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Abstract: Proteostasis is a core biological process through which cells maintain the stability and functional
integrity of the proteome via a multi-level quality control network. As a key molecule in the ubiquitination regulatory
pathway, the deubiquitinase USP7 can drive tumorigenesis and progression by altering the ubiquitination status of
substrate proteins when its expression is aberrant or activity is dysregulated, thus emerging as a critical target in
precision cancer therapy. This article systematically outlines the structural features of USP7, its role in regulating
substrate protein homeostasis, and its biological functions in tumor development. It focuses on recent advances
in USP7-based anti-tumor strategies, including the development of small-molecule inhibitors, applications of
proteolysis-targeting chimeras (PROTACS) technology, and exploration of novel approaches such as deubiquitinase-
targeting chimeras (DUBTACSs). This review provides a systematic theoretical framework and cutting-edge
research directions for the development of USP7-targeted anti-tumor drugs.
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Figure 1 Ubiquitination is a dynamic process that can be reversed and regulated by deubiquitinating enzymes. A: Ubiquitin-proteasome

degradation and deubiquitination; B: Ubiquitination regulates protein homeostasis and participates in various biological processes. PPi: Pyro-

phosphoric acid; AMP: Adenosine monophosphate; ATP: Adenosine triphosphate; Ub: Ubiquitin; DUB: Deubiquitinating enzyme
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Figure 2 Illustration of the structure of human ubiquitin specific protease 7 (USP7). A: USP7 comprises three domains: N-terminal TRAF-

like domain, catalytic domain, and C-terminal UBL domain. The numbers indicate the residue regions; B: 3D structure of the USP7 catalytic

domain (PDB ID: INBS)
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Figure 4 Structures of compounds 25 and 55, and the co-crystal structure of compound 25 with USP7 C-terminal domain
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Figure 5 Chemical structures and biological activities of representative USP7 inhibitors
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Figure 6 USP7-based proteolysis-targeting chimeras (PROTACs) to degrade a protein of interest. A: Schematic diagram of USP7-based

PROTAC:S; B: Chemical structures of three USP7 PROTACs
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Figure 7 USP7-based deubiquitinase-targeting chimeras (DUBTACsS) to stabilize a protein of interest. A: Schematic diagram of USP7-
based DUBTACS; B: Chemical structures of three USP7-based noncovalent CFTR/AMPK-DUBTACs with different linkers
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T B RE— ) 77 . PROTACs #l DUBTACs % A It #:
) U B — B A R T R SR B D PROTACs B Ak
T 5B B, (H ] RE 58 4% Bk USP7 1M ¥ 71 BhRE;
DUBTACs Il 61387 1 H1¥5 USP7 % 4k oy Fa e e 2
BT H o 3 Fh SR 75 8 A LI A0 R 24 B A il b &%
HAE, BARMEEINE 1R,

BN, ARGy 3R R R R EEAL R R B, AR
e L H0 ) USP7 3% P (R B2 08 15 B8 A B& i, ‘& H T %

B AT B 1 /KSF PR E00, (HL 5 52 318 pit JEAR R B P BR 1 o
USP7-PROTACs jii iif [ i USP7 SEBLEAN KM B H T
W, B MR PSS, A F &b B A, R
PPk % . USP7-DUBTACs B 78 1% 4 “ F4 i ” JE %,
i I AR E B R R, U HOE T BB R A DGR
Ji, A DUB BC & T & A1 24 30 S R AR Ak, B R AL
THIAF A B . = HERARSAT L2 -
B —Fo 2 7 (R AN [ SRS, ROk 75 45 6 B R e R R 9 0
3K, Ak B2 e A HE B I R Ak
4 REBEERE

USP71E R 232 S AGEG SR I R B A, Jd i 2 B
PR Rz bR, TR0 M B A R A % R R A% 0
YER « USP7 JERHiA 75 2 Fh b8 A 0G24y PR
P53 8UE B H MDM2 .DNA #1518 & K 7 NBS1 . #% 5%
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4 Ho JE B \DNA B P8 125 508 2 K s, g R
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VDR EE . BEEBAREREHREF R
J&, USP7 4 [m] 259045 B2 X v 1k IR 2 1 T v 07 5
B, JCF & DUBTACs % “ 8 [ 2 B B0 7 IR VR 97 7%
73, BT JE TR RS HETR T R 4R S

TEB Tk 22 R AW — 1R, 557 STk BRI
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Table 1 The differences among the three USP7-targeting strategies. POI: Protein of interest; DUB: Deubiquitinating enzyme

Category USP7 inhibitor

USP7-PROTAC

USP7-DUBTAC

Mechanism of ~ Bind to the active site of USP7 to inhibit its Recruit E3 ubiquitin ligase to induce

action deubiquitinase activity
Effect on USP7 Functional inhibition (reversible or
irreversible binding)

Regulation of  Indirectly increased ubiquitination and

POI reduced the level or altered subcellular
localization of POI levels
Molecular Small molecules with simple structure and
characteristics  high oral bioavailability
availability
Target Active-site dependency drives off-target
selectivity effects selectivity

ubiquitination and degradation of USP7
Protein degradation, irreversible
elimination

Indirectly enhanced ubiquitination-
dependent degradation, lowering POI

Large-molecule bifunctional chimeras
with long half-life but poor oral

Recruit USP7 to remove ubiquitin tags
from POI and stabilize POI

No impact on USP7 level, utilize its
enzymatic activity

Recruitment of USP7 to POI drives
deubiquitination, directly stabilizing POI
by blocking degradation

Bifunctional macromolecules possibly
with suboptimal membrane permeability
and oral bioavailability

Bifunctional design, possibly with higher Bifunctional design, theoretically

reducing off-target effects

Mode of action Competitive inhibition, requiring continuous Catalytic degradation of USP7, effective Catalytic stabilization of POI, possibly

high concentration to maintain efficacy

Clinical Suitable for tumors requiring reduction of
application substrate protein levels

potential

Current Prone to drug resistance due to target
challenges mutations and low selectivity

at low doses
Capable of overcoming resistance to
traditional inhibitors and suitable for

High synthesis cost and restricted E3
ligase tissue distribution

effective at low doses
Suitable for diseases caused by protein
deficiency, such as some rare diseases

various tumors

Deficient DUB ligands and suboptimal
activity and pharmacokinetic profile
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