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Clarification of Regulatory Mechanisms for Determining Number and Size of Adipocytes

by Insulin
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1. EBE
1-1. #

DMEM/F-12 (1:1, vol/vol)iZ Invitrogen (Carlsbad, CA)7> 5 A L 7=, Human
insulin (£ Novo Nordisk (Bagsveard, Denmark) 7> 5 B A L 72, Rosiglitazone | Alexis
Biochemicals (San Diego, CA) 7» & i A L 7z, 3-Isobutyl-1-methylxanthine,
dexamethasone (Dex), pantothenate /% TX anti-B-actin antibody (% Sigma (St. Louis, MO)
M5 REA L7z, Biotin (% Wako Pure Chemical Industries (Osaka, Japan) 7> 5 A L7z,
FBS % Biological Industries (Kibbutz Beit Haemek, Israel)?> 5 H0E A L 7=, Mouse
anti-human CIDEA monoclonal antibody } UF mouse anti-human CIDEC polyclonal

antibody I% Abnova Corporation (Taipei, Taiwan) 7> 5 A L7,

1-2. & BN A SR 2 & 5 VML~ o 43k (Fig. 4)

AT =LK artr OB 64 DFMEE O T IR H RO
bt~ B EfENRTERAINIL Zen-Bio (Research Triangle Park, NC)/» S A L=, B#E
IFEMRIEE T H W . Body mass index Ol IL 27.2 (range 26.4 — 28.4), 4 D
PIfE X 41 5% (range 29 — 57) CToH » 7=, &~ A EAARLRTESMA %2 24-well plate (2 FE
L. 10% FBS, 100 units/ml penicillin, 100 pg/ml streptomycin A& T8 0.25 pg/ml
amphotericin B %5 DMEM/F-12 551 ¢, 37°C, 5% CO, THi#& L7c, Mifudx =2
TNy NI A ETHFE L, 3% FBS, 500 uM 3-isobutyl-1-methylxanthine, 1 uM
Rosiglitazone, 100 nM insulin, 1 puM Dex, 33 uM biotin, 17 pM pantothenate, 100

units/ml penicillin, 100 pg/ml streptomycin & TY 0.25 pg/ml amphotericin B & &
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DMEM/F-12 70570 5 0L 55T 6 ARES 3R L7z, WRIC, #llid 2 3% FBS, 100 nM
insulin, 1 uM Dex, 33 uM biotin, 17 uM pantothenate, 100 units/ml penicillin, 100 pg/ml
streptomycin, and 0.25 pg/ml amphotericin B & DMEM/F-12 7> 5 732 D HEFFES T 5
AR Uiz, MRz iE o b6 AR L, 20%, M2 HHE
B LTc, Zh bz o blENiMias LT X ToOERICHEM L, HHIx

3 HARITHT LWEF I AZHL L 72,

Culture/treatment condition

Day O 6 11 17
[S ek BT #t 7
>
19- Treatments

Sk (Starvation, Insulin, siRNA)

DMEM/F-12

3% FBS, 100 nM insulin, 1 uM dexamethasone "'

33 uM biotin, 17 uM pantothenate, Analyses

500 uM 3-isobutyl-1-methylxanthine, (expression of mMRNA by

1 uM rosiglitazone gPCR, protein by Western

blotting)

> R st B & IEhRTER#RE (Zen-Bio)Z24-well platel ZFEFE
>AVINIVMIEZETERE
>SMEIEHBIC3E AL . 6 ARG
>HE RIS (C3T ML | s ARG E
> S EHEHIC3T ML, 6 RIS E ;
> HE B C3T AL L 2 BRI ol A
>SHEREprHrEL T, RERICEEA SME Rg phiaRa

Fig. 4. & ~ H B Al BEA A 2> & 5 5 Ml ja ~ o> 43 4k 05 14

1-3. U7 V& A4 LE= PCR

Total RNA @ ¥ #d & T DNase ZLEE X RNeasy mini kit (Qiagen, Hilden, Germany)
ZRWCITo 72, WHEE )G 1E Total RNA (100 — 200 ng) % UF High-capacity cDNA
reverse transcription kit (Applied Biosystems, Foster City, CA)Z AW T{T~>7-, T=

PCR |3 TagMan gene expression assay system % H\>T ABI 7500 Fast (Applied
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Biosystems) C{T~ 7=, £&i&{x 1 TagMan gene expression assay system (fLL FIZ7R
3% D% Applied Biosystems 7> 5 A L 72, CIDEA (Hs00154455_m1), CIDEB
(Hs00205339 _m1), CIDEC mRNA(Hs00535723 m1) K TF 18S (Hs99999901 s1, W
fEHE), &Bfn 1O mRNA FBLE(T 18S rRNA BHETHIEL, = hr—LiC

RO E L TR LI,

1-4. V= AHZ 7 uy MEH

Total cell lysates i% 25 mM Tris-HCI (pH 7.4), 150 mM NaCl, 1 mM EDTA, 0.5%
sodium deoxycholate, 1% NP-40, 0.1% SDS, 50 mM sodium fluoride, 2.5 mM sodium
pyrophosphate, 1 mM B-glycerophosphate, 1 mM sodium orthovanadate } UF Complete
protease inhibitor cocktail (Roche Diagnostics, Mannheim, Germany) & A lysis buffer %
W TS L 7=, Cell lysates % 17,800 x g, 10 43, 4°C T/l L., kiE% 12.5%
SDS-polyacrylamide gels T %K #E) L 7=% . Immobilon-P membrane (Millipore
Corporation, Bedford, MA)~% > /X7 &% K5 A7 7 — L7z, Membrane (& 5%
BSA/5% skim milk &4 TBS/0.05% Tween-20 T 1 Ffffj 7 =2 v %> 27 L, CIDEA 8¢
WX CIDEC IZHRF I e itk TN TA—"—F A F 4°CTA »rF aX—F LT,
£ M™% . Horseradish peroxidase anti-mouse secondary antibody (GE Healthcare, Little
Chalfont, Buckinghamshire, UK)%Z I\ T 1 Kffi] £ > F =~~— K L, ECL detection

reagents (GE Healthcare) Z i\ C & > X7 & & "] fiifk L 7=,

1-5. siRNA fi# 7
LB #MAEIZ Lipofectamine RNAIMAX (Invitrogen) % VT, 4 10 nM @
Control siRNA (12935-200; Invitrogen), CIDEA siRNA (HSS141577; Invitrogen) 5\ M &

CIDEC siRNA (HSS127223; Invitrogen) % N5 > A7 =7 kL=, b TV AT =7 &
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307 v A £ TS5 BEIC L E{T-> 7,

1-6. 7R b — 3 2 DMy

NEWGRITBEAIL 2 0 N —7 7 A ETR#E L, bk X 5 IZhENiMife~ & 4
b=, 7yt A%. #lE% 2% paraformaldehyde/PBS % FHV T 20 45 fE], =
i CHEE L7z, £0D#%, Mifldz PBS T 1 [FI¥EH L, 0.2% Triton X-100/0.1% sodium
citrate & VT 10 43[#, onice TiRE(LZIT - 72, RBILDO DL | Hild % Terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling (TUNEL) reaction
mixture % FV T 60 43, 37°C TA »F a_X— b L7z, WIZ, MifE 2 1 [E5es L.,
0.2 pg/ml of 4',6'-diamidino-2-phenylindole (DAPI; Sigma) Xz TF 0.1 pg/ml Nile Red
(Sigma)/PBS Z T 5 /pflil, |IETA > F=2X—h L, ZD% 3 [\PHF L1z,
% OPEO DL, Hild% Fluoromount-G (Southern Biotech, Birmingham, AL) %
WCTATA RHTAEIZ~wT > R L, HER L — P =B (FV500-D; Olympus,
Tokyo, Japan) TR L7, BAMMEE 5 F1Ex20 DOf% = T TUNEL (X%, DAPI X7,

Nile Red 137~ THt# L . Imaged software (http:/rsb.info.nih.gov/ij/) % FAV T~ — &

Hie, TR F—=v 2% 2 LTV 5 ENi#iEZ TUNEL/DAPI/Nile Red (2 &V 3 &
e L, ZOMEEE I T AHZETT R My AR EEEL LT, &
FEMGAIIREIL PR D L 5 EE(L LTz, MRIZT ¥ L7 12 HiBFIZH 1T 5 1000
NEN MRS > TUNEL BEHERERT A% & L TZ L7z, TUNEL assay < in situ cell

death detection kit (Roche) %\ CT47 o 7=,

1-7. JE 5 M0 ha 5 o fig #r
M ZEE L., EdRo X 512 DAPI X8 Nile Red Z W T4 L7, BH

BT F E13x20 OFFRTHS L7z, HENMARS0E DAPINile Red 1T 80 Jeta S
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TeMifaa o b L ETERIL LT, MRIZT U F L 12 SIFICKIT D

YRV A=F—hofElhifatk s LTELE,

1-8. NEWG W A X DR #r

Mz EE L, Eifo X 52 NileRed 2 AW TYea L 72, TEMEISEIX
x100 OFFHE THAS L7z, Nile Red 1T XV Yeta 72 5 @ ¥4 X1 Imagel
software # W CERAL L7z, 7 & A7 10 (87 12331F 5 100 18 D AR B % fEAT

L7,

1-9. 7' VU & v — L & oA

SHENENIHERR A serum/Dex & DMERFETHIZ FHWVT, A A Y R R8N
IHAFAE T T 245 A ¥ 2 X— bk L7z, Z0O%, EEEREHAEL L, free glycerol
reagent (Sigma) & W TEsHih o0 7' ) o — L& &2 HIE L7, il I 2 v
/X7 & THIIE L. micrograms of glycerol per milligram of protein & L T3 L 7=,
Hf@ N & > 2X 7 '8 813 bicinchoninic acid protein assay kit (Pierce, Rockford, IL) %

WTE=RIL LT,

1-10. %5 3R T

HEFHAEAT 1X Unpaired ttest 2 %0 L7z, FEHIR 5% KN4 AR & Lz, #iRIX

3 E DML U7 RBR O FEEHARMERAE TR LT,
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2. FER
2-1. AV AYITXBCIDE 77 2 U —DREHE

CIDE7 7 2 U =0 A VAU UMERIZHFEGT L2085 a2 1L LI,
bt ~EAaIEVRIESH S b S BN (LT, e aafENMR) TA
VAV N2 K S CIDEA, CIDEBK CIDECORHEENFEO LD, U T A
A LERPCRIETH AT, A A U »IXCIDEA mRNAD F& Bl % W K 7 H o
FERRAFHICAR T &8, 2485 K V00 nMEL | Tl KZh &8 % 7k L 7= (Fig. 5A, B, left
panel), 100 nM-1 > X U > D245 4Li&E |ZCIDEA mRNADFE i & % 90% /) =
7o ZIVEITHERMIC, A A Y U IZCIDEC mRNADF B % W R A7 0 By
(KA TUAE S| 24KE ] & Y00 nM Thie K2 S % 7~ L 7= (Fig. 5A, B, right panel),
100 NMA > A U > D 24FF [ 4LE (X CIDEC mRNADF B & % f2f% it ¥ 7=, —
Ji. A4 A Y 2 IXCIDEB mMRNADFEIZ X2 L KX S 72 )v» 7= (Fig. 5A, B,
middle panel),

WIS, A AT AT XD mMRNADFEHZT A 588 5 1172 CIDEA K ()CIDEC D #
VRVBRBEEV AL Ty MEZX VIR, 4 AU VIXCIDEAK /8
7 DB A KT & (Fig. 5C, left panel). CIDEC# /X7 B O3B % Ui &
+7-(Fig. 5C, right panel), LA EOFERNS, B FAGIEMEICBWNTA R Y
VIXCIDEAD B AL F S, CIDECORBZTTHEIE L Z ERHL N E R 572,

T, A AU IICIDEBORBUCITEE L /02 LML o T,
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Fig. 5. Differential expression of CIDE family genes regulated by insulin in human
adipocytes. A: Time course of insulin-regulated CIDE family gene expression.
Differentiated adipocytes were starved in serum/Dex/insulin-free maintenance medium
for 16 hours. Cells were then incubated in serum/Dex-free maintenance medium in the
presence or absence of 100 nM insulin for the indicated times. The mRNA expression
levels of each gene were measured by quantitative real-time PCR, normalized relative to
18S rRNA expression, and shown as mRNA levels relative to zero-time control without
insulin. Data are presented as means + SEM of three independent experiments. *, P <
0.05; **, P <0.01. B: Concentration response effect of insulin on CIDE family gene
expression. Differentiated adipocytes were starved in serum/Dex/insulin-free

maintenance medium for 16 hours and then incubated in serum/Dex-free maintenance

-15-



medium in the presence or absence of insulin at the indicated concentrations for 24 hours.
The mRNA expression levels of each gene were measured by quantitative real-time PCR,
normalized relative to 18S rRNA expression, and shown as relative mRNA levels. Data
are presented as means + SEM of three independent experiments. *, P <0.05; **, P <
0.01. C: Western blotting analysis of CIDEA and CIDEC expression. Differentiated
adipocytes were starved in serum/Dex/insulin-free maintenance medium for 16 hours.
Cells were then incubated in serum/Dex-free maintenance medium in the presence or
absence of 100 nM insulin for the indicated times. B-Actin served as a loading control.
These experiments were performed three times and the results of one representative

experiment are shown.

