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Abstract
Background Myelin-associated glycoprotein (MAG) is a glycoprotein specific to Schwann cells. Schwann cells produce 
myelin for nerve cells in the peripheral nervous system. MAG also plays a role in the central nervous system (CNS) by 
maintaining myelin integrity and inhibiting axonal regeneration from cerebellar neurons. There is a well-established link 
between distal demyelinating neuropathy and anti-MAG antibodies in patients with monoclonal gammopathy of unknown 
significance. We describe a series of five patients with anti-MAG antibodies with evidence of cerebellar rather than just 
sensory ataxia and our experience of treatment with rituximab.
Methods Cerebellar ataxia was clinically suspected and confirmed using magnetic resonance spectroscopy (MRS) of the 
cerebellum. All patients underwent detailed nerve conduction studies.
Results Four patients were males. The ages ranged from 64 to 82 years. All patients were anti-MAG positive and also had 
IgM monoclonal gammopathy. Four patients had neuropathy, whilst one had no evidence of neuropathy. All patients were 
treated with rituximab and showed improvement in the MRS parameters of the cerebellum.
Conclusion Anti-MAG antibodies might be involved in the pathogenesis of idiopathic sporadic ataxias, even in the absence 
of peripheral neuropathy. Rituximab seems to be a promising therapeutic intervention for those cases.
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Introduction

Myelin-associated glycoprotein (MAG) is a glycoprotein 
specific to Schwann cells. Schwann cells produce myelin 
for nerve cells in the peripheral nervous system. MAG 
also plays a role in the central nervous system (CNS) by 

maintaining myelin integrity and inhibiting axonal regenera-
tion from cerebellar neurons [1].

The presence of anti-MAG antibodies is commonly asso-
ciated with distal demyelinating neuropathy in patients with 
monoclonal gammopathy of unknown significance (MGUS). 
MAG-neuropathy is a form of chronic inflammatory demy-
elinating polyneuropathy (CIDP) characterized by dispro-
portionate prolongation of distal latencies in both sensory 
and motor nerve conduction studies. Clinically, patients with 
MAG-neuropathy present mainly with sensory symptoms 
and significant degree of what was presumed to be sensory 
ataxia [2].

Sensory ataxia, when severe can be difficult to distin-
guish from cerebellar ataxia [3]. We describe a series of five 
patients with anti-MAG antibodies with evidence of cer-
ebellar rather than just sensory ataxia and our experience of 
treatment with rituximab.
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Methods

Standard protocol approvals, registrations 
and patient consents

This is an observational case series of patients regularly 
attending the Ataxia clinic based at the Royal Hallamshire 
Hospital (Sheffield, UK). The South Yorkshire Research 
Ethics Committee has confirmed that no ethical approval is 
indicated given that all investigations were clinically indi-
cated and did not form part of a research study.

Patient selection

All recruited patients had clinical signs of progressive 
cerebellar dysfunction, which was confirmed using mag-
netic resonance spectroscopy (MRS) of the cerebellum. 
All patients underwent detailed nerve conduction studies 
(NCS). All patients had been extensively investigated for all 
causes of neuropathy and cerebellar ataxia. All were anti-
MAG positive.

Neuroimaging

All patients underwent magnetic resonance imaging (MRI) 
of the brain including magnetic resonance spectroscopy 
(MRS) of the cerebellum vermis and right hemisphere). 
The latter technique is validated and is used to determine 
the presence of cerebellar dysfunction, even in the absence 
of cerebellar atrophy [4–6].

We measured the N-acetyl-aspartate/creatine (NAA/Cr) 
ratios in the vermis and the cerebellar hemispheres. Low 
NAA/Cr ratio implies abnormal metabolic activity within 
the area of interest (voxel) and it can be used as an indicator 
to cerebellar dysfunction [7]. Standardized normal values 
are NAA/Cr > 0.95 in the vermis and > 1.00 in the hemi-
spheres [8].

