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[(FZ] HM R 1-83EEE (1-nitropyrene , 1-NP ) 58 35 5 5 R0 A5 1 %05 A 519 53 90RE 40 i KGN
I FE | JE S e MR B R . s RITASRIMREE (0. 625.1.25 2.5.5.10 wmol /L) 1-NP %
B KGN 411 48 h,EdU 42 A 50 I 40 5 5, Ui M B ASCRS: ) 4 e o 481, ELISA A0 20 B 3% 57 35 o e
T N AP R B, DCFH-DA 4616 21 i 15 1k 48 ( reactive oxygen species, ROS) 7K 3, MitoSOX # 41
F Z KL A ) ( mitochondrial superoxides , MitoSOX ) 7K~F-, JC-1 FRFH A6 I e kLA i LA, ATP 3257
G ANML AN ATP 5 &, Western blot #6500 20 g 384 58 | J& 191 1k J|e \DNA 53403 52 7 LA K PR OR & JURH 6 2R
HIRIE . RIZARAGTA LT IDE (1-NP FRURIEE G A0 BRAN A, FEOCRE I Bk dEds . 85 ARk
JiE 1-NP Y35 KON IR A 55 B (P<0. 05) . 2.5.5.10 wmol/L [y 1-NP 4b B0 240 i , 20 o 14 i
PR PCNA 25 113835 B & AR, 5 .10 wmol/L iy 1-NP Zb3/S G,/M J 41 i bb. 441 & 2% 7} 7& (P<0.05)
1-NP (10 pumol/L) Zb#H 3 h B[ i55 y-H2AX F2ik34 11 ( P<0. 01) ; N[l Mk B 1-NP b3 )5 , DNA #5145 )<
IO SE R T p-ATM  pS3 Al p21°"" 3k B 8 T & (P<0. 05) , G,/M Wi BH i AH 5 2 14 CDK-1 Al CyclinB1
FEIRUH PR (P<0.05) o BEAh, 1-NP Kb B S KGN 40 i) M — 5 | 28 s BT ok 3 2% R [ ( P<0..05)
PEBCER B A G L CYPL9 [ CYPLIATL [ 3R5A W AZ B (P<0. 05) , SR04 K A 1 O S5 AR A
MZEH R R, 1-NP 33 KGN 411l ROS MitoSOX /K- 25 Ty , AORL AR L A2 A1 ATP 7K P 55 4K
R, 5 10 wmol/L 1-NP BUBULREZH AR L, IDE 5 1-NP A AL G,/ M WA 4H g LL i) 2 T R
WE I AR IR K BB — e R T i, DNA 51075 5L 200 o 400 3 e A R PR 3R 5 TR S E Y R
A I AR . [FEIDE 5 1-NP 5 A0 2 25 0038 1-NP 5 i ZoRi 45 4 , 48 B4 ROS
1 MitoSOX 7KV, i S b AR L AL AT ATP K-, 851 1-NP ] AR 7 , 38 B O 53 0k 41 Ffd
KGN [y ae il | JET I BELAS PR IR G R A, T e R AR D BE I BB 40 2 A 1-NP 53 1) KGN 4 i
HRERERT o
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1-nitropyrene induces ovarian granulosa cell dysfunction through mitochondrial

damage
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[ Abstract | Objective To investigate the effect of 1-nitropyrene (1-NP) on the proliferation, cycle
progression and sex hormone synthesis of human ovarian granulosa cell line KGN wvia inducing mitochondrial

damage. Methods After KGN cells were treated with 1-NP at different concentrations (0.625, 1.25, 2.5,
5 and 10 pmol/L) for 48 h, cell proliferation, cell cycle, and contents of estradiol and pregnenolone in the
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supernatant were detected by EdU assay, flow cytometry and ELISA, respectively. And the levels of reactive
oxygen species ( ROS), mitochondrial superoxide ( MitoSOX) and mitochondrial membrane potential were
examined with specific fluorescent probes including DCFH-DA probe, MitoSOX probe and JC-1 probe,
respectively. In addition, ATP kit was adopted to measure the cellular ATP level, and Western blotting was
also conducted to determine the expression of proteins related with the cell proliferation, cycle progression,
DNA damage response and synthesis of sex hormones. Finally, the mitochondrial antioxidant idebenone ( IDE,
1 pmol/L) and 1-NP (10 pmol/L) were combined to treat the cells for 48 h, and then the above indicators
Result  As compared with the control cells, 1-NP (0. 625 ~
10 pmol/L) treatment significantly inhibited cell proliferation ( P<0.05). The expression of PCNA, a marker

were determined correspondingly again.

