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Netrin-1 receptor antibodies in
thymoma-associated neuromyotonia
with myasthenia gravis

ABSTRACT

Objective: To identify cell-surface antibodies in patients with neuromyotonia and to describe the
main clinical implications.

Methods: Sera of 3 patients with thymoma-associated neuromyotonia and myasthenia gravis were
used to immunoprecipitate and characterize neuronal cell-surface antigens using reported techni-
ques. The clinical significance of antibodies against precipitated proteins was assessed with sera
of 98 patients (neuromyotonia 46, myasthenia gravis 52, thymoma 42; 33 of themwith overlapping
syndromes) and 219 controls (other neurologic diseases, cancer, and healthy volunteers).

Results: Immunoprecipitation studies identified 3 targets, including the Netrin-1 receptors DCC
(deleted in colorectal carcinoma) and UNC5A (uncoordinated-5A) as well as Caspr2 (contactin-
associated protein-like 2). Cell-based assays with these antigens showed that among the indi-
cated patients, 9 had antibodies against Netrin-1 receptors (7 with additional Caspr2 antibodies)
and 5 had isolated Caspr2 antibodies. Only one of the 219 controls had isolated Caspr2 antibod-
ies with relapsing myelitis episodes. Among patients with neuromyotonia and/or myasthenia
gravis, the presence of Netrin-1 receptor or Caspr2 antibodies predicted thymoma (p , 0.05).
Coexisting Caspr2 and Netrin-1 receptor antibodies were associated with concurrent thymoma,
myasthenia gravis, and neuromyotonia, often with Morvan syndrome (p 5 0.009). Expression of
DCC, UNC5A, and Caspr2 proteins was demonstrated in paraffin-embedded thymoma samples
(3) and normal thymus.

Conclusions: Antibodies against Netrin-1 receptors (DCC and UNC5a) and Caspr2 often coexist
and associate with thymoma in patients with neuromyotonia and myasthenia gravis.

Classification of evidence: This study provides Class III evidence that antibodies against Netrin-1
receptors can identify patients with thymoma (sensitivity 21.4%, specificity 100%). Neurology®

2017;88:1235–1242

GLOSSARY
Caspr2 5 contactin-associated protein-like 2; DCC 5 deleted in colorectal carcinoma; OR 5 odds ratio; PPV 5 positive
predictive value; UNC5A 5 uncoordinated-5A.

Neuromyotonia is a clinical and electrophysiologic syndrome that results from a variety of diseases
affecting peripheral motor nerve axons.1, 2 Acquired autoimmune neuromyotonia may arise as
a paraneoplastic phenomenon associated mainly with thymoma or, less frequently, with lung
cancer.1 Frequently, patients with thymoma also develop myasthenia gravis with antibodies
against the acetylcholine receptor, dysautonomia, and CNS symptoms such as delirium or severe
insomnia (Morvan syndrome).3 Clinical and experimental data suggest that circulating antibodies
against cell-surface antigens might cause axonal hyperexcitability in a subgroup of these patients.
Although electrophysiologic studies have suggested a dysfunction of voltage-gated potassium
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channels,4, 5 cell-based assays did not reveal
that antibodies target these channels.6 It was
later demonstrated that a percentage of patients
had antibodies against contactin-associated
protein-like 2 (Caspr2) or, less frequently,
against leucine-rich glioma-inactivated 1.7–10

However, the frequency and diagnostic utility
of these antibodies in patients with or without
thymoma and whether other antibodies are
implicated in the pathogenesis of motor hyper-
excitability symptoms are unclear.

In this study, we used a systematic immuno-
proteomic approach aiming to identify new
membrane antigens with the sera of patients
with paraneoplastic neuromyotonia associated
with myasthenia gravis and thymoma. We also
determined the clinical significance of the anti-
bodies of interest and the expression of the cor-
responding antigens in thymoma samples and
normal thymus.

