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Demonstration and Partial Purification of 
Common Melanoma-Associated Antigen (s)* 

M. J. EMBLETON, M. R. PRICE and R. W. BALDWIN 

Cancer Research Campaign Laboratories, University of Nottingham, Nottingham NG7 2RD, England 

A b s t r a c t - - S e r a  from melanoma patients, patients with other tumours, non- 
cancer patzents and healthy donors were screened for antibody against NK1-4 melanoma 
cells by indirect membrane immunofluorescence. Approximately 8 %  of melanoma 
patients and 8% of patients with other tumours reacted against NK1-4 cells, but only 
the melanoma patients were positive against other melanoma cell lines. After 
establishing that they did not react with cell ines from other types of tumour, two 
positive sera from melanoma patients were used to detect melanoma-associated antigen(s) 
in 3 M KC1 extracts of melanoma and other tissues. Absorption with melanoma 
extracts inhibited the immunofluorescence activity of these sera, but extracts of other 
tumours, normal skin or embryos failed to absorb antibody. Melanoma extract was 

fractionated by chromatography on a specific immunoadsorbent column prepared with 
one of the reactive melanoma sera. Material bound to the immobilised antibody was 
eluted with 3 M NaSCN and tested for antigenic activity in comparison with the 
unbound material and the unfractionated 3 M KC1 extract. Melanoma-associated 
antigen was found in the bound fraction, and was estimated to be concentrated 
approximately lO-fold (per unit of protein) compared with the unfractionated extract. 
The protein profile of the bound fraction was much less heterogeneous than those of the 
unbound or unfractionated materials and it is suggested that immunoadsorbent columns 
could be used as an important step in the isolation of highly-purified tumour-associated 
antigen preparations. 

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

ANTmENS associated with human malignant 
melanoma have been demonstrated in many 
laboratories using in vitro techniques for assay- 
ing cell-mediated immunity [1] and humoral 
antibody against melanoma cells [2-7]. The 
types of antigen identified have included in- 
dividual tumour-specific antigens and separate 
common melanoma associated antigens [4, 6], 
and also melanoma-related foetal antigens [8, 
9]. Most studies have been directed towards 
identifying these antigens and characterising 
their specificity and distribution on intact 
melanoma cells by means of lymphoid cells or 
sera from autologous or allogeneic melanoma 
patients. In order to understand the biochemi- 
cal nature of melanoma antigens, however, it 
is desirable to isolate the antigens in soluble 
form, and this has been reported by several 
groups [10-14]. In most cases relatively crude 
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extracts have been prepared and analysed. 
The following is a report of demonstration of 
a common melanoma-associated antigen in 
3 M KC1 extracts of melanoma, followed by 
its partial purification by specific immunoad- 
sorbent chromatography in order to obtain 
antigenic material amenable to further chemi- 
cal analysis. 

M A T E R I A L S  A N D  M E T H O D S  

Target cells 

Target cells were long-term cultured tu- 
mour cell lines. Most were maintained as 
monolayer cell cultures in Eagle's Minimum 
Essential Medium (MEM),  supplemented 
with foetal calf serum (10%), penicillin 
(200 IU/ml)  and streptomycin (100/~g/ml). 
They were grown in 25 cm 2 Corning tissue 
culture flasks and were routinely harvested 
with 0.25% trypsin (Difco 1:250)  in Hanks' 
balanced salt solution (HBSS). Several cell 
lines were donated by workers in other in- 
stitutions, and are listed in Table 1. Most of 
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Table 1. List of cell lines used in membrane immunofluorescence tests 

Cell line Tumour of origin Donor 

NK1-4 Melanoma Dr. J. E. De Vries, Amsterdam 
Mel-2a Melanoma Dr. C. Sorg, Miinster 
Mel-57 Melanoma Dr. C. Sorg, Miinster 
Mel-Swift Melanoma Dr. C. Sorg, Miinster 
MeWo Melanoma Dr. C. Sorg, Miinster 
RPMI-5966 Melanoma Dr. C. Sorg, Miinster 
163 Melanoma Dr. R. H. Whitehead, Melbourne 
364 Melanoma Dr. R. H. Whitehead, Melbourne 
9812 Lung carcinoma Dr. J. Fogh, New York 
T24 Bladder carcinoma Dr. M. Moore, Manchester 
EB33 Prostate carcinoma Prof. F. Schoder, Rotterdam 
HT29 Colon carcinoma Dr. L. M. Franks, London 
EB2 Burkitt lymphoma Prof. M. A. Epstein, Bristol 
HS578T Breast carcinoma U.S. Naval Biomedical Research Center 
HS788T Osteogenic sarcoma U.S. Naval Biomedical Research Center 
HS791T Osteogenic sarcoma U.S. Naval Biomedical Research Center 
HeLa Cervical carcinoma Obtained commercially 

