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To examine the role of the Pro12Ala variant of the
human PPARg2 gene on adiposity and insulin resis-
tance, we studied the effect of the variant on fat dis-
tribution assessed by CT scan, plasma glucose, and
insulin levels during a 75g oral glucose load in 215
non-diabetic Japanese men. The allele frequency of
the variant was 0.03 in this population. There were no
differences in body mass index (BMI), subcutaneous
fat area (S), visceral fat area (V), V/S ratio, fasting
plasma insulin levels, or insulin resistance index in
homeostatic model assessment between 203 subjects
who were homozygous for the wild-type Pro12 allele
and 12 subjects with the variant Ala12 allele (11 het-
erozygotes and one homozygote). These data suggest
that the Pro12Ala variant is not a major contributor to
adiposity, fat distribution, or insulin resistance in
Japanese men. © 1998 Academic Press

Obesity contributes to many health disorders, such
as type 2 diabetes, hypertension, cardiovascular and
respiratory diseases. To understand the mechanism of
these obesity-related diseases, not only the quantity of
fat but also the distribution of adipose tissue should be
considered [1].

Peroxisome proliferator activated receptor-gamma
(PPARg) is a nuclear receptor that plays a pivotal
role in the regulation of adipocyte differentiation
[2,3]. PPARg is also the target of thiazolidinediones,

synthetic ligands that improve insulin resistance of
diabetic subjects [4-6]. Thiazolidinediones promote
differentiation of preadipocytes into mature adipo-
cytes presumably via PPARg binding and activation
[7], and increase the number of small adipocytes in
white adipose tissue in Zucker fatty rats [8]. Of the
two human PPARg isoforms, g2 is relatively more
adipose-specific than is g1 [9]. Molecular scanning of
the human PPARg gene was performed [10-12], and
a Pro12Ala missense mutation was detected in the
adipocyte-specific g2 exon B [10,12]. Although this
Pro12Ala mutation was not identified in subjects
with lipoatrophic diabetes [10-12], it is relatively
common in Caucasians and Mexican Americans [10].
Although one study showed preliminary data in 57
subjects with type 2 diabetes suggesting that body
mass index in those subjects with or without this
variant were not different [12], another study has
shown association with increased BMI in two differ-
ent Caucasian populations [13]. In contrast, a recent
abstract showed that the variant Ala12 allele was
associated with lower BMI [14].

Two studies showed that the role of PPARg is
likely to be different between subcutaneous fat tis-
sue and visceral fat tissue [15,16]. One study showed
that thiazolidinediones promote differentiation of
adipocytes more intensely in subcutaneous fat than
in visceral fat [15]. The other study showed that
chronic administration of the thiazolidinedione, tro-
glitazone in diabetic patients led to subcutaneous fat
accumulation and a decrease in visceral fat [16].
These studies raise the possibility that functional
alteration of PPARg may affect fat distribution in
humans.
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Activation of PPARg is known to be associated with
increased insulin sensitivity [4-6, 8]. It is thus possible
that the Pro12Ala PPARg2 variant in humans may
lead to altered insulin sensitivity. Indeed, a recent
abstract showed that the variant Ala12 allele exhibited
decreased binding affinity to the cognate response ele-
ment as well as reduced ability to cause transactiva-
tion, in vitro, yet the Ala12 allele was associated with
increased insulin sensitivity [14]. These results sug-
gest the possible contribution of Pro12Ala variant of
the PPARg2 gene to human obesity and insulin sensi-
tivity. We now report results of characterization of the
Pro12Ala PPARg2 variant in Japanese non-diabetic
subjects, with respect to adiposity, fat distribution and
insulin resistance.

METHODS

Study subjects. The subjects were 215 Japanese men (age: 21- 65
years, mean 51.0 years, SD 8.9 years; BMI: 17.1-41.0 kg/m2, mean
24.4 kg/m2, SD 3.3 kg/m2) who underwent a medical check-up in a
company based clinic. They included 151 subjects with normal glu-
cose tolerance, and 64 subjects with impaired glucose tolerance (IGT)
using the World Health Organization (WHO) criteria [17].

