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ABSTRACT 

T h i s  p r o j e c t  i s  concerned w i t h  deve loping  t h e  p o t e n t i a l  of  a lpha-  
e m i t t i n g  r a d i o n u c l i d e s  as a g e n t s  f o r  r a d i o t h e r a p y .  
i d e a l l y  s u i t e d  f o r  t h i s  a p p l i c a t i o n  because  t h e i r  h igh  l i n e a r  energy  t r a n s f e r  
and s h o r t  r ange  permi t  t h e  d e p o s i t i o n  of c o n s i d e r a b l e  energy i n  a ve ry  small 
volume of t i s s u e ,  
of about  1 - 2  mm i n  t i s s u e ,  5-7 MeV a lpha  p a r t i c l e s  would t r a v e r s e  on ly  a few 
c e l l  d i ame te r s .  Among t h e  a v a i l a b l e  a l p h a - e m i t t e r s ,  211At appea r s  
most promising f o r  t h e r a p e u t i c  a p p l i c a t i o n s  because ,  1) i t  has some chemical  
s i m i l a r i t i e s  t o  i o d i n e ,  a n  element t h a t  can r e a d i l y  be  inco rpora t ed  i n t o  numerous 
p r o t e i n s  and p e p t i d e s ,  2) i t  h a s  a h a l f - l i f e  t h a t  i s  long  enough t o  permit 
chemical  man ipu la t ion  y e t  s h o r t  enough t o  minimize d e s t r u c t i o n  of h e a l t h y  ce l l s  
due  t o  d e g r a d a t i o n  of t h e  l a b e l  ove r  t ime,  3)  i t  c a n  be produced conven ien t ly  
u s i n g  a c y c l o t r o n ,  and 4 )  a lpha  m i s s i o n  i s  a s s o c i a t e d  w i t h  100% of i t s  decays  
w i t h  no accompanying b e t a  m i s s i o n .  

Alpha-emi t te rs  seem 

Unl ike  t h e  b e t a  p a r t i c l e s  of  l3II which have a range  

I n  t h e  p a s t  yea r  t h e  e y a l u a t i o n  of a n  a s t a t i n e - t e l l u r i u m  c o l l o i d  as  a n  

. t h e r a p e u t i c  e f f i c a c y  of 211At-telluriurn c o l l o i d  h a s  been compared w i t h  t h a t  
. of s e v e r a l  b e t a - m i t t i n g  r a d i o c o l l o i d s .  

c l o n a l  a n t i b o d i e s  a s  c a r r i e r s  f o r  s e l e c t i v e  d e l i n e a t i o n  and d e s t r u c t i o n  of 
ma l ignan t  c e l l  p o p u l a t i o n s  have a l s o  been i n i t i a t e d .  

agen t  f o r  t h e  d e s t r u c t i o n  of mal ignant  a s c i t e s  has been completed.  The 

S t u d i e s  on t h e  a p p l i c a t i o n  of  mono- 
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1. O b j e c t i v e s  

The o v e r a l l  o b j e c t i v e  of t h i s  proposa l  i s  t h e  development of ’l’At-labeled 
r a d i o t h e r a p e u t i c  a g e n t s  f o r  t h e  s e l e c t i v e  d e s t r u c t i o n  of  s p e c i f i c  c e l l  popu- 
l a t i o n s .  
o g i c a l  c a r r i e r s  w i t h  211At and t o  assess t h e  r a d i o t o x i c i t y  of t h e s e  211At- 
l a b e l e d  subs t ances  i n  a p p r o p r i a t e  i n  vitro and i n  v i v o  models.  

Our g o a l s  a r e  t o  deve lop  t echn iques  f o r  l a b e l i n g  p h y s i c a l  and b i o l -  

2.  Work i n  P r o g r e s s  

a )  Astat ine-211-Tel lur ium Rad ioco l lo id  Cures  Experimental  Malignant  
A s c i t e s  

’ Although t h e  p o t e n t i a l  of d i r e c t e d  b u t  unsea led  s o u r c e s  of  r a d i a t i o n  
f o r  cancer  t he rapy  w a s  recognized  e a r l y ,  t h e  t h e r a p e u t i c  p o t e n t i a l  o f  
such  s o u r c e s  remains l a r g e l y  u n r e a l i z e d .  
p h y s i c a l  and b i o l o g i c a l ;  no t  o n l y  m u s t  t h e  r a d i o n u c l i d e  d e p o s i t  i t s  
energy w i t h i n  a s h o r t  r a n g e  of  a c t i o n ,  b u t  i t  m u s t  a l s o  be  l o c a l i z e d  
p r e f e r e n t i a l l y  w i t h i n  o r  i n  c l o s e  proximi ty  t o  tumor c e l l s .  If approp- 
r i a t e  c a r r i e r s  can  b e  devised  and l a b e l e d  w i t h  a lpha -emi t t i ng  r a d i o n u c l i d e s ,  

The shor tcomings  have been bo th  



t h e s e  r e q u i r e m e n t s  should b e  s a t i s f i e d .  

