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[ Abstract]
potential mechanisms by which it exerts its activity through the glycolytic pathway. Methods: Huh-7 and MHCC-97H HCC cells

Objective: To investigate the inhibitory effects of quercetin on hepatocellular carcinoma(HCC) cells and the

were treated with different concentrations of quercetin (0-500 pmol-L"). Cell viability was assessed using the cell counting kit-8
(CCK-8) assay, and the half-maximal inhibitory concentration (IC,,) values were calculated to determine the appropriate
intervention concentrations. Cells were divided into a control group, a dimethyl sulfoxide (DMSO) group, and quercetin low-,
medium-, and high-concentration groups. Colony formation assay, wound healing assay, and Transwell assay were performed to
evaluate cell proliferation, migration, and invasion, respectively. Differentially expressed genes (DEGs) were identified using
RNA sequencing (RNA-seq) , followed by Gene Ontology (GO) functional enrichment and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis. A protein-protein interaction (PPI) network was constructed, and potential hub targets were
screened using the edge percolated component (EPC) algorithm. Glucose uptake was detected using a fluorescent probe assay,
lactate production was measured by a colorimetric method, and the mRNA and protein expression levels of candidate targets were
examined using real-time quantitative polymerase chain reaction (Real-time PCR) and Western blot, respectively. Results:
Quercetin inhibited the proliferation of HCC cells in a concentration- and time-dependent manner (P<0.01). The IC,, values of
quercetin in Huh-7 cells at 24, 48, 72 h were 231.0, 94.3, 75.4 pmol-L", respectively, while those in MHCC-97H cells were
588.8, 184.1, 132.0 pmol-L™". It also significantly reduced colony formation, decreased the number of migrating and invading cells
in Transwell assays, and lowered wound healing rates(P<0.01). In addition, glucose uptake and lactate production were markedly
suppressed (P<0.01). RNA-seq identified a total of 821 DEGs, including 399 upregulated and 422 downregulated genes
[ |log,fold change (FC)| =1, adjusted P<0.05]. Hierarchical clustering analysis revealed distinct gene expression patterns between
groups. GO enrichment analysis showed that DEGs were mainly enriched in biological processes such as hypoxia response, oxygen
level regulation, and pyruvate metabolism, cellular components including collagen-containing extracellular matrix and external side
of the plasma membrane, and molecular functions such as carboxylic acid binding and lyase activity (P<0.05). KEGG analysis
indicated significant enrichment in glycolysis/gluconeogenesis, carbon metabolism, and the hypoxia inducible factor-1 (HIF-1)
signaling pathway (P<0.05). PPI combined with EPC algorithm identified six key glycolysis-related genes, including solute carrier
family 2 member 1 (SLC2A1) , pyruvate kinase M (PKM) , phosphoglycerate kinase 1 (PGK1) , enolase 2(ENO2) , fructose-
bisphosphate aldolase A (ALDOA) , and glucose-6-phosphate isomerase (GPI). Real-time PCR and Western blot results further
confirmed that quercetin dose-dependently downregulated the mRNA and protein expression levels of these six core genes(P<0.01).
Conclusion: Quercetin suppresses glycolytic activity and inhibits the proliferation, migration, and invasion of HCC cells by
downregulating key glycolysis-related genes, including SLC2A1, PKM, and PGKI1, thereby impeding the malignant progression
of HCC. These findings suggest that quercetin has potential as a natural candidate compound for anti-HCC therapy.
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T 0 hFT 48 h 7E AR [R] 07 B 148 A0 DX 8 &5 DA Al
MM R0, R ) Imaged %4 5 % 96 1 AX, 20
it 1T B8 %R 4% () 4 T AR -48 h T AR ) /400 A T AR < 100%
.
2.6 Transwellif #5122 %K RASLE N 8 pm
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uity - i Ak 3N A RS | I Sk O %k 150~
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i R A J5 7F lllumina NovaSeq “F 5 5 A X i I )37
[ % BE BE £ B2 R (PE) 150, 43 150 bp .
2,72 Hl s S 22 R RIKEK (DEGs) 40 #r iR
GBS 4 FastQC 0.11.2 i # , Trimmomatic
0.36 33 31§ 12 3k J¥ 41 . 0<20 1% 5 2 A 3% &% K B <35 nt
55 B, 4715 Clean Data, #] ] HISAT2 2.0 ¥ Clean
Data Lt Xf 2 AN 282 % 5 [N 41, H RSeQC 2.6.1,
Qualimap 2.2.1, BEDTools 2.26.0 # ¥ 4t i1 tt Xf 4%
BRI N A S5 — e T RN R . R
H StringTie 1.3.3b A A KL &, DA I
SEAR(TPM) H — 1k, 2 BR A TPM <1 (%
FAREL it PCA L FE AR 53 BT (PCoA) 43 AT A i
] 3% 35 2 % , edgeR fifi ¥£ DEGs, i ¥ b5 #E
llog, 22 A5 H(FC)|>1 H 455 1% K& # % (FDR) % 1F
Ja P<0.05, 45 3 JH B B OMA B ko B AT ]
AL
273 g HER R T R KM 412, 8 it
clusterProfiler X} DEGs # 17 5k Al & f& (GO) . 5t 4 5k
N5 24 A R4 45 (KEGG) i 5% & 5 70 b, %
LT A 5, LA FDR<0.01 0 B E s £ WM., T
STRING %4 JF 12.0 ¥4 # DEGs 19 & 1 - 25 A AH B.AE
FH R 4% (PPI) , £ Cytoscape 3.10.2 W] #i 4k , iz FH i 2
BEA(BPC) B 1L 0 5 4% 0 & A (Hub genes) o
2.8 Real-time PCR £ il 3 A K % F Huh-7 1
MHCC-97H 4 s 28 DM SO it iz AL L 7 i
(0.5f% 1% 245 1C,, ) Zb HH 48 hJ5 US4 , >R FH 41 i &
RNA 42 Bzt 7] & 32 B RNA, 28 300 5% S50 & R
5% 51 cDNA, Real-time PCR [ Jif 7£ QuantStudio 6
Real time PCR & 4 [ # 47, fifi ] Real-time PCR il %
WA & EATY . PCR RN 45 120 95 °C T A% 4
2 min; 95 °CZ5 ¥ 10 5,60 °CiB K /IE A 30 s, 40 4>
¥ . UL GAPDH AN S EH, 51 ¥ r 5l L& 1, 5]
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Table 1 Primer sequences

