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(57) Modified agrin fragment having in vivo activity,
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Description

Background of the invention

[0001] The invention refers to a modified agrin-fragment for use as a medicament. Additionally the invention refers to
the use of the modified agrin-fragment for the manufacturing of a medicament for the treatment of different especially
muscular or motor neuron diseases but also for the treatment of further neurotrypsin related diseases. Furthermore the
invention refers to the use of the modified agrin-fragment in the treatment of different diseases. Finally the invention
relates to a pharmaceutical composition comprising the modified agrin-fragment and to a special modified agrin fragment.
[0002] Aging people of 60 years or more face an inexorable decline of lean body mass. Because this is commonplace
it was not held worth while to investigate the underlying mechanism for a long time. Currently the age-related decline in
lean body mass are referred to as sarcopenia or frailty.
[0003] Sarcopenia and frailty are both highly relevant entities with regard to functionality and independence in the
elderly. Sarcopenia is regarded as the degenerative age-related decline in muscle mass and strength leading at its late
stage to frailty and disability. The muscle mass declining rate of sarcopenia patients is significantly faster than of people
not affected with the disease. Sarcopenia is not a static condition but aggravating with aging. Because of its slow
development, people usually are unaware of sarcopenia until having reached already an advanced stage.
[0004] Sarcopenic muscle mass is characterized by a continuously shrinking number of muscle fibers. The fiber size
is more heterogeneous, and fiber type grouping is observed. Fiber type grouping is thought to be caused by repeated
denervation/reinnervation. In addition, aged muscle is characterized by infiltration of fat and connective tissue. All this
causes a decline in muscle strength and speed of movement. The age-related changes observed in many muscles are
thought to be caused to some extent by age-related changes in the innervation of their muscle fibers. During aging a
significant and progressive reduction in the estimated number of functioning motor units (MU) is observed. Similarly, an
apparent muscle strength decline associated with a substantial loss of MUs is observed in individuals afflicted with
motoneuron diseases such as amyotrophic lateral sclerosis (ALS) or less severe forms of spinal muscle atrophy (SMA).
[0005] Cycles of denervation/reinnervation of muscle fibers requires synaptic plasticity. The process of synaptic plas-
ticity is not yet understood in detail. However, in the past years some key players in the formation and maintenance of
neuromuscular junctions (NMJ’s) were identified (Song and Balice-Gordon, 2008). The well characterized protein Agrin
(Bezakova and Ruegg, 2003) plays a pivotal role in the synapse-formation process by assisting formation and mainte-
nance of the postsynaptic apparatus of developing NMJs.
[0006] Agrin is a large heparan proteoglycan with a molecular weight of 400 - 600 kDa. (Database accession number
NP_940978). The protein core consists of about 2000 amino acids and its mass is about 225 kDa. It is a multidomain
protein composed of 9 K (kunitz-type) domains, 2 LE (laminin-EGF-like) domains, one SEA (sperm protein, enterokinase
and agrin) domain, 4 EG (epidermal growth factor-like) domains and 3 LG (laminin globular) domains (Fig. 1). Agrin is
a very important protein and agrin deficient mice die at birth due to respiratory failure. This is caused by the fact that
agrin is strictly required for the proper innervation of muscle fibers and that these mice are not able to build proper NMJ’s.
[0007] Agrin exists in several splice variants and can be expressed as a secreted protein, containing the N-terminal
NtA (N-terminal agrin) domain, which is the most abundant form of agrin and the predominant form expressed in motor
neurons. It is produced in the soma of the neurons, transported down the axon and relaesed from the axon ending of
the motor nerve into the synaptic cleft of the NMJ. Here it acts as an agonist of LRP4 and may also become a component
of the basal lamina. In the CNS, most agrin is expressed as a type-II transmembrane protein by alternative splicing at
the N-terminus lacking the N-terminal NtA domain (Bezakova and Ruegg, 2003).
[0008] The serine/threonine (S/T) rich segments in agrin are responsible for a high degree of glycosylation, containing
several glycosylation and glucosaminoglycan attachment sites giving rise to the big mass of the proteoglucan. The C-
terminal, 75 kDa moiety of agrin starting with the first EG domain is required for full activity in acetylcholine receptor
(AChR) clustering activity on muscle cells, although the most C-terminal 20 kDa fragment is sufficient to induce AChR
aggregation (Bezakova and Ruegg, 2003). Several binding sites for interaction partners of agrin, including α -dystrogly-
can, heparin, some integrins and LRP4 are mapped to the C-terminal region. The large heparansulfate side chains are
binding sites for heparin binding proteins, e.g some growth factors.
[0009] In the C-terminal part of human agrin, there are 2 alternative splice sites y and z At the y-site, there may be
inserts of 0, 4, 17 or 21 (4+17) amino acids and at the z site there may be inserts of 0, 8, 11 or 19 (8+11) amino acids.
The function of the four inserted amino acids in the y-site is to create a heparin binding site. Motor neurons express
predominantly y4 agrin. The most important splice site of agrin in respect of NMJ maturation is the z-site, giving agrin
the ability to be active as an acetylcholine-receptor clustering agent. It is well known that full length agrin containing the
insertion of 8 amino acids at the z-site in presence of the 4 amino acid insert in splice site y (y4z8) generates an agrin
variant with a half maximal AChR clustering activity of 35 pM in cultured myotube clustering assays. The insertion of 11
amino acids give rise to a half maximal AChR clustering activity of 5 nM while the 19 amino acid insertion results in a
half maximal AChR clustering activity of 110 pM. Agrin without an insertion at this site is not active in clustering acetyl-
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choline-receptors on the in-vitro cultured myotubes (Bezakova and Ruegg, 2003). Thus, the most active form of agrin
in the clustering assay is the y4z8 variant, which is expressed by motor neurons.
[0010] A ∼40 kDa C-terminal fragment of agrin (y4z8) containing the LG2, EG4 and the LG3 domains was found to
be active in AChR clustering with an EC50 of 130 pM in the AchR clustering activity while shorter fragments have only
lower activities. The C-terminal LG3 domain with the z8 insertion exhibits a half maximal AChR clustering activity of only
13 nM, which is a factor 100 fold lower than the 40 kDa fragment (Bezakova and Ruegg, 2003).
[0011] During the development and maturation of the NMJ, agrin is a key player of molecules involved in the clustering
of acetycholine-receptors. While NMJ’s are destabilized by the neurotransmitter acetyl choline, agrin, which is secreted
by the motor neuron, stabilizes and increases the clusters of the AChR’s via phosphorylation of MuSK, a membrane
bound receptor tyrosine kinase. The interaction of Agrin with MuSK is postulated to be mediated via LRP4, a low-density
lipoprotein receptor (LDLR)-related protein. It was found that agrin (y4z8) has a ∼10 fold higher affinity to LRP4 than
agrin (y4z0) giving rise to the differential AChR clustering activity of the different agrin splice variants observed in the
in-vitro cultured myotube assays. Upon agrin-binding, LRP4 causes self-phosphorylation of MuSK, which then activates
the signal cascade for the expression and clustering of acetylcholine receptors.
[0012] Neurotrypsin is found in spinal cord extracts and is produced by motor neurons. Neurotrypsin is a secreted,
trypsin like serine protease which is produced by CNS neurons, as well as by motor neurons (Stephan et al., 2008).
Neurotrypsin consists of an N-terminal non catalytic part, containing a proline rich basic (PB) segment, a kringle (KR)
domain, 4 scavenger receptor cysteine-rich (SRCR) domains, and a C-terminal protease domain (Gschwend et al.,
1997). In human, a 4 bp deletion in exon 7 leads to a severe nonsyndromic mental retardation. The mutation leads to
a truncated form of neurotrypsin lacking the protease domain, thus disabling the proteolytic function of the enzyme.
[0013] At present, agrin is the only known target of neurotrypsin. Neurotrypsin cleaves agrin at 2 distinct sites called
α -and β-site. (Fig. 1). The α -site is located N-terminal from the SEA domain and the β-site is placed in front of the LG3
domain of agrin. Cleavage at the α -site generates a ∼100 kDa C-terminal agrin fragment running at ∼130 kDa in a 4-12
% bis-tris SDS gel. Cleavage at the βsite liberates the C-terminal LG3 domain running at ∼22 kDa in the gel (Molinari
et al., 2002; Reif et al., 2007). All C-terminal fragments could be detected in brain extracts and spinal cord extracts of
mice (Stephan et al., 2008). In neurotrypsin knock out mice, none of the fragments could be detected. As a consequence,
neurotrypsin seems to be the only protease which cleaves agrin in significant amounts at the two cleavage sites. Cleavage
of agrin by neurotrypsin contributes to neuromuscular plasticity and remodelling
[0014] It was found that neurotrypsin (NT) overexpressing mice, so-called sarcopenia mice (muslik, M491S) (Stephan
et al., 2008), show an early onset of sarcopenia. Detailed findings from systematic analysis of the sarcopenia mice
demonstrate that a good correlation exists to human data. US 12/007,928 gives a description of the animal model. Briefly
the sarcopenia mice (muslik M491S) show:

