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Research status of receptor-interacting protein kinase 1 in regulating cancer progression
and immune response
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[Abstract] Receptor-interacting protein kinase 1 (RIPK1) is a multi-domain serine/threonine protein kinase that causes downstream
signal transduction and biological effects by phosphorylating specific proteins. In recent years, with the in-depth study of RIPKI,
scholars have found that it is of great significance in autoimmune diseases, neurodegenerative diseases, and a variety of solid tumors
and hematological tumors. On the one hand, RIPK1 promotes cell survival and inflammatory responses by activating specific
pathways such as nuclear factor-kB (NF-xB) and mitogen-activated protein kinase (MAPK). On the other hand, RIPK1 promotes
apoptosis by interacting with cysteinyl aspartate specific proteinase-8 (caspase-8), or promotes necroptosis by interacting with
RIPK3 and mixed lineage kinase domain-like protein (MLKL). As an upstream signal, RIPK1 has different expression levels in
patients with different tumors. Its scaffold function and kinase activity can regulate cancer progression, initiate adaptive immunity,
inhibit tumor progression, and generate an immunosuppressive tumor microenvironment to promote tumor development. Its dual
role has been demonstrated in regulating the occurrence and development of tumors and the body’s immune response, and can be
used as a new therapeutic target to control cancer progression. This paper starts with the structure of RIPK1 to further explore its
function in regulating cancer progression and immune response, and to provide new ideas for the development of cancer-targeted
drugs.

[Key words] receptor-interacting protein kinase 1 (RIPK1); necrotizing apoptosis; necrotic complex; cancer; immune response;
targeted therapy
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IFEPEPI T (necroptosis) A — Rl U FE S5 14 4
JFET A, DA G BB | A i I R 200 i 5
BEIR Ry FBRRAE 1 LR R A 4 A b A
T (RETS) RIE], RBErE R T2 A s i 7e ek B
SRAET R rh R AR ) —Fh Tz Ve e T % . B E
L3l o 22 AR AH B AE A P14 | (receptor-interacting
protein kinase 1, RIPK1). RIPK3 FIR & i & i il 45
48 FFE R 3% #  (mixed lineage kinase domain-like
protein, MLKL) 4 HIIRILE NS ', &t
Z BRSO AE . TEPE R I HE-8 (cysteinyl aspartate
specific proteinase-8, caspase-8) i 32 2 #1 i Aif ,
RIPK 1 i i 32 /8 A B A 2R () 280 A B A TR
(receptor interacting protein homotypic interaction
motif, RHIM) 5 RIPK3JEME 3. kA # s
T RIPK1, [A] A} 52 RIPK3 B iR AL o Fifi 5 5 R £k 1Y
RIPK3 HE— D B R AL I MLKL . MLKL #3505 If:
R, RIESH MR, A SR,
X AR ARSI T — o TGkl o 4 TR T BR A2 4
LR TIPS . T, AW ss ISR T
TEFRE AT LI —Fh “Bidkbe” ML AT
T, IR G WA A B (2 2 e A L SE T
AT 10 ) fi 964 4 % 7F N & . /H SEIFERT % ' &
o, fE RS R E
adenocarcinoma, PDAC) ' RIPK1 #1 RIPK3 f¥) /5 3
Ik SRR EFNGE RS TEAROC, X RIIMRAEPEPH T rl fig
e IR & e B AR B R AR IR
TR, 2E A R RIPK L 738 1 A v ke )
TEEMEMN. XKL RIS R T
PLRRE TR Ah, RIPKI 5 ZFhpom e % R
AR BN OC, a2 KR OG5 4 . Bl R Wk T 3R
Wi, LA S RS ORIR R I R R A Y AR S EEIR T
RIPK 1 7E Y 45 e e S e SN B WF e IR, b 1
RIPK T 7200 i 2 R o 6 8 v B A R AR AR, A
S FEERE AL )R T AT R

