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Case Report

A spontaneous middle ear adenocarcinoma characterized by 
abundant eosinophilic matrix in a young male Crl:CD(SD) rat
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Abstract: A mass was detected in the right tympanic cavity of a 15-week-old male Crl:CD(SD) rat. Histological examination revealed 
papillary or tubular proliferations of epithelial cells including ciliated cells that produce mucus and have an abundant eosinophilic ma-
trix. The malignancy of this tumor was revealed by its destructive proliferation, cellular polymorphism, and high proliferative activity. 
The tumor was diagnosed as a middle ear adenocarcinoma due to its location and histological characteristics. This is the first report of 
a middle ear adenocarcinoma in rats and the first middle ear tumor accompanied by eosinophilic matrix observed in either humans or 
animals. The eosinophilic matrix was positive for periodic acid-Schiff and periodic acid-silver methenamine stains and for laminin and 
collagen Type IV, immunohistochemically, but negative for Congo red, which suggested that this matrix was a basement membrane 
substance. (DOI: 10.1293/tox.2019-0085; J Toxicol Pathol 2020; 33: 171–175)
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In humans, middle ear tumors are rare and generally 
considered benign1. While there have been a small num-
ber of reports concerning middle ear tumors in dogs2, 3 and 
cats4, to our knowledge there have been no such reports in 
rats. In this report, we describe a spontaneous middle ear 
adenocarcinoma in a 15-week-old male Crl:CD(SD) rat.

The animal was a 15-week-old male Crl:CD(SD) rat 
(Charles River Laboratories Japan, Inc., Atsugi, Japan) used 
in the low-dose group of a toxicity study. No relationship 
was suggested between the present tumor development and 
treatment with the test substance because the tumor was 
observed only in this animal of the low-dose group. The 
animal was housed individually in a wire mesh cage under 
controlled conditions (21.2–23.9°C room temperature, 41.8–
59.5% relative humidity, 12-hour light/dark cycle), given a 
radiosterilized pellet diet (CRF-1: Oriental Yeast Co., Ltd., 
Tokyo, Japan) and tap water ad libitum. All experimental 
procedures were conducted following approval by the Insti-
tutional Animal Care and Use Committee of LSI Medience 
Corporation.

The animal showed no remarkable changes in clini-
cal signs, body weight, hematology, or blood chemistry. At 

necropsy, a green mass filled the right tympanic cavity. No 
remarkable findings were observed in the other organs or 
tissues.

Organs, including the base of the skull containing the 
tumor mass, were fixed in 10% neutral-buffered formalin. 
The portion of skull containing the mass was decalcified us-
ing formic acid and trimmed. When trimming, it was found 
that the green mass extended to and destroyed the palate 
side bone of the tympanic bulla. The skull containing the 
mass was then embedded in paraffin, sectioned and stained 
with hematoxylin and eosin (H&E) according to routine 
methods. Staining was also performed using Periodic acid-
Schiff (PAS), periodic acid-silver methenamine with H&E 
(PAM-H&E), and Congo red. Immunohistochemical stain-
ing was performed using antibodies against cytokeratin 
(WSS; DakoCytomation, Inc., Glostrup, Denmark, dilu-
tion 1:250), α-fetoprotein (AFP; LifeSpan Biosciences, Inc., 
Seattle, WA, USA, dilution 1:1000), laminin (SIGMA®, St. 
Louis, MO, USA, dilution 1:30), collagen IV (ab6586; Ab-
cam plc, Cambridge, UK, dilution 1:100), and proliferating 
cell nuclear antigen (PCNA; DakoCytomation, Inc., Glos-
trup, Denmark, dilution 1:400). An HRP-conjugated poly-
mer method (Histofine® Simple Stain Rat MAX PO (M); 
Nichirei Biosciences Inc., Tokyo, Japan) was used to detect 
positive signals5. Tissues used as positive controls include, 
rat tympanic cavity for cytokeratin, rat fetus for AFP, rat 
kidney for laminin and collagen Type IV, and rat intestine 
for PCNA were used. Tumor tissue from paraffin sections 
was processed using routine procedures for embedding into 
epoxy resin for transmission electron microscopy examina-
tion. Ultrathin sections stained with uranyl acetate and lead 
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citrate were examined using an H-7600 electron microscope 
(Hitachi, Tokyo, Japan).

The tumor mass extended from the right tympanic cav-
ity to the side of the palate (Fig. 1A). Neoplastic tissue had 
destroyed the bone of the tympanic bulla (Fig. 1A–C) and 
projected into the side of the palate. Although the tympanic 
cavity is normally surrounded by bone (Fig. 1A, inset), in 
this case the bone of the tympanic bulla was lost in plac-
es, particularly on the side of the palate. Neoplastic tissue 
also extended along the tympanic bulla to the cranial side 
(Fig. 1A). Strong mucus production was also observed.

