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Intramedullary Hemangioblastoma in a Dog

C. CANTILE, M. BARONI, C. L. TARTARELLI, D. CAMPANI, C. SALVADORI, AND M. ARISPICI

Abstract. A 6-year-old male Pointer dog was presented with a 4-week history of progressive hind-limb
stiffness. Magnetic resonance imaging demonstrated a focal intramedullary lesion at T1 level with a pattern of
ring contrast enhancement. At necropsy, a circumscribed intramedullary reddish-gray tumor was observed.
Microscopically, the tumor was composed of thin-walled capillaries lined by endothelial cells and separated by
pleomorphic cells (stromal cells) with a moderate degree of anisokaryosis. Immunohistochemically, the endo-
thelial cells were positive for factor VIII–related antigen and the stromal cells were positive for neuron-specific
enolase and vimentin. GFAP-positive astrocytes were occasionally observed within the tumor. Both endothelial
and stromal cells were negative for synaptophysin, S-100 protein, pankeratin, smooth muscle actin, CD34,
CD68, �1-antichymotrypsin, and lysozyme. The tumor showed considerable morphologic and immunohisto-
chemical similarities with human hemangioblastoma, and hence the inclusion of this tumor type within the
primary neoplasms of the canine central nervous system is suggested.
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Hemangioblastomas are highly vascular neoplasms of un-
certain origin.11 The frequency of human hemangioblastomas
varies between 1% and 2% of intracranial tumors with a
peak incidence in middle-aged adults and a male predomi-
nance of 2 : 1. Most originate in the cerebellum, rarely are
supratentorial tumors, and 3.2% are encountered in the spi-
nal cord.11 Hemangioblastomas may be single or multiple
and they can occur in association with Von Hippel-Lindau
syndrome, a familial multisystem disorder, which includes
retinal hemangioblastoma and a number of extraneural le-
sions including renal cell carcinoma, pheochromocytoma,
cysts of the kidneys, liver, pancreas, adrenal glands, epidid-
ymis, and mesosalpinx.5 The tumor is composed of two main

components: endothelial cells forming a vascular network
and larger interstitial cells, termed ‘‘stromal cells,’’ whose
histogenesis is obscure.

To our knowledge, only one case of intramedullary neo-
plasm with features of hemangioblastoma has been diag-
nosed in the dog.1 Here, we describe the clinical, neurora-
diologic, and pathologic features of a hemangioblastoma of
the spinal cord of a dog.

A 6-year-old male Pointer dog was presented with a 4-
week history of slowly progressive hind-limb stiffness and
exercise intolerance. Neurological evaluation showed a mild
hind-limb paresis associated with stiffness of the forelimbs.
Proprioception was decreased in all limbs. Cranial nerves
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Fig. 1. Spinal cord, hemangioblastoma; dog. There is an
intramedullary bulging mass abutting the pia mater. Note
marked congestion of meningeal vessels.

were normal and the spinal reflexes were decreased in the
forelimbs. The lesion was clinically localized in the cervi-
cothoracic intumescence of the spinal cord (C6-T2). Myelog-
raphy demonstrated an ill-defined intramedullary lesion at
T1 level. Cerebrospinal fluid analysis was normal. A mag-
netic resonance (MR) imaging of the spinal cord was per-
formed. T1-weighted images were obtained in transverse,
sagittal, and axial planes with a spin echo (SE) pulse se-
quence before and after paramagnetic contrast infusion. T2-
weighted sagittal images were achieved with a fast-SE pulse
sequence. T2-weighted images showed a round-shaped in-
tramedullary hypointense mass at T1 level. After paramag-
netic contrast infusion, the lesion showed a pattern of ring
contrast enhancement. At surgery, the presence of a pre-
sumptive intramedullary tumor was confirmed and the dog
was euthanatized because of poor prognosis.

A complete necropsy was performed and no gross lesions
were observed, except for the spinal cord at the level of the
first thoracic vertebra. On external examination, there was a
red, round, bulging mass of approximately 4 mm in diameter
on the left side of the spinal cord, accompanied by prominent
congestion of meningeal vessels (Fig. 1). The spinal cord
was sampled and fixed in 10% neutral buffered formalin
solution. In transverse sections the mass was circumscribed,
intramedullary, reddish-gray, and approximately 6 mm in di-
ameter. The mass caused displacement of the midline spinal
cord structures. The sampled tissue was routinely processed
for histology and sections were stained with hematoxylin
and eosin (HE), periodic acid–Schiff (PAS), trichrome, re-
ticulin, and toluidine blue methods. Immunohistochemistry
was performed using the avidin–biotin–peroxidase complex
(ABC) method (Vector Laboratories, Burlingame, CA,
USA). The primary antibodies used were rabbit antibodies
against glial fibrillary acidic protein (GFAP, prediluted; Ven-
tana Medical Systems, Inc., Tucson, AZ, USA), S-100 pro-
tein (prediluted; Ventana), factor VIII-related antigen (FVIII-
rag, prediluted; Ventana), �1-antichymotrypsin (prediluted;
Ventana), lysozyme (prediluted; Ventana), synaptophysin
(prediluted; Ventana), and mouse monoclonal antibodies

