FRERNEE: Ry
SCIENTIA SINICA Vitae
FE iR BEMNEREE

Q SCIENCE CHINA PRESS

lifecn.scichina.com
CrossMark

& click for updates

WA S B A TININIL): M-S 40 B o i m 54
B RAE PP 1Ty HE A

st kb AR Rma

1. HPRERR 22 B 22 B IR 20T =, H K 400010
2. U H R TS BAEE R, IR 400000

GE T

* Bk & N\, E-mail: dengwanyan@cqmu.edu.cn

WA H3A: 2025-06-24; 5% H#: 2025-09-10; MRk & % H H1: 2025-12-26
K H AR S (HIHE 5 82422035, 82371785)FIE K TT AR Bl 3434 & (kv 5 CSTB2023NSCQ-JQX0013, CSTB2022NSCQ-LZX0031)% b))

WE WEHFF % G l(nerve injury-induced protein 1, NINJ1) & #7# & FLAE 5y —Fr #r & Mt & & 5 5 40 i 8] AF
A, FEXTNINNIWAR L ERETHERGGBE . AR50 ERA%E. TFK, NINIIEAIZREF A
BEBE T 4 R W BL A5 B A 24 (plasma membrane rupture, PMR)#] % # 4T 2 F, PMRIT 2 2 B 748 = 40 T4
3 (damage-associated molecular patterns, DAMPs)# M A A RIE KA. ZALH EAEIESE 5 5 A K £ Fh kJm o KE M
Hm. MEBULRIREE A AR K. Ft, $ENINILF GE & A I8 9T %02 1 5k k09 B B R . AR SCUR SNINI LY #E
TEALE L AR RO 2 o B LR CEE ININT 1996 97 SR o6, FF 1T I NINT1E 0 76 97 #8519 AL R B2 A0 @ e i Bk K.

KR WERGFETEAL FURHER, OEWRM, 1677 K%

1515 S HE H 1(nerve  injury-induced protein
1, NINJ )2 — N FEZN16 kDS E A, B8 —
ANPSEPERING R e S50, Ja S0 e P A K PR 5 i
2. NINT1JE FNinjurin X E H, WA E
NINJUFININI2 B FPE R, AT A PR (1 5 i 45 44
Ik, (L PR3 R R A B R AR AN A L. NINT 1
12N EER A, Forh 26 237 F MR AENINI 1T
R EE R, T2 10007 B R AN S 118 2 13901 & 2
T FENINT B8 4 R 3, LR 78 R B, NINT 13
i FC R B 4 4 3R] AR ELAE R A S e A A B G P IR
HHRAEK, EMEmmEE. A8 nERES K

HREREEAS B iR, NINJLEZ R
N PBE T &R BB R 24 (plasma  mmembrane  rup-
ture, PMR)IREEIAT 7, i — B ENINT1 DR
T HLAE 22 R b g LS8 AR SO A T NINT L
PRI AEERELThRE, A BT Rt E, B8
NINJ 1175 5 PMR 1953 F AL DA [ NIND 7 I BRIE
IR K 9 S T o R P R P T 5 B Bk AR

1 NINJ1f A4 B 5y BRI Ak

ArakiZg \BIE 19964F 4 K BININT 1 34 T K

SRS AL, SKELES, 40, 45, FE B S E A IININTL): WA AT SR EBRIRY T AL AP ERRE: Az@flar, 2026, 56: 503-513
Zheng S Q, Zhang Q Q, Yang D, et al. Nerve injury-induced protein 1 (NINJ1): from mediating plasma membrane rupture to therapeutic targets for
inflammatory diseases (in Chinese). Sci Sin Vitae, 2026, 56: 503-513, doi: 10.1360/SSV-2025-0093

© 2025 (PIERFE) Aktk

www.scichina.com


lifecn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSV-2025-0093&domain=pdf&date_stamp=2025-11-27
https://doi.org/10.1360/SSV-2025-0093
www.scichina.com
https://doi.org/10.1360/SSV-2025-0093

