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UESE T ETS1 2 FBXO45 W 7E ()55 sk - S8 J5 76 IIF 98 40 il HCCLM3 Al Huh7 H it 363K ETS1 )5 & 8
Y1 45 28 T S B 1 W B 0, 3F 98 T N-cadherin  Snail 2 [1 893835 (P<0.01) . ILAh, #F ETS1 358 32
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[Abstract] Objective To explore the roles of transcription factor E26 transformation-specific 1

(ETS1) and F-box protein 45 (FBX045) in invasion and metastasis in hepatocellular carcinoma cells and the
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potential molecular mechanism. Methods Jaspar, hTFtarget and Cistrome transcription factor database

prediction websites were used to predict the transcription factors of FBX045. According to the intersection of

the predicted results of each database, the expression of FBXO045 was detected after the candidate

transcription factors were knockdown in HCCLM3 and Huh7 liver cancer cells, respectively. The most

significant influence on FBX045

expression was

selected for further analysis, and chromatin

immunoprecipitation assay (ChIP) was used to verify the binding to the FBX045 promoter. Finally, the

potential transcription factor of FBX045 was identified. The effect of ETS1 overexpression on invasion and

migration in HCCLM3 and Huh7 cells was detected by Transwell assay, and the expression levels of epithelial-

mesenchymal transition (EMT) pathway proteins were detected by Western blot assay. The effects of FBX045

knockdown on the invasion and migration under the condition of overexpression of ETS1 were also studied.

Results

Intersection of FBXO045 transcription factors identified 3 candidate transcription factors, ETSI1,

SPI1 and YY1. When the 3 transcription factors were knocked down in HCCLM3 and Huh7 cells,
respectively, ETS1 knockdown significantly reduced the expression of FBX045. According to the analysis of

The Cancer Genome Atlas (TCGA) data and the Gene Expression Omnibus (GEO) data, the expression levels
of ETS1 and FBX045 were significantly positively correlated (R=0. 31, P<0.000 1; R=0. 40, P=0. 021 9).

ChIP suggested that ETS1 could specifically bind to FBX045 promoter sequence to regulate its expression,

confirming that ETS1 was a potential transcription factor of FBX045. After overexpression of ETSI in

HCCLM3 and Huh7 cells, the invasion and migration abilities of cells were significantly enhanced, and the

expression of N-cadherin and Snail was up-regulated(P<0.01). In addition, in the case of ETSI

overexpression, FBXO045 knockdown significantly

inhibited the invasion and migration(P<0. 01).

Conclusion ETSI activates the transcription of FBX045 and leads its high expression, which enhances the

invasion and migration of HCC cells via EMT pathway and promotes the progression of hepatocellular carcinoma.
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11 AHEEFSH

T s DRy~ 0 < ) Jaspar ) 3zt (https :/ljaspar.
elixir. no) , hTFtarget ¥ % (https://guolab. wchscu. cn/
hTFtarget) #1 Cistrome [% % Chttp: //cistrome. org/db/) i
179 s R U o 7 X 2 Y 1 48 R A b e A
FBX045 B [F, o] 3R HOT00 1 % s R 7 42 & 0 X T
Jaspar W 3 , 75 6 7E NCBI (www. ncbi. nlm. nih. gov) ¥
ul FARIURE A 1% st e 3l 7P 4, SRR 3% 2 000 bp
DXCIRON R Bl X RS 8T S A O F A Jaspar
o 3t %k 17 DI, DAARAS N (0 e s P 786 5 TR EA
[Fi] Do 3t P T 235 2 , i 2k Venn (107 128 H 524 . B HR
S B S R AT AP AL

e s A Y45 (L s P00 < 78 Jaspar (3l iff A7 78
Xof IO M 75 i A S T R 2SN SR TR T, R BB SR R
43K 8 {H (relative score threshold, RST) J& i & , 31 #£
J& B 91 AR B ) X

JREE FL R 2 3% (The Cancer Genome Atlas, TCGA)
BOYE 2243 B - 9E A TCGA B4 & (https - //www. cancer.
gov/) T HFF 7 s L Bl TPMEL, BT BB DY ETS T AN
FBX045, 8% Ja %} TPM {H £ 17 Log, (TPM+1) &b 3 3f- 73
B HAR G