2-2. A VARV VDT R BM—VZAM|HERICHTS CIDE 77 IV —DH
=3

K2, b FAAJEBHIICENTA VR UNEMERZICL D TR b—2 A
T 2008 9 nEFRA T, BN 7 AR R — 21X TUNEL/DAPI/Nile red
O =—HYEIEIZ X VAT LTz, 48 IRl BEMIEETE 21T 72 & 2 A, Nile-red T
PG S et S T BRI D 8% 7 a0~ F e o OV Ak 28 DAPL B O
TUNEL %:t4(2 L 0 BlE2 S /= (Fig. 6A), 72 K i iEEG 2 i, IRGMa o
1% 18.0% + 7.7%78/ L . 6.6% + 0.6% DG Ml ict 25 TUNEL B54%: T & - 7= (Fig. 6B).
A A AT IEMIEREERIC X 0 BN L7z TUNEL B o TR A RIR O %5 % A 8
D S 72 (Fig. 6B), 1B 722 TIL, DAPHZ KV Yuft S 7 Ml sz O R 1%
EH Tod Y, TUNEL D REIIA R D% Z < {#7> T & - 7 (data not shown), LA
FEORRID, A AV ATEMIEREEIC L D IEMIRO T R b — R & i

DT ENHLMNEIRST,
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Fig. 6. Insulin inhibits starvation-induced apoptosis in human adipocytes. A:
Fluorescence microscopy of adipocytes stained with TUNEL, DAPI, and Nile Red.
Differentiated adipocytes were incubated in serum/Dex-free maintenance medium in the
presence or absence of 100 nM insulin for 48 hours. Cells were triple-stained with
TUNEL (green), DAPI (blue), and Nile Red (red). TUNEL-positive adipocytes are
indicated by the arrowheads. Scale bar, 100 um. B: Quantification of TUNEL-positive
adipocytes. Differentiated adipocytes were starved in serum/Dex-free maintenance
medium in the presence or absence of 100 nM insulin for the indicated times. Data are

presented as means = SEM of three independent experiments. *, P < 0.05; **, P < 0.01.

Wiz, A A Y T K BRELEHNZRD H7- CIDEA O CIDEC 281 > A U
YDOT R = ZIMEWERICE G T 5008 95, siRNA Z W8t/ v 7%
U AETHANT, A AU IR EIC X DB O T AR R — 3 2 & il

L. Z?D& x CIDEA BHEDIK T 27 » 7= (Fig. 7A, B), CIDEA siRNA (siCIDEA)
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ZWMUT B TIEA R L RARBREICENFEEEICLD TR P—v X
Z i L Cuh 7223, CIDEC siRNA (SiCIDEC)IRIN TIZ M E T H - 7= (Fig. 7TA), F
7z, SiCIDEA Z#NL7-t h HEMEDMLTIZA X U A2 X M7 7 R &
— 2 AIHWERIERRD Hivie sy - 72, siCIDEA & ' siCIDEC 12 L ¥ | CIDEA K Y
CIDEC mRNA ORI EITZENENFRFRIIT ) v 7 X o Sviz(Fig. 7B), Ll LD
FEED, b FAGIRMIZEW T, CIDEC TiE7Za < CIDEA 3 i 2% 12
EDT7RN—VZADEERT 7 7 2 —ThHD, A VAV AL DT R =2

HITEAIZIEZ CIDEA ORBUK TR EFET 52 ERRB I N,

CIDEAmMRNA CIDEC mRNA
903 o 14 o 14
o ¢ 807 L2 Q12
> < 701 Q 2
s 90> 1.0 1.0
% 0 9 604 < <
°o>8 * Z 08 Z 0.8
a o.2 507 "k - e x v
o 88 401 ** € 06 E 06
2 | o [0)
Z88 zg_ 204 204
Fo2 S o2 o ** S o2
o % 00 % 0.0
Insulin - - 4+ + + Insulin - - - + + + Insulin - - - + + +
siControl + - - + - - siControl + - - + - - siControl + - - + - -
siCIDEA + - - + - siCIDEA - + - - + - siCIDEA - + - - + -
siCIDEC -+ -+ siCDEC - - + - - + siCIDEC - - + - - +

Fig. 7. Suppression of CIDEA expression inhibits starvation-induced apoptosis in
human adipocytes. A: Quantification of TUNEL-positive adipocytes. Differentiated
adipocytes were treated with control siRNA (siControl), CIDEA siRNA (siCIDEA), or
CIDEC siRNA (siCIDEC) in maintenance medium for 7 days. Cells were then incubated
in serum/Dex-free maintenance medium in the presence or absence of 100 nM insulin for
48 hours and analyzed for apoptosis. Data are presented as means £+ SEM of three
independent experiments. *, P <0.05; **, P <0.01. B: Expression analysis of CIDEA
and CIDEC mRNA by real-time PCR. The mRNA expression levels of each gene were

normalized relative to 18S rRNA expression and shown relative to siControl without
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insulin. Data are presented as means £ SEM of three independent experiments. **, P <

0.01 vs. siControl without insulin; ##, P < 0.01 vs. siControl with insulin.

S 52, CIDEA KX CIDEC 2MENA DRI 2B 59 & 9 1>, siRNA Z
Wz v I A AETHAR, A VA U ERE SIS TR LR
LT, A A VIEMEOREZAEICHINSE, 2oL & CIDEA %
BEOIKT 238 72 (Fig. 8A, B, C), FEBIFZNENIMILD LFHEE#ZR N BIT> T\ D
ZEMB A AV TR O ML 2 N 95 2 & THiaE 2 MERF L T
LT ENTRBENT, T D OEEEFMITB O TR RIS OEIIZEA L 722>
o722 & H b (data not shown), A > A U > DR ZIENE N BTBRAIIL O MISELZ 135
BLIRNZ PR S LTz, SiICIDEA Z U L 72 AR HEIE TldA > A U > L [ARE
FENZA AU U RZIT K D RENAIRRE Db % [B11E & E 7223, siCIDEC ¥ Tl
T H - 72 (Fig. 8A, B), siCIDEA } ('siCIDEC (2 X v, CIDEA % U CIDEC
MRNA OFRBLEIT LN ENFERIZ ) v 7 X0 E 7 (Fig. 8C), LA EDOF5EE D
5. b FAGIEHMRIZEBWT, 4> AU &K CIDEA [XARIAMAE O£ D HEFs
WCEHEBER T 7 7 X —ThHO ., ARV N X DBV OB OHEEFIZIX CIDEA

DRIULTNFET 5 2 LRSIz,
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_ siControl siCIDEA siCIDEC
Insulin
- ) ‘ A
+
B C CIDEA mRNA CIDEC mRNA
5 % 1.4 % 4 *k KX
_g D12 3
5~ < 10 <Z(3
g £°3% Zos g, .
& £ 200 go.e E
S = 04 *k Kk =1 ##
S 100 B o2 *k it 3 *k *k
< [0) *% (7]
0 © 0.0 @ 0
Insulin - - - + + + Insulin - - - + + + Insulin - - - + + +
siControl + - - + - - siControl + - - + - - siControl + - - + - -
siCIDEA - + - - + - siCIDEA - + - - + - SiCIDEA - + - - + -
siCDEC - - + - - + siCDEC - - + - - + siCDEC - - + - - +

Fig. 8. Suppression of CIDEA expression restores insulin deprivation-reduced
adipocyte number. A: Phase contrast microscopy of adipocytes. Differentiated adipocytes
were treated with control siRNA (siControl), CIDEA siRNA (siCIDEA), or CIDEC
SiRNA (siCIDEC) in the maintenance medium in the presence or absence of 100 nM
insulin for 15 days. Scale bar, 100 um. B: Quantification of adipocyte number. Data are
presented as means £ SEM of three independent experiments. *, P <0.05; **, P < 0.01.
C: Expression analysis of CIDEA and CIDEC mRNA by real-time PCR. The mRNA
expression levels of each gene were normalized relative to 18S rRNA expression and
shown relative to siControl without insulin. Data are presented as means = SEM of three
independent experiments. *, P < 0.05, **, P < 0.01 vs. siControl without insulin; ##, P <

0.01 vs. siControl with insulin.
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2-3. AVRY ORI ERIERICX 3% CIDEZ7 IV —0lE

WIZ, A AV N K DHBIEEBRFE D B iz CIDEA KO CIDEC 23A > AV
> ORI RVEAICBE S35 9 5, siRNA Z W@ n -/ v 7 X0k
TR, A AV IR A X %2 Z IS & ¥ 7-(Fig. 9A, B), 1~ A
> X B IRMGE YA X OBEKIZ siCIDEC 12 X 0 B S 7= 2%, siCIDEA Tl
BB TH 72 (Fig. 9A, B), A AU NIEN B MROEETH L 7 U e — )k
HEIZIT B L2 - 72 (Fig. 9C), SiCIDEA X7V o — Vit BB L 72
o722y, SiCIDEC 137Vt — V& Z A EICHEINS ¥ 72, siCIDEA kT
SICIDEC |2 & ¥, CIDEA )T} CIDEC mRNA OF &I EH RN/ v 7
X7 SHTZ(Fig. 9D), YL EOFER G v FEAAEVMIlEIZIS W T, CIDEA T
1372 < CIDEC DMENITHIHICEE R 7 7 7 4 —Tdb VO, A AV XD MEN
TERAE X CIDEC OFEBTTHEN B 532 Z L VR ST,

A .
siControl siCIDEA siCIDEC
Insulin + +
B C D CIDEAmMRNA CIDEC mRNA
o 250 o é 14 220 "
B 200 o 212 3
b < g < 1.0 < 15
E&E‘ 150 o = 5 0.8 5
-g 2 100 ) € o6 g0
o E o o
2 s 5 2 -% 04 . £ 05
5 o= > 0.2 o

0

0

R
o
o

@ 0.0

Insulin -+ + + Insulin - 4+ + + Insulin - + + + Insulin -+ + +
siControl + + - - siControl + + - - siControl + + - - siControl + + -
siCIDEA - - + - siCIDEA - - + - siCIDEA - - + - siCIDEA - - + -
siCIDEC - - - + siCIDEC - - - + siCIDEC - - - + siCIDEC - - - +

Fig. 9. Suppression of CIDEC expression inhibits insulin-induced enlargement of lipid

droplets and increases glycerol release in human adipocytes. A: Fluorescence microscopy
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of adipocytes stained with Nile Red. Differentiated adipocytes were treated with control
SiIRNA (siControl), CIDEA siRNA (siCIDEA), or CIDEC siRNA (siCIDEC) in
maintenance medium in the presence or absence of 100 nM insulin for 10 days and then
stained with Nile Red (red). Scale bar, 30 um. B: Quantification of lipid droplet size.
Data are presented as means £ SEM of three independent experiments. **, P < 0.01 vs.
siControl without insulin; ##, P <0.01 vs. siControl with insulin. C: Lipolysis assay.
Glycerol released into the medium over 24 hours was measured after siRNA-mediated
depletion of CIDEA and CIDEC. Data are presented as means + SEM of three
independent experiments. ##, P < 0.01 vs. siControl with insulin. D: Expression analysis
of CIDEA and CIDEC mRNA by real-time PCR. The mRNA expression levels of each
gene were normalized relative to 18S rRNA expression and shown relative to siControl
without insulin. Data are presented as means + SEM of three independent experiments.

