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Research progress on the role and mechanism of IRAK4 in hematological malignancies
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[Abstract] Interleukin-1 receptor associated kinase 4 (IRAK4) plays a crucial role in signal transduction and regulation in the
TLRs/IL-1R signaling pathway, coordinating multiple inflammatory pathways involving immune system activation, cytokine production,
and cell proliferation and differentiation. IRAK4 is associated with the pathogenesis and progression of hematological malignancies,
including myelodysplastic syndrome, acute myeloid leukemia, chronic lymphocytic leukemia, and lymphoma. Therefore, IRAK4 may
serve as an effective therapeutic target for hematologic malignancies. This review summarizes the research advances in the structure and
function of IRAK4, as well as its mechanism of action and therapeutic implications in hematological malignancies, aiming to provide
insights into pathogenesis of related diseases and targeted therapy research.

[Key words] Interleukin-1 receptor associated kinase 4; hematological malignancies; pathogenesis; targeted therapy

MR GG R IR T M RS, 2l TiE
0 e A Bl R o A v 0] £ ¢ N i
BB, ANBETE— 0 U & A P o IR R G
PRI BRI ZEBAE LT, XA A R ™ F R
120 B A % -1 32 1 M 5 B4 4(interleukin-1 receptor
associated kinase 4, IRAK4) 4 22 % ik - 7 2, TR B Mify
IRAK 5 i 19 I8 61 22—, 7E Toll ¥ 52 1A (Toll like
receptor, TLR)%%%IEEEL@E‘J%%%EF i E R
A FREZEEAY, AR SR, IRARY 5 FEE A
S EAAE (myelodysplastic syndromes, MDS) . F 1fiL

I IR LR A IV 2R G PR ) R A R SRR O
R GIR R TS, A A B AT LS

IRAK4 7EATF TLR/ 141 A4 & (interleukin, IL)-1
ZIRGE ARSI E S P EE MG, ATEE s
BPENE . PR . R AN R R A S a0
M35 . A R8T, TS5 L R G E I
SRR e e R J& o AR SCEFR IR I 415 TRAKA 75 LT 5
GOBNEME T B, DO — 8 R A
PRI K AEML R T A PEAS AN 3R Y7
RS

[(E£TWA] HEHEARBEIESE(82360029)

