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Summary

Free fatty acids (FFAs) are natural ligands of the PPARy2
FFA plasma concentration and composition may
represent one of the factors accounting for high heterogeneity of

receptor.

conclusions concerning the effect of the Pro12Ala on BMI, insulin
sensitivity or diabetes type 2 (DM2) susceptibility. Our objective
was to investigate the relation and possible interactions between
the Pro12Ala polymorphism and FFA status, metabolic markers,
and body composition in 324 lean nondiabetic subjects (M/F:
99/225; age 32+11 years; BMI 23.9+4.0 kg/m?) with and
without family history of DM2. Family history of DM2 was
associated with lower % PUFA and slightly higher % MUFA. The
presence of Prol2Ala polymorphism was not associated with
fasting plasma FFA concentration or composition, anthropometric
or metabolic markers of glucose and lipid metabolism in tested
population. However, the interaction of carriership status with
FFA levels influenced the basal glucose levels, insulin sensitivity
and disposition indices, triglycerides, HDL-cholesterol and leptin
levels, especially in women. The metabolic effects of 12Ala
carriership were influenced by FFA levels — the beneficial role of
12Ala was seen only in the presence of low concentration of
plasma FFA. Surprisingly, a high PUFA/SFA ratio was associated
with lower insulin sensitivity, the protective effect of 12Ala allele
was apparent in subjects with family history of DM2. On the basis
of our findings and published data we
genotyping of diabetic patients for Pro12Ala polymorphism of the
PPARY2 gene before treatment with thiazolidinediones and
education of subjects regarding diet and physical activity, which

recommend the

modulate metabolic outcomes.
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Introduction

The prevalence of obesity and diabetes mellitus
type 2 (DM2) has been increasing dramatically throughout
the entire world in the last decades. There is growing
evidence that the interaction between genetic factors and
environmental factors such as dietary habits, physical
activity, stress, chemical toxins etc. plays a crucial role in
the pathogenesis of these multifactorial diseases (Barroso
2005, Uusitupa 2005, Cocozza 2007). In spite of intensive
study, the pathogenetic mechanisms for this are still not
completely understood. It is suggested that the major
metabolic defect is the impaired fat metabolism, which is
associated with the development of insulin resistance, the
key feature of metabolic syndrome (McGarry 2002,
Cahova et al. 2007).

Free fatty acids are one of the major dietetic
factors, which influence insulin sensitivity and beta-cell
function (Keller 2006). Numerous studies over the past 25
saturated  (SFA),
monounsaturated (MUFA), and polyunsaturated fatty acids

years have demonstrated that
(PUFA) do not regulate glucose and lipid metabolism in
the same way or with the same outcomes (Storlien et al.
1991, McGarry 2002). Dietary polyunsaturated fatty acids
(PUFAs), particularly the long-chain n-3 fatty acids of fish
oils, improve the anomalies in glucose and lipid
metabolism associated with fat ingestion. PUFAs rich in

long chain n-3 fatty acids markedly reduce hepatic TG
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output by suppressing hepatic de novo fatty acid and TG
biosynthesis, and increasing hepatic fatty acid oxidation
(Takada et al. 1994, Zak et al. 2005, Kuneova et al. 2006)
by modulating the expression of hepatic glycolytic and
lipogenic enzymes including pyruvate kinase, fatty acid
synthase, and glucokinase (Jump et al. 1994). In contrast to
the consistent beneficial effects of polyunsaturated fats,
deleterious effects of saturated fats were found. There is
evidence from epidemiological studies that appears to link
higher saturated fat intake with insulin resistance, even
1993).
Furthermore, the effects of dietary fats were more

after adjustment for adiposity (Parker et al

pronounced in sedentary individuals, whereas increased
levels of physical activity attenuated the relationship
between dietary fat intake and fasting insulin. This
indicates that an interaction between fatty acid composition
and level of physical activity may play a role (Feskens et
al. 1994). Monounsaturated fatty acids (MUFAs) intake
has been shown to be beneficial in short-term trials in DM2
patients (Campbell ef al. 1994). With a high-MUFA diet,
blood glucose control improves, postprandial insulin levels
decrease, insulin sensitivity improves, TG levels decrease,
and  high-density (HDL)
concentrations either remain unchanged or increase (Parillo

lipoprotein cholesterol
et al. 1992). However, not all epidemiological studies
show MUFAs to have a beneficial effect on the indices of
insulin resistance and diabetes outcome (Marshall e al.
1994).