(i) that nerve fibres of mouse diaphragms grow towards the individual endplates,
(ii) fragmented endplates on the diaphragm muscles, eventually leading to the disappearance of individual endplates,
i.e. a loss of pre-and postsynaptic sites,
(iii) reduced fibre number and decreased homogeneity of fibre size in mouse soleus muscles in neurotrypsin over-
expressing animals.The sarcopenia mice has a reduced fibre number (about 30%) and an increased inhomogeneity
of fibre sizes.

[0015] In WO 97/21811 it is proposed to use agrin or agrin fragments in methods of treatment of a disease that affects
muscle. However, such attempts have up to date not shown to be successful
[0016] The object of the present invention is to provide a therapy for different muscular disorders involving a reduction
of functional NMJs and/or motor-units (MU).

Summary of the invention

[0017] In general the invention provides for novel engineered human or mouse agrin protein variants which are resistant
to the proteolytic activity of neurotrypsin and serve as a biological therapeutic reagent for the treatment of humans
suffering from sarcopenia or further neurotrypsin-related diseases. Resistance to the activity of neurotrypsin can e.g.
achieved by modifying the cleavage sites, especially the β-cleavage site, of the agrin fragment accordingly or by deleting
the cleavage sites from the fragment.
[0018] Investigations of the applicant have shown that in vivo activity of the agrin-fragment is mainly dependent on
the presence of both domains LG2 and LG3 together. WO97/21811 showed in vitro activity for AChR-clustering for LG3
alone. However, no in vivo activity of LG3 could be shown. As it appears activation of LRP4 alone is not sufficient to
achieve full in vivo activity.
[0019] So one important feature of the invention is that the domains LG2 and LG3 are not separated in vivo due to
the activity of neurotrypsin. In order to avoid such separation the agrin-fragment used according to the invention has
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been modified such that it does not any more include the β-cleavage site of neurotrypsin in naturally occurring agrin
present between domains LG2 and LG3.
[0020] The terms LG2 and LG3 if used in this application shall encompass all possible different splice variations of
these domains as mentioned above. SEQ ID NO: 1 e. g shows the human sequence of domain LG2 with an insert of 4
amino-acids (SEQ ID NO: 5) at the y-site while SEQ ID NO: 2 shows the sequence of the domain LG3 with an insert of
8 amino-acids (SEQ ID NO: 8) at the z-site. In the domain LG2 as shown in SEQ ID NO: 1 the y-site is between proline
115 and valine 120. It is understood that the position of the valine may change depending on the length of the inserts
at the y-splice site. In the domain LG3 as shown in SEQ ID No: 2 the z-site is between serine 19 and glutamic acid 28.
Also here it is clear that the position of the glutamic acid may change depending on the length of the inserts at the z-
splice site. Further examples for sequences of inserts at the mentioned splice-sites are given below.
[0021] As additionally variations of sequence are possible which do not affect the biological activity the invention shall
not be limited to the indicated sequences of the different splice variants of the domains LG2 and LG3 but shall also
encompass variants thereof having at least 90% preferably 95% identity.
[0022] The invention provides an agrin-fragment which at the same time has in vivo activity and which is not cleaved
by neurotrypsin in vivo.
[0023] In vivo activity if used in this application shall encompass effects spanning from prevention of whole body weight
loss and muscle strength loss to restoration of whole body weight and muscle strength in sarcopenia mice (muslik M491 S).
[0024] The term agrin fragment if used in this application covers the secreted or transmembraneous form of agrin
where the basic amino acids arginine and/or lysine in at least the recognition site β and possibly also in the site α for
neurotrypsin are mutated to any other amino acid generating an at least partially neurotrypsin resistant form of agrin. It
encompasses fragments which comprise at least the LG3 and LG2 domain of agrin but also fragments which additionally
include at least one further domain naturally occuring in agrin, e.g. the LG1 and EG1-4 domains.
[0025] Alternatively the agrin fragment can be chemically modified in a way that prevents proteolytic cleavage by
neurotrypsin or neurotrypsin like serine proteases.
[0026] Additionally agrin fragments falling under the invention are destined to contain any naturally or unnaturally
inserted amino acids in the splice sites y and z.
[0027] In one embodiment the invention is directed to C-terminal agrin fragments containing at least the neurotrypsin
β-cleavage site, wherin this cleavage site is modified in a way that neurotrypsin or neurotrypsin like proteases are unable
to cleave it. An especially preferred modified agrin fragment referred to as neurotrypsin resistant C44 y4z8K/A comprises
the amino acid sequence according to SEQ ID NO: 3 shown in Fig. 2b. The abbreviation K/A stands for the mutation of
K (Lysine) to A (Alanine) in the β-Cleavage site. Further preferred modified agrin fragments referred to as C44 y0z8K/A