FH F K255 (Gene Expression Omnibus, GEO)
BAEZE BT - PEA GEO (¥5 JE (https : //www. ncbi. nlm.
nih. gov/geo/) T~ 2 i e S ZH AR TPMH (B 32 1D
GSE138485) , A5 1k [A] | o
1.2 mpsdfi b A

= B N 98 40 B (high metastatic human
hepatocellular carcinoma cell line, HCCLM3) NGRS
4l 4 (human hepatocellular carcinoma cell line, Huh7)
WSk B b BRI i 5 4 B R Bk EOR B R
0 s (DMEM =3 B 5% 55 W +10% Jif 2F 1fiL 75 , Gibeo, 38
). BigRMEE 37 °C,5% CO, 43748 . M4
AR B RN, 0. 25% EDTA-RE I (Gibeo,
K FEAT A AL B R SR i AR A AR A
Bl AT AR AT R
1.3 fapdk i

YA B A A0 2 T AT AR B0 5 S i (6 £L
M), R H US4 53 (29 70%) AT 3 LR g% R
OPTI-MEM ( Gibco, 2 [# ) +Lipofectamine 2000 % 443
7 (Invitrogen , 32 [E ) #E47 5 G4, X7 g 19 90 LA S B %
X B (siCont 2H ) F & 10 wL, 2 &35 ETS1 it 47 (OE-
ETS1 2H ) Fl 25 200k B Bokz (of BR2H ) T & 3 g 5 4%

48 h JF WAL A T T —2 3080 . S RS siRNA 741
a1,

&1 BHWER.3/HERE T siRNA F 7

LR £ 5% THFHN(5—3")

ors) 1E X4 : ACUUGCUACCAUCCCGUAC-ATT
X4 : GUACGGGAUGGUAGCAAGU-ATT

spil 1E 4% : UGAGAUAGGGGUAAUACUCGU
J A : GAGUAUUACCCCUAUCUCAGC

- iE 4k : CCCCUUCGAUGGUUGUAAUAA
JZ X HE: UUAUUAACAACCAUCGAAGGGG

FBXO4S 1E 5% : CAGAUAGGAGAAAGAAUUCGA

J2 A% : UCGAAUUCUUUCUCCUAUCUG

1.4 #HFZENEZTREOBEXR L LR

R 4l 150 18 W] A5 AT S5, Trizol i (TaKaRa,
H ) T A2 sk 8% 72 40 g v 3R BUS RN A fifi i
3 M & (TaKaRa, HAS) W54 4R cDNA . 2R,
K TB Green(TaKaRa, H 4% ) #£47 q-PCR. #f L FESE
EE 1) 96 L. PCR Hz 2 T Aif 2 1 2R A5 ik =X B i A8 vh
HEAT R, B E i 3 RIL LS B AR JF 095 °CL 30 s;
95 °C,55;60 ‘C,30 s(40 KAG¥H) 4 °Cl. EJGRIECT
SESRE AN 2752 s e AL N B M ek i BT
SIFEI L 2,

®2 BHHEER.WNSEEINEREFXRSIMEF

FH AR SI9F 5 (5—3")
ors) |37 : GATAGTTGTGATCGCCTCACC
T¥%: GTCCTCTGAGTCGAAGCTGTC
- 3% : GTGCCCTATGACACGGATCTA
’ T if: AGTCCCAGTAATGGTCGCTAT
- | ¥%: ACGGCTTCGAGGATCAGATTC
T : TGACCAGCGTTTGTTCAATGT
i : TTTCCACAGTGCAACAACGC
FBX045 N
Ti: AAAGCCACTGTCATCCGTCC
b : GAGAAAATCTGGCACCACACC
B-actin

