=W EEF A Aquaporin - F A}
Ik o] 7] X] = Rosiglitazone2] <3 3]
3 AT

Al 5 o osk o s

el

2004 12€



¥y R F A Aquaporin 7 =}
x| = Rosiglitazones] <3 3]
g AT

=X 9

)

o] =&

o

o]

£t

=1 }\]_

=

£k

9 =Ro7 A=3
20043 12€

e f e o8 UAGY LRSS AF

ol

ERREE!

9 4
9 4
9 4
U

A F sl sl
2004 12¢



The Effect of Rosiglitazone on Aquaporin
Gene Expression in Diabetes Model
(OLETF) Rats

You Sung Oh
(Supervised by Professor Moon You Oh)

A Dissertation Submitted in Partial Fulfillment of the Requirements for
the Degree of
DOCTOR OF PHILOSOPHY

Date Approved

Department of Life Science
Graduate School, Cheju National University
December, 2004



ABSTRACT

The effect of rosiglitazone on aquaporin (AQP) gene expressionon was
investigated in animal model, Otsuka Long Evans Tokushima Fatty (OLETF)
rats. To clarify any significant effect of the regulation of aquaporins on metabolic
syndrome, AQP9Y protein expression was evaluated by immunoblot analysis in the
human hepatoblastonema cell lines (HepG 2) which were separately pretreated
with insulin, rosiglitazone, wyl4643, oleic acid, eicosapentanoic acid, and
metformin. The OLETF rats dieted with rosigltazone got more body weight than
the control rats. Moreover, they were significant to manifest the symptom of
hyperinsulinemia unlike the control Long-Evans Tokushima Otsuka (LETO) rats.
To evaluate the role of aquaglyceroporins ( AQP3, AQP7 and AQP9) and
glycerol kinase (GyK) the expression of three kinds of the aquaglyceroporins and
GyK genes were analyzed using RT-PCR in several kinds of tissues- liver,
mesenteric and epididymal fats, and kidney (cortex, outer medullar and inner
medullar) — of the LETO, OLETF and rosiglitazone-treated OLETF rats. In the
liver, the expression levels of AQP9 and GyK were not significantly increased in
the rosiglitazone-treated OLETF rats. In the kidney, the expression levels of
AQP7 and GyK were not significantly different in the LETO, OLETF and
rosiglitazone-treated OLETF rats.

These results indicate that rosiglitazone may play an important role in the
glycerol metabolism pathway by regulation of the gene expression of

aquaglyceroporins and glycerol kinase in the adipose tissues. Rosiglitazone



treatment also increased the expression level of AQP3 gene in the kidney to some
extent. This result suggest that AQP3 may contribute to retention of the body

fluid in the kidney.

Key words : aquaporin (AQP2), aquaglyceroporin (AQP3, AQP7, AQPY9),

glycerol kinase (GyK), rosiglitazone, LETO (Long-Evans Tokushima
Otsuka), Otsuka Long Evans Tokushima Fatty (OLETF)
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Aquaporin (AQP)& AlxZuto] EAstHA = Fio] FHojst= o]
o = AEE 4zl AQPS AME AP AE oA A

AEZZ F¥H cDNA librarys &0l fdzkel Gl de] 25 ¥ilon
28kDa®] Alxe AT Hd AQPlelet Wtk AAZA AQPOS A
AQP10 74 11719] AQPo] theFst Alx T ZZ oA HAHATH (Agre
and Kozono 2003). 28]3 AQPY 7]+ Fx+= of 3409719 ofrjxito =
o]FojA glom 6719 a-helix +FE e FE2 olFTddl UAstH, 37
o] o}m Al {asparagine-proline-alanine (NPA)}So. 2 A wH F FFo] dt
welo] g4l o8 FFo] o] Fod uf pores ©]Fo AQPe] & E& =4
S F5ete 715 E FY3EE vk (Nielsn et al, 2002). AQP2 & 4t
olvel =FAE, 84 9 EH FFoA: Host= dH, o IS
Aquaglyceroporin®| 2t =29, AQP3, AQP7, AQP9, AQP107} o7 &3t}
(Agre et al., 1993).

ERER A B AA Ade #YE FAANE 5L Aok A

= o

1z

& AQPL, -2, -3, -4, -6, -7, -8, 7T/Me] AQP¢] EAjgtta &HA Ak
(Nielsn et al., 2002). AQP2+= Aol A vl Al (vasopressin) &) &4 02



e E =), AQP29]  #E  (over—expression)e  AMol W (fluid
retention) ¢ #=o] o A HFHZF (conjestive heart failure), {+74
WMZ (cirrhosis) E 944 FF (pregnancy)¥ #A7F Zth Deen %
(1994)2 AQP2 FHd#}e] ZAgro] nephrogenic diabetes insipidus (NDI)&}al
el S dA dS5S Ase® gl w9 AQP2 WelE o] 126
HA opm=Ael Egled (Thr)o] wlAled (Met)o&2 A8 EdWol+=

ATt (Yang et al., 2001). AQP32 A3z WA #3E Ho] . 53] H]
w7l A, &7V 2ol R 53 FEAA FE EHY Te
deol e BAA Eo FHAEE AN Fad Jlss
(Matsuzaki et al., 2002). A7do| A AQP3 ¥ &3 o4 FQo F=2 EA3}
o ZAgd# (collecting duct) FAE, 71A4=9] AET (basolateral cell
membrane)o| A 89 E 72 o] w285 433t} (Strange and Spring,
1987). AFA oA Hald wlel ostH AQP4 frdzte] Aol o7 Tl
A%t 2T (Ma et al, 2000). 183 AQP6 Hgvkel Abe ALl A
Al EAFol o] Ao H -ATPasest e/ EA435tH, &-©]< (anion)ol| 9|8 F3}
3 HeChe @& F£4ole % (pH)ol 93] €43t vt (Yasui et dl,
1999). AQP5e HAly wEA EXH gow, FHtoli= ArpEdgAs
L+ (Sjogren’s syndrome)gFA}ol
A1 AQP5e] A o] Agte] WHE AT (Tsubota et al., 2001). AQP7

