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Abstract: Tumor necrosis factor receptor-associated factor-2- and NCK-interacting protein kinase (TNIK) is a serine/threonine kinase
belonging to the germinal center kinase (GCK) family. As a critical activator of the Wnt/B-catenin signaling pathway, TNIK plays an
important regulatory role in the pathogenesis and progression of numerous diseases, including tumors, fibrosis and metabolic disorders.
In recent years, the R&D of small-molecule TNIK inhibitors has evolved from serendipitous discovery to structure-guided design, and
further to artificial intelligence (Al)-aided drug design. However, its clinical translation still faces key challenges such as the
“conformational paradox” (closed-conformation inhibitors exhibit strong enzymatic activity but weak cellular activity) and the
efficacy-exposure-toxicity triangle dilemma. In 2023, the Al-designed bis-imidazole scaffold inhibitor Rentosertib entered Phase Ila
clinical trials for idiopathic pulmonary fibrosis through conformational selectivity optimization and precise druggability regulation,
providing a paradigm for breaking through the above contradictions. This paper systematically reviews the structural biology basis of
TNIK inhibitors, discusses their structure-activity relationships and binding modes categorized by chemical scaffolds, analyzes the
bottlenecks in clinical translation, and prospects the application of Al-assisted design and novel inhibition strategies.
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Fig. 1 Schematic diagram of upstream regulatory proteins of TNIK and downstream pathways involved in its regulation'!
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Table 1 Summary of structural features of TNIK small molecule inhibitors
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Fig. 2 Chemical structures of monocyclic heterocycle inhibitors
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Fig.3 Chemical structures of fused heterocycle and polycyclic inhibitors
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22 4R E AL S 1 (MEK1) [R5 S JC B
BAHIBI, BIR MBZ wathly. SEEEIET S
HESWRIRAR 2525, BB REN S5
I TV AN BE IR e AR AE U TS AEAE B B 22 B, 42
TN R SE A SRS AR TNIK B 5 b s B A2 R T
FLAREE X 1 25 2 A

Dovitinib (& 3) #&H Novartis Pharma AG JT&
(1) 22 B0 s SRS S BRI 1), R s AR AT
Hemi A KK 524K 1-3 (FGFR1-3). FLT3 filE
M 20 fo 45 V% B R 1324k (c-Fms) %%, XJ TNIK
HBAREM)] (B Ka=24 nmol-L™!, K=
13 nmol-L™1) B1321, 2016 4, Chon Z£B27EHT 5T H
SENZ R BRI IM-9 4 bum LR, =4
KL TNIK 25 7 HIiGHNLH . /E 80T T arir
BHZ5%), Dovitinib (1) 2430 2= Re 1 O 0 B 22 41
T8O RAE , AH H 2 50 g R AT AN IE A 9 TNIK
RESPE ST &, AT AR LB 7 R 4 B T
B BRI A T 25 5 TR R AEE A .
323 AR IRNERE IR/ ORI RERRE 2R dl R DY
WNRKZEIK . FERIFINEIRIE T 2 AN R A HT
BERNEY. b, ZEARIREERRRERNE
Y13 (B 3) 1) TNIK ICso 4 26 nmol-L™!, £ HCT-

116 A hHu g 5E/E ) 1Cs0 4 4.26 pmol-L™'331,
ZAEYITE 371 PRl o I L R R R, AR
LEIMAE N AR 5244 4 (FLT4, 1Csp=30nmol-L™")
J FLT1 (IC50=191 nmol-L™") FAFAEMII M, Xt
Hotth B O ) ICs0 =500 nmol- L. ik ik
BT I E L E SRR IR A . o
TR RER, LAY 13 1 7-8 440K i 5
B DX B NN ATP 25 & S FiR X 45,
P AR g5 45 50 5 NCB-0846 251, Rl £
SE WO P 3 T T TSOR) S A E A, BRI R
#PU Wt 15 50 B (17 7025 /0 JER03 . R, &
W13 HIBEESAIE R S MG 2 (A 222 2 MR
S, PRGN A RIS P S P A ) R ] B A
AL

