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ABSTRACT

Background: Paraneoplastic syndromes are "remote"
complications of cancer characterized clinically by neu-
rological disease. The sera and cerebrospinal fluid (CSF)
from patients with paraneoplastic neurological syn-
dromes (PNS) frequently contain autoantibodies to ill-
defined neuronal antigens. We report here that neuronal
glutamate receptors are targets for autoantibodies found
in the serum from some patients with well-characterized
PNS.
Materials and Methods: We have analyzed the serum
from seven patients with well-characterized PNS for the
presence of autoreactive antibodies to non-NMDA glu-
tamate receptor subunits. Autoantibodies were assessed
using Western blot, immunohistochemistry, and immu-
nocytochemistry. Whole-cell electrophysiological re-
cordings were used to examine the effect of antibodies
on glutamate receptors expressed by cortical neurons in
culture.

Results: Six of seven patients' serum contained autoan-
tibodies to the non-NMDA glutamate receptor (GluR)
subunits GluRl, GluR4, and/or GluR5/6. No patient had
autoantibodies to GluR2, and only one patient exhibited
weak immunoreactivity to GluR3. Electrophysiological
analysis demonstrated that the serum from four of the
six GluR-antibody-positive patients enhanced gluta-
mate-elicited currents on cultured cortical neurons but
had no effect on receptor function alone. Enhancement
of glutamate-elicited currents was also produced by af-
finity-purified antibody to GluR5.
Conclusions: The occurrence of autoantibodies to spe-
cific neuronal neurotransmitter subunits in the sera of
patients with PNS and the ability of these autoantibodies
to modulate glutaminergic receptor function suggest that
some paraneoplastic neurological injury could result
from glutamate-mediated excitotoxicity.

INTRODUCTION
Paraneoplastic neurological syndromes (PNS) are
a "remote" complication of systemic cancer,
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characterized clinically by progressive, often pro-
found, neurological injury to focal areas in the
central or peripheral nervous system in the ab-
sence of central nervous system metastases. Au-
toantibodies to neuronal cytoplasmic and nu-
clear antigens are commonly found in sera and
cerebrospinal fluid (CSF) of affected patients (1).
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Three major syndromes of paraneoplastic
neurological injury have been described (2,3-
4,15). Paraneoplastic cerebellar degeneration as-
sociated with gynecological and breast malignan-
cies is characterized by cerebellar loss of Purkinje
cells with variable loss of other neuronal popu-
lations. These patients exhibit an antibody re-
sponse, termed Type I or anti-Yo, which labels
antigens of 34 and 52 or 62 kD molecular weight
in Western blots of Purkinje cell concentrates.
Paraneoplastic encephalomyeloneuritis is associ-
ated with small cell carcinoma of the lung and is
characterized pathologically by loss of neurons in
brain, spinal cord, dorsal roots, and autonomic
ganglia. These patients exhibit an antibody re-
sponse, termed Type Ila or anti-Hu, which pro-
duces nuclear and cytoplasmic staining of virtu-
ally all neurons and neuronal proteins of 35-42
kD in Western blots. Paraneoplastic ataxia/opso-
clonus is believed to be associated with injury to
brain stem omnipause neurons and is also asso-
ciated with breast malignancies. This antibody
response, termed, Type IIb or anti-Ri, stains nu-
clei and cytoplasm of virtually all neurons but,
unlike Type Ila antibody response, labels anti-
gens of 55 kD, and occasionally 70 kD, on West-
ern blots of neuronal proteins. Each of these
disorders may have its onset as long as 2 years
prior to diagnosis of the underlying malignancy.

The detection of antineuronal antibodies in
sera and CSF of patients with paraneoplastic
neurological syndromes suggests that an autoim-
mune disorder may underlie these syndromes.
Antibody-induced neuronal death of cultured
cells in the absence of complement has sup-
ported a role for these agents in neurological
injury (6), but it is not known whether Type I,
Ila, or IIb antibodies are themselves contributing
directly to a role in the pathogenesis of these
syndromes.

