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Effect of S p l e n e c t o m y  on the Growth  of Adenov irus  12 T u m o r s  in H a m s t e r s  

S p l e n e c t o m y  p r i o r  t o  t u m o r  i n d u c t i o n  h a s  b e e n  s h o w n  
to  i n h i b i t  t h e  f o r m a t i o n  o r  g r o w t h  of  s o m e  t r a n s p l a n t a b l e  
o r  p r i m a r y  i n d u c e d  t u m o r s  ~-10. T h i s  e f f ec t  h a s  a t so  b e e n  
o b s e r v e d  in  t h e  h a m s t e r  A d e n o v i r u s  12 ( A d e n o  12) t u m o r  
s y s t e m  n .  T h e  in  v i v o  s t u d y  p r e s e n t e d  h e r e  d e a l s  w i t h  t h e  
e f f ec t  o f  s p l e n e c t o m y  d o n e  be fo r e  a n d  a f t e r  t u m o r  cell  
i n o c u l a t i o n  o n  f o r m a t i o n  a n d  g r o w t h  o f  A d e n o  12 t u m o r s  
in  h a m s t e r s .  

A d u l t  S y r i a n  h a m s t e r s  of  a s t r a i n  k e p t  in  c lo sed  c o l o n y  
fo r  s e v e r a l  y e a r s  w e r e  u s e d .  T h e  h a m s t e r s  s h o w e d  a h i g h  
d e g r e e  of  h i s t o c o m p a t i b i l i t y ,  a s  i n d i c a t e d  b y  s k i n  g r a f t s  
p e r f o r m e d  b e t w e e n  r a n d o m l y  s e l e c t e d  a n i m a l s  a n d  o b s e r v -  
ed  for  300 d a y s .  S p l e n e c t o m y  or  s h a m - s p l e n e c t o m y  w a s  
d o n e  b y  l a t e r a l  i n c i s i o n  u n d e r  p e n t o b a r b i t a l  a n e s t h e s i a  
(10 r a g / 1 0 0  g b o d y  wt . )  a t  t i m e s  i n d i c a t e d  be low.  T h e  
A d e n o  12 t u m o r  cell  l i ne  u s e d  for  a l l  e x p e r i m e n t s  w a s  
i n d u c e d  o r i g i n a l l y  in  n e w b o r n  h a m s t e r s  b y  A d e n o v i r u s  
t y p e  12 ( H u i e  s t r a i n )  a n d  p a s s a g e d  s e r i a l l y  in  v i t r o ;  
2 • 106 cei ls  p r o d u c e d  t u m o r s  in  a b o u t  5 0 %  a n d  6 • 106 
cel ls  i n  1 0 0 %  of a d u l t  h a m s t e r s .  

I n  a f i r s t  s e t  o f  e x p e r i m e n t s ,  t h e  e f f ec t  of  s p l e n e c t o m y  
o n  t u m o r  i n c i d e n c e ,  m e a n  l a t e n t  p e r i o d  a n d  t u m o r  g r o w t h  
w a s  s t u d i e d  in  a n i m a l s  i n o c u l a t e d  e i t h e r  w i t h  a low t u m o r  
cell  d o s e  (2 • 106 c e l l s / a n i m a l )  or  w i t h  a h i g h  dose  (18 • 
106 c e l l s / a n i m a l ) .  S p l e n e c t o m y  w a s  d o n e  a t  l e a s t  4 w e e k s  
b e f o r e  t u m o r  ceil  i n o c u l a t i o n .  C o n t r o l  a n d  t e s t  a n i m a l s  
we re  i n o c u l a t e d  s.c.  on  t h e  r i g h t  s ide  w i t h  t h e  l ow  or  h i g h  
A d e n o  12 t u m o r  cell  dose .  T h e  t u m o r  g r o w t h  w a s  d e t e r -  
m i n e d  b y  m e a s u r i n g  3 p e r p e n d i c u l a r  d i a m e t e r s  of  t h e  
t u m o r  a n d  c a l c u l a t i n g  t h e  g e o m e t r i c  m e a n .  T h e  r e s u l t s  o f  
t h e s e  e x p e r i m e n t s  a r e  s u m m a r i z e d  in  T a b l e s  I a n d  I I .  B y  
u s i n g  t h e  dose  of  2 • 106 t u m o r  cells,  a m a r k e d  r e d u c t i o n  
of t h e  t u m o r  i n c i d e n c e  a n d  l e n g t h e n i n g  of  t h e  l a t e n t  

