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) SR, W EA, B e, Bk, ko Bk, B2, fE (B = HERFHEREG R R HME, TR
400038 )

& E: By WML A WIS T 00 K RN B AR % B B4 SR S B 1 P16, P27 1 P53 JKF-sh AR L e A
R K HAE ARSI R ER . Jiik 3-H A (MCA) S = Z B WA ( DEN ) B W5 & Wistar K BRI 598
RG24k S-P kA P16 P27 1 P53 7 [ 7 K U 8 9 9 28 4% B B 1) 2R 3K /K -, 2R FHl Western blot Ao il 95 9 55 AN
EHHATREARBIKE, 50 RBUEZS K W BbRA 164 5], Horp IE 8 30308 1 1z 20 441, 34 4= 25 4], @ik Ak A= 27
), R BT A= 37 5], SRS 30 ], TR 25 1, P16 1 P27 B 14k Y PH A 2R B A A8 b R T PR, P53 2R 1 R s A PR
R RTT & . P16 5 P27 I RIE R IEAHIC (P <0.01) ,P16 F1 P27 KA PS3 HARK BRI (P <
0.05), A Zrf P16 5 P27 R (KR IL P53 A MRiL, SIEW AN SEH AL H BEH2EF (P<0.01), &5
A7 A o 2 R 1R 2R 1 P16 RN P27 FeIK TR A, P53 2B SR BTSSR , T BT K BRI 10 R R LR B SR G
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Dynamic expression of cell cycle regulation related proteins during carcinogenesis of

lung squamous cell carcinoma in rats

LIU Wen-bin, LIU Jin-yi, ZHOU Zi-yuan, ZHOU Yan-hong, AO Lin, CUI Zhi-hong, CAO Jia (Department of Military
Hygienic Toxicology, College of Military Preventive Medicine, Third Military Medical University, Chongqing 400038, China)

Abstract: Objective To investigate dynamic expressions and correlation of cell cycle regulation related
proteins, P16, P27 and P53 during the carcinogenesis of chemical-induced lung squamous cell carcinoma in
Wistar rats. Methods Squamous cell carcinoma of lung was induced by left intra-bronchial instillating with
3-methylcholanthrene (MCA) and diethyinitrosamine ( DEN) in iodized oil to 80 Wistar rats. Another 10
Wistar rats receiving intrabronchial instillation of iodized oil served as control. In 15, 35, 55, 65 and 75 d after
the instillation, 16 rats from experimental group and 2 from the control were sacrificed for HE and SP staining,
and Western blotting analysis. SP method was used to examine the expressions of P16, P27 and P53 proteins.
Normal tissue, tumor tissue and corresponding adjacent noncancerous tissues were examined by Western blot
analysis for the protein expressions of P16, P27 and P53. Results A total of 154 specimens at various
pathological phases during carcinogenesis were obtained , including 25 hyperplasia, 27 squamous metaplasia, 37
dysplasia, 30 carcinoma in situ and 25 infiltrating carcinoma. The positive rates of P16 and P27 proteins were
decreased and the positive rate of P53 protein was increased obviously when the carcinoma developed. The
expression of P16 was positively correlated with P27 (P < 0. 01 ). The expression of P53 was negatively
correlated with P16 and P27 (P <0.05). The downregulated P16 and P27 expressions, and P53 overexpres-
sion were frequently found in lung carcinoma. There was very significant statistical difference between carcinoma
and corresponding adjacent noncancerous tissue or normal tissue (P <0.01). Conclusion The decreased
expressions of P16, P27 and increased expression of P53 in the process of carcinogenesis may be associated with
the incidence and development of lung squamous cell carcinoma in rats.
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i P88 2 A B (P AR LR AL AR — ELA
B o BT A A2 00 43 AL, U H R e A8 o R 9 53
FHLR, X T4 v i B2 W, ALt s A 2R B
TOREA B X A0 A T 3h LA R
Wl R R A R FE AT SE , A0 0 B 30 4 i il 399 B
PRIAEE o L BRI 108 S R A B — >
i, TR SR NE JR 2 A1 g R 9 22 AR SC i 4
R F—20 it JE 9 25 (1 (ceyelins) | 2 Jifd 5 37 25 7 40 6 1
P ( CDKs ) bz HAm i 77) ( CDKTs ) 3235 5% . pl6.,p27
1 p33 S R A& B -5 i Jed 200 i J) 40 ) 4 a3 U0 Y 3
PR S B A2 B GG T B AT 7E i o 28 o i o 3l
BRIRRHANR KRB o AWFRAEIRZE R
HEST I Bl R R Y LR b, N S AL SUAR S RN
Western blot #&l] P16 P27 F1 P53 & [ AE I AR i f2 p
HyFeIR , IR H S i & Ak R R & KA HAEH]
B, Ay i) B SR A8 AL A A AR