METHODS Patients and controls. The sera from 3 patients

with neuromyotonia, myasthenia gravis, and thymoma were used

for immunoprecipitation studies, as previously reported.11 Control

samples for immunoprecipitation experiments included sera from 3

patients with anti-IgLON5 syndrome,12 3 children with opsoclonus-

myoclonus associated with neuroblastoma,11 and 3 healthy

volunteers. Presence of antibodies against immunoprecipitated

proteins of interest was investigated with cell-based assays (see

below) with the serum of 317 individuals. Participants included

a cohort of 46 patients with neuromyotonia (40 from the

Neuromuscular Diseases Unit of Hospital Universitario y

Politécnico La Fe, Valencia, Spain, and 6 from the French

Reference Center on Paraneoplastic Neurological Syndromes,

Lyon, France).13 The inclusion criteria for the patients with

neuromyotonia were defined as follows: muscle twitching or

cramps involving at least 2 skeletal muscle regions (cranial, upper

limbs, trunk, lower limbs) and EMG studies showing myokymic

(40–150Hz) or neuromyotonic (150–300Hz) discharges that affect

at least 2 skeletal muscle regions.2 Two patients had additional

symptoms of limbic encephalitis (short-term memory deficits,

temporal seizures, and an increased T2 MRI signal in the medial

temporal lobes). Participants also included 43 patients who had

myasthenia gravis with anti–acetylcholine receptor antibodies, 9

patients with thymoma but no neurologic symptoms, and 219

controls, including those with other neurologic disorders (10 sub-

acute and 39 chronic sporadic cerebellar ataxia of unknown origin,

20 CNS demyelinating syndromes, 20 Guillain-Barré syndrome,

and 50 Alzheimer disease), cancer without neurologic symptoms (10

breast cancer, 10 ovarian cancer, 10 skin cancer, 4 lung cancer, 10

brain primary tumors, 5 lymphoma, 5 leukemia), and 50 healthy

volunteers (table 1). All patients were seen by the authors. The

thymoma tumor stage was classified according to the Masaoka

system.14

Immunoprecipitation experiments. CNS synaptosomes were

isolated and used for the immunoprecipitation experiments.

Precipitated proteins were identified by mass spectrometry

(e-Methods at Neurology.org).

Cell-based assay using human embryonic kidney cells. To
test for the presence of antibodies, human embryonic kidney

(HEK293T) cells (CRL-1573; American Type Culture Collection,

Manassas, VA) were transfected with the plasmids that contained

Caspr2 (SC115167), Netrin-1 uncoordinated-5A (UNC5A)

receptor (RG212389), deleted in colorectal carcinoma (DCC, as

in reference 10; kindly provided by Dr. Masaki Fukata),

Neurexin-1 (RG215381,) or metabotropic glutamate receptor 3

(RG207379). Twenty-four hours after transfection with

Lipofectamine 2000 (Invitrogen, Carlsbad, CA), cells were

washed with phosphate-buffered saline, pH 7.4, fixed with 4%

paraformaldehyde, permeabilized with 0.3% triton X-100, and

incubated overnight at 48C with patients’ serum (1:40) or

commercial antibodies (1:100) specific for Caspr2 (rabbit

polyclonal; Ab33994, Abcam, Cambridge, UK), UNC5A (goat

polyclonal; sc-67903, Santa Cruz Biotechnologies, Dallas, TX),

DCC (rabbit polyclonal; sc-11437, Santa Cruz Biotechnologies),

Neurexin-1 (goat polyclonal; Ab77596, Abcam), or metabotropic

glutamate receptor 3 (mouse monoclonal; sc-271899, Santa Cruz

Biotechnologies) and incubated with the corresponding Alexa Fluor

594/488/594 (1:1,000) secondary antibodies (Molecular Probes,

Eugene, OR). Results were visualized and photographed under

a confocal laser-scanning microscope (Fluoview FV1000;

Olympus, Tokyo, Japan) using the FV viewer software. Samples

were considered positive if there was concordance between 2

independent investigators (E.T.-V., L.B.) blinded to clinical

information.

