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ACC-2
ACE
A-FABP
APS
BMI
BSA
C/EBPu
ChREBP
CPT-1
DEX
DMEM
DTNB
FASN
FBS
GLUT4
GPAT
HB-EGF
HEPES
IBMX
INS
NP-40
PAI-1
PBEF
PBS
PCR
PPARy
RIPA
SCD-1
SDS
SREBP-1
T3

T4
TEMED
TNF-a
Tris
Tween20

AEER

Acetyl-CoA carboxylase-2
Angiotensin-converting enzyme
Adipocyte-fatty acid binding protein
Ammonium Peroxodisulfate

Body mass index

Albumin, from bovine serum, Essentially fatty acid free
CCAAT/enhancer binding protein o
Carbohydrate responsive element binding protein
Carnitine palmitoyltransferase-1
Dexamethasone

Dulbecco’s modified Eagle medium

5, 5’-dithiobis (2-nitrobenzoate)

Fatty acid synthase

Fetal bovine serum

Glucose transporter type 4

Glycerol 3-phosphate acyl-transferase
Heparin-binding EGF-like growth factor
2-[4-(2-hydroxyethyl)-1-piperazinyl] ethanesulfonic acid
3-Isobutyl-1-methylxanthine

Insulin

IGEPAL CA-630

Plasminogen activator inhibitor-1

Pre-B Cell colony-enhancing factor
Phosphate-buffered galine

Polymerase chain reaction

Peroxisome proliferator-activated receptor y
Radio immunoprecipitation assay
Stearoyl-CoA desaturase-1

Sodium Dodecyl sulfate

Sterol regulatory element binding protein-1
3, 37, 5-Triiodo-L-thyronine

L-Thyroxine

N, N, N°, N*-Tetramethyl-ethylenediamine
Tumor necrosis factor-o
2-Amino-2-hydroxymethyl-1,3-propanediol
Polyoxyethylene (20) Sorbitan Monolaurate



WHO

Western blotting

World health organization
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AZRY w7 Fa—aik, “PIRIEHOSRECNA T, R, SEME, SimED 5 g2
L EAOfFE LI-RRe & S, B, DAEE, BEIRREOEEDFERORBE) A7 % LR85
EEZBIVTWD, £O72d, NEmE OISR B D SBEHEEE PO, AFR) v I K
O — ADOZFEHRIRFEOBERRD BTG, AFRY v 7 v Fo—AOHECIL, TEIHIES S
MENAEBEWE, 72067 T 4RV A "NiA VORRBEEPEET 5 I ERHRE STV,
EBIT, BEOT T 4 WA FIA L DFERAT L ADOFEENR A Z R v I L Ro— LAOIRES S
L., JBREFEEHZL T D EBZ BN TWD, AT, ATRRECEERIEEMIL, AF R v o
Vv R —LBEICBOCHE LT T 4 YA b A A VAT L ADRIEZ A L CEBRROIE
U A7 BubE e T AHRIERSY —5 v FOREE IR Lz, BEFHaicB WL, DEnaTs
A WA BAA AL, AR, FERSHIRRO M oREM, BRerE e COATEREZA L QDS EEZL
NDB, ZOFEMIHOUWTEIRIESR S, EEL (77 4 RV A S A L ORBRITS % S LT
HOTIIRL, HEICEELD 5 Z L TRIEEFLZIZR L T D72, AFRY v 7 i Fa—L0Fik
Z L VL STV AOTII RV W EBZ EOT T 4 BVA b A VRBRICEEEZ RIETH O,
TT AR A bAAVFEBRNT VADREILLDAZR) v 7 Fa—MRROY—7y b LTHEH
TRD TR ERERE LT,

L. AERARERROD 7Y - ARSI BT T 4 BRI A b AA L OREIEES

Bl E b & DT T« VA WA VEERE OBRIEEMA L, A XKD v Fa—Lam
BEY—7 y MeEfE R 00BR 2T/ 1o, BERROINHTT V7 v hORE HER
EHEHRRR BT DEET T 4 BT DA VEETORBEETHE L, TR, BRI iR
PV T DT T 4 RF 7 T ORABITEBANR AL, SHI2, [ERMRCh PRENEINT 2
Plasminogen activator inhibitor-1 (PAI-1), Heparin-binding EGF-like growth factor (DB M R34 B
Tz, —75, NEREACI ARSI 2 &85 S g L UAF ORI TN TE LT,
wic, FAREONERET VT v FOIEHIaZFREE L, ot - REWERICBI 2877 4 R A b
HA L OFEBEEETHE L7, FORR. BRI Vet &3R8 Y | IREEEIETlE CidEr e
R OWERET AT v MEEZNZ OISR O/Y - FRBGERRC BT BET T 4 YA b4 &
(T RBEENORE IS DN 0T, ZOZEnD, T bR b - AR
BT T A A A LREB R — U TERL TR Y | IEREROER LTI L TWA LB 2 hids,
£z, BRUABHHIED 3T3-L1 ORGEBRRIZIT T 7 4 A9 A M4 L ORI FREEEETHE L& 2
A, TTARRIF o, VIFr, LYRAF A ORREE RO BRI 5 A
BiL AL LR L QW e, D728, ZBTT 4 RV b A4 AR o CEE R RE
ERELTNDEEZ bz, OISR HIVD AR Z R OREOREE IS
BHLEZ LNTND LYV AT UL BB R OB b > TREATEEITER L i bbb,
AR B s 2 RREITED L T\ R EREEI Tho Tz, £O720FEETL, LVATF AHID
TT 4 WA b AA B A SRR OB UICEE AR ER 2R 45— 5. ARV v
¥ Fa—AORBE LS ECQOAERO 1 DTV SR LT, T7hbh, LURAFURASR

Uy v Re—bOEERS—7 v MEfiE LTERA T WGBS 2 BIEST,
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2. VURAF L ORI B IFEEEA~OR S

AERERF = 2 BB LY R F L DM AR R E DB R IE AR L, A R ) ABRFIMEZT
U, Hix RERROREEMCES T2 LEX b TS, LiL., IRIMEICRH 5 L PATF o4
FERIC DV CIERI RSB, & 2T, 3T3-LIRIH ORGSR i) 2 L AT HER Al 5
Z 2T, MRS B LU AT U OEBERIfEA 2RSS L EBIT, AXRY v v Fa—LOlh
B —5y Mtk LCOFERAERZTHE Lz, £ORR, EHE, LUATURERESRNAIL X - T
L7 el B W CIREEREENA BRI T Z L 2D TRALE, EbiT, WWAFVRETT
A3 FDNAZ A L7=COSTHlaD R EE3T3-LIACIRITE 5 Z LT, LU AF U HEMRIZ LD
NS EEEORIEET A L2 A Lz, 0z kb, LYAT MBIl BT A IEE SR
5 L CWAERERIES N, IEESEA =X LEBE LI 24, LURF BB, iR
IR~z BB R ER F G D Peroxisome proliferator-activated receptor v, CCAAT/enhancer binding
protein aDFEERZTTA bR olz, & ZAH8, Rl LV . ZROIFEARER OB
54 25 FCarbohydrate responsive element binding protein (ChREBP)D % /30 B EDD L in5IEM:
OIETERHTE & 612, ChREBPOIERTE({EF T HFatty acid synthase, Acetyl-CoA carboxylase 2DFEE,
BT S 2 LR N Lin, &5, IFER#RLIZES54 % Camitine palmitoy! transferase-1 DFEMELH
RHL7Z, ZHBORERLY, L OAT LV REAGIIChREBPESIEEOMHE 2 LT, FEEERHIH]
FEONRER DTG L(EEEE) 2RE L T\ Z &k ah, 618, BIEREI~Y Xichv
DAF AR EERA IS U RER, IEI R A Eh b D 7 ) U NRE, FEPEE S B0
RO ST, Fame LC, WPRTFUMIRIIEIC R 2 IREEROEICBEI 5125 Z L A3 e
Sz bint, AFZRY w7 v Ro—ARRCBIT A LY AT OEBER M5 2 £28, B
WEICAERATHD LEL LI

3. LORF U EFILE LIETT 4 YA b A A LSBT

FEOBRSNS LA AL, TEHAOREHICEETH Y . AEIERO 1 oL UTIRESEOIGE
WEELTWAZ ERRBENT, T, MOTT 4B TA M4 L OFBRTHREEEE 52T
WBDTIIRWREEX T, FLT, VIRFL EMDTT 4 YA bhA b ORCHERER S
BOINE D PERALNCT DS, LUATURBIIHSBIETMOT T 4 RA AL v OFEBRA~DE
IR LT, FOfEE, BAMIEDIIE) A7 & LR 845 PAl-l OEGETHBIBR S 37 E5y
BTSN, T, LURAFLEERE HEORINC L » T, WIATF REEIE
MBI D PALl OEGTFRBEER UGS A ESIWEORBDNERE Lz, ZOZEhb, 77 4R Y
A A EBERD 1 oL LT, VUAFUATL D PAI FBERAEDEIET S RIS NR STz,

%

B

alE

AEEETIE, AFRY w7 v Ra—hOBBRRES —7y NOEREBELT, 7748 A b

A VORBRIENTER Lis, FORR, 75 Ao FOA Y OFTULIATFUR, AFR) v F
O — ADFREAEMHE STV BERD 1 STV EHERE L, 2L T, LURF OB o

TAEFYEH & L CIRESEOISE~DBE SV NE S, $i, LIURF IR ZI T PARL
OFEBAEHE L CWATREMISRE SN -, INbDZ D, AFRY v 7 v Fe—LRRIEBITS
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PAFUOEFERAHIET D Z & T, AHOLEC PAR SR L S EEEO TN’ s 2 L
B EhD, Thbbh, VORFUATIALRY v Iy Fa—bDRRS—7y Fe LTERTHAS L
EABND,



fEhsE O & AT B

ffr LEE RS L o T, SeEREE A I IERE OBDMER LTS, ERMRETERI(World health
oreganization ; WHO)A %5 7= MHEFYREERGET 1225 & IEME O 1980 420> 2008 ORI 2 {5
IZHEIML, S{BEALEEBASHTND, S DITEF, SELLTOTHNTIST SIEmMOEIN G FER ST
W5, IEEOFEICIL., R L EH B3R B 5 Body mass index (BMI ; kg )3V HIVTE Y, WHO
T2 BMI 30 A B & B & E2 LT 503, BATH AAIEMTEES) BMI25 BLEZ B & Es L TS (1
), ZHUE, BEARADEECEETHEREZRIE LT, FOEEIWCKIZIERL T 57 Th D,
X B, NIRISITERSAS 100 e L H - f/E(130/85 mmHg BL_E), SARMAE( RV 277 U & Y FE 150 mg/dL
LlE, F£77iF HDL =t AT v —/4E 40 mg/dL A53%), mimbE(110 mg/dL LA E)D 3ITER D5 H 2 AL E
I 5L AR v Ru—hbBlirshs, TLT, AFRY v Fo—AREE, L
FAATEE, HRREOEERBRORIEY A7 & ER &5 LELZ O TVWA[,2], 2012 SFEAT A D
FE= L TAOERBFEOFRHET (cXn e, WRRIIFERDE 2, MNERERIFH4MLTHY, Z
IO AEEFSIER & L TRA D LRIETEOR 40% Y7512 2), 2000 4z 121 fidizisid 2 ERE
BES< DiEE) L LTSN MEERA2L ITE->TAFRY v 7 Fa—LEB L TV A ER
OESIHEMN Lz, &5I12, 2012 SFICBEE - AR 21 (F2¥K)) Tid, AEEERORE T
e EIEETFRRCHERBENMLTWS, LT, BRRCAZRY v 7 v Fa—bOFE, UE
WITAERE LEEEESHER STV B 3,4, LvL, EAFEE N OERSND [ERMEFE - 55R
& oA SEEEEOHS A [E 30 4Ll EoEE AR 2 BEAEER L., 1 FLLERERE L ThAE)D
HIEAH 2003 FEITHEAR 2011 FETHL, HTOERERLTOED, EEEOEIGIZSIZEEML TV VR,
THHOFR LD, EEIEE TROAICEE SO TOTH, BRCIER CH A AR g L 72 o T
WA I EPHEESNAE3), SOL D RER G, IERECH L CAESREEOEERR A L, A SR
U w7 Fa—ATRRT 3 EERERORBIE TR OUEEL fE & HIRFEEOMZEI SR biv T
Do

| E (ke) IS (A AR S)
BMI = BMI
SR (m) X BRM e me| Bixs
ZEEE | 1858l E25kB
WHO BMI = 30 . & (1E) | 255LE30%5
- BB | mEm &) | 30LLE35%E
BA BMI =25 | ABE GE) 35LL F40kH }-&rfﬁ:ﬁerﬁ
E BE (4E) 401 F =
HARAIZBMIAZ0LL E CHLTHEFTERDEEDN
FR(ZEERL TLVS7=8

X 1. IEREOHE BMI & IERESE (AARERES)

HATIZBMIL 2325 DL L& L T L TWA, £ERL. 1225 4 BoadES T, BML A 35 BLEA
EEENER & L TREORSRE LTS,
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‘ K2 AFRY w7 Fo—ABHEE L SERIEARIFEL 3
‘ PIlEREGOERE & BT, Bk, BIEMED 5 H 2B FIZ A L AZR w7 Fa—h
B sha, EETERE LTHEIND R, AP AROFR E L TR 40%% 55,
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3. EEEED B 5FE 0BG OERNES L IEROZ ORI OFRIER

1 [E130 57 8L RoviEEh 28 2 HEL ESER L, | FFLL R L TV AEZEERIEDHAE L EZR LTS,
BMI %325 DL EDFEZIERE L 22 LTS, (20114 EEMHE - EHEkD
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TENHERRZdo 1) DRRERIE L 77 4 YA bUA o8k

IERff AR 1 2B AR & B EEIGERLD 2 FEEDMFE YT 5(5). eEIEHERTIEZ Fa R TH
EEICEL. TCENTESRT 5 2 & ClREER RO =) VA —EHET D, —5, BEIETHERR R,
FESH R RID =N X —% ) U NMIEET S Z L THRETE L, LERICiEeT 5, B
{RAYIZIE, Glucose transporter type 4 (GLUTH)Z 4 U CHEER LY iAA, AEIAEEZ G ECT 21F0> Fatty acid
transporter proteins 24 L C, Il CHEAE S - BIARE 2 B v iAZ IS R U 7 ) & 1 RiZE#T 56
TRV ERATIL, AT R U 23— Adipose triglyceride lipase DIERIZ LT, U7 U
U RHBAEIAERAMD U H Sdum & fH Shd Z EBHIDIVTNB[TL, & ZABERE, TT 4R A b
HA EWHIBERRHAL S Z & T, IR IEE DRl 042 BT, iR & L ThRERRS
NE BN Te(BA), 77 4 WA b AA AN DA, DU SND A A LV ORFRTHY
T 4 RR T F L 7T, LIPAT L, Tumor necrosis factor-o (TNF-0)), Plasminogen activator inhibitor-1
(PAI-1), Heparin-binding EGF-like growth factor (HB-EGF), ¥ AT 7 F | Ty VAT i) —F U %0E
Eh o,

¥ AE R & FTARY A ALY
(S B Aa i s 4 FE SR M E)

IHRILF— O
KR O/\O

4. JERFHIRRIZIST) DRRERTRE L 77 « YA b AA
AN AR E O, SHR720 Tl VIR RASRIER R AT 277 4 YA bAA V25 LTS,

TT A WIA M UA RBRE L EERER

FERGHB BV CEEA SND 7T 4 R DA A%, A3k, IR, BeEdb. HSaetEieRes
DOAEFNHER| ZHE STV LE X DD, ERICERNTIL, a7 7 1 RA MlA L h5Es)/es s
RG AR REDT L CIEFREBEREHEEL O D, LL, AFR) v 7 Ro—LBEDLLIT
D HIHIEEICHEE &S U R ABRARIRN S, IER 7o ABAMNE & 138 B 77 ¢ A MU A 2%
BE— BT (8-11), 7T A BRY F U O & ARSI OBEE12, 1310 V7T AR
X IR RTHREE DR 14, 15]. L AT L0 TNF-0 DEERIC X - THEET 21BMH20E[16-18], PAI-1 D
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KIZ X AFEEROIHIZEN A Z R v 7 v Ra—5b% S IO EY, EERERORE) A7 %
RE&3, 201D, TT A BRHA M4 L OFREBRHBNIA Z R v 7 0 Fa—ARRICBWTEET
HHLEEZ BN TERE, FEUE, BEOTT R A b4 CORBBEERIC L > B &A%
REDTDIZ, TT AR A MhA v OERHENCE B AZRY v 7 v Re—AORR IO TEH 2 b
DEIpoTND, Z0%, AFRY vy Fu—LEBER, BARE TR, RlEREEEERIRAL
177 2, Angiotensin-converting enzyme (ACE)FLEA, o, ZAMHEAL)., SARMERFS(A S T
VREH, T4 7T — NREAL NE T AR Z —FHEAD, BEIRRIAEES A ) VB, oS
H—PRER, TV VR ©UT A NRER) SRR ORI Z ZBIRAT A L
AR DDERIRTH D (H 5),

ARV BE a TN F—EREEH
FPIVCOREH . ETT7 A REH
<L

AR B
LTFo TTARRIF
ERXT7FY
HEjt{I: PAI-1
HB-EGF

= I E
-, =i m
= B I 5E EM??H *
AAFUREH, J4TS—LREH| A LiEnEl
MBS RR—S—BRAEH ACERREF|
o, FEEEEH

5. AFR w7y Ru—AOEMERER b iuE

ARRY w7 Fa—bhBEIZE L LI DIEFLARIIECIET 7 4 A bAA DR T R
DRELTWA, AFRY 7 i Fo— A3 amE i rmd Z L0, IBREENRE R D Lo T
B . FRENOREIHT A IO OFF| B EEER AT A5 2500,



PR AZRY w7 FR—MBRERE LT 7 A RIA M UA AERER O

B2 DOTT 4 RHFA b AA BET AR E OWFEFIZ LTt T&7e, LirL, 8o 7s
A RYA DA LPFEBREE & &Y L CEEORERFRRICRIET D A X R v 7 L Ra—ADHl
M oRRER AR, S DICHHRAVRIEEEAT OB, R LT T A bhA v ORBEAT A%
BIETAZEPEETHDH EELOND, BEIL. [TT A BA b IA LV ORBRITE A DML L TONBD
T3 HAICHHRIGHER FITT Z L CHREERER L. AZRY v7 v Fu—L0iFEes &b
BHHE SR TVWBDO TR LEL, BEOTT A BYA MA L OBRICEER I T 00, A
R w7y Fa— b OIRRICHRR S —5 y b LD B2 0Ty i L ERE LT,

ARG, EEEEOERSRERRAE L. A4 R v v Fa—ABEIC A BNAE LT T 4
YA RIA HBNT CADRIEEITE LT, EEDRRORIEY A7 B ETTReL T AFHRIRE
Z—Fo "OBEREBEE UL, F0OBITE, 7T 4 RYA M4 URBEEE &Te, ASROAEER A7
HTAZ EBHMERARTHD, BIECE AR v 7 Fa—LOREY—F v MEf L7237
T4 RKYA AL ERET DA, IEGTT VT METFERITBI B 7T 1« &4 MhA R ES
ENSHED L, GBI 27T « RA biA REEER RN L7, F2ETI, EHLE
TTARHA b IA L DO—FECHDHVVATFUBATR) w7 Fa—AORES—7 > MER&E LT
AHATHLNEIDETHET 5728, VYRAFLRETORRAHE L, IBRcELTEDL 728
BERIFTOIWET LI, BIETIE, LIOATUERLE LT T A BV A A RELER A Ha
By, L AF RN E T MO T YA b A L ORERICRIE TR AR LT



E1E
RERGABER DS « BBGBRIZBIT AR T T 4 YA b A v DFREEE)
11 #=

NEmE T2 < BB DAERAVIERGHNEIC I 27 7 4 R A b AA VOFERFRAZRY) w7 B
02— AOEMEAIRIER TR L, B AHEEICEE L CnA[19], Ehwz, ZHETIBmE 75 4 B
A MA AAEBEROBREAZ B E 5, FRIEMR OBl E B L7cidifThhTE 7=, L
2> UNEOERITIE, NEiia~Om 2B OB TINA, EEisEaoEacla mla~nark,
FEMb b EE Th D, e IS5 23ma L 7= ARRHIR CRERL S IV TV D 23, £ DS SRR TS
WA EcH B AT, B L CEle~v 2 v 77— VENEE L TV5(20,21), D7, 77 4 RibA
b A A K BRERGHIRE~DATR ER 2 B A 210, BB E RV eBETET Tlel Bl
AERAADD B IR~ & 2, @M Do R WIR ChER L7 iEa s &2 v CEnZhussT
TOUERHDLEBEZBND,

HERAFIR R EERER I b 7k, BT 2 Z EARbITW\A, FEEREMITERERRICIE L L
TVD Wit 7 M o TEEMIE~ &b LTV D23, 20 Wt 27 H3 0 S5 & IR
RiTRER A~ & b3 B (2226]. = BiZ, HElSflla~DHEIC EE LR ERF & LT Peroxisome
proliferator-activated receptor y (PPARy), CCAAT/enhancer binding protein o (C/EBPa) 3 F1 HAL TV 5, 4k L7z
FERGHIRRIIA A Y A EOIERIC K-> CHIlRMICAEE 2 ER L. BEMET 2. #7741 bA dD
I, NEVHRO 3, BEMEIcfEo THEIT 2R LI TV D03, FEDLLILDRERCE DA
HIEZE L, JRifRan> b, ek L ORI IFESITE STy oz,

FETTE, VI F SR ARESEETT IR /L Zucker rat OISTREARI T AET7TT 48 HA b
A OBGEFRHREZFHO L. 25T, B Dmb,. BEMUIZHES 77 ¢ R A D3RS
BhEFHiliT 5 Z & & HEE LT, Zucker rat ONEHHEES>5 Bk L7-ABITATERMIL, 72 HONT~ v ARBRT
BRAHERL 3T3-L1 MREZ AV e, REITRWTERL, AFRY v v Fa—LOBEERNTROCE SR
ENWTNBTT A RHA "I L THETTA BRI FLRVIF, VIPAFL, PA, HBEGF, B
A2 PP ACER L,



12 EBoORE
121 By - A3
KR EERA 72\ R Y TR ODBEFR I — O b D, FhUET A L0 %R L,

[Eh]
5 FREHHENE Zucker fa/fa Rat (JEHAY) & Zucker +/+ Rat (B I K BB B L DEEA L=,

[rRaEEE]

3T3-L1 M b o — b U RRFFEER N 7 K W EEA L7z, Phosphate-buffered saline (PBS) (-).
Dulbecco’s modified Eagle medium (DMEM), Hank’s, Ham’s F12 {3 H7KBERE L DEEA L 77, EDTA-2Na-2H,0,
2-[4-(2-hydroxyethyl)-1-piperazinyl] ethanesulfonic acid (HEPES)iX Dojindo & VA L7z, L-Glutamine i3 MP
Biomedicals J2 W EA L7=, Ascorbate 2Pi, Collagenase, 2.5% Trypsin, NaHCOs, b U \T77b—(d Wako
FUBEA L7z, 3, 3°, 5-Triiodo-L-thyronine (T3). L-Thyroxine (T4), 3-lsobutyl-1-methylxanthine (IBMX).
Dexamethasone (DEX), Insulin (INS). Albumin, from bovine serum, Essentially fatty acid free (BSA)id SIGMA X
NEEA L7, D-biotin, BSAF-V, D-Pantothenic acid calcium salt, O-Phosphorylethanolamine, Sodium Selenite
WEF AT AT A7 LD IEA LTe, Newbom Calf Serum i GIBCO &2 ¥ BEA L7z, Transferrin 13 CALBIOCHEM
EDEA L, ANV TAARSETEIVEALL,

[ Total RNA FhiHi]
ISOGEN i% Wako K ¥ BEA 7=, TRIzol Reagent | ambion J: ¥) B A L7z, Phenol-chloroform-isoamyl alcohol
mixture (B~ = 7 —/V, pH4.5)i% SIGMA-ALDRICH L Y EEA L7z,

[R5 RIR]
Random Primer (9 mer)i& TaKaRa L WEEA L7z, dNTP Mixture (10 mM)i& TOYOBO K W EEA L7z, Super
Script IT Reverse Transcriptase {I Invitrogen - D EEA L7z,

[Polymerase chain reaction (PCR)]
TaKaRa EX Taq Hot Start Version (EX Tag)id TaKaRa & WBEA LTz, 75 A =% SIGMA X Invitrogen
L DEEA L=, B Table LITR L7z,

[Real time RT-PCR]

SYBR Premix Ex Taq II (perfect Real Time)i3 TaKaRa J: WiEA L7z, 774 = —IL SIGMA Xid Invitrogen
FOBA L, EFIE Table 11T L7,

10



[Oil Red O %uf21] |
Oil Red O 1 SIGMA-ALDRICH X ¥ A L7=, 10% Formalin Neutral buffer solution X Wako X W EEA L7-,

Tablel. FIETHERALETFA~—

Species Gene Nucleotide sequence (5'to 3') Amplification Accession No.
sense GGAAACTTGTGCAGGTTGGATG
antisense GGGTCACCCTTAGGACCAAGAA
_— sense GCTCTCTGCCACGTACTTA

