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HERE are many types of cerebellar ataxia, in-
cluding ataxia due to congenital or metabolic
disorders and a paraneoplastic form in patients

with gynecologic cancer, breast cancer, lung cancer, or
Hodgkin’s disease.

 

1

 

 This paraneoplastic syndrome is
the only type of cerebellar ataxia associated with auto-
antibodies against neuronal antigens. Often, the neu-
ronal antigens are aberrantly expressed by the tumor
cells.

 

2-4

 

 The antineuronal autoantibodies are believed
to cause cerebellar ataxia, but this is unproved.

 

5,6

 

 In
Hodgkin’s disease, the lymphoma precedes the ataxia
by months to years in 80 percent of patients, and atax-
ia often occurs during a prolonged complete remis-
sion.

 

4

 

 Among patients with this type of ataxia, 30 per-
cent have anti–Purkinje-cell antibodies, some of which
have the features of the neuronal antibody anti-Tr.

 

4,7

 

We identified a new autoantibody in two patients
with severe cerebellar ataxia that developed while they
were in remission from Hodgkin’s disease. The anti-
body reacts specifically with the metabotropic gluta-
mate receptor mGluR1 in mouse brain. Metabotropic
glutamate receptors belong to a large family of cell-
surface receptors that transmit signals into the cell
by coupling to guanine nucleotide-binding proteins
(G proteins) in the cytoplasm. Purified IgG from the
serum of both patients blocked the glutamate-stim-
ulated formation of inositol phosphates in Chinese-

T

 

hamster-ovary (CHO) cells that expressed mGluR1

 

a

 

,
and the injection of IgG from serum or cerebrospi-
nal fluid into the cerebellar subarachnoid space of
mice caused severe, reversible ataxia. These results in-
dicate that antineuronal autoantibodies can cause dis-
ease of the central nervous system by blocking neu-
ronal receptors.

 

CASE REPORTS

 

Patient 1

 

In 1995, when she was 19 years old, Patient 1 presented with
subacute cerebellar ataxia. She had been treated with four cycles
of mechlorethamine, vincristine, procarbazine, and prednisone
plus doxorubicin, bleomycin, and vinblastine (MOPP-ABV) fol-
lowed by subtotal nodal irradiation for stage IIA nodular scleros-
ing Hodgkin’s disease. She had been in remission for two years
when truncal ataxia, intention tremor, and gait ataxia developed.
An examination of the brain with magnetic resonance imaging
(MRI) was normal. The cerebrospinal fluid contained 28 mono-
nuclear cells per cubic millimeter and had a protein concentration
of 28 mg per deciliter. The IgG concentrations in cerebrospinal
fluid and serum were 4.6 mg per deciliter (normal value, <8) and
0.89 g per deciliter, respectively. The albumin concentrations in
cerebrospinal fluid and serum were 17 mg per deciliter and 4.8 g
per deciliter, respectively. The calculated IgG index was 1.2 (an
IgG index of more than 0.6 indicates intrathecal IgG synthesis).

 

8

 

Cytologic examination showed no malignant cells. Serum and cer-
ebrospinal fluid contained IgG antineuronal antibodies of un-
known specificity.

 

9

 

These findings strongly suggested a diagnosis of paraneoplastic
cerebellar ataxia. The patient was treated with four plasma exchanges
at intervals of two to three days, oral prednisone at a dose of 40 mg
per day for six weeks, and two courses of intravenous immune glob-
ulin (total dose, 4 mg per kilogram of body weight). After the four
plasma exchanges, the cerebrospinal fluid was acellular and the IgG
concentration was less than 1 mg per deciliter. Over the following
seven months, the ataxia slowly disappeared. An examination of se-
rum for antineuronal antibodies when the patient was asymptomat-
ic was negative. The Hodgkin’s disease has remained in remission.

