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Background and objective: The Prol2Ala (exon 2) and His447His (exon 6) polymorphisms of PPAR-y, and
Gly972Arg polymorphism of IRS-1 have been implicated in insulin resistance (IR) and adiposity. Our aim was to
investigate the influence of these polymorphisms on metabolic features of polycystic ovary syndrome (PCOS).
Methods: Fifty-three PCOS women and 26 control women underwent a clinical and biochemical evaluation,
including a 75-g oral glucose tolerance test. Insulin secretion and insulin sensitivity indices were calculated.
Results: Frequencies of PPAR-y polymorphisms did not differ from those predicted by the Hardy-Weinberg
equilibrium. Instead, the IRS-1 Gly972Arg allele was significantly more frequent in the PCOS group compared to
controls. The most frequent allelic combinations were IRS1 + /exon2-/exon6- (which prevailed in PCOS) and
IRS-1-/exon2-/exon6- (which prevailed in controls). Among PCOS women, compared with the wild type pa-
tients, carriers of the Gly972Arg IRS-1 allele had lower E2 levels, while carriers of the Prol12Ala PPAR-y (exon 2)
allele had lower free testosterone levels. No other significant relationships were noted. When compared with the
wild type, in PCOS group IR and beta-cell function were: (i) trendwise greater in carriers of the variant IRS-1
allele; (ii) trendwise lower in carriers of the variant PPAR-y exon 6 allele; (iii) significantly lower in carriers of
the variant PPAR-y exon 2 allele.

Conclusions: Our data support the protective influence of PPAR-y-exon 2 and exon 6 variants on IR and beta cell
function, whereas IRS-1 polymorphism is associated with an unfavorable metabolic profile. However, these
associations do not fully explain the high metabolic risk associated with PCOS.

Introduction among PCOS women, the rate of metabolic syndrome is up to 46%, the

rate of obesity is over 50%, and the risk of type 2 diabetes mellitus is

PCOS is one of the most common endocrinopathies, as it affects
5-10% of the female population in the reproductive age [1]. In addition
to the variable combinations of hirsutism, menstrual cycle irregularities
and ultrasonographic ovarian abnormalities, PCOS is characterized by
an insulin resistance-associated metabolic derangement [2]. Thus,

approximately 7-fold greater compared with non-PCOS women [2].
Insulin resistance has been implicated in the pathogenesis of PCOS
[3]. Insulin resistance leads to the development of metabolic syndrome
and independently increases the cardiovascular risk [3]. Therefore, the
AE-PCOS Society has advised to assess the cardiovascular risk in all
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PCOS women [4]. Particularly, AE-PCOS suggested to evaluate the lipid
profile (total cholesterol, LDL cholesterol, HDL cholesterol and trigly-
cerides) and the carbohydrate metabolism (a 2-h 75g glucose chal-
lenge) at least every two years [4].

Although insulin resistance is related to obesity, PCOS women are
insulin resistant independently of body mass index (BMI). Indeed, about
half of them are resistant to insulin irrespective of ethnicity [5]. Hy-
perinsulinemia ensues in order to override the reduced peripheral in-
sulin sensitivity. Only in PCOS women, but not in other hyper-
insulinemic states (e.g. type 2 diabetes mellitus) hyperinsulinemia
increases the ovarian and adrenal androgen production and androgen
bioavailability by reducing circulating levels of SHBG [6]. This insulin-
related hyperandrogenism implies that: i) insulin-sensitizing agents
ameliorate hyperandrogenism [7]; ii) beta-cell dysfunction can be used
as an independent predictor of hyperandrogenemia [8].

PCOS and insulin resistance share a common genetic background, as
a number of polymorphisms of genes involved in insulin resistance were
found in PCOS women. The most common polymorphisms are those
involved in insulin signaling, such as insulin gene [9] and genes en-
coding the IRS [10,11]. For instance, the Gly972Arg variant of IRS-1
gene has been associated to insulin resistance, type 2 diabetes, and
PCOS [10]. We have found a significantly greater prevalence of this
variant in PCOS women compared with controls [10,11]. A probable
role in PCOS pathogenesis can be played by the calpain 10 gene poly-
morphisms [12] and the PPAR-y polymorphisms [13].

However, studies exploring the association with PCOS of either one
of the two single-nucleotide polymorphisms of the PPAR-y gene, viz.
Prol2Ala (C/G replacement in exon 2) and His447His (C/T replace-
ment in exon 6), have yielded contradictory results [14-16].

PCOS is a multifactorial disorder in which various gene-gene or
gene-environment interactions may influence the pleomorphic pheno-
type, including the metabolic profile. Hence, in the present study we
have evaluated i) the prevalence of the two aforementioned PPAR-y
variants (Prol2Ala and His447His) and the Gly972Arg IRS-1 variant,
and their relative combinations; ii) the influence of these polymorph-
isms on phenotype, with respect to hyperandrogenism, insulin re-
sistance and beta-cell function.

Materials and methods
Study subjects

Fifty-three consecutive Caucasian women with PCOS attending the
Endocrine outpatient clinic of the Department of Clinical and
Experimental Medicine at our University hospital were recruited. All
women were born and stably resident in the two southernmost regions
of Italy, namely Sicily and Calabria. PCOS was diagnosed according to
the Rotterdam criteria [1]. Women were excluded if they: i) had hy-
perandrogenic conditions other than PCOS (such as non-classical con-
genital adrenal hyperplasia, Cushing’s syndrome, and androgen-se-
creting tumors); ii) had either type 1 or type 2 diabetes mellitus; iii) had
either hypothyroidism or hyperthyroidism; iv) had been treated with
contraceptive pills for the previous 6 months; v) had been treated with
insulin-sensitizers (including metformin and inositol) for the previous
6 months. Twenty-six age-matched healthy women including nurses,
medical students and young clinicians, were recruited as controls. They
had neither PCOS nor other conditions mentioned above in the exclu-
sion criteria. All participants gave their informed consent before en-
tering the study, which was approved by the Internal Review Board.

