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Abstract

Background and Aims: F-box protein (FBP) family member F-box only protein 43 (FBXO043) is
highly expressed in digestive system tumors such as liver cancer and colorectal cancer, promoting
malignant progression of tumors. Research has shown that FBX043 promotes the degradation of p53,
exerting oncogenic functions. Therefore, this study was conducted to further explore the expression of
FBXO043 in gastric cancer and its role and related mechanisms in the malignant progression of gastric
cancer.

Methods: Based on online databases such as TCGA, GTEx, and Kaplan-Meier Plotter, the expression of
FBXO043 in gastric cancer tissues and its correlation with the prognosis of gastric cancer patients were
analyzed. Western blot and qPCR were used to detect the expression levels of FBX043 in gastric cancer
cells and normal gastric mucosal epithelial cells. Immunohistochemical staining was performed to detect
the protein levels of FBXO43 in gastric cancer and adjacent tissues. Specific small interfering RNA
molecules targeting FBXO043 and p53 (siFBXO043 and sip53) were transfected into HGC27 and
MGCB803 cells to knock down the expression of FBXO043 and p53 alone or simultaneously. Cell
Counting Kit-8 (CCKS) assay, colony formation assay, Transwell invasion and migration assays were
used to detect the effects of FBX043 knockdown on the proliferation, invasion, and migration abilities
of gastric cancer cells. Co-immunoprecipitation (Co-IP) was used to detect the interaction between
FBXO043 and p53, as well as the total ubiquitination level of p53 after FBXO043 knockdown.

Results: TCGA and GTEx data showed that the expression level of FBXO43 was significantly
upregulated in gastric cancer (both P<0.05). Kaplan-Meier Plotter data showed that high expression
of FBXO043 was significantly associated with shortened overall survival (HR=1.39, 95% CI=1.09-1.78,
P=0.007 6), progression-free survival (HR=1.35, 95% CI=1.04-1.76, P=0.023), and post-progression
survival (HR=1.6, 95% CI=1.18-2.17, P=0.002 1) of gastric cancer patients. Western blot, qPCR, and
immunohistochemistry results showed that FBX043 was upregulated in gastric cancer cells and tissues,
and the protein level of FBX043 was significantly associated with tumor size, distant metastasis, and
TNM stage of gastric cancer patients (all P<0.05). CCKS8 assay, colony formation assay, Transwell
invasion, and migration assays showed that knockdown of FBXO043 expression significantly inhibited
the proliferation, invasion, and migration abilities of gastric cancer cells (all P<0.05). Knockdown of
FBXO043 expression upregulated the protein level of p53. Co-IP results showed that FBX043 and p53
could co-immunoprecipitate with each other, and knockdown of FBXO043 significantly increased the
total ubiquitination level of p53. Functional experiments showed that simultaneous knockdown of p53
antagonized the inhibitory effects of FBXO43 knockdown on the proliferation, invasion, and
migration abilities of gastric cancer cells, restoring the malignant phenotype of gastric cancer cells in
vitro (all P<0.05).

Conclusion: FBXO043 is highly expressed in gastric cancer and is closely associated with poor
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prognosis in gastric cancer patients. The mechanism of action of FBX043 may involve interaction with

p53, promoting p53 ubiquitination and degradation, thereby promoting the malignant progression of

gastric cancer. FBX043 is expected to become a therapeutic target for gastric cancer.
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1.1 SSIYRAEsRFNIESR

9 40 HGC-27 . MGC803 Al IE # 8 Fh K -
20 il GES-1 303K H iRPCE E S WA R AW,
TR R A IR B e g A8 ML B 5 R ) 96 T R 5 O
B SR MRAT o BT A A 35 2R 5% 10% Jif A4 I 3 1)
RPMI-1640 15 35 5 (VivaCell, [2¥), 37 °C 5% CO,
20 i B R A AT B SR
1.2 RNHEBIEERIR

F JH UCSC XENA
datapages ) FRELZ Toil i #2 48 — Ab B ) The Cancer
Genome Atlas (TCGA, htips://cancergenome. nih. gov )
F1 Genotype-Tissue (GTEx,  hitps://
gtexportal.org) [ TPM #% X 1Y) RNAseq £ 45 , 42 HU
CH BRHE) XFBE TCGA B9 48 Al GTEx H Xt o Y 1E %
HAEHE, T REMA (RA: 4210), FIH
goplot2[3.3.6] . stats[4.2.1]. car[3.1-0]%% R AL #1745 31
FBX043 22 573 # . W R AH SCHE 73 M FI AT Ak o Ak
F Kaplan-Meier Plotter s (http://kmplot. com/
analysis ) 77 1) ]S AR 5 00 g 4 2 0l
RIS, 4 M FBXO43 5 R B B A AR A7
(overall survival, OS) . JG#F & 4= 1% # (progression
free survival, PFS) Flt 5 A1 (post-progression
survival , PPS) fAH &Mk .
1.3 Western blot #1 qRT-PCR 323§

