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Abstract
AIM: To investigate the relationship between insulin re-
ceptor substrate-2 (IRS-2) G1057D polymorphism and 
the risk of gastric cancer (GC) in a Chinese population.

METHODS: A case-control study with 197 GC patients 
and 156 age- and sex- matched control subjects was 
conducted. The genotypes of polymorphism were as-
sessed by polymerase chain reaction-restriction frag-
ment length polymorphism.

RESULTS: The genotype frequencies of IRS-2  G1057D 

polymorphism in cases were obviously different from 
those in the control group (P  = 0.031). Compared with 
GG genotype carriers, the risk for GC was significantly 
higher (adjusted odds ratio = 2.32, 95% CI: 1.03-5.23, 
P  = 0.042) in the individuals with the IRS-2  DD geno-
type. Furthermore, stratified analysis was performed 
based on age, sex, smoking status and residence, but 
no significant difference between the two groups was 
found. In addition, no significant association between 
genotypes and clinicopathological features was ob-
served either.

CONCLUSION: This study demonstrates that IRS-2  
G1057D is involved in susceptibility to GC, although fur-
ther large-sample studies are still needed.
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INTRODUCTION
Gastric cancer (GC) remains a major medical challenge 
and one of  the prevalent malignant diseases. Extensive 
invasion and metastasis are the pivotal factors for its 
poor prognosis. As shown in epidemiological studies, 
GC is the fourth most common malignancy and the 
second most frequent cause of  cancer-related death 
worldwide[1,2]. Moreover, nearly half  of  GC cases occur 
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in China alone[3]. Although the cause is largely unknown, 
GC is thought to result from a combination of  multiple 
environmental factors and the accumulation of  specific 
genetic alterations, including polymorphisms[4-8].

Insulin receptor substrates (IRS) are a family of  six 
(IRS-1 to IRS-6) structurally related cytoplasmic adaptor 
proteins that integrate and coordinate numerous biologi-
cally key extracellular signals within the cell[9-13]. Among 
the six family members, humans express three members 
(IRS-1, IRS-2 and IRS-4), while IRS-1 and IRS-2 are 
widely expressed[10,11,12]. Despite a high level of  sequence 
homology, IRS-1 and IRS-2 mediate distinct cellular 
functions. IRS-1 controls body growth and peripheral in-
sulin action and IRS-2 regulates body weight control and 
glucose homeostasis[14,15].

Although IRS proteins do not have intrinsic kinase 
activity, they act as adaptors and organize signaling 
complexes to initiate intracellular signaling cascades[14] 
and function between multiple growth factor receptors 
possessing tyrosine kinase activity, such as the insulin 
receptor (IR), Type Ⅰ insulin-like growth factor receptor 
(IGF-IR) and a complex network of  intracellular signal-
ing molecules containing Src homology 2 domains[16-18]. 
It is now clear that IRSs are the core signaling molecules 
of  the actions of  the IGF-IR signaling[19,20]. In recent 
years, numerous studies have shown that these signaling 
adaptors are themselves oncogenic and can induce malig-
nant transformation. Dearth et al[14] reported that IRS-2 
was able to transform NIH3T3 cells in a foci-formation 
assay. Also, many studies have shown that both IRS-1 
and IRS-2 were overexpressed in hepatocellular carci-
noma[21-23]. Yamashita et al[24] found that there was a pos-
sibility that the silencing of  IRS-2 was causally related to 
development and progression of  GC.

IRS-2 was first discovered as an alternative IRS, initially 
named 4PS, in insulin-stimulated cells derived from Irs-1-/- 
mice[25]. IRS-2 is widely expressed and is the primary me-
diator of  insulin dependent mitogenesis and regulation of  
glucose metabolism in most cell types[16]. The IRS-2 gene 
is located on chromosome 13q34. To date, a number of  
polymorphisms have been identified in the IRS-2 gene. 
Among those, the amino acid substitution Gly1057Asp 
(GGC-GAC at codon 1057, G1057D rs1805097) was 
found to be associated with various human diseases. A 
study conducted by Almind et al[26] reported decreased se-
rum insulin and C-peptide concentrations during an oral 
glucose tolerance test in middle-aged glucose tolerant 
Danish male subjects carrying the D1057 allele. There 
were reports about the association of  G1057D with type 
2 diabetes in Danish[27], Finnish, Chinese, Swedish[26,28] 
and German[29] populations, but the results were incon-
sistent. Recent observations also indicated that G1057D 
polymorphism was associated with endometrial cancer[30], 
colon cancer[31] and polycystic ovary syndrome[32].