 

Patient 2

 

In 1996, at the age of 49 years, Patient 2 presented with severe
cerebellar ataxia and short-term memory loss. She had been treat-
ed for stage II Hodgkin’s disease (nodular sclerosing type) nine
years earlier with carmustine, cyclophosphamide, vinblastine, pro-
carbazine, and prednisone (BCVPP) and had been in remission
since then. She also had polycystic renal disease and had required
hemodialysis since 1991. On neurologic examination she was
alert and oriented. She could repeat four words, but her recall af-
ter five minutes was limited to two words. Comprehension and
naming were normal. She spoke with moderate cerebellar dysar-
thria. Severe appendicular and truncal ataxia with titubation of
the head and trunk were present. She could walk only with sup-
port from another person. MRI examinations of the brain when
ataxia was diagnosed and six months later were normal and did
not show cerebellar atrophy. The serum contained IgG antineu-
ronal antibodies that stained the cerebellum in a pattern identical
to that of serum from Patient 1.

One year after the onset of ataxia, the patient received a diag-
nosis of probable paraneoplastic ataxia and was treated with 14 plas-
ma exchanges, but there was no objective improvement of the trun-
cal ataxia and she remained unable to walk without support. In
1998, after the 14 plasma exchanges, the cerebrospinal fluid was
acellular and had an IgG concentration of 15 mg per deciliter. The
serum IgG concentration was 0.84 g per deciliter. The IgG index
was 0.62. High titers of antineuronal antibodies persisted in serum
and cerebrospinal fluid. Hodgkin’s disease remained in complete
remission.
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METHODS

 

Samples

 

We analyzed samples of serum and cerebrospinal fluid from
3060 patients that had been sent to us for antineuronal-antibody
testing. Of the 3060 patients, 26 had histologically proved Hodg-
kin’s disease, including Patients 1 and 2. IgG was purified from
specimens that were obtained from the first plasma exchange of Pa-
tients 1 and 2 and from normal serum with protein A Sepharose.
The purified IgG was dialyzed against phosphate-buffered saline
containing 10 mM lithium chloride or artificial cerebrospinal fluid
and used in assays for inositol phosphates or for in vivo transfer
experiments. Frozen tumor tissues were provided by the pathol-
ogy department of the Daniel den Hoed Cancer Center. We stud-
ied 10 samples of Hodgkin’s tissue, including a lymph node from
Patient 1, and 5 samples of non-Hodgkin’s lymphoma.

 

Immunohistochemical Analysis

 

Normal C57BL/6 mice and mGluR1-deficient C57BL/6 mice

 

10

 

were deeply anesthetized with pentobarbital and perfused through
the heart with a fixative solution containing 4 percent paraformal-
dehyde, 0.2 percent picric acid, and 0.05 percent glutaraldehyde.
Parasagittal sections (40 µm each) of brain from these mice were
incubated overnight with a 1:1000 dilution of test serum or 0.5 µg
of rabbit anti-mGluR1 G18 antibody per milliliter

 

11

 

 and were then
incubated with biotinylated goat antihuman or antirabbit IgG (Vec-
tor). For confocal microscopy, sections underwent reaction with
Texas red–avidin (Vector, Burlingame, Calif.) instead of avidin–
biotin–peroxidase complex. To test for antineuronal antibodies,
we incubated the 3060 samples of serum and cerebrospinal fluid
with parasagittal frozen and acetone-fixed 6-µm sections of rat cere-
bellum and then with the addition of fluorescein-isothiocyanate–
labeled goat antihuman IgG (Dako, Glostrup, the Netherlands).
Anti–Purkinje-cell antibodies were classified as anti-Yo when reac-
tive with the paraneoplastic Yo62 antigen, as anti-Tr when an addi-
tional characteristic dotted staining pattern was present in the cer-
ebellar molecular layer, or as of unknown specificity.

 

9

 

Cell Labeling and Assay for Inositol Phosphates

 

Live CHO cells that expressed the mGluR1 isoform mGluR1

 

a

 

or the closely related receptor subtype mGluR5a were incubated
in culture medium

 

12

 

 with 1:1000 dilution of each patient’s serum
for one hour. After being washed with phosphate-buffered saline,
the cells were fixed with 4 percent paraformaldehyde for 10 min-
utes, and serum antibodies that bound to the cells were detected
by staining with fluorescent-labeled antihuman IgG (Vector). For
measurement of the formation of inositol phosphates, the recep-
tor-expressing CHO cells were labeled with [

 

3

 

H]inositol (1 µCi
per milliliter) for 24 hours as described previously.

