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WE BB (bladder cancer, BCa)m At 69 Tk T A 45 25 2 o 3 LR IR I8 o RS ) L& i
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B F ey &4 g g . USP354& E-cadherinA= P5349 T 8 vA & N-cadherindy LA P42 3| T X 42691%
B . F)B, i iF TargetScan A7 & I, JUF —F 49 USP3548 % 49 miRNA# A 5 T MDM2/~5 84 4% 5
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USP35 Promotes Malignant Subtype Transition of Bladder Cancer Cells

ZHOU Zijing'*, GUO Yadong?, SHAN Zezhi*, MAO Shiyu?, ZHENG Zening®, GE Xin?
('School of Medicine, Anhui University of Science and Technology, Huainan 232001, China; *School of Medicine,
Tongji University/Shanghai Tenth People’s Hospital Affiliated to Tongji University, Shanghai 200092, China;
*Department of Internal Medicine, Fudan University Shanghai Cancer Hospital, Shanghai 200030, China)

Abstract  The malignant subtype transition of BCa (bladder cancer) cells is the transition from non-muscle
invasive bladder cancer to muscle invasive bladder cancer, which is detrimental to bladder cancer patients. EMT
(epithelial-mesenchymal transition) is reported to possess the most positive correlation with this transition. How-
ever, the underlying mechanism is still elusive although EMT-related gene signature have been shown to be prog-
nostic indicators and potential therapeutic targets for cancer. This study found that the deubiquitinase USP35 altered
the protein stability of multiple EMT-related factors. USP35 played a clear evident role in downregulation of E-
cadherin and P53, together with upregulation of N-cadherin. Simultaneously, TargetScan analysis found that almost
half of USP35-related miRNAs were also involved in MDM2 mediated post-transcriptional regulation. So USP35
may trigger MDM2 upregulation through miRNA competition, resulting in P53 downregulation, and MDM?2 forms
a complete negative feedback loop with P53. Furthermore, knockdown USP35 inhibits EMT-induced proliferation
and migration capability of BCa cells, suggesting that the up-regulation of USP35 may serve as a foundational sig-
nal for BCa transition to malignant phenotype.
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[ gz (bladder cancer, BCa)if i A AEFE S L 7
AR, A R TR WL RRE R . kT,
2019447 524 305BilfBs Wt H scmtyl, At 228 73541
FET RN, B DL R A 2 R i b e, s
TR FIELTT 90%. 30%~50% I - i S8 EAR 5 2
ENSHIE RGN, R SENERFEWRIR G,
JBE s AT 2 S5 R 2 B SR A2 I ) %%
PIASG, FA VIR I S AR AR AU 5%

fuf 2= 48 C7 48 (Radboud) K 2% & 227G [ LR
W, P53EEDR RAR 5 155 It 1 B R Rk e ok M. it
A, AATTIE IR P53 4 50 86%olE5 It i 6 & Jk DX 4L 1)
SERP X —E A RERIA T P53 (55 1R R IR bt
BT E LT B . [RIE, X 5774 S
1412 8 BT IREAT 1 55 Db A= bs 50 ) Meta 7y
M, KR o N 2 B R, 3R ILE R R
(muscle-invasive bladder cancer). AEHERTEVERE B
(non-muscle-invasive bladder cancer)Fl R I J7 J 55,
— ORI, SARNUZRZIEER wAH L, WUR R
JB5 IOt e TE 25 5y I AR A e 7% o RS VRIS Dk e R 1)
TR R, BAEFERMN15% A4 I, A%
B0 IS DR AT HOHEATIR AR 5T

I e8] 78 i #% 1k, (epithelial-mesenchymal trans-
formation, EMT)3# ixt 14 5 a8 240 A 1) 14, Jisles > e yg
YRR T, SRR B T iR 2 R A 7 AT AR 28 R
770 B AR, A 5 e 20 P 00 2 1 e A DA
KON, TAEEMT TR & 55 I g i 7 1 Tt 45 A
H 5 55 bk i 24 1A DR, B IS AENLHIAT) AR B 578
2 7RO BRI, AT I B g T EMT O 72 8 2
(R RBE 50 AT T RERIWHIT.

AN FEARIETZ 2R R 1 2 B35 (ubiquitin specific
peptidase 35, USP35).5 5% it Ji 4H A (1) 93 BEARFAIE 52 1EAH
5%, BT LATIOI S e AR AN R PG o AN 7 i) s
IR, USP35H LA St b 40 ) EMTid
2, IR 2E B ptim A p g s AT # . th4h, USP35
E 155 e T 240 i (1) 2 38 2 3G I AE B miRNA T 5+,
USP351)_F i P [R5 A 2(mouse double minute
2, MDM2)#fi: 7 20 R IfPS3, X R BHUSP35 ] LT
P534p FEMTIE AR, H T A a4 A

