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Cell metabolomics study of ginkgo flavone aglycone combined with doxorubicin
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[ Abstract] Ultra-high-performance liquid chromatography-(Q exactive orbitrap tandem mass spectrometry ( UHPLC-QEOrbitrap-MS/
MS) was used to explore the inhibitory effect and mechanism of ginkgo flavone aglycone (GA) combined with doxorubicin (DOX) on
H22 cells. The effects of different concentrations of GA and DOX on the viability of H22 cells were investigated, and combination index

(CI) was used to evaluate the effects. In the experiments, control (CON) group, DOX group, GA group, and combined GA and DOX
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(GDOX ) group were constructed. Then the metabolomics strategy was employed to explore the metabolic markers that were
significantly changed after combination therapy on the basis of single medication treatment, and by analyzing their biological
significance, the effect and mechanism of the anti-tumor effect of GA combined with DOX were explained. The results revealed that
when 30 pg-mL™" GA and 0.5 pmol - ™' DOX was determined as the co-administration concentration, the CI value was 0. 808,
indicating that the combination of GA and DOX had a synergistic anti-tumor effect. Metabolomics analysis identified 23 metabolic
markers, including L-arginine, L-tyrosine and L-valine, mostly amino acids. Compared with the CON group, 22 and 17 metabolic
markers were significantly down-regulated after DOX treatment and GA treatment, respectively. Compared with the DOX and GA
groups, the treatment of GA combined with DOX further down-regulated the levels of these metabolic markers in liver cancer, which
might contribute to the synergistic effect of the two. Five key metabolic pathways were found in pathway enrichment analysis, including
glutathione metabolism, phenylalanine metabolism, arginine and proline metabolism, B-alanine metabolism, and valine, leucine and
isoleucine degradation. These findings demonstrated that the combination of GA and DOX remarkably inhibited the viability of H22
cells and exerted a synergistic anti-tumor effect. The mechanism might be related to the influence of the energy supply of tumor cells by
interfering with the metabolism of various amino acids.
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pL RS Z5WAEFN T 96 FLAR H (40 % 3 Ry 2% 10°
A/ml, GA 25 5 H W R 30,40 pg - mL™", DOX
RHE R 0.5.12.5 p,mol'L_I ), [R5 B 2s 2]
(A EAMEZGR) 2L (A B A, & % g e
TRA 25 AR IR (5 4, AN SR A 25T , 2 il
ISR R B e 15 723 i 3 N RAL, IR E
24 h J5 , BFLIIA 10 pL CCK-8 5537 2 h, BRI
FE 450 nm A A, THE A AF S R, A Chou-
Talalay T LI AT ( combination index, CI)
AT, Cl<l FoRBrEfER, Cl=1 FRAERA
PMEE S BUAE H BG5S, CI> 1 3%
N EIRATN
2.3 SMHEAZY

IO R R 20, R4 T A T4, FH R R 3
PR R . B 1 mL AHRETRORT | mL 253042 Fh
T 6 fLtiH, o R IR (NS 259) LGA 4 (7 30
pgemL™ [ GA) . DOX 41 (% 0.5 pmol - L' [y
DOX) .GDOX 41 (% 30 wg-mL™" GA A1 0.5 pmol -
L™ DOX) , i E 6 ME AL, WEF 24 h J5,1RS),
BU1.6 mL BT 2 mL i EP & (EATE Tk E) K
Ji 4 °C,1 000 r~min” B0 10 min, Z2B% B, [A
i, 25 AEAEATRERL 100 L 1R 217017 240 i 3%
T IE AT ST R A R A K 2 30 min, B S
JiE -80 CE A&,
2.4 FESLALIE