The Prol2Ala polymorphism of the PPARy2 gene, free
fatty acids and insulin sensitivity

The gene encoding for peroxisome proliferator-
activated receptor-y (PPARG) plays a key role among the
genetic factors that significantly influence insulin
sensitivity (Kersten et al. 2000, Lazar 2005). The PPARy2
is a member of the nuclear hormone receptor family. It is a
transcription factor that has been identified as a functional
receptor for the thiazolidinedione (TZD) class of insulin-
sensitizing drugs (Lehmann et al. 1995). It is expressed at
high level in adipose tissue (Vidal-Puig ef al. 1997, Fajas
et al. 1997), where it modulates the expression of target
genes implicated in adipocyte differenciation and glucose
homeostasis. Expression of the PPARy has also been
demonstrated in human beta-cells (Dubois et al. 2000).
Therefore, the PPARY2 represents a candidate gene for
type 2 diabetes mellitus (DM2). The importance of the
gene in the control of human insulin sensitivity has been
confirmed by the finding of severe insulin-resistant
diabetes in families with loss of function mutations in the

gene (Barroso et al. 1999). Moreover, gain of function
mutation has been associated with severe obesity in men
(Bluher and Paschke 2003). The Prol2Ala single
nucleotide polymorphism in exon B of the gene (Yen et al.
1997) was found to lower transactivation capacity (Deeb et
al.  1998). studies
relationship between this polymorphism and metabolic

Numerous have examined the
parameters with variable results reviewed by (Stumvoll
and Haring 2002a). In terms of adiposity, increased,
decreased, as well as neutral effects of the 12Ala allele
were reported. Similarly, conflicting results were reported
in terms of DM2 susceptibility. However, the metaanalysis
of published association studies confirmed a modest (1.25-
fold) but significant (p=0.002) increase in DM2 risk with
the 12Pro allele, i.e. protective effect of the 12Ala variant
(Altshuler et al. 2000).

Free fatty acids (FFAs) are natural ligands of the
PPARY2 receptor (Forman et al. 1995, Lazar 2005). It is
not completely clear what effect FFA composition has on
the gene’s activity and how this effect is modulated by the
presence of the Prol2Ala polymorphism. Several factors
may account for high heterogeneity of conclusions
reporting the effect of the Prol2Ala polymorphism on
BMI, insulin sensitivity or DM2 susceptibility and FFAs
plasma composition may represent one of them. Recently,
several studies have been conducted to study gene-nutrient
interactions of Prol12Ala polymorphism in basal as well as
in diet induced conditions (Luan ez al. 2001, Lindi et al.
2001, Stefan et al. 2001, Vaccaro et al. 2002, Lindi et al.
2003, Memisoglu et al. 2003, Robittaile ef al. 2003, Franks
et al. 2004, Pisabarro ef al. 2004, Tan et al. 2006, Soriguer
et al. 2006, Vaccaro et al. 2007). However, the results are
not fully concordant.

The objective of our study was to investigate the
relation of the PPARY2 Prol12Ala polymorphism, basal and
oGTT stimulated plasma concentration, and composition
of FFAs and markers of glucose and lipid metabolism as
well as body composition in lean healthy subjects with and
without family history of diabetes type 2 and to study the
possible modulating effects of the FFAs status on the
metabolic outcomes.

Methods

Study subjects

We studied 324 lean nondiabetic subjects (M/F:
99/225; age 32+11 years; BMI 23.9+4.0 kg/m?) in terms of
biochemical parameters related to glucose and lipid
metabolism, body composition and Prol2Ala genotyping.
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A subgroup of the participants had family history (FH) of
DM2 (n=106, M/F 33/73) (FH+, i.e. DM2 diagnosed by
the criteria of the World Health Organization was present
in one or both parents). The study protocol was in
accordance with institutional ethic guidelines and national
rules and all the subjects gave their written informed
consent to participate in the study.