Table 2. Membrane immunofluorescence against NKl-4 melanoma cells harvested 
by different methods 

Method of 
cell harvesting* 

Fluorescence index?" with serum from 
Healthy donor Melanoma patient 

(A1325) (A69) 

PBS, 20 min 0.00 0.71 
EDTA 0.02%) 0.00 0.87 
Dispase 0.05% 0.00 0.86 
Trypsin 0.25% 0.02 0.80 
Scraping 0.00 0.81 

*Cell harvesting methods are described in the text. 
~'Fluorescence indices were calculated with ret~rence to medium controls. 

the work was carr ied out  with m e l a n o m a  cell 
line NK1-4. 

Sera 

Sera  were ob ta ined  from m e l a n o m a  pa-  
tients, pat ients  with tumours  other  than  mel-  
anoma ,  pat ients  hospitalised for non-cance r  
illnesses, and f rom hea l thy  volunteer  donors. 
All sera were stored in small  al iquots at 
- 2 0 ° C .  

Sera f rom hospital  pat ients  were  p rov ided  
by various hospitals in the N o t t i n g h a m  area.  
Some of  the m e l a n o m a  pat ients  had  taken 
pa r t  in a trial of  specific act ive i m m u n -  
o the r apy  [15]. 

Membrane immunofluorescence test 

Cells were harves ted  f rom m o n o l a y e r  cul- 
ture with 0 .25% trypsin and  suspended in 
HBSS. Several  o ther  methods  of  harves t ing  
w e r e  eva lua ted  and  after p re l imina ry  tests 

(Table  2); t rypsinizat ion was adop ted  because 
this was the me thod  rout inely used for sub- 
cul tur ing and it did not a p p e a r  to d a m a g e  
antigens detected in the immunof luorescence  
test. 

Aliquots of  5 x 105 cells were  washed twice 
in t tBSS in 35 x 5 m m  plastic tubes and the 
cell pellets suspended in 50 pt undi lu ted  serum 
and incuba ted  at  room t e m p e r a t u r e  for 15 
min.  T h e  cells were washed  by centr i fugat ion 
4 times in HBSS and incuba ted  for a fur ther  
15 min  in 5 0 g t  of  F I T C - c o n j u g a t e d  sheep 
a n t i - h u m a n  I g G  (Burroughs Wel lcome)  dil- 
u ted 1/20 in HBSS.  After 4 more  washes the 
cells were suspended in 50 pl l :  1 (v/v) glyce- 
rol: phospha te  buffered saline (PBS, p H  7.3), 
and examined  on a fluorescence microscope 
using t ransmi t ted  ul t raviolet  i l luminat ion and  
a da rkg round  condenser.  Cells wi th  staining of  
the comple te  cell m e m b r a n e  or segments  of  
the cell m e m b r a n e  were scored as positive. A 
pool of  AB serum was used as a s t andard  
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negative control. The results were expressed as 
a fluorescence index (FI) defined as follows: 

°/o cells unstained by Ab serum 

--°/o cells unstained by test serum 
F I -  

O/,o cells unstained by AB serum 

An FI of between 0.30 and 1.00 was taken as 
a positive reaction [16]. The AB serum gave a 
completely negative reaction compared with 
HBSS, with all cell lines. 
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Fig. 1. Absorption of melanoma patient's sera at various 
dilutions with 3 M  KC1 extracts of melanoma (T4253, 
1.6mg/50/21 serum) and 19 week embryo (T4298, 

2.0 mg/50/21 serum). (a) Serum A69; (b) Serum $9321. 

Serum absorption 

After preliminary tests (Fig. 1 ) absorptions 
were performed on serum diluted 1 in 4 with 
HBSS. Aliquots of 50/21 diluted serum were 
incubated for 2hr  at 37°C with a defined 
quantity of absorbing tissue extract. The mix- 
ture of serum and extract was then used in 
the membrane immunofluorescence test agai- 
nst NK1-4 cells, with unabsorbed serum as a 
positive control. Neutralization of antibody 
was expressed as the percentage reduction in 
the F1 obtained with absorbed serum, com- 
pared with the FI obtained with similarly 
diluted unabsorbed serum. 

