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Case Report

Spontaneous membranoproliferative glomerulonephritis in a young

Crl:CD-1(ICR) mouse

Tomoaki Tochitani!*, Mami Kouchi!, Yuta Fuji!, Yuka Yoshino!, and Izumi Matsumoto!

I Preclinical Research Unit, Sumitomo Dainippon Pharma Co., Ltd., 3-1-98 Kasugade-naka, Konohana-ku, Osaka 554-0022, Japan

Abstract: Here, we reported a spontaneous case of membranoproliferative glomerulonephritis observed in a young ICR mouse. A
5-week-old female mouse was euthanized owing to abdominal swelling and increased body weight. At necropsy, generalized subcuta-
neous edema, and clear, colorless, non-viscous ascites were observed. Histologically, the kidneys showed diffuse, bilateral glomerular
lesions. The lesions were characterized by thickening and double contour of the basement membrane and an increase in mesangial cells
and matrix, resulting in the narrowing of the capillary lumen. Additionally, eosinophilic hyaloid material accumulated in the subendo-
thelial areas and Bowman’s space. The material was positive for periodic acid-Schiff, complement component C3, or immunoglobulin
G, stained red by Masson’s trichrome, and stained blue by phosphotungstic acid-hematoxylin stain and was considered to be plasma
due to glomerular leakage. The glomerular lesion was diagnosed as membranoproliferative glomerulonephritis, and an uncertain endo-
thelial injury was suspected as the cause. (DOI: 10.1293/tox.2019-0081; J Toxicol Pathol 2020; 33: 177-181)
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Here, we report a spontaneous case of membranopro-
liferative glomerulonephritis (MPGN) observed in a young
Crl:CD-1 (ICR) mouse, a strain frequently used in toxicity
studies.

A 5-week-old female ICR mouse was received from the
Charles River Laboratories Japan, Inc. (Kanagawa, Japan)
and placed in quarantine. Two days after receipt, the animal
presented with abdominal swelling and a marked increase
in body weight (from 21.9 g at receipt to 28.0 g). Therefore,
3 days after the receipt, the animal was euthanized by ex-
sanguination from the axillary artery and vein under isoflu-
rane anesthesia and necropsied. The procedures for animal
care and housing were in compliance with the institutional
guidelines for the care and use of laboratory animals.

Blood biochemical tests were performed using se-
rum sampled at necropsy. For histopathological examina-
tion, the kidneys, adrenal glands, heart, liver, lung, skel-
etal muscle, and spleen were fixed in 10% neutral buffered
formalin, paraffin-embedded, sectioned, and stained with
hematoxylin and eosin (HE). Additionally, kidneys sec-
tions were stained with periodic acid-Schiff (PAS), peri-
odic acid-methenamine-silver (PAM), Masson’s trichrome
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(MTC), phosphotungstic acid-hematoxylin (PTAH), and
direct fast scarlet (DFS) methods. For immunohistochem-
istry, kidneys sections were subjected to a labeled polymer
method using the Histofine MOUSESTAIN KIT or Simple
Stain Mouse MAX-PO (Nichirei Biosciences Inc., Tokyo,
Japan) for antibodies against CD31 (product No.: ab28364;
prediluted; Abcam, Cambridge, UK), smooth muscle actin
(SMA; clone: 1A4; product No.: M0851; prediluted; Dako,
Glostrup, Denmark) and C3 (clone: EPR19394; product No.:
ab200999; 1:1000; Abcam), or directly against endogenous
mouse immunoglobulin G (IgG), and were counterstained
with hematoxylin. The validity of the positive staining was
assessed using negative control slides, in which the pri-
mary antibodies were substituted with antibody diluents.
For electron microscopic examination, small pieces of the
kidney fixed in neutral buffered 10% formalin were refixed
in 2.5% glutaraldehyde, postfixed in 1% osmium tetroxide,
and routinely embedded in Epon resin. Ultrathin sections of
the selected areas were prepared, contrasted with hafnium
chloride and lead citrate, and examined using an HT7700
transmission electron microscope (Hitachi High-Technolo-
gies Corp., Tokyo, Japan).