(pancreatic ductal

1 RIPK1M&EHTIAE

1.1 RIPK1 &5

RIPK 1 &2 A0 A & MR — 0, 2
—Fh 2 A5 M B 4 E RPN R R R A . LN R
by 22 SRS A TR S A 25 #9588 (kinase domain,
KD), %45 nT LAk RIPK 1 75 22 & 1R /95 = R 5%
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FEA SR HBEIR AL ; CoR¥m MAET- 454935 (death
domain, DD), ZZ5M L 5IET-Z 4K (factor-related
apoptosis, FAS) . JiJ& 3R 56 Al F (tumor necrosis
factor, TNF) Z{& 1 (TNF receptor 1, TNFR1) 4§
AHIE . N5 C i Z [A] & P Rl 25 4 B, RHIM J& Hrp
FEA B 15 B RIPK 15 RIPK3 M4 145
EHAMEAER AR RIPK1 Z5#) ) & ZetE 4R Hoal
e 5T ZMESEEMNRE, JFREAIE 7 B
7, RIPKIEPAERAENS S . A% S o0
RAFEFEERE]

1.2 RIPKI1 f3)fiE

RIPK1 i i i #2 # [A F-«kB (nuclear factor-«B,
NF-kB) 1553 P45 il 58 AE S0 A ILAF 1%, B i
LA T RIS PR T e R i 4 A T
1.2.1  RIPK1J& TNF/TNFR1 {5538 #% 1 2 15 [
T TNF/TNFR1 {5 %58 2 — o 2 0 40 i 15 55 1%
BEIRAR, B AT R G TR A A LA S B Y
WE, S5 RRER N 20 IG5 AT SN S AR
Yo R U, RIPKI R H AP B Z A —3F,

RIPK 1 i 1 5 HAth %45 DD Hl RHIM (1) 25 (1 i A
HAEMBAEBARNE S A . EXE G,
TNF-o 5 HZ K TNFR1 54 0 Bl 5 305 19 TNFR1 i
it 5% 45 RIPK1. TNFRI A X 3E T2 80 & 1 (TNF
receptor-associated death domain, TRADD) . 4l iy
T-# #l 2 H  (cellular inhibitor of apoptosis protein,
cIAP) . TRAF2 Mtz RIULEEA KL S (linear
ubiquitin chain assembly complex, LUBAC) JE il fi&
HEEAW (E/W )", B3 K&
(cIAP1 1 cIAP2) Fil LUBAC 3L [A] ff H] T RIPK1, i
Haz Ak, 51 X7 Ak A K - B T B
(transforming growth factor- 3 -activated kinase, TAK)
HAYMSLE,; 5 NF-«B A Z T 5 (NF-«B
essential modulator, NEMO) i1 HRRE 12 R 45 5 35
517 Z1L RIPK 1 k456, XM & iE— e ik
T kB A 7% (inhibitor of kB kinase, IKK)
BEVNHESE, UL RAESE T NF-«B Fl 22 24 5 7
b & H OB
MAPK) {55 B r s, s 2 e R AR
FERERI IR, SCRPANIEBAATS , IR RIPK 1 /549
RPEAMPE T Y BRI EK, #HE TR
RIPK 1 M6 P40 i T~ (RIPK1-dependent apoptosis,

