2036 fli ZEZE B K424, 2024 ,46(18) http ://aammt. tmmu. edu. cn

DOI:10. 16016/j. 2097-0927. 202403103

SL R R E T TDP-43 #i& mtDNA-cGAS/STING i B35 & #H 22 T 457 A0/ R 5
i

F m,RMHE,E Al 400038 TR, R AL R (O SR ) S — MR BE B R R

(=] HIY #% TAR DNA 45453 [ 43 (transactive response DNA binding protein 43, TDP-43)
TEEADLOF 5 1/ B2 TT (neuro-2a, N2a ) 20 il #5493 K/ Bl o S A VR R R Ll . J3i Ok
PGS UL , AR EE 1 H,0, 403 N2a Zii i3 4 4 X5 BRZH (200 wmol/ L H,0, 4,400 pmol/L
H,0, 201800 wmol/L H,0, 4, @14l fE5 M E] ,400 wmol/L H,0, 4bH N2a Zifl 53 4 20 : %
W4 .6 h H,0, 41 .12 h H,0, 41124 h H,0, 41, @ NFUFLHki{& DNA ( mitochondria DNA , mtDNA )
TGEAE  HiFH 366 2 (cyclosporin, CsA ) I il £ %7 14 38 1% 1 %% # £1. ( mitochondrial permeability transition
pore,mPTP) 73>k 3 2 : X} FEZH .24 h H,0, ZHF1 24 h H,0,+CsA ZH., @ RIEIFE TDP-43 4 S ) 241 Mo 6t 455
B, siRNA $3] TDP-43 J543 4 3 4 Xf B4l .24 h H,0, 41 .24 h H,0,+siTDP-43 41, 5k CCK-8 ki
2 M7 P, EAU 60 41 E 33458 , Western blot £l TDP-43 4428 JGHR 54 ( neuronal nuclei, NeuN) (FRR
GMP-AMP 4 ifi ( cylic GMP-AMP synthase ,cGAS) FlIT-3)i 2 3% K #1385 [ 1~ ( stimulator of interferon, STING)
35, qPCR Kl miDNA , G Ju WAL AL ) TDP-43 FKikA2 4k, Calcein AM YL Al mPTP F¥jft, ©%
ISE TDP-43 75 25955 BRI ( neuropathic pain, NP ) HHAVE Bf 24 2 6~8 JEfdHE SPF gl C57BL/
6J /INEL (MR BT it 25~ 30 o) (i FHBEDLECT 3R 40 4 3 41 % BEZH (18 P He 38 P45 43 ( chronic constriction
injury , CCI) £ .CCI+siTDP-43 4 , K7 1 d FIARJG 7.14 .21 d JEATEY PN ST siTDP-43; R 1 d FIARJG 1.
3.5.7.14.21 d i3t von Frey £ 4 22 F1 PR LI 7€ /N BRATLBOR B8 A BV BUE, e 90kl AR 5
21 d Bt (L5-L6) HHEE fth TDP-43 5 NeuN 1784k, &5 AN BURIGE T N2a f TDP-43
FEREIN, R mtDNA @ mPTP B, i cGAS (STING B35, 520 N2a (1) 4 L 15 74 (P<0. 05) ;
CsA 4] mPTP i 18 (4 JF 0O 02> mtDNA i (P<0. 05) ; 1 8 TDP-43 [y 435 J5 Al il 2 F Ik mtDNA
IRETIC, 4] ¢GAS F1 STING B3k, K N2a 4G5 RE JJ (P<0.05) . CCI ARG 5 d, /MR BLAK
oA B (AR (L B 2 TR T HR2E 2 21 d(P<0.05) s CCL /N JS 21 d B HEH M 200 TDP-43
FERHEIM(P<0.05) ; BN siRNA ] TDP-43 J5 , Al 45 CCI /N r A LR B AR B (P<0. 05) .
i SAARNEE S A oT i TDP-43 25 A, 180 mtDNA S i mPTP BEH 3 40 57 , 0% cGAS/
STING i , FECH 2 a5 F e CC1 /) U e 8k