of cell proliferation, was reduced after treatment with 1-NP (2.5, 5 or 10 pumol/L), and the percentage of
cells at G,/M phase was elevated at 5 and 10 pwmol/L of 1-NP ( P<0.05). Western blotting showed that the
expression of y-H2AX began to rise after 1-NP treatment (10 wmol/L) for 3 h (P<0.01), and the levels of
DNA damage pathway proteins, p-ATM, p53 and p21“*" were also obviously increased (P<0.05), while
those of G,/M phase block-related proteins, CDK-1 and CyclinB1, were notably decreased at different doses
of I-NP (P<0.05). In addition, the contents of estradiol and pregnenolone in the supernatant of KGN cells
were remarkably diminished after 1-NP treatment ( P<0. 05), and the expression levels of sex hormone
synthesis-related proteins CYP19 and CYP11Al were inhibited as well (P <0. 05). The detection of
mitochondrial and oxidative stress-related indicators indicated that the levels of ROS and MitoSOX in KGN
cells were greatly up-regulated due to 1-NP treatment, while the mitochondrial membrane potential and ATP
level were decreased in a dose-dependent manner. However, the combination of 1-NP and IDE significantly
declined the percentage of G,/M-phase cells, elevated the contents of estradiol and pregnenolone, and
restored the expression levels of proteins related to DNA damage, cell cycle as well as sex hormone synthesis
when compared with the cells treated with 10 wmol/L 1-NP. Moreover, the combination treatment also
ameliorated the mitochondrial damage induced by 1-NP, including lowering ROS and MitoSOX levels and
improving the mitochondrial membrane potential and ATP level. Conclusion 1-NP can cause mitochondrial
damage, which leads to proliferation inhibition, cycle arrest and disorder of sex hormone synthesis, improve
mitochondrial function, and thus partially alleviate 1-NP-induced dysfunction in KGN cells.

[ Key words ] 1-nitropyrene; human ovarian granulosa cell line; cycle arrest; sex hormone;

mitochondria
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], 6 nPAHs J7 2 0 A T % RIS T, 12N
PR bt REAS I B A ) B A7, nP AHSs f4 8 PE R0
LR N R B2 M 51 1 BE G 1-A s (1-
nitropyrene , 1-NP ) /& nPAHs [t 47, 1-NP 275 B
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T FEUR R IR S AR R R Z R [
1-NP e 27 (1 Mt/ B B2 K1 B2 R R
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f RREJC AR B0 2R S8 1Y) 1 3 D) RE 2 2R ARG 4 A 422
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B 55 URL 41 9 7E 51 9 038R (follicle-stimulating
hormone , FSH ) 185 {44 1%, 2 ( luteotropic hormone , LH)
MFEFATR , BEAS 5 I AR R AN, TE BRI &
B R FEEEAE T, J0RL 20 1 ) 8 32 40 AN i U
BN R BB — 2D 1 ORI ) K RS . KGN 4 i
S UGN B SEA0RE 20 LR, FLAT B9 S0 20 it 14 R
FRAN A BIEAE | 0 h BF 5E ERE I Y 2 B 0 405
AR A MY T A S5 5T 109 A 0 W T PR A0,
BRFEsh AT RN SRS R, 1-NP 558 5L
22 0 2l B 9 75 1 48 ( reactive oxygen species, ROS) 4=
S, R R T EUURL 20 i 453 49 11 FE 2L R R, ROS
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— LT 1-NP & 7538 32 175 S 2 b (AR 075 17 38 B O
SO 40 L T RE R A, SH-55 ) 40 L P 5 AR B 2 2B A, AR
WF5E LA KGN UM B0 5, WS 1-NP X 48 Jfd 1) 2
PERLONE , H R FHERLIAR G A F Ab BEAH AR, AR Zobi ik
BRAGTE 1-NP BT S804 i T B8 B A5 Hh (4 76 T, Sk )
B 1-NP SEME A= S 05 B 2 T HLRR HE S 4

