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RIPK3E#IIFE R 12 IHAE MR F IR LR HE

wm LEE HAERT HmAT
(RBP4 2 T O 206 A M i L 90 581 S0 22, A 350122;
VLA A BS54 B2 40— MR ) 4 2R, 78 ) 330006)

HE 40 IOAZ B M IR IL & —FF AR T Caspase. T E @i T 7 X, 55 % AR My
FRIITAR, o B R A R BIRARAL, SRRkl B E AR . AR AR & B
3(receptor-interacting protein kinase 3, RIPK3)Z 0 @42 5 M 300 6 KA R 12T, =T 5 k48 4%
JA & @ % B 1 (receptor-interacting protein kinase 1, RIPK 1)/ IR LMK, 0% a1k 2 B 45 M 3K
#7% & (mixed lineage kinase domain-like pseudokinase, MLKL), F3X 202 s L fetm L5 =, L 5F
k, AR L AR AL IRIPK3E W T % % AP E1F B A5 2o BR AL . 2 F AL, ABRAA R G KD
B Fif . % XFRIPK3E 5 B 1540 £ 845 a0 Jo A2 5 MR eAE 545 5 P a1 R Bt AT 4238, 2 H
Fe B RIPK 349 25 ik it A& tm e A2 1 3R IUAE Kk o 6976 77 RAEIZ AR IE

E8EE IR YEIRAE; RIPK3; B G 151, Bk, iz &4k

The Regulation of Necroptosis by Post-Translational Modifications of RIPK3

GAO Xuming', SHEN Binhua?, HU Jinfeng'*, HU Xiangming'*
(‘Fujian Key Laboratory of Translational Research in Cancer and Neurodegenerative Diseases, School of Basic Medical Sciences,
Fujian Medical University, Fuzhou 350122, China; *Department of Rheumatology and Immunology, Jiangxi Provincial People’s Hos-
pital, the First Affiliated Hospital of Nanchang Medical College, Nanchang 330006, China)

Abstract Necroptosis is a caspase-independent programmed cell death which has been widely implicated
in many pathologies, such as viral or pathogen infection, atherosclerosis, cardiac ischemia-reperfusion and cancer.
RIPK3 (receptor-interacting protein kinase 3) has emerged as a critical regulator of necroptosis, which can interact
with RIPK1 (receptor-interacting protein kinase 1) to form a protein complex called necrosome and then active
MLKL (mixed lineage kinase domain-like pseudokinase) to cause plasma membrane rupture and cell death. In re-
cent years, increasing studies have found that the activity of RIPK3 is regulated by multiple post-translational mod-
ifications, including phosphorylation, ubiquitylation, GlcNAcylation and proteolytic cleavage. This article reviews
the role of post-translational modifications of RIPK3 in necroptosis, which may provide theoretical basis for drug
design targeting RIPK3 and treatment of necroptosis-related diseases.

Keywords necroptosis; RIPK3; post-translational modifications; phosphorylation; ubiquitylation
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P4 1(receptor-interacting protein kinase 1, RIPK1)
117N 7 $ i 71 Nec- 1 (necrostatin- 1) FT #1, F-45
7 %4 N 4 B FE 7 14 3K BB (necroptosis) . 41 i 2 7 1
HET e — PO T RIPK RN 52 448 A0 HLAE F & E s
3(receptor-interacting protein kinase 3, RIPK3)[) 4l i1
ST 7 e FETHE 5 WUERIPK3 (1 Bl & 1, 1
% TR A TR 5 15 AR U 445 44 J8UFF 2 I (mixed lineage
kinase domain-like pseudokinase, MLKL), 5| 2 4 /ity
PR R ANt T. . PRI, RIPK3 [ 23k 7K1 G
PEAE AT DL e 40 ) Ais .

1 HREEFMAEREXCRIBESF
RIPK3

% P2 i 32 A4, B4 b R R B B (tumor ne-
crosis factor, TNF)if 5 i 52 /& . TollFf 52 44 (toll-like
receptor, TLR)MI T & 2 K55, Z 541 fE e 1t 40
FERTAR AR H AT, N gH MR e IR AR T A 2
>k H TNF-afs 5 0 ¥ OB FE(181). TNF-a5 H 524k
JiJRg RFE IR 132 44 1 (tumor necrosis factor receptor 1,
TNFR1)%5 & )5, TNFR 1S I 3 Py 45 fy i 5 4 —
RYNVEH, 1 TNFZ AR AR HE T 454418028 1 (TNFR-
associated death domain protein, TRADD). RIPKI.
TNF32AKFH % K- 2(TNF receptor associated factor
2, TRAF2). 815 H 0| K ¥ (cellular inhibitor
of apoptosis proteins 1 and 2, cIAP1/cIAP2)5 £+
12 R EE % E AW (linear ubiquitin chain assembly
complex, LUBAC)*6 T E &4 I(complex 1). #7
cIAP /24 M B RIPK 14 2592 3= (bl Sk e o g
ZEAE® H (cylindromatosis, CYLD) AR 24 58 A
F i 55 1 3(tumor necrosis factor alpha-induced
protein 3, TNFAIP3/A20)2:iZ 1k, RIPK D N E &
YL EfEE T oK, 55 TRADD. FasHIFET 45 38 &
I (Fas-associating protein with death domain, FADD)
Je 2B R A il )R 8(pro-caspase-8)4: &, TR E AW
II(complex II). 4 caspase-87&{t /5, 7 LAYJE| RIPK1
FIRIPK3, {40 R AT ; 110 24 caspase-S#7 HIHI I,
RIPK IR 4 B B R 1. B MR AL (FRIPK 1 if HRIP
] 784 A1 E.E ] 3£ /¥ (RIP homotypic interaction motif,
RHIM) 4% #435k S RIPK34E &, & IR0 /ME. Bt )5,
SRBE M b AL IR IPK 340 532 0 B R AU MLK L, 572
HEIMLKLIY 5 B 2 10 52 SR A, 2R 5 i 5 21 4
JHO R IR R IR L e B, B 2 3 B4 B R 7 PSR BE R