(R ] PR HPEAOR s TDP-43; cGAS/STING i % ; mtDNA ; S AL I3
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Oxidative stress triggers neuronal injury and mouse pain sensitization by

up-regulating TDP-43 to activate mtDNA-cGAS/STING pathway
LI Li, HUANG Penghui, CUI Jian Department of Pain Medicine, First Affiliated Hospital, Army Medical University
(Third Military Medical University) , Chongqing, 400038, China

[ Abstract | Objective To investigate the role and possible mechanisms of transactive response DNA

binding protein 43 ( TDP-43) in mediating neuronal injury induced by oxidative stress in mouse neuro-2a
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(N2a) cells and mouse pain sensitization. Methods (DTo evaluate the optimal induction concentration, N2a
cells were treated with different concentrations of H,0,, and the cells were divided into control group, 200,
400 and 800 wmol/L H,0, groups. (2To assess the optimal induction duration, N2a cells were treated with
400 pmol/L H,0,, and the cells were divided into control group, and the cell groups treated for 6, 12 and
24 h, respectively. (3To validate the mitochondrial DNA ( mtDNA) release pathway, cyclosporin A ( CsA)
was used to inhibit the mitochondrial permeability transition pore (mPTP ), and the cells were divided into
control group, 24 h H,0, group and 24 h H,0,+CsA group. @To validate TDP-43-mediated cellular damage ,
the cells were divided into control group, 24 h H,0, group and 24 h H,0,+siTDP-43 group. (3 Cell viability
was assessed using CCK-8 assay, while cell proliferation was determined using EAU assay. Western blot
analysis was employed to examine the expression levels of TDP-43 | neuronal nuclei ( NeuN), cyclic GMP-
AMP synthase (¢GAS), and stimulator of interferon genes ( STING). qPCR was utilized to measure the
release of mtDNA. Immunostaining was conducted to observe intracellular expression of TDP-43 | and Calcein
AM staining was employed to evaluate mPTP opening status. (©To elucidate the role of TDP-43 in neuropathic
pain (NP), 24 healthy SPF male C57BL/6] mice (6~8 weeks old, 25~30 g) were randomly divided into
control group, chronic constriction injury (CCI) group, and CCI+siTDP-43 group. In 1 d before and 7, 14
and 21 d after surgery, intrathecal injections of siTDP-43 were administered. Mechanical and thermal pain
thresholds of the mice were assessed using von Frey filaments and radiant heat, respectively, on
1 preoperatively and 1, 3, 5, 7, 14 and 21 d postoperatively. Immunofluorescence assay was conducted on 21
d postoperatively to examine the changes in TDP-43 and NeuN in the lumbar spinal dorsal horn (L5-16).
Results  Oxidative stress induced a significant increase in TDP-43 protein level in N2a cells, prompted
mtDNA release through mPTP , markedly up-regulated the expression of ¢cGAS and STING, and consequently
impacted the viability of N2a cells (P<0.05). CsA treatment inhibited mPTP channel opening and thus
effectively blocked mtDNA release (P<0.05), down-regulated TDP-43 and thus significantly reduced mtDNA
release, suppressed the expression of ¢cGAS and STING, and finally restored the proliferation ability of N2a
cells (P<0.05). The mechanical and thermal pain thresholds exhibited a significant decrease since 5 d after
CCI, which then persisted until 21 d (P<0.05). The expression of TDP-43 in spinal cord dorsal horn neurons
was increased in the mice in 21 d after CCI (P<0.05), and intrathecal injection of siRNA inhibited TDP-43
expression and effectively increased the mechanical and thermal pain thresholds in the CCI mice (P<0.05).
Conclusion Oxidative stress induces an up-regulation in TDP-43 protein in neurons, which stimulates the
release of mtDNA into the cytoplasm through mPTP, and subsequently activates the ¢cGAS/STING pathway,
and finally, results in neuronal injury and pain sensitization in CCI mice.

