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Abstract 

 Several adaptor proteins play dynamic roles in a number of basic cellular activities and are interconnected through different signal 
transduction pathways. Growth factor receptor-bound protein 2 (Grb2) is a similar adaptor molecule which was originally discovered for 
its major role in cell proliferation, cell survival, angiogenesis and cell differentiation. A wide range of documentation have proved the broad 
involvement of Grb2 in progression and development of multiple systemic malignancies including breast cancer, chronic myelogenous 
leukemia, hepatocellular carcinoma, human bladder cancer, etc. The mature Grb2 is 217 amino acid sequence signaling adaptor which acts 
as an intermediate switch between cell-surface activated receptors and downstream targets. This review is organized around three aspects, 
namely Grb2 protein introduction, Grb2 protein involvement in breast cancer, and the Grb2 antagonists as potential therapeutic candidates. 
First, we introduced Grb2 and compiled the maximum tumor conformations induced by Grb2 involvement. Numerous oncogenic pathways 
of Grb2 involvement and particular approaches which are potentially useful to downregulate Grb2 overexpression in breast cancer were 
then introduced. The activity of different types of novel peptides for the Grb2 protein was also discussed in detail. Finally, we summed up the 
blockade of Grb2-mediated signaling pathways directing the breast cancer, by targeting SH2/SH3 binding sites.
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Introduction
Several adaptor proteins play dynamic roles in a number of 

basic cellular activities and are interconnected through different 
signal transduction pathways [1]. Growth factor receptor-
bound protein 2 (Grb2) is a similar adaptor molecule which was 
originally discovered for its major role in cell proliferation, cell 
survival, angiogenesis and cell differentiation [2]. Recent reports 
have proved the Grb2 as a crucial member of immune system in 
the T cell development and TH cell differentiation as well [3]. On 
the other hand, a wide range of documentation have proved the 
broad involvement of Grb2 in progression and development of 
multiple systemic malignancies including breast cancer, chronic 
myelogenous leukemia, hepatocellular carcinoma, human 
bladder cancer, lung cancer, gastric cancer, colorectal cancer 
etc. [4-8]. Positive and negative regulatory roles of the Grb2 
in receptor tyrosine kinase signaling makes it a double-edged 
sword [9]. The Grb2 is 25 kDa adaptor protein which consists 
of one Src homology 2 (SH2) domain surrounded by two Src  

 
homology 3 (SH3) domains. The mature Grb2 is 217 amino acid 
sequence signaling adaptor which acts as an intermediate switch 
between cell-surface activated receptors and downstream 
targets (Figure 1) [10]. Grb2 through its 100 amino acid SH2 
domain can recognize phosphopeptide motif pYXNX and bind 
directly with the sites possess the same motif like receptor 
tyrosine kinase (RTK); (e.g epidermal growth factor receptor 
(EGFR), platelet derived growth factor receptor (PDGFR), 
hepatocyte growth factor receptor (HGFR), etc.), non-receptor 
tyrosine kinases such as focal adhesion kinase (FAK), and insulin 
receptor substrate 1 (IRS1), and phosphotyrosine phosphatases 
such as SHP-2. The Grb2-SH3, a sequence of 50 amino acids 
hold two pockets recognized as carboxy-terminal (C-SH3) and 
amino-terminal (N-SH3) domains, and have ability to bind 
proline-rich motif [11]. The SH3 domains allow Grb2 to link with 
downstream effector son of seven-less (SOS) which is known as 
guanine nucleotide exchange factor and is a key activator of Ras. 
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The Ras activation by SOS is crucial for various functions such as 
cell growth, B and T cell development and differentiation of stem 
cells [12]. Ras are unique small GTPases which take part in more 
than 20 signaling pathways. Ras usually exists in two states in 
the cytoplasm including ground state (Ras-GDP) and active state 
(Ras-GTP). Generally, two sets of catalytic proteins, guanine 
exchange factors (GEFs) and GTPase activating proteins (GAPs) 

are known to function as binary switches for Ras. GEFs promote 
the Ras from inactive state (Ras-GDP) to active state (Ras-GTP) 
whereas, GAPs act entirely opposite to GEFs and convert Ras 
from active state to inactive state. Ras on activation triggers the 
Raf (a serine/threonine kinase), extracellular regulated kinase 
(ERK) and mitogen activated protein kinas (MAPK) cascade 
[13,14].

Figure 1: Schematic representation of Grb2 signaling pathway.

