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T, DAEESCIEENEINL TBY, 2o OEEAREEROEE & LT
%Z%mfwémﬂ\@Y%EK@@LT@:%%&ﬁUy&VyFH—Af
HDHV, ARV w7 v Ra—ALid, BEREBSEESREREICELD, B
FETLHZ L TERMLESELE, BERMEEERELFIESED L, mﬁﬁ
PE DR EOEBE R 2B RETH H(Fig.1-1) 2, ZDOA XK
Uy 7oy Ra—bLOFERKRELTEZLNTWDLIOMN, 7T 4RV A FaA
YORETHLH Y, EEERETH LT, IBHMEOEOEMCIEHERE O R
KPR, w7 m 77—V EEI L, BRI RAERISDNE UTofE R,
RERARIRRIN D WS ND T T 4 RV A A ANZERENES, 28 OREREE
FRIXEZTY, TTF AR A N HALDFTELTFUoRT T 4 R F
%, BERORFEOA A Y VAR T 2MERR A o AU ARBUEE
T HEE N HNTND Y, UL, TNF-a RRIEMY A A& LTH
SENDIL1RCIL6IEA AV 7T EREL, 4 AU SR RIE
SHDHZERHLMNIZIR-oTND 6, FL T, ITFE, Hi-loaA R ) bt
ZRIEEITT T AR A MHA L ELTRIEESNTZON, LF ) —ILFEEH
7’8 (RBP4) ThH 5D,

RBP4 (%, 21 kDa O HEHIES FEX /X7 ETHY . FFIEICEFE ST
WD LF ) — )V EERIRER ICIE Y, RO LT ) — IV EE B ICHIET 5729
ICHEBET DX VRV EREEEZ DN TE 78, LovL, BATHFRIC L VRS
FERIB OISR S WS D RBPA N, 7T 4 RYA bAoA & LT, AF
TROWEF £ 2 TTE S, HIATITEOR Y AL ZIRET 5 2 &5 Iz,
7,9)

L)L, 7T 4 RY A R A & LT RBPA IZIIRARSENZ OO RER
Thb, £, IEVIHKEED S0 RBP4 O, B E A 2 U AARHIMED &
HHICERT 2D ONTH L NIZ > TEW AR, EMEEL, 4R
VPR RIEL. AXRY v I Ra—AI2 b &) —EOFILD ED
B CRBPAN LR T HONEHALNCTHIEE, 7T 4R A Mgk
LTC?» RBP4 DEEZHALMNIT H-OICKETH D, FiRICEHRINLTWD
L/ —/lix, RBP4 L EAKREFER L., EMEZ A~ EEn 528, #inLz
RBP4 L F ) — L EFEAE LTS D), RBP4 OEED KGO e # I
ARBHCEEEZRIZTONIONWTERHATH D, 512, RBP4 OREBLHEE
IZOWTHRHATH %,



FIT, FEROSHOORMEALNNIT A X BT, BEFEMOEM
PR E T LV & BIRBIERIZ A VA VIR 2 EE T D 2 D OR R LET L
Ty NERWEFZE L . BSR4 VT RBP4 Bn B O 41T -
7=,

AL, EFTO 2 SOFERICHONVTHET 5,
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WO AEZRY v Ra—A

JEAFGEENHER L TWDANODHERAEICL S &, TRk 27 FE O FERNENLL
D VAL EMEF AW T 28.7%, #F 2 fLNEER T 15.2%, 3 3 LR D
9.4%., FHANMPMMEREELE T8 7%, FEHMNNERED 6.6%THD 10, 5§ 207
DEBRHE 4 ML ORMINEREEBR EOFEAEBROREK E LTHETF LTS
DN, AARV w7 Fa—LTHD,

Gerald Reaven (%, fEWE. &1 o AU CLE, THERERTE. BEEEEOM
DB AEEFEEY [0 Fr—AX]) & LW, Kaplan (%, B, &5 HAE
REMLSE., MFEREIR T, SMEDOEEZ DU EZ(deadly quartet)] & L7=
12, X562, WHO 28, A AU ARG L itEsE R, IFERFE. &l
JE. B, 7T I URBREDEROA, Slel bt 200 EHTIEEHIKEE
 IAZRY w7 Ra—h] EREBLEW, 20k, EEERFERICK
0. DM . mifLE, mFEAEN,. HDL 2 L 27 v —/ ViRfE, 22
JERFMBEEORE ON, 2 OB E CULEDREEZAXARY v/ Rr—AT
HHEEFLIZ W, BARTIE, ERITHEICAZRY v 7 v Fu— LBk
ERFZERICE > T, BEHEPEEEL L (B4 85em, &M 90ecm) . Nx
T. FHEAEGE 150 mg/dl LA ., HDL = L A5 o —/L 40 mg/d]l KiH. & ifE.
ZefE PR IMAEE 110 me/dl L E, CHOHDIHED S H, 2 5L ENYTEES &
(AR w7 Fr—Ah] ELTESEINZB, ZOXHIT, AXRY v
7 RE—LICOWTOERIIM —INTELT, RECERIN TN D,
L)L, TR TOERICBWT, IEH, milE, maLXA7e—, 2R
P IRIRICHIE L0 Tid e <. BB S WIS b A N4 v
ICEDEBHUEREICL ST EREISNTWHDEDO TRV E W I FRFKRIZT—K L
TWo,

ZOZEND, IEEIZE o> THRIFMIICRENREX 52 T, 7T 4R A
FNOAVORFEEGEEI L, A AV AERFMEEREL, AZRY v 7
R — AXHMARERIZERN S LB LTS,

UTFORITHE, Blilie AZRY v 7 vy Ra—L0MORETHL LEEZD
NTNDA A ARG E . RIS 5 W SN T T AR A A >
(ZONTIE~ D,
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F=E AR HHUE

A AT AR L X, TS B2 E DA A Y VRS IZ BT
A VAV AERAOBREECHBIZLY, 7 a—AORYAAZNED LTIk
BBThH 161D, A2 AARFIEOMEX%Z Fig 1-2 1R LT,

A AV 0, O Langerhans & (ER) O oWI W5, S
X, IIEOMBOEEERTH S, BEEITHEBEMICEBIEL TV A3, FESCHE
HE0LEHICE TH D, FEEIT., BEREEOK 2% 4 HOT\5, A
BOWN, SMGUWIRN 80% % L, FRVITEE L mMENED WD, B M
100~200 HEODOKEEZH > T\ b, EEOENENICMEN AL THH | K
B & AL MR I3 B B8 2 AL 7 ik & RIER ISR ISR T 5, BERS O
falx, ZoFEL a5, A, B, D, FPHIEBICHEINLTEBY ., A
fZ v I 20w, BHREIEA A Y &5 L., Dflalzy~ A%
F &AWL, PP AIIIIER U X7 F Repid 5, BT, BEEMEO
IHTHRHEL< 60~T5%% HO, —RICHESOFLEIZALET 5 19,

A VAT NFA LAY UZFBIHES L, —EISERMRRNIZE Y A E i,
T R A b=V ABETER SN2 R —2NOT 0T 7 —BI2L - T
DEIND, A A COEBFRNRIT. Kb I <MHNTND DO IMEE
KTIERTH D 1920, izt 7 I VBN U U LEgE, ¥ T EEROR
M, XX ENBROME]., 7Y a—7 AR E RERERE ORESCH AR Y
7 —B LW AR OMEIR EEOERIZZIGICES 19, SHBEICBITSA
ZY OREL LT, FETIE. 7 hEROET. 22 BEER. IBES
FROEEMN, FERGERECIE. v a—AB iAALSEN, RGO EH. Y
VY ROREOEM, VR 78 R—BOiEMH., AT Btk
U R—B O, BT ARYIALO ERAMEN TS 2D, FETIE, ZL
I — AV AREEM, 7V a—F U ERROEM, 7 BOBY AN,
R — DB R AR, # o\ BRACOIRT ., BESAET 3 B
DIRT, 7 PRV IARE T, B U UL ALRBEINR & & ERk R A @)
<IERb RO, EFICEERFLESTHD 19,

73— ZDORBN SO AL, REEHUZ K > TIThiL b, BB R
Tit. Na'& iz ZMEREENEIEIC K » TRl iAE D, 27 =
— AN, MR A EE LA T DREIBAHE Y J v a— A T VAR —F —
(X, MRz 12 FIEET 2@ T HAEEL RO VBT 7 I U~
L. ZN oD N Kl CRMITMBENICHEELTWD 1D, £ AU UE, 7
ARSI RR Clt. MIaED /L a—2A F TV AR—F —O AT = LT



Lo THIlEAN~D 7 NV a— AR AR ZRET D, JVa—ANTVAR—H
—I%. FERJEICHE- T GLUTL 7°5 GLUT7 £ T 7HEFEET L2 0L
&N T2 22, GLUT1 & GLUTS (%, E-CHd, FRIMER, B, AHIC TR
RV a— A0 iAA, GLUT2 i3, S BHild 2/ v o — AsiiE. B
B ERMEOBENNS O N a— Ak, GLUTY X, BHHOLT. BBl
R CTA RV VRO 7 v a— 2D Y A, GLUTS X =M 11T
T7/N7 =A%, GLUTS i34#EEF. GLUT7 I, JFigic T/Mako
TNa—A6 U VEEORNT UV AR—F—L LTE I ENRINETITHL N
ERTWD 1D,

A VAV EBD YRR GLUT4 1L, A > A U R MEMao/MiaE o/
B FAERICATR STV D, T DO A A U RIENER LS
&L NRITEBICHEBFEICE N> TEEI L CTEA L, b7 v AR—2—
Al AL, A AU AMERANIEED &, T U AR—Z — % EToMaEOHE
WiT=y R A b= A S, MEIZROA A ) RISk LEERFIZA D,
A VA UZREIEEIC X A/ NMEOMIEEA~OBE)NE P13 X — 8 OiF AL
2k A 23),

A A UZREIT. 5 FEDK 340,000 kDa T, 2a & 28 OFEHX R0 B
T2y hOOEREINLINERTHD, B0 RNA ETAK S, ¥
NI BRRIZE > THBESN TS AV AL T 4 FERICE > THE SN
5o aVr T =y MIMPELZEBL WS, BV 7=y s OMIBENEALIE
FoL o F—BiEREE LTS, a BT 2=y MIFHKIZT VU ik
INTEY, ZNOOHEREITHERTICENRTND, A AV U2 RFRE
EAETHE. BV Ta=y bOoFov o F—¥RNEH LS. BT 2=y
FoOFrd BRENECY VEBBESI, A ARV T T ANEEN 5 TN
17)

LinL., ZNoDA LAY AEABRRALPORRICEVEEINDSZ LT
SR OA AV ARG ZFIES D, A AU ARBUEE, A AV >
SRBOTHN G, HIEORBEEREIZREEST 514 R Y ANEHORKEN R EE
FTDOA AN VT FAREELZZITDHIEIRBENTND, T, 2
BERFBEIZBNT, A A UZREROESLTF s % F—BIEENER
THHZLENRESINTVWDED, A A UL IZ, ARV v T
NDOEETHD EORENEE->TND, MIZH I har U THEERESHK
DO L L REMEEER (L O & RERIEET v COA LTI T ) Er—b
DERBIZE>TA A UERFIENEZ DLV IHFLE &5 29,



TINHEDOA LAY UERFMEORREE LT, BEEIC L AL a— 2%
\Z X ADMHERE DR T, BB ORIEIC L AT T 4 RV A N A 3w EE
DT B D 25.20)

insulin Glucose
: Og Q
man 1) o %

e g
’ ] ¥
AN oL

Fig.1-:2 A AU AA&RHEOE &K

10



FUET 7T 4RV A A

TT A4 RYA MIA L EE, BN SIS NDRILE R A M A
V. TEIA v, N EOEBIEEME ORI TH D 20, ZiIvE TITAEN
A RAICRIRT D E VI BEICH UTE D L DT T, T2 50 UL E
DT T AR A N IAUBRIESINLTND,

BT T 4R A RIA L ELTRAEINTZOND, LTFTHDH 2, L
TF L, VRO RBIREBEZ IR THO L 7 F U2 BERIImZET L2 L
T, B X — AT, T E]IRA LT o OFRETC A AR 0O 1 B il 4
Y. BERBREEEHORLESTHD, TNETTFAX—OFREELE LT
DHIEZ HAVT XTI IL. BTN DIWIRER THY . 7T 4 B A " A
VEN LU THOEEICIER L, Bx 2ABEEZAE L TCV0DEN)I T ENLT
FUDOFERIZEI VAN o7, MZh, 77 4 Ax 7 Fouk, BB
FTER « BWEIINDHH /X7 'ETAPML & BRI TWA 25, 75 ¢ iK%
7 F L, BREHCHIBICE N TA A VSR L, MAEEEIZBNT
TEE S FHOBELZMEI L, ~7 077 —VOREIZ2mE L, ElREE Lo
HATZ P SC&EFIZ LT b 29,

