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Bimodal immunoglobulin A gammopathy in a cat with feline myeloma-related disorders
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ABSTRACT.	 A 10-year-old female spayed mixed breed cat with a subcutaneous mass on the right hind limb was revealed with bimodal 
monoclonal gammopathy composed of IgA by immunoelectrophoresis and immunofixation. Approximately 1 month after referral, the cat 
died due to renal failure. Postmortem immunohistopathologic evaluation of the subcutaneous mass revealed neoplastic cell proliferation of 
plasma cells and giant myeloma cells. Neoplastic cells were also present in the liver and spleen. These results led to the diagnosis of a rare 
case of feline myeloma-related disorders with extramedullary plasmacytoma infiltrating in multiple locations. This report emphasizes the 
necessity to accumulate cases with similar clinicopathologic findings in the future.
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Myeloma-related disorders (MRDs) are neoplastic dis-
eases of plasma cells or immunoglobulin-secreting B-lym-
phocyte precursors. Feline MRDs are rare, accounting for 
0.0012–0.0025% of all feline cancers [2, 4]. Human MRDs 
and canine MRDs account for 1–2% of all human neoplasias 
and up to 1% of all canine tumors [16, 29]. Holzworth and 
Meier reported the first case of feline MRDs in 1957 [9]. 
However, the definition of these disorders was not clarified 
until Mellor et al. classified the diagnostic criteria of feline 
MRDs in 2006 [18]. Feline MRDs are categorized into 
multiple myeloma, cutaneous or noncutaneous extramed-
ullary plasmacytoma, solitary plasmacytoma of the bone, 
Waldenstrōm’s macroglobulinemia of immunoglobulin M, 
immunoglobulin-secreting lymphoma and leukemia, and 
plasma cell leukemia. The histologic and cytologic features 
of these disorders have only been described by one pub-
lication and a few case reports [8, 14, 19, 24]. Therefore, 
more information on the clinical features of feline MRDs 
is required. The present report describes the clinicopatho-
logic and immunohistopathologic features of a cat with the 
bimodal IgA gammopathy in feline MRDs.

A 10-year-old female spayed mixed-breed cat was re-
ferred to Yamaguchi University Animal Medical Center for 

