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Abstract  RIPK1 (receptor-interacting protein kinase 1) has emerged as a key nodal molecule in regulating
cell death and inflammatory response. It plays critical roles in the progression of numerous human diseases such as
psoriasis, neurodegenerative diseases, autoimmune disorders, and inflammatory liver diseases. MASH (metabolic
dysfunction-associated steatohepatitis) is a metabolic inflammatory disease caused by multiple factors. Its preva-
lence has been increasing in recent years, posing a serious threat to human health. The function of RIPK1 in MASH
exhibits a complex duality: it acts as an intrinsic protective factor in hepatocytes, inhibiting TNF-a-triggered apop-
tosis derived from liver macrophages, thereby maintaining liver homeostasis; on the other hand, under the chronic
metabolic stress environment of MASH, RIPK1 kinase activity in liver macrophages may contribute to driving

hepatocyte death and inflammation, exacerbating disease progression. This paradoxical nature makes RIPK1 an
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attractive therapeutic target, but also poses challenges for drug development: how to precisely inhibit the kinase

activity of RIPK1 in liver macrophages. This article summarizes the latest research progress on RIPK1 and MASH

treatment, and further explores whether inhibitors targeting the kinase activity of RIPK1 can specifically block the

core pathological process of programmed cell death, reduce hepatocyte mortality, and thereby mitigate subsequent

inflammatory responses and liver fibrosis. The aim is to provide new therapeutic strategies for halting the progres-

sion of MASH to more severe conditions such as liver fibrosis, cirrhosis, and hepatocellular carcinoma.
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RIEAS 5 1l 8 T RIPK LR WL 2% 1 sl il v
PR WO, AN L D RE ORI & A8 Tl A
&>, BEMHESIMASH 57 3t 21671,

RIPK 175 715 40 B 56 T2 F0 28 hE H Ak o0 B Hb
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HFRAEEAEH . RIPK36 = ID{H R RHIMEE T, 1%
gyt T RIPK 15 RIPK3 2 8] (AR HLAE I & 55 &
M, RIPK45 RIPKSE5FIAHEL, 265 KDAI C-Jii
i 75 1 FE & ¥ 41 (ankyrin repeat, ANK)!'*"*!, RIPK6
5 RIPK7H & —A % &R B & (leucine-rich re-
peats, LRRs)2& 7 LA & Roc/CORZE# Ik . A& & 7o &
J%, RIPK6-5 RIPK 734 73 7 % /R N LRRK 15 LRRK2 .
Ak, RIPK6IE A5 ANK 45 #435k, RTPK 7 ) C-it U .
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B AY ) AT 3E I Y 5 A [R] 526 400 B ) B i 2% 1 5E 4
g . fE£ TNFR1/FHE S@ B+, RIPK1A] KA
K63, K48, KI11HIMI5Z MRz A B M, 1X
Se AR 2 e LS AR AS I T RE S B BE M, T
FEAFERIEAE T . 202 RWEE (deubiquitinating
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togen-activated protein kinase activated protein kinase
2, MK2)il it F 222 £k RIPK 11 S321f1 S336/47 21,
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binding kinase 1, TBK1)A £ & &4 I(complex 1)
PR RR A RIPK L F) T1894 st , 8 17 1) 3L 1 W IR
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Fig.1

The domains and post-translational modifications of RIPK1 (modified from the reference [10])
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Fig.2 RIPKI1 regulates the TNFR1-mediated signaling pathways (modified from the reference [35])

i H:DD %2 TRADD 5RIPK1. TRADD#—54H3%
Y T4 2K 1 1/2(cellular inhibitor of apoptosis
protein 1/2, cIAP1/2). TNFZZ{&HH AT 2/5(TNFR-
associated factor 2/5, TRAF2/5) VL e £z R4
5 &%) (linear ubiquitin chain assembly complex,
LUBAC)% TNFRI1, L[FEKREEY 1. cIAP1/2H
A E30Z RGN VE, 10 RIPK1IK K63, K48
AKIZ Rz 2B, LUBACE A% RIPK1
A TNFR1BEAT M1 432 RALZ M 1. RIPK1)
K635 M1Z =B — NS &, #5 TAKL,
TBK1. TAKI1454 8 F12/3(TAK 1 binding protein 2/3,
TAB2/3). A20. A2045&-NF-xBiG L0 1 1(A20
binding inhibitor of NF-kB activation 1, ABIN1). %
#1225 11 OPTN (optineurin) K NF-kB 4 75 i 15 25 [
(NF-xB essential modulator, NEMO/IKKy)% 26271,

NEMOV# J5 5 IKK ol IKKBZ: & T i IKKE 51 .
TAB2/3%5'F TAK1 H SR AL IBOE , i H) TAK 1IE—
IR AL IKK PR S177H0 S18 147 55, Bl B2 Ak 10 )
IKKBA FIxBaff iR ik, JHiH i K482 R b~ A4
Woe fipf i A2 A FL B AR, T A8 48 1o B o BEL ¥4 7 40 M Joia
[FINF-kBRE O N A%, 0TS INF-«BAE 5 18 {12
BEJORE R AE AN PR AEE U0, 7 R RIPK AR
LR I, R BRI E AMEA .

