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Abstract

The extracellular matrix at the neuromuscular junction is built upon components secreted by
the motoneuron, the muscle cell and terminal Schwann cells, the cells constituting this specific
synapse. This compartment contains glycoproteins, proteoglycans and collagens that form a
dense and specialized layer, the synaptic basal lamina. A number of these molecules are
known to play a crucial role in anterograde and retrograde signalings that are active in
neuromuscular junction formation, maintenance and function. Here, we focus on the isoforms
of collagens which are enriched at the synapse. We summarize what we know of their
structure, their function and their interactions with transmembrane receptors and other
components of the synaptic basal lamina. A number of neuromuscular diseases, congenital
myastenic syndromes and myasthenia gravis are caused by human mutations and
autoantibodies against these proteins. Analysis of these diseases and of the specific collagen
knock-out mice highlights the roles of some of these collagens in promoting a functional
synapse.
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Introduction

The neuromuscular junction (NM]J) is a well-defined synapse formed between the axon
terminal of a motoneuron (MN) and the skeletal muscle fiber. This contact is capped by one to
three non-myelinating Schwann cells, called terminal Schwann cells. Neuromuscular
transmission initiates muscle contraction and therefore is indispensable for many vital
functions. In vertebrates, the neurotransmitter is acetylcholine and the postsynaptic
receptors are ligand-gated ion channels of the nicotinic type. The duration of the synaptic
transmission is largely controlled by the enzyme acetylcholinesterase (AChE) which
hydrolyses acetylcholine.

The NM] has been central to neurophysiology since the basic mechanisms of neurotransmitter
release were elucidated in this synapse [1]. This synapse is characterized by a large synaptic
cleft (50nm) compared to the same compartment in central synapses (20nm). The extent of
the cleft between the presynaptic axonal membrane and the postsynaptic muscle membrane
is considerably increased by the presence of muscle membrane folds. The cleft is filled by an
extracellular matrix (ECM), composed of collagens, glycoproteins and proteoglycans.
Collagens represent the major component. To date, 28 collagens designated by roman
numbers (I-XXVIII) have been characterized on the basis of the repetition of a Gly-X-Y motif
involved in the formation of the homomeric or heteromeric triple helix of a polypeptide
chains. There are 2 classes of collagens, the non-fibrillar, including fibril-associated, collagens
and fibrillar collagens (types I, I, 111, V, XI, XXIV and XXVII).
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Together, they form a network that ensures mechanical strength and plays a signaling role
through membrane receptors. Mechanical strength is particularly important at the NM] where
the synaptic region, like the rest of the muscle fiber, is subjected to substantial stress resulting
from muscle contraction. A major role of the collagens is illustrated by the regulation of
acetylcholine receptors (AChR) on the postsynaptic membrane. Indeed, AChR aggregation is
severely reduced in co-cultures of rat muscle and spinal cord explants treated by cis-
hydroxyproline, an inhibitor of collagen formation [2].

At the NM]J, the ECM is organized into a highly structured basement membrane (BM) with a
specific molecular composition. This dense BM is easily observable in electron micrographs
and runs through the synaptic cleft, including the muscle folds. Collagen IV and laminins are
the basic components of all BMs. They form 2 networks interconnected by nidogens and
proteoglycans such as perlecan [3]. Both laminins and collagen IV are each encoded by
multiple genes. Six different o polypeptide chains associate to form 3 distinct, heterotrimeric
types of collagen IV (al)2(a2), (a3, a4, a5) and (a5)2(a6) [4]. Among these chains, (al)and
(a2) are found in nearly all BMs whereas the other chains have a more specific localization.

Laminins are heterotrimers consisting of 3 chains, a,  and y. There are 5 isoforms of a chains

(a1-5), 3 isoforms of  chains (B1-3) and 3 isoforms of y chains (y1-3). 19 laminins result

from the combination of the different chains. At the NM]J, 3 forms of laminins (a4p2y1,
a5B2y1 and a232y1) and the 2 Collagen IV heterotrimers, are only present in the synaptic BM
[5,6,7].