A key histological characteristic of the present tumor 
was the presence of neoplastic cells which formed tubule-
like structures within various amounts of eosinophilic ma-
trix (Fig. 1A). In the eosinophilic matrix-rich area (Fig. 1A, 
area R), the neoplastic cells were small, round to polygo-
nal, and partly flattened with round to pleomorphic nuclei. 
These cells mainly formed tubular structures and partial 
nests (Fig. 2A), with some cells also exhibiting eosinophilic 
droplets in the cytoplasm. In the eosinophilic matrix-poor 
area (Fig. 1A, area P), there was significant papillary prolif-
eration of the neoplastic cells. Necrosis was also observed. 
The neoplastic cells were different with regard to their size, 
columnar shape, eosin staining, and which exhibited a high 
nucleus/cytoplasm ratio with anisokaryosis. The neoplastic 
cells formed single or multi-layered epithelium and some 
cells were ciliated (Fig. 2B).

Immunohistochemically, the neoplastic cells showed 
positive staining for cytokeratin (Fig. 2C), laminin (Fig. 3C), 
and collagen Type VI (Fig. 3D), but not for AFP (Fig. 2D). 
A large number of PCNA-positive neoplastic cells were also 
observed (Fig. 2E and F). The eosinophilic matrix and eo-
sinophilic droplets of the neoplastic cells were PAS-positive 
(Fig. 3A). Furthermore, the eosinophilic matrix was positive 
for PAM staining (Fig. 3B) and weakly positive for laminin 
and collagen Type IV (Fig. 3C, D). The matrix was negative 
for Congo red staining. In the transmission electron micros-

copy examination, amorphous matrix lacking characteristic 
features such as its laminated structure, was observed in the 
interstitium (Fig. 4).

The epithelium lining the tympanic cavity and audi-
tory tube, in other words, the middle ear epithelium of the 
rat, included both ciliated and secretory cells6. In humans, 
middle ear tumors can have various phenotypes, including 
solid, glandular or trabecular. Moreover, mucin production 
has occasionally been demonstrated in middle ear tumors1. 
Taken together, the site of development and histological 
characteristics of the tumor indicate that the site of origin 
was the middle ear epithelium. The malignancy of this tu-
mor was revealed by its destructive proliferation, cellular 
polymorphism and high proliferative activity. According to 
the above findings, the present tumor was diagnosed as a 
middle ear adenocarcinoma.

To our knowledge, eosinophilic matrix has never been 
reported in any middle ear tumors in either humans or ani-
mals. There were morphological similarities between the 
present tumor and rat yolk sac carcinomas. Yolk sac car-
cinomas in the ears and tympanic parts of the temporal 
bones have also been reported in humans7, 8. However, the 
present tumor was not consistent with a yolk sac tumor in 
that the cells were negative for AFP and the matrix did not 
show a laminated structure. The matrix in the present case 
was positive for laminin and collagen Type IV, using im-
munohistochemistry, and positive for PAS and PAM stain-
ing. These findings strongly suggest that the eosinophilic 
matrix is composed of basement membrane (BM) material9. 
The ultrastructural appearance of accumulated BM mate-
rial has been reported to exhibit a laminated structure in 
some BM-producing tumors, while it is amorphous and not 
clearly laminated in others9. The presence of neoplastic cells 
containing eosinophilic droplets positive for PAS, laminin, 
and collagen Type IV, with similar features to eosinophilic 
matrix, suggests that these cells might be producing and se-
creting BM materials into the interstitium. Tumors causing 

Fig. 1. Low-power view of the microscopic features of the tumor mass. The mass extends from the right tympanic cavity to the side of the pal-
ate. Although the tympanic cavity is normally surrounded by bone (inset), in this case the bone of the tympanic bulla was lost in places, 
particularly in the side of the palate. Mucus accumulation can be observed throughout the mass (black arrows) and the tympanic cavity 
is filled with mucus. Two growth patterns were observed; an eosinophilic matrix-rich area (R) and an eosinophilic matrix-poor area (P) 
(A). Bone fragments (gray arrows) were observed in the eosinophilic matrix-rich area (B) and the eosinophilic matrix-poor area (C). B, 
C: Bar=300 µm.
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accumulation of basement membrane materials have been 
reported in tissues including the thyroid gland, salivary 
glands, female reproductive organs, and eye9–15.

In humans, middle ear tumors are rare and generally 
considered benign1. While there have been a small number 
of reports concerning middle ear tumors in dogs (2 adeno-
mas2, 3) and cats (1 adenoma and 2 adenocarcinomas4), a ma-
lignant middle ear tumor such as the present case is consid-
ered very rare. In addition, this is the first report of a middle 
ear tumor in rodents.
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Fig. 2. H&E staining of the eosinophilic matrix-rich area revealed that neoplastic cells mainly form tubular structures and partial nests, with 
some cells exhibiting eosinophilic droplets in the cytoplasm (A). H&E staining of the eosinophilic matrix-poor area revealed neoplastic 
cells which were different with regard to their size, columnar shape, eosin staining, and which exhibited a high nucleus/cytoplasm ratio 
with anisokaryosis. The neoplastic cells form single or multi-layered epithelium and some cells were ciliated. Necrosis was also observed 
(B). Neoplastic cells were positive for cytokeratin (C) and negative for α-fetoprotein (AFP) (D) in immunohistochemical staining. A large 
number of proliferating cell nuclear antigen (PCNA)-positive cells can be seen in both eosinophilic matrix-rich (E) and -poor areas (F). 
A, B: Bar=50 µm. C–F: Bar=100 µm.
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