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I n c r e a s e d  I n c i d e n c e  of  L y m p h o m a s  in  T h y m e c t o m i z e d  M i c e  - E v i d e n c e  for  an I m m u n o l o g i c a l  T h e o r y  
of A g i n g  1 

I n  a r ecen t  p r e l i m i n a r y  c o m m u n i c a t i o n ,  I r epo r t ed  a n  
increased incidence  of l y m p h o r e t i c u l a r  t u m o r s  in ag ing  
n e o n a t a l l y  t h y m e c t o m i z e d  mice  2. T h e  p r e s e n t  r e p o r t  
conf i rms  a n d  ex t ends  these  f indings  b y  o b s e r v a t i o n  of such  
an ima l s  over  a longer  t ime  period.  Graph i ca l  ana lys i s  of t he  
d a t a  is also presented .  

(C 57 B 1 / 1XA) F 1 h y b r i d  mice  were subj  ec ted  to  n e o n a t a l  
t h y m e c t o m y .  Simi lar  F 1 h y b r i d  mice, no t  t h y m e c t o m i z e d ,  
served  as controls .  All  an ima l s  were obse rved  twice  weekly  
the rea f t e r ,  for t he  d u r a t i o n  of t he  expe r imen t .  T u m o r  inci- 
dence  was based  on clinical  e x a m i n a t i o n ,  co r r obo r a t ed  b y  
his to logic  studies.  

O n e - t h i r d  of t h e  t h y m e c t o m i z e d  (Tx) mice  died of 
was t i ng  b y  4 mon ths .  Since few d e a t h s  due to w as t i ng  oc- 
cur red  subsequen t ly ,  t u m o r  inc idence  was based  on a s t u d y  
of 77 n e o n a t a l l y  t h y m e c t o m i z e d  mice a l ive  a t  4 m on ths ,  
a n d  on  149 n o r m a l  controls .  

The  c u m u l a t i v e  t u m o r  inc idence  is p l o t t ed  in the  Fi-  
gure. In  t he  Tx  group,  t u m o r s  were f i rs t  de t ec t ed  a t  5 
m o n t h s  of age. Af te r  t he  7th  m o n t h ,  t he  cu rve  of t u m o r  in- 
c idence for th i s  g roup  showed a fa i r ly  un i f o r m  slope on  se- 
mi - loga r i t hmic  plot .  T u m o r s  were also f i rs t  n o t e d  a t  5 
m o n t h s  in  t he  n o r m a l  controls .  Af te r  t h e  17 th  m o n t h ,  t he  
slope for th i s  group was also un i form,  The  slope of th i s  
cu rve  was g rea te r  t h a n  t he  slope of t he  cu rve  for t he  T x  
group,  so t h a t  convergence  of t he  curves  of t u m o r  inci-  
dence  for t he  Tx  a n d  con t ro l  groups  was c lear ly  ev ident .  
The  inc idence  of t u m o r  a t  a g iven  age was s ign i f i can t ly  
h igher  in  t h e  Tx  group  t h a n  in t he  controls ,  for all  ages 
p lo t t ed  in t he  Figure,  as d e t e r m i n e d  b y  t he  chi  square  test .  
For  example ,  a t  10 m o n t h s  t u m o r  inc idence  in t he  Tx  
group  was 7/77 (9.0%) c o m p a r e d  to 3/149 (2.0%) for t h e  
cont ro l s  (_P < 0.02). A t  24 m o n t h s  t he  t u m o r  incidence  fi- 
gures  were 36/77 (47.0%) a n d  25/149 (16.8%), r e spec t ive ly  
( P  < 0.001). Histological ly,  t he  t u m o u r s  in  b o t h  groups  
were l y m p h o r e t i c u l a r :  t h e y  were classified as r e t i cu lum 
cell sa rcomas ,  a l t h o u g h  in some areas  t h e y  appea red  to be  
l y m p h o m o s a r c o m a t o u s .  

P rev ious  r epor t s  h a v e  recorded  a n  increased  inc idence  
of t u m o r s  in  t h y m e c t o m i z e d  mice  fol lowing exposure  to  
carc inogenic  agen t s  a, or v i ruses  4. S p o n t a n e o u s  p o l y o m a  
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Cumulative tumor incidence in 77 neonatally thymectomized (Tx) 
(C57B1/1 X A)F 1 hybrid mice, compared to the incidence in 149 
normal F 1 hybrid controls. 

t umors ,  wh ich  are v e r y  ra re  in  n o r m a l  mice, occur  more  
f r e q u e n t l y  fol lowing n e o n a t a l  t h y m e c t o m y  5. However ,  
th i s  is the  f i rs t  d e m o n s t r a t i o n  of a h igh ly  s igni f icant  in- 
crease in t he  inc idence  of l y m p h o r e t i c u l a r  t u m o r s  in t hy -  
mec tomized  mice  no t  exposed to  exogenous  agents .  