RIPK1. RIPK3AIMLKLE % 518 5 14 ¥R 5E 38
A E B . RN, FELEIETNF-oi5 5 1) 40
& FE 1 R BB i poly(I:C) BRLPS 15 5 B 41 ff 2 % 1 3R
FENFHAMKH T RIPK 1, RIPK3 AT DL ik 45 & Ho Al 5
HRHIMZE K3k 1) 2 4, W1Z-DNAZE 4 2 1 1(Z-DNA
binding protein 1, ZBP1/DAT)BLTRIFZS J#iF T iif Y
YL A5 5 BRI, BRI YUANSERR B, AR
T AR T 53 [K] 1 1 (heat shock transcription factor 1,
HSF1)M#4 INZBP1 K iA &, {2iFZBP15RIPK3AH H.1F
H, B MRR PR BE, 25T 5] E S B B A g
TR, BRAh, T 7T 3R BHRIPK LG 41 B2 PP PR BE A
HAMHIVER . RIPK LB PSR A 52 AR JE K #
[IRIPK3 1) % % A 5 ZBP1 5 RIPK 3 (1 #H B 1E FH M 1
FIHIRIPK3 ) E R 5 AR, 2 i 41 i 45 53 M RIPK T
i R AT LA 3 A 5T 40 i R AR RIPK 34 8 1) 4 SR 7 7
PEIRFEANE T, Ripk I 555/ BRAEIm 7~ AL TS, RN
SNk FE AR AR 7 SR SEANYE 04, MLKLX T4
JROFE P PR BEAR R AR AN AT B, e i s A 25 A Bl 4 3
7] 2 BR R S e ] LIS AL RIPK 3-CaMKIIF 5 38 5 13t
175 SRR - PR BEN 19 R0k, H AT 7T i,
RIPK 324 f e 7 MR R ) s iR 4% o107

2 RIPK3EFEREIHXT Atz F IR 5E
SRR

RIPK s — 2 22 5 1R/ 75 A BRI, 77995 J5 Ak Jk
e SORE. DNASUGFIAN S 5 7% 5 b R 7 E 2E
o RIPK3ZRIPKZ I ik 51 2 —, F A N-ii 1) il
S5 R 38U C- i T RHIMZ5 4 485 (12) . 20094, RIPK3
B UE S 2 41 B 7 MR SR AE 1 G R85 5 20 1, T DA
G 2 M BUEE S S 4 AR T, RIPK3H)
WEER AL 2 F AR L0 25 22 Fh il i IS 8 4 T i
gt At REAE AWML, NIk
JE A 1) e S i da (R TR ()
2.1 RIPK3FUBEERILIZIM

RIPK3 [ % B8 10 oF 28 Jf 2 7 1 IR AR 0 35 3 &2
S, H AT RiE RIPKS B B & 10 & E
78 H e 45 Ky b (12). A 09 R W, ZERIPK 1L
it 3% P W 0 1 25 48 R, RIPK3AS i 5 2L TNF-aifs &
PR BE T 0. SR, A4 A1 St v A ) S 56 I
RIPK 1 A~ B B IR I RIPK 354, 1X BB R 57 3% B,
RIPK 1 1] f¢ 8 ik . Ath 43 7 [R] 422 5 WA RIPK 3 18 12 11
E A3 R 72, RIPK3BEFR A 1] DL & A RHIMZS
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Fig.1 TNFa-induced necroptosis is regulated by RIPK3 post-translational modifications
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Kinase domain: N-terminal kinase domain; RHIM: RIP homotypic interaction motif; P: phosphorylation; Ub: ubiquitination; Casp8:

Caspase8 cleavage; O-GlcNac: glycosylation

E2 RIPK37 T4 R BB AL R (RIESE 30k [25] 12250

Fig.2 RIPK3 domain architecture and post-translational modification sites (modified from reference [25])

Fag ek ) Fe A 25 (3 B ANTRIFFIZBP 1 3%, & WIRIPK3
(R AT AR 8 T-RIPK 119,

1 20 J A2 7 1 55 B8 i 72 H1, RIPK3 S227(7) B
T231/S232)57 A5 FIB FR 4K 2 21 AL FE e 1 SR A0 4 26 ) B
TR EY) . S22747 55 1 FR A IRIPK3 1] DAHA 55 33
TEMLKL, MM SA0MAET . /N R Ripk3 36 75 2
S232FT23 17 AN s IR R ALY, 5 RIPK 3 i %
T SRAR KD 142NAHALL, S227A-RIPK3 545/ f.S232A-