p e r i o d  o c c u r r e d  in  s p l e n e c t o m i z e d  a n i m a l s  c o m p a r e d  w i t h  
c o n t r o l s .  A f t e r  i n o c u l a t i o n  of  t h e  h i g h  d o s e  of t u m o r  ceils,  
o n l y  a s m a l l  d i f f e r e n c e  in  t h e  t u m o r  i n c i d e n c e  a n d  m e a n  
l a t e n t  p e r i o d  w a s  m a n i f e s t e d  b e t w e e n  s p l e n e c t o m i z e d  a n d  
c o n t r o l  a n i m a l s  (Tab l e  I), b u t  a s t r i k i n g  d i f f e r e n c e  w a s  
o b s e r v e d  in  t h e  p r o g r e s s  of  t u m o r  g r o w t h  (Tab l e  I I ) .  T h e  
t u m o r s  of  c o n t r o l  a n i m a l s  a p p e a r e d  o n  d a y  2 a n d  g r e w  
p r o g r e s s i v e l y  u n t i l  t h e  d e a t h  of  t h e  a n i m a l s .  T h e  t u m o r s  
of  s p l e n e c t o m i z e d  a n i m a l s  a p p e a r e d  a t  a b o u t  t h e  s a m e  
t i m e  a n d  g r e w  u n t i l  d a y  5, b u t  r e g r e s s e d  t h e r e a f t e r  a n d  d i d  
n o t  s t a r t  to  i n c r e a s e  u n t i l  d a y  12. O n  d a y  25 t h e r e  w a s  
s t i l l  a s i g n i f i c a n t  d i f f e r e n c e  in  t h e  s ize  o f  t u m o r s  b e t w e e n  
c o n t r o l  a n d  t e s t  a n i m a l s .  

I n  a s e c o n d  s e t  of  e x p e r i m e n t s ,  h a m s t e r s  we re  i n o c u l a t -  
ed  s.c.  w i t h  12 • 106 A d e n o  12 t u m o r  cel ls  a n d  s p l e n e c t o -  
m i z e d  or  s h a m s p l e n e c t o m i z e d  e i t h e r  as  s o o n  as  t u m o r s  
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Table I. Influence of splellectomy done before tumor cell inoculation on the tumor incidence and mean latent period 

Splenectomy ~ No. of animals No. of tumor cells Incidence o of tumors Animals with tumors Mean latent period a 
tested inoculated b (day 50 after inoculation) (%) (days) 

- -  16 2 • 10 ~ 8 / 1 6  50 12 

+ 11 2 • 106 1 /11  9 27  

- -  12 18 • 106 1 2 / 1 2  100  3 

+ 9 18 • 106 8 /9  89  4 

, No splenectomy; + ,  splenectomy done at least 4 weeks before tumor cell inoculation, b Syngeneic Adeno 12 tumor cells, c Number of 
animals with tumors/number  of animals tested, a Mean latent period until  tumors appeared. 

Table II. Influence of splenectomy done before inoculation of 18 • 106 Adeno 12 tumor cells on the course of tumor growth 

Days after inoculation Mean of the tumor sizes ~ (mm) Statistic 
of 18 • 10 ~ tumor ceils (4- s tandard deviation of the mean) of 

8 splenectomized animals 12 notsplenectomized animals 

2 0 0.6 :k 0.3 --  
5 4.1 • 0.4 4.1 ~ 0.5 not significant 

7 3.2 4- 0.5 6.3 ~: 0.7 p < 0.001 

9 2.2 + 0.5 9.1 ~z 1.0 p < 0.0005 

12 2.0 • 0.6 10.1 3_ 1.3 p < 0.0005 

25 12.0 -L 2.8 19.2 -t= 2.0 p < 0.005 

Determined by measuring 3 perpendicular diameters and calculating the geometric mean. ~ Student 's  t-test. 
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Table III. Influence of spleneetomy and/or BCG treatment  done at the time of tumor appearance or during manifest tumor growth on tumor 
development 

Operation No. of animals BCG treatment  Size a of tumors at No. of animals with Regression Size~ of tumors Significanceb 
tested at the time the time of operation tumors on day 50/ of tumors on day 25 after 

of operation (mm) (mean 4- No. of animals (%) operation (mm) 
standard deviation with tumors at the (mean 4- standard 
of the mean) time of operation deviation of 

the mean) 

splenectomy 12 no 2.1 ~ 0.3 8/12 33.3 15.5 ~ 4.1 p < 0.05 
sham-spl. 8 no 2.2 4- 0.4 8[8 0 33.8 • 6.1 

spleneetomy 7 no 6.0 ~ 0.6 7/7 0 37.1 ~ 4.2 not significant 
sham-spl. 6 no 7.0 ~: 0.6 6/6 0 43.3 -4- 3.9 

splenectomy 7 15 mg BCG s.c. 2.6 =E 0.3 5/7 28.5 19.2 15 .5  p < 0.05 
sham-spl. 5 15 mg BCG s.c. 3.2 :t: 0.2 5/5 0 37.9 -t- 6.0 

splenectomy 7 15 mg BCG s.c. 5.8 ~ 0.3 7/7 0 40.5 4- 4.9 not significant 
sham-spl. 5 15 mg BCG s.c. 5.8 :l: 0.3 5/5 0 37.3 4- 2.8 

~,b Explanation see Table II. 

