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| Abstract: Insulin Receptor Substrate (IRS) proteins are the main cytoplasmic adaptor molecules involved in transducing extracellular signals from receptors
to downstream proteins. This protein family have pivotal roles on maintenance, distribution and regulation of signaling networks. Since IRS1/2 interact with and
transmits signals from the receptors of insulin, Insulin Like Growth Factor 1 (IGF1), prolactin, growth hormone (GH), leptin, Vascular Endothelial Growth Factor
(VEGF), TrkB, ALK and integrins this promoted scientist to think that IRS1 may have functions in cell proliferation, tumorigenesis and metastasis. Therefore, over
the past decade, studies on IRS proteins and their functions in cancer has been increased and these studies provided valuable results claiming the involvement of
IRS1/2 in cancer development. In this review, we discuss the function and contributions of IRS1 and IRS2 in development of breast cancer.
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Introduction

Insulin is a primary anabolic hormone responsible
for maintenance of metabolic homeostasis (1,2). Insu-
lin and insulin-like growth factors (IGF1 and IGF2) re-
gulate anabolic and catabolic reactions through highly
complex signaling networks (3). During insulin signa-
ling, ligand-bound insulin receptor (IR) or insulin like
growth factor receptor (IGF-1R) are phosphorylated
at Tyrosine residues via auto-phosphorylation, then,
IRS proteins bind to these phosphotyrosines through
their SH2 domains. IR-bound IRS is phosphorylated
by IR at YXXM motifs, four of which were localized
at the C-terminal. These phosphorylated motifs cre-
ate docking sites for PI3Kp85a, and YXXM-bound
PI3Kp85a binds to PI3Kp110a and activates it. Activa-
ted PI3Kp110a generates PIP3 from PIP2, and therefo-
re, activates PDK1. Activated PDK1 activates AKT by
phosphorylating it at Thr308. Activated AKT regulates
glucose-uptake by phosphorylating glucose transpor-
ters GLUT1 and GLUT4 (4,5). Therefore, activation of
AKT is primarly responsible for the metabolic functions
of insulin. IRS1/2 also activate ERK pathway which re-
gulates the expression of genes whose products cont-
rol cell proliferation and differantiation (6). (Figure 1)

In addition to being essential for glucose homeos-
tasis, long term activations and overexpressions of IR/
IGFR are strongly correlated with hiperplasia, tumor
growth and poor prognosis (7-9).

In this article, we will review the recent literature,
discuss the results of human and animal model studies,
and explain the molecular mechanism and function of
IRS proteins in development of breast cancer.
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Figure 1. Schematic illustration of canonical IRS-mediated Insu-
lin Receptor signaling pathway. IRS signaling pathway is activated
by binding of insulin to insulin receptor. Tyrosine-phosphorylated
IRS1 initiates both RAS and PI3K activation resulting in activa-
tion of ERK and AKT. Activated ERK and AKT further activate
downstream enzymes and also directly phosphorylate several pro-

teins to regulate metabolism as well as oncogenic transformation.

IRS proteins structure

IRS proteins are adaptor proteins and play central
role in transmission of signals from multiple receptors
and they elicit this through multiple phosphorylation
motifs (10).

IRS family consists of four proteins (IRS1-IRS4)
with two evolutionary well conserved interaction do-
mains (2,10) (Figure 2). The first one is pleckstrin ho-
mology (PH) domain located at N-terminal of the pro-
tein and consists of positively charged aminoacids that
mediates the interaction of IRS proteins with cell. This
domain also leads to diversity of signaling by interac-
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Figure 2. Schematic diagram of IRS protein family structure and
interacting partners (Human IRS1): Pleckstrin homology (PH) and
Phosphotyrosine Binding (PTB) domains are shown as two major
functional domains in N- terminal of IRS protein family. Nuclear
localization signals (NLS) of IRS1 protein are also located in PH
domain. Tyrosine phosphorylation motifs to which GRB2 and

SHP2 binds are also indicated in C-terminal of IRS1 protein.

ting with G-protein coupled receptors (GPCR). Nuclear
localization signal of IRS1 protein is also located in this
region (11-13).

The second conserved region is phosphotyrosine bin-
ding (PTB) domain. This domain form a pocket which
binds to phosphorylated NPXY motifs of activated in-
sulin receptor. IRS2 has an additional motif that is cal-
led the kinase regulatory loop binding domain (KRLB),
which contribute to receptor recruitment (10,14).

