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Antiserum from a Patient with Cerebellar Degeneration Identifies a
Novel Protein in Purkinje Cells, Cortical Neurons, and

Neuroectodermal Tumors
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The serum and cerebrospinal fluid of a patient (NB) with
subacute cerebellar degeneration were found to contain a
novel antineuronal autoantibody (anti-Nb). Using this anti-
body, we have identified and characterized antigens present
in a subset of neurons in the CNS and in some neuroecto-
dermal tumor lines. Anti-Nb antibody bound to antigens of
M, 150, 120, and 65 kDa in Western blots using extracts of
human cerebellar Purkinje c¢ells or human cerebral cortical
neurons. Immunohistochemistry demonstrated relatively
specific binding of anti-Nb IgG to Purkinje cells in sections
of human cerebellum and to some neocortical neurons, es-
pecially those in layer VI. Because of the association of cer-
ebellar degeneration with occult malignancies, we screened
a number of tumor cell lines for immunoreactivity to anti-Nb
antibody; only tumor lines of neuroectodermal origin (mel-
anoma, small-cell lung cancer, and neuroblastoma) ex-
pressed the Nb antigen. Anti-Nb antibody thus identifies neu-
ronal and tumor cell antigens that appear to be unique in
size and distribution of expression.

Paraneoplastic neuronal syndromes are defined by the associ-
ation of certain malignancies with neurologic disease in which
the neuronal dysfunction cannot be attributed to a mass effect
of the tumor itself (Anderson et al., 1987; Gulcher and Ste-
fansson, 1988; Antel and Moumdjian, 1989; Vincent et al., 1989).
A consistent observation in these disorders has been the finding
of high titers of antineuronal antibodies in the serum and ce-
rebrospinal fluid (CSF) of affected patients, which in some cases
recognize those neurons in vitro that appear to be affected clin-
ically. Several such antibodies have also been found to recognize
antigens in tumor cells that are similar or identical to those
recognized in neurons; these have been termed onconeural an-
tigens.

Antisera from patients with paraneoplastic neurologic disease
have been used to define a number of onconeural antigens. One
such antineuronal antiserum, anti-Yo, is present in some pa-
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tients with paraneoplastic cerebellar degeneration and gyneco-
logic cancer. Anti-Yo antiserum binds to two antigens of M, 62
and 34 kDa (Greenlee and Brashear, 1983; Jaeckle et al., 1985;
Cunningham et al., 1986) that are expressed in both cerebellar
Purkinje cells and, specifically, in breast or ovarian tumors
isolated from these patients (Greenlee and Brashear, 1987; Fur-
neaux et al., 1989; Dalmau et al., 1990). A second antineuronal
autoantibody, termed anti-Hu, has been found in patients with
a variety of neurologic dysfunctions, ranging from sensory neu-
ropathy (Graus et al., 1985, 1986; Budde-Steffen et al., 1988a)
to profound short-term memory loss (limbic encephalopathy;
Graus et al., 1987); these patients invariably harbor small-cell
lung cancers (SCLC). Anti-Hu antiserum binds to a nuclear
antigen of M, 37 kDa present in all neurons and expressed in
high titer in SCLC tumors obtained from these patients (Graus
et al.,, 1985, 1986; Dalmau et al., 1990). Anti-Ri is a third
antineuronal antibody, associated with a neurologic syndrome
of loss of eye and muscle control (termed paraneoplastic op-
soclonus/myoclonus), that binds antigens of A4, 55 and 80 kDa
that are also expressed in breast carcinomas of patients with
this syndrome (Budde-Steffen et al., 1988b; A. Luque, H. M.
Furneaux, and J. B. Posner, unpublished observations). Taken
together, these observations suggest a common pathogenesis for
the paraneoplastic neuronal syndromes: an underlying malig-
nancy provokes an immune response characterized by the pro-
duction of an antitumor antibody that cross-reacts with neurons,
and results, directly or indirectly, in neurologic disease.

Here, we describe the antigen specificity of a novel antineu-
ronal antiserum (anti-Nb), identified in a patient with cerebellar
degeneration, and compare it with the specificity of two pre-
viously characterized antineuronal antisera, anti-Yo and anti-
Hu. We found that the anti-Nb antibody identifies a novel on-
coneural antigen with a unique distribution of expression and
defines a clinical variant of subacute cerebellar degeneration.

Some of these results have been reported in abstract form
(Darnell et al., 1989).

