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Fig. 1. Parameters which show strong correlatiof-MD improvement in subjects
treated with piogitazone, changes in serum adiponsbow the strongest
correlation to FMD enhanCemMENTE -« -« xerrerrmrrmrmrramaraanaeaanaaanarannaanns 15
Fig. 2. In vitro study: The effects of pioglitazona Lysophosphatidylcholine (Lyso
PC) and TNF-alpha induced NB pathway in HUVEC cells.
5 & 10umol/L Pioglitazone effectively blocked the B p65 nuclear

translocation, especially in Lyso PC stimulatedogimglial cells ---------evuenne- 18

Fig. 3. Pioglitazone effectively induced endotheéll® production in HUVECs. Lyso
PC + Pio treatment synergistically increased NO polu in HUVECS ------- 19
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Table 3. FMD data: Changes after 3 months pioglitaztreatment -« «-««-cvoveveieeennens 14

Table 4. The correlation between FMD changes anghsadiponectin
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PPARy agonistt dlAMZF 251 Al 28 B3 SAA
AN AE 750 ol v A=

AdEd AAd 7wkE & G, gAsT B350 A, AAJIET
wste] nAFF, WY, @A $arold, WUIAE V5ol d Fol THkE
o wl-¢ =2 A A3 JIPEE JHA "rie 5Ac] don, AAEE
AR, HPE0A A3o] o529 7P Fag Ab ddlolth & ATE Al 2%
D Aol A ZFE B4 &Y A3 A pioglitazoned A7)
Rk, FE Fo H, F &2 IWIAE V)5 ol IS wA=
PR S-S EAeta, A¥E F5te] PPARy agonistt @y A£7]5
o M= AFAA FFES +Ask A 819

A, Al 28 JawE e 3xi(n=210)% dido = 3t A& A
GMAAR]D pioglitazones 3/ A7k Foidt o 7]Ee] ABE KA wolA
HHo)95S =435t= Flow Mediated Dilatation}' 02 AW AL/ 55 =
Astar, olef A¥te] Qv AFARL AAES wAET Invitro Ao RE ¥

I M 2ol pioglitazones: *2]sle] =/F o4 sl #de] )& Nuclear Factor
Kb (NFKB) Al&dg AAo] v+ 93-S B4t

ARHo =z, O dArtsFa Al 28 Gy $xkt BF pioglitazone o]
of dAUWIAE JFA FMD7}F o] IA THEe =
= ¥A9<%d, hs CRP, HOMA-IR, &% adiponecti®] Z7}low, 53] 33
adiponectit] Z71x1¢} 7Hd A#Ad o] Eokth AT Al A= Gy §
A3 vlaEl el W FMDe] sd %9} &% adiponectit] Z7E=7F Bl $

Aot @ Ao ol W™ {2t} A4 (adiponectin polymorphisra) o] A ¥4 &
B Azlo| A SNP 45 GG typs SNP 45/276 GG/GG type] sHabiel A dw 7
s

12

stayrl v, FMD % @ adiponecti®] <=*| 7} pioglitazone ] 5 ©] %o &=
Hl g et BAIS Bt @ In vitro Ao A pioglitazone® & 312 © 2 TNF-a
oxidized LDL-cholesterol particld LysoPCI <]+ NFkB p65 nuclear translocatién
Alsk o H, pioglitazones: A2 d HAw A Eo A LysoPC: F Aol A 23kl

b
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T A A3 NAAEE G B 7129 ATE o,

W g tAESa $ERbell A o]#E oxidized LDL-cholesterdi] X“WHE}

o] AAHETIE= Aol Gy 9k m A, oxidized LDL-cholestered ] %3t E‘r
0 $9] gAstE f-=st=d], NFB (nuclear
factor kappa B) pathway &< t&—g——g— FEste A W Asoxan Fa3 o
S g5t vk 53] RELA (p65) componer nuclear translocatiori vascular
cell adhesion molecule (VCAM), intercellular adhesimolecule (ICAM) 5 & 352}
Azt WY Frhet AF W 7l FA8F J4ES et dow, ol
P65 translocatiofr T 74 o2 AT 4 U&= ko] Elt‘r“d_ AZHkS 2y o
Aol & g5 sto] FHAIN Y S

2 o 1112
& 5 JAT

AWIAE 7)o e ded Ao FutEw, A 28 T o]
W w7 o)A WAl thAES ot (metabolic syndromeltalol A & o]n] &3]
AE 7)ol do]l A7) Aol Ba Ha gtk o]y3 WA EeEy P 3
Ake-o) Aol WHAE oFA Fpoleh BAQ AkshA 4 (Nitric oxide) A4ke]

J

A% EE BRI A2 URAL GEAR S G2 Ump
T T R
@ ql

AzH gt M el oo AEe] Ve e a8HoR 73%-6-}
)