While the different types of laminins and collagens underlie the variety of BMs through the
body, this heterogeneity is increased by the expression of less abundant components that are
tissue or/and region specific. In skeletal muscle, the BM covers each myofiber with a number
of constituents that are significantly increased or decreased at the NM]J. Even for the same
type of collagen, specific heterotrimers can be differentially distributed. For example, CollV
(a3, a4, a5) and (a5)2(a6) trimers are exclusively present at the NM] whereas CollV (a1)z2(a2)
trimers are less abundant in synaptic than extrasynaptic areas [5, 8, 9]. Besides CollV, few
collagens have been identified and studied at the NM] in part due to the lack of specific
antibodies. Perhaps the most documented of these is the collagen Q (ColQ), a specific non
fibrillar collagen, that is associated with AChE. Here, we summarize the functions and
dysfunctions in several diseases of ColQ and 5 other collagens (IV, VI, XIII, XXV, XXVIII)
specifically expressed at the vertebrate NM].

L. Structures and functions of the NM] collagens

Collagen IV (CollV) is a non-fibrillar collagen composed of an N-terminal domain rich in
cysteines followed by Gly-X-Y repeats that are interrupted by non collagenous regions and a
globular C-terminal domain (NC1) containing inter-chain disulfide bounds. As mentioned
above, (a3, a4, a5) and (a5)2(a6) trimers are the only trimers present at the synapse [5, 8].
The non-collagenous peptide NC1 of this collagen can be cleaved to stimulate a biological
activity [10]. When motoneurons purified from chick embryos in culture were treated with
the NC1 from a chains 2, 3 or 6, vesicular clustering was observed within axons and the effect
was specific for these chains since it did not occur with the a chains 1, 4 or 5 [11]. In the same
study, the authors generated and analyzed mutant mice for (a3), (a5) and (a6) chains. In
agreement with the composition of the trimers, the (a3) and (a6) chain mutants affected the
formation of one of the 2 synaptic trimers whereas (a5) mutant disorganized both trimers. No
defects of the NM] were observed in the absence of (a3) or (a6) chain whatever the age of the
mutant mice, suggesting that these chains could have redundant functions. Defects due to the
loss of (a5) chain were not present in embryonic NM] but appeared later in adult mice. At that
stage, NM] were aberrant with fragmentation of NMJ] and about 25% of postsynaptic domains



not contacted by nerve terminals. These late defects are consistent with a5 chain becoming
detectable only from 3 weeks after birth [11]. In vitro, CollV in combination with laminin-2
but not alone stabilizes AChR clusters in C2C12 myotubes [12].

Collagen VI (ColVI) a chains are encoded by 6 genes and are expressed in many tissues but
the most abundant form corresponds to a triple helix of al/a2/a3 chains [13]. It is a non-
fibrillar collagen with a central collagen domain flanked by N- and C- terminal domains with
homology to von Willebrand factor type A domains. Although collagen VI is not specifically
enriched at the NM], adult mice deficient for ColVI al chain have abnormal NM]Js with
fragmented AChR clusters and some presynaptic areas not in contact with AChR clusters [14].
In addition, the lack of ColVI impairs neurotransmission at the NM] as shown by the reduction
in nerve evoked EPP and nerve independent mEPP. It should be noted that in this mutant
mice, no triple helical ColVI could be detected [15].

