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Abstract

Importance—Most studies on opsoclonus-myoclonus syndrome (OMS) in adults are based on 

small case series before the era of neuronal cell surface antibody discovery.

Objective—To report the clinical and immunological features of idiopathic OMS (l-OMS) and 

paraneoplastic OMS (P-OMS), the occurrence of antibodies to cell surface antigens, and the 

discovery of a novel cell surface epitope.

Design Setting and Participants—Retrospective cohort study and laboratory investigations 

of 114 adult patients with OMS at a center for autoimmune neurological disorders done between 

January 2013 and September 2015.

Main Outcomes and Measures—Review of clinical records. Immunohistochemistry on rat 

brain and cultured neurons as well as cell-based assays were used to identify known 
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autoantibodies. Immunoprecipitation and mass spectrometry were used to characterize novel 

antigens.

Results—Of the 114 patients (62 [54%] female; median age, 45 years; interquartile range, 32-60 

years), 45 (39%) had P-OMS and 69 (61%) had l-OMS. In patients with P-OMS, the associated 

tumors included lung cancer (n = 19), breast cancer (n = 10), other cancers (n = 5), and ovarian 

teratoma (n = 8); 3 additional patients without detectable cancer were considered to have P-OMS 

because they had positive results for onconeuronal antibodies. Patients with l-OMS, compared 

with those who had P-OMS, were younger (median age, 38 [interquartile range, 31-50] vs 54 

[interquartile range, 45-65] years; P < .001), presented more often with prodromal symptoms or 

active infection (33% vs 13%; P = .02), less frequently had encephalopathy (10% vs 29%; P = .

01), and had better outcome (defined by a modified Rankin Scale score ≤2 at last visit; 84% vs 

39%; P < .001) with fewer relapses (7% vs 24%; P = .04). Onconeuronal antibodies occurred in 13 

patients (11%), mostly Ri/ANNA2 antibodies, which were detected in 7 of 10 patients (70%) with 

breast cancer. Neuronal surface antibodies were identified in 12 patients (11%), mainly glycine 

receptor antibodies (9 cases), which predominated in P-OMS with lung cancer (21% vs 5% in 

patients with OMS without lung cancer; P = .02); however, a similar frequency of glycine receptor 

antibodies was found in patients with lung cancer without OMS (13 of 65 patients [20%]). A novel 

cell surface epitope, human natural killer 1 (HNK-1), was the target of the antibodies in 3 patients 

with lung cancer and P-OMS.

Conclusions and Relevance—Patients with l-OMS responded better to treatment and had 

fewer relapses than those with P-OMS. Older age and encephalopathy, significantly associated 

with P-OMS, are clinical clues suggesting an underlying tumor. Glycine receptor antibodies occur 

frequently in P-OMS with lung cancer, but the sensitivity and specificity are low. The HNK-1 

epitope is a novel epitope in a subset of patients with P-OMS and lung cancer.

Opsoclonus-myoclonus syndrome (OMS) is characterized by the combination of opsoclonus 

and arrhythmic action myoclonus that predominantly involves trunk and limbs usually 

accompanied by axial ataxia and dysarthria.1 The 2 most common causes of OMS are 

paraneoplastic and idiopathic,2,3 but the clinical features, types of tumors, and other 

comorbidities are different in children and adults. The current study examines these in 

adults.4

Several clinical and laboratory findings suggest that paraneoplastic OMS (P-OMS) and 

idiopathic OMS (I-OMS) are immune mediated.5 The symptom presentation is usually acute 

or subacute, the presence of pleocytosis is common, and patients often respond to 

immunotherapy. Autopsy studies may show mild perivascular lymphocytic cuffs but rarely 

demonstrate neuronal degeneration or extensive T-cell infiltrates, suggesting that the 

disorder could be mediated by antibodies rather than cytotoxic T-cell mechanisms.6,7

To our knowledge, with the exception of Ri/ANNA2 antibodies in patients with OMS and 

breast cancer, the search for other antibodies specific for OMS has not revealed a common 

biomarker of the disease.8,9 Most of these studies were done before the discovery of 

antibodies to neuronal cell surface proteins that currently characterize many types of 

autoimmune encephalitis.10 Therefore, a systematic analysis of these antibodies in adult 

OMS has not been done. Recently, antibodies to dendritic surface antigens were detected in 
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10% of patients with adult and pediatric OMS but the target antigen was not identified.11 In 

the current study, we examine a large series of adult patients with P-OMS or I-OMS to 

define clinical and immunological subtypes of OMS, including possible associations with 

neuronal cell surface antibodies, and to describe a novel paraneoplastic epitope.