Clinical and biochemical characterization

Anthropometric data was obtained in the fasting
state. Body weight, height, waist and hip circumferences
were measured in all participants in order to calculate body
mass index (BMI) and to evaluate body fat distribution by
means of waist circumference and waist to hip ratio
(WHR). Furthermore, 14 skinfolds were measured and
body composition (% of subcutaneous fat mass, % of
muscle mass, and % of bone mass) was then calculated
using the ANTROPO program (Blaha 1991).

After an overnight fast, venous blood samples
were taken. Glucose metabolism was characterized by
blood glucose (Gy; glucose oxidase method, Beckman
Glucose Analyser 2), immunoreactive insulin (Iy;
immunoradiometric assay kit, Immunotech IRMA, Czech
Rep), C-peptide (Cpy; immunoradiometric assay Kit,
Immunotech IRMA, Czech Rep), and also proinsulin
(ELISA kit, DRG Diagnostics, Germany). The 3-hour oral
glucose tolerance test (0GTT) with 75 g of glucose load
and intravenous insulin tolerance test (ivITT) according to
Young et al. (1996) were performed in all subjects. Areas
under the oGTT glycemic, C-peptide and insulin curves
were calculated (AUC). Lipid profile was assessed by total
cholesterol (CH), HDL cholesterol (HDL-CH), low-
density lipoprotein cholesterol (LDL-CH) and triglycerides
(TG) concentrations (automatic biochemical analyser
Integra 400+, Roche Diagnostics GmbH, Germany). To
assess insulin sensitivity and beta-cell function, the
homeostasis models I/HOMA R and HOMA F assessment
(Matthews et al. 1985), Matsuda index (Matsuda and De
Fronzo 1999) and insulinogenic index were used
(1/HOMAR=1/(I;*G¢/22.5), HOMA F=20*1y/(G¢-3.5),
Matsuda index = 10% \/(meanlo*meanGo*GO*IO),
insulinogenic  index=(13¢-1p)/(G3p-Go))-
product of insulin sensitivity and beta cell function, i.e.

Moreover, the

disposition indices (DI), were calculated as follows:
DI;=1/HOMA R* (I3¢-Ip)/(G3)-Go), DI,=Matsuda index
*HOMA F. The basal FFA (FFA,) and oGTT-stimulated
concentrations in the 60th (FFA¢) and 180th min (FFA )
of oGTT were evaluated by spectrophotometric method
using NEFA C ACS-ACOD (Wako Chemicals GmbH,

Germany) and FFA composition was assessed by gas
chromatography (GC-14A instrument, Shimadzu, Kyoto,
Japan) after extraction and subsequent derivatization by
isooctane-methylchloroformiate, 5:1. Heptadecanoic acid
(C17:0) was used as internal standard (Husek et al. 2002).
Saturated fatty acids (SFA) fraction included C12:0,
C14:0, Cl16:0, C18:0. Monounsaturated fatty acids
(MUFA) fraction consisted of Cl16:1n-7, CI18:1n-7,
C18:1n-9, C20:1n-9 and polyunsaturated fatty acids
(PUFA) fraction of Cl18:2n-6, C18:3n-3, C20:3n-6,
C20:4n-6, C22:6n-3. The total concentrations of fatty acids
type groups (X SFA, £ MUFA, X PUFA) as well as their
percentage shares (% SFA, % MUFA, % PUFA) out of
total FFAs derived from GC method were evaluated.

PPARy2 Prol2Ala genotyping

DNA extracted from peripheral leucocytes was
used to genotype for the Prol2Ala polymorphism by the
SSCP method as previously described in literature
(Niskanen et al. 2003). Positive and negative controls were
used in every run.