MEER] T8, BLATTEA, J2 2SR i MR S Be H L) 5 T e

[EEEE] &L, E-mail: zhanglsh@lzu.edu.cn



1 IRAK4 H)ZEHF0ThBE B H7E I il R et g
HIRIE

L1 e MIIRE  IRAKS J&—FP 2R s, £
B — N Ui 46 1= 45 # 58 (death domain, DD), —4>
ProST %% #4) 3 A1 — A~ ¥ i 2% 4 3 (kinase domain,
KD). DD A] 4 S8 1 5 # #F 73 1k A+ 88(myeloid
differentiation factor 88, MYDSS)EZ,E\:ﬁM%%ﬁ‘ FIAH
HAEM, JRBOE TG s, XXME S5 SR
AR5 ProST X s & 2 BEFR AL i, 171 KD X
P11 2 3 R U O P A R Y AR E R Hor
IRAKA4 il 1) i 28 12 1] 12 (gatekeeper) B 1 T — A
T B RS R SRR (ATP) 45 G el , XA
fitg/ /N PR E R G, R, Wl i — kR
B 53 TR AE SR 3 T e 1 B 19 TRAKC IR 41 i 7).
IRAK4 S AT S i i % rf i SGS 2 1, 25 TLR
Tl AL s ) TLR/IL- 1R S5 A4 A 17 552
Hi {5 %5 7% 4% 2% MYDss /i 5 9%, & 13k 6 B A
Myddosome & &%), i it IRAK4 19 B B iR 1k A1 3%
W7 FEZARE A Y E IRAKS 38 55 9 BT TIRAKL,
IRAK1 R SR AL I B TP Z 1A 58, ik a
i 9 $K B[R] - 3% 1R #H 5% Bl 7~ 6(tumor necrosis factor
receptor-associated factor 6, TRAF6)1‘HE1/I5FH[8] , I
1% K- kB(nuclear factor kappa B, NF-«kB) 12224 J5i %
A & M1 U 8 (mitogen-activated protein kinase, MAPK)
PSR R VR 430 . A0 B BE RN 4y
5.
IRAK4 /& Myddosome 7 P4 ) = 2L 95 X+, %
il Myddosome A2 & VEFIE 546 241k, 7RG KRR
P2 SN TP AR B A AT A I AT 0 S e AN
SCHRAVERT . TRAK4 HYRES M X T MYD88 i (1 &
S R R S 91707 Nl [0 R (18 = B < X (e S
Myddosome ZH 28 Fn 4 i NF-«B Fll MAPK 15 5 % H
W SEAN BT s g Ol ) TRAKA 41 S P, (H
BORRIBSRA R, ITTREAIR 1 3050 000 1 o ik 3
AR, X IRAKS J I 1 0 400 i 7] 1 S 42
R R A SR IE AR T DRI, ROk b B — 2
PRST IRAKA J T 1 0 SRR 23 SAE 90 Az ok
ARkt IR ERS
12 TR RGOEEMRE PRIk 7E MDS Fa
#8 £ M 1L (acute myeloid leukemia, AML)H', BY$%
[KlF- 3B i 3 1(splicing factor 3B subunit 1, SF3BI)%EA%
U2 HiBh A F 1(U2 auxiliary factor 1, U2AFI) g
I3 BN T 6 F4 LR EE AT S IRAK4 5 14
7Y IRAK4-L, IRAK4-L /& MDS I AML H 3= 22 /Y 1%
PEMESHE R IR, DK R . PIREIE IR
MBS, HAL S AL TS M B A i 5, TS

Med J Chin PLA, Vol. 49, No. 9, September 28, 2024

MYDS8 HfEM, F3UNF-«B () K=, Mz
T, BRE A 1 I 40 A SR A IRAK4-S, JFIES 5
MYDS88 454, BRIk NF-kB G HL 07122, MYDSS
AR 2 1) Myddosome {5 5 57 H I0 & — 2 AIAY
LR A A AR 2R, A 38%~719 Y JEUA A F A
}E}H ?ﬁ ?\ éfﬁ Y/HQ EA JE.? (primary central nervous system
lymphoma, PCNSL). 39% I9 % 1k B 4f g & 9K 18 K
B 4 g 2 g (activated B-cell-like diffuse large B-cell
lymphoma, ABC DLBCL). 879% F* K B0 25 41 it P o4k 20
J& (lymphoplasmacytic lymphoma, LPL)., 86%~100% (1]
48 [GE BR & [ IfiLAE (Waldenstrm's macroglobulinemia,
WM) F1 2 %034 25 X 3k 2 9% (marginal zone lymphoma,
MZL) H1 0] ULiZ 245045 i MYDS8S T ¥if# 1) IRAK4 #ll
NF-kB 7E PCNSL 15 3350, IRAK4 7E Il W 7 48 %
PR op 208 1R S 8 NF-«B IE PEIG SR, R UEBR
B &4, T IRAR4VE IR THE A REPE . Ut
Hb, IRAK4 HE LA BRI BLUFT MYDSS8 Rl R /N AR B AH
L, Yysk= X NEZhERY RN RE T, AP 5 A
HAZ I i IRAK4 A MYDSS [ 4 % H g o
ResZ i, W BARRIRIG RRI . H AT B X
MYDS8 8% S EAR KRR E FRA I 1y, it LA
SRR B TP AR XS IRARA!M2 |

