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Summary. Eneephalomyocardi t is  (EMC) virus infected 
DBA/2 mice develop a diabetes mellitus-like disease. 
Many animals survive the acute viral  infection and ex- 
hibi t  hyperglycemia and glyeosuria for varying periods 
thereafter.  Aeemnulat ions of homogeneous, electron 
dense, basement membrane-l ike mater ia l  are observed in 
the mesangium of the  glomerulus of these animals as 
early as three months after inoculation. The peripheral 
capillary basement membranes are not affected. Since the 

alterat ions are not  found in ~minfected animals, i t  is 
assumed tha t  the abnormal metabolie state or the virus 
infection, or both  processes, are responsible for the 
glomerular changes. Fur ther  investigation will be required 
to elucidate the pathogenesis of this  obscure lesion. 
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A d iabe tes  mel l i tus- l ike  disease develops in mice 
infected wi th  the  "M"  v a r i a n t  of the  eneephalomyo-  
cardi t i s  (EMC) virus.  I t s  physiologic  and  pa thologic  
fea tures  as well as the  resul ts  of virologic s tudies  on 
infected mice of the  CD-1 Swiss s t ra in  have  been 
descr ibed in previous  publ ica t ions  f rom this  l a b o r a t o r y  
[2, 4]. Accordingly ,  only  the  sal ient  fea tures  of the  
expe r imen ta l ly  induced  disease will  be summar ized  
here. 

I n  brief,  hype rg lycemia  and  glyoosuria  appea r  in 
infected animals  a p p r o x i m a t e l y  four days  af te r  the  
inocula t ion  of EMC virus.  Low levels of p l a sma  and  
pancrea t i c  immunologiea l ly  reac t ive  insul in are found  
dur ing  the  acute  s tages of the  infect ion and  large 
amount s  of v i rus  are recovered  f rom the  pancreas .  The 
infect ion persis ts  for a b o u t  10 days  dur ing  which t ime  
a p p r o x i m a t e l y  15 to  30% of the  animals  die. A few 
survive for pro longed  per iods  of t ime  wi th  hyper -  
g lycemia  and  glyeosuria.  Al though  the  m a j o r i t y  appea r  
to recover  and  exhib i t  a seemingly  no rma l  metabo l ic  
stat~, m a n y  of these  animals  mani fes t  a b n o r m a l  
glucose tolerance.  

The pa thogenes is  of d iabe t ic  glomeruloselerosis  in 
m a n  is obscure.  I t  is unclear  whe ther  the  lesion is a 
d i rec t  effect of hype rg lycemia  or the  consequent  
glyeosuria ,  or is a man i fes t a t ion  of more  subt le  meta -  
bolic a l tera t ions .  The presen t  s t u d y  was u n d e r t a k e n  to  
de te rmine  if g lomerular  changes comparab le  to  the  
h u m a n  lesion develop in k idneys  of mice wi th  the  
chronic, v i rus- induced,  d iabe tes  mel l i tus- l ike  disease. 
I n  th is  inves t iga t ion  DBA/2  mice were used inasmuch  
as the  incidence of chronic d iabe tes  developing  in 
animals  of th is  s t ra in  is r e l a t ive ly  high af te r  infect ion 
wi th  the  "M"  va r i en t  of EMC. 

Material and Methods 

Twelve to 18 week-old, male DBA/2 mice (Microbic- 
logical Associates Inc., Walkersville,  Maryland) were 
inoculated by  the subcutaneous route with 10 to 100 P F U  
of the "M" var iant  of EMC virus. Animals of a similar age 

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 >23%,  
F a t  >4 .5%,  fiber o/ < 6/o) ad libitum. 

The amounts of glucose in the blood were determined 
b y  the glucose oxidase method [ 13] on specimens obtained 
from the re t roorbi ta l  sinus before and three weeks after 
inoculation. Urine glucose was measured semiquanti ta-  
t ively at  dai ly  intervals during the acute stage of the 
infection and twice weekly thereafter  using commercially- 
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 to ta l  period of observat ion;  the 
remaining animal  was in termi t tent ly  glycosurie. One or 
more uninfected animals from each experiment served as 
controls. 

After l ight  ether anesthesia and cervical disartieula- 
t ion the kidneys were removed from infected and control 
animals and immersed in 4% glutaraldehyde,  buffered 
with 0.1 M eaeodylate-}IC1. 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 eaeodylate buffer, washed in saline, dehydra ted  
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 aeid-methenamine silver method [6]. Thin 
sections were 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 a t  random points 
along the peripheral  glomerular capillaries, generally 
following the procedure described by  Hansen [5]. 

