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[#E] HI W5 X 295 S8 SPC-A-1 427 %A B 40 i #E T-JF X Parthanatos, 7
i DR SPC-A-1 i A4, DL 1.2.4.6.8.10 Gy B# B 4R 5T 40, A s Bkl e X £
R SRERE N i g 40 L SPC-A-1 (2 B 1 (LD, ) , WST-1 Bk AT S0 Uk, LD 58 5t 40l J5 4,812,
24 h,RT-PCR LA 4N AIF % 587K P25 4k , Western blot R 4 iy AIF 25 FH F kA8 1k, OISR A0
AN ALF [a] 40 A% NGRS 1 00, Western blot K6 40 B 8 5 5 AN W) B[] ATE 7520 (R 2R 1 21 43 A 2k
HZL 0784k, TUNEL KGN 48 515 12 h 40/f04% DNA B2, g5 X kXt SPC-A-1 40t K
LD, KEUCH 3 Gy, VL3 Gy 5S4 5 A RIRT R ATF 7E4% 5% (R K3 e A8k (P >0.05) . @5
J& 12 h AIF iy ZeRifa m) 4 MOAZ 4 A7 , P Bl A0 MOA% 7 i iR 2 . 4R 4 73 Western blot Kl 2] 12 h J5
AIF FELRLAR SR 14 20 v S 2 T B, RGP IEZH Y 1. 12 0. 15 FRE2 12 h 419 0.21 £0.07(P <0.05),
MTERE A4S 2 EF, AR5 0.05 £0.02 FFHZE 12 h 411 0.45 £0.07 (P <0.05) , [F] it ¢
[ 48 20 i A rP R 21 DNA I3, 858 AIF B 25 7 X LS MRE TS~ Fmi)E
12 h AIF py SRR () 41 MO AZ G A S 25 10 22, SO A 1 4 iR 24 78, A & A= T Parthanatos
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X-ray irradiation induces parthanatos in human lung adenocarcinoma SPC-A-1 cells
Sun Hengwen', Zeng Zijun', Fang Liangyi', Tan Peixin', Xie Songxi', Zhang Hongdan', Pan Yi', Gao Dongsheng’
('Department of Radiotherapy, Cancer Center, Guangdong Provincial People’ s Hospital ( Guangdong Academy of
Medical Sciences) , Guangzhou, Guangdong Province, 510080 ; *Department of Oncology, Pengpai Memorial Hospital ,
Guangdong Medical College, Haifeng, Guangdong Province, 516400, China)

[ Abstract | Objective Parthanatos (thanatos is god of death in Greek mythology) is a new form of
cell death, which often occurs under the many kinds of stimulus. We investigate whether it occurs in SPC-A-
1 cells induced by X-ray irradiation. Methods Immunohistochemical assay and immunofluorescence staining
were used to confirm the expression of apoptosis inducing factor ( AIF) located in normal culture of SPC-A-1
cells. Then the median lethal dose (LDy,) of SPC-A-1 cells was determined after the cells were treated byl ,
2,4,6, 8 and 10 Gy X-rays irradiation by colony-forming assay and then confirmed by WST-1 assay. The
expression of AIF at mRNA and protein levels was measured by RT-PCR and Western blot assay respectively
after the cells were treated by LDy, X-rays irradiation for 4, 8, 12 or 24 h. At the same time, AIF
translocation from the mitochondria to the nucleus was observed by laser scanning confocal microscopy.
Western blotting was used to detect the changes of AIF redistribution in the mitochondrial and nuclear protein
components. The nuclear DNA strand breaks were observed by TUNEL assay after 12 hours’ treatment.
Results The LDy, of SPC-A-1 cells was 3 Gy to X-ray irradiation. No obvious changes were seen in the
mRNA or protein levels of AIF at the different time points after irradiation treatment (P >0.05). AIF was
translocated from the mitochondrium to nucleus, accompanied by nuclear DNA dissolution and fragmentation
after 12 hours’ treatment. The AIF level was decreased from 1. 12 £0. 15 t0 0.21 +0. 07 in the mitochondrial
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components after 12 hours’ treatment (P <0.05), and that in the nuclear components was increased from
0.05+0.02 t00.45 £0.07 (P <0.05). The DNA strand breaks were detected in the nuclear at the same
time point. Conclusion Nuclear translocation of AIF is involved in the death of SPC-A-1 cells induced by

X-ray irradiation. X-ray irradiation of 3 Gy for 12 h results in the translocation of AlF from mitochondrium to

nucleus, and then nuclear chromatin condensation, fragmentation and dissolution, and then Parthanatos.