The carboxy terminus of IRS proteins are poorly con-
served. They contain multiple putative tyrosine phosp-
horylation sites which function as on/off switches of
signaling and provide docking sites for Src homology 2
domain (SH2) containing proteins such as p85a subunit
of phosphatidiylinositol 3 kinase, Grb2, Crk, Csk, Fyn,
Nck, PLCy and SHP2 (15,16). In addition to tyrosine
phosphorylation motifs, more than 200 Ser/Thr (S/T)
residues are located in this region and many of them are
recognized by various S/T kinases. These phosphoryla-
tion sites contribute unique specificity owing to unique
regulations of IRS proteins. Unlike tyrosine phosphory-
lations, S/T phosphorylations generally negatively re-
gulate insulin /IGF signaling (1,17).

Expressions and biological functions of IRS proteins

IRS1 is the first identified member of this family as
IR substrate. This gene is located on human chromoso-
me 2q34-37 and encoded by single exon. It is widely
expressed in human tissues. /RS2 gene located at 13q34
chromosome region contains two exons and its product
has been ubiquitously expressed in human tissues. IRS3
is expressed only in rat not in human. Unlike IRS1 and
IRS2 proteins, IRS4 has restricted expression pattern
and is found primarly in liver, kidney, thymus and brain
(18,19). Owing to their expression profiles, most of the
studies focus on IRS1 and IRS2 proteins and their func-
tions (9,20).

Studies on /RS knock-out animal models provided
strong evidences on biological roles of IRS proteins.
IRS1-/- mice are born 30% smaller than wild type (WT)
mice and growth is reduced throughout their lives. The-
se models also have insulin resistance and hyperinsuli-
nemia but they do not develop diabetes and maintaine

normal pancreatic beta cell numbers (21,22). In cont-
rast to /IRS1 -/- model, IRS2 -/- mice have normal size
and develop early onset diabetes with decreased beta
cell mass. Neuronal proliferation is also decreased in
these models and females are infertile (23-25). The-
se phenotypes showed that IRS1 and IRS2 have non-
redundant roles even they share significant homology.
IRS4 -/- mice are phenotypically normal but have mo-
derate growth retardation, insulin sensitivity defects and
reproductive problems (26).

These differences in /RS -/- models especially in
somatic growth are also evident in cancer. In addition
to these physiological functions of IRS proteins, their
interactions with growth factor/hormone receptors such
as IGFR, leptin, vascular endothelial growth factors
(VEGF), growth hormone, prolactin, integrin, cytokine
and interferon receptors in cellular level shows the pi-
votal roles of IRS proteins in cell proliferation, tumori-
genesis and metastasis (16,27-32)(Figure 3).

The roles of IRS1 and IRS2 proteins in developing
breast cancer

IRSs expressions in breast cancer cell lines

IGF system has an important role in mammary gland
development, and several studies have shown the criti-
cal roles of IRS1 and IRS2 in normal mammary gland
development (33-35). In addition to this, several studies
have shown critical roles of IRS1 and IRS2 in develop-
ment of breast cancer. Transformation capacity of IRS1
protein was first shown Surmaczs’ group in mouse emb-
ryo fibrablasts (MEFs) (36). Dearth et al. demonstrated
that IRS-mediated transformation of mammary epithe-
lial cells in nontransformed human mammary epithelial
cells (MCF10A). In this study, they overexpressed IRS1
and IRS2 proteins in MCF10A cells these over-expres-
sions induced proliferations and disrupted the polarity
of cells grown in 3D culture (37).

In MCF-7 cell lines, suppression of IRS-1 by siR-
NA strongly inhibited anchorage-dependent and -in-
dependent cell growth and induce apoptotic cell death
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Figure 1. Schematic illustration of noncanonical IRS signaling

mentioned in this review. IRS proteins can interact with ligand-

bound receptors cytokines, growth hormone (GH), growth fac-

tors and integrin receptors. Activated IRS proteins translocate to

nucleus and bind to B-catenin and activate transcription of several

B-catenin target genes such as c-myc, twistl, and cyclin D1. path-
ways.
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under growth factor- and estrogen reduced conditions
(38). On the other hand, MCF7 cells overexpressing
IRS1 do not need estrogen for growth and their estrogen
requirements were decreased gradually with the level
of IRS1 overexpression. Recently a study showed that,
knockdown of IRS1 expression by siRNA enhanced
tamoxifen induced cell death in MCF7 (39). IRS1 ove-
rexpression also promotes growth and proliferation of
BT 20 cells, and induced formation of larger tumors
in in vivo (40). IRS proteins may also be used as pro-
gnostic factor in breast cancer. Becker et al. ectopically
expressed IRS1 or IRS2 in IRS-null T47D-YA cells and
determined their proliferation, motility and global gene
expression profile. They also found that IRS1/2 play si-
gnificant role in induction of TGFB2, which was claimed
to be responsible for IGF1-mediated cell migration. In
addition, they also determined level of IRS1 expression
in luminal B breast cancer type and found that high ex-
pression of IRS1 was correlated with poor relapse-free
and overall survival, therefore, they suggested that IRS1
expression could be used as marker to predict response
to anti IGF-therapy in breast cancer (41).

