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Abstract

Background Cerebellar degeneration-related protein 2
(CDR2) has been presumed to be the main antigen for the
onconeural antibody Yo, which is strongly associated with
ovarian cancer and paraneoplastic cerebellar degeneration
(PCD). Recent data show that Yo antibodies also target the
CDR2-like protein (CDR2L). We, therefore, examined the
expression of CDR2 and CDR2L in ovarian cancer tissue
from patients with and without Yo antibodies and from var-
ious other cancerous and normal human tissues.

Methods Ovarian cancer tissue and serum samples from
16 patients were included in the study (four with anti-Yo
and PCD, two with anti-Yo without PCD, five with only
CDR2L antibodies, and five without onconeural anti-
bodies). Clinical data were available for all patients. The
human tissues were examined by western blot and immuno-
histochemistry using rabbit CDR2 and CDR2L antibodies.
Results Ovarian cancers from all 16 patients expressed
CDR2 and CDR2L proteins. Both proteins were also
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present in normal and cancer tissue from mammary tissue,
kidney, ovary, prostate, and testis.

Conclusion CDR2L is present in ovarian cancers from
patients with and without Yo antibodies as was shown pre-
viously for CDR2. In addition, both CDR2 and CDR2L
proteins are more widely expressed than previously
thought, both in normal and cancerous tissues.
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Abbreviations

CDRI1 Cerebellar degeneration-related protein 1

CDR2 Cerebellar degeneration-related protein 2

CDR2L Cerebellar degeneration-related protein 2-like

CDR2L, s Patients with only CDR2L antibodies detected
by RIA

Control; s Control patients without antibodies

FIGO International Federation of Gynecology and
Obstetrics

HGSC High-grade serous carcinoma

kDa Kilodalton

PCD Paraneoplastic cerebellar degeneration

PNS Paraneoplastic neurological syndrome

RIA Radioimmunoassay

Yo, 4 Patients with Yo antibodies
Introduction
Paraneoplastic neurological syndromes (PNS) are

immune-mediated diseases characterized by antibody
production and activation of cytotoxic T cells against
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onconeural antigens expressed in cancer that also tar-
get identical proteins in the central nervous system [1].
Paraneoplastic cerebellar degeneration (PCD) is one
of the most common of these syndromes; it is strongly
associated with ovarian and breast cancer [2, 3]. In PCD,
expression of onconeural antigens in the associated ovar-
ian cancer is a common finding and a prerequisite for the
immune response, but this only rarely leads to antibody
production, as onconeural antibodies are infrequent in
ovarian cancer patients in general [4].

Anti-Yo is the predominant onconeural antibody
in the serum and cerebrospinal fluid of patients with
PCD and ovarian cancer [5]. Three cerebellar antigens
have been described for anti-Yo, namely the cerebel-
lar degeneration-related protein 2 (CDR2), CDR2-like
(CDR2L), and cerebellar degeneration-related protein 1
(CDR1) [6-8]. CDR2L is named CDR2-like due to 45%
sequence identity with CDR2 (sequence from www.Uni-
Prot.org, aligned in www.blast.ncbi.nlm.nih.gov, BLO-
SUMG62). Because the CDR2 mRNA was the only CDR
mRNA found to be expressed in PCD-associated tumors,
the CDR2 protein has been presumed to be the only Yo
antigen expressed in ovarian cancers and the main tar-
get for Yo antibodies in Purkinje cells in the cerebel-
lum [9]. However, two recent studies have suggested that
sera from patients with PCD react with both CDR2 and
CDR2L proteins and a pathogenic role for CDR2L anti-
bodies in PCD has been hypothesized [10, 11].

CDR2 protein is down-regulated in rat brain cortex
after birth and is only present at low levels in adult rat
cortex [12]. This has also been shown for CDR2 and
CDR2L at the mRNA level in the human cerebellum
(Atlas of the developing human brain, www.brainspan.
org), where CDR2 mRNA levels are shown to decrease
and CDR2L mRNA to increase after birth. Therefore,
the immune response against the CDR2L protein may be
of greater clinical importance in PCD than that against
CDR2, since the latter protein seems to be expressed only
in low levels in the adult cerebellum.