The cell surface receptor activation permits Grb2 to bind 
phosphorylated tyrosine (pTyr) kinase intracellularly. After the 
stimulation, Grb2 through SH3 domains activate downstream 
substrate SOS (a nucleotide exchange factor) which plays a crucial 
role in the Ras activation. The main role of SOS is to interlink Grb2 with 
the downstream Ras. The Ras exists in GDP-bound and GTP-bound 
forms, where it present in inactive and active states respectively. Ras-
GTP complex results in the activation of Raf/ERK and finally MAPK of 
the Grb2 signaling pathway.

Grb2 stable expression is critical for the normal cell functions 
which it does through strict controls over nSH3-SH2-cSH3 
structure. However, Grb2 slight lapse of these tight grips might 
cause the abnormal activation of downstream substrates which 
in turn leads to the cancer progression. Ras functioning regulated 
as GDP/GTP cycle is crucial for the proper signal transduction 
as well, where GEFS and GAPs act as binary buttons. Abrupt 
function of any one of both buttons might arrest Ras in either 
permanent active or inactive state which may contribute to 
malignant cell growth. In mammalian cells Ras gene is expressed 
in three froms namely H-Ras, K-Ras and N-Ras, and mutations in 
12,13 or 61 positions in one of the three Ras genes convert them 
to active oncogenes which can be found in multiple tumor types 
[15,16]. Another control in Grb2 signaling is monomer-dimer 
equilibrium which determines, the Grb2 functioning will be 
either normal or oncogenic. Grb2 becomes functional for MAPK 
signaling pathway when it is present in monomer form, while 
dimer is totally opposite to it which makes Grb2 inactive for 
this signaling cascade. Thus proper work of this equilibrium is 

thought to be another switch for the regular cell functioning and 
a key control point in MAPK pathway [17]. Although, a slight loss 
of Grb2 control over these key points totally changes the entire 
pathway to an oncogenic track and as a result of which Grb2 
launches a number of defected signaling pathways. Thus, the 
Grb2 wide concern in multiple malignant growth types makes 
it a significant target for the design of anticancer treatment in 
clinical arena [18].

In this review we have discussed the broad involvement 
of Grb2 in the progression and development of human breast 
cancers. Moreover, we have highlighted the maximum possible 
ways to efficiently tackle Grb2 in the treatment of breast 
malignancies which might be helpful to design potent antidotes 
for the Grb2-mediated breast cancers. 

Grb2 and Cancer

Grb2 acts as a pivotal signaling mediator in several oncogenic 
signaling cascades and has been implicated in a number of 
human systemic malignancies. The presence of human Grb2 
gene at chromosome 17(q22) is supposed to be the key factor of 
its central involvement in leukemias and solid tumors [18]. This 
review gives a brief information regarding the extensive Grb2 
concern with the malignant growth of several breast cancers.

Grb2 and Breast Cancer

Breast cancer accounts for the most frequently diagnosed 
cancer and the leading cause of deaths from cancer among 
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females worldwide, with an approximate 1.7 million new cases 
and 521,900 deaths in 2012 [19]. Recently, Kapoor et al. [20] 
has demonstrated the prominent roles of Grb2 in proliferation 
and progression of systemic disorders including breast cancer 
and mammary tumors [20]. Another study indicated the role 

of mammalian Grb2 as a vital adaptor in the differentiation of 
mouse embryo in earlier stages which further through SOS-Ras 
signaling acts as rate limiting for the development of mammary 
carcinomas induced by polyomavirus middle T antigen [21].

Figure 2: A model of aberrant Grb2 signaling in human breast cancer.

The Grb2 recruits a number of receptor tyrosine kinases such 
as EGFR, PDGFR etc. however, the Grb2 activation through some 
specific RTKs certify its involvement in breast cancer progression. 
The abnormal activation of Grb2 by Her2/erbB2 is related with the 
development of human breast cancers and mammary carcinoma. 
EGFR, Neu (Her2, erbB2) might utilize Grb2-mediated Akt or MAPK 
pathways to induce their oncogenic characteristics.