EE7] J¥51(5-3") £ J# /bp
GAPDH L iiff ATCCCATCACCATCTTCCA 120
T i AATGAGCCCCAGCCTTC
SLC2A1 i GCTTCCTGCTCATCAACC 115
T TGCCGACTCTCTTCCTTC
PKM 3 GCTGTGGACTTGCCTGCTGT 101
T i GCCTTGCGGATGAATGACG

PGK1 |- CCGAATCACCGACCTCT 104
T i TCTCATAACGACCCGCTT

ENO2 |- 9 CCACATCAACTCCACCATC 102
T iif TCAGTCCCATCCAACTCC

ALDOA | CCCCTTTCCTTCCCACA 104
T GTTCCGGTGCTTCAGAGG

GPI |3 AGAGACGGCGAAGGAGTG 75

Fif GACAGGGCAACAAAGTGCT

2.9 HEHMAEEN % (Western blot) K I 41 il 2
#$35/K3F Huh-7 %2 MHCC-97H 40 Jifd 43 5% 24 DMSO
s R B AR L AR (0.5 4 L1 24 1C,, ) Ab B
48 h, PBS Yk ¥ Ji >k I & PMSF K ff i it 41 1 551 11
RIPA 24 fif i %4 fft P IO 1 . ROFEE TN R 1E T BiR
(BCA) M 7 2 (e B2, in A bR 22 vl (IR R L
4:1)IRAIIF AR AT, FREN B, L 10% 1
Tt B IR N - SR TN A Tk MY 5 i L Uk (SDS-PAGE)
FL K 43 B )5 % 5 2 PVDF R, 5% AR W5 k3 114 1 h,
— #T (GAPDH. PKM. PGKI, ALDOA. GPI,
1:5000;SLC2A1.ENO2,1:1 000)4 °CH% K &
B, H O A B AL R -20 (9 Tris 2% b A= 3R K
(TBST) Ve 3 ¥, —Ht (1:5 000) = iR F & 1 h,
TBST ¥ 3 ¥, £k 10 min, & [ 4% fd F Bio-Rad
ChemiDoc MP {14 & G K . Imagel 53 #F 5547 JK
JEE{EL B P K B ELBR DA SR R AR, 3K
PR MG IR BE AR, EAT G 30 T, 22 1 B e 3%

2.10  FABEHEICEEE O Huh-7 fl MHCC-97H 4
JL L 2% 10° A (L2 Fp 1 6 FLAR 2 7 15 7% £ 40 il
W BE 5, 4 9 45 T DMSO gl ffit Bz ZAK L m =
(0.5f% 15 25 1C,,) Ab BH 48 h R FH %8 25 B 5% B
A I 38 7] 8 E AT R U ) 7 O I B 0 4 B O 1A
1, 3K JH Tmagel 43 81 JK B (8 LAEAS 3 B .
201 FLPER A LS5 4 A AR =X IR 2.10 39
DMSO s #ii fz F AR 8 A (0.5 A% 1 AE 2 4%
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IC;,) 4 ¥ 48 h J5 W S 35 3% LU, R -0 18 Ao I
F) Bk FL AR & B, T 570 nm ic 5t A, I8 bR i
IS

212 Git2# 8t ff H GraphPad Prism 9.5.1 £ {4
BEATER 0 o T BRI X £ s oK . BRI B
A7 IEZS PR A 5 22 55 PE A 36y, Al DA TE 285 43 A 19 3 6 B
RF IR 20 (] Lb 358 R HT B0 DR 28 07 22 430 A, A IR TE 25 43
A B SR FHAE 2 808 FK 56 A P<0.05 2 25 % A1 G it

3 H#R

3.1 it iz Z % Huh-7 1 MHCC-97H 41 il 77 7% 25 114
Fu 5 A A R, M R W R IR Huh-7 A
MHCC-97H 4 Jf i) A7 15 28, HL 52 ¥ B 40 M i sk (1]
M PE o M B2 % Huh-7 40 i 75 24 .48 .72 h i Y
IC,, 43 9 &y 231.0.94.3.75.4 wmol-L", ¥} MHCC-
97H 4 it By 1C,, 43 )y 588.8 . 184.1,132.0 pmol-L"
(P<0.01), KT 48 h b B a] T 1000 %0 Fa 2 HLE
AR, J5 S5 4 B L 2 Fh 4 i 48 h 9 1C,, A
R AR A 5 Ab B BE , Huh-7 40 M % 1] 47.2.94.3
188.6 wmol-L"', MHCC-97H 4 itg & F 92.1.184.1,
368.2 wmol-L"'. DMSO {2 ¥ 5l % BE, 2 e i 3
FEHIAE 0.5% LU 5 [8] — 240 ] & N & 4b BR ALY DMSO
e AR 4R — 0, Hodh Huh-7 4004 0.19% , MHCC-
OTH I} 0.37% ., WF2.%3.

