RERERRAMES 5338 %34 50H PR 184412 H

Thesis

VXX T T EAT 1V RERETEEA I ATV 2 D
PPAR y 2 7' 10 & — Z DI EIE M hn/E

VEEIERIRSE RIEEIIE - BEIRARARHIT
PHIEBRIRS: RIS - A

BAD, FEE O ORKY, WmE EW?, il ERY

Si3/N

173

Angiotensin Type 1 Receptor Blocker, Olmesartan Induces Peroxisome Proliferator-Activated
Receptor y mRNA Level Through Promoter of PPAR y 2

Kenta Kanazawa”, Ikuo Inoue”, Masaaki Ikeda?, Shigehiro Katayama” (Division of Endocrinology and
Diabetes, Department of Internal medicine”, Department of Phisiology”, Saitama Medical University,
Moroyama, Iruma-gun, Saitama 350-0495, Japan)

Background: Angiotensin type 1 receptor (AT,R) blockers (ARBs) have been shown to reduce the
incidence of type 2 diabetes mellitus by an unknown molecular mechanism. The peroxisome proliferator-
activated receptor y (PPAR y) is the central regulator of insulin and glucose metabolism improving
insulin sensitivity. We investigated the regulation of PPAR y function by ARB, olmesartan.

Methods and Results: The ARB, olmesartan dose dependently (from 0 to 50 nmol/L) significantly
enhanced in mRNA expression of PPAR y in human kidney cell, human renal proximal tubule cells
(RPTEC), by method of quantitative real-time polymerase chain reaction (olmesartan:2.15 &= 0.25-fold
induction). In addition, in transcription reporter assays, olmesartan (from 0 to 10 ymol/L) induced
transcriptional activity of promoter of PPAR y 2 by 1.29 & 0.22-fold (P<<0.05) and induced the gene
expression level of PPAR y 2 by 2.52 + 0.69-fold (P<<0.05). More over, olmesartan, dose dependently,
induced transcriptional activity of promoter of cellular retinol-binding protein II (CRBP II) which
is known as one of the target genes of PPAR y. Olmesartan induced PPAR y mRNA level through
promoter of PPAR y 2, resulting in stimulateing the target gene of PPAR y .

Conclusions: The present study demonstrates that olmesartan induces PPAR y activity through
promoter of PPAR y 2, resulting in enhancing of target of PPAR y. Our results demonstrate new
pleiotropic actions of olmesartan, providing a potential mechanism for their insulin-sensitizing/
antidiabetic effects.

Keywords: Olmesartan, Angiotensin type 1 receptor (AT;R) blocker (ARB), Peroxisome proliferator-
activated receptor y (PPAR y ), Cellular retionol- binding protein II (CRBPII)
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HAGHSPIE R E/EHICBE 5 L, PPARB . § 135
FABABESS T 3 )L F — A O FAfi il B R %8 72 R 7
TEEDLNTWVWSY. —J, PPARy IZTOAZRT S5
VURFTI Y UFEERNED) A RELTHIS
NTHEH?Y, FITHEHHBEE UBEREEESR e LT
HFHEN TS, £/, PPARa & PPARYy ZNZHID
VERZ18909 % & & £ ICPPARy DRIEH TH S 1kE
e EORIWER Z kT 5 Z L WATRET H % i
5, PPARAB XUy Il 727 )7 I= A M DE
HXn, BEEINICmzEM b T,

TUFELFT VYA T1IZEK ATR) HE
(ARB) (Z, 4 H & IS e i S B U 7D i s
FRIEBOIEEREL UTIASBRMWICHEHEN TV S.
ARBZ 3T 4F, (& & AEH O & 7% 5 9 pleiotropic effect
ZHT AT ENEHETN, Gk KRR KSR D
Value study” TARBT®H % /3L )L & > hv2 RUKE RYG
DHHFIEZL TS LOMENTEI N A
T, 2V A EEYIETIVICBNTA VA VK
PiEZUGEESE, A VR VR EENEE S L
ERENTVEY. L LAEND, ARBICKZ A VA
D VRSZESGEER, B X OPRERIETEH O 1337
EAATH 5. & Bk, MOARBsD 7 )V I Pl
2V INPPAR y I MEZIEINE &, [FRHIC A AV V4K
FiMkZ s X 8% L ORIREOERE N N,