Materials and Methods

Human tissue. Human cerebellum or cerebral cortex was obtained at
autopsy from neurologically normal patients with cancer, for use in
immunohistochemistry and Western blot analysis. Purkinje and cerebral
cortical neurons were purified according to the method of Yanagihara
and Hamberger (1973), as modified by Cunningham et al. (1986). Tu-
mor cell extracts were prepared by lysis of cell pellets in 0.1% NP40
and addition to SDS lysis buffer.

Immunohistochemistry. Serum was biotinylated by passing normal
or patient sera over a protein-A Sepharose column, eluting with Na



citrate (pH, 2.5) to purify IgG, dialysis overnight against PBS, and
reaction with 50 ug biotin N-hydroxysuccinimide ester (Vector Labs)
for 2 hr at room temperature, followed by dialysis against PBS. Control
and experimental sera were biotinylated in tandem, using identical re-
action conditions. Serial dilutions of each biotinylated IgG, dotted onto
nitrocellulose and stained with avidin-biotin peroxidase complex (Vec-
tastain ABC complex, Vector Labs; see below), revealed effective and
commensurate biotinylation (per ug of IgG) of normal and experimental
samples (data not shown). To ensure that biotinylation did not alter the
binding affinity of anti-Nb IgG, preincubation of tissue sections with
native anti-Nb antiserum was shown to abolish completely subsequent
binding of biotinylated anti-Nb IgG (data not shown).

Six-micron frozen sections were cut on a cryostat, fixed in cold acetone
for 10 min, and washed in PBS. Sections were treated in 0.3% H,O, at
room temperature for 5 min to inactivate endogenous peroxidase ac-
tivity, washed in PBS, and preincubated with normal human serum
(NHS; diluted 1:10) for 10 min to suppress nonspecific binding. NHS
was removed, biotinylated IgG was added to the appropriate dilution
(in PBS with 10% NHS), and sections were incubated overnight at 4°C.
After washing with PBS, sections were incubated with avidin-biotin
peroxidase complex (Vectastain ABC complex, Vector Labs) for 30 min,
washed in PBS, and developed for 2 min with 0.05% diaminobenzidine-
HCI (Hsu et al., 1981). Each finding reported was repeated in several
independent experiments; identical staining patterns were observed when
native anti-Nb serum or CSF were compared with each other or with
biotinylated anti-Nb IgG (data not shown).

Western blots. Protein content was measured by the method of Brad-
ford (1976). Protein extracts were electrophoresed on 8% SDS-PAGE
and transferred to nitrocellulose as described by Towbin et al. (1979).
Filters were blocked for 1 hr in 5% milk in PBS and incubated with
antibody at the appropriate dilution in TBST [0.2 M NaCl, 0.1 m Tris
HCI (pH, 8.0), 0.2% Triton X-100, 1.0% BSA] overnight at 4°C. After
washing in TBST/SDS (TBST plus 0.02% SDS), filters were incubated
with '25I-protein A (0.1 xCi/ml) for 1 hr at room temperature in TBST,
washed with TBST/SDS, and exposed to X-OMAT x-ray film. The
findings reported were confirmed on multiple blots, with identical re-
sults.

Case report. A 35-yr-old woman (NB) was well until November 1987,
when she developed dysarthria, vertigo, and ataxia over 1 week, which
progressed over the next 2 months, leaving her bedridden. Neurologic
examination in February 1988 revealed no cognitive impairment by
bedside or formal neuropsychiatric testing, but showed coarse horizontal
nystagmus with a rotatory component on lateral gaze to either side,
vertical nystagmus on downward gaze, diffuse hyperreflexia with bilat-
eral extensor plantar responses, titubation of the head and trunk at rest,
and a severe and incapacitating truncal and appendicular ataxia follow-
ing attempted movements. She was unable to sit, stand, feed, or wash
herself. An extensive workup was unrevealing, including HIV and au-
toimmune serologies [except an increase in circulating immune com-
plexes, 496 ug/ml (normal, 0—50)]; lumbar puncture (3 WBCs, 2 RBCs;
glucose, 62; protein, 17; no oligoclonal bands); serial CSF cytologies;
CT scans of the head, chest, abdomen, and pelvis; and an MRI of the
head and cervical spine. There has been no change in her clinical con-
dition to date.

