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Abstract - The peroxisome proliferator-activated receptor gamma (PPARYy) is a gene candidate for the onset of type 2
diabetes mellitus (T2DM). We investigated the association of the PPARy Prol2Ala gene with the onset of T2DM for the
first time in the Serbian population. The study population consisted of 197 controls and 163 T2DM patients. The 12Ala
allele tended to be more frequent in the group of T2DM patients (0.11) compared to the control subjects (0.09). The
results from this study indicate that the PPARy, 12Ala allele presents a non-significant risk factor for T2DM deve-

lopment in the Serbian population.
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INTRODUCTION

Peroxisome proliferator-activated receptor gamma
(PPARy) is a member of the PPAR subfamily of
nuclear receptors and appears to be an important
regulator of adipogenesis (Kubota et al., 1999). This
transcription factor is activated by prostaglandin
derivatives and antidiabetic synthetic thiazolidindio-
nes, resulting in a powerful adipogenic response and
enhanced insulin (INS) sensitivity (Brun et al., 1996).
PPARy is encoded by a single gene that gives rise
through alternative splicing to four isoforms (y1, vz, ys
and vy, which are transcribed from four different
promoters and differ in their first exons. All of the
transcripts yield the same protein, except for the y2
transcript, which codes for 30 additional amino acids
on the N terminus (Ackert-Bicknell and Rosen, 2006).
The PPARY; isoform is almost exclusively expressed
in adipose tissue, while PPARYy; is widely expressed
(Fajas et al., 1997).
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Homozygous PPARY-deficient mice had lethal
embryos due to placental dysfunction (Kubota et
al,, 1999). Unexpectedly, the heterozygous PPARYy-
deficient mice were partially protected from high-
fat (HF) diet-induced obesity and INS resistance.
Thus, it appears that the amount of PPARy plays a
critical role in adypocyte hypertrophy and the
development of INS resistance under a HF diet
(Kubota et al., 1999). A Prol2Ala substitution has
been detected in the PPARY; gene (Yen et al., 1997)
and this amino acid is located in the PPARYy, do-
main that enhances ligand-independent activation
(Werman et al., 1997). This amino acid is highly
conserved. Codon 12 in the mouse PPARYy, gene is
proline (Yen et al, 1997). The Prol2Ala substi-
tution is associated with decreased receptor activity,
lower body mass index (BMI) and improved INS
sensitivity (Deeb et al., 1998). It is likely that two
alleles of PPARY interact with environmental fac-
tors such as a HF diet leading to an increase in the
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incidence of type 2 diabetes mellitus (T2DM)
(Heikkinen et al., 2009).

Many studies were undertaken in order to point
out the association of PPARy, Prol2Ala polymor-
phism with a susceptibility to T2DM. The majority of
them showed the association of this gene
polymorphism with T2DM development and also
observed that the Prol2 allele is the risk allele for its
onset (Mori et al., 2001; Douglas et al., 2001; Memi-
soglu et al., 2003; Ghoussaini et al., 2005). Studies
from Germany (Ringel et al., 1999) and Italy (Mancini
et al, 1999) have shown no association between
Prol2Ala polymorphism and T2DM onset. The
opposite was observed in four other studies (Sram-
kova et al., 2002; Malecki et al., 2003; Lindi et al., 2002;
Evans et al,, 2001) where results suggested a trend of
increased 12Ala allele frequency in the T2DM patients
compared to the control subjects, but with no
statistical significance. Taking into consideration these
controversial results about the association of PPARYy,
Pro12Ala polymorphism with T2DM onset across the
populations and the absence of data for our
population, in this study we have analyzed, for the
first time, the PPARy, Prol2Ala polymorphism in
both non-diabetic and diabetic patients in Serbia.
Thus, the aim of this study was to investigate which of
these two alleles, if either, represents a possible risk
factor for development of T2DM.

MATERIALS AND METHODS

Study population

A local Ethical Review Committee approved the
case-control study and each participant gave writ-
ten informed consent to participate in it. The study
population consisted of 360 Caucasian subjects
from Belgrade, Serbia. The control group (n=197)
consisted of healthy volunteers who were under-
going an annual medical check-up at the Occu-
pational Medicine Center, INN Vinca. The T2DM
patients (n=163) were recruited from the Endo-
crinology Clinic of the Military Medical Academy
(MMA), Belgrade, and from the Institute of En-
docrinology, Diabetes and Metabolism Diseases of

the Clinical Center of Serbia (CCS), Belgrade.
T2DM was diagnosed according to World Health
Organization criteria (WHO, 1985).

