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Advances in the application of targeted protein degradation technology for cancer treatment”
YAO Fuli,LI Zongying sSHEN Liuling LI Dandan”
Department of Clinical Laboratory sthe Second Affiliated Hospital of Chongqing
Medical University ,Chongqging 400010,China

Abstract; Targeted protein degradation (TPD) technology is an emerging approach that utilizes intracellu-
lar proteasome or lysosome systems to eliminate disease-causing proteins, providing novel strategies for dis-
ease treatment. Compared with conventional therapies, TPD has advantages such as targeting "undruppable"
proteins,overcoming drug resistance and high selectivity. Among them, proteolysis-targeting chimeras (PRO-
TACs) and molecular gels are representative methods, which have achieved significant progress in E3 ligase
expansion,linker design,and delivery systems,and are gradually entering clinical research. PROTACs and mo-
lecular glues can not only target key oncoproteins and overcome resistance, but also modulate immune respon-
ses for therapeutic purposes, demonstrating broad clinical application prospects. This article reviews the re-
search progress of the two types of technologies and their current application status in cancer treatment,and
discusses their potential and challenges in efficacy monitoring and individualized medication from the perspec-
tive of laboratory medicine.

Key words: protein degradation; proteolysis-targeting chimeras; molecular glues; targeted therapy

JEAE RATFZ RPN R E A RS EARER AR SRIIRRMEIMG., ERNIBIT A EZ N

x EEWBA. TR E RIS E FTH (CSTB2025NSCQ-GPX0390) 5 T P i A+ TLIE 4 £ 2= B BFI H (2023MSXMO035) ; T P Tl Hh %5 4F
[ 2 8 A A B (YXGD202425)
BERE ST R B B S L 8 AR /SRS B A S SR S0, 5 B T PR AR R S A B T R
BFR 5 G IR B A S0 R, 32 2 A gk e P | o M 2 95 1 i Jeg 11 5 58 55 18 U B I AR 902 8 AR G AR AR A TR B R 9% R E K AR B4 3 &
FAEWA 15, h EE R R RS 73 E LE 10 EK A DA 2 W, KT AR E 2 T, R SR R
HEHF SR 1 5, E P S ST I R B 1 50 LSS — B8 M R R (AR D k3 SCIIB S 10 R R ACE G WL R 2 T, HIE A7 A1 2
T 5 5 K55 T e [ D B 006 IO 7 o= A T Gl R 8 DR B IX 4 3 L D I o K A D R R R B X 4 %, DA S U 4 B R 4 2R A A B
2ESE R QBT RIL 2 F R — 5% R T E PR 5 QB AL TR 7 ST R FH 98 T 8RR .
& E{51E# . E-mail:lidandan@cqmu. edu. cn.
MEB%E https://link. enki. net/urlid/50. 1176. R. 20251016. 1310. 002(2025-10-16)



e 2572 - Bt i ES A% 2025 4F 11 A% 46 % 21 1 Int ] Lab Med, November 2025, Vol. 46, No. 21

A AR L B S v R R AR R (B
H BT IG5 S AR T B AR SCHE AT, S BUR L2
PALEERL 12 2000 (AT B2 B . B2 5 I R iR T
S I0 2 A8 I 7 A i 2 MR LM 1) 2R R (TPD)
B —FP R TN IR B R A R 58 0z 22 L
TR R 58 CUPS) F AR AT 85 1 5T W A 19 38 5 v T
DA i R B b i /0 It 0L 550 7 O o M it 24 0 A AR e
SRR ZING T R G e 4 R R T B
AT A f A iy B 2 AT A A T R0

TE EAZ A b A7 0] LAYE BR S5 0 8 A 1 2R M
VTN A4 — B0 5 L AR B A A UPS 1 B 4 77
i AR A A IR T R R AR BR R AR A
Hh, UPS ik A 6 & Fh iz R & % il f Xz R ki
(DUB) 11 %5 Wil 4 57 5% [ A 1< 53 i 2 11 5 L AN o 1k 4
AR LR RS FIEWES . TPD RO
WitRei e A A S50 % RS EAEH 4+
1z R A AR 0 AR O Bl R e R o,
K ) i A R (PROTAC) Fitay 1 e & B A7 R
TVEM 2 AR, K, ZFiz H PROTAC #AR
(259 2 i A RIS, 3 e H T LR 1 A2 e 1k
SRR 43 5t /0N B R A A8 32 SR T L AERE SG I R 24
YR sE# Y, BEE X TPD #F 55 89 A Wi % A, TPD
O3 F VTR R R T Y R S A R R T
Z 1 25 4 X g E R AT IR 9T . AR SO PROTAC,
oy F IS TPD 2 AR A BIF 58 IR B FL A g 16 97 h il
I FH R AT 25 3A , DL R o ok R R IR G F oY 4 At
1 TPD #Z AR
1.1 PROTAC
1.1.1 E3ZE#mmHE ANENA®EL 600 f E3
A T SR ANAT /D X SR A BC AR N A T TPD, R
ZAEAE A B ETEW E3 E R /N RO 2[R
(MDM2) | i/ = 2 1 # il 57 (IAP) . VHL 1 CRBN, %
BBy E3 3% 42 W 1O 4k A x5 T T & BT B9 58 3R
JY 25 MG SR 2 P Ak e

Kelch # ECH X 8E M 1 (KEAPD) 5% K 741

268 EBRGK

K E2 P 2(Nrf2) A EAE I LA aif R 4 e
B KEAPT-Nr{2 #9285 1 5T 1 J50AH B AR 0 i )
(0 & BSOSO S B IR T Y e,
2021 4F, WEI %7 i [ E3 338§ fid (& KEAPL JF &
T PROTAC MS83., H:#E MDA-MB-468 4ff fifg H X} &
ZE R AL 5 11 (BRD) 3 Ml BRD4 19 % /% b dBET1
HEE A, 2022 4E,PEL %Y 8L T —Fh KRR =9 K
B (PL)VE hy E3 3% 2 1 FC A4, A A7 56 FH 5% 4 1R 0
PEAOL AT ) 8 A A0 A 1S IR S8 PL A 5 2 Fh E3 3%
WSS A, FOk PL 5 CDK 9 3k 5 k4 i) 77 (SNS-
032) B HR G 1L 1w §E 1] & fi# CDK9 B PROTAC 955,
JFfd H TurbolID 518 52 55 Wl iy KEAPL J& 955 i i
PL LM G 40 S50 i — E3 S E A .