 

11

 

The amino-terminal extracellular domain of mGluR1 is involved
in glutamate binding.

 

13

 

 Antibodies raised against mGluR1 amino-
terminal sequences inhibit the glutamate-stimulated formation of
inositol phosphates in mGluR1

 

a

 

-expressing cells.

 

11

 

 With this sys-
tem, we assessed the effects of purified IgG on the activation of
mGluR1 by analyzing the glutamate-stimulated formation of in-
ositol phosphates in CHO cells that expressed mGluR1

 

a

 

. After we
incubated the cells with phosphate-buffered saline for 20 minutes,
we incubated them with phosphate-buffered saline that contained
10 mM lithium chloride in the absence or presence of the pa-
tient’s purified IgG for 20 minutes at 37°C. Agonist stimulation
was started by adding glutamate to a final concentration of 15 µM;
this caused an increase in the levels of inositol phosphates by a fac-
tor of two to three.

 

11

 

 After incubation for 20 minutes at 37°C, the
reaction was terminated by 5 percent trichloroacetic acid (wt/vol).
[

 

3

 

H]Inositol phosphates (IP1, IP2, and IP3) were separated by
AG1-X8 chromatography (Bio-Rad, Hercules, Calif.), and the radio-
activity was determined on a liquid scintillation spectrometer.

 

Absorption Experiments

 

The patient’s IgG was incubated with mGluR1

 

a

 

- or mGluR5a-
expressing CHO cells (1¬10

 

8

 

 cells per milligram of IgG) in phos-

phate-buffered saline for one hour. After centrifugation, IgG that
remained in the supernatant was purified again with protein A and
dialyzed against artificial cerebrospinal fluid. Successful absorp-
tion of the anti-mGluR1 antibodies with mGluR1

 

a

 

-expressing
CHO cells was confirmed by immunohistochemical assay, CHO-
cell labeling, and assay for inositol phosphates with the use of the
mGluR1

 

a

 

-expressing CHO cells as described above. When the
same assays were used, absorption with mGluR5a did not reduce
the ability of the anti-mGluR1 antibodies to bind to mGluR1

 

a

 

.

 

Transfer Experiments

 

A catheter was placed in the cisterna magna of C57BL/6 mice
after they had received general anesthesia.

 

14

 

 At least 24 hours lat-
er, artificial cerebrospinal fluid containing IgG either from the pa-
tient or from normal serum (20 µl [0.1 to 20 mg per milliliter])
was injected through the catheter over a period of 30 minutes.
Footprints were made with ink applied to the hind paws of mice
one hour after injection. For the rotorod test, animals were trained
before injection. All animals managed to stay on a rod that was
rolling at 20 rpm for longer than 60 seconds after several trials.
Thirty minutes and every hour after the injection of IgG, each an-
imal was tested in five trials, and the average time it remained on
the rod was determined. The maximal time allowed was 60 sec-
onds. In some experiments, aniline blue dye was injected concur-
rently to confirm the delivery of injected materials. For visualiz-
ing the penetration of human IgG into the cerebellum, the mice
were perfused with the fixative solution 5 to 12 hours after injec-
tion, and transverse sections through the cerebellum were immu-
nostained as described above with antihuman IgG primary anti-
body (Dako).

 

Expression of mGluR1 in Tumor Samples

 

Frozen sections (5 µm each) from Hodgkin’s and non-Hodgkin’s
lymphoma tissues were fixed in acetone and then incubated with
biotinylated IgG from Patients 1 and 2 and normal human serum
or with G18. We extracted RNA from the same tumors using the
triple-extract reagent (Tri-Reagent, MRC, Cincinnati) followed by
reverse transcription. For reverse transcriptase–polymerase chain
reaction (RT-PCR), we used three primer sets specific to both intra-
cellular and extracellular coding sequences of mGluR1: primer set
1: 5'TCTGGGGTGCATGTTCACTCC3' and 5'AGGCCGTCT-
CATTGGTCTTCA3'; primer set 2: 5'CGAGAAAGTGCCCGA-
GAG3' and 5'GTGGCTGAATAAGCGATCTG3'; and primer set
3: 5'TGAAGGCATAGTAGGTACAG3' and 5'GAGTGGAGCAA-
CATCGAAT3'. The primers used for our positive control glycer-
aldehyde-3-phosphate dehydrogenase were 5'CCGAGCCACATC-
TGCTCAGACAC3' and 5'GGCCATCCACAGTCTTCTGGGT3'.

