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Introduction
The increasing number of encephalitis-associated 
antibodies discovered in the past few years has 
steadily provoked clinical and scientific interest in 
autoimmune encephalitis. A position paper has 
recently defined diagnostic criteria based on clinical 
symptoms to facilitate the early diagnosis and ther-
apy of autoimmune encephalitis.1 Accordingly, a 
possible autoimmune encephalitis can be diagnosed 
in subjects with subacute onset (⩽ 3 months) of 
memory deficit, psychiatric symptoms or impaired 
mental status, if alternative causes are excluded and 
if at least one of the following criteria is fulfilled: 
focal neurological signs, new seizures, magnetic res-
onance imaging (MRI) abnormalities suggestive of 
encephalitis or cerebrospinal fluid (CSF) pleocyto-
sis.1 However, not all patients with autoimmune 
encephalitis meet these criteria, most notably at the 
early stage of the disease.2 The definitive diagnosis 
requires the detection of specific antibodies. 
Initiation of immunotherapy early in the disease 
course is crucial for the prognosis in proven autoim-
mune encephalitis.3 First-line therapy consists of 

intravenous (i.v.) glucocorticoids, i.v. immunoglob-
ulins (IVIG) and plasma exchange or immunoad-
sorption; second-line therapeutics include rituximab 
and cyclophosphamide.4

Metabotropic glutamate receptor type 1 (mGluR1) 
is a G protein-coupled cell-surface receptor5 that 
is strongly expressed in the Purkinje cell dendrites 
of the cerebellar cortex in particular, but is also 
present in cells of the olfactory bulb, neurons 
located in the thalamus, hippocampus, globus pal-
lidus, substantia nigra, deep nuclei of the cerebel-
lum and superior colliculus.6–10 In the cerebellum, 
mGluR1 mediates long-term depression of fibres 
parallel to Purkinje cells and therefore plays an 
essential role in cerebellar motor learning and 
coordination.11,12

Autoantibodies against mGluR1 cause a rare 
form of autoimmune encephalitis primarily lead-
ing to subacute cerebellar ataxia.13–19 So far, only 
18 cases have been described in the literature. In 
addition to cerebellar ataxia, a variable spectrum 
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of symptoms (e.g. dysarthria, head titubation, 
cognitive impairment, dysgeusia, etc.) has been 
described.13–19

The transfer of purified anti-mGluR1 immuno-
globulin G (IgG) of affected patients to cerebellar 
slices of mice resulted in disturbed excitability, 
plasticity and survival of Purkinje cells. Injection of 
anti-mGluR1 IgG into the subarachnoid space of 
normal mice resulted in a reversible ataxia.13,20 
Moreover, mutations in the mGluR1 gene were 
found to induce rare forms of ataxia (i.e. autosomal 
recessive spinocerebellar ataxia type 13 [SCAR13]21 
and autosomal dominant spinocerebellar ataxia 
type 44 [SCA44]22). Based on these findings, anti-
mGluR1 antibodies are considered directly patho-
genic. However, the pathogenetic mechanism of 
anti-mGluR1 antibody formation is not fully 
understood. In seven cases, encephalitis has been 
suggested to be of paraneoplastic origin, being 
mainly associated with lymphomas.13,16,17

Independent of the association with a malignancy, 
most patients benefit from immunotherapy.13–18 
Until now, there are only few data on the long-term 
clinical course and treatment options for patients 
with anti-mGluR1 antibody-associated encephali-
tis. Here we present the clinical course of a man 
with anti-mGluR1 autoimmune encephalitis and 
provide an overview of the cases published so far.

Case report
A 45-year-old, otherwise healthy man with no rele-
vant medical history presented with a 4-week history 

of progressive dysarthria. Neurological examination 
was unremarkable except for a moderate dysarthria. 
Brain MRI showed discrete fluid-attenuated inver-
sion recovery (FLAIR) hyperintensity in the medial 
thalamus and pulvinar predominantly on the left 
(Figure 1). T2-weighted images disclosed the same 
signal changes. No contrast enhancement or diffu-
sion restriction could be observed. MRI volumetry 
revealed that the cerebellar volume (white substance, 
cortex and total) was in the lower range of the age-
related reference values. Electroencephalography 
(EEG) demonstrated abnormal intermittent general 
delta and theta frequency activity with frontal pre-
dominance (Figure 2).

