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Dystroglycan (DG) is a transmembrane protein widely expressed in multiple cells
and tissues. It is formed by two subunits, α− and β-DG, and represents a molecular
bridge between the outside and the inside of the cell, which is essential for the
mechanical and structural stability of the plasma membrane. The α-subunit is a
cell-surface protein that binds to the extracellular matrix (ECM) and is tightly
associated with the plasma membrane via a non-covalent interaction with the β-
subunit, which, in turn, is a transmembrane protein that binds to the cytoskeletal
actin. DG is a versatile molecule acting not only as a mechanical building block but
also as amodulator of outside–inside signaling events. The cytoplasmic domain of
β-DG interacts with different adaptor and cytoskeletal proteins that function as
molecular switches for the transmission of ECM signals inside the cells. These
interactions canmodulate the involvement of DG in different biological processes,
ranging from cell growth and survival to differentiation and proliferation/
regeneration. Although the molecular events that characterize signaling
through the ECM-DG-cytoskeleton axis are still largely unknown, in recent
years, a growing list of evidence has started to fill the gaps in our
understanding of the role of DG in signal transduction. This mini-review
represents an update of recent developments, uncovering the dual role of DG
as an adhesion and signaling molecule that might inspire new ideas for the design
of novel therapeutic strategies for pathologies such as muscular dystrophy,
cardiomyopathy, and cancer, where the DG signaling hub plays important roles.
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1 Introduction

Dystroglycan (DG) is a transmembrane protein originally identified in skeletal muscle as
part of the dystrophin–glycoprotein complex (DGC), a group of cytoskeletal (dystrophin,
syntrophins, and dystrobrevin) and membrane integral (sarcoglycans and sarcospan)
proteins (Ibraghimov-Beskrovnaya et al., 1992). DG is also expressed in other tissue
districts, including the central and peripheral nervous systems and epithelia (Durbeej
et al., 1998). DG constitutes a bridge between the extracellular matrix (ECM) and the
cytoskeleton, and its primary function is to structurally stabilize the plasma membrane. This
connection is vital for striated muscle, as evidenced by the fact that disrupting the link
between the ECM and the interior of the muscle cells causes muscular dystrophies.
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DG is encoded by a single gene (DAG1) as a unique precursor
that is cleaved into two interacting subunits, α- and β-DG, by a post-
translational and autocatalytic process (Ibraghimov-Beskrovnaya
et al., 1992) (Figure 1A). α-DG is a peripheral membrane protein
that interacts with the ECM laminin globular domain (LG)-
containing proteins, such as laminins, agrin, neurexins, and
perlecan (Gee et al., 1994; Gesemann et al., 1998; Peng et al.,
1999; Sugita et al., 2001). α-DG is characterized by a dumb-bell-
like shape formed by two globular domains separated by a highly
glycosylated central region (Brancaccio et al., 1995). Glycosylation is
extremely heterogeneous and contains a rare phosphorylated
O-mannosyl residue linked to a polymer formed by repeated
units of the [-3-Xyl-α1, -3GlcA-β1]n disaccharide, known as
“matriglycan” (Yoshida-Moriguchi and Campbell, 2015). The
majority of ECM-interacting proteins bind directly to these
extensive α-DG glycan chains through their LG domains that
contain a conserved binding motif characterized by a glycine and
a Ca2+-binding site surrounded by basic residues (Briggs et al., 2016).

The synthesis of matriglycan repeats is finely regulated in time and
space (Goddeeris et al., 2013), and α-DG displays diverse
glycosylation patterns in different tissues. As a result, α-DG
appears as a broad smeared band on Western blotting, with an
apparent molecular weight of 156 kDa in skeletal muscle, 140 kDa in
cardiac muscle, and 120 kDa in the brain. Moreover, LG-containing
proteins, based on specific circumstances, can compete for α-DG
binding, thus contributing to the diversity of the ECM along discrete
developmental stages and across mammalian tissues (Talts et al.,
1999; Kanagawa et al., 2005). When α-DG glycosylation is perturbed
and reduced due to mutations in the enzymes that are responsible
for the O-mannosyl glycosylation process, muscular dystrophies
arise. Collectively known as secondary dystroglycanopathies, these
particular types of muscular dystrophies range from mild and late-
onset limb-girdle muscular dystrophies to severe congenital
muscular dystrophies with and without brain involvement, such
as Walker–Warburg syndrome (WWS), muscle–eye–brain disease
(MEB), and Fukuyama congenital muscular dystrophy (FCMD)
(Kanagawa, 2021).