F2 WHEEN Hub-7H8EABFI (x£s,1=6)
Table 2 Effect of quercetin on Huh-7 cell viability (x+s,n=6)

£3 WEEXMHCC-9THHME MM (¥+s,n=6)
Table 3 Effect of quercetin on MHCC-97H cell viability (x+s,n=6)

a5 e i 20 MO AT 35 /%
/wmol-L"! 24 h 48 h 72 h

S HE4 100.00£3.26  100.00+1.80  100.00+1.20
Wit e 41 25 87.50+2.26” 107.70+2.03>  89.86+1.72%
50 93.59+1.81> 97.9242.48  87.91+1.35”
75 86.57+1.56” 96.1243.23  74.39+1.93%
100 83.37+1.527  83.53+2.64” 64.46+1.01%
125 83.51+3.86”  73.56+2.817  59.48+2.11%

150 71.45+0.97"  66.88+4.16>  47.96+1.34%

200 70.74+2.63%  50.86+4.91  24.74+1.08%
300 70.60+3.17%  7.20£2.11%  5.00+1.45%
500 50.38+2.367  12.80+2.30%  3.88+1.43?

e piE 1A 355 /%
ay  RE -
/wmol- L 24 h 48 h 72 h
Sk 100.00+0.03  100.00+1.48  100.00+0.37
M iz 2K 40 25 104.70+0.05  115.70+3.00° 106.80+0.72%
50 99.30+0.03  99.4242.92  88.52+1.07%
75 89.91£0.017  72.26+3.54>  47.41£1.32%
100 84.04+0.03”  43.97+2.38"  25.19+1.25%
125 74.62+0.04>  18.15+2.33%  7.83+0.86%
150 66.53+0.04>  14.07+2.47%  5.57£0.96%
200 40.524£0.03%  4.13£1.91¥  2.62+1.06”
300 34.08+0.03>  5.06+1.52%  2.71£1.36
500 41.10£0.02  8.04+1.69  3.39+1.12%

T2 A RV P<0.05,2P<0.01(£ 3 )

3.2 il 2 Z % Huh-7 FI MHCC-97H 41 it 2F 1 it £k 9
B AEARSIIR AT, DMSO 4 40 g A K 2k 4 {5
5525 FUL R IR 30, oA WL 38 B S 00 <) 40 5 7 1) 3
% . 5 DMSO 4 b #, i f ZAR o 7 et b B4

Al i 2 A% Huh-7 F1 MHCC-97H 41 it (% 40 jE 7% 7,
5L s a) RIS AR P (P<0.01) . LRI 1.

3.5
3.0
2.5+
2.0
1.5

- A
=+ B
-+ C
- D
- E

1.0
0.5
0.0 T T T T 1

3.5 17
3.0 1

WO (4,
[\S]
w
S
W

MHCC-97H

&
o

t/d
AL 141, B.DMSO 41 ; C.#if iz AR5 2 DL i Az 2 551 6
E. i3z Z w500 (B 2-F 4 7)) ; 5 DMSO 4 1442 VP<0.05,7P<0.01;
[i] — 41 i & P9 4% Ak B 2H DMISO % 3k 5 {5 — 3
E1 #EZEX Huh-7F0 MHCC-97H A A K B & BRI (f+s,n=6)
Fig. 1
MHCC-97H cells (¥£s,n=6)

Effect of quercetin on growth curves of Huh-7 and

3.3 Ml f2 2 X% Huh-7 fil MHCC-97H 41 Jifd 52 [ E ik,
K Transwell i /M2 B m 25REBx.,5
DMSO 4 5, i Bz 2 A o s 7] 4 b B 21 3 mT )
2.9k /> Huh-7 1 MHCC-97H 41 Jifd (1) va [ JE i 50 &%
28 1 Transwell /)N %5 J () i F5 /4% 2% 240 i %%, EL 40 i1
VEFIBE 25 v B T i g o, 2 5 A St % 8 X
(P<0.05,P<0.01). WLKEI2.El3.384 .35,
- 155 -
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Huh-7
MHCC-97H

B2 =3 Huh-7 %1 MHCC-97H 48 1 55 B2 7 B 89 5% T

Fig. 2 Effect of quercetin on colony formations of Huh-7 and MHCC-97H cells

E ~ :

T

(E2

MHCC-97TH

T

(E2-]

p g

PP ~
\ wdrs

B3 #lE =3 Huh-7 50 MHCC-97H 40 i1 i Transwell 5T % /2 ZZ B 2200 (8] 5 514485, x200)

Fig. 3 Effect of quercetin on Transwell migration and invasion of Huh-7 and MHCC-97H cells (inverted microscope, x200)

3.4 it Bz Z X% Huh-7 1 MHCC-97H 41 Jitl %] J 1T #
BRI FE 0 h B, 45 20 40 RO g AR 3 AR — .
48 h /5 , 5 DMSO 21 L85, ik B2 2 AR v e 7 2 Ak
HLAL Yy AT R IK 40 AT R R (P<0.01) . WL
k4.3 6.
3.5 B SR A Ay M ER SEM K AR T HCC 1y ML
RNA-seq 70 7 45 5 7~ , DM SO 4 5 #if Jz & b 73
LA ) R 3R 3K o0 A — Bt R AP FEA B IR R A
IKPAHE, B Ay R AT Htk . 22 Rk
43 B 0 16 345 821 4> DEGs, i i 3994, F
P8 4224 (Jlog2FC[>1,P<0.05) , K 1L & JR 7R T 1 2 ]
2SEIH MR, 2853 W R R RIS
- 156 -

GE R, AR R AR SE P AR 1 R By
B PR R R A T i AR HCC 40 i 1) 5% S 36
ki, GO U BE & 4E 43 i1 R, DEGs 78 4E ) ) 72
(BP) 4 i 2 43 (CC) F1 43 F D fig (MF) 3 4~ )2 1 3
i E A (P<0.05) . BP FE 54 T A KNt
E2 W VAN = W N 1 e [N g =B - VAN & L K VT
G AR CC B 5 A T 0 I J5 40 M A 55 o L 4
JE RGBT R S | 5 S5 R A P BT A i A 45 ) s MF
FEW RRRE A A WIRE & R4 B 2
456 B IR Wi BTG PR D) e . KEGG i i & 4 3
7R, DEGs W] Wb & 4 T 0 % e o0 S A AR 2R
TR G A L B 45 S I -1 (HIF-1) {5 5
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F4 KR Huh-7 4000 52 (& B K& Transwell T /12 Z K %10
(x+s,n=3)