 

RESULTS

 

Samples of serum and cerebrospinal fluid from both
patients had similar, specific immunohistochemical
staining patterns on sections of mouse brain (Fig. 1A
and 1E). Purkinje-cell bodies were strongly stained
(Fig. 1C), and distinctive punctate staining, compat-
ible with labeling of the Purkinje-cell spines, was ob-
served in the molecular layer of the cerebellum (Fig.
1D). Strong staining of neurons and neuropil was also
observed in the glomeruli of the olfactory bulb, the
olfactory tubercle (including the islands of Calleja),
the superficial layer of the cerebral cortex, the CA3
area of the hippocampus, the thalamus, the super-
ior colliculus, and the spinal trigeminal nucleus. The
immunohistochemical staining pattern appeared to
be similar to the distribution of the metabotropic
glutamate receptor mGluR1 (Fig. 1F).

 

15,16

 

 To test
whether these antibodies were indeed directed against
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Figure 1.

 

 Immunohistochemical Analysis of Sections of Mouse Brain with Serum from Patients 1 and 2.
We performed an immunohistochemical analysis of parasagittal sections of mouse brain with the serum from Patient 1 (Panels A,
B, C, and D) and Patient 2 (Panel E) and with a rabbit antibody (G18) to mGluR1 (Panel F). With brain tissue from mice (wild type
[wt]), strong immunoreactivity was observed with both of the serum samples (Panels A, C, D, and E) in the Purkinje cells and the
molecular layer (M) of the cerebellum (Cb), glomeruli of the olfactory bulb (OB), olfactory tubercle (Tu), CA3 area of the hippocampus
(Hi), cerebral cortex (Cx), thalamus (Th), superior colliculus (SC), and spinal trigeminal nucleus (Sp). In the molecular layer, strong
punctate labeling was observed with confocal microscopy (Panel D). These staining patterns resemble those found with a rabbit
antibody against mGluR1 (Panel F) and were abolished (Panel B) in mGluR1-deficient mice (knockout [ko]). P denotes the layer of
Purkinje cells, and G the layer of granule cells. The bar represents 100 µm for Panel C and 25 µm for Panel D.
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mGluR1, we incubated the patients’ serum and cere-
brospinal fluid with sections obtained from mGluR1-
knockout mice (Fig. 1B).

 

10 

 

These sections were not
stained by either the serum or the cerebrospinal fluid
(data not shown).

To confirm the specificity of the reactivity of the
serum with native mGluR1 proteins, we incubated

living CHO cells that expressed rat mGluR1

 

a

 

12

 

or mGluR5a

 

17

 

 with serum from both patients. The
two serum samples strongly labeled CHO cells that
expressed mGluR1

 

a

 

 but not cells that expressed
mGluR5a (Fig. 2A, 2B, 2C, and 2D). The reactivity
of the patients’ IgG and cerebrospinal fluid with CHO
cells that expressed human mGluR1 and with human

Copyright © 2000 Massachusetts Medical Society. All rights reserved. 
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Figure 2.

 

 Functional Blocking of the mGluR1 Receptor by Autoantibodies.
Autoantibodies to mGluR1 blocked the glutamate-stimulated formation of inositol phosphates in mGluR1

 

a

 

-express-
ing Chinese-hamster-ovary (CHO) cells. With the serum from Patient 1 (Panels A and B) and Patient 2 (Panels C and
D), we incubated CHO cells that expressed either mGluR1

 

a

 

 (Panels A and C) or mGluR5a (Panels B and D). The se-
rum samples from both patients reacted strongly with the native mGluR1

 

a

 

 protein on the cell surface but not with
mGluR5a. Panel E shows the effects of purified IgG on the glutamate-stimulated formation of inositol phosphates in
the CHO cells that expressed mGluR1

 

a

 