(autoimmune disease)®] dF<l L1
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AQP9E F3l| Wolso HlA & AlA (gluconeogenesis)= 218 7] A= A}
S ¥t} (Kishida et al, 2000). AQP92 3+ ¥ub ojvyegl Wid -+ ) H|% 1
Y FFAE FHHEAY (Tsukaguchi et al.,1983). AQP7¥ AQPI= &2



e

SO 747 A zA ) grel A ddoe] Frhstm Qledel o3 3
t} (Kurivama et al., 2002). AHWA|Eo|A FTAXHo] hormone-sensitive
lipase (HSL)oll <J3&l] Xy ity ZEAlE=2 False] dFxo= fFolsd
b = A A glycerol kinase (GyK)oll 93] T Al FQ3 7|d=
AHEEY (Klein et al., 1990). 28y A WA EA A= ZEAMES A4HsHA] 7]
GyKe] &Aool A9 gl7] witel S8 AlEo] oAl JAAstE o] o] &5 A
st Aol ME wroz fElEtt (Baba et al, 1995). 3 tALS F"

do| X = I d3d = (hyperinsulinemia)oll = &3FaL 7Fol A AQP92} A
ol A AQP79] W&ol Z7bstttal ®B il sttt (Kuriyama et al., 2002).

o] el A drgt AQPES A7 & 7d e A A A Al o4
I} FoAel dFEHIL Jdow, 53] 1k H} AGAEAA SEAE tiAtel] #
ofgte] AW Ei=
(Landon and Masato, 2002).

AW LxF9 80~90%+= =ALolA o] &Hr} (Defronzo et al, 1985).
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e 9k (glucose
transport), =9 AAits Ay, Fdo 2o FAHEA (glycogen synthesis)
T oy gAY Fefe 7|1E 4 de ", o] T FE FHAA] Aded A

2

2
i

g dEeA FHeE 7Hg FElekAl A |k (Wright, 1998).
S xed 2Rk G A 5ol insulin receptor substrate-1
(IRS-1) 214t3}e} phosphatidyl inositol-3 kinase (PI3K) €} 22 A X <l
U AEAG AAe 2HE W o]E Als AIA AL o] Hwk 9 A
Aol A LA A Holdgol AW (Kim et al, 1999).

Randle & (1963)> <5 Wl A%k Absrt S7tE™ 229 4bsbrp 3ha
A skl dF FAAAE w2 STkl w25 W AP Akt
S7tE = Aol ded Aol dlolgta ARbeATh. o] 7HAdd o8ty A

go

WAL AL Z7tE o2 A4 nEE =0l acetyl-CoA/CoA HI S Z7FA| A A

28 I

o

N



O F85F g54A4A8 4 (pyruvate dehydrogenase)] Ao oA

2

12 12 W
2
o off

gAstar, AlE o Z71E citrate™ phosphofructokinase=
of FrF-6-Qlite]l SAHHo, AHorn Frdol AX U Fd&
U glojt o] 7S AWS Af A Fosts A v LAY 4
2 53 A S 4= HAJ (Kim et al., 1996; Lee et al., 1988). 1]
nNEFZ=gol= AEUolA ALE o] & dUxE Adstes L7]HS
A AR AEse] o] of 71 A dojdn B Shxpe] ME mEZE
ol ¢ TaH dom, o9 e F4e Fmy WA Mgt o
24 ot (Lee et al., 1999; Park et al., 2003). o] % Ql&d A nEZ
=ajof 7ol e dACl ek AgEo] Wi HSl=dl Petersen 5 (2003)
S nEFZ=gole] A3bA <lAE3}F (oxidative phosphorylation) 7]&©°] <l& ¢

2
ro
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23
o

2
ot

A Hole wdsolA 40% A At Hol s B 3, Ex
gekate] A TtSdA rlEZE=got Zlsol Hade S Hi sld
(Petersen et al., 2004). 18|31 n]EZ=golo Al X ukak 2slE 2dste= <
AE 2+ Peroxisome Proliferator-Activated Receptor a, §, vy (PPARa,
PPARS, PPARY) coactivator-1 (PGC-1) % AMP-activated protein kinase
(AMPK) o] 3ttt o] & & <d#HA 9= PPARav 3 &4 shvpzA
ong-chain acyl-CoA synthase W3d<& fE3to] nE
Zogol Y& AWA 45 F7HA17]13L acetyl-CoA oxidase H&S 714
21t} (Ferre, 2004).

A A, Thiazolidinedione (TZD)& ded AIAAS /A A7l A28 9

transport 4) £=9 FEA L FHS FT7HATIAL ALAEY EIE SA3}



sto=zx Qled AFgHS MAAZITL &3 A Atk (Fonseca et al., 2000).
8] 3 PPARaE FtollA mlEZ=gollie] B 4bst A3 A= A8 AAHS
S7HAZIAL, AR BAS AaATIY, 2AEE AduEg s Ais
A ZITE (Gulick et al., 1994; Maragoudakis et al., 1971; Lamb, 1993).
TZDe] daet a9 A ol dAdd5, R &as ol ol a3s
Hol= 7[d2 Qled AA Jhded wE Aoz A + U (Kim et
al, 2003). TZD7} 7= 7] Aol biguinides °FE¢l metformine] ¢l<&#
AFAde MAAZTL A d=dH, metformin FellA & S A

A71aL xRN F Fas S7HA AR d9xd 8 Jded

=

2

by

A4S s (Zhou et al., 2001).

| A}&3 OLETF (Otsuka Long-Evans Tokushima Fatty) #+=
i 9tk OLETF #A& A%
W vk oz WaE e A

e
>,
ol

2

sads Bt % OLETF A+ v|vhS
PN
=

ded A

t} (Hirashima et al, 1996).