Statistical methods. An association between the categorical var-
iables (presence of antibodies or specific clinical diagnostic catego-

ries: neuromyotonia, myasthenia gravis, thymoma) was assessed

by the x2 and Fisher exact tests, and odds ratio (OR) estimations

were obtained. Univariate and multivariate logistic regressions

were used to test for the significance of the predictor variables

on a specific diagnosis and to provide adjusted ORs. The signif-

icance level was set at 5% (a 5 0.05).

Immunohistochemical analysis of the expression of
Caspr2, DCC, and UNC5A in thymomas and normal
thymus. Formalin-fixed paraffin-embedded tissue samples of 3

thymomas (patients 1, 2, and 8 in table 2) and 7 normal thymic

tissues (from fetal or perinatal autopsies) were studied. After heat-

induced epitope retrieval in citrate buffer, pH 6, for 20 minutes

(Dako, Glostrup, Denmark), 4-mm-thick sections were incubated

Table 1 Serum antibody-positive patients related to clinical groups

n DCC UNC5A Caspr2

Thymoma (n 5 42)

Neuromyotonia (9 with myasthenia gravis) 10 4 2 7

Myasthenia gravis 23 2 — 1

No neurologic symptoms 9 1 — 1

No thymoma (n 5 275)

Neuromyotonia 34 — — 1

Neuromyotonia 1 limbic encephalitis 1 ataxia 2 — — 2

Myasthenia gravis 20 — — —

Controlsa 219 — — 1

Abbreviations: Caspr2 5 contactin-associated protein-like 2; DCC 5 deleted in colorectal
carcinoma; UNC5A 5 uncoordinated-5A.
aControls (see Methods section): one control patient with recurrent myelitis had Caspr2
antibodies.
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Table 2 Clinical characteristics of antibody-positive patients

Patient
Age, y/
sex Neuromyotonia Myasthenia gravis (MGFA) CNS symptoms

Thymoma
Masaoka
stage Antibodies

Immunomodulating
therapies Follow-up/outcome

Thymoma 1a 74/M Severe generalized Generalized (IIIa) Ach-R Abs Insomnia (Morvan) IVa Caspr2, UNC5A PLEX, steroids, azathioprine 19 y/death resulting from locally
invasive thymoma

2 74/M Mild Bulbar (IIIb) Ach-R Abs Aseptic meningitis IIa Caspr2, DCC Steroids, azathioprine 3 y/minimally symptomatic

3b 48/M Severe generalized Generalized (IIIa) Ach-R Abs Insomnia (Morvan) IVa Caspr2, DCC Steroids, IVIg, PLEX,
rituximab

5 y/minimally symptomatic

4b 41/M Severe generalized Severe bulbar (V) Ach-R Abs Insomnia (Morvan) IVa Caspr2, DCC Mycophenolate, IVIg,
steroids, rituximab

1 y/minimally symptomatic

5 M/61 Severe generalized Ocular (I) Ach-R Abs Insomnia (Morvan) IVa Caspr2, DCC Steroids 8 y/minimally symptomatic

6b 29/M Severe generalized Ocular (I) Ach-R Abs Insomnia (Morvan) IVa Caspr2, UNC5A IVIg, PLEX, rituximab 1 y/minimally symptomatic

7 43/F Severe generalized — Insomnia seizures IVa Caspr2 Corticosteroids, thymoma
debulking

4 y/minimally symptomatic

8 54/F — Severe bulbar (IVb) Ach-R Abs Dystonic posturing IVa Caspr2, DCC Steroids, IVIg/PLEX,
mycophenolate,
cyclosporine,
cyclophosphamide
“rebooting”

11 y/death resulting from invasive
thymoma

9 55/M — Generalized (IIIa) Ach-R Abs — IIb DCC IVIg, prednisone,
azathioprine

7 y/asymptomatic

10 54/M — — — I DCC — 1 y/asymptomatic

11 75/M — — Essential tremor IIa Caspr2 — 2 y/asymptomatic

No thymoma 12a 60/M Severe generalized, evolving to
predominantly bulbar rapidly
progressive motor axonopathy