[ Key words | neuropathic pain; TDP-43; ¢GAS/STING pathway; mtDNA; oxidative stress
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11 297 B4R ( neuropathic pain, NP) 21l K %
LR PR B R BT H R ARAE , PRHC
BLBIAS 5, 3T 2 XA , ™ T 5 00 F 2 i 2R 0 R
TR B2 B s, A LS | B P 2 i
NPt 56 B AL 25 D) AR 5% . FINNERUP 461 B 5 4
AT DA B A 28 T 24 A PR 1 L 2 fioh 9
P TR S BOE Ik NP iy kA R . T8 M
P9 Sl W) A B rh 38 o BH T 9 1 2R (reactive oxygen
species, ROS) Y34 A 95 470 A AL B Y 2R3k, mT LIS
AR o FURT, AR R 22 R A Y

PRG3F B A 58 Vg A, DR, R — 2P R AIRSE
ALK SEGF s i NP SR 0 B B

LRI 20 i P i ROS B A A5 40 1, 4k
KBRS V2 A3 AR 0 M 45 v, X6 T 4 45 il 28 0 fi B
ETP i S TR NE] I RIS DAk
)BT, JEGEE NP AT et
28 R0 K B B 5, 28 kL /& DNA ( mitochondria DNA,
mtDNA ) B2 41 5T, 255 T30 FRIR GMP-AMP 4
fif ( cyclic GMP-AMP synthase, cGAS) /T 3t 2 3L K #|
AT (stimulator of interferon genes, STING ) i@ ¥, 175
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B G SONE , DT 30 B B8 M i 433 5
BRI R 0 cGAS & —Fh 40T Y ) DNA &
g, AR5 5 40 ML BT N ) mtDNA, {2 i cGMP
A, BE S cGMP Ay 85 — {5 S0 i STING &
ik RIS BT R B, AR (A LT RR ) ol
P20 mDNA R, T I ¢GAS/STING 3R
ik, A7 il AR IR /0N B 8 A 2 IR AT R
AR BRI, TE S AR 845 B 2 00 T A F mtDNA-
¢GAS/STING i B0 1 13773 5 1 A B

TAR DNA %544 [ 43 (transactive response DNA
binding protein 43, TDP-43 ) J&—F 75 40 M A% N 40 M J5i
]Iz 3351 RNA/DNA 2558 H, 25 RNA /G
Sl SR PR AN Y B2 S A ) F b B . TDP-43 1 1E H AR 3
TG SR TC 25 R T DI R Y 50 8 Pk 28 0 8 %85 A
52, TDP-43 1) P 5 A 25175 . mtDNA B, 300
cGAS/STING i, 5% W i 22 0 i 45 H A Sl g
AWFFAEARSMIF 5T il /N T4 RNA TR TDP-43 3%
K IR (cyclosporin A, CsA) 1 il R {48 125 Pk
¥ # Fl. ( mitochondrial permeability transition pore,
mPTP) JFi & 7 48T TDP-43 4 5 1) mtDNA-cGAS/
STING 3 B 7E A 28 o0 S8 A L S 43 v B9 A R BIL ], 78
PRI E S 8 TS siRNA 3 — 2B B 5E TDP-43 X
18 P 38 PEB1 475 ( chronic construction injury , CCI) /[N F§,
BRTR r R B A8 AL 52 i, LA TIE TDP-43 & 15 78 48 1k
I BN R 2 T S NP R b BT TE 1 A 43¢
(I

1 HESH®

1.1 ##5 XA

S /NI B (PR AE R R A D) ©
/N2 TC A ( neuro-2a, N2a ) (BP0 FERHEL 2
F]) s BCA 25 1R B ) 7 150 & A EdU-488 41 fitd 1 5
oz i A & (b 3R = K AE W ], # POOLOS
C0071S) ;3% H,0, (BB 1424 24 v\, #AR1108) ;
CCK-8 7 & (ALt R FE AW A 7], #BS350B) ; Lk
P e R & (38 E 3B H] L #mp35103) 5
TDP-43 Fi1 NeuN #{{4 ( ¥ [E Abcam 4\ &) , #ab109535 |
ab109535) ; cGAS 1 STING $Hii {4 ( 3£ [E Cell Signaling
Technology /A H] ,#31659 ,13647) ; DNA #2BGRF & (Jb
IRRAEA R A],#DP304) ; qPCR miMix (_F 7 28
YA F] L HQPOOL) s 514 (_EIEA TAYAF]) 5/
THL RNA (B EEH A Y28 7)) 5 TDP-43 T4 751
siTDP-43 ¥ 7 41 . 1F X : GCGAUGGUGUGACUGUAAA-
TT; 2 X . UUUACAGUCACACCAUCGCTT; Lipofectamine
3000 &7 ( 22 [F invitrogen 2\ &), #.3000001 ) ; CsA ( Z&

