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ABSTRACT. A gelatinous focus with cystic spaces, was found in the posterior funiculus of the 2nd to 3rd lumbar levels of the spinal cord of
a Japanese Black heifer, 2 years old, with clinical signs of severe dysstasia. Histopathological examination revealed that the spinal lesion
consisted of multifocal and diffuse proliferation of round cells with abundant vacuolar cytoplasm and hyperchromatic nuclei. In the
lesions there was a number of cystic spaces containing aggregates of small round cells. The neoplastic foci showed a honeycomb structure
divided by thin blood vessels, representing typical lesions of oligodendroglioma. Diffuse and multifocal proliferation of these round cells
were also recognized in the subarachnoidal space in the sacral spinal cord. Immunohistochemically, the proliferating round cells were
negative for glial fibrillary acidic protein. Based on these morphological features, the case was diagnosed as lumbar spinal
oligodendroglioma with diffuse arachnoidal dissemination.—kEy worps: bovine, oligodendroglioma, spinal cord.

Oligodendroglioma is a common brain tumor of animals,
especially dogs [13], but only one bovine case has been
reported [1]. Although both animal and human
oligodendrogliomas are known to occur predominantly in
the white matter of the cerebral hemispheres [9, 12, 13],
spinal oligodendrogliomas are also recognized occasionally
in children, and their clinical and pathological natures have
been well demonstrated in several human cases [2]. In
contrast, spinal cord tumors including oligodendrogliomas
[5, 15] are rare in animals, except for extra-medullar tumors
such as spinal nephroblastomas in young dogs [13], and
bovine spinal gliomas are considered to be extremely
unusual [1].

The present paper describes the morphological and
immunohistochemical features of a spinal
oligodendroglioma in a 2-year-old Japanese Black heifer
and discusses the similarity between human and bovine
cases.

A 2-year-old Japanese Black heifer suddenly developed
hind limbs paralysis and dysstasia. The animal was treated
by clysis with Ringer’s solution, but the clinical signs did
not improve. The animal was euthanatized by electric shock
7 days after clinical onset at the owner’s request, and
necropsied immediately. In the brain, there were no
significant lesions, but congestion and yellowish
discoloration was recognized in the posterior area of the
2nd to 3rd levels of the lumbar spinal cord. The cut surface
in this area revealed a pale gelatinous focus, approximately
1 cm in diameter, with multiple cystic spaces filled with
clear fluid, located mainly in the posterior funiculus (Fig.
1). The gelatinous focus was attached to the dura mater,
and the subarachnoidal space was replaced by the gelatinous
material. In the subarachnoidal space of the lower lumbo-
sacral spinal cord, a small amount of fibrinous material,
pale to tan in color, was distributed diffusely and widely.

Tissue samples were fixed in 10% formalin and routinely
processed. Paraffin sections were stained with hematoxylin
and eosin (HE), and some selected sections of the spinal
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cord were also stained with Luxol fast blue (LFB), Masson’s
trichrome, Watanabe’s silver impregnation, and alcian blue
(pH 2.5). Histopathological examination revealed that the
lumbar spinal lesion consisted of multifocal and diffuse
proliferation of neoplastic cells with cystic spaces (Fig. 2).
The tumor mass was located mainly in the white matter,
and the posterior funiculus were almost totally replaced by
the proliferating tumor cells and cystic places. The
neoplastic foci showed a honeycomb structure with solid
proliferation of round cells, representing the typical
appearance of oligodendroglioma (Fig. 3). Most neoplastic
cells were round in shape with abundant clear cytoplasm
and hyperchromatic central nuclei. The presence of
cytoplasmic processes was not confirmed. In the tumor
there were a number of blood vessels with thin vascular
walls, while the endothelial cells did not show apparent
hyperplastic or proliferative changes. There were also a
few of well differentiated astrocytes with well defined
eosinophilic cytoplasmic processes in the neoplastic foci.
In contrast, at the periphery of the neoplastic foci, diffuse
proliferation of these astrocytes was prominent. Within the
cystic spaces, there were aggregates of small number of
small round cells mimicking lymphocytes, with small
hyperchromatic round nuclei and scanty cytoplasm. Mitoses
of the neoplastic cells were extremely rare. The neoplastic
cells invaded the leptomeninges, and the subarachnoidal
space was filled by a proliferation of these cells. Diffuse
and multifocal proliferation of the round cells and
lymphocyte-like small round cells, were also seen in the
subarachnoidal space in the 2nd and 3rd levels of the sacral
spinal cord (Fig. 4). In this area, some foci consisted of
aggregates. of neoplastic cells, and some areas showed an
organoid structure made up of tumor cells, a few astrocytes
and their cytoplasmic processes (Fig. 5). Besides the spinal
cord there was no evidences for metastasis of the spinal
cord tumor.

