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KELANOMA ASSOCIATED ANTIGEN I N  THE SERUM 

OF PATIENTS WITH METASTATIC DISEASE 
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(KEY WORDS: double-determinant inmunoassay, m e t a s t a t i c  
melanoma, monoclonal an t ibody,  o c u l a r  melanoma-assoc i a t e d  
a n t i g e n ,  serum) 

ABSTRACT 

Two monoclonal a n t i b o d i e s ,  MAb8-1H and ME491, which bind 
t o  d i f f e r e n t  de te rminants  of t h e  same highly  g l y c o s y l a t e d  
melanoma-associated a n t i g e n ,  were used t o  determine 
melanoma-associated a n t i g e n  l e v e l s  i n  serum samples from p a t i e n t s  
t r e a t e d  f o r  primary c h o r o i d a l  o r  c i l i a r y  body melanoma and who 
subsequent ly  developed sys temic  m e t a s t a s i s .  An immunoassay w a s  
developed i n  which ME491 was absorbed t o  p o l y s t y r e n e  beads i n  
o r d e r  t o  bind t h e  melanoma-assoc i a t e d  a n t i g e n  p r e s e n t  i n  serum. 
1251-MAb8-1H was used t o  d e t e c t  t h e  bound a n t i g e n .  
double-determinant inmunoassay is both  s e n s i t i v e  and r e p r o d u c i b l e .  
Supernatant  f l u i d s  of  t i s s u e  c u l t u r e d  melanoma c e l l  l i n e s  served  
as p o s i t i v e  s tandards  f o r  t h e  c a l c u l a t i o n  of  melanoma-associated 
a n t i g e n  u n i t s .  
a n t i g e n  v e r e  7 . 7  u n i t s  f o r  p a t i e n t s  wi th  benign o c u l a r  c o n d i t i o n s ,  
9.51 u n i t s  f o r  p a t i e n t s  wi th  c h o r o i d a l  melanoma wi thout  documented 
m e t a s t a t i c  d i s e a s e ,  and 48.3 u n i t s  f o r  p a t i e n t s  w i t h  c h o r o i d a l  
melanoma and documented systemic m e t a s t a s i s .  
impl ica t ions  of  us ing  t h i s  test a s  a screening  method f o r  t h e  
d e t e c t i o n  of  m e t a s t a t i c  d i s e a s e  is d i s c u s s e d .  

This  

The mean serum l e v e l s  of  melanoma-associated 

The c l i n i c a l  
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2 7 4  DONOSO ET AL. 

IATRODUCTION 

Malignant rr.elanonia c e l l s ,  both i n  v ivo  and i n  v i t r o ,  

c h a r a c t e r i s t i c a l l y  r e l e a s e  , o r  sired , melanoma-associated 

a n t i g e n s  (MAAS) i n t o  t h e  environment. Severa l  bUs ,  such as 

t h e  proteoglycan a n t i g e n ,  have been i d e n t i f i e d  and measured 

i n  t h e  seruiii of p a t i e n t s  with cutaneous melanoma and have 

been found t o  c o r r e l a t e  wi th  t h e  tumor burden of t h e  p a t i e n t  

dur ing  t h e  c l i n i c a l  course of t h e  d i s e a s e  (1-3). 

Monoclonal a n t i b o d i e s  (EUbs) MAb8-1H and ME491 d e f i n e  

d i f f e r e n t  ep i topes  of a h ighly  g lycosyla ted  melanoma-assoc i a t e a  

a n t i g e n  (MIA) p r e s e n t  i n  both  o c u l a r  (4,5) and cutaneous (6) 

melanomas. The YAA, c h a r a c t e r i z e d  as  a mucin-type g l y c o p r o t e i n ,  

i s  shed by t i s s u e  c u l t u r e  melanoma c e l l s  i n t o  t h e  surrounding 

media. On t h e  b a s i s  of t h i s  f i n d i n g ,  w e  eva lua ted  t h e  s e r a  

from p a t i e n t s  with o c u l a r  melanoma with and without  documented 

m e t a s t a t i c  d i s e a s e  f o r  t h e  presence  of t h e  hlAA i d e n t i f i e d  by 

PlAbs ElAb8-lH and RE491 i n  a s e n s i t i v e  double-determinant 

imniunoassay (DDIA) and compared t h e  r e s u l t s  v i t h  t h e  c l i n i c a l  

course of t h e  p a t i e n t .  

