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T h e  G r o w t h  and T r a n s p l a n t a b i l i t y  of  the  C a r c i n o s a r c o m a  of  W a l k e r  256 in the  Asc i t i c  F o r m  

There  are  m a n y  p rob lems  on the  d i s semina t ion  of 
cancer  ceils in t h e  b lood which  could be fu r the r  invest i -  
ga t ed  in l abo ra to ry  an imals  by  using the  p rope r  t u m o r  
a n d  p rope r  techniques .  For  example ,  p rob lems  such  as 
t h e  re la t ionsh ip  of the  presence  and  pers i s tence  of cancer  
cells in t he  c i rcula t ing  blood to  t h e  p roduc t i on  of me ta s -  
tases,  c h e m o t h e r a p y ,  t r a n s p l a n t a t i o n  b y  means  of single 
cells, ch romosome  cy to logy  and  h i s tocompa t ib i l i t y  and  
mul t ip l ica t ion  of t u m o r  cells. 

I n  r ecen t  years  cancer  cells in t he  blood have  been  
d e m o n s t r a t e d  in expe r imen ta l  animals  l -z;  and  in 
h u m a n s  4-s. The na tu re  of these  cancer  cells is no t  clear, 
some of t h e m  are t h o u g h t  to  be bone mar row  cells such 
as megaca ryocy t e s  7-L 

For  these  and  m a n y  o the r  reasons in 1956 we t rans-  
ferred the  ca rc inosa rcoma  of Walke r  256 f rom t h e  s o l i d  
to  t h e  asci t ic  form ; and  since then  i t  has  been  m a i n t a i n e d  
in our  I n s t i t u t e  b y  serial i n t r ape r i tonea t  passages.  

This  t u m o r  deve loped  spon taneous ly  in t h e  region of 
t he  m a m m a r y  gland in a p r e g n a n t  a lbino r a t  in 1928 in 
t h e  l abo ra to ry  of George Walker  a t  t h e  J o h n s  Hopk i n s  
Un ive r s i t y  School of Medicine. The  mass  was  a size of a 
pecan.  On sections,  a por t ion  was  composed  of a firm, 
granular ,  g reyish- red  t issue wi th  a small  foci of necrosis.  
There  was  no m e t a s t a t i c  g rowth  10 

A 15-day-old subcu taneous  t r a n s p l a n t  is descr ibed as 
firm, round,  lobulated,  and  par t i a l ly  encapsu la ted .  There  
is invas ion  of t he  su r round ing  connec t ive  t issue and  
muscle  and  occasional ly  of the  ve r t eb ra l  and  spinal  cord.  
On sections,  a cent ra l  area  of semisolid,  yel lowish white ,  
necrot ic  mate r ia l  su r rounded  b y  a zone of f irm, white ,  
gl is tening,  v iable  t u m o r  g rowth  is genera l ly  presen t .  
Me tas t a t i c  g rowth  of t h e  t u m o r  is regular ly  found  in t he  
regional  l y m p h  nodes  and  occasional ly  in t h e  lungs l°. 

Mater ia l  and  methods. The  Walke r  256 ca rc inosa rcoma  
in t h e  solid form was  ob t a ined  f rom Dr.  K.  SUGIURA of 
our  I n s t i t u t e  n .  This  t u m o r  was  composed  of 3 t ypes  of 
cells; 2 of t he  3 t y p e s  fo rm an  i n d e p e n d e n t  pa t t e rn .  The  
2 a rch i t ec tu ra l  pa t t e rns ,  ca rc inoma  and  sa rcoma  m a y  
s t and  alone or m a y  form a mixed  t y p e  of growth ,  a car- 
c inosarcoma.  

As a subcu taneous  solid t r a n s p l a n t  t he  t u m o r  became  
of a pa lpab le  size 1 week following s.c. inocula t ion  and  
killed the  an imal  wi th in  6 weeks,  a t  which  t ime  i t  measured  
4-5  cm in d iameter .  