ZRFFBEME A R AL AW 14 (B 3) 1) TNIK ICso
N 50 nmol-L~1, 7 HCT-116 40 i A (419 5E 1Cs0 £
5 umol-L™', H 3 2 S5 SN Fld, IRERN
KDRP, 46 &4 13 5 14 BA MR 7-5 24 A
Uiy i A AR A 5 A AR . ERERRNLZ, %
2 MEEYE TNIK P-loop X35 IAH ELAE I #L55,
FLAMHEPE AT e EORIE T 57 X L Lys41 Al
Lys118 ¥&FEi@Ed BH & 1-n AHELAE FH P2 AL i oh 45
G771 REEIERMERENEE, H I H O REDF
FH BRI N 245 4X80 77 5 2080 i R DR, B 1 5%
FLRRZG PR AT VAT
3.2.4  ZRIFMEEFEESEINGIR] ORI R 5+,
ON108600 (¥ 3) s FHH 1&E ()58 &% TNIK i1 741
(ICso=35nmol-L1) 536, 1Z 41X ik i H e 2al
(CK2al) FHRURE S P i 2 R ok 1 A4 1 9 Bl 1B
(DYRKIB) JRFIH [FE5E7K P B0 i35 % (ICso 73
FAN 5. 7 nmol-L ™D, F=FAMEAMEATFRH
S ] e 8 - 4 5 B AL R 25 AR R R T
GG FEAPEA R PRSI 7/EA TNIK 5 5 1 40 i) 55
FF RS IRZTE AT 5, ON108600 7%
A 5 Y[R SR AT R A VN A, (R 9 B
— TNIK #m) 259040 7 AT IR BB Ak LA =
TR
3.2.5 MRS IFRRMESEHIEIR]  PD407824 (K3) &
BT SR AR G I TNIK $0I 72—, Bed]
A 4 i ) A 25 R B Weel Rl ChkeL 41 i) 751
B, R TNIK Jg 30 H B 5 ) #0  v& E (ICso=
0.7 nmol-L™1) 2371, 2016 Ff#HT ] TNIK-PD407824
JLmEEH (PDB: 2X7F) B XN T TNIK #lF4h
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Ty 35k ) Pk 71 5 A A 2 I I 5 T e PR 5 A X
Glul06 1 Cys108 [ 3= B F A1 e ik AR il 2 B
ML, (AR @ A S AT N-lobe [1) Tyr36 5%
FERAEMEAEH. X2 &7 REH LR E
7 PD407824 5 TNIK 454, i TNIK Jl 45 ek
SIS EEM R (aC-helix-in) 6, 487,
PD407824 [A5&ZUM) DNA R N3 1A 24 802 5 TH )
JRBRT AR REdE— DI Ko AEANITER 2R AP
RENEZEF], PDA07824 F2/ntit 78 N I AEIE KA =i
SEVEVERRING, A0 RGPS b B 1) 2 A T R
W A AR HEM S (ADMET) MR
3.2.6  MEMEIFALRESEADEIF] 2021 4, Yang B8
N S S 7R A G P P R R 3RS — R 1) 1H-
g I [2,3-b]Mb e N B 2B EY), H R EY
17CE] 3D (B =305 Mk 12 A B s KF, X TNIK
#J ICso N 0.13 nmol-L™'s ZALEW7E Jurkat 41 0+
R H A 4 K2 (IL-2) 1453k,
) 24 R 5 T %0 TNIK #1417 NCB-0846 H4. %
RAMAEY H AT R R B B, Sk Z R iE
PEVE R o SR1, Ho TH-RHEPR 3 [2,3-b] At e B 224
N L ATP Sege VRS & 57, AETETETE (1 IR
JARE s eAh, TL-2 2 WA A e 115 1 FH %
FLRTRe AT R e A RS, PAAAL S Ik
PN 24 B P ORI ST A2 1, 3 7R 7R S SR R BT T
T RGP -

3.2.7 ZENESMHIF]  Read ZE0B9F 2019 4ERIE T
2 RZEUEATEMAE Y 18 A1 19 (& 3), Hfig4m
HIEME ICs0 20 B2~ 8 nmol- L1 A1 7 nmol- L1, %%
ZEBEAL G A ML WE % g 1 B8 1Y) 22 24 Ji v A B
RS R B 4 (MAP4AK4) 0k 744k
K, Honr 5 TNIK BA = B e 91 AR MAP4K4
S MINK1 ZR 30 H 52 A s R0, (549 18 5
HUFR TNIK (35458 (PDB: 6RAS) B7~, ZEnE
BT Glul06 AT Cys108 =54 OBk I Al ik e ik [4]
H5REEXTEAR 2 M R ZEERE S Lyss4 &
REEE, 1M Lys54 5 Glu69 Z [AJFE R ERMFeL, ik
FHEAEFH13 TNIK FX 2L A TSR R (aC-
helix-in), 5 PD407824 J K Jl HEmt w2 0 f Fs &
BUbR S RAS S AL, AT B PN R RAF
w7 R A Y B EA L P, AR
AP ERIPTITE R AT Wt 5 535 P20 G R . X
— R, 65T S IR SRS
FEYLE TNIK s 54 f K7 2580 e s R 2= . 7R

EEEMEH, XA PH MAP4AK4/MINKL 22 X
P A R T GCK KRG ATP 256 D48 1) s 5
FEBIARABAT: AN e I 2% g SR A By DL S B 5K iR
X5

PG Goig 2R FI R DI RS, “HI%R1E
W AR R MZ) TNIK F0 550 R 7 Ak 1 A% O il
Bio AR L2 B0 THE SRR 27 1Cso {H, 20
RIRL T ) G5 R 20 B Ty R FEL T PR e 5 A 52
Type I BUBREGHIHI7] (A4 5. PD407824. %%
eSS ERE I R E R AR e P A TS A R 5 2l
FLiEPESS s 110 LA NCB-0846 AR 1) Type 11 7l i
1) 751) B e e AR TSRS PR S B ] Wnt
T, B ST T I R R P 22 B ADMET 1)
AP . W AR GERF A 8O B R, SEE
R A SR M 2P, B TNIK $E
YR “ZETE” .