IRSs expressions in in vivo studies

To determine the roles of IRS1 and IRS2 proteins in
tumor initiation and progression in vivo, researchers ge-
nerated knock out and transgenic mice with mammary
specific overexpression MMTV-HA-IRS1 and MMT V-
HA-IRS2 (37). In mice overexpressing IRS1 and IRS2
preneoplastic mammary hyperplasia developed at 24
weeks of age. Multiple mammary gland lesions appea-
red at 92 weeks in HA-IRS1 overexpressed mice while
overexpression of IRS2 caused more rapid tumor for-
mation with a mean time of 68 weeks, these results sug-
gested that multiple and different signaling pathways
and oncogenes could be activated by IRS1 and IRS2. In
addition to their transformation capacity, overexpressi-
ons of IRS1 and IRS2 were detected in 33% and 40% of
metastatic lung tumors, respectively (37).

To clarify the molecular mechanisms used by IRS
proteins in mammary tumorigenesis, Dr. Dearth et all
examined tyrosine phosphorylation of IRS1/2 levels
and the activation of downstream elements and found
that IRS1/2 were constitutively phosphorylated in mice
overexpressing both IRS proteins. Moreover, while
ERK1/2 phosphorylation was increased in all tumor
cells, phosphorylation AKT was observed in tumors
only 10% of animals after infusion of IGF1. These re-
sults clearly indicate that activation of ERK and AKT
by IRS1/2 is not mediated by a common pathway. This
study also showed that in both transgenic mice IRS1/2
interact with and activate -catenin resulting in induc-
tion of expression B-catenin target such as c-myc and
cyclin D1 (37) (Figure 3).

In another group of studies Shaw et al. generated
polyoma virus middle T:IRS1 null and IRS2 null trans-
genic mice to identify the specific roles of IRS1/2 in
tumor progression and metastases (42-44). Both gro-
up of animals developed tumors with the same onset
and growth rate, however, unlike the redundant roles
of IRS1/2 in tumor growth, they have distinct effects
on tumor progression. IRS1 -/- mice showed increase
in lung metastases while lung metastases decreased in
IRS2 -/- mice. They also showed that ectopic expression

of IRS2 compensated the loss of IRS1 in tumor me-
tastases by increasing phosphorylations and activations
of AKT/mTOR, but they did not observe IRS1 com-
pensation in IRS2 -/- mice (43). These results suggested
that IRS2 is primarily responsible for cell motility and
metastases while IRS1 is mainly important for cell pro-
liferation (42-44).

IRS expressions in human breast tumors

After establishment of convincing publications abo-
ut involvement of IRS1/2 in breast cancer development
and metastasis several groups determined expression
levels of IRS1 and IRS2 in human breast cancer samp-
les by immunohistochemistry, however, results of the-
se studies produced controversial results. For example,
Schnarr et. Al. found that both IGFR and IRS1 expres-
sions were down-regulated in advanced human breast
cancer cells whereas Koda et al showed that IRS1 exp-
ression was elevated in human breast cancer cells and its
lymph node metastases (45,46). Porter et al. also analy-
zed IRS1 and IRS2 expression in human breast tumor
samples and found that IRS1 expression was elevated
in localized breast tumors while IRS2 expression was
associated with an invasive breast tumors (47). These
results are in good agreement with previous publicati-
ons (42-44) which claimed induction and supression of
breast cancer cells by IRS2 and IRS1, respectively.

Conclusion

IRSs are critical elements and multitask proteins that
interacts with a multitude of proteins in tumorigenesis.
Although several publications determined expression
levels of IRS1 and IRS2 in different type and models
of breast cancer samples, we don’t know much abo-
ut phosphorylation status of IRS1 and IRS2. Also, we
don’t know how IRS proteins are localized in different
type of breast cancer cells, and whether they use dif-
ferent partners to elicit their functions. In addition to
these, it is important to determine the levels of phospha-
tases which dephosphorylate IRS proteins. Therefore, in
addition to expression analysis component of signaling
molecules which directly affect modifications and func-
tions of IRS1 and IRS2 must be determined in tumor
samples simultaneously.
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