we re  p a l p a b l e  ( d i a m e t e r  of  1 - 4  m m )  or  w h e n  t h e  s ize  of  
t u m o r s  r a n g e d  b e t w e e n  5 a n d  9 m m  ( g e o m e t r i c  m e a n ) .  
T h e  e x i s t e n c e  of  s m a l l  t u m o r s  w a s  a s c e r t a i n e d  b y  i n c i s i o n  
a t  t h e  s ide  of  t h e  t m n o r  a n d  m a c r o s c o p i c  e x a m i n a t i o n .  
S o m e  of  t h e s e  a n i m a l s  r e c e i v e d  0.1 m l  B C G  (15 m g  of  
l y o p h i l i z e d  B C G  sec  B e r n a ,  S chwe i z .  S e r u m -  u n d  I m p f -  
i n s t i t u t  B e r n ,  d i s s o l v e d  i n  0.1 m l  d i s t i l l e d  w a t e r )  s.c.  o n  t h e  
s ide  of t h e  t u m o r  a t  t h e  t i m e  of  s p l e n e c t o m y  or  s h a m -  
s p l e n e c t o m y .  T h e  r e s u l t s  a r e  s h o w n  in  T a b l e  I I I .  S p l e n e c -  
t o m y  d o n e  a t  t h e  t i m e  of  t u m o r  a p p e a r a n c e  l ed  to  r e g r e s -  
s i o n  of  m a n i f e s t  t u m o r s  i n  a b o u t  3 0 %  of  a n i m a l s  a n d  t o  a 
s i g n i f i c a n t  d e l a y  in  t h e  g r o w t h  of t u m o r s  in  t h e  r e m a i n i n g  
a n i m a l s .  I t  is w o r t h  n o t i n g  t h a t  we  h a v e  n e v e r  o b s e r v e d  
s p o n t a n e o u s  t u m o r  r e g r e s s i o n  ill t h i s  s y s t e m  befo re .  H o w -  
ever ,  s p l e n e c t o m y  h a d  no  e f f ec t  w h e n  t u m o r s  w e r e  a l r e a d y  
b i g g e r .  

B C G  t r e a t m e n t  k n o w n  t o  a u g m e n t  t h e  h o s t ' s  i m m u n o l o -  
g ica l  r e a c t i v i t y  h a s  b e e n  r e p o r t e d  t o  i n h i b i t  1~-10, o r  in  
s o m e  c a s e s  to  e n h a n c e  t u m o r  g r o w t h  20, 2i d e p e n d i n g  o n  a 
n u m b e r  of  p a r a m e t e r s ,  e .g.  d o s a g e  a n d  r o u t e  of  B C G  
a d m i n i s t r a t i o n ,  s t a t u s  of  t u m o r  i m m u n i t y  of t h e  h o s t  a n d  
t u m o r  s ize  a t  t h e  t i m e  of t r e a t m e n t  19. T h e  p u r p o s e  of  
B C G  a p p l i c a t i o n  in  t h i s  w o r k  w a s  to  s t u d y  t h e  e f fec t ,  if  a t  
all.  of  B C G  t r e a t m e n t  t o g e t h e r  w i t h  s p l e n e c t o m y  i.e. 
i n h i b i t i o n  or  e n h a n c e m e n t  of  t u m o r s .  A s  s e e n  in  T a b l e  I I I ,  
B C G  t r e a t m e n t  h a d  no  e f f ec t  in  a d d i t i o n  t o  s p l e n e c t o m y  
in  t h e s e  conditions. 

The finding that splenectomy done before tumor cell 
inoculation, or shortly after tumor appearance, inhibited 
tumor growth, leading even to regression or temporary 
remission in some cases, points to the important role the 
spleen may display in promoting tumor growth. With 
regard to this promoting effect, the spleen probably works 
by blocking the cellular immune response. Two mechanisms 
able to block cellular immune reactions against tumor 
cells are reported, one mediated by antibodies "~,~3, 
possibly antigen-antibody-complexes 24, the other mediat- 
ed by solubulized antigens 25. The results obtained suggest 
the participation of blocking factors produced by the 
spleen in the tested system. Whether these blocking fac- 
tors, removable at least partly by splenectomy, are anti- 
bodies or whether other more complex mechanisms are 
involved is now under study. 

In conclusion it is reasonable to assume that tumor 
growth may be promoted by some kind of self-enhancement 
p r o v i d e d  for  m a i n l y  b y  t h e  s p l e e n  2~. 

Zusammenfassung. Die  E m p f / ~ n g l i c h k e i t  s p l e n e k t o m i e r -  
t e r  H a m s t e r  ffir  T r a n s p l a n t a t e  y o n  A d e n o v i r u s - 1 2 -  
T u m o r z e l l e n  w u r d e  v e r g l i c h e n  m i t  j e n e r  y o n  s c h e i n -  
s p l e n e k t o m i e r t e n  K o n t r o l l t i e r e n .  S p l e n e k t o m i e  v o r  d e r  
I n o k u l a t i o n  m i t  T u m o r z e l l e n  v e r r i n g e r t e  d ie  T u m o r i n z i -  
d e n z  o d e r  v e r z 6 g e r t e  d a s  T u m o r w a c h s t u m .  S p l e n e k t o m i e  
z u m  Z e i t p u n k t  de s  E r s c h e i n e n s  d e r  T u m o r e n  f f ih r t e  f r a m e r  
n o c h  in  e i n e m  D r i t t e l  de r  T i e r e  zu  R e m i s s i o n e n .  
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