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P o t e n t i a t i n g  Effect  of  T h a l i d o m i d e  on M e t h y l c h o l a n t h r e n e  O n c o g e n e s i s  in  Mice  

The  t e ra togen ic  and  n e u r o t o x i c  effect  of t h a l i d o m i d e  in 
m a n  are well  known,  b u t  excep t  for r ecen t ly  d e m o n s t r a t e d  
t e ra togenes i s  in  m o n k e y s  a n d  rabb i t s ,  t h a l i d o m i d e  ha s  
p rac t i ca l ly  no  tox ic i ty  in  e x p e r i m e n t a l  an i m a l s  ~. A n  im- 
m u n o s u p p r e s s i v e  effect  was  r epo r t ed  on  t he  basis  of a 
s l igh t  de lay  in r e j ec t ion  of sk in  h o m o g r a f t s  and  cytologic  
changes  in l y m p h  nodes  in t h a l i d o m i d e - t r e a t e d  mice ~,a 
A hormone- l ike  effect  was  suggested  b y  i n h i b i t i o n  of 
h o r m o n e - d e p e n d e n t  m a m m a r y  t u m o r s  in  t ha l i domide -  
t r e a t ed  r a t s  4 Only  2 r epor t s  sugges t  t h a t  t h a l i d o m i d e  m a y  
be  oncogenic.  Sa rcomas  deve loped  a t  the  si te  of in jec t ion  
of t h a l i d o m i d e  in oil in  3 of 23 mice 5. One a rmad i l lo  devel-  
oped a cho r ioca rc inoma  a f t e r  rece iv ing  large  doses of 
t h a l i d o m i d e  in t e ra togenes i s  s tud ies  6. However ,  m a n y  
drugs  wh ich  are t e r a togen ic  are also oncogenicT. 

P rev ious  s tud ies  in  t h i s  l a b o r a t o r y  8 showed  t h a t  mice  
t r e a t e d  c o n c u r r e n t l y  w i th  m e t h y l c h o l a n t h r e n e  (MC) a n d  
ce r t a in  a n t i m e t a b o l i t e s  such  as iododeoxyur id ine  ( I U D R )  
and  ch lo r amphen i co l  deve loped  skin  pap i l l omas  ear l ier  
and  more  of ten  t h a n  cont ro l s  g iven  MC only. Poss ib le  
m e c h a n i s m s  inc lude  d i rec t  effects on cells which  increase  
t he  f r equency  of neoplas t ic  t r a n s f o r m a t i o n ,  or  i m m u n e -  
suppress ion  which  impa i r s  hos t  surve i l lance  m e c h a n i s m s  
a l lowing more  t r a n s f o r m e d  cells to  deve lop  in to  t umors .  
I n  th i s  p a p e r  we r epo r t  s tud ies  in mice of the  effect  of 
t h a l i d o m i d e  on a n t i b o d y  p r o d u c t i o n  and  on  skin  papi l -  
l oma  response  to  MC. 

Malerials and methods. F o u r - m o n t h - o l d  mice  were non-  
inb red  Swiss whi te  females.  H a i r  was r e m o v e d  f rom the  
back  b y  m e c h a n i c a l  c l ippers  before  MC was appl ied.  
T h a l i d o m i d e  (mp 272-273~ was suspended  a t  125 rag/  
ml  in 0.5% type  20 h igh  v i scos i ty  c a r b o x y m e t h y l  cellulose 
(CMC) in water .  I t  was p r epa red  fresh da i ly  b y  homogen iz -  
ing in the  CMC emuls ion  and  was in jec ted  i.p., or g iven  
b y  gas t r ic  i n t u b a t i o n  (p.o.) us ing  a cu rved  ba l l -po in t ed  
needle, a t  a dose of 25 m g  (0.2 ml) for 5 days  in each  of 4 
consecu t ive  weeks. Cont ro l  groups  which  d id  no t  get  
t h a l i d o m i d e  were g iven  CMC solu t ion  or dist i l led w a t e r  b y  
the  same  rou tes  and  schedule .  B o t h  dis t i l led w a t e r  and  
CMC cont ro ls  were used because  i t  c a n n o t  be a s sumed  t h a t  
i.p. CMC is biological ly  iner t" .  

A 1% so lu t ion  of MC (Mann  R e s e a r c h  L a b o r a t o r i e s  
New York  City) in  benzene  was app l ied  b y  d r o p p i n g  
0.2 ml  on to  t he  lower dorsa l  a rea  for 5 consecu t ive  days  
s t a r t i n g  1 week  a f t e r  t he  f i rs t  dose of t ha l i domide .  I n  one 
e x p e r i m e n t  th i s  course  was r epea t ed  for  a n o t h e r  5 conse-  
cu t ive  days  a f t e r  a 2-day in te rva l .  T h u s  t he  t h a l i d o m i d e  
was  s t a r t e d  1 week  before  MC a n d  was c o n t i n u e d  un t i l  1 or  
2 weeks  a f t e r  t he  MC was s topped.  