Collagen XIII (ColXIII) belongs to the family of non-fibrillar collagens and is a class II
transmembrane protein with an extracellular collagen domain [16, 17]. The protein contains
3 collagenous domains (COL1-3) interrupted by 4 non-collagenous domains (NC1-4). Two of
the NC domains are located between the collagenous domains and the 2 others are at the N-
and C-terminal ends of the protein. This collagen belongs to a sub-group of collagens called
MACITs (for membrane-associated collagens with interrupted triple helices) and to a sub-
class of short-chain collagens (Mr < 95000). The collagen is formed by homotrimeric chains.
Besides skeletal muscle, ColXIII is present in skin, bone, cartilage, lung and intestine. Col13al
mRNA expression tends to increase during mouse development [18]. In skeletal muscle, this
collagen is relatively highly expressed but later than CollV and is accumulated after birth in
human and mouse NM]Js [19, 20]. Mice lacking ColXIII have been analysed in detail by the
group of Pihlajaniemi [19, 21]. They do not exhibit major defects except for tremors and
worsened general appearance with age. However, there are pre- and postsynaptic
abnormalities with small and sometimes fragmented AChR clusters, immature presynaptic
terminals, unapposed pre- and postsynaptic sites and reduced adhesion between pre- and
postsynaptic elements. These structural defects, together with results from
electrophysiological studies, indicate that neurotransmission is affected by the absence of
Col13. In addition, Schwann cell processes are observed in the synaptic cleft and around nerve
terminals. Muscle analysis of Col13A1 knock-out mice (Col13al-/- mice) revealed atrophy of
slow fibers together with a shift from slow muscle fibers to fast fiber type in the soleus muscle
as well as signs of regeneration. Like CollV, ColXIII can be shed to yield a biologically active
ectodomain at NM]Js, though it is unknown what percentage of the full-length protein is
cleaved. Nor do we know the respective roles of the full-length COL13A1versus the truncated
form when considering the complex phenotype observed in Col13al-/- mice. Comparison
between the phenotypes of transgenic mice expressing a form of Col13 resistant to cleavage
(Col13altm/tm mice which express only the transmembrane form) and Col13al-/- mice or wt
mice show increased fragmentation of AChR clusters and size of NMJs with postnatal age in
Col13a1™/tm mice [21]. In Coll13a1'™/t™ mice, pre- and postsynaptic elements are aligned and
there are no Schwann cell processes intruding in the synaptic cleft. The number of active
zones compared to wt mice is increased in Col13altm/tm mice but decreased in Col13al-/-
mice. So overall, most of the defects observed in Col13al-/- NMJs are absent in Col13a1tm/tm
NM]s although the non-cleavable COL13A1 form seems to lead to overgrowth of the NM]J and
hyperexcitability suggesting a homeostatic role for the cleaved fragment.

Collagen XXV (ColXXV) was first identified as a collagenous component of amyloid plaques in
Alzheimer’s brains and named CLAC for collagenous alzheimer amyloid plaque component
[22]. It is a triple helix of transmembrane collagen monomers with each monomer containing
3 collagenous domains flanked by 4 non-collagenous domains. Like ColXIII, this collagen is a
member of the MACITs and can be shed by furin convertase. This, together wih its high
homology to ColXIII has prompted studies on its role at the NMJs. In contrast to most of the



other collagens discussed, ColXXV is expressed by motoneurons in addition to muscle cells
although in the latter, it is only expressed in embryonic muscle after fusion of myoblasts in
myotubes with a peak of expression around E12.5 in vivo [23]. Disrupting the Col25 gene
leads to birth lethality due to respiratory failure, a symptom that often reflects NM]
developmental defects [22]. Analysis of the motor unit reveals that in the knock-out mice,
AChR aneural clusters occur normally but the muscle seems immature with thinner muscles
and smaller muscle fibers in diameter with central nuclei. This muscle phenotype was
recently explained by the role of ColXXV in early myogenesis where it promotes fusion of
myoblasts into myotubes [24]. The axon terminals do not branch within muscle and do not
contact muscles causing the death of motoneurons, a phenotype consistent with the early
expression of ColXXV [22].

