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S U M M A R Y

This t h e s i s  c o n c e r n s  the i m m u n o l o g y  of u v e a l  

m e l a n o m a .  It is i n t r o d u c e d  by a c r i t i c a l  r e v i e w  of the 

l i t e r a t u r e  on this n e o p l a s m ,  and on t u m o u r  i m m u n o l o g y  w i t h  

s p e c i a l  r e f e r e n c e  to m e l a n o m a .  Two m a i n  c o n c l u s i o n s  c o u l d  

be d r a w n  f r o m  this r eview. F i r s t l y ,  f u r t h e r  p r o g r e s s  in 

the i m m u n o l o g y  of u v e a l  m e l a n o m a  is d e p e n d e n t  on a b e t t e r  

u n d e r s t a n d i n g  of the a n t i g e n i c i t y  of this t u m o u r  and on 

the a v a i l a b i l i t y  of s u i t a b l e  a n t i g e n s  for t e s t i n g  the 

a n t i - t u m o u r  i m m u n e  r e s p o n s e .  S e c o n d l y ,  the b e s t  c h a n c e  of 

a c h i e v i n g  t h ese o b j e c t i v e s ,  at p r e s e n t ,  is by the 

a p p l i c a t i o n  of m o n o c l o n a l  a n t i b o d y  t e c h n o l o g y .  

A c c o r d i n g l y ,  the m a i n  aims of this s t u d y  w e r e  to d e t e r m i n e  

the f e a s i b i l i t y  and scope of p r o d u c i n g  m o n o c l o n a l  

a n t i b o d i e s  to u v e a l  m e l a n o m a .

M o n o c l o n a l  a n t i b o d i e s  w e r e  p r e p a r e d  u s i n g  the rat 

h y b r i d o m a  system. T i s s u e  s p e c i m e n s  f r o m  o v e r  80 u v e a l  

m e l a n o m a s  w e r e  u s e d  to i m m u n i s e  rats and for the n e c e s s a r y  

i m m u n o - a s s a y s . H y b r i d o m a s  w e r e  s c r e e n e d  by E L I S A .

E l e v e n  m o n o c l o n a l  a n t i b o d i e s  w e r e  p r o d u c e d .  M o s t  of 

t h ese w e r e  of the IgM i s o t y p e  and all r e a c t e d  w i t h  

i n t r a c e l l u l a r  a n t i g e n s .  The m o s t  s p e c i f i c  was m A b  4A3. 

N e v e r t h e l e s s ,  i m m u n o h i s t o c h e m i s t r y  on f r o z e n  and f i x e d  

s e c t i o n s  and i m m u n o f l u o r e s c e n c e  m i c r o s c o p y  u s i n g  cell 

s u s p e n s i o n s  s h o w e d  that this a n t i b o d y  r e a c t e d  w i t h  s e v e r a l  

types of n o r m a l  and m a l i g n a n t  cells.



W e s t e r n  b l o t t i n g  d e m o n s t r a t e d  that the 4A3 a n t i g e n  

h a d  a m o l e c u l a r  w e i g h t  of 5 5 - 6 2  k D . The 4A3 a n t i g e n  was 

d e t e c t e d  in the s u b r e t i n a l  f l u i d  of five p a t i e n t s  w i t h  

u v e a l  m e l a n o m a  w i t h  the use of this t e c h n i q u e ,  and in one 

of two p a t i e n t s  w i t h  r h e g m a t o g e n o u s  r e t i n a l  d e t a c h m e n t .

E L I S A  r e a c t i v i t y  of the rat m o n o c l o n a l  a n t i b o d i e s  

w i t h  u v e a l  m e l a n o m a  c e lls was i n h i b i t e d  by s e r u m  f r o m  10 

out of 12 p a t i e n t s  w i t h  u v e a l  m e l a n o m a  and f r o m  two out of 

e i g h t  h e a l t h y  i n d i v i d u a l s .

B L y m p h o c y t e s  of p a t i e n t s  w i t h  u v e a l  m e l a n o m a  w e r e

E B V  t r a n s f o r m e d  in v i t r o  and t e s t e d  by E L I S A  for

r e a c t i v i t y  w i t h  a u t o l o g o u s  tumour. The r e s u l t s  w e r e

s i m i l a r  to those o b t a i n e d  w i t h  l y m p h o c y t e s  f r o m  h e a l t h y

i n d i v i d u a l s .  T his s u g g e s t e d  that such t e c h n i q u e s  w e r e  

i n a d e q u a t e  for a n a l y s i n g  h u m o r a l  i m m u n i t y  to m e l a n o m a  and

u n s u i t a b l e  for the p r o d u c t i o n  of h u m a n  m o n o c l o n a l

a n t i b o d i e s  to this tumour.

In c o n c l u s i o n ,  s p e c i f i c  m o n o c l o n a l  a n t i b o d i e s  to 

u v e a l  m e l a n o m a  c o u l d  be v e r y  u s e f u l ,  but such a n t i b o d i e s  

are u n l i k e l y  to be p r o d u c e d  u s i n g  c o n v e n t i o n a l  m e t h o d s .  

B e t t e r  r e s u l t s  w i l l  p r o b a b l y  be a c h i e v e d  if u n c u l t u r e d  

t i s s u e  f r o m  a s i n g l e  t u m o u r  w e r e  u s e d  for all i m m u n i s a t i o n  

and a s s a y  p r o c e d u r e s  r e q u i r e d  for one fus i o n ,  and if m o r e  

e f f i c i e n t  t e c h n i q u e s  for s e l e c t i n g  h y b r  i d o m a  s w e r e  

a v a i l a b l e .
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D M S O  D i m e t h y 1 s u 1p h o x i d e
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HT H y p o x a n t h i n e  t h y m i d i n e

Ig I m m u n o g l o b u l i n

IgM, IgG I m m u n o g l o b u l i n  c l a s s e s ;  M  & G

m A b  M o n o c l o n a l  a n t i b o d y

O PD O r t h o p h e n y l e n e d i a m i n e

PBS P h o s p h a t e  b u f f e r e d  s a l i n e

P E G  P o l y e t h y l e n e  g l y c o l
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R P M I  R o s e w e l l  P a r k  M e m o r i a l  I n s t i t u t e  ( m e d i u m )

S D S - P A G E  S o d i u m  d o d e c y l  s u l p h a t e  p o l y a c r y l a m i d e  gel 

e l e c t r o p h o r e s i s  

SRBCs S h e e p  red b l o o d  c e lls
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C h a p t e r  1 

I N T R O D U C T I O N

1.1 U v e a l  m e l a n o m a

1.1.1 Int rod u c  t ion

U v e a l  m e l a n o m a  is a m a l i g n a n t  n e o p l a s m  w h i c h  

o r i g i n a t e s  in the p i g m e n t e d  t i s s u e s  of the eye. The 

c u r r e n t  m a n a g e m e n t  of this t u m o u r  is not ideal for a 

n u m b e r  of r e a s o n s .  F i r s t l y ,  it can s o m e t i m e s  be v e r y  

d i f f i c u l t  to d i a g n o s e  c l i n i c a l l y .  S e c o n d l y ,  e r a d i c a t i o n  

of the p r i m a r y  t u m o u r  u s u a l l y  r e q u i r e s  m u t i l a t i n g  s u r g e r y .  

T h i r d l y ,  f o l l o w i n g  e n u c l e a t i o n ,  a b o u t  50% of c a s e s  in m o s t  

of the p u b l i s h e d  s e r i e s  d e v e l o p  m e t a s t a t i c  d i s e a s e ,  w h i c h  

is i n v a r i a b l y  fatal. F i n a l l y ,  p r e d i c t i o n  of m e t a s t a t i c  

d i s e a s e  is i n a c c u r a t e  in the i n d i v i d u a l  case.

T h o u s a n d s  o f  a r t i c l e s  h a v e  b e e n  p u b l i s h e d  on u v e a l  

m e l a n o m a .  The a s p e c t s  of the l i t e r a t u r e  w h i c h  are 

r e l e v a n t  to the p r e s e n t  s t u d y  are s u m m a r i s e d  in this 

s e c t i o n .  A h i s t o r i c a l  r e v i e w  of the e a r l y  l i t e r a t u r e  on 

this s u b j e c t  has b e e n  w r i t t e n  by D u k e  E l d e r  and P e r k i n s  

(1966).

1.1.2 O r i g i n

I n t r a o c u l a r  m e l a n o m a s  o c c u r  in the uvea, w h i c h  is a 

h i g h l y  v a s c u l a r  and p i g m e n t e d  t i s s u e  s u p p o r t i n g  the 

r e f r a c t i v e  and s e n s o r y  s t r u c t u r e s  of the eye (Fig. 1.1). 

The u v e a  is d i v i d e d  a n a t o m i c a l l y  into the iris, c i l i a r y  

b o d y  and c h o r o i d .  The iris (Fig. 1.2) r e g u l a t e s  the



F i g u r e  1.1 The eye. S a g i t t a l  s e c t i o n  d e m o n s t r a t i n g

c h o r o i d  (a), c i l i a r y  b o d y  (b), iris (c), lens (d),

r e t i n a  ( e ) , o p t i c  n e r v e  (f), s c l e r a  (g), and c o r n e a  (h).

A c h o r o i d a l  m e l a n o m a  (i) is s i t u a t e d  i n f e r i o r  to the o p tic 

n e r v e  and is a s s o c i a t e d  w i t h  a l o c a l i s e d  r e t i n a l

d e t a c h m e n t .  (H a e m a t o x y 1 i n - e o s i n , x 5.5).

F i g u r e  1.2 The iris. L i g h t  m i c r o g r a p h  d e m o n s t r a t i n g  the 

p i g m e n t  e p i t h e l i u m  (a), and s t r o m a  (b) ( H a e m a t o x y l i n -  

eos i n , x 37).



Fig.  1.2



a m o u n t  of lig h t  r e a c h i n g  the . r e tina. The c i l i a r y  b o d y 

(Fig. 1.3) a l t e r s  the r e f r a c t i v e  p o w e r  of the c r y s t a l l i n e  

lens and p r o d u c e s  a q u e o u s  h u m o u r .  The c h o r o i d  (Fig. 1.4) 

p r o v i d e s  the o u t e r  r e t i n a  w i t h  its m e t a b o l i c  r e q u i r e m e n t s .

M e l a n o m a s  are t h o u g h t  to d e v e l o p  f r o m  m e l a n o c y t e s ,  

w h i c h  are of n e u r a l  c r e s t  o r i g i n  ( R a w l e s  1947). It is 

t h e r e f o r e  to be e x p e c t e d  that the s e  t u m o u r s  are

a n t i g e n i c a l l y  s i m i l a r  to n o n - o c u l a r  m e l a n o m a s  and to 

n e u r a l  t u mours.

1.1.3 E p i d e m i o l o g y

The i n c i d e n c e  of u v e a l  m e l a n o m a  is a p p r o x i m a t e l y  

six per m i l l i o n  per y e a r  in C a u c a s i a n s  ( J e n s e n  1963) and 

m u c h  low e r  in the p i g m e n t e d  races (Apple, G a r l a n d  &

B o u t r o s  1983). An i n c r e a s i n g  p r e v a l e n c e  has b e e n  r e p o r t e d  

( S w e r d l o w  1983). T his m a y  be due to the l o n g e r  life

e x p e c t a n c y  ( T e i k a r i  & R a i v i o  1985). The sex r a t i o  is 

a p p r o x i m a t e l y  e q u a l  and the m e a n  age of p r e s e n t a t i o n  is

5 3 y e a r s  ( B e n j a m i n  e t a 1 1948).

1.1.4 P a t h o g e n e s i s

It is e s t i m a t e d  that m o s t  u v e a l  m e l a n o m a s  are

d e r i v e d  f r o m  n a e v i  ( Y a n o f f  & Z i m m e r m a n  1967). T h e s e  are 

b e n i g n  m e l a n o c y t i c  t u m o u r s  w h i c h  o c c u r  in 2-6% of the 

p o p u l a t i o n  ( G a n l e y  & C o m s t o c k  1973). U v e a l  m e l a n o m a  has 

b e e n  a s s o c i a t e d  w i t h  m e l a n o c y t o s i s  ( F e r r y  1983; V e l a s q u e z

6 J o n e s  1983), w i t h  c u t a n e o u s  m e l a n o m a  ( r e v i e w e d  by A l b e r t  

e t a 1 1985) and w i t h  n o n - o c u l a r ,  n o n - m e l a n o m a t o u s ,

m a l i g n a n t  n e o p l a s m s  ( r e v i e w e d  by de Wo 1 f f - R o u e n d a a 1 1985).

In a d d i t i o n ,  f a m i l i a l  o c c u r r e n c e  of o c u l a r  m e l a n o m a s  has



F i g u r e  1.3 The c i l i a r y  body. L i g h t  m i c r o g r a p h  

d e m o n s t r a t i n g  c i l i a r y  e p i t h e l i u m  (a), c i l i a r y  m u s c l e  (b), 

f r a g m e n t s  of z o n u l e  (c), root of iris (d), and s c l e r a  (e) 

( H a e m a t o x y l i n - e o s i n , x 37).

F i g u r e  1.4 The c h o r o i d  and a d j a c e n t  s t r u c t u r e s .  L i g h t  
m i c r o g r a p h  d e m o n s t r a t i n g  r e t i n a  (a), r e t i n a l  p i g m e n t  

e p i t h e l i u m  (b), c h o r o i d  (c), w h i c h  c o n t a i n s  m a n y  p i g m e n t e d  

m e l a n o c y t e s ,  and s c l e r a  (d) (H a e m a t o x y l i n - e o s i n , x 230).



Fig. 1 ,4



b e e n  r e p o r t e d  ( r e v i e w e d  by G r e e n  £t^ a_l 1978 ; Lynch, 

A n d e r s o n  & K r u s h  1968). A c l u s t e r  of cas e s  in a c h e m i c a l  

f a c t o r y  s u g g e s t s  that e x p o s u r e  to e n v i r o n m e n t a l  

c a r c i n o g e n s  m a y  c a u s e  this d i s e a s e  ( A l b e r t  et a 1 1980). A

v i r a l  a e t i o l o g y  has b e e n  p o s t u l a t e d  ( A l b e r t  1979), 

a l t h o u g h  the e v i d e n c e  for this is of d o u b t f u l  v a l i d i t y .

1.1.5 His t o l o g y

On light m i c r o s c o p y ,  u v e a l  m e l a n o m a s  c o n s i s t  of

s p i n d l e  cells, w h i c h  are n a r r o w  and f u s i f o r m ,  a n d / o r

e p i t h e l i o i d  cells, w h i c h  are l a rge and p l e o m o r p h i c

(Fig. 1.5). The cell type of u v e a l  m e l a n o m a s  is a u s e f u l

i n d i c a t o r  of the p r o g n o s i s  for s u r v i v a l  f o l l o w i n g

e n u c l e a t i o n ,  the p r e s e n c e  of e p i t h e l i o i d  c e l l s  b e i n g  
a s s o c i a t e d  w i t h  a p o o r e r  o u t l o o k  ( C a l l e n d e r  e t a 1 194 2).

A n a l y s i s  of the a n t i g e n i c  p h e n o t y p e  of u v e a l  m e l a n o m a

cells, by i m m u n o h i s t o c h e m i s t r y  or f l o w - c y t o m e  t r y , has not

yet b e e n  a c h i e v e d  but c o u l d  i m p r o v e  p r o g n o s t i c a t i o n .

A g g r e g a t e s  of l y m p h o c y t i c  cel l s  are seen in a b o u t  5 - 1 2 %  of

all u v e a l  m e l a n o m a s  (Lang, D a v i d o r f  & B a b a  1977).

N e c r o s i s  is e v i d e n t  in a s i m i l a r  p r o p o r t i o n  of such

t u m o u r s .  The s i g n i f i c a n c e  of the s e  f e a t u r e s  is not

e n t i r e l y  u n d e r s t o o d .

1.1.6 D i a g n o s i s

The p r e s e n t i n g  c l i n i c a l  f e a t u r e s  of a u v e a l  

m e l a n o m a  ( r e v i e w e d  by S h i e l d s  1983; F o u l d s  1985) are

d e t e r m i n e d  by its l o c a t i o n  w i t h i n  the eye and by its

e f f e c t s  on a d j a c e n t  o c u l a r  s t r u c t u r e s  (Figs. 1.6, 1.7,

1.8). M o s t  p a t i e n t s  w i t h  i n t r a o c u l a r  m e l a n o m a  i n i t i a l l y

3



F i g u r e  1.5 H i s t o l o g i c a l  a p p e a r a n c e s  of u v e a l  m e l a n o m a .

(i) S p i n d l e  m e l a n o m a  c e l l s  (H a e m a t o x y l i n - e o s i n , x 230).

(ii) E p i t h e l i o i d  m e l a n o m a  c e lls (H a e m a t o x y 1 i n - e o s i n , 

x 230) .



Fig. 1.5 ( i )

Fig. 1.5 ( i i )



F i g u r e  1.6 C h o r o i d a l  m e l a n o m a .  F u n d u s  p h o t o g r a p h  of left 

eye s h o w i n g  a large a m e l a n o t i c  c h o r o i d a l  m e l a n o m a  (a) 

w h i c h  is s i t u a t e d  i n f e r o t e m p o r a l  to the o p t i c  d i s c  (b) and 

i n v o l v i n g  the f o v e a  (c). The r e t i n a ,  w h i c h  is

t r a n s p a r e n t ,  is d r a p e d  o v e r  the t u m o u r  and still intact.

F i g u r e  1.7 C i l i a r y  b o d y  m e l a n o m a .  S l i t - l a m p  p h o t o g r a p h  

of right eye s h o w i n g  an i n f e r o n a s a l  c i l i a r y  b o d y  

m e l a n o m a  (a) w h i c h  is s i t u a t e d  b e h i n d  the lens (b). The

iris (c) and c o r n e a  (d) are nor m a l .  D i l a t e d  e p i s c l e r a l  

' s e n t i n e l '  v e s s e l s  (e) are a lso v i s i b l e  in the o v e r l y i n g  

sclera.
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F i g u r e  1.8 Iris m e l a n o m a .  A n t e r i o r  s e g m e n t  p h o t o g r a p h  of 

right eye s h o w i n g  an i n f e r o n a s a l  iris m e l a n o m a  (a) w h i c h  

is a l m o s t  c o m p l e t e l y  o c c l u d i n g  the p u p i l  (b). The 

o v e r l y i n g  c o r n e a  (c) is c l e a r  and t r a n s p a r e n t  as s een by 

the -light r e f l e c t i o n .



Fig.  1.8



c o m p l a i n  of p a i n l e s s  d e t e r i o r a t i o n  of v i s i o n .  In some

p a t i e n t s ,  the t u m o u r  is f o u n d  e i t h e r  d u r i n g  r o u t i n e  o c u l a r

e x a m i n a t i o n  or is d i s c o v e r e d  p a t h o l o g i c a l l y  f o l l o w i n g

e n u c l e a t i o n  of a b l i n d  p a i n f u l  eye in w h i c h  the m e d i a  are

o p a q u e  ( M a k l e y  & T e e d  1958). E x a m i n a t i o n  by

o p h t h a l m o s c o p y  can be s u p p l e m e n t e d  by f l u o r e s c e i n

a n g i o g r a p h y  ( N o r t o n  e t a 1 1964 ), t r a n s i 1 l u m i n a t i o n ,

u l t r a s o n o g r a p h y  ( C o l e m a n  e t a 1 1974 ), c o m p u t e r i s e d

t o m o g r a p h y  (Mafee, P e y m a n  & M c K u s i c k  1985), and m a g n e t i c

r e s o n a n c e  i m a g i n g  ( C h a m b e r s  e t a 1 1987). F u r t h e r  u s e f u l

i n f o r m a t i o n  a b o u t  the t u m o u r  can be o b t a i n e d  by m e a s u r i n g
32its u p t a k e  of r a d i o a c t i v e  tra c e r s ,  such as P ( r e v i e w e d  

by P a c k e r  1984), and by c o m p u t e r i s e d  u l t r a s o n o g r a p h y ,  

a l t h o u g h  this is still an e x p e r i m e n t a l  p r o c e d u r e  ( C o l e m a n  

e t a 1 1985). At p r e s e n t  the m o s t  d e f i n i t i v e  m e a n s  of

a c h i e v i n g  the d i a g n o s i s  is by h i s t o l o g i c a l  e x a m i n a t i o n  of 

t i s s u e  s a m p l e s  w h i c h  can be o b t a i n e d  by n e e d l e  ( A u g s b u r g e r  

e t a 1 1985), i n c i s i o n a l  or e x c i s i o n a l  b i o p s y  ( F o u l d s  e t al

1985). T h e s e  i n v e s t i g a t i o n s ,  as w e l l  as a g r e a t e r  

a w a r e n e s s  of the n u m e r o u s  d i a g n o s t i c  p i t f a l l s ,  h a v e  

i m p r o v e d  the d i a g n o s t i c  a c c u r a c y  f r o m  80% ( F e r r y  1964) to 

o v e r  98% in s p e c i a l i s e d  c e n t r e s  ( D a v i d o r f  et a 1 1983).

T h e r e  is still a need, h o w e v e r ,  for less i n v a s i v e  tests 

w h i c h  c o u l d  e s t a b l i s h  the d i a g n o s i s  in d i f f i c u l t  cases.

1.1.7 T r e a t m e n t

W i t h  the e x c e p t i o n  of iris t u m o u r s ,  w h i c h  c a n  be 

e a s i l y  e x c i s e d ,  the s t a n d a r d  f o r m  of t r e a t m e n t  for u v e a l  

m e l a n o m a s  has u n t i l  r e c e n t l y  b e e n  e n u c l e a t i o n .  Q u e s t i o n s  

r e g a r d i n g  the p o s s i b l e  a d v e r s e  e f f e c t s  of this m o d e  of
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t h e r a p y  on s u r v i v a l  ( S e c t i o n  1.1.8) h a v e  led to the use of 

a d j u n c t i v e  r a d i o t h e r a p y  (Char & P h i l l i p s  1985; L o m m a t z s c h  

& D i e t r i c h  1976), and to an i n c r e a s i n g  n u m b e r  of 

c o n s e r v a t i v e  forms of t h e r a p y  a i m e d  at e r a d i c a t i n g  the 

p r i m a r y  t u m o u r  w h i l s t  p r e s e r v i n g  a f u n c t i o n a l  eye 

( r e v i e w e d  by F o u l d s  & D a m a t o  1986a). T h e s e  i n c l u d e  

p h o t o c o a g u l a t i o n  ( M e y e r - S c h w i c k e r a t h  & B o r n f e l d  1983; 

F o u l d s  & D a m a t o  1986b), p h o t o c h e m o t h e r a p y ,  u s i n g  

h a e m a t o p o r p h y r i n s  and o t h e r  p h o t o s e n s i t i s i n g  a g e n t s  (Tse 

et a 1 1984 ), r a d i o t h e r a p y  ( r e v i e w e d  by F a i r c h i l d  1984 ; 

L o m m a t z s c h  1986), and s u r g i c a l  r e s e c t i o n  ( F o u l d s  1978). 

In s p e c i a l i s e d  c e n t r e s  these c o n s e r v a t i v e  f o rms of 

the r a p y ,  u s e d  a l o n e  or in c o m b i n a t i o n ,  are s u c c e s s f u l  in 

o v e r  80% of cases (Fig. 1.9), and s e e m  to p r e v e n t  

m e t a s t a t i c  d i s e a s e  as e f f e c t i v e l y  as e n u c l e a t i o n .

1.1.8 P r o g n o s  is

The b e h a v i o u r  of u n t r e a t e d  p r i m a r y  u v e a l  m e l a n o m a s  

is not e n t i r e l y  p r e d i c t a b l e  in an i n d i v i d u a l  case. Small 

t u m o u r s  can s h o w  r a p i d  g r o w t h  ( F r i b e r g ,  F i n e b e r g  & M c Q u a i g  

1983), or e x t e n d  e x t r a o c u l a r l y  ( D u f f i n  e t a 1 1981), and

can e v e n  c a u s e  m e t a s t a s i s  w i t h o u t  a p p a r e n t  c l i n i c a l  c h a n g e  

( M c K n i g h t  & C h r i s t e n s e n  1984). L a r g e r  t u m o u r s ,  on the 

o t h e r  hand, can r e m a i n  s t a t i o n a r y  for long p e r i o d s  of time 

(Gass 1977). S p o n t a n e o u s  r e g r e s s i o n  has b e e n  r e p o r t e d  in 

a few c a ses ( R e e s e  e t a 1 1970 ; J e n s e n  & A n d e r s e n  1974 ).

A l t h o u g h  this p h e n o m e n o n  has b e e n  a t t r i b u t e d  to an i m m u n e  

r e s p o n s e  to the t u mour, there is no e v i d e n c e  to s u p p o r t  

such s p e c u l a t i o n .
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F i g u r e  1.9 U v e a l  m e l a n o m a  t r e a t e d  by local r e s e c t i o n ,

(i) R i g h t  i n f e r o n a s a l  c h o r o i d a l  m e l a n o m a  (a) in a 42 y ear  

old female. (ii) F u n d u s  a p p e a r a n c e  a few w e e k s  f o l l o w i n g  

l o c a l  s u r g i c a l  r e s e c t i o n  p e r f o r m e d  by the a u t h o r  in 

N o v e m b e r  1984. A lar g e  s u r g i c a l  c o l o b o m a  (a) is v i s i b l e  

and c o n t a i n s  a small r e s o l v i n g  s u b r e t i n a l  h a e m o r r h a g e  (c). 

The o v e r l y i n g  r e t i n a  is still intact as s e e n  by the 

r e t i n a l  b l o o d  v e s s e l s  (b). Two y e a r s  p o s t - o p e r a t i v e l y , the 

v i s u a l  a c u i t y  in this eye was 6/9, and the patient, was 

st ill in g ood h e a l t h .



Fig. 1.9 ( i i )



F o l l o w i n g  e n u c l e a t i o n ,  o r b i t a l  r e c u r r e n c e  o c c u r s  in 

2 . 5 - 1 2 %  of c a s e s  and o v e r t  m e t a s t a t i c  d i s e a s e  u l t i m a t e l y  

a r i s e s  in a b o u t  50% of all p a t i e n t s ,  u s u a l l y  w i t h i n  the 

first five p o s t - o p e r a t i v e  y e a r s  ( J e n s e n  1982). The r i s k  of 

m e t a s t a t i c  d i s e a s e  has b e e n  i n v e s t i g a t e d  by a n u m b e r  of 

w o r k e r s  ( D a v i d o r f  & L a n g  1974; S h a m m a s  & B l o d i  1977; 

P a c k a r d  1980; S e d d o n  e t al 1983 ; G a m e l  e t a 1 1985 ; K i d d  e_t 

a 1 1986 ; P a c h  e t a 1 1986). T h e s e  s t u d i e s  h a v e  s h o w n  that

poor p r o g n o s i s  is r e l a t e d  to t u m o u r  size, a n t e r i o r  

l o c a t i o n ,  e x t r a o c u l a r  e x t e n s i o n ,  e p i t h e l i o i d  c e l l u l a r i t y  

and n u c l e o l a r  p l e o m o r p h i s m . A rare s u b t y p e  of u v e a l  

m e l a n o m a ,  c o n s i s t i n g  of flat d i f f u s e  t u m o u r s  is a s s o c i a t e d  

w i t h  a p a r t i c u l a r l y  h i g h  m o r t a l i t y  (Font e t a 1 1968).

O t h e r  f a c t o r s  w h i c h  h a v e  b e e n  c o n s i d e r e d  to h a v e  an 

a d v e r s e  e f f e c t  on s u r v i v a l  i n c l u d e  liv e r  d i s e a s e  ( P a s c a l  

e t a 1 1985 ), i n t e r c u r r e n t  i l l n e s s  (Leff e t a 1 1985),

p r e g n a n c y  ( r e v i e w e d  by A p p l e ,  G a r l a n d  & B o u t r o s  1983), and 

s m o k i n g  ( K e e n e y ,  W a d d e l l  & P e r r a u t  1982).

The e f f e c t  of e n u c l e a t i o n  on the s u r v i v a l  of 

p a t i e n t s  w i t h  u v e a l  m e l a n o m a  is a c o n t r o v e r s i a l  s u b j e c t .  

D o u b t s  on the v a l u e  of this p r o c e d u r e  h a v e  b e e n  e x p r e s s e d  

by a n u m b e r  of a u t h o r s  (von H i p p e l  1922; 

W e s t e r v e 1d - B r a n d o n  & Z e e m a n  1957 ; Gass 1977 ). A p e a k  in 

the m o r t a l i t y  has b e e n  o b s e r v e d  in the s e c o n d  y e a r  

f o l l o w i n g  e n u c l e a t i o n  ( B e n j a m i n  e t a 1 1948) and this has

b e e n  a t t r i b u t e d  by some a u t h o r s  to the s u r g e r y  i t s e l f  

( Z i m m e r m a n ,  M c L e a n  & F o s t e r  1978). O t h e r  w o r k e r s ,  

h o w e v e r ,  h a v e  c h a l l e n g e d  the s t a t i s t i c a l  m e t h o d s  on w h i c h  

such i m p r e s s i o n s  are b a s e d  ( S e i g e l  et a 1 1979) and

c o n s i d e r  p r o m p t  e n u c l e a t i o n  to be l i f e - s a v i n g  ( M a n s c h o t  &
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v a n  P e p e r z e e l  1980). This l a t t e r  h y p o t h e s i s  is s u p p o r t e d  

by r e p o r t s  of a v e r y  h i g h  m o r t a l i t y  f r o m  m e t a s t a t i c  

d i s e a s e  in p a t i e n t s  w i t h  u v e a l  m e l a n o m a  w h o  r e f u s e d  to 

h a v e  this o p e r a t i o n  ( S o b a n s k i  et a 1 1965; R a i v i o  1977). 

Some w o r k e r s  h a v e  s u g g e s t e d  that r e m o v a l  of the p r i m a r y  

t u m o u r  i n t e r f e r e s  w i t h  p r o t e c t i v e  i m m u n o l o g i c a l  m e c h a n i s m s  

( Z i m m e r m a n  & M c L e a n  1979). T h e i r  h y p o t h e s i s  s e e m s  to be 

s u p p o r t e d  by e v i d e n c e  f r o m  a n i m a l  e x p e r i m e n t s  ( N i e d e r k o r n  

1984 ) ( S e c t i o n  1 .3.3.3).

1.1.9 M e t a s t a s i s

M e t a s t a s e s  f r o m  u v e a l  m e l a n o m a  first tend to

d e c l a r e  t h e m s e l v e s  in the l i v e r  ( J e n s e n  1970) and u s u a l l y

ca use d e a t h  w i t h i n  a few m o n t h s  (Char 1978; R a j p a l ,  M o o r e

& K a r a k o u s i s  1983). At p r e s e n t ,  t r e a t m e n t  is o n l y  
p a l l i a t i v e  in n a t u r e .  T h e r e  is, t h e r e f o r e ,  m u c h  s c o p e  for

f u r t h e r  r e s e a r c h  into i m m u n o l o g i c a l  m e t h o d s  of p r e v e n t i n g

and t r e a t i n g  this d i s e a s e .

1.2 T u m o u r s

1.2.1 M a i i g n a n c y

A m a l i g n a n t  n e o p l a s m  is a t u m o u r  c o n s i s t i n g  of. 

c e l l s  w h i c h  g r o w  in an u n c o - o r d i n a t e d  m a n n e r  and w h i c h  

tend to s p r e a d  b e y o n d  t h eir n o r m a l  c o n f i n e s  to o t h e r  p a r t s  

of the b o d y  to c a u s e  m e t a s t a t i c  d i s e a s e  and death. The 

state of c e l l u l a r  a u t o n o m y  that c h a r a c t e r i s e s  m a l i g n a n t  

t r a n s f o r m a t i o n  is u s u a l l y  r e a c h e d  t h r o u g h  s e v e r a l  s t e p s  

each r e f l e c t i n g  the a c t i v a t i o n ,  m u t a t i o n  or loss of 

d i f f e r e n t  g e n e s  ( K l e i n  & K l e i n  1985). The u n d e r s t a n d i n g  of 

the g e n e t i c  b a s i s  of n e o p l a s t i c  d i s e a s e  has r e c e n t l y
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i m p r o v e d  g r e a t l y  f o l l o w i n g  the d i s c o v e r y  of v i r a l

o n c o g e n e s  in v i r a l  t u m o u r s  ( r e v i e w e d  by B i s h o p  1985) and

of h o m o l o g o u s  D N A  s e q u e n c e s  in n o r m a l  cells ( W a t e r f i e l d ,  

Scr a c e ,  W h i t t l e  e t a 1 1983). T h e r e  is e v i d e n c e  that

a b e r r a n t  a c t i v a t i o n  of the s e  g e n e s  c a u s e s  e x c e s s i v e  

p r o d u c t i o n  of f a c t o r s  w h i c h  n o r m a l l y  h a v e  key roles in 

g r o w t h  and d i f f e r e n t i a t i o n ,  and that t h ese f a c t o r s  

s t i m u l a t e  t u m o u r  g r o w t h  (the a u t o c r i n e  s t i m u l a t i o n  

c o n c e p t )  ( S p o r n  & T o d a r o  1980). Such a u t o s t i m u l a t o r y  

f a c t o r s  are k n o w n  to be p r o d u c e d  by m e l a n o m a  c e lls  

( R i c h m o n d  e t a 1 1985).

1.2.2 T u m o u r - a s s o c i a t e d  a n t i g e n s

1 .2.2. ] S p e c i f i c i t y

W h e n  a cell u n d e r g o e s ' m a l i g n a n t  t r a n s f o r m a t i o n  it 
e x p r e s s e s  m o l e c u l e s  w h i c h  w h e n  r e c o g n i s e d

i m m u n o l o g i c a l l y , not n e c e s s a r i l y  by the h o s t  of the

tumour, are r e f e r r e d  to as t u m o u r - a s s o c i a t e d  a n t i g e n s  or

m a r k e r s .  To date, .with the p o s s i b l e  e x c e p t i o n  of

i d i o t y p e s  on B cell l y m p h o m a s  ( M i l l e r  e t a 1 1982),

no a n t i g e n s  h ave b e e n  d i s c o v e r e d  that are c o m p l e t e l y

t u m o u r - s p e c i f i c . Such m o l e c u l e s  h a v e  a l w a y s  b e e n

d e m o n s t r a t e d  in n o r m a l  t i s s u e s  a l b e i t  in small a m o u n t s .

T e r m s  like ’t u m o u r - s p e c i f i c  a n t i g e n s ' ,  or ’t u m o u r - u n i q u e

a n t i g e n s ' ,  are t h e r e f o r e  no l o n g e r  used. A m e t h o d  of

c l a s s i f y i n g  t u m o u r - a s s o c i a t e d  a n t i g e n s  has bee n  i n t r o d u c e d

w h e r e b y  a n t i g e n s  e x p r e s s e d  s o l e l y  by a s i n g l e  t u m o u r  are

c a t e g o r i s e d  as C l a s s  1, those e x p r e s s e d  by the sam e  t u m o u r
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type in d i f f e r e n t  i n d i v i d u a l s  as C l a s s  2, and those 

e x p r e s s e d  by a w i d e  r a n g e  of n o r m a l  and m a l i g n a n t  cells, 

not n e c e s s a r i l y  of the h u m a n  s p e c i e s ,  as C l a s s  3 (Old 

198 1 ) .

1.2.2.2 N a t u r e

T u m o u r - a s s o c i a t e d  a n t i g e n s ,  w h i c h  can be p r e s e n t  in

the m e m b r a n e ,  c y t o p l a s m  or n u c l e u s  of the cell, m a y  be

c a r b o h y d r a t e s ,  p r o t e i n s  or l i p i d s  or c o m b i n a t i o n s  of each

( r e v i e w e d  by R e a d i n g  & H u t c h i n s  1985; H a k o m o r i  & K a n n a g i

1983; F e i z i  1985). Such a n t i g e n s  can a r i s e  as a r e s u l t  of

a v a r i e t y  of b i o c h e m i c a l  c h a n g e s .  F i r s t l y ,  n e w  m o l e c u l e s

can be s y n t h e s i z e d .  S e c o n d l y ,  p r e c u r s o r  m o l e c u l e s  can

a c c u m u l a t e  due to the b l o c k a g e  of m e t a b o l i c  p a t h w a y s .  
T h i r d l y ,  p r e v i o u s l y  ' c r y p t i c 1 m o l e c u l e s  can be e x p o s e d  by 

o r g a n i s a t i o n a l  c h a n g e s  in the cell m e m b r a n e  ( H a k o m o r i  &

K a n n a g i  1983).

M o s t  a n t i g e n s  r e c o g n i s e d  by m o n o c l o n a l  a n t i b o d i e s

can be p l a c e d  into c e r t a i n  c a t e g o r i e s .  (i) O n c o f o e t a l  

a n t i g e n s  such as O F A -  1 in m e l a n o m a s  (Rees, Irie & M o r t o n

1981) are n o r m a l l y  e x p r e s s e d  o n l y  d u r i n g  e m b r y o n i c

d e v e l o p m e n t .  (ii) D i f f e r e n t i a t i o n  a n t i g e n s  o c c u r  in

d i f f e r e n t  s u b - p o p u l a t i o n s  of c e l l s  in a d u l t  t i s s u e s  and 

r e f l e c t  d i s t i n c t i v e  s t a g e s  of d i f f e r e n t i a t i o n .  Suc h  

a n t i g e n s  h a v e  b e e n  e x t e n s i v e l y  s t u d i e d  in l y m p h o i d  t u m o u r s  

( G r e a v e s  1982), and, to a l e s s e r  e x t e n t ,  in c u t a n e o u s  

m e l a n o m a  ( H o u g h t o n  e t a 1 1982 ). (iii) L i n e a g e - a s s o c i a t e d

d e t e r m i n a n t s  r e f l e c t  the t i s s u e  f r o m  w h i c h  the t u m o u r  is 

d e r i v e d .  M e l a n o m a - a s s o c i a t e d  a n t i g e n s ,  for e x a m p l e ,  tend 

also to be e x p r e s s e d  on n e u r a l  t u m o u r s  ( S e c t i o n  1.5).
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(iv) C l a s s  1 and C l a s s  2 h i s t o c o m p a t i b i l i t y  a n t i g e n s  tend 

to be e x p r e s s e d  by m a l i g n a n t  t u m o u r s ,  i n c l u d i n g  m e l a n o m a s  

( R u i t e r  e t al 1984 ), e v e n  w h e n  they are n o r m a l l y  a b s e n t  in 

the p a r e n t  t i s sues. (v) T u m o u r s  i n d u c e d  by v i r u s e s  can 

e x p r e s s  a n t i g e n s  w h i c h  are s p e c i f i c  for the c a u s a t i v e  

vir u s ,  such as the e x p r e s s i o n  of E p s t e i n  B a r r  v i r u s  

a n t i g e n s  in A f r i c a n  but not A m e r i c a n  B u r k i t t ’s l y m p h o m a  

c e lls ( P a g a n o  e t a 1 1973). W h e n  the a n t i g e n s  d e s c r i b e d

a b o v e  c a u s e  r e j e c t i o n  of e x p e r i m e n t a l  n e o p l a s m s ,  t hey are 

r e f e r r e d  to as t u m o u r - a s s o c i a t e d  t r a n s p l a n t a t i o n  

ant i g e n s .

The a n t i g e n i c  e x p r e s s i o n  of m e l a n o m a s  has b e e n  

e x t e n s i v e l y  r e v i e w e d  ( H e l l s t r o m  & B r o w n  1979; C a r e y  1982; 

B u r k  1984; C o c h r a n  1985; H o u g h t o n ,  C o r d o n - C a r d o  & E i s i n g e r  

1986).

1.2.2.3 H e t e r o g e n e i t y

M a l i g n a n t  n e o p l a s m s ,  i n c l u d i n g  m e l a n o m a s ,  s h o w  m u c h  

in t r a -  and i n t e r - t u m o u r  a n t i g e n i c  h e t e r o g e n e i t y  ( M i l l e r  

1982 ; N a t a l i ,  C a v a l i e r e  e t a 1 1983 ; H e p p n e r  1984 ; B y s t r y n

e t a 1 1985 ; E d w a r d s  1985 ). Such v a r i a b l e  a n t i g e n i c

e x p r e s s i o n  has s i g n i f i c a n t  i m p l i c a t i o n s  for the 

i m m u n o l o g i c a l  d i a g n o s i s  and t h e r a p y  of t u m o u r s .  T his 

p h e n o m e n o n  als o  a p p e a r s  to be of f u n c t i o n a l  s i g n i f i c a n c e .  

A n i m a l  s t u d i e s  h a v e  s h o w n  that a n t i g e n s  e x p r e s s e d  b y  the 

p r i m a r y  t u m o u r  are r e l a t e d  to the d i s t r i b u t i o n  of 

m e t a s t a t i c  d e p o s i t s  ( S h e a r m a n ,  G a l l a t i n  & L o n g e n e c k e r  

1980; Y o g e e s w a r a n ,  S t e i n  & S e b a s t i a n  1978; P o s t e  & 

N i c o l s o n  1980; B e r t h i e r - V e r g n e s , P o r t o u k a l i a n  & D o r e

1985). T u m o u r - a s s o c i a t e d  a n t i g e n s  a l s o  a p p e a r  to
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i n f l u e n c e  the d e g r e e  of a l l o g e n e i c  l y m p h o c y t e  s t i m u l a t i o n  

by t h ese cel l s  (De B a e t s e l i e r  e t a 1 1980; Z e h n g e b o t  e t a 1

1983). I m m u n o h i s t o c h e m i c a l  s t u d i e s  h a v e  r e v e a l e d  that 

a n t i g e n i c  p r o f i l e s  of e x c i s e d  c u t a n e o u s  m e l a n o m a s  (Su t e r  

et a 1 1983), and o t h e r  t u m o u r s  such as b r e a s t  c a r c i n o m a s

( W i l k i n s o n  e t a 1 1984), are r e l a t e d  to the r i s k  of

s u b s e q u e n t  m e t a s t a t i c  d i s e a s e .  Such m e t h o d s  of

p r o g n o s t i c a t i o n  c o u l d  u s e f u l l y  be a p p l i e d  to u v eal 

me 1 a n o m a s .

I.3 T u m o u r  i m m u n o l o g y

T u m o u r  i m m u n o l o g y  is the s t u d y  of the i m m u n o l o g i c a l

i n t e r - r e l a t i o n s h i p s  b e t w e e n  a n e o p l a s m  and its host. It

is als o  c o n c e r n e d  w i t h  the d e v e l o p m e n t  and a p p l i c a t i o n  of

i m m u n o l o g i c a l  tools for use in the c l i n i c a l  s i t u a t i o n  and 
in r e s e a r c h .  The s u b j e c t  has b e e n  e x t e n s i v e l y  r e v i e w e d

( L a c h m a n  1984; B ast 1985; Roitt, B r o s t o f f  & M a l e  1985;

E v ans 1986).

1.3.1 I m m u n e  r e s p o n s e  to c a n c e r

The i m m u n e  r e s p o n s e  to c a n c e r  is t h o u g h t  to be a 

c o m p l e x  i n t e r p l a y  of different' e f f e c t o r  c e l l s  w h o s e  

b e h a v i o u r  is i n f l u e n c e d  by a w i d e  d i v e r s i t y  of s u b s t a n c e s  

k n o w n  as b i o l o g i c a l  r e s p o n s e  m o d i f i e r s .

1 . 3 . I•1 E f f e c t o r  cells

The c l a s s e s  Of cel l s  w h i c h  m e d i a t e  a n t i - t u m o u r  

i m m u n e  r e s p o n s e s  ( r e v i e w e d  by R ees & Ali 1985) are t h o u g h t  

to i n c l u d e  l y m p h o c y t e s ,  m a c r o p h a g e s ,  p o l y m o r p h o n u c l e a r  

l e u c o c y t e s  and p l a t e l e t  f r a g m e n t s .  T l y m p h o c y t e s  are



r e s p o n s i b l e  for a n t i g e n - s p e c i f i c  c y t o t o x i c i t y  and r e q u i r e  

d i r e c t  c o n t a c t  w i t h  t he' targ e t  cells. N a t u r a l  k i l l e r  

cells can lyse t a r g e t  t u m o u r  c e lls w i t h o u t  p r i o r  

s e n s i t i s a t i o n  ( H e r b e r m a n  & O r t a l d o  1981; H a n n a  1985). 

O t h e r  c e l l s  t h o u g h t  to p a r t i c i p a t e  in the a n t i - t u m o u r  

i m m u n e  r e s p o n s e  i n c l u d e  n a t u r a l  c y t o t o x i c  cells (Dj e u  ejt 

a 1 1983) and l y m p h o k i n e - a c t  i v a t e d  k i l l e r  c e lls ( G r i m m  £_t

a 1 1982). A c t i v a t e d  m a c r o p h a g e s  a p a r t  f r o m  their

p h a g o c y t i c  and m o d u l a t o r y  f u n c t i o n s  can kill t u m o u r  cells 

by p r o d u c i n g  a v a r i e t y  of t o x i n s  (Adams, L e w i s  & J o h n s o n  

1983), i n c l u d i n g  t u m o u r  n e c r o s i s  f a c t o r  ( B e u t l e r  & C e r a m i  

1986).

I .3. 1 .2 B i o l o g i c a l  r e s p o n s e  m o d i f i e r s

B i o l o g i c a l  r e s p o n s e  m o d i f i e r s  e x e r t  a n t i - t u m o u r  

■effects i n d i r e c t l y  t h r o u g h  e f f e c t o r  c e lls and i n c l u d e

i n t e r f e r o n s ,  l y m p h o k i n e s ,  a n t i b o d i e s ,  h e l p e r  and

s u p p r e s s o r  f a c t o r s ,  and d i f f e r e n t i a t i o n  and g r o w t h

f ac t o r s .  I n t e r f e r o n s  are a g r o u p  of p r o t e i n s  and

g l y c o p r o t e i n s  w h i c h  p o s s e s s  a n t i v i r a l ,  i m m u n o m o d u l a t o r y  

and a n t i p r o l i f e r a t i v e  a c t i v i t i e s  ( r e v i e w e d  by K r o w n  1986). 

T h e y  can a l s o  a l t e r  the a n t i g e n i c i t y  of t u m o u r  cells, 

i n c l u d i n g  m e l a n o m a  cel l s  (Liao, K w o n g  e t al 1982b;

G i a c o m i n i  e t a 1 1985 ). L y m p h o k i n e s  are p r o t e i n s  s e c r e t e d

by l y m p h o c y t e s  that r e g u l a t e  i m m u n e  r e s p o n s e s  in a v a r i e t y  

of w a y s  ( r e v i e w e d  by G i l l i s  e t a 1 1986; C o h e n  & C o h e n

1986). A n t i b o d i e s  m a y  be c y t o t o x i c  to t a r g e t  c e l l s  

t h r o u g h  c o m p l e m e n t  act i o n ,  or they m a y  m a r k  t u m o u r  c e l l s  

for a t t a c k  by a n t i b o d y -  d e p e n d e n t  c e l l u l a r  c y t o t o x i c i t y .

B e s i d e s  a c t i v a t i n g  d i f f e r e n t  i n f l a m m a t o r y  c e l l s ,
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b i o l o g i c a l  r e s p o n s e  m o d i f i e r s  can a l s o  i n f l u e n c e  the local 

m i l i e u  of a n e o p l a s m  by m e d i a t i n g  v a s o a c t i v e  e f f e c t s  and 

by s u p p o r t i n g  the g r o w t h  of f i b r o b l a s t s  and c a p i l l a r y  

e n d o t h e l i a l  cells.

1 . 3 . I . 3 In v i v o  t u m o u r  i m m u n i t y

C u r r e n t  k n o w l e d g e  r e g a r d i n g  the i m m u n e  r e s p o n s e  to

c a n c e r  is n e c e s s a r i l y  b a s e d  on e x p e r i m e n t s  c o n d u c t e d  in 

v i t r o  or u s i n g  a n i m a l  m o d e l s .  The r e l e v a n c e  of such 

s t u d i e s  w i t h  r e s p e c t  to the h u m a n  in v i v o  s i t u a t i o n  is 

o f t e n  u n c e r t a i n .  For e x a m p l e ,  w h e r e a s  in v i t r o

a n t i - t u m o u r  a n t i b o d i e s  r e s u l t  in a n t i g e n - s p e c i f i c  t u m o u r  

cell lysis ( S e c t i o n  1.3.1.1), in v i v o  a n t i - t u m o u r  

a n t i b o d i e s  o c c a s i o n a l l y  s e e m  to h a v e  an a p p a r e n t l y  

d e t r i m e n t a l  e f f e c t  on the host, a p p a r e n t l y  b l o c k i n g  the 

i m m u n e  r e s p o n s e  ( S j o g r e n  e t a 1 197 1; C u r r i e  & A l e x a n d e r

1974). The h y p o t h e s i s  that an i m m u n e  r e s p o n s e ,  a n a l o g o u s  

to that in g r a f t  r e j e c t i o n  or i n f e c t i o u s  d i s e a s e ,  is 

m o u n t e d  a g a i n s t  t u m o u r s  r e m a i n s  c o n t r o v e r s i a l ,  some 

w o r k e r s  e v e n  s u g g e s t i n g  that the i m m u n e  r e s p o n s e  m a y  

s t i m u l a t e  t u m o u r  g r o w t h  ( F i d l e r  1974; P r e h n  & P r e h n  1987; 

G r o s s m a n  & H e r b e r m a n  1986).

1.3.2 The i m m u n o l o g y  of m e l a n o m a

The i m m u n o l o g y  of m e l a n o m a  has b e e n  e x t e n s i v e l y  

i n v e s t i g a t e d  ( r e v i e w e d  by C o c h r a n  1978; H e l l s t r o m  & B r o w n  

1979; C a r e y  1982; P e t e r  1983; B u r k  1984). T his type of

t u m o u r  is t h o u g h t  to be p a r t i c u l a r l y  l i k e l y  to e l i c i t  an

i m m u n o l o g i c a l  r e s p o n s e .  S p o n t a n e o u s  r e g r e s s i o n  of

c u t a n e o u s  m e l a n o m a s  a p p e a r s  to be f r e q u e n t  in r e l a t i o n  to
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o t h e r  t u m o u r s  ( N a t h a n s o n  1976). In a d d i t i o n ,  m e l a n o m a s  

h a v e  b e e n  a s s o c i a t e d  w i t h  a u t o i m m u n e  p h e n o m e n a  such as 

v i t i l i g o ,  o c u l a r  a b n o r m a l i t i e s  ( S o b e r  & H a y n e s  1978; C h a n g  

e t a 1 1986) and the d i s a p p e a r a n c e  of c o - e x i s t i n g  n a e v i

( E p s t e i n  e t a 1 1973 ). M o s t  c u t a n e o u s  m e l a n o m a s  c o n t a i n

l y m p h o i d  i n f i l t r a t e s  c o n s i s t i n g  p r e d o m i n a n t l y  of T cells 

( R a l f k i a e r  et a 1 198 7 ).

1.3.3 I m m u n o l o g y  of u v e a l  m e l a n o m a

1.3.3.1 G e n e r a l  a s p e c t s

U v e a l  m e l a n o m a s ,  like t h e i r  c u t a n e o u s  c o u n t e r p a r t ,  

are c o n s i d e r e d  to be r e l a t i v e l y  s u s c e p t i b l e  to 

i m m u n o l o g i c a l  i n f l u e n c e s  b e c a u s e  of r e p o r t s  of 

s p o n t a n e o u s  r e g r e s s i o n  ( J e n s e n  and A n d e r s e n  1974 ; R e e s e  e_t 

al 1970), of the d e v e l o p m e n t  of v i t i l i g o  and h a l o  n a e v i  

( A l b e r t  e t a 1 1982) and of the d e l a y e d  a p p e a r a n c e  of

m e t a s t a t i c  d i s e a s e ,  s o m e t i m e s  d e c a d e s  a f t e r  e n u c l e a t i o n  

( N e w t o n  1965).

The m i l i e u  of u v e a l  m e l a n o m a s  is v e r y  d i f f e r e n t  

f r o m  that of c u t a n e o u s  m e l a n o m a s .  F i r s t l y ,  n e i t h e r  the 

eye nor the o r b i t  are d r a i n e d  by l y m p h a t i c s .  S e c o n d l y ,  

s t u d i e s  u s i n g  a n i m a l  m o d e l s  h a v e  s h o w n  that it is m u c h  

e a s i e r  to t r a n s p l a n t  a l l o g e n e i c  t u m o u r s  by i n t r a o c u l a r ,  

tha n  by s u b c u t a n e o u s ,  i n o c u l a t i o n  ( N i e d e r k o r n  & S t r e i l e i n

1983). Such i n t r a o c u l a r  t r a n s p l a n t a t i o n  can be p r e v e n t e d  

by p r i o r  a d o p t i v e  t r a n s f e r  of h u m o r a l  or c e l l u l a r  i m m u n i t y  

to the r e c i p i e n t  ( N i e d e r k o r n  & S t r e i l e i n  1984). T h i s  

s u g g e s t s  that s e n s i t i s a t i o n  is r e d u c e d  or d e l a y e d  w h e n  

t u m o u r - a s s o c i a t e d  a n t i g e n s  are p r e s e n t e d  i n t r a o c u l a r l y . 

F u r t h e r m o r e ,  the e x i s t e n c e  of an ’a n t e r i o r - c h a m b e r
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a s s o c i a t e d  i m m u n e  d e v i a t i o n '  has b e e n  r e c o g n i s e d  w h e r e b y  

the p r e s e n c e  of a g r o w i n g  i n t r a o c u l a r  t u m o u r  s p e c i f i c a l l y  

s u p p r e s s e s  d e l a y e d  type h y p e r s e n s i t i v i t y  to the a n t i g e n  

( N i e d e r k o r n  & S t r e i l e i n  1983). D e s p i t e  these

c o n s i d e r a t i o n s ,  p a t i e n t s  w i t h  u v e a l  m e l a n o m a  do a p p a r e n t l y  

tend to d e v e l o p  h u m o r a l  and c e l l u l a r  i m m u n e  r e s p o n s e s  to 

the i r  t u m o u r  and a b o u t  10% of these t u m o u r s  c o n t a i n  

l y m p h o c y t i c  i n f i l t r a t e s  a l t h o u g h  these do not s e e m  to be 

r e l a t e d  to p r o g n o s i s  (Lang, D a v i d o r f  & B a b a  1977).

1 . 3 . 3 . 2 I m m u n e  s t a t u s  of p a t i e n t s  w i t h  u v e a l  m e l a n o m a

A c c o r d i n g  to the i m m u n o l o g i c a l  s u r v e i l l a n c e  t h e o r y ,  

cel l s  w h i c h  u n d e r g o  m a l i g n a n t  t r a n s f o r m a t i o n  are d e t e c t e d  

and d e s t r o y e d  by the i m m u n e  s y s t e m  u n l e s s  this is 

d e f i c i e n t  ( B u r n e t  1967; d i s c u s s e d  by K l e i n  1980). 

P a t i e n t s  w i t h  u v e a l  m e l a n o m a ,  h o w e v e r ,  do not u s u a l l y  s h o w  

any d e f i n i t e  e v i d e n c e  of i m m u n o l o g i c a l  i n s u f f i c i e n c y  

( P r i l u c k  e t a 1 1979 ; F e l b e r g  & S h i e l d s  1984 ) or any

s t r i k i n g  H L A  or A B O  a n t i g e n  a s s o c i a t i o n s  (V o l k e r - D i e b e n  

e t a 1 1983). A l t h o u g h  p a t i e n t s  w i t h  this t u m o u r  t e n d  to

s h o w  s i g n i f i c a n t  i n c r e a s e s  in the n u m b e r s  of l y m p h o c y t e s  

in the p e r i p h e r a l  b l o o d  ( F l y n n  et a 1 1986), such c h a n g e s

m a y  be the r e s u l t  r a t h e r  than the c a u s e  of the m a l i g n a n c y .

1 .3.3.3 I m m u n o l o g i c a l  p r e v e n t i o n  of m e t a s t a t i c  d i s e a s e

D i f f e r e n t  w o r k e r s ,  u s i n g  a n i m a l  m o d e l s ,  h a v e  

i n d e p e n d e n t l y  p r o d u c e d  e v i d e n c e  s u g g e s t i n g  that ' s p l e n i c  

T - c e 1 1 - d e p e n d e n t  i m m u n i t y '  ( N i e d e r k o r n  & S t r e i l e i n  1983, 

N i e d e r k o r n  1987 ), and NK a c t i v i t y  ( Y o k o y a m a  e t a 1 1986)

p r e v e n t  m e t a s t a t i c  d i s e a s e  f r o m  i n t r a o c u l a r  t u m o u r s .  It
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has e v e n  b e e n  s u g g e s t e d  that the p r i m a r y  t u m o u r  p l a y s  a 

b e n e f i c i a l  role in such d e f e n s i v e  p r o c e s s e s  ( G e r s h o n ,  

C a r t e r  & K o n d o  1967). Such a c o n c e p t ,  k n o w n  as 

’c o n c o m i t a n t  i m m u n i t y , ’ has r e c e n t l y  b e e n  s u p p o r t e d  by a 

s e r i e s  of e x p e r i m e n t s  u s i n g  a n i m a l  m o d e l s  of i n t r a o c u l a r  

m a l i g n a n c y  ( N i e d e r k o r n ,  S h a d d u c k  & A l b e r t  1982;

N i e d e r k o r n  & S t r e i l e i n  1983). O t h e r  a n i m a l  s t u d i e s ,  

h o w e v e r ,  h a v e  y i e l d e d  r e s u l t s  w h i c h  are not in k e e p i n g

w i t h  this h y p o t h e s i s  b e c a u s e  e n u c l e a t i o n  of t u m o u r

c o n t a i n i n g  eyes i m p r o v e d  s u r v i v a l  (Burns, F r a u n f e l d e r  & 

K l a s s  1962). D i f f e r e n t  a n i m a l  m o d e l s ,  t h e r e f o r e ,  s e e m  to

p r o d u c e  d i f f e r e n t  res u l t s .

In p a t i e n t s  w i t h  u v e a l  m e l a n o m a ,  c e l l - m e d i a t e d  

i m m u n i t y  b e c o m e s  d e p r e s s e d  in a d v a n c e  of c l i n i c a l l y  

r e c o g n i s e d  m e t a s t a t i c  d i s e a s e  ( P r i l u c k  et a 1 1979). This

c o u l d  be the r e s u l t  of s u b c l i n i c a l  m e t a s t a s e s  r a t h e r  than 

the cause. T h e r e  is some e v i d e n c e  that t u m o u r  c e l l s  can 

s t i m u l a t e  s u p p r e s s o r  T c e l l s  ( S c h a t t e n  e t a 1 1984 ) or

r e l e a s e  a n t i g e n s  w h i c h  act as b l o c k i n g  f a c t o r s  ( C u r r i e  & 

A l e x a n d e r  1974; H e l l s t r o m  & H e l l s t r o m  1974).

1.3.3.4 H u m o r a l  i m m u n i t y  to u v e a l  m e l a n o m a

I n i t i a l  a t t e m p t s  at d e t e c t i n g  h u m o r a l  i m m u n i t y  ' to 

u v e a l  m e l a n o m a s  w e r e  not v e r y  s u c c e s s f u l  ( H o w a r d  & 

S p a l t e r  1966 ; N a i r n  e t a 1 1972 ). In 1971, R a h i

d e m o n s t r a t e d  s e r u m  a n t i b o d i e s  w h i c h  w e r e  r e a c t i v e  a g a i n s t  

a u t o l o g o u s  t u m o u r s  (Rahi 1971). T h e s e  f i n d i n g s  w e r e  

l at e r  s u p p o r t e d  by W o n g  & O s k v i g  (1974) who, u s i n g  

i m m u n o f l u o r e s c e n c e  t e c h n i q u e s ,  d e m o n s t r a t e d  that the s e r u m  

of m o s t  p a t i e n t s  c o n t a i n e d  IgG and IgM r e a c t i v e  a g a i n s t
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a u t o l o g o u s  and a l l o g e n e i c  m e l a n o m a  cells. M a n y  p a t i e n t s

w i t h  u v e i t i s  or p r i m a r y  b i l i a r y  c i r r h o s i s ,  h o w e v e r ,  s h o w e d

a n t i - c y t o p l a s m i c  a n t i b o d i e s  and o v e r  a third of 1,083

c o n t r o l  s u b j e c t s  s e e m e d  to s h o w  s e r u m  a n t i b o d i e s  r e a c t i n g

a g a i n s t  a n t i g e n s  p r e s e n t  on the m e l a n o m a  cell m e m b r a n e .

F u r t h e r  s t u d i e s  u s i n g  i m m u n o f l u o r e s c e n c e  and s u b s e q u e n t l y

i m m u n o p e r o x i d a s e  t e c h n i q u e s  h a v e  a c h i e v e d  e s s e n t i a l l y

s i m i l a r  r e s u l t s  ( B r o w n s t e i n ,  S h e i k h  & L e w i s  1976;

B r o w n s t e i n ,  S h e i k h  & L e w i s  1977; F e d e r m a n ,  L e w i s  & C l a r k

1974 ; F e d e r m a n  e t a 1 1974 ; B r o w n s t e i n ,  P h i l l i p s  & L e w i s

1978 ; F e l b e r g  et a 1 1979 ). B r o w n s t e i n ,  S h e i k h  & L e w i s

(1977) h a v e  s u g g e s t e d  that s e r u m  a n t i b o d i e s  to m e l a n o m a

cell m e m b r a n e  a n t i g e n s  are o n l y  p r e s e n t  in p a t i e n t s  w i t h

small tum o u r s .  Only. 12 p a t i e n t s  w i t h  u v e a l  m e l a n o m a ,

h o w e v e r ,  w e r e  i n c l u d e d  in this study. F e d e r m a n  and 

a s s o c i a t e s  (1974), i m p l i e d  that the d e g r e e  of h u m o r a l

i m m u n i t y  m i g h t  be r e l a t e d  to p r o g n o s i s .  T his i m p r e s s i o n ,

h o w e v e r ,  was o n l y  b a s e d  on t h e i r  f i n d i n g  that in a g r o u p

of 15 u v e a l  m e l a n o m a  p a t i e n t s  the i n d i v i d u a l  w i t h  the

l a r g e s t  t u m o u r  and, t h e r e f o r e ,  w i t h  the h i g h e s t

s t a t i s t i c a l  c h a n c e  of m e t a s t a t i c  d i s e a s e  a p p a r e n t l y  s h o w e d

the p o o r e s t  a n t i b o d y  r e s p o n s e .