HE(I antisense TTCATTGCAGCTGGCAGTAG 10ke M A

sense ACAGATACTGTGGCGGGAATTGCT

Adiponectin 141 bp NM_144744

Visfatln antisense TCGACACTATCAGGTGTCTCAG 23dbe WM 177928
sense  ACTTGGAAGGGACCGATCTG
121 NM 01294
- Hbegf antisense TTTCCTAACCCCTTGCCTTTC bp 12355
sense GAGTGCCAGCCTCGTCTCATA
h 18 M17701
Gepe antisense TGCCGTGGGTAGAGTCATA “hb 0
TGGCTTTGGTCCTATCTG
Leptin pReS 107bp  NM_013076

antisense GAAATGTCATTGATCCTGGT

sense TCTTGTATCGTCCTCCATTGCT
antisense TCCACAGTGGACCTTGAGATAGG
sense GGACCTGGTCGTCATCCGGTC
antisense CGTAAACTCTTGTAGAAGTCACGCC

Serpinei(Pai-1) 81 bp NM_012620

Fabpd(aP2,A-FABP) 248 bp NM_053365

Species Gene Nucleotide sequence (5'to 3') Amplification Accession No.

sense GTTCTACTGCAACATTCCGG

antisense TACACCTGGAGCCAGACTTG

sense TCACTTTTCACCTCTGTGGATATGAT
isti 81b NM_022984

R antisense TGCCCCAGGTGGTGTAAA P 07238

sense ACAGATACTGTGGCGGGAATTGCT

Adiponectin 201 bp NM_009605

isfati 2 M_02152

VEigth antisense TCGATACTATCAGATGTCTCAG sabp NN 0215
sense  TTTCTCCTCCAAGCCACAAG

Hbeaf antisense TTCTTCCCTAACCCCTTTCCT 87bp HINLDIBTLS
sense GAGGACCAGGTTGTCTCCTG

Gapelt antisense ATGTAGGCCATGAGGTCCAC 164Ep  WM_00804

ATGTGCTGCAGATAGCCAATG
Leptin cepiE  BARD 81bp  NM_008493

antisense AGGGAGCAGCTCTTGGAGAAG
sense TCAGCCCTTGCTTGCCTCAT
antisense GCATAGCCAGCACCGAGGA
sense CAGAAGTGGGATGGAAAGTCG
antisense CGACTGACTATTGTAGTGTTTGA
sense GCGCAAGAGCCGAGATAAAG

mouse
Serpinel(Pai-1) 193 bp NM_008871

Fabp4(aP2,A-FABP) 169 bp NM_024406

Erehnn antisense CACGGCTCAGCTGTTCCA L L
sense  GGACAAGCTGAGCGACGAGTA
Clebpb antisense CCGTCAGCTCCAGCACCTT 122bp  NM 005883
AGTGACTTGGCTATATTTATAGCTGTCATT
Poarg SRS 91bp  NM_011146

antisense TGTCTTGGATGTCCTCGATGG

sense  GACGGCCAGGTCATCACTATTG
Actb antisense CCACAGGATTCCATACCCAAGA B3kp N#4_007393

1



122 FfoEsEE

ARETILT » MEREIAEERNNG, < 7 AAERGATEREHIR 3T3-L1 Mlaz T RERET T o7,

[RERARERE iszE]
TEMHEaORIEEET, BEOWEEEZITIT-7227L
a) TASEIREL

FEAEH (4°C (R
DMEM A& CHYRE D21, Newbom Calf Serum 10%, HEPES 10mM, D-biotin 15 uM, Ascorbate 2Pi
200 M, T31nM, T430nM, INSInM &725 X 5 TiRML 7,

Sy EREREH (4°C 1D
HoARRSHN T AR EE 2 IBMX 500 pM, DEX 500nM, INS200M & 725 K9 iR Lz,

R (4°C RFF)
DMEM/ Hamn’s F12 (11 R IR Z 164U Ascorbate 2Pi 200 1M, T3 1 nM, T4 30 nM, INS 100 pM.
Transferrin 10 pg/mL & 725 & 2 12N L7s,

b) NEARTESARE B

5 s Zucker rat ZEEHERFUC L VAUB L, 7 U —1 05 CHIE L CRIE L EIRTHE#eE R L7
Fatt U7 RENS#ERR T Dish PRIC431E L7z Hank's solution HT stock LTl (K ), it L7z A5R#EkD> B
AR, A, EEELIYBE, AL 7Z#, 1 mg/mL Collagenase ¥R+ T, 37°C, 35 fHR:E 5 L
7o BAA B L—F—(70 mm)EE L, FIFERER AR, 1,000 mpm T S SEhEloBE Lz, FELICIE
BHHIR DB e 72\ & 910 HIE% aspirate BRE LT, ~Sb oy MR eoZIEARERaL B L, &
VA R L——40 pm) &8 L, ZER, 1,000 rpm T 5 SRR LREL 7z, [HEA aspirate FRE L, EEOE
AREH GRS L72 (1 mL/C) . & 553U 10 om Dish [ZEAE 7 mL 23R0ML, FFRRETRE 1 mL 3
Oz 7%, 37°C. 5% CO, A »Fari—F—CHE L, BAKHZET S 2 & ThELEShRorzi
HREERELE,

o) Feffpas L REanhig, el

60-80% D HHBE BT An o Te DAFETES., Sy R chE Az 7= (Day 0), 48 FEfHItE. BEMbREHNT
BEASH Ui (Day 2), &5IT 72 Wil 2 & THy ROl EHE L =R SRRl 2 A
(Day 5).

DTSR F A AR Y 2~ (X 6)
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gk

0 ﬁ{t"ﬁﬁ e
\y ...'-
=15 -

RE A BT BR 4HRa fERhHARE
(Day 0) (Day 5)
4 f 4 e b8 R ERE TR
I | |
' 0 1 2 3 4 5
At ———— 1 jom

|
B ERIE Total RNA [E] %
6. TERFHIBS TSRO A DAY P a—

[313-L1]
a) PSR
DMEM (4°C {££75)

DMEM % 5.1 g FFE L, Bk TEEL 450 mL (2 A AT v 7%, SR T30 0L, —h71—
TIEHE(121°C, 2/E, 204 LT,

1M HEPES (4°C {%17)

HEPES % 59.58 g FF& L, #BH/KHY 180 mL CYAME L 7=, 5-10NNaOH TpH74 |[ZFEE LT, FDtk,
250 mL 2 A AT w7, A— b7 L—7PRE(121°C, 2RKE, 20 5) LT
7% NaHCO; (4°C {%79)

NaHCO; % 7 g FFR L, K TEMR L 100 mL (2 A A7 v 7%, A— b7 L—7BE(121°C, 2 RE.
205 L7,

200 mM L-Glutamine (-20°C ££1F)
L-Glutamine % 8.769 g FF& L, ABHIAK CIEMEL 300mL 12 A AT v 7, 022 um D7 4 Z — TSk
L%

100 mM Ascorbate 2Pi (-20°C {&15)

Ascorbate 2Pi % 723 mg FFE L, AHEHIKTAREL 20mL IZA AT v 7, 022 ym D7 4 VF—TIE
R L2 12mL 25037 LT,
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500 M T3, 15 pM T4 (-220°C 579
- 200 pM T3 (<20°C {£77)
T3 % 94mg BHEL, 100%TSF /—/LT0mLIZEMEL, KETHAL 7
« 150 uM T4 (<20°C {R79)
T4 % 93 mg FEREL, 100%T4 /—/LT0mLIZEE L, K ETHAL =,
B 5 DOFRELL TV 150 M T4 & 2 ml, & 100%=4 /—/L2 mL, Saline £ 15 mL ZE& L7=F4,
200 M T3 % 50 pL M1z 7=, AFERHKT20mL (A AT w7, 022 pm D7 1 /LA — ClEHE o0
12mL 3 257E L7,

50 mM IBMX (220°C {£15)
IBMX % 111 mg PR L, 50%T4 /- 10mL THEREL, 022 um D7 4 A-F — ClaliE Lz,

500 pM DEX (-20°C {#7F, #E¥)
DEX % 9.8 mg FFE L, 100%T¥ /—/ 50 mL TR L., KL THRERR, 10mL 2 022 um D7 1 /L4
—CIEERE L=, BOIHEE L CRIFEL, FE022 pm O 7 ¢ VF— Gl L TH .

400 pM INS (-220°C {779
Insulin % 11.5mg FFE L, 5mMHCIS mL \ZEL, 022 pm D7 4 /L4 — CIEEHE L7z,

200 mg/L D-biotin (4°C (%, HE)
D-biotin % 60 mg FEE L, B IE0°C) THBMIK 300 mL (ZHSE Uiz, SSRISRE LI O R g%, 4—
b7 L—TBRE(121°C, 2 KUE, 20 9) LTS,

Fetal bovine serum (FBS) (-20°C £#75)
FBS (20°C)% 4°C THEH L., 56°C, 30 HffimE L, FEEhkL7

35% Glucose (4°C £~77)
Glucose % 35 g FFE L, A/ 100mL IZIEfEL, A— b7 L—7HE(121°C, 2 KE, 20 7))L,

PBS(-) (4°C {779
PBS % 48 g FFE L, MUK S00mL (¥R L, A— b7 L—7IE(121°C, 2 &UE, 207) L7z,

10x - Y 7L AR (°C IR

EDTA - 2Na - 2H,0 190 mg, NaCl 630 mg, NaH,PO; * 2H,0 190 mg % EEDBMKIZEAE L, NaOH T
pH72 (Z3HEE L, 80mL IZA R T v 7 Uiz, A— b7 L—7IHE(121°C, 2 KIE, 20 5947V, 2.5% Trypsin
% 20mL % T 100mL & L7z,
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FEAELH (4°C (719
DMEM 450 mL {Z 1 M HEPES 5 mL. 7% NaHCQO; 15 mL. 200 mM L-Glutamine 10 mL. 35% Glucose 5 mL.
100 mM Ascorbate 2Pi 1 mL, 500nMT3/15 pM T4 | mL ZHAN L7214, FBS 50 mL 2N L7,

SRR (4°C 1777
FAEEH 50 mL 12 50 mM IBMX 465 pL, 500 uM DEX 93 pL, 400 pM INS 204.6 L ZFshi L 7=,

R (@°C R~
FALEH 50 mL 12 400 pM INS 204.6 pL., 200 mg/L D-biotin 930 pL. Z %0 L7z,

b) #EREOIH BT

I B2 U 37°C 1EIRAE CIRWD T AR % 2 =5 L5 2 — 712 9mL Ak, BERSERAT L CWO7fiBA b
w7 1mL &MA Tz, 1,500mpm, 25°C T2 o7 inBE L, HEERE Lo, EARSE 10mL INZ T
SREY 5 Z LI K D HIREE wash L, FHE, RIS T CROGEHRELIT o7, EASEH CRRE, Dish
(10ecm)iZHFEE L, 37°C, 5% CO, A »Fa—F—CiHEE L, BAITEmEsH LT,

¢ AR

FASEER, PBS (914 37°C ITIEIRE Tl T= b DZE Lo, 58 LT\ e Dish DS FREL ., PBS ()
Twash L7z, PBS (9T 10x h U "o && %, Dish IZIRML 37°C T v Fa— 52 LT,
#MEE % Dish 2 BRI2 Lir, HAEMAN L, a=bAFo—7ZEIR L, 1,500 pm, 25°C T2 HfEhzEds
SEELT, EEEEREL, M-Sl RIS CERNE L, MEERo—iE o T
L., MmEREHEHZ A THIE R SHREE, 4x10° cells/10 em dish & 725 K S ITHBREL., 37°C, 5% CO, A
VF o H TR LT, 3T3-L1 AR CoORINEN 5 LR E L KT 5729,
4x10 cells/10 em dish {ZHERE L 7= AT 48 RERHECAKR L7, 7z, MFREEIZ < 72 0 M GGREshERMS
K95 LFHICHIaE ST B R, —EOMEFERENELND L O IEE LT,

d) RERHIAS LR

3T3-L1 AEOZEA MR, FERICE AR K AR BETEEA O () A3
725, 2x10° cells/3.5 em dish, 1x10° cells/well (24 well plate) & 725 X 5 I[ZHEFES 5 b, 48 R30G5
N U ISim LR oD, MIREE ARG Lok, /bR A N % 7o(Day 0), Zr{bEFEkEHc
T 48 BERETREE U718, B C R 7= (Day 2), FEVbEE%: 12 BBt 2 2 L THoE
DREE &R LI IRl & 187,

PATIE 3T3-L1 HRERDZ A LAY P a—NEmT (™ 7).

15



M
TR0 LB BEGBIZCHEICHEh IR
| I
[
MEB TR

7.3T3-L1 EEE D X A AR T P a—

e) ABNODBRRS

FHTEESEE 70-80% XIS EFEEA DMIRD 2 O CHIBOD B 21T o 12, RO RIS & [FRROFE T T
U, A RS 1,500 pm, 25°C T 2 25RRECVEE L7, O EER, HIEERRE L, 052x10°cellstube
(mL)E72A X SIcEA S —TERE L, L5mL o7 Fa—TI A, -80°C THERE L7

123 Total RNA fhiHH

HENSEE#REA & Total RNA fliHH I, #B#% 100 mg % ISOGEN 321X TRIzol Reagent 3 mL HFIZ AL, 75%E
A P2 HVTCERITERESE, 1mL 215 mL oy e Fa—T5ETH 2 & TH TN ER
Tro BERENA NGO Total RNA flEHIICIE, 3% ERDE L7z Dish i ISOGEN XiE TRIzol Reagent % 1 mL %%
SIUHRRERE S, 15 mL =~ Fa—T IR 5 Z & TN E e Yo7 1 mlizy |
27k E 200 pL ERINL, 15,000 1pm, 4°C C 15 SRR LT, 3BOKE. By 37 B, Atk
JENCAEELT-1%, KEBOAE 550 pL BN L7z, &6z, BT = 2 — 550 pL ZENL L72KBITInA,
15,000 tpm, 4°C T 5 Syfilim st U7z, 7KE 400 pL ZFENLEE, 100%1 2 70 7% ) —/0% 400 uL A,
15,000 rpm. 4°C T 20 Z3RhEL458ET 5 2 & Ttotal RNA ZIHEr 87, HEERREL, 70%c4 J —V%E
500 pL Nz, 2w h% wash L7z, #ER)S O Total RNAFHOBEL, ZOBERECE~Ly hE 12D
Ty F o —F A L7, 15000 ipm, 4°C T 15 R D4RE L 7oth, LEEERICBREL, ME(7-15
uL)? RNase free water 1221 v b ZIERESE RNA V205872, RNA Y7, BotEEREIZ LY
RNA JEEE L RERUE 274, SRR LR ERONC AV Ve, SRID RNA Y 7 13-80°C CfRAF
L7,

124 WERERL

Total RNA (1 pg)& 80 pM Random Primer (9 mer) 1 pL., 10 mM dNTP 1 pL, RNase free water "C&1 10 pL {Z
BB 7, 65°C T 5 EBWE 52 2T, RNA 2—A4HICL, 4°C TS nfiimAT 52T 794
< —%& 7 =1 7 &7z, 5<First Strand Buffer 4 uL., 0.1 MDTT 1 pL, RNase free water 4-4.75 pL, 155
B 025-1 uL ZRE L7zt BOER) AN Z BE 20 L & L7, 25°C T 5 45, 50°C T 60 437H], 70°C
T 1525, 4°C T 5 5O CHEEERIGEITV, FIGHE T, RNase free water 180 pL 2% cDNA
P NEET, DNA H 27 4320°C TIRTELTZ,

16



125 PCR

cDNA #2770 1 L, BdE7K 8.5 pL., 50 pM 77 1 =—(Table 1) 025 pL 2, 25 mM dNTP 1 pL, 10xTaq
buffer 125 pL., EX Taq 025 uL Z{&& L. 94°C T2 451 % L cycle, 94°C T 30 #FH, 60°C T 30 #fE, 72°C
T 1 53f#1% 24-30 cycles, 72°C T 5 2f1% 1 cycle D4 CRIGE1 T2 7, PCR UG DY L 7/ 6xLoading
dye 2.5 UL ZRA Licth, 2%7 Ho—RA 7 MIBSHEI L, =FYvh7a~vA FE#H, UVEBRTT
FNARE AT o7,

1.2.6 Real time RT-PCR

SYBR Premix EX taq 10 pL. & 50xROX Dye 04 L, $###7K 3 L, 10 pM 75 A ~—(Table 1) 0.8 pL. 92,
eDNA ¥ 770 5 UL B L2 BIRE L, 95°C C 30 FUHI% 1 cycle, 95°C T 5 F/., 60°C T 34 Fhf%
40-50 cycles, melting curve DFTHIGETT27, GAPDH b L < I3 p-actin mRNA ZPIHEREL L, ¥
7B DR AR E A 2 TR,

FEHEREDY Applied Biosystems 7500 Real-time PCR system (DIRfi3 ROX Dye IT % FV Vi,

fEFHHERY Applied Biosystems Step One Real-time PCR system DHRFE ROX Dye [ &V Ve,

127 RERFARBERE DR

NEFEEGE TR L., HRNICER SN A IEHROTFERFER LTZ, S5IZ, RT-PCR %17\, [EIH#H
fass{b~—>Hh—"T& 2 Adipocyte-fatty acid binding protein (A-FABP)DFEIR AR L 72,

128 Oil Red O Jf&

b= ) VEER, A~ ) o oOflaEE T 2 0 s Dish 2 LRIV T & ZERES D700, B
0.1 8D 10% Formalin Neutral buffer solution Z-¥#sh0 LEIR C 20 43184 > =~>— b L7=#&, 10% Formalin
Neutral buffer solution (DA T, 1 KA > ¥ 23— FOZRMFTITo 77, Oil Red O 1% 150 mg FFE: L, 100%
A V703 =) 50 mL | ZEERE U7 (IR Oil Red O ¥4, =IRMR9F), FR1EH Oil Red O IEZ MUK T
60%I ZFERE, TEIR L 7=(FHERAEY), v~ U EE Lol % 60%4 /7' rs3 ) —/C 1[5 wash L7-1%,
60% Oil Red O EEZHINL, =|IET20 551 > F=~—b Lz, flla% 60%( V71— Tl [H
wash, HBMIACT 2 [B] wash L7zth, WHFBEMERCHIER L, 7o, BRUKERREL, Moz EE L7k,
100%-1 71,8/ —L CHEBEPN Oil Red O ZAiH L 8= 540 nm OISR AHIE$ 5 Z & THlliaP Oil Red
O ZHEER LT,

129 st

Student’s ttest 2 AV VTHEEHLE AT 272, *p<0.05,**p <0.01,**p <0001 ZHWCHEEEZ TR LI

17



13 &
131 BTV v MEFERRZBIT A& TF 4 R4 b4 VL EBEFREEOHIIEERE

JERIR BT 55T T 4 AA DA L OEBIEBNE TN 5 720IT Zucker rat DRFAERL L AYHEY X 8)
D BEIEEL RIS ERE S EEIVEE L, SIEBERICIBT 27 7 4 WA A AT T4 BRI Fo,
VIFy, VAT, PAFL, HB-EGF, YA7 7 FADERTHEREZHEIEE LM 9 7T 4R
R F AR M REIME T35 2 L RE STV AL, ELTCTT 483327 FrojEmil>
v MR ZIT DA TR E L, AT o MIETHEARICH L CERAC R LT, Eie,
BRI R 78 R 95 Z L3 S T4 PAL-L [8]. HB-EGF [1DIE#ALT » MEHERHN- BT 58
EPFERECIISIERAA b, —F, BRI LFRED FRARE SN THD LV AT R8P
B Z b HEHERR C 31T 2B TRBLEIIIEE IO L Qv s, BilE B A= = =—H5EA (PBEF)
FLTRIESNEEART 7 F U9 DBEFREEIT, IEMELT » MEIHEER B TR Em D3 A B
Tz. FEEARERAZS DA S, HHCIER T2 2 & CRAMMICE 5T 5 L7 T B 0BG FRELEI I
BTIEE AL EERBDIR) T,

< Zucker rat > ERRSICE TR T FARY AP HA BRE
.| Om=zn .
B eEE
6 L
o ¢ |
m
Mgl
5 2
iy
e
T IEEE
[ 8. Zucker rat 0
BRI LT RN ER L & p o
TWBTD, BRI R & i \f) At ¥ oA
X LTRY, [EHEET5, X J e
7 v

A
B 9. Zucker rat FATL, EREIOIRIHHERI BT 28T T 4 Y4 b4 mRNA BEOHRER

ASBhERE B FHFH RNA %3 L real time RIEPCR |- CHESES: L 7=, GAPDH % NEHEHE L L, #H%5) mRNA

A BEOFIEREREREEET LI, (h=3, *p<0.05)
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132 WSSO S, RRWERIZBIT 2ETT 4 RYA FhA OB TRIRES)

BN D& T 7 A WA b A COEBREREMRT 2410, IBIROS b, FRuERRICE
TFEETT A WA b AA REEEOFHULEZT -, FO&ICET, BER, INER Zucker rat ORRHH
HRERD BTN ETEN AT 2 HEE L. IR A T 7o, TR~ b, BRI
FOVER A b~—A—&f=F A-FABP OFBUC L > CRHI L7z, ZOFR, S GEEREDay 2)5>
BASE &£ DA A DAY, Day 5 TIHIF & A EORBICIEEOEREA A b 10A), & BiT
Day 2 735 A-FABP OFEEIHEAA A H7=(3 10 B),

A Day O Day 2

B Sra R AE i 2
Day O 2 5 0 2 5

10. FHEERAENRITBOTRRZES b & BRIl b~ — b — DFEEZEE)

(A) BFAT Zucker rat DF |52 RIS ISHARIBE IR BEE L, DEX, IBMX, A AV T4 5- L
CHRRGR LR A 5 2 2 (Day 0), T2 LR s G PR 2152 L=, RENIIEE &S
LR ETT, B) AR, IERALE Sk Eiaimlan o b, BEERAZHIT D A-FABP mRNA OFEER
#5fil% RT-PCR |2 CEM L=,

Wiz, BAR, IERERROENENIREERIRRIR O3, BEMERETIT 28T T 4 A b
A BETIREASEN L U, BBRERO S L ICBRAER B S » R BHEH LB T
T A WTA D IA L DOFEFRITE L LI DITR LT, FIFRSEEIRRO b, REuRRIzsT 5
FEEFY S F —AGBEWNIA NPT 1), TT A RRIZTFr, VFFr, VORFUOBETR
HET, FElE~E b, BEMET DI oN THEEISEMNL T, ZOE & T A ARI F RO
LI RF L DBETREEIL, Day 2 128VTC, Day 0 & HBL TR20 FTEM LT\, S 7Fw
BIEF ORI Day2 £ TIZE A LD BN 7M3, Day2 735 Day 5 IZANTTE LHEML TV V=,
—%, PAIl KUVHB-EGF OEGT-HIREIT Day 0 525 Day 2 12T TR LTV V223, Day2 72>5 Day 5
IZNTTEIN L7, VAT 7F U BETREEI Day 2 IZBW T—®EORE AR L,
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100 (T TARRIF 15 - LFFY 50 - LYURFY

qﬂ 80 | 40
10
¥ 60 30 r
# a0 | 20 |
& 5
m 20 l:l 10
3 rPAI1 2 - HB-EGF 8 r ERIFFL
|]]|EH 2.5
1.5 6
m o2
3R 1.5
2T 1 4
= 1
g 0.5 2 F
& 05
0 0 0
Day0O Day2 Day5 Day0 Day2 Day5h Day0 Day2 Day5

[Nesn I eEmz

1. FHEEEIRHIROS L, BRI 2ET T 4 R M1 L ORIETHRERES)

BT B Zucker rat FHVERL 4 T g L BRI O 7 — A2 VoI EEE R To /., fBA
BERAIRAE DEX, IBMX, > AU 2 CHEEd 5 = & TR ~045 b 2558 |- (Day 0), RNA ZFKioL
FHECEN T L, &7 4 hYA b HA VBEFREREEY real time RTPCR [CTHEEE L/,
GAPDH ZPISHMEREL L, TEAHI mRNA ZEHEEDOELEL R LIz,

133 3T3-L1 JER OB IR BT T 4 R A MaA v Olls T HREEE

% < OWFRIZEW T~ 7 AR EIRRTBRME 313-L1 1L, 2{LREEils 5% Thh 8 BIEE LS
B TERITHAW BT & 7=(Day 8-10), L2> LARZE ClL, #IEEEREEAMR & OMisE BRI 5 HFDEE
B CEHE 21T > /2(Day 5), FEMAMIIEL 2505, IR+ oEOlFEZE R L WX 12),
Iz, BEEEOWHAIC ST D Day 3-5 (0T CREESMBIRREZE L) 2 B, 13 & A SORINENIEE
BERTAL LT

PR = ¥
0 g Ly
ok o R
(] i AT
Wt K ..i'a"!. - L BSOS | 2 ¥

.4“‘ S 4 . »
\:J {: . rkl 4
L, & . .