At necropsy, generalized subcutaneous edema, and
clear, colorless, non-viscous ascites were observed. Blood
biochemical tests revealed low levels of total protein, albu-
min, and calcium, as well as high levels of blood urea ni-
trogen, total cholesterol, triglycerides, phospholipids, phos-
phorus, and potassium (Table 1).

Histologically, bilateral and diffuse glomerular lesions
were observed. The capillary walls were thickened, and the
mesangial area was expanded, resulting in narrowing of the
capillary lumen (Fig. 1A). Along the capillary walls or with-
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in the Bowman’s space, eosinophilic hyaloid material was  ening of the basal membrane were observed. The thickened
accumulated. Furthermore, in some Bowman’s capsules,  capillary walls, expanded mesangial areas, and accumulat-
swelling or basophilia of parietal epithelial cells and thick-  ed material along the capillary walls and in the Bowman’s

Table 1. Blood Biochemistry

Normal mice

Parameters Unit Present case

Mean SD
Total protein g/dL 2.5 4.8 0.1
Albumin g/dL 0.8 1.6 0
Albumin/Globulin 0.47 0.5 0.02
Blood urea nitrogen mg/dL 161 19 6
Creatinine mg/dL 0.2 0.1 0
Glucose mg/dL 201 234 18
Total cholesterol mg/dL 232 84 7
Triglyceride mg/dL 272 81 31
Phospholipid mg/dL 344 159 18
Phosphorus mg/dL 16.8 49 0.2
Calcium mg/dL 32 9.4 0.2
Sodium mEq/L 152 150 2
Potassium mEq/L 7.1 4.2 0.2
Chloride mEq/L 113 115 2

aThe results for normal mice are obtained from 8-week-old female Crl:CD-1 (ICR) mice (N=3) of the same lot
as the present case that was assigned to a toxicity study and were dosed with vehicle (0.5% methylcellulose
water solution) by oral gavage once daily for 2 weeks. SD, standard deviation.

Fig. 1. HE- and special-stain images of the glomeruli. (A) Capillary walls thicken and the mesangial area is expanded resulting in narrowing of
the capillary lumen. Within the Bowman’s space, eosinophilic hyaloid material is accumulated (arrow). Also, in the Bowman’s capsule,
swelling or basophilia of parietal epithelial cells can be observed. HE. (B) The thickened capillary tufts and expanded mesangial areas
are positive for periodic acid-Schiff (PAS). (C) The collapse of tufts, thickening and double contour of the basement membrane (arrow-
heads) and increase of mesangial cells and matrix can be seen. The hyaloid material is negative for periodic acid-methenamine-silver
(PAM) and observed in subendothelial areas (arrow). PAM. (D) The hyaloid material in subendothelial areas (arrows) and Bowman’s
space (arrowhead) is stained red by Masson’s trichrome (MTC).
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space were all positive for PAS (Fig. 1B). The PAM stain
revealed collapsed tufts, thickening and double contour of
the basement membrane, and an increase in mesangial cells
and matrix (Fig. 1C). The hyaloid material was negative for
PAM and was observed in subendothelial areas. Red blood
cells were sometimes observed in the mesangial areas or be-
tween the double-contoured basement membrane. The hya-
loid material was stained red by MTC (Fig. 1D), stained blue
by PTAH, and was negative for DFS.

Immunohistochemistry for CD31 confirmed the nar-
rowing of the capillary lumen (Fig. 2A). Furthermore, in-
creased expression of SMA was observed in the mesangial
and subendothelial areas, suggesting activation, prolifera-
tion, and interposition of mesangial cells (Fig. 2B). The hya-
loid material was generally positive for IgG (Fig. 2C) and
C3 (Fig. 2D); it was negative for IgG in the subendothelial
areas.

Electron microscopically, amorphous, electron-
dense deposits were observed in the subendothelial areas
(Fig. 3A and B).

In the kidneys, other than in the glomeruli, tubular ba-
sophilia mainly in the cortex, as well as minimal tubular
vacuolation and hyaline cast were observed. No remarkable
changes were observed in the blood vessels and interstitium.
Other than in the kidneys, only minimal arteritis in the

heart, and minimal to mild extramedullary hematopoiesis
in the adrenal glands and spleen were observed.