The a l p h a - p a r t i c l e s  e m i t t e d  i n  t h e  p r o c e s s  of r a d i o a c t i v e  decay ( i )  
a r e  d i r e c t l y  i o n i z i n g ,  ( i i )  have e n e r g i e s  (Ea) o f  5 t o  8 MeV, ( i i i )  
have a r a n g e  of s e v e r a l  c e l l  diameters, and ( i v )  have a h i g h  l i n e a r  

r a d i o b i o l o g i c a l  e f f e c t s  a re  l a r g e l y  independent of c e l l u l a r  oxygen- 
a t i o n .  
promising.  The a v e r a g e  E, i s  6.8 MeV, and t h e  r a n g e  i n  w a t e r  is  
60 pm; t h e  a v e r a g e  l i n e a r  energy t r a n s f e r  i s  113 keV/pm. 
p r o p e r t i e s  of a s t a t i n e  a r e  q u i t e  d i f f e r e n t  from t h o s e  of  i o d i n e ,  i t s  
n e a r e s t  halogen ne ighbor ;  n o n e t h e l e s s ,  a s t a t i n e  is  c o n c e n t r a t e d  by 
t h y r o i d  t i s s u e ,  a l b e i t  l e s s  a v i d l y  t h a n  i o d i n e .  

._ energy t r a n s f e r  which r e s u l t s  i n  h i g h  s p e c i f i c  I o n i z a t i o n ;  t h e i r  

Among t h e  a v a i l a b l e  a l p h a - e m i t t e r s ,  211At a p p e a r s  t h e  most 

The 'chemical  

Ne have prepared 211At-tellurium c o l l o i d  and i n v e s t i g a t e d  i ts  
t h e r a p e u t i c  e f f i c a c y  i n  a mal ignant  a s c i t e s  tumor model. The t h e r a -  
p e u t i c  r a t i o  should b e  h i g h l y  f a v o r a b l e  i n  t h i s  system because t h e  
r a d i o n u c l i d e  i s  adminis te red  d i r e c t l y  i n t o  t h e  p e r i t o n e a l  c a v i t y  and 
i s  brought  d i r e c t l y  i n t o  c o n t a c t  w i t h  tumor c e l l s .  
t e r i s t i c s  of 211At emiss ions  a r e  such t h a t  t h e  c r i t i c a l  normal t i s s u e ,  
i n t e s t i n a l  mucosa, i s  l a r g e l y  spared  t h e  c y t o t o x i c  e f f e c t s  of t h e  e m i t t e d  
a l p h a - r a d i a t i o n s  because of t h e  t h i c k n e s s  of t h e  s e r o s a  and m u s c u l a r i s  
r e l a t i v e  t o  t h e  a l p h a - p a r t i c l e  range .  The model provides  a q u a n t i t a t i v e  
exper imenta l  system i n  which t o  assess r i s k - b e n e f i t  c o n s i d e r a t i o n s  t h a t  
may be d i r e c t l y  a p p l i c a b l e  f o r  e v a l u a t i n g  human r a d i o c o l l o i d  therapy .  

The decay charac- 

The 211At va s  produced on t h e  60-inch c y c l o t r o n  of t h e  Brookhaven 
Nat iona l  Labora tory .  
c i r c u l a r  alurcinun d i s k s .  These t a r g e t s  were wa -cooled and i r r a d i a t e d  
w i t h  a l p h a - p a r t i c l e s  ( 2 1  t o  28 MeL') t o  produce 5f'At v i a  t h e  209Bi(a,2n)211At 
r e a c t i o n .  The bean c u r r e n t  was 10 t o  1 5  PA, and t h e  i r r a d i a t i o n  time was 
2 t o  6 hours .  
7OOOC and c o l l e c t e d  i t  i n  a t r a p  c o n t a i n i n g  0.lN sodium hydroxide and 0.01N 
sodium b i s u l f i t e .  P r e p a r a t i o n s  were determined t o  be chemica l ly  pure by 
e lementa l  a n a l y s i s  and by gamma- and a lpha-  spec t romet ry .  F i n e l y  ground 
e l e m e n t a l  t e l l u r i u u i  was chosen a s  t h e  c o l l o i d a l  m a t e r i a l  because  of i t s  
s t r o n g  a f f i n i t y  f o r  a s t a t i n e  a t  neut ra l  and a c i d i c  pH. We prepared  t h e  
t e l l u r i u m  p a r t i c l e s  j u s t  b e f o r e  u s e  by g r i n d i n g  e l e m e n t a l  t e l l u r i u m  t o  a 
f i n e  powder. P a r t i c l e s  between 2 and 25 Pm were o b t a i n e d  by a series of 
s e d i m e n t a t i o n s ,  c e n t r i f u g a t i o n s ,  and f i l t r a t i o n s .  Then we a c i d i f i e d  t h e  
211At s o l u t i o n  w i t h  2K n i t r i c  a c i d ,  added it  t o  t h e  t e l l u r i u m  c o l l o i d ,  
and shook t h e  m i x t u r e  f o r  1 m i n u t e a t  room tempera ture .  The r a d i o c o l l o i d  
was washed i n  d i s t i l l e d  water; s u p e r n a t a n t s  from t h e s e  washes conta ined  
< 0.5 p e r c e n t  unbound 211At. 

T a r g e t s  were prepared  by m e l t i n g  bismuth-209 o n t o  

h'e i s o l a t e d  t h e  211At from t h e  t a r g e t  by d i s t i l l a t i o n  a t  

The tumor used i n  t h e s e  experiments  a r o s e  spontaneous ly  i n  t h e  ovary 
of a C3H mouse and h a s  been maintained i n  i t s  a s c i t i c  form by s e r i a l  i n t r a -  
p e r i t o n e a l  t r a n s p l a n t a t i o n  i n  female  C3HeB/FeJ mice.  A r e g u l a r  r e l a t i o n -  
s h i p  h a s  been observed between t h e  s i z e  of t h e  tumor c e l l  inoculum and t h e  
median time t o  d e a t h .  Consequently,  t h e r a p e u t i c  e f f i c a c y  can  b e  expressed 
n o t  o n l y  a s  t h e  p e r c e n t a g e  i n c r e a s e  i n  median s u r v i v a l  b u t  a l s o  a s  a 
c e l l u l a r  s u r v i v i n g  f r a c t i o n .  Such a c a l c u l a t i o n  i m p l i e s  l i t t l e  o r  no 



I 

r e p a i r  of r a d i a t i o n  damage, a n  Bssumption t h a t  i s  s u b s t a n t i a t e d  by i n  v i t r o  
s t u d i e s .  

