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Research progress in the role of necroptosis in neuronal death
induced by acute and chronic brain injury
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[Abstract] Necroptosis is a newly discovered form of cell death. The morphology of these dead cells is
similar to that of necrosis, and the process of their death is regulated by intracellular mechanisms, thus
changing the classical concept that necrotic cells are not regulated by internal mechanisms. When the cell
membrane death receptor binds to its ligand and the intracellular apoptotic factor caspase-8 is inhibited, the
signaling pathway of the receptor interaction protein (RIPK1/RIPK3) and the key substrate--mixed lineage
kinase domain-like protein (MLKIL) will be activated, thereby triggering programmed cell necrosis.
Necroptosis is involved in the pathological process of many diseases, such as tumors, inflammatory
diseases, neurodegenerative diseases, cerebral ischemia injury, etc. In this paper, the signaling pathways,
important regulatory molecules, and possible pathogenic mechanisms of programmed cell necrosis in the
brain injury are reviewed.Besides, the research methods and analytical tools were also summarized.
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F s RS, HAS 52 20 i P 3= 20 i R ek DR 3R 4 T Y
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il {5 = 38 % 1Y 25 ) R A 1 X 2R 4 M AR T A Kk
JEDTS AR T O LR X SR BT Y s S, TF
iy 44 X K2 M N AE T T AR R A0 i IR At
necroptosis, Bl It 3K FE necrosis F B necro- , UL &
apoptosis ) 7 F& -ptosis M5 % o A PR FRFE T
PE 40 LR B8 . 4 i B 1 Y K T 3Z K (Fas/TNF
receptor associated factor/tumor necrosis factor
receptor, Fas/TRAF2/TNFR %5 ) # 1% ] 5 & #2 )¢
PR FE 38 2 S A7 UK A BV 2B 1 (receptor
interaction protein, RIPK1/RIPK3 ) J# i} f OC #8 )ik 4
1R G 15 A 45 1 BURE 2 1 (mixed lineage
kinase domain-like protein, MLKL) {5 5 & 7 i % ,
T 240 P R S0 MR % A T 2 I i L R A D) e
DA B = A A A AR BB BE T IR
TR, & 40 L PR 1 0 A R TR RE TR AR P A
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JitL 3R B8 19 22 1 A7 TNFR. Toll # 3Z & 3/4 (Toll like
receptors 3/4, TLR3/4) Lk J T #f 2 32 1K (interferon
receptors, INFR) . B J8 4 1 24 1 55 Hb L IH R L
AT Z AR S L&A Hal, A% TNF-a
A5 00 R M AN R IR SR O B Al . an 1 BT
/N, TNF-o 55 % 1K TNFR1 M 45 &, 76 M0 7 55 48
RIPK1., TRAF2. 4 ifd # T 40 1 & ©1 (inhibitor of
apoptosis proteins, cIAPs) %5 %5 70 T R4 , I £ i
BRI EGY 1. Eaw 1 KEE R ES
O RIPK L 3547 AN [R5 A, DT 2R 2 40 L /Y 77
T, i caspase-8 ME B CH Z . Y caspase-
8 WG I, RIPK3 iy Ak e 4 il JE 2 59 1 a, 75
A AR T T SR T, XY caspase-8 2 I g Bl BT,
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1) B R 285 K P 728 Ry AT TR MR O SE R IR S5 K . p-MLKL
5 p-RIPKs 45 & JE IR FE/MA , 5 B p-MLKL [ 57
JBEIE 7%, JF 5 BT 1 B T TR UL I 45 A L B E AE
20 i A TR B A B A 5 AL AN T RE B 2 L R
fd 2 2 AR AE TS 0 p-MLKL 4 GE T 40 g 25 £ i 1A
JEE G B A IS R 67 2 A Ak RN 2ok A T g A7 46
p-MLKL 4 & T 4il A B5 s}, £ 98 Jfg 4h Ca™ il Na' Iy
Tt S 2 AR REE T A ) 3 A P 1R A A ik | A A
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TNF-a binds to receptor TNFR1, which recruits pro-survival complex [ consisting of TRAF2/5 and RIPK1.RIPK1 is polyubiquitinated within
complex I via interactions of ¢cIAP1/2 and LUBAC.When complex | gets deubiquitinated, it forms complex Il a and complex Il b.Complex Il a
activates caspase-8 and directs the cell towards apoptosis.Fasl. and TRAIL bind to their receptors and also stimulate the formation of complex Il a
and participate apoptotic process in the cells.In some disease condition, caspase-8 is inhibited and complex Il b gets activated. When complex I b is
activated and form necrosome, RIPK1 interacts with RIPK3 and both get activated by phosphorylation; phosphorylated RIPK3 gets oligomerized and
further activates MLKL protein by phosphorylation. Activated MLKL gets multimerized in cytoplasm.MLKL oligomers translocates to mitochondria
and plasma membrane,leading the cell towards necroptosis.Inflammatory factor can accelerate necroptosis via increase of necrosome formation.Some
inhibitors block the formation of complex [ by reducing ubiquitination of RIPK (CYLD) ,the formation of complex Il b by reducing phosphorylation
of RIPK1 (Nec-1) and RIPK3 (GSK872) ,and oligomerization of MLLKL (NSA) ,thereby effectively blocking the necroptotic process.