We have recently reported (13) that autoan-
tibodies to the non-NMDA neuronal glutamate
receptor subunit, GluR3 (7), are present in pa-
tients with a rare form of childhood epilepsy,
Rasmussen's encephalitis. In one patient, seizure
frequency decreased following plasma exchange,
which correlated with titers of anti-GluR3 anti-
bodies. To explore further the occurrence of au-
toantibodies to GluRs in the serum of patients
with other neurological diseases, we have ana-
lyzed the serum from seven patients with well-
characterized paraneoplastic neurological syn-
dromes (three with cerebellar degeneration, two
with encephalomyeloneuritis, and two with op-
soclonus/ataxia), for the presence of autoreactive

antibodies to non-NMDA glutamate receptor
(GluR) subunits. Autoantibodies were assessed
using Western blot, immunohistochemistry, and
immunocytochemistry of cells transfected with
GluR subunit cDNAs. Whole-cell electrophysi-
ological recordings were used to examine the
effect of antibodies on glutamate receptors ex-
pressed by cortical neurons in culture. Our re-
sults support the observation that sera from some
patients with paraneoplastic disease harbor au-
toreactive antibodies to neuronal GluRs that can
modulate receptor function.

MATERIALS AND METHODS
Patient Population and Serum
Sample Collection
Seven antibody-positive patients with proven
paraneoplastic neurological syndromes were
studied. Three patients had paraneoplastic cere-
bellar degeneration and Type I antibodies, two
patients had paraneoplastic encephalomyelitis
and Type IIa antibodies, and two patients had
opsoclonus/ataxia and Type IIb antibodies
(Table 1). While only one control was included
in the blind study, two additional human serum
samples from individuals not having PNS been
tested in separate studies with the same negative
results. Characterization of antibodies was car-
ried out by immunofluorescence staining of hu-
man brain sections and confirmed by Western
blot analysis as before (6) (not shown). Diagnosis
of paraneoplastic disease was based upon the
presence of histopathologically identified tumor
tissue, the presence of autoantibodies common
in paraneoplastic disease, and documentation of
neuronal loss at autopsy or typical clinical symp-
toms and failure to detect brain metastasis during
prolonged follow-up. Serum samples were col-
lected from patients with paraneoplastic disease
and controls were numbered and tested as de-
scribed below. Subsequent to all procedures,
samples were decoded and the results compared.
Rabbit polyclonal antiserum antibodies prepared
to glutamate receptor subunits were used as pos-
itive controls (4,6). All human sera and materials
were acquired under guidelines approved by the
Institutional Review Board, Veterans Affairs
Medical Center, Salt Lake City, Utah, U.S.A. and
the University of Utah.

Western Blot Analysis
Western blot analyses were conducted essen-
tially as previously described (1 1-13). Bacterially
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TABLE 1. Antibodies to glutamate receptor subunits in paraneoplastic neurodegenerative syndrome
patient sera as revealed by immunohistochemistry, Western blot analysis, transfected cells,
and electrophysiology

Pattern
of GluR Western

Antibody Receptor Blot
Patient Type Tumor Staining Analysis Transfected Cells Electrophysiology

1 I Transitional cell, bladder RI R5 RI, R6 Enhanced
2 Ila Small cell, lung None None None None
3 Ilb Breast None None R4 Enhanced
4 Ila Small cell, lung None None None None

5 I Unknown None None Ri (Faint R3, R6, R4) Enhanced
6 I Ovary None None R6 None
7 lIb Breast None None R6 Enhanced

Control None None None None None None

overproduced portions of the non-NMDA GluR
subunits GluRl (amino acids: 658-889, termed
GluRIc; 185-521, termed GluRIL; and 185-449,
termed GluRlS), GluR2 (175-430), GluR3 (245-
451), GluR5 (233-518), and GluR6 (199-375,
termed GluR6S) were prepared, separated by
SDS-PAGE and transferred to nitrocellulose fil-
ters. The filters were then blocked in phosphate
buffered saline (PBS) containing 3% Carnation
nonfat dry milk supplemented to 0.05% with
Tween 20 (blocking solution) for 1 hr at room
temperature. To each blot was added patient se-
rum (either complete or absorbed with proteins
from bacteria containing the pATH 1 vector) in
blocking solution (1:400). After overnight at 40C,
blots were washed, reacted with goat anti-hu-
man alkaline phosphatase conjugated second an-
tibody, and visualized in developer buffer (100
mM sodium chloride, 50 mM Tris (pH 9.5), 1mM
MgCl2) containing 0.1 mg/ml p-nitro blue tetra-
zolium chloride, 0.05 mg/ml 5-bromo-4-chloro-
3-indolyl phosphate. The reaction was stopped
with PBS containing 1 mM EDTA.