Study protocol. Informed consent was obtained from all subjects.
Following a 12 h fast, venous blood samples were obtained. Body
height, body weight, plasma glucose and insulin levels during a 75g
oral glucose load, waist to hip ratio (W/H), serum total cholesterol,
triglycerides, systolic and diastolic blood pressures, and CT scan for
visceral and subcutaneous fat at the level of the umbilicus were
studied on the same day [18]. Using the homeostasis model assess-
ment (HOMA), indices of insulin resistance ( fasting insulin 3 fast-
ing glucose/405 mU 3 g/10 3 L2 ) were calculated [19,20].

Detection of the Pro12Ala PPARg2 missense mutation. Polymer-
ase chain reaction-restriction fragment length polymorphism (PCR-
RFLP) analysis was performed as previously described [10]. Briefly, a
270-base-pair (bp) fragment of the human PPARg2 gene encompassing
the site of the polymorphism was generated from genomic DNA by PCR
using upstream primer 59-GCCAATTCAAGCCCAGTC-39 and muta-
genic downstream primer 59-GATATGTTTGCAGACAGTGTATCA-
GTGAAGGAATCGCTTTCCG-39 which introduces a BstU-I restriction
site (CG$) only when the C to G substitution at nucleotide 34 is
present. The PCR products were digested with BstU-I, electrophoresed
on a 3% agarose gel and stained with ethidium bromide.

Statistical analysis. Unpaired t-test was used to estimate the
differences between the subjects with and without the variant. Dif-
ferences in allele frequencies between groups were assessed by chi
square analysis. StatView-J4.11 software (Abacus Concepts, Inc,
California) was used.

RESULTS

Identification of Pro12Ala variant in Japanese. The
Pro12Ala variant was detected in Japanese by the
PCR-RFLP method previously reported [10]. As pre-
dicted, digestion of the 270 bp PCR product with
BstU-I produced three distinct patterns. A single 270
bp product defined Pro12 homozygotes; 270, 227, and
43 bp products defined Pro12/Ala12 heterozygotes; and
227 and 43 bp products defined Ala12 homozygotes
(Fig 1).

Frequency of the Pro12Ala PPARg2 variant in Jap-
anese men. In the 215 subjects, 203 Pro12 homozy-
gotes, 11 Pro12/Ala12 heterozygotes, and 1 Ala12 ho-
mozygote were detected. The allele frequency of Ala12
was 0.03 in Japanese men. Because there was only one
Ala12 homozygote, this individual was combined with
the Pro12/Ala12 heterozygotes for all analyses.

The Pro12 Ala variant and adiposity. The subjects
with and without the Pro12Ala variant had a BMI
(mean 6 SD) of 24.0 6 3.0 kg/m2 and 24.4 6 3.3 kg/m2

(n.s.), W/H ratio of 0.87 6 0.07 and 0.88 6 0.05 (n.s.),
subcutaneous fat area of 12642 6 1653 mm2 and 13106 6
6765 mm2 (n.s.), visceral fat area of 8211 6 4418 mm2

and 8711 6 3988 mm2 (n.s.), and V/S ratio of 0.64 6 0.20
and 0.71 6 0.27 (n.s.), respectively (Table 1).

The Pro12Ala variant and the plasma fasting insulin
level and insulin resistance index. Subjects with the
Pro12Ala variant had slightly higher fasting blood glu-
cose than subjects without the variant, however, there
was no difference in blood glucose at 2 hours after an
oral glucose load (Table 1).

The subjects with and without the Pro12Ala muta-
tion had a fasting insulin level (mean 6 SD) of 6.5 6
2.9 mU/ml and 6.5 6 3.2 mU/ml (n.s.), and insulin
resistance index by HOMA of 1.77 6 0.74 and 1.67 6
0.85 (n.s.), respectively (Table 1).

