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Summary

A 14-year-old domestic longhaired cat presented with a 2-year history of nasal discharge and a recent onset of
inappetence and submandibular lymphadenopathy. The cat was humanely destroyed after developing severe
respiratory distress. Necropsy examination revealed thickened nasal turbinates and soft palate, and friable
redetan material within the frontal sinus, nasal cavity and nasopharynx. The lungs containedmultifocal irreg-
ular friable tan nodules. Multiple lymph nodes were enlarged, friable and redetan in colour. Histopathology
revealed amature type extramedullary plasmacytoma (EMP) within the frontal sinus, nasal cavity, soft palate,
larynx, trachea, lungs and multiple lymph nodes. The lymph nodes and larynx also contained marked gran-
ulomatous inflammation with extensive intrahistiocytic (and lesser amounts of extracellular) lambda light
chain amyloid, confirmed by electron microscopy and immunohistochemistry. Neoplastic cells expressed
CD79a and MUM1. This is the first report of an infiltrative EMP of the feline respiratory tract with lymph
node metastasis and predominantly intrahistiocytic amyloid.

� 2016 Elsevier Ltd. All rights reserved.
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Extramedullary plasmacytomas (EMPs) are mono-
clonal proliferations of terminally differentiated B
cells that do not involve the bone marrow. An uncom-
mon neoplasm in cats, the majority of cases are cuta-
neous (Majzoub et al., 2003), although there are rare
reports of non-cutaneous EMPs, including those of si-
nonasal (Sch€oniger et al., 2007), gastrointestinal
(Rowland and Linke, 1994; Zikes et al., 1998),
cerebral (Greenberg et al., 2004), intraocular
(Michau et al., 2003), lip and gingival origin
(Kyriazidou et al., 1989). With the exception of the
intracerebral and sinonasal cases, most EMPs are
described as well-circumscribed, non-infiltrative
masses (Majzoub et al., 2003; Greenberg et al., 2004;
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Sch€oniger et al., 2007). Additionally, although
primary local extracellular amyloidosis with
secondary granulomatous inflammation is well-
reported in plasma cell dyscrasias in animals
(Rowland and Linke, 1994; Majzoub et al., 2003;
Gross et al., 2005), extensive accumulation of
intrahistiocytic amyloid is unusual.

A 14-year-old neutered male domestic longhaired
cat was presented to a referral hospital for a 2-year
history of haemorrhagic nasal discharge and a recent
onset of submandibular swelling and inappetence.
Physical examination revealed marked submandibu-
lar lymphadenopathy, but additional diagnostic tests
were initially declined by the owner. The cat showed
no response to empirical treatment with prednisolone
and clindamycin. Cytology of an aspirate taken from
the submandibular lymph nodes 1 month after initial
� 2016 Elsevier Ltd. All rights reserved.
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presentation revealed predominantly macrophages,
admixed with lymphocytes, plasma cells and a few
neutrophils and eosinophils. The macrophages were
distended with magenta-coloured material that was
amorphous and curvilinear to granular. The cytology
was interpreted as inflammatory, with reactive
lymphoid hyperplasia and increased numbers of
plasma cells.

A complete blood cell count revealed a mild neu-
trophilia (10.3 � 109/l, reference interval 2.5e8.5 �
109/l) and monocytosis (0.64 � 109/l, reference inter-
val 0.0e0.6 � 109/l). A serum biochemistry panel,
measurement of total thyroxine concentration and
chest radiographs were unremarkable. The urine pro-
tein:creatinine ratio was elevated (1.3, normal#0.5).
Urine was not available for electrophoresis. The cat
was negative for feline leukemia virus (FeLV) anti-
gen, feline immunodeficiency virus (FIV) antibody,
feline coronavirus (immunofluorescence [IFA]),
Toxoplasma spp. IgM and IgG, Cryptococcus spp. anti-
gen and Neospora spp. (IFA). Computed tomography
(CT) of the head revealed mild nasal turbinate loss
with severe thickening of the nasal mucosa, enlarged
submandibular, medial retropharyngeal, superficial
and deep cervical lymph nodes, and fluid and/or
soft tissue in the frontal sinus and left tympanic bulla.
Thoracic CT revealed several irregular soft tissue
nodules throughout the pulmonary parenchyma
and enlarged tracheobronchial lymph nodes.