Since both CDR2 and CDR2L antibodies are prob-
ably involved in the pathogenesis of PCD, it was
expected that both proteins should be present in PCD-
associated tumors. The expression of the CDR2 protein
in human tissue has previously been described [13].
However, CDR2L protein in human cancers and tissues
has not been studied so far. In this study, we examined
ovarian cancers for expression of CDR2 and CDR2L
proteins. The tumors were from patients with Yo anti-
bodies, from patients whose sera contained antibodies
against only the CDR2L and not the CDR2 protein, and
from control patients without onconeural antibodies.
Non-ovarian cancers and normal human tissue were also
analyzed.

@ Springer

Materials and methods
Patient selection and human samples

The Research Biobank at the Neurological Research Labo-
ratory, Haukeland University Hospital, consists of serum
and cerebrospinal fluid samples containing onconeural
antibodies or autoantibodies associated with diseases of the
central nervous system from approximately 400 patients
and an equivalent number of controls. The samples are
sent to the laboratory for diagnostic purposes, and positive
samples and controls have been consecutively included in
the Research Biobank since 1995. The samples have been
analyzed by immune blot, immunohistochemistry, and, for
some antibodies, with a sensitive radioimmunoassay (RIA)
using recombinant onconeural antigen produced by cou-
pled in vitro transcription/translation. The latter technique
has been used in screening for onconeural antibodies in
cohorts of cancer patients from several cancer biobanks [4,
14, 15], and antibody positive samples from these studies
are also included in the biobank. We screened the Research
Biobank for Yo-positive patients and patients with only
CDR2 or only CDR2L antibodies detected by RIA. The
data were matched with the Bergen Gynecologic Cancer
Biobank, a biobank consisting of blood and cancer sam-
ples from approximately 4000 patients who have undergone
gynecological cancer surgery at the Department of Gynae-
cology and Obstetrics, Haukeland University Hospital
since 2001. Formalin-fixed and paraffin-embedded ovarian
cancer tissues from the same patients were also present in
the Diagnostic Biobank, Department of Pathology, Hauke-
land University Hospital. Matching of data was done by the
use of the patients’ national identification numbers.

The inclusion criteria for the study patients were the
presence of serum Yo antibodies confirmed by a commer-
cial immunoblot (PNS 11 Line Assay, Ravo Diagnostika
GmbH, #PNS11-003/48) containing recombinant CDR2
protein or antibodies against CDR2 or CDR2L detected
by RIA and available ovarian cancer tissue. Seronega-
tive control patients were randomly selected from ovarian
cancer patient samples in the Bergen Gynecologic Cancer
Biobank whose sera had already been tested for onconeu-
ral antibodies. A total of 17 patients were initially included
in the study and divided into three groups depending on
antibody status: Yo antibody (n = 6, Yo, ), CDR2L anti-
body (n =5, CDR2L, 5), and seronegative control patients
(n = 6, Control, 4). Fresh-frozen ovarian cancer tissue, sec-
tions from formalin-fixed and paraffin-embedded tissue and
serum were included for every study patient. Clinical data
regarding neurological symptoms and ovarian cancer were
obtained from the patients’ medical records. One control
patient was excluded when review of the pathological spec-
imen showed a colon cancer, and we, therefore, included
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16 patients in this study. Ovarian cancer characteristics,
including CDR2 expression, were published earlier for nine
of the 16 patients [4, 13]. The presence of CDR2L antibod-
ies in the sera of patients with ovarian cancer was reported
previously for five of the 16 patients [10].

