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Gly1057Asp Polymorphism of the Insulin Receptor Substrate-2 Genes May Not
Have a Significant Impact on Insulin Resistance in Korean Women
with Polycystic Ovary Syndrome
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Department of Internal Medicine, Department of Obstetrics and Gynecology',
School of Medicine, Ewha Womans University

ABSTRACT

Background: Insulin resistance is a key factor in the pathogenesis of polycystic ovary syndrome (PCOS),
and several candidate genes involved in insulin action such as insulin receptor or insulin recpetor substrate
(IRS) have been investigated. In this study, we examined the genetic effects of the IRS-1 and IRS-2 genes
on the metabolic and reproductive features in women with PCOS.

Methods: 125 patients with PCOS and 344 regular cycling controls were enrolled. Analysis of the
polymorphisms of Gly972Arg in the IRS-1 gene and Glyl057Asp in the IRS-2 gene was performed and oral
glucose tolerance tests and hyperinsulinemic euglycemic clamp tests were done.

Results: The genotype frequencies of the Gly972Arg polymorphism in the IRS-1 gene and the Gly1057Asp
polymorphism in the IRS-2 gene were not significantly different between the women with PCOS and the
controls. Gly972Arg polymorphism of the IRS-1 gene was extremely rare in both groups. PCOS women with
the IRS-2 Aspl057Asp genotype showed significantly higher hirsutism scores, higher levels of free testosterone
and higher post-load 60, 90, and 120 min plasma glucose levels compared to those women with the
Gly1057Gly or Glyl057Asp genotype. In contrast, the control women with the Aspl057Asp genotype showed
significantly lower post-load 60, 90, and 120 min plasma glucose levels compared with those women with the
Gly1057Gly or Glyl057Asp genotype.

Conclusion: Gly972Arg polymorphism of the IRS-1 gene was extremely rare in Korean women.
Gly1057Asp polymorphism of the IRS-2 gene was associated with the phenotypic features of PCOS such as
hirsutism, hyperandrogenemia and hyperglycemia, but it was not associated with the insulin sensitivity index.
In conclusion, Glyl057Asp polymorphism of the IRS-2 gene may not have a significant impact on insulin
resistance in Korean women with PCOS. (J Korean Endocr Soc 24:100~108, 2009)
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Polycystic ovary syndrome (PCOS) is a common and

heterogeneous endocrine disorder of premenopausal
women characterized by menstrual irregularity, clinical or
biochemical hyperandrogenism, and insulin resistance[l,2].
Familial aggregation of PCOS suggests evidence of
genetic factors in the pathogenesis of this disorder,
however, the exact mechanism remains unknown[3,4].

Associations of PCOS with mutations in a variety of
candidate genes involved in steroid hormone biosynthesis
[5,6], gonadotropic hormone action[7], insulin action or
secretion[8~10], or body weight control and energy
homeostasis pathway[11] have been studied. The majority
of PCOS women show insulin resistance and
compensatory hyperinsulinemia, which in turn aggravates
hyperandrogenism. Impairment of insulin action is a key
factor in the pathogenesis of PCOS and the predisposition
to type 2 diabetes or metabolic syndrome. Therefore,
genes involved in insulin action such as insulin genes,
insulin receptor genes, insulin receptor substrate (IRS)
genes have been investigated as candidate genes in the
pathogenesis of PCOS.

Since IRS proteins are critical to signal transduction in
insulin target tissues[12], genetic abnormalities of IRS-1 or
IRS-2 may affect the susceptibility of type 2 diabetes or
hyperandrogenism in premature pubarche[13,14]. There
has been some controversy whether or not IRS-1 or IRS-2
polymorphism is associated with PCOS[10,15~17].

The present study was designed to evaluate the effects
of the polymorphisms in the IRS-1 and IRS-2 genes on
the metabolic and reproductive features in Korean women

with PCOS.

Materials and Methods

1. Study Populations

One-hundred twenty-five women with PCOS and 344
age-matched healthy women with regular menstrual cycles
were enrolled in this study. Diagnosis of PCOS was based
on the Rotterdam PCOS consensus criteria by the European
Society of Human Reproduction and Embryology
(ESHRE)[18]. All medications known to affect the sex
hormone metabolism or insulin action or kinetics were
discontinued for at least 3 months before study enrollment.
The institutional review board of Ewha Womans
University Mokdong Hospital approved the study.

Informed consent was obtained from all participants.