Methods

Patients

One hundred fourteen patients with OMS whose serum and cerebrospinal fluid (CSF) 

samples were sent for antibody testing to the laboratories of Hospital Clínic, Barcelona, 

Spain, or the University of Pennsylvania, Philadelphia, between January 1995 and December 

2014 were included in the study, which was conducted between January 2013 and 

September 2015. Samples from the University of Pennsylvania used in a recent study were 

not included.11 Inclusion criteria were the following: (1) aged 18 years or older; (2) adequate 

clinical information; (3) paraneoplastic, idiopathic, or infectious causes of OMS, and 

exclusion of structural, toxic, and metabolic causes; and (4) serum or CSF sample available 

for antibody testing. Clinical information was obtained by us or provided by the referring 

physicians through a written questionnaire, telephone interviews, or review of medical 

records. The OMS was considered P-OMS when a tumor was diagnosed within 5 years of 

onset of the neurological symptoms or when onconeuronal antibodies were identified.12

Written informed consent for the storage and use of samples for research was obtained from 

patients or representative family members. The study was approved by the institutional 

review boards of the University of Pennsylvania and Hospital Clínic, Barcelona.

Detection of Antineuronal Antibodies and Screening for Novel Cell Surface Autoantigens

All serum and CSF samples (70 paired samples, 39 serum samples, and 5 CSF samples) 

were examined for onconeural antibodies (Hu, Yo, Ri, CRMP5, amphiphysin, Ma2, Tr, and 

Zic4), glutamic acid decarboxylase (GAD), and cell surface antibodies (N-methyl-D-

aspartate receptor [NMDAR], α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 

receptor [AMPAR], γ-aminobutyric acid type A receptor [GABAAR], γ-aminobutyric acid 

type B receptor [GABABR], glycine receptor [GlyR], contactin-associated protein 2 

[CASPR2], leucine-rich glioma-inactivated protein 1 [LGI1], di-peptidyl-peptidase-like 

protein-6 [DPPX], metabotropic glutamate receptor 1 [mGluRl], and metabotropic glutamate 

receptor 5 [mGluR5]) using previously reported techniques.13-17 Samples were also 

examined for IgG and IgM antibodies to unknown cell surface antigens using a combination 

of techniques (tissue immunohistochemistry, cell-based assays, cultured live neurons) and 

the novel autoantigens precipitated, as reported.13,14 All techniques are explained in detail in 

the eAppendix in the Supplement.

To determine the relevance of GlyR antibodies in patients with OMS, serum samples of 254 

controls (30 healthy individuals, 20 with neurodegenerative disorders, 55 with multiple 

sclerosis, 55 with autoimmune encephalitis with antibodies against surface antigens, 65 with 

lung cancer, and 29 with paraneoplastic neurological syndromes [PNSs] other than OMS 

associated with lung cancer) were used as controls. Human natural killer 1 (HNK-1) 
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antibodies were investigated by immunohistochemistry (eAppendix in the Supplement) in 

the CSF samples of 20 patients with lung cancer and PNSs other than OMS.

Statistical Analysis

Demographic information and clinical and immunological features comparing P-OMS and I-

OMS were analyzed with Fisher exact test, χ2 test, or Mann-Whitney U test when 

appropriate. Outcome analysis was only considered in patients with at least 3 months of 

follow-up and was assessed with the modified Rankin Scale (mRS).15 Patients were 

considered to have a good outcome if the mRS score at the last follow-up was 0 to 2 and a 

poor outcome if the mRS score was higher than 2. Factors influencing outcome were 

assessed by univariable binary logistic regression (eTable 1 in the Supplement). Factors 

associated with a poor outcome (P < .10) were included in a multivariate binary logistic 

regression model and approached by forward stepwise procedure; variables were considered 

independent when they remained statistically significant. Odds ratio with 95% confidence 

interval was used to measure the effect of independent variables. The 95% confidence 

interval for sensitivity and specificity of Ri antibodies for the diagnostic assessment of breast 

cancer was determined with the Wilson procedure. Stata version 13.1 statistical software 

(StataCorp LP) was used for the analyses.