(human), C44 y0z8K/A (mouse), C44 y4z0K/A (human) and C44 y4z8K/A (mouse) comprise the amino acid sequences
according to SEQ Ids NO: 11-14 shown in Figs. 7-10.
[0028] Such agrin fragments can be obtained by usual recombinant engineering, as described in the examples for the
agrin fragment C44 y4z8K/A. For their experiments the applicants used a fragment which was purified by using a His8
introduced at the N-terminus. The fragment, referred to in the text as C44K/A, has a sequence according to SEQ ID NO: 4.
[0029] The only difference between neurotrypsin resistant C44 y4z8K/A and C44K/A is that the latter protein additionally
includes the His8-tag which was not removed prior to testing the fragment.
[0030] As is shown in the examples the modified agrin fragments according to the invention are able to induce muscle
development in mice suffering from sarcopenia. So one important aspect of this invention is the use of the claimed agrin
fragments as medication.
[0031] A further aspect of the invention is the use of the modified agrin fragment for the treatment, or for the manufacture
of a medicament for the treatment of neuromuscular diseases or diseases of nerve, muscle and neuromuscular junctions,
including, but not limited to, sarcopenia, muscle weakness, frailty, muscular atrophy and muscular dystrophy, myasthenia,
myotonia, spinal muscular atrophy, amyotrophic lateral sclerosis, and primary lateral sclerosis.
[0032] Apart from the diseases mentioned the modified agrin fragment can be used in general in the treatment of all
diseases which in which the neurotrypsin level is elevated due to e.g. overexpression.
[0033] A further aspect is the treatment of disuse atrophy of muscles (muscle atrophy), with loss of mass and strength,
which can occur after prolonged immobility. Examples of prolonged immobility are extended bedrest, or having a body
part, for instance a limb, in a cast, or mechanical ventilation in patients suffering from lung diseases. There are also
many diseases and conditions which cause atrophy of muscle mass. For example diseases such as cancer and AIDS
induce a body wasting syndrome called "cachexia", which is notable for the severe muscle atrophy seen. This type of
atrophy can be reversed with exercise unless the condition is severe. It is know that disuse atrophy causes remodeling
at the neuromuscular junction. The observed neuromuscular changes and plasticity are characteristic not only for aging
(sarcopenic) NMJs but also for disuse atrophy.
[0034] The invention provides for a pharmaceutical composition containing a modified agrin fragment according to the
invention in a pharmaceutically acceptable vehicle to treat sarcopenia and muscular diseases. Such a treatment may
be combined with therapeutical approaches including active movement training or nutrition optimization.
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[0035] It has turned out that one preferred mode of administration is subcutaneous injection. Preferably the pharma-
ceutical compositions therefor include carriers which allow such injection. However, it is also conceivable to administer
the fragments intramuscularly or intravenously or intrathecally or orally or transdermally or transepithelial or intrapulmo-
nary or intranasal. The following formulations or devices may be used: microencapsulation, microprojection liposomes,
PEGylation or PEGlytated derivatives of agrin fragment, or nanoparticles. Also such pharmaceutical compositions are
covered by the invention.

Brief description of the drawings:

[0036]

Fig. 1: shows schematic representation of the domain structure of agrin.
Fig. 2a: is a schematic representation of neurotrypsin-resistant agrinC44
Fig. 2b amino acid sequence of neurotrypsin-resistant agrin C44 y4z8 (SEQ ID NO: 3)
Fig. 3: is the representation of a SDS-PAGE gel showing the purification of C44K/A (SEQ ID NO: 4) via IMAC.
Fig. 4: is the representation of a SDS-PAGE gel showing the limited proteolytic digestion of C44K/A and human

agrinC44 y4z8 with human neurotrypsin.
Fig. 5: is a graph showing the development of body weight of mice treated with C44K/A or vehicle.
Figs. 6a,b: show the fore-limb and hind-limb grip strength at day 13 of the experiment in WILD TYPE littermate mice

and sarcopenia mice treated with C44K/A or vehicle.
Fig. 7: amino acid sequence of neurotrypsin-resistant agrin C44 y0z8K/A (h) (SEQ ID NO: 11)
Fig. 8: amino acid sequence of neurotrypsin-resistant agrin C44 y0z8K/A (m) (SEQ ID NO: 12)
Fig. 9: amino acid sequence of neurotrypsin-resistant agrin C44 y4z0 (SEQ ID NO: 13)
Fig. 10: amino acid sequence of neurotrypsin-resistant agrin C44 y4z8K/A (m) (SEQ ID NO: 14)
Fig. 11: is the representation of a SDS-PAGE gel showing the limited proteolytic digestion of C44K/A fragments.
Fig. 12 demonstrates the development of total body weights for sarcopenia mice (491 S) treated with vehicle

(vehicle) or human C44K/A (0.8) or mouse C44K/A (0.8) and wild type littermates treated with vehicle
(wild type vehicle).

Fig. 13a ,b show the fore-limb and hind-limb grip strength for sarcopenia mice treated with vehicle (vehicle) or human
C44K/A (0.8) or mouse C44K/A (0.8) and wild type littermates treated with vehicle (wild type vehicle).

