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1. A7+

2003 1297bA]  dAAdistn ABRdaYd gy H

O 30A4|-804] Alole] SRS FollA], A 3L kAl WHEI}

52

A3 A 3L rosiglitazoneS AREEA] gdd RS
o= stof, 71E kA9t A 3/ML7E wid rosiglitazone 4

mgs Foldt H, 1 ZHE Bt ugadwe A 23 gnd

A= AFUgel A Attt =3k A" =] 4(BMI: body mass
index)7} U5 ZAYBMI = 32 kg/m), UF ZHS(BMI < 18.5
kg/m’) €A== adiponectin Fxo] PIFS = F Jomw

Aelstivt. 2eja, adEste A9 Adadax(s|gd A2,



peptide, insulin & SAsISH, FZFEUHE, HDL-
cholesterol, T A LS =43 L, LDL-cholesterol
Fridelwald 22]*%l 2]alo] A4ka}odtt

1}. Genomic DNA #32] ¥ DNA sequencing

(1) Genomic DNA g

23y, dxA171 DNAE autoclaved distilled water (D.W.)el]
Zo] BFFEAE 543 & -70TCe] R3S

(2) Primer A%+

Fe

e rEeerelss)

ol

PPARy #xxte] =:E 128 X

ol\
i

%2 primer AFS 9 #(CoreBio, Seoul, Korea)d}o]

o
o,
ol

Fth.  Sense primerv= 5°-GCCAATTCAAGCCCAGTC-



3 0|13, antisense primer= 5 -GATATGTTTGCAGACAG
TGTATCAGTGAAGGAATCGCTTTCCG-3" o] it
(3) dHlFHER-S(PCR)

A Feeg NS PCR tubeo] 1 ng9 genomic DNA, 1 pM
antisenser primer, 1 pM sense primer, 250 uM dNTP, 1.5 mM

MgCl,, 1 unit®] tag DNA polymerase, PCR €% 9(10 mM Tris-

HCL, 40 mM KCl, 0.1% Triton X-100)& Y11 & #Hk&He 9(
uL7b == 319tk DNA $E< 99 PCRE uhs-Ed 9L 95T

57t 719 3ste]  template DNAES 9 A= HAl(denaturation)

Al7]al o] FHE WAL 95ColA 1%, ZA(annealing)

o

56 TCellA 1%, A%(extension) s 72Tl 1% &t APst=

rok
i

T71E€ AAsta 3077] 59 DNAE S33 & mpx|dt A4

72CA 1087 frAeHSATh

(4) Restriction Fragment Length Polymorphism (RFLP) 4]
BstU-I (Biolabs, London, UK)&= C—G X go] &21A] CG-GC

Alol S Adal= E4AEM, PPARY2 Prol2Ala #9¢1S $18 PCR
A& 10 uLe BstU-1 2 9h3-8 bz 2 pLel =33k %

60CONA 1417 5k WA whgo] B 8918 27t 25%

Sk AS o]&3Fe] 100 VoltalA 30+3F #7953l ethidium

bromide SN0z AMEFol o)A FEA7| A #ARE

10



o= FiEtE #gste Agaie os] doE DNA
42 o]Fox uE  #AAIUY.  ALEFI A (normal
homozygotes):= 270bpRt ##H A, o]FH3A  (Prol2Ala

heterozygotes):= 270, 227bp7} #2= A}

t}. Adiponectin =7
&% adiponectin ¥%¥ human adiponectin RIA Kit (** I-
Adiponectin RIA kit, LINCO Research, St. Charles, MO, USA)E&
ol-gato] thedt e WP o R SAET
Day 1
(1) 10 X assay buffer 50 mloll DW 450 mZ 41o14] 500 me] 1 X
assay bufferg "H=Slth
(2) Standard preparation®. = 87l glass tube®l labeling (100, 50,
25, 12.5, 6.25, 3.125, 1.56, 0.78 ng/m)< & & 22k 0.5 meo]
assay bufferE Ytl. 200 ng/mle standardell4] 0.5 mlS ol
100 ng/ml tubeol] ¥l Z mix3dt Fof thA] 100 ng/ml tubeol A
0.5 < ol 50 ng/ml tubeo] Y1 2 A}t Yo S serial
dilution= 0.78 ng/ml tubeZ}A| &} t}.
(3) Quality control vialell 1 m¢e] D.W.S Y1 2 mix 3}t

