Reviews and Monographs ERud=kars

)) ) EUFES LR R
Progress in Biochemistry and Biophysics
' l12026,53(9):2334~2351

www.pibb.ac.cn

Mo ERENFEE tauER:
EH/KER OISR T FEITRIEESHE

2% FAA F R T K RPE 4 4"
CT YR B 2RI e A B A 2 SR AR A R, T7ik 315211)

FEE  tau S B B RR B2 R PN )76 PR BT 7R i R S LA, taw 2 S A SR A AR D BR B 2R, HEL AR ff 7K F- 5
FIREHMC, B, SR0EBRFEE tau 8 OB MR TSR B WA I BBy 10 o AR TAZGE Y o S PRI S
KR A4 (proteolysis-targeting chimera, PROTAC) i #H%5% B3 72 ZiEHLMHA S B AR H R, A ELIEHBR
i = PR S P A EON & H R T e K. Ak, PROTAC 7EFEIRAN L5 s P R g M tau B By . 0%
SR S SGENNTIRE 7 RIS AT Ty, AHAAE TR R RN B . A SCRGLRR T 12385 F s ik e iz i R,
FA NS T tau A G S AR RO TP . FRIRE tau 2R R REME IR . E3 SRR . 4T (linker) AL =JCE A
YIRITAROCER , JTA0 0T 1 50 1A Bt B 38 2% 5 i 9 254 03D 022 kR . AR P75 it — 2D AR THR B tau 25 11 AR IR

P DAL B3 JESERG R . SR Ak S A 2R, [ FRBT N e 4tk . BRI, tau B LIE PROTAC 4 tau 2
MR TERAOE TR RS, (R A B T A2 B Ko is SR R -2 IR S S BRI AL

KR BV EtaudE L, UKL AR, LR R, B3N, taudE N

hE4ES R4, R741, R971

tau 1% (tauopathies) J&—2SLANK N 54 i
FEBER AL, tau £ 1 R AR TE ORIV M 4RIR AL AR
LR E BRAE B A 2R AT, HABA SRR 2
R SR P 1 2R (Alzheimer’s disease, AD) . iz
AR P tau BEOH R
degeneration-tau, FTLD-tau) V.Y {18 #H SC 4580 - i
& (frontotemporal dementia, FTD) 5 KZES1E |
AT PER D MERRIE (progressive supranuclear palsy,
PSP) DL K pz Jiw Ak IE W Z P (corticobasal
degeneration, CBD) %5 ' tau 25 H (9 B i 7
MR R, RESER) SiiEMmEITn
FEARYRE, BIRERE S s, B sl
Wae, ol R RAE, A& PR LTI
T2 I, tau 85 AR FRPE AR 5 2o B TTO AR
NN JE tau 8 R & A2 R TR A% AL 5 CRR T
M BT, WO SR tau S AR, S
RAE . B ARSI HIERR, R EZR ISP
PRI 2R

(frontotemporal lobar

DOI: 10.3724/j.pibb.2026.0208

CSTR: 32369.14.pibb.20260208

il FaRSmG, UTAER AL 25 0T A S 1
KR, BT IF B A L H AR R
FRE. HATRBEE 5 n FEAL4E . RN 7259
P95 tau 25 1A B G R AE |l puik e
B R, DR R R
(antisense oligonucleotides, ASO) I tau & 3%
IRIRA-A5 o X SR AR — o B R IE 1]
tau 2 IR AT AT, (B FHFE AR PRAR H 2500 5
INGIF 2P EAEME LUA R SR B B E Yo 2
R R FHuSE 259 52 BT il i e f
(blood brain barrier, BBB) #fKid &M, HEE
FEPTALAT taw B, X 4 P EEPE tau B Y5

x [H % HRPBL% I 4 (52477233), WRIVL A A R BF 2 5L 4
(LMS26C110001), T T H AR F 54 (20231372), WillA K
SRR RIETE SR (2026R405A074) FI7# i K Koot A Bl
BRI (2025SRIP1942) BERNIHH .

s W THIRR A

Tel: 0574-87609580, E-mail: xujia@nbu.edu.cn

Wik B 1. 2026-04-21, $252 HHY: 2026-07-08




2026; 53 (9

=i, %: BadERENFEEauER: EEKFEREHRSES FIRITRIESHE

2335

BRAEHIEG 7 s ASO HAR B e M K2 TR AIK tau
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Fig. 1 Clinical classification, main symptoms and molecular pathogenesis of tau proteinopathy

El tauFEBRHNEZREBRFIERESFHLH

PSP: #E £ A% b M BR B (progressive supranuclear palsy) ; PiD:
FTLD-tau: s A5 ¥ -tau s (1% (frontotemporal lobar degeneration-tau) ;
i 28 J 4T o 4 25
CDKS: #I [w) 20 fits J5] 490 2 (A P 3 S (cyclin-dependent kinase 5) ;
AICD: JEMFEE A M5 (amyloid intracellular domain) ; sAPPR: 43I BIE #y ke IAZE
PP2A: # [ W5 2 i 2A (protein phosphatase 2A) ;

Z# Ak (ubiquitination); Ac:

degeneration) ;
AD: PR I ERE  (Alzheimer’s disease) ; NFTs:
synthase kinase-3 beta) ;
amyloid precursor protein cleaving enzyme) ;
F (secreted amyloid precursor protein beta) ;

filaments); P: 852k (phosphorylation); Ub:

JZ v g% (Pick’ s disease) ;

CBD: J¥ Jii £ i 75 22 ¥ (corticobasal
AGD: FERBURIAE (argyrophilic grain disease) ;

GSK-3B: M & ni A 3B (glycogen
BACE: BIEMIFERTIALE A IHIEE (B-site

(neurofibrillary tangles) ;

PHFs: A % 32 JjE #2 (paired helical

LTk (acetylation) .
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FERR R BE AD 3 YT 5% op IR RE R BE R 2
IR 3R 25 2 148 F2 %2 Ik Davunetide 78 PSP AYIIT
S bt AR EE B PP AL Y X SR I I
REGARSRTS , /N TR T A AZ O BRI AU E
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PG PR T b R A il B s 0y, (R
TGk A PR J5 01 B 9E tau 28 SR PTAD RS 4, R
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09 DR 3 6 v 34 R 3k B T 0 9T AR A R P
Semorinemab 7E£1 %1 - 1] AD () TAURIEL I HABFSY
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o tau 8 FFEAS RIS R B B M 52 R ki
X, KB A H A 2 A BT 42 4 (40 3R/A4R) |
2N RS B LA S s B S B Zs i i 5 . 3R
A R M E BT A Z2 ¥ 6] tau B A9 N i el 2k MR A,
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Fig.2 Existing Tau—-targeting therapeutic strategies and their limitations
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(phosphorylation); BBB:

1.3 PROTAC: #HZtauE [ 48[ AR KBS
PROTAC & —Fh e &3 Re/ NV T 54
P40 5 5 4 it P R (1 25 A LA (warhead) %n
E3 72 RIEHMEHC IR (E3 ligase ligand) , PANHCA
ZAE S EE TN el A& (& H RA-%
BT -E3 B4R ) . PROTACS il 1 J8% 2% ik 28 1
(protein of interest, POI) FIZHHL P 1Y B3 17 Kk Hz
T (A BE B 0 , ) UPS 7 S5 1 b ) - o5 A o
w (K3) . ANETAEG /N FT 2900 X
ol i1 I I 7 11 2 N2 7/ B S Tl o
PROTAC WIVERIBLEIE T “FH Rk (40 ) 2
FIR A . R B2, PROTAC 7RI FE b &
A e FERPER, BRSO PR AL —IR
R f i R I BT ff B, I RO HE A — AR AR

W, IMTRERS DM BERR 20 bR B bR T

J5 & AN i 3 B 3B (glycogen synthase kinase-3 beta) ;
IfiL iR BE (blood brain barrier); CSF: i (cerebrospinal fluid).

PHFs: A% X} B2 jig 2 (paired helical filaments) ; P: #f iz 1k

PROTAC $ ARy v il A& 48 AD HE 553 254 1Y) Jay R
PEFRAE TR % . X 13 tau 2R FUBE R TLAB I 1)
KW, Jang 5 H IR A M T — R A )
GSK-3BHJ PROTAC 73 ¥, Hrr, #Ea7 IE e
TR DL 7T PG21 B R 4T 1Y) GSK-3pB B fift i
P, 75 PC12 481 Fh{Y 10 wmol/L ¥¢ & Rl A {ff GSK-
3B KA 65.8%, 7E HT22 4 Jifd (14 25 11 5 B3 v
ZER R, 7E 2.8 umol/L ¥ FE R PG21 5 3 4 i
PR 175 T 44.2% W 2R 1 T R A O PR A 22 DR AP T
o X—BFFRAMIESE T PROTAC T AD J B W]
IS, WO HAE R A iR A TR S
IR BEE T JEmt . bk, REAET tau XL
“MI IR ERE R MO ARIE Y EEAR, PROTAC 3R
H HA ﬂﬁﬂ&ﬁﬁ/ﬂéﬁﬂﬁzﬁwo H—JE5 U5
SLUEBR” . PROTACHEMS i AMUAR, FL LR ) 25
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R TS o5 P 2 B i RO AT R FEi A, LA
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ST I DB 9 A R R O T B R
s ZORINIE , tau 25 & T 4L 80 B9 [ 0 Fr 2
i, HABBRZREMEI N TAE AR, Iz
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2a1)
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Fig.3 The ubiquitination degradation mechanism of tau—PROTAC and the structure of ternary complexes
E3 tau-PROTACHZRUKEMILEIR=TTE S ME
PROTAC: E /KL HR &K (proteolysis-targeting chimera); POI: JE%HRIE ] (protein of interest); Linker: i&f%F; El. 12 ZiihF

(ubiquitin-activating enzyme) ; E2: 17 R 45 &

i (ubiquitin-conjugating enzyme) ; E3:

7 R % BB (ubiquitin ligase) 5 P. 3 BR 1k

(phosphorylation); Ub: jZ#4k (ubiquitination); ATP: =HERMRT" (adenosine triphosphate).
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AMUJE AD F A2 W 5 fi e (Braak) 43 AR #%
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AT, X p-tau BEE tau 2 119 PROTAC BF &
EREPIAERE . Chu s 1 A58 TS IRIE,
TIE 52 22 RSP A7 577) THO06 FT AR AD /) BB 54 i P
1 tau 3 1K1 250 AB A SRR EEYE . BEJS
Wang 5 FF & i3 £ IR S8 501 C004019 J¢
Yao %5 57 T C8 4T, HIREiE i UPS A5k F i
1k 2 R 2 3R TR /N R P ) At B P SRR SE A A
(111 Ser396/Serd04) [ p-tau G faf, FAF Rl 2 i v] 98
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U A5 BB A RO MIE 2 ASSHULNE tau 85 LA
BRI IRERZR 10 s KM HE £ AR A
tau 85 K1 Z 00 T A 30 tau B FAROVE T, mTRE
IR KA AR TR X s 23 FAERRTIA
gt KA 2G2S tau B (U R IS
R, A7 ™ S B A R A 6 T R
AT AT A T A A T S A L i R TP AL B
B, B RELAGTE TR G
2.2 $BEtauiE B RIEAR IR PEAR SRR

R 5 1R A T8 4 R A el R ) TS A 2 B T RE A
FL WIRE IR I AR R E B AL . EE
] “NHEREM R W PROTAC it T4
SR EE tau AR R IR P B a5, Hik
Z WAV ZE5 4E, QMRT7E )12 IR v o
(R AL R 22 S L DR B X — MR
FIACAT B tau 2 U BAL G4 5 1 1 L 5 R S
JZ1% (positron emission tomography, PET) 7N
FIAEA PROTAC LA, R — Rl HAG5 ARR

Feg . SilvaZs ) LI PET /REEFI N ZE A B2R, it
THEMEMN (cereblon, CRBN) E3 i% # iff )
PROTAC 43 QC-01-175, 7E2RUET FTD & MIA
JEARZTCRR | 2 T AU RUEAR T B tau 2
M p-tau 7KF, BRI XA AL (41 P301L,
A152T) FIRBIRAS M 2T e Je /e LS, ]
WS AN tau B 1 PRSI L e . 7
UEHERE b, BFFEE E— 2Bk 5 A5 F FMF-
06-038 £l FMF-06-049, H:/h, FMF-06-049 AN {UAE
A (10~100 nmol/L) N I 2 F&AIK tau 25 FH 7K
e, B i 0 T SRR BOME T tau B R AR
IRRILR LSRR T, TERrE LA T, Bk
Y525 4 h g BRI RT A ) i S R, HL2GR0nT Rk
ik8d ', XU RI], I AR F R
M JF DU B A& 3% A9 B3 GE B, BE WS W KR T
PROTAC X tau £ A BB SIS BRI

MR, WML RIS S, /N T PET
3R 7 3% H2 I E3 B IR 4k PROTAC 43 F )
ST RE 5 JE A8 B8 LA A BEAR SR R Sk
H A7 e = 60 ) A AR e s . esh, AN
tau 3 A . ANFIREM B B tau FE R Z
], BRI A R 2 R A G 3R 0L
AR Z R G0 5E 1 Ik, B S iR B
&5 PROTAC HE AR M 25 45 AR T i Sl A8 1k
Jr (F1), (HEEBSCHL R A 17 BURK tau 5
., AR auER” ER, TR ERARL
HRZR SR NERIE

Table1 Representative PROTAC strategies for targeted degradation of tau protein
®1 TauEALEMEMEIPROTACKEE AR R

S TR H AR B34 55 A
TR B tau 2 1 C004019 T3 PR M tau B VHL HAT RIFIUBBBE &AL/ 1)
R AL A e T tau B C8 p-tau VHL %o v 194 19 A4 tau 8 11 26 I L 306 P M P g v, )
N} AT A B tan 2 1 7K B
QC-01-175 p-tau L R AR CRBN TEFTD & RSP E 0 - A0 S 15 B3 BELAH S tau
H, SHE R Tn s 5
FMF-06-038 p-tau LI IREER CRBN X A M tau B A R AR B PR AR T, IRAE
FEARIR S T SCHLAT R i L)
FMF-06-049 p-tau S LR AR CRBN S B IE Pk M im0 1 Bt B tau 2 19 32 5 4 (6%
LR M an i /)R A T3 K tau 4 5a-Syn CRBN I Wy [F]35 Bk 2 o 4 28 38 AT 1 0 3 AH OG0 SR 4 2R

= [58]

POI: JEXMHRE [ (protein of interest) ; E3: 1Z R iE4LHE (ubiquitin ligase) ; p-tau: f§fRfktaufE 1 (phosphorylated tau protein); CRBN:
B (cereblon); VHL: 7 {il/R-#RiE# 4 (Von Hippel-Lindau); BBB: ILitFE (blood brain barrier); FTD: At i (fronto-

temporal dementia); o-Syn: aZfii#%EH (a-synuclein).
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3 PROTACHFi&itRE