(- s 'I_ L _.)‘:“_‘._.,'
Day 2 Day 3 Day 4

%] 12. 3T3-L1 ffEOREERIZ 35T HHIREREZ b

3T3-L1 #i}a% DEX, IBMX, o AV L CllEd 3 = & CHER IR~ 4L A FHE L 7-(Day 0),
F Lz B CENENAIICERE LB E R OilRed O e L, WHEEBIR 2 e LT,

7res : JEE. Bars : 50 um
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I, 3T3-L1 JENsHIan @ B2 gIEI sl HNaIMRa b~ —A —A-FABP K UMENAHRaD b, Bk
AUICEE /285K 1 PPARy, C/EBPa., C/EBPB DiE(s T-HEAE A FHM L 7=(X 13), FDFERE, A-FABP,
PPARy, C/EBPo OISR T B B n PR B - biviz, C/EBPR DB I EIT
Day 3 IZBWT—IBEDRER R L, 0%, RAITEKLL

PPARY A-FABP
6 30
me s 25 e
w4 20
E 3 15
i 2 10
moq 5
0 0
7 14 r
o 6 1.2
m 5 1
o 0.8
= 3 0.6
& 2 0.4 -
L] 0.2
0 0
2 3 4 5 2 3 4 5
Days Days

B 13, 3T3-L1 RO BRGERAIEA 23517 2 BRAMia s b — b — ORI F3IREE)

3T3-L1 0% DEX, IBMX, o 22U L CUERT % Z & THRTHEN A~ {275 L 7=(Day 0), RNA ZK70
L7z BTN L, SEGETFEIES real time RIPCR(ZTHERTE L7z, Pactin ZPVEHEREL |,
FEXH) mRNA FREREOTEHER EERAEEZ TR LT, (=3, *p<0.05, **p <001, ***p<0.001 versus Day2)

3T3-L1 JEF RO B E O L 0 BRI Th - T, IEUHEE~DM L, BBz A7
ARIEREZS L, BT RREEN A b, £2C, 3T3-L1 BRIl ORI BT 2575 4 K
FA T hA L OBE TR RN L7(X 14), TORER, 7T A RRT Fo, VTF, LURF L,
VAT 7 F OB TREEICIERIE I iV, £/, PAI OB TIEET Day 3 128V T—i@
YD AR L, TO%, e\ LTz, HB-EGF OE(G-3#HIE Day 2 TOAFEETE Tz, W1
FERARNAHIIA(E 1) & 3T3-L1 ABAHIIR(X 14)DF N ZHUEEFE I I BT A BT REAE)Y 7 —
—B L CWETFARYA "L AL TTFA RF T F ROV TF o, LIAF L Thol, 01,
INBTT A BYA bAA DR (T S D EERAEEHZ2E L QWA RIFEEDR S 2 b
2. PARL L, —@MHTEETREENET HHEEA—EL TV e,
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150 FTARRIF LIFY
e - T 10
W 100 | 1t 8
%R 6
E Ed 3
= 50 0.5 4
S 2
0 0 0
2 3 4 5 2 3 4 5 2 3 4 5
Days Days Days
PAI-1 HB-EGF EXZrF
15 25 4 X o KF
o 5 L
s 1 3 T
N 15 F
& 2
= 05 L
= *4 0.5 1
0
2 3 4 5 2 3 4 5 2 3 4 5
Days Days Days

14, 3T3-L1 flEHIRE OSBRI 58T 7 4 R b4 o OBGTFREESE)

3T3-L1 #la#% DEX, IBMX, A AU - CUEET 35 Z L Tlaifflia~0 b 2358 L 7(Day 0).

RNA 2R L BECENFMI L, &7 1 RA b A BIE358RER real time RT-PCR {Z THEAR
EE LT, P-actin ZPNEHMEREL L, #E5HHY mRNA FEREOTIIER EHEREZ R LI, (=3, *p<0.05,
##p < 0.01 versus Day 2)

134 FEHISTHEEGEIRICET) 5 L P ATF v OREBIEE)

PH RIS S 3T3-L1 FEAAR OB R /B R T HBE R AR LT 7 4 A b
HANIT T ARRIF o, VITFo, VIPRF U Thote, EbiT, BEOREEZEICET T A
FhA DEEE S 25, H L IEER ST AMIANY IO TR T TR T T A R T,
LTFv, LIORFAMMDT T 4 BYA DA L DOFFRITKRE PR RIT LW A RREERE 2 b
72( 15), FD7D, TNBT T4 WA "hA VB, BEOTF ¢ RV b hA LRBREEE S TEh
HEAOREMEIc BEAABER 246 L TV A aiEiE 2 b, L LT F AL, V7T =ik

PR 7= Zucker rat VI EI ST A FHREEERNGIAIILAS, BENEFEATEAD O BT 5 Z L2,

FTFAHERI FoRVIAF L LS, FOEBHHRNEZE L b, $io, LTFUEASRY v7

v Fu—AhlE, L7 AR &5 R EROREIMEEITH ORI ET2 LEA LI TV,

TTFARRT F b AZRD v Fo—LRCmHiRE 55 2 & PEFRREOREEICE ST 5
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[12], —F. LIRFUIAFIRY w7 Ro—hBHIRT 5 i RiEEOR T 72 bilRlic o4
TERZRET HI LA, EEREDBEICREET A L EZ LN TVWS[28,31), Fio, LYATF 3SR
BB RBVEI > CRENIEEFI TR Lz b b 67, BRIk C I D3 RETRD L
T2 R Th o T, OOV IAT AL, AFRY w7 Ra— ARl FRE AT 5
DT T 4 WA S AA L OFEBFEICEES LTS & EBIZ, AFRY w7 v Fr—hOfpEieeEk
{EERTWAERD | DTIERVDEHE LT, T7hbb, LYRFURAZRY 7 v Fu—LDlh
B\H—y b LTRBERTI AR D EEZDICEST, £2C, LUAT Ol IIEREGERR 5
(B A ER & LV IR 54, 3T3-L1 JRfAa o RN iER < Jol T DI IAEh 2 3l L 7=
(0 16), ZORER, EHZRNZ LI, VURT UV OBEFRRERY 37 B Bz ORI
(Day 3-5C—BEDERERTZ L ERE LT,

- 8m --
|
DmEES :
:
|
|
o |
'
I
I
|
| :
BhAREE{E :
i HERERE :
=
I
! L7Fo gt

B 15 FRENDETT A WA A L FEEER

A B ng/mL/day
25 mRNA 60 BURHE
20 L 50
] 40
m 15 |
&R 30
- 10 L
:1%' 20 r
=
B2 57 10 |
0 L 1 0
0 10 20 30 9 10
Days Days

1 16. 3T3-L1 RO REGERRIZIIT 5 L PR TF L ORIAEE)
3T3-L1 #lia% DEX, IBMX, A AU L CHElE$ 5 Z & CREIMlE~D 2 L& FHE Li(Day 0),
(A) FEE L= BRI A VP AT VB FHIE % real time RT-PCR IZ THESEE L7z, B-actin ZPIEHENRE
& L, fE0REERE LR Ui versus Day 2), (B) 3550 L7z BEUZISIT BIEHIFp~D L IR F o & Lo 7 B3
EXELISAIZTEE Lz, BRIFIERMEEREEZT L. (0=3)
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14 E£

AETE, = AR YIEESREECH D LV HHl) L 7 v MIEIlaORREEETT o7,
BT, IEEERCIT DT T 4 A DA AERMERICEEE LTaZ 030 L F U ER LT
% Zucker rat ZAVTRRTETT oM, F7o, NBRERE HAERGERE A BBl AR 2 A7, e
IARTEEREIL D B IR IR ChhoTo, —0, BRI EIEHERRS 4 L Oz 7 — 95 2 & TH
AFLZ o R s B LRSI L E RIS OIS ATBRAIA & BEE T 5 Z L3 TE T, BLED Z &b,
Zucker rat OB ZEAL_EARREREMEE IV C, BFET T 1 R4 bl A B s TR B ORI X ORI
B L oE, BEMERRICRI B EFET T R A b A A VBT REEEOME A T o7, AFRY v
v Fe—A BT AMEc B O CORRe T VBT, SRR EReET 57 NVEOBCAIERI
Y AT Eh e S EEfE R STV A, Zucker rat DISNOTT BN E VWD Z & T, AETE LN
MAERC, FETT BV b AA L ORBREOMIRIC R L W E RO TN D,

FE# Zucker rat OISR RIT 28/ T T 4 R VA bAA EEFRBELTHIL MR, ZhE
TITHE SV TO A IR bR A MEEOR L E —B L QW=D T 7 4 AR 7 F 2 KO PAL-L,
HB-EGF Th-72[1,11,32], L7 F i, IERE OISR B - CREDTHE L TV D Z 8 ARG S
TWA[33]. Zucker rat OEFAR] L IEmAIOIEIHRRRT L 7' 8 s R BRI A BT,
Ll BEMELD Zucker rat IXV7F U RBFEPERL TV DA, V7FURBEIL T THEREIZLT
VWYY, BER T 7 FUob T, IEEOIEIFERRIT B THRIRMHE L T2 2 E05RE ST 5310,
34). MEER Zucker rat OSVHEREEE FRREBICHHAAS b, ZORBRIL, EAT7 7 FhiLr
FFLOEB FIchD D ERERE LTELLND[35], LLE AT 7 F 4%, IER Zucker rat ONEN
RO T h, BFERIOR SO%FREDREEZ R L CWED b, VPR UESNT G, FRERRIC I
B AT 7 F RIS ARTFOEENRS 2 bivie, —7, IERACMRED E7T 5 Z &0
WEENTNS LY AT 28] Zucker rat EFA#RAR ) 28R TREEIIEEI TR L TV vz,
ISR TSR D L VAT BT RHENED T DR LARIC b RE SN TE A 36], MmAR
DS —F L2V FRIC OO TEIRAO £ £ Th o7, 3T3-L1 B s st A e 5 2 &
T, RSS2 LN TE B[37], BHIREGRIRIZRT D LU AT U OFBZEE 2R LIZR,
WETFRREROZ - EHWEST, FEER O @O RER Lz, ZORRID, 14
Iz Y L7 AERGHIRSIE A L LT RERHIRE Cli L P AT DRIEN R L O A AlREMED NI S 7,
bbb, IR S DR L7 RE A G S h T B8, IBRTET VT » b O
BT D VYA T VBRI AR LN LB X biIVD, —F7, IRl R IR
KB, FEEATO LY AF CREREIED LTHTH, M LURAF VREL ER 50 TE
WEEZXDNASE 1T
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RE AR R S A P IR AR AR A AR

@Q;&r B3

ﬂanﬁaummﬁa BN nexﬂzﬂamﬁrmnﬂ O<<
LUAFURER )

17. [ESEFVT v MBI A VP AF o MREE BR L IBIHEET L AT R ERDITH T A EBE

BRI 21T, BRI ONERA] Zucker rat BURFHSEEIEHITICIV T, ThEhDIb, B
IBFRICIBIT B A-FABP DFFAF — Ll LTz Z &WDZ, BT 7 4 YA b4 VBETHEEAN
A—ATHLEVVEPHERERE L, —oZ &b, BRAER IEE Zucker rat FRSEOFHEEENEEAIN
I3, FEEOBEBRER OB, BEbL TR, IEREROERE L I3 LT D WREMAVRE S 7z, &
7. TFARFIF R0V TFr, VORATUORBIIMGHFEZICREIAME R L, PAL <° HB-EGF |3
—IBMEORER T, Loz 31T, IRERRARGERRIZIB T, BT T A A A M AA O3
PRE—AFRIN D T LA LN E IR T, WHEERIRAIRIZRIT B EA T 7 F U OBG FREE R
TFF AR EFOREBEAL O L REH @8 Th ol in vitro SR CIIABRIRE~D S EEERID 1
& LTDEX 2L T\, @EIZ, DEX 2Vl RETHEL L TR 7 7 F - REREERN S
EENTEY[38], ez Day 2 IZBWC LT F L LD b RIICE R 7 7 T OBAFHEENTIEN A
b EEZ Bz, £ LT, Day2 RECAV RGN DEX A& ERTORNE, EAT 7T
COFERBNRD LT bE L b, 2, ZhE T2 PARL & HB-EGF [ 3Ei5#il b, BEbEim
B4 5 2 ERSFNFRBRE SN TWAR9,40), D7, REiHAIERMIE S IEHETE~ & flRE 02 b
TR HIVAERITD Day 2 (2 PAI-1 & HB-EGF OEBG TFHES BB LIz b0 B2 b,
PAL1 O—BMEDRBRERD T T 4 RAT Fo, VITY, VYAT U OBRELFEIE KL 3T3-L1 5
IARORBBIEIEIC b2 bz, —F, HB-EGF & B AT 7 F U ORBE) 7 — A3 5
Hpa L 3T3-L1 MBI TR - TV, ZOFEITHREDE T v b &~ UV ADEENE 2 bl
[41],

AECL, AFRY w7 Fu—bOIBRCERRS—5 Yy FOEHERDTT A RYA Y IA %
Pk, IMETT VT > MEIRBRRCBITT B 7T « A4 b A UREERUEERIRRGHIR D53k,
FRAGE IS BT T 4 YA A URBEEETHE L, FORER. AFRY v 7 Fr—»La0ia
BE—7y Mesie LT, FElhfiRao s bic B AR ER A A L. %@7?‘ A RYA VA DT
BUCER AT ATREMEDS RV L VAT ATER L, LinL, VAT UL, ZERPRESH TR
3. FEHBEOREERIC BT YD X 5 RABERE2E T 500 E4L @%ﬁﬁﬁnﬁﬁoﬂf% o FL
TREICHREN SISO TE LT, ERAESANEL STV, ZITRETIE, AFARDy
7 Fu—LOREY—4Fy MEf@LE LTO LY AF L OFRtEReT 54, IRIHROREGEREIC
BIFBLVYATF o OABERFAZ B L. BbivcamR AR T 5,
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H2E
LA OREHIRIZ BT A IEERE~DE 5
21 WS

A VA ARFEOMEE BRI ST B T T 4 WA bAA 2, LI AT Aresistin = resistance to insulin)i .,
2001 4B [F7 U DU R3HICH D 2 BUERIFTARZE rosiglitazone DFFIZ LT, BEREHEIZEBY
AFSHEDN DT AEE T & LTEREN[42]. 12.5 kDa @ cysteine-rich secretory protein family (24348
EFv, B TR R CREL L, RIENBM3], VU RATF DI, PPARy i Lo THIH]
S, CEBPa IZX o TIEESND Z EBEESNTWAMA46], b, WA TF U RIE~Y AR
DHEEIERD FRZ, AR~ R LR L THR SHhD 2 L MRE ST Y, RIS 5 LY
AT OEREIIRIEA A U RGBS ER OUE AR O TIRvWint ZE2 bh b K 51Tk
7|7, BERERANZ LI, B P CEIEIRIROMIT b, <7 n T 7 —PInki) 5 L Y AT L ORFEB
BIB[A8), & L CEMRARHERRICIEZ. 77 4 A A b A v & L O S oEs DrEh A O
AlzkoTtE&Ho~+rn77—URNERLTOAA9], EBIZVYVAF UL, TNF-o OFREAFHETLI T
L ORERBESES L EZ DITVWA[IS], LIPATF UL~ TEEShEL, TREmLIIN S
KL, FEFOIB BN TA A U VEBEHERE T S8 5 L EX BT H(X 18)[50,51), S HiZ, W
UAF ALK BEFEOHEETA o A ) AT < BRRIS2ICRUMAE[S3], ERREES4], VY
< F18, 5502 b D 2 EBSHE SN TV D, RAEDPEELSNZ bR s 7 A2 Lic, (DDEBIER
{E~DE S SIVTRV[S6]. VAT OABERICE B LICRIERIFZEE, Bie mRBOIBRICS
BATE5HDEELBND, LidL, VAT UOERIMAEIER N SR EREE RIiTT = LR
ENTWARBED ST, TEHHIR S A ERIC DO TERRR AR E L, ZOFHRERIZOVT
I ERRORH DD,

<LUARAFY >
R e 5

_ RE
C:} ﬂ ) @ ' r Q AR SRR
' RIS fE-T 7 P - B ik
_ mRENERTS
RERARRR THREL .,
fEnd

18. LYAFUATEBRIERIN UlcA R HABFREDEE
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BIETE, AFRY vo v Fa—20BRICERRY —7 v bOBRL R O/DT T ARYA b A
A OBEREAT, LU AF L OAFER D RO BEICEE Th 2 et Ak~ £ Z TFE
Tk, IO R 5 LY A F L OABIERZ LOFEIICHRE L, AFRY v 7 i Fa—
LOIRES—Hy MEe LTERTH D0 E 5 Ol RA T, £O7=IcE T, 313-L1 fRiHD
FRBGEBFEIIC 1T B LU AF U ORHE sRNA IZE > TR L7z, £ LT, LPAT - OFBAMHIANE
PIlESRR iz 2 288 L LT, BBEOEEIILE LIFHRE T 7

22 B

FHCFLBDVRVRY | 55 1 ELIFRRITAT 7,

221 FHE

[Real time RT-PCR]
7T A ~—iLvitrogen & VEEA L7z, BIFIIE Table 2,15 L7z,

Table2. 552 ETHRICHRA LT 5 ~—

Species Gene Nucleotide sequence (5'to 3') Amplification Accession No.

sense  CCTCCAAGACTGACTCGG
7
S antisense CAGTGTGCTCAGGTTCAGTT Mep  NM_D07N0

sense ATATCCTGGTTTCCCTGGGT

heet antisense CAGCGGTACTCACTGGC 9169 hin_easazy

sense  ACACTGAAATGGAAGGAGAGC
Gpat antisense AGAGATGGGATACTGGGGTTG tiete v oeim

sense TGGCGTCCGCTCTGTGATA

ouse AcacalAcc)  tisense CATGGCGACTTCTGGGTTG 103bp  NM_133360
iy S ST -
Sl e AAETERCECTIRTEIRAT %bp  NM_011430
b Bl G OACECTRYAGETECE tesbp  NM_0214s5
A G EAT TR B9bp N 007303
[ELISA]

Mouse Resistin Quantikine ELISA Kit |3 R&D systems J D JEA L7=,

[RNAi]
Opti-MEM. Lipofectamine RNAIMAX Reagent, SiRNA(non-stealth, 3° dTdT overhang)t3: Invitrogen & ¥ HEA
Lz, EeFiE Table3.1om LT,
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Table3.  siRNAEF (5't03?)

. . sense CCAAAUGCAAUAAAGAACAUUGGCU
siRNA-Resistin . 25 bp
antisense AGCCAAUGUUCUUUAUUGCAUUUGG

[FVZ7VEY FEE]
Triglyceride quantification kit }3 Wako £ WEEA L7z,

[Ew]
6-7 A HEE CSTBL/6] mouse (37EKSEBPIELL D BEA L7, @fiEl#(TD.88137)iX Harlan Laboratories
DEEA L7-, Mayer’s Hematoxylin Solution 1% Wako X WEEA L7z,

[LORFLFETT A K DNA fER]

Nhel, Sall, ClaliZ TaKaRa L W EEA L7z, Hind I }E TOYOBO X YIEA L7-. QlAprep Spin Miniprep kit
I Qiagen & ¥ E&A L 7=, FuGENE HD Transfection Reagent {'X Promega J- ¥ JEA L7z, Plasmid DNA pcDNA3.1
(. FFAv—id nvirogen £ WHEA LTz, 77 A ~—EF I Table 4.1 L7,

Tabled. LV PAFUHEETTAI FDNABRIERLIET A ~—

Species Gene Nucleotide sequence (5'to 3') Amplification Accession No.
sense TCCTGCTAGCTCCTCTGCCA
antisense AGACCCTAAGCTTAGACCTGC

mouse Resistin full 461 bp NM_022984

[HBaEsEE]
COST ML =—v WA T AFEEE IR 7 LA LT,

[z Lo RTF o & o3y E]
Recombinant Mouse Resistin (E.coli-derived)i X R&D systems I 0 A L7z,

[ #2327 B, Western blotting (WB)]

IGEPAL CA-630 (NP40). Sodium deoxycholate , 2-mercaptoethanol , [-glycerophosphate , Na;VOy .
2-Amino-2-hydroxymethyl-1,3-propanediol (Tris). Sodium Dodecyl sulfate (SDS), N, N’-Methylene-bis (acrylamide),
Acrylamide , Ammonium Peroxodisulfate (APS), N, N, N’, N'-Tetramethyl-ethylenediamine (TEMED) .
Polyoxyethylene (20) Sorbitan Monolaurate (Tween20)i% Wako & VEEA L7z, Complete Mini Protease Inhibitor
Cocktail {% Roche Applied Science J ¥EEA L7, Bromophenol Blue /¥ SIGMA X VEEA L7z, Clear Blot
Membrane-p 117 b—X DA L7z, Anti-FASN antibody, Anti-SCD-1 antibody, Anti-B-actin antibody, Anti-lamin
Bl antibody {Z Cell Signaling Technology J ¥V EEA L7z, Anti-SREBP antibody (Clone : 2A4)lE Medical &
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Biological Laboratories Co.,LTD £ WA L 7=, Anti-ChREBP {3 ChREBP Cell-based translocation Assay Kit {2
BObLOEHZ, Goatanti-mouse IgG-HRP, Goat anti-rabbit IgG-HRP |3 Santa Cruz Biotechnology - ¥ HEA
Lz, AFL L7 IIHERO S D% AV iz, BECL Prime Western Blotting Detection Reagent {& GE Healthcare
L VEALT,

(727 EEE]
BCA protein Assay Kit {3 Thermo Fisher Scientific J2 ¥ BEA L7z,

[SREBP-1. ChREBP &EIEHEAIE]
SREBP-1 transcription factor assay kit, ChREBP transcription factor assay kit | X Cayman Chemical Company X ¥
A LT,

[ChREBP seE s t]
ChREBP Cell-based translocation Assay Kit |3 Cayman Chemical Company X 9 BEA L7z,

[Carnitine palmitoyltransferase-1 (CPT-1)EHEEIE]
5, 5*dithiobis (2-nitrobenzoate) (DTNB)IE Wako & 0 B A L 7. Palmitoy-CoA , L-camitine I3
SIGMA-ALDRICH X 9 JEA L7z,

222 ELISA

Mouse Resistin Quantikine ELISA Kit % VT LI ATF LABELREIE L, EEOREIRt~=2 7/
IZHEo Tz, 24 well plate |ZHEFE L7z 3T3-L1 M)~ 5 IR L7 hEEiR 3B D Calibrator Diluent RDST % FVY
T 50 (&R Lz,

223 RNAi

S VEEEH% 3T3-L1 AERAHHRR(Day 2)iZ siRNA ZFEBR S0nM L7225 X5 1TIRNL, 2 fEkEE Lo, B
PREGZIE, 24 well plate (ZHEFE L7z 3T3-L1 JERGHRE(Day 2, AlEYEEEHE 500 pL)ZH LT siRNA (20 uM) 1.5
L & Lipofectamine RNAIMAX 1.5 pL, Opti-MEM 97 uL 284 L., IR T 20 5o > F 23— b L7fRIT
L7z, FEE Dish OKE SIS L TATF—NAT v 7 Lz,

LTI SIRNA EADH A hAS Y 22— m (= 19),

mpamE
7@’% EEEE BB HA
| I |
% . 7 ) z 3 1 2(Day)
| 1 * | * | | |
TMEEEFE  sIRNABEA X 19. siRNA BADF A DA a—)1

29



224 FUZVUERY REER

Triglyceride quantification kit Z VT U 2 U & U FEEEZHEIE L=,

BERRYZIE, 3.5 em Dish (255 L7z 3T3-L1 #ilia% R U 7L AL, =y 0 Fa—7IEIR LTz,
SR, 15,000 mpm T 5 S LHE L7, PBS(-) 1 mL T 1 [A wash L7z, PR, =iE. 15,000 pm TS5
SRR CEE LIS DALy R & PBS(-) 300 il TRRB L7, Zvundbb b AH /—)E2:1 T
IRA L, AIRRSNERIC 300 uL W0 L (FERY), vV =4—3a 2% 30 o L, Ml OIsE 4R
PRASL R Lz, =SiR. 15000 rpm T 5 S8k L T EORgE 23—y~ Fa—7IZER L
Foo [EIR L7 AHEEICSED PBSOE A, HEREEIT 7=, B, =i, 15,000 rpm T 5 bz 0508k
LTBOREEEFHT v~ F o7 RN Lz, IR LAAEENERT 5T R 7 MNTEE
L, £ Fa—7WNIZIREBRE E-> TWA Z & FHEst, PBS() 120 uL ZH0:2 T 10 ZHEPKFnSE,
Vmlr—tra VRERT A Z LT RY — RO VR LU,

Triglyceride quantification kit |=fFBOFEFEFEEIRIC 3.5 mg/mL & 73225 & 5B LT (FEEIR). HEit
FRREYERG GREL 7Y T VIR & 96 well plate DRI 5 well [ZFALF40 10 ul T L, FEEHE 250
uL ZFRINU7Iz, 37°C, BT TS5 M4 ¥ a— h Uictk, R 600 nm, RIS 700 nm D%
FEAEHIE L7

225 VIARFUERTTAI FDNAYER

a) A ¥— bOERL

| 8L FHROBERET CSTBL6) < 7 ADRIZEH, FIENH#EMk)> 5 total RNA Z-AfiH L 72(123 2,
i L7z total RNA 1 pg 4312%F LT 25 mMdNTP2 pl., 50 uM Oligo (dT) 18 0.5 uL., RNase free water Z/11.2
Et6uL & Lz, 65°C T 5 43RBT 5 Z & T, RNA 2—A8HIZ L, 4°C T 5 A5 Z & T, Oligo
(dT)18 7 =—1 > 7 &¥ 7=, 5<RT buffer2 pL, 0.1 MDTT 0.5 pL., RNase fiee water 0.5 pL., Super Script Il
1 L ZBE L%, BWERY- 7/ UTNAFE 10 pL & Lz, 25°C T 5 4, 50°C T 60 43f#], 70°C T 15
STADS TR BTV, UL T#, RNase free water 190 uL 2% cDNA 30 72457, RE
L 7= cDNA 70 5 L AZIEEZK 2.5 ul, 10 pM 27°F A <—(Table 4) 125 uL 30, 25 mMdNTP 1 pL,
10xEx Taq buffer 125 pL, Ex Taq HS 025 WL Z{E& L. 94°C T2 5ffi% 1 cycle, 94°C T30 #fEl, 60°C T
30 8], 72°C © 1 43112 30 cycles, 72°C T54:f1% 1 cycle DA TPCR 21772, A h—Fat4
BIERT 54, PCRIZ9 V7T Tt

b) HIMRESRLE

PCR DY I NERET 25, 7= /—/W7 a iV A {ToT, PCR EYICIREKEZH
L. 150 uL & Lz, E5i2, TR = /—/L 75 ., Zuad-h 75 pL Z2EAIL, vortex L7z,
=1, 12,000 rpm, T 1 SERELEEL, FE% 150 pL [ L=, BE L7z BRI 100% 4 /-1 375 ulL,
IMERRT Y DA 15Ul 2EE L, =B, 14,0001pm T20 R OOBEL, HEERELT B
Ly b T0%T 4 /—/L 700 uL C wash L7=#%, =i, 12,000 pm T 1 HfEEOSEEL . EEERREL
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T 1%, TEEOWER(0 pL R AR L,