evaluation of a subcutaneous mass on the right hind limb 
that had been growing for 2 weeks (Fig. 1). The mass was 
approximately 40 mm in diameter and immovable. Physical 
examinations found no detectable abnormalities, such as 
enlargement of the popliteal and inguinal lymph nodes or vis-
ible mucous membrane abnormalities. Complete blood cell 
count analysis showed no significant abnormalities (PCV: 
43%; reference range 24–55%, WBC: 17,240/µl; reference 
range 5,500–19,500/µl, segmented neutrophils 15,520/µl; 
reference range 4,000–15,000/µl and lymphocytes 1,720/µl; 
reference range 1,000–3,000/µl). Biochemical blood testing 
showed no abnormalities, except for hyperproteinemia (total 
serum protein 10.0 g/dl; reference range 6.0–8.0 g/dl). Re-
sults of feline immunodeficiency virus (FIV) antibody/feline 
leukemia virus (FeLV) antigen tests were negative (SNAP 
FIV/FeLV comb; IDEXX Laboratories, Tokyo, Japan). Chest 
and abdominal X-rays showed no abnormalities. Bone radi-
ography including the right hind limb did not reveal any mul-
tifocal punctate areas. Hypoechoic lesions of the spleen were 
detected by ultrasound examination. Fine needle aspiration 
biopsy was performed on the subcutaneous mass for cytologi-
cal examination. Large amounts of atypical round cells were 
observed within a monomorphic cell population, suggesting 
neoplastic disease (Fig. 2). These tumor cells had immature, 
often eccentrically located, round to oval nuclei with a fine 
chromatin pattern, and had several prominent nucleoli. Bi- or 
multinucleated giant cells were also observed occasionally. 
Based on these findings, cytological differential diagnoses 
included extramedullary plasmacytoma, lymphoplasmacytic 
lymphoma and undifferentiated round cell tumor. Bone mar-
row aspiration was performed in the bilateral humeral head 
and right humeral body to rule out metastasis of the tumor, 
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and no abnormality was found. Upon urinalysis, Bence-Jones 
proteins could not be measured due to lack of the inspection 
in Japan. However, 1 peak in the gamma region was detected 
with urine protein electrophoresis. We could guess that either 
the immunoglobulin or its light chain was leaked in the urine. 
Serum protein electrophoresis and immunofixation analysis 
were performed at Veterinary Diagnostic Laboratories in 
Colorado State University. The albumin fraction was found to 
be decreased (albumin/ globulin ratio is 0.23; reference range 
>1.00), and there were 2 discrete peaks in the gamma region, 
compatible with a biclonal gammopathy (Fig. 3A). Immu-
nofixation analysis showed 2 discrete bands in the IgA lane 
with corresponding bands in the light chain lane (Fig. 3B). A 
broad band in the IgG lane was interpreted as a polyclonal 
response. Rabbit anti-cat whole serum polyclonal antibody, 
goat anti-cat IgM polyclonal antibody [21], rabbit anti-cat 
IgG heavy and light chain polyclonal antibody [21], goat 
anti-cat IgA polyclonal antibody [20] and goat anti-cat light 
chain (including both kappa and lambda patterns) polyclonal 
antibody [20] were used and confirmed the specificity by Vet-
erinary Diagnostic Laboratories in Colorado State University. 
All antibodies were obtained from the Bethyl Laboratories 
Inc. (Montgomery, AL, U.S.A.). Considering the above find-
ings combined with the clinical signs, laboratory findings 
and cytological examination results, we made a provisional 
diagnosis of extramedullary plasmacytoma or lymphoplas-
macytic lymphoma. The owner selected a single treatment 
of prednisolone. Approximately 1 month later, biochemical 
blood testing showed azotemia (blood urea nitrogen 126.4 
mg/dl; reference range, 9.2–29.2 mg/dl), high creatinine con-
centration (creatinine 5.2 mg/dl; reference range, 0.4–1.4 mg/
dl) and hyperproteinemia (total serum protein 10.5 g/dl). The 
cat was hospitalized and treated by the intravenous fluid infu-
sion. Unfortunately, after three days treatment, the cat died 
due to renal failure, which was probably associated with hy-
perviscosity syndrome. Necropsy was performed, and tissue 
samples (the subcutaneous mass, liver, spleen and kidneys) 
were collected for histopathology. The samples were fixed 
in 10% neutral-buffered formalin, embedded in paraffin and 

stained with hematoxylin and eosin. Histologically, significant 
infiltration of neoplastic round cells with plasmacytic features 
was seen in the liver, spleen and subcutaneous mass (Fig. 4A–
4D). These cells had similar morphologic features to those 
observed by cytology; however, the degree of differentiation 
ranged from those resembling mature plasma cells to very 
large round cells (plasmablasts). In the subcutaneous lesion, 
the tumor cells infiltrated into the deep dermis extending to 
the subcutaneous layer and formed a sheet-like structure (Fig. 
4A). These cells were composed mainly of intermediately 
differentiated proplasmacytes with a small number of mixed 
mature plasma cells and poorly differentiated plasmablasts 
(Fig. 4B). The proplasmacytes were larger than the mature 
plasma cells, with greater anisocytosis and asynchronous 
nuclear and cytoplasmic maturation. They had eccentrically 
located large nuclei containing indistinct or small nucleoli. In 
contrast to the subcutaneous mass, the neoplastic cells seen 

Fig. 1.	 A subcutaneous mass was observed on the right hind limb of 
a cat. The mass was approximately 40 mm in diameter.

Fig. 2.	 Fine-needle aspirate from the cat with extramedullary plas-
macytoma of a subcutaneous lesion. Immature (short arrow) and 
mature (long arrow) plasmacytoid cells were observed. In addition, 
scattered giant multinuclear cells (arrowhead) were seen. Giemsa 
staining. × 1,000 objective.