Ripk3 7 AFASGE S SNIH3 T34 I AE TS Hh4h, S227A-
RIPK3 7848 1 G117 St HeLaZi il & A A2 R R AE)
RIPK3 S227(/IN T231/S232)47 5 s R AL 7
) 52 1% B I 1(casein kinase 1, CK 1) AR (A BERR
li1B(protein phosphatase 1B, Ppm1b)iffi#5. HANNA
SR AR IA, CKIAT LIS o R 45 A4 3N K ity
P IRIBHT S 5 2L B4 RIPK3 CoR 3 1B B AH HAEH,
B IR ILRIPK3 S22747 55 . HCKI145 A i XI5
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=1 RIPK3HIENEREIR LS
Table 1 Post-translational modifications of RIPK3

TBAL AR BRI ke ik ML Ay Jiik EE BN
Residue Type Yy Function J7 50 Mechanism Model Method  Reference
NJE ELE Mode Regula-
Human Mouse tion
S227 T231/S232  Phosphor-  TSZ Promotes - Recruitment of Cell: Jurkat, HeLa, HT- BD [18-19]
ylation Necroptosis MLKL 29,293T
S227 T231/S232  Phosphor-  TSZ Promotes CKl1 CKla, CK1d and  Cell: HT-29, HeLa ABCD [20]
ylation Necroptosis CKle promote
phosphorylation of
RIPK3
S227 T231/S232  Dephos- T Inhibits Ppmlb Ppm1b dephos- Mouse: RIPK3*,Ppm1b™,  ACDE [21]
phoryla- necroptosis phorylates RIPK3  RIPK3Ppm1b®%;
tion cell: 293T, L929, HeLa
T182 TI87 Phosphor-  TSZ No effect? - Promotes RIPK3  Cell: HT-29, 293T, ABCD [22]
ylation kinase activity; HeLa
PELII is recruited
to degrade RIPK3
S199 S204 Phosphor-  TZ Promotes - Promotes RIPK3  Cell: 293T, Jurkat B [23]
ylation necroptosis kinase activity
K5 K5 Deubiqui- TCZ Inhibits A20 A20 deubiquiti- Cell: T cell, MEF AB [24]
tination necroptosis nates RIPK3 to

impede necrosome

formation
K55 KS6 Ubiquiti- TSZ/ Inhibits CHIP CHIP mediates Mouse: CHIP,CHIP"~  ABCDE [25]
/K501 nation TCZ necroptosis RIPK3 degrada-  RIPK37; cell: MEF,
tion L1929, HT-29, HeLa
K363 - Ubiquiti- TSZ Inhibits PEIL1 PEIL1 mediates Cell: HT-29, 293T, ABCD [22]
nation necroptosis RIPK3 degrada-  HelLa
tion
K501 - Ubiquiti- TSZ/ Inhibits TRIM25  TRIM25 mediates Cell: HT-29, 1929, ABCD [26]
nation TZ necroptosis RIPK3 degrada-  293T
tion
K518 - Deubiqui- TBZ Promotes USP22 USP22 deubiquiti- Cell: HT-29, HeLa ACD [27]
tination necroptosis nates RIPK3
K197 - Ubiquiti- TCZ Inhibits Parkin Parkin deubiqui-  Mouse: AOM/DSS; cell:  ABDE [28]
/K302 nation necroptosis tinates RIPK3 to ~ HT-29, MEF
/K364 impede necrosome
formation
T467 - Glycosyl- LZ Inhibits OGT OGT glycosylates Mouse: CLP; cell: BDE [29]
ation necroptosis RIPK3 to impede BMMs, THP1
necrosome forma-
tion
D328 D333 Cleavage TZ Inhibits Casp8 Casp8 hydrolyzes Mouse: RIPK3" Casp8™", BCDE [30-31]
necroptosis RIPK3 RIPK37Casp8"; cell:
293T, HeLa, NH3T3
- - Oligomer- TZ Inhibits PP2 PP2 disrupts Cell: L929 AD [32]
ization necroptosis RIPK3 oligomer-
ization

AR SRR AN 2R B: AN SC R AL R AR AN R C: M DGR AN L 2 s D: WA SGE RIE MM 2% B AR G RR /I B o

A: construct relevant knockout cell lines; B: construct a cell line with associated protein site mutations; C: construct relevant knockdown cell lines; D:
construct relevant overexpressed cell lines; E: construct relevant knockout mice. T: TNF-0; TZ: TNF-0+zVAD; TSZ: TNF-a+Smac+zVAD; TCZ: TNF-
o+CHX+zVAD; TBZ: TNF-a+BV6+zVAD.
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A J5, RIPK3 S22747 si AN RERE IR AL, RIPK3 L ANRE
A DL SR ALMLKL . CK 1Bk FH #5RIPK3 S227
i R A - 00 1) 40 B R 7 MR SR SR B R AR it L IE
T, RN AR T, CK1A AT B FR (L RIPK3
S22747 55, & T AT LAHECK 1 H W 1R 1L 4F, RIPK3
T 18245 A5 (1) Bl 8 A6 B 7] LA 5| R HLS2274% £ (1) H
B2k T182A-RIPK3RAZAJ LLANHIRIPK3 S22747 £
I RE AL, FEHASRIPK3-MLKL AR A, &3]
S Mt R 1 SR T ) R 2R PY . CHENZSCYI T 58 % 1L
Ppm1bs /) ERRipk3 () B2 i . 1% 5T 38 B ERipk3
BERR A 51 & 0 B R 40 M A2 7 14 8 SE FITNF 5 5 11
i PR 7 1 PR AE R A2 R, PpmIb AT i b Ripk3 T231/
S232 W FR AL, M T FIHIMIKIF) S 4. BRAk, /N R
Ppm1bii 5 7 UL 38 AnRipk3 i % 14 7K ~F LA A2 i &
TNFAR B T 8 ) A 2R 4545

