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Effects of Peroxisome Proliferator-Activated Receptor-�2 Pro12Ala
Polymorphism on Body Fat Distribution in Female Korean Subjects

Kil Soo Kim, Sun Mi Choi, Seung Uoo Shin, Hyun Sung Yang, and Yoosik Yoon

he effects of peroxisome proliferator-activated receptor gamma2 (PPAR�2) Pro12Ala (P12A) polymorphism on body mass

ndex (BMI) and type 2 diabetes are well documented; however, until now, only a few studies have evaluated the effects of

his polymorphism on body fat distribution. This study was conducted to elucidate the effects of this polymorphism on

omputed tomography (CT)-measured body fat distribution and other obesity-related parameters in Korean female subjects.

he frequencies of PPAR�2 genotypes were: PP type, 93.0%; PA type, 6.8%; and AA type, 0.2%. The frequency of the A allele

as 0.035. Body weight (P � .012), BMI (P � .012), and waist-to-hip ratio (WHR) (P � .001) were significantly higher in subjects

ith PA/AA compared with subjects with PP. When body composition was analyzed by bioimpedance analysis, lean body

ass and body water content were similar between the 2 groups. However, body fat mass (P � .003) and body fat percent

P � .025) were significantly higher in subjects with PA/AA compared with subjects with PP. Among overweight subjects with

MI of greater than 25, PA/AA was associated with significantly higher abdominal subcutaneous fat (P � .000), abdominal

isceral fat (P � .031), and subcutaneous upper and lower thigh adipose tissue (P � .010 and .013). However, among lean

ubjects with BMI of less than 25, no significant differences associated with PPAR�2 genotype were found, suggesting that

he fat-accumulating effects of the PA/AA genotype were evident only among overweight subjects, but not among lean

ubjects. When serum lipid profiles, glucose, and liver function indicators were compared among overweight subjects, no

ignificant difference associated with PPAR�2 genotype was found. Changes in body weight, BMI, WHR, and body fat mass

ere measured among overweight subjects who finished a 1-month weight lose program of a hypocaloric diet and exercise;

o significant differences associated with PPAR�2 genotype were found. The results of this study suggest that the PPAR�2

A/AA genotype is associated with increased subcutaneous and visceral fat areas in overweight Korean female subjects, but

oes not significantly affect serum biochemical parameters and outcomes of weight loss programs.
2004 Elsevier Inc. All rights reserved.
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HE NUCLEAR RECEPTOR, peroxisome proliferator-ac-
tivated receptor-gamma (PPAR�), is a transcription fac-

or, which plays a major role in adipocyte differentiation.1

lternative use of promoters and differential splicing of the
uman PPAR� gene result in 2 isoforms: PPAR�1 and
PAR�2. PPAR�2 contains 28 additional amino acids at its
mino terminus.2 PPAR�1 and PPAR�2 are both expressed in
dipose tissue, but PPAR�2 is much more sensitive to insulin-
ediated transcriptional activation and adipocyte differentia-

ion, suggesting a distinct role for PPAR�2 in obesity and
nsulin resistance.3 Several rare dominant negative mutations in
PAR�2 have been detected in families with severe insulin
esistance and diabetes,4 while a rare gain of function mutation
as been detected in individuals with extreme obesity.5

A common variant of the human PPAR�2 gene that predicts
ubstitution at amino acid 12 of alanine for proline (Pro12Ala)
as found by Yen et al.6 Many studies were conducted to

lucidate the relationship between this polymorphism and met-
bolic syndrome, because this amino acid position is within the
omain of PPAR�2, which is involved in insulin-mediated
ranscriptional activation, and the substitution of alanine for
roline could cause a significant change in protein structure.
lthough these studies were controversial and irreproducible, a
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eta-analysis based on data from over 3,000 individuals dem-
nstrated that the Pro12Ala polymorphism influences suscep-
ibility to type 2 diabetes. The Pro allele was reported to be
ssociated with a 1.25-fold increase in diabetes risk compared
ith the Ala allele.7 Recently, Masud and Ye8 performed a
eta-analysis using data from 30 independent studies with a

otal number of 19,136 subjects and reported that body mass
ndex (BMI) was significantly higher in Ala allele carriers
ompared with Pro allele homozygotes (P � .019).