[0037] Fig. 1 shows a schematic representation of agrin. Agrin has a core protein mass of approximately 225 kDa. It
is a multidomain protein composed of 9 K (kunitz-type) domains, 2 LE (laminin-EGF-like) domains, one SEA (sperm
protein, enterokinase and agrin) domain, 4 EG (epidermal growth factor-like) domains and 3 LG (laminin globular)
domains. On both sides of the SEA domain a serine/threonine rich (S/T) region is found. Agrin exists in several isoforms.
The secreted isoform contains a signal sequence (SS) which is cleaved off, followed by an N-terminal agrin domain
(NtA).The type II transmembrane bound form contains a trnasmembrane (TM) region, directly followed by the first kunitz
type domain.The C-terminal, 75 kDa moiety of agrin starting with the first EG domain is required for full activity in
acetylcholine receptor (AChR) clustering activity on muscle cells, although the most C-terminal 20 kDa fragment is
sufficient to induce AChR aggregation at low potency. Several binding sites for interaction partners of agrin, including
α-dystroglycan, heparin, some integrins and LRP4 are mapped to the C-terminal region. The large heparansulfate side
chains (lollipop chains) are binding sites for heparin binding proteins, e.g some growth factors. Lollipops indicate glyc-
osylation sites. x, y, z assign the alternative splice sites in the C-terminal region of agrin. At the x-site (missing in chick
and frog), there may be 0, 3 or 12 amino acids, at the y site there may be 0 or 4 amino acids and at the z site there may
be 0, 8, 11 or 19 (8+11) amino acids inserted. "α- and β-cleavage" indicate the two conserved neurotrypsin cleavage
sites. The rough protein core masses of proteolytic fragments after neurotrypsin cleavage are indicated above.
[0038] The abbreviations used in Fig. 1 have the following meaning: SS: signal sequence; NtA: N-terminal agrin
domain; TM: transmembrane segment; K: kunitz type domain; LE: laminin EGF-like domain; S/T: serine/threonine rich
segment; SEA: sperm protein, enterokinase and agrin domain; EG: epidermal growth factor-like domain; LG: laminin
globular domain.
[0039] Fig. 2a shows a schematic representation of a modified agrin fragment used according to the invention. The
fragment contains the C-terminal domains LG2, EG4 and LG3 of agrin. The β-cleavage site of neurotrypsin is deleted.
[0040] Fig. 2b shows the amino acid sequence (SEQ ID NO: 3) of the neurotrypsin resistant C44 y4z8K/A fragment
of agrin. The fragment contains the C-terminal domains LG2, EG4 and LG3 of agrin. The β-Cleavage site of neurotrypsin
is deleted by the mutation of lysine to an alanine.
[0041] The abbreviations used in Fig. 2 have the following meaning:; LG: laminin globular domain; EG: epidermal
growth factor like domain; y and z indicate the alternative splice sites of agrin’s C-terminal part. Striked out β-Cleavage:
mutation at the β-Cleavage site for neurotrypsin rendering the neurotrypsin resistant agrin fragment.
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[0042] Fig. 3 is a Sypro ruby stained SDS-PAGE gel showing the purification progress of C44K/A in immobilized metal
affinity chromatography. Culture supernatant from HEK 293 cells transfected with a pEAK8 vector containing the gene
for C44K/A was loaded on a 10 ml IMAC column labeled with Ni2+. After washing the column with appropriate buffer,
the bound protein was eluted with buffer containing 500 mM imidazol (5-9). Lane 1: Biorad Prescission plus protein
marker; Lane 2: concentrated culture supernatant; Lane 3: flow through fractions; Lane 4: wash fraction; Lanes 5-9:
elution fractions
[0043] Fig. 4 is a Sypro ruby stained SDS-PAGE gel demonstrating the proteolytic digestion of C44K/A and human
agrinC44 y4z8 with human neurotrypsin. C44K/A or human agrinC44 y4z8 were incubated with human neurotrypsin for
3.5 h at 37°C (1+3) and subsequently subjected to SDS-PAGE. As control, the agrin fragments were incubated with
buffer at the same conditions (2+4). The mutation K to A in the β-cleavage site efficiently abolishes a cleavage of the
agrin fragment. Lane 1: C44K/A with addition of human neurotrypsin; Lane 2: C44K/A without the addition of human
neurotrypsin; Lane 3: human agrinC44 y4z8 with the addition of human neurotrypsin; Lane 4: human agrinC44 y4z8
without the addition of human neurotrypsin.
[0044] Fig. 5 demonstrates the development of total body weights for sarcopenia mice (491 S) treated with vehicle or
C44K/A and wild type littermates treated with vehicle (wild type vehicle). The weight of the mice was determined every
day throughout the whole duration of the experiment until day 22. The weight of the mice is expressed as percentage
of the wild type littermates treated with vehicle. Treatment started at day 1 and stopped at day 13. Grip strength was
measured at day 13.
[0045] Fig. 6a and b show the fore-limb and hind-limb grip strength for sarcopenia mice treated with vehicle (vehicle)
or C44K/A (C44K/A). The grip strength is measured at day 13. Grip strength of different treatment groups is indicated
as percentage of vehicle treated wild type littermate mice. Standard deviations are indicated as error bars. (N = 5 for
each group).
[0046] Fig. 7 shows the amino acid sequence of neurotrypsin-resistant human agrin C44 y0z8K/A (h) (SEQ ID NO: 11).
[0047] Fig. 8: shows the amino acid sequence of neurotrypsin-resistant mouse agrin C44 y0z8K/A (m) (SEQ ID NO: 12)
[0048] Fig. 9 shows the amino acid sequence of neurotrypsin-resistant human agrin C44 y4z0K/A (SEQ ID NO: 13)
[0049] Fig. 10 shows the amino acid sequence of neurotrypsin-resistant mouse agrin C44 y4z8K/A (m) (SEQ ID NO: 14).
[0050] All fragments shown in Figs. 7-10 contain the C-terminal domains LG2, EG4 and LG3 of agrin. The β-cleavage
site of neurotrypsin is deleted by the mutation of lysine to an alanine.
[0051] Fig. 11 is a Sypro ruby stained SDS-PAGE gel demonstrating the proteolytic digestion of further C44-fragments
in an neurotrypsin assay. The different C44-fragments shown in Figs. 7-10 andr human agrin C44 y4z8K/A (Fig. 2b)
were incubated in assays with (hNT+) and without human neurotrypsin (hNT-) for 3.5 h at 37°C and subsequently
subjected to SDS-PAGE. As control a precission marker and human Agrin C44y0z0 without mutation in the the β-
Cleavage site was incubated at the same conditions. Again it is apparent that the mutation K to A in the β-cleavage site
efficiently abolishes a cleavage of the mutated agrin fragments by neurotrypsin. Lane 1: precission marker; Lane 2: C44
y0z0 without mutation (hNT-); Lane 3: C44 y0z0 without mutation (hNT+); Lane 4: human agrinC44 y4z0K/A (hNT-);
Lane 5: human agrinC44 y4z0K/A (hNT+); Lane 6: human agrinC44 y0z8K/A (hNT-); Lane 7: human agrinC44 y0z8K/A
(hNT+); Lane 8: mouse agrinC44 y0z8K/A (hNT-); Lane 9: mouse agrinC44 y0z8K/A (hNT+); Lane 10: human agrinC44
y4z8 (hNT-); Lane 11: human agrinC44 y4z8 (hNT+); Lane 12: mouse agrinC44 y4z8K/A (hNT-) Lane 13: mouse
agrinC44 y4z8K/A (hNT+).
[0052] Fig. 12 demonstrates the development of total body weights for sarcopenia mice (491 S) treated with vehicle
(vehicle) or human C44 y0z8K/A or mouse C44 y0z8K/A and wild type littermates treated with vehicle (wild type vehicle).
The weight of the mice was determined every day throughout the whole duration of the experiment until day 22. The
weight of the mice is expressed as percentage of the wild type littermates treated with vehicle. Treatment started at day
1 and stopped at day 13.
[0053] Figs. 13a and b show the fore-limb and hind-limb grip strength for sarcopenia mice treated with vehicle (vehicle)
or human C44 y0z8K/A or mouse C44 y0z8K/A and wild type littermates treated with vehicle (wild type vehicle). The
grip strength is measured at day 13. Grip strength of different treatment groups is indicated as percentage of vehicle
treated wild type littermate mice. Standard deviations are indicated as error bars. (N = 5 for each group).