1 MR5RE

1.1 ##
1.1.1 #mf AHEK293TZIME 2. 2kk B s 4 g

Z(T24HMIRT-4) Je N7k AE AL IR It b R 48 e SV-HUC-1
0 T (B A2 B iR

1.1.2 E&KA DMEMK 774, RPMI-1640%%
FRIEE . 10%A6 ;- M3 (fetal bovine serum, FBS). 1%
TR B EOWPUA 0.25% 351 T35 [ Gibco A
A); PBS. Hll. TEMED. Tween-20. 40% A/
Tl WHIRAFAE R, 4% 2 HHF W T4E T A
Y TAE (Bl A AR A R % 44177 1lipo2000 A1
RNA 2 B 57 & 4 T 22 [# Invitrogen /A #; Trizol.
PrimeScript RT3 K57 & . Real-time PCRIA
. 10x DNA_EFEZE . DNA markerZ: 04T H
A TaKaRa/yw]; USP35HiAE (555 : LS-C178984)I T
% [H LifeSPan BioSciences/A 7 ; N-cadherin(#4061) /1
E-cadherin(#14472)$ 4%+ 3% [ Cell Signaling Tech-
nology /A #l; P53(1%*5: DO-1). MDM2(1%5: SMP14)
PRI T35 [E Santa Cruz Biotechnology /A 7 ; P21(%%
51 WL0362)FCyclin D1(#%5: WL01435a)ii&IE T
TERH T R R A PR A 7] ; 4xFlag(H75 : 20543-1-
AP)FI GAPDH(#% 5 : 10494-1-AP)$i44 4T3 [ Pro-
teintech A 7 ; BRI S A (horseradish peroxidase,
HRP)FRAC I Ll 2E T % TgG LRI T Jb 5 1 3l S s
HARERAF] .

1.13 /A5 EHHA  pcDNA3.1-4xFlag-USP35 /i fi
HH P 2 ([R5 R 5 B 8 28 -1 N RSB B i )
e, BeZA KT HEDHSo) T H ATaKaRa A & .
1.2 7[&

12,1 @b urkifics HEK293THFRIERS
A 10%M6 45 MIE M 1% % & -5 %5 2 ) DMEM#; 77
S, M T2485FR1E & 10% 64 MG 1 1% 5 5 24
T2 M RPMI-164085 77 2 mh | DL E4HII N 37 °C.
5% COI%FRA 1 9% . HEK293 T4 o i F il s 2
BEATHE Y. | T2440 045 lipo2000E /T84 4k . ¥ T2440
HFEFRT6FLAR H, 440 B B 280% T, 2 Hilipo2000
T BF 520 B 20 5k S i R R AR S G AR . ZH R
EBE S, Heili, N2 pg/mL NS 25 23T ik, 2%
JE B AR TR AL . PRIE T U A A e P 2 6L AR
T ORRE TR, HARRA R E M BG4 v
B . & P USP3 5 AIMDM2 ) shRNAE /5 41 (Fie
BB NIE) WAEL .

1.2.2 % RNA# R A qQRT-PCRA ] TrizoliZ:
FLEL T24401 M0 A 1 5 RNA, B RNA ] — 25 72300 i 5
B cDNA, 2R Ji5 il qRT-PCRAG M USP35H1 MDM21{)
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R1 FEARRNAFS
Table 1 Sequences of shRNA

FiR FRNA SIRFHI(S—3)
shRNA Primer sequences (5'—3")
NC shRNA TTC TCC GAA CGT GTCACG T

USP35 shRNA1
USP35 shRNA2
USP35 shRNA3
MDM2 shRNA1
MDM2 shRNA2

AGCATC CTT CAG GCCTTATTC
CGCAGATGC TGA CTG CCATTA
CCG ACT GCT GTA CGG TAT AAA
GAT TCC AGA GAG TCATGT GTT
AAT ACC AAC ATG TCT GTA CCT

&2 qRT-PCR3|4IF75
Table 2 Primer sequences for qRT-PCR

LR R ST EI(5—3")
Gene name Primer sequences (5'—3’)
USP35 F: ATC TGT CAG CAA CGT CAC C
R: CCTTCATCC TCATCC TTG TCT TC
MDM?2 F: GGC AGG GGA GAG TGA TAC AGA

R: GAA GCC AAT TCT CAC GAA GGG

mRNAZKY-, UL GAPDHYE N Z . ffiH 22Tt
BRI ALK, AR E 3N E FL. qRT-
PCRI P15 FN(FT A 7513 8 NJR) W22

1.2.3  WB(Western bolt)# )& & & & K-F g S
A2 A A 2 1 D 2R 22 P (50 mmol/L Tris-Cl. 0.5%
NP-40. 150 mmol/L NaCl. 1 mmol/L EDTA. 10%H
TBERR £ AN B, pH7.4)h2# . 30 minf5,
4°C. 12 000 r/min5 0215 min A 23 25 40 i 2L @4 iy ]
YRSy KRR S, SRS I BB i FL
il SDS-PAGE#E HIKEAT 70 5, fJ5 14T WB
IINT . A 4K 22 & ' (electrogenerated chemilumines-
cence, ECL)E& Mt 24t (Ll R BERHE A BR 2~ 7] )X
ECLAOGE B UG, IR S8 45

124 CCK8%E  hb T x84 KR T2440
SR (AN, 4% Sx 103N/ FL I 2 FE B+ 96 FLAR
(FEFRIEARF: 100 pL)H . RRHANM B E SN AL, 7>
%] F Day0. Dayl. Day2. Day3. Day43 2 Lif,
HIAN100 pL5 4 10% CCK8HG MLiE DMEM RS 77 3,
T37 °C. 5% COIGFRA T H2 hig, 90 pL |
T, FEEFR G E KA 450 nmAb W% B (optical
density, D){H, T A1 KA.