Preparation of soluble tissue extracts 

Tumour tissues were mostly obtained from 
hospitals in the Nottingham area. Surgical speci- 
mens were trimmed free of necrotic areas and 
soluble extracts were prepared either by 3 M 
KC1 treatment [17] or by papain treatment 
[18]. 

For 3 M  KC1 extraction, chopped tissue 
was homogenized in 3 M  KC1 in an 
Ultraturrax homogenizer, using 4ml  of the 
salt solution per g tissue. The homogenate was 
stirred at 4°C for 18hr and centrifuged at 
78,000g for 60 min. The supernatant was 
dialyzed overnight against distilled water and 
precipitated nucleoproteins were removed by 
centrifugation at 78,000 g for 60 min. The 
soluble supernatant was dialyzed against PBS 
for 6-12 hr. After final clarification by centri- 
fugation at 165,000 g for 15 min extracts were 
stored at -20°C .  

Papain extraction was carried out on an 
extranuclear tumour membrane (ENM) frac- 
tion sedimented from the 600 g supernatant 
of tumour homogenates by centrifugation at 
78,000 g for 60 rain. The membrane fraction 
was suspended in 5 mM Tris~PO4 buffer (pH 
7.8), L-cysteine was added to a concentration 
of 5 raM, and the suspension warmed to 37°C. 
Papain (Sigma Chemical Co.) was added in 
the proportion of 1 mg enzyme per 30 ENM 
protein, followed by incubation at 37°C for 60 
min. The soluble material resulting from this 
digestion was dialyzed against 5 m M  Tris- 
PO 4 buffer and applied to a DEAE-cellulose 
ion exchange column equilibrated with the 
buffer. Papain was eluted from the column 
with 5 m M  Tris-PO4, then the solubilized 
membrane proteins were eluted with 0 .5M 
Tris-PO 4 (pH 7.8). The extract was con- 
centrated and dialyzed against PBS, and 
stored at -20°C .  

In addition to tumour extracts, 3 M KC1 
extracts were prepared from normal non- 
melanomatous skin, and several aborted foe- 
tuses. Protein determinations were made by 
the method of Lowry et al. [19]. 

Immunoadsorbent purification of melanoma extract 

Two millilitres of serum from a melanoma 
patient (serum A69 shown to be reactive 
against NK1-4 cells) was coupled to CNBr- 
activated Sepharose 4B (Pharmacia, Upps/ilfi) 
at 10mg per ml gel. Before use, the im- 
munoadsorbent was washed with 3 M NaSCN 
followed by PBS. A soluble 3 M KC1 extract 
(T4503) of melanoma tissue was applied to 
the column and incubated for 12 hr at 4°C. 
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Unbound material was removed by washing 
with PBS and material bound to the immobi- 
lised antibody in serum A69 was eluted with 
3 M NaSCN. The eluate was passed directly 
over Sephadex G25 to separate the bound 
material from the salt. After concentration, 
the isolated bound and unbound fractions 
were examined for antigenic activity by their 
ability to neutralise antibody in patients' sera 
reacting against NK1-4 cells. 

Sodium dodecyl sulphate polyacrylamide 
gel electrophoresis was performed using 10~)~, 
acrylamide gels (7.0 x 0.5 cm) according to 
the method of Weber and Osborn [20]. After 
staining proteins with Coomassie Brilliant 
Blue, densitometric scans of gels at 550nm 
were obtained using a Gilford 250 
spectrophotometer. 

RESULTS 

Antibody reactions against melanoma cells 

Preliminary tests were carried out to de- 
termine optimum methods of cell harvesting 
for preservation of antigenicity of melanoma 
cells, as judged by membrane immunofluores- 
cence. The target cell line, NK1-4, was easily 
induced to detach from the substrate by a 
l min exposure to 0.02°,,o EDTA, 0.05°:o 
Dispase (Boehringer Corporation) or 0.25°/u 
trypsin, by 20min exposure to PBS free of 
Ca 2+ and Mg 2+, or by scraping with a 
rubber policeman. Cells obtained by all these 
methods were tested with a known positive 
serum from a melanoma patient (A69) and a 
normal donor serum in the membrane im- 
munofluorescence test (Table 2). Fluorescence 
indices (FIs) obtained with either serum were 
similar on cells harvested by each method, 
indicating that none of the treatments de- 
graded cell surface antigens or unmasked 
"concealed" antigens to any significant degree. 
Trypsin was used routinely for subculturing 
cells because it produced no discernible long- 
term damage to the cells, whereas some of the 

other treatments lowered their plating ef- 
ficiency. For convenience and because it did 
not adversely affect cell surface antigens, tryp- 
sin was therefore routinely used to disperse 
cells used in the immunofluorescence test. 