MEHEEE N 2(CUL2) E3 B &M fem-1 [F)
U89 B(FEM1B) 2 41 Jifd X 348 J 1 1 38 s 7 1) o0 22 )
W T, 2022 4E, HENNING 2607 % 30— b 3t T 48
Tk e 1) 35 # i #& EN106, {E 5 FEMI1B (% it 4,
EN106 afi#ij ABPP 5 FEMIB I (2 bt 2 2 2 (]
e T — A B e . R X — R AT
EN106 5 JQ1 Fik vb & Je i 3IE B T NJH-1-106
M NJH-2-142, Jf s 2 B fi# 7 BRD4 #1 BCR-ABL.
2024 4, BANSOD &M % 9 = 25 My W & 1 4
(TRIMD A LIAE R E3 % $2 il , 38 o 55 415 Fil 439 5
I ) 61 B2 TR 19 12 Ak 25 B ok B ik b e i R 6 4 2
(TPL2), ZHU %" i3l 7 KEAP1, H: 24 CRL3 &
AR SRR, e D S A R
FEAFHUR AL A LR R 1 (SRXO 5% 35 1 %A
BE A POZ 2 11 (SPOP) 16 I 5 28 1 5 R4 i b il %5
RBEAE I 76 £5 Pl i E s 20 3R 3 AL HE i 8 R R
RV NE 5 R, K 22 8005 g A UL -F Fin A 19 32 1]
0 M B 9. 2025 4F . DENG %% 4. T PROTAC
MS479,E 1] DL H #% 45 & GLP 1E M 3% & A 48 %
SPOP, T SZ BLXF BRD4/3/2 (14 #8 [a] B fige . DL 1.
Hi G E B SPOP b 7] /E iy E3 % 4% B, It 4b,
DCAF1.KLHDC2 ,SKP1 %8 I E3 % $ fiff th 9% 7+ &
R 40 1) 2 P R

RD4

—>O
A

# 4> #ZAIBRD4

Q
g

A1 MS479 @it GLP #85 SPOP Ff# BRD4



E R4 I E S 20 2025 48 11 A % 46 %% 21 #1  Int ] Lab Med, November 2025, Vol. 46, No. 21 e 2573 -

1.1.2 #Ekwit Gl PROTAC M6 M
(638 & N R I DRI 2N 0K sy b 1 <51 A e <0
SN T AR T 90 8 E3 B AL H Sk i ik
FEE, HAN UV B9 E B R % PROTAC
(B T2k B b T U R I VHL B A, 5
P A #2 3k A7 4% wT DL S B0 5L AT 55 06 M VHL S 4R 19
PROTAC X H A5 25 1 e 20 9% i, 500k 32 5k 1 1 1k
RAT T, =R AR B A Z O e 1L &4,
T Mk L w] LR Ar b R F PROTAC 5¥L&E A
M E3 17 3R 3% 8 WY i — 0 52 6 W ok 1 i 0 2R 1
5 R PTG 5 PROTAC 2 5808 (45 4 3¢
A, 2022 4, LOREN 480 J7 58 R 91, 2 453 4%
fib B I5 FAE Sk O o A =k g 4k 5 ES B iR
ERE 15 2 PROTAC 0 LLAT R R i M 0 3% %2 1k
(ER) . Jf H R e A i 3k K Mg 2 7 U . b &
Y VHL-1 £ MCF-7 4 ifs & h B A & 45 1) ER« P i
WEPE, 5 DL HRGE 9 ER B R A R0 AH LG =g 51 A
KA ® T VHL-1 BB 16 HE. 2025 4F, ZHAO
SECET P = I G S R I T L I ) K 2 BE-DNA
2 — TS 1CTDPL 3 il 771 55 70 1) B i % B2 4 — e
R T Z AR L PROTAC M 442510
Yy, e nl ISESE VHL il CRBN M T i 3 [
fift TDP1 A B 5506 00 42 3k 78 1A A0 3k 1 58 g 1 %€ o
W 8 B XF TDP1 A9 ik B8 JR 9% 0 il PIERRI
SO T = e R R IR A B S AR B A L T — &R S
BRDO #18 [i1] [ g 57) 3 a3 13 UL RLPEAY L& B 45 A
SRRy W AR A BT, e A e T 2 MR
VHL ) PROTAC, HAE St 8 v i g 40 i b B
R 1Y) 2 P R A R B IE A TE E. DLIED 2,