125 “FRAEEE KRG R T 6 FLIR
v WIREZI I 55 AR LS00 N, B3R 7~10K . 4
JIEE 7% FH 4% % 5 W i 5 L 181 5 15 miin, FR7E 0 T H
SEERER A5 min. KEEEIRIRAE KU N BES SRR .

1.2.6 @ieXREE  CBAMREF T oL+, RF
G AIEF90% A B, FE 28R, HPBSIHEDE3IX,
F1200 pLAGSK7ERFFLAN AR 35 53 R+ 28, I PBS
TEVEI A, IS FREE, B T37 °C. 5% COH%
FATRETE. (0. 24, 48 h)r BT B e W 220
R, AR . KRS 2= (So S n)/Son] ¥100%,
STRAB AT

127 MBT@iesk el EERE %A T2440
Jio HFT242H P 540 B (L2001 A, Fr 4 A
S AL)BEMAE 96 LK B (Comning A F], 775
3474) |, 3+7E DMEM/F1255 3% 5 (Gibeo, 1:1)H1159%,
M7 5 mg/mLJFE 2 (Sigma) 20 ng/mL EGF(Sigma)-
1:50 B27(Gibco)~ 10 ng/mLBg 1 A 414 AL K K (ba-
sicfibroblast growth factor, bFGF)#10.4% BSA. 357K
ZI10RJG, B OIEER TR R B R TR
VUV FFT PR A B ER A, BRI AL, PG G () B TR ik
RN, F R 20 BB, dRalit IR, TEME
BN TR R Bk A, RN THEOT DL R R
TNe AR N UL EAA KT 100 mmr)EE4H
BRARECH, BELEES AN ESELET, T 5 27 4 fek 1)
tb% . H0.05% EDTAJH LR, 140 mmit 36 4%
128 AMFE&EFH  RHEKEEEDHT(gene
set enrichment analysis, GSEA), 3% 1730015
USP35 2 IEAHSCH LR, Al 7 USP3S7E B bt g
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A2 . GSEAZ T A RELIR K 7 iy 25 3k
1T
1.3 Gt o

GraPhPad Prism#(f4- (V9.1.1, GraPhPad Software,
Inc., USA)HTE A 754 A8 SURARBLAT Student’s ¢
KBTSt 0 AT e X LEH R DAIIE HPRIEZE (eks) I
HARER. Fra LMy EET 5030k, P<0.05%R
R B EE

2 #R
2.1 USP35&5FEMBEMTRIITE

Wit GSEAKBLUSP3S = Rk 5 HEF .
EMT. RIEMNZ. KRASTE S SR UVNE % VI
K (B 1A). EMT CAIE UILE B Dt i 40 i 1) M2 AL 44K,
LA S FH |, TR B s 5% B R0 TS Fh kg s
YER . N T REME TE G b3 AE USP3STE s s 1 A=
WEAE L, FRATTAEE WBREIN 7 3%k WL AT R Ay

P-value
(A) HALLMARK ALLOGRAFT REJECTION  0.003 3 (B)
° HALLMARK EPITHELIAL MESENCHYMAL TRANSITION 0,006 5
8 HALLMARK INFLAMMATORY RESPONSE  0.002 1
§ 0.4 _HALLMARK KRAS SIGNAL TRANSDUCTION DN ()
g o=} 0.036 0 I
203 N J
502 A 5 w &
=) B <
30.1 ha A Q2 e
on 7 Y ) S
£ ol N\
g \ I L] | (|
& , Y
k= 2 nhl‘uﬂc‘l" phn i hd o outll 1 LAY A LT
g
3 0
o : ~ -
~ 5000 10 000 15 000
Rank in ordered dataset
T24
(C) sk (D) I ,’?’
s 1] . NC 5O
q>)< P é Q%
P 3 shUSP35-1 £ 5 5
5% 1.0 B shUSP35-2 “
oo
Y
on .
2 . 3
=S
o)
(P
NIRSE
¥
| | !
4 * ns ok - NC
o 3- 3 shUSP35-1
k5 Bl shUSP35-2
2
£ 24
=
2
=
L] 1_
0-
USP35 N-cadherin  E-cadherin

