
Review

Negative regulation of immunoreceptor signaling by protein adapters:
Shc proteins join the club

Nagaja Capitani 1, Orso M. Lucherini 1, Cosima T. Baldari ⇑
Department of Evolutionary Biology, University of Siena and Istituto Toscano Tumori, Via Aldo Moro 2, 53100 Siena, Italy

a r t i c l e i n f o

Article history:
Received 2 August 2010
Revised 23 August 2010
Accepted 31 August 2010
Available online 7 September 2010

Edited by Israel Pecht

Keywords:
Adapter
Shc
TCR
BCR
Autoimmunity
Leukemia

a b s t r a c t

Protein adapters couple surface receptors to multiple intracellular signaling modules by acting as
scaffolds for the assembly of multimolecular complexes responsible for the coordination and ampli-
fication of signals. Through the spatiotemporally controlled recruitment of mediators with opposite
activities (e.g. protein tyrosine kinases and phosphatases), adapters are implicated not only in signal
initiation and propagation, but also in feedback loops for signal extinction. Moreover, adaptors spe-
cialized in preventing or dampening signaling have been more recently discovered. Here we shall
present of brief overview of the principal adaptors which act as negative regulators of TCR and
BCR signaling, with a focus of the mechanisms underlying this function. We shall then discuss
our recent findings implicating p66Shc and Rai, two members of the Shc family of cytosolic protein
adapters, in the negative control of antigen receptor signaling, and their role as gatekeepers of auto-
immunity and leukemia.
� 2010 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.

1. Introduction

In the last decade molecular adapters have emerged as key par-
ticipants in immunoreceptor signaling. While not directly impli-
cated in the initiation of the signaling cascades triggered by
immunoreceptors, adapters provide the scaffolds required for the
activation, integration and fine-tuning of multiple signaling mod-
ules, accounting for the complexity and plasticity of immunorecep-
tor signaling and for the strikingly diverse biological outputs.
Adapters have moreover been implicated in termination of signal-
ing through the temporally controlled recruitment of negative reg-
ulators, such as proteins and lipid phosphatases and ubiquitin
ligases, close the activated receptor. Accumulating evidence, ob-
tained principally in genetically manipulated mice, has more re-
cently underscored a previously unappreciated role of adapters in
dampening the signals triggered by immunoreceptors, thereby
preventing potentially dangerous pathological outcomes resulting
from uncontrolled lymphocyte hyperreactivity to both self and for-
eign antigen. This applies not only to ‘‘dedicated” adapters (e.g.
phosphoprotein associated with glycosphingolipid-enriched do-

mains, PAG), but also to adapters previously believed to only medi-
ate positive signals (e.g. non-T-cell activation linker, NTAL).

Here we shall summarize our present understanding of the
mechanisms of attenuation of T cell receptor (TCR) and B cell
receptor (BCR) signaling by molecular adapters and discuss the
pathological outcome of their deficiency, with a focus on our re-
cent findings implicating specific members of the Shc (Src
homology domain containing) family of protein adapters as neg-
ative regulators of antigen receptor signaling, autoimmunity and
cancer.

2. The role of protein adapters in the negative control of antigen
receptor signaling

Antigen receptor signaling is coordinately regulated by two
classes of adapters, grouped on the basis of their subcellular local-
ization. Cytosolic adapters essentially consist of an array of pro-
tein/protein and protein/lipid interaction domains and can
include one or more phosphorylatable tyrosine residues. At vari-
ance, transmembrane adapters lack the typical interaction do-
mains of their cytosolic counterparts. Rather, they are provided
of a long cytosolic tail which includes several tyrosine residues
which, when phosphorylated, become docking sites for proteins
provided of phosphotyrosine binding domains (Src Homology
2 domain, SH2, and phosphotyrosine-binding domain, PTB).
These adaptors form large scaffolds ideally suited for assembling
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multimolecular complexes, which in many instances include
cytosolic adaptors, thereby extending the combinatorial potential

of the scaffold itself. Both classes of adapters include members
implicated in the negative control of antigen receptor signaling.

Table 1
Negative regulatory adapters in TCR and BCR signaling.a

a Background colours highlight the classes of adapters described in Sections 2.1–2.3. p66Shc and Rai are included among the adaptors dampening antigen receptor
signaling. Aminoacid residues refer to the human proteins.
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