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ABSTRACT. A 12-year and 3-month spayed female mixed cat was presented with severe lumbar
pain. Magnetic resonance imaging and postmortem examination revealed a swollen lesion in the
spinal cord at L3 level. Histologic examination identified extensive neoplastic cell proliferation
with massive necrosis in the tumor tissue. Two types of neoplastic cells were recognized. One
J. Vet. Med. Sci. type of neoplastic cells were large cells characterized by round to polygonal shape and abundant
84(9): 1277-1282, 2022 eosinophilic cytoplasm (referred to as “large cells”). The other neoplastic cells were small, densely
o - proliferated, and had round to irregular shape and scant eosinophilic cytoplasm (referred to as“small
doi: 10.1292/jvms.22-0144 cells”). Both types of cells were positive for oligodendrocyte transcription factor 2 and SRY-box
transcription factor 10. Glial fibrillary acidic protein was positive in large cells but negative in most
. small cells. Digital analysis for Ki-67-stained tumor tissues found that total 21.1% + 6.5% of tumor
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Spinal cord tumors are classified based on their location: extradural, intradural-extraparenchymal, or intraparenchymal. The most
common tumor in the spinal cord of cats is malignant lymphoma, which can develop in any of the location [16, 17]. Intraparenchymal
tumors in the spinal cord of cats are rare. One study has reported that 8 out of 85 spinal cord tumors were intraparenchymal, and only
a few case reports of intraparenchymal spinal cord tumors have been published [8, 18, 23]. One study summarizing intraparenchymal
spinal cord tumors in cats has shown several types of gliomas such as astrocytoma, oligodendroglioma, oligoastrocytoma and
gliomatosis cerebri [7]. Although the number of cases studied in the report was small, most of the tumors were developed in either
the cervical or thoracic regions [7]. Here we report a feline case of malignant oligoastrocytoma in the lumbar spinal cord.

A 12-year and 3-month spayed female mixed breed cat was presented to a local veterinary hospital because of severe lumbar pain
on Mar. 2nd, 2021. Decreased postural reactions in the hindlimbs and dysuria were observed. The cat was placed on prednisolone and
cartrophen because intervertebral disc herniation was suspected; however, the cat failed to respond to treatment and was referred to
Hokkaido University Veterinary Teaching Hospital (HUVTH) on Mar. 23rd, 2021. At presentation at HUVTH, the cat had hindlimb
paralysis and loss of deep pain sensation. Magnetic resonance imaging (MRI) revealed a mass lesion in the spinal cord at L3 level
(Fig. 1A). No abnormalities were detected in cerebrospinal fluid analysis (protein concentration: 30 mg/dL, total nucleated cell count:
0 cell/uL, erythrocytes: 31 cells/uL). Pain relief treatment was continued, but the cat did not respond to it. At the owner’s request, the
cat was euthanized on Apr. 20th, 2021. Postmortem examination was performed three hours after euthanasia.

Grossly, the left part of the spinal cord from L3 to L4 level was moderately swollen over a 3.0 cm long % 0.5 cm wide area, and
the lesion was slightly dark pale pink to pale brown in color (Fig. 1B). The cut surface of the lesion was homogenously pale tan,
and the boundary between the white and gray matter was obscure. In addition to the spinal cord lesion, muscle atrophy in both hind
limbs and bladder calculi were observed.

We collected and fixed the tumor samples from the spinal cord in 10% neutral buffered formalin. Then, the tissues were dehydrated,
cleared, and infiltrated with ethanol, xylene, and paraffin wax, respectively. Afterwards, the tissues were embedded in paraffin blocks,
sliced into 2 um thickness, and subject to hematoxylin and eosin staining or immunohistochemical staining. For immunohistochemistry,
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Fig. 1. MRI and gross images of the lumbar spinal cord. (A) T1-weighed MRI planes of the spinal cord following contrast administration.
Arrow heads indicate the mass lesion. Left: coronal. Middle: sagittal. Right: axial. (B) Gross images of dorsal (left) and ventral (right) side
of the spinal cord. Arrows indicate the swollen lesion. Bars=1 cm. R=right, L=left, Cr=cranial, Ca=caudal.

