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Vesicle Transporter USO1 Regulates Triple Negative Breast Cancer Cell
Growth through mTOR/4EBP1 Pathway
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Abstract To explore the role and mechanism of USO1 in TNBC (triple negative breast cancer), this
study first compared the expression level of USO1 in different breast cancer cells, and selected MDA-MB-231
and MDA-MB-453 cells to construct USO1 knockdown and overexpression cell lines. The mRNA expression
level of USO1 was detected by RT-PCR, protein expression level was detected by Western blot, cell proliferation
activity was detected by CCK-8, colony formation ability was detected by colony assay, cell cycle was detected
by flow cytometry, and tumor growth was detected by tumor bearing assay in nude mice. The results showed that
USOL expression was elevated in breast cancer tissues, which was closely associated with poor prognosis of the
patients, and the expression level of USO1 in TNBC cells was higher than that in non-TNBC cells. Knockdown
of USO1 resulted in G/S cell cycle arrest and inhibited TNBC cell proliferation, colony formation and tumor-
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bearing growth. Knockdown or overexpression of USO1 inhibits or promotes the expression of p-mTOR, p-
4EBP1, Cyclin D and Cyclin E. In conclusion, USOT1 accelerates the G,/S phase transformation of TNBC cell
cycle by activating the mTOR/4EBP1 signaling pathway, thus promoting tumor growth, and it is a potential

therapeutic target of TNBC.
Keywords

pamycin

LR i A2 2 g DL R S M iR 2 —, ek
10%~20% N = [ 14 FL B (triple negative breast can-
cer, TNBC)™, TNBCHI M 3 32 RER. 223 & %
PARPRAN N 3R B2 A2 K A - 32 AR HER2¥ 4 1 M 3R ik,
A A B AR LG, TNBCH) 57 1 AR ERR BE vy, 2
Ty KA 7S, FF H TP 43 W 245 W) A0 BE [m) 259036 97 A
BUEK, SRS B 22, R, RIS TNBC & A2
RIEWIALE, FHHT 053112 W a7 48 SO T 5L
Jides I TT B BB

P HEIZ AT USO1 MR NP5 ELTAP, ££ N
o7 DX R g R A 2 [R) B i R R R A AR
S, K, O SCHRIRGE, USOLE B JEN. 45
H LA J 2 M i il IR VA 22 PR A R
RIE, F5 MR R R B R R ETIAE G, SR, HHETR
TUSOE R M, JUHZTNBCH (1 k47 A
FNLEATRANTE 2 o AW AR IUSO/E L IR
BEPEmEL RS BEWEAREVIMER, i8RV
USO17ETNBCHH fitd 1 21 £ 1 3% 1% %1 Fnon-TNBC.
[FIF, USO1 R e WoE M AL ah Y R e R a
(mammalian target of rapamycin, mTOR)/4EBP115*5
68 I o 40 e ] B G /S B A 46 T 42 s3E TNBCAH i A=
K, ERATNBCHIE EIRTT# A

1 MRERE
1.1 LMY

MCF10A. BT-474. MCF-7. MDA-MB-231
FIMDA-MB-45321 [ 15 1) 15 v [ A} 27 e 20 i P s M
PEAR BB B L R4 SEE B 0 DMEM i B 85 57
FE ARG 4 1ML 37 (fetal bovine serum, FBS)%5 Il
H 3 [E Hyclone A A ; CCK-8i 71l &% H H A Dojindo
2], WAL T BE (propidium iodide, PT)ZH fid Ji s il
K7 & BCASE F AR5 & Westernds) [ Vi A1
RIPAZ RIS B il 38 = RAEDFHA R A A,
USO 15 PR 1 T A2 o 55 A1 Ik 208 Bk I H T M i
AR A R A E; RNASI I E A TAEY)

USO1; triple negative breast cancer; cell proliferation; cell cycle; mammalian target of ra-

TR PR A A5 13057 5600 S MRT-PCRIA I &% 5
H A TaKaRa”/x #]; Lipofectamine™ 3000 Transfection
Reagent f1 TRIZOL 4 H 3 [H Invitrogen A & ; Puromy-
cin’a A5 USO14 44 1 H 3% [ Sigma A 7]; B-actin. p-
mTOR. mTOR. p-4EBP1. 4EBPl. p-AKT. AKT.
Cyclin DFICyclin Efit /4 %5 ) H 3% [E Cell Signaling
Technology A 7] .