** P < 0.01 vs. siControl without insulin; ##, P < 0.01 vs. siControl with insulin.

-22 -



3. &

Pt

AETIEZ, e FAGEMRICBITSA 2 AY VITKSHCIDE7 7 2 U —
DR B E Z BT L, 4> AUV NCIDEAD R B # L F &&, CIDECO ¥ H
EILEESE D Z L2 LM LE(Fig.5), —Ji. A4 > AU L IXCIDEBD 3 8l
B LN EEH NI L, B NAGAKBEHMEICEWT, 2 Eh
DCIDEZ 7 S V=X U RXITERA AV KDl il &S Tnd =
EERLTEHREITSEDRHNOTTHDL A AV IS b D RFER
7p~ — 1 — & fx 7 T & 5 adipocyte fatty acid binding protein (aP2) & O°
peroxisome proliferator-activated receptor (PPAR) y mRNA DB HLUZ (LB L 7o 7
(data not shown), aP2|3ZPPAR YDl FiBE T TbdH b5, 2 b DFSEN 5 CIDEA
K OCIDECOFBUZX L TR SN A AU COERIE. A4 2 Y 3 56
e 73 AE°PPAR y DB QR BIEMAGIC R L2 R e LTlEEZ SNz b D

TIEBRWEHEIND, B, A AU LY UM EHIIIZ 3 CTCIDEAD
FHZIRTIEDH Z E(19), v~ 7 AZT3-LUENAMMAZIZ I TCIDEC DB % JLtE =
LI ENHESNTND(12), b FAABIMIRICKIT 2ARAEORELIL, b
DFENS B IXFFSN D, F/o, B b TIXCIDEAK 'CIDECIE FE I A fafi IHH %
IZBWTEZEL L T\ 5 53(32, 35,36), CIDEBIX EICHIRICEFEIL L TWVWD Z LA
WA STV (25, 34), E-> T, t MAAEMIZE W TIXCIDEBTIEZ2 < |
CIDEA}, ('CIDECH EE 2 &ZH ZH > Tnb Z N T IDH, CIDEAKRT
CIDECIZT AR b — XA OFER 1T v (25, 26), NEMHERICHEG 325 Z &N
i STV S (30, 35, 37), CIDEAITER % 72K T T/ (20), #4(21). X b=
> R U T ()8 RN E P (22) 12 RAET 5 —J7 . CIDECIENE NG J& PHIZ R e
52 L DNERAE STV 5 (35, 37), CIDEA K UKCIDEC O #IE N JRTEIZ B4~ B AF 781X
I Z R ITEOT R b= ARENTRIEAR EOMREZ P+ 5 ETEHET
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borEZLND, LLARNRGL, CIDEX VX7 EOREEITHED & 2 ARH
RRNE L, ZFORRIZIZS OROIMENLETH S,

CIDEZ 7 X U —Z U 7 EFITWTN s TR b= 2RO E K % 85
L2806, ARV OT R F— ZMENZIZCIDEADFHBUK T 23, JENITHIE
FAZIZCIDECO R B LHEN B 5T 5 gtk Ex bivic, 22T, A VAV D
TR = ZMEHERICCIDEAORBUR F R HFE5 T 20 E 5 a5, A
Y AU O Y IZSIRNAZ W TCIDEAZ LN 2 Fifk L 7= & Z A, siRNAIZ &
% CIDEAFRBLNGNZA > 2 U » L FRRICHEGMIf 0 7 AR b — 2 2 2 il L (Fig. 7).
A LAY URZIZ L DRI O Z Bl S E 7= (Fig. 8), £/, A1 AU
I%. CIDEA siRNALFH L728BA&TH 7 A b — v A KON MRz L -CAR N
7B 2RO otz Z b, A v AU v K OCIDEAILR—#H CTIERA LT
WHZ e, U EORERENG, v NEABMRICBITS A A
2L DT AR = 2MBIERIL, CIDEAORBUL TABE G325 2 L 0VRIB S iz,
T ETRRAYIZ SIRNALZ X S CIDECRE I ML A > 2V o OAEIZ L 6§77 R
M= RN L 7)o 7z, CIDECOMFIFEIIIITI-LUEN MO T R b — A
EHET DI ERHREINTVDHEN(26), A > A Y 2K HCIDECO HHEE DB
JLEIL T R b=V A G LWV O s LIvRuy,

— . A AU ORRTETE R IZCIDECOBELLEN T 59 500 L 9 I ZsiRNA
ZE D v X AR VR & 2 A SIRNAIZ X HCIDECHBUMHENILA > A
U AT KD RENGR YA X OHER 2 BN dl L. NENG iR & 7ot < 7= (Fig. 9),
PLEDOFREREN G, v N EBIEMIZIZIT 54 AV N K DRI ARAE .
CIDECOFB TN G2 Z L3R I 47z, 24 H OFERIX, 3T3-LLEIGHI
FlZ 3BT, CIDECHEEMGI 2NE N ik 2 Jide S . N A X &b S5 5

EWVIOHAEL L KL TWDH(1L, 23), T L IExEIC, CIDEAZSELISNIARRS
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O3 K ORI B A R L e o 72, CIDEAIRRIFEBLIZITI-LLAR M i BH i
DRV & TitE S5 2 & (11, 24), CIDEARBLINHIL b A s A miski i
DG i % TUtE S5 2 L BSHE STV 5 (25), BEH & B 2B Blg s
TEROLI> & LT, NIRRT & S EAEML & OEWRE 2 s, s{LhE
WiRERR I R & e BN 28 L Cdk 0 . NENI 20l D HfiE L~ )L 3 TR VT Al SAm i & 0
bREWZ ENMEIND, AU, SHMEIRNML TN fo Ny 2 75
Uy RREWTZOIT, B M OME R B DBBIE IR o T RN S 2 6
N, RO, B NAGEHRICEBT S A > A ) 2K HCIDEADORIK T
X, BRI RICRLS F5 LanZ ERmme Sz,

A AV I RICEFREEORLVE L LTHLNTEY (26), vV A K
BTy MERIBICENTT R b= 2 2MEl45 2 & BHE STV 5 (27,
28), AETIL, & FAAIEHMEICEBWNTH, £ VAU URTHR b—3 R 2]
T5Z L EMDTHLNZ LI(Fig. 6), A » AU A3 ENiMIdDs316(11, 12). A5
WHERE M ONE NG &2 T0E S B 5 AR LE v Td 5 (29, 30), NG IHE MR S 1 o
AN ZEK ) v 7T U b= U ZAOWE TR, MK TS5 2 v T
TN OERICEZE THH Z L AVRINTWDH(3L), #iZ, IENMIEIZIs T
HA LAY DT R N — 2 ZEHER R ORI A RO KRIER X, TR
BEOWRICHET D5 EBRMRIND, E>T, A AU IZX D CIDEA D%
BUE T XU CIDEC DFEHTHEIL, NENGMIAD T R b — 2 Z3miil K OB T2 Ak
ICENZIBIRIICB S L, ZOREER, ISR KL S I3 2 L 23HE
HI = 4 5 (Fig. 10),
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Insulin

\<{///1’ \\\\\
CIDEA & / .. CIDEC

\L = l

Apoptosis B @ Lipid droplet

v

Adipo?:;/te no. Adipocyte size

WAT mass

Fig. 10. Schematic diagram of insulin action in human adipocytes. Insulin suppresses
apoptosis, at least in part, through downregulation of CIDEA mRNA expression, but
increases lipid droplet formation through upregulation of CIDEC mRNA expression.
Chronic insulin action would increase adipocyte number and size through gene regulation
of CIDEA and CIDEC, and increase the mass of WAT in humans. WAT, white adipose

tissue.
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4. /NFE

1) B FAGMAIEHMRIZES T, 422 Y X CIDEA OB &K T S+,
CIDEC o #H L L ¥ 5, —J. CIDEB O REIIZITZE L 20,

2) ARV DT R = AMBEIEMICIE CIDEA DI TAK T 23 A5 Vi

TERRAER X CIDEC OB BLILEN E N ZERIRMIZE 535,
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FIE AU RY T KD CIDEA KT CIDEC D ZEH | #IZB b 5 #& ¥ D
R

AT TIE, A > 2 VU 728 CIDEA XU CIDEC O HBLHIEICED Y . £ D
FEBBN A AV DT R b= ZIHIEH K& O W5 A I €
ZNERMICE G T 222N LIEEB2), AETEH, 1AV DE
Wiy I NMGEERKICED D X — 8 TH D Phosphatidylinositol 3-kinase
(PI3K), Akt & O mitogen-activated protein kinase (MAPK)DBHE I % siRNA % H
WT, b MAGIEMTOA A Y 12K % CIDEA &K U CIDEC D FHLilf#HIZ

B DR 2 % LT,

1. EBITE
1-1. #

DMEM/F-12 (1:1, vol/vol)iZ Invitrogen (Carlshad, CA) %> 5l A L 7=, Human insulin
< Novo Nordisk (Bagsveerd, Denmark) 2> & It A L 7=, Rosiglitazone (% Alexis
Biochemicals (San Diego, CA) 7> & [ A L 7=, 3-Isobutyl-1-methylxanthine,
dexamethasone (Dex), pantothenate } U} anti-B-actin antibody (& Sigma (St. Louis, MO)
A L7z, Biotin X Wako Pure Chemical Industries (Osaka, Japan) 7> 5 A L 7=,
FBS 3 Biological Industries (Kibbutz Beit Haemek, Israel)?> 5 i A L 7=, Wortmannin,
P1-103, API-2, U0126, SP600125 Az TOF SB203580 (& Calbiochem (San Diego, CA) 7> 5
I A L 7=, Mouse anti-human CIDEA monoclonal antibody (H00001149-MO01)}% O
mouse anti-human CIDEC polyclonal antibody (H00063924-B01P) (% Abnova
Corporation (Taipei, Taiwan)7> 5 i A L 7=, Anti-Akt, anti-phospho-Akt (Ser473),

anti-phospho-Akt (Thr308), anti-c-Jun N-terminal kinase (JNK), anti-phospho-JNK } T}
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anti-phospho-c-Jun antibodies i3 Cell Signaling Technology (Beverly, MA)7> 5 A L

7’*4
—o

1-2. & b~ BRI AT 2> & B V5 fa~ o 531k (Fig. 4)

b METRTEEAIE 2 S AR AL ~D 3 i Bk (5 2 &, 1-2)D K 512 T -7z,

1-3. U7 V% A LAE & PCR

U7 NEALER PCRIZEREE 2 F, 13)0 L5197 o7, FERBTOD
TagMan gene expression assay system [ZLL T IZ779 % @ % Applied Biosystems 7> & fiig
A L7z, CIDEA (Hs00154455_m1), CIDEC (Hs00535723_m1), Aktl (Hs00178289_m1),
Akt2 (Hs00609846_m1), Akt3 (Hs00178533 m1l), JINK1 (Hs00177083), JINK2 mRNA

(Hs00177102_m1) % O} 18S rRNA (Hs99999901_s1),

1-4. siRNA fi##r

SIRNA fi#dT1Z B b (55 2 2. 1-5)D X 5 1217 - 7=, /BB AIEIC Lipofectamine
RNAIMAX (Invitrogen)Z H VT, % 10 nM @ Control siRNA (12935-110; Invitrogen),
Aktl siRNA (12935-001 Duplexl1; Invitrogen), Akt2 siRNA (12937-40 Duplex2;
Invitrogen), Akt3 siRNA (HSS115177; Invitrogen), JNK1 siRNA (12936-42 Duplex1;
Invitrogen)&i\ Vi INK2 siRNA (12936-44 Duplexl; Invitrogen)z k7 > A7 =7 k

L7 "I A7 2739037 vEAETE AMICLEf T,

1-5. VAKX 71y MNEN
DT AKX T a oy MEFIZEREE2FE, 1D X 5T o T2, M AL

R D i % 10% — 15% SDS-polyacrylamide gels THEXIKE L7-%. Immobilon-P
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membrane (Millipore Corporation)~% > /X7 /E % K7 A7 7 — L7, Membrane
135% BSA & TBS/0.05% Tween-20 C1Fffj 7 = v 5% 7 L, CIDEA, CIDEC, Akt,
phospho-Akt (Ser473), phospho-Akt (Thr308), INK K OF phospho-JNK (Z & FL 1 72 FL i
ZHRWTA—=NN—=F A, 4°C TA U FaX— ] L7, £D%. Horseradish
peroxidase anti-mouse secondary antibody /3 Horseradish peroxidase anti-rabbit
secondary antibody (GE Healthcare, Little Chalfont, Buckinghamshire, UK) %z T 1
IREfH] A > % = ~— | L, ECL detection reagents (GE Healthcare) = T ¥ > /X7 &