3.1 tau-PROTACMJ & FERERI B EIRF MR

EATRT A, R % tau PET B K (G
AV-1451, THK %&7%1]) -PROTAC 43T H G Bk £
ANGR, TOEE X3 A AR PR S g PR R A A e
Sy 2B P tau 2K YA R R AR, AT RE B
TS M2 i . oW i sz B, 7R DI RR R
ROV o WAL, 55 A v R Y A tau 2R 1 SE I
e, T REEB3 I RIEEE N R RGN,
ML ELAN A PN AR RS STAl 7 Sh e
PROTAC WS R, T — B3 ) 35300 A o
PR . — AL BRI 1L tau 25 H ) PROTAC
Kmg . ETRERMEEEM (4 p-tau-Ser396/
Ser404/Thr181) S B ALHF T MU, @ & ok
FJ 7 e A ) o BB R AL tau ISR B3 12 R 3%
PR, i HGE o 268 B R A PERE AR, T AR
tau 25 [l Tk = 5 25 BE W RR LB 01208 ik )
FROER —ICE G, IR o, TR
] tau 25 1905 PR 2 SR BEVE R A S M . BE T IRAE
S rwhEWEETEEER, B
TRIM21-RING-nanobody degrader {X 7£ % #1E tau 25
FERARAR R RSO . IR PR B B SR 4
tau £ [, ADRHE B A AN T Ak, R
WA CROAEE(E S, QLRI . S 8 R
PR pH BSOS , it Al 7 BLER B v g0 Y
RIS (pro-PROTAC), gl Mk R 4k
OB R JRUSS: (VR AE T 1), ELAE tau B 115U 40 T
WETERR B 7

TEUCERRN |, B B 45 | S AR S
Z A SR WA tau-PROTAC RS HEAD [ 41 0] {5 2 2
% o AN[A) tau 25 U EAA AN [ BY 2H BN £F 43T
S, a0 AD 23R8 3RARIE G 1Y, PSP Al
CBD LL4R tau 5 [0, 1 PiD W A 3R tau 25 [ /5
Fe", Bitaw BN MES S ELE KX
(microtubule-binding repeat region, MTBR) %5 14
S, A A R B A Y 22 IR A
LMK AR IO, SRR R SR A AR Y
PeoeiE R ™ Wk, 2R AR G i s R LA
HES SR o A0 85 B SRR AR R AT, FER
Bk 1|1 DO (35 R NG Uil RS S £ R e RV i)
F I % (cryogenic electron microscopy,
Cryo-EM) f#NT I REZ L =4t S5 8., Eid i
PEERTREE . NIME 528 [mE A5 2O %

1457, nlHAf PROTAC [ FERFE BURAI SR T IE AL
WM = InE AW, M S B A (8] 45 AL 3k R
Rfie (757

P4k, tau 25 H # [a) PROTAC 1E 76 M\ 518
TGRSR tau R T CREE A REE
FRIL RN IRESIER” KRR AR TGibR
TR . ZMERITHOR, R RITHEA
e, IXLLTRMEHS B AEHE S B tau 85 1A E BRI
B, AR A B tau R I THAE, M AD,
PSP, CBD %% tau £ 119 1) 22 5 A6 T P kT 10 24
PREAAAE , T HES] tau 25 11 [ R S ) A A 152
Lk,
32 E3zHZEEBIIEESPROTACIE TR

£ PROTAC 2 F Ry, B TS E M
POIZS A BCRSN, E3 72 M A SE B R e
R sl . PEFRIE S AN/ 20 2055 R R D R
Z—, HEr, R AFIEE A PR T 600 4%
FiE3 32 KM, HEIEH& 0T PROTAC %
/NS F SRR B E3 MY G FR . HR4E E3 12
B FERG 25 K 5 AL RAE °T K E0 o E6AP FR 5L
i (A PR 45 AR (HECT) . U-box #Y | Mgyl
(RING-finger) P4 & RING-IBR-RING % (RBR)
Py, H, RING-finger % % i Cullin-RING
E3 7 Z 052 A W2 2 i PROTAC S0 FH i
2 B3 HEREEERA ) RHRZE AV EE
30 3 R SR ) 37 1 CRBN 818 7 il 1 - b 2 1
(Von Hippel-Lindau, VHL) 3240 iR 50 5 R fi
(&l 4) . CRBN [ 14 38 & >k I T >k A6 B M
(Lenalidomide) . A1 5 % (Pomalidomide) 54
FEVT YA, A RGE AN . AT ]
SRR, TR S S R A S R A B O AH L
ZF, VHLEARZS M E G4, /7 s,
FIREXT T2 A R 2 Pty SR ANk, (R AE
A HIARA R P RE A SR RCE R . PRIk
Wi = e E S . UUBET ZEEH N,
VHL #f 3£ % PROTAC MZ1 A 75 % K it 25 J5 45
¥y 3% % H 4 (bromodomain-containing protein 4,
BRD4), JEERIH B EWN =02 &Y IEW R
I CRBN 47 5% AU fi# 77 41 dBET1. dBET6 1 ARV-
825 [AIREAEMS A 4115 5 BRD4 [, (H HLFEA#i% A
Y RN F AN TE 42— B, BR VHL A1 CRBN 4,
8] - 0 i & 1 (inhibitor of apoptosis proteins,
IAP) Ml AU#4A 2 45 (mouse double minute 2,
MDM2) 384 4% Fl T PROTAC % iH#8%&, {H#&{k
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Fig. 4 Representative PROTAC molecules of typical E3 ligases and their ternary complex structures
B4 HBEJEZBHRREPROTACH FRE=TEAWEN

