Peroxisome Proliferator—Activated Receptor Gamma 2 Prol12Ala Gene Variant
Is Strongly Associated With Larger Body Mass in the Taiwanese
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The peroxisome proliferator-activated receptor gamma 2 (PPARy2) has been studied extensively because of its putative role in
adipocyte differentiation and insulin sensitivity. The association of the Prol12Ala and Pro115GIn PPARy2 gene variants with
type 2 diabetes mellitus, the body mass index (BMI), and other diabetes-related phenotypes was examined in the Taiwanese
population. Genotypes were determined by polymerase chain reaction (PCR) and restriction fragment length polymorphism
(RFLP) analysis. Allele frequencies were compared between 280 subjects with type 2 diabetes mellitus and 310 subjects
without diabetes using the chi-square test. Continuous phenotype analysis was performed by multiple logistic regression
adjusting for age and BMI where appropriate. There was no significant association between the Prol2Ala gene variant and
type 2 diabetes; the frequency of the Alal2 allele was 0.03 in type 2 diabetics and 0.04 in nondiabetics (P = .40). The GIn115
allele was not detected in any of the cases or controls. In multiple linear regression analysis of all cases and controls combined
adjusted for age, sex, and diabetic status, carriers of the Alal2 allele had a mean BMI of 25.9 + 0.5 kg/m? (mean =+ SE),
compared with 24.2 + 0.1 kg/m?2in Pro12 homozygotes (P < .001). In addition, carriers of the Alal2 allele have a 2.9 times (95%
confidence interval [CI], 1.5 to 5.5) higher odds of having a BMI of at least 25 kg/m?. These results suggest that in the
Taiwanese, the Prol2Ala PPARYy2 gene variant may contribute to fat accumulation and a higher BMI independent of type 2
diabetes. These results need to be confirmed in future studies, as a linkage disequilibrium of this variant with other mutations
cannot be ruled out.
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YPE 2 DIABETES MELLITUS has been an enigma from Hospital. Taiwanese individuals are primarily of Huanan descent. Type
many standpoints, including genetic analysis. Therefore?2 diabetes was Qefined by physician diagnosis and at least 2 fasting

one strategy has been to examine intermediate phenotypes th@cose values higher than 7.8 mmol/L (140 mg/dL). For controls, 310
lead to type 2 diabetes including obesity and insulin resistancé?onmabetlc subjects were randomly selected from individuals who
Peroxisome proliferator—activated receptor gamma 2 (RRAR were admitted for a routine health examination at the same hospital. All
. _p . ptorg . . subjects provided informed consent.
is a transcription factor that appears to be involved in both
adipocyte differentiation and insulin sensitivitfthe PPAR DNA Analysis

gene, localized to chromosome 3p2@ncodes 2 isoforms, Genotype analysis was performed on genomic DNA isolated from

PPARYJ‘ and _PPAR{_ZZ which result fr_om alternative promoters peripheral whole-blood samples based on previously published meth-
and differential splicing. In comparison to PPAR PPARy2 458 A 270-base pair (bp) region encompassing the site of the
has an additional 28 amino acids at the NH2 terminus ancpyg12a1a polymorphism in the PPAR gene was detected by polymer-
appears more sensitive to insulin stimulatioRPARy2 also  ase chain reaction (PCR)-based restriction fragment length polymor-
appears to be expressed exclusively in adipose tissue, iphism (RFLP) analysis. PCR amplification was performed using an
comparison to the wider distribution of PPAR in adipose  upstream primer (56CC AAT TCAAGC CCAGTC 3) and mutagenic
tissue, skeletal muscle, heart, and liter. downstream primer (5GAT ATG TTT GCA GAC AGT GTA TCA
PPARy2 either increases or decreases adipocyte differentia®TG AAG GAA TCG CTT TCC G 3). The mutagenic primer
tion and insulin sensitivity via ligand-dependent and indepen_mtrodut_:es eBs_UI restriction site only _when the € G substitution at '
dent pathwaya5¢ On the one hand, thiazolidinedione and nucleotide 34 is present. PCR conditions were as follows: denaturation

