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Abstract

Induction of HLA class I antigens on cultured melanoma cells
FO-1 after transfection with a human or a mouse B2mgene was
associated with a statistically significant reduction in their sus-
ceptibility to natural killer (NK) cell-mediated lysis. These re-
sults indicate that the structural differences between human
and mouse 62-M do not abolish the ability of the HLA class I
molecular complex to modulate NKcell-mediated lysis of mela-
noma cells FO-1. The role of HLAclass I antigens in the phe-
nomenon is corroborated by the ability of anti-HLA class I
MAbto enhance, although to a different extent, the susceptibil-
ity of transfected FO-1 cells to NKcell-mediated lysis. Gamma
interferon (IFN-'y) and tumor necrosis factor-a (TNF-a) signifi-
cantly reduced the susceptibility to NKcell-mediated lysis of
transfected FO-1 cells. Surprisingly, TNF-a reduced the extent
of lysis more than IFN-'y, although the latter cytokine en-
hanced HLA class I antigen expression more than the former
one. This finding, in conjunction with a reduction in the suscepti-
bility to NK cell-mediated lysis of untransfected FO-1 cells
incubated with IFN-'y or TNF-a, suggests that the two cyto-
kines reduce NK cell-mediated lysis of transfected cells by
modulating not only the expression of HLA class I antigens,
but also that of other structures. Induction of HLAclass I anti-
gens and their modulation with IFN-'y did not affect the suscep-
tibility to lymphokine-activated killer (LAK) cell-mediated
lysis of transfected FO-1 cells. Characterization of the molecu-
lar mechanism(s) underlying abnormalities in HLAclass I anti-
gen expression by melanoma cells and of the role of these mole-
cules in the interactions of melanoma cells with various types of
effector cells may suggest novel immunotherapeutic ap-
proaches to melanoma. (J. Clin. Invest. 1991. 88:282-289.)
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Introduction

Malignant transformation of melanocytes may be associated
with changes in HLA class I antigen expression (for review, see
reference 1). These changes may have clinical relevance, be-
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cause a statistically significant, although not absolute, associa-
tion has been found between levels of HLA class I antigen
expression in melanoma lesions and clinical course of the dis-
ease (2). The mechanism underlying this phenomenon is not
known but is of great interest, because its characterization may
contribute to our understanding of the role of HLA class I
antigens in the biology of melanoma cells and in their interac-
tions with host's immune system. This information may even-
tually suggest novel therapeutic approaches to melanoma.

Besides their role as restricting elements in the lysis of target
cells by cytotoxic T cells (3), HLA class I antigens have been
shown to regulate susceptibility to natural killer (NK)' cell-
mediated lysis of tumor cells in some, although not all, the
systems investigated (for review, see reference 4). Scanty and
conflicting information is available about the role of HLAclass
I antigens in NKcell-mediated lysis of melanoma cells. To the
best of our knowledge, only Lobo and Spencer (5) and Versteeg
et al. (6) have investigated this phenomenon. Lobo and
Spencer (5) have reported that cultured melanoma cells SK-
MEL-l are particularly resistant to NKcell-mediated lysis; at
variance with results obtained with other cell lines, anti-HLA
class I MAbdid not increase the extent of NKcell-mediated
lysis. Versteeg et al. (6) have shown that a spontaneous HLA
class I negative variant isolated from the melanoma cell line
51 8A after long time culturing and the melanoma cells IGR30
with a reduced HLA class I antigen expression after transfec-
tion with the c-myc oncogene display an increased susceptibil-
ity to NK cell-mediated lysis. Although suggestive, these re-
sults do not prove a cause-effect relationship between reduc-
tion in HLA class I antigen expression and increased
susceptibility to NK cell-mediated lysis of melanoma cells
IGR30 and 518A, because prolonged in vitro culturing or
transfection with c-myc oncogene may modify the expression
of unrelated antigenic structures which modulate susceptibility
to NKcell-mediated lysis. Furthermore, the results obtained
with most of the tumor systems investigated might not be valid
for melanoma cells, because the latter express molecules, such
as HLA class II antigens and intercellular adhesion molecule- 1
(ICAM- 1) (7, 8), which mayplay a role in the interaction of NK
cells with target cells (5; Maio, M., and S. Ferrone, unpublished
results). Therefore, to eliminate the potential interference of
unrelated structures in the analysis of the role of HLA class I

1. Abbreviations used in this paper: ADCC, antibody dependent cell
mediated cytotoxicity; 12-M, 32-microglobulin; ICAM-1, intercellular
adhesion molecule- 1; IFN-,y, gammainterferon; 11F, indirect immuno-
fluorescence; LAK, lymphokine activated killer; NK, natural killer;
PBMC, peripheral blood mononuclear cells; TNF-a, tumor necrosis
factor-a.
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antigens in NKcell-mediated lysis of melanoma cells, in the
present study, we have characterized the effect of the induction
of HLA class I antigens on the susceptibility to NKcell-me-
diated lysis of melanoma cells FO- I which do not express HLA
class I antigens because of a structural defect in B2mgene (9,
10). Furthermore, because NK cell-mediated lysis of human
tumor cells cannot be modulated by H-2 class I heavy chains
associated with human 32-microglobulin (#2-is) (1 1), we have
compared the susceptibility to NKcell-mediated lysis of FO-
cells transfected with a human and a mouse B2mgene to deter-
mine the effect of differences in #2-' structure (12-14) on the
lytic phenomenon.