The  t u m o r  was  r emoved  f rom a donor  r a t  using asept ic  
t echn ique  a n d  placed in a Pe t r i  d ish  wi th  0.85% NaC1 

(Figure 1). The  excess  necrot ic  mate r ia l  was  t h e n  dis- 
ca rded  and  a b o u t  10 g of  h e a l t h y  t u m o r  t i ssue  was  cu t  
in to  smal l  pieces,  and  d ro p p ed  in to  a steri le 35 ml  glass 
homogen ize r  (No. 3 Klopp,  New York).  10 ml  of s teri le  
saline was  t h e n  a d d e d  to  t he  t u m o r  t i ssue  a n d  i t  was  
homogen ized  for  3-4 min.  Af te r  th is  p rocedure  t h e  sus- 
pens ion  was r e t u r n e d  to  a steri le bot t le ,  a cell c o u n t  was  
m a d e  in a whi te  blood cell p ipe t t e  b y  mak ing  a 1:20 
di lu t ion wi th  0.85% NaC1 to  which  ace toca rmine  solut ion 
was  added  to  s ta in  t he  cells. A N eu b au e r  h e m a c y t o -  
m e t e r  was  used to  ob ta in  t he  cell counts .  A t  least  2 
de t e rmina t i ons  were m a d e  each t ime.  

Mitot ic  ch romosome  counts  of t he  t u m o r  cells were  
m a d e  a f te r  the  cells had  been  f ixed and  s ta ined  wi th  
aqueous  acetic  acid and  aceto-orcein.  The  mi to t i c  index  
was  d e t e r m i n e d  a f t e r  coun t ing  500 or more  cells. Ph o t o -  
mic rog raphs  of t h e  s t a ined  cells were  taken .  

One ml of t he  h o m o g e n a t e  con ta in ing  a b o u t  5 mil l ion 
cells was  inocula ted  i.p. in to  each of 10 y o u n g  r a t s  (C. 
River)  weighing  a b o u t  80-100 g. The  i.p. inocula t ion  of 
f luid and  cells never  exceeded  2 ml. The  t u m o r  in t h e  
ascit ic fo rm b ecame  a p p a r e n t  in all an imals  a f te r  6-7 
days  and  killed the  hos t  wi th in  2 weeks.  The  fluid was  of 
a da rk  red  color, i t  con ta ined  6-8 mill ion cancer  cells/ml.  
Ten  young  ra ts  were  inocula ted  i.p. w i th  th is  f luid;  and  
a b o u t  10 days  la ter  all t he  an imals  deve loped  ascites.  
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Fig. 1. Microphotograph of solid form of transplant tumor. This area 
is composed chiefly of principal cells. Interspersed among these are 
several undifferentiated cells. Hematoxylin and eosin. × 100. 

Fig. 2. Microphotograph of a stained smear of the peritoneal fluid of 
a rat bearing a transplant of ascites tumor. Viable and degenerating 
cells are seen. Giemsa stain. X 800. 



15.2. t968 Speeialia 167 

However ,  t h e  t u m o r  cell c o u n t  d r o p p e d  s ign i f i can t ly  on  
t h e  t h i r d  passage.  A t  th i s  t i m e  i t  was  fe l t  t h a t  for t h e  
asc i tes  t r a n s p l a n t ,  some shou ld  h a v e  also been  inocu la t ed  
s.c. w i t h  t he  same  fluid.  C o n s e q u e n t l y  10 r a t s  were inocu-  
l a t ed  i.p. w i t h  2 ml  of asci t ic  fluid,  a n d  10 more  were  
i nocu la t ed  s.c. w i t h  1 ml  of asci t ic  fluid.  T h e  t u m o r  d id  
n o t  grow in a n y  of t h e  a n i m a l s  i n o c u l a t e d  i.p. I t  d id  
h o w e v e r  grow s.c. in  all  an imals .  Af t e r  a b o u t  2 weeks,  
1 a n i m a l  b e a r i n g  t h e  solid t u m o r  was  sacr i f iced a n d  t h e  
mass  was  resec ted  a n d  p laced  in a P e t r i  d i sh  w i t h  saline.  
T h e  t u m o r  mass  a p p e a r e d  to  be  composed  of b lood  red  
ma te r i a l .  Aga in  a b o u t  10 g of th i s  t u m o r  was  hom ogen i zed  
in t h e  s ame  m a n n e r  as p rev ious ly  r epor ted ,  a n d  2 ml  of 
t he  suspens ion  was  i nocu la t ed  i.p. to  each  of 10 y o u n g  
ra ts .  T h e  asc i tes  grew in al l  t h e  an imals ,  a n d  s ince t h e n  i t  
h a s  b e e n  ca r r ied  b y  ser ia l  t r a n s p l a n t s  in  ou r  I n s t i t u t e .  