RIPK3 S199(7)> Kt S204)ff fi ¢, tH 7T DA 12 4 fig
FEFETEIRFE . S199A-RIPK3(/)N FLS204A) R 4% J5 12 4%
T RSN VE VE, AR SR AU A2 2. SR,
S199D-RIPK3(/)N R S204D)Z 4% 5 I & B T i v
PE, H.S204D-Ripk3 58 4% 1) /N B3 21 24 41 Jfa ] LA KR A2 4
MFE P PEIR A, A = B2, Ripk 1407 Nec-15F A
REAMHIZ AN & A AR T IR A . thAb, TERIATT
A AIRipk3F1S204D-mRipk3 [ /)N B £F 4 41 g 7 il {16
Ripkl 5% 1, 25325 55 A RURipk3 ) 21 4 41 f 40 B A6 T~ 5%
FIH0H, T S204D-Ripk3 545 21 fa A7 7] 75 5 4 i 2K P
{10 24 R I 14 SR B, X 13 B A S204D-Ripk347 3 (1) 4
HFE IR AL, Ripk 1A 04 75 F Y,

RIPK3 S227(/ i T231/S232)FIRIPK3 S199(/)s
BLS204) 1) B2 IR 4 #5 mT DA 3 440 A P 14k K BE 1) R
A, SR EATTBIAVE AL FEAS AR [F] o A4 4B i 14
Kl B, S232A-Ripk3 Ml S232E-Ripk3#lS 77 7F 4
fitg i v, SR 1T S227A-RIPK3 11 S232A-Ripk3 A fig &5
A MLKL. [Kt, RIPK3BEGE AR T S227(7)
B T231/S232) 10 AU B IR Ak , 1A st 1) Tl PR AL 52
Wi RIPK3 5 MLKLI4H 5% . 1 S199A-RIPK3 (/) i
S204A)RAZ HIRIPK 3% 2Kk 1 M4 4ty v 1%, 31E 1 3¢
e 7 240 B P PSR AR I R AR T
2.2 RIPK3HY;ZE L&

ZE, =N ANz R T Rt Ar 3
MBI E I, ISR AT, 2G5S
HoAt At B2 . 2 RN, VR R H 7058
F R 3wt A HAE F 2 [ (carboxyl terminus of Hsp70-

interacting protein, CHIP). —J& /745 [ 25(tripartite
motif 25, TRIM25). 1H4:#x [ £ 11 2(Parkinson ju-
venile disease protein 2, PARK2/Parkin)fll E37Z % £
3 H: pellino [F]J5 4 1 (pellino E3 ubiquitin protein
ligase 1, PELIN)4E, 18 i 72 25 AL RIPK347 il 2 Ji £
FPPEIR L, 252 FALEE, G0iz AR 5 A
22(ubiquitin-specific peptidase 22, USP22). A20%5 ]
PLHRIPK3 217 2 Ak, IS S 40 o st 122220,
CHIPZ —ME3iZ Zi&EHMg, nI1ERILE RS T
HH, WAz RAWRIPKS, s HAs e vk, i 12
MuF2 7 PESR . CHIPH] 2 Z ALRIPK3 2 M A1, £
FEK55. K89. K363. K501. K55/363RZAE B AR A
52 M RIPK3 4 CHIPYZ % ft,, {HFH 5 | RIPK3 [ ¥ iy
W EANT, TR RIPKIAN B B fi#; TTK89/501RFEA
M CHIPS 3 I I AR 1 4% P A RIPK3 . th4MZ
W38 I, CHIPR B /) BV BT A2 Y /N B R I HH 7
LEE Y NSO RS R AV 2 ) Nt R W ]
RIPK3FNCHIPA SR /)N SR e T 31X — R0
E3iZ F I BEPELL 7] D5 T182/4 £ filf g 1411
RIPK3 B 440 LA H I AL K363 07 sK48EHE I %
iz Z A, (ERIPK3 LUz -5 A AR 12 B MR, A
TN BAR 3 R BERY . I 2, (EANiRE 1k
WA R AR A, PELITHE AT LAY S RIPK T K157 A1
K633 #1172 2 4k, 13k 171 {2 #FRIPK 15 RIPK3AH F.1E
H, IE TR0 AL P PEIR SRR, Rk, PELIT %
SRR IR FER T A T 2 AL, A[FZE
Bz FE R DL FEGE A2 H. PELI
WA I iz RAIRY) Sz =482 A AE 7
PE IR SE I A% FHPELLLZ 75 7] LA [R] N2 2 ALRIPK T
RIPK3 ? PELI1{E % /™ 40 J A% 7 14 U1 B 19X 2% 38 i v
FRIEE B MG XL ) SO I,
TRIM25, X A MERER SRS PEFR 2 H (estrogen-re-
sponsive finger protein, EFP), j& =3 5 & (TRIM)
FREFR G . TRIM2SiET HSPRY 45438, B #% 5
RIPK3AH ELAEF, /- SRIPK3 K50147 5 & A KA
(1% Fiz =4, 12 HERIPK3 DL AR [ i 1R 38 12 B )
Parkin;2 i B (R BE M BA% 11 /D A2 A 6 AR ER B 1IE
(autosomal recessive juvenile parkinsonism, AR-JP) [t
O N, HRIE P WIParkin R [ AT B3I R IE R
. W R B, Parkinv] fi£ HERIPK3 K33iE 4211 %
72 FAk, AT FEASRIPK 1-RIPK3AH B AE RS, Al
W, HATRIAIRIPK3Z R AL, fF5CHIP. PELIL.
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TRIM25F1Parkin, =%l i /- FRIPK3 LAz V5
IR Bz - AR R AR B, B E i FHAS
RIPK 1-RIPK3AH EAFH, T4 40 B fs 5 IR BE .