1 #RSH®

L1 #H#5A

IR ELURL 40 0 22 KGN Il A b 409 A 156 A My R B¢
AR 2 Al 1-NP, — H 3L 7 R ( dimethyl sulfoxide,
DMSO) il DMEM #5552 3£04 H H A< Sigma 23 \] 5 =T i
IR F R ( Dibutyryl cAMP, DBcAMP ) F1 3 1 7K [ig
(Idebenone , IDE) Ity H 35 [# Med Chem Express /3 &) ; 1
pam 1A NE B wk i K A /AT R = | RN S R AN I
BN Al ME A R A ELISA 5050 & | -
fiff %t 7% wl; PCNA, ATM, p-ATM, p53, p21°™",
CyclinB1 | B-actin $i{ f& ) [ 3% [&# CST /A #], CYP19,
CDK-1 Hifiy ALt B AR A v CYPLIAL HTiKIl B
Y& [E Abcam 23 w] 5 B I AE AL B AR IC P P B
Py B & CST A v 4 S5 T aln &l Ak
VEEA 25 RN T 5 MitoSOX™ 28 {4 8 40 1k 4 A6 0 38 5]
& JC-1 Gk A JE v A 3207 &5 43 91 W 28 (&) Thermo
Fisher Scientific 2\ 7] ; ECL %) Y6 W B 9% [E Invigen
tech™ 28] .
1.2 F#*
1.2.1 #0543 KGN Z4ifi 5 3: T DMEM
BRAR 5L (& 10% B 4= s ) , Hrp % im 0. 1 mmol/L
DBcAMP & 10 wmol/L M — B, 35354500k 37 C,
5% CO,, 1-NP Jeag 4 R AU E M 0.625,1.25,
2.5.5.10 wmol/L {4 1-NP %% T DMSO , 2b B2l ; LA
{UHIA DMSO [y A YL 33 20 MO g X B . Ry WL 2 4k
PARTIRETE 1-NP $3 058500 Fh VR, SE5 3R 4 4.
X BRZH 1-NP Bph e 20 IDE fbFELH 7 IDE+1-NP B
BALERLE . X REZHAU N A DMSO, 1-NP B e 25 41 Jin
A 10 wmol/L 1-NP | IDE ZbFRZI A 1 pumol/L 24 {4
f*477 IDE, IDE + 1-NP 3¢ & 41 i A% ;5 £ IDE Fi
1-NP L [F] 40 F 40 i 48 h,
1.2.2  EdU 4fa3szaaai  Aidsh T 6 LAk,
ANFVREE 1-NP 403 48 h 5, 572 e 5, 4 Bin) &
VLB THAE . PBS YEIRANMLS , A 37 C Ty
2X EdU,37 ‘CHEFE 2 h,PBS PE¥ 8 DL R 41 i i
% )5, % M Hoechst 33342 YLk E 47 40 AZ L 4, 700
MBS

1.2.3 4t s S A AN A 1-NP Ak 21 240 g

48 h J5 ,PBS IE VLG IEEANNY, £ 4 CHEE K.
WRTR ] PBS PEU AL, It A &4 RNA fiff A i PT &
B, 37 CHEE 30 min, i 220 M (SRS 0 48 i S5 399
FlowJo 3537 .

1.2.4 Western blot ¥ AH % HE H F=ik Ik £E 21
J, % RIPA Z4#9% 7K 1 244% 30 min,4 °C .12 000xg
2900 20 min, AR BIE A . RA BCA IR & ik 17
FIE i, BEAIR 40 pg FH 1T SDS-PAGE HLTK,
M % PDVF )5 ,5% BSA #H 1 h, —#i 4 CIHFH
W VEBEIG  IMAA R —HUWEE 1 he VEEE, SR A
ECL A6 A0 Tmage J 3RPFXT 8 (554 4T K
JE53 1T o

1.2.5 ELISA Bl Mz K- SR ELISA Jrik
o ) 240 A 45 75 v e AP0 B VR B . 1-NP &b
FIL KGN 4fiff] 48 h f5 , A5 R 5L 135, 2 000xg B
20 min J5 , 4% BN ME | 22 M IEER ELISA 570 & K
DT AEE A R 450 nm (1) B A5 A b A IO 4% B
[D (450) ], MR HEARE N LT3R D B3 K, LARS
FRHEVLZ KT/ 4 2 1 e i A e B SRR AR I R AR
XK

1.2.6 G AR AN, JC I 55 57 Jk
VR o e BRI P SRS T ) 6 I, A B P A ¢
JeEREF DCFH-DA (121 000 i B ) A9 JC I T 3% 7% 2,
37 °C ¥3E 20 min J5,400xg 5.0 5 min, TG0 15 55
FEVRVAN N, SRS, T A AR, FlowJo #%
5317 o