(endothelial dependent flow mediated vasodilatpfiom’ 34 = % 3-9}5 o]&3+ H
o

AgAe woz o W wEHoz i HAFE F o] dFAA ATl
7bg wol AbgH I gtk BE 229 wE4 (probep] 94 ¥ 14, d &4
wo] ZAAZL BAIY AR AR S wE gate] ATwst EAE 5 9l
o] o]”o] B ZHate]l AR AR F YA, B AFNE o= FHs B
Aotz flell EAfel Al vl HAPE g HBER 2 E9E o] g5kl v X5H
o2 FPYIAME &4 ol¢sS HrstAtk”
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TolE ded AFA B SN EsSAE dA
I o] ol xdEle] 3F 73} (anti-atherogenesis)

dFH ek Aol A olt ZHE fd Ak A o)
B Ha e, o]e AFel webs B o]t AN, dE 2 et o
T AYE olfxddE {§Hx} 30272 -11377, +45, +276 SNP (single nucleotide
¢} PPARy agonist] °J3t d9 xd%® 9 I3 oltxvdl &
grhE AT AEol AT wekd B AFelME At
= Ao A dHUIHE 75 HEo] PPARyY agonist Al-&-
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PPAR (Peroxisome proliferator-activated receplarshuclear receptor superfamity
A AR iAol S a3 98-S sk PPARuSH AWAE E3kel AHiAL, glu-
cokinase, GLUT4 transporteg-oll o] Fa3 9a-S st PPARy, 18]al 7]59]
Z A A dx] Fe PPARBI6Z UE S 9tk £3] PPARy agonists @A o
Ao EE gyl AMEHI v dedA AT JHAAEA A iALeE G iAtel
ARAQ] GFS vAH, A2 5ol FBE AT} o] FojHm UrhP® PPARY
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1) Group 1

NCEP (National Cholesterol Education Program, ATIPYI 7|55 A= thAS
% - (Metabolic Syndrome)]|%%%l| &)935l= 32} (n=40)

Ao e v 7E T Al 7HA ol e HEE u g = gk

1. Waist: 22} >90 cm, o]z} >80 cm @E}A|o}A| & v]9H7] )

2. Triglyceride =% >150 mg/dL

3. HDL cholesterols=*]: =} <40 mg/dL, J =} <50 mg/dL

4, "3} >130/85 mmHg| At XAl S He A4S

5

. Fasting Sugar>110 mg/dL

2) Group 2

TZD (Thiazolidinedionyl 4 ¢] kA& E-83 o] & Al 28 Dy 3Hxjol A
a3 dHFo] gAY xS Ao 2 pioglitazone &5 52 71 £
g2} (n=100)

3) Group 3

kil
2
o
Ho
N
olr
rlr
2
N
2k
oft
p
E
o
_>‘~1_1
41
&)
N
A=

wH o Aar]EL 20004 =] w3 ADA (American Diabetes Associatioh)
of WEr, ¥ P52 4w 2 3 (coronary artery occlussive disease)



of Weo] A, EFH HAMS AT, AHEALY §8 AL FAA, oAl
F3lmoly A8 AdxdEs AlAeA 7L, endartectomg A EF W78
w2 gh 2}, 3}<) < v H) 2 2 31 (peripheral artery occlussive diseaée) T+ 38t}

o A%, 94 HEF, TIAESE, s 300 mg
o]ge] vl A1Zbsk 1A ¥ (TG >600 mg/dL, or cholesterol 300 mg/di) <]

3. Group 2} Group 34+ lipid lowering ageng =-g&3l71}, insuling 2=

2947 Y
) ATAF A QAAE] EA

Aol Fojstes SAES Yo R v 22 71x A ARE AP

1) Basal lab: CBC @ plt, SMA, TG, HDL-chol, LDL-chol, Apo lipoprotein AB,
FFA, PC2hr, HbAlc, s-insulin & C-peptide (AC, PCrh hsCRP, U/A @, 24
hr urine(pro/alb/Cr/CCr), serum adiponectin

2) Weight, Height, waist, hip, IBW%, BMI, baselin@ppler ultrasonography (Flow-
mediated vasodilatation (%) on brachial artery)

3) &% adiponecti= human adiponectin (Adipogen Incj] o= A}-83}o] ELISA
W o 2 Komed Aol Al S48t

4) HOMA IR: homeostatis=# T dlo 2]slo] Alxksd v [fasting insulinU/ml)
xfasting glucose(mmol/L)/22.5].

5) LDL-cholesterol: 2] 3 #91 Z74o] X ¢t A} o|A = Friedwald formula
of oJaljA AAstS ) [Total cholesterol-(HDL cholesterol + TG/5)].

2) 2 Fo

1) Aol Fojsts gA= o= Grouplt Group 2} gt koA &k 15
g pioglitazon& Folstgitt. 2dol] A A 7] A<l SGOT/SGPE =4 3t



3. dAUYIAAE o]9TH ZAY (Flow Mediated Vasodilatation)

General Electrig}2] LOGIQ 9 color doppler ultrasonograghy o]-8-3lo] Z$H& =
ol ¥ o]ged A WS (flow-mediated vasodilatationp]-&-35le] &l &
A 7150l s SASEAT. A= HA 8~12X1HY S Aol A AAE A
f;g{s]_oﬂ
1) o4 /\1 2} ¢k5 = (brachial arterny] 274
2) Reactive hyperemia *1945“‘4&5} %%%i g o}
50mmHg o]} o ® F5E 5, 5& AL olFd dPAE FolFrt Cuffe
vk wh= A WA 03011 A 90x *} 19] 9= 4o ]
ol A7t He A&
3) 2)°] AAF F A 15%
A e Aol ek

=731t}

¢

%, sublingual nitroglycering 600ng o3 & 3%
s Ho AF & S4%

g9 GRUSAEL 75 AN RES ofr E D FAAHR A )
.]