S i n g l e  graded d o s e s  of t h e  211At-tellurium c o l l o i d  were adminis te red  6 ' 
i n t o  t h e  p e r i t o n e a l  c a v i t y  24 hours  a f t e r  i n t r a p e r i t o n e a l  i n j e c t i o n  of 10 
tumor ce l l s .  Mice t r e a t e d  w i t h  <50 l ~ C l  of r a d i o c o l l o i d  demonstrated a dose- 
r e l a t e d  i n c r e a s e  i n  median s u r v i v a l ;  fur thermore ,  doses  of 25 t o  50 I J C i  Were 
c u r a t i v e  i n  a l l  an imals  s o  t r e a t e d  (F ig .  1). Although some mild m o r b i d i t y  
was mani fes ted  by weight l o s s  and change i n  f u r  nap w i t h  d o s e s  of 25 t o  50 
PCi, t h e r e  were no a c u t e  d e a t h s .  
f a t a l  i n  5 t o  7 d a y s ,  presumably t h e  result  of g a s t r o  n estinal i n j u r y .  When 
t h e  c e l l u l a r  s u r v i v i n g  f r a c t i o n  a f t e r  t rea tment  w i t h  "'At c o l l o i d  was expressed 
a s  a semi logar i thmic  f u n c t i o n  of d o s e  ( F i g .  2), a l i n e a r  r e l a t i o n s h i p  w i t h  no 
shoulder  i n  t h e  low-dose r e g i o n  was observed a t  d o s e s  <20 PCi. 

Doses of r a d i o c o l l o i d  (75 pC1 were uniformly 

Cured an imals  observed f o r  a t  l e a s t  200 days  were s l e e k ,  a g i l e ,  and 
a l e r t .  
were unremarkable a s  conpared t o  t h o s e  of u n t r e a t e d  mice except  f o r  t h e  t h y r o i d .  
Thyroid t i s sue ,  which was i d e n t i f i e d  wi th  much less  f requency  i n  t r e a t e d  mice, 
conta ined  c o n s i d e r a b l e  f i b r o s i s  as  w e l l  a s  g r a n u l a r  and r e f r a c t i l e  m a t e r i a l .  
These f i n d i n g s  probably r e f l e c t  some i n  v i v o  r e l e a s e  of ' l l A t  from t h e  t e l l u r i u m  
c o l l o i d .  KO second tumors were i d e n t i f i e d ;  however, t h e  number of cured a n i m a l s  
w 2 s  smal l  and t h e  d r a t i o n  of  follow-up r e l a t i v e l y  s h o r t .  Although i n t r a v e n o u s  
i n j e c t i o n  of i o n i c  "'At i n  comparable d o s e s  has been r e p o r t e d  t o  induce  
mammary tumors,  endonetr  i a l  polyps,  and endocr ine  adenomas i n  immature r a t s ,  
t h e s e  a d v e r s e  e f f e c t s  may be minimized under c o n d i t i o n s  of d i r e c t e d  c o l l o i d a l  
a d m i n i s t r a t i o n .  Moreover, t h y r o i d  uptake  and o t h e r  p o t e n t i a l l y  a d v e r s e  e f f e c t s  
of 221At may be m i x i x i z e d  'by p r e l i m i n a r y  t rea tment  w i t h  i o d i d e .  

H i s t o l o g i c a l  s e c t i o n s  of major organs  showed no ev idence  of tumor and 

The 211At-telluriurn c o l l o i d  i s  h i g h l y  e f f e c t i v e  i n  t h e  t r e a t m e n t  of 
exper imenta l  ma1ignar.t a s c i t e s .  
d o s e - r e l a t e d ,  b u t  t h i s  a l p h a - e n i t t i n g  r a d i o c o l l o i d  c a n  a l s o  b e  c u r a t i v e  wi thout  
s e r i o u s  m o r b i d i t y .  The m o s t  compelling r e a s o n  f o r  t h i s  i n c r e a s e d  e f f i c a c y  i s  
t h e  d i r e c t  and d e n s e l y  i o n i z i n g  c h a r a c t e r  of t h e  e m i t t e d  a l p h a - r a d i a t i o n s .  

Not on ly  is t h e  p r o l o n g a t i o n  of median s u r v i v a l  

These experiments  form t h e  b a s i s  f o r  f u r t h e r  i n v e s t i g a t i o n s  and development 
of a lpha-emi t t ing  r a d i o c o l l o i d s .  The most obvious  a p p l i c a t i o n s  of  such r a d i o -  
c o l l o i d s  a r e  i n  t h e  therapy  of a s c i t e s  and sur face-spreading  abdominal and 
p e l v i c  m a l i g n a n c i e s .  
a r t h r i t i s ,  p a r t i c u l a r l y  i n  s e l e c t e d  j o i n t s  where t h e  s y n o v i a l  t h i c k n e s s  does 
n o t  exceed t h e  a l p h a - p a r t i c l e  range .  