—77, MDARBTH %A )V AV )L Z Vidkxkd i@
MEVEH 269 5 #87z7xARBT, E5IC, AL AT
11—/l low density-lipoprotein (LDL)-2 L A7 11—/l
(& R &4, high density-lipoprotein (HDL)- 2 L A7
O—)LEERINERE T L EMEEN TS,

Z T THEELE, ARBTH S A IV AYILZE VD
PUbERISIE OF 7 2 fif 9 2 7212, b MBI
KT H BN RAE R AIED primary culture Th %
human renal proximal tubule cells(RPTEC) & t &
Ha D cell line T&H % 293T flifld 2 W TA IV X P )L &2 >
DOPPAR y fEFI DFNRICDONVT, ZOHREHEEEX T
BT REZAET 5 C & Tl L7z,

H &

MRL: AV ATV 2 X ZF OWEWIRTH % 4 )V A5 )L
2 A REY 2 )l (olmesartan medoxomil) Z {8 i L,
I =S IO AF L.

MR EE : © NB IO primary cell line T3 % RPTEC
& Cambrex BioScience Walkersvill, Inc. & ©, 293T #fi
Jldid Invitrogen corporation» B ZFNZFNEA L. 7%
B, RPTECIEZH 3K THMU LM L7z. RPTEC&
293T MiIf2IZ 100-mm 7« v ¥ 21 Z N Z 1100 units/
ml® penicillin & 100 pg/ml® strepromycin, x7210%
FCS 7% & 5 Renal Epithelial cell Basal Medium (REBM)

(Cambrex Bio Science Walkersville, Inc.) & Dulbecco’s
Modified Eagle Medium (DMEM) (Invitrogen) 7%

K,

s L, #Miigicl oMb 51 pM D Olmesartan
medoxomil ZZINL & SIC24 KA >V F aX—2 g
LRl L 7z.

)77 )L 2 A Lpolymerase chain reaction(PCR): PPAR y
L glyceraldehyde 3-phospahate dehydrogenase
(GAPDH) ® mRNA i real-time RT-PCR (Applied
Biosystems, 7700 real-time PCR system)ic X o
THET L7z, 72 cDNAXtotal RNA 1 ugh 5 1x
Supercript buffer (Gibco) %, 1 mM dNTP, 20 ng random
hexamers, 10 mM DTT, 20 U RNAase inhibitors & 5
20 pl D reaction volume containing &, 200 U reverse
transcriptase (Gibco) W T U7z, 42°CT50 5
A FaxX—2 a2 Lk 70°CTIORME LK
JifE 1 &7z, PPARy & GAPDH® PCR i (& Syber
PCR master mix & L F @ primer sequences: PPAR y
(Applied Biosystems, TagMan® Gene Expression
Assays Assay 1D:Hs00234592_ml ); GAPDH (Applied
Biosystems, TagMan® Gene Expression Assays Assay
ID:Hs99999905_ml) Z{fH L 7z. i 7% PCROD &4+
& LT, ABI Prism 7700 Sequence detection system
(Qiagen) I L, 95°C7Z 158/, ZDi%60°Ck 157
[, GaH40Y 1 7))V S 7. 7%, PPARy D&
{53881 GAPDHIC THli1lE LR L 7=.

t FPPARy27 B E—XZ D5 H: &£ FPPARYy 7’1
E—2{EN 2RI 578, HAldk FPPARy27 1
E—XE0, ya—=>FULk Ju—=rrLk
A%, ¥ FPPARy TOE—XDEMAI—F 425
M E 7 D Ef900bp 75 ' A b, PCRIEIC
T/ E L, pCR® 2.1 Vector( Invitrogen) 0 EcoRV 7 15
IH A UPPAR y 2-900™ & L 7z.