Statistical analysis

For the statistical evaluation, NCSS 2004
(Statistical Solutions, Saugus, Ma, USA) software was
used. Data is given as means and SEMs or percentages.
The Chi-square test was used to assess deviation from
Hardy-Weinberg equilibrium of genotypic frequencies by
calculating expected frequencies of genotypes. Frequencies
were compared by Fisher’'s exact tests. Differences in
data between the
compared groups were tested by non-parametric Mann-
Whitney test or by ANOVA (after the data transformation
to normal distribution). When appropriate, data was

biochemical and anthropometric

adjusted for age or for age and BMI using the GLM
ANOVA. For quartile comparisons the cut off values of
25th and 75th percentiles of FFAQ concentration, % SFA,
¥ SFA, % MUFA, ¥ MUFA, % PUFA, ¥ PUFA, and
PUFA/SFA ratio were stated for subjects with and without
FH of DM2 separately. The P values <0.05 (two tailed)
were considered to be significant.

Results

Comparison of subjects with and without FH of DM2
General clinical characteristics of the study
population are given in Table 1. The subjects with and
without FH of DM2 differed significantly in age. Even
after the adjustment for age all measured anthropometric
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Table 1. Phenotypical characterization of study subjects with (FH+) and without family history (FH-) of DM2.

FH+ FH- P

(males/females) (males/females) ANOVA
n 33/73 66/ 152 -
Age (vears) 39.4+1.5/36.9£1.5 29.4+1/29.5+0.9 0.000 / 0.000°
BMI (kg/mz) 25.8+0.6 / 24.3+0.4 24.240.4 / 23.1+£0.3 0.05/0.03
WHR 0.88+0.01 /0.75+0.01 0.84+0.01 / 0.73+0.004 0.001/0.02
Waist (cm) 89.5£1.6 / 75.7+1 83.7£1.1/72.8+0.7 0.01/0.02
Subcutaneous fat (%) 17.9£1.1/26+0.8 16.3+£0.8 / 24.54£0.6 0.3/0.14
Muscle/fat ratio 3.1£0.3 /1.7+0.1 3.440.2 /1.84+0.1 0.4/0.23
TG (mmol/l) 1.1£0.06 1+£0.04 0.09
CH (mmol/l) 4.7+0.1 4.6+0.1 0.2
HDL-CH (mmol/l) 1.1£0.05 / 1.5+0.04 1.240.04 / 1.6+0.03 0.23/0.2
LDL-CH (mmol/l) 2.8+0.1 2.6+0.1 0.1
Leptin (ng/ml) 3.740.6 / 12+1.4 5+0.4 /13+1.1 0.1/0.6
FFA, (mmol/l) 0.6+0.03 0.5+0.02 0.2
2 SFA (umol/l) 178+8 183+6 0.8
% SFA 38+0.6 38+0.5 0.9
2 MUFA (umol/l) 197+10 191+7 0.6
% MUFA 41£0.7 40£0.5 0.06°
2 PUFA (umol/l) 9745 107+4 0.2
% PUFA 2120.5 22+0.4 0.02"
PUFA/SFA ratio 0.56+0.02 0.6+£0.02 0.09
Gy (mmol/l) 4.7+0.05 4.6+0.03 0.1
Cpy (nmol/l) 0.7+0.03 0.6+0.02 0.048°
Iy (mlU/) 8+0.4 6.7+0.3 0.02
AUC G7 (3h OGTT) 1022+18 973+12 0.038°
AUC Cp7 (3h OGTT) 412+13 387+9 0.14
AUC 17 (3h OGTT) 6350+513 5466367 0.19
AUC WITT (15min) 37.9+0.6 38.1+0.4 0.79
HOMA R (mIU.mmol.I?) 1.7+0.1 1.4+0.07 0.012¢
HOMA F (miU/mmol) 13110 136+7 0.7
Matsuda index (mmol”.mIU".’) 169+10 162+7 0.56
Insulinogenic index (mIU/mmol) 15.2+1.9 18.5+1.4 0.19
1/HOMA R*Insulinogenic index 13.5£2.5 17.3£1.8 0.25
Matsuda index*HOMA F 17183+1026 18481+730 0.33