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

Results 

Table  1 summarizes  pe r t i nen t  d a t a  on the  mice 
selected for th is  s tudy .  
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Elec t ron  microscopic examina t ion  of glomerul i  
f rom the  12 infected animals  revea led  accumula t ions  
of homogeneous e lect ron dense ma te r i a l  wi th in  the  
mesangia  (Fig. 1). This in terce l lu lar  ma te r i a l  exh ib i ted  
a fibril lar background  and  an e lect ron dens i ty  s imilar  
to  the  lamina  densa of the  basement  membrane  (Fig. 2). 
A t  several  sites the  deposi ts  were in d i rec t  con t inu i ty  
wi th  the  basement  membrane  of the  glomerulus.  I n  
these areas  the  lamina  ra rae  in te rnae  of the  basemen t  
membrane  was obscured b y  the  deposits .  The l amina  
ra rae  ex te rnae  was preserved  and  the  foot  processes of 
the  epi thel ia l  cells d id  no t  ex tend  to  the  laminae  densa.  

The amount s  of amorphous  ma te r i a l  in the  glomer-  

s t ruc ture  of bo th  the  endothe l ia l  and  epi thel ia l  cells 
appea red  normal .  The per iphera l  g lomerular  basement  
membrane  was not  increased in th ickness ;  i ts  cross 
sect ional  wid th  ranged  f rom 75 to 200 n m  in bo th  
infected and  uninfec ted  animals.  

The morphologie  features  of the  glomerul i  of the  
C57 B L / K s J  and  the  sp iny  s t ra ins  of mice have  been 
recorded in recent  publ ica t ions  [9, 11]. Since the  
g]omeruli  of our uninfected  DBA/2  animals  appea red  
s imilar  (Fig. 4), t h e y  will no t  be descr ibed fur ther  here. 
I t  is of in teres t ,  however,  t h a t  two glomerul i  in the  
k idneys  of our control  an imals  exh ib i t ed  local ized 
accumula t ions  of m a t r i x  ma te r i a l  (Table 1). 

Table 1 

Age at  Non-fasting Glomerular 
blood glucose Chronic mesangial lesions Experiment  Virus Inocula- Sacrifice 

inoculated t ion (weeks) (rag/100 ml) glycosuria (Number of 
(weeks) Pre-infec- 21 days glomeruli) 

t ion 0 m +  + _ } _ + +  

Number 
glomeruli 
examined 

A 1 Yes 13 24 132 393 + a  1 c 1 3 5 
2 Yes 13 24 108 480 + 1 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 •  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 _ Glycosuria occurred from the fourth day  after inoculation until  the t ime of sacrifice. 
b _ Glycosuria occurred from the fourth day after inoculation to the seventh week, then at  intervals thereafter.  
c _ Evaluat ion of the severity of the lesion was based upon the amounts of amorphous mater ial  deposited and extent  

of mesangial dis tort ion:  
0 = Material not  increased or increased minimally.  

_a + ~ Material increased, but  mesangial width normal. 
-~ + + + = Material markedly  increased resulting in an increase in mesangial width. 

uli  of mice wi th  g lyeosur ia  va r i ed  (Table 1). I n  some, 
the  deposi ts  were extensive,  resul t ing in an increase in 
the  wid th  of the  mesangium.  The mesangia l  cells were 
somewhat  obscured in these lesions. I n  o ther  glomerul i  
the  wid th  of the  mesang ium was normal  even though  
the  amoun t  of mesangia l  m a t r i x  was increased.  The 
deposi ts  r eac ted  wi th  the  si lver of t i le  per iodic  aeid- 
me thenamine  si lver s ta in  in a fashion s imilar  to the  
basement  membranes  (Fig. 3), suggest ing t h a t  i t  was 
comprised,  a t  least  in par t ,  of glycoproteins .  Unin- 
volved  glomeruli  occasional ly  were found in k idneys  of 
d iabet ic  animals  (Table 1). 

Cellular changes o ther  t h a n  d i sp lacement  of 
mesangia l  cells were no t  found wi th in  the  glomerul i  of 
mice wi th  the  v i rus- induced d iabe tes  (Fig. 1). The 