2. 47 54

ek AMES Fnd, Ld8Sh oA EEF (dyslipidemia)oll AE 913 0]
2000). Reaven (1988)°0] 1<&d A A
A &Y A&A (insulin resistance)©] <z A
HIole= ¥ SAAME G 9 AA ALY oot A daed AFA
o] &0l =5t} (DeFronzo et al., 1991; Saltiel et al., 1996). ¢l&& A
&g o 2 <9 d= (hyperinsulinemia), W% % (Impaired
glucose tolerance: IGT)¢} A28 WH, oA AES ndY & dd9 &
32 BT F47 35 (atherosclerosis)e] 1@ AA T = AAAA s AR
Aol e A TolgtE AEF T (metabolic syndrome)?] 7id o] B3}
a1 A+ (DeFronzo et al., 1991). H gyt AE JAS o] ALS]

A AAde] #AA el Zasith aga A STol A AQPTH
AQP9 Edo| o]dxzd &Aool doju= o] f7t obF HEH ul glow, o
3}
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II. Al g 2 H

O+
i

1. Invitro 23

1-1. Al Z 8 &

HepG2 A ¥ (human hepatoblastonema cell line)+= 3t A|¥X5F 2307
e Al ol 100 units/ml penicillin, 100 ug/ml streptomycin, 10% fetal
bovine serum (FBS)o] *3t# low-glucose (1.0g/L) Dulbecco’s minimal
essential medium (DMEM) #j=]ol| A 5% CO, ¢} 37C 7oA vjsstad
o AlEZe 29 vtk A= wiAE Zolsal, T-75 flaskol AM3E7F 70-80%
24 & w72 i geta 29 5QF 6 well plateo] Al wigS 3 * FAHS
AAZE wA A 16A13F wj g A 5 U FAlE vdd s 2443 A
2] 3t} Insulin 0, 10, 100, 1000 nM/ml; glycerol 0, 100, 200, 500, 1000 p
M/ml rosiglitazone 0, 10, 50, 100 uM/ml ; wy14643 0, 10, 50, 100 pM/ml;
oleic acid 0, 250, 500 ,750 uM/ml; eicosapentaenoic acid 0, 25, 50, 75, 100
uM/ml; metform 0, 1, 1.5, 2 mM/ml.

1-2. fF A Sid £2 2 AF

e AXE 27k &8 S5 (lysis buffer)-(50 mM Tris-HCI, 1%
nonidet P-40, 0.25% sodium deoxycholate, 150 mM NaCl, 1 mM aprotinin,
1 mM leupeptin, 1 mM phenymethylsulfonyl fluoride, 1 mM sodium
orthovanadate, 1 mM NaF, 1 mM pepstain A)ellA 3k 3 47T, 15,000 x

-7 -



gollAl 156% &< AT s & A NS do] BCA protein assay reagent
kit (Pierce Chemical, USA)E ©]&3}e] vl S AH=Fsiiv), Ay FaF
9] SDS sample bufferel] 2-mercaptoethanols 2% A 7}3s}e] 90T A 5% 1+

S S A A

T 1

ol

1-3. Immunoblotting

40 pgel @A S 4-20% gradient gel (TEFCO, Japan)ol4l 80 mA= 1.5
A7 Fot A7]dE 3 & PVDF membrane°] gelS 25 mAZ 247 &oF
electrotransfer A Ztl @& o] #Ho]l¥l membranes blocking buffer [5%
nonfat dry milkS 33+ Tris-buffered salin (TBS)-0.1% Tween-20
(TBS-T)IE A&atel 1A12E &k A 2al A blocking AlZ T 42 A
AQP9 (Alpha Diagnostic International, USA)<S 1:1000 ¢ H] & =& 3]A] 3}

'~

4C| A overnight ¥+ A1 Zth. 21 ¥ biotinylated anti-rabbit IgG (Vector) 2
2 FAE S 1:2,000 oA 1:5000 H]& =2 3|Aste] A4 3021t RESAIZ
< membrane= TBS-T buffer= 154 2¥, 5&4 2 M st PVDF
membrane®] Zo]¥H AQP9 ©@¥ -2 chemiluminescence detection system

(ECL Plus; Biosciences)S AF-&3te] oAl X-ray filmol =EA1AH <<l

A

St &elE "Wz S Tmage analysis program (TINA 2.0)& o] 83}

Hakqeh,

FE2490 Al83¥ Otsuka Long-Evans Tokushima Fatty (OLETF) #



7 12718 ¢} Long-Evans Tokushima Otsuka (LETO) 7 6 vlg]l& o

Otsuka A|F3|ALZF-E] Aot AFs=2 F2 (22427C), FF (50%)

2 b, obX8AIFE A 87

A 2H)E EFo =3 AARE AFEA RS sto] AMEsith Wi d9

& SAste] A4 dxatel LETO Aol Hlstel ddo] FostAl ztol7F 1

7] AlZFEE 22F5E ¥+ (OLETF F)ol Al rosiglitazones o33t}
0

>
10
o
P
all
2
2
S
=
Ho
o3
=2
By
ol
o2
X
N
N

N

N
—t
\")
>,
r\l

Rosiglitazone2 0.01% H] & & Algo] £33t o] pelletS WEo] 24F 714 &
27 ZF Aolatdin. A7 FEE A¥sE= 12A7F FAA12 F 5| AAA 77
Aol AT d9ds FAsA 2¥ds=S PN

A" EDTA AdFH Hdte] Aol WAAIZ & 4TolA 3,000 x g=
158 st A & A4S dHste] 74 & kA 80T WLl

wstgh a9 gk A, P4 AW, 1@ F999 AP Astel oA
7

"
=)
fr
i)
‘10
fto
2
rfo

2-1. ZEH
g2 daqA3 A ko] ddEFA7](Accutrend Sensor, Roche

Diagnostic, USA)oll &% A& (¢F 5 pg A%)& Hojrmy &Rlst & g4

He ol8st @4 x

=

k1
oft
off
k1
il
e
W

4 (Glucose analyzer 2, BECKMAN,
CA, USA)ex, A<d Fx+= RIA WW (Rat insulin RIA kit, Linco
Research Inc., USA)S ol &3ttt 18]a Fa A 5= ACS-ACOD
a4% (NEFA ZYME-S, Acken, Japan)o. = 3743}t Rosiglitazone<
Glaxo Smith Kline Pharmaceuticals (USA)ZF-H 913} %t