Results

Clinical Features

One hundred fourteen adults with OMS (62 female [54%]; median age, 45 years; 

interquartile range [IQR], 32-60 years) fulfilled the study criteria. Forty-five patients (39%) 

had P-OMS and 69 (61%) had l-OMS. Patients with P-OMS included 19 (5 women) with 

lung cancer (13 with small cell lung cancer [SCLC] and 6 with non-SCLC), 10 with breast 

cancer, 8 with ovarian teratoma, and 5 men with other cancer types (1 patient each: testicular 

seminoma, stomach, thymus, kidney, and oropharyngeal carcinoma). Three additional 

patients without detectable cancer were considered to have P-OMS because they had 

positive results for onconeuronal antibodies (Ri, CRMP5, or Ma2). Symptoms of OMS 

preceded the diagnosis of the rumor in 29 of 42 patients (69%), with no differences among 

tumor types. Among the 13 patients whose tumor was diagnosed before onset of OMS, 4 

developed the symptoms soon after tumor removal or biopsy, and another 3 developed the 

symptoms during chemotherapy. Onconeuronal antibodies were identified in 13 patients 

(11%) (Ri, 8; Ma2,3; Zic4,1; and CRMP5, 1). Seven of 10 patients (70%) with breast cancer 

harbored Ri antibodies (sensitivity, 70%; 95% CI, 40-89; specificity, 99%; 95% CI, 95-100). 

Other cancer types associated with onconeuronal antibodies were lung cancer (2 of 19 

patients [11%]: 1 had Ma2 and the other Zic4 antibodies) and stomach cancer (1 patient with 

Ma2). The Table shows the clinical features of patients with I-OMS compared with those 

with P-OMS. Patients with I-OMS were younger than those with P-OMS (median age, 38 

[IQR, 31-50] vs 54 [45-65] years; P < .001); however, the P-OMS group showed a bimodal 

age distribution: the group with ovarian teratoma was younger (median age, 23 years; IQR, 

22-30 years) than those with I-OMS (P = .003), whereas the group with other tumors was 

older (median age, 60 years; IQR, 46-66 years; P < .001). Prodromal symptoms suggestive 

of viral infections or history of infection or of recent vaccinations were more frequent in 
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patients with I-OMS (33% vs 13%; P = .02). Six patients with I-OMS, but none with P-

OMS, had a confirmed active infection (4 with human immunodeficiency virus [HIV], 1 

with hepatitis C virus, and 1 with tuberculosis). Acute vertigo with vomiting and/or gait 

instability was the most common symptom presentation in I-OMS or P-OMS, often leading 

to an initial misdiagnosis of peripheral vertigo. However, while patients with I-OMS were 

more likely than those with P-OMS to present with isolated vertigo (68% vs 49%; P = .04), 

patients with P-OMS more frequently had coexisting or early development of 

encephalopathy (29% vs 10%; P = .01) and other symptoms, such as cranial nerve palsy 

(16% vs 5%; P = .02) (Table).

Detailed information regarding treatment and outcome was available for 81 patients (71%): 

70 (86%) received immunotherapy and 11 (14%) did not. Among the 70 patients treated 

with immunotherapy, 27 (39%) received steroids, 10 (14%) received intravenous 

immunoglobulin (IVIg), 24 (34%) received steroids and IVIg, and 9 (13%) received steroids, 

IVIg, and plasma exchange. Six of these 70 patients also were treated with azathioprine (n = 

4), rituximab (n = 1), or rituximab and mycophenolate mofetil (n = 1). At the last follow-up 

(median, 17 months; IQR, 6-33 months), 51 of 81 patients (63%) had a good outcome (36 

complete or almost complete recovery [mRS score ≤2]) and 30 (37%) had a poor outcome 

(10 had an mRS score ≥3, 11 had an mRS score of 4 or 5, and 9 died). In multivariate 

analysis, independent factors significantly associated with a poor outcome adjusted by time 

of follow-up were being older than 40 years (odds ratio = 8.6; 95% CI, 1.9-38.4) and 

paraneoplastic origin (odds ratio = 6.9; 95% CI, 2.0-23.7). Twelve of 81 patients (15%) 

developed relapsing OMS; relapsing symptoms were more frequent in patients with P-OMS 

than in those with I-OMS (24% vs 7%; P = .04).