 (solid symbols) and mGluR5a (open symbols). The formation of inositol phos-
phates was stimulated with 15 µM glutamate in the presence of IgG prepared from a control subject (triangles), Pa-
tient 1 (circles), and Patient 2 (squares). The values are the means (±SE) of three experiments performed in triplicate
and are given as percentages of the increase in the formation of inositol phosphates stimulated with 15 µM glutamate
in the absence of IgG. The IgG of both patients inhibited the glutamate-induced production of inositol phosphates
in a dose-dependent manner in CHO cells that expressed mGluR1

 

a

 

 but not mGluR5a. The mean (±SE) concentra-
tions of IgG from Patients 1 and 2 that inhibited the activity of mGluR1

 

a

 

 by 50 percent were 58±9.4 and 194±36 µg
per milliliter, respectively. The IgG of the control subject had no effect at a concentration of 500 µg per milliliter.
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cerebellar sections was also demonstrated (data not
shown). These results indicate that IgG from both pa-
tients reacted specifically with the amino-terminal
extracellular domain of native mGluR1

 

a

 

. Inhibition
of the activation of mGluR1

 

a

 

 in a dose-dependent
manner was also found with the IgG from each of the
patients (Fig. 2E). The mean (±SE) concentrations
of IgG that caused 50 percent inhibition of the acti-
vation of mGluR1

 

a

 

 (IC

 

50

 

) for IgG from Patient 1 and
Patient 2 were 58±9 and 194±36 µg per milliliter,
respectively. Normal human IgG had no effect. IgG
from the two patients did not block the activation
of mGluR5a, a finding that indicates its specificity.

We then examined the pathogenicity of the anti-
mGluR1 autoantibodies by injecting purified IgG
from the two patients (400 µg; 20 µl [20 mg per mil-
liliter]) into the subarachnoid space of normal mice,
near the cerebellum. Thirty minutes after the injec-
tion, the mice became increasingly ataxic, with a wide
gait (Fig. 3A). They were unable to walk a straight
line, and the distance between their steps was small
and irregular, an indication of cerebellar dysfunction.

 

18

 

At the peak of the symptoms, the most strongly af-
fected mice could hardly walk or stand up because
of severe truncal ataxia. As assessed by the rotorod
test, the ataxic behavior peaked at about 2 to 4 hours
after injection of IgG and subsided after 24 hours
(Fig. 3B). Significant effects on the behavior of the
mice (P<0.05) could be detected with as little as
10 µg of IgG (20 µl [0.5 mg per milliliter]) from
Patient 1, whereas no effects were detected with nor-
mal human IgG (20 µl [20 mg per milliliter]).

To show that this in vivo effect of the IgG from
the patients was caused by the anti-mGluR1 autoan-
tibody, IgG was absorbed with CHO cells that ex-
pressed mGluR1

 

a

 

 or mGluR5a. The IgG that was
absorbed with mGluR1

 

a

 

 completely lost its effect
(Fig. 3B), but IgG that was absorbed with mGluR5a
remained effective (the value on the rotorod test
2 hours after injection was 18±12 seconds — not sig-
nificantly different from the values for nonabsorbed
IgG; P>0.3). The injected IgG was restricted largely
to the cerebellum (Fig. 3C and 3D); it had penetrat-
ed throughout various layers of the cerebellar cor-
tex, as shown by immunohistochemical visualization
of human IgG (Fig. 3D). 

Furthermore, antibodies eluted from the cells that
expressed mGluR1

 

a

 

 caused similar ataxic behavior
in mice at a low concentration (20 µl [about 0.15 mg
per milliliter]) (Fig. 3B). These results clearly indicate
that anti-mGluR1 autoantibodies from these patients
caused cerebellar ataxia in mice by functional block-
ing of mGluR1 in the cerebellum.

