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Neocortical neurones may be targeted
by immune attack in anti-Yo
paraneoplastic syndrome
Paraneoplastic neurological disorders are immunemediated, and not caused by direct effects of the tumour,
metastases, cancer induced coagulopathies, metabolic
and nutritional deficits, infections or side effects of therapy
[1]. They often take the patient to the doctor months
before the underlying neoplasm is identified. Antineuronal antibodies react with both the nervous system and
the underlying cancer [1]. Their detection in patients’ sera
or cerebrospinal fluid may establish an early diagnosis,
and focuses the search for a tumour on to a limited
number of organs [1,2]. It has been reported that in
anti-Yo PCD (paraneoplastic cerebellar degeneration)
humoral and cytotoxic immune responses were exclusively directed against Purkinje cells and brainstem
neurones [2–5]. Almost always, the patients are elderly
women who present with limb and truncal ataxia, often
along with dysarthria. The underlying neoplasms are
gynaecological cancers (ovary, endometrium, fallopian
tube) or breast cancer. Until now, merely anecdotal reports
of anti-Yo paraneoplastic disorder in men exist. In these,
adenocarcinomas of the oesophagus [6,7], gastric adenocarcinoma [8], parotid adenocarcinoma [9] and prostatic
adenocarcinomas [10] were found. Here, we report a male
patient with an adenocarcinoma of the lung and positive
for anti-Yo, who developed PCD and aphasia. In addition
to already well-described Purkinje cell loss and cortical
degeneration of the cerebellum [3,4], our data suggest
that other neurones in the cerebral hemispheres may
serve as targets in anti-Yo associated immune attack.
A 66-year-old right-handed man presented with a
1-week history of progressive gait ataxia, acute vertigo
and incipient slurred speech and language disturbance.
Four weeks before admission, a routine chest X-ray examination showed hilar lymphadenopathy. The following
biopsy of enlarged bronchial lymph nodes revealed invasive nonsmall cell lung cancer cells. Apart from smoking
heavily for more than 40 years, the patient’s history was
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completely unremarkable. On physical examination, the
patient appeared well but was slightly overweight (74 kg/
170 cm height). The temperature was 36.8°C, pulse was
75 beats per minute, blood pressure was 130/85 mm Hg,
and respiratory rate was 15 breaths per minute. Heart,
lungs and abdominal examination were normal. There
was no palpable lymphadenopathy, peripheral oedema or
digital clubbing. An electrocardiogram showed sinus
rhythm at rate of 80 per minute, and normal ST- and
T-waves.
On initial neurological examination, the patient was
alert and orientated. He spoke with moderate cerebellar
dysarthria. Comprehension and naming were normal.
Moderate cerebellar gait ataxia was present. computed
tomography (CT) and magnetic resonance imaging (MRI)
of the brain were negative. Whole body CT and [18F]
fluoro-2-desoxyglucose positron emission tomography
confirmed the tumour invasion of tracheal and bronchial
lymph nodes only. Neither a primary tumour nor other
metastases could be identified. Serum screening for
antineuronal antibodies was positive for anti-Yo (indirect
immunofluorescence and western blot). In serum screening with immunofluorescence, antineuronal antibodies
against the cytoplasm of Purkinje cells and brainstem
neurones were found. The diluted sera from the patient
and controls were applied to rat brain sections as described
in detail previously [11]. Anti-Yo IgG antibodies were confirmed by immunoblot of Yo recombinant protein (Milenia
Biotec GmbH, Bad Nauheim, Germany). Testing for antiHu, anti-Ri, anti-Ma, anti-CRMP5 and anti-Amphiphysin
was negative. Tests used for the detection of antineuronal
antibodies are approved for diagnostic use.
Routine blood examinations including other tumour
markers (prostate specific antigen, cancer antigen 19–9;
carcinoembryonic antigen, neurone specific enolase,
cytokeratin-filament 19, beta2-microglobulin, and alphafetoprotein) were found within normal range. While gait
ataxia worsened continuously, dysarthria and aphasia
were fluctuating and seemed to change ‘from day to day’.
Receptive as well as expressive language modalities were
alternately affected. Brain CT and MRI all applied with
© 2007 Blackwell Publishing Ltd
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contrast media were normal. Electroencephalogram was
normal. Four weeks after onset of neurological symptoms
chemotherapy with cisplatin/vinorelbine was initiated.
Although, tracheal and bronchial lymph nodes were
markedly reduced, and no primary tumour or further
metastases could be found, the general condition and neurological symptoms deteriorated rapidly. The patient died
5 months after onset of neurological symptoms due to
pneumonia.
Autopsy revealed a small adenocarcinoma of the lung
and metastases in regional lymph nodes. No distant
metastases were identified. Immunohistochemistry and
confocal laser microscopy were carried out with essentially the same antibodies and protocols as described in
detail previously [12–14]. In addition, well-characterized
mouse monoclonal antibodies directed against CD56
(natural killer cells; clone 123C3; Monosan, Am Uden,
the Netherlands) and Yo antigen (partial recombinant
Yo antigen/CDR2 protein; clone 4F5; Abnova, Taipeh,
Taiwan) were used. Tumour cells expressed Yo antigen
(Figure 1A). The primary tumour and metastasis showed
profound infiltration with CD3+/CD8+/Granyme B+/CD56–
cytotoxic T-lymphocytes (CTL) (Figure 1E). Staining for
activated complement complex (C9neo) was negative.