The level of t u m o u r - a s s o c i a t e d  a n t i b o d i e s  in the 

s e r u m  of p a t i e n t s  w i t h  u v e a l  m e l a n o m a  has b e e n  r e p o r t e d  to 

i n c r e a s e  f o l l o w i n g  t r e a t m e n t  by p h o t o c o a g u l a t i o n  ( F e d e r m a n  

e t a 1 1979). Such a rise in a n t i b o d y  t i t r e s  was a l s o  s e e n

f o l l o w i n g  r a d i o t h e r a p y  but not f o l l o w i n g  e n u c l e a t i o n  

( F e l b e r g  1977).



In 1979, M a l a t y ,  R ahi and G a r n e r  (1979) 

d e m o n s t r a t e d  that the i n c i d e n c e  of t u m o u r - a s s o c i a t e d  

a n t i b o d i e s  in p a t i e n t s  and c o n t r o l  s u b j e c t s  c o r r e l a t e d  

w e l l  w i t h  the i n c i d e n c e  of a n t i b o d i e s  to s m o o t h  m u s c l e .  

T his r e s u l t  p r o m p t e d  F e l b e r g ,  D o n o s o  and F e d e r m a n  (1980) 

to r e p e a t  the i r  p r e v i o u s  m e a s u r e m e n t s  of t u m o u r - a s s o c i a t e d  

a n t i b o d i e s  in the s e r u m  of p a t i e n t s  w i t h  u v e a l  m e l a n o m a  

and in c o n t r o l  s u b j e c t s ,  this time p e r f o r m i n g  a b s o r p t i o n  

of the sera w i t h  a c t i n  and t h r o m b o s t h e n i n  p r i o r  to the 

ELISA. The r e s u l t  w a s  that a p a r t i a l  r e d u c t i o n  in the 

n u m b e r  of false p o s i t i v e  r e s u l t s  was a c h i e v e d .  Such 

f i n d i n g s ,  s i m i l a r  to those of W h i t e h e a d  (1973) in his 

s t u d i e s  of h u m o r a l  i m m u n i t y  to c u t a n e o u s  m e l a n o m a ,  w e r e  a 

f u r t h e r  i n d i c a t i o n  of the p r o b l e m s  c a u s e d  by the use of 

n o n - s p e c i f i c  a n t i g e n s  and a n t i b o d i e s .  T h e y  d e m o n s t r a t e  

that m o r e  r e f i n e d  r e a g e n t s  are r e q u i r e d  for s t u d i e s  of

h u m o r a l  i m m u n i t y  to u v e a l  m e l a n o m a s .  The p r e p a r a t i o n  of 

such r e a g e n t s  has b e c o m e  p o s s i b l e  due to the d e v e l o p m e n t  

of h y b r i d o m a  t e c h n o l o g y  for the p r o d u c t i o n  of m o n o c l o n a l  

a n t i b o d i e s  ( K o h l e r  & M i l s t e i n  1975).

A n u m b e r  of w o r k e r s  h a v e  r e c e n t l y  s u g g e s t e d  that 

f u r t h e r  i n s i g h t s  into the h u m o r a l  i m m u n e  r e s p o n s e  to 

t u m o u r s  m i g h t  also be g a i n e d  by i m m o r t a l i s i n g  p e r i p h e r a l  

l y m p h o c y t e s  by i n f e c t i o n  w i t h  the E p s t e i n  B a r r  v i r u s  

(Cote e t a 1 1983; H o u g h t o n  e t a 1 1983 ; C a m p b e l l  e t a 1

1986). Such a t e c h n i q u e  had not b e e n  a p p l i e d  to u v e a l  

m e l a n o m a  i m m u n o l o g y  p r i o r  to the p r e s e n t  study.

18



].3.3.5 C e l l u l a r  i m m u n i t y  to u v e a l  m e l a n o m a

A f t e r  i n i t i a l l y  d i s c o u r a g i n g  r e s u l t s  (Hart, 

R e z n i k o v  & H u g h e s  1968 ; N a i r n  e t a 1 1972), c e l l u l a r

i m m u n i t y  to u v e a l  m e l a n o m a s  was d e m o n s t r a t e d  by a v a r i e t y  

of m e t h o d s  i n c l u d i n g  s kin t e s t i n g  (Char et a 1 1974 ), the

l e u c o c y t e  m i g r a t i o n  i n h i b i t i o n  a s s a y  (Char e t al 1975 ; 

1977), the m a c r o p h a g e  m i g r a t i o n  i n h i b i t i o n  a s s a y  ( M a n o r  e_t 

al 1978), the l y m p h o c y t e  t r a n s f o r m a t i o n  test (Noor S u n b a  

e t a 1 1980), the l e u c o c y t e  a d h e r e n c e  i n h i b i t i o n  a s s a y

( C e r n a k  & K a l a f u t  1983; D i e k h u e s  1986), a o n e - s t a g e  

c a p i l l a r y  l e u c o c y t e  m i g r a t i o n  a s s a y  and a t w o - s t a g e  

l y m p h o k i n e  g e n e r a t i o n  a s s a y  u s i n g  n o r m a l  h u m a n  l e u c o c y t e s  

as i n d i c a t o r  c e l l s  ( C o c h r a n  e t a 1 1985). L i k e  the

h u m o r a l  i m m u n e  r e s p o n s e ,  c e l l u l a r  i m m u n i t y  has b e e n  s h o w n  

to d e c l i n e  w i t h  the d e v e l o p m e n t  of m e t a s t a t i c  d i s e a s e  

( U n s g a a r d  & O'Toole 1975; C h a r  1977; F e l b e r g  & S h i e l d s

1984).

1.3.4 C l i n i c a l  a p p l i c a t i o n s  of t u m o u r  i m m u n o l o g y

1.3.4.1 I m m u n o d i a g n o s i s  of c a n c e r

M a n y  i m m u n o l o g i c a l  a s s a y s  h a v e  b e e n  i n v e s t i g a t e d  in 

the h o p e  of i m p r o v i n g  the d i a g n o s i s  of c a n c e r  and for 

m o n i t o r i n g  the t u m o u r  b u r d e n  in t r e a t e d  p a t i e n t s  ( r e v i e w e d  

by S u l i t z e a n u  1985 ; S h u s t e r  e t a 1 1980). The t y p e s  of

i m m u n o l o g i c a l  tests w h i c h  h a v e  f o u n d  a p l a c e  in c l i n i c a l  

p r a c t i c e  are (i) the d e t e c t i o n  and m e a s u r e m e n t  of t u m o u r  

p r o d u c t s  in the s e r u m  or u r i n e ,  (ii) r a d i o -  

i m m u n o l o c a l i s a t i o n  and (iii) i m m u n o h i s t o c h e m i s t r y . I m m u n o 

a s s a y s  of h u m a n  c h o r i o n i c  g o n a d o t r o p h i n ,  c a r c i n o -  

e m b r y o n i c  a n t i g e n ,  a l p h a - f o e t o p r o t e i n  and
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antigen; 125 (Klug e t a 1 1984) are r o u t i n e l y  u s e d  for

m o n i t o r i n g  the r e s p o n s e  to t r e a t m e n t  of t u m o u r s  such as 

c o l o n i c ,  h e p a t i c  and o v a r i a n  c a r c i n o m a s  as w e l l  as 

t e r a t o c a r c i n o m a s  and c h o r i o c a r c i n o m a s  ( r e v i e w e d  by 

B a g s h a w e  1980; K l a v i n s  1983). The m e a s u r e m e n t  of 

me 1 a n o m a - a s s o c i a t e d  a n t i g e n s  in the s e r u m  a lso a p p e a r s  to 

sho w  s i m i l a r  p o t e n t i a l  (Ross e_t aJ. 1984 ; M o r g a n ,  C r a n e  & 

R o s s e n  1984). P r e l i m i n a r y  s t u d i e s ,  u s i n g  h i g h l y - a b s o r b e d  

p o l y c l o n a l  a n t i s e r a  or m o n o c l o n a l  a n t i b o d i e s  l a b e l l e d  w i t h  

a p p r o p r i a t e  r a d i o a c t i v e  i s o t o p e s ,  a p p e a r  to h a v e  s c o p e  for 

the l o c a l i s a t i o n  of t u m o u r s  ( r e v i e w e d  by R a n k i n  & M c V i e  

1983 ; Z a l c b e r g '  1985 ; M u r r a y  e t a 1 1987 ). The

i m m u n o h i s t o c h e m i c a 1 d e t e c t i o n  of r e c o g n i z e d  a n t i g e n s ,  not 

n e c e s s a r i l y  t u m o u r - a s s o c i a t e d  ( W a r n e r  1985), has 

e s t a b l i s h e d  i t s e l f  as a u s e f u l  m e t h o d  for d i a g n o s i n g  

u n d i f f e r e n t i a t e d  t u m o u r s  ( G a t t e r  et al 1985) as w e l l  as 

for the d e t e c t i o n  of small n u m b e r s  of t u m o u r  c e l l s  in 

d i f f e r e n t  t i s s u e s  and b o d y  f l u i d s  (Ghosh, M a s o n  & S p r i g g s  

1983).

1 . 3 . 4 . 2 I m m u n o d i a g n o s i s  of u v e a l  m e l a n o m a

S t u d i e s  of h u m o r a l  i m m u n i t y  to u v e a l  m e l a n o m a  h a v e  

t e n d e d  to s u f f e r  f r o m  lack of s e n s i t i v i t y  and s p e c i f i c i t y .  

One of the m o r e  r e c e n t  and e x t e n s i v e  i n v e s t i g a t i o n s  was 

p e r f o r m e d  by F e l b e r g ,  D o n o s o  & F e d e r m a n  (1980) w h o  a l s o  

a b s o r b e d  the s e r u m  s a m p l e s  w i t h  a c t i n  and t h r o m b o s t h e n  in 

b e f o r e  p e r f o r m i n g  E L I S A  for the d e t e c t i o n  of 

m e l a n o m a - a s s o c i a t e d  a n t i b o d i e s .  P o s i t i v e  r e s u l t s  w e r e  

o b t a i n e d  in 72% of 73 p a t i e n t s  w i t h  u v e a l  m e l a n o m a  and 13% 

of 106 c o n t r o l  s u b j e c t s .  T h e s e  a u t h o r s  s u g g e s t e d  that
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the e f f i c i e n c y  of such tests of h u m o r a l  i m m u n i t y  c o u l d  be 

i m p r o v e d  by u s i n g  m o r e  s p e c i f i c  a n t i g e n s ,  o b t a i n e d  w i t h  

the aid of m o n o c l o n a l  a n t i b o d i e s .  O t h e r  s t u d i e s  s u g g e s t  

that m o s t  of the a u t o - a n t i b o d i e s  d e t e c t e d  in p a t i e n t s  w i t h  

m a l i g n a n c y  s e e m  to be d i r e c t e d  a g a i n s t  n o r m a l  t i s s u e 

a n t i g e n s  ( W h i t e h e a d  1973; Old 1981; R u f f a t t i  e t a 1 1983 ;

T h o m a s  et a 1 1983) and, c o n v e r s e l y ,  a n t i b o d i e s  a g a i n s t

t u m o u r - a s s o c i a t e d  a n t i g e n s  can be d e t e c t e d  in a 

s i g n i f i c a n t  p r o p o r t i o n  of a p p a r e n t l y  h e a l t h y  i n d i v i d u a l s  

(Muna, M a r c u s  & Sma r t  1969; N a i r n  e t a 1 1972; H o u g h t o n

al 1980; A v r a m e a s ,  G u i l b e r t  & D i g h i e r o  1981). If such 

f i n d i n g s  do i n d e e d  r e p r e s e n t  a g e n u i n e  b i o l o g i c a l  

p h e n o m e n o n ,  and not m e r e l y  l a b o r a t o r y  a r t e f a c t ,  the s c o p e  

for d e v e l o p i n g  d i a g n o s t i c  tests b a s e d  on h u m o r a l  i m m u n i t y  

to t u m o u r s  m a y  be l i mited.

By m e a n s  of the c u t a n e o u s  d e l a y e d  h y p e r s e n s i t i v i t y  

r e s p o n s e  to a s o l u b l e  m e l a n o m a  a n t i g e n ,  C h a r  and 

a s s o c i a t e s  d e m o n s t r a t e d  that w h e r e a s  26 out of 27 p a t i e n t s  

w i t h  o c u l a r  m e l a n o m a s  p r o d u c e d  p o s i t i v e  r e s u l t s ,  all 12 

i n d i v i d u a l s  w i t h o u t  this c o n d i t i o n  p r o d u c e d  n e g a t i v e  

r e s u l t s  (1974). A l t h o u g h  the r e s u l t s  of this 

i n v e s t i g a t i o n  w e r e  e n c o u r a g i n g ,  the a u t h o r s  c o n s i d e r e d  it 

u n e t h i c a l  to i n j e c t  t u m o u r  e x t r a c t s  into i n d i v i d u a l s  w h o  

m i g h t  not be be s u f f e r i n g  f rom a m a l i g n a n t  p r o c e s s .  W i t h  

an in v i t r o  m i g r a t i o n  i n h i b i t i o n  assay, p o s i t i v e  r e s u l t s  

w e r e  o b t a i n e d  in 10 out of 11 p a t i e n t s  w i t h  u v e a l  m e l a n o m a  

and in 3 out of 32 c o n t r o l  s u b j e c t s  (Ch a r  e t a 1 1975 ; C h a r

1977). In a s i m i l a r  study, u s i n g  a m a c r o p h a g e  m i g r a t i o n  

i n h i b i t i o n  assa y ,  a p o s i t i v e  r e s u l t  w a s  o b t a i n e d  in 7 out 

of 8 p a t i e n t s  w i t h  c h o r o i d a l  m e l a n o m a  and in n o n e  of 25



c o n t r o l  s u b j e c t s  ( M a n o r  et a 1 1978). U s i n g  a m o d i f i c a t i o n

of the l e u c o c y t e  a d h e r e n c e  i n h i b i t i o n  assay, K a l a f u t ,  

C e r n a k  & M a n h  H u n g  (1979) o b t a i n e d  a p o s i t i v e  r e s u l t  in 

21 out of 22 p a t i e n t s  w i t h  u v e a l  m e l a n o m a  and one out of 

26 c o n t r o l  s u b j e c t s .  N o o r  S u n b a  e t a 1 (1980) i n v e s t i g a t e d  

the l y m p h o p r o l i f e r a t i v e  r e s p o n s e  in 25 p a t i e n t s  w i t h  u v e a l  

m e l a n o m a .  O n l y  h a l f  of the p a t i e n t s  s h o w e d  a s t r o n g  

r e s p o n s e  to a u t o l o g o u s  m e l a n o m a  e x t r a c t s  and the 

r e a c t i v i t y  w i t h  p o o l e d  a l l o g e n e i c  e x t r a c t s  t e n d e d  to be 

w e a k e r .  The r e s u l t s  of these s t u d i e s  s u g g e s t  that tests 

of c e l l u l a r  i m m u n i t y  h ave an e n c o u r a g i n g  d e g r e e  of 

s p e c i f i c i t y .  One p r o b l e m  has b e e n  a s h o r t a g e  of s u f f i c i e n t  

a m o u n t s  of s t a n d a r d i s e d  a n t i g e n s .  F u r t h e r m o r e ,  

i n c o n s i s t e n t  r e s u l t s  w e r e  o b t a i n e d  w h e n  e x t r a c t s  f r o m  

d i f f e r e n t  u v e a l  m e l a n o m a s  w e r e  u s e d  to test the c e l l u l a r  

i m m u n i t y  of the same p a t i e n t ,  (Char e t a 1 1975 ; M a n o r  e_t

a 1 1978). This p r o b l e m  could, in theory, be s o l v e d  by

e x t r a c t i n g  the same a n t i g e n  f r o m  d i f f e r e n t  u v e a l  m e l a n o m a s  

u s i n g  m o n o c l o n a l  a n t i b o d i e s .

1 . 3 . 4 . 3 I m m u n o t h e r a p y  of c a n c e r

I m m u n o t h e r a p y  of c a n c e r ,  o t h e r w i s e  k n o w n  as 

’b i o l o g i c a l  r e s p o n s e  m o d i f i c a t i o n ’, has b e e n  p r a c t i s e d  

s i nce the n i n e t e e n t h  c e n t u r y  ( C u r r i e  1972). A n u m b e r  of 

d i f f e r e n t  s t r a t e g i e s  e x ist and t h ese h a v e  b e e n  e x t e n s i v e l y  

r e v i e w e d  ( M i t c h e l l  1985; B y s t r y n  1985; O l d h a m  & S m a l l e y  

1985; M i h i c h  1986).

N o n - s p e c i f i c  s y s t e m i c  i m m u n o t h e r a p y  aims to b o o s t  

the c o m p l e t e  s p e c t r u m  of the p a t i e n t ’s i m m u n e  s y s t e m  in a 

n o n - s p e c i f i c  m a n n e r  in the h o p e  of b o o s t i n g  a n t i - t u m o u r
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a c t i v i t y  ( r e v i e w e d  by H e r s h  1985; B o r d e n  & H a w k i n s  1986).

M a n y  d i f f e r e n t  b i o l o g i c a l  r e s p o n s e  m o d i f i e r s  h a v e  b e e n

i n v e s t i g a t e d  for this p u r p o s e .  (1) The a t t e n u a t e d  live

m y c o b a c t e r i u m ,  B a c i l l u s  C a l m e t t e  G u e r i n  (BCG), has

r e c e i v e d  m o s t  a t t e n t i o n  f o l l o w i n g  o b s e r v a t i o n s  that

i n t r a 1 e s i o n a 1 i n o c u l a t i o n  of c u t a n e o u s  m e l a n o m a  u s u a l l y

c a u s e s  r e g r e s s i o n  of the i n j e c t e d  t u m o u r  and,

o c c a s i o n a l l y ,  a l s o  of d i s t a n t  d e p o s i t s  ( M o r t o n  e t a 1

1970). E x t e n s i v e  p r o s p e c t i v e  r a n d o m i s e d  s t u d i e s ,  h o w e v e r ,

h a v e  s h o w n  that d e s p i t e  its local t h e r a p e u t i c  v a l u e  BCG

does not h a v e  any b e n e f i c i a l  s y s t e m i c  e f f e c t s  ( d i s c u s s e d

by B o r d e n  & H a w k i n s  1986). (2) L e v a m i s o l e  is an

a n t i h e l m i n t h i c  d r u g  w h i c h  has b e e n  f o u n d  to h a v e

i m m u n o m o d u l a t o r y  p r o p e r t i e s ,  e n h a n c i n g  T cell and

m a c r o p h a g e  f u n c t i o n  in v i t r o . C l i n i c a l  t r ials, h o w e v e r ,  

h a v e  s h o w n  that it is i n e f f e c t i v e  in the t r e a t m e n t  of

m e l a n o m a  w h e n  u s e d  as an a d j u n c t  to s u r g e r y  ( S p i t l e r  e t a 1

1982) or c h e m o t h e r a p y  ( C o s t a n z i  e t a 1 1984): it a l s o  has

m a n y  s e r i o u s  side e f f e c t s  ( P a r k i n s o n  e t a 1 1977 ).

(3) P o 1y a d e n y 1 i c - p o 1y u r i d y 1 ic a c i d  ( p o l y  A r p o l y  U), a

d o u b l e  s t r a n d e d  c o m p l e x  of s y n t h e t i c  p o l y n u c l e o t i d e s ,

s t i m u l a t e s  a n t i b o d y  p r o d u c t i o n  and c ell m e d i a t e d  i m m u n e

r e s p o n s e s .  T r i a l s  w i t h  this b i o l o g i c a l  r e s p o n s e  m o d i f i e r

h a v e  s h o w n  i n c r e a s e d  s u r v i v a l  in p a t i e n t s  w i t h  b r e a s t

c a n c e r  ( L a c o u r  e t a 1 1984). (4) The r e c e n t  p r o d u c t i o n  of

i n t e r f e r o n s  by r e c o m b i n a n t  D N A  t e c h n o l o g y  has m a d e  it

p o s s i b l e  for c l i n i c a l  t r i a l s  to be u n d e r t a k e n  ( r e v i e w e d  by

B o r d e n  & H a w k i n s  1986). T h e s e  h a v e  p r o d u c e d  e n c o u r a g i n g

r e s u l t s  in the t r e a t m e n t  of m e l a n o m a  ( L e g h a  1986). In one

study, h o w e v e r ,  the o b s e r v e d  a n t i - t u m o u r  a c t i v i t y  of
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i n t e r f e r o n  c o u l d  not be r e l a t e d  to i m m u n o l o g i c a l  c h a n g e s  

r e s u l t i n g  f r o m  this t r e a t m e n t  so that its p r e s u m e d  

i m m u n o l o g i c a l  m o d e  of a c t i o n  was q u e s t i o n e d  (Neefe, 

P h i l l i p s  & T r e a t  1986).

A d o p t i v e  i m m u n o t h e r a p y  a ims to r e s t o r e  d e f i c i e n t  

i m m u n o l o g i c a l  f u n c t i o n s  to e f f e c t i v e  leve l s  of a c t i v i t y .  

For e x a m p l e ,  a u t o l o g o u s  l y m p h o k i n e - a c t i v a t e d  k i l l e r  (LAK) 

c el l s  c u l t u r e d  in v i t r o  h a v e  b e e n  r e - i n f u s e d  into p a t i e n t s  

in c o m b i n a t i o n  w i t h  r e c o m b i n a n t  i n t e r l e u k i n - 2  ( R o s e n b e r g  

1985). T his a p p r o a c h ,  a l t h o u g h  c u m b e r s o m e ,  has c a u s e d  at 

least p a r t i a l  t u m o u r  r e g r e s s i o n  in p a t i e n t s  w i t h  a v a r i e t y  

of a d v a n c e d  m a l i g n a n c i e s ,  i n c l u d i n g  m e l a n o m a .  O t h e r  

w o r k e r s  h a v e  a lso u s e d  a d o p t i v e  i m m u n o t h e r a p y  in the 

t r e a t m e n t  of m e l a n o m a  w i t h  e n c o u r a g i n g  r e s u l t s  

( S 1 a n k a r  d - C h a h  in ian e_t £l_ 1984 ; B a l s a r i  e t a 1 1986).

S e r u m - b l o c k i n g  of cell m e d i a t e d  i m m u n i t y  seen in p a t i e n t s  

w i t h  a d v a n c e d  m e l a n o m a  has a p p a r e n t l y  b e e n  ’u n b l o c k e d ’ by 

the t r a n s f u s i o n  of s e r u m  t a k e n  f r o m  p a t i e n t s  w i t h  

s p o n t a n e o u s l y  r e g r e s s e d  m e l a n o m a  ( H e l l s t r o m  e t a 1 19 7 1) or

f r o m  n o r m a l  b l a c k  i n d i v i d u a l s  ( H e l l s t r o m  et a 1 1973 ).

P r o s p e c t i v e ,  r a n d o m i s e d ,  d o u b l e - b l i n d  s t u d i e s ,  h o w e v e r ,  

did not c o n f i r m  the e f f i c a c y  of such s e r o t h e r a p y  ( W r i g h t  

et a 1 1978). P e r f u s i o n  of p l a s m a  o v e r  i m m o b i l i s e d  P r o t e i n

A has b e e n  i n v e s t i g a t e d ,  the r a t i o n a l e  b e i n g  to r e m o v e  

b l o c k i n g  f a c t o r s  such as i m m u n e  c o m p l e x e s  f rom the s e r u m  

( B e r t r a m  1985). C y c l o p h o s p h a m i d e  a p p e a r s  to a n t a g o n i s e  the 

k n o w n  d e t r i m e n t a l  e f f e c t s  of s u p p r e s s o r  T c e l l s  a n d  is 

s o m e t i m e s  u s e d  as an a d j u n c t  to o t h e r  forms of t h e r a p y  

( r e v i e w e d  by M a s t r a n g e l o ,  B e r d  & M a g u i r e  1986).
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S p e c i f i c  a c t i v e  i m m u n o t h e r a p y  is a i m e d  at b o o s t i n g  

the a n t i - t u m o u r  i m m u n e  r e s p o n s e  w i t h  the use of a u t o l o g o u s  

or a l l o g e n e i c  t u m o u r  c e lls w h i c h  h a v e  b e e n  i n a c t i v a t e d  by 

i r r a d i a t i o n  ( I k o n o p i s o v  et a 1 1970), or t r e a t e d  w i t h

n e u r a m i n i d a s e  in o r d e r  to e n h a n c e  t h eir i m m u n o g e n i c i t y  

(Rios & S i m m o n s  1974). A l t h o u g h  e n h a n c e d  t u m o u r  i m m u n i t y  

has o f t e n  b e e n  a c h i e v e d ,  e v i d e n c e  of b e n e f i c i a l  c l i n i c a l  

e f f e c t s  has b e e n  l i mited.

P a s s i v e  i m m u n o t h e r a p y  c o n s i s t s  of i n f u s i n g

a n t i b o d i e s  into p a t i e n t s  in the h o p e  of s u p p l e m e n t i n g  the

h u m o r a l  r e s p o n s e .  This a p p r o a c h  has b e c o m e  m o r e

e f f i c i e n t  s i n c e  the d e v e l o p m e n t  of h y b r i d o m a  t e c h n o l o g y

for the p r o d u c t i o n  of m o n o c l o n a l  a n t i b o d i e s  in v i t r o

( d i s c u s s e d  by H o u g h t o n  & S c h e i n b e r g  1986). A n t i - t u m o u r

m o n o c l o n a l  a n t i b o d i e s  can t h e o r e t i c a l l y  d e s t r o y  t a r g e t 

c e l l s  by a c t i v a t i n g  c o m p l e m e n t  ( H o u g h t o n  e t al 1985) or 

m e d i a t i n g  a n t i b o d y  d e p e n d e n t  cell m e d i a t e d  i m m u n i t y  (Adams

e t a 1 1984). T h e r e  is a lso a p o s s i b i l i t y  that i n f u s e d

a n t i b o d i e s  m a y  act as ’s u r r o g a t e  a n t i g e n s ’ t h e r e b y

b o o s t i n g  the h o s t ' s  i m m u n e  s y s t e m  ( K o p r o w s k i ,  et a 1 1984 ;

H e r l y n ,  Ross & K o p r o w s k i  1986). If the a u t o c r i n e

h y p o t h e s i s  ( S e c t i o n  1.2.1) is p r o v e d  c o r r e c t  it m a y  be

p o s s i b l e  to a l t e r  t u m o u r  b e h a v i o u r  by b l o c k i n g  the

r e l e v a n t  h o r m o n e  r e c e p t o r s  u s i n g  m o n o c l o n a l  a n t i b o d i e s .

This h y p o t h e s i s  has b e e n  s u p p o r t e d  by the r e s u l t s  of

e x p e r i m e n t s  p e r f o r m e d  b o t h  in v i t r o  and in v i v o  in a n i m a l

m o d e l s  ( C u t t i t t a  et al 1985).
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M o n o c l o n a l  a n t i b o d i e s  are als o  u n d e r  i n v e s t i g a t i o n  

as s e l e c t i v e  v e c t o r s  for a v a r i e t y  of c h e m i c a l  toxins, 

p h o t o d y n a m i c  s u b s t a n c e s  (Mew e t a 1 1983), and

r a d i o - i s o t o p e s  ( d i s c u s s e d  by B a l d w i n  & B y r e s  1986; F r a n k e l  

e t a 1 1986 ; E m b l e t o n  1986 ; C o b b  & H u m m  1986). T h e r e  are

m a n y  p o t e n t i a l  o b s t a c l e s  to the s u c c e s s f u l  a p p l i c a t i o n  of 

a n t i - t u m o u r  m o n o c l o n a l  a n t i b o d i e s  in v i v o . The l i g a n d  m a y  

d i s s o c i a t e  f rom the a n t i b o d y  ( d i s c u s s e d  by Z a l c b e r g  1985) 

or i n t e r f e r e  w i t h  its a c t i v i t y  ( M a t z k u  e t a 1 1985). The

a n t i b o d y  m a y  rea c t  w i t h  shed t u m o u r - a s s o c i a t e d  a n t i g e n s  

c i r c u l a t i n g  in the s e r u m  ( d i s c u s s e d  by Z a l c b e r g  1985), or 

w i t h  a n t i - a n t i b o d i e s  ( d i s c u s s e d  by C h a t e n o u d  1986; C o b b  & 

H u m m  1986). The a n t i b o d y  m a y  be c l e a r e d  f r o m  the 

c i r c u l a t i o n  by r e t i c u l o - e n d o t h e  1 ial c e l l s  in the l i v e r  or 

by the k i d n e y  ( d i s c u s s e d  by Z a l c b e r g  1985). A c c e s s  of the 

a n t i b o d y  to the t u m o u r  m a y  be l i m i t e d  by l a c k  of 

v a s c u l a r i t y  of the t u m o u r  or by the i n a b i l i t y  of the 

a n t i b o d y  to pass t h r o u g h  the v a s c u l a r  e n d o t h e l i u m .  E v e n  

if the m o n o c l o n a l  a n t i b o d y  does r e a c h  the i n t e r s t i t i a l  

s p ace of the t u m o u r  it m a y  fail to a t t a c h  to s u f f i c i e n t  

n u m b e r s  of t u m o u r  c e l l s  b e c a u s e  of a n t i g e n i c  h e t e r o g e n e i t y  

or m o d u l a t i o n ,  or b o t h  (Poste 198 6). F i n a l l y ,  a n t i b o d i e s  

a t t a c h i n g  to the cell m e m b r a n e  m a y  not be i n t e r n a l i s e d  

( M a t z k u  e t al 1986). A n u m b e r  of p h a r m a c o k i n e t i c  s t u d i e s  

s u g g e s t  that t h ese p r o b l e m s  can, to some e x t e n t ,  be 

o v e r c o m e  by v a r i o u s  m e a n s .  F i r s t l y ,  s e p a r a t i o n  of a 

r a d i o i s o t o p e  f r o m  the c a r r i e r  c o u l d  be r e d u c e d  by 

s e l e c t i n g  a m o r e  s u i t a b l e  l i g a n d  ( R o s e n b l u m  et a 1 1985).

S e c o n d l y ,  a n t i b o d y  f r a g m e n t s  c o u l d  be u s e d  to i m p r o v e  

a c c e s s  to the tumour, to r e d u c e  c l e a r a n c e  by the
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r e t i c u l o e n d o t h e l i a l  s y s t e m  ( Z a l c b e r g  1985; L a r s o n  et a 1 

1983; B a l l o u  e t al 1985) and to p r e v e n t  a n t i g e n i c  

m o d u l a t i o n  ( C o b b o l d  & W a l d m a n n  1984). T h i r d l y ,  pri o r ,  or 

s i m u l t a n e o u s ,  a d m i n i s t r a t i o n  of n o n - s p e c i f i c  a n t i b o d i e s  

c o u l d  r e d u c e  u p t a k e  by r e t i c u l o e n d o t h e l i a l  cel l s 

( R o s e n b l u m  et a 1 1985 ; Z a l c b e r g  1985). F o u r t h l y ,  c o c k t a i l s

of a n t i - t u m o u r  m o n o c l o n a l  a n t i b o d i e s  c o u l d  c o m p e n s a t e  for 

low a n t i g e n  d e n s i t y  ( C apone, P a p s i d e r o  & M i n g  C h u  1984) 

or a n t i g e n i c  h e t e r o g e n e i t y  ( K r i z a n  et al 1985). F i n a l l y ,  

the i m m u n e  r e s p o n s e  to the m o n o c l o n a l  a n t i b o d i e s  c o u l d  be 

c i r c u m v e n t e d  by the s e q u e n t i a l  use of d i f f e r e n t  a n t i b o d i e s  

to the same t u m o u r  ( d i s c u s s e d  by C h a t e n o u d  1986) or 

a v o i d e d  by the use of h u m a n  or c h i m a e r i c  r o d e n t - h u m a n  

m o n o c l o n a l  a n t i b o d i e s  ( d i s c u s s e d  by C obb & H u m m  1986).

D e s p i t e  the f r e q u e n t  r e p o r t i n g  of e n c o u r a g i n g

r e s u l t s  and a n e c d o t e s  of d r a m a t i c  r e s p o n s e s  ( M i l l e r  e t al 

1982 ; T r e l e a v e n  e t a 1 1984 ; H o u g h t o n  e t a 1 1985),

i m m u n o t h e r a p y  has not yet f o u n d  a p l a c e  in r o u t i n e  

c l i n i c a l  p r a c t i c e .  The r e c e n t  a d v a n c e s  in t u m o u r  

i m m u n o l o g y  h ave led to a less n a i v e  a t t i t u d e  to the

s u b j e c t  and to the r e a l i s a t i o n  that e f f e c t i v e

i m m u n o t h e r a p y  is not a s h o r t - t e r m  p r o s p e c t  but a l o n g - t e r m  

goal.

1 . 3 . 4 . 4 I m m u n o t h e r a p y  of u v e a l  m e l a n o m a

A few t r i a l s  of n o n - s p e c i f i c  i m m u n o t h e r a p y  of u v e a l  

m e l a n o m a s  h a v e  b e e n  i n i t i a t e d  ( F r e n k e l  e t a 1 1977 ;

S h i e l d s  1983; C h a r  1977; D a v i d o r f  1978) but, to date, 

p u b l i s h e d  r e s u l t s  h a v e  not b e e n  f o r t h c o m i n g .
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1.4 H y b r i d o m a  t e c h n o l o g y

1.4.1 L i m i t a t i o n s  of c o n v e n t i o n a l  a n t i s e r a

U n t i l  r e c e n t l y  l y m p h o i d  cel l s  c o u l d  o n l y  be 

m a i n t a i n e d  in v i t r o  for short p e r i o d s .  The s e r o l o g i c a l  

a n a l y s i s  of t u m o u r - a s s o c i a t e d  a n t i g e n s ,  t h e r e f o r e ,  

r e q u i r e d  the use of a n t i s e r a  t a k e n  f r o m  i m m u n i s e d  a n i m a l s  

or p a t i e n t s  w i t h  c a n c e r .  The use of such s era was 

a s s o c i a t e d  w i t h  a n u m b e r  of p r o b l e m s .  F i r s t l y ,  d e s p i t e  

p e r f o r m i n g  a b s o r p t i o n  w i t h  a p p r o p r i a t e  a n t i g e n s ,  the 

a n t i b o d i e s ,  w h i l e  s p e c i f i c  for a s i n g l e  d e t e r m i n a n t ,  w e r e  

n e v e r t h e l e s s  h e t e r o g e n e o u s .  S e c o n d l y ,  the same c o m b i n a t i o n  

of s p e c i f i c  a n t i b o d i e s  was i m p o s s i b l e  to r e p r o d u c e .  

T h i r d l y ,  o n l y  small a m o u n t s  of a n t i b o d y  c o u l d  be p r o d u c e d  

by these m e t h o d s .

1.4.2 H y b r i d o m a  p r o d u c t i o n

M o n o c l o n a l  a n t i b o d i e s  of p r e d e f i n e d  s p e c i f i c i t y  can 

be p r o d u c e d  in u n l i m i t e d  a m o u n t s  f r o m  i m m o r t a l i s e d  

B l y m p h o c y t e s  ( K o h l e r  & M i l s t e i n  1975). T h e s e  c e l l s  are 

o b t a i n e d  by f u s i n g  a n t i b o d y - p r o d u c i n g  l y m p h o c y t e s  w i t h  

m y e l o m a  c e l l s  (ie, B l y m p h o c y t e s  w h i c h  h a v e  u n d e r g o n e  

m a l i g n a n t  t r a n s f o r m a t i o n ) .  The t e c h n i q u e  was o r i g i n a l l y  

d e v e l o p e d  to s t u d y  f a c t o r s  r e g u l a t i n g  i m m u n o g l o b u l i n  gene 

e x p r e s s i o n  ( K o h l e r  & M i l s t e i n  1975).

F o l l o w i n g  a f u s i o n  p r o c e d u r e ,  the h y b r i d o m a s  are 

s e p a r a t e d  f r o m  the u n f u s e d  m y e l o m a  c e l l s  w i t h  the use of 

m e t a b o l i c  i n h i b i t o r s  ( L i t t l e f i e l d  1964). In n o r m a l  c e l l s ,  

s y n t h e s i s  of p u r i n e s  and p y r i m i d i n e s  f r o m  a m i n o  a c i d  and 

c a r b o h y d r a t e  p r e c u r s o r s  takes p l a c e  v i a  two m e t a b o l i c  

p a t h w a y s ,  (i) the m a i n  p a t h w a y  and (ii) the ’s a l v a g e 1
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p a t h w a y .  If the m a i n  p a t h w a y  is b l o c k e d  by a m i n o p t e r i n , a 

folic a n t a g o n i s t ,  n u c l e o t i d e  s y n t h e s i s  can c o n t i n u e  v i a  a 

’s a l v a g e *  p a t h w a y ,  w h i c h  i n v o l v e s  two e n z y m e s ,

h y p o x a n t h i n e - g u a n i n e - p h o s p h o r i b o s y l  t r a n s f e r a s e  and

t h y m i d i n e  k i n a s e .  The m y e l o m a  c e l l s  u s e d  for the 

g e n e r a t i o n  of s o m a t i c  cell h y b r i d s  are d e f i c i e n t  in these 

two e n z y m e s  and are u n a b l e  to g r o w  in the p r e s e n c e  of 

a m i n o p t e r i n  u n l e s s  they h a v e  f u s e d  w i t h  the n o r m a l

l y m p h o c y t e s .  S i n c e  u n f u s e d  n o r m a l  l y m p h o c y t e s  o n l y  live

for short p e r i o d s  in c u l t u r e ,  the o n l y  c e l l s  that can 

p e r s i s t  i n d e f i n i t e l y  in c u l t u r e  m e d i u m  c o n t a i n i n g  

h y p o x a n t h i n e , a m i n o p t e r i n  and t h y m i d i n e  (HAT) are the 

h y b r i d  cells. The h y b r i d o m a s  p r o d u c i n g  the d e s i r e d  

a n t i b o d i e s  are then i d e n t i f i e d  by m e a n s  of an a p p r o p r i a t e  

a s s a y  and s u b c l o n e d  r e p e a t e d l y  u n t i l  c e l l u l a r  h o m o g e n e i t y  

has b e e n  a t t a i n e d .

M o s t  a n t i b o d i e s  h ave b e e n  p r o d u c e d  f r o m  r o d e n t  

h y b r i d o m a s .  R e c e n t l y  the p r o d u c t i o n  of a p p r o p r i a t e  h u m a n  

1y m p h o b 1 a s t o i d  cell lines has a l l o w e d  h u m a n  h y b r i d o m a

t e c h n o l o g y  to be d e v e l o p e d  ( r e v i e w e d  by O l s s o n  1985). 

S u f f i c i e n t  n u m b e r s  of l y m p h o c y t e s  for f u s i o n  can be 

o b t a i n e d  by t a k i n g  a small s a m p l e  of p e r i p h e r a l  b l o o d  and 

p r o p a g a t i n g  the l y m p h o c y t e s  in v i t r o  f o l l o w i n g  

t r a n s f o r m a t i o n  w i t h  the E p s t e i n - B a r r  v i r u s  ( S t e i n i t z  1979; 

Roder, C ole & K o z b o r  1986).

1.4.3 M o n o c l o n a l  a n t i b o d i e s

M o n o c l o n a l  a n t i b o d i e s  h a v e  a n u m b e r  of a d v a n t a g e s  

o v e r  c o n v e n t i o n a l  a n t i s e r a .  F i r s t l y ,  they can be r a i s e d  

a g a i n s t  a n t i g e n s  w i t h o u t  the n e e d  for p r i o r  i d e n t i f i c a t i o n
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and p u r i f i c a t i o n  of these a n t i g e n s .  S e c o n d l y ,  u n l i m i t e d  

a m o u n t s  of p ure and s t a n d a r d i s e d  a n t i b o d i e s  can be 

p r o d u c e d .  The m o n o c l o n a l  n a t u r e  of such a n t i b o d i e s  does 

not g u a r a n t e e  s p e c i f i c i t y  and can s o m e t i m e s  c a u s e  

p r o b l e m s .  F o r  e x a m p l e ,  u n l i k e  p o l y c l o n a l  a n t i s e r a ,  m a n y  

m o n o c l o n a l  a n t i b o d i e s  do not r e a c t  w i t h  fix e d  t i s s u e s  due 

to c h a n g e s  in the a n t i g e n i c  s t r u c t u r e .

1.5 M o n o c l o n a l  a n t i b o d i e s  to m e l a n o m a

S i n c e  1978, w h e n  the first m o n o c l o n a l  a n t i b o d i e s  to

m e l a n o m a - a s s o c i a t e d  a n t i g e n s  w e r e  r e p o r t e d  ( K o p r o w s k i  e_t

a 1 1978), the total n u m b e r  of such r e a g e n t s  has g r o w n

d r a m a t i c a l l y .  The r e s u l t s  a c h i e v e d  to d a t e  u s i n g  such

a n t i b o d i e s  i l l u s t r a t e  the p o s s i b i l i t i e s  and l i m i t a t i o n s  of

the a p p l i c a t i o n  of h y b r i d o m a  t e c h n o l o g y  to o n c o l o g y .  T h e y  
are d i s c u s s e d  in some d e t a i l  in the p r e s e n t  s e c t i o n  

b e c a u s e  they r e l e v a n t  to this work.

1.5.1 P r o d u c  t ion

The u s u a l  s t r a t e g y  has b e e n  to i m m u n i s e  m i c e  w i t h  

cel l s  f r o m  c u l t u r e d  cell lines d e r i v e d  f r o m  p r i m a r y  or

m e t a s t a t i c  c u t a n e o u s  m e l a n o m a  and to s c r e e n  the r e s u l t i n g  

h y b r i d o m a s  a g a i n s t  c u l t u r e d  cel l s  f r o m  a v a r i e t y  of 

t u m o u r s .  M o s t  w o r k e r s  h a v e  u s e d  i m m u n o p r e c i p i t a t i o n  of

i n t e r n a l l y - l a b e l l e d  c u l t u r e d  m e l a n o m a  cel l s  for the 

i n v e s t i g a t i o n  of a n t i g e n s  d e t e c t e d  by these a n t i b o d i e s .  

Some w o r k e r s  h a v e  d e p a r t e d  f rom this p r o t o c o l ,  s u c h  as

H a r p e r  and a s s o c i a t e s  ( 1984 ) w h o  i m m u n i s e d  m i c e  w i t h  

m e m b r a n e - e n r i c h e d  f r a c t i o n s  i n s t e a d  of w h o l e  c e l l s ,  and 

A t k i n s o n  and a s s o c i a t e s  (1985) w h o  s c r e e n e d  h y b r i d s  by
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i m m u n o h i s t o c h e m i s t r y  u s i n g  f i xed tissue. R e c e n t l y ,  

m o n o c l o n a l  a n t i b o d i e s  h a v e  a lso b e e n  p r o d u c e d  f r o m  h u m a n  

cell lines. T h e s e  are d i s c u s s e d  l a t e r  in this s e c t i o n .

1.5.2 S p e c i f i c i t y

N e a r l y  all of the m o n o c I o n a 1 a n t i b o d i e s  to m e l a n o m a  

h a v e  r e a c t e d  w i t h  o t h e r  types of cell ( T a b l e  1.1). 

A l t h o u g h  some a n t i b o d i e s  w e r e  o r i g i n a l l y  r e p o r t e d  to be 

s p e c i f i c ,  o f t e n  on the b a s i s  of s u b j e c t i v e  a s s e s s m e n t ,  

s u b s e q u e n t  e v a l u a t i o n  by i n d e p e n d e n t  w o r k e r s  has s h o w n  

such c l a i m s  to be i n c o r r e c t  ( B r o w n  e t a 1 1981; C l e m e n t e

19 8 5 ; R eal e t a 1 1985; G o d a l  e t a 1 1986). A r e c e n t  r e p o r t

s t a t i n g  that a new m o n o c l o n a l  a n t i b o d y  is h i g h l y  s p e c i f i c  

for m e l a n o m a  in f i xed t i s s u e s  (Gown e t a 1 1986), a l t h o u g h

e n c o u r a g i n g ,  needs to be c o n f i r m e d  by o t h e r  w o r k e r s .

N o n - s p e c i f i c  m o n o c l o n a l  a n t i b o d i e s  h a v e  t e n d e d  to 

be d i r e c t e d  a g a i n s t  h i s t o c o m p a t i b i l i t y  a n t i g e n s  ( M i t c h e l l  

e t a 1 1980), f o e t a l  tiss u e  a n t i g e n s  (Liao, C l a r k e ,

K h o s r a v i  e t al 1982a), p r o l i f e r a t i o n - d e p e n d e n t  a n t i g e n s  

(Real e t al 1985), as w e l l  as f o e t a l  c a l f  s e r u m  

c o n s t i t u e n t s  ( Y a m a g u c h i  e t a 1 1987 ). M a n y  of the

m o n o c l o n a l  a n t i b o d i e s  hav e  c r o s s - r e a c t e d  w i t h  n e u r a l  

t u m o u r s  ( K o p r o w s k i  e t a 1 1978; C a r r e l  e t a 1 1980 ; D i p p o l d

e t al 1980; Liao, C l a r k e  e t al 1981), and o t h e r  t y p e s  of 

m a l i g n a n c y  ( W o o d b u r y  e t al 1980; S a x t o n  e t a 1 1982).

M o n o c l o n a l  a n t i b o d y  6.1, for e x a m p l e ,  c r o s s - r e a c t e d  w i t h  

a n t i g e n s  on ren a l  and b r e a s t  c a r c i n o m a s  a l t h o u g h  the s e

a n t i g e n s  d i f f e r e d  in m o l e c u l a r  w e i g h t  f r o m  t h o s e  on

m e l a n o m a s  ( L oop e t a 1 1981). The p97 a n t i g e n ,  r e c o g n i s e d

by h y b r i d o m a  4.1, was i n i t i a l l y  t h o u g h t  to be e x p r e s s e d



T a b l e  1.1 R e a c t i v i t i e s  of m o n o c l o n a l  a n t i b o d i e s  g e n e r a t e d  

a g a i n s t  c u t a n e o u s  m e l a n o m a .  (1) R e p r e s e n t a t i v e  m o n o c l o n a l  

a n t i b o d i e s  r e p o r t e d  by d i f f e r e n t  g r o u p s  of w o r k e r s  (MAbs). 

H u m a n  m o n o c l o n a l  a n t i b o d i e s  are i n d i c a t e d  by an a s t e r i s k .  

(2) P r o p o r t i o n  of c u l t u r e d  or u n c u l t u r e d  m e l a n o m a s  

(Mel) r e c o g n i s e d  by the m o n o c l o n a l  a n t i b o d i e s .  (3) C r o s s 

r e a c t i v i t y  of m o n o c l o n a l  a n t i b o d i e s  w i t h  n o n - m e l a n o m a t o u s  

c a r c i n o m a s  (Ca), s a r c o m a s  (Sa) and n o r m a l  t i ssues. The 

a p p a r e n t  s p e c i f i c i t y  of e a c h  m o n o c l o n a l  a n t i b o d y  v a r i e s  

a c c o r d i n g  to the a s s a y  u s e d  and f r o m  l a b o r a t o r y  to 

l a b o r a t o r i e s .  (4) R e f e r e n c e s  to a r t i c l e s  in w h i c h  

m o n o c l o n a l  a n t i b o d i e s  w e r e  first r e p o r t e d  or in w h i c h  

i n f o r m a t i o n  r e g a r d i n g  t h eir r e a c t i v i t i e s  was p u b l i s h e d .



1 2 3 4
MAb Mel O t h e r Re f e r e n c e s
W i s t a r I n s t i t u t e ,  P e n n s y l v a n i a ,  U S A
N u - 4 B All As t rocy t oma K o p r o w s k i  et al 1978

E m b . f i b r o b l a s t s M i t c h e l l  et a 1 1 980
D y s p l a s t i c  nae v i T h o m p s o n  et a 1 1982

19-19 N a e v i
As t r o c y t o m a s  
E m b . f i b r o b l a s t s  
C o l l a g e n o u s  tiss. 
K e r a t  i n o c y t e s

M E 4 9  1 5 8 / 7 0 Some c a r c i n o m a s A t k i n s o n  e t a 1 1 984
N a e v i A t k i n s o n  et a 1 1 985

M E 4 9 2 33/35 M a c r o p h a g e s , n a e v i  
M u c o u s  g l a n d s
H e m a t o g e n o u s  cells
P r o s t a t i c  Ca
C o l o n  Ca

F r e d  H u t c h i n s o n C a n c e r  R e s e a r c h  C e n t e r ,  S e a t t l e
3. 1 Imm. m e l a n o m a  line o n l y Yeh et al 1979
4 . 2 2 5 /29 N o r m a l  lung Yeh et al 1982

N o r m a l  k i d n e y N u d e l m a n  et a 1 1 982
3/17 O t h e r  t u m o u r s

4.1 90% 55% o t h e r  t u m o u r s W o o d b u r y  et a 1 1 980
Foe tal c o l o n B r o w n  et al 19 8 1b.

5 . 1 50% 50% c a r c i n o m a s  
A d u l t  b r a i n  
F o e t a l  t issues

L o o p  et al 1 98 1

6 . 1 50% 80% r e nal C a . 
N o r m a l  cell lines

D e p a r t m e n t s  of O t o l a r y n g o l o g y  and P a t h o l o g y , U n i v e  rs i ty of
W a s h i n g t o n ,  S e a t t l e
H M B - 4 5 97% Bas a l  cell Ca 

H a i r  f o l l i c l e s ,  
N a e v i
Spitz t u m o u r s  
0 / 1 6 8  t u m o u r s

G o w n  et al 1986

The M e m o r i a l  S 1o a n - K e t t e r i n g  C a n c e r  C e n t e r ,  N e w  Y o r k
I 1 2 11/16 As t r o c y t o m a s  

R e n a l / b l a d d e r  Ca 
R e n a l  e p i t h e l i u m

D i p p o l d  et al 1980

N 9 13/16 A s t r o c y t o m a  
R e n a l / b l a d d e r  Ca 
C o l o n  Ca
R e n a l  e p i t h e l i u m  
Foe tal b r a i n

A l b i n o  et al 1983

R24 all As t rocyt omas P u k e l  et al 1982
( M e l - 1) Me 1 a n o c y t e  s 

Emb. b r a i n  & lung 
C u l t u r e d  T cells 
Hist i o c y t o m a  
F i b r o b l a s t s  
B r e a s t  Ca 
N a e v  i

C l e m e n t e  1 985

M 1 9 10/16 As t r o c y t o m a s
R e n a l  & o v a r i a n  Ca

TA99 6/ 1 2 P i g m e n t e d  c e lls T h o m s o n  et al 1985
Ma4 * 5/23 O t h e r  t u m o u r s H o u g h t o n  et al 1983
R i 37* 2/2 B l a d d e r  Ca,

L u n g  Ca
M o n o n u c l e a r  c e lls

C o t e  et al 1983

Table 1.1 C o n t d .



MAb Mel Other
D e p a r t m e n t  of S u r g e r y ,  Duke 
D u r h a m ,  N o r t h  C a r o l i n a ,  USA  
D6.1 13/13 B r e a s t  Ca

O v a r i a n  Ca 
C o l o n  Ca

Re f e r e n c e s ____________________
U n i v e r s i t y  M e d i c a l  C e n t e r ,

J o h n s t o n  et al 1985

S c r i p p s C l i n i c and R e s e a r c h  F o u n d a t i o n ,  C a l i f o r n i a
165. 28T All As t r o c y t o m a Imai et al 198 1
4 7 3 . 54S All L y m p h o i d  cells (wk)
376 . 74T All As t r o c y t o m a  

C o l o n  Ca 
B r e a s  t Ca 
Pros tate Ca

345. 134S5/5 O t h e r  t u m o u r s W i l s o n  et al 1982
L y m p h o i d  cells

376 . 96S 4/5 Nae v i ,  ski n  Ca 
B r e a s t  Ca

225 . 28S 5/5 A s t r o c y t  oma 
54% S k i n  Ca
S c h w a n n o m a K a g e s h i t a  et al 1985
H a i r  f o l l i c l e
F o e t a l  skin
F o e t a l  k i d n e y

465 . 1 2 S C o l o n  Ca 
B r e a s  t Ca 
B l a d d e r  Ca

W i l s o n  et al 1 982

Colon, r e c t u m G i a c o m i n i  et al 1984
M o s t  n o r m a l  tiss. N a t a l i  et al 1 982

9 . 2 . 2 7 6/6 'Nil ' M o r g a n ,  G a l l o w a y  &
R e i s f e l d  1981

S a r c o m a s G o d a l  et al 1986
155.8 7/8 Nil Ha r p e r ,  Bumol 

Re is feId 1 984
&

O n c o l o g y  D i v i s i o n ,  U n i v e r s i t y  of C a l i f o r n i a ,  Los A n g e l e s  
L55* o v e r 5 0 %  F o e t a l  b r a i n  Irie, Sze & S a x t o n

C a r c i n o m a / s a r c o m a  1982 
F i b r o b l a s t s

L72* o v e r 5 0 % _____N e u r a l  t u m o u r s ______C a h a n  e t al 1 982_________
D i v i s i o n  of S u r g i c a l  O n c o l o g y ,  J o h n  W a y n e  C l i n i c ,  U C L A  
705F6 14/14 O t h e r  t u m o u r s  S a x t o n  e t a 1 1982

F o e t a l  b r a i n  
F o e t a l  f i b r o b l a s t s  
N e u r a l  t u m o u r s  
F o e t a l  cell lines

4 3 6 G 1 0  10/14 O t h e r  t u m o u r s ______________________________________
C a n c e r  C e n t e r ,  W a d l e y  I n s t i t u t e  of M o l e c u l a r  M e d i c i n e ,  
D a l l a s
W I - M N - 1 16/17 E p i d e r m o i d  Ca K h a n  et al 1983

A m n i o n  cells
 __________________ L e u k a e m i a ______________________ _____________________
U n i v e r s i t y  of S o u t h e r n  C a l i f o r n i a  S c h o o l  of M e d i c i n e ,  LA
2 - 1 3 9 - 1 *  C o l o n  Ca I m a m  e t a 1 1985

L i v e r  Ca 
L u n g  Ca 
P a n c r e a t i c  Ca 
Pros tat ic Ca 
D u c t s

Table 1 . 1 C o n t d .



1 2 3 4
MAb Mel O t h e r Re f e r e n c e s
Gene ral and o n c o l o g i c  s u r g e r y , C i t y  of H o p e  M e d i c a l
C e n t r e , D u a r  t e , C a l i f o r n i a
F 1 1 7/8 5/5 Ca lines Chee et al 1982
D e p a r t m e n t  of D e r m a t o l o g y  and S y p h i l o l o g y ,  D e t r o i t ,
F K H  1 7 9 - 1 0 0 %  Naevi, lung Ca, F u k a y a  e t a 1 198 6

P h a e o c h r o m o c y t o m a
M a s t  cells,

D e p a r t m e n t  of E x p e r i m e n t a l  D e r m a t o l o g y ,  M u n s t e r ,  G e r m a n y
M - 2 - 2 - 4 92% S e b a c e o u s  g l a n d s  

B r e a s t  Ca 
N a e v i

S u t e r  et al 1983

M - 2 - 7 - 6 30% C u t a n e o u s  n e r v e s  
B r a i n  t i s s u e  
L e i o m y o m a

M - 2 -  1 0- 15 30% C u t a n e o u s  n e r v e s  
B r a i n  t i s s u e  
N a e v i

A- 10-33 3/1 3 C a p i 1 laries  
N e u r o b i a s  toma 
Te ra t oma 
L u n g  Ca

A- 1-43 4 /13 Ep ide r m a 1 cells 
Sweat d u c t s  
C u t a n e o u s  n e r v e s  
L u n g  Ca 
N a e v i
B as a l  cell Ca 
S q u a m o u s  cell Ca 
Le i o m y o m a «

L u d w i g i n s t i t u t e  tor C a n c e r  R e s e a r c h ,  S w i t z e r l a n d
M e l - 5 9/10 G 1 i o b  las toma C a r r e l  et al 1980
M e l -  14 10/10 G l i o b l a s t  oma
M e l - 7 5/ 10 Nil
M e 3 - N E 4 6/ 10 G l i o b l a s t  oma
M e 4 - H 3 7/10 Nil
M e 4 - H 4 9/ 1 0 Nil
M e 5 - D 5 9/ 10 Nil
M e 4 - F  8 9/ 10 ’Nil '

As t r o c y t o m a  
A d e n o c a r c i n o m a  
F i b r o b l a s t s  
L y m p h o i d  cells

C a r r e l  et al 1980 
H e r l y n  et al 1982 
J o h n s o n  & R i e t h m u l l e r  
1982
H a r p e r  et al 1982

O n t a r i o C a n c e r  F o u n d a t i o n
7.51 10/10 N e u r o b l a s  toma 

Re t i n o b l a s t  oma 
G 1 i o m a

L i a o  et al 1981

7.60 9/1 0 N e u r o b i a s  toma 
R e t i n o b l a s  toma 
G 1 i o m a

7.39 7/10 Nil
140.240 All F o e t a l  t i s s u e s 

S w e a t  g l a n d s , 
N a e v i

L i a o  et al 1982a 
N a t a l i  et al 1986

Table 1.1 C o n t d .



MAb Mel Other References
The N e t h e r l a n d s  C a n c e r  I n s t i t u t e ,  A m s t e r d a m
C-l 4/5 
C-2 4/5
N K I / C - 3  97/ 9 9

N o n s p e c i f i c  
V a r i a b l e  
N a e v i  
Care ino i d s 
M e d u l l a r y  Ca
N e u r o e n d o c r i n e  Ca M a c k i e ,

Turb i 11

H a g e m a n  et al 1982 

V e n n e g o o r  e t a 1 1985

C a m p b e l l  & 
1984

P A L - M 1

P A L - M 2

A M F - 7

A M F - 6

R u i t e r  et al 1985

2 5 / 2 5

3 0 / 3 0

Pros tat ic Ca 
O v a r i a n  Ca 
B r e a s t  Ca 
L u n g  Ca
N a e v i  _______
O t h e r  t u m o u r s  
E p i t h e l i a l  cells  
L y m p h o i d  cells  
O t h e r  t u m o u r s  
E p i t h e l i a l  cells 
L y m p h o i d  cells
Vase. End. c e l l s  De V r i e s  e t a 1 1986
N a e v i ,
P e r i n e u r i u m ,  n a e v i ________________________

Ins t i tut f iir 
2 1.43 6/12
15.95 8/12

15. 75 

16.63

8 / 1 2

1 0 / 1 2

I m m u n o l o g i e ,  M u n i c h  
Nil
5/5 Ca lines 
F o e t a l  f i b r o b l a s t s  
A d r e n a l  g l a n d  
T e r a t o m a  
4/5 Ca lines 
F i b r o b l a s t s  
2/5 Ca lines 
L y m p h o c y t e  s_________

J o h n s o n  e t al 198 1

D e p a r t m e n t  of 
HMSA-1 16/26

U n i v e r s i t y  of 
LS62 All

D e r m a t o l o g y ,  S a p p o r o  M e d i c a l  C o l l e g e ,  J a p a n  
N a e v i  A k u t s u  & J i m b o w  1986
As t r o c y t o m a s
P i n e a l o m a ______________________________ _______________

C a l g a r y ,  C a n a d a  
F i b r o b l a s t s  
50% o t h e r  t u m o u r s  
N a e v i
V a s e . e n d .
M a s t  cells 
G l a n d u l a r  ep.

S i k o r a  et al 1987

Table 1 . 1



o n l y  by m e l a n o m a s  ( W o o d b u r y  et a 1 1980). A l t h o u g h  this

i m p r e s s i o n  was l a t e r  f o u n d  to be i n c o r r e c t  leve l s  of this 

a n t i g e n  w e r e  50 times h i g h e r  in m e l a n o m a s  than in n o r m a l  

h u m a n  t i s s u e s  (Brown, W o o d b u r y  e t a 1 1981). This

d e m o n s t r a t e s  that the r e s u l t s  of q u a n t i t a t i v e  a n a l y s e s  of 

the n u m b e r  of a n t i g e n  m o l e c u l e s  per cell are m o r e  

m e a n i n g f u l  than d e s c r i p t i o n s  of a n t i g e n s  as s p e c i f i c  or 

n o n - s p e c i f i c .  The a p p a r e n t  s p e c i f i c i t y  of an a n t i g e n  

d e p e n d s  g r e a t l y  on the a s s a y  that is u s e d  ( P u k e l  e t a 1 

1982). For e x a m p l e ,  an 8 8 K  p r o t e i n  a n t i g e n  d e t e c t e d  by 

a n t i b o d i e s  C - 2 , 6  and 7 ( H a g e m a n  e t a 1 1982), was

a p p a r e n t l y  n o n - s p e c i f i c  w h e n  t e s t e d  a g a i n s t  a v a r i e t y  of 

cell lines u s i n g  a r a d i o l a b e l l e d  p r o b e  but s h o w e d  a h i g h  

d e g r e e  of s p e c i f i c i t y  on i m m u n o h i s t o c h e m i s t r y .

