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Altered Morphology and Behaviour of Kidney Fibroblasts  in vitro, Fol lowing in vivo Treatment  of 
Rats with a Carcinogenic Dose of Dimethylni trosamine  

Based on the  original  observa t ion  by  MAGEE and BAR- 
NES1, SWANN and  McLEAN* demons t r a t ed  t h a t  p r iming  
wi th  a pro te in  def ic ient  d ie t  increased the  LD~o dose of 
d ime thy ln i t ro samine  (DMN) to ra ts  and t h a t  renal  tu-  
mours  appeared  in al l  su rv iv ing  ra ts  g iven  60 mg/kg.  
Subsequen t ly  3 i t  has  been  shown t h a t  a d ie t  of sucrose 
and wate r  g iven  3 days  pr ior  to  D M N  has the  same  effect  
and  t h a t  100% of ra t s  under  e i ther  of these  d ie ta ry  con- 
ditons,  deve lop  renal  turnouts  of t he  mesenchyma l  type .  
HARD and  BI~TLER*, ~ h a v e  t r aced  sequent ia l ly ,  the  de- 
v e l o p m e n t  of th is  turnout .  A diffuse increase in mononu-  
clear  cells occurs  wi th in  t he  cor t ical  in te r s t i t ium by  7 days  
which  then  rap id ly  regresses bu t  a t  a dose of 60 m g / k g  
hypercel lu lar  loci  associated wi th  per ig lomeru la r  areas  
neve r  disappear .  The  hyperce l lu la r  loci  consist  predomi-  
n a n t l y  of i n f l a m m a t o r y  and  immunolog ica l  cells, bu t  
f rom 3 weeks, v e r y  occasional  abnorma l  cells which  possess 
u l t ras t ruc tu ra l  character is t ics  of the  ma l ignan t  cells 
compr iz ing  the  f inal  t u m o u r  are found. The  growth of kid- 
ney  cor tex  cells in v i t ro  t aken  f rom rats  t r ea ted  wi th  DMN 
has been studied.  BARKER and SANFORD 6 have  described 
the  cytological  changes which  appear  to  be associated wi th  
neoplast ic  t r ans fo rmat ion  of cell l ines grown in t issue cul- 
ture.  Us ing  these  cri teria,  toge ther  w i th  the  known mor-  
phological  changes which t ake  place in affected cells in 
v i v o  dur ing  the  d e v e l o p m e n t  of DMN-induced  renal  
mesenchymal  t u m o u r  5, we compared  the  cytological  
character is t ics  of k idney  cor t ica l  t issue grown f rom con- 
t rol  rats,  w i th  t h a t  f rom ra ts  g iven  DMN, 7 days  pr ior  to  
exp lan ta t ion .  The  t issue was cu l tu red  a t  this  t i m e  as i t  
coincided wi th  t he  peak  of acu te  tox ic  in ju ry  in t he  renal  
cor tex.  

Po r ton  s t ra in  Wis t a r  male  rats,  6 weeks  old, were  main-  
t a ined  on sucrose granules  and wa te r  for 3 days  and  in- 
jec ted  i.p. w i th  60 m g / k g  DMN. 7 days  la te r  t he  renal  cor- 
t ex  f rom these  and f rom un t r ea t ed  rats,  was s t r ipped of  
capsule, cu t  in to  2 m m  cubes and washed  3 t imes  in Ca- 
Mg-free phospha te -buf fe red  saline (PBS). The  t issue was 
then  ag i ta ted  for 10 min  in 0.1% t ryps in  in P B S  a t  room 
tempera tu re ,  the  pieces al lowed to se t t le  and the  super-  
n a t a n t  discarded.  Fresh t ryps in  was added  and  af ter  a 
fu r the r  10 min  agi ta t ion,  supe rna t an t  was col lected and 
placed in a conical  centr i fuge tube  conta in ing  0.5 ml  of 
g rowth  m e d i u m  199 inc luding 10% calf serum. The pro-  
cess was repea ted  4 to 5 t imes  and the  resu l tan t  cell  sus- 
pensions f rom an ind iv idua l  ra t  were pooled. Fol lowing 
cent r i fuagt ion  a t  600 g for 10 rain, the  cell  pel le ts  were 
resuspended in g rowth  m e d i u m  and the  v o l u m e  ad jus ted  
to a concen t ra t ion  of 5 X 106 cells per  ml. The  suspensions 
were dispensed in 4 ml  a l iquots  into 30 ml  plast ic  cul ture  
bott les .  The  cul tures  were incuba ted  a t  37 °C in a 5% CO, 
in a i r  mix ture .  T h e y  were examined  f requen t ly  by  phase- 
microscopy,  and  a t  va r ious  periods, the  monolayers  were 
f ixed in tac t  for e lec t ronmicroscopy,  w i th  2% OsO~ and  
e m b e d d e d  in E p o n  812. The  f ixat ion,  dehydra t ion  and  
embedd ing  processes were  al l  pe r fo rmed  wi th in  t he  cul- 
tu re  bo t t les  so t h a t  t he  locat ion and  disposi t ion of par t i -  
cular  cell  clusters,  de tec ted  b y  l ight  microscopy,  were  
re ta ined.  The  selected areas were sect ioned by  u l t ramicro-  
tome,  in t he  p lane  of t he  monolayer .  