2. Anthropometry

Studies were performed on the second to the 5th day of
the menstrual cycle in controls and PCOS women with
spontaneous menses and the arbitrary date in PCOS
women with amenorrhea. Weight and height were
measured in subjects wearing light clothing and without
shoes; BMI was also calculated (kg/mz). Waist circumference
was measured on bare skin during midrespiration at the
narrowest indentation between the 10th rib and the iliac
crest to the nearest 0.1 cm. The degree of hirsutism was
determined by a modified Ferriman-Gallwey (FG)
score[18]. Visceral and subcutaneous fat areas were
measured by using a computed tomography at the level of

umbilicus in PCOS women only.

3. Oral Glucose Tolerance Test and
Hyperinsulinemic Euglycemic Clamp

A standard 75-g oral glucose tolerance test (OGTT) was
performed to assess glucose metabolism status.
Hyperinsulinemic euglycemic clamp tests were also
performed to assess insulin sensitivity using protocol
described by DeFronzo et al[19]. After a 10 min priming
with insulin, constant infusion of insulin was performed at
a rate of 3 pU/kg/min. During the lamp period, the plasma
glucose concentration was maintained at 90 mg/dL by
monitoring the glucose level at 5-min intervals. A
quantitative estimate of insulin sensitivity, glucose disposal
rate, insulin mediated glucose uptake (IMGU), was
provided by mean glucose infusion rate (mg/kg.min) in the
last 15 min of the 2 h of hyperinsulinemic euglycemic

clamp study.

4. Biochemical Assays

Plasma glucose was measured by the glucose oxidase
method (Beckman Model Glucose Analyzer 2) and plasma
insulin was by radioimmunoassay using a kit from
Diagnostic Products Corporation (Los Angeles, CA).
Plasma levels of LH, FSH, and SHBG were measured
with specific immunoradiometric assays, and total
testosterone with RIA using commercial kits (Diagnostic
Products Co., Los Angeles, CA). Free testosterone was
calculated with total testosterone, SHBG, and albumin
using Kaufman’s formula (http://www.issam.ch/freetesto.

htm)[20].
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5. Genetic Analysis

Genomic DNA was extracted from leukocytes in
peripheral blood samples according to the manufacturer’s
instruction (QIAGEN K.K., Tokyo, Japan). A total of 200
UL of peripheral blood leukocytes were extracted from
each subjects, and genomic DNA (4~8 pg) was eluted in
a total volume of 200 pL.

The sequences of the primers for IRS-1 polymorphism
were as follows; 5‘-CTT CTG TCA GGT GTC CAT
CC-3’ and 5’-TGG CGA GGT GTC CAC GTA GC-3.
The PCR product was digested with BstNI (New England
Biolab), which cleaves the Arg allele to generate two
DNA fragments of 108- and 51-bp, respectively; otherwise
159-bp only in Gly972Gly wild type.

The sequences of the primers for IRS-2 polymorphism
were as follows; 5‘-TCC TTG GAC GGC CTC CTG T-3’
and 5’-AAG GCC TCG ACT CCC GAC A-3’. The PCR
product was digested with Smal (New England Biolab),
which cleaves the Gly allele to generate two DNA
fragments of 192- and 54-bp, respectively in wild type;
otherwise 246-bp in Aspl057 allele.

PCR was carried out under the following conditions: 9
4°C for 2 min, followed by 30 cycles of 94C for 1min, 6
0C for 1 min, 72°C for 1 min, and 72°C for 7 min for
IRS-1; and 94°C for 2 min, followed by 30 cycles of 94C
for 1min, 58°C for 1 min, 72°C for 2 min, and 72C for
7 min for IRS-2.

6. Statistical Analysis

Data were analyzed using SAS version 8.0 (SAS
institute, Cary, NC). Since fasting and postload insulin
levels, HOMA-IR, and SHBG showed slightly skewed
distributions, analyses were performed using log-transformed
data. Although mean values are shown for untransformed
data, all P values were based on log-transformed data.
Students’ t-tests in two groups and two-way analysis of
variance (ANOVA) with Post Hoc multiple comparison
test in three groups were used for continuous variables,
including PCOS vs. controls and IRS-2 genotypes as
independent variables. Repeated measures two-way
ANOVA was used to considerate the between-subject or
within-subject interaction effects. All P values were

two-tailed, and statistical significance was defined as P <

0.05.