Table 4 Effects of quercetin on colony formation and Transwell

*x5 WHEZEX MHCC-97H 4 fl 52 & 7 B & Transwell E /12 &
& (x+s,n=3)

Table 5 Effects of quercetin on colony formation and Transwell

migration/invasion of Huh-7 cells (x+s,n=3) i migration/invasion of MHCC-97H cells (x+s,n=3) A~
D iig ¥ (=1 7% D 1 3 (=78
205 % L AN AR Transwe}lﬁ% Transwé}l1xzq 21 e L AR TR Transwel},ﬁ% Transwel\l,&zz
/wmol-L 41 i £ H 4k B /wmol- L 241 it %5 2 Jfa %5
=kl 323.30+27.15 368.30+3.22 204.00+6.56 A 726.00+20.66 182.00+8.72  185.00+11.36
4
DMSO 4 360.00+45.83  371.00£9.64  204.30+13.58 DMSO 41 766.70423.54  184.0049.64  187.70+£10.02
W2 472 236.70+£7.64%  252.30+1.53% 125.30+0.58%
A 4l W2 92.1  328.70+16.17 137.30+3.51% 160.70+2.08"
PR ik 41
WK £ 943 191.30+5.51%  169.00422.52% 85.67+1.53>
Efﬂ*ljjéf Wik 1841 174.0049.33%  99.33+4.16>  91.33+5.69%
T EE Z
’ ok 241
W % 188.6  86.67+£12.10% 84.00+3.61% 52.00+12.127 . N
S Wik = 3682 60.33+6.812  49.00+12.00%  44.33+6.03%
CIUMILEERE —
' ETil

1 : 15 DMSO 41 1L 4 V' P<0.05,2 P<0.01; [v] — 40 Jil 2 P4 4% b 3
21 DMSO % W i f F5— FU (% 5-% 12 )
% \ECM-3Z /A0 BAE F 40 B 5 -3 (4 A BAE %
PI3K/Akt f5 53 % % (P<0.05) o kit — A 0ifi 1k W 7
CHERE ALY BT R E M BEAE R R A& T R
(STRING) % ¥ F ¥4 # DEGs i PPI M 2% , Jf 1
Cytoscape {4 # % H cytoHubba I 1 i) EPC 55 1
AT Ay B o &5 AL 2 AR5 6 A HE 24 5 1 A0 A% 0 B
K, 43 9 & SLC2A1 . PKM ,PGK1,ENO2 ,ALDOA .
GPIL. |3 J D] 12 Ay bl o fip o 2 o 108 OC it il 5 5 i

Huh-7

Oh

48h

MHCC-97H

Oh

48 h

A B

; 100pm

A, I 5 i SN 2 2 U0 AH G , B i e R RT RE
I AR T A R i SR DG 3E [ 52 e HCC 40 M Y A=
WIEAT Ry o HAREAE DL 1G5 IR R R

3.6 il Bz % X% Huh-7 Al MHCC-97H £ ifd 75 %4 b 4%
B FL R A B L 00 52 T 28 B R IR FL R AR AR
SCHY R, 5 DMSO 41 g, Mt AR L R
b B ¥ W] 5 3 B K Huh-7 A MHCC-97H 41 s 1Y
I BRI K FL R B LK P (P<0.01) o L3 7.
# 8.5,

o i()ﬂpm

100pmpg °

100pm A
C D E

El4 #lEE Huh-7 420 MHCC-97H XIJRE B AR (18] & 2308, x100)
Fig. 4 Effect of quercetin on wound healing of Huh-7 and MHCC-97H cells (inverted microscope, x100)

3.7 #it iz 2%) Huh-7 # MHCC-97H 41 il 7 B % it
F ML mRNA RIAA M 5 DMSO A s,

i Bz A v e ) Ak 32 O TR A O B G AL DA
SLC2A1.PKM . PGK1,ENO2,ALDOA .GPI mRNA

+ 157 -
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*6 HlREEX Huh-7F1 MHCC-97H 20 B R E T R B 2208 (X5, n=3)

Table 6 Effect of quercetin on wound-healing migration of Huh-7

and MHCC-97H cells (x+s,n=3)

Huh-7 4 il MHCC-97H 41l iy
20 5 e B 48 h 4il i i 1358 48 h 4 L it
/wmol-L"! ®#E/%  /wmol-L" R %

Rk 85.83+9.36 32.12+1.09

DMSO i 86.36+7.81 30.34+1.01
ik AR 23.6 59.11+0.94” 46.1  25.67+0.76”
Bk Rz 2 epo AL 472 54.12+1.51% 92.1  16.40+1.39”
ik 2 v sl 94.3 22.51+1.62%  184.1 5.96+0.47>

®7T WEEI Huh-7T BREFEEENEIBERPZIN (£5,1=3)
Table 7 Effect of quercetin on glucose uptake and lactate

production in Huh-7 cells (x+s,n=3)

®8 WREEXMHCCYOTH HEAEENEIABERNEM

(x+s,n=3)

2 51 W /pmol- L AHATHHEIRCR /% FLIR & f/mmol - L7
DMSO 2 100.00+3.02 17.21+0.05
ik e 2% A1) 4 472 79.31+3.83% 13.09+0.02%
Bk e 2 bl 21 94.3 62.17+3.75% 9.16+0.04”