A: GSEAZ T i RUSPIS SREMEHEF N . b —RIFE Al . SRE R M. KRASTE 55 S RIUV & UM%, B: USP3SE BNt AN R 4 i 5
HFIRIA IR C: qRT-PCREC I AN A USP35SER L K F; Dy E: WBALIIT2441 8 ' USP35.  E-cadherinfIN-cadherin/f) & 17K *F-, @{KUSP35
P& T N-cadherin FIUSP35 2 [4 1914 7K1, 31 T E-cadherin & [ FIEK . *P<0.05, #£P<0.01, ns: TGI8 o
A: GSEA analysis shows that USP35 is closely related to allograft rejection, epithelial-mesenchymal transition, inflammatory response, KRAS signal
transduction and UV response; B: the expression level of USP35 in different cell lines of bladder cancer; C: the RNA level of USP35 was detected by
qRT-PCR; D,E: the expression of N-cadherin, E-cadherin and USP35 protein was measured by WB, knocking down USP35 reduced N-cadherin and
USP35 protein expression, and increased E-cadherin protein expression. *P<0.05, **P<0.01, ns: no significance.
Ell USP35&5 SEMERNEMTIE
Fig.1 USP3S5 is involved in the EMT process of bladder cancer
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T PRI B PO 4 PR (T24 - SV-HUC-141 RT-4) 1 USP35
RIETE DL, KILUSPISTE 24 KA &K & (K 1B),
DRI LBt fE HE 2 7 USP3SEAIRH) T24 401 R o it qRT-
PCRA WBHIE SARNATE T24H (il 2%, &5 3 5
7N 2% shRNAHR 1] DL 3 [IK USP35 mRNA 1) 5%
JKFFIUSP35 8 H IR IE 7K (B 1C~E] 1E)(P<0.05).
I WBASI AR B, 1F T2440 7 , Bl USP35H LA
= I E-cadherin[1J & 1A A4 N-cadherin 312 (B
IDFIEIE). 53R HRUSP3SZ 5 T et EMTHI
2.2 USP35i@id £ MMDM2/P53{5 518 i K 3iE
EMT

BNk, BATEE— BN 7 USP3SR I e
RAEMTHI S FHLE] . USP3SIEAN—Fh iz R1LEE,
JHt UbiBrowser 2.0(http://ubibrowser.ncpsb.org/)K i
MIUSP351 R IR, T2 i) S R HE 2 A
AURKB. ESRI. TNIP2. VDACI, &4 KDMIA.
TP53. MDM2%:. MDM2/P537] fE & USP35EE
RUFIEY) (B 2A). USP35HIMDM2 2 1] ) 8 (i AH
AR g W 2B, N H HDOCK (http://
hdock.phys.hust.edu.cn/)# LigPlot+ 2.2.4(https://www.
ebi.ac.uk/thornton-srv/software/LigPlus/) {435 tH &
. B S mR KSR AR Y BN D Re R AL, R
PyMol 2.2.0(https://pymol.org/2/) M 52 & 71 i —£& [ )i
R % . MDM2 R A%, USP35 SR8 Ak,
EATRIEE AT 5 /N s (L 2B A F R )«
FI| FH} Prodigy(https://bianca.science.uu.nl/prodigy/) it 5.
HAEEARSE A BEF R 55 # (dissociation constant,
K,), SRR PHAE AL AR N-11.1 keal/mol, Ky
B N73x10° KA P3O LR CiiiEs 5 7
EMT 4% 112, 48 P53 £ U R 5 L o
A% O ML MDM2 & KRR 7 R E & E
MDMX(murine double minute X)3£HLf¥]. MDM2HA]
DAPEAR PS3 1) i A AR e 14 1, Rt MDM2 4 A
N5 PS3IRER BN R E N D) RE bR . WBES R
JNFE T2440 i, R USP3S, AR 2% K i MDM2Y)
Tk, EPS3HIERIL (] 2CHTE 2D)(P<0.05).
Gy X4 AT WBZE LR B, USP35H] g it 5
MDM2 [ B Hz4H FAE F A5 MDM2/P53 15 5 % 5 (K
2B), MG I MDM2 [ Fa e . T4k, BATIEHI
7 USP35H1 MDM2 [A] I @ {IG Y T2440 i %, i i WB
B9 1E ShRNATE T24H [R5 3L 7R shUSP35

A1 shMDM2 737l i 2 FEAIC 7 USP35H1 MDM2 5 H 1)
Fis 5 (K 2ERE 2F). dit WBELI A I, 7 T244H
b [F) S R USP35AIMDM2 )5 , USP351 4% EMT
[FIRE I PR (EI2ERTE2G)
2.3 & 5USP35FIMDM2iFE A miRNA

Rt B HR R USP35_E il MDM2 £k (1 JR [A]
i3S TargetScan/y #T A G825 USP354 MDM2
WA B miRNA, FAME TR, miRNAIE T 42 )
MDM2/P5315 ‘5 18 #% 1 4% K 7 (5] i Zeb1/2+ Snail .
Slug Al Twist 1 {2 #EEMT, M1 FEMDM2/P53i % [
BE,