B1 BFEARIENSFESETERRNHFAERNHNTEE

Fig1 Chematic diagram of molecular signaling pathways and inhibitor mechanisms in necroptosis
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25 W) H5 B0 ) RIPK &R (1 38 36 MBS e 1k, 145 4
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I M A O A . A ] RIPK 0 ] 550 AT o 20>
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Yt 5 R e P A0 M RSB 55 o Degterev 5587 R %
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1) RE A8 45 HU AR P Pk 20 I DR 50 1 A DT 76 Al e i, 45
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T2 b J2 VTG M A0 R BE 1 15 5 I TR AR
PR R, OB R T 2R e 4R T IR A5 5 18
AN AT P 5. Hod RIPK-1 40 41 57 Nec-17
T MLKL #0570 NSA™ J& #F 53 48 0 WA B P il .
3 A, Nec-7 o E 1 il 72 77 40 i 58 58 =, {8 H A
ML AN B AR . NSA 76 40 il 52 58 b 3¢ B Xt
MLKL A &5 M o 78 8RB I NSA 148
AR, DT RR T 4 B N R A e . BER R
B, — B8 [ 36 o W 0 R 5 3R R 19 25 ) Tafinlar A
A 10 MLKL B9 Ser3s8 i 2 1k . BH 1k MLKL #f 5%
EMER . 55 HRGEE , miIRNA-1557 75 7] i
b H 1) BH K RIPK 1 A& B, 30 61 48 B 8 38 19 & 2 .
GSK F 91 /N 53 B A 40 i) RIPKS 3808 06 1 19 15
HH , Pazopanib sz — il 5 #5111 1% 220 192 14 1 40 ) 570, g
P06 RIPK1/3 B W2 Ak, DA T 400 1 il 005 1 o S5 3 A 50
UE WY, RIPK3 35 i 400 1 770 L A 30 1) e b 9o il 47 26 Bl
YERT, R BoA I RIGIT SRR AR T Bk — L oF
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Tab 1 Drug inhibitors of necroptosis and their mechanism of action

Nec-1 p-RIPK1 Degterev, et al®,Deng, et al'*
miRNA-155 p-RIPK1 Liu, et all*!
GSK-840,GSK-842, GSK-872, GSK-39B p-RIPK3 Yang, et al-*]
Pazopanib , Apatinib (Kinase inhibitor) p-RIPK3 Najjar, et al-*"]

Necrosulfonamide (NSA )

Thioredoxin-1 (Trx-1),PX-12
Dabrafenib/Tafinlar

Biologics: ICP6,M45 (viral/bacterial agent)

dehydrogenation of MLLKL and p-MLKL

dehydrogenation of MLKL and p-MLKL

dehydrogenation of MLLKL and p-MLKL
RIPK3/RIPK1

Liao, et al**!, Jiao, et al*"
Reynoso, et al-*"
Li,et al®'

Upton, et al**',Omoto, et al>

(e JB5E T Ji& AR e P 440 M R AL BIF 5 1 £ R K R T
i, DRS04 25 ) 23 A7 3k B0 SR 0 4 S R AR 2R AT IR
A RAE AR 8 A B ER A 23 AT U5, B T D T 42 Hf
I3 b AR B BT FE R AL R . X BB R

