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Abstract

Abstract

There is increasing evidence that early developmental environment of an embryo
plays a pivotal role in the ‘programming’ of an adverse physiological phenotype in later
life. Here we sought for the influence of maternal hyperlipidemia on the metabolic

disorders in offspring.

In our study, ApoE knockout females were fed with either control or western diet
during pregnancy and lactation to induce hyperlipidemia. All offspring were fed with
control diet starting from weaning to 16-week of age. Two experimental groups were
generated: CC group (maternal/postnatal control diet), and WC group (maternal western
diet/postnatal control diet). We monitored body weight and serum lipid levels every

month, performing glucose and insulin tolerance test at 14/15-week of age.

Our data show that WC group had impaired insulin sensitivity and hepatic lipid
accumulation in adult offspring when compared to CC group. We found the hepatic de
novo lipogenesis pathway (DNL pathway) was upregulated in the E18.5 embryo
exposured to maternal western diet; but had adverse results in adult offspring. In additionl,
we investigated that the VLDL secretion reduced from liver and ApoB, which is required
for VLDL component, mRNA expression was decreased in WC group; there had similar
appearance in E18.5 embryo. Moreover, in the WC group, a higher percentage of ApoB

DNA methylation was observed in liver compared with CC group.

Here, we demonstrate that exposure to hyperlipidemia during early developmental
period will sensitize the offspring to induction of Nonalcoholic fatty liver disease
(NAFLD) and Type 2 Diabetes mellitus; furthermore, the DNA methylation might the
key epigenetic regulatory mechanisms, providing a potential therapeutic targets in

NAFLD.

Keyword: Developmental Origins of Health and Disease (DOHaD),
hypercholesterolemia, Nonalcoholic Fatty Liver Disease (NAFLD), Insulin Resistance,

epigenetics
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3’UTR 3’ untranslated region

5-mc 5-methylcytosine

AC Adenylate cyclase

ACC Acetyl-CoA carboxylase

Acox1 Acyl-CoA oxidase 1

AKT Protein kinase B

AMPK AMP-activated protein kinase

ApoB Apolipoprotein B

ATGL Adipose triglyceride lipase

BAT Brown adipose tissue

BCA Bicinchoninc acid procedure

BMI Body Mass Index

C/EBPa/p CCAAT-enhancer-binding proteins

cAMP Cyclic adenosine monophosphate

Cd3e6 Cluster of differentiation 36

Cdeé8 Cluster of Differentiation 68

ChREBP Carbohydrate-responsive element-binding protein
CM Chylomicrons

Cptla Carnitine palmitoyltransferase I

CREB cAMP response element binding protein
CRTC2 cAMP-regulated transcriptional coactivator 2
DAG Diacylglycerol

DGAT Diacylglycerol O-acyltransferase

DNMT DNA methyl transferases

DOHaD Developmental Origins of Health and Disease
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F4/80
FASN
FATP1
FGF21
FOXO1
FOXP2

Adhesion G Protein-Coupled Receptor E1
Fatty acid synthase

Fatty acid transport protein 1

Fibroblast growth factor 21

Forkhead box protein O1

Forkhead box protein P2

Go6P
G6Pase
GO6PT
GC
GDM
GIP
GLP-1
GLUT4
GS
GSK3
gWAT

Glucose-6 phosphate
Glucose-6-phosphatase
Glucose-6-phosphate transporter
Gas chromatography
Gestational Diabetes Mellitus
Gastric inhibitory polypeptide
Glucagon-like peptide-1

Glucose transporters 4
Glycogen synthase

Glycogen synthase kinase-3

Gonadal fat

H&E
HbAlc
HDAC4
HDL
HDL-C
HMGCR
HOMA-IR
HSL

Hematoxylin and eosin
Hemoglobin Alc

Histone deacetylases 4

High density lipoprotein

High density lipoprotein cholesterol
HMG CoA reductase

Homeostasis Model Assessment

Hormone-sensitive lipase

IDL
IGF
IL
IMCL
IRS-1

Intermediate density lipoprotein

Growth factor

Interleukin

Intramyocellular lipid

Insulin receptor substrate

d0i:10.6342/NTU201902077



PR T R

BT A e

iWAT Inguinal white adipose tissue
LCFA-CoA Along-chain fatty acyl-CoA

LDL Low density lipoprotein

LDL-C Low density lipoprotein cholesterol
LPL Lipoprotein lipase

LXRa Liver X receptor-alpha

MCP-1 Monocyte chemotactic protein 1

MTTP Microsomal triglyceride transfer protein
MUFA Monounsaturated fatty acid

NAFLD Nonalcoholic Fatty Liver Disease
NASH Nonalcoholic steatohepatitis

NEFA Nonesterified fatty acid

OCT Optimal cutting temperature compound
ORO Oil-red O

PC Pyruvate carboxylase

PEPCK Phosphoenolpyruvate carboxykinase
PFK Phosphofructokinase

PI3K Phosphatidylinositol-3-kinase

PIP2 Phosphatidylinositol 4,5-bisphosphate
PKA Protein kinase A

PPARa Peroxisome proliferator-activated receptor alpha
PPARy Peroxisome Proliferator Activated Receptor Gamma
PUFA Polyunsaturated fatty acids

PVAT Perivascular adipose tissue

ROS Reactive oxygen species

rWAT Retroperitoneal white adipose tissue
Sedl Stearoyl-CoA desaturase

SFA Saturated fatty acid

Sirt1 Sirtuin 1

Srebfl Sterol regulatory element binding transcription factor 1
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T1DM Type 1 diabetes mellitus
T2DM Type 2 diabetes mellitus
TET ten-eleven translocation

TG Triglycerides

TNF-a Tumor necrosis factor-alpha
TSS Transcription start site
VLDL Very low density lipoprotein
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i o HiSRld HDL w2 FfE 1 9

¢ R L i g
(Acalovschi, 2001) -

DIETARY FAT LIVER To endocrine :
AND CHOLESTEROL glands for steroid
/__ — r hormene synthesis

) & _ o Oilesats S Giosynthesis i o

o T - Fecal of fats and ooo

N chaolesterol cholestercl oo O

N A 00 g
{/ Intesting ©) oo

o Lipo-

o) ©) 002
0% o Ong 060
Remnant

Chalesterol

. O PERIPHERAL
Chylomicrans chylomicrons VLDL (Remnaris) TISSUES
and chaolesterol (muscles,
various organs)
Capillaries

Apo B-100

Capillaries
% // Hydrolysis of \ /

riacylglycercls
in capillaries

o
cholesteral

Plasma LCAT
-
Key: - _—
L\puprobeln
@ Hydrophilic layer lipese
{pratein, phospholipids,
etc.)
Triacylglycarols Glycerol Fan} acids —— = F-Oxidation in peripheral tissues
Chalesterol
Transport by serum albumin
Returned to liver Resynthesis and storage
for glucose synthesis mainly in adipose Iisiue/

W - -1 G BRI

Figure 1-1 Overview of lipoprotein transport pathways and fates. (Mathews,
2018)
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3. B RE AN
QR TEEFETEEN S CVT PR TSR LTS
(2) ]"gﬂ- ”l;-&: F"br‘]f}?ﬁ ,ﬁ%— l‘ r“]_% G\'mrSﬂ_ ,:l[ﬁ'_’];l]

e 1;:_%)‘];;};«, BF®F %L fgenfiin (Sellersetal., 2007) » 2 F ks I3
v Paes ¥ B 3 & 4 (Howard, 1987; Okon et al., 2007) °

(=). ¥ Ffi (Diabetes Mellitus)
L BB

%@@%kaLﬁé“iﬁﬁ’fﬁi?—*ﬁﬁiﬁ#:3%‘3%‘2%
ML R B P BASA R -  ES E R MR R SRR
ﬁ%w%ﬁﬁ&u AR R A A F SRR L S 4T 4 5 A
FREELY LTI LELBAR 3 AR EHHE 2 S0 L) 0 (1)
Wit d % (HbAlc) = 6.5%- (2) 3% Hidk = 126mgdLe (3) v IRF ¥
WAL ERS 2 )L = 200mgldLe (4) £ 2L R S d

5 REAE 2 s Sk i = 200mg/dL (¢ E S BB E §.2003) -

%

2. BFp A

WRR B T A L (1) % 1 2 Aom (TIDM) @ % § % 4 £ Pt -
CF 3 AR MARA R S el E P LR B R B &
At Ko (2) F 2 AERp (T2DM): Flik f £ g 45 % § % 7 Lk
% o (3) WA (Gestational Diabetes Mellitus, GDM) © & 4 & 4 ¥ 612 4
ARADHF A F e BER TR EEREFIREES A0 R R 2}
GDM nZ 4 i Jeded et blfe R AR © (4) # B fof | 7 i FPERAT
i Ea e h o ERBERR -
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S E L

WpE S B B R Fl A R ) 2 e 0 T AR
BAERLE A AREPE B A S Mg 0 (1) Q) e (3) R
BAOBMBESCET e RPFEIIFRG F A WAEY AR R AU E g

EREE AN G  FRLAER T BAGTET LB ERT FRES
ERERE 0 T MM R R o

4. S AED &

IR B ML RR T A - 32 FHF &0 fyep 44 2 glucose-6-phosphatase >
B T IR R T T AR Y o SR s e A

PSR PN R A R S Vi Y

(1) %2 & % (insulin) : X FI R & F L BETELE Peell A A * R aFE
¥ o Ve B inimre b5 glucose transporters 4 (GLUT4) > # %% § & 4 4%
MO ECR Y 5 AR~ > '8 i 4% (Shulman, 2000) o @ MR B B 4 FRE & &
BORETATA T KA M d % g R T BEREd L § F 5L EE (insulin
signal transduction) %31 — i 8 AL > F % E F R BEWE F L LA
fi& it (insulin receptor substrate, IRS-1) > IRS-1 £ /% it (phosphatidylinositol-3-kinase,
PI3K) » @ PI3K £ 'm#e v chghtqfxvofs 40 5 = gifié (Phosphatidylinositol 4,5-
bisphosphate, PIP2) #pif » PIP 2 £ @ik i+ PIP3 » PIP3 #ifi it (protein kinase B,

» L Akt) > @ Akt ¥ B fx GLUT4 %2 & i 3FfE & = s (glycogen synthase) &7
H @ 95 v B2 % > BEpL % B B fF  (phosphofructokinase-1, PFK-1 ;
phosphofructokinase-2, PFK-2) > [ fi* fis jfcfis (pyruvate kinase) * % > BB FFE & =
grrpipEs 4 = (Pessin and Saltiel, 2000) o

(2) 2 4% (glucagon) : d "% a-cell A jaeig® » SN €& hB (L ik o
VLG g Vg i~ A e R ZOERGIRERTATS o L UEN A8 G o 5 AR R
BEXEREBERT H!“]\i—f faZk i ¥ (adenylate cyclase, AC) it ATP 2= cyclic
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adenosine monophosphate (cAMP) » % cAMP Jk & 3 4 ¢ i#:& protein kinase A
(PKA) Hal:e®m Bt - drqPFpE & = > i A2 -

(3) #&A> % (amylin) @ £25%% § % 2 SRS Beell A gt > R 8 A RT
LB A FALET amylin BHP R FFE T2DM G m IERIG R Shdp
B+ (Ludvik et al., 1991) o ¥ ¢t amylin Bt 43 @ L3 P5304% 84 leptin 1T % -
CHES R & T g (Lietal, 2015) -

(4) 2 4% 5 02925 (Glucagon-like peptide-1, GLP-1) @ 3 % ig & i& % 8% 2.
- 82 t5 GLP-1 o igxg % i crue %8 258 Locell #74 b it f3drd| & it
TR A R T E R R A R A TN TRA L §
GLP-1 #i1% & 8 4m4| GLP-1 " j2a% 4 %i5% T2DM o

(5) % #r4]72%x (Gastric inhibitory polypeptide, GIP) : * £z § 5 #% ik #f |+ 2
LRk A BRE o b ] an Kecell X Rgvm2 FE R TIEAT A 0 €D
el B2 XA G MG ET R o GIP & GLP-1 F 5 % i
S EE o R et L L % A (Kjems etal., 2003; Shigeto et al., 2015; Willms et

al., 1996) o

5. MR BB Y

(1) #+pE» f222 & = (Metabolism of Glycogen) :

SRR E B b B AR B RE 3550 jhele LRl v O =l R SR N I
A e & FEREE ¢ RAFFE Aol P ez £ 5 0 R F AR AL 6-74
fa® & #E" @ fr (Glucose-6-phosphatase, G6Pase) > & “p © G FEER A it > 7
B8 AR AR P S BRI R OG0 B R 2 R T P
PR g AR AL RN egR o R IET A G 5 0 6B T F
(Glucose-6 phosphate, G6P) % & glucose-6-phosphate transporter 1 (G6PT1) & %
R REEIEN > AP BIRTeR F L 54 GOPT2 ¥ GOPT3 i 1 wPe o &
B ERE Y B F BRI 2(GLUT2) f *F50flc s Apsfendr @ 2 15 > mot
S FAERR BOTROR AT ok s M BB S TPERE S o A PR ah S B

6
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ER P EER R E B Y cAMP g & hé d > 7 U drd RS A
f* (glycogen synthase) 13 gific it krd| B B B o RS G £ 402 ¢ i)
CAMP Z 24 > 4pF i B2 2 & F 1} ’ﬁl% Ak g B Ac B 4 s (Adeva-
Andany et al., 2016) °

(2) PFEHEE 74 1£%  (gluconeogenesis) :
R g g

§ R T b & B B T R B R L R TATL B e
MR o 2 FAEAE- R RRehe R o RS RS T
RS GRS IR B AL F BRI RE BRI S0 R 2 H AT HH
o S8k & G6Pase~ % #% 1,6- FAiALAs (Fructose 1,6-bisphosphatase) £ 4%
F& ' % 3 fk i 22 1 jicp® (Phosphoenolpyruvate carboxykinase, PEPCK) ° g% 774 +
7 5 &2 A & TS 0 bl4e cAMP response element binding protein (CREB), Forkhead
box protein O1 (FOXO1), cAMP-regulated transcriptional coactivator 2 (CRTC2) ¥
C/EBPa/B,> ¢ fli# PEPCK-C {r G6Pase ¢4 3R o ¥ eh4]&r PKA 314 ih
et 3 B (Herzig et al., 2001; Zhou et al., 2004)

6. ”"‘F! JL ’%p*

e SRR Y - BN, FA G DR o AR LS
205§ A P4 GLUTA - B3 R BEAT "3 Ve bt 207 75l 30 R 8 #0005
RIS A L (AL Lo FOL 5 A AR FH A NPk S hiFd oA
G R SR K ¢ AL TS A E R b g A b 4 o A
W F 2 AMARFE R PIFLL DL o0 BIATE R 2 AR F
2 ;FK’)é v 85 f % 1E b (Boden, 1999) o ¥ ¢h B AR LR F|vtim e N PG
(intramyocellular lipid, IMCL) £5% § % - 2 4p > & & @ B8 & 0% R Fh 0 4e
+ &gy i= (Along-chain fatty acyl-CoA, LCFA-CoA)~ = &+ ¥ #5 (diacylglycerol,
DAG) & &4 §fEi% (ceramide) o Hid = [edueh F] (Itani et al., 2002; Summers,

2006) TEA& + 4 ﬁ@gi}%;ﬁd}%%_—k%;\;«}; ¥ @y };{ ﬁv“/f" GERE: RiILad 8

a RS R  RACRE TR 2 SV L RGEF FRE UE A BT
#=3 M e AMP-activated protein kinase (AMPK) » “vig ™ ¢ TBCIDI1 #mips it
7
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ER

A4 E o iEA 4 GLUTA *time s b R andic® > @ 0 H~ § 5 83 40 % Mu
¥ (Sakamoto and Holman, 2008) » ¥ ¢+t 3 H s d & § & {ljm F it T 5L @ i4aT
PEd (B - -2)0 blde IRS-1VIRS-2 fr Akt %7 JEd Bhpk it ch= SR ¥ -

Insulin receptor

PIP3 kinase

JIRS1 Tyr phosphorilation
TIRS1 Ser phosphorilation

A
I

pS

PS +—1T Ser/Thr phosphorilation = PKC activity
pS

Increase in inner membrane 1pAG

ATP H’

TCA'cycle
matrix

B — -2 wep ﬁ?_% g5 § & R

Figure 1-2 Molecular basis of insulin action in skeletal muscle (Gonzalez-
Franquesa et al., 2012)

Once the insulin receptor has been phosphorylated, insulin receptor substrate (IRS)-1 is

phosphorylated on tyrosine residues and results in activation of phosphatidylinositol (PI)-
3 kinase, leading to increase in phosphatidylinositol-3,4,5 tri-phosphate (PIP3) levels.
This results in phosphorylation of Akt, which facilitates the translocation of GLUT4 to

the sarcolemma and subsequently stimulates entry of glucose into the muscle cell.
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(m). LL g (Obesity)
1. dwikehg &

AL Sl P it GIE R R S B R A AR RGO K

Jv,

IR A LR | 199 WHO hd 8 £ 4p #ic (Body Mass Index, BMI) 2t 3¢ 4c
WRLMA A REFALEF OEE: S8 A ML 185 = BMI<24-BMI
= 185 Z i ~24 = BMI < 27 RIZBE > AQif 27 5 9viko

2. Wk

ik Bl 5 L d 2 A Y MERE BB TR A ERWIER
PRI 0 @ o R R T S d AR 102~105 PR R & BB R R
BA RS T  NAEE E T AaR 82~85 & 33.2%F 2 3] 50% 14 oot
Bl i3 5 K& KRR oo v iy & 474 35 5P AE > & 105 £ A A
T 5 B W’%—‘fivﬁv S BORR AR BT ISR E AR 8L R
Wi s T R8T 2 R (R s kg AR T R B E LB
£ & - B (G2 &, 2019; &2 & etal, 1999; Grundy, 2004) -

3. sw!i’.;_‘ys%%%rg_ﬁ

LTI ET F RIS L PR RS YT R S § S
AL (Boselloand Zamboni, 2000) » £ 4c F fg9ste s ARG BN 2R EF 0 i 5
bt G AP 8% F S+ (adipokine) ¥l BET &~ PR B F UK B L T N 8
BRAGEFaipM (Coelho et al., 2013) » @ 27 5 & X #H4p ¥ 2 > adipokine
L

(1) %% (leptin): £_% — B AL F e adipokine> A & d P ¥k'mbe & 7 &3
ol B AFER N A DT EREE ] DT o G R o S
B 050 ¢ g FlaE L leptin A4 & oblob o BLE FFrliEE 0 ¥ o s 5T
e &2 Bo g EoaHg o AP NBER leptin B2 6:EF ¥ i ¢ 1R leptin
resistance (Sdinz et al., 2015; Zhang et al., 1994) - ¥ *b p %0 » 3 3R leptin ¢ T -

9
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w3 AP B e adipokine & IR 0 H ¥ & 7 FME Bk ¥+ (Tumor necrosis factor-a,
TNF-a) £ 4 & % -6 (Interleukin 6, IL-6) 2 3 monocyte chemotactic protein 1 (MCP-
1) -

(2) "aPi% (adiponectin) @ 5 g ¥ km ¥ 4 i i 59 $HIUHE Ao BT 8T R g R L
P }};‘5 e adipokine © d g ¥5 E’_*)%‘« At AA PEMBEE AR PR BT 58
HAvin e 4e o MO | BV BRI BRH b g 7 B0 A M g BT
B ffgipd s ¢ adiponectin € 3 4c Fq AL B OF Vbt s R T M A F
B ¥~ 7FEEY adiponectin B A€ Fra R AT Hrgia b A 0EY 5 BB R
FEEr P i 4 (Xuetal, 2003; Yamauchi etal., 2001) > 2 {4 » 4¥ 3 adiponectin
f.%5d AMPK-~p38 MAPK 17 % Rab5 ¥ pEsg & 7o % % 31T #= (Ruan and Dong,
2016; Waki et al., 2003) -

(3) Fe4iZ (resistin): -3 d ki H 27 g F e 205 resistin £2 leptin

S FER T A 0 RPEIES e T g Auesh § A fuhE 4 (Qiet

al.,, 2006) - @ P @ F 3F % % 4p & resistin e g R }]%J- X bl R @

B A R e 2R TS &2 e B (Calabroetal,2011) 0 &

MR S B resistin T F VR4 KRG R A P 0 FIR ARG S0 0

LR A LR o blde AR I AR R ST P B4 £ ¢ (Filkovaet
al., 2009; Shen et al., 2014) -

(4) #*% (omentin): £ & iT44 % M adipokine i & d & F ¥ 7kl
% (Perivascular adipose tissue, PVAT) fri AT e A4 0 Bt T ABEE Bk
R PGS AR ) R RBLELS  pe L% § AT M 4 AR TR b i i 4 4R
4o BMI 2 & "% F] § 49 B (de Souza Batista et al., 2007; Maresca et al., 2015) -

(5) % L Ap B adipokine: ¥ " p wh» AL G A L - f FlE g s
Aog A RGBT g 0 4o TNF-o &2 IL-6 » i A% FF 4F 5
Adipokine » TAXILE F T A B G F rEdug 24 5 M % (Hotamisligil et al., 1993;

Kang et al., 2016; Rotter et al., 2003) - {2+ 5 #73 3g N E eillm¥e &2 Fg 35 g = 1 14 >

\\“—’

‘B dm e

F_L

m TNF-a 031 & KR EFEiimie m 2L s mie A & & 4 o "EF 1%

10
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-3

=
-%;

B
N

s ko bR 0 WAL g BB e se d Rk pu 3] en M2 BB e

M1 (Lumeng et al., 2007) °

(&) SLIFPE 275 925 (Nonalcoholic Fatty Liver Disease, NAFLD)
1. ?E.-;f]*; ERM AL oL 3 Y

m EI—-}?;;FT{A kY ohd B E e BFRR P W ETR T L% L1z ;gﬁgj d1
AP T i FROTR D R o NAFLD 3 22§ @RGP RT

5 u;ggﬁ%?u-@ga A28 5% %};,'a ﬁ—; Pg BB L ygb;;iij’%?;g_«fr? i R ;[];3 v B

Healthy
Liver NAFLD NASH High Risk NASH Cirrhosis
>510% !
fatty acid 3
triglycerides !
NAFLD + Inflammation NAFLD + Inflammation

and Fibrosis

Accumulation of fatty
acids and triglycerides

PERFSRTRELEFRSIFL A A L AR 0 4o Bl - 3 TR

(Chalasani et al., 2012; >zczepamak et al., 2005) -

B - -3 sLiFpE i g Bt fe
Figure 1-3 The progression of NAFLD (micellebiopharma.com)

NAFLD can progress to NASH and potentially to cirrhosis. Both NAFLD and NASH are
thought to be reversible.