2 IRAK4 5 1% &G IE AR RYIEE FN 5510

2.1 IRAK4 5 MR RG34 5  wEox
TN, IRAK (1338 FIRR 16 2 10 2R e W1
JE AN M BE T 0 T5 1Y, L AR R 122 S A0 i A 1 5
Guidetti %51 7E MZL AR o SR F 0 =X 40 SRS )
TRAK4 S 2 75 52 e 40 B R 3 40 A, & B IRAK4
PR 1 7] CA-4948 A0 AT i 0T 5 50 G, 01 40 i Y
HREEHEIN, RS AN A E 4 L, $ER IRAK4 AT
S A P A i SR, R LA . Ngo S5k
B, IRAK4 T ¥ %7 B A5 MYD88 L265P %% A% 1) ABC
DLBCL & H A & %, x4 & &0 B 40 i+
(germinal center B-cell-like, GCB)DLBCL Y IE=gti
R TENE; PP A IRAK4 7 IRAK4 shRNA 5 55
AT %kt ABC DLBCL 4fiffd ik, {H It J% 1% 1) IRAK4
RIHIANHE ; [A W), IRAK4 38 41 i 75 7T 2% 56 ABC
DLBCL #k, {H R fE 7% %t GCB DLBCL 1 ‘5 5 974 7k .
FIRZE IR R ABC DLBCL MK T IRAK4 184 il 17 14k
K 5 MYDS88 L265P {5 5, M1 A2 F 4 it A A7 -
Smith &V & B, 7E SRR A /N BRSZ 50 b, AR
IRAK4-L 7] Hi| 55 (1 I AL 40 A T, ek 2041 it 4 7%
JERL; TRAK4-L 35 R0 3 1 % CD34 40 g i 4
NHEThEE, (H2 'S 208 R ML R AL 4R V% h B 1
T, H s A I JeE A S 5 X IRAKA-L AT e S 1 7
SRy SR CA-4948 H1] MDS/AML 4l Jifd b 1% IRAKA4 35



IMCEIREAE 2004F0 281 0% 50l

Bl P AT SRR SN A LR AN D BE R R s E AP RS
FE/NEL, IRAR4 FI I FVRIT B a6 . AT E
I35 20 L e 6 RE AR /L 5 U2AF1 2878 MDS [
M SRR RE AR, 7E CA-4948 4L F J5 MDS 41 Jifd it #2 4
WD T 50%. LA SRR, IRAKA X IR 2R 401
I3 440 o 28 A A T Y, LI TRAK4 AT 10 36 0
e 240 1) A K

2.2 IRAK4 5% RG0EENE ALY 734k IRAK4
A BESZ MR MLV R G0 i 0y it 72, S
A SRR EE RS AN, 7E SF3B1 8AF A, IRAK4-L
(IR 175 TRAF6 P , 5 S50 20 it Jo) SR 2 1 ik
fif§ 2(Cyclin-dependent kinase 2, CDK2) [ 4 22 R 63
(Lysine63, K63)FkHiz 2k, 53 il o4 imy BT A
Ko RSM T COR2 il 59 iy TS B0 i 4E Y5 T
B Z MR RE AR 3G . FH CA-4948 71 il IRAK4 5%,
F% IRAK4, 7] 870 NF-kB 0% FI e H 177 4=
FF 1G5 ARG 53 A0 R D S5 Fh S AR 78 v 4 o e
YR AE K o TRAKA 40l 1) Ak 3 52 1) A3 i T /4H
Y0 i 5 JC T BT AT B S Y AR TR B AR AR S —
TR AN S, IRAK4-L A9 B3k 2 S 500 A% 41 B 73k
FRic#) CD14 FRIB¥GM, 1 i+ /AHH A bR 104 CD34
FERW D, R IRAKA-L 2 4EF5 11 1097 20 i )5 46 i
IR S T L 75 0 o 7E SERERT I, siRNA A 3 1Y)
IRAK4 BE R bR e 25 Wil J5 . 59% 5k A T U24F1
74 MDS FIl AML £ 8 1) I i JR A IR R4, TRAK4
R RN CA-4948 1114l X5 AT S 02T 4H A FN B 458 o f b 38
Wy MEZ R, 2 CA-4948 ZbHS 1E H A CD34* 4ilJifY
AR A RN, DL 2SR R, IRAR4 & ZZ 40
JH 4 A RS P

