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Effects of Troglitazone on the Expression of VEGF and TGF-g in Cultured Rat Mesangial Cells
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Abstract
Background: Clinical study reported that troglitazone ameliorated microalbuminuria in diabetic nephropathy.
However, the mechanism of action is not fully understood. Vascular endothelial growth factor (VEGF) is
known as vascular permeability factor and it is considered the most likely cause of glomerular hyperfiltration
and proteinuria in diabetic nephropathy. Transforming growth factor-beta (TGF-0) is a potent inducer of
extracellular matrix production and fibrosis in renal cells and one of the important cytokine in the
pathogenesis of diabetic nephropathy. To determine whether troglitazone affects VEGF and TGF-g production
in diabetic nephropathy, we examined the effects of troglitazone on the VEGF and TGF-{ expression in
cultured rat mesangial cells exposed to high glucose concentration.

Methods: Rat mesangial cells were cultured in media with D-glucose 55 mM (NG) or D-glucose 30 mM
(HG), or D-glucose 30 mM/troglitazone 20 uM (HTz) and for 6, 24, or 72 hours, respectively. VEGF and
TGF- expression were assessed by semiquantitative RT-PCR and western blot analysis.

Results: Troglitazone decreased the VEGF164 and VEGF120 mRNA expressions in cultured rat mesangial
cells exposed to high glucose concentration with incubation for 24 and 72 hours, respectively. VEGF protein
was also decreased in experimental group treated with troglitazone (HTz) than in those with HG for 24 and
72 hours. However troglitazone had no effect on the expression of TGF-8 mRNA in mesangial cells.
Conclusion: This study suggested that troglitazone may modulate the development and progression of
diabetic nephropathy by reducing the expression of VEGF in mesangial cells (J Kor Diabetes Assoc
31:220~229, 2007)
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1. 2 HIAKISMZS| B

Akzo] 100~150 g2l A4 Sprague-Dawley FE ketamine
(50 mg/kg) & w3k = Ae|nke wl7)an, A A
92t 3145 7o} A|(75, 150, 225 ym)ol] EFAIH L) odo]
% oF}ME 0.1% collagenase (Sigma Chemical Co., St.
Louis, MO) H&Js}aL 37 CollA] 2087} wieksle] A+E
Hask & D-glucose 5 mM, 10 mM HEPES, 2 mM L
-glutamine, 100 pg/mL penicillin, 100 pg/mL streptomycin,
5 ug/mL insulin, 17% fetal bovine serum (FBS)E 47}k
Dulbeco’s Modified Eagle’s Medium (DMEM) rljoFeHo|
95% 0,9} 5% CO, ZellollA] Fz=Astoll AEE- uiokst
ek olF A Aw|FellA S A% (elongated),
A stellatey gele] AEE ATFAEAER QIAJs}
I e e Sl S]lelsick wAEE dAlllA
actin?} myosinol] ¥Ao|3L factor VIIIF} cytokeratin
(Synbiotics, San Diego, CA)ll 5491 & AEA] ZHEAIE
2 XSk Al ksl Al ik AlZEE- phosphate
buffered saline (PBS)& -2 v trypsin-EDTAZ *|2|t
5 ohAl ZehFollA] wiekslia 2 Addvict 6~73] Altd
uljoks] AIEZE- 6 well plateol] ZF well & 1 x 10° cellS &

FAZ F Al
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2. Az ME

wjekEl AEA] 7FEMEE- subconfluent St Aol PBS
2 A3 3 FBS B5% 1% Y e 24 B
4 DMEM sk el 484171 njolelgick 7 %
ARPE A4 EESFOlE NGZOlZ} B, THE LE
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d(olst HGTolgt 3h, 155 =9} troglitazone
S Fold(elst HTzwolg}t 3 5 Al o2 vrddek &=
8 7 75 ThA 47l Belsio] Zh7he] 27014 0, 6, 24,
72A17F &<}t vleksldel. NG~ D-glucose (Sigma) 5.5
mM, HG7-Z D-glucose 30 mM, HTz7~2 D-glucose 30
mM$} troglitazone 20 uM-& X2]3t & wljokslich