Methods

Cells. The melanoma cell line Colo 38, the melanoma cell line FO-l
(9), and the cell line FO-IC transfected with a mouse B2m gene (10)
were grown in RPMI 1640 medium (Flow Laboratories Inc., McLean,
VA) supplemented with 10% heat-inactivated FCS(Flow Laboratories
Inc.) and 2 mML-glutamine.

Peripheral blood mononuclear cells (PBMC) were separated from
heparinized blood of healthy volunteers by Ficoll-Hypaque (Pharma-
cia Fine Chemicals AB, Uppsala, Sweden) density gradient centrifuga-
tion (400 g for 30 min). After three washings with HBSS(Flow Labora-
tories Inc.), they were used either as a source of NKcells or for lympho-
kine activated killer (LAK) cell generation. The latter were generated
by culturing PBMCin the continuous presence of interleukin-2 (IL-2)
(1,000 U/ml) for at least 10 d; half of the medium was changed every 48
h with an equal volume of fresh medium containing IL-2. At the end of
the culture more than 95% of cells were stained by anti-CD3 MAb
OKT3 in indirect immunofluorescence (IIF). The functional activity
of LAK cell preparations was monitored by testing their ability to lyse
the NKcell-resistant cultured melanoma cells Colo 38.

Human B2m gene. Human /2-M clone p#2m13 in the vector
pEMBL9 (14) was purified on a CsCI gradient cushion and linearized
with the restriction enzyme Sal I before transfection.

MAband conventional antisera. The MAbW6/32, TP25.99. 1, and
CR1 1-1 15 to distinct monomorphic determinants of HLA class I anti-
gens, the MAbQ6/64 and H2-89-1 to determinants restricted to the
gene products of the HLA-B locus, the anti-(12-M MAbNAMB-1, the
anti-HLA-DR, DQ, DP MAb Q5/13 and the anti-ICAM-l MAb
CL203.4 were developed and characterized as described elsewhere (15-
20). Anti-CD3 MAbOKT3was purchased from Ortho Diagnostic Sys-
tems (Milan, Italy). MAbwere purified from ascitic fluid by sequential
precipitation with caprylic acid and with ammonium sulfate (21).
F(ab')2 fragments were prepared by incubating purified immunoglobu-
lins (5 mg/ml) in 100 mMsodium citrate (pH 3.5) with 25 mgof pepsin
(Sigma Chemical Co., St. Louis, MO) for 18 h at 370C. Digestion was
stopped by adding 1/1o volume of 3 MTris buffer (pH 8.8). Samples
were then extensively dialyzed against PBS, pH 7.2. The purity of MAb
and F(ab')2 fragment preparations was monitored by SDS-PAGE(22)
under reducing and nonreducing conditions. The activity of purified
MAband F(ab')2 fragment preparations was monitored by IIF staining
of target cells.

The mixture of mouse IgG, MsIgG, used to monitor nonspecific
staining of melanoma cells in IIF was purchased from Coulter Immu-
nology, Hialeah, FL. Rabbit anti-mouse IgG (H + L) antibodies and
fluorescein isothiocyanate conjugated (FITC) F(ab')2 fragments of goat
anti-mouse IgG (H + L) antibodies were purchased from Jackson Im-
munoresearch Laboratories, Inc. (West Grove, PA).

Cytokines. Human recombinant gammainterferon (IFN-'y) and
IL-2 were obtained from Hoffman-LaRoche Inc., Nutley, NJ; human
recombinant TNF-a was obtained from Cetus Corp., Emeryville, CA.

Transfection of FO-J melanoma cells with human B2mgene. FO-l
melanoma cells were transfected by electroporation as described else-
where (10). Briefly, cells (5 x 10'), linearized human B2mDNA(100

,ug) and Eco RI digested pSV2 neo-DNA (5 ug) were mixed in cold
sterile PBS (1 ml). Electroporation was performed in a Bethesda Re-
search Laboratories (Gaithersburg, MD) Cell-Porator using an electric
pulse of 1 kV at 330 MFcapacitance. Cells were then resuspended in
DMEMsupplemented with 10% FCS at 1 X 106/ml, seeded in eight
100-mm tissue culture dishes and incubated at 370C in a 5%CO2hu-
midified atmosphere. Nonadherent cells were removed after overnight
incubation. Cells were fed with DMEMsupplemented with 10% FCS
and with G418 sulfate (2 mg/ml) (Gibco Laboratories, Grand Island,
NY). Cells from each plate were grown to confluence. To identify cells
transfected with human B2mgene which express HLAclass I antigens,
cells were sequentially incubated with the anti-human (2-M MAb
NAMB-l and with FITC conjugated antimouse Ig xenoantibodies and
analyzed with a cytofluorograph. FO-lH cells, which were stained by
MAbNAMB-1, were sterile sorted, subcloned, and expanded. The ex-
pression of HLA class I antigens was corroborated by staining with
MAbTP25.99. 1 in IIF.

Serological assays. IIF was performed by incubating cells (5 X 10)
with an excess of MAbat 40C for 30 min. After three washings with
PBS supplemented with 0.5% BSA and 0.01% (wt/vol) NaN3 (PBS-
BSA-AZ) cells were incubated for an additional 30 min at 40C with
FITC-F(ab')2 fragments of goat anti-mouse IgG (H + L) antibodies.
After three washings with PBS-BSA-AZ, cells were resuspended in
PBS-BSA-AZ and analyzed for surface fluorescence utilizing a FAC-
Star flow cytometer (Becton Dickinson Co., Mountain View, CA)
equipped with a 9153B computer (Hewlett-Packard Co., Palo Alto,
CA). Fluorescence was collected by using a four-decade logarithmic
amplifier. Mean fluorescence intensity was converted from a logarith-
mic to a linear scale using a calibration factor. Viable cells (1 X 104,
volume gated) were collected in a list mode fashion for data analysis.
The latter was performed with a Consort C30 software (Becton-Dickin-
son Co.).