The mechanism by which the nonconservative G1057D 
variant affects risk of  cancer or other diseases is not clear, 
but a charged amino acid (D) in place of  a neutral one 
(G) in the domain of  IRS-2 molecule located in between 

two putative tyrosine phosphorylation sites (at positions 
1042 and 1072) of  the protein could produce alterations 
in downstream signaling through IRS-2[33]. If  this variant 
causes alterations of  downstream signaling of  IGF-IR 
signaling which promote GC progression and invasion, it 
may influence GC susceptibility. Also, to our knowledge, no 
study has examined the influence of  the polymorphism on 
the risk of  GC. Therefore, we conducted a hospital-based 
case-control study to investigate the potential link between 
this polymorphism and GC in a Chinese population.

MATERIALS AND METHODS
Study population
One hundred and ninety seven consecutive, unrelated GC 
patients were recruited at the Nanjing Medical University 
Affiliated Hospital. The diagnosis of  GC was confirmed 
histologically. Patients with secondary or recurrent tumors 
were excluded. 156 genetically unrelated cancer-free in-
dividuals were selected from the inpatients admitted to 
the hospital during the same period with no history or 
diagnosis of  any cancer and genetic disease. They were 
matched with the cases on age (within 5 years) and sex. All 
subjects were Han nationality and from Jiangsu Province 
or its surrounding regions. A structured questionnaire was 
administered by interviewers to collect information on 
demographic information and personal medical history. 
Individuals who formerly or currently smoked ≥ 10 ciga-
rettes per day on average for at least 2 years were defined 
as smokers. Pathological variables were obtained from the 
medical records of  the GC patients. All gastric carcinomas 
were classified according to the TNM classification criteria 
of  International Union Against Cancer[34]. Differentiation-
grade was classified according to World Health Organiza-
tion classification. The study was approved by the Nanjing 
Medical University Affiliated Hospital Ethics Committee 
and informed consent was obtained from each partici-
pant.

Genotyping analysis
Genomic DNA was isolated from peripheral blood lym-
phocytes according to the protocol described in our pre-
vious study[35]. The polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) assay was 
used to identify the IRS-2 G1057D genotypes. PCR was 
done in 20 μL reaction mixtures containing 10 μL 2 × 
PCR Master mix (Genetime biotechnology, NanJing, 
China), 0.25 μmol/L each primer (forward 5'-GTCCCC-
GTCGTCGTCTCT-3', reverse 5'-CTCGACTCCC GA-
CACCTG-3') and 200 ng genomic DNA. The amplifica-
tion protocol is as follows: initial denaturation at 95℃ 
for 4 min, followed by 35 cycles of  denaturation at 95℃ 
for 30 s, annealing at 57℃ for 30 s, extension at 72℃ for 
30 s and then with a final elongation at 72℃ for 5 min. 
The 286 bp PCR products were digested by the restriction 
enzyme Hae II (New England BioLabs), 10 units for 1 h 
at 37℃, followed by electrophoresis on a 3% agarose gel 
containing ethidium bromide, and bands were then visual-
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ized by ultraviolet transillumination. The genotypes were 
assessed as follows: The wild-type homozygotes (GG) 
produced two bands at 105 and 181 bp, while the variant 
homozygotes (DD) produced one band at 286 bp and 
the heterozygous (GD) produced three bands at 286, 181 
and 105 bp (Figure 1). About 10% of  the samples were 
randomly selected to do the repeated assays and the re-
sults were 100% concordant. Genotyping was performed 
without knowledge of  the subject’s case and control sta-
tus. In addition, PCR products of  the polymorphism with 
different genotypes were selected and verified by direct 
sequencing using ABI 3730 DNA analyzer (Applied Bio-
systems, Foster City, CA, USA) (Figure 1).

Statistical analysis
All statistical analyses were performed using SPSS 16.0 
software (SPSS Inc., Chicago, IL, USA). All of  the tests 
were two-tailed and statistical significance was defined 
as P < 0.05. Quantitative variables departing from the 
normal distribution, including age and weight, were sum-
marized as median and analyzed by Mann-Whitney rank 
sum test. Pearson’s χ2 test was used to compare the dif-
ference in the distribution of  categorical variables and 
genotype frequencies between cases and controls. The 
Hardy-Weinberg equilibrium of  the IRS-2 genotypes was 
analyzed by the goodness-of-fit χ2 test. Odds ratio (OR) 
and 95% CI were calculated to evaluate the association 
between the polymorphism and the risk of  GC. Carri-
ers of  the wild genotype GG were used as the reference. 
The crude OR was assessed by the Woolf  approximation 
method and the adjusted OR was computed using the 
unconditional logistic regression method, with adjust-
ment for age, sex, smoking status, residence, hyperten-

sion and diabetes.

