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SHORT REPORT

Insights into the Shc Family of Adaptor Proteins
Samrein B. M. Ahmed * and Sally A. Prigent ‡

The Shc family of adaptor proteins is a group of proteins that lacks intrinsic enzymatic activity. Instead, 
�6�K�F�� �S�U�R�W�H�L�Q�V�� �S�R�V�V�H�V�V�� �Y�D�U�L�R�X�V�� �G�R�P�D�L�Q�V�� �W�K�D�W�� �D�O�O�R�Z�� �W�K�H�P�� �W�R�� �U�H�F�U�X�L�W�� �G�L�Š�H�U�H�Q�W�� �V�L�J�Q�D�O�O�L�Q�J�� �P�R�O�H�F�X�O�H�V���� �6�K�F�� 
proteins help to transduce an extracellular signal into an intracellular signal, which is then translated 
into a biological response. The Shc family of adaptor proteins share the same structural topography, 
CH2-PTB-CH1-SH2, which is more than an isoform of Shc family proteins; this structure, which includes  
�P�X�O�W�L�S�O�H���G�R�P�D�L�Q�V�����D�O�O�R�Z�V���I�R�U���W�K�H���S�R�V�W�W�U�D�Q�V�O�D�W�L�R�Q�D�O���P�R�G�L�‹�F�D�W�L�R�Q���R�I���6�K�F���S�U�R�W�H�L�Q�V���D�Q�G���L�Q�F�U�H�D�V�H�V���W�K�H�����I�X�Q�F�W�L�R�Q�D�O�� 
�G�L�Y�H�U�V�L�W�\���R�I���6�K�F���S�U�R�W�H�L�Q�V�����7�K�H���G�H�U�H�J�X�O�D�W�L�R�Q���R�I���6�K�F���S�U�R�W�H�L�Q�V���K�D�V���E�H�H�Q���O�L�Q�N�H�G���W�R���G�L�Š�H�U�H�Q�W���G�L�V�H�D�V�H�����F�R�Q�G�L�W�L�R�Q�V����
including cancer and Alzheimer’s, which indicates their key roles in cellular functions. Accordingly, a 
 question might arise as to whether Shc proteins could be targeted therapeutically to correct their  
disturbance. To answer this question, thorough knowledge must be acquired; herein, we aim to shed light 
on the Shc family of adaptor proteins to understand their intracellular role in normal and disease states, 
which later might be applied to connote mechanisms to reverse the disease state.

Keywords:  Shc; Functional diversity; Adaptor proteins; Oxidative stress; Shc regulation

Background
Signal transduction is essential for translating extracellular  
events into appropriate biological responses. For this  
reason, intracellular networks need to be tightly 
 regulated. Adaptor proteins are one of the factors that 
maintain intracellular homeostasis; any disturbance in 
the regulation of adaptor proteins may lead to a disease 
condition or, in some cases, may trigger cancer forma-
tion. One of the most studied adaptor protein families 
is the Src homology and Collagen (Shc) family, which is 
implicated in both physiological and disease conditions. 
The Shc family of docking proteins is an essential element 
in signalling cascades mediated by different extracellular 
signals, including growth factors, cytokines and integrins 
[1]. Shc proteins generally exert their action by activating 
mitogen-activated protein kinases (MAPK) and phosphoi-
nositide-3-kinase/Akt signalling pathways [1–3].

Adaptor proteins facilitate protein-protein interactions, 
which are responsible for intracellular signal propagation  
as well as organization. The Shc family consists of a group 
of adaptor proteins that are evolutionary related by some 
of their shared functional and structural features. The 
distinctive structural feature of Shc proteins is that they 

contain an amino terminal phosphotyrosine binding 
(PTB) domain, a linker collagen homology 1 (CH1) domain 
and a carboxy terminal Src homology 2 (SH2) domain. 
An additional amino terminal collagen homology region 
(CH2) exists in the longest Shc protein transcripts [1, 4–6] 
(Figure 1).