Data adjusted for age are shown as MEAN+SEM; @ Mann-Whitney test; ° after adjustment for age and BMI p=0.02; © after adjustment

for age and BMI p=NS, %adjustment for age and BMI p=0.037

parameters except for % of subcutaneous fat were
significantly higher in subjects with FH of DM2. There
were no differences in lipid spectra (TG, total CH, HDL-
CH, LDL-CH) nor in basal or oGTT stimulated FFA
levels between the two groups. In terms of FFA
composition, subjects with FH of DM2 displayed
significantly lower % PUFA, tendency toward lower
PUFA/SFA ratios and slightly higher % MUFA. After

adjustment for age and BMI almost all significances
disappeared except of % PUFA (p=0.012) and % MUFA
(p=0.037). As to glucose tolerance, basal insulin, basal C-
peptide levels, areas under the glycemic (AUC G7) and
insulinemic oGTT curves (AUC 17) and index of insulin
resistance HOMA R were significantly higher in DM2
offspring after adjustment for age but not after adjustment
for age and BMI.
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Table 2. Genotype and allelic frequencies of PPARY2 Pro12Ala polymorphism in study subjects with (FH+) and without (FH-) family

history of DM2.

FH+ FH- Fisher’s exact test
Pro/Pro 75 (70.8 %) 158 (72.5 %)
Pro/Ala 27 (25.4 %) 56 (25.7 %) Chi’=0.018; p=0.62
Ala/Ala 4 (3.8 %) 4 (1.8 %)
Pro 177 (83.5 %) 372 (85.3 %) 9

Chi*=0.076; p=0.56

Ala 35(16.5 %) 64 (14.7 %)

PPARy2 Prol24la genotype distribution and the
genotype-phenotype associations with respect to FH of
DM?2

PPARYy2 Prol2Ala allelic
distribution in the studied cohorts is given in Table 2. The
genotype
equilibrium. The frequency of the 12Ala allele was

genotype and

distribution was in  Hardy-Weinberg
153 %, i.e. similar as reported in other studies in
Caucasians. Only 8 subjects were homozygous for the
12Ala variant. As no difference in circulating FFA was
observed between 12Ala homozygotes and heterozygotes,
these subjects were pooled together in the analysis and
are referred to as 12Ala carriers. There were no
differences in the genotype and allelic frequencies
between DM2 offspring and controls.

The frequency of the 12Ala carriers was also
analyzed and compared across increasing quartiles of
basal FFA concentrations as well as across quartiles of
% SFA, % MUFA, % PUFA, X SFA, £ MUFA, X PUFA,
and PUFA/SFA ratio. However, no relation was observed
concerning the 12Ala carriers distribution across the
quartile groups (data not shown).

Carriers and non-carriers of the 12Ala variant
showed very similar basal FFA concentrations and also
other biochemical and anthropometric data (concerning
anthropometry, HDL-cholesterol and leptin, males and
females were analyzed separately) were comparable
across the genotypes in subjects with and without FH of
DM2 (Table 3). Concerning the FFA composition,
significant difference between 12Pro homozygotes and
12Ala carriers in basal MUFA concentration, but not in
% MUFA, was found. This parameter was higher in
12Ala carriers without FH of DM2 (adjusted for age,
p=0.03). The carriers of the 12Ala variant had higher
leptin levels, significance was observed especially in
women with FH of DM2. However, the 12Ala carriers
did not differ from their 12Pro counterparts in parameters
characterizing glucose tolerance, insulin resistance and
beta-cell function.

The interaction of Prol2Ala genotype with FFA
concentration and composition and its influence on
insulin sensitivity a beta-cell function — comparison of
opposite quartiles