(mitogen-activated protein kinase,
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RDA) . filtn, FH#s '™ KW, 785 E 0 AN
TAK1 119 5 25 PR AT R 5 el BRI T PEAR A OC . FE I
i, A TZIERIES, Kz Rk mnE LS
fif #& H (cylindromatosis, CYLD) #1 A20 [ X #x
TNF- « 5 5 £ 1 3 (TNF- « induced protein 3,
TNFAIP3) | BdRS:RIZ 59 1, 2 LR RIPKI
Pz ZAIRES, SR E A T pyfaEtt, Mamidm il
NF-«B {5 5 38 i, 2 srampr s kg,
TRADD. RIPK1 5 TNFR14r8, 5|55 FASHISCH)
BB T- 45 4 3 £5 11 (FAS-associated protein with death
domain, FADD) Al caspase-8 Hi & #f TRADD #l
RIPKIRFIENE G I o 3K —FiE 2 A )it
TR L7 51’ caspase-8 1 fb, 1 M caspase-8 V] %
RIPK 1 MIRIPK3, S ECE AT i I Sk oz e it
AMPET 7, 2 caspase-8 B 4k B g I IS, RIPK 1)
EE IR, M T RN S R RS T, RS
Y11+, RIPK3 it RHIM B4R 5L, 5 RIPKIJE IR
FEE AW, WOEITFBERR AL RIPK3, HEWIASEIFHERR 1L
H WY MLKL, $3MLKL SERMBER AL, B
TR SE R, T PATIRFERE R T 1Y SRR 4N
25 B Bt M AR OC 4y 7 R 20 (damage-associated
molecular pattern, DAMP) FI&-Fh GBS K+, #
TR SOIRZME, PTG ST S i 3175 S om 2 A
PENLE o WAL, TEMRSEPEJE T RDA M B, Fe
FETERE RPN, RIPKI A5 348 AT LLPR A 5 R
i 2 D] (1) IR AR AR DR R, AN 23 2 34 o
TR KA
1.2.2 RIPK1 P4 BRI SZ AR S 57 Bk L i
TNF/TNER1 {5 538 % 4h, RIPK1 343845 Toll 52 4 3
(Toll-like receptor 3, TLR3). TLR4, fHB MR T3k
I (retinoic acid induced gene I , RIG-1 ) #lZ-
DNA %5 &% 1 1 (Z-DNA binding protein 1, ZBP1)
25 L Fh B 20 ) Z {K (pattern recognition receptor,
PRR) ZJEI .

TLR3. TLR4 A DL i i g T R i 5 8 &
TIR 45 #4 3k 19 # 3k /> 7 (TIR domain-containing
adaptor inducing interferon-B, TRIF) FI%g & 51k [
+ 88 R AMAT HAE Wy 2= AN o FE I & TRIF 38 o H
RHIM 45 # 88 5 RIPK1 A 5 fE H . DA T 38 i
NE-«B ', 53— i 5 2040 M X 7 1) B e S R 3L 1
P Y RIG- T e R G0 bR CHEVE
R R AE DU JEAAR S N4 7 T o 7R BRI 1 L 40
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BB, Brede I RT3 E (interferontype 1, IFN-1 )
FE S ML IR -, DN ShHos 28 S s SOy 5 [,
RIPK1Z: 5 RIG- | T {5 5 B 980T, A445 NF-«B
FIMAPK 4 i 42, JFAR #F oAb 25 B s i 3¢ HAE T,
F5 Y RIG- [ 1555 % P i G| 30 1 ™. ZBPI
J— N 2 DNA fZ 28, FRF, WA ) £
HCAT L TR M Z-RNA L TR0 T A OA {2 50
ZBP 1 3 1 AR P 20 A T R AR R ok A 2
B S R A AL S . ZBP1 AU 30 RHIM RE&5 )
B, He 2428 LS RIPK, RIPK3 454 .
ZBP1 i i H RHIM £E 454935 5 RIPK1 A EAEH , #%
1% NF-«B {5 5 i %, JF 18 45 2 5F S 5 4k,
ZBP1 i n] LU i3 55 4P 0 ) RIPK3 40361 14 SR 844 9
T, U TENG RE RG] P A G R e P (55
— L2, RIA T RIPK 1-RIPK3 4 i 1 SR SEPE PR T,
RHIM £ #4 3 A% i 14 334005 751 TRIF A1 ZBP1 28 ik B 7€
93 7 B ol PRR % 12 55 1] LA B3 45 A FCHG RIPK3
X R IAEA T 1 E B EALH G ETR T, B
RIPK 1 A4 8l 350 AT LA 9T D)y 5 e 14 22 2 1277

1.2.3 RIPK1¥iillcaspase-8 FIRIPK3ffEfERH RIPK1
AE I caspase-8 4K i A1l RIPK3 4K #i ) TR A6 14 95 1=,
PIGEFF 21N FaZS . IE N DILLON %8 2 FriR i iy,
RIPK 1 7] UL T Bf 1 caspase-8 1 RIPK3 4 5 1Y [l 7= 1]
ANEFET =R . RIPK 1 2k H S0 40 K ity T i % #E4E
e —J5m, RIPK 1k H S 40T AR il 40 it 7=
WHCE W T 55— iE, RIPKI (3 i 2 i 5 5
caspase-8 < i 1 F1l RIPK3 4 #i 1Y R 56 4% 8 7 . #fF
52 2 oK, TP Z RIPKI 2 S 800 Rt RoE
TRUR A AR AR OGN s #E— W90 & BLiX 5 RIPK
N RIPK3, DA Kt caspase-8 413 F B S Bk LA 3 384
fi/fE MBI I FEMERLERA
kinase B/