HAEESR AL Wit gl N, X—H
527 S B . Al F & MUBE AR R B L 4
EEE S AET B 2L, BRRAE 2 4k 2 s m) R 2D
A A SN, B AT WS Th
HEN Ta G PR BLFE% 5> T Rentosertib A TNIK
IR R 7R T M, IR Z5 A AT R
BRI RIS, 51 AZHE S 2P I R T B
3.3 BRMEEEZUHIFIFIS ALRITRIRER

KR ZEAR R T TNTK #5505 1 b fe 7 e
IR, HAREME ) Rentosertib (B 4) &1
AN AT MVER T HAERE 2GR Ta B8 TNIK #4]
FIEST, ZAA VIR R AT T “ R G787 1)
MR, HhRES AL KSR WS IAIE
7E [ I PR IV FH (1) FE AR AL
3301 ALFEEHARE SRR (R A
FRA ] (Insilico Medicine) | Chemistry 42 “F- &
W TNIK =170 HE d IR M i N IR B AR Y, 7
HIANREEIX Cys108 5 Glul06 [F)4h & X 38 n] g 4 %%
ARG, AR OB AR DR 2 1, i I 5

F
N
N
fN/:N@iﬂrg\/ pu

NH

A 20
4 Rentosertib FY{LF4E#)

Fig. 4 Chemical structure of Rentosertib
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2 2T HE 5 Ak 22 ) v 5 B FOLDRT I8 5 i AR
W, L4 CADD #KHTE LB ) 137 F14T 43 o
. TEARAEE N NET 5 PR, AL IRE)
(AR B TR FE R oy gt ds (VAB). Akt
M4 (GAN) K Transformer 2244, AERSAER122%
A2 73 ) AR BT TR BN 20 SR 408 4 i
Z. Chemistry 42 “F Gk iTF8 5% 2] 5%, 4 TNIK
HIRMIEEH-TEERIE S GCK S HAh A 72 i A
MR REARAL &, ARERTE T BN INEA
B ITRIRS . B3R AL SHBIIIE TS5 M 254
it (SBDD) TARFE, HEGHEMEMRAGES
PIALFERT 29 18 N 7, B 4i i T AL G2 I L A o
332 AW 5EEE 2024 FEREER Xoray 3t
&t (PDB: 8ZML, K 5) #t—PIbiE 7 H %
VA AER T, RS S50 K B Rentosertib X
TNIK B A 383Gt (ICso=7.8 nmol-L™") 111,
AT 4 DNREFRFIE: (1) Rentosertib K H
Bk T AL SR A E AR BE S A5 3, bR I

HEBEIX Cys108 T4 NH i e i ft——ix —
A g B (1 B B 5 G SR AL B B A I 5 0
Fefihz —; (2) KM 1 FSRtne S5 B G NH L
T INEGE, (EEEESS Al R BRI TR 4
(3) 4-FARFERN G IS, DR 1 5 NH 5114585k
JE Met105 BRI B EE, 8 Met105 Ul #E4b T
NOCTFRR MR, M R T AN B IE S e % 1
TNIK [ T3R5 F M GG 5 T TR (4)
BRIE 2 SIEALAL A Lys54 TR A, 5  HE T
Aspl71 %%, IR T Aspl71-LysS4 JRA KIS BN
4%, Rentosertib 7E 10 pmol-L ' ¥ & T X} 430 ki
PERRANZ) 10% (43 Bl B8 >80%HH], X TNIK
I 200 (ICso=31 nmol- L") 411, H sk
PEIEVET DL R R0 IE: (1) ARRYJG 1 o 48 SR
FIF TNIK Met105 Ji Bl (2 LR 7 51 22 73 s il ik
FEIEIRA: (20 BUBKPR-Er B AE R Rs Dl i 22k ARG 1
P BB DRI R A X ks (3) 3 N Al
LAY R TRy U E AN

b _ (i
- @ ®

® @ E

« N A o ®
‘MC}4§F><Z ...... S @
£ 8 \\/.@ @®
® ®

®

5 Rentosertib 5 TNIK HESLMIGLE SR X SHELRALEN (PDB 4SS : 8ZML, a) FMEAD FRIENE (MOE) £mMA
7R Rentosertib 5 TNIK Z BMER-EFEE/ERAZHRERE (b))
Fig. 5 X-ray crystal structure of Rentosertib bound to the TNIK kinase domain (PDB ID: 8ZML, a) and 2D diagram
(generated with MOE) illustrating protein-ligand interactions between Rentosertib and TNIK (b))l

RN

333 FWHZRFILH=FENLH Rentosertib 44
J& TNIK 23 DFG-in Al aC-helix-in #J %, #1&4:
SRIFT 1 (Type D 68K, RRIZ “WRIE
w7 HIHIZE0, SR, Rentosertib i id = B ML
HITEAE T IX— A (1) BRI 2 584047 55 Lys54
IS & Aspl71-Lys54 #hHFAIREAHLEh T 4k M
2, (2) XTI EFREE Met105 R 5 ) am Hi) i it
KARM RAL IR T o R 35 o 5 52 6 R 1) 2 )
TERCHE: (3D UK B ZEAE B X AN AL X g™ A