2-2. ZHolAe WA Ee LD

Wsd A4S WA AP wtog (2 F v oFd FE RES Ei
stk b7kl xA & lysis buffer [250 mM sucrose (Sigma), 10 mM

triethanolamine (Sigma), 1 g/ml leupeptin (Bachem, USA) and 0.1 mg/ml
phenylmethylsulfonyl fluoride (Sigma-Aldrich) pH 7.6]°] ¥ % polytron
homogenizerS ©]&3to] 23} A]7]31 1,000 x golA 15 #3F &8 F&
BAANE o] 200,000 x goll A 1AIZF &< 2 EE skl NS HE
Z}7}o] membrane fraction (pellet)S ATt = AHFo] &
lysis buffer 1 ml& 2ol Tgsist & wwlas A},
protein assay reagent kit (Pierce Chemical, USA)E o] &
ol A 3 2ol SPS sample bufferol] 2-mercaptoethanolS 2% #7}sle] 9
0C oA 53 7+ i dS HAAIZ

g YA gk Ze] Mgz E 94, i 4 7 BES A5
H &2 A8 3 74 22 248 ¥bEZ lysis bufferd]l %3 polytron
homogenizerE AF-&3te] 723} A7l & 4T, 15000 x gollA 158 7+ 94

weete] Qe AU wuld BHel ALgatgt

2-3. Immunoblotting < ©] €3+ AQP & ¥ & 39

40 pgol @i ES 4-20% gradient gel (TEFCO, Japan) %+ 125%
SDS-polyacrylamide gel°l 4] 80 mAZ 15417 &< A7]9 53 & gelS 25
mA®°l A 2217t PVDF membrane®l electrotransfer AlZt}. whul o] o] w
membranes blocking buffer [5% nonfat dry milks 33+ Tris-buffered

T
saline (TBS)-0.1% Tween-20 (TBS-T)] & AF&3le] 1A &9 220 A

_10_



blocking A Zth 4ak A AQP2, AQP3 (Alpha Diagnostic International,
USA)E 1:500 oA 1:1000 ¢ H]&2 31X38to] 4Tl A overnight ¥H2A 7
t}. 71 % biotinylated anti-rabbit IgG (Vector) 22} &AE  1:2000 ol A]
1:5,000 B &2 3]Alsle] A oA 30%37F WES-A1Z] ¥ membraneS TBS-T
buffer® 1582 29, 58X 29 |23} chemiluminescence detection
system (ECL Plus; Biosciences)<& AF&3te] ¢FAo| A X-ray filmel =ZA
7 AQP2¢F AQP3 @ AS Sl givh. FQlE Zhzbe] TlE & Image

analysis program (TINA 2.0)& o]&3lo] 43543t}

2-4. Total RNA £33 2 RT-PCR

3 AR (4, 94, FA)EASs 100 mgd=Ee xZom kA
Trizol reagent (Invitrogen, Life Technologies)S Ab-&3lo] kit7} #|-& 3t
Holl we} total RNAS #2]3taL 260 nm F3 =4 RNAES A F3hsich

A H}e] total RNA #2]+= RNeasy Lipid Tissue kit (Qiagen, USA)E A}
gotslor, kit7h Algsts WHES webd ZEsdal 260 nm F ol A
RNAE A sttt cDNAE 1 ug®l total RNA¢ Oligo (dT)is 0.5 ng/ul,
Nuclease-Free Water® & 5 ule] #3117} A 9= & 70CoA 58 7+ &
= 7Fe v 2R A5 53 1 BAESAT cDNA A4S wel FH) g
I AL v &3l [Nuclease-Free Water, imProm-II'™ 5X reaction buffer,
10mMdANTP  (final concentraction 05 mM), recombinant RAasin®

ribonuclease inhibitor, imProm-II"™ reverse transcriptase]@ 4]0]4] 25C ¢

A 5 ZF WESAIRL F 42Col A 60%3E A skith. LElal yA 70T ol A

158 Ft 7hdate] whe-& $A A2l ¥ PCRE 3391, v xcDNAE
-20C W&o Basidch

_11_



PCR- denaturation (94CellA 1%#), anneaing (50-60TC oA 1),
extension (72T oA 18) =2 3to] F 25-33 cycles F33tHth. PCR AH&
£ product sizedl Wt 1-3% agarose geloll A A7) d53ste] Feastgict 1
2la1 Z+Zbe]l product® Image analysis program (TINA 2.0)& o] &3l £

A8t

_12_



Table 1. Primer sets used for RT-PCR analysis

in Long Evans

Tokushima Otsuka (LETO)rat and Otsuka Long Evans Tokushima
Fatty (OLETF)rat
) Amplicon size
Gene Primer (forward; reverse) Reference

(base pair)

. 5-AAACTAGCAGCTCAAGGGAAC-3'
Aquaporin 3
5"TCCCACCCCTATTCCTAAAAC-3'

“ATGGCCGGTTCTGTGCTG-3'

Aquaporin 7
5"TCTAAGAACCCTGTGGTGG-3'

, “CCAAGATGCCTTCTGAGAAG-3'
Aquaporin 9
5“CCACTACATGATGACACTGAGC-3'

Glycerol 5'-GGAGACCAGCCCTGTTAAGCT-3'
kinase S~GTCCACTGCTCCCACCAATG-3'

“CAGATCATGTTTGAGACCTT-3'

[B-actin
“CGGATGTCMACGTCACACTT-3'

367

810

897

101

509

Huebert et al.
(2002)

Calamita et al.
(2001)

Damiano et al.
(2001)

Guan et al.
(2002)

Damiano et al.
(2001)

_13_



1. 2 3

1. HepG2 Al ¥4 AQP9 @& odo) nm & oz FA9 A

¢l dS HepG2 A Eo 1 nM, 10 nM, 100 nM, 1000 nM¢] F%& g
39S W AQPY ©uid ol wrE L 10 nM FEolA 7 F7)F dda, 1o
TolM= 28y 1 wde] FAHJT (Figure 1). 1FHolA AQPIS
Feol A 71d =2 A8 ¥ = ©l, HepG2 Al Eo0 A Al
X 9Fe] FEAEe FEWE (100 uM, 200 pM, 500 pM, 1000 pM)eof wu}
WstE WolA| %dtt (Figure 2).
]S4 2 A$¥+E PPARa #|ZF=9F PPARy =7t
HepG2 A|Z A AQP9 @ o] ojwlst g3 v X]=4 Rosiglitazone
I wyl4643S glste] &2lsA Tt rosiglitazones 10 uM, 50 pM, 100 uM
Tz AY d& W, sE57F =555 AQP9 @ wdo] Frhste] 100 u
M FEoA o] 7H S7F AT (Figure 3). 1831 wyl46432 50 1
M FsZeA Bdo] 7P F7F e, 100 ]Ms = A e 238 1 24
o] #+4 skt (Figure 4).