Il F RTHS 20 B RE S BT 4 °C AR, B R A



Wil 515 25 - ERAY S O CHR 5 BT R R I 0 4R M A G 2“2 0F 5

PERTE T -20 C YRR 80% T EE (5 1% HR) 400
wL, IR 1 min, W ZGE 7R 30 min, 2 &2 HRELTEH 3
U, T 12 000 remin™ B0 15 min, R LT
AT, UERERTFERR RS2V T 150 pl 1Y 50%
BV, 12 000 remin™ B0 15 min J5 B HEEE
BT ST EUASRE BIEW 10 pL IR A5 LIl 48
% (quality control, QC)FEdh
2.5 rHrakpE
2.5.1 (A&  ACQUITY UPLC HSS T3 (kL
(2.1 mmx100 mm, 1.8 pm) ;s 0. 1% H R &
G (A)-0. 1% HFRKEIE (B) , BREEVEML (0~ 1 min,
98% A;1~13 min, 98% ~2% A; 13 ~14 min, 2%
A; 14~14.5 min, 2% ~98% A; 14.5~18 min, 98%
A) s FEVR 40 °C 5 %i# 0. 3 mL-min~'  HFREIAFL 3 wl,
2.5.2 Juilseft misE A B YR OE SR TR
R, S 35 arb, il BT i 10 arb,
EBMERE 320 C, B HE 3.5 kV(+).2.5 kV
(=)o REVLHE m/z 70~1 050, 24743 Bi % (full
MS) 70 000, A3 PEZR (MS/MS) 17 500, filf 4 fiE
(ZHHE)20 V/40 V/60 V.,
2.6 HdmabHE

JE A %04 1 Thermo Compound Discover 3. 2
(Thermo, MA, USA) {4 T IR 1) W6 X) 5 | 44
W R AR 8 S TS QC MEIEAF AL B, e 285145
A 455 WA R R I [ e T ARUR B AT LU 7E N 1Y = 4B LR
FEE 05 21 A4 Btk i e A e T AR — 1 B 200
BoshsE b s, FIFH SIMCA 17. 0 #4317 £ o048
M7, F A543 B (principal component analysis
PCA) FIIOULERFE A 4 8] 53 1 R4 ) AL 1Y S
P A B /N 3 15 H 531 43 AT ( partial least squares-
discriminant analysis, PLS-DA) F LA i#E— 114 2H [A]
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Fig. 1  Effect of ginkgo flavone aglycone ( GA) with different

concentrations on cell viability of H22 cells (x£s,n=3)
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Fig. 2 Effect of doxorubicin ( DOX) with different concentra-
tions on cell viability of H22 cells (x+s,n=3)
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UEJ5 AR 2= BT A 64T, 268 30 pg-mL™
GA 5 0.5 pmol-L™" DOX 1ERE 2R EE .

F 1 H22 AT R MU AR (x+s,n=3)
Table 1

The survival rate and combination index of H22 cells

(xxs,n=3)
GA/pg-mL™"  DOX/umol-L™"  ZHMIAFIE R/ % Cl
30 0.5 30.26+1.98 0. 808
1 24.13+1.08 0.792
2 17.17+5.01 0.756
5 2.10+0.75 0. 498
40 0.5 18.55+2. 40 0.935
1 10. 77+3. 10 0. 853
2 3.37£0.75 0.996
5 2.15£0.91 0. 664
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Fig. 3 Hotelling’s T” plot examination of QC samples (n=6)
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Fig. 4 Heatmap of correlation analysis of quality control (QC)
samples (n=6)
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Fig.5 Total ion current ( TIC) chromatograms of quality