CRBN: JitiZE 4 (cereblon); VHL: G {f/K-#RiEFEH (Von Hippel-Lindau); KEAP1: Kelch#fECHAIGE A1 (Kelch like ECH associated
protein 1); DCAF16: DDBI15CUL42¢H 716 (DDB1 and CUL4 associated factor 16); Ligand: E3jEEMIMA; Linker: #%E#:T; RBXI:
HHEE M1 (RING-box protein 1); CUL: Cullin 3 4¢%E 9 (Cullin scaffold protein) ; Ned: LRI AR4IM A% T FFEMS (neural
precursor cell expressed developmentally down-regulated protein 8, NEDDS); DDB1: it {545 5 DNA%E & #H 91 (damage-specific DNA
Elongin: ZEffifE [ ; BRD: JRZ5MINE M (bromodomain-containing protein) ; BTK: #i & i fi% 2 M2 i B (Bruton’s
tyrosine kinase); BCL-XL: BNk I -FF KB (B-cell lymphoma-extra large) ; dBET1: CRBN#HEZEAIBRD4HI[\IPROTACT-; MZ1:
VHL#4 5 B BRD4#{! [i] PROTAC/} T ; MT-802: CRBN#AZLAIBTKH 7] PROTACS>F; DT2216: BCL-XLiE#P:PROTACSF; MSS83:
KEAP1#A5£RBETH[(]PROTACS} T3 IBG1: DCAFI163A5ERBRD2/3/44[i] PROTACS T

binding protein 1) ;

IR BE RS AR XA R 7

AR, R SR tau A 1 45 L AR B A X VHL/
CRBN 1R R K, AIF5T & TF4a¥0 B i) B3 41 5%
Fms . Hodr, Cullin R %24 H A (Cullin 4,
CUL4) -RINGE AW MKW =Z A (nfidiFe 5
P DNA 2545 #H 1 (damage-specific DNA binding
protein 1) 5 CUL4 #H 5¢ A+ (DDBI and CUL4
associated factor, DCAF) 15. DCAFI16) 1E N
Cullin-RING E3 KM 5L, T A PROTAC H1f5R
CRBN/VHL #MUHT4AA S 25 . DCAF1S K5 5L Ak

FE 2 50 —F ] A1 5 RBM39 B 1T 22 3132 56 18

PP EA /NI 7 B A R 25 SRRl 5 Bl
J&, DCAF16@%ﬁH?¥F7iIBG1$f1ﬁrEJI¥%ﬁ%’F$zWE
15T (4 8 % £ PROTAC 7 Ilb4h, KEAPL, ¥
8 #1114 (ring finger protein 114, RNF114) . W
% {1k [5] ¥% & 11 B (feminization 1 homolog B,
FEMIB) . DCAFI1 il & Kelch 45 ¥ 3 25 1 2
(Kelch domain containing 2, KLHDC2) Z§7F £ i

E3 % 4 il 1 32 7 i 98 A BB [ 25 R A O S
W N (R2) . HE, TR E3 (R R RZ4E
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FHIRTF R B, FERCARRAVE | S5 HTRLE
0 7 T i e LR R VHL 5% CRBN, {H l S o 5

e ALV S | SRR A MR XS LA B B3 B
PR AR AL TR AT RE

Table 2 Target selection, E3 recruitment types and design strategies of representative PROTAC molecules

F2 KRFMPROTACH FHIIBFRIERE. EIBHERBRIT IR

HbR B3R REST VR EE BTN
BRD4 VHL MZ1 JQI-VHLABEK; VHLEC K [81]
CRBN dBETI1 BETRCAA- K I8 5 Ji A ¢ [82]
CRBN dBET6 dBETH 3L —5 ik [83]
CRBN ARV-825 BETHC #4771 5 B2 A 9k [84]
BCL-XL VHL DT2216 FIFVHLA S %k 2% 5 [83]
BTK CRBN MT-802 T & e i A RI I 1 T e [93]
RBM39 DCAF15 75 FERH TR /N FiF S DCAF 1S 5 [85]
BWEA DCAF16 IBG1 SRV 55 [87]
EZS i KEAP1. RNF114. FEM1B% FIAR RIS FEANFR 55/ FRL A SR s [88-91]

PROTAC: ZE /KM 51 (proteolysis-targeting chimera); BRD4: RZEH 14 (bromodomain-containing protein 4); BTK: ffi&
1% S BRI  (Bruton’s tyrosine kinase) ; BCL-XL: BANJEMk R4 K& (B-cell lymphoma-extra large) ; RBM39: RNAZE A SLF 11
39 (RNA binding motif protein 39); CRBN: fiiZ 1 (cereblon); VHL: 7 {il/K-#Ki&# 1 (Von Hippel-Lindau) ; DCAF15: DDBI Y
CUL4#4H X ¥15 (DDBI and CUL4 associated factor 15); DCAF16: DDB15CUL44H %K ¥ 16 (DDBI and CUL4 associated factor 16) ;
KEAP1: Kelch#tECHAHSEE 1 (Kelch like ECH associated protein 1); RNF114: 3458 1114 (ring finger protein 114); FEMI1B: kM
Y E B FAFEM-1 [ B, J& T CRL2ME3Z HiE MK YRS EE (fem-1 homolog B); MZ1: VHLIHSERIBRD4H [:]PROTACS
F; dBET1: CRBN#ZEEIBRDAH[\PROTACS>T; dBET6: CRBN#ZLAIBRDAHE [\ PROTACST-; ARV-825: CRBNHZERIBRDAE 7]
PROTAC/}T+; DT2216: VHLIHZEMBCL-XLE! [[JPROTACS> T-; MT-802: CRBN#AZEAIBTKAL[iPROTACS) -5 IBG1: KN HHZEA