The Shc family consists of four members encoded 
by four distinct genes: Shc/Shc1/ShcA, Sli/Shc2/ShcB,  
Rai/Shc3/ShcC and RaLP/Shc4/ShcD [6] (Figure 1). 
Broadly, Shc proteins contribute to mediating several 
intracellular signalling cascades; they are implicated in 
cell proliferation, cell differentiation, cell survival and 
migration [7–9]. In addition, their roles in angiogenesis 
and tumourigenesis have been determined [6, 10]. ShcA is 
the most studied member because it is widely expressed 
in human tissue [11].

Functional diversity of the Shc family
Shc family members mediate signal transduction to  trigger 
different biological events. Many factors contribute to the 
functional diversity of Shc proteins: their gene products 
can produce more than one transcript, which each have 
a particular role; multiple domains offer Shc proteins 
the ability to bind to different signalling proteins; Shc 
proteins possess various serine, threonine and tyrosine 
residues that can potentially be phosphorylated; and the 
structural properties of Shc proteins facilitate their relo-
cation to different intracellular organelles. All the above 
factors grant Shc family members the capacity to regulate 
various signalling cascades in the different intracellular 
compartments.
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Figure 1: Schematic representation of the structural modularity of the Shc family of proteins.  Shc proteins 
share the same structural hallmarks of highly conserved PTB and SH2 domains and poorly conserved CH2 and CH1 
domains. Three conserved tyrosine phosphorylation sites exist in the CH1 domain (yellow). In ShcC and ShcD/RaLP, 
additional tyrosine phosphorylation residues (non-conserved) are present in the same CH1 domain (green). SER36 in 
the p66ShcA-CH2 domain is responsible for the oxidative-stress response function. RaLP-CH2 also contains a putative 
serine site for phosphorylation. A cysteine (C) residue in the p66ShcA-CH2 domain of ShcB and ShcD/RaLP (blue) is 
involved in oligomerization. A cytochrome c (CB) binding site is present only in p66ShcA but not in other Shc proteins 
(pink). An Adaptin binding motif (A) is present in all Shc proteins except ShcD/RaLP (cream-coloured) (adapted from 
Melanie and Jones, 2012).

�7�K�H�� �H�[�S�U�H�V�V�L�R�Q�� �S�U�R�‹�O�H�V�� �R�I�� �6�K�F�� �S�U�R�W�H�L�Q�V�� �D�Q�G�� �W�K�H�L�U��
isoforms
The Shc family consists of at least seven identified 
 proteins arising from four different genes. This is attrib-
uted to the alternative use of the initiation codons and 
mRNA splicing [12]. The presence of the Shc protein iso-
forms provides the Shc family with a range of  functions. 
Shc scaffolds show distinct expression patterns that 
facilitate the propagation of messages in different  
cellular settings. 

The ShcA protein is present in the intracellular compart-
ment in three isoforms, p46, p52 and p66ShcA (Figure 1),  
which are each implicated in certain intracellular path 
ways. The three isoforms arise from two mRNAs derived 
from the Shc gene, which encodes p66ShcA and p46/
p52ShcA [1, 13].

Although all ShcA isoforms are derived from the same 
gene, p66ShcA has an extension of 110 amino acids at its 

amino-terminus. This extension has provided p66ShcA 
with a distinct role from the two shorter isoforms 
(p46ShcA and p52ShcA). p46ShcA and p52ShcA are 
involved in cell cycle progression and cell differentiation 
[14, 15], whereas p66ShcA plays a role in apoptosis in 
response to oxidative stress [16]. Unlike the shorter Shc 
isoforms, p66ShcA prevents Ras activation, resulting in 
the suppression of lung cancer cell motility [17]. Another 
difference between the expression profiles of ShA iso-
forms expression has been reported; in contrast to p46 
and p52 ShcA, p66ShcA expression is absent in human 
haemopoietic cells [11].

The ShcA protein was shown to be ubiquitously 
expressed in all tissues except the adult mature brain. 
Unlike ShcA, ShcB, ShcC and ShcD are abundantly 
expressed in the brain [12, 18]. ShcB and ShcC, with its 
two isoforms (p67, p52), were determined to be involved 
in neuronal cell development and survival, while the main 
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function of ShcB is linked to the peripheral nervous system 
rather than the central nervous system [19] (Figure 1).  
The dominance of ShcC function in brain signalling origi-
nated from the fact that ShcC has a higher affinity for nerve 
growth factor (NGF) and brain derived-neurotrophic factor 
(BDNF) receptors compared to ShcB [18]. Unlike ShcC, 
ShcB is present in retina, heart and vascular endothelial  
cells [20], while ShcC shows a unique expression in  
lymphocytes that is not shown by ShcB [21]. 