control (QC) samples (n=6)
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Fig. 6 PCA score plot of samples in each experimental group
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Fig. 7 PLS-DA score plot and verification of samples in each experimental group
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Fig. 8 Screening of differential metabolites
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Table 2 Identification of potential metabolic markers based on UPLC-MS
KEGG X . AR 53 g ke
No. &Y P R tg/min e B DOX vs GDOX vs GA vs GDOX vs
! 8 CON  DOX  CON  GA
IR pyroglutamic acid C01879  C5H,NO; 1. 66 129. 042 59 [M+H] ", 0.59 0.39 0.32 0.70
[M-H]"
b 4-oxoproline C01877  C5H,NO4 1.61 129. 041 31 [M+H]". 0. 63 0.41 0.41 0. 63
[M-H]"
3h L-leucine C00123  C4H3NO, 1.85 131. 094 08 [M+H]*, 0. 65 0.45 0.62 0.47
[M-H]~
4b L-arginine €00062 C¢H,N,O, 0. 85 17411170  [M+H]* 0.59 0.45 0.55 0.49
5b L-tyrosine C00082  CyH, NO, 1.82 181.073 81 [M-H]"~ 0. 60 0. 50 0.45 0. 65
6" spermidine C00315  C;HgN; 0.72 145.157 35 [M+H]* 0.57 0.26 0.32 0.47
7Y pyridoxine C00314 CgH,;NO; 1.52 169.073 78 [M+H]* 0.61 0. 60 0. 60 0.61
gl 2-C-methyl-D-erythritol C11434 CsH;0,P 1.05 216.039 41 [M-H]~ 0. 60 0.42 0.47 0.54
4-phosphate
9l stearic acid C01530  C;3H,0, 10. 39 284.270 98 [ M+NH, " 0. 68 0.36 0.47 0.52
10" L-valine C00183  C5H,;NO, 1.07 117.079 14 [M+H]" 0.57 0.37 0.48 0.44
11" 5-hydroxyferulic acid C05619  C,oH,,05 6.13 210.05223 [M-H]~ 0. 66 0.37 0.49 0.49
121 4-hydroxybenzaldehyde C00633 C;H(O, 1.94 122.036 92 [M+H]* 0.57 0. 50 0.43 0. 66
139 S-amino-6-(5'-phospho-  C01268  CyH;sN,O,P 7.43 354.056 19 [M+H]" 0. 63 0. 46 0.55 0.53
ribosylamino ) uracil
14" phenethylamine C05332  CgH|N 5.20 121.089 41  [M+H]* 0. 63 0.39 0.51 0.48
15" streptomycin C00413  C,H3N,0,, 0.81 581.265 17 [M+H]" 0. 68 0.32 0.41 0.53
16"  methylmalonic acid €02170  C,H40, 1.80 118.02542 [M+H]* 0. 60 0.47 0.43 0. 66
172 L-lactate C00186 C;HO, 1.50 90.03036 [M-H]~ 0.67 0.28 - -
18Y  spermine C00750 C,yHyN, 0.76 202.21577 [M+H]* 0. 60 0.23 - -
192 LysoPC(16:0/0:0) €04230 C,,Hy, NO,P 11.83 495.33236 [M+H]" 0.61 0.48 - -
202  l-fucose 1-phosphate €02985 CgH;04P 0. 96 244.034 59 [M-H]~ 0.56 0.10 - -
212 3-phosphonooxypyruvate C03232 C3H;0,P 13.33 183.978 20 [M+H]* 0.61 0.37 - -
222 L-methionine S-oxide C02989 CsH, NO;S 1.57 165.045 89 [ M+H-2H,0]" 0.62 0.34 - -
233 L-histidinol C00860 CqH,;N;0 13.79 141.090 34 [M+H-H,0]" - 0. 56 0.39 -
TV DOX M GA R AACIY ;2 DOX Bk AT A Y 5 GA Bt AR
A boli 8
tabolit
10 f %001;3% 10 metabolites
— C01877 = C01879
C00123 - C01877
=— 00062 C00123
0.8 C00082 0.81 — C00062
== C00315 C00082
== C00314 = C00315
C11434 C00314
06 COIS30 .. 061 C11434
5 = C00183 5 - C01530
o= C05619 = — C00183
i) C00633 s C05619
204 — C01268 2 04/ C00633
@Y C05332 e — C01268
= 00413 C05332
== C02170 = C00413
- C00186 = C02170
0.2 C00750 0.2 - 00860
— = (04230 B
== 02985
= 03232
- - r _ — 02989 - - -
0 0.2 0.4 0.6 0.8 1.0 — B%L 0.2 0.4 0.6 0.8 1.0
1-specificity 1-specificity

A. B8 2T AR S B ROC HZR 5 B. A5 3% BREF G4 35 AR S B9 ROC 2RI,
K9 RFREWE ROC T

Fig. 9 ROC curve analysis of metabolic markers
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Fig. 10 Cluster heatmap of metabolic markers
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Table 3  Information of the metabolic pathways

total athwa;
No. T % Hits P P Y

metabolites impact

1 A BEH 28 3 0.0073 0.0143

2 RWNERAH 10 2 0.0088 0.2381

3 RO AN s R A 38 3 0.0172 0.0918

4 WA AR 40 300197 0.0226
SRR R

5 B-IERA 21 2 0.0373 0.0560

TE : total metabolites 273 1% C i % & A9 AU Bt s Hies 1038
S rp AR AR DT BC 2% B 5 PR BB K ; pathway
impact U B A7E 2 PP AU 0255 o Y A

> mEECoA

2.0+ @2
o4 @3
151 o5
> @
" Lol
° (0}
(@)
0518 ©
8& 0
0 01 02 03 04 05

pathway impact
Bl h A DI R 3 & (ST S .
Bl {55 s
Fig. 11 Analysis of signaling pathways
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MS AR 2 DR it i Ak B T 5 A e PR A
JBA T m g )T z  TY, Jt H & UHPLC QE
Obitrap-MS/MS V- £5-46 75 FERE PR FT e £ 575
Sy P RSB B Orbitrap KEINAHSS &, HA R HUE
o EREER , JF HAEIE S8 T R AR R ik g
FROIL 5 B0 S5 80 0 32 AR S g o7 A5 DI 38, AL
AR AR R AR FB 2