α-DG retains the contact with the plasma membrane by
interacting, non-covalently and independently from its
glycosylation state, with the β-subunit, which, in turn, is a
transmembrane protein (Sciandra et al., 2001). The
N-terminal extracellular domain (or ectodomain) of the β-
subunit is intrinsically unfolded (Bozzi et al., 2003), and the
α-subunit is its only identified ligand so far (Sciandra et al., 2001).
The cytosolic domain of β-DG, like its ectodomain, also has no
defined structure, but it is characterized by the presence of several
proline residues and different functional motifs for
protein–protein interaction (Moore and Winder, 2010)
(Figure 1B). The sequence PPxY at the extreme C-terminus is
recognized by dystrophin and its analog utrophin (Jung et al.,
1995), and through the connection with dystrophin, the DG
complex fully establishes the link between the ECM and the
cytoskeleton. Caveolin-3, a protein component of the caveolae in
the plasma membrane of skeletal, cardiac, and smooth muscles,
and the growth factor receptor-bound adaptor protein Grb2 bind
to β-DG through the same PPxY motif, thus competing with
dystrophin for the binding to DG (Russo et al., 2000; Sotgia et al.,
2000). At the intracellular juxtamembrane region, a stretch of
basic residues is capable of interacting with ezrin, a protein
belonging to the ERM protein family, as well as rapsyn and
ERK (Cartaud et al., 1998; Spence et al., 2004) (Figure 1B).

2 DG stabilizes diverse protein
complexes in multiple tissues

In skeletal muscle, as the central part of the DGC DG primarily
functions as an adhesion molecule anchoring myotubes to the ECM
in order to confer stability to muscle fibers during the continuous
cycles of contraction and relaxation (Figure 2A). In addition, the
DGC also plays a role in the assembly of the insulin receptors, whose
structural integrity and functional properties depend on the bridge
that plakoglobin forms between them and the β-DG cytodomain
(Eid Mutlak et al., 2020). The development of insulin resistance and
insulin-related metabolic disorders, such as hyperinsulinemia and
glucose intolerance, often observed in patients affected by muscular

FIGURE 1
Dystroglycan (DG) domain structure. (A) The DAG1 gene is
translated in a precursor polypeptide that is subsequently cleaved to
generate the α-DG and β-DG subunits. α-DG consists of a central
mucin-like domain and a C-terminal globular domain that is
non-covalently linked to β-DG at the cell surface. The N-terminal
domain of α-DG is cleaved by furin during the maturation process
(Kanagawa et al., 2004). β-DG contains an extracellular N-terminal
domain, a transmembrane domain, and a cytoplasmic C-terminus. (B)
β-DG cytoplasmic domain containing motifs for protein–protein
interactions. At the juxtamembrane region, the cytoplasmic domain
contains motifs for the interaction with extracellular signal-regulated
kinase (ERK), ezrin–radixin–moesin proteins (ERM), and rapsyn; the
same region includes a nuclear localization signal (NLS). The
C-terminus harbors motifs for binding to WW, SH3, and SH2-
containing proteins. pY: specifically phosphorylated tyrosine
(modified from Moore and Winder, 2010).
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dystrophies, may be due to a destabilization of the DGC, which, in
turn, leads to a reduced stability and functionality of the insulin
receptors.

