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Low dose of cigarette smoke condensate induces chronic malignant transformation of immortalized human bron-

chial epithelial cells
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[ABSTRACT] Objective: To establish a chronic malignant transformation model of immortalized human bronchial epithelial cell line
BEP-2D by low dose cigarette smoke condensate (simulating smoking environment). Methods: The chronic dose of cigarette smoke con-
densate was determined by MTT assay and the colony formation test of BEP-2D cells. BEP-2D cells were exposed to cigarette smoke
condensate once or for multiple times; unexposed cells were taken as control. The malignant tendency of BEP-2D cells was identified by
anti-serum experiment and the malignant features of transformed BEP-2D cells were identified by semisolid agar culture. The differentia-
tion ability of BEP-2D cells in anti-serum experiment and the colony forming rates of BEP-2D cells were compared between different
groups. Results: The BEP-2D cells were exposed to 0. 5,1 and 2 pl/ml of cigarette smoke condensate once or for multiple times and
were cultured for 25 generations;the differentiation abilities of BEP-2D cells(the 25" generation) was significantly different between the
cigarette smoke condensate exposed groups (at 0. 5.1 and 2 pl/ml) and the normal control group (P<C0.05). The cell malignant trans-
formation model was successfully established in the cells of the 38" generation; the cells had multi-layer growth and had no contacting
inhibition, with chromosome abnormality. The colony forming rates in the semisolid agar culture test was significantly higher in all
smoke condensate exposed groups than in control group(P<Z0. 05). The dose-response relationship showed a good linear correlation
(r=0.969, y=42x, P<C0.05). Conclusion: The malignant transformation of immortalized human bronchial epithelial cells can be suc-
cessfully induced by cigarette smoke condensate at 0. 5-2 pl/ml, which offers an ideal model for simulating smoking environment induced
chronic malignant transformation.
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e e o M B R 5 R Ak e B TR X L T 5T R R A E LA
FH . AR T b R A K AR A B R B R A 1
N bR AL Tz R AT RE . K AR AN SR
b E A0 BEP-2D 40 i £ R IR T 1E % A SR B
AN, &4 HPV-18 Sl 8¢ 76 de ik A b iy i g & , 2
A B AR R E M R AL B R 5 T AT
A FE LG ) & 19 A0 R B BE W) (cigarette smoke
condensate, CSC) L F #8171 1 1) 40 7L 0 <R 8
YE T BEP-2D, #E N7 5% AL A AU, 43 17 FOW 1 5% Ak 48
B B RF P SR 3 — 2 R T I AR B 45 B0 A Y AL
I 27 T3 577 0 e 5 M B8 Ak 2 AR 7% At A A A

1 MBRITE

L1 RkALB@mpzsi ANLAELELAER
BEP-2DHH 225 [ 2% B} 2% Bt il S 5 48 559 25 27 00F 55 7
RIEHE A N Harris 5250 % 51 #3510 . LHC-8
TG ML K5 37 WK Invitrogen 23 &) P2 i, /N4 13 B
MU 2 A ] 7 R R U M2 EDTA-Na, A Gib-
co 2N F 7Rl AR S BE IR B Sigma 28 F 7, H
PRI i R L 40 AR DL LHC-8 G I KE 97
K% DL 95 YoM X EE (5 Y0 (i 43 850 CO, \37°C 5
FH N M 3 d i, B RS 1K,

1.2 CSC 42BN 0 <0 32 Ak 1 T S0 56
FFAR A A IR AR Y 8 Rk AT, H R
AHIFZE I B A () B CSC R4 AT 3% T K, R I B
LHC-8 #5577 5Ly 5 7 e & i 4 W A7 e . BAK
T3V 2 B 5 0ok W WL Al B SR T A e S g 3 e
WL 1 vk, el 4 Wk, et 95 % L EEM IR, 4
i LHC-8 B8 Wi, Be e FH LHC-8 15 37 W f B8
2T R R, CWEN B A AR TR B RS i ot
0. 1% (£ %€ A 52 Wil K5 37 40 Ml 19 1F & 2 314 fk
e .
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1.3.1 WWEEELFZTMTD e LY RH