However, the effects of Pro12Ala polymorphism on body fat
istribution have been less well studied. This study was con-
ucted to elucidate the effects of this polymorphism on com-
uted tomography (CT)-measured abdominal and distal fat
istribution along with other obesity-related phenotypes in fe-
ale Korean subjects.

MATERIALS AND METHODS

ubjects

The 1,051 female Korean subjects were recruited from Kirin Oriental
edical Hospital (Seoul, Korea). General characteristics of the subjects

re listed in Table 1. Male subjects were also recruited, but the number
f cases was not large enough for statistical analysis. Genomic DNA
as obtained with informed consent. Body compositions were mea-

ured by bioimpedance analysis using a commercial device (Inbody
.0; Biospace, Korea). The areas of abdominal subcutaneous fat, ab-
ominal visceral fat, and subcutaneous fat at the upper and lower thigh
f 471 subjects were measured using CT (Hispeed CT/e; GE). The 198
verweight subjects finished a 1-month weight loss program of an 800
cal/d hypocaloric diet and aerobic exercise; changes in body weight,
MI, waist-to-hip ratio (WHR), and body fat mass during the program
ere measured.

etermination of the PPAR�2 Genotype

Genomic DNA was extracted from whole blood using a Qiagen kit.

olymerase chain reaction (PCR) was conducted to amplify the
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1539EFFECT OF PPARGAMMA2 POLYMORPHISM ON BODY FAT DISTRIBUTION
enomic DNA fragment containing the Pro12Ala position of the
PAR�2 gene. Upstream primer (5�TCT GGG AGA TTC TCC TAT
GG3�), downstream primer (5�GTG GAA GAC AAC TAC AAG
G3�), 3 �L dNTP mix (1 mmol/L), 0.2 �L Taq DNA polymerase (1
), and 3 �L PCR buffer (10�) were added and adjusted to a total
olume of 30 �L with distilled water. The amplification protocol
onsisted of 35 cycles of denaturation at 94°C for 30 seconds, anneal-
ng at 52°C for 30 seconds, and extension at 72°C for 30 seconds. The
mplified PCR products were checked for correct size of 154 bp by
lectrophoresis in a 3% agarose gel. The PCR products were subse-
uently digested with the restriction enzyme Hha1 for 2 hours at 37°C
nd subjected to electrophoresis in a 3% agarose gel. The resulting
and patterns were the PP type (a single band of 154 bp), the PA type
3 bands of 154, 132, and 22 bp), and the AA type (2 bands of 132 and
2 bp).

iochemical Analysis

Blood samples were obtained after fasting overnight for more than
2 hours and centrifuged at 2,000 rpm for 30 minutes. Serum was
ollected and concentrations of fasting glucose, total cholesterol (TC)
nd high-density lipoprotein (HDL) cholesterol, triglyceride (TG), glu-
amic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase
GPT), and total bilirubin were measured by auto-biochemical analyzer
SP-4410, ARKRAY, Japan). Low-density lipoprotein (LDL) choles-
erol was calculated using the Friedewald equation [LDL cholesterol �
C–HDL cholesterol � TG/5].

tatistical Analysis

All values are presented as mean � SE. Age-adjusted univariate
nalysis of variance was performed by the General Linear Model
rocedure to examine the independent effect of the PPAR�2 genotype
n dependent variables. The �2 test was used to compare PPAR�2
enotype frequencies among the high-fat content group and the normal
roup. Multivariate analyses were conducted using the General Linear
odel procedures, in which the effects of the PPAR�2 genotype, age,

ean body mass, and serum TG were included. The source of variation
n subcutaneous and visceral fat area was computed using the type III
um of squares, which can quantify the effects of an independent
ariable after adjustment for all other variables included in the model,
s described in the report by Robitaille et al.9 Statistical significance
as established at the level of P � .05. All analyses were performed
sing SPSS version 10.0 (Chicago, IL).

