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Case Report

A case report of ReccHan™: WIST rat with multiple neoplastic and

non-neoplastic proliferative lesions
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I Toxicology and Environmental Science Department, Biological Research Laboratories, Nissan Chemical Corporation, 1470

Shiraoka, Shiraoka-shi, Saitama 349-0294, Japan

Abstract: It is extremely rare to have multiple spontaneous proliferative lesions in young adult rats. Here, we report the occurrence of
different proliferative lesions in multiple tissues of a 7-week-old female rat in a 1-week repeated toxicity study. Grossly, multiple white
patches and nodules in the bilateral kidneys, femoral and subcutaneous masses, and a nodule in the liver were observed. Renal lesions
were diagnosed as renal mesenchymal tumors. One of the femoral subcutaneous masses was diagnosed as an adenolipoma consisting
of mammary epithelial cells and mature adipocytes. The other femoral and abdominal subcutaneous masses were diagnosed as lipomas
consisting of mature adipocytes. The liver nodule was diagnosed as non-regenerative hepatocellular hyperplasia, which was character-
ized by the proliferation of slightly hypertrophic hepatocytes. In the cauda equina, the growth of enlarged Schwann cells around the
axon was observed, and this lesion was diagnosed as a neuroma. (DOI: 10.1293/t0x.2021-0004; J Toxicol Pathol 2021; 34: 251-259)
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There are only few reports of multiple primary tumors
in young rat!: 2. However, there are several reports of mul-
tiple primary tumors in humans3 4, but these cases were re-
ported in the elderly, with few in young individuals. Here,
we report a case wherein multiple primary neoplastic or
non-neoplastic proliferative lesions were observed in the
kidneys, mammary glands, soft tissues, cauda equina, and
liver of a young rat.

This case was a female RecHan™: WIST rat at 7 weeks
of age from a low-dose group in a 1-week repeated toxic-
ity study. This female rat was obtained from Japan Labo-
ratory Animals, Inc. at 5 weeks of age, and the study was
conducted after 1-week of acclimation period. The rat was
housed alone in a stainless steel cage at a temperature of
22 + 3°C with 55% humidity (minimum 45%, maximum
70%) and 12 hour light/dark cycle, and was fed a solid diet
(CRF-1; Oriental Yeast Co. Ltd., Japan) with drinking water
ad libitum. After the end of dosing, the rat was euthanized
through bleeding from the abdominal aorta under isoflu-
rane anesthesia and necropsied. The kidneys, liver, brain,
pituitary, spinal cord, femoral subcutaneous and abdominal
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subcutaneous masses were fixed with 10% neutral buffered
formalin solution, embedded in paraffin, and sectioned. The
sections were stained with hematoxylin and eosin (H&E),
Masson’s trichrome, Kliiver-Barrera, and Alcian blue stains.
Immunohistochemically, the specimens of the kidney were
stained for vimentin, cytokeratin AE1/AE3 (CK AE1/AE3),
desmin, alpha smooth muscle actin (a-SMA), S-100, Wilms’
Tumorl (WT1), CD117/c-kit, p63, and proliferating cell nu-
clear antigen (PCNA); the specimens of the femoral sub-
cutaneous mass were stained for vimentin, CK AE1/AE3,
a-SMA, and PCNA; the specimens of the cauda equina
were stained for S-100, myelin protein zero (P0), p75 NGF
receptor (p7SNGFR), neurofilament protein, PCNA, and
CD68; and the specimens of the liver nodule were stained
for desmin, a-SMA, and PCNA, and further, the sections
were subjected to a subsequent chromogenic reaction us-
ing the avidin-biotin complex method (Vectastain ABC Kit;
Vector Laboratories, Burlingame, CA, USA)>5. The primary
antibodies used in this study are listed in Table 1. The tox-
icity study was conducted according to the Guidelines for
Animal Experimentation, Biological Research Laboratory,
Nissan Chemical Corporation.

