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Background: The clinical and immunological profiles of patients with paraneoplastic cerebellar
degeneration (PCD) and non-smaill-cell lung cancer (NSCLC) are not well known.

Obijective: To review the clinical and immunological features of patients with PCD, NSCLC and without
well-characterised onconeural antibodies.

Methods: The clinical features of nine patients with the diagnosis of classical PCD and NSCLC, included in
our archives, were retrospectively reviewed. The presence of antibodies to cerebellar components was
determined by immunohistochemistry and immunoblot of rat cerebellum. A cDNA library of human
cerebellum was screened with the positive sera to identify the antigen.

Results: Nine patients with PCD and NSCLC were identified. Six patients were men, and the median age at
diagnosis of PCD was 63 (range 47-73) years. PCD was completely reversed in two patients, and partially
in one, affer treatment of the tumour. The serum of one of the patients with PCD showed a unique reactivity
with Purkinje cells. The screening of a cerebellar-expression library resulted in the isolation of protein
kinase Cy (PKCy). PKCy immunoreactivity was not observed in the serum of 170 patients with non-
paraneoplastic neurological syndromes, 27 patients with PCD, no onconeural antibodies and small-cell
lung cancer, and 52 patients with NSCLC without paraneoplastic neurological syndromes. The NSCLC
from 11 patients without PCD did not express PKCy at either the RNA or protein level. However, many cells
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terised by selective damage to the Purkinje cells of the
cerebellum, which usually causes a severe pancerebellar
syndrome.' In patients with lung cancer, PCD is almost
always associated with small-cell lung cancer (SCLC).”
Patients with non-small-cell lung cancer (NSCLC) and PCD
usually harbour onconeural antibodies typically associated
with SCLC in the serum and cerebrospinal fluid, which
probably indicate a common immune-mediated mechanism
of neuronal damage.’ * Although a few studies have indicated
the occurrence of PCD in patients with NSCLC and no
onconeural antibodies, these patients were usually included
in larger series of patients with PCD with different
tumours® > or were reported as single observations.®
In this study, we describe the clinical and immunological
findings of a series of patients without previously char-
acterised onconeural antibodies who presented with PCD
associated with NSCLC.

Paraneoplastic cerebellar degeneration (PCD) is charac-

PATIENTS AND METHODS

We retrieved from our archives the data on patients with the
final diagnosis of classical PCD, according to published
criteria,” and NSCLC. We specifically excluded patients who
were positive for onconeural antibodies (Hu, Yo, Ri, CV2, Tr,
Ma2, amphiphysin). Patients with PCD with this profile
represented only 4% of the whole series of 121 patients with
PCD registered in Barcelona’s database. Serum and cere-
brospinal fluid, when available, were evaluated by immuno-
histochemistry, on frozen sections of paraformaldehyde-fixed
rat tissues.' Rat cerebella were homogenised in the presence
of protease inhibitors and centrifuged at 3000 g for 10 min.

of the NSCLC of the patient with PKCy antibodies expressed PKCy.
Conclusion: PCD occurs in patients with NSCLC without typical onconeural antibodies and is associated
with immune reactions against key proteins of the Purkinije cells.

The supernatant was ultracentrifuged at 130 000 g for
30 min and the supernatant was retained. Samples were
separated by electrophoresis on a 4-12% polyacrylamide gel,
transferred to nitrocellulose paper and subjected to standard
immunoblot procedures using an avidin-biotin method as
described previously."

Screening of a cerebellar cDNA expression library

A Uni-ZAP XR Library (Stratagene, La Jolla, California, USA)
from human cerebellum was immunoscreened as reported
previously." Phage-positive clones were subcloned in
pBluescript using the in vivo excision phage rescue protocol
(Stratagene) and sequenced. The NCBI BLASTn program
(National Center for Biotechnology Information, National
Institutes of Health, Bethesda, Maryland, USA) was used to
search for homologies.

Affinity purification of antibodies

Filters with purified phage plaques expressing protein kinase
Cy (PKCy) or irrelevant Escherichia coli proteins were
incubated with patient’s serum or an anti-Hu-positive serum
(dilution 1:200) for 12 h at 4°C. After extensive washing,
bound antibodies were eluted with sodium citrate, pH 2.5,
and neutralised with TRIS, pH 8.8. Purified antibodies were
concentrated with a Centricon Plus-20 centrifugal filter
(Millipore, Billerica, Massachusetts, USA), and immunoglo-
bulin (Ig)G was measured by nephelometry.