L., BE 2925 & TNF-a, IL-6, CRP, 7 47V J 7 ENEH L,
INEDTTARYA NIAVRAZRY v 7 Ra—L04 AT Vb
P, HEBIEROERBERBEER T 25 Z ERHL NIRRT 29,

AVAY B ESIERZTT T 4 AR A M A& LT, BEMICFAES
N7 TNF-alX, ¥V« AL F=rFF—¥ThHs INK ZiEMH(L L.
IKKB/NF-kB & #1EM(b+ 52 & TIRS-1 & ) U ikEs ) Vb L., @%F
DIRS DY 7 F N %EHETSHZ L, TNFa 2LV, GKAP42 #5325 =
ETC, IRS ZEBFHET A LR EDPHLNI->TEY . RIEMYA A
Y ThsH 111, ERK 247 L IRS ORBLZEE L ~)LTHD ST 5 2 L0,
IKKB Z/r L CIRS #PHET A Z LAVRENTVWD 30, 2, IL-6 I3,
SOCS1 & SOCS3 ##FE 4+ AL TIRS #2 X F UKW 5T 52 L0
BHOMNIRo2TNDE 30, ZDOXICTTARYA SHA VR, AR VT
FNERETLZBNL DL LT > TV 5 (Fig 1-3),
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ELE X I A DOEE Lk

EHXIVALIT BNT A LF ) VDOERERETLOLVF A ROUE
SOThDH, VF /=i, 5H5FE286.5kDa THY, 4l OA Y T LU &h
L. “HEEEZ 5 EGASEELZFE > TS (Fig.1-5), LF /) —/LILAHHY
LT =B LS, IV F /A VEBBICBibs D, BPEAlE, v
=W TA NThAD, BhunTrirlohinr /A Re7ne s3I AL
L. AN ETLT /A FOTEEIELND, U aXuUik, Yaes
v ACEYH O AR W T U Th D, TIVETIZ 700 FELL ED b v
JA RPHBEBESILTWAD, B0FEDOANE X I AEEEZBAEL WS, LT
JARRTvT A RNiE, ., BHFE, @ . ULV BECEEEEZ LY
TN,

B2 AOAERIZ. SRR, R, ATE, RJE. MIE EROERRE,
W& N8 - FERRE A SRR 72 b NIRRT MR EE DMERF, S BIZIIFER -
WRIEHE DO TEETHD 3,

X IV ADORZIER, &IINZT v RTHEASN, 20k, & haegted
TOMFLEMW D RZIEIZ/R D Z LIRS, B IV ANRRZTHE, i
MIAE SV, B EMRRITEDICHECTE 2, £70, B0, HE5E
IZX T HEENE D, TOROICEBEITHELTIEELAENEZ D, ¥
& R OFENRO OIS, £, BiER EORMEBITIRL L, AL, £
JE ERROEIZE > Ttk & b ATEKEL RS, RBBEERON, BOEEFET
b0, JLEROEHE, IREREEEENEZ Y, BEERBAITLAICES, AT
%, KEELFIET 5 3D,

EX AR, ARAB, RS W o B ERSLSIILTF A RO
BT, FEAEECRY R EOMYHRELOIE T rE X I A L LTER
Ehb, BECEYHEEELO Yo X I ATV FF— 1 ICBEZ L CRBPII
CREAT A, I/ Y —ADOLFF— L X7 Z—FRN CRBPI LES LT
ALVFF— A EREHL., LF ) —NIIERT S, BHREROLF AR
X, VF ) —A~DIKG i Z T 5, LY TF LT =T VIV RN T U RT
=7 —+% (LRAT) iZ. CRBPI-LF / —/VEEKEZFE#HL, LT/ —/LTA
TNEEHT S, CRBPOIXLFF—LeLF ) —LOLEFE, LT/
—VEAT NVEREREILT D, hAuelregi, VF /) —)LTATIILE b
V7 o7 ) ea— LOMKGREZIZER SO eI e LT e
L THFiE~E T 5 32,
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[Tl CTlE, ENOEZ I A OF 80%NETE S AL, D 50~80%73 % I o
A OFFEMIIETH 2 BAIICRET 5 3330, G ~OE X I A Ok
X, RN G, LT/ —/LIZ RBP4 L EAKRERER L, LF ) —/LEaEN L
B2 D C/MERICERE SN D 33, Mgt icyibsni-tk, TTR LEET
%o LF—MTKT % RBP4 OFEEZEM.IT, TTRICE > TE® LI,
RBP4 O L F ) — L ~OFEEEHEFMEN LR T 25 (Fig.1-6)3, Z OfEE D
EF1Z. RBP4 23 RERRJEIE SR PRI K - TRk 912 TTR 28
55kDa OARET b7 ~—TTR L LT 515 ThHD,

X2 AMEN S RIREETTIZ, RBP4 ARk & EREILEWICITHO, B
RSN EX X ADBIFBSMIBIT T A2 LTz Ay, B2 I A
REZWWEETIL, LF/ —LEFEA LTV RBP4 N ITHIANTHE RS 5 Z &
HHA LN > TN D,

EXIVADOGHITHEZTELT, VT IAREIurT A ROFKER) =
L, AR RN AT R LR MRS, UV § L< iT’fﬁ%ﬁﬁ'ﬁx/\"
7 MERT, =X ) —WIERFORRENVRNSREIL, 2 T A LF ) —
L 325 nm, £ 7 AL T F— L 381 nm, E T UALVLT A UERIX
350 nm TH5H, LF/—/L% 325 nm THIELT A &, 470 nm OEEE2FHT
He TDOZLIND, MHESLENERNZLT ) A K ueT /A4 ROEEIX
‘WE@‘%&EW&ZMW n~ /77 ¢— (HPLC) 2 TiThbihbd, miELF / —b

ST A7, VF ) IR X R B ESHTENC T L a— LT &
=) /vmﬁ%/amﬂaﬂj CEVEMSELF ) =BT S D 8,
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Retinol Retinyl palmitate

W ‘/QVCHZOH ><_/W\\_\/1Q{VCOOCHH31
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|

All-trans-Retinoic acid

Fig.1'5 LF / — Atz
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Retinyl Esters
(from animal foods)

[p-carotene
\ ~ (from plant foods)
\ Vi
B

Liver

Fig.1-6 L7 — Llgkikng

Circulation
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FONHEHT VT —uiER Y 7 E (RBP4)

LT — ke Z 8 7E (RBP4) 1E. LT/ — L& fFlgn & SRIEAE Rk~
CIESEE S N EORE R R o2 X Th DS, RBP4 L, TR R
183 7%, 21kDa O HERIE S FEBX X7 ETH 5 30, RBP4 OFE L Z D
FLEAENRFICER S, VT — /OB U T, BENSHEISND &
EZHBNTERE, LnL, Kahn Hi%, RBP4 F I U AV 2= 7 <7 AR
A LAY R E R L, BAERO~T XY are S N RBP4 2% 545
EAVAY UM EBEET I EEHALNIC LD, BRSO ONERFET
NDILF RBP4 L)L ERLTWAZ EE#HLMNZ LD, —J5 T, RBP4
)OI TIRIEDLEA LAY VREEENBGET L LR, ARLVT /AR
T % Fenretinide D512 LV, JR~D RBP4 Bt g5 2 & C, 4~
A2 AARPIEN SR ETH L AR L, RBP4 N A A Y UIRPIMEICEE T ST
TARYA NIA L THDHEFEHR LD, RBP4 31 A URPUEZ BT
HAB=ALE LT, BERHICBIT DA AT UZHFIES 7 L0 TF Nl
OWERTAREFR PEPCK OFRBL LR EAVURI N, 5Bl A =X LIRS
Mo TW7ey, 72, RBP4 O RkOEETH L L F / —/Lgk &L O D
DIZHOWTHIH SN > TUVZRU,

Chem Rev. 2014 Jan 8; 114(1): 194-232.

Fig 7. RBP4
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CEE

BT & FEIER RS SRR 2° RBP4 8 &E &

Retinol {12 M IE 3 2 EARNT

18



HUE BT T L & FEIREEEE RIR T T LT v b OFEH

FH—IH HHY

9 RBP4 (%, AEGCA A Y AARGUEIRIE T ER 32 Z LB 6 nIT o
TWb, Ll BREA 2 ARFIMEO ELLICER LT ERT 500, £
7-H8N U7 Mt RBP4 23 RMSAEAED RBP4 E@n+REICKITTEE, £ LT,
LT ) —REHZE 2 D BIZ DWW THIA BN 2 > TV, £ 2T, B &
A VA AR EZHABICEB] L2 ET AV EER L, T2 2 &2 BRICE)
W EBR AT > 1=,

—RANZIER 2 29 5T ML, BEFRXICEA L, BRICE > TEmE 2 L,
AR B ERIET D ETANEZ S ERICHNONL TS, £ 2T, Abf
T A0%=E R A 5 %, BB 22T TICEBIC S eET LV ER
EEMEAEREET L L L, A AU ARBIMEE T T, B2 b T & AR
L5 2 BERIFEET LT vk Goto-Kakizaki(GK) 7 v b Z AW TERZ{T -
770

BEEMEAEG E 7 L & IERERGALA A Y SHRGUMEE TV OfENL £ T & ARHI TRk
O NGARGH
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HIH BMERTT AOER

(1) Goto-Kakizaki(GK)Z v

Goto-Kakizaki (GK 7 v k) 1%, ¥ERFORIEIIFERIFELR DA EZ
TIREIND EWVIOEERFH 2 RICHILRFZORFE, /il S «_J:O'(TJE_LéZ}/L
7o 2 BBERIFET VT » KT D 30,

E®EZ v M7 FUBARRBREZITV., ZOF 0 GMAEMIICTEREOK T LT
W5Fy REBIRL, A/t 5, £ LT, ZOBREAMLEVIEL, REER
(ZTHFERE S B IR T L, HERIFIREED 7 v E BT 5 O TiEaunh,
H LB, ﬁﬁfiﬁaﬁib B L THMERMET LT v BRB LT UL, 5
PRIGOIIE I THERB BT OFEIZL > THRESND EWHEERRTH D
36)
T OARERE FRICE R, MR S 1% Wistar (Jcl/Wisar) 7 v FEFHWT, 7 RUbE
ARRERIC L D @®IRE L. B #1577 FoEAaRRER T 0. 30, 60, 90,
120 7@ 5 FEROMAEEZ & L2E (IHEF) o EFAPFRD 5, 5 8 HRLL
Rl R ep B2 B D AL, HERBET LT v b THDH GK 7 v MBFAE LT,
ZORERNG, MFERRELIIZRTFEENRE O H Z 2R LT,
D%, MORTFE BN aYYRERE & SPF LM Thoiui 37,

GK 7 v hOFF#E LT, JERERMEL - 4 2 Y WA 4E - MERE - BEE
MRREELR ENETFOND ¥, GK 7 v hOkE#RIL, Wistar 7 v b X @ £S)
BRETROPMENE FHRE L, B2 23720, MFEsEREIL, 4% 2 BT
T TIZRRD B, MERIZ L DEETZRD b7z, A AV U AREDRFIE
ER DB L BMILIC L 2 EEED . A AU v EGwd 25 B MlEoEY Th
5o BT, A AN G WARERTET TR, WO 7 va—AEALITLEL T
B, A AV MED FRIZ LA N 32— AFEAOIEIDERD bW &
NH, A A VEZEORTLERBO—RNTHD 39, @EET. FHr0
A7 BRIFHPRD 5T D, BIROMBENBEIT 5, GK 7 v D5k
ﬁ%%ﬁﬂ%wﬂ”ﬁﬁwﬂm— AV UFX U LHEICE~ N 7 AOBEFEMEE(LH

HBEINTEY SHEEMNLIRFTILVT I v OBFEZRPEEOEMLIRD LT
W5, MHRAEEE Y Wistar 7 v b LD L FBEIET L. BEEHERERE, Y
EREAE, IV UBEENMMETHD LRSI TS, £2. GK T >

M, IR COREFENEML TWDL 7D IR TOA AU ARFUERTRD 5
NTWb, 2. GK 7 v "R A VA U3 WARRIZEDBERFBET LV E LT
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TR, A VA UBRFMET AL LTHERAWD Z ETEDLZ EERLT
WA 37)O