Abnormal clinical signs were not observed. Macro-
scopically, multiple creamy-white patches (0.2—0.3 c¢cm in
diameter) and nodules (0.5 cm in diameter) were observed in
the bilateral kidneys, and the cut surface of the nodule was
bulging. Two femoral subcutaneous masses (1.7 cm and 2
cm in diameter, hereafter referred to as femoral subcutane-
ous masses | and II) were located in the left inguinal region.
The femoral subcutaneous mass I appeared white-pink in
color and solid, and the femoral subcutaneous mass II ap-
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peared creamy-white in color and soft. The abdominal sub-
cutaneous mass (3.5 cm in diameter) was located in the cen-
ter of the right side and appeared creamy-white in color and
soft. A hepatic nodule (0.6 cm in diameter) was observed in
the left lateral lobe and appeared reddish-brown in color and
bulging (Fig. 1A-D).

Microscopically, multiple foci were observed in the
outer medulla and cortex of the kidneys. In the foci, pro-

Table 1. Primary Antibodies Used in This Study

liferating spindle and star-shaped cells with irregular-sized
oval or round nuclei infiltrated between the pre-existing re-
nal tubules (Fig. 2A and B) were observed, and the bound-
ary between the foci and renal parenchyma was unclear.
These cells exhibited fibroblast-like or myxoma-like cellu-
lar morphology. In some areas, vascular endothelium-like
cells, characterized by flat cells with scanty cytoplasm, were
observed (Fig. 2C). Additionally, regenerated renal tubules,

Antibody Clone Specificity Supplier

Vimentin Vo Monoclonal (mouse) Dako (Tokyo, Japan)
Cytokeratin AELI/AE3 Monoclonal (mouse) Dako (Tokyo, Japan)
Desmin D33 Monoclonal (mouse) Dako (Kyoto, Japan)
a-smooth muscle actin 1A4 Monoclonal (mouse) Dako (CA, USA)

S-100 - Polyclonal (rabbit) Dako (Tokyo, Japan)
Wilms tumor 1 6F-H2 Monoclonal (mouse) Dako (CA, USA)
CD117/c-kit - Polyclonal (rabbit) Dako (CA, USA)

p63 4A4 Monoclonal (mouse) Abcam (Cambridge, UK)
PCNA PC10 Monoclonal (mouse) Dako (Glostrup, Denmark)
Myelin protein zero - Polyclonal (rabbit) Abcam (Cambridge, UK)
p75 NGF Receptor EP1039Y Monoclonal (rabbit) Abcam (Cambridge, UK)
Neurofilament 2F11 Monoclonal (mouse) Dako (Glostrup, Denmark)
CD68 ED1 Monoclonal (mouse) Millipore (USA)

Fig. 1. Gross appearance of the kidney (A-a, A-b: cut surface), femoral subcutaneous masses I and II (B), abdominal subcutaneous mass (C),
and liver (arrow: nodule) (D). Multiple creamy-white patches and nodules were observed in the bilateral kidneys, and the cut surface of
the nodule was bulging. The femoral subcutaneous mass I appeared white-pink in color and solid, and the femoral subcutaneous mass I1
appeared creamy-white in color and soft. The abdominal subcutaneous mass appeared creamy-white in color and soft. A hepatic nodule
was observed in the left lateral lobe and appeared reddish-brown in color and bulging.
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large cystic tubules (Fig. 2D), and epithelial-like structures
that differed from the existing tubules (Fig. 2E) were ob-
served. Epithelial-like cells were characterized by cubic or
columnar cells with poorly basophilic cytoplasm, partially
exhibiting urothelium-like morphology, and few atypia and
mitotic structures, and therefore, it appears like a primitive
tubule. Mitotic structures of proliferating cells were highly
observed in the infiltrating area (Fig. 2F). No histological
transition from these epithelial-like cells to fibroblast-like,
myxoma-like, or vascular epithelial-like cells was observed.
Immunohistochemical analysis of rat renal tumors is sum-
marized in Table 2. The fibroblast-like, myxoma-like, and
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vascular endothelial-like cells were positive for vimentin
(Fig. 3A) and negative for CK AEI/AE3 (Fig. 3B), which
were considered to be derived from the mesenchyme. These
mesenchymal cells were remarkably positive for PCNA
and exhibited high proliferative activity. The fibroblast-like
and myxoma-like cells were desmin-positive (Fig. 3C) and
partially a-SMA-positive (Fig. 3D), indicating myocyte dif-
ferentiation. Additionally, some cells were S-100-positive
(Fig. 3E), and the surrounding stroma of fibroblast-like cells
appeared blue upon Masson’s trichrome staining. Moreover,
the surrounding stroma of myxoma-like cells appeared blue
upon Alcian blue staining. The fibroblast-like and myxoma-
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Fig. 2. Histology of the renal tumor. In the lesions, the proliferating spindle cells infiltrated between the pre-existing renal tubules (A). In some
areas, star-shaped cells (B) and vascular endothelium-like cells (C), large cystic tubules (D), and epithelial-like structure of different
morphology compared to the existing tubules (E) were observed. Mitotic structures of proliferating cells were highly observed in the
infiltrating area (F, arrow). Hematoxylin and eosin (H&E) staining. Bar=100 pm.
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Table 2. Immunohistochemical Analysis of Rat Renal Tumors

