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ABSTRACT

Adipocytes in obesity secretes excessive free fatty acid (FFA) in vessels, and
secreted FFA accumulates in the liver. Excessive FFA causes oxidative damage
in mitochondria of hepatocytes and results in an induction of cellular senescence of
hepatocytes. The cellular senescence induces various diseases such as non-alcoholic
fatty liver, hepatic fibrosis and hepatoma. Thus, suppression of FFA-mediated
oxidative damage is important in preventing hepatic diseases. In this study, we
investigated the effects of soy isoflavone on FFA-induced oxidative damage in
the mitochondria of hepatocytes. Daidzein, one of the soy isoflavones, suppressed
FFA-induced lipid accumulation in HepG2 cells. On the other hands, daidzein
induced an increase in ketone body production. When we assessed the elects of
daidzein on FFA-induced mitochondrial damage, daidzein attenuated FFA-induced
mitochondrial DNA damage and increased the copy number of mitochondria in
HepG2 cells. Daidzein up-regulated the expression of hydroxymethylglutaryl CoA
synthase 2 (HMGCS2) at transcriptional levels. HMGCS2 regulates ketone body
production, and its enzymatic activity is regulated by posttranslational modification.
The acetylation level of HMGCS2 protein is decreased in the presence of daidzein.
Furthermore, daidzein increased SIRT3 protein, and knockdown of SIRT3 canceled
daidzein-induced deacetylation of HMGCS2. These results suggest that daidzein
decreases lipid accumulation by increasing the conversion from FFA to ketone
body and consequently prevents FFA-induced mitochondrial damage and increases
mitochondrial number. Furthermore, deacetylation of HMGCS2 by SIRT3 is
involved in these daidzein-induced ellects in HepG2 cells. Soy Protein Research, Japan
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Table 1. Primer sets
O Name sequences; 5' to 3'
HVII-FOR260 GCCACTTTCCACACAGACATCATA
Fig. 2A HVII-L421 AGTGCATACCGCCAAAAGATAAA
HVII-C339 TGTTTAAGTGCTGTGGCCAGA
MT-RNAL Fw CCTCCCCAATAAAGCTAAAA
MT-RNAL Re GCTATTGTGTGTTCAGATAT

Fig. 2C

MT-ND4 Fw  AAGTCAAAAAGCTATTA
MT-ND4 Re  CTTACATCCTCATTACTATTC
HMGCS2 Fw CTAGCCTCCCGAAAGTGTGT
HMGCS2 Re  GGTGGGGAGAAATTCACCTT
HMGCSL Fw  TGAAGGGCATTCAGAAGTTTCC
HMGCSL Re  TCTGAGGCAGCTCCAAAGATG
rio 3 CPTIAFW  TGCTTTACAGGCGCAAACTG
'9° CPTIARe  TGGAATCGTGGATCCCAAA
MCAD Fw  GCTGGTGCTGTTGGATTAGCA
MCAD Re  CCTTTCCAGGGCATACTTGGT
FAT Fw  CAAATGAAGATGAGCATAGGACAT
FAT Re GTTGACCTGCAGTCGTTTTGC
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Fig. 1. Effect of soy isoflavone on Lipid metabolism
in HepG2 cells. HepG2 cells were incubated
with free fatty acid (palmitate; 0.5 mmol/L and
oleate 0.25 mmol/L) for 24 h. Then, the cells
were incubated in the presence of 10 pmol/
L soy isoflavone (genistein; Gen, daidzein;
Dai, equol; Equ) for an additional 24 h. Lipid
droplets (A) or B -hydroxybutyrate contents (B)
in the cells were quantified. Data are means
+ SD (n = 3). Significant dilerences (p < 0.05)
are indicated by the corresponding letters.
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Fig. 2. Effect of daidzein on FFA-induced
mitochondrial damages. (A) Estimation of
mitochondrial DNA (mtDNA) damage in
HepG2 cells incubated with FFA (palmitate;
0.5 mmol/L and oleate 0.25 mmol/L) and/
or daidzein (Dai) for 24 h. (B) Analysis of
B -galactosidase activity in HepG2 cells
incubated with FFA and/or Dai for 24 h.
(C) Quantification of mtDNA encoded gene
expression in HepG2 cells incubated with
various concentrations of Dai for 24 h. Data
are means £ SD (n = 3). (A and B) Significant
differences (p < 0.05) are indicated by the
corresponding letters. (C) *»<0.05 compared to
vehicle-treated cells.
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Fig. 3. EDect of daidzein on expression and acetylation
levels of HMGCS2. (A) Quantification of
lipid metabolism-associated gene expression
in HepG2 cells incubated with various
concentrations of daidzein (Dai) for 24 h. *p
<0.05 compared to vehicle-treated cells. (B)
Western blot analysis of HMGCS2 in HepG2
cells incubated with various concentrations
of Dai for 24 h. (C) Immunoprecipitation
of acetylated HMGCS2. HepG2 cells were
incubated with Dai (10p mol/L) for 24 h, and
acetylated HMGCS2 was immunoprecipitated
by anti-HMGCS2 antibodies, followed by
western blot analysis using anti-acetyl-Lys
antibodies. Data are means + SD (n = 3).
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Fig. 4. Involvement of SIRT3 in daidzein-mediated
HMGCS2 acetylation. (A) Western blot
analysis of SIRT3 in HepG2 cells incubated in
the presence of daidzein (Dai; 10p mol/L) at
various tome points. (B) Immunoprecipitation
of acetylated HMGCS2 in SIRT3-knocked
down HepG2 cells. After siRNA transfection,
the cells were incubated with Dai (10p
mol/L) for 24 h. Acetylated HMGCS2 was
immunoprecipitated by anti-HMGCS2
antibodies, followed by western blot analysis
using anti-acetyl-Lys antibodies. (C) Western
blot analysis of HMGCS2 in SIRT3-knocked
down HepG2 cells incubated with Dai (10
mol/L) for 24 h. Data are means = SD (n = 3).
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