<
Corp., Arlington Heights, IL, USA)E HEA|7l TIZ Xeray film
ol ZBAIA BF a9 gg 26, 2 Agl) 418
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(Amersham Life Science

2 gkHE2 Santa Cruz Biotechnology Inc. (Santa Cruz, CA,
USA) % Calbiochem (Cambridge, MA, USA)oll A 715134 S0
(Table 7), 2%} SAE AFRE peroxidase-labeled donkey
anti-rabbit immunoglobulin %!  peroxidase-labeled sheep
anti-mouse immunoglobulin® Amersham Corp. (Arlington

Heights, 1L, USA)olA] F-QIEI3TH

24 589 £ZFo) 9 NCLH460 Q1A SIQAIEY) p53 B pRBS] wdlo] niXl= EF

Table 7. Antibodies used in the present study

Antibody QOrigin Company

cyclin D1 rabbit polyclonal Santa Cruz Biotechnology

cyclin E rabbit polyclonal Santa Cruz Biotechnology
Actin rabbit polyclonal Santa Cruz Biotechnology
Cdk2 mouse monocional Santa Cruz Biotechnology
Cdk4 rabbit polyclonal Santa Cruz Biotechnology
Cadke mouse monoclonal Santa Cruz Biotechnology
p16 rabbit polyclonal Santa Cruz Biotechnology
pt mouse monoclonal Calbiochem
p27 rabbit polyclonal Calbiochem
P53 rabbit polyclonal Santa Cruz Biotechnology
pRB mouse monoclonal Santa Cruz Biotechnology
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Fig. 1. Effect of AEPG treatment on the levels of cyclins in
NCI-H460 human lung carcinoma cells. (A) Cells were incubated with
AEPG for 48 h and total RNAs were isolated and RT-PCR was performed using
cyclin D1 and cyclin E primers described in materials and methods. The amplified
PCR products were run in a 1% agarose gel and visualized by EtBr staining.
GAPDH was used as a house-keeping control gene. (B) After AEPG treatment for
48 h, cels were lysed and cellular proteins were separated by 10%
SDS-polyacrylamide gels and transferred onto nitroceliulose membranes. The
membranes were probed with the anti-cyclin D1 and anti-cyclin E. Proteins were
visualized using ECL detection system. Actin was used as a loading control.
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Western blot analysisZ A} & HY EoA ZABICE
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Fig. 2. Effect of AEPG treatment on the levels of Cdks in NCI-H460
human lung carcinoma cells. (A) Cells were incubated with AEPG for 48 h
and total RNAs were isolated and RT-PCR was performed using indicated primers
described in materials and methods. The amplified PCR products were run in a
1% agarose gel and visualized by EtBr staining. GAPDH was used as a
house-keeping control gene. (B) After AEPG treatment for 48 h, cells were lysed
and cellular proteins were separated by 10% 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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p53
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s e s R e o080 | o A ctin

Fig. 3. Effect of AEPG treatment on the levels of p53 and pRB in
NCI-H460 human lung carcinoma cells. (A) Celis were incubated with
AEPG for 48 h and total RNAs were isolated and RT-PCR was performed using
p53 primer described in materials and methods. The amplified PCR products were
run in a 1% agarose gel and visualized by EtBr staining. GAPDH was used as a
house-keeping control gene. (B) After AEPG treatment for 48 h, cells were lysed
and cellular proteins were separated by 10% SDS-polyacrylamide gels and
transferred onto nitrocellulose membranes. The membranes were probed with
anti-p53 and anti-pRB antibodies. Proteins were visualized using ECL detection
system. Actin was used as a loading control.
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Fig. 4. Effect of AEPG treatment on the mRNA and protein levels
of Cdk inhibitors, p16, p21 and p27, in NCI-H460 human lung
carcinoma cells. (A) Cells were incubated with AEPG for 48 h and total RNAs
were isolated and RT-PCR was performed using pi16, p21 and p27 primers
described in materials and methods. The amplified PCR products were run in a 1%
agarose gel and visualized by EtBr staining. GAPDH was used as a house-keeping
control gene. (B) Cells were incubated with various concentrations of AEPG for 48
h, lysed and cellular proteins were separated by 13% SDS-polyacrylamide gels and
transferred onto nitrocellulose membranes. The membranes were probed with the
anti-16, anti-p21 and anti-p27 antibodies. Proteins were visualized using ECL
detection system. Actin was used as a loading control,
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