RIPK1 172 R EE AT #3552 RALBE I CYLD.
A20F1OTULIN. A20% A5 FRK 6372 %%, OTULIN
e MK M1 26172 8k, 1T CYLDRE A I %
K63FI M1z 285 2530, L7 RIWEE LR RIPK17Z
B H CIAP126R RIS, AW ThGE M T F, RIPKI
5 TRADD# R Z 4 b, R4 Z & 11E A
MR, X AEEY asi1lb. E45 Y Hath
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TRADD. FADD#ICaspase-841 /i, 1fi Caspase-8[1 ¥
I A S PR T 5 3 AN OB T RIPK 1A H SIS 1,
It F RIPK IANKOR ¥ 40 L 3 T (RIPK 1-independent
apoptosis, RIA)PY, *cIAP1/2. TAKI15{ NEMO®
2 BR 2235 KT BRAR I, TNF-aff 58 3842 3E 72 1% e
RIPK1. RIPK3. FADDA Caspase-82H i[{1 52 &4
IbP, ZA5Y b A TRADD, H. Caspase-8HI
TEHOIT RIPK, HHH A/ F RDAPY, 24 RIPK3AIE
& Z PG X 3R 25 (1 (mixed lineage kinase domain-
like protein, MLKL)# ik /K /& % 5 , 5k Caspase-8
TETEERBART, A bt — D AR N IR LM
HAZ O 2 N RIPK . RIPK3F1MLKLEY, RIPKI
M E R AL X FH L RIPK3E KR EH B | —F il
RHIM &5 3 A0 .45 & % 5 RIPK3AE S22747 s K
A= B ERRAL , BREIR L 1Y) RIPK 3 4k 17 55 45 I B 1k ik
JEMLKL, iSLIIMLKL R AR G54k, T 5 R
Ja AL A ML, R DA S R o 24 5 B A U A AT
Tiy}a 1‘:[16—34] .

2 RIPK15%&%
2.1 RIPK1SRIEMERR

PNE S N5 20 B T 4E FEALIR FR S 2R
BHE PR END T EESEBAELI, K
RIPK 1 2 IESE W] 25 540 FARMIAFETE . AOAE 5 4
PP PEAET. . HSZ B %, SR IR v R
S PR R KA RN ST . RIPKIZ 54
TSR FEAE P T AE 22 P 98 RE PRI (1) AR AL Hh R
FEE SR, H] S EU R, KRS IR A
KI5 T 453 (damage-associated molecular patterns,
DAMPs)- 3 F 50 9% 40 fid FE B0, 7 A R a2 R 240
DAl -7~ 41 TNF-a, 3X 0] GE2 IR 808 SR, AT 2077
ZAGVESIE B IR AR . RIPK LA 55 41 Nec-
1/Nec-1s. GNE684. RIPA-56. GSKS547% ({41
FHAAE W 22 5 A Y [R5 AR S e UL 4 ) 2% i
¥, (amyotrophic lateral sclerosis, ALS). 2 XM
%1 % (rheumatoid arthritis, RA). % JE V7% (inflam-
matory bowel disease, IBD). £ 1B 17 1495 i
IRIRUFERIW (Alzheimer’s disease, AD)PL K& MASHZ:
(F DTS RI5GUE S, H A8 DA A RIPK 1411 771
(R ORAP AR FH 3 S T 3 g G 0t Vs 418 A oL B 40 B A
FUNE T T2 DA S Hr R 10 20E S B o AR i 2 — Pl ig
P2 i, DUANZE BIE IMQ(imiquimod) 75 5 [ 4R