B AR 2 I A 2 Sk o I R R B T L IR

WE TR 188 2 5 T 0 64 RE A S 2 WILE A & 9 7 — 8
FERE AT DL b 3 a2 Sk R I 3 kA A S S
5 =T A W A G2 DT 1S 55 o) H AR 1 B i
WM. MRS Z5ET, T PROTAC 19 A8 Xt 43+ it
HEOR, R 2B Iy = . 7 4 IR UE R
)5 . A1 PROTAC 4 T3 AL PE ot A B T4 5
PROTAC 9 H Ik A= 9 1) FH BE L 3 5 I 78 28 ) 25 40 3
FERGENE. HU &5 4Rk E 7 — 2908
e AE sk HER2 B9 PROTAC, i i 43 #r
HER2 H1E R 2 153 1 % 4 45 5%, At AT 76 nds whk 1) 585
6 ALl A 1-PNJEIR G , $2 (i J5 2 3% 40 45, FfF CRBN
i A 34 42 1) 5 F IR R A Y 2 M BE b Hop CH7CA J2
AR X AR B ik . 7E 10 mg/kg 9
WL CH7C4 X BT-474 SRR AHY R B R ik 73 %
(i B gE % . 2024 4R LT %5 7 R & A & A3
P4 I ok ke 2 L ok % it PROTAC 431 8d, 5L 5%
S5 WK, 8d AT LLRE fif VR 25 44 38 PHD 48 5% 5 A 7
(BPTE) , B 42 34 48 it 98 CHCCO) 40 g | K 4K 41 Jifl
P Z AR B R KL 2 0E T NK 40 % H A9 L], A
I AE AR SN R Y343 NK 48 % HCC 19 40 fif 5k

PSRBT 42 S B B T 51 A 1 28 TR T L 4
WAL, 38 A 38 A5 -5 PR G R (SAR) f Ak 4 3k K
REU S M vk . ZHANG 2557 3758 7 —Fp o823k
19 PROTAC, flufi 14 N-R ik 15 42 10 Bk 2] 2 F s 25
F R %t T Pro-BA, B3 & T EMLA4-
ALK #1 BCR-ABL, Jf H i i1 52 55 Uk W] Jo 4% =k i) Pro-
BA 5 FHE IR WA & 12 A0 B e L 40 28 40 il A
Pl o m R W BN FAHFA 3 AR
(PEG)#JL ) Pro-PEG3-BA , HAH X} 43 1 i & 5 /),
FAT R O R A R

€& o <~Oi

MIRER  ZE PROTAC

A

(Ub

o @i @o

HBEEH

: ‘
<)
L ]
L Py

® ,
P NH Q)
3 ‘E2 —— .s‘ :‘
/R sz aummirEn BABRE
+0O

& 2 PROTAC B&f# BRD9

1.1.3 HAg 255 PROTAC By A X 4> 7 i &
BEA 5 DT 5% ) B 1) 2 335 e ) T F1 BRI B3 . Ky fi
Pk — [m] B, B N D14 R OB R Y 45 25 XL B Bh 24
W) AML & AR . 2023 4F, HE 25 &3l T —Fok
JER PROTAC(phoBET1D) , 36 H fa 2 T/ %1k
REGI KA CUMSNs) i, ¥ 2 305 2140 6 B0 19 PRO-
TAC 44 % (UMSNs @ phoBET1) , M Tfij i 2| A L%

PR AR R B B, 78 980 nm ITZL AN ST,
UMSNs@phoBET1 44K 58 ] 4 ¥ 1 » 3 2 7] #2485 =X
B 7 PROTAC, &/t BRD4 Jfi5 S MV-4-11 ¥
IR T, 2024 4E, LIU 2050 gt 7 — b A 21 i
R E 5 Wil 3(PTGES3) 45 & ik 5 E3 iz R % #: M5 I
TAIA 5 e Pk iz 2H B Y PTGESS #Upi) F 77 , OF 18 1 g
o A 3 3 SR A ML LR 3. i A A R P b



e 2574 -

HiR B E

2272025 45 11 A% 46 %% 21 ¥ Int J Lab Med,November 2025, Vol. 46,No. 21

YHeA A S PTGESS A MM . GAO %57 ¥t
T A IXIREZ B PROTAC 44k Bok:, &3 8 7 16
ISR IE 5 SO EE T B RS 19 PROTAC Hij 14 24
Y TR RN BRDA B B A R B R . 9K
WORLHE 7 PROTAC B 28 3% J7, 85 im0 1 H A 9y Fl
FHEE .

WANG %538 13 6 nl $ 7] B i BRD4 ) PRO-
TAC 5 3Z i A TR G R AULAZ 48 1(RORD HL A
B, JF & T — FhoBn AU R R R0 R 8 BX 9 (DAC).
DAC TEPUE 256 N Ak 5 22 30 4 8 0 1Y) o A 0 4 A
M FETE. 5 ARSSS K PROTAC M H . DAC 78 PC 3
1 MDA-MB-231 5 Fl B A8 /]y BRUSE AL rp 3% 30 10 0000 1Y
25408 S 2E MR AR hak . WANG 2557 B f 5%
R, 5 AEHE CD36 41 5 1 P 4 i 25 556 2 200 it 46 JOKR
OrF A5 T B FE Ro5 43 F (eRo5) Fl i
FHN Ro5 43 (bRo5) 1 = ZE ML . 38 i /i 25 J5
XF CD36 945 1) i 1716 4 >k 3% in PROTAC 5 CD36
(SRR, T3 T PROTAC (1) 40 g 45 B, 85 1
e ik 305036 B AR 9 A B I 8 5 1 . KO 3k TR A S
8 N 1 9 25 0 2 30 LT 2 RV A 18 I R I P i 1t

TRl Tk

B BiA

W FREIPTGES3

N e

@ﬁ‘l A
“mi =
NN E2
YRR

3 ERE&HHAEH

1.2 AF
1.2.1 ﬁﬁ?fﬁﬁ%ﬁ?ﬂiﬂ’]ﬁ% 5 PROTAC —F¢.
O TR B A S B3 RS bR E A ZE

HRZ-11T4E4)