RS A2 0575 A 1 TONINT1): A 20 J B R 38 E PR VT B

B ARAP TS U AL B A 2 R A i T A rh, R
TEM G 5 I8 IR B dr & o M En s B E
FI1. A — RS IR AR 1, NINT LA AN /K
I iE o3 FHad T KT IR 5 A3, DA S ol MR T A a2 R e
FE R A A b A3, 3 V4 v L 7 B BE, Degen%
APHRGE, NINJTFI PO B ot HE (ol ~ad) N 2 Clii ik
UAES, Hral M2 HRSETERTE, fELS6A T, 2
IR B 0. IF Hal fLys45 5 48al I AspS3 .,
A, 035 adiBid BH & F-nH BAE FH (T RSV K Lys65
5Phel35)S2 4> 1A 4. 1M Sahoo5 AR 7T 42
Hol Fo2FELS24b 4 — ML 2 JF. S Degen® AP
T a3 Flod g e 2 H LA MA R R, Davidss AR
HININT 1 a3 Fllod BB i 2 25 ih 1, L3750 T a3
Gly93F1Gly95 LA S adIGly 1245k 3L, (E45H R
I P B K B 5 S A I s . ST LRI RN,
NINJI/EM 1016 2 BB A I ThRE. BT 1
ZARI B2 R G Rk, NINTIAE 2 Fh b R kIR
M Sz Rk B B w2 AR 4R AL,
NINJIFE AT H R R g s h A8 EEEH

L1 NINJIZ5maifhig s

J& Bl #1248 & i (peripheral nervous system, PNS)
— AN E IR L7 5 B A o E R A U PNS
i 98 AR AR A4 it T 40l R R . AR 4
M BRI EALBERE R AN A, Tt T A
AP RGBS, S R 1 H s il
PN S5 495 5 S50l 9 A% 1 A0 ) B it 73 400 i f 2 Y i g
T 50 5 2 9 A B A O, TR DR i A il 2 ) 2, I
S P AR S AL 1) NINT LR V)R 7 4 8 5 M &t
BRI TR RN, LEHEEEZGE,
NINJ AR & #4008 W % B, ik A~ 3 rg
[Fi) 2k R B (R 3 T AR A2 AT P 2 T A A 4 SR ZE AP, To-
mita%e N A A 20 5% R 445 /s BRABE AL ik — SDAIE
S, NINJZEB G & H b Rk B R B A& B4
WA R EEER. AT R WININT L R RO
SRATRIERE. WEFCRBL, KR B B R
i bR T 40 PNINTT mRNAJK, I Hi@id iz
TR 2 AT K BIAEANINI L aspl10alaZ€ 38 i R X
i B RIVHENINI VR RIE, FEBEE Bl &84 X
e 1 intS181 - 2 B asp110alam] BE 2 bR JXUF #2450 1)
—ANEMERIRIERR L. 548, TP RRHZ R Si(central

504

nervous system, CNS)H, NINJ1FRIAGNHE £ E 2 f T
JIROE Pk 28 ARSI o ofn A5 B BRI TRD B, 2 R AR 2 R ¢
RAEE, 20 AR — L LA P R 4 BNTIND 1) 2 08 4
n, % FIENINILH AR 2 PR ZE. Ifergan
2 NIV, NINT 1] DA S A4 4 M0 i -4 e g )
PEF R 2 5 e 9% 40 25 3ok fid 57 s PN 7 40 P ) 3
. A, NINJ R U 5 1T RALS) /)23 5 B g 4H
iz s AR 2 10 R A e i 4B S, Lees NV
R, NINJ12 5] E S i A g A i b 240 A 9= i A
HRE N, A N - A i BEL B JbE 3 B 1 B b
ININJ1R] DA ] A UK 06 w2 ik P12 sl A5 28 v () ¢
FERMZICH. HAh, HRFREY, NINJLE A AEiE
TR e 2 oo ) R AR AR F R E SR Bk
i, 25 H 2R REAT ARG HE 5% 1 1 ks g 20,
IXEEHF TR B, NINJIEMEHEE . B KAHN
TR B EEDhRE, HAEAME RAEA IR