Detailed description of the invention:

[0054] The applicants were the first to show that sarcopenia mice in addition to the known deficiencies also have a
decline of lean body mass (Fig. 5) and reduced grip strength compared to healthy wild type mice (Fig. 6).
[0055] Starting from this fact the applicants were able to show that neurotrypsin resistant agrinC44K/A as shown in
e.g. Fig. 2 a and comprising the sequence as shown in Fig. 2b is able to increase the weight- and grip strength of
sarcopenia mice, i.e. neurotrypsin overexpressing mice as shown in Figs. 5; 6a, b.
[0056] The restoring effect is achieved after subcutaneous administration of C44K/A-fragments. The effect is not locally
limited to the site of injection but has a beneficial effect on total body mass and muscle strength. The treated sarcopenia
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mice are stronger and have increased grip strength in both fore and hind limb.
[0057] Administration of C44K/A will also facilitate the re-innervation of muscle fibers at ectopic AChR clusters and
lead to a stabilization and maturation of the newly formed NMJ. Thus, administration of C44K/A will also be beneficial
in rehabilitation processes where re-innervation of muscle fibers or muscles is needed.
[0058] In contrast to the herein claimed neurotrypsin-resistant human agrin, agrin fragments having intact cleavage
sites for neurotrypsin (as described in WO 97/21811) will not be beneficial as they are rapidly degraded by neurotrypsin
and will loose their AChR clustering activity.
[0059] Agrin is cleaved by neurotrypsin (Fig 1) at two sites. The α -cleavage site is located between arginine 1102
(R1102) and alanine 1103 (A1103). The β-cleavage site is located between lysine 1859 (K1859) and serine 1860 (S1860;
numbering corresponding to human agrin NP_940978). Agrin cleavage by neurotrypsin at the β-site generates a fragment
of approximately 20 kDa (agrinC22) ranging from S1860 to the C-terminus.
[0060] Neurotrypsin-resistant human agrin used according to the invention is a C-terminal agrin fragment consisting
of the LG2, EG4 and LG3 domain of agrin and harbours the inactivated β-cleavage site of neurotrypsin. Its P1 lysine
residue (K1859) is mutated to an alanine which causes that neurotrypsin is no longer able to cleave agrin at this site (Fig. 3).
[0061] Neurotrypsin-resistant human agrinC44 y4z8 as defined in the present invention is the 44 kDa C-terminal agrin
fragment of SEQ ID NO: 3 where the basic amino acid lysine 1859 (NP_940978) (or lysine 227 in SEQ ID NO: 3) is
mutated to an alanine resulting in an agrin fragment, which is not cleavable by neurotrypsin. This fragment may further
contain no insertion at the y site located between amino acids P1751 and V1752 (NP_940978) or no insertion or the 8,
11 or 19 amino acids insertions at the z-site located between amino acids S1884 and E1885 (NP_940978), or combi-
nations thereof. The inserted sequences at the y-site may be KSRK (y4, SEQ ID NO: 5), VLSASHPLTVSGASTPR (y17,
SEQ ID NO: 6) and KSRKVLSASHPLTVSGASTPR (y21, SEQ ID NO: 7) and at the z-site ELANEIPV (z8, SEQ ID NO:
8), PETLDSGALHS (z11, SEQ ID NO: 9) or ELANEIPVPETLDSGALHS (z19, SEQ ID NO: 10, a combination of SEQ
ID NO: 8 and SEQ ID NO: 9).
[0062] If in this application it is reffered to human agrin C44 y4z8, such agrin fragment shall correspond to the fragment
shown in SEQ ID NO: 3 with the only difference that alanine in position 227 of the shown sequence is replaced by a
lysine in human agrin C44 y4z8.
[0063] In the present invention, the term "neurotrypsin-resistant human agrinC44 y4z8" also comprises agrin variants
of the protein defined by SEQ ID NO: 3 where no insertion is introduced in the y-site, or no insertion is introduced in the
z-site, or where instead of the 8 amino acid insertion a 11 or 19 amino acid insertion corresponding to SEQ ID NO: 9
and SEQ ID NO: 10 is inserted in the z-site. This includes also all possible combinations of variants generated by
introducing the possible amino acids in the y- and z-site.
[0064] The term "neurotrypsin-resistant human agrinC44 y4z8" also includes agrin fragments of SEQ ID NO: 3 which
contains additional amino acids at the N-terminus or C-terminus. Such additional amino acids at the N-terminus are e.g.
present due to the method of preparation by recombinant synthesis and expression in suitable cells. An example of such
a protein falling under the definition of "neurotrypsin-resistant human agrinC44 y4z8" is the protein C44K/A SEQ ID NO:
4 prepared according to EXAMPLE 1, which contains an His8 tag with a prescission protease cleavage site to simplify
purification (Fig. 4).
[0065] Proteins not capable of being cleaved by neurotrypsin containing elongations at the N-terminus by one or more
domains of agrin up to the natural N-terminaus of agrin are also included, as well as glycosylated or in other ways post-
translationally, enzymatically or chemically modified protein variants of neurotrypsin-resistant human agrin.
[0066] As shown in the examples neurotrypsin-resistant human agrinC44 y4z8 has the ability to restore the sarcopenic
phenotype caused by the overexpression of neurotrypsin.
[0067] As the unnatural high secretion of neurotrypsin by the motor nerve causes the over-digestion of agrin complexed
to LRP4, a proper signalling to induce AChR clustering via MuSK is abolished. This leads to a loss of the NMJ and
subsequently to a loss of the corresponding muscle fiber and to sarcopenia. Neurotrypsin-resistant human agrinC44
y4z8 is able to serve as an agonist for LRP4, stimulating the MuSK pathway. As no cleavage by neurotrypsin can occur,
the complex remains stable and signaling is maintained during a long period. This leads to the expression of AChR’s
and the maintenance of the NMJ. Neurotrypsin-resistant human agrinC44 y4z8 is valuable for the treatment of sarcopenia
caused by an access of neurotrypsin and may also help in diseases where a general destabilization of the NMJ is
recognized.
[0068] The new mechanism underlying the effectiveness of neurotrypsin-resistant human agrinC44 y4z8 for the treat-
ment of sarcopenia is the therapy of a nerve derived maladjustment and not the attempt to influence the metabolism of
the muscle fibers or the whole muscle.
[0069] The invention also relates to the use of neurotrypsin-resistant human agrin for the rehabilitative treatment after
spinal cord injury, for example for the enhancement of use-dependent therapies. Such therapies can be enhanced by
neurotrypsin-resistant human agrinC44 y4z8 due to its ability to promote AChR clustering, maintaining intact NMJ’s or
promoting the attachment of outgrowing nerve terminals to preformed ectopic AChR clusters on the muscle fiber, facil-
itating the generation of new NMJ’s required for movements.
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[0070] Further described is the production of neurotrypsin-resistant human agrinC44 y4z8 wherein a DNA coding for
neurotrypsin-resistant human agrinC44 y4z8 is expressed in suitable expression systems and the resulting protein is
subsequently purified. Several prokaryotic and eukaryotic expression systems are suitable for the production and se-
cretion of neurotrypsin-resistant human agrinC44 y4z8. Prokaryotic expression systems include, but are not limited to,
expression in E. coli. Eukaryotic expression systems include expression in mouse myeloma cells, baculovirus-mediated
expression in insect cells, as well as expression in human embryonic kidney (HEK) cells, transient expression in Chinese
hamster ovary (CHO) cells and stable expression in Pichia pastoris. These systems have the advantage that they can
easily be adapted to serum-free conditions to reduce the amount of contaminating proteins in the supernatant and can
be adapted for large scale production. In addition, a variety of cell lines may be used, including HEK293T and HEK293-
cells, COS cells, CHO cells, HeLa cells, H9 cells, Jurkat cells, NIH3T3 cells, C127 cells, CV1 cells, CAP cells or SF cells.
[0071] For the purification of neurotrypsin-resistant human agrinC44 y4z8 standard protein purification technologies
are applied. His-tagged protein can be purified using IMAC, but ion exchange chromatography or affinity purification
using a heparin column can be used as well. Purification via an antibody raised against the C-terminal part of agrin can
also be used. The eluted protein can then further be purified using a hydroxyapatite column or by gel filtration.
[0072] The following examples illustrate the invention, but are not limited to it. The skilled person in the field reading
these examples will be able to apply other related conditions and these are also within the scope of the invention.