All available slides from the ovarian cancer specimens
were examined by two pathologists, and the tumors were
classified according to the World Health Organization cri-
teria [16]. The ovarian cancers were staged histologically
according to criteria set by the International Federation of
Gynecology and Obstetrics (FIGO) [17]. Sections of the
primary ovarian tumors were available in all cases but one,
as the tumor tissue available from patient Yo, in the Ber-
gen Gynecologic Cancer Biobank represented a metastasis.
Cerebellar tissue, used for positive control sections, was
obtained from autopsy at the Department of Pathology of a
patient without neurological disease.

Sera from all 16 patients were obtained from The
Research Biobank at the Neurological Research Laboratory.
For three out of four patients with PCD, we chose sera col-
lected in the early phase of the neurological disease, which
coincided with cancer surgery. In Yo, the development of
PCD was related to recurrence of ovarian cancer and serum
was obtained at this time point. For all other patients we
analyzed sera from the period of cancer surgery.

Ethics statement

The Regional Committee for Health and Medical Research
Ethics approved the study (2014/1066) and informed con-
sent was obtained from living patients included in the
study.

Onconeural antibodies and antibodies against CDR2
and CDR2L proteins

At inclusion, sera from all patients had already been evalu-
ated for a panel of the well-characterized onconeural anti-
bodies by immunoblot and tested on sections of rat cerebel-
lar tissue by immunofluorescent staining. Both tests were
repeated for all sera. In the immunoblot assay, Yo antibod-
ies are detected by recombinant CDR2 protein. The RIA
test was used for the detection of specific antibodies against
CDR?2 and CDR2L proteins in the patient sera before inclu-
sion [4, 10], but had not been performed on sera from Yos
and Yoy,

Immunohistochemistry

The preparation and immunofluorescent staining of rat cer-
ebellum sections incubated with patient sera and CDR2 and
CDR2L rabbit antibodies have been described previously
[11]. Heat-induced antigen retrieval was performed in a

pressure cooker in Diva Decloaker buffer solution (Biocare
Medical, #DV2004MX). Sections were treated with patient
sera (1:500), CDR2 (Sigma-Aldrich, 1:200, # HPA023870),
or CDR2L antibody (Proteintech, 1:200, #14563-1-AP).
The slices were mounted with Shandon Immu-Mount
(Thermo Fisher Scientific, #9990402).

The immune staining was performed on sections from
formalin-fixed and paraffin-embedded human tissue.
The slides were incubated with antibodies against CDR2
(Sigma-Aldrich, 1:200, #HPA023870) and CDR2L (Aviva
Systems Biology, 1:1500, #ARP39113_P050). The stain-
ing was performed at the Department of Pathology using an
automated slide staining system (Ventana, #N750-BMKU-
FS 05342716001) following standard procedures. Heat-
induced antigen retrieval (Ventana, Ultra Cell Condition-
ing, 64 min, #950-224), was followed by incubation with
primary antibody (32 min), followed by incubation with a
secondary antibody (Ventana, Ultra View Universal DAB,
#760-500), hematoxylin staining (Ventana, Hematoxylin II,
#790-2208), and automated coverslipping (Sakura, Tissue-
Tek SCA, #4764; Sakura, Tissue-Tek Coverslipping film,
#4770).