RIPK3[% T %27z RALEG IR AL, 2 K2 #ib
fifg 40 A20F1 USP2224 i 5 . A204& —Fh 5 £ Fh
NBBRMR PR E A, HR—f Rz Rl T
FIHINF-«BIEH L L L TNF I S 40 8 1258, e ah,
AW TR, TE4NIFE P IR B0 Kk 4B i FE Hh, RIPK3
K507 4 2 #2254k, 2k 1M {2 3ERIPK 1-RIPK 34 H.
1R CA K A B R 7 MR JE ) ) A . JREFRIPK3 K5
AL SRz F A IR ANTE 2, (R0 5L R BLA20 7]
DL HIIRIPK3 KSH7 £ 1972 2 4k, 32 17 B A3 RIPK -
RIPK3MAH BAE . Z B 7038 & B0, A207] BL 4 i
RIPK3 K634 1 % iz %Ak, SAMRIPK3 K57 &1
FERERAE TKEIEEN 2 R ZWIEH fFdt—P
WF 7Y, R H AT TK63E 8 £ B2 K LRIPK3
FIHIE T AR TE 0B (HRIPK LA A4 A & AR K 633
B2 B2 FAL A ERIPKE B IR 2. K63
P 2 Bz F AT DUR AE/ERIPK K27 K29, K33
FIK3774% 10421, RIPK1 K377(/) FK376)0 £1K63
BB I AR FA 35 R 2B K R BT Ak
1(tumor growth factor-B-activated kinase 1, TAK1) I
IKBIEGGKK) A4, IMEEENF-«BIE 5 i@ g,
/INERRipk 17700 7OR G2 AR 3 o) 9 55 TAK 16 RIPK 133 g
TEPEHISIE R, S BOC R RIET, RS
/INERAERRG FHIAE T,

USP22] fi {1k 41 & AH2AFIH2B %32 &1k, M
IR R 5%, S5 R A KR o4
Jo R RN 4 i BE T SR, I JIROEDIG S (1)
W 5C R I, 40 MRS e MR B0 5 3 5, USP22i it [%
fIKRIPK3 K5187 st (172 25 A 7K~ {2 33 I B8 /N A4 T
BB 2 W R e VIR AR R AR A R 11 42, RIPK3
K518RZSAF AT LA IS HIRIPK 3 (1) B 18 A4, 7K 1 A2 ik 24
HFE PR AE . 35 L R ATTAE MIRIPK 3 B B 4. 7T g
T HEUSP22 /1 T HIRIPK3 K32 B AL 1E i
23 HEFERE

b T BRI R A B 1 Ab, RIPK3IE AT DLk
AR AL R KRB DL R SR A 1B - O-GIeNAc
B (O-glcNAc transferase, OGT) & & H 1 O- 2. Bk
B iR 3 b (O-gleNAcylation) ) ¢ il . OGTH]
PLIHEALRIPK3 T4671 £ O- 2. Tk 71 0 e b e Ak, 1k i
PHASRIPK 1-RIPK3 A2 RIPK3-RIPK3 ) AH ELAE I, FF4

w40 MR P SR AEAE 5 e & EARE R, /D
B Ripk3H FRIOGTJER A Hk FET467/ERIPK 3 B 5 [ Y547
RS VERLZE . BRI, 2RO KU 5 7T R AR )
b FIOGT R AN FEAL B2 1M, JF I TTRIPK3 /3
FR 20 MRS e PR R S EATS A AR 1 2

FETNFF 36T, 4R N 2R TNFRIR &
oI, 3% HTRADD. 547 SET- S5/ 3 I FAS SR 2R
I (FAS-associated protein with a death domain, FADD).
caspase-8. RIPIMIRIPK3F41. Caspase 8ifidififk 2
i [ caspase 2R Ik S B 175 AN IIE T2, 0 m) DL ) #)
RIPK3 33 il MIRHIM &S 1) 32k 2 (8] F H 8] [X 32k ) 255328
fr R A Z R AL (D328, /)N FRIPK3 D333 £0) A 1T
1) A LR P R B 0 R AP0 A — g 26T,
LPS#%5 5 i T 47 fil] 2 [ (inhibitor of apoptosis protein,
IAP)GR 2% 7 41 fig /R, RIPK3 1] LA ¥ fhcaspase 8, 1iE #E
caspase S IH T2 S IL-1BI1) 4, {HRIPK 37 cas-
pase 81 B ARMLE H 7T FEAE L,