1.2 SEWHE

12.1 #mieizdc  BT-474. MCF-7. MDA-MB-231
FIMDA-MB-4534f fu 322K F 77 10% FBSHIDMEM 5
BB 97 5% 9% MCF10AZ0 i % F i & (0 % FH 8% 97
5, BB T 5% CO,. 37 °C. 97%iE B IME IR R 7746
HiRE IR

122 st KBMDA-MB-231FIMDA-MB-453
AN WREOREER ToFLAR Y, FRdll i % 2
50% 725 A7 I, RRYE P FP A I TMOUE, I USO13E A
K AH (shUSO-1: 5-GCA GCT TTG TAC TAT CCT
AAT-3", shUSO-2: 5'-GCA AGG ATC TAG ATC ATA
T3 B 18 #. 12 WS W, a2
90%, F & ZH AN fu AL AR5 7%, WikE )5 K FH puromyciniff
ITZi0, B 2R FE MR USOI [ 41 bk -

123 fnfie g 74 7% AR ) S8 4 H ANCH
shUSO-12H Fl1shUSO-24H . K 5 25 48 i 4 14 i1 %,
PLEEFLT 0004 1 %5 s 41 g B2 A T 96 FL AR, B T
5% CO,. 37 °C. 97%1% F (1) 16 I 55 77 56 b 85 7%
T1R 2R, 3R 4R HH9I6FLR, XT B K 4 £L
10 pL CCK-8iA 7, =% F2 his,
PR A 450 nmif K R BB FEAE, JF 22 i X B
A 2k .

124 HHEMmFEE L HANCH. shU-
SO-12H MishUSO-24H . K & ZH 48 w3 A v %, LL%F
FL2 0007 1195 FEA4 20 B e Fl T 6 FLAR, B T-5% CO».
37 °C97%I0 FE [P TR 55 7240 TR 5 7% o FERE3 R,
H MR A KABEDL . 14K )5, Fl4%% B B [H &
Y, SR 45 G 015 min, $0 18I HLRL R AL AR TR



EGE A FEEE N T-USO 1IEid mTOR/AEBP 113 538 B 1 455 = 97 12 AL e 240 (4 388 B 1041

A A

1.2.5 R X AW 28 8 7 2 Sy 2H WNCH .
shUSO-141 fshUSO-241. 4 %20 41 fiil, PBSIH ¥t
FEYMG, IMATEK 2 5 9K B NT5% LI,
4 °CHHE I . PBSIE YL EH 241, i1 ARNAasef
PICTAEMEE 50 pug/mL), =BG B30 min. it
JEAN M, {5 FH I A AR AT 0 AT

1.2.6 RT-PCRAMmMRNA% A  TRIZOLIEEL %4
YIS RNA, H i # 5 NcDNA, % SYBR Green
10 pL, cDNA 2 pL, B RESI#1 pL, 7K6 uLifk
RHEATRT-PCREESS « FEH 254 95 °CTIAL 2 min;
94 °CAF 1430 s, 62 °Ci k30 s, 72 °CLE{H 1 min, 3%
3IMNEH . 519 ) USOI Forward 5'-GTA ACC
CGT TGA ACC CCA TT-3', Reverse 5'-CCA TCC
AAT CGG TAG TAG CG-3'; f-actin Forward 5'-CGC
CGC CAG CTC ACC ATG-3', Reverse 5'-CAC GAT
GGA GGG GAA GAC GG-3'.

1.2.7 Western blothem| & é &k (i FIRIPAZHFEIR
FREL % ZH 40 B 5 R B, BCATRF & &2 Ak, in
N IIEEGE R a3 AT Rl A 1 . SR 12% ) IR 4T
SDS-PAGEHLIK(80 V~120 V), i 5 14 i J5 ¥4 PVDF
I = R 3 A2 by NG R —$HT(USO1. B-actin. p-
AKT. AKT. p-4EBPl. 4EBPl. p-mTOR. mTOR.
Cyclin DFICyclin EF5#54% /8 1:1 00047 %¢) 4 °Clitg & i
W o TBSTYEE3VR, I —HU(1:1 00057 F) % iR %
H2 ho TBSTH:ME3R G #E4T K FHECLE 8247 i
IS

128 RAMBEE RO KN EERR R,
S 43 2 INCZ MshUSO14H, #NCZH 40 o 4 Fib
T A — R B R R, FUSOTER 2 IR K IAMDA-
MB-23 141 #0 T- 4 BRUAG R R T, F b (1 20 B i =
RSX10°4/ R o BB RAC T I MR 7 N i J A K1
L, FEAE FH A s RO = g 1 K A 5 v SR A R
AR R=K = BEY2) . TSI & A FEE B, BUH
farJ8, FOREIEAR E, KR AR — iR B T PR AT,
F—EB L E T4% % B R E E