Results

Anti-Nb binding in the CNS: immunohistochemistry

To define the binding specificity of the anti-Nb antiserum within
the CNS, we performed immunohistochemistry using biotiny-
lated anti-Nb IgG and compared the results with two antineu-
ronal antibodies of defined specificity: anti-Hu, which binds to
the nuclei of all neurons in the CNS, and anti-Yo, which binds
selectively to Purkinje cells in the cerebellum. Figure 1 illustrates
the binding of these biotinylated IgGs to thin serial sections of
human cerebellum. Anti-Nb IgG (Fig. 14) binds within the
cerebellum to antigens that are prominently expressed in Pur-
kinje cells; the specificity of this binding appears to be inter-
mediate to that of the anti-Yo IgG (Fig. 1B) and anti-Hu IgG
(Fig. 1C). No reactivity was observed with biotinylated normal
IgG (Fig. 1 D). Staining similar to that shown in Figure 14 was
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seen with native anti-Nb antiserum at dilutions of up to 1:5000
and with anti-Nb CSF at dilutions of 1:100 (data not shown).

The binding specificity of anti-Nb IgG is shown in greater
detail in Figure 2, a higher magnification of the staining of anti-
Nb (Fig. 24) and anti-Hu IgG (Fig. 2B) to the cerebellum. Anti-
Nb IgG reacted intensely with a cytoplasmic or membrane com-
ponent of Purkinje cells (Fig. 24); the nucleus appeared spared,
with the exception of the nucleolus. This staining pattern was
different from that seen with anti-Hu IgG (Fig. 2B), which reacts
with the nuclei of all neurons, or anti-Yo IgG, which has a
distinct ‘tigroid’ cytoplasmic staining pattern in Purkinje cells
(not shown; see Jaeckle et al., 1985; Cunningham et al., 1986).
Little or no other cellular staining was seen with anti-Nb IgG,
with the exception of very rare intensely reactive cells in the
granular and molecular layers (not shown) and a low level of
diffuse staining throughout the gray matter in sections of cere-
bellum (Fig. 14) and cerebral cortex (see below).

Figure 3 compares the cortical staining of these antibodies.
Anti-Nb IgG bound to cortical neurons (Fig. 34); essentially no
staining was evident in white matter or glial cells (evident from
counterstained sections; not shown). At higher power (Fig. 3D),
the cellular elements stained are seen to be cortical neurons,
with immunoreactivity in the cytoplasm and nucleolus, sparing
the nucleus, as was seen in Purkinje cell neurons. A low level
of diffuse staining to an extracellular component of the gray
matter (cf. anti-Hu IgG staining, Fig. 38) was evident. No stain-
ing was seen with either anti-Yo IgG (not shown) or normal
human IgG (Fig. 30).

The pattern of anti-Nb binding within the six layers of the
cerebral cortex suggested a gradient of neuronal binding. A great-
er proportion of neurons exhibited intense immunoreactivity
with anti-Nb IgG in the deep layers of the gray matter than in
the more superficial layers (cf. layer VI and layer I, Fig. 34). By
contrast, serial sections of cortex reacted with anti-Hu IgG (Fig.
3B) showed no gradient of neuronal binding. While difficult to
quantitate accurately with this methodology (exacerbated by the
high background staining seen with anti-Nb), counts of neurons
immunoreactive with anti-Nb IgG relative to neurons reactive
with anti-Hu IgG suggested that anti-Nb IgG bound to approx-
imately 90-100% of layer VI neurons, 50-60% of layer IV neu-
rons, and 15-20% of layer I neurons. Neurons that did react
with anti-Nb in the superficial cortical layers appeared to stain
less intensely than those in deeper layers, perhaps suggesting a
lower quantitative expression of antigen in these neurons.

Anti-Nb binding in the CNS: Western blots

Figure 4 illustrates a Western blot of extracts of human cere-
bellar Purkinje cells and human cerebral cortex reacted with
anti-Nb antiserum. Three bands of M, 150, 120, and 65 kDa
were identified; they comigrated precisely in both extracts. These
results suggest that the same antigen(s) recognized by anti-Nb
antiserum in Purkinje cell extracts is also expressed in cerebral
cortical cells. Serial dilutions of patient NB’s serum and CSF
(data not shown) demonstrated reactivity with these bands at
dilutions of greater than 1:1000 in the serum and 1:100 in CSF.
No immunoreactivity was observed when normal human serum
(Fig. 4, NHS) was blotted with either Purkinje or cortical cell
extracts.

