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Histopathology of spontaneous lesions in FVB/N mice
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Abstract: The FVB/N mouse strain is widely used in transgenic studies and as a model for autoimmune diseases. Although sponta-
neous lesions have been reported in aged FVB/N mice, information regarding younger FVB/N mice is lacking. This study aimed to
investigate the spontaneous lesions in young FVB/N mice. Ten males and 10 females were necropsied at 10 and 26 weeks of age. All
tissues were fixed in 10% neutral-buffered formalin, embedded in paraffin, and stained with hematoxylin and eosin. Histopathologi-
cal examination revealed atrophy of the outer retina in all mice of both ages, with atrophy of the inner nuclear layer at 26 weeks. This
ocular lesion is consistent with an autosomal recessive disorder in FVB/N mice. Decreased cellularity in the epiphyseal cartilage plate,
reduced bone in the primary spongiosa of the femur, increased cellularity of lymphocytes in the thymus, dilatation of ducts in the
mammary glands, and foveolar hyperplasia in the stomach were observed, all of which were indicative of age-related changes. These
findings provide valuable background data for future studies using FVB/N mice. (DOI: 10.1293/tox.2024-0027; J Toxicol Pathol 2025;

38: 43-48)
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Introduction

FVB/N mice are widely used for transgenic studies be-
cause they produce many litters and their eggs have large
prominent pronuclei'. This mouse strain is also used as a
model for autoimmune diseases®* and neurobiology”.

Spontaneous lesions have been reported in FVB/N
mice aged 14 and 24 months. Alveolar-bronchiolar tumors
were the most common neoplastic lesion, with a higher in-
cidence than in other strains. Non-neoplastic lesions are
characterized by chronic nephropathy, mononuclear cell in-
filtration in various tissues, and atrophic and degenerative
changes in the ovaries, testes, and adrenal glands®. How-
ever, information on spontaneous lesions in young FVB/N
mice is lacking. In transgenic studies, transgene-induced
changes should be distinguished from background lesions
in the original strain. The purpose of the present study was
to identify spontaneous lesions in FVB/N mice aged 10 and
26 weeks old. The background data provided in this study
can lead to a more insightful interpretation of the results of
future transgenic studies using FVB/N mice.
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Materials and Methods

All animals were handled in accordance with the Guide
for the Care and Use of Laboratory Animals at Chugai Phar-
maceutical Co., Ltd., and all experimental protocols were
approved by the Institutional Animal Care and Use Com-
mittee.

Forty, five-week-old FVB/NJcl mice (20 males and 20
females) were obtained from CLEA Japan, Inc. (Tokyo, Ja-
pan). Ten males and 10 females were necropsied at 10 and
26 weeks of age.

The mice were housed by group in mesh cages in a
room maintained at 20 to 26°C, 30 to 70% humidity, 10
times/h air changes, with a 12-hour light dark cycle. The
mice had free access to commercially available food (CRF-
1, Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water.
The mice were euthanized by exsanguination under anes-
thesia and blood and tissues were collected. Urine was col-
lected within one week of necropsy.

Hematology, blood chemistry, and urinalysis

The following parameters were measured at each
necropsy timepoint; red blood cell (RBC) count, hemoglo-
bin (HGB), hematocrit (HCT), mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean cor-
puscular hemoglobin concentration (MCHC), reticulocyte
(RETIC), platelet (PLT) count, white blood cell (WBC)
count and leukocyte differential of neutrophil (NEUT), lym-
phocyte (LYMPH), monocyte (MONO), eosinophil (EOS),
and basophil (BASO) by blood (Automatic hematology ana-
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lyzer XT-20001V, Sysmex Corporation, Hyogo, Japan); as-
partate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), glutamate dehydroge-
nase (GLDH)), lactate dehydrogenase (LD), creatinine kinase
(CK), total bilirubin (TBIL), total bile acid (TBA), urea ni-
trogen (UN), creatinine (CRE), glucose (GLUC), total cho-
lesterol (TC), triglyceride (TG), total protein (TP), albumin
(ALB), inorganic phosphorus (IP), calcium (Ca), sodium
(Na), potassium (K), and chloride (Cl), and albumin/globu-
lin (A/G) ratio by plasma (Automatic analyzer TBA-120FR,
Canon Medical Systems Corporation, Tochigi, Japan); urine
volume in 24-hour urine, sodium (Na), potassium (K), chlo-
ride (Cl), glucose (GLUC), and total protein (TP) by urine
(Automatic analyzer TBA-120FR, Canon Medical Systems
Corporation, Tochigi, Japan).