14 5 J& , X TR ABIE TS R 7 1 200 i IR A ) o B2 B

HOCERAE T E A T T H
BEMEBRESHANERREERE BF

P 20 M IR B8 A A I, by T 40 R Y BRI PN
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Py M Jo R T, 3 N YRR 3 1 T 4 47 D 1Bk )
F B X (damage associated molecular patterns,
DAMPs) , #2240 i 58 % 388 o0 45 23R 531 52 14 3 G
LB 53, DN 51 B J6 B0 1 58 RE SV o 2012 4F A BF
5% & R AE /MK NOD # 52 1k & 11 3 (Nod-like
receptor pyrin domain-containing protein 3, NLRP3)
5 caspase-8 fig 7 RIPK3 WA HI F 1% & 5 /MA Y
. MR RIPK1 M MLKL M FEB S 55 T %
ik SN, A R AE T BLEAT A 1 i — 20 B

28 ML NLRP3 485 /NMA I AL i 7 Fb (5 -5 3 [
PO 5 — 15 T S TLR4R 5 i, 02 JF 40 i 4% A
F-kB (nuclear factor kappa-B, NF-«kB) i iifi [/ % -
1B (interleukin-1p3, IL-1() Fl TL-18 4 Hij {4 7 A= 3 5 —
& % W i #F NLRP3/ASC/pro-caspase-1 % 1 & &
Yy 9 5E /MK B B, F o pro-caspase-1 1 £k TE 1%
caspase-1, J& & #4 1L-18 F1 TL-18 Hi 44 55 U1 3% 1k I
BB AN AR 2 B 1 AR R AR TLR4 5 538
% , Hi caspase-4/5/11 41 K A=, 7245 BUFTH R i
T e vh R AR AR Y

AR I R I ST 6 R B A B R A0 A Y S 5 BF Y
YHE W NLRP3 4 E /A 2 5 i i sk 50155 5 19 #h 22
JCAETZ A 2 , NLRP3 Fl ASC Rk, LA f caspase-
1IEAE, T RIEH FIL-1B.1L-6 92 5 T OGD i
T/ BURAR K E AP0 IR FE R R L S Ah L N
BRI S5 DR AE Y P28 ST B TIOR B TNF-a F1 TL-18, 5
J2 GBI /0N JE 5T 440 M 1) MLL ) Bl AR AR 4 A
AW BRI, SR st T, sk
SR A& S [) AR 2 e i i 450 T S R A PR R

BFRUAmissRmEmBG L5k
FEAIE T RIPKs-MLKL 5 5 1 #0215 B il 1k
4005 Mg P9 PR 28 T B A R Y SR EAE T . R
P2 G Y 40 F AR, 1 5T R N2 A 23 A B, Sk i 45 0 G

W 2 3k p-RIPK1 Al p-MLKL 4 I & & 8 i, & H
RIPK 1 #i] 57) Nec-1 BE % FH 1k sk fi 45347 5 | 3& A9 i P
p-RIPK1 DL & p-MLKL & H % ik , i 2> p-RIPK-
TUNEL XUbRiC B9 B2 5 1 I8 58 40 i &, 46 /)N B 3E ThI
AR A T RE R IR ™ . S A, B R S0 R B
o FACE W) GSK-872 0% — il = RUHIRE 53 (19 RIPK3 1)
il oo e B Ak By % B R 2F (oxygen glucose
deprivation, OGD ) £5% %1 1 % {4 fii 5 1, A5 AL |- ¥ U
W], GSK-872 HA7 M il {1 4 37% & RIPK1/3 Fl MLKL
HE R AL A AR AT 5] B 08 20 B 28 5T 09 BE T R DR A%
oG 453 475 0 R B, AT R A A R R AR T E—
(4 HL I o3 Hr % B, GSK-872 8 siRNA #1 i RIPK3
(g 2 3k, A LU B OGD 5 % % RIPK1/3 Al
MLKL 25 F 8 52 1k LA S Bk il ke 420375 5 9 Bl Py 1G4
%5 % A ¥ -1a (hypoxia inducible factor-1a, HIF-1a)
ik o {HE R FH sIRNA il HIF-1a /9 35 7] 7=
B AR RN, EAS R I RIPK 1/3 A MLKL 2
N H R R AR R R s B il SR A BT
i P B 7 R BE AR 5 4 F RIPK1/3 R MLKL # 2
1, J5 & T RE SRl 75 T HIF -1a R IE A4 AE T .
BFEEABMAESHIRITEER BIFHE
2 1L IR AL i ST 4 BT Il ke ot A5 P 1 B B b
R B 2 i B ST AR GE B T PR A M IR SR 2= 5 B 2 F
Pt 25 3R AT PR e Y e B E R L B FE A A AR
(Parkinson’ s disease, PD)"™ | Il Z£ 4 Ml & i fk
(amyotrophic lateral sclerosis, ALS)™*" | £ % P i
1k (multiple scalerosis, MS)"*"" Fl Bl /8 ¥ i B 95
(Alzheimer’s disease, AD)"™ . 3% 255 95 1 BE 45
TIE 359 3% B Ry #2840 O A AT M R G RN AR TS A O AR
H AT, F AT X5 3 28 5 9 19 s SAIL M 1 A ol S B
HEE R AE A WE ST UE WY R T PR B S A IR BT 2
5 b 28 BT MRS I K A R R TR R (R 2) .
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Tab 2 Relationships between necroptosis and neurological diseases