Pr ior  to  f ixat ion,  the  control  cul tures  consis ted ma in ly  
of groups of epi thel ia l  cells sur rounded by  f ibroblast ic  cells 
(Figure 1) while those  f rom D M N  t rea ted  ra ts  showed the  
fol lowing changes.  W i t h i n  2 weeks of cul ture ,  clusters of 
f ibroblas t ic  cells were present  in which cells grew over  one 
ano ther  and lacked the  uni form growth  pa t t e rn  of normal  
cells. Wi th in  these clusters  there  was considerable  pleo- 

morph i sm of cells and the i r  nuclei,  while nucleoli  were ve ry  
conspicuous.  Some cells were mul t inucleate ,  while others  
were associated wi th  abnormal  division. Smal l  cells w i th  
re t rac ted  cy top la sm were seen, and in m a n y  cases, these  
appeared  to be de tach ing  f rom the  cy top l a sm of larger,  
somet imes  mul t inuc lea te  cells wi th in  the  clusters  (Figure 
2). Some pi l ing up did occur  in control  cul tures  due to  
overcrowding,  bu t  these  si tes u l t ras t ruc tu ra l ly  were asso- 
c ia ted  wi th  cell death .  

Figure 1. Culture of renal cortical cells from an untreated rat 14 days 
after initiation of culture showing a monolayer of spindle cells. × 200. 

Figure 2. Culture of renal cortical cells 7 days following treatment 
with DMN and 14 days after initiation of the culture. The clusters of 
cells show pleomorphic cells and nuclei with prominent nucleoli. 
× 200. 
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Cell c lus te r s  showing  t h e  a b o v e  a b n o r m a l  f ea tu res  were 
se lec ted  b y  l i g h t  microscopy ,  p r e p a r e d  for  e l ec t ronmic ro -  
scopy  a t  21/v 4 a n d  61/2 weeks,  a n d  t h e i r  u l t r a s t r u c t u r e  
c o m p a r e d  w i t h  t h a t  of r e p r e s e n t a t i v e  a reas  w i t h i n  n o r m a l  
cu l tu re s  f r o m  con t ro l  an imals .  H e t e r o g e n e i t y  of size a n d  
s h a p e  of cells was  conf i rmed .  Nucle i  were en l a rged  a n d  
more  f r equen t ,  e x h i b i t i n g  e i t h e r  h y p e r t r o p h y  or  b iza r re  
f r a g m e n t a t i o n  of t hc  nuc leo la r  c o m p o n e n t s  or  bo th .  Th e  
c y t o p l a s m  of m a n y  t r e a t e d  cells was  fi l led w i t h  shee t s  of 
m i c r o f i l a m e n t s  confe r r ing  on  t h e m  t h e  a p p e a r a n c e  of 
s m o o t h  muscle .  This  was  in  c o n t r a s t  to  n o r m a l  cells in  
w h i c h  m i c r o f i l a m e n t s  a p p e a r e d  as  r e l a t i ve ly  n a r r o w  
b u n d l e s  u sua l ly  a long  t h e  cell  pe r iphe ry .  Some m i t o c h o n -  
d r i a  in  a b n o r m a l  cells were  of v e r y  i r r egu la r  s h a p e  in  con-  
t r a s t  to  t h e  u n i f o r m l y  rod- l ike  organel les  of cells in  un -  
t r e a t e d  cu l tu res .  

T h e  s u p e r n a t a n t  f rom t h e  t r e a t e d  r a t  cu l tu re s  y ie lded 
a p o p u l a t i o n  of cells wh ich  r ead i ly  a t t a c h e d  to  f resh  cul- 
t u r e  d ishes  a n d  se t t l ed  to  fo rm mu l t i nuc l ea t e ,  p o l y g o n a l  
cells a n d  cells w i t h  p l e o m o r p h i c  nuclei .  

I nc rease  in cell size, nuc l ea r  size a n d  n u m b e r ,  a n d  ab-  
n o r m a l i t y  of m i t o c h o n d r i a  a n d  nucleol i  are  f ea tu res  cha-  
r ac te r i s t i c  of t r a n s f o r m e d  f ib rob las t - l ike  cells w h i c h  ini-  
t i a t e  r ena l  m e s e n c h y m a l  t u m o u r s  a n d  w h i c h  m a y  be  found  
in  pe r s i s t i ng  i n f l a m m a t o r y  lesions in  v i v o  as  ea r ly  as  3 
weeks  a f t e r  D M N  t r e a t m e n t  5. All  of these  f ea tu r e s  e x c e p t  
m i t o c h o n d r i a l  a b n o r m a l i t y  a re  also inc luded  in  t h e  cri-  
t e r i a  l i s t ed  as  m a n i f e s t a t i o n s  of neop las t i c  t r a n s f o r m a t i o n  
of cells in  t i s sue  cu l t u r e  6. A b n o r m a l  cells w i t h  c y t o p l a s m  