& 4

FHE AR F R & VR R A8 2 J6¢ (4 A X 43 Jo k3t /)
F PROTAC, i FHEBB N BR REZEEWT T
B0 7 B e i e X AN ) R, KING 255 4 ] 36 1k
%%Eﬁ%éﬂ%ﬁ&ﬁfﬁ i S 0 43 F J6E B A
VE B S E2 45 4 W UBE2DL 5
NFKB1 W 454, DL (B A Rz 2= A 08 i 7 =X 1% i
NFKB1, HSIA %5 i F E 52 i % 0 36 25 05 i . i 92
T BRD2 F1 BRD4 133 i B i 5 Bl
AR PROTAC HRAE LA 20 34 42 ¥0 b5 #0342 422 1l % 45
PR S T2 [ B IO B2 G 1 3% B2 B0 2 P i 2 A4S AH 4P
SER IR, 3 AT 0 2 AT RE SR )V G 5E E3 %
S ME AWM EEN, BERE T RMIE.
KANG 26" il 53 i i E3 dEHM 52 TR L& A
TE W 2 A a5, IR 45 A B BT TR ABIE S
O3 5 3 0 1) A 1) A FEBIL ) DT S S b O &
T, BRIz, KAPCAN 25 48 i T 2K 4% F e 11
WE AT & T — b UL 4B 30 s 0 3 W (5 8% A 1A B
g e = ouE AR R AR B AR A LT AR S o R
TET AR 11 006, DT 325 81 B8 A 2 1 7 HL A

1.2.2 SMBERIMS TR LIS iRE T —41
AT RLVE S 43 I I it 350 i B i, B T QL A A= 4, B
B DCAF16 3kt 18 1 & ¥ 4E 1, B fi# DRBA,
GU RGBT — Mg L0 T8 Aurovertin B(AB) ,
Il AB R—F A RUMPIMIE 25 . B S E N 1A
(CORO1A) &5 & 2 #F FH 5 NEDDS fil TRIM4 19 #H
HAER L AL #E COROTA B3z 1k T 8 1 il 1A p
fit., RAZUMKOV 2" % 3 7 3 F CRBN B 4> T
JiE . AT LA 1) B ff G, A 5 S 0B (WEED) , WL 4,
WEET J& — Ffr 55 %2 (1% 20 A1 43 24 53l . ] % /2 Ak 410 i)
CDK1/40 M A W12 (1 B LU X DNA #4546 8 2 9
RE TR . LT s T BT R AR R AR R
B4y F B MGD-4, 1% 4y F B o] L) 3l i CRBN #1 [] [
fit IKAKOS % % B 48 2 1 (IKZF) 1., IKZF2 Al
IKZF3.7E MM Fil AML 4il it v 3¢ Bt 30 3% B8 /R 9 4t
HaFEAEH .

Hﬁﬂﬂ‘]Neo—substrate

HZR-1 19 (ST )EEHRER



E AT E ¥ 22 % 2025 48 11 A% 46 %% 21 #1  Int ] Lab Med, November 2025, Vol. 46, No, 21 e 2575 -

2025 4E,CHEN %" JF & T BEF it NIMA H %
H I 7(NEK?) 9 LC-04-045, H:xF NEK7 H & ik
PEVE L I8 T A 5000 1 Ui 40 M R A 4 L B EE TL-18
1 1L-18, F B NEK7 MGDs if 818 J7 4 5 Pk 05 .
H S (Mei) & 8% I R FH T 36 97 12 M6 20 B 1 1 95
(CML) , B F & # /E F 9 8 U 43 #0050 w0 R 0 28
ZHANG 2517 B 58 2 W, Mei o] 4 R 40 1 8 K . ¥
PKMYT1 fl TRIM25 2z [8] () AH B A/E FH 35 58 1T 29 30
L AR HE T PKMYTL B4 RC % . 76 IR A7 5 Fh
A A A b, PKMY T B AIK AT 48 3R 1 i 75 1 & 5 ik
IR TSRS . M LIS 5T A 4 £ L RE A8 1 R HE 1)
20 R L O I g R A R AR
2 HEBIERTHRMEA
2.1 ¥R A KRR 25 IR AR YT At
s BT o AR A R I v B AR T, T R 2 1 N RE
PERER DL S 52 78, 3 B0 24 P sl AR AL i BT
RAS J& A 29 i H w988 258 I K% KRAS FE R &
RAS FEPH 05 h e WL 28 A8 BE I, 20 5 I i RAS
OK B g A 1 85 V6, S AR A AR LT H A MR AR 3 (G2,
G13) AWM IR JE 61 Q61 2022 4, L1 &5
il TR AR X 4 it = A9 8 ) PROTAC—KP-14,
%5y T L KRAS G12C-IN-3 Jy i3k, #1435 E3 % 4% i
CRBN, A %05 S NCI-H358 41 it o KRASG12C HY R i
JE A ) BB, YANG 250 JF & T — Fh o &
KRASG12C PROTAC , YN14 , H: A &g 2500 1 feb 98 AE -