Nec-1/Nec-1s: Inhibit the activation of the RIPK/MLKL pathway in the brain of APP/PS1 and 5xFAD

AD transgenic AD mice, inhibit necroptosis in the brain, as well as improve the symptom of cognitive
RIPK1 dysfunction in AD mice'**’
Stroke Nec-1:Reduce the infarct area, reduce pathological damage ,and promote the recovery of neuronal function"**
PD miRNA-155: Protect dopaminergic neurons after injury treatment in vitro">*)
RIPK3 Stroke (:SK-87[ijSlgmf1cantly reduce the expression of HIF -1« after ischemia and reduce the degree of neuronal
damage
MLEKL Spinal cord  NSA': Competitively bind to the high concentration of RIPK3, inhibit the oligomerization of MLKL in

injury vitro®!, Improve the antioxidant capacity of spinal cord neurons after injury treatment in vitro"

[30]
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57 AT BE R MS By — PR T S

ALS J& DV iz sh i e oo £k, 5 8o 28 5 AR
N EW R AR R R AT RIS sh T AR IR A R
0 B 3 2R I R O R RN R I BRI ME L TS =R B
IR A FR W RAE " . ALS B BRHLE I AT A
A ALS 43 R &GRSR R . BRI SOD 6t
KREHEMBURIFFALS BAENEERHZ —,
Kt , SOD1G93A e 5 A /N BRUAE 78 L F ALS %52 9%
BRI 58 . D3 b, I A S L I R A 5 5900 &
WA 28 2 1 (optineurin, OPTN) 6% o Tro %" fff
M, 75 SOD1GI93A 5 3 /N B ZE ALS &
R AR A b R AT R 2 RIPK 1 AT RIPK3.,
T34, OPTN ik 5 % 56 R /)N (R 36 30 A i 3 2l v 46
JCAET M 22 5 48 o % AE A3 o Nec-1 91| RIPK1
W M ORE 55 . @B RIPK3 A9 3 ik s Al 2L BH 1k
OPTN #ik e /I8 L5 | A 1 ¥ B 32 ) #2800 % 2Kk Rl
WS, IR, 7E ALS B B & R o FE b,
BE M 22 20 21N 19 RIPK 1 RIPK3 Fl MLKL {5 5 18 #%
W It 2 5 AT M2 B b4 T B8 TR R 2 Bl 2 1
Bk BeAh, 0 RIPK1 o RIPK3 34 fff GE 75 A M X
P I PRI IT 25 W A TR IR AT .

PD & — B LLigi P 2 5 22 1 e bf 28 08 & 2R R
BERFAE (0 ORE AAT S 58 Rz 3l D) BB 55 by Ife IR
B RAT MR . SR Z BB ST T
1 s = R S S L RS TS = AW IR R R A 1 K N
P2 9 i DRLRIT 4R i R NG A o 3 AR R 1 F 9 R R T
PEA IR IE 2 55 2 [ et 28 T8 A8 T2 1 s B3
PD ifF 52 14 5 FH 40 B A5 8L e 245 9 o Bk I 58 28 35 5 ol
o Howp, 6-F 3 £ B E (6-hydroxydopamine, 6-
OHDA) & # i T REZ . #5834 I 6-OHDA i
SH RN IE TR R & B, 6-OHDA 5132 2k H7 4K
RE ML A, 2 B MR , 4 21 5 H 1§ B (cathepsin B)
AN, Bel-2 ik A, 51 R 40 MSE TS o i

RIPK1 B 1 il 57 Nec-1 A& 11 i 6-OHDA 114 41 g &
P B8 2R R 0 5 H A7, 00t B A e ) e R
& 3% & M ¢ 2 1 # % 3 (microtubule-associated
protein 1 light chain 3,LC3)FIZH 41 il B 1Y%
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