E a c h  mouse  was inspec ted  weekly,  a n d  t h e  n u n l b e r  and  
size of sk in  pap i l lomas  was recorded.  P a p i l l o m a  incidence  
was ca lcu la ted  as the  n u m b e r  of mice  bea r i ng  pap i l l omas  
d iv ided  b y  t he  t o t a l  n u m b e r  of mice  a t  t he  s t a r t  of t he  
expe r imen t s .  

Fo r  a n t i b o d y  s tudies ,  4 • 10" sheep  e r y t h r o c y t e s  were 
in jec ted  i.p. and  se rums  and  spleens were col lected 4 days  
later ,  w h e n  a n t i b o d y  p r o d u c t i o n  is n e a r  m a x i m u m  in 
n o r m a l  mice. Af te r  h e a t i n g  sera for 30 ra in  a t  56 ~ serial  
two-fold  d i lu t ions  were p r e p a r e d  and  0.3 ml  of d i lu ted  
s e rum was added  to 0.3 ml  of 2% w a s h e d  sheep e ry th ro -  
cytes ,  a n d  0.1 ml  of 20% guinea-p ig  s e r u m  as a source of 
comp lemen t .  50~o hemolys i s  t i t e r s  were r ead  v i sua l ly  a f t e r  
2 h a t  37 ~ Spleen cells were  t e s t ed  b y  t he  J e r n e  tech-  
n ique  ~~ in wh ich  spleen cells are m i x e d  w i t h  sheep ery- 
t h r o c y t e s  in agar,  over la id  w i t h  gu inea-p ig  c o m p l e m e n t  
a n d  incuba t ed .  P r o d u c t i o n  of h e m o l y s i n  b y  i nd iv idua l  
spleen cells is revea led  b y  smal l  h e m o l y t i c  plaques .  

1 D. A. KARNOFSKY, A. Rev. Pharmacol .  5, 447 (1965). 
K. HELLMANN, D. I. DUKE and D. F. TUCKER, Br. reed. J .  2, 687 
(1965). 

a j .  L. TURK, ]{. HELLMANN and D. I. DUKE, Lance t  1, 1134 (1966). 
4 H. MUCKTER and E. MORE, Arzneimi t te l -Forsch.  16, 129 (1966}. 
a F. J .  C. RoE and B. C. V. MITCHL~.u Na tu re  200, 1016 (1963). 
6 M. MARIN-PADII.LA and K. BE~IRSCHm..', Am.  J .  Path.  //3, 990 

(1963). 
J. A. DIPAoLO and P. KOTIN, Arch. Path. 81, 3 U966). 

8 T. ARATA, S. TANAKA and C. M. SOUTIIAM, J .  na tn .  Cancer Inst .  
dO, 623 (1968}. 

9 N. S. LAWSON and E. B. SMITH, Arch. Pa th .  85, 179 (1968). 
10 N. K. JERNE and A. A. NORnlN, Science 140, 405 (1963). 

Table  I. SMu papi l lomas in mice following concurrent  adminis t ra t ion  of me thy lcho lan th rene  and thal idomide 

Treatment No. and ~ of mice with papillomas at 

MC to skin Thal idomide  Other  No. of mice �9 4 weeks 8 weeks 12 weeks 

• 10 • 20 p.o. 31 6 19 8 26 9 29 
• 10 - CMC • 20 p.o. 29 3 10 6 21 7 24 

Ratio, chi square,  p values for above pairs 1.9 0.4 0.5 1.3 0.1 0.3 1.3 0.1 0.3 
• 10 • 20 i.p. - 30 7 23 10 33 12 40 
• 10 - CMC • 20 i.p. 30 2 7 5 17 5 17 

Ratio, chi square,  p values for above  pairs  3.3 2.1 0.15 2.0 1.6 0.20 2.4 4.2 0.04 
• 5 • 20 i.p. - 60 25 42 35 59 - 
• 5 - CMC • 20 i.p. 60 11 18 20 33 - 
• 5 - W a t e r  • 20 i.p. 60 16 27 20 33 - 

Ratio, chi square,  p values VS CMC controls 2.3 7.8 0.005 1.8 8.1 0.004 - 

Ratio, chi square,  p values VS all controls 1.9 7.5 0.006 1.8 11.3 0.001 - 

MC, methy lcho lan th rene  dissolved in benzene;  thal idomide suspended in CMC; x 5, • 10, • 20, n u m b e r  of doses, one dose per  day ;  CMC, 
0.5% earboxyine thy l  cellulose in distilled water ;  p.o., per  os, adminis te red  b y  gastric in tuba t ion ;  i.p., in t raper i tonea l ;  rat io,  % papil lomas 