MTT 42 BEP-2D 4if A % I 2 3 4 1Y Sk
0. 2% BR & B 6 BEP2D 40 i, & 0 J5 H
LHC-8 3% 77 W e i 51 40 M B . AR AL 9 600 4>
L3R T 96 FLIE IR, B AL 200 pl 7E 37°C 5%
CO. 1 95 Yo AHRF IR BE 25 11 T 15 97 24 h SR 5 D24k
A% 0.5,1,1.5,2,2.5,.3,3.5,4.,4. 5 Al
5 pl/mlffy CSS X 41 i 4 8 , & A & % 8 > FA4T
FLLRIRBL 200 pls Yo 24 b5 KL YR 4k S0 57
48 h J& , B LA MTT %K 20 pl.JEH 4 h 73 b
- BALIMA 150 pul DMSO, %3 10 min. {45 &9
FEOTV A . BEEESRE AR Y 570 nm T £ LG
% BEAE L IR X AN M AE T AT T

1.3.2 @w@mEalERFTERIAENY BEE
K1y BEP-2D 41 i ] 2 96 Jge il 18 1k , w0 3%, >R
Tofs 5 s B L T 240, R T 3 < 107 S 40 il % Fil ==
60 mm FEFRIL, LA+ 07 ml 2 4% 58 3l , L JE il i 4 1
Br SRy % BR B A R i 4 A AT L, AE 37°C
5% CO, I 95 Y6 AHXF W BE Z& 4 F 15 9% 24 h, 43 5l
ALARBEOHN 0.5.1,1.5.2.2.5.3.3. 5.4.4. 5
5 pl/ml i) CSC.ERJE A LHC-8 #5972 &R
5 ml, k25 3% 8 d J5 2 ak 5 3R, W B SR WL
37°C WUR A PBS /NG ¥k 2 Wk, B EE[E € 20 min )5 .
A EE YL 20 min, WK 228 UE L P, B AT
W, RO B A 30 A DL 40 i A0 40 i A
VER—A>sa B A7 1T 850, 4% 20T 55 40 M v B TR A
& (clone forming efficiency, CFE):CFE(%) = (73
Wi 0/ H2 b A0 L 80 < 100 %%,

1.4 #Hemp% s £

L4.1 @it HXEE KR BEP-2D 41
MIEERD T 4 4> 50 ml 8530 . B 3 X104, 0m
A 4 ml B LHC-8 ¥ F2 W K5 7% . E 408 80 %0 b F
ARESF AT AR, R MTT S50 40 W0
PR EE R AT B ARG S 0 A B AL S T ] CSC
H(0.5.1.2 pl/mD, Yt 8 24 h J5FFBR & CSC K 3
W, JH D-Hank W ¥E 3 ¥, 4 LUK 8 19 LHC-8 35 3%
W AR SR I 24 10 K, 45 4 FRZH B 40 B 53 o R
O3 — TR AN Y BE AR BE RS 57 5 O — WAy BRI G EE
FERYRE 24 h,BF 3 d ¥ 1 R, 6~7 d &0 1 Ik,
HEAMMBEYE 3 NA . VSN A I8 2 R
AR AR,

4.2 mEFHmMEEn BEEAEKINS A
AL S 25 AR AT 4% AR IE B X B 40 A
b FH LHC-8 15 3% W60 B A0 B8 1 B~ 20 i 22V )5 4
B M 400 4~ 40 HE ¥ 5 2 FF F 60 mm 5 5 A,
FELH AN E AP 8 L, Hodb 4 LA 10 % BG4 1ML 3 , ™
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it ik, BB IR A A COWE46 . 7E 37°C .5% CO:,
05 VIR BEIABE N L E B 5% 6 d Je &k BE R, T
HEL D-Hank MRS 2 Wa , HEEFEE 20 min, 75 i
BEYL A 15 min, th 6 B )5 A 5 0 OB T 1T 8o
B, 7 N A B R R R (planting efficiency, PE) .
FER R (PE) = (G50 / HeFh 4 M50 X 100 %,
1.4.3 #iFM L AK LR A LHC-8 Sk 77 5
(LHC basal medium) Bl 1. 4 % 092 HEIE B, &
T TE K E 5 B AE A 39°C K AR L 8%
JEIMAC R M LHC-8 35 7 WM Bl 0. 7% B fg
B, LA 3 ml {8 A 60 mm 7 #% 55 32 1L (Corning)
B2 REEERE R & . WL AR, B0 gk
55 38 FRHL Ak 4l i K AH R ) X B4R 0. 7 % Bl
BT IR H B RN 0. 35 % 4N ML B A5 IR & W, in
FNEEFRML A 0. 7% BEREMEEE I b (B R 1 X
10* /ML) i bR B ARBE I 5, B LA 2 ml LHC-8
BEFRW L BE4L 5 L, 7E 37°C 5% CO. A1 95 %6 1 E 3
BER#RIER SR B3 d M1 W4 FRB R ECE
BRTF 75 pm SAIMZ T 50 A0 FEREEL . 4% F 23X
TR TR Y % . T B T R = (o B B/ 42 F 41 g
B X100% ,