Another u s e  may be i n  t h e  t rea tment  of rheumatoid 

b) Comparison of Therapeut ic  E f f i c a c y  of Alpha- and Beta-Emitting 
Rad i o c o l  l o  i d  s 

The t h e r a p e u t i c  e f f i c a c y  of 211At-tellurium c o l l o i d  was corn a r e d  wi th  t h a t  
of s e v e r a l  b e t a - e m i t t i n g  r a d i o c o l l o i d s :  32P-chromic phosphate ,  !&-ci t ra te  
and 165Dy-ferr ic  hydroxide  macroaggregates  ( F i g .  3 ) .  

Although 32P-chromic phosphate  i s  used c l i n i c a l l y  a s  a d j u v a n t  therapy  t o  

I b -13 Z$prgery i n  e a r l y  s t a g e s  of human o v a r i a n  cancer ,  i t  h a s  no a n t i n e o p l a s t i c  . 



1 Z/~I.STAT;/NE- TELLURIUM COLLOID 

25 50 

U 
75- 150 

. .  L 

F i g u r e  1. R e s u l t s  of r a d i o c o l l o i d  the rapy  on expe r imen ta l  ma l ignan t  a s c i t e s  
i n  mice,  expressed  as t h e  pe rcen tage  of change i n  median s u r v i v a l .  
Each expe r imen ta l  group con ta ined  10  t o  12 mice;  exper iments  were 
performed t h r e e  t imes .  Nonradioac t ive  t e l l u r i u m  c o l l o i d  <2 p n  i n  
s i z e  i s  un i fo rmly  l e t h a l  i n  3 days ,  presumably t h e  r e s u l t  of 
pulmonary i n s u f f i c i e n c y  . 
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F i g u r e  2 .  R e s u l t s  of 211At c p l l o i d  therapy  expressed a s  c e l l u l a r  s u r v i v a l  

f r a c t i o n .  
l i n e a r  r e g r e s s i o n . a n a l y s i s .  
The d o s e  t o  r e d u c e  s u r v i v a l  t o  0.37 is  1 . 6  V C i .  

The s l o p e  of  t h e  l i n e  was determined by semi logar i thmic  
The c o r r e l a t i o n  c o e f f i c i e n t  is >.99. 

I Obl 'S ' l b  
OOE/HQ 



a c t i v i t y  i n  t h i s  e x p e r e e n t a l  tumor model. 
marked g a s t r o i n t e s t i n a l  t o x i c i t y .  

A t  h igh  d o s e s  ( > l o 0  UCi), i t  ext i ibi ted 

I n  comparison w i t h  3 2 P ,  "'At r a d i a t i o n s  have 1 /100  of t h e  range  of a c t i o n  b u t  te 
times t h e  energy d e p o s i t i o n  per  u n i t  p a t h  l e n g t h .  
s p a r s e  i o n i z a t i o n s  of 32P appear  t o  b e  i n s u f f i c i e n t  t o  k i l l  tumor ce l l s  i n  t h i s  
system d e s p i t e  t h e i r  c l o s e  p h y s i c a l  p roximi ty  t o  tumor ce l l s .  
o l d  a s c i t i c  tumor c e l l s  a r e  c o n s i  ed t o  b e  well  o gena ted ,  t h e  i n c r e a s e d  
r a d i o b i o l o g i c a l  e f f e c t i v e n e s s  of '"At r e l a t i v e  t o  "P probably r e f l e c t s  
d i f f e r e n c e s  i n  l i n e a r  energy t r a n s f e r  r a t h e r  t h a n  hypoxic ce l l  s e n s i t i z a t i o n  
by t h e  e m i t t e d  a l p h a - r a d i a t i o n s .  

Thus, t h e  i n d i r e c t  and 

Because l-day- 

"Y-citrate i s  not  used f o r  i n t r a p e r i t o n e a l  therapy ,  b u t  i t  h a s  ga ined  
widespread u s e  i n  Europi: f o r  r a d i a t i o n  synovectomies.  
t h e  maximum p r o l o n g a t i o n  of median s u r v i v a l  (80%) was achieved w i t h  d o s e s  of  
200 V C i .  

I n  t h i s  a s c i t e s  tumor model 

165Dy-FH?M h a s  been deseloped by t h i s  l a b o r a t o r y  i n  c o n j u n c t i o n  w i t h  D r .  
Clement B. Sledge  a s  a pcr ten t ia l  t h e r a p e u t i c  c o l l o i d  f o r  r a d i a t i o n  synovectomy. 
Maximurr t h e r a p e u t i c  e f f i c a c y  (100% p r o l o n g a t i o n  of median s u r v i v a l )  was achieved 
w i t h  d o s e  of 8000 pCi. 

The s t r i k i n g  d i f f e r e n c e s  i n  t h e r a p e u t i c  e f f i c a c y  observed w i t h  t h e  t h r e e  
b e t a - e m i t t i n g  r a d i o c c l l o i l s  i n  F i g .  3 cannot  be a d e q u a t e l y  expla ined  by t h e  r d a -  
t i v e l y  minor d i f f e r e n c e s  i n  bax e n e r g i e s .  
marked d i f f e r e n c e s  i n  pb.ysical h a l f  - l i f e  f o r  t h e  t h r e e  r a d i o n u c l i d e s .  
t h e r a p e u t i c  index ( d e f i n e d  a s  t h e  dose where change i n  median s u r v i v a l  changes 
from p o s i t i v e  t o  neg;tixTe ir, F i g .  3)  is  p l o t t e d  a s  f u n c t i o n  of p h y s i c a l  h a l f - l i f e  
f o r  t h e  t h r e e  r a 2 i c c c l l o i l s  i n  F i g .  4 .  The i n t e r e s t i n g  l i n e a r  r e l a t i o n s h i p  
between t h e r a p e u t i c  i n l e x  and p h y s i c a l  h a l f  - l i f e  merits f u r t h e r  i n v e s t i g a t i o n  
w i t h  o t h e r  6-=.i t t ine r a ? i o c o l l o i d s .  