Incisional biopsy samples of the frontal sinus and
nasal turbinates revealed extensive plasmacytic infil-
trates admixed with lymphocytes. Surgical excisional
biopsy of the left submandibular lymph node revealed
dense plasmacytic and histiocytic infiltrates with
abundant intrahistiocytic, and lesser amounts of
extracellular, congophilic material. Gram and acid-
fast stains were negative and the intrahistiocytic ma-
terial was weakly positive on periodic acideSchiff
staining. The lymph node findings were suggestive
of a metastatic plasmacytoma, while the frontal sinus
and nasal cavity findings were difficult to interpret
(reactive versus neoplastic). The cat was re-
presented 2 months after the initial presentation due
to progressive respiratory distress, at which time it
was humanely destroyed.

On necropsy examination, the nasal turbinates and
soft palate were diffusely thickened and tan in colour.
Soft, friable tanepale red material filled approxi-
mately 80% of the frontal sinus, nasopharynx and
the caudal half of the nasal cavity, obscuring the
caudal nasal turbinates bilaterally (Supplementary
Fig. 1). The left tympanic bulla contained viscous,
slightly opaque pale yellow fluid. The tonsils were
bilaterallymottled redetan and the aryepiglottic folds
and cuneiform processes of the larynx were bilaterally
enlarged, slightly nodular and mottled redetan. The
submandibular, medial retropharyngeal and superfi-
cial cervical lymph nodes were enlarged bilaterally,
as well as the tracheobronchial and cranial medias-
tinal lymph nodes. On cut section, all of these lymph
nodes were markedly friable and mottled redetan,
with complete loss of corticomedullary distinction.
The lungs were slightly oedematous with multifocal,
irregular, 0.2e1 cm diameter, friable, tan-coloured
nodules throughout the parenchyma.

Histopathological examination revealed a round
cell proliferation within the frontal sinus, left tym-
panic bulla, nasal turbinates, soft palate, larynx, tra-
chea, lungs (predominantly surrounding bronchi),
tonsil and the submandibular, retropharyngeal, su-
perficial cervical, tracheobronchial, cranial medias-
tinal, pancreaticoduodenal and right colic lymph
nodes. Neoplastic cells had a moderate amount of
amphophilic cytoplasm, typically with a perinuclear
halo and a round, eccentric nucleus with either hy-
perchromatic or finely stippled chromatin and 1e3
variably distinct nucleoli. The cells displayed mild
to moderate anisocytosis and anisokaryosis, with oc-
casional binucleation, and low numbers of mitoses
(0e3 per �400 field) that were occasionally bizarre.
These features were consistent with a mature type
plasmacytoma (Fig. 1) (Majzoub et al., 2003; Platz
et al., 1999). The neoplastic cells effaced the
majority of the affected lymph nodes, with few
lymphoid follicles remaining, and occasionally
exhibited capsular invasion (not shown).

Admixed with the neoplastic cells within the lymph
nodes and larynx was marked granulomatous inflam-
mation, characterized by epithelioid macrophages
and multinucleated giant cells, with extensive intra-
histiocytic (and lesser amounts of extracellular) amor-
phous eosinophilic material (amyloid). Low numbers
of lymphocytes, Mott cells and eosinophils were also
scattered throughout affected lymph nodes. The
amorphous eosinophilic intrahistiocytic (and extra-
cellular) material was congophilic (Fig. 2), and ex-
hibited apple-green birefringence under polarized
light (not shown).

