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Expression of cell adhesion molecules in canine choroid plexus tumors
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ABsTRACT. Choroid plexus tumor (CPT) is a primary intracranial neoplasm of the choroid plexus epithelium in the central nervous system. In
the current World Health Organization classification, CPT is classified into two categories; choroid plexus papilloma (CPP) and carcinoma
(CPC). In the present study, we investigated immunohistochemical expressions of N-cadherin, E-cadherin and B-catenin in 5 canine CPT
cases (1 disseminated CPC, 2 CPCs and 2 CPPs). One CPP case was positive for N-cadherin and f-catenin, but negative for E-cadherin.
The disseminated CPC case was positive for E-cadherin and B-catenin, but negative for N-cadherin. The other cases were positive for the
three molecules examined. These results suggest that loss of the N-cadherin expression might associate with the spreading of CPC cells.
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Choroid plexus tumor (CPT) is a primary intracranial neo-
plasm derived from the choroid plexus epithelium in the cen-
tral nervous system (CNS) and account for approximately
9% of canine intracranial CNS tumors [10]. Since CPTs in
dogs were first reported in 1936 [16], many cases have been
reported [2-5, 9, 12-15, 18-20, 22-24, 26-29, 31, 32, 34,
35]. Middle-aged dogs are predominantly affected with CPT,
and the fourth ventricle is the most common place of origin
[31]. According to the current World Health Organization
(WHO) classification, CPT is classified into 2 categories: be-
nign choroid plexus papilloma (CPP) and malignant choroid
plexus carcinoma (CPC) [11].

Neural cadherin (N-cadherin), epithelial cadherin (E-cad-
herin) and p-catenin are cell adhesion molecules. N-cadherin
is expressed mainly in the neurons, lens, striated muscle and
cardiac muscle, while E-cadherin in many epithelial tissues
[6, 33]. B-catenin is an intracellular binding partner of E-
cadherin [17, 21]. E-cadherin and B-catenin could, therefore,
be markers for less differentiated carcinoma. The decrease
of E-cadherin expression was observed in malignant ca-
nine colorectal tumors [25], and the high expression of E-
cadherin down-regulated the tumor cell invasion [30]. The
decreased expression of B-catenin on the cell membrane and
the alternative increase of its expression in the cytoplasm
were observed in less differentiated carcinomas [25].

The present paper describes pathological and immunohis-
tochemical features of a disseminated CPC, and the decrease
of cell adhesion molecules could be related to the metastasis
or dissemination of neoplastic cells.
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Among the 5 CPT cases, 2 dogs were male, and 3 were
female. Median age of the cases was 7 years (range: 3—12
years). Primary site of tumor was not identified in 1 case,
while they arose in the fourth ventricle in 3 cases and in the
lateral ventricle in 1 case. Tumor tissues from 4 cases (case
nos. 1, 2, 4 and 5) were collected during necropsy, while
case no.3 was obtained as a biopsy sample by a surgical
resection. All the cases were diagnosed at the Department of
Veterinary Pathology, Graduate School of Agricultural and
Life Sciences, the University of Tokyo. Clinical features of
the dogs are summarized in Table 1.

Case histories of the dogs were as follows. Case no. 1
showed the stumbling in rear limbs and 5 months later the
opisthotonus and incomplete paralysis in forelimbs. The
postural reflex in the both right limbs was lost, the patel-
lar reflex in the right rear limb was enhanced, the menace
response in the right eye was lost, the direct pupillary light
reflex in the both eyes was weakened, the indirect pupillary
light reflex in the both eyes was lost, and cervical muscles in
both sides were atrophied. The results of magnetic resonance
image (MRI) examination of case no. 1 revealed multiple
lesions measuring 2 to 13 mm in diameter in the right ventral
thalamus, right temporal lobes, right and left occipital lobes
and left pons (Fig. 1A—C). Signal intensity of these lesions
was low in the T1-weighted image, while high in the T2-
weighted image. The intensity of the lesions was suppressed
in the FLAIR image. These findings indicated that these
lesions were cystic masses. No significant dilation of any
ventricles was observed. The primary site of the tumor in
the case was not clearly determined, because several cystic
or massive lesions were found in the ventricles. Since the
patient had a convulsion when she was awake, the owner
wanted euthanasia. Necropsy was done in the same day.
Case no. 2 had the head tilt, was unable to walk and lacked
the postural reflexes in all the limbs. After natural death,
necropsy was done. Case no. 3 had the left side head tilt,
and his stumbling got worse. Since the MRI examination re-
vealed a mass lesion between the right cerebellar hemisphere