RESULTS

The frequencies of the PPAR�2 Pro12Ala (P12A) polymor-
hic genotypes were measured in 1,051 female subjects. The
P type was 93.0% (n � 978), the PA type was 6.8% (n � 71),

Table 1. General Characteristics of Study Subjects

Total Subjects
(n � 1051)

Age (yr) 27.06 � 0.20
Weight (kg) 65.98 � 0.33
BMI (kg/m2) 25.59 � 0.12
WHR 0.872 � 0.002
SBP (mm Hg) 115.72 � 0.39
DBP (mm Hg) 71.65 � 0.32

NOTE. Data are mean � SE.
Abbreviations: SBP, Systolic blood pressure, DBP, diastolic blood

ressure.
nd the AA type was 0.2% (n � 2); these frequencies are in y
greement with Hardy-Weinberg equilibrium. The frequency of
he A allele of 0.035 was similar to the frequencies reported in
ther east Asian populations of 0.039 for Chinese,10 0.040 for
aiwanese,11 and 0.041 for Japanese.12 However, the A allele

requency is much smaller than the frequencies reported in the
aucasian population of 0.11,13 0.12,14 and 0.13.15

Table 2 shows the comparison of physical characteristics and
ody compositions of the subjects along with PPAR�2 geno-
ypes. The only 2 AA type cases were combined with the PA
ype into the PA/AA type for comparison with the PP type.

eight (P � .012), BMI (P � .012), and WHR (P � .001)
ere significantly higher in the PA/AA type compared with the
P type. Blood pressures did not differ significantly with
PAR�2 genotype (P � .05). When body composition was
easured by bio-impedance analysis, lean body mass and water

ontent were similar between the 2 groups. However, body fat
ass (P � .003) and body fat percent (P � .025) were signif-

cantly higher in the PA/AA type compared with the PP type,
ndicating that the increased body weight of PA/AA type car-
iers is the result of a selective increase in body fat rather than
ean body mass. Body weight and BMI were 5.0% and 4.6%
igher, respectively, in PA/AA type carriers than in PP type
arriers; however, body fat mass was 12.3% higher, indicating
hat the PPAR�2 genotype has a more powerful effect on body
at content than on body weight and BMI.

To estimate the effect of the PPAR�2 genotype on the risk of
ody fat overaccumulation, the subjects were divided into 2
roups of normal fat range (�32%) and unhealthy fat range
�32%) by the criteria suggested for female subjects,16 and the
istribution of PPAR�2 genotypes was compared among the 2
roups (Table 3). Subjects with unhealthy fat overaccumulation
ccounted for 59.6% of the PP type carriers and 71.6% of the
A/AA type carriers (P � .048). The odd sratio was 1.713 with
95% confidence interval of 1.017 � 2.885, demonstrating that

ubjects with the PA/AA genotype have a 1.7-fold higher risk
f unhealthy body fat overaccumulation than PP type carriers.
To more accurately evaluate the effects of PPAR�2 genotype

n body fat accumulation, 471 subjects were tested using CT to

Table 2. Comparisons of Physical Characteristics and Body

Compositions by Genotypes of PPAR�2

Genotype
PP Type
(n � 977)

PA/AA Type
(n � 74) P Value

Physical
characteristics

Weight (kg) 65.65 � 0.35 68.92 � 1.62 .012*
BMI (kg/m2) 25.46 � 0.13 26.64 � 0.57 .012
WHR 0.871 � 0.002 0.893 � 0.009 .001
SBP (mm Hg) 115.51 � 0.42 117.94 � 1.62 .093
DBP (mm Hg) 71.72 � 0.35 73.56 � 1.38 .109

Body composition
Water (kg) 30.06 � 0.27 30.22 � 0.45 .872
Fat mass (kg) 22.49 � 0.24 25.26 � 1.13 .003
Lean body mass

(kg) 43.28 � 0.16 43.88 � 0.66 .280
Body fat (%) 33.50 � 0.19 35.12 � 0.88 .025

NOTE. Data are mean � SE.
*P values were obtained by general linear model (covariance) anal-
sis adjusted for age.
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1540 KIM ET AL
easure the cross-sectional fat areas at the abdominal and
istal parts of the body (Table 4). Abdominal subcutaneous fat
rea was 28% greater in the PA/AA type compared with the PP
ype (P � .000). Abdominal visceral fat area was increased by
6% in the PA/AA type, although the difference was not
tatistically significant (P � .117). Total abdominal fat area
combined subcutaneous fat and visceral fat) was significantly
reater in PA/AA type carriers (P � .000), but the visceral fat
o subcutaneous fat ratio was not significantly different (P �
376). Subcutaneous fat areas in the distal part of the body,

easured at the upper and lower thigh, were 11% greater at the
pper thigh (P � .009) and 18% greater at the lower thigh (P �
002) in the PA/AA type compared with the PP type.

