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Abstract: Ubiquitin-specific protease 1 (USP1) is one of the deubiquitinating enzymes which has received
increasing attention in cancer research. USP1 is overexpressed in many types of cancer cells, and has been found
to control tumorigenesis and progression by regulating various proteins associated with tumors, such as SIK2,
GSK-34, and Bcl-2. Knockdown or pharmacological inhibition of USP1 can effectively suppress tumors and is also
expected to address the issues of cisplatin and poly ADP-ribose polymerase (PARP) inhibitor resistance. This
review describes the structure and function of USP1 and the relationship between USP1 targets and tumors and
systematically summarizes the structure-activity relationships of small molecule USP1 inhibitors disclosed from
2013 to 2023. Finally, this review discusses the challenges and opportunities in developing small molecule USP1
inhibitors.

Key words: ubiquitin-specific protease 1; small molecule inhibitor; synthetic lethality; drug resistance;

structure-activity relationship

ZRANEARMEERG T2 —, TS5 aiEsiiEE, SHEMERE SR, 2R A4
AR, 5EZ RO EARESEEY. Xz

i H 01 2023-09-16; &[] H $81: 2024-01-04. =W R 7 2 L2 & W (deubiquitinase, DUBSs) )2

SEGIE: K B AH S HIH (8220157). 5T B0 E R, R0 BT

S HUE 2 Tol- 8621 o L . i . NN \
JEIRES Tel: 86-21-68077888, E-mail: tongchao_liu@simm.ac.cn; (ubiquitin, Ub) S, FLEFF R . B B

Tel: 13661970096, E-mail: bxiong@simm.ac.cn

DO 10.16438/j.0513-4870.2023-1076 EREER 075 4, DUBs /] LA 1k H FR 2 1 8 PR AR, 5l



PRER A BE A2 R R e AR R /NI R A AT S

- 867 -

I Ik G 6 HL V2 BObR A (0K FEE R4 4 45 1) LA SE S b 1) 7
A AR H AR B F AR T e

i 5E R B3 3% $2 85 F DUBS 22 (7] B AH % - 47 5% 2%
RIE TR E BbRBZ 2RSS . Z R 20
I AR P OR A, ELHE BE IR 30K L A 3 A
S M T AED, V2 3R AR G0 TE A ) B AR R A G THT Y
PR AR E BT R Rz R R E
BER AR NP A, 2RSSR EEAR I
(ubiquitin-specific protease 1, USP1) #& #ix F 45 {4 (1)
DUBs 2 —, B {E 1 DNA & & 1 f2 b & 1% 5 E AR H,
Z 5 DNABE M Z DI,

WHFER W, USP1 1) 57 8 221 55 Jog 10 i A= A ik g
AHOC, #H] USP1 Rk HAA RIGFHRIT AT, ALiR
LT AT USPLIEE K T REAS IR 1) R &
HK, RENATARENENUSPLHIH]F7), GFE A1
SERY IS G MR RN SE S A I 4 AR B
J&i, W T USP1 0l 77 BF 78 i 75 e 1) Il
1 USP1RYZE#H

N 23 PR 4L AL 5 K 49 100 A 4 Y 2 32 258 10 5
DR, 5 DK 4 05 )5 (1) DUBSs #9328 7 AN 5Kk 12 3= R e
& A (ubiquitin-specific protease, USPs). B 5 [ J87 AH
IR (I Jab1/MPN 380 HH ¢ 4 J JR I 50 4% 41 i a1k
EEEFEO 2 FZ R IR K i 5 . Machado-Joseph
Sl A PRz R R E AN, H P USPs 2
ROKIIF R, B 56 AR,

USPI1 & Tsutomu Fujiwara 7£ 1998 4F & B (] — />
%8 GEN-421GO05 1) 5 b, /2 i) 4H 2 /% (His) 4514
o KR B A USPIEER B A WFFUR I, USP1 &
R F AN 15 Ye R 31 X3 3 777, B Al LA
P i — > 88.2 kDa 25 [ 5T, H1 785 A2 ZE R R 2k 4H.
. USPL % H USPs X JRAFAIE B H1 3 A1 25 #4330 2H B
1) 1R JEE R 5 ) A 25 R 3k, 122 5 A 3l 1S N o 2 B
W (Cys) # A1 2> C i His 4. Cys fH f €90
F1 His & 7 /) H593 F1 D751 # B 7 i 4k = e 4, 2
USPI FIEAAZ 0> . USPL S5 8 H IR &7 3 AN B hnddi A
YIL1.L2 F1L3. L1 Aef% 38 5m USP1 MV, Bove 5
DNA B A RAREM ), 45 USP1 MK (USP1-
associated factor, UAF1) &5 & Ja 8 /7 i . #E L1
A WAL S LB NS 5 PR, e G5
R L Al 08 1l e 2 80 20 A 0 T 40 B A R i e £

