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eAppendix. Supplemental methods 

 

Detection of neuronal antibodies against known paraneoplastic or cell surface antigens  

 All serum and CSF samples (70 paired samples; 39 sera, and 5 CSF) were examined for the 

presence of onconeural (Hu, Yo, Ri, CRMP5, amphiphysin, Ma2, Tr), GAD, and neuropil 

antibodies (NMDAR, AMPAR, GABABR, CASPR2, LGI1, DPPX,  mGluR1, and mGluR5) 

using immunohistochemistry on frozen sections of paraformaldehyde-perfused or post-fixed rat 

brain, as reported.1,2 Samples showing tissue immunoreactivity were further examined with 

immunoblot (Euroimmun, Lübeck, Germany) or cell based assays using HEK293 cells 

transfected with the appropriate plasmids.3  All samples were examined for GlyR and GABAAR 

antibodies using live cell-based assays with the α1 subunit of the GlyR (serum diluted from 1:80, 

CSF 1:5) and the 1/3 subunits of the GABAAR (serum diluted from 1:40, CSF 1:5) as 

reported.4,5   

Screening for new antibodies against surface antigens 

 All samples were examined for IgG and IgM antibodies to unknown cell surface antigens by 

immunohistochemistry on post-fixed rat brain and immunofluorescence on live cultured rat 

hippocampal neurons. These experiments and immunoprecipitation assays were done as 

described (see below).3,6  

Immunohistochemistry on post-fixed rat brain  

Female Wistar rats were euthanized and the brain was removed, sagittally sectioned, immersed 

in 4% paraformaldehyde at 4°C for 1 hour, cryoprotected with 40% sucrose for 24 hours, and 

snap frozen in chilled isopentane. Immunohistochemistry using a standard avidin-biotin 
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peroxidase method was applied using patients’ serum (diluted 1:200) or CSF (1:5), followed by 

the appropriate biotinylated secondary goat anti-human IgG antibodies (at dilution 1:2000) 

(Vector Labs, Burlingame, CA, USA) or goat anti-human IgM (at dilution 1:1000) (Southern 

Biotechnology, Birmingham, AL, USA) and the Vectastain Elite ABC complex (Vector Labs, 

USA) for 40 min. The reaction was developed with 0.05% diaminobenzidine with 0.01% 

hydrogen peroxide in phosphate-buffered saline (PBS) with 0.5% Triton X-100.2  

Immunofluorescence on live cultured rat hippocampal  

Rat hippocampal neuronal cultures were prepared as reported.7 Fourteen days live 

neurons grown on coverslips were treated for 1 hour at 37º C with patients’ or control serum 

(final dilution 1:200) or CSF (1:5). After removing the media and extensive washing with PBS, 

neurons were fixed with 4% PFA, and incubated with anti-human IgG or IgM (diluted 1:1000) 

Alexa Fluor secondary antibody (Molecular Probes, OR). Results were photographed under a 

fluorescence microscope using Zeiss Axiovision software (Zeiss, Thornwood, NY).6 

Immunoprecipitation assays  

Immunoprecipitation experiments were done with cultures of rat hippocampal neurons 

grown in 100mm wells, and incubated at 37°C with patients’ CSF or serum (diluted 1:100) for 1 

hour. Neurons were then washed with PBS, lysed with buffer containing protease inhibitors 

(P8340; Sigma Labs, St. Louis, MO, USA), and centrifuged at 16,000 g for 20 minutes at 4°C. 

The supernatant was retained, incubated with protein A/G agarose beads (20423; Pierce, 

Rockford, IL) overnight at 4°C, and centrifuged. To immunoprecipitate IgM antibodies, the 

protein A/G beads were coated with an IgG goat antibody against human IgM (1020-01; 

Southern Biotech, Birmingham, AL, USA). The pellet was resuspended in Laemmli buffer, 
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boiled for 10 minutes, separated in a 10% sodium dodecyl sulphate polyacrylamide gel 

electrophoresis, and the proteins visualized with EZBlue gel staining (G1041; Sigma Labs). 

Because the EZBlue gel staining did not identify specific protein bands, gels were cut into ten 

slices and sent for mass spectrometry to the Proteomics Core Facility at the University of 

Pennsylvania. Protein bands were trypsin digested and analyzed with a nano liquid 

chromatography (nano LC)/ nanospray/ linear ion trap (LTQ) mass spectrometer (Thermo 

Electron Corporation, San Jose, CA) as reported.8 The Xcalibur software (Thermo Scientific, 

Waltham, MA) was utilized to acquire the raw data and Sequest program (ThermoFinnigan, San 

Jose, CA; version SRF v. 5) to match the results with the UniProtKB/Swiss-Prot protein 

sequence database. The Scaffold 3.3 program was used to analyze the files generated. Protein 

identifications were accepted if they could be established at greater than 95.0% probability and 

contained at least three identified peptides. The specificity of the results was confirmed by 

western blot and specific primary antibodies: mouse monoclonal anti-HNK-1 (Sigma Aldrich, St. 

Louis, MO, USA) and anti-GluR2/3 (AMPAR subunits, Millipore, Billerica, MA, USA). 

