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Abstract: Ubiquitin-specific protease 7 (USP7) is one of the more widely studied members of the

deubiquitinating enzyme family, which regulates the activity and function of a variety of proteins in cells. USP7 is

closely associated with the tumor progression, which makes USP7 a highly promising target for drug therapy.

However, no drug targeting USP7 has yet been approved for clinical trials, thus the development of drug targeting

USP?7 still requires in-depth research. This article reviews the structure and function of USP7 and the progress of

drug research targeting USP7.
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Overview of USP7 structural features. A: Structure of USP7; B: Representation of the full-length USP7 structure generated

through overlapping partial crystal structures of USP7 (PDB ID: SJTV and 7V1J). USP7: Ubiquitin-specific protease 7
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Figure 2 Mechanism of the p53-MDM2-USP7 pathway

1 955 A1 AT 21 iR 8 o, USP7 1) B 2532 % 1k PTEN, {#
PTEN J# % 2% 5™, S 8UM A R kr s 1 5 . A 7L
F W, 15K 2 M 45 H W B USPT7 292 & K B-catenin
I, T3 B-catenin [ FR R, M TTHGE Wnt/p-catenin 18
%, X 5 45 e A P A 28 1k 5 D) AH OGRS, USPT
W] LLIE T % 2592 K p65-NF-xB B[] 42 th s i 2
12 # M NF-xB L R 7 k4% il NF-«B {5 5 %, 53
i 98 A P 15 PR 9 S N AERY, A, USP7 ik AT DLIE
Ik 19 58 Treg 20 L I¥) S 2 #01) Dy R, 41461 Teff 24 ffd, {2 i
iR 36 3 AL AR (1) S g2 B BT B ) USPT A BARI ] M
55 200 L PP 23 A R T R, W CD8” T 41, #0761 Lewis
it e R A P 2R P
4 USP7H&IF

F AT E 4R E ) USP7 0] 570 AR 4 G 32 i) 422K
RUR] 43y 8 2 AR Wy T AR 4 L I e 417 AR 4 L Uk
W E AT A 2-E F-4- IR e RTAE W L 4-F SR I T
AL 4 TR AR 3T A ) R Wy S L AT AR 4 IR AT AR
Yo AN, RARFAHIH 2 USPT i) 7 ) B Bk i . X
G 1) R R 5 4 AL ) R 43 D9 S 4l S5 AN AR 3L 40
70 A4 7 3 @ L 5 45 A Sk Cys223 T
FRILA R, BHIWTZ R 2 & JEIEAN i ) 3 45 &1
A O B AR A . BT USP KRR 45 1
S B RV, A 4 1 57 2R B PR AR B A
A A P 738 R 00 ) 700 2 IO R X B A f 3 3R 40,
41 BURHIIEMTTES 2012 4F Chauhan 2255
e IR B R R B T = UM AT AR 1 (PS09L, ] 3),

Deubiquitination

Ub

26S Proteasome

+ 41




© 2456 -

Z4%% 4R Acta Pharmaceutica Sinica 2025, 60(8): 2453-2465

HEC, M N 42+ 09 umol-L'. 2-Z Bt % . 4- 7§ 5 1
5-BUARY — SR T R 2 L W PR ) SR B 24 R T . C-2
R 2.3 VIE T 3SR, C-5 17 (1 4 30 A B U AR B
BURBRER S EUGHEFR K. —EEMENRIE T 5
Cys223 Ju4i 45 & T 40 i USP7. b &9 115 2 R 1
IR TP AT D IR A K 24 1, 5 R BE i AR ST
W B ZEK AR R I RVE . h o, (G
W1 2 L R T T B 4 A R R £ A 5 IR 4
JeR R AT — S AR AE

B J5 Weinstock P& W11 (B 3) MBS E
Wt AT S5 kLA, C-5 A F TR) AL SR ikt g 0K 2
QAL AR IR, 7E PEAS DLAE 5 C-2 61 5] A Jie FY 5
IR W 4- P 4 0 2 P 4 PP T 2 O 05 i S S K Vs
FE A1, e 4- B g 6 R i AL B 0 M e e, K
T T A5 3 2 ik — 2B ) C-4 AL RO R IR IR
I HUAC 10 & W 2 (P50429) T Tk B I, & USPT
(IC,, = 0.42 pmol-L™") A1 USP47 (IC,, = 1.0 umol-L™) [
R BEVE AN 77), X GSH B A R 4F AR e v — e 1)
Mg FaE . #— PR RN, WEW 2T 14
HCT116 4 g 2 A7 5 S f A A0 AE H o Altun 85450
W& 134T S5 A3 2] 7 USP7 R USPAT 1 XU ik
PRI 3 (P22077, E 3), thA5 490 3 ol LA 5 2 2 L
SRR I EF B 48 i 754 F, A A 77 Tiid 245 £ LA-N-6 #f
25 REAH i U