1.2.7  SpiABAIL R AN, o i B
FEIEVRY ., H BRI S ALY MitoSOX™ Red #6:l]
IR & U B, 408 o A 98Ok e oBE MiteSOX™
(1:1 000 F B ) 1Y JC I3 3% 5% %5, 37 CHEH 10 min
J& , JCMLE B IR EL U VR A0 i, T B AN e, I =X A A
K, FlowJo 34434t

1.2.8  Zobi A B e o7 A5 U AR 2, PBS Pk
FieHR JC-1 AR & 15, SR PBS 4% 1:1 000 7
YENEYRE JC-1, I A A0 M v il L2 B R 2 umol/ L,
37 C,5% CO,M% 15 min J5, PBS Y& 40, 740
ARSI, FlowJo 2R AL 4347 o

1.2.9  ZiJfg ATP 7K 746 WS 2 I, 4% R ATP
I3 7 8 00 D G 000 40 B ATP 7K SF- o 200 Jif 22 i kg 24
RIS , 12 000X g B0 20 min, B i & T 145 55
O o REDIRE SR IR EE S, NS A 9 R D
B ATP RG], SR P ARG 76 I, AR 98 45
HERZ TGN ATP 7K, B LA R ) 85 A v
TR B FEAR T AN N ATP AR & &
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1.3 it
R SPSS 16. 0 Gril#k i, i A vs o, 2541 1H]

ZE5r BCR I R ZR T 22000 . Kagikif: «=0.05,
2 %R

2.1 1-NP ¥ KGN g jitL 84 38 75 Fp 4] VE A

DL AS 7] v B 9 1-NP (0. 0. 625,1. 25 2. 5.5,
10 wmol/L) Y7 KGN 4iififg 48 h J5, % F EAU 8 A 5L
IR 20 R AR SO0, 25 R R : 5% IRZH (0 wmol/L
1-NP) A 1, &S50 & 1-NP YeRgdi v BEdU FHPE4H M
CH H BB BRI (P<0.05,P<0.01) ,{HA& JL7E2 Y
Y PIE TN /N T 20% (B 1A (B) , PRI, J5 2
SEG I IO 4 M FE IS 52 BN SR &, B 2,55,
10 wmol/L f) 1-NP JEFTYL AL FH . A1, Western blot
R 25 5 B - X AR B, 250 /A 1-NP A3 &
MR A AR S ) PCNA 38020 (|’ 1C) . #
W] 1-NP mJ 5| A\ DN SRR A KGN 3 G i

Edu-594 Hoechst 33342

0
I

X HRZH
o ®

200 pm
—

200 pm
[

1.25 pmol/L 1-NP £ 0.625 wmol/L 1-NP 2

200 pm
—

150

100

EdU P20 b 1)
(R HRABER 1)

1 2 3 4 5 6
4151 B

2.2 1-NP 73| #& KGN % i & B ot & ra % 5f % 5
DNA 345 B R 18 B0 3 &

SR FE L X2 SRS 000 248 e ) S0 ) 84k, 5 R s
XA ,S5 wmol/L Al 10 wmol/L #J 1-NP 4b
S G,/M 140 L il G f2E 14 i ( P<0. 05, P<0. 01,
[ 2A B) . y-H2AX 2 2 Bt DNA W 2445 05 F g 2 i
Frid , Western blot ;0] i 7% 10 wmol/L 1-NP 4bFH 5
3 h,y-H2AX B [ 33K R 46 B0 i 2 T 5 ( P<0. 01,
K 2C.D), &H] 1-NP JL35 33 KGN 40 i1 ) DNA i
P BRI, i — 2D A0 DNA $53 03 S 1o i % S 24 ) 350
B AR I 5 . 45 n . KGN iYL 5f 48 h
J& B AL ATM (p-ATM) 2 p-ATM/ATM ] LU AE W] 2
Fr (P<0.05, 18 2E F) . Bb4h, p53 KH Tl s+
p21°" TR A Ak W N (& 2E) , 540 G,/M
OIBEL A A G YR 1, A 45 CDK-1 il CyclinB1 (13235
ERER(E 2E) o 25487 1-NP 0] g 3@ i %% DNA
P4 S I B B L G,/ M BIREL