Immunohistochemistry of Rodent Brain
Immunohistochemistry of paraneoplastic sera on
rodent brain was done essentially as described
before (1 1). Mice were anesthetized with a lethal
dose of anesthetic, and perfused with 25 ml of
saline followed by 200 ml of 4% paraformalde-
hyde in PBS (pH 7.4). The brains were removed,
post-fixed and cryoprotected in 4% paraformal-
dehyde and 25% sucrose/PBS, frozen, and cut

into 2 5 ,um-thick sections using a Zeiss mic-
rotome. The sections were washed in three
changes of PBS, incubated for 1 hr in a PBS
solution of 2% heat-inactivated horse serum and
0.1% Triton X-100, and incubated for 12 hr at
4°C in the immune sera diluted 1:2000 with PBS
containing horse serum. The tissue was washed
and incubated with peroxidase-coupled goat an-
ti-human IgG (diluted 1:300, Jackson Laborato-
ries) in PBS with 2% horse serum for 1 hr at
room temperature, washed with PBS, and then
developed to provide a peroxidase-reduced diami-
nobenzidine labeling.

Immunocytochemistry of Cells
Transfected with GluRs
Human embryonic kidney 293 (HEK 293) cells
were transfected with CMV-based mammalian
expression plasmids containing the full-length
cDNA for either GluRI, GluR2, GluR3, GluR4, or
GluR6 as previously reported (13). Transfected
cells were grown for 48 hr, fixed with 2%
paraformaldehyde, blocked with PBS supple-
mented to 2% with horse serum with 0.2% Tri-
ton X-100, and reacted with serum as described
previously (13). Typical serum dilutions ranged
from 1:200 to 1:3000. As in previous studies,
serum from some patients exhibited nonspecific
nuclear or cytoplasmic immunoreactivity (13)
that was removed by preadsorbing serum against
HEK293 cells transfected with the parent expres-
sion plasmid without insert. These experiments
were conducted independently three times. Im-
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munoreactivity identified by the above methods
was found to be diminished if serum samples
were stored for prolonged times at 40C.

Cell Culture and Electrophysiology
Neuronal cultures from fetal (E14-16) mouse
cortical and hippocampal structures were pre-
pared on poly-l-lysine coated 35 mm Falcon
dishes (14). Cultures were fed every other day
using a growth medium consisting of Dulbecco's
modified Eagle's medium, 10% horse serum, 30
mM glucose, and 0.5 mM glutamine. Arabino-
sylcytosine (ARA-C) was added for 1 day during
the first week in culture to suppress growth of
non-neuronal cells. Electrophysiological experi-
ments were performed on 2- to 5-week-old cul-
tures at room temperature. External solution
consisted of (in mM) 145 NaCl, 1.5 KCI, 1 CaCl2,
1 MgCl2, 10 Na-HEPES, 10 glucose, 30 sucrose at
pH 7.4, 320 mOsm. Internal solution consisted of
(in mM) 153 CsCl, 10 Cs-HEPES, 4 MgCl2, 5
EGTA at pH 7.35, 300 mOsm. Solutions were
designed for measurement of predominantly so-
dium inward currents and to block NMDA recep-
tor currents when neurons are voltage clamped
at -75 mV. No current was evoked by 100 mM
NMDA with 1 ,uM glycine using this paradigm
(not shown). To block other currents, 0.2-1 ,uM
tetrodotoxin (TTX), 10 ,uM picrotoxin, and 100
nM strychnine were added to the external solu-
tion. External solution was perfused continu-
ously at -2 ml/min. Purified sera or IgG were
kept on ice until immediately before use and
diluted into external solution. Ligands were ap-
plied to cells by 2 sec pressure ejection using
blunt miniperfusion pipettes (--20 ,tm diameter)
about 100 mm from the cell. Miniperfusion pi-
pettes were filled and the contents ejected three
times with ligand solution to reduce effects of
protein binding to glass. Recordings were ob-
tained with an Axon Instruments 200A amplifier
using borosilicate glass electrodes (2.5-4 mega-
ohms). Membrane currents were filtered at 500
Hz and digitized at 2 kHz. Kainic acid, MK-801,
and CNQX were obtained from Research Bio-
chemicals International, (Natick, MA, U.S.A.),
and TTX, picrotoxin, strychnine, NMDA, glycine,
and salts were obtained from Sigma Chemical
Company (St. Louis, MO, U.S.A.).