2. LR LR RS Bl

v

TRBREE RN BT L L LS B Ml MR R A R

(VLDL) # 0 2 re g% 3585 £ 1 oo H P i85 & 2y i fig RALenig Wik

Wi

FZBAR KR eSO fRIEY T 2). A 8 Td PREIRE ~ 3). 4

#7& = (de novo lipogenesis) °

i
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ER

BE SR 2 f‘]‘}? PG SRR E P G BT A g 0 e H B enig R FR 4 B :TJD
Foi g - o B fg RO & AR RAT 1 g 0 T MO 4 33 (Bugianesi
etal,2010; Shulman, 2014) » & 34 § & 4= % 35 (multiple-hit hypothesis) % f% ¥
ZLIFPE 20 AR T S 2EEE 12570 (nonalcoholic steatohepatitis, NASH) £33 42 >
uﬁg 7R ks 4 B (Two-hit hypothesis) $% F| %595 » £ B § % & T %
B AELE R A AR R B At R £ F 1 R L i e AR
ROS ehie* v 4525 LR > —Frg»’f T SR it B (B - 4) o

Genetic and epigenetic factors
T Adipose tissue

Adipokines . Ao sfunctior
S Dietary factors
Obesity ]
1Lipolysis T serum cholesterol
pol ~ 1 serum FFAs o i

Insulin resistance

NAFLD

Gut
microbiome

TLPS
T permeability

(Inflammasome)

W - 4SS T pseeh S £ T IR
Figurel-4 Multiple-hit hypothesis for the development of NAFLD. (Buzzetti et al.,

2016)

3. ,ﬁ,ﬁ |4 Py 95 553 Be AL
CEENCES AT AR ED S NN RO B T REEL S - S

a7 & #% (ectopic lipid accumulation) > NAFLD ¥ & 3% 3R % g % 2 —  (Softic et

al.,2016) > Ft e ARARAR S R A Ao 0 R 3 4 fq 2 T2DM AR ML

e Lid g A g, -% RV A % iR w—»wnq s;;f& RN ;g;ﬂ /ﬁ;}:gt.]vis;] B;‘;’H’—Iljt,\l
12
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(Boza et al., 2005; Leite et al., 2009; Li et al., 2010; Machado et al., 2012; Wicklow et
al.,2012) » e p m $F> 87 iqe NAFLD 2 B ehBf hiv g L3k o — %GiiERs >
LR AL E 3 F B ¥ AR B ER L FIH] cAMP 2 2 - HFr TR

% AR 175 f2f= (hormone sensitive lipase, HSL) e/ it kgt % Pg im0 f2 & 4 enis
B AEL S B R EE TR, Vb L E 2 3B 5 491518 Forkhead box protein Ol
(FoxOl) ##r7q %= faH i "5 f#f+ (adipose triglyceride lipase, ATGL) =4 F]4 R
TRE o WA Fq v > AT s ikt NAFLD 5= ehk F]12. - (Chakrabarti and
Kandror, 2009; Fabbrini et al., 2008) - ¥ — i&d ek w2 3 7 305 de g 3¢ 4 F b
2RI E NAFLD eh o g8 s f 5% § 3 e e F15E R 5 0 i
2001 ##7 H 20 =25 T2DM 0§ (i34 g 2 £ % B3 B s 4k 3% R
BRI P TR L G R I fr i £ 38 m M (Virkamaki etal., 2001) 0

FIL 3R 5 MR R o i i 2 F 4 g i o

4. ,ﬁ,ﬁ‘- 47y Bp AT w—r“s;; g y X

Pafs 533k e NAFLD £93& 6 2 ednz P8 e M B> - & T2DM
LE P R 4 T R ,T* ¢ i NAFLD jhAzi& R > 2on 7T/ F st @ ms F 3
‘Iﬁi 3B ARDEfM o TG e ﬁ;&; NAFLD H § #3584 058 § 2 4%
P RO RA BRI R m T AT R g P B A S TR Ry
3+45 2 (Anstee et al., 2013; Tolman et al., 2007; Williamson et al., 2011; Yki-Jarvinen,
2015)» F3ns w485 kst (multisystem disease) © - NAFLD £ 457k s
- FiFH FRNE AL J e 4 1+ (Shoelson etal., 2007; Stefan etal., 2008) - &+~
FREREp ST B P A S A L BUTRC B W e 0 § R PR G R E
SRR R B A 2 S L Ped i > B9 gl oh § R IR 00 T
fo AR R f i 5 o0 DAG > 2 17 protein kinase Ce & 1 3 4e @ e 1 9L § &
g yEEL T ¢ IRS2, PIG)K &2 60T P5en Akt2 gfe i » FIP 3 & 2% |
= jrfF-3 (glycogen synthase kinase-3, GSK3) {=3+fE & = fis (glycogen synthase,
GS) ety SE2. TR S gLl g FZ0E Y E %’ﬁfc} 4 FOXO1 ehgipisic ke
FIBEATA IE® 5 PR g Fli AK2 IR ZAR B B E AT DR 4P
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& U PrpiEe it pF (pyruvate carboxylase, PC), BifLf B% 5 ik L 25 - jepF (PEPCK)
2 H 5 ME-6-FapifF (GO6Pase) % 2 frdlm FF AR B A b 2 P IFEL
FILAE MO 2 03 iAp 3 M % (Samuel etal,, 2004) « 304 F ki o AR
W RS R S AR b che BT F I HhE L AR AR i
POARROTE RN G R0 M R TR R AR R R T A gh
AP ML GRS g TP Frd P s R R eV R RS G B
< &3 ! (Vatneretal., 2015) -

~ % B #.3] (Developmental Programming)

g A a2 a st W T PMERD ¢ XIS P RBNELE LD HE L
» 3 A #5 DOHaD 33 (Developmental Origins of Health and Disease)’ 3% i
% d ®= & Barker % Jﬁ “r3& 4 (Barker, 1990) > & &% 7 i Bagrid f v v fiw WA
B2 Fon g2 BB W REK S FFZBFREIFEF AL/ EDT FERER
€ B EInaanp 1 NP A 0 @ Barker 2 STy » RO B bR
7 e 2 e e ek F A - B L BT 40K 1L (Barkeretal, 2010) - i
FEE T R R E 2 (s N R FF % % » bl4c Barker #& e 8 H
F1# A B3R (Thrifty Phenotype) 335 # %5 52/t Aeth 4 1302 £ eIk B P > € 5
CREPHAERR G E AR FFAFIAIN AR DI ELT
i}; ¢ IR R 3R (Gluckman and Hanson, 2004; Hales and Barker, 1992) -

"EEFR IR AL B E o s MRAR I T e F N B EFEF R E

R R A A MR 0 4 FER § EIR R LT L § TS 3 P IRg e
Gt PR AN E SRR B Rt LR R

A 2 (Alfaradhi et al., 2016; Bruce et al., 2009a; Shankar et al., 2008) °
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(—). # k2.3 4] (mechanisms of maternal effect)

ﬁﬁéﬂ%%%%éw%?%@ﬂmwpzﬂ’ﬁmﬁmiéﬁw

(intrauterine growth retardation, [UGR) % ¥ i 1 & F1% » £/ L2 P §F %2 7 L7~ 4
W AR RS R & ¥ % % @ 4p B 7 mechanistic target of
rapamycin (mTOR) 5@ L > @ FroF @ rsdomn g X PR > g4 £ %

(fetal growth restriction, FGR) & E B ;x (macrosomia) 3 4 (Dimasuay et al.,
2016; Jansson et al., 2012) » @ —fg e A E R bR PR oo ME g Ko
oM ERAE R (GDM) k fp#* M55 5§ F 4 A5 & #%i%iﬁf)’j%? i 2 B
4 % & % 124 (Bush et al, 2011; Ornoy, 2011) » ¥ b= ¥ 5 GDM @ #i +c
Leptin 4 ;% > ¥ & 3% + % J13L hyperleptinemia (Lecoutre etal., 2017) ; 2 &%
FA B E AR RS KA %2 "8 K4 adiponectin o j‘;’fi SRR | N

(Catalano and deMouzon, 2015; Haghiac et al., 2014) -

(=) % B3 @ (Epigenetic)

LB 4y 7 e DNA B 2|2 7o 5B 5 4] 2 DNA 7 A
® 39 8 & & microRNA 2 #¢7 % (Goldbergetal., 2007) » 345+ gk ¥ 4
RAE BT ARE QLS R BE &S F) > Bl TUGR 9B 45 ik

FER o

1. DNA 7 Zitg3 9 it (DNA Methylation and Demethylation)

4 B DNA ¢ E’v’ﬂ:}‘l\vg‘_cég\lsévﬁ}c,ﬁg._l " ABSF o @48 DNA 7 A4
g ATIAR AR Y AR F Y LR DT R B i SaE
e A Tt AP R Y FE 2 A FFRENLE L o R
A E 2 DNA 97 enim B R fg g 2 9 A o of oo ? AR AR G 355
#z vigez_ (cytosine, C) ¥ & v (guanine, G) 3= 7 CpGislands % # > CpG islands
@K MR EATA D 5 et T T R 4 i A Flendi 8 (Jones,
2012) » % Ak N 2 & CpG F cytosine #h 7 B ® Ao, A5 5.

methylcytosine, 5-mc) > %2 e hf 42t 2 5 DNA 7 A # # f= (DNA methyl
15
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transferases, DNMT) » B w 3a i DNMTI f #5647 W k adF DNA 7 At >
DNMT3a 4= DNMT3b £_j ## CpG 4 i* (Chenand Li, 2006) - Hi» el &
B2u5 DNA " AV E B2 7@k o LAy FIRE 4 2 DNMTI 45 44 &
DNA ¢# 22 7 At > S5mc #5iF ten-eleven translocation (TET) §2% i+ e it
* > & w 3] R A& 9 cytosine (Kohli and Zhang, 2013) ©

L 4 3 AL R Rt § GDM £ 7 A i B 0 Lecoutre & A IR
ZH B A @ et (R # (S € ek hyperleptinemia % {6 0 - HFE
¥ Leptin fx#+ X F]7 DNA 7 it enig 45> 2 %% &2 mRNA M2 » ‘})?L Leptin
% JLH 4ve= & (Benton et al., 2015; Lecoutre et al., 2017) o f&* ##scg e 3 + o
» # DNA 7 A EREMRS F RAFRRAMAE N Flz - > d Yuan 987 7
TR A OBELFAARED J et TR ARSI gy aE g

EORAFIARAE (Yuanetal, 2018) -

2. 239 24 (Histone Modification)

EF0 AR TP AR > FF R T ELH R ODNA B &
§724 DNA G 4¥474755 DNA- v HFAF &8 P13 2 AF WP BB ek - i
¥F HI (G AL @4 es 3y H5 - -H2A-H2B-H3 & H4 %7 fa4g - 27
H2A~H2B~H3 2 H4 # % M _E_T%‘« 0 pg &S AR (coreof 8 histone)e

Wit e dov sl B L F > i o it (acetylation) ~ A fik it
(phosphorylation) ~ ¥ 2k it (methylation) ~ p& & i* (glycosylation) ~ £ % it
(ubiqutination)~ 2 4= % i* (biotinylation)~SUMO 3-¢ i3 4 i* (sumyolation)~ ADP
Fi#E L it (ADP-ribosylation) ~ #7 1 i fig i* (palmitoylation) ~ succinylation 14 % 7 =
fie it 12 &7 (malonlyation) % 238 DNA & 4% (Choi and Friso, 2010; Xie et al.,
2012; Yan and Boyd, 2006; Zou etal., 2011) > 4o 2 Fligds + dhjfe Fev 4 2 fai >
’I} €51t DNA erfgssie* » H P chiv* 4] 5 § 39 k0 lysine 442 fEit
2t € ¢ fodb lysine # i T 0 & 782 DNA ehg & 4 533 5 #{ 4 DNA g ér
(Zentner and Henikoff, 2013) o @ DNA ¥ it 22 % §ov i3 &2 B2 5 B8 > bldo

histone H3 lysine 9 =77 ZLit §.d DNA 7 A it #7518 ¥ DNA #& 7 fApFs e
16
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# 39 % ¢ fpf*  (histone deacetylases, HDAC) ~ & 3-v 7 ZL it f= (histone
methyltransferases) 3 < F i¥%* (Fuks et al., 2000; Johnson et al., 2002) °

3. microRNA (miRNA)

miRNAs £~ BiE ] 22548 HRNA A 70 % 4 19 7] 22 BPgpaies » v 12
¥ RNA &5 f A3 B &I P HRATF] 3 Hh2b@gF% (3UTR) > Frf]| 3 4 e
mRNA 2 £33 & v % 2 (Kroletal., 2010) - miRNA M4} 4 3 5 342
T > Al @E 1 miR-165 4o miR-166 #% A DNA 7 A it 254 chu &
F]+ (Baoetal, 2004) » 9 A i chbf4EE% DNMTI # € % 3] miRNA 347
Al den iz 4 b o F I miRNA ¥ 563 S MéEaie v 2 45 (modifiers)
RPEEBL %"ﬁﬂfﬁi‘] ' miR-140 ~ A 7F &-| B ¢ 7 12 4c histone deacetylase
4 3 A FH T* (Tuddenham et al., 2006) »  FJp 35 A& Bid @ 8 3 ol 7

% 7.+ miRNAs # & & e Jﬁ" °

17
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+ Barker L F AP B ORAPEF*F M AZHELEF E 0L ERE
¢ B p (A A i FHF 1 DOHaD 323 (Barkeretal,2010)c #£#® % £ p >
e BEFIOR AL P BE 0 P R Y 4 e B YRR A BT L AE TR

ﬁgaﬁnkmﬁﬁﬁﬁgﬁﬂ’ﬁﬁﬁﬁiéﬁ&&ﬂ%ﬁv&m%

=

(Remacleetal.,2011)e @ i&f8 A {fZ 8 % of FL 8 3 PR BT L2 52 ok
S HAGFETOMETF PR SET N AT PR EHFDL LK
fvd o end g2 (Shankaretal, 2011) 5 F4F & fhentesf SL 5 4 2415
FRZET S EL RS G5 N g A T4 R (Yuanetal,2018) 0 FH A B
PRI R ehp BT REY LR o

Py HIAMF R0 §RT N6 N RLOA T R e L A
BF AU ] o @ AR g A R Blde ko R AFRZLE 1 s F
(Borengasser et al., 2011) » @ S F I 4x SAX R AR B o B ¥ B LRI e = 4 87
Bod AN KA FEAMRL R PRERT o F RN PRGOS SR
&4 €A1 (Goharkhay etal.,2008a; Yuetal.,, 2013) > # @ £ * M/ 35 enp
Wk T2 84w 3 PR

PARBERL D AT S R BEFEAMOE SR T A ES RIS S
BEAMBL RS LRI D AT RBEF LT 0O K8 BB AR B
o ROTRER PHLAE AR E 4 T @ 2LEWE IR T R 0L R RS B
M B 4o o

18
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A R REM L RS R E AR PR

Chow Diet |

| control Diet(cD) |

Western Diet (WD)

SR EEHE
(—). RHEH%

8 i¥# » C57BL/6) ApoE”’- #+ &3 H 3 (&
(=), F&AE
1.
CC = : | Growth (6 weeks)

Induction (6~8 weeks) |

Gestation
(19 day)

Lactation
(21 day)

P ! - Gestation Lactation
WC & | Growth (6 weeks) | Induction (6~8 weeks) (19 day) (21 day)

Control diet (CD) : CHO 63% kcal, fat 16% kcal, protein 20% kcal

Western diet (WD) : CHO 39% kcal, fat 44% kcal, protein 17% kcal + 0.15%

cholesterol

2.

AR RBRAGL BRI AATT AL

MR R uLS F > 8 (Western Diet, WD) 2 £ 3 4] 24t & (Control Diet,

CD): &2 %% 185 % (EI85) Fikit » Bariscd Pyl (74 47 o

{20

CD =

Growth (6 weeks)

Induction (6~8 weeks)

Gestation
( 19 day)

WD ‘& : | Growth (6 weeks) | Induction (6~8 weeks) (??thizr;

19
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LB

=
-%;

AREHR AR L L2 R R AR R L RRIE R

hERE
F Nseslainpl R E &S

N

1f“1ﬂ

I

%

Bﬁi%‘q H&E *» %44 ~ v & 7 ﬂﬁv__‘%\;:‘;m?é’ <o 2B

SE R v F A Bﬁ‘aﬁi\qé"‘]l}ﬂ}%\ uv d Py

+ R g R oFARBE s R R e PR FIRR 2 P AR o e

RaN

B~ 17
RN I SLELY ) R O

4y

G bE -~ §EEALERE LY At

ZRRIE 2P PG F GRBER
F L R AT AR B 1 TR B 0 fla /PR R/ 2 A LR F
S R TR HRE 2 B R ¢ OFHRA TR FRA T A

kil

[R S 3tin g ]

Maternal western diet ApoE /" mice

Maternal control diet ApoE /" mice

Offspring were fed with control diet after weaning

serum lipid

(3, 8, and 8 week of age)

Food intake
(13~16 week of age)

IPGTT (14 week of age)

IPITT (15 week of age)

Sacrifice (16 week of age)

Blood Glucose Regulation

Lipid Accumulation in Liver
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$oF ARIAABLEET A S E SPEARD
75

P ORERZW T A GERT RS E R DE  AF KR

# B ER L A D ApoE” ) RA BN &S T 2 B 3RS AR

RTINS R EHMBAEFR S 4 B L Reh dpoE” SR fe o LRI N

HAE G NI B Fg L RIS A AR N LR T EF S R T
2 ¥

s e

I
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- & Hpler 3k
— %% ApoE” * RA PR EHRBL R

AF % * &4 d Dr. Nobuyo Maeda § 5% % & = ¢ B6.129P2-ApoE™!Une!
&% ApoE L %17 "fTT /] & (Piedrahita et al., 1992) - i ApoE” * R ¥ 4 4] &
w2 L @R ApoE” A R0 B 6 X PER LB FASHE > J chow diet
(LabDiet 5001, PMI Nutrition International Inc. Brentwood, MO) x4k & $7 4] 45 &
(Control diet, CD) & &_& = 4 & (Western diet, WD) » % # 6~8 ¥ isrr T4 H 3
PEEG g S R4S SR ApoE” X R Afe A RURZ S H BB PR HFA
WAYEF R asHFEDFHES CD 25 WD -

1. 16 F#+F i Q4%

~

&+ it 414 (Postnatal day) % % (P0O) fr#rst (P21) B> * &3+ = 9 g
4 ) PRI TR RE o RIR L ZE f  REIRR w0 R R G R

R AR RWERY TR I S 2 G0k PRRBE R A 2222T 0 kR
W2y L s 12 L (8:00~20:00 5 kPR 5 20:00~8:00 3 27) o

Eha
a>

A

ETIS

2. EI85 F ftnipehd R&F S e Rk

A RSP A E N B EFHMBL S 0 3 BEK 6 F# I AR AR
TG EA A RSOREY R A B 510 2 - PR T RRZ
o E RE 5 185 X AR * B S 18U SR R fRak o Pl A
PR RLE S B PR S P A A WD R A F 2 TR R YR
#T -80°C s B {3 F B AT P ERISE T 5 7R TR PR g B
IGrAAAE e 4% ¢ PFA 3 ? 4°C B®- X {60 B3R A PBS gt

4°C pkfh o

22
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= é‘pﬂﬂ.gﬁﬂ

*FE AR e FapL kv (Casein) ~ %ef: (L-Cystine) ~ % F ik (Corn
Starch) ~ & #& (Sucrose)~ g 2% (Cellulose)~ = & % (SoybeanOil)~ AIN-93G ¥
AL AIN-93 M4 % & 4~ #24k (Choline) 228 = 4 & chH R K © &
& -k (Milk Fat, Anhydrous) 2 "2 %% (Cholesterol) e fiz @l = 3% 5 #-2 fa4s )
AL EEAS & (£ Z-1) W B[R A A r b RSB A

B3 4 %F T -20°C o

1. FHAle4s

AR Bl ed 8 L 2% Reeves % 4 e AIN-93G 4lfe *  (Reeves et
al, 1993) B scdm $ens 2 A FHEFPERF A AU L 642% BRI A
15.6% %72 20.2% 35 f o

2. T4k
¥ % %% Plump % 43t 1992 i % 21 ¢ TD.10885, Harlan Teklad & = 4

el Bera g HEFS S 3B ;}%jggﬂ;f]: be PETE RS > © & o v b R
pmE A EE 60% 12+ (Plumpetal,1992)c @ A ¥ %5 [ 546 A&p ¥ bk & ¥
Biez A X 2ERFA A5 404% Bkt &4~ 431% %39~ 16.5%
B R 0.15% EFM &AL X FHRALARESTEF IR T
# 49 ¢ 3 % 3# (Gaschromatography, GC) 4 17 & = 4% & 4kl e & » FE 2% 3 P9 Wik

o
ETIoL )E o

23
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% =-1% Bk AL e
Table 2-1 Composition of test diets used in the experiment.

e Control Diet Western Diet
g/100g diet
Casein, 80 Mesh! 20 19.5
L-Cystine' 0.3 0.3
Corn Starch! 52.9 11.5
Sucrose! 10 34.9
Cellulose' 5 5
Butter, Anhydrous' - 21
Soybean Oil! 7 2
Mineral Mix, AIN-93G-MX (94046)? 3.5 42
Vitamin Mix, AIN-93-VX (94047)? 1 1.2
Choline Bitartrate! 0.25 0.3
Cholesterol, USP! - 0.15
Calorie density (kcal / g) 4.0 4.8
CHO (kcal / keal) % 64.2 40.4
Fat (kcal / kcal) % 15.6 43.1
Protein (kcal / keal) % 20.2 16.5

Ingredients source: Casein (MP, USA) ; L-Cystine (Wako, Japan, Cat. NO 031-05295,
Lot # SAL6748) ; Corn Starch (Samayang henex, Korea) ; Sucrose ( & #%) ; Cellulose
(JRS, Germany) ; Butter , Anydrous (% i & 8 & -K47 4 ) ; Soybean Oil ( & #£) ;
Mineral Mix, AIN-93G-MX (MP, USA) ; Vitamin Mix, AIN-93-VX (MP, USA) ;
Choline Bitartrate (Acros, Japan, Cat. NO 67-48-1, Lot # A0362262) ; Cholesterol
(MP, USA, Cat. NO. 101380, Lot # M4037)

2The composition of AIN-93 Vitamin Mix and AIN-93 Vitamin Mix is as described in J

Nutr, 123:1939-1951(1993) (Reeves et al., 1993)

24
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% Z -2 Ay iaph E S
Table 2-2 Fatty acid composition of the diets used in the experiment.