Cellular retionol- binding protein II (CRBPI]) 7' & —
ZIEPED I A G LLT 7 v —=> 7 L7-PPARYy
OREHBELETOCRBPI T HE— 2P L | & X3RN
PPAR vy 2- 900™ 7 {fi i L, pGL3-Basic vector (Promega)
Dluciferase i, Kpn 1/Neo 18I FNFNE A
7'— 3 3 » L, pCRBPI-Luc”, pPPAR y 2-900-Luc &
L7z. CRBPIOE—%XE, 5DDOPPARMVEGT %
HEECS] (5-AG(G/T)TCA-3"), peroxisome proliferator
response element (PPRE) Z45 L T3 MY, FK 4 iF
pCRBPII-Luc 7 Z A X FDEND T D5DD M HERLS
g RXTREEHE, TN%Zdel-0-pCRBPI-Luc & Uz,
pCRBPII-Luc, del-0-pCRBPII-Luc, pPPAR y 2-900-Luc
& Renilla luciferase expression vector (pRL-TK) (&H &
TR K51, MENICERRICI NS YA T 27
vayvl, 24well 7L — b EHWERE LK. BRI
pCRBPII-Luc, del-0-pCRBPII-Luc, pPPAR y 2-900-Luc
D luciferase 1% 4 1% Renilla luciferase activity T #2 4#&{l,
UrUZe. &, FRd OB R EEHE eVl
L 7z (Promega).

AT VAT 7Y g v 293T Y & RPTEC Al g
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EZNZFN24well 7L — HIZ10% FCS ZiHmm L 7z
IRHECDMEM & REBM % 55 #5 ik & L "C40-50 % I
TIVLZY FOIRETHERE L. chHIiclmk b 7
m—=>7% L7 pCIPPARy"™ & pCIRXRa "™ % 1
£ & U < IEIEFLE F CpCRBPI-Luc & 5 3 del-0-
pCRBPII-Luc % 350 ng, pPPAR y 2-900-Luc % 50 ng,
BXUPpRLTK%Z50ng, TNZTNIA LT AT 2V
>3 > Uiz, #MildiZ calcium phosphate precipitation 7%
& L < ldelectrophoresisiE Ch I AT7 73 L
FEERICH Wz, 1% lipoprotein-depleted serum & & &
W END AT 10 T L3RR T34 )V XY )L 2 ViR fE
(I nMM» 510 uM) Z RIS L, & 5124 51 >
Fa—FL7.

DNAY— 27 TV A:PCRIEYIO Y — o7 TV AT HH)
v — 277 L VY% — (ABI PRISM 310 Genetic Analyzer;
Perkin Elmer, USA) % U TRt L 7z.

FRET AT - AR EEMERR RIS TR L, BT
EEAZt REICE > TRAE LK.

m R

RPTECHifZIC 35U\ T, AV X)L % > HPPARYy
mRNADFBIZ N E & 5 B ZiEd % 7z i
real time PCRIEIC CZ DB T HEHZHAE Lz, ZD
FER, AV AT 2 T PR K AFHYIC PPAR y mRNA
OFBIZ T ¥ 7z (Fig. 1).

T PPAR y FBlE 2 RN L & U TG 272
IR A I a— AT Creal time PCRIEIC THET L 7=-.
ZOREER, AIWATFIVZ 5% 1R K b ZD¥EH
I U 12 X TRipE L 72 (Fig. 2).

