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Summary

Brain tumours in cattle are uncommon and the spontaneous development of primary brain tumours of different
histological types is rare in both man and animals. In man, multiple concurrent primary tumours of different
types are occasionally described. We report the rare simultaneous occurrence of two different primary brain
tumours, gliosarcoma and choroid plexus carcinoma, diagnosed by microscopical and immunofluorescence
evaluation in an 8-year-old cow with a 2-month history of neurological disease. Gliosarcoma is a rare variant
of glioblastoma multiforme, characterized by the presence of malignant glial cells and mesenchymal tissue.
This tumour has not been reported previously in animals.

� 2016 Elsevier Ltd. All rights reserved.
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With the exception of the dog, primary neoplasms of
the nervous system in domestic animals are relatively
uncommon (Koestner and Higgins, 2002) and have
been only rarely reported in cattle (Hoenerhoff
et al., 2006). In addition, the simultaneous develop-
ment of histologically different primary brain tu-
mours is rare and in man is usually seen in patients
with phacomatosis or in those undergoing cranial
irradiation therapy (Tokunaga et al., 1991).

An 8-year-old Holstein cross cow developed slowly
progressive depression, ataxia, drowsiness, teeth
grinding and left head tilt over a period of 2 months.
It was presented to the teaching hospital of the School
of Veterinary Medicine, Universidad Cat�olica de Te-
muco, Chile, where a complete neurological examina-
tion also revealed medial strabismus and lack of
menace response in the left eye, decreased menace
response in the right eye and partial paralysis of the
left side of the face characterized by loss of motility
and drooping of the left ear and loss of sensitivity of
ondence to: A. Ortloff (e-mail: aortloff@uct.cl).
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the skin of the left side of the face. Serum biochemical
analysis, haematological analysis and microbiological
examination of blood and cerebrospinal fluid re-
vealed no abnormalities. Due to the poor prognosis,
the cow was humanely destroyed and submitted for
post-mortem examination.

Gross post-mortem findings were confined to the
brain. A sagittal section of the brain near the midline
revealed two moderately firm, closely apposed space-
occupying lesions within the dorsal mesencephalon
(Fig. 1). These masses, up to 5 cm in the largest
dimension, caused effacement of the normal architec-
ture of the midbrain, focal compression and stenosis of
the mesencephalic aqueduct and moderate secondary
dilation of the lateral ventricles (i.e. acquired hydro-
cephalus). The larger mass (later diagnosed as a
choroid plexus carcinoma [CPC]) was round, rela-
tively well demarcated and had a grey, granular cut
surface containing scattered white and yellow foci of
discolouration up to 3 mm in size. The smaller mass
(later diagnosed as a gliosarcoma) was less defined,
approximately 3 cm in the largest dimension and
� 2016 Elsevier Ltd. All rights reserved.
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Fig. 1. Sagittal section of the brain showing two mesencephalic
space-occupying lesions (arrows) causing mesencephalic
aqueduct stenosis andmoderate dilation of the lateral ven-
tricles (asterisk). Note the lobulated and chondromatous
appearance of the tumour (gliosarcoma) on the right
(white arrow). Choroid plexus carcinoma (black arrow).
HE. Bar, 5 cm.

Fig. 2. Positive immunofluorescence labelling of beta IV tubulin
throughout the apical surface of neoplastic epithelial cells
lining papillary projections supported by fibrovascular
stroma. Choroid plexus carcinoma. HE. Bar, 100 mm.
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was multilobulated, with glassy areas of chondroma-
tous appearance and consistency.

The brain and tumour samples were fixed in 10%
neutral buffered formalin, processed routinely and
embedded in paraffin wax. Sections (5 mm) were
stained with haematoxylin and eosin (HE) and peri-
odic acideSchiff (PAS) stain. Additional slides were
processed for immunofluorescence labelling
(Sternberger et al., 1970). Primary reagents used in
these procedures included antibodies specific for
beta IV tubulin (Abcam, Cambridge, UK), glial fi-
brillary acidic protein (GFAP; Sigma, St. Louis, Mis-
souri, USA), transthyretin (TTR; Sigma), S-100b
(Abcam, Cambridge, UK) and aquaporin-1
(AQP1; Sigma). Antibodies were diluted in a buffer
containing 0.1 mol/l Tris buffer, pH 7.8, 0.7% non-
gelling seaweed gelatin, lambda carrageenan and
0.5% Triton X-100 (Sigma). Incubation with pri-
mary reagents was carried out for 18 h at room tem-
perature. Omission of the primary antibody during
incubation served as the negative control. The normal
choroid plexus and brain tissue of the same cow was
used as a positive control. Secondary antibodies
were conjugated with Alexa Fluor 488 or 594 (1 in
500 dilution; Invitrogen, Carlsbad, California,
USA). Slides were examined under an epifluores-
cencemicroscope using Zeiss multidimensional acqui-
sition software AxioVision Rel (version 4.6) (Zeiss,
Aalen, Germany) or a confocal microscope (Leica
SP5 II, Leica, Mannheim, Germany).