Control die (n=3) Western diet (n=3)
SFA ( kcal /kcal)% 2.6+0.0 28.3+£0.1
MUFA( kcal /kcal)% 3.7+£0.1 11.2+04
n-6 PUFA( kcal /kcal)% 84+0.0 3.0+£0.0
n-3 PUFA( kcal /kcal)% 1.1+£0.0 0.6+0.0
L g kcal . _ FA (kcal)
\‘:J'f# - FA% X Fat ( ) % +100 = total energy intake(kcal) %
=3 %
FARMAFXeE POy 32 9 BRE AT 4 BT fi&’\!pﬁ‘%‘3—$lbgﬁﬁb°
i (P21) % £ 8 4 ] PFEEL L 2 YR TA T 2 SRR R A

#ri- %3 CDe % 3,8, 13 ¥#:2Fn 7 ddd » P E ,—;{—C’ - faH ﬁaﬁ:m%
FiRER S % 8 FHFLPEFAEIETTRME 0 14 FREFH FHA
MREE 0 15 TR G F AT PRRIE 0 16 TR

e R X

ARAGEFED L GHE T I SRME DT - % (B05) 3k ddFx
(PO) 2 & (Sggst (P21) 4B # & 4 [ pra ;5 MRt - 8 e 13

FRHES 4 e AT O BSES 4 FENCRELIRGHEEY
100 uL 5 % > # % 30 4 475 2 1000 rpm, 4 s 15 A48 B i e
BT FALE PRAL AT E M R R 80°C WH TR AT AT
ROL6 FREpF B ERF L 12 ot R BAG IS 8 g}
FARE AR e > @I FFL AT E R ER S FEF- F 200 pL
iR i 9 R Apd ¥ (FPLC) A~ 47 > 2 e flepw F 0 & § 60 pL » % 0 ot
% -80°C o
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I~ RS E F A 1R (Intraperitoneal glucose tolerance test,
IPGTT)
. ¥FEpd
FXATEREE P AR S 10% 0 FHEA R > P~ glucose (sigma, Cat. No.
G8270-1KG, Lot #SZBF2020V) /% ** & Feh= & k323 R & o

AR 14 FRPFEFONE D 9 BES 6 FTTE 3 B FE%RT 2]
g KL T - P ERABET X HPARFRIRE - L 35 F B TR 4
Ap PRI R ™ @ Rin T e S % % Accu-Chek® Performa (Roche
Diagnostics, USA) Bl % 0 ~ 45 #EE > HFF 40 N F 5% %1 5 1 mg/g
WE T EMART LR 215 15306090 v 120 A 40t 5 4% kBl
¥ & #& (Papacleovoulouetal.,2013) 4477 ‘e ff L PRl B £ B L 2 34 5
AR G A 0 1T ST R S AR ik

N R s E % @ (2R3 (Insulin tolerance test, ITT)
1. #Exprd

¥ARMRWERS 0075U/mL %% § %30 2 RkAR S 9.5~11.5mg/mL
(¥4 302.4 U/mL) ¢h+ %% & % (Sigma, Cat. No. 19287, Lot # SLBMS131V) 143
1 PBS #f# 4000 # -

2. R

3A 15 rdspER {7 saAzd IPGTT 4pk » #92iist 0.75U/Kg M & 9% 5 4
L ARSI R 1553056090 fr 120 A4 B > 2 A B L PER

o BEE R R E Y RT G A 0 (T L NG F Rk o
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£ ~ 48 § & $R3E (Fed glucose levels test)
%15 F#po b 9 gL B iR 8 48 &R Accu-Chek® Performa | £ 4¢
G e

AN~ #8 6 pFih2s B ik (fasting 6 hours blood and serum
collection)

G159 BET RGBT S uAS TS 3 BEERE
fo B % PE R gL %t -80°C FEH L SR =% G £ 0 B FIY 3 3 Dipotassium
EDTA fic® B 745 # ek 20 8 50~100 pL vk %75 > & -2 GlukoPet
Alc it ¢ 3 A7 hipl Tt & 2 (HbALC) -

IRY TS TER I
. 9%y

pefl 75% iFpE o mERIP A * o fefl A %53 % phosphate-buffered saline
(PBS, 137 mM NaCl, 4.3 mM Na;HPOsand 1.47 mM KHoPO4 s pH7.4) 573 Fjis i@ * o
fie Bl ' % 7] Lk Paraformaldehyde (PFA) - * ‘5 < PBS 4 » PFA # %
(EMS, Cat. NO. 19208, Lot # 170104-09) pe @l = 4% ¢ PFA 3% %3t -20°C >
BpT - 2B I 4°C kLR -

2. HEPIE

Foebf+ A%-4&a CD I 16 &Sk orat 8 BRI & 1
BEZS 12 | B EPEDTALPEENEIY BT L RY BUESL R
Accu-Chek® Performa (Roche Diagnostics, USA) R £ # 9 a 4% o -] BUY & mF ' o
Peg & ) 1~15 mL {5 G R v R kAP A F o e
(interscapular brown adipose tissue, BAT) > B3P~ "3 E 6 4 #5795 e & (inguinal
white adipose tissue, IWAT ) ~ ##5¢ (liver) -~ %&%8 (pancreas) - "% (spleen) ~

%% (kidney) ~ "E"cfé v ¢ Pg ik (retroperitoneal white adipose tissue, IWAT) ~ 'Ié‘_’iijl
27
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v ¢ #5397 (gonadal fat, gWAT) ~ %% % 5+ (gastrocnemius) £ +“ B & %% (soleus) #*
EfefA 2RI MEYRF 2T g ¢ R3 80°C ke B R AT B
B EAVFER B EE 2 7.5%, 15%, 30% ROHES e YL 8 & A (optimal
cutting temperature compound, OCT) #13 & -80°C » f4r e e » 4% «H PFA %

e 4°C BR- X (5o Bk R ¥ PBS i3 4°C ki o

ToRFArESH
(—). & FZ Y W fy (triglyceride, TG) il 2
4] * g% % Lipases ~ Glycerokinase (GK) + Glycerol-3-phosphate oxidase (GPO) >

Peroxidase (POD)#? TG % » & {8 & 4 X = ¢ &1 Quinoneimine > B|& & 500 nm

FrR kB > kP E R F YA kR o

H pad 4T .

i
. . ipase .
Triglycerides+H20 Glycerol + Fatty acids

GK Gl 1-3-phosphat
Glycerol + ATP e Glycerol-3-phosphate + ADP

Glycerol-3-phosphate + O2 ﬂ, Dihydroxyacetone phosphate + H202

4-Aminophenazone+4-Chlorophenol+ H202 ﬂ; Quinoneimine+HCI+4H20

F B L7 &2 e (Randox, UK, Cat. NO. TR210) » #- Buffer 1 (3
Pipes buffer, pH 7.6 ~ 4-Chlorophenol ~ Magnesiumions) £ Enzyme Reagent2 (7 4-
Aminophenzaone ~ ATP ~ Lipases ~ Glycerol-kinase ~ Glycerol-3-phosphate oxidase ~
Peroxidase) j& & fie & & Jgi# Ml o f 96 34&4e r d 200mg/dL kR B 7R R
Br s ANMZEIFLZ 0 Fokenz x-LE 10uL = £45 (s » £ 12~ K pipette 4c
~ 200 pL reagent > R £393 {5 >R TF R 20 245 0 PlE 500 nm 2%k

oo BRI ek g PR M Y Z R kR
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(=). & 7 %" FfE (total cholesterol, TC) iR 2

H R L JI* B22% Cholesterol esterase ~ Cholesterol oxidase ~ Preoxidase £
Cholesterol ester ~ Cholesterol % > i {s & 4 ;£ %= ¢ 7 Quinoneimine # 500 nm
BlEBEE > 2 S EHREEFABLER o

H Ry

Cholesterol est .
Cholesterol ester + H20 O » cholesterol + Fatty acids

Cholesterol oxidase

Cholesterol + O2 » Cholestene-3-one + H202

2 H20: + Phenol + 4-Aminoantipyrine —Lreoxidase o Quinoneimine + 4H,0,

%% 8% % (RANDOX, UK, Cat. No. CH200) © & 96 3445 4c » 4 200
mg/dL k& B 4o A SRR iR S AR (S 2 Faas Kok g 10pL S
£AF 15 0 £ 1L~ pipette 4e » 200 pLreagents R £353 50 3R T R 20 A
46> )% 500nm 2k E o f 1P Bk @ A SR W ARG E Y R
2

(=). = 7 2hfig U ' 95 (nonesterified fatty acid, NEFA) | 2

mH 8 % 2 (Wako Cat. NO. 294-63601, Japan) 4 #7 » R IZ 5 & Acyl-CoA
synthetase (ACS) 3 &7 NEFA ¥ 3)= Acyl-CoA - z_{s £ 5 d Acyl-CoA oxidase
(ACOD) g iv 8% g4 F¥d » 12 550 nm B exk o

b A

ACS
R-COOH + ATP + CoA —— Acyl-CoA + AMP + PPi

Acyl-CoA + Oz _ACOD ,3-trans-Enoyl-CoA + H202

2H202 + 4-Aminoantipyrin + MEHA 12]3» [Blue purple pigment] OH + 3H20

B RAB#-7 5 Coenzyme A (CoA) & ASC - Chromogen Reagent A 4¢ »
10 mL Solvent A fie fl = color reagent A ™ % 7 5 ACOD ¢ Chromogen Reagent
B 4c» 20mL SolventB fiz @l & colorreagentB > #@# % = {s %53 4°C> - B

WMEN E o 2 R oo
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2 {8 % 96 it EE wi AR & (Oleic acid 1 mEq/L) > A 714§ = 4uL
1.97mEq/L ~ I mBq/L ~ 0.5mEq/L 1 % 4ul = = k% % v 5% » #2F B85 4ul
{7447 o k4~ colorreagent A 80 uL/well & & {83t 37°C #kF & 10 » 45>
£ 4c ~ color reagent B 160 uL/well & & {6 37°C #kF i 10 445 > B~ 4158

fgBlE 550 nm P& Xk o

(m).  &ifrds AGAK
ERGRAE S PR B R g £ 200 WL 3 5 % %5 Bt it dire
PR R E B TEE 39 R4p 4 #4417 (fast protein liquid chromatography,

FPLC) -

1. ¥HEH

(). $e& B #200ul R & 5§48 300 uL PBS #53 iR & & 500 uL <k & -
(2). BiREH: PBFTE 20% FpF > PBS M E - =k At A F S 0.22
um =% (Millpore Express® PLUS) 4 # /g > £ SiE42F ;ﬁ#&i{"% # (Branson

5800 Ultrasonic Cleaner) = it i& * o

2. REMF

AF i g E S AKTA™FPLC (GC Healthcare Life Sciences) ® ~ #1415
SuperoseTM 6 10/300 GL (GC Healthcare Life Sciences) f-#ic4#8 UNICRN Control
Software (GC Healthcare Life Sciences) » ™4 1 mL 4% ;L » 500 uL & &8 > 3%k =
oniE 025 mL/min PBS i > & S00uL 4cf - ¢ > £ 40 ¢ -
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3. BAAH

#* 3 &2 2 (RANDOX, UK, Cat. No. CH200) - P~ 200 uL 7 FPLC /&%
Jo %~ 25mg/dL ek R - ok (blank) 6 A ERIF T v BEE P
der 500l sPF A BRIP4 F B 20 A4 e 500nm ok E o kR
TA AN EIERY EREEER o

ODsample — ODblank
ODstanderd — ODblank

i ERERER = X 25 (mg/dl)

(#). & ApoB § £ 445

Bl L HES 12 ) PFEEEL Y ApoB kA4 * 7 8 %2 (MOUSE
ApoB Simplestep ELISA Kit, abcam Cat. NO. ab230932) ] %o #-s i % %1% 8000
%> P 50 uL %% 2= 4 51 coated microplate © & 3L L 4~ S0 uL F F M
Antibody Cocktail -} =7 capture £ detector antibody > % g ™ /4 400 rpm ik
2l 1 /B> £4F 3 & wash {§# 344~ 100 uL TMB Substrate % 8 * 12 400
rpm ¥ K E 15 248 0 FF 4~ 100 uL Stop Solution » | £ 450 nm =k > E

s kBN R RS E ER o

(5%). & % % % (insulin) 3 £ & 47

BT ELHe 6 12 12 JFREHLFY R FRA P2 B
i (Ultrasensitive Mouse Insulin ELISA, Mercodia Cat. NO. 10-1249-01) B %_° #.©
& % # Mouse monoclonal anti-insulin &7 96 344 @ 4c » 25 ul ek 527 4% 5
s 4r » 100 uL conjugate Solution (Peroxidase conjugated mouse monoclonal anti-
insulin) 28 TR REFT 2 P> 2 {8E4 5 & wash (&4 » 200 pL Substrate
TMB # % 15 445> &% 4 » 50 uL Stop Solution (0.5 M H2SO4) > & 30 4 45 p
Bl 450nm Bk o B i HRAR S R B A d B ME s K AR RS

HhERR
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+— ~ BI& % § % Fe#L Homeostasis Model Assessment (HOMA-IR)

#1985 #d Matthews % 4 #% ) 17 Homeostasis model assessment (HOMA)
(Hill et al., 2013; Matthews et al., 1985) » @] & iR L4 & ehZ Lo B2 2 7% § % 0k
B SETRASITER% L FOOEREIe %G FRAR S I APM I Flt i

HOMA-IR 2038 k2t 85§ S pefuld o 250 5 ¢

Glucose(mmol/L) X Insulin(mU/L
HOMA — IR = ( /2)25 (mU/L)

+ =~ P # 5@ E:335% (In vivo insulin signaling studies)
R MEYNFERAMBL RIS AL FRR PR AP

R#ESG 6 112 12 ) FFisyisnl 2 (2U/Kg body weight) » 5 A 4% %] 12

3
=

R T R B Rk R s o 30 80°C # P (e S BB
F AT R B e kY R b RS PRt F R R -

+=-8& 3 5%+ (Western blotting)
1. &5
(). 8 HiwR

2 Radioimmunoprecipitation assay buffer (RIPA buffer) (Thermofisher Cat. NO.
89900) #f# 7X protease inhibitor (Roche Cat. NO. 04693159001) £ 10X phosphatase
inhibitor (Roche Cat. NO. 04906837001) & & {& " & e &4 f25% o

2). =5
P~ 100mg =322 300 uLRIPA Z fai 30 F 8355 15 > & 4°C, 12,000 rpm,

20 min & {7 3. P b ik o 2 {812 Bicinchonine acid procedure (BCA) 2 i& {7 v
B g A# reagentA 22 B 1 50:1 a4t iR & & % 4 workingreagente & 96
JLaE e e 25ul R E R (0.540.2540.125+0.0625~0.03125 mg/mL bovine serum
albumin, BSA) ™ 2 & 515 4 » 200 puL working reagent > FER R {ci=3 30 Fis
BE RN 5 60°C, 30 min 0 #Fw i {6 * ELISA reader /B] 562 nm % »
FHRARE W BT X3 E fo FER -
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(). kEAE
FEABEAKTE R DF TR 0 # 4X laemmli sample buffer & f-

Mercaptoethanol (B-ME) 14 9:1 &t G o 4e » s F g -kig 100°C, 5 »

4o B EARTEY > A E X @ Ak AR E B B -80°C -

2. EBRK

(1). 4% SDS-PAGE

Resolving Gels Stacking Gels
10% 12% 5%
ddH20 4 mL 3.3mL 3.4 mL
30% acrylamide mix' 3.3 mL 4 mL 0.83 mL
1.5M Tris (pH 8.8) ! 2.5mL 2.5mL

1.0M Tris (pH 6.8) 0.63 mL

10% Sodium Dodecyl Sulfate (SDS)'2 100 uL 100 uL 50 uL
10% ammonium persulfate (APS) !+ 100 pL 100 pL 50 uL
TEMED! 4uL 4uL 5uL
Total 10 mL 10 mL 5 mL

Isource: 30% acrylamide mix (BIO-RAD Cat. NO. 161-0156); 1.5M Tris (pH 8.8)
(BIO-RAD Cat. NO. 161-0798); 1.0M Tris (pH 6.8) (BIO-RAD Cat. NO. 161-0799);
SDS powder (J.T Baker Cat. NO JT-4095-04); APS (BIO-RAD Cat. NO. 161-0700);
TEMED (BIO-RAD Cat. NO. 161-0800)

210% SDS fe#l 1 10 gSDS 4t » 100mL = =t-k » # % pH &3 7.8 %% 3%
SAPS fefl @ @ mpeld 0.1gmL A * 2% 4°C, 5 = 2
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3. F9 FRA
(1). @ # 10X running buffer:
Component FEE
Tris 303 ¢
Glycine 144 ¢
10% SDS 100 mL
Total 1L

Tris (Omics Bio Cat. NO. BT5011) 4= Glycine (J.T Baker Cat. NO. 4059-02) 4«
> 600mL -k3=3 R &3 f218 > £ 4> 10%SDS100mL » A % pH &1 83 >
TEI LL> %53 4°C; & & * 3 & 10X TGS Buffer (Omics Bio Cat. NO.
IB3371) » 2 is@* s frff > 2 £4F R * o

(). TAEEZ I 40V, 40 A4 L 120V, 110 A4 o

4. Fv FHEE
(1) pe @ Transfer buffer:
Component E
Tris 303 ¢
Glycine 144 ¢
10% SDS 100 mL
Methanol 200 mL
Total 1L

Tris §= Glycine #r » 600 mL -k353 B &3 f%15 > £ 4v » 10% SDS 100 mL
£2 200 mL Methanol (Honeywell, SKU: AH230-4) > # 2 & 3] 1L; &4 @& * 3
& 10X Western Transfer Buffer (Omics Bio Cat. NO. 1B3351) > ﬁrﬁ = 1X Transfer
Buffer 800 mL 2z {& £ 4c » ? & (Honeywell, SKU: AH230-4) ¥ & * o 2 {5 i3
AC, A2 (SiER o EAFR Y o
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(2). 0 FHEE

# #& &7 v P0.45 PVDF membranes (GE Healthcare Life science Cat. NO.
10600023) = ¢ ** 100% Methanol (Honeywell, SKU: AH230-4) 10 4 45 > &
Transfer Buffer # #-—+ & ~ /3% ~ g ~ % ¥ 2 2 PVDF membranes % & 4% > i# #

Mini Trans-Blot® Electrophoretic Transfer Cell system (BIO-RAD Cat.NO. 170-3930)
B 4°C k#2250 mA #E 110 A 48 0 25 2 Ponceau S FEinE_Z e A 3 o

5. O FaBRd

(1). =l 10X TBS

Component E
Tris 242 ¢
NacCl 88 g
Total 1L

Tris &2 NaCl 323 323 % pH &5 75 > 2831 1L »RFAE FF33E-

(2). fe®l 1X TBST

#frfg = IXTBS1L {4~ ImL & TWEEN® 20 (SIGMA Cat.NO. P2287-
500ML) ¥ %z TBST -

3). f# L4

fe @ 5% BSA (BioShop Cat. NO. ALB001.25) # TBST # » 3 2 F & 1 /]
prie 7 o4y (blocking) - #l#- 5% BSA (in TBST) 2 {4 ¥ #:4c » 11 5% BSA ff-
PUERL 1 e A PR (R 2 -3) RRETF BRE RSB vz v TBST
e 3 X B S A& e r D BFM o FRT 60rpme F R 1) BEB
Mw oz o 2 18 k2 TBST #ik 3 = { » #32 » ECL (GE Healthcare Life

science Cat. NO. RPN2235) & Jiz 1 A 48t5 » & UVP 2 kBl s su/BR Y o
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% =-3 4
Table 2-3 List of antibodies used for western bolt.

antibody Host dilution fold company Cat. No.
AKT (60kDa) Rabbit 1:1000 CST #9272
p-AKT (Thr308) (60 kDa) Rabbit 1:1000 CST #9275
p-AKT (Serd73) (60 kDa) Rabbit 1:2000 EPIT MICs #2218-1
B-actin (42 kDa) Rabbit 1:5000 GeneTex #109639
6. ¥4 Fud

% * Image] 1395 Miller 1> ;4B % 5 %:2(7 30 F & (Miller, 2010) >
2t BERpac Akt TR EF fu B Akt FR L EREFSAI AP O ES &

