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Chapter  7

The complement system is activated 
in hereditary demyelinating neuropathies

Ramaglia V., de Kok M., Nourallah M., King R.H.M. and F. Baas
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Abstract

Secondary axon loss is a major determinant of disability in demyelinating forms of 

hereditary motor and sensory neuropathies (HMSN). Whether the complement 

(C) system is involved is unknown. To determine if the C system is activated in 

demyelinating HMSN. We analyzed 8 patients with demyelinating HMSN, 6 patients 

with inflammatory neuropathies - including CIDP and vasculitis - and 3 healthy sural 

nerves for deposits of activated C components. We also analyzed the expression and 

deposition of C in sciatic nerves from young (4 and 8 weeks) and adult (30 and 48 

weeks) transgenic FVB mice (C22), modeling the demyelinating neuropathy HMSN1a, 

and wild type littermates. We found deposits of activated C4c and C3c fragments, 

and membrane attack complex (MAC) in HMSN biopsies in which immunoreactivity 

for phosphorylated neurofilament SMI31 was detected. Biopsies void of SMI31 

immunoreactivity were negative for C activation products. Analysis of the C22 mice 

showed high levels of classical pathway components C1q, C1r and C4c in nerves of 

young mice whereas little amounts were detected in the adults in which axon loss is 

prominent. High levels of the alternative pathway component factor B and C9 neo-

epitopes, indicative of MAC formation, were detected in nerves from mice of both ages. 

C is activated in a certain group of HMSN patients (and mouse model of the disease) 

and it may play a role in determining secondary axon loss.

Keywords. complement, neuropathies, immunohistochemistry, western blot
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Introduction

Hereditary motor and sensory neuropathies (HMSN), also known as Charcot-Marie-

Tooth (CMT) disease, are caused by mutations in particular axon- or Schwann 

cell-related genes, giving rise to axonal or demyelinating variants, respectively 1. 

Secondary progressive axon loss occurs in the demyelinating forms of HMSN and it is 

considered a major determinant of disability. To date, the mechanism underlying axon 

loss in HMSN is not known. 

We recently demonstrated that the complement (C) system is a crucial determinant 

of early axonal damage during WD after traumatic peripheral nerve injury 2 and it is 

activated in chronic nerve diseases such as neuroma and neurofibromatosis 3. Whether 

C plays a role in genetically-determined neuropathies has not yet been investigated. 

The C system is part of the innate immune response against pathogens. It consists of 

about 30 proteins that can be activated via the classical, the alternative and the lectin 

pathways. The classical pathway is activated by the recognition of an antigen-antibody 

complex by C1q. Upon binding, C1r cleaves C1s which in turn cleaves C2 and C4 into 

a small (C2b, C4a) and a large (C2a, C4b) fragment. C2a and C4b together form the C3 

convertase. Factor I, a regulatory protein, cleaves C4b into C4c and C4d, to control C3 

activation. The lectin pathway is triggered by binding of mannose binding lectin (MBL) 

to certain carbohydrates expressed on the pathogen surface. This activates the MBL-

associated serine protease (MASP) cleaving C4 and C2 4. The alternative pathway starts 

by spontaneous low-rate hydrolysis of C3 generating C3(H2O) which binds to factor B, 

permitting cleavage by factor D to form the fluid-phase C3 convertase C3(H2O)Bb. This 

enzyme cleaves C3 and deposits C3b on surfaces where, in the absence of C inhibitors 

such as factor H, it binds and catalyses cleavage of factor B to form surface bound C3 

convertase C3bBb 5. Irrespectively of the pathway involved, activation of the C system 

leads to the cleavage of C3 and C5, generating the potent chemo-attractants C3a and 

C5a as well as the C5b fragment. This initiates the assembly of the C5b-9 membrane 

attack complex (MAC) which is inserted into the pathogens cell membrane, leading 

to cell lysis 5 (see figure 1). Both, the chemo-attractant capacity of the cleaved C 

components and the cytolytic activity of the MAC could aggravate the genetically-

determined abnormalities of the diseased nerve, contributing to axon loss. Here we 

determine whether the C system is activated in nerve biopsies from HMSN patients 

and transgenic mice overexpressing the human PMP22 gene (C22). 
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Materials & Methods