1.2 NINJUFHR 5 E A

06 I 05 06 2R 3B AR BT M, CRNTE
FNFEMRRR) FERTF, HILFE I A B A 1 2
REAE R I The R A e = s, 4kim 5| e i 5
FEHEY FFRERNINI IS 5 A K. I
ML A, R A AR 5 T, Kim&s AP
R BUAENE R P Zh S Th BE RS /N R R b, g d Ay
Bz 2 AN TS AR 2 TR NINT 1K) 305 350 BH 308 i 156 FR 4,
FERNINIIE R DhrebsfSh A EEEH. M5,
YinZ AP35 i Ad I NING 1 b R4 BENIND 17 4 A
B GBI A5 00 B 25 108 A R 22 2R DL g
EINREMII . BRI, NINT1R] G5 P 25240 41 d g o
BER, S EEIEEA R, IHININIUSCN G 2
ThARERERS 1) —Fhogh Sems ) [, Matsukie A5 i
PARAN L A2 RS2 B6 [R AR A& B0, NINTL3E I s /0 J 40 o
BE FRAE R AR AR IS . I R
T, NINJ L 5 JE 40 B R e P 4 i 1) 41 B A
Z 5 I Re PR LS T B, AT R A SR I I 9 Pk
A1 NINT B L A S 451405 B 20 4L i
B R, HETT AR B JPeAs T f s i 220 k4, Hor-
iuchi®e NP7VRHL, NINTLZE 52451 1185 B 148 J52 ) o 3 Ak
M PR R K E R AR, A BT M SNERm
B L AL R ERER S R B AR A A A



hERE: AaRlE 2026 F FEs6d H3IM

NINJ 1 H R Ik 2% 33 B A 1ML R e Bk, 3R B
NINJ L I Fa s b e 4 B Ve 8L 7 R 9 i
oA, NINJIFEHAWA SRRSO EEM. Fl,
NINJ L i e e A8 i 40 A 1 A7 335 6 DA T 52 1 i
AP AR LA R NIND L B %05, NINJT N-pEJEql
161 38 3ok 1 5 L4 B 0 2R K M T B2 e AL 4 Bl ) AR
ABY M TNINJUZE R M 4E R 205 & Fa A
EEEH, B, BEENINT L CARBCTE ST O 6 I8 92
73 P 7S T B R A

2 NINJ1: /-S40 EPMRIEK R JE

TR AR AE T (e BRI A T 4R T,
T2 7 PEIR BB S Bk 0 1 55 ) R TR A L N 5 0 9 78 4 fa B
S5 HFESRIEEIIA)PY, XL AL T A S K
WZ, TIPMRENAET: (2R AT, AL G0 A A
PMRZ I A T 3ok 2 v 75 32 1 3R 3 1) 9t 20 £ B 0
B B0 AT AE S 5, NINT U B0 - 7540
R T H 28 TR A, TE Rl R R AW, BRI+
BE—FEST T A0 MR, 5 S04 PR 2 A I ) oA 28 DR, X
6 N AT AR AR A A 5% 3 T AR X (damage-associated
molecular patterns, DAMPs)iE— 5k # il #)(
1B). [Kth, FERMEHRAET: K A i FE HH PMR AR )
BIEERREAE, L NINI B ERE, BiE
S RXPMRIJE GO AL (ESERENZ, T fFhgl
MUBET- 7720, NINJEEER IS AT A [FI AR BE 2 i PMR HAS
A AR AR TR, SRORNINT (R O B e FE AR %
IMIBET A G, T2 5 UNMBE TS i 28 0 S 28k
R B RE, R, 7 ENINT LSE HLE y JRE M 0%
PEALH IR FE AR .