RIPK3iF ALK # T-5 H & s Al & A RHIMEZ,
M) R A 2 5 5 R A, HETT I A0 AR e PR IR
BE. Il inRIPK3 RHIM&S #) 5 5 RIPK 1 (I RHIM 45
RSO LA TR B P e AR5 5 E &), (et
RIPK3BERR AL LA K T ilEAE 5 70 T RIS Y. Y20
JE AR S Gt ) 3 it 5 AT RHIMIK) 28 5 5, @ TRIFAN
ZBP1/DAI%, 5RIPK31RHIMZE #4380 kH ELAE FH 32 1
R BERIPK35E JEAL T LIZECIRE 58 KB 1 —FiiSre
FIGANHIFRIPP2, ££ A S IRIPK3 H B 16 1 AT 52 T
FIHIRIPK 3 ) 5 5844, AT BHASMLKL ) B 18 A4 M1 55
A, AL A BIRIPK 3 (1 20 B T s L
BRI IR AE . X iR TT AMAR P PR AU A
RPIRAE T — Mg £ (15 [ RIPK 3 55 S AL IR S

3 RIPK3HYA IR iR IEINRE
VAT P LE SRR, TR R AR [

ARG T8 S R B R B DGR E S, 4R MR 71t
IRBY 535 I A DA R R 12 22 TB) )~ % i 2= 3 300
ZIRRIRA . DRI, 2 PR B AR, sl ket
SR AN IR 5500 S A MR e MR SR 2 1 e B
i am ey e K IbrsE e A i | K S I
Go G A M R AR R T, T R I L R
9 55 1] LA g i caspase M il 771l 24 4 T 388 B Bl 41 i)
RIPK 3K 8t 1 40 B 2 15 P S B8 0T DA g £ B3 A AL
i PR A BRI g . W FUR B, Ripk3™ /N ERANGETH



e PR 4 RIPK 3B I3 S I Vi 1R 42 4 R 5 PESR SE RO F 7 ik g

117

A 2 72 AR SRR A 1 7, IMCMVIR B 7] LA
0051 240 0 T R SR B ) R AR BT

I B AR 7 1 DA A0 2 B 4 B B A 2R, R T 4 P
W), AT B EOE AT SOE ) N . M B IR 4 TR
ST DL B 2 AR K R R, 2E 1T 5 BNk
FHIERIRAE . Ripk3™ /N BT DLRAFTNF a5 11 45
FLF AR(cecum ligation and puncture, CLP)i% F [ it
BEIE S RIS, A, A e SRR, G4 B A A BK
BRI~ TS 28 K TR R R A A R R TR S, T
T 5 4 i AR RIPK 3 3t T 28 B A2 5 PR R B8, A
A B T H g et en

AU AR P MR S SC BRSO s Z i I
B ATES R R 3 2 kR AN E i A
P S IR IT B . AU I, FE SR RE R AL
(1) /0N BRASE 2R o Ripk3 ik 2 40| Wk 40 i S 48, 3k T
IG5 1%/ BURAR S B S IR AR AL 55 804, th4h,
Ripk3F1 %5 5 25 1 E(apolipoprotein E, ApoE) X bk 7]
DAY/ bk E2 200 i 92 93 A1 B A 400 i 8 M/ SR B0
AROLON SR TR B 3 I - Bl KR /)N BRAR AR o,
Ripk3 ik 2R 93020 = BN Ik e (18 1, FEAEF- 1 UL 40 rh
M) T TNF(E S Egeo, bk, A5 kI, AR
e R S = 1A T A 22 7 DA R R e A R I ) B
FHRIpk3 Ik 3G 5, 2 MR 3 P R S E BR A TS . 1T
FE RIS 3 ik P 2E /)N BR A RS H, Ripk 341 711 GSK 872
AT DAY /)N BRI A DR A 453 475157, Ripk3411 1l 71 dab-
rafenibt AT DAY /IS B R Job P2 i s o 457 55157

KA LR L T4 N R ARSI R T 1k
(1 E AR BERE, SR1 H AT AT 40 B 7 1 S8 SEAE e
RAERBEHEAER T EHFAZ . [ERTERERR, £V
% W B S8 A i] e LA AR P M R SR B ke AT
SR, H A3 A B A 0 GE 48 2 B DR B0 it 96 2 )
2 W o N PR IR VR TT TR — DR R gl A2 e 4 T
T 52 . H TR 2 o 259 #0281 15 5 0 4 g
U2 T RS B P 4 B0, D8 IG5 -5 RIPK 3 A 8 1)
INBE AT A2 20 8 40 B 08 T2 52 0087 L Boee S mes

4 RIPK3HNGHIFI A5 R

RIPK37E 2 F7 PR IR B8 o 1) 25 224 AR A 1 1%
PRI /IS 43 7 #0157 00 F K 5 0T 9E(3R2). KAISER
S YRARIE T RIPK3 [ LRFAS [H] 401 751: GSK 840
GSK’843. GSK’8721%%1, H.rh GSK 840 R 5 A

RIPK3H % fi i M1 77, E5 /N B Ripk3B = % 14, 1M
GSK’843FIGSK’8721E 1] LA 7] A\ JERIPK3, 7 LA
) /)N BRRipk3. FEARAN 56 AF R, I 28 43 % AR
RIPK 3G 45 1 3835 R I S8 A0 g o SR, ik B
[1IGSK’840FIGSK 843 1] LA 75 T 4 f i 1=, 47 7E4H g
B, X R HE [RIRIPK S T 27 IR R R B,

RODRIGUEZ 5 1% Hy — Fl 55 GSK 87245 #4)
AL FIRIPK3HI41)751): GW440139B. 7E A J5 A/ 5
4 fa H, GW440139B34 1] i i BH A RIPK3-MLKL &
A PRI B HIMLK L) B R 1L 5 5 J Ak, AT 0
2 B AR 5 IR BB, GWA440139B7E A I 41 ffg
(135 1 5 GSKC8404H 24, 1 7 /1N 5 AH i At 5 7 H
RAFIIETE. SR1M, SR IGW440139B /2 T A7 1E
YA ERPE H AT EAE 21,