For electrophysiology studies, patient serum
(50 ,lI) was diluted 1:9 in external solution
buffer for electrophysiology and added to an
AMICON Microcon concentrator filter unit 50
(50,000 molecular weight (MW) exclusion) and

centrifuged at 10,500 rpm in an IEC microfuge
until the volume was reduced to less than 100 ptl
(-8 min). This procedure was repeated four
times to remove small molecules such as gluta-
mate and transfer larger serum components such
as antibody into electrode buffer for application
to cells. The final centrifugation was continued
until the original serum volume of 50 ,ul was
achieved. This volume was defined as 1 x con-
centration. Serum from rabbits injected with ei-
ther GluR5 fusion protein or nicotinic acetylcho-
line receptor subunit (32 (11-13) were used as
serum controls.

Antibody specific for GluR5 was prepared
from the serum of one patient by Western blot
affinity chromatography as described previously
(11). In brief, GluR5 fusion protein (10 ,ug/lane)
was size fractionated by sodium dodecyl sulfate
gel electrophoresis and transferred to nitrocellu-
lose. Nitrocellulose strips containing just the
transferred fusion protein were then blocked
with 4% dry milk in PBS for 1 hr at room tem-
perature. Patient serum was then added to the
Western blot strips (1:1000 dilution) and they
were rocked overnight at 4°C. Strips were then
washed repeatedly with PBS and for 2 min with
sodium glycinate elution buffer (pH 3.0) before
neutralizing with 1 M sodium phosphate buffer
(pH 9.0). The antibody was then concentrated by
Amicon filtration (50,000 MW cut-off) and
quantitated using a BioRad protein assay. Devel-
opment of Western blot strips for immunoreac-
tivity as above confirmed the removal of GluR5-
specific antibody. The recovery of active affinity
purified antibody was verified by repeating the
Western blot analysis as described for whole se-
rum (not shown). For electrophysiology studies,
affinity-purified antibody was exchanged five
times during Amicon filtration with external
electrophysiology solution as above.

RESULTS
Western Blot Analysis
Western blot analysis of trpE-fusion proteins (see
Materials and Methods) containing overlapping
regions of the putative extracellular domain that
precedes transmembrane 1 from GluRl, GluR2,
GluR3, GluR5, or GluR6, and a domain of GluRl
(Rlc) that exhibits high sequence identity with
other GluRs was conducted. Serum samples
were prepared and tested without knowledge of
sample origin. Robust immunoreactivity to
GluR5 fusion protein was detected in the serum
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from Patient 1 (see Fig. 1 and Table 1). Despite
high sequence identity between GluR5 and
GluR6, no immunoreactivity to GluR6s was ob-
served. The GluR6S fusion protein is shorter than
the GluR5 fusion protein with only 40% of the
equivalent region of the GluR5 fusion protein
represented in the GluR6S segment. This result
suggests that either autoreactivity is specific to an
epitope in GluR5 in the region of GluR6S overlap
or that autoreactivity is towards GluR5 residues
377-518, which are absent from the GluR6S fu-
sion protein. The latter possibility is favored since
these autoantibodies react with cells transfected
with full-length GluR6 expressed in transfected
cells (see below).

Immunohistochemical Analysis Employing
Mouse Brain Sections
Immunohistochemical analysis of whole-serum
immunoreactivity from paraneoplastic patients
on free-floating mouse brain sections produced
immunohistological staining of Purkinje cell cy-
toplasm characteristic of Type I antibody re-
sponse or of neuronal nuclei and cytoplasm
characteristic of Type IIa, and Type IIb antibody
staining respectively (5) (not shown). The results
of immunohistochemical staining from Patient 1,
who exhibited strong immunoreactivity to
GluR5 fusion protein (Fig. 1), were not expected.
In addition to staining of Purkinje cells (Fig. 2A),
this serum produced highly specific regional
staining of the lateral septum, bed nucleus of the
stria terminalis, central nucleus of the amygdala,
and the hippocampus (Fig. 2B). Staining per-
sisted to dilutions of 1:20,000. Compared with
the staining pattern of antibodies prepared in
rabbits to known non-NMDA GluR subunits
(8,9,1 1) (Fig. 2B), the pattern corresponds
closely with GluR 1 (11). Staining patterns sug-
gestive of other glutamate receptor labeling were
not detected in serum from other patients or
controls. Also, affinity-purified antibody to
GluR5 from Patient 1 reacted poorly with brain
sections and failed to produce the pattern shown
in Fig. 2 (not shown). This result is discussed in
greater detail in the next section.