BRREL 1 v F iR o

+ s g R R

(—). g% 2 % H&E (hematoxylin and eosin) 3% & *» %

| e :%g:}iné m”qﬂﬁi%‘«ﬁ"‘ 4% PFA ¥® 2 - ¥ {é4 = PBS %%

2. &% PBS fef] 3% agarose (Sigma, Cat. NO. SIA9414) #-— b fenle
B A e S

3. T RAF IR L4 g’i% % % 3* H&E (hematoxylin and eosin) % ¢ -

4. Fp PR kB R pcar (Zeiss, Axio Imager M2) BLE» B T a7 itk B
T enpe ? (Zeiss, Axiocam ERc5s) i 7 % e 22 B it g o

5. % M RED LSRR Parlee 07 N * B Y AJZAEN Fiji #iE
% Adiposoft kit {7 75 ¥ _E'J]%k T E o TR REETI* Microsoft Excel 2
F2hE L BT ) s P = R A FAESF (frequency) 2 14 E (T (T
(Parlec et al., 2014) o B4 > ;N 5 & &8P 3~5 B r» X B AE 5 %%

« 200 % T AL o
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(=). 5K 2% H&E (hematoxylin and eosin) 3% & *» %
gkt e QTS‘«I BEF LA B 4% PFA Hz - Bo ! s+ PBS
EWEG o BRHBE e

(Z).  *HREH & O (Oil-red 0,0R0) %4 = %
. ®Ha: %4’}19‘: PR Y 4% PFA Bl 7 - Bl (s3 PBS £ HiR:

21N

2. #mp PBS ¢ Pl MEMRBRDEFER AR
7.5% ~ 15% ~ 30% FMEB iR FER A~ PR AN BT - BER
Bois e 30% RAEARE - BoL B hgpsk b uis ok ¢ @& (optimal
cutting temperature compound, OCT) (Sakura Finetek) & #2 > %53t -80°C o

3. R I P BERAEFY AL EFOPREY | BN 28 BAEL
i3 %8 B (chamber temperature, CT) % -18°C —%i’f%*ﬁ@%fﬁﬁ&‘iﬁ)i

_kyl;l

(operator temperature, OT) % -16°C > ™2 8um E R E{F77 F o 2

m
\ T
4

& 37°C Wi R 30~60 A ABiE g -20°C -

4. 8 =Rl 0.25 g ORO (Sigma-Aldrich, Cat. No 00625-25G) # % & 99%
(VV) chE 3 & (Fisher, CAS: 67-63-0) 12 30°C ¥ #§#£ 2 | p » petil
0.5%, 50 mL éhiifesife o % ¢ # E #eihipip - okt 32 ant Gl R
£ 10 #4815 > M- B AERETTRY > 6 R R o

5. &4 -}b,% :

(1) 5 azETEE 12 2 55 %

(2) 12 PBS % 80rpm,5 A 45k = = k2 OCT

(3) ™ 60% isopropanol Eix 3 A 4a

(4 * ORO %A % S0tpm ~ % 10 A48

(5) 7 60% isopropanol jBi% 80rpm, 4 44k > EAF S =0 {814 p Kok neR
(6)

(7) * Lithium carbonate (bluing solution) ;& 3~4 T {3 p k-kinik

1 Hematoxylin (Sigma, Cat. NO. HHS16-500ML) % 30 #j{s 14 p -kt

(8) & {s 12 Fluorescence Mounting Medium (Dako, Cat. NO.S3023) #f %
(9) Hepdppeins > 'Y H&E %74 7 24k o
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(). ”"?’i.éf_%‘i: & ¢ e¥_(dihydroethidium, DHE) % ¢ *r %

1. #Zue DR *H—g?«kﬁx—"ﬁ‘#é JRBET R ERES S T7.5% ~ 15% ~
30% E MBI — P L OCT & 48 » 2P iadif>r ¥

2. %4 p@l DHE %5 c@* F 5 Fwie 2 5 F P78 4ttt
& 12 PBS ## 2000 & i & »

3. %‘355.3?355’?&3:%3#EF5’%"ﬁllf%%ﬁ%fié 30°C # % 30 ~48

4. dpR R BRI FREFFERPR

+E R A
(-)  EHTE

%+ Folch % 4 ¢ j# (Folchetal, 1957) » B~ & 343 3+ #5100 mg
BEHggAc 6em g I EE Y o AT 7 P PR EPR S CHCE
(Fisher, CAS: 67-66-3) £ CH3OH (Honeywell, SKU: AH230-4) ™ #8 4 2:1 =& »
£ * 32 (IKA, T10 basic ULTRA-TURRAX® Crushing Disperser, Germany) &
B gd - BLRAERTIAR RS L i B F PR R B e Bk F
P B I 10mL {823~ 20 mL & &-Hg %3 30 -20°C -

(Z).  EEZ pRH i Rl R

%3 &% % (Randox, UK, Cat. NO. TR210) ip| %_o B~3F53 5B~ 50 uL i
JoiE 0 6 om PIFL U IEEF R TR b RIS RS 4~ 1 mL R A R
B 5% 40 pL 200 mg/dL eh= fe i fa Rk &0 $4e 2 1 mL R Al R 6
W L mL R A AR A2 G5 F i 20 AAESBY 200 uL 396 3

Bl 500nm WK o ST S N2 BRI B A R

le — Ablank 10 1, = F
A sample — Ablan X 80 (ug TG) x (m ik )

TG (mg)  Astanderd — Ablank 0.05 (ml,B’»ﬁWﬁp)
Liver (g) BFFE ()

TG (mg) : TG (mg)

bl S -2 ] -~ 5

Liver (2) X total liver (g) P
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(). R EE R

%7 &% % (Randox, UK, Cat. NO.CH200) il % - ¥ £ & 6cm 3T r 32
¢ 4ex 20uL B & &4 [Triton X-100 (J.T.Baker, Cat. NO. JT-X-198-07)] £ %
P SRR A R S 0 R E B 100l 0 B R T R RIS R 0 2t 4 2 ]
mL F A £ B §riE R e~ 20pL Boa B A REC 0 - F 4o~ 40
uL200 mg/dL "2 FFE 8 50 ¥ - § (75 20 @& b fhie » 1mL F & i
L2 (S F 5 20 A4B1EB0 200uL I 96 t4Eip] % 500nm vk kg e i T

2R E R AR S R

le — A blank 10 (ml, %8 %4
A sample — A blan X 80 (ug TC) x (m {gj %)  10-3
TC (mg) _ A standerd — A blank 0.1 (ml 2488 4)
Liver (g) BFEE ()
TC (mg) . _ TC (mg)
Liver (g) X total liver (g) = e

(m). RSP 1 T ERR

@ %7 &% % (Wako Cat. NO. 294-63601, Japan) A 45 » | e B # 4ow o7
7 0 % 5B 1 mMOleicacid20 uL » 5 ¢ %% P~ 10uL = =k 5 # 50 £.2 100
L FRg R P e 6em HIF T v Fp b 1FY kAT e RE S T FRE R
g® 4v»~ 200 pL 7 color reagent A RF R &£353 18 & 37°C F & 10 » 48 {
ser 400 UL colorreagentB RiF iR &394 i & 37°C F i 10 A 4o B w8

6B~ 200Ul I 96 Ft# 12 550nm PRk EeZ {80 a5Vt E NEFA 3 £

A le — Ablank 10 (ml, = & #¥#
e K 20 (nmol NEFA) x —0_(mb & #48)
NEFA (mmol) A standerd — A blank 100 (pL, B~#:88 %)
Liver (g) BITE (g)
NEFA (mmol) « total li _ NEFA (mmol)
Liver (g) otal liver (g) = A
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+ 75 ~ 3# 3 mRNA (Extraction of total RNA)

i@ s fl* TRIZOL #- DNA 2 RNA p | T‘a\ RN RESLEPAR. B U N4
chloroform 4 #t DNA ¥ RNA>- 2 {12 isopropanol i {77k 4T Xk 5iF DNA
3 "$ FedR 18 18 Bl e RNA ¥ i# {7 i #& 4% (reverse transcription) » &% & 3 3 4 1
DNA (complementary DNA; cDNA) + i® 5 2 {& WP R & frig 44 & & (real-Time
Polymerase chain reaction; rt-PCR) #-4x o

. 9%y

#% 7z 3 1 mLTRIZOL (Life technologeies, Cat. NO. 15596081) 7 2mL #k&
w5 75% F Y RNase OUT if & i ehd 7 ~ 4f friafHh s 17 & eh
RNase-free -k 2.3 $+iFp# (Fisher, Cat. NO. BP2818) fe @il = 75% iFp# i3> -
20°C 7k * o

(1) B~d1iE5 -80°C Eﬁ%& » 2%~ 7% 1mLTRIZOL ¢ 2mL jic# &< g ¥

(2) #r > 200 pL Chloroform (Sigma, Cat. NO. SI-C2432) > & # 15 #jté BT
BE S A4 4°C, 12000 pm At 15 A4 0 B
free s 1.5mL 3o g o

(3) 4v» 500 pL Isopropanol (Fisher, Cat. NO. BP2618) > F{ci 3 6>+ 3 B # %
10 » 48 > d 4°C, 12000 rpm &t~ 10 4 45 0 # f Rt RNA Ak e

4) 1 1mL75% A2 EpEid it 2-3 %5 > 12 4°C, 7500 rpm At 10 A 475
§ 2N b ABIC% RNA A o

(5) r4if £ & RNase-free water & & RNA 7Lk °

(6) *#% RNA #f% 10 Bi{s® 2L 3 uDrop™ Plate (Therom, N12391) 2
ELISA reader B A260/A280ratio frik & » FEdrt E4%iT 2.0 (67T
—ﬁ—i“,’f DNA o ##B~e7 RNA B34 = 7 F 4k cDNA > H4&4L

#p %53 -80°C k4 o
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3. -i',f DNA

"3 8% % TURBO DNA-free™ kit (Cat. NO. AM1907) 4 % DNA :

Component ZTEE
4 ng RNA + RNase-free water 10 uL
10 X Buffer 1 uL
TURBO DNase (2U/uL) 0.25 uL
Total 11.25 uLL

Rl RS RANR £ 10 0 & 37°C F Ok 30 A 481 F 4~ 0.5 ul TURBO
DNase » ¢ 3.8 41 11.75uL § 528 37°C & J& 30 2 4584 » 2ul 25 mM
EDTA > & fi fs4 5 A4 27 DNase 24 25272 hfd 4 b Al i
B b dR ) 1120 I AT gL F o

4. RNA F &&= cDNA

HRp@ sl ipigéxpes > K-H L RNA #8455 34 DNA- A2kt * 2

{477 & 2 % SuperScript® IV Reverse Transcriptase (Fisher, Cat. NO. 18090010)

(1). #l % Random hexamer

Component TEE
RNA 11.2 uL
50 Mm Random hexamers 1 uL
10 mM dNTP mix 1 uL
Total 13.2 uL

#- 50 Mm Random hexamers £ 10 mM dNTP mix & & 4 88 {5 Fg 0 4 40 »

RNA #ie? o & 65°C F Ji 5 #4818 > sk b iagr | 48 e
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(). #H L Fe » K AETEA N

Component e
5 X SSIV buffer 4uL
0.1 MDTT ms
RNase OUT 1 uL
SuperScript® IV 1 uL
Total 20 uL

BB AR 5 20pL g s g 2~ PCR machine (FlexCycle2 basic unit)
B RF BAEA LT 23°C, 10 A4~ 55°C, 10 A4~ 80°C, 10 A4 o % 5 F
H A P24~ 0.4 pL RNase H 37°C, 20 A 45 7% %7 % - % cDNA & >

W 20°C Ak e

+ £ ~ TR & frsadl F & (Quantitative Real-time PCR, qRT-PCR)

iz * SYBR Green system (QuantiNova SYBR Green PCR kit Act. No. 208056)
kit {7 qRT-PCR > H RIZZ 4 » i 82 % DNA q‘;{@ M {2 ke SYBR
Green> #iE M pl¥ LME 5wk k¥ f PCR 24 > % P 1 DNA Z E&F ¥
KR gAXS LR E > T PETREE (cycle threshold, Ct) & p A FIARE §

=X koL xlle ™ internal control 7 Ct B2 15 T ¥ {7245 5 B b o

I. #f cDNA:

57 @ qRT-PCR ¢ Ct & & 20~30 %+ » %if ¥ 0¥ cDNA FHf# 1
¥ kR e
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2. FRiEA B A

Component TEE
cDNA 2 uL
primer 0.5 uL
ddH20 7.4 uL

ROX 0.1 uL

SYBR Green 10 uL

Total 20 uL

E “,% cDNA b eig Az & € > LR & 4c ~ 96 well PCR Plate (Gunster,

MB-Q200) ¢ » & 4c~ 2uLcDNA I & & well

3. i
i# * Applied Biosystem® 7500 Real-time PCR System :& {7 PCR % & 4 7 > }

kiR

Step Time Temperature (°C)

PCR intitial heat actination 2 min 95°C
2-step cycling (40 cycles)

Denaturation 10s 95°C

Combined annealing/extension 50s 60°C

Dissociation cure analysis

~9 %12 18SrRNA it % internal control » 513 i * dof & (F = -4) o

4, B3

Juy

ACt = Crvalue of target gene - Cr value of internal control
AACT = Crvalue of each sample - average Cr of control group

Fold of change = 2(-A4¢D
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+ A~ Bit £ F) e DNA (Genomic DNA Purification)
g * % & % % MasterPure™ Complete DNA and RNA Purification Kit (Epicentre
Cat. NO. MC85200) -

. ¥FRpl

(1) #f# Proteinase K : % Bi&F & ¢ 7 1L Proteinase K 1 2X Tand C
Lysis Solution » fie 43 #7553tk F o

(2) RNase A (Bio Basic Inc. Cat. NO. 9001-99-4) fe®] @ = =x-kfe= 25 mg/mL
e117 RNase A #4] » %333t -20°C -

2. Hfpegks

(1) #osacg >t 2ml e 4w g 0 4o~ 300 WL PBS & 7357 -

(2) 4v» 300uL ¢ Z Proteinase K 7 2x T&C Lysis Solution > i & {8 & 65°C
ks 15 A4E, TE 5 ATIRE - & o

(3) t 37°C ¥ "$E {5 > 4~ 12uL25pg/ pL RNase A » B £3593 14 » & 37°C
ki 30 A4 o

(4) k¥ 3~5min- 2 {5i817 DNA ik 79 600 pL 35

3. ¥k DNA

(1) *¢ 300 pL MPC Protein Precipitation Reagent T 600 uL 325 % ¢ /2§ iR fr o

(2) 10000g, 4°C &g~ 10 #4587 F 0 3 TSR > B FRB I igiEo 2
MR Y F o BAEKE R o

(3) 4r > 1000 uL 100% isopropanol (Fisher, Cat. NO. BP2618) 1& » P fs i
30~40 =x > 12 10000g, 4°C #~ 10 #438 > F 7 DNA Ak -

(4 * ImL70% Fpfge==i #FEMR TR iC -

(5) &P DNA /Ajfiin+ ] 4e » i g e ddH20 ® g -

(6) ™ 1% FEFH T AFm RNA £ F4a= >3 f
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(7) P 2puL I uDropTM Plate B A260/ A280 ratio ~ A260 / A230 ratio 14 %
kB o DNA ¢ A260/A230 5 1.7~1.9; A260/A280 % 2.0~2.4 % i o

+ 7. - DNA 7 A it 2/ £ 17 (DNA Methylation analysis)
(—). € T Fiphiér €% (Bisulfite Conversion)

Bisulfite Sequencing * A F]7 At ¢ & F L2 38> BRI L SE Sodium
Bisulfite &2 i 7 DNA » ¥ #-K 7 H i g% eipe_ (cytosine, C) i 5 = PR R
(Uracil, U) » @ § 7 K {* chfeeipeg B 35 2 % > 2 (518 (7 PCR PFR| § #-Fleipeedd
e g B;jlvﬁ“?vi (Thymine, T) > F]* ¥ & 3% PCR A4 JE TR/ 07 V50 T
Bl et E AT T it b o gt B PR &R e EpiMark®
Bisulfite Conversion Kit (NEW ENGLAND BioLabs INC. Cat. NO. E3318S) » %:i& {7
bisulfite conversion > #F ki€ {7 desulphonation ¥ & » it 1 DNA>» ¥ @

# 2 PCR -

I &Rl

(1) washbuffer fe®l: @& * % 4 » 40 mL % ¥/ I wash buffer
(2) Desulphonation Reaction Buffer fe#l: & * @ 4c » 27 mL % $iFpt 2

Desulphonation Reaction Buffer

(3) Bisulfite mix fefl: 4c » 650 uL nuclease-free H2O £ 250 ul Solubilization

Buffer & solid sodium metabisulfite % >R & {5 *

2. REHZH

(1) # 0.2mLPCR tube #v » 2pug 7 Genomic DNA 10 uL 2 % 130 puL
Bisulfite mix » & feduR fois w7 4 o

(2) FBigiE 195°C,5 4480 65°C,30 ~ 48> 95°C,5 ~ 48> 65°C,60 ~
48 > 95°C,5 ~ 48> 65°C,90 ~ 48> 2 (s i@ & 20°C -

(3) # it {5 & ¥ DNA Binding Buffer ‘&% s > 4 3|5 EpiMark spin

column =1 collection tube .~ > jRiejZF 3 > 2 Wash Buffer /it 1 =X -
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(4) #4v» 500 pL Desulphonation Reaction Buffer > 8 T # ¥ 15 2453 o
ke & 3 0 2 500 uL Wash Buffer 7t 2 =t o & fé 3w 12,000 g,3 A
4 > #-7% 4 wash buffer £ 3 -

(5) #- spincolumns # ¥|#Té@ FiE e 1.5 mL McE 4w > 4 » 20 uL Elution
Buffer, # ¥ 2~5 ~4{d 4~ 12,000g,2~3 ~ 48> £ €4 v - = » £ F
20uL A 0 2 167 B T PCR-o

(6) bisulfite-converted DNA %33 % %7 > it = 215 % % & PCR » >4 Akt
0 AFRASPRF > FaEE TR BEt 20°C o

(=). i Bt 2 SR EPFE F B (PCR for Bisulfite Conversion)
*R B i & & @R @ (epigenetics) 4 7 ef% % EpiMark® Hot Start Taq

DNA Polymerase Guidelines for PCR (NEW ENGLAND BioLabs INC. Cat. NO.

M0490) > ¥t bisulfite-converted DNA & Z_ AT-rich #id & 5 & & g 2 o

1. F A=t b

Component ZTEE

Bisulfite-converted DNA 2~5 uL
5X EpiMark® Hot Start Taq Reaction Buffer SuL

10 mM dNTPs 0.5 uL

10 uM Forward Primerl 0.5 pL

10 uM Reverse Primerl 0.5 pL
EpiMark® Hot Start Taq DNA Polymerase 0.125 pL
Nuclease-free water to 25 uL

Total 25 uL

Iprimer & 71 @ 254 (4 = -5)

HF )f%éﬁﬁ?l];’,’lt 4 3] PCRtube #£4p7R 3 > s fo e 48 o
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2. HpiEwe
Step Time Temperature (°C)
Initial denaturation 30s 95°C
2-step cycling (37 cycles)
Denaturation 15s 95°C
annealing/extension 1 min per kb i primer Tm &
Final extension 5 min 65°C

3. TAFRAY

PCR A+ ZE&NUE A AT AT S H-hp A o

(1). &%

50X TAE buffer (Omics Bio Cat. NO. 1B3211) ### = 1X 2 {8 % v fe §
1.5~2% * %% (Agarose Low EEO) (FOcusBio Cat. NO. FB-HA0604) - #cis i3 f#
ESEREY /, e84 1/20000 % > 24 | BioGreen safe DNA Gel buffer (Bioman Cat.
NO.SDBOOIT) W ft” iF] » % IR i FHd AT EFTT A

@. T

B 2uL ¢h PCR A4 » 4c ~ 8pul = %-k#&r 6X E KA (tracking dye) » i
‘fr’ ¢ 12 100V, 30 4 488 7§ A o %ﬁd A4 = kA E 5 P RA S o X FEH
AFEFE- Ay u i

4. i %% DNA (Purify DNA)

B E-pEAFE T EERT D & E 2 QIAquick Gel Extraction Kit
(QIAGEN Cat.NO.28706) % it ; %3 5 BAY » Zie @i #s 3 0 R b
BT 0 g i 7 o ffs ¥ DNA 2 20l s ZoKE A A

=X o
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). %4 P RA

,\
"

S ARHEUPBATIAS > £4B 1229 DNA 5> TA Ll (TA

cloning) #*42 - & 7 4% 5 & (ligation) > 2 {8

y)

B M RS B R P i

Competent Cell ¢ » % 7 3 LB/ampicillin 735 % K¢ 32 % 16 /] FF& D FE > 2

¢ € 2 DNA # % (colony PCR) 7 3% i if I i 45 £ 7 ez it 4 el

2 ST AR

5. pUERER

(1). LB medium £ LB plate with ampicillin fiz %

Component LB medium LB plate with ampicllin
Bacto-tryptone! 10g 10g
Becto-yeast extract! 5g 5g
NaCl' 5g 5¢
100 mg/ml ampicillin' 50~100 pL
Agar! 15¢
Total 1L 1L

'source: Bacto-tryptone (BD Biosciences. Cat. NO. 211705), Becto-yeast extract
(BD Biosciences. Cat. NO. 212750), NaCl (SIGMA Cat. NO. 3), Agar (FOcusBio Cat.

