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Physiological function of nerve injury-induced protein 1 and its role in relevant diseases

WU Zhaoyu, XU Zhijue, PU Hongji, WANG Xin, LU Xinwu
Department of Vascular Surgery, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine; Vascular Center,
Shanghai Jiao Tong University School of Medicine, Shanghai 200011, China

[Abstract] Nerve injury-induced protein 1 (NINJ1) is a cell-surface adhesion molecule containing an extracellular adhesion domain
and two transmembrane domains. NINJ1 is named for its original discovery in damaged nerve endings. It is expressed in a variety of
tissues and cells, with high expression in epithelial and myeloid cells. NINJ1 regulates nerve regeneration by promoting Schwann
cell precursors and pluripotent pericytes to differentiate into Schwann cells. In diabetes-induced peripheral nerve and vascular
damage, NINJ1 not only promotes nerve repair, but also regulates penile angiogenesis via angiopoietin 1 (ANG1)/tyrosine-protein
kinase receptor tie-2 (TIE2) signaling pathway. NINJ1 also participates in the maturation of vitreous vascular network, which is
associated with changes in the proportion of ANGI and ANG?2 in pericytes. NINJ1 mediates inflammatory cell migration across the
endothelium through its extracellular adhesion domain, and thus aggravates central nervous system inflammation. However, NINJ1
cleaved by matrix metalloproteinase 9 (MMP9) can inhibit macrophage inflammatory activation, and its mimic peptide is expected
to treat atherosclerosis. In addition to regulating the inflammatory phenotypes of myeloid cells, NINJ1 actively mediates plasma
membrane rupture and regulates programmed cell death, which is involved in host defense against exogenous infection. Moreover,
NINJ1 is up-regulated in a variety of tumor tissues, and regulates tumor suppressor P53 activity via the P53-NINJ1 loop, which
mediates tumor growth and metastasis. The current review summarizes the physiological function of NINJ1 and its key regulatory
roles in pathological processes, and discusses its potential value in immunomodulation and tissue regeneration, in order to provide
new ideas for the prevention and treatment of injury, inflammation and tumor-related diseases.
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P2 5455 S B H 1 (nerve injury-induced
protein 1, NINJ1) & — & {7 T~ 4 fitd & 1 (% 2% Bt 53
F 1 NINTT S ) 76 3 07 s AT Ay A R Al - e 22 oK
R 1 it T3 200 B RN 5 AR ph e ph e p g R B, Hk
KK FEM & Z )5 B3 1, 7~14 dJ5 3k 3 0%
B "2 NINJLZE SR SN h A ik, Hop
FE L R A AR R A b ek B XN Z Rl
AU Z5 SRR B, NINJ1FE B2 ik f Fn el i 9% & 1 %
A R IR KOF B, 7E N4 4 Rk K OF
% 50 NINJT 3 R AL 85 4 T i el 52 4E AT 25 A 4 75
1S2ANSHER . Ao i 16 000 1 2 ik,
T2 26 2 37 [ A LR 2 NINT1 A BH B &5 F k55 72
100 v 2 KR AEE 118 = 139 47 2 FE R J& NINT1 AY
B LA I8 B

U OCTF NINJ T AR GY 32 B 2R A T O b 22 P
G okt R et (Y S I E B eh i Gl IR S i)
FHOCHTFSE "% $7 1 NINTT 38 i 342 46 i 40 i 266 A
RS TIREIN S 5 RAE SOV IV o TILERE PRI 75 & 1
P Ty A B 15 3 — [W] 15 3 B A i A5 4 28 32 458 1 1 0
H, NINJLAMUR IR 2 BAMER, 125
P M A N Ez ThagE . 4, NINJL S5 N p53
FEAEB IR ZR, T2 5 g 1) & A F0 & e it
e UL SRS Y I, NINT 1 RERS (1t 4 i s
WOt £ S 5 q R P LT bR . Ik, NINJI
HAT 2 WA AN, W HTF IR A 5A Bl
FAHRBR IR o ARZEIRMEERE S48 T NINJL (94 28
Tyl B HAE Z A Bl A rh R R OGS R AE L, 10
O NINJ1 BTR A IS Hopr L%