On t h e  o t h e r  hand, t h e r e  a re  
The 

C) Monoclonal k t i b o d i e s  as  Tumor-Specif i c  C a r r i e r s  
We a r e  c u r r e n r l y  i n v e s t i g a t i n g  two monoclonal a n t i b o d i e s  a s  p o t e n t i a l  

tumor-specif  i c  c a r r i e r s  of r a d i o a c t i v i t y  f o r  both d i a g n o s t i c  and t h e r a p e u t i c  
a p p l i c a t i o n s .  S i n c e  t h e  c o n s t r a i n t s  imposed on a p o t e n t i a l  t h e r a p e u t i c  c a r r i e r  
of r a d i o i s o t o p e  ar.e r e l a t e d  t o  b u t  more s t r i n g e n t  t h a n  a s i m i l a r  a p p l i c a t i o n  
i n  t h e  d i a g n o s t i c  i e a l m ,  our  i n i t i a l  s t u d i e s  were d i r e c t e d  towards de te rmining  
whether  r a d i o l a b e l e d  monoclonal a n t i b o d i e s  could be u t i l i z e d  t o  s e l e c t i v e l y  
d e l i n e a t e  tumors. We a re  i n v e s t i g a t i n g  t h e  f e a s i b i l i t y  of imaging tumors 
w i t h  r a d i o l a b e l e d  monoclonal a n t i b o d i e s  i n  c o l l a b o r a t i o n  w i t h  Drs. J .  Schlom 
and D. Colcher of t h e  XlH u s i n g  a monoclonal an t ibody a g a i n s t  human b r e a s t  
carcinoma(6.23) and w i t h  D r . ? B .  Benacerraf a t  Harvard u s i n g  an a n t i - p r o s t a t e  
carcinoma monoclonal an t ibod  ;y (F77-129). Both a n t i b o d i e s  were developed 
from hybridomas r e s u l t i n g  from t h e  f u s i o n  of murine mouse myelomas w i t h  
s p l e e n i c  lymphocytes of  mice immunized w i t h  e i t h e r  human b r e a s t  o r  p r o s t a t e  
carcinoma c e l l  e x t r a c t s .  

Monoclonal a n t i b o d i e s  were l a b e l e d  w i t h  1251 u s i n g  t h e  s t a t i o n a r y  
phase  chloramide 1,3,4,6-tetrachloro-3a-bcl-diphenylglycouril ( Iodogen) .  The 
advantage  of t h i s  ch loramide  i s  t h a t  i t  i s  o n l y  s p a r i n g l y  s o l u b l e  i n  water  
and can b e  used  a s  a s o l i d  phase  r e a g e n t .  I n  t h i s  technique ,  a n  o r g a n i c  . 
s o l u t i o n  of Iodogen is f i r s t  evapora ted  i n  a t es t  t u b e  and t h e n  a n  aqueous 
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s o l u t i o n  c o n t a i n i n g  both  t h e  monoclonal an t ibody and t h e  1251 a c t i v i t y  i s  ' 

added t o  t h e  f i l m  d e p o s i t e d  on t h e  tube .  When t h e  i o d i n a t i o n  i s  completed, 
t h e  monoclonal a n t i b o d y  is s e p a r a t e d  from t h e  water  i n s o l u b l e  chloramide 
by simply t r a n s f e r r i n g  t h e  r e a c t i o n  m i x t u r e  t o  a second t u b e .  Thus, t h e  
Iodogen technique  should be w e l l  s u i t e d  f o r  l a b e l i n g  s e n s i t i v e  b i o l o g i c a l  
c a r r i e r s  such as monoclonal a n t i b o d i e s  because t h i s .  method b o t h  minimizes 
exposure of t h e  p r o t e i n  t o  o x i d a n t s  and o b v i a t e s  t h e  need f o r  t h e  a d d i t i o n  
of reducing  a g e n t s  such  as b i s u l f i t e  t o  t e r m i n a t e  t h e  r e a c t i o n .  

We have i n v e s t i g a t e d  t h e  e f f e c t  of several v a r i a b l e s  on t h e  opt imiz-  
a t i o n  of t h e  i o d i n a t i o n  y i e l d  and t h e  r e t e n t i o n  of immunospecif ic i ty  by 
t h e  1251-labeled monoclonal an t ibody.  Parameters  i n v e s t i g a t e d  inc luded  
r e a c t i o n  t ime (0.5-30 min),  p r o t e i n  c o n c e n t r a t i o n  (10-2OOpg), and Iodogen 
c o n c e n t r a t i o n  (0.5-200pg) . 

I o d i n a t i o n  y i e l d  was determined by TCA p r e c i p i t a t i o n .  About 1 mg of 
BSA and 1 ml of 10% TCA were added t o  a n  a l i q u o t  of t h e  r e a c t i o n  m i x t u r e  and 
t h e  s o l u t i o n  was al lowed t o  s t a n d  a t  room tempera ture  f o r  20 min. A f t e r  
c e n t r i f u g a t i o n ,  t h e  p r e c i p i t a t e  was washed w i t h  1OX TCA, resuspended and 
c e n t r i f u g e d  a g a i n .  The p r e c i p i t a t e  c o n t a i n i n g  t h e  1251-labeled monoclonal 
an t ibody was then  counted i n  o r d e r  t o  de te rmine  t h e  r a d i o l a b e l i n g  e d f i c i e n c y .  