The glomerular lesion was diagnosed as MPGN based
on histological characteristics such as basement membrane
thickening and mesangial cell proliferation, according
to INHAND!. Accumulation of hyaloid material is also a
characteristic of hyaline glomerulopathy; however, unlike
in the present case, in hyaline glomerulopathy, mesangial
proliferation is usually not observed, and hyaloid material
is ultrastructurally observed as microtubular or fibrillary
structures?.

MPGN is a light microscopic pattern of injury that can
be caused by several diseases, and detailed morphological
characteristics such as the presence and location of immune
complex deposits are important to investigate the cause of
MPGN3. In the present case, the accumulation of hyaloid
material was characteristically observed in the glomeruli.
The special stains and immunohistochemical evaluations
suggested that this material included plasma proteins such as
fibrin, IgG, and C3. Additionally, this material was observed
in the subendothelial areas and Bowman’s space, while it
was not obvious in the basement membrane or subepithelial
areas. Therefore, the material was deemed as plasma due to
glomerular leakage, rather than immune complex deposits.
Reportedly, similar lesions, called insudative lesions, can be

Fig. 2. Immunohistochemistry for CD31 (A), smooth muscle actin (SMA; B), IgG (C), and C3 (D). Capillary lumen is narrowed, while SMA
expression is increased in the mesangial and subendothelial areas. The material accumulated in the Bowman’s space, as well as plasma
in the capillary lumen, is positive for IgG, while the capillary walls are negative. On the other hand, the material in both the Bowman’s

space and subendothelial areas (arrowheads) is positive for C3.
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Fig. 3. Electron microscopy of the glomeruli. (A) Electron dense material can be observed along the capillary wall (arrow). Bar=50 um.
(B) Higher magnification of (A). The electron dense material can be observed in the subendothelial area. Relatively electron-lucent,
irregularly-shaped material can also be seen (arrow). The basement membrane is indicated by the arrowheads. Bar=5 pm.

observed in glomerular diseases such as diabetic nephropa-
thy and thrombotic microangiopathy# 5, and an association
with endothelial injuries has been suggested®. Furthermore,
chronic endothelial injury can demonstrate the MPGN pat-
tern without immune complex deposits3: 7. Thus, in the pres-
ent case, an uncertain endothelial injury was suspected as
the cause of MPGN. It has been reported that the loss of vas-
cular endothelial growth factor (VEGF) in podocytes leads
to endothelial injury and thrombotic angiopathy in miceS.
However, in the present case, changes in VEGF expression
could not be demonstrated using immunohistochemistry
(data not shown), and the possible mechanism of endothelial
injury was unknown. Moreover, the relationship between
glomerular lesions and minimal arteritis in the heart re-
mained uncertain.

In mice, spontaneous MPGN has been reported in
mice deficient in factor H (FH), the principal inhibitor of
the alternative pathway of the complement system®. How-
ever, the glomerular lesion in FH-deficient mice is distinct
from the present case and is characterized by global deposi-
tion of C3 along the capillary wall; and insudative lesions
have not been reported in FH-deficient mice. Additionally,
a mutant strain ICR-derived glomerulonephritis (ICGN)
mouse spontaneously develops nonproliferative glomerular
lesions accompanied by hypoproteinemia and hypercholes-
terolemia as early as 40 days of age!0. The glomerular lesion
in ICGN can be distinguished from the present case by the
absence of mesangial cell proliferation even in the terminal
stage and presence of spike-like protrusions in the base-
ment membrane, with deposition of immunoglobulin along
the capillary wall. Furthermore, spontaneous glomerular
lesions have been reported in a 33-day-old female and an
8-week-old male ICR mice!! 12, and the morphological char-
acteristics are similar to those in the present case, including
capillary wall thickening, the double contour of the base-
ment membrane, and subendothelial accumulation of hya-
loid material or plasma component negative for Congo red.
Although some differences have been observed such as in

the presence of hypoproteinemia, mesangial proliferation,
or stainability of accumulated material for immunoglobu-
lins and C3, this could be reflective the difference in the dis-
ease stages.

Here, we presented a spontaneous case of MPGN ob-
served in a young ICR mouse. Though further research is
needed to clarify the incidence and pathogenesis of sponta-
neous MPGN in young ICR mice, we believe that this report
could provide relevant information for pathological exami-
nations in toxicity studies.
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