1 NINJ1 5#ZR{RIEE

NINJ SRS 7E R L2 0 A b 2 R A o e 2 B
HH 4 2 RS AR S IE 52 NINT1 REAS 4
RS ARBI AT AR 2R S A 5 I A A A 405 /N B
BRI, NINDTRERSS IR U 20 4T BB A . X i
ANINIT B AR i mee S, 2/
NINJ1 %35 b i & AL ™ A2 ) — B O 40 M Sz o
TOMITA % "' 58 2 W1, AlBk Ninj1 3K 0] @ 3%
TR AR B T 4 /0N BB R AR P B 45 5 SR B R A
KAV, Wl e S PRI AR, Ot A
22 B ] 200 6 1 it 3 A R ) oAb kit — 2B RS
T ONINJ LA J BBl pf g P v ) S A A
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NINJ1FE #2245 477175 5 04 220 A T i e i v [ R Al
PR BT . KIM& " R B, TERENRE
R5 TR /) B A9 T 205 4K P 12 240 R AR b
e, NINJT RT3 1. YINSE 1 fyf
FRY, NRIERARMEB0IE 7 AN, AR NINT
HARBICFE R A B /SRR P 5 NIND L AR
PUR RE A% 300 5 T 2 AR b 2 45000 5 S T A D e B
HE RV e R dE— s ) a5 R R,
FERE BRI/ IN AR PYREFH NINT T RO s 4T Ning 1
MR BIRE IR E IR AE %A S R R A A b
28 P AR ORI A BT AR A OG, ELA R i A A R 1
ANG1)/l A TR ¥ B % K tie-2
(tyrosine-protein kinase receptor tie-2, TIE2) {55 il
BT BRI E T . LA L FSE4R 7R . NINTT AN AE fi
AT REER, MES5 T EBER.

(angiopoietin 1,

2 NINJ1 5HERENRRE

NINJL 8 42 o e A6 R & R 19 VR 55 40 9 56 PR
pS3IEYIMG . BBFsE ™ SR, 7E A BRI
ik IR NINTL 32 23096 8 1 PS3 AR sk fs,
Tk e i 3% B R AR VINJT T S TR 8 8% 3 2o 31 5 p53 mRNA
Bk 1M P53 3RGA/KF 5 T NINJ T ZRIA KA 23
T 240 B4 5 D02 2 PS3 AR A 40 Bt 9 7 Aok b
% WS HE S NINT1 A PS3 22 (8] A7 A — S H 1
(PR, AN 1 Sk — 5 R B, NINJI R 23
IHRAERY p53 IR, TG 5 5 R A2 Y p5 3
YA R FE AT RS RE T, AR NINJT SO 2540 il B
AR pS3 ML R FE AT RS HE T 5 TR & 9848 p53 11
ANEHY, Ninjl FER R S 40 50 54, s e i
FERE TN AR G 5 AR p53 BRAE B9/ NRUH, Ningl 3
DR 2 il 25 4R T T bk B 4 Bk R A 23R, TR
I, NINJL T e & A R0k SR i IR A T 5 p53
PRI A8 2 TR 1 AR G

NINJ 1 ZEAS R 20 1) e 2 A % Jee v e 31 19
FARRAE . R AR sE 1 & BNINIL 72 A4l
ZU i R B KO BOE # P41 808 & . TOYAMA
2 LT AR 2], NINT S 2 1K 1 98 200 it 266 30
FERA G A AR R 3XRT R 20 AR AR R
fiff 40 ] 7 1 (cyclin dependent kinase inhibitor 1,
CDKNI1A) # sk 534 2 | Jal W8 AR vk e 2
(cyclin dependent kinase 2, CDK2) {4 T B FIHL ]
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B B 40 B 983 AH 5¢ 5 M (retinoblastoma-associated
protein, Rb) BEMRILAKFFREMIE, HNINJ1 R A
2 A 3R B N Y A A R AR o T AE S
NINJ T 51 B4 == SR A S R i 6 8 . JANG %6 1%
1 BF 5% & BT, NINJL BB % 3l o 40 61 B A &K 6
(interleukin 6, TL-6) {5 5 3d Ok 40 ] Jiff s 1) 12 7%
RIEMFERSRE S . BOERIMTSE " KB, NINJL @&
KRR A% B e 20 MR AR AR Re ), L ERHLER AT g
B NINJT R 8 I 20 B A1 N i 45 48 3u -5 00 %% B i 2
HZ WM KEHEH 6 (low-density lipoprotein receptor-
related protein 6, LRP6) 25/ ME G, SEEEM
H I frizzled2 FIZ R T AR T, R4 FELRP6/
B-catenin {5 5 18 U KL R 5% 5% i . PARK 45 2 JIF
S, NINJ1TE R 5 e 08 2R i g 20 Jfa v (9 287K F 1
P, JFREASH IR MR ANz S . AN, NINJ1 A
TE B 40 32 3 i 4 21 0 R rp i 3] OGO 4
PEH 222,