A =4

) rﬁ
>

g2te] deﬂleucocyteﬂ/\ﬂ QlAamp DNA Blood Minikit (Qiagen, Valencia, CA}
AH8-3te] DNAE =3 $-o] PCR amplificatior: A]3§3s}%].2™, ACDC PPRE SNP
45, 276 primer sequenge ABI prism 3100 genetic analyZér A}-8-3lo] sequencei
218tk (DNA Link A}, Al o 8Fai).

5. PPAR-y agonist7} Sa I A E 7]5 w2 AFAA 23

of

(1) NFkB- nuclear translocation activity

AbgE Al A @ 8 P v 4 £ HUVECs (Cambrex BioScience, New JerseéyEGM-
2 medium (Cambrex BioScience, New Jersky) ¥l %Fsl™, 2nd~5th passage o] 2]
cell==2 23S A8ttt HUVEC cell> NFkBE inducest= positive controiz

_9_



1277+ <t TNF-alpha (25 ng/ml, R & D system, Minneapgalis)~ 2] 5}%it}. Piogli-
tazone] S¥E R7] 935le] pure piglitazone compound (Takeda pharmaceutical- com
pany, Tokyog DMSQuell 50 1, 5, 10umol/Le] F=== 24X 7 A3ttt 7 cell
55 94 225 5ol nucleug FEshaL, protein 4 % 2AE A5, SDS-
PAGE= western blot, p65 bar#l <13}

Oxidezed LDL-cholestersl 3% ekule] oF<¢l Lyso Phsphatidyl-Choline (1-
palmitoyl-sn-glycero-3-phosphocholine, Sigaa)l0umol & %== HUVECso| *&]3s}

o3
s

(2) Atstd A (NO) A A H

NO productior- A1 uUl©] c-GMP levek] & =A3lo] dAksted k"> imoliL
9] Fx 9] pioglitazoned (1050l A 1247+ *12])3} Krebs buffer (31C)S 1587+ A
]38k HUVECslA 0.IN HCL on ic& 607t *gste] =& F5A]A radi-
oimmunoassay (kit, Linco, St. Charles, M®)o]-&-35}o] 2 measurel$itt. c-GMP
o] NO dependert 7 <1+ #elslr] $sle] 100umol/Le] NOS inhibitor <1
L-NAME (L-nitroarginine methylestely # 2] gt & uk-g-o] A= s}l

6. ¥4 &4 ¥4

SPSS program 11.5 packagessto] 48kt 2=+ 7]4E characteristicit4]
o t test} 14 W= W3} A o] paired t tesE AFE-3191 0, group 7Fe] BluL F
2ol ANOVA tests A3t AdadA Ao univariate, multivariate Pearson
correlation analysig multiple stepwise regression analyise]-8-51%1 2., datd= mean

+SD gto=2 FAIsHA



. 2 =
1L @4z 7% AAA 543 Ased A%

% 21049 &5 Aol xFsien, 1 5 18350 AFE metrt o
AFE35 Group 1(n=30/40), 182 pioglitazone E--§-¢] ¥2-8-31 & o] gl

= &
o] Fvtow =3k}, Pioglitazone 4 ot Group 2 (n=88/100)2+3t 12
% 78> FMDE FdshA] Stahsla, % e BE F FFE Tacto F

W e Aoe T 1

2. Pioglitazone (15mg) 319 Fof Fo AAH SA7H Astd AF
o) w3

Pioglitazone&: ¢t tiALSF 2k Pt &Ab el A (Group 1, 2) el A
< 7 H3low, Goup 234t 3t 7= A5E AT Br @Akrel Group
33} H]ﬂé}&i% u] HOMA-IR, Triglyceride, &% insulin, hs CRP+=X]+= 2|3t 7t
~E 8% adiponectin =% ¢} apolipoprotein A1l/B rati= #2923t F715 HY

ole} 7o AERA 98 AxEe =7t 2 A pioglitazone —roilff} AL
T A ol A% Group 2 3 o Ze A JETH TE 9 A%
AZF Y, F3tE Ao =X pioglitazone o] ol A zzﬂi]oqou‘r conven-
tional x5 w3 BlwsS W SAITAS FoAdL 1ATh Microalbuminurie] <=

2= Group 2, 3tolol o gt } 17} gl3itt (Table 2).