NATERIALS AND METHODS 

P a t i e n t s '  Sera  

The 167 serum samples used i n  t h i s  s t u d y  were s t o r e d  f r o z e n  

a t  -7OOC p r i o r  t o  u s e .  S ix ty- f ive  serum samples were 

obtained from p a t i e n t s  without  c h o r o i d a l  melanoma p r i o r  t o  

c a t a r a c t  e x t r a c t i o n  ( c o n t r o l  group) ;  86 serum samples were from 
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METASTATIC UVEAL MELANOMA 275  

p a t i e n t s  t r e a t e d  f o r  c h o r c i d a l  melanoma by e n u c l e a t i o n  o r  c o b a l t  

plaque rad io therapy  without  documented m e t a s t a t i c  d i s e a s e ;  and 

17 serum samples were from p a t i e n t r  with documented m e t a s t a t i c  

disease fo l lowing  t rea tment  of t h e  pr imary melanoma. Seruni 

gamma glutamyl  t r a n s p e p t i d a s e  (GTP) values  were obta ined  from 

t h e  p a t i e n t s '  records .  

MAMA 

The product ion and c h a r a c t e r i z a t i o n  of MAb8-1H and ME491 

have been descr ibed  p r e v i o u s l y  ( 4 , 6 ) .  MAbs were p u r i f i e d  from 

a s c i t e s  f l u i d  by 50% ammonium s u l f a t e  p r e c i p i t a t i o n  and by g e l  

permeation chromatography ( 4 , 6 ) .  

C e l l  Lines 

The SK-MEL-23 melanoma c e l l  l i n e ,  maintained i n  supplemented 

serum-free medium (SSFM), was used as a source  of c o n t r o l  EiAA i n  

t h e  b inding  s t u d i e s  and has been d e s c r i b e d  p r e v i o u s l y  ( 6 ) .  

Bad i o  iuuuunoas sa y 

MAb8-1H was r a d i o i o d i n a t e d  by t h e  iodogen method t o  a s p e c i f i c  

a c t i v i t y  of  2-4 uCi/ug ( 4 ) .  The DDIA u t i l i z e d  to  measure F A  i n  

t h e  p a t i e n t s '  s e r a  has been d e s c r i b e d  i n  d e t a i l  p r e v i o u s l y  ( 7 ) .  

B r i e f l y ,  po lys tyrene  beads (6.35 mu; P r e c i s i o n  P l a s t i c  B a l l  Co.,  

Chicago, IL) were incubated with ME491 (1:lOOO d i l u t i o n  of  

a s c i t e s  f l u i d ) ,  r e f e r r e d  t o  as t h e  c a t c h e r  MAb, o v e r n i g h t  a t  

4OC. The beads were washed t h r e e  times wi th  phosphate-buffered 

s a l i n e  (PBS), incubated wi th  PBS c o n t a i n i n g  2% bovine serum albumin 
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27 6 DONOSO ET A L .  

PBS/BSA) f o r  one hour ,  and then t r a n s f e r r e d  t o  r e a c t i o n  t r a y s  (Centocor ,  

Malvern, PA) c o n t a i n i n g  200 u l  serum d i l u t e d  i n  calcium- and 

magnesium-free PBS and supplemented wi th  PBS/BSA. 

incubat ion  a t  4O C ,  t h e  beads were washed wi th  PBS us ing  

Pentawash 11 (Abbott L a b o r a t o r i e s ,  Chicago,  IL)  , and 200 u l  of  

1251-MAb8-1H (100,000 cpm), r e f e r r e d  t o  as t h e  d e t e c t o r  MAb, 

was added. A f t e r  overn ight  i n c u b a t i o n ,  t h e  beads were washed and 

t h e  bound r a d i o a c t i v i t y  was measured i n  a gamma spec t rometer .  

A f t e r  o v e r n i g h t  

A l l  a ssays  were performed i n  d u p l i c a t e  o r  t r i p l i c a t e ,  depending 

on t h e  amount of t h e  p a t i e n t ' s  seruni a v a i l a b l e .  Cpm of beads 

incubated with PBB o n l y  were s u b t r a c t e d  from t e s t  sample cpm. 

Units  of  MAA were c a l c u l a t e d  from a s tandard  curve d e r i v e d  by u s i n g  

SK-Mel-23 SSFH and d i l u t e d  1:l t o  1:16 i n  normal human serum. The 

cpm of beads corresponding t o  a 1:4 d i l u t i o n  of SSFK was def ined  

a s  100 u n i t s .  A s tandard  curve was included i n  a l l  assays .  Groups 

were compared us ing  t h e  S t u d e n t ' s  t-test. D i f f e r e n c e s  were 

considered s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  p < 0.05. 