J 955 /) BB AR o B RIPK 1 5 MLK LI %0k 2 5 3%
EF, X5 NG PR AR R WS B E TG
L — 2, T F RIPK 140 71 Nec-1s4b 2 AT 5 35 3k
52 IMQIF 3 (4R T8 9 B2 JBk 20 I I R AEAR - ZELIC
SFDNRF LR B, RIPKI/E XGRS HUR M ALSHIR
LR 2O FIKSMER , HAE ALSEHH
B2 SR I SRR . R RIAKEYEE B,
H B 5 P R W O . RIPKE) 7% B0E B
FE X B /) J2 Joia 240 i AT T e o 44 e [ I 98 IR A
1k, BEIUICCL2. CHIBL2ZE{iE 48 [R5, AT i il 4t
ZRAE. 1EALS/N AL (SOD134) | ifi i RIPK 1
NI GSKS4TREMS WL LRIz BN ThfE iR . W3
HEIR PBIPGRE IR H IS (8], 0k 15 B8 1 28 9 S B, HiF
SERIPK1AE ALSHR K AR K g i 2 v i o 1 4% 4
o RIPK I 2 /N o7 48 i o Cst7 i 2208 3 1 A1
TN R AR AR RE T, BT R R B-YE R i 2
1 (amyloid B-protein, AR A= Al 575 Bk 52 A% 4%
RIS B e 70 IR0 B, /2 LS B ABHIAA 21
HE AP BEEL, M (2 1 ADJ R (1) & 4 B4,
YANGEE MR 3 Nec-1/E FH T AD i A BY i v] 4%
5 AP taufk 45 £, 2 H0 1] ABBE RIS R4
TR tau i 1R I FE RS RR AL, 932> ADASZY v 11 i
YN FET F O N MR RS . RAE — M8, RIE
PEE B R BN, IRPRETHF LR, RIPKIA S
INBENE PR T AT {2 3 3 M 98 0 5 B AR, T Nec-1s7E
JB S5 5 14 G 9% /) BRAS Y TR R A8 93 51T AE I
FOH A 4 A . GlaxoSmithKline s 7] 12016
IR B T — W T RIPK M 77) GSK 29827727 H
JERABFH P EE ORI LS 2R, HAr
IO 5¢ L. DIfE R NF-kBA5 5 il % /£ IBDY)
KA R AR RBEVE T, SUNSE IR i b R4
JH A S PR R O TAK T /N RS (TAK T FO)ifE F2 R I,
) RIPK 138 v 14 e 0% I 3 2% it - 3 i il 4
SR PRSI 5 3, i) RIPK A 2 BA5E 4= BH Wy
T BRRERE, B TAK ik 2R /)N BRAERIPK LA 06 f=, 479
2R H TRADDMH I 7™ B 45 17 46, DR GRG0 1)
RIPK15TRADDH] fig A IBD I HT AL VG 7 S0

TE A B 722 1 14 FF I AR, FFF & A8 1 2 4 ) AU
P, BEAE RE AR PN, A R A A R A T
BN, 1K 2 B AR T AR R I I 4543 ), 4
J P T AR N AR SOREMEAE TR X, S T A e e
(R ATy 2, TR AR AR M A (R 60%
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1 RIPKIFEREMRFHHIER
Table 1 The role of RIPK1 in inflammatory diseases

R RIPK 1 EH 22530k

Disease The role of RIPK1 References

Psoriasis In the IMQ-induced mouse model of psoriasis, treatment with Nec-1s significantly alleviated the clinical manifes- [37]
tations of IMQ-induced skin inflammation

ALS In the SOD1%** mouse model of ALS, GSK547 effectively delayed the decline of motor function, significantly [38]
postponed the onset of disease symptoms, and reduced spinal cord inflammation

AD In the APP/PS1 double transgenic mouse model, Nec-1 directly bound to both AP and tau proteins, significantly [39-41]
reducing the formation of AP plaques and oligomers as well as the hyperphosphorylation of tau

RA In the CIA (collagen-induced arthritis) mouse model, Nec-1s alleviated joint inflammation and inhibited osteoclas-  [42]
togenesis

IBD In the mouse model with intestinal epithelial cell-specific ZAK/ deletion, inhibition of RIPK1 kinase activity [43]
significantly alleviated early intestinal inflammation; at later disease stages, combined inhibition of RIPK1 and
TRADD was more effective

ALI In the ConA-induced mouse model of hepatitis, Nec-1 significantly reduced mortality, improved liver function, and  [46-47]
alleviated histopathological liver damage in mice with acute liver injury

MASH In liver parenchymal cells, RIPK1 acted as a scaffold protein, whereas in liver macrophages, it exerted its kinase [48-49]

activity

ALS: WL R84k ; AD: Bl /R HEER T ; RA:SE KB IE ST 4 IBD: KAEVEIAIG; ALL Sk FF45405; MASH: AU H < I8 15 1 4%

ALS: amyotrophic lateral sclerosis; AD: Alzheimer’s disease; RA: rheumatoid arthritis; IBD: inflammatory bowel disease; ALI: acute liver injury;

MASH: metabolic dysfunction-associated steatohepatitis.

(A 2 A Tl ) P AR R e, At st o
e m) S EVE IR BEAE R T, XM AR 5] R SR EN I %
hE SN, HE— D FEACH I PR AR 8 0 9. ZHOUZE
{8 FINec-11f - JJ .25 4 A(concanavalin A, ConA)
P52 I/ B R AL, S50 R I Nec-1 fg it 2 FEAIK
ConA s 3 B SE 0 /D BRI SET- 3, 3 I 1)
R, TR R 2H 20 B4
2.2 RIPKISRIEEXAEMERTK
MASLD[E{F MAFLD(metabolic dysfunction-
associated fatty liver disease] &t /% 2 AR H T
B IR I A = HEPT (insulin resistance, IR)5| L
AR A SO s, 2 H BT SV P e R
A1 R 0T o B9 35 6045 NAFL. MASH[ XK
VR ARG M I8 05 P4 TF 4 (non-alcoholic steatohepatitis,
NASH)]. JHEF 4 A4 B, NAFL & MASLD
IR B, FURFIE A 20 5% DA L 4 it BR
ORI AR T, JEAEA BRIOE, (H G 25 H 4 a4
7551, MASH & MASLD# /™ HARE , 5%LL LT
ZH I Y IR D AR, [RD I A /N I A ORE A0 FH2 i
SERFEAREPY, 1B FE S NAFL. MASHZ 845
FEREE, H— B3R ZEMASHMY B, 1R B HIE Y
FJ I T, MASHZ: B A0 AN 1] 38 1 A 4, 5
IR A >0, H AT, 29 25%F MASLDE# 22K