FE AL AEAA JAeEde] WS At dEA o oleic
acid (OA)= 233t Bx 3} A skolth, OAE HepG2 Aol 250 puM, 500 n
M, 750 uM A& RS W AQPI Tl o] 250 uMel A 500 uM7FA] A A &
=7 R oy 750 ytMEsEoAs dAg daEsE BRIt (Figure 5). 18l
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eicosapentanoic acid (EPA)= U% ZX3A|HA o2 A o] =282 A

sttbar <A At olo] tisl HepG2 AlEolA AQP9 ¢z whg
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o iz BoE 7k Aw EPA 25 uM, 50 uM, 75 pM, 100 uM¢] &%=
sl s AQP9 w@uld wdo= & Aol gt} (Figure 6).
metformine 727§ FZAeARZA LW Et AdlA ALEstE oFAl o
th T2 HAEAA 22 S dAGE VI e® dAd=  PPARa
= PPARy 7t=9} &7 A28 Zxwe] @A 2 2221tk HepG2 Ao
05 mM, 1.0 mM, 1.5 mM, 20 mMe] F==2 A P& @ 1.5 mMelA &

dol F71 sttt (Figure 6).
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Figure 1. Protein expression of AQP9 in HepG2 cells treated with insulin.

Fully grown cells were serum-starved for 16h, then the cells were incubated

for 24h with insulin at

various

concentrations.

The protein was detected

near 28 kDa. Data were analyzed by immage analyser.
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Figure 2. Protein expression of AQP9 in HepG2 cells treated with glycerol.
Fully grown cells were serum-starved for 16h, then the cells were incubated
for 24h with glycerol at various concentrations. The protein was detected

near 28 kDa. Data were analyzed by immage analyser.
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Figure 3. Protein expression of AQPY9 in HepG2 cells treated with
rosiglitazone. Fully grown cells were serum-starved for 16h, then the cells
were incubated for 24h with rosiglitazone at various concentrations. The

protein was detected near 28 kDa. Data were analyzed by immage analyser.
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Figure 4. Protein expression of AQP9 in HepG2 cells treated with wy14643.
Fully grown cells were serum-starved for 16h, then the cells were incubated
for 24h with wy14643 at various concentrations. The protein was detected

near 28 kDa. Data were analyzed by immage analyser.
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Figure 5. Protein expression of AQP9 in HepG2 cells treated with oleic acid
(OA). Fully grown cells were serum-starved for 16h, then the cells were
incubated for 24h with oleic acid (OA) at various concentrations. The

protein was detected near 28 kDa. Data were analyzed by immage analyser.
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Figure 6. Protein expression of AQP9 in HepG2 cells treated with
eicosapentanoic acid (EPA). Fully grown cells were serum-starved for 16h,
then the cells were incubated for 24h with eicosapentanoic acid (EPA) at
various concentrations. The protein was detected near 28 kDa. Data were

analyzed by immage analyser.
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Figure 7. Protein expression of AQP9 in HepG2 cells treated with
metformin. Fully grown cells were serum-starved for 16h, then the cells were
incubated for 24h with metformin at various concentrations. The protein

was detected near 28 kDa. Data were analyzed by immage analyser.
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2. OLETF #H|A rosiglitazone2] &3}

LETO # 4% 6vtg], OLETF # <% 6vF8] ¢} rosiglitazones <l
OLETF # % 6vl2lE 3 groupl 2 Y7o A3 5L A
IS A5, o] =27 A F3 T 225F5E rosiglitazones YWF AL
=2 0.01%=2 4oA 2457474 253 w520 9 Ak 2§ AT LETO
F groupel Hi A 480g ©]Q 3L, OLETF # group< Har Azo
2 OLETF # groupa Hir Aso] 607gz S =
. OLETF # = €43 4

12, ol
o,

o

598g, rosiglitazone

Io

of o] HFuHFro R o]FS & F U=
AFe Auk AlEw W<l OLETF # group EU} rosiglitazones ™ <l
OLETF # groupoll Al <zt S7F8S B tH(Table 2). 123 %o X5
9] FE & rosiglitazones M OLETF # groupold Wz OLETF #
group Bt Zhaste] A A FE7EA "ol E3 Aol A
FE A A T IEUY FEE 2F
F groupll Al Z OLETF # group Bttt Fel42 #a (P< 0.05)E H

of Jded Aol /Mdde Hol F3UHh

AN
o
ol

ofr

ot rosiglitazoneS %<l OLETF
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Table 2. The effect of rosiglitazone on the gain of body weights, glucose, free

fatty acid, and insulin levels of the plasma in rats

Experimental group

LETO OLETF ROSI-OLETF

(n=6) (n=6) (n=6)
Body weight (g) 488.0+5.3 598.3+3.8" 607.3 +17.9
Plasma glucose (mg/dL) 96.0+ 3.0 117.5+6.2" 1042 +53"
Free fatty acid (mg/dL) 447.6 +20.1 589.0 + 58.6 379.0 +83.3"
Plasma insulin (1U/mL) 92.7+178  219.1+6.6 558 +10.3"

Values are mean =+ SE(standard earr), "P<0.05"P<0.01
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2-1. Aquaglyceroporin mRNA @& #] X & rosiglitazoned]

A3 5 E OLETF #Hol rosiglitazone (0.01%)< 2F 5<F HIS o A&
d Aol dAs] MNHEES & sttt (Table 2). whaba ExA Q0 A4

o) A Aquaglyceroporin®} @ ale] ojw sl 7] 2o o] A=A ol V)
#18l LETO #, OLETF #, rosiglitazones =<l OLETF FolA 3+, Az7kdt
A 2 k59 AS "ol total RN w=elste] AQP3, AQP7, AQP9

°] mRNA &S #4339t

ZHell A AQP9 mRNA &2 Al group 7He] FoH el Aol AAA R
rosiglitazoneS <2l OLETF # groupel4 AQP9 mRNA 2&do] ¢Fzt Z7}
S Bt (Figure 8). 183 AQP3 mRNA #3d % AQP9 mRNA =& ¢
A3 FAEES Bt (Figure 9). B3k 7H9] rosiglitazone & ¥boll 2] 3
GyK mRNA &2 rosiglitazone M 91 OLETF F oA <Fzt v o] 7FAdh

= Bt (Figure 10).