(phosphatidylinositol ~ 3-kinase/protein

mammalian target of rapamycin, PI3K/AKT/mTOR)
55 AT, A B TIEZ %

RIPK 1 i it TNF/TNFRI {55 553 % A1 45 PRR 5%
JE R R AR A FIRFE I T A . — 5T, e
I T L RIPK1 I NF-wB i 1 J5 2 fih 4 240 0 55 1
CD8" T £ it He 175 5 5 ZU Y S 2 SNz, 410 ol b 83 ) 2
J&s Sy —TJ5TE, WNAEE A T e R B A T
(C-X-C motif chemokine ligand 1, CXCL1) #/1Sin3A
HH & & H 130 (Sin3A associated protein 130, SAP-
130) B 3 By 00 o 1 fiee 96 A BR 358 R A2 o M R K
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RPN TR S I AT HGE R e
AT A IR 5 e S ey R Hh A A ok — 20 TR

2 RIPK1 ERATEERRBPNER

RIPK 1 7E4 il 41 A7 S e AL (s o b A
B, RS A2 B PR AR R IR 2 e b 1 4
o JEAE 25 55 20 B G R0 A4 I B0 T AH OC ) PR
o, PRI SRR A A AE TR T RRAE I BN . A
WFE 2 B, S A0 AT Ak R e R I Y, X A i S
B 38 o R IR 28 AR A5 5 2Y caspase i PR 9 DI PR AR BT
AT RE A . IRFEAE IR -1 1 J2& 7F caspase-8 itk
s AN B A AT, PRI S RSB M T AT BE R A
AR RE 1) o5 — P =

2.1 Fik
KEWFFERY], RIPK1IBAXE AV AEH, H
TGRS 4 0 2 RREAE (SRR R LR MR ) 1 R0 24
SO, AEAN[R] A S RE S8 Y L 2 ] — i RE S Y
R RS
T R G h, WU D0 gt T RIPKT
St FkFE A A, i IR B 4 e &
B 21 itk ELUR A R P RIPK T 2 R URPIRES s tE— 251
FEAM, 2 RIPKI #1457 Necrostatin-1 (Necl) AbF
JE ARG T B 40k CL 9 A SC A L TG ) - RE A HEH:
BB, {EA—HEMJE, Necl EFELILFESE . Bl /R ¥
TR WA AR . SAE T S5 o 1 1Y 2 R
A S B eah, WU SE PO Sp i gy S e
Yfie 1Y) LUBAC 17 1] 37 A $HUAH 5C 48 i 5 08 8¢ A= 4k
A, R BZAM ) 8 40 ) NF-kB {5 5 5 T i i
ANMIFET, GERT RIPK 1 S8 1 30 A SR i DI e
HEANMFETS P20 BR T R R o B E VR
RIPK | 7€ iFs A7 R RE AU 8. WANG %5 ) & 31
JF i v TR B AEL 20 AR 43 b A3 5 - (pancreatic
progenitor cell differentiation and proliferation factor,
PPDPF) ik T, (13 8& AR JH4E e
TNF-o (9/EF T, PPDPF i i 15 RIPK1 {2 E AL
A5 NF-wB 35 1, 6l 53 TR 200 o 08 o v o i A
HABH L AT Sk 0 ) PR A0 B Y R A g Y
FWT, A0 RIPK L LA pS3 At T 2 st 3k
TG P8 19 15 5 e S 5 B Sl R 1 3/ 5 R A B A
M4 P 7K 28 48 3 K Rad3 A ¢ i B/ [ signal transducer
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and activator of transcription 3/ataxia telangiectasia
mutated (ATM) -Rad3-related, STAT3/ATR] {55
A AR T