JEAMASH, HiZ ) 2Z4E L%, R Rk
BUIF T MASHXS 79 577 S8 A4 0 40 e &2 G =
B, T RIPKLLE VA2 40 B A8 T2 F0 58 9 e 87 H (1) 5%
BEUER, WESCE HED RIPK 1R 7] A 2 5 MASH )95
PR . AR AU I I R 2 M MASH
PIp AR | JE R F RIPK 1 2R3 (RIPK IXSAKS8) /|y
B B RIPK 17N 73 -3 1) 7R A AR 8 RIPK 1R 14
1E MASHH [1E F S HLH], & 758 MASHIR T <3
TR 2L i B L AR o

2.2.1 MASH# & % A4 FH B 5L A
MASLD/MASH PR i L 52 H 1 48 B <X E 4T
i B, R EE — IRET o TR 9 IR AR 3L,
JFF 4 B E A AR 2R3 2 19 =1 H e (triacylglyc-
erol, TG), 5 &4 Py iR B HEAR , 5 35U WE AR A2
PEEINAFLE. B J5 0 40 i 40 2 RS A8 i
RRAS, FE I TNF-o, MR 9 0E IS FH: T 5 i
B R (free fatty acid, FFA)/K-F. it [ FFA#
N FFA PR AT 5 A M B, [RD s FF 400 e P g 7 3 AR
o g AT, A K BTG 1 4 (reactive oxygen
species, ROS), ROSHIFR R itk — {2 ff 4 st 1
IR 98 5 e 82, AT Ko I s ol B8 — IR AT o, A
NAFL#At N MASHP), ix— W i A NAFLSE T
MASH, {H H i i A B INAFL & 75 552 25 TMASH,
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HAREENEUR RS HRIB TR A 7otk b
FHWFFRN, B E s — g <2 BT B, A
NIR. AL S EE. IFAn AR oh e ffs .
EIIR SBER N N R AR SN = N1l
(hepatic stellate cells, HSCs)i 14 LA f T 0% 98 i [ B
2PN E, £ MASHE R 4B K i # h L ) 4%
YEFP,

222 RIPKIERR XA Fm@mieFayshee  HFE
NN RS RERRE, R R E 414
B JHE ) 2 R A 4 52 5T 3 4 5 4 471 TR it 8
T o SEJRHERATELEE BT 5L 5 40 (hepatocytes), 2 & T
WEAARFR 180%, LA K HE S5t 41l (non-hepatocytes), H:
29 5 AR AR 6% . JE 2 5T 40 M i 2H s B 35 I B
WM 5% P B2 40 (liver sinusoidal endothelial
cells, LSECs). HSCs A HAh izl Ha /e
Wi 248 L W oy B A P I P VR 9 0 4 5 4 i B
A BB A MY (Kupffer cells, KCs), £ 5 T4 A 2 201
10%~15%, VA B fifl B R 20 R R IR 1Y) [ e 40 a7

FEAN R 2 2 JFF 440 i Hh RIPKL E 2R 4 1 D g

BETAE (K3). fEAFSE4n ey, RIPK1 32 245 4%
H B A ThRE , FAROOQZ: It 7t k IL/E MASH
P A, RIPK il g K63 e M 172 2 5 11 55

‘ HFD/lipotoxicity ‘

L

fih B A% R A T AR OE S S S
NF-kB/5 538 1 ), 1455 T 40 i 7 18 M 53 195 i A 15
MIAFIERE ST, W RE S A e AE T2, AT BE T JF 2T
YA R A R JE . (ERFREE WM+, RIPK1 322
RIFEFLWEEIE 1, TAOSE I 5% & I RIPK 1 2 2 4E
JHF R 0 400 i P e T PR AL RN, L RIPK [R45A/K45A
N BRARE T B A 7 (wild type, WT)/NRR, JFF4HIAET:
KR K. FAROOQLE TAOK SLI6 45 AT % 5+,
XA e BT RIPK 1 D) 8 H A 4 B 28 AL e 7 (n
JH- 552 J57 240 J6 0 Sl 552 5T 0 ), £ JH SI2 J5T 400 i mh R 5
PERCFR RIPK 1A 0 56 g 1D A8 MR A GE , (R4 i
TGF-B1. TIMPI/ 252 P JEAb LRI R R Ik, B3&
JRi) v B R £ 5 3 () PR e A 5 i 7 JFF O s 4 i
RIPK VB % 1 4 B 75 0 ), 2= RIS/ 53 RDA
IFEMEPE T2 L NLRP3 28 iE/MATE 6, AT BKSh 28
JE I S N AR #EHSCsidifb . fEHSCsH, RIPK 13
H S 208 I ThRE 5 ARSI, I IS RIPK S
TE P22 mAB IR R 45 RIPK 1, 755 HSCs K
A4 RDA KIRBEIEE T, 800Gk HSCs#id bk, M
WL RT AT 4EA