Collagen XXVIII (ColXXVIII) is a rare collagen that consists of a homotrimer of a chains that
contain a collagen domain flanked by 2 Von Willebrand Factor A (VWA) domains like in
ColXIII [25]. It is specifically expressed in the peripheral nervous system and observed around
terminal Schwann cells at the NMJ [26]. A faint staining of this collagen has also been
observed in zebrafish in structures that could correspond to nerves in adult muscle [27].
There are currently no knock-out mice that could give insights into its biological function.
Collagen Q (ColQ) - where Q stands for tail in french - was cloned from Torpedo marmorata
by the group of Massoulié in 1991 [28]. However, the existence of this collagen was suspected
much earlier. It was shown on electron micrographs of AChE purified from eel that the
enzyme is associated to a rod-like tail [29]. Silman and collaborators, using biochemical
methods, demonstrated that some collagenous component was associated to AChE [30]. The
biochemical and structural complexity of the AChE enzyme is reflected in the term
«asymmetric ». The primary sequence of the collagen indicates that it is a non-fibrillar
collagen in which the central collagen domain is flanked by N- and C-terminal peptides
conserved in the mature protein [28, 31]. Each strand of ColQ can associate with a tetramer of
AChE, generating more or less saturated forms corresponding to A4 (1 tetramer), A8 (2
tetramers) and A12 (3 tetramers). The last form is the main one present at the NM]J. Several
functional domains have been identified. ColQ N-terminus contains 8 prolines (proline rich
attachment domain; PRAD) that are involved in the association with AChE through the C-
terminus of the catalytic subunit. Two heparan binding sites (HBS) are present in the
collagenic domain. They are responsible for the interaction with perlecan, a heparan sulfate
proteoglycan [32]. However, the 2 HBS have different physico-chemical properties, and it is
not clear if perlecan is binding both sites and if another proteoglycan could as well be
involved [33]. Two C-terminal subdomains have been characterized. The domain following
the collagen region is necessary for initiating the formation of the triple helix and the very C-
terminal domain interacts with a muscle signaling complex, MuSK (Muscle specific
kinase)/LRP4 (Low-density lipoprotein receptor-related protein 4) that is essential for NM]J
formation [34, 35, 36]. This interaction is supported by the work of K. Ohno’s group showing
that autoantibodies to MuSK inhibit the interaction between ColQ and MuSK and interfere
with the agrin signaling pathway [37, 38]. It was shown that not all the C-terminal mutations
tested in vitro impair MuSK/ColQ interaction, only the most C-terminal ones affect this
interaction [36]. Since MuSK and LRP4 are strictly synaptic, this last interaction dictates AChE
localization at NM]Js, though both interactions with perlecan and MuSK are necessary to
anchor and cluster AChE/ColQ hetero-oligomers at the synapse. Additional interactions
between ColQ and proteins of the basal lamina have been suggested by the work of Maselli’s
group but remain to be precisely identified [36]. ColQ tissue distribution largely overlaps with
that of AChE. As shown by Northern blot analysis, mammalian ColQ is expressed in skeletal
muscle and brain but also in lung, kidney, testis, spleen and heart but not in liver [31]. In most
tissues explored, ColQ expression overlaps with that of AChE except for lung where AChE is
not expressed [39]. There are 2 isoforms of ColQ, ColQ1 and ColQ1A that are generated by a
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process of alternative splicing. The 2 transcripts encode different N-terminal sequences in the
signal peptide. ColQ1A expression is restricted to the NMJ] where it anchors AChE in the
synaptic BM of the NM] [40]. Since the discovery that ColQ also binds MuSK/LRP4, efforts
have been made to parse this interaction distinct from its role in localizing the enzyme. MuSK
is a transmembrane kinase receptor and LRP4 is its co-receptor. Both proteins are expressed
by muscle cells before innervation and are crucial for NM] formation including clustering of
most of the synaptic proteins, axon positioning and maturation of the synapse [41, 42]. The
analysis of a muscle cell line deficient for ColQ and of the ColQ knock-out mouse have
provided insights into the functions of ColQ in this pathway. In absence of ColQ, AChE is not
secreted and thus ACh levels are abnormally high in the synaptic cleft. Although muscle
weakness is the major physiological hallmark of ColQ-deficient mice, the absence of ColQ does
not affect muscle ultrastructure, although muscle fiber diameter is reduced and the fiber type
composition is modified with a reduction in MHC type I fibers and an increase in MHC type 2A
fibers [43, 44]. The largest impact concerns the structure of the NM] [44, 45]. The
postsynaptic element is fragmented with less dense AChR clusters. The diameter of the axon
and the axon terminal area appear smaller and are abnormally embedded in a terminal
Schwann cell. Processes of these glial cells sometimes extend into the synaptic cleft. The
surface of contact between pre- and post-elements is reduced. Most of these defects in mice
can be associated to the high concentration of ACh and excess Ca**influx in the postsynaptic
element through AChR. However, the formation of the synapse occurs without ColQ and AChE
and overall the structure of the NMJ] remains rather normal, suggesting the existence of
compensatory mechanisms in ColQ-deficient mice.

