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6.10 Endostatin

## 7 £ } Endostatin® 7 = — X | EREKRR T
i2, #i# 2 t } Endostatin»*28 B% 144 71L&
L T 15~600 mg/m? T, TN BAEENRE
5 AIEAREE N, 2 AN BEICHEERE

HERTHMROB LN, BRIEALGN T2

fon#ifk 2 £ + Endostatin @7 x — X | BRI KB
i, #B#ez t b Endostatin»* 28 BH% 144 7
& LT 30~600 mg/m? THEATHREREEENEE 2]
AcmHEEE L™, LER+IHEFETHN,
BERICBESNLAEFREIAONL P22, F
2, BRIEALN o2,

HEFTAHE AR N A B D BB 42 NI B v TR
Z b F Endostatin @7 = — X I EE R BT b1
7-263  4H4% 7 b+ | Endostatinid 1 H %4720 60~
90 mg/m* HEE N, BAROFEERLLAL
Nktrofe, 2, BFEHRBALNLL o2, #
FTHERE ) B 32 AIC#t L TAR# 2 £ Endostatin
N7 12— XBERBITHNIZ®, FEROTHE
WIzA LN =70d, 2 NDBETHRBOEED
AR A & i,

6.11 ABT-510

ABT-510 i3 TSP-1 i iU &A= B # B L
22T F FHLMESHTH B, ABT-510D7 =
—Z IBERBRIcO>WI=Z20®mErH b, 1FE
ST, HETHEREEEOSE 39 A28 BE
144 706 LT ABT-510 pefsfi i A (100 mg/
R RUFK—F AEA (18 1E100~260 mg, 1
H 2[E50, 100mg) =& DETICHEE S 2,
2 ZBoEs T, ETHBEREENEE 12 A
5-FU+LV & ABT-510 08 TiT b L 7229, 1
B4/ 0 5-FU I3 90 mg/m?, LV i3 425 mg/m® »*
4B ics &Sz, ABT-510122 B
Brbl Hic2@mEE5Enk, ZoBR+oWEF
“TH", BEN7To 74— N3 5-FU & LVDO#M
ALY ERAETH-72. 3IFHORETIIEITHE
[E S o) 2% 13 AZ Gemcitabine+ Cisplatin &
ABT-510 @6 Tt 2250 3% 194 7
L& LT Gemcitabine (425mg/m?) (21 B & 88

"H, Cisplatin (425 mg/m?) 2 1 BB, ABT-510 i

50mg H Bz 100mg T1 HICZEES SN,
ZoffAIcBY 2EED 7 07 4 — Lt Gemcitab-
ine+ Cisplatin+5-FU oM : RIE TH - 2. &
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6.12 VEGF-Trap

VEGF-Trap DEic T 2 BREKKBROKERIT F
EFHREEIN TV WOT, Tt mEHETEIC
I N4l 2 EBOBERRICOWTH~NS, VEGF
~“Trap?D 7 = — X | REBHWHMEMIEIC L 2 IRk
B e o BE 25 A L TAT b 7227,
VEGF-Trapi2 0.3, 1.0,  3\i33.0mg/kg #*
KO 54 4 ARMEAMEL, o 2:8M01% 3 O
57 FELAEFRRIVEY» L PREEOEEL
Thoiz, BEOCBEREIREEICEKFLTETL,
1 mg/kg @ H A K R EIER G T 402612 % - 72,
d, WOFELLEL -7

6.13 Aplidine

Aplidine® 7 = — X 1 fBEF - oHES N TWw
5. 1EBCRETHEENRENBEHT AIc 28
Ml e 0.2 5 8mg/m? TRES N2, HE
PHIBRT 2B R 6mg/m* BELBE6AD
SBL2ATALN, FHCIRZVv—F2H63D7
VT Fy s hARFF—FDOLEREUTL—F 1D
b2 e, BEBTH-L. LRICHTLIEE
BERALNT, IHORVT 4T A A
£l ZL—F30RAKRHT 2H8EBRIHR
BERTHD8mg/m* THUADBEN ) HLIAT
ALz, AN=F>1g/kgnHEOLSTES
CEEL 2, oBEBRIIEERA, ek, TH,
WIEX L TH-OBESEEZHE P 72T -
YO LRTH-1, BUBEDRUMIEDLE DI
EARRBMEENRETALNL, 2EBTIHE
HHEREEEOBRE 37T Ac3AMo L5 B B0
~1500 pg/m? 2¥ ¢ 5 & 1 7229 1350 pg/m?* B OF
1500 pg/m* THE*GIBR T 2HEFTRHIALLL,
Fruciznt R, wBH, ShREAE, AR, BEMREE,