Titers of the autoantibody in cerebrospinal fluid
and serum samples from both patients were exam-
ined by end-point titration of immunohistochem-
ical mGluR1 staining in sections of rat brain. Before
Patient 1 received plasma exchanges, the titers in

her cerebrospinal fluid and serum were 512 and
3200, respectively. When these values were normal-
ized according to concentrations of IgG, the anti-
mGluR1 titer per unit of IgG was 31 times as high
in cerebrospinal fluid as in serum, an indication of
intrathecal synthesis. Using these values, we found
that the anti-mGluR1 antibody content in the cere-
brospinal fluid was 25 times as high as that in the
IC

 

50

 

 of serum IgG (46 µg per milliliter¬31÷58 µg
per milliliter). In Patient 2, after she received plas-
ma exchanges, the anti-mGluR1 titer in serum was
400 and the titer in cerebrospinal fluid was 256. Nor-
malized according to IgG concentrations, the anti-
mGluR1 IgG titer per unit of IgG was 36 times as
high in cerebrospinal fluid as in serum. In Patient 2,
the content of anti-mGluR1 antibody in cerebrospi-
nal fluid was therefore 28 times that in the IC50 of
serum IgG (150 µg per milliliter¬36÷194 µg per
milliliter).

To investigate whether the anti-mGluR1 autoanti-
bodies were related to Hodgkin’s disease, we exam-
ined a frozen biopsy specimen of a lymph node from
Patient 1 and lymph nodes from nine other patients
with Hodgkin’s disease and five patients with non-
Hodgkin’s lymphoma by RT-PCR and an immuno-
histochemical assay, using biotinylated IgG from the
patients. We could not detect mGluR1 RNA in any
of these samples, but we did detect it in positive con-
trols (rat and human cerebellum; data not shown).
Also, an immunohistochemical assay with biotinylated
IgG from the patients did not provide evidence for
the expression of mGluR1 or a cross-reactive epitope
in any of the tumor samples (data not shown).

We also examined serum samples from more than
3060 patients for the presence of paraneoplastic an-
tineuronal antibodies. These samples included serum
samples from 26 patients with Hodgkin’s disease.
Only the serum from Patients 1 and 2 showed anti-
mGluR1 immunoreactivity. Of the 24 serum sam-
ples from other patients with Hodgkin’s disease,
5 reacted with Purkinje cells; the pattern was anti-Tr
in 3 of these. These anti-Tr serum samples did not
bind to CHO cells that expressed mGluR1 and
showed the same immunolabeling pattern of Purkinje
cells in wild-type and mGluR1-knockout mice (data
not shown).

DISCUSSION

IgG from serum and cerebrospinal fluid from two
patients with cerebellar ataxia bound to mGluR1 re-
ceptors in the brain and caused ataxia in mice. In Pa-
tient 1, the most striking symptom at presentation
was gait ataxia; she was unable to walk with a tan-
dem gait. At that time, the titers of the anti-mGluR1
autoantibodies in serum and cerebrospinal fluid were
3200 and 512, respectively. After 25 days of treat-
ment with prednisone and four plasma exchanges,
her gait improved and the serum and cerebrospinal

Copyright © 2000 Massachusetts Medical Society. All rights reserved. 
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Figure 3. Impaired Motor Coordination Resulting from the Passive Transfer
of IgG from Two Patients into the Cerebellar Subarachnoid Space of Mice.
Panel A shows the hind footprint pattern of a mouse injected with IgG from
the patients. After the injection, the gait was wide and the steps were short.
The mice affected most strongly were unable to stand up because of severe
truncal ataxia at the peak of the effect. Panel B shows the results of the ro-
torod test (at 20 rpm), which indicated the course of the ataxia caused by the
injection of IgG (20 µl [20 mg per milliliter]) from Patient 1 (solid circles) and
Patient 2 (squares). The ataxia peaked 3 hours after the injection, and a sig-
nificant difference (P<0.05) between behavior before and after the injection
was detected up to 12 and 6 hours after the injection of IgG from Patients 1 and
2, respectively. IgG from a control subject (triangles) and IgG from Patient 1
that was preabsorbed with the CHO cells that expressed mGluR1a (open cir-
cles) had no significant effects. Antibodies eluted from the cells that ex-
pressed mGluR1a caused similar ataxic behavior in mice at a much lower
concentration (20 µl [approximately 0.15 mg per milliliter], diamonds). The
values for numbers of seconds on the rod are means (±SE) of measure-
ments in 3 to 10 mice. The maximal time allowed on the rotorod was 60 sec-
onds. The delivery of the injected IgG was confirmed with dye injected con-
currently (Panel C) and with immunolabeling of human IgG in transverse
sections through the cerebellum fixed 12 hours after injection (Panel D). The
injected material was seen mainly in the cerebellum (Cb) and penetrated the
cerebellar cortex. OB denotes olfactory bulb, Cx cerebral cortex, SC spinal
cord, and MO medulla oblongata.

