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downstream oxidative stress-related indicators in liver cancer invasion
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[ Abstract] Objective:To investigate the role and mechanism of F-box protein 28 ( FBX028) in regulating hypoxia-inducible
factor la (HIF-1a) expression and downstream oxidative stress-related genes in hepatocellular carcinoma (HCC) invasion. Methods
Human liver cell line THLE-2 and HCC cell line MHCC-LM3 were cultured. MHCC-LM3 cells were transfected to establish FBX028
overexpression (oe-FBX028 group) ,FBX028 knockdown (si-FBX028 group) ,and corresponding control groups (NC-oe group,NC-si
group ) . Transfection efficiency was validated via quantitative real-time polymerase chain reaction ( qRT-PCR). Cell proliferation was as-
sessed using Cell Counting Kit-8 (CCK-8) and 5-ethynyl-2'-deoxyuridine ( EAU) staining. Apoptosis and cell cycle were analyzed by
flow cytometry. Migration and invasion were evaluated using Transwell assays. Western blot was performed to detect epithelial-mesenchy-
mal transition ( EMT) -related proteins ( E-cadherin, N-cadherin, Vimentin) , PI3K/AKT pathway activity, and expression of HIF-la,
Kelch-like ECH-associated protein 1 ( KEAP1), NAD (P) H quinone dehydrogenase 1 ( NQO1 ), and glutathione peroxidase 2
(GPX2). Tumor-bearing nude mice models were established by subcutaneous injection of oe-FBX028, si-FBX028, NC-oe, or NC-si
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MHCC-LM3 cells to monitor tumor growth. Hematoxylin-eosin ( HE) staining was used for histopathological analysis,and immunohisto-

chemistry was applied to assess HIF-1a, KEAPI, and PI3K expression in tumor tissues. Results: FBX028 mRNA was significantly
downregulated in MHCC-LM3 compared to THLE-2 (P <0.05). In the oe-FBX028 group, CCK-8 absorbance, EdU-positive rate, mi-
grating/invading cell counts,N-cadherin, Vimentin, phosphorylated PI3K ( p-PI3K) , phosphorylated AKT ( p-AKT) , HIF-la, and the

levels of oxidative stress markers ( KEAP1 ,NQO1,GPX2) were significantly reduced (P <0.05) ,while apoptosis rate and E-cadherin

expression were increased compared to the NC-oe group (P <0.05). Conversely, the si-FBX028 group showed opposite trends (P <

0.05). Tumor volume and weight decreased in 0e-FBX028 group mice, with downregulated HIF-1a, KEAP1, and PI3K expression
(P <0.05) ,whereas si-FBX028 group mice exhibited the opposite (P <0.05). Conclusion: FBX028 inhibits HCC cell invasion by

suppressing HIF-1a and oxidative stress,thereby downregulating EMT progression, and represents a potential therapeutic target for HCC

treatment.
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fiti ( phosphatidylinositol 3-kinase, PI3K ) /4K [ i ff B
(protein kinase B, AKT)/HIF-1o %l 52 i JiT 88 40 it
EMT A S AR B CIR 2 AT) Jas o 145k

ARG B AE 8 8 FBXO28 7E HCC H X 4 4k 1
W RS AE LA 3 L, B AR O HIF-1a 4
TR A AR B PI3K/AKT {5 538 % 1) #5545 0 o
T SR N A0S g T B FBXO28 1 4 T g B A LI A%