HGE3} HTz -8 ATARVAAIES] ol et 222
Jeste] 24A17F TRIE wlikels wksivk. Mannitol
(Sigma) XX B4 55(5.5 mM) E57 ulix]ol] mannitol
S A7lelel HGTH AFRSte] oSS A% 5 6417
wlegelo] Aol ol gelgie), 7 AT 2 RS 4-6
3] Al3s3iet. Maninitol o ¥ VEGFS} TGF-3 mRNA
o] W2 6A17L, 24417), 72A17F ol NG b7
Slol s Ex Aol A E lAlelsich we}
Z] Mannitoli2 o] - 6A17HRE AEfslgick
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3. RNA & 4 PN RT-PCR

Ay =278 + F 747 A3lF AJ7kel] TRIzol LS reagent

2} TRIzol reagent (Life Technologies)& ©]8l0] RNAE
F23) g gt (spectrophotometry)& ©]-83}0 260
nMolld =25 Z4830ck 1 uge RNAE oligo-(dD)16
primer$} 50 U Molohey murine leukemia virus reverse
transcriptase (Life Technology, Gaithersburg, MD)& A&
slo] cDNAZ A A1ZEk. VEGF mRNAS] T2+ 870
9] exon©] ZAlsHH, alternative splicing variantsi= exon 6,
exon 70l EWsl=H] o] 5 VEGF164¢} VEGF1200] F&
AAlol|A] WFAE]7] wfjiol] exon 35E] 3’ untranslated ends
A ZZFA1717] 218t primer (Koma Biotech Inc, Seoul,
Korea) S ARSI o]e] 93714942 sense 5°- GACCCTG
GTGGACATCTTCCAGGA -3, antisense 5’- GGTGAGA
GGTTCTAGTTCCCGA -3’Z4] VEGFI188, VEGF164,
VEGF1202] A|7}A] splicing variants& 5313t} TGF-G
% Fnplo] 2! 3] AHKoma Biotech Inc, Seoul, Korea)ol|
ollsio] ARtEII o primere] 37141992 sense 5°- ATA
CAGGGCTTTCGATCCAGG -3’, antisense 5’- GTCCAG
GCTCCAAATATAGG -3’9t} PCR Bl HZEZE B
-acting ©]-831%3.2™ primer?] B7|AY-E sense 5°- TCT
AGGCACCAAGGTGTG -3°, antisense 5’- TCATGAGGT
AGTCCGTAGG -3’°]3ich
reaction (PCR) AHES PCRo| Tyt £ DNA A 7|od%A)
band®] =7] #9137} g7 agarose gel We] PCR A5 &
2lslgich. PCR A 5 kg A 47191 ABI
373A automated DNA sequencing system (ABI Genetic
Analyzer 310; PRISM, Branchburg Park, NJ)< A-&3}oq
PCR 4Hz9| SolAl& #’Islgict. VEGFS} TGF-6 4 B
-actin®] mRNA 7242 olu] Has wbg e PCR W

N
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e WEdsle] Algelglon, FRAAAE I F o
A= cDNAQ] o} PCR cycle %5 thEA 3PHA
mRNA 2] ZZ0]| log phase Well 9J+= cDNA2| %=} PCR
cycles] 45 7Aslo] Aol o] §2l5ick. PCRE % 25 L
9] Wk&-o%hE(reaction mixture)s WHso] ALgslgorn &
o] =4S 200 uM dNTP, 125 unit Tag DNA
polymerase, sense primer Hantisense primerE Z}Z; 40
PME $H43F 89 ol SlAE cDNA 2 LS A7 ¥
Alg8s13it). VEGFS] PCR cycle < *HAJH-3(denaturation)
94°CollA] 30%, 7Z¥HFS(annealing) 58°CellA] 30%, oA
Hh&(extension) 72 CollA] 14 302 F3F2] #4338 cycle
UM 31, TGF- 9] PCR-S HAMES- 04 CollA] 132, A%
1R 60CollAl 142, ks 72°CollA] 32 &3] =
38 cycle HHg3}9lom Bactin HAIHES- 94 CollA 15,
74k 60 CollA] 142, AR 72CollA] 34 }te] 7
A= 38 cycle RHE3iick. 7F 4HEe] 27] wAdRke2 34
upA|e}t AAug-e 720 2 9ick PCR$S] BE PCRA
&< ethidium bromide”} 41Q1 2% agarose gelollA] Z7]<d
= AlBElslon, PCR 4HEo] A2 Scion image
analysis software S ©]85}09 densitometryol] 2]+ VEGF/3
-actin, TGF--actin B|Z B|xs}ich