Sera from melanoma patients, patients with 
other forms of cancer and non-cancer controls 
were tested for reactivity against NK1-4 cells, 
as summarized in Table 3. No positive re- 
actions were obtained with healthy donors, 
and only one of 30 sera from non-cancer 
hospitalised patients was reactive. However, 
reactivity by melanoma patients was also low, 
only 4 of 48 patients tested reacting positively 
against these cells. Repeated serum samples 
from these donors were all reactive, whereas 
repeated samples from all other melanoma 
patients were consistently negative. The pos- 
itive patients conformed to no particular pat- 
tern with respect to stage of disease or the 
therapy they had received. Patients with other 
tumour types showed a similar level of re- 
activity, 4/50 samples from different patients 
producing positive reactions. It thus appeared 
ti~om the preliminary screening against NK1-4 
cells that reactivity by melanoma patients 
might not be tumour-related. 

Sera which were positive for NK1-4 cells 
were then tested against 7 other melanoma 
cell lines as shown in Table 4. Sera A69, 
$9321 and $6975 derived from different me- 
lanoma patients were reactive against at least 
one other melanoma cell line. In comparison, 
4 sera from other cancer patients and one 
non-cancer patient serum which were positive 
for NK1-4 cells, failed to react significantly to 
give F I>0 .30  with any other melanoma cell 
line. The NK1-4 reactive antibody in sera 
from melanoma patients was thus more closely 
associated with melanoma cells than that in 
sera from other cancer patients. Three NK1-4 
reactive melanoma sera were further tested for 
reactivity against cell lines from unrelated 
tumours (Table 5). One of these sera, $6975, 
reacted against breast carcinoma cell line 
HS578T, and all three were positive against 

Table 3. Membrane immunoJluorescence against NK1-4 melanoma cells by 
sera from different donors 

No. donors + ve No. sera ÷ ve 
Serum donors No. tested No. tested 

Melanoma patients 4/48 8/104 
Patients with other tumours 4/50 4/50 
Non-cancer patients 1/30 1/30 
Healthy donors 0/30 0/48 
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Table 4. Membrane immunoJluorescence against various melanoma cell lines by NK1-4 positive sera 
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Mean fluorescence index with sera from: 
Melanoma Melanoma patients Other cancer patients Non-cancer donor 
target cells A69 $9321  $6975  A715" $8634J $5994 + $5955+ + A6 

NKl-4 0.89 0.75 0.59 0.92 0.39 0.33 0.61 0.81 
Mel-2a 0.00 0.02 0.00 0.00 0.01 0.04 0.00 0.00 
Mel-57 0.00 0.43 0.00 0.00 0.00 0.00 0.00 0.00 
Mel-Swift 0.01 0.00 0.00 0.00 0.00 0.01 0.02 0.04 
MeWo 0.37 0.10 0.02 0.05 0.04 0.02 0.07 0.17 
RPM1-5966 0.00 0.53 0.00 0.00 0.00 0.00 0.00 0.00 
163 0.82 0.18 0.34 0.00 0.04 0.00 0.00 0.06 
364 0.03 0.84 0.20 0.25 0.05 0.00 0.00 0.28 

*Lung carcinoma patient. 
tBreast carcinoma patient. 
++Ovarian carcinoma patients. 

Table 5. Membrane immunoJluorescence by sera from NK1-4 positive melanoma patients 
against cell lines from other tumours 

Target ceils Mean fluorescence index with serum: 
Line Tumour type A69 $9321 $6975 

HS578T Breast carcinoma 
9812 Lung carcinoma 
T24 Bladder carcinoma 
EB23 Prostate carcinoma 
HeLa Cervical carcinoma 
HT29 Colon carcinoma 
HS788T Osteogenic sarcoma 
HS791T Osteogenic sarcoma 
EB2 Burkitt lymphoma 

0.00 0.08 0.60 
0.00 0.00 0.00 
0.00 0.01 0.06 
0.02 0.00 0.10 
0.04 0.01 0.03 
0.91 0.82 1.00 
0.00 0.00 0.00 
0.00 0.01 0.00 
0.20 0.00 0.00 

colon carc inoma line HT29.  However ,  further 
exper imentat ion showed that  about  90% of 
h u m a n  sera from various types of  donor  react 
with this cell ine (al though the AB control 
serum was negative) so that  reactivity against 
H T 2 9  was not considered relevant from the 
point  of  view of  establishing specificity. Apar t  
from these reactions, the me lanoma  sera were 
negative against other tumour  types. As a 
result of  these initial studies me lanoma  sera 
A69 and $9321 were selected as having anti- 
body  activity directed preferentially towards 
me lanoma  cells, and were used as " ind ica tor"  
sera to search for me lanoma  associated anti- 
gens in t umour  extracts. 

