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Introduction

Insulin receptor substrate (IRS) molecules are distinctive 
adaptor proteins capable of integrating and coordinating cy-
toplasmic and nuclear signals from multiple signaling cascades, 
which are important during normal development and tumori-
genesis. The IRS protein family contains six (IRS 1 to 6) structur-
ally related intracellular signaling adaptor proteins. While IRS-1 
and IRS-2 are widely expressed, the other members of the IRS 
family show limited species or tissue-restricted expression (1, 2).

Although IRS-1 and IRS-2 are homologous, they have di-
vergent roles in metabolism. IRS-1 shows its greatest effect 
in adipose tissue and muscle. In contrast, IRS-2 is essentially 
localized in the ovary, liver, and pancreas. IRS-2 is expressed 
in a number of ovarian cell types and plays critical roles in 
ovarian function by regulating key components of the cell 
proliferation and differentiation (3-5). The IRS-2 gene is local-
ized on chromosome 13q34 and the common IRS2 variant, 
a Gly to Asp change at codon 1057 (G1057D), has been as-
sociated with insulin sensitivity and mediates interaction with 
downstream signaling molecules (6-8).

Epithelial ovarian cancer is one of the most lethal gyne-
cological malignancies and about two thirds of the patients 

are diagnosed in advanced stages (9). However, the biologi-
cal and molecular basis of ovarian cancer is not understood 
completely. Since insulin receptor signaling regulates female 
reproductive function acting in the ovary, it is highly plausible 
that IRS-2 gene polymorphism may play a role in the devel-
opment of ovarian cancer. Based on the previous studies, we 
aimed to investigate the association of the IRS-2 G1057D 
gene polymorphism with ovarian cancer. 

Materials and Methods

The study group was composed of 45 women who were 
operated on for ovarian cancer between 2006 and 2008. The 
control group included randomly selected 140 healthy wom-
en attending our clinic for routine gynecologic examination 
during the same period, who were matched for age, and had 
normal cytological and ultrasound findings and tumor marker 
panel. A written informed consent was obtained from all the 
women, and the study protocol was approved by the Medi-
cal Ethics Committee at the University of Mersin School of  
Medicine, and conformed to the ethical guidelines of the 
1975 Helsinki declaration. 
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Key Words: Insulin receptor substrate-2 gene polymorphism, ovarian cancer, G1057D variation 

Received: 10.09.2009 Accepted: 05.10.2009

Address for Correspondence:  Dr. Filiz Çayan, Department of Obstetrics and Gynecology, Faculty of Medicine, Mersin, Turkey 
Phone: +90 324 341 28 15 E-mail: filizcayan@yahoo.com

Balkan Med J 2011; 28: 14-7 • DOI: 10.5174/tutfd.2009.03134.1
© Trakya University Faculty of Medicine



15
Balkan Med J 
2011; 28: 14-7

Çayan et al. 
IRS-2 and Ovarian Cancer

All patients in the study group underwent appropriate 
surgical exploration as suggested by FIGO, (10) and histo-
pathological examination was performed under the guidance 
of WHO (11) Demographic characteristics including age at di-
agnosis, height, weight, reproductive and previous obstetric 
history were assessed in all the women. Body mass index (BMI) 
was calculated as weight (kg) divided by the square of the 
height. The patients and control subjects were from the same 
geographic region (southern Turkey) and of the same ethnic 
origin (Turkish-white). For this reason race was not considered 
in the statistical analyses.

DNA Extraction and Genotyping of IRS-2 
Heparinized venous blood samples were collected from 