INHDOZ END, IEBHER L, HERFERET LHERFET VERRD | FE
JERRICH 0 N DIffERRE L A A ) VIRFIEZ 2T 2BRBET L TH
LT EIND, BEROBHIO—>THDH RBP4 OEENNRALG & A > 2 U b
HOLELLIZERL TWEONEZHLNITHETLELTHELTWD EE X,
GK v hEHAWTHHEZIT- 7,
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(2) EmET VT v b

AR T VB, RELS DT TERRBIEET LV, BEEET L EBRFIE
EFILD 3 ONTST HID 39,

BARBIEETLOFTHLEIHWOND T vy hE LT, VI TFUSHRIREIET
R#EZ7 v b (Zucker 7> b) talb A rx=r A SBEREBLTERET v B
(Otsuka Long-Evans Tokushima Fatty =OLETF 7 v k) 4U23% %,

Zucker 7 v MiE, 1961 HZ Zucker HIZ L > THAE I NTZ, WEFXT 7 )
NEHEH LT FUSHEEGTFREBAERICEIY . A% 3 BpE L ILEs 2
T 59, B8, BIEME. EA A Y SMUE, BEOMEERE 2712 &b,
AVAY UHEHUEET AR 2 BERFETLE LTHORHWGILD, 2 BIBERE
DEPHETH 5, BFEECERE OMBYEIXFRD HILH N, MifRkEE L, FIE L2
WV S5, BB L A L TNF- o R IL-1 8 2 EDORIEMEY A I A
EADOTLENBD NS,

OLETF 7 v M, A AU UIEKFMERERM (NIDDM) OE7 /& LTH
WHILD T ENREL E% IS EEE O EIE, &A1 AV CE. AR ME
BRIEL. @A AV ATKY ., iR B MV ERSEFLZEZ L, KA R
VIEIZZR D 2 ERAL N> TS, OLETF 7 v by, BT T A
VAU URPMEETLE LTRSS,

Zucker 7 v FX° OLETF 7 v M, BERE7ZIT T, A AU UHERPUEORE
PRI 2 FIET D72, HMMIERET LVICiE, BFICL > CEME2FHET €T
AR ESHWWLND,

—F. BEFEEETT VT, BFERICHL, BEHES. A7 —28. &
TNT N—ARRE FNENOENCS UEREEZ 5 x| KRECME~— T —
TR 2 HWr L, STV Z/ENT 5, LovL, BEFEMEET VT, EH R L
ZAWTHRREZ RIESE DD TIEARWED, BIEEZ RARD 2 ONEE L < | fF5H
VAR AL S DONEE LV,

B[, IEMETLELTESHNWSLA TS DN, 40%~60%fat keal O & 5
BE 52T, RYMGAETZITWVEESCMHFIEE 7 S ClREE2HET HET /LT
H5,

AR THWIEEBET VS, A AU SR E OXBZ IS S 57
O, 40%fat kcal DEIEIEZ 5 2, Bl TII R BRI L - THEINLTE
TIEERLL T,
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IR FEERITIE

(1) EEREWI L OEETIE

Y ERIT, HBERFIEMERE B ORR L 2T FRRERF SR A
FEREMEMT & o X —IZTiT~ T2,

4 BEHEYED Wistar 7~ b 12 B & 4 BEEHEED GK 7 v b 12 & BAY L
TEXOVHEA L, BEICHEIESE DO/ — DI TEHESECH S AIN-
93G 5%, HHEEAR - BRHEAKICCHETHEAB 21T 7=, BT A 71
%, 12 BRRE, SR, 23°c. 1BE 50% 5%, TibE —EE%ICEEZBIE
L., BBETIKEONTODXNRNWEDIZ 4 SDOFE I NV—T 31T &iTo7-, &
Z T-fEH, Wistar 7 v MIIEEEREICH D AIN-93GR %2 .2 -2 hr—/b
. Wistar 7 v MCEENI & (40%fat keal) & 5- 2 72 IB# R, GK 7 » ki AIN-
93G B2 7oA A Y UEPUERE, GK 7 > MCEE&A0%fat keal) & 5- %
T-REDE 48 (n=6) T, T NLNOEENC 10 BREEE 21T - 7=, e & (40%fat
kcaDIZ W 2iliE, X I ADEFENFEFITMETH H40E D& HV,
BFoOE X I AEGFEY EIC LT, % Table.l (2R L7z, F7.
ERTAEX I ADEXRIZ S BAT, pairfeeding #17- 72, /K%, HH
BHEE Lz, BHARAICKELEEBREEORELZI T, O 3 BRENIKZD
WEAMRER A E Lz, RO 12 R D 2 E ., BB E1To 72,
fRENT. EERNIC Y L) L F (L F N LE X —)L 64.8 mg/ml &F) & FREE
%, DB Z TV, BEEaft L, BRRIEERITTHRE L. -80°c DIBH
FEIZ TIRE Ui, TP, AR BE/KIC THE 21T o 7o 12 IRIRE R I THRS L.
-80°c DHEEIZ THRE L=, ML, 3000 rpm T 15 Z3RE D oBER . #0mn
(ZAEALZRIFRAT IV, 780 O fiE 2 200ul 92457 L. -80°c D& (2 T H~
LT,
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Table.1 AEEFHR

Ingredient AIN-93G High fat
g/kg diet

Cornstarch 397.486 257.458
a-Cornstarch 200 200
Casein 132 132
Sucrose 100 100
Soybean oil 70 70
Fiber 50 50
Mineral Mixture 35 35
Vitamin Mixture 10 10
L-Cystine 3 3
Choline bitartrate 2.5 2.5
TBHQ 0.014 0.042
Beef tallow 0 140
Protein kcal (%) 20.10% 17.10%
Carbohydrate kcal (%) 64.10% 42.60%
Fat kcal (%) 15.80% 40.30%
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Table.2 AIN-93G v % I ViES

AIN-93GE% = VE& mg/100g
—aF Uk 300
WY ST VBHNT T L 160
B\ P> 70
BBFT7 IV 60
VR77bEY 60
e 20
D-ExF > 2
E42vB12 (37/anN73Y) [0.1%] 250
E2IVE (&-rac-a-F17:0-LVEFEE) [50%) 1500
B4 I A (2-trans-N WF/VEELF/-V)  [500,000U/g] 80
4 3> D3 (avy7za-n)  [400,000U/g] 25
E2IvKl (740% /) 7.5
Ya—J7Ha—2X 97465.5
=il 100000
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Table.3 AIN-93G X x T VRS

AIN-93G I 7 L RS mg/100g
CaCO; 35700
KH,PO, 19600
K3CgH50- * H,0 7078
NaCl 7400
K,SO, 4660
MgO 2400
FeCgHs07 + XH,0 606
ZnCO0; 165
MnCOs 63
CuCOj3 + Cu(OH), + H,0 32.4
KIO4 1
Na,Se0, 1.025
(NH4)Mo070,, + 4H,0 0.795
Na,Si0; + 9H,0 145
Crk(S0,) - 12H,0 27.5
LiCl 1.74
HsBO, 8.15
NaF 6.35
NiCOj - 2Ni(OH), « 4H,0 3.06
NH,VO,4 0.66
Ya—s/n0—2 22100.32
S5t 100000
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(2) #ERFEREER

12 FFFRE R AAT o 72121, 04y (ZERERFILEME) o MbEEA 7 » h OREFIR
DHMEERR L, ATAv—7F v 72RO CTIEELZBE Lz, D%,
T MZ1lgD 7 Na—2% HoO [T LEO&RE L, £1£i 30 - 60 -

90 - 120 Zy I ICHRIM L, MFEE 2 BIE LT,
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(3) i 7L o — R EE O FERAHT

M7 a— 2L, Zva—2x CIIT A bU a—FDE T¥EEAS

) 2 FVCHIE LT,

ORI L 0 #-E L 7= L8 2 3000rpm. 10min =Ly BEZ TS B2 B
BrmEe L, ook L,

EFEEOME 0.01ml (23 AR 1.5ml 2%, FREICEERICH 0.01m]l EE
RELZMZ, AT v 7 ZATHH L, 37c T bmin JIE L7,
RVT > 7 A THEB%, 120min URICEHREER A XA E LT, 505nm & T
EEORNELZRTEL, MEREZERL, £ ORIEOEEICHYS T 50
v a—AREERD T, DLEOBIELZ TRIR LT,

RRIK 1R
;& 0.01ml FEAR 0.01ml
« FHBEE 1.5ml >
RILT v R

37C BminA yFaX—|

v v

0.D 505nm T EBIE
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(4) WatiEtT

T—2x, ) EEERZE (meantSD) TRLT,

FERHEENTIX, ETHRHEOSEMNELN & % levene test |2 THERR L 7=,
Levene test OfEH. AEENRO b5 i Log ¥ % 4T~ 7=,
Levene test (2 CTHMAIL L7228 58 (5 ﬁi{) FLWT LR LTTA,
Two-way ANOVA IEIZTE IR ERALERIZOWTHIE LT,

(CEZREHE OB, Tukey OZHE BT 2, 2 BER O HLERIZ
Students ttest W=, WY P<0.01 THEEZLHE LT,
T 715587 1%. Power analysis(G*power 3)|Z TIT o 7= 49,
G*power http//www.psycho.uni-duesseldorf.de/abteilungen/aap/gpower3/
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SFIUTH AR

(1) O kEAmER

Wistar (Cont) # L Wistar(HFD)EETiZ, £ Time ICBWTHLHEERE
RO By, FERIZ GK(Cont)E#E L GKHFD)EECTH, AEREITRD L
nzevy, LasL., Wistar(Cont)BE & GK W4 it L= R, X CT? Time
THEBENPRO LN, 612, GKEEEICBWTA 2 U ARFIEOR T
o 5 MPEHEDS 120 5ZICHET LR, Mz he— L RERETHL Z &
EHEER LT, O ElE, GKMEFENA AU U2 2L T0D 2 L &R
LT 5, [FIRFIC, 40% BB KGR LB, 1 R U PR Tl
W AR LT,

500
400 T
— GK (Cont)
o _ 1
2 et SRR SN —
= 30| @ gLe="" L “~u GK (HFD)
a2 L
! ol l
2 o -
5 200 £ 05
3 ¥
o 1 z T ___— Wistar (HFD)
1

P/I.- T —f— =9
100 - - ‘ - * \“-Wistar[(:ontj

0
0 30 60 90 120
Time (min)
Wistar (Cont) —m=Wistar (HFD) GK (Cont) =-®&=GK (HFD)

Values are expressed as means *SD (n=6 per group).

Fig.2-1 OGTT #& %
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(2) MAE - RIEER - lfaEE - P27 ra—2

BASEREORE R, Wistar(Cont)# & b L T GR(Cont) BEICH B 72 21X
biviehotz, LinL, @IEMEZ AR LB Tlx, Wistar(Cont)#f & bl L
< Wistar(HFD), GK(Cont)#f & ol L T GRHFD)BE D & 5 & 0Bt b A I
BOEARE DI L Tz,

WEREIL, pairfeeding #1770 T, FOHEMIZBWTHEITFRO B
TRIND T,

NIBAERI E B OFER, Wistar(Cont)#f & i L T, Wistar(HFD)# C L FH
A BV, [FERIZ, GK(Cont)Ef & bl L T, GK(HFD)#: C L FAH M2 A
Hifz, Wistar(Cont) & iz LT, GK(Cont) TiL, JBUMEM A BT,

7y 2 —2OFES, Wistar BfF & ol L C GK Wi CHE /R LAY
517-, Wistar(Cont)#f & Wistar(HFD)#f. GK(Cont)#t & GKHFD)EEIZ I
BRRETRO NIRRT,

Table 2 Results of the growth parameters, tissue weight, and serum glucose analysis

Experimental groups Two-way ANOVA
Wistar GK Factors Interactions
Control HFD Control HFD Animal Diet Animal xDiet
Final body weight(g) 266.4+9.6 296.3£9.6 277.1£8.6™  299.3+10.0° p=0.051 »<0.001 p=0.342
Food intake(g/day) 12.7+0.2 12.0+0.3 12.7+0.2 12.1+0.7 p=0.662 p=0.002 p=0.951
Adipose tissue(g) ' 7.2+1.1* 8.6+1.2" 4.4+0.5° 6.2+0.6" »<0.001 p=0.001 p=0.580
Glucose(mg/ dl) 143.2+6.0° 150.6£23.4*  292.8429.7°  263.7+£27.9" »<0.001 p=0.964 p=0.093

The control and high fat diet were given for 10 weeks.

Values are expressed as means +SD (n=6 per group). The data were tested using Two-way ANOVA. The Tukey-
Kramer test was used for multiple comparisons among the means. Within a row, significantly different values are
marked with different superscript letters (a-c) when significant interaction was observed (p<0.01).