The signaling through a well-known transmembrane 
receptor tyrosine kinase, Neu (ErbB-2 or HER-2) has direct 
correlation in occurrence of 20 to 30% human mammary 
carcinomas (Figure 2). Neu has five autophosphorylation sites, 
two of which i.e. Y1144 (YB) and Y1227 (YD) are highly specific 
binding sites for adaptor proteins. Neu has capability to recruit 
the Grb2 directly through its Y1144 (YB) site while, indirectly 
by Shc to Y1227 (YD). Moreover, YB and YD sites are capable 
of efficiently inducing mammary tumors in female mice [22]. 
All-trans retinoic acid (ATRA) is capable to inhibit the growth 
of various cancer cells including breast cancer cells i.e. MCF-7 
etc. However, Neu is thought to induce ATRA resistance in breast 
cancer cells. To test the same fact, MCF-7 cells were selected 
depending on having very low levels of HER-2/Neu. After 5 
days of treatment with ATRA, a 63% inhibition in cell growth 
was noticed. Moreover, ATRA activity was tested on HER-2/Neu 
gene transfected MCF-7 cells and no concomitant ATRA induced 
anti-tumor activity was seen. Further investigation cleared that 
Grb2 and Akt proteins were responsible for the HER-2/Neu 
induced ATRA resistance, as Grb2 downregulation permitted 
ATRA to inhibit proliferation in breast cancer cells [23]. The 
transcription factor activating protein-1 (AP-1) is a DNA binding 
protein complex which is controlled by different growth factors 

and tumor promoters. The elevated AP-1 levels were observed 
in Grb2 mediated HER-2 overexpressing breast cancer cells. 
Moreover, the effects of Grb2 suppression were found in direct 
link to decrease the AP-1 binding activity in MCF-7/HER-2 cells 
[24]. Indeed, Grb2 is well known to link tyrosine kinase with Ras 
pathway, though earlier studies have indicated that Grb2 through 
SH3 domains have ability to bind various proteins like P228, 
P140, P55 and P28 other than SOS1, suggesting that Grb2 might 
has direct participation in other cellular functions. Nevertheless, 
higher amounts of Grb2-SOS1 complex in association with 
erb-B2 tyrosine kinase indicate its proximate relation in human 
breast cancer development [25].

Grb2 is originally present in the cell cytoplasm in abundant 
amounts while can also be found in the cell nucleus in minor 
extents. Verbeek et al. [26] has examined the Grb2 localization 
in normal versus tumor breast tissues. In normal breast tissue, 
22% of Grb2 protein was detected in nuclei and 70% in cell 
cytoplasm. In tumor breast tissue, surprisingly 58% of Grb2 
was found in nucleus while 37% in the cytosol. These findings 
revealed that Grb2 over expression in the human breast cancer 
resulted in its predominant localization in the cell nucleus 
[26]. Other than Grb2, several SH2 domain containing proteins 
such as c-Src, phospholipase C-γ1 (PLC- γ1), Grb7 and EMS1/
cortactin can also regulate EGFR and erb-B2 mediated signaling 
relevant to human breast cancers. These findings suggest 
that signaling proteins are of worthy since they can be used 
as prognostic indicators and might be helpful to target breast 
malignancies through a number of channels [27]. Grb2 and 
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PLC- γ1 through their SH3 domains compete for the binding 
to C-terminal of fibroblast growth factor receptor 2 (FGFR2) 
and form concentration dependent complexes with receptor 
tyrosine kinase, this concentration dependent competition leads 
to the increased cell motility and invasion. Point mutations in 
the C-terminus of FGFR2 results in the formation of human 
breast cancer, gastric, bladder and stomach cancers [28]. Two 
members of ADP-ribosylation factor (ARF) family namely ARF1 
and ARF6 act as activated downstream of EGFR signaling and 
regulate the proliferation, migration and invasion of breast 
cancer cells when regulated by the adaptor proteins p66Shc and 
Grb2 [29]. ARF1 is a small GTPase associated with Golgi, plays 
a critical role in migration and proliferation of breast cancer 
cells through Grb2-mediated PI3K signaling cascade [30]. While, 
ARF6 factor exhibits the migratory and proliferative activities of 
human breast cancer cells through ERK1, 2 pathway [31].

The protein-tyrosine phosphatase SHP-1 with two Src 2 
domains is predominantly expressed in hematopoietic and 
epithelial cell lineages and plays a crucial role in both normal 
cellular events such as cell cycle, cell growth and as a regulator 
in pathological transformations [32]. Previously, SHP-1 mRNA 
expressions were investigated using 19 breast cancer cell lines 
and 72 primary breast cancers. Subsequent results showed 2-12 
folds increase in SHP-1 mRNA expression in breast cancer cells 
as compared to normal breast epithelial cells in 58% of samples. 
Likewise Grb2 mRNA expression was also found upregulated in 
breast cancer patients and surprisingly a positive correlation of 
SHP-1 mRNA expression in cancer specimens with that of Grb2 
protein was observed [33]. Interestingly, SHP-1 and Grb2 mRNA 
were found in a significant relationship in which SHP-1 tyrosine 
residue (Tyr538) was located within the Grb2-SH2 binding motif 
PYXNX. Grb2 recruits a number of RTKs however, it is unable to 
engage PDGFR directly and utilizes the SHP-1 to mediate PDGFR 
signaling [33,34]. The exon skipped sequence in SHP-1 gene 
expression may lead to several hematopoietic abnormalities and 
systemic malignancies including ovarian cancer, prostate cancer 
and human breast cancer [35,36].

