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Summary. Clones were isolated from the cultured human 
melanoma cell line MeM 50-10, which metastasizes in 
nude mice with a pattern similar to that in patients with 
melanoma. Analysis with monoclonal antibodies detected 
heterogeneity among the clones in the expression of HLA 
class I antigens, HLA class II antigens, intercellular adhe- 
sion molecule 1 and high molecular weight melanoma as- 
sociated antigen. The clones MeM A16 and MeM AI8 
were also shown to display differential susceptibility to 
modulation by immune interferon (IFN-y) and/or  tumor 
necrosis factor (TNF-«) of the expression of the four types 
of antigens analyzed. In spite of differences in the 
antigenic profile, the two clones did not differ in their sus- 
ceptibility to lysis by lymphokine-activated killer (LAK) 
cells and by anti-HLA-A2 cytotoxic T cells. The increase 
in the expression of HLA class I antigens induced by IFN-y 
and/or  TNF-ct on the two clones was associated with an 
increased susceptibility to lysis by anti-HLA-A2 cytotoxic 
T cells. Because of the metastasizing properties of cultured 
melanoma cells MeM 50-10, the clones we have isolated, 
with their distinct antigenic profile and differential suscep- 
tibility to modulation by cytokines, may represent useful 
models to investigate the role of distinct antigenic struc- 
tures in the metastatic process. 

Introduction 

Human melanoma cells have been shown to be heteroge- 
neous in a number of characteristics, including expression 
of HLA antigens and of melanoma-associated antigens 
(MAA), as weil as in susceptibility to modulation of their 
antigenic profile by cytokines and to lysis by eytotoxic T 
celis [1-3, 6, 9, 15, 20-22, 26, 27]. Correlation of suscepti- 
bility to immune lysis of melanoma cells with expression 
and modulation of cell-surface markers may contribute to 
our understanding of their role in the escape of melanoma 
cells to immune lysis and of the molecular mechanisms 
underlying the metastatic process. Therefore, in the pre- 
sent study we have investigated this relationship utilizing 
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two clones originated from the melanoma cell line MeM 
50-10. The latter has been derived from the melanoma cell 
line MeWo by mutagenization with methylmethane sulfo- 
nate followed by selection for resistance to wheat germ ag- 
glutinin, and was utilized because it metastasizes in nude 
mice in ä fashion similar in some respects to that in which 
melanoma cells metastasize in patients [16]. The cell-sur- 
face markers we have selected include HLA class I and 
class Il antigens because of their role in the interaction of 
melanoma cells with the host's immune system (for review, 
see [9]), intercellular adhesion molecule 1 (ICAM-1) (31) 
because of its role in the generation of an immune re- 
sponse [7] and in T-cell-mediated cytotoxicity [23], and 
high molecular weight melanoma associated antigen 
(HMW-MAA) because of its use as a target for immuno- 
scintigraphy with radiolabeled monoclonal antibodies and 
for active and passive immunotherapy (for review, see 
[10]). The cytokines we have utilized in our studies include 
immune interferon (IFN-7) and tumor necrosis factor 
(TNF-«) because of their likely presence in melanoma le- 
sions in patients and of their ability to modulate the cell- 
surface markers under investigation [20, 21, 22]. 

Materials and methods 
Cells. The melanoma cell lines Colo 38 and MeM 50-10 
and the clones derived from the latter cell line were grown 
in Dulbecco's modified Eagle medium (Gibco Laborato- 
ries, Grand Island, NY), supplemented with 10% fetal bo- 
vine serum (Gibco) and 2 mM L-glutamine in an atmo- 
sphere of 5% CO2/95% air in a humidified incubator at 
37 ° C. Adherent melanoma cell lines were harvested by in- 
cubation with 1 mM EDTA in phosphate-buffered saline 
(PBS). Mononuclear cells were isolated from heparinized 
blood by differential centrifugation on a Ficoll/Hypaque 
(Sigma Chemical Co., St. Louis, Mo) density gradient. 

Recombinant cytokines. IFN-7 and interleukin-2 (IL-2) 
were obtained from Hoffman-LaRoche Inc., Nutley, NJ. 
TNF-ct was obtained from Cetus Corporation, Emeryville, 
Calif. 

Monoclonal antibodies and conventional antisera. The 
monoclonal antibody (mAb) W6/32 to a framework deter- 
minant of HLA class I antigens, the anti-[32-microglobulin 
mAb NAMB-1, the mAbs Q5/6 and Q5/13 to distinct 
monomorphic determinants of HLA class II  antigens, the 
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mAbs CL413, SPV-L3 and B7/21 to monomorphic deter- 
minants of HLA-DR, HLA-DQ and HLA-DP antigens, re- 
spectively, the mAbs 149.53 and 225.28 to distinct determi- 
nants of HMW-MAA and the anti-96-kDa MAA mAb 
CL203.4 were developed and characterized as described 
[4, 11, 25, 28, 30, 36, 39]. Sequ¢ntial immunoprecipitation 
experiments with the anti-ICAM-1 mAb RR1/1 (31) have 
shown that the mAb CL203.4 reacts with this molecule 
(unpublished results). Monoclonal antibodies were puri- 
fied from ascitic fluid by caprylic acid precipitation [32]. 
Affinity-purified goat anti-mouse IgG antibodies and af- 
finity-purified fluorescein-isothiocyanate-conjugated goat 
antibodies to F(ab ' )2  fragments of murine IgG were pur- 
chased from Cooper Biomedical Inc., Malvern, Pa, and 
from Boehringer Mannheim Biochemicals, Indianapolis, 
Ind, respectively. Antibodies were radiolabeled with 125I by 
the chloramine T method [13]. 