Methods

Clinical evaluation
Participants underwent a complete physical examination, including
assessment of weight, height, BMI, and Ferriman-Gallwey score.
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Basal biochemical measurements

Women underwent a fasting blood sampling in the morning
(7:30-8:30 a.m.) between the second and the seventh day of the men-
strual cycle. Metabolic parameters (plasma glucose, insulin, total cho-
lesterol, HDL-cholesterol and triglycerides levels), SHBG, and hormonal
parameters (FSH, LH, total testosterone, free testosterone, calculated
free testosterone [using the formula available at http://issam.ch/
freetesto.htm], E2, A4-androstenedione, 17-OHP) were evaluated.

Indices of insulin-resistance and S-cell function

A 2-h 75g OGTT with blood sampling for glucose and insulin at
baseline (time 0), 30, 60, 90 and 120 min was performed. Insulin re-
sistance was evaluated by using the HOMA-IR and the Matsuda index (also
known as insulin sensitivity index). HOMA-IR was calculated with the
following formula: [glycemia at O min (mg/dl) X insulin at 0 min (UU/
ml)]/405. Matsuda index was calculated with the formula: (10,000/V
[(glycemia at Omin (mg/dl) X insulin at O min (uU/ml) X (mean gly-
cemia during OGTT x mean insulin during OGTT)].

B-cell function was evaluated by using the IGI with the formula [(in-
sulin at 30 min) — (insulin at 0 min)]/[(glycemia at 30 min) — (glycemia
at Omin)]. We also calculated the DI, a composite measure of f-cell
function. DI is calculated multiplying IGI by the Matsuda index.

Genetic analysis

Genomic DNA was extracted from peripheral blood mononuclear
cells using the QIAamp DNA blood Mini Kit (Qiagen, Venlo, The
Netherlands) according to the manufacturer’s recommended protocol.
Gene polymorphisms were analyzed by PCR and restriction fragment
length polymorphism.

IRS-1 polymorphism was genotyped as previously described [10].
Briefly, a 198 bp DNA sequence was amplified by PCR using oligonu-
cleotide primers 5’-CTTTCCACAGCTCACCTTC-3’ (forward) and
5-GTTAGGCCTGCAAATGTCTA-3’ (reverse). PCR products were di-
gested with 2 pL of the restriction enzyme Smal (BioLabs, New England,
USA) and the fragments were separated by 1.5% agarose gel electro-
phoresis and visualized by UV illumination, after ethidium bromide
staining. Genotype was indicated by the size of the resolved fragments:
homozygosity (Arg972Arg on both alleles) by the undigested 198 bp
fragment, heterozygosity (Gly972Gly on one allele and the variant
Gly972Arg on the other allele) by the undigested 198 bp fragment plus
the 171 bp and 27 bp fragments resulting from digestion, and wild-type
(Gly-972Gly on both alleles) by the absence of the 198 band and the
presence of the digested products (that is, the 171 bp and the 27 bp
bands).

PPAR-y gene polymorphisms in exon 2 (C/G transversion, resulting
in Prol2Ala at protein level) and exon 6 (the silent C/T transition, re-
sulting in maintenance of His at residue 447 of the protein) were ana-
lyzed as described by Orio et al. [17]. Briefly, PPAR-y exon-2 poly-
morphism sequence was amplified by PCR using these primers: 5_
CTGATGTCTTGACTCATGGG_ 3 (forward) and 5. GGAAGACAAACTAC
AAGAGC_3 (reverse). The PCR product of 295bp was digested using
Hgal restriction endonuclease. Generation of the 178 and 117 bp frag-
ments identifies the mutant homozygous GG genotype. In contrast, the
wild type CC genotype is identified by the undigested 295 bp product.
Primers used for PPAR-y exon-6 were 5_ CCAGAAAATGACAGACCTCA
GACA_3 (forward) and 5 CAGAATAGTGCAACTGGAAGAAGG 3 (re-
verse). The resulting 181 bp PCR product was subjected to digestion by
the restriction enzyme Pmll. The wild type CC genotype was identified
by digested products 142 bp and 39 bp fragments, whereas the variant T
allele was identified by the undigested 181 bp product.

Regardless of the polymorphism investigated, PCR products and
digestion products were separated on 3% agarose gel electrophoresis
and visualized under UV light after ethidium bromide staining of the
gel.


http://issam.ch/freetesto.htm
http://issam.ch/freetesto.htm

A. Giandalia et al.

Statistical analysis

Statistical analyses were performed using SPSS version. 11.0
(Statistical Package for the Social Sciences, Chicago, IL, USA) for
Windows. Numerical data are given as m * SD and categorical vari-
ables as number and percentage.

Since the majority of the examined variables were distributed nor-
mally, as verified by the Kolmogorov-Smirnov test, parametric tests
were used. Differences between m =+ SD of continuous variables were
addressed by the two-tailed Student’s t-test, while differences between
proportions of categorical variables by the > test or the Fisher’s exact
test, as appropriate.

Partial correlation coefficients between E2 levels and all study
variables were analyzed, controlling for BMI. A formal test for inter-
action between IRS-1genotype and E2 levels on metabolic parameters
was performed to determine whether E2 levels modified the association
between genotype and study variables. Finally, the possible dependence
of IRS-1*E2 PPAR-y exon 2*E2 PPAR-y exon 6*E2 on each of the ex-
amined variables was estimated by univariate linear regression models,
both in the PCOS group and in the control group.

All statistical comparisons were two-tailed, and a P value < 0.05
was considered statistically significant; a P value comprised between
0.05 and 0.10 was considered borderline significant.

Results
Clinical characteristics of women with PCOS

Table 1 summarizes the relevant characteristics of the 53 PCOS
women and the 26 controls. As expected, PCOS women were heavier,
had worse clinical hirsutism, higher biochemical androgen levels and
worse metabolic profile (i.e. greater fasting insulin and HOMA-IR,
greater triglycerides and lower HDL-cholesterol levels).

Table 1

Characteristics of PCOS women and controls. Data are expressed as m + SD.
Only P values < 0.05 or P values between 0.05 and 0.10 (italicized) are pre-
sented. P1 indicates P values adjusted for BMI.