endogenous peroxidase was inactivated with 0.3% H,0O, in methanol. Blocking and antibody staining were done using Histofine
Simple Stain Kit (Nichirei, Tokyo, Japan. 424134 or 424144) according to the manufacturer’s instructions. Signals were developed
by reaction with 3.3'-diaminobenzidine (DAB: Dojindo, Kumamoto, Japan. 349-00903). Primary antibodies used in this study and
antibody retrieval methods were summarized in Table 1. They were validated for use in cats either by positive control staining or
by other researchers or both (Supplementary Fig. 1 and Table 1) [9, 11, 20]. For quantitative analysis, stained slides were digitally
scanned with NanoZoomer 2.0-RS (Hamamatsu Photonics, Hamamatsu, Japan) and analyzed with QuPath ver 2.1.0 [2]. The whole
tumor area was analyzed for oligodendrocyte transcription factor 2 (OLIG2) and SRY-box transcription factor 10 (SOX10). For glial
fibrillary acidic protein (GFAP), partial tumor areas with high staining resolution and clear cell segmentation were selected for accurate
analysis because GFAP expressed both in the cytoplasm of tumor cells and reactive astrocytes within the tumor tissues. Large tumor
cells and reactive astrocytes were differentially classified by GFAP staining intensity and nuclear/cytoplasmic morphology during
annotation. For Ki-67, 10 randomly selected areas in the tumor tissue were analyzed considering heterogenous proliferation patterns
of tumor cells. DAB OD mean value was used as intensity. Threshold intensities for positive/negative sub-classification were 0.1 for
OLIG2 and SOX10, 0.07 for GFAP, and 0.23 for Ki-67 based on the staining appearance and intensity histograms. The Mann-whitney
U test was performed to analyze statistical differences using R ver. 3.6.3.

Histologically, an unencapsulated poorly demarcated tumor mass was located in the parenchyma of the swollen lesion in the
spinal cord (Fig. 2A). Massive necrosis was observed in the central area around which tumor cells extensively proliferated, leading
to compression of the adjacent normal tissue. In higher magnification, two types of morphologically different neoplastic cells were
recognized. One was large neoplastic cells characterized by round to polygonal shape and abundant eosinophilic cytoplasm (hereinafter
referred to as “large cells”) (Fig. 2B). The other neoplastic cells were small, densely proliferated, and had round to irregular shape
and scant eosinophilic cytoplasm (hereinafter referred to as “small cells”) (Fig. 2C). Both neoplastic cells possessed round to oval
clear nuclei with one or two distinct nucleoli, but large cells occasionally had irregularly shaped nuclei and cytoplasm. Although
both large and small cells showed marked anisokaryosis and anisocytosis, mitotic figures were found more frequently in small cells
than in large cells. Quantitative analysis revealed that small cells had 355 mitotic figures out of 12,838 cells (2.8%) while large cells
exhibited 30 mitotic figures out of 9,642 cells (0.3%). Mitotic activity indices by manual counting were 17 per 10 high power fields
(HPF) (2.37 mm?) in small cells and 2 per 10 HPF in large cells. Each cell type was equally intermingled in the most part of the tumor
tissues although either cell type was slightly dominant in some areas. Newly formed blood vessels surrounded by neoplastic cells
were observed throughout the tumor tissues (Fig. 2D). No glomeruloid vascular proliferation, the characteristic neovascularization in
malignant glioma, was observed. Reactive astrocytes and microglia were scattered in the tumor tissues and adjacent tissues.

Immunohistochemical analyses revealed that both large and small cells were positive for OLIG2 and SOX10, pivotal transcription
factors for oligodendrocyte differentiation [12, 15, 24, 26], and that OLIG2 expressed higher in large cells than small cells but SOX10
showed the opposite result (Fig. 3A-3D, Table 2). Large cells showed weak to moderate positivity for an astrocyte marker GFAP, but
most small cells were negative for GFAP (Fig. 3E and 3F). Tumor cells had no positive signal for ionized calcium binding adaptor
molecule 1 (IBA1) and beta III tubulin, a microglia marker and a neuron marker, respectively, and in PBS controls (Supplementary
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Table 1. Antibody information

Target Clone Maker Catalog # Antigen retrieval method Reference
GFAP Polyclonal  Agilent Technologies, Santa Clara 70334 Tris-EDTA buffer (pH9.0) in a microwave, [9]
CA, USA 15 min
OLIG2 Polyclonal ~ MilliporeSigma, Burlington, MA, AB9610 Citrate buffer (pH6.0) in a pressure cooker, [17]
USA 15 min
SOX10 E6B61 Cell Signaling Technology, Danvers, 69661S Citrate buffer (pH6.0) in a microwave, -
MA, USA 15 min
IBA1 Polyclonal ~ FUJIFILM Wako, Osaka, Japan 019-19741 Citrate buffer (pH6.0) in a pressure cooker, [7]
15 min
Beta III tubulin  TU-20 MilliporeSigma MABI1637 Citrate buffer (pH6.0) in a microwave, -
15 min
Ki-67 MIB-1 Agilent Technologies GA626 Tris-EDTA buffer (pH9.0) in a pressure -

cooker, 15 min

GFAP: glial fibrillary acidic protein; OLIG2: oligodendrocyte transcription factor 2; SOX10: SRY-box transcription factor 10; IBA1: ionized calcium binding
adaptor molecule 1; EDTA: ethylenediaminetetraacetic acid.

Fig. 2. Hematoxylin and eosin staining of the mass in the lumbar spinal cord. (A) The subgross image of the lumbar spinal cord.
The asterisk indicates the necrotic area. (B—D) High magnification of the tumor tissues. Insets show large cells (B) and small cells
(C). Arrows in D indicate newly formed blood vessels. D=dorsal, V=ventral, R=right, L=left. Scale bars=1 mm (A), 20 pm (B-D).