CSF analysis revealed a mild lymphocytic pleocy-
tosis (7 leucocytes/µl) with normal glucose and 
protein levels and no oligoclonal IgG bands (oli-
goclonal band pattern type I). Blood and CSF 
tests for viral or bacterial infections were negative, 
except for a resolved hepatitis B infection (hepati-
tis B surface antigen (HBsAg) negative, antibody 
to hepatitis B surface antigen (anti-HBs) > 
1000 IU/L, andibodiy to hepatitis B core antigen 
(anti-HBc) positive, hepatitis B virus (HBV)-
DNA negative). Autoantibodies possibly associ-
ated with an autoimmune encephalitis, including 
antibodies against N-methyl‐D-aspartate recep-
tor (NMDAR), leucine-rich glioma-inactivated 1 
(LGI1), contactin-associated protein-like 2 
(CASPR2), glycine receptor (GlyR), α-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid 
receptor 2 (AMPAR2), IgLON family member 5 
(IgLON5), γ-aminobutyric acid-B receptor  
(GABABR), metabotropic glutamate receptor 5 

Figure 1.  MRI fluid-attenuated inversion recovery (FLAIR) images: (a) coronal, August 2016; (b) axial, April 
2017 with abnormal hyperintensity in the thalamus and pulvinar predominantly on the left.
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(mGluR5), dipeptidyl-peptidase-like protein 6 
(DPPX), Hu, Ri, Yo, collapsin response mediator 
protein 5 (CV2/CRMP5), amphiphysin, Ma2, 
glutamic acid decarboxylase (GAD), Recoverin, 
Sry-like high mobility group box protein 1 (Sox1), 
Zic family member 4 (Zic4), delta/notch-like epi-
dermal growth factor-related receptor (DNER) 
and unspecified neuropil antibodies were ana-
lysed in serum and CSF. Both samples showed 
immunohistochemically high reactivity with the 
neuropil of mouse brain, but no specific antibod-
ies were detected by indirect immunofluorescence 
assays. The additional laboratory assessment was 
positive for antinuclear antibodies (ANAs) at 
1:1600 (nucleolar pattern) without further clini-
cal or laboratory evidence for rheumatic diseases. 
A whole-body positron emission tomography 
(PET) revealed no pathological finding.

Based on imaging and laboratory findings, an 
autoimmune encephalitis was assumed and the 
patient was treated with i.v. methylprednisolone 
(1.0 g/day for 3 consecutive days), followed by an 
oral prednisolone therapy (started at a dose of 
70 mg/day) resulting in a marked improvement of 
dysarthria, confirmed by logopaedic assessment. 
CSF analysis 1 month later showed a normal cell 
count; neuropil antibodies were not detectable in 

blood and CSF. The ANA titre decreased to 
1:800. Prednisolone was gradually tapered and 
discontinued after 4 months. About 3 months 
later, the patient presented with increasing dysar-
thria and a new occurrence of gait ataxia. The MRI 
again showed FLAIR hyperintensity in the medial 
thalamus and pulvinar predominantly on the left 
(Figure 1). The CSF cell count showed a slight 
increase (5 leucocytes/µl). Neuropil antibodies in 
CSF and blood were again positive. Further labo-
ratory tests detected high-titre anti-mGluR1 IgG 
in CSF (1:32) and serum (1:1000), establishing 
the diagnosis of an anti-mGluR1-associated 
encephalitis. Anti-mGluR1 antibodies were also 
detected in the preserved CSF and serum samples 
of the first disease episode (CSF 1:32, serum 
1:1000) and belonged to the IgG1, IgG3 and IgG4 
subclass. The patient received a further course of 
i.v. methylprednisolone at a dose of 1.0 g/day for 3 
consecutive days, which resulted in clinical 
improvement. From May 2017 the patient was 
treated with six courses of IVIG (loading dose with 
2 g/kg over 5 consecutive days, maintenance dose 
of 1 g/kg monthly) with concomitant low-dose 
prednisolone. Anti-mGluR1 IgG titres in CSF 
(1:3.2) and serum (1:100) decreased and the 
patient showed a stable course with only mild dys-
arthria and mild gait ataxia over 6 months. In the 