RESULTS
Demographic information
The demographic characteristics of  the participants are 
listed in Table 1. As expected, there was no significant 
difference in age and sex distribution between the case 
and control groups. Moreover, the two groups were simi-
lar with respect to smoking status, residence, history of  
hypertension and diabetes. Nevertheless, compared with 
controls, GC patients had a lower body weight (P = 0.001).

Distributions of the IRS-2 genotype in cases and 
controls and risk estimates
Data for genotype frequencies and the associations be-
tween IRS-2 G1057D polymorphism and the risk of  
GC are shown in Table 2. The genotype distributions 
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Table 1  Demographic information  n  (%)

Characteristics Cases 
(n  = 197)

Controls 
(n  = 156)

P  value

Gender (male) 152 (77.16) 118 (75.64) 0.739
Age1 (yr)      60 (50-67.5)        58 (47.25-65) 0.197
Weight1 (kg)   62 (55-70)        67 (60-73.25) 0.001
Hypertension   43 (21.83)   29 (18.83) 0.490
Diabetes 10 (5.08) 14 (9.03) 0.144
Smoking   44 (22.34)   26 (16.67) 0.205
Residence
Rural   84 (42.64)   70 (45.45) 0.598
Urban 113 (57.36)   84 (54.55)

1Median (25th-75th percentiles).

G   G   G   C   C  C  G   G   R   C  G   C   C   G   C   C   T  C  A   T  C  GC G   G   G   C   C  C  G   G    A  C  G   C   C   G   C   C   T  C  A   T  C  GD

G   G   G   C   C  C  G   G   G   C  G   C   C  G   C   C   T  C  A   T  C  GBA M    L1   L2   L3   L4   L5   L6   L7   L8

286 bp
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500
400
300
200

100
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Figure 1  Genotypes of insulin receptor substrate-2 G1057D confirmed by polymerase chain reaction-restriction fragment length polymorphism assay and 
direct sequencing. A: Representatives of genotypes by polymerase chain reaction-restriction fragment length polymorphism assay. L4, L8 were identified as DD; L1, 
L3 and L7 were identified as GD; L2, L5 and L6 were identified as GG; B, C and D: Representatives of GG, GD, DD genotypes by direct DNA sequencing respectively.
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complied well with Hardy-Weinberg equilibrium in cases 
and controls (P = 0.204, P = 0.425, respectively). The 
distribution of  the IRS-2 genotype was significantly 
different between GC cases and controls (P = 0.031). 
Moreover, the frequency of  D allele was significantly 
higher in GC patients than in control subjects (40.10% vs 
32.69%, P = 0.043). With the wild genotype GG as ref-
erence, we found that the DD genotype was associated 
with an increased risk of  GC (adjusted OR = 2.32; 95% 
CI: 1.03-5.23, P = 0.042). The IRS-2 D allele elevated GC 
risk compared with G allele, the relative risk for the IRS-2 
D allele was 1.38 (adjusted OR = 1.38; 95% CI: 1.01-1.88, 
P = 0.043) for the GC patients compared with popula-
tion controls.

Stratified analyses of the polymorphism and GC risk
To further clarify the relationship between IRS-2 variant 
and the GC risk, we performed stratified analysis. Table 3 
presents the results of  stratified analyses by the median 
age of  controls (58 years), sex, smoking status and resi-
dence with the IRS-2 variant genotypes. No statistically 
significant difference was observed in younger subjects 
(age ≤ 58) and older subjects (age > 58) in the association 
between the polymorphism and susceptibility to GC (ad-
justed OR = 1.10, 95% CI: 0.59-2.05 and adjusted OR = 
1.15, 95% CI: 0.60-2.23, respectively). Analogously, we did 
not note statistically significant associations in the strati-

fied analyses of  sex, smoking status and residence.

Variant genotypes and clinicopathological 
characteristics of GC
Finally, we also estimated the correlations of  the IRS-2 
variant genotypes with clinicopathological features of  
GC, including tumor differentiation, depth of  tumor 
infiltration, lymph node status and tumor location. As 
shown in Table 4, no statistically significant association 
was found.

DISCUSSION
The genetics and heredity of  complex human traits have 
been studied for over a century. Over the last decade, 
genetic studies have identified numerous associations 
between single nucleotide polymorphism alleles in the 
human genome and important human diseases. Studies 
about genetic polymorphism have proven to be power-
ful and efficient in identifying genetic variants associated 
with various diseases. In the present study, for the first 
time we investigated the role of  IRS-2 gene G1057D 
polymorphism in GC susceptibility in a Chinese popula-
tion and we found that the DD genotype conferred an 
increased risk of  GC.