Table 1. Basal characteristics in subjects

Metabolic DM DM

Syndrome ¢ Pioglitazone ¢ conventional

(N=30) (N=88) (N=65)
Age 42.3 +13.15 61.76+7.15 62.2318.23
Sex (M/F) 16/14 25/63 20/45
DM duration (yr) 0 8.08+4.78 7.9245.2
Weight (kg) 76.35+11.25 64.22+10.79 65.03+11.26
Waist (cm) 95.12+13.2 88.19+7.16 88.94+8.56
Hip (cm) 101.35+18.5 96.01+7.09 97.12+6.92
BMI (kg/m?) 27.58+5.49 25.15+3.14 25.24+4.32
Systolic BP (mmHg) 135.4+10.12  138.31+12.87 139.25+15.2
Diastolic BP (mmHg) 85.4246.82 86.34+7.18 87.4+10.1
Fasting Glucose (mg/dL) 102.2+10.28 153.47+32.57 157.29+25.3
PP 2hr Glucose (mg/dL)  118+13.52 243.88+77.10 238.94+60.15
HbAlc (%) 5.87+0.63 8.22+1.24 8.32+1.57
Fasting insulin 8.21+5.32 7.24+4.42 6.97+3.38
c-peptide 2.78%£1.2 1.69+0.58 1.72+0.45
T. Cholesterol (mg/dL) 189.23+22.51 187.93+34.51 190.13+30.67
TG (mg/dL) 157.24+45.32 158.80+88.41 159.82167.8
HDL-Cholesterol (mg/dL) 45.1+10.4 49.03+11.92 47.54+20.1
LDL-Cholesterol (mg/dL) 109.25+20.54 107.14+30.74 108.44+34.29
ApoA1l (mg/dL) 129+32 125426 121428
ApoB (mg/dL) 101+30.1 99+28.1 102+27.4

*p < 0.01 vs Group 2, 3



Table 2. Changes in metabolic parameters after 3 montlagntemt of pioglitazone
(15mg daily)

Metabolic Syndrome ¢ DM c Pioglitazone DM ¢ conventional Tx
Pioglitazone (N = 30) (N = 88) (N = 65)
Oow 12w p Oow 12w p Oow 12w p
Weight (kg) 7635+ 7724+ 0002 6422+ 64.99+ 65.03+  65.14+
1125 1321 1079 1083 0004 yi55 1255 0125
BMI (kg/m?)  27.58+ 27.93t 0004 2515+ 2544t 0005 2524+ 2527+  0.062
549 498 314 3.04 4.32 3.8
Systolic BP 1354+ 1332+ 13831+ 137.21% 130.25¢ 138.82+
(mmHg) 1012 1454 0062 o977 Ti4gn 0082 TygnT Tigp  0.063
Diastolic BP ~ 85.42¢ 8312+ 86.34+  85.92+ 87.4+  86.54%
(mmHg) 682 899 0058 o7g 65 013 o1 145 0084

Fasting glucose 102.2+ 99,35+ 15347+ 12232+ 157.20+ 130.84+
mg/dL 1028 912 0002 "5 Toez 0000 oo 197 0000
(mg

pp2hr glucose 118+ 10855+ 24388+ 19551+ 238.94+ 20102+
(mgidL) 1352 1267 9001 7740 Tse1z 0000 Tgpis Tsr5 0000

ooy SE S ows 92 TS om0 (2 TE o
00 g S ow N ww WY om
oI U om U HF oo 3 S oo
o e e o S R oo W M o
) iga B o IR G omo B S o
HDLChol (mgidl) 45.11s 4723 oo, 4903t SLAAL  qoes 4TS 4955: o
LDL-Chol (mg/dl) 109.25: 10054+ (001 aoaa” 10202 oo, 108.44r 107.69t .,
2054 215 2421 3429 3537
Rl e 0m o A S om0 3% 4% oo
ApOALB (ratio)  BEa 343t ooor  REE Al oo LZE L3

s-adiponectin 6.23+ 20.98+ 5.68+ 11.65+ 5.37+ 7.32+
(mg/dL) 294 23 0000 3 73 0000 Hog 564 0002

" p<0.01 vs. Group Z,: p<0.01 vs. Group 3



o] 95 H A AL Pioglitazone (15mg) 371€9 Fo & @
W3

7+ o] 32 oA BRI AME 75 oS F2sil, pioglitazone F o
o]-&-gt Flow Media-
ted Dilatation (FMDE- =74 8t3ith. NTGE FoI3 ol SAs= A HIAAEL 7]
I F9E FMDE 3wolA] BT o) 9}% AstE Bolx] rgkrh. Hyperemig
ol g3l ZA% FPUNIME &9 FMDE AT ExlA = baseline
HE o ooln] B @A} Ly Bt AR Tlwolds dEhglen, pioglita-
T S I G Ak oA 71 Fad A EA

Ag Rt A3 FMDY] 32 eIt (Table 3).

o
ﬂl

ov 4t
2
ok
o,
>

Table 3. FMD data: Changes after 3 months pioglitazonatrivent (15 mg daily)

Metabolic Syndrome DM c pioglitazone DM c conventional Tx
(N = 30) (N = 88) (N = 65)
Oow 12w p Ow 12w p Oow 12w p
E'ZM;)] :|' 514t 835t _o .. 413t 604r _ .. 435 496 .
(Endothelia =5 = 5 o ©t 335 267 ' 312 254 '
dependent)
FMD 13.38+ 13.12+ 14.24 14.4+ 13.84+ 13.54+
(NTG) 5.3 6.3 NS 452 625 NS 5.6 7.1 NS