1 #MREFE

1.1 X5

3-HIBEIRE(MCA) \ =2 BE A i ( DEN) 2h 32 |5 Sigma 24
A N B pl6 Al p27 FA4743 5] Santa Cruz F1 BD
Biosciences 23] 7 fifr , et R Bl p53 40N 1 A8 /)7 i, e
JEA AL S-P I & B AL P A R AR A F
1.2 Wistar X S kB AL A 69 32 5

Wistar JCFR 90 H (5 = ZE B K2 K 3T = Be BF Bk S RHIIF 58
Frzs sy bt ) RS2, B 6 ~ 8 JH K BTk 180 ~
220 g, SCHGZH 80 H, %R 10 H, R BUN B i A8 1) 2 5 R
JH Bl S AR B ST 7 D se e 4l A RO
eIl I — Y REVE 0. 1 ml S0E AL (& =P JLARE10 mg,
T HEAEIE0.01 ml) X B2 A R K FREE 0. 1 ml s, F
SRS 15 .35 .55 .65 .75 RBEHIAMER LI 8 16 H A i
B 2 RASE . R BRUZE i R AL AR L 4L, — 4 =,
—2P [ E T 4% 2R PR, AT 4 wm EZY) R BR
YE# M HE e @ ok JURYR A S-P ik sl fb g tabmic ; o —
EWBE TWA T, REFHEZE - 80 CIRAF, i H 4 BUR
Western blot 234745 H o
1.3 ®RMAsiFEEeERERIE

AL 4 pm BEY]J, L BE PR ROKL )R, B
0.01 mol/L,pH 6.0 fFIER 2% sh i, IR ZE 95 C 15 min,
TR MIE S 3% H, 0,7 F 10 min, LIBH W P9 IEM: i 401k
Y, e M L SE I R E 20 ming, SRS T IR BEY — 3L,
pl6. p27 A1 p53 TAEMEE 4> 1:50.,1:200,1: 50,4 C 7, &
YR FRCIIPT 1gG BT AR BUR 13 S0 Ak W Bl b i 55 55 010 11 R
TAEWIEE 30 min, fif A7 65 B il i) DAB W 5 (0, IR AR & 4%,
SRIGIK GBI T ERIIE S B OB TSI . LRk
P B ZH 2R R 3203 T 0. 01 mol/L pH 7. 4 (SRR ER 22 vh ik

W (PBS) , At g o 335 S B XS IR (DL PBS WA —H10) -

pl6 . p27 Fl p53 Gy 4l 434k 2= PP Jr vk E A AN D5 T
FIRTR LA P F IR TB0 . PHMES ROy E bR s e (o,
FARTRAL RGN TR/ S A A . FRAA R S Ok 5 ] 1Y
g AR E, ST T B YD Ak 10 SIS A B e £k
100 /> A0, 4% FA M 230 BT o L 48] B 4o A A e sk an  : B
(=) B, PRI <25% ;35 PR +)  BUE W)
NG AT G € PP IR =25% , <50% s BHPEC ++ ) :
R A5 AR A G £, BHPE 4 L 2L = 50% , < 75% 5 5 BH
(+++) IREUM A g o, A8 =T75%
1.4 Western blot 4|

T PR P B R AR A I IE 5 g B g 55 4 2 (IR
FEHRNL 2 em DL L) AT A RRZ IR EE S h R 2
HHEE , 7K 30 min,4 °C .14 000 r/ min B5.0>, W35 , Lowry
O S e, AR AR S R R R
3 pg/pl, SDS-PAGE: [ EAfH 60 png,96 C 10 min A2, ¥
G 6% , 43 B U pl6 1 p27 1 12% ,p53 K 15% ;%%
FE SR TE T, 8 8 1 AP RE ED S NC R (Milipore) |5
A 5% BEIRWIRY £ 3 h 5, PBS YTk 4 W, AR 10 min; i
—$7:pl6 . p27 F1 p53 TAEMEEE S 1:100,1:2 500 .1: 400 ,4 °C g
B A7, PBS 1Yk 4 K, K 10 ming B 40 B R —Hi(1:5 000,
PEIARie) , BIRIFRE 30 min, PBS i1 4 W, IR 10 min; (554
W - 7€ Odyssey ZOGAHHL L AT E SR . BRI HT: HIK %
R UG o A A iR AT 56 5% B AR B A3 o LA B-actin g Py
ZR, K HE M B-actin S BUMEM EME N E ARIA &
1.5 %tz