Recently, the new Shc family member RaLP/ShcD was 
shown to be expressed in the brain, neuronal-derived  
tissues (e.g., melanocytes), and skeletal muscle in adult 
mice. RaLP/ShcD is reported to trigger melanoma invasion 
and maturation of the neuromuscular junction, and it has 
been shown to contribute to mouse embryonic develop-
ment [6, 12, 22]. Despite the reported intracellular roles 
for RaLP, the exact molecular mechanisms by which RaLP 
achieves these functions are still unclear. 

An interesting example of the switch in expression 
between Shc adaptor proteins to satisfy cellular needs 
was described by Conti et al. This was demonstrated by 
 implementing two-colour fluorescence-activated cell  
sorting, which enabled the researchers to show that ShcC 
expression is limited to the post-mitotic neuronal cells 
while ShcA is mainly available in neuronal progenitors. 
ShcA expression is initially required to facilitate progenitor  
cell proliferation and is then replaced by ShcC, which 
assists in neuronal cell maturation by mediating cell  
differentiation and survival. Accordingly, it was suggested 
that modifying ShcA and ShcC expression during the 
development of the brain would act as a crucial event 
for determining the proliferation and differentiation of  
neuronal cells [9]. 

Shc protein domains
Although Shc adaptor proteins lack intrinsic enzymatic 
activities, they are equipped with different domains (CH2, 
PTB, CH1 and SH2) that are defined by distinctive amino 
acids motifs and sequences that help the Shc proteins to 
convey, organize and amplify the signals received.

Phosphotyrosine binding domains

Shc proteins are the only adaptor proteins that  possess 
both a PTB (phosphor-tyrosine binding) domain as well as 
a SH2 (Src homology 2) domain [1]. PTB and SH2 domains 
are the most conserved regions among Shc family mem-
bers [6], and they bind to phosphor-tyrosine motifs, allow-
ing Shc proteins to be recruited to activated receptors, 
including receptor tyrosine kinases (RTKs), antigen recep-
tors, G-protein coupled receptors and cytokine recep-
tors [3, 5, 23, 23–25]. The Shc phosphotyrosine binding 
domains also enable Shc proteins to interact with cyto-
solic tyrosine kinases [26]. The Shc-PTB domain binds 
the phosphorylated tyrosine present in the NPXpY motif, 
while the SH2 domain preferentially interacts with a phos-
phorylated tyrosine contained in a pYXX�‘  motif (where �‘�1
represents a hydrophobic amino acid) [1]. 

The combination of SH2 and PTB domains enables  
Shc to switch between signalling pathways; it was 

shown that the SH2 domain is specifically needed in cell 
 proliferation, while the PTB domain is important in cell 
migration [27].

Site-directed mutagenesis revealed that R175 and R285 
in the tyrosine binding pockets of the PTB domains in 
p52Shc and p66ShcA, respectively, are pivotal for anchor-
ing Shc to certain tyrosine phosphorylated proteins  
[23, 28]. 

In addition to the role of the Shc-PTB domain in  binding 
phosphotyrosine residues, the PTB domain also contributes  
to localizing Shc to the cytosolic side of the plasma  
membrane via its interaction with plasma  membrane 
phospholipids [25]. NMR studies have shown that the 
residues responsible for binding the membranous 
 phospholipids are distinct from the phosphotyrosine 
binding residues [29]. This implies that recruitment of 
Shc to the inner membrane does not always require activa-
tion of the upstream receptors. Notably, the mutation of 
Met46 to Pro in the p52ShcA-PTB domain abolished Shc’s  
ability to activate c-Src, which subsequently diminished 
Stat-induced p21/cip upregulation [30].