HLA eDNA probes. The cDNA probes for HLA-B7 
antigen [35] and for HLA-DR[~, -DQ[~ and -DPfl chains [38] 
were obtained from Dr. S. M. Weissman, Department of 
Human Genetics, Yale University School of Medicine, 
New Haven, Conn, and from Dr. E. O. Long, National In: 
stitute of Allergy and Infectious Diseases, Bethesda, Md, 
respectively. Probes were labeled with 32p by random 
priming to a specific activity of 50 ~tCi/p.g [8]. 

Serological assays. Indirect immunofluorescence was per- 
formed by incubating cells (1 × 10 6) with an excess of 
monoclonal antibody at 4 ° C for 30 min. After three wash- 
ings with PBS, pH 7.4, containing 1% bovine serum al- 
bumin and 0.02% sodium azide (PBS-BSA), cells were in- 
cubated with fluorescein-isothiocyanate-conjugated goat 
anti-mouse F(ab')2 antibodies at 4°C for 30 min. After 
three washings with PBS-BSA, cells were resuspended in 
PBS-BSA and analyzed with an Ortho cytofluorograph 
model 50H attached to a 2150 Ortho computer, Ortho 
Pharmaceuticals, Raritan, NJ. Background fluorescence 
was assessed by incubating cells with the culture superna- 
tant of myeloma cells P3X63.Ag8.653. Mean fluorescence 
intensity is given as channel number on a log scale from 1 
to 1024. The indirect binding assay with radiolabeled anti- 
bodies was carried out in flexible microtiter plates by se- 
quential incubation of target melanoma ceUs (1 × 105) with 
monoclonal antibodies and with 12»I-labeled goat anti- 
mouse IgG antibodies as described [20]. The double-deter- 
minant immunoassay to measure HLA class I antigens, 
HLA class II antigens and HMW-MAA in the culture su- 
pernatant of cell lines was performed as described [11, 33, 
34] except that the incubation of spent medium with inso- 
lubilized anti-HLA class II  monoclonal antibodies was 
prolonged to 48 h. The combinations of insolubiliz- 
ed mAb W6/32-12»I-mAb NAMB-1, insolubilized mAb 
Q5/13-125I-mAb Q5/6 and insolubilized mAb 149.53- 
125I-mAb 225.28 were used to measure HLA class I anti- 
gens, HLA class II  antigens and HMW-MAA, respec- 
tively. Soluble ICAM-1 could not be measured since 
monoclonal antibodies with the appropriate specificity to 
develop a double-determinant immunoassay were not 
available to us. 

Generation of lymphokine-activated killer (LAK) cells. 
Mononuclear cells isolated from a healthy donor were 
washed twice with Hanks'  balanced salt solution (HBSS) 

(Gibco) and resuspended at the concentration of 
1 × 106/tal in RPMI 1640 medium (Gibco) containing 10% 
heat-inactivated pooled human AB serum and IL-2 
(1000 U/tal). Following a 3-4-day  incubation at 37 ° C in a 
humidified CO2 atmosphere, cells were harvested, washed 
twice with HBSS, resuspended at the concentration of 
2 x 106/ml and used as effectors in the cytotoxicity assay. 

Generation of anti-HLA dass I cytotoxic T cells. Mononu- 
clear cells isolated from the donor PBX (HLA- 
A1,A29/Bw51,-/DR2,) were mixed at the ratio of 1:1 with 
X-irradiated (3000 rad) mononuclear cells from the donor 
PBY (HLA-A2,A3/BI3, Bw44/DR4,-). After a 10-day in- 
cubation at 37°C in RPMI 1640 medium supplemented 
with 10% human serum, blasts were restimulated with a 
mixture of stimulators and responders (feeder) at the ratio 
of 1:0.5:0.5. After a 3-day incubation at 37 ° C, ceUs were 
harvested, washed twice with HBSS, resuspended at the 
concentration of 2 x 106/ml and used as cytotoxic T cells. 

Cell-mediated cytotoxicity assay. Target cells (1 × 10 6) in 
0.5 ml RPMI 1640 medium supplemented with 10% fetal 
bovine serum were incubated with 100 IzCi Na2 51CRO4 
(Amersham, Arlington Heights, Ill) for 1 h at 37°C with 
occasional gentle shaking. After extensive washing with 
HBSS, target cells (1 × 104) were incubated for 4 h at 37 ° C 
with effector cells in round-bottom microtiter plates. Su- 
pernatant (100p.1) was harvested from each well and 
counted in a gamma counter. The percentage of cytotoxic- 
ity was calculated as follows: 

release of 51Cr by targets in presence of effectors-spontaneous release× 100 
maximum release- spontaneous release 

where spontaneous release represents the radioactivity re- 
leased by 1 × 10 4 5~Cr-labeled target cells incubated in me- 
dium and the maximum release is the radioactivity re- 
leased by 1 x 104 target cells lysed with NP-40. 