Microscopic evaluation of the larger midbrain
tumour revealed a well-demarcated but non-
encapsulated neoplasm composed of variably sized,
irregularly shaped tubular structures lined by a single
layer of moderately to highly anaplastic cuboidal
epithelium. Intratubular polypoid and papillary pro-
jections of neoplastic epithelium supported by small
amounts of fibrovascular connective tissue stroma
were often seen and interpreted as consistent with
choroid plexus origin. Due to the significant degree
of anaplasia of the neoplastic cells, evidenced by
marked anisokaryosis, anisocytosis, karyomegaly
and the presence of a few multinucleated tumour
cells, this neoplasm was diagnosed as a CPC. Immu-
nofluorescence examination revealed that most of
the neoplastic cells were positive for beta IV
tubulin, especially within the apical cytoplasm
(Fig. 2). The beta IV tubulin antibody is a good
marker of multiciliated cells (Guerra et al., 2015)
and is the major beta-isotype in motile and non-
motile bovine cilia (Renthal et al., 1993). Ultrastruc-
tural cilia have been observed in human choroid
plexus tumours, but have not been previously re-
ported in animal tumours of choroid plexus origin.
The CPC from this cow did not express S100b pro-
tein, AQP1 and TTR. Data from studies of AQP1
(Boassa et al., 2006) and TTR (Herbert et al., 1986)
suggest that both proteins are important in the pro-
duction of cerebrospinal fluid; therefore, they can be
used as indicators of normal choroid plexus function-
ality. It is likely that the lack of expression of AQP1
and TTR within the tumour cells of the CPC of this
cow was due to the significant degree of anaplasia
and dedifferentiation. Similar results have been
observed in CPC of dogs (Cantile et al., 2002).
Tumour cells in this neoplasm stained positively
with PAS, which is considered a reliable and



Fig. 4. Endothelial proliferation resulting in glomeruloid appear-
ance of small blood vessels (arrows) at the margins of the
gliosarcoma. HE.
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inexpensive marker for cytokeratin (Rao et al., 2015).
This result, in addition to its characteristic histomor-
phological features, which included the presence of
fibrovascular stroma, further support the choroid
plexus origin of this neoplasm.

Microscopically, the second tumour was non-
encapsulated and poorly demarcated with large
multifocal to coalescing serpentine areas of necrosis
evidenced by loss of cellular detail and abundant kar-
yorrhectic and cellular debris. Neoplastic cells were
closely packed and characterized by small, darkly
stained, round or slightly elongate nuclei and a mod-
erate amount of fusiform pale eosinophilic cytoplasm
with poorly defined cell borders; mitotic figures were
relatively common. Tumour cells had a parallel or
haphazard arrangement and formed occasional
rows separated by variable amounts of pale basophilic
and homogeneous chondromucinous stroma. Areas of
chondroid change containing well-differentiated hya-
line cartilage were admixed with foci of necrosis
throughout the neoplasm (Fig. 3). Occasionally,
tumour cells were oriented perpendicularly in a radi-
ating or pseudopalisading fashion around necrotic
foci. Microvascular hyperplasia characterized by
focal proliferation of endothelial cells resembling
renal glomeruli (glomeruloid vascular proliferation)
was present at the margins of the lesion (Fig. 4).
Neoplastic cells expressed GFAP and S100b protein.
Based on its histomorphological and immunofluores-
cence labelling characteristics, this tumour was diag-
nosed as a gliosarcoma with areas of cartilaginous
differentiation.

Gliosarcomas are a rare variant of glioblastoma
multiforme (anaplastic astrocytomas) and are identi-
Fig. 3. Focal area of cartilaginous metaplasia (arrows) admixed
with neoplastic glial cells characterized by small, slightly
elongate, darkly stained nuclei and areas of necrosis evi-
denced by karyorrhexis and loss of cellular detail (asterisk).
Gliosarcoma. HE.
fied by a biphasic tissue pattern displaying alternate
areas of glial and mesenchymal differentiation
(Louis et al., 2007). Similar to what have been
described as the hallmarks of glioblastoma multi-
forme in man (Koestner and Higgins, 2002), serpen-
tine foci of necrosis with a pseudopalisading
arrangement of surrounding radiating glial cells and
glomeruloid vascular proliferation were important
histological features of the tumour of this cow, which
also had conspicuous areas of cartilaginous meta-
plasia (Fig. 3), a feature occasionally observed in hu-
man gliosarcomas (Schittenhelm et al., 2007; Wang
et al., 2015). Although gliosarcomas arising from the
brainstem have been reported (Wang et al., 2015),
most cases of gliosarcoma in man are located within
the cerebral hemispheres and, more specifically,
within the temporal lobe (Singh et al., 2015).

In conclusion, we describe the rare synchronous
and spontaneous occurrence of two different primary
brain tumours located within the mesencephalon of
an 8-year-old Holstein cross cow with a history of pro-
gressive neurological disease. No evidence of intracra-
nial or extracranial metastases was detected grossly or
histologically. Microscopically, and with the aid of
immunofluorescence labelling, these tumours were
diagnosed as a gliosarcoma and a CPC. In man, glio-
sarcomas are rare but well-documented variants of
glioblastoma multiforme characterized by the pres-
ence of malignant glial cells admixed with mesen-
chymatous tissue. To the authors’ knowledge, this is
the first report of gliosarcoma in domestic animals.
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Supplementary data

Supplementary data related to this article can be
found at http://dx.doi.org/10.1016/j.jcpa.2016.10.
007.
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