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N
eutrophils and mononuclear
phagocytes migrate from
blood vessels to various tissue
sites after exposure to a vari-

ety of stimuli, including antigens, bacte-
rial products, cytokines, and oxidized
low-density lipoproteins (1, 2). The abil-
ity of these cells to traverse the endo-
thelium and become activated at only
specific sites of tissue injury is critical
for modulating the host inflammatory
response. A better understanding of the
signaling pathways in neutrophils and
monocytes that are regulated by both
soluble factors and the extracellular ma-
trix will be important in further defining
the mechanisms that control this
process.

One of the most important cytokines
involved in the regulation of the host
defense is the human granulocyte–mac-
rophage colony-stimulating factor (GM-
CSF), which is produced by activated T
cells, macrophages, endothelial cells,
and fibroblasts (1, 2). GM-CSF initiates
its function by binding to its het-
erodimeric receptor present on myeloid
progenitors and mature monocytes, neu-
trophils, eosinophils, basophils, and den-
dritic cells (3–6). Distinct GM-CSF-acti-
vated signaling pathways (7–9) are
critical in regulating the proliferation,
differentiation, and maturation of my-
eloid cells and stimulating macrophage
proliferation (10, 11). In addition, GM-
CSF primes the respiratory burst and
enhances the effector function of ma-
ture granulocytes and mononuclear
phagocytes.

In this issue of PNAS, Chen et al. (12)
demonstrate that the laminin receptor,
which is expressed on the surface of my-
eloid cells and mononuclear phagocytes,
binds to the GM-CSF receptor to pre-
vent its activation in the absence of tis-
sue injury. Binding of the laminin recep-
tor to extracellular matrix proteins such
as laminin relieves this inhibition to
stimulate GM-CSF-mediated signal
transduction. This is an important obser-
vation that provides a potential mecha-
nism to help explain how host defenses
can be regulated by the extracellular
matrix at sites of tissue injury (Fig. 1).
To place this work in its appropriate
context, we will review our current
knowledge of GM-CSF signaling and
discuss how these new observations im-
pact our understanding of this pathway.

The GM-CSF receptor is a member of
the cytokine receptor superfamily that
includes the receptors for G-CSF, IL-2,
IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-11,
IL-15, growth hormone, erythropoietin,
prolactin, and leptin (13). These recep-
tors consist of multiple subunits, one of
which is cytokine specific. For example,
the GM-CSF receptor is comprised of
two subunits, designated � and �, whose
association is increased by GM-CSF
binding (3, 4). The isolated � receptor
binds to GM-CSF with low affinity and
forms a complex with the � receptor to
create the high affinity receptor. Evi-
dence suggests that the GM-CSF recep-
tor exists as an �2�2 tetrameric complex
in the ligand-bound state although the
role of a simple �� complex cannot be
ruled out (1). The organization of the
GM-CSF receptor is similar to the re-
ceptors for two other hematopoietic
growth factors, IL-3 and IL-5 (5, 6).
Each of these receptors comprises a
unique ligand-specific �-subunit and a
shared �-subunit, which is the more crit-
ical of the subunits in cytokine-mediated
signaling. However, the � receptor is
required for signaling by the � receptor
and is also necessary for regulating cell
proliferation and differentiation (10).
Given this similar pattern of receptor
organization, it is not surprising that
IL-3, IL-5, and GM-CSF can stimulate
these related cytokine pathways. For
example, changes in the levels of IL-3 or
IL-5 can alter GM-CSF-mediated signal-
ing via competition for the common
�-subunit (13, 14).

Neither the GM-CSF receptor nor
other members of the cytokine receptor
superfamily possess intrinsic enzymatic
activity to mediate their intracellular
signaling (1, 13). The organization of
these receptors includes extracellular
domains characterized by 200-aa mod-
ules containing two fibronectin-like beta
barrel structures, a single transmem-
brane domain, and an intracellular do-
main (15). The � subunit consists of a
cytoplasmic domain of limited size,
whereas the � subunit consists of a
more extensive intracellular domain with
multiple tyrosine residues that are tar-
gets for phosphorylation by tyrosine ki-
nases including Janus kinase (JAK), to
result in the recruitment of Src homol-
ogy 2 (SH2)-containing proteins to this
receptor subunit (14). After ligand bind-
ing and the assembly of the high affinity
GM-CSF receptor, tyrosine kinases such
as JAK2 are recruited to the intracellu-
lar domain of the � receptor to activate
the JAK�signal transducer and activator
of transcription (STAT), ras�mitogen-
activated protein (MAP) kinase and
phosphatidylinositol 3-kinase (PI3-ki-
nase) pathways, leading to increases in
the proliferation, maturation, survival,
and activation of myeloid and monocyte
lineages (1, 7–9, 13). Because a subset
of GM-CSF receptors preexists as het-
erodimers in the absence of ligand bind-
ing (14), mechanisms are likely opera-
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Fig. 1. Proposed mechanism of GM-CSF receptor signal modulation by the laminin receptor (LR).
Circulating granulocytes and monocytes are not activated by low levels of GM-CSF due to the binding of
the LR to the GM-CSF receptor � (�R) and � (�R) subunits. On transendothelial migration, these cells attach
to the basement membrane via interactions of the LR and the integrin receptor (IR) with extracellular
matrix (ECM) proteins such as laminin, fibronectin, and collagen. This process relieves the inhibitory effects
of the LR on GM-CSF signaling and increases the proliferation, survival, and maturation of myeloid cells
and augments their host defense function.
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tive that prevent the activation of this
receptor in the absence of tissue injury.
Data presented in the article by Chen et
al. demonstrate that the binding of the
laminin receptor to the GM-CSF �- and
�-subunits is involved in attenuating ac-
tivation of this receptor in the presence
of low levels of its ligand.