Calpain

b Degron
cleavage Cys-box

motif

RS2 R . L2 LS — A B AR AT A
G670~G671. H /NI L3 A% T 465~483 & It i ik
Zl‘m[lo-n] (Fﬁ{] 1)0

W TR I, B USP LG AR, 45 UAF1 # R
R KR AN REfE i USP1 {1k iG ", UAFI1
FHESH AN WD40 EE FF, Hrh 74 B A g1
ik, F8NEETHE T M 4. WD40 EE )7
FIALT UAF1 BB AR i 45 1438, 5 USP1 AHAth i) &
H4kA . WD40 (1) 2~4 A HE 751 5k 238 USP1-
UAF1 EAEAYIBIE R, 5 8 /> H & /7 51| Al 454z X 5
SR 22 3 UAF L H B R 7 A 5 1) Th g s 4531+
2 USP1RYIIRE

USP1 & FZ M T fE /& 2 5 DNA 147 B % (DNA
damage response, DDR), USP1 i iz il 5 35 7] J& 7 I 4
(Fanconi anemia, FA) i@ 2 FF .2 R0 7 Bk
FANCD2"-FANCI" 1 % 451 177 DNA % i (translesion
DNA synthesis, TLS) #&4% 1 272 240 1 [7] = SR AR 58
40 M 4% 1L JR (proliferating cell nuclear antigen, PCNA)
SR DNA BRI (B 2). thak, USPLIE#: &I
TE G2 VA 15720 TR 0 B oy ATV Bl R R
PEEZWIER .

FA J& — i 75 DL 1R A5 M s, LA 2 SR R 2 A
FEUE B 3 0B AN 0T DNA S22 W% 4 #8URK, 22 /N FA
FLH P AT — AN R AT RRALH 2 FEFAR?. FA
H %) 3 (Al 20 (Fanconi anemia complementation group,
FANC) Fft 9 5 %) 2 1 LA B T — > DDR & 1%, B FA
#A12. FARRE CHEIE B EBUS 4 {5 5 LUE 2 DNA
%t [8] A2 Bk (interstrand cross-link, ICL) J7 [l & % < B4
H . ICL7& DNA #4511 —Fh, 2> T EUDNA & il fild%
SEZEHIHPY . FARROE A\ M FAEATERA
23 B3 EEMEYE N S A, e AR AR AL
2 AT AN A FA B R U R BR 4K FANCD2-
FANCI. .97 A5 = % 4k FANCD2"-FANCI™ {f
RV G SR E A% BRI 5 & B A0 At DNA & S 1
KeHAT ICL KR IE K J5 8225 B,

USP1-UAF1 ff FANCD2"-FANCI™ 27 21k, M
MRS FA @ )OS $F . [Fitk, USP1-UAF1 /1 &
[ FANCD2"-FANCI"™ %32 X} T FA IS 1 1E# 2h
REZROCHE L. WEFURE, bR/ ORISR LRI 41 e DT40
H1 USP1-UAF1 2 R BRI FA R, I Hax 334
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Figure 1 Ubiquitin-specific protease 1 (USP1) structure
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Figure 2 Participation of USP1 in the DNA damage response through the Fanconi anemia (FA) pathway and the translesion DNA synthesis

(TLS) pathway. Ub: Ubiquitin; FANCI: Fanconi anemia complementation group I; FANCD2: Fanconi anemia complementation group D2;

PCNA: Proliferating cell nuclear antigen; CRL4“"*: Cullin-ring E3 ubiquitin ligase; Rad18: E3 ubiquitin ligase; ELG1: Replication factor C
group member; UAF1: USP1-associated factor; RAD5S1AP1: RADS1-associated protein 1

