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【 CASE REPORT 】
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Abstract:
Glutamate receptor δ2 (GluRδ2) is expressed in the neuronal postsynaptic densities at the junctions be-

tween the Purkinje cells and the parallel fibers. Recent reports have described patients with opsoclonus who

possess anti-GluRδ2 antibodies. We report the case of a 53-year-old man with opsoclonus whose cerebrospi-

nal fluid was positive for anti-GluRδ2 antibodies. Electronystagmography revealed abnormal sinusoidal eye

movements, which were definitively identified as opsoclonus. The frequency and amplitude of saccadic oscil-

lations diminished after plasmapheresis (PE). The patient’s opsoclonus was altered after PE, suggesting that

anti-GluRδ2 antibodies may act on the saccade generator in the brainstem via the cerebellum and that they

may be involved in the onset of opsoclonus.
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Introduction

Opsoclonus is a sinusoidal oscillation of the eye that is

believed to be associated with a disturbance of the omni-

pause neurons (OPNs) in the paramedian pontine reticular

formation (1). When the cerebellar Purkinje cells are im-

paired, disinhibition of the cerebellar fastigial nucleus oc-

curs. It has been hypothesized that this may cause opso-

clonus (2-4). Based on this hypothesis, it has also been

theorized that input from the parallel fibers to the Purkinje

cells in the cerebellum may be blocked by autoantibodies,

causing the appearance of opsoclonus (5, 6). Another study

reported that the impairment of ion channels in burst neu-

rons may contribute to the development of opsoclonus (7).

Anti-GluRδ2 antibodies have been implicated in

opsoclonus-myoclonus syndrome in three recent case re-

ports (6, 8, 9). The cerebrospinal fluid of all three patients

tested positive for anti-GluRδ2 antibodies, and all of the pa-

tients responded well to steroid pulse therapy or immuno-

therapy with intravenous immunoglobulin (6, 8, 9). These

results suggest an association between anti-GluRδ2 antibod-

ies and opsoclonus, myoclonus, and the loss of coordination;

however, it remains unclear whether anti-GluRδ2 antibodies

are directly involved in the mechanism that underlies the on-

set of saccadic oscillations, including opsoclonus.

We carried out eye movement tests on a patient with op-

soclonus whose cerebrospinal fluid was positive for anti-

GluRδ2 antibodies. We analyzed the changes in saccadic os-

cillations brought about by plasmapheresis (PE) and at-

tempted to formulate an electrophysiological explanation for

the mechanism underlying the onset of saccadic oscillations

related to anti-GluRδ2 antibodies.
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Case Report

The patient was a 53-year-old man whose chief com-

plaints were oscillopsia and staggering when walking. These

symptoms appeared suddenly in 2014. Abnormal eye move-

ments were identified at a local clinic, but no abnormality

was apparent on cranial magnetic resonance imaging (MRI).

The symptoms spontaneously improved after approximately

one month. Four months after this improvement, the symp-

toms flared up again, but not to the extent that they signifi-

cantly interfered with his daily life. One month later, the os-

cillopsia was exacerbated when the patient suffered from fe-

ver, nausea, diarrhea, and other symptoms of acute gastroen-

teritis, and he developed vertigo and became unable to walk.

He regained the ability to walk after approximately one

month; however, the oscillopsia and unsteady gait persisted

for at least another three months.

Neurological findings

The patient was lucid, and his higher brain function was

preserved. Irregular rapid abnormal eye movements were

evident, the movements were primarily horizontal, but

movements in all directions were observed. These move-

ments were suppressed when his gaze was fixed. The finger-

to-nose test of coordinated movement revealed bilateral cere-

bellar ataxia, primarily on the left. There were no involun-

tary movements such as myoclonus. The patient was unable

to walk heel-to-toe; however, the muscle strength in all four

limbs was preserved. The deep tendon reflexes, including

the masseter reflex, were normal. There were no sensory or

autonomic nervous disturbances.

Test results

The peripheral blood count and blood biochemistry test

results were all normal. An analysis of the cerebrospinal

fluid revealed that the cell count was normal at 1/μL (mono-

nuclear cells, 1/μL; polymorphonuclear cells, 0/μL), and that

the protein level (33 mg/dL) was also normal. The cerebro-

spinal fluid was negative for oligoclonal bands, and there

was no elevation of the IgG index or of antibodies to any

viruses. General bacterial and mycobacterial cultures were

negative, and the cytology was class II. Furthermore, cranial

contrast MRI revealed no abnormalities.