AEBRE, RATRILT —F O % E iR
1 USP35[) miRNAZ 5 MDM23K 1A ¥ (K 3A R
7 3), 1X 3% BIAE B I e 40 o i %08 USP35SHT L |
I MDM2( & 3B), 1R 4E miRNA 35 4 B i 1416 Jh=
miRNAZE A A7 55 IR 4% 5 AR 22 56 4 456 A8 [F] 1) miR-
NA, HILIAEM I RIEKF . X USP35iLRIA
WA O B 1E miRNAE 5 MDM2 1, M52
P537KF () 8 PR (P<0.05). N T iESEFRA TR %,
BATHAT T 525, KRBLUSP35 LA EAR R (1) 77 %
ik 7 P53/KF (3C). BEAb, Ml USP35HMIH 14t
kK (K13D), Xt Al RE 5305 PS3E 5 A 0%, BN
P53 DAL 75 5 44 e o S 4595 ) e T T s 4 U780,
T MDM2/P53 7] G /& USP353& 7E ) R4, USP35
et BCaitk i A2 5 PSSR B UIAI O . I, 3%
ATTH WBHsH il P53 38 #% AH 5C (P53 P21# Cyclin
D)\ IE KT LA B USP3 5L i BCait & (197> Tl
], 45 W R PR kR USP35 5, PS3AI P21 1A & I i 4
{5 ; MR Cyclin D1IRIA & H 2 EK. P53/P21/Cy-
clin DI#) 2 A& A0 A I & iR % . fi
Ik USP35 535 B8 1 40 i i A 5% 2 1 i R I8 7K
(EI3EFIE3F),
2.4 FEURSN, BURUSP3SHNHI B/ 2 (AR A HE5E |
ERATFHRRE

EH T~ P53 1 15 i 40 i Ao e (e T 4 o ) A
AR A Z M DhRE, BIHE 7T USP3S& T
REAE 2 12 [P 40 B X B B AN R AR 28 51 kS 7 FRATTI
Pl FAIE AR O RE (B 4AFNEI4B) . R AR
BR(E4CHI & 4D) A1 20 faL 7% (4 EF [ 4F) S A0 gk 47
BOAUF . PR o R 2 SR B, USP3S1E 2k 5% e Ja 40 i
(RISEEE . JiRg Bk S 45 S s, NCHHJBS s s
T4 B A 0 91 A 57N 58/ 3] 40801 45, T A%
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USP35 @

JUP AR

CE

LK

® @®

DHX36

T24
©) — (D) o *
T 2.5
£ g | = | * . NC
v 5 8 2204 I shUSP35-1
< 5 3 s B3 shUSP35-2

P53
vpM: [ 0.54

T ——— o
PS3  MDM2

Intensity rati
=)
1

T24
(E) — B
S
S T24
e &7 2.5 * *
o 8 [ I . NC
= b ¥ § E 2.0 ol sk B3 shUSP35
N-cadherin s == == = g 15 B shMDM2
— — z 3 shUSP35+shMDM2
E-cadherin .. n - él.O
]
= 0.5

rss

MDM2 Q Q - 0 MDM2 USP35

uspss L BB w ©

T24
GAPDH s e eue e 2.0 » " . - NC
s B3 shUSP35
B3 shMDM2
3 shUSP35+shMDM2

Intensity ratio
=)

o
wn

0
N-cadherin E-cadherin P53

A: UbiBrowser 2.07- Hr FitIIUSP35 1 T il 4; B: USP3SHIMDM2 i 1 i FLAE 45 M55 . USP3SE B (0, MDM2R B AL, W 454 Aot
A/ Co D: WBKLIIT2441 i FP P53 FIMDM2 ) 8 7K F, MEIRUSP3SFEMIC 7" MDM2 R A I iA |, BN T PS3 8 A iakis it B~G: [

R R USP3SAIMDM2 5, 38 ik WBA I T2441 i F USP35. MDM2. E-cadherinfIN-cadherin/) & /K. [F]H i KUSP35HIMDM2/5, USP35
PEHEEMTHIAE I FEAT. *P<0.05, **P<0.01, ns: LS8 Lo
A: UbiBrowser 2.0 analysis predicts downstream substrates for USP35; B: USP35 and MDM2 protein interaction structure pattern diagram. USP35 is
represented as slate cartoon, while MDM2 is showed as cyan cartoon, and their binding sites are displayed yellow sticks; C,D: the expression of P53
and MDM2 protein were measured by WB, knocking down USP35 reduced MDM?2 protein expression, and increased P53 protein expression; E-G: af-
ter knocking down USP35 and MDM?2 at the same time, WB is used to detect the proteins levels of USP35, MDM2, E-cadherin and N-cadherin in T24
cells. After knocking down USP35 and MDM2 at the same time, USP35’s ability to regulate EMT is reduced. *P<0.05, **P<0.01, ns: no significance.

[E2 USP35i@id#NMDM2/P53{5 S @B RIFIZEMT
Fig.2 USP3S5 regulates EMT by affecting the MDMZ2/P53 signaling pathway

USP3SJR , S MRS MR T2 AU SR A A 6569 AU IRIEE RS . 45 L FFIE , USP3SHUNE(RIERE LA
WD B 34135, B USP3STT (Rt BEMERE M T-0E  ANGROBIRE . XERE RIF-RER RIS , SR JA 7 1R
RUBRAR . ARSI Y, USPISIMEBERE (T A AR AT .
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T
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£
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5~ 34
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=
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1 T Ll
Normal Tumor
©) (D)
4xFlag-USP35 2.5+ o NC
5 S 204 = shusp3s
)33 =) (<) <) S S g
E8$SES
_1.54
P53 — — — - - Q' -
GAPDH e s s s s s T T T T T T T 1
0 12 24 36 48 60 72 84 96 108
Time /h
(E) T24 (F)
N o T24
Q(:‘? $ * H%K *
O £ & | T T
< S Y £ 25 ns ns ns
EGZ.O— I shUSP35-1
52 5] ED shUSP35-2
La
S % 1.0
ot | 02
Cyclin D1 22054
- 0
. S i
Tublin _ ~ P53 P21  Cyclin D1