3 NINJ1 5MERRMEE

NINJ1 25 545 418 8 84 . MATSUKI 4
JZ B NINT 1 7E L7 PN 2 240 6 R =6 200 57 ) A4 it e 35 77
TEEEFik, Wit /NTHE RNA B JE 40 Ninj1 361k 7K
SP-BE A% 3 588 JE A0 M AR 0 A A R RE T, O R A P
H: KA F (vascular endothelial growth factor, VEGF)
FIANG1 B FRIK K-, it 23K Ninjl BERS 00 55 1% AF
Mo SiZE5eHR R, JREoeas i NINJI GE
AR HE L4574 . MINOSHIMA 45 4 R /N RUF Bk
e AR R TR ST, K Ak B Nimgil J5 /N BB I T A
CD31 FHYERUM & B D, M A 2, X
15 NINJT LTS 45 P R 200 0 ) A48 L = [ ) A EAE
M, KIMAE > 5i s 4R sh i s2 56 & B, NINJ1
T2 S o) HOIREE N o ARG 25 A Bk (36 26 237 A
FMR) AR A B A BER LA K R
NINJ1 9 N 3ty 25 R 445 40 3o R 0% Sk 255 48 Jor g e i, 26 2 if.
R A A I A AR AR W R R K
FE /I BT I Bl i A0 00 A5 8 e, e S e 5 R 4
Ninj1 805175 T 32 L 3l K S A 18 20 0 57 10787 3 A=
L5 PR AR A, BRI NN A B T 1 4540 05 )5 1
RS A R I i A A 2

T NINT 1 RESEVR S48 PRI 75 i 1) 1t 38 Dy A
SH TR TR BRI S | K 0 ) B R AR G AF
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FEH ORI, I R B PR R R B NINT 1
FIRVIREIR A R s B e g, HLZAEH
] il 5540 I SR A A B A AT O Y A AR A1 BA
RIS 27 % 50 NINT T 7E W0 55 00 78 B2 4 L
PR /N BRI ER 5 PN B A rh g ek Bk, (] NIND
TR AR BE S AIE 1 PN Rz 40 TR 1l ot A s A R B A T
WA — Sk A A L (endothelial nitric oxide
synthase, eNOS) Rk, FFHHl = Wi 75 T i 4t i o
T2 FEREIRME /N BUR sk A A rh, #0 NINJ1 RE6S
TE RN i CD31 B i 45 K H R Bl K i
T DA AFST SR B NINJ 1 AT R 67 B8 BRI 17
B D) Re A I T A A

4 NINJ1 5RERE

AT NINJ17EfE R AL )iz 3Rk, JFReIRE R
WA A . bR A0 A R A0 M S A S R B D e
PR R DRI ST 2 19 R T AR Mok G 15 4 28 BT R S8 S
IR AR . AHNZE 1 % BUAE [ B o i v i B
RK TR, A8 A B AR A (PP v 20 i
PRI B FEIANINTL, H NINT1 AELER 4 3
PR AN A TR A PN R 0B A R BRE T, PR AT T
S NINJ1 AT RES 5 A E R AR 1 P AR 2 R GeT %
fid fE . IFERGANZE ™ & B, NINJ1 Hh Al i fig
G S AT ) P A0 P 2 o S B, [ B NS )
WA SE4E s oAb, NINTT A RIHMAOE Al 2 0%
I B e M M B BERE R UG S, IR I E AN . A
S R 240 B N DR St 4 L 1) X P R A BRI . ISR
HAVHE Ninjl K& P B/ B 6] REE 52 T 1 ik 4
w7 AR, NINTLZE B M ISP g Fakd &
A BT, HFEE ST REE WA Y Wi H,
NINJ1 GG A2 R 4 1) i i i 2 23320, L
/NFHE RNA R FBTAR I NINTL AR5 TS, R
A N A A L R