Y AEAo| A= rosiglitazone & 213 GyKe mRNA 4%}
o 5
A @& rosiglitazones <l OLETF # groupolA #2942 S7HE B
Ath (Figure 11). @A7FA AgA Eol= AQPT7 HolAox At &de
Aa gk ayy B A AE AQP3e] AQPTH 22 oz A
t} (Figure 12). Z18]x F7He A xz2Z oA GyK mRNA 42 2d-S
rosiglitazone= <2 OLETF # groupdl A F+94<2d S7IE EAY (Figure
13). 13 F9)9 AWz o= rosiglitazone &Il 213 AQP3 I} AQP7
mRNA 42 23 E& A groupol A G922 Zo]7F gldtt (Figure 14 ¢+
15). 18y} GyK mRNA F3A A 2d - rosiglitazone ® <1 OLETF # group

T AHAA T

o
ol

H

32

] el Az oA AQP7 mRNA

)
2

¢

oA FoAe F7FE HAY (Figure 16). F+ AW ZZF A rosiglitazone©l

°]g AQP3¥ AQP7 mRNA ode Axber AdzAoA o3 S7HE



BEAT neFe o] AgzAe A= AQP3 7 AQP7T mRNA o] A

groupll Al o)Al Aol 7k §lolth 18]l GyK mRNA #d

AE2 F Fe
AWz A A rosiglitazone M) OLETF % groupol A 949 2712 w4

tt.
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Figure 8. AQP9 mRNA expression levels in the liver tissue of the
experimental animals. The expression levels were comrected by dividing with
B-actin mRNA expression levels as the internal control. The lanes as follows :

1-3; LETO, 4-6; OLETF, 7-8; ROSI-OLETF.
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Figure 9. AQP3 mRNA expression levels in the liver tissue of the
experimental animals. The expression levels were comrected by dividing with
B-actin mRNA expression levels as the internal control. The lanes as follows :

1-3; LETO, 4-6; OLETF, 7-9; ROSI-OLETF.
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Figure 10. GyK mRNA expression levels in the liver tissue of the
experimental animals. The expression levels were comrected by dividing with
B-actin mRNA expression levels as the internal control. The lanes as follows :

1-3; LETO, 4-6; OLETF, 7-9; ROSI-OLETF.
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Figure 11. AQP7 mRNA expression levels in the mesenteric fat tissue of the
experimental animals. The expression levels were comrected by dividing with
B-actin mRNA expression levels as the internal control. The lanes as follows :

1-3; LETO, 4-6; OLETF, 7-9; ROSI-OLETF.
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Figure 12. AQP3 mRNA expression levels in the mesenteric fat tissue of the
experimental animals. The expression levels were comrected by dividing with
B-actin mRNA expression levels as the intemal control. The lanes as follows :

1-3; LETO, 4-6; OLETF, 7-9; ROSI-OLETF.
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Figure 13. GyK mRNA expression levels in the mesenteric fat tissue of the
experimental animals. The expression levels were comrected by dividing with
B-actin mRNA expression levels as the intermal control. The lanes as follows

: 1-3; LETO, 4-6; OLETF, 7-9; ROSI-OLETF.
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Figure 14. AQP7 mRNA expression levels in the epididymal fat tissue of the
experimental animals. The expression levels were corrected by dividing with
B-actin mRNA expression levels as the internal control. The lanes as follows

: 1-4; LETO, 5-8; OLETF, 9-12; ROSI-OLETF.
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Figure 15. AQP3 mRNA expression levels in the epididymal fat tissue of the
experimental animals. The expression levels were comrected by dividing with
B-actin mRNA expression levels as the intemal control. The lanes as follows

:1-4; LETO, 5-8; OLETF, 9-12; ROSI-OLETF.
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Figure 16. GyK mRNA expression levels in the epididymal fat tissue of the
experimental animals. The expression levels were comrected by dividing with
B-actin mRNA expression levels as the interal control. The lanes as follows

: 1-4; LETO, 5-8; OLETF, 9-12; ROSI-OLETF.
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2-2. A Zo A AQP29 AQP3 e&o w X &= rosiglitazoned 9

A A AA Z2A oA rosiglitazone &3] 93 AQP3

< immunoblotell €3] &< AT AQP3 @A e FatE e wd H o
1 A7)+ 3bBkDa A== YUEewWTE  (Figure 17). rosiglitazones H<l
OLETF # groupelAl tiZ+ OLETF # group Ht} AQP3 whulz o] whg
o] T7FstAAIRE LETO # group BEUt+= A3 yokth a8y A=

Aoad FER ZeEste] olE AR sty AL Huwd FEe gl
A3 AQP3 w3z &S rosiglitazones <l OLETF # groupol A ¢
Al F7he EAvr (Figure 18). 183 93 Fito] vz FiZof A
AQP3 Tijd e e gty JeEjet nEstE FHE B o Av]s
7y7y 3bkDa®} 28kDa JE== YENGTH (Figure 19). rosiglitazones ®H<l
OLETF # groupolA AQP3 @iz w&o] F7lstsS HAT. AQP2& =

5ol %o T3y, Al A oA HEwE Higlsle] o]E X4 E 5]
Ao drokwla RhRolA AQP2e wwzA wrd o oty et udEE o
B 2 1k ¥ of A7)E Z+7F 35kDa®t 28kDa A== eyt (Figure 20).