[ MCE /], #HY-B0579 ) .

1.2 %7k

1.2.1 Zpissi 5403 N2a 0B 3R7E S 10%
FBS J2 1% 3 (R R B8 R ) 1Y DMEM K53t
AR BE i H,0, 403 N2a 4 ffl 4 A 4 20 % BB 4
200 pmol/L H,0, 24,400 pmol/L H,0, ZH#1 800 pwmol/L
H,0, 41, 400 wmol/L H,0, ZbFH N2a 4 i A [w] Bt i)
R4 4 (n=3) X 41 .6 h H,0, 41,12 h H,0, Z1Fil
24 h H,0, 41, CsA #0] mPTP 43 3 4 (n=3) . %} IR
41 .24 h H,0, 411 24 h H,0,+CsA 4. siRNA Fi{%
TDP-43 J5 5250 3 4 (n=3) X} HE4] 24 h H,0, 41 f1
24 h H,0,+siTDP-43 41 , A% 4i B B kA 7 40 it
Yo 5L 48 h 5,400 wmol/L H,0, 4kZEFHE 24 h J5
AT IR BRI

1.2.2 CCK-8 Z0ffaif ik N2a ZffILA 5x10°/mL
FERITE 96 fLAR Y, FEALIRE 6 N fL. FoF i G BE
Ja, TLALHL, K N2a 45 10 pl CCK-8 ¥ 7E4H
MIEFRFENBE T 1 ho EEAR L 450 nm AE 0 5E O %
JE(H.

1.2.3  EdU Z0AEs s N2a 4iffa L 20x10°/mL
BEREEANTE 24 FLAR N, 24 h 5% BiRSr T DRI,
FEULI 2D SR T Y o, MG T 90 B 3 e L4640
BB, 5 1] Tmage J 3RAF53 BT GREE

1.2.4 Western blot £ W AL BLIS ) N2a 4f]
JL, 2% S B I RE S R BCA 5 5 8 1k B,
30 pg FEEHIE T SDS-PAG BERCHLIK , fH IR A (200 mA,
80 min) ,5% Bifg 4 W= AR IR E A 1.5 ho HriRfEH
W REE AN R :NeuN (1:2 000) ,TDP-43(1:5 000) .cGAS
(1:1 000),STING (1:1 000) . B-actin (1:5 000) .
B-tubulin(1:5 000) ,4 CHERIFE 1K, TBST Yes)5
FIRFEIRMFE —H0(1 : 10 000)2 h, TBST P55 i
17T ECL AL A6 52 , BER LR ARG . Tmage J 51 {7
SPFTREEE, VB EH S NS0 K EE IER R H
()RR AN ek

1.2.5 ZAfifiz mDNA & & AT AT IR W Ak
PSS N2a 0B IF 350 00 i 2 %5y Horh— 1y E
£ T 200 pL PBS Hr, ] DNA 2 B 7] & 42 5Ok B
DNA VER e iy i — X |, 7 —#BrEE T
&4 150 mM NaCl .50 mM HEPES (pH 7.4) #1125 mg/mL
digitalin ) Z p . 4 CHEIRIHFEF 10 min, 4 C,
2 300xg .0 10 min, ¥ FiHWREBSR Y EP &,
fE 4 C 980xg Z&AF NEE .0 3 K, FEE LA R
¥ EIEWEEA R F R EP b, B 5,17 000xg B0
10 min , 15 ZIBAT 41 HIAZ (SRR P 5T 5 G 1) 4 A
JEER Y o f# A DNA $2HGRA & $2BUZHR AL DNA 75K
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Y DNA, K32 HUAY DNA i F NanoDrop 2000 74
TGO FE I E W BE . FH A DNA (Tert) Fi
miDNA (mt-ND1, mt-CO1) 45 542 9 %f 44 mtDNA
AN 5T mDNA #17 qPCR & &, % BULHT 43, #F
qPCR Mix i{5f] \DNA 5| ¥ #1 DEPC /KIE G, BoE f 7
J& 47 qPCR Kl . mtDNA 5054 740 UL 3k 1,