*p<0.01 vs. Group 3, NS: not significant



4. Pioglitazones Fol g ¥ 7lA € AU A

Aol Q= AFAA #A

kel

&

A5 7%

Pioglitazone 0] %] FMD 43 714 #&o] 9= QdzE 241517 ¢4
univariate, multivariate Pearson correlatidh’] ¥} multiple regression=4]S- 2] 8 3}
%th. Pioglitazone: 7013 tiAlZS-w $kat o3 G gk afoll A= HOMAIR:
0.408, & #-insulin: 0.412, Apo Al/B: 0.394, hsCRP: 0.438°] 2lz}7} AaAAS 4
Efigl o, 53 8% adiponectit] ¥ 37} FMD %7} (FMD 125- FMD baseling})
o AdAg g 07182 7M=& AHdAE dYetddt (Fig. 1). o] d A=
= o], 554 & EAT Folk 22 Aigs Btk Guw Sxat Bk o}

sk} oAM= 5 3 adiponecti®] F71=7F FMD 7ol
u = AR e (Fig. 1).
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Fg. 1. Parameters which show strong correlation to FMpravement in subjects
treated with piogitazone, changes in serum adipionastiow the strongest correlation
to FMD enhancement (Pearson correlation r=0.718)



AAE 715 ANES ot 98 FAAGFA A A

oA EAgE ofgIxte] % F A adiponectit] F7H=7F tAE
oS o Bl dad AR Ve o] AR b Tag A
gl wet, B AgelMe gake] dAotr e FdA v (serum
adiponectin polymorphlsm) p|0g||tazone—r04 A, o ¥ JJrlJMH] 715 el

FZ3Fo] common adiponectin gene (ACD@SNP 45, 276 polymorphisfn 41 3}
Atk 7 Auel WAl sbed A FE dAEFE B4 1593 Fuy @
A7) 447 0%l th. SNP 48] GG carriek= E} genotypell H]slte], 22 &4 adi-

ponectin 57+ YERWHA L, FMD ®3t&%= #2954 23kt Haplotype 4] of A

+ GG/IGG homozygotg o] E} w'ol H]sto] fro]atAl & &3 adiponectin 7}

3 FMDE= o5|8 #Aashs A8 Btk weba] SNP 45, 276] GG/GG homozy-
gote v+ pioglitazone %] £ %= adiponectinZ7}&0°] 2%, FMD &4 o2 %7}

T dAHIAE 715 Hd B3 B FdA ool Blste] A%l (Table 4).



Table 4. The correlation between FMD changes and serumomedgtin polymorphism

SNP45 SNP276 Haplotype

TT+TG GG P-value GT+TT GG P-value  Other GG/GG  P-value

n=55 n=4 n=31 n=28 n=55 n=4
Fasting 150.45¢ 195.00+ 151.77+ 155.36+3 150.45+ 195.00+
gucosel 3071 3277 99 ‘o908 651 067 3071 377 OO
Fasting

121.75+ 130.25+ 123.68+ 120.82 121.75+ 130.25+
g(LLT']‘;c/’Zf)’Z 2174 2124 9% 1943 211 O ;74 2124 O
HbAlcl 810+ 9.88+ 8.02+ 8.44+ 8.10+1. 9.88+
(%) 113 161 001 g9 1m0 i3 161 001
HbAlc2 7.49+ 8.95+ 746+ 773+ 7.49+0. 8.95+
(%) 003 128 001 477 123 032 g3 128 001
AAdipo- 6.42+  -0.20+ 701+ 481+ 6.4245. -0.20+ )
nectn 550 076 09 63 am 91 g5 076 002
AFMD 217+ -1.71+ 232+ 145+ 21742, 171+ .
(%) 273 318 001 547 9 02 g3 318 001

* p<0.05 vs. other haplotype



6. Alui g A E (HUVEC) A NFcB A5 dge] vA =
pioglitazone?] =& 3} # 4]

PPARx agoinist ¢! pioglitazone| 144 o2 $kxlol A HAWIAE 7|5 o]
= TAANYIE Ade AT ket dad S g BFolA 26l
thoolo]l Ao w WA= HHIAE 71% T4l pioglitazone] w|A]= #
HAel a3= Fyelr] ¢1ske] HUVEC cells: 4 5-wk-S- (inflammation) 2 A 3 3
A} (apoptosis) &S sl e1xkel TNF-alpha (25 ng/ml, 1272 A 23 o3},
2bsl AW =2 28 2 (oxidized LDL cholesteroB] ¥ ¢174¢l LysoPC (1Qumol,
1271 7HE AHElgk oA NFkB Az A G A &4 st nx& 235 vusldd
t}. Pioglitazong] %+ 1, 5, 10, 15mol/Le] F%== 24X 7H5¢k A g9, ols
% 15pmol/L ©]4+¢] ¥ =o A= apoptosigt zEHQME‘r.

TNF-alphag *2]gt w2} LysoPCe A&t « EFolA NFxB2] p659] nuclear
translocatiorg- %1% 5l nucleus 3% ol 4 2] p65 bané: 213 western blot]
A3} pioglitazone 5, 1Qmol/Le] s:=olA p65 band: &2 oz A)|a3lom,
ol#1gt 7= LysoPGe A &|gt oAl TNF-alphag &t wrth a4l %
o2 Jepdtl (Fig. 2). 232 33 Agste] Harahd 4%lon densitometryz H]

w33

Nudeus p 65, western blot, pioglitazone 10 ymol/L

Lyso PC (1QimollL) - - + + - -
Pio (10umol/L) - - - + - +
TNFa (25 ng/ml) - - - - + +
DMSO4 - +

Fg. 2. In vitro study: The effects of pioglitazone on Lykosphatidyl choline (Lyso
PC) and TNF-alpha induced NB pathway in HUVEC cells. 5 & 1fimol/L Piogli-
tazone effectively blocked the NB p65 nuclear translocation, especially in LysoPC
stimulated endothelial cells.