. . . . at 94°C for 5 minutes followed by 30 cycles of denaturation at 94°C for
endogenous ligands such as fatty acids bind to PRA¢ading 30 seconds, annealing at 65°C for 45 seconds, and extension at 72°C for

to increased adipocyte differentiation and insulin sensitivity. Onq minute, with a final extension at 72°C for 10 minutes. A control
the other hand, in the presence of insulin and other growthyithout DNA was included with all PCRs to check for contamination.
factors, mitogen-activated protein kinase catalyzes the phosphopCR products were digested witBstUl (New England Biolabs,
ylation of a serine site in position 114 of the PPgRprotein,  Beverly, MA) for 12 hours at 60°C. The digested products were then
leading to decreased adipocyte differentiation and insulin

sensitivity. A mutation was detected at the flanking 115 position
which also appears to be involved in serine phosphoryldtion.
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Table 1. Selected Characteristics of 596 Taiwanese Type 2 Diabetic
Cases and Nondiabetic Controls

PPARY2 genotyping

Pro/Pro Pro/Ala Nondiabetic
Type 2 Diabetic Controls
« 400 bp Characteristic Cases (n = 286) (n = 310) P
Age (yr) 58.7 +12.4 491 +112 <.001
300 bp Male gender, n 144 (50.4%) 195 (62.9%) .002
270 bp-» BMI (kg/m?) 249 + 35 238+30  <.001
Bodly fat (%)* 325+75 277+61  <.001
227 bp—» Weight (kg) 642 +116  64.4+107 .89
+=200 bp Height (cm) 1605+9.0  164.0+81  <.001
Fasting glucose (mg/dL) 147.4 = 45.9 91.3 +9.8 <.001
| N 3 4 M HbA, (%) 79+15 55+05  <.001
Triglycerides (mmol/L) 25+22 19+x12 <.001

Fig 1. PCR/RFLP analysis of PPARy2 Prol2Ala genotype. PPARy2 Total cholesterol

genotypes were determined by the PCR products digested with BstUI (mmol/L) 52+11 49=10 02
(lanes 1 and 3), with PCR products without digestion (lanes 2 and 4) NOTE. Results are the mean + SD.

as a control, after separation on a 2.5% agarose gel. The wild-type *Body fat = 1.2 X BMI + 0.23 X age — 10.8 X (1 if male, 0 if female) —
(Pro) allele results in 1 band of 270 bp (upper arrow), while the mutant '

(Ala) allele results in 2 bands of 227 bp (lower arrow) and 43 bp (not 54.
shown). M indicates the 100-bp DNA ladder.

triglycerides, and total cholesterol (Table 1). The overall
frequency of the Alal2 allele in this Taiwanese study population
analyzed on a 2.5% agarose gel stained with ethidium bromide. Thgyas 0.04, and there was no difference in the allele frequency
wild-type allele results in 1 band of 270 bp, while the mutant allele petyween type 2 diabetic cases and nondiabetic controls (0.03
results in 2 banqs of 227 bp anq 43bp (F.'g D. 0.04,P = .40). No subjects in our data set were homozygous for
A 129-bp region encompassing the site of the Pro115Gin pOIymor'the Alal2 allele. The GIn115 allele was not detected in any of
phism in the PPAR2 gene was detected by PCR-based RFLP analysis ’ y

based on previously published methdd®CR amplification was the cases and controls. .
performed using an upstream primef EGC AAT CAA AGT GGA Of 43 carriers of the Alal12 allele, 18 (42%) had diabetes and

GCC TGC ATG TC 3) and mutagenic downstream primer BAG 24 (56%) were men. Before adjustment for potential confound-
AAG CTT TAT CTC CAC AGA C 3). The PCR conditions were as ing variables, the mean age among Alal2 allele carriers was
follows: denaturation at 94°C for 5 minutes followed by 35 cycles of 51.4=+ 1.8 years, (mear: SE), the mean BMI was 258 0.6,
denaturation at 94°C for 30 seconds, annealing at 60°C for 30 secondsnean body fat 31.4% 1.2%, and mean weight 698 2.2 kg.