Wik Je 22 2 0 4 2 188.6 41.25+2.26 7.63+0.06%
B FEFEIR(P<0.01), W9 £ 10,

3.8 #it 2 2 X% Huh-7 F1 MHCC-97H 41 fift r B 1% i

FKHEEF R A RIS DMSO 4 i i R
Huh-7
MHCC-97H

Table 8 Effect of quercetin on glucose uptake and lactate
production in MHCC-97H cells (x+s,n=3)

21 51 e /wmol - L A FERICR /% FLAR & B /mmol - L™
DMSO 41 100.00+5.26 16.58+0.08
ik He AR ) 5 2 92.1 75.93+0.23% 12.370.06
iz 28 v 2R 184.1 55.62+1.79% 8.57+0.05%
i Rz 2% v 0 2R 368.2 28.88+2.14% 7.10£0.04%
G v ) A P2 rbObE T i OC B BE A SLC2AT
PKM ,PGK1.ENO2 ,ALDOA .GPI % 4 % 35 /K F i
FRRAL, Z 5 H A5 %2 X (P<0.01)., WHE 6.
F11.#£ 12,
4 g

S K 2R AT MR T O )T Iz AT H AR
EA AR G B2 5 B RRAE I HCC v, 2 753 i AR
Lﬁiﬁﬁﬁkﬁﬁﬁﬁ[ﬂﬁ%méfﬁﬁﬁ AT 58 i
T IR S YL s M Bz 3R T A R T A
ﬁk’fﬁﬁa&@ﬁ&ﬁ]&?ﬁ@%f&%lﬂ,ﬁﬁﬂlﬁﬂ?‘ﬁﬂ
HCC 4 3§ 58 L # M 4= 2%, HCC R AU HE 1] ¥
g I RSB ()RR e s

100pm 100pm
[ -

T : A.DMSO 4 ; B i AR & 5 C A e 32 rb ) o DL R 3R 700 1 (8] 6 (7))
B 5 # R =% Huh-7F1 MHCC-97H 4B R 8 & #E RN &0 (9EEH: (0, x100)
Fig. 5 Effect of quercetin on glucose uptake in Huh-7 and MHCC-97H cells ( fluorescence staining, x100)

&9 HWEEX Huh-748 SLC2A1.PKM.PGK1.ENO2,ALDOA .GPI mRNA &i%x

Y8 (x+s,n=3)

Table 9 Effect of quercetin on mRNA expressions of SLC2A1,PKM,PGK1,ENO2,ALDOA and GPI in Huh-7 cells (x+s5,n=3)

21 5 e B /pumol - L SLC2A1 PKM PGK1 ENO2 ALDOA GPI
DMSO i 1.000.03 1.00+0.02 1.000.06 1.00+0.01 1.00+0.02 1.00+0.01
ik Bz 22 A a2 472 0.62+0.03 0.650.03% 0.81+0.02% 0.65+0.04> 0.85+0.05 0.69+0.05>
Mt Kz 2% Hp ) 4L 943 0.50+0.03 0.39+0.17% 0.41+0.04% 0.43+0.01% 0.29+0.01% 0.33+0.01”
ok e 2% e 1) 188.6 0.07+0.01? 0.14£0.01% 0.11£0.01% 0.06+0.01” 0.35+0.02” 0.10£0.01?

ABEFE b, i B 3R A BRI HCC 4 A ) 2 1 4%
W I 25 R/ M A LR AR R B A iR S A
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#£10 #WEEX MHCC-97H 4 SLC2A1.PKM.PGK1,.ENO2.ALDOA.GPI mRNA & iX

0 (x+s,n=3)

Table 10 Effect of quercetin on mRNA expressions of SLC2A1,PKM ,PGK1,ENO2,ALDOA and GPI in MHCC-97H cells (x+s,n=3)

41 51 mfg’i,, SLC2A1 PKM PGK1 ENO2 ALDOA GPI
DMSO 41 1.000.03 1.010.13 1.10+0.20 1.0140.14 1.00+0.07 1.000.08
it e 2 I o 4 92.1 0.77+0.02% 0.63+0.10” 1.03+0.13 0.70+0.02” 1.1240.18 0.83+0.01
Hit e 2% v ) R 4L 184.1 0.54+0.02” 0.28+0.01” 0.65+0.10” 0.42+0.01% 0.31+0.04” 0.43+0.02%
Bk He 2 ) 2 368.2 0.08+0.01> 0.12+0.01” 0.29+0.10” 0.05+0.01” 0.43+0.04” 0.13+0.01%

11 WREZEX Huh-74 8 SLC2A1.PKM.PGK1.ENO2.ALDOA.GPIE B &%

%M (x+s,n=3)

Table 11 Effect of quercetin on protein expressions of SLC2A1,PKM,PGK1,ENO2,ALDOA and GPI in Huh-7 cells (x+s,n=3)

415 e i SLC2A1 PKM PGK1 ENO2 ALDOA GPI
ZH

/wmol-L" /GAPDH /GAPDH /GAPDH /GAPDH /GAPDH /GAPDH
DMSO 41 1.00£0.01 1.00£0.01 1.00+0.02 1.00£0.01 1.00+£0.05 1.00+0.02
it Bz 2% IG5 R 4 47.2 1.14+0.01% 0.97+0.01> 0.90+0.01% 0.69+0.03 0.85+0.05 0.89+0.02%
Hit Kz 2% ) i 4 94.3 0.67+0.02% 0.76+0.01> 0.74+0.02% 0.57+0.04 0.46+0.03> 0.2240.01%
Mt Bz 2 e v 4 188.6 0.41+0.01% 0.26+0.01 0.44+0.02% 0.51+0.02% 0.37+0.02% 0.16+0.01%

*£12 HWEEXMHCC-97H i SLC2A1.PKM.PGK1.ENO2.ALDOA .GPI & 5 &%

%M (x+s,n=3)

