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[ Abstract]
hepatoma cells and to explore the related molecular mechanism. Methods

OPN (si-OPN) and negative Control siRNA (si-NC) were transfected into HepG2 and SK-HEP-1 cells. The glucose-

Objective To investigate the effect of osteopontin (OPN) interference on the Warburg effect in

Small interfering (si) RNA targeting

uptake capacity of hepatoma cells was detected using a fluorescent probe (2-NBDG), and lactate production in
HepG2 and SK-HEP-1 cells was evaluated using a lactate-detection kit. Expression levels of the glycolysis-related
genes and proteins glucose transporter type 1 ( GLUTI1 ), hexokinase 2 ( HK2), and lactate dehydrogenase A
(LDHA) were determined by quantitative reverse transcription-polymerase chain reaction and Western blot. We then
silenced the expression of galectin-3-binding protein (LGALS3BP) in HepG2 and SK-HEP-1 cells, and overexpressed
LGALS3BP in OPN-silenced HepG2 and SK-HEP-1 cells, and evaluated the expression levels of LGALS3BP,
GLUT1, HK2, and LDHA, and the glucose-uptake capacity and lactate production in the above cells. Results si-
OPN significantly reduced glucose uptake and lactate production in HepG2 and SK-HEP-1 cells compared with the
Control and si-NC groups, and significantly reduced GLUT1, HK2, and LDHA gene and protein expression levels ( P
<0.05). si-OPN reduced LGALS3BP protein expression in HepG2 and SK-HEP-1 cells, and silencing LGALS3BP
reduced glucose uptake, lactate generation, and the expression levels of GLUT1, HK2, and LDHA (P<0.05).
Overexpression of LGALS3BP rescued the suppression of the above glycolytic metabolism-related indicators (P <

0.05). These result suggest that OPN stimulated glycolytic metabolism in hepatocellular carcinoma cells via

LGALS3BP. Conclusions

regulating the Warburg effect in hepatoma cells.

OPN can affect the expression of glycolysis-related genes via LGALS3BP, thereby

[ Keywords] hepatocellular carcinoma; osteopontin; Warburg effect; LGALS3BP
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Table 1 Sequences of the primers
FEH AR NCBI 315 S5FFN(5°-3") 7=¥1/bp
Gene name NCBI RefSeq Primer sequence(5’-3") Product
GAPDH-F ACAACTTTGGTATCGTGGAAGG
NM_001256799. 3 101
GAPDH-R GCCATCACGCCACAGTTTC
GLUT1-F TGGCATCAACGCTGTCTTCT
NM_006516. 4 83
GLUT1-R AGCCAATGGTGGCATACACA
HK2-F CCCGGGAAAGCAACTGTTTG
NM_000189. 5 136
HK2-R ACCGGTGTTGAGAAGCTCTG
LDHA-F TTGTTGGGGTTGGTGCTGTT
NM_001135239.2 70
LDHA-R AGTTCATCTGCCAAGTCCTTCA

12~16 h, A =3t BB ok S 1k P i b 2 79 2
PLh IgG (1 = 3000) B FEHLER IgG (1 2 3000) , =i
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Western blot %0 & B, 5 Control ZH & si-NC

FH L, % Y si-OPN AJ A 2L U1 ¥R HepG2 Fil SK-
HEP-1 48 g th 1) OPN £ F1 K35 (P<0.05, P<
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P<0. 01, 2B) FRiA/KF- 34 18 Z KT Control 41F1
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H1 SK-HEP-1 #fi i h LGALSBP F{%K (£ 1k i %
FEA (P<0.05,P<0.01, & 3A .3B) . ffi /i si-
LGALS3BP it ¥k HepG2 HI SK-HEP-1 #§ Jif1
LGALS3BP )ik (P<0.01, & 3C.3D) )&, 2-
NBDG % SEH T A6 & 2R, 200 it %o 46 26 7 4% H
AESI W AR T Control 44 H1 si-NC 20 (P<0.01,
3E); [ B, 5 Control 41 F1 si-NC 41 #H kb, si-
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1E:A: Western blot Sl H OPN 315 ; B:2-NBDG %'t A 45 Wi 460 48 A W SRR RE ) ; C A FLIR A2 I RE T . 5= H

XTIRLHAH L, “ P<0.05, ™ P<0.01; 5FHMXT AL, *P<0.05, *P<0.01,
1 T4t OPN REMSHIHI FFE AL EYS Warburg R0

Note. A, Western blot detection of OPN protein expression in cells. B, 2-NBDG fluorescent glucose assay was used to detect glucose

uptake capacity. C, Lactate production capacity is measured. Compared with Control group, * P<0.05, * P<0.01. Compared with si-