Immunohistochemistry was performed using the Envision
polymer method (Dako Japan Co. Ltd., Kyoto, Japan). The
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Fig. I. A gelatinous foci with cystic spaces mainly in the posterior funiculus of the lumbar spinal cords (L2 to L3).

Fig. 2. Diffuse proliferation of neoplastic cells with forming many cystic spaces in the posterior funiculus of the lumbar spinal cord
(L2). HE. x 10.

Fig. 3. A honeycomb structure with accumulation of round neoplastic cells with a proliferation of blood vessels. HE. x 200.

Fig. 4. Multiple foci (arrows) consisting of a proliferation of neoplastic ¢ells in the subarachnoidal space of the sacral spinal cord
(S3). HE. x 50.

Fig. 5. High power magnification of Fig. 4. Neoplastic focus showing organoid structures. HE. x 100.

Fig. 6. A few number of GFAP-positive astrocytes (arrow heads) in the neoplastic foci of the lumbar spinal cord. The round tumor
cells with abundant clear cytoplasm are negative for GFAP. GFAP-immunostain. X 300.

following antibodies were used as primary antibodies; rabbit ~ Dako), myelin basic protein (MBP, prediluted, Zymed
antisera against human glial fibrillary acidic protein (GFAP,  Laboratories, South San Francisco, CA, U.S.A.) and neuron-
Prediluted, Dako), bovine galactocerebroside (GC, 1:200, specific enolase (NSE, 1:200, Dako), and mouse monoclonal
Chemicon, Temecula, CA, U.S.A.), bovine S-100 (1:400, antibodies against human neurofilament (NF, 1:20, Dako),
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vimentin (1:40, Dako), synaptophysin (1:20, Dako), and
proliferating cell nuclear antigen (PCNA, prediluted, Dako).
To visualize microglia, sections were stained with
biotinylated lectin Ricinus communis agglutinin-1 (RCA-1,
1:400, EY Laboratories, San Mateo, CA, U.S.A.). The lectin
staining was done using the avidin-biotin peroxidase
complex method (Vector Laboratories, Burlingame, CA,
U.S.A.). Immunohistochemically, neoplastic round cells
with abundant clear cytoplasm and small lymphocyte-like
cells were completely negative for GFAP. Only a few of
GFAP-positive astrocytes were recognized within the
neoplastic foci (Fig. 6), and many GFAP-positive astrocytes
were distributed at the periphery. Immunostaining for MBP
and GC labeled myelin sheaths and intact oligodendrocytes
intensely, and intact and reactive astrocytes also showed
moderate immunoreactivity for GC. Neoplastic round cells
were moderately positive for GC and negative for MBP.
The neoplastic cells were negative for other antibodies,
including NF, synaptophysin, vimentin, S-100, NSE, and
lectin RCA-1. The number of tumor cells with PCNA-
positive nuclei was very small, approximately 3 to 5 cells
under high-power magnification (10 x 40). A similar
number of PCNA-positive astrocytes were detected at the
periphery of the neoplastic foci. The results of PCNA
staining indicate a poor growth activity of the neoplastic
cells.