Radiolabeling of cells, indirect immunoprecipitation, and SDS-
PAGE. These procedures were performed as described elsewhere (10).
Briefly, cells (2 X I07) were labeled with 1251 (Amersham International,
Amersham, UK) utilizing the lactoperoxidase method. They were then
incubated for 30 min at 4°C in lysis buffer containing 1% NP40, 10
mMTris-HCl (pH 8.2), 0.5 MNaCl, 1 mMEDTA, 1 mg/ml BSA, and
1 mMPMSF. The cell extract was incubated for 12 h with MAbbound
to protein A-Sepharose (Pharmacia Fine Chemicals) precoated with
rabbit anti-mouse IgG (H + L) antibodies. One-dimensional SDS-
PAGEwas performed on 10%polyacrylamide slab gels under reducing
conditions using the buffer system described by Laemmli (22). Gels
were processed for autoradiography using a Kodak XAR-5 film (East-
man Kodak Co., Rochester, NY).

Cytotoxicity assays. All experiments were performed in triplicates
in round bottom microtiter plates (Costar, Cambridge, MA). Target
cells (2 x 106) were resuspended in 1 ml of RPMI 1640 medium supple-
mented with 20% FCS and incubated with 200 MCi of Na25`CrO4
(Amersham International) for 1 h at 37°C in a 5% CO2 humidified
atmosphere with occasional gentle shaking. After four washings with
HBSS, target cells (1 x 104) were incubated for 4 h at 37°C in a final
volume of 200 M1 of RPMI 1640 medium containing 10% FCS with
different numbers of effector cells to obtain effector/target cell ratios of
100, 50, 25, 12.5:1 and of 20, 10, 5, 2.5:1 for NKand LAK cell-me-
diated lysis, respectively. Then plates were centrifuged and supernatant
(100 ,ul) was harvested from each well and counted in a gamma
counter. Percent of cytotoxicity was calculated as (experimental 51Cr
release-spontaneous 5'Cr release/maximum 51Cr release-spontaneous
5'Cr release) x 100. Spontaneous release represents the radioactivity
released by 1 x 104 5'Cr labeled target cells during a 4-h incubation;
maximum release is the radioactivity released by 1 X 104 target cells
lysed with NP40. Only experiments with a spontaneous release lower
than 15% were used for the statistical analysis.

Statistical analysis. Data were analyzed with the Student's paired t
test utilizing the Statworks statistical package from Cricket Software,
Inc. (Philadelphia, PA). Differences with P values of at least 0.05 were
considered statistically significant.
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Results

Expression of HLA class I antigens on FO-i melanoma cells
transfected with a mouse or a human B2mgene. The untrans-
fected melanoma cells FO- 1, the melanoma cells FO- IC trans-
fected with a mouse B2mgene and the melanoma cells FO- 1 H
transfected with a human B2m gene were sequentially incu-
bated with the anti-HLA class I MAb TP25.99.1 and with
FITC-anti-mouse IgG (H + L) xenoantibodies and analyzed
with a cytofluorograph. No specific staining of FO-l cells was
detected, because the mean fluorescence intensity value of 42
was similar to that obtained with FO-l cells incubated with the
negative control MsIgG. FO- lC and FO-lH melanoma cells
were both stained by anti-HLA class I MAbTP25.99. 1, with
mean fluorescence intensity values of 95 and 156, respectively
(Fig. 1 A). The mean fluorescence intensity values of FO-lC
and FO- I H cells stained with the negative control MsIgG were
similar to that obtained with FO-l melanoma cells. The three
melanoma cell lines were brightly stained by anti-HLA class II
MAbQ5/13 and by anti-ICAM-l MAbCL203.4 with mean
fluorescence intensity values for the three cell lines of - 140
and 145, respectively (data not shown).

The expression of HLAclass I antigens on FO- IC and FO-
1 Hcells was corroborated by the results of SDS-PAGEanalysis
of antigens immunoprecipitated by the anti-HLA class I MAb
TP25.99. 1 from '251-labeled FO- I Cand FO- I Hcells. Twocom-
ponents with the characteristic electrophoretic mobility of the
two subunits of HLAclass I antigens were found in the immu-
noprecipitates; the intensity of the components in the immu-
noprecipitate from FO- 1C cells was lower than that of those in
the immunoprecipitate from FO- lH cells. Representative re-
sults are shown in Fig. 2 which also presents for comparison
purposes the SDS-PAGEanalysis of antigens immunoprecipi-
tated by anti-ICAM-l MAbCL203.4 from '25I-labeled FO-1,

L

Fluorescencevintensit
Fluorescence intensity

Figure 1. Expression and mod-
ulation by cytokines of HLA
class I antigens on FO-1, FO-
1C, and FO-lH melanoma
cells. FO-l ( ), FO-IC
(. .*), and FO-lH ( ......

cells were incubated for 42 h
at 37°C with IFN-'y (1,000 U/
ml) (B) or with TNF-a (1,000
U/ml) (C). Cells incubated
under the same experimental
conditions, but not exposed
to cytokines were used as con-
trols (A). At the end of the in-
cubation, cells were washed
and sequentially incubated
with anti-HLA class I MAb
TP25.99. 1 and with FITC con-
jugated F(ab')2 fragments of
goat anti-mouse IgG xenoanti-
bodies. Then cells (1 x 104
volume gated) were analyzed
by flow cytometry.