EXAMPLES:

Example 1: Cloning of neurotrypsin-resistant human 44-kd C-terminal fragment of agrin (C44K/A)

[0073] Initially, full length human agrin y0z0 but lacking the N-terminal NtA domain (Human agrin y0z0 deltaNTA starts
at position K156 in the protein sequence of accession number NP_940978) was cloned by PCR into the pEAK8 vector
containing the coding sequence for the secretion signal of human calsyntenin-1, (Reif et al., 2007) via appropriate
restriction sites and primers As template for human agrin the vector pCMV-XL5-Agrin (purchased from Origene USA)
was used.
[0074] In two subsequently steps, the corresponding codons required for the y4z8 insertions were introduced by site
directed mutagenesis using standard techniques resulting in the pEAK8 vector containing full length human agrin y4z8
deltaNtA.
[0075] Using this vector as template, the gene coding for the 44-kd C-terminal fragment of human agrin was amplified
introducing the coding region for a His8 tag and a prescission protease cleavage site at the N-terminus of the translated
protein.
[0076] The neurotrypsin-resistant form of human Agrin C44K/A was generated in a quick change mutagenesis step
using primers which introduce the codon for an alanine at the place of the codon for the lysine in the cleavage site-β of agrin.
[0077] This plasmid generates a protein with the sequence of SEQ ID NO: 4 in the culture supernatant of transfected
cells (without signal sequence) with the amino acids of the agrin moiety starting with leucine 21

Example 2: Expression and purification of human agrin C44 and neurotrypsin-resistant C44K/A

[0078] 500 ml HEK 293 cells grown in Excell 293 medium to a density of 1 x 106 cells/ml were pelleted by centrifugation
in a Sorvall RC5C centrifunge at 100 x g for 30 min. The cells were resuspended in 500 ml RPMI1640 medium prewarmed
to 37 °C. 1.25 mg of pEAK8 containing the insert for the expression of neurotrypsin-resistant humanAgrinC44 y4z8 were
diluted in 25 ml 150 mM NaCl. 3.75 mg polyethylene imine (PEI), 25 kDa, were diluted in 25 ml 150 mM NaCl. Both
solutions were pooled and incubated at room temperature for 10 min. Afterwards this solution was added to the cell
suspension which was transferred to a 1000 ml spinner flask. The cell suspension was incubated for 7 days at 75 rpm
on a stirring platform placed in an incubator with 5 % CO2 and 37 °C in humidified atmosphere.
[0079] After 7 days, the culture supernatant was harvested by centrifugation at 5000 rpm in a Sorvall RC5C centrifuge.
Remaining particles were removed by filtration through a 0.22 um Millipore sterile filtration device. The filtrated culture
supernatant was concentrated 10 times using a Pellicon PLCGC 10 kDa cuttoff tangential flow cartridge and dialyzed
at least 1:1000 against 20 mM MOPS pH 8.5, 400 mM NaCl. The dialysate was subjected to immobilized metal affinity
chromatography (IMAC) taking advantage of the His8 tag using a 10 ml bench top His Select column labeled with Ni2+.
After loading of the concentrated and dialyzed cell culture supernatant, the column was washed with 100 ml dialysis
buffer and bound protein was eluted with 5 times 10 ml of dialysis buffer containing 500 mM imidazole. The purification
success was followed by SDS-PAGE (FIG D). Positive fractions were pooled and concentrated 10 times with an AMICON
30 kDa cuttoff filtration device at 3000 x g in a Sigma 4K15 centrifuge and dialysed 1:10000 against 20 mM MOPS pH
8.5, 200 mM NaCl. The concentration of the purified C44K/A was determined via UV spectroscopy using the extinction
coefficient of 0.725 cm2/mg.
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Example 3: Removal of the His8 tag by prescission protease cleavage