Additional findings in affected organs includedmild
to severe multifocal neutrophilic and histiocytic bron-
chitis with bronchiectasis and adjacent interstitial
pneumonia, mild to severe secondary frontal bone
and nasal turbinate osteolysis with fibrosis, haemor-
rhage and fibrinosuppurative erosive sinusitis/rhinitis,
moderate secondary fibrinosuppurative erosive lar-
yngotracheitis and otitis media. No evidence of
neoplasia was identified within the bone marrow
(left humerus and femur) or other internal viscera.

Immunohistochemistry (IHC) was performed us-
ing an Envision+ System� (Dako, Carpinteria,



Fig. 1. Metastatic extramedullary plasmacytomawith intrahistio-
cytic amyloid within the retropharyngeal lymph node.
Mature type neoplastic plasma cells (arrowhead) are ad-
mixedwithmany histiocytes andmultinucleated giant cells
with abundant intracellular amyloid (asterisk). HE. Bar,
25 mm. Inset: highermagnification of the neoplastic plasma
cells.

Fig. 2. Metastatic extramedullary plasmacytomawith intrahistio-
cytic amyloid within the retropharyngeal lymph node. In-
trahistiocytic material is congophilic. Congo red. HE. Bar,
25 mm.
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California, USA). After dewaxing and pretreatment,
target antigen retrieval was performed using a citrate
buffer (pH 9.0 for CD79a and MUM1, pH 6.0 for
SAA and both light chains). Sections were incubated
with the following primary antibodies: mouse mono-
clonal antibodies against CD79a (1 in 500 dilution)
andMUM1 (1 in 50 dilution) (each for 30 min), rab-
bit polyclonal antibodies against kappa (1 in 4,000
dilution) and lambda (1 in 12,000 dilution) light
chains (each for 30 min) and canine AA (1 in 9,000
dilution; for 45 min) (Johnson et al., 1995). Secondary
detection was performed using a Dako Envision+/
HRP� kit, and secondary antibodies were mouse
anti-mouse (for CD79a and MUM1) or goat anti-
rabbit (for SAA and both light chains) (all from
Dako). Antibody binding was ‘visualized’ using 3,3ʹ-
diaminobenzidine (DAB) as chromogen for CD79a
and MUM1 and 3-amino-9-ethylcarbazole (AEC)
as chromogen for SAA and the light chains. Positive
controls included dog tonsils (for the light chains), a
known positive renal amyloid case (for SAA) and a
normal feline lymph node (for CD79a and MUM1).
The negative controls consisted of a mouse (CD79a
and MUM1) or rabbit (SAA and light chains) IgG
isotype substitution for the primary antibodies used
on the case tissues.

Neoplastic cells were CD79a+ and MUM1+ by
IHC, and polymerase chain reaction for antigen re-
ceptor rearrangement (PARR) revealed a mono-
clonal rearrangement of the kappa deleting element
(KDE) to a kappa variable segment (KDEv). IHC
of the amyloid was moderately positive for lambda
light chain (Fig. 3) and negative for serum amyloid
A (SAA, not shown). The amyloid was occasionally
slightly positive for kappa light chain, which was
attributed to non-specific labelling that was not
observed in the negative control, as the PARR results
indicated that the neoplasm was lambda light chain
restricted (the kappa locus was deleted, supporting
the positive lambda IHC results).

Electron microscopy of the left submandibular
lymph node revealed variably-sized intrahistiocytic
membrane-bound aggregates of randomly-oriented
non-branching 7.5e10 nm diameter fibrils with inde-
terminate length, which frequently displaced or in-
dented the nucleus and other cell structures (Fig. 4).
These findings were consistent with abundant intra-
histiocytic amyloid (beta-pleated sheets of fibrils).

This case represents an extramedullarymature type
plasmacytoma involving the upper and lower respira-
tory tract with lymph node metastasis. The patient
was a geriatric male, consistent with the higher re-
ported incidence of EMPs in older male cats
(Majzoub et al., 2003; Michau et al., 2003;
Greenberg et al., 2004). Although the majority of
human EMPs reportedly arise within the upper
respiratory tract (dos Anjos Corvo et al., 2013), this
is a rare location in small animals, with only a few



Fig. 3. Infiltrative extramedullary plasmacytomawith intrahistio-
cytic amyloidwithin the laryngealmucosa. Intrahistiocytic
material is moderately positive for lambda light chain.
IHC. Bar, 25 mm.