DCAF16#2[i]PROTACS T

T LRI S, B3 SIS E TR
ATy BR E3 EARERHE SERCARAS S A0, k107
SR B BE L Z /W R s ) B ) 4 A
R, W ER W =0 G Y B B LT ie AL
I A M PR RGE R 77 AR
T A4 G HiR warhead F1 E3 BCARANZE AU T, X
XER A T ST . R T 2R
ISR, 3T a8 i 1k 2 4] UG B 2% PROTAC
PR TG M EBEPE, X —BIZ O /E BRD4, e
1 fi% 24 PR i (Bruton’ s tyrosine kinase, BTK4) .
CDK 2R R PG 850k . Kk, B3iE$:
BFASERCIAR | R 5 S T T N R A 2 [
T IUE G YIEARE R N —RME S, AEh R 2
R G55 F X T tau-PROTAC (i3 7 B as A %
o — M, ANFE3EEMEMEIT. BRI
21 L R 2 2 2 T 240 e v %) R 7K ST BT A48 L A7 AT
REJFANAHIAD, 2CFF LY ) tau 85 7EAS R 4 2
BRI (R R R AR RIE B 0 ) 59— Ifl, B3i%
FEBEA SRR S 3 T 25 A R R AR 2 3L [R] 5 ) oy
T . AR, MIMTSE i BBB i
EVER N R . SR, E3 SRR
U AR IR 2% 5 A 5 B AT 521 PROTAC 9% 4= 1

T, A B AN bk R - KRB (B-cell
lymphoma-extra large, BCL-XL) F#f#7#] DT2216 )
F VHL ARG FREE R, E— R L
DT /N R BCL-XL R, MITECE T4 48
BCL-XLAIFIAR SR i/ VR FEE RIS, 306 tau-
PROTAC ) E3 M B 1T S R AT IR
Wit TR E R Ak tau-PROTAC AL A AL
15T “EBW—FPE3”, WiNZEA %I E3 Rk,
“IUE AR EETIUTSELL A RS
SRS R MEER, DIREHIG R IE T
33 HiRMZEESEEnRRENDRNZF
B8R

IR PROTAC 7E 24 200 2 )25 1 Jig B0 &5 20 1)
“HARIR L BRI, (R PR S RS
Il R ARATS 32 1) T PR I 254080 2= Jm B . 1R 5
WIIREST T, PROTAC 75 [F] i 28 9N $E 25 (H 1k
E3 LA B A R4, X R BOLHAL P 0 ik
R TSGR0 “Lipinski 2825 1", 2511
i EA KTk (5800 u) . HH FIME 1 2 T AR
PAR R B A G 32, AR 4 Tl g sh ) His
8 BBB N A, m RV TS K A A
BN 5y-%F BBB Ak SN HE: 8 1A P-BE AR TR SR RIS
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AT BRI T AR N A RCE R B, ey
AP E = o E A Wkoe i SRR T,
SEITI AR 5iEad BBBALAL, Ak
832 125 AR A . PEA tau-PROTAC A 2518 )1 %
DFERR, AMUE T IR 1) B RIOR . B
T HAR 25 25 5 e A5 710 P 45 2 08 10 Ui 25 25 ik
FE, DARSIHLER R, RIS R o1 5 2 20 R
BRI, DASC A B TS I R G452 1)
AT

T, AN T 5 AN TR AR
P & J'€, i PROTAC 71y “fiifL” S5H9%%
AL TR AR . — T, A B ) A R
it ¢4 (41 PROTAC-Model ' ), #F5E A5t
A 7E 4 AT X tau-PROTAC-E3 =& S #4713
PEXHE SEE PRI R, R ERUH 40 2
Mgl R RBRE Y, 7 —JH, KIE
FETUR B 2 > K 28 N 48 A A 2355 B P -5 T
% (41 PROTAC-DB 2.0 ' = PROTAC-DB
3.0 " PROTAC-STAN """ J DeepPROTACs "'’
S5, REREXHIE Ak B W 1% I A ot o] 4P % ki 2 35 ke
A ST i 38 R UL 16 5 B ) (oo
IO AT ELAR RN TR T . Rl it
PROTAC 733 PE T HERE , 0 R AR T A )
IR AR

1 PROTAC 7 T it 24k, AL 2 &
45 3B 15 TR 2 e IR BBB L SR NI RLK 55—
KHEEAE . — T, HI%ELEAT BBB I JRiB 4 24 )i
P L BN, I tau 2 AN TR AR
I C004019 28 f2 T4 )5, 1l 4F hTau 4 3L /N R
i 175 5 tau 2R BRI O CE IDRE, (EHARA
B WA, M T, BEE
(intracerebroventricular injection) %5 25 REMS B $4 48
BBB, = X 5 58 T A A 2 tau 2R TR PO
[FIRE, N SF (intrathecal, IT) 33 3% # ]
tau 75 [ £ B2 1L 1 PHOTAC %3 T D16 #1 D20, 7R
R B A A B P RX R 22 R 40 (central nervous
system, CNS) B35l tau & HTHBRACE 10107, 5
— 7T, AR B A 1] 3 1 SRy IO i PN AT B A
TR . RGOk RS 5 PROTAC (40
DNA #4451 oligo-PROTAC I JJig Joi 40 A ks 4, 2
) tau-PROTAC) , JF #H R & M N ¥ iz
(intracellular trafficking, IT) &18452y, BFEH M
YITEMISE TN B 5041, (RIS B B Hb AR 4 B
TR IS O NI IR AR A L, N A B