Brain vessels, cerebrum, brainstem and the cerebellum
were macroscopically unremarkable. Within the central
nervous system, Yo antigen – the immunogenic CDR-2
protein – was confined to Purkinje cells (Figure 1B,
arrow), brainstem neurones and pyramidal neurones in
perisylvian areas of both hemispheres (Figure 1C,D). In
the cerebellar cortex widespread and nearly complete loss
of Purkinje cells associated with Bergmann astrogliosis
was found (data not shown) indicating a final ‘burnt out’
stage of chronic inflammation [4]. In a few areas clusters
of activated microglia and CTL accumulated around
some scattered preserved major histocompatibility
complex (MHC) class I positive Purkinje cells (Figure 1F–
H). Brainstem and cerebral cortex showed scattered
parenchymal and perivascular infiltration of CTL (data
not shown). No ischaemic changes were found. The cortical areas along the left and right perisylvian fissures
showed profound activation of microglia and gliosis
(Figure 1I–J), and expression of Yo antigen and MHC class
I molecules in pyramidal cells (Figure 1C,D,K). In all other
examined regions (frontal, temporal, parietal and occipital
lobes) Yo antigen expression in neurones was absent or
only very scattered. No activated complement complex
(C9neo) was found (data not shown).
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Efficient tumour defence requires both cellular and
humoral mechanisms [1]. In anti-Yo PCD the humoral
and cellular immune responses are strictly focused on specific Yo antigens. Yo antigen expressing tumour cells,
Purkinje cells and brainstem neurones are killed by lysis or
phagocytosis due to complement fixing anti-Yo antibodies
or apoptosis due to Yo-specific CTL [2,4,5,15,16]. The
selective expression of Yo antigens seen in anti-Yo PCD
patients and the function of Yo antigens remains a matter
of debate. The messenger RNA of one of their gene products, the CDR-2 protein (which contains the immunogenic epitope), can be detected in nearly all human tissues
[15]. But CDR-2 protein expression was found in PCD
patients restricted to Purkinje cells, brainstem neurones
and tumour cells [2,3]. Posttranscriptional regulatory
mechanisms might be responsible for the restricted
protein expression [15]. The reason for this expanded
expression of CDR-2 protein in neocortical neurones in
our patient remains unclear. However, anti-Yo antibodies
from patients’ sera were found to bind on (scattered) neocortical neurones, and even to astrocytes and oligodendroctyes under conditions of activated protein synthesis in
the adult rodent brain [17–19].
The expression of the immunogenic CDR-2 protein in
neocortical areas was accompanied by inflammatory
changes comparable with those seen in the cerebellum.
Widespread loss of Purkinje cells and neocortical neurones with profound microglial activation and gliosis
resemble, in both the cerebellar and the cerebral cortex,
the final ‘burnt out’ stage of chronic inflammation [4].
Activation of microglia and infiltration of cytotoxic T cells
were also found recently in the cerebral cortex of a woman
suffering from anti-Yo PCD [20]. But it remains unclear
whether humoral or specific cellular immune response
or both might have caused the neuronal damage. Still
ongoing inflammation was sparse and mild, and restricted
to areas where neurones and Purkinje cells expressed
CDR-2 protein and MHC class I molecules. However, the
presence of CTL and lack of IgG or complement does not
rule out specific humoral immune responses. The intact
blood brain barrier is not an absolute barrier for immunoglobulins [21,22]. It is conceivable that the chemotherapy
may have reduced the titres of anti-Yo IgG antibodies
[23,24] to levels still detectable in serum but below the
detection limit for immunohistochemistry.
In conclusion, our data provide three key observations:
(i) further evidence of anti-Yo associated PCD in a male
patient; (ii) expression of Yo antigen in neocortical
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Figure 1. Scheme (middle panel): areas with Yo antigen expression in neurones and inflammatory changes, blue: cerebellum and medulla
oblongata (detailed photograph, B); red: perisylvian regions on both hemispheres (detailed photographs, C,D). (A–D) detailed photographs
(A–C, 400¥ and D, 600¥), Immunohistochemistry with recombinant monoclonal Yo antibody. A, primary tumour. B, cerebellum:
arrow, Yo antigen positive Purkinje cell and arrowheads, Yo antigen negative Purkinje cells. C,D, Yo positive neocortical neurones.
(E) CD3+/CD8+/Granzyme B+ cytotoxic T cells (confocal image, 600¥, arrows). (F) Major histocompatibility complex (MHC) class I expressing
Purkinje cell (heavy chain of MHC class I, 200¥). (G) Cytotoxic T-lymphocytes with polarized Granzyme B positive granules surround a
Purkinje cell (Granzyme B, 600¥). (H) focus of microglia in cerebellar cortex (HLA-DR, 400¥).(I) profound gliosis (GFAP, 200¥). (J) microglia
cell activation (HLA-DR, 200x). (K) MHC class I expression on neurones (heavy chain of MHC class I, 600¥).
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neurones of both cerebral hemispheres; and (iii) degeneration of neocortical neurones in anti-Yo PCD with associated clinical symptoms (perceptive and receptive
language disorder). Neither the expression of Yo antigen
in neocortical neurones nor the associated immune attack
nor the associated clinical symptoms have been reported
before.
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