PCOS group Control group P P1
n 53 26
Age (years) 22.85 + 5.30 25.00 = 5.55 -
BMI (kg/m?) 29.13 * 8.32 24.92 + 4.57 0.02
Hormonal profile
Ferriman Score 11.74 = 4.61 8.38 = 3.11 0.001  0.004
FSH (mIU/ml) 5.59 = 1.76 6.06 = 1.70 -
LH (mIU/ml) 7.71 * 5.27 7.20 + 4.64 -
17- B -estradiol (pg/ml) 45.52 + 21.20 42.82 + 17.12 -
17-OHPg (ng/ml) 1.31 £ 0.51 1.03 = 0.46 0.04 0.045
SHBG (nmol/1) 37.98 + 21.81 41.68 + 18.28 - -
A 4AND (ng/ml) 2.38 = 1.23 2.30 = 1.40 -
Total testosterone (ng/dl) 69.41 + 28.79 54.19 + 21.45 0.02 0.068
Calculated free 1.30 = 0.83 0.94 = 0.47 0.05 0.05

testosterone (pg/ml)
Free testosterone (pg/ml) 2.53 + 1.52 1.57 = 0.84 0.004 0.038
Metabolic parameters
Fasting plasma glucose 76.79 * 9.46 82.38 + 13.24 0.03 0.005
(mg/dl)

Fasting insulin (mU/L) 12.87 = 9.03 7.74 = 4.70 0.01 0.071
Insulin-resistance
HOMA-IR 248 + 1.88 1.45 = 1.00 0.01 -
Matsuda index 5.11 = 3.39 5.14 = 3.10 -
B- cell function
Insulinogenic index 1.90 = 2.57 2.16 = 1.30 -
Disposition Index 7.57 = 8.80 10.36 = 7.67 -

Lipid Profile

Total cholesterol (mg/dl) 173.20 = 41.09 193.54 = 35.74 0.04 0.017
HDL cholesterol (mg/dl) 56.14 + 12.81 66.44 + 11.08 0.002  0.005
Triglycerides (mg/dl) 80.94 + 42.43 68.85 + 21.76 - -

*
=+
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Table 2

Genotype distribution for IRS-1, PPAR-y exon 2 and exon 6 alleles, and related
combinations in PCOS women and controls. NS = not significant P value;
wt = wild-type homozygotes. Only P values < 0.05 or P values between 0.05
and 0.10 (italicized) are presented. P1 indicates P values adjusted for BMI.

Genotype distribution PCOS group Control group P

IRS-1 Gly972Arg (rs1801278)

TT (wt; Gly972Gly) 8 (15.1%) 22 (84.6%)

TA (Gly972Arg) 44 (83.0%) 4 (15.4%)

AA (Arg972Arg) 1 (1.9%) 0 < 0.0001
A-carriers 45 (84.9%) 4 (15.4%)

PPAR-y Exon2 Prol2Ala (rs1801282)

CC (wt; Pro12Pro) 50 (94.3%) 22 (84.6%)

CG (Prol2Ala) 3 (5.7%) 4 (15.4%)

GG (Alal2Ala) 0 0

G-carriers 3 (5.7%) 4 (15.4%) NS
PPAR-y Exon6 His447His (rs3856806)

CC (wt; His447His) 41 (77.4%) 24 (92.3%)

CT (His447His) 11 (20.7%) 2 (7.7%)

TT (His447His) 1 (1.9%) 0

T-carriers 12 (22.6%) 2 (7.7%) NS
IRS-1/PPAR-y Exon2/PPAR-y Exon6 Genotype combinations

wt/G-carriers/T-carriers 2 (3.8%) 2 (7.7%) NS
wt/wt/wt 5 (9.4%) 19 (73.1%) < 0.0001
wt/G-carriers/wt 0 1 (3.8%) NS
wt/wt/T-carriers 1 (1.9%) 0 NS
A-carriers/wt/wt 36 (67.9%) 3 (11.5%) < 0.0001
A-carriers/G-carriers/wt 0 1 (3.8%) NS
A-carriers/wt/T-carriers 8 (15%) 0 0.047
A-carriers/G-carriers/T-carriers 1 (1.9%) 0 NS

* The exon 6 polymorphism of PPAR-y is a silent one, in that the C to T
nucleotide substitution does not change the amino acid encoded.

IRS-1, PPAR-y exon 2 and exon 6 polymorphisms: distribution in PCOS and
controls

Because mutations in homozygosity were detected only in two PCOS
women (one for the AA alleles of IRS-1, and one for the TT alleles of
exon 6 of PPAR-y), these variants were pooled with the corresponding
heterozygous alleles for description and statistics. Data are summarized
in Table 2.

PCOS women showed a significantly higher frequency of the
Gly972Arg and Arg972Arg combined genotypes of IRS-1 as compared
to control women (84.9% vs. 15.4%, P < 0.0001). In terms of allele
frequency, the rates of the A allele in the two groups of women were
45/106 (42.4%) vs. 4/52 (7.7%, P < 0.0001; OR = 8.8, 95%
CI = 3.0-26.3). The allelic distribution of the IRS-1 genotypes was in
Hardy-Weinberg equilibrium in the control group, but not in the PCOS
group.

Conversely, both PPAR-y exon 2 and exon 6 polymorphisms fre-
quencies did not differ from those predicted from the Hardy-Weinberg
equilibrium both in PCOS women and in controls. The frequency of the
PPAR-y exon-2 rare G allele was 5.7% and 15.4% in control women
(P =0.21; OR = 0.33, 95% CI = 0.07-1.6), and that of the PPAR-y
exon-6 rare T allele 20.7% in PCOS women and 7.7% in control women
(P = 0.20; OR = 3.2, 95% CI = 0.7-15.8). In brief, in the PCOS group
compared to the control group, the IRS-1 A allele and the PPAR-y exon-
6T allele were overrepresented, while the PPRAy exon-2 G allele was
under-represented.