L% DNA 22 B 25 ) 1) SOVE 35 0, DNA 45345 501035
1795 RS 5T M D6 HF 98 3% W, USP1-UAF1
2 AW FANCD2 [ i 3% 252 2 A T DNA L &
UAF1 5DNA 454, 1 UAF1 A I RADS A HAE
FHE A 1 54k (RADS1-associated protein 1, RAD51AP1)
(") DNA £ & 3% 14 7] DL # AX UAF1 /£ FANCD2 %72 %
i FE v M, W SR T USP1-UAF1-RADS51API
24 Y)7E DDR A <8 1E 27,

5 —/> 5 DDR 5% 1) TLS 4% [F££ 52 3 USP1 i
WY, USP17E TLS H (1) = BR M) & 2 iz AL F =5
PRPCNAPY, T Rt DNA 5145 5 & il X IFifs, PCNA
2x B CRLA B3 i #: M 5 A W) Rad18 B3 & H: g &
HEMEZE 2N 27 R PCNATE N — D3]

&, HESMTLS KA, X 0T LLHE B & i X5
DNA 5 7% I 4k 4 & plt DNAPY, 4R, TLS B & fig Lt
DNA & il 2% & B 2 A AR AR 7B, Rt mT e S 808
m AR . IR M, 7RI 5 1) DNA #7345
1, USP1 5 PCNA IR EER: 70 85, I BB H B &
MHRR—HZRET, 2 FHPCNA £ R
Z. USPI N SHIPCNA K2 R FEEHIK T CA
M 5 ELG1 W77, ELG1 B # 5 USP1-UAF1 E &%)
A EAEH, BOE T2 RALPCNAPY, @i ¥k 2 PCNA
Bz Ak, USPLAT B F B 1 TLS A B It K & 55 4,
[R] bk AT DA 24 45 2 R 2 ) e 1
3 USP15phyE

KEHHE R, USP1 (3R FIThRE 1 5 £ Fhyk
S AH G . USP1 #iiF B3 i 22 Rl 76 2 Fh iR o ok
¥ EE/EH, H USP1 B3 B Rk e ik 1 ¥ 40 e 4% 7%
RBIUL AT RO I 245 P 7= AP

USP1 i B 31K 42 2 Tl S B JId ()RR ALE, AR 9 24
JE N Usplﬁmé)ﬁ%%éﬁﬂﬁ@f“%uD%ﬁWH%ﬁﬂtﬁ%
B . FR, 5IEW A AU AR L, 75 7L AR I

P PV JIEE I L 22 TR R B 4 R Sk ST R 4
i o S5t S R Rk . PP R AR E H USPL &
T 1GNP A 2 4 M~ 887 L 38 R T 52 B 2, 3 m)
e 210 i /AL 30 B 7 (inhibitors of differentiation, ID)
e ID1.1D2 A1 1D3 £ F 8{ FANCD2 £ 7€ b S 3L
S5 DA ok 25 P 40 ) USSP L T oI 184 78 % 2 1 4 i 5
o, 2240 M0 T, Wk SR TR VR 9T R U A

USP1 X T 1 28 55 g i A FH gk J8 A 5% 1) JL D 2
M 3Rk R B 2, 3 b £ 45 SIK2 MMP-2. GSK-34.
Bcl-2.Stat3 . cyclin E1.Notchl.Wnt-1 fl cyclin Al. It
Ab, Fiz FAE AR e IR 2 3 A R A A B 1
KK, Bl EZH2 . TAZ .BCAT2 . TBLR 1 .c-Kit . KPNA2.
ERa %5, W3 15091,
3.1 USP15/F#E

USP1-UAF | i 3 2 52 JH-4H g (hepatocellular
carcinoma, HCC) HH A fEA R TG MK 2. USP1 fig
F4 %€ c-Kit (tyrosine kinase), Ifi c-Kit 7E HCC H |- 1 5%
Rk R c-Kit Rk, #H] USPT 3% 4 7]
$& 5 HCC 4 g xf & £ B JE i BB A%, [ I 3 mT {1
PCNA 4l 155 (1 D140 A 5 A 25 1 E 1AL B AR 2R
1 S16. % 3% K7 Nanog . Sox2 ll c-Myc )ik, F R
e 4 M 2, LR BRI ORE 0P /KSR USPT 23 42
TEAE PR b 96 40 L 1) B R R, X I £ AT
g TH 3R P IXOEBU AR R B 1 Hrikm 45 157,
32 USPI5BAE