Antibodies to Known Neuronal Surface Antigens

Antibodies to known cell surface antigens were identified in the serum or CSF of 12 patients 

(11%), including 9 with antibodies to GlyR, 1 with antibodies to GABABR, 1 with 

antibodies to NMDAR, and 1 with antibodies to DPPX. The 2 patients with GABABR or 

NMDAR antibodies were young women (in their mid-30s) who developed typical OMS; the 

patient with GARABR antibodies was previously described.16 The patient with NMDAR 

antibodies was found to have an ovarian teratoma and fully recovered after tumor removal 

and administration of IVIg, and steroids. The patient with DDPX antibodies was a man in 

his late 50s who during 1 year developed weight loss (22 kg), dizziness, ataxia, diplopia, 

tremor, opsoclonus, myoclonus, and downbeat nystagmus. He also had insomnia, major 

depressive symptoms, and mild cognitive deficits. Findings on magnetic resonance imaging 

of the brain and cervical spine as well as electroencephalography were normal. He received 

oral steroids without symptom improvement.

Among the 9 patients (8%) with GlyR antibodies (7 in serum, 1 in CSF, and 1 in both), 6 had 

cancer (4 had lung cancer, 1 had breast cancer, and 1 had testicular seminoma); 3 of the 9 

patients with GlyR antibodies had coexisting onconeural antibodies (Ri, Zic4, and Ma2). 

Overall, GlyR antibodies were more frequently detected in patients with OMS and lung 

cancer (4 of 19 patients [21%]) vs patients with OMS without lung cancer (5 of 95 patients 

[5%]) (P = .02). However, patients with lung cancer without OMS (13 of 65 patients [20%]) 
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or with other PNSs (3 of 29 patients [10%]) also frequently had GlyR antibodies (P = .45). 

Of the 160 controls without cancer, 8 (5%) had GlyR antibodies (4 with multiple sclerosis 

and 4 with classic anti-NMDAR encephalitis).

No patients with OMS had GABAAR antibodies. The 2 previously described patients with 

these antibodies17 were not included because the clinical and outcome information was very 

limited.

Antibodies to Novel Neuronal Surface Antigens

Studies on rat brain sections and live hippocampal neurons identified 7 patients with 

antibodies against novel neuronal cell surface antigens. In 4 patients, the antibodies were of 

the IgG class (3 had I-OMS and 1 had OMS with ovarian teratoma) and 

immunoprecipitation studies did not reveal the antigen. In the other 3 patients (2 with non-

SCLC and 1 with SCLC, 2 of them with coexisting GAD antibodies) without monoclonal 

gammopathy or neuropathy, IgM antibodies in brain sections had an immunoreactivity 

identical to that observed with a commercial monoclonal antibody (Sigma-Aldrich) against 

the glycosylated HNK-1 epitope or the serum of patients with neuropathy, monoclonal 

gammopathy, and IgM antibodies against myelin-associated glycoprotein (MAG), a protein 

that contains the HNK-1 epitope (Figure 1).18 The same results were obtained in 

immunoblots of an enriched extract of human myelin proteins (Figure 2). The specific 

HNK-1 reactivity of the 3 patients with IgM antibodies was confirmed in cultured live 

hippocampal neurons, which showed remarkable colocalization with the reactivity of the 

monoclonal HNK-1 antibody (Figure 3). Furthermore, immunoprecipitation studies using a 

mixed pool of CSF from the 3 patients consistently isolated sequences of glutamate receptor 

2 (GluR2), a subunit of AMPAR known to contain the glycosylated HNK-1 epitope (20 

peptides of GluR2 sequence, 21% of protein coverage; eFigure in the Supplement; Figure 4).
20 These findings reveal a subset of patients with P-OMS and antibodies targeting proteins 

with the HNK-1 epitope. None of the 20 controls with SCLC without OMS had CSF IgM 

HNK-1 antibodies.