A L H2 CNS 425 i REMLiEE BBB [, (HHAR AME
BAE . S RGN iR eI A A L) e SR
KIPRMANEIEZERBR, f HXELUSCA tau-PROTAC
PR i PR FH I B A2

F52 I, BBB#BEM A EIFE tau 8 F1HE ) 43
TAA Y INEE, T2 BT A A [E] PROTAC 2 [+]
TG A OB RS, LA, PR s A
B R I R 2O S S A 1 S ik
AR BN, FEXIA G AR R AT K 1) LRRK2
R AR XLO01126, FEOR BB Ir ¥ Bt (I HTHE T,
SUIBOE FE VSR N AE QNI GG LI R s
TS O IRA PR B S e o B R Y O
A5 F HA AT M 1 GSK-3 [ A 771) 10 BF 5% o
—ESE, SCELPROTAC MR A& M, JFAENLAR
MO T B, TR AR T AR R
457 BEARSMIFE 1z (AP0 1) LA B~V 7 o -
KRG 1 ME M EEAIRRTF & R 28R
PP #lin) PROTAC 73 ARV-102 FH BE, B2
SRt TN A REERAIE, friRE RS E
PEPROTAC” T MBS AR T A ST (1 R 1k
BB s XL SRR FIRI, tau SR L MRS
53 F BB A R T RSB/ N BRA PR B AL |
FRAMERR, B R R IR TR | R IE SR
PE. BCR 2 BRI R G TR

KA, tau-PROTAC (1 AR ik 16 AP AN 5 L
TEZ Y R MBI G AT ARG 2 28
P AL ¥F 4> (central nervous system-multi-parameter
optimization, CNS-MPO) P45, A7 A TR I fiki
Bt BB iE LK
permeability assay for blood-brain barrier, PAMPA-
BBB) / FaER Y NZ 2G5 11 1 R b4
fa A (madin-darby canine kidney cells transfected
with human multidrug resistance 1 gene, MDCK-
MDRI1) ZF{RINBFABR K i 0 T H, 3682
Xof HEEL R AT 1 5 B 3 v 0 i e A S A T
L s W EERUA T D TR B e i
LA, aniE i Ak A 5 7% 32 (carrier-mediated
transport, CMT) . Z KN SN iE (receptor-
mediated transcytosis, RMT), mlFf & [Ffi 5] -Hi ik
{BEEY) (degrader-antibody conjugates, DACs), DA
R RS AMHE P, X E, T —1 tau-
PROTAC HYBCHAN I )55 BR T warhead 5 E3 FLAA Y
fATEADCHC, 1R R Rl b A . Y
)M Al PR OLAR T — AR ZR S HESE, TR DR

(parallel artificial membrane
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B RS G ERIPE RS RTER &, HAEZR
MR IBIRRE AR, I I R AL

4 tau-PROTACHIKELX R A

YT tau 25 11 B A 1R B2 A2 Ak KR 2% 1Y
Pk, AR tau B B RS 4 F IR, KA
FTESR “IRSMEMRRCRT, e I B G |
Jiki PRI SR 5 i P B B ot e O 5 1) 22 4 A TR
FER

G, B tau 85 T IO DR 4 R A 1
FaPRBR, MR ABHES EBORMAE M . BT X = 5 R
AR 3K 2l B BT B, BT 2 00 B 1R 6 B ik G A
(phosphorylation targeting chimera, PhosTAC) 5
F WAL #E [] #k & 18 (dephosphorylation targeting
chimera, DEPTAC) W& 511 55 48 P 5 1R i 12 1y
(4N % (1 B fR i (protein phosphatase, PP) 1.
PP2A %), SEELXT p-taul81/217 45 S il R Ak 107 45
PIREREE LB IR AL s XRh I BT SR
Wi B8 e KA FE M AR B tau & FIAEFR DI BEAY [FI AT, A
FEXTRE 2 BURIE M SR R B By “ R AR TEIE IR
AL TEnRfE, 5281 PROTAC IR R Z H 4,

HYK, HT tau 8 A HLELA B I 25
PR, XK TE F— 14 2 11 O AR AP L I T4 ]
W B GA T . Z2HL PROTAC RS 268 2K 1 A
T HARR A A B2 (B BRI, 38 2R b

PRENS AT B HE AR S 5 TR e A2 BC | 2544
U BYATE tau 8 VR AR MATT REIFHE UPS il &
AEFRA R T I, GBI - R R A
(autophagy-lysosome pathway, ALP) @ il b ¢
FEANTE N N, TR th PROTAC T R s 2k
AU RT R PESE SRR, T Hh 1 -8 T A R A i R G S0
AEPEREYIN o ZERT e, M sE B
tau Jpg SRE HE R BT

ERUETLRERR RIS SN, LR ) B ) B4,
MRHTOT A e . i, SEESHA (photo-
oxygenation) FFHAI ¥ MRS AR, tau, a-synZF
FORE A B RS, TEOEIR TR X tau £
FUR BRI T e R A AL B M, B A R e
PR O ER S SRR T R AL AR
GERHT R

SCHL RS AR, AT 2 A RHOR TR
JERIG . RN AE . Wk B . AR
FAe A P RS, TR T B
A 7 35 A0 P D A AR TR R tau 2 1 A
SRS, URERL I B HR B E, J2
S B tau-PROTAC K5 AR AL #2478
AL BL, FETAORBOR A Yot iR 2 5 aliofs il
R SERAR B R 3T 55 E AR M e B 1) BT %
A G AR firp oA 2335 10 e 2 v Jk A 90 5 0
JERYFALHERT 2 (5),