F u r t h e r m o r e ,  the r e s u l t s  of a s s a y s  p e r f o r m e d  w i t h  cell 

lines do not n e c e s s a r i l y  a p p l y  to u n c u l t u r e d  c e l l s  of the 

same t u m o u r  type ( J o h n s o n  e t a 1 1981). For t h e s e  r e a s o n s

d e t a i l e d  i n v e s t i g a t i o n s  of the ' s p e c i f i c i t y '  of a 

m o n o c l o n a l  a n t i b o d y  are u l t i m a t e l y  d e t e r m i n e d  b y  its 

i n t e n d e d  p u r p o s e .

1.5.3 A n t i g e n s  i d e n t i f i e d  by d i f f e r e n t  a n t i b o d i e s

A s i g n i f i c a n t  p r o p o r t i o n  of m o n o c l o n a l  a n t i b o d i e s ,  

o f t e n  p r o d u c e d  in d i f f e r e n t  l a b o r a t o r i e s ,  h ave b e e n  f o u n d  

to react a g a i n s t  the same a n t i g e n  (Yeh e t a 1 1979 ; B r o w n ,

N i s h i y a m a  e t a 1 1981; D i p p o l d  e t al 1980; T h u r i n  e t a 1

1985; L i a o  et a 1 1987). An e x a m p l e  of such an a n t i g e n  is

an i n t r a c e l l u l a r  g l y c o p r o t e i n  w h i c h  is r e l a t e d  to m e l a n i n  

p i g m e n t  (Tai e t a 1 1983 ; T h o m s o n  e t a 1 1985).
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1.5.4 R e a c t i v i t y  w i t h  a n i m a l  m e l a n o m a s

M o n o c l o n a l  a n t i b o d i e s  r a i s e d  a g a i n s t  h u m a n

m e l a n o m a s  h a v e  c r o s s - r e a c t e d  w i t h  m e l a n o m a s  in a n i m a l  

m o d e l s  (Natali, A g u z z i  e t a 1 1983) and v i c e  v e r s a

( V o l l m e r s  & B i r c h m e i e r  1983; H i r a b a y a s h i  .et a 1 1985).

S y n g e n e i c  m o n o c l o n a l  a n t i b o d i e s  to B16 m e l a n o m a  w h e n  

i n f u s e d  into a n i m a l s  w e r e  s h o w n  to a l t e r  the m e t a s t a t i c  

b e h a v i o u r  of this t u m o u r  (Herd 1987).

1.5.5 A p p l i c a t i o n s

1 .5.5. 1 C h a r a c t e r i s a t i o n  of a n t i g e n s

Some of the a n t i g e n s  h a v e  u n d e r g o n e  e x t e n s i v e  

c h a r a c t e r i s a t i o n .  A n t i g e n  p97, r e c o g n i s e d  by m A b  4.1 

( W o o d b u r y  e t a 1 1980) a p p e a r s  to be a m o n o m e r i c

s i a l o g l y c o p r o t e i n  c o n t a i n i n g  a s t a b l e  4 0 k D  f r a g m e n t  

(Brown, N i s h i y a m a  e t a 1 1981) w h i c h  is s t r u c t u r a l l y  and

f u n c t i o n a l l y  r e l a t e d  to t r a n s f e r r i n  ( B r o w n  e t a 1 1982).

Its gene, like the g e nes of t r a n s f e r r i n  and the 

t r a n s f e r r i n  r e c e p t o r ,  is e x p r e s s e d  on c h r o m o s o m e  3 w h i c h  

c o m m o n l y  shows r e a r r a n g e m e n t s  in m a l i g n a n t  t u m o u r s

( P l o w m a n  et a 1 1983). The a m i n o  a c i d  s e q u e n c e  of the p97

a n t i g e n  has r e c e n t l y  b e e n  e l u c i d a t e d  by d e t e r m i n i n g  the 

n u c l e o t i d e  s e q u e n c e  of c l o n e d  and p u r i f i e d  p9 7 m R N A  (Rose 

e t a 1 19 8 6)

M o n o c l o n a l  a n t i b o d y  140. 240 (Liao, C l a r k e  e t a 1 

1982a) r e c o g n i s e s  a n o n - s i a l y l a t e d  8 3 K  g l y c o p r o t e i n  on a 

77K p o l y p e p t i d e  b a c k b o n e ,  w h i c h  is c o n v e r t e d  to g p 8 7  by 

s t e p w i s e  m o d i f i c a t i o n  of the h i g h  m a n n o s e

o l i g o s a c c h a r i d e s  to the m o r e  c o m p l e x  s i a l y l a t e d  s u g a r s  

( K h o s r a v i ,  D ent & L i a o  1985).
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M o n o c l o n a l  a n t i b o d y ,  4.2, (Yeh e t a 1 1982 )

r e c o g n i s e s  a g a n g l i o s i d e  that is s i m i l a r  to b r a i n  GD3 

g a n g l i o s i d e  e x c e p t  that its c e r a m i d e  is c h a r a c t e r i s e d  by a 

p r e d o m i n a n c e  of l o n g e r  c h a i n  f a t t y  aci d s  ( N u d e l m a n  e t a 1 

1982). T his a n t i b o d y  also b i n d s  to a s t r u c t u r a l  a n a l o g u e ,  

d i s i a l y l p a r a g l o b o s i d e , w h i c h  has a d i f f e r e n t  b i o s y n t h e t i c  

p a t h w a y  ( B r o d i n  e t a 1 1985 ).

T h r e e  a n t i g e n s  i d e n t i f i e d  by A t k i n s o n  and 

a s s o c i a t e s  (1985) w e r e  i d e n t i c a l  or in c l o s e  p r o x i m i t y ,  

and the s e  s h o w e d  h e t e r o g e n e i t y  in c h a r g e  and m o l e c u l a r  

w e i g h t  as a r e s u l t  of n o n - u n i f o r m  p r o c e s s i n g  of a s i n g l e  

p r o t e i n  core w h o s e  a m i n o  a c i d  s e q u e n c e  was p a r t i a l l y  

e l u c i d a t e d  (Ross et al 1985).

Two h u m a n  m o n o c l o n a l  a n t i b o d i e s  p r o d u c e d  a g a i n s t  

o n c o f o e t a l  a n t i g e n  (Irie, Sze & S a x t o n  1982) r e c o g n i s e d  

two m o l e c u l e s  w h i c h  d i f f e r e d  f r o m  each o t h e r  by o n l y  one 

si a l i c  a cid r e s i d u e  ( C a h a n  e t a 1 1982; Irie, Tai & M o r t o n

1985).

1.5.5.2 C l a s s i f i c a t i o n  of m e l a n o m a s

By m e a n s  of a panel of 34 m o n o c l o n a l  a n t i b o d i e s ,  

some n e w  and o t h e r s  p r e v i o u s l y  d e s c r i b e d ,  H o u g h t o n  and 

c o l l e a g u e s  (1982) d e f i n e d  d i f f e r e n t i a t i o n  a n t i g e n s  

e x p r e s s e d  on m e l a n o m a s ,  n e w b o r n  m e l a n o c y t e s  or a d u l t  

m e l a n o c y t e s  and s u g g e s t e d  that these c o u l d  be u s e d  to 

c l a s s i f y  m e l a n o m a s  in an a n a l o g o u s  f a s h i o n  to the 

c l a s s i f i c a t i o n  of l y m p h o c y t i c  tum o u r s .  H o l z m a n n  and 

a s s o c i a t e s ,  u s i n g  a d i f f e r e n t  p a n e l  of m o n o c l o n a l  

a n t i b o d i e s ,  h a v e  a l s o  s u c c e e d e d  in c o r r e l a t i n g  a n t i g e n i c  

e x p r e s s i o n  w i t h  the d e g r e e  of t u m o u r  p r o g r e s s i o n  (19 8 7 ) .
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1 .5.5.3 Inves t iga t ion_______ of_______ the  f u n c t i o n a l

s i g n i f i c a n c e  of a n t i g e n s  

F u r t h e r  i n s i g h t  into the n a t u r e  and d i s t r i b u t i o n  of 

a n t i g e n s  r e c o g n i s e d  by m o n o c l o n a l  a n t i b o d i e s  has b e e n

g a i n e d  f r o m  i m m u n o h i s t o c h e m i c a l  s t u d i e s .  The p r o g n o s i s  of 

c u t a n e o u s  m e l a n o m a s  has b e e n  c o r r e l a t e d  w i t h  the 

e x p r e s s i o n  of c e r t a i n  w e l l - d e f i n e d  a n t i g e n s ,  d e s p i t e  the 

fact that t h ese a n t i g e n s  w e r e  not e n t i r e l y  s p e c i f i c  for 

m e l a n o m a  (Briiggen e t a 1 1984 ).

1.5.5.4 D e t e c t i o n  of s e r u m  a n t i g e n s

Some w o r k e r s  h a v e  d e t e c t e d  c i r c u l a t i n g

m e l a n o m a - a s s o c i a t e d  a n t i g e n s  in the s e r u m  w h i c h  h a v e  s h o w n  

a c o r r e l a t i o n  w i t h  the e x t e n t  of the m a l i g n a n c y  (Ross e_t 

a 1 1984 ). O t h e r  m e l a n o m a - a s s o c i a t e d  a n t i g e n s  h a v e  a l s o

b e e n  f o und in the s e r u m  of h e a l t h y  c o n t o l s ,  a l b e i t  in 

s m a l l e r  c o n c e n t r a t i o n s  than p a t i e n t s  w i t h  m e l a n o m a  

( G i a c o m i n i  e t a 1 19 84).

1 .5.5.5 D i a g n o s t i c  i m m u n o h i s t o c h e m i s t r y

M o n o c l o n a l  a n t i b o d i e s  are a l r e a d y  p r o v i n g  u s e f u l  in 

c l i n i c a l  p r a c t i c e  ( M a c k i e  e t a 1 1984; G a t t e r  e t a 1 1985).

M a n y  are not r e a c t i v e  w i t h  f o r m a l i n  f i x e d  t i s s u e s  but

there h a v e  b e e n  a few e x c e p t i o n s  ( D i p p o l d ,  K n u t h  & M e y e r  

Z u m  Biischenf e lde 1984 , A t k i n s o n  e t a 1 1985 ; V e n n e g o o r  e_t

al 1985 ; A k u t s u  & J i m b o w  1986 ; G o w n  e t a 1 1986).
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1 . 5 . 5 . 6 T a r g e t i n g  of m o n o c l o n a l  a n t i b o d i e s

T a r g e t i n g  of r a d i o l a b e l l e d  a n t i b o d i e s  has b e e n  

d e m o n s t r a t e d  in a n i m a l  m o d e l s  ( W i l s o n  et al 1982) and in

h u m a n  p a t i e n t s  ( N atali, A g u z z i  e t a 1 1983 ; M u r r a y  e t a 1

1987). A n t i b o d y  f r a g m e n t s  w e r e  f o u n d  to be b e t t e r  than

w h o l e  i m m u n o g l o b u l i n s  for this p u r p o s e  ( L a r s o n  e t a 1 1983 ;

B u r a g g i  et a 1 1985). E x p e r i m e n t s  u s i n g  a t h y m i c  n u d e  m i c e

h a v e  s h o w n  a c c u m u l a t i o n  of m o n o c l o n a l  a n t i b o d i e s  in h u m a n  

m e l a n o m a  i m p l a n t s  ( W i l s o n  et a 1 1982 ; B e a u m i e r  1985), and

t u m o u r  r e g r e s s i o n  ( C h e r e s h  e t a 1 1985). A n  a n i m a l

c o n t a i n i n g  an i m p l a n t e d  h u m a n  t u m o u r  is not an ideal 

m o d e l ,  h o w e v e r ,  b e c a u s e  m o n o c l o n a l  a n t i b o d i e s  r e c o g n i s i n g
i

h u m a n  r a t h e r  than m e l a n o m a - a s s o c i a t e d  a n t i g e n s  w o u l d  s t ill 

a c c u m u l a t e  w i t h i n  the tumour. M o n o c l o n a l  a n t i b o d i e s  h a v e  

b e e n  i n f u s e d  into p a t i e n t s  w i t h  w i d e s p r e a d  m e t a s t a t i c  

d i s e a s e .  Of 12 such p a t i e n t s  t r e a t e d  w i t h  a m o n o c l o n a l  

a n t i b o d y ,  thr e e  s h o w e d  a m a j o r  a n t i - t u m o u r  r e s p o n s e  

c h a r a c t e r i s e d  c l i n i c a l l y  by p a i n  and i n f l a m m a t i o n  at the 

tu m o u r  sites and h i s t o l o g i c a l l y  by t u m o u r  n e c r o s i s ,  m a s t  

cell and l y m p h o c y t i c  i n f i l t r a t i o n ,  c o m p l e m e n t  d e p o s i t i o n  

and d e m o n s t r a b l e  m o u s e  i m m u n o g l o b u l i n  ( H o u g h t o n  et a 1

1985). In this c o n t e x t  it is r e m a r k a b l e  that this a n t i b o d y  

s p e c i f i c a l l y  b l o c k e d  a u t o l o g o u s  T - c e l l  c y t o t o x i c i t y  for 

m e l a n o m a  c e l l s  ( D i p p o l d ,  K n u t h  & M e y e r  Z u m  Biischenfelde

1984). U s i n g  m u r i n e  m o n o c l o n a l  a n t i - m e l a n o m a  a n t i b o d i e s  

a t t a c h e d  to r i c i n  A c h a i n  toxin, S p i t l e r  and a s s o c i a t e s  

(1987) c l a i m e d  to o b t a i n  an e n c o u r a g i n g  t u m o u r  r e s p o n s e  in 

a few of t h e i r  p a t i e n t s ,  w i t h  side e f f e c t s  w h i c h  did not 

c a u s e  s e r i o u s  d i s t r e s s  to the p a t i e n t .
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1 .5.5,7 T u m o u r  d e s t r u c t i o n

A n u m b e r  of in v i t r o  s t u d i e s  h a v e  d e m o n s t r a t e d  that 

some m o n o c l o n a l  a n t i b o d i e s  can i n d u c e  a n t i b o d y - d e p e n d e n t  

cell m e d i a t e d  c y t o t o x i c i t y  ( H e r l y n  et a 1 1979 ; H e l l s t r o m ,  

B r o w n  & H e l l s t r o m  1982 ; C h e r e s h  et a 1 1984), s o m e t i m e s

o n l y  a f t e r  p u r o m y c i n  t r e a t m e n t  ( W i l s o n  e t a 1 1982). Some

a n t i b o d i e s  a c t i v a t e d  c o m p l e m e n t  ( W i l s o n  et al 1982), and 

o t h e r s  i n d u c e d  t u m o u r  cell lysis by b o t h  m e c h a n i s m s  (Yeh 

et al 1979 ; C h e r e s h  et a 1 1984). In one e x p e r i m e n t ,

a n t i b o d y  b i n d i n g  to t u m o u r  c e l l s  was a p p a r e n t l y  g r e a t l y  

r e d u c e d  by r e c o m b i n a n t  i m m u n e  i n t e r f e r o n  ( G i a c o m i n i  e t a 1

1985).

1.5.6 H u m a n  m o n o c l o n a l  a n t i b o d i e s

The p r o d u c t i o n  of h u m a n  m o n o c l o n a l  a n t i b o d i e s  to 

m e l a n o m a - a s s o c i a t e d  a n t i g e n s  has o n l y  b e e n  a c h i e v e d  

r e l a t i v e l y  r e c e n t l y ,  due to the t e c h n i c a l  d i f f i c u l t i e s  

i n v o l v e d .  Of 771 i m m u n o g l o b u l i n - s e c r e t i n g  c u l t u r e s ,  six 

r e a c t e d  w i t h  cell s u r f a c e  and 27 w i t h  i n t r a c e l l u l a r  

a n t i g e n s  ( H o u g h t o n  e t a 1 1983). A n o t h e r  g r o u p  of w o r k e r s

has a l s o  r e p o r t e d  s i m i l a r l y  d i s a p p o i n t i n g  r e s u l t s  

( Y a m a g u c h i  et al 1987).

Some of the a n t i b o d i e s  h a v e  r e a c t e d  a g a i n s t  

p r e v i o u s l y  r e c o g n i s e d  a n t i g e n s  such as O F A -  1 (Irie, Sze & 

S a x t o n  1982), w h e r e a s  o t h e r s  h a v e  r e c o g n i s e d  n e w  a n t i g e n s  

(Cote et al 1986).
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Two a n t i b o d i e s  d e t e c t  an a n t i g e n  in f i x e d  t i s s u e s  

w h i c h  is p r e s e n t  in all m e l a n o m a s  tested, i n c l u d i n g  u v e a l  

m e l a n o m a s ,  but not naevi. It is i n t e r e s t i n g  that the same 

a n t i g e n  was a l s o  r e p o r t e d  to be p r e s e n t  in s w eat g l a n d s  

( I mam et al 1985).

I n t r a l e s i o n a l  i n j e c t i o n  of a h u m a n  IgM m o n o c l o n a l  

a n t i b o d y ,  H u - m A b  L72, into c u t a n e o u s  m e l a n o m a s  has b e e n  

f o l l o w e d  by r e g r e s s i o n  of these t u m o u r s  and in one p a t i e n t  

there w a s  a l s o  r e g r e s s i o n  of an u n t r e a t e d  t u m o u r  s a t e l l i t e  

(Irie & M o r t o n  1986).

1.5.7 R e a c t i v i t y  w i t h  u v e a l  m e l a n o m a s

A few m o n o c l o n a l  a n t i b o d i e s  g e n e r a t e d  a g a i n s t  

c u t a n e o u s  m e l a n o m a  c e lls lines h a v e  b e e n  t e s t e d  for 

r e a c t i v i t y  w i t h  u v e a l  m e l a n o m a .  Of these, s ome h a v e

r e a c t e d  o n l y  w i t h  the c u t a n e o u s  f o r m  of t u m o u r  ( M i t c h e l l

e t a 1 1980 ; A t k i n s o n  e t a 1 1985), w h e r e a s  o t h e r s  h a v e

r e a c t e d  w i t h  b o t h  types of m e l a n o m a  ( H e r l y n  e t a 1 1980;

F o l b e r g  e t a 1 1985 ; I m a m  e t a 1 1985 ; v a n  der Pol e t a 1

1987 ; B o m a n j i ,  G a r n e r  e t a 1 1987 ). T h e s e  h ave b e e n  u s e d

in i m m u n o h i s t o c h e m i c a l  s t u d i e s  to d e m o n s t r a t e  h e p a t i c  

m e t a s t a s e s  (Do n o s o ,  F o l b e r g ,  N a i d s  e t al 1985) and 

a n t i g e n i c  v a r i a t i o n  in o c u l a r  t u m o u r s  ( D o n o s o  et a 1 1986 ;

va n  der Pol et a 1 1987). In a d d i t i o n ,  v a n  der Pol and

a s s o c i a t e s  h a v e  s h o w n  that the e x p r e s s i o n  of a 

t u m o u r - a s s o c i a t e d  a n t i g e n  was d i m i n i s h e d  by p r i o r

r a d i o t h e r a p y  (1987). R e c e n t l y ,  r a d i o i m m u n o s c i n t i g r a p h y  of
. . 9 9mo c u l a r  m e l a n o m a  has b e e n  a c h i e v e d  w i t h  Tc l a b e l l e d

c u t a n e o u s  m e l a n o m a  a n t i b o d y  f r a g m e n t s  ( B o m a n j i ,  H u n g e r f o r d

et al 19 8 7).
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W h e n  the p r e s e n t  s t u d y  w a s  i n i t i a t e d ,  m o n o c l o n a l  

a n t i b o d i e s  had not b e e n  r a i s e d  a g a i n s t  u v e a l  m e l a n o m a s ,  

p r o b a b l y  b e c a u s e  u v e a l  m e l a n o m a  cell lines w e r e  not 

a v a i l a b l e .  In 1985 D o n o s o  and a s s o c i a t e s  i m m u n i s e d  m i c e  

w i t h  c u l t u r e d  c u t a n e o u s  m e l a n o m a  c e l l s  and v i a b l e  u v e a l  

m e l a n o m a  c e l l s  and, f o l l o w i n g  fus i o n ,  s e l e c t e d  h y b r i d o m a s  

by i m m u n o h i s t o c h e m i s t r y  a c c o r d i n g  to t h e i r  r e a c t i v i t y  w i t h  

f o r m a l i n  f i x e d  u v e a l  m e l a n o m a  t issue. One a n t i b o d y  r e a c t e d  

s t r o n g l y  w i t h  o v e r  90% of all u v e a l  m e l a n o m a s  tes t e d ,  

w e a k l y  w i t h  n o r m a l  c h o r o i d a l  m e l a n o c y t e s ,  and f o c a l l y  w i t h  

r e t i n a l  p i g m e n t  e p i t h e l i a l  cells. Thi s  a n t i b o d y  a l s o  

r e a c t e d  w i t h  c u t a n e o u s  m e l a n o m a s  and n a e v i  as w e l l  as 

s a l i v a r y  and b r o n c h i a l  gla n d s ,  and p u l m o n a r y  and c o l o n i c  

c a r c i n o m a s  ( D onoso, F o l b e r g ,  E d e l b e r g  e t a 1 1985). In

1986, the m o n o c l o n a l  a n t i b o d i e s  p r o d u c e d  in the p r e s e n t  

s t u d y  w e r e  r e p o r t e d  ( D a m a t o  e t a 1 1986 ). T h e s e  w e r e

p r o d u c e d  e n t i r e l y  w i t h  the use of u n c u l t u r e d  u v e a l  

m e l a n o m a  cells.
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O b j e c t i v e s  of this r e s e a r c h

The aims of the p r e s e n t  s t u d y  are:

To d e t e r m i n e  w h e t h e r  it is p o s s i b l e  to g e n e r a t e  

r o d e n t  and h u m a n  m o n o c l o n a l  a n t i b o d i e s  to r e l e v a n t  

a n t i g e n s  e x p r e s s e d  by h u m a n  u v e a l  m e l a n o m a s .

To e s t a b l i s h  w h e t h e r  such t e c h n i q u e s  w i l l  y i e l d  

m o n o c l o n a l  a n t i b o d i e s  that are l i k e l y  to h a v e

u s e f u l  c l i n i c a l  or r e s e a r c h  a p p l i c a t i o n s .

To e v a l u a t e  the E p s t e i n - B a r r  v i r u s  l y m p h o c y t e  

t r a n s f o r m a t i o n  t e c h n i q u e ,  f i r s t l y ,  as a m e a n s  of 

a n a l y s i n g  the h u m o r a l  i m m u n e  r e s p o n s e  to u v e a l  

m e l a n o m a  in p a t i e n t s  w i t h  this t u m o u r  and,

s e c o n d l y ,  as a m e t h o d  for the p r o d u c t i o n  of h u m a n

m o n o c l o n a l  a n t i b o d i e s  to this tumour.



C h a p t e r  2 

M A T E R I A L S  A N D  M E T H O D S

2.1 M a t e r i a l s

The m a t e r i a l s  u s e d  d u r i n g  the c o u r s e  of this s t u d y  

are l i s t e d  b e l o w  w i t h  the n a m e s  of the m a n u f a c t u r e r s ,  w h o  

are b a s e d  in B r i t a i n  u n l e s s  o t h e r w i s e  sta t e d .

2.1.1 Cell C u l t u r e  m a t e r i a l s

R P M I - 1 6 4 0  and A m i n o p t e r i n  ( M e t h o t r e x a t e )  w e r e  

s u p p l i e d  by F l o w  L a b o r a t o r i e s ,  Irvine.

F o e t a l  c a l f  s e r u m  and F u n g i z o n e  ( A m p h o t e r i c i n  B) 

w e r e  o b t a i n e d  f r o m  G i b c o  B i o - C u l t  Ltd., P a i s l e y .

P e n i c i l l i n  and S t r e p t o m y c i n  w e r e  o b t a i n e d  f r o m  

G l a x o  P h a r m a c e u t i c a l s  Ltd., L o n d o n .

H y p o x a n t h i n e  and o u a b a i n - o c t a h y d r a t e  w e r e  o b t a i n e d  

f r o m  S i g m a  L o n d o n  C h e m i c a l  Co Ltd., Poole.

T h y m i d i n e  and p h e n y l m e t h y l s u l p h o n y l  f l u o r i d e  (PMSF)  

w e r e  o b t a i n e d  f r o m  B o e h r i n g e r - M a n n h e i m ,  S ussex.

C y c l o s p o r i n  A was o b t a i n e d  f r o m  S a n d o z  

I n t e r n a t i o n a l ,  S w i t z e r l a n d .

2 . 1 . 2  D i s p o s a b l e  m a t e r i a l s

T i s s u e  C u l t u r e  F l a s k s ,  m a n u f a c t u r e d  by N u n c ,  w e r e  

s u p p l i e d  by G i b c o  B i o - C u l t  Ltd., P a i s l e y .

T i s s u e  C u l t u r e  P l a t e s  w e r e  s u p p l i e d  by C o s t a r  

N o r t h u m b r i a  B i o l o g i c a l s  Ltd, N o r t h u m b r i a .

M i c r o E L I S A  P l a t e s  w e r e  s u p p l i e d  by D y n a t e c h  

L a b o r a t o r i e s  Ltd., B i 1 1 i n g h u r s t .



S t e r i l e  u n i v e r s a l  c o n t a i n e r s  w e r e  o b t a i n e d  f r o m  

S t e r i l i n  Led". , T e d d i n g t o n .

L a b - T e k  T i s s u e  c u l t u r e  8 - w e l l  C h a m b e r / S 1 ides w e r e  

o b t a i n e d  f r o m  M i l e s  L a b o r a t o r i e s  Ltd . ,  Slough.

M u l t i s p o t  m i c r o s c o p y  s l i d e s  w e r e  o b t a i n e d  f r o m  

C.A. H e n d l e y  (Essex) L t d., O a k w o o d .

G l a s s  m i c r o s c o p i c  s l i d e s  and c o v e r s l i p s  w e r e  

o b t a i n e d  f r o m  C h a n c e  P r o p p e r  Ltd., W a r l e y .

M i l l i p o r e  f i l t e r s  w e r e  o b t a i n e d  f r o m  M i l l i p o r e  

(U.K.) Ltd., L o n d o n .

E p p e n d o r f  t u b e s , (1.5 ml c a p a c i t y ) ,  m a n u f a c t u r e d  b y  

E p p e n d o r f ,  G e r a t e b a n ,  N e t h e l e r  and Hinz, w e r e  s u p p l i e d  by 

A n d e r m a n  and Co., E a s t  M o l e s e y .

D i a l y s i s  t u b i n g  was o b t a i n e d  f r o m  V i s k i n g  T u b i n g ,  

S c i e n t i f i c  I n s t r u m e n t s  C e n t r e  Ltd., L o n d o n .

S t e r i l e  p l a s t i c  s y r i n g e s  w e r e  o b t a i n e d  f r o m  B e c t o n  

D i c k i n s o n ,  D u b l i n .

S t e r i l e  n e e d l e s  w e r e  o b t a i n e d  f r o m  G i l l e t t e  

S u r g i c a l ,  M i d d l e s e x .

2.1 . 3  Cell lines

The rat m y e l o m a  line Y 3 . A g .  1.2.3 ( G a l f r e  et a 1 

1979) w a s  o b t a i n e d  f r o m  C. M i l s t e i n ,  M . R . C . ,  C a m b r i d g e .

The KR- 4  h u m a n  p l a s m a c y t o m a  cell line ( K o z b o r ,  

L a g a r d e  & R o d e r  1982) was o b t a i n e d  f r o m  Dr J o h n  R o d e r ,  

D e p a r t m e n t  of M i c r o b i o l o g y  and I m m u n o l o g y ,  Q u e e n ' s  

U n i v e r s i t y ,  K i n g s t o n ,  O n t a r i o ,  C a n a d a .

The E B V  s e c r e t i n g  m a r m o s e t  cell line, B 9 5 - 8  ( M i l l e r  

& L i p m a n  1973) w a s  o b t a i n e d  f r o m  Dr D. C r a w f o r d ,  

H a m m e r s m i t h  H o s p i t a l ,  L o n d o n .
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The H e L a  cell line w a s  o b t a i n e d  f r o m  F l o w  

L a b o r a t o r i e s ,  Irvine.

The B 008 h u m a n  m e l a n o m a  cell line ( C r e a s e y  et a 1 

1979) w a s  o b t a i n e d  f r o m  Dr T.E. W h e l d o n ,  G l a s g o w  I n s t i t u t e  

of R a d i o t h e r a p e u t i c s  and O n c o l o g y ,  B e l v e d e r e  H o s p i t a l ,  

G l a s g o w .

2.1.4 A n i m a l s

DA rats w e r e  o b t a i n e d  f r o m  O L A C  Ltd., B l a c k t h o r n ,  

B i c e s t e r  and m a i n t a i n e d  as b r e e d i n g  s t o c k  in the

U n i v e r s i t y  of G l a s g o w  W e s t  M e d i c a l  B u i l d i n g s  C o l o n y .

2 . 1 . 5  C h e m i  c a 1 s

H y p o x a n t h i n e , S t a p h y l o c o c c u s  p r o t e i n  A ( C o w a n  

s t r a i n ) ,  A g a r o s e ,  P o l y - L - l y s i n e , G l u t a r a l d e h y d e ,

P o 1y o x y e t h y 1 ene s o r b i t a n  m o n o l a u r a t e  ( T w e e n  20), P e r i o d i c  

acid, P h e n y l m e t h y l  s u l p h o n y l  f l u o r i d e  (PMSF), Tris, s o d i u m  

b a r b i t o n e ,  2 - a m i n o e t h y l i s o t h i o u r o n i u m  b r o m i d e  h y d r o b r o m i d e  

(AET), o r t h o - p h e n y 1 e n e d i a m i n e  (OPD), 6 - t h i o g u a n i n e

( 2 - a m i n o  6 - m e r c a p t o p u r i n e ), d i a m i n o b e n z i d i n e  (DAB),

3 - a m i n o e t h y l  c a r b a z o l e  (AEC). and S o d i u m  a z i d e  w e r e  

o b t a i n e d  f r o m  S i g m a  Chem. Co. Ltd., Poole.

S o d i u m  c h l o r i d e ,  a m m o n i a ,  a m m o n i u m  c h l o r i d e ,  

a m m o n i u m  s u l p h a t e ,  c a l c i u m  c h l o r i d e ,  g l y c i n e ,  x y l o l ,

H y d r o m o u n t ,  f o r m d i m e t h y l a m i d e , o r t h o - p h o s p h o r i c  a c i d  and 

c i t r i c  a c i d  w e r e  all of a n a l y t i c a l  g r a d e  and w e r e  s u p p l i e d  

by B . D . H  C h e m i c a l s  Ltd., Poole.

P o l y e t h y l e n e  g l y c o l  (PEG) 4 0 0 0  and 1500 w e r e  

o b t a i n e d  f r o m  M e r c k ,  D a r m s t a d t ,  W e s t - G e r m a n y .
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H y d r o g e n  p e r o x i d e  was o b t a i n e d  f r o m  F i s o n s ,  

L o u g h b o r o u g h .

D i m e  t h y 1 s u l p h o x i d e  (DMSO) was o b t a i n e d  f r o m  

K o c h - L i g h t  L a b o r a t o r i e s  Ltd., C o l n b r o o k .

S u l p h u r i c  acid, s o d i u m  d i - h y d r o g e n  p h o s p h a t e  and 

d i - s o d i u m  h y d r o g e n  p h o s p h a t e  w e r e  o b t a i n e d  f rom R i e d e l - D e  

H a e n  AG, S e e 1 z e - H a n n o v e r .

H y d r o c h l o r i c  acid, f o r m a l d e h y d e ,  a c e t o n e ,  g l y c e r o l  

and s o d i u m  c i t r a t e  w e r e  o b t a i n e d  f r o m  M a y  and B a k e r  Ltd., 

D a g e n h a m .

2.1 . 6  E l e c t r o p h o r e t i c  M a t e r i a l s

S o d i u m  d o d e c y 1 - s u l p h a t e , a c r y l a m i d e ,  N ,N ,N ’N 1t e t r a -

m e t h y l e n e  d i a m i n e  ( T e med), b u t a n - 2 - o l ,  N ,N ’- m e t h y l e n e  bis

a c r y l a m i d e  and a m m o n i u m  p e r s u l p h a t e  w e r e  o b t a i n e d  f rom  
B.D.H. C h e m i c a l s  Ltd., Poole.

2 - M e r c a p t o e t h a n o l  was o b t a i n e d  f rom K o c h - L i g h t

L a b o r a t o r i e s  Ltd., C o l n b r o o k .

M e m b r a n e  F i l t e r s ,  0.45 pm, w e r e  s u p p l i e d  by

S c h l e i c h e r  and S c h u l l ,  E ast M o l e s l e y .

L o w  m o l e c u l a r  w e i g h t  m a r k e r  p r o t e i n s  w e r e  s u p p l i e d

by P h a r m a c i a  (GB) Ltd, H o u n s l o w .

2.1.7 S t a i n s

T r y p a n  Blue, H o e c h s t  ( B i s b e n z i m i d e ), C o o m a s s i e  B lue 

(R), C o o m a s s i e  Blue (G) and N a p h t h o l  B lue B l a c k  w e r e

o b t a i n e d  f r o m  S i g m a  Chem. Co. Ltd. Poole.

S i l v e r  n i t r a t e  was o b t a i n e d  f r o m  J o h n s o n  M a t t h e y  

C h e m i c a l s , U .K .
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2 . 1 . 8  R a d i o c h e m i c a l s  
125 I-Nal, s p e c i f i c  a c t i v i t y  2.96 B q / m g ,  was 

s u p p l i e d  by the W e s t e r n  I n f i r m a r y ,  U n i v e r s i t y  of G l a s g o w .

2.1.9 P h o t o g r a p h i c  M a t e r i a l s

X - R a y  f i lms ( K o d a k  X - O m a t  S), S X - 8 0  d e v e l o p e r  and

F X - 4 0  X - r a y  l i q u i d  f i x e r  w e r e  s u p p l i e d  by K o d a k  Ltd., 

H e m e l  H a m p s t e a d .

100 and 4 0 0  A S A  P h o t o g r a p h i c  f i lms (Ko d a k )  w e r e  

p u r c h a s e d  f r o m  a p h o t o g r a p h i c  retailer,. G l a s g o w .

2 . 1 . 1 0  S e r o l o g i c a l  R e a g e n t s

R a b b i t  a n t i - r a t  IgG (H+L), R a b b i t  a n t i - r a t  IgG 

(H+L) c o n j u g a t e d  to h o r s e r a d i s h  p e r o x i d a s e  and R a b b i t  

a n t i - r a t  IgG (H+L) c o n j u g a t e d  to f l u o r e s c e i n  w e r e  s u p p l i e d  

by M i l e s  L a b o r a t o r i e s  Ltd., Slough.

N o r m a l  goat s e r u m  and n o r m a l  r a b b i t  s e r u m  w e r e  

o b t a i n e d  f r o m  the S c o t t i s h  A n t i b o d y  P r o d u c t i o n  Unit, 

W i s h a w ,  S c o t l a n d .

2.1.11 E n z y m e  s

N e u r a m i n i d a s e  was o b t a i n e d  f r o m  S i g m a  C h e m i c a l  Co. 

L t d ., P o o l e .

T r y p s i n  and c h y m o t r y p s i n  w e r e  o b t a i n e d  f r o m  

W o r t h i n g t o n  B i o c h e m i c a l  C o r p o r a t i o n ,  F r e e h o l d ,  N e w  J e r s e y ,  

USA.
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2 . 1 . 1 2  M i s c e l l a n e o u s

B o v i n e  s e r u m  a l b u m i n  was s u p p l i e d  by S i g m a  C h e m i c a l  

C o . L t d . , P o o l e  .

I o d o - g e n  ( 1 , 3 , 4 , 6 - t e t r a c h l o r o - 3 a , 6 a - d i p h e n y l

g l y c o u r i l )  was o b t a i n e d  f r o m  P i e r c e  C h e m i c a l  Co. R o c k f o r d ,  

1 1 1 i n o  is, U.S.A.

S e p h a r o s e  6B, C o l u m n s  PD- 1 0 ,  F i c o l l - P a q u e  and

P e r c o l l  w e r e  o b t a i n e d  f r o m  P h a r m a c i a  (GB) Ltd., H o u n s l o w .

S h e e p  red b l o o d  cel l s  w e r e  o b t a i n e d  f r o m  G i b c o

B i o - C u l t  Ltd., P a i s l e y .

O C T - C o m p o u n d  was o b t a i n e d  f r o m  R a y m o n d  L a m b  Ltd.,

L o n d o n .

M u l t i c h a n n e l  m i c r o - p i p e t t e s  w e r e  o b t a i n e d  f r o m  F l o w  

L a b o r a t o r i e s ,  Irvine.

M i c r o p i p e t t e s  w e r e  m a n u f a c t u r e d  by G i l s o n  F r a n c e  

S.A. and s u p p l i e d  by A n a c h e m  Ltd., Luton.

All o t h e r  r e a g e n t s  w e r e  of a n a l y t i c a l  g r a d e  or of 

the h i g h e s t  a v a i l a b l e  p urity.

2.2 S t a n d a r d  S o l u t i o n s  and B u f f e r s

2.2.1 F u s i o n  and Cell C u l t u r e  M e d i a

2.2. 1 . 1  L - G l u t a m i n e  s t o c k  s o l u t i o n

A 100 m M  s t o c k  s o l u t i o n  of L - G l u t a m i n e  in d i s t i l l e d  

w a t e r  was p r e p a r e d  and s t o r e d  in 1 ml a l i q u o t s  at 4 ° C  

a f t e r  s t e r i l i s a t i o n  by M i l l i p o r e  f i l t r a t i o n .
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2.2. 1.2 R P M I - 1 6 4 0  m e d i u m

This m e d i u m  was s u p p l i e d  in l i q u i d  or p o w d e r e d  

form. S h o r t l y  b e f o r e  use, the l i q u i d  f orm was 

s u p p l e m e n t e d  w i t h  1% L - G l u t a m i n e  s t o c k  s o l u t i o n  (v/v) to 

a c h i e v e  a final c o n c e n t r a t i o n  of 2 mM. The p o w d e r e d  f orm 

was r e c o n s t i t u t e d  w i t h  d i s t i l l e d  w a t e r  in the Cell 

C u l t u r e  U n i t  of the U n i v e r s i t y  of G l a s g o w  B i o c h e m i s t r y  

D e p a r t m e n t  as i n s t r u c t e d  by the m a n u f a c t u r e r s .  The m e d i u m  

was s t e r i l i s e d  by M i l l i p o r e  f i l t r a t i o n  and s t o r e d  at 4°C. 

This m e d i u m  is r e f e r r e d  to e l s e w h e r e  in this text as RPMI.

2.2 . 1 .3 F o e t a l  c alf s e r u m  (PCS)

F o e t a l  c a l f  s e r u m  was p u r c h a s e d  in b u l k  a f t e r  

s a m p l e s  f r o m  d i f f e r e n t  b a t c h e s  w e r e  t e s t e d  by g r o w t h  

e f f i c i e n c y  tests. T h e s e  w e r e  p e r f o r m e d  by Mrs C. C a n n o n  in 

the B i o c h e m i s t r y  D e p a r t m e n t  of the U n i v e r s i t y  of G l a s g o w :

h y b r i d o m a s  w e r e  g r o w n  and s u b c l o n e d  in d i f f e r e n t  s a m p l e s  

of FCS and the n u m b e r s  of h y b r i d s  a r i s i n g  in t h ese s a m p l e s  

w e r e  c o u n t e d  and c o m p a r e d .  T his s e r u m  was i n a c t i v a t e d  at 

56°C for 30 m i n u t e s  and s t o r e d  at -20°C. R e p e a t e d  

f r e e z i n g  and t h a w i n g  was a v o i d e d .  A f t e r  o p e n i n g  a 

c o n t a i n e r ,  any r e s i d u a l  s e r u m  was s t o r e d  at 4°C u n t i l  use.

2 . 2 . 1 . 4  A n t i b i o t i c s  and a n t i f u n g a l  a g e n t s

A s o l u t i o n  c o n t a i n i n g  1x10^ I.U. S o d i u m  b e n z y l  

p e n i c i l l i n  and 10 g s t r e p t o m y c i n  in 1 1 of d i s t i l l e d

w a t e r  (P/S) was o b t a i n e d  in a c o n s t i t u t e d  for m  and' s t o r e d  

at - 2 0 ° C  u n t i l  use.



F u n g i z o n e ,  2 . 5 %  (w/v) in d i s t i l l e d  w a t e r ,  was

o b t a i n e d  in a c o n s t i t u t e d  f o r m  and was s t o r e d  in 1 ml 

a l i q u o t s  at - 2 0 ° C  u n t i l  use.

2.2. 1.5 C o m p l e t e  M e d i u m

C o m p l e t e  m e d i u m  w a s  m a d e  up by the a d d i t i o n  of 2% 

P/S s t o c k  s o l u t i o n  (v/v), 1% f u n g i z o n e  (v/v) and e i t h e r

10% or 20% FCS (v/v) to RPMI, for the c u l t u r e  of m y e l o m a  

c el l s  and h y b r i d o m a s  r e s p e c t i v e l y .  T h e s e  s o l u t i o n s  are 

r e f e r r e d  to e l s e w h e r e  in this text as 10% and 20% c o m p l e t e  

m e d i u m  r e s p e c t i v e l y .  In the l a t t e r  s t a g e s  of this p r o j e c t  

the a d d i t i o n  of a n t i b i o t i c s  and a n t i f u n g a l  a g e n t s  to the 

two types of c o m p l e t e  m e d i u m  was d i s c o n t i n u e d .

2 . 2 . 1 . 6  H y p o x a n t h i n e / T h y m i d i n e  s t o c k  s o l u t i o n  (HT)

H u n d r e d - f o l d  c o n c e n t r a t e d  HT s t o c k  s o l u t i o n  was
-4 -2p r e p a r e d  w h i c h  c o n s i s t e d  of 3x10 M g l y c i n e ,  1x10 M

-3h y p o x a n t h m e  and 1.6x10 M t h y m i d i n e  m  d i s t i l l e d  w a t e r .  

The s o l u t i o n  was then s t e r i l i s e d  by M i l l i p o r e  f i l t r a t i o n ,  

a l i q u o t e d  and s t o r e d  in d a r k n e s s  at -20°C.

2 . 2 . 1 . 7 H T - c o m p l e t e  m e d i u m

H T - c o m p l e t e  m e d i u m  was m a d e  up as d e s c r i b e d  by 

L i t t l e f i e l d  (1964) by d i l u t i n g  1.0 ml of the s t e r i l i s e d  

s t o c k  s o l u t i o n  w i t h  100 ml of c o m p l e t e  m e d i u m

(Sect ion 2.2. 1.5).
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2.2. 1 .8 A m i n o p t e r i n  s t o c k  s o l u t i o n

A 0.1 m M - A m i n o p t e r i n  s t o c k  s o l u t i o n  in d i s t i l l e d  

w a t e r  was p r e p a r e d  and the pH a d j u s t e d  to 7.5. The 

s o l u t i o n  was then s t e r i l i s e d  by M i l l i p o r e  f i l t r a t i o n  and 

s t o r e d  at - 2 0 ° C  in 0.4 ml a l i q u o t s .

2 . 2 . 1 .9 H A T - c o m p l e t e  m e d i u m

A 0.4 ml of s t o c k  a m i n o p t e r i n  s o l u t i o n  w a s  a d d e d  to 

100 ml of HT m e d i u m  to give a final c o n c e n t r a t i o n  of 

4 x 1 0~ ?M .

2 . 2 . 1 . 1 0  O u a b a i n  s t o c k  s o l u t i o n

A 10 m M - O u a b a i n  s o l u t i o n  in R P M I  was p r e p a r e d .  The 

m i x t u r e  was s t e r i l i s e d  by M i l l i p o r e  f i l t r a t i o n  and s t o r e d  

in 5 ml a l i q u o t s  at 4°C p r o t e c t e d  f r o m  light.

2 . 2 . 1 . 1 1  T h i o g u a n i n e  s t o c k  s o l u t i o n

A T h i o g u a n i n e  s o l u t i o n ,  10 m g / m l ,  in 0.1 N N a O H  was 

p r e p a r e d .  The m i x t u r e  was s t e r i l i s e d  by M i l l i p o r e  

f i l t r a t i o n  and s t o r e d  at 4°C.

2.2. 1 . 12 O u a b a i n / T h i o g u a n i n e - c o m p l e t e  m e d i u m

O u a b a i n  s o l u t i o n ,  5% (v/v), and t h i o g u a n i n e

s o l u t i o n ,  0 .3% (v/v), w e r e  a d d e d  to 10% c o m p l e t e  m e d i u m .

2 . 2 . 1 . 1 3  P o l y e t h y l e n e  g l y c o l  s o l u t i o n

P o l y e t h y l e n e  g l y c o l  s o l u t i o n ,  50% (w/v) in RPM I ,  

was p r e p a r e d  by a u t o c l a v i n g  2 g P E G  at 15 lb/sq. in. for 

15 m i n u t e s  and a d d i n g  2 ml s t e r i l e  R P M I  b e f o r e  the P E G  h a d  

c o o l e d  and s o l i d i f i e d .
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2 . 2 . 2  S a l i n e  b u f f e r s

2.2.2. 1 P h o s p h a t e  b u f f e r e d  s a l i n e

A xlO s o l u t i o n  of 1.4 m M  NaCl, 9.5 m M  N a oHP0, and2 4
12.8 m M  N a H ^ H P O ^  in d i s t i l l e d  w a t e r  was p r e p a r e d  and 

a d j u s t e d  to pH 7.4. T his was d i l u t e d ,  1 in 10, in 

d i s t i l l e d  w a t e r ,  as r e q u i r e d ,  i m m e d i a t e l y  b e f o r e  use.

2 . 2 . 2 . 2 P B S - T w e e n

T w e e n  20, 0 . 0 5 %  (v/v), in PBS.

2.3 Me thod s

2.3.1 A n i m a l  H a n d l i n g

2.3 . 1 . 1  M a i n t e n a n c e

A m a x i m u m  of two a n i m a l s  of the same sex w e r e  
h o u s e d  in R . M . 2  c a ges and fed on L a b s u r e  A n i m a l  D i e t ,  C R M

Nuts. W a t e r  was p r o v i d e d  ad 1 ib i turn f r o m  d r o p  b o t t l e s .  

The ear of one a n i m a l  in eac h  cage was c l i p p e d  for 

i d e n t i f i c a t i o n  p u r p o s e s .

2.3. 1 .2 A n a e s t h e s  ia

F i v e  to ten m i l l i l i t r e s  of e t h e r  was p o u r e d  into a

gl a s s  jar c o n t a i n i n g  d r y  c o t t o n  w o o l  and c o v e r e d  b y  a 

m a t t r e s s  of c l e a n  t i s s u e  paper. A s i n g l e  a n i m a l  w a s  

p l a c e d  in this jar w h i c h  was t hen l o o s e l y  clo s e d .  W h e n  the 

a n i m a l  no l o n g e r  r e s p o n d e d  to t a c t i l e  s t i m u l i  it w a s  

t r a n s f e r r e d  f r o m  the jar to the w o r k i n g  s u r f a c e .  If 

f u r t h e r  a n a e s t h e s i a  was r e q u i r e d ,  an o p e n  u n i v e r s a l  

c o n t a i n e r  c o n t a i n i n g  e t h e r - s o a k e d  c o t t o n  w o o l  was a p p l i e d  

c l o s e  to the a n i m a l ' s  m u z z l e .
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2 . 3 . 1 . 3  I n t r a p e r i t o n e a l  i n j e c t i o n

An i n o c u l u m  of not m o r e  than 1 ml in v o l u m e  was 

i n j e c t e d  into the p e r i t o n e a l  c a v i t y  t h r o u g h  the lower 

a b d o m i n a l  w a ll, u s i n g  a 2 1 - G  s t e r i l e  d i s p o s a b l e  nee d l e .

2 . 3 . 1 . 4  S u b c u t a n e o u s  i n j e c t i o n

An i n o c u l u m  less than 1 ml in v o l u m e  was i n j e c t e d  

s u b c u t a n e o u s 1 y b e n e a t h  the d o r s a l  skin, u s i n g  a 2 1-G  

s t e r i l e  d i s p o s a b l e  n e e d l e .

2 . 3 . 1 . 5  I n t r a v e n o u s  i n j e c t i o n

The an i m a 1 was a n a e s t h e t i s e d  in e t h e r  ( S e c t i o n

2.3. 1.2). Hot c o t t o n  w o o l  soaks w e r e  a p p l i e d  to the tail 

to i n d u c e  v a s o d i l a t a t i o n  and the i n t r a v e n o u s  i n j e c t i o n  

was g i v e n  u s i n g  a 2 5-G s t e r i l e  d i s p o s a b l e  nee d l e .

2 . 3 . 1 . 6 T est b l e e d i n g

The a n i m a l  was a n a e s t h e t i s e d  in e t h e r  ( S e c t i o n

2.3. 1.2). The t e r m i n a l  3 m m  l e n g t h  of the tail was

a m p u t a t e d  u s i n g  a n u m b e r  11 B ard P a r k e r  s c a l p e l  b l a d e  and

0 . 2 5 - 1 . 0  ml of b l o o d  was c o l l e c t e d  in an E p p e n d o r f  tube. 

F u r t h e r  b l e e d i n g  was a r r e s t e d  by s q u e e z i n g  the tail u n t i l  

the a n i m a l  had r e c o v e r e d  f r o m  the a n a e s t h e t i c .  D u r i n g  

a n i m a l  s a c r i f i c e ,  b l o o d  was c o l l e c t e d  by

t r a n s - d i a p h r a g m a t i c  c a r d i a c  p u n c t u r e  p e r f o r m e d  w i t h  a 2 1 - G  

s t e r i l e  d i s p o s a b l e  n e e d l e  w h i l e  the h e a r t  w a s  s t i l l  

b e a t i n g .

The s e r u m  was s e p a r a t e d  by c e n t r i f u g a t i o n  of the 

b l o o d  s p e c i m e n  at 3 0 0 x g  for five m i n u t e s  at r o o m
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t e m p e r a t u r e .  W h e r e a s  this p r o c e d u r e  was a d e q u a t e  for rat 

serum, m o u s e  b l o o d  was m o r e  p r o n e  to h a e m o l y s i s .  W i t h  

these a n i m a l s  the s p e c i m e n  w a s  first i n c u b a t e d  for 30 

m i n u t e s  at r o o m  t e m p e r a t u r e  to a l l o w  the clot to f o r m  and 

then o v e r n i g h t  at 4°C to a l l o w  the clot to r e t r a c t .  If 

the s e r u m  w a s  to be s t o r e d  by f r e e z i n g  it was first 

h e a t - i n a c t i v a t e d  at 5 6°C for 30 m i n u t e s .  An a n t i c o a g u l a n t  

w a s  no t u s e d .

2 . 3 . 1 . 7 E u t h a n a s i a

The a n i m a l s  w e r e  k i l l e d  by c e r v i c a l  d i s l o c a t i o n  

p e r f o r m e d  u n d e r  a n a e s t h e s i a .

2 . 3 . 1 . 8  R e m o v a l  of s p l e e n

The a n a e s t h e t i s e d  a n i m a l  was p l a c e d  s u p i n e  on the 

w o r k i n g  s u r f a c e  and its a b d o m e n  c l e a n e d  w i t h  70% a l c o h o l .  

L o n g i t u d i n a l  m i d l i n e  i n c i s i o n s  w e r e  m a de, first t h r o u g h  

skin and a b d o m i n a l  m u s c l e  and then, a f t e r  f u r t h e r  r i n s i n g  

of the i n s t r u m e n t s  in a l c o h o l  and f l a m i n g  o v e r  a b u n s e n  

b u r n e r ,  t h r o u g h  the p e r i t o n e u m .  The s p l e e n  w a s  r e m o v e d ,  

a v o i d i n g  d a m a g e  to a d j a c e n t  o r g a n s ,  and p l a c e d  in a 

s t e r i l e  dry u n i v e r s a l  c o n t a i n e r  for i m m e d i a t e

t r a n s p o r t a t i o n  to a s t e r i l e  hood.

2 . 3.2 Ant igens

2.3.2. 1 C o l l e c t i o n  and s t o r a g e  of u v e a l  m e l a n o m a  t i s s u e

T u m o u r  t i s s u e  was o b t a i n e d  f r o m  u v e a l  m e l a n o m a s  

w h i c h  w e r e  t r e a t e d  at the T e n n e n t  I n s t i t u t e  of 

O p h t h a l m o l o g y  e i t h e r  by local s u r g i c a l  r e s e c t i o n  ( F o u l d s  

1978) or by e n u c l e a t i o n .  The t u m o u r  t i s s u e  w a s  f i r s t
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t r a n s p o r t e d  dry or in s a l i n e  to the P a t h o l o g y  l a b o r a t o r y .  

T r i a n g u l a r  b l o c k s  (3-6 mm) w e r e  e x c i s e d  f r o m  the a p i c a l  

part of t u m o u r s  g r e a t e r  than ten m i l l i m e t e r s  in d i a m e t e r  

in such a w a y  that the a n a t o m y  of the a p e x  and the 

c l e a r a n c e  m a r g i n s  w e r e  u n a f f e c t e d .  T h e s e  s p e c i m e n s  w e r e  

then t a k e n  to the B i o c h e m i s t r y  l a b o r a t o r y  w h e r e  f u r t h e r  

p r o c e s s i n g  was u n d e r t a k e n  w i t h i n  45 m i n u t e s  of 

their exc i s i o n .

M e l a n o m a  t i s s u e  i n t e n d e d  for a n i m a l  i m m u n i s a t i o n  or

i m m u n o - e  1 ec t r ophor-e t ic p r o c e d u r e s  was s t o r e d  in dry

f r e e z i n g  v i a l s  in a g a s - p h a s e  l i q u i d  n i t r o g e n  f r e e z e r .

T i s s u e  i n t e n d e d  for i m m u n o h i s t o c h e m i s t r y  on f r o z e n

s e c t i o n s  was s t o r e d  in O C T - C o m p o u n d  e m b e d d i n g  m e d i u m  in

f r e e z i n g  v i a l s  in l i q u i d  n i t r o g e n .  M e l a n o m a  t i s s u e  and

cell s u s p e n s i o n s  i n t e n d e d  for the p r e p a r a t i o n  of E L I S A  
p l a t e s  w e r e  s t o r e d  in PBS at 4°C u s u a l l y  for two or three 

h o u r s  o n l y  and n e v e r  for p e r i o d s  e x c e e d i n g  24 h o u r s  f r o m

the time of the t u m o u r  e x c i s i o n .  S t o r a g e  of the E L I S A

p l a t e s  is d e s c r i b e d  in S e c t i o n  2.3.5. 1.

2 . 3 . 2 . 2 C o l l e c t i o n  and s t o r a g e  of s u b r e t i n a l  f l u i d

D u r i n g  local r e s e c t i o n  of c h o r o i d a l  m e l a n o m a s ,

i n c i s i o n  of the c h o r o i d  was o f t e n  f o l l o w e d  by a s u d d e n  

e s c a p e  of s u b r e t i n a l  f l u i d  w h i c h  p o o l e d  in the o p e r a t i v e  

field. This was i m m e d i a t e l y  c o l l e c t e d  into a 2 ml

d i s p o s a b l e  s y r i n g e  u s i n g  a l a c r i m a l  c a n n u l a .

C o n t a m i n a t i o n  w i t h  b l o o d  was m i n i m i s e d  by c l e a n i n g  the

o p e r a t i v e  f i eld i m m e d i a t e l y  p r i o r  to the a n t i c i p a t e d  

r e l e a s e  of s u b r e t i n a l  fluid.
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W h e n  s u b r e t i n a l  f l u i d  was o b t a i n e d  f r o m  an eye 

e n u c l e a t e d  for m e l a n o m a  the eye was i m m e d i a t e l y  p l a c e d  on 

a T u d o r  T h o m a s  s t a n d  to w h i c h  it was s e c u r e d  by m e a n s  of a 

4/0 b l a c k  s i l k  s u t u r e  p a s s e d  t h r o u g h  the o p t i c  nerve. The 

l o c a t i o n  of the r e t i n a l  d e t a c h m e n t  was d e t e r m i n e d  by 

i n d i r e c t  o p h t h a l m o s c o p y  and the s u b r e t i n a l  f l u i d  a s p i r a t e d  

t h r o u g h  the o v e r l y i n g  s c l e r a  into a d i s p o s a b l e  s y r i n g e  

u s i n g  a 2 5 - G  nee d l e .

D u r i n g  s u r g e r y  for r h e g m a t o g e n o u s  r e t i n a l

d e t a c h m e n t ,  if it was n e c e s s a r y  to d r a i n  s u b r e t i n a l  f l u i d  

by m e a n s  of a s c l e r a l  and c h o r o i d a l  i n c i s i o n ,  this f l u i d  

was c o l l e c t e d  as it a c c u m u l a t e d  in the o p e r a t i v e  f i e l d  

u s i n g  a d i s p o s a b l e  2 ml s y r i n g e  f i t t e d  w i t h  a l a c r i m a l  

c a n n u l a .

S u b r e t i n a l  f l u i d  was s t o r e d  at - 2 0 ° C  u n t i l  it w a s  

r e q u i r e d ,  e i t h e r  in the s y r i n g e  in w h i c h  it was c o l l e c t e d  

or in an e p p e n d o r f  tube.

2 . 3 . 3  Cell m e m b r a n e  p r e p a r a t i o n

Cell m e m b r a n e s  w e r e  p r e p a r e d  as d e s c r i b e d  by 

S t a n d r i n g  and W i l l i a m s  in 1978.

R e a g e n t  s

i . 0.15 M NaCl

ii. 100 m M  PBS pH 7.4

S t o c k  s o l u t i o n  A: 200 m M  N a oHP0,2 4
in d i s t i l l e d  w a t e r .

S t o c k  s o l u t i o n  B: 200 m M  N a H o H P 0 , .2 4
100 m M - P B S  was p r e p a r e d  by a d d i n g  4 0 . 5  ml s o l u t i o n  A
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to 9.5 ml s o l u t i o n  B and m a k i n g  up ' to 100 ml w i t h  

d i s t i l l e d  w a t e r .  The pH of the s o l u t i o n  was a d j u s t e d  

to 7 .4 .

iii. EDTA, 1 m M  in 10 m M  PBS. pH 7.4

iv. 0.5 M S u c r o s e  in 10 m M  PBS, pH 7.4

P r o c e d u r e
8A s u s p e n s i o n  of 2 - 6 x 1 0  c e l l s  was p r e p a r e d  in 10 ml

s a l i n e  ( S e c t i o n  2 . 3 . 4 . 4 )  and c e n t r i f u g e d  at 3 0 0 x g  for five

m i n u t e s  at r o o m  t e m p e r a t u r e .  The p e l l e t  was t h e n  w a s h e d

by r e - s u s p e n d i n g  it in 10 ml s a l i n e  and c e n t r i f u g i n g  at

3 0 0 x g  for five m i n u t e s  at r o o m  t e m p e r a t u r e .  The c e l l s  w e r e

r e - s u s p e n d e d  in 2-5 ml PBS and h o m o g e n i s e d  u s i n g  a

m e c h a n i c a l  h o m o g e n i s e r .  A v o l u m e  2.5 ml of 0.5 M

s u c r o s e / p h o s p h a t e  b u f f e r  was a d d e d  to the cell s u s p e n s i o n

w h i c h  was then c e n t r i f u g e d  at 3 0 0 x g  for five m i n u t e s .  
The s u p e r n a t a n t  was c a r e f u l l y  r e m o v e d  w i t h  a p i p e t t e  and 

loose m a t e r i a l  lyi n g  on top of the p e l l e t  was t r a n s f e r r e d

to an SW 65 r o t a r  tube for c e n t r i f u g a t i o n  at 1x10^ g for

one h o u r  at 4°C. A f t e r  c a r e f u l l y  r e m o v i n g  the s u p e r n a t a n t

w i t h  a p i p e t t e ,  the r e s u l t i n g  p e l l e t  was r e s u s p e n d e d  in

0.5 ml PBS. The p r o t e i n  c o n c e n t r a t i o n  of this m e m b r a n e

s u s p e n s i o n  was e s t i m a t e d  by the B r a d f o r d  a s s a y  ( S e c t i o n

2.9) .

2.3.4 Cel l s

2.3.4. 1 C u l t u r e

U n f u s e d  rat or m o u s e  m y e l o m a  cel l s  w e r e  g r o w n  in 

10% c o m p l e t e  m e d i u m  ( S e c t i o n  2 . 2 . 1 . 5 )  in a 5% C 0 2 / a i r  

m i x t u r e  at 37°C. H y b r i d o m a  c e lls w e r e  g r o w n  in 20%
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c o m p l e t e  m e d i u m  u n d e r  s i m i l a r  c o n d i t i o n s .  The cell 

s u s p e n s i o n  w a s  i n s p e c t e d  e v e r y  one to three days u s i n g  an 

i n v e r t e d  m i c r o s c o p e  and f r e s h  c u l t u r e  m e d i u m  was a d d e d  in 

r a t i o s  of 1:1 to 3:1 to m a i n t a i n  a c o n c e n t r a t i o n  of 10^ to 

10^ c e l l s / m l .  The size and type of cell c u l t u r e  f l a s k  

u s e d  d e p e n d e d  on the v o l u m e  of the cell s u s p e n s i o n  

r e q u i r e d .

