5528 4 55 9 mEMREFZFRE Vol. 28 No.9
2018 4E 3 H China Journal of Modern Medicine Mar. 2018

DOI: 10.3969/j.issn.1005-8982.2018.09.003
XEHS: 1005-8982 (2018 ) 09-0013-09

BRKBEFESEXRENFRARZEALEN
Rz R 75 e A s 4l ReLE T R =2

e, TR kAT
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EFEESFS, HME $£RK 422907 )

HE . B 8 E RN & S5 FRRX R EA P BAC R AR A B = Fwm. JTik
i BEErE SD KR, 32 R A 3 IR 4, 4&\ ¥ SR, A48 R, AL EMSFIMIZES 2. 447 8 mg/ke
MnCl, * 4H,0, *TRAMEEHF A ALK, 1R /d,5d/ A, 288, 5 EFHESD K AR SFE, M
RAAEIRI Aol SURI R 2L Je A, BAARAUI 8 R 12 AT R A KRBT Sk 4L 05 Bt , HE 4 EMLERSE L A4 s
ELEM ; QRT-PCR. HIERALAE | Western blot 5 A4 Lk & @ #F B -F O 3a (FoxO3a ). 5 Bd-2 4z
Aoyt AT F (Bim), FHRLH 9 ( Caspase—9 ) mRNA Fo4& 8§ B9 3K TUNEL % A A A& 4 4m e
T, R OHE 2 & TRLA4EEFMEN AR NEZARRRENHBEFRE, MEGLFN T M, 245
WAL BERHGRER Y, BB AMmEAET T, HER Y e, EREARIGHTHARY ; OF. SAEa
HTRE, HFEDEGR, R TEHEESF (P<0.05); @&4H L HM KR E ML N EAD AL
(SOD). TAAEAH (CAT), A ikid BB ( GSH-Px ) &M 57 F 6938 mf A% (P <0.05) ;
M EHME N FH B (MDA) A EREA (ROS) KP4 L EMNTHEMBHAZ (P<0.05); DE
mRNA Fo & @ K-F, FoxO3a 4 F ik Mi4E L A7) B 093 iz 4+ (P <0.05) ; 165341 Bim mRNA &% 5
AT, AL P | ZHF)FAN AL, M40 e st T8 BT Rk B 0 AR 4 ) 6938 iR #r3g e (P <0.05);
(®) Caspase—9 mRNA Fo k& £ ik B EKAE R S MY I E, MR AR FI MM (P <0.05); @z\
A HFARB T AE WA T, LATHRESH TR, BR4EEFHZe3Emm LA (P<0.05), 4
KR T4 L H T FRKAZARBATERR (F2) 3 MDA 48, R FHEHLLAL ROS K-F, 1;%
# FoxO3a = Bim &3, B3 Caspase—9 13 A, RAFHTARRR A nd A,

K B RENEE ; KRAHRE T O%; M TilY T A

FESZES : R595 XERFRIRAD - A

Effect of maternal chronic exposure of low-dose manganese on
spermatogenic cells of offspring rats*

Qian-xing Wang', Ming-ming Yu', Xian-ping Zhang’
(1. Department of Cell Biology, Zunyi Medical College, Zunyi, Gueizhou 563003, China; 2. Reproductive
Medicine Center, Loudi Central Hospital, Loudi, Hunan 422907, China)

Abstract: Objective To investigate the effect of chronic exposure of low-dose manganese chloride on
spermatogenic cells of offspring rats. Methods Totally 32 healthy female SD rats were randomly divided into
control group, low dose group, middle dose group and high dose group (n = 8). Rats in manganese exposure group

