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Lesions of Renal Glomeruli in Mice with Virus-Induced Diabetes Mellitus-Like Disease
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Summary. Encephalomyocarditis (EMC) virus infected
DBA/2 mice develop a diabetes mellitus-like disease.
Many animals survive the acute viral infection and ex-
hibit hyperglycemia and glycosuria for varying periods
thercafter. Accumulations of homogeneous, electron
dense, bagsement membrane-like material are observed in
the mesangium of the glomerulus of these animals as
carly as threo months after inoculation. The peripheral
capillary basement membranes are not affected. Since the

A diabetes mellitus-like disease develops in mice
infected with the “M” wvariant of the encephalomyo-
carditis (EMC) virus. Its physiologic and pathologic
features as well as the results of virologic studies on
infected mice of the CD-1 Swiss strain have been
described in previous publications from this laboratory
[2, 4]. Accordingly, only the salient features of the
experimentally induced disease will be summarized
here.

In brief, hyperglycemia and glycosuria appear in
infected animals approximately four days after the
inoculation of EMC virus. Low levels of plasma and
pancreatic immunologically reactive insulin are found
during the acute stages of the infection and large
amounts of virus are recovered from the pancreas. The
infection persists for about 10 days during which time
approximately 15 to 309, of the animals die. A few
survive for prolonged periods of time with hyper-
glycemia and glycosuria. Although the majority appear
to recover and exhibit a seemingly normal metabolic
state, many of these animals manifest abnormal
glucose tolerance.

The pathogenesis of diabetic glomerulosclerosis in
man is obscure. It is unclear whether the lesion is a
direct effect of hyperglycemia or the consequent
glycosuria, or is a manifestation of more subtle meta-
bolic alterations. The present study was undertaken to
determine if glomerular changes comparable to the
human lesion develop in kidneys of mice with the
chronic, virus-induced, diabetes mellitus-like digease.
In this investigation DBA/2 mice were used inasmuch
as the incidence of chronic diabetes developing in
animals of this strain is relatively high after infection
with the “M” varient of EMC.

Material and Methods

Twelve to 18 week-old, male DBA/2 mice (Microbio-
logical Associates Inc., Walkersville, Maryland) were
inoculated by the subcutaneous route with 10 to 100 PFU
of the “M”’ variant of EMC virus. Animals of a similar age

alterations are not found in uninfected animals, it is
assumed that the abnormal metabolic state or the virus
infection, or both processes, are responsible for the
glomerular changes. Further investigation will be required
to elucidate the pathogenesis of this obscure lesion.

Key words : Encephalomyocarditis virus, Virus-induced
diabetes, Diabetic renal lesion.

and sex were inoculated with virus diluent and used as
controls. All animals were housed in individual cages and
offered water and Purina Lab Chow (protein > 239,
Fat >4.59, fiber <69%) ad Libitum.

The amounts of glucose in the blood were determined
by the glucose oxidase method [13] on specimens obtained
from the retroorbital sinus before and three weeks after
inoculation. Urine glucose was measured semiquantita-
tively at daily intervals during the acute stage of the
infection and twice weekly thereafter using commerecially-
supplied paper strips impregnated with glucose oxidase
and a chromogen indicator (Labstix, Ames Co.). Details
of our virological and biochemical techniques have been
described in previous publications [2]. :

Twelve infected mice from four separate experiments
were selected for morphological studies 2.5 to 4.5 months
after virus inoculation. These animals were hyperglycemic
three weeks after infection. Eleven of the 12 exhibited
glycosuria, over the total period of observation; the

- remaining animal was intermittently glycosuric. One or

more uninfected animals from each experiment served as
controls.

After light ether anesthesia and cervical disarticula-
tion the kidneys were removed from infected and control
animals and immersed in 49, glutaraldehyde, buffered
with 0.1 M cacodylate-HCl. They then were minced and
fixed overnight. After rinsing in three changes of buffer,
the tissues were post-fixed in 1 per cent osmium tetroxide
in 0.1 M cacodylate buffer, washed in saline, dehydrated
in graded alcohols and propylene oxide, and embedded
in Epon 812. One micron sections were stained with a
mixture of 1% azure blue and 1%, methylene blue or by
the periodic acid-methenamine silver method [6]. Thin
sections wore studied in a Philips 300 electron microscope
after staining with uranyl acetate and lead citrate.

