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GABAB receptor autoantibody frequency
in service serologic evaluation

ABSTRACT

Objective: Small-cell lung carcinoma (SCLC) and limbic encephalitis are recognized g-aminobutyric
acid-B receptor (GABABR) autoantibody accompaniments. We sought to determine in a diagnostic
serology laboratory the frequency and accompaniments (neurologic, oncologic, and serologic) of
GABABR–immunoglobulin G (IgG).

Methods: We tested stored serum and CSF specimens from 3 patient groups for GABABR-IgG by
indirect immunofluorescence on mouse brain tissue and transfected HEK293 cells. Group
1 included 3,989 patients tested for GABABR-IgG in service evaluation for suspected autoim-
mune encephalopathy. Group 2 included 49 patients with an unclassified CNS synaptic IgG
detected (antedating descriptions of GABABR autoantibody). Group 3 included 384 patients in
whom $1 SCLC-predictive autoantibodies had been detected.

Results: GABABR-specific IgG was detected in 17 patients (serum, 14; CSF, 11). N-type calcium
channel antibody coexisted with GABABR-IgG in all seropositive patients of groups 1 and 2. In
group 1, 7 of 3,989 patients were positive (0.2%). All had limbic encephalitis; 5 had SCLC. Four
patients received immunotherapy and improved neurologically. In group 2, 5 of 49 patients were
positive (10%). Three had limbic encephalitis, 1 had rapidly progressive encephalomyelopathy,
and 1 had cerebellar ataxia. Two patients had SCLC and 1 had multiple myeloma. In group 3, 5 of
384 patients were positive (1.3%); titers were low (detected only by transfected cell assay). The
neurologic presentations were diverse and attributable to coexisting T-cell-mediated autoimmu-
nity (indicated by CRMP-5 IgG [2], ANNA-1 [2], and ANNA-3 [2]), rather than to GABABR-IgG.

Conclusion: GABABR autoantibody is a marker of an uncommon but treatable paraneoplastic
neurologic disorder, usually occurring in the setting of limbic encephalitis and SCLC.
Neurology� 2013;81:882–887

GLOSSARY
CRMP-55 collapsin response-mediator protein 5;GABABR5 g-aminobutyric acid-B receptor; IgG5 immunoglobulin G; LE5
limbic encephalitis; SCLC 5 small-cell lung carcinoma.

Autoantibodies specific for the CNS inhibitory g-aminobutyric acid-B receptor (GABABR, B1
and B2 subunits) have been reported in patients with paraneoplastic limbic encephalitis (LE).
Small-cell lung carcinoma (SCLC) and other neuroendocrine neoplasms1,2 have been reported as
oncologic accompaniments. The neuronal N-type voltage-gated calcium channel antibody,
another paraneoplastic autoantibody SCLC marker, is commonly reported as a serologic accom-
paniment.1 Paraneoplastic neurologic disorders associated with autoantibodies targeting neural
plasma membrane antigens (e.g., GABABR) tend to improve with early cancer treatment and
immunotherapy.1 In contrast, disorders associated with autoantibodies specific for neural intra-
cellular antigens (i.e., nuclear and cytoplasmic) are less responsive to these treatments.

To date, most patients reported with GABABR antibody have been ascertained through eval-
uation of patients with LE.1,2 Autoimmune serologic evaluation in a clinical service laboratory,
involving patients with diverse neurologic presentations, allows broader ascertainment of clinical
associations. Here, we report the detection frequency of GABABR antibody and associated
neurologic, oncologic, and serologic findings.
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METHODS Standard protocol approvals, registrations,

and patient consents. The study was approved by the Mayo

Clinic Institutional Review Board.

Patients. Archival sera and CSF selected for GABABR antibody

testing were from the following.

Group 1. Group 1 was evaluated to determine the frequency in
clinical laboratory practice of GABABR–immunoglobulin G (IgG)

detection among patients with suspected autoimmune encephalopa-

thy. This group consisted of 3,989 patients, for whomGABABR-IgG

testing was performed as a component of service evaluation for hip-

pocampal synaptic autoantibodies (July 2010–December 2012). For

3,026 patients, serum was tested, for 1,665, CSF was tested; paired

serum and CSF samples were tested for 1,332 patients.

Group 2. Group 2 consisted of 49 patients, in whom tissue-

based immunofluorescence (performed 1991–2010, prior to GA-

BABR antibody’s discovery1) revealed an unclassified CNS synaptic

autoantibody suggestive of GABABR-IgG. Archival laboratory re-

cords identified these patients through the described pattern of IgG

binding to cerebellum,midbrain, and myenteric plexus. There were

46 serum specimens and 7 CSF specimens (paired in 4 cases).