http://creativecommons.org/licenses/by-nc-nd/3.0/

256

N. HIROSE ET AL.

Table 1. Clinical features of the 5 dogs with choroid plexus tumor
Case Breed Gender Age Primary site of tumor Clinical symptoms

no. (years) (ventricle)

1 Labrador retriever F 9 Not identified Stumbling in rear limbs, opisthotonus, incomplete paralysis in forelilmbs,
loss of postural reflex in right limbs, enhance of right patellar reflex, loss of
right menace response, decline in both direct pupillary light reflex, loss of
both indirect pupillary light reflex, atrophy of cervical muscles

2 French bulldog F 3 4th Head tilt, unable to walk, lack of postural reflex

3 Mix M 12 4th Left side head tilt, stumbling

4 Fla?—coated M 3 Lateral Lethargy, anorexia, aggression, right side head turn

retriever
5 Toy poodle F 7 4th Left side head tilt, ataxia
Table 2.  Histopathological findings of the 5 dogs with choroid plexus tumor

Case  Loss ofpap illary Epithelial layering ~ Necrosis Local invasion ~ Mineralization ~ Mitoses Nuclejar Diagnosis
no. formation atypia
1 Partially found  Partially found  Not evident Obvious + Rare Low Disseminated CPC
2 Partially found  Partially found  Not evident Not found + Rare Low CPP
3 Not found Not found Not evident Not determined Occasional Low CPP
4 Partially found  Partially found  Not evident Obvious + Occasional Severe CPC
5 Partially found  Partially found  Not evident Obvious - Rare Severe CPC

CPC, choroid plexus carcinoma; CPP, choroid plexus papilloma.

and medulla oblongata, biopsy was conducted. Case no. 4
presented the lethargy, anorexia, aggression and right side
head turn. MRI examination revealed a mass lesion in the
right ventricle. The patient was euthanized with the owner’s
consent, and necropsy was done. Case no. 5 presented the
left side head tilt and ataxia. Computed tomography (CT)
examination revealed a mass lesion at the right side of the
cerebellum. After natural death, necropsy was conducted.
All tumor tissues were fixed in 10% neutral buffered-
formalin and embedded in paraffin. Paraffin sections were
cut at 4 ym and stained with hematoxylin and eosin (HE).
Histological diagnoses were done based on the WHO classi-
fication [11]. Criteria for the tumor grading were as follows:
CPP was not invasive and the tumor cells had a scant nuclear
atypia and a low frequency of mitoses, while CPC was in-
vasive and the tumor cells had a nuclear atypia and/or me-
tastases. That is, all invasive CPTs were diagnosed as CPC,
regardless of mitoses or nuclear atypia. We then performed
immunohistochemistry using primary antibodies including
mouse monoclonal antibodies to N-cadherin (1:25, Dako-
Japan, Kyoto, Japan) and to E-cadherin (1:100, Invitrogen,
Camarillo, CA, U.S.A.), and rabbit antiserum to f-catenin
(1:400, Millipore, Billerica, MA, U.S.A.). Deparaffinized
sections were autoclaved at 121°C for 10 min in the Target
Retrieval solution (pH 9.0, Dako-Japan). The sections were
incubated at 4°C overnight with each primary antibody. Then,
the sections were incubated with the EnVision+System-HRP
labeled polymer (Dako-Japan). The reaction products were
visualized with 0.05% 3-3'-diaminobenzidine and 0.03%
hydrogen peroxide, and the sections were counterstained
with hematoxylin. The normal choroid plexus from a nec-
ropsied dog was used as a control. To clarify the expression