3 IRAK4 7E I & £ 45 M b i T /S5 1 R s M E

WHFE W7, IRAK4 7E MDS R i ik 548 25 10
5 FRAE A G, IRAK4-L 26 35 7K %5 v A9 BA 371 1L
N a7 i A ] ok T = 1 RS (N e e E A
A Ik BRI T 22 I PRAFAE 5 78 HA &2 4= 40 i
WAL R RS AML H 3 IRAKA-L T 5 7t B
5 17 IRAK4 A ] AT 58 — kB MIDS e [ 4 i
Wb, A MDS (R . fE S — TR, IR
UG 22 (19— 2H v 545 RNA 7 0 5 48 14 i PR 04T 22708
I Cox [MAHT, 45H /R, XUEIE R Y B4
T 5 /HER 1 5 AML HR 3 A A A7 A R G
e E T R, 5 AML 4825 U AH ¢ Y AN [A] 41
Sk Pl A 3 R 7E RINA B 32238 J . 56 K 68 Al NE-
kBAE Tl E 4 AR EEIEA T, IRAK4 WA
1)1 B2 7E AMLEEAC AR B, i ELAE 5 A
T4 5EZENPUGAHIE; 7EAMLEF PR, 5
IRAK4-L /KRR A A EL, IRAR4-LZKETHE 11

B TG 30221, Delvecchio ZF24% GEO %45 )
K6 2% 3] 119 42 14 Ik L 20 L 1 175 (chronic lymphocytic
leukemia, CLL)H# mRNA FRHHE IS0 Hras
B8, 5 IRAR4RRIKHANLL, IRAKA4 (R £ ik 2H &
TSR, DL EAFRERR, IRAK4 KRG
K- AT BE T 10 R Ge B MR S AR
IHIT IR .

4 TRAK4 5072 1 ik 7 4t % 1 A Hh B3R 7T 1B
RHZE ST

4.1 IRAR4FIHIFIPEIFER 90 IRAK4 975 P
ol 3k AT BE BN IR YT I TR 2R 40 0 e g 1
AR, W IRAK4 AT 305 % 28 58 0% 1 i
Jo 200 L ) 38 7 5 S A B PR T CA-4948 & —Fif
JNGY T3 R IRAK4 A1 FMS B % %2 R 18 il 3(FMS-like
tyrosine kinase 3, FLT3)#M 50, 7% PRATHEZE S 2
N IRYT MR ZR Ge R 1 /8 ™). ABC DLCBL
JiJea SRR ATASE R AU 9 R, CA-4948 KL BUM
JaiEYE, H SRR B AR YT I e B U ] 4 A
R R INEIE ™, EAMREET, CA-4948 7E3)
Wi s BA Rz, BT
IRAK4 I8 il 410 6 500 A by B 28 sl K 5 HoAth 25 03 97
DLBCL [ 11 . — 0% F MZL [R5 50 (4 1165 TR R IF
/R, MYDS88 L265P 28 A5 A7 FEfH CA-4948 1 A B
FIELAT B 5 CA-4948 WA A1 651 1 2 R 2 11 Dk ity
(Bruton's tyrosine kinase, BTK) FI %% JIg Bt AL B 354 il
(phosphoinositide 3-kinase, PI3K) I il 1] 12 H. A 58 1
FIPMEIVERT, 75 08 T I P8 A4 i 5 i B 4
AR F PI3K AN BTRAM I 5T 16 v, IF AT sk
MZL B R (AR AF PR 25 o 78 BTI I il 771 i 24 45 Y
i1, CA-4948 Fl BT il 71 5l B 2588 A g 175 Tt
HOTE N, BEaR AP AR P R B G 0 AR A
IRAKA HI 55 CA-4948 7RIk L8 H 3 b i s it 1
GAVERIGRIGPERY, CA-4948 L AT 1 2k 1 J 5t
XF PCNSL H AT FR2lifite . HL24 [l CA-4948 AT 4l
PPN R TP IRAKS TG {5 Sl i, R IK MAPK Al
NF-kB G (I #ik,, HAPUIREETE, vl
PCNSLAERIY A7 . P98I0 R, 7E PCNSL I R A
FERI AR —F 4316 PE NF-kB ik ok [ R
P S (tumor microenvironment, TME), £45 I
S T BT I o 240 e R S PE AR . i PR TME B0
Myddosome {55, AE A —FhXF I [ % e AR 1 Fp4E
JAEAR T BUsR I PE SN, 1T REXE o S R R P ok Y
FRBIEAEE . MYD88/IRAK4 7E PCNSL f M, JF7EIX
S M e e g 4k 4 TME v ELA TR A B
FLF i A TME -5 40 6 PN A5 38 S AH ELVE R L
il . CA-4948 17 76 5 HoAth 25 Yy v IR A FH A 38 310,