BT 7 IRIE , Zharp-99411 HG-9-91-01/2 RIPK3
BB 7, AT DLBE A RIPK 3 (3850 % 1 el e FE 5
PERBUAR S SORER S - 7E TNFifs F 104 5 K IR
M.ZEEAIE (systemic inflammatory response syndrome,
SIRS) /N B HY f | Zharp994b ] LAY /D /)N BT
FHIL-6/1 5 &, B0 TNF-aifs S 8B AR se s IR
[FFE, HG-9-91-014b 3 nf LR &1/ BRUAE A7 356, IR T
HERE B s, FEAR A MR 7 IL-1B 5. Ak, 4
T (O A BR SR I il AR HG-9-91-01 7] LA
I8/ 7N BT 2L 3 R0 S I L R e R ) 2 A 1 DA I
PR 28 7 A A R T (1 3Rk, S5t /0 UM 46
Yo BRI, HG-9-91-01 5GSK 8721 1B, ¥ JEE vy i) 4>
YN TR T, XN PR VAT R,

LISEPR I, - TIRRIGIT R M B IR 2
YIB-Rafffl ] 7flldabrafenib 7] 5 ATP 3% 4+ V£ 45 S RIPK3,
FNHIRIPK 3 g Ve, 3k i M FE 5 48 4. Dab-
rafenib A] 5035 X 21 3 Wy X 1E AN A i
(RIIRBE, IR T30, SRIPK M) rh #5126 e 3R
HEAAFAE (1)t B RYE T, SR, Dabrafenib/&
I RASE 408 2590, & TAFERIVE R, BB A 9697
RIPK 34t B FE 7 VSR SE AR 2003 16 A A 75

B 7 E LA RIPK3Z 4h, A [a) 43 40 i)
RIPK3 4T o LISV 78 B0, 754 M AR 7 MR
FE5 T R, RIPK3 (17 A K 8 T-HSP9OFICDC37
Iy F AR A Wi P, 1 B0 s HSPOO W] A ] 2 411
HIIRIPK 37 M. WrHSPOOH 1] 75]17DMAG 1] BAAG 3L
b 36 3 0 1) RTPK 3 (14 35 14 AN T PELAS 4 B 3 PR 2R B
R, FEAS K SR TNF-aifs S 1 R 40 J0E R,
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Table 2 RIPK3 inhibitors
EAY N 1 FL Pl JEH 2 H oAt 2L
Name Mechanism VA il Range Application Other ik
R Refer-
ECs¢/ICso ence
GSK’872 Binding to the 1Cs=1.3 Inhibits Cell model: concentration-dependent Only used for [6,68]
RIPK3 kinase nmol/L human or inhibition of TNF-induced necroptosis scientific research
domain murine of HT-29 cells; inhibits necroptosis of currently; induce
RIPK3 primary human neutrophils isolated apoptosis in a
from whole blood; inhibition of necrop-  concentration-
tosis in mouse cells (BMDM, PECs, dependent manner
3T3SA); inhibits TLR3 or DAI-induced
necroptosis.
Mouse model: reduces the expression of
HIF-1a and brain damage in the MCAO
model
GSK’843 Binding to the 1C5=6.5 Inhibits Cell model: concentration-dependent Only used for [68]
RIPK3 kinase nmol/L human or inhibition of TNF-induced necroptosis scientific research
domain murine of HT-29 cells; inhibits necroptosis of currently; induce
RIPK3 primary human neutrophils isolated apoptosis in a
from whole blood; inhibition of necrop-  concentration-
tosis in mouse cells (BMDM, PECs, dependent manner
3T3SA); inhibits TLR3 or DAI-induced
necroptosis
GSK’840 Binding to the 1C5=0.3 Inhibits hu-  Cell model: concentration-dependent Only used for [68]
RIPK3 kinase nmol/L man RIPK3  inhibition of TNF-induced necroptosis scientific research
domain; hinders of HT-29 cells currently; induce
MLKL phos- apoptosis in a
phorylation and concentration-
oligomerization dependent manner
GW440139B Destruction of the  ECs, =73.6 Inhibits Cell model: inhibition of TNF-induced Only used for [69]
RIPK3-MLKL nmol/L (NIH human or necroptosis of SVEC, MEF, L929, HT- scientific research
complex 3T3 cell) murine 29 and HeLa-RIPK3; inhibit Poly I:C- currently
RIPK3 induced necroptosis of MEF and HeLa-
RIPK3; inhibits necroptosis of bone
marrow macrophages induced by LPS
Dabrafenib Compete with ATP  ECs, =0.75 Inhibits Cell model: inhibition of TNF-induced FDA approved [66,72-
in combination pmol/L (HT- human or necroptosis of HT-29, HEKn and drugs; the inhibito- 73]
with RIPK3 29 cell) murine HaCaT; inhibits acetaminophen-induced  ry effect on RIPK3
RIPK3 necrosis of QSG-7701 and HL-7702; is its off-target
inhibits SNP-induced apoptosis and effect of inhibiting
necroptosis of HEKn, HaCaT B-Raf
Mouse model: reduces brain damage in
the MCAO model
Zharp-99 Inhibits RIPK3 - Inhibits Cell model: inhibit TNF-induced Only used for [70]
kinase activity human or necroptosis of HT-29 and MEF; inhibits  scientific research
murine TLR-induced necroptosis of BMDM; currently; good in
RIPK3 inhibits necroptosis of L929 cells in- vitro safety and in
duced by HSV-1 infection vivo pharmacoki-
Mouse model: reduces TNF-induced netic parameters
inflammation in SIRS
HG-9-91-01 Inhibits RIPK3 - Inhibits Cell model: inhibits TNF and TLR- Only used for [71]
kinase activity; human or induced necroptosis scientific research
inhibits RIPK3 murine Mouse model: reduces TNF-induced currently; promotes
binding to MLKL; RIPK3 inflammation in SIRS; lung damage is apoptosis and pyro-
inhibits MLKL reduced in the Staphylococcus aureus zoism
oligomerization pneumonia model