The laminin receptor is a non-integrin
cell surface receptor that helps to medi-
ate high affinity interactions between
cells and components of the extracellu-
lar matrix such as laminin, fibronectin,
collagen, and elastin (16–19). This re-
ceptor is evolutionarily conserved and
has significant homology to ribosomal
proteins with its carboxyl-terminal do-
main facilitating its interaction with ex-
tracellular matrix proteins including
laminin (18). The laminin receptor is a
37-kDa protein that is acylated by fatty
acids to result in a 67-kDa homodimer
that mediates its binding to laminin and
other extracellular matrix proteins (17).
The expression of this receptor is in-
duced by both cytokines and inflamma-
tory mediators and laminin itself, sug-
gesting that a positive feedback loop
may link the presence of laminin with
the expression of its receptor (18). In
addition, a variety of cancers overex-
press this receptor, and this result corre-
lates with increased tumor aggressive-
ness and metastatic behavior (20, 21). It
is interesting to note that the laminin
receptor also serves as the receptor for
the cellular prion protein (PrP).

The laminin receptor does not func-
tion alone, but rather in conjunction
with other receptors, to facilitate its in-
teractions with laminin and other com-

ponents of the extracellular matrix. For
example, a physical association of the
laminin receptor and �6�4 integrins has
been demonstrated, and the expression
of the laminin receptor and specific in-
tegrins is coregulated (22). Studies sug-
gest that the interaction of the laminin
and integrin receptors with the extracel-
lular matrix is subject to dynamic regula-
tion that alters their interactions and
function (19).

Chen et al. (12) present data that sug-
gest that components of the extracellular
matrix interact with the laminin receptor
to regulate cytokine receptor signaling.
A well characterized role of the extra-
cellular matrix in regulating cell signal-
ing has been demonstrated through its
interactions with integrins to initiate a
focal adhesion kinase (FAK)-mediated
process that activates the MAP kinase
pathway and enhances cell motility (23).
In the present study, laminin and fi-
bronectin were demonstrated to stimu-
late GM-CSF-mediated signal transduc-
tion. The observation that GM-CSF
signaling can be activated by the interac-
tions of laminin and fibronectin with the

laminin receptor is consistent with pre-
vious observations that demonstrate that
neutrophil binding to laminin and fi-
bronectin markedly enhances the GM-
CSF-mediated respiratory burst (24).

The current study has several impor-
tant implications. First, it defines an ad-
ditional regulatory mechanism that is
operative in regulating GM-CSF signal-
ing. Second, it provides evidence that
changes in the extracellular matrix can
influence host defense responses. Fi-
nally, it provides an explanation of how
neutrophils and monocytes can be acti-
vated at specific sites of tissue injury as
they traverse the vascular wall. This
work suggests that, in response to tissue
injury, GM-CSF signaling of neutrophils
and macrophages is activated by a bi-
nary response involving both soluble
growth factors and the interactions of
cells with the extracellular matrix.

With any new observations, a variety
of additional questions are raised. For
example, which of the GM-CSF sub-
units, � or �, is the major target for in-
teraction with the laminin receptor? In
addition to the laminin receptor, are
specific integrins also involved in the
regulation of GM-CSF receptor signal-
ing? Does the laminin receptor mediate
GM-CSF signaling in multiple cell lin-
eages and is IL-3 and IL-5 receptor sig-
naling also regulated by similar mecha-
nisms? Finally, are there coordinate
patterns of regulation of the laminin
receptor and specific cytokine receptors
in pathologic conditions such as cancer
and atherosclerosis? Future studies will
be necessary to address the interesting
and important observations elucidated
by Chen et al. in this study.
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