[ Key words |

Parthanatos ; apoptosis inducing factor; X-ray irradiation; nuclear translocation ; human

lung adenocarcinoma SPC-A-1 cells
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Parthanatos #§f Harrza'' 52 X h 28 ADP AR S
fiti-1 (PARP-1)/AIF/# 2 N ¥ G ( EndoG ) 28 4 4
ToEAE, —FF i gn st T e 20, HMLHI T A &R
T PARP-1 Hy 20 A% 7% 5 28 2R Ak, 4 T £ b 4
JEEFLFF e, S22 AIF F1 EndoG F 28 i A4 5% 57 22 41 Jifd
¥, 540 DNA K H B (50 kb) W™ i H., i
PRI T 3% 72 J& Caspase 4R 14 A9, B B 2| W
T A Wang Zl415) ok AIF & Parthanatos H % 26 58 43
T, AIF [R5 1 2 X FPAE T i 48 1 S B4R fE . ATF
BN TLRAR I, 2 5 S AT IR B A8 B, 72 A
FAEHT i 2 A%, 4565 DNA BRBE G AL , 55
4 EndoG %, i DNA W%, S 8canpser-" . Bk
FER I, Z PRI N 25 AT 3B ALF A7, 5 3504 B
T2, BEH X ZRRWaes S Miman il AIF 2% %47, 51
A% DNA Brd, T B M i T, Mo TE 2 . AT
5EE SeH THC LA e 5t TF JIESE AIF £ SPC-A-
1 4 A 7, S8 5 A ERE IR WGk Fn WST-1 7k
MSE X 2% 4 9 21 8 AE 7] i (LD ) o LDy, 48 5
SPC-A-1 4l fig, ot H R FE LS T A 40 il ATF Hh ff 2
] A% 5% 7% B B 8 MAZ R TR A8 4k, RT-
PCR Western blot 4 KR53 41 4 5 J AS [A] B [1] AIF JE A
£ mRNA JKFFER KR R IAE 0. femis HE
il il 5 Western blot AR & & 73 #1 AIF |y ki {4 )
Y MuA% v . TUNEL JIESC 68 55 )5 40 i DNA Wi i
FIAT- A . IESE Parthanatos J2 578 X R 4T )5
Rl g SPC-A-1 Fh & A= LUHH Ay il s s 5 stk o)
RS B A

1 RS

1.1 ##

NIt sie 2 i & SPC-A-1 W | b [ B2 22 Rk Bt
VAR ) A0 B Y 5 R B O W R A R R 4
(Leica 23 A)) , B3R £ 6% ( ReverTra Ace jWif%
FIRF & . KOD Plus PCR 5] & ( H 4 TOYOBO &
A ), WST-1 20 fifd 75 14 Ko 40 i 48 5 A6 00 2500 &5 (A M
Beyotime /) ) , MP-3 Bl /N4 R4S ( 3 [F Bio-Rad 2y
#]), PCR 1% ( Techgene /N 7)), Hoechst33342 ( £ 5]

Sigma /A A ), #5 E R 2R 1L (K TBD A H ),
RPMI1640 K538, BB BE bR 10 S Pt 1l 3 1eG | BAR il
Fric £/ N 1gG (FITC dric febtil =F TG (Jb gt
Eatroanl)  IEPTA ATF Hiik NPT Acting $T
4 (Santa Cruz 24 7)) ,DNA maker(200 ~2 000 bp, 7/
T H ), Mitotracker red £& %7 1K 2% 6 Y& {4 7 ( 3£
Invitrogen N AR AR 4 43R BGRF] & TUNEL
P T R S (B 3 = KA H]) o
1.2 i

SPC-A-1 4f g | RPMI1640 ¥z 523 (A 10% itk
ME) K3, B A 37 C.5% CO, M 46,2 ~3 d ¥
1R, 4 5 80% Ji5 FH 0. 25% [k IH Ak AL 10, HL
PRI A T8 A, TR 22505
1.3 SyR AR 95 %k