1.5 itz am NG SPSS 11. 0
PEAT ¢ KB 5 Fisher”s WA KT,

2 & R

2.1 HBEHFFRAE MTT LK 5K 40 E,
MCSCHR B BAE2 )/ ml LT B, Bl 25 1A B4 %
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BT 0 M AE I AR, B B Y ) - O R
240 0 2 M A T R D A B R L 2 CSC K
FRG3 B8 o B, AR 5 B % T 8 AR AT, 3 LA iR
O REERONE 25 LA b 9 0 S 06 2 2R, o A 12
PR AL 256 19 CSC R 23 % 0. 5.1.2 pl/ml
(& D.

% 1 CSC 3t BEP-2D # M & 15X 56
Tab 1 Cytotoxicity tests of cigarette smoke
condensate on BEP-2D cells by MTT assay

%)
CSC Cell survival Colony
@/pl e ml™! rate forming rate

0 100 100

0.5 90. 4 91.4

1 75.5 76.5

1.5 65.5 68. 6

2 50.2 51.9

2.5 45.5 41.2

3 35.3 34.5

3.5 28.8 30.1

4 26.4 21.2

4.5 12.3 13.2

5 5.5 6.2
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Bl 1 BEP-2D HRERUBEFRE
Fig 1 Morphology changes of malignant transformation of BEP-2D cells

A:Normal cells(Original magnification: X 200) ; B: Transformed cells(Original magnification: X 200) ; C: Chromosome of normal cells(Original

magnification: X1 000) ;D: Chromosome abnormality in transformed cells(Original magnification: <1 000)
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2.3 fimimamE AR AR RG24
B 25 FULR ML 35 BT AR 45 3R o AE A LW B AR
TE A I A W A2 A A 5 v 2R L S
&5 T CSC 75 T 14 56 A1 240 M0 12 Bl ORI R T 5
TMIEH A A W& 25, UL CSCAEH T 40
Ja  HAR MG FE RE ) 3 8, OF B CSC AR S /4 40
BEAEAT ML T B9 155 DL R 4% B 3R T G 0 L R W
CSC F& A1) 20 1 XoF 1 35 14 358 5 1 A0 M08 4 3 A1, 200
A FEAAERE G RN A B AL, e

2H 5 X HRAH AR LE . Bk G 1 19 5 25 AR 40 i b, A1)
2 22 S AEARWI W, R A A M R R R S
X IR b B S M 25 R (P <20, 001) 5 T 2 IR B
BE IS 25 ACZH A b AR S 2 A 200 4 b kR 5 )
W A B Gih 2 22 5 (P<<0. 05) . P L i f & 4
AR R S X RA LR AG G2 ER
(P<<0.00D) AR P d 5 2R YL 3 1958 25 1R 40 i
O, 25 R L 5] 2 1 448 i 42 A s 8 X G a2 25
(P<<0.00D) 3 WLEE 2,

R 2 CSCERMERLFNIES 25 RAMMFHR

Tab 2 Inoculative efficiency of cells inoculated for 25 generations induced by CSC
(n=8.x%s5.%)
CSC Induced once Induced for multiple times
@/pl e ml™! Without serum With serum Without serum With serum