AR B BT AT 7T RENINT 1 E 25 ¥4 fd A A BT AR ),
AR LI214L S 5AE, S EININI I IhRE 245,
LA e TR R B, REININJ &5 80 T3
PR TR 2 O EE, T NINJ1 I 45 /47
&, BRI PR LE (O PMRALHI Bl 11 (& 2). 7
EBIEIRA T, NINT1LLSAR [ SO 7E T 4 e,
ol Fo2 B2 JiE 72 L AMIAS 5 40 f /IS LA E FH, o3 Fad
B R NI R 5133 S e B Y B BE TR B,
NINJ1 ol Flo2 B2 e di A, 385 a3 FladBEE DL K
AH AT 5 AL P o 1 BB AT 3 T ol AL &85 IR A 5 R B B
NINJ RS, 30 5 A 5 P A LA P G 2 R AT LA b

TREETRAL, X4 R8I P SR K S A D 4
R IR R LS BV, 38 K oL R o2 BB 1 52 /K THT 51N
B /K T AT L RR, 5 S50 2 M P 25 R T 3
HRB1 Degen® NP H AR 588 NINJ 1R R &
TERCREE R A1), FoR K8 T HE R I VR s A
SEME I AL, FEBEIERE b, AT — R, Pidk
NINJ1ELEE DU 191 AT 7 SUHE S TE OB EE S5 7). oAb
B K X 5 AR BREAH I, ISR K X s . 24X
BELEMIFI BT T, TE33IE R 1IR30 T i 8 plehr
BT AL 453477 20 PR R 75 A 250, 1% 7 KT g
ST AL LR HEPMRP! DavidZ: A'fSahoos
ONUVOTUI R <« iy 2 07) ) S AR AL . NN 1 35 SR A T
TE IR 548, A PN E I 7 7K A F -5 200 P s 5
A, AMISE K G AL A = A5k 7y, (A 4 4T
IF, H-FENINT I PERR G M VK. IR PR Y
fENINJIFE R T 2 FLEE ), BEE I FLA R
s E B, %51 KPMR. FININT1 S )X Fi fh
Y PMRALH 3 AR, 322X E FNINJSE K
SERIIATAE TR GE F R A 3008 & I, T 5 B
1 2R B BEANASORT B3 A 20 AT D7) 1) 30 e A B4 4t ) 1
H AT C T NINJ /-3 13X Y R PMRAL | 351 DL ¥4 15
T RGN EEREER Y, BB R T ) B
1 3 HE O U S BRI NING 13 T PMR I B 1)
JE AL B2 G oK A Bh T A TH B /RNINT 1A 5 [ PMR.
EAE R, XL P2 X )T Gasdermin FK ik 5
AR A LABE R, 30K A ) 39 4K S AH D 7 S i
Fror. UL BB ST B, NINT @ H o oh g M i AT
HERAIF A G S PMR, (B B B fid 2 NINT LS
BURITISR A A0, Aok ] DA ANINT 1A 78 75 s WL A
RIS

3 NINJLES I Ehae

NINJ 1A 5 FI 40 FE T 2 AR P By PMR K A 1) 5%
PAT 5, AR A FLIEE i S (lactatedehydrogenase,
LDH)FIDAMPsE . 1X — i F2 B A OUE 2408 : R i
fitk R 9 R AR B SR AR g, AT RS AT S
AR, [E I KayagakiZs N R I, NINT1
2 IR Bk 1 /08 R G BT A /N BB 2R ) R e AT A R AT
B, RYININJTAT DL I A 5 PMREE T 2 5 AR
AN G R, I, NINT1/ S PMR 5 &gtk

505



RS A2 0575 A 1 TONINT1): A 20 J B R 38 E PR VT B

éﬁﬂ% o= 0o 5% L Yersina i )
& e ‘%TNFR @ WEWEH. MG, DNARE
System XC- L TRADD BAXqy ¥
BAK
@D
LPS Inflammasome BAX-BAK ém
rn' ‘ e Cyto-C
- . @ R — 3+ APAF1
e
l Activated Activated Activated Activated Activated @
caspase-4/5/11 caspase-1 caspase-8 caspase-3/7 caspase-9