Antibody This case Renal mesenchymal tumor Nephroblastoma
Vimentin + + +

CK AEI/AE3 - - —/+
Desmin + —/+ —/+
a-SMA + + as

S-100 + - -

WTI1 + + +

CD117/c-kit

|
|
+

Grade signs — and + represent negative and positive, respectively.
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Fig. 3. Immunohistochemical findings of the renal tumor. The fibroblast-like cells were positive for vimentin (A) and desmin (C) and
partially positive for a-SMA (D), S-100 (E), and WT1 (F), but negative for CK AEI/AE3 (B). Basophilic epithelial-like cells
were positive for CK AEI/AE3 (B). Bar=100 pm.
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like cells were partially WT1 positive (Fig. 3F), which is an
indicator of renal mesenchymal tumors (RMT) and nephro-
blastomas in rats¢ 7. All tumor cells were CD117/c-kit-nega-
tive, indicating positivity for blastemal components in rats¢.
Conversely, the basophilic epithelial-like cells and urotheli-
um-like cells with glandular duct formation were CK AEL/
AE3-positive (Fig. 3B) and vimentin-negative (Fig. 3A), in-
dicating that they were epithelium-derived cells. Urotheli-
um-like cells were p63-positive, suggesting differentiation
into the urothelium because of their positivity as basal cells
of the urothelium®. The proliferative activity of epithelial
cells was not too high and was similar to that of the re-
maining normal renal tubules in the neoplastic lesions, and
there was no clear transition between the mesenchymal and
epithelial components, suggesting that these epithelial cells
were a part of non-neoplastic component; they were consid-
ered as reactive hyperplasia or metaplasia of the remaining
normal tubules. The renal lesions were diagnosed as RMT
based on the following proliferating characteristics: mainly
spindle cell proliferation around renal tubules and the pres-
ence of mesenchymal components consisting of a mixture
of various cells. Spontaneously occurring RMTs are rare
in rats of all agesS-1L. It is the most characteristic feature
is the absence of a neoplastic epithelial component. RMT
is frequently misdiagnosed as nephroblastoma because the
preexisting tubules often become hyperplastic and/or meta-
plastic, which is a morphology similar to that of nephroblas-
tomad 10. Differential diagnoses include nephroblastoma,
nephroblastematosis, and renal dysplasia. Nephroblastoma
in rats is generally characterized by three proliferative el-
ements: blastemic, epithelial, and stromal cells!2. 13, The
epithelial component often exhibits organoid differentiation
into primitive glomeruli and/or tubules®. Differentiation into
muscular, cartilaginous, osseous, or vascular tissues is not
generally identified in rat nephroblastoma®. 2. Nephroblas-
tematosis is considered as a precursor of nephroblastoma
and is characterized by a small, solitary, and basophilic cell
mass consisting of blast cells in the outer medulla, and is
sometimes associated with primitive tubular and glomeru-
lar structures!®: 4. The blastemal cells displace the exist-
ing renal tubules and form rosettes and alveolar structures.
Nephroblastematosis is usually grossly invisible in rats;
however, when grossly visible, it fully develops into neo-
plastic tissue, that is, nephroblastomal!4 !5. Renal dysplasia is
a developmental anomaly in the kidneys, and renal compo-
nents are often present with hypoplasia. Histologically, em-
bryonic glomerular and tubular structures are present, and
sometimes, they include mesenchymal components, such as
cartilage in the stromal6. In the present case, the masses dif-
ferentiated from nephroblastoma, nephroblastematosis, and
renal dysplasia because of its different growth patterns and
histological features.