CFHEIE I N, BT IS5 L EBECE

WTEBED LPERENAR, HEBSIFRLNLY,
AELMgBEdRA LN o, RERCBWT
BT L 2 9 A BB THEILEL, D
AL CEBERECERELINTN L AT
BREA AL LT,
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MM EFEBBRENT ) N) — W EDIEE
kA& 5, L L, %0EEMMIET TSR
HRAIMEC, FCRITNTHAERERHIRRT L. L
lehfo T, BRBDGEHFMPEIFET I LCEET
LB H B, VEGFR2 IZX¥ 2 ik 2 38l 2
2 ADHRET, WEOEELIEE 2 Bl 7 4R/
346 BRI E, EBEOBRLE U ME R E M
BEORMIBEMTH 727, ZDHEZ 2 EMFT 2
Lo, VEGF RUDBFGF D 7 n% 7wy 7
+ 23K TH 5 Thalidomide THEI # F 7
KRlc B4 2 &, HIEOB{LR U~ 7 A MM AIE
OIS T 2 RIS MNT 2 Z E9REN
2 It KBRAKBROERDRLZGD 20,
RO IER DS 2 WITRSR & ol
EHEEHELRSTIRBLIA I TOREIC
KarSbeddbElHIH 5.

1.2 M VEGFHEZICHE I 3EAENLFELLRN
VEGF 24 FiE80 ¢ ¥ 2 EBKIC BT 2 BThd b5,
IDEFITE PIEDERICBEWTEMTH DI ED7
MIiEE N TwWvAE, LaL, EfBEOL FEIcHL T
C DR AT — RIS TE 2 9 LD n Tt
AR L. HIAHEILEIC BT 2 Bevacizumab 4
BOEMBELRA~ND 7 2 — XK R B8,
VEGFRFuv iro X4+ —EFA4A 2 EF9—TH3
SU 516 D ERERAEYY TAaLILE L 712, VEGF
FERHETLZERTRNTHDIA 7O OWT+
DB EL BRI I BATIIBMICHETE
5LDTId L LT,

VEGF izt FEOH0R THREAT LT v 7L
¥al—t&8RTwa, L, BYDDOHUO%D
VEGF # 83 | Twi W& Tid$ VEGF #i:i2

B TI2 e v, #i3 bFGF, PDGF, EGF o k .

9% VEGF LA mEHERLERF+RHL Th
EFEPRETEHELHE. B, 1TLAYDS
470z 1 BEL Fo hEFERERTFERIAL,
BEO#THOBEICBVWTINLNENERERF
DORERAHET 242, VEGF #5FEME L T
ML TWw2BAIEH 0% HIEEEEEL U BB
VEGF =2 Hv 283 kic -~ Lk 5 4 m
EFHEREREFO ) LD NIRRT BV TERAITT

EL T2 ZEBICANDILENS B,

1.3 BMEFERZOBVE LIS ¢ 2 HEE
o~z & EBET 2, mMEFEIRE(D
SGFHFEETIEM L T oA THD, Fic, £
7ot A EBEOSGFHEET L EESE S H D,
IEHFET 2 RICER2 L HFH R - WM THE
BT2 BEONEHFEICHET2 VEGFOEEH
b, BENERIVEGF O 7oy ZicEICEN
HEbANTEL, LL, $%3tho MEHES
BOUBBICT 2L 2FL 50BN H D, Pl
# HER2 $i4K T & % Trastuzumab i3 ¥ o &
WERERF 7oy 7722 EBAERE ALY,
3, B—WiAFOAZENE L TEBRLSE
ETREENCERIEL, onEFE-ABHE
DOIEWALE ML, TR, BEICx L CiEDES
L7, Licd-T, HBonEFEA T4
— 7 — DRI Z RIRICIEN L T 28I LETH D,
BRI L 2PIEER R L A2 HEkE
LTA e/ —aENERENTWVWE, ZoFk
IFREB PR MR N 2 RER L EH B IS, b
FHERZ AL O ) —LDLE ) ICH L3S REYE
Eiobizo THST 2L, MMEHEHRINES
NZLEWFILDTHEY, Znk)%ut)bERD
OB LR L U EFEEHEOHAS bY
&N, AEEZRER/NBRICLCRIETRAKBRO®E
FENRDIR L N D EEREDH 2779,