CA-4948 HATIEAENG RIS P AT P04, , FTE Kok
METR M I M s, BRI .
MDS Fll AMLPY 7 ¥ fic MDS #1142 & MEV6 AML F I
PRI, VEEREA 1 RNA-seq iR IRAK4-L A AR
Fik B CA-4948 By N1 R B, #1245 Bos
H A KAy 5z A 20k, 4% 32 U24F1/
SF3B1/FLT3 5378 [ H ), [ H 1 3% CA-4948 HL 2 5§,
XA BT FL M 7 5% venetoclax VAT, 7 I BT 4K 28 75 Y
1 1 MDS B B G 45 R R, 57% B R A
2B 5t 4 i (complete response, CR); e A
WA AR R E R, CREFEW; TE2/3 81697
) FLT3 AML % ', FLT3 9728 1Y va & {K R ¥
g 7-2s]

IRAKA 17 1 551 ] 8 38 3 5 | A 470 ) T A1 184 5 35
BHEIE, B9 S B A% . 7E ABC DLBCL
ARG SR, TRAKA 76 R84 B A7 36 Hh & 4% T 1
FH, UG5 TRAK4 4Bt 00 11 12 1 [ g 35 mT 903 TLR
1 5770375 5 1Y NF-kB F1 MAPK 1998005 Az 48 i 5 - £
PR, BN 4 530 ABC DLBCL 4 il RAE T84 K
T s {H Y NF-kB i 5% IRAKA 3B ) 70400 4 B
JU/N e 8 58 B X (445 BRAF. CDK6. PI3K i % 1)
PIK3R1 Hl RICTOR) FI4L i 1= & K (BCL-2 1 BIRC6) ]
8T S I 7597 X 1 1 e D e B o R
A7 Bh T 4E+F DLBCL 41 it i A8 A7 A ), X — 25 21
AT 5 FEAR P 28 G0 A At 1 Y 2R 0 3 e P g v A 7 56
UE, FEiE—20 5838 A0 W 98 LA s LR RALH] . 0
A, AWFFEHGE, —>H MYD88 L265P, TLR9 fil B
Y Z AR R 2 B E A5 mTOR I 7] & 17
T INEBEFIA, BK5) NF-kB flmTOR{S 5@ #s, S2H:
IR LR A0 LA, O T S X P A o JE 4 | NF-kB
RITA VR ER, DL EWFoE SR A4E T X IRAK4
TRt U0 1) 500 ) 3K P 245 7 YR 2R 9 00 P g T 7 R Lol
RAFRIT B AR