FIE W T 2> T L
1 #REFE

L1
NGKAEAR T 40 M THLE-2 ) Kz T 20 i 9 40 i 22
HepG2 ,Huh7 ,Hep3B ,MHCC-LM3 ,BEGM 5 4= % 3¢
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meScript RT 5] & 1 SYBR Green Premix Ex Taq 11
W4T H A Takara 24 W), Bt b B2 55 %58 1 (epithelial
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pofectamine 3000 43 J3] % B F 250 wL Opti-MEM, J5
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i#EAL 10 min, N A Click 2 W # ( &% Alexa Fluor 594
Fric¥y ) k6 Kz 30 min, DAPT JeA% 5 min, 551G ik
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HEEIEE 30 ming i X 4R M {SCAS: D0 200 A R R0,
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20 min,0. 1% Z5 & 5 94 4, 15 min, 6088 T BEAL &
WS ASPEEF BT R A0 K, A I AN i R 2 4R
PLSO wl i (12 8 Fi B T 1L DMEM) 4 %%
Transwell |-% ,37 C [H 4k 4 h, J5 224 B[R 1T 3% 5%
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1.2.9 Western blot &Il & & %k 3 e 4 by
SR, BCA YR E W B, P4 8 2 55 i B4 (30 pg/
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Wifg4r = yE & 1 h, | E-cadherin (1:600) . N-
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AKT(1:1 000) .GAPDH(1:5 000) iy —4$TF 4 C I
0, TBST 9 3 %, A K 10 min, HRP FRid —4i
(1:2500) % BFF 1 h, ECL L% &6 B %, Image]
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GAPDH [ JK FEAE , 15 BAR WAL S5 09 AH XS R 3K K -,
1.2.10 8/ KA # T SPF %) 6 ~ 8 Ji] i
M HEPER BUW B T AR A B2 S sh o [ 5250 3)
PV A IE S : SCXK (1)2022 - 0002 ], fir 7 52 5 5
Wil NP R 1R S R IR IE SR . AR XA K
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41 .0e-FBXO028 41 .si-FBX028 4 ) T & F 1 mL PBS
o B /NG R I BT A 100 L 20 R
RS Ho A H WS/, 0 5% IR T2 s st [a]
12,11 BB ER &R E BN HHERE O,
3.7.14 21 .28 d s -~ RO by K 4 (L) F %
(W) AR (L x W) 22 AR, I F [ —if
[ AR /0N BRI Ut o g R B 5 AR T i 7 2
BA RV IR TT B 1 o
1.2.12 BB ALH HE 36 Ah3E/N UG 28
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Kb LTt 2 min, PP R BB o O A
R WL 5% 2H 20 B 2 AR Ak
1.2.13 #EALE GGV R4 RN E N
i Ko £ TR BE KA AL B, 3% H,0, AT N I PE it 48
LY 10 min, HTJEE S (pH 6. 0 Fr A6 iR B 22 m ik,
95 °C 20 min), 5% BSA #}[4] 30 min, % il HIF-1a
1 PI3K —$1 (1:200 #i ) ,4 CHFHE I . HRP x5
W TH(1:500) = iRFEE 1 h,DAB B8, i AZE &
e WK E o Tmage) 3253 A R G 68 DX SRR 43
DG BE (10D) , DB MEXT BRI 7 A BT 5 o
1.3 SitZEaHm

K SPSS23. 0 B A4 X B 2k A7 Ge 143 B, R
GraphPad Prism 8.0 24 H T4 K. iHEER L («
+5) R, AL ] L BCR I ST FEAS ¢ K 50, 22 21 )
PR LR R 5 26 43 B (ANOVA) | 5 22 55 VE R 56
i 1) Levene 35, 41 (8] W PR HL 82 R F LSD-t . P <
0.05 B ESAGIT¥E L,

2 HR

2.1 BFk&E4@pFn HCC 4R & B FBXO028 mR-
NA 7K F b8

5 THLE-2 ., HepG2 ., Huh7 , Hep3B, MHCC-
LM3 1) FBX028 mRNA AH X} 3% ik & ¥ W 2~ 4
(P <0.05), Hr MHCC-LM3 (% FBX028 mRNA
AHOOF R 3K 09 R U I B B K (P < 0.05) , #if ik
MHCC-LM3 ] 75 2effse . WK 1,

40=

FBX028 mRNA (14 X} 2% ik 7K F-

Yo A RO
¢ ¥ & P
SRR
>
B 1 THLE-2,HepG2.Huh7 .Hep3B . MHCC-LM3 H
FBX028 mRNA 3 iX Btk 5 (n=3)

DP<0.05,5 THLE-2 483t ,

2.2 FBXO028 FRiX SRR REIE

5 NC-oe 4140 H, 0e-FBX028 41/ FBX028 mR-
NA FRikit % (P <0.05), 5 NC-si ZHAH L, si-
FBX028#1  si-FBX028#2 si-FBX028#3 4 [y FBX028
mRNA Rk E T M, ZR YA RITEE (P <
0.05) ., Hr si-FBX028#3 %} FBX028 mRNA % ik &
BN AR F A (P <0.05) , itk #% si-FBX028#3 H]
TlEswtse., WE 2,

A (i)
B 157 o g L5
® %
H X
I K
= 10 = 1.0
z 10 3
= £
z =
| ~
g 5+ E 0.5
g 5
Z <
| =
= =
0= 0.0-
NC-oe oe-FBX028 (),
%
S

E 2 FBX028 i Fik SRR I IE (n=3)