Abbreviations: NSCLC, non-small-cell lung cancer; PCD,
paraneoplastic cerebellar degeneration; PKCy, protein kinase Cy; SCLC,
small-cell lung cancer; VGCC, voltage-gated calcium channel
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Figure 1

Frozen section of paraformaldehyde-fixed rat cerebellum immunoreacted with the patient’s serum. (A) Intense labelling of the cyfcﬁ)k:sm,

dendrites and axons of Purkinje cells. Bar=120 pm. (B) Higher magpnification showing a neurone of the deep cerebellar nucleus outlined by densely
apposed axon ferminals of Purkinje cells. Bar=5 um. (C) Paraffin-wax-embedded section of patient’s non-smaill-cell lung cancer showing robust
immunoreactivity when probed with a specific anti-protein kinase Cy antibody. Bar=10 pm. Sections counterstained with haematoxylin.

Analysis of PKCy in NSCLC

RNA was isolated from five NSCLCs of patients without PCD
using the RNeasy Mini Kit (Qiagen, Santa Clarita, California,
USA), and treated with DNA-free DNAse (Ambion, Austin,
Texas, USA). After retrotranscription with SuperScript II
reverse transcriptase (Invitrogen, Carlsbad, California, USA),
the cDNA samples were normalised by glyceraldehyde-3-
phosphate dehydrogenase expression and then amplified
with PKCy-specific primers.

Frozen (n =5) or paraffin-wax-embedded (n=6) NSCLC
sections from patients without PCD, and paraffin-wax-
embedded sections from the NSCLC of the patient with
PCD with antibodies to PKCy were probed with a specific
polyclonal antibody to PKCy (Santa Cruz Biotechnology,
Santa Cruz, California, USA) using a standard avidin-biotin
immunoperoxidase technique.

RESULTS

We identified nine patients with classical PCD and NSCLC.
Table 1 summarises the main clinical features. Six patients
were men and the median age at diagnosis of PCD was 63

(range 47-73) years. Two patients had completely recovered
from PCD at the time of tumour remission and the syndrome
reappeared in one of them when the tumour relapsed;
another patient had marked neurological improvement after
tumour resection.

Sera of eight of the nine patients did not disclose any
specific immunoreactivity when tested on rat cerebellum;
however, the serum of patient 1 (table 1) immunoreacted
with the cytoplasm, dendrites and axons of the Purkinje cells
of rat (fig 1) and human cerebellum. No reactivity was
observed in systemic rat tissues. The serum of the patient
recognised a single band of about 80 kDa in immunoblots of
rat cerebellum (fig 2). The specific antibody to PKCy
produced the same results than the patient’s serum either
by rat cerebellum immunohistochemistry or immunoblot
(fig 2). PKCy immunoreactivity was not observed in the
serum of 170 patients with non-paraneoplastic neurological
syndromes, 27 patients with PCD, no onconeural antibodies
and SCLC, 52 patients with NSCLC without paraneoplastic
neurological syndromes, and 105 patients with anti-Hu
(n=50), anti-Yo (n=30) or anti-CV2 (n = 25) antibodies.

Table 1 Clinical features of patients with paraneoplastic cerebellar degeneration and non-small-cell lung cancer
Time fo
Age cancer
(years)/ diagnosis  Rankin CSF
Patient sex (months) score pleocytosis  Treatment Outcome
1 47 /M 2.5 4 Yes Chemotherapy Death from cancer, progression of PCD
2 54/M 1 Y Yes Chemotherapy, radiotherapy ~ Death from myocardial infarction 6 months later,
PCD: complete recovery
3 73/M 30 3 No None Death from cancer, PCD: progression
4 65/M 2 3 No Chemotherapy, radiotherapy  Lost fo follow-up
5 52/M 7 3 No Surgery, chemotherapy Tumour in remission, PCD: stable
6 63/M 2 3 No Surgery, chemotherapy Death from cancer, PCD: remission, then relapse
at the time of tumour progression
7 62/F 3 4 Yes Chemotherapy Death from cancer, progression of PCD
8 56/F 6 4 Yes Chemotherapy, radiotherapy ~ Tumour in remission, PCD: stable
9 66/M 8 4 No Surgery Tumour in remission, PCD: partial improvement
(Rankin score 2), stable for 18 months
CSF, cerebrospinal fluid; F, female; M, male; PCD, paraneoplastic cerebellar degeneration.
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Figure 2 Rat cerebellum immunoreacted with the patient’s
immunoglobulin (IgG) eluted from the (A) protein kinase Cy (PKCy) clone
and (B) with an anti-PKCy-specific antibody. Bar=30 pm. Sections
counterstained with haematoxylin.

All sera were tested by both immunohistochemistry and
immunoblot.

Identification of cDNA clones

Screening of the cerebellar expression library resulted in the
isolation of two positive clones identical with the human
PKCy gene (GenBank accession number NM 002739).
Sequencing on both strands of one of the PKCy clones was
carried out, yielding a consensus sequence spanning 2978
nucleotides that included the complete predicted open
reading frame (283-2376 bp).

Analysis of affinity-purified antibodies

To ensure the specificity of antibody recognition, IgG eluted
from purified phage plaques expressing the PKCy protein
produced similar cytoplasmic staining on rat cerebellum
immunohistochemistry (fig 2) and identified the same band
in immunoblots of rat cerebellum (fig 3) as in the patient’s
serum or the polyclonal PKCy antibody.