We performed thoracoabdominal CT, abdominal echo, up-

per gastrointestinal endoscopy, and investigated the patient’s

tumor marker levels in order to distinguish paraneoplastic

opsoclonus; however, no neoplastic disease was detected.

Clinical course

Brainstem-cerebellar syndrome due to autoantibody-

mediated encephalopathy was suspected on the basis of the

opsoclonus and cerebellar ataxia; thus, the anti-GluRδ2 anti-

body levels in the patient’s plasma and cerebrospinal fluid

were measured. At eight months after the onset of symp-

toms, simple PE was performed a total of three times. Step-

ping tests, heel-to-toe walking tests, and electronystagmogra-

phy were performed before and after PE.

The detection of antibodies against three domains

of GluRδ2 in the serum and CSF

We detected antibodies against three domains of Gluδ2

molecules using conventional enzyme-linked immunosorbent

assays. The natriuretic (NT)-peptide (FDESAKKDDEVFRT,

33-46 of the Gluδ2 molecule) was synthesized as an antigen

to detect antibodies against the N-terminal of Gluδ2

(antibodies against Gluδ 2-NT ) . The CT-peptide

(PEHRTGPFRHRAPNG, 958-972 of the Gluδ2 molecule)

was synthesized as an antigen to detect antibodies against

the C-terminal domain of Gluδ2 (antibodies against Gluδ2-

CT). The binding of these antibodies was detected by meas-

uring the optical density of the samples. Results were con-

sidered positive if the values exceeded the mean + two stan-

dard deviations of the control serum and the control cerebro-

spinal fluid. The optical density level was increased in our

patient [level (mean (SD) control value), δ2-NT: 0.676

(0.358 (0.165))], indicating anti-GluRδ2 antibody positivity.

Serum tests for anti-GluRδ2 antibodies were negative. The

patient’s cerebrospinal fluid was tested for Anti-N-methyl-D-

aspartate receptor antibodies with a cell-based assay using

NR1 and NR2 co-transfected human embryonic kidney

(HEK) cells; however, the result was negative.

Stepping tests and heel-to-toe walking tests: The stepping

test with eyes closed was performed as a test of the balance

function of the vestibulospinal reflex system. The patient

stood in the center of a circle with a radius of one meter

with his eyes closed. He then stepped in place 50 times with

both arms stretched out in front of him while keeping his

eyes closed. Bias was evaluated based on the step angle and

the distance traveled. The heel-to-toe walking test was also

carried out before and after PE to evaluate gait disturbance.

The bias angle improved after PE, and ultimately disap-

peared (Table). PE had no effect on the distance traveled.

The patient was incapable of heel-to-toe walking before PE;

however, his gait function improved after PE and heel-to-toe

walking became possible. His oscillopsia was reduced.

The measurement and analysis of eye movements: Elec-

trodes were attached to the patient’s eyelids in horizontal

and vertical orientations; direct current (DC) recordings of

the original waveforms of the eye movements in each direc-

tion were made using electronystagmography (ENG) (First,

Tokyo, Japan) and a PowerLab data collection and recording

device (sampling frequency of 1 kHz; AD Instruments, Cas-

tle Hill, Australia). Tests were carried out in the dark, with

the patient’s eyes open. The patient was in a supine position

and wore goggles fitted with an infrared camera that moni-

tored his eye movements. The patient was seated and in-

structed to fix his gaze on a red laser light directly in front

of him (frontal gaze); during this time, his eye movements

were recorded. He then closed his eyes and fixed his gaze

again. One series involved the maintenance of each condi-

tion for 20 seconds; this was performed a total of three
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Figure　1.　Electronystagmography with eyes closed (DC recording). The top traces show the hori-
zontal eye movements, and the bottom traces show their speed. A: Waveforms recorded two days 
before the first PE. B: Waveforms recorded five days after the second PE. C: Waveforms recorded 
five days after the third PE. In A, the position of the eyes when the gaze was fixed on a laser light was 
constant in the primary position; however, opsoclonus (sinusoidal abnormal eye movements) ap-
peared after the eyes were closed. Similar results were recorded in B and C; however, opsoclonus 
appeared less frequently in comparison to A.

Closed Eye

A Right

Left

20

-20

300 /sec

-300 /sec

B

Look on the point

Look on the point

C

Look on the point

Closed Eye

Closed Eye

Right

Left

20

-20

300 /sec

-300 /sec

Right

Left

20

-20

300 /sec

-300 /sec

Table.　Analysis of Eye Movement Recordings and Clinical Examination in Pre-PE and 
Post-PE.