Table 3. Immunoreactivity of CPT cells
Case % Immunopositive cells
Normal CP B-catenin 100.0
E-cadherin 61.9
N-cadherin 100.0
Case no. 1 (dCPC) B-catenin 99.2
E-cadherin 329
N-cadherin 0.0
Case no. 2 (CPP) B-catenin 89.9
E-cadherin 59.6
N-cadherin 72.3
Case no. 3 (CPP) B-catenin 77.0
E-cadherin 0.0
N-cadherin 56.9
Case no. 4 (CPC) B-catenin 33.1
E-cadherin 39.1
N-cadherin 322
Case no. 5 (CPC) B-catenin 44.4
E-cadherin 22.5
N-cadherin 68.1

CP, choroid plexus; dCPC, disseminated CPC.

level of each adhesion molecule, the number of cells positive
for N-cadherin, E-cadherin or B-catenin was counted in 10
different microscopic fields under x400 magnification. Then,
the ratio of the positive cells was calculated.
Histopathological features of the 5 dogs with CPT are
summarized in Table 2. Particularly, case no. 1 was diag-
nosed as disseminated CPC based on the local invasion to
the third ventricle and a wide-dissemination throughout the
cerebrum, cerebellum and brain stem (Figs. 2 and 3). How-
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ever, mitotic figures in the neoplastic cells were rare, nuclear
atypia was low, loss of papillary formation was partially
observed, and necrosis was not evident (Fig. 4). In case no.
2, diagnosed as CPP, while loss of papillary formation and
epithelial layering were partially observed, both necrosis
and local invasion were not evident. Mitotic figures were
rare, and nuclear atypia was low. In case no. 3, diagnosed
as CPP, local brain invasion was not observed at least on
the biopsy section. In case no. 4, diagnosed as CPC, while
loss of papillary formation and epithelial layering were
partially found, necrosis was not evident. However, local
invasion of the neoplastic cells was obvious, mitotic figures
were occasional, and nuclear atypia was severe. In case no.
5, diagnosed as CPC, while loss of papillary formation and
epithelial layering were partially found and necrosis was not
evident, local invasion of the neoplastic cells was obvious.
Mitotic figures were rare, but nuclear atypia was severe.
Mineralization in the neoplastic lesion (psammoma body)
was observed in case nos. 1, 2 and 4.

The results of immunohistochemistry are summarized in
Table 3. Interestingly, in the case with a wide leptomeningeal
dissemination (case no. 1), the tumor cells were immunopos-
itive for E-cadherin (Fig. 5) and B-catenin (Fig. 6), whereas
negative for N-cadherin (Fig. 7). On the contrary, in case
no. 3 diagnosed as CPP, the tumor cells were negative for E-
cadherin. In the other cases (case nos. 2, 4 and 5), the tumor
cells were positive for all the three molecules examined.

According to Westworth et al. [31], 35% of CPC cases
showed an apparent subarachnoid metastasis. The previous
observation is consistent with the result of the present study,
in which 1 of 3 CPC cases showed metastasis along the neu-
roaxis. There have been some reports [31, 35] indicating that
the fourth ventricle was the most common original location
of CPT, while another report [26] indicated that 75% of CPTs
occurred in the supratentorial region. Among the present 5
CPTs, 3 (case nos. 2, 3 and 5) arose in the fourth ventricle,
1 (case no. 4) in the lateral ventricle, and the remaining one
(case no. 1) was thought to arise in the third ventricle.

We also examined the expressions of vimentin, cyto-
keratin AE1/AE3 and glial fibrillary acidic protein (GFAP)
in case no. 1 (data not shown). The results were almost the
same as those in the previous reports [2, 7, 23, 26]. A small
number of neoplastic cells were focally positive for GFAP
in a previous report [7], while there were no positive cells in
the lesion of the present case no.1.