0(Control) 11.7540. 96 4.2540. 9644

0.5 11.00£0. 82 13.50+1.29* * A4 15.504+1. 29 A4 17.754+1. 29 AL AL

1 10.25+£0. 96" 16,00+ 1. 41* =44 13.25+0.96* ~AA 19.0041.83* *ALAA

2 9.0040.82" 17.00+1,41* * 44 11.00+1,83* *AA 21.00+1,83* *LLAA

* P<C0.05,* * P<C0. 001 wvs control; 24 P<C0. 001 ws without serum;44 P<Z0. 001 vs induced once

2.4 #FmEAKEE  CSCEM BEP-2D 41
Ja AR IR A 38 AR, AT UL IE 2 MR B ve
BEAR/IN B b e A0 A0 I TR A Y o B K L B 3K
Z (B 2) . FCREIR R E 45 R W3R 3, R e RE Y
55 38 ARAN N Y 7 20 55 X B A L, 25 e 7 2H s BE TP
JR B e T B (" = 61. 83, P<C0. 001) s Z I
YeTE M ER 38 A2 ML Y 1 40155 % B2 AH Ll , A Tl 510 ik
QeTp 4 vE P R W] IR i T R4 (5° = 67. 35,
P<20.001) ; BRIy A L . L Ge 75 5 2 L #E 1
55 38 ARG, &5 ik 2 ] i1 v R T R A B 02
S (P<<0.05),

B2 EEME(A)MELMB(B)HENRTE
Fig 2 Colony forming of normal cells(A) and

transformed cells(B) (Original magnification: X 200)

K3 EIBREMHTERAE

Tab 3 Colony forming rates of the 38" generation cells

(n=4,7%5)
cSsC Induced once Induced for multiple times
@/pl e ml™! Colony number Colony forming rate( %) Colony number Colony forming rate( %)
0 140.05 0.1
0.5 15+1. 21~ 1.5~ 274+1.82* "4~ 2.7 "4
1 37+1.55" 3.7 5742.19**4 5,74
2 53+2.10"* 5.3%* 7542.32* 4 7.5% 48

** P<C0. 001 ws control;& P<C0. 05 ws induced once

2.5 FMB-R K FRH4H WL UYL EE 40 1 )
S-S G R 4 BT L A A 2 T RO R YL A AR, CSC
WP AR AR AR L 5 25 1R AN PTG Y 2 Ok
752 y=15. 25+ 3. 142 (r=0. 867, P=0. 031);

PUEETEIE iR N YA AR A5, CSC ¥ BE N B AR AR L 58 38
A ERGF I HLM L, y=4220(r=0. 969, P=
0.003 7).
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HASE R Y BEP-2D 40 il & R IR T IE A2
SR, R4 HPV-18 %% 2 5 gt 1 Ak A= 1k 19
AR R BB E R N SCRUE b B A0 Y R R
Al s 7R R AN AR A0 100 R A R & AR 5 FIAE T,
HAHA #25 i sr A K Be L B Rl R BUR 9% 12 A H
DL AR SR B g - 36 BZ K 2B Ak i 4 ik LA
B a8 A A P s W Tk AR e R i i B & T
ZWMBLUash — R ik — & ) 19 )3 3h By BL Y - 2
ST ARSI F5 0 A 5 B C R 0 3. ] DLk
TR AN SRR 24 R T, rl 4 5256 H i A K
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P — e R B LB T OIS M e A B )
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WEG TR R B 22 5L R RSk e TS M E R, AR
STHS LU BOE RS S BEP-2D 40 M M 2 1k 5 4k
BT, Sy fh 25 T 37 0 o 1 2 1 (UG R 27 B A B

ARG ARG MTT 38 58 A1 40 B W Stk 5 1 A7 1
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22 101 240 8 2 2 R s A A
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TRANAEAY 2. 1% ~7. 5% M S RETE BUR W AR 7 &, B
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0 | 7 NI o S A (7 NI VIV 115 0 O S s o VT
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20 i 1 T A A 1 BEAE R L R R B A
THG TR AT A AT I 0B ok R O T
IUEZS:

S 5 I B S 36 Rl A ST AR K S B BB
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T RCTS Y 1 ) 0T O ML B TR S Y A R
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