Opsoclonus Stepping test
Tandem gait

Frequency (/min.) Amplitude (°) Angle (°) Distance (cm)

Pre-PE 106.6±20.5 59.5±9.2 60 55 Impossible

Post-PE 2nd 78.7±9.2 70.0±9.6a 30 60 Possible

Post-PE 3rd -1  42.7±15.1  58.0±15.3a  0 50 Possible

Post-PE 3rd -2 46.7±8.3  44.4±12.9a  0 50 Possible

The results from two days before the first PE (Pre-PE), five days after the second PE (Post-PE 2nd), five days af-

ter the third PE (Post-PE 3rd-1), and 12 days after the third PE (Post-PE 3rd-2) are shown.

aCompared using the Mann-Whitney U test (p<0.05)

PE: plasmapheresis

times. The waveforms of the recorded eye movements were

analyzed, 15-second waveforms were extracted at three

points, and the mean frequency of their appearance was

measured. The mean amplitude was calculated. The SPSS

software program (IBM, New York, USA) was used to com-

pare data from before and after PE. p values of < 0.05 were

considered to indicate statistical significance. Electronystag-

mography revealed high-amplitude sinusoidal eye move-

ments at around 2 Hz in the horizontal direction when the

patient’s gaze was not fixated, with closed eyes, and when

his eyes were open in the dark. These findings were consis-

tent with opsoclonus (Fig. 1A). All of these eye movements

were suppressed and disappeared when the patient’s gaze

was fixated.

Fig. 1 shows an electronystagmogram that was taken

when the patient’s eyes were closed. The frequency with
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which opsoclonus appeared decreased each time that PE was

performed. There was a significant increase in the amplitude

after the second PE; however, it diminished after the third

PE (Fig. 1B and C, Table).

Discussion

Anti-GluRδ2 antibodies

GluRδ2 has a specific distribution in the cerebellar Purk-

inje cells of mice: it is present in the parallel fiber synapses

but not in the climbing fiber synapses (10-13). GluRδ2 is

believed to be an important factor in the formation, matura-

tion, and plasticity of parallel fiber synapses (14). In recent

years, there have been several cases in which anti-GluRδ2

antibodies have been found in the cerebrospinal fluid of pa-

tients with opsoclonus-myoclonus syndrome (6, 8, 9).

In the present case, no prior infection was evident. How-

ever, the patient’s symptoms worsened when he was suffer-

ing from acute gastroenteritis. From this episode, we sug-

gested that a prior infection might have induced the activa-

tion of the peripheral blood lymphocytes, their passage

through the blood-brain barrier, and their production of anti-

GluR antibodies in the central nervous system (CNS).

The mechanism underlying the appearance of opso-

clonus due to anti-GluRδ2 antibodies

Opsoclonus is defined as follows: “Combined multidirec-

tional, horizontal, vertical, and torsional saccadic oscillations

without an intersaccadic interval” (15). In the present case,

the patient’s saccadic oscillations were defined as opso-

clonus based on the ENG pattern.

The reported frequency of opsoclonus ranges from 4-15

Hz (2, 5). Although our patient had the clinical features of

characteristic oscillations such as multidirectional and sinu-

soidal ocular movement, their low frequency (2 Hz) compli-

cated the diagnosis of opsoclonus. We assume that the cause

of this low frequency may have been the extremely large

amplitude (> 60°).

There have been reports on opsoclonus in which saccadic

oscillations both increased (2, 4) and decreased (2) during

eye fixation. The mechanisms underlying these responses are

still unknown. In our case, opsoclonus decreased during eye

fixation. At the time of onset, our patient’s symptoms (e.g.,
diplopia) worsened when he gazed. Eight months later, our

clinical examinations revealed that the patient had obtained

relief from this symptom while gazing. Thus, this episode

suggests that the effects during eye fixation varied according

to the phase of the disease.

Fig. 2A shows a diagram-which was produced based on

previous studies-of the neural pathways involved in saccade

generation in the cerebellum and brainstem when the eyes

are fixated in the central position (16-23). The oculomotor

vermis (OMV) exerts inhibitory control over the fastigial

oculomotor region (FOR). The FOR, in turn, exerts inhibi-

tory control over the OPNs, thus controlling saccades. When

the eyes are fixated, there is no saccade command from the

superior colliculus; thus, there is no excitatory burst neuron

(EBN) or inhibitory burst neuron (IBN) activity. Conse-

quently, firing remains quiescent. However, the OPNs,

which (in addition to the EBNs and IBNs) is an important

structural element of the saccade generator, does exhibit sus-

tained firing. GluRδ2 is expressed at the junctions of the

cerebellar Purkinje cells and parallel fibers and is one of the

molecules expressed in neuronal postsynaptic densities

(PSDs) (10-13). According to Bataller et al., PSDs may of-

fer an easy target for autoantibodies as new autoanti-

gens (24).