The Pro12Ala and serum lipid and blood pressure.
The subjects with and without the Pro12Ala variant
had a fasting serum total cholesterol (mean 6 SD) of
5.3 6 1.3 mmol/L and 5.4 6 0.8 mmol/L (n.s.), fasting

FIG. 1. PCR-RFLP detection of the Pro12Ala PPARg2 variant.
PCR followed by digestion with BstU-I, 3% agarose gel electrophore-
sis, ethidium bromide staining and UV transillumination was per-
formed. Lane 1 contains a f3-Hae III digest DNA size standard.
Lane 2-4 each contains normal homozygote (270bp), Pro12Ala het-
erozygote (270bp, 227bp and 43bp), and Pro12Ala homozygote
(227bp and 43bp), respectively.
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serum triglyceride (mean 6 SD) of 1.9 6 2.8 mmol/L
and 1.5 6 1.0 mmol/L (n.s.), systolic blood pressure of
128 6 21 mmHg and 125 6 18 mmHg (n.s.), and
diastolic blood pressure of 84 6 12 mmHg and 81 6 12
mmHg (n.s.), respectively (Table 1).

Frequency of the Pro12Ala variant according to BMI
or V/S ratio. The subjects were subdivided into 3
groups according to BMI. Normal subjects (BMI , 22
kg/m2), moderately obese subjects (22 kg/m2 # BMI ,
26.4 kg/m2), and obese subjects (BMI $ 26.4 kg/m2) had
the Ala12 allele frequency of 0.04, 0.03, and 0.03 (n.s.),
respectively (Table 2).

The subjects were subdivided into two groups accord-
ing to the V/S ratio. Subjects with lower V/S ratio
(V/S , 0.6) and subjects with higher V/S ratio (V/S $
0.6) had the Ala12 variant allele frequency of 0.03 and
0.03 (n.s.), respectively (Table 2).

DISCUSSION

The allele frequency of Ala12 PPARg2 in Japanese
men without diabetes (0.03) is relatively low, as com-
pared to Caucasian Americans (0.12), Mexican Ameri-
cans (0.10), and approximately equal to African Amer-
ican (0.03), Nauruans (0.02), and Chinese (0.01) as
previously reported [10].

In the present study, there was no difference in BMI
between subjects with and without the variant. This
study is the first to investigate the influence of the
Pro12Ala PPARg variant on body fat distribution, how-
ever, the Pro12Ala variant did not affect either subcu-
taneous fat area, visceral fat area or body fat distribu-
tion estimated by the V/S ratio. Thus, the Pro12Ala
variant does not appear to alter the quantity or distri-
bution of fat accumulation in this group of Japanese
men.

Since the frequency of the Pro12Ala variant was
relatively low, we identified only 12 subjects with the
variant. Thus, this study may not have adequate power
to detect modest differences in the traits that were
measured. For example, given our sample size, we
would be able to detect a difference in the BMI between
genotypes of about 2.7 kg/m2 with 80% power at the
p50.05 significance level. Thus we can not rule out the
possibility that the Pro12Ala variant may be a modest
contributor to obesity-related phenotypes in Japanese

TABLE 1

Characteristics of the Pro12Ala PPARg2 Variant in Japanese Men

with Ala12 allele(s) (n 5 12) without Ala12 allele (n 5 203) p value of unpaired t-test

parameter (mean 6 SD)
age (year) 51.4 6 5.8 50.9 6 9.1 0.86
BMI (kg/m2) 24.0 6 3.0 24.4 6 3.3 0.65
W/H ratio 0.87 6 0.07 0.88 6 0.05 0.36
S (mm2) 12642 6 5726 13106 6 6765 0.82
V (mm2) 8212 6 4418 8711 6 3989 0.68
V/S ratio 0.64 6 0.20 0.71 6 0.27 0.38
fasting blood glucose (mmol/l) 6.1 6 0.6 5.7 6 0.6 0.02
2 hr blood glucose (mmol/l) 7.0 6 0.9 6.8 6 1.8 0.69
fasting insulin (mU/ml) 6.5 6 2.9 6.5 6 3.2 0.98
2hr insulin (mU/ml) 29.5 6 10.1 34.8 6 25.3 0.47
insulin resistance index 1.77 6 0.74 1.67 6 0.85 0.69
systolic blood pressure (mmHg) 128.3 6 20.7 125.3 6 17.5 0.56
diastolic blood pressure (mmHg) 84.2 6 12.5 81.0 6 12.3 0.39
total cholesterol (mmol/l) 5.3 6 1.3 5.4 6 0.8 0.63
triglycerides (mmol/l) 1.9 6 2.8 1.5 6 1.0 0.19