Keratinocyte growth factor (KGF) is a member of FGFR family 
which is secreted by stromal cells and stimulates epithelial DNA 
synthesis, proliferation and migration in breast tissue. Previous 
reports have shown that KGF signal transduction increased the 
Grb2 expression by 2-3 folds and activate Erk1, 2 causing breast 
cancer cell motility [37]. KGF injected intravenously to female 
rats was found to cause dramatic proliferation of mammary 
epithelium in the mammary glands within 5 days [38]. 
Transforming growth factor-β (TGF- β) is a cytokine that direct 
all stages of mammary gland development and also suppresses 
the mammary tumorigenesis. Phosphorylated Tyr284 of 
TGF-β functions as SH2 domain binding site for Shc and Grb2, 
thereupon associating the oncogenic properties of TGF- β with 
the docking Grb2 to TβR-II [39]. Another cell surface receptor 
lemur tyrosine kinase 3 (LMTK3) binds directly to Grb2 and 
activates the Ras-mediated MAPK signaling. The overexpression 

of LMTK3 promoted the interaction between the Grb2 and SOS1 
and contribute to breast cancer and metastasis [40]. 

Grb2 antagonists

The broad concern of Grb2 in various pathological 
complications makes it an impressive target for designing 
attractive anticancer schemes. Grb2 signaling can be targeted by 
blocking its connection to cell surface kinases via SH2 domain 
blockade or by targeting Grb2-SH3 domains and compromising 
it’s interlink to downstream pathway.

As described earlier, tyrosine kinases such as EGFR, Neu 
(HER-2, erb-B2) through Grb2 protein act as the leading agents 
in breast cancer progression. Recent reports have shown that 
anti-HER2 directed therapies such as trastuzumab, pertuzumab 
and lapitinib have the ability to cure metastatic breast cancer by 
compromising the activity of Grb2 gene, however these agents 
might not be effective in all cases of breast cancers [41]. Another 
antidote named liposome-incorporated nuclease-resistant 
antisense oligodeoxynucelotide (L-Grb2) has high affinity 
for HER-2 mediated Grb2 signaling and can efficiently inhibit 
breast cancers. Further, downregulation of Grb2 expression was 
noticed to inhibit heregulin and erb-B2 stimulated breast cancer 
through Akt inactivation [42]. A similar report has indicated that 
the inactivation of EGFR regulated MAPK pathway through Grb2 
down regulation induced the growth inhibition of breast cancer 
[43]. These findings suggest that different signaling pathways 
can be used by EGFR and erb-B2 to direct breast cancer growth.

p-malonylphenylanaline (Pmf), a novel phosphotyrosine 
(pTyr) mimetic holding high affinity for Grb2-SH2 domain 
has shown potent inhibition of Grb2-regulated erbB2-MAPK 
pathway in extracellular Grb2 binding assay. As cell penetration 
is a limitation for some chemotherapeutic agents with poor cell 
permeability, so the introduction of N-oxalyl group to Pmf was 
evidenced to enhance its effectiveness intracellularly [44]. The 
Grb2 and SHP-1 broad relationship with different irregularities 
including human breast cancer has been discussed earlier. It is 
worth mentioning that stable gene expression of SHP-1 might be 
helpful to treat the cancer malignancies of hematopoietic cells 
[45].