% : GGATAGCACAGCCTGGATAGCAA

1.5 Western bolt 5% 3

FH 2 1B 1 0T 5 40 (Roche, Fi 1) +RIPA %
fi# 22 th W (Thermo Fisher, ¢ [E ) P\ A #H i 441 ffd o 12 B
BB RIGTEK I 20 min, BFE )R B 2 0AE
4 °C™ 13 000 r/min, &0 15 min, B0 56 F 1S RIK
ERH EPE . BCA 8 FTiA7 & (Beyotime, H1E )
HTEEATMWE . RI54E% 100 'C, 10 min
P AR, AR I R R 3B 2T 10% SDS-PAGE &%
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LUK 3 B, SR 6 B NC I (Amersham, 5 [H) . B IHEAE
i N 5% BAg AW E A 1 h, SRS 1E 4 °CTF 5%
—HUME IR WH VRIS RS X e B AE
Z FWEE 1 h Ve, i ECL &G CHERE , b
[ ) F1EE I 1% 2 55 (BIO-RAD , 26 [8) X 5 [ 5t
WA, FTH—H SR : FBXO45(BIOSS, Cat#
bs-13150R, 1: 1 000) ; N-cadherin( CST, Cat# 14215S,
1:5000) ; Snail (CST, Cat# 3879S,1:5 000) ; B-actin( =
J# , Cat# 20536-1-AP,1:5 000) .

1.6 Transwell 28 4z & Fo it £ £ s

V4 A B G 1) A0 M £k BT, 200 WL T I T K
Fe gt 1x10° 4> Huh7 88 6x10* 1> HCCLM3 48 it fin A 5
FEPURZELE T FHEMA 50 nL IR A9, H
DMEM LA 1:8 %) . SRJGH4 &4 10% FBS 1 800 L
DMEM A E] FZEH, 37 CHEE 24 h g Buh, A
FRZEBR 2 B P A dn e, FH 4% H RS T = & m L
) 20 8 15 min, I 0. 19% 45 & 28 44 €4 30 min, 3 K4
Yo, ff ] EVOS XL # 0 A% & 45 (Thermo
Fisher, 3¢ [§ ) %384 (% 4 M 247 08¢ 40 BN T3t
BT .

1.7 # &R %% 005 (chromatin immunoprecipitation,
ChIP) 5= %

HE 98 6 3 7 A 7 2 4E A ChiP & 0k 5R) &
(Beyotime, H1[E) o B35 R4 13 2 40 5 ] 19 PP
EATAC I 20 i 24 o R TS R B g T L S 0 T S
Lo SRJE M ETS1HUK (ETS1 1gG 41 ; CST, 14069,
5 L) B 7] i DT RAC Y 532 3K 8 11 G (Normal 1gG 41 ;
FH 4 % BE , CST, 39008, 5 wl) , 2R J5 i A HE F A/G Bk
H . DNA-ZE [ 5T 52 G o i Bt | B 2 DLVE 1Y
DNA #EAT qPCR Y14 . 3+ ERE . I 4 2
FIF SR 3,

#z3 ChIPZWEATEM FBXO45 45 7145|1551
FIF51(5'—3")

. GCCAGAGCGCAGAATGAGAG
T : CTTTCACCTGCTCATCACCCA
E¥f#: TCTCTACAGGCTTGGGGTTT
FUi#: TTCACCAAGTCCAGTAACCCT
37 : ACCAAGGGAGTCTGTGAACC
T ACCAAGGGAGTCTGTGAACC
[-3%: GCCTCCACGTCATTCTCCCT
T 7 : AAGTGCTGCCGTCTTTTGGA
E¥#: GGAGCCACCAGACCAGAAAA
T : CGGGTGAGGTTATCACTAGGC

FBX045 &

P1

P2

P3

P4

P5

1.8 it o#r

GraphPad Prism 8. 0 % F T &5 48 43 A 11 1] 3 11
fEo TR DL wes BIE TR o 2 4110 LA R F AL
FEARFC X ¢ K5 . K FH Pearson AH 3¢ 28 %523 H 22 K A
Kk, P<0. 05 AN 22 R A Geit 5 L.