Discussion

Our study represents the largest series, to our knowledge, of adult patients with OMS. The 

current findings along with those of previous studies2,3,21-23 have several practical 

implications for the diagnosis and management of patients with this disorder. First, once 

toxic, metabolic, and structural causes of OMS are ruled out,1 the most important indicator 

of paraneoplastic OMS is the patient's age. For adult patients younger than 40 years, the 

probability of an underlying tumor other than ovarian teratoma23 is very low, suggesting that 

aggressive or periodic investigations for an occult cancer and the use of extensive panels of 

paraneoplastic antibodies are not necessary (with the exception of Ri antibodies in middle-

aged women). Second, P-OMS should be considered in older patients who develop 

encephalopathy or symptoms beyond the classic picture of OMS. The current series 

confirms that lung cancer, particularly SCLC, is the most frequently involved tumor, 

followed by breast and gynecological cancers.2,3 Third, whereas Ri/ANNA2 antibodies are 

good predictors of P-OMS related to breast cancer, other paraneoplastic antibodies are rare 
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or not consistently found in P-OMS.2,3,9 In the present study, GlyR antibodies occurred in 

21% of patients with lung cancer-related P-OMS, but the sensitivity and specificity were not 

robust enough to suggest the use of these antibodies as biomarkers of P-OMS. Fourth, 

compared with I-OMS, patients with P-OMS had more relapses and worse outcome, 

confirming our findings in a smaller previous series of patients.2 These results emphasize the 

need for tumor treatment and up-front use of more aggressive immunotherapies such as 

rituximab or intravenous cyclophosphamide to treat P-OMS.

In adults younger than 40 years, the most likely cause of OMS is idiopathic or 

parainfectious, both of which have a better prognosis than P-OMS or than OMS in children.
24,25 First-line immunotherapies, such as steroids, IVIg, or plasma exchange, are associated 

with good outcome in most of these patients who usually receive 1 or several types of 

symptomatic therapy (topiramate,26 gabapentin,27 or benzodiazepines28; not investigated in 

the current study). Antineuronal antibodies are usually negative, although a few exceptions 

have been reported (summarized in eTable 2 in the Supplement).29-31 In this age group, it is 

important to exclude an underlying ovarian teratoma or HIV infection,23,32 which in the 

current series occurred in 12 of 70 patients younger than 40 years (17%). Patients with 

ovarian teratoma frequently develop additional symptoms, such as dysautonomia, behavioral 

change, or drowsiness, and results of testing for NMDAR antibodies are almost always 

negative.23 Although we identified a patient with OMS, ovarian teratoma, and NMDAR 

antibodies, the 3 previously reported cases (one of them a young child) with OMS and 

NMDAR antibodies had typical symptoms of anti-NMDAR encephalitis.33-35 Also, OMS 

may be the initial manifestation of HIV infection or may occur during immune 

reconstitution at the onset of antiretroviral therapy.36,37 There are no clinical features 

characteristic of HlV-related OMS; therefore, a high degree of awareness is needed for not 

missing this diagnosis.32,38,39

Glycine receptor antibodies were more frequent in P-OMS (mainly associated with SCLC) 

than in other forms of OMS. This finding is interesting because glycine is the 

neurotransmitter of omnipause neurons in the paramedian pontine reticular formation that 

exert a tonic inhibition of saccadic burst neurons.40,41 These antibodies were initially 

detected in patients with progressive encephalomyelitis with rigidity and myoclonus.42 

Symptoms of progressive encephalomyelitis with rigidity and myoclonus, like those of 