18 3 Western blot 1 qRT-PCR 43 1] ¥ il FBX043
R D IR ISR A O AR S
mRNA K kKF o WNEHPZ R Bl HEA
Hf W RIPA (POO13B, =K, #[E) M TRIZOL
(15596026, Invitrogen, 3&[E) #&HCE 5 M RNA,
40 0 I 2 2 R R RNA ¥ BE . Western blot 2
PR W30 pgfEH, LIHIIA S x B
P, 100 CAEPES min, VK LR HG, LL30 we/fl
Wk B BE, AT SDS-PAGE Hiyk . B B . 1A
—PE . b, ZHWE . . 2ok
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qRT-PCR 2L BRFT iR AN T« HU 1 g RNA 38 o 3 5% 5
R F & (QPO07, GeneCopoeia) [t il 1 %5 54K & |
VEAT W8 5% . R mRNA PCR mix 3% 7] (QP003,
GeneCopoeia ) , M il qPCR ik %, 7£PCR Systen 9700
(ABI Gene Amp) I #4T ¢cDNA 9934 , F| A PCR
AT IR HEAT I A i, AR E 3R AL,
anti-FBXO043 47 14 4 [ Proteintech (#55176-1-AP, #i
B . 1:1000), anti-p53 14K 14 3L H Proteintech
(#60283-2-Ig, 1: 1 000) , anti-Tubulin 3T & I [
Elabscience (#E-AB-20036, 1:2000), fH T4 1
FBXO43 5| ¥ F : IE L 51 ¥ 5'-GGA AAG TAA
GCA GAA ATT GGC GTG-3', JX X 5|4#) 5'-ACA TGC
AAC ATA AAC TGG AC CC-3' (R A, T HE),
JHT 93 1 GAPDH 519 . 1E X 51 %) 5'-CAG CAA
GAG CAC AAG AGG AA-3', & X 5% 5-ATG GTA
CAT GAC AAG GTG CGG-3' (%R ALY, HE),
1.4 siRNABRRTEESL

W X E A KR A0 M B T 1 d Bl AR (6 FLAR) ,
ol B Y 4 T A0 R il R 309%~50% , AR i 150 B 5
1 Lipofectamine™2000 (Invitrogen) 43 5% 50 nmol/L
siFBX043, sip53 Al si B xF B 417 51 (siNC) %%
Ye s H AP, Yk a~6 h )5, & 10% FBS
i RPMI-1640 1 3£ 3 . FBX043 siRNA J¥ %14 5'-CGT
GAA ATT GTT GTT CAA GAT-3' (%Rl /:¥,
[E); p53 siRNA J¥51: 5-CGG CGC ACA GAG GAA
GAG AAT-3' (R EY, hED.
1.5 ZHAEERFEFEEIR

Transwell i F F112 22 S 56 @Ay BT ik ™™, 7E254
Transwell /N2 ( F9 4 Uf Matrigel 1 G Matrigel) 0]
24 L A A1/ ] B 0.5 mL TG I % RPMI-
1640, KAL/NE (37 CHEiFEAE, 2h)o BxrEd R
1) 240 6 Ak 0 FE B, U K 4 %% S 60 000/mL.
16 73 55 95 WU 1 24 LAR /N Z 43 B INA 0.75 mL
% 10%FBS () RPMI-1640 1 0.5 mL ) 28 5 & 4 19 41
B, TRCE R SR AR AR SR SR 48 ho WU NE
PBSEME . HEEREE . 02% 50 (A=
K). PBSIHVE. BT, 78 WG T IR T4
1.6 FHRFEFER AT CCK8 #ill

M v B AT BT IR, X B AR K A A A
AT (6 fLAR ), &AL 2 mL 540 AR
(AL 1000 400 ) , BAFEM 3R, HiEs:
FEAELCIE AR 10 d 24y, AT 2, 0.2% 45

=]