and extension at 72°C for 30 seconds, with a final extension at 72°C forhe distribution of BMI values among Pro/Pro and Pro/Ala
10 minutes. A control without DNA was included with all PCRs 0 ndjviduals was similar (Fig 2). However, in adjusted analyses
check for contamination. PCR products were digested Miitic!l (New of quantitative phenotypes in all cases and controls (Table 2),

England Biolabs) for 12 hours at 37°C. The digested products were then _ . . 5
analyzed on a 3.0% agarose gel stained with ethidium bromide. Th carriers of the Alal2 allele had a higher BMI (25.24.2 kg/my

wild-type allele results in 1 band of 129 bp, while the mutant allele & .001) after adjusting for age, sex, and diabetic status. This

results in 2 bands of 104 bp and 25 bp (data not shown). result remained statistically significant even after log arithmi-
cally transforming the BMI values to account for the skewed
Statistical Analysis data (data not shown). Alal2 carriers also had a 2.9 times (95%

Using the World Health Organization (WHO) criteria, ordinary
obesity was defined as a BMI of 25.0 kg#for higher, and using the Body Mass Index , kg/m”
usual US criteria, extreme obesity was defined as a BMI of at least 278
kg/m 210 Percent body fat was calculated using the following formula: 4
% body fat= 1.2 X BMI + 0.23 X age— 10.8 X (1 if male, O if
female)— 5.41%

Multiple linear regression was used to compare quantitative pheno=o
typic traits between subjects with and without the Ala12 allele, with | susupwosno), 280 Uoper o
results presented as the adjusted mea®E. Multiple linear regression 24.0 Lower 95% CI™ ™=
was also used to analyze genotypes and data from all cases and controis;
with all analyses adjusted for age, sex, and diabetic status. Multiple5

35

H
§

logistic regression was used to assess the strength of the association )
between the Pro12Ala PPAR gene variant and type 2 diabetes along o
with other dichotomous phenotypes such as obesity. SAS (Version 6.12)
was used for all statistical comparisoiis. °
0 — f
RESULTS ProfPro Pro/Ala

Compared with the nondiabetic controls, type 2 diabetic PPAR Gamma Cadon 12 Ganotype

cases tended to be Old_er and female and to he‘_ve a higher BMI, rig2.  scatter plot of body mass index (kg/m?) by PPARy2 Pro12Ala
percent body fat, fasting glucose, hemoglobin. AHbA,.), genotype. The mean values and 95% Cl are shown.
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Table 2. Selected Characteristics of 596 Taiwanese Subjects small, but despite this, we were able to find a statistically
by PPARy2 Prol2Ala Genotype significant association. The power to detect associations be-
ProlPro Pro/Ala tween the variant and body mass would have been much higher
Trait (n =553) (n=43) P if we had a more obese population, because the phenotype
BMI (kg/m?)* 242 +0.1 259 =05 <.001 would have been more extreme. However, even with the
Body fat (%)*t 29.9 +0.2 31906 <.001 decreased power due to the leanness of the study participants,
Weight (kg)t 64.0 = 0.4 68.8 +13 <.001 our study detected an association. And although the distribution
Fasting glucose (mg/dL)§ 1134+14 1144152 .85 of BMI values in both the Ala carriers and noncarriers was
HbA. (%)8 6.4=005  64x02 84 similar, the 95% CIS for the mean BMI of the 2 groups do not
Triglycerides (mmol/L)§]| 1.8+10 16+x11 21 overlap.
Total cholesterol (mmol/L)§|| 49+1.0 48 1.0 .65 . .
Our relatively large sample size of 286 cases and 310 controls
NOTE. Results are the mean = SE from the general linear model. made it possible to detect the moderate effect of the Pro12Ala
*Adjusted for age, sex, and diabetic status. PPARy2 gene variant on body mass. However, it is not