2 . 3 . 4 . 2 C r y o p r e s e r v a t i o n

C e l l s  w e r e  s t o r e d  in l i q u i d  n i t r o g e n  as d e s c r i b e d  

by G a l f r e  and M i l s t e i n  (1981).

The n u m b e r  of c e lls a v a i l a b l e  for s t o r a g e  was

d e t e r m i n e d  by m e a s u r i n g  the i r  c o n c e n t r a t i o n  in an 0.5 ml

s a m p l e  ( S e c t i o n  2 . 3 . 4 . 3 ) .  The cell s u s p e n s i o n  was

c e n t r i f u g e d  ( 5 0 0 x g  for five m i n u t e s  at r o o m  t e m p e r a t u r e )

and the p e l l e t  was r e - s u s p e n d e d  in a 10% s o l u t i o n  of D M S O

in 90% FCS to a c h i e v e  a final c o n c e n t r a t i o n  of 2 - 5 x 1 0

c e l l s / m l .  This cell s u s p e n s i o n  was t r a n s f e r r e d  in
*

I.5 - 2 . 0  ml a l i q u o t s  to f r e e z i n g  v i a l s  w h i c h  w e r e  p l a c e d  in 

a - 7 0 ° C  f r e e z e r  o v e r n i g h t  p r i o r  to s t o r a g e  in a g a s - p h a s e  

l i q u i d  n i t r o g e n  f r e ezer.

On r e m o v a l  f r o m  l i q u i d  n i t r o g e n ,  e ach a m p o u l e  of 

c e l l s  was t h a w e d  r a p i d l y  in a 37°C w a t e r  b a t h  and 

i m m e d i a t e l y  t r a n s f e r r e d  to a u n i v e r s a l  c o n t a i n e r  

c o n t a i n i n g  a 15 ml v o l u m e  of RPMI. T his was c e n t r i f u g e d  

at 5 0 0 x g  for five m i n u t e s  at r o o m  t e m p e r a t u r e  and the 

p e l l e t  of w a s h e d  c e l l s  was r e - s u s p e n d e d  in 3 ml of 10% or 

2 0% c o m p 1 e t e m e d  i u m , d e p e n d i n g  on the cell type ( S e c t i o n

2.3.4. 1), in a 15 ml cell c u l t u r e  flask. This f l a s k  w a s
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i n c u b a t e d  u p r i g h t  at 37°C in a h u m i d i f i e d  CC^ i n c u b a t o r

u n t i l  cell g r o w t h  r e q u i r e d  the a d d i t i o n  of f u r t h e r  

c o m p l e t e  m e d i u m .

In the i n i t i a l  s t a g e s  of this r e s e a r c h  s u s p e n s i o n s  

of u v e a l  m e l a n o m a  cel l s  ( S e c t i o n  2 . 3 . 4 . 4 )  w e r e  f r o z e n  as 

d e s c r i b e d  a b o v e  e x c e p t  that the f r e e z i n g  s o l u t i o n

c o n s i s t e d  of 0.25 M s u c r o s e ,  1.5 m M  M g C 1 £ , and 10%

g l y c e r o l  (v/v) in 10 m M  Hep e s .  A l t h o u g h  this p r o c e d u r e

was l a t e r  d i s c o n t i n u e d  in f a v o u r  of the use of f r e s h  c e l l s

(for r e a s o n s  d i s c u s s e d  in S e c t i o n  3.3), m a t e r i a l  s t o r e d  in

this w a y  was u s e d  for the p r e p a r a t i o n  of a n t i g e n s  for 

S D S - P A G E  and i m m u n o b 1o t t i n g  ( S e c t i o n  2.11).

2 . 3 . 4 . 3 Cell v i a b i l i t y  and cell c o unt

R e a g e n t s

i. T r y p a n  B lue Dye S o l u t i o n :  One part of 1% (w/v) t r y p a n

b lue dye s o l u t i o n  was m i x e d  w i t h  four p a r t s  of 1% 

(w/v) NaCl. I m m e d i a t e l y  b e f o r e  use this s o l u t i o n  w a s 

d i l u t e d  w i t h  PBS to p r o d u c e  a 0 . 1 %  s o l u t i o n .

ii. A m m o n i u m  c h l o r i d e  s o l u t i o n :  A 0.9 %  s o l u t i o n  (w/v) of

a m m o n i u m  c h l o r i d e  in d i s t i l l e d  w a t e r  was s t o r e d  at

- 2 0 ° C  in 300 pi a l i q u o t s .

P r o c e d u r e

The t r y p a n  b l u e  e x c l u s i o n  test was s o m e t i m e s  u s e d

to d e t e r m i n e  cell v i a b i l i t y  ( d i s c u s s e d  by A d a m s  1980). An

a l i q u o t  of the cell s u s p e n s i o n  was m i x e d  w i t h  an e q u a l  

v o l u m e  of the dye s o l u t i o n  and the r e s p e c t i v e  n u m b e r s  of 

live and d e a d  c e lls w e r e  c o u n t e d  w i t h  a N e u b a u e r
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H a e m o c y t o m e  t e r . The m e a n  of two m e a s u r e m e n t s  w a s  t a k e n  as 

the final resu l t .  If the p r e s e n c e  of red b l o o d  cel l s

i n t e r f e r e d  w i t h  the c o u n t  these cel l s  w e r e  l y s e d  by 

i n c u b a t i n g  a 50 pi a l i q u o t  of the cell s u s p e n s i o n  w i t h  

300 pi a m m o n i u m  c h l o r i d e  s o l u t i o n  for five m i n u t e s  at r o o m  

t empe ra t u r e .

2 . 3 . 4 . 4 P r e p a r a t i o n  of m e l a n o m a  cell s u s p e n s i o n

U s i n g  the p l u n g e r  of a d i s p o s a b l e  10 ml s y r i n g e , 

the t u m o u r  t i s s u e  was p a s s e d  t h r o u g h  a s t a i n l e s s  ste e l

w i r e  m e s h  into a 6 cm p e t r i  d i s h  c o n t a i n i n g  RPMI. A 

sa m p l e  of the cell s u s p e n s i o n  was c o u n t e d  w i t h  a N e u b a u e r  

H a e m o c y t o m e t e r  so that the r e q u i r e d  cell c o n c e n t r a t i o n  

c o u l d  be a c h i e v e d  by the a d d i t i o n  of an a p p r o p r i a t e  a m o u n t  

of RPMI. B e f o r e  this d i l u t i o n  was m a d e  the i n t e g r i t y  of 

the c e l l s  was d e t e r m i n e d  by e x a m i n i n g  a p a r a l l e l  s a m p l e  by 

p h a s e  c o n t r a s t  m i c r o s c o p y .

2 . 3 . 4 . 5 P r e p a r a t i o n  of s p l e e n  l y m p h o c y t e  s u s p e n s i o n

The a n i m a l  s p l e e n  was p l a c e d  in a small v o l u m e  of 

R P M I  in a 6 cm p e t r i  d ish and any fat or f i b r o u s  t i s s u e

w a s  r e m o v e d .  The t i s s u e s  w e r e  t e a s e d  a p a r t  into m i n u t e

f r a g m e n t s  u s i n g  two s t e r i l e  d i s p o s a b l e  2 1 - G  n e e d l e s .  

R e m a i n i n g  cell c l u m p s  w e r e  d i s a g g r e g a t e d  by a s p i r a t i n g  the 

s u s p e n s i o n  s u c c e s s i v e l y  two or three times t h r o u g h  2 1-G 

and 2 5 - G  n e e d l e s .  The cells w e r e  t r a n s f e r r e d  to a

u n i v e r s a l  c o n t a i n e r  and w a s h e d  t w i c e  by c e n t r i f u g a t i o n  at 

5 0 0 x g  for five m i n u t e s  at r o o m  t e m p e r a t u r e .  The rat and
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8 8m o u s e  s p l e e n s  w e r e  a s s u m e d  to c o n t a i n  2x10 and 1x10 

c e l l s  r e s p e c t i v e l y .  If the size of the s p l e e n  s e e m e d  

a b n o r m a l ,  a 50 pi a l i q u o t  of the cell s u s p e n s i o n  was 

c o u n t e d  ( S e c t i o n  2 . 3 . 4 . 3 ) .

2 . 3 . 4 . 6 P r e p a r a t i o n  of h u m a n  l y m p h o c y t e  s u s p e n s i o n

B and T l y m p h o c y t e s  w e r e  e x t r a c t e d  f r o m  p e r i p h e r a l  

h u m a n  b l o o d  as- d e s c r i b e d  by K a p l a n  and C l a r k  (1974). 

R e a g e n t  s

i. 2 - A m i n o e t h y l i s o t h i o u r o n i u m  b r o m i d e  h y d r o b r o m i d e  

(AET) s o l u t i o n :  102 mg A E T  d i s s o l v e d  in 9 ml 

d i s t i l l e d  w a t e r ,  a d j u s t e d  to pH 9.0, and f i l t e r  

s t e r i l i s e d

ii. A E T - s h e e p  red b l o o d  cells: 20 ml 50% s h e e p

RBC 1 s in A l s e v e r ' s  s o l u t i o n  w e r e  c e n t r i f u g e d  at 3 0 0 x g  

for five m i n u t e s  at r o o m  t e m p e r a t u r e .  A 1 ml v o l u m e  

of p a c k e d  c e lls was t r a n s f e r r e d  to a fresh u n i v e r s a l  

c o n t a i n e r  and w a s h e d  twice by c e n t r i f u g a t i o n  in 20 ml 

R P M I  at 3 0 0 x g  for five m i n u t e s  at r o o m  t e m p e r a t u r e .  

The p e l l e t  was r e s u s p e n d e d  in 4 ml A E T  s o l u t i o n  and 

i n c u b a t e d  at 37°C for 20 m i n u t e s .  A f t e r  w a s h i n g  by 

two f u r t h e r  c e n t r i f u g a t i o n s  in 20 ml v o l u m e s  of R P M I  

( 3 0 0 x g  for five m i n u t e s  at r o o m  t e m p e r a t u r e )  the 

c e lls w e r e  r e s u s p e n d e d  in 9 ml RPMI. I m m e d i a t e l y  

b e f o r e  use this s o l u t i o n  was d i l u t e d  1:5 in R P M I  to 

o b t a i n  a 2% s o l u t i o n .

P r o c e d u r e

T e n  to 20 ml of b l o o d  was r e m o v e d  f r o m  the 

a n t e c u b i t a l  v e i n  and t r a n s f e r r e d  w i t h o u t  d e l a y  to the 

l a b o r a t o r y  in a l i t h i u m / h e p a r i n  c o n t a i n e r .  The s a m p l e  of
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w h o l e  b l o o d  was a d d e d  to an e q u a l  v o l u m e  of 2% FCS in R P M I  

and this m i x t u r e  was l a y e r e d  o v e r  an e q ual v o l u m e  of 

F i c o l 1 - P a q u e . C e n t r i f u g a t i o n  (30 0 x g  for 15 m i n u t e s  at

r o o m  t e m p e r a t u r e )  s e d i m e n t e d  the w h i t e  c e l l s  o n t o  the 

f lu i d  i n t e r f a c e  so that they c o u l d  be c o l l e c t e d  w i t h  a 

p i p e t t e .  T h e s e  c e lls w e r e  then w a s h e d  by c e n t r i f u g a t i o n  in 

10-15 ml R P M I  at 2 0 0 x g  for ten m i n u t e s  at r o o m  

t e m p e r a t u r e ,  r e s u s p e n d e d  in 5 ml R P M I  and c o u n t e d .  If 

T a n d / o r  B l y m p h o c y t e s  w e r e  r e q u i r e d  s e p a r a t e l y ,  the 

T l y m p h o c y t e s  w e r e  e x t r a c t e d  f r o m  the B c e l l s  and 

m o n o c y t e s  by E r o s e t t i n g  w i t h  A E T - t r e a t e d  s h e e p  red b l o o d  

cells.

The l y m p h o c y t e s  w e r e  s u s p e n d e d  in R P M I  at a

c o n c e n t r a t i o n  of 1x10^ c e l l s / m l .  E q u a l  v o l u m e s  of 2%

A E T - t r e a t e d  s h e e p  red b l o o d  c e l l s  in R P M I  and FCS w e r e

then added, in this s e q u e n c e ,  to the l y m p h o c y t e  

s u s p e n s i o n .  The m i x t u r e  was c e n t r i f u g e d  at 2 0 0 x g  for ten

m i n u t e s  at r o o m  t e m p e r a t u r e  and i n c u b a t e d  in an ice b a t h

for 90 m i n u t e s .  The p e l l e t  was then r e - s u s p e n d e d  in its

s u p e r n a t a n t  by g e n t l y  r o c k i n g  the test tube and a small

s a m p l e  was e x a m i n e d  u n d e r  the m i c r o s c o p e  to e n s u r e  that

r o s e t t e s  had formed. The w h o l e  s a m p l e  was l a y e r e d  o n t o  an

e q u a l  v o l u m e  of 70% v / v  P e r c o l l  in R P M I  and the m i x t u r e

c e n t r i f u g e d  at 5 0 0 x g  for 15 m i n u t e s  at r o o m  t e m p e r a t u r e .

The B c e lls w e r e  h a r v e s t e d  f r o m  the f l u i d  i n t e r f a c e .  If

T c e l l s  w e r e  r e q u i r e d  they w e r e  c o l l e c t e d  f r o m  the p e l l e t

at the b o t t o m  of the tube a f t e r  r e m o v a l  of the r e m a i n d e r

of the P e r c o l l :  a few dro p s  of d i s t i l l e d  w a t e r  w e r e  a d d e d

to the p e l l e t  for five s e c o n d s  in o r d e r  to lyse the red

b l o o d  c e l l s  and t hen the c o n t a i n e r  was i m m e d i a t e l y  f i l l e d
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w i t h  RPMI. The B and T c e lls r e s p e c t i v e l y  in R P M I  w e r e

w a s h e d  by c e n t r i f u g a t i o n  at 500xg''for five m i n u t e s  at r o o m  

t e m p e r a t u r e ,  s u s p e n d e d  in 5 ml R P M I  and . c o u n t e d .  T h e y  

w e r e  then a d j u s t e d  to a s u i t a b l e  c o n c e n t r a t i o n  in R P M I  or 

20% c o m p l e t e  m e d i u m  d e p e n d i n g  on t h eir i n t e n d e d  use 

( S e c t i o n s  2.3.5. 1 and 2 .5.2).

2.3 . 5  E n z y m e - L i n k e d  I m m u n o s o r b e n t  A s s a y  (ELISA)

This assay, d e v e l o p e d  by E n g v a l l  and P e r l m a n n  in 

1971, was p e r f o r m e d  e s s e n t i a l l y  as d e s c r i b e d  by H e u s s e r ,  

S t o c k e r  & G i s l e r  (1981).

2 . 3.5.1 P r e p a r a t i o n  of ’wet' E L I S A  p l a t e s

R e a g e n t  s

0 . 0 1 %  (w/v) p o l y - L - l y s i n e  in PBS.

0. 2 5 %  (v/v) g l u t a r a l d e h y d e  in PBS 

PBS w i t h  and w i t h o u t  T w e e n  20, 0.05%, v/v.

S t o r a g e  m e d i u m :  5% BSA (w/v), 0 . 0 1 %  s o d i u m  a z i d e

(w/v), 0 . 7 5 %  g l y c i n e  (w/v) and 1% h e a t -

i n a c t i v a t e d  n o r m a l  goat s e r u m  (v/v) in PBS.

B l o c k i n g  s o l u t i o n :  3% B S A  and 1% h e a t - i n a c t i v a t e d

n o r m a l  goat s e r u m  in PBS 

P r o c e d u r e

F l a t - b o t t o m e d ,  9 6 - w e l l  m i c r o t i t r e  p l a t e s  w e r e  r i n s e d  

b r i e f l y  in w a r m  d i s t i l l e d  w a t e r  and i n c u b a t e d  w i t h  

p o l y - L - l y s i n e  s o l u t i o n  (100 p l / w e l l )  for one hour. The 

p l a t e s  w e r e  then w a s h e d  w i t h  PBS and 10 fresh p r i m a r y  

u v e a l  m e l a n o m a  c e lls or c o n t r o l  c e lls ( S e c t i o n s  2 . 3 . 4 . 4  

and 2 . 3 . 4 . 6 )  in 100 pi PBS w e r e  d i s p e n s e d  to all w e l l s  

ex c e p t  for the w e l l s  in row 1 of the p l a t e  w h i c h  w e r e  left

6 1
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e m p t y  in o r d e r  to c a l i b r a t e  the s p e c t r o p h o t o m e t e r .  The 

p l a t e s  w e r e  then c e n t r i f u g e d  at 5 0 0 x g  for five m i n u t e s  at 

r o o m  t e m p e r a t u r e  and t r e a t e d  w i t h  100 pi of g l u t a r a l d e h y d e  

s o l u t i o n  for t h ree m i n u t e s .  A f t e r  w a s h i n g  w i t h  PBS, 

300 pi of s t o r a g e  s o l u t i o n  w e r e  a d d e d  to e ach w e l l .  The 

p l a t e s  w e r e  w r a p p e d  in c l i n g - f i l m  and s t o r e d  at 4 ° C  u n t i l  

use .

2 . 3 . 5 . 2  P r e p a r a t i o n  of 1d r y 1 E L I S A  p l a t e s

T his m e t h o d  w a s  p e r f o r m e d  as d e s c r i b e d  by E f f r o s  e_t 

al 1985.

F l a t - b o t t o m e d ,  96 w e l l  m i c r o t i t r e  p l a t e s  w e r e  r i n s e d
4b r i e f l y  in w a r m  d i s t i l l e d  w a t e r .  1x10 cel l s  in 100 pi 

PBS w e r e  d i s p e n s e d  to all w e l l s  e x c e p t  for the w e l l s  in 

row 1 of the p l a t e  w h i c h  w e r e  left e m p t y  in o r d e r  to

c a l i b r a t e  the s p e c t r o p h o t o m e t e r .  The p l a t e s  w e r e
i n c u b a t e d  in air at 37°C u n t i l  t hey had d r i e d  c o m p l e t e l y ,

then w r a p p e d  in c l i n g - f i l m ,  and s t o r e d  at 4°C u n t i l  use.

2 . 3.5 . 3 R o u t i n e  s c r e e n i n g  E L I S A

R e a g e n t  s

i. D i l u t i n g  s o l u t i o n :  0 .5% B S A  (w/v) in P B S - T w e e n  20.

ii. S e c o n d  a n t i b o d y :  r a b b i t  a n t i - r a t  IgG (H+L)

c o n j u g a t e d  to h o r s e r a d i s h  p e r o x i d a s e  d i l u t e d  1/1000 

in d i l u t i n g  s o l u t i o n .
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iii. M c l l v a i n e ' s  C i t r a t e  P h o s p h a t e  B u f f e r  S t o c k  s o l u t i o n  

A: C i t r i c  a c i d  (0.1 M)

S t o c k  s o l u t i o n  B: N a 2 H P 0 ^ . 2 H 2 0  (0.2 M) W o r k i n g

d i l u e n t :  17.9 ml of c i t r i c  a cid and 32.1 ml of

N a 2 H P 0 ^ w e r e  m i x e d  and the v o l u m e  m a d e  up to 100 ml 

to give a s o l u t i o n  of pH 6.0.

iv. 0.1 %  (v/v) H y d r o g e n  p e r o x i d e  in d i s t i l l e d  w a t e r

vi) S u b s t r a t e :  0 . 0 4 %  O - p h e n y l e n e  d i a m i n e  (w/v) in

0.05 M s o d i u m  c i t r a t e  0.15 M s o d i u m  p h o s p h a t e  

b u f f e r  pH 6 c o n t a i n i n g  0 . 0 1 %  ^ 0 2  (v/v).

P r o c e d u r e

In e a r l y  e x p e r i m e n t s ,  s h o r t l y  b e f o r e  the a s s a y  w a s

to be p e r f o r m e d ,  s t o r a g e  m e d i u m  was d i s c a r d e d  and

r e p l a c e d  w i t h  a b l o c k i n g  s o l u t i o n  for 4 - 1 2  h o u r s  at 4°C.

L a t t e r l y ,  this r e p l a c e m e n t  w i t h  b l o c k i n g  m e d i u m  was

d i s c o n t i n u e d  b e c a u s e  it was no l o n g e r  c o n s i d e r e d

n e c e s s a r y .  A f t e r  w a s h i n g  the p l a t e s  w i t h  P B S - T w e e n ,  the

w e l l s  w e r e  i n c u b a t e d  w i t h  100 pi v o l u m e s  of h y b r i d o m a

s u p e r n a t a n t  or d o u b l i n g  d i l u t i o n s  of s e r u m  in d i l u t i n g

s o l u t i o n  o v e r n i g h t  at 4°C. A f t e r  f u r t h e r  w a s h i n g ,

100 pi a l i q u o t s  of h o r s e r a d i s h  p e r o x i d a s e - l a b e l l e d  s e c o n d

a n t i b o d y  w e r e  a d d e d  to all r e l e v a n t  w e l l s  for 30 m i n u t e s

at r o o m  t e m p e r a t u r e .  The w e l l s  w e r e  w a s h e d  w i t h

P B S - T w e e n  and i n c u b a t e d  in d a r k n e s s  for 30 m i n u t e s  w i t h

100 pi v o l u m e s  of f r e s h l y  p r e p a r e d  s u b s t r a t e  m i x t u r e .

The r e a c t i o n  was a r r e s t e d  by the a d d i t i o n  of 50 pi of 4 N

H^SO, to e a c h  w e l l  and the light a b s o r b a n c e  was m o n i t o r e d  2 4
at 492 nm on a T i t r e t e k  M u l t i s k a n  s p e c t r o p h o t o m e t e r .
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C o n t r o l  s p e c i m e n s  w e r e  u s e d  r o u t i n e l y ,  s u b j e c t  to 

a v a i l a b i l i t y .  D e p e n d i n g  on the type of flu i d  t e s t e d ,  

p o s i t i v e  c o n t r o l s  c o n s i s t e d  of i m m u n e  rat sera or k n o w n

a n t i - m e l a n o m a  m o n o c l o n a l  a n t i b o d i e s ,  and n e g a t i v e  

c o n t r o l s  c o n s i s t e d  of p r e - i m m u n e  rat sera or t i s s u e  

c u l t u r e  m e d i u m .  A p o s i t i v e  r e s u l t  w a s  j u d g e d  to be 

g r e a t e r  than two S t a n d a r d  D e v i a t i o n s  a b o v e  the m e a n  of

the n e g a t i v e  c o n t r o l  v a l u e s  or, if such a c a l c u l a t i o n  w a s

not a p p r o p r i a t e ,  m o r e  t han 120% of the g r e a t e s t  c o n t r o l  

v a l u e  .

2 . 3 . 5 . 4  C o m p e t i t i o n  E L I S A

The p r o c e d u r e  was p e r f o r m e d  as d e s c r i b e d  in S e c t i o n

2 . 3 . 5 . 3  e x c e p t  that p r i o r  to the a d d i t i o n  of the

m o n o c l o n a l  a n t i b o d y  the w e l l s  w e r e  i n c u b a t e d  w i t h  s e r i a l  

d o u b l i n g  d i l u t i o n s  of p a t i e n t  or c o n t r o l  h u m a n  s e r u m  in 

d i l u t i o n  b u f f e r  for 24 h o u r s  at 4°C and w a s h e d  w i t h

P B S - T w e e n .

2.3.6 I m m u n o h i s  t o c h e m i s t r y

The i m m u n o h i s t o c h e m i s t r y  was p e r f o r m e d  in a

c o n v e n t i o n a l  m a n n e r  ( S t e r n b e r g e r  1979).

R e a g e n t  s

i. W a s h  b u f f e r :  2% FCS in R PMI

ii. B l o c k i n g  s o l u t i o n :  1% n o r m a l  goat s e r u m  (v/v) in

PBS

iii. D i l u t i n g  m e d i u m :  10% FCS in R PMI

iv. M o n o c l o n a l  a n t i b o d y :  neat c o n c e n t r a t e d  a n t i b o d y ,

1/2, 1/4 and 1/8 d i l u t i o n s  in d i l u t i n g  m e d i u m

v_. S e c o n d  a n t i b o d y :  u n f r o z e n  h o r s e r a d i s h  p e r o x i d a s e
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l i n k e d  r a b b i t  a n t i - r a t  IgG (H&L) a n t i b o d y ,  d i l u t e d  

1:50 in d i l u t i n g  m e d i u m

vi. D i a m i n o  b e n z i d i n e  (DAB) s u b s t r a t e :  100 m g  DAB

d i s s o l v e d  in 500 ml of 0 . 0 6 6 %  s t o c k  ^ 2^2

PBS, p r e p a r e d  in a fume c u p b o a r d  i m m e d i a t e l y  

b e f o r e  use and kept a w a y  f r o m  b r i g h t  light

vii. V e r o n a l  a c e t a t e  b u f f e r ,  pH 5.0

S t o c k  s o l u t i o n  A: p r e p a r e d  by d i s s o l v i n g  1.94 g 

s o d i u m  a c e t a t e  t r i h y d r a t e  and 2.94 g s o d i u m  

b a r b i t o n e  in 100 ml d i s t i l l e d  w a t e r  to p r o d u c e  a 

0 . 1 4 2  M s o l u t i o n

S t o c k  s o l u t i o n  B: p r e p a r e d  by a d d i n g  0.85 ml 0. 1 M

HC1 to 100 ml d i s t i l l e d  w a t e r  The i n c u b a t i n g  

s o l u t i o n  was p r e p a r e d  by m i x i n g  9 ml s t o c k  s o l u t i o n  

A to s t o c k  s o l u t i o n  B.

viii. 3 - a m i n o - 9 - e t h y l  c a r b a z o l e  (AEC) s u b s t r a t e :  0.5 ml 

of 0.4 %  s t o c k  AEC a d d e d  to 9.5 ml 0.05 M a c e t a t e

b u f f e r ,  pH 5.0, c o n t a i n i n g  10 pi 30% ^ 2 ^ 2  anC*

f i l t e r e d

ix. H i s t o m o u n t  or H y d r o m o u n t  for DAB or A E C  s l i d e s  

r e s p e c t  ive l y

2.3.6. 1 P r e p a r a t i o n  of f r o z e n  s e c t i o n s

The t i s s u e  was c o l l e c t e d  and s t o r e d  as d e s c r i b e d  in 

S e c t i o n  2 . 3 . 2 . 1 .  On r e m o v a l  f r o m  s t o r a g e ,  it w a s  

e m b e d d e d  in 7.5% g e l a t i n  in 0.15 M N aCl and s n a p  f r o z e n  

in i s o p e n t a n e  c o o l e d  in l i q u i d  n i t r o g e n .  C r y o s t a t  

s e c t i o n s  w e r e  s e c t i o n e d  in a c o n v e n t i o n a l  c r y o s t a t  at 

5 - 1 0  pm and p i c k e d  up on g e l a t i n - p r e p a r e d  gla s s  s l i d e s .  

If t h ese w e r e  to be u s e d  w i t h i n  24 h o u r s  of p r e p a r a t i o n  

they w e r e  s t o r e d  in a dry a t m o s p h e r e ,  that is, in a
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d e s i c c a t o r  or c o v e r e d  by t i s s u e  p a p e r  and a l u m i n i u m  foil. 

If the s e c t i o n s  w e r e  to be u s e d  at a l a t e r  date t hey w e r e  

p r e f i x e d  in 100% a c e t o n e  at - 2 0 ° C  for five s e c o n d s  and 

d r i e d  in air b e f o r e  b e i n g  s t o r e d  at - 2 0 ° C  in s e a l e d  

c o n t a i n e r s .  I m m e d i a t e l y  b e f o r e  use the s e c t i o n s  w e r e

fixed in 100% a c e t o n e  at r o o m  t e m p e r a t u r e  for thr e e  

m i n u t e s  and then d r i e d  in air at r o o m  t e m p e r a t u r e  for 30 

s e c o n d s .

2 . 3 . 6 . 2 . P r e p a r a t i o n  of p a r a f f i n  s e c t i o n s

F r e s h  t i s s u e  was c o l l e c t e d  as d e s c r i b e d  in S e c t i o n

2.3.2. 1, f i x e d  in b u f f e r e d  f o r m a l i n  and e m b e d d e d  in

p a r a f f i n .  B l o c k s  w e r e  s e c t i o n e d  at 4-5 pm w i t h  a

c o n v e n t i o n a l  m i c r o t o m e  and m o u n t e d  on f r e s h l y  p o l i s h e d

s l i d e s  w h i c h  had b e e n  d e g r e a s e d  in 99% a l c o h o l  for at

least 24 h o u r s  or w h i c h  had b e e n  c o a t e d  w i t h  0 . 1 %  
p o 1y - L - 1y s i n e . The s e c t i o n s  w e r e  d r i e d  by i n c u b a t i o n  in

air at 37°C o v e r n i g h t  and then at 5 6 - 6 0 ° C  for 15 m i n u t e s .

P a r a f f i n  s e c t i o n s  w e r e  d e - w a x e d  by i m m e r s i o n  in x y l e n e

for five m i n u t e s  f o l l o w e d  by i m m e r s i o n  in two c h a n g e s  of

a b s o l u t e  e t h a n o l  for four m i n u t e s .  T h e y  w e r e  t h e n  s t o r e d

in d i s t i l l e d  w a t e r  u n t i l  use.

2 . 3 . 6 . 3 S t a i n i n g  of s e c t i o n s

A f t e r  a b r i e f  r i n s e  w i t h  w a s h  b u f f e r ,  s e c t i o n s  w e r e  

b l o c k e d  w i t h  n o r m a l  goat s e r u m  for 30 m i n u t e s .  E x c e s s  

b l o c k i n g  s o l u t i o n  was s h a k e n  off the s l i d e s  w h i c h  w e r e  

t hen i n c u b a t e d  w i t h  50 pi rat m o n o c l o n a l  a n t i b o d y  

d i l u t i o n s  in a m o i s t  c h a m b e r  for one to two h o u r s  at r o o m  

t e m p e r a t u r e .  The s e c t i o n s  w e r e  g i v e n  a f u r t h e r  r i n s e
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w i t h  w a s h  b u f f e r  and i n c u b a t e d  w i t h  s e c o n d  a n t i b o d y  

o v e r n i g h t  at r o o m  t e m p e r a t u r e  in a m o i s t  c h a m b e r .  A f t e r  

a b r i e f  r i n s e  in w a s h  b u f f e r  or a c e t a t e  b u f f e r ,  d e p e n d i n g  

on w h e t h e r  the s u b s t r a t e  was DAB or A E C  r e s p e c t i v e l y ,  

the s e c t i o n s  w e r e  i n c u b a t e d  in the s u b s t r a t e  s o l u t i o n  for 

five to ten m i n u t e s .  The s l i d e s  w e r e  r i n s e d  in w a t e r  for 

a few s e c o n d s  and c o u n t e r s t a i n e d  l i g h t l y  w i t h  

h a e m a t o x y 1 i n . F i n a l l y  the s l i d e s  w e r e  m o u n t e d  w i t h  gla s s  

c o v e r s l i p s  u s i n g  the a p p r o p r i a t e  m o u n t i n g  m e d i u m .

2.3.7 I m m u n o f l u o r e s c e n c e  A s s a y  

R e a g e n t  s

i) 0 . 0 1 Z  (w/v) p o l y - L - l y s i n e  in PBS

ii) B l o c k i n g  s o l u t i o n :  3% BSA and 1% h e a t - i n a c t i v a t e d

n o r m a l  goat s e r u m  in PBS

iii) D i l u t i n g  s o l u t i o n :  0 .5% BSA (w/v) in P B S - T w e e n  20,

R PMI or PBS

iv) S e c o n d  a n t i b o d y :  r a b b i t  a n t i - r a t  IgG (H+L)

c o n j u g a t e d  to FIT C  d i l u t e d  1/20 in d i l u t i n g  

s o l u t i o n

v) M o u n t i n g  fluid: N a H C O ^ ,  0 . 0 7 1 5  g, and N a 2 C 0 ^ ,

0 . 0 1 6  g, d i s s o l v e d  in 10 ml d i s t i l l e d  w a t e r  m i x e d  

w i t h  90 ml g l y c e r o l .  pH 8-9

vi) H o e c h s t  s t a i n  (10 pg/ m l )  in d i l u t i n g  s o l u t i o n

67



P r o c e d u r e

2.3.7. 1 M u l t i s p o t  s l i d e s

G e l m a n  H a w k s l e y  m u l t i s p o t  m i c r o s c o p e  s l i d e s  w e r e  

w a s h e d  w i t h  m e t h a n o l  and air dried. T h e y  w e r e  then 

i n c u b a t e d 'w i t h  a s o l u t i o n  of p o l y - L - l y s i n e  for 40 m i n u t e s  

at r o o m  t e m p e r a t u r e ,  w a s h e d  and dried. Ten m i c r o l i t r e  

a l i q u o t s  of the cell s u s p e n s i o n  at a c o n c e n t r a t i o n  of 10^ 

c e l l s / m l  in PBS w e r e  a p p l i e d  to each spot and the s l i d e s  

w e r e  p l a c e d  in a h u m i d i f i e d  c h a m b e r  at r o o m  t e m p e r a t u r e .  

A f t e r  30 m i n u t e s ,  any s u r p l u s  f l u i d  c o n t a i n i n g  u n a t t a c h e d  

cells was r e m o v e d  w i t h  a p i p e t t e  and 10 pi a l i q u o t s  of 

b l o c k i n g  s o l u t i o n  w e r e  d i s p e n s e d  o nto e a c h  spot. The 

s l i d e s  w e r e  p l a c e d  in the h u m i d i f i e d  c h a m b e r  for 30 

m i n u t e s  and w a s h e d .  T h e y  w e r e  then i m m e r s e d  in a b s o l u t e  

a l c o h o l  for two m i n u t e s ,  d r i e d  in air and s t o r e d  at - 7 0 ° C  

u n t i l  use.

A f t e r  r i n s i n g  the s l i d e s  w i t h  P B S - T w e e n ,  10 pi 

a l i q u o t s  o f  d i l u t i o n s  of s e r u m  or m o n o c l o n a l  a n t i b o d y  in 

PBS w e r e  a d d e d  to all spots and the s l i d e s  w e r e  i n c u b a t e d  

in a h u m i d i f i e d  c h a m b e r  at r o o m  t e m p e r a t u r e  for 30 

m i n u t e s .  The s l i d e s  w e r e  then r i n s e d  w i t h  PBS and 

i n c u b a t e d  w i t h  10 p l / s p o t  a l i q u o t s  of a 1:100 d i l u t i o n  of 

F I T C - c o n j u g a t e d  r a b b i t  a n t i - r a t  IgG (H+L) a n t i b o d y  in 

d i l u t i n g  s o l u t i o n  for 30 m i n u t e s  in a h u m i d i f i e d  c h a m b e r  

at r o o m  t e m p e r a t u r e .  A f t e r  a final w a s h  w i t h  PBS the 

sli d e s  w e r e  c o v e r e d  w i t h  g l a s s  c o v e r s l i p s  m o u n t e d  in 

b u f f e r e d  g l y c e r o l  and e x a m i n e d  w i t h  a L e i t z  O r t h o p l a n  

f l u o r e s c e n t  m i c r o s c o p e .  N e g a t i v e  c o n t r o l s  c o n s i s t e d  of
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u n i m m u n i s e d  rat s e r u m  or cell c u l t u r e  m e d i u m .  P o s i t i v e  

c o n t r o l s  c o n s i s t e d  of a n t i - m e l a n o m a  m o n o c l o n a l  a n t i b o d y ,  

w h e n  this was a v a i l a b l e ,  or p r e - i m m u n e  serum.

2 . 3 . 7 . 2  T i s s u e  c u l t u r e  c h a m b e r / s 1 ides

C e l l s  w e r e  c u l t u r e d  in 8 - w e l l  t i s s u e  c u l t u r e  

c h a m b e r / s 1 ides u n t i l  t hey had a l m o s t  f o r m e d  a c o n f l u e n t  

m o n o l a y e r .  W h e n  the a s s a y  was p e r f o r m e d  u s i n g  live 

cells, the s u p e r n a t a n t  was r e m o v e d  and r e p l a c e d  by 

f i 1 t e r - s t e r i 1 ised m o n o c l o n a l  a n t i b o d y  in RPMI. A f t e r  

o v e r n i g h t  i n c u b a t i o n  at 37°C, the w e l l s  w e r e  w a s h e d  w i t h  

R PMI and i n c u b a t e d  w i t h  F ITC l a b e l l e d  r a b b i t  a n t i - r a t  IgG 

(H&L) for one h o u r  at 37°C. W h e n  the a s s a y  was p e r f o r m e d  

u s i n g  f i x e d  cells, the s l i d e s  w e r e  d e t a c h e d  f r o m  the 

c u l t u r e  c h a m b e r  and i m m e r s e d  in a c e t o n e  or a b s o l u t e  

a l c o h o l  for two m i n u t e s .  The o v e r n i g h t  i n c u b a t i o n  w i t h  

m o n o c l o n a l  a n t i b o d y  in PBS was p e r f o r m e d  at 4°C. A f t e r  a 

f u r t h e r  wash, the cel l s  w e r e  i n c u b a t e d  w i t h  H o e c h s t  s t a i n  

for 20 m i n u t e s  at 37°C. The s l i d e s  w e r e  g i v e n  a f i n a l  

wash, m o u n t e d  and e x a m i n e d  a l t e r n a t e l y  by f l u o r e s c e n c e  

m i c r o s c o p y  and p h a s e  c o n t r a s t  m i c r o s c o p y .  P o s i t i v e  and 

n e g a t i v e  c o n t r o l s  c o n s i s t e d  of i m m u n i s e d  rat s e r u m  and 

20% c o m p l e t e  m e d i u m  r e s p e c t i v e l y .

2.4 P r o d u c t i o n  of r a t - r a t  h y b r i d  m y e l o m a s

2.4.1 A n i m a l  i m m u n i s a t i o n

2.4. 1. 1 I n o c u l a t  ion
£

A 1-2 ml cell s u s p e n s i o n  c o n t a i n i n g  3 - 1 0 x 1 0  c e l l s  

was p r e p a r e d  ( S e c t i o n  2 . 3 . 4 . 4 )  f r o m  u v e a l  m e l a n o m a  t i s s u e  

w h i c h  was e i t h e r  f r e s h l y  e x c i s e d  or w h i c h  had b e e n  s t o r e d
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in l i q u i d  n i t r o g e n  ( S e c t i o n  2.3.2. 1). This s u s p e n s i o n  

was d r a w n  up into an a p p r o p r i a t e  s y r i n g e  and i n j e c t e d  

s u b c u t a n e o u s l y , i n t r a p e r i t o n e a l l y  or i n t r a v e n o u s l y

(Sect ion 2.3.1).

2.4. 1.2 I m m u n i s a t i o n  s c h e d u l e

A n i m a l s  w e r e  i n o c u l a t e d  i n t r a p e r i t o n e a l l y  w i t h  

2-5 x 10 u v e a l  m e l a n o m a  c e lls f r o m  one p a t i e n t  and 

b o o s t e d ,  a b o u t  4-8 w e e k s  later, w i t h  i n t r a p e r i t o n e a l  

i n j e c t i o n s  of s i m i l a r  n u m b e r s  of c e l l s  t a k e n  e i t h e r  f r o m  

the same p a t i e n t  or f r o m  d i f f e r e n t  i n d i v i d u a l s  d e p e n d i n g  

on the type of a n t i g e n  that was b e i n g  sou g h t .  The

p e r i o d s  b e t w e e n  i n j e c t i o n s  w e r e  d e t e r m i n e d  by the 

a v a i l a b i l i t y  of fresh tissue, w h e n  this was use d ,  or by 

the t i m i n g  of f u s i o n s  in r e l a t i o n  to o t h e r  a s p e c t s  of

this r e s e a r c h .

The s t r e n g t h  of the a n i m a l s 1 i m m u n e  r e s p o n s e  w a s

d e t e r m i n e d  four days a f t e r  the lat e s t  b o o s t  by E L I S A

( S e c t i o n  2.3.5. 1) on b l o o d  s a m p l e s  t a k e n  f rom the tail

v e i n  ( S e c t i o n  2.3. 1.6). W h e n  an a d e q u a t e  i m m u n e

r e s p o n s e  was d e m o n s t r a t e d ,  (ie, a tit r e  of 1/1 0 0 0  or 

g r e a t e r ) ,  a f u r t h e r  b o o s t i n g  dos e  was g i v e n ,

i n t r a v e n o u s l y  if p o s s i b l e ,  and f u s i o n  w a s  p e r f o r m e d  t h r e e  

to four days l a t e r  ( S e c t i o n  2.4.3).

2 . 4.2 P r e p a r a t i o n  for f u s i o n

2 . 4 . 2 . 1 P r e p a r a t i o n  of m y e l o m a  cell s u s p e n s i o n

The m y e l o m a  c e l l s  to be u s e d  for the f u s i o n  w e r e

g r o w n  in 10% c o m p l e t e  m e d i u m  in a s p i n n e r  c u l t u r e  f l a s k

e q u i l i b r a t e d  w i t h  5% C 0 o „ . . . .  , . oionM 2 and m a i n t a i n e d  m  a 37 C w a t e r
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b a t h  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  On the day of the 

i n t e n d e d  fusion, the t r y p a n  b l u e  e x c l u s i o n  test was 

p e r f o r m e d  on a s a m p l e  of the m y e l o m a  c e l l s  to e n s u r e  that 

m o r e  tha n  95% w e r e  v i a b l e  ( S e c t i o n  2 . 3 . 4 . 3 )  and to 

d e t e r m i n e  the c o n c e n t r a t i o n  of the cell s u s p e n s i o n .  An 

a p p r o p r i a t e  v o l u m e  of m y e l o m a  c e l l s  was r e m o v e d  f r o m  the 

s p i n n e r  c u l t u r e  f l a s k  and w a s h e d  twice by c e n t r i f u g a t i o n  

in R P M I  ( 5 0 0 x g  for five m i n u t e s  at 24°C).

2 . 4 . 2 . 2  P r e p a r a t i o n  of s p l e e n  cell s u s p e n s i o n

The i m m u n i s e d  rat was k i l l e d  ( S e c t i o n  2 . 3 . 1 . 7 )  and 

a s u s p e n s i o n  of- s p l e e n  c e l l s  was p r e p a r e d  ( S e c t i o n

2 . 3 . 4 . 5 ) .  The c e l l s  w e r e  c o u n t e d  and w a s h e d  t w i c e  by 

c e n t r i f u g a t i o n  in R P M I  ( 5 0 0 x g  for five m i n u t e s  at 24°C).

2 . 4 . 2 . 3 P r e p a r a t i o n  of c e l l - c u l t u r e  p l a t e s

For some f u s i o n s  the p l a t e s  w e r e  c o a t e d  w i t h  a 

s p l e e n  cell f e e d e r  layer. A s p l e e n  cell s u s p e n s i o n  was 

p r e p a r e d  ( S e c t i o n  2 . 3 . 4 . 5 )  in 20% c o m p l e t e  m e d i u m  at a 

c o n c e n t r a t i o n  of 10^ c e l l s / m l  and 1 ml a l i q u o t s  of this 

s u s p e n s i o n  w e r e  d i s p e n s e d  into all w e l l s  of four 2 4 - w e l l  

cell c u l t u r e  pla t e s .  If f e e d e r  c e l l s  w e r e  not u s e d  the 

w e l l s  w e r e  f i l l e d  w i t h  1 ml a l i q u o t s  of 20% H A T - c o m p l e t e  

m e d i u m .

2. 4 . 2 . 4  P r e p a r a t i o n  of p o l y e t h y l e n e  g l y c o l  (PEG) soln.

P o l y e t h y l e n e  glyc o l ,  50% (w/v) in RPMI, w a s

p r e p a r e d  as d e s c r i b e d  in S e c t i o n  2 . 2 . 1 . 1 3 .  In s o m e  

f u s i o n s  300 pi D M S O  was a d d e d  to this m i x t u r e  to p r e p a r e  

a 15% s o l u t i o n  ( N o r w o o d  1976).
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2 . 4 . 3  F u s i o n  p r o t o c o l

F u s i o n  b e t w e e n  s p l e e n  and m y e l o m a  c e l l s  w a s

p e r f o r m e d  a c c o r d i n g  to K o h l e r  & M i l s t e i n  (1975) w i t h  

m i n o r  m o d i f i c a t i o n s  ( C a m p b e l l  1984).

A l i q u o t s  of s p l e e n  and m y e l o m a  cells, in 0.5 ml 

a l i q u o t s ,  c o n t a i n i n g  I x l O 6 and 0.5 x l O 6 c e l l s  

r e s p e c t i v e l y  w e r e  put a s i d e  for use as c o n t r o l s .  The 

r e m a i n i n g  s p l e e n  and m y e l o m a  c e l l s  in R P M I  w e r e  m i x e d  at 

a r a t i o  of 2:1 and c e n t r i f u g e d  at 5 0 0 x g  for five m i n u t e s  

at 24°C. The s u p e r n a t a n t  was d i s c a r d e d  and the p e l l e t  w a s  

d i s p e r s e d  by g e n t l e  t a p p i n g  of the c o n t a i n e r .  Two

m i l l i l i t r e s  of the 50% PEG was a d d e d  to the p e l l e t  o v e r  a 

p e r i o d  of 30 s e c o n d s  d u r i n g  g e n t l e  s h a k i n g  of the 

s u s p e n s i o n  (Gefter, M a r g u l i e s  & S c h a r f f  1977). The

p e l l e t  was then r e - s u s p e n d e d  for 30 s e c o n d s  and i n c u b a t e d  

at r o o m  t e m p e r a t u r e  ( F a z e k a s  de St. G r o t h  & S c h e i d e g g e r  

1980) for a n o t h e r  30 sec o n d s .  F ive m i l l i l i t r e s  of R P M I  

w e r e  then a d d e d  to the s u s p e n s i o n  o v e r  a p e r i o d  of 90 

s e c o n d s  and a f u r t h e r  5 ml of R P M I  o v e r  a few s e c o n d s .  

The m i x t u r e  was i n c u b a t e d  at r o o m  t e m p e r a t u r e  for two to 

three m i n u t e s  and c e n t r i f u g e d  at 5 0 0 x g  for five m i n u t e s .

The c e l l s  w e r e  then g e n t l y  r e - s u s p e n d e d  in a 10 ml 

v o l u m e  of 20% c o m p l e t e  m e d i u m .  Thi s  cell s u s p e n s i o n  w a s  

then d i s p e n s e d  in 50 pi a l i q u o t s  into all w e l l s  of the 

c e l l - c u l t u r e  pla t e s .  S i m i l a r  a l i q u o t s  of u n f u s e d  m y e l o m a  

c e l l s  and s p l e n i c  l y m p h o c y t e s  w e r e  t r a n s f e r r e d  to one 

w e l l  of e a c h  p l a t e  to ser v e  as c o n t r o l s .  The p l a t e s  w e r e  

i n c u b a t e d  as d e s c r i b e d  p r e v i o u s l y  ( S e c t i o n  2.3.4. 1).
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2.4.4 C u l t u r e  of h y b r i d o m a s

One w e e k  a f t e r  the fusion, and a g a i n  w h e n  the f i rst 

h y b r i d s  a p p e a r e d ,  0.5 ml of the s u p e r n a t a n t  was g e n t l y  

r e m o v e d  f r o m  each well, w i t h o u t  d i s t u r b i n g  the cell s ,  and 

r e p l a c e d  w i t h  the same v o l u m e  of f r esh 20% H A T - c o m p l e t e  

m e d i u m  ( S e c t i o n  2.2. 1.9). L a t t e r l y ,  rat s p l e e n  f e e d e r  

cells ( S e c t i o n  2 . 3 . 4 . 5 )  w e r e  a lso i n c l u d e d  in this 

m e d i u m .  The a d d i t i o n  of a m i n o p t e r i n  to the c u l t u r e  

m e d i u m  w a s  d i s c o n t i n u e d  w h e n  all the c o n t r o l  Y3 c e l l s  h a d  

d i e d  and h y p o x a n t h i n e  and t h y m i d i n e  w e r e  d i s c o n t i n u e d  a 

w e e k  or two later.

W h e n  h y b r i d o m a s  s h o w e d  c o n f l u e n t  g r o w t h  the 

s u p e r n a t a n t s  w e r e  t e s t e d  for the p r e s e n c e  of 

a n t i - m e l a n o m a  a n t i b o d i e s  by E L I S A  ( S e c t i o n  2 . 3 . 5 ) .  

A l i q u o t s  of 100 pi w e r e  r e m o v e d  f r o m  the s u p e r n a t a n t  for 

this p u r p o s e  and these w e r e  r e p l a c e d  by 100 pi v o l u m e s  of 

20% c o m p l e t e  m e d i u m .  P o s i t i v e  h y b r i d o m a s  w e r e  e x p a n d e d  

and s u b c l o n e d .

2 . 4.5 S u b c l o n i n g  of h y b r i d o m a s

A s p l e e n  f e e d e r  cell s u s p e n s i o n  was p r e p a r e d  

( S e c t i o n  2 . 3 . 4 . 5 )  in 20% c o m p l e t e  m e d i u m  at a 

c o n c e n t r a t i o n  of 10^ c e l l s / m l  and 100 pi a l i q u o t s  w e r e  

d i s p e n s e d  into all w e l l s  of an a p p r o p r i a t e  n u m b e r  of 

9 6 - w e l l  cell c u l t u r e  p l ates. One to thr e e  p l a t e s  w e r e  

u s u a l l y  p r e p a r e d  for eac h  s u b c l o n i n g  p r o c e d u r e .

The h y b r i d  cel l s  w e r e  s u s p e n d e d  in a 20 ml v o l u m e  

of 20% c o m p l e t e  m e d i u m  at a c o n c e n t r a t i o n  of 10 c e l l s / m l .  

Two s e r i a l  d o u b l i n g  d i l u t i o n s  w e r e  p e r f o r m e d  to o b t a i n  

three 10 ml cell s u s p e n s i o n s  w i t h  c o n c e n t r a t i o n s  of 10, 5
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and 2.5 c e l l s / m l  r e s p e c t i v e l y .  The cell s u s p e n s i o n s

w e r e  d i s p e n s e d  in 100 pi a l i q u o t s  to all w e l l s  of the 

thr e e  p l a t e s  so that t h e s e  c o n t a i n e d  1.0, 0.5 and 0.25 

c e l l s / w e l l  r e s p e c t i v e l y .  The p l a t e s  w e r e  i n c u b a t e d  as 

d e s c r i b e d  p r e v i o u s l y  ( S e c t i o n  2.3.4. 1).

W h e n  s u b c l o n e s  s h o w e d  c o n f l u e n t  g r o w t h  t h e i r  

s u p e r n a t a n t s  w e r e  t e s t e d  for a n t i b o d y  s e c r e t i o n  by E L I S A  

( S e c t i o n  2.3. 5 ) .  P o s i t i v e  c l o n e s  f r o m  the l o w e s t  

d i l u t i o n  of c e l l s  w e r e  e x p a n d e d  in f l a s k s  and s u b c l o n e d  

for the s e c o n d  and t h ird time by the same p r o c e d u r e .  The 

h y b r i d  c o l o n i e s  e s t a b l i s h e d  a f t e r  the third c y c l e  of 

l i m i t i n g  d i l u t i o n  of c l o n i n g  w e r e  r e g a r d e d  as m o n o c l o n a l .  

T h e s e  w e r e  p r o p a g a t e d  in s p i n n e r  c u l t u r e  

s e r u m - f r e e  R P M I  for c o n c e n t r a t i o n  of the 

a n t i b o d y .  ( S e c t i o n  2.8).

2 . 4.6 P r o t e c t i o n  of h y b r i d s

As soo n  as p o s s i b l e  a f t e r  each 

p r o c e d u r e  s u r p l u s  h y b r i d  cells w e r e  s t o r e d  

n i t r o g e n  as a p r e c a u t i o n a r y  m e a s u r e  ( S e c t i o n  2 . 3 . 4 . 2 ) .  

C e l l s  w e r e  a lso m a i n t a i n e d  in c u l t u r e  u n t i l  it was 

d e m o n s t r a t e d  that a s a m p l e  of c e l l s  c o u l d  be 

r e - e s t a b l i s h e d  in c u l t u r e  f o l l o w i n g  s t o r a g e  in l i q u i d  

nitrogen.

f l a s k s  in 

m o n o c I o n a  1

s u b c l o n i n g  

in l i q u i d
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2.5 E B V-tran sf ormat ion of peripheral B lymphocytes

The m e t h o d s  u s e d  in this s t u d y  h a v e  b e e n  d e s c r i b e d  

p r e v i o u s l y  ( S t e i n i t z  et al 19 7 9).

2.5.1 P r e p a r a t i o n  of E p s t e i n - B a r r  V i r u s  S t o c k

B 9 5 - 8  C e l l s  w e r e  g r o w n  at 1x10^ c e l l s / m l  in 5% 

c o m p l e t e  m e d i u m .  The c e lls w e r e  then g r o w n  at a 

c o n c e n t r a t i o n  of 0 . 2 x 1 0  c e l l s / m l  in 2% c o m p l e t e  m e d i u m  

and i n c u b a t e d  at 33°C for two w e e k s .  The cell s u s p e n s i o n  

was then c e n t r i f u g e d  at 5 0 0 x g  at r o o m  t e m p e r a t u r e  for 

five m i n u t e s .  A f t e r  M i l l i p o r e  s t e r i l i s a t i o n ,  the 

s u p e r n a t a n t  was d i s p e n s e d  into c r y o t u b e s  in 1 ml a l i q u o t s  

and s t o r e d  in l i q u i d  n i t r o g e n  u n t i l  r e q u i r e d .

2.5.2 B L y m p h o c y t e  t r a n s f o r m a t i o n

B L y m p h o c y t e s  p r e p a r e d  f r o m  a 20 ml h u m a n  v e n o u s  

b l o o d  s a m p l e  ( S e c t i o n  2 . 3 . 4 . 6 )  w e r e  c e n t r i f u g e d  at 5 0 0 x g  

for five m i n u t e s  at r o o m  t e m p e r a t u r e  and r e - s u s p e n d e d ,  

at a c o n c e n t r a t i o n  of a p p r o x i m a t e l y  10^ c e l l s / m l  in a 

1 ml v o l u m e  of E p s t e i n - B a r r  v i r u s  s u s p e n s i o n  ( S e c t i o n

2.5.1). A f t e r  a one h o u r  i n c u b a t i o n  at 37°C the c e l l s  

w e r e  w a s h e d  by c e n t r i f u g a t i o n  at 5 0 0 x g  for five m i n u t e s  

and r e - s u s p e n d e d  in 10 ml 20% c o m p l e t e  m e d i u m .  T h i s  

s u s p e n s i o n  was d i s p e n s e d  in 100 pi a l i q u o t s  to all w e l l s  

of a 9 6 - w e l l  p l a t e  e x c e p t  for the m o s t  p e r i p h e r a l  w e l l s .  

T h e s e  w e r e  f i l l e d  w i t h  R P M I  in o r d e r  to r e d u c e  

e v a p o r a t i o n  of f l uid f rom the w e l l s  c o n t a i n i n g  the 

l y m p h o c y t e s .  The cells w e r e  e x p a n d e d  by i n c u b a t i o n  at

37°C and fed w i t h  fresh 20% c o m p l e t e  m e d i u m  at w e e k l y  

in t e r v a l s .  W h e n  the B l y m p h o c y t e s  w e r e  t r a n s f o r m e d  for



a s s a y  p u r p o s e s ,  the B c e l l s  w e r e  not e x t r a c t e d  by 

r o s e t t i n g  w i t h  A E T - t r e a t e d  s h e e p  red b l o o d  cells, as 

d e s c r i b e d  in S e c t i o n  2 . 3 . 4 . 6 .  I n s t e a d ,  c y c l o s p o r i n  A w a s  

a d d e d  to the 20% c o m p l e t e  m e d i u m  at a c o n c e n t r a t i o n  of 

1 pg/ m l  in o r d e r  to i n h i b i t  T cell a c t i v i t y  ( S h e v a c h  

1985) so that s u p p r e s s i o n  of B cell g r o w t h  w o u l d  be 

p r e v e n t e d  (Bird et al 1981).

2.6 P r o d u c t i o n  of h u m a n - h u m a n  h y b r i d  m y e l o m a s

The m e t h o d s  u s e d  in this s t u d y  h a v e  b e e n  d e s c r i b e d  

by o t h e r  w o r k e r s  ( K o z b o r  & R o d e r  1981; K o z b o r ,  L a g a r d e  & 

R o d e r  1982; K o z b o r  & R o d e r  1983).

2.6.1 P r e p a r a t i o n  for f u s i o n

2 .6.1.1 P r e p a r a t i o n  of KR-4 c e lls

KR-4 C e l l s  w e r e  m a i n t a i n e d  in 10% c o m p l e t e  m e d i u m  

w i t h  o u a b a i n  and t h i o g u a n i n e  ( S e c t i o n  2 . 2 . 1 . 1 2 )  for one 

w e e k  in eac h  m o n t h  of c u l t u r e .  T his was d one in o r d e r  to 

d e s t r o y  c e l l s  that had r e g a i n e d  t h y m i d i n e  k i n a s e  or 

h y p o x a n t h i n e  p h o s p h o r i b o s y l  t r a n s f e r a s e  a c t i v i t y  ( S e c t i o n  

1.4).

2 . 6 . 1 . 2  P r e p a r a t i o n  of E B V - t r a n s f o r m e d  l y m p h o c y t e s

E B V  T r a n s f o r m e d  c e l l s  ( S e c t i o n  2 . 5 . 2 ) ,  g r o w n  in 20%

c o m p l e t e  m e d i u m  in 9 6 - w e l l  pla t e s ,  w e r e  t e s t e d  for the 

p r o d u c t i o n  of a n t i - m e l a n o m a  a n t i b o d i e s  by E L I S A  ( S e c t i o n

2.3.5). P o s i t i v e  t r a n s f o r m a n t s  w e r e  e x p a n d e d ,  e i t h e r  

s e p a r a t e l y  or p o o l e d ,  u n t i l  t hey w e r e  s u f f i c i e n t l y  

n u m e r o u s  for fusion.
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2.6. 1.3 P r e p a rat io n of feeder cells

A 10 ml rat or m o u s e  s p l e e n  cell s u s p e n s i o n  was 

p r e p a r e d  ( S e c t i o n  2 . 3 . 4 . 5 )  in 20% c o m p l e t e  m e d i u m  at a 

c o n c e n t r a t i o n  of 2 - 5 x 1 0  c e l l s / m l .

2 . 6 . 1 . 4 P r e p a r a t i o n  of p o l y e t h y l e n e  g l y c o l  s o l u t i o n

P o l y e t h y l e n e  gly c o l ,  50% (w/v) in RPMI, was

p r e p a r e d  as d e s c r i b e d  in S e c t i o n  2 . 2 . 1 . 1 3 .

2 .6 . 2  F u s i o n  p r o t o c o l

The KR-4 and E B V - t r a n s f o r m e d  cell s u s p e n s i o n s ,  e a c h  
6c o n t a i n i n g  10x10 cells, w e r e  c o l l e c t e d  and c e n t r i f u g e d

at 5 0 0 x g  for five m i n u t e s  at r o o m  t e m p e r a t u r e .  The

p e l l e t s  w e r e  e ach r e - s u s p e n d e d  in 10 ml v o l u m e s  of RPMI,

w a s h e d  by a f u r t h e r  c e n t r i f u g a t i o n  at 5 0 0 x g  for five 
m i n u t e s  at r o o m  t e m p e r a t u r e ,  and r e - s u s p e n d e d  in 10 ml

v o l u m e s  of RPMI. A f t e r  t a k i n g  0.5 ml s a m p l e s  for use as

c o n t r o l s ,  the two cell s u s p e n s i o n s  w e r e  then m i x e d

t o g e t h e r  in a 20 ml u n i v e r s a l  c o n t a i n e r  and c e n t r i f u g e d

at 5 0 0 x g  for five m i n u t e s  at r o o m  t e m p e r a t u r e .  The p e l l e t

was d i s p e r s e d  by t a p p i n g  the c o n t a i n e r  and 0 . 5 - 0 . 8  ml of

w a r m  PEG s o l u t i o n  was a d d e d  o v e r  a one m i n u t e  p e r i o d ,

w h i l e  s t i r r i n g  gen t l y .  F u r t h e r  g e n t l e  s t i r r i n g  was

p e r f o r m e d  for a f u r t h e r  90 s e c o n d s  b e f o r e  a d d i n g  10 ml of

RPMI, at 37°C slowly, w i t h  g e n t l e  s t i r r i n g ,  o v e r  a p e r i o d

of six to ten m i n u t e s .  The c e l l s  w e r e  t hen i n c u b a t e d

u n d i s t u r b e d  at 37°C for 20 m i n u t e s ,  c e n t r i f u g e d  at 5 0 0 x g

for five m i n u t e s  at r o o m  t e m p e r a t u r e  and r e - s u s p e n d e d  in

20 ml RPMI. A f t e r  f u r t h e r  c e n t r i f u g a t i o n ,  p e r f o r m e d  as

a l r e a d y  d e s c r i b e d ,  the c e lls w e r e  r e - s u s p e n d e d  in the
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f e e d e r  c e l l  s u s p e n s i o n  ( S e c t i o n  2 . 6 . 1 . 3 )  and d i s p e n s e d  in 

100 p 1 a l i q u o t s  i nto a 9 6 - w e l l  c ell c u l t u r e  p l a t e .  