COUGH %7V )38 7 — F i & L gk B4k L 01 i 2k

YAl F) ) PROTAC——ARV-471, H a] [6] i) 45 &
AN E3 % 3 B CRBN Fl ER Y BC 4K 45 & 45 # 35%
(LBD) it UPS [#f# ER. £ ER " 41 ity b bR [
ER, HAERBR T RO AR . 2R AELR T, 55
Yer]BEM L. B H — R D ARV-471, &30 7 B
e, TAKAKI %2 HiGE T OPB-171775 /Eh —
ol I 4 S, A2 B W 3 (8] R (GIST) B R R Y
SRR A (PDXO B A rp HLAT 5 2P 98 06 1, KIT 2848
JEA s SR — W 3A F1 Schlafen %81 % bt 12
ZIEIERE AW SR R A BRI PE TS (K 5) L 4R
7 HA B R Y TR TKI R 25 (9 1638 GIST 31
BATT M . ZHOU %53 358 7 — Mo &Ly L ik
B, ML O R CDK12/13 PROTAC——
ZLCA91. ik & ¥4 TNBC MDA-MB-231 4 jif
R CDK12 A1 CDK13, 38 BB A 500 41 K 5L P Y
BeSE MFRIR L IF W M S 2 F TNBC 408 R 19856 .
BN &, ZLC491 78 R R iy 1 i A= 9 R H B2 R
46.8% , 3 7E MDA-MB-231 5 #h 5% 4 /)y BUBE AU rf %ok
CDK12/13 F 8 H A &% i 1A P9 B8 A VR . XTE 255
TR T — P TR IE K 1 43 1 A A5, Al AT TR 5 1)
W 5L Ak 40 Jf 75 e 2R 11 (PrPC) (9 3& it TT-1e 203 I
S FREEHR] TTe-TTe, B0 LA T PrPC R4E I K H
T BB 00 2290 20 L D Tl A i O A 2 R ) A AR AR R
TN 34 AR M ) BR A R A AU R R
YR YT R HE T BT 0 SR s, [R) B o 9 7 A DG B IR
7 B AL T WA 0 I SR

A RN
Ub
E= / >
su=~ L \
- TR T Y
\ fRNA \ s »
' s"\ E¥REA @ .

171775 /\

elF2a

B 5 OPB171775 & 47 5 fE #

2.2 ZHRERTT S REERT REIRIT . XA
VIR IT o & — o o 8 55 LR G g 52 g (3 8 =4 D
RS2 BRI IR I 1Y SR W, 7E R RE T8, SR IR 9T e R
TR Y B R AT B¢ . Bruton's M8 42 BRI (BTK) 78
VA TT B 20 M A 3 B A R g R A I AT T A b R
FKHEEAER . AR, M BTK & 816 7 I 0%
Jifrdgs F1 1 B G 5 PR B 1 A BIR YT T . JAIME-

FIGUERDA 5% & 1 () PROTAC——SJF-620, ffi
F'T VHL #1 CRBN ECAA, I {8 BTK f 4 Fi1 42 3k
KA, SIF-620 A1 B NI YT C481 58 48 UG #
Tk B 400 B 00 B AT BRI . ZHANG 55 JRaE T
BTK-PROTAC C13, HEA R 4F 1 kA= 9 F H B A
B BTK R A 06 1, 76 1038 i 988 40 e wp . C13 7] i 3%
R AIC BTK 28 (/K 300 i ek 40 2B 4. PR, C13



e 2576 - Bt i ES A% 2025 4F 11 A% 46 % 21 1 Int ] Lab Med, November 2025, Vol. 46, No. 21

SVF TR SRR YT bk EL R R B 25

IKZF2 2 ¥ T 4 il 2 fe iy O 8 3% 5% I+,
IKZF2 6t = 25 3 2 /N B b 9 A= K. BONAZZI
SEUURBT TKZF2 [ 3k £ vk o F R R NVP-
DKY709, Hr ¥ CRBN FECAR P ZEPEPE N TKZEL %% i)
IKZF2 M 380 IKZF2 B9 R . 76/ AR . NVP-
DKY709 ] 422 NP5k e R MR A K. NVP-
DKY709 i 7] 1 Jy 95 5E fe B8 38 J7 1 fe E 1S 5 7
CHEN %S 38 7 40 7 8 PVTX-405, HJ& — Fh ot
v e PR R IR R TKZF2 FEfR . PVTX-
405 W] BF fif IKZF2, [A] i) {3 8 2 CRBN g 9.
PVTX-405 i i F& i TKZF2 3 T R 48 N 7 H 248 il
A (TL)-2 W= A BRI Teff A9II 676 M 42 3F Te-
{f 20 i 3 4

HUANG 2 B 58 A A & i T NLP @ C-PRO-
TAC, H Al 8 [ [ i ZBP1. fif 1.-18, 1L-6, IL-18. Jif
JIRBEH T o« (TNF-) M3 2 BAIFN-B) 41 4 41 iy
PR 7 AP B I 52 3K 4% E R 0T 58 B A K o AH & HIL i DL
Kl 6, X#P NLP@QC-PROTAC 7] LL4: 5 Ve it Z-
DNA 2568 [ 1(ZBP1) , AT 30 6l 42 4 240 i X 5 %)
P A IR G R ARSI R AE . MEME X B O
% H(FMRP) & —f RNA 454 % 1 (RBP) , FMRP
AEAEFE NS vh S Rk, SR R 28 R
Hl 4 9 6 5Bk % U0 AH &, PENG %0 IR 8 17 — F
PROTAC Scl-VHLL, H A3 i 77 b i 42 7 /) B A
NI A0 e R S A N R FMRP., FMRP [ fif
3 ERCAE T A L A AR 2K S BIOAE AR A L PR oK
SF- 3580 R G 8 R ) S KT8 b . E CT26 far 988 /) Bl
R o, fih g 20 D P FMRP 19 [ A 55 35 02 3 o4k 12 40 Jif
A CD8 " T 41 Ml 32 11 L 37 P& AKX Treg 40 B (Y HL 1], &
SRR 5 1 IR S B 85 L 24 5 e i K A L BELIT (ICB) Y
LA IR AT DL 2 B AR A K

it fibibitstititatstebetetetetedutetebutetutatsd
Y PHIR 1 [

 ZONA l Ry
ZBPI W5 HR

(zu\)’ \((ZQZ) (D)