Human nerve biopsies. Sural nerve biopsies were obtained from 8 patients 

diagnosed with demyelinating hereditary neuropathies and 6 patients diagnosed 

with inflammatory neuropathies, determined on the basis of their nerve conduction 

velocity, pathology and genetic defect whereas healthy patients (n=3) were selected 

Figure 1. Pathways of complement activation. The C cascade is activated through the classical, lectin or 
alternative pathway, via the cleavage of an upstream enzyme. In the classical pathway, the C1 (C1q, C1r, C1s) 
complex bound to antigen-antibody complexes initiates the cleavage of C components by C1s. C1s cleaves 
first C4 and then C2 to form C4b2a, which is the C3 convertase of the classical pathway. The lectin pathway 
is triggered by the binding of mannose binding lectins (MBLs) and MBL-associated serine proteases 
(MASPs) to certain carbohydrates on the pathogen surface. Similarly to C1s, MASPs cleave C4 and C2 to 
form the C4b2a convertase. The alternative pathway is initiated by spontaneous low rate hydrolysis of C3 
to form C3(H2O). C3(H2O) binds to factor B who is cleaved by factor D within the complex, generating 
the fluid phase convertase C3(H2O)Bb. This complex can cleave C3 generating C3b which deposits on the 
pathogen’s cell membrane. The binding of C3b to factor B determines the progression and amplification 
of the cascade which occurs via the cleavage of factor B by factor D, generating C3bBb. C3bBb is the C3 
convertase of the alternative pathway. The C3 convertase, generated by any of the C pathways, cleaves C3 
to form C3a and C3b. C3b contributes to the formation of the C5 convertase which cleaves C5 to C5a and 
C5b. C3a and C5a are major chemoattaractants whereas C5b contributes to the formation of the C5b-9 
complex also known as membrane attack complex (MAC). MAC lysis the cell membrane of pathogens. 
Activation of the C cascade is under the regulation of natural fluid phase inhibitors. Here, regulation of the 
C3 convertase by factor I, which cleaves C4b to C4c and C4d, is shown. 
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if their cause of death was a non-neurologic disorder (see table 1). All biopsies were 

conventionally processed into paraffin. Sections of 5μm were cut and stained with 

hematoxylin to determine tissue quality. 

Animals. The animal study was approved by the Universiteit van Amsterdam Animal 

Care Committee and complies with all relevant guidelines for the care of experimental 

animals. FVB wild type (wt) (4wks n=4, 8wks n=4, 30wks n=4, 48wks n=4) and 

transgenic PMP22 (C22) (4wks n=4, 8wks n=4, 30wks n=4, 48wks n=4) mice were bred 

in our facility. The animals weighed between 20 g and 25 g. Animals were housed in 

pairs in plastic cages. They were given mouse chow and water ad libitum and kept at a 

room temperature of 20ºC on a 12 hours:12 hours light:dark cycle.

Mouse nerve isolation. All animals were euthanized with CO2 inhalation. The sciatic 

nerves were harvested, immediately frozen in liquid nitrogen and stored at -80 ºC until 

used for the immunohistochemistry and Western blot analysis. 

Immunohistochemistry. Paraffin sections of human sural nerve biopsies and frozen 

sections of sciatic nerves from 8 wt (4wks n=4, 48wks n=4) and 8 C22 (4wks n=4, 48wks 

n=4) mice were stained using a three-step colorimetric method. Paraffin sections were 

deparaffinated and endogenous peroxidase activity was blocked with 0.01% H2O2 

Table 1. Patient ID, class of neuropathy, gene mutation

Hereditary neuropathies

Patient ID  Class Gene mutation

11515112 HMNS 1A Duplication pmp22

12501 HMSN 1A Duplication pmp22

1298 HMSN Lom NDRG 1 mutation

BN8395 HSN Rab 7 mutation

11527834 HSN Unknown mutation

11429182 HNPP pmp22 deletion

11983776 HNPP pmp22 deletion

11599750 HMSN X Cx 32 mutation

Acquired neuropathies

Patient ID  Class

3804 CIDP
806 CIDP/vasculitis
8005 vasculitis

2505 vasculitis

5604 microvasculitis

4703 microvasculitis
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in methanol for 20min. Frozen sections were fixed in 100% acetone for 10 min and 

endogenous peroxidase activity was blocked with 0.3% H2O2 in PBS for 20min. In the 

case of the paraffin material, microwave antigen retrieval was used (800 W for 3 min 

followed by 10 min at 440 W in 10 mM Tris/1 mM EDTA pH 6.5). All the incubations 

were performed at room temperature (RT). To block the non-specific binding sites, 

slides were incubated in 10 % normal goat serum (NGS) in 50 mmol l-1 TrisHCl, 137 

mmol l-1 NaCl, pH 7.6 (TBS) for 20 min. Following incubation with the primary antibody 