TEH R4, USP1 H.#% 5 TAZ (transcription
co-activator) 8 H.AF A1 2232 240, FEd il f 52 IDs, %
W% ID1.1D2 A1 ID3, 55 Hippo {5 5 38 1% 1 i . 41151
USP1 2> [ ID 2 E A8 € 1, B IR BB 48 i 1) 2344,
o A A K S ER VR T BRI A2 P AR T 2 e R
33 USPI5EB#E

7F Bm 4, USPL BT 72 24k ID2 1 #
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Table 1

Role of USPI in tumors. c-Kit: Tyrosine kinase; TBLR1: Transducin beta-like 1 X-linked receptor 1; TAZ: Transcription co-

activator; ID: Inhibitors of differentiation; Akt: Protein kinase B; KDM4A: Recombinant lysine specific demethylase 4A; AR: Androgen

receptor; c-Myc: Transcription factor; KPNA2: Karyopherin subunit alpha 2; ATM: Ataxia telangiectasia-mutated; ATR: Ataxia-telangiectasia

mutated and Rad3-related; Snail: Transcription factors for epithelial mesenchymal transition; CHEK1: Checkpoint kinase 1; EZH2: Enhancer

of zeste homolog; PDGF: Platelet-derived growth factor; E2F: Early 2 factor; PHLPP1: PH domain leucine-rich repeat protein phosphatase 1

Tumor Known pathways affected Role of USPI in the pathogenesis of the cancer Ref.
Hepatocellular carcinoma USP1-c-Kit Support cell proliferation and metastasis [36]
USP1-TBLR1 Promote the survival of circulating tumor cells, promotes metastasis [37]
Osteosarcoma USPI1-TAZ Violation of the Hippo signaling pathway, increased proliferation and migration of [38]
malignant cells
USP1-ID1/ID2/ID3 Suppression of osteoblast differentiation, increased proliferation and metastasis [39]
Stomach cancer USP1-ID2 Promote proliferation, metastasis, epithelial-mesenchymal transition of gastric cancer [40]
cells
B-cell acute lymphoblastic USP1-ID1-Akt Support for cell growth and viability [41]
leukemia
Prostate cancer USP1-KDM4A-AR-c-Myc Promote the proliferation and survival of prostate cancer cells [42]

Breast cancer USP1-KPNA2 Correlate with a poor prognosis for patients, promote metastatic progression of cancer [43]
Ovarian cancer ATM/ATR-USP1-Snail Facilitate resistance to platinum treatment and promotes metastasis [44]
Glioma USP1-IDIUSP1-CHEK1  Promotion of tumorigenesis [45]
f-Catenin-USP1-EZH2 Support cell survival in glioblastoma [46]

PDGF-E2F-USP1-ID2 GSCs and resistance to treatment [47]

Reduction of NgR1 promoting myelin related infiltration [48]

Non-small cell lung USP1-PHLPP1-Akt Unregulated proliferation of cancer cells [49]

carcinoma

i, USP1 itk 320K 2 {12 i3 9 4H M 5% 4% 0 F1 S 8 IR AR A7 3R
AHOG, T R B USSP U2 400 1) 15 98 400 L 10) 38 0 L 55 4%
1R 2R A | fe— ) Jo AL
3.4 USP15BZHMSMHE MR MR

£ B 4 i SR bk T4 i 1 0, USPL | ey 08
2x3@ it ID1/Akt (protein kinase B) {5 518 B4l 1 My
TR . X USPL ()2 KA 25 440 1) 5 ID 1 F) T U AH
x, #@?&PBK/AM%%@%%*%%E AL, NGy
TR0 USPL i Lz = ThRE vl 15 5 5 B 41
PR A VR L 4 M P L £ L ) G2/ 4 S B e
3.5 USP1 5HI5IREE