¢--ji ,,* Figure 2. SDS-PAGE
analysis of antigens im-
munoprecipitated by

9.6 96K anti-HLA class I MAb
TP25.99.1 from FO-l,
FO-IC, and FO-lH
melanoma cells. FO- 1

.* *44K (lane 1), FO-lC (lane
2), and FO-lH (lane 3)

V cells were labeled with
4i' 125I and solubilized with

_ 112 K w NP40. After indirect
immunoprecipitation
with MAbTP25.99. 1,
antigens were eluted

1 2 3 1 2 3 from the immunoadsor-
bent and analyzed by

SDS-PAGEin a 10% slab gel in the presence of 2% ,3-mercaptoethanol
(left). Gels were then processed for autoradiography. Antigens im-
munoprecipitated by the anti-ICAM- I MAbCL203.4 from the three
melanoma cells lines were used as controls (right).

FO- lC, and FO-lH cells. The intensity of ICAM-1 was similar
in the immunoprecipitates from the three melanoma cell lines.

Modulation by IFN-y and TNF-at of HLA class I antigen
expression by melanoma cells FO-1, FO-i C, and FO-i H. Incu-
bation for 42 h with IFN-'y (1,000 U/ml) (Fig. 1 B) and TNF-a
(1,000 U/ml) (Fig. 1 C) strongly enhanced the reactivity of
FO- I Cand FO- I Hmelanoma cells with anti-HLA class I MAb
TP25.99. 1 in IIF. The coefficients of variance (t) obtained with
three experiments were 70.2 (P = 0.0002) and 20.3 (P = 0.002)
for FO- lC cells treated with IFN-'y and TNF-a, respectively,
and 62.3 (P = 0.0002) and 48.6 (P = 0.0004) for FO-lH cells
treated with IFN-'y and TNF-a, respectively. The increase in
HLA class I antigen expression on FO-lC and FO-lH cells
induced by IFN-'y was more marked than that induced by
TNF-a. The coefficients of variance (t) obtained with three
experiments were 11.2 (P = 0.007) and 20.4 (P = 0.002) for
FO- 1C and FO- I H cells, respectively. The level of HLAclass I
antigens on FO- lC cells treated with cytokines was signifi-
cantly lower than that on FO- 1H cells treated with cytokines.
The coefficients of variance (t) obtained with three experiments
were 87.1 (P = 0.0001) and 14.3 (P = 0.005) for IFN-'y and
TNF-a treated cells, respectively. Neither IFN-y nor TNF-a
induced HLA class I antigen expression on FO-l cells. The
coefficients of variance (t) obtained with three experiments
were 3.1 (P = 0.09) and 2.5 (P = 0.12) for FO-l cells treated
with IFN-'y and TNF-a, respectively. A 40-channel increase in
the mean fluorescence intensity values was observed when the
three melanoma cell lines were stained with the anti-HLA class
II MAbQ5/1 3, after incubation with IFN-,y (data not shown).
On the other hand, TNF-a did not upregulate the expression of
HLA class II antigens. Incubation with IFN-y and TNF-a in-
duced a 40-channel increase in the mean fluorescence intensity
values on FO-1, FO-1C, and FO- lH cells stained with the anti-
ICAM- I MAbCL203.4 (data not shown).

Susceptibility of F-i, FO-IC, and FO-IH melanoma cells
to NKcell-mediated lysis. FO-l cells were susceptible to NK
cell-mediated lysis. A sixfold variation was observed in the
extent of lysis obtained with PBMCisolated from 17 donors,
because the 51Cr release ranged between a minimum of 11%
and a maximum of 69%at the effector/target cell ratio of 100:1.
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Figure 3. Susceptibility of FO- 1, FO- IC, and FO-
\ H melanoma cells to NKcell-mediated lysis.

FO-I (i), FO-IC (o), and FO-1H (*) cells were la-

f. Lbeled with "Cr mixed with

MM(left) and from donor SF (right). At the end

I I
_ _ _, of a 4 h incubation at 37°C supernatant was har-

100:1 50:1 25:1 12.5:1 100:1 50:1 25:1 12.5:1 vested and released radioactivity was measured in
a y-counter. Data are expressed as percentage of

E/T ratio specific "Cr release.

The mean±SDwas 37.8±13.7. Induction of HLA class I anti-
gen expression on FO- 1 cells by transfection with a mouse or a
human B2m gene significantly reduced their susceptibility to
NK cell-mediated lysis. The mean±SD of "Cr release from
FO- 1C and FO- I H cells tested with PBMCfrom 17 donors at
the effector/target cell ratio of 100:1 were 30±15 with ranges of
4 and 53 and 20±1 1 with ranges of 4 and 51, respectively. Both
values are significantly lower than those obtained with FO-l
cells with Pvalues of 0.00001 and 0.00000004, respectively. In
addition, the "Cr release from FO-lC cells was significantly
higher (P = 0.0006) than that from FO-lH cells.

FO- 1, FO-lC, and FO-l H cells were also compared in their
susceptibility to lysis by PBMCfrom six of the 17 donors utiliz-
ing various effector/target cell ratios, to determine the effect of
this variable on the role of HLAclass I antigens in NKcell-me-
diated lysis of FO-l cells. Results obtained with PBMCfrom
two donors are shown in Fig. 3. As shown in Table I, the level of
NKcell-mediated lysis of FO-l cells was significantly higher
than that of FO-1 H cells at all the effector/target cell ratios
tested and significantly higher than that of FO-lC cells only at
the effector/target cell ratios of 100:1 and 50:1. Furthermore,
the extent of NKcell-mediated lysis of FO- I Hcells was signifi-
cantly lower than that of FO-lC cells at all the effector/target
cell ratios tested, but that of 12.5:1.