Figure 2.  Electroencephalography (EEG) with intermittent general delta frequency activity with frontal 
predominance.
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further course, anti-mGluR1 IgG in serum slowly 
increased (1:1000) followed by a slight worsening 
of dysarthria. We therefore initiated a B cell-
depleting therapy with rituximab (two 1000 mg 
doses 2 weeks apart, then 1000 mg every 6 months) 
resulting in a stable clinical course. At 6 months 
after starting rituximab MRI demonstrated a 
regression of the hyperintense lesion in the medial 
thalamus and pulvinar and EEG still showed inter-
mittent bifrontal theta and delta frequency activity. 
Neuropsychological evaluation revealed no rele-
vant impairment and there was no dysgeusia. The 
last follow up 2 years after the first presentation 
and 10 months after starting rituximab showed a 
gradual improvement of dysarthria with persistent 
mild gait ataxia. The serum anti-mGluR1 antibod-
ies decreased to 1:320. After two cycles of rituxi-
mab, B cells were effectively depleted (CD19+ 
- cells 0.02% of total lymphocytes) and HBV-
DNA remained negative without prophylactic 
HBV treatment. A whole-body PET again was 
negative regarding a malignancy. MRI volumetry 
revealed no significant change in cerebellar volume 
between 2016 and 2018.

Clinical course, laboratory findings and treatment 
are shown in Figure 3.

The patient gave written informed consent for 
publication of this case report.

Review of reported cases
A systematic literature research via PubMed was 
conducted to identify previously reported cases of 
anti-mGluR1 antibody-associated encephalitis, 
using the following key terms: (‘metabotropic 
glutamate receptor type 1’ OR ‘mGluR1’) AND 
(‘autoantibodies’ OR ‘autoantibody’ OR ‘autoim-
munity’ OR ‘antibody’).

A total of 18 cases published up to 30 September 
2018 were identified.13–19 The mean age was 
57.12 years (standard deviation 15.57 years, range 
19–81 years); 10 were women. All patients devel-
oped cerebellar ataxia (n = 18/18), further symp-
toms included dysarthria (n = 9/18),13–18 cognitive 
impairment (n = 5/18),13,16,17 ocular symptoms 
(n = 7/18),14,15,17,18,20 head titubation (n = 
3/18)13,14,19, dysgeusia (n = 4/18)17 and psychiat-
ric symptoms (n  = 2/18),17,19 related to the loca-
tion of mGluR1 in the olfactory bulb and limbic 
system.7–9 Five of the published cases had CSF 
pleocytosis (range 5–190 cells/µl)13–15,17,18 and Fi
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oligoclonal IgG bands were detected in two 
patients diagnosed with multiple sclerosis.17 In six 
cases MRI showed a cerebellar T2-hyperintensity 
or cerebellar atrophy,14–18 whereas six patients 
had a normal MRI.13,17,19

Table 1 summarizes the clinical presentation, 
diagnostic results and treatment of the cases pub-
lished so far.