(4) Sample serum 10 ulol] 5,000 w9 assay bufferES Z3taj

11



5001 3] A&}t

(5) Assay buffer 300 5 NSB tube (39, 4®H)ol] ¥t}

(6) Assay buffer 200 = reference (Bo) tube (5%, 6¥)ol
AT

(7) Assay buffer 100 wE 79 tubeF¥H sample 71 YA
R tubed €3t

(8) 'I-Adiponectin 100 w# < EE tubedl YT

(9) Adiponectin antibodyZ total count tube (13, 2¥), NSB tube
(3H, 4¥)E Al 9lgh & tubel] WAL

(10) Room temperature®l] 4] 20-24A|7} incubationd}$ith.

Day 2

(11) Total count tubes (1-2)& A&3 ELE tubedl rabbit
carrierE 10 ul 9t

(12) Total count tubesE A€s XEE  tubeo] cold (4T)
precipitating reagentE 1.0 S Y3l vortexstal 4ColA 2057
incubationd}3} th

(13) Total count tubes (1-2)& A|9]3F BE tubeE 2,000-3,000
GE 4TolA 202 3+ A4 aqlnt

(14) Total count tubes (1-2)& #|¢]3}aL 5 A] supernateS B2 il

=82 7oA 15-60 %3+ W}



(15) =& tubeE gamma counterol A 1% 7t countd}$ith.

. X8 u&

N

N

]
MLl FERIGe Wl JadAiel wWEE J|Fo=
ZEFGo] J|AXAA  20% o TAIFAY EsF AT}

1A AN Adige® 1% ol Had AsE e ToR

Aelatgitt, MW Ee bhggto] el e AR
RS R e
3. B4 € &4

o

BE AR AAEE MAE AFH SA =23 SPSS

(Windows release 11.5, SPSS, Chicago, IL, USA) package®

ol-gstR o, VlETAE HdEEEA, Ex= A dig

=

o 9 w4 g

=
e
o
fru
=5
[‘._9{_:
o
3%
=
U
=

o

—
[\)
e,
=

o

BX
&
g}
=

o

—
\)
=
Q

M

A

rosiglitazone A& @y JFS F+= &< #A o= unpaired -
test, Mann-Whitney test, paired ¢-test, chi—square tests
o]-g3to] Mkl o™ p-value7t 0.05 wRHI A& FAHo=

Fol@ Aolz} e Aoz AdF,

13



1. A7 A9 d43H 54

3/ME 3t rosiglitazones Fo3+ b= WA 16490l o,
G2 869, oAk 78Itk FAA HAF A, HA A F
Prol2Ala ©3d4E& 7k &= 10%ellem, Alal2Alav<
T2 e A & tHFigure 1). Prol2Alav2 AA g2t FollA 6%
ZFA) A AL, Ala H A=) WX (allele frequency)s= 0.03¢] At}
Prol2Alas2] #H+t }o]i= 62.9£8.84 24 Prol2Prow ol H|3}<]
F9tow, LDL-cholesterol& A|¢etaL, 7|24 <1 o4 54L& F

T A 2 AJol= Ho|x &UtHTable 1).

270bp—=
##7bp-=>

Figure 1. Genotyping of the PPARYZ2 gene polymorphism alleles. Lane 1
contains normal homozygote (270bp) and lane 2 contains

heterozygotes (270bp and 227bp).
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Table 1. Baseline clinical and biochemical characteristics

(Prol2Pro vs. Prol2Ala)