Involving the two important cancer-related pathways 
(MAPK/ERK, PI3K/Akt), IGF-IR was documented 
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Table 2  Distribution of the IRS-2  genotype in cases and controls and risk estimates  n  (%)

IRS-2 genotype Cases1 Controls1 Crude OR (95% CI) P value Adjusted OR2 (95% CI) P value

Overall 197 156
GG   69 (35.02)   64 (41.03) 1.00 1.00
GD   98 (49.75)   82 (52.56) 1.11 (0.71-1.74) 0.653 0.96 (0.60-1.53) 0.864
DD   30 (15.23) 10 (6.41) 2.78 (1.26-6.15) 0.011 2.32 (1.03-5.23) 0.042
GD + DD 128 (64.98)   92 (58.97) 1.29 (0.84-1.99) 0.248 1.11 (0.71-1.75) 0.637
G allele 236 (59.90) 210 (67.31) 1.00
D allele 158 (40.10) 102 (32.69) 1.38 (1.01-1.88) 0.043

1Distribution of the insulin receptor substrate-2 (IRS-2) genotype in cases and controls were in Hardy-Weinberg equilibrium (P = 0.204, P 
= 0.425, respectively); 2Adjusted for age, sex, smoking status, residence, hypertension and diabetes. OR: Odds ratio.

Table 3  Stratified analyses for variant IRS-2  genotypes in cases and controls  n  (%)

Variable (GD + DD)/GG Crude OR (95% CI) P  value Adjusted OR1 (95% CI) P  value

Cases Controls

Age (median) (yr)
   ≤ 58   53 (26.9)/40 (20.3)   46 (29.5)/39 (25.0) 1.29 (0.71-2.33) 0.412 1.10 (0.59-2.05) 0.762
   > 58   69 (35.0)/35 (17.8)   46 (29.5)/25 (16.0) 1.22 (0.64-2.32) 0.538 1.15 (0.60-2.23) 0.674
Sex 
   Females 28 (14.2)/17 (8.6)   21 (13.5)/17 (10.9) 1.33 (0.55-3.21) 0.521 1.13 (0.44-2.87) 0.800
   Males   94 (47.7)/58 (29.4)   71 (45.5)/47 (30.1) 1.27 (0.77-2.10) 0.342 1.12 (0.67-1.87) 0.668
Smoking status
   Smokers 32 (16.2)/12 (6.1) 16 (10.4)/10 (6.5) 1.88 (0.66-5.33) 0.238 1.52 (0.49-4.70) 0.467
   Non-smokers   90 (45.7)/63 (32.0)   75 (48.7)/53 (34.4) 1.16 (0.72-1.87) 0.550 1.00 (0.61-1.65) 0.990
Residence
   Urban   73 (37.1)/40 (20.3)   51 (33.1)/33 (21.4) 1.44 (0.80-2.61) 0.226 1.30 (0.70-2.42) 0.406
   Rural   49 (24.9)/35 (17.8)   41 (26.6)/29 (18.8) 1.04 (0.55-1.98) 0.905 0.89 (0.46-1.75) 0.743

1Adjusted for age, sex, smoking status, residence, hypertension and diabetes. OR: Odds ratio.
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to promote tumor growth, progression and invasion. 
Increased expression levels of  both IGF and IGF-IR 
are found in gastrointestinal carcinomas[36,37]. Exogenous 
IGFs promote the proliferation of  GC cells and the 
blocking of  IGF-IR inhibits tumor development[36,38-40]. 
As the major downstream effector of  the IGFs, IRS-2 
plays a critical role in determining the cellular response 
to IGF stimulation and is proven to be one of  the key 
factors accelerating tumor progression and metastasis in 
various types of  cancers. For example, IRS-2 dependent 
signaling promotes cell motility and invasion in neuro-
blastoma and mesothelioma cells[41-43]. The up-regulation 
of  IRS-2 expression in pancreatic and hepatocellular 
carcinoma suggests a positive contribution of  this IRS 
family member to tumor progression[23,44]. Another study 
conducted by Yamashita et al[24] found that there was a 
possibility that the silencing of  IRS-2 was causally related 
to the development and progression of  GCs.

An amino acid substitution of  Gly to Asp change at 
codon 1057 has been associated with insulin sensitivity 
and may subtly mediate interaction with downstream sig-
naling molecules[45]. The variant lies between two putative 
sites of  tyrosine phosphorylation (at position 1042 and 
1072) and a non-conservative amino acid substitution in 
this domain may result in a subtle alteration of  the affin-
ity between IRS-2 and downstream signaling elements, 
which may change the interaction with downstream sig-
naling molecule[33]. However, there is the possibility that 
this polymorphism is not functional but may be in linkage 
disequilibrium with a currently unrecognized functional 
polymorphism. Based on these previous observations, 
it would therefore be plausible to expect that the IRS-2 
G1057D polymorphism may be associated with GC.