! Adipose tissue = Epididymal adipose tissue.
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5 ILIE /R

REITIE, BEFEMEMET VA A VIEGIEET AV RERIT 5 L &
HRNCERZIT > 72, RAEARRER (OGTT) %% LR, GK-
Control, GK-HFD ifi#ti%, Wistar M#EIZ L~ CEERFIEMES B BEIZE W Z
&L FLROAR 2 K% THLEMPRENER SN TV Z LR,
INBIIERFORFE TH -T2 s, W GKESERFRETCHLZ L%
HIr L7z, £7o., Wistar-HFD BiL, fhoOBE L L# L, Sof&AE & AEVMERRE

BICBWTHERBEMNED bivfen, SIMEERETRO oo Tolod,
BEPRIR 22 FEDO 7RO IERIRRE T D = & sl L7,

PLEOFER LY, Wistar-Control #%2 = b — Vi, SEHEOEED L
2 X AZALD ENTHISE D Wistar-HFD #24 JEWREE L, EMERFET LV E L
TGK 7y v, EHICEBEIREZGEET 5 Z & CEIBRE DR % T
TELHABHOET VROBENTE LD EE X T,
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% \Ei M+ RBP4 OfFHT

H—IH HHY

AETIZ, E—HTERLE2Oo0FF LTy b (BEEFTALT Y A v
2V PMEET LT v b)) ZAWT, I RBP4 OEREAFERT 5,
FEATHFZE T, BEROA o A U CRGUEORE R PR EE Tl o RBP4 728 E#-9
HZEMWTRENTZ, L, I RBP4 O EENIERE A AU UARFED &
LOHIZER L TWDDONIZHOWTIEHA LI TIEW Y, 77 2B A b
A e LT, A AV ARBUEDORIEICEET 500, v b, A A
VHPIMEERIEL TD RBPA N ER L, 6 FELZB ONERL M
THZEERBPADT T 4 AT A A ELTOREEHALNTTHT2DIC

VETHDHEEZT,
2T, Ifid RBP4 ¥ > 7'E L~V %5 RBP4 fifk % A\ 7~ Western

blotting i % AN THEAT 24T - 7=,
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FIR EBROTTA

1. 7arAr7vkA

2R BEOFEL, 7ur AT oA Ty K¥y U a— (Wako)
Wz, BRI, miFxE 50 fEAIR L, 96well ¥4 7 v 7 L — MIAHR
L7k CAZHER 2 100l 27 774 35, T T 20 oMEFE LT,
~A7aSL— ) —Z—ZTEREZRE LT,

2. XU UEEPHE

TurA T vk, OEREREICIEY T NVERIY R EEIZHET D,
AENE, MiEFO X X7 E% 10pg (ZFAR L 7=
FEX AERE R g/l X 50(FRE =) X XK £)=10ug
M= WiEEZFE L. TIUZEPDE T 4Xbuffer & milli-Q 2Nz 5,
EFEOFETHE L =Y 7 /L% Western blotting {EDO V7L & L THW
7

3.  Western blotting

12% 0 SDS KU 77 VLT I RNV CERIKEN T o702, TIVE AR ) —)L
WEE L7 PVDF A 7 L2 T 500V, 20mA, 1FFREIOEGECTEHESEZITo 7,
HEHDA LT L% ECLPlus D7 2 v ¥ 7%l%2 PBSTICTHRLEZL O
ZEIRT1EREHERZITWARNS, TuyX 7 a{To7-, £Dtk PBST T3
[FVeiE 21TV . 5000 127K L 7= Anti-RBP4 Hi{A(MERCK MILLIPORE) %
4oc (Z7C 16 BRI G S8, £ PBST 12T 3 [mIPF%4T > 72, PBST (2T,
HRP 5% S #1725t rabbit IgG HiEZ ML, F|IRICT 1 KRGS E S, £
D, A7 L% PBST T 3 [EIPEHF L. ECL-plus (GE Healthcare) D3t
A2 AT, Gel-doc(Bio-Rad) Il THH 21T > 7,
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HIR O RER

e RBP4 L%, Wistar(Cont)EE & thit U € Wistar(HFD)# T3k L
otz LovL., Wistar i & bbig U C GK M TIIEM L <z (Fig.2-
2)o

Wistar GK
Control HFD Control HFD
RBP L — . ——
O Control
1 mum

g

B 2

40}

E

2

=

@

o

Wistar GK

Total protein samples from individual serum in each groups was pooled (n=6 per pool) and
equal amount of protein were loaded onto SDS page gel.

Fig.2-2 i+ RBP4
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FHIUIE /g

INETMHF RBP4 X, VF /) —NEIISLTEFHTHEEZLINLTETZ, L
22L. Kahn 50O#EIZE D | EECA A Y VIRFIERECEF T2 &0
MR INTD, JBREA AU VBPIEO &L L ORET 5 O0TH 6 TR
STWRho T,

BRERNG, I TIER A AU SARPUEICER L il RBP4 23 EH
HT EEPDTHLMNI L, LrL, ZoMmH RBP4 LT/ — /L EEEIR
IR L T % holoRBP4 72 D7y, Filv & B THIEL TV 5 7 7 RBP4 72
DONEA SN 72> T2y, £z, EF L7z RBP4 28 EDlgEsHK RO %
BHONNCTAMNERNDD EEZ D,
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FIUEN PR - B - AERGRARE T O RBP4 B8 in+ O FEIHART

H—IH HHY

.9 RBP4 2814 v 2 U UHFTHREE TIN5 2 & AR L7, Lo, #hnL
72-RBPANXT T 4 HRYA MIA L ELTER2EDOA LAY ARFIEICEHES LT
LD, vk, LF ) — LKA S ESTZOITEEML T 00
B 5 LTU7eny,

2T, £FiM+ RBP4 o2y, RBP4 OAREEE Th 5 NTHE. R,
& OWTIUTH KT 2 OOV TR 21T > 72,
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IR EERITTE

Total RNA Ot X, RNAiso Plus (Takara) 7' k 2—/ L2 &S\ T
1To7=, BRERIT L7, AERGkERE. ez 1g ) H L., RNAiso Plus %
Iml X CHRETF A ALk, EIRTH oRFHE L, 12,000Xg | 4¢c T
5 R LEATV., EEEHLWVELT 2 =TI LT,
JunaRLhEREEE (KREYFHA XIZHVWZ RNAiso Plus O%&E) @ 0.2
EEMNA, BE LIz, |RT5HMFE L, 12,000Xg, 4°c T 15 4y EiEL
L., FBOKBEHLOELF 22— L, BBAEED 0.5 EE~ZED
AT N =M THRET %, EiE T 10 oMFHE L7z, 12,000Xg,
4oc T10 pfiE L L, T6% =% ) — LV aBEA & EEEMA THREFEZIT o T2,
7,600X g, 4°c TH oo L, WWkzE L T RFZ2#E T, & (RNA H
) HELEIET%, #EEO DEPC KIZTHEM LT,

Total RNA [X. NanoDrop [ZTEEZHIFE L, 500ng (AR L 7=,

Z D%, PrimeScriptRT Master Mix(Takara) Z FAV T, cDNA ~ & Z8#i 7=
mRNA B EDOH|EEZ1E. Light Cycler real-time PCR (Roche) Z A\ >,
2313 SYBR Premix EX Taq II (Takara){ZCA % —h L—yEIZH L7z,

NG AF—E U T EIGF & LT, Bactin Z ., RBP4 BHEDEEZIT-
7

Forward 3 & Of Reverse primer |X., FiDi@Y Th D,

Forward Sense primer (5"-3) Reverse Antisense primer (5*3)
RBP4 TTCTGATTAGCTCTCATCCAGTCTT ~ RBP4 TGGTTTTAATGTCCACCTAGAGAAG
fractn  CTGACAGACTACCTCATGAAGAT practin  TAGCACAGCTTCTCTTTAATGTCAC
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HIR O RER

RBP4 OE2ERIEER CTH D &E 2 BTV 5 FIET O RBP4 i R &
DFEFRIL, EOBICBWTHLAEREZTAON ) -7 (Fig.2-3),

FENHEAE > RBP4 & /x 3 EHEIL. Wistar Mt & i L., GK W THEIC
FRLTEBY, ZofEEIZMF RBP4 L~UL & BEFEOMER %7 L7 (Fig.2-4),

g+ o RBP4 Bz T HIEOREEIL, Wistar(Cont)Ff & bk LT
Wistar(HFD) B CHEICEF LTz, UL, REBEBRENT &2 GK R
I, Wistar &% & bz L <. BIEICED LTz (Fig.2-5),

O Control
2 W HFD

=

o

9

[ I
—

=i

[ =

o w ]

e

@ 1

=

= |

oy

o

E

=T

0
Wi istar GK

Two-way ANOVA

Factors Interactions
Animal Diet Animal x Diet
p=—0.851 p=0.225 p=—0.703

Fig.2-3 fitlg® & RBP4 &/n+RHEE
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Arbitrary units (Rbp4/p-actin)

0 Control

2.5 m HFD
b b
> -
1.5 a a Al
1
0.5
0]
Wistar GK
Two-way ANOVA
Factors Interactions
Animal Diet Animal »x Diet
p<<0.001 p=0.194 p=0.475

Fig.2-4 JElAfEMEH O RBP4 B 7 HHL &
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O Control
m HFD

N
wn

b

E
PN
|

O
W

Arbitrary units (Rbp4/f-actin)

Wistar GK

Two-way ANOVA

Factors Interactions
Animal Diet Animal = Diet
p<0.001 p—=0.003 PpP—0.038

Fig.2-5 Blg+ ¢ RBP4 ExFHHE
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FHIUIE /g

.41 RBP4 ®¥8/NAy, RBP4 DG ERE T 5 M. AeifEfk. Bl owv
TAUCHET 2O O TN ZIT o TofE R, IBmET L EA XY T
HET NV TITRR L ZEZ T2 2N L (Fig.2:6),

REN#R%k > RBP4 Ein FREL &N MLF L AHET HERNHE LN, olEz:

T, GKWEED FFENRD SN2 ho722 L ve, s RBP4 O#ENNIZAENE
BHERTHD Z LR ENT, TORRIT, HITHELE b —ET 5,

RBP4 O£ EpilEas TH LM TIL, ®mIEVIEZ 52 728 T EAMEm N A5
NTEDNBEEREZTIRON o7, Ziud, BIEEIZR S EIEEEE X I
ThoHLT ) —ILVORNNEZ, KNEZEERT H LT/ —/L-RBP4 232 T\
HDOTIEIRWINEEZ T,

TNETERBIT. BRI EPEREE TH D LN, BEX I ARG
DOEEIZONWTIEHE VRN TI o Tz, LivL, B+ o RBP4 23%
ENEBRTETWRNOTHIUE, BRINSATL LT ) — /VITEBSNCH D
ZEIETERVOTEHZND, BIRICHLEHX I A ZITET 28 IXFEL T
WAHZ EFTTICHLNZR>TWS, LML, A AU SEHMET RBP4 &
REENME T L TCWAHRETOLF ) — L RBFHZOWTIEINE THL IR -
“Cl/\fa?l/\o

% ZT. RBP4 &RianE CTh DT, FEVMERR. BRO LT/ —v & & DORFEk
KCTHHLF =NV TA FEIZOWTHIETHZ LT Lz,
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Obesity Insulin resistance

Kidney

A !
\ ,r"“ \\_/ i
g
Adipocyte

Adipocyte

Circulation

Circulation

Fig.2-6 BET /L&A A Y VIEFUEE T VIZE1T 5 RBP4 #hfE
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FHET M - A - BE - RENEARIC 31T D Retinol, Retinyl
palmitate & DFEHT

H—IH HHY

JEEET VLA R SRPUEET VT, RBP4 NEARLEE 2 RT 2 & 2B
ML, L2 L. RBP4 OITRKDOEETHA LT ) —LEEL OBEDHY 2o
W, BB ICHE TV R, 22 C, MHF O VF ) —/v&, - AR/ -
Bl o LF ) — B IFEIEOLF =L LI T4 FEEAHE L., Klgiao L
T =R EHONICT AT L2 HMICEREZIT- T2,

Vitamin A metabolism

7 Retinol Retinyl palmitate
r,)v\f[/-‘::b A /H;:?___,'Lh}__,c"'ao"' :\ff"":x:/"‘?:;-,"l“-x,"‘ S :L/,E%;ooc,su,. \
L . e | ||