Fig. 4. Intrahistiocytic amyloid within the left submandibular
lymph node. Abundant membrane-bound, randomly-ori-
ented, non-branching, 7.5e10 nm diameter fibrils
(asterisk) displace other organelles. Transmission electron
microscopy.
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case reports describing primary laryngeal and
tracheal EMPs in dogs, and one report involving the
nasal cavity and frontal sinus of a cat (Chaffin et al.,
1998; Weigt and McCracken, 2001; Hayes et al.,
2007; Sch€oniger et al., 2007; Witham et al., 2012).
This case is unique as it describes an EMP with
extensive tissue infiltration as well as metastasis. In
the previously reported case of sinonasal EMP in a
cat, the neoplasm was limited to the nasal cavity
and frontal sinus (Sch€oniger et al., 2007). In the case
of an intracerebral EMP in a cat, the neoplasm was
more infiltrative, involving the leptomeninges, ven-
tricular system, subependymal tissue and the habenu-
lar nucleus (Greenberg et al., 2004). However, to our
knowledge, the present case is the first report of exten-
sive infiltration by an EMP within the upper and
lower respiratory tract. Severe plasmacytic inflamma-
tion may be difficult to differentiate from a mature
type plasmacytoma and initial biopsy and cytology
samples from this cat were suggestive of an inflamma-
tory process rather than neoplasia. Assimilation of
necropsy findings with additional diagnostic tests al-
lowed a diagnosis of a mature type EMP.

Amyloidosis may be categorized as primary (AL)
or secondary (AA) depending on the pathogenesis.
In domestic animals, primary amyloidosis typically
develops in cases of plasma cell dyscrasias, although
not all plasma cell dyscrasias result in amyloidosis.
Neoplastic plasma cell populations may produce
large quantities of monoclonal, complete or frag-
mented immunoglobulin light or heavy chains (typi-
cally lambda light chain in animals). In some cases,
these proteins are unstable and insoluble and form ag-
gregates of amyloid fibrils that are unable to be
degraded by macrophages. Secondary amyloidosis is
more common in animals and occurs in some cases
of chronic inflammatory disease. The increased levels
of inflammatory cytokines (specifically interleukin
[IL]-1, IL-6 and tumour necrosis factor [TNF]-a)
released by activated macrophages results in
increased production and release of serum amyloid-
associated peptide (SAA, an acute phase protein) by
hepatocytes. SAA is degraded into a smaller AA pro-
tein, which is unstable, insoluble and prone to form-
ing fibrils (amyloid). A defect in macrophage
enzymes or amutation in the SAA protein is theorized
to result in amyloid accumulation, rather than the
normal degradation of this acute phase protein
(Snyder, 2012).

The deposition of amyloid (AL or AA) is often asso-
ciated with secondary granulomatous inflammation
(Rowland and Linke, 1994; Majzoub et al., 2003;
Gross et al., 2005). There are occasional reports of
intrahistiocytic amyloid in animal and human
patients with primary amyloidosis, including rectal
EMPs in dogs (Ramos-Vara et al., 1998), a spinal
plasmacytoma in a woman (Arnesen and Manivel,
1993) and a nasal EMP in a woman with cervical
lymph node metastasis (Sharma et al., 2009). Howev-
er, the amyloid deposits in these reports was described
as predominantly extracellular (or not specified),
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making this the first report to describe predominantly
intrahistiocytic amyloid (Arnesen andManivel, 1993;
Rowland and Linke, 1994; Ramos-Vara et al., 1998;
Majzoub et al., 2003; Sharma et al., 2009). We
speculate that the preponderance of intrahistiocytic
amyloid in this case may be due to the chronicity of
the disease.
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