T h e  asci t ic  f o rm  of t h e  W a l k e r  256 r e sembles  t h e  
c a r c i n o m a t o u s  v a r i a n t  in  t h a t  i t  is composed  m a i n l y  of so- 
cal led ' p r inc ipa l  cells ' .  T h e  p r inc ipa l  cell is po lygona l ,  
r o u n d  or oval ,  a n d  ha s  a d i s t i nc t  cell m e m b r a n e .  The  
c y t o p l a s m  is g ranu la r ,  basophi l ic ,  a n d  o f t en  vacuo la t ed .  
T h e r e  is usua l ly  1 c e n t r a l l y  loca ted  nuc leus  t h a t  m a y  be  
r o u n d  o r  ova l  a n d  s o m e t i m e s  i nden t ed .  Occas iona l ly  2 or  
3 nucle i  a re  p resen t .  T h e  deep ly  s t a i ned  nuc lea r  m e m b r a n e  
encloses a f ine m e s h  a n d  1 -4  smal l  c lumps  of c h r o m a t i n .  
T h e r e  is genera l ly  1 large  eos inophi l ic  nucleus.  T h r e e  or  
4 m i to t i c  f igures,  o f t en  t r ipolar ,  m a y  be  found  in nea r ly  
e v e r y  field. T h e  i n d i v i d u a l  p r inc ipa l  cells are  o f ten  found  
to  be  in  va r ious  s tages  of degenera t ion ,  necrosis  a n d  
r e s o r p t i o n  (Figure  2). 

Discussion and conclusions. A m e t h o d  of t r a n s p l a n t i n g  
t he  c a r c i n o s a r c o m a  W a l k e r  256 to t h e  asci t ic  fo rm h a s  
been  descr ibed.  This  t u m o r  grows in a b o u t  9 0 - 1 0 0 %  of 
t h e  an imals ,  a n d  kills t he  hos t  in a b o u t  2 weeks.  The  fluid 
in  t h e  pe r i tonea l  c a v i t y  becomes  a p p a r e n t  in  5 -6  days ,  
a n d  a t  10 days  m a y  reach  t he  a m o u n t  of 20-30  ml  or  
more.  T u m o r  cell c o u n t s  vary ,  b u t  t he  n o r m a l  l imi t s  a re  
5 -6  mi l l ion /ml .  

I t  is fe l t  t h a t  t h i s  t u m o r  m a y  be  a useful  tool ,  e spec ia l ly  
for t h e  i n v e s t i g a t i o n  a n d  s t u d y  of t h e  c i r cu la t ing  c a n c e r  
cells in  t he  b lood  a n d  m e t a s t a s e s  1,. 

Riassunto. U n a  serie di r icerche  per  o t t e n e r e  t u m o r i  in  
fo rma  asc i t ica  u s a n d o  ma te r i a l e  cel lulare di t u m o r i  sol idi  
sono  s t a t e  esequi te .  U n  o m o g e n a t o  del c a r c i n o s a r c o m a  di  
W a l k e r  256 ~ s t a t o  i n i e t t a t o  in cavitS, pe r i tonea le  e si 
a v u t o  lo sv i l uppo  di fo rme  t u m o r a l i  asc i t iche  che  ~ s t a t o  
possibi le  t r a p i a n t a r e  nelle successive generaz ioni  di r a t t i .  

D. AGOSTINO a n d  E. E. CLIFFTON 

Department o/Experimental  Surgery and Physiology, 
M emorial-Sloan-Kettering Cancer Center, and 
Cornell University Medical College, New York 21 
(New York, USA),  8 September 1967. 

l~ Supported in part by grant No. Ca-08748 from the National 
Cancer Institute and Institutional Funds. 

Die  D N S - S y n t h e s e  i m  R a t t e n h e r z e n  a ls  F u n k t i o n  des  L e b e n s a l t e r s .  A u t o r a d i o g r a p h i s c h e  U n t e r -  
s u c h u n g e n  m i t  ~ H - T h y m i d i n  

I m  h y p e r t r o p h i e r e n d e n  H e r z m u s k e l  ~ und  in de r  R a n d -  
zone v o n  H e r z i n f a r k t e n  2 k o n n t e n  t i e r e x p e r i m e n t e l l  DN S- 
s y n t h e t i s i e r e n d e  H e r z m u s k e l k e r n e  nachgew i e s en  werden .  
F i i r  das  u n v e r s e h r t e  Herz  b e s t e h e n  e inhe i t l i che  Aussagen  
nu t ,  sowei t  sic sich auf  das  w a c h s e n d e  O r g a n  verschie-  
dene r  T i e r a r t e n  bez iehen  a-12. J ense i t s  des 2. Lebens -  
m o n a t s  s ind  s y n t h e t i s i e r e n d e  H e r z m u s k e l k e r n e  zwar  ge- 
l egen t l i ch  beobach t e t~ - s ,  n ,  a b e r  n i c h t  q u a n t i t a t i v  e r fass t  
worden .  