To evaluate the effects of the PA/AA genotype on body fat
istribution more closely, the subjects were divided into lean
nd overweight groups by BMI criteria. The PA/AA type
arriers were more common in the overweight group than in the
ean group, but a statistically significant difference was not
ound by the �2 test (P � .145) (data not shown). Among the
ean group with BMI of less than 25, none of the subcutaneous
at and visceral fat areas differed significantly according to
PAR�2 genotypes (P � .05) (Table 5). However, among the
verweight group with BMI of greater than 25, PA/AA type

Table 3. Distribution of PPAR�2 Genotypes in S

Normal Range
(fat � 32%)

Unhealthy Range
(fat � 32%)

PP type 395 (40.4)† 582 (59.6)
PA/AA type 21 (28.4) 53 (71.6)
Total 416 (39.6) 565 (60.4)

*P value and odd ratio were obtained by �2 test.
†Number of subjects (%).

Table 4. Comparison of CT-Measured Fat Areas by

PPAR�2 Genotype

Genotype
PP Type
(n � 434)

PA/AA Type
(n � 37) P Value

Abdominal
subcutaneous fat
(mm2) 25,478 � 490 32,641 � 2,687 .000*

Abdominal visceral fat
(mm2) 5,574 � 135 6,477 � 509 .117

Total abdominal fat†
(mm2) 30,510 � 555 39,118 � 3,083 .000

V/S ratio‡ (mm2) 0.234 � 0.007 0.206 � 0.011 .376
Upper thigh

subcutaneous fat
(mm2) 14,715 � 166 16,325 � 898 .009

Lower thigh
subcutaneous fat
(mm2) 9,807 � 151 11,593 � 863 .002

NOTE. Data are mean � SE.
*P values were obtained by general linear model (covariance) anal-

sis adjusted for age.
†Total abdominal fat is the sum of abdominal subcutaneous fat and

bdominal visceral fat.
‡V/S ratio is the ratio of abdominal visceral fat to abdominal sub-
utaneous fat. c
arriers had significantly higher fat content in the abdominal
ubcutaneous (P � .000), abdominal visceral (P � .031), and
high subcutaneous adipose tissue (P � .010, 0.013) (Table 6).
n particular, the abdominal visceral fat area was significantly
reater in the PPAR�2 overweight subjects (P � .031), even
hough no statistical significance was found among total sub-
ects (P � .117) (Table 4). These results suggest that the
at-accumulating effects of PA/AA genotype are evident only
mong overweight subjects and not among lean subjects.

The effects of PPAR�2 genotype on subcutaneous and vis-
eral fat areas were also verified using multivariate analyses
Table 7). Age, lean body mass, and serum TG level were also
ncluded in the model. PPAR�2 genotype explained 6.2% (P �
000) of the variation in subcutaneous fat area and 1.8% (P �
045) of the variation in visceral fat area. These results clearly
emonstrate that PPAR�2 genotype has a greater effect on
ubcutaneous fat than on visceral fat. Age and serum TG level
ould explain the variation in visceral fat areas, and subcuta-
eous fat area variation was partly explained by lean body
ass.
Serum lipid profiles, glucose, and liver function indicators

id not differ significantly among the 456 overweight subjects
ith regard to PPAR�2 genotype (Table 8). Similarly, serum

ts With Normal and Unhealthy Body Fat Levels

Total P Value*
Odds Ratio

(95% CI)

977 (100.0)
1.713

(1.017�2.885)
74 (100.0) .048

1051 (100.0)

Table 5. Comparison of CT-Measured Fat Areas by PPAR�2

Genotype in Lean Subjects With BMI of less than 25

Genotype
PP Type
(n � 217)