)2 A BEAE 8 TNIK 81 7F “ BN aC-helix-in
{HIIRESZAR " MRFIRI SOIRES o X R RN R A7
WIOCER IR B AR e BCARE M &R, T i
BT P 25 6 155 CLE P G 36 1 ) SN B8 P S B T e
BELT

334 RZAMHSIGKRIEERE  Rentosertib FEILH L
LRGN S 23 54 e /IR IR
FE°A 44%, {E 10 umol-L™! ¥ & F hERG 56
IH AL 10.56%, X 5 FhE YR AR P450
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(CYP450) [F] TFE S HH B AM | 41, JEnY 2 GEHE D)
Rentosertib T 2023 ££1E A\ 11a #1Ifi PR(NCT05938920
2, MR ARRE T 2025 £ LK ET (Nature
Medicine). AWFFT B LA Rentosertib 7E 43 12
FAWETT I 124t sz i RO T 3.
P& ST, AR T AR T B AR ) # 4
(TEAE) MRAERTG - REERP) IREL S
i, % 60 mg & H 1 RZIRARIH FVC 1)
R, HoPSRL R NI 98.4 mL, %R
FILH 15 R B& 20.3 mLU), Il 3% 2K 3 R 412 53 dridk—
SUESE, Rentosertib 252555 & M7 FE S MIEEH
RIBWERBHREFEH, HPHa THNEAS
IPF B fili 47 4 Ak 1) 3 B AR B AT B OCBRD) a0t 52
EEENH Al 2RERTHFEIE Y O R Th i
ARG R ISR B -
3.3.5 Al Wit R R SELR IRk R
& Rentosertib [ IhbrEE Al Wt B2 B
FERE, AZAUAT A Rk . TESRIL2E 31 2 H AR
A, AT RGN E B TEPE . M G R
ADMET FUL £ Z R E I, 7R — s
At BUA AT BERLK 2 5T I 2840 i (1 =il i
Ik HAR LR, X G EAMEPSZAE (GPCR). BT
TEATE S 5 2 A BE T AR RAIERY . 2 H R
R A RO “MREIR” RN EFRR, R
girpk g AR Al CESE R YIT &K g
b SR A R SO SN 7 Ll 1 o N B =
AL A3 T IR TP ST A Bk A S AR S
IR ERE ST, ARRMSGH 7 mfE T8 “ miEE
B RGTELRAETFG 7, 615250 50 1F # & 5 1
A HULES AT AR T, SEIL DML ZE 3R
%4 2026 FRFT (AR FHIRILER BRI T
X—m, FEH AL BrHEMYE 2 R I R B
HHERHT S, E I AR A AT THT I V8 S0 3R 1« I
Ja— B BRI,
4 BHIEG ATP TR /NS FHNHIFIAOF SR B

H AT HRIE A 246 K 2 80 TNIK /Ny 741 57 B
ATP 25647 AR, 8T w5 P8 ATP HFRA
FESMHIVE T . SR, ATP I ASTESEE 5 e rh i e
TR S T IR, Nz “HIRIFR” B
29, R IR R EIE S ATP S5+ /N0
HIFHT AN o FRARF=H) . RNA A S 3] DK B 14 P
fRER R SR (PROTAC) AR 5 s 45530 4F 5K 32 3|
Iz RE

4.1 R4

AR =Wy UL G5 46 2 B M R0 5 I 1 ot A
BEPEAR B BN R IR B 2L V(R R IR . Ma 541
oy F XS 8 AU 2 PRI S
Y% T, 5 NCB-0846 A LI = H4s &
SRR FTEAR ) ADME TR 45 5 o Sun 25 H40HfE 5
WA AR A R AR A ) e 24 AR T o A el TNIKC 471 1)
Wnt/B-catenin {55 @HEE A EMT i #2, 7EFLIRREAR
R R P IS . Vinogradov 28470 B i ik
Mk R B SREmE P A T B 9B SR G TNIK i) 36
{5

SR, RIRT WG AEE R IR e (ZAER R
IRERD)~ 7K 22 R0 1 IR A 0 ) PR AT 58 ol 24 e
R, PR T HAE NG S S E T R AT
JEE W, EATNH RV E SR AR AR T 5t
(1) 285 L REAR o
4.2 RNA 1+ SR SRES

JEGmhD RNA (ML 4%y TNIK #1152
BETARFHAA . Wu ZEHUE I miR-5590-3p 1E9A
TEPEESmD RNA nld@E ] F4f# TNIK mRNA,
B3] Wnt/B-catenin {5 518, S TNIK Ji#E424L 1
RAEALEZH LA . RNA A SRRVTER S
B FRIE AT DASZELN TNIK ik KRS e Ts, 58
AESR 1 /NI ERAG Gk B 1)

SR, AEgRtD RNA IR IRIERCR . AP
S PR G g2 SR AT SR AR I R AL 1 2 B R, H A
TZAEMEATY Ak T W BRI B B
4.3 PROTAC $B[o)f& AR R MR

Zhou FEUWOMRIE T Ik T 8 1 B AR B0 ) ik A AR
(PROTAC) HARM TNIK FEART . A TSR/
o3 F#0i7, PROTAC HA ALY . a8 M kS
PEAL R X3 T TE AR 25 AR SEFR AR 3