Only patients with abnormal NAA/Cr ratios in either the 
vermis or the hemispheres were considered as having defi-
nite cerebellar dysfunction.

Electrophysiological evaluation

Extensive neurophysiological assessments were performed 
on all patients to determine the presence of neuropathy. The 
nerve conduction studies included median (motor and sen-
sory), ulnar (motor and sensory), superficial radial (sensory), 
superficial peroneal (sensory), common peroneal (motor), 
sural (sensory) and tibial (motor) nerves. Because of the 
presence of anti-MAG antibodies, patients with no evidence 

of peripheral neuropathy at baseline had regular NCS to con-
firm, or not, the development of neuropathy over time.

Results

We identified five patients (four males, one female) with 
clinical evidence of cerebellar ataxia (all patients had gait 
and mild lower limb ataxia with two patients also having 
gaze-evoked nystagmus) confirmed with MRS. Balance 
difficulties were very prominent in their presentation (as 
it is often the case in MAG-neuropathy) and the reason for 
the neurophysiology was the clinical suspicion of periph-
eral neuropathy. The age at diagnosis ranged from 64 to 
82 years (mean 73.0 years). In four patients neurophysi-
ological assessment confirmed the presence of peripheral 
neuropathy. However, one had no evidence of neuropathy. 
All patients had IgM monoclonal gammopathy.

Anti‑MAG associated cerebellar ataxia 
without MAG‑neuropathy and response 
to rituximab

A 82-year-old Caucasian man was referred to our Ataxia 
Clinic because of a 2-year history of progressive unsteadi-
ness. The patient had been diagnosed with IgM lambda 
MGUS with a less than 1 gm/L monoclone. The patient 
was found to have a high MAG antibody titer (20,400 
BTU, normal values < 1000) but had no neurophysiologi-
cal evidence of any neuropathy. Neurological examination 
revealed prominent gaze-evoked nystagmus and gait ataxia. 
The MRI of his brain showed no abnormalities, but the 
MRS of the cerebellar vermis revealed a low NAA/Cr area 
ratio of 0.93.

The patient had been followed-up on a 6-monthly basis 
and remained relatively stable for 18 months. Two years 
after presentation he complained of worsening of his bal-
ance and repeat MRS showed a reduction of the NAA/Cr 
area ratio at 0.86. Given the presence of IgM MGUS and the 
high level of anti-MAG antibodies the patient was given a 
course of rituximab following which the NAA/Cr area ratio 
normalized at 0.97. He remained mobile without a walk-
ing aid but he did not feel that there had been any dramatic 
improvement to his balance. He continued to be followed-up 
on a 6-monthly basis complaining of progressive deteriora-
tion of his balance. Repeat MRS showed the vermian NAA/
Cr area ratio to have dropped to 0.77. Eighteen months after 
the first rituximab infusion he agreed to a second course 
which again showed dramatic increase in the NAA/Cr area 
ratio at 0.94, this time with subjective clinical improvement. 
Figure 1 shows the NAA/Cr area ratio changes over time and 
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in relation to the rituximab infusions. Repeat neurophysi-
ological assessments showed no evidence of a neuropathy.

MAG‑neuropathy with cerebellar ataxia 
and response to rituximab

The remaining four patients in these case series had a com-
bination of MAG-neuropathy and cerebellar ataxia. All 
patients had no evidence of cerebellar atrophy but abnor-
mal MRS of the cerebellum. Of them, three patients subjec-
tively reported improvement following the first rituximab 
course. Two of them are on regular 9-monthly rituximab 
courses, and one of them opted to discontinue the treatment 
as he developed a vasculitic rash immediately after the first 
course. The fourth patient reported no subjective improve-
ment following the first rituximab course and opted not 
to have any repeat courses. However, all patients showed 
improvement in their MRS parameters following rituximab.

Table 1 summarizes the clinical and imaging data of our 
case series.

