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ABSTRACT

Objective: To report the clinical features of 20 newly diagnosed patients with GABAB receptor
(GABABR) antibodies and determine the frequency of associated tumors and concurrent neuronal
autoantibodies.
Methods: Clinical data were retrospectively obtained and evaluated. Serum and CSF samples
were examined for additional antibodies using methods previously reported.
Results: Seventeen patients presented with seizures, memory loss, and confusion, compatible
with limbic encephalitis (LE), one patient presented with ataxia, one patient presented with status epilepticus, and one patient presented with opsoclonus-myoclonus syndrome (OMS). Nineteen (95%) patients eventually developed LE during the course of the disease. Small-cell lung
cancer (SCLC) was identified in 10 (50%) patients, all with LE. Treatment and outcome was
available from 19 patients: 15 showed complete (n 5 7) or partial (n 5 8) neurologic improvement after steroids, IV immunoglobulins, or plasma exchange and oncologic treatment when indicated; 1 patient died of tumor progression shortly after the first cycle of immunotherapy, and 3 were
not treated. Five patients with SCLC had additional onconeuronal antibodies (Ri, amphiphysin, or
SOX1), and 2 without tumor had GAD65 and NMDAR antibodies, respectively. GABABR antibodies
were not detected in serum of 116 patients with SCLC without neurologic symptoms.
Conclusion: Our study confirms GABABR as an autoantigen of paraneoplastic and nonparaneoplas-
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tic LE and expands the phenotype of GABABR antibodies to ataxia, OMS, and status epilepticus. The
long-term prognosis is dictated by the presence of a tumor. Recognition of syndromes associated
with GABABR antibodies is important because they usually respond to treatment. Neurologyâ
2013;81:1500–1506
GLOSSARY
FLAIR 5 fluid-attenuated inversion recovery; GABABR 5 GABAB receptor; IQR 5 interquartile range; IVIg 5 IV immunoglobulin; LE 5 limbic encephalitis; OMS 5 opsoclonus-myoclonus syndrome; PNS 5 paraneoplastic neurologic symptoms;
SCLC 5 small-cell lung cancer.

Autoimmune encephalitides are caused by humoral or cellular responses against specific neuronal antigens. Recently, neuronal surface receptors and synaptic proteins have been identified as
autoantigens of some of these disorders. The clinical picture of these patients may include limbic
encephalitis (LE), Morvan syndrome, psychosis, or abnormal movements and can occur preferentially as paraneoplastic or nonparaneoplastic syndromes depending on the type of autoantibody.1,2 Surface receptor antibodies are highly specific and sensitive diagnostic markers, and
the associated syndromes often respond to immunotherapy.3 One of these autoantibodies was
found to be directed against the GABAB receptor (GABABR).4 In the series where these antibodies
were first reported, all 15 patients had LE and prominent seizures and some had additional
antibodies against GAD65 or SOX1, with or without the presence of an underlying small-cell
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lung cancer (SCLC).4 These immunologic and
oncologic associations gained further attention
since similar patients were previously considered to have antibody-negative LE, or the neurologic syndrome had been attributed to the
concurrent antibodies.4,5 However, the limited
number of patients reported since the original
series, which was focused on LE, indicates a
need for additional studies to define the spectrum of GABABR antibody–associated symptoms, and to assess the impact of oncologic
and immunologic therapies. It is also unclear
whether GABABR antibodies may occur in
patients with SCLC without neurologic symptoms. To address these questions, we report 20
new patients with GABABR antibodies who
were identified by examining sera and CSF
from patients with symptoms suspected to
be autoimmune but without selection for a
specific neurologic syndrome. We provide a
systematic investigation on their clinical picture, additional antibodies, the presence of an
underlying tumor, and the response to treatment. In addition, we determined whether the
target epitopes of GABABR antibodies are
conformational, and whether the antibodies
occur in patients with SCLC but without paraneoplastic neurologic symptoms (PNS).
METHODS Patients. We investigated 9,076 sera or CSF of
patients with suspected autoimmune encephalitis or PNS (including patients with LE, nonfocal encephalitis, encephalomyelitis,
Morvan syndrome, and cerebellar dysfunction) that were received
for antibody studies between May 2009 and September 2012 in
the Department of Neurology, University of Pennsylvania, and
the Service of Neurology, University of Barcelona. In addition,
we investigated 346 CSF samples of patients with rapidly progressive neurologic symptoms, suspected to be prion disorders,
received for evaluation of 14-3-3 protein between January and
December 2012 at the Service of Neurology, University of Barcelona. Clinical information was obtained from questionnaires
filled out by the referring neurologists and telephone interviews.
One of the patients was previously described as a case report,6
another patient was included in a series of patients with LE and
antibodies against neuronal cell-surface antigens antedating the
discovery of GABABR as autoantigen.7