129 %itZFatr  RFAISPSS 18.04E47 481t #r,
AT FT LIS B JE T R RIS R A, R
NN BB br e 2, R E D3N REAE R
1 2L ) S50 KA LR OIS FE AR AR 56, 2 4 [ 5
U LUK B R 3 5 2 i .. P<0.05RRA 4

IEISE

2 HFR
2.1 USOIEZLRREALPRIAKEHAS, HAEH
5BENTRMEZRIEX

JE it 4 #r N 258 1 B 1 (Human Protein Atlas,
HPA)ECHE 2, WEIAFT/R, USO1ER A 32 B i T4
MR, HFL R 2 T USO1 Rk K i 1 IR
LR 2 o Il PAC 2R 13 5 2E B8 o0 BV 41 (clinical
proteomic tumor analysis consortium, CPTAC)%{# &
) 45 S 3 7 L IR 41 2L R USO8 1 3R ik /KT
TR SR (R 1B, P<0.000 1). [F, @it
3 BT 5 AR A7 B4 B Kaplan-Meier plotter, &2 E{USO1
RIE A (n=2 464)LLUSO KK IE L (n=2 46511 Tl 5
B Z(E1C, P<0.001). LA E&5RHE2/RUSOLIT e 5
FLIR I R R A R AR O
2.2 USO17ETNBCZHRE  #Y F=iX 7K F & Fnon-
TNBCiRf

NE— 5 R TUSOLTE 41 g P 1 R IA 1 I, ik
FEIEH BN FLIE b B2 20 f RMCF10A R0 PU F LR e
YHff & (BT-474. MCF-7. MDA-MB-231 fl MDA-
MB-453)i47 J5 4: 525 . mRNAFIE 45 5 (K 2A
FE2B)ZE BH, USO17E FL M T 248 ffa o (1) ik 7K1 i
TR FUIR B R 40, F HUSO1#ETNBCHH Al
(MDA-MB-231 f1 MDA-MB-453) ] %% KT & T
non-TNBC4H Jitl(BT-474 FIMCF-7). 4k, i i $2 B
TNBC F1non-TNBC)Jp B 21 21, Western blot A1 RT-
PCRAG M & FUSO1/E TNBCAL 2R v () i /K i T
non-TNBCALZA(K2CHIE2D). TNBC2 % F4 i f%
E LS 2 —, DL R 4E R RUSO1 ] it S TNBC
(3t e AE %
2.3 BUEUSO1NHITNBCHH ff 184 578 70 5 5% 72 B
fE

itk — 5 HF 7T USOILETNBCA iy m R ik 11
W X, EFEMDA-MB-231 FIMDA-MB-453
FRTNBCHH M 52, K F 120 25 5% G i S USO 12 E 1K
FE 95 1 40 bk . mRNAFIE [ 45 R (K3AH E3B)
FHIUSO KK IEH, i Z 4] . CCK-8kill KM, 5
NCZH(MDA-MB-231HIMDA-MB-4534H i) Lb #¢, it
fRUSO1 A #I TNBC I 40 fg 8 5E v J1(KI3C). T
S R W], 5NCZ (MDA-MB-231 HIMDA-MB-453
40 M) b AL, mIRUSO1 R Jak 55 TNBCHY) £ V& ¥ B e
JI(EI3DAIEIZE). DA |45 3R 3R B, @ iuso14 i
TNBCYHfEAE K.



1042 R

(A) Carcinoma (B) Protein expression of USOI in breast cancer
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Fig.1 The expression of USO1 and its correlation to prognosis in breast cancer tissues
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Fig.2 The mRNA and protein expression levels of USO1 in TNBC and non-TNBC cells and tissues
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A: USOI mRNA expression level after USO1 knockdown; B: USO1 protein expression level after USO1 knockdown; C: effects of USO1 knockdown
on the proliferation of TNBC cells; D,E: effects of USO1 knockdown on the colony formation of TNBC cells. *P<0.05, **P<0.01, ***P<(0.001 com-

pared with NC group.
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Fig.3 Effects of USO1 knockdown on the growth of TNBC cells

2.4 JF3FRIZXUSO{EHTNBCZH ff 18 58 Fn & 5% 2

K kLS G, #973USO 1t Rk IMDA-MB-231
ATMDA-MB-45341 ffi#k. USO1 mRNAFI (445 )
(El4ARI4B) K BHUSO1 KA 4 . CCK-8taill &
M, 5NCZ(MDA-MB-231FIMDA-MB-4534H 1)t
5, 1 R IAUSO1 AT 2 HETNBC I 41 i 3 4 7% (1K
4C). HEIKIH R, H5NCLH(MDA-MB-231FIMDA-
MB-4534ffitd ) Lb 5%, 1 38 USO1 A] 3558 TNBC 14
KT HLAE JJ(RAD A E4E). DL 45 R, i %k
USO1{EHETNBCAH i AE K .