NC group, *P<0.05, "P<0.01.
Figure 1

LGALS3BP 4H HepG2 F11 SK-HEP-1 4 Jifd it 1.2 A=
R B B B AG ( P<0. 05, P<0. 01,18 3F) . £
LGALS3BP 25 OPN i 45 (¥ i 9 21 Jfl. Warburg
BN
2.4 LGALS3BP FRix TiRHD$I BF 2 40 P AE B2 f
HXEA

Sy ik — 2R T LGALS3BP 2 75 3 4 5% mi
R ik AF OGS PR ) e 38 2 55 1 958 i 40 i Warburg

Interfering with OPN inhibits the Warburg effect in hepatocellular carcinoma cells

N, K Western blot J5 % #& W 1T+ 4k
LGALS3BP J& [ -4 20 it riols i fige AH OC L PR 1 3=
KTEM, 45 R B8, 5 Control 4H A1 si-NC ZH #H
k., si-LGALS3BP ZH 1) HepG2 F1 SK-HEP-1 4 jif]
H1 GLUTI1  HK il LDHA W R A m B ET
P (P<0.05,P<0.01,/ 4) , 320 LGALS3BP i it
S AR T i R [X 2 5 90 98 96 40 i f) Warburg
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1 A RT-qPCR A6 40 B OB B2 M A ¢ mRNA 3235 B Western blot 46 I 20 Jfg rFol B2 i AH G 7R 1 R ik, 525 AR B AH L,

0.05, ** P<0.01; 5HHEXIRZLAT L, #P<0.05, #P<0.01,

B2 T4 OPN 0l J-Ji 200 ol e A A S LA 1 3k

Note. A, RT-qPCR detection of glycolysis-related mRNA expression in cells. B, Western blot detection of glycolysis-related protein

* P<0. 05,

expression in cells. Compared with Control group,

* P<0.01. Compared with si-NC group, *P<0.05, *P<0.01.

Figure 2 Interfering with OPN inhibits the expression of glycolysis-related genes in hepatocellular carcinoma cells

2.5 333X LGALS3BP [ F#t OPN XI BFiE
41 e 8 o 10 01
AHfE OPN J& 75 J2 il 1 8% LGALS3BP £
TR T8 20 A P A A Qs 2R 17 R 455, 7F HepG2 I
SK-HEP-1 4 fifd /b FiJ si-OPN T4 OPN 23k 5 15
Lz pcDNA3. 1-LG, Western blot s gt I R
5 Control ZH #H I, si-OPN + pcDNA3.1 #H
LGALS3BP #& 11 % ik W 2, 1 5 si-OPN +
pcDNA3. 1 2 # kb, si-OPN + pcDNA3. 1-LG 4
LGALS3BP & [ 615 B ( P<0. 01, P<0. 001, [&
5), KM FE YL si-OPN Hl pcDNA3. 1-LG #E4H
ML)y, BRI OPN ik Flid %35 LGALS3BP 1
1,5 Control ZH#H ., si-OPN+pcDNA3. 1-LG 21 )%
si-OPN+pcDNA3. 1 4119 OPN & [ &Kk (P<
0.01,P<0.001, 5) , LBt 23K LGALS3BP A~

0 OPN Rk,

2-NBDG % G454t A ) e [m) A G Ji5 98 4
R XA A B A B ERE 1 45 R 7, 5 Control 2H
FLA , si-OPN+peDNA3. 1 20 fTJ5 41 il 45 B¢ ' ik
59, 1M 5 si-OPN + pcDNA3. 1 4 b %, si-OPN +
pcDNA3. 1-LG £ JH- 9 4H M 45 B 2 S 1S 58 (P <
0.01,P<0.001, & 6A) ; L-LD ¥t 7] & 43 Hr b5
FWP AR S &= B R, 5 Control 4 L %L, si-
OPN+pcDNA3. 1 21 i 40 i ™= A= ZLER pai /b | i 5
si-OPN+pcDNA3. 1 4 [V #, si-OPN + pcDNA3. 1-
LG 41 i 95 40 BfL 7= A= i ZLER 35 (P < 0. 01, P<
0.001, 6B) , KA EIX LCGALS3IBP ] LIKE
OPN & 3K M A 5 2500 i 40 At o) 260 4 1 B 2L
PR AE 1 HE 18055

Western blot A ] 3 [7] %% Y& J5 JF 9 40 it v