7 H

2l OLETF # groupollA <7k AQP2 w@de] o] 5
7FshEs Bt (Figure 20).

rosiglitazone<-

2-3. AZq A GyKe AQP7 mRNA &8 1) x| = rosiglitazoned < 3F

rosiglitazone®] A& GyKet AQP7 mRNA W&o ojujst J3kS 1
A=A &2l st A% A F-Eo] total RNAY A RT-PCRel| 93k GyK
mRNA 2& & rosiglitazone #ol#] &2 OLETF # groupolA = ¥do]

7S BT (Figure 21). GyK mRNAYE-S  rosiglitazones &<l
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OLETF # groupell A 7HAl kel zpol7h wokth Id 238 A4, ofd F&
o] total RNASIA RT-PCRel <3 GyK mRNA ®dS Hth Al group
Abolol 4 GyK mRNA & o] xfoli= Holx &t} (Figure 23). 18] Al
oA F29 total RNAOA] RT-PCRell ¢ AQP7 mRNA #H2 4l
g FiolA By wdo] wrES yEehar vk (Figure 24). 41749 W4
919 A =rosiglitazone ) OLETF # groupoll Al GyKe] mRNA 23 9]
S BAT (Figure 25). 18] AQP7 mRNA &S Ao ujd
AR Bt A F5s EAtt (Figure 26).

LETO #, OLETF #, ROSI-OLETF # <] Al groupAlelel 7k,
2G| A SolH oz wdEE = AQPOl tldh rosiglitazone®] &S Table
3ol @ oFskith.

OEi

2

g

HSL'

ol

A e

R
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Figure 17. The effect of rosiglitazone on AQP3 expression in the kidney. The
glycosylated form of AQP3 was detected near 35kDa. Data were analyzed
by immage analyser. The lanes as follows: 1-2; LETO, 3-4; OLETF, 5-6;
ROSI-OLETF.
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Figure 18. The effect of rosiglitazone on AQP3 expression in the renal cortex
membrane fraction. The glycosylated form of AQP3 was detected near
35kDa. Data were analyzed by immage analyser. The lanes as follows: 1-2;

LETO, 3-4; OLETF, 5-6; ROSI-OLETF.
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Figure 19. The effect of rosiglitazone on AQP3 expression in the renal outer
medullar membrane fraction. The level was evaluated with the sum of the
non-glycosylated (28 kDa) and glycosylated form (35 kDa) of AQP3. Data
were analyzed by immage analyser. The lanes as follows: 1-2; LETO, 3-4;
OLETF, 5-6; ROSI-OLETF.
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Figure 20. The effect of rosiglitazone on AQP2 expression in the renal outer
medullar membrane fraction. The level was evaluated with the sum of the
non-glycosylated (28 kDa) and glycosylated form (35 kDa) of AQP2. Data
were analyzed by immage analyser. The lanes as follows: 1-2; LETO, 3-4;
OLETF, 5-6; ROSI-OLETF.
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Figure 21. GyK mRNA expression levels in the renal cortex tissue. The
expression levels were corrected by dividing with B-actin mRNA expression
levels as the intemal control. The lanes as follows : 1-3; LETO, 4-6; OLETF,
7-9; ROSI-OLETF.
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Figure 22. GyK AQP7 expression levels in the renal cortex tissue. The
expression levels were corrected by dividing with B-actin mRNA expression

levels as the intemal control. The lanes as follows : 1-3; LETO, 4-6; OLETF,
7-9; ROSI-OLETF.
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Figure 23. GyK mRNA expression levels in the renal outer medullar tissue.
The expression levels were comected by dividing with [(3-actin mRNA
expression levels as the intermal control. The lanes as follows : 1-3; LETO,

4-6; OLETF, 7-9; ROSI-OLETF.
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Figure 24. AQP7 mRNA expression levels in the renal outer medullar tissue.
The expression levels were comected by dividing with [(3-actin mRNA
expression levels as the intermal control. The lanes as follows : 1-3; LETO,

4-6; OLETF, 7-9; ROSI-OLETF.
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Figure 25. GyK mRNA expression levels in the renal inner medullar tissue.
The expression levels were comrected by dividing with [(3-actin mRNA
expression levels as the intermal control. The lanes as follows : 1-3; LETO,

4-6; OLETF, 7-9; ROSI-OLETF.
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Figure 26. AQP7 mRNA expression levels in the renal inner medullar tissue.
The expression levels were comrected by dividing with [3-actin mRNA
expression levels as the intermal control. The lanes as follows : 1-3; LETO,

4-6; OLETF, 7-9; ROSI-OLETF.
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Table 3. Summary of rosiglitazone effects on the expression of AQPs and
GyK in ROSI-OLETF

AQP2  AQP3  AQP7 AQP9  GyK
(C,T) (C,T) (C,T) (C,T) (C, T

Liver + + o + + + 4+
. * * *
Fat Mesenteric + + + + o + +
Epididymal + + + + o + o+
Kidney Cortex + + + + o + +
Outer E
+ + + + + + o + +
medullar
Inner
+ + - -
medullar -

. . *
+; mRNA expression, -; non-expression, P <0.05

C; control (OLETF) T; treatment (ROSI-OLETF)
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3l Aquaglyceroporin®] LA
¢l vk AQP3, -7, -9, -10°] Aquaglyceroporin®] <3t} (Agre and Kozono,
2003). ¥ AT = A28 T X FZFA Q] rosiglitazone©] OLTEF F el
A AQP2, AQP3, AQP7, AQP9e] T3 el ojwd FIFS v A=A A
Skt
A Abghe] ke MEFQl HepG2 AlEo A AQP9e] Bx® X sl 220]
O]

Zbol| A SolatA wdaxE+= FAE AME2 ¢HA Ak (Kuriyama et dl,
2002). HepG2 A3 insuline 1 nM, 10 nM, 100 nM, 1000 nMe] F==
A s W 10 nMe] FEolA AQP9e] Wde] 7 F7FE A 100 nM
7} 1000 nMe] FxoA = dAA38] AAadS BAtk (Figure 1). Kuriyama ‘&
(2002)°l &t ztol Holxow EAsteE S8AE I AQPIFH Aol
Eojzxo g EA3E AQP7E FAo =AEH, AQP9 #HAFe] promoter
$ o= insulin response element (IRS)7} EAjslH o] F-9&E T3 A&da
e SA A xHo] o]FolHrta Bkt B AN FEAEY Hr
wate] mE AQPY ' (Figure 2)9] Aol {IAAT wiel A& (100
nM¥ 1000 nM) A& Al AQP9e] wr& o] HAstth (Figure 1). ©]+= HepG2
AFEANMEZ AQP9 A wrao] RSO 93] 4% Zdo] o]Fojx A}
o} AbsE

rok

A AN AL EafitE
Zroll A AQP9el o3& Fi=H, ded
AR HAE Al AQPTOl oF =EAES wol WES
Holl = AQP9l & =eAlES Bol Wolso ExdS wWol dA e
o} (Kuriyama et al., 2002). Z18]31 5o Fa|AgArke] 7t d&d A