To investigate the putative interaction of the
polymorphism with FFA concentration and composition,
and its possible influence on anthropometric and
biochemical data, especially on insulin sensitivity and
insulin secretion, the subjects carrying the same genotype
whose basal FFA concentrations, % PUFA, % MUFA,
% SFA, PUFA, MUFA, SFA total concentrations and
PUFA/SFA ratio were the lowest (<25th percentile) and
the highest (>75th percentile) were compared. Similarly,
biochemical and anthropometric data were also compared
between 12Ala carriers and 12Pro homozygotes within
the same quartile of the above mentioned parameters. At
first we tested these interactions in subjects with and
without FH of DM2 separately. The values of whole body
insulin sensitivity (Matsuda index) in the opposite
quartiles of FFA concentration and composition,
respectively, with respect to genotype and FH of DM2
are given in Fig. 1. The interaction of genotype with
plasma PUFA/SFA ratio significantly influenced insulin
sensitivity. A high PUFA/SFA ratio was associated with
lower insulin sensitivity, the protective effect of 12Ala
allele was apparent in subjects with family history of
DM2. When the subjects both with and without FH of
DM2 in the appropriate quartiles were pooled together to
increase the statistical power, the AUC G7, AUC Cp7
were significantly higher in the upper quartile of basal
FFA in both genotypes (GLM Anova, all p<0.001)
(Table 4). Deterioration of insulin sensitivity as well as
insulin secretion in the upper quartile of basal FFA
concentration regardless of carriership was apparent.
12Ala
disposition indices and leptin levels in females in the

Moreover, in carriers  significantly lower
upper quartile in comparison with the lowest one were
found. It was obvious that the genotype 12Ala is

associated with the best values of insulin sensitivity
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Fig. 1. Whole body insulin sensitivity (Matsuda index) in the opposite quartiles of free fatty acids concentration and composition with
respect of genotype and FH of DM2. Blank bars: 12Pro homozygotes, black bars: 12Ala carriers
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Table 4. Comparison of lipid spectra, leptin levels and parameters of glucose metabolism in 12Ala carriers and non-carriers
(irrespectively of family history of DM2) in relation to basal free fatty acids levels.

FFAs, quartiles p
<25th >75th ANOVA
Ala carriers

<25th >75th

Non Ala carriers

n 49 50 24 26

TG 1.03+0.1 1.08+0.1 0.89+0.1 1.3740.1 0.045
CH 4.5+0.1 4.7+0.1 4.8+0.2 4.5+0.2 0.29
LDL-CH 2.7+0.1 2.7+0.1 2.6:£0.2 2.5+0.2 0.82
HDL-CH women 1.5340.1 1.68+0.1 1.73+0.1 1.49+0.1 0.015
HDL-CH men 1.17+0.1 1.22+0.1 1.27+0.1 1.1740.1 0.42
SFA 142+13 228+12 164+22 242420 0.83
% SFA 40+1 36+1 38+2 36+1 0.61
MUFA 129+14 268+13 173£23 301+21 0.76
% MUFA 38+1 43+1 412 44+2 0.51
PUFA 81+8 132+7 87+13 134+12 0.88
% PUFA 22+1 21+1 20=+1 19+1 0.76
PUFA/SFA 0.57+0.03 0.61+0.03 0.55+0.04 0.56+0.04 0.72
Leptin women 12.4+1.7 12+1.4 22.542.2 10.7£2.3 0.008
Leptin men 4.840.5 4.9+0.7 5.9£1.3 4.7+0.8 0.51
Gy 4.8+0.1 4.6x0.1 4.5+0.1 4.9£0.1 0.004
Cpy 0.63+0.03 0.58+0.03 0.62+0.05 0.64+0.05 0.29
Iy 7.1+0.6 7.44+0.6 6.7+0.9 7.7£0.9 0.62
AUC G7 (3h OGTT) 937+23 1064423 902+33 1073+33 0.43
AUC Cp7 (3h OGTT) 364+17 434+17 321+24 423424 0.46
AUC 17 (3h OGTT) 4850+500 6348+463 4080+688 6188+655 0.61
AUC WwITT (15min) 38+1 39+1 36+1 39+1 0.12
HOMA R 1.55+0.13 1.46+0.13 1.37+0.18 1.68+0.18 0.22
Matsuda index 174£15 144+15 203+£22 160+£20 0.71
Insulinogenic index 18.3£3.6 16£3.5 27.8+4.9 13.1+4.7 0.16
HOMA F 141£16 133£16 148+23 123£23 0.66
Matsuda index*HOMA F 17614£1382 1723541331 21828+1955 134771777 0.018
1/HOMA R*insulinogenic index 15.54+4.6 12.844 .4 37.246.3 9.3+6.1 0.024