The correct glycosylation of the α-subunit is crucial for skeletal
muscle stability, and its aberrant O-mannosyl glycosylation is
associated with the development of secondary
dystroglycanopathies (Kanagawa, 2021; Michele et al., 2002).
Interestingly, α-DG glycosylation does not appear to exert the
same degree of stabilization in all types of tissue districts. For
example, in the cardiac muscle of transgenic mice where FKTN,

the causative gene of FCMD, is conditionally inactivated, hypo-
glycosylation of α-DG leads to cardiac dysfunction only in aged mice
despite a marked reduction of the entire DGC (Ujihara et al., 2019).
This observation suggests that an unknown compensatory
mechanism prevents the young hearts from developing a diseased
phenotype and that membrane fragility is not the only pathogenic
factor driving disease onset.

At the neuromuscular junction (NMJ), the specialized synapse
between motoneurons and skeletal muscle, post-synaptic DG forms
a bridge between laminins and the cortical protein rapsyn

FIGURE 2
Schematic representation of different roles played by DG. (A) In skeletal muscle, as the central component of the DGC, a group of cytoskeletal
(dystrophin, syntrophins, and dystrobrevin) and membrane integral proteins (sarcoglycans and sarcospan), DG plays a role as the adhesion molecule
anchoring myotubes to the ECM, thus conferring stability to muscle fibers during the continuous cycles of contraction and relaxation. (B) In the nervous
system, DG organizes and stabilizes the molecular architecture of diverse synapses. 1) In the brain, DG stabilizes the inhibitory synapses of GABAA

receptors by interacting with presynaptic adhesion proteins, NRXs, and post-synaptic intracellular protein S-SCAM, which, in turn, interacts with NL2. The
binding betweenDG andNRX-3α enables a normal release probability (the probability of a synaptic vesicle to release its transmitter content in response to
an action potential) in the olfactory bulb and the prefrontal cortex (modified from Trotter et al., 2023). 2) In the retina, DG is located pre-synaptically at
photoreceptor ribbon synapses and binds the secreted molecule pikachurin, which, in turn, binds to the postsynaptic transmembrane orphan receptor
GPR179. 3) At the neuromuscular junction, post-synaptic DG forms a bridge between laminins and the cortical protein rapsyn, and it stabilizes the
receptor complex formed by Musk-Dok7-Lrp4 that is needed for the binding to neuronal agrin and the formation of the acetylcholine receptors. (C) The
interaction of α-DG with laminin induces β-DG phosphorylation, followed by inhibition of its binding with dystrophin. The phosphorylated β-DG
cytodomain recruits adaptor protein Grb2 and small G proteins, turning the extracellular information into intracellular signals that ultimatelymodulate the
expression of genes involved in different processes and cell behavior. (D) In neonatal cardiomyocytes, α-DG binds to the proteoglycan agrin, and β-DG is
tightly associated with dystrophin. YAP reaches the nucleus, activating the expression of genes responsible for cell proliferation. In the adult heart, agrin is
downregulated and replaced by laminin (or by another yet unidentified factor) in binding to α-DG, inducing β-DG to loosen its link to dystrophin and
sequester phosphorylated YAP out of the nucleus, thus impairing the proliferative program. Abbreviations: NRXs, neurexins; NL2, neuroligin; ERK,
extracellular signal-regulated kinase; Musk, muscle specific receptor tyrosine kinase; Dok7, docking-protein 7; Lrp4 low-density lipoprotein receptor-
related protein 4; Grb2, growth factor receptor-bound protein-2; PI-3K, phosphatidylinositol 3-kinase; Cdc42, cell division control protein 42 homolog;
YAP, yes-associated protein.
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(Montanaro et al., 1998), and it stabilizes the receptor complex
formed by muscle-specific-receptor tyrosine kinase (Musk),
docking-protein 7 (Dok7) and low-density lipoprotein receptor-
related protein 4 (Lrp4) that is needed for the binding to neuronal
agrin. This, in turn, triggers a cascade of events, leading to the
clustering of the acetylcholine receptors and the final maturation of
the post-synaptic elements (Kim et al., 2008; Guarino et al., 2020)
(Figure 2B).