Immunocytochemistry of HEK293 Cells
Transfected with GluRs
Patient sera were reacted with HEK 293 cells
transfected with GluRl, GluR2, GluR3, GluR4,
or GluR6 (GluR5 does not successfully transfect

MW Total Protein Patient
tt.r%, n-vS n4C n-iL an- as ne- n&S n5 n4C n4L an- a~n c nA2

80 -

50 -

33 -

FIG. 1. Western blot analysis of serum reactiv-
ity towards glutamate receptor trpE-fusion
proteins containing portions of GluRl, GluR2,
GluR3, GluR5, and GluR6
The Western blot on the left shows staining of total
trpE-fusion proteins. The duplicate blot on the right
shows immunoreactivity of the paraneoplastic syn-
drome Patient 1 serum towards an equivalent West-
ern blot and predominant immunoreactivity to
GluR5. RlS: GluRl, short construct, 185-449; RlC:
GluRl, C-terminal construct, 658-889; RIL: GluRl,
long construct, 185-521; R2: GluR2, 175-430; R3:
GluR3, 245-451; R5: GluR5, 233-518; and R6s:
GluR6, short construct, 180-445. Serum was diluted
1:3000.

in our system). Immunoreactivity to GluRl,
GluR4, and/or GluR6 were found in the sera of
five out of seven patients (Table 1 and Fig. 3).
Serum from one out of seven patient exhibited
weak immunoreactivity to GluR3 and no immu-
noreactivity to GluR2 was observed. Serum from
Patient 1 labeled cells transfected with GluRl or
with GluR6, but not cells transfected with other
GluR subunits (Fig. 3). This result suggests that
in addition to GluR5, immunoreactivity is
present to GluRI and GluR6 in the serum from
Patient 1 and is referred to as GluR5/6 immuno-
reactivity in the remaining discussion. This result
also indicates that either immunohistochemical
or Western blot analysis alone is not sufficient to
reveal the potential complexity of GluR immu-
noreactivity present in the serum from patients
with paraneoplastic disease.

Electrophysiology
To examine functional consequences of antibody
binding to glutamate receptors, we recorded
whole cell currents from fetal mouse cortical
neurons in culture (14). Patient serum was pre-
pared by Amicon filtration with filters of 50,000
MW exclusion to remove small molecules, such
as glutamate, for direct application to neurons.
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FIG. 2. Immunohistochemical pattern of staining of mouse brain regions produced by serum from
PNS patient 1 and rabbit serum prepared to GluR subunits
(A) Characteristic staining of cerebellar Purkinje cells by PNS Patient 1 serum. (B) Comparison of the immunohis-
tochemical staining of the same patient's serum in two brain regions with that of antiserum prepared in rabbits to
GluRl or GluR5/6. Is, lateral septum; bsti, bed nucleus of the stria terminalis; cna, central nucleus of the amygdala.

Coapplication of glutamate (100 ,M) with sera

(1:4) resulted in rapid and reversible inward cur-

rents in a subset (84%) of neurons tested (Fig.
4A). Application of the <50,000 MW filtrate did
not evoke currents (not shown) indicating the
absence of smaller molecules that effect receptor
function such as glutamate. Average glutamate
evoked whole-cell current in positively respond-
ing neurons was 1.31 ± 0.22 (mean + SEM)
nanoamps (nA) with a maximum of 2.6 nA. Sera
from other patients (Patients 3 [5 of 13 cells], 5
[3 of 7 cells], and 7 [3 of 5 cells]) also enhanced
glutamate-induced currents (Fig. 4B and Table
1), but Patients 2 (13 cells), 4 (9 cells), and #6 (7
cells) exhibited no effect on glutamate-elicited
currents (Table 1). Patient 8 was a healthy nor-

mal control in the blind study and their serum

produced no effect on glutamate evoked re-

sponses (8 cells). Relative amplitudes of serum

enhanced were variable between cells when
compared with currents evoked by 100 ,M glu-
tamate alone. Overall, the relative enhancement
of Patient 1 serum (diluted 1:4) in responding
cells was 135 ± 22% (37 cells, 45-409% range,
p < 0.0001, 2-tailed Student's t-test). Miniperfu-
sion of sera (1:2, 1:4) alone to voltage clamped
neurons did not evoke currents (7 cells). Similar
experiments using human healthy control sera

