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Mechanism of Gene Regulation of Lipid Metabolism by Soy Isoflavone Via
Nuclear Receptors

Yasutomi KAMEI"

Laboratory of Molecular Nutrition, Graduate School of Life and Environmental Sciences,
Kyoto Prefectural University, Kyoto 606-8522

ABSTRACT

Lifestyle-related diseases arise from a complex interaction between genetic and
environmental factors. Epigenetics, such as DNA methylation, have been suggested
to be involved in the molecular basis for such interactions. Epidemiological and
animal studies indicated that metabolic diseases in adulthood may be acquired
during fetal events, including maternal consumption of soy products. In the
present study, we characterized DNA methylation in mice treated with a ligand of
PPARx (a target of soy isoflavone). Using genome-wide DNA methylation analysis,
we identified hyper- and hypo-methylated genes in the presence of the PPARx
ligand. Analysis of mice deficient in the nuclear receptor peroxisome proliferator-
activated receptor a (PPARx) and maternal administration of a PPARx ligand
during the gestation and lactation periods revealed that the DNA demethylation is
PPARx dependent. Namely, we found that the ligand-activated PPARx -dependent
DNA demethylation regulates the hepatic fatty acid 3 -oxidation genes during the
neonatal period. We are currently studying the underlying mechanisms in detail.
These studies will help identify the mechanism whereby maternal nutrition alects
olspring early in life. The knowledge gained may enable support of proper DNA
methylation status during infancy by appropriate modification of the components of
infant formula milk and intake of supplemental foods during pregnancy. The results
of this study are expected to provide further insight into the molecular basis of
metabolic diseases and lead to development of new preventative methods in the
form of functional foods for the baby and mother. Soy Protein Research, Japan 18,
118-122, 2015.

060685220 000 DOOOOOODOOODOL5

118 0O0o0O0oodododvol. 1820150



Key words : lipid metabolism, DNA methylation, obesity, isoflavone, PPAR

gboboooooooboboooobooooobooDo
obooooooboooooobooobobooboboooboo
ooooooOooooOoooooooOoOooobOoooo
oooooooooooooboooboooooboooo
oooooooooobooooooboooooboooo
OPPAROOOOOOOOOOOOODOOOOCOOO
gboboooboooobooboooooobooboooo
DNADOOOOooOoOooooboooboooooobo
gbooooooboobooooooooboooo
gbooooooboobooooobooooboooo
gooooooobobooooooooboooo
goooobooobooboboooooogoobooboooo
ooooooooooo

U U
goboooao

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0 0 Fig. 10

goooooOooooooooObDNAODODOO
oboooooooooooooooOoooOoooo
OO0OFig 20000000000000O00O0O0DOO
ooboooooooooooboooboooooboooo
oooooooooooooboooboooooboooo
ooooooooooboooboobooooooooo
oooooooooooooobooooooooboooo
oooooooooooooooboooooooon
ooooboooooooobooooobooooooooo
ooooooooO0oO0o0O0OpOOOOOOOOoOoOO
goooooooooooooobobooooobooooo
ooooOODNADOOOODODOOODOODOODO
ooboooooooooooooooooooooo

0O00O0o0ododovol. 1820150

0000000000000 000OGPATLIODNA
0000000000000 00000000000
oo™

0000000000D00FRg. 300000000
U00000GPATIODDOUOOOOOODOOCODNA
gooooobOOoobobosrReBPicOOOOOODODO
gboooobouoobooboobooooboboooboobog
O00O00OSREBPIcOGPATIOOOODOOOOODO
ooo0O0oo000DO0OD0bOO0D0OO00GPATIOODO
gooboboboO0ooODbObOO000000D0O0DODNAD
gooooooooooooooooooooooon
gooooooooooooooooooooooo
oooo

DNAUOOOUOUOODOOoDoooooouoooo
MIAMI O O Microarray-based Integrated Analysis
of Methylation by IsoschizomersD 00000 OO
00o00o0oooDobooooooobooooooo
doooodoooobooboobooboboooooo

pregnant, lactation period
Health
oo Memory ‘ v

Osmond, C. et al. ‘ u
Suscepnble“
to obese

2000. Environ

Health Perspect.