# 1 mtDNA ¢PCR 3|¥5 %5 (5'—3")

FEH REL) IRk
Tert CCGTGGTTGGATGAGTTCCA  CATGCTCCCCGTCTGCTTAT
mt-ND1  TCTGTTCTGATTCTTTGGGCA CTACTGTGAATATGTGGTGGG
mt-CO1  TCTGTTCTGATTCTTTGGGCAC TACTGTGAATATGTGGTGGGC

1.2.6  ZbiffiEE il (mPTP) Jufs N2a
ANMILL 30% 10%/mL 45 B 1557 Hiu 12 ol 7 4 5 A 400 i
FRIL_L, FR 2 A B Jo 44 R oy 4l T DAL B, 25 3R 5
E4 1.0 mM 453542 1.0 M CoCl2 200 pmol/L Mito
Tracker 1 1. 0 mM Hoechst 33342 {1 44 R4 WK 5 40 i
IRGTE 37 C 5%CO, FiFRAH TR EHEE 15 min, 557
RNV ER TR mPTP (IR LR &
WAL B/ R AHEIR :494/517 nm (55 # 4%
2),579/599 nm ( Mito Tracker Red) #1 350/461 nm
(Hoechst 33342) , >R Tmage J R 5E 2 73 B 475 0 ¢
E i
1.2.7 ZfpfEasét N2a 4ifELd 25x10%/mL %
FE S AR A S R AR A MU 5 SR 1L |, Ab RS RS ]
4% %2 & I [F] %2 15min; 0. 3% Triton X-100 i i%
10 min; 10% (1] 2 1135 22 iR 3P 2 h; TDP-43(1:300) |
NeuN(1:300)4 C W% iF#. PBS ¥% 3 W5, 5
CoraLite594 BB 1L 2EHi % (1:500) F1 Coralite488
BRI AEPTRL (1:500) ZRMEE 2 he PLAOLHK
FrfE A (&% DAPL) A6 % T A0 A% 24 £4 10 min,
fift IO E LR A i B R A0 B B o Image J 81
O3B ETR I
1.2.8  Sesh¥y 4205 %6 CCl BRI 5 5 85 N i
S SRJH 6~8 iR 25~30 g, SPF 9%, it Ffe e
CSTBL/6) /INERFA T 5295 o 7E fili 2545 B2 K7 P e I Bt
ALY s M TR SR . A B Se e el il A A s
KEFFIPe HL AL ME (LS : AMUWEC20232187) . ¥
24 HUNRIBENLEC T RIE 500 3 4, B2 8 H . Xt iE
4 .CCI 41 #1 CCI+siTDP-43 4, CCI+siTDP-43 4] 7¢
CCL ARFT 1 d AN 7.14.21 d #1734} siTDP-43
e — U ST 2 h 5 A TAT R 2k, 25 o
A7V 1 [ UM

il £ CCI /)N BB R BRAN T + 2% 57 9 ik JBR e 2

Yy, BIBRZC R R B A, T T B ik e FEREE A AR 3~
4 mm 4b,PIF 1 em PRV, B85 725 BAL B A 42,
4-0 M L 1 mm (8] B £ 22 M A B pf 2 B 4540 4 A
TR M A TR, WG 1S R
sl