Group 3. Group 3 included 384Mayo Clinic patients in whom

service serologic evaluation (January 1986–May 2010) had revealed

one or more paraneoplastic neuronal or glial nuclear or cytoplasmic

autoantibodies predictive of SCLC (a common accompaniment

of GABABR-IgG): ANNA-1; collapsin response-mediator protein

5 (CRMP-5) IgG; Purkinje cell cytoplasmic antibody type 2; amphi-

physin IgG; ANNA-2, ANNA-3; antiglial/neuronal nuclear antibody,

type 1 (SOX-1 antibody). Paired CSF was available for 54 cases.

Serologic testing. GABABR-IgG was sought by indirect immu-

nofluorescence on 1) a composite substrate of mouse tissues, con-

sisting of hippocampus, cerebral cortex, cerebellum, basal ganglia,

thalamus, kidney, and gut; and 2) HEK293 cells transfected with

the GABAB cDNA (EUROIMMUN, Lubeck, Germany). Patients

1 and 2 were tested additionally courtesy of Dr. J. Dalmau. Other

testing was performed as previously described.3

RESULTS We detected GABABR antibody in 17
patients (table); 11 were women; median symptom
onset age was 63 years (range, 16–85).

Group 1. Seven patients of 3,989 (0.2%) were positive
(patients 1–7) in 12 total specimens (serum and CSF, 5
cases; serum or CSF, 2 cases with only 1 specimen
available). For each specimen, GABABR-IgG was iden-
tified by tissue-based assay and confirmed by transfected
cell assay. All had LE. Except for one 16-year-old girl, all
had SCLC. All 5 patients with available information
improved neurologically after receiving immunotherapy
or oncologic therapy.

Group 2. Five patients of 49 (10%) were positive (pa-
tients 8–12) in 8 total specimens (serum and CSF, 3
cases; serum or CSF, 2 cases with only 1 specimen avail-
able). The staining pattern, scored initially as “unclassi-
fied CNS synapse-binding IgG,” was consistent with
GABABR antibody (figure 1). GABABR specificity
was confirmed by cell binding assay in all 8 specimens.
Neurologic diagnoses were LE (3 cases; 2 with SCLC),
cerebellar ataxia (1 case, no cancer found), and enceph-
alopathy plus longitudinally extensive myelopathy (1

case, patient 8, who was NMO-IgG seronegative, had
multiple myeloma, received no immunotherapy, and
died within 1 month of serologic testing [figure 2]).

Group 3. Five patients of 384 (1.3%) were positive
(patients 13–17); serum, 4 cases (CSF not available);
CSF, 1 case (serum not available). In all cases titers
were low (not detected by tissue-based immunofluo-
rescence, but by transfected cell assay in serum diluted
1:10 or in CSF diluted 1:2). The neurologic diagnoses
were localized in 3 patients to the CNS (cognitive/
behavioral disturbance, 2; seizures, 1; and dyskinesias,
1) and in 3 patients to the peripheral nervous system.
SCLC was diagnosed in 3. Coexisting paraneoplastic
autoantibodies included CRMP-5 IgG, 2; ANNA-1,
2; ANNA-3, 2. In all cases except patient 1, neurologic
deterioration progressed despite treatment.

Of the 17 patients in whom we detected GABABR-
IgG, one or more coexisting cation channel antibodies
were detected in 13: N-type calcium channel, 11; P/Q-
type calcium channel, 5; voltage-gated potassium chan-
nel complex, 2 (both negative for LGi1-IgG and
CASPR2-IgG specificities). One patient had coexisting
GAD65 antibody. Abnormalities detected by routine
CSF testing (results available for only 4 patients,
groups 2 and 3) included elevated white cell count, 2
cases (12 and 17; [normal ,5]); elevated protein, 2
cases (50 and 75 [normal ,35 mg/dL]).

DISCUSSION GABABR antibody is encountered
uncommonly in serologic evaluation for evidence of
paraneoplastic neurologic autoimmunity (0.2% of pa-
tients tested, compared to 0.36% for ANNA-13), but is
of clinical significance when detected. Consistent with
previous reports, patients in whom GABABR antibody
is detected in high titer (i.e., on substrates of hippocam-
pal tissue as well as transfected cells) usually present with
isolated LE in the context of SCLC. These patients
respond well to immunotherapy. The generally uniform
clinical presentations and favorable outcomes in patients
presenting with isolated LE (group 1) contrasted with
group 3 patients in whom low titers of GABABR-IgG
(detected only by transfected cell binding assay) coex-
isted with high titers of paraneoplastic neuronal nuclear
and cytoplasmic antibodies (ANNA-1, ANNA-3, and
CRMP-5 IgG).1,2 The diversity of central and periph-
eral nervous system disorders in this group, and their
poor responsiveness to immunotherapy, are character-
istic of the neurologic accompaniments of paraneoplas-
tic neural autoantibodies specific for intracellular
antigens.3 These serologic profiles are representative
of a multifaceted tumor immune response targeting
plasma membrane and intracellular onconeural anti-
gens. Lancaster et al.1 likewise reported finding a low
level of GABABR-IgG in some patients with nonence-
phalitic paraneoplastic neurologic disorders.
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Table Demographic, clinical, serologic, treatment, and outcome data for 13 GABABR antibody–seropositive patientsa