(see Table 2) diluted in 1% bovine serum albumin (BSA) for 90 min, sections were 

incubated for 30 min in the appropriate biotinilated secondary antibody (see table 

2) diluted 1:200 in 1%BSA, followed by 20 minutes incubation with streptadivin-HRP 

(Dakocytomation Glostrop, DK) diluted 1:400 in 1% BSA. Sections were developed for 5 

minutes in 3-amino-9-ethyl carbazole (AEC) diluted 1:20 in NaOAc buffer (100mM, pH 

5) with 0.01% H2O2 filtered through a Whatmann paper. Sections were counterstained 

with hematoxylin and mounted in gelatin. For the immunofluorescence, incubation 

with the appropriate primary antibody was followed by incubation with the appropriate 

FITC- or Cy3-conjugated secondary antibody (see table 2) diluted 1:200 in 1 % BSA. 

Sections were counterstained with dapi (Sigma-Aldrich, St. Louis, MO) and mounted 

with Vectashield mounting medium (Vector Laboratories, Burlingame, CA). 

Sections immunostained with secondary conjugate alone were included with every 

experiment and showed no immunoreactivity in all cases. Images were captured with 

Table 2. Antibodies, source, dilutions

Antibodies  Source Dilutions

Polyclonal goat anti-human C1q DakoCytomation (Glostrup, DK) 1:1000§

Polyclonal rabbit anti-human C1r DakoCytomation 1:1000§

Polyclonal goat anti-rat fB Quidel (San Diego, CA) 1:1000§

Polyclonal rabbit anti-human C3c DakoCytomation 1:750*

Polyclonal rabbit anti-human C4c DakoCytomation 1:100*

Polyclonal rabbit anti-rat C9 B.P. Morgan 1:1000§

Polyclonal rabbit anti-human C5b-9 Calbiochem (Darmstadt, D) 1:100*

Polyclonal rabbit anti-human MBP DakoCytomation 1:50*

Monoclonal mouse anti-human 
phosphorylated neurofilament (SMI31 clone)

Sternberger (Lutherville, MD) 1:1000*

Monoclonal mouse anti-humanCD68(KP1 clone) DakoCytomation 1:50*

Polyclonal rabbit anti-goat biotin-conjugated DakoCytomation 1:200*

Polyclonal goat anti-rabbit biotin-conjugated DakoCytomation 1:200*

Polyclonal goat anti-rabbit FITC-conjugated Sigma-Aldrich (St. Louis, MO) 1:200*

Polyclonal sheep anti-mouse Cy3-conjugated Sigma-Aldrich 1:200*

Polyclonal rabbit anti-goat HRP-conjugated DakoCytomation 1:2000§

Polyclonal goat anti-rabbit HRP-conjugated DakoCytomation 1:2000§

Note: * and § indicate dilutions used in the immunostaining and Western blotting, respectively. 
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a digital camera (Olympus, DP12, The Netherlands) attached to either a light (Olympus, 

BX41, The Netherlands) or fluorescent microscope (Vanox, AHBT3, Olympus, The 

Netherlands). 

Quantitative analysis of immunohistochemistry. Quantification of the MAC and 

SMI31 immunostainings was performed with the Image Pro Plus version 5.02 (Media 

Cybernatics, The Netherlands). Three non-consecutive sections of sural nerve biopsy 

were scored for each patient. An average of non-overlapping fields of view including 

>90% of the entire nerve area was taken for each section examined. The surface area 

stained is expressed as percentage of total area examined. 

Semiquantitative analysis of macrophages. Cells immunoreactive (-ir) for KP1, a 

marker of the macrophage lysosomal membrane, were scored positive when the signal 

was associated with nuclei. Three non-consecutive sections of sural nerve biopsy 

from each patient were examined by two independent observers unaware of the 

clinical diagnosis. The number of macrophages present in the biopsies is indicated as 

occasional, (+); a few, + (less than 10 per nerve section); moderate, ++ (between 10 and 

20 per nerve section); or substantial, +++ (more than 20 per nerve section). Biopsies 

negative for the KP1 antibody are indicated with the sign minus,-. 