Fig. 2). To measure the mitotic activity of tumor cells quantitatively, Ki-67 staining was performed in 10 randomly selected areas in
the tumor tissue, each of which contained at least 400 each of large and small cells. Total 21.1 £ 6.5% of tumor cells were positive for
Ki-67, out of which 3.1 + 1.0% were large cells and 18.0 + 6.4% were small cells (Fig. 3G and 3H). Calculations within each tumor
cell type indicated that 8.6 & 3.1% of large cells and 29.2 + 5.6% of small cells were positive for Ki-67 (Fig. 31).

In the present case, we detected two types of neoplastic cells equally admixing in the tumor tissues: large and small cells. Large
cells had astrocyte-like characteristics such as pleomorphism, abundant eosinophilic cytoplasm and GFAP positivity. On the other
hand, small cells showed oligodendrocyte-like characteristics such as scant cytoplasm, dense proliferation and GFAP negativity
although perinuclear halo, a typical oligodendroglioma cell feature, was not detected. On top of that, both cell types possessed
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Fig. 3. Immunohistochemistry of the mass in the lumbar spinal cord. (A-F) Representative images (A, C, E) and signal intensities (B, D, F) of
oligodendrocyte transcription factor 2 (OLIG2), SRY-box transcription factor 10 (SOX10) and glial fibrillary acidic protein (GFAP) staining.
(G) Representative images of Ki-67. (H and I) Ki-67 expression profiles in all tumor cells (H) and in each tumor cell type (I). The graphs were
created based on the average percentages + SD. Large=large cells, Small=small cells. Bars=20 um.
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Table 2. Immunihitochemical characteristics of tumor cells

Protein Cell tvpe Total number of Number of Percentage of
yp analyzed cells positive cells positive cells
OLIG2 Large cells 12,432 12,114 97.4
Small cells 17,709 17,265 97.5
SOX10 Large cells 10,104 8,120 80.4
Small cells 12,171 11,729 96.4
GFAP Large cells 5,903 4,320 73.2
Small cells 1,636 452 27.6

malignant features such as marked anisokaryosis and anisocytosis, and small cells had high mitotic rates. These findings suggest that
this tumor was composed of astrocytic and oligodendrocytic neoplastic cells almost at the same rate; thus, we diagnosed malignant
oligoastrocytoma in the spinal cord.

Oligoastrocytoma is composed of mixed neoplastic populations [22]. It is an uncommon tumor in cats and a few cases have been
reported in the brain or spinal cord [7, 21]. Immunohistochemistry is useful to identify tumor cell types; however, there are some
issues on it. OLIG2 is an important transcription factor for oligodendrocyte differentiation, but several recent studies demonstrated
that astrocytoma can also be positive for OLIG2 in dogs, cats and humans [10, 14]. When tumor cells are negative for GFAP, OLIG2
is useful as a marker for oligodendroglial tumors [10]. SOX10, another transcription factor driving oligodendrocyte differentiation, has
also been reported to be detected in human astrocytoma although there has been no systematic study investigating SOX10 positivity
in astrocytoma in dogs and cats [5]. In the present case, both large and small cells were positive for OLIG2 and SOX10, but only
large cells were positive for GFAP. In human cases, SOX10 expression is lower in tumors showing astrocytic phenotype than those
showing oligodendrocytic phenotype [3], which led us to a speculation that large cells have astrocytic phenotype and small cells have
oligodendrocytic phenotype.

Mitotic figure counting and Ki-67 staining revealed that small cells were more actively proliferating than large cells. One hypothesis
explaining this is that small cells are more undifferentiated than large cells. Given that astrocytes can be differentiated from OLIG2-
positive cells [4, 19], large cells might be derived from small cells. Another possibility is that small cells simply have the propensity
to proliferate more actively than large cells regardless of their differentiation status. However, the exact reason why small cells showed
high proliferation activity remains unknown.

Ki-67 labeling index (LI) is a conventional way to evaluate the mitotic activity of tumor cells, which has been widely used to assess
tumor malignancy [13]. However, interobserver variability has been proposed as a concern [1, 6]. Advanced digital technologies
such as virtual slides and image analysis software allowed us to count Ki-67 LI in a more objective way [1]. Digital analysis can
provide high interoperator reproducibility and makes it possible to evaluate larger areas, even whole slides, than analog analysis [1,
25]. In this report, we randomly selected 10 areas of the tumor tissue considering heterogeneous neoplastic cell proliferation patterns.
Guidelines for digital analysis should be established for each tumor type to accomplish high reproducibility and a better evaluation
of tumor malignancy.

In summary, we reported a feline spinal cord malignant oligoastrocytoma case and utilized digital image analysis technique to
quantitatively evaluate protein expression levels and Ki-67 LI on pathology slides. Given that spinal cord glioma in cats is uncommon,
accumulating case data is highly warranted to further understand its pathogenesis.
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