The femoral subcutaneous mass I comprised mature
adipose tissues and islands of mammary glands and was
surrounded by fibrous capsules (Fig. 4A). The constituent
epithelium of the mammary glands was stratified and ba-
sophilic, with irregularly sized nuclei (Fig. 4B). Mitotic fig-

ures of epithelial cells were frequently observed. Mast cells
and fibroblasts were observed in the interlobular connective
tissues. The mammary epithelial cells were CK AEI/AE3-
positive (Fig. 4C) and vimentin-negative (Fig. 4D), and the
myoepithelial cells were a-SMA-positive (Fig. 4E), while
the adipose cells were vimentin-positive (Fig. 4D). In gen-
eral, mammary glands of young rats are under developed,
and the terminal bud of mammary glands (called the ter-
minal end bud: TEB) are present with stratifying epithelial
cells exhibiting high proliferative activity, particularly at
around 7 weeks of age, and these are considered as normal
structures during development!”. 18. Given the characteristic
mature adipocytes and mammary epithelial cells here, we
diagnosed it as mammary adenolipoma. Mammary adenoli-
pomas are rare tumors identified in rats!o. 20, Histologically,
such neoplasms consist of epithelial cells, mature adipo-
cytes, and fibrous tissues!®.2l. A synonym is a benign mixed
tumor (adenolipoma type). The present case exhibited simi-
lar histological characteristics.

The grossly observed femoral subcutaneous mass II
and abdominal subcutaneous mass were characterized by
diffused proliferation of mature adipocytes, which were sur-
rounded by a fibrous capsule and diagnosed as lipoma.

Lesions in the cauda equina were found incidentally
through histopathological examination, which were charac-
terized by the presence of a large nerve bundle-like structure
in the spinal cavity (Fig. 5A, arrow), and consisted mainly of
Schwann cells, fibroblasts, and perineurium cells (Fig. 5B).
Schwann cells proliferated around the normal axons and
were characterized by moderately large round nuclei with
no mitotic structures and were not associated with onion-
bulb-like structures (Fig. 5C). Spindle-shaped cells, which
seemed to be fibroblasts, proliferated in the endoneurium.
Schwann cells were S-100-positive (Fig. 5D). Schwann cells
and perineurium cells were positive for p7SNGFR (Fig. 5E).
Axons were neurofilament-positive (Fig. 5F), myelin sheaths
were PO-positive (Fig. 5G) and appeared blue upon Kliiver-
Barrera staining (Fig. SH). Most cells were negative for
PCNA, and a few macrophages were positive for CD68.
These lesions were present in the spinal cavity and exhibited
low proliferative activity, while proliferating Schwann cells
formed around myelinated nerve fibers in a bundle. There-
fore, we diagnosed the proliferating lesions as a neuroma.
Neuroma is a reactive, non-neoplastic proliferative lesion
of peripheral nerves. Histologically, it consists of prolifera-
tive Schwann cells surrounding the axons and connective
tissue, including perineurium cells22-24. Differential diagno-
ses include Schwannoma, neurofibroma, and intraneuronal
perineuroma, all of which are neoplastic lesions and charac-
terized by monotonous tumor cell proliferation, which does
not proliferate along with other cellular components, such
as Schwann cells, myelinated nerves, perineurium cells, and
fibrous connective tissue. Additionally, we diagnosed the
present case as non-traumatic neuroma, since there were no
findings suggestive of trauma, and thus, we suspected that it
may be due to some congenital genetic abnormalities, since
proliferative lesions were observed in various tissues of this
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Fig. 4. H&E (A and B) and immunohistochemical (C—E) staining of femoral subcutaneous mass I. (A) The mass comprised mature adipose tis-
sues and island of mammary glands and was surrounded by a fibrous capsule. Bar=400 um. (B) Mammary epithelial cells were stratified
and basophilic, with irregularly sized nuclei. Bar=100 pm. (C) The mammary epithelial cells were positive for CK AE1/AE3. Bar=100
um. (D) Adipose cells were positive for vimentin. Bar=100 pm. (E) Myoepithelial cells were positive for a-SMA. Bar=100 um.