Protein extraction and Western blot analysis. Left and right sciatic nerves from 8 

wt (8wks n=4, 30wks n=4) and 8 C22 (8wks n=4, 30wks n=4) mice were homogenized 

using MagnaLyser (Roche, Germany) in 20 mmol l-1 Tris (pH 7.4), 5 mmol l-1 1,4-dithio-

DL-threitol (DTT) and 0.4 % SDS and 6 % glycerol. The homogenates were centrifuged 

at 10,000 x g, at 2 ˚C for 10 min. The supernatant fraction was collected and used for 

protein analysis. Protein concentrations were determined with a DC protein assay kit 

(Bio-Rad Laboratories, USA), using BSA as a standard. 

Protein extracts (50 μg/sample) were boiled for 5 min, separated by 10 % SDS-PAGE 

and transferred to nitrocellulose membrane overnight at 4 ºC. Prior to blotting, the 

nitrocellulose membranes were stained with Ponseau red for 30 sec to verify protein 

load. The membranes were pre-incubated in TBS containing 0.05 % Tween20 (TBST) 

and 5 % non-fat dried milk for 1 hour at RT. Blots were incubated for 2 hours in the 

appropriate primary antibody (see table 2) diluted in TBST containing 5 % non-fat 

dried milk. Following washing in TBST, the membranes were incubated for 1 hour in 

the appropriate horseradish peroxidase-conjugated secondary antibody diluted 1:2000 

in TBST containing 5 % non-fat dried milk. Membranes were washed in TBST for 3 X 

10 min and immunoreactive bands were detected using enhanced chemiluminescence 

(ECL, Roche Diagnostics, Mannheim, Germany). 
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Figure 2. Complement activation in HMSN patients. Immunohistochemical staining showing 
immunoreactivity for the activated cleaved C component C4c and the terminal cytolytic component MAC 
in cross-sections of sural nerve biopsies of HMSN patients. High amount of C4c and MAC immunoreactivity 
is present in the nerves of HNPP patients, whereas no C deposits are detected in biopsies of HMSN 1A 
patients. C4c and MAC immunoreactivity is present in biopsies of inflammatory neuropathy (CIDP) 
patients but not in the healthy control nerve. For color figure see page 159.
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Results

Deposition of the classical pathway activation product, C4c, the common cleaved 

product, C3c (not shown), and the terminal membrane attack complex, MAC, of 

the C system (see figure 1) was tested in sural nerve biopsies from 8 patients with 

demyelinating HMSN, 6 patients with inflammatory neuropathies and 3 healthy 

controls. Deposition of C4c, C3c and MAC was observed in all nerve biopsies from 

patients with inflammatory neuropathy, and in 4 of the 8 HMSN biopsies. Biopsies 

from the control patients were negative for MAC (Figure 2). 

Quantitative analysis of MAC deposits showed the highest level of immunoreactivity 

in nerves of patients with inflammatory neuropathies. In the HMSN biopsies, the 

highest level of MAC immunoreactivity was detected in the HNPP and HSN nerves 

whereas no immunoreactivity was found in biopsies of patients diagnosed with HMSN 

1A, HMSN X and HMSN lom. These cases showed the most severe axonal damage as 

shown by the low amount of SMI31 immunoreactivity detected (Table 3), suggesting 

that activation of the C system occurs in nerves in which axonal phosphorylated 

neurofilament is still present. However, the limited number of nerve biopsies available 

for analysis, makes it difficult to establish a link between disease severity and C 

Table 3. Patient ID, axonal content,C activation

Patient ID  Axonal content 

(normalized SMI31-ir/area)
C activation 

(% MAC-ir/area)

11983776 (HNPP) 36.9 15.6

11429182 (HNPP) 39.3 9.4

BN8395 (HSN) 20.6 5.2

11527834 (HSN) 46.8 7.3

11599750 (HMSN X) 0.5 0.1

11515112 (HMSN 1A) 0.6 0.3

12501 (HMSN 1A) 1.2 0.2

1298 (HMSN Lom) n.d.* 0.02

3804 (CIDP) 62.1 13.5

806 (CIDP/vasculitis) 61.7 7.2

8005 (Vasculitis) 68.3 25.3

2505 (Vasculitis) 51.3 6.3

5604 (Microvasculitis) 53.1 6.8

4703 (Microvasculitis) 48.3 6.9

1475 (Control) 100 0.02

6796 (Control) 100 0.05

S04-296 (Control) 100 0.02

*n.d., not detected
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deposition, therefore we studied C activation in the C22 transgenic mouse model of 

HMSN1a.