Total Prol2Pro Prol2Ala p-value
Sex (M/F) 164 (86/78) 154 (80/74) 10 (6/4)
Age (yrs) 56.6%9.2 56.249.1 62.918.8 0.044
Duration of diabetes (yrs) 6.84+5.67 6.75%+5.45 8.29+RK.75 0.861
Body weight (kg) 69.3+10.7 69.1+10.5 73.2+£13.1 0.336
BMI (kg/m) 25.9%2.6 25.8+£2.6 26.8%2.5 0.371
Waist circumference (cm) 88.9%7.4 88.8+7.4 90.4£7.1 0.539
FPG (mg/dD 160.5+46.3 159.2+46.6 179.56+43.9 0.137
PP2hrG (mg/dD 235.6+74.8  236.3%£76.7  224.3+41.8 0.695
HbAlc (%) 8.02+1.48 7.97£1.47 8.81+1.54 0.075
Total cholesterol (mg/dl) 186.8+31.7 185.6+£31.8  204.8+24.4 0.057
HDL-cholesterol (mg/dl) 48.0%£16.7 47.9+16.9 50.6t14.4 0.399
LDL-cholesterol (mg/dl) 103.9+£27.3 103.0+27.7 118.4+14.6 0.041
Triglyceride (mg/dl) 181.0x111.6 181.2+114.0 178.9+70.4 0.536
hsCRP (mg/L) 2.03£3.25 2.06%3.31 1.67£2.14 0.928
Fasting insulin (WU/ml) 7.99%5.44 7.92%£5.43 9.01%£5.75 0.417
PP2hr insulin (WU/ml) 33.47+32.42 33.46+32.76 33.61%£28.21 0.949
Fasting C-peptide (ng/ml) 1.72+0.59 1.69%+0.55 2.16+0.86 0.099
PP2hr C-peptide (ng/ml) 3.59+1.37 3.55%1.30 4.22+2.24 0.633
HOMA-IR 3.05%2.09 2.99£2.10 3.824+1.91 0.106
Leptin (ng/ml) 5.81+3.59 5.80+3.64 6.04+2.96 0.594
Adiponectin (ug/ml) 5.17+4.37 5.19+4.46 4.80%2.70 0.700

Data are means = SD.

Yrs: years, FPG: fasting plasma glucose,

PP2hrG: postprandial 2 hour glucose, PP2hr: postprandial 2 hour,
hsCRP: high sensitivity C-reactive protein

HOMA-IR: homeostasis model assessment of insulin resistance

15



2. PPARY2 #AA tf8 Ao u}& rosiglitazone?] 89 =4 a3
3 7W¥ 7t rosiglitazone & FoI3F ¥ Prol2Pro 3 Prol2Ala
3PS 7Hd el d9 2d gyEs AyEdtt ¥Egdde

Prol2Pro oA 23.44+52.6 mg/dl, Prol2Ala oA 58.84+29.7

rr

mg/dl (p=0.004) ol w] A FAENT S 1N el A A
Prol2Pro oA 0.58+1.81%, Prol2Ala <*olA 1.72+1.74%
(p=0.014) #A3le], Prol2Ala *°] rosiglitazone F9¢] 29

ogujelE= d9ddst 235 YERYAtHTable 2, Figure 2).
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Table 2. The effects of rosiglitazone on glucose control after 3—month

treatment between Prol2Pro and Prol2Ala

Total Prol2Pro Prol2Ala p-value
Sex (M/F) 164 (86/78) 154 (80/74) 10 (6/4)
FPG (mg/dl)
Baseline 160.5+46.3 159.2+46.6 179.5+43.9 0.137
3 months after Tx 134.7£39.9 135.6+40.8 120.7£20.6 0.253
A FPG 25.5+52.2 23.4%£52.6 58.84+29.7 0.004
PP2hrG (mg/dD)
Baseline 235.5174.8 236.31£76.7 224.3+£41.8 0.695
3 months after Tx 200.1£68.0 201.8+68.7 176.8£54.8 0.253
A PP2hrG 36.0+75.5 35.3176.7 47.5154.0 0.340
HbAlc (%)
Baseline 8.02+1.48 7.97+1.47 8.81+1.54 0.075
3 months after Tx 7.51£1.20 7.54+1.22 7.09+0.61 0.362
A HbAlc 0.65+1.82 0.58+1.81 1.72+1.74 0.014

Data are means * SD.
A : difference between baseline and 3-month follow-up data,
FPG: fasting plasma glucose, PP2hrG: postprandial 2 hour glucose,

Tx: treatment

17
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Changes of HbA1c
p=0014
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Obaseline
B 3 months

HbAlc (%)
(o))

Pro12Pro Pro12Ala

Figure 2. Changes of fasting plasma glucose concentrations and HbAlc
after 3-month treatment with rosiglitazone (Prol2Pro vs. Prol2Ala).
After 3 months of rosiglitazone treatment, patients with Prol2Ala
variant showed greater decrement in fasting plasma glucose and HbAlc

than patients with Prol12Pro variant.