. e | )
/>( /":-‘“::_/"“‘ib/‘“}-:;z/l\._\":_,’
|
-~
~

e
¢
LA

. O |

P e T

|
CC
\ N 2 /
X /

44



B KBRITIE
(1) mEFOLVF — LGk

3% 0.5ml Z B ERKEBRE ICEE Y . 0.15%BHT #&teT ¥ / —/L% 1ml %
Do TINWERTAZBBR L TCALT v 7 ATI0PEREE L, £ ~FIC
n~FY A eml iz, B, BERVALZERLALT v 7 AT1oBEBEL
7o ZD%, 2500rpm T 5 oL, EE (~FH ) % 4ml 5EL T8
A VIB Lz, TNET/NRL—X—TK 40 pEEETZE L, =X
—/L0.5ml ZHNZ CTHEM LT, BiEf LY 7 V% 20 l HPLC IZiEA L
THMT L7z 99,

7% 0.5ml 218 EREBRE ICAINLD,

l
0.15%BHT #&i{ex ¥ /—/L% 1Iml Nz 5,
l
ERZRNTABEBHR LTIV —CHHET L, 108)
l
n-~%H % 6ml MMZ 5,
l
BRI ABHRLTCIXV—TCHET L, %)
l
2500rpm T 5 =0T D,
l
R (%Y Y) & dml 5L TREAE YV IZBET,
l
TR L — X —TCIEMEGET 5,
l
T X /) —/L 0.5ml Iz CTEIEET 5,
l

HPLC THIET %,
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(2) BT OLF ) —b, LF= 074 MMl HE

Klggnz 1g B L, AFBHEKENMZ RN LAREY S A AL T 6ml (2 A
AT v Uiz, TOREBREZRLVT v 7 ATELLEREL, 0.5ml Z1BERBE
IZERD . £Z2I20.15%BHT 2 &iext X/ —/L% Iml N Z7-, BEHT A= EHR
LTHRLT v 7 ATI0BMEHE#EL, n-~F¥ 2 B F/1(9:1) % 6ml Il
oo B, BFRNTAZEBRLCHRLT v 7 AT 10 PEHEHE L. 2500rpm T 5
SRNELDSEE L2, EiEOF Y )% 4ml HE L THRAEAE vV ICB L, £h
ZTNR L —Z—T 40 SEEMREEZE T 5, £2120.5ml =% / — /L&Al %
T, BIAR L, Wk EN 72927 L% HPLC (2 20 pl AL THOMT LI

45)
o

EEs 1g 23 BRE IC A, ABERAKZMABRNROLRET T A XL T 6mlITA

AT T D,
l
BB &2 L <HEHR L. 0.5ml 2B ERBRE 1T D,
(Iw%BHT%ﬁiﬁiytbﬂb%1mUm250
l
ERZRTABEBHR LTIV —CHHET L, 108)
l
n-~FY 2o BT L (9:1) & éml Nz 5,
l
BRI ABRLTCIXV—TCHET L, %)
l
2500rpm T 5 O oS D,
l
R (~F YY) & dml 5L TREAE YV IZBET,
l
TNR L — X —TCIEMEGET 5,
l
T X/ —/)L 0.5ml Iz CTEIEMET 5,
l

HPLC THIET %,
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(3) mdiEks v~ 777 4+— (HPLC) BIEZRMF

BEEA s n~ v/ 7 4 — (HPLC) 1. LC-2000Plus (Jasco) DI AT
L& FRWCHEIE LT,
eI Lz o 72 20ulBlE IS Lz, T A%, Wakosil 11
5C18AR; 4.6 mm X 250 mm % AV, ¥iE(EL, 1.0ml/min, 325nm & 470nmif
ETCLF /) —nNELF= I TA FEZHIE LT,
BEMEILZ, A%/ — T R=FUL (60:40) ZFHNT, BIELZLVF/
—NEE LTI T A FEIT, BEREECHRLIZMETRLE,
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FHoIH O RR

mEF O LF 7 —L&lx, Wistar(Cont) £ & HrEg L € Wistar(HFD)E., GK
gt i’ﬁ&bfvt(ﬁgzw

FigF o LvF  —L&id, BeERICERRZS SETEARICE VAR
BT LT, l/?%/l//\/l/ T4 MEIF, BEEEFRDONR ST N, L
?/—W%@%%&E%K%%%ﬁﬁmui@ﬁ?#éﬁ%%ﬁt@gﬂ@o

RERAAERE ClE, K& e DNy vF /) — L LF=ARNAITA &

BB L BEEOW S OEEEZZ T, GKHFD)EICB W TOLAEREIC_ R
LTWbZ L& Lz(Fig.2-9),

FhgTiX. RBP4 ORBEITA AV AARFUETHEIZHE D LTV, b
F )= BiE, KA v A Y UG T ER T AR R A ST,
EFPOLF =1 I T A FOFERIT, BEEE RTEOW ST DOEEL IS,
GKHFD)#: T LEH L 7= (Fig.2-10),

O Coentral
B HFD
50
a
a0 b b b
"% 30
2
I=]
=
# 20
=
10
0
Wistar GK
Two-way ANOVA
Factors Interactions
Animal Diet Animal = Diet
p<0.001 p=0.223 p<0.001

Values are expressed as means L+ 50 (n=6 per group). The data were tested using Two-way ANOVA. The Tukey-Kramer test was used fo
multiple comparisans among the means, Within a row, significantly different values are marked with different superscript letters (a-c)
when significant interaction was observed (p = 0.01).

Fig.2:7 ML ) — L&
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me/tissue

Retinol Retinyl palmitate

O Control O Control
90 mHFD a 15 | EmHFD
60 8 10 \
- =
a
b b A
=
"]
30 T 5

0 0
Wistar GK Wistar GK
Two-way ANOVA Two-way ANOVA
Factors Interactions Factors Interactions
Animal Diet Animal = Diet Animal Diet Animal = Diet
p=0.178 p<0.001 p=0.051 ) p=0.937 p=10.006 p=0.934

Values are expressed as means S0 (n=6 per group). The data were tested using Two-way ANOVA, The Tukey-Kramer test was used for
multiple comparisons among the means. Within a row, significantly different values are marked with different superscript letters (a-c)
when significant interaction was observed (p < 0.01).

Fig.2-8 FgF DL F/—, LF= L5374 b &
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O Control RetII'IOl

16 | WHFD

mg/tissue
oo

(=]
f
- ™

mg/tissue

Wistar GK
Two-way ANOVA
Factors Interactions
Animal Diet Animal x Diet
P = 0.001 p=0.001 p=0.001

Retinyl palmitate

O Control
16 | WHFD b
12
8
4
a a a
0 — | =
Wistar GK
Two-way ANOVA
Factors Interactions
Animal Diet Animal x Diet
©0<0.001 p<0.001 p<0.001

Values are expressed as means = S0 (n=6 per group). The data were tested using Two-way ANOVA, The Tukey-Kramer test was used for
multiple comparisons among the means. Within a row, significantly different values are marked with different superscript letters (a-c)
when significant interaction was observed (p < 0.01).

Fig.2-9 ek oOLF /) —, LF= L3754 b &
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mg/tissue

m

Retinol Retinyl palmitate

1 Control
EGetiiee OcContro!
el 12 - BHFD b
b b
- 9 a
w "
7
a a 1 u a a
=
_ & B
E
. L
3
Wistar GK Wistar GK
Two-way ANOVA Two-way ANOVA
Factors Interactions Factors Interactions
_Animal Diet Animal  Diet Animal Diet Animal x Diet
p<0.001 p=0.556 p=0.126 p<0.001 p=0.001 p=0.015

Values are expressed as means = 5D (n=6 per group), The data were tested using Two-way ANOVA, The Tukey-Kramer test was used for
multiple comparisons among the means. Within a row, significantly different values are marked with different superseript letters (a-c)
when significant Interaction was observed (p = 0.01).

Fig.2-10 BigF oL F /) —, LF= 174 &
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FHIUIE /g

EEET L&A 2 ) ARPIMEET LT, K2R RBP4 OENREN R/ 5 =
EERFE_HTHLNI L, £2TC, RICEWET VLA AT ARFUEET
ARV F ) =R A~ED LD REBERIFLTNDLDN, £loA A UK
PLrEiRpE <, BERAERE S DIREIC S S v RBP4 3 C LT/ — L LA
RKEER L TWD D0, BiEd © RBP4 OFRBEMETFT L TWLEELZIT, L
T = VENEIMLTHNDONCOWTHLNITL2HETLT ) —L&E L
F= NNV T A FEIZOWTHIEZIT- T2,

ZORR, HECIIBECGHIER IR @EHRAmIcEY, LT/ —
B, LT LI T FEEBIETLTWAZ L 2N LT,
BECOLTF ) —VIRIE, BBHENZ WS LT —LORINES FFT5 2
EDRFBLNTEY, MEHECXIVFEFOLvF ) —Lv&lT BR300 TiER
WirkEZTE, Ll AERLVEEHREAMIZEsTLT ) —L&EiFa v
e — R i L TR EES TR LT LE ST,

CORKRELT, o BPETOLFT ) — VTV AR—FZ—DOEONEHEHE
RE AV AT — VERICEDRINENELD Z ENHEINTED, RINE
BHEORNRER LD TRV, o BIFICARS L, LF ) — L ZRFE LT
WO BRHEHIFE BRI L, VT — BRI R 25 Z EnHE ST
%, Lo, BHFZETIL, BT CTH > =BT OWTITREZR L T

N, S, mEMEARICEY ., BV F ) — BT~ O BRI SV T
HAROVERSD EEZ D,

WIZ, FERAAERR I IIFIRGER, & ZE N R0, LT/ — &, LF=10Ls
TA MEELIGERER EREERZ T CIIEELZ T, WL %
TTCEEICEATAZEEZHLNI L,

I 62, BiEE#TIE. BENERICEY LT —LERFRICEFLTE
V. R*&HZ RBP4 B FHBITELCIERIC LV AREISHED LTz, A&
U ARHME O BRI 2BV T, RBPA BNEETE R RAH LT, LF /) —
IUDERESMI I A 2 E RS, BRFIZLF =107 A b & LTS
O, —EELPIFEAER2WZD, LT —LOROE P cEMmL
TWLDOTRWD, FEBETFOLTF ) — A RBHZEENE X TWDHO T2
WNEHERR LT,

Z 2T, WA A AEGUEOB AT T L F ) — L REHICEEB D E X T
WHDONERLMNZLE D EEXT,
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Insulin resistance

Obesity

; . |
- 1 - = A\ /'r N
Circulation = Adipocyte | Circulation " adipocyte

Fig.2-11 RBP4 & L F /) —/VEIZE T S lERFe B%
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B8 PR - BEE - IBRRIC B 1 5 RALDH, RARB
Bin FIEELDfFEMT

—IH HHY

NETORERNG, A4 AU ARFUEIRE COEVEBESCER O LT/
—NREHIEFDEE TWA I EEREB L TET,
T, SHITBSRTOLT ) — R E RIS LT e B 2 T,
LL, VF ) —LDEWERIETHL LT /A VBRIZZOHFEERDIHMETDH
. HPLC TZDREZFRLHZ LIZRETH S,
ZIT, VI B LT A BT HEEE TH S RALDH ©
BRTHEBEZAETHZ LIT LT,
E512, RALDH BAEICHBE SN TWT ., ERICLVF ) A VEBRENEGR %
I L TWDONIZOWNTIZE TR, 2T, VFJ A UBREREFEAIC
FEETDHZERMON TS RAR B OBELEFRHEBEIZOWTHAIE LT,

Vitamin A metabolism

il etino etinyl palmitate

y. Ret i Retinyl Imitat
/‘\”/m\\ \/ S /]\\JCHZOH r\}q‘«[: f‘“x‘“q//l\//““ /1\\ COOCJQH_“\‘.I
~— s o e bz

I ADH
Retinal
>~ PR
-~ | rawH -~ “\\
All-trans-Retinoic acid
! RXR/RAR

~~ .l . l. coon
-~ x.[/ TR TR a | RARB |

\ T g \ fa"

; —_— —
s —




IR EBRITE

Total RNA O#iHii%, RNAiso Plus (Takara) ® 7't h 22— /L{ZEKSWTAT
STz, BURERTT LT IFR. BERGkERE,. BiEZ 1g v H L, RNAiso Plus %
Iml X CHRETF A ALk, EIRTH oRFHE L, 12,000Xg | 4¢c T
5 R LEATV., EEEHLWVELT 2 =TI LT,
JunaRLhEREEE (KREYFHA XIZHVWZ RNAiso Plus O%&E) @ 0.2
EEMNA, BE LIz, |RT5HMFE L, 12,000Xg, 4°c T 15 4y EiEL
L. FBOKBEEH LVELF 2 —TIcB L, BHRERD 0.5 (SR~E80
AT N =M THRET %, EiE T 10 oMFHE L7z, 12,000Xg,
4oc T10 pfiE L L, T6% =% ) — LV aBEA & EEEMA THREFEZIT o T2,
7,600X g, 4°c TH oo L, WWkzE L T RFZ2#E T, & (RNA H
) HELEIET%, #EEO DEPC KIZTHEM LT,