SR, PROTAC AHX 43 5 B > 800, 11/
AR B A 1B 0E A R R IE LAk . B Ah,
TNIK 322D fE 2 1 29 PROTAC /i3 () 78 4= %
fRRITI IR, DA RO BE B 2 75 51 R AR A P 0 2
W, BT AR A AMER AT R
44 T EHIHIREE AL BTN

PROTAC FEfRSEIEAT RNA S [HMHIAERE S b
AR R TNIK 25 A 3RIA, #lidk ATP M4 LR 14
TR PR . SR, IX 3 ok AL SR BRI R
AL RIRE T IR SRR B R (3% 2D PROTAC AHXT 47
JiRLIEH >800, 1 ARA YR AN H 55 AT
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&2 A[FE TNIK I SREG B L4
Table 2 Comparison of different TNIK inhibition strategies

K O REEPkAR TR B
ATP SESIEN T (fR5E)  HRER]. PK R LMz MRIRR LA HEN I R
AL/ T (Rentosertib) = F bR mik R0 W GRB I i AR (IPF)
KRR GERPETRL WAET IR RS BARAE 5T S 2 272 PRANGIE
RNA#L[ (SIRNA/MIRNA) B/ KT A 2 PR IR A AR AR S SR B HAIE
PROTAC [#fif HAMAET . TS A ARSI A F TR, HARRIZE . AN IRRHTRR

PK #kik

T KR s RNA AT 0 R BR SR T 52 R 144
WIBIERCR . AU AR E . K=l
e 3 57 SR T R AR RN 2 M e . Rk, X
S 7R S S ATP 58 4 P4 1 75 0 [ =) PR
Peft T EER R, AR AR 5L G /N R
FCEAMIRIT RS R o

5 IEREEWHRS: REVBIEIS R TRES

TNIK 77 AR F5 44 oMb S B D R 24
WA T I 22 kAR . A BRAE SOk S BTl 7t
TESRE, ML Z b BT & S FLff i 42
5.1 HESIZIFM: RSF ATP ORSHEFBHHIFE

LR IRITRIR IR ATP 454 ASAEHHE |
RS, TNIK FTJE 1) GCK K% & it
MAP4K4. MINK1) TE & A7 55 5 51 [ P v e
60%, X2 I TNIK F05) 751 B B 250 F 225 44
FRYERO), FLHHG MM (41 NCB-0001) i
MR (1 NCB-0846) fb A4 7E il vk vh 35 B 7n 4
AN S A i R e 00271 A R T I i 2
(WA 13) FIRIFELEREEDR (b &4 14) JEid
IS5 R R A SR L EE G R R 4 /N & Fled
AUFILL, Pt 53 B33,

Rentosertib J8 i AT HyEAERH IR TNIK [IE 5
PRI AR R — B X B R 7 41 B kAR S I
T 52 DX R URE Fh A MR AE—— T 8, T A& 4e 4
FIFIRE BRI X —Z SRR TNIK 11
HIFIB T HET, AT DATE ORI 2 B4 2T 1)
IR, K e FRs AR T 2 ) e A
52 MO-REE-FMN=RATE

1R e B R R TNIK 041 751
FRAFRE I V)RS0 5 AT AR i &
Y9 AR H TNIK $0403% 4% 6 nmol L1,
IR AEY R FE ik 84.64%, {HAE HCT-116 SAb
TR AS R o B s ) B 25 2 TG A 52%~59%
HAAEBE S YA B IR FISE T, 25324 0 M R,

10 mg-kg ™' & F AUCo-, 15 45 694 pg-h-L7!, $2
TN 151 B G 5 B T I D A R R R 2 PR IR
AR RS, X — IR BIHLEI AT H 458 TNIK 7E 718
TR J4H MR X 2 R G A SRR
2 HIF R G L R, AN ) R ak AT 4
LA LI TNIK, W) 2 i R A i A
PR TNIK Thfe. el 2 iE TNIK 0] n] gedn
i B D e L EL AR, X H IR AT Y
HOULER I 15 3 B 1 i 2020, X — o
JE AT RE AR ELHE: (1D TR AL I8 I% R 40 (U
YRR BB AN LA ik R 53 A
PR G 25 (2 RALEDITERA S ikt
PE'E SR 7T, I B A S HO 2 S 2 e 1 )
fis (3) R ER S 25 5 ns B AR, R
TNIK 7E IE 55 21 23 A 1 it 2B 38 D) g0,
53 ZHEIMEETHRIN TGRS M

TNIK MRS 488 A DhRe GEd F EEgN S
TCF4-B-catenin AHELAE ) A8 FL A0 7752 11 T 11 XX
JIGI NG . FTFIERE PR A7) (40 NCB-0846)
BAEH SR IR A %, HE T RES] R %
ARG AR EEMEAS 5 LR, xR PR,
TNIK 0] AT G (A 280 B A0 Wnt JE48 s i
(4 Wnt/PCP %), Xk 15 7 sh iy v izl
7R IR I 400,