Antigen activity in tumour extracts 

Antigenici ty related to me lanoma  cells was 
tested by the ability of  t umour  extracts to 
absorb an t ibody from sera A69 and $9321 
which were tested against NK1-4 me lanoma  
cells. Condit ions for absorption were estab- 
lished as shown in Fig. 1. Sera A69 and $9321 
(50/zl) were absorbed at various initial dil- 

utions with identical volumes of  a 3 M  KCI  
extract of  pooled me lanoma  tissue (T4253, 
1 .6mg)  or a 3 M  KCI  extract of  a 19 week 
h u m a n  embryo  (T4298, 2.0rag).  The  amou-  
nts of  antigen were not varied so that the 
volume would be constant,  thus avoiding dif- 
ferences in overall serum dilution. The  un- 
diluted sera strongly stained the majori ty of  
NK1-4 cells, and both ti trated to 1/8 dilution 
where they gave borderline reactivity (FI 
a round 0.30). At  higher dilutions no signi- 
ficant immunofluorescence staining was ob- 
tained. W h e n  preabsorbed with me lanoma 
extract T4253 the FIs obtained with un- 
diluted sera were much  reduced,  and at 1/4 
dilution the absorbed sera were completely 
negative. Both sera were positive at 1/4 dilution 
unabsorbed,  and the FIs were only slightly 
lowered following absorption with embryo ex- 
tract T4298. Since a serum dilution of  1/4 
gave complete absorption by the me lanoma  
extract and hence the clearest indication of  
specificity, this dilution was therefore taken as 
s tandard for subsequent absorption tests. 
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Neutralization of anti-NKl-4 antibody in melanoma patients' sera by 3 M KC1 
extracts of human tissues 

3 M KC1 extract % reduction of reactivity of serum*: 
No. Tissue mg/50/tl? A69 $9321 

T4253 Melanoma 1.6 98 100 
T4299 Melanoma 1.8 13 55 
T4305 Normal skin 1.6 2 16 
T4297 Breast carcinoma 2.3 12 12 
T4302 Breast carcinoma 2.0 5 0 
T2035~. Colon carcinoma 1.5 15 
T4304 Colon carcinoma 2.0 0 5 
T3132 Lung carcinoma 1.6 5 
T4265 14 week embryo 1.7 15 20 
T4264 15 week embryo 1.9 13 11 
T4263 16 week embryo 1.6 13 0 
T4298 19 week embryo 1.8 6 5 

*o',,o reduction of reactivity, is the {!o reduction of fluorescence index against NK1-4 cells 
following absorption, compa'I'ed with unabsorbed serum. 

tConcentration of extract in terms of mg protein used to absorb 50 #1 Of 1/4 diluted serum. 
+T2035 was a papain extract of colon carcinoma tissue. All other extracts were 3 M KC1 

solubilised. 

Table 7. Comparative absorption of NK1-4 positive melanoma and non-melanoma sera 
with melanoma extracts 

Absorbing extract % reduction of 
Serum No. Extraction mg/50 #l serum reactivity 

A6 T4299 3 M KC1 1.8 0 
(Non-cancer donor) T4518 Papain 1.6 21 

A715 T4299 3 M KC1 1.8 0 
(Lung carcinoma) T4518 Papain 1.6 12 

$9709" T4299 3 M KC1 1.8 85 
(Melanoma) T4518 Papain 1.6 79 

$9321 T4299 3 M KC1 1.8 48 
(Melanoma) T4518 Papain 1.6 78 

*Serum $9709 was obtained from the same donor as serum A69 in Tables 3 5, and gave 
comparable reactions with NK1-4 cells. 