(Patient 8, 7 cells) did not evoke currents (Fig.
4D). Rabbit sera containing antibodies to GluR5
(1:4 dilution, 11 cells) or neuronal nicotinic ace-

tylcholine receptor subunit ,32 (1:4 dilution, 6 cells)
exhibited no enhancement of glutamate evoked
currents (Fig. 4D).

Patient 1 serum was selected for detailed
analysis because of the robust autoimmune re-

activity of serum from this patient to GluRl and
GluR5/6. Also, the strong binding of antibody

I
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Patient With
HEZ9 Cel Paraneoplastic

Rabbit Antibodies To:
I I

GLUR1

GLUR3

GLUR6

FIG. 3. Immunoreactivity of Patient 1 to human embryonic kidney cells that were transfected with
either GluRl, GluR3, or GluR6
This patient exhibited staining of GluR 1- or GluR6-transfected cells to dilutions of 1:4000. No staining of cells
transfected with GluR3 or GluR2 and GluR4 (not shown) was observed. Rabbit polyclonal antisera prepared to the
GluR subunits were used as the positive control for successful transfection. Table 1 summarizes these results for all
patients studied.

from this patient to GluR5 fusion protein on
Western blots (Fig. 1) provided a simple method
to obtain affinity-purified antibody for electro-
physiological study. Affinity purified anti-GluRS
IgG (330 ng/ml) produced enhancement of cur-
rents similar to' that produced by whole serum
(Fig. 4A). Peak current enhancement was ob-
served in serial dilutions from 1:2 (107 ± 17%,
range 22 to 380%, 22 cells) up to 1:512. Current
enhancement was saturated at about 100% up to
a dilution of 1:64 and was concentration depen-
dent up to a dilution of 1:512 (1.3 ng/ml IgG; not
shown). Enhancement of glutamate currents by
serum and Western blot affinity-purified (WAC)
GluRS antibody from Patient 1 was blocked by
40 ,M CNQX, a non-NMDA GluR antagonist,
but was not reduced by 10 mM MK-801, an
NMDA receptor blocker (not shown). To further
confirm the specificity of the antibody-evoked
current responses, 0.5 mg/ml of GluR2 or GluR5
fusion protein, respectively, was incubated with
either Patient 1 serum or affinity-purified anti-
body to GluR5. The enhancement of glutamate
evoked currents by serum or GluR5 affinity-pu-
rified antibody was completely blocked by incu-
bation with GluR5 fusion protein, but incubation
with GluR2 fusion protein had no effect (3 cells
each, not shown).

DISCUSSION
In this study, we demonstrated that autoantibod-
ies to neuronal glutamate receptor subunits are
present in the serum of some patients with con-
firmed paraneoplastic neurological syndromes,
including paraneoplastic cerebellar degeneration
and paraneoplastic opsoclonus/ataxia. Autoanti-
bodies were identified to GluRl, GluR4, GluR5,
and/or GluR6 in five of seven patients with Type
I or Ilb antibody response but were not detected
to GluR2. Only Patient 5 exhibited weak immu-
noreactivity to GluR3, which differs dramatically
with the robust immunoreactivity to this subunit
observed in patients with Rasmussen's encepha-
litis (13). Control sera exhibited no immunore-
activity to fusion proteins or transfected cells, nor
were they detected in sera from two patients
with paraneoplastic encephalomyeloneuritis ac-
companying small cell carcinoma of the lung
(Patients 2 and 4, Table 1). The serum from four
of seven patients enhanced the function of glu-
tamate receptors expressed by a subset of cul-
tured cortical neuronal cells in the presence of
glutamate but had no detectable effect on recep-
tor function in the absence of glutamate. Affini-
ty-purified IgG specific for GluRS from one pa-
tient enhanced glutamate receptor function in