— Limbic encephalitis,
mild ataxia

— Caspr2 IVIg/steroids 6 y/death resulting from bulbar
weakness

13 40/F Yes, moderate cramp-fasciculation
syndrome

— — — Caspr2 — 10 y/minimally symptomatic

14c 59/M Mild — Limbic encephalitis,
cerebellar ataxia

— Caspr2 IVIg, cyclosporine 14 y/residual ataxia and temporal
epilepsy

Controls 15 44/F — — Recurrent myelitis (AQP4
Ab negative)

— Caspr2 Steroid pulses/
mycophenolate

10 y/mild ataxic paraparesis

Abbreviations: Ab 5 antibody; Ach-R 5 acetylcholine receptor; Caspr2 5 contactin-associated protein-like 2; DCC 5 deleted in colorectal carcinoma; IVIg 5 high-dose intravenous immunoglobulins; MGFA 5

Myasthenia Gravis Foundation of America Classification; PLEX 5 plasma exchange; UNC5A 5 uncoordinated-5A.
Patient 1 was one of the 3 patients originally used for precipitation assays (figure 1).
a Patients previously reported in reference 2.
bPatients previously reported in reference 13.
cPatients previously reported in reference 28.
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with primary antibodies specific for Caspr2 (mouse monoclonal

1:50 for 20 minutes; NBP1-49575, Novus Biologicals, Littleton,

CO), DCC (mouse monoclonal 1:50 for 30 minutes; MAB5884,

Novus Biologicals), UNC5A (rabbit polyclonal 1:50 for

45 minutes; LS-B11622, Lifespan Biosciences, Seattle, WA),

HLA-DR (mouse monoclonal 1:30 for 20 minutes; M0775,

Dako), CD3 (mouse monoclonal; M7254, Dako), CD20

(mouse monoclonal; M0755, Dako), and cytokeratin AE1/AE3

(mouse monoclonal; M3515, Dako), ready to use for

20 minutes. For antibody detection, Envision detection system

peroxidase/DAB (Dako) was used. The procedure was performed

on a Dako Autostainer Link 48. Image acquisition and analyses

were performed with a Leica DMD108 digital microscope.

Standard protocol approvals, registrations, and patient
consents. Written informed consent for storing and using sam-

ples for research purposes was obtained from all the patients and

controls. Serum samples were stored at 2808C and treated in

accordance with current legislation (Spanish RD 1716/2011,

November 18) in the Biobank of the Hospital Universitario y

Politécnico La Fe and the Hospital Central de Asturias. The study

was approved by the ethics committee of the Hospital Universi-

tario y Politécnico La Fe, Valencia, Spain (CEIB 2012/0145).

Primary research questions. We determined the presence of

antibodies against novel cell-membrane antigens in the serum

of patients with neuromyotonia and myasthenia gravis and

examined whether the identification of those antibodies

associated with clinical neurologic manifestations or the

presence of thymoma. Our study is rated Class III because of

the case-control design and the risk of spectrum bias in the

interpretation of the cell-based assays.

RESULTS The immunoprecipitation studies (figure 1)
led to the isolation of Caspr2 and 2 Netrin-1 receptors,
DCC and UNC5A, as candidate antigens (tables e-1
and e-2). The cell-based assays with 98 patients and
219 controls are summarized in table 1. Fifteen
patients were positive for any of these antibodies: 9
had antibodies against Netrin-1 receptors (7 DCC, 2
UNC5A) (7 with additional Caspr2 antibodies) and 6
had isolated Caspr2 antibodies (figure 2, figure e-1).
The clinical characteristics of these patients are
summarized in table 2. All 9 patients with Netrin-1
receptor antibodies had thymoma. Six of them had
neuromyotonia, myasthenia gravis, and severe
insomnia, all with the Netrin-1 receptor plus Caspr2
antibodies. In 4 patients in this group, myasthenia
gravis with thymoma preceded by 1 to 10 years the

Figure 1 Flowchart of the study

CRMP3 and CRMP5 5 collapsin response mediator proteins 3 and 5.