The bottom part of Table 2 shows the possible genetic combinations,
and how they associate with the presence or absence of PCOS. Parti-
cularly evident is the risk for PCOS associated with the heterozygous/
homozygous presence of A at codon 972 of the IRS-1 gene, and the
protection associated with the heterozygous/homozygous presence of G
at codon 12 and T at codon 447 of the PPAR-y gene. Of 24 women
(PCOS + controls) who were wild type for all three codons (and
therefore were homozygous carriers of G, C and C at codons 972 of IRS-
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Table 3
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Clinical, hormonal and metabolic parameters in PCOS women stratified based on IRS-1, PPAR-y exon 2 and PPAR-y exon 6 genotypes. Data are expressed asm = SD.

All IRS-1 PPAR-y exon2 PPAR-y exon 6
Wild type A-carriers Wild type G-carriers Wild type T-carriers

N 53 8 45 50 3 41 12

BMI (kg/m?) 28.62 + 7.63 31.63 + 12.69 28.68 + 7.40 29.26 * 8.40 27.0 £ 7.94 29.28 + 7.77 28.60 + 10.34
Ferriman Score 11.84 + 4.69 11.75 + 2.19 11.73 + 4.93 11.98 + 4.56 7.67 £ 4.04 11.51 + 4.59 12.50 + 4.80
FSH (mIU/ml) 5.60 = 1.79 5.59 = 1.93 5.59 = 1.76 5.63 = 1.80 5.01 = 1.12 5.43 = 1.61 6.0 = 2.14
LH (mIU/ml) 7.76 + 5.34 7.75 * 5.20 7.70 + 5.38 7.73 + 5.39 7.30 + 3.82 7.32 = 5.26 8.68 + 5.46
17pB E2 (pg/ml) 42.45 + 21.65 50.69 + 8.16 40.93 £ 22.62° 42.56 + 21.76 41.90 * 11.79 43.33 £ 22.78 40.03 + 15.97
17-OHPg (ng/ml) 1.31 = 0.51 1.23 = 0.57 1.32 = 0.51 1.31 = 0.50 1.30 = 0.90 1.32 = 0.51 1.27 = 0.54
SHBG (nmol/1) 38.83 + 21.88 38.45 * 13.10 37.89 + 23.29 37.73 * 22.36 41.70 * 12.60 37.92 + 22.63 38.15 + 20.1
A4 AND (ng/ml) 2.34 + 1.24 293 + 1.80 2.29 + 1.12 2.40 = 1.25 2.03 * 0.90 2.38 + 1.33 2.40 + 0.87
Tot. testost (ng/dl) 67.47 + 27.66 73.53 = 33.79 68.74 + 28.29 69.42 + 27.38 69.25 + 55.30 70.75 = 31.66 65.17 = 17.19
Calc Free T (pg/ml) 1.22 = 0.78 1.14 + 0.68 1.33 = 0.86 1.30 = 0.82 1.20 = 1.54 1.33 = 0.89 1.20 = 0.65
Free T (pg/ml) 2.36 * 1.34 2.58 * 1.33 2.51 * 1.57 2.65 * 1.50 0.90 * 0.36 2.54 + 1.52 2.48 + 1.59
FBG (mg/dl) 76.35 + 9.36 77 + 12.35 76.76 + 9.02 77.06 + 9.61 72.33 £ 551 76.34 £ 9.51 78.33 £ 9.53
F. insulin (mU/L) 12.80 = 9.20 11.26 = 5.50 13.16 = 9.54 12.93 = 9.22 11.88 = 6.18 14.02 * 9.67° 8.93 = 4.87"
HOMA-IR 2.45 * 1.91 216 * 1.22 2.56 * 2.05 2.47 * 1.95 215 * 1.24 2.68 + 2.08° 1.71 = 0.93"
Matsuda index 521 + 3.44 4.40 = 1.93° 5.34 + 3.63 5.28 + 3.52 4.27 £ 2.45 4.70 £ 2.59 7.08 £ 5.36"
Insulinog. index 1.98 + 2.61 1.52 = 1.28 2.05 = 2.78 1.60 = 1.14 6.68 = 8.75 2.18 = 2.91° 1.25 * 0.78"
Disposit. index 7.90 + 8.88 5.41 * 451 8.32 + 9.40° 6.73 * 5.29 22.7 * 26.6 7.88 * 9.06 5.30 + 3.317
Total chol. (mg/dl) 173.8 + 41.7 168.0 + 15.1 174.2 + 445 173.4 + 42.1 170.7 + 15.5 172.3 + 283 176.1 + 68.8
HDL chol. (mg/dl) 56.0 + 12.69 55.38 + 10.23 56.37 + 13.65 56.27 * 13.2 54.0 £ 0.0 56.45 + 13.65 54.67 + 8.38
Triglycer. (mg/dl) 80.96 + 42.9 68.75 + 35.78 83.44 + 43.66 81.82 + 43.1 68.0 = 34.83 86.25 *+ 45.4 63.55 + 25.21

* P = 0.029 between wild type vs. heterozygous/homozygous carriers of the IRS-1 polymorphism.
** P = 0.001 between wild type vs. heterozygous/homozygous carriers of the PPAR-y exon2 polymorphism.
# Favorable glycometabolic indices, namely lower fasting insulin, HOMA-IR and higher Matsuda index values, lower insulinogenic index and lower disposition

index.

§ Unfavorable glycometabolic indices, namely higher fasting insulin, HOMA-IR and lower Matsuda index values, higher insulinogenic index and higher disposition
index. G-carriers of the PPAR-y exon 2 polymorphism are disregarded for this comparison because represented by only three women.

1, 12 and 447 of PPAR-y), 19 (79.2%) were PCOS-free. Instead, of 38
women who were wild type for the two codons of PPAR-y but hetero-
zygous/homozygous for the IRS-1 codon, only 3 (7.9%) were PCOS-
free. However, carrying the T-allele of the PPAR-y exon-6 poly-
morphism is particularly risky for PCOS because there were 10 such
women, excluding the 4 women who were so in association with the G-
allele of the PPAR-y exon-2 polymorphism and the G-allele carrier of
IRS-1 gene (wild type). Indeed, all 10 women (100%) had PCOS
(Table 2).