RO (HaX) 6, ARKEFZMWE,

TR, PO s R . K T3k, B
34HKE . CCK8 AN . 4n Ay fir sk, o % £ A K
WA EA TR AR (96 FLAR ), AEFLAINA 100 L #
A (BEFL 1000 40 ), AR RE SRR B
BHINEAL, H6d, JFBEAS MM R IR
ER AL, NGBS, P24 h, 784 KK
mmfLH A 10 WL CCK8IF I (= K), MR F
ARG 2 b, BRI E 450 nm &b T OEAE L D
B, el R,

1.7 & IHTE (co-immunoprecipitation,, Co-IP)

T3 ¥k QAT BT R, SR ] Co-IP A N 2 A B
fER M pS3 i F# k. WimE 2z, HBER%F
A/G-sepharose 4B (Thermo, 101242) i 4b P 4= 2 g
2B, 548 & UK I 1 G/A-sepharose 4B 7E
4 °CTFMEL®. HRIPAZ RS K5, M
2 x SDSPAGE FHEZ2 phil 9 5 min, VEME R E G
Y, WG #EAT SDS-PAGE 43 i, 4 S Mo ik ik 47
B P B
1.8 I RARZAS R S & 4R AL 46 )

M 2019 4F 9 H —2020 4F 1 H 18 30] 17 H B Be i
£ 75 B B R R X 22 2L BT bR AR T
MR S AR . A, HFREd b, WF5
53] TR T R B B AR B B S ikl (AL
51 2019110601)

R4 FH SP 7 & (/0N B/ G i 5 2 2 A
580, SP-9000, ZSBIO) X K Ty AR [f 1 F1 A1 e 4
WALY it g, WAL R s, &
Ja BEAT TR, IF S TR M 2 Sk Y g B 1
S LA BE W PR ok S A e S v . BT R
H Y11 A FBXO43 ik (55176-1-AP, Proteintech )
fE4 CHBLRK, REEERTHAEYWRERBICH
W20 B/ 1eG R AW E 15 min, Bl 5 In AR
il A 0 % 2 R I 3R TAE WA SR PR SS . &
J& K H DAB & ik 7] & (ZLI-9018, ZSBIO) A1k
AKAE YL (4 W (BA4097, Baso) Y €8 46 I #0 93F J2 f
M. 24 AS T ARG DR 2 5000 2 T 3 2 R0 e £
G SRR i o E R B 7 S 20 1) WS = 3 (I
e g ARE 05, WML (55), kA
24y (), BEHwE@34 (5k). DEik (B0
) N0 AREM, <B30% FH G N1, 30%~60% &
ok 2, >60% £ {0k 3 4 YL (058 B FIE €0 L g T
W4y (GEF 0~6) #ihn, PF4r<3 A FBXO43 k%A,
>3 FBXO43 /5 R ik .
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K FH SPSS 20.0 #1 GraphPad Prism 7.0 3 17 45 i1
SR ge it R R GIE . I ODME . F AL
VA0 A ST R R LB« AR E 2 (R s)
FoR, PR ] L BCR T e K s THECRRE LA
F| F Fisher X5 5 A 36 . P<0.05 b 22 3 4 45 1 2

2 # R

21 FBXO43EFE L AEBEEEMEARMEX
M TCGA T 38R IK B (& 3751 B

.
H
i

1 FELEIEES T FBXO ERFESERHERIE

AT 35X L), IS TCCA i R 5
GTEx %48 e, 45 31— i R B B A B (Jt
A4 EH RS 210 DX RA L), b
FBXO43 7 B Ji fE # A4 i kB ol . 458
7R FBXO43 78 B m ik (34 P<0.001) ([411A-B),
Rk, @ Kaplan-Meier Plotter TEAE TCGA 0¥ )&
o FBXO43 XF 8 9 09 FUS i H . I iE S5 FBXO043 5
Fk Y E B H 0S (HR=1.39, 95% CI=1.09~1.78,
P=0.007 6) . PFS (HR=1.35, 95% CI=1.04~1.76, P=
0.023), PPS (HR=1.6, 95% CI=1.18~2.17, P=0.002 1)
P2z (K2), XEg5 IR, FBXO43 W fEfE N
I 5 DR S e 1 98 R E R AR A

!
A
=4
8
=

}..