A: TargetScan Tl 7T it 2 5 USP35 HIMDM21i#% (imiRNA, BUR2USP35 I miRNAFI T MDM2 [FImiRNA [ 3 42 H-E [&]; B: 1E % 441 FIBCaZi
YURIUSP3SEALKF; C: WBH I T2440 el FUSP3 S Ye AN [ 5B I PS3 1 £ 19 7KF; D: CCKSI M0 AW % YL USP3 53 [ 6f i I i 400 e 4 2
JIRIRZME; By F: WBAR I T2440 i 7 PS338 i A 5% 2 I ZIA KT #P<0.05, #*P<0.01, ns: JoGtit=# & 3o

A: TargetScan predicts the miRNA that may be involved in the regulation of USP35 and MDM2. The intersection of USP35-regulated miRNA and
MDM2-regulated miRNA is taken and plotted; B: USP35 expression levels in normal tissues and BCa tissues; C: WB detects protein levels of P53
when USP35 is transfected at different doses in T24 cells; D: CCK8 experiments detects the effect of transfection of USP35 gene on the proliferation
capacity of bladder cancer cells; E,F: WB detects the expression levels of P53 pathway-related proteins in T24 cells. *P<0.05, **P<0.01, ns: no sig-
nificance.
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Fig.3 miRNA involved in the regulation of USP35 and MDM2
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Table 3 Effects of MDM2-related miRNA on EMT in different tumors

/NFHERNA
microRNA

I3 1AL

Molecular mechanism

miRNA-370-3p

miRNA-1827

miRNA-647

miRNA-1252-5p

miRNA-2113

miRNA-205-5p

miRNA-152-3p

miRNA-5003-3p

miRNA-545-5p

miRNA-140-3p

The combination of miR-370 and PTEN inactivates AKT, MDM2 and mTOR while stimulates caspase-3, P53 and GSK3p ex-
pression, promoting apoptosis and suppressing proliferation of gastric cancer cells™”

circ_0080229 is an oncogenic factor that mechanistically promotes proliferation and metastasis in glioma by increasing MDM2
through sponging miR-1827'%

miR-1827 is a novel miRNA that targets MDM2 through binding to the 3'-UTR of MDM2 mRNA. miR-1827 negatively regu-
lates MDM2, which in turn increases P53 protein levels to increase transcriptional activity of P53 and enhance P53-mediated
stress responses, including apoptosis and senescence. Overexpression of miR-1827 suppresses the growth of xenograft colorec-
tal tumors, whereas the miR-1827 inhibitor promotes tumor growth in mice in a largely P53-dependent manner'**!

Upregulation of circular RNA circFAMS53B predicts adverse prognosis and accelerates the progression of ovarian cancer via the
miR-646/VAMP2 and miR-647/MDM2 signaling pathways!**!

Circular RNA hsa_circ_0000073 enhances osteosarcoma cells malignant behavior by sponging miR-1252-5p and modulating
CCNE2 and MDM2P¢!

MNX1-AS1 is over-expressed in prostate cancer patients, posing promotive effects on proliferation, migration and invasion via
miR-2113/MDM2 axis"*”

BMSCs (bone marrow mesenchymal stem cells)-derived exosomal miR-205-5p inhibits inflammation in RA (rheumatoid arthri-
tis) through MDM2P*)

Nuclear HOTAIRM1 promotes EGR1 ubiquitination by enhancing the MDM2-EGRI1 interaction, while cytoplasmic HO-
TAIRMI1 increases ULK3 expression by competitively sponging miR-152-3p, therefore contributing to leukemia cell autophagy
and proliferation®”

LINC00342 promotes cell proliferation, migration and invasion and inhibites cell apoptosis in vitro by miR-545-5p/MDM2
axis. LINC00342 knockdown suppresses COAD tumor growth and proliferation in vivo by regulating miR-545-5p/MDM2")
miR-140-3p can promote the migration and differentation of D-NPMSCs (degenerative intervertebral disc nucleus pulposus
stem/progenitor cells) and down-regulate KLF5 to promote N-cadherin expression and transcriptionally inhibit MDM2 to up-
regulate Slug expression!*'!

miR-503-3p promotes epithelial-mesenchymal transition in breast cancer by directly targeting SMAD2 and E-cadherin'*?
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A,B: colony formation assay was taken to evaluate the proliferation of T24 cells after knocking down USP35; C,D: after knocking down USP35, the cancer
stem cell sphere formation assay was taken to evaluate the size, diameter and number of bladder tumor spheroids; E,F: wound-healing assay was taken to

evaluate the migration of T24 cells after knocking down USP35. **P<0.01.
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Fig.4 USP35 promotes the proliferation and migration of bladder cancer cells and the acquisition of dryness of bladder cancer cells

HE— B AEAR N IGAIF USP3542 75 Al B 1S 5 5 EM T/ i3k
et AL e RS | IF H 5 Bt — b il G R R AR AIE
USP355 b5 it geg £ izt Ab % 7% B I R AH 9 o

(2]

(3]

SEHK (References)

KARIMI A, SHOBEIRI P, AZADNAJAFABAD S, et al. A global,
regional, and national survey on burden and Quality of Care Index
(QCI) of bladder cancer: the global burden of disease study 1990-
2019 [J]. PLoS One, 2022, 17(10): €0275574.