RESULTS 

The mean serum c o n c e n t r a t i o n s  of  MAA d e t e c t e d  by t h e  D D I A  

f o r  t h e  c o n t r o l  group and f o r  p a t i e n t s  t r e a t e d  f o r  pr imary uvea l  

melanoma without  documented m e t a s t a t i c  d i s e a s e  was 7 . 7  and 9.5 

DDIA u n i t s  r e s p e c t i v e l y .  Each d i f f e r e d  s i g n i f i c a n t l y  (p  (0.001) 

from va lues  obtained from p a t i e n t s  t r e a t e d  f o r  pr imary uvea l  

melanoma v i t h  documented m e t a s t a t i c  d i s e a s e  (48.3 DDIA u n i t s )  , 
but  d id  not  d i f f e r  s i g n i f i c a n t l y  from each o t h e r .  Table 1 g i v e s  

t h e  d i s t r i b u t i o n  of DDIA u n i t s  among t h e  p a t i e n t  groups.  
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METASTATIC UVEAL MELANOMA 2 7 7  

TABLE 1 

Detec t ion  of blAA i n  Sera  oi P a t i e n t s  a s  
Determined in D D I A  Using HE491 and 125I-tXDE-IH 

Number of Sera  a t  t h e  Followinx D D I A  Units 
T o t a l #  I sera > 20 

0-10 10-20 20-30 30-40 40-50 50-100 >lo0  of Sera  D D I A  u n i t s -  _ _ - ~ _ _ ~ _ _ _ - _ _ _  
GBOUPS: 

Control  51* 9 1 I 0 3 0 65 a2 

Ctioroidal 
me lanoma 
wit  ilou t 
documented 
m e t a s t a s i s  62  13 4 3 2 0 1 a5  

Clioroida 1 
melanoma 
w i t h  
documented 
o e t a s t a s i s  4 1 0 1 2 9 0 17 

122 

71% 

* The number of s e r a  g i v i n g  a response of 0-10 D D I A  units. 
** Bounded t o  nea res t  p e r c e n t .  

P a t i e n t s  t r e a t e d  f o r  c h o r o i d a l  melanoma wi th  metastasis were 

more l i k e l y  t o  have e l e v a t e d  l e v e l s  ( >  20 DDIA u n i t s )  of 

c i r c u l a t i n g  MAA (p <0.001). Eight  p e r c e n t  of c o n t r o l  p a t i e n t s ,  

12% of c h o r o i d a l  melanoma p a t i e n t s  without  documented 

m e t a s t a s i s ,  and 71% of  c h o r o i d a l  melanoma p a t i e n t s  wi th  

documented m e t a s t a t i c  d i s e a s e  have serum MAA l e v e l s  above 20 

DDIA u n i t s .  

S e r i a l  blood samples ,  drawn a t  approximately every  t h r e e  t o  

s i x  months, were a v a i l a b l e  f o r  13 p a t i e n t s  t r e a t e d  f o r  a 

c h o r o i d a l  melanoma who subsequent ly  developed sys temic  

metas tases .  In f o u r  of these  p a t i e n t s  s e r a  was obta ined  b e f o r e  
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Figure  1. Time course showing changes i n  serum HAA (-x-x-x-) 

and GTF' (-0--0---0-) i n  a p a t i e n t  i n  whom l i v e r  m e t a s t a s i s  

developed. Arrov i n d i c a t e s  time fo l lowing  e n u c l e a t i o n  a t  v h i c h  

l i v e r  scan became abnormal, followed by p o s i t i v e  l i v e r  biopsy.  

t rea tment  and a t  r e g u l a r  i n t e r v a l s ,  theraf  t e r ,  u n t i l  t h e  documentation 

of m e t a s t a t i c  d i s e a s e .  The s e r u u  c o n c e n t r a t i o n  of MAA was compared 

t o  serum l i v e r  enzymes and t h e  c l i n i c a l  course  of these  f o u r  

p a t i e n t s .  I n  one of  these  f o u r  p a t i e n t s ,  e l e v a t e d  MAA l e v e l s  

(41.5 u n i t s )  were recorded p r i o r  t o  e l e v a t e d  serum l i v e r  enzyme 

(GTP) or t h e  f i n d i n g  of an abnormal l i v e r  scan .  

a 60-year-old man eva lua ted  i n  February 1981 f o r  a pigmented l e s i o n  

of  t h e  r i g h t  eye. 

and t h e  eye vae t r e a t e d  by c o b a l t  plaque r a d i o t h e r a p y .  The p a t i e n t  

was seen  r e g u l a r l y  i n  follow-up v i s i t s ,  and i n  December 1982 