LC-MS 5 I, Sy 1 75 380 5 4 1o i) A 48 B A5
KL T AN [RI 2R Y A (RS AR B AN SE (A0 C g SOAH
FEFIHILIC S7kkE) 2 i FA R i 54 590
JifrTE A FH R RE B A A ¢ BB 2R A LIRS I,
Ja TR Y BT, DR e PSR KAE A3 TS 56

BAM

glutathione metabolism

FRBHYIR B QR (R T RER R , e 85 G 07 FEAUR S22 B R A QAR G4, K @ 7 HEAQSR S AR A5 A Il 2 S Hk 4 il g A3
P AR PR W) B 42 09 B 0 I LU [ B0 A D HE R | B A3 e b — P

B12 HEE S G T
Fig. 12 Correlation analysis of key signaling pathways
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EENEITAER] . 58 2R A 2 W s N b 75 1) S
Z FLHZ ( branched chain amino acids, BCAA) , HAT
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Ji T BCAA W] LA fiff 8 A% R 2 5 e 83 40 i 1 344
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acid, TCA) JEFRAY R4 (40 L LR EE A FIBE
T4 A ) Sy fihJed 40 A 9 A S B AL RE £, ] INE TS
mTOR {553 e (2 ik e & J ™ .l i o R 43
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ASS1 ), M & 3R R A R T
(argininosuccinatelyase, ASL) Fl 5 2 iR 4% 2 B Ik fi
(ornithine transcarbamylase, OTC) 22380 WEgY e
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= TCA GERTE P, L 2 4 i A= R h 5 i ok
TCA JEIRRR 5 ARZ R P04 5C, S5 vh 4 2 3]
AR 7S AR T A Sy 3 6 e ] 7 ) 8 i AR 4 o, il
Tk S P T A A T S W) R 0 B ) RE
HER5E

g5 b AR AR 2 2 £ BEAIE W] GA B &
DOX A] i i H22 AT 7, A A5 U IR be b g 1
F A AL AT B8 5 i a1 7 22 P B mR A
AT 52 i e 200 J 1% e AR 17 A7 K
[ &% 3k
[1] SUNG H, FERLAY J, SIEGEL R L, et al. Global Cancer

5049

synthase ,



202249 H | 547 B 181

2
EQRE SRR

Vol. 47, No. 18 | September, 2022

[6]

[10]

[11]

[12]

[13]

[15]

[16]

Statistics 2020; GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries [ J ]. CA Cancer J
Clin, 2021, 71(3): 209.

KIM D W, TALATI C, KIM R. Hepatocellular carcinoma
(HCC) : beyond sorafenib-chemotherapy [ J ]. J Gastrointest
Oncol, 2017, 8(2): 256.

LUY, WANG Y L, HE Y, et al. Aidi Injection altered the
activity of CYP2D4, CYP1A2, CYP2C19, CYP3A2, CYP2El
and CYP2C11 in normal and diethylnitrosamine-induced
hepatocellular carcinoma in rats[ J]. J Ethnopharmacol, 2022,
286 114930.

JEIBC, R OT RRME A5 BT 10 4 2 AR R B AR VA T IR Y
SrFHLEILI]. T E 2R, 2020,45(17) :4089.

PISKA K, KOCZURKIEWICZ P, BUCKI A, et al. Metabolic
carbonyl reduction of anthracyclines-role in cardiotoxicity and
cancer resistance. Reducing enzymes as putative targets for novel
cardioprotective and chemosensitizing agents [ J ]. Invest New
Drugs, 2017, 35(3) . 375.

e %, LA ETO8, 5. AS BT R, MR ERES
LA A ORI PRI (D). T R 2 28R, 2017,42(7)
1365.

VAN HASSELT J G C, IYENGAR R. Systems pharmacology:
defining the interactions of drug combinations [ J]. Annu Rev
Pharmacol Toxicol, 2019, 59 21.

Aa X, Boese, B, . WA R KRG 2t
g A 0 R AL AT S R (7). P 252 A, 2019, 44
(16) :3391.

TR R  ROMCR AF. A I U h B R AL )
PUMR S PERT A R [ ) ] T 25272435, 2019, 54(6) 1444,
W A A 2 R S 2 PR IR ST e (T ). 3h
BE2EPERE , 2017,38(8) :96.