Z Ak LTz,

1-6. 7R b — 3 R DEHT
TR R =Y AOMNIE LR (2, 1-6)D L 51T o 7=, MO~ T k
IZ ProLong Gold Antifade Reagent (Invitrogen) Zz F N CTITu AR O AT AL I3 3L 5

L — - —PA%$E(LSM 700; Carl Zeiss, Jena, Germany) & W CTIT - 7=,

1-7. JERGTE Y A X DT
NEWHE Y A X OMHT X Bk (BE 2 &, 1-7)D X 51297 » 7=, BAMEEE E 1363

DR THEAS L7,

1-8. #uEtMEMT

ot & AT 1X Unpaired ttest & %0 L 7o, IR %R A AR E Lz, #ERIX

3 E DML U 72 R O FEEHARMERAE TR LT,
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2. fER
2-1. £ VRV XD CIDEA R CIDEC OFBLHIEIZX T 5 PI3K ®
B &

A VAV 2 & D CIDEA J Of CIDEC OFBUHIHA PISK 2032008 5 0,
PI3K DBHEHKITH D Wortmannin K O PI-103 % W Till~<7=, Wortmannin & X
PI-103 {31 > A U /2 & % CIDEA OFEUK T & OF CIDEC D FELTTHE D B % i
FEARAFHI PN L 7= (Fig. 11A, B), BL EOFERN S, b N AGEMRIZBT 51
AV &% CIDEA KU CIDEC DI BLHIHENIE PIBK 24132 Z L3 60 &

roTl-,

A CIDEA mRNA CIDEC mRNA
14 35
3 12 3 3.0 ok
> >
210 # 2 55
< <
z i Z 20
OE: 0.8 DE: 2.0
# -
) 0.6 ) L5 #H
Z 04 2 1.04
© ]
** -
g o2 g o5
0.0 0.04
Insulin (100nM) - + + + + Insulin (100nM) - 4+ + + +
Wortmannin (nM) - - 30 100 300 Wortmannin (nM) - - 30 100 300
B CIDEA mRNA CIDEC mRNA
14 4 N
3 1.2 Ky
210 #t 3 3
< <
b
Z 08 " z,
€ 06 £
Q o
E 0.4 *%k E 14
@© ]
g 0.2 )
0.0 0-
Insulin (100nM) - + + + + Insulin (100nM) - + + + +
PI-103(uM) - - 0206 2 PI-103(uM) - - 02 0.6 2

Fig. 11. PI3K inhibitors block the regulation of both CIDEA and CIDEC expression by

insulin. A and B: Concentration — response effect of PI3K inhibitors on CIDEA and
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CIDEC mRNA expression. Differentiated adipocytes were starved in serum/Dex/insulin-
free maintenance medium for 16 h. Cells were then treated with wortmannin or P1-103 at
the indicated concentrations for 30 min followed by stimulation with or without 100 nM
insulin for 24 h. The mRNA expression levels of CIDEA and CIDEC were measured by
quantitative real-time PCR, normalized relative to 18S rRNA expression, and are shown
as relative mRNA levels. Data are presented as means = SEM of three independent
experiments. *, P < 0.05, **, P < 0.01 vs. control without insulin; ##, P < 0.01 vs. control

with insulin.

2-2. AV AY 2L B CIDEA RO CIDEC ORBRAIHEIZx T 5 Akt B
INK ORRE 2B 5

WIZ A > AV 12X % CIDEA K O CIDEC O3 Bl Iz Akt & Y MAPK #% %
MWEFHET H00E 95, Aktl, Akt2 KT Akt3 OFHEHRITH 5 API-2 (33).
MAPK/Extracellular signal-regulated kinase (ERK)BH % %] T & % U0126., c-Jun
N-terminal kinase (JNK)BLEHI T # % SP600125 8\ V% p38 BLEHITH 5 SB203580
AW THHARTZ, API-2 (T4 AV 2 K % CIDEA OFEBUK T % R B R AF I
] L7223, CIDEC OFBLITLHEIZITEEE L 72 7= (Fig. 12A), #FE MAPK [HE A
1314 A Y 2K % CIDEA OFBUR TIZITFE LRd> 7223, SP600125 131 >
A Y T K% CIDEC #BLJLdE 4 #iil L 7= (Fig. 12B)., U0126 &% T® SB203580 (%
CIDEC DIEBUEE L /o 72, £7=, SP600125 (T > A YU 2 X % CIDEC %
BLUE 2 P FEARAF RO ] L 72 (Fig. 12C), LA EOFEE 26, v M EAfEMIIC
BIFBHA AV 2 & % CIDEA J () CIDEC D FEH ML, ZhZh Akt 2 TNINK

BRI T HZ BB E R 0T,
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A CIDEA mRNA CIDEC mRNA
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Fig. 12. The Akt inhibitor API-2 and the JNK inhibitor SP600125 selectively block
regulation of CIDEA and CIDEC expression by insulin, respectively. A: Concentration —
response effect of the Akt inhibitor on CIDEA and CIDEC mRNA expression.
Differentiated adipocytes were starved in serum/Dex/insulin-free maintenance medium
for 16 h. Cells were then treated with API-2 at the indicated concentrations for 30 min
followed by stimulation with or without 100 nM insulin for 24 h. B: Effects of the

MAPK inhibitors on CIDEA and CIDEC mRNA expression. Differentiated adipocytes
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were starved in serum/Dex/insulin-free maintenance medium for 16 h. Cells were then
treated with 10 uM U0126, 10 uM SP600125, or 20 uM SB203580 for 30 min followed
by stimulation with or without 100 nM insulin for 24 h. C: Concentration — response
effect of the JNK inhibitor on CIDEC mRNA expression. Differentiated adipocytes were
starved in serum/Dex/insulin-free maintenance medium for 16 h. Cells were then treated
with SP600125 at the indicated concentrations for 30 min followed by stimulation with
or without 100 nM insulin for 24 h. The mRNA expression levels of CIDEA and CIDEC
were measured by quantitative real-time PCR, normalized relative to 18S rRNA
expression, and are shown as relative mMRNA levels. Data are presented as means + SEM
of three independent experiments. *, P < 0.05, **, P < 0.01 vs. control without insulin; #,

P < 0.05, ##, P < 0.01 vs. control with insulin.

2-3. AV RYITX D CIDEADREBFIE K OT R b— 2 Ef1EH < xt
335 Aktl/2 D E

A AV 2 &% CIDEA ORBLUHIEIZ T 5 Akt OFFRAYZREIE 2 1 0 3HH
(ZHRFET 5 729 Aktl siRNA (siAkt), Akt2 siRNA (siAkt2) K T8 Akt3 siRNA (siAkt3)
ZHWTeMREEZ 1T > 72, siAktl, siAkt2 B X siAKt3 D —MLE T A R Y T
X % CIDEA O3EBUK FIZHE L 720> - 7= (Fig. 13A), Z L & IEAIRAYIZ, siAktl/2
DOPFFLE XA > AV 2 XK % CIDEA OFRBUK T % 61%[H]18 <+ 7= (Fig. 13B),
SIAKEL/3 HW i siAKt2/3 1% CIDEA DR BLIZHE L o7, % siRNA 13X Aktl,
Akt2 }z Y Akt3 mMRNA O F Bl 4 Z L ENFFRNIC ) » 7 X0 ST (Fig. 13C),
E 512, SIAKIL2 (341 AV 2k D CIDEA & 2 /37 B OFEHUET 28 L=
(Fig. 9D, E), LA EOFE NG, v FAGAIEMEICEIT LA R U2 XD

CIDEA OFBUK TIX AKtL2 235 Z ENHL N E o7z,
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Fig.
— C: Differentiated adipocytes were treated with control siRNA (siControl), Aktl siRNA
(siAktl), Akt2 siRNA (siAkt2), and/or Akt3 siRNA (siAkt3) in maintenance medium for
7 days. Cells were then starved in serum/Dex/insulin-free maintenance medium for 16 h
followed by stimulation with or without 100 nM insulin for 24 h. The mRNA expression
levels of CIDEA (A and B), Aktl, Akt2, and Akt3 (C) were measured by quantitative
real-time PCR, normalized relative to 18S rRNA expression, and are shown as relative
MRNA levels. Data are presented as means + SEM of three independent experiments. **,

P < 0.01 vs. siControl without insulin; ##, P < 0.01 vs. siControl with insulin. D: Western
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blot analysis of CIDEA protein expression. Differentiated adipocytes were treated with
control siRNA or Aktl/2 siRNA in maintenance medium for 7 days. Cells were then
starved in serum/Dex/insulin-free maintenance medium for 16 h followed by stimulation
with or without 100 nM insulin for 48 h. B-Actin served as a loading control. These
experiments were performed three times and the results of one representative experiment
are shown. E: Quantification of protein expression levels of CIDEA. The protein
expression levels of CIDEA were normalized relative to B-Actin protein expression and
are shown as relative protein levels. Data are presented as means = SEM of three
independent experiments. *, P < 0.01 vs. siControl without insulin; #, P < 0.01 vs. 10 nM

siControl with insulin.

F2ETA LAY OT R F— ZMENEHIC CIDEA OFEBILT 592
ZEDBHLMNE RS ENB[E2), I, A AV DT R b— AMAEIEH
2k % Akt DA 5 Z T, SIAKL2 1ZA AV AL DT AR F—3 2O
Z bR L7-(Fig. 14A, B), LA Eo#ER 6, v FEEBMRIZK T LA 2 Y

IZE DT AR M= ZMMEWERIL A2 20325 Z E R BnE o7,

2-4. A VAV IZL?D CIDEC ORBEHIHE OB HERIER T 2
INK2 DB &

A A Y N2 &% CIDEC OFBUHIEN &7 2 INK DR FAY 722 B 54 X 0 5HH
IZHREET 5 72, INKL siRNA (siINK1) K& TF INK2 siRNA (siINK2) Z H VN 7= fRGIE %
1T o 720 INK3 I ZHHX R LT FEBL L T 729 (34), IEHIAT D 7203 o 72, siINKL
I3 CIDEC DFEBUTITHE LD o 7223, siINK2 O siINKL/2 1A A ) A2 &

% CIDEC D381 THE 2] L 7= (Fig. 15A), 45 siRNA [ INK1 K& OV INK2 D35
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Fig. 14. Depletion of both Aktl and Akt2 restores insulin-reduced apoptosis. A:
Fluorescence microscopy of adipocytes stained with TUNEL, DAPI, and Nile Red.
Differentiated adipocytes were treated with control siRNA (siControl) or Aktl/2 siRNA
(siAktl/2) in maintenance medium for 7 days. Cells were then incubated in
serum/Dex-free maintenance medium in the presence or absence of 100 nM insulin for
48 h. Cells were triple-stained with TUNEL (green), DAPI (blue), and Nile Red (red).
TUNEL-positive adipocytes are indicated by the arrowheads. Scale bar, 50 um. B:
Quantification of TUNEL-positive adipocytes. Data are presented as means + SEM of
three independent experiments. **, P < 0.01 vs. siControl without insulin; ##, P < 0.01 vs.

siControl with insulin.
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BE TN ENRFRIC ) v 7 X0 v ST (Fig. 16B), & 51T, siINK2 (314 > A
T X % CIDEC # v 737 'E O Fs Bl L % #iil L 7= (Fig. 15C, D),

H 2 BETA LAY ORI RAIEAIC CIDEC ORBILHENR 5925 2 L2
AOMNE o722 0B (32), WIZ, A AV ORI EAERIZ 2 INK
D5 Z T2, SIINK2 131 > 2 U 2 L 2 ARG OB K AL 2 ZF BB L7z 2%,
SIINK1 (ZHEE T h - 7= (Fig. 16A, B), UL EOFERMNS, & M AGIEIMRICE
T oA AV 2K % CIDEC DFEELITHE K ONENITEIERAE I, INKL Tid7z <