2.2.3 RIPKI#HE M3 MASH) % vk JH- 440 A
FUT 5 P 289 [ B f& MASH ) ZRE . A
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Fig.3 Impact of RIPK1 on MASH disease
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RIPK 1 /N340 1) 751 5 RIPK 13 2% 3% /N B E 47 0T
It , BN T RIPK TBERE HEE Z MRS B S 1
MASH A i ) B AR . K535 4E R CSTBL/6/N R
5 RIPK ¥V I8 B3 43 33l 1] LA IE 5 I (normal diet,
ND) = B CE (high-fat diet, HFD) 248 5, K ILAE
HFD A ME ) W/ B H B 7 B S5 1) JHF 21 4 A HL
BT 215, T 4E RIPK IXSMRSA /N ok 5 T
AL I 2 A0 T 26 0 35 FRAIC, IX R W] RIPK 1
Bl R T HFD S MASHIFR B e, H
FE ik #2 A 4 I HFD 1) WT /) B RIPK 1 & 2B H B
P A A B0E °0 e W 9 — 20 R IAE 1% HF DB A
RIPK 1 1) I A 38000% 32 2 26 A0 R IO 15 e 4 o o
e AR R S BE H s BE S B2 (high-fat, high-fructose,
high-cholesterol, FFC)X &M i | RIPKXSAR4A/ N
SR B PR B TR (b MLK LK P 3R T, HL I AR 4 it
ST T WT/NR R R B PS, UDP-%] %) 4 6-
i Z ¥ (UDP-glucose 6-dehydrogenase, UGDH)f# 1t
UDP-Glc#4k A UDP-GlcA, J&# nl H 45 4 RIPK 1
(R KD FF 00 1) L S 1 %) 7 e 2R (amylin) IR &
7 55 E A Bk = 5 8 & (choline-deficient high-fat-
diet, CD-HFD) B AY 5 \ 2K MASH, UGDH#1A
AKSFRRE %, HAE/N B4R UGDHT RS 2342
i RIPK S, AT e JF A ) 2, g st 3 A ] 4
RIPK 157 205 28 A8 (W RIPK TP NP BN Ik 59, 5
R TE RN, FFAH R TAK T8, NEMOW kR 23 35
bt RIPK 1R 2K B8 7% 5 1) [ R 1 I 40 5 9 4, HE
A B8 TAK 15, NEMO B AR % 1 % RIPK 138
TR R BT EOE RIPK 13 8 3 40 sE T
AR O, AR AR R IR, Hi] RIPK LSS 1
AR TAK TR BT 350 20 s 1) 98 A S5 N7 - JE 2% 1L
Pt e, (0] AR PESG Bl 5 P AR sma L e
Ty — WU LRI, BV 3 AF6 ] B 5 RIPK1H
IDFHEAEH, FF4E 35 252 2Ll USP21, USP2 i it
FFRRIPK1 K37747 25 1 K63i2 =55, #E e db it T
RIPK1-RIPK3-MLKLAE 54l (40 A SEPER T2, 7
HFDE I 1)/ B MASHS B of | AF63E (4 &1k
i, BATYIAE T R B BT, R RE
RIPK 1 7] §8 = ZAT MBS PE . YANSE I AR IR
7 SUMO%E 5 1% 2 [ 1(SUMO specific peptidase
1, SENP1)7E MASHH B ZREH, Hrl{ER
RIPK 1 1A A R P A7), IR0 T /£ MASH AR
HHFNE A SENP 1) RIK /K5 507 7™ 21 F2 1 2 Al

S o JHFYH MR Stk ok SENPI S SBUNR E K I
FFA545  JORE PR AR 1 K 4F 4k 2 MASHEE R
< SENP 1 A] @i # fl] RTPK 1At 7% 14 B 1E MASH
PRI, T 24 B 2RI RIPK 1A E SUMOL &1,
AR o WA, & 5 B RIPK L JE B0,
SR TR T 5 408 [ M