Radiolabeling of cells, immunoprecipitation and sodium 
dodecyl sulphate/polyacrylamide gel electrophoresis (SDS- 
PAGE). Melanoma cells were detached by incubation with 
PBS/1 mM EDTA, washed twice with HBSS and resus- 
pended at the concentration of 2 × 106/tal in 10 ml meth- 
ionine-free RPMI 1640 medium containing 1% fetal bo- 
vine serum and 250 ~tCi [35S]methionine (Amersham). Fol- 
lowing a 16-h incubation at 37 ° C, cells were washed three 
times with HBSS, solubilized with NP-40 and immunopre- 
cipitated with monoclonal antibodies. Immune complexes 
were then isolated with protein-A-Sepharose CL-4B (Phar- 
macia Fine Chemicals, Uppsala, Sweden). One-dimen- 
sional SDS-PAGE was performed on 10% polyacrylamide 
slab gels under reducing conditions, utilizing the buffer 
system described by Laemmli [17]. Gels were fluoro- 
graphed as described by Bonner and Laskey [5]. 

Northern blot analysis. Cytoplasmic RNA was extracted as 
described in Maniatis et al. [24]. Cytoplasmic RNA 
(10-15 p~g) was size-fractionated by electrophoresis 
through 0.8% agarose gel containing 2.2 M formaldehyde, 
20 mM 4-morpholinepropanesulfonic acid, pH 7.0, 5 mM 
sodium acetate, 1 mM EDTA [12] and transferred to nitro- 
cellulose (Schleicher and Schüll, Keene, NH) using 
20x SSC (1 × SSC: 0.15 M sodium chloride, 0.015 sodium 
citrate, pH 7.0) as described by Thomas [37]. Blots were 
baked at 80 ° C under vacuum for 2 h and prehybridized at 
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42°C for 12-16h using the prehybridization buffer. The 
latter consists of 50% formamide, 5 x SSC, 5 x Denhardt's 
reagent, 0.2 M sodium phosphate pH 7.0 and denatured 
salmon sperm DNA (250 ~tg/1). Filters were hybridized for 
12-16 h at 42 ° C in the prehybridization buffer containing 
32p-labeled HLA-B7, -DRIn, -DQ[~ and -DPI3 cDNA 
probes. Following three washings at room temperature for 
5 min each time with 2 x SSC containing 0.1% SDS, blots 
were washed once at 42°C for 10 min with 2 x SSC con- 
taining 0.1% SDS. Then blots were dried and autoradio- 
graphed at - 7 0  ° C for 5-7  days using XAR.5 X-ray film 
(Eastman Kodak, Rochester, NY) and an intensifying 
screen (Dupont Co., Wilmington, Del). 

Results 

Cloning of MeM 50-10 melanoma cell line 

Cells from the melanoma cell line MeM 50-10 were cloned 
by limiting dilution at 0.3 cells/well in Dulbecco's modi- 
fied Eagle medium/fetal bovine serum and 2 mM L-glu- 
tamine in 96-well flat-bottom plates. After a 7-day incuba- 
tion at 37 ° C in a 5% CO2 atmosphere, 46 out of 600 seeded 
wells contained a single cluster of 3 -4  cells. Primary col- 
onies, obtained after 2 weeks of growth, were removed by 
incubation in PBS/1 mM EDTA and transferred to 
24-well plates. Out of the 46 selected clones, 6, which grew 
well, were analyzed for cell-surface expression of HLA 
antigens and MAA when they reached semiconfluence. 

Expression and modulation by TNF-a and/or IFN-y 
of liLA antigens and MAA by melanoma cell line 
MeM 50-10 

The melanoma teil line MeM 50-10 expresses HLA class I 
antigens, ICAM-1 and HMW-MAA, but lacks HLA class 
II antigens. Repeated testing by indirect immunofluores- 
cence with the anti-HLA class I mAb W6/32, with the 
anti-HLA class II mAb Q5/13, with the anti-ICAM-1 mAb 
CL203.4 and with the anti-HMW-MAA mAb 225.28 over 
the course of 2 yëars showed that the phenotype of the cell 
line is stable. 

Modulation by TNF-c~ and/of IFN-~" of HLA antigens and 
MAA by melanoma eell line MeM 50-10 

TNF-c~ and IFN-y, both individually and in combination, 
enhanced the expression of HLA class I antigens by MeM 
50-10 cells. The increase induced by the combination of 
the two eytokines was higher than that induced by the in- 
dividual ones, and that induced by IFN-y was higher than 
that induced by TNF-c~. While TNF-a did not induce the 
expressiõn of HLA class II antigens on MeM 50-10 cells, 
IFN-y both individually and in combination with TNF-a 
did. The increase induced by the combination of the two 
cytokines was similar to that induced by IFN-y. TNF-c~ 
enhanced the expression of ICAM-1 by MeM 50-10 cells 
to a lower extent than IFN-y and the combination of 
TNF-« and IFN-y. TNF-a slightly increased the expres- 
sion of HMW-MAA, while IFN-y, both individually and in 
combination with TNF-ot, had no detectable effect. 