AR, TNIK (ST REAEAN [F] 40 i o 2 vh
P 22 AU AR ——7E 7 38 T 40 M A o2 4R 3T 1 1
KT, MAEMA T 25 R AkE Qi ERY. X
Tl 2 23 5 241 o 25 28 St Ao 45 00 1) 790 1) 22 4 T
TR RE R Fl—5FAEARIE ROIE A A) A 2 3
Fef e e Rk, ARk TNIK #6057 8 K 75
B o AN [F) 3 N7 U S ST AR S M PR 2 PPN A 2R

UL TNIK Sl U A A2, e R Ak I 1)
TP JERTAGNN 3 A (1) SR & R R AN 7)
(1) 200 PR 75 2 PR 85— % 1Cs0 S5 ARG A7 AE 2~
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3 AMNENEE; () mkFEES IR N 2584
JE——A0 i S T VE S M P R R A ERAN LR
(3) [ bl 7] 2 5 /5 I R B 1t 1) Rl —— = AR
FIFH BER AN R IT RS, Rentosertib (1)1
LW, i Al KB 2 HFRIUAN AR Ja 1] S
Prskms, nICAE—EfEfE LR FIR P&, (EAIK
i AT 75 AE 2H 2B ) 38 38 A S AR T R K VR Y A% T
TRFEEAHT

6 HEE5RE

TNIK £~ Wnt/B-catenin I8 1 [ e 58 0% 4]
T, FEMIRE . SRRl FAR I s 4 2 Bl B FE
HRORAE X REME R . TNIK #0065 1w R A 75
M= TTT0 7 B ] SR A [ T I R
W MRS E WSS Wt (MR, BT
BT HEBBIERENEMREME R T BE D
2, HHRZE 5 Porcupine FJHE T (PORCN) il
AIEL B-catenin BRI A FH 25 LURIGHE 5 K 2%
PEEPEBOES Y, fEA-4E40 4135, Rentosertib [ 1la
Hmsae 7 TNIK $Ra AR TT 2EAT,  RRIE ROIE M
M TPF 33t — 20 1] 4 4 AR B 20 4 4 e 145 TX 2
BB AL FRIRE S TGF-B/Wnt 38 5 1) 5 & s
5 EMT KB HAER, HIRKTERE viay],
A @I R AR Rk R g CAnMR R gk
B BRI AR, PR A B R R T
R BLEE R X0 TR B 5 e AR AT R
TSR IE MR, W FRARSETT R A SUE R AR
FIHFR, 5 R FH 2k 7] e e ) B 4 24 S s LA e iy
355 B AR 3 T e RS0,

B3 AlphaFold3. ¥ LS4 EDFHR
PIFpEEdE 2, 4K TNIK &5 TCF4-B-catenin #%
SO G IR 1 0 P 2R 65 R S AT D A A A1 ) ) AN
SCHE - A BB T 45 SRR SR RS AR . [RIINE, AT 5
BhZ5¥n 117 & (4 Chemistry42) #2 4EfAb ik
5 B sh ik G BERAE T & 1 PR A K 3k — 20 sk
BH RIS 384FE . Rentosertib 1R Tk B
“HIGAFR T IR, 2 O JE nE T R Gt
AP . KRR, BEEZSWAEYE. THEAY
5 AT BORMRFERLG, DAL A 280 m) a8 16 FAS 1
1§ PR 73 2 s AN 5638, TNIK #E R 259 F B A1
b IS e R A S il VAT e R S T WIN et | A G
G IRRHL, BN T — ARG TR 7 1) B 2 s

PEFAR PARVEHENFAREEAGFR

SE 3

(1]

[2]

(3]

(4]

[5]

(6]

[’

(8]

[°]

[10]

[11]

[12]

[13]

[14]

Fu C A, Shen M, Huang B C, et al. TNIK, a novel member
of the germinal center kinase family that activates the c-
Jun N-terminal kinase pathway and regulates the
cytoskeleton [J]. J Biol Chem, 1999, 274(43): 30729-
30737.

Masuda M, Sawa M, Yamada T. Therapeutic targets in the
Wnt signaling pathway: Feasibility of targeting TNIK in
colorectal cancer [J]. Pharmacol Ther, 2015, 156: 1-9.

Li Y T, Wang F Y, Wang K X, et al. Therapeutic
of TNIK
inhibitors: A comprehensive review of current advances
[J]. Bioorg Chem, 2025, 163: 108768.

Ren F, Aliper A, Chen J, et al. A small-molecule TNIK
inhibitor targets fibrosis in preclinical and clinical models
[J]. Nat Biotechnol, 2025, 43(1): 63-75.

Xu Z J, Ren F, Wang P, et al. A generative Al-discovered

applications and molecular mechanisms

TNIK inhibitor for idiopathic pulmonary fibrosis: A
randomized phase 2a trial [J]. Nat Med, 2025, 31(8): 2602-
2610.

Kukimoto-Niino M, Shirouzu M, Yamada T. Structural
insight into TNIK inhibition [J]. Int J Mol Sci, 2022,
23(21): 13010.

Wu X, Zhang Z, Qiu Z Y, et al. TNIK in disease: From
molecular insights to therapeutic prospects [J]. Apoptosis,
2024,29(9/10): 1361-1376.