The e f f e c t  of each r a d i o l a b e l i n g  procedure  on t h e  immunospecif ic i ty  
of t h e  monoclonal an t ibody was assayed u s i n g  a f l u o r e s c e n c e - a c t i v a t e d  ce l l  
s o r t e r .  For t h e  a n t i - b r e a s t  carcinoma a n t i b o d y ,  h u n o s p e c i f i c i t y  was a l s o  
tested u s i n g  a s o l i d  phase c e l l  b inding  a s s a y .  I n  t h i s  procedure,  a l i q u o t s  
of r a d i o l a b e l e d  an t ibody were incubated w i t h  c e l l  e x t r a c t s  of bo th  a human 
b r e a s t  m e t a s t a s i s  tc t h e . l i v e r  and normal l i v e r  t i s s u e ,  The f r a c t i o n  of 
a n t i b o d y  bound t o  t h e  m e t a s t a s i s  e x t r a c t  a s  w e l l  as t h e  r a t i o  of  tumor t o  
normal t i s s u e  b inding  were t h e n  measured. 
being developed. f o r  t h e  F77-129 a n t i - p r o s t a t e  monoclonal a n t i b o d y .  

A s i m i l a r  c e l l  b inding  a s s a y  i s  

The f o l l o w i n g  procedure was adopted f o r  l a b e l i n g  monoclonal a n t i b o d i e s  
P r i o r  t o  r a d i o l a b e l i n g  a methylene c h l o r i d e  s o l u t i o n  c o n t a i n i n g  w i t h  1251: 

5;lg of Jodogen i s  evaporated w i t h  a stream of n i t r o g e n  i n  a 1 0  x 75 mm g l a s s  
tube.  
100 p1 of pH 7 . 2  phosphate  b u f f e r  c o n t a i n i n g  b o t h  100 pg of an t ibody and 
t h e  1251 a c t i v i t y  and r e a c t i n g  a t  room tempera ture  f o r  10 min. The 
r e a c t i o n  m i x t u r e  i s  removed, and t h e  r e a c t i o n  t u b e  i s  washed t w i c e  w i t h '  
150 p1 of  phosphate  b u f f e r .  
and a d d e d  t o  a Sephadex G - 2 5  column t o  s e p a r a t e  t h e  r a d i o l a b e l e d  a n t i b o d y  
from unreac ted  i o d i d e .  

The i o d i n a t i o n  i s  i n i t i a t e d  by adding t o  t h e  chloramide-coated t u b e  

The r e a c t i o n  m i x t u r e  and washings a r e  combined 

Using t h i s  method, b o t h  m o n o c l o d  a n t i b o d i e s  could be i o d i n a t e d  i n  
y i e l d s  of a b o u t  50-70% w i t h  t r a c e  amounts of 1251 ( less  t h a n  1vCi). The 
l a b e l i n g  e f f i c i e n c i e s  observed a t  h i g h e r  l e v e l s  of 1251  a c t i v i t y  were somewhat 
lower and 1,ess p r e d i c t a b l e ,  r a n g i n g  from 25-60%. 
e f f e c t  of s t a b l e  i o d i n e  on t h e  e f f i c i e n c y  of an t ibody i o d i n a t i o n  w i t h  Iodogen 
w i l l  b e  i n v e s t i g a t e d .  The maximum s p e c i f i c  a c t i v i t y  obta ined  u s i n g  100 vg Of 
p r o t e i n  was about  2 i o d i n e  atoms per  a n t i b o d y  molecule .  
s t a b i l i t y  of t h e  r a d i o l a b e l e d  an t ibody was determined u s i n g  s e r i a l  d i a l y s i s .  
The r a t e  of d e i o d i n a t i o n  f o r  b o t h  12%-labe led  monoclonal a n t i b o d i e s  was 