NINJ1 2 5 M4 RIE . ARIT%, Shlkokke
T e — il 2R R A B 18 1k JRE VRS , AT A
LG o 1 R v A G HEAE . JEON 45 B & BiL7E
N BB Jok o B B Ak A8 S0 NINJ 1 635 1 3 1
VA, Ning 1 35 DR R ARG A% 1 W 40 i 2 305 b 22 24 D35 1k
M (mitogen-activated protein kinase, MAPK) #l
0 B R WL 3- 3 B (phosphatidylinositol 3-kinase,
PI3K)/%2 & TR/75 & TR & 1 ¥ 1§ (serine/threonine-
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protein kinase, AKT) {5 5 %2k b {4 L K %
ik, AT E WA A T 0 AAE SN PR AR A R
PEE MRS s L, AR RSN S A5 R %
ELWE 40 B NINJ1 28 2% T 4 J8 & 11 B 9 (matrix
metalloproteinase 9, MMP9) 5§15 i Al i 4 Bt
AU sh Bk RERELLAE T o 76 /N B2 Ik o e i A 55 78
Hh, R FH AT P NIND TSR v o0 ] 5 4 L 6 2 Ik
A TR RE J1, FeR B0 sl Bk e 1L
F AR O TR SY B %, miR-125a-5p
REAE I 2 4 NINT1 (1935 7KF- LU NINTL A R B
I 240 Y 286 B AR 9 00 IR 743, AR P FH miR-125a-5p
B A% 410 1) 5005 40 ) 9 TR 9 70 B AR D) 3 28 35 407 2
. DL EWFSESS SRS, NINTL 7R M4 4 Mg v ml
A B ZHm AR, X T BB IR,
WAL A TE i — PR R

NINJ1 F] fE 2 5 0 5 5 22 0E 28 19 48 0 2N .
NINJ I ZERAE i b iV E A E i . — T, 5
B A BU/INERAE L, B8 R 0B Ning 1R S0 a5/ BRI
o PEGE T 9 o 70 A B Wl 2 0 5 VA 2 /N BRI AR S
o7 L I AT i P VRV R T2 001, (P A AN U I
L3 000 P9 A0 A S A PR - R AR DR K S B R
S —J5 M, CHOL4E ™ Ay fiff 5 % W NINJ1 ] fE 2 A
P S RE P i B IR AR, Ning 1 58 4 MR IR R R
ANERARAE PR e B N, X545 M1 E AN
AW Z U E Y I BARSC . X4 F W 20 bl Ak vl
figZ B NINJL IR EE, (REARPLE] AR . BREE R
A LA AL, — b H At 25 2R Y 40 i 2K B i Rk
NINJ1 2 5 84 R e VE e i & 2B f R et 72 . it
b, NINJ1REAEIZ 05 10 i B 5 20 i 55 9L Bz 41
i L (Y2 R N1 S T Y e

NINJ1 AT RAE S ) 5 FHLHH © 445 2190 25 1)
B BAREFE AN, NINJT1 32 50 1 38 5 5 0 40 i
TR, FHMIIAES 5 RAE R Y . AHN % 5 & )
NINJ1 53 A5 T 20 22 0K Pk 2 A0 68 T 2 52 s, T
T8 Ak Ningj 1 35 DR R AP R e 33K 2 B HIE 52 NINJ 1 g 842
HEAH AR 22 R A RS R T SR T B, DA I 444 5
YU s N TR TIRE . (HJE, NINJLBE R4 R E A
fiff (matrix metalloproteinase, MMP) 8T ] J5 Bk 19
JitL &1 235 ¥4 35 B 1 7] v 2 4 NINT T A5 04 1 40 - 1
28 LRI 200 - PN B A0 PRLAE B R, DA T R R
B, BB ZBE (lipopolysaccharide, LPS) J2&# >4 [
PEU EZ W BUR T, BB IIE 1E R RN .
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JENNEWEIN 25 B¢ 53 il i o FBK /N4 RNA
I NINT1 G885 9805 LPS 1755 19 L 05 240 B AT P 1 4 i
RAE TN, 31X 5 H Y p38 M R AL RG]
(activator protein-1, AP-1) [U{GLAHSE; FEMRTE ILAE
AN LN NSy S e = B iEus iR &
A0 ITE RS AN Toll BE 324K 4 (toll-like receptor 4, TLR4)
{5538 BEAR HF RAE RN, B4 B MRS AR B i
i SHIN % 7 (B9t — A W W T NINJ1 J# 4% LPS
VAR SN ML, BDNINT 138 1 A 81 2 100431
RAEMEES LPS HAESS G JR 2L a5 5ok
SZ, Ninjl 2535 F 0T LPS &b 355 1Y) Raw264.7 L
05 W B R RE AR G — E AL A (nitric oxide, NO)
F g R AE IR T o (tumor necrosis factor-oe, TNF-ar)
WL, BRI, NINJ1 M % TLR4 {5 53 i i B ML
AN B, e A {5 R T S AE S A A
FrifE—2HR5% .