P 1

\

(RIPKS) @) RiPK3
. / \

AT l MM
T i AL AR AR TE FNLE S35
& 6 NLP@C-PROTA ¥ %2 & & Kz #1 $1

3 NEERE
PTAER  TPD AR S il g, H AR A5 e KPR [

AEG It #2587 7 IR T 25 1, DA X A Gt <A T R 2 7
R RCE I ERITT TP R E R . SR,
TPD A B FH 5 ATy 1 I 22 25 Pk K. — 2 B A i
FAIXT B —, H Ak 28 PROTAC Fl4> 7 AR #i T
EA RS B RS M I B AR s — R
E3 i e g 72 IR AT B R AR N AEAE 600 R Fh E3 i
FERE AH 2[5 0] B F TPD AL+ & s =& PRO-
TAC HIXF 43 F 5 55 K, 5 200 i A 9 R BE A an
35 15 1k A 25 5 DU 43 F e B EL AR 6 43 o /N R AR
B M R P B AR T B R, T R B 2 R T A AR
P 5 2 R ) R Xt H AT TPD I PR B2 A 1 I
1) 5 P

KA TPD AR MBI REME FLLT 5 A~
TAT = 65— o T 56 5 TG A2 2% 78 2% ik 1) 6 Bl F 5 5 TR i) B
HorFALE L I8 H R TR 25 5
ARIEIT AL AT U E3 3 0. 1 R F A 40 5 70
. o8 PROTAC 545 F B H AT RER T e (17 25 1] 55
=4k PROTAC 4 T 451, FEARAR X 4+ I i 44
w WA T S 5 0 L T i 25 1 B ) 2R g
PRSI, #E S RGN o TR TS 0 o SR s, s
XA AR K TR B MR 5 5 T i B T 1k B T
TPD 4> F 46 T 8 A U8 M B3 i B2 , 3 S ik
T Tz A . BEE DL 5T S R B
FIARBIRA  TPD # H8 R B — A iE 16 7 1 5 25
FE L N0 ORS 1 55 5 880R U7 4 1 I S AR e

2% ik

[1] CHERNOBROVKIN A L,CAZARES-KORNER C,FRI-
MAN T, et al. A tale of two tails: efficient profiling of
protein degraders by specific functional and target engage-
ment readouts[ J]. SLAS Discov,2021,26(4) :534-546.

[2] SHORER-ARBEL Y, KATZ B Z, GABIZON R, et al.
Proteolysis targeting chimeras for BTK efficiently inhibit
B-cell receptor signaling and can overcome ibrutinib re-
sistance in CLL cells[J]. Front Oncol,2021,11:646971.

[3] CAO S,MA L,LIU Y,et al. Proteolysis-targeting Chime-
ra (PROTAC) modification of dovitinib enhances the an-
tiproliferative effect against FLLT3-1TD-positive acute my-
eloid leukemia cells[J]. J] Med Chem, 2021, 64 (22):
16497-16511.

[4] SAMARASINGHE K T G,AN E,GENUTH M A, et al.
OligoTRAFTACs: a generalizable method for transcrip-
tion factor degradation[]J ]. RSC Chem Biol, 2022,3(9);
1144-1153.

[5] WU S.JIANG Y,.HONG Y.et al. BRD4 PROTAC degra-
der ARV-825 inhibits T-cell acute lymphoblastic leukemi-
a by targeting ~Undruggable’ Myc-pathway genes[ ] ].
Cancer Cell Int,2021,21(1) :230.

[6] XU Y,YUAN Y.FU D Q. et al. The aptamer-based
RNA-PROTAC [J ]. Bioorg Med Chem. 2023, 86:



E R4 I E S 20 2025 48 11 A % 46 %% 21 #1  Int ] Lab Med, November 2025, Vol. 46, No. 21

o 2577 -

[7]

[8]

[9]

[10]

[11]

(12]

(13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

117299.

KAWAHATA 1, FUKUNAGA K. Degradation of tyro-
sine hydroxylase by the ubiquitin-proteasome system in
the pathogenesis of Parkinson's disease and dopa-respon-
sive dystonial J]. Int ] Mol Sci,2020,21(11):3779.
BALLABIO A,BONIFACINO J S. Lysosomes as dynam-
ic regulators of cell and organismal homeostasis[ J]. Nat
Rev Mol Cell Biol,2020,21(2):101-118.

SEABICKI M, KOZICKA Z, PETZOLD G, et al. The
CDK inhibitor CR8 acts as a molecular glue degrader that
depletes cyclin K[J]. Nature,2020,585(7824) :293-297.
LIU Y, YANG J, WANG T, et al. Expanding PRO-
TACtable genome universe of E3 ligases[J]. Nat Com-
mun,2023,14(1):6509.

LI F,HU Q,ZHANG X,et al. DeepPROTACsS is a deep
learning-based targeted degradation predictor for PRO-
TACs[]]. Nat Commun,2022,13(1).:7133.

WERTZ 1 E,WANG X. From discovery to bedside:targe-
ting the ubiquitin system[ ] ]. Cell Chem Biol, 2019, 26
(2):156-177,

MI D, LI Y,GU H,et al. Current advances of small mole-
cule E3 ligands for proteolysis-targeting chimeras design
[J]. Eur ] Med Chem,2023,256:115444.

LEE S.HU L. Nrf2 activation through the inhibition of
Keapl-Nrf2 protein-protein interaction [ J ]. Med Chem
Res,2020,29(5) :846-867.