Teng Y X, Wu R, Bo W C, et al. Fragment growth-based
discovery of novel TNIK inhibitors for the treatment of
colorectal cancer [J]. Eur J Med Chem, 2024, 268: 116240.
Guo J N, Liang J M, Wang Y Z, et al. TNIK drives
castration-resistant prostate cancer via phosphorylating
EGFR [J]. iScience, 2023, 27(1): 108713.

Peng D D, Fu M Y, Wang M N, et al. Targeting TGF-$3
signal transduction for fibrosis and cancer therapy [J]. Mol
Cancer, 2022, 21(1): 104.

Song X H, Xu H W, Wang P, et al. Focal adhesion kinase
(FAK) promotes cholangiocarcinoma development and
progression via YAP activation [J]. J Hepatol, 2021, 75(4):
888-899.

Torres-Ayuso P, An E, Nyswaner K M, et al. TNIK is a
therapeutic target in lung squamous cell carcinoma and
regulates FAK activation through merlin [J]. Cancer
Discov, 2021, 11(6): 1411-1423.

Yu D H, Zhang X, Wang H, et al. The essential role of
TNIK gene amplification in gastric cancer growth [J].
Oncogenesis, 2014, 3(2): e89.

Phung Pham T C, Dollet L, Ali M S, et al. TNIK is a

conserved regulator of glucose and lipid metabolism in



F49E5FE 108 2026108

¥yt . Drug Evaluation Research

Vol. 49 No. 10 October 2026 - 3445 -

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

obesity [J]. Sci Adv, 2023, 9(32): eadf7119.

Shkoda A, Town J A, Griese J, et al. The germinal center
kinase TNIK is required for canonical NF-kB and JNK
signaling in B-cells by the EBV oncoprotein LMP1 and the
CD40 receptor [J]. PLoS Biol, 2012, 10(8): e1001376.
Zhang T, Ma C, Zhang Z Q, et al. NF-kB signaling in
inflammation and cancer [J]. MedComm, 2021, 2(4): 618-
653.

Joachim J, Maselli D, Petsolari E, et al. TNIK: A redox
sensor in endothelial cell permeability [J]. Sci Adv, 2024,
10(51): eadk6583.

Zhang R, Yu Y, Yang Y, et al. Therapeutic targeting of
TNIK in papillary thyroid carcinoma: a novel approach for
tumor growth suppression [J]. Med Oncol, 2024, 41(6):
160.

Tesshi Y, Miki S, Koichi Y, et al. TNIK inhibitor and the
use: WO, WO2010064111A1 [P]. 2010-06-10.

Qin L H, Aladinskiy V, Gennert D, et al. Traf2- and Nck-
interacting kinase inhibitors: A patent review (2008-2024)
[J]. Expert Opin Ther Pat, 2025, 35(10): 1051-1061.

Sawa M, Moriyama, Yamada T, et al. Novel bicyclic
thiazole compounds: WO, W02013176293A1 [P]. 2013-
11-28.

Kim J, Moon S H, Kim B T, et al. A novel aminothiazole
KY-05009 with potential to inhibit Traf2- and Nck-
interacting kinase (TNIK) attenuates TGF-B1-mediated
epithelial-to-mesenchymal transition in human
adenocarcinoma A549 cells [J]. PLoS One, 2014, 9(10):
¢110180.

Lee Y, JungJ I, Park K'Y, et al. Synergistic inhibition effect
of TNIK inhibitor KY-05009 and receptor tyrosine kinase

inhibitor dovitinib on IL-6-induced proliferation and Wnt

lung

signaling pathway in human multiple myeloma cells [J].
Oncotarget, 2017, 8(25): 41091-41101.

Chang S Y, Lee H, Kim K Y, et al. Hetero ring-fused
phenyl compounds for inhibiting TNIK and medical uses
thereof: WO, WO2019156438A1 [P]. 2019-08-15.

Chang S Y, Lee H, Kim K Y, et al. Compounds for
inhibiting TNIK and medical thereof: WO,
WO02019156439A1[P]. 2019-08-15.

Ho K K, Parnell K M, Yuan Y, et al. Discovery of 4-phenyl-

uses

2-phenylaminopyridine based TNIK inhibitors [J]. Bioorg
Med Chem Lett, 2013, 23(2): 569-573.

Masuda M, Uno Y, Ohbayashi N, et al. TNIK inhibition
abrogates colorectal cancer stemness [J]. Nat Commun,
2016, 7: 12586.

Wang H, Yi T, Meng J, et al. Quinazoline derivative and
use thereof: WO, W02023143135A1 [P]. 2023-08-03.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Coburn C A, Smith S W, Dubose R F. Tnik modulators,
conjugates, and uses thereof: WO, W02019079357A1[P].
2019-04-25.

Tan Z, Chen L, Zhang S X. Comprehensive modeling and
discovery of mebendazole as a novel TRAF2- and NCK-
interacting kinase inhibitor [J]. Sci Rep, 2016, 6: 33534.
Karaman M W, Herrgard S, Treiber D K, et al. A
quantitative analysis of kinase inhibitor selectivity [J]. Nat
Biotechnol, 2008, 26(1): 127-132.