251
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FIG. 4. Glutamate evoked whole-cell currents
recorded from voltage-clamped fetal mouse
cortical neurons in culture are modulated by
paraneoplastic syndrome patient sera

Calibration bars are 10 sec and 1 pA throughout. (A)
Glutamate (100 ,uM) evoked currents are enhanced
by Patient 1 sera (PT1, 1:4) and by affinity-purified
antibody to GluR5 (1:2) in the same neuron. (B)
Glutamate receptor current enhancement was seen
in 'a subset of neurons with other patient sera (e.g.,
Patient 3 [PT3], 1:4). (C) Serum from Patient 4 (PT4,
1:4) and 6 (PT6, 1:4) or (D) a control, nondiseased
control patient (CNTL) did not enhance glutamate-
evoked currents. Healthy human control sera and
rabbit sera consisting of antibodies raised to GluRS
fusion protein or neuronal nicotinic acetylcholine
receptor subunit ,B2 (nAChR2).

the presence of glutamate similar to serum. Se-
rum controls from healthy individuals or serum

from 3 patients that contained either no autore-
activity or autoreactivity to only GluR6 produced
no effect on the electrophysiology of glutamate
receptors either in the presence or absence of
glutamate. Collectively, these results support the
conclusion that patients with paraneoplastic cer-

ebellar degeneration or paraneoplastic opsoclo-
nus/ataxia may harbor highly specific autoanti-
bodies reactive with neuronal glutamate receptor
subunits in addition to other autoantibodies de-
scribed previously.

Former studies have focussed on proteins

that migrate with molecular weights of less than
100 kD. GluRs migrate with an apparent molec-
ular weight of 105 kD (9,11) (not shown). How-
ever, reports of larger molecular weight antigens
have been made (10) and GluRs are notably
susceptible to proteolysis and the generation of
smaller molecular weight proteins (11). In any
case, our results indicate that studies employing
Western blot or immunohistochemical methods
may fail to detect autoantibodies to neurotrans-
mitter receptor subunits that can be readily iden-
tified in studies employing cultured cells trans-
fected with cDNAs encoding receptor proteins.

Accumulating evidence favors a role for ex-
cessive activation of glutamate receptors in neu-
ronal death through excitotoxicity (1). The pres-
ence of autoantibodies to glutamate receptors
that modulate receptor function in patients with
paraneoplastic neurological syndromes may
therefore be of functional significance. Subunit
specificity of patient receptor autoantibodies also
suggests a mechanism that would produce highly
specific neuronal damage or death. For example,
glutamate receptors on neurons expressing the
appropriate GluR subunit(s), which are accessi-
ble to receptor-specific autoantibodies, would be
subject to modulation. Enhancement of gluta-
mate receptor activation, as would be expected
in the presence of the autoantibodies identified
in the present study, has been related to neuro-
nal death through mechanisms of excitotoxicity.
Consequently, only specific neurons, of specific
receptor subunit composition, such as Purkinje
cells that express GluRl, GluR5, and GluR6 (7),
would be at risk, while other cells that do not
express the appropriate subunits would be
spared. Therefore, the sera of patients with' two
very discrete neurological syndromes (paraneo-
plastic cerebellar degeneration, characterized by
progressive destruction of Purkinje cells, and
paraneoplastic opsoclonus/ataxia), possessing
autoantibodies that recognize different GluR
subunits, would be predicted to affect different
neurons. Similar highly specific neuronal loss or
dysfunction would also be'expected if antibodies
affected receptor number at the cell surface'or if
complement-mediated lysis was involved.

This study presents the second report in
which autoantibodies to neuronal glutamate re-
ceptor subunit proteins have been detected in
patients with progressive neurological disease.
The autoreactivity to GluR receptor subunits ob-
served in the present study differs from the au-
toimmune response previously described in pa-
tients with Rasmussen's encephalitis (13) in that
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sera from patients with paraneoplastic neurolog-
ical syndromes recognize predominantly GluRl,
GluR5, and GluR6, whereas sera from patients
with Rasmussen's encephalitis react almost ex-
clusively with GluR3. These observations raise
questions as to whether antibodies to glutamate
receptor subunits are present in other progres-
sive neurological disorders as well. Examining
other neurological diseases for the presence of
autoantibodies to neurotransmitter receptors ap-
pears warranted.
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