A: TCGA ¥4l FBX043 mRNA 7F B b %k 1#; B: TCGA
1 GTEx #0472 FBXO43 mRNA 75 B8 i3k 1

Figure 1 Analysis of FBXO043 gene expression in gastric cancer in online databases

A: Upregulation of FBX043 mRNA

expression in gastric cancer in TCGA database; B: Upregulation of FBX043 mRNA expression in gastric cancer in TCGA

and GTEx databases

HR=1.39 (1.09-1.78)
P=0.007 6

HR=1.35 (1.04-1.76) HR=1.6 (1.18-2.17)
P=0.023 P<0.002 1

2 Kaplan-Meier Plotter 27 #T FBXO43 mRNA 5B EE2EFEHNX R (SME mRNA RIZBEBE REHHEHITES)
A: OSHhZk (n=631); B: PFSHiZk (n=522); C: PPSHHZ (n=384)

Figure 2 Kaplan-Meier Plotter analysis of the relationship between FBX043 mRNA expression and prognosis of gastric

A: OS curve (n=631); B: PFS

cancer patients (high/low mRNA expression distinguished by optimal cutoff value)

curve (n=522); C: PPS curve (n=384)
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2.2 FBXO437EBREARMMMEPHIRIE AU, FBXO43 1 25 117K - 78 15 4 4 21 vt B

N T B TCGA Bdls e P AR G A5 2R, ML B Fod . JF LA 56 8% 5 % 4140 (1% FBX043 % 11 %
Western blot . qPCR . %% 20 1k £ AR bb ¢ 9 41 il SR s TR EmAL (E3C) (3 P<0.05).
SIEW SR B A, KB AN SRS HL FBX043 %3k KT 5 B G PR B AE 1 56 R4 T
T FBXO043 Y R K. G5 RoR, 5IER H # MIZER R, FBXO43 Rik/KF- 5K/ (P<0.01)
AN GESTAH L, FBXO43 MU FIKF I mRNA  SEAb % (P<0.01) F1TNM 4+ 81 (P<0.05) Bl E A
FIRIKOFFE MGC803 . HGC27 . AGS BN 36 (1), LiRg5 SRR, FBXO43 @Rk S B
Wik B9 (3 P<0.01) (1E13A-B); [EAF, 59255 BE R R RWE BLAFEA X

GES1 HGC27  MGC803 AG!

-

Tubulin ‘ ‘ “
I A

At e SEY et it e : A e c

B3 Fon437‘ﬁréﬂiﬂﬁfuzﬂ ﬂlﬂﬂﬁéii A: Western blot #5lll FBXO43 7& B B 41N IE 8 2 E 4 rh sk ks

K B: qPCRKGT A0 AN IE H B J 41 il FBXO43 mRNA (35K C: e bG8 41 21 & 5%
HEF FBXO43 H /KT (A= 100 pm)

Figure 3 Expression of FBXO043 in gastric cancer cells and tissues A: Western blot detection of protein expression levels of
FBXO043 in gastric cancer cells and normal gastric mucosal epithelial cells; B: qPCR detection of mRNA expression levels
of FBXO043 in gastric cancer cells and normal gastric mucosal epithelial cells; C: Immunohistochemical detection of
FBXO043 protein levels in gastric cancer and adjacent tissues (scale bar=100 pum)

®1 FBXO3EFEHFHRIESIERFIEFHERNX R (%) |
Table 1 The relationship between the expression of FBX043 and the clinicopathologic features of gastric cancer [n (%)]

P51 SRR
LE 19(82.6) 35(67.3) sk 8(34.8) 26(50.0)
0.174 0.222
I 4(17.4) 17(32.7) Kotk 15(65.2) 26(50.0)
() AL
<50 6(26.1) 11(21.2) H 5(21.7) 29(55.8)
0.638 0.006
>50 17(73.9) 41(78.8) G 18(78.3) 23(44.2)
Jibg K/ (em) TNM 431
<3 11(47.8) 9(17.3) I~I1 10(43.5) 9(17.3)
0.006 0.016
>3 12(52.2) 43(82.7) -1V 13(56.5) 43(82.7)
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2.3 B FBXO43 Fi&HN I B F LAY £ K FN1G5E HGC27-siFBX043 ' FBX043 1y £ 5 8] W T ¥4
T WFSE FBXO43 7 B O R T g, ik B ( ¥ P<0.05) (& 4A-B). B J5 53 b7 &AL FBXO43
FBXO043 % ik 5 % 19 MGC803 . HGC27 Wi bk By 4n Xt MGC803 R HGC27 4l /L 1< | S4B AY 2 . P4
M 3 47 5 48 BF 9% . % FBXO43 siRNA %5 v | i [ T A S 6 RN CCKS AR I S 96 F2 B, 5 %) A 41 Jifg
MGCS803 Al HGC27 41l I ' (MGC803-siFBX043, A H, @ I FBXO43 3 ik W] k2 41 i MGC803 A0
HGC27-siIFBX043) . LI fif % FBXO43 i % 1k . HCC2THHMLAYA KIS (M P<0.05) (F4C-D).