Analysis of IgM immunoreactivity in CSF of patients with OMS and lung cancer 

To characterize the CSF IgM immunoreactivity of OMS patients on brain 

immunohistochemistry, a protein extract from human brain myelin prepared as described,9 was 

separated in a sodium dodecyl sulfate polyacrylamide gel electrophoresis as described, 

transferred to immobilon-P membrane (Millipore IPVH00010) and incubated  with an IgM 

monoclonal antibody against HNK-1 (Sigma-Aldrich, St. Louis, MO, USA), a serum positive for 

IgM MAG antibodies, and the three CSF from the OMS patients that showed the IgM 

immunoreactivity in brain immunohistochemistry. The reactivity was developed using the 
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appropriate biotinylated secondary antibodies (1:1000) and the avidin-biotin peroxidase and 

diaminobenzidine method. 

 To confirm that the IgM immunoreactivity of OMS patients colocalize with the HNK-1 

epitope in vivo,  live hippocampal neurons were incubated with the CSF showing the IgM 

immunoreactivity and the monoclonal antibody against HNK-1 and analyzed by 

immunoflurescence as described above. Colocalization analysis was done with Imaris 7.6 

software (Bitplane AG, Zurich).  
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eTable 1. Univariate analysis for factors associated with bad outcome (mRS >2) at last 
follow up 

Factor p OR 95% CI 
Age Over 40 0.002* 6.8 2.1-22.2 
Gender 0.219 1.8 0.7-4.4 
Paraneoplastic <0.001* 7.9 2.8-22.3 
Tumor Type <0.001*   
       No Tumor Reference   
       Lung cancer <0.001 16.7 4.2-66.6 
       Breast cancer 0.027 6.9 1.3-37.6 
       Teratoma 0.179 3.1 0.6-16.0 
       Other tumor 0.660 1.7 0.2-19.0 
Prodromal Symptoms 0.361 0.6 0.7-1.9 
Encephalopathy+ 0.062* 2.7 1.0-7.4 
Abnormal craneal nerves 0.232 2.4 0.6-9.5 
Onconeuronal antibodies 0.008* 18.2 2.1-154.3 
Neuronal surface antibodies&  0.048* 3.2 1.0-10.2 
Immunotherapy 0.247 2.6 0.5-13.2 
Specific Treatment 0.017*   
       Not treated Reference   
       Steroids 0.436 2 0.3-11.4 
       IVIG 0.538 0.4 0.03-5.9 
       Steroids+IVIG 0.197 3.1 0.6-17.9 
       Steroids  and/or IVIG+PEX 0.019 14 1.5-127.2 
Relapse 0.029* 4.3 1.7-15.7 
Months Follow up (loge)

$ <0.001* 0.4 0.3-0.6 
CI = confidence interval; IVIg= intravenous immunoglobulin; loge = natural logarithm; OR = 
odds ratio; PEX= plasma exchange; mRS = modified Rankin Scale.  

*Analysis only included patients with follow-up >3months (N=81). Factors associated with a bad 
outcome (p<0.1) were included in a multivariable binary logistic regression model and 
approached by forward stepwise procedure.  

+Includes decreased level of consciousness and/or severe abnormal behavior. Minor abnormal 
behavior changes as mild anxiety or insomnia were not included.  

&Includes IgM (HNK1) and IgG (Glycine, NMDAR, GABABR, DPPX or unknown antigens) 
antibodies.  

$Because of a skewed distribution, log-transformation was used for time of follow up (months).  
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eTable 2. Antibodies reported in adult patients with OMS 

Antigen(ref) Type of OMS Cancer Comment 

Onconeural    

Ri (NOVA)10 Paraneoplastic Breast OMS usually in the setting of a 
wider brainstem encephalitis. Ri 
good biomarker of breast  and 
gynecologic cancer  

HuD, CRMP5, 
amphiphysin, 
SOX1, Zic411 

Paraneoplastic Lung A few cases reported, present 
series 

Ma2 Paraneoplastic NSCLC, 
gastric 

Present series 

Synaptic intracellular   

GAD12‐14 Idiopathic/ 
paraneoplastic 

SCLC A few cases reported, present 
series concurrent with HNK1 

Adenomatous 
poliposis coli 
(APC)15 

Idiopathic  Two cases reported. Antibodies 
also found in two PNS patients 
without OMS 

Surface antigens    

Neuroleukin16 Idiopathic  Two teenager cases  after 
streptococcal infections 

GQ1b17,18 Idiopathic  IgG and IgM antibodies 

NMDAR19,20 Idiopathic/paraneoplastic Ovarian 
teratoma 

Present series, In two previous 
cases, opsoclonus was the 
presenting symptom of NMDAR 
encephalitis 

GABAAR5 Idiopathic  Two cases, antibody present only 
in serum 

GABABR21 Idiopathic  Single case, patient developed 
limbic encephalitis 
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eFigure. Peptide sequences corresponding to GluR2 of AMPA receptor 
immunoprecipitated by the CSF of patients with IgM immunoreactivity against NHK-1

 