GPX4 [ | |

/\ GGSDMD

PUFA-OOH  PUFA-OH

GSDME 9

}iGSDMD-NT (RIPK3) %GSDME-NT
Na* Y/@lIL-1B Na* ¢ Na* /

H,O ®IL-18 H,O H,O

K+ K- , A
2 i §70 7 . P RMELRDE, -

B 00

(]
T =il |
& W N bbbl
4N J 1 R | \
NINJ1 \\_/ NINJ1EB{A \/

B 1 NINIA- S AR TR RZORB BORIPMR. A: A RIS T T 3. 40 N 4 Bt H ik (glutathione, GSH) 7 AR AT 45
HKRL ALY EE4(glutathione peroxidase 4, GPX4)iF PE H A, FECRAM BIIEFUL SRR, 75 FERIET; SN R i 2 G
J& Bcaspase- KR P 4 #Lik 15 B caspase- 4/5/111Z€¥ﬁf$#97‘ﬂ1i SENMEN FRIAIM AT, HR/R AR IR & YL 1S Hcaspase-8 41 3
GSDMDJYIFE], AT 51 A AR AT A0S HCIR 2 T 30s PR PEGRIEIE T, S8 32 M08 1 caspase-8 3 2l SN T#Hiﬂ’ﬂﬁt

18 St 72 i caspase-3 TG AL RIS 2 DI I GSDMEAM R AU AT, Xcaspase-SHEE B #01H, RIPK3HZ BRI MLKL S| & 41 i
SRFE; B NINJIS A2 P PEAIIAE T 28 KB BOFIPMR. £E IEHRRAS T, NINJT UL A7 E T AN i, st &
i, NINJ1ZES %Lﬁﬁk% RAd, AT 5S4 PMR, B UK = DAMPs

Figure 1 NINJI mediates PMR at the end stage of different forms of cell death. A: Depletion of GSH and reduction of GPX4 activity lead to the
accumulation of unmetabolized lipid peroxides, inducing iron death; pathogen infection initiates the caspase-1-dependent canonical or caspase-4/5/11
dependent non-canonical inflammasome-mediated pyroptosis; Yersinia infection activates caspase-8 to mediate GSDMD cleavage, which leads to
pyroptosis; in stressed cells, endogenous apoptosis is activated, and the death receptor activates exogenous apoptosis by activating caspase-8. In this
process, the activation of caspase-3 will cleave GSDME to trigger pyroptosis. When caspase8 is inhibited, RIPK3 recruits and phosphorylates MLKL,
leading to necroptosis; B: NINJ1 mediates PMR at the end stage of programmed cell death. Under normal conditions, NINJ1 exists in the plasma
membrane as a monomer. When cell death is induced, NINJ1 forms oligomers on the membrane, which causes PMR and releases a large amount of
DAMPs
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Figure 2 The potential model of NINJ1-mediated PMR. Three models currently explain how NINJ1 forms openings in the plasma membrane and
mediates PRM, including the single filament and double filament (zipper) models by Degen et al. [5] and the “cookie cutter” model by David et al.
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Nerve injury-induced protein 1 (NINJ1): from mediating plasma
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NINIJ1 was initially identified as a novel adhesion protein involved in cellular interactions. Early studies on NINJ1 mainly focused on
nerve injury repair and tissue and vascular homeostasis. NINJ1 has been recently identified as the executor of PMR at the end-stage of
the lytic cell death. PMR releases DAMPs that amplify the inflammatory response. This has contributed to the development of various
human diseases, such as inflammatory diseases, tumors, and sepsis. Thus, targeting NINJ1 could be an important therapeutic option
for treating immune-mediated diseases. In this paper, the activation mechanism, physiological and pathological functions of NINJ1,
and the therapeutic strategies targeting NINJ1 are summarized. The application prospects and challenges of NINJ1 as a therapeutic
target are discussed.
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