Histopathological examination

The organs/tissues collected at necropsy were fixed in
10% neutral buffered formalin, which included the aorta,
bone, and bone marrow of the femur, brain, eye, gallbladder,
heart, small and large intestine, kidney, liver, lung, mam-
mary gland, mesenteric lymph node, skeletal muscle, optic
nerve, pancreas, sciatic nerve, skin, spleen, stomach, and
thymus were processed, embedded in paraffin, sectioned,
and stained with hematoxylin and eosin (HE) for histopath-
ological examination.

Results and Discussion

The hematology, blood chemistry, and urinalysis re-
sults are summarized in Tables 1— 3. The WBC count at
26 weeks of age was lower than at 10 weeks of age, mainly
due to a decrease in lymphocytes (Table 1). The lympho-
cytes count is known to decrease with aging’. The decrease
in lymphocytes may affect the WBC count more signifi-
cantly in this strain, as the percentage of lymphocytes in
the WBC count is higher in FVB/N mice (Table 1) than in

Fig. 1. Atrophy of outer retina in the eye. 10-week-old female FVB/N
mouse. Bar=50 pm.

normal mice’. Blood chemistry results showed that the ALT
and AST levels were higher in 10-week-old males than in
the other groups (Table 2), which was attributed to the very
high levels in a single mouse (ALT, 780 U/L; AST, 264 U/L);
however, there were no significant histopathological find-
ings in the liver in this mouse.

Histopathological examination revealed lesions in the
eye, femur, thymus, mammary gland, spleen, kidney, liver,
and lung at 10 and 26 weeks of age, and in the stomach at 26
weeks of age (Table 4).

Strain-specific findings

In the eyes, atrophy of the outer retina (Fig. 1) was ob-
served in all mice of both ages, and atrophy of the inner
nuclear layer (Fig. 2) was observed in all mice at 26 weeks
of age. Retinal atrophy in FVB/N mice is reported as an
autosomal recessive disorder exhibiting rapid degeneration
of photoreceptors by postnatal day 35. In that study, the in-
ner nuclear layer maintained its thickness at postnatal day
35, but a clear decrease was observed at 6 months of age’.
Retinal atrophic lesions similar to those reported previous-
ly” were identified in the present study. Atrophy of the inner
nuclear layer was evident at 26 weeks but not at 10 weeks.
Thus, our investigation also supported this manner of pro-
gression of retinal atrophy in this mouse strain, over time.

Age-related findings

In the femur, decreased cellularity in the epiphyseal
cartilage plate (Fig. 3) was observed at 10 and 26 weeks of
age, and the incidence increased with age. The hypertrophic
zone was the most affected, and all zones were irregularly
arranged, consistent with growth plate senescence®. A de-
creased bone area in the primary spongiosa (Fig. 4) was ob-
served at 26 weeks of age. We were unable to find articles on
the pathogenesis of the decreased bone area in the primary
spongiosa of mice. In rats, decreased trabeculae has been

reported as an age-related lesion’.

Fig. 2. Atrophy of inner nuclear layer in the eye. 26-week-old female
FVB/N mouse. Bar=50 pm.
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Table 4. Number of Histopathological Findings in FVB/N Mice
10 weeks old 26 weeks old

Findings Male Female Male Female
(n=10) (n=10) (n=10) (n=10)

Eye

Atrophy of outer retina 10 10 10 10

Atrophy of inner nuclear layer 0 0 10 10
Femur

Decreased cellularity in 7 9 10 10

epiphyseal cartage plate

Decreased bone in primary spongiosa 0 0 10 6
Kidney

Tubular hypertrophy 2 1 2 3

Mononuclear cell infiltration 2 1 3 1
Liver

Focal necrosis 1 0 2 3
Lung

Mononuclear cell infiltration in 1 1 4 0

perivascular/vascular intima
Mammary gland

Dilatation of duct NE 4 NE 10
Spleen

Brown pigment 10 10 10 10
Stomach

Foveolar hyperplasia 0 0 7 7
Thymus

Increased cellularity of lymphocyte in 6 5 8 10

medulla

NE: not examined.