D e s h a l b  in j i z i e r t en  wir  S p r a g u e - D a w l e y - R a t t e n  im 
Al t e r  y o n  7, 12, 18, 24 u n d  30 Tagen ,  2, 4, 8, 12, 18, 24 
u n d  27 M o n a r c h  1 h v o r  T 6 t u n g  d u r c h  D e k a p i t a t i o n  im 
J~ ther rausch  jeweils  zwischen  09.00 u n d  10.00 U h r  i.p. 
500/~Ci 3H-Thymid in ,  spez. Akt .  6,0 C i / m M  (Schwarz  Bio 
Resea rch ,  N.Y.).  F i x a t i o n  der  H e r z e n  fiir 48 h in n e u t r a l e m  
F o r m a l i n  u n t e r  Zusa t z  yon  i n a k t i v e m  Thymidin~ W a s c h e n  
(1 h) de r  e n t p a r a f f i n i e r t e n  5 /~ d icken  S c h n i t t e  in hoch-  
k o n z e n t r i e r t e r  L 6 s u n g  i n a k t i v e n  VorlSmfers z u m  Aus-  
t a u s c h  f re ien  aH-Thymid ins .  E x p o s i t i o n  de r  A u t o r a d i o -  
g r a m m e  ( s t r ipp ing  film, K o d a k  A R  10) fiir 8 -12  Tage.  
Nachf /~rben m i t  HAmalaun .  Fi i r  den  7.-18. L e b e n s t a g  
s t a n d e n  je  4 Tiere,  fiir die sp~ te ren  Z e i t p u n k t e  2 Tiere  
zur  Ver f i igung ;  ledigl ich der  24. T ag  w a r  m i t  n u r  1 Tier  
bese tz t .  A u s g e w e r t e t  w u r d e n  pro  Tier  60000 bis  80000 
H e r z m u s k e l k e r n e  u n d  70000 bis  95000 I3indegewebs- 
kerne,  u n a b h / t n g i g  v o n  ih re r  Zugeh6r igke i t  zu Kap i l l a r en  
oder  I n s t e r s t i t i u m .  Die  Mi t t e Iwer t e  m a r k i e r t e r  u n d  in 
Te i lung  begr i f f ene r  K e r n e  s ind  - wegen  de r  ge r ingen  Aus-  
b e u t e  - in  °/00 k u r v e n m ~ s s i g  darges te l l t .  St~trkere Ab-  
w e i c h u n g e n  e r g a b e n  s ich im ab f a l l enden  K u r v e n s c h e n k e l .  

Die Zah l  D N S - s y n t h e t i s i e r e n d e r  H e r z m u s k e l k e r n e  be-  
t r / ig t  a m  7. L e b e n s t a g  de r  weissen R a t t e  e t w a  90°/oo 
(Figur  a). Dieser  \Ver t  s t i m m t  i ibere in  m i t  den  E rgebn i s -  
sen v o n  RUMVANTSEV 9, der  i iberdies  zum Z e i t p u n k t  de r  
G e b u r t  noch  e t w a  d o p p e l t  soviel  m a r k i e r t e  He rzmuske l -  
ke rne  e r m i t t e l t  ha t .  Bis  z u m  30. L e b e n s t a g  f~llt  die Zah l  
m a r k i e r t e r  K e r n e  in unse re r  Ver suchs re ihe  auI  10 °/00 al ler  
Zel len s t a r k  a b  u n d  s i n k t  a u c h  im we i t e ren  Ver lauf  noch  
deu t l i ch  f iber 1 ,2%o zu B e g i n n  des  2. L e b e n s m o n a t s  au f  
M i n i m a l w e r t e  zwischen  0,2 u n d  0,6%0, die fiir d e n  R e s t  
de r  gepr i i f t en  Ver suchsze i t  a u f r e c h t e r h a l t e n  b le iben .  Es  
b e s t e h t  also bei  de r  u n v o r b e h a n d e l t e n  R a t t e  zu a l len  
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