A series o f  a b s o r p t i o n  tests w i t h  ex t r ac t s  
f rom a v a r i e t y  o f  n o r m a l  a n d  t u m o u r  tissues 
w e r e  c a r r i e d  ou t ,  as s h o w n  in T a b l e  6. T h e  
a b s o r p t i o n  w i t h  e x t r a c t s  T 4 2 5 3  a n d  T 4 2 9 8  
w e r e  d i f f e ren t  e x p e r i m e n t s  f rom those  s h o w n  
in Fig .  1. A g a i n  m e l a n o m a  e x t r a c t  T 4 2 5 3  
r e m o v e d  v i r t u a l l y  al l  a n t i - N K 1 - 4  a n t i b o d y  
f rom sera  A 6 9  a n d  $9321.  A b s o r p t i o n  w i t h  a 
s e c o n d  m e l a n o m a  3 M C K 1  e x t r a c t ,  T4299 ,  
was  less effect ive  b u t  s i gn i f i c an t l y  r e d u c e d  
r e a c t i v i t y  b y  s e r u m  $9321.  A f u r t h e r  e x t r a c t  
o f  p o o l e d  m e l a n o m a  t issue ( T 4 5 1 8 )  was  also 
s h o w n  to r e m o v e  N K 1 - 4  r e a c t i v e  a n t i b o d y  
f rom m e l a n o m a  se ra  ( T a b l e  7) i n d i c a t i n g  t h a t  
the  a n t i g e n ( s )  r e s p o n s i b l e  we re  a p r o p e r t y  o f  

m o r e  t h a n  one  m e l a n o m a  pool .  S i m i l a r  ex- 
t r ac t s  o f  o t h e r  t u m o u r  tissues o r  n o r m a l  skin  a t  
c o n c e n t r a t i o n s  e q u i v a l e n t  to o r  g r e a t e r  t h a n  
the  m e l a n o m a  ex t r ac t s  h a d  no  s ign i f i can t  an t i -  
b o d y  n e u t r a l i z a t i o n  effect ( T a b l e  6). Also,  a 
series o f  h u m a n  e m b r y o  ex t r ac t s  h a d  no  effect, 
sugges t ing  t h a t  a n t i b o d y  a b s o r p t i o n  was  d u e  
to a n t i g e n ( s )  p r i m a r i l y  a s soc i a t e d  w i th  m a l i g -  
n a n t  m e l a n o m a .  T a b l e  7 shows a b s o r p t i o n  b y  
m e l a n o m a  ex t r ac t s  o f  n o n - m e l a n o m a  se ra  
w h i c h  c r o s s - r e a c t e d  w i th  NK1-4  cells, c o m -  
p a r e d  w i t h  a b s o r p t i o n  o f  m e l a n o m a  sera.  
N o n - c a n c e r  p a t i e n t  s e r u m  A 6  a n d  l u n g  ca r -  
c i n o m a  p a t i e n t  s e r u m  A715  were  s t r o n g l y  
pos i t i ve  a g a i n s t  NK1-4  u n a b s o r b e d  ( T a b l e  4)  
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Neutralization of NK1-4 antibody in melanoma sera by an immunoadsorbent- 
purified fraction of melanoma extract T4253 
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%) reduction of reactivity by serum: 
Fraction mg/50/~1 A69 $9321 

Whole extract 1.6 98 100 
0.4 39 0 

U n b o u n d  on 
immunoadsorbent  column 1.2 0 19 

Bound and eluted from 
immunoadsorbent  column 0.2 52 51 

and following absorption with melanoma ex- 
tracts T4518 most of their reactivity re- 
mained. In contrast, absorption of melanoma 
sera $9321 and $9709 by these melanoma 
extracts removed anti-NK1-4 antibody in 3 of 
the 4 combinations tested. These results sup- 
port the view that antibody against NK1-4 
cells in cross-tested sera was probably not 
directed against melanoma associated anti- 
gens, but the major antibody activity in the 
melanoma sera was melanoma-associated. 

Partial purification of melanoma-associated antigen 

Melanoma extract T4253 was fractionated 
on an immunoadsorbent column prepared 
from NK1-4 positive melanoma serum A69, 
known to have antibodies reacting with 
T4253 (Fig. la, Table 6). Material unbound 
after 12 hr was eluted with PBS, followed by 
elution of bound material with 3 M NaSCN. 
Both fractions were tested for their ability to 
neutralise reactivity of sera A69 and $9321 in 
comparison with the unfractionated 3 M KC1 
extract. As shown in Table 8, the unbound 
material did not significantly inhibit reactivity 
of these sera against NK1-4 cells although it 
was used at a concentration approaching that 
of the unfractionated extract. In contrast, the 
material which was eluted after binding to the 
column was able to reduce the reactivity of 
both sera even though the low yield of this 
fraction meant that it was used at a protein 
concentration of only 0.2 mg/50 #1 serum. At a 
similar concentration the unfractionated ex- 
tract was ineffective, indicating that the anti- 
genic activity with respect to protein con- 
centration was significantly concentrated in 
the immunoadsorbent-bound fraction. 