3. PPARY2 #3& tt8 Aol wel rosiglitazoneo] EF XA F%o
v X= &%
ok ol A 370 ¥ 7t rosiglitazoneS Fo & ¥ ~H =, LDL-

o
cholesterolo] ¢F7F Z71et= FAlollon) EA 4 ow Fo3k W
P

st BEEA ok T4 AT B9
ojm = glltH(Table 3).

Table 3. Plasma lipid parameters at the baseline and 3 months after

treatment with rosiglitazone between genotypes

Total Prol2Pro Prol2Ala p-value

Sex (M/F) 164 (86/78) 154 (80/74) 10 (6/4)
Total cholesterol (mg/dl)

Baseline 186.8+£31.7 185.6+31.8 204.8+24.4 0.057

3 months after Tx 200.5+34.8 199.5+£35.1 215.7£25.7 0.127
HDL-cholesterol (mg/dl)

Baseline 48.0£16.7 47.9£16.9 50.6+£14.4 0.399

3 months after Tx 47.2%+11.3 46.9£10.9 52.4£15.9 0.342
LDL-cholesterol (mg/dl)

Baseline 103.9£27.3  103.0£27.7  118.4£14.6 0.041

3 months after Tx 112.9+£38.3 111.8+38.7 128.1+£29.7 0.171
Triglyceride (mg/dl)

Baseline 181.0+111.6  181.2+114.0 178.9+70.4 0.536

3 months after Tx 192.7+£124.8 193.8+126.7  175.9%96.0 0.779

Data are means + SD.
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4. PPARY2 #Ax g0l wa} rosiglitazoneo] A& AFA
A mxe &3

Rosiglitazone o § AA atel A A2 AL ZFAFBMD7}
s7tele FAE BAaL, seEds gasioy FAH0E 9
StA = g9kt 1813l Prol2Prow ¥ Prol2Ala T oA 371
A7t rosiglitazone ¥ & & AEdFE 9 FE C-peptidem™
Hadte Ae Holu SAACE #oF Wste gl v (p=0.593,
p=0.928, respectively). HsCRP+ Prol2Prov oA 2.06%+3.31
mg/LolA  1.50+3.66 mg/LZE 74393, Prol2Alav-ol A=
1.6712.14 mg/LAlA 1.18+2.18 mg/LZ #Aasle] oA A
FAE Blov, SAA R ou= glAth(p=0.453). HOMA-IR
°] 79 Prol2Proi ¥ Prol2Alait Bl A& o oulE
]

3= Holx| &kthHp=0.512, Table 4).
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Table 4. Changes of metabolic parameters in rosiglitazone treated

groups
Total Prol2Pro Prol2Ala p-value

Sex (M/F) 164 (86/78) 154 (80/74) 10 (6/4)
Body weight (kg)

Baseline 69.3+£10.7 69.1£10.5 73.2+13.1 0.336

3 months after Tx 71.0£10.3 70.6£10.3 77.2£8.2 0.116
BMI (kg/m’)

Baseline 25.9%£2.6 25.8%+2.6 26.8£2.5 0.371

3 months after Tx 26.4£2.6 26.3£2.6 27.4%2.3 0.313
Waist C. (cm)

Baseline 88.9+7.4 88.8+7.4 90.4£7.1 0.539

3 months after Tx 86.2+£12.2 85.8%£12.3 92.5+£9.1 0.161
hsCRP (mg/L)

Baseline 2.03%£3.25 2.06£3.31 1.67+2.14 0.928

3 months after Tx 1.48+3.59 1.50£3.66 1.18+2.18 0.453
Fasting insulin (uU/ml)

Baseline 7.99+5.44 7.92+5.43 9.01£5.75 0.417

3 months after Tx 6.91£4.91 6.92£5.01 6.75+£2.85 0.593
Fasting C-peptide(ng/ml)

Baseline 1.7240.59 1.69£0.55 2.16+0.86 0.099

3 months after Tx 1.62+0.63 1.62+0.62 1.70+0.83 0.928
HOMA-IR

Baseline 3.05£2.09 2.99+2.10 3.82+1.91 0.106

3 months after Tx 2.50£1.81 2.49+1.84 2.6211.41 0.512

Data are means + SD.