Typically oligodendroglioma forms soft gelatinous mass,
occasionally containing cystic spaces and leptomeningial or
ventricular extension is quite common [2, 8§, 14].
Histopathologically, this tumor is characterized by a
honeycomb appearance formed by accumulation of tumor
cells with artifactualy swollen clear cytoplasm and central
nuclei [9, 12, 13]. Several immunohistochemical markers
such as MBP, GC, and Leu 7, have been applied for
diagnosis of human oligodendrogliomas [10, 12], although
the findings have varied from case to case. These previous
studies indicated there were no specific markers for the
diagnosis of oligodendrogliomas. Moreover, the co-
presence of GFAP-positive cells in oligodendrogliomas [4,
6] becomes problematic when trying to differentiate pure
oligodendroglioma from mixed glioma (oligo-astroglioma).

The present spinal tumor had the histological
characteristics of typical oligodendroglioma reported in
humans and several animal species [9, 12, 13]. The tumor
showed a honeycomb appearance formed by accumulation
of round cells with vacuolated cytoplasm, and these
neoplastic cells were negative for GFAP. Cystic spaces
containing small round neoplastic cells, were prominent in
this tumor. In both human and animal oligodendrogliomas,
similar cystic changes have been commonly described, and
are considered to occur by mucinous degeneration of the
tumor [9, 12, 13, 15]. Based on these morphological
features, the present case was diagnosed as
oligodendroglioma. Recently, it has been reported that some
brain tumors including astrocytoma, ependymoma, or central
neuroma, can occasionally exhibit honeycomb-like
structures [3, 7]. However, the negative immunoreactivity

of the tumor for GFAP, NSE, NF and synaptophysin may
support our diagnosis. A few GFAP-positive astrocytes
were present in the neoplastic foci, and diffuse proliferation
of GFAP-positive astrocytes was recognized at the tumor
periphery. These GFAP-positive astrocytes were considered
to be reactive astrocytes. The presence of a sub-population
of neoplastic cells with astrocytic differentiation known as
minigemistocytes or gliofibrillary oligodendrocytes has been
demonstrated in many human oligodendrocytic tumors [4,
11]. However, we were unable to confirm the neoplastic
nature of the GFAP-positive cells in the present case. Since
histopathological differentiation between pure
oligodendroglioma and mixed glioma (oligo-astroglioma)
may be quite difficult, mixed glioma could still be
considered in the differential diagnosis of this tumor.
Anaplastic (malignant) oligodendrogliomas are characterized
by anaplastic morphology and prominent mitotic activity of
tumor cells, vascular endothelial proliferation, and abundant
necrosis sometimes with calcium deposits [9, 12, 13]. In
spite of the wide arachnoidal dissemination, the tumor cells
showed the typical morphology of oligodendroglioma with
low growth activity, suggested by the extreme rarity of
mitotic figures and PNCA immunoreactivity. Moreover,
endothelial proliferation, necrosis, and calcification were not
prominent in the present tumor. Thus, these morphological
features are thought to be quite different from those of
anaplastic oligodendroglioma.

Although there are few reports of spinal
oligodendrogliomas in animals [5, 15], the spinal white
matter may be affected. Even in humans spinal
oligodendrogliomas are described as rare, and most cases
have arisen in children [2, 8, 14]. Radiation therapy is
considered to be effective for this tumor, but many cases
have a poor clinical prognosis. Nam et al. [8] mentioned
that the poor prognosis of spinal oligodendroglioma might
be due to its biological nature frequently showing wide
extension or dissemination. In their review, Fortuna et al.
[2] cited several articles in which intracranial or spinal
meningeal extension of oligodendroglioma known as
“oligodendrogliomatosis”, was reported as frequent, seven
of 10 necropsied cases showing pathological evidence for
this event. In oligodendrogliomas of animals, similar
biological features have been emphasized [13], although
such findings might be based mainly on canine cerebral
oligodendrogliomas, including anaplastic
oligodendrogliomas. In the present case, diffuse arachnoidal
dissemination of the tumor cells was found in the
subarachnoidal space from the 2nd lumbar to 3rd sacral
levels of spinal cord, in spite of the well differentiated
morphological features and low mitotic activity. Since
diffuse invasion of neoplastic cells in the subarachnoidal
space was recognized at the primary site, tumor seeding
might have occurred easily and widely to the lower part of
the spinal cords through the cerebrospinal fluid. These
findings indicate that bovine spinal oligodendroglioma has
similar biological characteristics to that of the human form.
It is difficult to appraise the clinical features of the present
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tumor, although the wide subarachnoidal dissemination
indicates a poor prognosis, as in human cases.
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HAKH & 1) 438 L 72 Eimeria tenella ¥ T DNA %7 % PCR THIIE L 72 1.1 kb/)
F722y bRV —ARNA ZHOCHE L7z, BEFOZ%{EIE random amplification
of polymorphic DNA TRz, ZOFEE, DNA 74 ¥ —71) ¥ FOBEIX 2 D255
SN2 Eh S, BED Eimeria tenella \ 21307 { L b 2 OO DNASEIBHFRET H &
ARG S Tz,