Pe r suas ive  a r g u m e n t s  h a v e  been  a d v a n c e d  in the  sup-  
po r t  of t he  t h e o r y  t h a t  ag ing  is to  a large e x t e n t  d e p e n d e n t  
on  t he  i m m u n e  processes  6, ~. The  t h y m u s - d e p e n d e n t  sys- 
t e m  has  as i ts  m o s t  essent ia l  f unc t i on  immuno log ica l  sur-  
veil lance,  t h a t  is t he  capac i ty  to  deal  w i t h  cel lular  abe r ra -  
t ions  ar iz ing  d u r i n g  t he  life of t he  an imal .  The  man i fes t a -  
t ions  of these  a b e r r a t i o n s  inc lude  neop lasms  and  au to-  
i m m u n e  disease. The  t h y m u s  s y s t e m  undergoes  g radua l  
e x h a u s t i o n  w i t h  age, in b o t h  mouse  and  man .  If  t h e n  i t  is 
a s sumed  t h a t  cel lular  a b e r r a t i o n s  occur  a t  a c o n s t a n t  r a t e  
t h r o u g h o u t  life :, i t  would  fo l low. tha t  neop lasms  and  au to-  
i m m u n e  p h e n o m e n a  would  become  increas ing ly  c o m m o n  
in old age. The  p r e sen t  exper imen t s ,  b y  d e m o n s t r a t i n g  a n  
increased inc idence  of l y m p h o r e t i c u l a r  t u m o r s  in  thyrnec-  
t omized  mice (as well  as a u t o i m m u n e  c h a n g e s  ~), p rov ide  
e x p e r i m e n t a l  proof  of these  concepts .  A d d i t i o n a l  ev idence  
for these  concep ts  are  af forded b y  t he  obse rva t ions  of 
MEWISSEN 6. He  found  t h a t  age specific inc idence  ra tes  of 
s p o n t a n e o u s  t u m o r s  in  C57B1/6 mice f i t t ed  a l inear  Gom- 
p e r t z i a n  regression.  The  f indings  s u p p o r t e d  t he  concep t  
of 2 i n t e r a c t i n g  componen t s ,  1 of p h e n o t y p i c  express ion  
ac t ing  a t  a c o n s t a n t  ra te ,  t he  second of repress ion gradu-  
a l ly  losing s t r e n g t h  a t  a c o n s t a n t  r a t e  t h r o u g h o u t  t he  life 
span  of t he  an imal .  

The  convergence  of the  curves  of t u m o r  incidence for t he  
Tx  and  con t ro l  g roups  m i g h t  be  exp la ined  as follows : Neo- 
n a t a l  t h y m e c t o m y  u n d o u b t e d l y  resu l ted  in immuno log ica l  
i m p a i r m e n t  which  was  qu i te  va r i ab l e  (since t h y m e c t o m y  
was car r ied  ou t  ove r  a per iod f rom 1 to 24 h a f t e r  b i r th) .  
Those  an ima l s  m o s t  ser iously impa i r ed  died a t  a n  early age 
of p o s t - t h y m e c t o m y  wast ing.  The  mice  wh ich  were less 
ser iously def ic ien t  immuno log ica l ly  did  no t  was te  b u t  
soon developed tumors ,  whi le  those  an ima l s  which  were 
leas t  impa i r ed  deve loped  t u m o r s  a t  a n  older  age. T h u s  
t h r o u g h  a se lect ion process, t he  p o s t - t h y m e c t o m y  group  
g radua l ly  a p p r o a c h e d  t h e  cont ro l s  in  immuno log ica l  cha-  
racter is t ics .  In  t he  con t ro l  mice, t he  l a t e r  onse t  and  s teeper  
slope of t h e  c u m u l a t i v e  t u m o r  incidence  c u r v e  p r o b a b l y  
r ep resen t s  t he  effects  of age- re la ted  e x h a u s t i o n  of the  t hy -  
m u s - d e p e n d e n t  s y s t e m  in n o r m a l  old mice. Such  a loss of 
the  immuno log ica l  surve i l l ance  func t ion  could occur  ra-  
p id ly  and  qu i te  u n i f o r m l y  a f t e r  a ce r t a in  age. 

Zusammen/assung. Bei  e inem M~tusestamm m i t  h o h e r  
R a t e  s p o n t a n e r  R e t i k u l o s a r k o m e  wird  gezeigt, dass  die 
T u m o r e n  bei  n e o n a t a l  t h y m e k t o n l i e r t e n  T ie ren  s ign i f ikan t  
r a sche r  u n d  h~uf iger  au f t r e t en .  
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