received different doses of manganese chloride (2, 4, and 8 mg/kg in low dose group, middle dose group and high
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dose group, respectively) once a day, 5 days a week in a total of 8§ weeks. Rats in control group were treated with
saline for 8 weeks. After mating with normal male SD rats, female rats were continuously exposed to manganese
during pregnancy and lactation as mentioned above. Testes of 12 week old offspring were harvested. HE staining was
performed to observe the structure of seminiferous tubules. The expression levels of FoxO3a, Bim, Caspase-9 mRNA,
and protein in testis were identified by real-time PCR, immunohistochemistry, and Western blotting. Apoptosis
rate of spermatogenic cells was detected by TUNEL. Results Morphological changes of seminiferous tubules in
manganese exposure groups were observed including decrease of spermatogenic cell, disorder of spermatogenic cell
structure and reduction of mature sperms. Abnormality was more severe along with increase of manganese exposure.
Density and activity of sperms decreased while deformity ratio increased significantly in middle and high dose groups
when compared with control group (P < 0.05). Activity of SOD, CAT and GSH-Px in the testis of rats exposed
to manganese decreased dramatically while levels of MDA and ROS increased in dose dependent manner when
compared with control group (P < 0.05). The expression levels of FoxO3a, Bim and Caspase-9 increased in dose
dependent manner when compared with control group (P < 0.05). Apoptosis of spermatogenic cells in manganese
exposed groups were significantly enhanced in dose dependent manner compared with control group (P < 0.01).
Conclusion Chronic maternal exposure of manganese leads to apoptosis of spermatogenic cells in offspring rats
through activating oxidation mediated Caspase-9 signaling pathway.

Keywords: manganese; FOXO3a; Bim; apoptosis

BHEAT R EFWERZ —, B THES
g ARAEFIMSFEREN, DG TR A
R IEF ARG R TGS, CaslERn
Sz K

IR B0 7 R e 0| K I e A A R A 1) — > EE 2 ]
2o NMENRE T AN E S, SR TH
WA TCHTRIN L KA BRI S5 DT T2 A AR
THRRISRIRREE, e AR R ER K- T B
FE BRI ] = A AR B R B . TSR, il et
MSEFRREM R TS0, U B IERTOREE | K1
T WA LOR T BT, X8, KBRS0
TS — RN EENE T H B3RO T 3 S50 i A
FRE N2 AR Y EE, W T8V 5 X i
PR A 58 BN 1 A DA

i B B AL 2 — SR A A TGP (reactive
oxygen species, ROS) 7K V-, & AEA AN HHith, &
HANFA T LB AT SR O 3a (forkhead-
like protein O 3a, FoxO3a ) J@ T X kMR, KT Kk
(forkhead box, FOX) O MERRS G , AN Z MG
SHEE AL, TEANIGSE . A0M S BIBEAT . ROS
THERAA A T T RS E AR, O AN
WA TR — DR B TR A B 2R
B R A U A2 R AR, H AR WA .

PR AR SO REAOR A T KU B e e, 4R
FIHXF AR BREAEA RS . FOX03a £k M
AR AL TR, AR IR SR e s ) 11K
KEVEAG AL A5 BA SV E I S AL, sk

FEER TR NG . PRI AR B 1424 4 FRAE A 2 2
PSR -

1 RS

1.1 ##

L1 SEeshi Ao i JCREE R (SPF)
MENE SD KR (90~120 g), MyF58 =7 KoppEy
S shrhol (YFRIES : SCXK (i) 2012-0005 ),
BEBLAT R 4 20, BDXTHRA, K. . mflEdA, &
M8 H. HRI12h B, 12h BEERE (2121) C,
HHFEE YO, P sR i R B fe i &
oAt

112 E%EA MnCL - 4H,0 (434748) (g
B B 2 4R ] B4 alon A F) ), A ALY B AL Bl
( superoxide dismutase, SOD ). i E AL E T ( catalase,
CAT). #BeH R E ALYl ( glutathione peroxidase,
GSH-Px) 7%, N (malonaldehyde, MDA ) &
it & ROS 7K 70 5 8 70 & (W Fpg ot il AR )
TAEWTFERT ), UL 20 i R oA IR & (TS
[l Roche 2% 7] ), RNAiso Plus ( 1] F H 4% TaKaRa 2%
7] ), TransStart Tip Green qPCR Super Mix (WTdbaT
EREBEEYHARGIRAT ), Fox03a FI2 KA B 9
( cysteinylaspartatespecific protease 9, Caspase-9 ) Hgif
P (MTHEE Abcam 22 7] ), 5 Bel-2 HE AR B 40
MAE TP T (Bel=2 interacting mediator of cell death,
Bim) 4T (1 F 3% [E Cell Signal 22 7 ), GAPDH
SURHT (T 3E [ Proteintech A F] ), SR8 6 7t
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RAEE N ( quantitative real-time polymerase chain
reaction, qRT-PCR ) ¥ 351 ¥)/7 5 th_FilA TAEY) T
B A FRA RIS (W 1),

*1 qRT-PCR #i&5|#15 7%

4 T2y ’;&ﬁ;

FoxO3a 1Elf]: 5'-ACCTGTCCTACGCTGACCTG-3" 132
JZ ] : 5'-CTGTTGCTGTCGCCCTTATC-3'