NO. IBA-AGAR)

-

#-%e » agar i LB medium # Fcor 35 50°C 8 - A ampicillin I & %

JER G 100 ug/mL > 2 &~ 90 mm s Er ¢ o FEFE S A 4°C Wk EF o -

N

48

d0i:10.6342/NTU201902077



B f AR RABL I & X E S HR

(2). SOC medium fie %l

Component SOC medium
Bacto-tryptone 2g

Becto-yeast extract 05¢g
IM Na(Cl I mL

1 M KCI 0.25 mL
2M Mg?" stock 1 mL
2M glucose 1 mL

Total 100 mL

4 #- Bacto-tryptone ~ Becto-yeast extract ~ NaCl ~ KCl = -k £355 > =

G AT 7 te Mg*" ¥ glucose > # % pH &5 7.0 % &3 200mL -

6. i@FEF & (ligation)
2 R T&A™ Cloning Vector Kit (Yeastern Biotech Cat. NO. FYC001-

i

20P) - kit {7 ligation °

(). B F s o

Component Standard Rxn Negative Rxn
Ligation Buffer A 1.5 uL 1.5 uL
Ligation buffer B 1.5 uL 1.5 uL

T&ATM Cloning Vector 1 pL 1 uL
PCR product 10 pL -
ddH20 - 10 uL
yT4 DNA ligase 1 uL 1 uL
Total 15 ulL 15 uL

#-F 474~ PCRtube {6 #4piR 3> & 4°C /kfaF & 16~24 /| pFis £42>
FTREFEEI T o
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(1)

(2)

€)
(4)
()
(6)
(7)

#&3]i€* (transformation)

#-i-35% -80°C ¢ E. coli Competent Cells (Yeastern Biotech Cat. NO.
HYE307-CO1) B~ it » ek b g fefif (s > dmdpm g o

s Bo 20 uL Competent Cells & 1.5 mL ¢ g § > £ B o
A ERaie » o fgdpiR 3 o

RAcisicy k2 20 ~ 48 & ligation A4~ 'F% Competent Cells ‘w5 o
kig 40~50 45 > # Competent Cells 1km?s 53 i 3 B 3R i“ R AV

Gk B 2 Adh o BB me S o

be 0 %98 7 SOC medium 100 uL » 37°C F 3% 1 /| FF > 134 lmPe ¥ o

B~ 110 pL Transformation = = =3 Competent Cells i& {7 % LB/ampicillin 32

A0 %4> A 37°C T AR (16~24 ) PE)

£ 2 DNA # Z_ (Colony PCR)

iz * KAPA Taq ReadrMix (KAPABIOSYSTEMS Cat. NO. KR0354) 2 % % &

p *g e Colony Primer (M13) {74 20 PHiEH & = # ﬁﬂﬁf’é’@ﬁiiw’ 0

(1). Colony PCR & J&3d & ]

Component 1 Rxn
2X KAPA Taq ReadrMix 5uL

10 uM Forward primer 0.2 uL
10 uM Reverse primer 0.2 uL
ddH20 4.6 pL

Colony -
Total 15 uL

50

d0i:10.6342/NTU201902077



¥ i * AR H%-'ﬂﬁ?-“—&iﬂ'-; woE ﬂ'%“l"ﬁ-ﬁlﬁi#’i??‘

@) %
1. e ]fﬂ—@m7 é?\« Klﬁv,(& ‘:1»'? (tlpS) 1r'B7‘B“]/ g—ﬁ KAPA Taq

ReadrMix ~ primer ~ ddH20 7 PCR tube ¥ #4717 5 ficdx o
ii. PPREERERE7 & &z 3 LB/ampicillin medium 7 96 344 ¢ #4145 2
0B 37°C P A 4 |

fii. #1if PCR 2 ehAfrie (75a% » 1RIEA A | AR & (Fr 23 45 o

9. % DNA s it (Purification of plasmid DNA)

HFE TR mpﬂ/‘z B 96 FtAEB-I Y 1525 ul pﬂu”i v 4z 4ml
LB/ampicillinmedium 33 % ¢ ¢ » & 5~ 2 i PR 5 F R EXEFF %R 37°C =+
NETB®HBE®ERe T;E]u’% B Ahdkz (5% % & 2 % Presto™ Mini Plasmid kit
(Geneaid Cat. NO. PDH300) * it 41 548 DNA > 2 {5 @ * *34|fx*» Hind [II(NEW
ENGLAND BioLabs INC. Cat. NO.R0O14S) =% > g@a" A 3+ & % | FE:ld it g
FHEATZPERAP -

10. Z_A (sequencing)

Bih i FEIiE A Fo0 B 0.2~0.4 pe/5 pL ddH20 ¢h plasmid DNA £ 2= 5 %
<~ B4 B i ® MI3F 2B 0 2 6 A gt MAFFT version7 #-% A % % &2
BB @h2pe Aiven CG 8 & &) &7 /K 9~18 # clones I 3+

=+~ B A4

#y% mean + SEM (standard error of the mean) Xk % 77 o F B ¥z ¢ * SPSS
POREIE TR 0 LT BchR 5B TR A 17 0 1 Shapiro-Wilk # A 4k TR
BHALZLFTREFEAT  FEFEATF BT F REma i wilip
Fozterhihsc T HReiEF CC 8 WC hef it 222F A WA A
4 dc/> 47 0 Mann-Whitney U-test ki (7535247 2 475 5 4oF BEF L B g 10 *

%7 0 #p<0.05, **p <0.01, **%p<0.001 -
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% = -4 ¢RT-PCR & * 0513 7] 4
Table 2-4. Primers used for qRT-PCR

Protein Gene NCBI Reference Forward Primer Reverse Primer
Sequence
Adiponectin  Adipoq NM _009605.5 TGA CGA CAC CAA AAG GGC TC CAC AAG TTC CCT TGG GTG GA
ACC2 Acach XM 0065301143  CCT TTG GCA ACA AGC AAG GTA AGT CGT ACA CAT AGG TGG TCC
Acox1 Acoxl NM 001271898.1 GAA GAT GAG GGA ATT TGG CA CCT GAT TCA GCA AGG TAG GG
ApoB Apob XM_006515078.1 GCC ATG TCC AGG TAC GAA CT AGA TGA TGC CCC TCT TGA TG
Atgl Pnpla2 NM_025802.3 ATGGTCCTCCGAGAGATGTG CTCCAGCGGCAGAGTATAGG
Cd36 Cd36 NM 001159555.1 CCT TAA AGG AAT CCC CGT GT TGC ATT TGC CAA TGT CTA GC
CD68 Cd6s XM 021177744.1 CTT CCC ACA GGC AGC ACA G AAT GAT GAG AGG CAG CAA GAG G
ChREBP Mixipl NM 021455 TTC AAA GGC CTC AAG TTG CT GGT CAC GAA ACC ACA CACTG
Cptla Cptla XM 006531658.3 CCA GGC TAC AGT GGG ACATT GAA CTT GCC CAT GTC CTT GT
Dgatl Dgatl XM 017316426.1 TCC GCC TCT GGG CAT TC GAA TCG GCC CAC AAT CCA
Dgat2 Dgat? NM _026384.3 AGT GGC AAT GCT ATC ATC ATC GT  AAG GAA TAA GTG GGA ACC AGA TCA
F4/80 Adgrel NM 001355722.1 AAT GCT ACCTTC ACA ATC CTT GA ATT CCC AGA GGG TAT CAG AAG AG
Fabp3 Fabp3 NM 010174.1 TGG TCA TGC TAG CCA CCT G CTT TGT CGG TAC CTG GAA GC
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Protein Gene NCBI Reference Forward Primer Reverse Primer
Sequence
Fabp-pm Got2 NM 010325.3 ATC TGG AGG TCC CAT TTC AA ATG GCT GCT GCC TTT CAC
Fasn Fasn NM_007988.3 GCT GCG GAA ACT TCA GGA AAT AGA GACGTG TCA CTCCTG GACTT
FATP1 Slc27al NM 011977.4 GGC AAG CTC CAG CAC AGG AT CGC CGT CTT GCA GAC GAT A
FgF21 Fegf2l NM 020013.4 ACG ACC AAG ACA CTG AAG CC GGA GACTTT CTG GAC TGG G
Gpatl Gpatl NM 001356285.1 TGG GAT ACT GGG GTT GAA AA GGA AGG TGC TGC TAT TCC TG
Gpat2 Gpat?2 XM 006499138.3 GCT GCC AGA CCT GTACTCCT AGC CCA GGTCCATTATGCTT
Gpat3 Gpat3 NM 172715.3 GTG CTG GGT GTC CTA GTG C AAG CTG ATC CCA ATG AAA GC
Gpat4 Gpat4 NM 018743.4 CCA CCC TGA GAA TGG AGA GA TCC AGA GAA GTGGGA TCTTTTG
Hsl Lipe NM 001039507.2 AGA CAC CAG CCA ACG GAT AC GGG CAT AGT AGG CCA TAG CA
LXRa Nrlh3 XM 006499168.2 ACT TCA GTT ACA ACC GGG AAG A GCT CTG GAG AACTCA AAGATGG
Lpl Lpl NM_008509.2 AAT TTG CTT TCG ATG TCT GAG AA CAG AGTTTG ACCGCCTTCC
Mttp Mttp NM_008642.2 CAA GCT CAC GTA CTC CAC TGA AG TCA TCA TCA CCA TCA GGA TTC CT
Pepck Pckl NM 011044.3 ATG CTG ATC CTG GGC ATA AC AAC TTC ATC CAG GCG ATG TC
Ppara Ppara XM 006520624.3 ACT ACG GAG TTC ACG CAT GTG TTG TCG TAC ACC AGC TTC AGC
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NCBI Reference
Protein Gene Forward Primer Reverse Primer
Sequence

PPARYy Pparg NM 001308354.1 AGT GGA GAC CGC CCA GG GCA GCA GGT TGT CTT GGA TGT
Resistin Retn NM 022984.4 CCA GAA GGC ACA GCA GTCTT TCCCCGTCCCTGTCA ACATA

Scdl Scdl NM 009127.4 TTC TTC TCT CAC GTG GGT TG CGG GCT TGT AGT ACCTCCTC

Sirtl Sirtl NM 019812.3 TGA CGA TGA CAG AAC GTC ACA GAA TTG TTC GAG GAT CGG TGC
Srebfla Srebfl1 NM 001313979.1 GGC CGA GAT GTG CGA ACT TTG TTG ATG AGC TGG AGC ATGT
Srebflc Srebfl1 XM 006532716.2 GGA GCC ATGGATTGCACATT GGC CCG GGA AGT CACTGT

CCT ATA ACT AGG TCT TTG CAG
VidIr Vidir NM 001347441.1 GAG CCC CTG AAGGAATGCC

ATA TGG
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i 5 M R RAEGF Rinil 354

Table 2-5 Primers used for bisulfite conversion

CpG
Gene No. Forward Primer Reverse Primer region 2 :
quantity
AopB 0 TTG GAG AAA GTT AGG GTA TGT TGA TAA CCA ACCTACCACCAATTTCTAC 272-862 21
AopB 1 TTG GAG AAA GTT AGG GTA TGT TGA AAA TTA CCA AAA ATC CAA AAAACAC  272-490 9
AopB 2f GTG TTT TTT GGA TTT TTG GTA ATT T TAA CCA ACCTAC CACCAATTTCTAC 490-862 12
119 . AGG GTATTT ATA TTT AGG ATT TAA AGG TTT ATC AAA AAC TAA CAT AAA CCC
AAT ATG CTA ACC
TGT TAA GAA GGA ATT GGA GAA GAG AAC CAA AAC AAA CAC CAA CTT TAT
Nrih3 1 843-1228 21
T AA
Nrih3 2 TAA AGA GTT TTT AGG GTG AGG AGA G CTA CCA AAAAATCCTTCCTACTAAC  1228-1445 11
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¥z & PHRES
— A RMEAE RS R
d & -6 FNIA e HAG T & A ERE F 185 X K

*m\k\

Bodliars o MBS HEABOR S 0 AT 2 BAEIRS G S G F %S B (WD
“E’.)-#Eﬁkéﬁz%if_ﬁ'lfﬁ: %’5‘ u:\ (CD ) ’ T&E_ g,x P4 '%% i mﬂrﬁ r‘ﬂwl }i—]—v ;IH:
FLFARN e FERARRER BRI TR ERE D ARSI BT

FRNAHE L EL AT RBPROEBIEE ST AR RN § R
EFMESE o B Sl A FIHARKSEESHT S ASHERIIME
Lo AL ts M- AR S F 4140 d (CD)
G EME A THET 13 38 (B --1B,C) > ®Ar&a 16 xRES 12 )

1<
E:D
S
i
m-ﬂ
g
=
4
g
A
3
ey
|
[
[\
[U—
M
~~
)—U
[\
[u—
p—
€

w3 AT 16 TREE2 & R
Pp R A 3 ) 3 13 F & fg d Reas BARFEE 014 R
S22 T RBESR L FZ Y kR WC B FR CC 2d (R28,p<0.01;
PEEL, p<0.001); 5 F & ARk A . WC 28 ¥ 3 CC & (328,p<0.01; #¢
£,p<0.001) 35t ts - G & 44 8 15 WC Zx = oY 9 i e B L B ™ %
2 CC e d s wHIFNEE 4 B Z-3A~D %7 o ¥had RppR
16 SF#cRI B # & 12 | PS¢ ey i ek (NEFA) BRF @ 5 L WC
e iE s CC wehm g (p<0.05) (B = -3F) » 22 &R 4 g;a(gl:-sE)o
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~ 3 R S F A (LR (IPGTT)

FRA 14 FRPFEEFT RO RE N SRS G 6 ] P
lghkg BB AT FHAR > BF 2R b doBE 6 | Feohn S EE LT 5z
15 2 30 A4 dEES 2R LR > P 90 ¥ 120 44818 CC 22 WC
o E ER st & (90 A 48, p< 0.01; 120 A 48, p< 0.001) > WC ‘i #57 % i
CC mk@M 3 Hafd BTaHFFMWC 24 & CC 24 (p<0.05) &2
2 WC echi §mL it CC i (B =-4C); mrpils BPFREEZ 4 M
THMAS LFELE (B Z-4B,D)-

N~ % g F e R TT)

F %15 rdeEEiET ITT) #4 6 /] pFrenfERT a6t 0.75U/kg 9% 4 % »
R AAES 6 Pl EE T E LR AL 259 153060 &
4 CC 'ex BT g hfi WC 2+ (15 44, p<0.01; 30 4 4, p<0.05; 60
A4, p<0.05) (Bl = -5A): #EVRT {4 #3 WC 2eha f# + 3 CC &
(<0.05) (Bl =-5C); A& L3 WC 238 6 | Fihn g3 CC
B (p<O0.0l) (B =-5B) #+HEdMAT o FRLF HEFLE (B Z-5D)

£ F 16 F#s B M i

FROLE 16 FEpER 5 9 B[R AEE o (TR AR S L BEE 0 AR
(s T s - R B R TS S 6 ) P Vhp W a8 s
GBI R RS 8 BN PR BEES 12 L BE o B A

#E 6P EE AR B WC ¥ 2 (p<0.05)(% =-7)-
PERPIL G AR el S H S 12 [ EA GRS BTt ARFLE - H
A oor A#FG 6 EapiEg I WC 2aib § 2 RRAEFE R CC &

3 %
(228, p<0.001 ; ¥£ &, p<0.05) » 2% § % scp 4| £ 2 % HOMA-IR 3+ ¥ # 5]
WC ‘el ¥ hs 3t CC meni% (28, p<0.0001 ; B£&, p<0.01) o g ¢ » 2

2

i RlE HbAlc BF it FlaihAdiB A er g 18 (& --7)¢
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A~ FRO16 TR Y FRELEES
16 TR LR G A SR A RER S 12 L (W
—-6-B =-7) &2 6 |pF (B =-8-B =-9) m+s£n§amp}a}4g$n Ty E,?%L;_,,
Akt BAA AR » SR H 6 12 [P AsE 2 THE 2U ML EEEE 20 A
BRLEDPRGANRATLE (B 26~ F =70 A HS 6 PFEKFHK
AHE S THE U R AGEFE S ABBRAEET - & WC k2 R

>

vl Akt BRELTCAER G CC BB ¥ Menm g (B - -8) 0 #P WC 2 8%
HEGEBET LRI RAvpRA 2Rzt L8 (B Z-9) -

o~ F 16 F#REERER LT
SR 16 TRk S 12 PHEZSHERE R R R £ 28 47
ToORGHEER ) EREARH TR e 2 290 HASHERE G T
Mg PIRE R 'Ié‘_gfjlé 4 753 2 % (gonadal white adipose tissue, gWAT) ~ £ *
¢ Fg %k ke % (inguinal white adipose tissue, iWAT) ~ ¥ % [l ¢ & 75 ¥ 2 &
(retroperitoneal white adipose tissue, rWAT) ~ {7 ¢ #3%% _9_3%‘« (brown adipose tissue,
BAT) 14 2 %% 5% (gastrocnemius) £+t B & 5% (soleus) = 22 BF25 £ 8 | fvp
Hegte v g 3] WC e Ef CC mkhE (p<0.05) > R H&S & il

B mpagu i ER L EHFLL A ApHER Y 2RE S

_ﬂ

CEHEEHN > ANREREE P BEF LR S pRApHESRE R F T
WC it su CC g (p<0.05) (% =-9)» @ ¢ ¢ 3 ugiiesh WC o

_ﬁ

fCC et £ Ry AF Y AR - H BB e R TR R W%
PR E R ] R BIRE S S ] 4 A R B WC B E o CC ik
(p=0.08) > CC 2% 1.60+0.15%, WC % 2.15+0.29% (B - -10B)> & ix
Rz A% (B =-10A)-
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SRR - L R &
LER YRR L B PR E o ARRE M s T 2 F 0 )3_2]7;{.\]:\ P;@TE% H;ﬁq,ﬁ_aﬁ'{g

¢ orgrpmsk (gWAT) 112 B % 55 ((WAT) v & % %hchim® & | o

I MG ek @WAT) 2R3

Wit & gWAT ¢ H&E *» # 4 ¢ 2 2§ % %83 WC % % o 4p
3 CC 23 W [ 3peai g o 2 500 pm? k&7 A G (FH > ¥ L * g ¥ <500 pm?
g 3pmre H A WC 23 3 CC Zhm g (p<0.05); ¥ *F Aifh+3g 2001
um? 2t e BRIEFRNIR T WC &t CC i F LR (p <0.05) 4 W
Z-11B #7157 » Xma d .f‘:ﬁ,?%"«ja‘_f__,ﬁ’ii":’ﬁm?é%ﬁﬁ g Jpliy 28 0 Fikeh
ZRB AP Ay T iofk (B - -15A) &7 l”ﬁ:(}g];l (Bl =-15B)c frg
RSS2l 2k P WC 2 gWAT dimrefaist CC 28 ik~ 3
e Bl Z-12A0 R g% A A F AR e Bt RN LR (R

Z-12B) Tioger ¢ % 4pk (B - -15A,B)

2. THEEY I s (WAT) TEES

tWAT ehimie 2% d H&E #¢ $RF A28 %% CC 2§ WC &< ]
LB 3 A F A% (B Z-13A)0 7] rWAT = f]‘ﬂ&ﬁfjj‘ﬁaﬁfifj‘ﬁﬁ’éi
12300 pm? 3R A ORRAR  ET R i < LR R B B e Bl }
LB (B Z-13A)> - H3E hhT i ? - %aLB R (B - -15C,D);
PERT R I ERE T EL R mah A we ) a T B me e (B - -14B)
A F w4 o) Tiafe? i (B - -15C,D) -

e R kax: el A

R H&E 2 B4 ¢ S dpRPFER b F IR B % F B3 R
8 WC efpt CC 2j | ieho & 20 ol d ffizdash %9 ¢ 708
T s i F o rpER H&E 2 ¥ 4 ¢ P X A F RS e PHEDLIR BRI B
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%k et d ROS % &d DHE % ¢ WC 2ppBlicd ¥ kmEinl 5 v
CC ik %t (B - -16) 0 A7 WC 2 87 it § b enigdpiafh o © 7 g
WC &35 . CC 2 % 47 ROS i & o

—]—-_:_ ~ 3 fJ;B-T—EEIA.\—ﬁ

P16 FEFEH IR SITR O U E G R L[ R FHE R ey
B BB H Y Z Y g PEEIMR L A ket B VA B @ FE LR
genri g § (B 2 -17) 2R FEAFFGOE R S5 (B - -18) o ik BE
BIF 2 e ir (p<O.01)~*2FFE (p<0.01) £ 2L, i F 95E: (p<0.01) WC ‘e4p
3t CC =g 3AF I & S ep BUR A A 2bpy i P dsfe 472 WC 2R ¥ 53t CC
B (p<0.01): ZEHHYWPEEHBAEIHEELR -

=3 REBE R A E L F ApoB kR

L REER AR DT L EEA I A PSS BB EE
Bl iR fos 200l BT -G AT d SR EAFR R R AR AdEK
% & %5 35 (VLDL) &5 feficie & ¥4 (CM-R) eh¥% - B 3% > £ WC 2L
o CC e iehm g (B = -19A); $p&RIG 2 E4Fchie % v a o BB £ fe
53 MLEs (R Z-19B) K- E%Fé"'%wwf% ApoB R4 Jg ikt sk o WC
8 F ApoB k& % CC & (R =-19C)» spRAZF L8 (B =-19D)-

+rg s F AR A BAE M mRNA 2R E 449
AR AR 2 Sk R a R L T WO e S £ R
C i {4 b 22 BUFrdufh anfiimn o Bl AP gnd AT F50R A 4 K 14 R

Q

KiFHZR % o

A 47 B %38 F1F : Pckl (PEPCK) £ Sic37a4 (Glucose 6-phosphate transporter,
G6PT)  PEPCK 17 % 48 #72 bl 4t % > GOPT Pl 5 9FpE & & M4EF]F o L 2 %
B Pckl # Slc37a4mRNA 2R E 4.5 o ¥ gl E L2 (B = -20A)
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+E - F ARG FASHIM AT mRNA 2 RE £ 45
B A TR Rk R A S AR I g0 T A )0 7 AT S S ELD (denovo

lipogenesis pathway, DNL)~ #3350 ¥ 1 2501 2 75 ’i‘ﬁﬁ_‘rﬁﬁﬁi%l KFP 4o B - -200

1. *gF#7& S g2 (De novo lipogenesis pathway, DNL)