A l i q u o t s  of c o n t r o l  c e l l s  w e r e  a l s o  a d d e d  to this p l a t e  

w h i c h  w a s  i n c u b a t e d  at 37°C.

2 . 6 . 3  C u l t u r e  of h y b r i d o m a s

O n e  d a y  a f t e r  f u s i o n  100 pi v o l u m e s  of 20% c o m p l e t e  

m e d i u m  w i t h  2 x H A T  ( S e c t i o n  of 2 . 2 . 1 . 9 )  w e r e  a d d e d  to e a c h  

w e l l .  T w o  d a y s  l a t e r  this w a s  r e p l a c e d  by c o m p l e t e  

m e d i u m  w i t h  lxHAT a n d  5% o u a b a i n  (v/v). The o u a b a i n  a n d  

the H A T  w e r e  d i s c o n t i n u e d  two and t h r e e  w e e k s  a f t e r  the 

f u s i o n  r e s p e c t i v e l y .

H y b r i d o m a s  w e r e  f i r s t  d e t e c t e d  7 -12 d a y s  a f t e r  

f u s i o n  b y  w h i c h  time the p a r e n t a l  c e l l s  h a d  u s u a l l y  

d i ed.

2 . 6 . 4  S u b c l o n i n g  of h y b r i d o m a s

H y b r i d o m a s  w e r e  s u b c l o n e d  as d e s c r i b e d  in S e c t i o n

2 . 4 . 5 .

2 . 6 . 5  P r o t e c t i o n  of h y b r i d o m a s  f r o m  loss

L o s s  of h y b r i d o m a s  w a s  p r e v e n t e d  as d e s c r i b e d  in 

S ect ion 2.4 . 6 .

2.7 O u c h t e r l o n y  A s s a y  for a n t i b o d y  c l a s s  d e t e r m i n a t i o n  

The d e t e r m i n a t i o n  of the c l a s s  of e a c h  m o n o c l o n a l  

a n t i b o d y  p r o d u c e d  w a s  p e r f o r m e d  as d e s c r i b e d  b y  

O u c h t e r l o n y  & N i l s s o n  (1978).
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2.7.1 P r e c i p i t a t i o n  

S o l u t i o n

A g a r o s e ,  1% (w/v), in P B S - a z i d e .

P r o c e d u r e

G l a s s  m i c r o s c o p e  s l i d e s  w e r e  c o a t e d  w i t h  3.5 ml of 

a gar s o l u t i o n  w h i c h  was a l l o w e d  to cool and s o l i d i f y .  A 

s e x a g o n a l  a r r a y  of w e l l s ,  e a c h  1.5 m m  in d i a m e t e r ,  w a s  

c r e a t e d  by t r e p h i n i n g  rings in the a gar w i t h  a c o r k  b o r e r  

and r e m o v i n g  the p l u g s  w i t h  a fine p i p e t t e .  S e r i a l  

d o u b l i n g  d i l u t i o n s  of r a b b i t  a n t i - r a t  mu and g a m m a  h e a v y  

c h a i n s  as w e l l  as of the m o n o c l o n a l  a n t i b o d y  u n d e r  

i n v e s t i g a t i o n  w e r e  p r e p a r e d  in P B S - a z i d e  and 10 |il

a l i q u o t s  w e r e  p l a c e d  in the p e r i p h e r a l  w e l l s  in o r d e r  of 

c o n c e n t r a t i o n .  The rat i m m u n o g l o b u l i n  c l a s s - s p e c i f i c  

a n t i s e r a  w e r e  p i p e t t e d  as neat in the c e n t r e  w e l l s  in- 

10 pi a l i q u o t s .  M o n o c l o n a l  a n t i b o d i e s  u s e d  as n e a t  w e r e  

t e n - f o l d  c o n c e n t r a t i o n s  of h y b r i d o m a  c u l t u r e \ s u p e r n a t a n t  

( S e c t i o n  2.8). The s l i d e s  w e r e  i n c u b a t e d  in a m o i s t  

c h a m b e r  at 4°C for two to t h r e e  days to a l l o w  the 

p r e c i p i t a t i o n  lines to d e v e l o p .

2 . 7 . 2  S t a i n i n g  of p r e c i p i t a t i o n  lines 

R e a g e n t  s

i) W a s h  s o l u t i o n :  5% s o d i u m  c i t r a t e  (w/v) in d i s t i l l e d  

wa t e r

ii) S t a i n i n g  s o l u t i o n :  0 . 0 2 5 %  w / v  C o o m a s s i e  b r i l l i a n t  

b l u e  R in m e t h a n o l :w a t e r : a c e t i c  a cid 5 0 : 4 5 : 5  by 

v o l u m e
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iii) D e s t ai ning solution: W a t e r :a cetic acid:m ethan ol

8 7 : 8 : 5  by v o l u m e

P r o c e d u r e

The s l i d e s  w e r e  i m m e r s e d  in the w a s h  s o l u t i o n  for 

one h o u r  and t h e n  in five c h a n g e s  of P B S - a z i d e  o v e r  24 

hours. T h e y  w e r e  d r i e d  by b l o t t i n g  w i t h  f i l t e r  p a p e r  for 

one h o u r  and i n c u b a t e d  in air at r o o m  t e m p e r a t u r e

o v e r n i g h t .  The s l i d e s  w e r e  next i m m e r s e d  in the s t a i n i n g

s o l u t i o n  for five m i n u t e s  and t hen in the d e s t a i n i n g  

s o l u t i o n  u n t i l  the b a c k g r o u n d  was clear. A f t e r  a final 

w a s h  w i t h  d i s t i l l e d  w a t e r  the s l i d e s  w e r e  a l l o w e d  to dry.

2.8 C o n c e n t r a t i o n  of a n t i b o d i e s

H y b r i d o m a  c e l l s  w e r e  g r o w n  in 20% or 5% c o m p l e t e

medium,' or RPMI, in s p i n n e r  flas k s  to s a t u r a t i o n  and then

r e m o v e d  by c e n t r i f u g a t i o n  at 5 0 0 x g  for five m i n u t e s .  The 

s u p e r n a t a n t  was t r a n s f e r r e d  to C o r e x  tubes of the

a p p r o p r i a t e  size and c o o l e d  to 4°C in an ice bath. The 

a m o u n t  of a m m o n i u m  s u l p h a t e  n e c e s s a r y  to p r o d u c e  a 50% 

s a t u r a t e d  s o l u t i o n  of this salt w a s  c a l c u l a t e d ,  u s i n g  a 

n o m o g r a m  ( D i x o n  1953), and a d d e d  to the s t i r r e d

s u p e r n a t a n t  o v e r  a p e r i o d  of ten m i n u t e s .  The

p r e c i p i t a t e d  a n t i b o d y  was p e l l e t e d  by c e n t r i f u g a t i o n  at 

5 0 0 x g  for ten m i n u t e s  at 4°C. This p e l l e t  was r e - s u s p e n d e d  

in a v o l u m e  of PBS w h i c h  was one t e n t h  of the v o l u m e  of 

the h y b r i d o m a  s u p e r n a t a n t .  The s o l u t i o n  was d i a l y s e d  

a g a i n s t  100 v o l u m e s  of P B S - a z i d e  at 4°C for 4 8 - 7 2  h o u r s  to 

r e m o v e  tra c e s  of a m m o n i u m  s u l p h a t e .  The s a m p l e  w a s  t hen 

c o l l e c t e d  and s t o r e d  at -20°C.
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2 . 9 P r o t e i n  e s t i m a t i o n  by B r a d f o r d ' s  m e t h o d

R e a g e n t  s

i) S t o c k  s o l u t i o n  A. 100 ml P h o s p h o r i c  acid,

8 5 % ( w / v ) ,  in d i s t i l l e d  w a t e r

ii) S t o c k  s o l u t i o n  B. 100 mg C o o m a s s i e  B r i l l i a n t  B lue  

G - 2 5 0  in 50 ml of 95% e t h a n o l

iii) BSA, 1 m g / m l  in d i s t i l l e d  w a t e r

iv) D i l u t i n g  b u f f e r :  0.1% s o d i u m  d o d e c y l  s u l p h a t e

( SDS )

P r o c e d u r e

F r e s h  B r a d f o r d ' s  r e a g e n t  ( B r a d f o r d  1976) was 

p r e p a r e d  i m m e d i a t e l y  b e f o r e  use by m i x i n g  10 ml of s t o c k  

s o l u t i o n  A w i t h  5 ml of s t o c k  s o l u t i o n  B, m a k i n g  up to 

100 ml w i t h  d i s t i l l e d  w a t e r ,  and f i l t e r i n g .  A d u p l i c a t e  

s e r i e s  of tubes c o n t a i n i n g  10, 20, 30, 40 and 50 pg

B S A / 1 0 0  pi w e r e  set up. A l i q u o t s  of B r a d f o r d ' s  r e a g e n t ,

0.3 ml in v o l u m e ,  w e r e  d i s p e n s e d  into e ach tube, m i x e d  

t h o r o u g h l y ,  and i n c u b a t e d  for ten m i n u t e s  at r o o m  

t e m p e r a t u r e .  The light a b s o r b a n c e  w a s  m e a s u r e d  at 595 nm 

u s i n g  a s p e c t r o p h o t o m e t e r  and a s t a n d a r d  c u r v e  was dra w n .

S a m p l e s  of c o n c e n t r a t e d  h y b r i d o m a  s u p e r n a t a n t s  w e r e  

t r e a t e d  in the same w a y  and the i r  p r o t e i n  c o n t e n t  was 

d e t e r m i n e d  u s i n g  the s t a n d a r d  curve.
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2.10 Co njugat io n of markers to mo no clona l antibody

2 . 10. 1 C o n j u g a t i o n  of p e r o x i d a s e  

R e a g e n t s

i. 0.1 M S o d i u m  p h o s p h a t e  b u f f e r ,  pH 7.0

S t o c k  s o l u t i o n  A: 0.1 M N aH„P0. in d i s t i l l e d2 4
w a t e r

S t o c k  s o l u t i o n  B: 0.1 M N a oHP0. in d i s t i l l e d2 4
wa t e r

S t o c k  s o l u t i o n  A was a d d e d  to 50 ml s t o c k

s o l u t i o n  B u n t i l  the pH w a s  7.0.

ii. 0 . 0 2 %  g l u t a r a  1d e h y d e  in 0.1 M s o d i u m  p h o s p h a t e

b u f f e r ,  pH, 7.0: 5 pi 25% g l u t a r a 1d e h y d e  was a d d e d  

to 25 ml 0.1 M s o d i u m  p h o s p h a t e  b u f f e r ,  pH7.0.

iii. H o r s e r a d i s h  p e r o x i d a s e :  5 mg of p e r o x i d a s e

d i s s o l v e d  in 0.5 ml of 0.1 M s o d i u m  p h o s p h a t e  
iv I m m u n o g l o b u l i n  s o l u t i o n :  lOx c o n c e n t r a t i o n  of

h y b r i d o m a  s u p e r n a t a n t  ( S e c t i o n  2.8)

P r o c e d u r e

A 30 cm x 1.5 cm c o l u m n  was a s s e m b l e d  a c c o r d i n g  to 

the m a n u f a c t u r e r ’s i n s t r u c t i o n s ,  w i t h  the end of the 

i n f l o w  t u b i n g  i m m e r s e d  in the 0.1 M s o d i u m  p h o s p h a t e

b u f f e r ,  pH 7.0, and w i t h  the o u t f l o w  tube p a s s i n g  t h r o u g h

a p e r i s t a l t i c  p u m p  on its w a y  to a f r a c t i o n  c o l l e c t o r .  

The c o l u m n  was f i l l e d  w i t h  b u f f e r  to w h i c h  s e p h a r o s e  B gel 

was then a d d e d  at r o o m  t e m p e r a t u r e .  W h e n  the gel h a d  

s e t t l e d  it was p a c k e d  by r u n n i n g  t h r o u g h  at lea s t  two 

c o l u m n  v o l u m e s  of b u f f e r  at a rate of a b o u t  20 m l / h o u r .
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P e r o x i d a s e  s o l u t i o n ,  0.5 ml, was a d d e d  to 1 ml

i m m u n o g l o b u l i n  s o l u t i o n  w h i c h  w a s  then a d d e d  to 1 ml

g l u t a r a l d e h y d e  s o l u t i o n .  A f t e r  s t i r r i n g  the m i x t u r e  

c o n t i n u o u s l y  for three h o u r s  at r o o m  t e m p e r a t u r e  the 

s a m p l e  w a s  p u r i f i e d  by gel f i l t r a t i o n  as d e s c r i b e d  in 

l i t e r a t u r e  p r o v i d e d  by the s u p p l i e r  of the gel. The

c o l u m n  was run at a p p r o x i m a t e l y  0.8 m l / m i n  u s i n g  PBS as 

the e l u t i o n  b u f f e r .  Two m i l l i l i t r e  f r a c t i o n s  w e r e  

c o l l e c t e d ,  t r a n s f e r r e d  in turn to a q u a r t z  c u v e t t e  and 

t h eir light a b s o r b a n c e  m o n i t o r e d  at 280 n m .

The e f f i c i e n c y  of this p r o c e d u r e  was m o n i t o r e d  by 

ELISA. Two 100 pi a l i q u o t s  f r o m  e ach f r a c t i o n  w e r e

d i s p e n s e d  into d i f f e r e n t  w e l l s  of an E L I S A  p l a t e  c o a t e d  

w i t h  m e l a n o m a  cells. The E L I S A  w a s  p e r f o r m e d  as d e s c r i b e d  

in S e c t i o n  2 . 3 . 5  o m i t t i n g  the a d d i t i o n  of the h o r s e r a d i s h  

p e r o x i d a s e  l i n k e d  s e c o n d  a n t i b o d y  to one w e l l  of e a c h  p a i r  

of w e l l s .

2 . 1 0 . 2  C o n j u g a t i o n  of f l u o r o c h r o m e

R e a g e n t  s

i. 0.25 M, c a r b o n a t e  b u f f e r ,  pH 9.0

ii. F l u o r e s c e i n  i s o t h i o c y a n a t e  (FITC)

iii. PD-10, S e p h a d e x  G -25 M c o l u m n  

P r o c e d u r e

H y b r i d o m a  s u p e r n a t a n t  was c o n c e n t r a t e d  as d e s c r i b e d  

in S e c t i o n  2.8 and a p p l i e d  to a S e p h a r o s e  6B c o l u m n  as 

d e s c r i b e d  in S e c t i o n  2 .10.1. The f r a c t i o n s  c o n t a i n i n g  the 

h i g h e s t  c o n c e n t r a t i o n s  of the m o n o c l o n a l  a n t i b o d y  w e r e  

i d e n t i f i e d  by E L I S A  ( S e c t i o n  2 . 3 . 5 )  and p o o l e d .  The 

p r o t e i n  c o n c e n t r a t i o n  of this s o l u t i o n  was e s t i m a t e d  by
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m e a n s  of the B r a d f o r d  A s s a y  ( S e c t i o n  2.9). FITC,

0 .05 m g / m g  of p r o t e i n  in the m o n o c l o n a l  a n t i b o d y  s o l u t i o n ,  

was a d d e d  to 0.5 ml c a r b o n a t e - b i c a r b o n a t e  s o l u t i o n  and 

2 ml of the m o n o c l o n a l  a n t i b o d y .  A f t e r  m i x i n g  for 

150 m i n u t e s  at r o o m  t e m p e r a t u r e ,  the s o l u t i o n  w a s  a p p l i e d  

to a P D - 1 0  c o l u m n  c o n t a i n i n g  S e p h a d e x  G-25M, a c c o r d i n g  to 

the m a n u f a c t u r e r ' s  i n s t r u c t i o n s  ( P h a r m a c i a ) , u s i n g  PBS as 

the e q u i l i b r a t i o n  b u f f e r .  F r a c t i o n s  of 1 ml w e r e  

c o l l e c t e d  and a 50 pi s a m p l e  f r o m  eac h  f r a c t i o n  w a s  t e s t e d  

by E L I S A  ( S e c t i o n  2.3.5). The f r a c t i o n s  c o n t a i n i n g  the 

h i g h e s t  c o n c e n t r a t i o n s  of F I T C - c o n j u g a t e d  m o n o c l o n a l  

a n t i b o d y  w e r e  p o o l e d  and s t o r e d  at 4°C u n t i l  use.

2.11 I m m u n o e 1e c t r o p h o r e t i c  p r o c e d u r e s

2.11.1 S D S - g e l  e l e c t r o p h o r e s i s  of m e l a n o m a  a n t i g e n s

2 . 1 1 . 1 . 1  P r e p a r a t i o n  of gels

The gels w e r e  p r e p a r e d  and run as d e s c r i b e d  by

L a e m m l i  (19 7 0).

R e a g e n t s

1. R e s o l v i n g  gel b u f f e r :  1.5 M T r i s - H C l  pH 8.8

ii. 15% a m m o n i u m  p e r s u l p h a t e  (w/v) in w a t e r

iii. A c r y 1 a m i d e - b i s a e r y 1 a m i d e , ( 3 0 : 0 . 8 ) :  30 g of

a c r y l a m i d e  and 0.8 g of b i s a c r y l a m i d e  d i s s o l v e d  in

100 ml of w a t e r ,  f i l t e r e d ,  and s t o r e d  in a d a r k  

b o t t l e  at 4°C
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iv. R e s o l v i n g  gel: 150 pi a m m o n i u m  p e r s u l p h a t e ,  10 pi

Temed, 10 ml r e s o l v i n g  b u f f e r ,  and 11.7 ml

a c r y l a m i d e  s o l u t i o n  d i s s o l v e d  in 18 ml d i s t i l l e d  

w a t e r

v. S t a c k i n g  gel b u f f e r :  0.5 M T r i s - H C l  pH 6.8

vi. S t a c k i n g  gel: 30 pi a m m o n i u m  p e r s u l p h a t e ,  10 pi

T emed, 1.0 ml a c r y l a m i d e  s o l u t i o n  and 2.5 ml

s t a c k i n g  gel b u f f e r  in 6.5 ml d i s t i l l e d  w a t e r

vii. E l e c t r o p h o r e s i s  b u f f e r  pH 8.3: 10% SDS in

0 . 0 2 5  M - T r i s  b u f f e r  c o n t a i n i n g  192 m M  g l y c i n e

viii. S a m p l e  b u f f e r :  10% SDS (w/v), 50% s u c r o s e  (w/v),

0 . 0 0 5 %  b r o m p h e n o l  b l u e  w i t h  or w i t h o u t  1 0 %(v/v) 

2 - m e r c a p t o e t h a n o l  in 0 . 1 2 5  M T r i s - H C l  a d j u s t e d  to 

pH 6 . 8

ix. C o o m a s s i e  B lue Stain: 0 . 0 2 5 %  (w/v) C o o m a s s i e

b r i l l i a n t  b l u e  R in a s o l u t i o n  of 50% (v/v) 

m e t h a n o l  5% (v/v) a c e t i c  acid

x. D e s t a i n i n g  s o l u t i o n :  7.5% (v/v) a c e t i c  a c i d  and

5% (v/v) m e t h a n o l  in d i s t i l l e d  w a t e r  

P r e p a r a t i o n  of slab gels

The m o u l d  for the slab gel, 18 cm x 13 cm x 1.5 m m  

in size, was a s s e m b l e d  as f o l l o w s :  Two g l a s s  p l a t e s  

s e p a r a t e d  by two p l a s t i c  s p a c e r s  w e r e  f a s t e n e d  t o g e t h e r  by

m e t a l  b u l l d o g  c l ips to c r e a t e  a m o u l d  m a d e  w a t e r t i g h t  by

i n s e r t i n g  a l i n i n g  of r u b b e r  tubing.

The r e s o l v i n g  gel was p o u r e d  into the m o u l d  and 

a l l o w e d  to set. A s t r a i g h t  u p p e r  edge was o b t a i n e d  by 

p l a c i n g  a small a m o u n t  of i s o b u t a n o l  on the gel. A f t e r  

w a s h i n g  a w a y  the i s o b u t a n o l  w i t h  d i s t i l l e d  w a t e r  the 

s t a c k i n g  gel was p o u r e d  into the m o u l d  and w e l l s  of the
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a p p r o p r i a t e  size and n u m b e r  w e r e  c r e a t e d  by i n s e r t i n g  a 

s u i t a b l e  p l a s t i c  comb into the s t a c k i n g  gel u n t i l  this had 

set.

2 . 1 1 . 1 . 2  P r e p a r a t i o n  of m e l a n o m a  c e l l s  for S D S - P A G E  

F r e s h  or f r o z e n  u v e a l  m e l a n o m a  c e lls ( S e c t i o n

2 . 3 . 2 . 1 )  w e r e  h o m o g e n i s e d  u s i n g  a m e c h a n i c a l  h o m o g e n i s e r .  

The cell f r a g m e n t s  w e r e  t r a n s f e r r e d  to an E p p e n d o r f  tube 

and s pun d o w n  in a m i c r o c e n t r i f u g e  at 3 0 0 x g  at r o o m  

t e m p e r a t u r e  for five m i n u t e s .  The s u p e r n a t a n t  was 

d i s c a r d e d  and the p e l l e t  was r e - s u s p e n d e d  in s a m p l e  b u f f e r  

at a c o n c e n t r a t i o n  of 2 . 5 x 1 0  c e l l s / 4 0  pi by r e p e a t e d  

a s p i r a t i o n  t h r o u g h  21 — G and 2 5-G d i s p o s a b l e  n e e d l e s .  The 

s a m p l e  was then i m m e r s e d  in b o i l i n g  w a t e r  for 100 s e c o n d s .  

On o c c a s i o n  this final step was d e l i b e r a t e l y  o m i t t e d .

2 . 1 1 . 1 . 3  P r e p a r a t i o n  of cell m e m b r a n e s  for S D S - P A G E

Cell m e m b r a n e s ,  p r e p a r e d  as d e s c r i b e d  in S e c t i o n

2.3.3 w e r e  s u s p e n d e d  in a p p r o p r i a t e  v o l u m e s  of s a m p l e  

b u f f e r  to a c h i e v e  a p r o t e i n  c o n c e n t r a t i o n  of a p p r o x i m a t e l y  

1 m g / m l .

2 . 1 1 . 1 . 4  P r e p a r a t i o n  of c y t o p l a s m / n u c l e u s  for S D S - P A G E

P r e p a r a t i o n s  c o n t a i n i n g  cell n u c l e i ,  c y t o p l a s m  and 

i n t r a c y t o p l a s m i c  o r g a n e l l e s  w e r e  s u s p e n d e d  in a p p r o p r i a t e  

v o l u m e s  of s a m p l e  b u f f e r  to a c h i e v e  a p r o t e i n  

c o n c e n t r a t i o n  of a p p r o x i m a t e l y  1 mg/m l .
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2.11.1.5 P r e p ar at ion of subretinal fluid for SDS-PAGE

The s u b r e t i n a l  f l u i d  was m i x e d  w i t h  an e q u a l  v o l u m e  

of s a m p l e  b u f f e r  in an e p p e n d o r f  tube and h e a t e d  by 

i m m e r s i o n  in b o i l i n g  w a t e r  for 100 sec o n d s .

2 . 1 1 . 1 . 6  E l e c t r o p h o r e s i s  p r o c e d u r e

The m o u l d  was f i t t e d  to the e l e c t r o p h o r e s i s

a p p a r a t u s  and m a d e  w a t e r t i g h t  w i t h  p e t r o l e u m  j e l l y  

( V a s e l i n e ) .  The s y s t e m  was f i l l e d  w i t h  f r e s h

e l e c t r o p h o r e s i s  b u f f e r  and, u s i n g  a m i c r o p i p e t t e ,  the

w e l l s  w e r e  l o a d e d  w i t h  10-40 pi a l i q u o t s  of the s a m p l e s

b e i n g  tested. E l e c t r o p h o r e s i s  was p e r f o r m e d  at 45 m A , 

200 V u n t i l  the B r o m p h e n o l  b l u e  in the s a m p l e  b u f f e r  had  

a l m o s t  r e a c h e d  the end of the gel.

2 . 1 1 . 1 . 7  C o o m a s s i e  b l u e  s t a i n

The gel was s t a i n e d  for p r o t e i n  by i n c u b a t i n g  first

in 3-5 v o l u m e s  of a C o o m a s s i e  b r i l l i a n t  b lue R s o l u t i o n

o v e r n i g h t  at r o o m  t e m p e r a t u r e  and then in d e s t a i n i n g

s o l u t i o n  u n t i l  a c l e a r  b a c k g r o u n d  was o b t a i n e d .  The gel 

was d r i e d  in a c o m m e r c i a l  gel drier.

2 . 1 1 . 1 . 8  S i l v e r  s t a i n

S i l v e r  s t a i n i n g  of p o l y a c r y l a m i d e  g e l s  was

p e r f o r m e d  as d e s c r i b e d  by T s a i  and F r a s h  (1982).

R e a g e n t  s

i) F i x a t i v e :  40% e t h a n o l  (v/v) and 5% a c e t i c  a c i d

(v/v) in d i s t i l l e d  w a t e r

ii) O x i d i s i n g  s o l u t i o n :  0.7 %  p e r i o d i c  a c i d  (w/v) in

f i x a t i v e
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iii) S t a i n i n g  s o l u t i o n :  A m m o n i a  2 ml, N A O H  0.] N

28 ml, 20% s i l v e r  n i t r a t e  5 ml in 115 ml d i s t i l l e d  

w a t e r

iv) D e v e l o p i n g  s o l u t i o n :  0 . 0 0 5 %  c i t r i c  a cid (v/v) and

100 pi of 37% f o r m a l d e h y d e  in a litre of w a t e r

v) P r e s e r v a t i v e  s o l u t i o n :  3% a c e t i c  a c i d  in

d i s t i l l e d  w a t e r

P r o c e d u r e

The gel was p l a c e d  in the f i x a t i v e  o v e r n i g h t  and 

then in the o x i d i s i n g  s o l u t i o n  for five m i n u t e s  w i t h  

s h aking. A f t e r  t h ree 15 m i n u t e  w a s h e s  in at lea s t  five 

c h a n g e s  of d e - i o n i s e d  w a t e r  the gel was p l a c e d  in f r e s h l y  

p r e p a r e d  s t a i n i n g  s o l u t i o n  for ten m i n u t e s  w i t h  v i g o r o u s  

sh a king. A f t e r  t h ree f u r t h e r  ten m i n u t e  w a s h e s  in four or 

five c h a n g e s  of d e - i o n i s e d  w a t e r  the gel was p l a c e d  in 

d e v e l o p i n g  s o l u t i o n  for a few m i n u t e s  u n t i l  the b a c k g r o u n d  

s h o w e d  the first signs of d i s c o l o u r a t i o n  a n d / o r  u n t i l  the 

b a n d s  d e v e l o p e d  the d e s i r e d  i n t e n s i t y .  F i n a l l y  t h e . g e l  

was w a s h e d  in w a t e r  and s t o r e d  in p r e s e r v a t i v e  s o l u t i o n  

u n t i l  it was dried.

2 . 1 1 . 2  E l e c t r o b l o t t i n g  

R e a g e n t

i) T r a n s f e r  b u f f e r :  0.19 M g l y c i n e ,  20% (v/v)

m e t h a n o l  and 0 . 0 2 %  SDS (w/v) in 25 m M  T r i s - b a s e ,  

pH 8.6.
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P r o c e d u r e

P r o t e i n s  w e r e  e l e c t r o p h o r e t i c a 1 ly t r a n s f e r r e d  o n t o 

n i t r o c e l l u l o s e  p a p e r  a c c o r d i n g  to the m e t h o d  d e s c r i b e d  by 

T o w b i n  and a s s o c i a t e s  (1979) and m o d i f i e d  by B u r n e t t e

(1981) and B a t t e i g e r  (1982).

A c a r t r i d g e  was l o a d e d  w i t h  a s a n d w i c h  c o m p r i s i n g  

the f o l l o w i n g  l a y e r s  r e s p e c t i v e l y :  p l a s t i c  grid,

S c o t c h - B r i t e  pad, f i l t e r  paper, g e 1 , . n i t r o c e 1 l u l o s e  paper, 

fi l t e r  paper, S c o t c h - B r i t e  pad and p l a s t i c  grid. C are was 

t ak e n  to a v o i d  air b u b b l e s  in the system.

This a s s e m b l y  was i m m e r s e d  v e r t i c a l l y  in the

B I O - R A D  T a n k  f i l l e d  w i t h  t r a n s f e r  b u f f e r  so that the 

n i t r o c e l l u l o s e  p a p e r  was c l o s e s t  to the anode. 

E l e c t r o p h o r e t i c  t r a n s f e r  was p e r f o r m e d  at 3 5 0 - 4 0 0  m A  for 

2.5-3 h o u r s .

2 . 1 1 . 3  I m m u n o b l o t t i n g  

R e a g e n t  s

i. B l o c k i n g  B u f f e r :  0.5% v / v  T w e e n - 2 0 ,  N aCl 0.1 5  M, in

2 0 m M  T r i s - H C l  b u f f e r ,  pH 7.2.
12 5ii. I - l a b e l l e d  P r o t e i n  A (2.96 B q / m g )  was p r e p a r e d

by Dr A. M. C a m p b e l l  in the D e p a r t m e n t  of

B i o c h e m i s t r y  as fol l o w s :  The i n t e r n a l  s u r f a c e  of a

g l a s s  v i a l  was c o a t e d  w i t h  i o d o g e n  by d i s s o l v i n g

1 mg of this s u b s t a n c e  in 0.5 ml of c h l o r o f o r m

w h i c h  was then a l l o w e d  to e v a p o r a t e .  One

m i l l i g r a m  of p r o t e i n  A was d i s s o l v e d  in 0.5 ml of

Tris b u f f e r  and t r a n s f e r r e d  to the v i a l  c o a t e d  w i t h
125the iod o g e n .  The Na I was a d d e d  to the v i a l  and 

i n c u b a t e d  at r o o m  t e m p e r a t u r e  for 15 m i n u t e s  w i t h
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i n t e r m i t t e n t  s h a k i n g .  The m i x t u r e  w a s  then a p p l i e d

to a 10 ml s e p h a d e x - G 2 5 M  c o l u m n  e q u i l i b r a t e d  w i t h

the a p p r o p r i a t e  b u f f e r .  F r a c t i o n s  of 1 ml w e r e

c o l l e c t e d  and 10 pi of each f r a c t i o n  was c o u n t e d  on

a L K B  1275 M i n i g a m m a  c o u n t e r .  The f r a c t i o n s  w i t h  
1 2 5 .the p e a k  I i n c o r p o r a t i o n  w e r e  p o o l e d  and s t o r e d  

in c o n v e n i e n t  v o l u m e s .

iii. A m i d o  b l a c k  stain: 0 .1% a m i d o  b l a c k  (v/v), 10%

a c e t i c  acid (v/v), and 40% m e t h a n o l  (v/v) in 

d i s t i l l e d  w a t e r

iv. D e s t a i n i n g  s o l u t i o n :  5% a c e t i c  a c i d  (v/v), 50%

m e t h a n o l  (v/v) in d i s t i l l e d  w a t e r

P r o c e d u r e

F o l l o w i n g  the e l e c t r o p h o r e t i c  t r a n s f e r  of p r o t e i n s  

fro m  the gel to the n i t r o c e l l u l o s e  p a p e r  ( S e c t i o n  2 . 1 1 . 2 ) ,  

this p a p e r  was i n c u b a t e d  first in b l o c k i n g  b u f f e r  at 4°C 

o v e r n i g h t ,  and then in a .1:10 d i l u t i o n  of m o n o c l o n a l  

a n t i b o d y  in b l o c k i n g  b u f f e r  at r o o m  t e m p e r a t u r e  for 

90 m i n u t e s .  A f t e r  w a s h i n g  in five c h a n g e s  of b l o c k i n g  

b u f f e r  at r o o m  t e m p e r a t u r e  for 30 m i n u t e s  the p a p e r  was 

i n c u b a t e d  w i t h  a 1:100 d i l u t i o n  of r a b b i t  a n t i - r a t  IgG 

(H+L) in b l o c k i n g  b u f f e r  for 90 m i n u t e s  at r o o m  

t e m p e r a t u r e .  F u r t h e r  w a s h i n g  was p e r f o r m e d  as d e s c r i b e d  

a b o v e  and the p a p e r  was i n c u b a t e d  w i t h  i o d i n a t e d  p r o t e i n  A 

for 60 m i n u t e s  at r o o m  t e m p e r a t u r e .  The w a s h i n g  was 

r e p e a t e d  and the p a p e r  was b l o t t e d  dry. A u t o r a d i o g r a p h y  

was p e r f o r m e d  at - 7 0 ° C  for 16-72 hours. The e x p o s e d  f i l m  

( K o d a k  X - o m a t  S) was d e v e l o p e d  and f i x e d  a c c o r d i n g  to the 

m a n u f a c t u r e r ’s i n s t r u c t i o n s :  it was i m m e r s e d  in d e v e l o p e r

s o l u t i o n  for five m i n u t e s  then, a f t e r  a one m i n u t e  r i n s e
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in w a t e r ,  i m m e r s e d  in f i x a t i v e  for one m i n u t e  and then 

w a s h e d  in w a t e r  for at least 40 m i n u t e s .  The 

n i t r o c e l l u l o s e  p a p e r  was i n c u b a t e d  w i t h  a m i d o  b l a c k  

s o l u t i o n  for five m i n u t e s ,  w a s h e d  w i t h  w a t e r  for one to 

two m i n u t e s  and d e s t a i n e d  u n t i l  a c l e a r  b a c k g r o u n d  was 

ob t a i n e d .



Chapter 3

P R O D U C T I O N  OF RAT M O N O C L O N A L  A N T I B O D I E S  TO 

U V E A L  M E L A N O M A  A N T I G E N S  

3 . 1 I n t r o d u c t  ion

The s t r a t e g y  f o l l o w e d  in the p r o d u c t i o n  of

m o n o c l o n a l  a n t i b o d i e s  to u v e a l  m e l a n o m a s  is s u m m a r i s e d  as 

fol l o w s :  rats w e r e  i n o c u l a t e d  w i t h  u n f i x e d  and u n c u l t u r e d

p r i m a r y  h u m a n  u v e a l  m e l a n o m a  c e l l s  ( S e c t i o n  2 . 4 . 1 )  and

w h e n  an a d e q u a t e  s e r u m  h u m o r a l  i m m u n e  r e s p o n s e  to t h e s e  

cells w a s  d e m o n s t r a t e d  by E L I S A  ( S e c t i o n  2 . 3 . 5 )  the

s p l e n i c  l y m p h o c y t e s  of these rats w e r e  i m m o r t a l i s e d  by 

f u s i o n  w i t h  rat m y e l o m a  cel l s  ( S e c t i o n  2.4). H y b r i d o m a s  

s e c r e t i n g  a n t i b o d i e s  to a n t i g e n s  on p r i m a r y  h u m a n  u v e a l  

m e l a n o m a  c e l l s  w e r e  i d e n t i f i e d  by E L I S A  and s u b c l o n e d  

u n t i l  t h e y  w e r e  m o n o c l o n a l .  The s u p e r n a t a n t s  of t h e s e  

h y b r i d o m a s  w e r e  then c o n c e n t r a t e d  by a m m o n i u m  s u l p h a t e  

p r e c i p i t a t i o n  ( S e c t i o n  2.8) so that the m o n o c l o n a l  

a n t i b o d i e s  and the a n t i g e n s  w i t h  w h i c h  they r e a c t e d  c o u l d  

be f u r t h e r  i n v e s t i g a t e d .

3 . 2 S o u r c e  of u v e a l  m e l a n o m a  t i s s u e

The c e lls u s e d  for the p r e p a r a t i o n  of E L I S A  p l a t e s  

and for the rat i m m u n i s a t i o n s  w e r e  o b t a i n e d  f r o m  s a m p l e s  

of a p p r o x i m a t e l y  80 p r i m a r y  m e l a n o m a s  of the u v e a l  tract.

3.3 P r e p a r a t i o n  of u v e a l  m e l a n o m a  cell s u s p e n s i o n s

W h e n  the m e l a n o m a  cell s u s p e n s i o n s  w e r e  w a s h e d  and 

s t o r e d  in the same f a s h i o n  as m y e l o m a  c e l l s  ( S e c t i o n

2 . 3 . 4 . 5 )  m o s t  cells w e r e  s e v e r e l y  d a m a g e d  and as a 

r esult, in the e a r l y  s t a g e s  of this r e s e a r c h ,  the
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s u s p e n s i o n s  u s e d  for the rat i n o c u l a t i o n s  and for the 

p r e p a r a t i o n  of E L I S A  p l a t e s  c o n s i s t e d  a l m o s t  e n t i r e l y  of 

cell n u c l e i  and c y t o p l a s m i c  d e b r i s  (Fig. 3.1 i).

S u b s e q u e n t l y ,  w h e n  i n t a c t  c e l l s  w e r e  r e q u i r e d  the 

f o l l o w i n g  p r e c a u t i o n s  w e r e  taken: (i) f r e s h  u n f r o z e n

tiss u e  w a s  used, and (ii) d i s a g g r e g a t i o n  of the cell 

clu m p s  by r e p e a t e d  a s p i r a t i o n  t h r o u g h  21 — G and 2 5 - G  

n e e d l e s ,  and w a s h i n g  of the c e l l s  by r e p e a t e d  

c e n t r i f u g a t i o n  w e r e  o m i t t e d .  W i t h  t h e s e  m e a s u r e s ,  the 

p r e s e r v a t i o n  of the m o r p h o l o g i c a l  i n t e g r i t y  of the c e l l s 

was u s u a l l y  s a t i s f a c t o r y  (Fig. 3.1 ii).

3.4 E n z y m e - 1 inked i m m u n o s o r b e n t  A s s a y

The E L I S A  was p e r f o r m e d  as d e s c r i b e d  by E n g v a l l  & 

P e r l m a n n  (1971) w i t h  the m o d i f i c a t i o n s  d e s c r i b e d  by 

H e u s s e r ,  S t o c k e r  & G i s l e r  (1981) for the use of w h o l e  

cells as a n t i g e n s  ( S e c t i o n  2.3.5. 1). P r e l i m i n a r y  

i n v e s t i g a t i o n s  into the r e p r o d u c i b i l i t y  of the M u l t i s c a n  

r e a d i n g s  i n d i c a t e d  that the E L I S A  r e s u l t s  w e r e  a c c u r a t e  to 

the first d e c i m a l  point.

3 . 5 Rat i m m u n i s a t i o n

An a d e q u a t e  h u m o r a l  i m m u n e  r e s p o n s e  in the 

i m m u n i s e d  rats, c o n s i s t i n g  of an E L I S A  titre of at l e ast  

1/1000, was u s u a l l y  d e m o n s t r a t e d  a f t e r  o n l y  two 

i n t r a p e r i t o n e a l  i n o c u l a t i o n s  of 2 - 5 x 1 0 ^  c e l l s  per 

i n o c u l a t i o n  (Fig. 3.2).
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F i g u r e  3.1 D i s r u p t i o n  of m e l a n o m a  c e lls by c e n t r i f u g a t i o n  

and c r y o p r e s e r v a t i o n . E l e c t r o n  m i c r o g r a p h s  of s u s p e n s i o n s  

of m e l a n o m a  c e l l s  (i) f o l l o w i n g  w a s h i n g  by c e n t r i f u g a t i o n  

and s t o r a g e  in l i q u i d  n i t r o g e n  and (ii) f r e s h l y  p r e p a r e d  

w i t h  m i n i m a l  w a s h i n g .  N o t e  d i s r u p t i o n  of m e m b r a n e s  and 

c y t o p l a s m  in (i) and the n o r m a l  a r c h i t e c t u r e  of the 

m e l a n o m a  cel l s  in (ii). (Magn. (i) and (ii), x 5000).



i

Fig.  3.1 ( i )

Fig. 3.1 ( i i )



Figure 3.2 Rat immune response to m e l an om a cells.

E L I S A  r e a c t i v i t y  w i t h  u v e a l  m e l a n o m a  c e l l s  is g r e a t e r  

w i t h  s e r u m  of the two i m m u n i s e d  rats than of the 

u n i m m u n i s e d  rat.
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3 . 6 F u s i o n s

E i g h t  f u s i o n s  p r o d u c e d  n u m e r o u s  h y b r i d s ,  two 

p r o d u c e d  few h y b r i d s  and two w e r e  c o m p l e t e l y  s t e r i l e .  A 

n u m b e r  of f u s i o n s  w e r e  lost due to b a c t e r i a l  or f u n g a l  

i n f e c t i o n .  The f u s i o n s  w h i c h  p r o d u c e d  m o n o c l o n a l

a n t i b o d i e s  w e r e  18/2 and 53/1.

3.6.1 F u s i o n  18/2

F u s i o n  18/2 was p e r f o r m e d  u s i n g  s p l e n i c  l y m p h o c y t e s  

f rom a rat w h i c h  had b e e n  s u c c e s s i v e l y  i n o c u l a t e d  w i t h  

cells f r o m  four d i f f e r e n t  m e l a n o m a s  (Ta b l e  3.1). Of 37 

p r i m a r y  h y b r i d s ,  16 r e a c t e d  s i g n i f i c a n t l y  w i t h  c e l l s  f r o m  

one or m o r e  u v e a l  a n d / o r  c u t a n e o u s  m e l a n o m a s .  Six of 

these w e r e  s u b c l o n e d  to m o n o c l o n a l i t y  and the r e m a i n d e r  

e i t h e r  b e c a m e  n e g a t i v e  or w e r e  lost in c u l t u r e .  One of 

the m o n o c l o n a l  a n t i b o d i e s ,  1D5, was not s t u d i e d  f u r t h e r  

b e c a u s e  it was s u b s e q u e n t l y  fou n d  to be u n r e a c t i v e  a g a i n s t  

all u v e a l  m e l a n o m a s  tested. A p r e l i m i n a r y  i n v e s t i g a t i o n  of 

the s e n s i t i v i t y  and s p e c i f i c i t i y  of the r e m a i n i n g  five 

m o n o c l o n a l  a n t i b o d i e s  was p e r f o r m e d  by ELIS A .  T h e s e  w e r e  

t e s t e d  s i m u l t a n e o u s l y  a g a i n s t  a p a n e l  of t w e l v e  d i f f e r e n t  

o c u l a r  m e l a n o m a s ,  l y m p h o c y t e s  f r o m  four h e a l t h y  v o l u n t e e r s  

and cel l s  f r o m  a b r e a s t  c a r c i n o m a .  The r e s u l t s  w e r e

e x p r e s s e d  as a p e r c e n t a g e  r a t i o  of the m e a n  of two 

d e n s i t o m e t e r  r e a d i n g s  of the m o n o c l o n a l  a n t i b o d y  to f our 

r e a d i n g s  f r o m  the n e g a t i v e  c o n t r o l s  (ie, 20% c o m p l e t e  

m e d i u m  in p l a c e  of h y b r i d o m a  s u p e r n a t a n t )  and w e r e  

c o n s i d e r e d  to be p o s i t i v e  w h e n  the y  w e r e  g r e a t e r  t h a n  two 

s t a n d a r d  d e v i a t i o n s  of the m e a n  of the c o n t r o l s .  The 

a n t i b o d i e s  r e a c t e d  to a d i f f e r e n t  e x t e n t  w i t h  e a c h  u v e a l
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Ta b l e  3.1 G e n e r a t i o n  of m A b  4A3.



Event Date Tumour D os e( Cells)

Rat i m m u n i s a t i o n  (IP) 16.5.84 em 1 8 3 x l 0 6

B o ost (IP) 6 . 6.84 em 1 9 3 x l 0 6

Boost (IP) 11.6.84 e m20 4 x 1 0 6

E L I S A 14.6.84 e m 2 0 & 2 1

Boost (IP) 15.6.84 em2 1 10x10

F u s i o n 18/2 19.6.84

E L I S A 4 . 7 . 8 4

E L I S A 10.7.84 em 1 9

4A3 p r i m a r y  h y b r i d  s u b c l o n e d 2 4 . 7 . 8 4

E L I S A 17.8.84 em26

9d (0. 25 c e l l s / w e l l )  s u b c l o n e d 18.8.84

E L I S A 5 . 9 . 8 4 em26

9 f (0. 25 c e l l s / w e l l )  s u b c l o n e d 13.9.84

E L I S A 2 4 . 9 . 8 4 em2 6

lOg (0.5 c e l l s / w e l l )  M o n o c l o n a l  a n t i b o d y

T a b l e  3.1



m e l a n o m a  (Fig. 3.3), w h e r e a s  the r e a c t i o n  w i t h  the c o n t r o l  

cel l s  s h o w e d  less v a r i a t i o n  (Fig. 3.4). In e a c h  of the 

n o n - m e l a n o m a  c o n t r o l s  the r e a c t i v i t y  of the m o n o c l o n a l  

a n t i b o d i e s  in d e c r e a s i n g  o r d e r  w a s  1B1, 1 C 4 , 4 B 4 , 1 B 4  and

4A3. It w a s  t h e r e f o r e  p o s s i b l e  to test the r e l a t i v e

s i g n i f i c a n c e  of the b i n d i n g  of the m o n o c l o n a l  a n t i b o d i e s  

to the u v e a l  m e l a n o m a  cel l s  by e x p r e s s i n g  the r e a c t i v i t y  

of each a n t i b o d y  to each m e l a n o m a  as a p e r c e n t  age r a t i o  of 

the m e a n  of the c o n t r o l  cel l s  (Fig. 3.5). M A b  4A3 r e a c t e d  

s i g n i f i c a n t l y  a g a i n s t  all of the 12 u v e a l  m e l a n o m a s ;  m A b  

4B4 a g a i n s t  five m e l a n o m a s ;  m A b  1B4 a g a i n s t  four  

m e l a n o m a s ;  m A b  1B1 a g a i n s t  two m e l a n o m a s  and m A b  1C 4 

a g a i n s t  o n l y  one m e l a n o m a .

3.6.2 F u s i o n  53/1

F u s i o n  53/1 was p e r f o r m e d  u s i n g  s p l e n i c  l y m p h o c y t e s  

f r o m  a rat w h i c h  had b e e n  i n o c u l a t e d  thr e e  tim e s  w i t h  

cells f r o m  the same t u m o u r  (ie, em53). F i f t y - n i n e  

h y b r i d s  w e r e  p r o d u c e d .  E l e v e n  h y b r i d s ,  w h i c h  a p p e a r e d  to 

react the m o s t  s t r o n g l y  w i t h  m e l a n o m a  cel l s  on E L I S A ,  w e r e  

s e l e c t e d  for s u b c l o n i n g .  H y b r i d o m a s  w e r e  s u b c l o n e d  as 

soon as p o s s i b l e  and r e s i d u a l  h y b r i d  c e lls w e r e  the n  

e x p a n d e d  and c r y o p r e s e r v e d . W h e n  the h y b r i d o m a s  h a d  b e e n  

s u b c l o n e d  at least o nce they w e r e  c r y o p r e s e r v e d  in l i q u i d  

n i t r o g e n  u n t i l  it was p o s s i b l e  to e v a l u a t e  t h e m  f u r t h e r .

F i v e  h y b r i d o m a s  p r o d u c e d  by f u s i o n  53/1, 

3 B 5 , 1C2 , 4 B 4 - 2 ,2D3 and 2B6, w e r e  e x p a n d e d  in s p i n n e r  

c u l t u r e  f l a s k s  in s e r u m - f r e e  m e d i u m  and t h e i r  a n t i b o d i e s  

c o n c e n t r a t e d  by a m m o n i u m  s u l p h a t e  p r e c i p i t a t i o n .  T h e s e  

a n t i b o d i e s  w e r e  t e s t e d  by E L I S A  a g a i n s t  thr e e  p r i m a r y
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Figure 3.3 ELISA re ac tiv ity of monoclonal  antibodies

w i t h  u v e a l  m e l a n o m a s  (1-12). The r e s u l t s  are e x p r e s s e d  as 

a p e r c e n t a g e  r a t i o  of the m e a n  of two M u l t i s k a n  r e a d i n g s  

of the m o n o c l o n a l  a n t i b o d y  to four r e a d i n g s  f r o m  w e l l s  

c o n t a i n i n g  20% c o m p l e t e  m e d i u m .  In e ach d i a g r a m ,  the line 

is d r a w n  at the m e a n  + 2 S D  of four c o n t r o l  v a l u e s .  R e s u l t s  

a b o v e  this are c o n s i d e r e d  p o s i t i v e .



Monoclonal antibodies

9999999



Figure 3.4 ELISA reac tiv ity of monocl onal antibodies

w i t h  c o n t r o l  cell p r e p a r a t i o n s .  A-E are d a t a  f rom  

l y m p h o c y t e s  f rom h e a l t h y  v o l u n t e e r s  and F is f r o m  c e lls of 

a b r e a s t  c a r c i n o m a .  The r e s u l t s  are o b t a i n e d  and

d i s p l a y e d  as in Fig. 3.3.
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Figure 3.5 ELISA reactiv ity of mono clona l antibodies

w i t h  12 u v e a l  m e l a n o m a s  r e l a t i v e  to c o n t r o l s .  For each 

a n t i b o d y ,  the r e s u l t s  are e x p r e s s e d  as a r a t i o  of the 

r e s u l t s  d i s p l a y e d  in Fig. 3.3 to the m e a n  of those in Fig. 

3.4. In each d i a g r a m ,  the d o t t e d  line is d r a w n  at the 

m e a n  +2 SD of the six c o n t r o l  v a l u e s .  R e s u l t s  a b o v e  this 

are c o n s i d e r e d  s i g n i f i c a n t .



4A3 4B4 1C4 4A3 4B4 1C4 4 A3 4B4 1C41B1 1B4 1B1 1B4 1B1 1B4
M o noclonal a n t i b o d i e s

Fig. 3.5



u v e a l  m e l a n o m a s .  A l l  a n t i b o d i e s  r e a c t e d  p o s i t i v e l y

a g a i n s t  the t h r e e  t u m o u r s .  A f t e r  s t o r a g e  in l i q u i d  

n i t r o g e n ,  h o w e v e r ,  all the h y b r i d o m a s  b e c a m e  n e g a t i v e  

e x c e p t  for 4 B 4 - 2  w h i c h  r e a c t e d  w i t h  l y m p h o c y t e s  as 

s t r o n g l y  as w i t h  m e l a n o m a  c e l l s .

3.7 A n t i b o d y  c l a s s  of m o n o c l o n a l  a n t i b o d i e s

The a n t i b o d y  c l a s s  of e a c h  m o n o c l o n a l  a n t i b o d y  was 

d e t e r m i n e d  b y  the O u c h t e r l o n y  t e c h n i q u e  ( S e c t i o n  2.7). 

A l l  the m o n o c l o n a l  a n t i b o d i e s  p r o d u c e d  by f u s i o n  18/2 w e r e  

of the I g M  c l a s s  (Fig. 3.6). The m o n o c l o n a l  a n t i b o d i e s

p r o d u c e d  by f u s i o n  53/1 w e r e  a l s o  of the I g M  c l a s s ,  w i t h  

the e x c e p t i o n  of 4 B 4 - 2  and 1C4 w h i c h  w e r e  IgG2a.

3.8 D i s c u s s i o n

3.8.1 R e a s o n s  for u s i n g  u n c u l t u r e d  m e l a n o m a  c e l l s

P r i m a r y  h u m a n  u v e a l  m e l a n o m a s  w e r e  u s e d  for the 

i m m u n i s a t i o n  of rats and for the v a r i o u s  i m m u n o a s s a y s  

r e q u i r e d  in the c o u r s e  of this r e s e a r c h .  The use of u v e a l  

m e l a n o m a  c e l l  lin e s ,  f i r s t  e s t a b l i s h e d  in 1984 ( A l b e r t  et_ 

al 1984), w a s  a v o i d e d  b e c a u s e  the a n t i g e n i c  e x p r e s s i o n  of 

c e l l s  in c u l t u r e  m i g h t  be q u i t e  d i f f e r e n t  f r o m  t h a t  of the 

p r i m a r y  t u m o u r .  A n t i g e n i c  e x p r e s s i o n  c a n  be i n f l u e n c e d  by 

the t ype of c a l f  s e r u m  u s e d  in the c u l t u r e  m e d i u m  a n d  

a n t i g e n i c  s h i f t  c a n  o c c u r  due to t u m o u r  d i f f e r e n t i a t i o n  in 

v i t r o  ( S o r g  e t a 1 1978 ). M o n o c l o n a l  a n t i b o d i e s  r a i s e d

a g a i n s t  m e l a n o m a  c e l l  l i n e s  h a v e  b e e n  f o u n d  to r e a c t  o n l y  

w i t h  s u c h  c e l l  l i n e s  and not w i t h  u n c u l t u r e d  m e l a n o m a  

c e l l s  (Briiggen, B r o c k e r  e t a 1 1984 ). F u r t h e r m o r e ,  w h e n

cell l i n e s  are u s e d  for i m m u n i s a t i o n  and in the s c r e e n i n g
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F i g u r e  3.6 IgM C l a s s  of m A b  4A3 as d e t e r m i n e d  by 

O u c h t e r l o n y  t e c h n i q u e .  (i) P r e c i p i t a t i o n  of m o n o c l o n a l  

a n t i b o d y  w i t h  r a b b i t  a n t i - r a t  IgM.

(a) R a b b i t  a n t i - r a t  IgM in c e n t r e  w e l l  and d o u b l i n g  

d i l u t i o n s  of mAb 4A3 in p e r i p h e r a l  wel l s .

(b) M o n o c l o n a l  a n t i b o d y  in c e n t r e  w e l l  and d o u b l i n g  

d i l u t i o n s  of r a b b i t  a n t i - r a t  IgM in p e r i p h e r a l  wel l s .

(ii) L a c k  of p r e c i p i t a t i o n  of m o n o c l o n a l  a n t i b o d y  w i t h  

r a b b i t  a n t i - r a t  IgG.

(a) R a b b i t  a n t i - r a t  IgG in c e n t r e  w ell and d o u b l i n g  

d i l u t i o n s  of m A b  4A3 in p e r i p h e r a l  wells.

(b) M o n o c l o n a l  a n t i b o d y  in c e n t r e  w e l l  and d o u b l i n g  

d i l u t i o n s  of r a b b i t  a n t i - r a t  IgG in p e r i p h e r a l  wells.
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a s s a y s  t h e r e  is a small but s i g n i f i c a n t  r i s k  of p r e p a r i n g  

m o n o c l o n a l  a n t i b o d i e s  to the f o e t a l  c alf s e r u m  in w h i c h  

these c e l l s  are grown. Thi s  is b e c a u s e  f o e t a l  c a l f  s e r u m  

c o m p o n e n t s  can be i n c o r p o r a t e d  into the m e m b r a n e  of c e lls 

g r o w n  in m e d i u m  c o n t a i n i n g  this s u p p l e m e n t  (Irie, Irie & 

M o r t o n  1974 ; Y a m a g u c h i  et al 1987 ).

S u f f i c i e n t  a m o u n t s  of t i s s u e  w e r e  a v a i l a b l e  at all 

times for the p u r p o s e s  of this r e s e a r c h .  T h i s  is b e c a u s e  

of the r e l a t i v e l y  l a r g e  n u m b e r s  of p a t i e n t s  w i t h  u v e a l  

m e l a n o m a  r e f e r r e d  f rom o t h e r  p a r t s , o f  the c o u n t r y  a n d  f r o m  

o v e r s e a s  for i n v e s t i g a t i o n  and t r e a t m e n t  at the T e n n e n t  

I n s t i t u t e  of O p h t h a l m o l o g y ,  U n i v e r s i t y  of G l a s g o w .

3.8 . 2  F r a g i l i t y  of u n c u l t u r e d  m e l a n o m a  c e lls

The u n c u l t u r e d  u v e a l  m e l a n o m a  cel l s  w e r e  m u c h  m o r e  

f r a g i l e  than m y e l o m a  c e l l s  o b t a i n e d  f r o m  l o n g - t e r m  

c u l t u r e ,  and e a s i l y  r u p t u r e d  by m a n i p u l a t i o n  and f r e e z i n g .  

It was t h e r e f o r e  e s s e n t i a l  to use f r e s h  u n f r o z e n  t u m o u r  

cel l s  and to i n s p e c t  the c e l l s  by p h a s e  c o n t r a s t  

m i c r o s c o p y  to e n s u r e  that t h e i r  p r e s e r v a t i o n  w a s  a d e q u a t e  

for the p r e p a r a t i o n  of E L I S A  p lates.

3 . 8 . 3  Rat i m m u n i s a t i o n  p r o t o c o l

The total n u m b e r  of cells u s e d  for the a n i m a l  

i m m u n i s a t i o n s  ( 6 - 1 5 x 1 0 ^ )  was r e l a t i v e l y  small c o m p a r e d  to 

the d o s e s  g i v e n  by some o t h e r  w o r k e r s :  Oi and a s s o c i a t e s ,  

for e x a m p l e ,  u s e d  a total of a p p r o x i m a t e l y  4 x 1 0 ^  c e l l s  for 

the a n i m a l  i n o c u l a t i o n s  (Oi e t a 1 1978 ). A l t h o u g h  s uch
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v i g o r o u s  i m m u n i s a t i o n  m i g h t  h a v e  r e s u l t e d  in h i g h e r  

f r e q u e n c i e s  of a n t i g e n - s p e c i f i c  h y b r i d o m a s ,  the a m o u n t s  of 

t i s s u e  r e q u i r e d  for this w o u l d  h a v e  e x c e e d e d  our sup p l y .

I n i t i a l l y ,  rats w e r e  i m m u n i s e d  w i t h  m e l a n o m a s  f r o m  

d i f f e r e n t  p a t i e n t s  b e c a u s e  of fears of p r o d u c i n g  

a n t i b o d i e s  to a n t i g e n s  u n i q u e  to the u v e a l  m e l a n o m a  of a 

s i n g l e  i n d i v i d u a l .  W h e n  it b e c a m e  a p p a r e n t  that m o s t  of 

the m o n o c l o n a l  a n t i b o d i e s  c r o s s - r e a c t e d  w i t h  l y m p h o c y t i c  

a n t i g e n s ,  this s c h e d u l e  was r e v i s e d .  S u b s e q u e n t l y ,  rats 

w e r e  i m m u n i s e d  and b o o s t e d  w i t h  t u m o u r  cel l s  o b t a i n e d  f r o m  

the same p a t i e n t  and r e s u l t i n g  h y b r i d s  w e r e  then a s s a y e d  

a g a i n s t  d i f f e r e n t  tumours.

The a i m  was to p r o d u c e  m o n o c l o n a l  a n t i b o d i e s  

r e c o g n i s i n g  a n t i g e n s  e x p r e s s e d  by all u v e a l  m e l a n o m a s  and 

not by o t h e r  tis s u e s .  A n t i g e n s  e x p r e s s e d  by all m e l a n o m a s ,  

h o w e v e r ,  m i g h t  also be the least s p e c i f i c .  It m i g h t ,  

t h e r e f o r e ,  be m o r e  a p p r o p r i a t e  to use t u m o u r  c e l l s  f r o m  a 

s i n g l e  p a t i e n t  for all i m m u n i s a t i o n  and s c r e e n i n g  

p r o c e d u r e s  r e q u i r e d  for eac h  fusion. This a p p r o a c h  m i g h t  

be e x p e c t e d  to i n c r e a s e  the n u m b e r  of m o n o c l o n a l  

a n t i b o d i e s  r e a c t i n g  w i t h  h i s t o c o m p a t i b i l i t y  a n t i g e n s .  S u c h  

a n t i b o d i e s  c o u l d  be e x c l u d e d  by s c r e e n i n g  h y b r i d o m a s  

a g a i n s t  l y m p h o c y t e s  tak e n  f rom the same p a t i e n t .

Rats i m m u n i s e d  w i t h  w h o l e  u v e a l  m e l a n o m a  c e l l s  

w o u l d  i n e v i t a b l y  h a v e  b e e n  s e n s i t i s e d  to i n t r a c e l l u l a r  as 

w e l l  as m e m b r a n e  a n t i g e n s  b e c a u s e ,  a l t h o u g h  w h o l e  m e l a n o m a  

cells w e r e  u s e d  for the a n i m a l  i n o c u l a t i o n s ,  the c e l l s  

w o u l d  u n d o u b t e d l y  h a v e  b e e n  d e s t r o y e d  by a f o r e i g n  b o d y  

r e a c t i o n  s h o r t l y  a f t e r  i n j e c t i o n .  I n o c u l a t i o n  w i t h  c ell 

m e m b r a n e  p r e p a r a t i o n s  was t h e r e f o r e  c o n s i d e r e d  b u t  t his
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a p p r o a c h  w o u l d  h a v e  r e q u i r e d  l a r g e  n u m b e r s  of t u m o u r  c e l l s  

and w o u l d  h a v e  p r e c l u d e d  the use of u n c u l t u r e d  p r i m a r y  

u v e a l  m e l a n o m a  tissue, w h i c h  was t h o u g h t  p r e f e r a b l e .