7. Pioglitazoneoll 2] 3+ & AUl 9] A £ o] Ak3HA & (Nitric oxide) A A9

Pioglitazone] LysoPCY 2]Jgt NFkB p65 nuclear translocatigh ©j % & 3}4<1
A HES Holm g 7]E9 AT AE EUYZ Lyso PG 2]t NFKB & Ao
98S sla Y AEdA AA(NO production)l v |+= pioglitazone]
953l Pioglitazong- Lyso PG # 2]k HUVECH A4 &34 o= NO
7tAZ o™, o] Lyso PG} pioglitazoned w02 A2 gk Al Lol <]
NOS| 57} sxloll Hlwelsls o F 7FXE 3ol Ak oA uj7F4 <l (syner-
gistic) NO A1 2] S7F= H Itk ol g NO9 A4 S 7t pioglitazone 1Qumol/
L =4 7b4 F2i3tglom), e-NOS inhibitog A3t o & olAsE 2l
o2 Hol eNOS F718 ¢ weow A7HEn (Fig. 3). 4¥e 33 A s}
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Pio 10 pmol/L. + -
Lyso 20 pmol/L - +
L-NAME 100 pmol/L - - - +
(nitroarginine methylester, e-NOS inhibitor)

*p<0.05

Fg. 3. Pioglitazone effectively induced endothelial-NCogurction in HUVECS. Lyso
PC+Pio treatment synergistically increased NO ol in HUVECS.
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E o]

AA5E Botel A2A0 BAHLA dheon, G
9% adiponectie] 717} AT AT Aswsl 2 ALDA AFAA] A
of MAE el el A shelrh Ed AW Bated, obH R
gk 7] o] ¥re R A gk PPARy agonist] AU IAMxE A5 Hkg QlxEo] w]

AL AL 9T kA A
2 ny

S Kol 9t} (Table 1). &=k &% adiponectit] 4=

AE 7lse SActs GHHIAAE =42 FMD Adfol A= o
= oF= 7o de 7]x FMD, adiponecti] A7} F%ARE, Aol fl= A
5, data not shown)it}= & Zﬁﬁ] 217} ““%Zi 91%13} o] &

|

o]

A Eb e, E e A2 l O]*Ur X ad|ponect|m’4 Hae lE
W Aol FEld ARelM olv] AAHI gt AL He] Fuhal sHAvh
oo &2 ZelM e dEd AFANAA ¢ pioglitazones 3704

b FAR A, o] MR 23] gan fxel &, FMDe] F7F A= o)
5 @A stk (Table 3). oj#jgr dAAg /i E3d= €% insulin®] 724, Apo
AlBe] 7d3t HEol €% adiponectin=2o] @A F7ke} ks o] et
AR FAEG. mebd £ Ao Aol s, tiAtTF Aol 2
7}4 J‘-’LEH Aded Xﬁ“* 7HAd XIE’OH ts Feld JJMMHP 71% 7

}_.

N
o
+
<

>~

all =l

BE AAEEE @AdA Bd A5A9 Qed AFY Aade el ol

dugon AgE A ﬂow woh F97s !
o r‘,f—

7} arE Y sl

I 32} FolAe] AxES B, pioglitazone 37HY 7+ A}8-3 20tol A 7]
Zo Iy ABAZ FAT 3T B @AF AEd Ao MAS vE
Wlon, & wolx BF T Fste fFostA ol Folx Ao AU



7ol Zpol 7t gl ot 'é_‘-iHHJMP /lf’%“ﬂ FMD«l
Zkel mzb7EA| 2 pioglitazone X £ ol A oW 1= 7‘%“01—% Btk o]
o A2 7159 A3 Pearson’s correlatiord<=3k O.

Hol= dx= dAinsuling] 74, HOMA IR <=%], hs
7}%, ApoAl/B 49 Tdo =z yepkon, 53 ¥* adiponectinsrtE o}
0.7 o]79] wj-%- om gl= AAAAE HEHATE ol AUIAE 752 N

Aol #@A gk adiponectinx] 9] F7teh= g 7 FAEE AWE FE e

f

=
o
0% gn

l

4 s
CRP,Q %) adiponectir®] =
=]
¢}

w, AAAQ ded ARAAY i, FA5 dAY R HEo PPARySF
o] & adiponecti- A A o2 & F A A9 AlLo] HAAYE 7]F T
Aol Fag Yujs Adva A5 d ﬁ? Azt