I n  f u t u r e  experiments ,  t h e  

The i n  v i t r o  

erved t o  b e  l e s s  t h a n  l % / d a y .  
~~~~~~~ - -  
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, The t i s s u e  d i s t r i b u t i o n  03 t h e  1251-labeled a n t i b o d i e s  was s t u d i e d  
* 

, - i n  nude mice implanted wi th  human tumor ce l l s .  A l l  mice r e c e i v e d  0.05% 
KI i n  o r d e r  t o  b l o c k  t h y r o i d  uptake  
of 1251 a c t i v i t y  r e s u l t a n t  from i n  v i v o  d e i o d i n a t i o n  of t h e  1251-labeled 
a n t i b o d y .  
a 6 m - a p e r t u r e  p i n h o l e  c o l l i m a t o r .  
s a c r i f i c e d  a t  24,48,72, and 96 h r  p o s t  i n j e c t i o n .  

Mice were imaged us ing  a low energy mobi le  camera equipped w i t h  
Groups of mice were imaged and t h e n  

i. A n t i - p r o s t a t e  carcinoma ant ibody (F77-129) 

carcinoma c e l l s  and imaged about  2 weeks l a t e r  when tumors were 
abour  100-200 mg i n  weight .  
mately 10jg of F77-129 a n t i b o d y  l a b e l e d  w i t h  115pCi of lZ5I. 
Tumors could e a s i l y  b e  d e l i n e a t e d  a t  a l l  imaging times i n  b o t h  
l a t e r a l  and p o s t e r i o r  views.  
7 2  h r s  p o s t  i n j e c t i o n  of a nude mouse b e a r i n g  a 90 mg PC-3 tumor 
i n  i t s  back. The t i s s u e  d i s t r i b u t i o n  and tumor t o  n o n t a r g e t  
r a t i o s  of 1251 (F77-129) monoclonal an t ibody are g iven  
i n  Tables  1 and 2. The b e s t  tumor to n o n t a r g e t  r a t i o s  were 
observed a t  7 2  h r  p o s t  i n j e c t i o n  when t h e  tumor t o  blood r a t i o  
was 8 t o  1 and t h e  tumor t o  t i s s u e  r a t i o  was g r e a t e r  t h a n  10 t o  1 
f o r  a l l  o t h e r  t issues s t u d i e d .  Tumor u p t a k e  was about  24% p e r  gram 
a t  24 h r s  and decreased  t o  about  h a l f  t h a t  level a t  72 h r  p o s t  
i n j e c t i o n .  Thyroid b locking  was e f f e c t i v e ;  i n  a l l  mice t h e  t h y r o i d  
u p t a k e  was l e s s  t h a n  0.1% of  i n j e c t e d  dose .  
bo th  t h e  imaging and t i s s u e  d i  
t h a t  i n  t h e  nude mouse m o d e l ,  '% (F77-129) monoclonal an t ibody 
s e l e c t i v e l y  l o c a l i z e s  i n  human p r o s t a t e  carcinomas. 

Nude mice were i n j e c t e d  w i t h  5 x 1 0 6  PC-3 human p r o s t a t e  

Each mouse was i n j e c t e d  w i t h  approxi-  

F i g u r e  5 i s  a l a t e r a l  view o b t a i n e d  

The r e s u l t s  from 
i b u t i o n  experiments  c l e a r l y  i n d i c a t e  

ii. A n t i - b r e a s t  carcinoma a n t i b o d y  (6.23) 

was s t u d i e l  i n  t h r e e  groups o f  nude mice.  
tumors der ived  from human mammary carcinoma c e l l  l i n e s  (Clouser  and 
MCF-7) and t h e  t h i r d  group of  mice served as n e g a t i v e  c o n t r o l s ,  
b e a r i n g  t h e  nonbreas t  carcinoma A375 c e l l  l i n e .  The s i z e  of t h e  
tumors ranged from 0.3-2.3 gm f o r  t h e  C l o u s e r s ,  10-300 mg f o r  
t h e  MCF-7 mice,  and 100-500 mg f o r  t h e  A375 l i n e .  A l l  mice were 
i n j e c t e d  w i t h  3 pg of 6.23 a n t i b o d y  l a b e l e d  w i t h  about  60 V C i  of 
1251.  
were q u a l i t a t i v e l y  s i m i l a r  t o  t h o s e  o b t a i n e d  w i t h  t h e  1251(F77-129) 
a n t i b o d y .  
w i t h  opt imal  c o n t r a s t  between tumor and sur rounding  t i s s u e  observed 
a t  72 h r s  p o s t  i n j e c t i o n  ( F i g u r e  6 ) .  
t h e  p e r c e n t  i n j e c t e d  d o s e  p e r  gram tumor and tumor t o  n o n t a r g e t  
t i s s u e  r a t i o s  were about  h a l f  t h o s e  observed w i t h  the 1251(F77-129) 
antibody-(PC-3) tumor system (Tables  3 and 4). With t h e  Clouser  
mice,  t h e  s m a l l e r  tumors had g r e a t e r  p e r c e n t  up take  p e r  gram of 
1251(6.23) a t  a l l  time p o i n t s .  
i t  w a s  found that t h e  p e r c e n t  u p t a k e  p e r  gram i n  t h e  c o r e  of t h e  
tumor was about  20% less than  on  i t s  s u r f a c e .  

The b i o t i s t r i b u t i o n  of 1251(6.23) a n t i - b r e a s t  carcinoma ant ibody 
Two groups of mice had 

The r e s u l t s  f o r  t h e  1251(6.23) a n t i b o d y  in t h e  Clouser  mice 

Tumors could b e  e a s i l y  d e t e c t e d  a t  a l l  imaging times 

However, f o r  t.he Clouser  mice,  

When a 0.8 gm tumor was s e c t i o n e d  



TABLE 1 

TISSUE DISTRIBUTIOK OF 1251 (F77-129) MONOCLOXAL &TIBODY 

AGAINST PROSTATE CARCINOMA Ih' NUDE MICE BEARING PC-3 PROSTATE TUMORS 

X Injected Dose 1 Gram Tissue 

Tissue 24 h r  48 h r  72 h r  

Tumor 

L i v  er 

Spleen 

Lung 

Heart 

Kidney 

Skin 
Muscle 

Bone 

Blood 

23.97 

2.03 
3.89 
5.L9 

I 

3.19 

3.51 

4.55 
2.12 

2.65 

4.86 

12.82 

1.05 

1.41 

2.55 
1.32 

1.64 

2.69 

0.96 

0.93 
3.24 

11 .78  

0.54 
0.71 

1.05 

0.62 

0.80 

1.13 

0.47 

0.49 
1.48 