4 M tau-PROTACIH 73 F TR B 7 ). RSERE S Mk 1%

B SRk J 6 175 2L
8- 1A 151 . ﬁﬁﬁ%ﬁ@ . Wéﬁ‘:lﬁﬁ?&éﬁi% AT A S
! — —-»f' 1)) —_— —
NS — SRS o —> iR
1E H taufk [ Ao g R AL A NFTs NPT A
( AR T TG . MRS AR R84 1) 2 4 P R i 2 \

B B0 2115 395 LR G P I ) \ (
ﬁk%fﬁﬂiﬁPhisTﬁAC/;)EPTAC) ﬁﬁﬁé@ﬁﬁﬁ%ﬁﬁ Z SRR A G RS BT et 1k R G5 R R SR
PhosTAC/DEPTAC PROTAC Iy )2 R AT AURHBE e

P I AL £
.f/‘.D (LIPP1, PP2A) — Z R -E AR RRE— @; .Q%gfj PROTAC | 0*\. Sonk A%
/ | et e I mrgsemr O |
P CIPEIER £ }
"22/ - > - is e 61 H A R ==
ptaul81217  Emimef B W IUIAS T B 7 240 P B A A7 3 e M
taud [ vy A ) £ 0 PR 95 PR AR 5
LR A= #L ) g A‘Q" WA R AR E FHERE ) 2y F- e i R KA T I8 32 T R B

L I

I J

!
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Abstract The abnormal accumulation, structural change, and spread of tau protein in the brain are now
considered important factors in the progression of Alzheimer’s disease (AD) and many other tau-related
neurodegenerative diseases. Clinical and pathological studies have shown that the amount and distribution of
abnormal tau protein are closely related to synaptic damage, neuronal loss, and cognitive decline. Therefore, tau
protein has become an important target for disease-modifying therapy. However, tau is difficult to target because
it has no fixed structure, lacks a clear active site, undergoes many post-translational modifications, and forms
different abnormal structures in different diseases and disease stages. Therefore, the effective and selective

removal of harmful tau species is both a major opportunity and a major challenge in drug discovery for

+ This work was supported by grants from The National Natural Science Foundation of China (52477233), the Natural Science Foundation of
Zhejiang Province (LMS26C110001), the Natural Science Foundation of Ningbo City (2023J372), the Zhejiang Provincial College Students’ Science
and Technology Innovation Program (2026R405A074), and the Ningbo University Undergraduate Science and Technology Innovation Program
(2025SRIP1942).

## Corresponding author.

Tel: 86-574-87609580, E-mail: xujia@nbu.edu.cn

Received: April 21, 2026  Accepted: July 8, 2026



2026; 53 (9) =i, %: BadERENFEEauER: EEKFEREHRSES FIRITRIESHE -2351-

neurodegenerative diseases. Proteolysis-targeting chimeras (PROTACS) offer a new strategy to deal with this
problem. Unlike traditional inhibitors, PROTACs do not simply block protein function. Instead, they bring the
target protein close to an E3 ubiquitin ligase, which leads to ubiquitination and degradation of the target protein by
the proteasome. This event-driven mechanism may be especially useful for disease-related proteins such as tau
protein, which are hard to inhibit with traditional small molecules. In recent years, tau protein-targeting PROTACs
and related degradation strategies have shown promising effects in cell and animal models. These effects include
reducing abnormal tau protein levels, lowering synaptic toxicity, regulating disease-related signaling pathways,
and improving behavioral or cognitive outcomes. These studies support targeted tau protein degradation as a
promising therapeutic approach, although many problems still need to be solved before clinical use. In this review,
we summarize recent progress in the development of tau protein-targeting PROTACs and discuss the main factors
that affect their design and activity. We focus on the choice of tau protein-binding ligands, their binding sites, and
their ability to recognize abnormal tau protein rather than normal tau protein. We also discuss the selection of E3
ligase recruiters, linker length and structure, ternary complex formation, and structure-activity relationships that
influence degradation potency and selectivity. In addition, we introduce new strategies beyond traditional
proteasomal degradation, including the regulation of tau protein phosphorylation and autophagy-based clearance.
These approaches may be more suitable for different tau species or different stages of disease. A major challenge
for tau protein-targeting PROTACs is delivery to the central nervous system. Many PROTACs have high
molecular mass, large polar surface area, flexible structures, and may be removed by efflux transporters. As a
result, they often have poor ability to cross the blood-brain barrier and may not reach enough free drug levels in
the brain. Therefore, the therapeutic potential of tau protein-targeting PROTACs depends not only on their ability
to degrade tau protein in vitro, but also on whether they can achieve long-lasting, selective, and safe target
engagement in important brain regions after practical administration. Future studies should focus on improving
selectivity for abnormal tau protein, understanding E3 ligase function in neural cells, designing brain-penetrant
molecules, developing better delivery methods, and testing these drugs in models that better reflect human
disease. Overall, tau protein-targeting PROTACs are a promising and fast-developing strategy for treating tau-
related diseases. However, their successful clinical translation will require progress in chemical biology, medicinal

chemistry, neuroscience, drug delivery, and translational medicine.
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