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Mutation Is Associated with
and Reduced

We screened the peroxisome proliferator acti-
vated receptor g2 (PPARg2) for sequence variants
n 165 unrelated obese (BMI > 30 kg/m2) Caucasian

women, and 49 normal weight Caucasian female
controls (BMI < 27 kg/m2). The allele frequency of
the Pro12Ala mutation was higher in obese(18.18%)
than in normal weight women (8.16%) (x2

(1) 5 5.68,
P 5 0.017). Among obese women, the Pro12Ala mu-
tation lowered age of obesity onset (Pro/Pro, 13.2 6
9.4 years; Pro/Ala1Ala/Ala 8.6 6 7.1 years, P 5 0.005),

as associated with lower fasting glucose and was
rotective against type II diabetes. © 2000 Academic Press

Peroxisome proliferator activated receptor-g
(PPARg) is a nuclear receptor that can form a het-
rodimer with the retinoid X receptor (RXR) and act
s a transcription factor with many target genes (1).
PARg has its highest expression level in adipo-

cytes, and has been shown to play an important role
in adipocyte differentiation (2–4).

Two PPARg isoforms (PPARg 1 and PPARg 2) are
identical except that PPARg2 has 28 extra amino
cids on the N-terminus (5). Since Yen et al. (6)
ound the PPARg2 Pro12Ala mutation, several stud-
es have examined possible associations between
his mutation and obesity- and diabetes-related phe-
otypes, including body weight, plasma leptin lev-
ls, and insulin resistance (7–12). Of those, three
tudies reported associations with body mass index
BMI), but the results are conflicting. Deeb et al. (7)
ound that individuals homozygous for the mutation
ad lower BMI, while Beamer et al. (8) found the
ssociation to be in the opposite direction. Ek et al.
nd that the homozygous (Pro12Ala) mutation
rs had higher BMI and higher weight gain
ild type carriers. Koch et al. (10) reported that
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he codon12 mutation was associated with increased
nsulin sensitivity. However, other studies reported
egative results (11,12).
To evaluate the function of the PPARg2 Pro12Ala
utation, we examined this sequence variant and

ts relation to clinical characteristics in obese (n 5
65) and normal weight (n 5 49) Caucasian women.

RESEARCH DESIGN AND METHODS

Subjects. One hundred sixty-five unrelated
bese (BMI $ 30 kg/m2) Caucasian women were
elected from an ongoing study of the genetics of
uman obesity (13), including 147 extremely obese

ndividuals with BMI $ 40 kg/m2 and 18 moderatly
bese individuals (30 kg/m2 # BMI , 40 kg/m2).

Briefly, all subjects had a family history of obesity,
with at least one obese sibling (BMI $ 30 kg/m2) and
t least one parent and one sibling who were of
ormal weight. Forty-nine unrelated normal weight
BMI , 27 kg/m2) Caucasian women individuals
ere selected from a study of individuals with and
ithout psychiatric illness (14). All subjects gave

nformed consent, and the protocol was approved by
he Committee on Studies Involving Human Beings
t the University of Pennsylvania. Table 1 describes
haracteristics of our obese and normal weight sub-
ects.

Phenotypes. Fasting blood glucose was measured
y Quest Diagnostics (Horsham, PA). BMI was cal-
ulated by dividing weight (kg) by the square of
eight (meters). Only BMI was available for con-
rols. Age of obesity onset and diabetes status were

ased on self-report.

Screening for sequence variants. DNA was ex-
racted by the high-salt method (15), and 20 ng of
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DNA was used for PCR amplification. PCR primer
sequences from Deeb et al. (7) were used. Primers

ere end-labeled with g33P-ATP, and PCR was per-
formed according to conditions published elsewhere
(16). PCR products were loaded on 6% polyacryl-
amide gel (Acr/Bis 5 37.5:1), and electrophoresis
was run at 4W for 6–7 h. Selected samples with
shifted bands were reamplified and purified using
QIAquick PCR Purification Kit (QIAGEN, Valen-
cia,CA) and sequenced with an ABI 377 automatic
DNA sequencer (Perkin–Elmer, Norwalk, CT). (Se-
quencing was completed by the Genetics Core Facil-
ity at the University of Pennsylvania.)