Several epidemiological studies have investigated the 
association between the G1057D polymorphism and 
various diseases. There were reports about the associa-
tion of  the G1057D with type 2 diabetes in Danish[27], 
German[29] Finnish, Chinese and Swedish[26,28] popula-
tions, but the results were inconsistent. In a large case-

control study in Asian Indians, Bodhini et al[46] found that 
DD genotype increased susceptibility to type 2 diabetes 
by interacting with obesity (P = 0.002). Another study 
conducted by Slattery et al[31] found that IRS-2 G1057D 
heterozygote GD genotype significantly reduced the risk 
of  colon cancer (OR = 0.8, 95% CI: 0.6-0.9). Recently, 
Cayan et al[30] reported the risk for endometrial cancer was 
4.87 times higher in the individuals with the IRS-2 DD 
genotype compared to the GG genotype (OR = 4.87, 
95% CI: 1.74-13.63 ).

To further investigate the association between IRS-2 
G1057D polymorphism and the risk of  GC, we con-
ducted this hospital-based case-control study in a Chi-
nese population. The frequency of  the variant D allele 
was higher in GC patients than in control subjects. We 
also found that the DD genotypes conferred a 132% 
increased risk of  developing GC in this Chinese popula-
tion. The allele frequencies in controls was in the range 
of  those in previous reports[31,46]. It is probable that the 
discrepancies in sample size, ethnic background, selec-
tion of  cases and controls, and study design may partly 
explain the differences observed in this study and others.

We then performed stratification analyses by age, sex, 
smoking status and residence, but no statistically signifi-
cant difference was observed. Although several studies 
have suggested that IRS-2 indicate a major role in cell 
motility and invasion[41-43], the current study found no sig-
nificant correlation between the IRS-2 G1057D polymor-
phism and tumor differentiation, depth of  tumor infiltra-
tion, lymph node status and tumor location. However, 
since only a few studies have addressed the impact of  the 
IRS-2 gene G1057D polymorphism on the clinical fea-
tures of  solid tumors, and the sample size of  our study 
might not be large enough for subgroup analyses, further 
studies are warranted to clarify the association between 
the IRS-2 G1057D polymorphism and the clinicopatho-
logical features or the prognosis of  GC.

Several limitations in our study need to be addressed. 
First of  all, although this was a population based case–
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Table 4  Associations between variant IRS-2  genotypes and clinicopathological characteristics of gastric cancer

Variable GD + DD GG Crude OR (95% CI) P  value Adjusted OR1 (95% CI) P  value

Tumor differentiation
   Well   15   6 1 1
   Moderate   80 35 0.91 (0.33-2.55) 0.864 0.95 (0.33-2.76) 0.921
   Poor   29 25 0.46 (0.16-1.38) 0.166 0.38 (0.11-1.35) 0.135
Depth of tumor infiltration
   T1   21 14 1 1
   T2   20   5 2.67 (0.81-8.77) 0.106   2.70 (0.70-10.47) 0.150
   T3   60 26 1.54 (0.68-3.49) 0.302 1.46 (0.60-3.52) 0.401
   T4   24 22 0.73 (0.30-1.77) 0.483 0.73 (0.29-1.86) 0.507
Lymph node metastasis
   Negative   47 23 1 1
   Positive   78 43 0.89 (0.48-1.65) 0.708 0.94 (0.49-1.77) 0.837
Localization
   Cardia   27 15 1 1
   Non-cardia 101 54 1.04 (0.51-2.12) 0.916 1.08 (0.51-2.29) 0.838

1Adjusted for age, sex, smoking status, residence, hypertension and diabetes. OR: Odds ratio.
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control study, selection bias could not be avoided. Nev-
ertheless, the IRS-2 G1057D polymorphism variant allele 
frequency in control subjects was in the range of  those 
in previous reports[31,46] and the genotype distribution of  
controls was in Hardy-Weinberg equilibrium. Secondly, 
the sample size of  our study might not be large enough, 
especially for subgroup analyses. However, our prelimi-
nary data provides valuable guidance to future larger 
sample size studies in this area. Thirdly, Helicobacter pylori 
(H. pylori) infection is now established as a critical event 
in the development of  GC but in our study, not enough 
information on H. pylori status was provided because it 
was unethical to do H. pylori tests in every subject.

In conclusion, our data suggests that the IRS-2 
G1057D polymorphism is associated with an increased 
risk of  GC in the Chinese population. Further studies 
with a larger sample size are warranted to confirm these 
initial observations and extend the results.