Hormonal and metabolic parameters according to IRS-1, PPAR-y exon 2
and exon 6 polymorphisms distribution in women with PCOS

Table 3 summarizes the clinical, hormonal and metabolic para-
meters in PCOS women as a whole, and PCOS women stratified di-
chotomically (wild type vs. heterozygous/homozygous carriers of the
variant) for each polymorphism disregarding the status for the other
two polymorphisms. Taking into account the unequal size of any two
strata, only two comparisons yielded a statistically significant differ-
ence: E2 levels (IRS-1 polymorphism) and measured free testosterone
levels (PPAR-y exon 2 polymorphism). Because of only three carriers of
the exon 2 variant of PPAR-y, no inference can be drawn from the
presence/absence of this polymorphism per se, disregarding the other
two polymorphisms studied here. We explored further the association
concerning E2 levels. In PCOS women, significant interactions were
noted for IRS-1 polymorphism (IRS-1*E2) with DI (P for interac-
tion = 0.048). Significant interactions were also noted for PPAR-y exon
2 polymorphism (PPAR-y exon 2*E2) with fasting insulin levels
(P = 0.026) and HOMA-IR (P = 0.015), and trend wise interaction for
PPAR-y exon 6 polymorphism (PPAR-y exon 6*E2) with fasting insulin
levels (P = 0.052).

Carriers of the IRS-1 polymorphisms had greater serum levels of
fasting insulin (+16.9%), and triglycerides (+21.4%) compared to the
wild types. The worse glycometabolic status of the IRS-1 variant car-
riers compared to noncarriers (wild types) can be appreciated by the

greater HOMA-IR (+17.1%), greater compensatory insulin secretion,
and greater both DI (+41.0%) and IGI (+28.9%) (Table 3).

In sharp contrast, carriers of the PPAR-y exon 6 variant had lower
levels of fasting insulin (—36.3%) and triglycerides (—26.3%) com-
pared to noncarriers. The better glycometabolic status of the PPAR-y
exon 6 variant carriers compared to noncarriers is reflected by lower
fasting insulin (—36.3%), lower HOMA-IR (— 36.2%), lower DI and IGI
(—32.7% and —42.7%), and greater Matsuda index (+50.6%). In turn,
carriers of the PPAR-y exon 6 variant had lower levels of fasting insulin
(—32.1%), triglycerides (— 23.8%), HOMA-IR (—33.2%), DI (— 36.2%)
and IGI (—39.0%) compared to carriers of the IRS-1 variant (Table 3).

However, exon 6 PPAR-y wild type PCOS women had greater levels
of fasting insulin (+24.5%) and triglycerides (+ 25.5%), greater insulin
resistance (HOMA-IR, +25%), greater DI (+40.8%) and greater IGI
(+43.4%) compared to the IRS-1 wild type PCOS women. A similar
trend, but more attenuated for the carbohydrate metabolism was true
for the comparison between the 50 PCOS noncarriers of the PPAR-y
exon 2 variant and the 8 PCOS women noncarriers of the IRS-1 variant
(fasting insulin, +14.8%; triglycerides, +19.0%; HOMA-IR, +14.3%);
DI, +24.4%; IGI, +5.3%).

Hormonal and metabolic parameters based on combinations of IRS-1,
PPAR-vy exon 2 and exon 6 polymorphisms in women with PCOS

Omitting the combination groups with 2 or fewer women, Table 4
confirms what shown in Table 3 for the most favorable glycometabolic
profile in carriers of the PPAR-y exon 6 variant. The benefit associated
with the IRS-1*/PPAR-y exon 2~ /PPAR-y exon 6" combination is
amplified by the lowest BMI, lowest triglycerides and highest HDL
cholesterol. Furthermore, confirming data in Table 3, this combination
was associated with the lowest E2 levels. Because the 8 women with
this combination also had the highest levels of free testosterone, this
could explain why they had the greatest degree of hirsutism (i.e.
greatest Ferriman-Gallwey score) (Table 4).
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Table 4

Clinical, hormonal and metabolic characteristics of PCOS women based on
combination of the IRS-1, PPAR-y Exon 2 and PPAR-y Exon 6 genotypes. The
following combinations are not reported since regarded one or no patient: wt/
G-carrier/wt, wt/G-carrier/T-carrier, A-carrier/G-carrier/wt, A-carrier/G-car-
rier/T-carrier. Data are expressed as m = SD or mean for groups with =3
patients or 2 patients, respectively.

IRS-1 wt wt A carrier A carrier

PPARY, exon 2 wt wt wt wt

PPARYy exon 6 wt T carrier wt T carrier

N. 5 2 35 8

BMI (kg/m?) 31.2 = 11.0 49.5 28.0 £ 6.57 27.77 + 8.16

Ferriman Score  12.40 + 2.51 10 11.51 = 4.96 14.25 = 4.51

FSH (mIU/ml) 6.18 = 1.89 3.2 5.29 = 1.60 6.71 = 2.07

LH (mIU/ml) 10.17 * 4.46 1.5 6.83 + 5.45 10.14 + 5.47

17p E2 (pg/ml) 54.42 + 7.54 45.2 41.83 = 25.0 36.73 + 18.65

17-OHPg (ng/ 1.58 + 0.28 0.5 1.28 = 0.55 1.37 = 0.40
ml)

SHBG (nmol/1) 4252 * 5.02 19.7 38.74 = 25.0 40.5 = 22.0

A4 AND (ng/ 3.08 *+ 2.46 2.8 227 = 1.17 2.26 = 0.98
ml)

Total testost 80.40 + 38.81 79.5 64.57 £ 27.64 68.54 * 9.73
(ng/dl)

Calc Free T (pg/ 1.01 * 0.79 1.6 1.22 = 0.83 1.25 + 0.65
ml)

Free T (pg/ml)  2.48 = 1.09 3.8 2.33 = 1.32 2.61 = 1.56

FPG (mg/dl) 73.40 = 13.35 85.5 76.36 = 8.82 77.37 £ 10.0

Finsulin (mU/  11.19 * 5.99 8.0 14.48 + 10.51° 8.42 + 4.84"
L)

HOMA-IR 2.08 = 1.42 1.7 2.79 + 1.19° 1.58 + 0.89"

Matsuda index 4.63 = 2.17 5.4 476 = 2.71° 8.12 + 6.32"

Insulinog index ~ 1.76 + 1.44° 0.26 1.70 = 1.17 1.29 + 0.84"

Dispos Index 6.61 + 5.14° 1.4 6.38 + 3.67 5.23 + 3.06"

Total chol (mg/ 174.4 = 15.6 159.5 172.6 = 30.9 182.4 = 85
dl

HDL chol (mg/ 58.0 + 11.64 49.5 55.91 * 14.2 60.5 + 12.0
d

Triglyc (mg/dl)  77.60 = 43.60 61 87.46 = 47.82 68.57 + 30.41

* 0.10 < P < 0.05 between wild type vs. heterozygous/homozygous car-
riers of the variant.