B P SR A R R A AT L RN RUR
F 4w N 1R X 4R (L4-L6) J& i B & F TH 8. 8
siRNA 79 (10 pL) MEAJB S B TR ST b K52
BB LS R L6 Z A ] L, B = M R 8ln
BB A8 , B Sr B SR
1.2.9 f3ysefeill GE—7E 147 9:00-11:00 Hf i)
Beis, sy e R 5 A & B 30 min DL U
I o AU A0 AL SR B B 7E < ) von Frey 21422
RPN ML, K A up-down 353157 50% HLAK
G RSB o BAGE RIH(E 5 « SR AT AR
SR RS R
1,210 fpeseie@ Ao sk lai ie, a4l
MR keI 6 HUN RO o 5% 57 90
BERRAE/ NSRS, B 50 mL AR BRERKREVE , B e IS
(1 4% Z2 R[5 o SRR H 1 O A4, 30% HEHE
i /B LS-L6 15 BUSCA BEK R ) F (JRJE 1S pum)
#EAT TDP-43 Al NeuN H g 786 e (4. PBS k5 10%
20 35 22 3R B P 1 b B 5 B Gk PR B4k TDP-43
(1:250) Fin i 5 [ FROK PRI NeuN (1:250) ,4 C
Hid%. PBSIEULIA, 5 CoraLite594 IR 1Y 1L 4T
(1:500) #1 CoraLite488 {HEX Y ILEPTLE, (1:500) =
TRFFH 2 ho PBS FEOME TR , HPLOOER IR 57 B 4]
(55 DAPT) MUJRE A, REE A, Image J 7341-F
Puotime
1.3 @it o

] GraphPad Prism 9. 0 #1748 047, 3t
R xes Kok, PILH ALY LR HT B SE AR A o
K, 22 41 ) FUBCR F BN 3205 22 0, Bl AT 5 1E
ST IR AR S 8GR, P<0. 05 FoR 2255 A 4eit

2 HR

2.1 400 pmol/L H,0, #74] N2a 4m it & 1%

K CCK-8 Ko AN W] e B2 1) H,0, 4bBH 24 h J5
N2a 40 il 1% 1 09 284k, 45 R o, 5 X AL I,
400 pwmol/L F1 800 wmol/L HEHH B 4] N2a 20 il 15 /)
(P<0.001, [ 1) , 3+ 400 pmol/L 1305 41 KL 77 3%
2 60% , 17 800 pumol/ L b FH 5 21 M 4735 26<50% , 4%
FRARAT B0 B D ) 22 52 36 e 45 400 umol/LL H, 0,
TN AN 2T iR R
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40

HRMUAAE 5/ %

20

2
1% BB 4052:200 wmol/L H,0, £8;3:400 wmol/L H,0, 41 ;
4.800 wmol/L H,0, 28
a:P<0.001, 5 % B8 48 Yb &%

1 RERE H,0, 3 N2a A& HH8M (n=3,%+s)

2.2 &AL LA TDP-43 cGAS STING A ik 5 #l#k
mtDNA B34 3 An
NS R AR 7 RS L EIvE i il NI
400 pwmol/L H,0, 0¥ N2a Ziffs 6 .12.24 h J5, fdi /]
e & D¢ G MR [ BN I £ TDP-43 | NeuN |, ¢cGAS Fll
STING 1) KB A8 4k o 45 3R B, 5% BALAH LE , il