FEAR TRl 7 RIPK 1 FE IR, YU 48 B0 & 3
NN BRES i g v 2H 2 22 R Y 6% R il SET Al
MYND %5 #4 3 # 1 2 (SET and MYND domain-
containing protein 2, SMYD2) F:[H &£k, Jb4E
i SMYD2 7E TNF Jl 35 1 0 RIPK1 #9554, H
) RIPK 1 A 2 16Ok £ 0 25 B M . R A SC
ik O B S B T R A TNF SZARHIEH 6
(TNF receptor associated factor 6, TRAF6) ] LIRFAK
RIPK1 A9 7KF, U8 /> RIPK1-RIPK3-MLKL R385 A
WL A R 25 g . WA RIPK 1 AT BRI 45 B
eI R R . T BATAE 7 BFSE % B RIPK 1 7E 5 451
EAHLPRIET R, H5E U EE M HUS A RAH
x, BHENTIREMAY (disease-free survival, DFS;
HR=3.885, P=0.049) #I & A4 f¢ 0 [
survival, OS; HR=6.113, P=0.013) WiWiesE, Jiik
43X AT fiE 5 RIPK 1 3#05% NF-«B A0 il TNF-o B8 50K
RasRE SURAMM R IE . TR ZEA . KRIASS
WAL E AR P B, BT B R, SRR Rk
HYUHLL, MR IE AL RIPK L fAEid ik, H
1R 22 Fp ARSI 2] () RIPK A 8K P48 o (RIS
WA WF 58 46 B RIPK 1 X )8 1) & J' JC 52 . PATEL
25 D R B RIPK L5 A BE R ZE £ 78 7 (14 it ga A5 50
AR R BB FLAE A7 0T, HL RIPKCL 410 i) 06T [ At o3
18 A A B 8 R R Y e A TC W S B

(overall

22 R

WM T AE M e e h L R B S M . A b
g% ) F2l], RIPK1FIRIPK3 fi2 3 I 45 P p A K P
(vascular endothelial growth factor, VEGF) HfiPE
1 p38/HSP27 22 3453t Ak 2 I A 5 4ib, DAfE 2k 1M
BB TE R A MR, AT RE s IR %% s [l
JH Nec-1 sl H At RIPK 1 47 il 51 BEL Wt RIPK 1 J5 A1 7] 4k 3
DR IR RS YL A, BATSRE BT iR Ahse
55, RILRIPKI ARREAR T N F S5 4 i 9 32 4% ik
RILAZZERE T (P<0.001), XTAfig5 RIPK1 #{% NF-
kB Al TNF-o & 45 H BRI Rg A O¢ . 78 B2 IH
PRI R I, RIPKI A E #8941 4l rp g ek,
H 5l R A a5 A G, R % T hE
5 RIPK 1 #1% NF-xB FI#E 7G5 9 1 (activator protein-
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1, AP-1) . 12 # VEGF-C I ¥4 %" [& 6t
MCCORMICK % "%/ 3 i3 H 4% RIPK 1 7 4 ifg 25 11 fi
JAREAS T FaR A8, ZEMR R AR R, R
SEAEREREPE IR R IR A 4 ML b, RIPKT F 3k B 2
AN IA T IR 5 [l A R & A B b RIPK T
FEIR I AR AT BE -5 R 1 A sl 1 SRR G .

SR, RIPK T TEAN[R W g i R AR TR 78
B 21 A itk O 40 B i K 4 B i IR R ik, 7 e B0
e AR B A 3 5 vh e 2R A L IXRT AR 5 bR b s
RIPK 1 7 Jif g o e 2 (9 7 R AE G, B T JE 2 18 .
RIPK 1 ZE A7) (4 Jiebgg v/ P AN [ < 3 2o R s
B S R REAM i S A 2 Iobgs 1) K AR R RS . Xk, 3R
TTRT DASE XS SRR B, A2 N UFsE X RIPK L
HEFTHRIAIRYT RIBIESE -

3 RIPK1 ¥MREREMNZIN

i 4 B R 0 1 U T %) SRS T 4 e T o e g
J1, SRAEAEJE T 8 i DAMP 145 Fh 40 2 8 5 40 i P
TSR IR AN, IFE bR e, 5 Sm s
BEAg 2, RIPKIAE N E B EWEE A, ek RAETE:
TR R, eI 5 Z2FhaE IR B TR AR .