Edu-594 Hoechst 33342

2.5 pmol/L 1-NP 4

200" wm
—

5 wmol/L 1-NP 21

200 pm
—

10 wmol/L 1-NP 4f

200 pm

1 4 5 6

C

1348 2;2:0. 625 pmol/L 1-NP £1;3:1. 25 pumol/L 1-NP £8;4:2. 5 pmol/L 1-NP #1;5:5 pmol/L 1-NP 41;
6:10 pmol/L 1-NP #1;a:P<0.05,b:P<0.01, 5 *f B 20 1L 4%
A EdU #3646 20 038 78 ; B EAU Fabk m i s 48] 547 5 C: Western blot #-] 2\ i3 75 48 % %% & PCNA 89 & &

E 1 1-NP 3t KGN 40 fae5E 5 24 00
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0 pmol/L 1-NP 4

1 000

% F ELISA #1l Western blot £6;: ] i — s | 224 Fis
7K LA S A A R B 3R G8, 25 R R« 1-NP L
#E KGN 4 fif1 48 h J5, S XA AH L, 5 wmol/L Fil
10 wmol/L Y7414 b 55 3 op i) M — KO B R
[ (P<0.05, & 3A) , ME# & & i BB  CYP19 &
FIA W BRI (P<0. 01, 18 3B.C) ; [}, %

2.5 pmol/LL 1-NP 2

1200

I=A
Al

3D~F) . DL EZPRFEN], 1-NP
HHARIB I
2.4

W LRI 75 32 5] 1-NP 2

G1:61.8% G1:56.9%
800 1 $:26.4% 900 1 S:24.1%
600 1 G,:6.83% = G»:13.4%
S 400 - g 6007 80 0 wmol/L. 1-NP 41
4 2.5 wmol/L 1-NP 4
E 300
#LY l 0 L1 =15 pmol/L 1-NP 4
0 T T T T l_]_ 10 pmol/L 1-NP 41
S00K 1.OM 15M 2.0M 0 SO0K 10M 15SM 20M S
FL2-A:FI2-A FIL2-A:FIL2-A N
= 40 .
5 wmol/L 1-NP 4 10 wmol/L 1-NP 4 S a
1200 =
1000 4 G,:52.8% G:54.1% A
200 1 $:26.2% 900 1 $:20.1% 2O
C:165% | = 6:22.1%
= 600 2 600 1
400 ] © 0 1 1
300 1 e .
200 4 (/e S GJ/M B
} > : ’ } , : . 211t JE1 0
0 500K 1.0M 15M 20M 0 500K 1.0M 15M 20M
FL2-A:FL2-A FL2-A:FL2-A A
100
1 b
) 80
.H%ﬁ a
Oh 3h 6h 9h 12k b
= 60
oo z
Bractin(43x10°)— — — A A C P\f
S 204
T
T
O_
0 3 6 9 12
Hs [&]/h D
ATM(350x10°)— [ s Sl i S’ 2.0-
) , s
) b
p-ATM(350x10°)— ® 5
- ' , b
PS3(S3x107)— M S — Z -
{I
1.0
p219(21x10°)— [ -g F%Eﬂﬁ
3y = -
oo [ £
(,yclmB](()SXlO})H! - " N— 3 N
Bractin(4310") [, SR g— a— | 1 2 3 4
o ) 415 F
158 40;52:2.5 pmol/L 1-NP £8;3.5 pmol/L 1-NP 48;4.:10 wmol/L 1-NP #8;a.P<0.05,b:P<0.01, 5 &} B8 40 rb 45
AR X m RS ) 4w 6L B B 64 T AL B B A 0 4m i e ) 57 ; C. Western blot 46 4m i, y-H2AX & & #9 & i
D% & & K2 #7; E: Western blot 4 48 iz, DNA #3145 K& & B B3k AR A B G ey Rk F. B a & v RAE
2HF
E 2 1-NP 3t KGN 4 Hi % DNA {5 ¢ S @M AR REXEAFRENT M
2.3 1-NP x KGN #m e — 5 R 24 B3 BR A R 0 7o AN g ) 20 R 2R A T TR K e A 6 R

CYPI1AL Rkt B g 35 &I ( P<0. 05, P<0.01,
Wi KGN 4 Jfa i)
Pt 20 BT 7K SF- B A AH 56

1-NP %5 KGN 48 it 64 2% 5k 45
YR FZ A, 59 5]
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LGN ROS (2 kiR i S A W) ORI IR L 2K SRS S8 (k) 7K1 ( MitoSOX ) 3 8. 2% Tt (P<0. 05,
%u&éﬁiﬂﬁw ATP Eit 78k, KR B8 1-NP P<0.01, [ 4B)  [a) i, Y435 20 20 i 1) 2ok & 5 vl £ir
Y7 KGN 40 fig 48 h J5, S5 XA AH L, S pmol/L Al 1 ATP 7KM?&EHI)L%EF%1E§(P<O. 05, P<0.01, &
10 wmol/L 1-NP YL B 41 40 i (1) ROS /K F B Tk 4C D), XUBLER LN 1-NP ZhBE Y A KGN 41 A
(P<0.05,P<0.01, 51 4A) , SR MR RLARTE VAL IR AR R A543