Bim 1M : 5'-TTACACGAGGAGGGCGTTT-3' 171
JZ2 i) : 5'-CCATACCAGACGGAAGATGAA-3'

GAPDH  1F[i): 5'-GACATGCCGCCTGGAGAAAC-3' 151
JIf: 5'-AGCCCAGGATGCCCTTTAGT-3'

1.2 FHik

1210 SR AR SHEOGHE [16-17), BEPE SD KRR

TENPERSE 1JEIS, SenREi A B KR 2. 4 1 8 mekg
AAbsR, et 8 A, SR SD KERHE 1 ¢ 3
FEEACHS, T H 8 : 00 WLBIHE I LIRS 1 K,
GER I 3 TR ARl 3R . MEBRPELE ORI (3 A ) Anndiel
W1 (3 ) dhgeyedy, DULRERTRISLT 14 L &4Eh
WS 2R RIS, 1k /d, 5d/ 8. B3 R
DU BR A LA A0 G iR 175 O FTE MinCL, FH 4

122 ARARSE RAMPUIER 8 K 12 FlkT1UHkk:
KEWLAETE, 423U S I FNR 52 2ol S2 AL sl
TJC RNA i1y EP &t H T qRT-PCR Fl1 Western blot
SEG s A SEIUA 4% 25 WS W 2 T HE
. TUNEL Flfa 208Uk~ (fgddfe ) S5, Kt
S TR ATI

123 AremEsen PIBRMEEER, bl 34
I, A 2 ml FiH PBS R B0, 37°CKI%G
20 min, HU50 w1 KGFEMROGE TR 2 8 . 15
IR

124 ¥ H 48 2 SOD., CAT #= GSH-Px % 7.
MDA 4% 4= ROS /K-F#ml  YERFREUD & 52 LA
15T A ALK, R R £ 10% 8515,
3 000 r/min 50> 10 min, BG5BT G 434
SIE SOD (WST-1 %), CAT (A] WLy6EE ), GSH-Px
( ZHAR A EOR P RYE ) 1677 MDA & (fte
2R ) K ROS AKE (fb2Eutik ). % Bt iE
R E AR VR 5

1.25 gqRT-PCR #& M X # 3 L 40 2 FoxO3a. Bim
mRNA % 2 RNAiso Plus #2 B 7 8 K B 52 L B

RNA, 4HEEREHHIE 0D260/0D230, 0D260/0D280
HEAT RNA 213 %8 VR D2 . B2 g & RNA i
AT SE RN A W eDNA, F2 B 25440 42°C 8%
B 30 min, 85CK{E 5 s, 4°CERHE 10 min, A&
VLA T qRT-PCR, RLWARZR A 20 w1, SO FRIT A «
94°C A 30 s, SRIGHF 94°CAEME 5 s, 60°CIH KA
FEA 30 s, 40 MEFR. LA GAPDH N, LA 2750
EAER B R SER AN SRk i, BRI E 3
52003 IR EE T A SE ] mRNA BAHXS kit

1.2.6 SR A4 R K R A M 4880 FoxO3a #= Bim
ki KREEIE 4% Z W E 24 h 5 Ik

VIl & A A (4 wm ). A8 RS . 7K
b, A 3% H,0, BH W 9 IR 5 A AL P g, PBS b gk
JGEEBE 2 min (Fox03a) B4 F & KIEE HiR
20 min ( Bim ), PBS Wt 3 ¥k x 5 min, IEH LLISEIMGE
. SN Fox03a (1 @ 50) 1 Bim (1 : 100)
REPT, 4°CHER . PBS Mk 3K x5 min, MIAEMER
FRICEPIR 1eG 7 37°CRN 30 min, PBS Mk 3 K x
5min, DAB W65, JRRREY, MELEERIK, ik
B E R, S i ETWES . LA PBS AU —4ifE Y]
PEXT AL