Western blot analysis

We used the full-length human cDNA for CDR2 and
CDR2L cloned into vector #PS100001, containing a
C-terminal myc-DDK-tag (www.origene.com). A cou-
pled in vitro transcription translation rabbit reticulo-
cyte system (TnT Coupled Reticulocyte Lysate Systems,
Promega, #L.4610) was used to synthesize recombinant
CDR2 and CDR2L. Lysates of fresh frozen ovarian can-
cer tissue were prepared at the Proteomics Unit at the
University of Bergen (www.biochem.mpg.de/226356/
FASP). The same protocol was used for the preparation
of human cerebellar lysate from autopsy of a patient
without neurological disease. Lysates from the following
human tissues were obtained from ProSci, Inc. (www.
prosci-inc.com): mammary tissue, mammary cancer,
kidney, kidney cancer, ovary, ovarian cancer, prostate,
prostate cancer, testis, and testicular cancer. The cer-
ebellum lysates were included as controls. Proteins from
lysates (50 pg of the patient samples, 20 pg of other
human lysates) were separated on 10% SDS-PAGE gels
(Bio-Rad, Mini-Protean TGX gels, #4561035). The pro-
teins were transferred onto a nitrocellulose membrane
(Bio-Rad, 0.45 pm pore size, #162-0115) and incubated
overnight (4 °C) with patient sera or CDR antibodies
diluted in 1% BSA 0,1% Tween 20 in PBS (patient sera
(1:1000-1:2000), CDR2 (Sigma-Aldrich, 1:250-1:1000,
#HPAO023870) and CDR2L antibody (Sigma-Aldrich,
1:250, #HPAO022015 or Proteintech, 1:1000, #14563-
1-AP)). For quantification, protein levels from ovarian
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cancer samples were normalized to p-tubulin (Sigma-
Aldrich, 1:500, #T4026). Cross-reactivity of all CDR2
and CDR2L rabbit antibodies used in this study was
tested in western blots with recombinant CDR2L and
CDR2 and did not occur. The blots were developed
using horseradish peroxidase antibody (Dako, Rabbit
Anti-human IgG-HRP, 1:1000, #P0214; Dako, Swine
Anti-rabbit [gG-HRP, 1:1000, #P0217; Dako, Goat Anti-
mouse [gG-HRP, 1:1000, #P0447) and the Pierce ECL
chemiluminescence system (Thermo Fisher Scientific,
#32106). ChemiDoc XRS + (Bio-Rad, #1708265) was
used for gel imaging. All western blots with human sam-
ples were repeated more than three times with reproduc-
ible results.

Imaging

Rat cerebellar sections stained with patient sera were
evaluated on a Leica DMRB with CoolLED pE-300-W
LED illumination, and sections of ovarian cancer tissue
treated with CDR2 and CDR2L antibodies were imaged
on a Leica DMLS. Fiji/Figure] and Adobe Illustrator CS
were used for assembling microscopy images and west-
ern blots.

Table 1 Clinical characteristics of 16 patients with ovarian cancer

Results
Patient characteristics

The ovarian cancer patients were between 54 and 78 years
(median 67 years) at cancer diagnosis. Four out of six
anti-Yo-positive patients had typical features of PCD with
severe ataxia as the predominant clinical presentation. The
remaining patients had no neurological symptoms. Four-
teen of the 16 patients had high-grade serous epithelial car-
cinomas (HGSC), one had a clear cell-carcinoma, and the
remaining patient had an ovarian carcinosarcoma (Table 1).
Two patients were diagnosed with localized ovarian cancer
in FIGO stage 1, whereas the remaining patients had dis-
seminated disease with cancers in stage 3 or 4.

Onconeural antibodies and antibodies against CDR
proteins

Testing with immunoblot confirmed the presence of anti-
Yo (anti-CDR?2) in the six patients included as Yo-positive
(Table 1, Fig. 1). All of the Yo-positive sera showed stain-
ing of cytoplasm in Purkinje cells of rat cerebellar sections
(Fig. 1a) recognized as the typical staining pattern for Yo-
positive sera and coinciding with rabbit CDR2L antibody

Patient Age at cancer PNS Histology FIGO Testing of patients sera

1B IF RIA RIA WB WB

CDR2 CDR22L CDR2 CDR2L CDR2 CDR2L
Yo, 60 PCD HGSC 3A + + + + + +
Yo, 78 None  HGSC 3B + + + + - -
Yo, 58 None  HGSC 4 + + + + + +
Yo, 76 PCD HGSC 3C + + + + + +
Yos 78 PCD HGSC 3C + + ND ND + +
Yog 65 PCD HGSC 3C + + ND ND + +
CDR2L, 74 None  Carcinosarcoma 3C - - - + - -
CDR2L, 72 None  HGSC 3C - - - + - -
CDR2L; 57 None  HGSC 4 -2 - - + - -
CDR2L, 54 None  Clear cell-carcinoma 1A - - - + - -
CDR2Ls 69 None  HGSC 3C - - - + - -
Control, 56 None  HGSC 3C - - - - - -
Control, 78 None  HGSC 4 - - - - - -
Control, 69 None  HGSC 1A - - - - - -
Control, 64 None  HGSC 3C - - - - - -
Controls 57 None  HGSC 3C - - - - - -