T 51 M e 4 D (%) 14 56 A7 V& 52 USP1-KDMA4A-
AR-c-Myc {5 5 10 B (8 550 s o f2 i — A
KB H A USPL FRIA K 1S I, USP1 i@ it 55 K48 iE £
(1) 2392 F AR 1 i U B R e 1 25 F R4 R 4A (recom-
binant lysine specific demethylase 4A, KDM4A) 152 &
Yo HIHI USPT i v% P o] 52 25 P AR 41 A 3 58, 3% 5
S 0T B AR R S A RS B ) R 2 e I R
3.6 USP153.BRE

SIEH FUBRL UM EL, USP1 78 A 25 L B Je 40 i
MRIEF = 5 BE WA RA K, il — e
B R 3RIA DA ol i 2z b fase B AR I2 A
a2 (karyopherin subunit alpha 2, KPNA2) RAg it 5 #5
PRIk B . KPNA2 /2 Karyopherin ZC % 1) 85 25 i, 75
W2 o R A% AR, TE TGP IR o 2 3k,

3.7 USP155R&#E

0 USP1 AJ LA PR 7 G 806 vh 40 25 245 ) ) Tiid 245
P i) B LR RO R AN B R 2 USPL
LB R BN E 9K £ A (ataxia telangiectasia-
mutated, ATM) F1 3 5% 2% 18 B 40 1 & 3 5K 98 48 %
Rad3 #H ¢ (ataxia-telangiectasia mutated and Rad3-
related, ATR) % f2 ft., M 1 5] & Snail (transcription
factors for epithelial mesenchymal transition) #H . 1f
A2z FAk . USP1 Xt Snail (¥ 5 5 UEHU ik A% 52
Eﬁk%ﬁﬁ?% T e 5% B 245 40 40 1) USP LRI Pk 5% It 411
fih B
3.8 USP15FRE

USP1 2 5 i J5 Jé8 1) & Ji& W] g5 ID1 AR 25 i 2R
H ¥ B (checkpoint kinase 1, CHEK1) & H N2 2 A
RIB4L,ID1 A CHEK 1 8 F AT 33 40 i A7 3 , 1 22 [A]
B 25 P40 1) USP1 A gk /b SI2B6 R R o i) Jigg 2R 4G, JF
A Ji g 0 A TT 2R o 24 P Jo B e B R S PR O
A LR AR A B 1052 B A0 H] N, USPL I ik K1 2
AR s o PRk, USPL S A J5T 9 7R i 4801 H e
JS2, T BE AT BT R 1 0 P O A A

2 o e 3 e RN SR ) — A%%‘él?ﬂzﬂx)ﬁi BT
LI IR E 77, 1% 52t id USP1/ID 5 5 38 i B i
¥ nogo-66 32 & 1 (nogo-66 receptor 1, NgR1) 7K T~
BEGIE A . X USPL #EAT 250 3 o) 389 0 NgR 1 19 3&
i, BEAI R 5 IR 40 L (R T B 0 o 22 1 5 B 44 i e
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HUSP 3R I8 T /N AR 1 28 K R 5 (platelet-
derived growth factor, PDGF). PDGF £ I 1 - #i %4 5%
[Xl ¥ 2 (early 2 factor, E2F) [{j3¢ 1%, E2F ¥ 5k A = H
$z 5 USP1 45 4 JF 3% USP1, USP1 Jz i K £ 5 &
ID2"Y, [ th, PDGF-E2F-USP1-ID2 {5 5 it #% 1 #%
XT 5 J5 988 R A i 22 DR B B, IR O B IR I o B4 i
IR VR IT A
3.9 USP153E/\ZmBaAH T

7 JE /N 41 B il 98 41 B2 (non-small cell lung cancer
cells, NSCLC) 1, USP1 55 1 ¥ Akt 15 & (4 PH 3 &
HRERES E AN 1| (PH domain leucine-rich
repeat protein phosphatase 1, PHLPP1) JE itk 1 § &
W, X HHAT 252 F A AR € o mfR USP1 2 3802
F L) PHLPP PRig R 3R - 4 &6 L = 0, AT 51 &
Akt BERRAG A RN, USP17E kN4 i il 41
RIS Z IR DR A R p4 A R . T
2% B 57 & L LB 1 (microtubule associated threonine
kinase 1, MASTI1) 193RI & 7= A2 AR N 24 1 1 — > 2=
BN B, e o E O i 22 SRR AL B B T e
(mitogen-activated protein kinase kinase, MEK) & 1% &
IR B A BT . SR, B7 5T 4% MAST1 IR T2
Yk BOMLE AR5 2 . Tyagi V% B USP1 @i i
1E MAST1 I K48 1 22 AL I 5 2 A HAEH] A8
SEIFIE K. USPL 2 MAST1 /i 31 MEK 1
(R , 1% 2 5 BURRE WA B P 1 — S R AR L
USP1 [ 62K F L MAST1 A3 B MR 014 78 Rk 21 A i
PR ST o A /N 20 3 )57 5 USPL AT MASTI i 47
A 25 34, 3 — D PR K MAST1 KF, HAE/N R 57
Pl A AR ASE AL v by [) 184 5 1 T 2880
3.10 USP15 BRAC1 EkfAHE