Expression of HLA antigens and MAA by cIones derived 
from the melanoma cell line MeM 50-10 

Indirect immunofluorescence staining of the six melanoma 
clones with monoclonal antibodies showed that most of 

them expressed a level of HLA class I and class Il antigens 
similar to that of the parental cells. The percentage of cells 
stained by anti-ICAM-1 mAb CL203.4 and by anti-HMW- 
MAA mAb 225.28 in each clone was higher than that in 
the parental cell line. The intensity of staining by mAb 
CL203.4 of the clones was lower than that of the parental 
cell line, while that by mAb 225.28 was lower in three 
clones and higher in two. The six clones differed not only 
in the expression of MAA but also in that of HLA anti- 
gens, as measured by the percentage of cells stained and 
by the intensity of the staining (Table 1). The anti-HLA 
class I mAb W6/32 stained about 50% of cells of clone 
MeM A16 and between 89% and 98% of cells of the other 
five clones. The anti-HLA class II mAb Q5/13 stained less 
than 10% of cells of each clone. The anti-ICAM-1 mAb 
CL203.4 stained between a minimum of 39% of cells of 
clone MeM A18 and a maximum of 88% of cells of clone 
MeM A16. The anti-HMW-MAA mAb 225.28 stained be- 
tween a minimum of 47% of cells of clone MeM A7 and a 
maximum of 85% of cells of clone MeM A17. 

The clones MeM A16 and MeM A18 were selected for 
further characterization. The amount of radioactivity 
bound in the indirect binding assay with mAb W6/32 
(Figs. 1 and 2) and the intensity of components immuno- 
precipitated by mAb W6/32 (Fig. 3) confirmed a higher 
expression of HLA class I antigens by clone MeM A18 
than by clone MeM A16. HLA class II antigens were de- 
tected in neither clone with serological (Table 1, Figs. 1 
and 2) and immunochemical (Fig. 4) assays. The percent- 
age of cells stained by anti-ICAM-1 mAb CL203.4 was 
higher in clone MeM A16 than in clone MeM A18. On the 
other hand the intensity of fluorescence was higher in the 
latter than in the former (Table 1), suggesting that the level 
of expression of ICAM-1 on individual cells of clone 
MeM A16 is lower than on those of clone MeM A18. In 
the indirect binding assay the clone MeM A16 displayed a 
slightly higher reactivity with mAb CL203.4 than the clone 
MeM AlS (Figs. 1 and 2). The clone MeM A16 displayed a 
slightly higher reactivity than the clone MeM A18 with the 
anti-HMW-MAA mAb 225.28 both in indirect immunoflu- 
orescence (Table 1) and in the indirect binding assay 
(Figs. 1 and 2). 

Table 1. Cell-surface expression of HLA, ICAM-1 and HMW- 
MAA by melanoma cell line MeM 50-10 and its clones a 

Cells HLA class I HLA class II ICAM-I HMW-MAA 
antigens antigens antigens antigens 

MeM 50-10 94 b(348) « 6(57) 41 (147) 26 (100) 
MeMA5 98(280) 4(41) 51 (96) 71 (97) 
MeM A7 89 (498) 5 (39) 54 (107) 47 (85) 
MeMA15 96(381) 5(57) 81 (98) 81 (91) 
MeM A16 52 (210) 5 (45) 88 (70) 77 (179) 
MeMA17 96(415) 4(39) 83 (79) 85(157) 
MeM A18 92 (365) 4 (52) 39 (87) 53 (101) 

a Cells were sequentially incubated with monoclonal antibodies 
and with fluoresceine-isothiocyanate-conjugated anti-mouse 
F(ab')2 xenoantibodies. After three washings cells were analyzed 
with a cytofluorograph 
b Percentage of positive cells stained with monoclonal antibodies 
in indirect immunofluorescence 
° Mean fluorescence intensity 
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Fig. 1. Modulation by TNF-a and/or IFN-y of the cell-surface expression of HLA antigens and MAA by melanoma cell clone MeM 
A16. Cells were incubated at 37°C with the individual cytokines TNF-a (final concentration 100 U/ml) (11) or IFN-y (final concentra- 
tion 1000 U/tal) ([]),with the combination of TNF-c~ (100 U/ml) and IFN-y (1000 U/ml) ([]) or sequentially with TNF-a (100 U/ml) 
for 2 days and IFN-y (1000 U/ml) for 2 days (t~) or with IFN-y (1000 U/ml) for 2 days and TNF-c~ (100 U/ml) for 2 days (1~). The total 
incubation time was 2 (A) or 4 (B) days. Controls were incubated under the same experimental conditions, but were not exposed to 
cytokines ([51). At the end of the incubation, cells were harvested, washed twice and tested in duplicate with anti-HLA class I mAb 
W6/32, anti-HLA class II mAb Q5/13, anti-ICAM-1 mAb CL203.4 and anti-HMW-MAA mAb 225.28 in the indirect binding assay 
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Fig. 2. Modulation by TNF-« and/or IFN-y of the cell-surface expression of HLA antigens and MAA by melanoma cell clone MeM 
A18. Cells were incubated at 37°C with the individual cytokines TNF-« (final concentration 100 U/tal) (mm) or IFN-y (final concentra- 
tion 1000 U/ml) (1~), with the combination of TNF-c~ (100 U/tal) and IFN-y (1000 U/ml) (sS) or sequentially with TNF-c~ (100 U/tal) 
for 2 days and ]FN-y (1000 U/tal) for 2 days (gt) or with IFN-y (1000 U/tal) for 2 days and TNF-c~ (100 U/tal) for 2 days ([]). The total 
incubation time was 2 (A) or 4 (B) days. Control cultures were incubated under the same experimental conditions, but were not exposed 
to cytokines (D). At the end of the incubation, cells were harvested, washed twice and tested in duplicate with anti-HLA class I mAb 
W6/32, anti-HLA class II mAb Q5/13, anti-ICAM-1 mAb CL203.4 and anti-HMW-MAA mAb 225.28 in the indirect binding assay 