The Purkinje cell antigens recognized by anti-Nb antiserum
[collectively termed “NB-150" protein(s)] were distinct in mo-
lecular weight from previously detected anti-human Purkinje
cell autoantibodies, including anti-Yo (Fig. 4, Yo; Cunningham
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Figure 1. Anti-Nb IgG reacts with human Purkinje cells: immunohistochemistry. Serial frozen sections of human cerebellum were incubated with
biotinylated IgG and developed as described in Materials and Methods; initially, sections were not counterstained. 4, Anti-Nb IgG (100 pg/ml)
demonstrates staining predominantly to Purkinje cells, seen as small neurons outlining cerebellar folia. B, Anti-Yo IgG (50 ug/ml), which stains
only Purkinje cell neurons in the cerebellum (Cunningham et al., 1986). C, Anti-Hu IgG (50 pg/ml), which stains all neurons in the granular,
Purkinje, and molecular layers (Graus et al., 1985). D, Normal human IgG (200 ug/ml). Counterstaining each section (not shown) confirmed the
integrity of each section and revealed that anti-Nb IgG bound to all the Purkinje cells present in each section. Scale bars, 375 pm.

Figure 2. The binding specificity of anti-Nb IgG (4) compared with anti-Hu IgG (B). To illustrate the cellular elements stained in Figure 1, 4
and C, photographs were taken at higher power from the same slides shown in Figure 1. Two serial sections of cerebellum on a single slide were
incubated with anti-Nb IgG (A4) or anti-Hu IgG (B) and developed together. The granular layer (g), Purkinje layer (p), and molecular layer (m) are
labeled in the photograph. Anti-Nb IgG (4) reacts with the cytoplasm and nucleoli of all Purkinje cells, while anti-Hu IgG (B) reacts with the nuclei
of all neurons, sparing the nucleolus. Scale bars, 25 pm.
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ern blots in which extracts of tumor cell lines were run on SDS-
PAGE and probed with anti-Nb CSF. Extracts from a number
of tumor cell lines of neuroectodermal origin (melanoma, SCLC,
and neuroblastoma) were immunoreactive with anti-Nb CSF;
these results were repeated with two independent neuroblastoma
cell lines and one independent melanoma cell line (data not
shown). Several other tumor cell extracts were not reactive with
anti-Nb CSF, including HeLa cells and breast and ovarian car-
cinoma cell lines, shown in Figure 5, and renal, uterine, and
non-small-cell lung carcinoma cell lines (data not shown). Nor-
mal tissues were examined for immunoreactivity to anti-Nb
antisera; lung, liver, ovary, adrenal, and thyroid were not re-
active with anti-Nb by Western blot and/or immunohistochem-
istry (data not shown).

The antigen identified in neuroectodermal tumor cell extracts
migrated at precisely the same molecular weight as the NB-150
protein from Purkinje cells (Fig. 5), suggesting that the NB-150
protein is expressed in neuroectodermal tumor cell lines in ad-
dition to Purkinje and some cerebral cortical neurons. While
protein blots of tumor extracts demonstrate immunoreactivity
predominantly with the M, 150 kDa band, in each case longer
exposures revealed the presence of the 120- and 65-kDa bands.
Because the proportion of each band was found to vary between
different preparations of extract from the same tumor cell lines,
the lower-molecular-weight bands identified by anti-Nb anti-
serum may represent proteolytic fragments of the NB-150 an-
tigen.
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Purkinje Cortex
Discussion

We have found that antiserum from a patient with cerebellar
degeneration recognizes a 150-kDa protein in cerebellar Pur-
kinje cell neurons, cerebral cortical neurons, and neuroectoder-
mal tumor cell lines. Immunohistochemistry using anti-Nb an-
tiserum demonstrates reactivity with Purkinje cell neurons and
neocortical neurons, predominantly those of layer V1. Despite
the comigration of 150-kDa bands on Western blots of neuronal
and tumor extracts, we have not established that these antigens
are identical to each other or to those recognized immunohis-
tochemically, because the anti-Nb antibody is polyclonal. Such
assignments can be made definitively only with monospecific
reagents: monoclonal antibodies or cDNAs. Efforts to affinity
purify the anti-Nb antibody with the 150-kDa protein band have
been unsuccessful (R. B. Darnell, H. M. Furneaux, and J. B.
Posner, unpublished observations), Nonetheless, our data do
suggest that the anti-Nb antisera recognize one or more neuronal
and neuroectodermal antigens distinct from those previously
detected with antineuronal autoantibodies (Graus et al., 1985;
Cunningham et al., 1986; Tanaka et al., 1986; Anderson et al.,
1988a,b; Budde-Steffen et al., 1988a,b; Tsukamoto et al., 1989),
and that these proteins exhibit unusual patterns of expression
in the CNS.