96 hr 

6.32 
0.53 

0.62 
0.91 

0.61 

0.48 

1.02 

0.40 

0.33 
1.46 



TABLE 2 

TUMOR TO KOKTARGET TISSUE RATIOS FOR 1251 (F77-129) MONOCLONAL 

AKTIBODY AGAIKST PROSTATE CARCINOMA IN h'UDE MICE 

BEARING PC-3 PROSTATE TUMORS 

Tumor to : 

Blood 

L ive r  

Lungs 

Spleen  

Hear t  . 

Kidneys 

Skin  

Muscle 

Bone 

S t oma c h 

Smal l  I n t e s t i n e  

Large  I n t e s t i n e  

24 h r  

4 . 9  

11 . ?  

4 . 1  

6 .2  

7 . 5  

6.E 

5 .3  

li .i 
? .L 

5 . 6  

1; .1 

l L . 6  

48 hr  

. 3.9 

1 2 . 1  

4 .9  

9 .1  

9 .6  

7 .8  

4 . 7  

13 .3  

13 .8  

1 0 . 3  

15 .4  

1 3 . 9  

Ratio 

72 hr 

8 .O 
22.2 

11 .o 
17.4 

19.0 

14.5 

10,5 
24.7 

24.4 

17.8 

33.6 

36.4 

96 h r  

4.4 

12 .1  

6.9 

10.7 

10.4 

13.3 

- 

6.3  . .  

15.8  

19.4 

32.5 

23.9 

30.0 



T i s s u e  

CARCIXOPA *IS hl'DE MICE BEARING CLOUSER M D  MCF-7 TUMORS 

tumor 

l i v e r  

s p l e e n  

lung 

heart 

kidney 

s k i n  

muscle  

bone 

blood 

Z I n j e c t e d  Dose/Gram T i s s u e  

24 hr 
Clouser 

13. OS 

3.06 

2.02 

7.30 

2.5? 

3 .56  

5 . 7 E  

2 . 2 0  

1.611 

11.7.: 

MCF-7 

6.55 

2.56 

1.41 

6.73 

2 . 1 2  

3 . L O  

3.0:1 

1 - -  
A * i/ 

0 . 9 4  

6 .LS 

48 hr 
Clouse r  

'5.72 

1.63 

1.64 

4.31 

1.70 

1.73 

4.69 

1.79 

1.04 

13.48 

MCF-7 
4.45 

1.65 

0.88 

2.23 

1.34 

1.85 

2.37 

1.04 

0.61 

4.78 

72 hr 96 hr 

Clouser 

13.04 

1.63 

0.72 

2.18 

1.61 

2.06 

1.86 

0.87 

0.. 35 

5.39 

MCF-7 Clouser MCF-'I 

12.05 

2.57 

2.50 

5.79 

3.45 

2.63 

4.05 

1.53 

1.69 

15.71 . 

8.39 

2.08 

1.14 

5.18 

2.21 

2.11 

4.03 

1.23 

0.87 

7.70 

19.90 

1.66 

1.47 

4.97 

1.75 

1.71 

3.40 

1.05 

0.90 

8.33 
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TABLE 4 

TUMOR TO NOSTARGET TISSUE RATIOS FOR lz5I (6.23) MONOCLONAL AKTIBODY AGAINST 

BREAST CARCINOMA IN NUDE MICE BEARING CLOUSER AKD MCF-7 TUMORS 

Tumor t o  : 

blood 

1 i v e r  

l ungs  

s p l e e n  

h e a r t  

kidney 

s k i n  

.muscle 

. bone 

, stomach 

small  
i n  t es t i n e  
l a r g e  
i n t e s t i n e  

24 h r  48 hr 

Clouser 

1.2 

4.4 

1.8 

6.9 

5.0 

3.7 
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Figure 5. L a t e r a l  view of nude mouse bea r ing  PC-3 p r o s t a t e  tumor 72 hr a f t e r  
i n j e c t i o n  of 1251 (F77-129) a n t i - p r o s t a t e  carcinoma monoclonal 
an t ibody  

F i g u r e  6. L a t e r a l  viet :  of  nude mouse bea r ing  Clouser  mammary carcinoma 7 2  h r  
a f t e r  i n j e c t i o n  of 12% (6.23) a n t i - b r e a s t  carcinoma monoclonal 
an t ibody .  
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With the MCF-7Bnd A375 tumor mice the tumors couls not be 
detected on any of the images. 
measurements with MCF-7 mice, optimal localization of I(6.23) 
antibody occurred at 96 hr post injection (Tables 3 and 4). The 
distribution of lz51(6.23) antibreast carcinoma antibody was as 
expected in the negative control A375 mice; the tumor to tissue 
ratios were less than unity at all time points. 

In the tissue distriburisn 

iii. Conclusions 

antibodies can &used to selectively delineate tumors in vivo. 
The ability of I(F77-129) antiprostate carcinoma anitbody to 
localize in human prostate tumors grown in nude mice is most 
encouraging. 
two monoclonal antibodies in the various cell lines may be a 
reflection of a multiplicity of factors which affect the fate of 
radiolabeled monoclonal antibodies -- in vivo. These include tumor 
size and vascularity and the specific activity of the radiolabeled 
antibody. In addition, tumor specificity could be masked if the 
tumor sheds appreciable levels of antigen into the bloodstream. 
In conclusion, monoclonal antibodies appear to have potential as 
radioactive carriers for the detection of tumor cell populations. 
If the aforeaentioned variables could be optimized to further 
increase tumor specificity it also may be possible t o  use monoclonal 
antibodies labeled with alpha emitters such as 'I1At to selectively 
destroy malignant cells -- in vivo. 

These preliminary results suggest that radiolabeled monoclonal 

The differences observed in the distribution of the 

3. Goals for the Coxxing Tear 

A. To develop methods fdr producing liposomes which (i) are of appropriate 
size to minirize leakage from the target site; (ii) are stable and 
impermeable -- in vivc; and (iii) have high efficiencies of encapsulation 
of 'llAt. 

To synthesize 'llAt-labeled melanocyte stimulating hormone (MSH) and 
to determine if it can be used to selectively destroy melanocytes in 
tissue culture and in mouse melanoma lines. 

B. 

4 .  Staffing 

Role - Name - 
Adelstein, S.J. Principal Investigator 

Zalutsky, M.R. Co-principal Investigator 

Bloomer, W.D. Co-investigator 

% Effort for % Effort for 
Reporting Period Remainder 

. 5  5 

100 

5 

100 

5 
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