To test whether C activation varies during the course of the disease, we analysed 

young (4-8 weeks) and adult (30-48 weeks) C22 transgenic mice, representing early 

and late stage of disease respectively. A strong immunoreactivity for the classical 

pathway components C1q, C1r and C4c was observed in sciatic nerves from young 

mice whereas low levels were detected in the adults (Figure 3a, b), suggesting loss of 

target in the late stage of the disease. In contrast, the level of immunoreactivity for the 

alternative pathway activated cleaved protein, factor (f) B, and the terminal C9 was 

high in young and adult mice, indicating a possible role of the alternative pathway in 

the amplification of the C cascade contributing to C9 production, necessary to form 

the MAC (Figure 3b). 

C activation products mediate infiltration and activation of phagocytes (Bruck 

and Friede, 1997). Thus we determined the amount and morphology of the KP1-

immunoreactive cells, a marker for macrophages, in nerve biopsies of patients 

with acquired or hereditary neuropathies. Biopsies of inflammatory neuropathy 

patients showed a consistent high number of endoneurial macrophages, mostly with 

asymmetrical shape, indicative of active metabolic state. The number of endoneurial 

macrophages varied in HMSN biopsies and it was higher in biopsies containing a higher 

Figure 3. Complement activation in the 
transgenic C22 mouse a. Immunohistochemi-
cal staining showing high amount of C4c 
deposition in cross-sections of sciatic nerve 
from C22 mouse at 4 weeks of age whereas 
low C4c levels are detected in the nerves of 
48 weeks old mice. b. Western blot analysis of 
wt and C22 mouse nerves at 8 and 32 weeks 
of age, showing immunoreactivity for C1q and 
C1r in C22 nerves of 8 weeks old mice whereas 
no signal is present in the nerves of the 32 
weeks old mice. Immunoreactivity for factor B 
and C9 is higher in C22 mice of both ages than 
in wt controls. For color figure see page 160. 
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amount of myelin basic protein (MBP) immunoreactivity. A few number of KP1-ir 

cells were observed in the HNPP biopsies and they showed an enlarged morphology, 

whereas small resting macrophages were occasionally seen in sural nerve biopsies of 

HMSN 1A and HMSN X patients (Table 4).  All others HMSN biopsies, in which myelin 

was not detectable, were negative for KP1.

Discussion

This study shows that the classical and alternative pathways of the C system are 

activated in some forms of demyelinating HMSNs and the degree of C activation varies 

with disease progression marked by secondary axon loss.

We found deposits of activated C products (C4c, C3c and MAC) in HMSN sural 

nerve biopsies containing high amounts of phosphorylated neurofilament whereas 

no C deposits were found in biopsies lacking immunoreactivity for the axonal 

marker, indicating a positive correlation between C activation and axonal content. 

Macrophages were occasionally found in the HMSN biopsies and they showed enlarged 

morphology, typical of active state, only in biopsies in which myelin was detected, 

Table 4. Semiquantitative assessment of macrophages

Case  KP1-ir cells*

11983776 (HNPP) +

11429182 (HNPP) +

BN8395 (HSN) -

11527834 (HSN) -

11599750 (HMSN X) (+)

11515112 (HMSN 1A) (+)

12501 (HMSN 1A) -

1298 (HMSN Lom) -

3804 (CIDP) ++

806 (CIDP/vasculitis) +++

8005 (Vasculitis) +++

2505 (Vasculitis) ++

5604 (Microvasculitis) ++

4703 (Microvasculitis) ++

1475 (Control) -

6796 (Control) -

S04-296 (Control) -

*-, negative; (+), occasional; +, few (<10/section); ++, moderate (10-20/section); +++, substantial (>20/
section) number.
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indicating a positive correlation between macrophage activation and myelin content. 

However, due to the scarcity of nerve biopsies and considering that they are end-stage, 

interpretation of this data remains anecdotal. 