PA/AA Type
(n � 12) P Value

Abdominal
subcutaneous fat
(mm2) 19,375 � 458 17,162 � 1,571 .262*

Abdominal visceral
fat (mm2) 4,054 � 117 3,380 � 411 .209

Total abdominal fat†
(mm2) 23,069 � 461 20,542 � 1,876 .220

V/S ratio‡ (mm2) 0.217 � 0.005 0.199 � 0.017 .480
Upper thigh

subcutaneous fat
(mm2) 12,879 � 147 11,672 � 846 .054

Lower thigh
subcutaneous fat
(mm2) 8,080 � 130 7,546 � 545 .314

NOTE. Data are mean � SE.
*P values were obtained by general linear model (covariance) anal-

sis adjusted for age.
†Total abdominal fat is the sum of abdominal subcutaneous fat and

bdominal visceral fat.
‡V/S ratio is the ratio of abdominal visceral fat to abdominal sub-
ubjec
utaneous fat.
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1541EFFECT OF PPARGAMMA2 POLYMORPHISM ON BODY FAT DISTRIBUTION
iochemistry of total (lean and overweight) subjects did not
iffer significantly (data not shown). Among the overweight
ubjects, 198 subjects finished a 1-month weight loss program
f a hypocaloric diet and exercise, and changes in body weight,
MI, WHR, and body fat mass during the program were
ompared by PPAR�2 genotypes (Table 9). The results showed
o significant differences. Overall, the results of this study
uggest that PPAR�2 PA/AA genotype has fat-accumulating
ffects at abdominal and distal adipose tissues among over-
eight subjects; the PPAR�2 PA/AA genotype has a greater

nfluence on accumulation of subcutaneous adipose tissue than
isceral adipose tissue.

DISCUSSION

Recently, Masud and Ye8 performed a meta-analysis using data
rom 30 independent studies with a total number of 19,136 sub-
ects and reported that BMI was significantly higher in Ala allele
arriers compared with Pro allele homozygotes (P � .019). The
esults in Table 2 show that weight, BMI, and WHR are signifi-
antly higher in Ala allele carriers than in noncarriers, which is
onsistent with the meta-analysis results. This consistency of the

Table 6. Comparison of CT-Measured Fat Areas by PPAR�2

Genotype in Overweight Subjects With BMI of Greater Than 25

Genotype PP Type PA/AA Type P Value

Abdominal
subcutaneous fat
(mm2) 31,363 � 645 40,071 � 2,898 .000*

Abdominal visceral fat
(mm2) 7,064 � 193 7,963 � 503 .031

Total abdominal fat†
(mm2) 37,816 � 717 48,034 � 3,179 .000

V/S ratio‡ (mm2) 0.250 � 0.014 0.210 � 0.014 .426
Upper thigh

subcutaneous fat
(mm2) 16,518 � 241 18,558 � 996 .013

Lower thigh
subcutaneous fat
(mm2) 11,517 � 216 13,534 � 1,050 .010

NOTE. Data are mean � SE.
*P values were obtained by general linear model (covariance) anal-

sis adjusted for age.
†Total abdominal fat is the sum of abdominal subcutaneous fat and

bdominal visceral fat.
‡V/S ratio is the ratio of abdominal visceral fat to abdominal sub-

utaneous fat.

Table 7. Source of Variation in Subcutaneous and Visceral Fat

Areas in Overweight Subjects With BMI of Greater Than 25

Subcutaneous Fat
Area Visceral Fat Area

% of
Variance P Value

% of
Variance P Value

PPAR�2 P12A 6.2 .000 1.8 .045
Age — NS 16.7 .000
Lean body mass 15.9 .000 4.7 .001
Serum triglyceride — NS 5.1 .001
Abbreviation: NS, not significant. y
esults from this study with the meta-analysis involving an ex-
remely large number of subjects may suggest that the subjects
nvolved in this study are representative of the general population,
nd other data in this study may be equally reliable.