7.4 MIMEFEFECHT 2ERMORS
PR R L D L BRENICEETHNE
B ienics, NEHFEFETIII NS TOME
B EHE LY REr I T2 - REFERICES
EHHEREI DI W, L L, fhofiic L ik
MELHEZ N 9 27, U BE L TEKRE VA
Rit, ps3 7 ABHENERN L F D 50% THE
210, TOERIC L B MER & AR
LTHERBELTRT LR LBI ETHB®, n(
D DFEEREKRREL L, — oM EEEEL
NLRL-THREBLAETI2HNEREREEOMAL
EbENIIHI L NBHRBTH N, EREZINS
DVIIERNCTELT EHTRBEENTWBYY,
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SRS A AR IIBATE v I L AR
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VEGF EH# 2 #0864 2 t EEOBEICBIT 2 IER
i A EEA RITE N B, VEGF 7 v
w7 DR FE R ER AR SN T R o REnic L
DB A HENE T 2 A ES RN
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I F ToOMmETFEERREICE VW TERIDICE
(T E T WA ERO—I3, RERUCEDY
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TWa I ETHB.

(bRt R4 ki3 B ) Rtk OBUM EH
HARETRRSRFHRT L) LBERIBIITLA
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HLARKRSE L) VEVWITEEES S 5%, M
s A RREC & N WA A I L T D BRI TR R
O A4 ZIMETF L%cv, BB E R USRI
BRUTT FEA P THEY, ZDL UL
F#HA v FizEWA = L TIRTREINTHAM
DEFRRBTIIRT o ERTELWY, Lid->THE
RO NS EBFERICB W THE I NI EY
SEBHARIE 72— L] THRES N, AREITERE
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“Laser scanning cytometry” (LSC) (3Hf7RiG#EE
DEHTHLBENTABHEIRR, TKRE—L2Z
P o ME MR O8E, EENEREL ConE
et o B | - S A A~ — A —DE RN L FHl
iEAws A, LSC # fAve7z Endostatin @7 = —
Z 1 BGRRET, PHoOKS VL THELZESR
o BV TN HRIER R L B R EORETOICE
FhTibrez N, oo 2 NTER L PukE s R
HERL 2z Lhpl, #NELOEREITH
BE, ERVEESLERT I LRBUTLLES
TRLWZ &, FRCBAD) 27 0BEICHL
LIRS R EFET L LESRIERIN
ark o

mEHFERERFIIEREOMME, MR URIC
BWIRETERTH ), MOEFEEECS T M
EE A RERTORRNZALIZ A RS &
A REE A H B, LA L, 38 Endostatin @
Ti— X1 RERTRER, OFEHZVEERIZIET S
ELISA # w7z VEGF, bFGF, vascular cell ad-
hesion molecule-1 (VCAM-1) & %\ E-selec-
tin DAEM & EHEROHH L ITEEL b -
jreenzenzenzen)  n#s VEGF 2 51T 2 ALK T A
EREEEREO M2 N7 —XIIABTTREN
fohf, B ZBEAL L8, LitdsT,
BESTIRI ALY oYy — b=—a—iCk NEER
BPWET LI L RFSE TRV ICEbNS.
ZhinEFEoTH—ticL s boT, EECS
N MBS IREAQEOKEEYRL ), MEH
EHRIDRBRULTOENL R L, WMEONER
HRRE R EFECIBIET 203, ol S @M=
—A—IN LU LA NEFECKEST L2 —ED AT
4 T—F—FRETLUENH D, ThidLzAl
HN7o07 7 ANDGIHTERL I U7OTHI7
AEF BT T o—Fhatb U ERTREE B b
Ha™,