OMS, are believed to result from a disturbance of the inhibitory (glycine/GABAergic) 

circuits, which would be altered by GlyR antibodies.42 However, GlyR antibodies were not 

found in a previous report that studied 4 patients with I-OMS.43 The presence of GlyR 

antibodies in our patients was unlikely related to OMS. Indeed, these antibodies have been 

reported (mainly in serum) in subgroups of patients with optic neuritis,44 GAD antibody-

associated stiff person syndrome or cerebellar ataxia,45 and multiple sclerosis,44 suggesting 

that in some patients they may reflect a non-syndrome-specific immune activation, or 

propensity to autoimmunity. An alternative explanation is that GlyR antibodies may reflect 

the presence of a tumor; this is supported by a similar frequency of these antibodies in 

patients with SCLC without OMS or with other PNSs, and the expression of the α1 subunit 

of the GlyR in SCLC cell lines.46
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We detected IgM antibodies against the carbohydrate epitope HNK-1 in the CSF of 3 

patients with P-OMS and lung cancer. The HNK-1 epitope is the main target epitope of IgM 

antibodies against MAG in patients with neuropathy and IgM monoclonal gammopathy18 

and, to our knowledge, HNK-1 has not been previously reported as an autoantigen in other 

neurological disorders. This epitope has been previously reported in membrane proteins of 

cell lines and biopsies of SCLC.47,48 In brain, HNK-1 is present not only in MAG but also in 

several proteins such as cell adhesion molecules, tenascins, and integrins widely present in 

the brain.49,50 These proteins as well as the HNK-1-containing GluR2 subunit of AMPAR, 

which was precipitated with the CSF of our patients, are involved in synaptic plasticity and a 

variety of neuronal functions.20

Conclusions

Our findings show that OMS in adults is the common manifestation of different disorders 

associated with distinct comorbidities (cancer, teratoma, idiopathic, inflammation, infection) 

and a variety of paraneoplastic and cell surface autoantibodies that were collectively 

detected in only 19% of the patients (10 patients with onconeural antibodies, 9 with 

antibodies to known cell surface antigens, and 3 with both types of antibodies). Future 

studies aiming to identify immunological mechanisms in OMS should focus on methods 

different from those used in autoimmune encephalitis and cell surface antigens. Although 

unknown antibodies may still be involved, as shown here in 3 patients, an impairment of 

synaptic signaling by other mechanisms, perhaps circulating inflammatory molecules, 

should be considered. Electrophysiological assessment of neuronal cultures or acute slices of 

brain exposed to patients' serum or CSF may shed light on the type of molecular targets 

involved. Meanwhile, the clinical profile of OMS suggests an immune-mediated 

pathogenesis. Immunotherapy should be considered despite the fact that no antibody 

markers are identified in most patients.

Supplementary Material
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Key Points

Question

Are there clinical clues or antibody biomarkers that differentiate idiopathic from 

paraneoplastic opsoclonus-myoclonus syndrome (OMS)?

Results

In this cohort study, older age and encephalopathy were significantly associated with 

paraneoplastic OMS, and paraneoplastic OMS and being older than 40 years were 

independently associated with poor outcome. Neuronal surface antibodies were identified 

in 12 patients (11%), mainly glycine receptor antibodies, which predominated in 

paraneoplastic OMS with lung cancer.

Meaning

Patients with idiopathic OMS had better outcomes than those with paraneoplastic OMS.
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Figure 1. Immunostaining Results on Frozen Sections of Rat Brain
A-C. Immunoreactivity developed with standard avidin-biotin immunoperoxidase technique. 

A, Cerebrospinal fluid immunoreactivity from 1 of the 3 patients with paraneoplastic 

opsoclonus-myoclonus syndrome (P-OMS), lung cancer, and IgM antibodies against an 

unknown antigen (original magnification ×40). Inset, Higher-magnification image (original 

magnification ×400). B, This pattern of immunostaining was similar to that seen in patients 

with polyneuropathy and IgM myelin-associated glycoprotein (MAG) antibodies targeting 

glycosylated human natural killer 1 (HNK-1) epitopes. Note the high similarity in the 

staining surrounding the neuronaI celI bodies and a long proximal dendrites of large neurons 

(original magnification ×40). Inset, Higher-magnification image (original magnification 

×400). C. The absence of reactivity in the cerebrospinal fluid of a control (original 

magnification ×40).