[0080] In case the His8 tag should be removed, the buffer of 0.5 ml protein solution was exchanged to 50 mM Tris-
HCL, pH 7.2, 150 mM NaCl, 1 mM DTT, 1 mM Na2EDTA using a NAP-5 column pre-equilibrated with that buffer. The
protein solution was eluted in 1 ml of the same buffer. 1 ul 1M DTT was added to the protein solution and mixed by
flipping the tube several times. 20 ul of Prescission protease (1U/ul) was added and the tube was mixed by flipping it
several times. The reaction was done overnight at 4 °C. A 0.5 ml gravity flow glutathione sepharose column was equil-
ibrated with 5 ml PBS supplemented with 1 mM DTT. The digested protein solution was loaded and the flow through
collected. The column was washed with 3 times 1 ml PBS supplemented with 1 mM DTT and the flow through was
collected in the same tube as the previous flow through fraction. The collected flow-through fractions were dialysed 2
times 2 hours against 5 1 of 20 mM MOPS pH 8.5, 400 mM NaCl to remove DTT and EDTA.
[0081] To remove the cleaved His8 tag a second IMAC was performed. A 1 ml Chelating sepharose FF column
previously labelled with Ni2+ ions was equilibrated with 5 ml 20 mM MOPS pH 8.5, 400 mM NaCl. The dialysed protein
solution was applied onto the column and the flow through collected. The column was washed with 3 times with 1 ml 20
mM MOPS pH 8.5, 400 mM NaCl and the flow though collected in the same tube. The pooled fractions were concentrated
with a AMICON 30 kDa cutoff concentrator to 0.5 ml. and the buffer was exchanged using a NAP-5 column pre-equilibrated
with 20 mM MOPS pH 8.5, 200 mM NaCl. The concentration was determined via UV spectroscopy using the extinction
coefficient of 0.725 cm2/mg. The protein was freshly used for further experiments or stored at -80 °C until usage. The
protein sequence of the corresponding protein corresponds to the portion of SEQ ID NO: 3 starting from Glycin 19.

Example 4: In vitro digestion of C44 and C44K/A by human neurotrypsin

[0082]

a) To demonstrate that neurotrypsin is not able to digest neurotrypsin-resistant human agrinC44 y4z8K/A, the protein
was subjected to a neurotrypsin assay. As a control, human agrinC44 y4z8 was used. The agrinC44 substrates
were used in concentrations of 1 uM in the assay and human neurotrypsin was added. The reaction was performed
in 20 mM MOPS pH 8.3, 150 mM NaCl, 5 mM CaCl2, 0.1 % PEG 6000. Digestion was done for 6 h at 37 °C. The
setups were loaded on a 4-12 % NuPAGE SDS gel and stained with Sypro ruby (Fig. 4).

b) In a further assay similar to a) it was shown that the C44K/A-fragments as shown in the Figs. 2b and 7-10 are
not digested by neurotrypsin (Fig. 11)

Example 5: Administration of neurotrypsin-resistant human C44K/A in mice

[0083] The sarcopenia mouse model used in the experiment are they-1 driven neurotrypsin-overexpressors in
C57BL/6NCRL background, (Stephan et al., 2008) and their wild type littermates. Both male and female animals were
included, as in young mice at this age there are no differences in weight and muscle strength between sexes. The mice
entered the experiment at P8 (eight days after birth).
[0084] Three groups with 3 mice per group were used: 1. Vehicle treated wild type mice 2. sarcopenia mice (M491S)
treated with C44K/A 3. Vehicle treated sarcopenia mice.
[0085] The mice are injected subcutaneously with C44K/A or vehicle with a total dose of 6.4 mg/kg/day. Dosing started
on day1 and lasted until day 13. For all mice in the experiment the weight was measured once every day. The weight
is averaged for each treatment group and plotted for every experimental day (FIG 5). At the start of the experiment a
slight reduction of body weight is already seen in the sarcopenia mice. Treatment of sarcopenia with C44K/A led to a
significant increase in weight compared to vehicle treated mice. The sarcopenia mice treated with C44K/A recovered
completely and further the same development as was observed in wild type littermates. In humans frail patients suffer
from a weight loss of more than 5 kg per year (Bauer and Sieber, 2008; Lauretani et al., 2003). This corresponds to a
loss of about 7% of total body weight. Sarcopenia mice treated with vehicle control showed markedly reduced body
weights. During the experiment the sarcopenia mice experienced a weight loss of about 5%.

Example 6: Measurement of grip strength

[0086] At day 13 of the experiment described in example 5 Forelimb and Hindlimb grip strength were measured with
a digital force meter (Columbus Instruments, Columbus OH) that retains applied peak force by precision force gauges.
The force meter is fixed to a solid base and connected with a force transducer to a triangular shaped pulling bar, diameter
approx. 1 mm. Data was collected on-line through a RS232 connection with a computer, stored in a .dat file by Grip
Strength Meter software (Columbus Instruments) and transferred to excel for data management and statistical analysis.



EP 3 050 569 A1

10

5

10

15

20

25

30

35

40

45

50

55

Grams (g) were used as unit for measurement of maximal force. Before measurement the mice are transferred to the
experiment room and allowed to accustom for 10 min. Each mouse was allowed to grasp a metal bar, with a diameter
of approximately 3 mm with its forepaws. Subsequently, the mouse was approached to the pulling bar facing away from
the force meter and allowed to grasp the wire of the pulling bar with its forepaws or hindpaws. The mouse was pulled
by its tail, in parallel to the pulling bar, towards the force meter, with a speed of approximately 10 cm/sec.
[0087] The pull was kept at constant speed until the forelimb respectively hindlimbs of the mouse released. An exper-
imental session consisted of 5 trials for hindlimb grip strength. Between the trials the mice were allowed a resting period
of ∼1 minute. At least one day before actual experimental session the mice were trained with the described procedure.
Each experimental session was done in a blinded fashion to avoid unwanted experimental bias.
[0088] The data were analyzed in the following way: For each mouse the highest and lowest values were excluded
and the remaining 3 values were averaged. Subsequently, the data was averaged for each treatment group and nor-
malized to vehicle treated wild type group
[0089] At day 13 vehicle treated sarcopenia mice have lost about 20% of muscle strength compared to wild type
whereas the C44K/A treated mice have similar grip strength to vehicle treated wild type.
[0090] For humans the decrease of muscle strength is approximately 20-40% when adults around 20 years of age
are compared to individuals around age 70 and it may increase to above 50% when compared to individuals in their
nineties (Bauer and Sieber, 2008; Lauretani et al., 2003). In this example the applicants demonstrates that a reduction
of grip strength 20% is about 14 day was prevented.
[0091] This is the first time that a fragment of agrin has been shown to be active in vivo. After subcutaneous admin-
istration the protein C44K/A distributes in the body and exerted an beneficial effect to mice suffering from Sarcopenia
like symptoms

Example 7: Administration of neurotrypsin-resistant human C44 y0z8K/A and (mouse-AgrinC44 y0z8K/A) in mice