TABLE 2

The Allele Frequency of the Ala12 Variant
According to BMI, V/S Ratio

Ala12 allele frequency

Normal subjects (BMI , 22)
Pro/Pro n 5 42
Pro/Ala n 5 4 0.04
Ala/Ala n 5 0

Moderately obese (22 # BMI , 26.4)
Pro/Pro n 5 114
Pro/Ala n 5 4 0.03
Ala/Ala n 5 1

Obese subjects (BMI $ 26.4)
Pro/Pro n 5 47
Pro/Ala n 5 3 0.03
Ala/Ala n 5 0

Subjects with lower V/S ratio
(V/S ratio , 0.6)

Pro/Pro n 5 68
Pro/Ala n 5 4 0.03
Ala/Ala n 5 0

Subjects with higher V/S ratio
(V/S ratio $ 0.6)

Pro/Pro n 5 121
Pro/Ala n 5 7 0.03
Ala/Ala n 5 1
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men. Similarly, we can not rule out the possibility that
homozygotes for the Pro12Ala variant are affected
(e.g., recessive inheritance) since only one of our sub-
jects was homozygous. This individual was 44 years of
age, and had a BMI 5 25.4 kg/m2, V/S 5 0.70, fasting
insulin 5 6.7 mU/ml, fasting glucose 5 6.0 mmol/L, 2 hr
glucose 5 7.9 mmol/L, 2 hr insulin 5 24.0 mU/ml, total
cholesterol 5 4.2 mmol/L, triglycerides 5 1.1 mmol/L;
all within 1.5 SD of the group studied.

In the present study, we failed to observe differences in
fasting plasma insulin levels and insulin sensitivity in-
dex by HOMA model between subjects with and without
the variant, and contrary to the previous report that the
Ala 12 allele was associated with improved insulin sen-
sitivity [14]. More sensitive indicators of insulin sensitiv-
ity, such as the glucose disposal rate as determined by
the hyperinsulinemic euglycemic clamp, is needed to
more fully assess insulin sensitivity.

The human PPARg2 isoform differs from the PPARg1
isoform by the addition of 28 amino acids at the amino
terminus. The proline to alanine substitution is present
in the exon that encodes these additional 28 amino acids,
and therefore is present only in the g2 isoform. The im-
portance of the amino terminus of PPARg is controver-
sial. Deletion of the amino terminal 129 amino acids did
not diminish ligand-stimulated adipogenic potency of
PPARg in 3T3 fibroblasts [7]. It has been reported, how-
ever, that the amino terminus of PPARg has a ligand-
independent activation domain that is potentiated by
insulin [21], which may be influenced by the Pro12Ala
substitution. Indeed, a previous study showed that the
Pro12Ala variant is associated with altered receptor
function [14]. In human adipose tissue, both g1 and g2
isoforms exist. The expression of g2 mRNA is increased
with human obesity, while g1 mRNA is not affected, and
the ratio of g2/g1 mRNA expression was positively corre-
lated with BMI [22]. These results suggest that other
populations with higher BMI than our studied subjects
may manifest the effect of the Pro12Ala variant of the g2
isoform. Indeed, a study of Beamer and coworkers
showed association of the Pro12Ala variant with in-
creased BMI in two different Caucasian cohorts, and the
association was more marked in the more obese cohort
than in the leaner cohort [13]. Furthermore, the associa-
tion in that study tended to be more marked in females
than males. Our study contained no women. Thus, fur-
ther studies will be needed to determine if phenotypic
expression of the Pro12Ala PPARg2 variant may be in-
fluenced by interactive effects of ethnic (genetic) back-
ground, environmental influences, and gender.
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