Obese

Fig. 1. Metabolic diseases in adulthood may be
acquired during fetal events, including
maternal consumption of soy products, possibly

Fraser, A. et al.
2010. Circulation. |
via epigenetic mechanism.

Metabolic
diseases

Glucose [s==

) 4... POSt'““}
Liver weaning

GPAT1 gene regulation
0 Ehara et al. 2012D<

Fig. 2. Liver lipid metabolic change during fetal,
newborn to post-weaning period.

Lipogenesis

Fatty acid
oxidation

119



000000000000 OHpallOOOOOOO0O
cceGlOOUODDONONONONODOONOOOoOoDnng
0000000000000 00000Mspl000
gocceeOOODDDONONONONONDDOONOOn
000000000000 000DNADHpald OO
0000000000000 D00000000000
0000000000000 D00000000000
00 Fig. 40 Fig. 50 00 OMIAMIO O OO0 00000
Dnmt3ad Dnmt3b 000 0000000000000
DNAOOOOOOOOOOO0O0O000000Dnmt3a
ODNmt3b0 00O O0ODNmt3b0 00000000
000000000000 0000o0*™™OooOoo
O00000GFPOOOOODNOONODOOODOO
0000000000000 D00000000000
0000000000000 D00000000000
O00ODNmt3b0 00 00000000000000
O0000O0DNmt3al 0000000000000

Lipogenesis

.

T"‘Carbohydrate
.

Milk

..l .
Weaning ~""===+ Fat intake
)

1F Infant '"'N"Post-weanin'g';'

Fig. 3. DNA methylation regulation in liver lipid
synthesis pathway during peri-weaning period.

Microarray-based Integrated Analysis of Methylation by Isoschizomers

Methyl DNA DNA Methyl DNA DNA

o/
'
:

l Adaptor ligation l
R

lAdaplov ligation l
Cut  Un-cut & PCR

|l
I
u
I
n

I
;

Mspl sensitivity

Methylation-

Methylation-
sensitive insensitive

|

I
=

I
I
7

& Labeling PCR & Labeling

I 1

|
Il
i
]

2
(s}

<
e
s
B
&
o
@
2

3- Labele:

f}

Fig. 4. Protocol and principle of the MIAMI method,;
Microarray based Integrate Analysis of
Methylation by Isoschizomers.

(s}
<
)
-
B
&
2
@
g
(s}
<
el
—
B
&
2
@
2
(5]
<

A

120

ooooooooooooooobooooooooon
OCODODO0ODNmt3bOOD0OO0O0O0OO0OODNADOCOODODO
ooooooooooooo

goooooooobooooboooboooooooboo
gobooooooODNADODOOOOODOOOODODO
goooooooobNAOOODODOOOOOoOoooo
oooooooo40bo0oooobooooobooon
DNAOOODOOOOOOOOOOOooOOooOoobo0oDn
ooooooDo

gooooObDNAODOOOOMIAMIDOOOOO
Ooo000000boo0O0O00MmOb0O0day2] D20
OO00O000OdayleOD160 00000000000
gboobooooooocooooOobNALODOOOOO
gooooooooooooobooooooooooon
gooooooooooooobooooooooooon
gbooooooo2s2e0000000000000
gobobOobooboobuoboobonD43s»nuoon
oooobobooboobo2000o0oboooon
gooooooooooooboooooooooon
oobooooooooooooooooooooon
goboooooooecobooooodz4ouooon
ooooooooooooobooooooooooon
oooooooooooooooobooooooooo
goooooooooooooobooooooooon
oobooooOooboooooocooooOoodoPPAR
0000000 00000000FRig. 6000000
goboobz0oObleboooooboooooooon
ooboooobooooboooboooobooOoodoPPAR
ooooooooooooobooooooooooon
oooo

MIAMI analysis Bisulfite analysisCl

vs. GFP
Dnmt3b vs. Dnmt3a

Dnmt3b-target Dnmt3a-target

l;l

L
[ @ ] GFP

el

Hpa Il sensitivity
Metyltation
decrease — — increase

Dpp4 Lrp5

Ad-Dnmt3a_Ad-Dnmt3b GFP

Ad-Dnmt3a_Ad-Dnmt3b

Fig.5.DNA methylation analysis of Dnmt3b
overexpressing cells by the MIAMI analysis.