women in the ovarian cancer and control groups. Immediately 
after collection, whole samples were stored at +4°C until use. 
Genomic DNA was extracted from circulating leukocytes by 
the High Pure PCR template preparation kit (Roche diagnos-
tics, GmbH, Mannheim, Germany) following manufacturer 
instructions. A polymerase chain reaction (PCR)-based restric-
tion fragment-length polymorphism (RFLP) method was used 
to genotype IRS-2 G1057D polymorphism, which removes the 
Hae II restriction enzyme site. The PCR was performed in a 25 
µl volume containing 20 ng genomic DNA, 10XPCR buffer with 
1.5 mM MgCl2, 0.25 mM dNTPs, 10% Dimethylsulphoxide, 0.5 
units of Taq polymerase (Fermantas,MBI), and 5 pmol of each 
primers IRS-2F (5’ GCT CCC CCA AGT CTC CTA A 3’) and 
IRS-2R (5’ CTC AGC CTC TTC ACG CCC 3’). The PCR thermal 
cycling conditions were an initial melting period at 95°C for 
2 min; then 35 amplification cycles of 95°C for 45 s, 62°C for 
45 s and 72°C for 45 s; and a 7-min extension step at 72°C. 
The PCR products were checked on a 1.5% agarose gel for 
the assay completion and then the PCR products of 375 base 
pair (bp) were digested with restriction enzyme Hae-II by over-
night incubation at 37°C. The digestion products were electro-
phoresed on 3% agarose gel and visualized by staining with 
ethidium bromide and evaluated using the gel documentation 
system (Vilber-Lourmat, Cedex, France). 

Statistical Analysis
A case-control study was performed and the χ2 test was 

used to compare genotype frequency of the IRS-2 gene poly-
morphism between ovarian cancer patients and controls. The 
association between IRS-2 polymorphisms and ovarian cancer 
patients was modeled through binary logistic regression anal-
ysis, and OR and 95% confidence interval (CI) were calculated 
to compare ovarian cancer risk among genotypes. The char-
acteristics of women in both groups were compared with the 
Student’s t-test. The test for Hardy-Weinberg equilibrium was 
conducted by comparing observed versus expected genotype 
frequencies using a χ2-test. All values are represented as mean 
and standard deviation (SD). A p value less than 0.05 was con-
sidered as significantly different. The software used for the 
calculation was the SPSS version 11.5 (SPSS Inc., Chicago, IL).

Results

Table 1 summarizes the distribution of ages, BMI and pari-
ty of the groups. The mean age of the women was 52.0±12.74 

years (range, 30 to 78 years) in the ovarian cancer group and 
53.5±15.2 (range, 18 to 88 years) in the control group. The 
mean age, parity, and BMI did not significantly differ between 
the groups (p>0.05). 

As shown in Table 2, the frequencies of GG, GD and DD gen-
otypes were 60%, 33.3%, and 6.7% in the ovarian cancer cases 
and 53.6%, 38.6%, and 7.9% in the controls. We did not find 
any significant difference between the genotypes in the groups  
(P: 0.787). The frequency of D allele was 0.233 for cases and 0.271 
for controls. There was no difference between cases and controls 
in the frequency of G and D alleles (P; 0.545 Table 2). Regarding 
both groups (controls and patients with ovarian cancer); the distri-
bution of IRS-2 genotypes was in the Hardy-Weinberg equilibrium 
(p=0.957, p=0.919, respectively).

Discussion

The insulin receptor substrates are cytoplasmic signal-
ing molecules that mediate the effects of insulin, insulin-like 
growth factor-1, and other cytokines by acting as a molecu-
lar adaptor between diverse receptor tyrosine kinases and 
downstream effectors. Insulin and IGF initiate the tyrosine 
phosphorylation of intracellular IRSs by activated receptors. 
Genetic polymorphism located close to the tyrosine phos-
phorylation sites of the IRS genes, may cause a change in the 
tertiary structure of these proteins and may result in impaired 
signaling (6,12-14). Since IRSs are involved in the effects of the 
IGFs, insulin, growth hormones, interleukins, and interferons, 
IRS gene polymorphism may contribute to the promotion of 
tumorigenesis by these mitogens. 

 Ovarian cancer Control p
 (n=45) (n=140) value

Mean age (years) 52.0±12.74 53.5±15.2 0.610

Parity 2.28±1.14 2.43±1.07 0.410

BMI (kg/m2) 27.14±4.68 27.37±3.63 0.730

n: number of sample, p: values of significance with difference of each group 

BMI=body mass index

Note that values are given as the mean±SD

Table 1. Demographic characteristics of the subjects

 Patients  Control

Variable n (%) n (%) OR ‡ 95% CI

Genotype

GG 27 (60.0) 75 (53.6) 1 (reference) 

