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Correlation between cancer cell stemness and glucose metabolism characteristics in hepatocellular carcinoma
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[ Abstract] Background and purpose: Hepatocellular carcinoma is the third most common malignant tumor worldwide. Cancer
stem cells are considered to be the seeds of tumor recurrence, while Warburg effect refers to the aerobic glycolysis characteristic of
tumor cells. This study aimed to investigate the relationship between tumor cell stemness and cell glucose metabolism characteristics.
Methods: Flow cytometry was used to sort the tumor cells with high expression of stem cell markers in liver tumor cell lines Huh-7
and MHCC97H for serum-free suspension culture, and its morphological changes were observed. The expression levels of stem cell
markers and glycolysis enzymes, the glucose uptake capacity and lactic acid production ability of the two cell lines were compared.
Results: Cancer stem cells became spheroid in a serum-free suspension culture system. Compared with non-stem tumor cells, the
expression levels of key glycolysis enzymes and stem cell markers in spheroid cells were significantly increased (P<0.05). The
ability to produce lactic acid was also significantly enhanced (P<0.05), and the stemness of tumor cells was related to the activation
of glycolysis. Conclusion: Serum-free suspension culture can be used to enrich cancer stem cells. Compared with non-stem tumor
cells, the transformed degree of glucose metabolism in tumor stem cells is stronger. There is a relationship between the stemness of
tumor cells and the activation of glycolytic pathway.
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Tab.1 Cancer stem cell markers and glycolysis-related enzyme

genes’ names and primer sequences

Gene Primer sequences (5°-3")

CD9Y%0 TGAAGGTCCTCTACTTATCCG
CACGAGGTGTTCTGAGCC

CD133 CCGCAGGAGTGAATCTTT
AGGACTCGTTGCTGGTGA

EpCAM GAAGGCTGAGATAAAGGAGATGGG
TTAACGATGGAGTCCAAGTTCTGG

CD24 CTCCTACCCACGCAGATTTATTC
AGAGTGAGACCACGAAGAGAC

HK-TI GCAGCGCATCAAGGAGAACAAAG
GGAGCGGAGGAAGCGGACAT

PKM2 CTGGGGCTGCTGTGGACTTG

AGATGCCTTGCGGATGAATGAC

LDH-A CAACATGGCAGCCTTTTCCTTAGA
ATCCAGATTGCAACCGCTTCC
GLUT-1 ACCAGCTGGGCATCGTCGTC
TGTCCCGCGCAGCTTCTTTAG
HIF-1o AGAAGAACTTTTAGGCCGCTCAAT
TTTCAACCCAGACATATCCACCTC
p-actin AGCGAGCATCCCCCAAAGTT
GGGCACGAAGGCTCATCATT

%2 RTFQ-PCRE &M
Tab.2 Reaction conditions of RTFQ-PCR

Program Cycle Reaction temperature 7/°C. Reaction time #/min

1 1 95 10.0
2 45 95 0.5
56 0.5
72 0.5
3 1 40 0.5
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Fig. 1 HCC cells with positive cancer stem cell markers could shape spheroids

A: Screening of the cancer stem cell marker-positive Huh-7 cells, and sorting the cells expressing CD133, CD90 and EpCAM (CD326) into dim or
pos; B: Screening of cancer stem cell marker-positive MHCC97H cells, and sorting cells expressing CD133, CD90, and EpCAM (CD326) into dim
or pos; C: Serum-free suspension culture results of MHCC97H cells and Huh-7 cells sorted by flow cytometry; D: Comparison of cancer stem cell
marker expressions between spheroid Huh-7, MHCC97H cells and non-spheroid Huh-7, MHCC97H cells after serum-free suspension culture
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Fig. 2 Comparison of glycolysis enzymes and proteins between spheroid and non-spheroid cells

A: mRNA expression of glycolytic key enzymes in liver cell line LO2, spheroid and non-spheres Huh-7, MHCC97H cells; B: Expression of glycolytic
key enzyme protein in liver cell line LO2, spheroid and non-spheres Huh-7 and MHCC97H cells
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Fig. 3 Comparison of glucose uptake ability between spheroid and non-spheroid cells

A: Fluorescence microscopy of glucose uptake by spheroid cells and non-spheroid cells in the same glucose supplement system (yellow arrows
showed the spheroid cells, red arrows showed the non-spheroid cells); B: Fluorescence intensity of glucose uptake in spheroid and non-spheroid Huh-

7 cells in the same glucose supplement system
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Tab.3 Comparison of lactic acid production ability between spheroid and non-spheroid cells

Item Blank control Huh-7 Huh-7 spheroid MHCC97H MHCC97H spheroid
Lactic acid cy/(mmol-L™") <0.5" <0.5" 0.60 + 0.07 <0.5" 1.40 + 0.04
": The detection limit of the lactic acid detection kit was 0.5 mmol/L, and <0.5 indicated that the amount of lactic acid produced was below detection
limit
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