This  p a t i e n t  was 

The c l i n i c a l  d i a g n o s i s  was c h o r o i d a l  melanoma 
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METASTATIC UVEAL MELANOMA 279 

c l i n i c a l  e v a l u a t i o n  and serum l i v e r  enzymes i n d i c a t e d  no m e t a s t a t i c  

d i s e a s e ,  d e s p i t e  e l e v a t e d  serum hy\A l e v e l s  ( F i g u r e  1). Because 

ophthalmic e v a l u a t i o n  a t  t h i s  time indica ted  new tumor growth,  an 

i r i d i u m  plaque was a p p l i e d  t o  t h e  r i g h t  eye. Approximately t h r e e  

months l a t e r ,  m e t a s t a t i c  d i s e a s e  was documented by l i v e r  b i o p s y  

fol lowing an anormal l i v e r  s c a c  c o i n c i d e n t  w i t h  e l e v a t i o n s  o f  serum 

l i v e r  enzymes. The p a t i e n t  expired s h o r t l y  t h e r e a f t e r .  In t h e  

remaining t h r e e  p a t i e n t s  seruni ElAA became e leva ted  a t  approximately 

t h e  same t i m e  as  o t h e r  l i v e r  f u n c t i o n  tes t s  became abnormal. 

DISCUS SI ON 

Most p a t i e n t s  who d i e  of m e t a s t a t i c  uveal  melanoma d i e  

w i t h i n  two years  fo l lowing  o c u l a r  s u r g e r y  ( 6 ) .  The m a j o r i t y  of  

tnese  p a t i e n t s  have l i v e r  m e t a s t a s i s ,  which is  o f t e n  f i r s t  

i n d i c a t e d  by  abnormal l i v e r  f u n c t i o n  tes ts  (8,9). In t h i s  s t u d y  

we have used a s e n s i t i v e  DDIA t o  demonstrate  s i g n i f i c a n t  

e l e v a t i o n s  of serum IlAA l e v e l s  in p a t i e n t s  with c h o r o i d a l  

melanoma and documented m e t a s t a t i c  d i s e a s e  as compared t o  t h o s e  

l e v e l s  i n  c h o r o i d a l  melanoma p a t i e n t s  without  m e t a s t a t i c  d i s e a s e  

o r  p a t i e n t s  with benign o c u l a r  d i s o r d e r s .  

t o  t h a t  used i n  t h e  p r e s e n t  s t u d y ,  Rose and a s s o c i a t e s  ( 1 )  found 

e leva ted  l e v e l s  of c i r c u l a t i n g  pro teoglycan  a n t i g e n ,  another  

MAA, i n  76% of cutaneous melanoma p a t i e n t s  with a high 

m e t a s t a t i c  tumor burden,  as  compared t o  22% of p a t i e n t s  wi th  

l i g h t  tumor burden and 2% of h e a l t h y  donors. I n  our  s t u d y ,  we 

found s t a t i s t i c a l l y  s i g n i f i c a n t  l e v e l s  of e l e v a t i o n  of MAA i n  

Using a D D I A  similar 
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280 DQNOSO ET AL. 

t h e  s e r a  of  p a t i e n t s  with documented 

m e t a s t a t i c  d i s e a s e  ( p  < 0.001). With regard t o  p a t i e n t s  with 

ocular  melanoma, t h e  p r e d i c t i v e  va lue  of t h e  t e s t  was 55% with 

f a l s e  p o s i t i v e  r a t e  o f  9%. 

t e s t  f o r  p a t i e n t s  with documented m e t a s t a t i c  d i s e a s e  was 29% with  

a s e n s i t i v i t y  of  71%. These values  sugges t  t h a t  t h i s  t e s t  may have 

some, but  l imi ted  v a l u e  as  a sc reening  tes t  f o r  t h e  d e t e c t i o n  of  

m e t a s t a t i c  d i s e a s e .  