1.2.7 Western blot #M] X &, 4 4% 28 . FoxO3a = Bim
Ea i BUEALAZ 100 mg A 500 w1 RIPA %Y
ff, [RIEInA PMSF AR (B RR B0 7] (5247
WIEEHIN 1 2 100), 4°CRHEBIZIHK 6 1K x5, [H]
B 5 s 2500 r/min, 4°CE.L 15 min, /NOWEEE
W, BCA JEMIE R WA, B 40 pg AN I
FE, 10% B E 120 VH RIS, 100 mA fH i FZED
% PVDF 5, 5% BiRs 0yt EHA 1 h, YERES 53 5ImA—
Hi (Fox03a K1 : 5000, Bim ¥ 1 : 1000, GAPDH
Rl 4000), 4CHR . BERES A HRP FRic i) —
P, 37°CHEE 1 h, FHREES , ITA ECL 2OGH A
B, B, B HEH, H Image Pro Plus #X{}-4)
Mr B ST R, LA E BYAH /IGAPDH By RS
JE A Z AR H B A ek &

1.2.8 TUNEL & A#am el =  KESEIER T
AIETI R (4 wm ) H RIS B0 R 2k b 20K
WL 350 WA 3 min A THLIRB R, BHIRBCERAD
FER . 0.3% 1 H0,- HESAW T E ] 10 min, PBS
k. TN 50wl TUNEL J WK (146 5 wl A i bk
FEMFA WA 45 wlbRic RN ), 37 ClRG#EIRE
1 ho PBS Mk 3K x5 min, JiIFE4L5H] POD, 37°CK
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[ 30 min, PBS #ijt, LA (DAB) W6, 75 FAIRAFHSTAERE B, HENY, BRNTILR
REREGE, BIECBUK, —HIREY, IEMIE R, BT A ARG 1 SRR LS LA R VT 52
Jerr BB WA RIS I CRUMARIC RN BN RIRE R IR s o B i e 2 0 B RO B A
W) FBAPEX I (10 pg/ml B9 DNAase I HUARHE ), HERTAIRZRCEH, ARAERTAE IS ZREL . KL
SKUDA REALEESE 10 AR/ NVE, BT S HdE b alishdn, A R 2 s I
LR RGN R S S AR AR Le a1, RIS TR 1.

(apoptosis index, AT). 22 KHEFEZRLASXNFRABRBERHZIME
1.3 SHiIFEFE FHHRBKTHE . TSR MR R AL,

BE TR A SPSS 19.0 Zeit il skl ZRIAGEIFFE L (P <0.05), % R4 500 &
B+ BRifE2E (xxs) 3R, ZUIHBATREE T E 4B FEE . B FGa B8R 2R L5458
S0, P LLESH Tamhane #5565, P<0.05 F2ESA% X, B, SREAR FHE . B AGR T,
IES-3'& FEIEA ETy, R Y0 i 3 02 20 s kA2 1k

(P<0.05), W2,

2 ZER
2.3 EZRHEALMANLETFE. MAD =% ROS
2.1 EHARWESFETH KEHEL
Xof BAZH S AL AR S s KN —B . Bk KB E2 AL SOD . CAT % GSH—Px 1% P, MDA

pogiieE| PFR A bl ieeEl A
E1 FRAREAAL (HEx400)

K2 BAXRBERRESWER (n=8, xxs)

papiicE) 115.164 + 25.421 89.422 + 4.530 15.874 +5.141
fRR) 2 107.320 = 10.144 81.651 +5.868 20.654 + 4.350
PR A 84.227 + 14.008'" "’ 54.163 +7.122"% 41.076 +6.775""
A 53.157 543777 31.467 £9.025"" 58.465 £5.137"*"
FAg 78.492 46.268 66.427
P1H 0.000 0.000 0.000

e 1) S04, P<0.01; 2) S5IGHRA LA, P<0.01; 3) Shilidl i, P<0.05

it & ROS K-, ZRIA SR (P <005 ). F¥THE (P <0.05); S5 despdl b, R g0
XA AR, R A S IUA S CAT & Rt BEAL SRS, MDA & AT ROS ZKF& i s (P <0.05 ),
(P<0.01), . @40 3 Py fbmim AL Wk 3.