COMMENTS
Background
Insulin receptor substrate-2 (IRS-2), an important member of IRS proteins, has 
been demonstrated play a crucial role in tumor growth, progression and inva-
sion. IRS-2 G1057D polymorphism has been implicated in a range of human 
diseases and recent studies have indicated that the polymorphism is associated 
with cancer risk.
Research frontiers
Using a polymerase chain reaction-restriction fragment length polymorphism 
method, this study explored the relationship between IRS-2 G1057D polymor-
phism and gastric cancer (GC) risk.
Innovations and breakthroughs
IRS-2 G1057D polymorphism is associated with the elevated risk of GC in the 
Chinese population.
Applications
It is seen from this study that IRS-2 G1057D polymorphism contributes to 
susceptibility to GC, which is meaningful for early diagnosis, prevention and 
individual-based treatment of GC.
Terminology
IRS-2 is an important member of IRS proteins that function as adaptors and 
organize signaling complexes to initiate intracellular signaling cascades. Single 
nucleotide polymorphisms are the most common type of sequence differences 
between alleles, which can be used as simple genetic markers.
Peer review
This is an interesting paper on the association between the IRS-2 G1057D 
polymorphism and GC risk in a small cohort of patients with GC and controls. A 
borderline statistically significant relationship was reported.

REFERENCES
1	 Crew KD, Neugut AI. Epidemiology of gastric cancer. World 

J Gastroenterol 2006; 12: 354-362
2	 Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statis-

tics, 2002. CA Cancer J Clin 2005; 55: 74-108
3	 Parkin DM. International variation. Oncogene 2004; 23: 

6329-6340
4	 Wu MS, Chen CJ, Lin JT. Host-environment interactions: 

their impact on progression from gastric inflammation to 
carcinogenesis and on development of new approaches to 
prevent and treat gastric cancer. Cancer Epidemiol Biomarkers 
Prev 2005; 14: 1878-1882

5	 Dong LM, Potter JD, White E, Ulrich CM, Cardon LR, Peters 
U. Genetic susceptibility to cancer: the role of polymor-

phisms in candidate genes. JAMA 2008; 299: 2423-2436
6	 Chen J, Liu NN, Li JQ, Yang L, Zeng Y, Zhao XM, Xu LL, 

Luo X, Wang B, Wang XR. Association between ITGA2 
C807T polymorphism and gastric cancer risk. World J Gastro-
enterol 2011; 17: 2860-2866

7	 Li JQ, Chen J, Liu NN, Yang L, Zeng Y, Wang B, Wang XR. 
Ku80 gene G-1401T promoter polymorphism and risk of 
gastric cancer. World J Gastroenterol 2011; 17: 2131-2136

8	 Zeng Y, Sun QM, Liu NN, Dong GH, Chen J, Yang L, Wang B. 
Correlation between pre-miR-146a C/G polymorphism and 
gastric cancer risk in Chinese population. World J Gastroen-
terol 2010; 16: 3578-3583

9	 Lee YH, White MF. Insulin receptor substrate proteins and 
diabetes. Arch Pharm Res 2004; 27: 361-370

10	 Sun XJ, Rothenberg P, Kahn CR, Backer JM, Araki E, Wilden 
PA, Cahill DA, Goldstein BJ, White MF. Structure of the in-
sulin receptor substrate IRS-1 defines a unique signal trans-
duction protein. Nature 1991; 352: 73-77

11	 Sun XJ, Wang LM, Zhang Y, Yenush L, Myers MG, Glasheen 
E, Lane WS, Pierce JH, White MF. Role of IRS-2 in insulin 
and cytokine signalling. Nature 1995; 377: 173-177

12	 Lavan BE, Fantin VR, Chang ET, Lane WS, Keller SR, Lien-
hard GE. A novel 160-kDa phosphotyrosine protein in 
insulin-treated embryonic kidney cells is a new member of 
the insulin receptor substrate family. J Biol Chem 1997; 272: 
21403-21407

13	 Cai D, Dhe-Paganon S, Melendez PA, Lee J, Shoelson SE. 
Two new substrates in insulin signaling, IRS5/DOK4 and 
IRS6/DOK5. J Biol Chem 2003; 278: 25323-25330

14	 Dearth RK, Cui X, Kim HJ, Hadsell DL, Lee AV. Oncogenic 
transformation by the signaling adaptor proteins insulin re-
ceptor substrate (IRS)-1 and IRS-2. Cell Cycle 2007; 6: 705-713

15	 Schubert M, Brazil DP, Burks DJ, Kushner JA, Ye J, Flint 
CL, Farhang-Fallah J, Dikkes P, Warot XM, Rio C, Corfas G, 
White MF. Insulin receptor substrate-2 deficiency impairs 
brain growth and promotes tau phosphorylation. J Neurosci 
2003; 23: 7084-7092

16	 White MF. IRS proteins and the common path to diabetes. 
Am J Physiol Endocrinol Metab 2002; 283: E413-E422

17	 Björnholm M, Zierath JR. Insulin signal transduction in hu-
man skeletal muscle: identifying the defects in Type II diabe-
tes. Biochem Soc Trans 2005; 33: 354-357