2018 4F, Lim &8P FLIEH] T USP1 7E 8 VA I7
RO I vT e A%, AR AT 14 & T USP1 B LA & B8t
FEWE B — A HT s . DNA KA I, 25 J6% 1E i
i [A] 5 # 2 (homologous recombination, HR) 1& 5 i %
KAz 5, B [A] Y5 5 41 54 fE (homologous recombina-
tion defect, HRD). it [ Y5 & 2H & 1 1 FL IR &) [
F: [ 1 (breast cancer 1, BRACI) I L i3 & JEHE [A] 2
(breast cancer 2, BRAC2) [ A2 e 5% 48 (K i I 18t 4%
PR 7L R i A0 BN 55, T A% O HRD A 3 84 TTBIF 5 %)
P, BRCAT E: PR i 4 1) Joh 67 4 Jfd 7 HR {2 52 50 52 41
N A e YEJT A7 SR FE, {8 BRCAT R FE e 40 Pl = 4K
i H At DDR i 42, M 1T 5 EU 48 i X PARP (poly
ADP-ribose polymerase) 1l 71| 5% DDR 1 il 71| fUE
fib AIT3IE B, USP1 7E BRCAT 3 [K 58 2% f) il i o 1M,
USP1 76 & il X AL R B HH DNA AT 1 B0E, £ 47 5

X, FF A2 3 BRCAT ik [ 40 MO 1) 47 15 o g 5% 38 410 £
USP1 2 S EUE | X K2, FEFE(K BRCAT FE D] i b 41
ML ARG 2, $an T — P E LR R . A, flATiE
R BRCAT Gl ¢ 4 fi Ja7 241 B X6k PARP 101 1] 551 (14 i 5%
PETTRESR B P AP 3= EHLH]: HRASE WK & A& ) S
FRE o HHIX AL 5 B0 3R AT M PARP 0] 5500 1% 1)
BRCA SR 40 AL B 477 A=, 1B DA &2 il SR e 1 77 A2 (1)
PARP 1 1) 751 470 12 48 B %F USP1 101 #1) 7 473 4R Uk . AR
S, B3 pS3 45 A E 1 1 DUBR K & HR (1) PARP #11 i) 71
PUvE 4 Hosr USPL # ) 77) BAG Hik . Bk, USP1 #
FUA BT 1697 388 53X RO 1 3R 45 PARP 18] 741 i 24 14
) BRCA1 55 fifgg .
4 USP1/\5rFHIHIFY

H AT, 33 T3R8 (1 USP1 /N2 14 ) U B s b,
USP1 /N3 730 75 F1) 20 4255, 1 KSQ A ] .Forma
A ] Tango A W 56 F B A W] VR B e AR &R
P, X e USP1 #7725 USP1 JE BCAE L4 41
FAEF, L4546 T B #0672, J8 128 K 40 1 )
2020 4, KSQ A a1l & 3K — 3K ) first-in-class 1) USP1
INGTFAMHIF KSQ-4279 (1, P 3), sk J1 2530 s ¥
()38 4 DL K 7T B2 PARP #1011 70T 245 12k P40 A ik
W TAE# EHES 7 USPLIX 80 S 07 J. [,
KSQ-4279 t1 5 USP1 /3Tl 5 B tH it 7 rl 2
(17717150
4.1 HiF R IE AR IRIERT USPL /s 3 FHIHI5
411 SEMBIELTES 2011 4F, Chen ZEPF| iz
F—P P 10/ N GIRY), fmiE R TR 7299 500
% P 5 USPI-UAF1 & & & A £ Wis L& 9,
KRBT WA B A 0] 5 0 G AT AR UG B S5
(pimozide, 2) F1GW7647 (3). H.pimozide [¥]F 41
W B (half maximal inhibitory concentration, I1C,)) A
2 pmol-L", GW7647 I 1C,,= 5 pmol-L"'. R4 pimozide
A GW7647 RES N USP1-UAF 1 35 P, (B3 £k 40 2,
X BRI R ity 7 A T S A A I S (Y 1, RIS I
B AR, BRI, 12X KBRS T eA g — PR .