(P<0.05); FEUFFAILEL, SOD, CAT M GSH-Px i 24 KPRFABELENFRABEHAR

P 4T B G 2 75 A B I T SR T RAE (P <0.05 ). FoxO3a #1 Bim mRNA & &\ &iZ8 0
S5XREA R, SR YRR MDA 551 ROS /K e H TR I 4 FoxO3a 1 Bim mRNA 2
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ER, A BRI R e TR AL B IR B AR A L T B R

*3 KAKBEH SOD. CAT #1 GSH-Px i&%, MDA £ 2% ROS /K ELbik

(n=8, x+s)

X R 2R 142.325 + 5.624 9.678 £ 1.143
I 127.653 + 6.757 7317 +1.846"
rp g 90.208 +4.317" 4332+0.767"
AL 71.424 +7.678"" 1.269 £ 03172
F1y 94.613 16.487

P 0.000 0.000

30.254 +5.718 0.647 +0.119 210.316 + 37.578

28.779 +4.617 0.857 +0.251" 335.674 £ 41.121"

21.320 +5.008"’ 1.726 +0.507">’ 452.746 + 37.547""

17.447 £3.266" % 2.523+0.448"7Y 547.249 + 41.107">%
24.669 36.567 197.347
0.000 0.000 0.000

1) SRR, P<0.01; 2) SEFERAE, P<0.01;

KR, ZSFHAGITFE L (P<0.05), 5% E4
Feds, BRI ZH Bim mRNA 41, &5 Y7540 FoxO3a
F1 Bim mRNA Fik i34, AR G4 5 55 1y 35
Mg (P <0.05), W3 4.

ML SE B BN, FoxO3A . Bim BYL ik i (o,
R, FERATHEPENEMRAM T, Y

Fox03a

RURILE|

A A

o

[SRilEes]

B2 FRABREHKMAMFOXO3a, Bim il Caspase-9 EARIE

3) H¥FlEg e, P<0.05

058 3 B R R B i . DLIA 2.

22 T K B S AL 41 FoxO3a il Bim 45 1 3%
KR, ZR¥WARITFE X (P<0.05), 55X
ZH RS, &5 Y4 FoxO3A Ml Bim 46 (1R iA =1
Hm (P <0.05), H Y465 G 85 50 & 09 35 i 55 hn
(P<0.05), WK 3,

Bim

Caspase-9

('SP x 400 )
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x4 FRAREHAL FoxO3a. Bim 1 Caspase-9 mRNA RixHEEFVATIEHSHT  (n=8, Xxxs)

Xt HR AL 1.0 1.0 1.0 5.72 £0.53
T e 1.4170 £ 0.227" 1.250 + 0.081 1.747 +0.097" 9.052 +1.021"
thlH 2.253+0.102"" 1.997 +0.236"% 2.497 +0.064"" 15870 £ 1.311"7
A 3.033+0.178"7"" 2.581+0.170"%" 3.297 0366 19.594 +1.120" %"
F{H 21.363 14.168 24.245 66.467
Py 0.000 0.000 0.000 0.000
{e 1) SXPRAE, P<0.05; 2) SMEHEARK, P<0.05; 3) SHFIE4 i, P<0.05
25 KHRFAEELENFRKRKREAL (P<0.05), W3k 4HE 3,
Caspase-9 FiZk 14 #5HBEE T- B 2200
[ Fox03a (71 kD)
4] > - ES JH 40 _
LTI RLR LR Caspase— N R il i NA (23 k)
Mk i, Z2RWASITFEX (P<0.05). 5%F
Caspase-9 (46 kD)
e 4 5 Yuy 4 _
MALILER, SRR LA Copse-9 niNA 1 e ] o (740)
HEHFRIA TS, H R G750 n g dra i SEHRL ARRIEL R A
0.87 1)2)3) o7 1)2)3) 0.51 12)3)
1)2) = '
0.6 0.8 7 = 047
= =R 5
2 £ 06 = 037
= 047 5 g
&) < ] X
< = 04 L 0.24
& =1 o0 S—
S 021 = ] 2 1
;o‘ 0.2 & ol
3% 3 0 3 0
DO =48 N (5570 e e e 3 e = 7 D=8 N 350 e e 3 s A= 1 X AL AICHIEAL PRI

1) S5xHRA e, P<0.05; 2) SIGHIHEALLE, P<0.05; 3) SHHlE4H L, P<0.05
B3 FRARLEBMM FOXO3a, Bim #1 Caspase-9 HIEARIX

TUNEL 45 3 7, &R B ks B Z25A%01EE L (P <0.05). & Ak
T, T A A AR S A (0, T UL TR L AR AT 4 TRHRZ (P <0.05), HFisGE Y aER Ay
KRNI FS FAUME . &4 VKBRS AT e SEhmmsgin (P<0.05). ULIE 4 Fi3k 4.