2719 A7t At S Xl g T SAtel A Qe AT A E;Y A
A3} adiponectin=2] & 571} w4 =g wA L 9}#5_%, gape] o] TYE
fr A At}4 A (adiponectin polymorphisr) e AT AE 75 A oRE
At AL shlvh 7159 dotol wEw gl Fwr $Abol A SNP 45 GG,
SNP 276 GG typ@} GGI/GG haplotype] 74-%-, &3 43t a3 % adiponectit] <

st Ads Hus sgse® 2 = SNP 276 GG typd 7% other
type(GT+TT) ¥} © iﬂo}oa SAAQ Aol7k gllont, SNP 45 GG typd GG/
GG haplotype] 7% ©3# FMD 2 &% adiponectin=x¢] 745 Uehgle
W, 99 4 7HﬁE nekgnt. =, SNP 45 GG typg 7t+= ¢2ke] 4, pio-
glitazones Fojsidet= %Eﬂi??} g% adiponecti®] =715 714 9A s},
FMD: ofstAl7]= AdS Btk 28y 2 dFodAa s §d4 ARns w4
T Ue gAY F7F 59 ow AlgE o %L, 53] SNP 45 GG typel 7+
I 480 AHof o]efgk Aol BE tATF L Al 29 B ghAtol A
Agdvta g sfMet=d A AT kA oy A
A= B 79 aeSot 2 A 28 DG SAE gteR
ponectin polymorphisme] #AE Tt ets dFAT7E ol FojAoF & Aow A
Zhgl

Lysophosphatidylcholine (LysoPE) LDL-cholesterol 32l 21+= glycoproteire] apoli-



poproteir?l] intrinsicdt Phospholipase A2 &4 31 == J3tollA vlH = A2 2 pal-
mitoy-lyso PC, stearoyl-lyso PG-¢] &ej7} thF 2oy, A4 o7 T Iz}
9 aXEF Fxpe] QoA BAse] HW Lyso PGE M4+ oxidized LDL
cholesterct] Hel7} 4oz MG Aoz By H3 Yk B de e
AN ALY AFAE W&o S GAY A3 Q1A¢l NFB nuclear translocation
o] PPARy agoinist} m A& Hg4el o F0®e Agsinua 1¢om, NRB
signaling®] WH$-S f %38l A= 9% classic TNFa$} LysoPCY] t}2 F+ 71+ #}
g Abgete] wawsls AP APk 2~5 passagd 917k A AW A
Ul ¥ A3 (HUVECsp!l TNF alph@l Lyso PG: *2]3la pioglitazone& 5, 10u
mol/LE 23 5 3 W] NFcB p6%l ik A=A B4 Aldssion, +
FThoA BF gupdow o Yo NFkB p65 translocations o Alshit). o]
3 pioglitazonel] 2% o4l &3} TNF-a HUbs LysoPGE A gk AlZolA o
Eelatlth (Fig. 2). ol de] Aol A Lyso PGl <% NFkB &4 3lel = endo-
thelial NO (nitric oxidep] <] vij-% 8.3}, endothelial NO donét = 2]s}3d
S uw NFkB &40 odA8S nuagdrh'® 2 oA pioglitazonel <&
&394l NFkB nuclear translocatied 4|7} NO productiorf- F3te] 935S v
A= AJDA Fdshr] A Al e NO productiors: =7 35131.21™, LysoPC
Z}A 9} pioglitazone w5 A 2lel ok HAFZAQ NOY F7HE  pioglitazone}
LysoPC 5] #] g0l Al 8] 712 o Z(synergistic) 574 A1 7] = AS 3
th ol2lgk &= e-NO SynthaseX A4l & AlstslS Wl JAHS & + UAJT
(Fig. 3). w}2}A pioglitazone] NFKB nuclear translocatieh ¢ A= endothelial NO
synthas& %3 e-NO productios] 27| = T7HE T4 0L aydo=w #-&
shal JdokbeE AS & ATk Lyso POI 9 zp=roll tisll TNF-a2] <ofgk x|
=Xt} pioglitazone] O 234 o2 NFkB pathways S A= Aol st 24
Aol 9E BAsaat Lyso PCEolx oz 7Fxa 9= NRB A3 de A7
of Hx= gdeks Ay n gt NFB pathway] p65 serine 276, 536 phos-
phorylatiorr] p65 nuclear translocatioh % 2.3 &S 3}i=dl, olo] o=
PKACe} IKK2+= Lyso PCI gt zl=ro]] Eo]x o=z =#83le] sering] & phos-
phorylation A|Z1the @5 e] QAP ey, # (M Lyso PC 5ol
2121 protein kinase| t3t inhibitors A}-8-3}¢] phosphorylation®] #| &l = gk o1},
Lyso PGl <¢Jgt NFkB p65°] nuclear translocatich # %=+ inhibitor = 2] 713}
o2 Zpol7) §lgith. wElA PKACSF IKK 272 Lyso POl 57 %<l protein

S >~
A% 5 99
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kinasés-©] p65 nuclear translocatioh 2721 A|st 42X 2183}
Aoz Hlt)

g5 pioglitazone] #HH o= NFkB Alsdgd AA #Bost= A
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e 71
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2 oolAl "ol WEiAE o we A7k a7d 2o A7En, LysoPCl ©f
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V.

jin}
rf

Gl oA St Al 28 e SAbel Al e AR JHAAAI) PPAR
agonis& 371zt Foisto] AR IAE 75 N BEE AAES FA 6k

AggA A& AT A,

1. A ST o2 ek sxjo A oln] NI M EZ 2]FE4 <l Flow mediated
dilataion (FMD) 7152 A 35}<}, &% adiponecting=*]2] A 3}& X1, piogli-
tazone o] %o FMD2} &4 adiponecting=x+= S 3kap o3} ¥|w S
Wl A o® Fog dAg hde el o213 pioglitazone
Lo dAYIAME 75 3H4L Ao & insuling 74, HOMA-IRZ A, hs
CRP 74, 8% adiponecti®] ZF7}1%=9} UHe A3 YeElA oY, G
b 7 et W AEdATAY A Bt B 2 B0 E A
=] At