ZHIBELEL, mE7eTA I 7 x0EkicL
Angiostatin, Carboplatin, Paclitaxel # 72 3F
SEEEoBRESREE TFATLIEALE LT,
“Surface Enhanced Laser-Desorption/lonization
Time-Of-Flight Mass Spectrometry” (SELDI-
TOF MS) AR HREINT B, 1,
R 7o T4 — AW%E ‘C“; “a disintegrin and
metalloproteinase 12" (ADAM-12) @ & 9 % MMP
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P I R TR M AR 2 LA Eic L, £
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magnetic resonance imaging” (DCE-MRI), =:%k
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CA4P oy EFr &S HEHFERE T & /22972, PET
i1 Endostatin @7 = — X [ BB W TlEE o m
TR UIEEORB O LDBIEIC L v 57,
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| 1 262,287,288)

FER %, WEELM, BRI REOER
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OEFEDEZ LT L MEICFHET 2B h 4% EIC
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Lo o B M et
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NHMEFEABEENVERI R ODP-TwE, I
LM R E S REORMIIERIEDELIZEA Y
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Abstract

Adiponectin, an adipose tissue-specific plasma protein, has been shown to ameliorate insulin resistance and inhibit the process of ath-
crosclerosis. Recently, several reports have stated that angiotensin type | receptor blockers (ARBs), increase adiponectin plasma level,
and ameliorate insulin resistance. Telmisartan, a subclass of AR Bs, has been shown to be a partial agonist of the peroxisome proliferator-
activated receptor (PPAR)-y, and to increase the plasma adiponectin level. However, the transcriptional regulation of the human adipo-
nectin gene by telmisartan has not been determined yet. To elucidate the effect of telmisartan on adiponectin, the stimulatory regulation
of human adiponectin gene by telmisartan was investigated in 3T3-L1 adipocytes, utilizing adenovirus-mediated luciferase reporter gene-
transferring technique. This study indicates that telmisartan may stimulate adiponectin transcription independent of PPAR-y.

© 2007 Elsevier Inc. All rights reserved.

Keywords: Adiponectin; Telmisartan; PPAR-y

Adiponectin has been shown to improve insulin sensitiv-
ity and inhibit the process of atherosclerosis [1]. Recently, a
metabolic syndrome characterized by an excess accumula-
tion of visceral fat associated with insulin resistance and
leading to atherosclerotic vascular events has been on the
increase. However, these patients exhibit the lower plasma
concentration of adiponectin [2,3]. Weight gain with vis-
ceral fat accumulation, is associated with a decrease in
mRNA expression and plasma level of adiponectin [4-6].
Tumor necrosis factor-a, proinflammatory cytokine
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secreted from adipocytes suppressed adiponectin expres-
sion and secretion [7-9]. In contrast, reducing body weight
by diet and exercise therapy stimulates an increase in
adiponectin concentration [10,11]. Recently the anti-dia-
betic drug thiazolidinediones, an insulin sensitizer, has
been shown to increase adipocytes mRNA expression of
adiponectin and plasma concentration [9,12]. Several years
ago, the human adiponectin promoter sequence was
cloned, and analyzed to identify the critical responsive ele-
ment for transcriptional regulation [13,14]. Peroxisome
proliferator-activated receptor (PPAR)-v has been shown
to play an important role in the up-regulation of adiponec-
tin expression [15). Recently, a number of reports have
been published which indicate that angiotensin 11 type 1



A. Moriuchi et al. | Biochemical and Biophysical Research Communications 356 (2007) 1024-1030

receptor (AT1R) blockers (ARBs), commonly used to treat
hypertension, reduced insulin resistance [16,17], lowered
the risk for type 2 diabetes [18,19] and, increased the
plasma level of adiponectin [17,20.21]. Telmisartan, a sub-
class of ARBs has been reported to associate with PPAR-y
as a partial agonist [22.23]. These observations allowed the
speculation that telmisartan could stimulate adiponectin
via PPAR-y. Therefore, the transcriptional regulation of
human adiponectin by telmisartan in 3T3-L1 adipocytes
was examined. In order to increase the assay sensitivity,
an adenovirus-mediated luciferase reporter vector contain-
ing human adiponectin 2.1 kb promoter region was
created.