X HEZH Skl T 155 70 e 4

B4 FRAREBMEMEFYEAT (TUNELx400)

3 itie VP BRI | I s ok
S TR M T 3 e 2 T GRTRIRROCH M T RS
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FH%, A B UG R e mE 0 AU SR AL S AR SIS B AR 4R A T 32

WS Y7 1T AR B S b S s 2 S B0 bk, (HIX
B ERITNR AL S, BE RS TN E Y
G R G Y5 0 h T YL B JR s T S B T BRI 5
FOLHEK I BRI, 1T RER B R AR AR AR
DAAESR FH 2 T S s v S A T e B A R AR TR
HRFE 7.5 mg/kg DA, TCHe KT IR E R T i Al 2
Ko XS BEE R HRL Bl brids 50 U BR .
TR TSRS KA BRI FEEARME, ALK
HESCHR " B, SRR (2. 4. 8 mg/kg 1A
i) LB TIE ST, DA IRR) f e 7
X TR BRI A A A0 M ) 5

ROS J& i S A0 ML T 15 AL RN 1), A4
0", H,0, &% HO, - OH %, RIS 541N ZFM5E 57 T
R, T ROS HAA m Ak tE, HIKEIERIEIT,
HUAEE i SOD. CAT il GSH-Px 254 AL B K T 145
ROS, MIM4ERFAIAE PR ROS ARZ , AP 40 B/
MHURN ROS =4 i 2 s LI 1 TR, 3 L
AR JFUKSE e i), ROS 7] 3 Sl i Ak i
il RE A A, NI BRI %, I shan i
JHT-REP ™, KA IE SR M B 2 — T
4b, MDA JEg Bt AL O (4 2=, Hor i
() R AR AR P A AL A B RO, 2P LA SR L
NEBCIRAS B —~ 5 AR 7 ARSI R B, KIIEH
R, FAARREEAAZIH SOD . CAT fil GSH-
Pxc 95 P X5 P o 2 3591 2t PR3 I T iR, T MDA
FrEA ROS ACFZ T o B8R BEARR B IR
REYYREIG , TR G R R A 0 52 B AR
FEZALN, FRARSEILEAG A ROS TERRAES (A1) {2
PR A ZRIAR 2 ROS, MRS AR kS 40 ROS
A, 5 R HAR S E A R, FECE A

ViR —FhZIhRERE s~ N F, FOXO03a 7E41i I IRH
i AR T R A A A R R B DG P Y
MR % A AL N i, ROS A FOXO03a iRtk . 2
PRSI . HaT, X F ROS S 2 ha
JEAH] FOXO03a {1 H RTIRAFAE S ™™, (HE/DATL
HE MY ROS 2 &=}, FOXO3a gk n] DIMEE
AT 2 Bim YR ™7, iR LR ARG MG 5 PR
n, slEMEGE C B Y, 305 Caspase-9, 5|
EAMERT: ™, ARSLIRE, ANEFR AR,
1F mRNA FEE A /K FoxO3a BOFEAIREIN, HEEE
BRI LT 7E mRNA K1, X HRZ
SR Bim Fik o2 5, 1 mi e g T

MAEEAAT L, S BIM & R A,
P G B R 3G s 3 o IR 2 Bim mRNA
A FAACERIIA 3k, ATRE S i s B A A
fas [A] B 5%, AT RER: 2 ma/kg AR YR E AR
BN, X Bim BERRIREFVERA R G, o
far, IR gE R 2 AT LU IR B IR A e B AT
PISE PR BRI A RS A0 i 1) SR A D OS5
FOXO03a, & #E—575S BIM 193k, JashA R4
AT FET o

KPR GE R BN, Caspase-9 £ mRNA F4E 7K
PR B FTHS TR, HME R
(3N 5Z 0 . 1A TUNEL 25 52 RURS 80T it 504
35 TR Y 7R 25 B T A R R AL B G 15 o 3
(1A - 023 | R B N 1] 5 O 2 o
A HE 44 855 5 W 7R 09 A RS /N 9 A 6 20 i 2 450%
W, ARSI RS AL . BeE i b g R . SR
IR F i e B 0] LAFS 3 AR B 52 L 2B RS 40
Caspase—9 MFRIK, JA 3l Caspase HER(F S, mAT[E
ARG AR T

i Lk, KIS e B v S UK RUE
KA T . SEALTDRERERY, FCRT BB 238 2 41
Pra b TE AL SE ROS 774, 155 FOXO03a Fil BIM
ik, MM B RARNAIIEEER c R, A3l
Caspase-9 5510, FAFEVERMEAIET .

2 % X Wk
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