Azt AHE A7 Atk Figure 5914 B vhel o] HepG2 Al o4 OA
of o3 AQP9 wdeo] 05 mMZHIAE % o&EHo= Frst oy 0.75
mMell A= dA3s] 1 Fde] At 2 A AREE OA7F Ao
A ZFY2HES WEA7]E methyl-B-cycledextrin® & 9ol 2 E Ao 9
3 AAT Bd Fs BHASS AEA OAE AElste] &< =AUt mpA
HepG2 A EA fref 2 atel ofgk AQP9 & F717F ko] &y AA
I e Adol= v Eshoh

Thiazolidinedione (TZD) Alge] <1&d AHgA /A AQ rosiglitazone
wyl4643-& ZFg7]do] A& thrErt} (Patsouris et al., 2004). # A3 o] A=
PPARy #]7F=2l rosiglitazone®] HepG2 Al¥Eo A 100 uMolA 571 A7) =
FdS HAY a8l wyl46432 50 uMolAl AQP9 W&ol 71 F7FSEA
o} o] A= PPARa A7 ®o] EAlstE d 71 3842 PPARa
gl 7=l wyl46430] rosiglitazone H.UF & oA AQP9 & o] =7}3t

& A 7+ AZJME PPARe EE PPARy #t=x 77 t2A 28
Ads F5 + AUtk

A& o] A3 rosiglitazone OLTEF #FHolA ¢lad APAdS A
3] JNAAIFHTY (Table 2). rosiglitazone¥® 22 TZD Alde] <FA <l
troglitazone> Obese Zucker RatsollAl A A ¥kz2zlo] <kolli= W37} §lA
w2 AMAEY FE& F7HAZIT (Okuno et al, 1998). 1@l

troglitazone< S/ A< TFAA| 71 A7 rosiglitazone M FFS FH
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B Ao A rosiglitazoneo] 93] X Hol A GyK, AQP3 ¥ AQP7 %A}

o] o] fofstAl F7FEAARE, A= GyK, AQP3 3 AQP9 A}

o o]l Apol= FUATE o] A2 PPARy B t=7F A WAEA A FE

AE tAFE 243k HHH PPARagZE=EQ] wyld6432 THol A GyKE €4

skAl71aL AQP3 ¥ AQP9el 9&] =dAE dAbE =4 dAvda A8 5
Aot (Patsouris et al., 2004). vttt @ 24 F=olA4 PPARa =&



I S A2ATIAY aHlE SAAHORN IR FAAE S AN
71 (Chou 2002), HITole Exd AA 222 phosphenolpyruvate
carboxykinase (PEPCK)9} %9 6-24F (glucose 6-phosphatase)©]
dexamethasone®l| 93] FE¥+& 22 PPAReo| oEdthes 2urt 3l
(Bernal 2003). Z22J1} PEPCK<$} glucose 6-phosphatase= PPARad] # 7 %
o2 #BHE}E FA4AAE olYtl (Patsouris et al, 2004). wEkA PPARa =4
712kl ti el Al of B2 o] B ok & Aotk

PPARy 2]7t= A A28 Do ASAZA ERHoz AREHAT A
Ao H el FFH AAVE Aok 1 ddel thEfiA = obF &zl BF glth

Song %5 (2004)2 rosiglitazone®] Al#Zo|A YEFI} &9 AFF He= A=

N
k
d
)
(o3

5 FXAATIL, B FAdA ds A b= E37F dvka Aok w3 A
A A ZZA4 AQPL, AQP2, AQP3<S immunoblotsd ZAI} AQPl12
rosiglitazone®l] 23k &37F M2 gIAX T AQP2 °F AQP3& 1%o v A}
od F oA dAg Hd F7HE Bdvkal g

A= AA A AQP3e] wES  rosiglitazones 9l
OLTEF #HelA F7tehs BIAARE A4 ¥3 (LETO) v w2 23S
Bt ey A "y od R wawde el AQP3E
rosiglitazones ¢l OLTEF #H oA = wao] H9Ae ZF71E HYrh
o A FRL e v Ao A AQP2 Wdo= ¥ JFgFS FA LUt
B Ao = rosiglitazoneS 1mg/100gS 25 7+ H433, Song %
(2004)2 rosiglitazones 94mg/kgel %S 3¢ 1 Fofst Aijojt). welA
rosiglitazone Fo] ol ]3] AQP29} AQP3 o3& kAt dids = +
1 AlsE O

A%l A= AQPL, AQP2, AQP3, AQP4, AQP7, AQPg8e] IrdHTh
(Nielsen et al., 2002). AQP2%¢} AQP32 L E5 WotdH E5Ho02 #o3)
M, AQP73 AQP8S & AFgol Hofste] AW Eo FFAAE =

_53_



(Nielsen et al., 2002). ¥ Agox 23] AQP7 mRNA w3
rosiglitazone®l ]3] A2l FeS wbx] ¢roron (Figure 24) Ao vz X
ol AR s e 2y Fde UElAY (Figure 26). AQP7S
T2 A A o4 Fool EAste] FE AFTol Bod= Ao
N

H AF ek ARl AQPle] Almytel A e o] &<l H A=
AQP19] A (deletion)ell olaf thmFe] €<lo]l H™ 7] A w3t &ax]
E98S 7AaAZItta B a9t (Ma, et al, 1998).
2ol F 752 AFFAIE St AAS (~180 /day) &% (~1 I/day)
o2 W= Zojth old HAA AQPse 7|FT IFAolth (Agre and
Kozono 2003). whebA] A fe] w3 == Edd 93 AQPse] A3, |
gt 7zl tigk a4 AA

B Ao A= rosiglitazonee] OLTEF # 9 <l&d A3AAS /MAAAS

golsta, A4 T AQPs S Hokth 183l rosiglitazone?
F282 AT S/t 5 9SS dF AW F e 2AE AQPH GyK
FHANA 72 ARZ AAT = Jdvtal At ETh
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