Standard protocol approvals, registrations, and patient
consents. Samples are deposited in the collection of biological
samples named “neuroinmunologia” registered in the biobank
of IDIBAPS, Barcelona, Spain. Samples of patients with SCLC
without PNS were obtained at the Department of TB, National
Koranyi Institute of TB and Pulmonology, Hungary, and at the
Division of Thoracic Surgery, Medical University of Vienna,
Austria. Informed consent for research for antineuronal antibodies was obtained in all patients. The study was approved by the
institutional review boards of the Hospital of the University of

Pennsylvania, University of Barcelona, the Koranyi Institute
of TB and Pulmonology, Hungary, and the Medical University
of Vienna.

Screening for antineuronal antibodies. Serum and CSF samples were tested for antibodies to intracellular and cell-surface antigens on pre-fixed and postfixed rat brain, as described previously
(figure 1, A and B).8 Samples showing specific tissue staining were
further examined with a commercial immunoblot assay (Ravo Diagnostika, GmbH, Freiburg, Germany) for antibodies against classic
paraneoplastic antigens (Hu, Yo, Ri, CV2, amphiphysin, Ma1/2,
SOX1, and GAD65). The identity of cell-surface antigens was established using live hippocampal neurons (figure 1C) and a cell-based
assay with HEK293 cells expressing LGI1, CASPR2, NMDAR,
AMPAR, GABABR, GlycineR, mGluR1, mGluR5, or DPPX, as
reported (figure 1D).9
Immunoblot. To confirm that human serum or CSF antibodies
recognize conformation-dependent epitopes of the GABABR subunit, immunoblots with lysates of GABABR-transfected cells were
performed. Nontransfected cells were used as control. HEK cell
homogenates were resolved in an 8% polyacrylamide gel electrophoresis and blotted onto a polyvinylidene difluoride membrane.
Strips were incubated overnight with patient’s or normal human
sera diluted 1:1,000 and a commercial GABABR antibody (R1
subunit, p.c.; Santa Cruz Biotechnology Inc. Santa Cruz, CA)
diluted 1:5,000. The reactivity of patients and control sera was
visualized with an avidin-biotin peroxidase assay (Vector Labs,
Burlingame, CA).
Statistical analysis. Age and time until diagnosis were analyzed
by a Mann-Whitney U test. The difference in antibody positivity
between serum and CSF was calculated with McNemar paired
test. For survival, Kaplan-Meier curves were created, using logrank tests. Statistical analysis was performed with GraphPad
Prism 6.01 (La Jolla, CA).

We identified 20 patients with
GABABR antibodies. A summary of these patients is
shown in table 1. The male: female ratio was 12: 8. The
10 patients without SCLC were younger (median age
39 years, range 16–67 years) than those with SCLC
(median 67.5 years, range 60–77 years) (p 5 0.0006).
The median time from symptom onset until diagnosis
was 4 weeks (range 2–104 weeks). In 9 of 10 patients
with SCLC, the neurologic syndrome preceded the
diagnosis of SCLC (median 0.75 months, range
0.75–22 months), and in 1 patient the SCLC was
identified 1 week before onset of LE.
RESULTS Patients.

Clinical presentation. At the time of hospital admis-

sion, the clinical picture of the patients was categorized into 4 types.
Limbic encephalitis and seizures. Seventeen patients
presented with LE, including memory loss, confusion,
hallucinations, personality change, and seizures, which
in 5 patients were difficult to control. Additionally, one
patient developed autonomic dysfunction and hypoventilation, one had mild limb spasticity, and another
prominent psychiatric symptoms. One patient who
additionally had amphiphysin antibodies (see below)
showed a mixed clinical picture of LE and diffuse
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Figure 1

Screening for GABABR antibodies in serum and CSF of patients

Indirect immunohistochemistry on rat brain with a patient’s serum shows widespread labeling of GABAB receptor (GABABR) in the cortex and subcortical gray matter, with strong
positivity of hippocampus and molecular layer of the cerebellum (A), whereas the serum from
a healthy individual is negative (B). GABABR antibodies of a patient strongly label the surface
of a live embryonic rat hippocampal neuron (C). Antibodies of patients are identified on
HEK293 cells transfected with the R1 and R2 subunit of the GABABR (D; red: commercial
antibody against the R1 subunit of the GABABR, green: CSF from a patient with GABABR
antibodies, blue: nuclear staining with DAPI). C, D: 3400.