4. VEGF EHY MM

[t

ST 25 wieklls AAslaL g wlekd AlES

& PBSE AlE % lysis bufferoll 4C, 12,000 rpmoilA] 15
2 AR § A5olS odo] sample buffers A7Fsk
o] 527+ 100CE 7hdsio] el Lefslick & 10%
SDS-polyacrylamide geloll 271353+ % 0.8 mA/cm’2] 4
E&Z 4417+ 59t nitrocellulose membraneol] $57]3L ©]
nitrocellulose membrane< 5% ZAIEFol 358k wielkst
% rabbit polyclonal VEGF antibody (Santa Cruz
biotechnology Inc., Santa Cruz, CA)9} 2417+ BRSAZICE L
% membraneS- anti-rabbit secondary antibodyl] 147+ vk
k3L ECL western blotting kit (Amersham, Buckinghamshire,
England)E ©]83F chemiluminescence ®IH o2 319
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5. EHEA

BE A= BT £ ZFEXE AR A 4
< SPSS version 11.5 &A| WA E ol&slSic). Zh T2
H]3=  Friedman 9o 2 o] AEAHEA (two-way
ANOVA), Kruskal-Wallis =910l 2]t UdQEAHEA
(one-way ANOVA), Mann-Whitney U testE A8} P
< 0059 7395 AR ot Aor Pt
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Fig. 1. The effects of troglitazone on the VEGF mRNA expression under high glucose concentration. Three alternative
splicing variants encoding peptides VEGF120, VEGF164, and VEGF188 were identified. VEGF120 and VEGF164 were
expressed more highly than VEGF188, which was faintly expressed. VEGF mRNA expression was increased in HG 6, 24
and 72 hour groups than NG group. Troglitazone decreased the VEGF mRNA expression in high glucose exposed
mesangial cells with incubation for 24 and 72 hours, respectively. NG, normal glucose concentration of media (5.5 mM);

HG, high glucose concentration (30 mM); HTz, high glucose concentration treated with troglitazone (glucose 30 mM and

troglitazone 20 pM); Mann, mannitol.
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2 VEGF mRNAQ| s

VEGF164 mRNA/Bactin 2] W& HG 6, 24, 72417F
TollA] NGl on| QA Z7Fsiairk0.74 £ 0.15, 0.95
+0.08, 0.79 + 0.04 vs. 0.20 = 0.02, P < 0.01). IEE F
Sl troglitazone *]2] ¥ VEGF164 mRNA/Bactin®] H]
= HG 24, 72 A7l vl HTz 24, 72 A|7HrollA 22t
on] A ZHA=s1rk0.51 £ 0.16 vs 0.95 + 0.08 P =

D EF AAHIZEE HHZMIZ0IM TroglitazoneOl VEGFRH TGF-5 &l DIX= A&

0.01/ 0.55 * 0.06 vs 0.79 = 0.04, P = 0.04) (Fig. 1, 2).
HTz 6417+ 1ol VEGF164 mRNA/Bactin H]7} Zh
s AR Hlouh ARG Aole HolA gkghek
Mannitol Fo37-2] W12 NGTZ Xol7} gioick