II. Collagen molecular partners at the NMJ: receptors and BM components

Receptors. Collagens are known to interact with each other but also to self-assemble like
collagen IV. They also bind to membrane receptors, a characteristic that allows cell signaling.
Integrins, dystroglycan and discoidin domain receptors (DDR1 and DDR2) are major
receptors for basal lamina proteins [46].

Integrins are heterodimeric transmembrane receptors containing an o and a 8 subunit. There
are 18 a isoforms and 8 B isoforms that can generate 24 heterodimers with differential
affinity for their ligands. The main ligands of integrins are laminins and collagens. Among
integrins, the a1f31 and a2 1 heterodimers are the major receptors for collagens and more
specifically collagens I and IV [47]. At NM], the forms of integrins which are accumulated are
the a3B1 and a7f1 heterodimers. Deficiency in 1 integrin subunit or a3 integrin subunit,
which would disrupt a381 and a7B1 forms, induce neuromuscular defects. The 31 subunit is
expressed in muscles and motoneurons. The muscle specific f1 subunit gene (Itgh1) knock-
out causes nerve defects with increased axonal length and arborization. The motoneuron
knock-out has little effect with normal pre- and postsynaptic molecular structure suggesting
that the phenotype is motoneuron cell autonomous [48]. Analysis of a3 subunit gene (Itga3)
knock-out mice reveals that the expression of active zone markers such as Bassoon and
Piccolo is severely downregulated in embryos. However, active zone could still be visualized
as puncta associated to vesicles in electron microscopy and, importantly, synaptic release was
only mildly affected in a3 null mice [49]. Thus, both knock-outs have little incidence on NM]
structure and function. In addition, collV is normally localized in the a3 subunit knock-out,
suggesting that at least this collagen does not interact with heterodimers of integrins
containing the o3 isoform.

DDRs are transmembrane receptor tyrosine kinases and their activation by collagen binding
regulates the expression of the collagen itself as well as the expression and activity of matrix
metalloproteinases (MMPs) [50]. To date, there is no information available about DDR at the
NM], although DDR binds CollV and that CollV is important for NM] formation. In the context



of DDR functions, it is also interesting to note that MMP-3, a member of the MMP family,
affects agrin levels and AChR clustering and that CollV cleavage products are active in NM]
formation [11, 51]. It would thus be interesting to investigate a link between DDR, CollV and
MMP. It could provide new insights into basal lamina organization, mechanosensitivity and
signaling at NM].

Besides these receptors, the type Ila receptor protein tyrosine phosphatase (RPTPc/§) has
been identified as a receptor for ColXXV [52]. This transmembrane receptor contains in its
extracellular domain 3 Immunoglobulin-like domains, fibronectin type III domains and 2
phosphatase domains in its cytoplasmic domain. It is expressed in motoneuron axons around
E13.5 where it may impact NM] formation via its interaction with collagen XV.

aDystroglycan, a transmembrane protein that links the ECM to the cytoskeleton which is
enriched at the NM] binds the glycoprotein laminin as well as the proteoglycans perlecan and
agrin but not collagens [46].

BM components. Laminins and CollV form 2 independent sheets in the BM that are linked by
nidogens. Nidogens, which are monomeric glycoproteins contain 3 globular domains (G1-G3)
of which G1 and G2 bind CollV, while G3 binds laminin [53]. Nidogen 1 is present all along
muscle cells, whereas Nidogen 2 becomes accumulated at the NM] by the 3rd week postnatal
[54]. This late event may explain why the mice deficient for nidogen-2 do not exhibit
structural defects before this stage but AChR clusters become subsequently fragmented.
ColXIII is known to interact with a1f31 integrin, nidogen-2, fibronectin, perlecan, heparin and
CollV [55, 56, 57]. In addition, in vitro assays suggest that ColXIII interacts with ColQ but not
with acetylcholinesterase [21]. The same authors also show that ColQ binds COL3 domain in
ColXIII. Absence of ColXIII leads to a mislocalization of AChE suggesting that ColXIII-ColQ
interaction participates to the clustering of AChE at the synapse. However, it is unclear how
ColXIII, which is expressed much later than perlecan and ColQ, would be part of this process.
It remains that perlecan binds ColVI and ColQ which highlights the central role of perlecan in
the collagen network.