Anthropometric and biochemical measurements

Anthropometric measurements included BMI (kg/m?)
and waist-to-hip ratio (WHR). The waist
circumference was measured at the midpoint between
the iliac crest and the lower rib margin, and the hip
circumference was measured around the maximum
circumference of the buttocks (posteriorly) and the
symphysis pubis (anteriorly). Systolic and diastolic
blood pressures were measured twice in the right arms
of the subjects who had been resting for at least 10 min
in a comfortable position. Fasting blood samples for the
analyses of plasma glucose (GLU) and insulin (INS)
concentration were obtained in the morning after 12-h
fasting, and 120 min after breakfast. Plasma GLU
concentration was analyzed using the GLU oxidase
method by Beckman Glucose Analyzer II (Beckman
Instruments, Fullerton, CA) and the hexokinase
method by Olympus AU2700 (Olympus Diagnostics
GmbH, Hamburg, Germany). Plasma INS
concentration was determined by RIA kit (INEP,
Zemun, Belgrade, Serbia). INS resistance was estimated
according to the homeostasis model assessment
(HOMA-IR) method from fasting GLU and INS
concentrations using the formula: INS (pU/ml) x GLU
(mmol/L)/22.5 (Matthews et al., 1985). Glycosylated
hemoglobin (HbA,) was measured following an
overnight fast using Olympus AU2700 (Olympus
Diagnostics GmbH, Hamburg, Germany).

Lipids Measurement

Lipid concentrations were determined in serum
collected after overnight fasting. The total plasma
cholesterol (TC) and triglyceride (TG) levels were
determined on Monarch Plus apparatus (Instru-
mentation Laboratory, Lexington, KY) using enzy-
matic colorimetric methods. High-density lipopro-
tein cholesterol (HDLC) was determined after dex-
tran sulfate-Mg21 precipitation of VLDL and low-
density lipoprotein cholesterol (LDLC), using the
CHOD-PAP method. LDL cholesterol was calcula-
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ted according to the Friedewald formula for parti-
cipants with TG levels < 4.5mmol/L (WHO, 1985).

Genetic analysis

Genomic DNA was isolated from whole blood
samples collected with EDTA and purified by the
proteinase K/phenol extraction method (Kunkel et
al., 1977). The Pro12Ala polymorphism was detected
by the PCR (polymerase chain reaction) method.
The sequences of the primers were 5'-
TCTGGGAGATTCTCCTATTGGC - 3' (forward
primer) and 5' - CTGGAAGACAAACTACAAGAG
- 3' (reverse primer) (Hara et al., 2000). The forward
primer contained one nucleotide mismatch
(underlined), which made it possible to use the
restriction enzyme Hin6l for the detection of
Prol2Ala polymorphism. The conditions for PCR
were in a 25 pl reaction mixture containing 200 ng of
genomic DNA, 0.15uM of the primers, 2 mM MgClL,
200 uM dNTP each and 1U of Taq polymerase. The
reaction mixtures were incubated at 94°C for 5 min,
followed by 35 cycles of denaturation at 94°C for 30
s, annealing at 52°C for 30 s and extension at 72°C
for 30 s. The PCR products were digested with Hin6l
at 37°C overnight. The Pro12 allele gave one 154 bp
fragment whereas the 12Ala allele gave 133 bp and
21 bp fragments. The digestion products were loaded
onto a 10% polyacrylamide gel for genotyping and
run for 2 h in an electric field at 12 V/cm. The gels
were stained with silver nitrate and visualized using a
GDS8000 gel documentation system (Ultra Violet
Products, Inc., Upland).

Statistical analysis

All statistical analyses were carried out using
Statistica Version 5 (1997) software package
(StatSoft, Inc.). Differences with two-tailed alpha-
probability (P) < 0.05 were considered significant.
The allelic frequencies and genotype distribution
were estimated using the gene counting method.
Differences in both allele and genotype frequency
distribution between the studied groups were esti-
mated by the chi-square (x°) test. Deviation from