The PTB domain of p52ShcA contains a potential 
 phosphorylated Ser29 residue in the RHGSFVNK motif 
that has a role in the interaction between Shc and the 
tyrosine phosphatase PTP-PEST, which acts as a safety 
valve to hinder the flow of ligand-induced signalling via 
its association with ShcA [31].

Although tyrosine phosphorylation is a requirement 
for the coupling of the PTB and SH2 domains in Shc with 
other proteins, it was reported that the PTB domain binds 
PTP-PEST and IQGAP independently of tyrosine phospho-
rylation [31, 32]. Additionally, ShcA associates with Ran-
GTPase via the SH2 domain of ShcA; this interaction does 
not require tyrosine phosphorylation of ShcA [33]. As a 
consequence, the Shc-SH2 domain initiates Shc nuclear 
translocation without binding to tyrosine phosphorylated 
sites. 

Proline and Glycine rich domains

The collagen homology regions include the CH1 and 
CH2 domains. The CH1 domain links the PTB and SH2 
regions while the CH2 is located at the extreme N-termi-
nal region of the Shc proteins. These domains were desig-
nated by these names (CH1 and CH2) because they share 
50% homology with human 1 collagen, which is rich in  
glycine and proline. The collagen homology regions of Shc 
proteins also possess a frequently occurring conserved 
GXX motif, where X is generally lysine or proline [11]. 
Importantly, the CH2 domain does not exist in the shorter 
isoforms of Shc family members and is only present in 
p66ShcA, p68ShcB, p67ShcC and p69ShcD/RaLP. The 
proline and glycine stretches enable the collagen homo-
logy domains to act as docking sites for proteins contain-
ing SH3 domains [1]. Both the CH1 and CH2 domains 
represent the least conserved regions among Shc family 
members [12].

Shc proteins can be phosphorylated by tyrosine kinases 
on certain conserved tyrosine residues contained within 
the CH1 region [27] (Figure 1). The phosphorylated 
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tyrosine residues in the CH1 domain represent binding 
sites for many proteins, the best characterized of which 
is Grb2. Grb2 recruits Sos, which activates the Ras/MAPK 
 signalling pathway [34]. ShcC and ShcD/RaLP were 
reported to have additional potential tyrosine phosphoryl-
ation sites in the CH1 domain [12], which might contribute 
to the activation of unique signal transduction pathways  
(Figure 1).

The ShcA-CH1 region also contains the Adaptin 
interacting motif (amino acids 346–355), which con-
tributes to the ability of Shc proteins to associate with 
endosomes [35]. Unlike the CH1 domain, the CH2 region 
is likely to be phosphorylated on serine and  threonine 
residues. One of the most studied examples is serine 
36 in p66ShcA-CH2, which plays a pronounced role 
in the oxidative-stress response mediated by p66ShcA 
[16] (Figure 1). p66ShcA also houses a cytochrome c  
interacting region at the carboxy-terminal of the CH2 
domain [36] (Figure 1). In addition, the p66ShcA-CH2 
domain contains cysteine 59, which is responsible for 
protein dimerization (Figure 1) and has been  suggested 
to have an effect on the p66ShcA-mediated stress 
response [37]. An interesting observation was made 
by Khanday et al. regarding the inhibitory effect of the 
p66ShcA-CH2 domain on p66ShcA/Ras signalling. Under 
oxidative stress conditions, the CH2 domain of p66ShcA 
was found to dissociate Sos1 from Grb2-SH3; this  
dissociation mediates the association between Sos1 
and eps8, which in turn leads to the activation of 
Rac1 instead of Ras [38]. Furthermore, cytoskeletal 
 reorganization was reported to mediate Erk  activation 
via the  phosphorylation of p52ShcA or p46Shc but 
not p66ShcA. This was attributed to the p66ShcA-CH2 
sequence having an inhibitory effect on cytoskeletal 
reorganization-mediated phosphorylation [39]. In a 
recent paper, the CH2 domain of ShcD was shown to 
house a nuclear export signal that might play a role in 
ShcD nuclear cytoplasmic shuttling [40].