Discussion 
The lesions in the  renal  g lomerul i  of mice wi th  the  

chronic v i rus- induced  d iabe tes  me]l i tus- l ike disease 
charac te r i s t i ca l ly  consisted of in tercel lu lar  deposi ts  of 
amorphous  e lectron-dense ma te r i a l  in the  mesangium.  
I n  m a n y  glomerul i  the  newly  accumula ted  subs tance  
was suff iciently p rominen t  to  cause a m a r k e d  thick-  
ening of the  mesangium.  Despi te  the  presence of these 
a l tera t ions ,  basement  m e m b r a n e  th ickening  of the  
g lomerular  capi l lar ies  was no t  evident .  I t  is w o r t h y  of 
note t h a t  the  animals  included in th is  p re l imina ry  
inves t iga t ion  were sacrificed only  a few months  af ter  
the  onset  of diabetes .  Clearly, the  na tu r a l  h i s to ry  0f the  
renal  lesions will require  de ta i led  prospec t ive  s t u d y  
over  the  l i fe t ime of these animals .  
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I t  should be emphasized tha t  the animals with the 
glomerular lesions sustained an acute, disseminated 
viral infection concomitant with the development of 
diabetes. I t  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 

glomerular capillaries of adult mice during the acute 
stages of EMC infection [10]. Detailed ~drologic and 
immunologic studies of the renal glomeruti 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 mellitusdike disease, sacrificed at 34 weeks of age. The mesanglal width 
has increased due to the accumulation of homogenous electron dense material (D) wit:nin the mesangium. Cytoplasmic 
fragments (C) of the mesangiM cell are scattered irregularly through the materiM. EndotheliaI (E) and epitheliM (P) 

cell morphology is normM. Fusion of foot processes is not evident ( • 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 tha t  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 matr ix  and collagen in the 
mesangium [9, 11]. In  these studies mice as old as 



206 1~. E. Kanieh et a/. : Glomeruli in "Virus-Induced Diabetics Diabetologia 

36 months  were examined  [11]. The  oldest  mice in- 
c luded in th is  inves t iga t ion  were 8.5 months  of age, a 
l ikely exp lana t ion  for the  inf requent  presence of 

' t h e  glomeruli ,  was excluded b y  the  u l t r a s t ruc tu r a l  
appearance  of the  ma te r i a l  and  the  lack of birefring- 
ence wi th  the  alkal ine congo red  s ta in  [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 eleetron density similar to 
the lamina densa (d) of the basement membrane, but  a fibrillar texture  is evident a t  several feel (arrow). At  the site 
of apparent  fusion, the lamina rarae interna is indist inct  (F). In  other areas, par t icular ly  the peripheral  basement 
membrane,  fhe lamina rarae interna (i) is evident.  The lamina rarae ext;erna (e) has been preserved throughout  and 

the foot processes are embedded within i t  ( • 28 000) 

a l t e ra t ions  a t t r i b u t a b l e  to  aging in  the  k idneys  of 
uninfected  control  animals.  Rena l  amyloidosis ,  ano the r  
process charac te r ized  b y  homogeneous deposi ts  wi th in  

Olomerular  lesions s imi lar  to  fJaose descr ibed  here 
have  been r epor t ed  in dogs t r e a t ed  wi th  a l loxan  [1 ], and  
in Chinese hamste rs  wi th  natural ly-occurring~ d iabe tes  



V e t  9, No. 3, 1973 IR.E. Kanich et al.: Glomeruli in Virus-Induced Diabetes 207 

mellitus [12]. The renal lesions in the C57 BL/Ks-db/db 
[9] and the diabetic spiny mice [11] are of particular 
interest. They consist of a diffuse, although minimal, 

in non-diabetic mice, it has been suggested tha t  me- 
tabolic alterations associated with the diabetic state ac- 
celerate the aging process within the glomeruli [9]. 

Fig. 3. Glomerutus of mouse with the diabetes-like disease, sacrificed 31 weeks of age. The mesangial deposits in the 
glomeruti react with the silver of the periodic aeidmethenamine silver in a manner similar to the basement membrane. 

Par~ormaIdehyde fixation (• 960) 

thickening of the basement membrane as well as an in- 
crease in the amount  of mesangial matr ix  and collagen. 
Since these alterations are similar to the aging changes 

By light microscopy the early glomerular lesion in 
patients with diabetes mellitus consist of deposits of 
hyaline-like material, either within the mesangium, or 
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at  more per iphera l  locat ions  in the  glomerulus  [8]. 
This lesion is found in glomerul i  t h a t  do not  exhib i t  an  
increase in per iphera l  basement  membrane  thickness.  
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Fig. 4. Glomerulus of uninfected mouse, sacrificed at  34 weeks of age. The mesangium is enclosed by  the basement 
membrane (bm) or capil lary endothelial cells (E). The amount  of mesangial mat r ix  (M) varied somewhat (•  14280) 

These a l te ra t ions  closely resemble  the  changes we 
found in the  k idneys  of our mice. I n a s m u c h  as renal  
disease is a serious compl ica t ion  of d iabe tes  mel l i tus  
and  i ts  pa thogenes is  and  re la t ionship  to  cur ren t  modes  
of t h e r a p y  is unclear ,  we feel t h a t  the  g lomeru la r  
disease in mice wi th  v i rus- induced  d iabe tes  is a sound 
model  upon  which to  base fur ther  inves t igat ions .  
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