# Favorable glycometabolic indices, namely lower fasting insulin, HOMA-IR
and higher Matsuda index values, lower insulinogenic index and lower dis-
position index.

§ Unfavorable glycometabolic indices, namely higher fasting insulin, HOMA-
IR and lower Matsuda index values, higher insulinogenic index and higher
disposition index. For this purpose, only groups of 5 or more women were
considered.

Association of genotypes with BMI

Because of the frequent presence of overweight/obesity in PCOS
women, we wished to assess whether any single polymorphism was
more likely to occur in PCOS women with ideal weight (BMI < 25kg/
m?) or abnormally greater weight (BMI = 25 kg/m?). While the IRS-1
variant is equally distributed between the two BMI categories, the two
PPAR-y variants are approximately 3-fold more likely to be found in
PCOS women with normal BMI (Table 5).

Discussion

PCOS is a polygenic, multifaceted disease with a frequent metabolic
component (overweight/obesity, increased serum levels of triglycer-
ides, fasting insulin and decreased insulin sensitivity) [2]. Among the
various possible phenotypes resulting from combinations of clinical,
endocrine and metabolic abnormalities, the final phenotype will de-
pend from the interaction of the environment with the genetic back-
ground. As mentioned in the section “Introduction”. Introduction, IRS-1
and PPAR-y have emerged as significant candidate genes in the pa-
thogenesis of PCOS. IRS-1 gene encodes the substrate of insulin re-
ceptor, which is crucial in insulin signaling [10]. PPAR-y gene is
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Table 5
Clinical, hormonal and metabolic parameters in PCOS women according to
BMI. NS = not significant (P > 0.10).

BMI < 25 kg/m? BMI = 25 kg/m? P
N 19 34
BMI (kg/m?) 21.68 + 1.92 33.29 + 7.56 NS
Age (years) 23.74 + 6.31 22.35 + 4.68 NS
Genotype
IRS-1 wt 3 (15.8%) 5 (14.7%) NS
IRS-1 A-carriers 16 (84.2%) 29 (85.3%) NS
PPAR-y Exon2 wt 17 (89.5%) 33 (97.1%) NS
PPAR-y Exon2 G-carriers 2 (10.5%) 1 (2.9%) NS
PPAR-y Exon 6 wt 12 (63.2%) 29 (85.3%) 0.065
PPAR-y Exon6 T-carriers 7 (36.8%) 5 (14.7%) 0.065

involved in adipocyte differentiation, glucose and lipid metabolism
[13]. Indeed, each of three polymorphisms (Gly972Arg of IRS-1 gene,
Prol2Ala [exon 2] and His447His [exon 6] of PPAR-y gene) have been
associated with PCOS and variably with its metabolic aspects
[10,11,13-16].

In this regard, we have recently reported a higher frequency of IRS-
1 Gly972Arg variant in PCOS women compared to controls, and a more
unfavorable metabolic profile in carriers of this polymorphisms [10,11]
(Supplementary Tables 1 and 2).

In the present study, we explored whether exon 2 and exon 6 PPAR-
y variants may contribute, alone or in combination with IRS-1 poly-
morphism, to the metabolic derangements observed in PCOS women
(Table 6).

Consistently with our previous works [10,11] we have confirmed
the higher frequency of the IRS-1 gene variant among our PCOS women
compared with controls, in contrast with the PPAR-y exon 2 and exon 6
variants whose frequencies were comparable in the two groups and did
not differ from the frequencies predicted by the Hardy-Weinberg
equilibrium. In this regard, in Italian [17,18], Spanish [19], Greek
[15,20,21], German [22], Polish [23], Chinese [24], Turkish [25], and
Korean women [14] PCOS women the PPAR-y exon 2 variant has been
reported as frequent as in controls. In contrast with these studies, others
reported an increased frequency of PPAR-y exon 2 variant in nonPCOS
women, suggesting a protective effect of this polymorphism [26-28].
Also, in contrast with Europeans PCOS women, in non European ones
this effect was not found [29]. Particularly, one study [17] found that
the Prol2Ala variant in PPAR-y exon 2 does not influence BMI, as op-
posed to two other studies [13,20].

A few studies have examined concurrently both PPAR-y exon 2 and
exon 6 polymorphisms [15,17,27,30]. One of these study [30] on a
large cohort found no difference in the genotype frequencies between
PCOS and controls and lower testosterone levels and milder insulin
resistance in controls that carried the PPAR-y exon 2 variant. In another
study, Christopoulos reported lower testosterone levels in PCOS carriers
of the PPAR-y exon 6 variant [15].

Only three studies have investigated the relationship between the
silent polymorphism His447His of PPAR-y exon 6 in PCOS with dif-
ferent conclusions. For instance, Antoine et al. [30] have found that this
variant did not increase the risk of developing PCOS and was not as-
sociated with insulin-related traits or androgen levels in women with
PCOS, but instead, they demonstrated that controls carrying the
His447His allele had improved insulin sensitivity and decreased mean
levels of free and total testosterone. Another study carried out on an
Italian cohort of PCOS women [17] reported a significant increase in T
allele frequency but not an association of this allele with circulating
androgens. Furthermore this variant influences BMI and leptin levels
[17].