Discussion
Due to the variable clinical manifestation and 
diagnostic findings, the diagnosis of anti-mGluR1 
antibody-associated encephalitis is challenging. 
The case reported is the first patient diagnosed 
with anti-mGluR1 antibody-associated encephali-
tis who initially suffered from isolated progressive 
dysarthria and developed subacute ataxia months 
later. The mild CSF pleocytosis was consistent 
with autoimmune encephalitis after excluding an 
infectious disorder. MRI abnormalities in our case 
differed from cases reported so far, since they were 
not located in the cerebellum, but in the thalamus 
and pulvinar. This finding may reflect the differ-
ent expression of mGluR1 in the human brain6–9 
and indicates that anti-mGluR1 antibodies can 
not only cause cerebellitis, but can also affect dis-
tinct brain areas. A recent retrospective MRI 
study in patients with basal ganglia haemorrhage 
concluded that lesions in the left pulvinar nucleus 
can lead to dysarthria.23 Since the FLAIR hyper-
intensity of the case reported was predominantly 
detected in this region, dysarthria as initial presen-
tation can be explained. Whether ataxia, observed 
in our case, has also been caused by a thalamic 
instead of cerebellar involvement cannot be deter-
mined unequivocally, since thalamic lesions can 
also cause cerebellar-like ataxia.24

Another finding was the nonspecific EEG abnor-
mality with intermittent generalized delta and 
theta frequency activity with frontal predomi-
nance that was observed throughout the whole 
follow-up period without clinical correlation. 
Nonspecific EEG abnormalities have been 
described in other autoimmune encephalitis enti-
ties and can be the only diagnostic finding when 
MRI and CSF are normal.25 Hence, EEG is an 
important diagnostic tool, but does not seem to 
be suitable for treatment monitoring.

The pathogenesis of the autoimmune condition 
in the current case remains obscure. Previously 

different pathophysiological mechanisms of anti-
mGluR1 antibody-associated encephalitis have 
been discussed. Several cases (n = 7/18) have 
been reported to be paraneoplastic: 5 out of the 
18 patients reported in the literature had a lym-
phoma,13,16,17 1 patient had an acute lymphatic 
leukaemia,17 1 patient suffered from a prostate 
adenocarcinoma16 and 1 patient had a history of 
testicular seminoma.17 The frequent association 
of especially lymphomas and anti-mGluR1 anti-
body-associated encephalitis suggests a paraneo-
plastic context. However, the long interval 
between lymphoma manifestation and cerebellar 
syndrome onset in the first two cases (lymphoma 
in remission for 2 years and 9 years)13 as well as 
the lack of mGluR1 expression in tumour lymph 
nodes of the index patient13 have raised doubts 
concerning the paraneoplastic link between lym-
phoma and anti-mGluR1 antibodies. However, 
in a patient with prostate adenocarcinoma and 
ataxia, anti-mGluR1 IgGs have been shown to 
bind to abundant mGluR1 expressed by epithelial 
cells of the adenocarcinoma.16 In addition aber-
rant expression of mGluR1 in other tumours such 
as breast cancer,26,27 melanoma28 and glioma29 
has been reported. Therefore, subacute cerebellar 
ataxia of unknown origin always requires an 
extended tumour screening.

Parainfectious autoimmunity is another potential 
pathophysiological mechanism. Lopez-Chiriboga 
and colleagues described a patient with herpes 
zoster 1 month prior to clinical manifestation of 
anti-mGluR1 antibody-associated cerebellitis.17 
Similar phenomena with a concomitant or pre-
ceding herpes simplex or varicella zoster infection 
have been observed in patients with NMDAR 
encephalitis.30–33