1.5 1.5
e
% 1.0 . a £ 104
H\E{ & jl b b
Z 05 = 057
il -
g B-actin(43x10°)— -
0- 04
1 2 3 4 B 1 2 3 4
4151 A gt C
1.5 1.5
=
EE{ 1.0+ a 1 2 3 4 ;__.;1 1.0 a a
a =
= 05 £ 0.5
ﬁ%ﬁ B-actin(43x10°)— - - " - ©
=N
E
4151 D 415 F
1. 4F & 48;52:2.5 pmol/L 1-NP 4835 wmol/L 1-NP #8;4:10 pmol/L 1-NP 48 ;a.:P<0.05,b:P<0. 01, 55 %} B 40 Yz
A ELISA #&) & /ANFE A 3 75 4k 69 — 82 K ;B .C: Western blot # CYP19 & & 6§ %35 Bk 447 ;D ELISA #
M BRI A0 F I BB KT E F: Western blot #m) CYPL1AL & & 9 &K B JE 5 H7
3 1-NP 3§ KGN 4l —FEFn 2 G EE A K T R & AKX E A RIEHM N
1.5+ b 2.5 1.5 1.5
b
a 2.0 -
1.0 = 1.0 1.0
L § 157 a g a ! & 2
= 2 = 4 =
= 1.0 = b
0.5 05 0.5
0.5
0- 0- 0- 0-
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
5 A A5 B 215 C 45 D
1588 20;52.2.5 pmol/L 1-NP £8;3.5 pwmol/L 1-NP 48;4:10 wmol/L 1-NP #8;a:P<0.05,b:P<0.01, 5 s BB 4tk 4z

A :DCFH-DA 3£ 4+ 2 &7 X, 20 BAS A ] 2047 48 i, ROS 7K -F ; B: MitoSOX™ Red 354+ 45 4370 X, 20 JEL AU ) 2 A 4w
oL AR AR BALH KT (MitoSOX) 3 C . JC-1 384+ 25 45 K 20 AU ) - H7 4m L 2% 45 AR B o, 4 ; D 2 ATP A6 5% 7
4E A BEATRAU ) 57 40 i, ATP K-

B4 1-NP 3t KGN ZBf1f) ROS MitoSOX , £k ik fi P8 iz F 48 A ATP 7K T B 2508
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2.5 KAEARPEIF At 1-NP 556 KGN 28 6 3h
A AL R

{#i ] IDE(1 meol/L)Ejé/a 1-NP (10 Mmol/L);ﬁ\iﬁ
AL TR L, W Z SR (R A5 E 1-NP BT 2500 DI £ 550k,
ZR S RE R RS P AV T O X PSR T 45 AR R
5 1-NP B Y 55 40 A L, IDE + 1-NP 16 4 4b B 20 fr
G,/ M 140 s LL 491 B S50 /0 ( P<0. 05, [ 5A.B) , [#]
i, 1-NP 7% 5 ) DNA 51455 )2 i AH K K 3 p-ATM. Fl
p21" Fik Th i, ZEBE 4 IDE 4b S B BEF [
1-NP Fr £ J5 SIS A 6 8 1 CDK-1, CyclinB1 3%
N, MTERES IDE AL RS 3T (P<0. 05, 18] 5C
D). 5 I-NP i 20 Al 1L , IDE+1-NP 164 b Fi 20
YR A AR EE 1 CYPL9 Rl CYPIIAL [R5k
B2 TH 5 (P<0. 01) , HME — 15 i) £ Rt ) S5 38 i ( P<
0.05) , Z# 4 IR /K - A — 2 THRE A B 2%, LK 6,
(I 1-NP 3 5 B 40 A I 3 ok (A 158 407 , 40 355 4 b
PR AL KT B T i b AR 5 LS T ATP 7K1

FEAIR, ¥7E IDE BRG AL 3R B R Ak SZ (1 7).
LRSI R LRSI AT RES 5T 1-NP 5 71 KGN
D RE R , A1 5 | A 20 J] ST LA 1 A s

3 g
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