Hardy-Weinberg equilibrium was also assessed
using the y’ test. For cross comparison (2x2) of
parameters, which have one of two possible out-
comes (the presence of T2DM according to sex,
smoking and hypertension), the Fisher exact two-
tailed test was used. Differences in continuous
variables between the groups were tested with
Student's ¢-test and one way ANOV A with adequate
post hoc tests when the distribution of the variable
or the logarithmically transformed variable
approached a normal distribution. Otherwise, the
Mann-Whitney U test and Kruskal-Wallis ANOVA
tests were used. To estimate an association of the
PPARY, Prol2Ala polymorphism genotypes with
the onset of T2DM, both univariate and mul-
tivariate logistic regression analyses were performed
and the results were presented as both unadjusted
and adjusted odds ratios (OR) and their confidence
intervals (95% CI). The crude effect of the Prol12Ala
polymorphism was adjusted for the variables that
were statistically significant for the onset of T2DM
in the univariate logistic regression analysis.

RESULTS
Description of the population

The clinical parameters for both control and of
T2DM patient groups are shown in Table 1.
Differences between the groups were significant for
gender, age, BMI, systolic blood pressure, diastolic
blood pressure, total cholesterol, HDL cholesterol,
LDL cholesterol, triglycerides and hypertensive
status. In general, the patients with T2DM were
significantly older and had significantly higher BMI
values, SBP and DBP levels, TC, LDLC and TG
plasma levels and lower HDL levels compared to
the control subjects.

Effect of PPARy Prol12Ala gene polymorphism on
susceptibility to T2DM

The genotype frequency distribution for PPARY,
Prol2Ala gene polymorphism was in Hardy-Wein-
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Table 1. The clinical and histopathological characteristics of patients

p
Characteristics Control subjects Type 2 diabetic subjects t-test
95(48.22)/ 127(77.91)/

M/F n (%) 102(51.78) 36(22.09) <0.01*
Age (years) 34.9+12.2 55.1£9.3 <0.01
BMI (kg/m?) 243437 28.3+4.5 <0.01
SBP (mmHg) 117.7£10.2 139.9+£18.9 <0.01#
DBP (mmHg) 76.2+6.4 86.2+11.9 <0.01#
TC (mmol/L) 5.6%1.2 6.3£1.3 <0.01
HDLC (mmol/L) 1.40+0.36 1.05+0.28 <0.01
LDLC (mmol/L) 3.56x1.04 4.11+.25 <0.01
TG (mmol/L) 1.29+0.76 2.84+2.71 <0.01
Hypertensive - n (%) 2(1.02) 66 (44.30) <0.01*
Smokers - n (%) 100 (50.76) 65 (49.24) NS*

BMI - body mass index; SBP - systolic blood pressure; DBP - diastolic blood pressure; TC - total cholesterol; HDLC high-density
lipoprotein cholesterol; LDLC - low-density lipoprotein cholesterol; TG - triglycerides. Values are mean + SD for age, BMI, SBP, DBP, TC,
HDLC, LDLC and TG; * -- Fisher exact two-tailed test (X2 - test); # —-Mann-Whitney U test ; NS - non-significant.

berg equilibrium for both control and T2DM
patients. The 12Ala allele frequency was slightly
higher in the T2DM patients (0.11) compared to
the control (0.09), without any statistical significan-
ce (Table 2). The distribution of the genotype fre-
quencies was not significantly different between the
studied groups (Table 2).

The 12Ala allele T2DM female carriers had
significantly (p<0.05) lower fasting INS concen-
tration than T2DM women with Prol2Pro geno-
type (Table 3.).

The carriers of 12Ala allele had non-significant
unadjusted OR (1.10) for the onset of T2DM. After
an adjustment of the factors that have been
significantly associated with T2DM in univariate
analysis (age, BMI, TC, LDLC, HDLC, TG and

hypertensive status), Alal2 allele carriers show
increased OR (1.81), CI (0.83-3.95) for DMT?2
onset, however it was not statistically significant
(Table 4 and Fig. 1).

DISCUSSION

This study examined PPARy, Prol2Ala gene
polymorphism as a risk factor for the onset of
T2DM in the Serbian population. No association
between Prol2Ala polymorphism and T2DM was
found in the population sample. A non-significant
increase in the risk for T2DM onset was found for
Alal2 allele carriers. A significantly lower fasting
INS concentration associated with 12Ala allele
carriers was observed only in the group of T2DM
women.
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Table 2. Genotype distribution and allele frequencies for PPARy: Pro12Ala gene polymorphism in the groups of control and T2DM
patients

Control subjects Type 2 diabetic patients
Genotype n % n % X
ProPro 160 81.22 130 79.75
ProAla + AlaAla 37 18.78 33 20.25 NS
Pro allele/Ala allele 0.91/0.09 0.89/0.11 NS

a - Fisher exact two-tailed test

Table 3. Anthropometric and biochemical measurements of T2DM patients stratified by gender according to the Prol2Ala
polymorphism of the PPARY: gene.