In the central nervous system, DG is expressed in the
hippocampus, cerebellum, cerebral cortex, hypothalamus,
olfactory bulb, and retina (Zaccaria et al., 2001). Studies carried
out in conditional knock-out mice where DAG1 is genetically
deleted in different brain cell types have shown that DG is
important for the stability of the molecular architecture of post-
synaptic neurons (Moore et al., 2002; Satz et al., 2010; Früh et al.,
2016). In the hippocampus and cerebellum, the DG complex
stabilizes the inhibitory synapses of GABAA receptors,
interacting with presynaptic adhesion proteins, neurexins
(NRXs), NRX-like family components (Sugita et al., 2001;
Siddiqui and Craig, 2011), and also with post-synaptic
intracellular proteins such as S-SCAM, a member of the
membrane-associated guanylate kinase (MAGUK) family of
PDZ-domain containing proteins. In turn, S-SCAM interacts
with the C-terminal tail of neuroligin 2 (NL2), linking the
NRX-NL adhesion system with DGC (Sumita et al., 2007; Früh
et al., 2016; Briatore et al., 2020; Miller and Wright, 2021). The
conditional deletion of the DAG1 gene in the pyramidal cells of the
hippocampus results in a decreased clustering of GABAA receptors
and an impairment of synapse transmission (Früh et al., 2016;
Miller and Wright, 2021). Recently, Trotter and colleagues, using
CRISPR-mediated DAG1 deletion in mice, showed that the
binding between α-DG and NRX-3α is indispensable to activate
a trans-synaptic feedback signaling loop that enables a normal
release probability (the probability of a synaptic vesicle to release
its transmitter content in response to an action potential) at
inhibitory synapses in the olfactory bulb and the prefrontal
cortex (Trotter et al., 2023). This interaction has no effect on
synapse numbers in vivo, but it is strictly required for the ability of
NRX-3α to organize a fully functional presynaptic release
machinery in at least two brain regions (Figure 2B). The nature
of the signal activated by DG and transferred to presynaptic
terminals is still not known, and hypotheses may include a
possible conformational change or dimerization of Nrxn-3α, as
well as raising an independent additional signal. Studies aimed at
decoding this mechanism will help to understand how mutations
in α-DG and the glycosyltransferases dedicated to its decoration
with sugars translate into severe neurological defects.

In the retina, DG is located pre-synaptically at photoreceptor
ribbon synapses and binds to the secreted LG-domain-containing
molecule pikachurin, which, in turn, binds to the postsynaptic
transmembrane orphan receptor GPR179 (Sato et al., 2008;
Orlandi et al., 2018). Conditional deletion of the DAG1 gene
from photoreceptors, as well as hypo-glycosylation of α-DG
associated with secondary dystroglycanopathies, results in
impaired synaptic transmission (Kanagawa et al., 2010; Hu et al.,
2011; Omori et al., 2012) (Figure 2B).

DG also plays an important role in Schwann cell myelination
within the central and peripheral nervous systems (Saito et al., 1999;

Occhi et al., 2005; Colognato et al., 2007). The interaction between
α-DG and laminin-α2 provides an anchorage between the Schwann
cell plasma membrane and the ECM, enabling Schwann cells to
repeatedly wrap themselves around the axon, thus forming layers of
myelin sheath (Masaki and Matsumura, 2010).

As far as the adhesion functions are concerned, it is intriguing
that in the central and peripheral nervous systems, α-DG
operates independently from the β-subunit as an extracellular
scaffold, representing a “landing area” for multiple ECM proteins
involved in the guidance of neuron migration and axon
extension. Throughout the developing nervous system, α-DG
is required for maintaining the proper organization of the ECM
by binding to secreted LGs-containing proteins such as laminins
and Slit (Wright et al., 2012), and the transmembrane receptor
Celsr3, which also contains two LG domains in its large
extracellular region (Lindenmaier et al., 2019). These proteins
operate as cues that guide axons during the development of
neural circuits, and it was demonstrated that α-DG functions
autonomously and does not require signaling through the β-DG
intracellular domain (Lindenmaier et al., 2019). Moreover, the
brain-specific deletion of the cytoplasmic domain of β-DG in
conditional knock-out mice had no consequences on brain
development; laminin was normally expressed and deposited,
and no effects on neuron migration were observed (Satz et al.,
2010). Accordingly, in severe forms of secondary
dystroglycanopathies, hypo-glycosylated α-DG is unable to
maintain the ECM as a permissive substrate for axon growth,
and neuro-developmental abnormalities arise, including type II
lissencephaly, which is the result of neuronal over-migration
(Godfrey et al., 2011).