Table 12 Effect of quercetin on protein expressions of SLC2A1,PKM,PGK1,ENO2,ALDOA and GPI in MHCC-97H cells (x+s,n=3)

il e SLC2A1 PKM PGKI1 ENO2 ALDOA GPI
/wmol- L /GAPDH /GAPDH /GAPDH /GAPDH /GAPDH /GAPDH
DMSO 4l 1.00+0.01 1.00+0.05 1.00+0.01 1.0040.03 1.00+0.02 1.00+0.01
i Bz 22 A 4L 92.1 0.81+0.03 0.33+0.03” 0.84+0.03% 0.83+0.03 0.58+0.03 0.76+0.02%
Bk Bz % rhol e 4 184.1 0.45+0.03 0.31+0.03” 0.86+0.02 0.78+0.05> 0.38+0.02” 0.75+0.04%
Mt Bz 3% e ) R 4L 368.2 0.32+0.02” 0.27+0.04” 0.23+0.01% 0.54+0.02” 0.40+0.01” 0.51+0.02%
Huh-7 MHCC-97H PRV 0 N B A B B — 2D SE A R T A

SLC2AT il @D SHB *= qup e e sem 45kDa
reov | A - -
PGK1 4D S SNS SN0 s e S8 « ., 45kDa
ENO2 #HES s s S98 quus S S8 s 17 kDa

ALDOA [ SIS S of0 o 8 ol 39 (-

GPI — e e S SRS A G o0

GAPDH SN GEDEED D aun aub D & ;3 (D:
A B C D A B C D
E 6 Huh-7 #1 MHCC-97H 4 B8 SLC2A1, PKM.PGK1,ENO2,
ALDOA.GPIE B FRA Rk
Fig. 6 Electrophoresis of protein expressions of SLC2A1, PKM,
PGK1,ENO2,ALDOA and GPI in Huh-7 and MHCC-97H cells

B 25 T A P B A 65 HC.C 40 i) 5 ARt
g o A AR T AR R ek R 4 Y BE A
AR T A ) E R e R R O A R A
HK2.PKM .LDHA . ALDOA % 5 §# 3 X it [7] 9
Fas 24 ) L AR I A G B 43 AT G S R 4N e 1k
JERCR . O F 5 M R AT aE A A
ALDOA 1) il fifi i A= <>, 3 2F PFKP-LDHA ili 1) 1
FUIRIE T R (0 X HCC B I R % 0 JE I 19 R 5

HCC # [ 2 F ## SLC2A1, PKM . PGK1, ENO2,
ALDOA 1l GPI 55 W ¥ figg 5C i 1 A, JE Wl B[] 4100 41
RN o 3 67T 8 %) BE IR 34 S B I A OGBS
Ji 97 % 1k 3 e %% U0 AH OC : SLC2A1 4 % GLUTI 2R
F, 50 3¢ 4 5 48 26 B B B, [R] 05 7] 38 33 IncRNA 18 4%
BIL il 5% e Jo M 98 G e BB BE A 0 i e e R Y
PKM 1 Sy W 15 ik IS 380 16, J2 A 15 A7 SO0 1% i 19 2%
O PGK 1 AT i ATP A AY i K Warburg R0 , 3K
B HCC 1R 225 #5120 ENO2 3 o 9 42 fith 98 AH 56 2 i
21 i AR £ 4FE 3 bk R 0 JE Y s ALDOA i i i 45 R
B~ 1, 6- T 19 X 41 2F P98 39 98 ; GPT 48 C-X-C
=7 kb N7 Z AR 4% B 5k T - kB (CXCR4/
NF-«B) {5 5 i J {2 oF B G A2 I it i
FAE HCC A 458 3 2 JE PR % EL AR BIL ) o 75 R ACHR
L AH LA A 5 \,,\Hiﬁﬂtfﬁ%l_fﬁii
P A R, X — 2T R RN T T
E%ﬁﬁ&lﬂuﬁﬁwﬁl?”\Mﬁ Wy fif B B P HCC
F14) 338 8 55 2 R 400 0007 B T AR T A K AR
WA i e AR 3 5 A B B 2 U0 A O B AEAE
- 159 -



32 EH 128
20264F 6 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 32,No. 12
Jun. ,2026

HCC fy i 8 {3 R 55 4% 4, W] 3 3 HIF- 1o 2 110 98 95
PFK1.HK2 .LDHA .PKM % £ Fi i i fif il 55 [N, #E
3fl Warburg &I, I A2 32 b 96 e 92 30 % it 245 1 A i
B BEAE RS 2 B A 2 AT ] HIF-1a
TG T 1 5 A0 2 4 A A0 AR A R A mT a a
7L s 0 L LR A 1 5 A HE B IR HIF - Lo/ 1L 58 N
A K F (VEGF) {55 5 38 6 16 Ak 7K 7 JF 35 28 o e
PEMR BT, 45 4 WE AR AR 98 9IF 52 (1) HIF- 1o 2 4 B2
fiff - ViE R 0 X — 25, DL AR F 5T e B
B AT 45 e 48R O T % B HIF-1a T I 1 197 i 5
PR, $2 7 # iz 28 0T i3l 2 T 100 HIF- 1o 98 45 0T T
2 fife 38 5, b FL AT HCC AR FH 32 A 1 3R 358 Fn AR 13 )23 1T
HIHLH 4 X IR ARG 5 — R 2 A .

