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Non-angiomatous-non-lymphomatous sarcomas (NANLs) represent 23%—34% of canine primary splenic sarcomas.
Splenic liposarcomas account for 2%—6% of NANLs but myxoid variants are rarely reported and information on their
behaviour is fragmentary. An 8-year-old male crossbreed (case 1), a 12-year-old female French bulldog (case 2), and an
11-year-old crossbreed (case 3) underwent splenectomy after the detection of a splenic nodule. Histology, histochemistry,
immunohistochemistry, and transmission electron microscopy (TEM) were performed. Bundles of spindle-to-polygonal
cells containing occasional cytoplasmic oil-red-O positive vacuoles embedded in an Alcian blue-positive extracellular
matrix were observed. Aggregates of round cells were detected in cases 1 and 3. All tumours were vimentin positive and
actin, desmin, Factor VIII, and S100 negative. The TEM evidenced different maturational stages of adipose cells
(lipoblasts, intermediate, and undifferentiated). All the cases developed hepatic metastases and were euthanized. Disease
free interval was 2 months in cases 1 and 3, and 21 months in case 2. The presence of a neoplastic embolus in case 1 and
areas of round cell differentiation in cases 1 and 3 represented the sole prognostic indices.
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Angiosarcoma and lymphoma are the most common pri-
mary canine splenic tumours, while the so-called splenic
non angiomatous-non lymphomatous sarcomas (NANLs)
are uncommon neoplasms with uncertain characterization
(Weinstein et al. 1989; Spangler & Culbertson 1992;
Spangler et al. 1994; Day et al. 1995). The canine NANLs
account for 23% to 34% of primary splenic neoplasms,
and most frequently include fibrosarcoma, leiomyosar-
coma, and undifferentiated sarcoma, while liposarcomas
(LPS) are rare (Weinstein et al. 1989; Spangler & Culbert-
son 1992; Spangler et al. 1994; Day et al. 1995). LPS are
infrequent soft tissue neoplasms with a reported incidence
lower than 0.5% of cutaneous and subcutaneous canine
and feline tumours (Goldschmidt & Shofer 1992). Pri-
mary splenic LPS have been included in large caseloads
of mesenchymal tumours of the canine spleen accounting
for 2%—6% of NANLs and, consequently, specific infor-
mation regarding LPS histotypes and their biology are
fragmentary (Weinstein et al. 1989; Spangler & Culbert-
son 1992; Spangler et al. 1994; Day et al. 1995). In man,
LPS are characterized by four histological subtypes: atyp-
ical lipomatous tumour/well-differentiated, myxoid,
dedifferentiated, and pleomorphic, each bearing a distinc-
tive prognosis (Chang et al. 1989; Goldblum et al. 2013).
Well-differentiated LPS, the most common variant of
LPS in man, are locally aggressive but rarely metastasize,
while the less frequent dedifferentiated LPS have a high
recurrence rate and metastasize frequently (Goldblum et
al. 2013). The second most common type is the myxoid

variant, that develops metastases in up to 58% of cases
(Goldblum et al. 2013).

In dogs, three histotypes of soft tissue LPS have been
described: well differentiated, myxoid, and pleomorphic
(Hendrick et al. 1998). Pleomorphic LPS seems to be the
most aggressive variant, although a distinctive behaviou-
ral pattern has not been conclusively demonstrated (Baez
et al. 2004; Gross et al. 2005). The aim of this report is to
describe the pathological and clinical features of three
cases of canine primary splenic myxoid LPS.

Three dogs, two male crossbreed, 8- and 11-years-old
(case 1 and 3), respectively, and a 12-year-old female
spayed French bulldog (case 2), underwent abdominal
ultrasonography after chronic vomiting (cases 1 and 3)
and for a check after several months of the prednisone
therapy administered to control a severe atopic dermatitis
(case 2). Ultrasonography revealed a single splenic mass
and the dogs underwent splenectomy. Splenic masses
were 15x 15 cm in diameter (case 1), 6.5x7 cm (case 2),
15%x10 cm (case 3), white to light tan, glistering, greasy,
and mucoid on the cut surface.