1Cso: B B35 H070 B AR L s ECsor I K RUNIR I, A2 HE RE 51 72 50% 5 KRN AT o

ICs: half maximal inhibitory concentration; ECsy: concentration for 50% of maximal effect.
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AFL )42 58 [R] RTPKC3 B 440 1] 771 0 35 00 25 S METHS P90 Ty
fie, X2 FE— R E R R .

B 7 TERR 7 1 PR A0 O AR ok B OC AR AT,
RIPK3tHZ 5 H AWM MAE T WA AR I, HEik
RIPK 3 il 5% 3 R A% A (1) 22 38 W] DL 75 5 41 i 9 1
(1) & A8 RIPK3 1] DL 33 48 R /N (1) 71 1 BA Je
IL- 1B/ 73 MU0, tehh, 5 W1 51 K RIPK3 S 5
ST M R R A T W — A L T N A A
(R FE, 7 22 b A TR0 BRI AR ch R 1) B e B B
RS, FERE R BUE B IR AL BIKM T, ek
J AR I R U 4K R 1 B (AMP-activated protein
kinase, AMPK) W] LA#% 30, 3 46 I AMPK S 5 7T LA
W45 R U AR A Wiune-51AF B W& AL BEE 1 (unc-51
like autophagy activating kinase 1, ULK1)FIB§ER 1L
AE, NI AERE20 A v i gt ™. BRI AR R, TR
TNF7 3 HFE R0 72 7, RIPK3 ] BL5 AMPK
FIHEAER, 3 B2 R LAMPK, B RLIKAMPK
WA T E G ULKI S sh B R 4. 2R
T A BB 2, TNF 5 IR 7 PR IR I8 2 ] B
PR Bl AR 1 R AU, e A, TORITZED B 50 3%
B, 76 FE R 35 RN, RIPK3 ] DL 5 ULK ] B 2 4
HAEH, B ILULK] Ser™ A7 /5, M5 S ULK1
WA B AR A ME R R A . EASE RS, RIPK3 Y
ULK 1 [ 45 & AME# T HERHIM S5 445, (5 3 B i
PESZMEULK 1B RR 1 /K15 5 DR BV S E FH A RE TG
fERIPK3 LA XMLKL, th4h, fETCZi% S 1 FE 1k
WAL FE R, FF8A R BLULKL Ser™f 5 KR RR AL -
DL g5 R B, TCZi5 S FIRTPK A5 I 72 1 1t YR A
1 PR 75 1 7 07 S A RIPK 34461 110 25 A 19 Wk 368 ik
Z A E T X, WUSEPIR 5t & 31, ULK1
A VBRI RIPK A HAE #1704 RIPK1 Ser357
P SBERR A . 1A R BB ER AL 1T LA RIPK 1 ()3
Ak, 33 T 0 RIPK 3 1) B R A4 LA S IR BB /N (1) T 1%,
B2 PG TNF S S A AR PR E R kA2 DL E
45 LW, RIPK3YE 2 Rl it T 4 EEAE A .
RIPK 3 GrA] e 45 & Bl T 0 A7 €12 MRS PR 3 TR T
RIPK3 [ ThRE? IX 28 fn] I A A7 IR A B FE. DAL,
PATAEF T HE 17 RIPK3 1) 400 1] 551 5 8 3 7 B, 22
JERIRIPK3 M £ ThagE .

5 REERE
R SCREIR T RIPK 3B 5 15 16 40 A 3 1tk 5

FEHI AT, LA R RIPK3 F L) 51 75 2 B0 v 1)
TER . HRTHE TR, 20 MAR 7 1 IR B0 I oG iR
E LA 2 2450 405 A7 AE R R BOAE AT . RIPK AT BA
2R AR, ko REUNR A E IR R
ST, MRIPK3®R 2% (1] /8 bAT 1R & Ao FRATTHE I
1 I HPHIRIPK 1Y T7 4H MR 7 14 S8 BEAH D5 v g
TEAE BRI R, TIRIPK3 B 3& & 18 A 41 I FE
PEIRFEAR S5 4R . H AT & 2 4P [ARIPK3
(1) /N4> T-(GSK’872. GSK’843 HlIDabrafenib®s)# A
SLERA AL IX LN SR A] BEAE R E RIE T A
— 38 BT R, SR IE 75 R A AL DA ARG 1 56
WE. BBAb, AR 08 FRIPK 3 4% K T~ FE 16 5
FORE N & 3 B RIPK 300 i) 751 R0 EL 1) 248 A 12 2R
FEIRTT NP Im At — e BB AR .
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