IB immunoblot, /F immunofluorescence, ND no data, WB western blot

Ovarian cancer characteristics, including CDR2 expression, have been published earlier for patients Yo, ;, CDR2L, 5, Control,_, and Control, s,
and data on CDR2L antibodies detected with different techniques have been published earlier for patient CDR2L, 5 [10, 13, 14]

4 Zic4 antibody
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Fig.1 CDR2 and CDR2L antibodies in sera from Yo-positive
patients. a shows sections of rat cerebellum with immunofluores-
cent staining of patient sera and rabbit CDR2 and CDR2L antibod-
ies. Serum from Yoy (i) stains the cytoplasm of Purkinje, stellate,
and basket cells, similar to the rabbit CDR2L antibody staining (iii).
Serum from CDR2L, (ii) does not stain the sections, whereas the
rabbit CDR2 antibody (iv) shows weak cytoplasmic Purkinje cell
staining. Scale bar 50 pm. b western blot of recombinant CDR2 and
CDR2L protein incubated with patient sera and rabbit CDR2 anti-
body and CDR2L antibody (Proteintech). Sera from Yo, and Yo,
show bands coinciding with rabbit CDR2 and CDR2L antibodies of
around 62 and 58 kDa, respectively, representing antibodies against
CDR2 and CDR2L proteins in the patients sera. Control lanes with
reticulocyte lysate without recombinant proteins are negative. *Ctrl:
control lane

staining. Incubation of sections with rabbit CDR2 anti-
body gave weak cytoplasmic Purkinje cell staining, and
only anti-human or anti-rabbit secondary antibody showed
no staining. In western blot with recombinant CDR2 and
CDR2L protein, five out of six Yo-positive sera gave bands
corresponding to the recombinant protein control with rab-
bit CDR2 antibody and CDR2L (Proteintech) antibody
(Fig. 1b). Serum sample from patient Yo, that contained
markedly lower CDR2 and CDR2L antibody levels based
on RIA, showed a weaker anti-CDR2 band in the immuno-
blot than did sera from the remaining Yo-positive patients
and did not react with recombinant CDR2 and CDR2L pro-
teins in western blot. Control lanes containing reticulocyte
lysate without recombinant protein incubated with patient
sera were negative for all patients. No bands were observed

in lanes with only anti-rabbit or anti-human secondary
antibody.

All patients with only CDR2L antibodies detected by
RIA were seronegative for Yo antibodies in immunoblot
(anti-CDR2), but serum from patient CDR2L; also con-
tained Zic4 antibodies (Table 1). None of the sera stained
rat cerebellar sections (Fig. 1a), and there were no detect-
able bands in western blot of recombinant CDR2 and
CDR2L protein. No onconeural antibodies were detected in
sera from the negative control patients with ovarian cancer
when investigated by immunoblot, immunofluorescence, or
western blot (data not shown).