INK2 245 Z ENHL MM E ST,

A CIDEC mRNA
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" Hl +Insulin
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Fig. 15. Depletion of INK2, but not JNK1, attenuates insulin-induced CIDEC expression.
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A and B: Differentiated adipocytes were treated with control siRNA (siControl), JNK1
SIRNA (siJNK1), and/or INK2 siRNA (siJNK2) in maintenance medium for 7 days. Cells
were then starved in serum/Dex/insulin-free maintenance medium for 16 h followed by
stimulation with or without 100 nM insulin for 24 h. The mRNA expression levels of
CIDEC (A), JNK1, and JNK2 (B) were measured by quantitative real-time PCR,
normalized relative to 18S rRNA expression, and are shown as relative mMRNA levels.
Data are presented as means + SEM of three independent experiments. **, P < 0.01 vs.
siControl without insulin; ##, P < 0.01 vs. 10 nM siControl with insulin; §§, P < 0.01 vs.
20 nM siControl with insulin. C: Western blot analysis of CIDEC protein expression.
Differentiated adipocytes were treated with control siRNA or JNK2 siRNA in
maintenance medium for 7 days. Cells were then starved in serum/Dex/insulin-free
maintenance medium for 16 h followed by stimulation with or without 100 nM insulin
for 48 h. B-Actin served as a loading control. These experiments were performed three
times and the results of one representative experiment are shown. D: Quantification of
protein expression levels of CIDEC. The protein expression levels of CIDEC were
normalized relative to B-Actin protein expression and are shown as relative protein levels.
Data are presented as means + SEM of three independent experiments. **, P < 0.01 vs.

siControl without insulin; ##, P < 0.01 vs. 10 nM siControl with insulin.
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Fig. 16. Depletion of JINK2, but not JNK1, inhibits insulin-induced enlargement of lipid
droplets. A: Fluorescence microscopy of adipocytes stained with Nile Red and DAPI.
Differentiated adipocytes were treated with control siRNA (siControl), JNK1 siRNA
(siINK1), or INK2 siRNA (siJNK2) in maintenance medium in the presence or absence
of 100 nM insulin for 15 days and then stained with Nile Red (red) and DAPI (blue).
Scale bar, 30 um. B: Quantification of lipid droplet size. Data are presented as means *
SEM of three independent experiments. **, P < 0.01 vs. siControl without insulin; ##, P

< 0.01 vs. siControl with insulin.
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2-5. A VAV LB Akt KTVINK U U EBBfLizxt3 5 PISK 0B 5

Akt TV INK 28 PIBK O Ty 7 F /v inE 9 M EfEND D 7=, Akt KT
INK U v Egfbizxt 35 PIBK [RERI O FEE LT 7=, 30 sHEOA AV v
RLEEIZ X D . Akt Ser473, Akt Thr308 K TV INK U U ER{b 23 E I ICFHE S
72 (Fig. 17A), 4 > A U 2 X % Akt X TV INK U k1%, wortmannin 2\
IZ PI-103 O W 1L T4 BLE S 7= (Fig. 17B), & 51T, API-2 & 1 SP600125
X, ZnENA AV KD INK HRTNAKt Y U B BIC B L oo 2
E B Akt L TVINK OIEHALITAWZEZ LB L LW &R S 7z (Fig.
17C, D), BL Lo #E R 6 v FAGAIENMIEIZRIT 24 2 U i2 k%D Akt

K OVINK U U LIX PIBK 20322 EMMHALMNE o T,

B
A - Wort Pl

Insulin (min) 0 10 30 120 Insulin - + - 4+ - +
pAkt (Ser473) _—— - pAkt (Serd73) —

pAkt (Thr308) - - - pAkt (Thr308) v

AKL | -
AKL [ — -
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PINK | e e | —a

JNK [ s s | <.

INK | s | <
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Fig. 17. PI3K inhibitors block both Akt and JNK phosphorylation induced by insulin. A:
Time course of insulin-induced Akt and JNK phosphorylation. Differentiated adipocytes

were starved in serum/Dex/insulin-free maintenance medium for 16 h followed by
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stimulation with or without 100 nM insulin for the indicated times. B: Effects of PI3K
inhibitors on insulin-induced Akt and JNK phosphorylation. Differentiated adipocytes
were starved in serum/Dex/insulin-free maintenance medium for 16 h. Cells were then
treated with 0.2 uM wortmannin (Wort) or 2 uM PI-103 (PI) for 30 min followed by
stimulation with or without 100 nM insulin for 30 min. C: Effects of the Akt inhibitor on
insulin-induced JNK phosphorylation. Differentiated adipocytes were starved in
serum/Dex/insulin-free maintenance medium for 16 h. Cells were then treated with 30
uM API-2 for 30 min followed by stimulation with or without 100 nM insulin for 30 min.
D: Effects of the JNK inhibitor on insulin-induced Akt phosphorylation. Differentiated
adipocytes were starved in serum/Dex/insulin-free maintenance medium for 16 h. Cells
were then treated with 10 uM SP600125 (SP) for 30 min followed by stimulation with or
without 100 nM insulin for 30 min. Akt Ser473, Akt Thr308, and JNK phosphorylation
were determined by Western blot analysis. Total Akt and total JINK served as a loading
control. Arrowheads indicate the 54-kDa isoform of JNK. These experiments were

performed three times and the results of one representative experiment are shown.
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3. &

P

AIE TlX, A > AU % CIDEA & CIDEC O EBLH#IZEbHLY . =D
FEHHNE A > 2V DT B b — 3 ZMEE R K OWE Vi % 7RI Z n
TNRIRMICEAET 22 L 2L LZB2), AETIE, & NAGIEMN

IBITDHA LAY T &% CIDEA kO CIDEC O BHIHIZEADL 5 > 7
TRBIZET 2010 TORERL 224t L7z, 1T T DI, PIBK LFAIZ H W
EREHCE D, A2V 2k D CIDEA OREBL T L O CIDEC O ¥ ELIT
HIZPIBK 24095 Z & 25202 L7z (Fig. 11), 4 > A U »IZ &k % CIDEC
DFRBTLHEN PBK 2403252 L1X, w7 A IT3-LLEMMBTCO®RE L b
— % L TV 5 (35),

RIZ, A A Y I K% CIDEA KT CIDEC @ FE Bl |2 PIBK & F 72
T 7 FNTh s Akt KX MAPK N 5T 50 E I, ZRENDOERR
72 BRI 2 W TR, 4 AV 2 X % CIDEA O % Bl 1L ERK,
INK KT p38 Tix72 <, Akt #4035 Z & (Fig. 12), = bHliZ, Aktl, Akt2
FMORAKEB DT A Y 74 —LDIH AKtLR 20T 52 ERHLNERS T
(Fig. 13), 2D Z &b, Aktl RO Akt2 1Z, > 2 U 2k % CIDEA ®
FEHLGIEICFL, BEELEEHZH 2 nEx b, 61T, Aktl/2
FA AT KD T R = 2AMHINCEHET 22 LA E R
(Fig. 14), Z N5 OFE R & [FERIC, Akt1/2 O % B H AR E o 7 Rk —
VAEZTLESEDL LD WME SN TWVWDE[B6), LEDOFENSL, £ 2
IAKt1/2/CIDEA #& I 7 AR b — 2 M HE+ 5 Z L BNRB E N7,

— . A AV T L% CIDEC DI HLHIH X Akt, ERK KUY p38 Tlix7z
<VINK Z$ 252 E(Fig. 12), &5, INKLEWINK2 DT A Y 7 4 —

LD S B, INK2 204252 EnRH LM ERoT(Fig. 15), & H 1T, INK1
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TIE7Z2 < INK2 A 2V A KD IEMIEERRICE ST 2 2 & 239D TH
5 E e o 72 (Fig. 16), L EDOFER NS 4 2 U [INK2/CIDEC # # 13 /5
MR RE 532 2 & 3R S vz, INK2 (% Hela #l ja i 35 W TRE M i
OEFHEMEFFICEDL D Z ERHRE SN TWDH@BT)., £, INKL+/- INK2+/+
TIE 72 < INK1+/- INK2-/-RK B A <~ 7 A8 e A o AU CHGTEI 2 D
I NWZ ERHREINTWNAHB8), ZNHLDOFERNL ., INK2 LR XX A
YAV BB XS R EEMERBOERICTFLE T LI ERMHEIND,

ARETIE, A AV LD INK U UBERN PBK 203252525
DL, B PAAEHMR COZDO X S 2@ETSEINYD TTH D
(Fig. 17). 1 > A U U B PI3K Z 4 L T Akt X VINK ZiEMEfb &85 Z L,
fih DML CTIXBEICHRE STV 5D (39-41), RKETIX, & hAGIEMEIC
BWT, £ AU UIPIBK O Fiitic Akt XV INK & 7 FARERH O | *
NENDBPIBK T THIELTWS Z & &2 5202 L=, CIDEA XU CIDEC
X, PISK Fift Tz L7z Aktl/2 L OV INK2 & 7 F V@2 LT A v A Y
RV RRICHIE S TR, 2RI, ERENA R TR DT
R b= 2 WHER KO E ISR IRMIC TS 32 2 & Al S
5 (Fig. 18),
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Fig. 18. Hypothesis of insulin signaling pathways associated with the regulation of
CIDEA and CIDEC expression in human adipocytes. The regulation of CIDEA and
CIDEC expression by insulin is mediated by PI3K signaling. However, the insulin
signaling pathway involved in the regulation of CIDEA and CIDEC diverges into
different pathways downstream of PI3K. Aktl/2 mediates insulin-induced
downregulation of CIDEA, whereas JNK2 mediates insulin-induced upregulation of
CIDEC. The insulin regulation of CIDEA and CIDEC via different signaling pathways
would contribute separately to insulin-induced anti-apoptosis and lipid droplet formation

in human adipocytes.
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1)

2)

3)

4)

VAN

E hAGIEMBICENT, £ AU Ik CIDEA O CIDEC @
FEHEIITNT S PBK 2%,
ZOHEE DD v 7T AR PISK Tt Tl LTk v, CIDEA
O 7 BLH 41X Aktl/2, CIDEC D& BLHIE X INK2 247 5,

A AV AR BREEIZT AR b= A5 T 5,

A AU UNINK2 R IXIEN AR 59 5,
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FTAE ARV VINK2 BREBIZCXZEREY A OB RKICEET3HR
Bz FDOBRR

AR Tl PRI Y 1 X RICB D 5 CIDEC DHBLA A A U [INK2
BEICLVHIHSND Z 2N LA, KETIX, YA X0
WIRAD =X L% L0 FEANICH D202 5 728, CIDEC LAMC b oo i1
FEHUZE DL BIn 231 AU VIONK2 BREEIC KV HlH SN nE>0EE M4
) h=A 7 aT LA N KON Ingenuity pathway analysis (IPA)IZ X 0 fE&EADIC

BRI,

1. EBITE
1-1. #

DMEM/F-12 (1:1, vol/vol)iZ Invitrogen (Carlsbad, CA)7%> & i A L 7=, Human insulin
IZ Novo Nordisk (Bagsveerd, Denmark) 2> & I A L 7=, Rosiglitazone (% Alexis
Biochemicals (San Diego, CA) 7> & i A L 7=, 3-Isobutyl-1-methylxanthine,
dexamethasone (Dex), pantothenate } UF anti-B-actin antibody (& Sigma (St. Louis, MO)
B L7z, Biotin X Wako Pure Chemical Industries (Osaka, Japan) 7> 5 A L 7=,
FBS 3 Biological Industries (Kibbutz Beit Haemek, Israel)7> 51§ A L7=, Anti-sterol
regulatory element binding protein-1 (SREBP-1) antibody (H-160, sc-8984)/% Santa
Cruz Biotechnology (Santa Cruz, CA)72> b A L 72, Anti-JNK2 antibody 1% Cell

Signaling Technology (Beverly, MA) 7> 5 A L 7=,

1-2. & b E A5 A AT A s & 5 TR RR ~ @ 43k (Fig. 4)