Table I. Effect of HLA Class I Antigen Induction on the
Susceptibility of Cultured HumanMelanoma Cells FO-I
to NKCell-Mediated Lysis

Effector/target cell ratio

Cells 100:1 50:1 25:1 12.5:1

FO-1 39±7* 25±9 15±7 10±5
FO-C 31±3 20±9 13±7 7±5
P < 0.005t 0.006 NS§ NS
Fo-l 39±7 25±9 15±7 10±5
FO-lH 21±7 14±7 9±5 6±3
P< 0.001 0.001 0.004 0.03
FO-IC 31±8 20±9 13±7 7±5
FO-iH 21±7 14±7 9±5 6±3
P < 0.007 0.009 0.02 NS

FO-1, FO-lC, and FO-lH cells were labeled with "Cr and incubated at
37°C for 4 h with PBMC. The supernatant was then harvested and
released radioactivity was measured in a y-counter. Data are ex-
pressed as percentage of specific "Cr release. * Mean±SDof percent-
age of specific "Cr release obtained in at least six experiments. t Data
were analyzed utilizing a paired t test. I P > 0.05.

Effect ofanti-HLA class IMAb on NKcell-mediated lysis of
FO-J, FO-IC, and FO-JH melanoma cells. To corroborate the
role of HLA class I antigens in the reduction of NKcell-me-
diated lysis of FO-IC and FO-lH cells and to investigate the
role of distinct determinants of HLA class I antigens in this
phenomenon, the effect of MAbto five distinct determinants
of HLA class I antigens on the NKcell-mediated lysis of FO-
1C and FO-lH cells was analyzed. Incubation for 30 min of
melanoma cells with MAbTP25.99.1 and W6/32 to mono-
morphic determinants of HLA-A, B, and C antigens and with
anti-HLA-B antigen MAbH2-89-1 and Q6/64 markedly en-
hanced the NKcell-mediated lysis of FO- lC and FO-lH cells.
On the other hand, the MAbCR11-115 to a monomorphic
determinant of HLA-A, B, and C antigens had no detectable
effect on the extent of lysis. Furthermore, the five anti-HLA
class I MAbdid not affect the extent of NKcell-mediated lysis
of FO- 1 cells. Results of a representative experiment are shown
in Table II. Each MAbhas been tested at least twice with repro-
ducible results. Furthermore, similar results were obtained

Table II. Differential Effect of MAbto Distinct Determinants
of HLA Class I Antigens on the Susceptibility of FO-JC
and FO-JH Melanoma Cells to NKCell-mediated Lysis

FO-1 FO-C FO-H

MAb "Cr release % -"Cr release % "Cr release %

None 36.5 24.0 - 15.8
H2-89-1 (IgG) 40.8* 11 38.7 61 38.6 144

F(ab')2 37.1 2 36.3 51 39.4 149
Q6/64 (IgG) 39.5 8 33.2 38 31.7 100
CR1 l-115 (IgG) 38.5 5 26.1 8 16.1 2
TP25.99.1 (IgG) 38.5 5 33.8 40 25.1 63

F(ab'2 39.0 7 31.6 32 23.8 51
W6/32 (IgG) 34.4 27.6 15 26.7 68

FO-1, FO-IC, FO-lH cells were incubated for 30 min at room temper-
ature with MAbH2-89-1 and Q6/64 to determinants restricted to
HLA-B antigens and with MAbCR1 1-115, TP25.99.1, and W6/32
to monomorphic determinants of HLA class I antigens (final concen-
tration, 20 ,g/ml). Cells incubated under the same experimental con-
ditions with mouse immunoglobulins were used as controls. At the
end of the incubation, cells were washed, labeled with "Cr, and incu-
bated at 37°C for 4 h with PBMCfrom donor MMat the effector/
target cell ratio of 100: 1. The supernatant was then harvested and re-
leased radioactivity was measured in a y-counter. Data are expressed
as percentage of specific "Cr release. * Percentage of specific "Cr
release. * Percentage increase of specific "Cr release as compared with
"Cr release in the presence of mouse immunoglobulins.
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5sI Figure 4. Effect of IFN-y and TNF-a on
A B C the susceptibility of FO- 1, FO-IC, and FO-

an I Hmelanoma cells to NKcell-mediated
T 25. lysis. FO-l (i), FO-IC (o), and FO-lH ()

cells were incubated for 42 h at 370C with
U z- | =4 | \IFN-,y (1,000 U/ml) (B) or with TNF-a
;n ( 1,000 U/ml) (C). Cells incubated under

100:1 50:1 25:1 12.5:1 100:1 50:1 25:1 12.5:1 100:1 50:1 25:1 12.5:1 (,0 U/mi)e(C).iCells cincuate butndthe same experimental conditions, but not
E/T ratio exposed to cytokines were used as controls

(A). At the end of the incubation, cells were
washed, labeled with 51Cr, and incubated at 370C for 4 h with PBMCfrom donor MA. The supernatant was then harvested and released radio-
activity was measured in a y-counter. Data are expressed as percentage of specific 5"Cr release.

when MAbwere added to the mixture of melanoma cells and
PBMC. The anti-HLA class I MAbdid not enhance NKcell-
mediated lysis of FO- I Cand FO- 1Hcells by mediating an anti-
body-dependent cell mediated cytotoxicity (ADCC) phenome-
non, because their F(ab')2 fragments were as effective as the
whole IgG (Table II). No marked difference was found between
FO-IC and FO- lH cells incubated with anti-HLA class I MAb
in terms of extent of NK cell-mediated lysis. On the other
hand, the percentage of increase of NKcell-mediated lysis of
FO-lH cells induced by MAbH2-89-1, Q6/64, TP25.99. 1, and
W6/32 was greater than that of FO-IC cells. The anti-HLA
class I MAbdiffered in their ability to enhance theNK cell-me-
diated lysis of FO- lC and FO-lH cells. The effect of the anti-
HLA class I MAbtested did not correlate with the level of
expression of the corresponding determinants: the MAbH2-
89-1 which recognizes a determinant restricted to HLA-B anti-
gens displayed a higher enhancing effect than MAbTP25.99. 1
and W6/32 which recognize determinants expressed on the
gene products of HLA-A, B, and C loci (Table II).