VEGF120 mRNA/Bactin®] W% G4 ok He)
+ul HG 6, 24, 72 A|ZHrollA NG-Ex} ou] A S}
319931(0.69 + 0.07, 0.74 + 0.11, 0.68 = 0.05 vs 0.18 +
0.07 P < 0.01) (Fig. 3) troglitazone FoJ ¥ 24, 72417+ &+
ollA] frelgk ZH4AE Brh0.50 £ 0.13 vs 0.74 £ 0.11, P
0.03/ 0.48 = 0.06 vs 0.68 + 0.05, P = 0.02).
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Fig. 2. The ratio of the expression of VEGF164/Gactin was increased in HG 6, 24 and 72 hour groups than NG group.
VEGF mRNA expression was significantly reduced in troglitazone treated groups than HG groups for 24 and 72 hours,

respectively. * P < 0.05.
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Fig. 3. The ratio of the expression of VEGF120/ Gactin was increased in HG 6, 24, 72 hour groups than NG group, and
decreased in HTz 24 and 72 hours than HG 24 and 72 hour groups, respectively. * P < 0.05.
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2. EECh S0 Troglitazone 501 £ AlZF Zalo)|
2 TGF-8 mRNA9| &t

TGF-3 mRNA/Bactin®] ¥ HG 6, 24, 724177}
HTz 6, 24, T2A1ZHF0lA NG-Er) <Ju|9iA] Z7slick
(HG: 0.71 + 0.08, 0.79 + 0.24, 0.73 + 0.29, HTz 0.69 +
0.38, 0.74 + 0.29, 0.71 + 0.22, vs 0.49 + 0.15 P < 0.05).
12U HG 6, 24, 7217523 HTz6, 24, T2A1 7K Zholle
HTz°ll4 TGF-8 mRNA F57} 7Hasle 73 90
v A 9Jul= elgickFig. 4, 5).
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GF CHHO| Hig|
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=

7} Aol 45 kDa®] VEGF thilo] =|9l=vl]
HG6, 24, T2A1ZHMlA NGTEeE SJw|9Al S7bsigict
(HG6 1245 + 6.6 % of NG, HG24 202.7 = 9.2 %, HG72
160.2 = 43 %, P < 0.05 vs NG, respectively). I-°F% 3E
Eddol] =F% AtA] 7PEAE] troglitazoneX]2] ¥ 64]
AREellAl= VEGE whille] fhashe A%S Helont &7
el xpo|E HolA ekrHHTz6 116 = 2.7% of NG).
Troglitazone X|2] & 24, 72X 7oA = Xz AHd)

NG HG6
Beta-actin

HG24 HG72 HTz6 HTz24 HTz72 Mann

NG HGeé

HG24 HG72 HTz6 HTz24 HTz72 Mann

Fig. 4. The effect of troglitazone on the TGF-3 mRNA expression according to incubation time and glucose concentration

of the media. NG, normal glucose concentration of media (5.5 mM); HG, high glucose concentration of media (30 mM);

HTz, high glucose concentration of media treated with troglitazone (glucose 30 mM and troglitazone 20 pM); Mann,

mannitol.
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Fig. 5. The ratio of the expression of TGF- 4 Bactin was increased in HG 6, 24 and 72 hours than NG group. Troglitazone
had no effect on the expression of TGF-G8 mRNA in mesangial cells. * P < 0.05.
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Fig. 6. Western blot analysis of VEGF protein production. NG, normal glucose concentration of media (5.5 mM), HG;
high glucose concentration (30 mM); HTz, high glucose concentration treated with troglitazone (glucose 30 mM and

troglitazone 20 pM); Mann, mannitol.

VEGF thilo] golslA] 7h419) 0L HTZ24 143 + 3.5%
of NG, HTz72 140 + 4.9%, P < 0.05), k& x]g] & 244
78} 1227 Zrolle Xel7l $igivkFig. 6).
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B oG A3} woglitazone®| IFEL] EETol| =EF
Flo] AAIPE AlZel4 VEGF mRNA$H VEGF Thie]
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SIS el vAEd hFer, adEst
I dede] 24 vl A3kas AA|A| Fof So] el R
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o] gl AP, Troglitazone> AR Fir el %]
A ASHNE oMz, W 2 ool S
SAolA ]l Sk Haslelel. it see
EzxEA f4 s F oA 371Y 7} troglitazones o9
S9e vl ol wskwhe Tkl vlA) it 7+
281913, in vitrooll A= AR AlEel troglitazone2
Hel A ATARA ATL] 20| o AEigleka Kt
=i £ B troglitazoneo] o 7Aoo 2 LA RS
= ZAAFIEA it A F53F Aol