TANG X, CAOY, LIU J, et al. Diagnostic and predictive values of
inflammatory factors in pathology and survival of patients undergo-
ing total cystectomy [J]. Mediators Inflamm, 2020, 2020: 9234067.
ROTH B, FURRER M A, GIANNAKIS I, et al. Positive pre-
cystectomy biopsies of the prostatic urethra or bladder neck do not
necessarily preclude orthotopic bladder substitution [J]. J Urol, 2019,
201(5): 909-15.

(4]

(5]

(o]

(7]

(8]

1

GALESLOOT T E, GROTENHUIS A J, KOLEV D, et al. Genome-
wide meta-analysis identifies novel genes associated with recurrence
and progression in non-muscle-invasive bladder cancer [J]. Eur Urol
Oncol, 2022, 5(1): 70-83.

LORENZO ROMERO J G, SALINAS SANCHEZ A S, GIMENEZ
BACHS J M, et al. p53 gene mutations in superficial bladder cancer
[J]. Urol Int, 2004, 73(3): 212-8.

ZHENG L F, SUN W'Y. Meta-analysis of microRNAs as biomarkers
for muscle-invasive bladder cancer [J]. Biomed Rep, 2016, 5(2): 159-
64.

TANG C, MA J, LIU X, et al. Development and validation of a novel
stem cell subtype for bladder cancer based on stem genomic profiling
[J]. Stem Cell Res Ther, 2020, 11(1): 457.

XIAO Z, CAI Z, DENG D, et al. An EMT-based risk score thorough-
ly predicts the clinical prognosis, tumor immune microenvironment
and molecular subtypes of bladder cancer [J]. Front Immunol, 2022,
13: 1000321.

CAO R, YUAN L, MA B, et al. An EMT-related gene signature for



Ji TR USP3 Sk 1% 1D e 40 M0 £ R 0 A A

853

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

the prognosis of human bladder cancer [J]. J Cell Mol Med, 2020,
24(1): 605-17.

HUANG J,LO U G, WU S, et al. The roles and mechanism of IFIT5
in bladder cancer epithelial-mesenchymal transition and progression
[J]. Cell Death Dis, 2019, 10(6): 437.

SCHUBERT J, BRABLETZ T. P53 spreads out further: suppression
of EMT and stemness by activating miR-200c expression [J]. Cell
Res, 2011, 21(5): 705-7.

JACKSON-WEAVER O, UNGVIJANPUNYA N, YUAN 'Y, et al.
PRMT1-p53 pathway controls epicardial EMT and invasion [J]. Cell
Rep, 2020, 31(10): 107739.

WANG X, JIANG X. Mdm2 and MdmX partner to regulate p53 [J].
FEBS Lett, 2012, 586(10): 1390-6.

PARFENYEYV S, SINGH A, FEDOROVA O, et al. Interplay between
p53 and non-coding RNAs in the regulation of EMT in breast cancer
[J]. Cell Death Dis, 2021, 12(1): 17.

NGUYEN AV, TOEPEL J, BURGESS S, et al. Time-course global
expression profiles of chlamydomonas reinhardtii during photo-
biological H(2) production [J]. PLoS One, 2011, 6(12): €29364.
WANG X, YIN H, ZHANG L, et al. The construction and analysis of
the aberrant IncRNA-miRNA-mRNA network in non-small cell lung
cancer [J]. J Thorac Dis, 2019, 11(5): 1772-8.

LIVINGSTONE L R, WHITE A, SPROUSE ]J, et al. Altered cell
cycle arrest and gene amplification potential accompany loss of wild-
type p53 [J]. Cell, 1992, 70(6): 923-35.

LI T, KON N, JIANG L, et al. Tumor suppression in the absence of
p53-mediated cell-cycle arrest, apoptosis, and senescence [J]. Cell,
2012, 149(6): 1269-83.

CHOI W, CZERNIAK B, OCHOA A, et al. Intrinsic basal and lu-
minal subtypes of muscle-invasive bladder cancer [J]. Nat Rev Urol,
2014, 11(7): 400-10.

KNOWLES M A. Bladder cancer subtypes defined by genomic al-
terations [J]. Scand J Urol Nephrol Suppl, 2008, 42: 116-30.

YAO T, COHEN R E. A cryptic protease couples deubiquitination
and degradation by the proteasome [J]. Nature, 2002, 419(6905):
403-7.