Results

PCOS women had significantly higher levels of waist
circumference (73.7 £ 11.4 vs. 67.7 = 5.6 cm, P < 0.001),
fasting plasma glucose (85 = 8 vs. 76 + 8 mg/dL, P <
0.001) and insulin (6.7 £ 7.9 vs. 2.5 + 32 yU/mL, P <
0.001), total testosterone (56 + 26 vs. 36 = 14 ng/dL, P
< 0.001), free testosterone (0.9 + 0.5 vs. 0.5 = 0.2 ng/dL,
P < 0.001), LH (12.7 + 10.1 vs. 53 * 59 IU/L, P <
0.05), and FSH (5.4 + 1.8 vs. 4.0 = 1.8 IU/L, P < 0.05)

Table 1. Clinical and biochemical characteristics in PCOS in women with polycystic ovary syndrome (PCOS) and

control

PCOS Controls Povalue

(n = 125) (n = 344)

Age (yr) 25 +5 25 £ 2 0.9
BMI (kg/m®) 227 + 43 22.1 + 3.6 0.2
Waist (cm) 73.7 £ 11.4 67.7 £ 5.6 < 0.0001
Systolic BP (mmHg) 118 = 13 118 + 10 0.9
Diastolic BP (mmHg) 74 + 10 78 + 8 0.3
Fasting glucose (mg/dL) 8 £ 8 76 £ 8 < 0.0001
Fasting insulin (UU/mL) 67 £79 25 + 32 < 0.0001
Total cholesterol (mg/dL) 165 + 43 165 + 27 0.9
Triglycerides (mg/dL) 85 £ 69 49 + 33 0.1
HDL cholesterol (mg/dL) 53 £ 16 58 £9 0.4
Total testosterone (ng/dL) 56 + 26 36 + 14 < 0.0001
Free testosterone (ng/dL) 09 £ 0.5 05 £ 0.2 < 0.0001
SHBG (nmol/L) 51.8 £ 385 554 £ 258 04
LH (IU/L) 12.7 £ 10.1 53 +£59 0.016
FSH (IU/L) 54 + 18 40 + 18 0.034

Data are means = S.D.
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compared to control women. Mean age (25 yrs old),
systolic and diastolic blood pressures, and lipid profiles
were not significantly different between the two groups
(Table 1).
Genotype IRS-1 and IRS-2

polymorphisms did not differ in women with PCOS and

frequencies  of

controls (Table 2). Because the frequency of IRS-1
polymorphism was extremely low in both groups (0.8 %
in PCOS and 1.7% in controls), comparison of metabolic
or hormonal parameters was impossible.

PCOS women with IRS-2 Aspl0O57Asp genotype

showed significantly higher levels of FG score (4.7 + 5.3
vs. 2.3 + 3.1, 3.0 £ 3.2, P < 0.05) and free testosterone
(1.1 £ 0.8 vs. 0.8 £ 0.5, 0.8 = 0.4 ng/dL, P < 0.05, Table
3) compared to those with Glyl057Gly or Gly1057Asp
genotypes. During 75 g OGTT, post-load 60, 90, and 120
min plasma glucose levels were significantly higher in
women with AsplO57Asp genotype than those with
Gly1057Gly or Glyl057Asp genotype (Fig. 1A). In
contrast, post-load plasma glucose levels in control women
with Aspl057Asp genotype were significantly lower than
those with Glyl057Gly or Glyl057Asp genotypes (Fig.

Table 2. Genotype frequencies of IRS-1 and IRS-2 polymorphisms in women with PCOS and controls

PCOS Controls
(n = 125) (n = 344) OR (5% €D

[1] IRS-1

Gly972Gly 124 (99.2) 338 (98.3) -

Gly972Arg 1 (0.8) 6 (1.7) 2.20 (0.26~18.47)
[2] IRS-2

Gly1057Gly 50 (40.0) 133 (38.7) -

Gly1057Asp 58 (46.4) 151 (43.9) 0.98 (0.63~1.53)

Aspl057Asp 17 (13.6) 60 (17.4) 1.33 (0.71~2.49)

Data are n (%). All P values are > 0.05.

Table 3. Clinical and biochemical characteristics according to IRS-2 polymorphism in women with PCOS

Gly1057Gly Gly1057Asp Aspl057Asp
P-value
(n = 50) (n = 58) (n = 17)