WEI J, MENG F, PARK K S, et al. Harnessing the E3
ligase KEAP1 for targeted protein degradation[]J].] Am
Chem Soc,2021,143(37):15073-15083.

PEI J,XIAO Y, LIU X,et al. Piperlongumine conjugates
induce targeted protein degradation[]]. Cell Chem Biol,
2023,30(2):203-213. el7.

HENNING N J,MANFORD A G,SPRADLIN J N,et al.
Discovery of a covalent FEMIB recruiter for targeted
protein degradation applications [J]. ] Am Chem Soc,
2022,144(2) :701-708.

BANSOD S,DODHIAWALA P B,GENG Y.et al. The
TRIM4 E3 ubiquitin ligase degrades TPL2 and is modu-
lated by oncogenic KRAS[J]. Cell Rep, 2024, 43 (9):
114667.

ZHU F,LI L,CHEN Y,et al. CRL3(Keapl) E3 ligase
facilitates ubiquitin-mediated degradation of oncogenic
SRX to suppress colorectal cancer progression[]]. Nat
Commun,2024,15(1):10536.

DENG Z,CATLETT J, LEE Y. et al. Harnessing the
SPOP E3 ubiquitin ligase via a bridged proteolysis targe-
ting Chimera (PROTAC) strategy for targeted protein
degradation[J]. ] Med Chem,2025,68(8):8634-8647.
SCHRODER M,RENATUS M. LIANG X,et al. DCAF1-
based PROTACs with activity against clinically validated
targets overcoming intrinsic- and acquired-degrader re-
sistance[ J ]. Nat Commun,2024,15(1) :275.

HICKEY C M, DIGIANANTONIO K M, ZIMMERM-

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

ANN K., et al. Co-opting the E3 ligase KLHDC2 for tar-
geted protein degradation by small molecules [ J]. Nat
Struct Mol Biol,2024,31(2) :311-322.

HONG S H,DIVAKARAN A,OSA A,et al. Exploiting
the cullin E3 ligase adaptor protein SKP1 for targeted
protein degradation[ J]. ACS Chem Biol, 2024, 19 (2):
442-450.

HAN X,ZHAO L, XIANG W, et al. Discovery of highly
potent and efficient PROTAC degraders of androgen re-
ceptor (AR) by employing weak binding affinity VHL E3
ligase ligands [J]. J] Med Chem, 2019, 62 (24).11218-
11231.

XIA L W,BA M Y,LIU W, et al. Triazol: a privileged
scaffold for proteolysis targeting chimeras [ ]]. Future
Med Chem,2019,11(22):2919-2973.

LOREN G,ESPUNY I,LLORENTE A.,et al. Design and
optimization of oestrogen receptor PROTACs based on 4-
hydroxytamoxifen [ J ]. Eur ] Med Chem, 2022, 243:
114770.

ZHAO X Z,WANG W, AL MAHMUD M R.,et al. Ap-
plication of a bivalent "
DNA phosphodiesterase 1 (TDP1)[J]. RSC Med Chem,
2025,16(5):1969-1985.

PIERRI M,BOVE G,GAZZILLO E,et al. Unveiling new
triazoloquinoxaline-based PROTACs designed for the se-

click" approach to target tyrosyl-

lective degradation of the ncBAF chromatin remodeling
subunit BRD9[J]. Chemistry,2025,31(34) ;202404218
HU M.LI Y,LI J.et al. Discovery of potent and selective
HER2 PROTAC degrader based Tucatinib with improved
efficacy against HER2 positive cancers[]J]. Eur J Med
Chem,2022,244:114775.

LI Y,BAI L,LIANG H,et al. A BPTF-specific PROTAC
degrader enhances NK cell-based cancer immunotherapy
[J]. Mol Ther.2025,33(4) :1566-1583.

ZAMAN S U,PAGARE P P.MA H.et al. Novel PRO-
TAC probes targeting KDM3 degradation to eliminate
colorectal cancer stem cells through inhibition of Wnt/3-
catenin signaling [J]. RSC Med Chem, 2024, 15 (11):
3746-3758.

ZHANG J,CHEN C,CHEN X, et al. Linker-free PRO-
TACs efficiently induce the degradation of oncoproteins
[J]. Nat Commun,2025,16(1):4794.

[33] HE Q. ZHOU L, YU D, et al. Near-infrared-activatable

[34]

[35]

PROTAC nanocages for controllable target protein degrada-
tion and on-demand antitumor therapy[]J]. ] Med Chem,
2023,66(15) :10458-10472.

LIU S, YUAN F.DONG H.et al. PTGES3 proteolysis u-
sing the liposomal peptide-PROTAC approach[]]. Biol
Direct,2024,19(1) : 144,

GAO J.JIANG X,LEI S.et al. A region-confined PRO-
TAC nanoplatform for spatiotemporally tunable protein
degradation and enhanced cancer therapy[]J]. Nat Com-
mun,2024,15(1) :6608.



+ 2578 -

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Bt i ES A% 2025 4F 11 A% 46 % 21 1 Int ] Lab Med, November 2025, Vol. 46, No. 21

WANG L,KE Y,HE Q.et al. A novel RORI-targeting
antibody-PROTAC conjugate promotes BRD4 degrada-
tion for solid tumor treatment[ J ]. Theranostics,2025,15
(4):1238-1254.

WANG Z,PAN B S,MANNE R K.,et al. CD36-mediated
endocytosis of proteolysis-targeting chimeras [ J]. Cell,
2025,188(12):3219-3237. el8.