Modulation by TNF-a and/or IFN-y of HLA antigens and 
MAA by elones MeM A16 and MeM AI8 

To analyze the susceptibility to modulat ion of HLA an- 
tigens and MAA by cytokines, the clones MeM A16 and 
MeM A18 were incubated for 2 and 4 days with TNF-c~ 
(final concentrat ion 100 U/ml )  a n d / o r  with IFN-y  (final 
concentrat ion 1000 U/tal) .  Following a 2-day incubat ion 
T N F - a  increased the expression of HLA class I antigens 
by MeM A18 cells, but did not affect that by MeM A16 
cells. IFN-y  increased it on both clones, although to a 

larger extent on MeM A18 cells than on MeM A16 cells. 
Following a 4-day incubation,  T N F - «  enhanced the ex- 
pression of HLA class I antigens on MeM A16 cells, but 
induced no addit ional  increase on MeM A18 cells. Simi- 
larly, following a 4-day incubat ion with IFN-y the level of 
HLA class I antigens displayed an addit ional increase on 
MeM A16 cells and a reduction on MeM A18 cells. HLA 
class I antigens, synthesized by MeM A16 and MeM A18 
cells treated with T N F - «  a n d / o r  IFN-y,  displayed the 
characteristic electrophoretic profile (Fig. 3). The combi- 
nat ion of TNF-c~ and IFN-y  enhanced the level of HLA 
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Fig. 3. SDS-PAGE analysis of antigens immunoprecipitated by 
anti-HLA class I mAb W6/32 from TNF-a- and/or IFN-7-treated 
melanoma cell clones MeM A16 and MeM A18. Following a 72-h 
incubation at 37°C in medium containing TNF-c~ (final concen- 
tration 100 U/ml) (lanes 2 and 2'), IFN- 7 (final concentration 
1000 U/ml) (lanes 3 and 3') or the combination of TNF-c~ 
(100 U/tal) and IFN-7 (1000 U/ml) (lanes 4 and 4'), cells were 
starved for 4 h in methionine-free medium and then incubated at 
37 ° C for 16 h in medium containing [35S]methionine (25 p.Ci/ml) 
and TNF-a (100 U/tal) and/or  IFN-7 (1000 U/ml). Cells used as 
controls (lanes 1 and 1') were cultured and radiolabeled under the 
same experimental conditions, but were not exposed to cytokines. 
At the end of the incubation teils were harvested, washed three 
times and solubilized with NP-40. After indirect immunoprecipi- 
tation with mAb W6/32, antigens were eluted from the immu- 
noadsorbent and analyzed by SDS-PAGE in the presence of 2% 
B-mercaptoethanol 

class I antigens to a greater extent than the individual  cy- 
tokines on MeM A18 cells and to lesser extent on MeM 
A16 cells. The two cytokines, both individual ly  and in 
combinat ion,  enhanced the shedding of  H L A  class I anti- 
gens from MeM A16 and MeM A18 cells to a similar ex- 
tent (Table 2). Sequential  incubat ion with the two cyto- 
kines for 2 days each, was less effective than incubat ion 
with each cytokine for 4 days in enhancing the level of  
H L A  class I antigens on both MeM A16 and MeM A18 
cells. 

Fol lowing a 2-day incubat ion with T N F - a  or with 
IFN-y ,  both MeM A16 and MeM A18 tei ls  acquired reac- 
tivity with an t i -HLA class I I  mAb Q5/13. The level of  
H L A  class II  antigens induced by I F N - y  was markedly  
higher than that induced by T N F - a  on both cell lines. Pro- 
longat ion of  the incubat ion to 4 days caused an addi t ional  
increase in the expression of  HLA class I I  antigens by 
MeM A18 cells, hut did  not  affect that  by MeM A16 cells. 
The combina t ion  of  T N F - «  and I F N - y  enhanced the ex- 
pression of  H L A  class I I  antigens by MeM A18 cells to a 
larger extent than the individual  cytokines;  the effect of  
the combinat ion  of  T N F - a  and IFN-7  on MeM A16 cells 
was similar to that  of  I F N -  7. Components  with the charac- 
teristic electrophoret ic  mobil i ty  of  the two subunits of  

T ~  3 4- 1' 2 ' 3 ' 4 '  
Fig. 4. SDS-PAGE analysis of antigens immunoprecipitated by 
anti-HLA class II mAb Q5/13 from TNF-a- and/or IFN- 
¥-treated melanoma cell clones MeM A16 and MeM A18. Follow- 
ing a 72-h incubation at 37 ° C in medium containing TNF-a (final 
concentration 100 U/ml) (lanes 2 and 2'), IFN-7 (final concentra- 
tion 1000 U/ml) (lanes 3 and 3') or the combination of TNF-« 
(100 U/tal) and IFN-7 (1000 U/tal) (lanes 4 and 4'), cells were 
starved for 4 h in methionine-free medium and then incubated at 
37 ° C for 16 h in medium containing [35S]methionine (25 ~tCi/ml) 
and TNF-c~ (100 U/ml) and/or IFN-y (100 U/ml). Cells used as 
controls (lanes 1 and 1") were cultured and radiolabeled under 
the same experimental conditions, but were not exposed to cyto- 
kines. At the end of the incubation cells were harvested, washed 
three times with HBSS and solubilized with NP-40. After indirect 
immunoprecipitation with mAb Q5/13, antigens were eluted from 
the immunoadsorbent and analyzed by SDS-PAGE in the pres- 
ence of 2% [3-mercaptoethanol 