18	 Taniguchi CM, Emanuelli B, Kahn CR. Critical nodes in 
signalling pathways: insights into insulin action. Nat Rev Mol 
Cell Biol 2006; 7: 85-96

19	 Surmacz E. Function of the IGF-I receptor in breast cancer. J 
Mammary Gland Biol Neoplasia 2000; 5: 95-105

20	 Myers MG, Sun XJ, Cheatham B, Jachna BR, Glasheen EM, 
Backer JM, White MF. IRS-1 is a common element in insulin 
and insulin-like growth factor-I signaling to the phosphati-
dylinositol 3’-kinase. Endocrinology 1993; 132: 1421-1430

21	 Nishiyama M, Wands JR. Cloning and increased expression 
of an insulin receptor substrate-1-like gene in human hepa-
tocellular carcinoma. Biochem Biophys Res Commun 1992; 183: 
280-285

22	 Nehrbass D, Klimek F, Bannasch P. Overexpression of insu-
lin receptor substrate-1 emerges early in hepatocarcinogene-
sis and elicits preneoplastic hepatic glycogenosis. Am J Pathol 
1998; 152: 341-345

23	 Boissan M, Beurel E, Wendum D, Rey C, Lécluse Y, Hous-
set C, Lacombe ML, Desbois-Mouthon C. Overexpression of 
insulin receptor substrate-2 in human and murine hepatocel-
lular carcinoma. Am J Pathol 2005; 167: 869-877

24	 Yamashita S, Tsujino Y, Moriguchi K, Tatematsu M, Ushiji-
ma T. Chemical genomic screening for methylation-silenced 
genes in gastric cancer cell lines using 5-aza-2’-deoxycytidine 
treatment and oligonucleotide microarray. Cancer Sci 2006; 
97: 64-71

25	 Patti ME, Sun XJ, Bruening JC, Araki E, Lipes MA, White 
MF, Kahn CR. 4PS/insulin receptor substrate (IRS)-2 is the 

14WJGO|www.wjgnet.com January 15, 2012|Volume 4|Issue 1|

 COMMENTS

Zhao XM et al . IRS-2  polymorphism and gastric cancer risk



15WJGO|www.wjgnet.com January 15, 2012|Volume 4|Issue 1|

alternative substrate of the insulin receptor in IRS-1-deficient 
mice. J Biol Chem 1995; 270: 24670-24673

26	 Almind K, Frederiksen SK, Bernal D, Hansen T, Ambye L, 
Urhammer S, Ekstrøm CT, Berglund L, Reneland R, Lithell H, 
White MF, Van Obberghen E, Pedersen O. Search for vari-
ants of the gene-promoter and the potential phosphotyrosine 
encoding sequence of the insulin receptor substrate-2 gene: 
evaluation of their relation with alterations in insulin secre-
tion and insulin sensitivity. Diabetologia 1999; 42: 1244-1249

27	 Bernal D, Almind K, Yenush L, Ayoub M, Zhang Y, Rosshani 
L, Larsson C, Pedersen O, White MF. Insulin receptor sub-
strate-2 amino acid polymorphisms are not associated with 
random type 2 diabetes among Caucasians. Diabetes 1998; 47: 
976-979

28	 Wang H, Rissanen J, Miettinen R, Kärkkäinen P, Kekäläinen P, 
Kuusisto J, Mykkänen L, Karhapää P, Laakso M. New amino 
acid substitutions in the IRS-2 gene in Finnish and Chinese 
subjects with late-onset type 2 diabetes. Diabetes 2001; 50: 
1949-1951

29	 Fritsche A, Madaus A, Renn W, Tschritter O, Teigeler A, 
Weisser M, Maerker E, Machicao F, Häring H, Stumvoll M. 
The prevalent Gly1057Asp polymorphism in the insulin re-
ceptor substrate-2 gene is not associated with impaired insu-
lin secretion. J Clin Endocrinol Metab 2001; 86: 4822-4825

30	 Cayan F, Tok E, Aras-Ateş N, Ayaz L, Akbay E, Gen R, Karakaş 
S, Dilek S. Insulin receptor substrate-2 gene polymorphism: is 
it associated with endometrial cancer? Gynecol Endocrinol 2010; 
26: 378-382

31	 Slattery ML, Samowitz W, Curtin K, Ma KN, Hoffman M, 
Caan B, Neuhausen S. Associations among IRS1, IRS2, IGF1, 
and IGFBP3 genetic polymorphisms and colorectal cancer. 
Cancer Epidemiol Biomarkers Prev 2004; 13: 1206-1214

