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Inhibition of Cell Proliferation Caused by Oncogenic DNA-Po lyoma  Virus 

Fol lowing inocula t ion of new-born  Wis t a r  ra t s  w i th in  
t he  f i rs t  30 h p.n.  w i th  our poIyoma virus  s t ra in  (derived 
f rom D r . S . E .  STEWART 1) f ibrosarcomas  of t he  k idney  
developed.  No o ther  t umor s  could be found elsewhere 1. 
Histological  foHow-u p s tudies  of t he  k idneys  have  shown 
t h a t  a per iod  of 18 days  elapses be tween  virus  inocula t ion 
and beg inn ing  of t u m o r  g rowth  i, 2. 

Aside f rom the  t r an s fo rma t ion  and the  a l ready known  
rep l ica t ive-cy to ly t ic  effect  of po lyoma  virus we found a 
th i rd  one, t he  inh ib i t ion  of cell prol i fera t ion  in non- 
t r ans fo rmed  cel ls  of virus  inocula ted  animals.  

Mater ia l  and methods. Cul t iva t ion  of po lyoma  vi rus  
was done in mouse  embryo  cells grown in Eagle ' s -20% 
fetal  bovine  se rum wi th  add i t ion  of 100 IU  penici l l in and  
100 y s t r ep tomyc in .  We  calculated the  infec t ion  t i t e r  on 
secondary  mouse  embryo  cell cul tures  and  de t e rmined  i t  as 
TCIDs0/0,3 ml  af ter  REXD and MUENCH. The t i t e r  of t he  
virus  solut ion used a m o u n t e d  to  105 TCIDs0. 

New-born  Wis t a r  ra t s  were inocula ted  wi th  0.3 ml, 
new-born  N M R I - m i c e  wi th  0.1 ml, and  young  adul t  
Wis t a r  ra t s  w i th  7 ml  of virus solution.  Control  animals  
were inocula ted  wi th  a cor responding  a m o u n t  of virus  
free t issue solution.  Decap i t a t ion  of neona ta l  inocula ted  
ra ts  was done  5, 10, 15, 18, 20, 21, 25 and  40 days  p.i., of 
adu l t  r a t s  5, 10 and  20 days,  and of neona ta l  mice 10, 
15 and 20 days  p.i., respect ively .  

We  pe r fo rmed  de t e rmina t i on  of 3H- thymid ine  labell ing 
index  (amount  of label led cel ls / tota l  cell count) by  a single 
i.p. in jec t ion  of 1 vCi/g aH- thymid ine  (specific ac t iv i ty  
5 Ci/mmol),  1 h before decapi ta t ion .  For  cont inuous  
label l ing we made  i.p. in ject ions  of 0.5 vCi/g over  72 h a t  
the  20th day  and  over  58 h a t  the  25th day  following 
inoculat ion.  

Auto rad iograms  were made  by  the  s t r ipp ing  fi lm 
m e t h o d  (Kodak  AIR 10). The to ta l  a m o u n t  of cells 
coun ted  in t he  k idney  was 4 mil l ion epi thel ia l  and  
520,000 s t romal  cells, in the  l iver 9,350,000 p a r e n c h y m a l  
and  1,900,000 Kupf fe r  ceils, and  f inal ly 45,000 epi thel ia l  
cells of t he  duodenal  mucosa.  Calculat ion of si lver grain 
coun t /nuc lea r  surface was done  a t  t he  40th  day  following 
inocula t ion count ing  1,900 epi thel ia l  ceils of t he  p rox ima l  
convolu ted  tubules  and 1,000 s t romal  cells of cor tex  and  
medulla .  All cell counts  s ta r t ing  f rom the  20th day  app ly  
to  t issue no t  af fec ted  by  neoplas t ic  growth.  

Results.  A signif icant  r educ t ion  of D N A  synthes iz ing  
cells a m o u n t i n g  up to 40% is seen in the  k idney  of 
po lyoma  inocula ted  rats,  beginning  f r o m  the  10th day  
following vi rus  inocula t ion  (Table I). This  effect  is 
especial ly conspicuous  in the  s t romal  cells of the  renal  
medulla .  I t  even applies to  those  animals,  which  do no t  
develop any  t u mo r s  la ter  on. 