Materials and methods

Materials. Pioglitazone and candesartan were kindly provided by
Takeda Pharmaceutical Company (Osaka, Japan), Telmisartan by Boeh-
ringer Ingelheim (Ingelheim, Germany). PD98059 and LY294002 were
purchased from Cell Signaling Technology (Beverly, MA), GW9662 from
CALBIOCHEM (Darmstadt, Germany).

Isolation of human adiponectin promoter and luciferase construct ( pAdp-
LUC. The 5' product of the human adiponectin gene, spanning 2.1 kb of
the genomic sequence, was amplified [24], and subcloned into PGL3-Basic
Vector. The resultant luciferase reporter construct was designated pAdp-
LUC as previously described [8].

Modification of the shuttle vector and adenoviral vectors. A pHMCMV6
is a shuttle vector for constructing adenoviral vectors [25]. In order to

A Adiponectin promoter

N

1025

evaluate the promoter activity by adenoviral vectors, a modification was
made in pHMCMV6. A sequence-including CMV promoter multiple
cloning sites, and a polyA region were deleted from pHMCMV6 by
digesting pHMCMYV6 with Bglll (Bglll-Bglll-pHMCMV6). By digesting
pGL3-Basic Vector with Nozl and BamHI, the 2.1 kb fragment was
excised; this fragment included multiple cloning sites and luciferase coding
and PolyA regions. This fragment and Bg/ll-Bg/ll-pHMCMV6 were
blunted and ligated to provide an original shuttle vector for an adenoviral-
mediated luciferase reporter. The resultant plasmid was designated p0-
LUC-Shuttle. '

A 2.1kb promoter fragment subcloned into p0-LUC-Shuttle. The
resultant plasmid, pAdp-LUC-Shuttle, was then digested with 1-Ceul and
Pl-Scel and ligated into an adenoviral vector, pAdHMI5 [26]. This
resultant adenoviral DNA, fmAd-pAdp-LUC, provides for luciferase
reporter expression regulated by the human adiponectin promoter, illus-
trated in Fig. 1A. An fmAd-pAdp-LUC was linealized with Pacl and
transfected into HEK293 cells to produce the adenoviruses, fmAd-pAdp-
Luc.

In order to verify PPAR-y activity, luciferase reporter vector driven by
PPAR responsive element (PPRE) was prepared. TransLucent Reporter
Vectors containing PPAR responsive element (PPRE, 3 time tandem
repeat of TGAAACTAGGGTAAAGTTCA, from Panomics (Fremont,
CA), and this tandem repeat was subcloned into p0-LUC-Shuttle, desig-
nated PPRE-LUC.

A Renilla luciferase-expression adenovirus vector was also prepared to
serve as an internal control. By digesting with Bg/ll and BamH], a 2.2-kb
fragment was excised from phRLTK-Vector (Promega). This fragment
and Bglll-Bg/ll-pHMCMV6 were blunted and ligated (phRLTK-LUC-
Shuttle). Then, as described above, control adenoirus was created, desig-
nated fmAd-phRLTK-LUC.

Cell culture and infection with adenovirus. 3T3-L1 preadipocytes pur-
chased from ATCC were differentiated according to previously described
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Fig. 1. Generation of fmAd-pAdp-LUC and efficacies of gene transfer using conventional luciferase vector (pAdp-LUC) and adenovirus-mediated
luciferase vector (fmAd-pAdp-LUC) in 3T3-L1 adipocytes. (A) The 2.1 kb human adiponectin promoter was subcloned into the shuttle vector to
drive firefly luciferase. This promoter-luciferase unit was excised and subjected to in vitro ligation to adenovirus vector (fmAd-pAdp-LUC). (B.C) 10
MOI of fmAd-pAdp-LUC (B) or 10 MOI of fmAd-p0-LUC (C) were infected into 3T3-L1 adipocytes. After 3 h of infection, cells were incubated for
another 24 h. Cells were lysed and assayed using the luciferase assay. Results are expressed as relative light unit of firefly luciferase. Each bar
represents mean & SD (n = 3). (D) 2 pg/well of pAdp-LUC and 10 MOI of fmAd-pAdp-LUC were infected. Each plot is expressed as a ratio to the
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methods [27]. Fully differentiated 3T3-L1 adipocytes were transfected with
fmAd-pAdp-LUC with an adenovirus concentration of 10 MOL

Transient transfection with the plasmid of PPRE-LUC. HEK293 cells
were transiently transfected with 500 ng/well of PPRE-LUC, 600 ng/well
of pPCMV6-PPAR-y2 kindly provided by Ogawa MD (Kobe University)
and 20 ng/well of phSV40 as an internal control. Transient transfection
was done by SuperFect Transfection Reagent, purchased from QIAGEN.