32	 Ehrmann DA, Tang X, Yoshiuchi I, Cox NJ, Bell GI. Rela-
tionship of insulin receptor substrate-1 and -2 genotypes to 
phenotypic features of polycystic ovary syndrome. J Clin En-
docrinol Metab 2002; 87: 4297-4300

33	 Mammarella S, Romano F, Di Valerio A, Creati B, Esposito 
DL, Palmirotta R, Capani F, Vitullo P, Volpe G, Battista P, 
Della Loggia F, Mariani-Costantini R, Cama A. Interaction 
between the G1057D variant of IRS-2 and overweight in 
the pathogenesis of type 2 diabetes. Hum Mol Genet 2000; 9: 
2517-2521

34	 Sobin LH, Wittekind CH, editors. TNM classification of ma-
lignant tumors. 5th ed. New York: John Wiley and Sons Inc., 
1997: 59-62

35	 Zhu H, Yang L, Zhou B, Yu R, Tang N, Wang B. Myeloper-
oxidase G-463A polymorphism and the risk of gastric cancer: 
a case-control study. Carcinogenesis 2006; 27: 2491-2496

36	 Thompson MA, Cox AJ, Whitehead RH, Jonas HA. Au-

tocrine regulation of human tumor cell proliferation by 
insulin-like growth factor II: an in-vitro model. Endocrinology 
1990; 126: 3033-3042

37	 Shiraishi T, Mori M, Yamagata M, Haraguchi M, Ueo H, 
Sugimachi K. Expression of insulin-like growth factor 2 
mRNA in human gastric cancer. Int J Oncol 1998; 13: 519-523

38	 Remacle-Bonnet M, Garrouste F, el Atiq F, Roccabianca 
M, Marvaldi J, Pommier G. des-(1-3)-IGF-I, an insulin-like 
growth factor analog used to mimic a potential IGF-II au-
tocrine loop, promotes the differentiation of human colon-
carcinoma cells. Int J Cancer 1992; 52: 910-917

39	 Pavelić K, Kolak T, Kapitanović S, Radosević S, Spaventi S, 
Kruslin B, Pavelić J. Gastric cancer: the role of insulin-like 
growth factor 2 (IGF 2) and its receptors (IGF 1R and M6-P/
IGF 2R). J Pathol 2003; 201: 430-438

40	 Wang Y, Adachi Y, Imsumran A, Yamamoto H, Piao W, Li H, 
Ii M, Arimura Y, Park MY, Kim D, Lee CT, Carbone DP, Imai 
K, Shinomura Y. Targeting for insulin-like growth factor-I 
receptor with short hairpin RNA for human digestive/gas-
trointestinal cancers. J Gastroenterol 2010; 45: 159-170

41	 Jackson JG, Zhang X, Yoneda T, Yee D. Regulation of breast 
cancer cell motility by insulin receptor substrate-2 (IRS-2) in 
metastatic variants of human breast cancer cell lines. Onco-
gene 2001; 20: 7318-7325

42	 Zhang X, Kamaraju S, Hakuno F, Kabuta T, Takahashi S, 
Sachdev D, Yee D. Motility response to insulin-like growth 
factor-I (IGF-I) in MCF-7 cells is associated with IRS-2 activa-
tion and integrin expression. Breast Cancer Res Treat 2004; 83: 
161-170

43	 Cui X, Kim HJ, Kuiatse I, Kim H, Brown PH, Lee AV. Epi-
dermal growth factor induces insulin receptor substrate-2 in 
breast cancer cells via c-Jun NH(2)-terminal kinase/activa-
tor protein-1 signaling to regulate cell migration. Cancer Res 
2006; 66: 5304-5313

44	 Kornmann M, Maruyama H, Bergmann U, Tangvoranun-
takul P, Beger HG, White MF, Korc M. Enhanced expression 
of the insulin receptor substrate-2 docking protein in human 
pancreatic cancer. Cancer Res 1998; 58: 4250-4254

45	 He W, Craparo A, Zhu Y, O’Neill TJ, Wang LM, Pierce JH, 
Gustafson TA. Interaction of insulin receptor substrate-2 
(IRS-2) with the insulin and insulin-like growth factor I re-
ceptors. Evidence for two distinct phosphotyrosine-depen-
dent interaction domains within IRS-2. J Biol Chem 1996; 271: 
11641-11645

46	 Bodhini D, Radha V, Deepa R, Ghosh S, Majumder PP, Rao 
MR, Mohan V. The G1057D polymorphism of IRS-2 gene 
and its relationship with obesity in conferring susceptibility 
to type 2 diabetes in Asian Indians. Int J Obes (Lond) 2007; 
31: 97-102

S- Editor  Wang JL    L- Editor  Roemmele A    E- Editor  Zheng XM

Zhao XM et al . IRS-2  polymorphism and gastric cancer risk