WA, A BFE WA, IRAK-1/4 017 R191 7]
R Wi NF- kB Fl Akt {5 5 4% 3, 34 98 0 2% 1 oK .
ibtrutinib 2E4LIT 25 W Y7 AL, v BRAE IC H BR AR A i
JiE BT 245 PERY S TRAKA H i 57 ND2158 A 417 il 6 2 441
HOFT 0L T5 L, FAR NF-«B Fl STAT {5 555 5 |
UM T 430 . BEBEFNAT RS, HE SR iR kSRR
IRAK4 F1 % % P8 15 2§ ¥ (immunodulatory drugs,
IMiDs) Ji€ %) (Ikaros/Aiolos) ) X T [ fi#% 77| KT-413 1E
MYD88 575 1)) DLBCL 5 AU v 8 7~ H AR 5% () T e 1
Pk KT-413 5H 28 ek BTN E AR
SRS AR P S SR LA I TR R X
SEZE AL IRAKA I 0] B 5 A 70 AT AR Ry o — 25
ol 5 HA 2GR AR 7 IR FR G R v g
42 VL IRAK4 BLZER R AIE RGN

Med J Chin PLA, Vol. 49, No. 9, September 28, 2024

JE R M G R B o RBA SRR 1 LEE ) kA e
A AR TR IR, . AR E R Y, {H IRAK4 St
= SR RAE 2 F PR D u i R A 4R
B, IRAK4 BRRE A0 T B e e 18 2k e 1 2 T
YL, R R BEER B . A (R A R TR o e
A ES IR AT AR AVE AR 4 v R e
F R F AN EIGE R SRR o
Lo TRAK4 St [ B 5 7 2 A I 300 JER e i A SR e v
FEVEA T DAERHH G, SRR RS 20 i AR 5 (HAT
i IRAK4 i Z JiF BCAT S8 H B0 S0 14 106 A 2% 19 95
0T, SR e 2R e 1 BB 5 BUR T TC I PG R )
9o JELAAR I I e R, M R B0 P EE el A kM
JERYL 1 55 B . B TRAK4 38 5 M ok B4 i IRAK4,
AT S B AH S A 538 % A R 4 o sE il . BT LA,
I IRAK4 H ¥R YT 77 15 AT RE A R — 2 MR R R,
WG pe il YL, I, NG ERR AT, XF
FZ AT s VAl . EAERNE, HAThK
I8 I AR 56 w1y FH A9 TRAK 4 4100 ) 351 14 T 52
¥R

5 RES5RE

IEAEHFFE R W], TRAKA TE I 2R GE G R 1Y
Je R R A BB . ORI (ST R
TRAK4 1) il 77 0] i 20 GV R 1~ 14077 Al 2 b 9 4
o AR R A TR, IR RESE AR 2y, 5
b 1) 25855 1o FH IS R R R4 FH AR A B4 9 285
O A I PRI B0 E 1 3 73 TRAK4 1 ) 551 44 AT T 52 1
FIARME . SR, HHTC T IRAK4 BB ST A7 AR 1
ZAR, TRAK4 TEAN [ L 7 58 G0 8 1 e A A ik
JE B PR AL AT T 2E— 2P R, TRAK4 #1557 5
A T T Al 3 R D A T A T A o A
) A R R IRABESE e PRI B FEAS AT R 9,
ASI I 028 G 8 B S LR U P B
IR AL e A B

(&% 30k)

[1]  Mchlroy WT. Interleukin-1 receptor-associated kinase 4 (IRAK4)
inhibitors: an updated patent review (2016-2018) [J]. Expert Opin
Ther Pat, 2019, 29(4): 243-259.

[2]  Gosu V, Basith S, Durai P, et al. Molecular evolution and structural
features of IRAK family members[J]. PLoS One, 2012, 7(11):
e49771.