Basement membrane thickness was determined by
obtaining the means of 70 measurements at random points
along the peripheral glomerular capillaries, generally
following the procedure described by Hansen [5].

Tissues also were fixed in phosphate buffered para-
formaldehyde and embedded in paraffin. Five micron
thick sections were stained with hematoxylin and eosin
or the periodic acid-Schiff reagents.

Results

Table 1 summarizes pertinent data on the mice
selected for this study.
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Electron microscopic examination of glomeruli
from the 12 infected animals revealed accumulations
of homogeneous electron dense material within the
mesangia (Fig. 1). This intercellular material exhibited
a fibrillar background and an electron density similar
to the lamina densa of the basement membrane (Fig. 2).
At several sites the deposits were in direct continuity
with the basement membrane of the glomerulus. In
these areas the lamina rarae internae of the basement
membrane was obscured by the deposits. The lamina
rarae externae was preserved and the foot processes of
the epithelial cells did not extend to the laminae densa.

The amounts of amorphous material in the glomer-
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structure of both the endothelial and epithelial cells
appeared normal. The peripheral glomerular basement
membrane was not increased in thickness; its cross
sectional width ranged from 75 to 200 nm in both
infected and uninfected animals.

The morphologic features of the glomeruli of the
(057 BL/KsJ and the spiny strains of mice have been
recorded in recent publications [9, 11]. Since the
glomeruli of our uninfected DBA/2 animals appeared
similar (Fig. 4), they will not be described further here.
It is of interest, however, that two glomeruli in the
kidneys of our control animals exhibited localized
accumulations of matrix material (Table 1).

Table 1
Age at Non-fasting Glomerular
. . p blood glucose Chronic  mesangial lesions Number
Experiment  Vir Inocula-  Sacrifi 8 . g .
Xpermen inotlzlljlate d tincu (;gl(;lksc)e (mg/100 ml) glycosuria (11\Tumbef. of glome}mlcl1
(weeks) Pre-infec- 21 days glomeruli) eXBIMIMe
tion 0 4+ +4+++
A 1 Yes 13 24 132 393 +2 1c 1 3 5
2 Yes 13 24 108 480 + i 3 1 5
3 No 13 24 97 125 0 4 1 0 5
B 4 Yes 14 27 97 435 + 2 2 1 5
5 Yes 14 27 97 252 + 3 1 1 5
6 No 14 27 100 117 0 5 0 0 5
c 7 Yes 18 31 88 355 - 3 1 1 5
8 Yes 18 31 138 345 -+ 3 0 2 5
9 Yes 18 31 145 330 + 3 1 1 5
10 Yes 18 31 122 307 + 2 2 1 5
11 Yes 18 31 175 400 + 1 2 2 5
12 No 18 31 152 143 0 5 0 0 5
D 13 Yes 17 34 72 340 -+ 0 0 5 5
14 Yes 17 34 93 456 + 1 2 2 5
15 Yes 17 34 125 176 +P 2 1 2 5
16 No 17 34 130 116 0 4 1 0 5
17 No 17 34 110 132 0 5 0 0 5

a — (lycosuria occurred from the fourth day after inoculation until the time of sacrifice.
b _ Glycosuria oceurred from the fourth day after inoculation to the seventh week, then at intervals thereafter.
¢ — Evaluation of the severity of the lesion was based upon the amounts of amorphous material deposited and extent

of mesangial distortion:

0 = Material not increased or increased minimally.
+ 4 = Material increased, but mesangial width normal.
4+ + + = Material markedly increased resulting in an increase in mesangial width.

uli of mice with glycosuria varied (Table 1). In some,
the deposits were extensive, resulting in an increase in
the width of the mesangium. The mesangial cells were
somewhat obscured in these lesions. In other glomeruli
the width of the mesangium was normal even though
the amount of mesangial matrix was increased. The
deposits reacted with the silver of the periodic acid-
methenamine silver stain in a fashion similar to the
basement membranes (Fig. 3), suggesting that it was
comprised, at least in part, of glycoproteins. Unin-
volved glomeruli occasionally were found in kidneys of
diabetic animals (Table 1).