Patient

Age, y/sex/
smoking
history Disorders

GABABR Ab

Coexisting Abs,
values

Cancer type,
treatment Immune therapy Outcome

Follow-up,
mo

Tissue IF
titer CBA

Group 1

1 63/F/smoker LE: seizures,
encephalopathy,
psychosis

Serum
1:120

1 Serum: CC-N, 0.20 nM Breast carcinoma
(5 years earlier)

Steroids, PLEX,
cyclophosphamide

Seizures and encephalopathy greatly
improved poststeroids, PLEX, and
cyclophosphamide (before
chemotherapy); residual amnestic
syndrome

1

CSF 1:512 1 New SCLC detected,
chemotherapy

2 16/F/nonsmoker LE: seizures, delirium,
psychosis

Serum
1:1,920

1 Serum: CC-N, 0.35 nM,
CC-P/Q, 0.12 nM

None found Steroids, PLEX Complete resolution with
immunotherapy

14

CSF
unavailable

3 52/F/smoker LE: confusion followed by
nonconvulsive status
epilepticus

Serum
1:3,840

1 Serum: CC-N, 0.35 nM PET-CT: hypermetabolic hilar
lymph node biopsy: SCLC,
chemotherapy

IVIg Greatly improved post-IVIg (before
commencing chemotherapy)

1

CSF 1:128 1

4 58/F/smoker LE: seizures and declining
mental status

Serum
1:7,680

1 Serum: CC-N,
0.54 nM CC-P/Q, 0.08 nM

SCLC — — 0

CSF
1:4,028

1

5 85/F smoker LE Serum
1:480

1 Serum: CC-N, 0.40 nM Chest CT: lung mass
not biopsied

PLEX Improved 1

CSF
1:256

1 CC-P/Q, 0.04 nM

6 63/M/smoker LE Serum
1:960

1 Serum: AGNA/SOX-1,
1:960

SCLC — 50% improved postchemotherapy;
residual deficits

1

CSF
1:128

1 CC-N, 0.36 nM:
VGKC–complex, 0.85 nM

7 67/M/smoker LE Serum
unavailable

NA NA SCLC — — 0

CSF
1:256

1

Group 2

8 71/M/ex-smoker
(quit 11 years
previously)

Encephalopathy, myelopathy
(T2 signal abnormality from T7
to conus); diagnosed as
neurodegenerative disorder

Serum
1:480

1 Serum: CC-N, 0.06 nM Multiple myeloma None Died within 1 month of neurologic
evaluation

3

CSF
unavailable

9 18/F/nonsmoker LE: seizures, memory loss Serum
1:1,920

1 Serum: CC-N, 0.08 nM None — Normalized; returned to school 6

Continued
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Table Continued

Patient

Age, y/sex/
smoking
history Disorders

GABABR Ab

Coexisting Abs,
values

Cancer type,
treatment Immune therapy Outcome

Follow-up,
mo

Tissue IF
titer CBA

CSF 1:64 1

10 31/F/nonsmoker Cerebellar ataxia Serum
1:7,680

1 Serum: CC-N,
0.06 nM CC-P/Q, 0.03 nM

None — — 0

CSF 1:128 1

11 47/M/smoker LE, anosmia, ageusia Serum
1:1,920

1 Serum: CC–N, 0.29 nM SCLC — — 0

CSF 1:32 1

12 71/F/smoker LE CSF 1:64 1 Serum: CC–N, 0.05 nM SCLC — — 0

Serum
unavailable

Group 3

13 82/F/smoker Sensorimotor axonal peripheral
neuropathy; chorea, loss of
taste and smell

— 1
(CSF)

Serum: CC-P/Q, 0.04 nM,
VGKC–complex, 0.16 nM

SCLC, single cycle
chemotherapy

— Chorea improved over time 31

2
(serum)

CSF: CRMP-5, 1:256

14 58/F/smoker Leg weakness and paresthesias,
polyradiculopathy

— 1
(serum)

Serum: ANNA-1, 1:3,840 SCLC, chemotherapy Plasmapheresis No benefit; weakness and general
deterioration progressed; died 2 weeks
after first chemotherapy cycle

1

15 73/M/smoker Myopathy, axonal peripheral
neuropathy

— 1
(serum)

Serum: ANNA-3, 1:15,360
ANNA-1 (Western blot only)