2 #R

2.1 I E R TR FBXO45 25 % B F

T 53 AT FBXO45 76 i i 38 e B, A i 58
i 3 3 A~ NS SR PR A0 ) 3 Jaspar , hTFtarget |
Cistrome $E47 4387, 8 4 Venn K6 H T 31T BEHY
BESEINF, E ETST.SPIL I YY (& 1) #E&EAE
Jaspar 3 H 5 A FBXO45 )3 81 77 31, — A SE A
3 2 000 bp X8 K ECH %3 19 7 2 F Xk, SR 5
Sy BTN T A S R B 45 A SR LSRR R B T IX
WA & EUE O, AR 5 1 AR 43 B (relative score
threshold , RST) , [ {88 /5 i % HH 245 5 AR X 45 /0, [] B
T I RS A TS AT RE R B R O 90%
S5 5L % BRAE A A BB, ETS1 5 FBX 045 J5 8 7
SEE RN IR Z . % siRNA £ HCCLM3 Fl Huh?7
JF 98 40 b 43 59 AR ETST . SPIL, YY1 3R (siETST
siSPI1 \siYY1) , 55 5 B INAE WK ETS1 )5 FBX0O45 3%
KRR B, 7F HCCLM3 W R #2471, 2%, £ Huh7
R EZ) 34, 4%(P<0. 05,5 2) , [AEHRYE TCGA F1GEO
B PR3 BT 5878 ETS1 F FBX 045 635 52 i 35 1E A G
(R=0. 31, P<0. 0001;R=0. 40,P=0. 0219, 3)., % I,
2E LR IA ETS1 0] g FBXO45 WAERHE 8 1

Jaspar hTFtarget

Cistrome

1 3K IETNE FBX045 3 5 FE Fif 1T Em
Venn &

2.2 ETSI T4 3144 FBX045 & 3 F 5 745 1
Kk
TEm K ETS1 B Ll I, 439 7€ HCCLM3 1 Huh7
rhid 3K ETS1(OE-ETS141) , 459 & B, i3 ik ETS1
Ja BT FBXO45 (363K, 78 HCCLM3 #l Huh7 H1 4351
1. 8745 A 2. 0647, (P<0.001,K14), AT iE—2#
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HCCLM3 HCCLM3 HCCLM3
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% 1.0+ Hﬂg 1.0+ E@ 1.0
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0 0- 0
PEAY iG] N\ ¥ AV I%)
o < @g() o ) \’Q‘O N , ?;‘1\0
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g ] g
ﬁ 1.0+ E 1.0 . H‘%ﬂ 1.0 .
ey b =y '
z =z z
= 0.5 % 0.5 é 0.5+ e
= c = < =]
0- 0- 0-
S IS ) AN A
TN ¢ %}0 e\ ¢ @O g ?@@
a:P<0.05,b:P<0.01,c:P<0.001,%5 siCont 28 b &
E2 H3ER3NEREFRE PCREN FBXO045 # mRNA Rix
TCGA JITaBAF GSE138485 AT A5 HCCLM34H i Huh741 i)
4 41 1 2 1 2
w3 v 3 . e FBXO45(31x103)H| -.-H-- ‘
p 2 &
X b S it .
® 9 .‘Jé 5 . B-actin(42x10%) H|-—||-“ A
2 g .,
S 1 S 1 o HCCLM3 Huh7
& ®  * R=03I £ ] *  R=04 1.0 a 1.0-
P<0.000 1 B P=0.0219 @ ] HEH .
0 2 4 6 8 0 2 4 6 “Jé 057 jé 057
ETS1 #ikkt A ETS1 #ikkt B = 0.6 = 0.6
il il
N g 0.4 { 0.4
B3 TCGAI(A)FGEO(B) &[4 B 4 4 FF i ©1 ETS170 b o
FBXO045 ik 48 514 % bl % 0.2+
=0 T T =04
HEW] ETS1AEF 594 45 FBXO45 19 % ik , Rl Ji] FBX045 B B S B
_ Ty . RPN RN
A FIEAIt T 5 BElY P1~P5S (K 5) , 2R 5 7 N o> B
HCCLM3 41 g # £ 47 ChIP SE56 , 45 JR4E 52 ETS1 v] i 1: % RE 2052 OE-ETS1 415 a:P<0. 001, 5 % 1848 1%
it 5 FBXO45 |2 ) T 1Y 45 4 T 80 55 5+ o H 3 A:Western‘ blot #i) FBX045 % & &5 K-F;B: & & &k
([ 6) KA E AT
B o
. o o . —_— i
2.3  ETS1i@:id k&8 L 454 (epithelial-mesenchymal B4 I-jl_(;kc:ll;l\;ﬁifl;;uh7 FIRAETS1RH FBX045 BRI
poy J52