3.8.4 E L I S A

3.8.4.1 V a r i a t i o n

The q u a l i t y  of the E L I S A  p l a t e s  v a r i e d  f r o m  b a t c h

to b a t c h  d e s p i t e  all the p r e c a u t i o n s  that w e r e  taken. It

w as t h e r e f o r e  n e c e s s a r y  to test a s a m p l e  f r o m  e a c h  n e w

b a t c h  of p l a t e s  w i t h  a r a n g e  of k n o w n  p o s i t i v e  a n t i b o d i e s

as w e l l  as n e g a t i v e  c o n t r o l s  c o n s i s t i n g  of c o m p l e t e

m e d i u m .  I n t e r - t u m o u r  a n t i g e n i c  h e t e r o g e n e i t y  in u v e a l

m e l a n o m a s  was a n o t h e r  c o m p l i c a t i n g  f a c t o r  w h e n  s c r e e n i n g

the h y b r i d o m a s .  This was b e c a u s e  a n e g a t i v e  r e s u l t  c o u l d

h a v e  b e e n  due to lack of e x p r e s s i o n  of the r e l e v a n t  

a n t i g e n  by a u v e a l  m e l a n o m a  or to a lack of a n t i b o d y

p r o d u c t i o n  by the h y b r i d o m a .  S c r e e n i n g  a s s a y s  w e r e

t h e r e f o r e  p e r f o r m e d  s i m u l t a n e o u s l y  a g a i n s t  a n u m b e r  of

u v e a l  m e l a n o m a  s p e c i m e n s .

3 . 8 . 4 . 2 N u m b e r  of c e lls per w e l l

O t h e r  w o r k e r s  h a v e  u s e d  b e t w e e n  8 x 10^c e 1 1 s /we 11 

( D o u i l l a r d  & H o f f m a n  1983) and 5x 1 0 ^ c e 1 1 s/we 11 ( H e u s s e r ,  

S t o c k e r  & G i s l e r  1981) d e p e n d i n g  on the size of the c e l l s  

and the m e t h o d  of p r e p a r a t i o n  of the E L I S A  pla t e s .  The 

n u m b e r  of c e l l s  u s e d  for the s c r e e n i n g  of m o n o c l o n a l  

a n t i b o d i e s  is t h e o r e t i c a l l y  i m p o r t a n t .  M a n y  d i f f e r e n t  

a n t i g e n s  are p r e s e n t  at d i f f e r e n t  d e n s i t i e s  on m e l a n o m a  

cells so that if small n u m b e r s  of cel l s  are u s ed, less 

a b u n d a n t  but p o t e n t i a l l y  i m p o r t a n t  a n t i g e n s  w i l l  g i v e  a
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v e r y  w e a k  sig n a l  on E L I S A .  On the o t h e r  hand, if l a r g e

n u m b e r s  of c e lls are u s e d  to d e t e c t  these a n t i g e n s  then

low a f f i n i t y  a n t i b o d i e s  to the m o r e  c o m m o n  e p i t o p e s  m a y

d o m i n a t e  the res u l t .  In the p r e s e n t  i n v e s t i g a t i o n ,  p i l o t

s t u d i e s  s u g g e s t e d  that the b est s i g n a l - t o - n o i s e  r a t i o s
4w e r e  w e r e  o b t a i n e d  w i t h  the use of 10 c e l l s / w e l l .  The

exact n u m b e r  of c e l l s  w h i c h  a c t u a l l y  a t t a c h e d  in e v e r y  

w ell m a y  h a v e  b e e n  d i f f e r e n t  w i t h  eac h  b a t c h  of p l a t e s .

3 . 8 . 4.3 A t t a c h m e n t  of c e lls to p l a t e

The p l a t e s  w e r e  i n c u b a t e d  w i t h  0 .1% p o 1 y - L - 1 y s i n e  

to i n c r e a s e  t h e i r  e l e c t r o s t a t i c  p o t e n t i a l  ( S t u l t i n g  & 

B e r k e  1973). A l t h o u g h  this p r o c e d u r e  is c o n s i d e r e d  by 

some w o r k e r s  to be u n n e c e s s a r y  and to c a u s e  h i g h  

b a c k g r o u n d  ( D o u i l l a r d  and H o f f m a n  1983), in the p r e s e n t  

s t u d y  a t t a c h m e n t  of the c e lls to the p l a t e s  was f o u n d  to 

be u n e v e n  w h e n  p r i o r  i n c u b a t i o n  of the p l a t e s  w i t h  

po'ly-L-lys ine was o m i t t e d .

3 . 8 . 4 . 4 F i x a t i o n  of cells

G l u t a r a l d e h y d e  f i x a t i o n  of the cel l s  in the E L I S A  

p l a t e s  was p e r f o r m e d  in o r d e r  to s t r e n g t h e n  the a t t a c h m e n t  

of the c e lls to the p l a s t i c  ( H e u s s e r ,  S t o c k e r ,  and G i s l e r  

1981) and a l s o  so that the p l a t e s  c o u l d  be s t o r e d  at 4 ° C 

for long p e r i o d s .  The m e t h o d  u s e d  to fix the c e l l s  in 

this s t u d y  d i f f e r s  from that d e s c r i b e d  by H e u s s e r ,  S t o c k e r  

& G i s l e r  (1981) w h o  d i p p e d  the E L I S A  p l a t e s  into 0 . 2 5 %  

G l u t a r a l d e h y d e  at 4°C for five m i n u t e s .  I n s t e a d ,  100 |il

0 . 25% g l u t a r a l d e h y d e  in PBS was g e n t l y  a d d e d  to e a c h  w e l l  

at r o o m  t e m p e r a t u r e  for thr e e  m i n u t e s .  As the w e l l s

100



a l r e a d y  c o n t a i n e d  100 pi PBS the e f f e c t i v e  g l u t a r a l d e h y d e  

c o n c e n t r a t i o n  w a s  0 . 1 2 5 % .  N e v e r t h e l e s s ,  r e c e n t  s t u d i e s  by 

o t h e r  w o r k e r s  s h o w  that g l u t a r a l d e h y d e  can p r o d u c e  

a r t e f a c t s  e v e n  at such low c o n c e n t r a t i o n s  ( D r o v e r  & 

M a r s h a l 1 1 9 8 6 )

3 . 8 . 4 . 5  B l o c k i n g  of n o n - s p e c i f i c  r e a c t i v i t y

B e s i d e s  i m p r o v i n g  the a d h e r e n c e  of the c e l l s  to the 

p l a s t i c ,  b o t h  p o l y - L - l y s i n e  and g l u t a r a l d e h y d e  a lso 

i n c r e a s e d  the n o n - s p e c i f i c  b i n d i n g  of the a n t i b o d i e s  to 

the plate. This p r o b l e m  was p a r t i a l l y  r e s o l v e d  by the use 

of BSA, h e t e r o l o g o u s  s e r u m  and g l y c i n e  in the s t o r a g e  

m e d i u m  and of T w e e n  20 in the w a s h  b u f f e r  as d e s c r i b e d  in 

C a m p b e l l  (1984) and H e u s s e r ,  S t o c k e r  & G i s l e r  (1981). 

G l y c i n e  was u s e d  b e c a u s e  it b i n d s  to u n r e a c t e d  a m i n o  

g r o u p s  of g l u t a r a l d e h y d e ,  t h e r e b y  i n h i b i t i n g  n o n - s p e c i f i c  

c o v a l e n t  l i n k a g e  to a n t i b o d i e s .  At first, p l a t e s  w e r e  

f u r t h e r  b l o c k e d  by i n c u b a t i o n  w i t h  a s o l u t i o n  c o n t a i n i n g  

h i g h e r  c o n c e n t r a t i o n s  of BSA and h e t e r o l o g o u s  s e r u m  

o v e r n i g h t  at 4°C. W h e n  the e f f e c t  of this p r o c e d u r e  was 

i n v e s t i g a t e d  by p e r f o r m i n g  the same a s s a y  in d u p l i c a t e ,  

w i t h  and w i t h o u t  p r e - i n c u b a t i o n  w i t h  b l o c k i n g  s o l u t i o n ,  it 

was f o und that i n c u b a t i o n  of the w e l l s  in b l o c k i n g  

s o l u t i o n  did not s i g n i f i c a n t l y  r e d u c e  b a c k g r o u n d  

r e a d i n g s .  This b l o c k i n g  step was t h e r e f o r e  d i s c o n t i n u e d .

3 . 8 . 4.6 I n t e r p r e t a t i o n  of E L I S A  r e s u l t s

The r e s u l t s  w e r e  a s s e s s e d  s u b j e c t i v e l y  r a t h e r  t han 

by s t a t i s t i c a l  a n a l y s i s  w h i c h  was c o n s i d e r e d  to be 

i n a p p r o p r i a t e ,  e s p e c i a l l y  as the c o n c e n t r a t i o n s  of the
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m o n o c l o n a l  a n t i b o d i e s  b e i n g  t e s t e d  v a r i e d  a c c o r d i n g  to the 

r e l a t i v e  g r o w t h  rate of the cells. T h e s e  i m p r e s s i o n s  w e r e  

r e t r o s p e c t i v e l y  c o n f i r m e d  by s t a t i s t i c a l  a n a l y s i s  of a few 

r e p r e s e n t a t i v e  a ssays.

3 . 8 . 4.7 E f f i c i e n c y

The s e n s i t i v i t y  of the E L I S A  was a p p a r e n t l y  

s u f f i c i e n t  for the d e t e c t i o n  o f  a n t i b o d i e s  to u v e a l  

m e l a n o m a  a n t i g e n s  in the h y b r i d o m a  s u p e r n a t a n t s .  The 

p r e p a r a t i o n  of the E L I S A  p l a t e s  was, h o w e v e r ,  l a b o r i o u s  

and e x p e n s i v e .  In a d d i t i o n ,  b o t h  g l u t a r a l d e h y d e  and 

p o l y - L - l y s i n e  are k n o w n  to a l t e r  the a n t i g e n i c i t y  of

cells. For e x a m p l e ,  o t h e r  w o r k e r s  h a v e  s h o w n  that

t r a n s p l a n t a t i o n  a n t i g e n s  and M o l o n e y  l e u k a e m i a

v i r u s - a s s o c i a t e d  a n t i g e n s ,  e x p r e s s e d  by m o u s e  f i b r o b l a s t s ,  

w e r e  a l m o s t  c o m p l e t e l y  d e s t r o y e d  by f i x a t i o n  w i t h  0 . 2 5 %  

g l u t a r a l d e h y d e  for five m i n u t e s  at 20°C (Gatti e t a 1 

1974), and that p o l y - L - l y s i n e  can a l t e r  the a n t i g e n i c i t y  

of c e l l s  (Van E w y k  et al 1980). A ’d r y ’ m e t h o d  of

a t t a c h i n g  cel l s  to E L I S A  p lates, first d e s c r i b e d  by E f f r o s  

and a s s o c i a t e s  (1985), was, t h e r e f o r e ,  t r i e d  b e c a u s e  it 

e l i m i n a t e d  the n e e d  for p o l y - L - l y s i n e ,  g l u t a r a l d e h y d e _ ^ s - d  

s t o r a g e  m e d i a .  This p r o v e d  to be as e f f i c i e n t  as the

c o n v e n t i o n a l  t e c h n i q u e s .  W i t h  these p l a t e s  the

p r o b a b i l i t y  of d e t e c t i n g  c y t o p l a s m i c  r a t h e r  than m e m b r a n e  

a n t i g e n s  is said to be g r e a t e r  than w i t h  the

c o n v e n t i o n a l l y  p r e p a r e d  E L I S A  p l a t e s  ( P e r s o n a l

c o m m u n i c a t i o n ,  B. W r i g h t ,  C o r a l a b s ,  C a m b r i d g e ) .  In

p r a c t i c e ,  h o w e v e r ,  there was p r o b a b l y  l i t t l e  d i f f e r e n c e  

b e t w e e n  the two m e t h o d s .



The p r o d u c t i o n  of m o n o c l o n a l  a n t i b o d i e s  to 

c y t o p l a s m i c  a n t i g e n s  s u g g e s t s  that a l t h o u g h  w h o l e  m e l a n o m a  

cells w e r e  a t t a c h e d  to the E L I S A  p l a t e s  c y t o p l a s m i c  

a n t i g e n s  w e r e  a l s o  i n f l u e n c i n g  the r e s u l t s  and p o s s i b l y  

d o m i n a t i n g  the s e l e c t i o n  of m o n o c l o n a l  a n t i b o d i e s .  T his 

could h a v e  o c c u r r e d  b e c a u s e  the m e m b r a n e s  of a p p a r e n t l y  

i ntact cel l s  w e r e  n e v e r t h e l e s s  p e r m e a b l e  to a n t i b o d i e s  or 

b e c a u s e  r u p t u r e  of e v e n  a small n u m b e r  of t u m o u r  c e l l s  

e x p o s e d  s u f f i c i e n t  a m o u n t  s of c y t o p l a s m i c  a n t i g e n s  to 

i n t e r f e r e  w i t h  the assay.

3.8 . 5  C h o i c e  of the rat h y b r i d o m a  s y s t e m

The rat h y b r i d o m a  s y s t e m  was u s e d  b e c a u s e  it has a 

n u m b e r  of a d v a n t a g e s  r e l a t i v e  to the m o u s e  s y s t e m  

( d i s c u s s e d  by C l a r k  e t a 1 1983; C a m p b e l l  1984 ). F i r s t l y ,

rat h y b r i d o m a s  tend to be m o r e  s t a b l e  in the e a r l y  s t a g e s  

of cell c u l t u r e .  S e c o n d l y ,  rats are m o r e  e a s i l y  h a n d l e d  

than m i c e  and y i e l d  l a r g e r  a m o u n t s  of serum. One

p o t e n t i a l  d i s a d v a n t a g e  is that the Y3 m y e l o m a  c e l l s  can 

p r o d u c e  t h e i r  own k a p p a  light c h a i n  w h i c h  can r e s u l t  in 

m o n o c l o n a l  a n t i b o d i e s  of m i x e d  s p e c i f i c i t i e s  ( d i s c u s s e d  

by C a m p b e l l  1984).

3 . 8 . 6  S c r e e n i n g  of h y b r i d o m a s

D e s p i t e  the h i g h  s e n s i t i v i t y  of the E L I S A  the 

s e l e c t i o n  of r e l e v a n t  h y b r i d o m a s  w a s  not a l w a y s  

s t r a i g h t f o r w a r d , e s p e c i a 1 1 y a f t e r  v e r y  s u c c e s s f u l  f u s i o n s .  

I n i t i a l l y ,  w h e n  s c r e e n i n g  p r i m a r y  h y b r i d o m a s ,  u n f u s e d  

s p l e n i c  l y m p h o c y t e s  and m y e l o m a  c e l l s  w e r e  u s e d  as 

n e g a t i v e  c o n t r o l s .  R e t r o s p e c t i v e  e v a l u a t i o n ,  h o w e v e r ,
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d e m o n s t r a t e d  that the b e s t  n e g a t i v e  c o n t r o l s  w e r e  the 

n e g a t i v e  h y b r i d o m a s  w h i c h  u s u a l l y  p r e d o m i n a t e d .  B e t w e e n  

five and ten h y b r i d o m a s ,  w h i c h  p r o d u c e d  the h i g h e s t

r e s u l t s  on ELIS A ,  w e r e  t h e r e f o r e  s e l e c t e d  for f u r t h e r

study.

T h e o r e t i c a l l y ,  ’w e a k  positives', c o u l d  h a v e  b e e n  

d i r e c t e d  a g a i n s t  e q u a l l y  i m p o r t a n t  a l t h o u g h  less a b u n d a n t  

a n t i g e n s .  It was d i f f i c u l t ,  h o w e v e r ,  to d i s t i n g u i s h  such 

w e a k  r e a c t i v i t y  fro m  e x p e r i m e n t a l  v a r i a t i o n  in the E L I S A  

and, f u r t h e r m o r e ,  it is u n l i k e l y  that such rare a n t i g e n s

w o u l d  s u b s e q u e n t l y  h a v e  b e e n  d e t e c t e d  by o t h e r  m e t h o d s

such as W e s t e r n  B l o t t i n g  or i m m u n o h i s t o c h e m i s t r y .

3.8.7 L o s s  of r e a c t i v i t y  of h y b r i d o m a s

In f u s i o n  18/2, some of the p r i m a r y  h y b r i d s  w h i c h  

r e a c t e d  w i t h  m e l a n o m a  cel l s  on i n i t i a l  s c r e e n i n g  w e r e  

s t o r e d  in l i q u i d  n i t r o g e n  but these b e c a m e  n e g a t i v e  

f o l l o w i n g  such c r y o p r e s e r v a t i o n . In f u s i o n  53/1,

t h e r e f o r e ,  the p o s i t i v e  p r i m a r y  h y b r i d s  w e r e  s u b c l o n e d  

d i r e c t l y  f r o m  the 96- or 2 4 - w e l l  c u l t u r e  p l a t e  at 

d e n s i t i e s  of 1-5 c e l l s / w e l l .  This was d one in o r d e r  to 

p e r f o r m  the p r i m a r y  s u b c l o n i n g  as soon as p o s s i b l e  a f t e r  

f u s i o n  and b e f o r e  the i m m u n o g l o b u l i n - s e c r e t i n g  h y b r i d  

cells w e r e  o v e r g r o w n  by m o r e  r a p i d l y  g r o w i n g  n o n - p r o d u c i n g  

h y b r i d  c e l l s  in the same well. S u b c l o n e d  h y b r i d o m a s  w h i c h  

w e r e  p o s i t i v e  p r i o r  to c r y o p r e s e r v a t i o n  w e r e  a g a i n  f o u n d  

to be n e g a t i v e  a f t e r  s t o r a g e .  T h e r e  s e e m e d  to be l i t t l e  

d i f f e r e n c e ,  t h e r e f o r e ,  b e t w e e n  the two t e c h n i q u e s .

104



3 . 8 . 8  C l a s s e s  of m o n o c l o n a l  a n t i b o d i e s

M o s t  of the m o n o c l o n a l  a n t i b o d i e s  p r o d u c e d  in this 

s t u d y  w e r e  of the IgM class. This m a y  be due to the 

i m m u n i s a t i o n  p r o t o c o l ,  w i t h  large final a n t i g e n i c  b o o s t s  

b e i n g  g i v e n  four days p r i o r  to fusion. It m a y  a l s o  be due 

to the s e l e c t i o n  p r o c e d u r e :  low e r  a f f i n i t y  IgM a n t i b o d i e s

by v i r t u e  of t h e i r  m u l t i v a l e n c e  m a y  h a v e  b e e n  f a v o u r e d  by 

large a m o u n t s  of c l o s e l y  s p a c e d  a n t i g e n  on the s e l e c t i n g  

plates. M o n o c l o n a l  a n t i b o d i e s  of the IgM c l a s s  h a v e  a 

n u m b e r  of t h e o r e t i c a l  d i s a d v a n t a g e s  r e l a t i v e  to IgG: 

b e c a u s e  of t h eir m u l t i v a l e n c e  they are m o r e  l i k e l y  to 

c r o s s - r e a c t  w i t h  n o n - s p e c i f i c  a n t i g e n s  (Gh o s h  & C a m p b e l l  

1986) and, in v i v o , the i r  large size m a y  p r e v e n t  

s u f f i c i e n t  a c c e s s  to the tumour.

3.8.9 C o n c l u d i n g  r e m a r k s

S i nce each m o n o c l o n a l  a n t i b o d y  was c o n s i d e r e d  to be
r

a tool r a t h e r  than an end in itself, f u r t h e r  f u s i o n s  w e r e  

not p e r f o r m e d  u n t i l  the p o t e n t i a l  of the a n t i b o d i e s  

a l r e a d y  a v a i l a b l e  had b e e n  i n v e s t i g a t e d .
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Chapter 4

S T U D I E S  ON A N T I G E N S  D E T E C T E D  BY M O N O C L O N A L  A N T I B O D I E S

U S I N G  I M M U N O E L E C T R O P H O R E T I C  T E C H N I Q U E S

4. 1 Int r o d u c  t ion

W e s t e r n  B l o t t i n g  ( T o w b i n  et a 1 1979 ) was p e r f o r m e d

to p r o v i d e  an i n d i c a t i o n  of the m o l e c u l a r  w e i g h t  and

b i o c h e m i c a l  n a t u r e  of the a n t i g e n s  r e c o g n i s e d  by the

m o n o c l o n a l  a n t i b o d i e s  p r o d u c e d  in this study. This

t e c h n i q u e  is d e s c r i b e d  f u l l y  in S e c t i o n  2.11. B r i e f l y ,

p r o t e i n s  in the s a m p l e  of u v e a l  m e l a n o m a  c e l l s  w e r e

s e p a r a t e d  a c c o r d i n g  to t h e i r  m o l e c u l a r  w e i g h t  by

S D S - p o l y a c r y l a m i d e  gel e l e c t r o p h o r e s i s  (Fig. 4.1 ) .  T h e y

w e r e  t hen t r a n s f e r r e d  to an i m m o b i l i s i n g  m a t r i x  by

e l e c t r o p h o r e t i c  e l u t i o n  so that the r e l e v a n t  a n t i g e n s

cou l d  be l o c a t e d  by a u t o r a d i o g r a p h y  f o l l o w i n g  s u c c e s s i v e

i n c u b a t i o n s  w i t h  rat m o n o c l o n a l  a n t i b o d y ,  r a b b i t
125a n t i - r a t  i m m u n o g l o b u l i n  and, f i n a l l y ,  I - l a b e l l e d

p r o t e i n  A. S t a n d a r d  m a r k e r s  w e r e  i n c l u d e d  in all gels.

4 . 2 A n t i g e n s  d e t e c t e d  by W e s t e r n  B l o t t i n g

O n l y  mAb 4A3 and m A b  4 B 4 - 2  r e a c t e d  w i t h  u v e a l  

m e l a n o m a  a n t i g e n s  on W e s t e r n  B l o t t i n g .  The 4A3 m o n o c l o n a l  

a n t i b o d y  r e a c t e d  p o s i t i v e l y  w i t h  all ten m e l a n o m a s  t e s t e d . 

M o s t  t u m o u r s  d e m o n s t r a t e d  two b a n d s  w i t h  m o l e c u l a r  w e i g h t s  

of a p p r o x i m a t e l y  61kD and 5 8kD r e s p e c t i v e l y  (Fig. 4.2). 

U n l i k e  the 6 1kD band, the 58kD b a n d  v a r i e d  in i n t e n s i t y  

f r o m  t u m o u r  to t u m o u r  (Fig. 4.3). M o n o c l o n a l  a n t i b o d y  

4 B 4 - 2  d e t e c t e d  an a n t i g e n  w i t h  a m o l e c u l a r  w e i g h t  of 

a p p r o x i m a t e l y  66kD (Fig. 4.4).
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F i g u r e  4.1 S i l v e r  n i t r a t e  s t a i n  of h o m o g e n i s e d  u v e a l

m e l a n o m a  cells s e p a r a t e d  by S D S - P A G E .

L a n e  1 . 

L a n e  2.

H o m o g e n i s e d  u v e a l  m e l a n o m a  cells 

P h a r m a c i a  low m o l e c u l a r  w e i g h t  

s t a n d a r d s

p r o t e i n



Dye f ront



F i g u r e  4.2 R e a c t i v i t y  of m A b  4A3 w i t h  u v e a l  m e l a n o m a

on W e s t e r n  b l o t t i n g .  H o m o g e n i s e d  u v e a l  m e l a n o m a  cells w e r e

s e p a r a t e d  by S D S - P A G E  and b l o t t e d  o nto n i t r o c e l l u l o s e

p ap e r .  The cell p r o t e i n s  are d e m o n s t r a t e d  by the a m ido

b l a c k  s t a i n  (A). A n t i g e n s  d e t e c t e d  by m A b  4A3 w e r e

i d e n t i f i e d  by a u t o r a d i o g r a p h y  u s i n g  r a b b i t  a n t i - r a t  IgG
12 5(H & L) as the s e c o n d  a n t i b o d y  and the I p r o t e i n  A 

d e t e c t i o n  s y s t e m  (B). The m o l e c u l a r  w e i g h t s  of the 4A3 

a n t i g e n s  are 58 kD and 55 k D .

A. A m i d o  b l a c k

B. A u t o r a d i o g r a p h

1 . 

2 .

P h a r m a c i a  low m o l e c u l a r  w e i g h t  p r o t e i n  

s t a n d a r d s

H o m o g e n i s e d  u v e a l  m e l a n o m a  cells
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Figure 4.3 Inte r-tumour var i a t i o n  of the 4A3 antigen,

(i) H o m o g e n i s e d  cells f r o m  d i f f e r e n t  u v e a l  m e l a n o m a s  w e r e  

s e p a r a t e d  by S D S - P A G E  and b l o t t e d  o n t o  n i t r o c e l l u l o s e

p a p e r  (A). The a n t i g e n s  d e t e c t e d  by the 4A3 m o n o c l o n a l
. . . 125a n t i b o d y  w e r e  i d e n t i f i e d  by a u t o r a d i o g r a p h y  u s i n g  the I

p r o t e i n  A s y s t e m  (B).

A m i d o  b l a c k s t a i n  

A u t o r a d i o g r a p h

H o m o g e n i s e d  c e l l s  f r o m  u v e a l  m e l a n o m a  PE 

H o m o g e n i s e d  c e lls f r o m  u v e a l  m e l a n o m a  PO 

H o m o g e n i s e d  cel l s  p o o l e d  f r o m  u v e a l  m e l a n o m a s

2,4 and 5.

H o m o g e n i s e d  c e l l s  p o o l e d  f r o m  u v e a l  m e l a n o m a s  

1 1 and 13

A.

B .

L a n e  1 

L a n e  2 

L a n e  3

L a n e  4
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Figure 4.3 Int er-tum ou r v a r i ation  of the 4A3 antigen.

(ii) H o m o g e n i s e d  c e l l s  f r o m  thr e e  u v e a l  m e l a n o m a s  w e r e

s e p a r a t e d  by S D S - P A G E  and b l o t t e d  o nto n i t r o c e l l u l o s e

p a p e r  (A). The a n t i g e n s  d e t e c t e d  by m A b  4A3 w e r e
1 25i d e n t i f i e d  by a u t o r a d i o g r a p h y  u s i n g  the . I p r o t e i n  A 

s y s t e m  (B). The first b a n d  is s i m i l a r  in eac h  tumour, 

w h e r e a s  the s e c o n d  b a n d  shows m o r e  v a r i a t i o n .

A. A m i d o  b l a c k  s t a i n
B. A u t o r a d i o g r a p h

L a n e s  1-3 H o m o g e n i s e d  c e lls f rom t h ree d i f f e r e n t  u v e a l 

m e l a n o m a s





Figure 4.4 Re ac tivity of mAb 4B4-2 with uveal melanoma,

d e m o n s t r a t e d  by W e s t e r n  b l o t t i n g .  H o m o g e n i s e d  uveal

m e l a n o m a  c e lls w e r e  s e p a r a t e d  by S D S - P A G E  and b l o t t e d  onto

n i t r o c e l l u l o s e  p a p e r  (A). The a n t i g e n  d e t e c t e d  by the

4 B 4 - 2  m o n o c l o n a l  a n t i b o d y  was i d e n t i f i e d  by
12 5a u t o r a d i o g r a p h y  u s i n g  the I p r o t e i n  A s y s t e m  (B). The 

m o l e c u l a r  w e i g h t  of the a n t i g e n  is a p p r o x i m a t e l y  66 k D .

A. A m i d o  b l a c k  s t a i n
B. A u t o r a d i o g r a p h

low m o l e c u l a r  w e i g h t  p r o t e i n  

u v e a l  m e l a n o m a  cells

1. P h a r m a c  ia 

s t a n d a r d s

2. H o m o g e n i  sed
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4.3 4A3 a n t i g e n  in cell m e m b r a n e  and n u c l e u s

A b l o t  was p e r f o r m e d  to i n v e s t i g a t e  the p r e s e n c e  of 

a n t i g e n  4A3 in a cell m e m b r a n e  p r e p a r a t i o n  and in a 

n u c l e a r  p r e p a r a t i o n ,  b o t h  f r o m  c e l l s  p o o l e d  f r o m  a n u m b e r  

of u v e a l  m e l a n o m a s  as d e s c r i b e d  in S e c t i o n  2.3.3. The 

c o n t e n t s  of each of t h ese two p r e p a r a t i o n s  w e r e  e x a m i n e d  

by e l e c t r o n  m i c r o s c o p y .  The cell m e m b r a n e  p r e p a r a t i o n  

c o n s i s t e d  of f r a g m e n t s  of p l a s m a l e m m a  as w e l l  as 

i n t r a c e l l u l a r  o r g a n e l l e s  (Fig. 4.5 i )  w h e r e a s  the n u c l e a r  

p r e p a r a t i o n  c o n s i s t e d  m o s t l y  of n u c l e i  (Fig 4 . 5 i i ) .  

M e l a n i n  g r a n u l e s  and a m o r p h o u s  m a t e r i a l ,  s u g g e s t i v e  of 

c y t o p l a s m ,  w e r e  seen in b o t h  p r e p a r a t i o n s .  The e f f e c t s  of 

m e r c a p t o e t h a n o l , w h i c h  d e s t r o y s  d i s u l p h i d e  l i n k a g e s ,  and 

of b o i l i n g ,  on the 4A3 a n t i g e n  w e r e  als o  i n v e s t i g a t e d .

The r e s u l t s  are s h o w n  in Figs. 4.6 and 4.7. 

M e r c a p t o e t h a n o l  f r a g m e n t e d  h i g h  m o l e c u l a r  w e i g h t  m o l e c u l e s  

( range 1 3 4 - 2 1 8 k D )  into a v a r i e t y  of s m a l l e r  c o m p o n e n t s ,  

r a n g i n g  f r o m  less than 20kD to 54kD, w h e r e a s  b o i l i n g  had 

l i t t l e  eff e c t ,  o n l y  r e s u l t i n g  in the d i s a p p e a r a n c e  of 9 6kD  

and 4 6 k D  m o l e c u l e s  in the m e m b r a n e  and n u c l e a r  

p r e p a r a t i o n s  r e s p e c t i v e l y .  The n u c l e a r  p r e p a r a t i o n

c o n t a i n e d  m o r e  of the low m o l e c u l a r  w e i g h t  4A3 a n t i g e n  

than did the m e m b r a n e  p r e p a r a t i o n  (Fig. 4.7).
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F i g u r e  4.5 Components. of m e m b r a n e  and n u c l e a r  

p r e p a r a t i o n s ,  m a d e  f r o m  u v e a l  m e l a n o m a  cells, d e m o n s t r a t e d  

by e l e c t r o n  m i c r o s c o p y ,  (i) Cell m e m b r a n e  p r e p a r a t i o n .  

M e m b r a n o u s  s t r u c t u r e s  and c y t o p l a s m i c  d e b r i s  (x 4000).

(ii) N u c l e a r  p r e p a r a t i o n .  N u c l e i  and c y t o p l a s m i c  d e b r i s  

(x 9900).



Fig.  4.5 ( i )

Fig. 4.5 ( i i )



Figure 4.6 Antigens detected by mAb 4A3 in a membrane

p r e p a r a t i o n  m a d e  f r o m  u v e a l  m e l a n o m a  cells. M e m b r a n e

p r e p a r a t i o n s  f r o m  p o o l e d  u v e a l  m e l a n o m a s  w e r e  s e p a r a t e d  by

S D S - P A G E  d i r e c t l y ,  or a f t e r  t r e a t m e n t  w i t h

m e r c a p t o e t h a n o l , or b o i l i n g ,  or both. The e l e c t r o p h o r e t i c

s t r i p s  w e r e  t r a n s f e r r e d  to n i t r o c e l l u l o s e  p a p e r  (A) and

the 4A3 a n t i g e n s  w e r e  i d e n t i f i e d  by a u t o r a d i o g r a p h y  u s i n g  
12 5the I p r o t e i n  A s y s t e m  (B). W h e r e a s  b o i l i n g  had lit t l e  

a p p a r e n t  e f f e c t ,  m e r c a p t o e t h a n o 1 f r a g m e n t e d  the high 

m o l e c u l a r  w e i g h t  m o l e c u l e s  into a n u m b e r  of small

c o m p o n e n  t s .

A. 

B .

A m i d o  b l a c k  s t a i n  

A u t o r a d  i o g r a p h

L a n e  1 

L a n e  2 

L a n e  3

L a n e  4 

L a n e  5

No m e r c a p t o e t h a n o 1; no b o i l i n g  

B o i 1 ing only

P h a r m a c i a  low m o l e c u l a r  w e i g h t  

s t a n d a r d s

M e r c a p t o e t h a n o 1 o nly  

M e r c a p t o e t h a n o l  and b o i l i n g

p r o t e i n





Figure 4.7 Antigens detected by mAb 4A3 in a

c y t o p l a s m / n u c l e u s  p r e p a r a t i o n  m a d e  f r o m  u v e a l  m e l a n o m a

cells. E x t r a c t s  f r o m  s e v e r a l  t u m o u r s  w e r e  s e p a r a t e d  by

S D S - P A G E  d i r e c t l y ,  or a f t e r  t r e a t m e n t  w i t h

m e r c a p t o e t h a n o l , or b o i l i n g ,  or both. The e l e c t r o p h o r e t i c

s t r i p s  w e r e  t r a n s f e r r e d  to n i t r o c e l l u l o s e  p a p e r  (A) and

the 4A3 a n t i g e n s  w e r e  i d e n t i f i e d  by a u t o r a d i o g r a p h y  u s i n g  
12 5 .the I p r o t e i n  A s y s t e m  (B). The n u c l e a r  p r e p a r a t i o n

c o n t a i n e d  m o r e  low m o l e c u l a r  w e i g h t  4A3 a n t i g e n s  than did 

the m e m b r a n e  p r e p a r a t i o n .

A. A m i d o  b l a c k  s t a i n

A u t o r a d i o g r a p h

No m e r c a p t o e t h a n o 1; no b o i l i n g  

B o i l i n g  o n l y

P h a r m a c i a  low m o l e c u l a r  w e i g h t  p r o t e i n  

s t a n d a r d s

M e r c a p t o e t h a n o 1 o n l y  

M e r c a p t o e t h a n o 1 and b o i l i n g

B .

L a n e  1 . 

L a n e  2. 

L a n e  3.

L a n e  4.
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4 .4 D i s u l p h i d e  l i n k a g e s  in the 5 5 - 6 2  kD 4A3 a n t i g e n

The 6 ] kD a n t i g e n  was f u r t h e r  i n v e s t i g a t e d  by a 

m o d i f i c a t i o n  of two d i m e n s i o n a l  e l e c t r o p h o r e s i s  ( C l e v e l a n d  

e t a 1 1977 ). The u v e a l  m e l a n o m a  cell p r o t e i n s  w e r e

s e p a r a t e d  by S D S - g e l  e l e c t r o p h o r e s i s ;  the b a n d  c o n t a i n i n g  

the 4A3 a n t i g e n  was then e x c i s e d  f r o m  the gel and, a f t e r  

i n c u b a t i o n  w i t h  m e r c a p t o e t h a n o l , p l a c e d  s i d e w a y s  in a 

s e c o n d  gel (Fig. 4.8). The m o l e c u l a r  w e i g h t s  of this

a n t i g e n ,  61 and 58. 5 k D ,  w e r e  f o u n d  to be u n a l t e r e d  by 

the m e r c a p t o e t h a n o l .

4.5 E n z y m a t i c  d e g r a d a t i o n  of the 4A3 a n t i g e n

A u v e a l  me 1 a n o m a  m e m b r a n e  p r e p a r a t i o n  was d i v i d e d

into four a l i q u o t s  w h i c h  w e r e  i n c u b a t e d  in n e u r a m i n i d a s e

or PBS, b o t h  w i t h  and w i t h o u t  m e r c a p t o e t h a n o l .  W e s t e r n  

B l o t t i n g  s h o w e d  that the n e u r a m i n i d a s e  did not

• s i g n i f i c a n t l y  a l t e r  the 5 5 - 5 7 k D  4A3 a n t i g e n  (Fig. 4.9).

In a d i f f e r e n t  e x p e r i m e n t  a p r e p a r a t i o n  of f r e s h

u v e a l  m e l a n o m a  c e lls was d i v i d e d  into six a l i q u o t s  w h i c h  

w e r e  i n c u b a t e d  w i t h  p e p s i n ,  c h y m o t r y p s i n , t r y p s i n ,

e n d o g l y c o s i d a s e , n e u r a m i n i d a s e  or PBS r e s p e c t i v e l y .  The 

5 8 . 5 k D  4A3 a n t i g e n  was o n l y  v i s i b l e  in the c o n t r o l

s p e c i m e n ,  s u g g e s t i n g  that each of the e n z y m e s  t e s t e d  had 

d i g e s t e d  the a n t i g e n  w h i c h  c o n t a i n e d  the e p i t o p e  

(Fig. 4.10).
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F i g u r e  4.8 E f f e c t  of m e r c a p t o e t h a n o l  on 4A3 a n t i g e n ,  

d e m o n s t r a t e d  by t w o - d i m e n s i o n a l  blot. U v e a l  m e l a n o m a  

p r o t e i n s  w e r e  s e p a r a t e d  by S D S - P A G E  in d u p l i c a t e .  The 

b a n d s  c o n t a i n i n g  the 4A3 a n t i g e n  d o u b l e t  w e r e  exc i s e d .  

A f t e r  i n c u b a t i n g  the s a m p l e s  in m e r c a p t o e t h a n o l  or 

t r a n s f e r  b u f f e r  the gel f r a g m e n t s  w e r e  p l a c e d  s i d e w a y s  in 

a s e c o n d  gel and f u r t h e r  s e p a r a t e d  by S D S - P A G E .  The 

p r o t e i n s  w e r e  t r a n s f e r r e d  to n i t r o c e l l u l o s e  p a p e r  (A) and

the 4A3 a n t i g e n s  i d e n t i f i e d  by a u t o r a d i o g r a p h y  u s i n g  the
12 5 _ . ,I p r o t e i n  A system. The m e r c a p t o e t h a n o l  has not

a p p a r e n t l y  a f f e c t e d  the 61 kD a n t i g e n .

A. A m i d o  b l a c k

B. A u t o r a d i o g r a p h

No m e r c a p t o e t h a n o l  

M e r c a p t o e t h a n o l

P h a r m a c i a  low m o l e c u l a r  w e i g h t  p r o t e i n  

s t a n d a r d s

L a n e  1 

L a n e  2 

L a n e  3



Fig.  4.8



Figure 4.9 Effect of n euraminidase and/or m e r c a p toethanol

on the 4A3 a n t i g e n .  A m e m b r a n e  p r e p a r a t i o n  m a d e  fro m

p o o l e d  u v e a l  m e l a n o m a s  w a s  d i v i d e d  into four a l i q u o t s

w h i c h  w e r e  i n c u b a t e d  in n e u r a m i n i d a s e  or PBS, b o t h  w i t h

and w i t h o u t  m e r c a p t o e t h a n o l .  The p r o t e i n s  w e r e  then

s e p a r a t e d  by S D S - P A G E  and t r a n s f e r r e d  to n i t r o c e l l u l o s e

p a p e r  (A). The 4A3 a n t i g e n  was i d e n t i f i e d  by
125a u t o r a d i o g r a p h y  u s i n g  the I p r o t e i n  A system.

A. Ami do b l a c k  s t ain

B. A u t o r a d i o g r a p h

P h a r m a c i a  low m o l e c u l a r  w e i g h t  s t a n d a r d

p r o t e i n s

No n e u r a m i n i d a s e ;  m e r c a p t o e t h a n o l  

No n e u r a m i n i d a s e ; no m e r c a p t o e t h a n o l  

N e u r a m i n i d a s e ;  no m e r c a p t o e t h a n o l  

N e u r a m i n i d a s e  and m e r c a p t o e t h a n o l

L a n e  1 .

L a n e  2 . 

L a n e  3. 

L a n e  4. 

L a n e  5.
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Figure 4.10 Effect of n e uraminidase on the 4A3 antigen.

A f r esh u v e a l  m e l a n o m a  was d i v i d e d  into six a l i q u o t s  w h i c h

w e r e  i n c u b a t e d  w i t h  n e u r a m i n i d a s e ,  e n d o g l y c o s i d a s e , PBS,

try p s i n ,  c h y m o t r y p s i n  or pep s i n .  The s a m p l e s  w e r e  then

s e p a r a t e d  by S D S - P A G E  and t r a n s f e r r e d  to n i t r o c e l l u l o s e

p a p e r  (A). The 4A3 a n t i g e n  was i d e n t i f i e d  by
12 5a u t o r a d i o g r a p h y  u s i n g  the I p r o t e i n  A s y s t e m  (B). The 

4A3 a n t i g e n  w a s  o n l y  v i s i b l e  in the c o n t r o l  s p e c i m e n  

(Lane 3).

A. A m i d o  b l a c k s t a i n

B. A u t o r a d i o g r a p h

L a n e  1 N e u r a m i n i d a s e

L a n e  2 E n d o g l y c o s i d a s e

L a n e  3 PBS

L a n e  4 T r y p s  in

L a n e  5 C h y m o t r y p s i n

L a n e  6 P e p s i n
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4.6 Discussion

4.6.1 Me thods

4 . 6 . 1 . 1 S D S - P A G E

H o m o g e n i s e d  u v e a l  m e l a n o m a  c e lls w e r e  f i rst h e a t e d

w i t h  m e r c a p t o e t h a n o l  and SDS in o r d e r  to split d i s u l p h i d e

b o n d s  and to s o l u b i l i s e  large p r o t e i n s .  The SDS p r o v i d e s

the p r o t e i n s  w i t h  a u n i f o r m  e l e c t r o s t a t i c  c h a r g e  so that

they m i g r a t e  in the gel a c c o r d i n g  to t h e i r  m o l e c u l a r

w e i g h t .  Some p r o t e i n s  can, h o w e v e r ,  s h o w  a n o m a l o u s

m i g r a t i o n  b e c a u s e  the y  are h e a v i l y  g l y c o s y l a t e d  or

b e c a u s e  t hey are not f u l l y  u n f o l d e d  by the SDS t r e a t m e n t .

The p o r o s i t y  of a p o l y a c r y l a m i d e  gel is i n v e r s e l y  r e l a t e d

to its a c r y l a m i d e  c o n c e n t r a t i o n .  In the p r e s e n t  study,

8 . 7 5 %  w / v  total a c r y l a m i d e  gels w e r e  f o u n d  to be s u i t a b l e .

The d i s c o n t i n u o u s  s y s t e m  was u s e d  in o r d e r  to i n c r e a s e  the 
r e s o l u t i o n  of the system.

4.6. 1.2 W e s t e r n  B l o t t i n g

I n s t e a d  of d i r e c t l y  a p p l y i n g  the a n t i b o d i e s  to the 

gels the p r o t e i n s  w e r e  t r a n s f e r r e d  to n i t r o c e l l u l o s e  p a p e r  

( W e s t e r n  B l o t t i n g ) .  This m e t h o d  is p r e f e r a b l e  b e c a u s e  

it o b v i a t e s  the n e e d  for c h e m i c a l  f i x a t i o n  of the

p r o t e i n s ,  and b e c a u s e  it is p o s s i b l e  for a n t i b o d i e s  of all 

c l a s s e s  to p e n e t r a t e  the p o r o u s  m e m b r a n e  to r e a c h  the 

ant i g e n s .

4 . 6 . 1 .3 P r o t e i n  A

R a d i o l a b e l l e d  p r o t e i n  A was u s e d  to l o c a l i s e  the

m o n o c l o n a l  a n t i b o d i e s  b e c a u s e  it is m o r e  s i m p l e  and

e f f i c i e n t  t han the use of r a d i o 1 a b e 1 1 ed p r i m a r y  or
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secondary antibodies. Rabbit anti-rat IgG (H & L) second

a n t i b o d y ,  w h i c h  b i n d s  to the light c h a i n s  of IgM, was 

r e q u i r e d  b e c a u s e  p r o t e i n  A d oes not s h o w  s u f f i c i e n t  

a f f i n i t y  to rat IgM.

4.6. 1.4 D e t e r m i n a t i o n  of the m o l e c u l a r  w e i g h t  of

ant igens

A l t h o u g h  six m a r k e r  p r o t e i n s  w e r e  u s e d  o n l y  four of 

t h ese w e r e  u s u a l l y  v i s i b l e  in the e l e c t r o p h o r e t i c  stri p s .  

C o r r e l a t i o n  of the s e  s t a n d a r d s  w i t h  B S A  in a p r e l i m i n a r y  

e x p e r i m e n t  d e m o n s t r a t e d  that the m i s s i n g  a n t i g e n s  w e r e  

S o y a b e a n  t r y p s i n  i n h i b i t o r  (20kD) and a - 1 a c t a l b u m i n

( 14 . 4 k D )  w h i c h  had u s u a l l y  m i g r a t e d  w i t h  the dye front.

The m o l e c u l a r  w e i g h t  of the r e l e v a n t  t u m o u r - a s s o c i a t e d  

a n t i g e n s  w a s  d e t e r m i n e d  m a t h e m a t i c a l l y  u s i n g  r e g r e s s i o n  

a n a l y s i s  and not by p l o t t i n g  a graph. This was d o n e  to

p r e v e n t  s u b j e c t i v e  bias. I n a c c u r a t e  r e s u l t s  o c c a s i o n a l l y  

o c c u r r e d  w h e n  the m a r k e r  p r o t e i n s  w e r e  i n d i s t i n c t  or w h e n  

the p r o x i m a l  e dge of the s t r i p  was p o o r l y  l o c a l i s e d .

4. 6 . 2  R e s u l t s

4.6.2. 1 A n t i g e n s  d e t e c t e d  by W e s t e r n  B l o t t i n g

O n l y  two a n t i g e n s ,  4A3 and 4 B 4 - 2 ,  s u r v i v e d  the

i m m u n o b l o t t i n g  p r o c e d u r e .  The r e m a i n i n g  a n t i g e n s  c o u l d

r e p r e s e n t  d e n a t u r e d  p r o t e i n  c o n f o r m a t i o n a l  e p i t o p e s  or

g a n g l i o s i d e s  and g l y c o l i p i d s  w h i c h  r e q u i r e  d i f f e r e n t

c h r o m a t o g r a p h i c  t e c h n i q u e s  for t h e i r  a n a l y s i s .  The 4 B 4 - 2

a n t i g e n ,  h o w e v e r ,  was s h o w n  by E L I S A  to be n o n - s p e c i f i c

r e l a t i v e  to l y m p h o c y t e s  and w a s  t h e r e f o r e  of l i t t l e  

i n t e r e s t .
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4 . 6 . 2 . 2 The 4A3 antigen

The a n t i g e n  r e c o g n i s e d  m o s t  c o n s i s t e n t l y  by the 4A3 

m o n o c l o n a l  a n t i b o d y  had a m o l e c u l a r  w e i g h t  of 6 1 - 6 2 k D .  

This a n t i g e n  was d e m o n s t r a t e d  in all u v e a l  m e l a n o m a s  

tested. A n u m b e r  of u v e a l  m e l a n o m a s  als o  e x p r e s s e d  a 

s e c o n d  a n t i g e n  w i t h  a m o l e c u l a r  w e i g h t  of 5 7 - 5 9 k D .  This 

m a y  r e p r e s e n t  a s e p a r a t e  e p i t o p e  on n o n - i d e n t i c a l  

p r o t e i n s ,  d i f f e r e n t i a l  g l y c o s y l a t i o n , or the same p r o t e i n  

w i t h  a d i f f e r e n t  d e g r e e  of p r o t e o l y t i c  d i g e s t i o n .

The e x p r e s s i o n  of the 4A3 a n t i g e n  in a m e m b r a n e  

p r e p a r a t i o n  of p o o l e d  u v e a l  m e l a n o m a s  was c o m p a r e d  to its 

e x p r e s s i o n  in n u c l e a r  p r e p a r a t i o n s  of the s ame cells. 

B o t h  p r e p a r a t i o n s  c o n t a i n e d  the 6 1 - 6 2 k D  4A3 a n t i g e n ,

p o s s i b l y  b e c a u s e  of u n a v o i d a b l e  c o n t a m i n a t i o n  of b o t h 

s a m p l e s  w i t h  c y t o p l a s m i c  m a t e r i a l .  The two p r e p a r a t i o n s  

o t h e r w i s e  s h o w e d  s i g n i f i c a n t  d i f f e r e n c e s  in that the 

n u c l e a r  e x t r a c t s  c o n t a i n e d  l a r g e r  a m o u n t s  of low m o l e c u l a r  

w e i g h t  e p i t o p e s ,  less than 2 0kD in size. The p o s s i b i l i t y  

that the 6 1 - 6 2 k D  a n t i g e n  m i g h t  c o n t a i n  m o r e  t h a n  one 4A3 

e p i t o p e ,  l i n k e d  t o g e t h e r  by d i s u l p h i d e  b o n d s ,  w a s  e x c l u d e d  

by two d i m e n s i o n a l  e l e c t r o p h o r e s i s  of the 6 1 - 6 2 k D  a n t i g e n .  

It t h e r e f o r e  seems l i k e l y  that t h ese small a n t i g e n s  w e r e  

d e r i v e d  f r o m  the h i g h  m o l e c u l a r  w e i g h t  m o l e c u l e s  w h i c h  

w e r e  v i s i b l e  o n l y  w h e n  the i n c u b a t i o n  w i t h  m e r c a p t o e t h a n o l  

was o m i t t e d .  A p o s s i b l e  r e a s o n  for the d i f f e r e n t  b a n d s  

m i g h t  be m u l t i s p e c i f i c  r e a c t i v i t y  of the 4A3 m o n o c l o n a l  

a n t i b o d y  w h i c h  is of the IgM class.

The d e g r a d a t i o n  of - the 4A3 a n t i g e n  by p e p s i n ,  

c h y m o t r y p s i n ,  t r ypsin, and e n d o g l y c o s i d a s e  s u g g e s t s  that



this a n t i g e n  is a g l y c o p r o t e i n .  N e u r a m i n i d a s e  a p p e a r e d  to 

d i g e s t  the 4A3 a n t i g e n  in the f r esh m e l a n o m a  t i s s u e  but 

not w h e n  m e l a n o m a  cells had b e e n  t r e a t e d  w i t h  

m e r c a p t o e t h a n o l  and SDS. It is p o s s i b l e  that these 

s u b s t a n c e s  d e s t r o y e d  the n e u r a m i n i d a s e ,  p r o d u c i n g  a f a l s e  

n e g a t i v e  r e s u l t  so that the 4A3 a n t i g e n  d oes i n d e e d  

c o n t a i n  s i a l y l  r e s i d u e s .  A t t e m p t s  w e r e  m a d e  to f u r t h e r  

c h a r a c t e r i s e  the 4A3 a n t i g e n  u s i n g  l e c t i n s  such as w h e a t  

g e r m  a g g l u t i n i n  ( T r i t i c u m  v u l g a r i s )  and l e n t i l  l e c t i n  

(Lens c u l i n a r i s )  but t h ese did not p r o d u c e  c o n c l u s i v e  

res u l t s .



Chapter 5

S T U D I E S  ON 4A3 A N T I G E N  IN S U B R E T I N A L  F L U I D

5.1 Int r o d u c  t ion

Uv e a l  m e l a n o m a s  are u s u a l l y  a s s o c i a t e d  w i t h  an 

e x u d a t i v e  r e t i n a l  d e t a c h m e n t  w h i c h  o c c u r s  b e c a u s e  the

h y d r o d y n a m i c  f o r c e s  r e s p o n s i b l e  for the a p p o s i t i o n  of the 

r e t i n a  to the c h o r o i d  are d i s t u r b e d .  The p r e s e n c e  of the 

4A3 a n t i g e n  in s u b r e t i n a l  f l u i d  was i n v e s t i g a t e d  by 

W e s t e r n  B l o t t i n g  in p a t i e n t s  w i t h  u v e a l  m e l a n o m a  and in 

p a t i e n t s  u n d e r g o i n g  s u r g e r y  for r e t i n a l  d e t a c h m e n t

s e c o n d a r y  to r e t i n a l  tears (ie, r h e g m a t o g e n o u s  r e t i n a l

de t a c h m e n  t ). . ' '

5 . 2 4A3 A n t i g e n  in s u b r e t i n a l  f l uid

In a p i lot s t u d y  a 1/100 d i l u t i o n  of the s u b r e t i n a l  

fluid in 0. 1 M Tris s o l u t i o n  was s h o w n  to be a d e q u a t e  for 

the p r e p a r a t i o n  of s a t i s f a c t o r y  gels. By m e a n s  of W e s t e r n  

B l o t t i n g  ( S e c t i o n  2.11) the 4A3 a n t i g e n  was d e t e c t e d  in 

the s u b r e t i n a l  f l u i d  of all of five p a t i e n t s  w i t h  u v e a l  

m e l a n o m a  t e s t e d  and in one out of two v a l i d  s a m p l e s  f r o m  

p a t i e n t s  w i t h  r h e g m a t o g e n o u s .  r e t i n a l  d e t a c h m e n t

(Fig. 5.1, i & ii).
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Figure 5.1 4A3 Antigen in subretinal fluid,

d e m o n s t r a t e d  by W e s t e r n  b l o t t i n g .  (i) The p r o t e i n s  of

s u b r e t i n a l  f l u i d  s a m p l e s  f r o m  two p a t i e n t s  w i t h  u v e a l

m e l a n o m a  and two p a t i e n t s  w i t h  r h e g m a t o g e n o u s  r e t i n a l

d e t a c h m e n t  w e r e  s e p a r a t e d  by S D S - P A G E  and t r a n s f e r r e d  to

n i t r o c e l l u l o s e  p a p e r  (A). The 4A3 a n t i g e n  was d e t e c t e d  by
1 2 5a u t o r a d i o g r a p h y  u s i n g  the I p r o t e i n  A s y s t e m  (B). This 

a n t i g e n  was p r e s e n t  in s a m p l e s  f r o m  b o t h  p a t i e n t s  w i t h  

u v e a l  m e l a n o m a ,  but not in the s a m p l e  from a p a t i e n t  w i t h  

r h e g m a t o g e n o u s  r e t i n a l  d e t a c h m e n t .  (Lane 3 is c o n s i d e r e d  

i n v a l i d  b e c a u s e  of i n s u f f i c i e n t  s a m p l e  on the 

n i t r o c e l l u l o s e  pap e r ) .

A m i d o  b l a c k  

A u t o r a d i o g r a p h

L a n e  1. P h a r m a c i a  low m o l e c u l a r  w e i g h t  p r o t e i n

s t a n d a r d s

L a n e s  2,5 S u b r e t i n a l  f l u i d  f r o m  eyes w i t h  u v e a l  m e l a n o m a  

(ie, L a n e  2: Gat; L a n e  5: Mon)

L a n e s  3,4 S u b r e t i n a l  f l u i d  f r o m  eyes w i t h  r h e g m a t o g e n o u s  

r e t i n a l  d e t a c h m e n t .

(ie, L a n e  3: Min; L a n e  4: Cam)

A. 

B .





Figure 5.1 4A3 antigen in subretinal fluid demonstrated

by W e s t e r n  b l o t t i n g .  (ii) The p r o t e i n s  of s u b r e t i n a l

f l u i d  s a m p l e s  f r o m  p a t i e n t s  w i t h  u v e a l  m e l a n o m a  and

p a t i e n t s  w i t h  r h e g m a t o g e n o u s  r e t i n a l  d e t a c h m e n t  w e r e

s e p a r a t e d  by S D S - P A G E  and t r a n s f e r r e d  to n i t r o c e l l u l o s e

p a p e r  (A). The 4A3 a n t i g e n  was d e t e c t e d  by
12 5a u t o r a d i o g r a p h y  u s i n g  the I p r o t e i n  A s y s t e m  (B). 

A n t i g e n  4A3 is d e m o n s t r a b l e  in all t h ree s a m p l e s  f rom 

p a t i e n t s  w i t h  u v e a l  m e l a n o m a ,  and in one of two v a l i d  

s a m p l e s  f r o m  p a t i e n t s  w i t h  r h e g m a t o g e n o u s  r e t i n a l

d e t a c h m e n t .

A m i d o  b l a c k  

A u t o r a d i o g r a p h

L a n e  1. P h a r m a c i a  low m o l e c u l a r  w e i g h t  p r o t e i n

s t a n d a r d s

L a n e s  3 , 5 , 7 , 8  S u b r e t i n a l  f l u i d  f rom eyes w i t h  u v e a l 

m e l a n o m a

(Lane 3: Haff; L a n e  5: Swa; L a n e s  7,8: Eva) 

L a n e s  2,4,6 S u b r e t i n a l  flu i d  f r o m  eyes w ith

r h e g m a t o g e n o u s  r e t i n a l  d e t a c h m e n t  

(Lane 2: Raff; L a n e  4: Cam; L a n e  6: McD)

A. 

B .
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5.3 Discussion

The 4A3 a n t i g e n  was d e t e c t e d  in the s u b r e t i n a l  

f l u i d  of all five p a t i e n t s  w i t h  u v e a l  m e l a n o m a .  Gels 

s t a i n e d  w i t h  C o o m a s s i e  B lue i n d i c a t e d  that the s u b r e t i n a l  

f l uid of p a t i e n t s  w i t h  r h e g m a t o g e n o u s  r e t i n a l  d e t a c h m e n t  

was d i f f e r e n t  f r o m  the s u b r e t i n a l  f l u i d  of p a t i e n t s  w i t h  

u v e a l  m e l a n o m a .  S u b r e t i n a l  f l u i d  f r o m  p a t i e n t s  w i t h  

e x u d a t i v e  r e t i n a l  d e t a c h m e n t s  m i g h t  h a v e  p r o v i d e d  b e t t e r  

c o n t r o l s  but such s a m p l e s  w e r e  not a v a i l a b l e .  W h e t h e r  the 

p o s i t i v e  r e a c t i o n  s een in one of the c o n t r o l  s a m p l e s  was 

g e n u i n e  or w h e t h e r  it was due to c o n t a m i n a t i o n  of the 

s a m p l e  w i t h  f l u i d  f r o m  an a d j a c e n t  w e l l  is u n c e r t a i n .  

M o r e  e x t e n s i v e  s t u d i e s  are r e q u i r e d ,  a l t h o u g h  s a m p l e s  of 

s u b r e t i n a l  f l u i d  for this w o r k  b e c o m e  a v a i l a b l e  v e r y  

i n f r e q u e n t l y .

It is i n t e r e s t i n g  that a n o t h e r  m e l a n o m a  m a r k e r ,  

S - 1 0 0  p r o t e i n ,  has als o  b e e n  d e t e c t e d  in the s u b r e t i n a l  

fl uid of p a t i e n t s  w i t h  u v e a l  m e l a n o m a  ( C o c h r a n  et al, U C L A  

M e d i c a l  C e n t r e ,  USA, B r i t i s h  J o u r n a l  of O p h t h a l m l o g y , 

in pre s s ) .  T e s t i n g  of s u b r e t i n a l  f l u i d  for

m e l a n o m a - a s s o c i a t e d  a n t i g e n s  is not l i k e l y  to h a v e  a 

c l i n i c a l  a p p l i c a t i o n  b e c a u s e  p a r a c e n t e s i s  of s u b r e t i n a l  

f l u i d  is t e c h n i c a l l y  d i f f i c u l t  and b e c a u s e  d i f f e r e n t  

m e t h o d s  of b i o p s y  are a l r e a d y  e s t a b l i s h e d  as a r e l i a b l e ,  

if not r o u t i n e ,  p r o c e d u r e  in s p e c i a l i s e d  c e n t r e s .  The 

d e t e c t i o n  of the 4A3 a n t i g e n  in s u b r e t i n a l  f l u i d  s u g g e s t s  

that a t t e m p t s  to d e v e l o p  m e t h o d s  for d e t e c t i n g  this and 

o t h e r  m e l a n o m a - a s s o c i a t e d  a n t i g e n s  in the s e r u m  m i g h t  be 

w o r  thwh i l e .



Chapter 6

S T U D I E S  ON THE R E A C T I V I T I E S  OF M O N O C L O N A L  A N T I B O D I E S  U S I N G  

I M M U N O P E R O X I D A S E  A N D  I M M U N O F L U O R E S C E N C E  M I C R O S C O P Y  

6 . 1 Int r o duc t ion

The r e a c t i v i t y  of some of the m o n o c l o n a l  a n t i b o d i e s  

was s t u d i e d  u s i n g  i m m u n o p e r o x i d a s e  and i m m u n o f l u o r e s c e n c e  

t e c h n i q u e s .

6.2 I m m u n o h  i s t o c h e m i s t r y

The i m m u n o h i s t o c h e m i c a l  t e c h n i q u e s  u s e d  are 

d e s c r i b e d  in d e t a i l  in S e c t i o n  2.3.6. B r i e f l y ,  f i x e d  or 

f r o z e n  t i s s u e  s e c t i o n s  w e r e  i n c u b a t e d  s u c c e s s i v e l y  w i t h  

b l o c k i n g  s o l u t i o n ,  m o n o c l o n a l  a n t i b o d y ,  p e r o x i d a s e -  

l a b e l l e d  r a b b i t  a n t i - r a t  a n t i b o d y  and s u b s t r a t e ,  w h i c h  

c o n s i s t e d  of e i t h e r  d i a m i n o  b e n z i d i n e  or a m i n o - e t h y l  

c a r b a z o l e .

6.2.1 F r o z e n - t i s s u e  s e c t i o n s

M o n o c l o n a l  a n t i b o d y  4A3 r e a c t e d  s t r o n g l y  w i t h  all 

c e lls in each of a small n u m b e r  of p r i m a r y  u v e a l

(Fig. 6. 1) and c u t a n e o u s  (Fig. 6.2) m e l a n o m a s  and in a 

m e t a s t a t i c  c u t a n e o u s  m e l a n o m a  (Fig. 6.3). T his a n t i b o d y  

a p p a r e n t l y  c r o s s -  r e a c t e d  w i t h  c e l l s  of a c u t a n e o u s  n a e v u s  

(Fig. 6.4). P o s i t i v e  r e a c t i v i t y  was a lso s e e n  w i t h

v a s c u l a r  e n d o t h e l i a l  cells, m y o - e p i t h e  1 ial cell s ,

f i b r o b l a s t s  and some i n t e r f o l 1 i c u l a r  l y m p h o c y t e s

(Fig. 6.5).