(3] AL, FIEI, B, 45 A0 3R -1 SRR ST 4 /)N
Sy FIEIFRI AT PR (7). 2525244k, 2023, 58(1): 27-38.

[4] Wang Z, Wesche H, Stevens T, et al. IRAK-4 inhibitors for
inflammation([J]. Curr Top Med Chem, 2009, 9(8): 724-737.

[S] Wang Z, Liu J, Sudom A, et al. Crystal structures of IRAK-4 kinase
in complex with inhibitors: a serine/threonine kinase with tyrosine

as a gatekeeper[J]. Structure, 2006, 14(12): 1835-1844.



1098 (k4B E A

20244E9 H28 H #5498 ol

(6]

(7]

(8]

[9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

Pereira M, Durso DF, Bryant CE, et al. The IRAK4 scaffold
integrates TLR4-driven TRIF and MYD88 signaling pathways[J].
Cell Rep, 2022, 40(7): 111225.

Wang L, Ferrao R, Li Q, et al. Conformational flexibility and
inhibitor binding to unphosphorylated interleukin-1 receptor-
associated kinase 4 (IRAK4)[J].] Biol Chem, 2019, 294(12): 4511-
4519.

Cao Z, Xiong J, Takeuchi M, et al. TRAF6 is a signal transducer for
interleukin-1[J]. Nature, 1996, 383(6599): 443-446.

Martin MU, Wesche H. Summary and comparison of the signaling
mechanisms of the Toll/interleukin-1 receptor family[J]. Biochim
Biophys Acta, 2002, 1592(3): 265-280.

de Nardo D, Balka KR, Cardona Gloria Y, et al. Interleukin-1
receptor-associated kinase 4 (IRAK4) plays a dual role in
myddosome formation and Toll-like receptor signaling[J]. J Biol
Chem, 2018, 293(39): 15195-15207.

Yadav H, Shirumalla RK. Emerging trends in IRAK-4 kinase
research[J]. Mol Biol Rep, 2023, 50(9): 7825-7837.

Choudhary GS, Pellagatti A, Agianian B, et al. Activation of
targetable  inflammatory immune signaling is seen in
myelodysplastic syndromes with SF3B1 mutations[J]. Elife, 2022,
11: e78136.

Smith MA, Choudhary GS, Pellagatti A, et al. U2AF1 mutations
induce oncogenic IRAK4 isoforms and activate innate immune
pathways in myeloid malignancies[J]. Nat Cell Biol, 2019, 21(5):
640-650.

Zhang J, Fu L, Shen B, et al. Assessing IRAK4 functions in ABC
DLBCL by IRAK4 kinase inhibition and protein degradation[J].
Cell Chem Biol, 2020, 27(12): 1500-1509.¢13.

Von Roemeling CA, Doonan BP, Klippel K, et al. Oral IRAK-4
inhibitor CA-4948 is blood-brain barrier penetrant and has single-
agent activity against CNS lymphoma and melanoma brain
metastases[J]. Clin Cancer Res, 2023,29(9): 1751-1762.

Suzuki N, Suzuki S, Duncan GS, et al. Severe impairment of
interleukin-1 and Toll-like receptor signalling in mice lacking IRAK-
4[J]. Nature, 2002, 416(6882): 750-756.

Kawai T, Adachi O, Ogawa T, et al. Unresponsiveness of MyD88-
deficient mice to endotoxin[J]. Immunity, 1999, 11(1): 115-122.
Akar-Ghibril N. Defects of the innate immune system and related
immune deficiencies[J]. Clin Rev Allergy Immunol, 2022, 63(1):
36-54.

Shiratori E, Itoh M, Ohtaka M, et al. Mechanisms of suppressive
effects of MYDS88 inhibitors on the growth of lymphoma and
leukemia cells[J]. Blood, 2016, 128(22): 2773.