against vimentin (prediluted; Ventana), neuron-specific eno-
lase (NSE, prediluted; Ventana), pankeratin (prediluted; Ven-
tana), CD34 (prediluted; Ventana), CD68 (1 : 100; Dako,
Carpinteria, CA, USA), and smooth muscle actin (SMA,
1 : 50; Dako). Before incubation with the antibodies against
S-100, FVIII-rag, synaptophysin, vimentin, and NSE, the
sections were submitted to microwave antigen retrieval in
citrate buffer at pH 7.2 for 15 min at 500 W. For the other
antibodies, no microwave treatment was used.

Microscopically, the mass was highly cellular, vascular-
ized, and composed of haphazardly oriented small capillaries
lined by plump endothelial cells separated by larger pleo-
morphic stromal cells. This latter cell component had indis-
tinct cytoplasmic borders and occasionally contained cyto-
plasmic vacuolizations. The nuclei, which were large and
vesicular with prominent nucleoli, showed a moderate de-
gree of anisokaryosis (Fig. 2). Mitotic figures were occa-
sionally observed at the periphery of the mass. An abundant
network of reticulin fibers surrounded groups of stromal
cells and supported the vascular architecture. In the central
area of the tumor the vascular structures were less clearly
defined or markedly compressed and the tissue was more
fibrillar. Plasma cells were scattered throughout the neoplas-
tic tissue and were found, admixed with lymphocytes, in
large perivascular aggregates at the edge of the mass. The
surrounding neuroparenchyma was not infiltrated by the neo-
plastic cells, but was compressed, edematous, and gliotic,
with myelin vacuolization and occasional axonal swelling.
All endothelial cells stained with FVIII-rag, whereas stromal
cells were negative (Fig. 3). Stromal cells stained strongly
positive with NSE (Fig. 4) and many cells also stained with
vimentin. Some cells, interpreted as reactive astrocytes,
stained with GFAP. Both endothelial and stromal cells were
negative for synaptophysin, S-100 protein, pankeratin, SMA,
CD34, CD68, �1-antichymotrypsin, and lysozyme.

The morphologic features of this tumor closely resemble
the description of human hemangioblastoma,11 as well as that
of the canine case diagnosed by the Armed Forces Institute
of Pathology (AFIP).1 The tumor is characterized by the
presence of large polygonal interstitial cells packed between
abundant and randomly oriented capillary vessels, lined by
normal to plump endothelial cells. The tumor is also rich in
reticulin that separates the vascular cells from the stromal
cells. At least two histologic variants have been recognized
in human hemangioblastomas: in the reticular variant the
stromal cells are evenly distributed around the vascular net-
work, whereas in the less common cellular variant the stro-
mal cells are arranged in larger sheets or clusters.5

Two cases of intramedullary vascular tumor of the spinal
cord have been reported in dogs.6 Although those tumors
have been diagnosed as hemangiomas, their microscopic de-
scription was highly suggestive of hemangioblastoma be-
cause at least two cell types have been described: endothelial
cells lining numerous capillaries and stromal fusiform to
multipolar cells in about equal amounts. Scattered plasma
cells and large perivascular cuffs of lymphocytes at the mar-
gins of the neoplastic mass have been described both in the
case submitted to the AFIP1 and in the tumors reported by
Cordy.6 The presence of a less vascular central area with
abundance of collagen fibers, as well as a reticulin-rich fiber
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Fig. 2. Spinal cord, hemangioblastoma; dog. There are
vascular channels lined by endothelial cells and separated by
stromal cells with large nuclei. HE. Bar � 50 �m.

Fig. 3. Spinal cord, hemangioblastoma; dog. Immuno-
reactivity for FVIII-rag is uniformly confined to the endo-
thelial cells. The stromal cells are consistently negative. Av-
idin–biotin–peroxidase complex method. Bar � 50 �m.