A. NC-oe %1 #7 0e-FBX028 41 % FBX028 mRNA #) & it |
DP<0.05, 5 NC-oe #48+ ;B. NC-si #L #= si-FBXO28#1 si-
FBXO028#2 .si-FBX028#3 41 # FBX028 mRNA #5 % ik K F
DP<0.05, 5 NC-si 483k

2.3 FBXO028 B4 20 i 1 54 A€ 1 89 82 1

5 NC-oe 4H#H It , 0e-FBX028 #{ f) CCK-8 Iz ¢
JEAE PR (P <0.05) ,EAU FH MR AL (P <
0.05) ., 5 NC-si 414 L, si-FBX028 41y CCK-8 %
FCEEAE IS (P <0.05) , EAU FHME W m (P <
0.05), WKI3 K4 k%1,



TEFERE % FBXO28 J{% HIF-1ar FiA 7K BOH T 1 S A IO S R A 52 W £ e AR 22 1) A AL 981

9, = NC-oe 025 -+ NC-si
= 0e-FBX028 20 ]1 = 5i-FBX028
§2 @ 2 15
a ()
2 310
1
05
O T T T T 0.0 T T T T
Oh 24h 48h 72h Oh 24h 48h 72h

B 3 FBXO028 iT 3% ik 5 &K 3T 40 e 1 38 A0 I 12 R (n=3)
A. NC-oe 41l 0e-FBX028 21 41l A (1% 44 5t 15 A5 16 s B. NC-si 411 si-FBX028 41 41 it 1) 4% 7 1%
ML, DP<0.05,

NC-oe oe-FBX028 NC-si si-FBX028

EdU

Hoechst

Merger

B 4 FBX028 it FixSHE{ET 40 EdU £ EREERR (x100)
21 %, 3¢ % . EdU; 35 &, 3¢ & . Hoechst #7132 #9 28 it 4%

% 1 FBXO028 i %A 5K i Bk 34 40 B3 EAU PR 2= 50 & 1 Lo 3 B, T G2 39 4N i ke ) B > (P <

(x £5,% ,n=3) 0.05), W5 &2,
A EdU frtex %2 FBXOS 33 A BT AR T OB (5 £5,% ,
i ik B
n=3)
NC-oe 41 35.67 £3.20
0e-FBX028 #1 18.92 £2.15
IR 21.273
NC-oe 24 6.23 £0.62
P <0.001
oe-FBX028 2 21.45 £1.25
TLER
ol 21.389
NC-si £ 9.85x1.12
P1E <0.001
si-FBX028 41 20.13 £2.05
LEk
IR 16. 155
NC-si 4] 10.79 +2.12
P1H <0.001
si-FBX028 41 4.62 +0.51
i 16.972
2.4  FBXO028 ¥t BT %= 40 A8 T F0 B HA 82 i P <0.001

WM A B R, 5 NC-oe 214 [t , oe-FBX028
HPYPHE TR B ER (P <0.05) ;5 NC-si ZHAHIL, 2.5 FBXO028 XtAFREMAMITEBIEEEENNZ I
si-FBX028 Z () JH 1% W E L (P <0.05) , LA, Transwell 52 B & 75, 5 NC-oe 4 A M, oe-
5 NC-oe 4 # I, 0e-FBX028 £ 1 G1/S 1 40 Jifd L FBX028 41 1) i # 4 Mg 5k & & ok > (P <0.05); 5
) 5 25 s /0, T G2 15T A0 M L e 3 RGO (P < NC-si ZHAH [, si-FBXO028 44 14 1T % 40 it %k 2 3 14
0.05) ;5 NC-si 4 #H [t , si-FBX028 4H G1/S 1 4 iy (P<0.05), %4h,Transwell 25 7R, 5 NC-oe 2
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FH G, 0e-FBX028 4 11 17 7% 2 il % 8 & 3 /D> (P < BERIN(P <0.05), WK 6 K#E3,
0.05) ;5 NC-si ZHAH H , si-FBX 028 4 i) 13 22 41 g %

NC-oe oe-FBX028 NC-si si-FBX280
107) Q1 Q2 107 01 02 1O7IQ] Q2 107 01 02
= 10d2 896 | 105|262 21.8 = 1051116 102 06258 411
Eﬂ; 10° E 10° Eﬂ: 1053’ EJ: 10°
: = e 2
E 10 E‘ 10 E 10"? E‘ 10*
?103‘ L10 £10°] 210
S 10704 3 @ S10%g 0 S 10%g4 : @ S0Py E 0
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