REYES F M, CARRASCO P C. The anti-cancer effect of
quercetin ; molecular implications in cancer metabolism[ J]. Int J
Mol Sei, 2019, 20(13); 3177.

FERNANDEZ P P, FONDEVILA F, MENDEZ-BLANCO C, et
al. Antitumor effects of quercetin in hepatocarcinoma in vitro and
in vivo models; a systematic review [ J]. Nutrients, 2019, 11
(12) . 2875.

HAN B, YU Y Q, YANG Q L, et al. Kaempferol induces
autophagic cell death of hepatocellular carcinoma cells via
activating AMPK  signaling [ J ]. Oncotarget, 2017, 8 (49):
86227.

BABY J, DEVAN A R, KUMAR A R, et al. Cogent role of
flavonoids as  key orchestrators of chemoprevention of
hepatocellular carcinoma; a review[ J]. J Food Biochem, 2021,
45(7) : el3761.

BT B, AR, B R, A S B A BT IR A ML ) ) AT 5 a0k
JELT]. HE 25,2021 ,32(24) 13054,

FEIRAR 1) S P S LA O AT HepG-2 20 3958 5
TR IR SRR SE[ 1], PRI 251 ,2012,14(3) :432.

5050

[17]

[18]

[20]

[21]

[22]

[23]

[24]

[25]

[27]

[31]

[32]

EHBE, RFE, 2 5. Chou-Talalay 783t I8 164 F 26
RS S AMESL L D] h E AR F 242, 2013,30(4) :449.
STEFFENS D C, WEI J, KRISHNAN K R, et al. Metabolomic
differences in heart failure patients with and without major
depression[ J]. J Geriatr Psychiatry Neurol, 2010, 23 (2):
138.

U, A T2 AL 55 MU A BT ST RS [ 1], e e
TR 2R, 2017,33(2) < 187.

ZHANG A, SUN H, XU H, et al. Cell metabolomics[]J].
Omics, 2013, 17(10) . 495.

TEEE, Wh R, O, A5, I8 20 M A 2 A RS R T A e
SRR FIALI [ D], KB K 2 23 (BE )
2021,56(5) :603.

HAYTON S, MAKER G L, MULLANEY I, et al. Experimental
design and reporting standards for metabolomics studies of
mammalian cell lines[ J]. Cell Mol Life Sci, 2017, 74(24):
4421.

SEGERS K, DECLERCK S, MANGELINGS D, et al. Analytical
techniques for metabolomic studies; a review[ J]. Bioanalysis,
2019, 11(24) . 2297.

XIAO J F, ZHOU B, RESSOM H W. Metabolite identification
and quantitation in LC-MS/MS-based metabolomics[ J]. Trends
Analyt Chem, 2012, 32. 1.

XU Y, LIANG P L, CHEN X L, et al. The impact of citrus-tea
cofermentation process on chemical composition and contents of
pu-erh tea; an integrated metabolomics study[ J]. Front Nutr,
2021, 8. 737539.

GARCIA-CANAVERAS J C, LOPEZ S, CASTELL J V, et al.
Extending metabolome coverage for untargeted metabolite profiling
of adherent cultured hepatic cells [ J]. Anal Bioanal Chem,
2016, 408(4) : 1217.

CAO B, AA J, WANG G, et al. GC-TOFMS analysis of
metabolites in adherent MDCK cells and a novel strategy for
identifying intracellular metabolic markers for use as cell amount
indicators in data normalization[ J]. Anal Bioanal Chem, 2011,
400(9) : 2983.

SRR VR, BRI AR, . AR PRI A A SRR A ST 22
BEFEUIR AR IALE (1], op B 25455, 2019, 44 (11)
2359.

el LS S e = I A/ N R R A T o I R e )
W24 ,2019,41(7) £ 1236.

WIGGINS T, KUMAR S, MARKAR S R, et al

phenylalanine, and tryptophan in gastroesophageal malignancy: a

Tyrosine,
systematic review [ J ]. Cancer Epidemiol Biomarkers Prev,
2015, 24(1) . 32.

R, PN B, A5 v RACHRURE (0 - R I BT 35 0 [ e U
R TR0 AT RE B RS AE AR AR [T ], TRk 2R A 4l
2015,31(5) :611.