PPARy Disoform & U CH{EPPARy1& A y2&
M5NTWS. TNUEPPARy BInF DI+ D%
DETTARTIATENDD, LR ETT
THE—ZE LUTERAT 2 MC > TENT N
SPPARymRNAZ pEE L, ZTMhHIiC X ODPPARy1&
PPAR y 2ICEHZ BT % . Z T THAIEA IV A Y
W T K S PPARy 151 E5 IZPPARy 1, PPARYy 2
DELLDTUE—RZNT 2N ZHENCT ST
$, PPARy 1, PPARy2DZNZFID I 0E— XK
FORBEEZME U, AV AP IV 2 VIRINC L > T
PPARy 170 E— 2B FOFRHEIGHL NG L5
13788 519 (Fig. 3), PPARy 27 0E— X DFEHI &
FEARREIIC LR U, AV AL 2 U HE 12 B &
U24W5fii%, o> bo—)LictbigLARIC LR LK
(Fig. 4). DI EDOFERIEZA IV ATV 2 VI X % PPARy
OmRNAFHHOH N, PPARy27aE—X%/T L
TV 2Rl TN5.

FEE, 293THIfE T, RXRa £ PPARy Z# F 5 2 X
717 L, PPARy 27 10 E— X DL G G2 &
L Th, FIWAYILE Y OPREERIFIICZ DI
BN EARL, ATV 2 RO E DI LT

1uM, 5uM, 10 pMZNZFNUcBWTHEICHEML 2
(p < 0.05vs 0 nM) (Fig.5).
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Fig. 1. Olmesartan dose (from 0 to 50 nmol/L) dependently
significantly enhances in mRNA expression of PPARy in
human renal proximal tubule cells (RPTEC), by method
of quantitative real-time polymerase chain reaction. Each
data is shown as fold of control. Values are mean * SE of 4
experiments. *p < 0.05 vs. 0 nM.
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Fig. 2. Olmesartan (50 nmol/L) significantly enhances
expression of PPAR y in time course (from 1 to 24 hours), by
method of quantitative real-time polymerase chain reaction
in human kidney cell, 293T cell. Each data is shown as fold of
control. Values are mean =+ SE of 4 experiments. *p < 0.05 vs.
control.
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Fig. 3. Olmesartan (500 nmol/L) doesn’t significantly
enhance expression of PPAR y 1 promoter in time course
(from 1 to 24 hours), by method of polymerase chain reaction
in human kidney cell, 293T cell. Each data is shown as fold of
control. Values are mean = SE of 4 experiments. There is no
significance in each sample compared to control.
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I, F4IZPPAR y OIFE{L T T % CRBPII Y
O E— R OEEIEMIC DN TA IV A Y )L 2V HER T
L KiE Uz, CRBPII 0 E— X ICIZAGGTCAD
HEAPPREZAE L, AN AY)ILE KON T
PPAR y DMEHI T 2 AlREMEN S 5. T T, ZTDPPRE
I NTRIEE, AIWAYILZ I K% CRBPII Y
0 E— 2 OEIEEOE A, PPREZ M9 20 h
st Lz T A, KRIGEHT2del-0-pCRBPI-Luc Tl
FIVAY )V 2 2 DPRFEARIFIINC Z DGR EAME M
7%~ L (Fig.6-a), PPREZ 79 % pCRBPII-Luc Tl
FEMRAFINIC Z DRREIEMED A ZICH N U 7z (Fig.6-b)

z =

ARBIZ 5 HZ ORFIEN R D A7 59, pleiotropic
effect DVIRE TN THBOILL RO THO N TWL
%. ARBO1DTH%T)VIY)ILZ VIZPPARY Gk
BRI EOWENTINTHE, £, TIL
2PV & id glucose uptake & GLUT4 & [ 38 7 58
TEZLVIWEEEINTVE Y. 22 THHEFKAL
1 [F CARB DD HEFN T % A )V AP )L &2 2 v,
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Fig. 4. Olmesartan (500 nmol/L) significantly enhances
expression of PPAR y 2 promoter in time course (from 1 to
24 hours), by method of polymerase chain reaction in human
kidney cell, 293T cell. Each data is shown as fold of control.
Values are mean = SE of 4 experiments. *p < 0.05 vs. control.
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Fig. 5. Effect of olmesartan with various concentrations (1, 5,
10 uM) on PPAR y 2 promoter activity by luciferase reporter
assay in 293T cell. This data shows significant enhancement
in each concentration compared to 0 pM of olmesartan. Each
data is shown as fold of control. Values are mean + SE of 4
experiments. *p < 0.05 vs. 0 uM.