Effect of IFN-'y and TNF-a treatment on the susceptibility
of FO-J, FO-IC, and FO-JH melanoma cells to NKcell-me-
diated lysis. To determine whether cytokines modulate NK
cell-mediated lysis of melanoma cells and whether the effect
requires HLA class I antigen expression by target cells, FO-1,
FO-lC, and FO-lH cells were first incubated with IFN-'y
(1,000 U/ml) or TNF-a (1,000 U/ml) for 42 h and then tested
for susceptibility to NKcell-mediated lysis. Results of an ex-
periment with PBMCfrom one donor are shown in Fig. 4. A
summary of the results obtained with PBMCfrom six donors is
presented in Fig. 5. IFN-y-treated FO- lC and FO-lH cells
displayed a significantly lower susceptibility to NK cell-me-
diated lysis than their untreated counterparts, with P values of
0.01 and 0.04, respectively. IFN-y-treated FO- 1 cells were also
less susceptible to NKcell-mediated lysis than their untreated
counterparts; the difference, however, did not reach the level of
statistical significance. Furthermore, a comparison of the sus-
ceptibility to NKcell-mediated lysis of IFN-'y-treated untrans-
fected and B2m-transfected FO- 1 cells showed that at the effec-
tor/target cell ratio of 50:1 the extent of lysis of FO- IH cells was
significantly lower than that of untransfected FO-l cells (P
= 0.001), but not significantly different from that of FO-IC
cells. The latter displayed a significantly (P = 0.01) lower sus-
ceptibility to NKcell-mediated lysis than untransfected FO- I
cells. At the effector/target cell ratio of 25:1, only the difference
between the NKcell-mediated lysis of FO- IH and FO- I cells
remained statistically significant with a P value of 0.01.

Incubation with TNF-a (1,000 U/ml) for 42 h induced
changes in the susceptibility to NKcell-mediated lysis of FO-
IC, FO- 1 H, and untransfected FO-l cells similar to those in-

duced by IFN-y. The reduction in the susceptibility to NK
cell-mediated lysis of FO-I and FO-lH cells induced by TNF-
a was more marked than that induced by IFN-y. However, the
difference between TNF-a-treated FO- 1 and FO-lH cells and
their IFN-y-treated counterparts did not reach the level of sta-
tistical significance.

Lack ofeffect ofHLA classI antigen induction on the suscep-
tibility of FO-1 melanoma cells to LAK cell-mediated lysis.
FO- I cells were highly susceptible to lysis by LAK cells. Induc-
tion of HLA class I antigen expression after transfection of
FO- 1 cells with a human or a mouse B2mgene reduced their
susceptibility to LAK cell mediated lysis. Results of an experi-
ment with LAK cells from one donor are shown in Fig. 6 A.
The difference, however, in the extent of lysis of FO-1, FO-IC,
and FO-lH cells by LAK cells generated from five donors did
not reach the level of statistical significance. Furthermore, in-
cubation of FO- 1, FO-lC, and FO- lH cells with IFN-y (1,000
U/ml) for 42 h had only a slight effect on the susceptibility of
the three cell lines to LAK cell-mediated lysis. Results of
an experiment with LAK cells from one donor are shown in
Fig. 6 B.

Discussion

Transfection with a human or a mouse B2mgene induced HLA
class I antigen expression on cultured human melanoma cells
FO- I which lack these antigens (9) because of a B2mgene de-

(Ji)

K\-y

Figure 5. Effect of IFN-'y and TNF-a on the susceptibility of FO-1,
FO- IC, and FO- I H melanoma cells to NKcell-mediated lysis. FO- I
(o), FO-lC (i), and FO-lH (m) cells were incubated for 42 h at 370C
with IFN--y (1,000 U/ml) or with TNF-a (1,000 U/ml). Cells incu-
bated under the same experimental conditions, but not exposed to
cytokines were used as controls. At the end of the incubation, cells
were washed, labeled with 5"Cr, and incubated at 370C for 4 h with
PBMCfrom six donors of the effector/target cell ratio of 50:1. The
supernatant was then harvested and released radioactivity was mea-
sured in a y-counter. Data are expressed as the mean ± SDof the
percentage of specific 5"Cr release obtained in six experiments.
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fect (10). The level of HLA class I antigens on FO- l cells trans-
fected with a mouse B2mgene is lower than that on cells trans-
fected with a human B2mgene. Although the number of copies
of human and mouse B2mgene transfected into FO-1 cells is
not known, the difference in HLA class I antigen expression is
not likely to result from a limiting amount of 82-IA mRNA,
because the intensity of the component hybridizing with 82-A
probe in Northern blot experiments is similar in cells trans-
fected with the human and mouse B2m gene (Tatake, R., S.
Ferrone, and R. A. Zeff, unpublished results). On the other
hand, the different HLA class I antigen expression may reflect
the higher efficiency in the association of HLA class I heavy
chains with human than with mouse #2-M (23, 24). Assembly of
the two subunits and transport and insertion into the cell mem-
brane of the HLA class I molecular complex are enhanced by
IFN-y and to a lower extent by TNF-a. A similar observation
has been made in two mouse tumor cell lines (25).