Age (yr) 25 +5 25 £ 5 24 + 6 0.6
BMI (kg/mz) 21.8 £ 39 233 £ 43 23.0 £ 5.0 0.2
Waist (cm) 71.8 + 11.5 74.8 £ 11.3 759 + 114 0.3
Ferriman-Gallwey score 23 £ 31 30 £ 32 47 £ 53 0.03
Fasting glucose (mg/dL) 8 £ 9 8 £ 8 86 £ 7 0.9
Fasting insulin (UU/mL) 50 £ 46 8.1 £ 10.0 7.1 £+ 7.3 0.1
HOMA- IR 1.1 £ 1.1 1.8 £ 23 16 £ 1.7 0.2
IMGU (mg/kg * min) 4.8 £ 20 44 + 20 47 £ 53 0.5
Total cholesterol (mg/dL) 162 + 48 167 + 39 164 + 40 0.8
Triglycerides (mg/dL) 81 £+ 73 87 £+ 71 88 * 46 0.8
HDL cholesterol (mg/dL) 54 £ 15 53 £ 16 51 £ 17 0.8
Total testosterone (ng/dL) 58 + 29 55 + 14 57 + 26 0.9
Free testosterone (ng/dL) 0.8 £ 0.5 0.8 £ 04 11 + 0.8 0.04
SHBG (nmol/L) 55.3 £ 452 514 + 354 42.8 £ 262 0.5
LH (IU/L) 14.1 = 10.7 11.7 + 10.3 120 £ 7.3 0.5
FSH (IU/L) 59 + 1.7 51 £ 18 53 +12 0.1
Visceral fat area (sz) 469 + 31.0 56.1 + 31.2 394 + 247 0.2
Subcutaneous fat area (sz) 171.3 £ 99.6 205.5 = 106.2 163.2 £ 79.0 0.2
VSR 0.29 + 0.15 0.29 + 0.12 0.23 + 0.06 0.3

Data are means + S.D. HOMA-IR, homeostasis model assessment of insulin resistance; IMGU, insulin mediated glucose uptake;

VSR, visceral to subcutaneous ratio.
* P-value < 0.05 vs. Glyl057Gly and Gly1057Asp.
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Fig. 1. Plasma glucose and insulin concentrations in PCOS (A and B), and controls (C and D) during 75 g oral glucose tolerance
test according to IRS-2 genotypes. * P < 0.05 vs. Gly1057Gly and Gly1057Asp. ¥ P < 0.05 vs. Gly1057Asp.

Table 4. Clinical and biochemical characteristics according to IRS-2 polymorphism in controls

Gly1057Gly Gly1057Asp Aspl057Asp
P-value

(n = 133) (n = 151) (n = 60)
Age (yr) 25 5 23 + 2 24 + 6 0.2
BMI (kg/m®) 21.7 =+ 34 225 £ 38 23.0 £ 5.0 0.2
Waist (cm) 662 * 4.8 69.2 + 6.6 67.0 £ 4.0 0.006
Ferriman-Gallwey score 14 £ 1.7 1.8 £ 34 1.8 £ 22 0.5
Fasting glucose (mg/dL) 75 £ 17 76 = 8 79 + 8 0.1
Fasting insulin (uU/mL) 2.1 £26 3.1 + 3.8 1.8 £ 2.1 0.06
HOMA-IR 04 + 0.5 06 = 0.7 03 + 04 0.06
Total cholesterol (mg/dL) 163 + 27 177 + 22 135 + 26 0.2
Triglycerides (mg/dL) 36 £ 2 57 + 43 40 + 17 0.7
HDL cholesterol (mg/dL) 61 = 16 58 £ 8 54 + 14 0.8
Total testosterone (ng/dL) 35 £ 14 36 + 13 38 £ 16 0.5
Free testosterone (ng/dL) 05 + 0.2 05 + 0.2 05 + 0.5 0.9
SHBG (nmol/L) 56.1 + 22.8 554 + 29.7 53.6 + 22.1 0.8

Data are mean * S.D. HOMA-IR, homeostasis model assessment of insulin resistance.

* P < 0.05 vs. Glyl057Gly.

1C). Post-load plasma insulin levels during OGTT did not
differ significantly according to the genotypes of IRS-2
polymorphism in both PCOS and control women (Fig. 1B,
D). Other biochemical or reproductive hormone values
except waist circumference were not significantly different
in control women according to IRS-2 polymorphism. Due
to the small number of control subjects (n = 7) with

measured LH, FSH, and visceral and subcutaneous fat

areas, we could not compare these data among controls

(Table 4).

Discussion

In the present study, we examined the frequencies of
IRS-1 Gly972Arg and IRS-2 Glyl057Asp polymorphisms