A7 —LReartr hoOBLNT 640 FMHEE(Fig. 2 THEH) KD 64
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DLLVEERFE (Fig. 1, 3—6 THM) DR MR B kD v b B EAE T RiTEH DS
Zen-Bio (Research Triangle Park, NC)72» LA L7z, 6 4 DB HEEF ITIEEIES TH
v . Body mass index O EH#IEIL 27.2 (range 26.4 — 28.4) ., H= i O SEME I 41 1% (range
29 -57) T o7z, 64 DL MEFEITIFMEE TH VY . Body mass index D F-LIfE %
27.9 (range 25.7 — 29.9). 4E#i D EHEIT 40 mk(range 29 — 52) Tdh - 7=, & MENGHI

BRI 2> S RE MR ~D o3kl FaR (B 2 B, 1-2)D K 9512 7> 72,

1-3. siRNA fiZ#r

SIRNA AT IE b3k (35 2 2. 1-5) D X 5 1247 - 7=, AL IEIHIIEIZ Lipofectamine
RNAIMAX (Invitrogen) %z A>T, 4 10 nM @ Control siRNA (12935-114; Invitrogen),
JNK1 siRNA (12936-42 Duplexl; Invitrogen), JNK2 siRNA (12936-44 Duplexl;
Invitrogen) &\ Vi3 SREBP1 siRNA (HSS110187)% F 5 > 27 =7 hL7-, hTF %

Tx a7 v EFTE HEIZ L EI T,

1-4. ~A 7 w7 LA g

3MDOMIN LIZERMNLFHH LI RNA 22 nEF&T HEE L.
two-color ¥ A 7 v 7 L A fi# # (Agilent whole-human genome 4x44K array
platform; Agilent Technologies, Santa Clara, CA)IZ il L 72, iz F+ R B 70 7 7
A IV D LB R HT 13 GeneSpring GX 11.5.1 (Agilent Technologies) & AV CT1T -5 7=,
TUNEY) I EHELRTF DU A - EZVER L 7= (Flag: detected; Filter by
expression: signal intensity > 80; fold change > 1.2), & 52, WEAY 7 7 A X —45#r
IR VBT v 7 7 A VORELL LT B A5 1 & 42 8 CTRFuM & 1ERK L 72 (uncentered

Pearson correlation, average linkage method),

-48 -



1-5. Ingenuity pathway analysis (IPA)

Ingenuity Pathway Analysis (IPA; Ingenuity® Systems, www.ingenuity.com) % fv T,

BER L 728 s T HE S B 53 2 Ml B aE M O B itdis S A 7 2 Tl L 7,

1-6. U7 V%A LAEH PCR

U7 NV A LEEPCRIZFEREE2E, 1-3)D X HITiT- 7T, K&z D
TagMan gene expression assay system | 2L T 273" 6 @ % Applied Biosystems 7> & i
AN L7, ATP citrate lyase (ACLY; Hs00982738_m1), acetyl-CoA carboxylase 1 (ACC1;
Hs01046047_m1), fatty acid synthase (FAS; Hs00188012_ml), CIDEC mRNA
(Hs00535723_m1) K&z TF 18S rRNA (Hs99999901 s1), Sterol regulatory element binding
protein-1c (SREBP-1c) MRNA O 7' A ~— kN7 v —7BFNILL F DY Th -
7z (forward primer, 5' CCATGGATTGCACTTTCGAA 3'; reverse primer, 5 CCAGCATA

GGGTGGGTCAAA 3'; probe, 5' TATCAACAACCAAGACAGTGACTTCCCTGGC 3Y),

1-7. W= AKX 7 a -y NEW

VAT ay MEFTIZ EREE 2%, 1-4)0 X 51297 o 72, Mg kO,
% Hh i o F %4 13 NE-PER nuclear and cytoplasmic extraction reagent kit (Thermo
Fisher Scientific, Waltham, MA) Z N T1T - 7=, AR/ E fl iR (15 pg) M OEZ il H iR
(5 pg)% 7.5% —10% SDS-polyacrylamide gels TEXUKE) L 7= . Immobilon-P
membrane (Millipore Corporation, Bedford, MA)~% > /N7 &% N7 A7 7 — L7z,
Membrane Id 5% BSA & A TBS/0.05% Tween-20 T 1] 7 = v % > 7 L SREBP-1,
INK2 i B-actin IZRF R PUAZ W T A —/N—F 1 k| 4°C TA U F a2~
— h L7, £d%. Horseradish peroxidase-conjugated anti-rabbit 1gG antibody (GE

Healthcare, Little Chalfont, Buckinghamshire, UK) z AUV T 1 REf A > F = X— K L,
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ECL detection reagents (GE Healthcare) # T ¥ > /) 7 & & w4k L 7=,

1-8. LR RS0 SO B BR 15

MLz Eadb (5 2 &=, 1-6)0 X O ICEHE - BEb LT, B&EE, Mz
Image-iT FX Signal Enhancer (Invitrogen) Z AW C30 0. IR CT7 rny X7 L,
polyclonal SREBP-1 antibody (H-160, 2 ug/ml)% T overnight, 4°C TA > % =X
— b L7z, WIZ. #lfiK % Alexa-488-conjugated goat anti-rabbit 19G % VT 1 B[,
HETA v F 2=k L, 02 ug/ml DAPIPBS % I\ T 55 M., | TA v F =
R— kL7, D%, fidz 3 \EPEF L7005, ProLong Gold Antifade Reagent
(Invitrogen) = FHHWWT A7 A4 RHZ7 R Biz~w v v b L, HEA L —F —BRMEI(LSM
700; Carl Zeiss, Jena, Germany) C Al fiAk L 7=, BEMEE S E1Ix63 Of%53E T SREBP-1

k. DAPI 137 CTHUS L. ZEN software (Carl Zeiss) & HW\\ T~ — ¥ &+ 7=,

1-9. de novo 5 Wi 2 & Rk O fig #r

AR Wi MR & serum/Dex/insulin AN 5 #EFRFEE H T 16 FfH A > F 2 X— F L7z
%, 100nM 1 AU RN L, 24 RIS Sz, & 512, M4 1.5 uCi/ml
[1-**C]-acetate (New England Nuclear, Boston, MA) & U* cold acetic acid (500 uM) & A
DREOEE A T 2 Kff#], 37°C TA > FaX—hL7, Z20%, Mz
15% KOH/ethanol Z W TRl AL L 72 1% . Ml la B& ¥k 2 2 Befi] . 85°C TA %
aX— T 52 ETT I INKGMRE LT, KIZ, AM=—T VERML, LE
DIEHBYEDREE Ay Z2 i - BRE LT, WRIC, lREZRNLIZob6, Aile—T
VBRI L, Mtk o 85 Al 4y (fatty acids) & [RIUX U, Ho[E L7=, o[ aE A X ) —
JL TR L . ULTIMA Gold MV scintillation cocktail (PerkinElmer, Waltham, MA) % %

MU T, B EE2EIERY F L —3 a5 7 % —(Packard Instrument Company,
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Meriden, CT) Tl & L 7=, #&%5%1% nanomoles of fatty acid per hour per milligram of

protein & L T&E L7z,

1-10. He 50 7% U0 % 15

H 4 PR e 1 1% Catch and Release Reversible v2.0 Immunoprecipiation System
(Millipore Corporation)z FHV\CT{T- 7=, #ifg% 20 mM Tris-HCI (pH 7.5), 150 mM
NaCl, 1 mM Na2EDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, 1 mM
B-glycerophosphate, 1 mM Na3VOy4, 1 pg/ml leupeptin, 50 uM MG-132 21 mM
phenylmethylsulfonyl fluoride (PMSF) & 4 Lysis buffer % AW TrIIE(L L7z, Al ME
E 53D & 327 E (500 ng)Z INK2 [ZRERAY 2 btiR 2 H T overnight | 4°C T

VX a_X— KL, ELEMAE T AX Ty MEIZK Y RIT LT,

1-11.%% 5+ HT

H BT AEAT IE Unpaired ttest 2 5806 L7, FEHIFR 5%z A2 & Lz, #RIT

3E DAL L 72 R O FIEHARHERE TR LT,
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2. fES
1-1. ARV VIONK2BEBIZEXVHBIN I BETOHEBHER

A AV NOINK2 fRBEIC K0 KR RAYICHIE S 5 B s T 2 M8 ERE T 5 72
D, & bRT S LA 70T VAN 2T ol A AU 0 SIINKLA AT
JL OV SIINK2/A 2 A ) ARINEECTHRBIN 1.2 [5LL EA®) L 7- BB 1o T, E
)7 T AR =03 aiTo 72, BRENZ &0, SRHIENE N7 585 7R B
7'u 7y A )VER LIEZ(Fig 19A), A > AV CEINEECR BN T L7z 3,152 &in
D 9B 455 BAG 103 SINK2/A > A Y U IRINEE CHREE IR BLME T L 7= (Fig.
19B), £72, A > A U TRIULT L7z 3,032 EITD 5 b, 361 EisF° siINK2/
A A CUSINEE TR B BLON L L 7= (Fig. 19C), 25 OB x 1 H#£(455 &
361 B EF)IEA > AU NINK2 RRER I & 0 K BAICHIE S N D @I FRECTH D
TR E N,

HIZIPAZ FHNT, A AU NINK2 R EEIT K0 Fr B BLHIEH S 5 816
BT GT D AIERERE 2 f <72, 1 > A U L IINK2 BRI RH IR D 5
BAS T ORELZ FITHI# L(Table. 1), 8 & FIXBEMRBM AT IV —D ~ U 7Y
YU RERICHEREICES T2 2 &3 L7z (z-score < -2; Table. 2), & 512, AT
BT DR A RO~ A X — L F o L—F—iRER T L L Tabid Sterol
regulatory element-binding protein-1 (SREBP-1, SREBF1)73 Z 41 & i s+ D T3 7 i
BEHEEFTH D 2 &N PRI S iz (z-score -4.119; Table. 3), xHREYIC, A Y
YIINKL #REEI L0 Fr 29I BB S 5 868 MEin T Tik, T b DIEREN 7
TY =% RIS oTle, LEORERNG . A AU IINK2 B ITREE AR B

LB TFOFREZE EITHET L Z LB BN ERoT,
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Fig. 19. Global analysis of gene expression regulated by insulin/INK1- or
insulin/INK2-dependent pathways. A: Hierarchical cluster analysis of upregulated or
downregulated genes. Differentiated adipocytes were treated with control SiRNA
(siControl), JINK1 siRNA (siJNK1), or JINK2 siRNA (siJNK2) in maintenance medium
for 7 days. Cells were then starved in serum/Dex/insulin-free maintenance medium for
16 h followed by stimulation with or without 100 nM insulin for 24 h. Fold changes were
calculated using changes in gene expression in siJNK1 or siJNK2 with insulin compared

to siControl with insulin (siJNKZ1/insulin or siJNK2/insulin), and insulin compared to
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control (Insulin). Expression values are presented as Log2 scale using different
gradations of red for genes upregulated by > 1.2-fold, and blue for genes downregulated
by >1.2-fold. B and C: Venn diagram illustrating overlapping upregulated (1) and/or
downregulated (]) genes in siJNK1/insulin (blue), siJNK2/insulin (green), and insulin
(red). Lists of siJNK2-specific insulin-response genes (yellow regions) were integrated
into the IPA (Tables 1 — 3).

Table. 1. Top five bio-functions of genes regulated by an insulin/
JNK2-dependent pathway analyzed by Ingenuity Pathway Analysis.

Molecular and Cellular Functions

Category p-value
Lipid Metabolism 3.84E-09-1.64E-02
Small Molecule Biochemistry 3.84E-09-1.64E-02

Cellular Growth and Proliferation 6.52E-08-1.37E-02
Vitamin and Mineral Metabolism 1.68E-07-1.37E-02
Cellular Development 1.55E-06-1.56E-02

a A W N

Table. 2. Functional annotation of genesregulated by an insulin/INK2-dependent pathway.

Functions Predicted Regulation
Category Annotation p-Value Activation 7-score Molecules
State
Lipid Synthesis of AGPATE,FASN,LPL,
P y 8.38E-05 Decreased -2.005 NR1H3,PLIN2,PPARG,

Metabolism triacylglycerol SCD,SREBF1

Table. 3. Predicted transcription regulator of genes regulated by an insulin/INK2-dependent pathway.