Luciferase assay. The luciferase activitiy was measured using the Dual-
Luciferase Reporter Assay System (Promega) and Turner Designs Lumi-
nometer model TD-20/20 (Promega).

Statistical analysis. Differences in the Juciferase activity were assessed
by unpaired 1 lesting. p values less than 0.05 were considered to be sta-
tistically significant.

Results

Construction of adenovirus-mediated luciferase reporter
vector and its functional property in 3T3-LI adipocytes

Due to the low transfection efficiency of 3T3-L1 adipo-
cytes using conventional method of transfection, an adeno-
virus-mediated luciferase reporter vector was created, in
which the luciferase gene was driven by the human adipo-
nectin promoter. The resultant adenovirus, fmAd-pAdp-
LUC, was infected into 3T3-L1 adipocytes. The luciferase
activity was detected in the fmAd-pAdp-LUC-infected cells
in a dose-dependent manner (Fig. 1B). However, negligible
luciferase activity was detected in the cells infected with
promoter-less adenovirus vectors, designated fmAd-p0-
LUC (Fig. 1C). Furthermore, the pAd-LUC to fmAd-
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pAd-LUC was compared, with regard to reproducibility
of luciferase assay. The luciferase activity from fmAd-
pAdp-LUC infection was more consistant than that from
pAdp-LUC vector transfection (Fig. 1D). These data sug-
gest that fmAd-pAdp-LUC facilitates sensitive and repro-
ducible analysis of the promoter activity in 3T3-Ll
adipocytes.

Telmisartan stimulated the human adiponectin transcription
as well as pioglitazone

A culture of fmAd-pAdp-LUC-infected 3T3-L1 adipo-
cytes were treated with 10 pM pioglitazone and increas-
ing concentrations of telmisartan. Fig. 2A demonstrates
that adiponectin promoter activity was_stimulated at
2.9-fold by 10 uM pioglitazone, which was sufficient for
maximal stimulation of adiponectin transcription (data
of dose-dependent experiment is not shown). The
promoter activity was stimulated by telmisartan in a
dose-dependent manner, up to 5 pM. The maximal stim-
ulation was 2.1-fold, which was lower than that of
10 puM pioglitazone. The promoter activity was appeared
to decline when exposed to >10puM telmisartan. This
could suggest that high concentration of the drug has a
toxic effect. In determine if this stimulation was specific
to telmisartan, candesartan, the other subclass of ARBs,
was used (Fig. 2B). In contrast to telmisartan, candesar-
tan induced no significant alteration, even at the higher
concentrations.
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Fig. 2. Effect of pioglitazone, candesartan, telmisartan and angiotensin 11 on adiponectin transcription. Cells were infected with fmAd-pAdp-LUC,
stimulated by Pio (pioglitazone), Tel (telmisartan) (A), candesartan (B) and angiotensin 11 (C). After 24 h, cells were assayed using the luciferase assay.
Results are expressed as fold induction compared to control. Each bar is mean = SD (n = 3). *p < 0.05 basal versus treatment.
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Angiotensin Il did not regulate adiponectin transcription

Since telmisartan essentially blocks the angiotensin II
receptor, it is important to investigate the association of
angiotensin I receptor activation with adiponectin
transcription.

Presuming that angiotensin 11 receptor activation by
angiotensin 1I supresses adiponectin transcription then
blocking of the receptor by telmisartan could have restored
the suppressed transcription. Fig. 2C demonstrates that the
angiotensin I1 neither suppressed nor stimulated the adipo-
nectin transcription. These data suggest that telmisartan’s
stimulatory activity is evoked via a mechanism indepen-
dent of the receptor.