1238 Neurology 88 March 28, 2017

ª 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



development of peripheral nerve hyperexcitability
symptoms, which were manifested simultaneously in
2 patients. Of the 3 remaining patients with thymoma
and Netrin-1 receptor antibodies, 2 had isolated
myasthenia and one had no neurologic symptoms.

Four patients without thymoma had isolated
Caspr2 antibodies: 2 had mild to severe neuromyoto-
nia with associated limbic encephalitis and cerebellar
ataxia, one had isolated mild neuromyotonia, and one
woman had relapsing episodes of myelitis associated
with coeliac disease.

To assess for the clinical significance of the antibod-
ies, a statistical analysis of their association with neuro-
myotonia, myasthenia gravis, and thymoma was
performed. In the patients with neuromyotonia, pres-
ence of Netrin-1 receptor antibodies (or Caspr2 anti-
bodies) predicted thymoma (p , 0.05; positive
predictive value [PPV] of 70% for Caspr2 antibodies
and 100% for Netrin-1 receptor antibodies in our
study population). Similarly, in the patients withmyas-
thenia gravis, presence of any of these antibodies pre-
dicted thymoma (p , 0.05; PPV of 100% for Caspr2
and Netrin-1 receptor antibodies in our study popula-
tion). Conversely, in the patients with thymoma, pres-
ence of any of the antibodies predicted neuromyotonia
(p , 0.05; PPV of 78% and 66% for Caspr2 and
Netrin-1 receptor antibodies, respectively) but was
not associated with myasthenia gravis. In addition,
when patients with Caspr2 antibodies were analyzed,
the association of a second (anti–Netrin-1 receptor)
antibody was strongly associated with the combination
of neuromyotonia, myasthenia gravis, and thymoma
(often with severe insomnia, suggesting Morvan syn-
drome) (p 5 0.009). Caspr2 antibodies alone (p 5

0.035) or in combination with Netrin-1 receptor anti-
bodies (p 5 0.041) were associated with a higher Ma-
saoka stage ($III) of thymoma.

Thymoma tissue samples from 3 patients were
available for immunohistochemical analysis (patients
1, 2, and 8 in table 2, all with Caspr2 and Netrin-1
receptor antibodies) (table e-3). Neoplastic epithelial
thymoma cells stained on the cell membrane, cyto-
plasm, or both for Caspr2, DCC, and UNC5a in all 3
evaluated samples (figure 3). In addition, Caspr2 and
UNC5A were expressed by epithelial stromal cells
contained in the cortex and medulla of all 7 evaluated
normal thymus; DCC was expressed in 4 of the 7
normal thymus samples in a similar pattern. Staining
was especially intense in areas surrounding the Hassall
corpuscles (figure e-2).

DISCUSSION This study shows that Netrin-1 receptor
antibodies associate with thymoma in patients with
neuromyotonia and myasthenia gravis. These
antibodies might add to other cancer-predicting
antibodies such as SOX1 antibodies in the Lambert-
Eaton myasthenic syndrome15 or titin antibodies in
early-onset myasthenia gravis.16 Currently, screening
for an occult neoplasm is warranted in most patients
with these autoimmune neuromuscular syndromes
regardless of their antibody status.1,17 However, if
future studies confirm our findings, patients with
Netrin-1 receptor antibodies may need more frequent
or prolonged tumor surveillance.