Animal models of HMSNs allow a longitudinal study of the C system and have been 

previously used to demonstrate that the immune system plays a role in some forms of 

demyelinating neuropathies (reviewed in 6). Mice heterozygously deficient for P0 (P0+/-) 

or lacking the gap junction protein connexin 32 (Cx32-/-) or carrying four copies of the 

human PMP22 gene (C61), models for HMSN1B, HMSN1X and HMSN1A respectively, 

show an elevated number of endoneurial macrophages 7-9. Crosses of either P0+/- or 

Cx32-/- mice with an immunodeficient strain of mice lacking the recombination 

activation gene (RAG) 1 (Rag1-/-) or with a mouse line lacking the macrophage colony-

stimulating factor (M-CSF), critical for macrophage growth and differentiation, showed 

reduced number of macrophages and a significant amelioration of the demyelinating 

phenotype 8,10,11, demonstrating that macrophages aggravate HMSN pathology. 

Here we show that C activation occurs in the transgenic PMP22 overexpressing 

mouse model of HMSN1a and the degree of activation varies with disease progression 

marked by secondary axon loss. We found high amounts of the initial components of 

the classical pathway C1q, C1r and C4c, in nerves of young C22 mice whereas the level 

of expression were low or absent in the adults. The alternative pathway component fB 

and the terminal pathway component C9 showed a different expression pattern than 

the members of the classical pathway. Their level of expression was high in mice of both 

ages. These data indicates that the classical and alternative pathways are activated in 

C22 mice and suggest that the alternative pathway may play a role in the amplification 

of the classical pathway contributing to the formation of C9 neo-epitopes. The loss of 

immunoreactivity of initial classical pathway components suggests a loss of target in 

the late stage of the disease. We propose that axons, progressively lost during the course 

of the disease both in the human and transgenic C22 mouse model of demyelinating 

HMSN (our unpublished observation), may be the target of C attack.

In demyelinating HMSNs, loss of compact myelin leaves bare axons which may 

expose epitopes normally shielded by the myelin sheath. The C system, expressed in the 

healthy peripheral nerve 3, may recognize newly exposed axonal epitopes as foreign, 

and become activated. Once activated, C could directly attack the axon by insertion 

of the cytolytic MAC in the axolemma and could mediate macrophage activation via 

C receptors 2,12. Formation of MAC-derived pores on the axonal membrane mediates 

uncontrolled calcium influx 13. Calcium activates calpains, calcium-dependent 

proteases which cleave cytoskeletal proteins including neurofilament, resulting in 

structural disorganization of the axon. MAC-derived neuronal debris can than be 

opsonized by C fragments and targeted by macrophages for removal. We have recently 

shown that MAC formation mediates early axon loss after peripheral nerve injury. 
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Rats deficient in the C6 component, necessary for the assembly of the MAC, showed 

delayed axonal degeneration and failed macrophage recruitment and activation after 

peripheral nerve injury. This effect could be restored by C6 supplementation 2. The 

same protective effect could be obtained by pre-traumatic treatment of WT rats with 

the C inhibitor soluble C receptor 1 (sCR1) 14. 

The C system has emerged as cause of nerve damage in inflammatory neuropathies 

such as Guillain-Barré Syndrome (GBS) and its chronic form (chronic inflammatory 

demyelinating polyneuropathy, CIDP), which are triggered by an autoimmune response 

against specific components of the axon and/or the myelin sheath (reviewed in 15). In 

a mouse model of acquired neuropathy, MAC deposits have been found on damaged 

nerve terminal axons and surrounding perisynaptic Schwann cells and the damage 

was exacerbated in tissues of mice lacking CD59, where MAC formation is increased 
16. A follow-up study showed that inhibition of C activation with APT070 blocked MAC 

formation and rescued axonal and perisynaptic Schwann cell integrity 17, demonstrating 

that modulation of C activation could control axon loss.

In conclusion we showed that the C system is activated in some forms of 

demyelinating HMSNs and the transgenic C22 mouse model of HMSN1a. Inhibition 

of C activation, successfully used to prevent early axon damage in peripheral nerve 

injury 14 and disease15, offers the opportunity to investigate specific therapies for 

demyelinating neuropathies to alleviate the progressive and disabling muscle atrophy 

derived from axon loss. 
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