Expression of CDR2 and CDR2L in ovarian cancer

Tissue from ovarian cancers from all 16 patients expressed
both CDR2 and CDR2L proteins when evaluated by immu-
nohistochemistry and western blot using specific rabbit
antibodies (Fig. 2). The staining intensity and binding pat-
tern varied, however. The CDR2 and CDR2L antibodies
gave a primarily cytoplasmic staining of the cancer cells
(Fig. 2a), whereas the CDR2 antibody also showed nuclear
staining in mitotic cancer cells. CDR2 and CDR2L were
also present in the cytoplasm of normal endothelial, stro-
mal, and epithelial cells in the ovarian sections (data not
shown). In cerebellar sections, serving as positive controls,
the rabbit CDR2L antibody stained strongly the cytoplasm
of Purkinje cells and molecular layer interneurons (Fig. 2a),
whereas the rabbit CDR2 antibody showed similar but
weak staining (data not shown). Control sections of ovarian
cancer with only secondary anti-rabbit antibodies did not
show any staining.

Western blots of ovarian cancer lysates treated with
CDR?2 antibody showed a double band around 55 kilodal-
tons (kDa) and a single band around 60 kDa (Fig. 2b), and
these bands were seen both in patient samples and a pur-
chased control ovarian cancer lysate. Cerebellum lysate,
included as a control, also showed a double band but with
approximately 3 kDa higher molecular weight (data not
shown). Western blots of ovarian cancer lysates treated
with CDR2L antibody (Sigma-Aldrich) showed a band
around 55 kDa, identical to the bands in control lysates
from ovarian cancer (Fig. 2c) and cerebellum (data not
shown). Another CDR2L antibody (Proteintech) also gave
a band around 55 kDa, but this was accompanied by a band
at around 60 kDa, very similar to CDR2.

Recombinant CDR2 and CDR2L proteins were included
as positive controls and presented as a double band at
around 62 kDa and a single band at around 58 kDa, respec-
tively (data not shown). A myc-DDK-tag of 31 amino
acids, of which 30% are acidic, may explain the discrep-
ancy in molecular weight between the cancer samples and
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Fig. 2 Expression of CDR2 and CDR2L proteins in human ovar-
ian cancer. a shows formalin-fixed and paraffin-embedded sections
of ovarian HGSC and cerebellum with immunostaining with rabbit
CDR2 and CDR2L antibodies. Ovarian cancer sections from Yo, (i)
and CDR2L; (ii) show strong CDR2 cytoplasmic staining of cancer
cells and similar, but less intense, CDR2L staining (iv, v). In cerebel-
lar sections, Purkinje cell cytoplasm shows CDR2L antibody stain-
ing (iii) and ovarian cancer section incubated with only secondary
antibody shows no staining (vi). Scale bar 50 um. b, ¢, western blots
of human ovarian cancer lysates (50 pg protein) from patients Yo, _,,
Yoi, CDR2L, 5, and Controls ¢ were incubated with rabbit CDR2
antibody and CDR2L antibody (Sigma-Aldrich), respectively. The
control lane to the right in both blots represents purchased ovarian
cancer lysate (20 pg protein). In b, CDR2 protein presents as a dou-
ble band around 55 kDa and an additional band at around 60 kDa in
all samples. In ¢ CDR2L presents as one band around 55 kDa in all
lanes. Western blots were normalized to p-tubulin. *Purchased ovar-
ian cancer lysate

the recombinant control. No bands were observed in lanes
with only anti-rabbit secondary antibody.

Expression of CDR2 and CDR2L in other tissues

We also performed western blots of human lysates from
mammary tissue, mammary cancer, kidney, kidney can-
cer, ovary, ovarian cancer, prostate, prostate cancer, testis,
and testicular cancer with rabbit CDR2 and CDR2L anti-
bodies. For all antibodies, the results described for ovarian

@ Springer

“
q) —
5 9] o 8
Q c o c
e ) = @
G o 9] o
[&] > o o
& O O (o]
| c © «© B 2 =
Ny > & E E & ® , 3 7
r § © E€ € © v = = c
o > > & & 2 2 8 8 T
O O O = =Z o o +F +F X
= - -
— po- 1