fil led w i t h  m i c r o f i l a m e n t s  a re  a lso ch a r ac t e r i s t i c  of ea r ly  
les ions p reced ing  m e s e n c h y m a l  t u r n o u t  d e v e l o p m e n t  5 
w h i l s t  v a s c u l a r  s m o o t h  musc le  is a f e a t u r e  of t h e  f ina l  t u -  
rnou t  ~. T h e  o b s e r a v t i o n s  sugges t  t h a t  t h e  cy t o l o g i ca l  
ch a r ac t e r i s t i c s  seen in  some  g roups  of cells w i t h i n  r ena l  
cu l t u r e s  t a k e n  f rom r a t s  t r e a t e d  w i t h  a ca rc inogen ic  dose  
of D M N  m a y  be  due  to  t h e  u n i m p e d e d  in v i t r o  deve lop-  
m e n t  of cells t r a n s f o r m e d  in vivo.  

Zusammen]assung. E i n e  W o c h e  Bach B e h a n d l u n g  m i t  
D i m e t h y l n i t r o s a m i n  w u r d e n  a n  N ie ren r indenze l l en  y o n  
R a t t e n  F i b r o b l a s t e n  m i t  ve rAnde r t e r  Morphologie  u n d  
V e r h a l t e n  fes tgeste l l t ,  we lche  s ich zu m e s e n c h y m a l e n  
N i e r e n t u m o r e n  en twicke l t en .  
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D i f f e r e n t  I n c i d e n c e  of  B r e a s t  C a r c i n o m a s  or  F i b r o a d e n o m a s  i n  D a u n o m y c i n  or  A d r i a m y c i n  T r e a t e d  

R a t s  

E x p e r i m e n t a l  t u m o u r s  i n d u c e d  b y  a n t i t u m o u r  d rugs  
a re  wel l  k n o w n  1-3. I n f o r m a t i o n s  c o n c e r n i n g  t h e  oncogenic  
p rope r t i e s  of t h e  a n t i n e o p l a s t i c  a n t i b i o t i c  d a u n o m y c i n  
(Daunorub ic ine )  "4 h a v e  b e e n  i n c i d e n t a l l y  r e p o r t e d  in  t h e  
l i t e r a t u r e :  f i b r o s a r c o m a s  h a v e  been  no t i ced  a t  i n j ec t ion  
s i te  in  a b o u t  25% of t r e a t e d  ra t sS;  t u r n o u t s  of va r ious  or- 
gans,  i nc lud ing  m a m m a r y  g lands ,  k idney ,  u te rus ,  vag ina ,  
lung  h a v e  b e e n  f o u n d  in S p r a g u e - D a w l e y  r a t s  r ece iv ing  
h igh  doses of t h e  a n t i b i o t i c  e. 

I n  a S p r a g u e - D a w l e y  S P F  s t r a i n  of r a t s  (Charles  River ,  
F rance)  w i t h  a v e r y  low n a t u r a l  inc idence  of t u m o u r s ,  we 
t r i ed  t o  assess t h e  ca rc inogen ic i ty  of b o t h  d a u n o m y c i n  a n d  

a d r i a m y c i n  - a new a n t i t u m o u r  a n t i b i o t i c  of a n t h r a c y c l i n  
g roup  ~ - whose  ch ron ic  t o x i c i t y  d a t a  h a v e  been  a l r e a d y  
p u b l i s h e d  8, 9. 

A m o n g  f ind ings  so fa r  o b t a i n e d ,  we r e p o r t  here  t hose  
c o n c e r n i n g  female  r a t s  t r e a t e d  i.v. w i t h  a s ingle  h i g h  dose  
of d a u n o m y c i n  or a d r i a m y c i n .  H i g h  inc idence  of m a m m a r y  
t u m o u r s  was  o b s e r v e d  in such  a n i m a l s  in a r e l a t ive ly  sho r t  
t ime .  T h e  f i r s t  d a u n o m y c i n - i n d u c e d  t u m o u r  a p p e a r e d  94 
d a y s  fo l lowing t h e  in j ec t ion  a n d  t h e  m e a n  i n d u c t i o n  t i m e  
was  of 121 days ;  t h e  f i rs t  a d r i a m y c i n - i n d u c e d  t u m o u r  
a p p e a r e d  a f t e r  156 days  a n d  t h e  m e a n  i n d u c t i o n  t i m e  was  
223 days .  Bes ides  th is ,  in  d a u n o m y c i n - t r e a t e d  r a t s  we 

Fig. 1. Daunomycin - Mammary tissue : adenocareinoma. Hem.-eos. Fig. 2 Adriamycin- Mammary tissue : fibroadenoma. Hem.-eos. × 80. 
x 80. 