Until now, the effect of PPAR�2 polymorphism on CT-
easured body fat distribution had not been studied exten-

ively. Mori et al17 reported no difference in BMI, subcutane-
us fat area, and visceral fat area with respect to PPAR�2
enotype among 215 nondiabetic male Japanese subjects. In
his report, however, the number of subjects was small (203 Pro
omozygotes and 12 Ala allele carriers), and the effect on BMI
as not consistent with the meta-analysis results. Robitaille et

Table 8. Comparison of Serum Biochemical Parameters by PPAR�2

Genotype in Overweight Subjects With BMI of Greater Than 25

Genotype
PP Type
(n � 423)

PA/AA Type
(n � 33)

P
Value

Lipid profiles
Total cholesterol

(mg/dL) 182.11 � 1.49 182.67 � 6.53 .904‡
LDL cholesterol

(mg/dL) 112.73 � 1.38 116.61 � 4.78 .425
HDL cholesterol

(mg/dL) 47.67 � 0.58 47.77 � 1.94 .952
Triglyceride

(mg/dL) 109.90 � 2.11 108.83 � 8.65 .929
Atherogenic

index* 3.05 � 0.05 3.10 � 0.19 .750
LDL/HDL† 2.53 � 0.05 2.59 � 0.16 .688

Fasting blood
glucose

Glucose (mg/dL) 103.92 � 1.06 105.38 � 3.12 .678
Liver function

indicators
Total bilirubin

(mg/dL) 0.694 � 0.037 0.572 � 0.032 .333
GOT (IU/L) 22.06 � 0.78 19.61 � 2.19 .371
GPT (IU/L) 28.31 � 1.25 27.09 � 6.43 .782
Albumin (g/dL) 4.36 � 0.02 4.38 � 0.04 .824
Protein (g/dL) 7.59 � 0.02 7.66 � 0.07 .435

NOTE. Data are mean � SE.
*Atherogenic index (AI) � (total cholesterol � HDL cholesterol)/HDL

holesterol.
†LDL cholesterol to HDL cholesterol ratio.
‡P values were obtained by general linear model (covariance) anal-

sis adjusted for age.

Table 9. Changes in Physical Characteristics and Body Fat Mass

During a 1-Month Weight Loss Program Among Overweight

Subjects With BMI of Greater Than 25

Genotype
PP Type
(n � 181)

PA/AA Type
(n � 17) P Value

Weight (kg) �7.06 � 0.19 �7.23 � 0.79 .799*
BMI (kg/m2) �2.92 � 0.12 �2.81 � 0.33 .755
WHR �0.035 � 0.005 �0.054 � 0.010 .243
Fat mass (kg) �5.05 � 0.23 �5.98 � 0.91 .249

NOTE. Data are mean � SE.
*P values were obtained by general linear model (covariance) anal-
sis adjusted for age.
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1542 KIM ET AL
l9 reported that carriers of the Ala allele had greater BMI,
aist circumference, fat mass, as well as subcutaneous fat and
isceral fat areas than Pro homozygotes among 720 French
anadians participating in a Quebec Family Study. They re-
orted that fat areas of visceral adipose tissue and subcutaneous
dipose tissue were 14% and 27% higher in Ala allele carriers
ompared with noncarriers. The effects of the Ala allele in
emale Korean subjects were almost identical to the effects in
rench Canadian subjects, with fat areas of visceral adipose

issue and subcutaneous adipose tissue 16% and 28% higher in
la allele carriers (Table 4). The results in Table 2 and Table
show that the effects of the Ala allele on BMI, fat mass, and
T-measured abdominal fat areas among the Korean popula-

ion and the Caucasian population in the Quebec Family Study
re similar, even though genetic backgrounds and dietary pat-
erns could be expected to differ significantly between the 2
opulations. In this study, fat areas at distal parts of the body
the upper and lower thigh) were also measured; the Ala allele
ad a similar effect on the central (abdominal) and distal (thigh)
dipose tissues (Table 4).