TR IE A 1003 S LR AR TR R RS [0 ] I PR B
274k ,2014,7(13) :126.



i 555« BRLAY 35 T ST 45 BT 2 DB R BT ) A AL~

[33]

[34]

[35]

[36]

[37]

[38]

[39]

TEEUE , #5057 WRIE, %5 SORH 11 S5O0 €2 125 18] s 00 2 JHF 9
ARG R A R AT )], 5 R ERF RS 4% 4], 2014,39
(12) .1718.

LIANG K H, CHENG M L, LO C I,

et al. Plasma

phenylalanine and glutamine concentrations correlate  with
subsequent hepatocellular carcinoma occurrence in liver cirrhosis
patients; an exploratory study [ J]. Sci Rep, 2020, 10(1):
10926.

PENG H, WANG Y, LUO W. Multifaceted role of branched-
chain amino acid metabolism in cancer[ J]. Oncogene, 2020, 39
(44) . 6747.

CLUNTUN A A, LUKEY M J, CERIONE R A, et al. Glutamine
metabolism in cancer; understanding the heterogeneity [ J ].
Trends Cancer, 2017, 3(3) . 169.
GOMES A P, ILTER D, LOW V, et al. Age-induced
accumulation of methylmalonic acid promotes tumour progression

[J]. Nature, 2020, 585(7824) . 283.

ERICKSEN R E, LIM S L, MCDONNELL E, et al. Loss of

BCAA catabolism during carcinogenesis enhances mTORCI1
activity and promotes tumor development and progression [ J .
Cell Metab, 2019, 29(5): 1151.

CHOW A K, YAU S W, NG L. Novel molecular targets in
hepatocellular carcinoma[ J]. World J Clin Oncol, 2020, 11
(8): 589.

WANG C, RUAN P, ZHAO Y, et al. Spermidine/spermine N1-
acetyltransferase regulates cell growth and metastasis via AKT/
B-catenin signaling pathways in hepatocellular and colorectal
carcinoma cells[ J]. Oncotarget, 2017, 8(1); 1092.

NI'Y, SCHWANEBERG U, SUN Z H. Arginine deiminase, a
potential anti-tumor drug[ J]. Cancer Lett, 2008, 261(1) ; 1.
HUDSON E A, HOWELLS L M, GALLACHER-HORLEY B, et
al. Growth-inhibitory effects of the chemopreventive agent indole-

3-carbinol are increased in combination with the polyamine

[49]

[50]

[51]

[52]

putrescine in the SW480 colon tumour cell line [ J]. BMC
Cancer, 2003, 3.2.

IR R YU T B A0 M R et D AR ZR LY 4 1AL
HBEFEL D] BB BK -, 2017,

B TUIN . ST e Xof W 200 MR e 53 W) e 8 42 M9 e 7% o
FELD]. FFE T RIREE, 2019.

KUBO S, TAMORI A, NISHIGUCHI S, et al. Relationship of
polyamine metabolism to degree of malignancy of human
hepatocellular carcinoma[ J]. Oncol Rep, 1998, 5(6) : 1385.
FAN T, RONG Z, DONG J, et al. Metabolomic and
transcriptomic profiling of hepatocellular carcinomas in Hras12V
transgenic mice[ J]. Cancer Med, 2017, 6(10) ; 2370.

LV H, ZHEN C, LIU J, et al. Unraveling the potential role of
glutathione in multiple forms of cell death in cancer therapy[ J].
Oxid Med Cell Longev, 2019, 2019, 3150145.
RESSOM H W, XIAO J F, TULI L, et al. Utilization of
metabolomics to identify serum biomarkers for hepatocellular
carcinoma in patients with liver cirrhosis[ J]. Anal Chim Acta,
2012, 743 90.

GONG Z G, ZHAO W, ZHANG J, et al. Metabolomics and
eicosanoid analysis identified serum biomarkers for distinguishing
hepatocellular carcinoma from hepatitis B virus-related cirrhosis
[J]. Oncotarget, 2017, 8(38) : 63890.

TRETS MR R FLERACHE IRR TR [T ] A
it 5 Yy I ,2021,48(2) ¢ 147.

ZHANG Y, YU H, ZHANG ], et al. Cul4A-DDBI-mediated
monoubiquitination of phosphoglycerate dehydrogenase promotes
colorectal cancer metastasis via increased S-adenosylmethionine
[J]. T Clin Invest, 2021, 131(21) : e146187.

RAIMUNDO N, BAYSAL B E, SHADEL G S. Revisiting the
TCA cycle; signaling to tumor formation[ J]. Trends Mol Med,
2011, 17(11) : 641.

[REHE D8]

5051