Shc protein localization
The extracellular events influence the internal environment  
of the cell to elicit specific responses. Certain proteins sense 
the extracellular signals and transmit them to mediate  
relevant intracellular cascades. Shc members assist in  
transmitting signals through different ways, such 
as by inducing relocation into different  subcellular 
 compartments. As Shc proteins were originally charac-
terized as adaptors coupling receptor tyrosine kinases 
to  downstream signalling pathways, it was thought that 
Shc members are cytoplasmic proteins. However, recent 
reports have shown the presence of Shc proteins in  
different intracellular compartments.

p52ShcA and p46ShcA are mainly distributed in the  
cytoplasm. However, upon their tyrosine-phosphorylation,  
they translocate to the membrane and convey the extra-
cellular signals to the intracellular environment [41]. 
In addition, the Shc-PTB domain contributes to the 
 membrane localization of Shc [29]. Because p66ShcA 
plays a role in reactive oxygen species metabolism, its 
mitochondrial translocation has been analysed [42]. 

The p46ShcA isoform was also shown to translocate into 
the mitochondrial matrix by means of a  mitochondrial 
target sequence within its PTB domain [43].

Interestingly, the nuclear localization of p46Shc was 
reported in both hepatocytes and hepatic carcinoma 
cells [44]. Because Shc isoforms lack the classical nuclear  
localization signal (NLS), it was thought they translocate to 
the nucleus through a NLS-independent mechanism. Only 
the shorter isoforms (p46ShcA and p52ShcA) of ShcA were 
shown to co-immunoprecipitate with the overexpressed 
Ran-GTPase, a key component of the nuclear transport 
machinery. The association of ShcA/Ran was enhanced 
by serum stimulation after the cells were deprived from 
growth factors [33]. Using FRET, researchers clearly 
showed a direct interaction between the two proteins 
in the nucleus, and it was suggested that Ran mediates 
Shc nuclear import. The fact that Ran is upregulated in  
cancer cells led to the assumption that Shc nuclear trans-
location might contribute to the oncogenic effects of Ran. 
The interactome data in that study indicated that some 
nuclear proteins might associate with Shc, highlighting its 
role in the nucleus [45]. Additionally, the newly identified 
ShcD was found to shuttle between the nucleus and the 
cytoplasm upon oxidative stress [40].

Subcellular fractionation revealed the presence of 
 tyrosine phosphorylated Shc, Grb2, SOS and active EGFR 
in the endosomes in response to EGF treatment [46]. In 
unstimulated cells, Shc was shown to reside on the rough 
endoplasmic reticulum mainly within the  perinuclear 
cisternae, while treatment with EGF stimulated the 
redistribution of Shc both to the membrane region 
and to endosomes [47]. AP2 has a well-studied role in 
 clathrin-dependent endocytosis [48]. In cells subjected 
to epidermal growth factor (EGF), Shc interacts with AP2, 
which mediates EGFR internalization by early endosomes  
[35, 49, 50].

NGF treatment prompted ShcA translocation to the 
cytoskeleton and the membranous regions and  triggered 
the ShcA-actin interaction [51]. The association of ShcA 
with the cytoskeleton was later confirmed by Smith et 
al. In epidermal growth factor (EGF)-treated metastatic 
bladder cancer cells and a skin carcinoma cell line, 
 immunostaining for Shc and the cytoskeleton-associated  
protein IQ Motif Containing GTPase Activating 
Protein 1 (IQGAP1) demonstrated the recruitment of 
the two  proteins to the membrane ruffles and to the 
 lamellipodia. Depleted levels of ShcA negatively affect 
the formation of motility structures and result in fail-
ure of IQGAP1 recruitment to the membranous region 
and to lamellipodia [32]. Alternatively, protein kinase 
C- (PKC) was found to regulate Shc translocation to the  
cytoskeleton and mitochondria in H2O2-treated cardio-
myocytes [52].

Interestingly, the stimulation of 6 4 integrin in the 
 presence of laminin resulted in p52ShcA recruit-
ment that led to phosphorylation of p52ShcA [53]. 
Hemidesmosomes are considered a key element in epithe-
lial cell-basement membrane adhesion [54]; 6 4 integrin is a 
component of hemidesmosomes [55]. Accordingly, these 
data indicated a new ShcA subcellular localization in the 
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