Beside the association with various tumours and a 
parainfectious aetiology, five patients with a 
comorbid autoimmune disease were reported: 
coexistent Sjögren’s syndrome in one, hypothy-
roidism in one, pernicious anaemia in one and 
multiple sclerosis in two patients.17 Remarkably, 
laboratory tests of the case reported here revealed 
an elevated ANA titre with nucleolar pattern 
without clinical signs of rheumatic or other auto-
immune disease. Similar findings have been 
obtained by Yoshikura and collegues.18 Detection 
of ANAs without related symptoms have been 
described in association with other forms of auto-
immune encephalitis34,35 possibly indicating a dis-
position for autoimmunity in those patients.
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Regardless of the aetiology of anti-mGluR1 anti-
body-associated encephalitis, early treatment 
seems to be important. Yoshikura and colleagues 
assumed that early treatment is crucial, because 
chronic exposure of the Purkinje cells to anti-
mGluR1 antibodies can induce cell degeneration 
of Purkinje cells and thus results in a progressive 
irreversible cerebellar atrophy.18 This is sup-
ported by the observation that postmortem analy-
sis of the cerebellum of a patient with anti-mGluR1 
antibodies revealed abnormal density and mor-
phology of the Purkinje cells20 and that some 
patients with an initially normal brain MRI 
develop cerebellar atrophy in clinical course.15,18 
Early and effective immunotherapy is therefore 
essential to prevent irreversible damage to the 
Purkinje cells. This assumption is supported by 
the fact that patients showing no clinical improve-
ment under immunotherapy had a long interval 
between disease onset and treatment (36 months 
and 12 months),13,17 whereas in patients improv-
ing or stabilizing under immunotherapy, treat-
ment has been initiated within 1–8 months after 
symptom onset.13–18 In five cases reported in the 
literature, the interval to treatment has not been 
documented.

Various therapeutics have been effective in the 
previously reported cases. At disease onset gluco-
corticosteroids, IVIG and plasma exchange have 
been used in the majority of patients.13–18 In our 
case glucocorticosteroids and IVIG initially 
resulted in clinical improvement, but during IVIG 
therapy dysarthria worsened, so treatment was 
switched to rituximab, which has been applied in 
three previous cases of anti-mGluR1 antibody-
associated encephalitis so far. One patient clini-
cally improved with rituximab and relapsed after 
treatment discontinuation.17 Another patient17 
starting therapy 36 months after the onset of 
ataxia showed no benefit and the third patient18 
received only a single course of rituximab. Our 
patient has shown a stable clinical course since 
starting B-cell depletion, but due to the short 
treatment duration (approximately 10 months) 
and the limited data from previous cases, further 
studies are necessary to demonstrate whether a B 
cell-depleting therapy is an effective treatment in 
general. As an alternative to rituximab, cyclo-
phosphamide is an established second-line ther-
apy for autoimmune encephalitis, but has an 
unfavourable side-effect profile.4 Recent studies 
moreover identified the plasma cell-depleting 

proteasome inhibitor bortezomib36,37 and the 
humanized anti-interleukin-6-receptor antibody 
tocilicumab38,39 as possible escalation therapy for 
inadequate treatment response to second-line 
therapies. However, due to the limited data avail-
able, further studies are required.

In our case, anti-mGluR1 IgG subclass differen-
tiation revealed the subclasses IgG1, IgG3 and 
IgG4. In no other case published so far have 
mGluR1 antibody IgG subclasses been described. 
Previous studies identified predominantly IgG1 in 
anti-NMDAR40 and anti-mGluR541 encephalitis, 
while autoantibodies against CASPR2,42 LGI143,44 
and IgLon545 were mainly of the IgG4 subclass. 
However, since the pathophysiology of the differ-
ent IgG subclasses in autoimmune encephalitis is 
largely not understood, further studies are neces-
sary, and also to explore possible therapeutic 
consequences.

The case reported here is the second long-term 
follow up of a patient with anti-mGluR1 anti-
body-associated encephalitis. A remarkable find-
ing during follow up was the correlation of the 
serum anti-mGluR1 antibody titre and the inde-
pendently (by neurologists and speech therapists) 
assessed dysarthria severity (Figure 3). Based on 
that and the hitherto published cases showing a 
decrease in anti-mGluR1 IgG titre under treat-
ment,13,14,18 serum anti-mGluR1 IgG titre may be 
a useful marker for monitoring immunotherapy, 
as also suggested by Yoshikura and colleagues.18 
Whether the CSF antibody titre also correlates 
with the clinical course, as shown in anti-NMDA 
encephalitis,46,47 has to be addressed by further 
studies.

In conclusion, based on the case reported here 
and the review of the literature, diagnosing anti-
mGluR1 antibody-associated encephalitis is 
challenging. To prevent permanent sequelae, 
early diagnosis and effective treatment are 
crucial.
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