AR | 721 2 — b 8 uL |\ ZHIFERESE(Whe 1. Hind %3240 1 L 92, Mbuffer % 2 pL, #HEE
K8 WL ZEINL, 37°C T2 RIS S5 2 & CHFREERIRE T o7, HIRRBERIERE DA P — b
VB L=,

¢) 7FAI K DNADFRE

7T AIFDNA % 5 gy EBEAREFRALTEN 16 4L & Uiz, E6I2, HIFEEERWhe 1, Hind %%
N1 UL 92, Mbuffer % 2 uL #AIL., 37°C T3 KBRS 85 Z & CHIBRESRUEZ To 72, #IE
BERAUERE D T A X F DNA IZEENREE L72(22.5 b 2HR),

HIRREERAERIC X > T LI EHIR 77 A 2 K DNA OBNT TA F—a U EET AT, 75
A X FDNA OAIREMY Bk Uiz, BRI, AR L7272 A X F DNA20 uL 87K 1.5 L,
CIP1 L. 10XNEbuffer32.5 uL 2%, 3250 & L=, 37°C T 1 BfiipUs &85 = & T CIP U E1T
VY, BUSHE TR, MU L s,

d FA75—var

L L f=A 2 — P ROV T A I F DNA 2 EEORA T/ TEA L. TaKaRa 2xLigation Mix &
A L7z, AENE 1, 13, 19 DIRAERTENENT A F—a v &3fTot, £, 75 A3 FDNAIZ2 L
IZHE— L7z, 16°C TSI EL 2T/ 7 —Lar&fTol,

e) TWHEIGH
SA H—a LEDY TN EENFR YT b UDHSaSEA LB A T o T, K T
L2 T A0 pLZ T A 7 — 3 LAEDF T VE L L EINL, K BT 30 A =X
— b L7, 2°CIERELLE— 7 r v T4 MWL, K ET 1 HFA oFarS—h L7, Bl
BRI T2 T, ZNENOT 27U SOC ittg 200 uL 3% L, 37°C T 1 B4 ¥ =
~—h L7z, 4°C, 5000 ipm T2 SEROHEEL, & 125 il BB L7z, 720 O SOC HHTE~ L »
MERFRL LB 7 L— MIEEE L 721&, 37°C TR o Fa—F LT,
LB 7' L— h D
T BT 2200 mg HABHUK 4 mL SRR L, JEREGIE, 7 L TRV (50 mg/ml, 20°C fRF).
LB broth 4 g & Agar, Powder 3 g Z@#7K 200 mL [THSHE L, — F 7 L—Im(121°C, 2 <UE, 20 47)L
7o 65°CHHTETHRAIL, 50 mg/mL 7 B2V 2% 100 pg/ml &72B X 528N L-, FZ 7 A, &
A= —HETT L— MTHEL, 1520 51 F a— M5 2 &L CHEE ST,

f) 7T AI FDNAKREFRE

W7 LB broth V% 5 mL ¥ 15 mL S =L F 2 — 714 LTz, SomgmL 72 B3 Y 2 10 L
FINL, HEIREE 100 pg/mL & L7z8, LB 71— MICTE T an=—1 )bk fEE L7z, 37°C, 200 rpm
THEL 5 LA H—MA v Fa~—h L7,
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« LB broth $&HEORREL
LB broth % 4 g &L, Bk 200 mLiIZEREL, 4 — b7 L—7HEE(121°C, 2&%E, 202) L7@°C
{%T:?:)c

g 7IAI FDNARBH

QlAprep Spin Miniprep kit Z WV T7F A3 FDNA ZfE Uiz, —#iA v 23— b IR LB
broth iR, 15,000 rpm T LEE L7, E-<lw RMZ Buffer P1 % 250 pLIRIIL, vortex 95 Z & T~
Ly NESEal iR L7, Buffer P2 % 250 uL ¥ L, 4-6 FEAEREFN L7z, Buffer N3 % 350 pL #90 L,
10 [EHEEREF L=, =8, 13,000 rpm C 10 ShEO0BEL 72, HEEHENCHT, £5% QlAprep A
VB G RTT FF4 Uiz, HiE, 13,000 rpm T 1 ofizl L, 7 w—2/0-—jK&kR%E L7, Buffer PE % 750
UL 77 FA L, EEEER, 13000mpm T 1 SfEO L, 7e—A0—jfEkRE L, 8 L TW\5 Buffer
PE Z522lcbpdd A7, FHESE, 13,000 ipm T 1 HEHRL LS, AV T LEFHHEO 15 mL oy
A F o —F 1T L, Buffer EB % 30 uL B 1 43804 & =3— b, IR, 13,000rpm T 1 HfEhE D
BIETH L CFTAI R DNA 287, ERLETF A F DNA BIBEERIEIC L DIRER RO
(220°C {277,

h) FIFEESEAURIZ X 57T A K DNA ORER

et LS5 A3 FDNA OfERAHGET 5%, HITERRIERA To7, SEE Cla T & Sal 1 OHIRE
FRUH Buffer Ve, 37°C T2 BRSSET%, %7 e —AF MIEBRIKEIL, =F YT LT
oA Fiatk, UV RS T CO/URE A To7,

) I ARFoF

HE LT A F DNA OEREERT 5%, P — VTV AF vy 7 &{Tolc, BAENICIE, 772
3 F DNA 250 ng 43iZ 5xBig Dye Terminator v1.1 Sequencing Buffer 2 pL, Big Dye terminator v1.1 cycle
Sequencing kit 1 uL, 1 uM mResistin Full primer 1.5 pL (sense & L < % antisense), BB L7220 bRG
L. EF10puL & L7z, 95°C T 1 %3f81% 1 cycle, 95°C T 10 F0fH, 50°C T 5 #fH. 60°C T2 4330 #f% 40
cycles DEHET PCR %1757, PCR D771 10 L & SAM Solution 45 pL, Big Dye X terminator Solution
10 uL Z9BA Lo, IEREE°C)T 30 4fH vortex L7z, PCR Fa2—T7HADI TN 65 L &2 —7 TR
Ho6well 7L— MZT 754 Lz, =i, 2,000 rpm TEisL, Genetic Analyser3130 & HIW T —7 >
AF ¥ BiTal,

i ZVew—RA by
75 23 | DNA KETFEESOREREENE 800 pL = 50% 7 U= r—/L% 200 uL N L, -80°C fR1FE L7z,
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226 COS7HfREEE, 723 FDNAEA

a) HEHERE

DMEM % 4.75 g FFR L, WK TEAEL 435 mL I A A7 v 7%, =R T30 oL, A—h7 1
—7WiE(121°C, 2 KE, 20 H)Lic, HRIcBAEIL %, 3% % 2 10mL, 10%NaHCO; 5 mL, FBS
50 mL AN L7z,

b) ek
HARM RIS | 22 L AT - . MR P BB S 4x10° cells/10 em dish & 2% & 5 ICHEREL
48 BRI TR LT,

¢ FTF7AIFDNAEA

7'F A3 K DNA EAZFTIETRIZ 2.5%10" cellsiwell (24 well plate) & 725 . 5 COST 1z 4EE L, 7
Z A3 FDNAO0.S5 pg IZ FuGENE HD Transfection Reagent 1.5 plL & Opti-MEM 2% L&+ 25 pL [ ZFERL L7
(77 A2 FDNA:FuGENEHD =1:3), ZE T 155/ > F 23— Lictk, 225 uliwell 7225 L 555
HiASHA | 7= COST ML ZERN L7z, 24 BREEIEIT 250 pliwell L7253 K HBEHIARHR L, S DIT 48 BFRIEE L
B A [EIL L7z, 500xg T 5 SRmLaBEiL, LORAF USRS LSS E@°C R1E. 1 BREILAICHE
i)E

227 MLHZ VIRFLENIE

BSA0.1%%78 PBS 1B L, WEHRESNIVOATF U Z o7 8% 250ng/ul & 725 L DIk, 45
1 L20°C CRAIF L7, siRNA B AN 24 BT D 3T3-L1 AR HHEE 500ng/mL & 725 X 5L,
SITBIZIZ BSAO.1%EH PBS 255 L, RIREL: L,

228 F L 7ER

B & o3 Ehhith]
a) PEGRE
2M Tris-HCI (pH 8.0 or 6.8)
Tris % 3.634 g FFE L, #BAIK 15 mL [ Z¥AfF L 7=, HCITpHS8.0 b L<IXpH68 (ZFHE LT,

Radio immunoprecipitation assay (RIPA) buffer (-20°C EA{RTF, 4°C EHHRDD

2M Tris-HCI (pH 8.0) 2.5 mL |Z NaCl 877 mg, NP-40 1 mL, Scdium deoxycholate 500 mg, SDS 100 mg &%
- IRE L. BAUKT 100 mL I A AT w7 Lz, FEBRITS UT 50 (FRAERA]. 10xComplete Mini
wiRG Lz,

33



5xSample buffer (-:20°C f£77)

(BT 2M Tris-HCI (pH 6.8) 300 pL iZ 2-mercaptoethanol 500 L., SDS 200 mg, Bromophenol Blue 10 mg,
7V Ew—/ SmL ZHR - REL, K TI0mLIZART v 7 LT,

(FEETTHY) 2M Tris-HCl (pH 6.8) 300 uL i~ SDS 200 mg, Bromophenol Blue 10 mg, 7 U= o—/L 1 mL %
fif  JBE L. BHKTI0mLIZAAT v LI,

b) Hh

&5 L PBS & RIPA buffer 25K L TRz, #58Mia% PBS T2 [l wash L. #ED RIPA buffer
FINL7(1520 pliwell (24 well plate), 40-50 uL/3.5 emdish), “Z/AAZ L—r =2 HWTH 7L ZEILL
7ro EIS L7207 E 30 4508, 1R E 9 LR bA L aS— MLtk Y=F—ia v &179 2 & TH
RN & 27 Bafht L, BRI TOKETTUT-T

L o3 2 Ehhih]
9 B
50xf5t.Y S EE{LRREAN-80°C £/F)
B-glycerophosphate 15.3 mg & Na;VO, 92 mg Z#BffiK 1 mL I L7z,

10EARIR@E°C {RTF)

HEPES 1668 mg Z#8#li/K 50 mL (=¥ L. NaOH TpH 7.5 {ZEE L7268, MUK T 70 mLIZA R T v
3% = & T 100 mM HEPES (pH 7.5)%78. L7z, 100 mM HEPES (pH 7.5) 5 mL IZ NaF 8.4 mg, EDTA 1.86
mg & EIERIERR LT,

Wash FH PBS (4°C {#15)
50x U TR PBS T 50 (5AR L=

10xComplete, Mini (-80°C ££1F)
Complete, Mini 1 tablet 217K 1 mL (T L7z,

BRI EC -1
10={ESARITE 950 pL. 50 S R{KRE A 190 ul., 10%Complete, Mini 950 pL., #B#i7K 7410 uL Z{RE L7z,

10% NP-40 (4°C tR1F)
#AHiK 9 mL |Z IGEPAL CA-630 % 1 mL &S L7,

2:4Zh R C 777P)
HEPES 1622 mg %K 26 mL \Z¥Ef# L, NaOH TpH 7.9 IZFHE L7e4%, BAKC34 mLiIZA AT v
752 & C 20 mM HEPES (pH 7.9)% 74 L 7=, 20 mM HEPES (pH 7.9) 16 mL {Z EDTA 1.19 mg,MgCl, 9.76
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mg, NaCl7854mg, 7'V Erm—4mL 25 - IRE LT

10 mM DTT (220°C {575)
DTT4.62 mg Z#EK 3 mL | ZEfE L7z,

TERHIR(-80°C £RT7)
xR 75 pL., S0<i U S FR{KEAZEA 3 pl., 10%Complete, Mini 15 pl, 10 mM DTT 15 plL, #BffiK 42 uL
EENENRE LT,

b) flH

15 mL =y Fa—FZ b T AR L7l A RN L, 4°C, 15,000 rpm T 2 3@ 0508 S
Z LT NRAODLy b RS (-80°C TR, ki LTCARSRIRE 500 uL HRIN L., 2Kk BT 15 iAo
Fa— b Lis, 10%NP40 % 100 pL iR L, EEIZS U ARE DA =% A Tl g L7
(5 [ER b r—2), 4°C,2,500xg T 10 HFhEOAEEL, B ERER. wash A PBS 500 pL Z#h01L 72, 4°C,
1,000xg T 5 i OBBEL, HEEMRER, SR E 20 )L B L7z, K ET30 53 A v F 2—b
T5 Z & CHIEREE U (15 4981 vortex 247572), 4°C, 15,000 rpm T 10 Sfhalyoyif L, H%(E
IR Uiz,

229 HLUBEE

BCA protein Assay Kit & Fu T o0 BRFEEEHIE Uiz, (TRORIEA B £ 50:1 L7259 EA L.,
YA 125 WL ATHL 100 uL TOHEI L7z, #DE, 37°C T30 4 »F=~3— h Lict, 562 nm D%
HEERIE LT,

2210 WB

a) PREEREL
LK @°CHRD

Tris % 18.155 g FF= L, #BHlK 40 mL IZ¥8fE 7=, HCl CpH 8.8 IZF#E%, SDS % 100 mg ¥Af#E L.,
HKT100mL IZ A A7 v 7 Lz, (Final : Tris 1.5 M, SDS0.1%)

M & (4°C {~1D)
Tris % 6.055 g FFE L, #BMUKIZIEEATE 77, HCl CpH 6.8 [Z5REH, SDS % 100 mg IRAE L. ik T 100
mL IZA AT v Lz, (Final : Tris0.5M, SDS0.1%)

30%7T 7 UNT X FER (NTR : #°CHRIF. BT
Acrylamide 29.2 g & N,N’-Methylene-bis (acrylamide) 800 mg & ZILEIIFE L MK 100 mL | Z5RE L 7=,
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10% APS (4°C {777, EEED
APS % 25 mg FFE L, #BflK 250 uL iZ¥%E L=,

¥KED buffer (EIBFF)
Tris3 g, Glycine 144 g, SDS1g & ZAVEIEREL, #EAHTK 1000 mL (2 L7z,

Blotting buffer (SEIR~-7F)
Tris 3 g, Glycine 144 g, SDS 1 g Z#FNFIATE L, HEHUK 800 mL (ZIEfE L7k, 100%A &/ —/L&
200 mL JRS L7z,

TBS-0.1% T (TBS-T : EiR{R7F)
2M Tris-HCI (pH 7.5) 62.5 mLL {Z NaCl 54.79 g 2 P57 L BBl T 500 mL IZ A A7 w7325 Z & T 25xTBS
ZFHELL 7z, 25%TBS 20 mL {Z Tween20 500 pL, Bk 479.5 mL %785 L TBS-0.1% T ZF# L /-,

b) LR
2oy R R ITERS, RIPAbuffer, Sxsample buffer Z AV yCEEIZA L 7OVIREE L Uiz, 95°C, S
AT 5 2 LT U TV EETZ(20°C )

¢) SDS-PAGE {EEL, EXIKED
HEID & R 7 B FB4Tt U T SDS-PAGE Z1Ef L. BEXUEN 21T o7, FRE O SDS-PAGE OFERL

13 Table 5.0THE> TTo 7,

Table5.  SDS-PAGE{ERkE BHZ 0 FEDBR

SDS-PAGE 35% 5.0% 8.0% 12 % 20% stacking Gel
A2y85F (kDa) 1000-2000  80-500 60-400 40-200 1-100
N3 1.4 mL 2mL 3.2mL 4.8 mL 8 mL N 1mL
L& 3mL 3ImL 3ImlL 3mL 3mlL M3t 1.5mL
10% APS 48 . 48 plL 48 L 48 uL 48 plL 10% APS 45 pl
TEMED gL 8 ulL 8 ulL 8L 8L TEMED  7.5uL
FE K 7.6 mL 7 mL 5.8mlL 4.2 mL 1mL ik 3.5mL
d &BEE

ERVKENE D7 % Blotting buffer ¢ wash L7z, BE5ZEEIZ Blotting buffer TR HHE/2IEHE, A v
T, FkEy FL, 2mAln’, | BEOSETEELRTol, AT LATH LMD 100%A 5 /
—JAT 1 R4, 30 2T CAE Blotting buffer 121217 72 S O Uiz,

¢ Tmyxrr, —KRbiE
HEEHDA LT L 5%AF LI NVIICET, S5 T 1 REIREL 9 Ui, —WRiiERE k% L= TBS0.1%
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T ZRAVWTEIIZHRL, AT b EBILERLE, 4°C TIRE 5 LR b—f o F=a— kL7
%, ERTEHIZ 1FFIRE 5 LdibA rF == LT,
* S%AF LI Y

AFRLINTE25gFEL, TBS-0.1%T 50 mL [ TEfESH, 30 LA R Lo (FERa),

L!

) RGus. RHl

— BRI LT TIRGUAE KIS L2 TBS0.1% T ZHWGEEICHIRL., AT Lk & biasEsL
7o EIETIRE 5 L35 1 BHEA %2 — b L7z, TBS0.1%T CIRE 5 L7235 10 23D wash % 3
[6}{ 7> 7=, BECLPrime Western Blotting Detection Reagent % FV VT, HifED~LA4F 4 —EfRHIC LD ED
ToAVEESE A PIE - FHil L7,

2211 SREBP-1, ChREBPEETEMEHIE

Sterol regulatory element binding protein-1 (SREBP-1)% Carbohydrate responsive element binding protein
(ChREBP)DIREE T SREBP-1 transcription factor assay kit, ChREBP transcription factor assay kit %V C#%
NZEE L=, BEIRNO~ =2 7T Mo TiTo Tz,

2212 ChREBP &yt

ChREBP @$&¥uta) 3 ChREBP Cell-based translocation Assay Kit 2 VT, T O~== T ATHES> TIT

o7,
2213 CPT-1iEMEAIE

CPT-1 DGR REEOREEZBEITE L[5, 58], FOREZ, CPT DfEAIcL>TI ha FUTF
= F U w7 ATERESA, VLS R A -CoA HIZED CoA-SH % DTNB & Ui &1, AU A&EA3 TNB
(CE/RIEAREL: 13,600) DRI A B2 Z & Thbh 2 (] 20),

DTNB

RILEF B 73JLERAJL-Con CoA-SH

~ @ B

H=F> IRIERANDIL=F
NE
> CPT-2 <
E4 U8

18 JLERA JL-CoA CoA-SH

|

IEspERE £ 20. CPT-1 {EHERIERE
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a) FAEGHEL
116 mM Tris-HICI (pH 8.0, =BT
Tris 281 mg Z#AHlAK 15 mL [ZFEfF L, HCl T pHS8.0 IR L7, Bk T20mLIZA AT v 7 L,

12.5 mM EDTA (4°C {515)
EDTA 23265 mg % #3#izk 5 mL I ZPEfE L 72,

12.5 mM L-carnitine (4°C {%7F)
L-carnitine 6.17 mg Z#BHI7K 2.5 mL (23R L7z,

10% Triton X-100 (4°C {775)
Triton X-100 100 pL Z#EHZK 900 pL (ZINZ AR L7,

12.5 mM DINB (-20°C {777, )
DTNB 2477 mg % 100% EtOH 500uL {272 L 7=,

1 mM Palmitoyl-CoA (-20°C {75
Palmitoyl-CoA 1 mg ZHEH{K 1 mL IZ¥EHF L7z,

P
116 mM Tris-HCI (pH 8.0) 100 pL, 12.5 mM EDTA 20 pL, 10% Triton X-100 2 pL, ik 78 uL &4 L7,

R (13 7VE ST
116 mM Tris-HCI (pH 8.0) 250 pl., 12.5 mM EDTA 50 pl., 10% Triton X-100 5 pL, 12.5mM DTNB 10 pL,
ABRA 115 pL A LT,

b) #E

3.5 cm Dish (7858 U7z 3T3-L1 i = U 73 AL T o ClEMY Lz, [ENY L7=#iiE 4 1,500xg, 4°C,
5 RREIERET 2 2 & Ty NIRIC U7, (B3R 80 uL (22.8 BFR) TR~ L~ FERE L. 4°C, 10
SHA T2 P LR, FUARREDHA P2 RO CGREEEETRE Lz, 700xg, 4°C, 10 5z
ISBESTD 2 LT, BREERTE, U BB RS

o INE—EGEL, BCARBIZTH 0 BEEL T 72229 1),

BN 1 o T ngofTole, 7Lb— h) —F—D%&FE TEROBYVRE L, fifUL, blank #IE, CPT-1
TEHRIERAT o7,
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<Infinite M200 (TECANY PLATE manager V4>
Corning 96 Flat transparent
Plate
Temperature: 30°C
Shaking: 3 sec, 1.5 mm Linear
Kinetic cycle
Number of cycle: 10 or 21
Use kinetic interval: 30 sec
Absorbance: 412 nm
Number of flashes: 10

<P

YoM EENS-SH BT TSR D A1 To7, 96 well plate (28271322 yL Z451E L,
FURHE 244 pL &L, 7 L— b U —F = THRRED_ ERARIE Ui, FUSHET LIEED L7037
BIVEL Tt Z & ERER LY 20 4518, blank DEIEE(To7,

<blank &>

FL T RICEEND Acyl-CoA KIFBERDRIGIZ L AWED ERAHIET B2ITATo7=, HIBUSH
T LTz 77U 1 mM Palmitoyl-CoA 12.84 uL 2% L, 5 457 V— b —F—ZTleED ER%
HIE Lz,

<CPT-1 {&MEHE>

blank JI7E> B CPT-1 FEHHAIE % Tld, 4T Palmitoyl-CoA BRI LT LEDRNE 91T, FREME
#{Fo77, blank ZIFE Li=H 742 125 mM L-carniting % 322 pLiRIML, 5087 L— kU —&—T
THIEED EREFRIE L,

<fEHT>

CPT-1 FEMERIED B SR R OEE 55 blank DUEE EROMHE 2ZELF|< Z & TCoA-SH
DA RSERRE(AbY min)% 3R 7-, TNB OEMENARER(13,600), o 7 NDF 37 Bz AV, CPT-1
{EtE(nmol/ min/ mg protein) & 3Tl L 72,

2214 FEIEHEEE~ U A~DHR VAT UhiER S

A L7= CSTBLI6T = 7 A il £ C 1 EEE Uiz, BE AR Ol SR B Rl L,
EASIFARACIMIEE 21%, AZ B—2R 34%, = L AT 3—/L 02% (42% keal from ) DENE R E 5 2 T2,
NSl A OEAIRRE & FRFCH L AT AEE 5 BREICRFIREIC & > TS L7z, Control Hfdds
E#713 Mouse IgG1 klso Control %5 L7z, 30 AREAS L7ztg, 24 KfOMERZITWER LTS
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2215 JHEERRYI R OER, ~ h¥U 2/ 0il Red O 35

T L7 BRE 5-10 mm & S1281V | 10% Formalin Neutral buffer solution (Z3&(F, 4°C TR :
5 LRI oA 2% 2t— b5 2 L Th= U CEEERT o /o BHE IR R O FE R T D70,
4°C TIEE 5 LD 10%A Y o—RENRIT 3 BEl, 20%A 7 o — RT3 B, 30%A 7 11— AYE
IZ—WEDNEIZA 22— 4B 2 & CHREEDK LT, 30%A 7 2—RIERICHER e Z & Z2FEE L
72>, OCT Compound THIHE L72(-80°C frfd), R L7SMHART = v 7 2H20°CICRRELTes A 712 b
— 2T 8 um OEEREEIR 2810 Lz,

VERE L7850 8RS 30 BORR L7etk, 60%1 Y 7 us) — Uz | Sfdig Lz, EBIciEE L7
60% OilRed O AHRIZIE Ly 37°C TI5 Mo ¥ a—F Uio, BE, 60%1 Y 7 1/3 ) —/1Z 1 53R
L7, #BMUKIZEEITE LT, SRk 5% FRZ= L7, Mayer’s Hematoxylin Solution |2 10 23f#HE L7-,
45°C |HME L7-ABRHlk ¢ 10 201, i LEfTv. 70 Ee— a2 fAWTE AL,

23 R
231 siRNA BAZ L5 LU AF 3R

3T3-L1 NENFHE ORI (Day 2-5)IC —I@ME DFEEIER 2R Lie L P AT A 16) DAZE BRI 1%
947, Day 2 IZ Anti-resistin siRNA ZEA L7, f6E, +Holcfeliis S8 2 Chigddb a7
3T3-L1 HEHTJ%BB’S(Day 8-10) Tid siRNA BAIZ X D8I EEECTH S Z LA b Tnd, T
i, S VERERREER T, ok Liao e —EFOMIREAMEIE L, sk Li-inRE AR 9 Z & TsiRNA D
BAFETDZENFERTHD LB OIVTNA[E2L) [59, —F., HH{rFEREE#D Day 2 (2815
3T3-L1 JERGRINE~D siRNA FRINE, LR Z R LoD LY AT L8R T OB L,
D F BB 8D Z L FRETh-T(H 22A,B),