Data are adjusted for age and BMI and shown as MEAN+SEM
parameters as well as disposition indices in the presence  found between 12Ala and 12Pro carriers in the

of low FFA concentration. But in the presence of high
basal serum FFA this genotype was associated with the
worse glucose tolerance comparable with 12Pro carriers
in the upper quartile. Also, the highest TG and the lowest
level of HDL-CH in women was measured in 12Ala
carriers in presence of high levels of basal FFA (Table 4).
Similar trends were seen when quartiles of £ SFA were
evaluated (data not shown). No differences in the tested
parameters between 12Ala carriers in lower vs. upper
quartile of MUFA, PUFA total concentrations and % and
PUFA/SFA ratio were revealed, and no differences were

appropriate quartiles.
Discussion

The relationship of a relatively common
plymorphism Prol12Ala of PPARy2 gene and circulating
fasting and stimulated (by diet or by functional tests)
FFAs and insulin sensitivity has been evaluated in several
recent studies (Luan et al. 2001, Lindi et al. 2001, Stefan

et al. 2001, Vaccaro et al. 2002, Lindiet al. 2003,
Memisoglu et al 2003, Robittaile ef al. 2003, Franks ef al.
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2004, Pisabarro et al. 2004, Tan et al. 2006, Soriguer et
al. 2006, Vaccaro et al. 2007). But the results are
about the
mechanisms of the PPARY2 modulation of insulin action,

inconsistent. The question molecular
glucose homeostasis and body weight and the role of
FFAs plasma levels and FFA composition is still open.
We studied these interactions in lean healthy
adults with or without family history of DM2 in fasting
and in oGTT
(Groop et al. 1996) the anthropometric and metabolic
shift in the subjects with family history of DM2 to the

“metabolic syndrome risk phenotype” although they were

stimulated conditions. We confirmed

relatively young and lean. Interestingly, there were no
differences in the lipid spectra (TG, CH, HDL-CH, LDL-
CH) or basal FFAs. Positive FH of DM2 was associated
with lower % PUFAs, even after adjustment for age. We
could not exclude dietary influence because we did not
monitor the food intake exactly over a period before the
study, but it is very improbably that there would be
different habitual diet (esp. regarding the PUFAs content)
in subjects with and without FH of DM2. The reduction
of % PUFA in the DM2 offspring could be caused by the
reduced activities of delta6 and delta5 desaturases that are
essential for the formation of the long-chain metabolites
of FFA in the early phase of the insulin resistant state of
these subjects. The impaired activities of delta6 and
delta5 desaturases were found in experimentaly induced
diabetic rats and in spontaneously diabetic rats where
their activity was restored by insulin treatment (reviewed
by Vessby et al. 2002). The activity of fatty acid
desaturases is regulated by long-chain polyunsaturated
fatty acids and insulin and is probably also dependent on
physical activity (Vessby et al. 2002) and caloric
restriction (Das 2005).

The role of PPARY2 in fat metabolism, insulin
sensitivity and regulation of body weight is very complex
and is modulated by many factors. PPARY2 is activated
by a number of mono and polyunsaturated fatty acids in
vitro (Forman et al. 1995, Schoonjans et al. 1995). Thus,
FFA status may result in differential gene activation in
12Ala carriers compared with non-carriers. On the other
hand plasma fatty acid composition seems to be regulated
by PPARY2 itself (Vaccaro et al. 2002, Ylonen et al.
2007).

The Prol2Ala genotype frequencies did not
differ in subjects with and without FH of DM2 and the
frequencies comparable with other studied
Caucasian cohorts (Altshuler et al. 2002). In our cohort,
of the association of the Prol2Ala

Wwere

the analysis

polymorphism with biochemical markers of insulin
sensitivity, lipid profile or body composition did not
reveal significant differences between the genotypes, i.e.
12Ala carriers and non-carriers, independent of FH of
DM2 as in Stefanski et al. (2006). Also, basal FFA
concentration was comparable across the genotypes.