I n i t i a l  E L I S A  s t u d i e s  h a d  i n d i c a t e d  that m A b s  1C4, 

4B4-2, and 1BI w e r e  n o n - s p e c i f i c . The p r e p a r a t i o n  of 

s u f f i c i e n t  a m o u n t s  of mAb 1C4 for i m m u n o h i s t o c h e m i c a 1
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F i g u r e  6.1 M A b  4A3 r e a c t i v i t y  w i t h  p r i m a r y  u v e a l  m e l a n o m a  

d e m o n s t r a t e d  b y  i m m u n o h i s t o c h e m i s t r y  on f r o z e n  section. 

All m e l a n o m a  cel l s  s h o w  a p o s i t i v e  r e a c t i o n  (AEC, x 230).

F i g u r e  6.2 MAb 4A3 r e a c t i v i t y  w i t h  p r i m a r y  c u t a n e o u s  

m e l a n o m a  d e m o n s t r a t e d  by i m m u n o h i s t o c h e m i s t r y  on f r o z e n  

s e c t i o n .  (AEC, x 92).



Fig.  6.1

Fig. 6.2



F i g u r e  6.3 M A b  4A3 r e a c t i v i t y  w i t h  i n t r a d e r m a l  m e t a s t a s i s  

f r o m  p r i m a r y  c u t a n e o u s  m e l a n o m a  d e m o n s t r a t e d  by 

i m m u n o h i s t o c h e m i s t r y  on f r o z e n  s e c t i o n .  (DAB, x 92).

F i g u r e  6.4 M A b  4A3 r e a c t i v i t y  w i t h  c o m p o u n d  c u t a n e o u s  

n a e v u s ,  d e m o n s t r a t e d  by i m m u n o h i s t o c h e m i s t r y  on f r o z e n  

s e c t i o n  (DAB, x 92).
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F i g u r e  6.5 M A b  4A3 r e a c t i v i t y  w i t h  l y m p h o c y t e s  and 

v a s c u l a r  e n d o t h e l i a l  cel l s  ( a r r o w s ) ,  d e m o n s t r a t e d  by 

i m m u n o - h i s t o c h e m i s t r y  on f r o z e n  sec t i o n .  H u m a n  tonsil 

(DAB, x 92).
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i n v e s t i g a t i o n  was, t h e r e f o r e ,  not c o n s i d e r e d  w o r t h w h i l e .  

M A b  1B1 r e a c t e d  a g a i n s t  n u c l e a r  a n t i g e n s  (Fig. 6.6). 

M Ab 4B4-1 c r o s s - r e a c t e d  w i t h  e p i t h e l i a l  cel l s  in sweat 

g l a n d s  (Fig. 6.7) and in t o n s i l  (Fig. 6.8) but not w i t h  

p r i m a r y  and s e c o n d a r y  c u t a n e o u s  m e l a n o m a s .  F i g u r e  6.9 

shows an i n t r a d e r m a l  m e t a s t a s i s  f r o m  a p r i m a r y  c u t a n e o u s  

m e l a n o m a .  The m e l a n o m a  cells are n e g a t i v e  w h e r e a s  the 

a d j a c e n t  sweat g l a n d s  are s t r o n g l y  p o s i t i v e  (Fig. 6.10).

6 . 2 . 2  F i x e d  t i s s u e  s e c t i o n s

Mab 4A3 was t e s t e d  a g a i n s t  a s p e c i m e n  of u v e a l

m e l a n o m a  t i s s u e  w h i c h  had b e e n  fix e d  in g l u t a r a l d e h y d e

and the n  in f o r m a l d e h y d e  b e f o r e  b e i n g  e m b e d d e d  in p a r a f f i n

(Fig. 6.11). The m e l a n o m a  c e lls in the c e n t r e  of the

t u m o u r  s h o w e d  s t r o n g  c y t o p l a s m i c  s t a i n i n g .  M e l a n i n  p i g m e n t  
was e a s i l y  d i s t i n g u i s h a b l e  f r o m  DAB s t a i n i n g  by its d a r k

and g r a n u l a r  a p p e a r a n c e .  L y m p h o c y t e s  and m a c r o p h a g e s  w e r e

n e g a t i v e .  The 4A3 a n t i b o d y  s h o w e d  no r e a c t i v i t y  w i t h  the

p e r i p h e r a l  p o r t i o n s  of the tumour, w h i c h  had b e e n  f i x e d

m o r e  s t r o n g l y  (Fig. 11 iii).

MAb 4A3 was t e s t e d  a g a i n s t  s p e c i m e n s  t a k e n  f r o m  a

w i d e  r a n g e  of n o r m a 1 and n e o p l a s t i c  t i s s u e s  wh ich h a d  b e e n

f i x e d  in f o r m a l d e h y d e  and p a r a f f i n - e m b e d d e d .  P o s i t i v e

r e a c t i v i t y  of w e a k  to m o d e r a t e  i n t e n s i t y  was s e e n  w i t h

b r e a s t  c a r c i n o m a  cel l s  (Fig. 6.12) and v a s c u l a r

e n d o t h e l i a l  c e lls (Fig. 6.13).
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Figure 6.6 MAb 1B1 reactivity with cell nuclei

d e m o n s t r a t e d  by i m m u n o h i s t o c h e m i s t r y  on f r o z e n  s e c t i o n  

C u t a n e o u s  m e l a n o m a  (DAB, x 230).



Fig.  6.6



F i g u r e  6.7 M A B  4 B 4 — 1 r e a c t i v i t y  w i t h  s w eat g l a n d  

e p i t h e l i u m  d e m o n s t r a t e d  by i m m u n o h i s t o c h e m i s t r y  on f r o z e n  

s e c t i o n  (AEC, x 230).

F i g u r e  6.8 M A B  4B4-1 r e a c t i v i t y  w i t h  t o n s i l l a r  e p i t h e l i u m  

d e m o n s t r a t e d  b y  i m m u n o h i s t o c h e m i s t r y  on f r o z e n  s e c t i o n  

(DAB, X 92).
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F i g u r e  6.9 L a c k  of r e a c t i v i t y  of M A B  4B4-1 w i t h  

i n t r a d e r m a l  m e t a s t a s i s  f r o m  a p r i m a r y  c u t a n e o u s  m e l a n o m a  

d e m o n s t r a t e d  by i m m u n o h i s t o c h e m i s t r y  on f r o z e n  s e c tion. 

(AEC, X 92).

F i g u r e  6 .10 M A B  4B4-1 r e a c t i v i t y  w i t h  i n t r a d e r m a l  

g l a n d u l a r  s t r u c t u r e s  d i s p l a c e d  by m e t a s t a t i c  l e s i o n  shown 

in Fig. 6.9 d e m o n s t r a t e d  by i m m u n o h i s t o c h e m i s t r y  on 

f r o z e n  s e c t i o n .  (i) (AEC, X 230)..



Fig. 6.9

Fig. 6.10



F i g u r e  6.11 M A b  4A3 r e a c t i v i t y  w i t h  f i x e d  u v e a l  

m e l a n o m a  tissue. (i) I m m u n o p e r o x i d a s e  s t a i n i n g .  T u m o u r  

cells, but not l y m p h o c y t e s  and m a c r o p h a g e s ,  are p o s i t i v e  

(DAB, x 230). (ii) N e g a t i v e  c o n t r o l  (DAB, x 230).

(iii) S u r f a c e  of s p e c i m e n .  S t a i n i n g  was w e a k  w h e r e  there 

was r a p i d  p r i m a r y  f i x a t i o n  and s t r o n g e r  w h e r e  there was a 

d e l a y  in p r i m a r y  f i x a t i o n  (DAB, x 230).

(iv) H a e m a t o x y l i n - e o s i n  of same t u m o u r  (x 230).
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F i g u r e  6.12 M A b  4A3 r e a c t i v i t y  w i t h  b r e a s t  c a r c i n o m a ,  

d e m o n s t r a t e d  by i m m u n o h i s t o c h e m i s t r y  on fix e d  tiss u e  

p r e p a r a t i o n .  (i) M o n o c l o n a l  a n t i b o d y  (DAB, x 230). 

(ii) N e g a t i v e  c o n t r o l  s h o w i n g  n o n - s p e c i f i c  s t a i n i n g  (DAB, 

x 92) .
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F i g u r e  6.13 MAb 4A3 r e a c t i v i t y  w i t h  v a s c u l a r  

e n d o t h e l i a l  cells, d e m o n s t r a t e d  by i m m u n o h i s t o c h e m i s t r y  on 

f i xed t i s s u e  p r e p a r a t i o n ,  (i) S e c t i o n s  of r e nal c a r c i n o m a  

i n c u b a t e d  w i t h  m o n o c l o n a l  a n t i b o d y  (ii) N e g a t i v e  c o n t r o l  

(DAB, Magn. (i) and (ii) x 230).
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6.3 I m m u n o f l u o r e s c e n c e  m i c r o s c o p y

The m e t h o d s  u s e d  are d e s c r i b e d  in S e c t i o n  2.3.7. 

B r i e f l y ,  the cel l s  w e r e  a t t a c h e d  to p l a s t i c  sli d e s ,  

i n c u b a t e d  s u c c e s s i v e l y  w i t h  m o n o c l o n a l  a n t i b o d y  and 

F I T C - 1a b e 1 1 ed r a b b i t  a n t i - r a t  IgG (H&L) and then e x a m i n e d  

m i c r o s c o p i c a l l y  in u l t r a v i o l e t - b l u e  light.

M Ab 4A3 r e a c t e d  s t r o n g l y  w i t h  all c u l t u r e d  B 008 

m e l a n o m a  c e lls but o n l y  if t h e s e  had b e e n  f i x e d  w i t h  

a l c o h o l  or a c e t o n e  (Fig. 6.14); t h ere w a s  no s t a i n i n g  of 

live u n f i x e d  m e l a n o m a  cells. The a n t i g e n  a p p e a r e d  to be 

c o n c e n t r a t e d  in the p e r i - n u c l e a r  r egion. L i k e  the 4A3 

a n t i b o d y ,  M a b  4 B 4 - 2  r e a c t e d  w i t h  all f i x e d  m e l a n o m a  c e l l s 

but t e n d e d  to s h o w  d i f f u s e  c y t o p l a s m i c  s t a i n i n g  

(Fig. 6.14).

W h e r e a s  m o n o c l o n a l  a n t i b o d y  4A3 r e a c t e d  e q u i v o c a l l y  

w i t h  l y m p h o c y t e s ,  d e f i n i t e  r e a c t i v i t y  was s een w i t h  H e L a  

c e lls (Fig. 6.15).

At temp ts w e r e  m a d e  to s t a i n  m e l a n o m a  c e l l s  u s i n g  

F I T C  l a b e l l e d  M a b  4A3. A l t h o u g h  the a n t i b o d y  was l a b e l l e d  

s u c c e s s f u l l y ,  t h ere was no s t a i n i n g  of the t u m o u r  cells.



F i g u r e  6. 14 R e a c t i v i t y  of m A b s  4A3 and 4 B 4 - 2  w i t h  

c u l t u r e d  B 008 m e l a n o m a  cells, d e m o n s t r a t e d  by 

i m m u n o f l u o r e s c e n c e  m i c r o s c o p y .  (i) R e a c t i v i t y  of mAb 4A3 

s h o w i n g  f l u o r e s c e n c e  in the p e r i n u c l e a r  r e g i o n

(ii) R e a c t i v i t y  of mAb 4 B 4 - 2  s h o w i n g  d i f f u s e  c y t o p l a s m i c  

s t a i n i n g .  (iii) N e g a t i v e  c o n t r o l .  (iv) P h a s e  c o n t r a s t

m i c r o g r a p h  of a r e p r e s e n t a t i v e  f i eld (x 370).
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F i g u r e  6.15 M A b  4A3 r e a c t i v i t y  w i t h  H e L a  or m e l a n o m a  

cells, d e m o n s t r a t e d  by i m m u n o f l u o r e s c e n c e  m i c r o s c o p y ,  

(i) H e L a  c e lls (ii) M e l a n o m a  cel l s  (a) F l u o r e s c e n t  light 

(b) P h a s e  c o n t r a s t  (x 370).



(a)

(b)

Fig. 6.15 ( i )



(b)

Fig. 6.15 ( i i )



6.4. Discuss ion

6.4.1 I m m u n o h  i s t o c h e m i s t r y

M o n o c l o n a l  a n t i b o d y  4 A3 did not react s p e c i f i c a l l y  

w i t h  m e l a n o m a  cells on f r o z e n  s e c t i o n s ,  c r o s s - r e a c t i n g  

w i t h  f i b r o c y t e s ,  some l y m p h o c y t e s ,  v a s c u l a r  e n d o t h e l i a l  

cells, and n a e v u s  cells. W i t h  f i xed t i s s u e s  this a n t i b o d y  

did not s e e m  to react w i t h  l y m p h o c y t e s  and m a c r o p h a g e s ,  

a l t h o u g h  b r e a s t  c a r c i n o m a  cel l s  and v a s c u l a r  e n d o t h e l i a l  

c el l s  w e r e  p o s i t i v e .

D i f f e r e n t  m e t h o d s  of t i s s u e  f i x a t i o n  and of 

p e r f o r m i n g  the i m m u n o h i s t o c h e m i s t r y , p r o d u c e  d i f f e r e n t  

res u l t s .  (Judd & B r i t t e n  1982 ; Van E w i j k  e t a 1 1984 ;

W a r f o r d  & K e t c h i n  1986; H a n c o c k  & A t k i n s  1986; C i o c c a  & 

B j e r c k e  1986). If f u r t h e r  s t u d i e s  are p e r f o r m e d  to c o n f i r m  

the p r e l i m i n a r y  r e s u l t s  that w e r e  o b t a i n e d ,  p r e l i m i n a r y  

i n v e s t i g a t i o n s  w o u l d  be n e c e s s a r y  to d e t e r m i n e  w h i c h  

p r o t o c o l  is m o s t  s u i t a b l e .

6.4.2 I m m u n o f l u o r e s c e n c e  m i c r o s c o p y

I m m u n o f l u o r e s c e n c e  m i c r o s c o p y  d e m o n s t r a t e d  that

b o t h  4A3 and 4 B 4 - 2  react w i t h  c y t o p l a s m i c  a n t i g e n s .  The 

4A3 a n t i g e n  a p p e a r e d  to be s i t u a t e d  in the p e r i - n u c l e a r  

region. I m m u n o - e l e c t r o n  m i c r o s c o p y  w o u l d  be r e q u i r e d  to 

l o c a t e  the a n t i b o d y  m o r e  p r e c i s e l y .  P o s i t i v e  s t a i n i n g  of 

the H e L a  c e lls is f u r t h e r  e v i d e n c e  that the a n t i g e n  

r e c o g n i s e d  by the 4A3 m o n o c l o n a l  a n t i b o d y  is not s p e c i f i c  

for m e l a n o m a .  The s t a i n i n g  p a t t e r n  of the 4 B 4 - 2  a n t i g e n  

s u g g e s t s  that this a n t i g e n  is r e l a t e d  to c y t o s k e l e t a l  

e l e m e n t  s .



It was h o p e d  that by i m m u n o f l u o r e s c e n c e  m i c r o s c o p y ,  

u s i n g  the 4A3, 4 B 4 - 2  and o t h e r  a n t i b o d i e s ,  it w o u l d  be 

p o s s i b l e  to i n v e s t i g a t e  i n t r a - t u m o u r  a n t i g e n i c  

h e t e r o g e n e i t y  in u v e a l  m e l a n o m a s .  It was found, h o w e v e r ,  

that the r o d e n t  m o n o c l o n a l  a n t i b o d i e s  t e s t e d  s t a i n e d  

e i t h e r  all m e l a n o m a  c e lls or n o n e  at all, p r o b a b l y  b e c a u s e  

of the w a y  in w h i c h  the h y b r i d s  w e r e  s e l e c t e d .
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Chapter 7

S T U D I E S  ON S E R U M  A N T I B O D I E S  TO M E L A N O M A - A S S O C I A T E D  

A N T I G E N S  U S I N G  A N  I N H I B I T I O N  E L I S A  

7 . 1 I n t r o d u c t i o n

U n t i l  s t a n d a r d i s e d  p r e p a r a t i o n s  of p u r i f i e d  

m e l a n o m a - a s s o c i a t e d  a n t i g e n s  b e c o m e  a v a i l a b l e ,  a n t i g e n s  

for a s s a y s  of h u m o r a l  i m m u n i t y  to u v e a l  m e l a n o m a  w i l l  n eed  

to c o n s i s t  of a u t o l o g o u s  or a l l o g e n e i c  m e l a n o m a  cells. 

The use of w h o l e  cel l s  as a n t i g e n s  in such a s s a y s  has 

c e r t a i n  p r a c t i c a l  d i s a d v a n t a g e s .  F i r s t l y ,  c e l l s  p r e p a r e d  

f r o m  u v e a l  m e l a n o m a s  of d i f f e r e n t  i n d i v i d u a l s  d i f f e r  in 

the i r  a n t i g e n i c  e x p r e s s i o n ,  t h e r e b y  p r e v e n t i n g

r e p r o d u c i b l e  r e s u l t s  f r o m  b e i n g  o b t a i n e d  in a s s a y s  u s i n g  

such a n t i g e n s .  S e c o n d l y ,  the r e s u l t s  of t h e s e  a s s a y s  

m i g h t  be d o m i n a t e d  by the a n t i g e n s  w h i c h  are p r e s e n t  in 

the l a r g e s t  a m o u n t s  r a t h e r  than by t h ose w h i c h  are m o r e  

r e l e v a n t  or s p e c i f i c .  An i n h i b i t i o n  E L I S A  was d e v e l o p e d  in

the p r e s e n t  s t u d y  in the h o p e  of o v e r c o m i n g  t h ese  

p r o b l e m s .  The r a t i o n a l e  of the a s s a y  was as f o l l o w s :  if

the b i n d i n g  of h u m a n  s e r u m  a n t i b o d i e s  to a p a r t i c u l a r  

a n t i g e n  c o u l d  be m e a s u r e d  by the e x t e n t  to w h i c h  t h e y  

i n h i b i t  the b i n d i n g  of a x e n o g e n e i c  m o n o c l o n a l  a n t i b o d y  to 

that a n t i g e n ,  then it s h o u l d  t h e o r e t i c a l l y  be p o s s i b l e  to 

o b t a i n  r e p r o d u c i b l e  r e s u l t s  u s i n g  w h o l e  c e l l s  f r o m  

d i f f e r e n t  u v e a l  m e l a n o m a s .  The use of a m o n o c l o n a l

a n t i b o d y  as the p r o b e  s h o u l d  a lso m a k e  it p o s s i b l e  to 

i d e n t i f y  and m e a s u r e  s e r u m  a n t i b o d i e s  r e a c t i n g  w i t h  an 

a n t i g e n  w h o s e  s p e c i f i c i t y ,  s t r u c t u r e  and b i o l o g i c a l  

s i g n i f i c a n c e  m i g h t  be wel l  known.
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The m e t h o d s  are d e s c r i b e d  in d e t a i l  in 

S e c t i o n  2 . 3 . 5 . 4 .  B r i e f l y ,  b i n d i n g  of the m o n o c l o n a l  

a n t i b o d i e s  to u v e a l  m e l a n o m a  c e lls was m e a s u r e d  in the

u s u a l  f a s h i o n  a f t e r  p r i o r  i n c u b a t i o n  e i t h e r  w i t h  p a t i e n t  

s e r u m  or w i t h  c o n t r o l  s e r u m  f r o m  h e a l t h y  v o l u n t e e r s .

7.2 I n h i b i t i o n  E L I S A

The r e s u l t s  of i n h i b i t i o n  a s s a y s  u s i n g  four 

d i f f e r e n t  m o n o c l o n a l  a n t i b o d i e s  are s h o w n  in Fig. 7.1. 

S e r u m  f r o m  four out of five p a t i e n t s  w i t h  u v e a  1 m e l a n o m a  

a p p a r e n t l y  i n h i b i t e d  the b i n d i n g  of m o n o c l o n a l  a n t i b o d y  

4A3 to a l l o g e n e i c  m e l a n o m a  cells. The same sera p r o d u c e d  

v e r y  s i m i l a r  r e s u l t s  w i t h  e ach of thr e e  o t h e r  m o n o c l o n a l  

a n t i b o d i e s  (1B1, 1B4 and 4 B 4 - 1 ) .  T h e s e  r e s u l t s  did not

a p p e a r  to c o r r e l a t e  w i t h  the l e v e l s  of IgG, IgA and IgM, 

total p r o t e i n  and a l b u m i n  r e s p e c t i v e l y  in the s e r u m  

s a m p l e s  (Fig. 7.2). The e x p e r i m e n t  was r e p e a t e d  u s i n g  a 

d i f f e r e n t  set of s e r u m  s a m p l e s ,  w i t h  s i m i l a r  r e s u l t s  

(Fig. 7.3).

W h e n  the i n h i b i t i o n  E L I S A  w a s  p e r f o r m e d  u s i n g  

d o u b l i n g  d i l u t i o n s  of h u m a n  serum, the u n d i l u t e d  c o n t r o l  

s a m p l e s  t e n d e d  to g ive the h i g h e s t  M u l t i s c a n  r e a d i n g s  

(Fig. 7.4). T his s u g g e s t e d  that the h o r s e r a d i s h - l i n k e d  

r a b b i t  a n t i - r a t  IgG (H&L) a n t i b o d y  was r e a c t i n g  

n o n - s p e c i f i c a 1 1 y w i t h  a n t i b o d i e s  or o t h e r  f a c t o r s  in the 

h u m a n  s e r u m  t h e r e b y  i n t e r f e r i n g  w i t h  the r e s u l t s  of the 

i n h i b i t i o n  ELISA. This h y p o t h e s i s  was s u p p o r t e d  by the 

r e s u l t s  of a c h e q u e r b o a r d  E L I S A  (Fig. 7.5): s e r i a l

d o u b l i n g  d i l u t i o n s  of the p a t i e n t  s e r u m  and m o n o c l o n a l  

a n t i b o d y  (4A3) w e r e  d i s p e n s e d  v e r t i c a l l y  and h o r i z o n t a l l y
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Figure 7.1 Inhibition of binding of monoclonal

a n t i b o d i e s  to m e l a n o m a  c e l l s  on E L I S A  by h u m a n  serum. 

E L I S A  w e l l s ,  c o a t e d  w i t h  m e l a n o m a  cells, w e r e  i n c u b a t e d  

w i t h  s e r u m  f r o m  h e a l t h y  i n d i v i d u a l s  (1-4) and p a t i e n t s  

w i t h  u v e a l  m e l a n o m a  (A-E), p r i o r  to p e r f o r m i n g  the assay. 

S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  w i t h  d i f f e r e n t  m o n o c l o n a l  

ant i b o d i e s .



M
ul

tis
ka

n 
R

ea
di

ng

MAB 4A3 MAB 4A3

MAB 4B 4-1 MAB AB4-1

MAB 1B4

MAB 1B1

1 2 3 4 A B C D E  

Controls Patients 

EM 25

1 2 3 4  A B O D E  
Controls Patients 

EM 38

Fig, 7.1



Figure 7.2 Levels of immunoglobulins, protein and

a l b u m i n  in s e r u m  s a m p l e s  u s e d  for i n h i b i t i o n  s t u d i e s  

s u m m a r i s e d  in Fig. 7.1. M e a s u r e m e n t s  w e r e  p e r f o r m e d  in a 

r o u t i n e  h o s p i t a l  l a b o r a t o r y .
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Figure 7.3 Inhibit ion of bind ing of mAb 4A3 to

m e l a n o m a  cells  on E L I S A  by f u r t h e r  s a m p l e s  of h u m a n  se r um  

ta ken  fr om  p a t i e n t s  w i t h  u v e a l  m e l a n o m a  (F-L) and h e a l t h y  

•individuals (5-8). The sa m p l e s  w e r e  d i f f e r e n t  fro m those 

in Fig. 7.1.
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Figure 7.4 R ea ct ivity of mAb 4A3 with uveal melanoma

cells  a f t e r  i n c u b a t i o n  w i t h  d i l u t i o n s  of h u m a n  serum.

(i) W i t h  s e r u m  fr om h e a l t h y  i n d i v i d u a l s ,  m u l t i s k a n

r e a d i n g s  are h i g h e s t  w i t h  neat serum, s u g g e s t i n g  that the

s e c o n d  a n t i b o d y  is r e a c t i n g  w i t h  c o n s t i t u e n t s  of the h u m a n

serum. The d a t a w e r e  o b t a i n e d  f ro m the e x p e r i m e n t
s u m m a r i s e d  in Fig. 7.1).
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Figure 7.4 Re ac tivity  of mAb 4A3 with uveal mel an oma

ce lls  a f t e r  i n c u b a t i o n  w i t h  d i l u t i o n s  of h u m a n  serum,

(ii) W i t h  s e r u m  fr om  p a t i e n t s  w i t h  uv e al  m e l a n o m a ,  four 

out of the five sa m p l e s  a p p a r e n t l y  i n h i b i t e d  b i n d i n g  of 

mAb 4A3 r e l a t i v e  to the c o n t r o l  samples.
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Figure 7.5 Cheq ue rboard ELISA showing effect of

d i f f e r e n t  d i l u t i o n s  of s e r u m  on d i f f e r e n t  d i l u t i o n s  of 

m o n o c l o n a l  a n t i b o d y .  The E L I S A  plate, c o a t e d  w i t h  uveal  

m e l a n o m a  cells, was i n c u b a t e d  w i t h  d o u b l i n g  d i l u t i o n s  of 

s e r u m  take n fr om a si n gl e  p a t i e n t  w i t h  uv e a l  m e l a n o m a  

(rows A-H) b e f o r e  the a d d i t i o n  of d o u b l i n g  d i l u t i o n s  of 

m Ab 4A3 (rows 2-12). E v e n  at v e r y  low c o n c e n t r a t i o n s  of 

m o n o c l o n a l  an t i b o d y ,  the m u l t i s k a n  r e a d i n g  is h i g h e s t  w it h

u n d i l u t e d  serum. This s u g g e s t s  that the ra b b it  a n t i - r a t  

IgG (H & L) a n t i b o d y  c r o s s - r e a c t s  w i t h  se r u m  c o n s t i t u e n t s .
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r e s p e c t i v e l y  on the E L I S A  plate. At hi g h c o n c e n t r a t i o n s  of 

p a t i e n t  s e r u m  (ie, d i l u t i o n s  less than 1:8), high  

m u l t i s c a n  r e a d i n g s  w e r e  o b t a i n e d  ev e n  at low 

c o n c e n t r a t i o n s  of m o n o c l o n a l  a n t i b o d y  (ie, d i l u t i o n s  

g r e a t e r  than 1:2).

7.3 D i s c u s s i o n

This st u d y  s u g g e s t s  that s e r u m  f ro m m o s t  of the 

p a t i e n t s  w i t h  u ve a l  m e l a n o m a s  i n h i b i t e d  the b i n d i n g  of the 

m o n o c l o n a l  a n t i b o d i e s  to the c o r r e s p o n d i n g  a n t i g e n s .  The 

r esu lt s,  h o w e v e r ,  w e r e  s i m i l a r  w i t h  each of the m o n o c l o n a l  

a n t i b o d i e s  u se d  s u g g e s t i n g  that the b i n d i n g  of the 

m o n o c l o n a l  a n t i b o d i e s  was i n h i b i t e d  in a n o n - s p e c i f i c  

m a n n e r  by the p a t i e n t  sera. The lack of c o r r e l a t i o n  w i t h  

the i m m u n o g l o b u l i n  level s s u g g e s t s  that o t h e r  s e r u m  

c o n s t i t u e n t s  m a y  hav e c a u s e d  these res u lt s .  A n o t h e r  

p o s s i b i l i t y  is that the d i f f e r e n t  sera c o n t a i n e d  s i m i l a r  

p r o p o r t i o n s  of a n t i b o d i e s  to the d i f f e r e n t  a n t i g e n s .

The fact that pr io r  i n c u b a t i o n  w i t h  the c o n t r o l  

s e r u m  s a m pl e s  i n c r e a s e d  r a t h e r  than d i m i n i s h e d  the 

M u l t i s c a n  re a d i n g s ,  and the r e s u l t s  of the c h e q u e r b o a r d  

assay, su g g e s t  that the s e c o n d  a n t i b o d y  c r o s s - r e a c t e d  

w i t h  a n t i b o d i e s  or o t h e r  f a ct o r s in the h u m a n  serum. It is 

t h e r e f o r e  p o s s i b l e  that the s e n s i t i v i t y  of the i n h i b i t i o n  

a s s a y  w o u l d  be i n c r e a s e d  by u s i n g  a m o r e  s p e c i f i c  s e c o n d  

an ti b od y .

Th er e  are a n u m b e r  of p o t e n t i a l  p r o b l e m s  a s s o c i a t e d  

w i t h  the m e a s u r e m e n t  of s e r u m  a n t i b o d i e s  to u v e a l  

m e l a n o m a s  by m e a n s  of an i n h i b i t i o n  assay. F a l s e  p o s i t i v e  

r e s u l t s  m i g h t  be c a u s e d  by i n h i b i t i o n  of the b i n d i n g  of
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the m o n o c l o n a l  a n t i b o d i e s  by n o n - s p e c i f i c  a n t i b o d i e s  or 

o t h e r  fa ct or s. F a l s e  n e g a t i v e  r e s u l t s  c o u l d  o c c u r  if the 

h u m a n  a n t i b o d i e s  are d i s s o c i a t e d  fro m their a n t i g e n s  by 

m o n o c l o n a l  a n t i b o d i e s  of h i g h e r  af f i n i t y .  A l t e r n a t i v e l y ,  

s e r u m  a n t i b o d i e s  to t u m o u r - a s s o c i a t e d  a n t i g e n s  m i g h t  not 

bi nd  to the m e l a n o m a  cells on the E L I S A  pl at e b e c a u s e  they 

are s e q u e s t e r e d  w i t h i n  the p a t i e n t  in c o m p l e x  w i t h  e i t h e r  

the a n t i g e n  or a n t i - i d i o t y p i c  a n t i b o d i e s .  In the ca se of 

a n t i - i d i o t y p e  i n t e r a c t i o n s  it has b e e n  s u g g e s t e d  that the 

p r o b l e m  co u ld  be o v e r c o m e  by d i s s o c i a t i n g  such c o m p l e x e s  

u n d e r  a c i d i c  c o n d i t i o n s  ( S j o g r e n  et a 1 19 7 1).

D e s p i t e  all the p o t e n t i a l  d i f f i c u l t i e s  the r e s u l t s

of these p r e l i m i n a r y  s t u d i e s  are e n c o u r a g i n g  and s u g g e s t

that the use of an i n h i b i t i o n  E L I S A  for the d e t e c t i o n  of

se r u m  a n t i b o d i e s  to u ve a l  m e l a n o m a  m e r i t s  f u r t h e r  
i nve s ti ga ti o n .
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Chapter 8

S T U D I E S  ON E B V  T R A N S F O R M A T I O N  OF P E R I P H E R A L  B L Y M P H O C Y T E S  

F OR  M E A S U R I N G  H U M O R A L  I M M U N I T Y  AN D F O R  THE P R O D U C T I O N  OF 

H U M A N  H Y B R I D O M A S  TO U V E A L  M E L A N O M A S

8.1 I n t r o d u c t i o n

Q u a n t i t a t i v e  m e a s u r e m e n t s  of a n t i - t u m o u r  a n t i b o d i e s  

in the s e r u m  co u l d p r o v i d e  a false i m p r e s s i o n  of the 

e x t e nt  of an a n t i - t u m o u r  h u m o r a l  im mu n e  r e s p o n s e .  T h e r e  

are two r e a s o n s  for this: the first is the g e n e r a l

b a c k g r o u n d  n o n - s p e c i f i c  b i n d i n g  o b s e r v e d  in all s e r u m  

sa mpl es , and the se c o n d  is that the a n t i b o d i e s  m i g h t  not 

be d e t e c t e d  if they are a l r e a d y  b o u n d  to t u m o u r  a n t i g e n s  

or a n t i - i d i o t y p e s  ( S e c t i o n  7.3). Some w o r k e r s  h ave  

t h e r e f o r e  s u g g e s t e d  that it m i g h t  be b e t t e r  to a s s e s s  the 

n u m b e r  of B l y m p h o c y t e s  w h i c h  are s e c r e t i n g  the 

a n t i - t u m o u r  a n t i b o d i e s  (Cote e t a 1 1983; H o u g h t o n  e t a 1

1983 ; C a m p b e l l  et a 1 1986). Such an a p p r o a c h  has r e c e n t l y

b e c o m e  p o s s i b l e  w i t h  the d e v e l o p m e n t  of t e c h n i q u e s  for 

a c t i v a t i n g  and i m m o r t a l i s i n g  B l y m p h o c y t e s  in v i t r o  by 

i n f e c t i o n  w i t h  E p s t e i n - B a r r  v i r u s  ( S t e i n i t z  et a 1 1979 ,

r e v i e w e d  by Roder , Cole & K o z b o r  1986). This t e c h n i q u e  

has a n o t h e r  p o t e n t i a l  a d v a n t a g e  at least in theo ry:  

r e l e v a n t  B l y m p h o c y t e s  c ou ld be p r o p a g a t e d  i n d e f i n i t e l y  in 

v i t r o  for the p r o d u c t i o n  of h u m a n  m o n o c l o n a l  a n t i b o d i e s  

and these a n t i b o d i e s  co u ld  then be u s e d  to i n v e s t i g a t e  the 

n a t u r e  of the t u m o u r - a s s o c i a t e d  a n t i g e n s  that are 

s t i m u l a t i n g  the im mu n e r e sp o n se .
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This c h a p t e r  gi ves  the r e s u l t s  of a p r e l i m i n a r y  

i n v e s t i g a t i o n  into the scope of u s i n g  E p s t e i n - B a r r  v ir us  

t r a n s f o r m a t i o n  of p e r i p h e r a l  b l o o d  l y m p h o c y t e s ,  first ly ,

as a m e a n s  of s t u d y i n g  the h u m o r a l  im m un e  r e s p o n s e  to 

u vea l m e l a n o m a s  in p a t i e n t s  w i t h  this d i s e a s e  and,

s e c o nd l y , as a m e a n s  of o b t a i n i n g  s u f f i c i e n t  n u m b e r s  of 

l y m p h o c y t e s  for fusion. The m e t h o d s  h a v e  b e e n  d e s c r i b e d  

in S e c t i o n  2.5.2. B r i e f l y ,  B l y m p h o c y t e s  w e r e  e x t r a c t e d  

fro m a 20 ml s a m p l e  of p e r i p h e r a l  bl oo d, t r a n s f o r m e d  by 

i n f e c t i o n  w i t h  E p s t e i n  B arr  vi r u s  and d i s p e n s e d  into 60 

w e l l s  of a c e l l - c u l t u r e  plate. A f t e r  two to thre e w e e k s  of 

in v i t r o  c u l t u r e  w i t h  c y c l o s p o r i n  A, the s u p e r n a t a n t s  of 

the t r a n s f o r m e d  l y m p h o c y t e s  ( h e n c e f o r t h  r e f e r r e d  to as 

’t r a n s f o r m a n t s ’) and c o n t r o l s  c o n s i s t i n g  of 20% c o m p l e t e

m e d i u m  w e r e  then s i m u l t a n e o u s l y  te s t ed  by E L I S A  a g a i n s t

a u t o l o g o u s  or a l l o g e n e i c  u ve al m e l a n o m a  cell s and a g a i n s t  

co n t r o l  cells c o n s i s t i n g  of a u t o l o g o u s  or a l l o g e n e i c  

l y m p h o c y t e s .  A t r a n s f o r m a n t  was c o n s i d e r e d  to sh o w

s i g n i f i c a n t  r e a c t i v i t y  w i t h  targ et cells if its M u l t i s k a n  

r e a d i n g  was g r e a t e r  then three s t a n d a r d  d e v i a t i o n s  ov e r  

the m e a n  of six c o n t ro l s . The p r o p o r t i o n  of t r a n s f o r m a n t s  

that r e a c t e d  s i g n i f i c a n t l y  was e x p r e s s e d  as a p e r c e n t a g e  

and was c o n s i d e r e d  to be an i n d i c a t i o n  of the le vel of

h u m o r a l  i m m u n i t y  to a n t i g e n s  e x p r e s s e d  by the ta rg e t cell.

As m e n t i o n e d  above, the p o s s i b i l i t y  of p r o d u c i n g  

h u m a n  m o n o c l o n a l  a n t i b o d i e s  to uv e a l  m e l a n o m a s  w a s a l so  

i n v e s t i g a t e d .  T r a n s f o r m a n t s  w h i c h  r e a c t e d  w i t h  the u v e a l
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m e l a n o m a  c ell s by E L I S A  w e r e  e x p a n d e d  and fu sed  w i t h  c el ls  

f rom a h u m a n  1y m p h o b 1a s t o i d  cell line as d e s c r i b e d  in 

S e c t i o n  2.6. H y b r i d o m a s  w e r e  then s c r e e n e d  by E L I S A  for 

r e a c t i v i t y  w i t h  m e l a n o m a  cells.

8.2 M e a s u r e m e n t  of h u m o r a l  i m m u n i t y  to uv e al  m e l a n o m a  

by E BV  t r a n s f o r m a t i o n  of p e r i p h e r a l  b l o o d  

l y m p h o c y t e s

8.2.1 P r e l i m i n a r y  s t u di e s

A se ri es  of e x p e r i m e n t s  was p e r f o r m e d  in o r d e r  to 

d e v e l o p  an a p p r o p r i a t e  p r o t o c o l .  Th e s e  s h o w e d  that the 

t e c h n i q u e s  u se d  for l y m p h o c y t e  t r a n s f o r m a t i o n  w e r e  a l m o s t  

i n v a r i a b l y  s u c c e s s f u l ,  p r o d u c i n g  t r a n s f o r m a n t s  in a l m o s t  

all w e l l s  a ft e r  e v e r y  t r a n s f o r m a t i o n .  A p p a r e n t l y  s i m i l a r  

g r o w t h  of t r a n s f o r m a n t s  o c c u r r e d  w h e t h e r  the T l y m p h o c y t e s  

w er e  s e p a r a t e d  by r o s e t t i n g  w i t h  sh ee p  R B C ’s or w h e t h e r  

the T l y m p h o c y t e s  w e r e  k i l l e d  by a d d i n g  C y c l o s p o r i n  A to 

the c u l t u r e  m e d i u m .  The latter, p r o c e d u r e  was a d o p t e d  

b e c a u s e  it was less t i m e - c o n s u m i n g .

The E L I S A  was p e r f o r m e d  u s i n g  a i r - d r i e d  cells. 

S i m u l t a n e o u s  t e s t i n g  of s u p e r n a t a n t s  for IgM and IgG 

a n t i b o d y  p r o d u c t i o n  sh ow e d  that the v a s t m a j o r i t y  of the 

t r a n s f o r m a n t s  p r o d u c e d  IgM a n t i b o d y  (T abl e 8.1).

The r e p r o d u c i b i l i t y  of the E L I S A  was i n v e s t i g a t e d  

by s i m u l t a n e o u s l y  t e s t i n g  t r a n s f o r m a n t s  in d u p l i c a t e  w i t h  

two p la t e s  c o a t e d  w i t h  a l l o g e n e i c  m e l a n o m a  c ell s o b t a i n e d  

from a si n g l e  tumour. The same re su lt  was o b t a i n e d  in 87% 

of all w e l l s  (Table 8.2).
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T a b l e  8.1 IgM and IgG in E B V  l y m p h o c y t e  t r a n s f o r m a n t  

s u p e r n a t a n t s .  S u p e r n a t a n t s  of E B V  t r a n s f o r m e d

B l y m p h o c y t e s  of a p a t i e n t  w i t h  uv e a l  m e l a n o m a  (IS) w e r e  

s i m u l t a n e o u s l y  t e s t e d  by E L I S A  in d u p l i c a t e ,  u s i n g  two 

E L I S A  p l a te s c o a t e d  w i t h  a u t o l o g o u s  m e l a n o m a  cells. 

R e a c t i v i t y  was d e t e c t e d  u s i n g  a n t i - h u m a n  mu  and a n t i - h u m a n  

ga m m a  c h a i n  ra b b i t  a n t i b o d i e s  l a b e l l e d  w i t h  h o r s e r a d i s h  

p e r o x i d a s e .  R e s u l t s  g r e a t e r  than the m e a n  + 3 S D  of six 

c o n t r o l  r e a d i n g s  are c o n s i d e r e d  to be p o s i t i v e  and are 

i n d i c a t e d  by an as t e r i s k .

1. O p t i c a l  d e n s i t y  r e a d i n g s  of c o n t r o l  w e l l s  i n c u b a t e d  

w i t h  ra bb it  a n t i - h u m a n  mu ch a i n  a n t i b o d i e s
2. O p t i c a l  d e n s i t y  r e a d i n g s  of 60 t r a n s f o r m a n t s  i n c u b a t e d

w i t h  r ab bit  a n t i - h u m a n  mu c h a i n  a n t i b o d i e s

3 O p t i c a l  d e n s i t y  r e a d i n g s  of c o n t r o l  w e l l s  i n c u b a t e d  

w i t h  ra b b it  a n t i - h u m a n  ga m m a  ch a i n  a n t i b o d i e s

4 O p t i c a l  d e n s i t y  r e a d i n g s  of 60 trans f o r m a n t  s i n c u b a t e d  

w i t h  ra b b it  a n t i - h u m a n  ga mm a  ch a i n  a n t i b o d i e s



M e a n
3SD
M + 3 S D

0. 2 8 0  
0.256 
0. 288  
0.262  
0.276  
0.27 1 
0 .27 2  
0 .03 5  
0. 307

2 3 4
0 . 3 1 2 * 0.317 0.276
0. 60 1* 0.30 3 0.25 1
0 . 7 5 0 * 0 .32 8 0.299
0 . 7 0 8 * 0. 334 0 . 305
0. 61 5 * 0.34 1 0.335
0. 44 9 * 0.327 0. 264
0 . 4 0 5 * M e a n  : 0.32 5 0.291
0 . 4 9 0 * 3 SD : 0. 040 0 .2 7 0
0 . 3 0 8 * M + 3 S D  : 0. 365 0.291
0.304 0 .30 8
0 . 5 30 * 0 .299
0 .7 2 9 * 0 .28 5
0 .4 4 7 * 0. 282
0. 52 2 * 0.27 1
0 . 5 53 * 0 . 288
0 .4 0 9 * 0 .31 6
0 . 4 0 7 * 0.301
0. 48 2 * 0 .27 7
0 .8 3 1 * 0. 298
0 . 5 3 0* 0 .29 2
0. 48 9 * 0.3 16
1.7 15* 0. 325
0 .4 5 0 * 0. 325
0. 73 0 * 0 .2 8 9
0.43 1* 0. 282
0. 77 5 * 0. 29 2
0 . 5 7 2* 0 .29 9
0.8 29 * 0 .3 1 6
0.68 1* 0.304
0. 57 8 * 0.29 1
0.6 31 * 0.3 17
0.46 1* 0. 2 9 8
0.7 40 * 0.331
0.7 84 * 0. 32 5
0.4 24 * 0. 3 2 0
0.39 1* 0.3 14
0.4 38 * 0. 29 8
0.5 55 * 0. 29 3
0 . 6 6 6* 0. 304
0 . 4 6 5* 0 .3 0 3
0. 44 2 * 0.3 18
1 .999* 0 .2 8 5
0.4 92 * 0. 285
0. 347 * 0. 26 2
0 . 4 3 5* 0.3 14
0. 87 9 * 0 .2 9 3
0.4 12* 0 .3 0 6
0. 440 * 0.3 12
0 . 4 7 5* 0 .3 0 5
0.3 77 * 0 .2 7 9
0. 76 2 * 0. 3 2 0
0. 48 5 * 0 .2 9 8
0. 53 5 * 0. 33 5
0. 475 * 0 .3 0 8
0. 54 3 * 0 .3 0 2
0. 48 1 * 0. 294
0. 52 7 * 0.3 16
0. 588 * 0 . 3 2 3
0. 45 2 * 0. 340
0. 45 2 * 0.3 12

Table 8. 1



T ab l e  8.2 R e p r o d u c i b i l i t y  of E LI SA.  S u p e r n a t a n t s  of E BV  

t r a n s f o r m e d  l y m p h o c y t e s  of a p a t i e n t  w i t h  u ve a l  m e l a n o m a  

w e r e  s i m u l t a n e o u s l y  te s t e d  by E L I S A  in d u p l i c a t e ,  us i n g  

two E L I S A  p l a t e s  c o a t e d  w i t h  m e l a n o m a  cells from a

d i f f e r e n t  p a t ie n t . R e s u l t s  g r e a t e r  than the m e a n  +3 SD  of

six c o n t r o l  r e a d i n g s  are c o n s i d e r e d  to be p o s i t i v e  and are 

i n d i c a t e d  by an a s t e r i s k .  T w e n t y  th ree p o s i t i v e  re s u l t s  

w e r e  o b t a i n e d  w i t h  each assay, a l t h o u g h  th ese did not show 

a b s o l u t e  c o r r e l a t i o n .  The same res u l t was o b t a i n e d  in 87% 

of all we ll s.

1. O p t i c a l  d e n s i t y  r e a d i n g s  of 6 c on t r o l  w e l l s  in pl at e 1

2. O p t i c a l  d e n s i t y  r e a d i n g s  of w e l l s  in pl a t e  1

3. O p t i c a l  d e n s i t y  r e a d i n g s  of 6 c o n t r o l  w e l l s  in p l at e  2

4. O p t i c a l  d e n s i t y  r e a d i n g s  of w e l l s  in p la t e  2

5. P e r c e n t a g e  ra t i o of r e a d i n g  in pl at e 2 to r e a d i n g  in 

pl at e  1



_____________1__________2__________________ 3__________4 5_________
1 0.54 4 0. 55  0 . 6 1 0  0.564 107.882
2 0. 546  0.68 0 .50 5 0. 662  102.419
3 0. 664 0.61 0 .5 84 0. 575 99. 1 67 4
4 0 . 60 5  0. 7 3 8  0.597  0. 59 5 8 4 . 8 1 8 7
5 0 .6 35  0. 6 0 8  0. 5 5 7 0. 56 8 98 .2 8 2 4
6 0.544 0 .6 5 8  0 . 5 1 0  0. 636 101.686
7 M e a n  :0.590 0.571 M e a n  :0.560 0.572 105.388
8 3 SD s 0. 158 0. 607 3 SD :0. 134 0.663 114.909
9 M+ 3 S D :0.74 8 0 .6 5 9  M + 3 S D  :0.695 0. 912* 145.593
10 0 .6 19  0.68 115.571
1 1 0. 666 0 .65 5 103 .466
12 0 .5 25  0. 55 8 111.816
13 0.63 0 .5 97 9 9 . 69 3
14 0 . 7 6 *  0.641 88.731
15 0.721 0 . 8 2 1 *  119.795
16 0. 6 2 9 0 .7 3 8 *  123.435
17 0.8 18* 0. 755* 97. 10 12
18 0.674 0.65 2 101.77
19 0. 76 * 0. 659 9 1 . 2227
20 0 .63 6 0.661 109.339
2 1 0 . 8 0 9 *  0. 764* 9 9. 35 18
22 0 .74 5 0.63 8 8 . 9 6 4 2
23 1.098* 0 . 7 5 4 *  7 2 . 24 37
24 0. 5 42  0. 613  1 18 . 985
25 0 . 8 1 2 *  0 . 7 4 7 *  9 6 . 7 8 2 2
26 0 . 8 4 5 *  0. 669 8 3 . 2 9 1 4
27 0 . 9 2 7 *  0 . 8 2 2 *  93 . 28 7 4
28 0.76 8* 0.658. 9 0 . 1 3 5 5
29 1.021* 0. 672  6 9 . 2 4 2 8
30 0. 6 42  0.6 9 8 . 3 2 1 2
31 0.76 * 0 . 7 3 6 *  101 .881
32 0.697 0. 629  9 4 . 9 3 9 9
33 0 . 8 7 9 *  0 . 9 9 6 *  119.207
34 0.564 0.55 102.592
35 0 . 8 5 7 *  0 . 8 0 1 *  9 8 . 3 2 9 2
36 0. 736  0 .6 37 9 1 . 0 5 2 6
37 0.641 0 . 7 4 7 *  122.601
38 0.678 0.59 8 0 . 8 2 0 5
39 0 . 7 5 7 *  0 . 8 5 2 *  118.406
40 0.65 0.654 105.851
41 0 . 8 7 9 *  0 . 7 1 7 *  8 5 . 8 1 4 6
42 0.63 0 .5 7 2  9 5 . 5 1 8 3
43 0. 795* 0. 946* 125.186
44 0 .72 6 0. 6 42  9 3 . 0 3 1 4
45 0 . 8 7 9 *  0 . 7 3 1 *  8 7 . 4 9 0 2
46 0. 703 0. 737* 1 10.292
47 0 . 78 8 *  0. 64 6 8 6 . 2 4 5 7
48 0. 603  0 .57 2 9 9 . 7 9 5 2
4 9 0 . 8 9 *  1 . 0 4 *  12 2. 93 5
50 0.612  0.58 9 9 . 7 0 2 8
51 1.213* 0. 6 77  5 8 . 7 1 6 3
52 0. 7 6 2 *  0 . 7 4 2 *  102.4 42
53 0 . 8 0 3 *  0 . 8 8 9 *  1 16 .47 1
54 0.636  0 .67 2 111 . 1 5 9
55 0. 748 0 . 9 8 3 *  138.256
56 0.561 0 . 7 3 8 *  138.396
57 0 . 8 3 6 *  0 .66 3 8 3 . 4 3 3 1
58 0.637 0 . 6 1 5  101.57
59 0.741 0 . 7 5 4*  107.049
60 0. 5 39  0 . 6 1 9  120.818

Table 8.2



The r e p r o d ucibil it y of the lymphocyte

t r a n s f o r m a t i o n  was i n v e s t i g a t e d  by t r a n s f o r m i n g  a s i n g l e  

b l o o d  s a mp l e  in d u p l i c a t e  and s i m u l t a n e o u s l y  t e s t i n g  all 

s u p e r n a t a n t s  a g a i n s t  cells f ro m the same pa ir  of 

a l l o g e n e i c  u v e a l  m e l a n o m a s .  The r e s u l t s  w e r e  h i g h l y  

r e p r o d u c i b l e ,  v a r y i n g  by o nl y  1% and 5% r e s p e c t i v e l y  

(Table 8.3). E BV  l y m p h o c y t e  t r a n s f o r m a t i o n  was p e r f o r m e d  

on the same p a t i e n t  u s i n g  a n o t h e r  b l o o d  sa mp l e ta ke n  a day 

later. The r e s u l t s  w e r e  s i m i l a r  to those o b t a i n e d  w i t h  

the first two t r a n s f o r m a t i o n s  (Tabl e 8.4). T a b l e  8.3 also  

d e m o n s t r a t e s  that w h e n  the same t r a n s f o r m a n t s  w e r e  

s i m u l t a n e o u s l y  t.ested a g a i n s t  d i f f e r e n t  uv ea l m e l a n o m a s ,  

d i f f e r e n t  r e s u l t s  w e r e  o b t a i n e d .  W h e n e v e r  p o s s i b l e ,  

t h e r e f o r e ,  t r a n s f o r m a n t s  w e r e  t es t e d  a g a i n s t  a u t o l o g o u s  

cells.

O c c a s i o n a l l y  w h e n  E L I S A  was s i m u l t a n e o u s l y

p e r f o r m e d  u s i n g  p l at e s c o a t e d  w i t h  l y m p h o c y t e s  and

m e l a n o m a  cell s r e s p e c t i v e l y ,  m u c h  h i g h e r  b a c k g r o u n d  

r e a d i n g s  w e r e  o b t a i n e d  w i t h  the l y m p h o c y t e  p r e p a r a t i o n s .  

This was p r o b a b l y  due to the s e c o n d  a n t i b o d y  r e a c t i n g  w i t h  

the B l y m p h o c y t e s .  The r e a s o n  w h y  this h ig h  b a c k g r o u n d  

did not o cc u r  w i t h  each b a t c h  of E L I S A  p l a t e s  is

u n c e r t a i n .

8.2.2 R e a c t i o n s  of p a t i e n t s  w i t h  u ve a l  m e l a n o m a  w i t h

a u t o l o g o u s  cells

The r e a c t i v i t y  of the p e r i p h e r a l  B l y m p h o c y t e s  w i t h  

a u t o l o g o u s  uv e a l m e l a n o m a  ce lls was te s t e d  in six

p a t i en t s . T hr e e  p at i e n t s ,  GM, IS and M T , w e r e  e a c h  t e s t e d  

on two s e p a r a t e  o c c a s i o n s .  In five p a t i e n t s  the
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T a b l e  8.3 R e p r o d u c i b i l i t y  of EB V l y m p h o c y t e  

t r a n s f o r m a t i o n .  E B V  t r a n s f o r m a t i o n  was p e r f o r m e d  in

d u p l i c a t e  on a s i ng l e  b l o o d  s a mp l e  t ak e n  fr o m a p a t i e n t  

w i t h  uv e a l  m e l a n o m a .  S u p e r n a t a n t s  fr o m  both

t r a n s f o r m a t i o n s  w e r e  t e st e d  s i m u l t a n e o u s l y  a g a i n s t  cells 

f r o m  two d i f f e r e n t  uv e a l m e l a n o m a s ,  (a) M T , and (b) YS

r e s p e c t i v e l y .  P o s i t i v e  re su lt s , c o n s i d e r e d  to be those 

g r e a t e r  than the m e a n + 3 S D  of six c o n t r o l s ,  are i n d i c a t e d  

by an a s t e r i s k .  T a b l e  8 .3a  shows that 21 (35%) and 24

(40%) t r a n s f o r m a n t s  sh o w e d  s i g n i f i c a n t  r e a c t i v i t y  w it h  MT. 

T a b l e  8.3b sh ows that 4 (7%) and 5 (8%) t r a n s f o r m a n t s

s h o w e d  s i g n i f i c a n t  r e a c t i v i t y  w i t h  YS.

a. E L I S A  r e a c t i v i t y  of t r a n s f o r m a n t s  w i t h  ce lls from

u ve a l m e l a n o m a  MT

b. E L I S A  r e a c t i v i t y  of t r a n s f o r m a n t s  w i t h  cells fr om

u ve a l m e l a n o m a  YS

1. O p t i c a l  d e n s i t y  r e a d i n g s  of c o n t r o l  w e l l s  in 

t r a n s f o r m a t i o n  1

2. O p t i c a l  d e n s i t y  r e a d i n g s  of 60 t r a n s f o r m a n t s  fr om

t r a n s f o r m a t i o n  1

3. O p t i c a l  d e n s i t y  r e a d i n g s  of c o n t r o l  w e l l s  in

t r a n s f o r m a t i o n  2

4. O p t i c a l  d e n s i t y  r e a d i n g s  of 60 t r a n s f o r m a n t s  f ro m

t r a n s f o r m a t i o n  2



M e a n
3SD
M + 3 S D

1 2 3 4
0 . 523 0.567 0 . 586 0.671
0. 586 0 . 564 0. 648 0.704
0 . 5 7 8 0.596 0. 625 0.75 1*
0.5 13 0 . 6 8 1* 0.652 0.77 1*
0. 557 0.567 0 .617 0.576
0.547 0.6 16 0.686 0 .70  1
0.551 0. 538 M e a n  : 0 .63 6 0 . 8 1 2*
0 .08 7 0. 602 3 SD : 0. 1029 0 . 7 8 9 *
0 . 638 0 . 627 M + 3 S D  : 0. 739 0.694

0.574 0.63 1
0.54 6 0 .68 2
0.522 0 .6 3 3
0.57 5 0. 736
0. 66 6 * 0 . 8 4 4 *
0.6 10 0 . 8 3 3 *
0. 73 2 * 0 . 7 6 3 *
0.554 0 . 8 8 9 *
0 .55 0 0 . 7 4 0 *
0 .7 0 7 * 0 . 6 6 0
0 . 666* 0. 69 9
0.66 1* 0 . 8 0 2 *
0.577 0 . 7 7 4 *
0.599 0.8 6 7*
0.606 0. 794*
0 . 687* 0 . 7 3 2
0. 64 0 * 0. 64 1
0 . 7 6 7* 0 . 7 5 3 *
0. 63 9 * 0. 706
0.55 1 0 . 7 6 6 *
0.595 0 .7 3 9
0 . 722* 0. 648
0.6 10 0 .7 0 7
0 . 7 0 7* 0 .758*
0.64 1* 0 .7 2 3
0.589 0.8 12*
0. 584 0 . 6 7 0
0.637 0 .6 7 3
0 . 62 1 0 . 8 7 8 *
0. 74 7 * 0. 734
0. 578 0 .67 7
0. 64 7 * 0.7 14
0. 568 0. 734
0. 64 4 * 0 . 8 0 6 *
0. 63 8 0 . 8 2 9 *
0.70 1* 0 . 7 4 5 *
0. 59 5 0 . 7 4 2 *
0. 64 2 * 0.7 12
0.551 0.7 14
0.612 0 . 8 3 3 *
0. 6 2 0 0.7 16
0. 65 4 * 0 .7 2 9
0. 529 0 .692
0. 66 3 * 0 . 7 2 0
0. 565 0. 6 1 8
0.634 0 . 7 7 6 *
0. 593 0 . 6 8 0
0 .6 7 8 * 0 .6 8 7
0. 543 0 . 6 7 2
0. 594 0 . 7 3 0
0 .56 2 0.6 17

Table 8.3a



M e a n  
3 SD 
M + 3 S D

1 2 3 4
0. 39 9 0.634 0 .45 9 0. 7 6 0
0. 54 1 0. 586 0 .59 5 0. 554
0.55 1 0 .48 6 0. 54 0 0 .6 9 5 *
0.535 0. 630 0.456 0. 497
0 .5 3 9 0.53 1 0.435 0.485
0.517 0 .5 13 0.445 0.55 1
0. 514 0.527 M e a n  : 0. 4 88 0.46 9
0. 172 0.664 3 SD : 0. 19 3 0 .60 3
0. 68 5 0. 53 3 M +3 S D :  0.681 0 . 5 6 0

0. 509 0. 52 3
0. 52 0 0.5 12
0.555 0 .5 7 8
0. 540 0. 536
0.617 0 .5 8 7
0.70 1* 0 . 9 5 5*
0.617 0 . 6 9 0 *
0. 54 6 0. 47 2
0.545 0.6 18
0. 656 0.5 10
0. 680 0. 5 9 0
0. 60 0 0. 54 5
0. 70 6 * 0. 51 2
0.547 0 .606
0.6 19 0. 57 2
0. 648 0. 509
0. 664 0. 62 5
0.657 0. 648
0.494 1 . 059*
0 .57 6 0 .5 0 6
0.444 0.482
0.592 0 .51 3
0 . 688* 0 .64 9
0.582 0.6 14
0 . 553 0 .6 2 9
0.649 0 .5 4 3
0 . 522 0 .57 2
0. 649 0 . 609
0 .65 2 0 . 8 4 5 *
0. 646 0 . 4 8 8
0.521 0 .5 5 7
0.579 0 . 5 1 0
0.55 1 0 .5 4 0
0. 610 0 .59 2
0 .56 5 0. 547
0.634 0. 5 3 8
0 . 596 0 .52 6
0. 503 0. 58 1
0. 522 0.5 13
0. 579 0. 53 6
0 .5 5 0 0.5 16
0. 70 9 * 0 . 5 7 9
0 .56 5 0.52 4
0 .57 0 0. 5 8 2
0 .62 6 0.5 19
0 .56 8 0. 66 2
0 . 5 7 0 0. 540
0. 606 0 . 5 2 0
0.624 0.511
0. 628 0 . 5 3 8
0 .59 6 0 . 5 6 3

Table 8.3b



T ab l e  8.4 R e p r o d u c i b i l i t y  of p a t i e n t  l y m p h o c y t e  r e a c t i v i t y  

w i t h  a l l o g e n e i c  u v e a l  m e l a n o m a  cells. E BV  l y m p h o c y t e

t r a n s f o r m a t i o n  on b l o o d  s a m p l e  ta k en  fr om  same p a t i e n t  as

T a b l e  8.3 one d ay  later. S u p e r n a t a n t s  w e r e  tes t e d by

E L I S A  a g a i n s t  ce ll s fr om  YS. F o u r  (7%) t r a n s f o r m a n t s  we r e  

p o s i t i v e  (ie, o p t i c a l  d e n s i t y  r e a d i n g  g r e a t e r  than 2SD of 

the m e a n  of six c o n t r o l s ) .  The r e s u l t s  are s i m i l a r  to

th ose s how n in T a b l e  8.3.