T e sttt

SMEL T4

[FEAE DsiRNARD
&8 S - ETsE
SN

21. H53ITERR U 3T3-L1 JERAHIRE~D siRNA BA
FHEIZEFE LIS % Ol Red O R L, BEE{R 24 L7z, JRE : IEE. Bars : 50 pm
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A . B g .
L¥ X F > mRNA (Days5) ng/m. VORFU MR

1.5 40 -
35 | =C=Control siRNA

l 30 - =3=Resistin siRNA

=
T

25
20
15
10

5

%k %k

XTI FREE

o
ul
T

L

Control Resistin
siRNA  siRNA

22, siRNA BAIZ LB L PR BEER ]

SV ERERIEAL D 3T3-L1 JENFHE(Day 2)i Negative control SiRNA, Anti-resistin sIRNA % ZALEHEA L, Day 5
FTEELE, (A) VURTFUIEGTHIHES realtime REPCR IZTHEGES Uz, Pactin ZNERIFEIELS L, 4H
RHOFEERE A7 L72( versus Negative control sIRNA), (B) FRa0 L7z BB 25 P ~D L ATF L & 3y
EoyWiES ELISA ICCER Lz, RERIES R NEEREZ R L,

(A,n=8, B,n=3, **p<0.01 versus Control siRNA)

232 UPAF ORI L SIREEEE~DFE

3T3-L1 BENAHIIED BRI RIT 5 L VA F L RHEBERE siRNA 12K o CHIfl L7oRER, Bk
WZ iz, IElIRIC B AR ESRENHRICETH Z L2 RM Lz, sRNA B 3T3-L1 AEiHik
% Day 5 & CHEMEL & W71, [EIAE% Oil Red O Yot L7-HER. HIAIPIAEE SHREICHI 30%DB 32
BRI 23 A), Shiz, MIaNOIEEEHH L. BBHROERSTHD M 71| FOERE{T-7
FEEL 9 40% DL A3 B AL (2 23 B),
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A [Control sRNA LR L B
— r,."ﬂ"\ff 12 ) 12 ¢ ;
e P 1‘11 Oilred O S EYRER
M{S b .' - "‘ ' L B ;( 1‘1 % 1 1 Ir
f s ey ? * k%
BPA 4 A AL “;g*%os 3 0H o8 |
.2 T o yal g T %%
o Y 2
[y _" 3 3 [ j_.h___. E 0.6 -
Resistin siRNA S .3 04 Fk L
— (a84 &
) -.‘( :, o 02 r~ 5
"l &t R R 0 : 0 n
U ~ TR Control Resistin Control Resistin
¢ 9 b by SRNA  SiRNA SRNA  SIRNA
[ &4 P Bl

23, VU AF RGN X 2 IREEHEERD

S EERERREZ O 3T3-L1 5FAH(Day 2)!Z Negative control siRNA., Anti-resistin sSIRNA % ZA1F71EA L, Day 5
TR L7, (A) MICEFRE L7-A8E % OilRed O Yefs L, THEEER 415 L7, 76 : JIFE, Bars: 50 um,
A ESEETH L, IR 540 nm OWEEAEIE L, MRHEEZ RO, (B) MIRlZERELEEELHH L, b
U7 FREZREL, fBtfEzRkl, MEIIESERMEERZELS T LI, (A n=35, B,n=4, *p<
0.001 versus Control siRNA)

233 VL URTFUHBIHIREREIRIZN T2 LU AT IR

L AT IR LA D IREEEEORF S GITHETT 57280, LUAT U OFREEZH L
7= 3T3-L1 BERHHIIEIC L AT F LR BRI U, £ ORER, L AT - HEBUMHIREAR -4 5
NI JEEZHEEORDEE L7o(H 24 A), Ui L., IBEEEERDOEIEITHCchHY ., i, ERE
500 ng/ml LI EOENLPAF ARERMEL Uk, ZOBRERE LT, MLV RF L Z 78R
KBEEER TH-TLh, LIUATUOABIERNER LT A rlREENE 2 Hivz[e0l, €2 T, LYA
FL BT A F DNA & COS7 HIICEAT S Z & C, WILEWMIERED L VAT 28 Licks
# EORBL AT, [N U753 HiEE WBIZTEHI L AER, LUAT & LT BORTER U
BEOERHELTCE (M 24 B), £/, ELISA T Lo TH#E HECEASND VUAF UV EBELFHIEL

FoRER, #9110 ng/mL O LP AT LU0 HER S, sIRNA 23N LTV el 3T3-L1 ABH5HEI(Day 5)

D35 EHT 50 ng/mL O LU P AT LS BRI STV 16 B), # 2T, FIREE 50 ng/mL & 722
I ST LU AF BB 3T3-L1 JERHIIC L P AF AR HERN L, 2ORR, LUVRF
DAEPRRRIRE Tho T HIEBEEEDRHNEIE L(X 24 C),
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L @
. & s &5
A il red O B &4 £8
— 7 @
1.2 % sk ok S s .o S E&S5.©
Ft S5 NS
1 r C)GCZ;Q"‘::‘ o5&
+~ QO @ G (P 2
* O o g0 Ye
QQ <R

O
kDa Qg’é? Q
m 08 | |
= 25
Kos |
o
S

- - ‘ *__i
04 15
0.2 15 r - © e — B
Q Control I Resistin Resistin Reduced Non-
siRNA siRNA SiRNA Reduced
+
Resistin
an
c Oil red O
1.2 s 3k ok % % 5k
I 1
1 r || T
4] 0.8 F :
& os |
L
04
0.2
O 1 1 1
Control Resistin Resistin
SIRNA siRNA siRNA
+
Resistin
EEEELF

E24. VP RFLUEINC L AREESREERD OEE

S EEEREHE O 3T3-L1 JEH(Day 2~ Negative control sSiRNA., Anti-resistin sSiRNA % F3FHUE A L, Day 5
FTEE L, VYRFUOEFMNEDay 3 12707 (A) PP AT L OFR AN Ui iR s HR D L AT
B8y B 500ng/mL L7ed KON LT, MRRICER LICAEE % OillRed O Yo Lo, MRIESRZHIL
L. I 540 nm OWIEEAHIE Lz, (B) VYAF LR TF A3 NDNA 2B L, COST Mz EAT3 2
L CLUAF AR FEARB LT, ROV VAT L Z 37 ERTN Control 777 A 3 K DNA, Resistin
I TT A3 F DNA 2FNTHEA Llaniss HEP B TEE. 68Tt T TEnEh WB I CHHE
Liz, (C) FAE L VU AT U EaESE FIER LU AT 28] 3T3-L1 IEAARRICIRN U7z, Day 5 £ Tk
2 Uitk AliaTERE L7 EE 4 OilRed O Bo5 L7, FFRITIE Control 7°5 A 3 | DNA B AGIIOEERE HE%
L7 (An=3, D,n=4, *p<005, **p<001)
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234 UPURTFUFEIBHIC L D IEilE o b~ DB

L AT L SIS R R D ORI % B Al HERAMIRE R T L, &
T, LYAT RIS IEIHIIEO i EE RS - Th D PPARy, C/EBPo K UMERGHHEL L
1 —A-FABP OWfn - HRICS B R 52 5 E D% L7 25), LL, ZHHEE DR

BITIZ L AL UIA BN oTn, ZOZ b, LUATF ORI A b IR EEE RO
i3, TEUFRIR O] & 138 e DT CTh A FIREMEDRE 2 bl

16 r  PPARy 25 r C/EBPa 16 r  A-FABP

14 | 1.4 |
ol 1 2T

T2 12
%E\é 4 15 1
L 08 0.8
& o6 - 0.6
Z 04 0.4

‘ 0.5

0.2 0.2

0 1L 0 0

K: non-treated []: Control siRNA B : Resistin siRNA

25, LU AF RBHIINAT 3317 5 PPARy, C/EBPa, A-FABP &G -HIRE

S VEREREE O 3T3-L1 JETHIRA(Day 2)I~ Negative control IRNA., Anti-resistin sSIRNA % Z31E1EA L, Day 5
= THEEE L7, PPARy, (/EBPo, A-FABP B{ET-FEE% T -E4 real time RI-PCR (T THAEVEE L7z, Pactin
ZEMEREL L, HERAIREERT LI, (n=4)

235 UPAFUEBHHINSRIFTEERT SREBP-1, ChREBP ~DF 2

L AT OFEH RN LI RHEIR CHE, FREOES R ST A DT I S E LT
7o, IEEOEARICEENERIISETTET DM, 202 < 2 2 FEEOESET SREBP-1 & ChREBP (2
J o THERHHE ST UVA(12 26) [61-63], & 1T SREBP-1, ChREBP (2L RERAHIRID b, BEMbIc
STHEEAERT S Z EBMbh TN B[64,65], 2T, ZHOESRTOER THRAE, ¥ VB,
BTG OZALIC DV TRHE Lz, MIlRNa LAT o —/WRE OHRICE U CEBREEENEMT S
SREBP-1 1%, VAT LB, BETREER, &30 BECEMIAONT, BEEHC GRS
A BN T(X27), —75, MR OB U CEEEND 2 % ChREBP 13, LI7A
F L BB, ST ISREICE IR B0 Tod, X o3y BRITERE R S b (B 28 A,
B), XBiz, VAT TR 3T3L1 AR 31T A ChREBP % fj&dets L7-iE%, ChREBP #
VT ERBOW L HEIEOBENTINA, BENIC ChREBP F3MFEE LTV VRl IRUASEEA vz (B] 28
Q). #I7T, BNZ 7 ExfiHt%, WBIZ TN ChREBP 4 L3 7 B &% 7Hl L7=(% 28 D), £ Dk
B R aOfERE BT, LURF U HEIHIRA IS 2459 ChREBP % b7 B LT
B LGN TeoTs, £ LT, ChREBP DEZETEMAFHL LICRHER, L UATF U HERIC L 5/ E
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PEVENE T3 (S 29 ), 72, L VAT L BEIRBIRHIRGI C7: 7 CHREBP 4 22 ELROMIN,
LD RAFUH 7 BOFINT X - TEIET BEMDE B 28 F),

—t
SREBP-1 ChREBP

Sterol regulatory ele

SREBP-1

ment binding protein-1

R ASREBP-1

o
>
<
)

X

o
=
=

-—a-=-

X 26. & SR OFBICE S35 T2 EEER T

- A
15 mRN
Pre-SREBP-1 g e &5 & &
O I B-actin e——
m o1
L Control Resistin
= sIRNA SIRNA
& os o
= ,  HUR
RIS
Control Resistin 15 |
C SIRNA  siRNA al
L EEEE B I
05
w T
&= Control Resistin
E SiRNA siRNA
05 |

Control Resistin

siRNA  siRNA
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Serl96 Thr666

PP2A
-

1

Carbohydrate responsive element binding protein

FILa—2A

HRE

IERA RS
(FASN, SCD-1%)

27. VAT UREHEIZL B

SREBP-1 #5575 E~DEE
AMERERRE D 3T3-L1 RRHIR(Day
DT Negative control siRINA, Anti-resistin
siRNA 223V EFVEA L, Day 5 £TH
# L7, (A) SREBP-1 ;&= T-HEIE% real
time RT-PCR (Z CHEFER L7, B-actin
EALEMEREL L, MAHERET L
72, (B) #fiPN SREBP-1 # 2237 HE%
WB (ZCEHili L7z, Bactin & EBEHEL
L. EEFRTZITV. fEHEZ T LIS,
(C) SREBP-1 ErEYEMEARIE L, FHxHE

LT, (n=3)



2.5 mRNA
A [ B e[ ———=—— —
W Z B-actin I——'—
E 15 Control Resistin
% L L SiRNA SiRNA
® e | L,  ZUISUE
' RIRE
0 ‘ 1 f
Control Resistin 5, I
siRNA  siRNA i .
% 06 | *%
€ 04
0.2
0
D BRAINDE

B [ RER

e WIS X
JO.S r
% 04

Control siRNA  Resistin siRNA Control Resistin
siRNA  siRNA 0.2

E 12 ¢ BEEN 0

1 F

* % F
08 r
06
04 |

HaxHiE

0.2 1 Control siRNA Resistin siRNA  Resistin siRNA
0 Resistin 500 ng/mL

28, VURAF UREEIMHEIERT X 5 ChREBP EREEE~ DR

S VERERNEE O 3T3-L1 AERAAII(Day 2)I7 Negative control sSiRNA. Anti-resistin sRNA % F 4 FHAEA L, Day §
TS L. (A) ChREBP B {=F%H1 8% real time RIE-PCR (& CHETER LTz, Pactin ZPNEHEMEL L, #8xf
FIRRIREZ R L7z, (B) fl@A ChREBP # 1 /37 E &% WB ICTiHili L7z, B-actin & NEHEHEL L, EHSFEHT
BTV TERHER R Liz, (C) #if@ ChREBP ZfuEutt L. BRGmE 2 4Rk% L=, REIIEM ChREBP %
3. (D) $N ChREBP 4 /37 B &% WB IZTaHli L7z, Lamin Bl ZPERERAEL L, BT, fExT
fE% R L7, (B) ChREBP E&=EEMEEHIE L, fBxHEE R L, (F)Day 3 IZV P AF & 30 B2 500 ng/mlL
& 72D X HEIN L, HBAEA ChREBP % $fEds(n L7z, Bars:25 um (n = 3., *p <0.05, **p < 0.01 versus Control siRNA)
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236 VIRFLUEEIHRRNCRT AL S SRR E DR

L P AF RN ChREBP (OEREIEMESME T LTV e Z &73h, ChREBP DEFRIEEF THY |
FEE OAESRICEE ST ARROBETREENB LTS RENESE 2 bz, £ 2T, IREARBIE
B#5E & 1T, Fatty acid synthase (FASN), Stearoyl-CoA desaturase-1 (SCD-1). Glycerol 3-phosphate acyl-transferase
(GPAT) g TRIREI LA THN Lz, T bESRITELTIL. IR Sk, BREMUcH SR D

#R L, lBHEOTRSTHD MY F U Y FOESRIZEST (1 29, 30), AT HEEMIHIEE,

ChREBP DEEEIRMEIMET L CWTERERE—E L T, T bBEROEG MR CEERBO DB H b
(B4 31 A-C), I, FASN, SCD-1 DF /37 E &% WBIZCRHET L7-FER, Bl FRERBIC T
& B DT DR b 31 D), BLEDRERLY | L UAF USRI SRR OA A

A3 ST S IR VIR ST,

'e) O
)\ CoA -——>-OOC\)K Con—>—> 7ULSHAJL-ACP
ne” s’ ACC s FASN
FtFIL-CoA <HAZ=jL-CoA
v
INILEFUE(C16:0) —> AT TV /EE(C18:0) —> 4 LA /BE(C18:1)
) elovl-6 SCD ;
J GPAT
RS YRR
29, [EEATGERE L IEE A EEnSR
A FASN B SCD-1
7 - 40 -
* %k ik ik
6 LI 35
30
oy >
3 . 25
ﬁ 20
m o
:E 15
o2 10
1 5
0 0
2 3 4 5 2 3 4 5
Days Days

X 30. 3T3-L1 IS RO BRI R T IR E S B R ORI T HEIEE)

3T3-L1 #ifa% DEX, IBMX. A 21 o CHEd5 = L ClElE~0 L& Lz (Day 0), RNA %
FE0 L7z BECEN T L. FASN (' SCD-1 &= THHE % T E1 real time R-PCR |2 THEEE
L7z, Bactin ZPNEMEMEL L, fERMIRIREL T LI, (n=3. **p<0.01 versus Control siRNA)
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>
o
O

L5 FASN 15 scp-1 L5 r  GPAT
I \ [ T
% 1 1 1 Lt
#R -
?% "
3
E 05 05 i 05 -+
O 1 i__l U |
Control Resistin Control Resistin Control Resistin
siRNA  siRNA SiRNA  siRNA siRNA  siRNA
D
FASN |we- o

SCD1 |eee | K31 VIRFUFERIMHCIT DIRE S RBTERESR DOFEE
(A-C) V¥ AF U REBIEIFINETIICEIT 5 FASN, SCD-1, GPAT #{x

B-actin THRIHRBEAFI T real time RE-PCR 12T e & L7z, P-actin & PIETIE
L L, FEMEEESS L7, (D)FASN, SCD-1 # 2 /37 EFRES
Resistin siRNA - + WBIZTGHEfiLE, (n=4, *p<0.05, **p<0.01 versus Control iRNA)

237 VPUAFLUFREERMERCR AIEE pER b~ DR

2 bay FUTHIZET 5~ 12 =1-CoA ORIKIL, CPT-1 OIFHEER N U CIEE p B LA 2 2
ERMEENTWD(E 3266, 67 ==, I bar FUTICRITA<w2=/1-CoA OESRIZBESTS
Acetyl-CoA carboxylase-2 (ACC-2) [67, 681iL, NEIAfIIEODME, BBVt CREIERT H(H33A), X

BITHIRENZ L2, 20 ACC2 HE7- ChREBP DEREMLET& LTALNTNWA[E3], £,
ChREBP DERBYEMEAE T8 bz L P AF 3B 3T3-L1 AETFHEIIZ UV T, ACC2 DETRERYD
K ONCPT-1 OFEM: ER 24 L72AEE p b0 TR B 2 bivie, £Z T, VYVAFURBIIRCBIT 5
ACC2 B{oFHELEA 7N L 72/ 5, ChREBP 55

éﬁ&f TEMEDIE T L —B L C, FERERERDIIL 5N
FOLER G| JRBENTOA || eudas 72(2 33 B), &b, CPT-1 DiEMET bHEER LR
EoT ML b, VAT VRN IEE

B B LASTLHE L TN A FTREMEAYRIE S 4U72( 33 ©),
hiv=Fo | FULIN=F

v
EEpRATL

@ kv RYT 32. ACC=2iZ X % CPT-1 IilHErF
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30 —#xx g5 . ACC2 3 . CPT-1;&ETE
%
25 25 -
i
[g'is 20 1 B E_ﬂ 2 I~
© 15 % f& 15 [
~ e
'EL 10 05 f 1 ¢
e
B 0.5 |
0 0 S 0 : wm
p) 3 4 5 Control Resistin Control Resistin
Days siRNA  siRNA SIRNA  siRNA

33, LURFURBIHIIEIFHRICIT B ACC2 BiETFHIR L CPTL &

(A) 3T3-L1 i@ % DEX, IBMX, - AV - CHUET % Z & CIETHER~DbEFFE L= (Day 0), RNA #3&
LB TENFhE L, ACC2 BEFHEES real time REPCR (ZTHARTE L=, (B, O bamEniliE
% 3T3-L1 FEF#E(Day 2)IZ Negative control sSiRNA.,  Anti-resistin siRNA #F#FE AL, Day 5 £ TEEL
7o (B) ACC-2 SB{n T HEIE% real time RT-PCR IZ THIIEE L7z, Pactin ZWEMEEL L, 1EHZEREL R
L7z, (C) CPT-1 fEHEAHIE LAERHEZ R LTz, (A, C,n=3, B,n=4, *»<0.05, ***p <0.001 versus Control siRNA)

238 EIEFREL~ U A~DOH LV VAT LR SR RIT RS

LU AT MR R\ T, ChREBP {EMEME ST U CHEE AR DTER UEE p B LR 275
LTWATREMASRR S, T72bh, LYRFUAREOERICK L URENcEE T2 2 L 3Ex
bieZ Linb, LURFUOATHERMEIC LS IERORENEF CE L, 2T, BiBFRE BT
< U ATEMENTHIL VA F ORI RE L, LY AT ABMEROMESR AT, FORBE, (KEORK
DA BRI e R RO S o T EF-T 2 JRRGHER AR E ELI TR AR 232 B AUT2(BD 34 A)s
Fie, grnd U 7YY FREO FREAERICHR ST (X 34 B), 26i2, FHBNIEEERE
BOBRIC b HHE D7 5 7e(3 34 C),
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3 L8 e T TR AP W T st e TN o et -4
A "‘.:'\ ’ = -"'l"-“" ";l';'}l“pt, } : 5 x i

; "IN b R » 4 7, L3
SRS N X RN e o AR RN
; ALY L ANV eLhs v o Sy 8 R
X L Sy PY LAY T S VB ot it s SN ALY

Bar : 100 pm

£ 34. RIEEEE~ 7 A~DI L VAT AAus s

BIEE R 52 Tov 7 AIZ5 BB E ISV U AF U HiRE BRI X - TS L7, (A) 30 AREEE Ltk
Bl FISISEREATEE L, (B) 24 BERTHEAME U, ERERNCRnEITV, R 7 U EY MEEREE L

(C) FH] L= AFafkD bk 2 1Ei%. OilRed O B EIT oI,
(n=6. *p<005, **p<001)
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24 EE

ARETIE, —FEAD sRNA % W CEGTFRBMIGIERE T o7z, TDIed, LI AT BN
BN IEESEEORDD, siRNA IZX 5 offtarget ZER TH S FIREMEA S, LarL, VRF=
—FEEL LT, LYRF LA VATER OV DAF L EREE HEOTINERZTo TN A 2 Ed b, off
target T TI2 W ST L TWVD,

INETICRE SN TE R L VAT U OIEERICET 2AFMERIZ, Jeliis s+ o ae i
ICERENTETL, LBUREIVIAT VR, IEIE0 S bEET 200, Eiz8inE, #+5
O RITE BT VRV43,69]), ZOL I RBUHKIZIENT, FEOHFHI LT, LIAF LB
REITHAA L & 2B e A N L CIEE OSBRI B G A it #hiciogE sz, VAT 3R
PHIRERSHEAI Z 3T, IBESHEEI D Lz b 2y 59, PPARy () C/EBPo OB THELEITE
{bix#Biiehso7z, PPARy & CEBPa iIFHAICHBIATRET 2RV T 4 77 4 — Ry I N—T %
LTCWARD[70], BEFEHEL FREC, BEEELELL TQWRNEB 2 bive, & DI {asE]
76 48 B 3T3-L1 MENCIZ 458D PPARy, (/EBPa 23%BLL TRV, fEVH M EfRE DA
HEFEA~LBITL OV A LB L BV A[71-73], AR TIE, siRNA OEAZ S REERIE5 48 I
BT T o CWD Z L hh, L IAF LRI DAV BB S EEORL. IR LoHmE
EIFERDIFCL Db LEZ BN,

L P AF BB b - R SRR OMT AT 54, ZROIFE S RBERSR DR
%95 SREBP-1 & ChREBP (&R L7z, LizL, L IATFHERMGIC L5 SREBP-1 E551EE~D
BEIA O oT, ORI, FFRaCIEie < IENAIE ClaiEE & HEREEESR D FEH T SREBP-1
PUEE A LPEE LTV RN & RS LTV HIREDHE L —ET 574, —75. ChREBP (3fiFHita, J§
A2 FIUC RO TEE AR EER ORI 5T 5 Z EBE I TV A[75], AETIEL LY
AF 1 siRNA D3 N|Z L-T ChREBP D F L3 BENED T2 Z L RUBEEEMET T2 2R
H U7z, ChREBP Diffm THEBEBIIELRALNARD -T2 &b, WIATF HEWMIL, ChREBP ¥
7 BOERES L ISR EL B IO TRV EEZ NS THY | B
PHIaO MU > T LY AT OREERFD 7 S AREIC ST 5 ChREBP O SR L 25T
it 5%, VIPAF L & ChREBP ORSEMEEAFHT 572 OWIERSRNE L ShD,

LV AT L HEEHREIEIZ 3V VT, ChREBP DIFRYE(SF TS FASN, SCD-1, GPAT, ACC2 @
KBTI A LN, FEIFROERSTHB NV 7 V€Y Rid, 1 G107 VEe—WZ 3 5F0fE
HEDSEA L TWB, AL QW AIEEET, (EFRNCEER VLI FUBOATT ) ik, LA ik
DBIESE DD, Thbh, LUAT UHBHIHIRNCA B A7z FASN, SCD-1 OFERERAN LT,
BB SRR L, GPAT ORHERNC L > TH U o —n LEgoREa28hH S hic
FER BN R U Z U Y FEEMET Lz B2 b, o, ACC2 FRERINT L > T =/1-CoA
DEREB & Uiz CPTH fEM b Sz, BLEDZ Ehn, LUVARTF AL, Ak, TR
WT R 7)Y FEROTEEROIEE B MO %/r L <, IRESEISHE L TRERIZIER L T0a
ATREMEASTIR E3U7-( 35), & BIZ, @I ChREBP K~ 7 AL, IEMEESNDITI, WESR
Bhay bu—AbBEShD Z ARG S TVWD[76], ThEOERLY, LPAT AABER 2l
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FAS

_, SCD-1
GPAT
ACC-2

B35, VAT OREHIRICI 2IREER A~ DR

@i

Malonyl-CoA—

HEEpEE{L

THIED, IEEOUEITAERTHD LB X LI,

FHEERED~ U RAITHLL VAT AR E RS L, VOATUAEREROBEER R, OFRE, 5
AIHR AR O A b U 277V 2 U NiREE, THBPIEE S &34 DEm A b 23, (KEOZbE
TR b nole, VAT VERRICET AR O/ N— 1 k> TThh, VAT Lk
HTDEHEOMBNE L& 7 BRRR SN TE R, 2 En R 248 ERRNSE S T 5[77, 78],
FDleh, LIARFURFEROREBICEIE>TEL T, LUAT o ONEEICSIT BIHEI L ENT
3720, FLCARBE TRV VAT ACHTBRY 7 o— s a8 5925 2 L CLURAFUATERO
PHEZRLTL, SHROMEORBICL-T, VIRAFUERERRESN, €/ 72— Abiker 4
T=RA Ml WS Z LT P AT AT EROFRIZMIHSAREL ZphiT. mARREOERIZ L 5
FECHMBIHITE A2OTIRVLLEHEFL TV A,