The susceptibility of FO-l cells to NKcell-mediated lysis
was significantly reduced after induction of HLA class I anti-
gen expression by transfection with a human or a mouse B2m
gene. The significant reduction in the susceptibility to NKcell-
mediated lysis of FO-I cells transfected with a mouse B2mgene
is noteworthy, because it shows that the structural differences
between human and mouse 62-es (12-14) do not abolish the
ability of the HLA class I molecular complex to reduce the
susceptibility to NK cell-mediated lysis of FO-l melanoma
cells. On the other hand, replacement of HLA class I heavy
chain with the mouse counterpart is associated with the loss of
the ability to modulate NK cell-mediated lysis of a cultured
lymphoid cell line (1 1). These results altogether strongly sug-
gest that the heavy chain of the HLAclass I molecular complex
plays the major role in the modulation of NKcell-mediated
lysis of tumor cells.

The increase induced by anti-HLA class I MAbin NKcell-
mediated lysis of FO-lC and FO-lH cells corroborates the role
of HLAclass I antigens in this phenomenon. Furthermore, the
lack of effect of anti-HLA class I MAbon NKcell-mediated
lysis of untransfected FO-l cells indicates that they modulate
the extent of lysis by interacting with the target cells and not
with the effector cells. The latter conclusion is in agreement
with data by Sturmhofel and Hammerling (26). An anti-H-2
class I MAb did not affect the NK cell-mediated lysis of a
variant of mouse thymoma EL4 cells which does not express
H-2 class I antigens, but enhanced that of the cells which had
acquired H-2 class I antigens after transfection with a mouse
B2mgene.

The differential susceptibility to NKcell-mediated lysis of
FO-lC and FO-lH cells suggests a relationship between extent
of NKcell-mediated lysis of tumor cells and their level of HLA
class I antigen expression. This possibility is supported by the

Figure 6. Effect of IFN-y on the susceptibility of FO-l,
FO-lC, and FO-IH melanoma cells to LAK cell-me-
diated lysis. FO-l (i), FO-IC (o), and FO-lH (*) cells
were incubated for 42 h at 370C with IFN-'y (1,000 U/ml)
(B). Cells incubated under the same experimental condi-
tions, but not exposed to IFN-'y were used as controls (A).
At the end of the incubation, cells were washed, labeled
with 5'Cr, and incubated at 370C for 4 h with LAK cells
from donor CY. Then the supernatant was harvested and
released radioactivity was measured in a y-counter. Data
are expressed as percentage of specific 51Cr release.

inverse relationship between the susceptibility to NKcell-me-
diated lysis and the level of expression of major histocompati-
bility complex (MHC) class I antigens by various human and
mouse tumor cell lines (1 1, 26-31). The latter include clones of
cell lines with spontaneous different expression of MHCclass I
antigens, clones which acquire different levels of MHCclass I
antigens after correction of the structural abnormality of the
defective gene and cells with differential loss of MHCclass I
antigens after mutagenesis and selection with antibodies and
complement. However, in our system, we cannot exclude the
role of antigenic differences of the HLAclass I molecular com-
plex expressed by FO-lC and FO-lH cells, because association
with xenogeneic l2-IA may change the antigenic profile of HLA
class I heavy chain (32) and FO-lC cells differ from FO-lH
cells in the reactivity pattern with a panel of anti-HLA class I
MAb(Tatake, R., S. Ferrone, and R. A. Zeff, unpublished re-
sults). Nevertheless, the role of quantitative differences in the
level of HLA class I antigen expression by FO- IC and FO-lH
cells is suggested by the additional reduction in their susceptibil-
ity to NKcell-mediated lysis associated with the enhancement
of HLA class I antigen expression by IFN-y and TNF-a. The
effect was more marked on FO-lC cells than on FO-lH cells,
because the difference in the susceptibility to NK cell-me-
diated lysis between these two types of targets was lost after
incubation with the cytokines. The latter results support
Storkus et al.'s (33) suggestion that the extent of NKcell-me-
diated lysis is correlated to HLAclass I antigen expression only
within certain ranges of expression. No significant change is
detected in the extent of NKcell-mediated lysis, when HLA
class I antigen expression is below a threshold level or above a
plateau level.