Much is known about the roles of adhesive proteins and their
receptors in the formation of the correct glial scaffold to ensure
neuronal migration, but little is understood about the underlying
molecular mechanisms. Recently, new progress has beenmade in the
direction of deciphering how the ECM signals are interpreted and
integrated within neural cells. It was shown that in radial glial cells,
α-DG maintains the proper organization and structure of the
basement membrane by binding to β1-integrin through laminin.
Downstream of this adhesion complex, Cas, a cytosolic adaptor
protein known to participate in integrin adhesion complexes
turnover, becomes phosphorylated and stimulates integrin
signaling that is indispensable for a correct glial scaffold (Wong
et al., 2023).

3 DG and signal transduction

As soon as it was identified, DG was described as a molecule
acting as a bridge between the ECM and the cytoskeleton,
fundamental for the structural stability of the sarcolemma.
Subsequently, several in vitro biochemical studies demonstrated
that the cytosolic domain of the β-subunit is specifically
phosphorylated in response to extracellular guidance cues and is
capable of binding to several proteins involved in signal
transduction. The functions of the DG complex, therefore, were
expanded to mechanical sensing and signaling, with DG
representing a hub for the signal molecules that were gradually
identified.
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3.1 DG as a mechano-transducing receptor

Cells have the ability to sense the mechanical features of their
surrounding micro-environment and respond to any changes,
including substrate topography, rigidity, and adhesiveness
(Martino et al., 2018). Growing evidence suggests that DG,
similarly to integrins, upon changes in its local environment,
recruits adaptor proteins, which, in turn, activates small G
proteins, thus transforming physical stimuli in cellular responses,
such as cytoskeletal remodeling and cell movement, cell survival,
proliferation, and differentiation (Figure 2C).

Several studies conducted in myoblasts, myotubes, and some
non-muscle cell types have shown that the initial event in the
signal cascade is the adhesion-dependent, Src kinase-driven
phosphorylation of Tyr890 within the cytodomain of β-DG
(James et al., 2000; Ilsley et al., 2001; Sotgia et al., 2001) that
abolishes the interaction with utrophin and dystrophin, and leads
to the recruitment of Grb2. Grb2 binds to RhoA and Rac1, two
small G proteins that act as molecular switches transducing cell
survival signals from the outside to the inside of cells (Chardin
et al., 1995; Chockalingam et al., 2002; Oak et al., 2003)
(Figure 2C). In fibroblasts, in response to cell adhesion, β-DG
recruits the cytoplasmic peripheral protein ezrin, belonging to
the ERM family, as well as the Rho GTPase protein Dbl, to its
proximal membrane sites, driving the activation of Cdc42 and the
formation of filopodia (Spence et al., 2004; Batchelor et al., 2007).
These latter are actin-rich structures that perceive stimuli from
the local microenvironment and transmit them inside the cell
during cell adhesion, cell migration, and cell morphogenesis
(Chen et al., 2003).

Other notable examples of cell types are i) myotubes, where
DG is also involved in mechano-sensing via the phosphoinositide
3-kinase (PI3K)/protein kinase B (AKT) pathway that promotes
metabolism and cell survival, and ii) epithelial lung cells, where
the binding of DG to laminin culminates with the activation of
the ERK1/2 pathway that transduces mechanical stress
(Langenbach and Rando, 2002; Takawira et al., 2011)
(Figure 2D).