In our population the different allelic combinations were unequally
distributed among PCOS and controls, the most frequent being the
IRS1 +/E6-/E2- combination, which regarded two-thirds of PCOS



Journal of Clinical & Translational Endocrinology 13 (2018) 1-8

(98pd 1x2u UO panunuU0I)

‘USWOM 01d/01d UM paredurod uswiom 01d/01d-uou ur IoyS1y ApuedyrudIs 91om S[9AI] [0I91SI[OYD
TAH ‘Uswom SODJ Suowe ‘I9AdMOH ‘S[OIU0D Ul PUe Uawom SODJ Ul yroq adfjouad a1y 01 Surpiodde
ISJJTp 10U PIP 9JUBISISAI UINSUT PUB 3dUBIS[0) 3s0oNn[S Jo sadipul ‘wistuadorpueradAy jo sioiowrered esrurd

pue edrwaypolg ‘wmriqinbs 81aquiap-ApreH pardadxa o) am d[qneduwod sem uonnqiisip adAjousn %I'L %I0T ¥8T 9627 wepIa)oy BIIOY INOS [#1] seyd
'S[01U0d
PuB SODd U99MIAq S[2AS] SUOULIOY PUR [INF UT ‘Uonnqrisip adA1ouag ur 2duaIafjIp [EdNISIILIS OU SeM I, %6 %G9 102 yAan wepIonoy eury) [vZ] Suem
‘uowom 2d£) prim YIm pareduwrod s[eA3] 9s0dn[8 Y-g paonpal APuedyruSis pey JUBLIBA STU] JO SISLLIED
*S[0NU0D M paredwiod uawom SODd Ul 1usnbayy s1owr sem e[yz101d %E'ST %LT 0St 00€ wrepIanoy eIpup [82] wireys
sadAjodey A-Yydd y3im pajerdosse sjren drjoqeldwr pue druadoipueradAy jo Adusanbaij peonpai pareasar
sisATeue uonerdosse adAjojodey ‘pastasqo sem suoniodord Sraquiam-ApreH paldadxs woiy amredaq %L1 %91 0ST 662 uepIanoy erpup [91] eadn3seq
*SUOTIRIIUSDUO0D 3500N[3 Y-z Aq pajensuowap
SB QUBIS[OIUT 9S0IN[3 SSI] PUE JULISISII UINSUT SSI] I9M JUBLIEA SIY) JO SISLLIRD 'SN03AZ0I9)9Y SEM URWIOM 00d
ou ‘sdno1d y1oq uf 'S|ONU0D Ul pue USWOM SOD Ul BYIp Jou prp wsiydiowAjod siyy jo Lousnbaiy ayj, %01 %L TT 09 09 ‘eayroudwodrjo ‘wsruagorpueradAy Aoy, [sZ] oL
*sadfy
PIIM 313 PIM parediod S9109s SUdE pue ASM[[ED-URWILLID] JOMO] PRy JURLIRA SIY) JO SI9LLIED SODd ‘OS[V
*SISLLIED J[I[[e 014 3} YIM pareduwod ‘oner diy-03-1stem pue WISUn Ny YI-YIAOH ‘UINsSUl Jomo[ ‘susaoipue
JO S[9AJ] J9MO[ PRy J[3[[B B[Y 3} PILLIEd OYM S[ONU0D pue SOD Y1og ‘Uswom SODd Ul UeY) S[OIUO0D Ul
uourod a1ow Apuedyrudis sem ‘pazA[eue USWOM [[e Ul snoS4zo1alay sem yarym ‘wistydiowAjod e[yz 101d %ST %2ZT 00T 001 urepisnoy Aoyang, [£2] zewix
'syreny o1dAjouayd 1191} 10 SODJ SurdoaAap Jo YSLI 9Y) dUSNJUT
jou sem wsiydrowA[od sy, ‘SI9LLIEOUOU YIIM Paseduiod sU0I9)S0IS) [B10] JO S[9AJ] JOMO[ A[oSIMPURI] (uawom
PEY S[3[[e B[V 9} PILLIED OYM S[OTUOD 'S[ONUOD Puk SODJ UT TP 10U PIp JueLrea siy) Jo Aousnbaiy sy, %¢C'0C %¢C'0C S8C L81 HIN M) VSN [0€g] sutoiny
SODd sjonuo) SODd  S[onuo) ['194] Joyine 1si1g
SJuAWWOD (ervz10o1d) wsrydiowAod USWOM JO ON BLIDILID SODd Anyunop T Uoxd Agvdd
*90USLIMDI0 B[y JO Aouanbaij JoMo[ Je[IuIs B paMoys SODd PUe S[ONU0D %I'ET %SG°9C ¥S 15 wepIanoy puejod [£z] 1aydreds-eysurzpig
'S[OIUOD UT Se Uawom SODJ Ul Juanbaiy se sem wsiydiowAjod e[yz101d 9yl %S°S %S9 €81 8h1 wepIrenoy 909219 [c1] snojodoistiy)
*9due)sIsal urnsur Jou adAjousyd
POdUAN[JUT JOYIISU JUBLIBA STUJ, *S[OTIU0D pue SODJ U9amIaq uonnginsip adA1ousad ur 9dUaIajIip oN %0T % 1T 7L ta g HIN ureds [6T] Ue[IA UeS
‘sanfea
9U019)50159] [10] 1YSIY UYIIM PIIRIDOSSE OS[E SeM JUBLIBA B[Y 9] USWIOM SOD UBd[ U] "AIoUWILIO[ed
199IIPUT YIIM PIINSEIU 9)BI JI[OqeIdU dIseq JOMO] YIImM pajerdosse sem wsiydiowA[od e[yg10id
‘S[ONUOD PUB UdWIOM SODJ Ul Je[iuls arom wsiydiowA[od e[yz101d 9y jo sarouanbaiy adAjousn %ETT %E YT 9GT 9g HIN 09210 [0Z] ey10M
‘sadfyjoua8 Suoure JUSISHIP Jou 1M S1Rwered (52q0,/1y819M1940)
reuourroy pue prdi] ‘9oue)SISaI UINSU] "S[OIJUOD pue SODJ UI IB[IWIS Sem JueLIeA sIy) Jo Aouanbaiy oy, %E"Z ‘(WYS1oM TeULION) 04/'6 %89 081 or1 HIN EREENE) [1Z] ex
WSTNSITY JO AJ119A3s pue Aduanbaij Jomo[ pue ‘U0NRIdAS UINSUI ‘Xapul VINOH ‘Urnsur
3unsej 19M0] pey SISLLIED B[y S[OIU0D pUe Uswom SODJ ul Aduanbaiy reqrwis e pey wsiydiowAjod siyy, %S'2T %L'ET 201 $01 HIN Aueuwron [€1] uyeH
*S[0TJU0D PUB SODd U99MIDq UBIYIUSIS SUIIOPIO] YIIM JUIIDJIP SIOM JUBLIBA SIY)
Jo suonnqrnsip ad£10usg ‘os[y ‘uswWoMm SQDJ UI paonpal A[juedyrudis sem JueLrea styl jo Aousnbayy sy, %9°CT %61 el SIT ODd pue uonemAouy puequLg [9Z] usuoyIo)
‘USWOM [01JUOD PUB SODd
ut sdnoi8 ad£jousd unpIm pue usamlaq paAIasqo sem YI-VINOH pue ‘s[pas] pidi] pue as0on(3 ewserd
‘Xopul ssew! Apoq Ul SJUSISYIP ON 'S[0LU0D PUB SODd USOMID] IIp Jou PIp sapuanbay adAjousn %6°S %TH 0TI ozt HIN Arex [81] "1 oLO
'sdnoi8 y1oq urIIm 10 usamiaq ApuedyIusis IoIp 10U pIp uoner JNg
01 unds[ pue s3] unda[ ‘TG "S[0IU0D Pue SODJ U Ie[IWls Sem g UOXD JO [3[[e D 3y} Jo Aouanbayy oy, %L %S 00T 00T HIN Arex [£1] 1r o110
'sad£) pIim 1M paredwiod S[OAI] SU0ISIS0ISA) 331J JOMO]
pey wsrydiowA[od 1) Jo SISLLIED "S[OIIUOD UI SB UdWoM SODJ UI Juanbaij se sem wsrydiowAjod styJ, %L'S %b'ST s 9z wepienoy  (yInos) Afey Apms sty ‘ossmy
SODd s[onuod sODd  s[onuo) ['394] 10tyne 3511