MAP kinase pathway and PI-3 kinase pathway did not
meditate the telmisartan’s stimulation of adiponectin
transcription

To investigate the contribution of insulin signaling path-
ways to telmisartan’s stimulation, inhibitors of MEK and
PI3 kinase were employed. Neither MEK inhibitor,
PD98059 nor PI3 kinase inhibitor, LY294002 could pre-
vent the stimulation by telmisartan shown in (Fig. 3A
and B). These data indicate that neither the MAP kinase
nor PI3 kinase pathways contribute to the stimulatory
effect of telmisartan.

Telmisartan-stimulated adiponectin transcription is
independent of PPAR-y activation

Recently, telmisartan has been reported to be a partial
agonist to PPAR-y. In addition, a PPAR responsive ele-
ment (PPRE) is present on the human adiponectin pro-
moter sequence. However, there is no evidence that the
telmisartan’s stimulatory effect of adiponectin transcription
is mediated by PPAR-y. To investigate the role of PPAR-y
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in the telmisartan activity, fmAd-pAdp-LUC-infected 3T3-
L1 adipocytes were cultured with or without PPAR-y
inhibitor, GW9662, and incubated with pioglitazone and
telmisartan. The stimulation by pioglitazone was com-
pletely blunted by GW9662 pretreatment (Fig. 4A). In con-
trast, the stimulation by telmisartan was still observed even
with GW9662 pretreatment. These data suggest that the
telmisartan’s stimulation of adiponectin is independent of
PPAR-y regulation.

PPAR-y responsive element (PPRE) is stimulated by both
pioglitazone and telmisartan

The ability of telmisartan to stimulate PPAR-y was also
investigated using PPRE-LUC. PPRE-LUC-transfected
HEK293 cells were cultured with or without GW9662
and incubated with pioglitazone and telmisartan. Fig. 4B
shows that the transactivation of PPRE was induced 3.3-
fold by 10 uM pioglitazone and 1.6-fold by 5 uM telmisar-
tan. Pretreatment with GW9662 completely blocked the
transactivation of PPRE by both drugs. This indicates that
telmisartan is apparently a PPAR-y agonist, although the
stimulatory activity was lower than with pioglitazone. In
addition, the observation that GW9662 blocks the telmi-
sartan stimulation of PPAR-y, confirms the fact that telmi-
sartan stimulates PPAR-y.

Discussion

In this study, human adiponectin gene transcription was
analyzed in 3T3-L1 adipocytes, utilizing an adenovirus-
mediated luciferase reporter gene-transferring technique.
Adiponectin transcription was stimulated by pioglitazone
as well as telmisartan. Furthermore, the inhibitor experi-
ments showed that the pioglitazone’s effect was PPAR-v-
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Fig. 3. Effects of inhibitors of MAP kinase and PI3 kinase on telmisartan-induced stimulation of adiponectin. Cells were infected with fmAd-pAdp-LUC,
followed by | h incubation with PD98059 (A) or LY 294002 (B). Then, cells were treated with telmisartan, Results are expressed as fold induction over
each untreated group. Each bar is mean + SD (n = 3). "p < 0.05 basal versus treatment at each concentration of inhibitor.



L kil

1028 A. Moriuchi et al. | Biochemical and Biophysical Research Communications 356 (2007) 1024-1030

A % N
s 4 =
B ]
E
2= 1
£ n.s.
o 31 —
g
T 2
@
D
0
S ]
3
oa_
30 uM - 4+ - + - 4+
GW9662
control  Pio10puM Tel 5 uM

B¢
2 & *
% 1 =
=
°
=
» 3]
o *
= =
5 2
©
o
@
:é i Dl
°
3
| 0
30uM = + =~ + 5 +
GW9662
control Pio10puM Tel 5 uM

Fig. 4. Effect of PPAR-y inhibition on pioglitazone- and telmisartan-induced stimulation of adiponectin and PPAR-y. (A) 3T3-L1 adipocytes were
infected with fmAd-pAdp-LUC followed by pretreatment with GW9662 for 1 h. (B) HEK 293 cells were transiently co-transfected with fmAd-PPRE-LUC
and CMV6-PPAR-y2 together with phSV40-LUC as an internal control for 3 h. Results are expressed as fold induction over the untreated group. Each
bar is mean + SD from four independent experiments. “p < 0.05, GW9662 treatment versus untreatment.

dependent, while the telmisartan’s effect was PPAR-y-
independent.