Gel electrophoresis on sodium dodecyl sul- 
phate (SDS) showed that the bound fraction 
was much less heterogeneous than the un- 
bound or unfractionated material (Fig. 2). 
The bound fraction contained less than 10% 
of the original protein and produced only 5 
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Fig. 2. SDS gel electrophoresis of immunoadsorbent- 
fractionated and unfractionated melanoma extract 7-4253; pro- 
tein profiles superimposed. A--whole T4253 3 M KC1 extract: 
B ~ a t e r i a l  unbound by immunoadsorbent column prepared from 
serum A69; C--material bound to and eluted from immunoad- 

sorbent column prepared from serum A69. 

major peaks on the SDS gel, whereas the 
unbound material gave a complex electro- 
phoresis profile similar to that of the un- 
fractionated 3 M CK1 extract. Passage on the 
immunoadsorbent column thus removed most 
of the non-relevant protein, leaving a partially 
purified fraction containing essentially all of 
the antigenic activity. 

DISCUSSION 

A variety of serological methods have been 
used to detect membrane antigens associated 
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with malignant melanoma, including 
complement-dependent cytotoxicity [2], 
antibody-dependent cellular cytotoxicity [21], 
immunadherence [3, 6], precipitation assays 
[10] and imnmnofluorescence [4, 7, 22]. It is 
thus firmly established that serologically de- 
fined tumour associated antigens exist on the 
melanoma cell surface. Melanoma antigens 
with a similar distribution to those defined 
serologically have also been demonstrated by 
assays for cell-mediated immunity, both in 
vitro [1], and in vivo in the form of delayed 
cutaneous hypersensitivity to melanoma 
extracts [11, 12]. Some reports, in which 
autologous combinations of target cells and 
serum as well as allogeneic combinations were 
studied, have shown that at least two classes 
of antigen exist on melanoma cells. These 
are individual antigens recognised mainly 
by autologous serum, and common antigens 
detected by cross-reaction with sera from other 
melanoma patients [4, 6]. In some cases, 
cross-reactivity has been shown to be due to 
common foetal antigens on the melanoma 
cell surface [8, 9, 23]. It has been reported 
that melanoma-associated antigens may cross- 
react with antigens on Bacille Calmette-Gu~rin 
(BCG) so that serum donors who have been 
treated with BCG may react against mel- 
anoma cells as a result of BCG immunization 
[24]. However, no such association between 
BCG treatment of serum donors and antibody 
reacting with melanoma cells was observed in 
the present studies, and Roth et al. [12] 
reported that there was no particular asso- 
ciation with BCG treatment and delayed cut- 
aneous hypersensitivity ro melanoma extracts. 
The melanoma cell line NK1-4 probably has a 
low level of cell surface antigen related to 
foetal calf serum which was used to supple- 
ment the culture medium [25], but this ap- 
pears to be quite separate from the 
melanoma-associated surface antigen. 
Similarly, Gupta et al. [26] have shown that 
human osteogenic sarcoma cells gained a he- 
terologous antigen component during growth 
in medium containing foetal calf serum, but 
this component was independent of tumour- 
associated antigen. 

The proportion of melanoma patients re- 
active against NK1-4 cells in our studies was 
lower than in some other reports in which 
melanoma cells have been tested against allo- 
geneic sera by membrane immunofluorescence 
[7, 9, 22]. In these reports the cells were used 
as adherent monolayers and were not exposed 
to enzymes immediately before testing. 
However, it was shown that NK1-4 cells har- 

vested with trypsin reacted just as strongly 
with positive sera as those which had not been 
exposed to enzymes (Table 2). Also, trypsi- 
nized rat tumour cells have been used as 
target cells in immunofiuorescence studies for 
many years in our laboratory, without evid- 
ence of tumour antigen loss [16]. Recent 
results using an 125I-labelled protein A assay 
on adherent NK1-4 cells confirmed the neg- 
ative reactivity of the majority of sera in- 
itially screened by immunofluorescence (un- 
published results) so it is likely that the low 
reactivity observed was due to the choice of 
target cells rather than due to the technique 
employed. Many of the NK1-4 negative sera 
might have proved positive against some of 
the other melanoma cell lines listed in Table 
1, but this possibility has not yet been ex- 
plored. A further complication of using cul- 
tured cell lines has been suggested by Sorg et 
al. [7]. These authors showed that cultured 
melanoma cells can undergo clonal changes in 
antigen expression so that the spectrum of 
antigens recognised by different sera may dif- 
fer from one clone to another. This shift in 
antigen expression was sufficient to allow the 
selection of positive and negatively reacting 
sublines from a single parent cell line. I f  
clonal variation is a universal property of 
cultured cell lines, antigenic drift would be an 
important and difficult to control variable 
affecting attempts to detect or define tumour 
antigens by serology. 