Tissue samples from the three masses were formalin-
fixed, paraffin-embedded and routinely processed for his-
tology. Alcian (pH 3.1)—Periodic Acid Schiff (PAS) stain
was performed on selected sections. Formalin-fixed speci-
mens were also snap-frozen in liquid nitrogen and cryostat
sections were stained with oil red-O. Immunohistochemis-
try was performed in all cases on poly-lysine coated slides
using the avidin—biotin—peroxidase method and specific
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primary mouse monoclonal antibodies against vimentin
(Dako, clone 3B4, dilution 1:2000), smooth muscle actin
(Dako, clone 1A4, dilution 1:2000), desmin (Novocastra,
clone DE-R-II, dilution 1:200), and rabbit polyclonal anti-
bodies anti-factor VIlI-related antigen (Dako, Cat. N°
A0082, dilution 1:200), and S100 (Dako, Cat. N° Z0311,
dilution 1:10000). Heat-induced antigen retrieval (micro-
wave, 10 minutes, pH 6 citrate buffer) was applied for
immunohistochemistry for vimentin, smooth muscle
actin, desmin, and factor VIII-related antigen. No antigen
retrieval was applied for S100. For transmission electron
microscopy (TEM), tissue fragments from cases nos. 1
and 2 were fixed in 2.5% glutaraldehyde, post-fixed in 1%
Os04, and embedded in epoxy resin. Thin sections (70
nm) from selected areas of interest were stained with lead
citrate and uranyl acetate. No additional samples from
case 3 were available for the ultrastructural analysis.
Microscopically, all tumours were composed of hap-
hazardly arranged, spindle-to-stellate cells embedded in a
pale eosinophilic matrix. Cells were 15—25 pum in diame-
ter, with a high nucleus/cytoplasmic ratio (N/C), variable
amount of pale cytoplasm rarely containing sharply demar-
cated, clear cytoplasmic vacuoles. Nuclei were round to
oval, with granular to vesicular chromatin and an occasion-
ally visible central, round, nucleolus. In case 1, the neo-
plasm was infiltrative, non-encapsulated and multifocally
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characterized by large lacunae lined by neoplastic cells
and filled with lightly eosinophilic material (Figure 1(a)).
Rare multinucleated neoplastic cells and multifocal areas
of necrosis were present. In more than 20% of the tumour
(semiquantitative evaluation of all the haematoxylin and
eosin-stained sections available at intermediate magnifica-
tion), cells were round shaped, with higher N/C ratio and
small amount of cytoplasm. One mitotic figure was identi-
fied in 10 high power fields (HPF). After serial sectioning,
a single neoplastic intravascular embolus was detected. In
case 2, the tumour was well demarcated, partially encapsu-
lated, expansile, multilobular, and confined within the
splenic parenchyma. A plexiform network of thin-walled
capillaries branching at 45 to 90 degree angles was the typ-
ical histological findings. Occasional lacunae similar to
case 1 were observed. Differentiated lipocytes were
observed in 20% of the mass. Necrosis and haemorrhages
were absent and mitoses were 16 in 10 HPF. In case 3, the
tumour was non-encapsulated, focally infiltrative, and
characterized by large lacunae similar to case 1. Round
cell areas occupied more than 20% of the examined neo-
plasm. Large areas of necrosis were detected and 18
mitotic figures were observed in 10 HPF. The extracellular
matrix and the material within the lacunae were Alcian
blue-positive and PAS-negative, consistent with acidic
mucins (Figure 1(b)). Lipocytes, lipoblasts, and scattered

Figure 1. (a) Splenic mass from an 8-year-old male crossbreed dog (case 1). The neoplasm is composed by stellate to round cells lining
large lacunae filled with lightly eosinophilic material (asterisk). Haematoxylin and eosin. Bar = 120 um. (b) Splenic mass from an 8-
year-old male crossbreed dog (case 1). The neoplasm is composed by stellate cells with optically empty cytoplasmic vacuoles. Note the
lacunae lined by neoplastic cells and the Alcian blue-stained extracellular matrix (asterisk). Alcian blue. Bar = 50 um. (¢) Splenic mass
from a 12-year-old female French bulldog (case 2). The intracytoplasmic vacuoles within neoplastic cells are Oil-red-O positive (orange
colour) (asterisk), confirming the lipid content of neoplastic cells. Oil-red-O. Bar = 50 um. (d) Aggregate of lipoblastic cells containing
high number of electronlucent intracytoplasmic lipid droplets (asterisk). TEM, uranyl acetate and lead citrate. Original magnification =

3000x.
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neoplastic spindle cells contained oil red-O positive cyto-
plasmic vacuoles (Figure 1(c)). Neoplastic cells were
vimentin positive and smooth muscle actin, desmin, Factor
VllI-related antigen and S100 negative. According to the
histology and soft tissue sarcomas, grading all tumours
were diagnosed as grade Il myxoid LPS

TEM performed on cases 1 and 2 identified three types
of neoplastic cells: primitive undifferentiated mesenchy-
mal cells, intermediate cells, and fully developed lipo-
blasts. Intermediate cells and lipoblasts were respectively
the most and the less represented cell types. Neoplastic
cells were embedded in an amorphous matrix occasionally
coating and clinging on the cells. Undifferentiated cells
were round to polygonal to spindle, had few intracytoplas-
mic organelles, no lipid vacuoles and a poorly developed
basal lamina or basal lamina remnants. Intermediate cells
were spindle to stellate with variable numbers of mito-
chondria and rough endoplasmic reticulum (RER) and
without sufficient lipid vacuoles to be considered lipo-
blasts. In the early stages of development, they were fre-
quently seen in apposition to capillaries. A basal lamina
encircled intermediate cells, especially those nearest to
the capillary walls. Lipoblasts were round to polygonal,
had numerous mitochondria, scant RER, and a poorly
formed basal lamina or scarce basal lamina remnants.
Their cytoplasm contained variably sized lipid vacuoles
with different electrondensity (Figure 1(d)). The combina-
tion of all these results confirmed the diagnosis of grade II
myxoid LPS in both cases.