Discussion

We present a case series of five patients with anti-MAG 
associated cerebellar dysfunction. Whilst the link between 
distal demyelinating neuropathy and anti-MAG antibod-
ies is well established, to our knowledge this is the first 
report of evidence of cerebellar dysfunction in the con-
text of anti-MAG antibodies. It is also the first report to 
demonstrate the improvement in cerebellar functioning 
with the use of rituximab. This finding suggests that anti-
MAG antibodies may be implicated in the pathogenesis 
of some idiopathic sporadic ataxias. Cerebellar ataxias 
are the result of diverse disease processes that can be 
genetic or acquired. Establishing a diagnosis requires a 

Fig. 1  NAA/Cr area ratio in 
the vermis of the patient with 
anti-MAG associated cerebellar 
ataxia and no evidence of Neu-
ropathy. Normal NAA/Cr area 
ratio in the vermis is > 0.95. 
The arrows correspond to the 
time points when the patient 
had a rituximab course
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Table 1  Demographic, neurophysiological, imaging and serological characteristics of our cohort

M male, F female, MAG myelin-associated glycoprotein, NAA/Cr N-acetyl-aspartate/creatine (normal values; vermis >  0.95, hemispheres 
> 1.00)

Patient Gender Age at 
diagno-
sis

Monocloncal 
gammopathy

Anti-MAG 
titre at diag-
nosis

Neuropathy NAA/Cr area ratio 
before treatment

NAA/Cr area ratio fol-
lowing treatment with 
rituximab

Continued rituximab

#1 M 82 IgM lambda 20,400 No 0.77 (vermis) 0.94 (vermis) Yes
#2 M 78 IgM kappa 92,766 Yes 0.81 (hemisphere) 1.30 (hemisphere) No, as developed 

vasculitic rash
#3 M 64 IgM kappa 70,000 Yes 0.84 (vermis) 0.87 (vermis) No, as subjectively not 

improved
#4 M 71 IgM kappa 133,000 Yes 0.92 (vermis) 1.05 (vermis) Yes
#5 F 70 IgM kappa 17,858 Yes 0.93 (vermis) 0.97 (vermis) Yes
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methodical approach with expert clinical evaluation and 
investigations. Despite extensive investigations in up to 
20% of patients no diagnosis can be made [9]. Such cases 
are referred to as idiopathic sporadic ataxias. Based on 
this report we would recommend testing for anti-MAG 
antibodies all patients with MGUS and idiopathic sporadic 
ataxia even in the absence of a neuropathy. This is particu-
larly important given that these patients appear to benefit 
from immunosuppression.

Cerebellar dysfunction appears to be a feature in MAG-
neuropathy. The latter is a neuropathy characteristically 
said to result in sensory ataxia. Our results suggest that the 
ataxia in MAG-neuropathy may well be due to cerebellar 
dysfunction and not just due to the neuropathy. Investi-
gating further such patients using MRS may be helpful. 
The combination of peripheral neuropathy and cerebellar 
ataxia is increasingly been recognized [10]. The possibility 
of negative biofeedback mechanisms leading to a cerebel-
lar dysfunction when the sensory input is low remains to 
be determined. In our experience, however, patients with 
sensory ganglionopathy (a type of neuropathy that classi-
cally presents with sensory ataxia) do not have abnormal 
MRS of the cerebellum.

Finally all of our patients who had anti-MAG associated 
cerebellar dysfunction responded to rituximab. Therefore, 
the latter is worth considering as a therapeutic interven-
tion in patients with anti-MAG antibodies and cerebel-
lar ataxia, even in the absence of peripheral neuropathy, 
where rituximab has been shown to be particularly effec-
tive [11].

Of course, our results are essentially focusing on one 
case with anti-MAG associated cerebellar dysfunction with 
no evidence of neuropathy that responded to rituximab. 
Therefore, a large study is needed to confirm the associa-
tion between anti-MAG antibodies and cerebellar dysfunc-
tion, even in the absence of neuropathy, and the potential 
of rituximab as a treatment option in such cases.
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