Before Injection After Injection

MO

Cb

SC

Cb

OB

Cx

C

D

0

70

0 25

10

20

30

40

50

60

5 10 15 20

Time after Injection (hr)

Control subjectC
Patient 1, absorbedC
Patient 2C
Patient 1C
Patient 1, elutedT

im
e 

o
n

 R
o

d
 (

se
c)

fluid titers of the autoantibodies had dropped to 200
and 64, respectively. Later, when she was asymptomat-
ic, we could not detect anti-mGluR1 autoantibodies
in her serum.

The serum of Patient 2 was first tested when she
had had severe ataxia for almost one year. The titer
of anti-mGluR1 autoantibodies in her serum was
3200 at that time. After 14 plasma exchanges, she con-
tinued to have severe ataxia and was unable to walk
without support. Although the plasma anti-mGluR1
titer had dropped to 400 after the plasma exchanges,
the cerebrospinal fluid titer remained high, an indica-
tion of ongoing intrathecal synthesis of anti-mGluR1
autoantibodies.

Several molecules have been identified as autoanti-
gens associated with nervous system diseases. These
include the acetylcholine receptor in myasthenia gra-
vis,19 voltage-gated calcium channels in the Lambert–
Eaton syndrome,20 presynaptic potassium channels in
Isaacs’ syndrome (neuromyotonia),21 GluR3 in Ras-
mussen’s encephalitis,22 and Hu antigens in parane-
oplastic encephalomyelitis.23 So far, functional effects
of such autoantibodies have been found only in dis-
orders of the peripheral nervous system, such as
myasthenia gravis (blocking of acetylcholine recep-
tors)19 and the Lambert–Eaton syndrome (block-
ing of presynaptic voltage-gated calcium channels at
the neuromuscular junction).24 Our results indicate
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that autoantibodies may also affect the central nerv-
ous system by blocking neuronal receptors.

We detected anti-mGluR1 autoantibodies in the
serum of only two of 3060 patients with a variety of
disorders. These two patients had Hodgkin’s disease,
but we were unable to show conclusively that the atax-
ia and the Hodgkin’s disease were linked in a para-
neoplastic syndrome. We did not detect expression
of mGluR1 in the tumor-containing lymph node of
Patient 1, a finding that would have tied the two dis-
orders together. Nevertheless, in about 50 percent
of cases, the cerebellar syndrome of nonhereditary
subacute ataxia in adults is paraneoplastic and can
occur when Hodgkin’s disease is in remission.1,4

The mGluR1 receptors are located at the perisyn-
aptic site of the Purkinje-cell dendritic spines, which
form excitatory synapses with parallel fibers or climb-
ing fibers.25 The activation of mGluR1 receptors is
necessary for the induction of cerebellar long-term
depression, which is probably the mechanism of cer-
ebellar motor learning.10,11,26,27 Mice that lack the
mGluR1 gene have ataxic gait and intention tremor
and impaired cerebellar long-term depression and mo-
tor learning.19 The ability of the anti-mGluR1 autoan-
tibodies to cause ataxic behavior in mice by blocking
mGluR1 in the cerebellum indicates that the activa-
tion of mGluR1 is necessary for normal cerebellar
coordination.

Impaired cerebellar long-term depression and
motor learning, which result from the blocking of
mGluR1,10,11,26 are unlikely to be the cause of ataxia
in our study, because the effects of the injected anti-
bodies were evident in the short term. The activation
of mGluR1 induces slow inward–outward currents
as well as a depression of parallel fiber-mediated ex-
citatory postsynaptic currents in Purkinje’s cells.26 The
blocking of these mGluR1-mediated effects in the par-
allel fiber synapses may have a role in the ataxic be-
havior. Finally, we should consider the possibility that
the short-term ataxic effect results partly from im-
paired mGluR1 activation at other locations, such as
climbing fiber synapses — activation that is neces-
sary for normal motor coordination.28
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