XA A SPC-A-1 AP T 6 FLAR N 35 3%
b ORGSR 12 ~ 18 h [ s BE . SeRE AL FI
Santa Cruz /28] IEPT A AIF ZriREHUR Jbat b 24
Pr AR B C St L = 1gG Anid —40F DAB 1 (3
FEVHHETT, 4 C 4% 2R FEEFE % 20 min, 3%
H,0, #H] 10 min,37 °C 5% BSA #}}4] 30 min, 7EZE 3
L3N 20 L i EHT A ATF 4144 (1:200) ,4 CHEE
I, BAR B bR G bt 1l = IG B (1:200)37 °C
%8 30 min, DAB W U BB T WA, AR Y,
FH ZBERR BE K, v P I 8 17, Leica W60 T L%
ATF 7E1E 3 B ge e b @ S s it o

IF ffi ] FITC #ricfedi il 3 1eG 1k =4, 1%
Triton X-100 8% 25 min, AIF — 5105 & B Hped ik,
FITC bricfediil 3 1gG MR (1: 150) ,37 CFHE,
Hoechst33342 %1% Yy, Leica 4 Es ™ W A Hi
FITC 8458, Hoechst33342 Sh A,
1.4 @mpasest

A S B A8 0T Ak B2 B A7 23EX (36
VARIAN 23#]) |, 54k e 6 MV, %4 % 400 ¢Gy/min,
AN T I T L 2 om JEERIME2 R B 7] 8 7
1.5 FHuEEE

X B KA A, TC A PR R, FE R T 6 FLAR
Hh ST 500 B 0 7 22 b 40 i %) %% 2 % B (200) |
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1 Gy(200).2 Gy(200) .4 Gy(200).6 Gy(400).8 Gy
(600) .10 Gy(600) , 1% 3 MEE L. MR
24 h {40 EE  d S A SR Ak k3R 10 ~ 14 d, H &2
B AT UL v B, B[ E 15 min, 1% 45 0 5 4L 4
30 min, 7ERMEE T IHEORT 50 A0 0 so ek, 4%
WRITEREFRER(PE) . PE = (X} HRZH 7 e 550/ % 1]
AR ANIEEL) x 100% o Beit A7 2 (SF) : SF = (52
U 2H ve R A MU HE TR ER x PE) x 100% ; 2= i 241 Ml A7
T, KB HEBE M i LDy, .

1.6 WST-1 %l % 43 43 5 45 1F A

WST-1 & MTT [ — R F+20 ™= i, 1 2 14 i S iy
SR A Y formazan J2 K VERY, 4 2 T )5 T % 5
AR, MTT B2 i HOSE AR e, RS & . X4k
A=K IR, ) A Bl PR A B, DAL 2 000 >4 i
FePhF 96 fLIG AR, A 3 NEREfL, dkekiin
24 h, LA 1.2.4.6.8.10 Gy 5520, A 2848 55 48 Mo AR
R RREA o ARG AR S5 5 72 h, BEfLIn A WST-1
20 pL,37 CHRLEHEFE 4 hy AR, DA 450 nm
DE LK, LL 620 nm 228 R A7 R0E I 2%
FEAE, #3054 B A7 5 232 i SF = #5501 4
R/ N IR A . A IS fh 2R, HESS LD, .
1.7 RT-PCR 4w AIF # %

PR R AN ML L) LD 55, G5 4 .8.12.24 h
PEHCE RNA, WA 48 O 5 40 B, &0 )5 M A 1 mL
TRIzol 7543%&f#% ,200 pL G105/ 5 BE(24: 1) , il Z14R
7% 30 s, 5 ELAHLE 12 000 r/min, Z B0y 5 min;
BT AR SN, R N CE S ming &0
JE 35 EWEW, B R 5 RNA [ 70% 2, TEEpe 0 E SR T8,
50 wL DEPC-H,0 ¥, 73 YOG EE S I &L, 1H 5 7 %,
FFI R 4l

AR & U B E T RNA 28 Pk M i 55 AIF
IR SCHR[ 6] C s 741, LiES 14 5'-ATGTTA-
GGGCTGACACCAGAACAG-3', FiiE5 % 5'-GTGGGG-
CCTCAGTCTTCATG-3', H iy 3£ A K B 1 536 bp; GAPDH
s 5'-GGCTCTCCAGAACATCAT-3', T it ¥y
5'-CACCTGGTGCTCAGTGTA-3", H ) 3 KK B 400 bp,
KHEZEME K 33 pl, 10 x PCR Buffer 5 pl, 10 mmol/L
dNTP Mixture 5 wl,25 mmol/L. MgSO,3 nlL, [-IE5|4)
I pL, F# 519 1 pL, KOD-plus 1 uL, #£ & CDNA
1 pL, Mi& & 50 pL, AIF 94 C 2 min,98 C 10 s,
62 °C 30 5,68 C 90 5,30 7E¥F,68 C 2 min,4 CL¢
1#;GAPDH 94 °C 2 min,98 °C 10 s,62 °C 30 s,68 °C
30 5,30 MEH,68 C 2 min, 4 CIR-fF, BLS wL PCR
72 1% SRR BEEENE 60 V HLYK 30 min, 7EEEHE AR IX
R IR AF . Bio-Rad /A F] Quantity one BEZ AR
R G AT R iR AT R 0 BT, T 4% 45 6% 1