A 45 B AR F15 1 Nrlh3 (LXRo), Srebfla (SREBP1a), Srebfic (SREBP 1c), Mixipl
(ChREBP), Acacb (ACC2), Fasn (Fasn), Scdl (Scdl),22 Dgat2 (Dgat2) -

~ 17 DNL #p B & %15 ] WC jpi* CC %2 mRNA 2R EF b L ™"

0 B b PR Nrlh3 3 TR IR % (p<0.05)0 X B A e Srebfla £ Srebflc mRNA
FRERME (p<0.05) > X I F FHFE RO Mxipl e 5 T %FARR
(p=0.06) » T ¥ Fasn (p<0.01) 2 Scdl (p<0.01) ¥ it » %§2. T % » @ Bts— %
L= ey W faeh Dgat2 2 ME & WC s M3 CC & (p<0.01)> &7 $2p] &

WC 2} #5 2hg i vy s cnR 5] o

2. mFAfERE e

A7 B %2 %15 : Lipe (HSL), Pnpla2 (ATGL), Sirtl (Sirtl), PPARa (PPARa),
Fgf21 (Fgf21), Cptla (Cptla) £ Acox (Acox) ° % & 4 %]+ PPARa 5 WC
A F MY CC madld (p=0.05)> Hepg it ip M A FIE P F A fR24p b A F A
EERF xxmE R (B Z-200) -

3. W FE R
A 45 B 4 T3 1 Cd36 (Cd36), Mip (Mttp), Slc27a5 (Fatp5) £ ApoB (ApoB) -

BT sl i Y Cd36 B BT E AR o F oA B ik ik iE
6 Sle27a5 (FatpS) WC @ fpit* CC 2 mRNA £ L E T 4§ (p<0.05)» ¥ ¢
22 VLDL # ) 4p B ehen Mittp 22 ApoB > % . ApoB % WC &4 M E # CC
g (p<0.05) @ Miup mE X A2 (B =-20D)-

61

d0i:10.6342/NTU201902077



FoR AMBIRAMLEHT A E S PR el P

N3 fN'ti’J;j‘L’-’E, SR fRIET BB G RATEARES
i d R h SR B R AT WC s s vadp it CC ek e ] 347
Fletgr a7 WC el iss it .32 % » A 475 % 4 20 A F5 @ Lipe
(HSL), Pnpla2 (ATGL), Cptla (Cptla), Pparg (Ppary) 5 4~ 7%3%% it B8 4p M P
7 17 : Adipoq (Adiponectin), Retn (Resistin), Adgrel (F4/80) £ Cd68 (Cd68) -

Z%FIM > Lipe & Pnpla2 & Brafips 4 E 4 w4 WC i3t CC e
(Lipe, p<0.05, Pnpla2, p<0.05) » & 35 pess 5 40 B ch Pparg Ji7 WC gt
CC =i % (p<0.05) > wrfgi»piy “4ph e Cptla PIIXF 2 & o Pgik3 a0 iH3n
Ao AP 4T B 8% ke e F  (adipokines) > Adipoq £ Retn sk F1ER R
$rF A WC 2 CC i (Adipog p<0.05; Retn p<0.05) > P WC lech?g¥s
FET AR CC mL 0 & e nE e 4 6 Ryt Adgrel % Cd68
PR AR 40 B - 210

URRR L 7 L SIS U

A tqenp A FF ¢ Nrlh3 (LXRo) & ApoB e

Nrih3 %824 11 B CpG site (B =-22)> & CC g2 WC e tP 5 &
2R T A 10 B clones PR TR FE ST IR T A ehig s B D
RIMT Atk o ApoB PIE - ¢ 5 fAcdeBl (TSS)» F 21 B CpG site
1 R E Ad et Bz B2 8T A 9~19 B clones —é ] WC ey # 2 =gk
ARG R CC EFhm o AP R BABSE B P KT DNA 7 AL 2R
A R E > ¥ AL B (p<0.05) 4o B Z-23B,C-

F+A~RE 185 = (E18.5) P52 €
FLE MBS AR A PRER RRE 5P F o3 18 p B
E18.5 #%s» & ‘et yc =75 CD 2jcf 7 22 Bwis; WD 2pld 16 & o

PR BIERIS - FRANME VTRLE N DEE

\F‘b

Bl gRaid (2 =
-10)

62

d0i:10.6342/NTU201902077



FoR AMBIRAMLEHT A E S PR el P

7~ E18.5 F (S OE50 F S #Hp M A F) mRNA 2 2 E &4

etk A e s S B0 REE S SR AR -

& 45 B 454 F13 : Nrlh3 (LXRa), Srebfla (SREBP1a), Srebflc (SREBP 1c), Acach
(ACC2), Fasn (Fasn), Scdl (Scdl), Dgat2 (Dgat2), ApoB (ApoB), Sirtl (Sirtl), PPARa
(PPARa), Cptla (Cptla) ¥2 AcoxI (Acoxl) - &% & &> DNL ki A F1a WC
fgprt 2t CC A 84 38 FA T (Nrlh3 p<0.05; Srebfla p<0.05; Srebfic p<0.05;
Scdl p<0.05) > & = = faH i figeh Dgat2 BliX 5 A% > @ 2 VLDL £ ) 4p B 0
ApoB BlF % eI g (p<0.05) (Bl = 24 A) > F ¢ hif g s i ek ]
PPARa, Cptla £ Acox] mRNA #3IRE E 25 £ 8 > Ra Sirt]l mRNA 23R E &
WC ‘e8] A% % CC 2 (p<0.05) (B = -24B) -

=+ “E185 s %% FREAM AT mRNA £ 2E 44
GrA T o A A TR WO Y L3 s P gy

i—g ﬁuéjr\v p‘; 93 °

A 45 B %73 : Lpl (Lpl), Cd36 (Cd36), Vidir (VIdlr), Fabp3 (Fabp3), Got2 (Fabp-
pm), Gpatl (Gpatl), Gpat2 (Gpat2), Gpat3 (Gpat3) ¥ Gpat4 (Gpatd) - 2% &7 &
WC o7 %y L 38 4p M 0L 7] Fabp3 &2 Fabp-pm %7 & % 8} < (p<0.05)
Cd36 3 1+ = g4 (p=0.065)> FPFEF F R F PRI BN o @ B R
v X FHp B c0 lipoprotein lipase (Lpl) %2 VLDL receptor (VIdlr) » & & WC
¥ = e (Lpl p<0.05, Vidlr p<0,01) - ¥ *F %22 = f&H ¥ fig & #en glycerol-3-
phosphate acyltransferase (GPAT) #2%&4 %1% 4 47 ¢ - Gpat2, Gpat3, Gpatd » &_
PR E WC 2+ 2 (Gpar2 p<0.01, Gpat3 p<0,05, Gpat4 p<0,05) (B] = -24C) °

63

d0i:10.6342/NTU201902077



B f AR RABL I & X E S HR

426 AEMEHLR O HE

Table 2-6 The body weight and blood biochemical analysis of pregnant dams.

Control dams (CD) Western dams (WD)

(n=5~7) (n=4~7)
Before pregnancy 21.52 +£0.63 23.23+£0.75
Body weight (g)
After lactation 25.00+1.10 23.89+2.22
Serum triglyceride Before pregnancy 64.86 £ 7.36 83.56 +19.16
(mg/dL) After lactation 62.88 +9.39 43.51+7.81

Serum cholesterol ~ Before pregnancy

(mg/dL) After lactation

256.93 + 18.66

373.12+71.57

798.31 + 58.50%**

1176.94 + 92.59%**

Serum glucose Before pregnancy

(mg/dL) After lactation

210.75 +31.18

143.75 + 12.58

224.50 +22.05

160.50 +40.17

All data were collected after a 4-hour fast. Values are presented as mean + SEM. Data
were analyzed by Independent-Sample T-Test, ***p <0.001 denotes significant between

CD and WD group.
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Figure 2-1 Body weight and food intake of offspring from birth to 16 weeks of age.
There was no difference in body weight (A-C) and food intake (D, E) between CC and
WC group. The birth weight (A), body weight of male (B) and female (C) offspring at 3,
8 and 13 weeks of age. The values are the means = SEM. Data were analyzed by
Independent-Sample T-Test, *p<0.05 denotes significant between CC and WC group. CC:
Offspring derived from control diet (CD)-fed dams was fed with a CD. WC: Offspring
derived from Western diet (WD)-fed dams was fed with a WD.
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Figure 2-2 Serum lipid levels of offspring from weaning to 13 week of age.

Maternal hypercholesterolemia led to dyslipidemia in offspring at weaning. Serum
triglyceride (A, B), and cholesterol (C, D) levels of male (A, C) and female (B, D)
offspring at 3, 8 and 13 weeks of age after a 4-hour fast. The values are the means + SEM.
Data were analyzed by Independent-Sample T-Test, *p<0.05, **p<0.01, ***p<0.001
denotes significant different in offspring exposed to a different intrauterine environment.
CC: Offspring derived from control diet (CD)-fed dams was fed with a CD. WC:
Offspring derived from Western diet (WD)-fed dams was fed with a WD.
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Figure 2-3 Serum lipid levels of offspring at 16 weeks of age.

The female WC group had lower serum NEFA levels than CC group, and there was no
difference intriglyceride and cholesterol levels between groups. All serum samples were
collected in the morning (8:00~12:00 AM). The values are the means + SEM. Data were
analyzed by Independent-Sample T-Test, *p<0.05, denotes significant different in
offspring exposed to a different intrauterine environment. CC: Offspring derived from
control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from Western diet
(WD)-fed dams was fed with a WD.
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Figure 2-4 Intraperitoneal glucose tolerance test (IPGTT) of offspring at 14 weeks

of age.

Fema.le-CC Female-WC
(n=12) (n=11)

Maternal hypercholesterolemia impaired glucose tolerance in male offspring. The mice
were fasted 6 hours (9:00~15:00). The baseline blood glucose level was measured before
experiment, and 1g /kg body weight glucose was injected intraperitoneally. (A, B)
Glucose levels of male (A) and female (B) offspring were measured at regular interval of
15, 30, 60, 90 and 120 min. (C, D) Quantification of the area curve (AUC) from GTT
results of male (C) and female (D). The values are the means = SEM. Data were analyzed
by Independent-Sample T-Test, * p<0.05, ** p<0.01, denotes significant different in
offspring exposed to a different intrauterine environment. CC: Offspring derived from
control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from Western diet

(WD)-fed dams was fed with a WD.

68

d0i:10.6342/NTU201902077



FoR AMBIRAMLEHT A E S PR el P

A B
%' —o— Male-CC (n=6) '_—I; —— Female-CC (n=9)
= --+-- Male-WC (n=6) = -4-- Female-WC (n=6)
o) o
£ 300~ £ 250-
~ 2004 =
) L)
8 200+ i\** 8 150+ I\
*
§ 100- % e-- <_=J 100/ T A=A
o O 50+
gl T
° T T T T T ° T T T T T
0 0 30 60 90 120 o 0 30 60 90 120
m Time (min) 0 Time (min)
C D

- 2 -
— 20000 , — 0000
= 15000- = 15000
‘s 1)
O 10000+ e 100004 ——xr—
2 50004 2 5000+

T 0 T
Male-CC Male-WC Female-CC Female-WC
(n=6) (n=6) (n=9) (n=6)

Bl =-515 F#3F 9% § R a2 (LR (TT)

Figure 2-5 Insulin tolerance test (II'T) of offspring at 15 weeks of age.

Maternal hypercholesterolemia impaired insulin tolerance in male offspring. The mice
were fasted 6 hours (9:00~15:00). The baseline blood glucose was measured before
experiment, and 0.75 U insulin/kg body weight was injected intraperitoneally. . (A, B)
Glucose levels of male (A) and female (B) offspring were measured at regular interval of
15, 30, 60, 90 and 120 min. (C, D) Quantification of the area curve (AUC) from ITT
results of male (C) and female (D). The values are the means + SEM. Data were analyzed
by Independent-Sample T-Test, * p<0.05, ** p<0.01, *** p<0.001 denotes significant
different in offspring exposed to a different intrauterine environment. CC: Offspring
derived from control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from
Western diet (WD)-fed dams was fed with a WD.
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Table 2-7 The biochemical analysis associated with glucose homeostasis of
offspring at 16 weeks of age.

Dietary groups (Male) Dietary groups (Female)
CcC wC CcC wC
(n=7) (n=9) (n=9) (n=7)
Fed glucose (mg/dL) 183.3+16.5 176.4+142 1446+88 161.4+11.6

Fasting O/N glc (mg/dL)  96.5+11.3 107.0+£9.0  96.0+7.2 103.4+10.67
Fasting O/N insulin (ug/L) 0.4+0.1 03+0.1 0.4+0.1 0.5+0.1
Fasting 6h glc (mg/dL) 1123+ 13.0 149.8+9.2* 112.8+5.6 1314+73
Fasting 6h insulin (pg/L) 0.5+0.1 1.1 +0.1%* 03+0.1 0.9+0.2%
Fasting 6h HOMA-IR 26+£0.5  8.1+£0.9%** 1.9+09 6.1 +1.5*%
HbAlc (%) 47+0.2 48+0.2 49+0.1 53+0.2

Fed glucose results were collected in the morning (9:00~10:00 AM), and fasting
overnight (O/N) glucose results were measuredat 8:00 AM after al2-hour fasting. Fasting
6-hour glucose results were measured at 3:00 PM after a6-hour-s fasting. The values are
the means + SEM. Data were analyzed by Independent-Sample T-Test, *p<0.05,
*p<0.01, *** p<0.001 denotes significant different in offspring exposed to a different
intrauterine environment. CC: Offspring derived from control diet (CD)-fed dams was
fed with a CD. WC: Offspring derived from Western diet (WD)-fed dams was fed with a
WD.
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Figure 2-6 Effects of maternal hypercholesterolemia on insulin signaling in gWAT
and muscle of male offspring at 16 weeks after a 12-hour fast.
In vivo total Akt and phospho-Akt levels in gWAT and gastrocnemius muscle (Gas) from
CC and WC male mice with insulin stimulation. After a 12-hour fast, mice were injected
with 2U insulin/kg body weight intraperitoneally and sacrificed after 20 min. (A)
Phosphorylated Akt and total Akt levels were measuredusing Western blotting. B-actin
was used as a loading control. (B) Quantitation of phosphorylated Akt/total Akt in the
gWAT and gastrocnemius. Data were displayed as means + SEM (n = 2). CC: Offspring
derived from control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from
Western diet (WD)-fed dams was fed with a WD.
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Figure 2-7 Effects of maternal hypercholesterolemia on insulin signaling in gWAT
and muscle of female offspring at 16 weeks after a 12-hour fast.

In vivo total Akt and phospho-Akt levels in gWAT and gastrocnemius muscle (Gas) from
CC and WC female mice with insulin stimulation. After a 12-hour fast, mice were injected
with 2U insulin/kg body weight intraperitoneally and sacrificed after 20 min. (A)
Phosphorylated Akt and total Akt levels were measuredusing Western blotting. f-actin
was used as a loading control. (B) Quantitation of phosphorylated Akt/tAkt in the gWAT
and gastrocnemius. Data were displayed as means = SEM (n = 2). CC: Offspring derived
from control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from Western
diet (WD)-fed dams was fed with a WD.
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Figure 2-8 Effects of maternal hypercholesterolemia on insulin signaling in gWAT
and muscle of male offspring at 16 weeks after a 6-hour fast.

In vivo total Akt and phospho-Akt levels in gWAT and gastrocnemius muscle (Gas) from
CC and WC malemice with insulin stimulation. After a 6-hour fast, mice were injected
with 2U insulin/kg body weight intraperitoneally and sacrificed after 5 min. (A)
Phosphorylated Akt and total Akt levels were measuredusing Western blotting. B-actin
was used as a loading control. (B) Quantitation of phosphorylated Akt/tAkt in the gWAT
and gastrocnemius. Data were displayed as means £ SEM (n = 4~5). CC: Offspring
derived from control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from
Western diet (WD)-fed dams was fed with a WD.
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Figure 2-9 Effects of maternal hypercholesterolemia on insulin signaling in gWAT
and muscle of female offspring at 16 weeks after a 6-hour fast.

In vivo total Akt and phospho-Akt levels in gWAT and gastrocnemius muscle (Gas) from
CC and WC female mice with insulin stimulation. After a 6-hour fast, mice were injected
with 2U insulin/kg body weight intraperitoneally and sacrificed after 5 min. (A)
Phosphorylated Akt and total Akt levels were measuredusing Western blotting. -actin
was used as a loading control. (B) Quantitation of phosphorylated Akt/tAkt in the gWAT
and gastrocnemius. Data were displayed as means = SEM (n = 4~5). CC: Offspring
derived from control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from
Western diet (WD)-fed dams was fed with a WD.

74

d0i:10.6342/NTU201902077



FoR AMBIRAMLEHT A E S PR el P

% 2816 I RPLERAETIHLE

Table 2-8 The absolute organ/tissue weights of offspring at 16 weeks of age.

Dietary groups (Male) Dietary groups (Female)
Absolute
_ , CcC wC CcC wC
organ/tissue weight
(n=24) (n=24) (n=21) (n=17)
Body weight (g) 26.65+0.57 25.91+0.45 20.26+0.30 21.68+0.52*
Liver (g) 1.16+0.04 1.08+0.02 0.97+0.02 0.98+0.03
iWAT (g)' 0.30+0.03 0.25+0.02 0.18+0.01 0.21+0.02
gWAT (g)* 0.48+0.04 0.45+0.03 0.21+0.02 0.30+0.05
rWAT (g)° 0.15+0.03 0.12+0.01 0.12+0.02 0.18+0.01
BAT (g)* 0.09+0.01 0.08+0.00 0.06+0.00 0.06+0.01
gastrocnemius (g) 0.30+0.01 0.31+0.01 0.23+0.01 0.24+0.01
Soleus (mg) 0.02+0.00 0.02+0.00 0.02+0.54 0.05+0.03

The values are the means + SEM. Data were analyzed by Independent-Sample T-Test,
*p<0.05, denotes significant different in offspring exposed to a different intrauterine
environment. iWAT! : Inguinal white adipose tissue ; gWAT? : gonadal fat; rWAT?:

retroperitoneal white adipose tissue ; BAT* : Interscapular brown adipose tissue CC:

Offspring derived from control diet (CD)-fed dams was fed with a CD. WC: Offspring
derived from Western diet (WD)-fed dams was fed with a WD.
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Table 2-9 The relative organ/tissue weights of offspring at 16 weeks of age.

Dietary groups (Male) Dietary groups (Female)
Relative
_ , CcC wC CcC wC
organ/tissue weight
(n=24) (n=24) (n=21) (n=17)
Liver (%) 4.36+0.14 4.19+0.06 4.79+0.09 4.53+0.11
iWAT (%)! 1.1240.10 0.98+0.06 0.89+0.06 0.94+0.08
gWAT (%)* 1.78+0.14 1.72+0.10 1.01+0.09 1.33+0.16
rWAT (%)’ 0.54+0.08 0.45+0.05 0.58+0.07 0.82+0.15
BAT (%)* 0.32+0.02 0.31+0.01 0.31+0.01 0.32+0.02
gastrocnemius (%) 1.06+0.07 1.20+0.04 1.10+0.04 0.77+0.13*
Soleus (%) 0.07+0.01 0.08+0.01 0.08+0.00 0.16+0.10

Relative organ/tissue weight (%) = Absolute organ/tissue weight / body weight x 100%.

The values are the means + SEM. Data were analyzed by Independent-Sample T-Test,
*p<0.05, denotes significant different in offspring exposed to a different intrauterine
environment. iWAT! : Inguinal white adipose tissue ; gWAT? : gonadal fat ; rWAT?>:

retroperitoneal white adipose tissue ; BAT* : Interscapular brown adipose tissue

CC: Offspring derived from control diet (CD)-fed dams was fed with a CD. WC:
Offspring derived from Western diet (WD)-fed dams was fed with a WD.
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Figure 2-10 The visceral fat percentage of offspring.

The body fat percentage of (A) male and (B) female offspring. Visceral fat% =
(gWAT+rWAT)/body weight x 100%. The values are the means + SEM. Data were

analyzed by Independent-Sample T-Test. CC: Offspring derived from control diet (CD)-
fed dams was fed with a CD. WC: Offspring derived from Western diet (WD)-fed dams
was fed with a WD.
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Figure 2-11 The gWAT morphometry and adipocyte number of male offspring.