It remains to be clarified how the outside signals received by α-
DG are transmitted to β-DG and culminate with the
phosphorylation of its cytodomain. The two DG subunits are
cleaved at a conserved so-called SEA module, as first identified in
a sperm protein, enterokinase, and agrin (Esapa et al., 2003;
Wreschner et al., 2009). According to the hypothesis that
Wreschner and colleagues formulated for the SEA module-
containing proteins, α- and β-DG may remain associated to form
a receptor–ligand alliance to regulate signal transduction:
glycosylated α-DG bound to its ligands may induce a
conformational change in the membrane-associated β-DG and,
thus, modulate signal transmission inside the cells. It is also
possible that α-DG dissociates from the β-subunit and exerts its
functions independently, as already described in the previous
section.

Interestingly, although phosphorylation of Tyr890 within the
cytodomain of β-DG is crucial for the transmission of cell survival
and proliferation signals, its inhibition in the mdxmouse, the animal
model for Duchenne muscular dystrophy, improves the dystrophic
phenotype by stabilizing the entire DGC without disrupting cell

survival signals, highlighting how those may be transduced through
alternative pathways via integrins (Miller et al., 2012).

Physiologically, DG-mediated mechano-signaling is highly
regulated (Ilsley et al., 2001) and may be perturbed when laminin
signaling through the DG complex is attenuated. This is, for
example, the case in dystroglycanopathies, where the correct
glycosylation of α-DG, responsible for the stability of the
laminin/α-DG complex, is severely compromised, although the
underlying mechanisms are not fully understood. For example, in
epithelial cells transfected with a DG mutant associated with
hypoglycosylation of α-DG and with the development of limb
girdle muscular dystrophy, β-DG reduces its membrane
dynamics and clustering within the actin-rich domains,
influencing cell migration and spontaneous cell movement
(Palmieri et al., 2017).

3.2 Mechano-sensing through the
agrin–DG–YAP axis: a new hope for cardiac
muscle regeneration

It has been shown in different tissues that DG is involved in the
Hippo pathway, a conserved kinase cascade that inhibits cell
proliferation. One of the most striking effects of this was found
in the cardiac muscle, where DG has been shown to promote or
inhibit cardiomyocyte proliferation, following the interaction with
different ligands in the ECM. Specifically, in the mice neonatal
heart, binding of α-DG to the ECM proteoglycan agrin would keep
the β-DG cytodomain preferentially bound to dystrophin,
resulting in the co-transcription factor YAP (yes-associated
protein) being able to serve its role in the nucleus, where it
promotes cell growth and proliferation. In the adult
mammalian heart, agrin expression is downregulated and the
protein is replaced by another yet unidentified factor in binding
to α-DG, leading β-DG to bind and sequester phosphorylated YAP
out of the nucleus, thus preventing it from exerting its pro-
proliferative activity (Bassat et al., 2017; Morikawa et al., 2017)
(Figure 2D).

The relationship between the DG–agrin axis and a possible
agrin-driven re-activation of YAP was first demonstrated in adult
cardiomyocytes and in vivo in mice, opening important implications
for cardiac regenerative medicine (Bigotti et al., 2020), especially
promising after the recent finding that agrin is expressed in an age-
dependent manner also in human cardiac muscle (Skeffington et al.,
2022).

Interestingly, the Hippo pathway circuit through DG is also
implicated in the maintenance of quiescence of dormant tumor
cells in the brain. It was recently demonstrated that laminin-211
deposited by astrocytes induces DG to sequester YAP, thus
inhibiting growth-promoting programs that are critical for
brain metastasis (Dai et al., 2022). YAP has also been shown to
positively regulate skeletal muscle mass and protein synthesis,
following injury and atrophy (Watt et al., 2015), and it has
differential expression in healthy and dystrophic muscles (Vita
et al., 2018; Iyer et al., 2019). Although the functional link between
DG and the Hippo signaling pathway in maintaining skeletal
muscle integrity still remains unclear, components of such a
pathway were recently found to interact with DG in adult fast-
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twitch oxidative muscles of Drosophila, suggesting that the role of
DG as a mechano-sensing receptor is evolutionarily conserved in
muscle cells (Yatsenko et al., 2020). The importance of studies on
insect muscle for uncovering possible roles of DG in signaling has
been further underlined by a novel transcriptome analysis of DG-
null Drosophila, which has shown how DG, together with the
DGC, may be part of signaling pathways activated by temperature
and metabolic stress (Carney et al., 2023).