{6, A5 R LB (A (10D) 3R, SR E A3 IR

e R B
mRNA AR BT = 2 CAPDH MRkt <07

1.8 Western blot # & & £ ik

X B K I0] SPC-A-1 21, LD 56 56 /5 4.8 .12,
24 hihfE HE H . WM M A 500 pL RIPA % 3 ~
5 plL PMSF, K I Z44#% 30 min, B0 BV, IHA 1/4
{RFLS x SDS A JF AU 8 H_FAELR v, /K & 5 min J5
URAT o FH P9 Ws B e ik i PR e 2 AN ] 48] i 0 25 G
FRZEE . KRR M 4 .8.12.24 h 44 [ FF 20 pg,
T P UK B 2R VR I R B IR 00 B IS ER . FF 84T NC
I BENCAE M IR R 1 he IR TH
5% AR WA H IR B 2 h,4 C —HiFE KT 18 h,
AIF }% B-actin —3i#5 & & 1:1 000; F TBST {223k 3 ¥ x
10 min; —HU TAER IR B ( —PrFi BN 1:10 000) ,
37 CHRMET 1 h; TBST E3k 3 YK x 10 min; ECL Ad-
vance 1k & GIRFPKG BRE 58 212 3% TR AW 1 min;
EERE G BRI IR AR AR 45 2R o R O ik I
10D Jf3+5 AIF B A XS & i
1.9 #ObER BT

ATF G EHRICHR 43 Rl S BE DS, LB R 5 J5 ALF
TEARRE R B AR . A0 A% AR 2 fd ] Hoechst33342
WU, MR I G M TE &1k . Zbiifitnic
FH Miotracker red W21 58, BOLILRAE BT
SRRt B IR R IR TR G
1.10 I 4m L2804 Western blot 4 & & & &

iz BEATU M 28 25 RS w20 2 A $i B a5 6 20 9%
AT o XPECAE I AR L DL LD % 5 2, R o /e 4.8 .
12 .24 h $#ERERRRE A FZE A LOR S S aiEfE
TR, B 20 Z AR A I 200wl v
Buffer A, BRI ZVPRZ 40 15 s, vK_EJCE 15 min; il A
11 pL ¥ Buffer B, 78530 RIZ14R7% 5 s,4 C 16 000 x g
B0 5 ming BRI SRR SR 115 7E 250 TIRE Y o
A 100 pL i 4 Buffer C, g KR 15 s, K b
40 min, £:BF 10 min JERIES 15 5,4 C 16 000 x g &5
> 10 min, FYGRIMEE A EEABIK B 558K
JERArIE] 1.6, B EE 1 4H 53 Histone i 2 11, Zebr
RE A5 COX4 N2 IR 1T5 AIF FE R R 8 M
ZH 43 N AR B
1.11 TUNEL k4| 48 i 8 =

YR KA M Bl A, LA LD, % S 20 B, 4k 22 5%
F%12 h, %Mk TUNEL 8 1A 00 & 20 58, H
0.1% Triton X-100 VK& &, BUL ) & & TdT i
2 pL, 9EhRic i 48 uL, B B A% 50 wL TUNEL £ il
W 37 CHFFE 60 min, ZOCER B Rl 7 57800
Tl ™ WEE . DNA Wi 2 BRER (501,
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1.12 %t o4
K SPSS 13.0 Gt f:, Bl A x £5 2o, R A
PATRE T 5007

2 HR

2.1 AIF f2% ML Jr tm i P 45
SPC-A-1 4iiffi /£ RPMI1640 1% 5 3 v AR KRS R
S FERE S B . THC 25 5L 1 7R 40 i o v S A e
o, AHIAL R IR AN S e SR 0, $7R ALF & 057 T
Wrp(F1A) , IF 25 R ATF O FITC —Hikric, &
LR OTOL AT T ML T, 40 ML 4% LA Hoechst33342 fx
i, BIEAETOIC(E 1B),
- - —

L 4

r LR -
o ..‘ @Wﬁ'f.