APEW A ABERCERTIHFEARNBOBESHE, RICKEBE Mesocestoides
paucitesticulus B &1 Brachylaima tokudai (J8%)—kiE % - 3FE R - HEEE -
NAE 3 #aEEk GANARERBFEREHE)

1998 — 1999 4 D4Z |2, AFHRALH T THE CHIE SN2k > F7 v 38, &2 F
¥ R¥ 4, RY P& 2 2OV THERENRE 2To 72, INOHERYH,
ORFHUILME, WA 108, MR, SEH LESEINS A, AMH LV O
LERMEDERSEAME SN, B2, 7 V05 D Mesocestoides paucitesticulus, ¥
R % H 5 O Brachylaima tokudai \XHT T8 FFLsxThH 5.

1339-1342

s B %!
BEEMB4ICHITIREER I THEABESL &S SHBEREBMED—F (EHR) —WH
Fos o MWohER - M ERZY cWOR= L B(EMAYEFBREYHRERE
BV BRBREISIE) oo sssosssssesssssossssssmssssssssssossssssssssmssssssosssssssnsinees 1323-1326
EEOEBEF LR U250, M, BENESOE2 ~ 3 M B REICERIZKE M
AEGF VRFEDFES S, FEABMROBREABRETE, BEELZRKROME
B ruwF U IELHEAET A0S ERES X OTER N E & R R
DEHEEZEOEHOERIREAITER SNz, KR, MBI s e
PREERRL, MOWILAIZ L YV KE ST, FRUEREROBRE T, 7EEET
L BT IEE 2 LS BIRTE O FITE MBS RS A HERR S Lz, SRR LA R 12
PATEME TR 7 ) 7 BB (GFAP) (R R L7z, DLEOREBERE X
D, AENITEEYE Y R MR B M & B S .

HABGEYYX LB 3HAREY o NBER)—%e—7T - HEEH - £H—F - FF
ZET - faekk (M) BEEWRIRIRTR) 1327-1329
47 BRSO B ARABER Y0 LTI s RERAS N, WIRMIZ, BREY &
INEiB L O TV IO ZH R EL, ME, JEREZ) Vo3, BIEBs LU
BOMEAAEE SN, MRS, ) o SEREEES N L MR S BN B & U
M B2 R R L0 OV F AP LT e, BRI o i SRR B g
BORME G LT, BB V88, BE S TVl B L UTREREX T v
INEITIEF OFR E D HERATES AR B X b o T/, B, e, I, B, R
B UBEBCIEESMESESEICEE L TCh e, ThSORRIE, SHOY Y ENT
BEDY VB CHR L EEREL TN,

FRUBEREEDS L M XOKNOBWED 1 BI0EH) —2F B8 LFLEY -
2 rV  -HERE?Y - BEOEY O KRFILAFA RSP £GP EHRRERER
BYHE, () KIFRETISBPIRERAR) 1335-1338
TREOHEA X ORBEEE T & DFERE T IR MREE R0 bz, ML
MR THRIRICES L, BREICZLL, BoRGELIILAERO O o7, BHE
AR S e SR A A L Q. EEMIIIHEERE S BE S . RE
AL SR IL X~ F >, glial fibrillary acidic protein, S-100 & F1 & UF neuron
specific enolase |=, BEHEA O AR HEIL myelin basic protein & U* neurofilament protein = %
AR L7, TTCIRHESNTWAS ROMERGEL L, S LoEgEs
mz 7.
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