(A) Representative images of hematoxylin and eosin-stained sections of gWAT at 200X
magnification of male offspring. Scale bars, 20 um. (B) Corresponding adipocyte size
and number was analyzed using adiposoft. At least 5 different areas per fat pad section of
each mouse were quantified, and distribution of adipocyte areas was calculated; n = 4~5.
It seemed that WC group adipocyte size was smaller than CC group. The values are the
means + SEM. Data were analyzed by Independent-Sample T-Test, *p<0.05, denotes
significant different in offspring exposed to a different intrauterine environment. CC:
Offspring derived from control diet (CD)-fed dams was fed with a CD. WC: Offspring
derived from Western diet (WD)-fed dams was fed with a WD.
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Figure 2-12 The gWAT morphometry and adipocyte number of female offspring.
(A) Representative images of hematoxylin and eosin-stained sections of gWAT at 200X
magnification of female offspring. Scale bars, 20 pum. (B) Corresponding adipocyte size
and number was analyzed by adiposoft. At least 5 different areas per fat pad section of
each mouse were quantified, and distribution of adipocyte areas was calculated; n = 5.
There is no significant different between CC and WC group. The values are the means +
SEM. Data were analyzed by Independent-Sample T-Test. CC: Offspring derived from
control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from Western diet

(WD)-fed dams was fed with a WD.
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Figure 2-13 The rWAT morphometry and adipocyte number of male offspring.
(A) Representative images of hematoxylin and eosin-stained sections of -WAT at 200X
magnification of male offspring. Scale bars, 20 um. (B) Corresponding adipocyte size
and number was analyzed by adiposoft. At least 5 different areas per fat pad section of
each mouse were quantified, and distribution of adipocyte areas was calculated; n = 4~5.
There was no significant difference between CC and WC group. The values are the means
+ SEM. Data were analyzed by Independent-Sample T-Test. CC: Offspring derived from
control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from Western diet
(WD)-fed dams was fed with a WD.
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Figure 2-14 The rWAT morphometry and adipocyte number of female offspring.
(A) Representative images of hematoxylin and eosin-stained sections of rWAT at 200X
magnification of female offspring. Scale bars, 20 pum. (B) Corresponding adipocyte size
and number was analyzed by adiposoft. At least 5 different areas per fat pad section of
each mouse were quantified, and distribution of adipocyte areas was calculated; n = 5.
There was no significant difference between CC and WC group. The values are the means
+ SEM. Data were analyzed by Independent-Sample T-Test. CC: Offspring derived from

control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from Western diet
(WD)-fed dams was fed with a WD.
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Flgure 2-15 The average and median of gWAT and rWAT adipocyte size.

The average (A, C) and median (B, D) size of adipocyte from gWAT (A, B) and tWAT
(C, D) of offspring at 16 weeks of age. The average and median size of adipocyte from
gWAT of male WC group was significantly smaller than that of CC group. There was no
significant difference between two groups of female offspring. The values are the
meanstSEM. Data were analyzed by Independent-Sample T-Test. CC: Offspring derived
from control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from Western

diet (WD)-fed dams was fed with a WD.
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Figure 2-16 Maternal hypercholesterolemia enhances hepatic lipid accumulation in
male offspring.

H&E-stained, Oil Red O stained and DHE-stained sections of liver tissue from CC and
WC offspring. The hepatic lipid and ROS levels were higher in WC male offspring than
in CC male offspring. Scale bars, 20 um. The images were taken from liver sections at
400X magnification. CC: Offspring derived from control diet (CD)-fed dams was fed
with a CD. WC: Offspring derived from Western diet (WD)-fed dams was fed with a WD.
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Figure 2-17 Quantification of hepatic lipid levels (mg lipid/g liver) of offspring.
Hepatic triglyceride (A, B), cholesterol (C, D) and NEFA (E, F) of male (A, C, E) and
female (B, D, F) offspring. The hepatic triglyceride, cholesterol and NEFA levels were
significantly higher in WC male group than in CC male group; however, only hepatic
NEFA level was higher in WC female group than in CC female group. The values are the
means £ SEM. Data were analyzed by Independent-Sample T-Test, *p<0.05, **p<0.01
denotes significant different in offspring exposed to a different intrauterine environment.
CC: Offspring derived from control diet (CD)-fed dams was fed with a CD. WC:
Offspring derived from Western diet (WD)-fed dams was fed with a WD.

84

d0i:10.6342/NTU201902077



FoR AMBIRAMLEHT A E S PR el P

A B
Q
ke 3
= ,-...80. % 80-
) '6 * e
> > 9
- .._:40 —— == ] —-_—
] - = 40
o 2 oD
S £
§E g &
] - & o
T Male-CC Male-WC T Female-CC Female-WC
(n=24) (n=24) (n=21) (n=17)
C D
[ o
2 6 2 6
ey ” o5
— -
R 824
c 35 c 35
QO£ 2] O £ 2
b o~
g g
c L | L
:‘E Male-CC Male-WC :f:’ Female-CCFemale-WC
(n=24) (n=24) (n=21) (n=17)
E F
E — 8' *¥k E — 8'
W = w =
Q 6' Q 6.
<3 <>
B S 4 2 S 4
(3] (3]
s E 2 s E 2
L o T 0 .
Male-CC Male-WC Female-CC Female-WC
(n=8) (n=7) (n=8) (n=9)

B =-1816 ¥ RPN a4 (F nigihs g £/29)

Figure 2-18 Quantification of hepatic lipid levels (mg lipid/ liver) of offspring.

Total hepatic triglyceride (A, B), cholesterol (C, D) and NEFA (E, F) of male (A, C, E)
and female (B, D, F) offspring. The hepatic lipid levels were significantly higher in WC
male group than in CC male group; however, only hepatic NEFA level was higher in WC
female group than CC female group. The values are the means + SEM. Data were
analyzed by Independent-Sample T-Test, *p<0.05, **p<0.01 denotes significant different
in offspring exposed to a different intrauterine environment. CC: Offspring derived from
control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from Western diet
(WD)-fed dams was fed with a WD.
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Figuer 2-19 The lipid profile of offspring at 16 weeks of age.

Serum lipoprotein profiles were analyzed in male (A) female and (B) offspring using
FPLC. X-axis represents the number of fractions present in the mixture as a peak; Y-axis
shows the cholesterol levels of the different fractions. Serum ApoB levels in male (C) and
female (D) offspring. HDL : high-density lipoprotein ; IDL : intermediate-density
lipoprotein ; LDL : low-density lipoprotein ; VLDL : very low-density lipoprotein. ; CM-
R © chylomicron remnant. CC: Offspring derived from control diet (CD)-fed dams was
fed with a CD. WC: Offspring derived from Western diet (WD)-fed dams was fed with a

WD.
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Figure 2-20 mRNA expression of key factors involved in gluconeogenesis, lipid
metabolism and lipid transport in livers of male offspring.

(A-D) Genes involved in gluconeogenesis (A) DNL pathway (B), lipolysis and fatty acid
oxidation (C) and fatty acid transport (D). mRNA levels were measured by real-time PCR
and data were normalized with the housekeeping gene 18s rRNA. The values are the
means = SEM. Data were analyzed by Independent-Sample T-Test, *p<0.05, **p<0.01
denotes significant different in offspring exposed to a different intrauterine environment.
CC: Offspring derived from control diet (CD)-fed dams was fed with a CD. WC:
Offspring derived from Western diet (WD)-fed dams was fed with a WD..
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Figure 2-21 mRNA expression of genes involved in lipolysis, adipokines, and
inflammation in eWAT of offspring.

Data were normalized with the housekeeping gene 18s rRNA. The values are the means
+ SEM. Data were analyzed by Independent-Sample T-Test. CC: Offspring derived from
control diet (CD)-fed dams was fed with a CD. WC: Offspring derived from Western diet
(WD)-fed dams was fed with a WD.
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Figure 2-22 DNA methylation analysis of Nr1h3 in Liver Samples from adult male
offspring.

(A) Schematic representation of the promoter of Nrlh3. Bisulfite-sequencing (BS)
analysis region encircling the transcription start site is indicated. (B) The graph represents
the percentage of DNA methylation of individual CpG sites at A region and the average
of %DNA methylation for the region. (C) The graph represents the percentage of DNA
methylation of individual CpG sites at B region. The values are the means + SEM. Data
were analyzed by Independent-Sample T-Test, CC: Offspring derived from control diet
(CD)-fed dams was fed with a CD. WC: Offspring derived from Western diet (WD)-fed
dams was fed with a WD.
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Figure 2-23 DNA methylation analysis of ApoB in Liver Samples from adult male
offspring.

(A) Schematic representation of the promoter of mouse ApoB. Bisulfite-sequencing (BS)
analysis region encircling the transcription start site is indicated. (B) The graph
represented the percentage of DNA methylation of individual CpG sites. (C) The average
of %DNA methylation for the region. The values are the means + SEM. Data were
analyzed by Independent-Sample T-Test, CC: Offspring derived from control diet (CD)-

fed dams was fed with a CD. WC: Offspring derived from Western diet (WD)-fed dams
was fed with a WD.
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Table 2-10 The absolute organ/tissue weights of E18.5 embryos.

Dietary groups

Ctrl Diet (CD) Western Diet (WD)
(n=22) (n=16)

Embryo
Smm Smm
Fetal weight (mg) 1123.35+£15.35 1133.19 £39.62
Liver weight (mg) 67.79 + 1.34 66.48 +£2.80
Placenta
5mm
Placenta weight (mg) 87.30+2.43 96.05 +£4.01
Placenta length (cm) 0.82+0.01 0.84+0.02

The values are the means = SEM. Data were analyzed by Independent-Sample T-Test.
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Figuer. 2-24 mRNA expression of key factors involved in lipid metabolism in E18.5
fetal livers and placenta.

(A, B) mRNA expression of genes involved in DNL pathway, TG synthesis and FA
transport (A) and fatty acid oxidation (B) in embryonic liver. (C) mRNA expression of
genes involved in FA transport in placenta. mRNA levels were measured using real-time
PCR and data were normalized with the housekeeping gene 18s rRNA. The values are
the means £ SEM. Data were analyzed by Independent-Sample T-Test, *p<0.05 denotes
significant different in offspring exposed to a different intrauterine environment. CD :

embryos derived from control diet (CD)-fed dams ; WD : embryos derived from western
diet (WD)-fed dams.
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MEZR{PHLELEFAT-

F b A g BT 0 ApoET o] BUAR HROT e de enBF 4 A0 B R E B e 1
B g o - BB A D) B 67 T AL 2530 g TR gL S
(Jensen et al., 2016) » i e ] B3 16 ¥k 4riTy 25¢g =+ » @F v & | &
A0 2 UWPIE ApoE R FIT GG M o ApoE k- firn - o WM A& B
44 5 8375 adiponectin 2 2 LDLreceptor 35 & » "% M FTk ¥ EF G
g F AL E R ApoE” L B R 5 5 R Ho A et £ L VLDL #~ hAiE

ﬁ/i‘_ﬁﬁ%bﬁ‘&’}ﬂ;&%*ﬂ J\ﬁ”fﬂ’;l /ﬁﬂéﬂip 873&;15‘.)\ B 573 E'%Fk]‘z&] (B ';"]LLT%Z 2: ;

-

7 Fl5e L3 g (Chibaetal,2003) » & 4p 2N P ehf B g % 7 0 g 2biw ianfinsl &

ﬁ;ﬁ’.—% ’?ﬁ“i)@}g -4 :ﬂﬁ é-;é‘}_g o

B

Z-WC 3 A3gstpn 2 ¥

do g T BRI B A SRR > WD B R[S T A BT LA A
BaFe AP ReeABRERRS (B --2) @Raun F=f@Yd ikt
FaFleaF A2 RERNBLB S EREDFI AT p 7 R A PFHRK

LadA 85 21 % 8- gt gl 2 iy b e dic® 0 TR A o PR GRS
% Xg 0 WD 23 fggstann g B ¥ Ak CC g o @ WC 23 arf
P OHEFLIF AT AR F SHAPREIEST LS L1 BP0 A

PO En 5 0 R gt of g R L R Mgk (Mennitti et al.,
2015) 0 A7 s B F A § BTGB L HSEAGEIEH 2 3 LB LR
AL 16 FEY (R - 2)

M WC 2R83F A BRITEYR%
I % ARy

BIRA L O RB DT RS A LG RGO RS F Al
# o (Nathanetal,,2007) » &2t ehf s » 2R A S [ Fi 53] WC &2
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ha g E 2 ER AR CC 23 (3 -7 AR EomBaiERLT > WC &
FARS LG AR RS L VR EBEIRS LG 6 L RT3 WO
chp EELLE AR CC 28 R A BBk 3 e R4S
FEE G ARG ALY &R A e 0 8 WC 2t CC e kih
Beh (B - -4-B - -5)

VILAE R B e 0 4 T -
d ok T TR A AP AL E 12 | PR R ey
2 Anh b R FF 20 AHEBHEE S LERAZEET o A B Akt Fo B

—.mlﬂ

r—gu },xfﬁﬁ&%ﬂ_*ﬁ,gﬁd %gg\—r‘i,fi %{?l’ﬁ.?fu?%; =

T

WP ARROTEER > WC i d R { Vo

i mApy o0 ITT ¢ %= BRFREL (15 A 48) 8B 20 » &S FpFf > &
KiR=plr U it gR e FFAE o wEe BT G REE Ffﬂ*l”é‘*‘%ﬁff_; 5%
45 (Ding et al., 2016; Hall et al., 2014; Li et al., 2013; Takeda et al., 2013) » 4 & & %
F RO R ERSF AROETELZES 6 P R ER OB GRER
6 ) BF o BEFMAE WC 222 & gWAT = Akt Serine 473 = gLEifs i (p-Akt,
s473) mrpL it A2 R B F MY CC &= (B = -8) m & Alicle § F B G o=
MEE >3 LR35 (B Z-9)-

A PFHRYFRLIFRGENEZFEINFTRES T Fla | HhZ s
6 | PFE 12 A RKRRA R NRIFEBTATL FY LR A R
(Commerford et al., 2004; Koo et al., 2008; Rodgers et al., 2005) o & 2 i 5 -2 i @

N

I

Bl AR EFREZES 6 )P WC 2w 3% 5 2kR (1.1+ 0.1 ug/l) 3> #
gL 2R (0340.1ugl) (2 =-7) B -#a 6 |t #35 12 /] pF
AN BESER (TR A AT AN AL FHP

“,% ot Akt PG R Plemp AR R > B IR FHRL S B
j= ¢ 35 Insulin receptor (IR), £ %_ Insulin receptor substrate (IRS) =ga#fs i - PI3K
B 23 o dd mre it il if v GLUT4 & = .8 (Besse-Patin et al.,

2019; Hemmings and Restuccia, 2012; Taniguchi et al., 2006) > & Jf % Jg F| 3% 3 57 4

tre Akt R TE $ AR - ML E F R 4 ¢ X T4 £ F]F (growth factor,
IGF) ¢ % 4 A& 4 1$2 k fis "= (catecholamine) @ 7= it (Gao etal.,2014; O’Neill et

al., 2015; Sastry et al., 2007) °
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2. ERRH G PR

FERFIF R GLUT4 » #7100 § 5 i3 » 207 dovep 1o e posg o

e 3 insulin receptor % .+ ¥ AR HL G F AR B0 T ;’%g S Ak B
R TATA R OFPEL JRIEH KT R o o AP AT E S 12 ] PEISITROR T
#r4 £ & A8 Pepck v mRNA 4 3 (Perry et al., 2014) » %% # B3 2F 7 &
A3 87 WC il FIA RO RsL g Frefun 5 P Aamiird ivr > &
R ERE L B ELE ZERES AR NOEE L FRLE- B
HIFHOL L R ed T L5 glucose clamp technique & 4 47 37K H § 48 1 e A
A% b T is O & A 47 Ake2, Erk1/2, Foxol # & GSK3 % ¥4 [ akpk
it #2 & (Humphrey et al., 2015; Kiechl et al., 2013) = & @ K,% TR B s
§ B IE4E &g rd] PIBK & MAPK B:jS @ 514 fgipiFtd o n § A )J%’si{’ EA
S ER L G RIEFO RAp § B A DR L R RS S A
"F%% de novo lipogenesis ¥ % 3% § % #7¢h Srebplc T 5 ¥ it P & (Brown and

Goldstein, 2008; Chen et al., 2004; Leclercq et al., 2007) -

AR E T LS JLE N
seAlgnak f Fpe i BRI AR A 0 Fl s E A A PR T PRk S
dOEAPAFRO AR c APHEEFRARE T 0 WC 2 gWAT
BB g o BT RAPD R P A AT LR A FL BT R

2

EReN=gl B

o

o

L OWC 23 Sfafsg o ghat i 4

L e sy R WC gyt CC el F kL (2 Z-8) gt
APBRAYTT B L F ISR EAPM e F A BIRE PR
AR AT AL 5 2ok fe W 05 3F adipokines 2 E_H i g W4 F AR > B R BHF
J& (Guilherme et al., 2008; Kubota et al., 1999; McLaughlin et al., 2016) - ¢ #% = -9
3 WC msp & bl B R %5 % gWAT & rWAT 4p4cf i CC 2t o
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A% (p=0.08) (Bl = -10) o FI* 2404 47 3 B 5K penle iy 5 5 p R
inre X ) fd wA AT G RiE- HAEE S e B AL i 4 i
$  (van Harmelen et al., 2003) ; ¥ *t 5 #& v f 2243 & WC .f‘:E_év'ﬂ'[iﬂ;TU’E] /R EER 3
CC 2l Fc] (B Z-11A) 2% BN ipiicme i < a § % & & [efuaif
wE >

FALIEmZIM L R eE# 7 25 B (Duval et al, 2010) » X K ¥ 1
%ﬁﬂ BIE Fp 85 ¢ £ F]e DNA (Genomic DNA) &k { M Az ™ in ik g -

AP R R E A EREFS R Y o A 47A fE adipokines A Fl& IR 0
. WC 2 Adipoq (Adiponectin) £ Retn (Resistin) 77 mRNA # L& #& CC & i< >
edgp] WC 2 gWAT I3 s 7 > (dysfunction) 2 % # & (Chakraborti, 2015;
Ouchietal.,2011); ¥ *F3ViFs PIEfrigipimiz < [ B € § & I Ap R B enE il im e
&4 ¢ Adgrel (F4/80) & Cd68 (Cd68) - mRNA # & (Lynch et al., 2012;
Weisberg et al., 2003) » e 3ha 2 F il £ 8 (B = -21) » F& #fpeRiae
—HFREA O ART P AA Y rE Rk TR EH W f T (He
etal ,2015) & X7 Rl R # S Sehd i § R LB TR R FE R F i 4

g E{ e ani®n N o

2. d ¥ ﬂ%.&f'_.%‘i:h&i#i%’?#ﬁ;, SRRV At BL § R Ieduip B

FRAEREERDP N ST AT AR EERTINE R Y

DU ERARTF R o @ NEFA fs e &3 6 w0t R
¢ ¢ = { ~ e §* (Petersen and Shulman, 2017; Ye, 2013) - NEFA 12 2 ¥] 5 ik
m 124 ¢ c-Jun NH2-terminal kinase 1 (JNK1) » ¢ €% % insulin signaling pathway
? IRS-1 # =% § Z 3L @yE? %7 (Capurso and Capurso, 2012; Sabio et al., 2008) >
g G FIEf R TF]F o AR P AT IR ’9¥]1’°q 583 P f2 18 % Lipe (Hsl) &
Pnpla2 (Atgl) A F12 € » %% &7 WC 2 Lipe 2 Pnpla2 714 B i<
(Bl =-21)> P WC ehigfa it ¥ 3 & 4 pLg » 2135 6 F e bk m R I f Ap Bl
IR G o FIMG A MF R L ARG T d B f I i A g 8 e B0 49 7 RS Hsl
¥ oAtgl A FE e FARE > BEFREFLE F LR AP (Smit
et al., 2007; Stubbins et al., 2012) » A @ B 305 & F fe >t Hsl #3475 Frd) &8 8
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e A R o B4R R R § TS G AR AT K
Yv AL A FL e 3 (Samuel and Shulman, 2012) > e $PqfEfe 2 R E L %7 - >

I ¥ R fRITH € X F| 82 K fe vRsifc % (catecholamine) 2 2 & g E mRpk
SIAS JF A fR 0 S G F R DS Prdand § 0 Ra JERUE 4 B Mg fRs AT A -
TACTEH R R E R 4 >0 B P ZRTF 5 FlF > bl4oPFl iy L oo 4 5 (turnover
rate) ~ L5 FIEH PRI SN EH B
Lewis et al., 2002) o B & 24 @ chle g7 2 F Bl % 2w i WC 7 W3 iy o)
BRRIER A L > ARF R PP HRAITAHEEN AL KRB
HEAFF A RpERY A ARES TR BE AL L F DT

\\Xr

B R R T gk cn% F] (Gaidhu et al., 2010;

(Luo and Liu, 2016) -

~H4e WC 23 S5 B4 M e fk
APEEr PRI e R T E AT WC B8 CC B o/ 5 s
Nz fH B ARk 24 F S NEFA " REE L %8 2 i (B
Z-17) 0 AR @ AR 0T a0 R F o NPT BE R R~ F T R
Zormenpt R 2 w73 0 4o Bl = -25 (Geisler and Renquist, 2017; Ipsen et al.,
2018) -

1. 3¢t gnry s};(p{;);}&;\ ,;«ﬁ 12

BARF %A ﬁuf}:?,%;;}grsb EBA P R 4 2 % ey s e G
NAFLD ;= ek i & k> it 5 = = =+ (Donnelly et al.,2005;Postic and Girard,
2008) Ha hAPA KL AT 28 gWAT R85 127 Hsl 112 Atgl chik
F i RE A .fngé‘*;‘l*ﬁ LB % NEFA JEA® o4 23 £8 > 41 & WC
K ’F NEFA kR E# CC =i (B --3F) & WC ei23 # CC .