Fig. 3.	 Serum protein electrophoresis illustrating bimodal monoclo-
nal gammopathy in a cat (A). Immunofixation analysis in the cat 
(B). Two discrete bands in the IgA lane with corresponding bands 
in the light chain lane were observed. The used antibodies were 
described in the manuscript. The gel has one lane for light chains of 
both kappa and lambda patterns.
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within the liver and spleen showed more pleomorphism with a 
predominance of poorly differentiated plasmablasts (data not 
shown). The plasmablasts were much larger than the mature 
plasma cells, with greater anisocytosis. They had a narrow 
rim of cytoplasm and a less distinct or unapparent perinuclear 
clear zone. They also had a high nuclear:cytoplasmic ratio 
and a large, immature, round to ovoid nucleus with promi-
nent nucleoli. These cells were clustered together and formed 
multinodular lesions within the organs. Giant myeloma cells 
that contained a large, bizarre, segmented nucleus or multiple 

nuclei were seen occasionally in the liver and spleen. Both 
kidneys were found to contain moderate lymphoplasmacytic 
interstitial nephritis with protein cast formation in the renal 
tubules. No neoplastic cell infiltrate was seen within the 
kidneys. In order to confirm plasma cell proliferation, immu-
nohistochemistry (IHC) was performed on a Dako autoim-
munostainer using the streptavidin-biotin complex method 
with the chromogen diamino-benzidine (DAB) (Dako, 
Glostrup, Denmark). The primary antibodies used were 
mouse anti-feline CD18 monoclonal antibody (produced by 

Fig. 4.	 Post mortem histopathological examination of the subcutaneous mass (A, B), liver (C) and spleen (D). Tumor cells 
infiltrated all three tissues. Cells (B) were composed mainly of proplasmacytes with a small number of mature plasma cells 
(short arrow) and plasmablasts (long arrow). Hematoxylin and eosin staining. (A, C and D) × 10 objective and (B) × 100 
objective. The subcutaneous mass is positive for CD79a (E) and MUM1 (F). Hematoxylin counterstain. (E, F) × 10 objective.
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Dr. PF Moore, Clone:Fe3. 9F2), rabbit anti-human CD3 poly-
clonal antibody (Dako), rabbit anti-human CD20 polyclonal 
antibody (Biocare Medical, Concord, CA, U.S.A.), mouse 
anti-human CD79a monoclonal antibody (Biocare Medical, 
Clone:HM47/A9) and rabbit anti-human multiple myeloma 
oncogene 1 (MUM1) monoclonal antibody (Biocare Medical, 
Clone:BC5). Those antibodies were proven to be specific to 
the feline antigen. A previous report showed the specificity of 
anti-feline CD18 monoclonal antibody and anti-human CD3 
polyclonal antibody [22]. The specificities of the remaining 
antibodies were tested by IHC with normal feline lymph node 
(data not shown). Almost all of the tumor cells were positive 
for CD18, CD79a (Fig. 4E) and MUM1 (Fig. 4F), but were 
negative for CD3 and CD20. Based on the morphological and 
immunohistochemical results, we concluded that the tumor 
cells originated from plasma cells.

In the current case, multiple neoplasms consisting of 
plasma cells had formed in not only the subcutaneous lesion 
but also in the liver and spleen. Bone marrow infiltration was 
not detected by aspiration cytology during the animal’s life-
time, although post mortem examination of the bone marrow 
was not performed due to the owner’s intention. Therefore, 
this case was diagnosed as subcutaneous extramedullary 
plasmacytoma with multiple abdominal organ infiltration. 
To the best of the authors’ knowledge, this is the rare case of 
subcutaneous extramedullary plasmacytoma involving the 
abdominal organs without detectable bone lesions.

IHC for the diagnosis of feline MRDs shows the pres-
ence of immunoglobulin expression and the absence of CD3 
[19]. CD79a is expressed by cells ranging from early B-cell 
progenitors to plasma cells and is detected in 32% of feline 
MRDs, according to a previous report [19]. MUM1 is ex-
pressed in the nuclei and cytoplasm of plasma cells and is 
strongly expressed in human MRDs [5]. A case report also 
exhibited MUM1 expression in feline MRD [11]. Therefore, 
plasma neoplastic cells can express both CD79a and MUM1. 
In line with this, IHC data, which were positive for CD79a 
and MUM1 (Fig. 4E and 4F), are consistent with feline MRD.