It has not generally been possible to demonstrate a strict
correlation between neurons affected clinically in paraneoplastic
disease and specificity of the associated antineuronal autoan-
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tibodies. For example, anti-Hu (Graus et al., 1986) and anti-Ri
(Budde-Steffen et al., 1988b) antibodies each bind to all neurons
of the CNS, yet are associated with discrete neurologic syn-
dromes; anti-Yo, while binding specifically to Purkinje cells in
the cerebellum, shows immunoreactivity with subsets of neu-
rons in the cortex and brainstem (Greenlee et al., 1988; J. Hen-
son, H. M. Furneaux, and J. B. Posner, unpublished observa-
tions). Whether the clinical specificity of the paraneoplastic
neurologic syndromes relates to differential neuronal suscepti-
bilities to autoantibodies, secondary levels of specificity, such
as the involvement of T cells in the disease, or are independent
of the presence of antineuronal antibodies is uncertain. None-
theless, these observations do suggest that the Purkinje *“plus”
specificity of anti-Nb antibody need not mitigate against a role
for this autoantibody in the pathogenesis of patient NB’s cer-
ebellar degeneration.

The observation that the same NB-150 protein may be co-
ordinately expressed in subsets of neurons and neuroectodermal
tumor cell lines parallels the observation that the paraneoplastic
neurologic syndromes are associated with autoantibodies that
bind to both neuronal and tumor cell antigens. Although we
have not detected a malignancy in patient NB, 40-60% of pa-
tients ultimately diagnosed as having paraneoplastic neurologic
disease develop neurologic dysfunction prior to the discovery
of their malignancy (Greenlee and Brashear, 1983; Anderson et
al., 1987). Several patients in whom no malignancy has been
detectable clinically have turned out to harbor occult foci of
neoplastic cells at autopsy or exploratory laparotomy (Anderson
et al., 1988a,b). We continue to follow patient NB closely for a
malignancy, particularly one of neuroectodermal origin.

a variety of tumor cell lines (as indi-
cated) was run on 8% SDS polyacryl-
amide gels and incubated with either
anti-Nb CSF (1:100) or normal CSF(1:
100). CSF gave the same results as anti-
Nb antiserum, but often with less non-
specific binding. Reactivity to anti-Nb
CSF is seen with SCLC, melanoma, and
neuroblastoma tumor lines, but not with
HeLa, breast, or ovarian tumor lines.
No reactivity is seen with normal CSF.
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The anti-Nb antibody appears to bind prominently to the
cerebral cortical neurons of layer VI and a diminishing gradient
of neurons in more superficial layers. There is no known clinical
role specifically assigned to these neurons; in patient NB, ex-
amination of cortical function was unrevealing. Experimentally,
layer VI consists of a diverse group of neurons with a variety of
local, cortical, and subcortical projections and physiologic prop-
erties (Gilbert and Wiesel, 1979; Katz, 1987; Bolz et al., 1989),
whether anti-Nb discriminates a subset of these neurons is un-
clear. While the projections from layer VI are diverse, and prob-
ably differ in various cortical areas, they are prominently in-
volved in motor outflow, including outflow to the cerebellum
(via the pons; Carpenter, 1976). Whether this binding of anti-
Nb antibody to layer VI cortical neurons contributed to the se-
verity of the motor dysfunction seen clinically was unclear; the
patient’s complete pancerebellar syndrome could not be distin-
guished clinically from that seen in patients with *“‘pure” Pur-
kinje cell degeneration (anti-Yo syndrome).

Understanding the molecular mechanism by which neurons
and tumor cells co-express shared antigens will depend on a
molecular identification and analysis of genes that are expressed
in each. There are several possibilities for the shared expression
of onconeural antigens such as NB-150 in neurons and tumor
cells; the “random” activation of neural antigens in tumor cell
lines, the coordinate regulation of tumor genes and neural an-
tigens by regulatory elements common to both cell types, or a
functional role of a neural antigen in the selected phenotype of
tumor cells. The distinction between these possibilities will de-
pend on further characterization of the structure, function, and
regulation of these interesting proteins.
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