The level of mi to t ic  ac t iv i ty  is also reduced  s ignif icant ly  
whereas  the  to ta l  a m o u n t  of si lver grains seen in a label led 
cell was the  same in virus inocula ted  as well as cont ro l  
animals .  In  add i t ion  to  it, th i s  inh ib i t ion  of pro l i fe ra t ion  
is qui te  obvious following cont inuous  label l ing:  in t he  
s t romal  cells of the  renal  medulla ,  47% respec t ive ly  55% 
less ceils are DNA-syn thes i zed  compared  to  controls .  
In  repea ted  s tudies  we have  seen a s ignif icant  inh ib i t ion  
of cell prol i ferat ion,  las t ing f rom the  10th to  the  40th 
day  af ter  virus inoculat ion.  Studies  of o ther  cell popula-  
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Table I. 3H-thymidine labelling index in stromal cells of the kidney, 5-25 days following neonatal inoculation with polyoma virus 

Days 5 10 15 18 20 21 25 

Cortex 
Virus inoculated 11.60 ~ 7.90 5.59 ~ 4.99 2.66 ~ 2.10 ~ 1.28 
Controls 6.10 9.24 6.08 5.21 4.26 3.00 1.82 
Medulla (outer zone) 
Virus inoculated 9.12 ~ 6.70 ~ 6.53 ~ 4.85" 3.48 1.25 ~ 1.42 ~ 
Controls 2.88 9.60 10.15 7.50 5.88 3.10 2.96 

Significance below 1%. 

Table II. 3H-thymidine-Iabelling index and mitotic index in epithelial and stromal cells of the kidney and liver and in epithelial cells of the 
small bowel, 40 days following neonatal virus inoculation 

Kidney Liver Small bowel 
Cortex Medulla 
Virusinf. Controls Virusinf. Controls Virusinf. Controls Virusinf. Control 

Labelling index 

Epithelial cells 1.19 a 1.96 0.99 ~ 1.92 0.07 ~ 0.25 
Stromal cells 1.95 ~ 3.96 1.78 ~ 4.15 0.1 ~ 0.53 
Mitotic index 
Parenchymal and 
stromal cells 0.06 ~ 0.09 0.06 ~ 0.11 0.01 0.03 

52.7 48.2 

Significance below 1%. 
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t ions,  bes ides  t h e  p o t e n t i a l  t a r g e t  cells h a v e  also shown 
th i s  effect  of i n h i b i t i o n  of t h e  ep i the l ia l  cells of rena l  
t ubu le s  a n d  p a r e n c h y m a l  a n d  Kupf fe r  cells of l iver.  I n  
c o n t r a s t  to  these  s lowly r egene ra t i ng  cells, t h e  r ap id l y  
r egene ra t i ng  mucosa l  ceils of t he  smal l  bowel  (duodenum)  
d id  no t  show t h i s  effect  (Table  I I ) .  Mice a n d  a d u l t  r a t s  
were also s tud ied  a f t e r  v i rus  inocula t ion ,  w h i c h  do n o t  
develop sarcomas .  Our  effect  of i n h i b i t i o n  of cell prolif-  
e r a t i on  could be  seen on ly  in t h e  r ena l  medu l l a  of a d u l t  
r a t s  ; whereas  no ev idence  of t h i s  effect  could be  observed  
in t he  l iver  of a d u l t  ra ts ,  and  def in i t ive ly  no t  in  mice. 

Discussion. The  resu l t s  of our  a u t o r a d i o g r a p h i c  s tudies  
w i t h  decrease  of l abe l l ing  a n d  mi to t i c  index,  w i t h o u t  
change  in  t h e  t o t a l  a m o u n t  of s i lver  g ra ins  found  in  a 
single cell, reI lect  a n  i n h i b i t i o n  of cell pro l i fe ra t ion .  
This  effect  is n o t  a t r a n s i e n t  one, c o m p a r e d  to  f ind ings  
a f te r  app l i ca t i on  of chemica l  carcinogens,  where  a n  
i n h i b i t i o n  is seen to  las t  on ly  a few days,  followed b y  a n  
increased  p ro l i f e ra t ion  8- 5. 

I n  add i t i on  to  t h a t  t h e  effect  is n o t  c o m p a r a b l e  to  
v i rus  in fec t ion  in v i t ro ,  in  wh ich  cell specific DNA-  
syn thes i s  is i n h i b i t e d  on  beha l f  of v i rus  rep l i ca t ion  6-9. 
Co r r e sponden t  f ind ings  are  miss ing  conce rn ing  t h e  
t r a n s f o r m a t i v e  effect  of virus,  un t i l  now. T u m o r - b e a r i n g  
an ima l s  d i sp lay  t h i s  effect  m u c h  s t ronger  t h a n  v i rus-  
inocula ted ,  t u m o r - f r e e  rats .  I n  a d d i t i o n  to  t h i s  t he  effect  
becomes  even  more  obv ious  fol lowing n e o n a t a l  t hy -  
m e c t o m y  ~0. All  these  fac ts  lead to  t h e  f ina l  conclusion,  
t h a t  t h e  i n h i b i t i n g  inf luence  on ceil p ro l i fe ra t ion  m i g h t  

poss ib ly  be  caused  b y  newly  fo rmed  an t igens  in a chan-  
g ing immuno log i ca l  mil ieu of t h e  animal .  