XTHRAL 6h 2] 12h 4] 24h 4] 2.0 -
TDP-43(43x10°)— | W s e - £ 1.5

2
& 1.0

NeuN(46x107)— | e s w— 3
Z 05+

B-tubulin(35x10°)— | . V- — —

0_

YHHAZ 6h 4l 12h 4l 24h 4l

50 pm

50 um

DAPI HER

24 h J5 , MEuEE AR R & H NeuN [ TDP-43 HH
IR B I IN (P<0. 001, & 2) ; RAEHE H cGAS Fil
STING )ik 3 [ iH (P<0.001, [ 3A~C), fif
Al qPCR #5:1 400 pmol/L H,0, 4> HI4bFH 6 (12 .24 h
Ja e miDNA 1484k, S5 R s, 5 RALA E,
24 h 4] mtDNA #8348 i (P<0. 001, & 3D .E) .,
PRI, JE 2R 400 wmol /T H,0, i 24 h %5i1E TDP-43
% mtDNA-cGAS/STING 3l 4 (14 42
2.3 CsA #74] mPTP #7775 miDNA ##08, b
HARGE miDNA B Ry AL, 5 12,5 pumol/L
CsA $ERTALIE 2 h 5, 5 {37 400 wmol/L H,0, /]
N2a 4fifif 24 h, 355 4R R YL B mPTP 58 386 (1)
TR o AR R, 5 X R 400 pmol/L
H,0, H3# N2a 4L f5 , 2207 F A5 A5 B4
WS BRI, 2 W1 A0 B 05 S Ol 2 D0 4 mPTP i
EFF RGN (P<0. 001, & 4A B) . CsA #I4ill 5 , 5 %
SRR L FH(P<0.001, & 4A (B) , Jf i R AH
M5 mtDNA BB (P<0.001, & 4C. D), #H—H41
7~ mtDNA j# 527 mPTP 38 18 Bl

NeuN/B-tubulin

XHEZ 6h4H 12h4H 24h &

204

TDP-43 445250 JiE
[}
o
1

o RIHRZ 24h 4]
50 pm .

A:N2a g ¥ TDP-43 5 NeuN & & £k T 4L ;B. TDP-43 & & ¥ %2 % 45 #7;C:NeuN & & ¥ £ 857 ;D:N2a ga & TDP-43( £c
&) NeuN(%: &) #= DAPI( ¥ &) 49 & 38 THGE. TDP-43 B X LB EF ZEH)H  a: P<0.001,b: P<0.01, 5 st pE 40 k45

B2 SREBR# N2a 208 TDP-43 5 NeuN EARIEH TN
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2.4 T8 TDP-43 47+ mtDNA-cGAS/STING i@ 3% mtDNA (725 £k, 2 11 B[ K cGAS | STING 323k,

T WEFEAE 28 T B AL L v TDP-43 % EdU (0 WoR i s il . 45921 o, T TDP-43
mtDNA-cGAS/STING {5 53 J US40, 1§ 1] siRNA 55 )5, 359800 mtDNA 83 (P<0. 001, & 5A . B) , 41l
PR T U/ N2a 2 g v TDP-43 (9 R3Af5, B/ il cGAS F1 STING )33k (P<0. 001, 5C~F) , [A]6,
400 pmol/L H,0, H# N2a 4fijf1 24 h, fiiH] qPCR G iz cani i EaERE /1A W 2 TH(P<0. 001,14 5G \H) .

2.0 2.0
XIIEZL 6h 4l 12h 4] 24h 4] A a
= 154 a £ 15 a
cGAS(62x10°)— — — — g £
< T
2 1.0 S 10-
STING(33x107)— | e e - — 2 2
Q =
© 0.5 © 954
B-actin(43x10%)— — — — — 0 N

SHHRZL 6h4l 12h4H 24h4 B B 6h#4l 12h#H 24h4 C

25 ND1 353k 7K
o — ¥} W
L 1 1 1
o
=
.
AMERR CO1 35K

XIEZH 6h4H 12h4H 24h4 D YR 6h#H 12h4H 24h#H E
a: P<0.001,b:P<0.01,c: P<0.05,%5 3+ fE 20 b3k
A:N2a @i ¢GAS 5 STING & & £k T 4L ;B:cGAS & @ ¥ 2 3 5 #7; C.STING & & ¥ & 55 #7; D: N2a %1 jo ¥ %8 jo )R
mtDNA (ND1) 49 4k ; E: N2a 40 it 40 i, it mtDNA(CO1) #5 B AL
3 SRR N2a 405 cGAS .STING E [ f1£HBf 5T mtDNA gyas{k,
ESRAKEN gailfiiok 3 HEE ONE]

il

4

X} R

24 h 41

20 pm

H+CsA

4

24 h

A:N2a zgfie mPTP Pkl A KB . 7~a &5k mie
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