PPAR-y has shown to be a master regulator for adipo-
cyte differentiation. Attenuating PPAR-y expression and
activity result in impaired adipocyte differentiation [28-
30). Activation of PPAR-y is required for the expression
of adipocyte-specific markers, including fatty acid binding
protein 3, GLUT 4, insulin receptors, insulin receptor sub-
strate (IRS), and C/EBPa [30,31]. The adiponectin gene is
also adipocyte-specific, and the expression of this gene
increases with adipocyte differentiation. Several groups
have investigated the transcriptional regulation of adipo-
nectin, showing that SP1/SP3 [13], SREBP-Ic [l4] and
C/EBP-B [8] are crucial transcription factors for constitu-
tive or ligand-dependent expression. Osaka University
has recently identified a PPAR-y responsive element in
the region —285 to —273 (5-TGACTTTTGCCCC-3') in
the adiponectin gene, and demonstrated that mutation of
that sequence abolishes pioglitazone-induced stimulation
of adiponectin transcription [15]. These data suggest that
the elevation of serum adiponectin concentration, observed
in clinical use of pioglitazone, may in part, resulted from
transcriptional regulation, The assay system used imn this
study also demonstrated that adiponectin transcription is
directly stimulated via PPAR-y activation (Fig. 4A). Inter-
estingly, under basal conditions (absence of pioglitazone),
pretreatment with a PPAR-y inhibitor do not change the
level of adiponectin transcription. These data suggest that
basal transcriptional activity is dependendent upon tran-
scription factors other than PPAR-y.

Recent studies have demonstrated that telmisartan act
as a partial agonist of PPAR-y [22,23]. It has been sug-
gested that telmisartan-bound PPAR-y shows conforma-
tional change different to that elicited by rosiglitazone
[32). The present study produced similar data by utilizing
a reporter vector containing PPAR-y consensus sequences
(Fig. 4B). Treatment with telmisartan increased the
PPAR-y activity, and that stimulation was blocked a by

PPAR-y inhibitor, GW9662. Surprisingly, that pretreat-
ment with PPAR-y inhibitor failed to prevent telmisartan’s
stimulatory effect on adiponectin transcription (Fig. 4A).
These data suggest that telmisartan enhances the adiponec-
tin transcription, independent of PPAR-y activation.

Induction of PPAR-y-dependent gene expression by tel-
misartan has been recently studied on RAGE mRNA. Tel-
misartan suppressed RAGE protein synthesis in Hep3B
cells, and this was blocked by PPAR-y inhibitor,
GW9662 [33]. If telmisartan, like pioglitazone acts only
as a PPAR-y agonist, identical regulation of gene expres-
sion should be observed with all PPAR-vy-target genes.
Micro-array analysis, however, shows that the gene expres-
sion profiles induced by pioglitazone and by telmisartan
are not the same [32], suggesting that telmisartan may have
a different signaling mechanism than pioglitazone.

The results presented here demonstrated that adiponec-
tin transcription showed PPAR-y-dependence when it was
stimulated by pioglitazone, not by telmisartan. Why has
adiponectin transcription developed PPAR-y-indepen-
dence? There are possible explanations that would account
for these results. First, it is possible that the PPAR-y inhib-
itor, GW9662 concentration used in this study was too
small to sufficiently inhibit the effect of telmisartan. This
is, however, unlikely because the same concentration of
GW9662 almost completely inhibited PPAR-y activation
by telmisartan (Fig. 4B). Second, telmisartan-bound
PPAR-y may not be associated with the PPAR-y respon-
sive element on the human adiponectin promoter that
was identified by Iwaki et al. [15]. If not, telmisartan may
activate other known or unknown transcription factor(s)
which regulate the human adiponectin transcription. There
are two reasons why telmisartan-activated PPAR-y does
not associate with PPAR-y responsive element on human
adiponectin promoter. The sequence previously reported
shows little homology to the PPAR-y consensus sequence,
and is located on an anti-sense strand of the gene. Binding
of telmisartan to PPAR-y may result in a different protein