SKJH SPSS 13.0 Gii 14k, 4536 F BHE R 22 5 LR ¥
K, 20 [ S5 LR 5 2250 #7 o

2 H£R
2.1 KEAMEERTIRPHREBEFAT

15~35 d J5, L A 63 R KRIMA L kA @A, Wk
e o R AR AR T LS AR L R AR IR A R B
WaA: JRAHE RIS 2 AW B, B2 1 9% 48 40 [l B
FEZS MR N B FIISER KRR, BT 20 1 A= i
PRAGAE FIS LAY A (] TA) , i A 22 28 i o7 s ARt 10 i ([
IB) o X HRAL I FRBRHER 4> 18] it 98 R BUAb , R % BB 2. 1) v
AR PR AR . AR R A B B R TS SR B R
Bz 20 4] (A 35 X BR AL RS2 aG 40 45 10 f5)) , - f 3 A= 25 5], %
ARACA: 27 ) AN BLFUE A 37 5] SR 30 1] iR 25 il
2.2 SRR
2.2.1 PI6EMHMEIE P16 & [ FHYER A 8 E A T40
MuAZ , EAF TR (0, A Tt A /D ek (B 2A) . 20 f)
TEH HB SRR R b 18 il 3k, B % 90. 00% |, Bifi
BRIk R, PR ME SRR AR, B2k IR Ak AR R g
A TR A i RN IR T R Y BH P 3R 4 il D 84.00% | 70.37%
59.46% 53.33% Fl132.00% . =89 5 1E % A4 ik ik A
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SR, 5. IR Ul 98 9 7 3ok e o 240 L P S0 981 7 2 11 ) s AR 3R 579

FURSAY R A B B B 1 e il 2 1 2% 5+ (P < 0.05,P <0.01),
ANBURIBEAE TR IE R A2, DSOS ORI R AR A I By
PRI A i 22 5+ (P <0.05,P <0.01)

2.2.2 RTEAMFRS P27 HEAMHMERKEEEN TH
MU, e AL T AR B R . DA AE 6 8 4% B B vl I
Bz 0 A e A BE P 30 55 PH R Rk, I8 R I B T R BRI
ML D1 RIR (B 2B .C) o IEH AU UE R 1 g b P27
FEHARIKHMEARN 95.00% , 5 A MBI (67. 57% ) s L9
(60.0% ) F i i (40. 40% ) A L B A 3 Pk 2% 5 (P <
0.05) , WAk, =35 B B BV 2R 5 19 4= (88. 00% ) kb A
(74.08% ) FIAJLAYIE B A0 L IR EAT M2 F (P <0.05)
2.2.3 PS3ZEAMYEL  PS3 FHEFRA TN, IE %
WA= 2R TCFRIR W A JE 7 1 i PR PR R i T e o AR SR
TRz R A R T DL RLCAE s bR 43 A A BH P Al i
2D) . EHIENE (60. 00% ) 5 AR AE (18. 52% ) RN ML A3 A
(32.43% ) BrBcBH MR A B F 22 57 (P <0.05), J5 A7 9
(43.33% ) St AR Ak A Wy BEBH MR R 25 A Giit 2 L (P <
0.05),

Ay RAELERBA L B RIS
B 1 SLWAXRMALKEFEYE (HE x100)

L Ii' ' 518
{ Il;_ .ﬂ"' "'d
T F.J 'lF'I:

ek | e h e i par <41 ¥
A: EFEAFFRY PIo R OmkRiA; B mEALR Y P27 &
Grakkik; C. ZiHEBE T P27 EFG MM AL; D iZiHE T P53 &
& 64 A b ik
E2 P16 P27 P53 EHEARALPRIENEEAL
JWE  (S-Px200)

2.2.4 P16.P27 P53 HFIRIBHIMICHE P16 BHPESRIEM
98 fyil i JiA v, 84 {5 P27 PR IL, X 14 ] P27 BRI W

PS3 {WAE 20 ] o B 32 3%, 78 191 B 1 3 ik 5 P27 B ik 1Y
107 flfitises b, 5 26 9] PS3 SLFAESRK , 4 81 ] P53 M3
ik, P16 15 P27 ik B IF M (x° =44.999, P =0.000) ,
P16 P27 15 P53 ik A (x° =6.046,P =0.014; " =
4.106, P=0.043),
2.3 Western blot &%

MIE # S SAE BhI R i 5 4L SURR 4120, P16 0 P27 25 14
FIRE BTG, T P53 BB R S BWR (3,8 1), &
B kA 4 B B W) 8 2 57 ( P <0.01)