Fig. 3. Decreased cellularity in the epiphyseal cartilage plate in
the femur of a 26-week-old male FVB/N mouse (left), com-
pared with that of a 10-week-old male FVB/N mouse (right).
Bar=100 pm.

Fig. 4. Decreased bone area in the primary spongiosa in the femur of
a 26-week-old male FVB/N mouse (left), compared with that
of a 10-week-old male FVB/N mouse (right). Bar=500 um.

In the thymus, increased cellularity of lymphocytes in
the medulla (focal medullary B-cell hyperplasia) (Fig. 5)
was observed in approximately 50% of mice at 10 weeks
of age, and the incidence increased to almost 100% at 26
weeks of age. This lesion is associated with age-related
involution'’. Atypical hyperplasia is reported to be a pre-
neoplastic lesion in chemically treated or p53 knockout mice

Fig. 5. Increased cellularity of lymphocytes in the medulla in the thy-
mus of a 26-week-old female FVB/N mouse (left), compared
with that of a 10-week-old female FVB/N mouse (right). In-
sert: higher magnification of the lymphocytes of a 26-week-
old female FVB/N mouse. Bar=250 pum.

and is one of the differential diagnoses of increased cellu-
larity. It consists of large and atypical lymphocytes and a
variable cell population'’. In the thymus, there was no cel-
lular atypia in the increased lymphocytes. A previous study
reported absence of lymphocytic tumors in FVB/N mice
up to 14 months of age®. Therefore, increased lymphocyte
cellularity in the medulla was deemed to be an age-related
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Fig. 6. Dilatation of ducts in the mammary gland. 26-week-old fe-

male FVB/N mouse. Bar=500 pum.

Fig. 7. Foveolar hyperplasia in the stomach (arrowheads). Insert:
higher magnification of the surface mucous cells. 26-week-old
male FVB/N mouse. Bar=250 pm.

Fig. 8. Brown pigmentation in the red pulp in the spleen. 26-week-old

female FVB/N mouse. Bar=100 um.

non-neoplastic change.

In the mammary glands of female mice, duct dilatation
(Fig. 6) was observed in 40% of mice at 10 weeks of age and
the incidence increased to 100% of mice at 26 weeks of age.
Duct dilatation is an age-related condition associated with
mammary gland hyperplasia and metaplasia''.

In the stomach, foveolar hyperplasia (Fig. 7) was ob-
served in 70% of mice at 26 weeks of age, but not at 10
weeks of age. This lesion was composed of hyperplastic
surface mucous cells containing abundant mucus. The pro-
portion of gastric glands decreased due to surface mucous
cell expansion, which resembled foveolar hyperplasia. In
foveolar hyperplasia, surface mucous cells expand because
progenitor cells in the isthmus proliferate, caused by an in-
creased gastrin level'”.

Fig. 9. Tubular hypertrophy in the kidney (arrowheads). 26-week-old
male FVB/N mouse. Bar=100 um.

Other findings

The following findings were observed in the FVB/N
mice at 10 and 26 weeks of age. In the spleen, all mice had
brown pigmentation of the red pulp (Fig. 8). The pigmen-
tation may be hemosiderin, lipofuscin, or melanin. In par-
ticular, hemosiderin accumulates in the spleen and bone
marrow of aged mice during erythropoiesis'®. The brown
pigment in the red pulp observed in the present study was
most likely to be hemosiderin. In the kidney, tubular hyper-
trophy (Fig. 9) and infiltration of mononuclear cells into the
suburothelium were observed in some mice. Focal necrosis
in the liver (Fig. 10) and mononuclear cell infiltration in the
lung with distribution to the perivascular areas and vascular
intima (Fig. 11) were observed in some mice.
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Fig. 10. Focal necrosis in the liver. 26-week-old female FVB/N mouse.
Bar=250 pm.

Conclusion

Histopathological examination of younger FVB/N
mice revealed strain-specific findings in the eye; age-related
findings in the femur, thymus, mammary gland, and stom-
ach; and other findings in the spleen, kidney, liver, and lung.
These findings provide valuable background data for future
studies using FVB/N mice.
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