III. Pathologies caused by mutations in synaptic collagens: from animal models to
human pathologies

Neuromuscular disorders include 2 classes of pathologies. Myasthenia gravis is caused by
autoantibodies against essential components of the neuromuscular junction. Congenital
myasthenic syndromes (CMS) are inherited disorders that affect synaptic transmission at the
neuromuscular junction. They result from mutations in genes coding for synaptic proteins or
proteins enriched at the synapse. The mutated proteins can disrupt various functions
including synapse formation, structure or activity. All the CMS are characterized by muscle
weakness but other symptoms are specific to the mutated protein generating much clinical
variability among the CMS. These disorders have been classified in pre-, synaptic (basal
lamina compartment) or postsynaptic CMS, according to the normal site of protein expression
[58]. According to this classification, mutations in collagens are causative for the synaptic type
of CMS.

Mutations in COL4A3/A5/A6 are causative for the Alport syndrome characterized by kidney
failure, hearing loss and eye abnormalities [59]. Although models of knock-out mice support a
role for this collagen in Alport Syndrome, no information is available as to the motor activity
of patients bearing mutations in A chains.

Mutations in the 3 main chains of ColVI (1-3) have been found in patients and are causative
for Ullrich congenital muscular dystrophy (UCMD) and Bethlem myopathy (BM) [60]. NM]
abnormalities are observed in these patients and are similar to the ones found in the Col6al
knock-out mice [15]. It remains to see if patients with UMD or BM present defects of
neurotransmission. Similar to ColQ, an upregulation of synaptic mRNAs was observed in



Col6al-deficient mice [14]. In addition, as stated above, in ColQ-deficient muscle cells in vitro,
Col6a3 mRNA levels are downregulated suggesting a possible interplay between both
collagens [43].

Mutations in COL13A1 were first identified by the group of Beeson in 3 patients [20]. These
mutations cause a frameshift or alter the selection of a splice site in mRNA. Unlike in Col13al
-/- mice, human biopsies did not reveal any defect in muscle structure nor myopathic signs.
The frameshift mutation was introduced into the genome of the murine muscle C2C12 cell
line. Quantification of AChR in mutant C2C12 shows that the number, but not the size of AChR
clusters, is severely reduced. In 2019, they were 26 cases of CMS type 19, which is the
designated term for the form of CMS caused by mutations in COL13A1 [61, 62, 63]. All patients
present similar symptoms with an onset of the pathology at birth characterized by breathing
and respiratory difficulties and a decrease in the severity of the symptoms with age.
Salbutamol, an agonist of 32 adrenergic receptors, but not AChE inhibitors, improves the
symptoms [63]. Autoantibodies against collagen XIII have been found in biopsies of patients
with myasthenia gravis but there is no information on the NM] of these patients [64].
Congenital cranial dysinnervation disorder (CCDD) clusters a group of congenital pathologies
sporadic or familial that are classified as neuromuscular disorders with a specificity for facial
muscle or structure. In these pathologies, the development of innervation is abnormal. Among
other genes, COL25A1 has been found to be involved in innervation defect but not at the level
of the NM]J [65].