young rat. There are no reports of non-traumatic neuromas
in rats; however, there are some reports in humans?23. 25. 26,
Some authors report that non-traumatic neuromas in hu-
mans are congenital due to the lack of traumatic history?2’.
A grossly observed hepatic nodule was characterized
by the massive proliferation of slightly hypertrophic hepa-
tocytes with mild compression towards the adjacent hepa-
tocytes (Fig. 6A); and these hepatocytes were similar to the
normal hepatocytes with no cellular atypia (Fig. 6B). Most
of these cells were positive for PCNA, suggesting higher
proliferative activity than the surrounding normal hepato-
cytes (Fig. 6C). Based on the above findings, we diagnosed
it as non-regenerative hepatocellular hyperplasia. Addition-

ally, many desmin- and a-SMA-positive cells, which were
considered to be Ito cells transformed into myofibroblasts,
were found to be present in the hyperplastic area. Non-re-
generative hepatocellular hyperplasia has been reported as a
spontaneous change observed in aged rats and is extremely
rare in young rats.

In this study, we report a very rare case with five pro-
liferative lesions consisting of a renal mesenchymal tumor,
mammary adenolipoma, lipoma, neuroma, and non-regen-
erative hepatocellular hyperplasia, at 7 weeks of age. It has
been reported that multiple cancers in humans are caused
by congenital genetic abnormalities?8. Although the cause of
these lesions was unclear, we believe that their occurrence
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Fig. 5. H&E (A-C) and immunohistochemical (D—H) staining of lesions in the cauda equine. (A) The lesions were characterized by the pres-
ence of a large nerve bundle-like structure in the spinal cavity (arrow). Bar=200 pm. (B) The main components were Schwann cells,
fibroblasts, and perineurium cells. Bar=100 um. (C) Schwann cells proliferated around the normal axons and were characterized by
moderately large rounded nuclei with no mitotic structures and were not associated with onion-bulb like structures. Bar=100 um. (D)
Schwann cells were positive for S-100 protein. Bar=100 pm. (E) Schwann and perineurium cells were positive for p7SNGFR. Bar=100
um. (F) Axons were positive for neurofilament. Bar=100 pm. (G and H) Myelin sheaths were PO positive (G), and appeared blue upon

Kliuver-Barrera staining (H). Bar=100 pm.

is likely due to congenital genetic abnormalities, which is
attributed to the presence of multiple proliferated lesions in
this young rat.
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Fig. 6. H&E (A and B) and immunohistochemical (C) staining of the hepatic nodule. (A and B) The hepatic nodule was characterized by the
massive proliferation of slightly hypertrophic hepatocytes with mild compression towards the adjacent hepatocytes (A-a: lesion, A-b:
normal). Moreover, they were not associated with cell atypia and were similar to the normal hepatocytes (B). Bar=100 pm.

(C) Most of these cells were positive for PCNA, suggesting higher proliferative activity than the surrounding normal hepatocytes (a: le-

sion, b: normal). Bar=100 um.
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