2. Pioglitazong: Folgt ©x® Fxa 2u0) 2 7]E I ABAE FAT
F(3) el mlmol A 23o] 33tol mle)A #AF FMDL ML Rt}
FMDe] 7hd3 7H Aol gle AR = dAlsSa Aol A" dF
insulin 714>, HOMA-IR 7§41, hs CRP7} 4, ApoAl/Be] 7§41, I# adiponectir]
7 AR BAEAA, 2 FolA%E ¥ adiponecti®] T7F=7F VM =
< ABAAE Bk S5 oifxdEl {xdxth3 A (adiponectin polymor-
phism)e 2415 23 SNP 45 GG type, SNP 45/SNP 276 GG/ GG #jpe=
g st @3 9 ¥ adiponecti] 57F &37F v okelal, AU IAE
7% MAE gnjEets 4 B

3. @AW I A Eo| A A3 3t pioglitazone] T ol thgl A g oAM= pioglitazone
o] TNF-a2} LysoPC®l 23 NFkB nuclear translocatigh 2 A5t o, &
3] pioglitazone] = 2]+=endothelial NO (nitric oxide) A4 ¢] vl 712 ¢1(syner-
gistic) 5715 Z ekl 131 g NO9| F7H& FallA NFkB Alsda Al A

Ly/};ﬁ o7 oq;ﬂ-g}% o7 xgﬂgq_

4. wEhA, Frro]l AzE ARG E AT AN FE el AT
A NAAE Aoz AMske Aol ddH e Addad &S et
= H 2 Ees AR & A9 Aol 7aE & e, tAeF
w3 Al 29 By SAklA led ARAY AFE NS, FdSs 2



= 7bAem, @4 adiponectie S¥H o S7MAA ¢ 9l kgl AR
7F @RI AlE 7)ol mg T ag 98 dva & ¢ QAT g
olt] ¥ ¥l fH#x}t}a Al (adiponectin polymorphism) 2 ¥z o2 I3
WIHAE 75 Ars 5T 5 e dAEA ddAEd F840]

A G TR A7} A olof @ Ao Az,
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Abstract

The Effects of Peroxisome Proliferator Activated
Receptory (PPARY) Agonist on The Endothelial
Dysfunction in Metabolic Syndrome and in Type 2
Diabetic Patients

Sung Hee Choi

Department of Medicine
The Graduate School, Yonsa Universty

(Directed by Professoryun Chul Lee)

Patients with type 2 diabetes and metabolic synelrbiave a high risk of develo-
ping macrovascular complications, including corgndreart disease, cerebrovascular
disease, the leading cause of death in this papulatnsulin resistance, the back-
ground pathophysiology of type 2 diabetes and robtalsyndrome, is closely related
to dyslipidemia, hypertension, endothelial dysfiamct hypercoagulability and increased
inflammatory markers which facilitates atherosdero

The aim of this study is to investigate the effeatspioglitazone, PPAR- agonist,
on the endothelial dysfunction in Korean metabdimdrome and type 2 diabetic
patients. Furthermore, to experiment the direcectdf of pioglitazone on the NB
pathway, the upper-stream of inflammatory cascadeé;luman Umbilicus Vein Endo-
thelial Cells (HUVECs). We measured endothelial ddpat and independent Flow
Mediated Dilatation (FMD) of our subjects and anetyzchanges of metabolic para-
meters during the pioglitazone treatment.

In HUVECs, we treated Lysophosphatidylcholine (LyBG@) and TNFe for the sti-



mulation of NkB p65 nuclear translocation and measured the ezldotiNitric Oxide
(NO) by pioglitazone treatment.

For the results,

1. In metabolic syndrome and type 2 diabetic patjefhe endothelial dependent
FMD(%) was significantly improved after pioglitazortreatment. This FMD(%)
improvement strongly correlated to the decreasedinseinsulin, hsCRP, and
HOMA-IR and to increased % of serum adiponectiningurthe pioglitazone
treatment. Comparing to type 2 diabetic patierts, affects of pioglitazone treat-
ment showed dramatic increase of FMD (%) and serdipomectin level in
metabolic syndrome patients.

2. For the adiponectin polymorphism analysis, SNPG5 type and SNP 45/SNP
276 GG/GG haplotype patients showed mild decredséasting glucose level,
and inversly correlated to the FMD(%) and serunpaukctin level in our sub-
jects (n=4/total n= 58).

3. The pioglitazone treatment effectively blocked tNFB p65 nuclear translo-
cation induced by TNR- and LysoPC stimulation in HUVECs, especially Lyso
PC stimulation. Through increasing the endothel@l NO production in HUVECs,
pioglitazone could inhibit the NIB signaling pathway effectively, but the diffe-
rence of the degree of blocking AE- p65 translocation according to the diffe-
rent stimuli still need more experiments which stepuld be directly involved
by the pioglitazone treatment.

Key Words: Metabolic syndrome, Type 2 diabetes, insulinstasce, atherosclerosis,
endothelial dysfunction, PPAR-agonist, serum adiponectin, h&
pathway
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