Characteristic T2DM women (n=36) T2DM men (n=127)
Pro/Pro Ala-carriers P Pro/Pro Ala-carriers P

Age (years)

59.3+49.4 56.67+7.02 NS 53.448.5 56.7+8.0 NS

2
BMI (kg/m?) 26.8+4.0 29.9+8.3 NS 28.4+4.1 28.245.4 NS
TC (mmol/L) 6.5+1.9 6.0+0.93 NS 6.2+1.3 6.2+1.3 NS
HDLC (mmol/L) 1.24+0.32 1.25+0.03 NS 1.01+0.26 1.05+0.25 NS
LDLC (mmol/L) 4.19+1.65 3.99+0.72 NS 4.07+1.29 4.11+0.95 NS
TG (mmol/L) 2.30+1.43 1.72+0.61 NS 2.612.13 2.42+1.40 NS
Fasting 7.8+2.0 10.642.9 NS 8.4+2.8 8.5+2.2 NS
glucose(mmol/L)
2h glucose(mmol/L) 11.3+4.7 15.11.3 NS 11.4+4.0 10.743.3 NS
Fasti
rasting 20.2+10.8 9.5+4.5 <0.05 24.5+14.3 31.1+15.9 NS
insulin(mU/L)
2h insulin(mU/L) 86.4+88.0 23.8+12.4 NS 68.8+51.9 72.7+50.1 NS
WHR 0.87+0.07 0.86+0.05 NS 1.03+0.07 1.04+0.05 NS
HOMA-IR 7.40+6.16 424+1.99 NS 8.89+4.92 11.78+7.65 NS
(V)

HbAic (%) 6.70+1.20 8.47+0.51 NS 7.48+1.53 7.12+1.26 NS
SBP (mmHeg) 138.5+14.5 136.2+14.1 NS 137.7+17.1 136.6+14.7 NS
DBP (mmHg) 81.0+7.4 77.742.5 NS 86.1+10.6 88.9+4.5 NS

BMI - body mass index; TC - total cholesterol; HDLC - high-density lipoprotein cholesterol; LDLC - low-density lipoprotein cholesterol;
TG - triglycerides; WHR - waist-to-hip ratio HOMA-IR - Homeostasis Model assessment - insulin resistance; HbA1C - glycosylated
haemoglobin; SBP - systolic blood pressure; DBP - diastolic blood pressure. Values are mean + SD for all measured parameters. NS - non-
significant.
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Table 4. PPARy: Prol2Ala gene polymorphism relative odds ratios (ORs) for onset T2DM unadjusted and adjusted for differences in

significant clinical risk factors *

Genotype classes Unadjusted OR (95% CI)

p Adjusted OR(95% CI) p

ProPro vs. ProAla + AlaAla 1.10 (0.65-1.86)

0.73 1.81 (0.83-3.95) 0.14

# see results

Results involving the role of PPARy, Prol2Ala
gene polymorphism in T2DM onset vary across
populations as well as the frequency of 12Ala allele
in the T2DM patients compared to controls, suggest
genetic heterogeneity (Ludovico et al., 2007). Our
finding of 12Ala allele frequency in the controls is
in agreement with the previous study that found a
north-south frequency decrease gradient in Europe
(Ludovico et al., 2007). Considering the risk of
T2DM onset and 12Ala allele frequency, our fin-
ding is in accordance with previous results (Ringel
et al., 1999; Mancini et al., 1999; Ludovico et al,,
2007). A reduced risk of T2DM in the Alal2
carriers is greater in Asia than in Europe. Among
Europeans, it is higher in northern Europe, barely
significant in central Europe, and nonexistent in
southern Europe (Ludovico et al., 2007). The same
nonexistence of reduced risk for T2DM in Alal2
carriers is present in our population, as one of the
southern European populations. The trend for
increased risk for T2DM in PPARy, 12Ala allele
carriers compared with non-carriers was observed
in our population. This is similar to results from

Adjusted OR

ProPro vs. ProAla + AlaAla 1.81
.