All the cases developed hepatic metastases detected
by ultrasonography and were euthanized because of poor
prognosis. Disease-free interval was 2 month in cases 1
and 3, and 21 months in case 2. Case 1 underwent nec-
ropsy that confirmed multiple metastases in the liver and
in the sternal lymph node.

To the best of our knowledge, this study represents the
most comprehensive pathological characterization of
canine splenic myxoid LPS. Moreover, no data on the bio-
logical behaviour of these neoplastic conditions have been
previously reported in dogs. Canine LPS arises most fre-
quently in the subcutis, and histological grade is consid-
ered prognostic (Dennis et al. 2011). However, grade was
not predictive of the aggressive behaviour in case 1. A
study by Baez et al. (2004) on 56 cases of canine LPS
highlighted that dogs undergoing wide surgical excision
had significantly longer survival times than dogs undergo-
ing marginal excision (Baez et al. 2004). However, sple-
nectomy did not correlate with the clinical outcome in the
current cases. The most important prognostic factor for
NANLSs is mitotic index, and more than 9 mitoses in 10
HPF have been correlated with shorter survival times
(Spangler et al. 1994). However, in case 1, the mitotic
index was lower than the cutoff set by the grading system
for NANLs, and this parameter did not envisage the
aggressive behaviour. Conversely, case 2 was character-
ized by a longer survival time despite a mitotic index
higher than 9. The correlation between the mitotic index
and prognosis has not been well defined for visceral LPS
and, as observed in our cases, the number of mitoses in
splenic LPS may not be prognostically significant

compared to other NANLs. This represents a novel find-
ing since few splenic LPS (2%—6% of NANL) have been
included in previous caseloads and in none of them the
relevance of the histological grade can be clearly inferred
(Weinstein et al. 1989; Spangler & Culbertson 1992;
Spangler et al. 1994; Day et al. 1995). Additionally, it
should be emphasized that the two cases with shorter sur-
vival time were characterized by a large round cell com-
ponent (case 1 and 3). This histological feature is
considered highly predictive of metastasis and poor prog-
nosis in myxoid LPS in man (Goldblum et al. 2013). A
prognostic study on a larger number of cases should be
performed in order to confirm these observations. Further
parameters indicative of an aggressive behaviour in cases
1 and 3 were the larger size, the infiltrative growth, the
randomly scattered areas of necrosis, and the presence of
a neoplastic embolus (case 1).

In case 2, the clear demarcation from the normal
parenchyma, the partial encapsulation, and the presence
of well-differentiated lipocytes were distinctive and could
be considered indicative of a more differentiated and less
aggressive tumour. In all cases, the application of ancil-
lary diagnostic techniques was pivotal to confirm the diag-
nosis. The diagnostic hallmark of human myxoid LPS in
soft tissues is the detection of a specific FUS-DDIT3
fusion oncogene, resulting from a t(12,16)(q13,p11) chro-
mosome translocation (Goldblum et al. 2013). However,
no data are available regarding the cytogenetic anomalies
in canine LPS. Therefore, the diagnosis was exclusively
and conclusively based on the histological, immunohisto-
chemical, histochemical, and ultrastructural features.
Immunohistochemistry ruled out the two most common
types of splenic sarcoma (haemangiosarcoma and leio-
myosarcoma), while histochemistry and TEM identified
the lipogenic origin of neoplastic cells with the myxoid
component. Additionally, TEM identified characteristic
intermediate cells in apposition to vessels, so paralleling
the differentiation gradient described in the human myx-
oid LPS that suggests the derivation of these types of
tumour from undifferentiated perivascular cells, as occurs
during the normal development of the white adipose tissue
(Battiflora and Nunez-Alonso 1980). The gross morphol-
ogy, multiple sampling, and sectioning for histological,
histochemical, and immunohistochemical stains as well as
TEM should be combined to achieve the correct diagnosis
and subtype in canine undifferentiated splenic sarcomas.
The prognostic significance of mitotic index, grade, and
subtype should be evaluated on a larger number of vis-
ceral LPS and sarcomas to provide insights on and iden-
tify the most accurate factors for their correct grading.
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