2 b HE N M R 22T B E A 2 A g AR P I 4
HCC #EJ , —J& FL 3 T 18 224 I8 ik G B L 181 L) 41
il B T A, AE I HCC HE R R a1l
HIF- 1o [1] 422 [ ATOWE T fife 5 DX 3R 38, i P ) 2 2 410
RN o DI PR Ak £ BE T &, HCC — 4R Y7 M i
1 245 VR 45, T B 1 fidk 346 588 5 TS 24 | B 328 400 1) %% D) A
B M LA AREE 2 AR B R L AR R
Y 2L 48 B HCC 3 BRI 25 8 17, 3k —
W AR B T BEAE MR 3R — T M R AR
7= 9 DOPAC ] 34 3 CD8*T 4l ifg A 3 1 Bt il 98 %
P8 I, FF AR TR A A 92 A A s 3 50 vR o rh R B
I [ E i 96 0 5 53 — 5 T, A e 3R AH O B 43 AT
i 3 Hl USP18 1458 NCOA4 /i F Ry R BE T, FE M 42
i HCC 41 i xF 2 $ Ak e & i X AR Je 1936 97 U
PEVTL AR A R AR R R AL, O X — B A
16T W B AL T A A B BRI AR | R HL I AR R
P J TR R BRI A — SR A X
T 2 BT HCC i AR R 45 4 JH 0T 98 30 45 B8 TE 1R
AP H B B, oK 38 3k 3l ) A P S 0 TR T AL
Mop K A R A5 AL ED B R BT RS R #52 SLC2AT .
PKM PGK 1 55 M 9 fiff A% 00 55 IR i L 422 43 AL [
I, 5 % 3 DEGs 2. 3% & 4 T HIF-1 {5 5 i i, 2R
EAEA I HIF-1a Y mRNA K 28 1 k28 4k s ok ]
1y I 7 TV S W T Al b O O 4 5 B, AH DG IR 5 AL
il A7 7 #0 78 K IE L b Ah , B RN i g R S e
YIAH O (LA 95 K ¥5 B — 3 LB 9T, M G IR A
WF5E S S g FE #E AT

[(FIZRHR] AXRAEETHEF R,

[SE& k]
[ 1] BRAY F,LAVERSANNE M, SUNG H, et al. Global cancer
+ 160 -

[6]

[13]

statistics 2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries[J]. CA
Cancer J Clin,2024,74(3):229-263.

SINGAL A G, KANWAL F,LLOVET J M. Global trends in
hepatocellular carcinoma epidemiology: Implications for
screening , prevention and therapy[ J ]. Nat Rev Clin Oncol,2023,
20(12):864-884.

ZHENG J, WANG S, XIA L, et al. Hepatocellular carcinoma:
Signaling pathways and therapeutic advances [J].
Transduct Target Ther,2025,10(1):35.

YANG F,HILAKIVI-CLARKE L,SHAHA A, et al. Metabolic

Signal

reprogramming and its clinical implication for liver cancer[ J].
Hepatology,2023,78(5):1602-1624.

FENG J,LIJ,WU L, et al. Emerging roles and the regulation of
aerobic glycolysis in hepatocellular carcinoma[J]. J Exp Clin
Cancer Res,2020,39(1):126.

ZHANG Y,SONG H, CUI W, et al. A prognostic signature based
on insulin-signaling-pathway genes for hepatocellular carcinoma
[J]. Discov Oncol,2025,16(1):1901.

YI1J,LUO X,HUANG W, et al. PGK1 is a potential biomarker
for early diagnosis and prognosis of hepatocellular carcinomal J].
Oncol Lett,2024,27(3):109.

YANG C C,YAN Y C,PAN G Q, et al. Thyroid hormones inhibit
tumor progression and enhance the antitumor activity of
lenvatinib in hepatocellular carcinoma via reprogramming
glucose metabolism[ J]. Cell Death Discov,2025,11(1):92.
ZHANG X,LI Y,MA Y, et al. Yes-associated protein( YAP)
binds to HIF-1a and sustains HIF-1a protein stability to promote
hepatocellular carcinoma cell glycolysis under hypoxic stress[ J].
J Exp Clin Cancer Res,2018,37(1 ):216.

AZOITEI N, BECHER A, STEINESTEL K, et al. PKM2
promotes tumor angiogenesis by regulating HIF-la through
NF-«B activation[ J|. Mol Cancer,2016,15:3.

AR AN XU VU AL T I R R e R B A
AT G R TE T TP AR LD . S T )24 2% 58, 2026,
doi:org/10. 13422/j. cnki. syfjx. 20252024.

LI X,YANG J X,LIU X Y, et al. Exploring roles of immune
microenvironment and  metabolic  reprogramming  in
hepatocellular carcinoma from perspective of "deficiency of
healthy qi and stasis-toxin"[J]. Chin J Exp Tradit Med Form,
2026, doi:org/10. 13422/j. cnki. syfjx. 20252024.

SUN D, ZOU Y, SONG L, et al. A cyclodextrin-based
nanoformulation achieves co-delivery of ginsenoside Rg, and
quercetin for chemo-immunotherapy in colorectal cancer[J].
Acta Pharm Sin B,2022,12(1):378-393.

RAESE, BRI, ZEUT, 45 . BT AR RE 7 v AR I T R A AL
WA ET IR BB R EEL T ] AR BR 22 ), 2020, 38(5) «
132-135,276-277.

ZHUHZSTQ,JIY,LIW T,WU M H. Study on target of
treating tumors based on active constituents of Baihuasheshecao
(Hedyotis diffusa) in Xiaoai Jiedu decoction [J]. Chin Arch
Tradit Chin Med, 2020,38(5):132-135,276-277.



H532 %4 12 hESREHFFFERE Vol. 32,No. 12
202646 H Chinese Journal of Experimental Traditional Medical Formulae Jun. ,2026
[14] WANG L,HE S,LIU R, et al. A pH/ROS dual-responsive system role of pyruvate kinase M2 in cancer: Navigating beyond

[15]

[16]

[18]

[19]

[20]

[21]

[25]

for effective chemoimmunotherapy against melanoma via
remodeling tumor immune microenvironment[J]. Acta Pharm
Sin B,2024,14(5):2263-2280.