Western blot , qPCR ZE R W IR, MGC803-siFBX043 il

Tubulin

HGC27-siNC HGC27-siFBX043 MGC803-siNC MGC803-siFBX043

P<0.001
. 1

P<0.001
L —

—M-HGC27-siNC —-MGC803-siNC
——HGC27-siFBX043 ——MGC803-siFBX043

4 FBXO43 Rt BB AKFNILIE  A-B: Western blot 5 qPCR 278 HGC27 Fl MGC803 41l ifs 7 FBX 043 1 28 1Ak
SIRNA R C: AR SEREIE WSS I Al FBXO43 3R k5% B i A MG A 720 ;. D: CCK8 SEH kI i {l FBXO43 %
RN B A A K B R
Figure 4 FBXO043 promotes the growth and proliferation of gastric cancer cells A-B: Western blot and qPCR show
downregulation of FBXO043 expression in HGC27 and MGC803 cells by siRNA; C: Plate colony formation experiment
detects the effect of downregulating FBX043 expression on the proliferation of gastric cancer cells; D: CCK8 experiment
detects the effect of downregulating FBX043 expression on the growth of gastric cancer cells
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2.4 EY{E FBXO43 RixiN#l BEMmMEEFITH

B 8 AL 45 T T 78 FBXO43 135 323k 5 1 K 8 9
HRMFBUG A RA X, Gk — P89 T Mk FBX043
Ik 0 A AR AN R 2RI R i o

HGC27-siNC

HGC27-siFBX043

E5 FBXO3R#HBEBMAMMNIEBMESE

A: Transwell {728

Transwell 12 22 FIIF #2245 R W, 5% HRAEAH L,
TEMGC803 . HGC27 4l i H i {I FBX 043 21k I 341
A R 2 RER (3 P<0.05) (X]5A-B).

B

2% S KA I i IR FBXO43 2 1K X i 20 ML 1R 22 O 2L 5 B

Transwell i85 52 46 K I FBX 043 235X 5 9 40 AL 7% 1 5 )

Figure 5 FBXO043 promotes the migration and invasion of gastric cancer cells

A: Transwell invasion assay detects the effect

of downregulating FBXO043 expression on the invasion of gastric cancer cells; B: Transwell migration assay detects the

effect of downregulating FBX043 expression on the migration of gastric cancer cells

2.5 FBXO435p5318E(ERA, {21 p53 FEfE

BE A 8F 952 75, FBXO43 ¢ 9k p53 B fiRt, &
FERIREIRE o A BFFE ARG 1 AR FBXO43 X
FE AN P pS3 BYFE I . Western blot 25 5 /R, R fIK
FBX043 1] LA & _F I8 HGC27 Fl MGC803 4 fifd H ps3

B K (5 6A) o Co-IP SLERIESE, FBX043 5
p33 7 HGC27 Al MGC803 41 g vh 77 7F A1 H. 1F
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Figure 6 FBXO43 in gastric cancer cells binds to p53 and increases the stability of pS3 through the ubiquitin-proteasome

pathway A: Western blot detects the protein levels of p53 in HGC27 and MGC803 cells after downregulating
FBX043; B: Co-IP results show that endogenous FBXO43 interacts with p53 in HGC27 and MGC803 cells after treatment
with 10 umol/L MG132 for 12 h; C: Co-IP detects that downregulating FBXO43 significantly inhibits the ubiquitination
level of p53 in HGC27 and MGC803 cells
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Western blot 258 7~ , 7E MGC803 . HGC27 4 i, A%, TR R FBXO43 Fl p53 k9K & 1 H 48 g
Ik FBXO043 3Rk, 1M p53 85 FI A9 K P o (R F f 1= %%%ﬂ BAE S (P<0.01) (&7C-D).
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Figure 7

FBXO043 inhibits p53 to promote the proliferation, invasion, and migration of gastric cancer cells
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A: Western blot

detects the protein levels of FBXO43 and p53 in HGC27 and MGCS803 cells after downregulating FBX043 and p53
expression; B: Plate colony formation experiment detects the effect of simultaneous downregulation of FBX043 and p53

expression on the proliferation of gastric cancer cells; C: Transwell invasion assay detects the effect of simultaneous

downregulation of FBX043 and p53 expression on the invasion of gastric cancer cells; D: Transwell migration assay

detects the effect of simultaneous downregulation of FBX0O43 and p53 expression on the migration of gastric cancer cells
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