Data shown in Table 5 and Table 6 show that the effect of the
la allele on body fat accumulation varies according to obesity

tatus of the subjects. Among lean subjects, the fat-accumulat-
ng effect of the Ala allele was not evident, while a statistically
ignificant effect was found among overweight subjects. This
esult is also consistent with the meta-analysis of Masud and
e,8 in which the Ala allele was associated with significantly
igher BMI among subjects with BMI of greater than 27, but no
ignificant association was found among subjects with BMI of
ess than 27. The disparate effects of the Ala allele on body fat
ccumulation in lean and overweight subjects suggest that the
mpact of PPAR�2 genotype can be modified by other factors.
he expression level of PPAR�2 mRNA in adipose tissue of
bese subjects was higher than in lean subjects, and the level
as decreased by a low calorie diet.18 The increased expression

evel of PPAR�2 mRNA among obese subjects could amplify
he small difference in PPAR�2 activity caused by the
ro12Ala substitution, while the amplification might not be
nough to affect a difference in lean subjects. In addition, it was
eported that low dietary polyunsaturated fat to saturated fat
atios are correlated with greater BMI in Ala allele carriers than
n noncarriers, while high dietary ratios are correlated with the
pposite.19 Gene-nutrient interactions may also cause the dis-
arate effects of the Ala allele on fat accumulation.
Table 4 shows that subcutaneous fat, but not visceral fat,

iffered significantly according to PPAR�2 genotype among all
he subjects. Among overweight subjects, the abdominal sub-
utaneous fat area and visceral fat area were 28% and 13%
igher in Ala allele carriers, suggesting that PPAR�2 genotype
as a greater effect on subcutaneous fat than on visceral fat

Table 6). Data in Table 7 more clearly show the greater effects v

REN

3. Werman A, Hollenberg A, Solanes G, et al: Ligand-independent

a
v
i

m
t

f PPAR�2 genotype on subcutaneous fat (6.2%) than on
isceral fat (1.8%). Lefebvre et al20 reported that PPAR� is
xpressed in higher levels in human subcutaneous adipose
issue than in visceral adipose tissue. The higher expression
evel of PPAR� in subcutaneous adipose tissue could lead to
igher amplification of the subtle change in its activity caused
y Pro12Ala substitution, while the amplification may be lower
n visceral adipose tissue. It is well known that visceral fat
ccumulation is related to aberrant metabolic profiles.21 How-
ver, a relationship between subcutaneous fat and metabolic
yndrome has not yet been identified. Troglitazone, a PPAR�
ctivator, was reported to increase subcutaneous fat area while
mproving metabolic profiles, providing evidence that subcuta-
eous fat accumulation is not related to metabolic syndrome.22

atsuzawa et al23 suggested that the visceral fat to subcu-
aneous fat ratio (V/S ratio) is a better indicator of metabolic
yndrome. In this study, V/S ratio was not significantly
ifferent and was even slightly deceased in Ala allele car-
iers (Table 4 and Table 6), providing some explanation for
he similar metabolic profiles among PPAR�2 genotypes
hown in Table 8.

The molecular mechanism of the effects of PPAR�2 poly-
orphism on adipogenic activity was not completely eluci-

ated until now. Deeb et al24 reported that the substitution of
la for Pro at the 12th codon resulted in a decrease in binding

ffinity of PPAR�2 to the cognate promoter element and re-
uced the ability to transactivate responsive promoters in in
itro experiments. On the contrary, however, the results in this
tudy along with the report by Robitaille et al9 show that the
la allele is associated with increased body fat in humans,

uggesting that the Ala allele might be associated with in-
reased adipogenic activity of PPAR�2. The effect of the Ala
llele might differ in in vivo and in vitro conditions. Various
idney, hepatoma, and preadipocyte cells lines were studied
xperimentally in vitro. However, cell lines often lack some
ellular pathways and may differ from whole body conditions.
oukas et al25 found that the gene expression pattern in adipo-
ytes in vitro and in vivo overlap, but also differ importantly in
ome respects, and suggested that one or more transcriptional
rograms are activated exclusively in vivo to generate the full
dipocyte phenotype. In in vitro experiments, nonphysiologi-
ally high amounts of PPAR�2 proteins were expressed by the
ransfection of high-efficiency expression vectors, which may
ot occur under normal physiologic conditions. Furthermore,
he in vitro experiments were conducted over a very short time
eriod, while fat accumulation in humans is the integrative
esult of a lifetime process beginning in the prenatal stage.
ong-term effects may differ from short-term effects. More
tudy is needed to elucidate the mechanism underlying the in

ivo effects of PPAR�2 polymorphism.
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