AR T, F e, 2505, 4 5T ROS/NLRP3/IL-18 15 51 s 15
FEM 2 Z0 e U S35 S AR LR PR FH AL (. o [ 92
J7 A4, 2026,32(2) 1 145-153.

FENG B W, WANG Y, LI C, et al. Quercetin ameliorates gouty
arthritis in rats via ROS/NLRP3/IL-18 signaling pathway[J].
Chin J Exp Tradit Med Form,2026,32(2):145-153.

RAJESH R U, SANGEETHA D. Therapeutic potentials and
targeting strategies of quercetin on cancer cells: Challenges and
future prospects[ J]. Phytomedicine, 2024, 133:155902.

HAN P, CHU S, SHEN 17, et al. Quercetin-derived microbial
metabolite DOPAC potentiates CD8" T cell anti-tumor immunity
via NRF2-mediated mitophagy[ J]. Cell Metab,2025,37(12):
2438-2454. ¢2438.

WRIH, ERRE R E L 45 MR FE R TR SR R R 5
fRHE HCCLM3 20 H I W A/ FH B2 LRI 58 [T ], H AR
Z4i,2025,33(11):1064-1069.

CHEN L, WU G Z, ZHU Y, et al. Study on the role and
mechanism of quercetin promoting autophagy in HCCLM3 cells
via STING signaling[ J]. Chin J Hepatol,2025,33(11):1064-
1069.

YE S,CHEN J,ZHENG Y, et al. Targeting USP18 overcomes
acquired resistance in hepatocellular carcinoma by regulating
NCOA4 deISGylation and ferroptosis[ J]. Cell Death Dis, 2025,
16(1):448.

WANG Z, GERSTEIN M, SNYDER M. RNA-Seq: A
revolutionary tool for transcriptomics[ J]. Nat Rev Genet, 2009,
10(1):57-63.

YEOM J,MA S,LIM Y H. Oxyresveratrol induces autophagy via
the ER stress signaling pathway, and oxyresveratrol-Induced
autophagy stimulates MUC2 synthesis in human goblet cells[J].
Antioxidants (Basel),2020,9(3):214.

CHEN H,LI Y, LI H, et al. NBS1 lactylation is required for
efficient DNA repair and chemotherapy resistance[ J]. Nature,
2024,631(8021):663-669.

PAREDES F, WILLIAMS H C,SAN MARTIN A . Metabolic
adaptation in hypoxia and cancer[ J]. Cancer Lett,2021,502:
133-142.

LINCET H,ICARD P. How do glycolytic enzymes favour cancer
cell proliferation by nonmetabolic functions? [J]. Oncogene,
2015,34(29):3751-3759.

UPADHYAY S,KHAN S,HASSAN M 1. Exploring the diverse

[26]

[27]

[28]

[31]

[33]

[36]

glycolysis and the Warburg effect[ J]. Biochim Biophys Acta Rev
Cancer,2024,1879(3): 189089.

FU H,GAO H, QI X, et al. Aldolase A promotes proliferation and
G,/S transition via the EGFR/MAPK pathway in non-small cell
lung cancer[ J]. Cancer Commun,2018,38(1):18.

UMAR S M, KASHYAP A, KAHOL S, et al. Prognostic and
therapeutic relevance of phosphofructokinase platelet-type
(PFKP) in breast cancer[J]. Exp Cell Res, 2020, 396 (1) :
112282.

LI F,HE C,YAO H,et al. GLUTI regulates the tumor immune
microenvironment and promotes tumor metastasis in pancreatic
adenocarcinoma via an ncRNA-mediated network[J]. J Cancer,
2022,13(8):2540-2558.

ZHANG Z,ZHENG Y, CHEN Y, et al. Gut fungi enhances
immunosuppressive function of myeloid-derived suppressor cells
by activating PKM2-dependent glycolysis to promote colorectal
tumorigenesis[ J]. Exp Hematol Oncol,2022,11(1):88.

XIE H, TONG G,ZHANG Y, et al. PGK1 drives hepatocellular
carcinoma metastasis by enhancing metabolic process[ J]. Int J
Mol Sci,2017,18(8):1630.

SHAO R, LIU C, XUE R, et al. Tumor-derived exosomal ENO2
modulates polarization of tumor-associated macrophages through
reprogramming glycolysis to promote progression of diffuse large
B-cell lymphomal[ J]. Int J Biol Sci,2024,20(3) : 848-863.
SNAEBJORNSSON M T,POELLER P,KOMKOVA D, et al.
Targeting aldolase A in hepatocellular carcinoma leads to
imbalanced glycolysis and energy stress due to uncontrolled FBP
accumulation[ J]. Nat Metab,2025,7(2) : 348-366.

FUKUSHI A,KIM H D,CHANG Y C, et al. Revisited metabolic
control and reprogramming cancers by means of the Warburg
effect in tumor cells[J]. Int J Mol Sci, 2022,23(17):10037.
RANKIN E B,NAM J M, GIACCIA A J. Hypoxia: Signaling the
metastatic cascadel J|. Trends Cancer,2016,2(6):295-304.
SEMENZA G L. Hypoxia-inducible factors: Coupling glucose
metabolism and redox regulation with induction of the breast
cancer stem cell phenotype[ J]. Embo J,2017,36(3):252-259.
LEE D H, LEE Y J. Quercetin suppresses hypoxia-induced
accumulation of hypoxia-inducible factor-lalpha (HIF-1lalpha)
through inhibiting protein synthesis[ J]. J Cell Biochem,2008,
105(2):546-553.

ZHAO P, WANG S,JIANG J, et al. Targeting lactate metabolism
and immune interaction in breast tumor via protease-triggered

delivery[ J]. J Control Release,2023,358:706-717.
[FEHRE B%EHE]

- 161 -