SjuawIuio)

(eIV/elV + e[vZ101d) wsiydiowAkjod

uauwiom Jo ON

BHAILD SODd

Anunop

T Uoxd Agvdd

A. Giandalia et al.

swstydiowAod (STHZpHSIH) 9 U0Xd & -gvdd pue (B[yZ101d) g Uoxa A-4yvdd 9y} U0 2InjeIiali] 9y} jo Arewrwing
9 dIqelL



A. Giandalia et al. Journal of Clinical & Translational Endocrinology 13 (2018) 1-8

women and the IRS1-/E6-/E2-, which regard three-fourths of controls.
The only study in literature that analyzed concomitantly these three
polymorphisms, was an Indian study [16], in which the authors found
different haplotype distribution between PCOS and control women,
although the combinations explored were different from those in our
analysis. Particularly, while the IRS-1 polymorphism was represented
similarly in cases and controls, the PPAR-y exon 2 and exon 6 poly-
morphisms were significantly more frequent in the controls compared
with PCOS women [16]. In contrast, in the present study we found an
increased frequency of the IRS-1 variant in PCOS women, whereas the
PPAR-y exon 2 and exon 6 variants were similarly distributed in PCOS
women and controls. Difference in ethnicity and clinical characteristics
may account for disparities between these two studies.

Consistently with the studies above mentioned we found an effect of
PPAR-y polymorphisms on the weight of PCOS women, as carriers of
the exon 6 variant were trendwisely less likely to be overweight or
obese compared with the wild type. Furthermore, IRS-1 and PPAR-y
exon 2 variants were associated with lower 17-B estradiol and free
testosterone levels, respectively.

Concerning glucose metabolism, carriers of A allele at position 972
of the IRS-1 gene showed a tendency toward higher HOMA-IR, IGI and
DI, whereas carriers of T allele at position 447 of the PPAR-y exon 6
gene showed a borderline lower degree of insulin resistance, as de-
monstrated by lower HOMA-IR, higher Matsuda index, lower IGI and
higher DI. Finally, carriers of G allele at position 12 of the PPAR-y exon
2 gene showed lower HOMA-IR, significantly higher IGI and DI. These
data are consistent with a protective or detrimental effect of PPAR-y
exon 2 and exon 6 or IRS-1 variants on insulin-resistance and beta-cell
function. Certain allelic combinations may also modulate the degree of
insulin resistance, as PCOS women heterozygous for IRS-1 and PPAR-y
exon 6, and wild type for PPAR-y exon 2 showed higher Matsuda index
values when compared with those heterozygous for IRS-1, wild type for
PPAR-y exon 6, and wild type for PPAR-y exon 2 (P = 0.03). In this
regard, Dasgupta [16] similarly found that PCOS women carrying both
IRS-1 and PPAR-y polymorphisms had a lower frequency of hyperan-
drogenic and metabolic derangements compared to the wild types, al-

The T allele was more common in PCOS compared to controls. Also, within both groups, the CC genotype was significantly more

frequent than genotypes CT and TT. PCOS carriers of this variant had higher BMI and leptin levels compared with controls.
This variant did not influence the risk of PCOS. Carriers of the T-allele had significantly decreased free and total T levels, and

HOMA-IR.
Genotype distribution was similar in PCOS women and controls. Hapolotype association analysis revealed reduced frequency of

hyperandrogenic and metabolic traits associated with PPAR-y haplotypes.
This polymorphism was more common in controls. Carriers of this polymorphism had better insulin sensitivity than in wild types.

Genotype frequencies did not differ from those predicted. Carriers of this polymorphism had significantly lower levels of total

PCOS carriers of this polymorphism were less frequently overweight or obese and showed lower indices of insulin-resistance
testosterone.

compared with the wild type women.
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