GD 15 (33.3) 54 (38.6) 0.77 0.37-1.58

DD 3 (6.7) 11 (7.9) 0.75 0.203-3.04

Allele    

G  69 (76.7) 204 (72.9) 1 (reference) 

D  21 (23.3) 76 (27.1) 0.81  0.46-1.42

(n:) Number of observation, (OR:) odds ratio, (CI:) confidence interval. Statistical 

analysis was performed by using the binary logistic regression analysis and Chi-

square (χ2)

Table 2. IRS-2 genotypes and the risk of developing ovarian cancer
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A number of additional surface receptors also utilize the 
IRS proteins as signaling intermediates. Receptors that signal 
through the IRS proteins include other growth factor/hormone 
receptors such as the growth hormone, leptin, vascular endo-
thelial growth factor (VEGF), cytokine receptors including the 
IL-2, IL-4, IL-7, IL-9, IL-13 and IL-15 receptors, interferon re-
ceptors and members of the integrin adhesion receptor fam-
ily. These disparate receptors regulate many different cellular 
functions and are expressed in distinct cell types. However, one 
common function that many of these receptors share is their 
potential role in the pathogenesis of tumorigenesis.(15-18) 

In addition to their role as scaffolding proteins in the cyto-
plasm, IRSs are able to translocate into the nucleus and regu-
late gene transcription. While IRSs have been found to be on-
cogenic, they are also required for the transforming ability of 
numerous other oncogenes. They directly bind, interact, and 
cooperate with numerous other oncogens including JCV T-an-
tigen, SV40T antigen, ret oncoprotein, and the ETV6-NTRK3 
translocation oncoprotein. These known oncogenes are de-
pendent on IRS tyrosine phosphorylation for mitogenic and 
transforming activity (19, 20).

Up to date, many studies have focused on the effect of 
IRS-1 in carcinogenesis, but few have addressed IRS-2. Most 
of our knowledge on the association of IRS-2 protein with 
tumorigenesis has been provided from invivo mouse model 
studies. IRS-2-deficient PyV-MT-derived mammary tumor cells 
are significantly more sensitive to serum deprivation-induced 
apoptosis than wildtype tumor cells, and IRS-2-/- tumors also 
have a higher in situ level of apoptosis (15). Therefore, IRS-2 
has been implicated in promoting tumor cell survival, which is 
likely to contribute to its role in tumor progression. 

In recent reports, IRS-2 expression has been linked to spe-
cific cancers, such as breast cancer, hepatocellular carcinoma, 
pancreatic cancer, and colorectal cancer (3, 21-24). Slattery et 
al. found that a variant of IRS-2 was associated with colon can-
cer risk and the IRS-2 GD genotype reduced the risk of colon 
cancer (3). However, no association has been detected in stud-
ies of prostate cancer (25). To our knowledge, there has been 
no study investigating the role of IRS-2 gene polymorphism in 
gynecological cancers to date. Neganova et al investigated 
ovarian function in a novel IRS-2 global null mouse line, and 
they found reduced follicle size, increased numbers of atretic 
follicles, impaired oocyte growth and antral cavity develop-
ment in IRS-2 null ovaries (5). Similarly, a recent study dem-
onstrated that IRS-2 null female mice have small anovulatory 
ovaries, and reduced follicle number (2). In the present study, 
we observed that the frequencies of GG, GD and DD geno-
types were 60%, 33.3%, and 6.7%, respectively in the ovarian 
cancer cases and 53.6%, 38.6%, and 7.9%, respectively in the 
controls (p>0.05). However, we could not find any significant 
difference between the genotypes in the groups. Since the 
etiology of ovarian cancer appears to involve a complex in-
terplay of multiple genetic, environmental, and immunologic 
factors, single gene polymorphism may not be sufficient to 
explain the pathogenesis of the disease. Moreover, focusing 
on a disease pathway, rather than isolated genetic polymor-
phisms, may provide more information on the importance of 
the pathway and the etiology of the disease. 

In summary, there are many studies that provide clues to 
the potential role of IRSs in tumorigenesis. However, we could 
not find an association between the G1057D variant of IRS-2 
gene and ovarian cancer in this population. A major limitation 
of this study is the modest sample size, and larger studies are 
needed to establish clearly the function of IRS proteins in hu-
man cancer. 
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