Chon HJ, Lee Y, Bae K J, et al. Traf2- and Nck-interacting
kinase (TNIK) is involved in the anti-cancer mechanism of
dovitinib in human multiple myeloma IM-9 cells [J].
Amino Acids, 2016, 48(7): 1591-1599.

LiY S, Zhang L T, Yang R C, et al. Discovery of 3, 4-
dihydrobenzo [f] [1, 4] oxazepin-5(2H)-one derivatives as
a new class of selective TNIK inhibitors and evaluation of
their anti-colorectal cancer effects [J]. J Med Chem, 2022,
65(3): 1786-1807.

Luo X L, Yang R C, Li Y S, et al. Discovery of benzo [d]
oxazol-2(3H)-one derivatives as a new class of TNIK
inhibitors for the treatment of colorectal cancer [J]. Bioorg
Med Chem Lett, 2022, 67: 128745.

Padgaonkar A, Cosenza S, Pallela V, et al. Abstract 4453:
The dual CK2/TNIK inhibitor, ON108600 targets cancer
stem cells and induces apoptosis of paclitaxel resistant
triple-negative breast cancer cells [J]. Cancer Res, 2015,
75(15_Supplement): 4453.

Sato K, Padgaonkar A A, Baker S J, et al. Simultaneous
CK2/TNIK/DYRK1
triple negative breast cancer stem cells and chemotherapy-
resistant disease [J]. Nat Commun, 2021, 12(1): 4671.
Squire C J, Dickson J M, Ivanovic I, et al. Structure and

inhibition by 108600 suppresses

inhibition of the human cell cycle checkpoint kinase,
Weel A kinase [J]. Structure, 2005, 13(4): 541-550.

Yang B W, Wu Q, Huan X J, et al. Discovery of a series of
1H-pyrrolo [2, 3-b] pyridine compounds as potent TNIK
inhibitors [J]. Bioorg Med Chem Lett, 2021, 33: 127749.
Read J, Collie I T, Nguyen-McCarty M, et al. Tool
inhibitors and assays to interrogate the biology of the
TRAF2 and NCK interacting kinase [J]. Bioorg Med Chem
Lett, 2019, 29(15): 1962-1967.

Crawford T D, Ndubaku C O, Chen H F, et al. Discovery
of selective 4-Amino-pyridopyrimidine inhibitors of
MAP4K4 using fragment-based lead identification and
optimization [J]. ] Med Chem, 2014, 57(8): 3484-3493.
Aladinskiy V, Kruse C, Qin L H, et al. Discovery of bis-
imidazolecarboxamide derivatives as novel, potent, and

selective TNIK inhibitors for the treatment of idiopathic



- 3446 -

F49EFE 108 2026 FE 10 B

%f; ¥righat 4. Drug Evaluation Research

Vol. 49 No. 10 October 2026

[42]

[43]

[44]

[45]

[46]

pulmonary fibrosis [J]. ] Med Chem, 2024, 67(21): 19121-
19142.

Yoo W. Precision oncology in the age of Al: Lessons from
Al-driven drug discovery and clinical translation [J]. BJC
Rep, 2026, 4(1): 18.

Niazi S K. Artificial intelligence in small-molecule drug
discovery: A critical review of methods, applications, and
real-world outcomes [J]. Pharmaceuticals, 2025, 18(9):
1271.

WulJL,HeJD,NiQY, et al. Al-driven drug discovery:
Focus on targets for solid tumors [J]. Pharmaceutics, 2026,
18(3): 329.

MalLS, LiR, Yao Z W, et al. Computational study on new
natural compound inhibitors of Traf2 and Nck-interacting
kinase (TNIK) [J]. Aging, 2022, 14(20): 8394-8410.

Sun Y F, Gao X Y, Wu P P, et al. Jatrorrhizine inhibits
mammary carcinoma cells by targeting TNIK mediated
Wnt/B-catenin signalling and epithelial-mesenchymal
transition (EMT) [J]. Phytomedicine, 2019, 63: 153015.

[47]

[48]

[49]

[50]

[51]

Vinogradov A A, Zhang Y, Hamada K, et al. De novo
discovery of thiopeptide pseudo-natural products acting as
potent and selective TNIK kinase inhibitors [J]. J Am
Chem Soc, 2022, 144(44): 20332-20341.
Wu X L, Zhong Y W, Zhang H, et al. miR-5590-3p inhibits
the proliferation and invasion of ovarian cancer cells
through mediating the Wnt/B-catenin signaling pathway by
targeting TNIK [J]. Histol Histopathol, 2024, 39(3): 345-
355.
Zhou K, Cheong J E, Krishnaji S T, et al. Inhibition of Wnt
signaling in colon cancer cells via an oral drug that
facilitates TNIK degradation [J]. Mol Cancer Ther, 2023,
22(1): 25-36.
Ewald CY, Pulous F E, Lok SWY, et al. TNIK’s emerging
role in cancer, metabolism, and age-related diseases [J].
Trends Pharmacol Sci, 2024, 45(6): 478-489.
Kim M J, Huang Y J, Park J I. Targeting Wnt signaling for
gastrointestinal cancer therapy: Present and evolving
views [J]. Cancers, 2020, 12(12): 3638.

[Frfemit )R]