The first mutation in ColQ that was linked to a myasthenic syndrome was identified in 1977
by Engel and collaborators [66]. In this case, no AChE was observed at the NM]. Subsequently,
approximately 60 mutations have been identified in COLQ and are spread throughout the
gene. Keeping in mind the cell biology and the functional domains of ColQ (see above), the
consequences of each of the mutations reflect their localization in the gene and can be
anticipated [67]. For example, mutations in the PRAD prevent the association of AChE with
ColQ. Mutations in the collagen domain or in the trimerization domain impair or inhibit the
formation of the collagen triple helix. Mutations in the ColQ C-terminus do not affect the
formation of the triple helix nor the interaction with AChE as shown by the analysis of
AChE/ColQ molecular forms. However, patients bearing these last mutations are also
myasthenic. Studies on ColQ interactions reveal that ColQ is anchored and clustered in the
synaptic basal lamina through interactions with perlecan and MuSK [34, 68, 69]. ColQ-
deficient mice mimick rather faithfully CMS with AChE deficiency at the levels of the
physiology and NM] structure. Several observations in ColQ-deficient mice provide insights
into the role of the ColQ C-terminus and suggest that this domain is responsible for
upregulation of a subset of synaptic mRNAs expressed by the muscle cell [43, 70]. It suggests
that compensatory mechanisms have evolved to preserve the function of this critical synapse
as previously suggested for the ColQ knock-out mice [45]. In this context, it is also interesting
to note that in ColQ-null mice, the mRNA levels coding for a large number of collagens
including Col2, Col4, Col5, Col6, Col7, Col8 and Colll are downregulated in vitro but not
significantly modified in vivo, suggesting here too that compensatory mechanisms occur in
the organization of the basal lamina.

Conclusions



This review summarizes the role of a number of collagens at the NM] (see Table) but also
emphasizes the necessity to obtain more details on the physiopathological mechanisms
induced by mutations in human genes. A restricted number of collagens have been
investigated at the NM]J. So far only mutations in COL13A1 and COLQ have been causally linked
to CMS. Autoantibodies to Col13 and ColQ have been found in patients with myastenia gravis.
However, there is no information on NM] morphology from patients with Col13
autoantibodies and no causative link has been demonstrated for ColQ. However, there is a
good chance that mutations in other collagens could be responsible for CMS. Knowledge about
the molecular partners of collagens at the synapse is rather limited and currently provides
partial model of the molecular functional network. Obviously, this model evolves with age and
suggests that some collagens are involved in NM] formation while others rather play a role in
NM] maintenance. Most of the data regarding the function of synaptic collagens have been
obtained in mice knock-out models. It raises several issues when extrapolating these results
to human NM]J: (1) human mutations often correspond to small deletion or point mutations
whereas in mice knock-out, the entire gene is invalidated eliminating all the functional
domains and their interactions with other proteins (2) the morphology of NM]Js in mice and
human is quite different which could underlie some functional differences (3) some
developmental studies in mice show that specific collagens are expressed at different stages
which suggests, as mentioned above, that they play different roles in synapse formation or
maintenance. For example, while ColQ is expressed soon after innervation, ColXIII and CollV
trimers are expressed much later, after birth. However since developmental data in human
are rather sparse, it is hard to extrapolate the developmental profil of collagens observed in
mice to human. Moreover, there is evidence for substantial compensations among collagens in
mouse models which might not be the case in humans. An important question would be to
understand to what extend mutations in collagens disorganize the synaptic basal lamina. In
that respect, some hints could be provided by electron microscopy in knock-out mice. In
addition, for most collagens, pre- and postsynaptic signaling has not been explored in the
knock-out mice raising the problem of identifying molecular markers in animal models for the
pathologies. Thus, in-depth investigation is required to identify the origin of synaptic CMS and
understand how collagens impact NM] formation and activity.
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Collagens at the neuromuscular junction

Collagens Interactors Mice knock-out Human pathologies
phenotype
CollV CollV COL4AS5 : late NM] Alport syndrome
Fibronectin defects Goodpasture syndrome
Integrin (autoimmune disease)
Laminins Myopathies
Nidogens
ColVI Biglycan COL6A1 : NM] defects Ullrich congenital
CollV dystrophy
Decorin Bethlem Myopathy
Perlecan NM] defects similar to
mutant mice
ColXIII CollV COL13A1 : NMJ and Congenital Myasthenic
ColQ muscle defects Syndrome
Fibronectin
Heparin
alf1 integrin
Nidogen-2
Perlecan
ColXXV RPTPo /& NM] and muscle defects Congenital cranial
dysinnervation
disorders
ColXXVIII - No knock-out mice -
available
ColQ ColXIII NM] defects Congenital Myasthenic
Heparin Syndrome with AChE
MuSK deficiency

Perlecan