H L A  class II antigens were detected in the immunopre-  
cipitates with mAb Q5/13 from MeM A16 and MeM A18 
cells that had been incubated with I F N - 7  or with the com- 
binat ion of  TNF-c¢ and IFN-y ,  but  not  in those from cells 
which had been incubated with TNF-c¢ (Fig. 4). The latter 
f inding may reflect the level of  H L A  class II  antigens be- 
low the sensitivity of  the method.  Only I F N - y  and the 
combinat ion  of  IFN-7  and T N F - «  induced an increase in 
the level of  HLA class II  antigens in the medium from 
MeM AI6  and MeM A18 cells (Table 2). Se- 
quential  incubat ion with TNF-c¢ for 2 days and with I F N - y  
for 2 days induced an increase of  H L A  class I I  antigens 
on MeM A16 and MeM A18 cells, which was lower than 
that induced by incubat ion with I F N - y  for 2 and 4 days 
and higher than that induced by incubat ion with T N F - «  
for 2 and 4 days. Sequential  incubat ion with IFN-7  for 2 
days and with T N F - ~  for 2 days enhanced H L A  class II  
antigens on MeM A18 cells more than the individual  cyto- 
kines but  less than the combinat ion  of  T N F - «  and IFN-y.  
The increase on MeM A16 cells was higher than that in- 
duced by the other types of  treatments.  



Table 2. Modulation by TNF-t~ and IFN-7 of the shedding 
of HLA antigens and HMW-MAA by melanoma cell clones 
MeM A16 and MeM A18 a 

Cells TNF-a IFN-y HLA HLA HMW-MAA 
class I class II 
antigens antigens 

MeM A16 - - 1350 b 374 1972 
MeM A16 + - 2655 445 2295 
MeM A16 - + 2740 1420 1983 
MeM A16 + + 2634 1400 2131 

MeM A18 - - 1430 932 881 
MeM A18 + - 2781 1339 889 
MeM A 18 - + 2800 2042 1626 
MeM AI8 + + 2833 2025 1878 

a Cells were incubated for 72 h at 37°C with TNF-a (final concen- 
tration 100 U/ml), IFN-y (final concentration 1000 U/tal) or the 
combination of TNF-ct (100 U/ml) and IFN-7 (1000 U/ml). Con- 
trol cultures were incubated under the same experimental con- 
ditions, but were not exposed to cytokines. At the end of the incu- 
bation, medium was harvested and tested for its content of HLA 
class I antigens, HLA class II antigens and HMW-MAA utilizing 
a double-determinant immunoassay 
b cpm 

To determine the effect of  T N F - c  a n d / o r  I F N - y  on the 
gene products  o f  the H L A - D  region, MeM A16 and MeM 
A18 cells were incubated  with the cytokines and then 
tested with the a n t i - H L A - D R  mAb CL413, an t i -HLA-DQ 
mAb SPV-L3 and an t i -HLA-DP mAb B7/21. The activity 
of  the monoc lona l  an t ibody  prepara t ions  used was moni-  
tored by testing with control  and I F N - y  treated melanoma 
cells Colo 38. Fol lowing incubat ion with the individual  cy- 
tokines or their combina t ion  both MeM A16 and MeM 
A18 cells acquired reactivi ty only with a n t i - H L A - D R  mAb 
CL413. Its modula t ion  was similar to that  with the anti- 
H L A  class II  mAb Q5/13 (Fig. 5). 

To analyze the mechanism(s)  under ly ing the differen- 
t ial  susceptibil i ty to induct ion by T N F - c  a n d / o r  I F N - y  of  
the gene products  o f  the HLA-D region on MeM A16 and 
MeM A18 cells, the steady-state levels of  m R N A  for HLA- 
DR, -DQ and -DP antigens were analyzed by Northern  
blot  hybr id iza t ion  in the two clones following incubat ion 
with TNF-t~, I F N - y  and their combinat ion  for 96 h. Both 
clones contain R N A  molecules that  hybridize to HLA- 
DR[~,-DQ[~ and -DP[3 gene probes.  Incubat ion with T N F - «  
caused no detectable change in the level of  m R N A  specific 
for HLA-DR,  -DQ and -DP antigens in both clones. IFN-  7 
and the combina t ion  of  I F N - y  and TNF-ct  induced a 
marked  increase in the level of  m R N A  specific for HLA- 
D R  and -DQ antigens,  but  caused no detectable change in 
the level of  m R N A  specific for H L A - D P  antigens in both 
clones. The level of  m R N A  specific for H L A  class I in 
both clones increased following incubat ion with I F N - y  
and the combina t ion  of  I F N - y  and TNF-ct,  but  did not  
change fol lowing incubat ion with TNF-ct (Fig. 6). 