Analysis of PKCy in NSCLC

The NSCLC from patients without PCD did not express PKCy
at either the RNA or protein level. However, many tumour
cells of the NSCLC of the patient with PKCy antibodies
stained strongly with the polyclonal PKCy antibody (fig 1).

DISCUSSION

Lung cancer is one of the most common tumours associated
with PCD.' Patients with SCLC and PCD, without predomi-
nant involvement of other areas of the nervous system
(paraneoplastic encephalomyelitis), often do not have onco-
neural antibodies, although as many as 40% of them harbour
voltage-gated calcium channel (VGCC) antibodies.” PCD in
patients with NSCLC may associate with onconeural anti-
bodies typically described in paraneoplastic syndromes linked
to SCLC, mostly anti-Hu and anti-CV2 antibodies.’ *
However, the clinical and immunological features of a series
of patients with PCD and NSCLC without onconeural
antibodies had not been previously described. We identified
nine patients with this profile. The cerebellar syndrome did

1361

11 G
97—

felet

3 e

1 2 3 4 5 6

Figure 3 Immunoblots of rat cerebellum probed with an anti-protein
kinase Cy (PKCy)-specific antibody (lane 1), patient's serum (lane 2),
patient’s immunoglobulin (Ig)G eluted from the PKCy clone (lane 3) or an
irrelevant clone (lane 4), IgG from an anti-Hu-positive serum eluted from
the PKCy clone (lane 5) and normal human serum (lane 6). Patient's
serum and IgG eluted from the PKCy clone recognise a band at 80 kDa
also labelled with the anti-PKCy-specific antibogy. All lanes contain

10 ug of protein. All eluted IgGs normalised at 0.05 pg/ml.

not differ from that seen in PCD associated with other
tumours.' > However, two patients showed complete remis-
sion of the PCD after successful treatment of the tumour, and
one made a significant recovery, a rare event in PCD
associated with SCLC.* * "

This study identified PKCy as the antigen recognised by the
anti-Purkinje cell antibody detected in the serum of one of
the nine patients of the series. A previous case report
identified an anti-Purkinje cell antibody in the serum of a
patient with PCD and NSCLC, but the antibody was not
further characterised.®* PKC comprises a large family of
proteins, with differences in enzymological properties and
tissue distribution. PKC isoenzymes are classified into three
groups: the conventional PKCs that include PKCy and are
activated by Ca**; the novel PKCs that lack the Ca**-binding
domain; and the atypical PKCs that have been linked to
cellular Ras signalling."*

At least nine PKC isoenzymes are present in the brain,
where PKCy is selectively expressed.” In the brain, PKCy is
particularly highly expressed in the Purkinje cells of the
cerebellum, where it is thought to have an important role in
signal transduction and synaptic transmission. In fact,
missense mutations in the regulatory domain of PKCy have
been identified as a new cause of autosomal dominant
cerebellar ataxia (spinocerebellar ataxia 14)."° In transgenic
mice with spinocerebellar ataxia 1, PKCy degradation occurs
before the onset of ataxia, suggesting that the loss of this
protein is important for Purkinje cell dysfunction.'” High-
resolution immunogold cytochemistry to investigate the
subcellular distribution of PKCy in Purkinje cells of rat
cerebellum identified robust immunoreactivity in the plasma
membrane of the dendrites, cell body and, particularly, the
initial segment of the Purkinje cell axons, which is assumed
to be the primary locus of action potential generation in this
neurone.'® PKCy is attached to the inner aspect of the
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membrane, so it is unlikely that the patient’s antibodies
could reach the antigen in vivo to cause cerebellar dysfunc-
tion unless the antibodies also recognised other cell surface
proteins closely related to PKCy. This possibility has been
observed in Lambert-Eaton myasthenic syndrome where
some patients, in addition to VGCC antibodies, have
antibodies to synaptotagmin, a functionally VGCC-associated
synaptic protein."’

Although the PKC family has a key regulatory role in
various cancer-associated signal transduction pathways, in
line with previous work, we did not observe the expression of
PKCy in the NSCLC of patients without PCD.* However, the
NSCLC of the patient with PKCy antibodies strongly
immunoreacted with a specific antibody to PKCy, suggesting
that the expression of PKCy by the tumour cells may have
triggered an immune response that finally caused the PCD.
Absence of PKCy expression in NSCLC or SCLC*' probably
explains why we did not observe other patients with PCD
with antibodies to PKCy. Despite being a unique observation,
our patient proves that PCD occurs with NSCLC through
immune mechanisms induced by antigens different from
those typically associated with SCLC. The absence of
antineuronal antibodies in the other patients of this series
does not rule out the possibility that the antibodies were
directed against membrane antigens and are not usually
detected by the techniques used in our study.
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