224 RIPKI1 X R%E& HEEATMASHAG 7  RIPK1
WA B Thee i & B A B S5, A
B.OREREMNESY, HiEM RS S NF«BE
PRV, E 2 R A AN 4 SRR 3 v R S A
PP R O R A A R S 1 RIPK TR /N B
(RIPKI"X0), SEBG I, 5 WT/NRAR LG, RIPK M ©
/N RE 4 125 S B HF DR 5, 38 HH B0 AT U i s
HERUM R TGH & %2 Fh & B 4u i s T 5k
BT, EARE R R, A8 RIPKIF YA /N R
BEAT [F)RE AT A AA B i, I 9 A R = A
(alanine aminotransferase, ALT)/ k4 & R & ILFF5
it (aspartate aminotransferase, AST)/KF-IH:AK Tt &,
RIPK I®4ARSA/IN B A H B0 BH 2 T 45347 , 1% 45 &
] RIPK 1) 3¢ 22 85 (1 2 e 70 AR 18T 7 385 ) 4 R AT
RS R B OER, Hit—2 i 3w A7 L5
S 3 AR R AR R T A B R A A S 4 A R )
FAROOQZE I FF} W) BRI 552 /53 40 B e S Mk
BR RIPKI(RIPK 1™ Oy /N Y | F-0a] W ey i v L[]
B £ (high-fat high-cholesterol diet, HFHCD) PATE
L MASH, 51t i 2 RIPK 13 K08 %% HFHCD 5 31
(I FF45 , 1E RIPKI™PCRO/N B0 e AL HE I 25 o 28 119
HFEF 44k, K UI4E MASHE 5 1, BTS2 5 40 i 1)
RIPK1 FE R E AR, @i e G
5, U AT AN RS AT T DL R A HSCs it B vl
b, B HIHIRT LR 4EAb 3 R, b R R K RTPK 1
PABEVE T o 7F B i e YD BEAT A 1) PAMPs i LPS
TR GRS 5T 48 L P ) RIPKCLAR
SR EE D Re A AN E T ER I E O A R A
TNF-o 175 S IE T, MM TE 9858 2855 4 4
T BT TR 2 ) A

22,5 RIPKI#SLT LM MASHE % fER
LW 5 R, RIPK ) DD N — M
B, F50K RIPK IS E MG S E Ak . 2R,
Z LR 2 5% RIPK LS IE 1, 40 K59947 £
/51 DD AR — SRAL R AT 5 S RIPK RS iR
I (adenosine kinase, ADK)if i 75 [ 41 i 4 iz



1156

Gk -

1, YEfr - AR (S-adenosylmethionine, SAM)/S-
R [F) 28 2t 202 (S-adenosylhomocysteine, SAH)
fer Ee g, AT AR 3 B 1 TORS RR F SR FE A2 S (protein
arginine methyltransferase 5, PRMTS)HiG L. ¥EfL
FIPRMTSRENS AEASAS T EILRIPK 1 DDHR6064 15
RAEXTFRIE — H Ak (R606me2s) &1 , A& 147
R RIPK 1A — 3R A6 S LR, 29 ADK D) e 7
GRS, S P IR AL 2. SAM/SAHLELBIFEAIR,
FHRIPK1 RO06A £ I EAL /KT B, 33 17 e ox
RIPK1 DDA 3 1 AL, 2 30% RIPK 1
JRBMIAE TR BT L], 724 ADKA )
P, 6 B A RIPK 1401 70 ] B8 By — AT 250k
I, 5 DR B I A O VR T 3R 2 (0 (RIS, W] e B A
I FREPERIE L, M IMASHI VG T PR AL 5T ik .

3 RIPKUIFIFETT EmA R

RIPK 17E 145 40 J R o P A0 T e R vp R 4 i 22
PER, /N T B d 7)Ao R YT B & fa s it
PEIR  JHE M S 0 38 AT M 0 S AR AL o
W&o BLAL, WiRG ST A RIPK 1B 15 1 7E MASHI
RIFALH LA B A RS MR A, R, S e 10
il RIPK 1 7% 14 A 24 5T MASHYA T Bt 98 1) =
BT . 20054F F I %58 HH RIPK 14177 Nec-17),
20134F B IRARIE 7 RIPK 125 A4 35k 1) s Ak 455 g 1681,
20144 i GlaxoSmithKline 2> 7 il & 1] GSK2982772
FRCA AR AN IR AE I PR F8 16 RIPK LD 75), H AT
ZAAE T TG R RIS B B, 2R T VPRAh Hout
IBD. 4R JE i 55 J&RE PRI 197 305 e Ak, AR AE
fRATE Z kA BTl . BEE B SR WA, RIPK1
HFIFIR AR BIEAR R SY K.
3.1 FERHERHNHIF 3

O ) 7R B S B e B O ST R B
73 Htype I, type 1+ type I type IIIFItype IVFLZE,
HA T, DAL & T ATP % 4 BB
FOHIFA), RSN TV Y AR RE 0 7701 1Y g o )
FI5DFG-in. aC-ini& MG 25 G5 TARY 0 771
N 5DFG-in. aC-outdEVEH A &5 45 TR 0
7115 DFG-outJE35 14 # 15 45 & (aC-inBL aC-out #4154 13
FFAE) o TESBRBGEHD IR S 4R ATPSS &AL i, 1A%
FITIEL B o5 48 ATPSSE &7 s A, B4 e 22 25 5 (1)
FE VAR TS A T B ER IR A 148 . TITAY S
)0 S P s A X AR AT PSS & 0 s IR AR M7 45 L