FECIAZRY) v 7 Fe—LOWBES—7 v MERE LTOLPRAF ORI 54,
3T3-L1 NEAHEREIT siRNA ZEAL, L YATORREIEIT5 2 & C, [BEOERI - 2 EEFF
iz, £DOFR, L IRAFLRIEHIC BT IR ASROTUERUTEHE p BALOIH 2/ LT, 5
HERC U TEENCIER L CO S RIEEMEDS TR S, £, ASRY v 72 Fu—LRHCE
TV ATF UOATERZRINT S Z & T, EOSEICORD I E RIS, 51T, AR
TaD R LIRS RBE AN I b D L VAT AL, IEEOBEHEDI HPHOTF 4 384
FaA L OFEBELFIH L THBOTII eV indk Bz =, FZTRETIE, VAT UREH 3T3-L1 5
WAHIB 31T BAMDT 7 ¢ YA M AA L RBEEFHEIT 5 Z & T, LYRF U EMOT T A RYA b
A 2 & DRICIT S FEBEES DU TR 21 To T,
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I
VORF UL LT 7 A WY A DA o FEBER DT
31 fEE

ZHETIT, [@eOTT ¢ WA M4 L OERIERICEET 25E M T, TRIIa b ORFEL
G SIUTETZ[39,40], £ LT, JEIIRO M bEIHT 2 2 & C, IBEOERBHICT 7 4 A A b4
A COFRFHIEPRL O TE 7z, L L, IEVHRESTICEET 2IRIAIEE, Z0ixe A EBBRIZE

LizHila T2, IBIZ, fERRE FEEmRR RO TR 77 « YA M I A v OREENRERD
b, HMEERERDTT 4 BYA MUA CREBHEWEESEET 20 TIIRV B vz, L
kO Z LG R M GERR L D b ARGERRICIER LR E DTN E BT B 1 &,

2B CT T4 B A A L O—FETHD LUATF LR, N R eI D B 7
ﬁﬁéjcé%mb FelHIRa b & 1372 DM A L CIRE OB L CTREMICERT 2 Z L 28 69>

Tl Tebbh, LURF RO L CTEEREBRERTA L Q0D EEx2bh, B
éﬁ(@ TT A BYA bIA L ORBFICHIR EEE 5 2 TN DO TIF RV INEE T,

FETE, VUVAT U ERERC, B TMHRESEAL, AFZRY v 7 Fo—haEEs
VDT T ARTA RIA VIRV VAT L OEICREERE R L T DD E S ER LT 55,
LU AT R IHIE I C BT A T T 4 R A B A IR EA T U

32 FEEhiE
HRIZFER 372V R D . B 1 RO 2 BB L RERC T2 72,
321 PR

[ELISA]
Mouse PAI-1 Total ELISA Kit I3 Innovative Research LV FEA L7-,

322 ELISA

Mouse PAI-1 Total ELISA Kit % i\ v C PAI-1 JBEE ZIE L7z, SEEOBMEIRM~ =2 T/MZiEoT 24
well plate | ZHEFE L 7= 3T3-L1 i) bIEIR L 7= K52k 3FREL L 7= Blocking buffer 2 VT 40 fEAR L 7=,
* Blocking buffer OFREL
Tris 6.057 g, NaCl4.383 g ZFIENFE L, ABHMUK 450 mL (ZESAEL, HClZ VT pH & 74 1SREEL
Ttk 500 mLZA AT w755 Z L TTBS buffer ZFRE 72, BSA % 3 g & L, i L7z TBS buffer 100
ml (TR LT,
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33 R

330 U PR FUREPE 313-L1 AElAIKZIs1T 5 PAL- FERE

71

VP AF UMD T T 4 WA bhA v & ORICHERERRZ R L THE00E I it 2%, #
2 HEFRR, oA 3T3-L1 BN sRNA 2BAT 232 & CLUAT OB EIHILZ, 1Y
AT BEEANA] 3T3-L1 BRI Day SHZ 61T AIMD T T ¢ A b A A BT IEHEZ TN L /R,
AR EIINT 5 2 & TERIEOREY A2 % FR-SED Z L3MBIVTHD PAL IZBEE 2B 535
NT(E 36 A), E6IC, BaTFRRREDORD & BT, FiPoaieSivic PAIL & 287 BEITHIH

DHRIHITZ(H 36 B),

A

1.2

1
0.8
0.6

0.4

MxFEHEE

0.2

PAI-1 mRNA

Control
siRNA

& okook

Resistin
siRNA

36. siRNA EAIZ 1 5 L U AT L S5BHH
S VERERREE D 3T3-L1 FERAHIEE(Day 2)IZ Negative control SIRNA, Anti-resistin SRNA %7278 A L, Day 5
= THEE L7, (A) PAL-] s E % real time REPCR [CCHESERE L7, Pactin 2 NEHEHES L, FH0HAOR
BEETR LT, BT ~DVVAT ¥ 37 BHUEER FELISA ICCEE L, #ERITFEAERNEERE
=L, (A,n=5, B,n=6, *p<0.05, ***p<0.001 versus Control siRNA)

B

332 LPRAF UL D PAK EERERDOEHE

ng/mL

1200

1000

800

600

400

200

PAI-1 9 b =

Control  Resistin
SiRNA SiRNA

L AT REBHIRIRRC A DT PALl BEEDRD % X BITHRRTT D72, LU AT A OFER A i
L7z 3T3-L1 fERSHIIRIZ COST ML AT 8hEEE BRI L., TORR, VAT 80
B BEOFINC X o C, PAL1 BETFREER O L7 B WEOBNZEENR G Hi/=(® 37), ELE
DFERL Y, TT 4BV A bhA R L LT L UAT AL D PAL1 BEHTED RS S,
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PAI-1 mRNA B ng/m.  PAIF1 9 AE
* 600 B
& o %

T ey oL |

300 r | I
I

=
[N]
1

=
I

oo
T

xRS

4 | 200
0.2 | 100
O i L ] O L L |
Control  Resistin  Resistin Control  Resistin Resistin
siRNA siRNA siRNA siRNA siRNA siRNA
+ +
Resistin Resistin
EREELR EHEELR

37, VORFLUEINT L AIEESEER O OEE

S CERERMAL O 3T3-L1 fERA#IM(Day 2)i< Negative control siRNA., Anti-resistin sIRNA % 3L E7UEA L, Day 5
ETEELE, VAT UEHEE BEOTRINE Day 31217572, SBRIZIE Control 77 A S K DNA #AKHAE
DEEE HERIRIN LU, (A)PAL-]l B3R E% real time RT-PCR (2 CHEEE L=, Pactin Z2PISBEEREL L,

FERHHREEA R L, (BYEHIFP~D PAL-1 & > /37 B4 E% ELISA ICCEE L, #ERIITESER MR
REET LIz, (n=4. *p<005, **p<0.01, ***p<0.001)

34EE

PSR EIIHITT 2 Z L AM BTV S PAL- 1T, EEBRAE FIoBWCRENFE Sh, HriEfE o
PRI MBI  ~ b U v 2 ARRMET S Z LAVRBEIITWA[9], TR b BIEE S, 15
TR OB O NEZ I ERT RIS T 57o0Icai S Tnd LEZ bivd, —7F, PAIl OMAHRE
BEC, AERgs Lizadk— FEAT, BRI LU ATF o LIEOfE &R LT T3 2 LR
HENTEY, A¥FRY v 7y Fe—sBEICB 2EREOREY 27 LR EOBRSAEEIhTY
580,81, LLieiin, LVAF L PAI B3ENEN, HEICEEESET 200, 280, IE
BB X DFERTH 0 ISE LIASFZ L B b OROMNNIAI Th oo, REOHREHIIRBNO T,
LU RS U FEBUI] 3T3-L1 SEEIIZ U T, PARL OFBEBRH LI, SbiT, LYAFUER
B MBI K> TZ @ PA FEHERIITEDN bz, ZHbRERL D, L AF iRl
B3V T PAL-] OFEFREIEIC S LTV AERIH B L Te o7z,

T ETICARIFRIEE O 3k, BEEFRIZIS T PPARY 75 PAL-l ORBUCRES T 285HT L L TEET
HHTLEPHEESNTVD[82], LALE 2 BEOBRENIBWT, HbeERIC LIUATF - ORBLZHIH L
TR, PPARy OFBER VBRI T A DIV oTe, £DF, LV ATF - RBIHHIRC A D
7z PAL-l B EORANIIL, MOEERTFOEMERIEZ I LTAEFNE 2 b, BRI, EEbEah
Akt IZ 22T PAL-l OFESIHI S5 Z L 05RE ST 583, & BIZ, Transforming growth factor B {Z
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Jio B &40 PAI-L OFFR 2 HIHT 285 Smad 3 13, U VBHE S Al LESRERRT D2
LC, BTAESh, BEEREMET T2 8 RESh T 5[84]), £L T, LIRAFUOREE
] L7 BRI TIE, Akt @ U b ASBEECTIHE L CUvie(data not shown), & DALz % Nuclear
factor-kappa B /4% PAI-1 DFEIRZH 2 = & 23805 ST 5(85), ZD & 51T PA-1 OFEERFHEN IS5
BEBOEEERTIHLNTIY . LYAT AL S PAI FEBIIEIC L OREHRF S EmE RO AR
T HINIES R O HFHENE LT D,

ARETH, VURAFURBIRIBLOL VAT R LEORINC X577« B hAA >
SR~ LT LT, TORE, EEEERCkT 5. VORATFUAC LD PARL FEEHHEAETHR
WCRH LUz, Z0fh, AFRY w7 v FR—ABFlB W T L P AF o OABMERERIHS 2 Z LT
AR 70T CFn < | PAL BB L7 BEREDO FIFRUEIC bR 85 L B2 b, Ei,
PALl OMZE, LPATF AL - THEEDBHE SN OB TT  BYA A EET D RN
Z2 b5, SHOPFIZREWT, PAL FEHRIHIRC B 2 LU AT VRBEENICE OO T T B84

A VR ORBERRRET R, TT 4R, S VRLOREEREE AT AT, T
4 BYA b A FEBEEE N Ui, KR A X R Y w7 v Fun—MEREOBRRESHIF T& D,
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L

AHFFETIE, BEOT T 4 WA oA PR EE % E 723 2 L CEMORBOFRIZRET 2 A X
RY w7 v Fa—hOBMRIRRE BT 287 177 4 A M4 v OFEBNIE 2 L LTS
OTF L HELCEELRITTZ & TREEREFER L. AFRY v o Fu—LlEier LY &
{EZHTHBOTIERVD EEBX, LR AZRY v 7 Fo—LMGEETREE TH1REF —
oy ML LT, EEOT T 4 ™Yo bIA L OFRICEL RIFT L0 OERERLT-,

FIETIE, AFR) w7y Fu—LOREF—7 y MEMERET 4. IBETET A7 > Ol
I BET T 4 WA b IA VRBERETHE Lis, & BICZ OlEHREEZE V- IR AIao s
FREFL L, b, BENERITRT 285 TR A2 & & big, 3T3-L1 JElHilnopRlaEf
BT BT T 4 B A bIA VBETREAE L U, EORR, VORATFUBMOT T 4 WA B
A HEBIHEE ST ROBER I BEEEERE2ET5—7, AFRY v 7 R e—L0

BIZEST,

%02 ETIL, siRNAIC L B VP AF L3I - ClRlaP s EERE 5 - L ERHL
7o, SBICZOIREEREOEIL, ThETlga SIVTE LV URT AL DIaliasb~D5a L
TR LTCHDH I EER UL, LR R T o fofliR, LT AT )% ChREBP OEREYE
I LR SRR OFTABE L, REAEGROTUESIRE B B bOMEIc S35 Z L 2L
nE L, T72bh, LUAF AINRGHBIERETRIC ST, IREOSRICBENICRES LTnas L
PNE S, EBIT, ARSI X E/o~v U AL VAT ARG LT, Telid e
el R U Z VY FRE, FHENIEE S BEOEKRENNT 5 Z LR TEL, 00, LUATLD
AFER AR5 Z & T, IEmMOBESIIFCE 0TI inE W ol IR E /T,

HIETIIVIRT VN, MOTT 4 BV A b I OFRBRITR FEZRITL T A AREENE 2 5
NizZ &b, VP AFREHN] 3T3-L1 ABMR I A0 T 7 1 RYA A SEEREZFHE L
oo FOREE, BWEORIE) A7 % FREEHZ LMLV 3 PALL [CHEERBL R L, L
DAF b PALlL & ORBHEEICREINIZZ LMD, AR v L Fe—ABEITBWTL VAT
Y OEFRERERI S Z L1E, IEEORERIEIZITT722< . PAR FEERATEEZ N LS E O FEEUGE
b5 EEZ B,

LUAFAIAZRY 7 ¥ Fu—ARAZFRENR ERTHZ Lvh, ZETEICKEDEEIC
B5+Ael, RERLEOBEIOWGERSTTER, Lk L, 7RI I - TARE, IElamseE
FEOYHAC—BEORBIERZ 7 L, [BEOEEC L HEEICER T 2 L0, o7 7 4R %A b
A OFEHECEST5 Z & Tl ROBRBHCEE THH Z LS, Elo. ZOX57%E
HERAZET OO ZF, AE4RY w7y Fuo—h0iEkEr L 0EEHESE TV BERD 1 2 THD &
Exbhilo, 5%, VORFURREDREREND, X VEIRNR LV UATF L AATEROHEIN FTEE
IRBH LT, ARROBEN, VUATUEERNE L, BERECEFRE M A RNAE O
D—Bh& 725 2 L BT B,
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Adipocytokines secreted from adipocytes have been extensively analyzed due to their role as key factors in
various complications of obesity, including arterial sclerosis, liver steatosis, insulin resistance, and diabetes. Sev-
eral in vive and in vitro studies have suggested that adipocyte maturation is related to fluctuations in adipocy-
tokine secretion. However, the relationship between adipocyte maturation and adipocytokine levels has not been
fully elucidated. Therefore, we sought to clarify the link between adipocytokine gene expression and adipocyte
maturation through systematic analysis. We quantified mRNA for six adipocytokine genes: adiponectin, resistin,
leptin, plasminogen activator inhibitor 1 (PAI-1), heparin-binding epidermal growth factor (EGF)-like growth
factor (HB-EGF), and visfatin, in adipose tissue, in primary cultured adipocytes obtained from an obese Zucker
rat, and in the preadipocyte cell line 3T3-L1. Moreover, to elucidate the role of adipocytokines in adipocyte mat-
uration, adipocytokine expression levels were analyzed during maturation. Although fluctuations in adipocy-
tokine gene expression were heterogeneous, gene expression was highly similar during maturation of primary
cultured adipocytes from obese and non-obese rats, suggesting that the maturation process is independent from
processes that lead to obesity. Moreover, the expression patterns of adiponectin, resistin and leptin mRNA in
3T3-L1 cells were highly similar to those in primary cultured adipocytes, indicating that these adipocytokines
could be common maturation markers for primary cultured adipocytes obtained from obese and non-obese rats,

and for preadipocyte cell lines.

Key words

Adipocytokines are known as key mediators of arterial
sclerosis and diabetes in the metabolic syndrome."
“Adipocytokine” is an all-inclusive term used to describe
bioactive factors, such as adiponectin and leptin, that are se-
creted from adipose tissue.”’ Adipocytokines can be classi-
fied into two types: stimulative and suppressive factors of
obesity. Levels of opposing adipocytokines are kept in bal-
ance under normal conditions. However, in obesity and some
other pathological conditions, stimulative adipocytokine lev-
els are higher than levels of suppressive factors. Therefore,
expression and secretion of adipocytokines in vivo, including
in adipose tissue, and in cultured cell lines has been widely
studied to clarify the relationship between adipocytokines
and obesity.” Fluctuations in the expression and secretion of
adipocytokines during adipocyte differentiation are thought
to play a key role in the development of metabolic syndrome.
However, it is difficult to quantitatively analyze fluctuations
in expression and secretion of adipocytokines during
adipocyte maturation in vive, because adipose tissue is a
mixture of mature and immature adipocytes and other types
of cells, including macrophages.! Therefore, we analyzed
immature adipocytes isolated from the adipose tissue of an
obese Zucker rat, which lacks functional leptin receptors, to
analyze expression of adipocytokines during adipocyte matu-
ration.

In this study, we quantitated mRNA levels for various
adipocytokine genes, including plasminogen activator in-
hibitor 1 (PAI-1), resistin, visfatin, heparin-binding epider-
mal growth factor (EGF)-like growth factor (HB-EGF),
adiponectin, and leptin, in adipose tissue from obese Zucker
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rats, in primary cultured adipocytes isolated from the adipose
tissue of a Zucker rat, and in the preadipocyte cell line 3T3-
L1. PAI-1.” resistin® and visfatin” are known to advance
obesity while HB-EGE® adiponectin” and leptin'” are
known to suppress obesity. Moreover, to clarify the relation-
ship between adipocyte maturation and adipocytokine ex-
pression, we compared mRNA levels for adipocytokine
genes at multiple stages of adipocyte maturation.

MATERIALS AND METHODS

Materials 3,3',5-Triiode-L-thyrone (T3), L-thyroxine
(T4), 3-isobutyl-1-methylxanthine (IBMX), and insulin
(INS) were purchased from SIGMA Aldrich (St. Louis, MO,
US.A.). p-Biotin was obtained from Nacalai Tesque (Kyoto,
Japan). The RNeasy Mini Kit and RNase-Free DNase Set
were purchased from QIAGEN (Tokyo, Japan). ISOGEN was
obtained from Wako Junyaku Co., Ltd. (Osaka, Japan).
TaKaRa EX Taq Hot Start Version, SYBR Premix Ex Taqll
(Perfect Real Time) and random primers were purchased
from TaKaRa Bio Inc. (Kyoto, Japan). Deoxyribonucleotide
triphosphate (dNTP) Mixture was obtained from TOYOBO
Co., Ltd. (Osaka, Japan). Zucker obese (fa/fa) and non-obese
rats (+/+) were obtained from SLC Co., Ltd. (Shizuoka,
Japan). The 3T3-L1 cell line was purchased from the Japan
Health Sciences Foundation (Tokyo, Japan).

Cell Culture and Induction of Adipocyte Maturation in
the 3T3-L1 Cell Line Cell culture and adipocyte matura-
tion were performed as described previously.'"” Cells were
propagated in basal medium (Dulbecco’s modified Eagle’s

© 2011 Pharmaceutical Society of Japan
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Table 1. Sequences of PCR Primers for Quantification of mRNA

Vol. 34, No. 6

Gene name

Accession No.

Forward primer (5'-3")

Reverse primer (5'-3")

Rat A-FABP NM_053365
Mouse PPAR-y NM_011146
Rat adiponectin NM_144744
Mouse adiponectin NM_009605
Rat resistin NM_144741
Mouse resistin NM_022984
Rat leptin NM_013076
Mouse leptin NM_008493
Rat PAI-1 NM_012620
Mouse PAI-1 NM_008871
Rat HB-EGF NM_012945
Mouse HB-EGF NM_010415
Rat visfatin NM_177928
Mouse visfatin NM_021524
Rat GAPDH M17701

Mouse GAPDH NM_008084
Mouse f-actin NM_007393

GGACCTGGTCGTCATCCGGTC
AGTGACTTGGCTATATTTATAGCTGTCATT
GGAAACTTGTGCAGGTTGGATG
GTTCTACTGCAACATTCCGG
GCTCTCTGCCACGTACTTA
TCACTTTTCACCTCTGTGGATATGAT
TGGCTTTGGTCCTATCTG
AAATGTGCTGCAGATAGCCAATG
TCTTGTATCGTCCTCCATTGCT
TCAGCCCTTGCTTGCCTCAT
ACTTGGAAGGGACCGATCTG
TTTCTCCTCCAAGCCACAAG
ACAGATACTGTGGCGGGAATTGCT
ACAGATACTGTGGCGGGAATTGCT
GAGTGCCAGCCTCGTCTCATA
GAGGACCAGGTTGTCTCCTG
GACGGCCAGGTCATCACTATTG

CGTAAACTCTTGTAGAAGTCACGCC
TGTCTTGGATGTCCTCGATGG
GGGTCACCCTTAGGACCAAGAA
TACACCTGGAGCCAGACTTG
TTCATTGCAGCTGGCAGTAG
TGCCCCAGGTGGTGTAAA
GAAATGTCATTGATCCTGGT
AGGGAGCAGCTCTTGGAGAAG
TCCACAGTGGACCTTGAGATAGG
GCATAGCCAGCACCGAGGA
TTTCCTAACCCCTTGCCTTTC
TTCTTCCCTAACCCCTTTCCT
TCGACACTATCAGGTGTCTCAG
TCGATACTATCAGATGTCTCAG
TGCCGTGGGTAGAGTCATA
ATGTAGGCCATGAGGTCCAC
CCACAGGATTCCATACCCAAGA

A-FABP, adipocyte-fatty acid binding protein; PPARy, peroxisome proliferator-activated receptor y: PAI-1, plasminogen activator inhibitor 1: HB-EGE. heparin-binding EGF-

like growth factor; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

medium supplemented with 10% fetal bovine serum (FBS),
10 mm N-(2-hydroxyethyl)piperazine-N'-2-ethanesulfonic
acid (HEPES), 0.2% NaHCO,, 4 mm L-glutamine, 3.5% glu-
cose, 0.2 mm ascorbate, 1 nm T3, and 30 um T4) under a 5%
COy/air atmosphere at 37°C until they approached 100%
confluency. To induce adipocyte differentiation, cells were
incubated in basal medium containing 500 um IBMX, | mm
dexamethasone (DEX), and 1.6 gm INS (designated as Day
0). Two days after induction (Day 2), the medium was re-
placed with growth medium (basal medium supplemented
with 1.6 um INS and 15 pm p-biotin), and then cells were in-
cubated for 3 d (until Day 5).

Isolation of Immature Adipocytes from the Adipose
Tissue of Zucker Obese (fa/fa) and Non-obese (+/+)
Rats, and Induction of Adipocyte Maturation Isolation
of immature adipocytes from adipose tissue and primary cul-
ture of adipocytes were performed according to methods pre-
viously described by Shima et al'” Five-Week-old male
Zucker obese (fa/fa) and non-obese (+/+) rats were sacri-
ficed, and epididymal adipose tissue was collected from four
rats of each genotype. Pooled adipose tissue was digested
with 1mg/ml collagenase for 30min at 37°C, and cen-
trifuged at 100Xg for 5 min to isolate preadipocytes. The pri-
mary cultured cells were propagated in basal medium supple-
mented with Inm INS and 15 gm p-biotin under the same
conditions as 3T3-L1 cells until they approached 60% con-
fluency. Differentiation of primary cultured adipocytes was
induced by adding 500 v IBMX, 0.5 um DEX, 20 nm INS,
and 15 um p-biotin to the basal medium (designated as Day
0). Two days after induction (Day 2), the medium was re-
placed with growth medium (basal medium supplemented
with 100 pm INS and 330 um p-biotin), and cells were incu-
bated for 3 d (until Day 5).

Quantification of mRNA Expression by Real-Time Re-
verse Transcription-Polymerase Chain Reaction (RT-
PCR) Total RNA was isolated from adipose tissue and cul-
tured adipocytes using ISOGEN. The isolated RNA was puri-
fied using the RNeasy Mini Kit and RNase-Free DNase Set
according to the manufacturer’s instructions. cDNA was syn-
thesized using random primers and Super Script 11T Reverse

Transcriptase (Takara, Shiga, Japan). Then, real-time PCR
was performed using an ABI PRISM 7500 Sequence Detec-
tion System (Applied Biosystems) and SYBR-Green with the
primers listed in Table 1. Glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) and S-actin mRNA were used as inter-
nal controls. Relative mRNA expression was determined
using the 27447 method.

Evaluation of Adipoeyte Maturation Ondays 0, 2, and
5, morphological images were obtained by light microscopy.
and cells possessing fat droplets were designated as mature
adipocytes. At each time point, total RNA was extracted
from adipocytes, and ¢cDNA was synthesized as described
above. Adipocyte-fatty acid binding protein (A-FABP), a
marker gene for adipocyte maturation, was amplified with
the primers listed in Table 1 using Ex Taq Hot Start. PCR
products were separated by 2% agarose gel electrophoresis
and visualized by ethidium bromide staining.

Statistical Analysis Statistical significance was deter-
mined using Student’s ¢-test. p values <0.05 were considered
to be significant.