Fig. 3 Expression of CDR2L protein in various human tissues. West-
ern blot of lysates from various human tissues (20 pg protein) incu-
bated with rabbit CDR2L antibody (Sigma-Aldrich). CDR2L protein
presents as a single or double band around 55 kDa and an additional
band around 60 kDa in all samples (very faint in normal kidney
lysate). Recombinant CDR2L in the lane to the left serves as positive
control and shows a band around 58 kDa

cancer samples were reproduced: A single or double band
at around 55 kDa and an additional band at around 60 kDa
were observed in all tissues [shown in Fig. 3 for CDR2L
(Sigma-Aldrich)]. We observed strong CDR2 and CDR2L
bands in testicular and prostate cancer tissue and in these
lysates the proteins were more abundant in the cancer
than in the corresponding normal tissue. Kidney and kid-
ney cancer showed faint bands for both proteins. No bands
were observed in lanes with only anti-rabbit secondary
antibodies.

Discussion

We found that CDR2 and CDR2L proteins were expressed
at various levels in all ovarian cancer samples tested inde-
pendently of the absence or presence of serum Yo antibod-
ies (anti-CDR2 and CDR2L antibodies) or isolated CDR2L
antibodies. With regard to the CDR2 protein, our results
confirm those of previous studies, as CDR expression was
found in ovarian cancers from patients with Yo antibodies
[18], in patients without Yo antibodies, and in other can-
cer tissues [13, 19]. The expression of CDR2L has not been
analyzed previously.

The widespread expression of CDR2 in various tumors
has led to the hypothesis that CDR2 plays a role in tumo-
rigenesis [19, 20], probably through the interaction with
c-myc [21]. We observed cytoplasmic localization of
both CDR2 and CDR2L, with additional nuclear CDR2
staining in mitotic cancer cells, which could correspond
to peaked CDR2 levels during mitosis. The function of
CDR2L in ovarian cancer is unknown. However, the func-
tion of CDR2L in Purkinje cells has been studied, and
there is evidence that CDR2L is involved in maintaining
calcium homeostasis by interacting with proteins critical
to calcium regulation [11]. We found that both the CDR2
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and CDR2L proteins were expressed in several cancers,
and the protein levels seemed particularly high in pros-
tate and testicular cancer tissue. The colon cancer sample,
which was excluded from the ovarian cancer cohort, also
showed CDR2 and CDR2L staining (data not shown). As
both CDR2 and CDR2L proteins are expressed in malig-
nancies as colon and prostate cancers, which are common
cancers, it is surprising that Yo antibodies and PCD are
seldom associated with these diseases. Yo antibodies have
been reported in two cases with prostate cancer [22, 23],
but PNS are generally rarely described in prostatic malig-
nancies [24]. The strong association between ovarian can-
cer and Yo antibodies remains to be elucidated, as CDR2
and CDR2L are widely distributed in various cancers.

The widespread expression of CDR2 and CDR2L raises
the question of why PCD associated with anti-Yo antibodies
is so infrequent, when most ovarian cancers express both
CDR2 and CDR2L antigens. Most cancer patients mount
anti-tumoral immune responses [25], but multiple steps
are probably essential to initiate the neurological disease.
HLA class, activation of dendritic cells, CD4* lympho-
cytes, T cell activation, tolerance, and blood-brain barrier
are components likely to participate in the pathogenesis of
PCD [26-28]. The activation of dendritic cells and CD4*
lymphocytes are also key factors in the development of an
immune response versus tolerance [27]. Dendritic cells are
more prone to be activated by necrosis than by apoptosis of
cancer cells [29]; however, we did not see any association
between necrosis or low tumor differentiation levels and Yo
antibodies in ovarian cancer patients. This is in line with
earlier reports, but studies on tumors from Yo patients are
sparse due to the limited number of available patients and
tumor tissue.