The survival duration of the current case was short. Mor-
phologic categorization has been shown to correlate with 
prognosis in the cat, as well as in human myeloma [3, 19, 27, 
31]. In previous studies, cats with well differentiated tumors 
have been shown to have increased median survival duration 
and frequency relative to those with poorly differentiated 
tumors. According to the results of a previous report, the 
present case was categorized as poorly differentiated MRD, 
because the proportion of plasmablasts was large and giant 
myeloma cells were present [19]. Therefore, this case had 
a poor prognosis, although this case was not treated with 
chemotherapeutic drugs other than prednisolone.

Hyperviscosity syndrome can result in cardiac insuf-
ficiency, retinal hemorrhage, renal failure, hemorrhagic 
diatheses and neurologic signs, which can decrease survival 
time in cats with multiple myeloma [6]. In the cat described 
here, protein cast formation in the kidneys assessed by post 
mortem histopathological examination and renal failure 
found in the hospital were consistent with the clinicohis-
topathological features of hyperviscosity syndrome. In 

addition, hyperglobulinemia was confirmed at that time. 
The degree of hyperviscosity is related to the severity of hy-
perglobulinemia and the immunoglobulin isotypes involved 
[25]. Hyperviscosity syndrome is associated with monoclo-
nal gammopathy composed of IgA, which is consistent with 
the larger size of these molecules as compared with the IgG 
isotype. Therefore, hyperviscosity syndrome associated with 
monoclonal IgA gammopathy is the most probable cause of 
death in the present case.

Immunoelectrophoresis and immunofixation of serum 
proteins can be used to confirm the diagnosis of plasma 
cell proliferation and the categorization of immunolabeling. 
There are no reports of these techniques being performed 
in feline MRDs, but reported in dogs with myeloma [10]. 
The immunoelectrophoresis data in the current case showed 
2 discrete peaks in the gamma region. In addition, 2 immu-
noglobulin patterns were demonstrated by immunofixation. 
IgA was present in monomer and dimer states in the blood. 
For this reason, 2 peaks and bands were seen [7, 13]. In addi-
tion, the light chains consistent with IgA lane were detected. 
Light chain expression in feline MRDs corresponds mainly 
to the lambda pattern. This is very similar to the physiologic 
distribution of light chains in normal plasma cells, which 
demonstrate primary expression of the lambda light chain 
[1]. On the other hand, monoclonal kappa light chain ex-
pression has been reported in 2 cats with MRDs [15, 19]. 
For accumulation of the clinical knowledge, we should have 
elucidated the light chain pattern in the cat.

Amyloid deposition was reported as one of the charac-
teristic features in feline extramedullary plasmacytoma [17, 
23, 26]. However, amyloid-like fibrillar materials were not 
detected in the tissue samples in this case, and these samples 
were negative for Congo red staining (data not shown). We 
presume that the pathological condition in the cat is different 
from that in the reported feline extramedullary plasmacytoma.

Interestingly, a previous report suggested that plasma cell 
tumor development might occur primarily in extramedullary 
locations in most cases of feline MRDs, in contrast to human 
MRD cases [19]. This supposition may affect therapeutic 
considerations. For example, human medicine routinely uti-
lizes bisphosphonate therapy for MRDs [28] due to the rare 
occurrence of extramedullary plasmacytoma as compared 
to plasmacytoma with bone infiltration [12, 30]. Therefore, 
we could not select an optimized therapy by referring to the 
general therapy of human MRDs.

In conclusion, this case describes a rare pattern of feline 
MRDs with extramedullary plasmacytoma involving the 
subcutaneous tissue, liver and spleen. To the authors’ knowl-
edge, this is the novel report of bimodal IgA gammopathy in 
feline MRDs detected by serum protein electrophoresis and 
immunofixation. This case showed aggressive biological be-
haviors with distant metastasis and hyperviscosity syndrome. 
In addition, the prognosis was considered worse than that of 
well differentiated feline MRDs. However, tumor infiltration 
of multiple locations is not definitely classified among the 
disease types of feline MRDs. Therefore, future studies are 
needed to accumulate case reports with similar clinicopatho-
logic findings.
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