G WeAE AARIZHVEGH) = 743t g3 Fads
A\ VPF (vascular permeability factor)Z}ilE E2|v]
34~42 kDa9] disulfied bond & ¢173% dimeric glycoprotein
© 24 h}e] exonollA alternative splicing® oi2] o}&o]
e} Aol AlE 121, 145, 165, 189, 20671 opu]=Ako &
TAE 570 oFde] EAlslal, VEGF1657} EfRbs: A|elslar
71 mo] T3EE ddlolcH > 31H o)A+ VEGFI20,
164, 1882] 37W o}Fo] h=dl A4, =, =, A 5 i
Heol #A7|ol|4] VEGF1647} A1 2FE=w] VEGF188
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o] M|y glom, F2 At oAt AeiAdlns
ARz A ke A gl AR AlEellA]

s daAAAE S5 Edellx] VEGES)
VEGF?| =847} S7i=lo] glow Aol IHratst w|
Ak ko]l ojgtciar g QUeb'?

VEGF= 184, 242 s|gddht k4] 28141, TGF-
B3¢ o] Aol =FRIEe 23l F= Aol Al
of|A] BAd=lo] Ele]ZAl ZIUobAl(tyrosine kinase) &A|
¢ flt-1/KDReol| 2H-gsto] 3t £l 2] Zlet ol AlEe]
7157l frtksle] Al S-S Lok A
AP B Aol ardgdol] ed A AEAIZPAAIE
W VEGF?| o] Z7Hes Bk

& A7ehe WIE Singh 5 o] AHIHAE AEE
25 mM2| % ERdell FAIZS o AlEaidetellA
VEGF7} Zt&sigivka Bwslgiel?. ae} Singh 59
ATE B el oh2A] A AEE 49 5 A
AR aEE EErel| e AZAL, AAREE A2 vl
oA FAwe] FAW e R VEGFE 3783180tk A+
ARzo] AP Al AAlellA 543 2AkgE ARSI
AR AIE AAelAE AlEnfekel Hrk
VEGF $%7} 10~2008] A% g 155 Trdois 2
W3 glof, dif2e] VEGFE AlEell 454 Al
= &g FujEvka 7lEsisick. oli= VEGF7} ofe] =71
of| wie} vh2A] Wdsta, AlE flelX= Ao 27K 5 o
2] ohE QA ofgke vk S AR

L Aelld] el e Al AR AIE W VEGF
mRNA 2| 22 7] 24X S7ksiclrt 7124170l
23] e e Hdek ol= VEGF7}F B g4l
2| A3 A Hrl= 27)e] whg7Idel 2-gslelet 74
Huh ARy FxskAelld] iyl STiRtell whek
VEGF: Z713te] Harsle], A= A54Q
AARE ofuzt o] 2 QI3F ofe] AARIA} Bl Aole7iel 7H
o] B or AEH o8 VEGF Wéle| Zrl=lel I3 3
W3S oA JheAE el

TGF-G= Alx2] 714 A3 A Zehs dodle
Aol E7IRlo|e?. mdgol] el AAelA TGF-p7} 57}
B o] dFellA] SHEG=E A 2l9] dFellA] nd
Foll =2A] 48A17F el Aol 1Ak Aok AA|
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S} A ol A el o3k AlEe] A ZEllat
2 chle] AAo] TSI . ] 5E Bl
Ae 2EFEZEA i s FollA] il
71ell AAAellA TGF-G mRNASE thifzle] widlo] Z7}
Hw o] AATAE] 1A FTIek vl QladloR
NEGE X gl TGE-B AAo] A=y, Agtol)
AlE oA At WA ok, 3 Aol AAdRlell
Hlal g4 3kake] AEA Holl TGF-5 mRNA 3
o] Z7hglo] YA, £ thE Aol AEa =
Aee W2 sHAjellA] Algmizt APgmizke] TGF-F5% b
ol& 43 A}, FRRleME AR EF TGF-6=
AAs=E vlal FaAAge] e el 2wl
Al A] TGF-G5 FHesiAl AAdsle] o]Zlo] Mo g il
AgS BarsigieP?