Both MeM A16 and MeM A18 cells d isp layed an en- 
hanced reactivity with ant i - ICAM-1 mAb CL203.4 follow- 
ing a 2-day incubat ion with TNF-ct  or with IFN-y ,  the in- 
crease induced by the latter being greater than that by the 
former. While  T N F - «  induced a similar increase on both 
clones, I F N - 7  induced a higher increase on MeM A18 
cells than on MeM A16 cells. Prolongat ion of  the incuba- 
tion to 4 days was associated with an addi t ional  increase 
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Fig. 5. Differential susceptibility to modulation by TNF-cc and/or 
IFN-y of the expression of HLA-DR, -DQ and -DP antigens by 
melanoma cell clones MeM A16 and MeM A18. Cells were incu- 
bated at 37 ° C with the individual cytokines TNF-tx (final concen- 
tration 100 U/ml) (m) or IFN-y (final concentration 1000 U/ml) 
(Iiii), with the combination of TNF-c¢ (100U/ml) and IFN-y 
(1000U/tal) (SS) or sequentially with TNF-« (100U/ml) for 
2 days and IFN-7 (100 U/ml) for 2 days (1~t) or with IFN-y 
(1000 U/ml) for 2 days and TNF-tx (100 U/ml) for 2 days ([]). 
The total incubation time was 2 (A) or 4 (B) days. Control cultures 
were incubated under the same experimental conditions, but were 
not exposed to cytokines ([2). At the end of the incubation, cells 
were harvested, washed twice and tested in duplicate with anti- 
HLA-DR mAb CL413, anti-HLA-DQ mAb SPV-L3 and anti- 
HLA-DP mAh B7/21 in the indirect binding assay 

of  the reactivity of  mAb CL203.4 with MeM A16 cells and 
even more with MeM A18 cells incubated with TNF-ct. No 
change in the reactivity of  cells incubated with I F N - y  was 
detected. The combinat ion  of  T N F - «  and I F N - y  and the 
sequential  incubat ion with TNF-c¢ and I F N - 7  enhanced 
the expression of  ICAM-1 by MeM A16 cells to an extent 
similar to that induced by the individual  cytokines. On the 
other hand,  the combina t ion  of  TNF-ct  and  I F N - y  and the 
sequential  incubat ion with I F N - 7  and TNF-c¢ enhanced 
the expression of  ICAM-1 by MeM A18 cells more than 
the individuaI  cytokines and the sequential  incubat ion 
with T N F - «  and I F N - y  (Figs. 1 and 2). 

T N F - «  and IFN-¥,  both  individual ly  and in combina-  
tion, caused no marked  change in the expression of  
H M W - M A A  by MeM A16 and MeM A18 cells (Figs. l 
and 2). Only I F N - y  and the combinat ion  of  I F N - y  and 
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Fig. 6. Northern blot analysis of HLA-specific mRNA in TNF-«- 
and/or IFN-y-treated rnelanoma cell clones MeM A16 and MeM 
A18. Cells were incubated for 72 h at 37°C with TNF-« (final 
concentration 100 U/ml) (lanes 2 and 2'), IFN-y (final concentra- 
tion 1000 U/ml) (lanes 3 and 3') or the combination of TNF-« 
(100 U/ml) and IFN-y (1000 U/ml) (lanes 4 and 4'). Control cul- 
tures were incubated under the same experimental conditions, but 
were not exposed to cytokines (lanes 1 and 1'). At the end of the 
incubation, cells were harvested and washed twice with PBS. Then 
total cytoplasmic RNA was extracted and hybridized with a probe 
specific for HLA-B7 (lane A), HLA-DR[~ (lane B), HLA-DQ[~ 
(lane C) and HLA-DP[3 (lane D) 

Table 3. Susceptibility of control and TNF-«- and/or IFN-y- 
treated melanoma cell clones MeM A16 and MeM A18 to lysis by 
LAK cells and anti-HLA-A2 cytotoxic T cells a 

Cells TNF-c~ IFN-y 51Cr release (%) by 

LAK cell anti-HLA-A2 
lysis T cell lysis 

MeM AI6 - - 43 40 
MeM AI6 + - 45 50 
MeM A16 - + 46 56 
MeM A16 + + 42 56 

MeM A18 - - 43 40 
MeM A18 + - 49 54 
MeM A18 - + 48 60 
MeM AI 8 + + 49 52 

Melanoma cells were incubated for 72 h at 37°C with TNF-ct 
(final concentration 100 U/ml), IFN- 7 (final concentration 1000 
U/tal) or the combination of TNF-« (100 U/tal) and IFN-7 (1000 
U/tal). Control cultures were incubated under the same experi- 
mental conditions, but were not exposed to cytokines. At the end 
of the incubation, cells were harvested, washed twice, labeled with 
»~Cr and tested for susceptibility to lysis by LAK cells and by 
anti-HLA-A2 cytotoxic T cells 

T N F - «  enhanced the shedding of  H M W - M A A  by MeM 
A18 cells (Table 2). 