encephalomyelitis with gait ataxia.7 In 9 patients, the
MRI showed unilateral or bilateral increased fluidattenuated inversion recovery (FLAIR)/T2 signal in
the hippocampus and amygdala, and 1 patient showed
pial enhancement; the other 7 patients had normal
MRI. EEG was available from 12 patients: 7 had temporal lobe epileptic activity with or without general
slowing; the others were unremarkable, although they
did not have continuous monitoring. CSF analysis was
available from 16 patients: 11 showed lymphocytic pleocytosis (median 37 white blood cells, range 12–159),
elevated protein concentration (median 68.5 mg/dL,
range 51–176), or both (table 1).
Status epilepticus. A 63-year-old woman presented
with prominent seizures, preceded 2 weeks earlier by
prodromal fever and nonspecific respiratory symptoms.
1502
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She then developed abdominal myoclonic jerks and
dystonia of the right leg that was interpreted as focal
seizures and the patient was treated with anticonvulsants. Brain MRI was normal, and the EEG demonstrated epileptic activity in the left temporal lobe;
CSF showed 11 white blood cells/mm3 and protein
50 mg/dL. Four weeks after symptom onset, the
patient developed status epilepticus that was controlled
with multiple anticonvulsants, but she died of respiratory failure and aspiration. No underlying tumor was
found. Autopsy was not available.
Ataxia. A 52-year-old man presented with gait ataxia,
spasticity, and dysarthria. Additionally, he developed
depressive mood and mild cognitive deficits but did
not have seizures. Brain MRI showed leukoencephalopathy in frontal and temporal lobes. EEG was unremarkable; CSF showed 21 white blood cells/mm3 and
protein 106.2 mg/dL. The patient responded partially
to immunotherapy. He is alive and no tumor has been
identified.
Opsoclonus-myoclonus. A 33-year-old woman presented with opsoclonus-myoclonus syndrome (OMS)
that partially responded to steroids, IV immunoglobulin (IVIg), plasmapheresis, and rituximab. Three
months later, she developed hallucinations, disorientation, and symptoms of LE. At this time, GABABR
antibodies were identified in serum; serum from 3
months earlier was no longer available for antibody
determination. Brain MRI showed increased signal in
T2/FLAIR and contrast enhancement in cortex and
white matter of both frontal and temporal lobes and
cingulum, the EEG demonstrated diffuse slow activity,
and the CSF revealed 30 white blood cells/mm3 and
76 mg/dL protein. Symptoms of LE responded partially to steroids.
Treatment and follow-up. Fifteen patients received
immunotherapy (steroids, IVIg, plasma exchange, rituximab, cyclophosphamide, or mycophenolate mofetil), 3 of them along with oncologic treatment
(chemotherapy, 2 additionally radiation therapy),
1 patient received chemotherapy alone, and 3 did
not receive any of these treatments; information was
not available from 1 patient (table 2). Overall, 7
patients showed complete neurologic response to
immunotherapy or oncologic therapy, and 8 had partial response. Seven of these 8 patients were able to
function by themselves, 4 of them requiring minimal
assistance, and 1 who only received oncologic treatment died a few weeks after neurologic improvement
of complications of chemotherapy. Of the 15 patients
who responded to therapy, 9 did not have SCLC and
6 had SCLC.
Among the 4 patients who did not have neurologic improvement, only one received immunotherapy. This patient had a very poor general condition
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Table 1

Clinical presentation and immunologic findings in patients with
GABABR autoimmune encephalitis
Patients

Idiopathic

Paraneoplastic

No. of patients

20

10

10

Male: female

12:8

4:6

8:2

Median age, y (range)a

61.5 (16–77) 39 (16–67) 67.5 (60–77)
b

4 (2–104)

7 (3–104)

3.5 (2–18)

LE (memory loss, confusion, seizures)

17

7

10

Only seizures

1

1

—

OMS

1

1

—

Cerebellar ataxia

1

1

—

LE

2c

2

—

Autonomic dysfunction

1

—

1

Mild limb spasticity

1

1

—

Psychiatric symptoms

1

1

—

19

10

9

Median time until diagnosis, wk (range)
Clinical symptoms (initial presentation)