Unadjusted OR

ProPro vs. ProAla + AlaAla

0 1 2 3 4 5 6 7 8 9 10
Odds Ratio

Figure 1.

other (Czech, Polish, Finnish and German) diabetes
studies (Sramkova et al., 2002, Malecki et al., 2003;
Lindi et al., 2002; Evans et al., 2001).

However, the present data show that T2DM
female carriers of 12Ala allele had significantly lo-
wer fasting INS than those with a Prol12Pro geno-
type. This is in agreement with the results of
impaired INS secretion in 12Ala T2DM individuals
in two other populations (Mori et al., 2001; Sram-
kova et al., 2002). In addition, the Prol12Ala poly-
morphism in the PPARY, gene might be involved in
a differential regulation of INS secretion in
response to increased free fatty acids (FFAs) in
healthy humans (Stefan et al., 2001). The 12Ala
allele carriers have a reduced capacity for INS
secretion (Stefan et al., 2001).

The PPAR-gamma is expressed in human beta-
cells (Dubois et al., 2000). Therefore, Prol12Ala gene
polymorhism could interfere with pancreatic function
and have an impact on INS secretion and sensitivity
and GLU homeostasis. 12Ala allele might be a risk
factor for INS deficiency, and therefore contribute to
the progression of T2DM. Heikkinen et al., (2009)
reported differences in gene expression changes
associated to the Prol2Ala variant between the two
diets. This supports the hypothesis that the Pro12Ala
phenotype depends on nutritional status and suggests
PPARYy; as an environmental sensor (Heikkinen et al.,
2009). Hence, PPARY, may provide a better, probably
Prol2Ala genotype-dependent treatment strategy for
INS resistance in T2DM.

In conclusion, the non-existence of reduced risk
of T2DM in the Alal2 carriers in the Serbian
population is similar to that of populations with the
same geographic origin. The results of our case-
control study indicate a trend towards 12Ala allele as a
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risk factor for T2DM development. Considering the
number of the participants in this study, as well as the
existence of the European north-south gradient, there
is a need to confirm the present findings in larger
replication  studies in  different populations,
particularly those from surrounding south-eastern
European countries. Further results are needed for
establishing PPARY, Pro12Ala gene polymorphism as
a risk factor for the onset of complex, chronic and
polygenic disease such as T2DM.

Acknowledgments — This work was supported by a Serbian
Government Research Grant (M145023)

REFERENCES

Ackert-Bicknell, C., and C. Rosen (2006). The Genetics of
PPARG and the Skeleton. PPAR Res. 2006, 93258.

Brun, R.P., Kim, ].B., Hu, E., Altiok, S., and B.M. Spiegelman
(1996). Adypocyte differentiation: a transcriptional
regulatory cascade. Curr. Opin. Cell. Biol. 8, 826-832.

Deeb, S.S., Fajas, L., Nemoto, M., Pihlajamdki, J., Mykkdnen, L.,
Kuusisto, J., Laakso, M., Fujimoto, W., and J. Auwerx
(1998). A Prol2Ala substitution in PPARgamma2 asso-
ciated with decreased receptor activity, lower body mass in-
dex and improved insulin sensitivity. Nat. Genet. 20, 284-7.

Douglas, J.A., Erdos, M.R., Watanabe, RM., Braun, A,
Johnston, C.L., Oeth, P., Mohlke, K.L., Valle, T.T.,
Ehnholm, C., Buchanan, T.A., Bergman, R.N., Collins,
E.S., Boehnke, M., and ]. Tuomilehto (2001). The
peroxisome proliferator-activated receptor-gamma?2
Prol2Ala variant: association with type 2 diabetes and
trait differences. Diabetes 50, 886-90.

Dubois, M., Pattou, F., Kerr-Conte, J., Gmyr, V., Vandewalle, B.,
Desreumaux, P., Auwerx, ], Schoonjans, K., and J.
Lefebvre (2000). Expression of peroxisome proliferator-
activated receptor gamma (PPARgamma) in normal
human pancreatic islet cells. Diabetologia 43(9), 1165-9.

Evans, D., de Heer, ], Hagemann, C., Wendt, D., Wolf, A.,
Beisiegel, U., and W.A. Mann (2001). Association
between the P12A and c1431t polymorphisms in the
peroxisome proliferator activated receptor gamma
(PPAR gamma) gene and type 2 diabetes. Exp. Clin.
Endocrinol. Diabetes 109, 151-4.