and relationship of these polymorphisms to phenotypic
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features of PCOS in young Korean women with PCOS.
Insulin sensitivity and insulin secretion capacity in Korean
women with PCOS and controls were comparable to our
previous report[21]. We found that the genotype frequency
of IRS-1 polymorphism in PCOS women was extremely
rare (0.8%) and not different compared to control women
(1.7%). IRS-1 is a major protein that needs to become
phosphorylated to activate the enzyme phosphatidyl
-inositol 3-kinase (PI3K), a mnecessary step for the
initiation of several effects of insulin such as glucose
transport. IRS-1 gene consists of several amino acids
substitutions[22]. The most common genetic variant of
IRS-1 is a glycine to arginine change at codon 972, which
is more prevalent among persons with insulin resistance or
type 2 diabetes[23,24]. It also has been related to obesity
or weight change in non-diabetic population[25,26] or
hyperandrogenism in premature pubertal pubarche and
adolescent girls[14]. However, many controversial studies
have been reported on the relationship between this
genetic variant of IRS-1 and insulin resistance status such
as PCOS or type 2 diabetes in various ethnic groups. The
genotype frequency of Gly972Arg was significantly higher
in PCOS women than controls in Chileans[27] or
European Caucasians[15], however, a Spanish study
showed no difference[28] The frequency of IRS-1
Gly972Arg

Caucasians, 11% in nondiabetic controls[29], but 3.6% and

polymorphism was 26% in diabetic

45% in Japanese diabetic patients and controls,
respectively[30]. Recently, Lin et al did not find
Gly972Arg genotype of this polymorphism in Taiwanese
women with PCOS and controls[17], suggesting that this
polymorphism is rare in Asian ethnicities. Unfortunately,
since this polymorphism has never been reported in the
Korean population, we cannot conclude whether this rarity
was unique for Koreans or just for our study population.

We observed no significant difference of the genotype
frequency of Glyl057Asp of IRS-2 polymorphism in
women with PCOS and controls. PCOS women with
Aspl057Asp genotype showed more hirsute and
hyperandrogenemic tendencies compared to those with
Glyl057Asp or Glyl057Gly genotype. They also had
significantly higher post-load 60, 90, and 120 min glucose
levels. However, plasma insulin levels during OGTT or
insulin sensitivity indices assessed by HOMA-IR, or
euglycemic hyperinsulinemic clamp were not significantly

different. El Mkadem et al[10] observed higher levels of

post-load 2 h plasma glucose levels and HOMA-IR in
PCOS women with Glyl057Asp genotype, suggesting that
IRS-2 had an important role for the maintenance of
normoglycemia against the insulin resistance via
compensatory hyperinsulinemic response. Inactivation of
IRS-2 in mice results both in peripheral insulin resistance
and in reduced development or survival of beta cells in
animal models[31,32]. As a consequence, failure of beta
cells to compensate for the increased insulin demand leads
to the development of diabetes. However, we did not find
any differences in insulin resistance or changes of insulin
levels during OGTT.

In contrast to our study, Ehrmann et al[l15] reported
significantly lower levels of 2-h glucose in nondiabetic
white PCOS women with Aspl057Asp or Glyl057Asp
African-American PCOS  with

with  Gly1057Gly.

and in nondiabetic
Gly1057Asp

However, they did not analyze the genetic effects in

compared to those

control subjects. Other studies also reported the risk of
type 2 diabetes decreasing in relation to the dosage of the
Gly allele[33,34]. The possible causes of this discrepancy
might be due to the differences in criteria for definition of
PCOS, ethnic variations, or different efficiencies in the
detection of this mutation. Furthermore, genotype-phenotype
interaction could be expressed differently and dependent
on ethnicity or environment. We found opposite results in
control subjects; these healthy women with Aspl057Asp
had significantly lower levels of post-load glucose during
OGTT (60, 90, and 120 min). This suggests that the
genetic effect of Aspl057Asp on the sustained post-load
hyperglycemia might be a characteristic in this study
group, and possibly protective in normal cycling healthy
women. To our knowledge, there has been no data
observing the effect of this polymorphism in healthy
reproductive aged women.

There are some limitations in this study. Firstly, the
numbers of sample size was quite small, and had little
power in association studies examining the effects of
genetic variants on risk of PCOS. Only seven women with
PCOS had a family history of PCOS or diabetes, therefore
we cannot observe any impact of this polymorphism on
the development of PCOS or type 2 diabetes. Secondly,
we cannot reveal the exact mechanism for the difference
in OGTT profile as a function of IRS-2 genotype
especially as they go in different directions in the PCOS

and control subjects. Finally, we cannot rule out the
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possibility of any other existing mutations in the insulin
receptor itself, because we only had the data of single
nucleotide polymorphism.

In summary, genotype frequency of Gly972Arg of
IRS-1 polymorphism was extremely rare in the Korean
population. Aspl057Asp genotype of IRS-2 polymorphism
was related to mild hyperandrogenemia and hyperglycemia
in young Korean women with PCOS, and these
relationships were not consistent in healthy counterparts.

We thus conclude that the Glyl057Asp polymorphism
in IRS-2 gene may not have a significant impact on the

insulin resistance in Korean women with PCOS.
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