transition , EMT) i& £24% 33 BT J& 40 B3 22 4645
R T LW ETS1 A I AR E R 0IVE OE-ETS1 A4l iR B r e h i m 25 H
H, 38 3 Transwell SE5 40 A7 7 78 HCCLM3 il Huh7 /' 451 # 5 L (P<0. 001, 8 7). EMT &4 2L #H 78
R IR ETS1 G XHZ BB 2 . 43 5 4E HCCLM3 R W T AE B, DRt — 2538 4 Western blot SEEG A
Al Huh7 40 FR 5% G2 1 28 (I BBk (o BRZED) AT ETST 0 T 2 ZH 40 0 1Y) N-cadherin | Snail 2 [ 1 # ik K, 45
I RIR AL (OE-ETS1 4H) , 45 W, AHET X iR, BRI, M T %4, OE-ETS1 2H N-cadherin , Snail
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AYFEA FIE L 7E HCCLM3 W45 EJE 1. 7245F0 1. 8443%,
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-1600 -1201 P2

-1200 -801 P3

-800 -401 P4

= . P5

B 5 FBXO045 BEhFREBHFREF LT SESIY
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B EH

i 63K ETS1 AT LU _E 3R FBXO45 fy 815, 8 T
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NS

o ]
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300 a 250
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200 T
2004 L
S £ 150
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2 190 ’
50—
0 T T 0 T T
BB G B
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WV 78 98 20 B v 96 3F 2 38 ETS 1S B0 T
fRFBX 045 Ja X A2 TR R IR (OE-ETS 1+
siFBX045 241 ) . 45 R & B, #HEL T OE-ETS1 4 , OE-
ETS1+siFBX045 41 &} 2 106 5% ETS1 i /i 3 1 JH-J5 240 Jfd
HIR BT (P<0. 01, 819),

154

3 Nommal IgG a
= ETS] G T
:& 104
&
&
Bl 5

0 T T 1 1
P1 P2 P3 P4 P5
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a:P<0. 01,5 Normal IgG 48 rb%
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400+ 250
S a 200 =
S & 150
8 200+ &
H;J ~
2 = 100
)==1
= 100+ =
0 e ;
W B W B
AW g)‘ﬁ% AW jéﬁ%
v v D

a:P<0. 001, 55 3 B 28 142
A .B:HCCLM3 #= Huh7 %8}t ¥ Transwell %) 4m f i3 22 3£ 45 88 51 5 C. D« Goit 547 - 4145 42 3T 45 4m 44

7 HCCLM37#1 Huh7 thid %% ETS1 /G322



1338

Bt 2245 B8 K222 4R, 2025,47(12)

http ://aammt. tmmu. edu. cn

HCCLM3 Huh7
= A = gl
1.0— 1 OE-ETSI4 0.8— 1 OE-ETS141
=
0.8 a a a
HCCLM34 1 Huh740 ] 3 1z 0.6
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junng
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0 0 t
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A : Western blot % N-cadherin . Snail & & & ik K-F;B: & & Kk K- P AT 204

El8 HCCLM37#0 Huh7 i3 %% ETS1 /53 EMT &

HCCLM3
. OE- ET51+smeo4séﬁ

OE-ETS1:H

1504 HCCLM3 150 -

HCCIM3
1004 s 100
2 4] 2
2_% 50 = 0 4
0 0-
1 2 1 2
0 251 G

1:0E-ETS148,2:0E-ETS1+siFBX045 48 ; a: P<0. 01,
A.B:HCCLM3 #= Huh7 8 J&. ¥ Transwell 42| 28 043 & i 4 48 71 ; C. D %o it 547 84847

E9 HCCLM3 %1 Huh7 H3if3k % ETS1

JHF 400 88 2 I PR DL e P P | ™ o i T
FFE A A Pl BRI R T — YT
HAE KR RS SEEBUR AR RN
REAERF TS 3 W 4k S0 O IR H 5 L 5 P

BHE*XEERIEZKEFHZIE
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