Rectal carcinoma T3N1,
chemotherapy, radiotherapy,
surgical resection

— Weakness progressed to wheelchair
dependency; cognitive impairment
progressed; swallowing apraxia required
PEG tube

34

16 55/M/smoker Amnestic syndrome, dysarthria,
focal seizures of right upper
extremity, left temporal and
parietal slowing on EEG

— 1
(serum)

Serum: ANNA-3, 1:3,840,
GAD65, 0.37 nM

SCLC (brain metastasis;
anaplastic, spindle cell
variant)

— Seizures recurred with tumor
recurrence, controlled with
carbamazepine; died 2 months after
third cycle chemotherapy stopped due
to cancer recurrence

8

Chemotherapy
(cyclophosphamide,
methotrexate, and lomustine)
1 radiotherapy

17 76/F/smoker Amnestic syndrome, psychiatric
disturbance; bitemporal slowing
on EEG

— 1
(serum)

Serum: CRMP-5, 1:240 None found — Slow objective deterioration of
cognition; gait disturbance progressed
slowly

30

Abbreviations: Ab 5 antibody; AGNA/SOX-1 5 antiglial/neuronal nuclear antibody, type-1; ANNA 5 antineuronal nuclear antibody; CBA 5 cell binding assay; CC-N 5 voltage-gated calcium channel, N-type;
CC-P/Q 5 voltage-gated calcium channel, P/Q-type; CRMP-5 5 collapsin response-mediator protein-5; GABABR 5 g-aminobutyric acid-B receptor; GAD65 5 glutamic acid decarboxylase, 65-kDa isoform; IF 5

immunofluorescence; IVIg 5 IV immunoglobulin; LE 5 limbic encephalitis; NA 5 not available; PEG 5 percutaneous endoscopic gastrostomy; PLEX 5 plasma exchange; SCLC 5 small-cell lung carcinoma; VGKC
5 voltage-gated potassium channel.
a Units of autoantibodies and normal values, serum: ANNA-1 and 3, AGNA-1, CRMP-5, GABABR, ,1:240; GAD65, VGKC complex, CC-P/Q, # 0.02 nmol/L; CC-N # 0.03 nmol/L. Normal values, CSF: CRMP-5,
GABABR, ,1:2.
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Seropositivity in group 2 patients was informative
for rarer neurologic presentations of GABABR auto-
antibody (encephalomyelopathy and cerebellar ataxia)
because those patients were not selectively tested on

the basis of an encephalopathic presentation. Cere-
bellar ataxia and brainstem encephalitis have been
reported previously as rare neurologic accompani-
ments of GABABR-IgG.4,5 The longitudinally exten-
sive myelitis in patient 8 (who had multiple myeloma
and coexisting encephalopathy) was characteristic of a
paraneoplastic myelopathy.6 Other rare oncologic as-
sociations of GABABR-IgG reported to date include
esophageal carcinoma and malignant melanoma.4,5

No cancer was detected in the 2 seropositive girls
(aged 16 and 18 years). Cancer detection rates of 1%–

7% have been reported for pediatric patient cohorts
with autoimmune neurologic disorders accompanied
by other neuronal plasma membrane-specific IgG
antibodies (voltage-gated potassium channel complex
and NMDA receptor).7–9

The common coexistence of neuronal voltage-gated
calcium channels antibodies (N-type . P/Q-type)
with GABABR antibodies suggests that tumor-derived
GABABR receptors and calcium channels might asso-
ciate in a complex and serve as coimmunogens. Most
presynaptic GABAB receptors are inhibitory of these
calcium channels, and do so via receptor-coupled Gbg
subunits of inhibitory G (Gi/o) proteins that prevent
cAMP production.10

Although not commonly encountered, testing for
GABABR antibody is justifiable in patients presenting
with an unexplained neurologic disorder and risk for
lung cancer. Seropositivity will direct the cancer
search to small-cell carcinoma and, in the absence
of autoantibodies specific for intracellular antigens,
predicts responsiveness to early-initiated immuno-
therapy. The benefit of early diagnosis is likely great-
est for patients presenting with new-onset seizures,
cognitive decline, or psychiatric symptoms.
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This Week’s Neurology® Podcast
GABAB receptor autoantibody frequency in service serologic
evaluation (See p. 882)

This podcast begins and closes with Dr. Robert Gross, Editor-in-
Chief, briefly discussing highlighted articles from the September
3, 2013, issue of Neurology. In the second segment, Dr. Zsofia
Hole talks with Dr. Andrew McKeon about his paper on GABAB

receptor autoantibody frequency in service serologic evaluation.
Dr. Roy Strowd then reads the e-Pearl of the week about Fazio-
Londe syndrome. In the next part of the podcast, Dr. Alberto
Espay focuses his interview with Dr. Ted Burns on being diag-

nosed with a serious cancer and how he has gained insight into what it is like being a patient.
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