T TV 2SS 1) 77 W) 255 T3 25 ATPZE & A7 s A8
P A
3.2 RIPKIHPHIIA & i3t R

H BT RIPK 1655 3 A4 1R, 1144 J 1A,
Fopo B84 CHE NGB I PR 9T (R 2) . THY
RIPK 111 751) 22 Y T B 410 1) 551 e ) v o, 3 0
I 5E g ATPEE G 0 RURFEAE AT, AH 5 e A7 72 i £ 4
BAKAI R PR, 40 Sunitinib A Tozasertib(VX-680). i
1%} Tozasertib i 4Lk AT 21 3145 (1 2504 W1 Com-
pound 7181 Compound 72, 7EHEF X RIPK 141l v 14
FFBEAR T Aurora B (AURK)H 1 3% 4 i) [FI B, 75
REARTY R I T e S A R RCR U0, T
R RIPK I B9 [R5 45 ATP 4G & 07 55 L L )5
J7 IR KA A 1A% T AR 8 Bl A Vs A 2 T2
1541 GNE684(Compound 17)72 —Fh A5 2% (1 # ¥ #h
RIPK I 7], £E 22 i 8 0E P 5 0 455 2 v 2 R4
PER T3, JE Ikt S &9 PROEAT 45 M Ak 15
IR PK6S, fEWEME. MM 2580 J1 % 73
BEERTE, FRAE RE AR H AR h BoR R TT
104, Rigel A \] 1 R 1) 11 ik TR RIPK 140 751
R552(Ocadusertib), 1E H & G5 14 5 28 5 M 5% 10
BIT RIS, IR O 3 — T O RA R
ITa/ITb ARG PR AF 5T . TIIALRIPK 1 7N &5 & AR R o7
A, DRI B B E kB . Necrostatins 22 471 411
Nec- 1l Nec-1si8 i /54 RIPK 1) “L 5K 483
TE RO B A kA RIPK1 ™, JE 24040 3543 1% 1k
B = AT A a0 F-Nec, 0T RIPK 1B 14 (1) 4011
BRI Nec- 142 F+2) 845 LA %1, DNL104/2 15 it
AAD-.  ALSIafilfi RIS (1) i 7258 PERIPK 1471 771,
R BT HAE 4 325 Hh 5] R I 30% 1 25915
PR, 3t — DI TF R B2 10, Denalis 7 7T
K DNL747t4% 1T AD. ALSIGPRIRE: , (57 %
T A E A PR BE T ROGR, T 3E hn R & T e AE LR
LA, R AR & OB 61k, 1Ak, Denali
AT A Sanofi A F L FJF K B HE AR 2 R 505
ik RIPK 1/ 11 71 DNL758(SAR443122), A]
$5c KPR b /b ol i S TR L, T-20204E7 H JE 3
%) 3 I SR 97 5 (severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2)ili & # H 2 F is PRI
5, BE 5T 202147 6 H i3 N &0 Bz IR 20 B AR FR 3
H A1 R 36 . Benzoxazepines £ 411 ik DNA %
T4k G i 1k R B0, e GSK 2982772 Ltk A\ T
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Table 2 Clinical trial progress of RIPK1 inhibitors

|57 ML eid) TERIE BB Il PR 58/ )
Inhibitor Institution Type Indication Phase Clinical trials/patent
GSK2982772 GlaxoSmithKline 1 Psoriasis II (completed) NCT02776033
RA NCT02858492
uc NCT02903966
GSK3145095 GlaxoSmithKline 1 PDAC II (terminated) NCT03681951
8GNE684 Genentech 11 NA Preclinical NA
RIPA-56 NIBS I NA Preclinical NA
DNL104 Zhejiang University 1 AD, ALS Ia (terminated) W020200201196
PK68 Soochow University 11 NA Tool compound NA
DNL747 Denali 111 AD I (completed) NCTO03757325
ALS II (terminated) NCT03757351
DNL758 (SAR443122) Denali/Sanofi 111 CLE II (completed) NCT04781816
COVID-19 Ib (completed) NCT04469621
R552 (Ocadusertib) Rigel 11 RA 1la/IIb (recruiting) NCTO05848258
Necrostatins Harvard College 11 NA WO 200128493
WO 2007075772
Harvard College and Shang- Tool compound
hai Institute WO 2016094846

RA: KGR IETT 4 UC: Bz 48, PDAC: JBlR S8 I, COVID-19: 2019555 #:00% ; AD: Bl R SG B0 : ALS: L4 & 1 4k; CLE:

BERRALBEARIE; NA: ANl H; NIBS: b A B 7R«

RA: rheumatoid arthritis; UC: ulcerative colitis; PDAC: pancreatic ductal adenocarcinoma; COVID-19: coronavirus disease 2019; AD: Alzheimer’s

disease; ALS: amyotrophic lateral sclerosis; CLE: cutaneous lupus erythematosus; NA: not applicable; NIBS: National Institute of Biological Sciences

Beijing.