1 2 3

—————(3-actin 43X10°

P16 16X10°
b —P27 27x10°

P53 53x10°

L EFALR 2 B F M3 AR
B3 Western blot 1l IE & B & 55 H R P16 P27

n P53 EEKIE
%*1 P16.P27 1 P53 EAELEE BEMBEALARMNRIE
25 n P16 P27 P53
EWHLT 10 1.05 +0.17 0.94 £0.09 0.12 0. 04
FRoFLl 10 0.58 +0.16* 0.64 £0.07* 0.48 £0.11°
L 10 0.21 £0.074 0.38 +0. 18 0.85 0. 13

a: P<0.01, 5 EH4406%; b: P<0.01, 5y FaLbig

3 it

200 it B 47 8 e A 1) A TR CDKC 5 7 ) 4
i) CDKI A EAE S, P16 5 P27 2B AR
CDKIs, P16 1] 5 cyclinD sa4+454 CDK4 , B M H
AL AN A IR T G . AR EE R s 3R
GO R PI6 P R E BT
ek, R4 P16 I RIAW B & T 4H A
TR, FORTEA G Y B RS AE E At
FEH AT BEAFAE H 25 PR B2k e IR 2K (5 CpG &)
FA R B A AR 2 S 880 pl6 LR TG W pl6
FEPR BRI S R S R b R AR i R i LA
Fi, b e 20T R R U Y R, pl6 BRI
MIBUBTEZ AL IR R A RN IE 2525 S W) 4
PERECE . BETE KM Z G W) 3 2y i g 5
P16 Y8 KI5 K, F 2 W5 29 UE 35 1
DX 38k 4 R A B L AR P R A R i AL
A, 7E MNNG 375 5 1 K BB i rh L & B 1 e e 1
pl6 KL AL A8 (R A 2R . MiAHESE T P16
BRI E RS B A R BuR A R — P
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P27 A FEAE T G I S, A6 %
PEFEA 2 i — il 5 CDK WAL Z5 4,
fff CDK &b FAETE MRS s —J2 4S5 cyclin-CDK &
B A LR M BHLE AR G ) S 1)
ARAL Y o FRTET p27 fE g T BF st 2 4 b T
LI e , el v iR e . BTk
G RE L AL Western blot K I 983 2% 45 i Bt p27 ikt
i, A5 RR W IEH 2L 95.00% , TR A8 i
PR p27 Rk A B EEFER, p27 K-F-H9 T KT g iE
it 2 FPHLRIAE SR ) R AR kR . — T TR #E G,
(AT JR& YT A4 YL ) 385 9 B, X RIS . e R
H AR BRIESE ) 5 55— T T AT Rl R 20 X B4 g £
5 F U RIS e A= A R A 1, DA [ £ 2 1 i
TR kg, R AHFGEE s, P27 5 P16
FIR 5L I 2 EAROC , P27 W] REAFAE LA B IR 4 F 2L [
A A L

p53 F R N AR (4 Rl o 2 5 A0 R A 1) £
PRI R AR A M 3 A AN 3k . pS3 P B A RN
GRASHI 2 B, WA A pS3 JE AL 38 A 6 40 A=
F A IR AL 1 R 1 A B T A K A R 0 e A
L HEA Y A, &%, IR 5E bk H
SRl AL T IR AN R ) P53 B 4 AR 58 AR A
pS3 EBUBAILIA AL U A MG Ak, B Som RO
AWFFEEEREH] PS3 H H R H A A b ROR R IR
KSR TR SRR A I B i A 2k TS B E
P kR IR AN T, W] PS3 R 1RGSR
b R AR R R R I B S kA R R T
O, H 75 Hn] A Sk ) W i g e AR R AR
Blanco§ ™ FERIF 5T — A AL REVE 5 09 K BRI IR I K
PR, Bifi 25 96 A8 A 0E I, P53 R R IR B Wi T, ZEAS L
RIS A B Bk B de S A, 05 R 4R R, i — 2B
FW] P53 M A FRIA PR 0 g v 5848 AR RARAR, 5
NI pS3 9AR SR (S5 e AH T I, AT B2
KEFEH A pS3 FL A AR F . Bk, i — 20 oY
pS3 LK 45 0 U A Bl T B B A SR B
T AR AL AR A S

AAFFEMEERIAE MCA S DEN 385 % 1 K Bl il 5% 9
SRR D A I R T 2 S T H R B
pl16 F1 p27 5fifide a5 3h S it e A 56T HA W R AE T,

5 pS3 AIREAFAE U BRI A3 P = D RE Y
FEAE, RGN _E R 3 1 0 2K I o L N 47
— BT R T RN A R B A A TR R A
PRI RO LESF 1) B PR 3T 40 ) 30 ) 0 A P AL 5
i A B 5 2R B BB R S
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