Symptoms developed after initial presentation

MRI available
Pathologic findings

12

7

5

LE

9

4

5

Pial/cortical enhancement

2

2

—

Leukoencephalopathy

1

1

—

15

9

6

9

6

3

Epileptiform changes

6

4

2

General slowing

3

2

1

19

10

9

14

8

6

Pleocytosis and elevated protein

7

5

2

Only pleocytosis

6

3

3

Only elevated protein

1

—

1

7

2

5

Amphiphysin

1

—

1

Ri (ANNA2)

1

—

1

SOX1

3

—

3

GAD65

1

1

—

NMDAR

1

1

—

EEG available
Pathologic findings

CSF available
Pathologic findings

Associated antibodies

Abbreviations: GABABR 5 GABAB receptor; LE 5 limbic encephalitis; OMS 5 opsoclonusmyoclonus syndrome.
a
p 5 0.0006, Mann-Whitney U test.
b
p 5 0.16, Mann-Whitney U test.
c
One patient with initial presentation with OMS and one patient with initial presentation of
cerebellar ataxia later developed LE.

and died shortly after the first cycle of IVIg and steroids and therefore the effects of immunotherapy
were not assessable. The other 3 patients were in such
poor general condition that they only had palliative
treatment before they died.
At the last follow-up, 12 patients are alive and 8
have died; 7 of these 8 patients died as a result of

tumor progression or complications of chemotherapy.
The only patient without tumor who died developed
seizures in association with concurrent antibodies to
GAD65; the cause of death was refractory status epilepticus. Patients with SCLC had a shorter survival
compared with patients without tumor (p 5 0.029).
Immunologic studies. A systematic screening of all
GABABR antibody–positive sera or CSF for the presence of other antibodies showed that 5 patients with
SCLC had additional antibodies: 3 SOX1, 1 amphiphysin, and 1 Ri (ANNA2). The patient with additional amphiphysin antibodies was diagnosed with
paraneoplastic encephalomyelitis. He received one
cycle of IVIg and steroids for 3 days but did not
improve and died of pneumonia. At autopsy, a SCLC
was found, and the brain showed lymphocytic inflammatory infiltrates throughout the whole brain including cerebellum and brainstem, but with a more
prominent involvement of limbic areas. The inflammatory infiltrates were mainly composed of perivascular and to a minor extent parenchymal CD3-,
CD4-, and CD8-positive T cells.7 The 3 patients
with SOX1 antibodies and the patient with Ri antibodies presented with sudden onset of epilepsy and
psychiatric symptoms. All 4 were in the group of poor
general condition and thus 2 of them only received
palliative care support, the other 3 received immunotherapy or chemotherapy that improved neurologic
symptoms, but all died soon due to tumor progression. The median survival of the 5 patients with
SCLC and additional antibodies was 1.5 months
compared to 11 months for patients with SCLC
and GABABR antibodies alone (p 5 0.07).
Among patients without SCLC, one had antibodies against GAD65 (discussed earlier) and another
against the NR1 subunit of the NMDAR, which
associated with prominent psychiatric symptoms in
addition to LE.
None of the sera from 116 patients with SCLC
without PNS showed reactivity with HEK293 cells
expressing GABABR. The survival of patients with
SCLC and GABABR antibodies (median survival 3
months, interquartile range [IQR] 1.5–14 months)
did not significantly differ from survival of those
without PNS (median survival 7 months, IQR 2–
13 months, p 5 0.68) (figure 2).
Immunoblot of protein extracts from HEK cells
expressing GABABR were tested with a commercial
GABABR antibody and sera of 6 patients from whom
enough sample was available. While the commercial
antibody reacted with a major band of approximately
106 kDa corresponding to the R1 subunit of the
receptor, none of the 6 patients’ sera showed immunoblot reactivity despite being strongly positive with
HEK cells expressing GABABR (data not shown).
Neurology 81
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Table 2

Treatment and outcome of patients with GABABR autoimmune encephalitis

No.