1. O p t i c a l  d e n s i t y  r e a d i n g s  of six c o n t r o l  w e l l s

2. O p t i c a l  d e n s i t y  r e a d i n g s  of 60 t r a n s f o r m a n t s



2
0 .4 4 0  0.563
0. 498 0. 6 1 0
0 .5 7 9  0.581
0 .50 9 0. 62 0
0 .52 6 0. 52 8
0.437 0.556

M e a n  : 0 .4 9 8  0. 56 6
3 SD : 0. 162 0.57 1

M e a n +  3SD : 0. 660 0.51 6
0.599  
0.572  
0. 582 
0.587 
0.652 
0 . 584 
0.601 
0.57 9  
0. 630 
0. 68 8 *  
0.58 5  
0. 59 0  
0.599  
0. 67 6 *  
0.576 
0. 536 
0. 70 0 *  
0.58 1 
0.569 
0 . 6 7 6*  
0.575 
0.597  
0.575  
0.55 1 
0.537 
0.637  
0. 55 0  
0 . 566 
0.513  
0. 546 
0.539 
0.6 16 
0. 49 0  
0. 50 1 
0.576  
0.556  
0.53 1 
0. 600 
0.47 1 
0. 657  
0.55 1 
0.559  
0. 545  
0. 653  
0. 519  
0.5 18 
0.576  
0.601 
0. 543 
0 .56 8 
0 .49 3

Table 8.4



t r a n s f o r m a n t s  w e r e  s i m u l t a n e o u s l y  te st e d  a g a i n s t  

a u t o l o g o u s  l y m p h o c y t e s .  The re su lt s , s u m m a r i s e d  in 

Fig. 8.1, s u g g e s t  that there is p o s i t i v e  r e a c t i v i t y  w i t h  

l y m p h o c y t e s  as w el l  as w i t h  uv ea l  m e l a n o m a  cells.

8 .2. 3 R e a c t i o n s  of p a t i e n t s  w i t h  uv e a l  m e l a n o m a  w i t h

a l l o g e n e i c  cells

The r e a c t i v i t y  of the p e r i p h e r a l  B l y m p h o c y t e s  w i t h  

a l l o g e n e i c  cells was t e s t ed  in six p a t i e n t s ,  five of w h o m  

w e r e  d i f f e r e n t  fr om  those m e n t i o n e d  in the p r e v i o u s  

s ec ti on . T h r e e  p a t i e n t s  w e r e  t e s t e d  on two s e p a r a t e  

o c c a s i o n s :  one of these three p a t i e n t s  was m e n t i o n e d  in 

S e c t i o n  8.2.1. In five t r a n s f o r m a t i o n s ,  s u p e r n a t a n t s  w e r e  

s i m u l t a n e o u s l y  t e s t e d  a g a i n s t  u ve a l  m e l a n o m a  ce ll s and, in 

some cases, l y m p h o c y t e s .  The two types of ce l l s  w e r e  

o b t a i n e d  fro m d i f f e r e n t  p a t i en t s . The r e s u l t s  are s h o w n  

in Fig. 8.2 and are s i m i l a r  to those o b t a i n e d  w i t h  

a u t o l o g o u s  cells.

8.2.4. R e a c t i o n s  of h e a l t h y  i n d i v i d u a l s  w i t h  m e l a n o m a

cells

The r e a c t i v i t y  of the p e r i p h e r a l  B l y m p h o c y t e s  of 

four h e a l t h y  i n d i v i d u a l s  was s i m u l t a n e o u s l y  t e s t e d  a g a i n s t  

u ve a l m e l a n o m a  cells and, in some cases, l y m p h o c y t e s .  The 

two types of targ et  cell w e r e  o b t a i n e d  fr om d i f f e r e n t  

i n d i v i d u a l s  in three of the four e x p e r i m e n t s .  The r e s u l t s  

are s u m m a r i s e d  in Fig. 8.3 and are s i m i l a r  to t ho se  

o b t a i n e d  w i t h  p a t i e n t s  w i t h  uv e al  m e l a n o m a .
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Figure 8.1 ELISA reactivity of EBV transformed

B l y m p h o c y t e s  of p a t i e n t s  w i t h  uv ea l  m e l a n o m a  w ith  

a u t o l o g o u s  t u m o u r  ce ll s and l y m p h o c y t e s .  The h i s t o g r a m  

show s the p e r c e n t a g e  of t r a n s f o r m a n t s  w i t h  o p t i c a l  d e n s i t y  

r e a d i n g s  g r e a t e r  than the m e a n + 3 S D  of six c o nt ro l s.  

S i g n i f i c a n t  r e a c t i v i t y  w i t h  b ot h  types of cell s is 

a p p a r e n t  in three pa t i e n t s .  ( A u t o l o g o u s  l y m p h o c y t e s  of 

p a t i e n t  M R  w e r e  not a v a i l a b l e ) .
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Figure 8.2 R e a c tivity of EBV tra nsformed B lymphocytes

of p a t i e n t s  w i t h  uv e a l m e l a n o m a  w i t h  a l l o g e n e i c  m e l a n o m a  

ce lls and l y m p h o c y t e s .  The h i s t o g r a m  shows the p e r c e n t a g e  

•of t r a n s f o r m a n t s  w i t h  o p t i c a l  d e n s i t y  r e a d i n g s  gr e a t e r  

than' the m e a n + 3 S D  of six c o n t r o l s .  R e s u l t s  are s i m i l a r

to those seen in Fig. 8.1. R e a c t i v i t y  w i t h  l y m p h o c y t e s  

co ul d  not be t e s t e d  in p a t i e n t s  RB, A A , M R  and, on the 

s e c o n d  o c c a s i o n ,  H C .
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Figure 8.3 R eacti vi ty of EBV transf orm ed B lymphocytes

of h e a l t h y  i n d i v i d u a l s  w i t h  uv e a l  m e l a n o m a  cells and 

l y m p h o c y t e s .  The h i s t o g r a m  shows the p e r c e n t a g e  of 

t r a n s f o r m a n t s  w i t h  o p t i c a l  d e n s i t y  r e a d i n g s  g r e a t e r  than 

the m e a n + 3 S D  of six c on t r o l s .  R e s u l t s  are s i m i l a r  to those 

o b t a i n e d  w i t h  p a t i e n t s  w i t h  uv e a l  m e l a n o m a .
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8.3. P r o d u c t i o n  of h u m a n  m o n o c l o n a l  a n t i b o d i e s

T r a n s f o r m a n t s  w e r e  s e l e c t e d  for f u s i o n  if they

p r o d u c e d  a n t i b o d i e s  r e a c t i v e  w i t h  m e l a n o m a  c e lls but not 

l y m p h o c y t e s .  I n i t i a l l y ,  these p o s i t i v e  t r a n s f o r m a n t s  w e r e  

e x p a n d e d  i n d i v i d u a l l y  but the r e a c t i v i t i e s  of the 

s u p e r n a t a n t s  d i m i n i s h e d  d u r i n g  the long p e r i o d  of c u l t u r e  

n e c e s s a r y  for o b t a i n i n g  s u f f i c i e n t  n u m b e r s  of c e l l s  for 

fusion. S i n c e  this was t h o u g h t  to be due to d o m i n a t i o n  of 

the c u l t u r e s  by m o r e  r a p i d l y  g r o w i n g  n o n - s e c r e t o r y  

t r a n s f o r m a n t s ,  the d e l a y  b e f o r e  f u s i o n  was r e d u c e d  by 

p o o l i n g  p o s i t i v e  t r a n s f o r m a n t s  so that a s u f f i c i e n t  n u m b e r  

of c e lls for f u s i o n  was a c h i e v e d  m o r e  q u i c k l y .  Two 

b a c k f u s i o n s  w e r e  p e r f o r m e d  but the h y b r i d s  r e a c t e d  w e a k l y  

w i t h  the m e l a n o m a  cells.

8.4. D i s c u s s i o n

Both p a t i e n t s  and h e a l t h y  c o n t r o l s  p r o d u c e d  s i m i l a r  

r e s u l t s .  In all three g r o u p s  s i g n i f i c a n t  r e a c t i v i t y  a l s o 

o c c u r r e d  w i t h  l y m p h o c y t e s .  A l t h o u g h  m o r e  t r a n s f o r m a n t s  

a p p e a r e d  to r e act w i t h  m e l a n o m a  c e l l s  t han w i t h  

l y m p h o c y t e s ,  the v a l i d i t y  of such a c o m p a r i s o n  was o f t e n  

d o u b t f u l  b e c a u s e  the l y m p h o c y t e s  g ave h i g h e r  b a c k g r o u n d  

r e a d i n g s ,  p r o b a b l y  due to their i m m u n o g l o b u l i n  c o n t e n t .

O t h e r  w o r k e r s  h a v e  p r e v i o u s l y  d e m o n s t r a t e d  that 

s p e c i f i c  a n t i b o d y  to a v a r i e t y  of a n t i g e n s  can be o b t a i n e d  

f r o m  u n i m m u n i s e d  h e a l t h y  i n d i v i d u a l s  ( W i n g e r  e t a 1 1983,

r e v i e w e d  by S h o e n f e l d  & W i t z  1986). S e r u m  a n t i b o d i e s  

a p p a r e n t l y  r e a c t i v e  w i t h  me 1 a n o m a - a s s o c i a t e d  a n t i g e n s
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h a v e  b e e n  r e p o r t e d  in n o r m a l  i n d i v i d u a l s  ( H o u g h t o n  e t a 1 

1980; C ote e t a 1 1986). W h e t h e r  such r e s u l t s  r e p r e s e n t  a

true b i o l o g i c a l  p h e n o m e n o n  or w h e t h e r  they are due to 

l a b o r a t o r y  a r t e f a c t  is u n c e r t a i n .

In the p r e s e n t  s t u d y  the h i g h  p r o p o r t i o n  of 

t r a n s f o r m a n t s  a p p a r e n t l y  r e a c t i v e  w i t h  t u m o u r  c e l l s  on 

E L I S A  is u n l i k e l y  to be g e n u i n e .  O t h e r  w o r k e r s  h a v e  

s u g g e s t e d  that a n t i b o d i e s ,  e s p e c i a l l y  of the IgM class, 

can react n o n - s p e c i f i c a 1 1 y w i t h  i r r e l e v a n t  a n t i g e n s ,  

e s p e c i a l l y  those w i t h  a d e n s e l y  p a c k e d  h i g h l y  r e p e a t i n g  

m o l e c u l a r  s t r u c t u r e  (Gho s h  & C a m p b e l l  1986). If t h e s e  

c o n c e p t s  r e g a r d i n g  the fm u 1 t i s p e c i f i c ’ b e h a v i o u r  of 

a n t i b o d i e s  are c o r r e c t ,  then a s s a y s  of h u m o r a l  i m m u n i t y  

u s i n g  w h o l e  t u m o u r  c e l l s  or c r u d e  t u m o u r  e x t r a c t s  as 

a n t i g e n s  are of d o u b t f u l  s i g n i f i c a n c e .

The r e a c t i v i t y  of the l y m p h o c y t e  t r a n s f o r m a n t s  

t e n d e d  to be w e a k  r e l a t i v e  to rat h y b r i d o m a s .  If this 

o c c u r r e d  b e c a u s e  the a n t i b o d i e s  w e r e  r e a c t i n g  w i t h  

a n t i g e n s  e x p r e s s e d  by small s u b - p o p u l a t i o n s  of t u m o u r  

cells then E L I S A  m i g h t  not be a p p r o p r i a t e  for s c r e e n i n g  

t r a n s f o r m a n t s .  A n t i b o d i e s  to the less c o m m o n  a n t i g e n s  

c o u l d  be the ones that are the m o s t  s p e c i f i c  for u v e a l  

m e l a n o m a  and those w i t h  the g r e a t e s t  p o t e n t i a l  for 

c l i n i c a l u s e .

A p a r t  f rom the p r o b l e m  of d e t e c t i n g  and c o u n t i n g  

p e r i p h e r a l  B l y m p h o c y t e s  s e c r e t i n g  a n t i b o d i e s  to u v e a l  

m e l a n o m a  a n t i g e n s ,  the use of the E B V  t e c h n i q u e  for 

m e a s u r i n g  h u m o r a l  i m m u n i t y  to t u m o u r s  has o t h e r  

d e f i c i e n c i e s .  This t e c h n i q u e  a p p e a r s  to t r a n s f o r m  o n l y  a 

small p r o p o r t i o n  of h u m a n  B cells, w h i c h  are m o s t l y  t h ose
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of the IgM cla s s  (Steel e t a 1 1977 , C h a n  e t a 1 1986). E B V

t r a n s f o r m a t i o n ,  t h e r e f o r e ,  a p p e a r s  to i n t r o d u c e  a 

s i g n i f i c a n t  d e g r e e  of b ias so that e v e n  if a g ood m e t h o d  

of s c r e e n i n g  the t r a n s f o r m a n t s  w e r e  a v a i l a b l e  the r e s u l t s  

w o u l d  not be r e p r e s e n t a t i v e  of the in v i v o  s i t u a t i o n .

The s e c o n d  a i m  of this p r o j e c t  was to i n v e s t i g a t e  

the f e a s i b i l i t y  of p r o d u c i n g  m o n o c l o n a l  a n t i b o d i e s  f r o m  

p o s i t i v e  E B V  t r a n s f o r m a n t s .  This o b j e c t i v e  w a s  not 

a c h i e v e d  for thr e e  r e a s o n s .  F i r s t l y ,  the r e a c t i v i t i e s  of 

the t r a n s f o r m a n t s  a g a i n s t  u v e a l  m e l a n o m a  cel l s  t e n d e d  to 

be w e a k  r e l a t i v e  to those seen w i t h  r o d e n t  h y b r i d o m a  

s u p e r n a t a n t s  and, in a d d i t i o n ,  t e n d e d  to d i m i n i s h  o v e r  a 

few w e e k s .  B o t h  t h ese d i f f i c u l t i e s  h a v e  b e e n  a c k n o w l e d g e d  

by o t h e r  w o r k e r s ,  w i t h  m u c h  e x p e r i e n c e  in this f i e l d  

( R o d e r , C o l e  & K o z b o r  1986). S e c o n d l y ,  d u r i n g  the c o u r s e  

of this i n v e s t i g a t i o n  o t h e r  s t u d i e s  r e v e a l e d  that the v a s t  

m a j o r i t y  of h u m a n  m o n o c l o n a l  a n t i b o d i e s  d e t e c t e d  

i n t r a c e l l u l a r  a n t i g e n s  (Cote e t a 1 1986 ; C a m p b e l l  e t a 1

1986). This is p r o b a b l y  b e c a u s e  such i n t r a c e l l u l a r  

a n t i g e n s  d o m i n a t e d  the a s s a y s  e i t h e r  b e c a u s e  the c ell 

m e m b r a n e s  of a p p a r e n t l y  intact c e lls w e r e ,  n e v e r t h e l e s s ,  

p e r m e a b l e  to a n t i b o d i e s  or b e c a u s e  r u p t u r e  of e v e n  a s m all 

n u m b e r  of cel l s  was s u f f i c i e n t  to r e l e a s e  l a rge a m o u n t s  of 

c y t o p l a s m i c  a n t i g e n .  T h i r d l y ,  the v a l u e  of E L I S A  as a 

tool for s c r e e n i n g  E B V  t r a n s f o r m a n t s  and h y b r i d s  b e c a m e  

e v e n  m o r e  d o u b t f u l  w h e n  it a p p a r e n t l y  i n d i c a t e d  that b o t h  

h e a l t h y  i n d i v i d u a l s  and p a t i e n t s  w i t h  u v e a l  m e l a n o m a  

r e a c t e d  e q u a l l y  s t r o n g l y  w i t h  this tumour. In the a b s e n c e



of a r e l i a b l e  m e t h o d  of s c r e e n i n g  m o n o c l o n a l  a n t i b o d i e s  to 

r e l e v a n t  a n t i g e n s  on the cell m e m b r a n e s  of u v e a l  m e l a n o m a  

cells, there was no s c ope for p e r f o r m i n g  f u r t h e r  h u m a n  

f u s i o n s .

In c o n c l u s i o n ,  c u r r e n t  m e t h o d s  of d e t e c t i n g  and 

i m m o r t a l i s i n g  c i r c u l a t i n g  B l y m p h o c y t e s  o s t e n s i b l y  

r e s p o n s i b l e  for the h u m o r a l  i m m u n e  r e s p o n s e  to u v e a l  

m e l a n o m a  a n t i g e n s  are h i g h l y  i n e f f i c i e n t .
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C h a p t e r  9 

D I S C U S S I O N

9 . 1 Intr oduct ion

W h e n  this p r o j e c t  was i n i t i a t e d  o n l y  s e v e n  y e a r s

a f t e r  m o n o c l o n a l  a n t i b o d i e s  w e r e  first p r o d u c e d  ( K o h l e r  &

M i l s t e i n  1975), h y b r i d o m a  t e c h n o l o g y  w a s  a l r e a d y  p r o v i n g  

u s e f u l  in m a n y  a r e a s  of b i o l o g y  and c l i n i c a l  m e d i c i n e .

The m a i n  a i m  of the p r e s e n t  s t u d y  was to i n v e s t i g a t e  the 

f e a s i b i l i t y  and the scope of d e v e l o p i n g  m o n o c l o n a l  

a n t i b o d i e s  to u v e a l  m e l a n o m a s .

The o r i g i n a l  p l a n  was to p r o d u c e  rat and h u m a n

m o n o c l o n a l  a n t i b o d i e s  to c e 1 1 - m e m b r a n e  a n t i g e n s  e x p r e s s e d  

by all u v e a l  m e l a n o m a s  and not by o t h e r  t i s s u e s .  This 

s t r a t e g y  was b a s e d  on the p r e v a i l i n g  h y p o t h e s i s  that h u m a n  

n e o p l a s m s  e x p r e s s  cell m e m b r a n e  a n t i g e n s  w h i c h  are 

p h e n o t y p i c a l l y  d i s t i n c t i v e  for v a r i o u s  s p e c i f i c  typ e s  of 

tumour, and that m o n o c l o n a l  a n t i b o d i e s  to the s e  a n t i g e n s  

w o u l d  o p e n  the w a y  to n e w  i m m u n o d i a g n o s t i c  and

i m m u n o t h e r a p e u t i c  a p p l i c a t i o n s  ( K aplan, O l s s o n  &

R a u b i t s c h e k  1982). The d o u b t f u l  n a t u r e  of t u m o u r - s p e c i f i c  

a n t i g e n s  (Old 1981) and the p h e n o m e n a  of a n t i g e n i c

h e t e r o g e n e i t y  ( F i d l e r  & H art . 1982) and m o d u l a t i o n

( R o s e n t h a l ,  T o m p k i n s  & R a w l s  1980) w e r e  a l r e a d y  r e c o g n i s e d  

at the o n s e t  of this study, but it was b e l i e v e d  at the

time that such o b s t a c l e s  c o u l d  be o v e r c o m e  by the

d e v e l o p m e n t  of ' c o c k t a i l s ’ of m o n o c l o n a l  a n t i b o d i e s .  S uch 

e a r l y  o p t i m i s m  has since b e e n  d i m i n i s h e d  by the

d i s a p p o i n t i n g  r e s u l t s  of o t h e r  s t u d i e s  u s i n g  m o n o c l o n a l

a n t i b o d i e s ,  and by r e c e n t  d i s c o v e r i e s  r e g a r d i n g  o n c o g e n e s
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and the i r  t r a n s l a t i o n a l  p r o d u c t s  ( r e v i e w e d  by G o r d o n  

1985). T h e s e  e n t i t i e s ,  p r e v i o u s l y  t h o u g h t  to be u n i q u e  to 

c a n c e r  cells, n o w  a p p e a r  to be v e r y  s i m i l a r  to c o m p o n e n t s  

w h i c h  are e s s e n t i a l  for the r e g u l a t i o n  of m i t o s i s  in 

n o r m a l  cells. To date, o n c o g e n i c  p r o d u c t s  of t u m o u r  c e lls 

h a v e  b e e n  f o u n d  to b e a r  p a r t i a l  i d e n t i t y  to n o r m a l  g r o w t h  

f a c t o r s  such as p l a t e l e t - d e r i v e d  g r o w t h  f a c t o r  ( W a t e r f i e l d  

e t a 1 1983), or to s h o w  o n l y  m i n o r  s t r u c t u r a l  d i f f e r e n c e s .

Also, the m a j o r i t y  of o n c o g e n e  p r o d u c t s  are i n t r a c e l l u l a r .  

For e x a m p l e ,  the c - H - r a s  o n c o g e n e  in b l a d d e r  c a r c i n o m a  

cel l s  d i f f e r s  f r o m  its n o r m a l  h o m o l o g u e  by o n l y  a s i n g l e  

a m i n o  a cid ( S e e b u r g  e t a 1 1984 ) and is l o c a t e d  on the

i n ner s u r f a c e  of the cell m e m b r a n e  ( d i s c u s s e d  by D a r n e l l ,  

L o d i s h  & B a l t i m o r e  1986). Such f i n d i n g s  s u g g e s t  that 

a n t i g e n i c  d i f f e r e n c e s  b e t w e e n  n o r m a l  and n e o p l a s t i c  c e l l s  

are l i k e l y  to be q u a n t i t a t i v e  in n a t u r e  r a t h e r  t han 

q u a l i t a t i v e ,  so that p r o s p e c t s  for p r o d u c i n g  h i g h l y  

s p e c i f i c  m o n o c l o n a l  a n t i b o d i e s  to t u m o u r s  are not as g o o d  

as p r e v i o u s l y  e n v i s a g e d .

9.2 R o d e n t  m o n o c l o n a l  a n t i b o d i e s  to u v e a l  m e l a n o m a

9.2.1 Use of u n c u l t u r e d  u v e a l  m e l a n o m a  cells

A large n u m b e r  of m o n o c l o n a l  a n t i b o d i e s  h a v e  b e e n  

p r o d u c e d  a g a i n s t  c u t a n e o u s  m e l a n o m a s ,  m o s t l y  by l a r g e  

teams w o r k i n g  in s p e c i a l i s e d  c a n c e r  r e s e a r c h  l a b o r a t o r i e s  

in the U n i t e d  S tates. Not all m o n o c l o n a l  a n t i b o d i e s  to 

c u t a n e o u s  m e l a n o m a s  rea c t  w i t h  u v e a l  m e l a n o m a s  ( M i t c h e l l  

e t a 1 1980, A t k i n s o n  e t a 1 1985). S uch f i n d i n g s  s u g g e s t
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that the two d i f f e r e n t  a n a t o m i c a l  o r i g i n s  of these 

n e o p l a s m s  c o n f e r  a d i f f e r e n t  a n t i g e n i c  p r o f i l e .  It is

t h e r e f o r e  j u s t i f i a b l e  to g e n e r a t e  m o n o c l o n a l  a n t i b o d i e s  to 

u v e a l  m e l a n o m a s .

P r i o r  to this study, m o n o c l o n a l  a n t i b o d i e s  h a d  not 

b e e n  p r o d u c e d  to u v e a l  m e l a n o m a s .  D o n o s o  and a s s o c i a t e s

(Donoso, F o l b e r g ,  E d e l b e r g  e t a 1 1985) l a t e r  p r o d u c e d

m o n o c l o n a l  a n t i b o d i e s  r e a c t i v e  w i t h  u v e a l  m e l a n o m a  by 

i m m u n i s i n g  m i c e  w i t h  m i x t u r e s  of v i a b l e  u v e a l  m e l a n o m a

ce lls and c u l t u r e d  c u t a n e o u s  m e l a n o m a  cells. The h y b r i d s  

w e r e  s c r e e n e d  by i m m u n o h i s t o c h e m i s t r y  u s i n g  f o r m a l i n  f i x e d  

t i s s u e s  but the m o n o c l o n a l  a n t i b o d i e s  that w e r e  p r o d u c e d  

w e r e  not v e r y  s p e c i f i c ,  r e a c t i n g  w i t h  o t h e r  k i n d s  of

t u m o u r  and w i t h  n o r m a l  t i s sues. In the p r e s e n t  s t u d y  the

p r o d u c t i o n  of m o n o c l o n a l  a n t i b o d i e s  was a c h i e v e d  u s i n g

o n l y  t i s s u e  f rom u n c u l t u r e d  u v e a l  m e l a n o m a s .  The use of 

such m a t e r i a l  gave rise to a n u m b e r  of p r o b l e m s .  F i r s t l y ,  

this tiss u e  also c o n t a i n e d  l y m p h o c y t e s ,  e n d o t h e l i a l  cells,  

m a c r o p h a g e s  and, in some cases, r e t i n a l  p i g m e n t  e p i t h e l i a l  

cells. A l t h o u g h  the n u m b e r  of such c e l l s  was s m a l l  in

c o m p a r i s o n  w i t h  the m a l i g n a n t  m e l a n o c y t e s  it m a y  h a v e  b e e n  

e n o u g h  to c o n t r i b u t e  to the c r o s s - r e a c t i v i t y  of the

m o n o c l o n a l  a n t i b o d i e s  w i t h  the s e  types of cells. 

S e c o n d l y ,  the u n c u l t u r e d  t u m o u r  c e l l s  w e r e  v e r y  f r a g i l e .  

T h i r d l y ,  the p r o p o r t i o n s  of s p i n d l e  and e p i t h e l i o i d  c e l l s  

v a r i e d  b e t w e e n  m e l a n o m a s .  The p r o b l e m  of a n t i g e n i c  

h e t e r o g e n e i t y  is d i s c u s s e d  m o r e  f u l l y  in the next s e c t i o n .
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9.2.2 Antige ni c het er o g e n e i t y

As p r e v i o u s l y  s t ated, the a i m  was to g e n e r a t e

a n t i b o d i e s  r e c o g n i s i n g  a n t i g e n s  e x p r e s s e d  by all u v e a l  

m e l a n o m a s  r a t h e r  t han a n t i g e n s  u n i q u e  to a s i n g l e  p a t i e n t .  

C e l l s  f r o m  d i f f e r e n t  u v e a l  m e l a n o m a s  were, t h e r e f o r e ,  u s e d 

s u c c e s s i v e l y  for the a n i m a l  i m m u n i s a t i o n s  and for the

s c r e e n i n g  of h y b r i d o m a s .

This a p p r o a c h  was c o m p l i c a t e d  by i n t e r - t u m o u r  

a n t i g e n i c  h e t e r o g e n e i t y .  B e c a u s e  of this p h e n o m e n o n ,  

i n c o n s i s t e n t  r e s u l t s  w e r e  o b t a i n e d  w h e n  c e l l s  f r o m

d i f f e r e n t  u v e a l  m e l a n o m a s  w e r e  u s e d  to a s s a y  a s i n g l e  

b a t c h  of h y b r i d o m a  s u p e r n a t a n t s .  U n l e s s  a s s a y s  w e r e

p e r f o r m e d  s i m u l t a n e o u s l y  a g a i n s t  a v a r i e t y  of u v e a l  

m e l a n o m a s  it was not p o s s i b l e  to d e c i d e  w h e t h e r  a n e g a t i v e  

r e s u l t  i n d i c a t e d  lack of e x p r e s s i o n  of the a n t i g e n  by the 

t u m o u r  cells, or lack of p r o d u c t i o n  of the a n t i b o d y  by the 

h y b r i d o m a .  This p r o b l e m  c o u l d  be o v e r c o m e  by u s i n g  c e l l s  

f r o m  a s i n g l e  t u m o u r  for all a s s a y s  r e q u i r e d  for the 

s e l e c t i o n  of a s i n g l e  h y b r i d o m a .

B e c a u s e  of i n t e r - t u m o u r  a n t i g e n i c  h e t e r o g e n e i t y ,  

this p r o t o c o l  (ie, the use of one t u m o u r  per f u s i o n )  c o u l d  

a lso i m p r o v e  the s p e c i f i c i t y  of the m o n o c l o n a l  a n t i b o d i e s  

g e n e r a t e d .  S i m u l t a n e o u s  s c r e e n i n g  of the h y b r i d o m a s  

a g a i n s t  l y m p h o c y t e s  o b t a i n e d  f r o m  the same p a t i e n t  w o u l d  

be r e q u i r e d  to i d e n t i f y  a n t i b o d i e s  r e c o g n i s i n g

h i s t o c o m p a t i b i l i t y  a n t i g e n s .

A r e l a t i v e l y  s p e c i f i c  m o n o c l o n a l  a n t i b o d y  m a y  r e a c t  

w i t h  o n l y  a small p r o p o r t i o n  of u v e a l  m e l a n o m a s  and w i t h  

o n l y  a m i n o r i t y  of c e l l s  w i t h i n  a m e l a n o m a .  S u c h  an 

a n t i b o d y  w o u l d  p r o b a b l y  not be v e r y  u s e f u l  as a t a r g e t i n g
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agent, u n l e s s  it f o r m e d  part of a c o c k t a i l  of a n t i b o d i e s .  

It could, h o w e v e r ,  r e c o g n i s e  an a n t i g e n  w h i c h  has 

p r o g n o s t i c  s i g n i f i c a n c e .

9.2 . 3  S c r e e n i n g  of h y b r i d o m a s  and s u b c l o n e s

S u c c e s s f u l  p r o d u c t i o n  of m o n o c l o n a l  a n t i b o d i e s  to 

u v e a l  m e l a n o m a s  is d e p e n d e n t  on an e f f i c i e n t  a s s a y  for the 

s c r e e n i n g  of h y b r i d o m a s  and s u b c l o n e s .  The o r i g i n a l  

s t r a t e g y  w a s  to i d e n t i f y  by E L I S A  the a n t i b o d i e s  w h i c h  

r e a c t e d  s t r o n g l y  w i t h  u v e a l  m e l a n o m a  cel l s  but not w i t h  

l y m p h o c y t e s ,  and to p e r f o r m  f u r t h e r  s p e c i f i c i t y  s t u d i e s  

a g a i n s t  a w i d e r  v a r i e t y  of t i s s u e s ,  n o r m a l  and a b n o r m a l ,  

by m e a n s  of i m m u n o h i s t o c h e m i c a l  t e c h n i q u e s .  L y m p h o c y t e s  

w e r e  s e l e c t e d  for the s e  p u r p o s e s  b e c a u s e  t h e s e  c e lls 

e x p r e s s e d  h i s t o c o m p a t i b i l i t y  and o t h e r  n o n - s p e c i f i c  

a n t i g e n s  and b e c a u s e  they w e r e  r e a d i l y  a v a i l a b l e .  The 

c h o i c e  of E L I S A  f o l l o w e d  by i m m u n o h i s t o c h e m i s t r y  for the 

s e l e c t i o n  of h y b r i d s  is c o n v e n t i o n a l ,  and d i c t a t e d  by the 

n e e d  for the r a p i d  s c r e e n i n g  of l a rge n u m b e r s  of 

s u p e r n a t a n t s  f o l l o w e d  by m o r e  t h o r o u g h  e v a l u a t i o n  of a 

s m a l l e r  n u m b e r  of i n t e r e s t i n g  a n t i b o d i e s .

The type of E L I S A  s e l e c t e d ,  u s i n g  w h o l e  m e l a n o m a  

cel l s  f i x e d  g e n t l y  w i t h  g l u t a r a l d e h y d e ,  w a s  d e s c r i b e d  as a 

m e t h o d  for d e t e c t i n g  m e m b r a n e  a n t i g e n s  ( C o b b o l d  & W a l d m a n n  

1981). Such c l a i m s  s e e m  to h a v e  b e e n  o v e r - o p t i m i s t i c .  

D e s p i t e  the p r e c a u t i o n s  t a ken to p r e s e r v e  the m o r p h o l o g y  

of the m e l a n o m a  cells, all the m o n o c l o n a l  a n t i b o d i e s  

p r o d u c e d  in this s t u d y  r e c o g n i s e d  c y t o p l a s m i c  or n u c l e a r  

a n t i g e n s .  It is l i k e l y  that such i n t r a c e l l u l a r  a n t i g e n s  

d o m i n a t e d  the E L I S A s .  This c o u l d  be b e c a u s e  the cell
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m e m b r a n e s  of a p p a r e n t l y  i n t a c t  c e lls w e r e  n e v e r t h e l e s s

p e r m e a b l e  to a n t i b o d i e s ,  or b e c a u s e  r u p t u r e  of e v e n  a

small n u m b e r  of cel l s  was e n o u g h  to r e l e a s e  large a m o u n t s  

of c y t o p l a s m i c  a n t i g e n s  o n t o  the plate. A p a r t  f r o m  t h ese 

c o n s i d e r a t i o n s ,  it is n o w  r e c o g n i s e d  that g l u t a r a l d e h y d e  

can give rise to f a lse p o s i t i v e  and n e g a t i v e  r e s u l t s  on 

E L I S A  ( D r o v e r  & M a r s h a l l  1985). F u r t h e r m o r e ,  this a s s a y  

does not take into a c c o u n t  the p h e n o m e n o n  of i n t r a - t u m o u r

a n t i g e n i c  h e t e r o g e n e i t y .  M o r e  s u i t a b l e  m e t h o d s  of

s c r e e n i n g  h y b r i d o m a s  m i g h t  t h e r e f o r e  be i m m u n o f l u o r e s c e n c e  

m i c r o s c o p y  ( B o u c h e i x  e t a 1 1986) or i m m u n o h i s t o c h e m i s t r y

( C i o c c a & B j e r c k e l 9 8 6 ) .

A p r e l i m i n a r y  i n v e s t i g a t i o n  into the use of 

i m m u n o h i s t o c h e m i s t r y  for the i n v e s t i g a t i o n  of m o n o c l o n a l  

a n t i b o d i e s  to u v e a l  m e l a n o m a s  p r o d u c e d  i n c o n s i s t e n t  

res u l t s ,  w h i c h  v a r i e d  a c c o r d i n g  to the m a n n e r  in w h i c h  the 

t i s s u e s  w e r e  p r e p a r e d .  For e x a m p l e ,  the 4A3 a n t i b o d y  

r e a c t e d  w i t h  l y m p h o c y t e s  on f rozen, but not on fixed, 

t i s s u e  s e c t i o n s .  A l t h o u g h  the e x t e n s i v e  l i t e r a t u r e  on 

i m m u n o h i s t o c h e m i c a l  t e c h n i q u e s  can p r o v i d e  u s e f u l

s u g g e s t i o n s ,  it is not p o s s i b l e  to p r e d i c t  w h i c h  of the 

n u m e r o u s  p r o t o c o l s  a v a i l a b l e  is the m o s t  s u i t a b l e  ( H a n c o c k  

& A t k i n s  1986; C i o c c a  & B j e r c k e  1986). A n  e m p i r i c a l  

e v a l u a t i o n  is, t h e r e f o r e ,  r e q u i r e d  of all a s p e c t s  of the 

p r o c e d u r e  b e f o r e  d e f i n i t i v e  a s s e s s m e n t  of the 

s p e c i f i c i t i e s  of the a n t i b o d i e s  can be u n d e r t a k e n .
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9 . 2.4 C l ass of m o n o c l o n a l  a n t i b o d i e s

W h i l e  m o s t  of the a n t i - m e l a n o m a  a n t i b o d i e s  

d e s c r i b e d  in the l i t e r a t u r e  are of the IgG class, m o s t  of 

the m o n o c l o n a l  a n t i b o d i e s  p r o d u c e d  in the p r e s e n t  s t u d y  

h a v e  b e e n  of the IgM class. This p r e p o n d e r a n c e  of IgM

m o n o c l o n a l  a n t i b o d i e s  m a y  be due to cha n c e .  A l t e r n a t i v e l y ,  

the i m m u n i s a t i o n  and s e l e c t i o n  p r o t o c o l s  h a v e  f a v o u r e d  

e p i t o p e s  w h i c h  are c l o s e l y  s p a c e d  and w h i c h  w o u l d  

t h e r e f o r e  h a v e  an i n c r e a s e d  a f f i n i t y  for IgM, w h i c h  is 

m u l t i v a l e n t .  It m a y  be m o r e  a p p r o p r i a t e  to use an IgG 

p r o b e  w h i c h  does not d e t e c t  the a n t i b o d y  light c h a i n s  of 

IgM. A n t i b o d i e s  of the IgM c l ass m a y  be less u s e f u l  than 

IgG a n t i b o d i e s  as. t h e i r  large size c o u l d  r e d u c e  t h e i r  

p e n e t r a t i o n  into tumour, t i s s u e  and b e c a u s e  t h e i r

m u l t i v a l e n t  n a t u r e  c o u l d  r e d u c e  the i r  s p e c i f i c i t y  ( G h o s h  & 

C a m p b e l l  1986). For e x a m p l e ,  e v e n  if the 4A3 a n t i g e n  w e r e  

s p e c i f i c  to m e l a n o m a ,  the 4A3 m o n o c l o n a l  a n t i b o d y ,  b e i n g  

m u l t i v a l e n t ,  m i g h t  n e v e r t h e l e s s  r e act w i t h  o t h e r  t i s s u e s  

in a 'm u l t i s p e c i f i c  ' f a shion.

9 . 2.5 S p e c i f i c i t y  of m o n o c l o n a l  a n t i b o d i e s

N one of the a n t i b o d i e s  p r o d u c e d  in this s t u d y  

r e c o g n i s e  a n t i g e n s  w h i c h  are t o t a l l y  s p e c i f i c  to m e l a n o m a .  

W h i l s t  this is d i s a p p o i n t i n g ,  a r e v i e w  of the l i t e r a t u r e

r e v e a l s  that the v a s t  m a j o r i t y  of ' a n t i - m e l a n o m a '

m o n o c l o n a l  a n t i b o d i e s  p r o d u c e d  by o t h e r  w o r k e r s  s h o w  

p r e f e r e n t i a l  r a t h e r  than s p e c i f i c  r e a c t i v i t y  w i t h  this 

type of tumour. A l t h o u g h  some m o n o c l o n a l  a n t i b o d i e s  w e r e  

r e p o r t e d  to be s p e c i f i c  such c l a i m s  h a v e  s u b s e q u e n t l y  b e e n

found to be false. The a p p a r e n t  lack of s p e c i f i c i t y  of
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the m o n o c l o n a l  a n t i b o d i e s  c o u l d  r e f l e c t  d e f i c i e n c i e s  in 

the a s s a y  t e c h n i q u e s  u s e d  to s c r e e n  the h y b r i d o m a s  or a 

g e n u i n e  lac k  of h i g h l y  s p e c i f i c  a n t i g e n s .  D e s p i t e  l ack of 

total s p e c i f i c i t y ,  m o n o c l o n a l  a n t i b o d i e s  c o u l d  h a v e  

u s e f u l  a p p l i c a t i o n s  in r e s e a r c h  and c l i n i c a l  p r a c t i c e .

9.2 . 6  N a t u r e  of a n t i g e n s  r e c o g n i s e d  by m o n o c l o n a l

a n t i b o d i e s

The m o s t  c o n s i s t e n t  f o r m  of the a n t i g e n  r e c o g n i s e d  

by m A b  4A3 had a m o l e c u l a r  w e i g h t  in the r e g i o n  of 60K. 

Me 1a n o m a - a s s o c i a t e d  a n t i g e n s  w i t h  a s i m i l a r  m o l e c u l a r  

w e i g h t  h a v e  p r e v i o u s l y  b e e n  r e p o r t e d  ( M i t c h e l l  e t a 1 19 8 0;

D i p p o l d  e t a 1 1980; A k u t s u  & J i m b o w  1986). M a n y  d i f f e r e n t

p r o t e i n s ,  h o w e v e r ,  are in the m o l e c u l a r  w e i g h t  r a n g e  

4 0 - 7 0  k D ; a l b u m i n  is a c o m m o n  e x a m p l e .  In o r d e r  to 

e s t a b l i s h  that the m o n o c l o n a l  a n t i b o d i e s  p r o d u c e d  in the 

p r e s e n t  s t u d y  d e t e c t  n o vel a n t i g e n s ,  these a n t i b o d i e s  

w o u l d  n e e d  to be t e s t e d  a g a i n s t  m o n o c l o n a l  a n t i b o d i e s  

p r o d u c e d  in o t h e r  l a b o r a t o r i e s ,  u s i n g  c o m p e t i t i v e  

i m m u n o a s s a y s .  At p r e s e n t ,  there does not s e e m  to be s c o p e  

for such an i n v e s t i g a t i o n .

9 . 2.7 H u m a n  m o n o c l o n a l  a n t i b o d i e s  to u v e a l  m e l a n o m a

E B V - 1 r a n s f o r m a t  ion of p e r i p h e r a l  B l y m p h o c y t e s  of 

p a t i e n t s  w i t h  u v e a l  m e l a n o m a ,  f o l l o w e d  by f u s i o n  w i t h  

h u m a n  1 y m p h o b 1a s t o i d  cells, was i n v e s t i g a t e d  in the h o p e  

of o b t a i n i n g  h u m a n  m o n o c l o n a l  a n t i b o d i e s  to

t u m o u r - a s s o c i a t e d  a n t i g e n s  ( C h a p t e r  8). N e a r l y  all of the 

l y m p h o c y t e  t r a n s f o r m a n t s ,  h o w e v e r ,  p r o d u c e d  IgM a n t i b o d y ,  

and the r e a c t i v i t y  of t h eir s u p e r n a t a n t s  w a s  w e a k  and
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d i r e c t e d  a g a i n s t  i n t r a c e l l u l a r  a n t i g e n s .  This p h e n o m e n o n  

is w e l l  r e c o g n i s e d  and d i s c u s s e d  by O l s s o n  (1985). The 

d i s a p p o i n t i n g  r e s u l t s  of this i n v e s t i g a t i o n  are s i m i l a r  to 

t h ose of o t h e r  w o r k e r s  w h o  h a v e  tri e d  a s i m i l a r  a p p r o a c h  

(Cote e t a 1 1986). At p r e s e n t ,  the p r o s p e c t s  for p r o d u c i n g

m o n o c l o n a l  a n t i b o d i e s  to u v e a l  m e l a n o m a  are b e t t e r  w i t h  

the r o d e n t  than w i t h  the h u m a n  h y b r i d o m a  system.

9. 3 P o t e n t i a l  a p p l i c a t i o n s  of m o n o c l o n a l  a n t i b o d i e s  

r e a c t i v e  w i t h  u v e a l  m e l a n o m a

The s e c o n d  m a i n  aim of the p r e s e n t  s t u d y  was to 

i n v e s t i g a t e  the p o t e n t i a l  a p p l i c a t i o n s  of m o n o c l o n a l  

a n t i b o d i e s  to u v e a l  m e l a n o m a s  in r e s e a r c h  and c l i n i c a l  

o p h t h a l m o l o g y .

9.3. 1 D i a g n o s i s  of the p r i m a r y  t u m o u r

M o s t  i n t r a o c u l a r  m e l a n o m a s  can be r e l i a b l y  

d i a g n o s e d  by o p h t h a l m o s c o p y  s u p p l e m e n t e d  by a p p r o p r i a t e  

i n v e s t i g a t i o n s .  An i m m u n o l o g i c a l  d i a g n o s t i c  test w o u l d ,  

t h e r e f o r e ,  be u s e f u l  in o n l y  a small p r o p o r t i o n  of cases.  

Such a test w o u l d  n e e d  to be n o n - i n v a s i v e , h i g h l y  r e l i a b l e  

and p r a c t i c a b l e  in the c l i n i c a l  s i t u a t i o n  e v e n  w h e n  not 

p e r f o r m e d  f r e q u e n t l y .

O t h e r  w o r k e r s  h a v e  u n s u c c e s s f u l l y  b a s e d  t h e i r  

i m m u n o l o g i c a l  d i a g n o s t i c  a s s a y s  on the p a t i e n t ' s  c e l l u l a r  

and h u m o r a l  i m m u n e  r e s p o n s e  to the u v e a l  m e l a n o m a .  T h e r e  

m a y  be m o r e  scope, h o w e v e r ,  for d e v e l o p i n g  a s s a y s  w h i c h  

are b a s e d  on the d e t e c t i o n  on t u m o u r  a n t i g e n s  in the b l o o d  

or urine. The d e t e c t i o n  of the 4A3 a n t i g e n  in the
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s u b r e t i n a l  f l u i d  of p a t i e n t s  w i t h  u v e a l  m e l a n o m a  by 

W e s t e r n  B l o t t i n g  is f u r t h e r  e v i d e n c e  that a n t i g e n s  are 

shed by this tumour.

I m a g i n g  t e c h n i q u e s  u s i n g  r a d i o i s o t o p e s  l a b e l l e d  to 

m o n o c l o n a l  a n t i b o d i e s  g e n e r a t e d  a g a i n s t  c u t a n e o u s  m e l a n o m a  

are c u r r e n t l y  u n d e r  i n t e n s e  i n v e s t i g a t i o n .  In v i e w  of the 

a n t i g e n i c  d i f f e r e n c e s  that are k n o w n  to e x i s t  b e t w e e n  

c u t a n e o u s  and u v e a l  m e l a n o m a  f u r t h e r  k n o w l e d g e  of the 

a n t i g e n i c  n a t u r e  of u v e a l  m e l a n o m a s  is r e q u i r e d  b e f o r e  

such a n t i b o d i e s  c o u l d  u s e f u l l y  be a p p l i e d  to i n t r a o c u l a r  

t u m o u r s .

I m m u n o h i s t o c h e m i s t r y  u s i n g  m o n o c l o n a l  a n t i b o d i e s  to

m e l a n o m a - a s s o c i a t e d  a n t i g e n s  c o u l d  p r o v i d e  s u p p o r t  for

m i c r o s c o p i c  e x a m i n a t i o n  of e x c i s e d  tissue, p a r t i c u l a r l y

f o l l o w i n g  c o n s e r v a t i v e  forms of t h e r a p y  w h e n  it is 
d i f f i c u l t  to d i f f e r e n t i a t e  s u r v i v i n g  t u m o u r  c e l l s  f r o m

me 1 a n o m a c r o p h a g e s  or a c t i v a t e d  f i b r o b l a s t s .

9.3.2 D i a g n o s i s  of m e t a s t a t i c  d i s e a s e

F r o m  a c l i n i c a l  poi n t  of view, the s c o p e  of

i m m u n o d i a g n o s i s  of s u b c l i n i c a l  m e t a s t a s e s  w o u l d  d e p e n d  on 

h o w  this i n f o r m a t i o n  i n f l u e n c e d  the m a n a g e m e n t  of the 

p r i m a r y  t u m o u r  and on the e f f i c a c y  of any a v a i l a b l e

t r e a t m e n t  for e x t r a o c u l a r  d i s e a s e .  E a r l y  d e t e c t i o n  or,

p r e f e r a b l y ,  a c c u r a t e  p r e d i c t i o n  of m e t a s t a t i c  d i s e a s e  

c o u l d  i m p r o v e  the e v a l u a t i o n  of d i f f e r e n t  f o r m s  of

t r e a t m e n t  of the p r i m a r y  tumour.

Such aims c o u l d  be a c h i e v e d  in v a r i o u s  w a y s .

F i r s t l y ,  the p r i m a r y  t u m o u r  c o u l d  be e x a m i n e d  by

i m m u n o h i s t o c h e m i s t r y  for the e x p r e s s i o n  of a n t i g e n s  w h i c h
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are k n o w n  to h a v e  p r o g n o s t i c  s i g n i f i c a n c e .  It w o u l d  be 

p r e f e r a b l e  to p r e p a r e  m o n o c l o n a l  a n t i b o d i e s  r e a c t i v e  w i t h  

fix e d  t i s s u e s  for this p u r p o s e  so that r e t r o s p e c t i v e  

s t u d i e s  w o u l d  be f e a s i b l e .

9 . 3.3 T r e a t m e n t  of the p r i m a r y  t u m o u r

An i m m u n o l o g i c a l  tool for the t r e a t m e n t  of the 

p r i m a r y  t u m o u r  c o u l d  in the f u t u r e  be u s e d  as an 

a l t e r n a t i v e  or a d j u n c t  to o t h e r  forms of c o n s e r v a t i v e  

t r e a t m e n t ,  n one of w h i c h  g u a r a n t e e s  s u c c e s s .  The t r e a t m e n t  

of t u m o u r s  w i t h  m o n o c l o n a l  a n t i b o d i e s  a t t a c h e d  to 

r a d i o a c t i v e  i s o t o p e s  and tox i n s  is l i m i t e d  by the r i s k  of 

d a m a g e  to o t h e r  o r g a n s ,  such as the l i v e r  and k i d n e y ,  in 

w h i c h  m o n o c l o n a l  a n t i b o d i e s  tend to a c c u m u l a t e .  This 

p r o b l e m  is l i k e l y  to be less s e r i o u s  w i t h  p h o t o d y n a m i c  

a g ents, w h i c h  are toxic o n l y  w h e n  e x p o s e d  to light. It 

m a y  be p o s s i b l e ,  t h e r e f o r e ,  to use m o n o c l o n a l  a n t i b o d i e s  

to e n h a n c e  the a c c u m u l a t i o n  of h a e m a t o p o r p h y r i n

d e r i v a t i v e s  in u v e a l  m e l a n o m a ,  t h e r e b y  r e d u c i n g  the 

s y s t e m i c  p h o t o t o x i c i t y  that c u r r e n t l y  c o m p l i c a t e s  the use 

of such age n t s .  The p o s s i b i l i t y  of a d v e r s e l y  i n f l u e n c i n g  

the p r e s u m e d  i m m u n o l o g i c a l  d e f e n c e s  of the h o s t  a g a i n s t  

the t u m o u r  w o u l d  n e e d  to be a s s e s s e d  in r e l a t i o n  to the 

u n c e r t a i n  i m m u n o l o g i c a l  c o n s e q u e n c e s  of all the o t h e r  

t h e r a p e u t i c  m o d a l i t i e s ,  i n c l u d i n g  e n u c l e a t i o n .

9.3.4 P r e v e n t i o n  of m e t a s t a t i c  d i s e a s e

The p r e v e n t i o n  of m e t a s t a t i c  d i s e a s e  f r o m  u v e a l  

m e l a n o m a  is one of the m o s t  u r g e n t  p r o b l e m s  in o p h t h a l m i c  

o n c o l o g y .  The fact that o n l y  a b o u t  h a l f  of all p a t i e n t s
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d e v e l o p  m e t a s t a t i c  d i s e a s e  f o l l o w i n g  e n u c l e a t i o n  c o u l d  

i n d i c a t e  that m e t a s t a t i c  d i s e a s e  m i g h t  be p r e v e n t e d  if its 

p a t h o g e n e s i s  w e r e  b e t t e r  u n d e r s t o o d .  H y b r i d o m a  t e c h n o l o g y  

o f f e r s  the b est m e a n s  of p r o v i d i n g  the a p p r o p r i a t e  

a n t i g e n s  and a n t i b o d i e s  r e q u i r e d  for r e l e v a n t  s t u d i e s  of 

u v e a l  m e l a n o m a  a n t i g e n s  and of the i m m u n e  r e s p o n s e s  to 

them.

In the a b s e n c e  of p u r i f i e d  me 1 a n o m a - a s s o c i a t e d  

a n t i g e n  p r e p a r a t i o n s ,  a p r e l i m i n a r y  i n v e s t i g a t i o n  was 

p e r f o r m e d  to i n v e s t i g a t e  the p o s s i b i l i t y  of m e a s u r i n g  

s e rum a n t i b o d i e s  to m e l a n o m a - a s  s o c i a t e d  a n t i g e n s  by m e a n s  

of an i n h i b i t i o n  ELI S A .  The i n i t i a l  r e s u l t s  w e r e  

e n c o u r a g i n g  in that the p a t i e n t  s era a p p e a r e d  to i n h i b i t  

the b i n d i n g  of the rat m o n o c l o n a l  a n t i b o d i e s  to the 

m e l a n o m a  c e lls r e l a t i v e  to the sera of the h e a l t h y  

c o n t r o l s .  Such i n h i b i t i o n  s e e m e d  to o c c u r  in a

n o n - s p e c i f i c  f a s h i o n  so that the same r e s u l t s  w e r e  

o b t a i n e d  w h i c h e v e r  m o n o c l o n a l  a n t i b o d y  was used.

A p o t e n t i a l  p r o b l e m ,  c o m m o n  to all m e t h o d s  of 

m e a s u r i n g  s e r u m  a n t i b o d i e s  to t u m o u r - a s s o c i a t e d  a n t i g e n s ,  

is that such a n t i b o d i e s  m i g h t  not be d e t e c t e d  if t hey 

a l r e a d y  f o r m  part of a n t i g e n - a n t i b o d y  c o m p l e x e s  or if t hey 

are b o u n d  to a n t i - i d i o t y p e s . A l t h o u g h  this d i f f i c u l t y  

could, t h e o r e t i c a l l y  at least, be o v e r c o m e  by d i s s o c i a t i n g  

the c o m p l e x e s  u n d e r  a cid c o n d i t i o n s  ( S j o g r e n  et a 1 197 1),

a m o r e  r e c e n t  a p p r o a c h  has b e e n  to’ ’f reeze' the h u m o r a l  

i m m u n e  r e s p o n s e  by p e r f o r m i n g  E B V - t r a n s f o r m a t i o n  on 

p e r i p h e r a l  b l o o d  l y m p h o c y t e s  ( C a m p b e l l  e t a 1 1986).

P e r i p h e r a l  B l y m p h o c y t e s  a p p a r e n t l y  p r o d u c i n g  a n t i b o d i e s  

to a n t i g e n s  e x p r e s s e d  by m e l a n o m a  cel l s  w e r e  d e m o n s t r a t e d
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in p a t i e n t s  w i t h  u v e a l  m e l a n o m a s ,  but such cells w e r e  also 

i d e n t i f i e d  in h e a l t h y  i n d i v i d u a l s .  As w i t h  p r e v i o u s  

s t u d i e s  such r e s u l t s  m a y  be a r t e f a c t u a l  and due to the use 

of i m p u r e  a n t i g e n s  in the assays.

9 . 3.5 T r e a t m e n t  of m e t a s t a t i c  d i s e a s e

The h i g h  m o r b i d i t y  and m o r t a l i t y  of e s t a b l i s h e d  

m e t a s t a t i c  d i s e a s e  j u s t i f y  f u r t h e r  r e s e a r c h  into all forms 

of t h e r a p y ,  i n c l u d i n g  tho s e  u s i n g  m o n o c l o n a l  a n t i b o d i e s .

9 . 4 C o n e l u s i o n s

The f o l l o w i n g  c o n c l u s i o n s  are b a s e d  on the r e s u l t s

of o r i g i n a l  e x p e r i m e n t a l  r e s e a r c h  and on a r e v i e w  of the 

c u r r e n t  l i t e r a t u r e  ( S e p t e m b e r  19 8 7).

1. This s t u d y  shows that it is t e c h n i c a l l y  p o s s i b l e  to

p r e p a r e  m o n o c l o n a l  a n t i b o d i e s  u s i n g  o n l y  u n c u l t u r e d  

u v e a l  m e l a n o m a  c e lls for the i m m u n i s a t i o n  of 

a n i m a l s  and the s c r e e n i n g  of h y b r i d s .

D e s p i t e  the a v a i l a b i l i t y  of l a r g e  n u m b e r  of 

m o n o c l o n a l  a n t i b o d i e s  that r e a c t  w i t h  c u t a n e o u s  

m e l a n o m a ,  t h ere a p p e a r s  to be s c o p e  for p r o d u c i n g  

m o n o c l o n a l  a n t i b o d i e s  to u v e a l  m e l a n o m a  b e c a u s e  of 

the s i g n i f i c a n t  a n t i g e n i c  d i f f e r e n c e s  that are 

k n o w n  to e x i s t  b e t w e e n  the two s u b - t y p e s  of tumo u r .
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S i nce m e l a n o m a  cells are k n o w n  to u n d e r g o  

s i g n i f i c a n t  a n t i g e n i c  c h a n g e s  d u r i n g  in v i t r o  

c u l t u r e ,  it w o u l d  s eem to be p r e f e r a b l e  to p r e p a r e  

m o n o c l o n a l  a n t i b o d i e s  to u v e a l  m e l a n o m a s  u s i n g  

u n c u l t u r e d  c e lls o b t a i n e d  f r o m  p r i m a r y  t u m o u r s .

L i k e  the v a s t  m a j o r i t y  of ' m e l a n o m a - a s s o c i a t e d '  

a n t i g e n s  r e c o g n i s e d  by m o n o c l o n a l  a n t i b o d i e s  fro m  

o t h e r  l a b o r a t o r i e s ,  the a n t i g e n s  d e t e c t e d  in the 

p r e s e n t  s t u d y  have, at best, b e e n  o n l y  p a r t i a l l y  

s p e c i f i c  for u v e a l  m e l a n o m a  cells. F u r t h e r  s t u d i e s  

m a y  e s t a b l i s h  w h e t h e r  the s e  r e s u l t s  are due to 

i n a d e q u a t e  m e t h o d o l o g y  or to a g e n u i n e  p a u c i t y  of 

s p e c i f i c  t u m o u r - a s s o c i a t e d  a n t i g e n s  in m e l a n o m a  

cells.

2. The E L I S A  is i n a d e q u a t e  for s e l e c t i n g  a n t i b o d i e s  to

m e m b r a n e - a n t i g e n s  e x p r e s s e d  by u v e a l  m e l a n o m a s .  

D e s p i t e  e a r l y  c l a i m s  that this a s s a y  c o u l d  be u s e d  

for cell s u r f a c e  a n t i g e n s ,  it tends to be d o m i n a t e d  

by i n t r a c e l l u l a r  a n t i g e n s .  In a d d i t i o n ,  it is 

u n l i k e l y  to d e t e c t  p o t e n t i a l l y  u s e f u l  a n t i b o d i e s  

r e c o g n i s i n g  a n t i g e n s  e x p r e s s e d  by small m i n o r i t i e s  

of cells. D e p e n d i n g  on the i n t e n d e d  use of the 

m o n o c l o n a l  a n t i b o d i e s ,  h y b r i d o m a s  s h o u l d  be 

s c r e e n e d  by i m m u n o h i s t o c h e m i s t r y  u s i n g  f i x e d  or 

f r o z e n  tissue, or a g a i n s t  v i a b l e  t u m o u r  c e l l s  by 

i m m u n o f l u o r e s c e n c e  m i c r o s c o p y .
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The i n t e r - t u m o u r  a n t i g e n i c  h e t e r o g e n e i t y  of u v e a l  

m e l a n o m a s  d e m o n s t r a t e d  by E L I S A  u s i n g  a p a n e l  of 

m o n o c l o n a l  a n t i b o d i e s  has i m p l i c a t i o n s  not o n l y  for 

the a p p l i c a t i o n  of m o n o c l o n a l  a n t i b o d i e s  but als o  

for the p r o d u c t i o n  of t h ese r e a g e n t s ,  e s p e c i a l l y  

w h e n  u n c u l t u r e d  c e lls are u s e d  in the s c r e e n i n g  

a ssays. I n s t e a d  of u s i n g  c e l l s  f r o m  d i f f e r e n t  

u v e a l  m e l a n o m a s  for the i m m u n i s a t i o n  and s c r e e n i n g  

p r o c e d u r e s  r e q u i r e d  in eac h  f u s i o n  it w o u l d  be 

b e t t e r  to use o n l y  one t u m o u r  per fusion.

The p r e s e n c e  of the 4A3 a n t i g e n  in s a m p l e s  of 

s u b r e t i n a l  f l uid f r o m  p a t i e n t s  w i t h  u v e a l  m e l a n o m a  

is i n t e r e s t i n g  but of l i m i t e d  s i g n i f i c a n c e  u n t i l  it 

b e c o m e s  p o s s i b l e  to test s a m p l e s  f r o m  p a t i e n t s  w i t h  

o t h e r  c a u s e s  of s e r o u s  r e t i n a l  d e t a c h m e n t .  T h i s  

f in d i n g ,  h o w e v e r ,  s u g g e s t s  that w i t h  an a p p r o p r i a t e  

a s s a y  it m a y  be p o s s i b l e  to d e t e c t  s i m i l a r  a n t i g e n s  

in the b l o o d  or urine.

The b i n d i n g  of m o n o c l o n a l  a n t i b o d i e s  to u v e a l  

m e l a n o m a  cel l s  on E L I S A  tends to be i n h i b i t e d  by 

s e r u m  f r o m  p a t i e n t s  w i t h  this tumour.

It is not p o s s i b l e  to m e a s u r e  h u m o r a l  i m m u n i t y  to 

u v e a l  m e l a n o m a  by p e r f o r m i n g  the E L I S A  on 

s u p e r n a t a n t s  of c u l t u r e d  E B V - t r a n s f o r m e d  p e r i p h e r a l  

B l y m p h o c y t e s  of p a t i e n t s  w i t h  this d i s e a s e .



6. H u m a n - h u m a n  f u s i o n s  u s i n g  E B V - t r a n s f o r m e d

p e r i p h e r a l  B l y m p h o c y t e s  o b t a i n e d  f r o m  p a t i e n t s  

w i t h  u v e a l  m e l a n o m a  do not a p p e a r  to be an 

e f f i c i e n t  m e t h o d  of p r o d u c i n g  h u m a n  m o n o c l o n a l  

a n t i b o d i e s  to m e m b r a n e  a n t i g e n s  e x p r e s s e d  by the s e  

tu m o u r s  if E L I S A  is u s e d  for s c r e e n i n g  

t r a n s f o r m a n t s  and h y b r i d o m a s .

7. The p r o d u c t i o n  of m o n o c l o n a l  a n t i b o d i e s  to

t u m o u r - a s s o c i a t e d  a n t i g e n s  is still in its i n f a n c y  

and has h i t h e r t o  b e e n  b a s e d  on c o n c e p t s  w h i c h  now  

a p p e a r  to h a v e  b e e n  too s i m p l i s t i c .  T e c h n i q u e s  of 

h y b r i d o m a  p r o d u c t i o n  and s e l e c t i o n  are, h o w e v e r ,  

b e c o m i n g  m o r e  e f f i c i e n t  and a w a r e n e s s  of the 

l i m i t e d  a n t i g e n i c  n a t u r e  of m a n y  n e o p l a s m s  and of 

the c r o s s - r e a c t i v e  b e h a v i o u r  of m o n o c l o n a l

a n t i b o d i e s  is i m p r o v i n g .

In the light of these c o n s i d e r a t i o n s ,  t h e r e  w o u l d  

s e e m  to be m u c h  s c ope for f u r t h e r  e f f o r t s  at 

p r o d u c i n g  m o n o c l o n a l  a n t i b o d i e s  to u v e a l  m e l a n o m a .
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