In addition to several important host immunological fac-
tors, there might also be differences in the CDR proteins
in tumors from patients who develop Yo antibodies and
tumors of seronegative patients. In a previous study, the
CDR2 cDNAs of ovarian cancers from 14 patients were
sequenced (three patients with Yo antibodies, but with-
out PCD and 11 patients without Yo antibodies), but no
variants were found when compared to reference CDR2
cDNA [13]. Post-translational modifications and splicing
variants could increase the immunogenicity of CDR2 and
CDR2L proteins in some tumors. Our observation of dou-
ble CDR2 and CDR2L bands in western blots of ovarian
cancer lysates indicate different post-translational forms.
In a study on the potential role of CDR2 in neurodegen-
eration, the upper band of a double CDR2 band in western
blots of rat lysates from various organs was found to be a
phosphorylated variant of the protein [12]. We did not have
sufficient cancer samples to explore possible post-transla-
tional modifications of the protein in the double bands that
we observed further. The rabbit CDR2L antibodies gave

bands of corresponding size in ovarian cancer and cerebel-
lum lysate. However, the CDR2 antibody gave bands at a
higher molecular weight in cerebellar lysate than in ovar-
ian cancer, and this does not correspond with equally sized
proteins described in earlier publications using PCD anti-
sera for protein detection [9]. Commercial antibodies and
patient sera recognizing different epitopes in denatured
proteins probably explain the difference, but PCD sera may
also contain polyclonal antibodies against both CDR2 and
CDR2L.

CDR2 and CDR2L proteins were also present in vari-
ous normal tissues (i.e., mammary, kidney, ovary, prostate
and testis tissues) by western blot and in normal endothe-
lial, stromal, and epithelial cells in the ovary as shown
by immunohistochemistry. This is in line with previous
findings for the CDR2 protein [13, 20]. These observa-
tions support the hypothesis that breakage of tolerance is
a crucial step in the development of PCD. Recently, it was
shown that blocking CTLA4 in T cells, and thereby reduc-
ing an important inhibitory immunological signal, induced
PCD in mice [30]. Since CDR2 and CDR2L proteins occur
in various normal tissues, we hypothesize a central toler-
ance toward these proteins, as has been shown in experi-
mental models for other onconeural proteins [31, 32]. The
presence of CDR2 and CDR2L in normal tissue also raises
the question of why Yo antibody-related disease is limited
to the nervous system. Further studies on the function and
localization of CDR2 and CDR2L proteins in various cell
types are therefore needed to understand the pathogenesis
of PCD.

In all patients but one, the ovarian cancer was histologi-
cally classified as a carcinoma; the one case was classified
as mixed epithelial and mesenchymal (carcinosarcoma).
Only two out of 16 patients had localized disease at the
time of diagnosis. This corresponds well with previous data
on ovarian cancer, with around 90% being of epithelial ori-
gin [33] and only 15% being confined to the primary site at
the time of diagnosis [34].

In patient sera containing only anti-CDR2L, these anti-
bodies had previously been detected with RIA, but were
not confirmed with immunofluorescence and western blot
in this study. The RIA index values of CDR2L antibod-
ies were generally lower than those of co-existing CDR2
and CDR2L antibodies (data not shown), and this prob-
ably reflects lower serum levels of antibody in sera con-
taining only CDR2L antibodies. RIA has been shown to
have higher sensitivity than other laboratory modalities
in detecting onconeural antibodies [4, 35, 36]. This could
be explained by several factors: that radioactivity is used
in detection, that the proteins are in a fluid-phase, which
makes conformational epitopes available for binding, and
that the patient samples are less diluted than when used in
other modalities. An important point is, however, that the
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presence of CDR2L antibodies without concomitant CDR2
antibodies do not seem to correlate with PNS and their
detection may therefore be of limited clinical value [10].

In conclusion, CDR2 and CDR2L proteins are expressed
in ovarian cancers, independently of serum antibody sta-
tus. CDR2 and CDR2L proteins are also expressed in other
cancers and in normal tissues of various organs. Thus, our
results show that CDR2 and CDR2L proteins are more
widely distributed than previously described. The initiation
of the immune response to these proteins must be related to
several additional immunological host factors likely includ-
ing breakage of tolerance.
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