Micro RNAs (miRNAs) are functional RNA molecules that 
control the expression of target genes and regulate the basic 
events of each cell. However, a minor alteration in the expression 
of miRNA leads to the development of different human cancers 
including lung cancer, colon cancer etc. [46]. Most recent studies 
have documented the involvement of downregulated miR-
411-5p expressions in progression of human breast cancer. 
Surprisingly, downstream Grb2 was found over expressed in 
breast cancer cells and that, Grb2 silencing by miR-411-5p 
suppressed the growth and metastasis in breast cancer cell 
via targeting Grb2-SOS-Ras pathway. Moreover, miR-411-5p 
inhibited the proliferation, invasion and progression of breast 
cancer in vitro and in vivo [47].
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The use of novel peptides as the Grb2 inhibitors in various 
cancer diseases can also act as an attractive approach in 
clinical sphere. Peptidimer-c activity against Grb2-SOS portion 
of HER-2 pathway was thoroughly investigated, subsequent 
results showed that potent peptide inhibited Grb2-mediated 
HER-2 overexpression in vitro, and induced anti-tumor effect 
via targeting Grb2-MAPK pathway in vivo. Moreover, the 
combination treatment of Peptidimer-c and docetaxel was 
correlated with the inhibition of both Akt and MAPK cascades 
[48]. Fmoc-Glu-Tyr-Aib-Asn-NH2, another novel peptide which 
has capability to target Grb2-SH2 domain in human breast cancer. 
The antagonistic activity of this peptide was investigated against 
MDA-MB-453 cells (cells with overexpressed erb-B2 expression 
driven through Grb2 signaling) and MCF-7 cells, concomitant 
data proved the anti-proliferative effects of peptide antagonist 
in breast cancer cells [49]. A fusion protein was constructed by 
joining PTD (an arginine rich peptide with ability to cross cell 
membrane) and Grb2-SH2 domain to target the EGFR and HER-2 
via Grb2. The resultant PTD-Grb2-SH2 fusion protein was capable 
to enter the cytoplasm and nucleus and induced apoptosis in 
breast cancer cells and exhibited the sufficient toxicity to breast 
cancer cells in time and dose-dependent manner in vitro [50]. 
Free phosphonates are similar peptide-mimetic inhibitors which 
are also able to cross cell membrane barrier and inhibit cell 
motility in breast cancer cells by targeting Grb2-SH2 domain in 
vitro [51].

Discussion
Different adaptor proteins are well known for their key 

roles to regulate the diverse signaling pathways. Grb2 is one of 
a similar protein which has ability to connect cell membrane 
activated receptors to the downstream effectors. The mature 
Grb2 is a 217 amino acid molecule which was originally 
discovered for the regulation of normal cell functioning but wide 
range of documentation have proved the involvement of Grb2 
in a number of cancer pathogenesis. Most recent studies have 
indicated the significant role of Grb2 in the T cell development 
and TH cell differentiation as well [3]. In fact, Grb2 negative 
regulatory role is more important as it can be advantageous to 
design potential therapeutic strategies. Grb2 can be tackle well 
either by targeting SH2 domain and compromising its connection 
to upstream tyrosine kinases or by blocking one of the two SH3 
domains and thus inhibiting the downstream signaling.

This review provides a brief introduction of the Grb2 
diverse functioning and its involvement in the development 
and progression of breast cancers and mammary carcinomas. 
Receptor tyrosine kinases such as EGFR, HER-2/erb-B2 act as 
important prognostic factors associated with breast cancer 
development when act through Grb2-SOS pathway [52]. Since, 
Grb2-SH2 domain plays an important role in this signaling 
therefore SH2 domain might act as an important therapeutic 
target for anticancer drug approaches. SHP-1 is another factor 
involved in the development of different cancers and also has a 
binding with Grb2-SH2 portion through SHP-1 tyrosine residue 

(Tyr538). Likewise, abnormal signaling through several RTKs 
such as FGFR, PDGFR, LMTK3, TβR-II etc. permits Grb2 to derive 
aberrant signaling result in various tumor conformations. 

We have discussed the maximum possible ways to suppress 
the Grb2 signaling involved in human breast cancers and 
mammary carcinomas. As 20- 30 % of all the human mammary 
carcinomas occurred due to the possible involvement of 
HER-2/erb-B2 kinases, so we have highlighted the potential 
chemotherapeutic agents which can inhibit Grb2-mediated HER-
2/erb-B2 pathway. Trastuzumab, pertuzumab, lapitinib, Pmf, 
peptidimer-c, PTD-Grb2-SH2 etc. have been identified as potent 
Grb2 antagonists which inhibit the H-ER-2/erb-B2 signaling 
in human breast cancer. Another molecule named miR-411-5p 
also has the ability to target the Grb2 in SOS-Ras signaling and 
inhibit the proliferation and invasion in human breast cancer 
cells. The insulin-like growth factor (IGF-IR) was also observed 
to control Grb2-MAPK induced breast cancer cell growth and 
tamoxifen was found to inhibit the growth of breast cancer cells 
overexpressing the IGF-IR [53].

Conclusion
In conclusion, we have compiled the maximum breast 

cancer malignancies caused by the possible involvement of 
the Grb2 adaptor. The Grb2 broad affiliation with a number of 
irregularities makes it a pivotal target to design therapeutic 
anticancer strategies. Previously indicated various Grb2 
antagonists might be helpful to understand the approachable 
Grb2 targets and to build potential anticancer candidates to treat 
human breast cancer. Notwithstanding, further work is needed 
to pinpoint more distinctive docking sites of the Grb2 protein to 
target this adaptor through a different way.
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