Cellular changes other than displacement of

mesangial cells were not found within the glomeruli of
mice with the virus-induced diabetes (Fig. 1). The

Discussion

The lesions in the renal glomeruli of mice with the
chronic virus-induced diabetes mellitus-like disease
characteristically consisted of intercellular deposits of
amorphous electron-dense material in the mesangium.
In many glomeruli the newly accumulated substance
was sufficiently prominent to cause a marked thick-
ening of the mesangium. Despite the presence of these
alterations, basement membrane thickening of the
glomerular capillaries was not evident. It is worthy of
note that the animals included in this preliminary
investigation were sacrificed only a few months after
the onset of diabetes. Clearly, the natural history of the
renal lesions will require detailed prospective study
over the lifetime of these animals.
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It should be emphasized that the animals with the
glomerular lesions sustained an acute, disseminated
viral infection concomitant with the development of
diabetes. It is unclear at present whether or not
lesions could develop as a consequence of EMC virus
infection of glomerular cells. Thus far, we have failed
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glomerular capillaries of adult mice during the acute
stages of EMC infection [10]. Detailed virologic and
immunologic studies of the renal glomeruli in mice
infected with EMC virus are needed if we are to
develop an understanding of the pathogenesis of the
lesion described here,

Fig. 1. Glomerulus of mouse with diabetes mellitus-like disease, sacrificed at 34 weeks of age. The mesangial width

has increased due to the accumulation of homogenous electron dense material (D) within the mesangium. Cytoplasmic

fragments (C) of the mesangial cell are scattered irregularly through the material. Endothelial (E) and epithelial (P)
cell morphology is normal. Fusion of foot processes is not evident (X 5600)

to demonstrate viral replication in the renal parench-
yma and ultrastructural alterations have not been
found in preliminary studies of the glomeruli in our
acutely-infected animals [7]. On the other hand,
Nakamura, using fluorescence microscopy, demon-
strated the deposition of immune complexes in the

Previous investigators have shown that aging of
the laboratory mouse is associated with thickening of
the renal capillary basement membrane, changes in the
number and size of mesangial cells, and the presence of
increased amounts of matrix and collagen in the
mesangium [9, 11]. In these studies mice as old as
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36 months were examined [11]. The oldest mice in- the glomeruli, was excluded by the ultrastructural
cluded in this investigation were 8.5 months of age, a  appearance of the material and the lack of birefring-
likely explanation for the infrequent presence of ence with the alkaline congo red stain [3].

Fig. 2. Glomerulus of mouse with diabetes mellitus-like disease, sacrificed at 34 weeks of age. At scattered sites the

mesangial deposits are continuous with the basement membrane, The deposits (D) have an electron density similar to

the lamina densa (d) of the basement membrane, but a fibrillar texture is evident at several foei (arrow). At the site

of apparent fusion, the lamina rarae interna is indistinet (F). In other areas, particularly the peripheral basement

membrane, the lamina rarae interna (i) is evident. The lamina rarae externa (e) has been preserved throughout and
the foot processes are embedded within it (X 28 000)

alterations attributable to aging in the kidneys of Glomerular lesions similar to those described here
uninfected control animals. Renal amyloidosis, another  have been reported in dogs treated with alloxan [1], and
process characterized by homogeneous deposits within  in Chinese hamsters with naturally-occurring diabetes
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mellitus [12]. The renal lesions in the C57 BL/Ks-db/db  in non-diabetic mice, it has been suggested that me-
[9] and the diabetic spiny mice [11] are of particular tabolic alterations associated with the diabetic state ac-
interest. They consist of a diffuse, although minimal, celerate the aging process within the glomeruli [9].

Fig. 3. Glomerulus of mouse with the diabetes-like disease, sacrificed 31 weeks of age. The mesangial deposits in the
glomeruli react with the silver of the periodic acidmethenamine silver in & manner similar to the basement membrane.
Paraformaldehyde fixation (x 960)

thickening of the basement membrane as well ag an in- By light microscopy the early glomerular lesion in
crease in the amount of mesangial matrix and collagen.  patients with diabetes mellitus consist of deposits of
Since these alterations are similar to the aging changes  hyaline-like material, either within the mesangium, or
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at more peripheral locations in the glomerulus [8]. Acknowledgements. This research was supported by
This lesion is found in glomeruli that do not exhibit an gst PulbIhc Healthf ie’{vme Grant AL 00118 from the
increase in peripheral basement membrane thickness. ational Institute of Allergy and Infectious Diseases.

Fig. 4. Glomerulus of uninfected mouse, sacrificed at 34 weeks of age. The mesangium is enclosed by the basement
membrane (bm) or capillary endothelial cells (E). The amount of mesangial matrix (M) varied somewhat (x 14280)
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