K p g vh s fR G fR R L o

o B 2N g RAFEREE X K 4A P AL cni i -9 Cd36 (Glatz and Luiken,
2017) s e B AFIARE S APy 0 F iR & #iF 39  Fatty acid transport
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Glucose

Acetyl-CoA CHRERS

Insulin———3 SREBP-1c

Glucose —————— 3 ChREBP 1 y Ketone
e bodies
—>— FFA

Chylo ATGL

ApoB-48 \
3 ATGL
ApoB- 100 VLDL -|-

Insulin

W = -25 Frgdaff en T At 184

Figure 2-25 Mechanisms of hepatic lipid accumulation (Cohen et al., 2011)
Three major sources of hepatic FFAs come from diet, endogenous synthesis, and
peripheral tissues. NEFA have four possible fates. They can be metabolized by 3
oxidation (B-OX), stored as TG in lipid droplets, or packaged into VLDL and
subsequently secreted into blood.

proteins (Fatp5) (Slc27a5) (Storch and Thumser, 2010) mRNA % L& & WC e x &
T (B Z-20D) 0 Fp R dedmmS N 16 R Z S 12 ) FEIRT 0 E e R
X PR s EL 2hid & NAFLD 0 & i F] o

2. F R N4 RIFHEI R L 2 (T (de novo lipogenesis) P

DNL &g 375 HR-Ax & ¢ L 17 s i3 & P R 3 il fe - S A T RET
DNL ik A %8 26% "% "3 % F Xk (Donnelly et al., 2005) » ¥ #-#Ef2iT* g2
acetyl-CoA 5 acetyl-CoA carboxylase (Acc) ﬂﬁ@ + fatty acid synthase (Fasn) &
= ~ Stearoyl-CoA desaturase (Scdl) 2 4&x{frz (&)= "g3sEk » (& d  diacylglycerol
O-acyltransferase (Dgat) & {7 fig i ; F%EET A B &£ & g%+ > & B 22 1%
5 % {1 @ & 14 Srebp-lc (Shimomura et al.,, 1999) 2 2 it % 3| pE 4 3 #5 o0
ChREBP % Jﬁ" % % LXRa T 2 %] (Repaetal., 2000; Sanders and Griffin, 2016)>
Ra DNL & WC zef = & CC 2prfrk myrdlayik iz (B = -20 B) »
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SREBP1c
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FFA ACS ﬂ o
FAS

mtGPAT

Malonyl-CoA —

(4

A4

LPA
ACC1 PPARa
; : Acyl-CoA _—
AGPAT
Acetyl CoA L
\ PA
PAP
¥
TCA DAG
i Acyl-CoA
| O
DGAT2
cytosolic VLDL
storage pools y

W =26 =YW Eqnt SEBREE L BT
Figure 2-26 The negative regulation of hepatic de novo lipogenesis. (Choi et al.,
2007)

DNL Ap B A FI2 T S 2§ b jF s fi cne iy B g % 2 v & A piah s e
Pl 7 - R ALY ode Bl S 226 7m0 F A BTk F% Dgat2 4

W FIFrIpE s € % = phH i g i E ] & o B PRIE  npRa g AL I € Fr )
5 Lxra 22 %)% B &_ Serbp-lc sk > i€£m "5 X DNL % » 57 @4 A 4 iF
% e NEFA > 3 4 "#%KcnF i & 4 (Choi et al.,, 2007; Howell et al., 2009) o 3¢
Penf S FIR WC 22 B2 CC =ipt > "% Dgat2 mRNA # L& &
M 3T NEFA 7 B8 12 3795 2 4 ¢ ROS & 5 eIl d o 5 7 S B4
G0 VAT g GRS R A R andiip] o AP S R A BI85 RaRs e TER
fe-x 47 DNL ApM A FI AR > 3 DNL 7% A FLRE o* Q&S T 554

S Ak H A o d F PFen Lxra, Srepb-1a 14 % Srebp-1c 3| Scdl 3]5'3{ wC
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e CC A F2MEF > &£ =Y ¥ Ay Dgar2 mRNA £ 3R E 5 e p| §7 5
3 (B Z-24A) fipi- (%% 2% %% DNL el g ppem SE2 H 4 (T3 » A
2RI i E.WC 3 AR E s S NEFA R 7 (Bl = -17E~F)-

3> E18.5 52557 DNL iF% g ah F]v i £ 4% Behd 2 483 T > HiB%
4By 75 Lxra fedl (ligand) @ FH Z 3E V # 4 DNL> 04 pi- e 5§
BT BERGF - LA SR FERI N Lxra FICE ER A BRI REEARE
Fgﬁ;—r LE: S

PN Pdap AR 8T S 4 d € RAER P R DNL PLEg » = a4 i fig
WAF L >#E > FE S NEFA F A prdl32 8% > i&d N v AR % o %ﬁui:’mg
% 1efig 2 Srebp-lc EV B F 4 EF i PR Fl - o UAFROL L L BAT
f & (liver-specific insulin receptor knockout, LIRKO) 3 #5-3] K357 F%0% § 2

FEFienfT 7 0 H IR AVFERE B rq0L § R 0k B € 2 17 Srebp-lc &2 A E
(Biddinger et al., 2008) » ] 2 i 5 3|7 Srebp-lc T " 2 3F 4 F] L § F 2 AR

1P RE o

3. Epam(ER)chF v i LB

u;Tj 3 j\,};;,i% 4p s H;]s;g/;g fLig® pg_& ,;Ha’%c H;IE;;)J’%;J; »}; VoA id e Ay f’}ﬁé
£ > b4 PPARa s 53 3% 38 2% ¥ lipoprotein lipase (LPL) #i& = faH & fig Ak~ fi#
(Kersten and Stienstra, 2017; Koek et al., 2011) » 82X WC BT FaREE SR 5 e §
TOELF e fY a1 R AR 0 AP gPCR B % EH 5 WC &
PPARo mRNA % g il » e H & B> 7g9mpe s it o0 Cptla ¥ Acox mRNA
FlARS it AR (B Z-20C) % EI18.5 "arfnrgvspid i enjphd A F1 4R -
BEdck 2 H > 3 2L (B Z-24B) 3P p rinFhuafis e
WC o7 gy T 2L F] 5 P ippe ) * Magm DR L R oo

1

fes gt2berd enfl 1 WC g2 £ 8 & 8% Mo blded B WC &
9 Fgf2] $uF ElF L#F (B = -200) Fgf2l - i kL
PPARa # 47> B & ¢ % 7] PPARa fedd ~ 4 & & 8.4 1k G #£% (Mai et al,,

4‘.‘
5
=
6&-
)‘] 3
e}

B
2009) (Lundasen et al., 2007) » F]pt 35 7 5 H # F|+ @& 7 Fgf2l 7 e £ 3B Lm
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Ao g knprs Sit] cnAFAR A WD 00 CD2Fs 24 ARFR Y (B
Z-24B)e P mAY § X Sirtl ¢ 5% PGCla deacetylation g4 4148 i
AL P P > W Ao Vh R OATR T R iR de 4 (Cao et al., 2016; Nawaz et al., 2018;
Sunetal,2007), & DNL # % § Sirtl it* p{& > Srebp-lc TH ¢ 2 — » 11 % %
Atk a T MRARIEIE Srebp-Ic A F1 ¢ Fli A £ IR Sirt]l & X Fr4] (Ponugoti
etal ,2010)> F]P 3 A i 3 R AR Sirtl EEH EBAF 9K SRBE TR ED
p A iR 4] (Nguyen etal., 2019; Pfluger etal., 2008) » = &P F % ¥ % #H %27
2 B & 82 $ 3 3 Srebp-lc ¥ Sirtl ¥ P AEcnB Sl (B = -20~ B = -24) -
LRIy £ i;w L v & 44 PPARas F A% # ¥ B2 SREBP-Ic

v E AT E A F)F 2 PPARa E R efRie A F] > (e 4r ¢ % 3| PPARa @A hn
42 (Patel et al,, 2001) » @ 3 P % ¢+ 5 3] %£ lipogenesis & & 4 4% ¥+
SREBP-Ic %= B WC + it #F3g? 2 E ik CC + M f3FrAPHN P CC

F KT 3 2 PPARa E it E|iE A B DNL g% o

4. mBE)EILFRLIIE

4T BEf & G (R ey e RS 6 £ 04 VLDL A5 A 0 T

—

F1
* o %% VLDL Z#7 = 2> piFge " AT i & Z Y W e fi %
W B I g RS R @t SR 0 de B - 27 #i7 (Ota et al.,
2008; Stefano and Oliveira, 2011) » & #FF 34 B2 > 24 2 FPLC & 473 2+ i i
VLDL Zz & >4 B =-19A ’Jﬁi'“'l % VLDL #h3*# & WC & CC g
IR %o AR VIDL PFE ¢ RF %0 ApoB - b A iu 3 aFeh s Ay
#I® 7 & F 7 ApoB jE& % FPLC % & » WC 28 ApoB kA& 4 i
(B =-19C) 2 15 & WC 2 6075 1229 ApoB 4 F% i< (B = -20D)

3 et A B AR F BRI erdB R (W] 2 -24A)e § - B2 VLDL &4

K 5 F] Microsomal triglyceride transfer protein (Mttp) » H i® % §_#-Po ¥sps &L %

ApoB> T ¥2 ApoB ZILE = 4phE o F Mittp 444 € % ¥ ApoB LM EHTZ B0
VLDL & ;2 "84 = (Fisher, 2012; Liu et al., 2017; Raabe et al., 1999; Sirwi and
Hussain, 2018)> X A @ % P MupmRNA 2R ES 2 fF 23 £ 8 >d p whl
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Figure 2-27 The possible mechanisms of impaired VLDL secretion in livers
and the developmental programming of NASH. (Stefano and Oliveira, 2011)

PR TR T 0 ApoB %20 VLDL e K EAp B Rk SEiuen
R rAsfy Py 3§ ApoB ATl Iag ERFHEMLOM G 70 0 R
(homozygous familial hypobetalipoproteinemia, Ho-FHBL) » 2LiFpf {23% % e 5 H P
B cngF ez —  (Di Filippo et al., 2014; Schonfeld et al., 2003) > F]t 2 2L 5 ApoB
VT A ek FI R & s Fenie 47 (Lee et al., 2014) ©

el B E BT MmE ApoB £ NAFLD 7 f 40 R 12ens & Tk |
H 3 A% ApoB £ ¥ 1 H ARG NAFLD 5 % & 2 < s 5 s 05 2] 35 R 5]+
(Nass et al., 2017) » NAFLD £ non-NAFLD s 4 4+t & & ApoB =+ P ¢ 7| 2t
. % 0 (Jinetal, 2012; Walldius and Jungner, 2006) » %3 % 7 * j#§§ & SFHCE T8
£ % F e 4] (Higuchi et al,, 2011) » 22 2% i 3 35 379580 1) I 09 130 4%
14 hEHTr Bd P10 3 PBANAPHNT N FL VLDL R &b
g5 T f AT & DNL ¥ o

4.1 ApoE £ 715 'ﬁ% ¥+ ApoB i

PR T 5 §4% 9 ApoB B0 g * chds 4 05N G ApoE™ | B L eng i

1
b

BELY2miEr 1 ApoB £ ApoE i £ 3 K % &2 3 4 ApoE 7

i € %ﬁd % 53PS (signal peptide) %22 ApoB 4 ;& (Riches etal., 1998; Watts et

al., 2000) » “7 123585 A Fleh VLDL ‘o 1 B 4ot 509 2 4] CSTBLIG) )
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80 % ApoE” /| Bl i PR R G Vi e ip@ 05 4 4] CSTBL/6) ) BA £k R ¢
77 W BER S HDL 24> i VLDL #Hac 37l 63 A PR %k 3 Uk
U478 CSTBL/6) /| Bl iF"a v ¥ 0 Bk S F YR Y W
fig 3 Af PR T 21 ApoE” ] 8Lt ke B>t VLDL ehg % > 7 g 319 A4 A &
VLDL 7 & 229 e (2 4, 2017) > FH A5 digf iR ™ & 5 7| VLDL

FUREAL R IV RFEE D BARAPT R R2 W23 AEFI R PSS

F_

BAMF R g i A5 4 88 NAFLD 5 & % v B E § £ 5 82
ApoE"" | BSE e g @ 7 AR ¥# 5 o9 VLDL £ $° v HDL (Martinez-Una et

al.,, 2015) > FlptAp i A ipE e R ET A 50 NAFLD 3 7 s 7 ikt ‘EF/I% °

£~ H4r WC st 3 (& 9F50% T 3 4

St WC imze B angf TlH S 2 b g s ff 1 2 CC s
a5 N PEER (B = -17 C) o "RAM & % 4 & SEH 4 SREBP-2 it
# +r HMG CoA reductase (HMGCR) # izigp 4 2 & & (Musso etal.,2013) > @
SRR LW LA LA LR BT 0750 HDL M ERME T £ 3%
Fept iR b > E M IR AT (Y B 2 o APEROY Z B W Fa e SR TRE TR 3B § e
PEHLPE TR 3 AOFRE B EPRGOE LB R o T O SR TR A T
#1218 (7 glutathione 7t » R AR S 0 2 EF 1L ITH B e > B R TR
¢ %= (Colletal.,,2003; Zhaoetal.,2011) » » 5 A 3 35 J3F% 5 "L HFE R ff 7 it
‘e € NAFLD &f2¥ &g <o § A )ﬁa%}ﬁ.}*iﬂg 4v (Min et al., 2012; Van Rooyen et al.,
2011) ¢ F AR fe T 2 WC e BUFSEE R E MM A L3 ROT R 4 A 2T
IR R AT Rk E T AR PFHRE T WC e# CC ep 2
MR L A R T R B AT B e (RS, 2017) 0 Vo EAFRCZfY W ig e 5
W AR T Fe o

A2 R-2 R AR BT DNA 7 A
1. Lxra DNA methylation X3 £ £

104

d0i:10.6342/NTU201902077



FoR AMBIRAMLEHT A E S PR el P

TR W e BB A AFAR  APEREN AR E B2 DNA
methylation 345772 7% » AP F LA A0 $#3 A4 DNL 229 £ & o0t 25 A7)
Lxra> i3 2 3 ¥ i}u;émg‘; THRBED L] RSN g S:IM%@:@W*Mme&%L
7 intrauterine growth restriction (IUGR) #: 4~ #i-3* ™ ¢ T34 Lxra mRNA # 3R
T T P EE ¥ gDNA methylation #c % (Martinezetal., 2014) > F]pt 2 i o 457 Lxra
11 CpG islands » 3% ¥ BL4F 7 transcription start site (TSS) e 5 £ > B % F R 7 3
16 F#A B EBI8S chirs i g 4w iR Iy s (R - -22)
FIRIT A AIFRERA ﬁ/?'vg A EAR Lyra> STHURIT A ABRRNS B igE
APPSR Lva d P AGHERIRFZ M e RAa gt E TR
FHEFIAE 16 T H 3
fo A A AR Y 3] DNA 7 it dpenp 4k o

<
E=)

RS AR FRTIR G F PR Lya ¥

2. 3+ ApoB DNA methylation 5

4 g AL %S EEDF F F 7 b S-adenosylmethionine (SAMe) ¢ +
] 85 VLDL & b # 23564k 8 42 2 methionine 4l k3 & SAMe if
Eehd ¥ U@ VLDL # 2 § it B¢ a3/ 7 305 ApoB 224 cheE &
& SAMe £ g E:E1 ApoB v H¥ mRNA AFIZREFH- -7 DNA

P AR E g% WM VLDL s ¥7 &% ApoB 0 DNA 7 A1 2 4 jph
1 (Martinez-Unaetal., 2015)> &N iPar@ %P 5 IR E18.5 %2752 = &l ApoB
mRNA A F] & MWL T % e 7 iR P2 TR i R AT R
MethPrimer #42 ~ 47 ApoB F 712 3 5 ¥IP & e CpGislands> &% TSS i %
- & CpG sites » 2 5 DNA 7 A it 24788 kA & WC =4 2 CpG sites ¥
Aitfe g doigdp o CC 28 » mRNA A FILRT o Flet < 50 B4 o

Boa i iR T Lxra ¥ ApoB &7 47 0 BHois A Fbde Lpl ~ Fasn »
Pparg » Ppara % * #f 2% 2 v# 350 NAFLD #0538 T AL 2 1 8 2 =2 CpGsites
DNA methylation #% /& :2% (Cordero et al., 2013; Hardy et al., 2017; Pruis et al.,
2014; Zeybel et al., 2015) > Faip] > £ =BX I A Ay P B EAFER o
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3. DNA 7 & 4a b F1% 23t

ERPELY G B AN e VALY RIARRE O FR L

FURpE B f LA 1900 € S48 - B demethylation PEEP 0 A w B £ ATH A de novo

methylation > 7 & 4ot > F X014 (S o FUEp L BT JL VI TR e 2P g

(Seisenberger et al., 2013; Yuan etal., 2018) - F]} 2 7 & 4 B B € & cha &

FTHTFP AL a2 i iz taFb i A ar e - & Al

A RFLFEATRE S FARLEAF AN WA G 4k DNA
methylation € = 3 { 4v % 7] @5 o

Pa AR a47 Lyra 22 ApoB # % 2. CpGsitess DNA 7 A it 42k > &5
B APpd A2 Flafids LEALATNLIRaG P RFIFAT AP M S
(exon) » * H § HdAcdoBh2 (55 - BUHE I ALY LR KRap F I
(intron) P25+ 3 ¥ LAk > N 7 F 977 60 GC B2 ¢ 325 DNA 7 it 42
& (Brenet et al., 2011; Gelfman et al., 2013) » “,/]c‘. 7 CpGislands 17 #F > A &5 pr=
TP ORI A T AR T L g4 AR AR CpG islands 53k > ARFEZ 5
CpG islands shore % #* (Irizarry et al., 2009; Ziller et al., 2013) o ¥ ¢k - & #-44 4
Mt e B Fen 2 AFI LA R A A7 @R X S B A T R CpG
site A_" 3 dxAs b B ek #d (Ziller et al., 2013) o F]pt & 7% » 7 7 35 314 2 CpG
=8 DNA 7 A 30 A F1 L e B £ @ FlEga £‘%$ { B EP%RE
AT DNL F % A M AT i3 X7 A AET UK F R4k
2014 & Martinez & % “T 3 > b5 WX B a* g2 5-aza-2'-deoxycytidine
(Than et al., 2018; Wijermans et al., 2000) » " K H g3 X 249 Litpmp » L1t

RAFLRELFLIPE @4 LAPFHID P -

4. B w R end il b

“f 7 DNA methylation 2 ¢t > histone ¢ fgit (acetylation) » A& 3E F £
NAFLD 7 & 4p B - Sirtl 5 lysine deacetylase > ¥ 12 d deacetylation #*#~ RNA
W LA g L P %S F R NAFLD # H3K14 4= K9

deacetylation 7 B (Suter etal) o ¢V iy A 457575 Sirtl £ R E > F R & EI18.5
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pRn TRy AT Sirt]l X PR ET AP E THEDIRE G f.ﬂ;‘g:}*ﬂ it e
BL% Sirtl mRNA £ 3953 # s dehd-vd FLRE L 4e £ & (Vaqueroetal., 2007;
Youetal.,,2008) » A k¥ 1235 A 4795 Sirtl HF-d FA IR FEE AT KRS

FEEAPHST Sirtl £F 3R NF ey et aniEr 2EAHP o

%‘iﬁﬁﬁﬁ*%%%ﬁéﬂﬂ#ﬁ%ﬁazaﬂw&ﬂ#w

5% JRER 3 %o NAFLD &% ehly & 20 GHR 2 AP M 12 0 %3 RIS
BB Rk SRt ] B KA & 0 3 R RIS B W g € AR BRT 2 AR
3%%%ﬁ£$%@*’%?%iﬁ*£@%§(Mwm@amﬁmwy #¥
PR 5 A s AP AR 0 WD AR B ERRRRFL - 7 2
FlFflpr f AL g REF BB He s WD A JIOF]F 7 N E HFE5

i eh P F 75 92 (Zhang et al, 2017) » bide o R A GG S8 KB A S

adipokines (Aye et al., 2015; Lappas, 2014) ~ miRNA (Thomou et al., 2017) g & 35

& 346 Hepatokines #R it 2947 =+ f /g2l & B c AR AN PP R 37 F 5

\

E4
P
FRFAE A ;g;{_}ﬂé—g NEF ST FERHMBL R IR R A

Thoo B @GR

59

’ﬁﬁ’u%ﬁ WD ;;;gg.m g d41 3 87 3L - NAFLD 17 % 1. ’F
% insulin ~ leptin £ adiponectin % P = 3E 7 € 3 4v + % X3 F §LHF]F (Aroor et

al., 2015; Machado et al., 2015) -

BRAP T G RS PR RE R AP S LFE L
FERR S e R F S RN #‘%’F P BFRE S o B
LRy h,ﬁﬂmaq?*%wﬁwit%vkﬁaM%% =

B} 4 (endoplasmic reticulum, ER) » Z # M #7 5 B - % "% 5 & ER Stress

HRAEH ARG T

PE g e INK BUR L § % G 5@ 3R > 3+ SREBPlc & SREBP2 i®# » ifig=
fat b fin 2 e F g 4 & (Cnop et al., 2012) o }* #h & 318 3 83 %7 > ER
mmsiﬁﬁ?E@hMme@%ﬁﬁﬁ%ﬁ’ﬁﬁﬁﬁiggﬂﬁNMED@u
etal., 2012; Liet al., 2012) -

* R B OR AL Y - BHETS o A PTRR AT S Bl F
EFER KR CFRARIPEF AP OF A S G TS AN S L £ P
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B = hi F14 I (Bruceetal,,2009b) o i d ° 5 AT Y & or R R e o
A B s B R Y S oA M o W P s ¢ HLH-leucine zipper
transcription factors 2. — =7 TFE3 & F]4 "f v € 18 %) BUEEES IR AR A Feam

e 8~12 3F {8 T IRAT AL AR IR % 0 PFRRZ BRH U fa AR~ PR fatty acid B-
oxidation 2 % gluconeogenesis # F]& LT ' o F ¥ TFE3 & £ P jgec L
B Pa b 8 (42%kcalmilk fat) 2% 3 1 i SR ¥ 0 P RS N BHE R i B
*» (Pastore et al., 2017) > F2p|3+ * A5 a3+ ¥ R B ﬁ*#q-vlz |fie g ey b4 % 1F
L | FeE i m R A HE e e NAFLD JpAzie B - A kB & s
EH SN AR Bg g S TR T L5 ER stress U E R AR 4 AL iE (7AW

(Perry et al., 2014; Rani et al., 2016) °

¥FIe 0%
ME AR GRS BE S BB ERAR S EIRT o R s R
FORPLE i BT A ST o R A E S N ILZLFRE R AT R S R R

-g’l;

WEF R A > H P FIRIFE dpoB mRNA £ & T " &2 ApoB 7 F] DNA ¥
AUERRATAG M P5 ApoBmRNA 2 METHAF LR VIDL &

S H e H -
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