Fajas, L., Auboeuf, D., Raspe, E., Schoonjans, K., Lefebvre,
A.M., Saladin, R., Najib, J., Laville, M., Fruchart, J.C.,
Deeb, S., Vidal-Puig, A., Flier, J., Briggs, M.R., Staels,
B., Vidal, H., and ]. Auwerx (1997). The organization,
promoter analysis, and expression of the human
PPARgamma gene. J. Biol. Chem. 272, 18779-89.

Ghoussaini, M., Meyre, D., Lobbens, S., Charpentier, G.,
Clément, K., Charles, M.A., Tauber, M., Weill, ]., and P.
Froguel  (2005). Implication of the Prol2Ala
polymorphism of the PPAR-gamma 2 gene in type 2
diabetes and obesity in the French Population. BMC
Med. Genet. 6, 11.

Hara, K., Okada, T., Tobe, K., Yasuda, K., Mori, Y., Kadowaki,
H., Hagura, R., Akanuma, Y., Kimura, S., Ito, C., and T.
Kadowaki (2000). The Prol2Ala polymorphism in
PPAR gamma2 may confer resistance to type 2 diabetes.
Biochem. Biophys. Res. Commun. 271, 212-6.

Heikkinen, S., Argmann, C., Feige, ]J.N., Koutnikova, H.,
Champy, M.F., Dali-Youcef, N., Schadt, E.E., Laakso, M.,
and J. Auwerx (2009). The Prol2Ala PPARgamma2
variant determines metabolism at the gene-environment
interface. Cell. Metab. 9,88-98.

Kubota, N., Terauchi, Y., Miki, H., Tamemoto, H., Yamauchi,
T., Komeda, K. Satoh, S., Nakano, R., Ishii, C,
Sugiyama, T., Eto, K., Tsubamoto, Y., Okuno, A.,
Murakami, K., Sekihara, H., Hasegawa, G., Naito, M.,
Toyoshima, Y., Tanaka, S., Shiota, K., Kitamura, T.,
Fujita, T., Ezaki, O., Aizawa, S., and T. Kadowaki
(1999). PPAR gamma mediates high-fat diet induced
adipocyte hypertrophy and insulin resistance. Mol. Cell.
4(4), 597-609.

Kunkel, L.M., Smith, K.D., Boyer, S.H., Borgaonkar, D.S.,
Wachtel, S.S., Miller, O.J., Breg, W.R., Jones, HW. Jr,
and JM. Rary (1977). Analysis of human Y-
chromosome-specific reiterated DNA in chromosome
variants. Proc. Natl. Acad. Sci. USA 74, 1245-9.

Lindi, V.1, Uusitupa, M.L, Lindstrom, J., Louheranta, A.,
Eriksson, J.G., Valle, T.T., Hamalainen, H., Ilanne-Pa-
rikka, P., Keinanen-Kiukaanniemi, S., Laakso, M., and J.
Tuomilehto (2002). Association of the Prol2Ala
polymorphism in the PPAR-gamma2 gene with 3-year
incidence of type 2 diabetes and body weight change in
the Finnish Diabetes Prevention Study. Diabetes 51,
2581-6.

Ludovico, O., Pellegrini, F., Di Paola, R., Minenna, A., Mas-
troianno, S., Cardellini, M., Marini, M.A., Andreozzi, F.,
Vaccaro, O., Sesti, G., and V. Trischitta (2007).
Heterogeneous effect of peroxisome proliferator-
activated receptor gamma2 Alal2 variant on type 2
diabetes risk. Obesity (Silver Spring) 15 (5), 1076-81.

Malecki MT, Frey ], Klupa T, Skupien J, Walus M, Mlynarski
W, and J. Sieradzki (2003). The Prol2Ala polymorphism
of PPARgamma2 gene and susceptibility to type 2
diabetes mellitus in a Polish population. Diabetes Res.
Clin. Pract. 62, 105-11.

Mancini, E.P., Vaccaro, O., Sabatino, L., Tufano, A., Rivellese,
A.A., Riccardi, G., and V. Colantuoni (1999). Prol2Ala
substitution in the peroxisome proliferator-activated



270 S. SOSKIC ET AL.

receptor-gamma2 is not associated with type 2 diabetes.
Diabetes 48, 1466-8.