tBody fat = 1.2 X BMI + 0.23 X age — 10.8 X (1 if male, O if female) —

54 surprising that we were not able to detect an association

+Adjusted for age, sex, diabetic status, and height in cm. between tht_e gene variant and t_ype 2 diabetes, given our current
8Adjusted for age, sex, diabetic status, and BMI. understanding of PPAR function. PPAR2 may play an
||Pfor log-transformed values. indirect role in increasing the risk of type 2 diabetes by
increasing the risk of obesity and subsequent insulin resistance.
The effects of PPAR2 would thus be many steps removed from
confidence interval [Cl], 1.5 to 5.5) higher odds of being obesethe onset of type 2 diabetes, and its effects on type 2 diabetes
by WHO criteria and a 2.5 times (95% Cl, 1.2 to 5.4) higher diluted along the pathway.
odds of being extremely obese by US criteria. In addition, after Studies examining the Prol2Ala polymorphism and its
adjusting for age, sex, and diabetic status, carriers of the Alal2ssociation with type 2 diabetes, obesity, and insulin sensitivity
allele had a higher percent body fat (31.9%9.9%,P < .001)  have had inconsistent results. Yen étidentified the PPAR2
and higher body weight even after additional adjustment forC — G substitution at codon 12 causing alanine to be
height (68.8v 64.0 kg,P < .001). The Prol12Ala gene variant substituted for proline. In 2 Caucasian populations, one from a
was not associated with fasting glucose, Hbp#xiglycerides, or ~ study of aging and one composed of very obese individuals with
total cholesterol. amean BMI of 36.5 kg/Mthe Prol2Ala variant was associated
with a higher BMI3In contrast, the Alal2 variant is associated
DISCUSSION with a lower BMI and improved insulin sensitivity among Finns
We found that in the Taiwanese population, the Pro12Alaffom a population-based stuéLikewise, the Alal2 variant is
PPARy2 gene variant is strongly associated with larger bodyassociated with lower odds of type 2 diabetes in Japanese
mass. Despite using different measurements for body size sucfimericans'* Still other studies have not shown any associa-
as the BMI, percent body fat, and weight, we were able to showfions at all between the Pro12Ala PPARgene variant and
consistently that the Pro12Ala gene variant is associated witifliabetes-related phenotyp€s® These conflicting results are
each. The equation that was used to measure percent body f&ost likely due to differences in selection criteria for study
has been shown to be a reliable measure of body fat. ApproxiParticipants, ethnicity, sample size, and allele frequencies.
mately 80% of the variation in body fat between individuals can  Further studies are needed to elucidate the functional and
be explained by this formula. Percent body fat as estimated bglinical significance of the Pro12Ala gene variant. Without an
this equation has a standard error of about4W%e also found ~ understanding of how the Prol2Ala mutation affects protein
that individuals in the categories of ordinary obesity (B¥25.0 function, it is difficult to conclude that this specific mutation
kg/m?) and extreme obesity (BME27.0 kg/nd) tended to be ~ causesan increase in the BMI. Itis possible that this variantis in
carriers of the Ala12 allele. linkage disequilibrium with a polymorphism that is the true
No direct conclusion can be drawn from the present studysource of the observed associations. To provide a more com-
regarding the relationship between this genetic variant and thelete picture of the multifactorial nature of obesity, data on other
pathogenesis of type 2 diabetes, as the study population wagene variants, as well as environmental factors such as caloric
relatively lean and no measurement of insulin sensitivity wasintake, are needed. Nevertheless, our study provides an addi-
performed. However, the finding of an association betweerfional piece of evidence to support the role of PR&Rn fat
larger body mass and PPAR is interesting and unexpected accumulation independent of type 2 diabetes.
precisely because of the relative leanness of the study popula-
tion. The difference in mean body mass between the group that ACKNOWLEDGMENT
does not carry the Alal2 allele and the group that does was We thank K.C. Lee and C.L. Chao for technical assistance.
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