% ’ . :
AT U 0
A gE A g &,( x200) ;B %% R E( x100)
1 SEANRRERLINE AIF 7 SPC-A-1 it E L
2.2 P EMEFEA WST-1 a2 LD,
ARER ST MIAE R i BEZH 5458 50 1 2 AT e b T

6 LAk, 5% 14 d 5 AR AT D sw BT A, i s 2350
HvE, SEREECE WD (] 2A) o A7 26 5w B 1 4H L AAS
JE SO 2A) ,IHECR T 50 A4y vape (&1 2A) , JF
ITHR MG 2, Um0 5 S A AL b, 20 A2 35 2%
RGN AR BRI A0 M AE G it 2 (181 2B) o WST-1 325l
A7 B L A LA S 2R, DARR S ) B AR A, 4 MU
TR WP AR I AR 2k (B 2C) o 2R 730
SEMES, X 2 %F SPC-A-1 [y LDy, KECH3 Gy,
2.3 RT-PCR % Western blot #3415 AIF £:X T 4L

3 Gy Wit 4iifs 4.8.12.24 h RT-PCR =4k 4]
(EI3A) % BRZH Oy L XZE K AR Al PCR, TiE 52 Tl BH
P, 258113 b AIF 53K Je2 4k (P >0. 05,141 3B)
SR AR E]ZH AIF Western blot HELJK [l (K] 3C) , 2K
HERIkZE RIS X (P >0.05,&3D) ,
2.4 BOEER B AIF 4642

3 Gy fRSYIG ATF 2 bR Im A A% 467,12 h
S WER B ZR AR RBETC ALF ZEJ3% i 5 A T 40 A%,
PEREE A% RV i TR 24 AR Ry S gig e e o, LA
FITC iy —Hidnic, 2 gt 028 0. 40 Ml 4% UL Hoechst
33342 Yefn, RS AEG, LRiRLL Miotracker #Ric, 5
2rEsot, Kk =R A EGRELS, BSCAR A (K 4) .

120

100 &

=
S sof
# 60}
et
K oaof
=
==4
S 20 -
0 2 4 6 8 10
AR (Gy)
120
— 1001
8
S sof
M 60t
rcad
L oa0r
=2
g 20t
0 % 4 6 8 10
® ARSI (Gy) ©

A PHRALERREGERER, KT S50 Maje st et T 50 Mmfe st ( x50) ;B P45 5T M ik ) 2w it & 5 g 25 C: WST-1

R ek Ay 2R

2 TAREEEEEZR WST-1 577 LD,
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4 8 12 24 3 Gy f@statiE (h)

XEA 4 8 12 24

M X IR ZH

2 000 bp—
1 500 bp—

1 000 bp—

«AIF(1 536 bp)
T .- F(57510))

800 bp—
400 bp— «GAPDH(400 bp) W N W < (-actin(42x10%)
200 bp— @ ©
4 12

i) i

s o

= =

z z

o 3

3 %

i o

B =

- <

® o D)
XTHEZH 4 8 12 24 STRRZH 4 3 12 24
3 Gy @SS JEmial (h) 3 Gy f@4JF i a] (h)

A:RT-PCR #::] ; B: &8t 1] 28 AIF mRNA #8324 % & 3 ; C: Western blot #4 ;D; &8} 8] 28 AIF & G A5t &L 2
3 RT-PCR F Western blot |45 8f 5 AR B B2 AIF Rk 4L

25 pm 25 pm

25 pm

E 4 3 Gy iEst/a&rtEA AIF A% SRk X E RS E
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3 Gy fE4 a1 (h)
XHHRZL 4 8 12 24

ATF(57x10%)— —

S—
Histone(11x10%)— F “ — @

0.8

a
0.6
04

0.2F

Ojli.il . ®
8 12

X B2 4 24

HEHE ALy ALF A&

3 Gy fS R I E] (h)

3 Gy fEg a1 (h)
YR 4 8 12 24

ATF(57x10°)— '_:
COXA(16x10°)— | Sm— ﬁ -- -— ©

14r

1.2
1.0
0.8}
0.6
041
02

LRI 1AL53 ATF AR 2 4k

XPREg 4 8 12 24

3 Gy fES a1l (h)

Az An % G A5 AIF Western blot 4ol 25 2Bt ot B G AIF AR £ & a:P<0.05, 5 4 b45;C. 26K K G
28 AIF Western blot #i] 25 £ ;D Kk B G A5 AIF AT R iE 3 a:P<0.05, 5 b rbis
E5 TMRasE4> Western blot #illl AIF & &Rk