K,

ZOMPL L HICE HICFHIICHETT 2 BT, A
AR D FPPARy 7HE—ZANDIEH & ED
ThaEt L7z,
TIVIHIVZ 2V DPPARy NOFIR E L TIEY AV
RELTODIERTHY, AR ARGIMEUGERTSH
ATV RV EEBEERENMERL TV S L)
HENTVEYO, L LAEDS, SHEfToHLD
T —ZIZPPAR Yy 2 7/ 10 & — X DI G5 7% 4 )L A 4
VR DRFERAFINCEI NS ¥, PPARy HIHEN A
VAT IV 2 DIREARIFINCHENT 2 EAHL M
ol EXOTIVITINEYDZENEIZET S
BEMERALTWVWS EEZ SNz, T HICEBREND
&, PPARy 270 E— X DEIEETHEMZRD 2
IV ATV Z VEE (Fig. 5) 1%, Z OENEILFTH
% CRBPILO 7’0 & — 2G5 T LR ZRD =4V
APV R VEE Fig. D XD R ENICHEETHD
TETHD. 5%, TNLOEVHEFIRKNICED X S
TEWZEZELTWSD, SBHEMILTWL TET
a5, £, FIVAY)IVEZICK %S PPARy DmRNA
OFRBIEIZININGE 6 K% O L RR R X O ZD%)
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Fig. 6. Effect of olmesartan with various concentrations(1,
5, 10 nM) on del-0-pCRBPII-Luc activity (a), pCRBP II (b)
by luciferase reporter assay in 293T cell. Del-0-pCRBP II
is the product of fully deleted bases of AGGTCA from the
promoter of CRBPII. Fig. 6-a shows non significant change in
all concentrations compared to 0 uM of olmesartan. Fig.6-b
shows significantly enhancement in 5 nmol/L and 10 nmol/L
compared to 0 pmol/L of olmesartan. Each data is shown as
fold of control. Values are mean+SE of 5 experiments.
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BHRDHEN D (Fig. 2 DICH L, AV AT ILE I
KX %PPARy 27/ 0 E—ZDER T HREEOEINE T
I ERME, NN 12RRZ0E2E T 58 RTH -7z
(Fig4). L EXD, FIWAYILEZ KB PPARY D
mRNAZIEINE 287 & LTI, Fasrnidsl
DL TAHSHTIREWD, TV )V X VEEE
ICPPARYy DU AV RE LT 2DICmA, 7r
E—Z OB TFORHEZEHENELSLICE->T
ZTOVERZRIT % T L hHVURE X iz (Fig.7).

T F AR 2 X S5 ICPPARYy DIENEIZFTH S
CRBPII 7' &— Z fHIKICIE PPREDMEET . A D
RS TH % RIGEBRICINT, PPREEZTRTRIEL
T\ % del-0-pCRBPII-Luc 7’10 & — X Tld A )V A P )L
22 DGR T U7z (Fig.6-a). #ilc, PPREZA
T 5L, FOHEIEMEIEA IV AV )V R > OPREARAEN
WIE N 72 R U7z (Fig.6b). WL EDRER K O, AL
AH)V 2> DPPARy DPPREZ 9 % {FH &, PPRE
MNE XN WIRRE T 5 M D corepressor B 5 L
Tnegative feedback EfEDEI < T & & RBEINS.