The initial screening against NK1-4 cells 
suggested that melanoma patients were no 
more reactive than patients with other tu- 
mours. However, when melanoma sera were 
positive this reactivity was melanoma as- 
sociated since the same sera showed little or 
no reactivity against target cells derived from 
other tumours, but were positive for several 
different melanoma lines. Conversely, non- 
melanoma sera which were positive with NK1- 
4 cells did not react with other melanoma 
lines. Thus, despite an unpromising initial 
impression it was possible to identify two 
allogeneic sera which reacted strongly against 
NK1-4 cells with primarily melanoma- 
associated antibody activity, which could be 
used to detect common melanoma-associated 
antigen(s) in allogeneic tumour extracts 

Soluble extracts of melanoma have been 
prepared by sonication of melanoma cells 
[11], detergent solubilisation [ 10] treatment of 
cells or cell membranes with proteolytic en- 
zymes [13, 27] or by 3 M KC1 extraction of 
cells or tissue homogenates [12, 28]. The 
various methods of preparation appear to 
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yield antigens with similar biological acti- 
vities. Thus, for example, extracts prepared by 
either sonication or 3 M KC1 extraction have 
been used to demonstrate delayed cutaneous 
hypersensitivity in melanoma patients [11, 12] 
and both papain-solubilised and 3 M KC1 ex- 
tracts have been shown to react specifically with 
leucocytes from melanoma patients in vitro 
[27, 28]. In most cases the extracts have been 
tested with allogeneic melanoma patients (or 
their sera or leucocytes) and by comparison 
with unrelated extracts, cancer patients or 
donors, the general finding is that the soluble 
extracts contain common melanoma 
antigen(s). This is confirmed in our studies, 
since allogeneic melanoma 3 M KC1 extracts 
were able to specifically inhibit reactivity 
against NK1-4 melanoma cells by positive 
allogeneic sera, but extracts of other tumours 
or normal tissues had no significant inhibitory 
effect at equivalent concentrations. Included 
among the normal tissues were four embryo 
extracts, and their lack of inhibitory activity 
might indicate that the common antigen(s) 
detected in melanoma extracts were not foetal 
antigens. 

Purification procedures have usually invol- 
ved chromatography on Sephadex or ion ex- 
change columns, followed by polyacrylamide 
gel electrophoresis [11-13] but Thomson et al. 
[14] have reported the binding of melanoma- 
associated antigen (and also breast carcinoma- 
associated antigen) on an immunoadsorbent 
column composed of anti-human fl-2 microg- 
lobulin antiserum bound to Sepharose 4B. 
However, although fl-2 microglobulin is as- 
sociated with the major histocompatibility lo- 
cus in humans, apart from the work of 
Thomson et al. [14] it has not been shown to 
be associated with tumour antigens. In exp- 
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erimental rat hepatomas, fl-2 microglobulin 
appears not to be associated with tumour- 
specific antigen [29]. We fractionated a crude 
3 M KC1 melanoma extract on a specific 
immunoadsorbent column prepared with se- 
rum determined empirically to contain anti- 
body reacting with antigenic components of 
the KC1 extract. The material which bound 
to this antibody and was subsequently eluted 
was much less heterogeneous than the crude 
KC1 extract in terms of protein constituents 
resolved by SDS electrophoresis, and con- 
tained all of the detectable antigenic activity. 
It is estimated that on the basis of protein 
yields and antigenic activity per unit of pro- 
tein, more than a 10 fold purification of 
melanoma-associated antigen was achieved by 
a single passage on the immunoadsorbent 
column. 

Even better purification might be achieved 
using more specific or more purified antibody 
in the form of serum fractions from autologous 
or allogeneic donors. Of  particular promise for 
this technique is the possibility of monoclonal 
anti-melanoma antibody production by so- 
matic cell hybrids prepared from antibody- 
producing spleen cells and a mouse myeloma 
[30, 31]. The use of immunoadsorbents such 
as ours, but prepared with highly specific 
monoclonal antibodies could, by removal of 
most of the non-relevant material, lead to the 
production of homogeneous and highly active 
antigenic material of sufficient purity to allow 
full chemical characterisation. 
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