Fig. 4. Spinal cord, hemangioblastoma; dog. Many stro-
mal cells are strongly positive with NSE. The endothelial
cells stain negative. Avidin–biotin–peroxidase complex
method. Bar � 50 �m.

network, have also been described.1,6 In all cases including
this one, the tumors were intramedullary, abutted the pia
mater, were centered to one side of the midline, and occurred
in the caudal cervical to cranial thoracic regions. This spinal
cord region, namely C6-T2, is the most commonly reported
site for, at least, glial cell tumors in dogs.16 The neurologic
signs were progressive forelimb paresis, hemiparesis,1,6 and
progressive tetraparesis and neck rigidity in one case.6 The
histologic features of our tumor were also consistent with
the MR findings, which showed a pattern of ring contrast
enhancement indicative of pronounced vascularization and a
less vascularized central zone.

Microscopically, differential diagnosis included other pri-
mary tumors with vascular components that have been rarely
reported in the central nervous system of animals. A cav-
ernous angioma has been described in the spinal cord of a
dog and consisted of thin-walled dilated vessels without in-
tervening tissue.21 Vascular hamartomas have been described
in the canine brain and consisted of excessive proliferation
of thin-walled blood vessels.18 One single report of such mal-
formation has been reported in the spinal cord of a dog.6

Because human hemangioblastomas present most often as
masses attached to the dura, the differential diagnosis with
angioblastic (or angiomatous) meningioma should be con-
sidered.5 This variant has been occasionally described in
dogs and is characterized by prominent blood vessels of dif-
ferent size surrounded by whorls of neoplastic meningeal
cells.15 Meningioangiomatosis has been rarely reported in the
dog brain and is characterized by proliferated blood vessels
and spindle-shaped concentrically arranged meningothelial
cells.17,19 Meningeal hemangiopericytoma is probably related
to the soft tissue hemangiopericytomas and is composed of
branching blood vessels surrounded by lobules or sheets of
tightly packed polygonal cells.4 Hemangioendothelioma of
the brain is a multinodular tumor comprised of clusters of
epithelioid cells often containing intracellular vacuoles and
interstitial fibromyxoid matrix.13 These last two tumor types
have not been recognized in animal central nervous system
up to now.

Our immunohistochemical results are widely comparable
with those of most human hemangioblastomas7–11,14,20 and
with the case diagnosed by the AFIP.1 Despite many inves-
tigations, the histogenesis of the tumor and particularly the
origin of the stromal cells is still uncertain. Most immuno-
histochemical studies on human hemangioblastomas have re-
ported frequent positivity of stromal cells for vimentin, S-
100 protein, and NSE.2,9,10,14,20 Endothelial markers (FVIII-
rag and Ulex europeus I lectin) have reacted only with en-
dothelial cells.8,9,20 Although occasional positivity of stromal
cells has been found with some histiocytic markers (�1-an-
titrypsin, �1-antichymotrypsin, and lysozyme), these find-
ings did not support a histiocytic origin.8,9 Occasional posi-
tivity of stromal cells for GFAP has been interpreted as the
result of entrapment of surrounding nervous tissue and re-
active astrocytes.7–9 Altogether, these results have suggested
that stromal cells were heterogeneous including locally de-
rived, nonangiogenic cells.9 A neuroendocrine component of
hemangioblastomas has been suggested because 30% of
stromal cells immunoreacted with synaptophysin and ap-
proximately 25% with antibodies against substance P and
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neuropeptide YY.2 Stromal cells have been positively stained
with anti-transthyretin and anti-transferrin antibodies, indi-
cating an antigenic profile similar to that of immature cho-
roid plexus epithelium.3 Ultrastructural studies have dem-
onstrated that stromal cells were modified or abnormally dif-
ferentiated mesenchymal cells of angiogenic lineage with
features of endothelial cells, pericytes, and smooth muscle
cells.10,14

Although the tumor of our report and human hemangio-
blastoma share many morphologic and immunohistochemi-
cal similarities, a few differences should be noted. Spinal
hemangioblastomas in human beings are sometimes accom-
panied by a syrinx, and cerebellar hemangioblastomas are
frequently cystic.11 Stromal cells are often characterized by
vacuolated lipid-rich cytoplasm and moderate amounts of
glycogen.5 An additional feature of human hemangioblasto-
ma is the presence of mast cells containing tryptase and
chymase.12 None of these features were observed in our case,
nor have they been described in similar canine tumors.1,6

Conversely, central fibroplasia of the tumor and extensive
peritumoral inflammation have not been described in human
hemangioblastomas.

In conclusion, a novel spinal cord tumor in a dog is de-
scribed on the basis of the histologic and immunohistochem-
ical features. Although a complete overlapping of canine and
human hemangioblastoma cannot be delineated, the inclu-
sion of this tumor type within the primary tumors of canine
central nervous system is suggested.