Modulation by TNF-a and/or IFN-~" of lysis of elones 
MeM A16 and MeM A18 by LAK eells and anti-HLA-A2 
cytotoxie T cells 

To analyze the potent ial  functional  role of  the differences 
in the expression and modula t ion  b y  cytokines of  H L A  
antigens and M A A  between MeM A16 and MeM A18 

cells, they were compared  in their susceptibili ty to lysis by 
L A K  cells and by an t i -HLA-A2 cytotoxic T cells. No dif- 
ference was detected in the susceptibil i ty to lysis between 
the two clones, even following incubat ion with TNF-ct 
a n d / o r  IFN-y.  The increase in the expression of  H L A  
class I antigens induced by the two cytokines on MeM A16 
and MeM A18 cells was associated with an enhanced sus- 
ceptibil i ty to lysis by ant i -HLA-A2 cytotoxic T cells. The 
two cytokines did  not affect susceptibil i ty of  MeM A16 
and MeM A18 cells to lysis by L A K  cells (Table 3). 

Discussion 

This study has shown differences in the expression o r / a n d  
susceptibili ty to modula t ion  by I F N - ?  a n d / o r  T N F - «  of  
H L A  antigens, ICAM-1 and H M W - M A A  by clones MeM 
A16 and MeM A18 derived from the raelanoraa cell line 
MeM 50-10. The degrec of  difference between the two 
clones varies araong the antigens tested, being raore 
marked  for H L A  ¢lass I antigens than for I C A M - I  and 
H M W - M A A .  HLA class II  antigens were dete¢ted on 
neither ¢lone. The ¢lone MeM A18 displayed a higher sus- 
ceptibil i ty of  HLA class II antigens and ICAM-1 to raodu- 
lat ion by cytokines than the clone MeM A16. Further-  
more,  differen¢es were found between the parenta l  cell 
line and the two ¢lones in terms of  antigeni¢ phenotype  
and sus¢eptibility to modula t ion  by cytokines. The clone 
MeM A16 expressed a lower level of  H L A  ¢lass I antigens 
and a higher level of  ICAM-1 and both clones expressed a 
higher level of  H M W - M A A  than the parental  cell line. The 
lat ter  results paral lel  those of  Cillo et al. [4], who have de- 
s¢ribed the isotation of  H L A  dass-H-pos i t ive  clones frora 
a raelanoraa cell line without dete¢table H L A  ¢lass II anti- 
gens. These findings are consistent with the observat ion 
that  tumor  cell subpopula t ions  behave differently when 
isolated or when growing together [29]. Furtherraore,  the 
two clones acquired H L A  ¢lass II  antigens following incu- 
bat ion with TNF-~,  while the parental  cell line did  not. 
Similar  results were obta ined by Houghton et al. [15], who 
found minimal  changes of  differentiat ion during induct ion 
of  parental  rae lanoma cell lines with either cholera to×in 
or phorbol  rayristate acetate, but definite shifts in differen- 
t iat ion in selected ¢loned subpopulat ions.  

IFN-  T and TNF-c~ displayed different effects on the 
various types of  antigens analyzed:  I F N - y  enhanced the 
e×pression of  HLA class II antigens rauch more than 
TNF-c~, hut enhanced that  of  H L A  class I antigens and of  
ICAM-1 as rauch as TNF-~.  The combinat ion  of  I F N - y  
and TNF-~  enhan¢ed the level of  ICAM-1,  HLA class I 
antigens and especially of  H L A  class II antigens expressed 
by MeM A18 cells to a greater extent than the individual  
cytokines,  hut did not  differ from them in modula t ing  the 
antigeni¢ profile of  MeM AI6  cells. The differential  sensi- 
tivity of  the two raelanoraa cell lines to the combinat ion  of  
I F N - y  and T N F - ~  paral lels  results obta ined with endothe- 
lial ¢ells: while Lapierre et al. [18] did  not  detect any effect 
of  TNF-c~ on the IFN-y-med ia t ed  H L A  ¢lass II  induct ion 
on endothelial  cells. Leeuwenberg et al. [19] described its 
raodulat ion by TNF-« .  Like the lat ter  investigators,  we 
found that the time of  addi t ion  of  the cytokines influenced 
the modula tory  activity of  the ¢ombinat ion of  I F N - y  and 
TNF-c~. However,  in out  system simultaneous addi t ion  of  
the two cytokines enhan¢ed the expression of  H L A  class II  
antigens more than the individual  cytokines,  while 
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Leeuwenberg et al. [19] reported that simultaneous addi- 
t ion of T N F - «  and IFN-y  to endothelial cells inhibited the 
induct ion of HLA class II antigens. T N F - «  enhanced the 
expression of HLA class II antigens only when added 24 h 
after IFN-y. If  not caused by technical factors, these dif- 
ferent results suggest differences among cells in the regula- 
tory pathways which control the expression of HLA class 
II antigens. 

In  spite of differences in the expression and suscepti- 
bility to modula t ion  of the antigens analyzed, no dif- 
ference was detected between MeM A16 and MeM A18 
clones in their susceptibility to cell-mediated lysis. The 
lack of relationship between the level of expression of the 
antigens analyzed and susceptibility to lysis by LAK cells 
of control and cytokine-treated MeM A16 and MeM A18 
cells may reflect the fact that either the antigens analyzed 
do not  play a role in the lytic phenomenon,  or the dif- 
ferences in antigen expression are below the sensitivity of 
the assay a n d / o r  variables other than antigen expression 
determine the outcome of the lytic process. The latter two 
variables may also account for the lack of differences in 
the extent of lysis of MeM A16 and MeM A18 cells by 
anti-HLA-A2 cytotoxic T cells. 
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