(ab--cd--N/2)2N 
after  MC plus thal idomide divided by  % papil lomas af ter  MC only; chi-square,  computed  as (a+b)(c+d) (a+c) (b+d) " ~ Mortal i ty  f rom all 

causes was only 5/300 and not over  1/30 in any  group. For  the calculat ions these dead  mice were considered as hav ing  no papillomas. 
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Table II .  Immune response of thalidomide treated mice and parallel controls 4 days after i.p. injection of 4 • 109 sheep erythrocytes 

D a y  of T r e a t m e n t  No. of Serum hemolysin  Plaques per  10 6 Spleen weight  Tota l  spleen 
immuniza t ion  mice t i ter  ( tube No.) ~ spleen cells (% of body  weight) cells ( x 10 8) 

Range Median Range Mean Range Mean Range Mean 

---4 �9 Thal idomide  i.p. x 20 5 2-4 3 280-2310 1050 1.08-1.92 1.33 108-  368 170 
CMC i.p. • 20 6 4 6 5 850-3140 1600 0.80-1.14 0.92 63-  198 116 
W a t e r  i.p. • 20 6 4-8 5 590-2000 990 0.68-0.84 0.84 63-  149 103 

2 Tha l idomide  i.p. x 20 4 5-6 6 3100-8200 5130 0.76-1.14 0.96 4 5 -  86 66 
CMC i.p. x 20 6 4-6  4 1200-4200 2270 0.68-0.93 0.78 4 9 -  63 58 
W a t e r  i.p. • 20 6 4 -6  5 1140-3790 2780 0.57-0.74 0.74 45-  117 61 

2 Tha l idomide  i.p. • 15 3 2-3 3 353-  750 580 - - 219-  281 240 
CMC i.p. x 15 3 2-4  3 510-  680 620 - - 162-  250 198 

8 Tha l idomide  i.p. x 20 3 1-5 5 280-1020 770 . . . .  
CMC i.p. x 20 3 2-4 4 310- 890 570 . . . .  

35 b Thalidomide i.p. • 20 6 - 570-1160 760 - - 170-1040 380 
CMC i.p. • 20 5 - - 380- 870 640 - - 141-352 211 
Water i.p. x 20 4 - - 150- 615 320 - - 185- 458 267 

2 Thalidomide p.o. • 15 3 <1 -4  2 120-1050 460 - - 159- 178 166 
CMC p.o. • 15 3 2-4 2 430- 630 560 - - 37- 134 88 

8 Thalidomide p.o. • 20 3 3-4 4 380-1020 670 . . . .  
CMC p.o. • 20 3 2-4  3 320-  590 430 . . . .  

For abbreviations and symbols see footnote to Table I. For dose schedules and techniques see text. a Day of immunization is relative to last 
dose of thalidomide (or CMC or water in control mice). That is ' ~ '  is 4 days be]ore the last dose of thalidomide, '2' is 2 days alter, b The 
groups of mice which were immunized 35 days after the last dose of thalidomide, had also received 5 skin applications of MC during the 
second week of thalidomide administration. In each of the 3 groups (thalidomide, CMC or water) 2 or 3 mice had papillomas at the time of 
immunization. There was no difference between tumor-bearing and tumor-free mice in the spleen cell studies in any of the 3 treatment groups 
or in the combined data. ~ Tube No. 1 was 1 : 30 dilution of serum. Each successive tube was a further 2-fold dilution. That is tube 2 is 1:60, 
tube 3 is 1:120, etc. 

Results. T h e s e  m a s s i v e  doses  of t h a l i d o m i d e  h a d  no  
d i s c e r n a b l e  tox ic i ty .  Mice b e c a m e  s o m n o l e n t  a f t e r  4 w e e k s  
of  t h a l i d o m i d e  i.p. a n d  t h e i r  a v e r a g e  b o d y  w e i g h t  w a s  5% 
(1.5 g) less t h a t  t h e  i.p. CMC cont ro l s ,  b u t  w e i g h t  re- 
t u r n e d  to  n o r m a l  b y  1 w e e k  a f t e r  t h a l i d o m i d e  w a s  s t o p p e d .  
T h a l i d o m i d e  p.o.  c aused  no  s o m n o l e n c e  o r  w e i g h t  loss, 
w h i c h  s u g g e s t s  t h a t  a b s o r p t i o n  of t h e  d r u g  w a s  i n c o m -  
plete .  