Armangué et al. Page 13

JAMA Neurol. Author manuscript; available in PMC 2018 February 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Immunoblot Results
Immunoblot of human myelin proteins probed with serum of a patient with IgM myelin-

associated glycoprotein antibodies and neuropathy (lane 1), a commercial antibody against 

human natural killer 1 (HNK-1) (lane 2), and the cerebrospinal fluid of our 3 patients with 

paraneoplastic opsoclonus-myoclonus syndrome and lung cancer (lanes 3-5). Note that all 

patient and commercial antibodies reacted with bands of similar molecular weight that are 

not shown by the negative control sample (lane 6).
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Figure 3. Immunofluorescence Results
Immunofluorescence on live hippocampal neurons incubated with the cerebrospinal fluid of 

1 of the 3 patients with paraneoplastic opsoclonus-myoclonus syndrome (P-OMS), lung 

cancer, and IgM antibodies (A-D) and the serum of a patient with polyneuropathy and IgM 

myelin-associated glycoprotein (MAG) antibodies (EH). The punctate IgM 

immunoreactivity of die 2 patients (A and E) colocalized with die reactivity of a commercial 

antibody against human natural killer 1 (HNK-1) (B and F), shown in the merged images (C 

and G); a high degree of colocalization was confirmed by Imaris software (Mander 

coefficient = 0.8 for both fluorescent channels; the coefficient ranges from 0.0 [no 

colocalization] to 1.0 [full colocalization]19) (D and H) (scale bar = 20 μrn).
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Figure 4. Immunoblot Results of the Immunoprecipitated Proteins
To determine whether the immunoprecipitated antigen was the glutamate receptor 2 (GluR2) 

subunit, immunoblots of neuronal proteins precipitated with cerebrospinal fluid from 

patients with paraneoplastic opsoclonus-myoclonus syndrome and IgM human natural killer 

1 antibodies were probed with commercial antibodies against the GluR2 subunit of α-

amino-3-hydroxy-5-methyl-4-isoxazolepropionicacid receptor (AMPAR) (lane 1) and a 

monoclonal human natural killer 1 antibody (lane 2). Both antibodies recognize a similar 

band in tine 98-kDa range consistent with GluR2. This band was not observed in 

immunoblots of neuronal proteins precipitated with a control's cerebrospinal fluid probed 

with the same antibodies against GluR2 (lane 3) and human natural killer 1 (lane 4).
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Table
Clinical Features of Patients With P-OM5 and l-OMS

Characteristic

No.(%)

P ValueP-OMS (n = 45) I-OMS (n = 69)

Age, median (IQR), y 54 (45-65)a 38 (31-50) <.001

Female 24 (53) 38 (55) .86

Prodromal and/or infection 6 (13) 23 (33) .02

Autoimmune background 3 (7) 11 (16) .14

Presenting symptoms

 Acute vertigo 22 (49) 47 (68) .04

 Subacute ataxia or myoclonus 11 (24) 8 (12) .07

 Other symptomsb 12 (27) 14 (20) .43

Additional symptoms at any time

 Encephalopathy 13 (29) 7 (10) .01

 Cranial nerve palsy 7 (16) 4 (5) .02

 Severe behavioral changes 6 (13) 4 (6) .16

CSF studies (n = 90) (n = 34) (n = 56)

 Abnormal 24(71) 42 (75) .65

 WBC count >5 μL 16 (47) 34 (61) .21

 Protein >45 mg/dL 14 (41) 18 (32) .38

Follow-up, median (IQR), mo (n = 81) (n = 38) (n = 43)

 Duration, median (IQR), mo 14 (6-27) 20 (8-45) .36

 Poor outcome, mRS score >2c 23 (61) 7 (16) <.001

 QMS relapse 9 (24) 3 (7) .04

Abbreviations: CSF, cerebrospinal fluid; l-OMS, idiopathic opsoclonus-myoclonus syndrome; IQR, interquartile range: mRS, Modified Rankin 
Scale; OMS, opsoclonus-myoclonus syndrome: P-OMS, paraneoplastic opsoclonus-myodonus syndrome: WBC, white blood cell.

SI conversion factor: To convert WBC count to ×109 per liter, multiply by 0.001.

a
Including 8 patients with ovarian teratoma who were much younger (median age, 23 years; IQR, 22-30 years).

b
Other symptoms at presentation included 8 patients with abnormal behavior, 7 with encephalopathy, 5 with cranial nerve palsy, 3 with lower limb 

bilateral weakness, and 1 each with lower limb radiculopathic pain, cognitive deficits, and insomnia.

c
Only patients with detailed information about treatment and follow-up longer than 3 months.
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