Total RNA {X. NanoDrop IZCHEEZHIE L., 500ng ([ L7,

Z D%, PrimeScriptRT Master Mix(Takara) Z FAV T, cDNA ~ & Z8#i 7=
mRNA B EDOH|EEIZ1E. Light Cycler real-time PCR (Roche) Z A\ >,
2313 SYBR Premix EX Taq II (Takara){ZCA % —F L—yEIZH L7z,

NG AF—E U T EIGF & LT, Bactin Z . RBP4 BHEDEEZIT-
7

Forward 3 & Of Reverse primer |X. FiDi@Y TH 5,

Forward Sense primer (5'-3") Reverse Antisense primer (5'-3")
Raldh ATGGTCTAGCAGCAGGAGT Raldh CCAGACATCTTGAATCCACCGAA
RAR ATACCCCAGAGCAAGACACC RAR 3 AGCAGATGGCACTGAGAAGA
B -actin  CTGACAGACTACCTCATGAAGAT B -actin  TAGCACAGCTTCTCTTTAATGTCAC
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FHIHORR

Fig+ o RALDH B 7REIX. B2, BENEEDO L L0EEY
ZAF RN L ZBH SN L2(Fig.2-12), RARB X, VF / A VEREMKIFAIIC
HKRTHTOFBTIIEEH L TV RN EB 2T,

wIZ, REMN#ERE O RALDH B+ REIIEBCNERICEVAEIZEKT L TWY
7-(Fig.2-13), =D7=, RARB DELTFHBE 2R LI A, RARBDOEH
BREITRD N1,

R iEAEL R T, RALDH #B{n B 21X Wistar(Cont)# & s LT,
GK(Cont) Bt CHEB MK T2 bi17-(Fig.2-14), =2 T, RARB OEMLF3
BEZERLLE A, BEEMNERICEVARERIETHED b,

RALDH
O Control
2 - BHFD

£

8 >

=

=

o

©=

r:! 1

=

3

oy

i

s

=

Q
Wistar GK
Two-way ANOVA
Factors Interactions
Animal Diet Animal x Diet
p=0.493 p=0.043 p=0.507

Values are expressed as means = 5D (n=6 per group). The data were tested using Two-way ANOVA. The Tukey-Kramer test was used for
multiple comparisons among the means. Within a row, significantly different values are marked with different superscript letters (a-c)
when significant interaction was observed (p < 0.01).,

Fig.2-12 fffigif > RALDH Bz REE
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RALDH RARp

OcControl CControl
B HFD mHFD

15 15
—_ a a —
< =
= i g
7 b T
e &
£ 1 ] 2 1 r
3 3
= T
5 =
ot b b -
= =
= 0.5 g 0.5
E _ 5
& = 4

b 0
Wistar GK Wistar GK
Two-way ANOVA Two-way ANOVA
Factors Interactions Factors Interactions
Animal Diet Animal * Diet Animal Diet Animal = Diet
p=0.030 p=0837 p=0477 p=0.8977 _p=0.387 p=0.278

Values are expressed as means + 50 (n=6 per group), The data were tested using Two-way ANOVA, The Tukey-Kramer test was used for
multiple comparisons among the means, Within a row, significantly different values are marked with different superscript letters (a-c}
when significant interaction was observed (p <0.01),

Fig.2-13 REffifEik+ o RALDH,RAR B OE G FHE&
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RALDH RARB

OControl O Control
2 BHFD 3 B HFD b
z =
. ab ¥
- . a <
= L 5 2
2 =
- ]
2 1 = a
(= a
2 ¢ =
5 5 £ 1
3 = c c
& { i‘
U 4 B 0 — .
Wistar GK Wistar GK
Two-way ANOVA Twa-way ANOVA
Factors Interactions Factors Interactions
Animal Diet Animal x Diet Animal Diet Animal = Diet
p=0.017 p=0.087 p=0.976 p<0.001 p=0.01 p=0.015

Values are expressed as means © 5D (n=6 per group). The data were tested using Two-way ANOVA, The Tukey-Kramer test was used for
multiple comparisons among the means, Within a row, significantly different values are marked with differsnt superscript letters (2-c)
when significant interaction was observed (p < 0.01).

Fig.2-14 Bfg » RALDH, RAR B D& fnFHH &
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FHIUIE /g

THETIE, EREREE L A AU ARBUEIREEIZ BV TIRERFFEAYIZ RBP4
BLIREESCLT ) —E, LTI T A NENEIFTLHI EE2HAL
P LTz, Basfr B EEOFTEH, A AU ARGUERE O BRI B\
THEREEDRO BT,
COEEBORERRN, VT —ARFHICERENEE VDD TIERVn e S
z. BlEHEGEFO LT ) — A REBEERETFOBEBTFREALHER LI Z A,
LT A UERIRIFRICR T D 2 LS TV D RAR B DB FHRIEN A
EIZRD LT,

COFERNG, A A ARBRIRBE O BEALRE TlX. RBP4 N TX 20
TR, VF )= NLNOIEERIRTHD VT ) A VBEOIEMENMT SO H
WCRVEEREDL WS EERLT,

VF A VBEBIZ K o THIE STV 585113 300 LLERER SN TR Y, FER
HOEPHED—>2 L L TH LI TWARERFHEEIER EORRER OO E 22725
TWADTIIRW M EHEZR LT,

ZZ T, £7T 20O RARB ODEBETFHIREDOH DN, VF/ — /ARG EE N
XTWDHDON, RARB R EEN RO EMRT D720, BlOLVF ) —iE
HERTHRBREEZAETHZ LIT LT,
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7
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0z

Bkl 331T A HSP70 BT D3 HLFENT

H—IH  HHY

A AU SRR O BRI BT 5 VF  — R EE 2 R T 5 B
BT, VLF /A VBENBLRTTHY, B, BEEO~—T—& LTHEHW
52 ENHRS HSPT0 BT RREL T 752 LT Lz,

HSP70 &%, Heat shock protein 70 D& ToH 5 4650, ZgFijdD@EY , A |k
VARG AR A NV AIRETHA LRI ETHY  FERFOAHETH D
FEEIIA PV ASEMET T2 ERHMBNTWET,

60



9/ IH EEBRITE

) FEEEW I L OB A

W ERIL, ERBEBERFHMEREZBESOKREZIT T2,
4ﬁﬁﬁimwmmr7/k10@&4@#%$®GK?y%10E%H$&v
TEVEAL, BEIGEIGSE D O] — I TGRSR CH S AIN-
93G # 5.2, HAEEAR - BHREKICT 10 BREFABZ1T-7-, BV A 7 Li%
12 B, =IRIE. 23c. BE 50% 5%, fEH]0 12 BEfIRT DR & k& | @
BEIToT,
fREL. BERENIC Y A ) X F (AL RNV E X — L 64.8 mg/ml EH) & R
%, OBRERIM 21TV, Hﬁ%%%fr!ﬁm L. FEEEERICTHFE L., -80c DHTH
FEIZCTRE, e, AFEEKICTHEREITo %, IWIRERIZTHRE L.
80°c DIHBEEIZ THRE, MK i 3000 rpm T 15 7l Loy BER . EHOMTAE
{LZRBIIBAT I AV, 78D O fiE % 200 ul 245 7E L, -80°c DIHEEIZ THE L
770
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(2) El=TZEHAT

Total RNA O#iHii%. RNAiso Plus (Takara) @ 7't h 2—/LZESWTITH
7o WHAERAT L7 fTle, FERAERR. &z 1g )Y i L. RNAiso Plus # 1ml
MMATHRED T A A LTtk R TH oMFE L, 12,000Xg | 4cTH 5
iz OE TV, BEEEZFLWVELT 2 —7 I8 L,
JunaRLhEREEE (KREYFHA XIZHVWZ RNAiso Plus O%&E) @ 0.2
EEMNA, BE LIz, |RT5HMFE L, 12,000Xg, 4°c T 15 4y EiEL
L., FBOKBEHLOELF 22— L, BBAEED 0.5 EE~ZED
AT N =M THRET %, EiE T 10 oMFHE L7z, 12,000Xg,
4oc T10 pfiE L L, T6% =% ) — VB A & EEEMA THREFEZIT -T2,
7,600X g, 4°c TH oo L, WWkzE L T RFZ2#E T, & (RNA H
) LRI %, #EEO DEPC KIZTHEM LT,

Total RNA [X. NanoDrop [ZTEEZHEIFE L, 500ng ([ZFHH L 7=,
Z D%, PrimeScriptRT Master Mix(Takara) Z FAV T, cDNA ~ & Z5#i 7=

mRNA B EDOH|EEZ1E. Light Cycler real-time PCR (Roche) Z A\ >,
2313 SYBR Premix EX Taq II (Takara){ZCA % —F L—yEIZH L7z,

NI AF—E U TBEIET L LT, Bactin ZH, RBP4 BEEDEREZIT-
7

Forward 3 & Of Reverse primer |X. Fi?Di#E@Y TH 5,

Forward Sense primer (5'-3") Reverse Antisense primer (5'-3")
HSPT0 CACTTGTCCAGCACCTTCTTCT HSPT70 CGAGTCCTACGCCTTCAATATG
B-actin CTGACAGACTACCTCATGAAGAT B -actin TAGCACAGCTTCTCTTTAATGTCAC
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FHoIE O RR

Wistar 7 v b & LT, RBP4, RALDH., RARB OiEMLEFHEHEIL., GK
Ty P THEBIZIETLTWS Z &R LT,
ZORERIT, TNFETOA U RAY AARFUEET L ORER L RO M2 R L
72

FIT, DA AN UEFIEETLOB T, VF ) A U BISEEIG T D3
BENMETLTWD, 70, A M VAREMET LTV A 0ZH LI 5 HBY
T HSP70 OBETFREELZHE LT,

FOFER., Wistar 7 v F &L T GK 7 v T HSP70 Bin+RHENH
BIETLTWAZ EEHAGMNI L,

A RBP4 B RALDH
ool : g’
E %
) " 5 2
& £
2 bl
g 5
= 1 S
5] o
5 _ £
< -]

B [ ]

c Wistar GK Wistar
o RARPB : HSP70
£ =
.’% ?; I
B 2 z
g :
% g
= o
a o
& .~ §

- £ E
Wistar Wistar

Values are expressed as means £ 50 (n=10 per group).
Statistical analysis was performed using two-tailed paired t tests; p < 0.05 was considered statistically significant..

Fig.2-15 HSP70 & s 7R ELAEHT
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HIUIE  /NE

TNETEBNOLT ) —1DIFE A ERHFIBICEE I TS 2 b,
F 7 =V ORBITIIIFEZ RO fr S TE e, L, AREFRICE YD, A
VAU EBHEREOERBTLTF ) — A RENEE L TWALZ E X LN L
T&7z, DT, REOERENS, LT A VERENEBLRTFRANMET T 52 &
WCED, ANVRIRENTNDLZ L ERE LT,

ZOZ s, HREZTTRIERBFTO LT ) — AR LT T 2 0E R H D
EE2 D, TOEBE LT, HERFBOAIHEEL LT, MEICHEAMN2MNDZ &
TMEREER X, AEESCEE., MREEZE T ENMLNTWVAN, BIE
DFEENMEEES T TR, LF ) —LORBEBENOEHSDORERTH S &
DFEEM A R LN TE T,

LL, SEEA A ARFEET AL E LT GK 7y hOARZRHNTED
ENEOZEEN GK 7 v MERITH DD, A A UERFEcH@ic a2 s n
LEEBZONERONITILERNS L EE XD,
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i

H: B[R+ PSMB1 O NITIC X 5 RBP4 & EAENT
MEHE DR
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F—f RBP4 B HELENE

FATHRZE T, JENIMERE O RBP4 DERCA A U SRFUHEIREE T LR 95 2
EDVB BN D, Flo, ARAFGRIC LV B O RBP4 B TREL LA
X, B TIEE RS, A AT UERFIMICERTAZ E AL LTZ, L.,
A A URPUE T2 RBP4 BEN EH T 50T HOWTEALNTHFEK T
AYAQ" N,