Chen 'Y, Bai G, Ning Y, et al. Design and synthesis of Imidazo[1,2-b]
pyridazine IRAK4 inhibitors for the treatment of mutant MYD88
L265P diffuse large B-cell lymphoma[J]. Eur ] Med Chem, 2020,
190: 112092.

Kelly PN, Romero DL, Yang Y, et al. Selective interleukin-1

receptor-associated kinase 4 inhibitors for the treatment of

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

[32]

(33]

(34]

(35]

autoimmune disorders and lymphoid malignancy(J]. J Exp Med,
2015,212(13): 2189-2201.

Guidetti F, Arribas AJ, Sartori G, et al. Targeting IRAK4 with
emavusertib in lymphoma models with secondary resistance to
PI3K and BTK inhibitors[J]. J Clin Med, 2023, 12(2): 399.

Ngo VN, Young RM, Schmitz R, et al. Oncogenically active MYD88
mutations in human lymphoma[J]. Nature, 2011, 470(7332):
115-119.

Delvecchio VS, Sana I, Mantione ME, et al. Interleukin-1 receptor-
associated kinase 4 inhibitor interrupts toll-like receptor signalling
and sensitizes chronic lymphocytic leukaemia cells to apoptosis[J].
Br J Haematol, 2020, 189(3): 475-488.

Booher RN, Samson ME, Xu GX, et al. Efficacy of the IRAK4
inhibitor CA-4948 in patient-derived xenograft models of diffuse
large B cell lymphoma[J]. Cancer Research, 2017, 77(13
Supplement):1168.

Gummadi VR, Boruah A, Ainan BR, et al. Discovery of CA-4948, an
orally bioavailable IRAK4 inhibitor for treatment of hematologic
malignancies[J]. ACS Med Chem Lett, 2020, 11(12): 2374-2381.
Garcia-Manero G, Winer ES, Deangelo DJ, et al. Phase 1/2a study
of the IRAK4 inhibitor CA-4948 as monotherapy or in combination
with azacitidine or venetoclax in patients with relapsed/refractory
(R/R) acute myeloid leukemia or lyelodysplastic syndrome[J]. J
Clin Oncol, 2022, 40(16): €272-¢283.
Metzeler KH, Winer ES, Platzbecker U,

characterization of clinical response in relapsed/refractory acute

et al. Molecular
myeloid leukemia and high-risk myelodysplastic syndrome patients
treated with single agent emavusertib[J]. Blood, 2022, 140: 9048-
9049.

Phelan JD, Young RM, Webster DE, et al. A multiprotein
supercomplex controlling oncogenic signalling in lymphomal[J].
Nature, 2018, 560(7718): 387-391.

Ni H, Shirazi F, Baladandayuthapani V, et al. Targeting myddosome
signaling in Waldenstrom's macroglobulinemia with the interleukin-
1 receptor-associated kinase 1/4 inhibitor R191[J]. Clin Cancer
Res, 2018, 24(24): 6408-6420.

Gimenez N, Schulz R, Higashi M, et al. Targeting IRAK4 disrupts
inflammatory pathways and delays tumor development in chronic
lymphocytic leukemia[J]. Leukemia, 2020, 34(1): 100-114.

Mullard A. IRAK4 degrader to take on innate immunity[]J]. Nat
Biotechnol, 2020, 38(11): 1221-1223.

Hardman S, Martin A, Connolly D, et al. Pseudomonas meningitis
and intracranial hemorrhage in IRAK-4 deficiency(J]. Pediatrics,
2023, 151(3): €2021053663.

Picard C, Casanova JL, Puel A. Infectious diseases in patients with
IRAK-4, MyD88, NEMO, or lkappaBalpha deficiency[J]. Clin
Microbiol Rev, 2011, 24(3): 490-497.

Verma N, Tadros S, Bahal S, et al. Case of fatal meningitis in an
adult patient with IRAK4 deficiency[J]. J Clin Immunol, 2023, 43
(6): 1137-1138.

(FPAEStt . D)