RIPKI i Z 235 i o B b A H B RAE SN . —
TR 4 HR A T 4 5 RIPK T X465 2 IR ke 2 2 75 B
L B  E AME L WA TE AE A T 22 5
AR, A IMNE WA R L Ik A s
RPN AR A . ST AR T %
S5, IWWFSEHRE T RIPK 1 WA R Tl g 3z 2 525
M8 B, KH6MNAMIIER; WFoEss i ARk
AT AE AN RIPK T 60K AT HEZs 5|2 NF-kB. MAPK
i [ Z Bl A B D o W A2 5, O U6 RIPK3.
MLKL A RFEPE R T, 51 s R V) RERR AT,
[ s AT 8 5 ARSIk L A BT REAZ 4L . AR /IVA TS PR 1
M TNF-a A 19 b B2 4 P8 T~ S g el A8 o ek, b
R 2 WHFFE 146 H RIPK T I S J< A8 /N RN A2 22 8] (1)
225 . RIPKIZH RS 1) /N B 1 2o J3E 4 E FDG IR
HEAE U8 T B 38 it S B AT . Ak
Ut, RIPKI GRS ™ 8 () e S A CHIREUE, X
XFT HETARZ ST RIPK 1S A 25 it & B 2
BN EE o 24 T-HUS0 RIPK ] 2875 (1 5 2 B
VLIS e ORI T 235 B R 45 R AR () 0 24 RIPK 175
SR E B RAE . AT T I AR R Y R
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PEBAL ) [ B SORE M 8 T R T RIPK T 9 I
ARR, AN D324V A1 D324H, ‘EATFHET T caspase-8 1)
VIEIFET, 542 5 408 K 7 i fb 7 & 3 .
RIPK 1 B ik S R ) RS2 Mo B2 SN Ak, 75 22 R Al
FEAE B B BN R I FE A T, R B L
RIPK3 . MLKL W% FISRIEE GBI, FlfieS
KB E RIPK IS VERE NG %5 16 A B fpe vk g
R RGEMEL BRI AR BRI HLE]

RIPK 1 AMUAEH R g i EH , W25
T (R SRR o IR SR B AR R Hh i VE R L 2
UEBH, RIPK ] L ik 815 Jif 98 S o 65 vl f 2 580 1A
T TR A 4 X iR A K A B R . A g S
f5ih, RIPK1 AR P40 S8 T4 72 Y NF-«B
Wois Xt ) 2 CD8' T 4l 3 Pk S e B G 2, %
PR PRBEPE 758 F CD8' T 4 i 49 32 XS 3l A i
VBB o 5 5 SE /N BRI B6 R BRSP4
5 2 S 1Y CD8' T 4l i BE ik T 2 F HL A 1A 9 35 i
AMAETH PO AN 7, N FGREIRER . 2
i, WA Y R, MR418Uh RIPKL S 55 S
SN BERER, SR ReE i A R T A
AEE A 5 NF-KB /5 i I - 2658 CF gz
il P B A B AR S AR B MR AR ), e AR e A
JIEE X6 0 PE K Ay S5 BH T (immune checkpoint blockade,
ICB) J7i%k i 25 71 2 CHE . H A PDAC 41l iy
DR BE A R T 3 K B BT L CXCL Al SAP-130 1K i
P55 430 7 27 A G P BRI A, R T e
i % L s e ML e % W RIPK 1 AT LA i o328 S
L RS Je A ) 2

4 BESRE

INFEME A TS — i AT 58 28 S 1 - 4
FETS, FESRAERIZRIE . R K s el 00
BAE . RIPKIAERIRIEMER T LR, fE%
R E sh Sk R R G EEAERH . RIPKRERIE
YU TR, L fE I i R RS s LAk RIPK
TENZE R 55 7™ F ) S B A DGR EE, PRI
) RIPK 1 B 25 )0 e BAT dE 7

VLAF2K RIPK 1 Y 22 D e o i H Az 288 AE 1657 A
FPEIRYT SO G . 50 RIPK L 4ot
R IRYT T L, AR ERTETR YT SRR i AR A T
BIEER . AT RAIR T T HLE A 2= 1)
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