G RAFEFE, F T I097 4R 8 . RAFNG 57 1t 45 1 %8
(ulcerative colitis, UC)5 J&AEME I « 1 — S5
k73 F1 GSK3145095(Compound 6)5 GSK2982772
LZERIEALUT) GlaxoSmithKline A & FL i 5 1
GSK3145095 5 5% 5 H A 47098 254 (4 pembroli-
zumab) A E YT IR AR 58 e 14 DY FTIH(first time
in human)®f 57, HATiZF 50 £ 1k, Phenylbutyr-
amides 7 51 {1 56 S L A WIRIPA-56 2 A5 i 2 IRIPK 1
PR R R I B e 2 33 e ) I 2 i A,
FEVRIT A RGUBIR TS TEARIE 250, H Al AR
NN 7R =S
3.3 RIPK1HIHIFI S - FMASHAf %

RIPK 1 7E MASH ¥ & A= I Jig ik #% w49y i 85 22
F e, B ILFEAS [R) 28 80 1) B 4 A w47 A AS [ 1) 3
fE, TERTSER4NHE P R AL I i3>, T fE
JFF JU 5 4 v DO % o 453403 f < HE B . TR
S AL, RIPK1 E B REH R E A IIGE, 8
TS E AW I E R NF-«BERAEFE S
W, TEARH RIS SR O B 3 SR A A TR
RE 7, T U8R 2H 34 4 Rk 4F dE Ak e o RF

S5 A e o T 2 5 4 i v ) RIPKC T4 35 38 in Rl v Pl
REFFHFA4EL . M, 75N E A+,
RIPK 14 i 85 1 S5 5 5 300G, nIOR3) BG4 i 5 &
RAEVIT . BRI T K JEORE /MR, FFREUR
BIE R ST, INISCNBCR R5E . 55
AR IR T S HEBh AT S fb A% O A . BRI, 3 4%
P SO 1) U 6 400 R P ) RIPKC LAV 1, A S8
TR JORE RSN R = BRI, AR B SR 4 i i Fa s
BiAEIRE 77, AT IRTS BEAR YR TT g . fEHFD S
I MASH /N BT o ATDIEE U1 TG 18 2 T 5
PEIE 2 VA 7 M 45 25 RIPK L4 77 RIPA-56, 3568 5
FIRBE TS . RIEM A4, LUK b0 TAO
2 VOV o g 72 O 15 8 40 P R 5 M RTPKC 1 38 g 2
TG (RIPK MRS I BL R /N B, #BUERH T RIPK 1
WA TR MASHZG )T R B 55 Rk, JF
J& TS RIPK M 77176 77 MASH G R 7t B A
HEME, HRIPA-S6fF Mmikset:. Rfen
RIPK LA, I R AT 7025 FARM, WIfRe HAE R
KRt N MASHIR RIS P B, v MASH & $2 4it
WA TT %
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4 BEERE

RIPK U 3% 40 MU FE T2 5 AL A7 1) 8k (R 7
RS AAR G . ALS. RAK MASHZS | 1
B B SO IR )T #E S . MASHIE I oA 4 Bk K
R, HEFEAAMURT A S, BETHSE
0 REAL 55 AN R 0 R AR RS . AR AT, £
25%[1) MASLD i # 23 K & MASH, T H 11 £920%
A BEAE AR K 30~404F N it & AL U7, xR A
MASHAH S A4 (1) £ 3, g 47 8 25 44 o 1)
HEEZI81.5%~2.0%4 . B BIAE R X — 7532
FF1897 MASH, {75k = 5 = 3003697 ik
) RIPK 130 v 1 11 25 4 7 SIS A 7Y v 52 00 5 3 1)
TRy ER, BAWGRIEIT 1.

[Al RIPK 17£ MASHY S5 & A8 K g i F2ATA3EAN [+
PERT, AR BT FLRLHE— 3P IR AR T RIPK1AH JGHL
A0 851 71U E MASHPZE 0 AR 28 o (R4 AL, DAR TS
G VAL 0 ) P U 56 200 P RIPKC 1 IS0 7, [ I B
JFF SE 5 40 B O M S AR Th e I =i BV 2. BT
MASH 5 B A B FR WS K 2 LS| . W% 501,
B — B ST T0AT B DU B AR . B, IR R
L0 ISR YT, BUK RIPK 1177 5 4% G w16
ST W, A B G B A T B ) MA S HZ g i3
2o A RIPK LRSI R AT KA 22 A PEPE A%
Jo BB RS REEEBRER, B AW AR SR I R
RUAE FCUEHE OO JE SR AL Fe B 7 IR s skt X
— W FE 7 101G S HE ) R R o Ve U B, S
I INRE SR A2 1] 1) i A v T 7 ) B R AR
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