Transcription Fold Predicted Regulation  p-value of
Regulator  change Activation 2-sCore overlap Target molecules in dataset
State
AACS,AARS,ACACA ACACB,
ACLY,ACSS2,ALDOC,DBI,DHCRY,
SREBF1 -1.499 Inhibited -4.119 1.22E-12 ELOVL6,FASN,FDPS,G6PD, IDI1,

IMMT,INSIG1,IRS2,LDLR,LPL,
LSS,MVD,NR1H3,NSDHL,PPARG,
SCD,SREBF1, TMEM97
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1-2. A4V RV V/INK2 BE&IZ X 5 SREBP-1c @ 3% Bl

SREBP-1 |% SREBP-1a & 1* SREBP-1c D7 A Y 7 #— LA NFET D25, NENifM
I SREBP-1c DFBLENZ 2 L 3BTV 5(43), £ Z T, SREBP-1c @
FHNA LAY CONK2 RREEIC Z VHE S D028 2 02% U TV % A LjER PCR
ETHAT, A AV i SREBP-1c mRNA D3 Hi % Wi RK 771 B2 I8 FER A7 1Y

HolzjoE &, 24 B K& N 100 nM The K2h# % 7k L 7= (Fig. 20A, B),

SREBP-1c mRNA SREBP-1c mRNA
=0~ -Insulin
i 3.0
2.0- =@ +lInsulin " .
% *k E 25 **
> * 2
D 1.54 < 20
*%*
s * &
% 10 *k c 15
) £ 10
> =
= 5]
© 05 T 05
IS 4
* 0.0 00 NN O D
T 0 12 24 36 48 o VoS
Time (h) ]
Insulin (nM)

Fig. 20. Insulin increases SREBP-1c mRNA expression in a time- and
concentration-dependent manner. A: Time course of insulin-regulated SREBP-1¢c mMRNA
expression. Differentiated adipocytes were starved in serum/Dex/insulin-free
maintenance medium for 16 h and then incubated in serum/Dex-free maintenance
medium in the presence or absence of 100 nM insulin for the indicated times. B:
Concentration — response effect of insulin on SREBP-1c mRNA expression.
Differentiated adipocytes were starved in serum/Dex/insulin-free maintenance medium
for 16 h and then incubated in serum/Dex-free maintenance medium in the presence or

absence of insulin at the indicated concentrations for 24 h. The mRNA expression levels
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of SREBP-1c were measured by quantitative real-time PCR. Data are presented as means

+ SEM of three independent experiments. * P < 0.05, ** P < 0.01.

RIZ, A AV 12K % SREBP-1c OFBMHIEIZI KT 2 INK OFF 5 & i ~7z,
INK BHZEF] SP600125 131 > A U 2 & % SREBP-1c DR BT & 2 FE K A7
) L 7= (Fig. 21A), siJNK1 iX SREBP-1c DR B L /2o 7208, siINK2 &
A > A Y N k% SREBP-1¢ D ¥ B L % #f] L 7= (Fig. 21B), 45 siRNA i JNK1
STV INK2 mRNA DR B4 Z N ENFRERNIC /) v 7 0 ST (Fig. 21C), &
512, SREBP-1 IZABE{A SREBP-1 # > /%7 & (pre-SREBP-1; ~125 kDa) }& ON& M
HCH 5/ SREBP-1 % > /)7 B (n-SREBP-1; ~68kDa)’ FAET 5 Z L35
NTWBHTed, MIEFORBETZ AL T ay MEZLD#HRT, 1A %
pre-SREBP-1 }x O' n-SREBP-1 % /X7 B DR I7 DHEBL % B (T TUHE S B 7273,
SIINK2 13 Z U2 BEE (2401 L 7= (Fig. 21D), siINK2 (% INK2 % > /87 B O3B &
ERRMC ) v Xy SEz, DLEORERNS, SREBP-1c ORBLIEIA A Y

VINK2 BRI L O SN D Z ERH BN E 7o T,
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Fig. 21. Depletion of JNK2, but not JNK1, attenuates insulin-induced SREBP-1c
expression. A: Concentration — response effect of the JNK inhibitor on SREBP-1c mMRNA
expression. Differentiated adipocytes were starved in serum/Dex/insulin-free
maintenance medium for 16 h. Cells were then treated with SP600125 at the indicated
concentrations for 30 min followed by stimulation with or without 100 nM insulin for 24
h. Data are presented as means £ SEM of three independent experiments. ** P < 0.01 vs.

control without insulin; ## P < 0.01 vs. control with insulin. B and C: Effects of INK1 or
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JNK2 depletion on mRNA expression of SREBP-1c (B), JNK1, and JNK2 (C).
Differentiated adipocytes were treated with control siRNA (siControl), JNK1 siRNA
(siJNK1), or INK2 siRNA (siJNK2) in maintenance medium for 7 days. Cells were then
starved in serum/Dex/insulin-free maintenance medium for 16 h followed by stimulation
with or without 100 nM insulin for 24 h. Data are presented as means + SEM of three
independent experiments. ** P <0.01 vs. siControl without insulin; ## P <0.01 vs.
siControl with insulin. D: Western blot analysis of pre-SREBP-1 (~125 kDa) and
n-SREBP-1 (~68 kDa) protein expression in cytoplasmic and nuclear extracts,
respectively. B-actin served as a loading control. An arrowhead indicates the 54-kDa
isoform of JNK2. These experiments were performed three times and the results of one
representative experiment are shown. The expression levels of each protein were
normalized relative to B-actin protein expression and are shown as relative protein levels.
Data are presented as means + SEM of three independent experiments. ** P < 0.01 vs.

siControl without insulin; # P < 0.05, ## P < 0.01 vs. siControl with insulin.

1-3. AVRYVZKDEMBERDTLEIIHNT S5 INK2 DEE

FFAIREIC BV Tk, A > A U > X SREBP-1c 2/ L CTZ OEMNE B+ T
& % ACLY, ACC1l, FAS Jx U} SCD1 72 & O RN Ea A hk B % & O R Bl % 7
H L, de novo IEIiEG A TLEIE L Z R LML TV D2, INK2

N ORBICEET 2008 9 038 5 10T 7220 (Fig. 22) (44),
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Fig. 22. Iffili@ic 7 54 > A U 2 X 5 de novo 5 I g & bk T 1E H

T T A AU NONK2 BN IENIE G RIS D 58% Th o5 ACLY,
ACC1., FAS K 1* SCD1 DR BM I GF 2708 5 EifNiz, £ A
> 1X ACLY, ACC1, FAS }%2O* SCD1 mRNA o % 8l % 58 % (2 Lk &+ 7= (Fig.
23A), siJNK1 X ACLY,ACC1,FAS %} SCD1 DR ELICEE L 2o 123,
SIINK2 (314 AU I XD 26T JLEZ 5 S & 72 (Fig.
23A), WIZ. denovo fEREE G RIC X9 2 INK2 DB G ZF~7=, 4 R

1% de novo fE NG E A Bk & BHZE IS JLHE S B 7228, siINK2 13 2 & i L 7=
(Fig. 23B), siINK1 /% de novo JERfE B RICECEE L 2 v o 7o, BL E OSSR
BoA A AT K D IR Al BE I8 % 5 0 38 BLTT I KUY de novo AR e &
O TLHEIL, INK2 G595 2 LW 6MNE R0 T,
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Fig. 23. Depletion of JNK2, but not JNK1, attenuates insulin-induced upregulation of
SREBP-1c target genes and increase of fatty acid synthesis. A: Effects of INK1 or INK2
depletion on SREBP-1c target gene expression. Differentiated adipocytes were treated
with control siRNA (siControl), JNK1 siRNA (siJNK1), or JNK2 siRNA (siJNK2) in
maintenance medium for 7 days. Cells were then starved in serum/Dex/insulin-free
maintenance medium for 16 h followed by stimulation with or without 100 nM insulin
for 24 h. The mRNA expression levels of each gene were measured by quantitative
real-time PCR. Data are presented as means = SEM of three independent experiments. **
P < 0.01 vs. siControl without insulin; ## P < 0.01 vs. siControl with insulin. B: Analysis
of fatty acid synthesis. Data are presented as means + SEM of three independent
experiments. ** P < 0.01 vs. siControl without insulin; ## P <0.01 vs. siControl with

insulin.

1-4. ARV VL DIEMBEEKROITLEIZX T D SREBP-1c D E &
Rz B Tld, SREBP-1c 3/ i&E(s+ CTdH 5 ACLY. ACCl. FAS

J O SCD1 72 E D i e & A BREBE R D Bl 2 3538 L. de novo i5 I B2 & A&
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ZILEIELZ LN MBNATWD A (44), NENMIEIZH 1T 5 SREBP-1c
ODERMITHA L TIE RV, 22T, v FAAKBMEICIK VT, SREBP-1c
23 1 T e 6 i B 3R I S o0 FE BLARNAE R ONIE W R & iR % 59 2 00 & 0 & R
7=, SREBP-1siRNA (siSREBP-1)iX. A A U >/ {2 L % ACLY. ACCL1, FAS
e OV SCD1 O F& BLTLHE % Ji 55 S & 7= (Fig. 24A), & 51T, SiSREBP-1 %1 »
Z Y T X % de novo RE e A B D T A 5S & ¥ 72 (Fig. 24B), 2 H D
FERNO, A AV T K DNENIER G R B HERE R D JE BLTUHE & Y de novo

felile & o JitE X, SREBP-1 N HE T2 Z ERHALMNE o T,

A ACLY mRNA ACC1mRNA FAS mRNA SCD1 mRNA
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Fig. 24. Depletion of SREBP-1 attenuates insulin-induced upregulation of lipogenic
enzymes and fatty acid synthesis. A and B: Effects of SREBP-1c depletion on expression
of lipogenic enzymes. Differentiated adipocytes were treated with control SiRNA
(siControl), or SREBP-1 siRNA (siSREBP-1) in maintenance medium for 7 days. Cells
were then starved in serum/Dex/insulin-free maintenance medium for 16 h followed by

stimulation with or without 100 nM insulin for 24 h. The mRNA expression levels of
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lipogenic enzymes (A) and SREBP-1c (B) were measured by quantitative real-time PCR.
Data are presented as means = SEM of three independent experiments. ** P <0.01 vs.
siControl without insulin; # P < 0.05 vs. siControl with insulin. C: Analysis of fatty acid
synthesis. Data are presented as means = SEM of three independent experiments. ** P <

0.01 vs. siControl without insulin; ## P < 0.01 vs. siControl with insulin.

1-5. £ RV 2k % SREBP-1 Yuk vy 7 RUOEBERABITCXN TS
INK2 DB &

SREBP-1 DOIGMEIXHIIANRBTEICIKFT 5 B 2 BTV 5 (45), SREBP-1 (%
pre-SREBP-1 & L THRK S 4L, /MafEE LICRIET 5, Z @ pre-SREBP-1 |3
Coatomer protein Il /MEIZHE A LTIV VHEBE~EBIT L. ZE 2T 2 B LI
nt v Nz S, WEEEL EMNRLO n-SREBP-1 13~ BITL, HH L
HIEEFOEEZME T 52 ENMBNTWD, £ 2T, SREBP-1 Ot N {TE
Wa vz 227wy MEKUIEE SR s BMEREIC K0 i~z 1 Ko
A VAV ALEIZE Y AHIRE O pre-SREBP-1 & > /X7 B & XML L. £ZH
/3D n-SREBP-1 % /)7 B 81X Ui L 7= (Fig. 25A), SiINK2 (XA AV 2L D
W n-SREBP-1 & /X7 E & D Lk & Jifi] L 7= (Fig. 25A), SREBP-1 &8 7Gx
BBRITA AT RN UT BN MO T EICBE SN2y, siINK2 (X2 h %
il U7=(Fig. 25B), [RIARD &t T, FE5S% 196G TIXHOLR BRI S /e h o
722 L, SREBP-1 DYl s 7 VIR TH - 7= L5 %2 5 7= (data not
shown), L EDFEE NS, A4 > AU 2K 5 SREBP-1 7' r& v v 7 K OENBIT
OFEILINK2 20T 52 EnHbmnE o,

R#%IT, INK2 28 8D K 52 SREBP-1 » F kv > 7 J OV BLHIE12 BY

B350 %MA 70, JNK2 75 SREBP-1 L Z U XUV BEEKEZREKT 5
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Fig. 25. Depletion of JNK2 inhibits insulin-induced SREBP-1 cleavage processing and
nuclear translocation. A: Western blot analysis of pre-SREBP-1 and n-SREBP-1 protein
expression in cytoplasmic and nuclear extracts, respectively. Differentiated adipocytes
were treated with control siRNA (siControl) or JNK2 siRNA (siJNK2) in maintenance
medium for 7 days. Cells were then starved in serum/Dex/insulin-free maintenance

medium for 16 h followed by stimulation with or without 100 nM insulin for 1 h. f-actin
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served as a loading control. An arrowhead indicates the 54-kDa isoform of JNK2. These
experiments were performed three times and the results of one representative experiment
are shown. The protein expression levels of n-SREBP-1 were normalized relative to
[-actin protein expression and are shown as relative protein levels. Data are presented as
means £ SEM of three independent experiments. ** P <0.01 vs. siControl without
insulin; ## P <0.01 vs. siControl with insulin. B: Confocal immunofluorescence
microscopy of adipocytes stained with SREBP-1 (green) and DAPI (blue). Scale bar, 30

pm.