3.3 β-DG in the nucleus: does it have a
signaling function?

β-DG contains a nuclear localization signal (NLS) in its
cytoplasmic juxtamembrane region (Oppizzi et al., 2008). In
specific pathological conditions, upregulation of
metalloproteinases and γ-secretases generates fragments of β-DG
that are targeted to the nucleus via an importin-dependent pathway
(Lara-Chacó et al., 2010). However, the function and consequences
of this nuclear translocation are not yet known. It has been
demonstrated that β-DG contributes to the stability of the
nuclear membrane in murine myoblasts (Gómez-Monsivais et al.,
2020), but it has also been highlighted that the translocation of β-DG
fragments into the nucleus is associated with alterations in the
expression levels of some genes in prostate cancer cells (Mathew
et al., 2013). It remains to be clarified if and how nuclear β-DG exerts
control over gene expression and whether this is the consequence of
an activation of a regulated cascade of signals leading from the
external stimuli to the cell response.

BOX 1 Open questions on DG and signaling
a. How does α-DG transmit signals from the ECM to the β-subunit?

Does α-DG signaling directly induce a conformational change in β-
DG? Or are there other factors involved that elicit and/or mediate
signal transduction?

b. How does the glycosylation state of α-DG modulate its binding to
ECM? Is there a fine-tuned process of extension ofmatriglycan that
modulates the affinity of α-DG for its ligands? Or does binding to α-
DG depend mainly on the concentration/composition of ECM
proteins in different physiological or pathological conditions?

c. How does α-DG localize at the cell periphery when it is not coupled
to the β-subunit? Are there other specific membrane receptors for
α-DG?

d. Does nuclear β-DG play a role in gene expression?

4 Conclusion

Years of research on the DG complex have established that this
protein is characterized by a remarkable functional versatility. DG is
not only an adhesion complex that anchors the sarcolemma of the
skeletal muscle to the ECM, stabilizing it during the contraction and
relaxation cycles, but also a molecule that senses signals from the
ECM and transmits them to the cell, promoting survival,
cytoskeleton remodeling, and synapse functions.

Key questions about the molecular mechanisms that drive
signaling through the DG complex still remain unsolved (Box 1).
The glycosylation of α-DG and the interaction between the two

subunits are fundamental for signaling roles as α-DG transmits
the ECM signals to the intracellular domain of the β-subunit. Such
a mechanism presupposes a modulation of the ability of α-DG to
bind to the ECM, as well as a regulation of the cross-talk between
α- and β-DG. The ability of α-DG to interact with multiple ECM
LG-containing proteins depends on its glycosylation, which is
different in different tissues. How these differences in
glycosylation patterns arise remains unclear, but the observation
that the length of the glycan chains correlates with the binding
capacity suggests a fine-tuned extension of glycans that is likely to
have important functional consequences (Lindenmaier et al.,
2019).

The two subunits also work independently, but it is not yet clear
in response to which stimuli they separate. α-DG binds and
organizes the ECM to guide neuron migration and axon
extension. But how does isolated α-DG remain bound to the cell
surface? Could there be another, yet unidentified, α-DG receptor at
the plasma membrane? The recent observation that α-DG organizes
and stabilizes the developing brain cortex basement membrane
through β1-integrin signaling opens a new scenario characterized
by a possible cross-talk between the two main ECM receptors
(Wong et al., 2023).

Research has revealed several pieces of the DG puzzle, and the
effort over the coming years will be to recompose them to gain a
complete insight into the mechanisms that regulate the roles of DG
in cell signaling. Such fundamental understanding may provide
promising opportunities for the design of novel therapeutic
strategies to cure muscular dystrophy, cardiomyopathy, and cancer.
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