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Abstract: Objective To analyze glucose metabolic flux and related gene expression of human normal
liver cells (HL-7702), hepatoma cell lines with different metastasis degree (SMMC-7721, HCCLM3) and
hepatic portal vein tumor thrombus cell line CSQT2. Methods Stable isotope ""C labeled glucose and
glutamine were used as the nutrient source. Label assay and enzymes activity assay were employed to analyze
glucose metabolic activity and flux of the four cell lines. Results MTT and Transwell assay confirmed
the proliferation and migration abilities were increased successively in HL-7702, SMMC-7721, HCCLM3
and CSQT2 cells. Label assay and enzyme activity assay showed that metabolic activity in glycolysis and
tricarboxylic acid cycle(TCA cycle) was successively increased in the four cells, mainly reflected by the
increase of glucose consumption and lactate production, as well as metabolic flux and ratio of glucose
metabolism in hepatoma cell lines compared with normal liver cells, and reached the highest level in CSQT2
cell line. Conclusion The metabolic pathway of glycolysis and TCA cycle is activated as malignant and

metastasis degrees are increased in liver cancer cell lines. Metabolic flux analysis may help to diagnose the

- B AR -

development and metastasis of liver cancer.
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Tablel Column temperature procedure of GC-MS

Procedure He?;gi;ﬁg)rate Final temperature(“C) Ezzl(l;?:)
1 - 100 4
2 6 230 0
3 20 280 4

Notes: —: no heating-up rate in this procedure

R REMAIGC-MSIEINSH
Table2 Parameters of metabolites detected by GC-MS

Metabolite ~ Retention time(min) Fragments(m/z)

Pyruvate 12.925 216 -
Lactate 13.898 261 233
Alanine 14.895 260 232
Fumarate 20.842 287 259
Malate 25.025 419 391
Aspartate 25.675 418 390
Glutamate 27.050 432 404
Citrate 29.813 591 563

Notes: —: pyruvate only had one characteristic fragment
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Figurel Proliferation(A) and migration(B) abilities of four

cell lines
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Figure2 Metabolic pathways and metabolites of glycolysis and tricarboxylic acid(TCA) cycle(A) and Sketch map of

metabolic flux analysis of label assay(B)
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Figure3 Metabolic flux of glycolysis in four cell lines

detected by “C-glucose label assay

AR IC B4 0 AL TR S v,
CSQTAMAMNLR P ISBIRT, W4, %34,
23 WSSO DURORF () AR 0
FERE L B L

A 6h-33C glutamine-cell £37702-6h
Hik @ 7721-6h
081 " 55 ©LM3-6h

o e EE CSQT2-6h

o
o

N
)

Fraction of carbon labled
from *C-glutamine (1.0max)
[}
~

004 = A
Fumarate Malate Aspartate Glutamate Citrate
B
08 6h-*C glutamine-medium 0o 7702-6h
ea 7721-6h
= LM3-6h
= CSQT2-6h

o
=N

N
)

Fraction of carbon labled
from *C-glutamine (1.0max)
[}
~

Y
Citrate

o
=]

Fumarate Malate Aspartate Glutamate

Cell(A) and medium(B) metabolites were extracted and analyzed
separately after 6h of culture; *: P<0.05, **: P<0.01, ***: P<0.001

E4 “C-glutaminetRig S8 & WAL BE R = SRR EERAY
KRR E

Figure4 Metabolic flux of TCA cycle in four cell lines
detected by “C-glutamine label assay
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3 MEPUCIRICHIRE FES RS HAILLS (%)
Table3 Proportion of carbon labeled from "C in

metabolites from cells (%)

Metabolites 7702 7721 LM3 CSQT2

Pyruvate  0.075+0.001 0.098+0.001 0.108+0.016 0.119+0.008
Lactate 0.045+0.004 0.053+0.008 0.058+0.009 0.072+0.017
Alanine 0.011£0.007 0.030+0.003 0.037+0.005 0.049+0.006

Fumarate  0.406+0.016 0.5344+0.004 0.552+0.004 0.593+0.006
Malate 0.420+0.001 0.548+0.004 0.592+0.008 0.621+0.010
Aspartate  0.427+0.014 0.560+0.017 0.576+0.003 0.620+0.007
Glutamate 0.405+0.001 0.592+0.001 0.621+0.012 0.720+0.018
Citrate 0.285+0.003 0.374+0.003 0.386+0.003 0.430+0.001

R4 EFRPOCHRCHBRREFES RISV RRILLH (%)
Table4 Proportion of carbon labeled from “C in

metabolites from medium (%)

Metabolitess 7702 7721 LM3 CSQT2

Pyruvate  0.203+0.002 0.302+0.019 0.325+0.008 0.368+0.010
Lactate 0.165+0.007 0.246+0.004 0.328+0.011 0.366+0.008
Alanine 0.039+0.007 0.117+0.012 0.172+0.003 0.203+0.005
Fumarate  0.152+0.013 0.167£0.008 0.159+0.004 0.242+0.001
Malate 0.095+0.003 0.098+0.007 0.114+0.010 0.202+0.006
Aspartate  0.199+0.026 0.310+0.016 0.322+0.012 0.407+0.003

Glutamate 0.552+0.007 0.582+0.007 0.590+0.003 0.593+0.015
Citrate 0.040+0.006 0.049=0.003 0.067+0.007 0.088+0.001
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Figure5 Glucose consumption curve(A) and lactate

production curve(B) of four cell lines
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