MAXWELL B A, GWON Y, MISHRA A, et al. Ubiquitination is es-
sential for recovery of cellular activities after heat shock [J]. Science,
2021, 372(6549): eabc3593.

SAIFEE N H, ZHENG N. A ubiquitin-like protein unleashes ubiqui-
tin ligases [J]. Cell, 2008, 135(2): 209-11.

D'ARCY P, LINDER S. Molecular pathways: translational potential
of deubiquitinases as drug targets [J]. Clin Cancer Res, 2014, 20(15):
3908-14.

LUOYY, ZHOU J, TANG J, et al. MINDY 1 promotes bladder cancer
progression by stabilizing YAP [J]. Cancer Cell Int, 2021, 21(1): 395.
HUANG J, ZHOU W, HAO C, et al. The feedback loop of MET-
TL14 and USP38 regulates cell migration, invasion and EMT as
well as metastasis in bladder cancer [J]. PLoS Genet, 2022, 18(10):
¢1010366.

ZHANG J, CHEN Y, CHEN X, et al. Deubiquitinase USP35 restrains
STING-mediated interferon signaling in ovarian cancer [J]. Cell

(28]

[29]

[30]

[31]

[32]

[33]

(34]

[35]

[37]

(38]

[39]

[40]

[41]

[42]

Death Differ, 2021, 28(1): 139-55.

CAO J, WU D, WU G, et al. USP35, regulated by estrogen and
AKT, promotes breast tumorigenesis by stabilizing and enhancing
transcriptional activity of estrogen receptor alpha [J]. Cell Death Dis,
2021, 12(6): 619.

WANG W, WANG M, XIAOY, et al. USP35 mitigates endoplasmic
reticulum stress-induced apoptosis by stabilizing RRBP1 in non-
small cell lung cancer [J]. Mol Oncol, 2022, 16(7): 1572-90.

LIU C, CHEN Z, DING X, et al. Ubiquitin-specific protease 35
(USP35) mediates cisplatin-induced apoptosis by stabilizing BIRC3
in non-small cell lung cancer [J]. Lab Invest, 2022, 102(5): 524-33.
BECK B, LAPOUGE G, RORIVE 8, et al. Different levels of Twist1
regulate skin tumor initiation, stemness, and progression [J]. Cell
Stem Cell, 2015, 16: 67-79.

ZENG Y, FU M, WU G W, et al. Upregulation of microRNA-370
promotes cell apoptosis and inhibits proliferation by targeting PTEN
in human gastric cancer [J]. Int J Oncol, 2016, 49(4): 1589-99.
ZHOU Z, ZHENG X, MEI X, et al. Hsa circ_0080229 upregulates
the expression of murine double minute-2 (MDM2) and promotes
glioma tumorigenesis and invasion via the miR-1827 sponging
mechanism [J]. Ann Transl Med, 2021, 9(9): 762.

ZHANG C, LIU J, TAN C, et al. microRNA-1827 represses MDM2
to positively regulate tumor suppressor p53 and suppress tumorigen-
esis [J]. Oncotarget, 2016, 7(8): 8783-96.

SUN D, LIU J, ZHOU L. Upregulation of circular RNA circ
FAMS3B predicts adverse prognosis and accelerates the progression
of ovarian cancer via the miR 646/VAMP2 and miR 647/MDM2 sig-
naling pathways [J]. Oncol Rep, 2019, 42(6): 2728-37.

REN Z, YANG Q, GUO J, et al. Circular RNA hsa_circ_0000073
enhances osteosarcoma cells malignant behavior by sponging miR-
1252-5p and modulating CCNE2 and MDM?2 [J]. Front Cell Dev
Biol, 2021, 9: 714601.

LIANG D, TIAN C, ZHANG X. IncRNA MNX1-AS1 promotes
prostate cancer progression through regulating miR-2113/MDM2
axis [J]. Mol Med Rep, 2022, 26(1): 231.

SUN Q, ZHANG X, TAN Z, et al. Bone marrow mesenchymal stem
cells-secreted exosomal microRNA-205-5p exerts inhibitory effect on
the progression of liver cancer through regulating CDKL3 [J]. Pathol
Res Pract, 2021, 225: 153549.

JING Y, JIANG X, LEI L, et al. Mutant NPM1-regulated IncRNA
HOTAIRM1 promotes leukemia cell autophagy and proliferation by
targeting EGR1 and ULK3 [J]. J Exp Clin Cancer Res, 2021, 40(1):
312.

MIAO Z, LIU S, XIAO X, et al. LINC00342 regulates cell prolifera-
tion, apoptosis, migration and invasion in colon adenocarcinoma via
miR-545-5p/MDM2 axis [J]. Gene, 2020, 743: 144604.

WANG Z, ZHANG S, ZHAOYY, et al. MicroRNA-140-3p alleviates
intervertebral disc degeneration via KLF5/N-cadherin/MDM2/Slug
axis [J]. RNA Biol, 2021, 18(12): 2247-60.

ZHAO Z, FAN X, JIANG L, et al. MiR-503-3p promotes epithelial-
mesenchymal transition in breast cancer by directly targeting SMAD2
and E-cadherin [J]. J Genet Genomics, 2017, 44(2): 75-84.