2.5 Tmieta 4 Westen blot 44

BRI 12 h 7R AR MA% B 4L A RN 2] ALF, 24 h
B Z (K SA) , geit s 12 h AIF 7E% 8 H
HoprhEa ¥ EFH(P<0.05,/8 5B) , f4/5 12 h
J& , AIF ZEZRIARZH 43 F i i Wk /b (1B 5C) , & 45811
M1 12 h J5 B2 TR (P <0.05, 8 5D) .
2.6 TUNEL #:| 48 iee A =

HMIAZ G I, 3 Gy FI AR 40/ 12 h J5, 3
Sy AR S PR 45 HkSE . TUNEL 4y a2 BRI 12 h
J , W5 R RAZ S IRk (. Y (0, TS T B A A A
MIVRAE , 40 AL A% DNA W 45 A T B = 4R 0 A 2B
(E6),

X 2 3Gy m4t)E 12 h

Hoechst33342 4 ff,

TUNEL %5,

El6 3 Gy i35 12 h J5 4 fa#% Hoechst33342 £ & K

TUNEL @z  ( x100)

3 it

Parthanatos — BT ) 40 iE AL T2 20, X A s T2 E
KANE T IRFE W T R P PR IR SE R B W, R AT S %
DNA Wi 50 kb #9 7 B, MidEJA 7274 180 ~200 bp
SRS RS DNA F BOE AR DNA Ladder, H X
R T B . ATF pR SOk {4 1] 2 it
R AN 2 S FP AL T HIL R v A R AIE , AN 75 2 Caspase
(1255, 1999 4F, AIF B Susin 557 5 U %05 FI TR
TEIEH GO, AIF &0 FLBAR R ] s, 2 5 aE AL
W, TERLCHM I R AE TR, ATF Dok i v ik 22 g
WA YMAZ 38 EndG X} DNA P)E], S B0 R
VA e s R IF HaX AN BN BERE Caspase f111 1l
FUBELIT, K It S Caspase i 42 403 19 T- i 4%, Hazza
UK HAg 244 Parthanatos, VR AMF5E & I ALF - i
ZH5LZMINE T ARET SR, A R
X G Ty SN st o
AN S0 SEE & 3K T =D @ N TR o
T, HOALF fhy 2o 4 1) 40 R i L g,
Parthanatos J2& ¥ i 77 75 /9 240 g 8 1 JE =X, AIF &
Parthanatos HY ) 5C 8 43 -, M AIF ) ¥ &% fi j&
Parthanatos JY T Z4F1E . 5 FH B X LR RETR 175 S ili i
I SPC-A-1 i Jd h 1) ATF o A % 56 60, ) R 00E T
Parthanatos, /0> LR 18 . ASHF5E B 55 57 Parthanatos
R OCHE R L ATF N L. TR IR W
SPC-A-1 4ififgrr, ATF 5@ 57 T4 i rp . W45 3 Gy
LD, , DAL 5 S 2 i, % SRR S 5 AN [R] B[] ATF g
BTE mRNA JK V38 2 8 (K50 B 2k, TBA
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b, RPN Z RN 5E S 12 h J5, AIF i 2RSS ()
AN, PEBEE AN MAZ BV e AL AR ML 2H O o
AT IR A B ATF ZEAR S 12 h J5 ATF 7E4% DNA 2
SR SR S R AN (TR S22 Al
ATF ¥4 2404 J5 , TUNEL 4G 0 31 DNA (1) 8¢,
JESZ T Parthanatos 1 &4

X AIF Jz HoAp 5 Parthanatos (RIFSE , H 8
T B 37 B E AL, Delavallée ¥f Parthanatos o %% >
Necroptosis (AL TS) , IFEL45 T T LIS ATF A1 ATF
A G SR B JA T3 B M A YT R S A SR —
J5 T ATE A (0 240 MO AR e PR TRy 7 Bk il £
FRRATHEAE 55—y i AIF v S AR ST
RIEATHUIIE IR YT, © WA BT 245 BZL101 X e B 1 L
Mg SE s T 1B W AT g . ik, AIF B HA &
1) Parthanatos 7 fifi i Ha S G50 842 5l 1E 6 it 2 2k
SRR By T B BT R S
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