Acknowledgements

This study was supported by grants from the Italian Min-
istry of Education, University and Scientific Research
(MIUR) and the University of Pisa.

References

1 ‘‘AFIP Wednesday Slide Conference—No. 17—Case
III’’ (1998, February 4) (AFIP.org), Available from: http:
//www.afip.org/vetpath/WSC/WSC97/97wsc17.htm (Ac-
cessed: 2001, September 7)

2 Becker I, Paulus W, Roggendorf W: Histogenesis of stro-
mal cells in cerebellar hemangioblastomas. An immu-
nohistochemical study. Am J Pathol 134:271–275, 1989

3 Bleistein M, Geiger K, Franz K, Stoldt P, Schlote W:
Transthyretin and transferrin in hemangioblastoma stro-
mal cells. Pathol Res Pract 196:675–681, 2000

4 Burger PC, Scheithauser BW, Vogel FS: Intracranial me-
ninges. In: Surgical Pathology of the Nervous System
and its Coverings, 3rd ed., pp. 67–142. Churchill Liv-
ingstone Inc., New York, NY, 1991

5 Burger PC, Scheithauser BW, Vogel FS: Brain: Tumors.
In: Surgical Pathology of the Nervous System and its
Coverings, 3rd ed., pp. 193–437. Churchill Livingstone
Inc., New York, NY, 1991

6 Cordy DR: Vascular malformation and hemangiomas of
the canine spinal cord. Vet Pathol 16:275–282, 1979

7 Frank TS, Trojanowski JQ, Roberts SA, Brooks JJ: A
detailed immunohistochemical analysis of cerebellar
hemangioblastoma: an undifferentiated mesenchymal tu-
mor. Mod Pathol 2:638–651, 1989

8 Holt SC, Bruner JM, Ordonez NG: Capillary hemangio-
blastoma. An immunohistochemical study. Am J Clin
Pathol 86:423–429, 1986

9 Ironside JW, Stephenson TJ, Royds JA, Mills PM, Taylor
CB, Rider CC, Timperley WR: Stromal cells in cerebel-
lar haemangioblastomas: an immunocytochemical study.
Histopathology 12:29–40, 1988

10 Lach B, Gregor A, Rippstein P, Omulecka A: Angiogenic
histogenesis of stromal cells in hemangioblastoma: ultra-
structural and immunohistochemical study. Ultrastruct
Pathol 23:299–310, 1999

11 Lantos PL, Vandenberg SR, Kleihues P: Tumours of the
nervous system—Tumours of uncertain histogenesis. In:
Greenfield’s Neuropathology, ed. Graham DI and Lantos
PL, 6th ed., vol. 2, pp. 750–752. Arnold, London, 1997

12 Maslinska D, Wozniak R, Kaliszek A, Schmidt-Sidor B,
Lipska A, Woolley DE: Phenotype of mast cells in the
brain tumor. Capillary hemangioblastoma. Folia Neuro-
pathol 37:138–142, 1999

13 Nora FE, Scheithauser BW: Primary epithelioid heman-
gioendothelioma of the brain. Am J Surg Pathol 20:707–
714, 1996

14 Omulecka A, Lach B, Alwasiak J, Gregor A: Immuno-
histochemical and ultrastructural studies of stromal cells
in hemangioblastoma. Folia Neuropathol 33:41–50, 1995

15 Patnaik AK, Kay WJ, Hurvitz AI: Intracranial meningi-
oma: a comparative pathologic study of 28 dogs. Vet
Pathol 23:369–373, 1986

16 Prata RG: Diagnosis of spinal cord tumors in the dog.
Vet Clin North Am 7:165–185, 1977

17 Pumarola M, Martı̀n de las Mulas J, Vilafranca M, Ob-
ach A: Meningioangiomatosis in the brain stem of a dog.
J Comp Pathol 115:197–201, 1996

18 Smith SH, Van Winkle T: Cerebral vascular hamartomas
in five dogs. Vet Pathol 38:108–112, 2001

19 Stebbins KE, McGrath JT: Meningio-angiomatosis in a
dog. Vet Pathol 25:167–168, 1988

20 Tanimura A, Nakamura Y, Hachisuka H, Tanimura Y,
Fukumura A: Hemangioblastoma of the central nervous
system: nature of the stromal cells as studied by the im-
munoperoxidase technique. Hum Pathol 15:866–869,
1984

21 Vandevelde M, Fankhauser R: Zur Pathologie der Rück-
enmarksblutungen beim Hund. Schweiz Arch Tierheilkd
114:464–475, 1972

Request reprints from Dr. Carlo Cantile, Dipartimento di Pa-
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