. od-loll4] TGF-8 mRNAT Z8Hel| =% ¥ troglitazone
& Folahg u) uklo] Phashs A RYler} EAHe
ol gigieh. 4 QT4 C57 He] ATHTFA AEol §

\lo.m

g

uM 9] troglitazone o1 A TGF-B7} F-oJ3A] 248-S B

sy, wE ohE dtollAi= Sprague -Dawley ] A
THZFA A|Eol] 3 uM 9] troglitazone o7 A] TGF-37} 7+
A9e Hol B TSI T A7k UehigleF?, ol
EE9] troglitazoneo] AHZFA AIES] TGF-G whelo|
e e 2 sde AT 4 oo

B o3o]lA troglitazoned] FE= 20 IME 313t} o]
£ thE Q75 AERE 0.23~23 1ME] 2 ko 7}
7t} o)A adFtollA] troglitazone 20 M 2] FS=7PAEAIZE
A A 548 ehlo] ATA AL AEALY
Surivkn sl webd B el
g A o] troglitazone 20 MollA] AAZHA vlloF AETE
24slsiokn = 3). o A2l & A7ko] Aol we} o
HelelA) eke st wlszslo] AFHIA wiek AES
7} ok b aFe Blont EAM R SolelAl o
gk Control 5.6 + 0.8 x 10° cellsymL, HTz24 95.5 +
3.9% of control, HTz72 92.5 + 2.9%, P = ns). %3k t}&
AollA troglitazone &Eol Hlzlste] DNA Aol 24
sheha waslol, B Aol ool Fuak i b
2lel 20 1M FE=E Heleioleh”,

AFAIZPE A ZElA] troglitazoneo] o 732 Z VEGF
= AEATIEAC tsliAe oA WAl vt glck
Troglitazone 9] += YH7} vl E9} 2 +=E 7HA4
Ak} 2gof] 28t nitric oxide (NO)Q] A &S AL
% 4 glen, ATARKA AT VEGE} 2714wl NO
o 71 kel wasol dhe Al 9 Aew
Fs}9IeF?. sk Q1 ARk Wl AR PPARY
7} VEGF®] 4~8|2] Flt-13} Flk/KDRS] mRNA WS-
72 Azkeka Harelgl ot ATARYA A S8

(apoptosis) =
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7 A SSkeR, 2ze) ol Ake] vl
£ ) ATARVA AEolA PPARy} lslch )]
ou} PPARye] 4ol Slal ZiEE SHAES a)
HSA%E ZANSLLPPRIES 7HA2 v, VEGF §
ARl H9A%E SAE 247} 17 Wil ofulE A
TARH AlZelA] VEGFE] 7447} PPARy 243312 #3]
o] ZAzfelr ek B Ao E7jelol} child S 73
ol ol 72 TFsgol ek,

a&EGo]] 9t diacylglycerol-protein kinase C (DAG
-PKC) 7 Z°] 243} extracellular signal regulated kinase
o] ZASE AAIE AlES] 4 8l AAe] 7s A
= o7l T3 THeR dHA o, AAE g
FlollA] PKC AAAE Foahtd AA]| 7ol TAE
oY 2] el adel] w215 Az
Al|ZEol| troglitazone-2- *|2]3PH diacylglycerol-protein kinase
C-extracellular signal regulated kinase AZ27} AA=
DAG kinase7} Z7Hvhal sleh?. g AdA%olA
VEGF7} PKC 725 53l 5 Al dofdte e
wf], 2 odollA] troglitazoneol] 2]gF VEGFS] ZH4-= PKC
oAbk shtel 7149 Aoz AzEck,

sk Wy AlZEol|4 VEGF7| mitogen-activated protein
kinase (MAPK)2| 242 g3l 282 vehiivkar Has}
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