Mice g iven  t h a l i d o m i d e  i.p. h a d  a p p r o x i m a t e l y  twice  as  
g r e a t  a p a p i l l o m a  r e s p o n s e  to  MC as  d id  t h e  con t ro l s .  I n  
t h e  l a rge  e x p e r i m e n t  t h i s  d i f fe rence  w a s  s t a t i s t i c a l l y  
s ign i f i can t .  Mice g iven  t h a l i d o m i d e  p.o.  a lso  h a d  a s l i gh t ly  
g r e a t e r  p a p i l l o m a  re sponse ,  b u t  t h e  d i f fe rence  f r o m  con-  
t ro l s  g iven  on ly  MC w a s  n o t  s t a t i s t i c a l l y  s ign i f i can t .  CMC �9 
a lone  d id  n o t  a f fec t  t h e  p a p i l l o m a  r e s p o n s e  to  MC 
(Tab le  I) .  

D u r i n g  i.p. t h a l i d o m i d e  t r e a t m e n t ,  t he  m e a n  h e m o l y s i n  
r e s p o n s e  w a s  1 : 120 a n d  t h e  a v e r a g e  n u m b e r  of  h e m o l y t i c  
p l a q u e s  w a s  1050 p e r  mi l l ion  sp leen  cells, as  c o m p a r e d  
w i t h  1 :480  a n d  1600 r e s p e c t i v e l y  for  t h e  CMC- t r ea t ed  
con t ro l s .  Th i s  s l i gh t  d i f fe rence  is p r o b a b l y  n o t  s ign i f ican t .  
A n t i b o d y  p r o d u c t i o n  w a s  n o t  d i m i n i s h e d  in  mice  t e s t e d  
a f t e r  t h a l i d o m i d e  t r e a t m e n t  w a s  s t o p p e d .  Sp leen  w e i g h t s  
a n d  t o t a l  y ie ld  of  n u c l e a t e d  cells p e r  sp leen  w e r e  s l igh t ly  
g r e a t e r  in t h a l i d o m i d e  t r e a t e d  mice  t h a n  in  t h e  CMC or  
w a t e r  c o n t r o l s  (Table  II). 

Discussion. A l t h o u g h  t h e  local  oncogen ic  ef fec t  of  MC 
on  t h e  sk in  w a s  s ign i f i can t ly  i nc reased  b y  i.p. t h a l i d o m i d e ,  
t he se  e x p e r i m e n t s  d id  n o t  r evea l  t h e  m e c h a n i s m  r e s p o n -  
s ible  fo r  t h e  effect.  I m m u n o s u p p r e s s i o n  h a s  b e e n  e v o k e d  
as  a p l a u s i b l e  e x p l a n a t i o n  of  t h e  ' j o i n t  oncogen ic  a c t i o n '  
of o t h e r  ' n o n - o n c o g e n i c '  d r u g s  s u c h  as I U D R  a n d  ch lor -  
a m p h e n i c o l  n .  I n  t h e s e  s t u d i e s  w e  f o u n d  n o  c o n v i n c i n g  

ev idence  t h a t  t h a l i d o m i d e  s u p p r e s s e d  s e r u m  a n t i b o d y ,  
b u t  t h e  pos s ib i l i t y  t h a t  i t  s u p p r e s s e d  i m m u n e  r eac t ions  of  
t h e  ce l l -med ia ted  t ype ,  w a s  n o t  i nves t i ga t ed ,  so a n  im-  
m u n o l o g i c  m e c h a n i s m  c a n n o t  be  exc luded .  O n  t h e  o t h e r  
h a n d ,  we  c a n n o t  exc lude  a d i rec t  effect  of t h a l i d o m i d e  on  
sk in  cells s u c h  t h a t  t h e  p r o b a b i l i t y  of  neop las t i c  t r a n s -  
f o r m a t i o n  w a s  inc reased ,  e v e n  if t h a l i d o m i d e  a lone  is n o t  
oncogen ic  12. 

Zusammen]assung. D u r c h  M e t h y l c h o l a n t h r e n - B e p i n s e -  
l u n g  i.p. m i t  T h a l i d o m i d  b e h a n d e l t e r  M~use  e n t s t a n d e n  
m e h r  H a u t p a p i l l o m e  Ms bei  n i c h t  m i t  T h a l i d a m i d  b e h a n -  
de l t en  Tieren .  D e r  v e r a n t w o r t l i c h e  M e c h a n i s m u s  is t  n i c h t  
b e k a n n t .  E i n  a na loge s  P h ~ n o m e n  w u r d e  f r i iher  m i t  I m -  
m u n d e p r e s s i v a  fe s tges te l l t ;  e ine  I m m u n d e p r e s s i o n  k o n n t e  
j e d o c h  fiir T h a l i d o m i d  n i c h t  n a c h g e w i e s e n  we r den .  
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