RESULTS AND DISCUSSION

Quantitative Comparison of Adipocytokine mRNA Ex-
pression in Adipose Tissue from Wild-Type and Obese
Zucker Rats  We quantitated mRNA levels of the represen-
tative adipocytockines adiponectin, resistin, leptin, PAI-1,
HB-EGF and visfatin in epididymal adipose tissue obtained
from wild-type and obese Zucker rats. As shown in Fig. 1,
mRNA levels of adiponectin, resistin, and visfatin were lower
in obese (Zucker) rats than in non-obese (wild-type) rats. Ex-
pression of adiponectin, resistin and visfatin in obese rats
was approximately 25%, 15%, and 50% of that in wild-type
rats, respectively. Adiponectin and resistin expression levels
were similar to those in previous reports.>'" Expression lev-
els of adiponectin and resistin were different in obese and
non-obese rats. It is likely that adiponectin and resistin are
decreased via feedback inhibition as a result of significant in-
creases in these adipocytokines with the increased progres-
sion of adipocyte maturation in obese rats. Visfatin expres-
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Fig. 1. Quantitative Comparison of Adipocytokine mRNA in Adipose Tissue from Non-obese and Obese Rats

RNA was isolated from adipose tissue, and mRNA expression for each gene was quantitated by real-time RT-PCR. Data show relative mRNA expression using GAPDH mRNA
as an internal standard. Values represent the means of three samples. Bar represents S.1. = p<<0.05 versus non-obese.

sion has been reported to be induced by leptin.'*) However, in
our study, leptin mRNA levels were comparable in obese and
non-obese rats, although the Zucker rats used in this study
genetically lack functional leptin receptors (Fig. 1). This sug-
gests that visfatin expression is mainly regulated by factors
other than leptin. Levels of mRNA for PAI-1 and HB-EGF
were 5.8-fold and 4.9-fold higher, respectively, in obese rats
than in non-obese rats, in agreement with previously reported
results.>!®

Fluctuation of Adipocytokine mRNA Levels during
Maturation of Primary Cultured Adipocytes Isolated
from Non-obese and Obese Rats We assessed fluctuations
in adipocytokine mRNA levels during maturation of primary
cultured adipocytes isolated from non-obese and obese rats.
To confirm maturation of primary cultured immature
adipocytes, we measured the accumulation of fat droplets in
the cytoplasm in comparison with the 3T3-L1 cell line, a rep-
resentative adipocyte model. As shown in Fig. 2A, fal
droplets were observed in 3T3-L1 cells after induction of
maturation (Day 5). Similarly, fat droplets were also found in
the cytoplasm of adipocytes isolated from adipose tissue of
non-obese rats on Days 2 and 5 after induction of maturation
(Fig. 2B). Moreover, mRNA for adipocyte-fatty acid binding
protein (A-FABP), a marker gene for adipocyte maturation,
was increased after induction of maturation (Days 2 and 5),
although no A-FABP transcript was detected on Day 0 just
after addition of differentiation medium. In primary cultured
adipocytes from non-obese rats, A-FABP exhibited a similar
expression pattern to that in obese rats, although expression
levels were different in non-obese and obese rats. These re-
sults confirmed that primary cultured cells isolated from
obese and non-obese rats have a similar potential to become
mature adipocytes. We next compared adipocytokine mRNA
expression during maturation of non-obese and obese rat-

derived primary cultured adipocytes. Interestingly, during
adipocyte maturation, the expression patterns of adipocy-
tokine genes were nearly identical in non-obese and obese
rat-derived cells (Fig. 3). These results strongly suggest that
maturation of immature adipocytes derived from non-obese
and obese rats involves essentially the same process of fluc-
tuations in adipocytokine production. As shown in Fig. 3,
mRNA levels of adiponectin, resistin and leptin increased
throughout the maturation process. On Day 2, adiponectin
and resistin mRNA levels were approximately 20-fold higher
than on Day 0. This finding suggests that adiponectin and re-
sistin mRNA expression are induced in an early phase of
adipocyte maturation. Although little leptin mRNA was de-
tected on Day 2, mRNA levels rapidly increased from Day 2
to Day 5. mRNA for PAI-1 and HB-EGF had decreased by
Day 2, but recovered by Day 5. In contrast, visfatin mRNA
was transiently increased on Day 2. These results indicate
that the balance of adipocytokine gene expression changes as
adipocytes mature.

Time Profiles of Adipocytokine Expression during 3T3-
L1 Maturation To further characterize the expression pat-
terns of adipocytokines, we analyzed the time profiles of
adipocytokine mRNA in 3T3-L1 cells after induction of mat-
uration. Since it was possible that a small fraction of mature
adipocytes could be present in the primary culture system
(Fig. 2B), we used the established preadipocyte cell line 3T3-
L1 to precisely analyze adipocytokine expression throughout
the maturation process. mRNA for peroxisome proliferator-
activated receptor ¥ (PPAR-y), a major marker of adipocyte
maturation, was increased in a time-dependent manner after
induction of maturation. mRNA for adiponectin, resistin and
visfatin increased until 3—4d after induction, and reached
saturation by Day 5. Leptin mRNA drastically increased on
Day 3, but slightly decreased by Day 5. In contrast, mRNA
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Fig. 2. Morphological Images and A-FABP mRNA Expression during Adipocyte Maturation

(A) 3T3-L1 cells and (1) primary cultured adipocytes derived from the epididymal adipose tissue of non-obese rat were treated with insulin, dexamethasone (DEX), and
3-isobutyl-1-methylxanthine (IBMX) on Day 0, and morphological images were obtained on the indicated days after induction of maturation. Fat droplets are indicated by white
arrows. (C) Agarose gel electrophoresis of A-FABP mRNA amplified by RT-PCR during the maturation of adipocytes derived from non-cbese and obese rats,
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Fig. 3. Quantitative Comparison of Adipocytokine mRNA during Maturation of Primary Cultured Adipocytes Derived from Non-obese and Obesc Rats

Immature adipocytes isolated from pooled adipose tissue from four rats were treated with 20 nw insulin, 0.5 gv dexamethasone, and 500 v 3-isobutyl-1-methylxanthine to in-
duce differentiation on Day 0. RNA was isolated from adipocytes derived from non-obese (white column) and obese (black column) rats on the indicated days, and mRNA expres-
sion of each gene was quantified by real-time RT-PCR. Data show relative mRNA expression using GAPDH mRNA as an internal standard.
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3T3-L1 cells were treated with 1.6 g insulin, | my dexamethasone, and 300 pv 3-isobutyl-1-methylxanthine to induce differentiation on Day 0. RNA was isolated from 3T3-L1
cells on the indicated days, and mRNA expression of each gene was quantified by real-time RT-PCR. Data show relative mRNA expression using GAPDH mRNA as an internal
standard. Values represent the means of three individual experiments. Bars represent 8.0, = p<0.05 and ## p<0.01 versus Day 2.

levels of PAI-1 were transiently decreased on Day 3. Expres-
sion of HB-EGF mRNA was observed only in immature
3T3-L1 cells. Since mRNA for adiponectin, resistin and lep-
tin increased during adipocyte maturation in both the pri-
mary culture system and in 3T3-L1 cells (Figs. 3, 4), it is
thought that these genes could be used as adipocyte matura-
tion markers. In previous reports, overexpression of
adiponectin was shown to induce adipocyte maturation.'®
However, studies of the effects of resistin'”'® and leptin'®*"
on adipocyte maturation have yielded conflicting results. Fur-
ther examination is needed to clarify the roles of these
adipocytokines in the adipocyte maturation process. Al-
though mRNA for adiponectin and resistin increased with
adipocyte maturation (Figs. 3, 4), the expression levels of
these two genes were significantly lower in obese rats than in
non-obese rats (Fig. 1). These results suggest that factors
regulating expression of adiponectin and resistin during
adipocyte maturation are not essential for obesity. In con-
trast, the in vitro expression patterns of PAI-1 and HB-EGF
in primary cultured cells (Fig. 3) corresponded to the results
of in vivo analysis (Fig. 1), i.e., mRNA levels of these two
genes were higher both in mature adipocytes and in the obese
state than in the immature and non-obese states. Therefore,
expression of PAI-1 and HB-EGF may be related to the pro-
gression of obesity. In this study, PAI-1, HB-EGF, and vis-
fatin showed differential expression patterns in primary cul-
tured adipocytes and 3T3-L1 cells. Differences in cell types
and species differences might be the cause of this discrep-
ancy.”"” To determine the influence of phylogenetic differ-
ences, we measured PAI-1, HB-EGF, and visfatin mRNA in
primary cultured adipocytes from Wistar rats. We found that
during adipocyte maturation, the expression patterns of PAl-
1, HB-EGF, and visfatin were very similar in Zucker and
Wistar rats (data not shown). Namely, primary cultured
adipocytes obtained from both rat strains showed similar pat-
terns of PAI-1, HB-EGF, and visfatin expression. However,
since 3T3-L1 cells are derived from mice, differences be-

tween animal species might be a possible explanation for the
discrepancy. Additionally, in this study, the concentrations of
differentiation-inducing agents used in 3T3-L1 cells were
much higher than in primary cultured cells. The concentra-
tions of these agents, especially dexamethasone and insulin,
have been shown to influence adipocytokine expression.”>*?
These data suggest that differential induction conditions may
have affected the expression of PAI-1, HB-EGF and visfatin.
The expression of some adipocytokines can vary depending
on the cell type and the concentration of differentiation-
inducing agents, but the expression patterns of adiponectin,
resistin, and leptin were consistent during adipocyte matura-
tion in this study.

In conclusion, the expression patterns of adiponectin, re-
sistin, leptin, PAI-1, HB-EGF and visfatin during adipocyte
maturation were nearly identical in primary cultured
adipocytes derived from obese and non-obese rats, although
the fluctuations in expression of each adipocytokine gene
were diverse. These results suggest that the adipocyte matu-
ration process is distinct from the progression of obesity.
Moreover, gene expression patterns for adiponectin, resistin
and leptin in 3T3-L1 cells were highly similar to those in pri-
mary cultured adipocytes isolated from obese and non-obese
rats. Our results indicate that these adipocytokines could be
used as common maturation markers for primary cultured
adipocytes obtained from obese and non-obese rats, and for
preadipocyte cell lines.

Acknowledgments This work was supported in part by a
Grant-in-Aid from the Ministry of Education, Culture,
Sports, Science and Technology of Japan.

REFERENCES

1) Matsuzawa Y., FEBS Len., 580, 2917—2921 (2006).

2) Gnacinska M., Malgorzewicz S., Stojek M., Lysiak-Szydlowska W.,
Sworczak K., Adv. Med. Sci., 54, 150—157 (2009).

3) KimY., Park T., Biotechnol. J,, 5,99—112 (2010).



8§70

3)
6)
7
&)
9

10)
1)

12)

13)

14)

Weisberg S. P, McCann D., Desai M., Rosenbaum M., Leibel R. L.,
Ferrante A. W. Ir., J Clin. Invest., 112, 1796—1808 (2003).

Samad F.,, Loskutoff D. J., Mol. Med., 2, 568—3582 (1996).

Steppan C. M., Bailey S. T., Bhat S,, Brown E. J., Banerjee R. R.,
Wright C. M., Patel H. R., Ahima R. 8., Lazar M. A, Nature (Lon-
don), 409, 307—312 (2001).

Chang Y. C., Chang T. I, Lee W. ), Chuang L. M., Metabolism, 59,
93—99 (2010).

Lee I. S., Suh J. M., Park H. G, Bak E. ], Yoo Y. J,, Cha I. H., Differ-
entiation, 76, 478—487 (2008).

Whitchead J. P, Richards A. A., Hickman 1. J., Macdonald G. A., Prins
1. B., Diabetes Obes. Metab., 8, 264280 (2006).

Jéquier E., Ann. N. Y. Acad. Sci., 967, 379—388 (2002).

Kajimoto K., Terada H., Baba Y., Shinohara Y., Mol. Genet. Metab.,
85, 46—53 (2005).

Shima A., Shinchara Y., Doi K., Terada H., Biochim. Biaphys. Acta,
1223, 18 (1994).

Way J. M., Gorgiin C. Z., Tong Q., Uysal K. T., Brown K. K., Harring-
ton W. W, Oliver W. R. Jr., Willson T. M., Kliewer S. A., Hotamisligil
G. S.,.J Biol. Chem., 276, 2565125653 (2001).

Tan B. K., Chen J, Brown J., Adva R., Ramanjaneya M., Menon V,,
Bailey C. I, Lehnert H., Randeva H. S., Endocrinology, 150, 3530—

15)

16)
17)
18)
19)
20)
21)
22)

23)

Vol. 34, No. 6

3539 (2009).

Matsumoto S., Kishida K., Shimomura I., Maeda N., Nagaretani H.,
Matsuda M., Nishizawa H., Kihara S., Funahashi T., Matsuzawa Y.,
Yamada A., Yamashita S., Tamura S., Kawata S., Biochem. Biophys.
Res. Commun., 292, 781—786 (2002).

Fu Y., Luo N., Klein R. L., Garvey W. T., [ Lipid Res., 46, 1369—
1379 (2003).

Kim K. H,, Lee K., Moon Y. S., Sul H. S.. J Biol. Chem., 276,
1125211256 (2001).

Gong H., Ni Y., Guo X, Fei L., Pan X., Guo M., Chen R., Eur: J. En-
docrinol., 150, 885—892 (2004).

Machinal-Quélin F.,, Dieudonné M. N., Leneveu M. C., Pecquery R.,
Giudicelli Y., Am. J. Physiol. Cell Physiol., 282, C853—C863 (2002).
Ambati S., Kim H. K., Yang J. Y., Lin J., Della-Fera M. A., Baile C.
A., Biochem. Pharmacol., 73, 378—384 (2007).

Poulos S. P, Dodson M. V., Hausman G. I, Exp. Biol. Med. (May-
wood), 235, 1185—1193 (2010).

Venugopal J., Hanashiro K., Nagamine Y., 1 Cell. Biochem., 101,
369380 (2007).

MacLaren R., Cui W, Cianflone K., Diabetes Obes. Metab., 9, 490—
497 (2007).



<FEBS

Journal

Resistin affects lipid metabolism during adipocyte
maturation of 3T3-L1 cells

Yoshito lkeda’, Hiroyuki Tsuchiya'*, Susumu Hama', Kazuaki Kajimoto? and Kentaro Kogure'

1 Department of Biophysical Chemistry, Kyoto Pharmaceutical University, Japan
2 Laboratory of Innovative Nanomedicine, Graduate School of Pharmaceutical Sciences, Hokkaido University, Japan

Keywords
adipocyte; adipokine; lipid metabolism;
lipogenic gene; resistin

Correspondence

K. Kogure, Department of Biophysical
Chemistry, Kyoto Pharmaceutical University,
& Nakauchi-cho, Misasagi, Yamashina-ku,
Kyoto 607-8414, Japan

Fax: +81 75 595 4762

Tel: +81 75 595 4663

E-mail: kogure@mb.kyoto-phu.ac.jp

*Present address

Departments of Medicine and Oncological
Sciences, Huntsman Cancer Institute,
University of Utah School of Medicine, Salt
Lake City, UT 84132, USA

(Received 16 March 2013, revised 27
August 2013, accepted 2 Septernber 2013)

doi:10.1111/febs. 12614

Resistin, an adipose-tissue-specific secretory factor, aggravates metabolic
syndrome through impairment of glucose metabolism. Previously, we dem-
onstrated thal resistin expression was induced in both 3T3-L1 cells and pri-
mary pre-adipocytes derived from Zucker obese rats during the process of
differentiation and maturation (Ikeda Y, Hama S, Kajimoto K, Okuno T,
Tsuchiya H & Kogure K (2011) Biol Pharm Bull 34, 865-870). However,
the biological function of resistin in adipocytes is poorly understood. In
the present study, we examined the effects of resistin knockdown on the
biological features of 3T3-1.1 cells. We found that lipid content was signifi-
cantly decreased in 3T3-1.1 cells transfected with anti-resistin small interfer-
ing RNA (siRNA) after adipocyte differentiation. While expression of
peroxisome proliferator activated receptor y and CCAAT /enhancer-binding
protein o was not affected, protein expression and transcriptional activity
levels of carbohydrate response element binding protein (ChREBP), which
upregulates transcription of lipogenic genes, decreased after anti-resistin
siRNA treatment. Moreover, gene expression of fatty acid synthase and
acetyl-CoA carboxylase 2, which are known to be regulated by ChREBP,
were also suppressed by resistin knockdown. In contrast, activity of the
fatty acid B-oxidation-regulating protein carnitine palmitoyltransferase 1
increased. These results suggest that resistin knockdown induces suppres-
sion of lipid production and activation of fatty acid P-oxidation. Conse-
quently, resistin may affect lipid metabolism during adipocyte maturation.

Introduction

Adipokines are physiologically

active

cytokines highly orchestrated adipokine system aggravates meta-

secreted from adipocytes, include adiponectin, leptin,
plasminogen activator inhibitor-1 (PAI-1) and resistin,
and are known to influence adipogenesis [1-4]. How-
ever, heavily lipid-laden adipocytes, which are fre-
quently observed in patients with metabolic syndrome,
show an adipokine expression pattern different from
that of normal adipocytes [5-7]. A number of studies
have postulated that the collapse of the normally

Abbreviations

bolic syndrome and, specifically, that insulin resistance
can be caused by hypoadiponectinemia, hyperphagia
by leptin resistance, inhibition of fibrinolysis by
increased PAI-1, and chronic inflammation by
increased resistin [8-12]. We previously observed that
primary pre-adipocytes derived from Zucker obese and
lean rats showed similar gene expression profiles dur-
ing adipocyte differentiation and maturation, although

ACC, acety-CoA carboxylase; C/EBPa, CCAAT/enhancer-binding protein o; ChREBP, carbohydrate response element binding protein; CPT-1,
carnitine palmitoyltransferase-1; FASN, fatty acid synthase; GPAT, glycerol 3-phosphate acyl-transferase; PAI-1, plasminogen activator
inhibitor-1; PPARY, peroxisome proliferator activated receptor v; SCD1, stearoyl-CoA desaturase 1; siRNA, small interfering RNA; SREBP-1,

sterol regulatory element binding protein-1.
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adipokine expression differed significantly in visceral
adipose tissue obtained from these two types of rats.
Among the adipokines, resistin showed a characteristic
expression profile during differentiation and matura-
tion of 3T3-L1 cells and primary pre-adipocytes, and
resistin expression in visceral adipose tissue obtained
from Zucker obese rats was lower than in lean rats
[13].

Resistin is a cysteine-rich secretory protein, and is
preferentially expressed in adipose tissue in rodents
[14]. Some studies have demonstrated that circulating
resistin levels are correlated not only with type 2 dia-
betes and metabolic syndrome but also with chronic
kidney disease and rheumatoid arthritis [15-18].

Resistin has been proposed to be a therapeutic tar-
get of peroxisome proliferator activated receptor vy
(PPARY) ligands, which are used clinically to improve
insulin sensitivity, since circulating resistin levels were
shown to be decreased by rosiglitazone [15] and
because ligand-induced PPARy activation strongly
downregulated resistin expression in 3T3-L1 cells and
human macrophages, possibly through direct tran-
scriptional suppression [19]. One recent report demon-
strated that resistin modulates glucose uptake and
promotes adipogenesis of 3T3-L1 cells, possibly by
acting as an inhibitory ligand for the receptor tyro-
sine kinase-like orphan receptor-1 [20]. Furthermore,
a previous study also reported that resistin treatment
accelerates adipogenesis [4]. However, the opposite
effect of resistin on adipogenesis has also been
observed [14,21]. Thus, the biological function of resi-
stin during adipogenesis is still unclear. Based on our
previous report, we hypothesized that resistin
promotes accumulation of intracellular lipids. Intra-
cellular lipid content is known to be regulated by not
only adipocyte differentiation but also lipid metabo-
lism. Sterol regulatory element binding protein-1
(SREBP-1) and carbohydrate response element bind-
ing protein (ChREBP) are known as transcription
factors that regulate the expression of lipogenic
enzymes. Therefore, in the present study, we explored
the effects of resistin knockdown on transcription
factors such as PPARy, CCAAT/enhancer-binding
protein o (C/EBPa), SREBP-1 and ChREBP in 3T3-L1
cells. Moreover, we investigated the expression of lipo-
genic enzymes such as fatty acid synthase (FASN)
and acetyl-CoA carboxylase 2 (ACC2), and the activ-
ity of the fatty acid P-oxidation-regulating protein
carnitine palmitoyltransferase-1 (CPT-1), in 3T3-L1
cells treated with anti-resistin small interfering RNA
(siRNA). The results obtained in the present study
shed some light on the biological function of resistin
in adipocytes.

FEBS Journal 280 (2013) 5884-5896 © 2013 FEBS
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Results

Changes in intracellular lipid content and resistin
expression during adipogenesis

The purpose of this study was to elucidate resistin
function in adipocytes. To measure resistin expression
in hypertrophied 3T3-L1 adipocytes, we cultured
3T3-L1 cells for 30 days and measured changes in resi-
stin mRNA levels over time. 3T3-L1 cells were cul-
tured for 30 days in frequently refreshed maturation
medium as described in a previous report [22]. We
observed cellular morphological alterations and mas-
sive intracellular lipid accumulation by 10 days after
the induction of adipocyte differentiation by oil red O
staining (Fig. 1A). A marked increase in the number
of lipid droplets was visible starting from days 2 to 5.
Starting on day 5, the size of the lipid droplets gradu-
ally increased. Hypertrophied 3T3-L1 adipocytes with
larger lipid droplets were observed on day 10 or later.
Resistin gene expression was quantified during the cul-
ture period. We previously demonstrated that resistin
gene expression was significantly increased by day 3
[13]. Interestingly, in the present study we found that
the upregulation was transient, lasting from days 2 to
5, and that resistin gene expression was drastically
decreased by day 10 and later (Fig. 1B). Levels of
secreted resistin protein in the culture medium also
transiently increased (Fig. 1C). These results suggest
that resistin strongly influences adipogenesis of 3T3-L1
cells in the early maturation period (days 2-5).

Anti-adipogenic effects of resistin knockdown

To investigate the biological function of resistin in the
early maturation period, the transient increase in resi-
stin from day 2 onward was suppressed by siRNA in
3T3-L1 cells. These experiments were performed
according to the schedule shown in Fig. 2A. By day 5,
resistin gene expression was decreased to approxi-
mately 60% of that of negative control siRNA-trans-
fected cells without observable cytotoxic effects
(Fig. 2B). Furthermore, levels of resistin protein
secreted in the medium decreased by approximately
80% after resistin knockdown (Fig. 2C). Interestingly,
we found that suppression of resistin gene expression
resulted in an approximately 30% decrease in intra-
cellular lipid content, as observed using oil red O
staining (Fig. 2D). In addition, intracellular triglycer-
ide levels were decreased by approximately 20% in
response to resistin knockdown (Fig. 2E). When 3T3-
L1 cells were treated with recombinant resistin protein
(500 ng-mL™") for 24 h following transfection with
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Fig. 1. Changes in intracellular lipid content and resistin expression during adipogenesis. Adipocyte differentiation was induced as described
in Materials and methods. (A) Changes in intracellular lipid content during adipogenesis determined by oil red O staining. Representative
photographs of differentiated 3T3-L1 cells were taken on the indicated days. Bar 50 pm. (B) Relative resistin mRNA expression levels in
differentiated 3T3-L1 cells. Total RNA was extracted from 3T3-L1 cells on the indicated days. Resistin mRNA expression levels relative to
B-actin were normalized to those on day 2 using real-time RT-PCR. (C) Levels of secreted resistin in culture medium of control cells on the

indicated days. Data are shown as mean = SD (n= 3).

resistin-specific siRNA, intracellular lipid content was
rescued (Fig. 2F). Then we constructed resistin expres-
sion plasmid DNA (pResistin}, and the plasmid DNA
was transfected to COS7 cells. Resistin protein
(110 ng-mL~!) was secreted into the culture medium
of COS7 cells transfected with pResistin. The addition
of the culture medium collected from dish of the
COS7 cells transfected with pResistin restored the
intracellular lipid content of 3T3-L1 cells treated with
anti-resistin siRNA (Fig. 2G). In addition, to investi-
gate the extracellular resistin function, recombinant
resistin protein was added to 3T3-L1 cells before and
after adipocyte differentiation as shown in Fig. 3A.
The accumulations of lipid droplets were slightly
induced by the addition of resistin protein after adipo-
cyte differentiation (Fig. 3B,C). These results are con-
sistent with Fig. 2D,E and suggest that resistin
contributes to the accumulation of intracellular lipids.

No effects of resistin knockdown on expression
of PPARy, C/EBPa or aP2 mRNA

Resistin knockdown was performed after adipocyte
differentiation. Therefore, it was presumed that adipo-
cyte differentiation was not inhibited by resistin
knockdown. To confirm this, we examined the effects
of anti-resistin siRINA on key transcriptional factors
for adipocyte differentiation, including PPARy and
C/EBPa. Although intracellular lipid content was
decreased by resistin knockdown, there was no effect
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on expression of PPARy or C/EBPa mRNA (Fig.
S1A,B). Expression of another adipocyte differentia-
tion marker gene, aP2, was also not affected by resi-
stin knockdown (Fig. S1C). These data suggest that
the reduction in intracellular lipid content resulting
from resistin knockdown was not due to suppression
of adipocyte differentiation.

No effect of resistin knockdown on SREBP-1
transcriptional activity

To investigate the mechanism underlying the reduced
intracellular lipid content after anti-resistin siRNA
treatment, we assessed SREBP-1 transcriptional activ-
ity. SREBP-1 is a transcription factor that regulates
lipogenic gene expression. However, no significant dif-
ference in SREBP-1 mRNA expression was found
between cells transfected with resistin-specific siRNA
and negative controls (Fig. S2A). In addition, neither
SREBP-1 protein content nor SREBP-1 transcriptional
activity was affected by resistin knockdown (Fig. S2B,
C). These results suggest that the resistin-knockdown-
induced reduction of intracellular lipid content is not
caused by inhibition of SREBP-1.