In a previous report, DCC antibodies were found
in 7 patients with Morvan syndrome (most with thy-
moma and coexisting Caspr2 or leucine-rich glioma-
inactivated 1 antibodies).10 Consistently in our study,
Netrin-1 receptor antibodies frequently coexisted with
Caspr2 antibodies, and this combination strongly asso-
ciated with overlapping presynaptic and postsynaptic
neuromuscular syndromes triggered by thymoma.18

Netrin-1 receptor antibodies were also occasionally
observed in patients with isolated myasthenia or thy-
moma. Because there was a 37-fold increased risk of
thymoma in the patients with myasthenia gravis in our
study population (OR5 37.1; p, 0.001), presence of
Netrin-1 receptor antibodies in these patients was
likely related to thymoma-associated autoimmunity
rather than myasthenic symptoms. It should be noted
that manifestations of muscular hyperexcitability
might be less apparent in myasthenia gravis because
of the coexisting defect of neuromuscular transmission
and thus could be underdiagnosed at early stages.18

Netrin-1 is a protein involved in axon guidance
during nervous system development through its inter-
action with its 2 main receptors, DCC and UNC5A,
which lead to axonal attraction or repulsion, respec-
tively. Netrin-1 receptors are also expressed in the
adult nervous system with functions that go beyond
axon guidance such as CNS synaptic plasticity19 or
Schwann cell-axon interactions in the paranodal re-
gions of myelinated peripheral nerves.20 Future

Figure 2 Venn diagram of Netrin-1 receptor
antibody–positive patients in clinical
groups

Number of patients in blue; number of patients with Netrin 1
receptor antibodies in red. MG 5myasthenia gravis; NMT5

neuromyotonia.
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studies should explore whether antibodies against
Netrin-1 receptors have direct pathogenic effects on
their targets.

Two recent reports have contributed to a better
definition of the clinical profile of patients with
Caspr2 autoimmunity.21,22 The 2 most frequent
syndromes of these patients include limbic enceph-
alitis (rarely associated with cancer) and Morvan
syndrome (frequently associated with malignant
thymoma). Because our article focused on neuro-
myotonia, Caspr2 antibodies were found to be pre-
dictive of thymoma. Notably, we identified only 2

patients with Caspr2 antibodies and limbic enceph-
alitis, both without thymoma, which emphasizes
that patients with Caspr2 antibody–associated
encephalitis do not usually have an underlying
tumor.7

We found that the Caspr2 antibody–positive pa-
tients with neuromyotonia were largely confined to
the group of patients with thymoma. This contrasts
with previous reports in which antibody positivity
was not segregated to cases with thymoma.23 In the
present study, only one of 34 patients with non-
thymomatous isolated neuromyotonia had Caspr2
antibodies. Other as-yet unknown antibodies may
account for the axonal hyperexcitability of these pa-
tients. Because our study used rat CNS synaptosomes
for the immunoprecipitation experiments, it is con-
ceivable that other implicated peripheral nerve anti-
gens might have been missed.

Most paraneoplastic neurologic syndromes asso-
ciated with classic onconeuronal antigens develop
at early oncological disease stages; tumors express
the onconeuronal antigen; and the prognosis of
these patients improves after successful treatment
of the underlying cancer. Thymoma-associated
immunity differs in many aspects from this classic
model. In our study, Caspr2 and Netrin-1 receptor
immunity developed at advanced metastatic Masao-
ka stages of thymoma and frequently in patients pre-
viously diagnosed with thymoma-associated
myasthenia gravis. Thymectomy, chemotherapy,
and thymoma recurrence have all been previously
reported as triggers of Caspr2-related immunity.24,25

Expression of Netrin-1 receptors and Caspr2 was
confirmed in 3 available thymoma samples and, as
expected, in thymic epithelial cells of normal thy-
mus. Previous reports have shown thymoma expres-
sion of epitopes of antigens involved in
paraneoplastic immunity (collapsin response medi-
ator protein 5, titin, acetylcholine receptors),
whereas the corresponding whole functional protein
is usually absent.26,27 Intratumoral T-cell selection
and activation in an abnormal microenvironment
that expresses the antigens are probably important
for the development of Netrin-1 receptor and
Caspr2 autoimmunity. The task for the future is
to determine the pathogenicity of these antibodies
and to confirm with larger series of patients their
potential utility as biomarkers of thymoma in pa-
tients with autoimmune neuromuscular or CNS
diseases.
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