WEE 1y A f R PR AR R 2 38 a06) USP7 (140 1
TGP, Chen S5 HY HL 1 25 25 B T A1 1) MR AR 34 355 46 17
WEY 3 IEEY IR, 453 T — R HUHT Y USP7 #1571
(K13). dE—5 0] C-2 AT RR R I, H Stk
F2 O HE 1 -CRH IR AL ) 236 R U R L 3-A A
A J PP R R A AT AR, ik &4 4 (CT7) A5 (C19)
TR, 1C, 8543 508 0.67 A1 1.35 pmol-L", %} HCT-
116 240 AR PR B0 38 B V7% 1 A 4 v
Nitryl group is

essential for
activity

Ortho-
substituted

o\\K“o —
s =
chlorine | = s _—
sl lifghy | cl | T Carbonyl group is

4.2 P(OEGTHEY)  20124F Reverdy S5 i il ik,
RILT —RKLIMEE46 (HBX 19818, 1C,, = 28.1 umol-L™)
AL A4 7 (HBX 28258, 1C,, = 22.6 pmol-L") AfREE
(17531 USPT 4 71 (K1 4). AbE9 6 I3 1 &R T
P F AL 5 Cys223 i, IX 6753 Cys223 5t 5 &
SRR R 7 2 [T RS i . BE— DR 5 R I, &)
6 I HIH| USP7 5 '3 & F M B I R & & IR 8 1 /K
il (cysteinyl aspartate specific proteinase, caspase) ¥
% A DNA 12 5 (poly ADP-ribose polymerase, PARP)
(%M, SECHCT116 41 G, & HIBH 7 .

43 FMMETHTES N T R ILE FEE USPT # |
7], Bashore 25 & T 3 A B T 80K 535 s IR0, 2
Ao 7 30 R ML % e S I 10 11 77 % USP7 2 L
H R AR L 2 — P A 1 B4 & 4 8 (GNE
3086) fi19 (GNE 3093) (& 5), IC,, {8444 0.9 pmol-L",
I HER LA 45 A 7F Cys223. HE— B WF 7 oR, LA
P AR S K M 5% PR 7 22 T R T Rt AT 2 R T
R, SR G 1 PR R R AR AR A A A N = (] 5), N
2 D 22 IR R (10 S T 3 400 o R A — ol £ S o

44 2-FE-A-ZEMIELTEY 2017 4F Di Lello %™
HRIE T AR B, I R AL, B S 2
B 3 T AW IR 0 7 3 R AR A R R, R T —
RN A AE USPT M A0 3801 T 5 DX 3 5 40 1) Ll 7%
PR 2-E e RGP (K 6). MEuE RERZ L1 2-%
RN 4- 2 FEEVE R S, b 2- G AN 4- 2 BB &
A A PIETEREAR . C-3 A7 IR b 1 Wy F2 X i P R
IRE L, C-4 A5 NTHHE 5 7 25 B HURE 2 (0 M FRAIC,
C5 A7 FH it /K B B 2> 32 i v o R4 10
(GNE-6640) 1 11 (GNE-6776) [ 1C, {8 4 %14 0.75 Fl
1.34 pmol-L™ s L&) 10 M1 USPT 1 5k 2 A 45 ) 5.
R, AW BURN AR, F245 5 His403 M1 GIn405 JE
RV, 2- S SEIE I (12 JE 5 Asp349 JE il AU, ]

Cyano improves| N ) Amide bonds
stability = WN—«{'"\H / increase
| N\ 8o &=
s7 7S o) ]
N Cl

High activity solubility,
with meta I

aromatic ring|

increases the

Cl : % ~
o ¢ tial for chloride- N .
activity essentia . activity
bstituted
1 (P5091) activity substitute 2 (P50429)
l (High activity with thiazole ring |
: ; Ot o ON N 2NN o = n
Difluorinated F . “NrO [ S>~, | >y Amide bonds increase
substitution | —, /@/ ~ — i 3 8778 N solubility,
shows slightly | ¢ Q mﬁcu C'\KTC' : = fluorophenyl
reduced activity /0 Nig N \= increases the activity
3 (P22077) 4 (C7) 5(C19)

Figure 3  Structural formula and structure-activity relationship of thiophene derivatives
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Figure 5 Structures and conformational relationships of cyanopyrrolidine derivatives. A: Structural formula and structure-activity relation-
ship of compounds 8 (GNE 3086) and 9 (GNE 3093); B: Mechanism of S-elimination of cysteine and cyanopyrrolidine
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Figure 8 Structures and conformational relationships of 4-quinazolinone derivatives. A: Structural formula and structure-activity relation-

ship of compounds 23, 24 (C9), 25 (C19), 26 (XL188), 27 (XL203C), 28 (XL177A); B: Eutectic structure of compound 23 (PDB ID: 5VSB)
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Figure 9 Structures and conformational relationships of thienopyridine derivatives. A: Structural formula and structure-activity relation-

ship of compounds 29, 30 and 31; B: Eutectic structure of compound 30, yellow dashed lines represent the hydrogen bonding interaction

(PDB ID: 6VN3)
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Figure 11  Structural formula of USP7 inhibitors of natural product origin
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