Effects of resistin downregulation on ChREBP
transcriptional activity

We next examined the effects of resistin knockdown
on ChRERBP transcriptional activity. ChREBP is also

FEBS Journal 280 (2013) 5884-5895 @ 2013 FEBS
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Fig. 2. Anti-adipogenic effects of resistin knockdown. (A) Schedule of resistin knockdown and addition of resistin protein. Knockdawn
efficiency of resistin-specific siRNA. (B)-(F) 3T3-L1 cells were transfected with negative control {open bars) or resistin-specific (filed bars)
siRNA on day 2. (B) Resistin mRNA expression levels relative to B-actin on day b were normalized to those in non-treated cells using real-
time RT-PCR (slashed bars). {C) Effects of transfection of resistin-specific siRNA on resistin secretion. Resistin in the culture medium on day
5 was measured by ELISA. Resistin secreted from non-treated 3T3-L1 adipocytes is indicated as a slashed column. (D) Relative intracellular
lipid content in 3T3-L1 cells on day 5 determined by oil red O staining. (E} Relative triglyceride levels in 3T3-L1 cells on day 5. (F) Effects of
the addition of resistin protein on intracellular lipid content. One day after transfection with resistin-specific siRNA, 3T3-L1 cells were treated
with recombinant mouse resistin at a concentration of 500 ng-mL™" (slashed bar) or 1000 ng-mL™" (gray bar) for 2 days. Intracellular lipid
content on day 5 was estimated by oil red O staining. (G) Effacts of the addition of the culture medium collected from a dish of COS7 cells
transfected with pResistin on intracellular lipid content of 3T3-L1 cells. The collected medium containing secreted resistin from COS7 cells
was added to the dish of 3T3-L1 cells treated with anti-resistin siRNA on day 3 (striped bar). Intracellular lipid content on day & was
estimated by oil red O staining. Data are shown as mean +sd (B, n=8, C, F, n=3; D, G, n=4; E, n=16). *P<0.0b, **FP<0.01,
#H P < (0,001, versus cells transfected with negative cantrol siRNA or between the indicated groups. NS, not significant.

a key transcription factor for lipogenic genes as well as
for SREBP-1. Expression of ChREBP mRNA was not
affected by resistin knockdown (Fig. 4A). However,
ChREBP protein content decreased after anti-resistin
siRNA treatment (Fig. 4B). Consistent with this result,
a reduction in nuclear ChREBP (n-ChREBP) was con-
firmed by fluorescence microscope observation and
immunoblotting analysis (Fig. 4C,D). Moreover, the

FEBS Journal 280 (2013) 5884-5895 © 2013 FEBS

transfection of anti-resistin siRNA resulted in signifi-
cant suppression of ChREBP transcriptional activity
(Fig. 4E). Intracellular ChREBP levels after resistin
knockdown were partially restored by the addition of
resistin protein (Fig. 4F). Since ChREBP protein con-
tent was rteduced by resistin knockdown, it was
expected that the expression of lipogenic genes would
be inhibited.
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Effects of resistin knockdown on expression of
lipogenic genes

It has been reported that ChREBP regulates lipogenic
genes such as FASN, stearoyl-CoA desaturase 1
(SCD1) and glycerol 3-phosphate acyl-transferase
(GPAT) [23,24]. To examine the effects of resistin
knockdown on lipogenic genes, we measured mRNA
expression of genes involved in triglyceride synthesis,
including FASN, SCD1 and GPAT, and found that
mRNA expression of these genes was reduced by
approximately 55%, 80% and 30%, respectively, in
response to resistin knockdown (Figs 5A,B and S3).
FASN and SCD1 protein levels were also drastically
decreased by resistin knockdown (Fig. 5C). These
results suggest that lipid production is inhibited by
suppression of resistin expression.

Activation of CPT-1 by resistin knockdown

The two major ACC isoforms, ACCI and ACC2, are
primarily involved in the regulation of lipid synthesis
and fatty acid P-oxidation, respectively [25,26].
Although no change was observed in ACCI1 expression,
an approximately 45% reduction in ACC2 expression
was observed in response to resistin knockdown
(Fig. 6A,B). Since expression of ACC2, which regulates
malonyl-CoA synthesis, was reduced by resistin knock-
down, we presumed that resistin knockdown could
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increase CPT-1 activity via reduction of malonyl-CoA
production. We measured CPT-1 activity in 3T3-LI
cells treated with resistin-specific siRNA and found
that, as expected, CPT-1 activity increased approxi-
mately 2.5-fold (Fig. 6C). These results suggest that
resistin - knockdown can increase CPT-1 activity
through suppression of ACC2 expression.

Discussion

This study showed transient upregulation of resistin
mRNA levels in 3T3-L1 cells and a concomitant
increase in lipid accumulation from days 2 to 5. Previ-
ous studies have demonstrated that resistin is a key
mediator of fatty acid import through a pathway
involving increased phosphorylation of PI3K in adipo-
cytes [27,28]. Furthermore, Sakaue et al. showed that
PI3K is activated transiently from days 2 to 5 when
the expression of adipocyte-specific proteins, including
resistin, is increased [29]. Thus, it can be postulated
that the transient upregulation of resistin expression is
important for accumulation of intracellular lipid con-
tent. In the present study, the transient upregulation
of resistin mRINA was suppressed by resistin-specific
siRNA in order to investigate the biological function
of resistin after adipocyte differentiation. Suppression
of resistin expression resulted in a significant decrease
in intracellular lipid content. The results obtained in

FEBS Journal 280 (2013) 5884-5895 © 2013 FEBS



Y. lkada et al. Resistin affects lipid metabolism

— 25 NS =
A E B hresp [ T e e — —
o
@ 2k .
o B-actin S
: v :
z L5} Control Resistin
= SIRNA SiRNA
o
e 1r
o [ 1.2 -
2 o5t o
= < 1
= c =2
[ o =
£ o o8
o
|:| : Control siRNA g% > 06
¢ ¥ =
P . o
B : Resistin siRNA E o & G
=& 02
g
=5 0
D o
W B 12r
S
n-ChREBP | £ 2
2.
o=
Lamin B1 290
- (3]
R [N =T
Control siRNA  Resistin siRNA Control, Reslsty > o
SIRNA  siRNA o 0
N
o
3 5

1.2

F
Control siRNA  Resistin SIRNA  Resistin siRNA
Resistin 500 ng/mL

ChREBP transcription factor assay
relative absorbance

Fig. 4. Effects of resistin downregulation cn ChREBP transcriptional activity. Cells were transfected with negative control (open bars) or
resistin-specific (filled bars) siRNA on day 2. (A} ChREBP mRNA expression levels in differentiated 3T3-L1 cells on day 5. Total RNA was
recovered on day 5 and subjected te reaHtime RT-PCR. mRNA expression levels relative to B-actin were normalized to those in cells
transfected with negative control siRNA. (B) ChREBP levels in differentiated 3T3-L1 cells on day 5. Intracellular proteins were recovered on
day 5 and subjected to immunoblotting with anti-ChREBP. Relative band intensities of ChREBP were normalized to those in cells
transfected with negative control siRNA. (C) Intracellular distribution of ChREBP in differentiated 3T3-L1 cells on day 5. Cells were
immunostained for ChREBP on day 5. Arrows indicate cells with predominantly nuclear localization of ChREBP. Representative cells are
shown in insets at higher magnification. (D) Nuclear-localized ChREBP (n-ChREBP) levels in differentiated 3T3-L1 cells on day 5. Nuclear
proteins were recovered on day 5 and subjected to immunoblotting with anti-ChREBP or anti-lamin B1 antibodies. A representative
immunablot is shown. Relative band intensities for n-ChREBP were normalized to those in cells transfected with negative control siRNA. (E)
Relative transcriptional activity of ChREBP in differentiated 3T73-L1 cells on day 5. Nuclear proteins were recovered on day 5 and analyzed
using a ChREBP transcription factor assay kit as described in Materials and methods. Data are shown as mean £ SD (n=3). *£ < 0.05,
*xP < (0,01, versus cells transfected with negative control siRNA. NS, not significant. (F) Effects of the addition of resistin protein on
intracellular distribution of ChREBP. One day after transfection with resistin-specific siRNA, 3T3-L1 cells were treated with recombinant
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25 pm.

this study were consistent with previous reports [4,20], Thus, further studies are required to solve this. The

although there are several reports indicating an incon- mechanism of transient upregulation of resistin expres-
sistent effect of resistin on accumulation of lipid drop- sion is also unclear and further studies are needed. In
lets in 3T3-L1 cells [14,21]. Probably differences in a future study it is expected that more detailed infor-
experimental conditions might cause the inconsistency. mation regarding resistin function will be obtained by

FEBS Journal 280 (2013) 5884-5835 © 2013 FEBS 5889
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negative control or resistin-specific sSiRNA on day 2. The effects of resistin knockdown on FASN and SCD1 protein content were examined

by western blotting.

transfection of anti-resistin small hairpin RNA expres-
sion plasmid DNA into 3T3-L1 cells for a more effec-
tive RNA interference effect on resistin  gene
expression.

Despite reducing lipid content, resistin knockdown
did not affect mRINA expression of PPARy and
C/EBPa, which are key transcription factors for adipo-
cyte differentiation (Fig. S1). PPARy and C/EBPo
mRNA expression is induced in 3T3-L1 cells after
48 h of incubation in a differentiation medium [30,31].
Furthermore, PPARY and C/EBPx are able to mutu-
ally induce expression of one other, forming a positive
feedback loop. In the present study, siRNA was trans-
fected into 3T3-L1 cells after a 48-h incubation in dif-
ferentiation medium, which normally induces
abundant expression of PPARy and C/EBPo. There-
fore, our results suggest that resistin contributes to the
accumulation of intracellular lipid content after the
induction of PPARy and C/EBPa.

To investigate the mechanism by which intracellular
lipid content is reduced after resistin knockdown, we
focused on SREBP-1 and ChREBP, transcription fac-
tors known to regulate the expression of lipogenic
enzymes. Expression of both SREBP-1 and ChREBP
increases during adipocyte differentiation [32,33]. The
present study showed that transcriptional activity of
SREBP-1 was not affected by resistin knockdown
(Fig. 52). This is consistent with a previous study
showing that lipogenic genes in adipocytes, but not
hepatocytes, are not primarily regulated by SREBP-1
[34]. However, ChREBP is involved in lipid metabo-
lism in adipocytes as well as hepatocytes at the
transcriptional level [35]. We found that ChREBP
protein expression was suppressed by transfection of
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resistin-specific siRNA. ChREBP expression is regu-
lated by thyroid hormone receptor  in adipose tissue
[36]. However, in this study, since mRNA expression
of ChREBP was not affected by knockdown of resistin
gene, we speculate that resistin knockdown would
affect translation or stability of ChREBP protein. Fur-
ther studies are needed to elucidate the mechanism by
which resistin knockdown influences ChREBP protein
content.

Moreover, we found that expression of FASN,
SCDI1 and GPAT, all genes involved in triglyceride
synthesis, was suppressed by resistin knockdown. Tri-
glycerides, the primary component of lipid droplets in
adipocytes, are formed by combining glycerol with
three fatty acid molecules. FASN is a key enzyme that
catalyzes the terminal steps in the synthesis of long-
chain fatty acids. SCD1 catalyzes the rate-limiting step
in the biosynthesis of mono-unsaturated fatty acids.
GPAT is a rate-limiting enzyme that catalyzes the
esterification of glycerol-3-phosphate with a fatty acyl-
CoA to form l-acylglycerol-3-phosphate in triglyceride
biosynthesis. Therefore, reduced expression of these
lipogenic enzymes resulting from resistin knockdown
would be expected to suppress fatty acid and triglycer-
ide biosynthesis. Moreover, while no change was
observed in ACCl mRNA expression levels, ACC2
mRNA expression was significantly reduced. ACCs
catalyze the carboxylation of acetyl-CoA to produce
malonyl-CoA. The malonyl-CoA produced by ACCI
and ACC2 is localized to the cytoplasm and mitochon-
dria, respectively, and plays distinct functions in these
compariments. The malonyl-CoA produced by ACCIL
mainly participates in lipid synthesis, while ACC2 is
involved in the regulation of fatty acid P-oxidation
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Fig. 6. Resistin  knockdown reduces ACCZ expression and

activates CPT-1. Relative mRNA expression levels of ACC1 (A) and
ACC2 (B) in differentiated 3T3-L1 cells on day 5. The cells were
transfected with negative control (open bars) or resistin-specific
{filled bars) siRNA on day 2. Total RNA was recovered on day 5
and subjected to realtime RT-PCR. mRNA expression levels
relative to B-actin were normalized to those in cells transfected
with negative control siRNA. (C) Effects of resistin knockdown on
CPT-1 activity. CPT-1 activity was evaluated based on release of
CoA-SH using b,5-dithiobis(2-nitrobenzoate). The reaction was
monitored at 412 nm with a spsctrometer in the presence or
absence of L-carnitine. Data are shown as mean = sd (A, B, n=4;
C, n=23). #P < 0.06 versus cslls transfectad with negative control
siRNA. NS, not significant.

through the inhibition of CPT-1 in malonyl-CoA pro-
duction [25,26]. Thus, the reduced expression of ACC2
induced by resistin knockdown may result in the acti-
vation of fatty acid B-oxidation through decreased
mitochondrial malonyl-CoA content. Consistent with
this, CPT-1 activity was increased by resistin knock-
down. These findings suggest that resistin may enhance
triglyceride synthesis and suppress mitochondrial fatty
acid P-oxidation, resulting in increased intracellular
lipid content in adipocytes.

Our results suggest that resistin regulates lipogenic
enzyme expression and thereby increases intracellular
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lipid content. Therefore, we hypothesized that the sup-
pression of resistin would reduce intracellular lipid
content even in hypertrophied adipocytes. As expected,
a reduction in intracellular lipid content was observed
after suppression of resistin expression even in the late
maturation period (days 18-30, Fig. S4). However, in
this study, we just measured gene expression and
secreted resistin protein. Therefore, in a future study,
it will be necessary to track loss of resistin in individ-
ual cells and correlate this with phenotypes of those
cells. Also, further studies using not only 3T3-L1 cells
but also genetic animal models will be required for
better understanding of resistin function.

In conclusion, the present study provides evidence
that resistin affects lipid accumulation during adipo-
cyte maturation of 3T3-L1 cells, and ChREBP partici-
pates In the resistin-relating lipid metabolism.
Although further studies are needed to determine the
precise molecular mechanisms by which resistin regu-
lates ChREBP, pharmacological regulation of resistin
may represent a promising strategy for alleviation of
metabolic syndrome.

Materials and methods

3T3-L1 cell culture and induction of
differentiation

3T3-L1 pre-adipocytes were cultured and adipocyte differ-
entiation was induced as previously described [13]. Briefly,
cells were cultured in basal medium (DMEM supple-
mented with 10% (v/v) fetal bovine serum, 10 mm HEPES,
0.2% (w/v) NaHCO; 4 mm rL-glutamine, 3.5% (w/v)
glucose, 0.2 mm ascorbate, 1 nM T3 and 30 pm T4) at
37 °C under a humidified atmosphere containing 5% COs,.
In this study, the day on which cells reached confluence
was defined as day 0. Adipocyte differentiation was
induced by incubation in differentiation medium (basal
medium containing 300 um  3-isobutyl-1-methylxanthine,
1 mm dexamethasone and 1.6 pM insulin) from days 0 to
2, followed by induction of maturation in maturation med-
ium (basal medium containing 1.6 uM insulin and 15 pm
D-biotin).

RNA extraction and quantitation of mRNA
expression by real-time RT-PCR

Total RNA was isolated from 3T3-L1 cells using ISOGEN
(Wako Pure Chemical Industries, Osaka, Japan). The iso-
lated RNA was purified using a phenol—chloroform—isoamyl
alcohol mixture (pH 4.5; Sigma Aldrich, St Louis, MO,
USA) and 100% (v/v) 2-propanol. Complementary DNA
was synthesized using random primers and SuperScript III
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Reverse Transcriptase (Life Technologies, Carlsbad, CA,
USA). Then, real-time PCR was performed using an ABI
PRISM 7500 Sequence Detection System (Life Technolo-
gies) and SYBR-Green. f-actin mRNA was used as an
internal control. The primer sequences used for this study
are summarized in Table 1. Relative mRNA expression was
determined using the 274 method.

ELISA

Resistin released from 3T3-L1 cells was measured using the
Mouse Resistin Quantikine ELISA Kit (R&D Systems,
Minneapolis, MN, USA) according to the manufacturer’s
instructions.

RNA interference

Resistin siRNA  (sense 5-CCAAAUGCAAUAAAGAA
CAUUGGCU-3; antisense 5-AGCCAAUGUUCUUUAU
UGCAUUUGG-3"; each strand with a 3’ dTdT overhang)
and negative control siRNA were purchased from Life
Technologies. Transfection of siRNA was performed using
Lipofectamine RNAIMAX and Opti-MEM (both from Life
Technologies) according to the manufacturer’s instructions.
On day 2, 3T3-L1 cells were incubated with 50 nm of each
siRNA in maturation medium and cultured until day 5.

Table 1. The primer sequences.

Y. lkeda et al.

Transfection of resistin plasmid DNA and effect
of secreted resistin on lipid content of 3T3-L1
cells treated with anti-resistin siRNA

A full-length ¢cDINA encoding mouse resistin gene was pre-
pared by RT-PCR using the total RNA collected from adi-
pose tissue of C57BL/6J mouse and the primer shown in
Table 1. The PCR product was digested by Nhel and
HindIIl for subcloning into protein expression plasmid
DNA pcDNA3.1(+). The sequence of resultant plasmid
DNA encoding resistin (pResistin) was confirmed, and the
plasmid DNA was transfected to COS7 cells with FuGENE
HD (Life Technologies). The culture medium was collected
at 48 h after transfection. Then the collected medium was
subjected to centrifugation at 500 g for 5 min. The secreted
resistin in the collected medium was measured by immuno-
blotting and ELISA, and the amount of resistin was
110 ngmL™!. The collected medium containing secreted
resistin was added to the dish of 3T3-L1 cells treated with
anti-resistin siRNA.

Oil red O staining

Following fixation of 3T3-L1 cellsin 10% (v/v) formalin solu-
tion (Wako Pure Chemical Industries), the cells were incu-
bated with 18 mg-mT~" oil red O in a 60% (v/v) 2-propanol

Gene Nucleotide seguence (5' to 3') Amplification Accession no.

Resistin Full Sense TCCTGCTAGCTCCTCTGCCA 461 bp NM_022984
Antisense AGACCCTAAGCTTAGACCTGC

Resistin Sense TCACTTTTCACCTCTGTGGATATGAT 81 bp NM_022984
Antisense TGCCCCAGGTGGTGTARR

Pparg Sense AGTGACTTGGCTATATTTATAGCTGTCATT 91 bp NM_011146
Antisense TGTCTTGGATGTCCTCGATGG

C/ebpa Sense GCGCAAGAGCCGAGATARAG 113 bp NM_007678
Antisense CACGGCTCAGCTGTTCCA

aP2(Fabp4,A-FABP) Sense CAGRAAGTGGGATGGARAGTCG 169 bp NM_024406
Antisense CGACTGACTATTGTAGTGTTTGA

Fasn Sense CCTCCRARGACTGACTCGE 92 bp NM_007988
Antisense CACTGTGLTCAGGTTCAGTT

Scd1 Sense ATATCCTGGTTTCCCTGGET 91 bp NM_009127
Antisanse CAGCGGTACTCACTGGC

Gpat Sense ACACTGARATGGAAGGAGAGC 116 bp NM_008149
Antisense AGAGATGGGATACTGGGETTG

AcacafAcci) Sense TGGCGTCCGCTCTGTGATA 103 bp NM_133360
Antisense CATGGCGACTTCTGGEETTS

AcacblAccz) Sense GCAACCACATCTTCCTCAACT 103 bp NM_133904
Antisense CACAGACGGCTGCCATAG

Srebfl Sense GGAACAGACACTGGCCGA 96 bp NM_011480
Antisense ARGTCACTGTCTTGGTTGTTGAT

Chrebp Sense CTGGGGACCTARACAGGAGT 166 bp NM_021455
Antisense GAAGCCACCCTATAGCTCCC

Actb Sense GACGGCCAGGTCATCACTATTG 89 bp NM_007393
Antisense CCACAGGATTCCATACCCARGA
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solution for 20 min at room temperature. Intracellular
lipid droplets were visualized by washing the cells with 60%
2-propanocl solution. Then, oil red O dissolved in lipid drop-
lets was extracted with 100% 2-propanol and its relative
concentration was determined by measuring absorbance at
540 nm.

Triglyceride content in adipocytes

Triglycerides in adipocytes were extracted by sonication
with 1 mL of 1:2 methanol : chloroform for 30 min at
room temperature. The lower phase was transferred to a
new tube after centrifugation at 20 400 g for 5 min at
room temperature. Samples were then resuspended in
300 uL NaCl/P; and recentrifuged at 20 400 g for 5 min at
room temperature. The lower phase was transferred to a
new tube and dried. The lipid film was dispersed by sonica-
tion in 40 pL NaCl/P; after hydration for 10 min. Triglyce-
rides were measured using a triglyceride quantification kit
(Wako Pure Chemical Industries) following the manufac-
turer’s instructions.

Recombinant resistin protein treatment

Recombinant mouse resistin was purchased from R&D
Systems and dissolved in a reconstitution buffer (NaCl/P;
supplemented with 0.1% BSA). 3T3-L1 cells transfected
with resistin-specific siRNNA on day 2 were incubated with
the reconstitution buffer or recombinant mouse resistin at a
concentration of 500 ng-mL ™" for 2 days starting on day 3.
Cells transfected with negative control siRNA were also
treated with the buffer. Intracellular lipid content on day 5
was estimated by oil red O staining.

Preparation of whole cell lysates

3T3-L1 cells were washed with NaCl/P; and incubated in
RIPA buffer (50 mm Tris/HCI, 150 mm NaCl, 1% (v/v)
Nonidet P-40, 0.5% (w/v) sodium deoxycholate and 0.1%
(w/v) SDS) for 30 min at 4 °C.

Purification of cellular nuclear extracts

3T3-L1 cells were washed with NaCl/P; (supplemented with
1 mm P-glycerophosphate and 1 mm Na;OVy) and incu-
bated in a hypotonic extraction buffer (10 mm HEPES,
4 mm NaF, 0.1 mm EDTA, 1 mMm B-glycerophosphate and
1 mm Naj;OV,) supplemented with Complete Mini Protease
Inhibitor Cocktail (Roche Applied Science, Indianapolis,
IN, USA) for 15 min at 4 °C. Following the addition of
Nonidet P-40 at a concentration of 10% (v/v), cells were
homogenized on ice with a Dounce homogenizer and then
centrifuged at 1000 g for 5 min at 4 °C. To extract nuclear
proteins, a nuclear extraction buffer (10 mm HEPES,
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0.1 mm EDTA, 1.5 mm MgCly, 420 mm NaCl, 10% (v/v)
glycerol, 1 mm B-glycerophosphate, 1 mm Na;OV,, 1 mm
dithiothreitol and Complete Mini Cocktail) was added to
the nuclear pellet.

Quantitation of proteins

Protein concentration was determined using the BCA Pro-
tein Assay Kit (Thermo Fisher Scientific, Waltham, MA,
USA), according to the manufacturer’s instructions.

Immunoblotting

Proteins were separated on an SDS/PAGE gel and trans-
ferred to a polyvinylidene difluoride membrane. After 1 h
of blocking, the membrane was incubated with the primary
antibodies anti-FASN, anti-SCD1, anti-B-actin, anti-lamin
B1 (Cell Signaling Technology, Danvers, MA, USA), anti-
SREBP (2A4; MBL International Corporation, Woburn,
MA, USA) or anti-ChREBP, along with the ChREBP Cell-
Based Translocation Assay Kit reagents at a 1 : 1000 ratio
overnight at 4 °C, and then at room temperature for 1 h.
After washing three times with NaCl/Tris/0.1% Tween-20,
the membrane was incubated with a horseradish-peroxi-
dase-conjugated anti-IgG at a 1:2000 ratio for 1 h at
room temperature, and then washed again. Bands were
visualized using the ECL Prime Western blotting detection
kit (GE Healthcare, Chalfont St Giles, UK), and densito-
metric results were analyzed with IMAGE J software. B-Actin
and lamin B1 were used as internal controls.

Measurement of SREBP-1 and ChREBP
transcription factor activity

To evaluate SREBP-1 and ChREBP transcription factor
activity in 3T3-L1 cells, nuclear proteins were extracted and
analyzed using an SREBP-1 transcription factor assay kit
and a ChREBP transcription factor assay kit (both from
Cayman Chemical Company, Ann Arbor, MI, USA)
according to the manufacturer’s instructions.

Fluorescence microscopy

ChREBP was visualized in 3T3-L1 cells using the ChREBP
Cell-Based Translocation Assay Kit (Cayman Chemical
Company), according to the manufacturer’s instructions.

Measurement of CPT-1 activity

CPT-1 activity was measured according to previously pub-
lished methods [37,38]. The cell lysate was pre-incubated in
58 mm TrisfHCI, 1.25 mm EDTA, 0.1% (v/v) Triton X-100
and 0.25 mwm 5,5'-dithiobis(2-nitrobenzoate), pH 8.0, after
enucleation. After measurement of the background using
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40 pm palmitoyl-CoA (Sigma Aldrich), CPT-1 activity was
measured in the presence of 0.25 mM r-carnitine (Sigma
Aldrich). CPT-1 activity was calculated as the amount of
CoA-SH released from mitochondria per minute per milli-
gram of protein and expressed as relative activity.

Statistical analysis

Statistical significance was determined using Student’s
t test. Data are presented as mean =+ standard deviation.
P values < 0.05 were considered to be significant.
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Additional supporting information may be found in
the online version of this article at the publisher’s web
site:

Fig. S1. No effect of resistin knockdown on expression
of key factors for adipocyte differentiation.

Fig. $2. No change in SREBP-1 transcriptional activ-
ity in response to resistin knockdown.

Fig. S3. Resistin knockdown reduces GPAT expres-
sion.

Fig. S4. Resistin knockdown in the late maturation
period.
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