The increase in NKcell-mediated lysis of melanoma cells
induced by anti-HLA class I MAbparallels similar results ob-
tained with human T cell lymphomas, breast carcinoma cells
(34) and lung small cell carcinomas (5) and with mouse thy-
momacells (26). On the other hand, these results are at vari-
ance with the lack of effect of anti-MHC class I antibodies on
the NKcell-mediated lysis of human (5) and mouse (35) mela-
noma cells and of human lymphoblastoid cells (27). Further-
more, our results differ from those in the literature in two
aspects; in Lobo and Spencer's (5) experiments, only target
cells which do not express HLAclass II antigens were suscepti-
ble to increase in NKcell-mediated lysis by anti-HLA class I
antibodies, whereas in our studies, the phenomenon was ob-
served with a melanoma cell line which expresses HLA class II
antigens. Whether this discrepancy reflects technical reasons or
the differential expression by the target cells used of adhesion
molecules like ICAM- 1, which play a role in the interaction of
target cells with effector cells (Maio, M., and S. Ferrone, un-
published results), remains to be determined. Furthermore, in
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Jabrane-Ferrat et al.'s experiments (34), the whole IgG of the
anti-HLA class I MNAbtested enhanced the extent of NKcell-
mediated lysis, whereas the F(ab')2 fragments did not, therefore
suggesting that the increase mediated by anti-HLA class I MAb
may reflect an ADCCphenomenon. On the other hand, in our
experiments, the whole IgG of anti-HLA class I MAbwere as
effective as F(ab')2 fragments in enhancing NKcell-mediated
lysis of melanoma cells FO- lC and FO-lH. Whether the con-
flicting results reflect differences in the characteristics of the
MAbtested and/or in the antigenic profile of the cells used as
targets in the two studies remains to be determined. In agree-
ment with the results obtained by Lobo and Spencer (5) who
utilized cultured lymphoid cells as targets, we have found a
differential effect of MAbto distinct monomorphic determi-
nants of HLA class I antigens on NK cell-mediated lysis of
melanoma cells. This finding does not appear to correlate with
the affinity constants of the MAbtested and/or with the level of
expression of the corresponding determinants on target cells.
On the other hand, the mapping to the al/2 domains of HLA
class I heavy chains of the epitope(s) required for protection
against NKcell-mediated lysis (33) suggests that the differen-
tial effect of the anti-HLA class I MAbtested may reflect differ-
ences in the distribution of the corresponding determinants on
the three domains of HLA class I heavy chains. In this regard,
testing with mouse cells transfected with H2/HLA class I hy-
brid genes has shown that the determinant recognized by MAb
H2-89-1 with the strongest modulatory effect is expressed on
the a2 domain, whereas that recognized by MAbCR11-1 15
with no detectable effect is expressed on the a2 and a3 domain
(Takiguchi, M., and S. Ferrone, unpublished results).

The results with IFN-y or TNF-a-treated melanoma cells
deserve some comments, because they may suggest some expla-
nations for the conflicting information about the effect of cyto-
kines on NKcell-mediated lysis of tumor cells. Although not
statistically significant, the reduction in the susceptibility to
NK cell-mediated lysis of FO-l cells after incubation with
IFN-y or TNF-a suggests that the two cytokines modulate the
expression not only of HLA class I antigens but also of other
structures which are involved in the phenomenon. The role of
the latter structures which will be referred to as non-HLA-NK
cytolysis related structures is also suggested by the more
marked effect of TNF-a than of IFN-'y on NKcell-mediated
lysis of melanoma cells FO-lH, although the latter cytokine
enhances HLAclass I antigen expression more than the former
one. In addition, these results suggest that the non-HLA-NK
cytolysis related structures are more susceptible to modulation
by TNF-a than by IFN-y. A precedent for the latter possibility
is represented by the higher susceptibility of ICAM-1 to modu-
lation by TNF-a than by IFN-'y (36). The differential expres-
sion of the non-HLA-NK cytolysis related structures and of
HLA class I antigens may account for the conflicting data
about the effect of IFN-'y on NKcell-mediated lysis of various
types of human tumor cells (37-44). Furthermore, the modula-
tion of the non-HLA-NK cytolysis-related structures may ac-
count for the reduction in the susceptibility to NKcell-me-
diated lysis of tumor cells after incubation with IFN-y, but not
after transfection with HLA class I genes, although the two
approaches induce similar levels of HLA class I antigens (43,
45). The reduction in the susceptibility to NKcell-mediated
lysis of FO- 1 cells after incubation with IFN-y is similar to the
slight decrease in NKcell-mediated lysis of a cultured B lym-
phoblastoid cell line after incubation with IFN-y, although the

low HLAclass I antigen expression did not change (37). These
results are at variance with the lack of effect of IFN-'y on the
NKcell-mediated lysis of variants of the mouse cell lines EL4
(26) and YAC(46), both of which do not express H-2 class I
antigens. If not caused by technical factors, the different results
may reflect differential expression by various tumor cell lines
of non-MHC-NK cytolysis-related structures. Furthermore,
the lack of statistical significance in the difference of NKcell-
mediated lysis between control and IFN-'y treated FO-1 cells
suggests that the modulation by IFN-y of the non-HLA-NK
cytolysis-related structures is not sufficient to change the sus-
ceptibility of target cells to NKcell-mediated lysis.

The lack of effect of HLA class I antigen expression and
modulation by IFN-y on the susceptibility of melanoma cells
FO- 1 to LAKcell-mediated lysis parallels similar findings with
a cultured B lymphoid cell line which acquires HLA class I
antigens after transfection with HLA class I genes (1 1). These
findings are in conflict with results obtained with other cell
lines. Quillet et al. (41) have described a reduction in suscepti-
bility to LAK cell-mediated lysis of cultured B lymphoid cells
Daudi which have acquired HLAclass I antigens after transfec-
tion with a human B2m gene. Furthermore, Ohlen et al. (30)
have reported an inverse relationship between the level of HLA
class I antigen expression by HLAloss variants of a cultured B
lymphoid cell line and their susceptibility to LAK cell-me-
diated lysis. Lastly, Jabrane-Ferrat et al. (34) utilizing human
breast carcinoma cells and Tsai et al. (47) utilizing mouse lym-
phoma and melanoma cells have shown that enhancement of
MHCclass I antigen expression on target cells incubated with
IFN--y reduces their susceptibility to LAK cell-mediated lysis.

The results we have shown indicate a differential role of
HLA class I antigens in the lysis of melanoma cells FO-1 by
various types of effector cells. This information in conjunction
with the characterization of the molecular basis of abnormali-
ties in HLA class I antigen expression by melanoma cells may
suggest novel immunotherapeutic approaches to melanoma.
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