According to Nentwig et al. [19], the expression levels of
E-cadherin and B-catenin were higher in CPTs than that in
normal choroid plexus. This is inconsistent with the present
report, where the expression of E-cadherin and B-catenin de-
creased in CPTs compared to normal choroid plexus (Table
3). In the present study, case no.3 did not show the expression
of E-cadherin. This indicates that loss of its expression could
occur sporadically in CPTs; however, since the significant
decrease or loss of the E-cadherin expression in single be-
nign and malignant CPTs was also observed in the previous
study [19], the loss of the E-cadherin expression might not
be causative in metastasis of CPTs. As Nentwig et al. men-
tioned in the previous report [19], there may be mechanisms

other than the loss of E-cadherin expression conferring
invasive and metastatic properties to CPTs. Therefore, we
focused on N-cadherin expression (discussed below).

Moreover, the expression levels of B-catenin tend to be
fewer in CPC (case nos. 4 and 5) than CPP (case nos. 2 and
3), i.e., loss of B-catenin expression was observed with in-
creasing malignancy, inconsistent with the previous report
[19], where there was no relation in the B-catenin expression
with the malignancy of CPTs.

Although the previous report [19] focused on the expres-
sion of E-cadherin and B-catenin in CPTs, there have been so
far no reports on that of N-cadherin. In the present study, we
clarified the lack of the N-cadherin expression in the dissem-
inated CPC case (case no. 1). These results indicate that the
dissemination and invasion of canine CPC could be related
to the lack of the N-cadherin expression. The decrease in
the E-cadherin expression and the increase in the B-catenin
expression in the cytoplasm, which had been reported in
malignant cases [25], were not found in the present cases.
That is, there was no difference in the expression patterns
between CPTs and normal choroid plexus. Moreover, there
is no apparent relationship between the E-cadherin and N-
cadherin expressions in the present study. On the other hand,
a previous report indicated that the expression of N-cadherin
showed a negative relationship with that of E-cadherin in
the feline mammary tumor cells [1]. The negative correlation
between E-cadherin and N-cadherin expressions was also re-
ported in another study [8], in which the invasion of canine
meningioma into the nervous parenchyma was related to the
expression of N-cadherin. These discrepancies lead us to a
hypothesis that the N-cadherin expression may play a dif-
ferent role in CPTs and other tumors, respectively, because
N-cadherin was not expressed in the normal epithelial cells
including mammary gland epithelia and meninges, while it
was expressed in the normal choroid plexus. In other words,
roles of N-cadherin in CPTs may be different from its roles
in other tumors. A decrease in the expression of N-cadherin
could cause metastasis or dissemination of CPT cells.

Accumulation of CPT cases and further investigations are
needed to clarify the involvement of N-cadherin in the men-
ingeal dissemination of CPC cells and to confirm the relation
between the expression levels of the cell adhesion molecules
and the dissemination of canine CPC.
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Fig. 1.

Magnetic resonance images. Case no. 1. A: T2WI, B: TIWI and C: TIWI contrasted with gadolinium. Multiple neoplastic lesions
between the right and left temporal lobes (arrows).

Fig. 2. HE stain. Case no. 1. Papillary proliferation of tumor cells in the third ventricle. Psammoma body (arrow). Bar: 500 gm.
Fig. 3. HE stain. Case no. 1. Tumor cells proliferation in the cerebellar meninges and invasion into the parenchyma. Bar: 500 ym.
Fig. 4. HE stain. Case no. 1. Scant mitosis and mild nuclear atypia. Bar: 100 gm.

Fig. 5. Immunohistochemistry. Case no. 1. Expression of E-cadherin in the tumor cells. Bar: 100 gm.

Fig. 6. Immunohistochemistry. Case no. 1. Expression of B-catenin in the tumor cells. Bar: 100 x#m.

Fig. 7.

Immunohistochemistry. Case no. 1. No expression of N-cadherin in the tumor cells. Bar: 100 um.
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