Zusammen/assung.  Eine  e indrucksvol le ,  i iber  30 Tage  
b e o b a c h t e t e  H e m m u n g  der  Zel lpro l i fe ra t ion  in Niere  u n d  
Lebe r  w i rd  v e r n r s a c h t  d u r c h  I n f e k t i o n  n eu g eb o ren e r  
R a t t e n  m i t  u n s e r em P V - S t a m m .  Dieses P h ~ n o m e n  ist  
bet  a d u l t  in f iz ie r ten  R a t t e n  n u r  im N i e r e n m a r k  nach -  
we i sba r  u n d  feh l t  bet  M~iusen ganz.  
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Mult inuc lea ted  Ac inar  Cel ls  in the P a n c r e a s e s  of AKR and C58 Mice  1 

I n  t h e  course of e x a m i n i n g  h e a l t h y  germfree  A K R  
mice  2, 3, an  u n u s u a l  h is to logica l  s t r u c t u r e  was obse rved  
in t he  ac ina r  ceils of t he  pancreas .  All  of t h e  mice  were 
ki l led b y  e t h e r  i nha la t ion .  The  en t i r e  panc rea s  of each  
mouse  was  f ixed  in  B ou in ' s  solut ion,  e m b e d d e d  in pa ra f -  
fin, a n d  6 ~ m  sect ions  the reof  were s t a ined  w i t h  h e m a -  
t oxy l i n  a n d  eosin. As descr ibed  in t he  l i t e r a t u r e  ~, t h e  
p a n c r e a t i c  acini  usua l ly  con t a in  ceils in  wh ich  t h e  levels 
of a c t i v i t y  are  i n t e r p r e t e d  b y  t h e i r  size a n d  c o n t e n t :  in  
some t he  cy top l a sms  are d i s t ended  w i t h  ac idophi l ic  
zymogen  granules ,  a n d  in  o the r s  t h e  ceils are smal ler ,  
h a v e  less p r o m i n e n t  b u t  clear  cy top lasms .  I n  mice, t h e  
ac ina r  cells a re  usua l ly  m o n o n u c l e a t e d  a n d  occas iona l ly  
b inuc lea t ed .  Th i s  is t he  cyto logica l  p a t t e r n  t h a t  we 

associa te  w i t h  a n d  expec t  in  t h e  mouse  pancreas .  In  
c o n t r a s t  to  this ,  all  of t h e  pancreases  of A K R  mice  were 
n o r m a l  on gross in spec t ion ;  bu t ,  b y  microscopic  e x a m i n a -  
t ion  s ign i f ican t  n u m b e r s  of t h e  cells c o n t a i n e d  up  to 12 
nuclei ,  mos t  of w h i c h  were smal le r  t h a n  t h e  nucle i  of t h e  
mono-  a n d  b i n u c l e a t e d  cells (Figure).  There  was  no  
ev idence  of i n f l a m m a t o r y  n o r  o the r  r eac t ive  cel lular  
i n f i l t r a t ion  in t h e  t issues.  T h e  c y t o p l a s m  of t h e  mul t i -  
nuc l ea t ed  cells appea red  h o mo g en eo u s  a n d  of g r o u n d  
glass appea rance .  Mu l t i n u c l ea t ed  ac ina r  cells were 
o b s e r v a t e d  in all  of t h e  pancreases  of 60 germfree  A K R  
mice, r ep r e s en t i n g  b o t h  sexes a n d  age r ange  f rom 1 to  10 
mo n t h s .  A s imi la r  p a t t e r n  of m u l t i n u c l e a t e d  ac ina r  ceils 
was  obse rved  in t h e  panc reases  of disease-free conven-  
t i o n a l  c o u n t e r p a r t  A K R  mice, as well  as of l eukemic  
germfree  a n d  c o n v e n t i o n a l  A K R  mice.  These  mul t i -  
nuc lea ted  cells were also obse rved  in t h e  p a n c r e a t i c  cells 
of germfree  A K R  mice w i t h  so-called ' p u n y '  or secondary-  
t y p e  disease 5, an d  in A K R  mice which  h a d  been  sub jec t ed  
to ex tens ive  t h e r a p y  w i t h  cy c l o p h o s p h ami d e  6. 

B y  con t ras t ,  t h e  m u l t i n u e l e a t e d  ceils were n o t  obse rved  
in  t h e  pancreases  of disease-free, n o r  in  r ad i a t i on -  
i nduced  leukemic  germfree  a n d  c o n v e n t i o n a l  mice of 
C3H, Bulb/c,  CFYV, ICR,  C57 ]31, D]3A, Swiss-Webster ,  

Multinucleated acinar cell in pancreas of C58 mouse. Hematoxylin 
and eosin stain, x 160, 
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