Statistical analysis. We compared the allele fre-
quencies in obese and control individuals using a
two-sided x2 test. Logistic regression was used to
stimate the odds ratio for obesity risks based on
aving one or two copies of the mutation. An F test
as used to determine the difference in age of obe-

ity onset in carriers. A t test was used to test the
ifference in mean between the obese and normal
eight groups for BMI and fasting glucose. For all
nalyses SPSS 6.1 was used.

RESULT AND DISCUSSION

Genotype frequencies are given at the bottom of
able 1. The obese cases are in Hardy–Weinberg
quilibrium. Allele frequencies for the Pro12Ala mu-
ation were 18.18% (60/330) in the 165 obese indi-
iduals, compared with 8.16% (8/98) in the 49 nor-
al weight controls (x2 5 5.68, P 5 0.017). After

TABLE 1
Characteristics of Obese and Normal

Weight Groupsa

Obese Normal weight

Number of subjects 165 49
Age (mean 6 SD, years) 38.5 6 7.5 32.2 6 13.3
BMI (mean 6 SD, kg/m2) 49.6 6 10.1 23.0 6 2.4
Fasting glucose

(mean 6 SD, mg/dL) 101.4 6 58.6 —
Ala/Ala 5 0
Pro/Ala 50 8
Pro/Pro 110 41

a Obese is defined as BMI $ 30 kg/m2 and normal weight
BMI , 27 kg/m2.

160 BRIEF CO
(1)

djusting for age, obese individuals were 1.7 times
95% CI 1.1–2.6) more likely to be have one or more
opies of the mutation.
Previously, two groups reported conflicting rela-
ions of PPARg2 Pro12Ala mutations with BMI.

Deeb et al. (7) reported that the Pro12Ala mutation
in exon B of PPARg2 gene was associated with lower
BMI and improved insulin sensitivity in Finnish
and Japanese Americans. On the other hand, for a
sample with extreme obesity (mean BMI 5 36.5),
Beamer et al. (8) observed a higher mean BMI in
individuals with the Pro12Ala mutation. However,
for the lean-to-moderately-obese individuals (mean
BMI 5 26.5), they did not observe a significant dif-
ference in mean BMI with respect to the mutation
status. Recently, several other studies showed con-
tradictory effects of the Pro12Ala mutation on BMI
and type II diabetes status (17–20). Our results are
in agreement with the findings by Beamer et al. (8),
and it is plausible that these differences in findings
can be attributed to the selection of study popula-
tions.

We observed that the Pro12Ala mutation was as-
sociated with earlier age of obesity onset. Mean age
at onset declined from 13.2 6 9.4 years for obese
individuals with homozygous wild type sequence
(Pro/Pro, n 5 93) to 8.6 6 7.1 years for those with the

ro12Ala mutation (Pro/Ala 1 Ala/Ala, n 5 43), (F 5
.14, P 5 0.005). These results suggest the PPARg2

Pro12Ala mutation may lead to obesity at a younger
age, perhaps by facilitating adipocyte differentia-
tion.

We further observed that the Pro12Ala muta-
tion was protective against type II diabetes but
not type I diabetes. Within the obese group, the
Pro12Ala mutation was associated with lower
fasting blood glucose level. Obese women having
at least one copy of the mutant sequence (Pro/Ala
or Ala/Ala) had lower mean fasting glucose (83.6 6
25.0 mg/dL, n 5 45) compared with obese women

ithout the mutation (110.2 6 67.7 mg/dL, n 5 92,
5 0.02). Diabetes status was reported by 157

nd 155 obese individuals, respectively, for type I
nd type II diabetes. Two of 51 obese women with
he Pro12Ala mutation had type II diabetes, but
5 of 104 wild type individuals had type II diabe-
es (x2 5 3.86, P 5 0.049). However, this protective

effect was not observed with type I diabetes (2/48
vs 3/104, in mutation and in wild type individuals,
respectively. x2 5 0.17, P 5 0.680). This pattern

ICATION
suggests that the mutation may increase insulin
sensitivity and thereby inhibit the development of
type II diabetes.
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