000000000 Vol 18 20150



goooooooPPAROOIOODOODOOOPPARX
ooooOopO0OO0OO0O0O0O0O0O00O0O0O0O0O0O0DOO
oooooooO0o000000000000o0pOon
ooooooooooooooooboooooboooo
OODNAOOOODOOOOOOODOOOObOOObOO
goobooboooooboobooobbooob200D1e00
ooooooooooooobooooooooooo
oooooooooooooboboooopPCcROOOO
oooooooooobz20ODleOODOODOODOOB
goooooooooooooboobooooooooo
oooooooo

PPARO O0D0OBOOOOOOODNADOOOO
ooboobooooopPPARMODOO0OO0OOOOOO
UOPPARR OO OOOOOODOOOOOOOOOO
oooooOO0opOO0OO00O0O0O0O00O0O0O0O0O0O0D0O
oooooobooooo

goOobileDPPARn DO OOOOOODOODOO
DNADOOOOOOOooobooooooolog o
gooODNAODOODODOOOOODOOODOODO
ooooooooooboooooboooooboooo
gpoooooboooooooboPPARODOOOOOOO
ooboooooooooooobooooOoooboooo
AcCoXiDoOoooooooooooooboooooo
ooooooooobzooOblebCODooooonon
gboobooodobdobooooooobooboooo
00000000000 0oOPPARNOOODOOR
gboooooooboobooooooooboooo
gooooo

GO analysis
(DAVID, p<0.05)

Pathway analysisnKecG database, p<0.0010
Pathway p-value

PPAR signaling pathway 2.30E-06
Fatty acid metabolism 0.00020

Transcription factor binding matcH software, p<0.01)

. ; motif factor value Pup Gene expression
A: metabolism p D16 Acoxl Ehhadh o0 2,000
B: AOC V$PPARG PPAR 8.20E-06 Vehicle Wy Vehicle Wy Acox1 i Ehhadh
| VSPPAR DR1 _PPAR 0.0015 Ry e o 1 600 :
C: hematocyte ,3/5) b ; 400 1,000
D: other _ : e ) 500
E: none 2 HEEEE bl l\]/ehicle Wy 0Vehicle Wy

gooooooobooobOoO0OoOPPAR OOO
goobooooODNADOOODDOOOODODO
ooooooooooooooobobobobobobon
oooooooooooooboobooooooooon
gooooooooOoooobooooocooOoooo
oooooboooobooooooooooobooooo
obooooooooooooobied OO0 O Acoxl,
Ehhadh DO OOB O00O0OO0ODNAOOOOOOO
gboooooooobooooboooobobooo
OO000Fg 7000000000 O0BOOOODO
gobobooopPPARROODOOOOOOODOOOOO
gboooboooobobooboooobooog

gooooooooooooooboooooo

O0o0o00o0opOO0OO0OO0OODNAOCOODODOO
oboboobooooooboooobOOoOoPPARx O
ooooooooooboooboOooboOobboboo
oooooooOoOOO0O0OO00000000000p
oboooooobooobOoobooobooboOobobOoboo
obooooobOooboobOobobOoboDbOooboo
OFig. 800 000000000000000000
obOoPPAROOOOOCOOOCOOOOOOOOO
ooooooooooooobooooooooooon
gbooooooocooooooooboooooo

(P

gr—
Pup oYy 4
*. [PPARu ligand | [ PPARx ligand ﬁ

D1

E14.5 E185 D3 analysis

Dam PPAR ligand] Wy146430

40 mg/kg/day

Bisufite analysis

Fig. 6. Bioinformatic analysis of genes with changed
DNA methylation from day2 to day 16 in the
liver of new born pups.

0O00O0o0ododovol. 1820150

Fig. 7. Effects of maternal administration of
PPARux ligand (a target nuclear receptor of soy
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