Age,
y/sex

Sample
tested

1

16/F

S

Additional
antibodies

Main neurologic
syndrome

Tumor

LE

Immunotherapy or chemotherapy

Treatment
response

Follow-up,
mo

Steroids 1 IVIg 1 PLEX

Complete

18

2

28/F

S, CSF

LE

Steroids 1 PLEX

Partial

1.25

3

29/M

S, CSF

LE

Steroids

Partial

1.5

4

33/F

S, CSF

OMS

Steroids 1 IVIg 1 PLEX 1 rituximab Partial

45

5

35/F

S

LE

Steroids 1 IVIg

Complete

11.5

6

43/M

S, CSFa

LE

Steroids

Complete

8

7

44/M

CSF

LE

Steroids 1 mycophenolate mofetil

Complete

6

Ataxia

Steroids 1 IVIg 1 PLEX 1 rituximab Partial

36

Status epilepticus

No data available

4; died

LE

Steroids

Partial
Partial

NMDAR

8

52/M

CSF

9

63/F

S, CSFa

10

67/F

a

S, CSF

11

60/M

S, CSF

12

61/M

S, CSFa

13

62/M

S, CSF

14

63/F

15
16

GAD65

LE

SCLC

Chemotherapy

LE

SCLC

No

3; died

LE

SCLC

No

1.25; died

CSF

LE

SCLC

Steroids 1 PLEX 1
cyclophosphamide

Partial

1.5

67/M

S, CSF

LE

SCLC

Chemotherapy 1 steroids

Complete

16; died

68/F

S, CSF

SOX1

LE

SCLC

Chemotherapy 1 steroids 1 IVIg

Partial

12; died

LE

SCLC

Chemotherapy 1 IVIg

Complete

SOX1

LE

SCLC

No

LE

SCLC

Steroids

Complete

25b

LE

SCLC

Steroids 1 IVIg

No response

0.75; died

17

70/M

CSF

18

74/M

S

19

77/M

CSF

20

77/M

S, CSF

SOX1

8

Ri

Amphiphysin

1.75; died

36
1.5; died

Abbreviations: GABABR 5 GABAB receptor; IVIg 5 IV immunoglobulin; LE 5 limbic encephalitis; OMS 5 opsoclonus-myoclonus syndrome; PLEX 5 plasma
exchange; S 5 serum; SCLC 5 small-cell lung cancer.
a
GABABR antibodies were only positive in CSF (in the 12 paired serum/CSF samples, GABABR antibodies were always detectable in the CSF [100%], while
present in only 8 sera [67%]; p 5 0.13).
b
Tumor screening (CT and fludeoxyglucose-PET) was initially negative and was only found 22 months after onset of disease.

These findings suggest that patient antibodies are
directed against conformal epitopes of the GABABR.
DISCUSSION We report 20 patients with GABABR
antibodies, representing the largest case series of patients with this disorder reported to date. Four relevant
findings are provided: 1) the study confirms that most
patients with these antibodies develop LE, 2) 2 patients
had novel forms of symptom presentation, ataxia, and
opsoclonus, 3) GABABR antibodies occurred in
patients with neurologic dysfunction, with or without
SCLC, but were not detected in cancer patients without neurologic symptoms, and 4) analysis of the
GABABR antibodies and the repertoire of concurrent
autoimmunities showed that the GABABR epitopes are
conformational, and the type of concurrent antibodies
varies according to the presence or absence of cancer,
and may suggest outcome.
A previous series of patients from the University of
Pennsylvania—a referral center for autoimmune and paraneoplastic encephalitis—showed a predominant association of GABABR antibodies with LE and seizures.4 To
1504
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determine whether this association holds in a broader
referral setting, the current study was conducted at the
University of Pennsylvania and at the Service of Neurology, University of Barcelona, which has a referral pattern
that includes autoimmune disorders of the gray and white
matter, paraneoplastic syndromes, and prion disorders.
Despite this wider spectrum of disorders, including also
sera of 116 patients with SCLC but without PNS, 19 of
the 20 patients with GABABR antibodies developed LE,
85% of them in association with prominent seizures.
Interestingly, the initial symptom presentation of 2
patients did not suggest LE, one had cerebellar symptoms, similar to a case recently described,10 and the
other had opsoclonus. This patient developed the
opsoclonus several months before the development of
LE. We cannot rule out that he had 2 unrelated paraneoplastic syndromes with opsoclonus preceding the
development of GABABR antibody–associated symptoms. To support this possibility, a previously reported
patient presented with opsoclonus without onconeuronal antibodies, and several months later developed
anti-Hu-associated encephalomyelitis.11
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Figure 2

Survival of patients with SCLC with GABABR antibodies does not
differ from that of patients with SCLC without PNS

Kaplan-Meier survival curves for 96 patients with small-cell lung cancer (SCLC) without paraneoplastic neurologic symptoms (PNS) (blue) and 10 patients with SCLC and PNS associated with GABAB receptor (GABABR) antibodies (red). Censored cases of surviving
patients or patients lost to follow-up are marked by a cross.