2.5 REUSO1SE TNBCHHREE HAG,/SHARR

T 3o 38 e A 0 240 B 3 o0 A R, 5NC
41 (MDA-MB-231 Al MDA-MB-4534 ff ) EL 5%, mifi
USO14: 5 $iMDA-MB-231 FIMDA-MB-4534H Jif1 [¥]
G IR EZ, SR/, BISIHEEG/SI L (FEISAR
KISB). DL gE S, USO1n] i i 1 72 41 i A

PG /S L3 52 M TNBCAH g 38 48
2.6 BRI RIE USO1 A E T #3512 it
mTOR/4EBP1{E S 1@ B AN 4R BE B B X EH B+
i%, BN TNBCZAAILSE

ik — IR FTUSO1 1 $ TNBCAH A Jil # i AL
Hl, KA 15 5@ g K I, SNC4L(MDA-MB-231
FIMDA-MB-45341 ) Lb 52, i {RUSO1 AT #IfiMDA-
MB-231FIMDA-MB-4534f ffg p-mTOR Flp-4EBP1
[F)E A #i5, L Cyclin D. Cyclin EZ5 41 i J& 1]
IR A RIE(K6A). [FR, i F£XUSOIA g
MDA-MB-231 A1 MDA-MB-453 4 i 1 p-mTOR #il p-
4EBP1f{I R A #IA, LA K Cyclin D Cyclin EZ541 i J&
WA %R A R IE(E6B). AN, 4 B8 % B MK 5k
I FRIKUSO L p-AKTH H R IA 7KV I J6 B B 520
DL b s B4R, USO1 ] Bl 4% mTOR/4EBP141
1 2 S BA AR DG B 1 30, 3 T S A TNBCZH i
LY



BRI

1044

A o NC
SEREE e OV-USOl
S
Gt kk
o
s 1.0- *%
2
<
£ s
(5]
Z
- Al A
S 0
-4 1 1

MDA-MB-231 MDA-MB-453

© MDA-MB-231 (D)
- NC
-+ OV-USOl NC

Cell viability
—_ o
| I
*

(=1

1 2 3 4
Time /d

MDA-MB-231

MDA-MB-453

- NC
-+ OV-USO1

A

12 3 4
Time /d

)

—_

Cell viability

MDA-MB-453

(=]

(B)
MDA-MB-231 MDA-MB-453
N N
Q
& &8 < &
O4 Q
USOl | v QD -
Pactin | e — ’ & -‘
(B)
OV-USOI . MDA-MB-231
S <
4//—' B %4 sk
23
52
21
20
) N
~ ® 0%O
&
5 MDA-MB-453
25
g
g4 sk
z3
s
S2
21
=0
o (¢ N
2 & S
&

A: I FRIKUSOLJG FImRNARIE KT B: i FKIXUSOE AR (R IE KT C: it RIXUSOIX TNBCAN JE 8 4E ¥ 52 0; DL B: i 3RIAUSO1Xf

TNBCHEVE LR AE FIIREI . *P<0.05, **P<0.01, 5NCZH % .

A: USOI mRNA expression level after USO1 overexpression; B: USO1 protein expression level after USO1 overexpression; C: effects of USO1

overexpression on the proliferation of TNBC cells; D,E: effects of USO1 overexpression on the colony formation of TNBC cells. *P<0.05, **P<0.01
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Fig.4 Effects of USO1 overexpression on the growth of TNBC cells
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Fig.5 Effects of USO1 knockdown on the cell cycle distribution of TNBC cells
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A: effects of USO1 knockdown on the p-mTOR, p-4EBP1, Cyclin D and Cyclin E expression in MDA-MB-231 and MDA-MB-453 cells; B: effects of
USO1 overexpression on the p-mTOR, p-4EBP1, p-AKT, Cyclin D and Cyclin E expression in MDA-MB-231 and MDA-MB-453 cells.
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Fig.6 Effects of USO1 knockdown and overexpression on the AKT/m-TOR pathway
and cell cycle related protein of TNBC cells
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A: general graph of xenograft; B: tumor growth curve; C: tumor mass. **P<0.01, ***P<(.001.
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Fig.7 Effects of USO1 knockdown on the tumor growth of MDA-MB-231 cells in nude mice
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