PPAR y I X #5535, corepressor T % nuclear
receptor corepressor (NcoR) 33 & U silencing mediator
of retinoid and thyroid hormone receptors(SMRT)IZ
X O ZOIEENS IR E N, F 7z coactivator TH %
cAMP-response element-binding protein (CREB)-binding
protein (CBP) /p300, steroid receptor coactivator (SRC)-1,
transcriptional intermediary factor 2(TIF2) 7% £ic &k b, #
OIEENEINT % L 5N TW%. Del-0-pCRBPI-Luc
TOE—RTIEA IV AV IV EZ ORI i 505

Lo e e
S o. .OImesartan

. N .

I
. . : .Olmesartan

(i)
PPRE

I

Fig. 7. It is indicated that olmesartan enhances the
transcriptional activity of promoter of PPAR y 2 with binding
to unknown lesion in its promoter in detail as well as the
expression of the promoter itself. In addition, olmesartan
enhances the transcriptional activity of CRBPII which is
the target gene of PPAR y through peroxisome proliferator
response element (PPRE).

PEIZK U (Fig.6a), PPREZHT % &, ZDHLEE
PR A IV A )L 2 > OYRFEARAFRNC S hnfEm 2 7R U Tz
(Fig.6-b) T & 1%, FIC FECHIF 7z corepressor DVEH
AW AG IV 2N KO TTHEL, 8 B\ i coactivator
DIYERDA IV AT )L Z N K O Il E TV B REME:
3H 5.

i, ARBORGIC K D EARDNRA L, BRI
BREDMEIR TR TE 3 L DMENH % ™. C
N5OFE L UTIZARBD X > F 7 LI~ DIE
HNEREINED, ZOMOBFEE LT, ARBDIIL
PRANE I B 2 HIRINAOFEE X 5N 5. RERE
T E N/ R FEEIESEN RANE R i D 2~
Z AV VR B/INEICAFTE S % megalin(gp 330) & A5
LTZYRY A b= AEN, VYVY—LICTT I/
e % TR S URIIC & £ % T & TIRIMEFIE K
FlFEP TR EMNSENTVWS™, Bk &
I, I N7 I TR ERE T % L megalin
OREMIPL, 7IWITIVDZY RY A b=
DT % EPREEN TS, —77, BERETE
BHIE D H S TUOE N R TD L =, Angiotensin
converting enzyme(ACE), 7 VY45 /=7
DOFEMNTHEL THD®, ACEBHE %> ARB TR
SEBHERMIIHD T v M 2B T 5 2 & T, BERIRICK
DY LTV izmegalin OFENEIE L, 7IVT IV
DN PRAEIC B % BRI E T %7 & Ot
£ H 5. SHFEADHOTSEMIRME FEMITS %
RPTEC HIlUIC BT B A )V AT )L 2 DIEH, D% D
PPAR y O mRNADENEH M E D X 5 I1ENIRAE
FEMRETOEAOLY RY A F—Y AZNHEETE S
IMENRME T 47 oy Y IERZH] 4 %
B LIS I BLRZR .

SHAINWATIVZ DT v FX T 2 HIERIC
Mz, TOZHEHFIDOPPAR y I3 2 /E A & Il ERE D
I ba—)l7s b CICHERIFIEEE O FEERIHIC £ D
KD ICBEHH T 2 M IEFICHEIR RO & bz,

L

FIVAT)IL 2%, b NEHIIE (293T) 7% & CNTE L
PRANE LRz (RPTEC) ICBW T FPPARy 20D
OE—Z 7%/ LU TPPARy OFEZHENEE, ET5IC
PPARy OREHEIETORBIZHEI L TW5 T EAVR
X Nniz.

E I

ARz ZBICHID, Win/1ZzHEX LEE
ERIR PN W - BRI NR 2B E B =E B
GHNTzLET.

A B 2% 0 —#B 1% The 21st Scientific Meeting of the
International Society of Hypertension (2006 £ £ [ ) |
FWTHEE L, Young Investigator's Award #ZE L 7=.
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