T Ty A A UHEBMRIREE T RBP4 S LR T 500 EH LTS
ZERAMICEREITI ZLIT LT,

InETIC, FESIE, BHMEO GLUT4 #8282/ v 7 7 7 b L=/l
(G4KD-L1) TRBP4 B FHBEN EHA L. 4 AU AARFUEREEIZ 72 > T
%L a2l LT- (Fig.3-1) 49, £7-Z 0o#fa% AT, RBP4 &mFD 7 %
— X —EAEET AL L HIZ, O uE—X —fERICES T AEHESR
¥ 20 S proteasome subunit beta type 1 (PSMB1)Z[FE L7~ (Fig.3-2), Z®
PSMB1 /%, 20S Va7 7 YV —L&iEKT A7 2=y hOUOESE LTHLN
TV 30, 52, Z» PSMB1 (&, T CIZEERT & L THKEET 5 2 L2535
STV, HESiE, G4KD-L1 T/ PSMB1 3MENIZE L FELTWDH Z &
ZrL72 (Fig.3-3), L22L. Z® PSMB1 28 ED X 9 IZEENBITT 2 DD
WTIEBA BT 72 o TR,
Z 2T, KRETIHEIOEABITICERLY H THIT 21T > 72,
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H—E PSMB1 ® KX A fEHT

HIH B - RBRGIE

RBP4 OFHERERE T Th o PSMB1 23, A > A U ARGUMIREED AERG/ A
THENICZ L RET L2 EBHALMNIR-> TN D,
2T, A R UHEHIMERREE TEAICEAT T 5 0 0E PSMB1 @ U U2
RESRDNENBATICEZT 5O Tl EEi e 72 C, £33V VB by A
N s RS T N Dy
U Bty A NI, e 2R REMEZHBRE T 52 L2 KD In silico
analysis(PhosphoSitePlus: http://www.phosphosite.org/homeAction.do) %
ATt 7,
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FHIH O RR

In silico analysis {ZC, PSMB1 ® U U E&{bY A k% reference £t75 5 #RVL_E
[ZBRVfEMT L7 L 2 A, PSMB1 @ 149 ZEOF a2 v U MHEE LDV B
A4 NThHDHEREL,
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FHIH NE

In silico analysis O RN, HE LD Y VBR{bY A FTHDH Y149 DY >~
ikt A MZHER LT,

Y149 © U UE{bY A MIEFEB L7ZEHE LT, Y149 ITHELEZT I JBEO Y
—J T AR R TLSRESINLTWS (Fig.3'1) 72, ZOEF—
TOERERNICEE THH I AR L TWS EEX T,

Human GGLDEEGKGAVYSFD:
Mouse «GGLDEEGKGAVYSFD:s
Rat =EGLDEEGKGAVY SFD:s

Fig.3-1 PSMB1 73 /@i —/x X
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W= PSMB1 @ Y149 © VU V{1317 L RBP4 O#zE |

BAE A 5B AT

—IH HHAY - EERITIE

PSMB1 23, A > A U UAEHIHIREE T E D L ) ITBENBATT 2 D )MNZ DWW TH
52T HBERIT, PSMB1 U VbV A N DFRIEZRAT,
FZT, oYy A bEeTavry YY) "o 7z=AT7T7=r (F) IZA
THIZ U VERfb T e WERKZER L (Fig.3-2). PSMB1 OENBITHNEAL
THDOMNIHOWT, BRI Z AW T2 2 L2 LT,

3T3-L1 a2 2 149Y % pEGFP-N2 3 H X7 X% —(Z GFP & (58| 35
SH, MENRELZ R,

X512, EREIZ RBP4 OEEEN EF L TWAEINIHONWT, v 7 =2TF7—87
VB AIEIZ LT LT

o

Y149F GFP ]
HO  NH, HO  N°H
0 @*OH > o \_@
Y F

Fig.3-2 Y149F ZHE(R
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FHIE O RR

3T3-L1 a2z AT, PSMB1 OMaRELZH-E A, WT Tik
PSMB1 238 & B O T IZHE L TV D DK L, Y149F ZRIK TIIEIC
BICBELTWDZ 2R L7 (Fig33) , SHIZ, Vo 7x2T9—FB7 vt
A EZFAWT, Y149F ZRK TREKFRIC RBP4 OFIHN EH LTS 2
EaMER LT (Fig.3-4) .
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FHIH NE

HEBIZEY A A ARFUEIRRETO RBP4 & {x 73 B 1213 PSMBI1
NEZBERFL U THEEL TS Z EEBH LN LT,
AREOFRER L HESOLITHIEN S, U UL SNIREETIX PSMBL 13N
IZBAT S0, U BB T E 2V REETIEL, PSMB1 23 ZNIZR1T L. RBP4
DELFHEL ERIE WD EBHLNIC LT (Fig.3-5),
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LF ) —)fEE #7327 E (Retinol Binding Protein 4) 1= ICATIED &AL
., BZ I A (Retinol) EfEALTEH I v A Z RS ~ERET 5 DI
HERKREZ L TWDHH N IEThDH, IEH, Kahn 575 RBP4 [IfiFfi D 472
59, IEMAE T ORI D END Z &, IEMICERE LioA > X U URbUE
PO BERE (2 BUBESRSE) HREECIIAEMEMH k> RBP4 FEHE M L T
WHZ LEHE L (BIASHD., L2yL, Kahn 5i%, RBP4 OE &R DL
ZHDNITHOWTIEHREIC L TR 6T, 2 BRI O EJRK TH 5 IO RS 512
SWTIEARHATH 72, £7-. RBP4 OZENRMMERRICBIT o2 I AR
AT T B OV TUE, WEEREFN 220, AT, A 2V ARFUEID

B 5 EM#ERE O RBP4 OB FHBFREIREIC OV THRHATH D,

% 2T, AWFFETIE RBP4 OEE A W= X LAB LN X I v A RE~DOFE
AL T 2 AT, BREIC K2 BEMMEERET L L BRBIEMIZA A
VEPAEEETD 2 DORRLETNT v FERAW, T EIToT, S BIC
REHRRIZ351F 2 RBP4 B FREHIEHA W =X 6% A 2V AEHUEET L
A 2 FRVTRRAT L7,

FEhr 1 SRR & FEIR AR RS RBP4 #Ei& & Retinol fAEHZ XIE
SRR

(1) EEFVERRRE 7 /L & FRIRRT 2 RUE R € 7 /L O R

AEIOER T, IEREETT /L EHABEICKNERS A 2 ) SRFiE 2 ER S

&
w

LHETINVE LTI 2 BERFE T VOB ZRE Lz, —RICHERFEE
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TN7 v k& LT, OLETF 7 v bX° Zucker 7 v 232 < EBRIZAW S LTV
LD, ZNHDOETIVIIERTRI/EA L, BRI > TIEmEZZL, A2V
CHEBED D BEREE RIET HET LV TH D, —FH. GK T v ML, %k - flild
SlIZk o TEH SN 2 BFERFET LT v hTHO | BE kbR &%
B ET D2 Lnb, FEEME 2 BIERIFET /LE LTHNWD Z & & LT,

BRB B SRMEE LCE, UFO X D ICERE Lz, Wistar 5% 4 HH#Er O R
Z v Mz, 2 hr—/E& (AIN-93G) ##ff L4 2> b — /L (Wistar
Control), F7=m=HEE (40%f50)) Z a6 L -84 fEi#E (Wistar-HFD) &
L. BIEEIC X 2 BOMITEE L Uiz, —J7, JEIEGR 2 BIBEIRBET LT »
FTHDH GK 7 v MZ AIN-93G % #afH LB 2 BERIARE (GK-Control) . GK
v MZEEEZKREE LR (GK-HFD) & L. Wistar-Control #£(Z% LT
DFERIFRIER AR ET D L L BT, GK T v MIxT 2 EIE & O %8 4 fihT
LT, BT A2 I ADEEZRIA DDy b — L EZ KL L Pair
feeding Z1TV, ZNENOHO T v M 10 BREEFEE L7z, ##H 3 HATIZEND
HEARRER (OGTT) % %k L7-f5H. GK-Control, GK-HFD WX, Wistar
MR R TEERMEENFREICE N L, EROAAM 2 % Th &M
PEREPHER STV D Z RSN, ZROIERBERFEORE TH T2 L
G| W GK BENHERIREETH D = & &l L7, F7=, Wistar- HFD #£1%
fLORE & LB U, AR E & IR E RIS W THEREMATRD 5728,
MR EBIIRO b o loiod, FERFEEZEDRWVIEERETHD 2 & %
TR L7,

U EOfEFR XY, Wistar-Control % 2> ho— L, SEEOEED 4
ZRDEACDENT R S Wistar-HFD B4 R L L, FWERFEET LV E L
TGK 7y b2V, SHICEBENREZEET L & TEIEIEORE A AT



TEXDFAFDODETNREBETEZLDLEE 2T,

(2) 1L RBP4 DT

X CiZis RBP4 OEEHAAEm ICER L5 D0, A AU HEGUEICER
TLHONERALNCTLHEMNT, VA Z T nyT 0 o 7iEZAVT RBP4
DHBEOENT 21T o7, Z ORGSR, F RBP4 (FZ3EERA 2 AU R €T /v
(GK &) TIZHEMmL Tz, BT /L (Wistar-HFD) TIiZZ b L7a)
o7z, MH RBP4 OIE. T E TIERM-SCA o2 ARFUETEZ S L S0
TED, ARIOFER TR CTIERA A VEFEICL - TEESND Z
LD TH LN LT,

(3) Tt - Bl - PEERkH > RBP4 & 151 DI BLAFAT

g RBP4 OH#AIAS, RBP4 AR OEE Tb 2 Tl - &l - IE5HEE OV
[ZHRT 2O HOWTHT 21T o 72, Sk E V. RNA ZfhH LR T T
A ~—I2X v, qRT-PCR IEIZTHIT 21T o 72, ZDOfER. RBP4 OFELEL
Rl Gl = o b — LR & bRl U C AR - BEIRIFIC K 2 B 7o DIkt
L. IEW#ER& TI%, RBP4 OBMRTHBLEIL = v b —/URE & ik U ORI RE
THEIZEF LW, £7-, BlED RBP4 Bin R E&IT= b — Lt L
HoE: U CHERPFEE CTHBREIIRT LT,

U bofER &0 RBP4 OFIEL, JEVHEMRIZ IV TIER D& Y HE R
Lo TERTHZ 2R LI, £HUTx LT TIE. BERBF CTHIEBTDH
HEEBIIHELZ T RN L, BRCIIERFICE > TOARELIURTT LS
EEBTICARE LT,

(@) M, FF. B, BXOREPMEEIZE1T 5 Retinol, Retinyl palmitate £ |
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=/

E
MH RBP4 L~ JEEET LV E A A Y ARFIMEET LV THER D Z LD,
ML retinol DRI HEEBENHTWDARESERH L B X 7=, £2 T, MH
retinol BB KON FEAE X I A @R CToH 2R, B, AEMERED
retinol £ & Z DORTEH TdH % retinyl palmitate &2 HIE L 7=,
FEICHEVY, retinol, B LN, retinyl palmitate Z 3k L v #it L HPLC (2
ERMNT 21T - 72, T OFREFR, ML retinol Eix, B - BERFOLEL S E
ay he— LB L L CHERBICED LTz, fiE- T, retinol EfEA L7
RBP4 (7 4R% RBP4) 2HEML TS Z RSNz, 512, FliEFo
retinol &L= b — L BERFHLICEBENEICLVAERIZED Lic, £7-.
& H @ retinyl palmitate #1122V CTlid, retinol & O ZEEH 2R LTz, — .
JEMHERR CIZ, =2 he— A B CEEEIREORZELZ T 2> T2b DD HER
REETITEAEIRIZ L U retinol XA EITHEM L. retinyl palmitate E(Z-D\>
T, retinol ERIFEOEBZ R LT, IHI2, BiETIX. ®mEFHEIC X2
TRLNZ o7 b DD retinol EIIFERFIECTHEICER L TEY . retinyl
palmitate ®i%, FERFFECEBIREZAGE T2 & THEIML TV,
LLEORER G, B EPERBICBITOEZ I A RENSEGFE CTRERLZ &
BN LT,

(5) % WE2ih o RALDH., RARP D& =TI EMRMT

Retinol |3 retinal % #% T retinoic acid ~ & U SENZ A K EZ N L CHIEO
oAl - B85l EOBIRTRIAHET L 2 ENMON TN D, & 2T, IEEARK
Td 5 retinoic acid (Z DOV THEMT L7z, 13 U ®IT retinoic acid ~Z L 1 52

# RALDH D& =13 & retinoic acid B2 L » TEGFREENHIFH INT
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% RARBDER B2 MM L7z,