BMI: body mass index, Waist C: waist circumference
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5. PPARy2 FAA ¥ A w}E rosiglitazone X5 ¥H-g& vl
Prol2Ala A%} taA ofFo wE rosiglitazone] X5 HH-g-

&2 vimstgrh, /09 FRAT W D FehdA o) sl

g 7l ®2 ¥Rl AR AA 20% oY HFAsAY B
ATt VAR A AFO R 1% o)A 1A ALE wheios

-

AR S wl, dA 1642 3Tl A rosiglitazoneol] WH-g-3h
2= 99w o w  60.4%% o™, Pa 469, o2} 539Wo|th
Prol2ProW ol A rosiglitazoneo] ©igk X go HES3 H|SE
58.4%%1d Wksle, Prol2Ala T3+ 90%= Prol2Alat 9]

rosiglitazone®] W3t X5 F3}7} T3 Hp=0.048, Table 5).

Table 5. The comparison of responsive rate to rosiglitazone therapy

according to PPARY2 gene polymorphism

Total Prol2Pro Prol2Ala p-value
Sex (M/F) 164 (86/78) 154 (80/74) 10 (6/4)
Responder (%) 99 (60.4) 90 (58.4) 9 (90) 0.048

Data are means + SD.
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adiponectin leveld] " X|& 9Tk
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o] Z7}slg ot EAEA 0w oul= ¢ tHp=0.482, Table 6).

Table 6. Plasma adiponectin level at the baseline and 3 months after

treatment with rosiglitazone between genotypes

Total Prol2Pro Prol2Ala p
Sex (M/F) 164 (86/78) 154 (80/74) 10 (6/4)
Adiponectin (ug/ml)
Baseline 5.174+4.37 5.19+4.46 4.804+2.70 0.700
3 months after Tx 8.8216.23 8.83%6.32 8.72+4.95 0.840
A Adiponectin 3.60%5.32 3.58%5.45 6.92+2.77 0.482

Data are means + SD.
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Abstract

The influence of the PPARY2 gene polymorphism
on the treatment response of rosiglitazone in patients with

type 2 diabetes.

So Young Park
Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Hyun Chul Lee)

Peroxisome proliferator—activated receptor gamma (PPARY)
regulates the transcription of adipocyte-specific genes and is
involved in adipocyte differentiation and glucose homeostasis.
Mechanisms of the thiazolidinedione (TZD) of insulin—sensitizing
effects are mediated by PPARy. ProlZAla polymorphism in
PPARYZ2 gene has been reported to be associated with body mass
index, insulin sensitivity, and diabetes mellitus.

We investigated the effects of PPARYyZ gene variants on the

42



blood glucose response and serum adiponectin level by
rosiglitazone treatment in patients with type 2 diabetes (T2DM).

A total of 164 T2DM patients were treated with rosiglitazone
(4 mg/day) for 3 months. Previous medications were not changed.
We checked clinical and metabolic parameters and serum
adiponectin level before and after 3 month treatment. We
analyzed the association between the PPARYZ2 genotype and the
blood glucose response and serum adiponectin level.

The PPARyZ2 genotype distribution was as following. 154
patients (94%) had Prol2Pro, 10 patients (6%) had Prol12Ala, and
there was no AlalZ2Ala genotype. The allele frequency of the
Prol2Ala PPARy2 variant was 0.03. After 3—-month treatment
with rosiglitazone, fasting plasma glucose was decreased by 58.8
+29.7 mg/dl (p=0.004) and HbAlc by 1.72+1.74% (p=0.014) in
patients with Prol2Ala variant compared with Prol2Pro variant
(23.4£52.6 mg/dl, 0.58+1.81% respectively). In both groups,
serum adiponectin levels were increased after 3-month
treatment. But there was no statistical difference between both
groups (p=0.482).

Subjects with ProlZ2Ala genotype showed greater blood
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glucose lowering response compared with Prol2Pro variant. We
suggest that the Prol2Ala polymorphism in PPARY2 gene may be
a predictable genetic marker for the drug—-treatment response of

rosiglitazone.

Key Words : PPARY2, pharmacogenomics, rosiglitazone,

Prol2Ala
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