5 NINJ1 59hRHERR

NINJ 3 2 A 5 o RS 4 2 5 BILAARCHRARD S I 1 Ja
PR, AEEE Y R, fEBEER M R,
L 240 i 22 35 19 NINT1 BE 4% (i J 240 i v ANG1 i 3Rk
T ANG2 iR IE B, AT DR B B A 0L I
AR AR PR T . BT R i v A L AE T 1Y)
I i —20, R AR T R 2R A 200 2 R T L PN 1
T, #E AP A O 4y 7 2 20 (damage-associated
molecular pattern, DAMP), M il EE 48 5E S i 5 fif
3 3 0T BERLZEAS /N B T IE ) s A T, WF9EE
NINJI 5 PMR FEFEAR DG 440 5 B2 AL/ LA
FE ., Ninj 1 DR R /) B Ay -2 4 Of 9058 1 W0k 200 JH %) 4
FLAETS . SRFEFNI T A G 2R s 3 7 VR R
i BT A 22 4, LT W R R AT S R 2 1 B
(high mobility group protein B, HMGB1; —Fi LAY )
DAMP # % 4> F ) DL K 3L B & B (lactate
dehydrogenase, LDH; Jfi i 2 i braki#y) . 5
NINJT 92 BB 4 R — B, NINJT AT IR
Z 25k 5% MW LDH KA & Y0 Bbah, Ninjl 3
PRI R 3% 1) P R R B AR AT S, R B ke By
SRR ERREIEAS RO RN A A6 2 2 DY R
SER) Y s R, SR AR NEAR L, Ninj1 H: [
R B /0N B 25 B S BT A IR AT 1T, 3 i s o B
ZURMTRES 5 T 18 Ehid B R Y Xz g Rl
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BB RE S, NINTUAKRE 902 98 53 F R S FE 4R 3
20 M A7 B VLR R A U T — 2B (I gk SR
Pz, NINJ1 G ik H e A DRy (0 L S 2540 St A7 5 2R
PRI 8 5 S e A S I 24 1 ksl gt R R B LAY
NINJ1AE R —Fh A i 5B o+, R e T ReEAT BRI 4%
20 L B 2 AN T R A R T AR L SR,
NINJ1 ¥ Ak F1 %5 5 20 f A58 e 24 1) 2R AL 1 1 A 7
M 2 A RTITE Y HEI, NINT LRSS T RE R R
PN e 2R B A BTG ) — Fhak Z R4 . gasdermin
D (GSDMD) 45 55 4t A 5 - HAth AL A3 19 25
Al . (EARER IS, AR NINIL A S0
WA B TAUARHCH U B A8 e, (HJR 2o B A s 2 ]
RB IR F o BIAnTE /N BRI 2R 4 Ak F 22 & M A AR A
RUrf, NIND1 B AEAS AR PR By kR (7304

6 MESRE

ARSCAYN T 56T 4l i 22 181 43 NINJ 1 fY— b i 22
ZL o NINJ1E A A0 RE R . 20 e a)AH B AR L
AR AT 2 S S Y R &k
KR MR T NG R 0 AR Z R LR
PRAE BRI RE, F NINT L 7E X 2005 B A St F ) HLAA
SrFHLE i A, MRS RIS, FERRAE . B
VR . SRR R AL S vh . NINT T 7E I A 72
AL R IR R B O, X i A
IR AR MRS 0 NIND L ) 76 2 35 4
Tl & B, HR S g & B L 4R i i 2 R
LA 3 A S A U S AR R 3 R AR O,
NINJ1 A B A ] B 52 R il 55 i 28 00 5 95 o PR 9
PRI R AT SO eI SUE B AT S . (AR
B, ARG o NINT 184 045 397 A B oh g
FEAE2ESE . TERRDRI /N BUBTRL . NINT1 A g
A g 2 AR A T 2R 5 (B /IN BRSO TR BB
BEAI b, TR A AR S SR Ning1 /N BUT R 4
B, Mk E W AE 2 PV Xl g5 Ninjl 78
Te T R i A DA R SR Bl 41 2 v e i
PR MY A R R R AAT 6. NINTL 5 %9 iy 2
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