Z OfER. RALDH (I T R o d o728, eIV T, HE
FRIGEE CH B RBD 08 A biviz, BRI retinoic acid ®IIFERFFEIC L -
THEZZITTWD Z e EREINT, £z, BliEo RALDH bHRE CHE
(ZAET L7z, RARD DN 6 JEMGHERE TIIBHE TN R o7 b D
O, BZB N Tida s be— LB E R L TR TERICEM L, R
RREIZ B W THRICED LT,

TOZENDL, BRETIIRERKEICL > T RALDH ORBEEOR TIZHES T
retinoic acid DAFEEIMET L, EX I A OIEHEARETH 5 retinoic acid O

PEABEDMENIMM & BIRICB N TRES ZEMRD I EZHOTHLNIT LI,

EBR 2 #5 R PSMB1 ONBATIC X 5 RBP4 B {5 1 F B S5 E O fir

FEBR 1 OFERNG, A R ARFUMEIZ X - TIEMERE D RBP4 OBRT-5
BENEETHZ EBNHALNTIR o7, L, A A U ARFUER O BRI
B 5 RBP4 BT REAOFHEEE OV UIEERTFLED TS LS
nole, 2T, FELIEA U RY UEFUEE I I v 7 LEsME (GLUT4
knockdown 3T3-L1 adipocytes) % F\ T, RBP4 DGR % AT L 724558,
INETTuTT Y —LEARETE L THLITY = 20 S proteasome subunit
beta type 1 (PSMB1)7% RBP4 OEREFMEIR T & L THRET 2 Z L A 62T
L7z, L2xL. PSMB1 7% RBP4 OB FHEIUT EDIRITIER T 520220 T
IR T oTe, 22T 7 BRSNS PSMB1 OERE R A A > D
TE A AT,
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(1) PSMB1 & K * A gt
PSMB1 O#EEE K A A > % Silico AT & 0 AT L7725 HR, 149 BB O F v v
FeE (Y149) 03#EE LY Vb A R ThDH I DRI hic, Y149 LB L
T I BOY—7 AT, e bR T A, Ty hTESIBREEN TS Z &
M, ZOEF—T7DNHEREIIICEE Th H 2 L BRI LT,

(2) PSMB1 @ Y149 O U AL 4T & RBP4 OIRBII KIT T EOME

Hr

wIZ, ZDY k) PSMB1 OREREMEARIZ T REZ T+ 25 HAY T, Y149
DFuT T 2= )VT T =B SR TEREK (YI49F) % GFP RH~7
B —|THEAA A 3T3-L1 AR SR AR B S & T AN RTEMEIC RT3 8 4 i
Hrlie, ZOREE, Y149 (WT) 1M 2KIZHFE L TS OITx L, Y149F i
ERNIZREL TS Z EEZA LN LI, 5T, Y149 OV VBB ERBATIC
HETHDHZ LIRENT, KIT, PSMB1 O#17) RBP4 DB KT+ &
BIZHOWT, RBP4 V' uE—4%—7 vt A ZHNCHIELZEER, YI49F Tk
IREKFEICEBIEESEIM L7z, ZhbnZ &b, PSMB1 Y149 O U &~
21t PSMB1 OMENRTE & RBP4 OESBEIEMELOM HFICEETHDH = &M
BB ERo T,
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AE, BEHIEEET LT v b, BIOYEIRR 2 AERFEET LT v b & A

U IR SHERIBICE DB D 2 SOFET L EHFANT RBPA B LU X I v
A REHZ AT T EE A BT LTz,
ZOFER, RBP4 [FER CTIER < A A U URFIE O E %2 17 CIEHLRE X
oS iv, i RBP4 8 ERTAZ 2L L, £, FETIHEX
A REDEREIC L 0 sR < I S LD oIkt LT, BRI L OV IE T,
PERFIZL VB EELZITLHZ LALLM LI, 2612, B TO
RBP4 B FHENA AU URPIMEIC LD U U BBIbE N LTy 7T VBIZED
FALICERTHZ 2R LT,

FRFERIZE ST, EX I A DIEROBRERRE - £l EORBED R D
T AZRY v I R —LDRIEA D= ALIHESEG LTSI L%
HONITHTENTEL, SBOEX IV ARMEY—F >y e LTz
RO TR, BELEOF ML RIRERTHL LB XD,
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B RHEEF

Obesity is caused mainly by consumption of a diet with excessive
calories and is a common risk factor for multiple disorders, including insulin
resistance, type 2 diabetes, and cardiovascular diseases. Recent studies have
shown that adipose tissue 1s an active participant in the regulation of
endocrine function as it secretes adipokines, such as leptin, TNF-alpha,
adiponectin, resistin, angiotensinogen, and PAI-1. In obesity, an excess
amount of lipid accumulates in adipose tissue leading to an increase of the fat
mass and subsequently to its dysfunction.

Retinol-binding protein (RBP4) is a 21 kDa protein that is synthesized
primarily in the liver and white adipose tissue, where it binds to vitamin A
(retinol) and is then secreted into the circulation. In addition to its role as a
retinol carrier protein, studies have revealed that the level of RBP4
expression 1is increased in adipose tissue specific glucose transporter 4
(GLUT4) knockout mice. The increase in serum RBP4 level correlates with
msulin resistance, with the inverse effect being observed following

administration of an insulin-sensitizing drug. Therefore, RBP4 is now
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recognized as an adipokine that may influence insulin resistance.

Previous studies have shown that both genetically diabetic and high-fat
diet (HFD) animal models have high levels of serum RBP4. However, in these
models, animals fed a high-fat diet also had diabetic symptoms. As a
consequence, it remains uncertain whether RBP4 concentration is influenced
by a high-fat diet or by the diabetic state.

Several animal models have been developed to study type 2 diabetes. One
of the most common models, the ob/ob mouse, is leptin-deficient and shows an
association between hyperglycemia and obesity with insulin resistance. In
contrast, Goto-Kakizaki (GK) rats are a non-obese diabetic model, established
originally by repeated inbreeding from Wistar rats selected at the upper limit
of the normal distribution for glucose tolerance. The GK rat is characterized
by progressive loss of f-cells in the pancreatic islets associated with fibrosis.
The main symptom of the GK rat is impaired insulin secretion and insulin
resistance, with nephropathy and peripheral neuropathy occurring as
complications. Therefore, accumulation of lipid (obesity) in adipose tissue is
not the main cause of the effect of obesity on RBP4 levels or vitamin A

metabolism in type 2 diabetes.

84



The impact of increasing RBP4 levels on whole body vitamin A

metabolism is also uncertain. The purpose of this study was to evaluate the

effect of a HFD and type 2 diabetes on RBP4 expression and vitamin A

metabolism in GK rats and rats fed a HFD. We report that GK rats have

increased serum RBP4 levels. However, a HFD had no effect on serum RBP4

levels. Most interestingly, liver retinol metabolism was affected by a HFD,

whereas kidney retinol metabolism was influenced markedly by diabetes.

This is the first time that kidney retinol metabolism has been shown to be

affected by type 2 diabetes.

Obesity is caused mainly by a high intake of fat and is known as a strong

nutritional factor for causing diabetes. On the other hand, diabetes is a

multifactorial disease and is affected by various environmental factors in

addition to genetic factors. The two diseases are often considered to be related

through the development of insulin resistance. It is also well documented in

animal models that a HFD induces insulin resistance. The combination of

accumulation of fat in the pancreas, reduced locomotor activity, and impaired

vasorelaxation induces insulin resistance. On the other hand, Kahn et al.
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identified that the adipocytokine, RBP4, induces insulin resistance. However,
whether obesity or diabetes is the main reason for the increase in RBP4
remains unknown.

Serum RBP4 is the sole specific transporter protein for retinol (vitamin
A) in the circulation, and its single known function is to deliver retinol to
tissues. However, the dynamics of retinol in obesity and diabetes remain
unclear. We therefore performed an analysis of RBP4 and vitamin A
metabolites using a diet-induced obesity model and a non-obese type 2
diabetes model. In this study, the GK rat was used as a non-obese type 2
diabetes spontaneous model, while Wistar rats, a counter-part of GK rats,
were given 40% fat for 10 weeks to establish a diet-induced obesity model. To
avoid differences in vitamin A intake in the HFD and control diets we chose
beef tallow because it contains very small amounts of vitamin A. Our results
confirmed that two types of models, a non-obese diabetes rat (GK-Cont) and
non-diabetic obese rat (Wistar-HFD) had been established. These animal
models could be used in further analysis of vitamin A metabolism.

Using these two models, we first analyzed serum RBP4 and retinol, and

showed that serum RBP4 was increased significantly in GK rats (Fig. 1A). We
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therefore concluded that an elevation in serum RBP4 was more related to
diabetes than obesity. Similar results have been reported by Kahn et al. who
showed that increased serum RBP4 levels were associated with insulin
resistance independent of obesity.

Because it is known that retinol is mobilized from the liver to extrahepatic
tissues via RBP4 secreted into the circulation (holo-form), base on our results
we hypothesized that the RBP4 we measured in our experiments was the apo-
form. However, a similar decrease in serum retinol level was observed in
diabetes and obesity. Hyperglycemia and loss of B-cell mass are observed in
association with decreases in serum retinol and therefore we suggest that
impaired p-cell partially may lead to a low serum retinol in GK rats.

Because adipose tissue, liver, and kidney are the major sites of RBP4
expression, we investigated these organs to explain the decrease in retinol
levels. Organ-specific responses of retinol metabolism and expression of RBP4
and retinol-related gene expression were observed in adipose tissue, liver, and
kidney. It has been reported previously that elevated serum RBP4 derived
from adipose tissue induces an inflammatory cytokine. These findings

indicate RBP4 is a diabetic marker. Our results showed there was a
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significant increase in RBP4 gene expression in the adipose tissue of GK rats
(Fig. 3B), leading us to conclude that elevations in serum RBP4 level were
produced by adipose tissue.

We also observed that retinol in adipose tissue was increased by both
obesity and diabetes. Moreover, gene expression levels of Raldh were
decreased significantly by diabetes, indicating that production of retinoic acid
was suppressed. However, we did not observe a significant difference in
RARp expression. Retinoic acid is known to improve insulin sensitivity and
we hypothesize that retinoic acid production may be inhibited in diabetic
adipose tissue. Further analysis needs to be conducted to confirm this
possibility.

In contrast to adipose tissue, the retinol content in liver was decreased
significantly in obese rats compared to diabetic rats without affecting RBP4
or Raldh gene expression. In theory, dietary retinol is absorbed in the small
intestine, with up to 90% of total body retinol being stored in the liver. We
therefore concluded that liver retinol uptake could be inhibited in obesity rats.

Finally, the retinol content in the kidney was increased significantly in

diabetes. Expression of RBP4 and Raldh was also decreased markedly by
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diabetes. Therefore, vitamin A metabolism, especially retinoic acid production,

is limited in the kidney during diabetes. The GK rat is known to develop

nephropathy, with disorders of excretion and resorption in the kidney having

been reported. It is well known that retinoic acid improves glomerular disease.

In our experiments we observed a decrease in RARP in GK rats, indicating a

low production of retinoic acid. Interestingly HSP70 is the target gene of

retinoic acid and accordingly we analyzed HSP70 expression in another group

of GK rats and observed a significant decrease in these levels. HSP70 is

known to act as a molecular chaperone and in protein folding, with decreased

expression occurring during cancer formation. On the basis of these findings

we suggest that a decrease in kidney HSP70 expression may lead to diabetic

nephropathy.

In conclusion, our results demonstrate that vitamin A metabolism is

affected differently in obesity and diabetes. In particular,retinol metabolism

in the kidney is affected greatly by diabetes. From these results, we suggest

that retinoic acid treatment may improve diabetes and its associated

nephropathy.
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Inoue et al, have reported the identification of a transcriptional activation
core DNA -element (GLUT4 knock-down-dependent transcriptional
activation) in the RBP4 promoter of lentiviral shRNA-mediated GLUT4
knockdown 3T3-L1 adipocytes, and the identification of 20 S proteasome
subunit beta type 1 (PSMB1), which binds to the G4KA element. RNA
interference knockdown of PSMBI1 inhibited the expression of a RBP4
promoter-reporter construct. PSMB1 is a transcription factor for RBP4.

In the present study, we investigated the regulation of the subcellular
localization of PSMB1 and observed a translocation of Y149F PSMBI to the
post-nuclear. Luciferase activity was not influenced by the exogenous WT. In
contrast, luciferase activity was enhanced by the expression of Y149F PSMB1
in a dose-dependent manner.

These results suggest that the phosphorylation on Y149 site in PSMB1
contributes to both its cellular localization and its transcriptional activity.

Here we suggest a novel regulation model of RBP4 expression via PSMBI1.
These finding may contribute to understand the insulin resistance and RBP4

expression mechanism.
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