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A metabolite cocktail of gut microbiota affects hepatocellular
carcinoma

DONG Yanxi', WANG Bin', ZHANG Shuqin', XIAO Huiwen®, LIU Xingzhong?,
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Abstract: [Objective] To investigate the effects of a metabolite cocktail composed of
indole-3-propionic acid (IPA), sodium butyrate (SB), and valeric acid (VA) of gut microbiota
on the proliferation of hepatocellular carcinoma cells. [Methods] The human hepatocellular
carcinoma HepG2 cells were cultured in vitro and treated with the cocktail at different
concentrations (1x, 2x, 3%, 4%, and 5x). The total cholesterol (TC) and triglyceride (TG) levels
in the cells were determined by the total cholesterol and triglyceride assay kits. The Cell
Counting Kit-8 (CCK-8) and colony formation assays were employed to examine the cell
proliferation. Twelve BALB/c athymic nude mice were randomized into a control (Ctrl) group
and a treatment (Treat) group and then subjected to subcutaneous injections of HepG2 cells.
The tumor size was measured every three days, and the tumor volume and tumor inhibition rate
were calculated. When the tumor volume reached 100 mm®, the mice in the Ctrl group were
administered with sterile water by gavage daily, while those in the Treat group received the
cocktail via gavage until euthanized under anesthesia. After 27 days of treatment, the body
weights of mice in both groups were measured, and tumors were excised and weighed, with the
tumor weight/body weight ratio calculated. The content of Ki-67 protein in the tumors was
determined by immunohistochemical (IHC) staining, and the lipid accumulation within tumor
cells was assessed by Oil Red O staining. [Results] The cocktail of IPA, SB, and VA lowered
the levels of TC and TG in hepatocellular carcinoma HepG2 cells and exerted an inhibitory
effect on the proliferation of HepG2 cells. Both CCK-8 and colony formation assays indicated
that the cocktail inhibited the proliferation of HepG2 cells in a dose-dependent manner. The
oral administration of the cocktail inhibited the growth of hepatocellular carcinoma cells, as
evidenced by smaller and lighter tumors and lower tumor weight/body weight ratios in the
Treat group than in the Ctrl group (Ctrl: 723 mm3, 0.47 g, 22.23%; Treat: 526 mm3, 0.32 g,
16.65%). IHC and Oil Red O staining further demonstrated reductions in Ki-67 expression and
lipid accumulation in the mice administered with the cocktail via gavage. [Conclusion] The
cocktail of IPA, SB, and VA can inhibit the proliferation and suppress the lipid synthesis of
hepatocellular carcinoma cells.
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Figure 1 The impact of the cocktail on hepatocellular carcinoma cell proliferation in vitro. A, B: The assay kit
was employed to ascertain the relative levels of TC and TG in HepG2 hepatoma cells following treatment with
IPA, SB, or VA individually. C, D: The assay kit was utilized to determine the relative concentrations of TC and
TG in HepG2 hepatoma cells after treatment with a mixture of IPA, SB, and VA. E, F: The effects of the
cocktail on proliferation of HepG2 cells were determined by CCK-8 (E) and colony formation assay (F). G: The
relative cell viabilities of HepG2 cells after the cocktail treatment were computed. The specified dosages were
delineated as follows: 1x of each compound was IPA 0.3 mmol/L, SB 0.1 mmol/L, and VA 0.1 mmol/L.

Significant differences are indicated: *P<0.05, **P<0.01, ***P<0.001 by Student’s t-test between each two
cohort.
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2 RAEYMBEBRRMESRNZE A UE/DBWE. B, C: idst i TRAKihZ )M
WA A H(C). 41 6 H. Student’s t K656 FAAGIN 4 2 4L AY R EPEZESE: *P<0.05
Figure 2 The impact of the cocktail on tumor volume in xenograft nude mice. A: Tumor-bearing mice body

weight. B, C: Growth curves (B) and percentage inhibition rate of tumors (C) were recorded. n=6. Significant
differences are indicated: *P<0.05 by Student’s t-test between each two cohort.
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Figure 3 The impact of the cocktail on tumor weight in xenograft nude mice. A, B: Tumor image (A) and
tumor weight (B) were recorded. C: The weight ratio of tumor/body was figured out according to the tumor
weight and final body weight of each mouse. n=6. Significant differences are indicated: *P<0.05, ***P<0.001
by Student’s t-test between each two cohort.
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v S 3 4
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4 SEEYIXIREESE D Ki-67 RIEFIERNBMSN A THC /N BUMIE 42 d Ki-67 Rk,
FCIR 50 pm. B yHZL O Yeta Ak b fg g 20 i I 7 &, He iR 40 pm. C: {# A Image-Pro Plus X} Ki-67
FITHEZL O Yefa dF 7% &, Student’s t K56 FH R AN A5 P 2H (] 19 2 35 PE 22 5% . #*P<0.01, ***P<0.001

Figure 4 The effect of the cocktail on Ki-67 expression and lipid accumulation in tumor tissues. A: The
expression of Ki-67 was examined by IHC in tumor tissues dissected from mice. Scale bar: 50 um. B: The lipid
content of tumor tissues was assessed using Oil Red O staining. Scale bar: 40 um. C: Quantification of Ki-67
and Oil Red O staining, used Image-Pro Plus. Significant differences are indicated: **P<0.01, ***P<0.001 by
Student’s t-test between each two cohort.
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