[0092] The sarcopenia mouse model used in the experiment again (as in Example 5) are They-1 driven neurotrypsin-
overexpressors in C57BL/6NCRL background, (Stephan et al., 2008) and their wild type littermates. Both male and
female animals were included, as in young mice at this age there are no differences in weight and muscle strength
between sexes. The mice entered the experiment at P8 (eight days after birth).
[0093] Four groups with 4 mice per group were used: 1. Vehicle treated wild type mice; 2. sarcopenia mice (M491S)
treated with C44K/A(0,8); 3. sarcopenia mice (M491S) treated with mouse-AgrinC44(0,8)K/A; 4. vehicle treated sarco-
penia mice.
[0094] The mice are injected subcutaneously with a total dose of 20 mg/kg/day. Dosing started on day 1 and lasted
until day 13. For all mice in the experiment the weight was measured once every day. The weight is averaged for each
treatment group and plotted for every experimental day. The relative weight in percentages compared to vehicle treated
wild-type is given for each treatment group (FIG 12). Treatment of sarcopenia mice with human C44y0z8K/A or mouse
C44y0z8K/A led to a significant increase in weight compared to vehicle treated sarcopenia mice. The sarcopenia mice
treated with C44y0z8K/A recovered completely and further the same development as was observed in wild type litter-
mates. In humans frail patients suffer from a weight loss of more than 5 kg per year (Bauer and Sieber, 2008; Lauretani
et al., 2003). This corresponds to a loss of about 7% of total body weight. Sarcopenia mice treated with vehicle control
showed markedly reduced body weights. During the experiment the sarcopenia mice experienced a weight loss of about
5%.

Example 8: Measurement of grip strength

[0095] Measurement was done as described in Example 6.
[0096] Figs. 13a and b show the fore-limb and hind-limb grip strength for sarcopenia mice treated with vehicle (vehicle)
or human C44y0z8K/A or mouse C44y0z8K/A and wild type littermates treated with vehicle (wild type vehicle). The grip
strength is measured at day 13. Grip strength of different treatment groups is indicated as percentage of vehicle treated
wild type littermate mice. Standard deviations are indicated as error bars. (N = 5 for each group).
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[0098] In exemplary embodiments, the invention concerns:
[0099] In a first embodiment, a modified agrin fragment having in vivo activity, comprising at least the domains LG2
and LG3 of human or mouse agrin in covalently interlinked form and modified in such a way that the fragment cannot
be cleaved by neurotrypsin for use as medicament.
[0100] In a second embodiment, the modified agrin fragment according to the first embodiment, characterized in that
its β-cleavage site is deleted or modified.
[0101] In a third embodiment, the modified agrin fragment according to the first embodiment, characterized in that it
comprises the amino acid sequence according to SEQ ID NO: 3.
[0102] In a fourth embodiment, a use of the agrin fragment according to the first embodiment for the manufacture of
a medicament for the treatment of a muscle affecting neuromuscular disease or diseases of nerve, muscle and neu-
romuscular junctions..
[0103] In a fifth embodiment, the use according to the fourth embodiment, characterized in that the muscle affecting
neuromuscular diseases or diseases of nerve, muscle and neuromuscular junctions, include sarcopenia, muscle weak-
ness, frailty, muscular atrophy and muscular dystrophy, myasthenia, myotonia, spinal muscular atrophy, amyotrophic
lateral sclerosis, and primary lateral sclerosis.
[0104] In a sixth embodiment, the modified agrin fragment according to the first embodiment for use in the treatment
of neurotrypsin-related diseases, especially diseases with elevated Neurotrypsin levels.
[0105] In a seventh embodiment, the modified agrin fragment according to the first or the sixth embodiment for use
in the treatment of neuromuscular diseases or diseases of nerve, muscle and neuromuscular junctions.
[0106] In an eighth embodiment, the modified agrin fragment according to the seventh embodiment, characterized in
that the neuromuscular diseases or diseases of nerve, muscle and neuromuscular junctions, include sarcopenia, muscle
weakness, frailty, muscular atrophy and muscular dystrophy, myasthenia, myotonia, spinal muscular atrophy, amyo-
trophic lateral sclerosis, and primary lateral sclerosis.
[0107] In a ninth embodiment, the modified agrin fragment according to the first embodiment for use in the treatment
of disuse-induced muscle atrophy or body wasting syndrome.
[0108] In a tenth embodiment, a pharmaceutical composition comprising an agrin fragment according to the first or
second embodiment and a pharmaceutically acceptable carrier.
[0109] In an eleventh embodiment, a modified agrin fragment having in vivo activity, comprising at least the domains
LG2 and LG3 of human agrin in covalently interlinked form and modified in such a way that it cannot be cleaved by
neurotrypsin.
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Claims

1. Modified agrin fragment having in vivo activity, comprising at least the domains LG2 and LG3 of human or mouse
agrin in covalently interlinked form and modified in such a way that the fragment cannot be cleaved by neurotrypsin
for use in the treatment of neuromuscular diseases or diseases of nerve, muscle and neuromuscular junctions,
wherein the modified agrin fragment is characterized in that its β-cleavage site is deleted or modified.

2. Modified agrin fragment for use according to claim 1, wherein the fragment is a C-terminal agrin fragment.

3. Modified agrin fragment for use according to any of claims 1 and 2, wherein the fragment is a C-terminal agrin
fragment consisting of the LG2, EG4 and LG3 domain of agrin and harbours the inactivated β-cleavage site of
neurotrypsin.

4. Modified agrin fragment for use according to any of claims 1 to 3, wherein the P1 lysine residue (K1859) is mutated
to an alanine.

5. Modified agrin fragment for use according to any of claims 1 to 4, characterized in that it comprises the amino acid
sequence according to SEQ ID NO: 3 or variants thereof which comprise no insertion in the y-site, and/or no insertion
in the z-site, or a 11 or 19 amino acid insertion corresponding to SEQ ID NO:9 and SEQ ID NO:10, respectively, in
the z-site.

6. Modified agrin fragment for use according to claim 1 for use in the treatment of neurotrypsin-related diseases,
especially diseases with elevated Neurotrypsin levels.

7. Modified agrin fragment for use according to any of claims 1 to 6, characterized in that the neuromuscular diseases
or diseases of nerve, muscle and neuromuscular junctions, include sarcopenia, muscle weakness, frailty, muscular
atrophy and muscular dystrophy, myasthenia, myotonia, spinal muscular atrophy, amyotrophic lateral sclerosis, and
primary lateral sclerosis.

8. Modified agrin fragment for use according to claim 1 for use in the treatment of disuse-induced muscle atrophy or
body wasting syndrome.

9. A pharmaceutical composition for use in the treatment of sarcopenia and muscular diseases comprising an agrin
fragment according to any of claims 1 to 5 and a pharmaceutically acceptable carrier.
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