Matthews, D.R., Hosker, J.P., Rudenski, A.S., Naylor, B.A.,
Treacher, D.F., and R.C. Turner (1985). Homeostasis
Model assessment: insulin resistance and beta-cell
function from fasting plasma glucose and insulin
concentrations in man. Diabetologia 28 (7), 412-9.

Memisoglu, A., Hu, F.B., Hankinson, S.E., Liu, S., Meigs, ].B.,
Altshuler, D.M., Hunter, D.]., and J.E. Manson (2003).
Prospective study of the association between the proline
to alanine codon 12 polymorphism in the PPAR gamma
gene and type 2 diabetes. Diabetes Care 26, 2915-7.

Mori, H., Ikegami, H., Kawaguchi, Y., Seino, S., Yokoi, N,
Takeda, J., Inoue, L, Seino, Y., Yasuda, K., Hanafusa, T.,
Yamagata, K., Awata, T., Kadowaki, T., Hara, K,
Yamada, N., Gotoda, T., Iwasaki, N., Iwamoto, Y., Sanke,
T., Nanjo, K., Oka, Y., Matsutani, A., Maeda, E., and M.
Kasuga (2001). The Prol2 -->Ala substitution in PPAR-
gamma is associated with resistance to development of
diabetes in the general population: possible involvement
in impairment of insulin secretion in individuals with
type 2 diabetes. Diabetes 50 (4), 891-4.

Ringel, J., Engeli, S., Distler, A., and A.M. Sharma (1999).
Prol2Ala missense mutation of the peroxisome
Proliferator activated receptor gamma and diabetes
mellitus. Biochem. Biophys. Res. Commun. 254, 450-3.

Sramkova, D., Kunesova, M., Hainer, V., Hill, M., Vcelak, J.,
and B. Bendlova (2002). Is a Pro12Ala polymorphism of
the PPARgamma2 gene related to obesity and type 2
diabetes mellitus in the Czech population? Ann. N Y
Acad. Sci. 967, 265-73.

Stefan, N., Fritsche, A., Haring, H., and M. Stumvoll (2001).
Effect of experimental elevation of free fatty acids on
insulin secretion and insulin sensitivity in healthy
carriers of the Prol2Ala polymorphism of the
peroxisome proliferator--activated receptor-gamma?2
gene. Diabetes 50 (5), 1143-8.

Werman, A., Hollenberg, A., Solanes, G., Bjorbaek, C., Vidal-
Puig, A.J., and J.S. Flier (1997). Ligand - independent
activation domain in the N-terminus of peroxisome
proliferator-activated receptor gamma: Differential
activity of PPAR gamma-1 and -2 isoforms and
influence of insulin. J. Biol. Chem. 272, 20230-5.

WHO (1985). Diabetes mellitus. Report of a WHO Study
Group. World Health Organ. Tech. Rep. Ser. 727, 1-113.

Yen, C.J., Beamer, B.A., Negri, C., Silver, K., Brown, KA.,
Yarnall, D.P., Burns, D.K., Roth, J., and A.R. Shuldiner
(1997). Molecular scanning of the human peroxisome
proliferator activated receptor gamma (hPPAR gamma)
gene in diabetic Caucasians: identification of a Pro12Ala
PPAR gamma 2 missense mutation. Biochem. Biophys.
Res. Commun. 241, 270-4.

ITIOJINMMOP®N3AM PRO12ALA Y TEHY 3A PELIEIITOP KOJI CE AKTVBVPA
ITPOJIMPEPATOPOM IIEPOKCU30MA TAMA KAO ®AKTOP PUI3VKA 3A HACTAHAK
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Penentop aktmBuparn nponudepaTopoM IepoK-
cusoma rama (PPARY) je renm xaHAMAaT 3a HacTaHaK
nujabereca tuma 2 (DMT2). VcnoutuBanu cmo 1o
OpBM MYT Yy CPICKO] MONYyIaLMju acoLMjanujy
nonmnMmopousma Prol2Ala y reny 3a PPARy ca
HacTankoM DMT2. Crynujy je umHmMIa momynanuja

of 197 xonTpona u 163 manujenta ca DMT2. Anen
12Ala je 6uo vemwhnu y rpynm manujenata ca DMT2
(0.11) y opaocy Ha xoHTponHy rpymy (0.09).
Pesynratu oBe cTymuje Yykasyjy pa amen 12Ala
PPARY, He mpeficTaB/ba 3HadajaH pakTop pusMKa 3a
HactaHak DMT2 y cpnickoj nonynauuju.