Based on previous saccade generation mechanisms, we

hypothesize that the following mechanism underlies the ap-

pearance of opsoclonus due to anti-GluRδ2 antibodies

(Fig. 2B) (16-23). When input to Purkinje cells from junc-

tions with parallel fibers is blocked by anti-GluRδ2 antibod-

ies, the Purkinje cell activity declines, and the inhibition of

the FOR diminishes, causing the FOR to become disinhib-

ited. The increased activity of the FOR results in the greater

inhibition of the OPNs, reducing the sustained firing by the

OPNs. As a result, the inhibition of EBNs and IBNs by the

OPN weakens, generating burst firing. In addition, the exci-

tation of EBNs is increased by the elevated FOR activity,

which promotes firing activity. The abnormal firing activity

induced by the EBNs and IBNs acts on the extraocular mo-

toneurons, causing the appearance of abnormal sinusoidal

eye movements (opsoclonus). The fact that opsoclonus ap-

pears when the input from fibers parallel to the Purkinje

cells is disrupted (5) and that abnormal eye oscillations re-

sembling opsoclonus were seen in GluRδ2-knockout mice

when there was no input from fibers parallel to the cerebel-

lar Purkinje cells (25) are both consistent with this hypothe-

sis. Reports that functional MRIs of patients with opso-

clonus reveal increased activity in the bilateral fastigial nu-

clei also support our hypothesis (3).

In this case, the bias during the stepping test with eyes

closed was significantly resolved after PE, and the patient

also became capable of heel-to-toe walking, indicating that

the changes in abnormal eye movements, which occurred as

a result of PE, directly affected physical balance and im-

proved the patient’s gait disturbance.

In conclusion, we showed-clinically and physiologically-

that anti-GluRδ2 antibodies are implicated in the generation

of opsoclonus. The elimination of the anti-GluRδ2 antibod-

ies by PE changed the opsoclonus and improved the pa-

tient’s impaired physical balance. The generation of opso-

clonus can be explained by the hypothesized mechanism of

saccade generation. We were not able to investigate the

chronological changes in the anti-GluR antibody levels.

Thus, a further investigation is necessary to prove whether

anti-GluR antibodies are related to clinical manifestations

such as opsoclonus. We intend to carry out further studies to

back up these hypotheses in the future.
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Figure　2.　The proposed mechanism for the involvement of anti-GluRδ2 antibodies in the genera-
tion of saccadic oscillations. A: A diagram of the neural pathways associated with the generation of 
saccades when the eyes are fixated in the central position (16-23). GluRδ2 is expressed in the neuronal 
postsynaptic densities at the junctions between the cerebellar Purkinje cells and the parallel fibers. 
The OMV exerts inhibitory control over the FOR. The FOR exerts inhibitory control over the OPNs. 
There is no saccade command from the superior colliculus; thus, there is no EBN or IBN activity. 
Consequently, firing remains quiescent. The OPNs, however, exhibit sustained firing. B: The pro-
posed mechanism for the appearance of opsoclonus caused by anti-GluRδ2 antibodies. When input to 
Purkinje cells from the junctions with parallel fibers is blocked by anti-GluRδ2 antibodies, there is a 
decline in Purkinje cell activity, and the disinhibition of the FOR occurs. An increase in the activity of 
the FOR results in the greater inhibition of the OPNs, reducing their sustained firing. As a result, the 
inhibition of EBNs and IBNs by the OPNs weakens, resulting in burst firing. In addition, the firing 
activity of EBNs is increased by the elevated activity of the FOR. Abnormal firing by the EBNs and 
IBNs acts on the extraocular motoneurons, causing the appearance of sinusoidal abnormal eye move-
ments (opsoclonus). GluRδ2: glutamate receptor δ2, P: Purkinje cells, PFs: parallel fibers, OMV: 
oculomotor vermis, FOR: fastigial oculomotor region, OPN: omnipause neuron, EBN: excitatory 
burst neuron, IBN: inhibitory burst neuron, Anti-GluRδ2 Abs: anti-glutamate receptor δ2 antibodies
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