The Prol2Ala genotyping across increasing
quartiles of basal FFA concentration and across quartiles
stratified on the basis of FFA composition showed no
relationship between the frequency of the polymorphism
and FFA status. Vaccaro et al.(2002) also did not show
any relationship between the Prol2Ala polymorphism
and fasting FFAs in the general population under
physiological conditions. However, when we compared
the parameters of glucose metabolism (G,, AUC G7,
AUC Cp7, AUC 17, Matsuda index, disposition index) in
12Pro and 12Ala carriers among the quartiles of basal
FFA, 12Ala carriership was associated with the highest
insulin sensitivity and disposition indices in the presence
of low levels of FFAs (<25th percentile). The situation
was completely opposite in subjects with 12Ala allele but
high FFA concentrations (>75th percentile). These people
had the lowest levels of the Matsuda insulin sensitivity
index, disposition indices and the highest fasting glucose
and areas under the oGTT curves. Similarly, Robitaille ez
al. (2003) found in the Quebeck Family Study that 12Ala
carriership was associated with metabolic deterioration
when exposed to high fat intake. A hypothesis that
indirectly fits our observations was stated by Vaccaro et
al. (2007), who formulated that 12Ala carriers are more
prone to weight gain when exposed to an obesogenic
environment but may benefit more from energy
restriction or increased energy expenditure.

The role of the 12Ala allele in the modulation of
leptin levels is under debate. We observed increased leptin
levels in 12Ala carriers as published in (Simon ef al. 2002,
Cole et al. 2000). Significance was shown in females with
FH DM2. An interaction was revealed between basal FFA
and Prol2Ala genotype resulting in significantly different
leptin levels among FFA quartiles in Ala carriers and non-
carriers. The female 12Ala carriers had nearly twice higher
leptin levels in the presence of low FFA in comparison to
the upper quartile.
12Ala carriership was also associated with elevated TG
levels but only in the upper FFA quartile. It is partly in
concordance with the hypothesis that the reduced
transcriptional activity of the Ala variant might enhance
the insulin-mediated inhibition of lipolysis (Stumvoll and
Haring 2002b, Vaccaro et al. 2007).



S86 Bendlova et al.

Vol. 57

The interactions of Pro12Ala genotype with fatty
acid concentration and composition with respect to FH of
DM2 and their influence on whole body insulin sensitivity
(Matsuda index) are given in Fig.l. Some trends are
apparent, but significance was reached only in a few cases
probably due to the relatively small number of Ala carriers
in the particular quartiles. Regarding the total basal plasma
FFA concentration, as expected, insulin sensitivity was
higher in the lower quartile of FFA,, irrespective of
Prol2Ala and FH of DM2 status. The interaction of the
polymorphism with the ratio of plasmatic PUFA/SFA was
evident in subjects with FH of DM2 where 12Ala
carriership was associated with higher insulin sensitivity
when PUFA/SFA was high. Surprisingly, the higher ratio
PUFA/SFA as well as higher ¥ PUFA and % PUFA were
associated with the tendency to lower insulin sensitivity.
Luan ef al. (2001) described the strong interaction between
dietary PUFA/SFA and Prol12Ala polymorphism for BMI
and fasting insulin. The authors demonstrated that these
parameters could be influenced in subjects with a given
genotype in the opposite manner depending on the
PUFA/SFA ratio. Moreover, this association was modified
by physical activity in 12Ala carriers in multiplicative
manner (Franks et al. 2004). On the contrary, Tai et al
(2004) did not find the modifying effect of PUFA/SFA on
Prol2Ala in determining of BMI and fasting insulin.
Soriguer et al. (2006) described higher insulin resistance in
obese people with 12Ala, especially if their intake of
MUFA was low. A similar, but not significant trend was
seen in our groups with and without FH of DM2.

Further studies with enlarged groups and with
subtypization of FFA, especially PUFA (n-6 / n-3),
together with involvement of physical activity and
evaluation of PPARY2 expression will be necessary to
prove these results.

The main outcomes of this study could be
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