4k % I pimozide F1 GW7647 J&, BIF THE#H —H
TE - R 400 v 14 B 5, 3% % P 5E = 1) USP1-UAF1 I
#il77 . 7E 2014 4F, Dexheimer 25 % & 1 — Fhif o &
Y e 4k & ) ML323 (4), 3L IC,, = 76 nmol-L.
ML323 7£ 3 J& A 20 umol-L™ i} %} 18 1 DUBs. 70 Ff A
AHSR 1 & LB AN 451 PR Y AN AR H, IF BL7E Cerep
B Sk 27, ML323 R 7 80 AN A
74 SR ML323 1 IC, fK T 100 nmol-L™, 1% FEPEEL
I, {H ML323 7£ H1299 4 g A7 15 3056 1) 2 B K R0,
W3 umol L™, TR I PR F & A 13 21 12 B H,
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Figure 4 The inhibition mechanism of USP1 inhibitors. A: Conformational shift of residues of USP1 when uninhibited; B: Conformational

shift of residues of USP1 when inhibited (PDB code: 7ZH4)
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Figure 5 Structures of representative compounds of the patent, SAR and eutectic structure. A: Structure diagram of representative
compounds in the patent; B: Eutectic structure diagram of the combination of ML323 (4) and USP1-UAFI, black dashed line is the

hydrogen bonding interaction, blue dashed line is the m-7 interaction (PDB code: 7ZH4); C: SAR diagram obtained by analyzing the

compounds according to the patent
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Figure 6 Structures of representative compounds of the patent, SAR and eutectic structure. A: Structure diagram of representative

compounds in the patent; B: Eutectic structure diagram of the combination of compound 16 and USP1-UAF1, black dashed line is the

hydrogen bonding interaction, blue dashed line is the -7 interaction (PDB code: 7ZH4); C: SAR diagram obtained by analyzing the

compounds according to the patent
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hydrogen bonding interaction (PDB code: 7ZH4); C: SAR diagram obtained by analyzing the compounds according to the patent
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Figure 9 Structures of representative compounds of the patent
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Figure 10 Structures of representative compounds of the patent and eutectic structure. A: Structures diagram of representative compounds
of the patent; B: Eutectic structure diagram of the combination of compound 37 with USP1-UAFI1, black dashed line is the hydrogen
bonding interaction (PDB code: 7ZH4)
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Figure 13  Structures of representative compounds of the patent and eutectic structure. A: Structure diagram of representative compounds
in the patent; B: Eutectic structure diagram of the combination of compound 48 and USP1-UAF]1, black dashed line is the hydrogen bonding
interaction, blue dashed line is the z-7 interaction (PDB code: 7ZH4)
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Figure 14  Structures of representative compounds of the patent, SAR and eutectic structure. A: Structure diagram of representative
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Figure 15 Structures of representative compounds of the patent and eutectic structure. A: Structure diagram of representative compounds

of the patent; B: Eutectic structure diagram of the combination of compound 57 with USP1-UAFI, black dashed line is the hydrogen

bonding interaction (PDB code: 7ZH4)
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Figure 16 Structures of representative compounds of the patent, SAR and eutectic structure. A: Structure diagram of representative

compounds in the patent; B: Eutectic structure diagram of the combination of compound 60 and USP1-UAF1, black dashed line is the

hydrogen bonding interaction, blue dashed line is the z-7 interaction (PDB code: 7ZH4); C: the SAR diagram obtained by analyzing the

compounds according to the patent
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Figure 17 Structures of representative compounds of the patent
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of the patent; B: Eutectic structure diagram of the combination of compound 74 with USP1-UAF1 (PDB code: 7ZH4)
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