The f a l s e  n e g a t i v e  r a t e  f o r  t h i s  

I t  would be u s e f u l  t o  d e t e c t  s u b c l i n i c a l  metastasis i n  

p a t i e n t s  with o c u l a r  melanoma, s i n c e  once t h e  d i a g n o s i s  of  

m e t a s t a s i s  has been e s t a b l i s h e d ,  t h e  d u r a t i o n  of s u r v i v a l  is 

u s u a l l y  less than on year ( 9 ,  10) .  S e r i a l  blood samples were 

obtained before  t rea tment  and s e r i a l l y ,  t h e r e a f t e r ,  u n t i l  t h e  

documentation of l i v e r  m e t a s t a s i s  i n  f o u r  p a t i e n t s ,  Serum MAA 

l e v e l s  of t h r e e  of t h e s e  p a t i e n t s  became e l e v a t e d  c o i n c i d e n t  w i t h  

o t h e r  i n d i c a t o r s  of h e p a t i c  dysfunct ion .  I n  one p a t i e n t  , however, 

t h e  serum llAA l e v e l  was e leva ted  (41.5 u n i t s )  p r i o r  t o  abnormal 

serum l i v e r  enzymes o r  l i v e r  scan (F igure  1 ) .  

t h a t  t h i s  t e s t  may n o t  o f f e r  s i g n i f i c a n t  advantages over  convent iona l  

t e s t i n g  procedures i n  d e t e c t i n g  e a r l y  m e t a s t a t i c  d i s e a s e ;  however , 

a d d i t i o n a l  ser ia l  blood s t u d i e s  a r e  needed i n  o r d e r  t o  more f u l l y  

a s s e s s  t h e  f e a s i b i l i t y  of u t i l i z i n g  t h i s  t e s t  i n  t h e  d e t e c t i o n  of 

e a r l y  s u b c l i n i c a l  m e t a s t a t i c  d i s e a s e .  

These r e s u l t s  sugges t  

The MAA d e t e c t e d  by ME491 and MAb8-lHs a g l y c o p r o t e i n  found 

i n  some normal t i s s u e s ,  may be increased  i n  v a r i o u s  d i s e a s e s  o t h e r  

than cancer ,  60 t h a t  d e t e c t i o n  of e leva ted  serum MAA l e v e l s  of  
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some c o n t r o l  p a t i e n t s  o r  p a t i e n t s  with c h o r o i d a l  melanoma wi thout  

o t h e r  c l i n i c a l  evidence of m e t a s t a s i s  (Table  1 )  is not  a l t o g e t h e r  

unexpected. Hatae and a s s o c i a t e s  (11)  measured c i r c u l a t i n g  l e v e l s  

of a cancer - re la ted  g l y c o p r o t e i n  (CRG)  and found t h a t  p a t i e n t s  

with i n f e c t i o u s  d i s e a s e  processes  had mean CRG l e v e l s  twice t h a t  

of normal c o n t r o l s ,  but  s t i l l  less than p a t i e n t s  with m e t a s t a t i c  

d i s e a s e  ( p  <0.02). F u t u r e  i n v e s t i g a t o r s  measuring NAAs by t h e  

technique descr ibed  i n  t h i s  r e p o r t  should a l s o  be  aware of  t h e s e  

p o t e n t i a l  sources  of e r r o r .  

Bolmer and Davidson (12) have repor ted  in  p a t i e n t s  wi th  

var ious  malignancies  h igh  serum l e v e l s  of a cancer -assoc ia ted  

g lycopro te in  which c o r r e l a t e d  with t h e  s t a g e  of d i s e a s e  and t h e  

tumor burden of t h e  p a t i e n t .  Furthermore,  t h e y  i s o l a t e d  , p u r i f i e d ,  

and c h a r a c t e r i z e d  a 50,000 m l e c u l a r  weight g l y c o p r o t e i n  from t h e  

serum of p a t i e n t s  wi th  malignancy. I n t e r e s t i n g l y ,  t h e  g l y c o p r o t e i n  

contained unusual ly  h igh  l e v e l s  of t h e  amino a c i d s  s e r i n e ,  g lu tamic  

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

t h e  MAA d e t e c t e d  by MAb8-1H and ME491 i n  t h i s  s tudy .  Whether t h e  

cancer-associated a n t i g e n  d e s c r i b e d  by Eolmer and Davidson (10)  

is  i d e n t i c a l  with t h e  Y2iA d e s c r i b e d  h e r e  warran ts  f u r t h e r  

inves t i g a  t ion.  

The i d e n t i f i c a t i o n  of o t h e r  MAAs shed i n t o  t i s s u e  c u l t u r e  

media, such as t h e  MAA d e t e c t e d  by MAb8-1H and ME491, may 

provide  a d d i t i o n a l  MAAs u s e f u l  i n  t h e  d e t e c t i o n  of  early 

s u b c l i n i c a l  metastar  is i n  p a t i e n t s  wi th  pr imary uvea l  melanoma. 

Such s t u d i e s  a r e  c u r r e n t l y  under c o n s i d e r a t i o n  i n  our  

l a b o r a t o r y .  
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