The occurrence of cerebellar symptoms, including
opsoclonus, is not surprising given the high density of
expression of GABABR in the cerebellum.12 Moreover, considering the wide anatomical distribution
of GABABR,13 it is reasonable to assume that with
future systematic screening more clinically “atypical”
cases may be found.
Fifty percent of the patients had an underlying tumor,
which in all cases was an SCLC that was usually identified after the development of neurologic symptoms. Taking these 20 patients together with all previously reported
cases, 27 of all 47 (58%) patients showed a paraneoplastic etiology.4,5,10 The median age of patients in the paraneoplastic group was older compared with that of the
nonparaneoplastic group (66 years, range 47–77, vs
43.5 years, range 16–69). In all but 2 cases, where histologic characterization was available, the underlying
tumor was an SCLC; the 2 exceptions included a patient
with a carcinoid of the thymus5 and another patient with
melanoma.10 Like SCLC, these 2 types of tumors derive
from the neuroectoderm and may thus be able to express
GABABR; further studies with additional patients are
needed to confirm these tumor associations.
Consistent with the extracellular location of the epitopes of the GABABR, 14/15 patients treated with

immunotherapy (3 combined with oncologic therapy)
had full or substantial neurologic responses. Even 4
patients (one with tumor) with treatment delays of 3
to 4 months improved with immunotherapy. In patients with cancer, the outcome was dictated by the
successful treatment of the tumor and the presence of
onconeuronal antibodies against intracellular antigens,
which usually indicate cytotoxic T-cell mechanisms and
less response to immunotherapy.7 Interestingly, one
patient without additional onconeuronal antibodies,
who was treated for SCLC without immunotherapy,
also showed neurologic improvement, emphasizing the
role of antigen presentation by the tumor. Only one of
the 8 patients who died did not have SCLC, but this
patient had additional antibodies to GAD65 and died
of refractory status epilepticus, consistent with the
poor prognosis that these antibodies confer to LE
and seizures.14
In patients with anti-GABABR-associated encephalitis, the occurrence of additional antibodies has been
previously noted,5 but several novel implications can
be obtained from our findings. The type of additional
antibodies varied depending on the presence or
absence of a SCLC, so that detection of these antibodies may lead to identify the cancer and suggest a
clinical prognosis. For example, the 5 patients with
onconeuronal antibodies (amphiphysin, SOX1, or
Ri/ANNA2) had an underlying SCLC. In these 5
patients, the presence of the tumor and probably
cytotoxic T-cell mechanisms might have influenced
the outcome. Indeed, all had a rapid clinical progression to death, and the patient with amphiphysin antibodies showed autopsy findings consistent with a
cytotoxic T-cell–mediated disorder.7 On the other
hand, in the 2 patients without SCLC but with additional antibodies, these were directed against GAD65
and NMDAR, respectively. In both patients, the
presence of these antibodies appeared to modify
the neurologic phenotype; indeed, the patient with
NMDAR antibodies showed prominent psychiatric
symptoms, and the patient with GAD65 antibodies
developed refractory seizures as indicated above.
Interestingly, the serum and CSF of the patient with
OMS did not show any additional antibody, as occurs
in most cases of autoimmune opsoclonus.15
The mechanisms involved in the effects of
patients’ GABABR antibodies are under study. The
strong reactivity of these antibodies with cultured live
hippocampal neurons, and the response of patients’
symptoms to immunotherapy, suggest a direct pathogenic role as it occurs with NMDAR antibodies.16
However, in contrast to NMDAR antibodies, preliminary studies suggest that GABABR antibodies do not
decrease the synaptic levels of receptors, but alter the
synaptic function, blocking the inhibitory effects of baclofen on the spontaneous firing of cultured neurons.17 In
Neurology 81
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the current study, we show that antibodies are directed
against conformal epitopes, visible in HEK293 cells
transfected with GABABR or in live neurons, but
not visible when the receptor protein is denaturated
in immunoblot.
Overall, findings from this and previous studies have
several practical implications. Testing for GABABR
antibodies should be considered in all patients with
LE with or without SCLC, and rare cases of cerebellar
dysfunction and opsoclonus in which no other antibodies are identified. The presence of a tumor, mainly
SCLC, should be suspected in older patients as well as
those who have additional onconeuronal antibodies. In
patients with known SCLC, the development of LE
without Hu antibodies (ANNA1) is strongly associated
with GABABR antibodies. The diagnosis of this disorder is important, because in most patients neurologic
symptoms respond to immunotherapy regardless of
being paraneoplastic or not.
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