KING E A,CHO Y,HSU N S, et al. Chemoproteomics-
enabled discovery of a covalent molecular glue degrader
targeting NF-kB[ ] ]. Cell Chem Biol, 2023, 30 (4): 394-
402. €9.

HSIA O, HINTERNDORFER M, COWAN A D,et al.
Targeted protein degradation via intramolecular bivalent
glues[J]. Nature,2024,627(8002) : 204-211.

KANG C,XU W. Leveraging structural and computation-
al biology for molecular glue discovery[J]. ] Med Chem,
2025,68(3):2048-2051.

KAPCAN E,KRYGIER K,DA LUZ M,et al. Mimicry of
molecular glues using dual covalent chimeras[]]. Nat
Commun,2025,16(1) :2855.

LIYD,MA M W,HASSAN M M,et al. Template-assis-
ted covalent modification of DCAF16 underlies activity of
BRD4 molecular glue degraders[J]. Nat Chem Biol,2024,
20(12) :1640-1649.

GU W J,LIU X X,SHEN Y W,et al. TRIM4 enhances
small-molecule-induced neddylated-degradation of CO-
RO1A for triple negative breast cancer therapy[ ]J]. Ther-
anostics,2024,14(18) :7023-7041.

RAZUMKOV H,JIANG Z,BAEK K,et al. Discovery of
CRBN-dependent WEE1 molecular glue degraders from a
multicomponent combinatorial library[J]. J] Am Chem
Soc,2024,146(46) :31433-31443.

LI P.HU X,FAN Z.et al. Novel potent molecular glue
degraders against broad range of hematological cancer cell
lines via multiple neosubstrates degradation[ J]. ] Hema-
tol Oncol,2024,17(1) :77.

CHEN L.HUANG L.WEN W, et al. Selective and po-
tent molecular glue degraders for NIMA-related kinase 7
[J7. Angew Chem Int Ed.2025.64(12) ;e202500169.
ZHANG Z X,LI S Y.LI F F,et al. Meisoindigo acts as a
molecular glue to target PKMYT1 for degradation in
chronic myeloid leukemia therapy[ J]. Adv Sci,2025,12
(21):2413676.

LAZO J S.SHARLOW E R. Drugging undruggable mo-
lecular cancer targets[ J]. Annu Rev Pharmacol Toxicol,
2016,56:23-40.

LI L.WU Y.YANG Z.et al. Discovery of KRas G12C-
IN-3 and pomalidomide-based PROTACs as degraders of
endogenous KRAS G12C with potent anticancer activity
[J]. Bioorg Chem,2021,117:105447,

YANG N,FAN Z,SUN S, et al. Discovery of highly po-

tent and selective KRAS(G12C) degraders by VHIL-re-
cruiting PROTACs for the treatment of tumors with
KRAS(G120)-mutation[J]. Eur ] Med Chem,2023,261:
115857.

[51] GOUGH S M,FLANAGAN ] J,TEH J,et al. Oral es-
trogen receptor PROTAC vepdegestrant ( ARV-471) is
highly efficacious as monotherapy and in combination
with CDK4/6 or PI3K/mTOR pathway inhibitors in pre-
clinical ER" breast cancer models[ J]. Clin Cancer Res.,
2024,30(16) :3549-3563.

[52] TAKAKI E O,KIYONO K, OBUCHI Y,et al. A PDE3A-
SLENI12 molecular glue exhibits significant antitumor activity
in TKI-resistant gastrointestinal stromal tumors[]]. Clin
Cancer Res,2024,30(16):3603-3621.

[53] ZHOU L, ZHOU K, CHANG Y, et al. Discovery of
Z1.C491 as a potent, selective, and orally bioavailable
CDK12/13 PROTAC degrader[J]. J] Med Chem. 2024,
67(20):18247-18264.

[54] XIE T.ZHANG Y,LING N,et al. Aptamer as a molecu-
lar tethering agent induces PrP(C) aggregation and deg-
radation to inhibit melanoma proliferation [J]. Angew
Chem Int Ed,2025.64(28) :e202425051.

[55] JAIME-FIGUEROA S,BUHIMSCHI A D, TOURE M,
et al. Design,synthesis and biological evaluation of Prote-
olysis Targeting Chimeras (PROTACs) as a BTK de-
graders with improved pharmacokinetic properties[]].
Bioorg Med Chem Lett,2020,30(3):126877.

[56] ZHANG J.CHE J,LUO X,et al. Structural feature ana-
lyzation strategies toward discovery of orally bioavailable
PROTACS of Bruton's tyrosine kinase for the treatment
of lymphomalJ].] Med Chem,2022,65(13):9096-9125.

[57] BONAZZI S, D' HENNEZEL E,BECKWITH R E ], et
al. Discovery and characterization of a selective 1KZF2
glue degrader for cancer immunotherapy[ J]. Cell Chem
Biol,2023.,30(3) :235-247. el2.

[58] CHEN Z,DHRUV H,ZHANG X,et al. Development of
PVTX-405 as a potent and highly selective molecular glue
degrader of IKZF2 for cancer immunotherapy[J]. Nat
Commun,2025,16(1) :4095.

[59] HUANG R.HU Y,WANG Y F,et al. Targeted degrada-
tion of ZBP1 with covalent PROTACs for anti-inflamma-
tory treatment of infections[]]. Angew Chem Int Ed,
2025,64(19) :e202423524.

[60] PENG R, HUANG Q. WANG L. et al. G-quadruplex
RNA based PROTAC enables targeted degradation of
RNA binding protein FMRP for tumor immunotherapy
[J]. Angew Chem Int Ed.2024,63(47):e202402715.

(W B 181:2025-04-02 &[] H 111 :2025-09-20)
A g 54 D