ME D ERGEREIEL Ny A X T ay MEICK D 7z, Bk
WZ IS, 300 AU U ERMLE LR B IR L s kiR B v
T, pre-SREBP-1 % > /3 7 B X INK2 % v 878 & e vk pk L 7= (Fig. 26),
Z ORERITVINK U AEA 30 p DA AU SLEICX Y ITHES D L v
IRIEDFER NS b XS5, Normal IgG #H W/ b o —/)LERT
. 2O XD RIBERFRITBESI o, L EDOR RS, INK2 X

A AV TGS LT, pre-SREBP-1 EMHEAEHAT 5 Z & 3 /RIB X iz,

IP: 1gG JNK2 Lysates

Insulin - -+ - o+
WB: pre-SREBP-1 e g
WB: JNK2 -— - e | -

Fig. 26. JINK2 associates with the precursor forms of SREBP-1 in response to insulin.
Differentiated adipocytes were starved in serum/Dex/insulin-free maintenance medium

for 16 h followed by stimulation with or without 100 nM insulin for 30 min. Endogenous
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JNK2 protein from cell lysates was immunoprecipitated with JNK2 antibody, followed
by immunoblots with SREBP-1 and JNK2 antibodies as indicated. An arrowhead
indicates the 54-kDa isoform of JNK2. These experiments were performed three times

and the results of one representative experiment are shown.
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3. &

Pt

ARETIE, b FAAEHMBICIENT, 42U U INK2 BREIC X
R SN2 BIn T OMEEMITICET 5200 TOFER AR Lz, ~
4787 VAT L IPAIZL Y, A2 AU )INK2 BREE T EICIRE R

DD BIETOREEGHIET D Z LGN E Ao 2 (Fig. 19; Tables 1,
2), SHI FMRICBITLENBERO~YAZ —LbFal—F2—ThU
JTEWIRFo A 2 U UHRFIMEZR EDOfk~ RIREBICEAGE T2 2 LM b T
% SREBP-1 73(44, 46), A > AU U JINK2 #RE&IC X v #Hl# & 2 EinfoE
BERIRGHREIR - TH D LB THI Sz (Table 3), % Z ¢, SREBP-1 ™-1a X}
D74 Y7+ —2055, EIHIILTHREEDZL Y SREBP-1c DIEHLHIHIZ S
WTHARTZEZ A, A AU VINK2 #Ri#1X SREBP-1c DR 8BTHEICEE 595 =
EMH B E 7o 7= (Figs. 20, 21), A > A Y 2 & D SREBP-1¢c DR EL K ONEM: X
FFHIEAR Tl Akt, Protein kinase A, Protein kinase C & O Insulin-induced gene-2 72 &
DORRFEIZ L VHIEEIND Z ENMOBNTWND(@AT-51), ZNHDHANS, A A
U 3k A 2 R AR AT L7l 2 O o 7 ViR %/ LT, SREBP-1c M%
BAEHEd 252 E2RB S,

WIZ, SiRNA # H W72 INK2 051/ v 7 X 7 B LAY v
Z X 2 MR Wi G Rl B E I 32 0 F BT HE & T de novo I i e & ki D JTHE 13
INK2 8532 2 &R TH &M E 72 o 7= (Fig. 23), £ 7. SREBP-1 (%

FrMife CoOER & FERIC, & FBEAIEVMRIZIS W TS IENBES kR

FOBBFHEE KO de novo IEFE GO TTIHEICE 532 2 ERHALNE R
> 72(Fig. 24), U LEDFERNH, © FAABHMRIZENT, 2 &~
JINK2 #2313 SREBP-1¢c & N DR T & 2 5N ER & plc B H 1% 35 oD F8 Bl T
HZ I LT, denovo GG MO TTEICTHHET 2 2 & AR S vz (Fig.
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Fig. 27. t F AAJENTHIIICIE T D14 2 Y 12 X % de novo IENGEE A ARIC B 5-

4% FH INK2/SREBP-1¢ #% 1%

27), RETOE FAQIEIMIICEIT 5 A > A2 Y »[INK2/SREBP-1c #% ¥
DOYER L HELL L T H292 i T i%.INK/SREBP-1 #% 1% 7% Keratinocyte growth
factor IZ K2 NG & AKBAEBE R O BFEICEH DL L Z L@ EINATY
% (52),

RIZ . SREBP-1 O{EMITMANRTEICKGF T2 £ B X B TWD Z &5 (45),
SREBP-1 OMINBELEEZFTHIZ LA, INK2 T4 AV i kD
SREBP-1 a7 L UENBITICE G T 5 Z L 60 & 72 o 7= (Fig.
25), LA EDOFERENS, INK2IZA > 2 2k 5 SREBP-1 D Ptk v/
K ORBLTHEO R FICE G35 2 EBN/RE&NT, SREBP-1 D7 a7
OV BLHI A 1 = X LIS 2 ERL5MA A5 729D, INK2 & SREBP-1
ODHEERZRHRTZEZ A, INK2 (I14 AU K LT, pre-SREBP-1

CHEAERT S Z LV LZ(Fig. 26), 2R ETHOE Mz Hvwi-8gE
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725, n-SREBP-1 X SREBP-1c #fx 7' r»E€—4% — LIZ/HFIET 5 SRE &40
L7eA—hbFalb—rvaryrofBicly, BHORBLZHE T2 2 &0
WEINTWVWDH(BI), 2D &b, SREBP-1 7 ut v v 7 OIL#IZENO
n-SREBP-1 # N7 B EAHINS &, £ OR K. SREBP-1c DI B Z jLiE =
HHIERNB2zOND, £, A AV X7y MFMREBIZEWT
pre-SREBP-1c ®» U v igf{b e+ 25 Z L2 L V., SREBP-1c ® 7 mt v
7% il S ¥ 5 2 & R(54), ERK, INK & TF p38 MAPK 7% SREBP-1a % U
MIbT 52 LR MESNTWD(B5), UEOMANS, INK2 L SREBP-la
g\ ME SREBP-1c O{EMEAEZRFH L, TDO Tk v 7 R OENBITZ
JLESELZ LICLY, £ 2V 2K D SREBP-1c O3 BLHIHIZ & 57
52 & DHER S Tz (Fig. 28),

AT TlX, INK2 (X4 A U 2 k% CIDEC ® 3 BLyLiE & OV N5l o IR
KIGIZEAD D Z & 2R L72(42), RKETIL, INK2 T4 2V kD
SREBP-1c O H Bl K RN G RO LEICEDL S Z L 2R LT, £ 2T,
s 5K ¥ SREBP-1 7% CIDEC DR BMEICE G+ 20 E 5 hadi~lts Z
7. siRNA |2 X% SREBP-1 ORBLIHILA > A Y 2k % CIDEC OFEEL
JLEZ S L 72 ) o 7= (data not shown), = @ Z & 75, SREBP-1 /% CIDEC
OFBHEICEE LW E R R Ih/, CIDECOZEITNY 7Y &
U RERLONENIEEKR EBEET L Z L HE SN TWD(56), E> T,
INK2 12 KX D EN5i ¥ A X ofilliid, L7 < &b EorIIC T SREBP-1c (T &
% de novo EMIEE & A & EALIZATRES 2 CIDEC O #BLHIHIC L v i S
TWhEHEEEND, £72, INK2/SREBP-1c #£# @ de novo EIifE &
ST DFGITH OB ThH o722 L6 INK2 12 K D NEN5E T A X o il 41X
fDREN AR G5 L TW D AIREENHEEZIND,
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1)

2)

3)

VAN

ENEATBHMBICEN T, A >R U S IINK2 8B R E &A
F ORI EITHIE T 5,

A AU CIINK2 B O BLHIE B s 7 & LT SREBP-1e A R i S v 7,
INK2/SREBP-1c #&#&i% A > A2 UV A X 2 MENiER G R O TLH#ICR 59 5,

CHIEEMEY A ZADOHERA D= LD—FHMLEEZ BN D,
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i

B2 ETIX, B FABEMRIZCBITSA 2D Ik % CIDEA KT}
CIDEC R BHEEZREL, A > AU rOT KR b— 2AMFI1EHRICIX
CIDEA D F B T 25 NG N5 % i A H 2 1% CIDEC D 38 BLITTHE 2 2 g
R E5ET 45226 LTEEB2), #F 3 ETIE, A1 AV Tk D
CIDEA } U* CIDEC DI BLHIHICEE D 2 > 7 F /L ¥ 13 PIBK T it THri L
Tk V. CIDEA O FEBLHIH X Aktl/2, CIDEC @ FEBLHIH X INK2 2514 %
TLEEHLMNCLIZ@2), ST, A AU VIAKILR BEEKEIZT R b — A

ZRE L, 42U YONK2 BREEIIIEVIRERICE G T2 2 & 2B 6 7
L7z, 3 4 T, 4R Y IINK2 B IXIEE 3 B E 5 7 O R B &

CHE T o2 LB LNIC L, BHTREHHAHMBER L L T,
SREBP-1c 28 L & 72 (57), & 512, JNK2/SREBP-1c & #&1x 1 > 2 U >|Z
L DMEMBEROTTEICEG T2 RPN ERoT,

AHFFETIX, A AV 2k b e FARBNMEOEOEM (7R F— A0
i) MRV OIE R L (REVITETZAL. Y XDEER) 1 CIDEA & CIDEC 7%
BRI B G- L | € O FEIHIENL PIBK LARE D 2 7 F /v Toyllg L £ €40 Aktl/2,
INK2 290925 Z ENI BN E IR o 72(Fig. 29), £7=. AWFZE Tt ~ IR/
IZBNWTA AT AL DIERN (A XDHEKR) IZEDL L FRRRA 2RI E LT
JNK2/CIDEC i (MZ INK2/SREBP-1c 23 WL Hi S 4172, N & OV D% D BB R oD
TR - WBRICBWVTIE, 2 ETHRLAEE - EBRIENN—R L0 RFEl= X
NEX—ZELRNWZENREETHL, LL—FHT, BT FLeidnkLe
NERACKE RS 7 F N DB 2RI RE T 5 & ) FEN TE UL, 1BHERIE
AT L AR A BIERE IR~ & BRI b S, IR R ERE RO T
BAE T ITIRIRICESL TH Z N TE D000 LRV, KEAN D ORISE~DRE
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& LT A% INK2 OBREAR] % 72 1% SREBP-1¢c O BMGIFI OB SR S b,
LARIIARMTE % invivo ~ERE I, L0 AN REMTICBT 542
Z K DRI DE L T A XOFIEHEE AR~ D BERDH L, BUEDL Z A, K
BB W T BRI CBLE SN BIR N, thoBhifE i ko IEH
THBEINDINEIDITIAATH D, £DH, TV RABWEIT v &
OMREEEAEVMEEZ VT, & N AGIENME L REOB SN BlE I D Ty
MERETDLIENMELEEZOND, O LT, TNOLEHYHIZET 58T
w7 T N, Sy AT BRI RNAEA EOFEE AT,
iNVivoIZBIT 514 2 U A K DNENMIE D & WA XDl 2 &3 2 =
EMMEELIRDTHA D,

4>i<u>
PI3K AEEN \
/ \u
Akt1/2 JNK?2
) N
CIDEA & CIDEC SREBP-1c
i .
FHRE—S2 & B R e AL
IeRs iR % IRRA MR DY A X 1
=S| N @

\EEHEHHIHE

Fig. 29. A > A U A2 X DRI D% & V1 X O il A o (i
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