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ABSTRACT

Previous studies have suggested that, in human melanoma, expression
of HLA-A2 antigen is important for tumor cell recognition by autologous
T-Iymphocytes. Because of the recent demonstration that expression of
H LA Class I antigens may be selectively lost in several human tumors,
including melanoma, we derived pairs of tumor infiltrating lymphocytes
(TIL) and melanoma cell lines from 4 human lymphocytic antigen (111 \ )-
A2* patients with metastatic melanoma. We observed that, although all
4 TIL cultures expressed HLA-A2 antigen, only 2 melanoma cell lines
did so. Melanoma cells derived from the other 2 patients showed neither
surface expression of the HLA-A2 antigen nor presence of the corre
sponding iiiKN'A. We also observed some correlation between loss of

HLA-A2 expression and level of c-myc transcription. TIL derived from
patients whose melanoma cell lines had normal expression of HLA-A2
had a CDS phenotype and were capable of lysing autologous melanoma
cells. Melanoma cell killing was CD3 and major histocompatibility
complex Class I restricted in both cases, but HLA-A2 restricted in only
one case. On the other hand, TIL derived from the 2 patients whose
melanoma cell lines had lost expression of HLA-A2 had a predominant
CD4 phenotype and virtually no cytotoxic activity. Preincubation of the
HLA-A2 negative melanoma cell lines with a- or 7-interferon did not
induce the re-expression of the HLA-A2 antigen. In an attempt to restore
HLA-A2 antigen expression in one of the melanoma cell lines that were
HLA-A2 negative, we transfected these cells with the HLA-A2 gene
subcloned in the pSV2-neo vector. Four transfected clones, with high
levels of HLA-A2 antigen expression, were expanded and characterized.
Proliferative and cytotoxic activities of TIL against the autologous trans
fected clones as well as the untransfected parental melanoma cell line
were measured and compared. ( '1)4* TIL showed no difference in the

proliferative response to autologous parental and HLA-A2 transfected
clones. However, we observed selective recognition of the HLA-A2
expressing clones by autologous cultured peripheral blood lymphocytes
(which contained CDS cells) as well as allogeneic CDS* TIL with a 111A-

A2 restricted pattern of recognition. In contrast, virtually no cytotoxic
activity was detected against either parental or HLA-A2 transfected
clones. Overall, our data suggest that selective down-regulation of 111A-
A2 antigen expression in melanoma cells may represent one of the
mechanisms by which tumor cells escape immunological recognition.

INTRODUCTION

MHC-I4 antigens are integral membrane glycoproteins that

are expressed at varying levels on the surface of virtually all
somatic cells. MHC-I molecules appear to function by binding
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peptides from degraded endogenous proteins (processed anti
gens) and presenting these to T cell receptor specific for a
particular MHC-I antigen/peptide complex (combinatorial ep-
itope) (1). Crystallographic studies have revealed that the a,
and a2 domains are folded to form a cleft that is lined by the
side chain of the polymorphic residues (2, 3). These studies
provide a molecular explanation for how specific MHC-I alÃele
may present some, but not all of the possible antigenic peptides.
Thus, it may be predicted that down-regulation of a given
MHC-I alÃelewould have a detectable effect on immune re
sponses involving that allelic gene product.

Many human tumors, particularly those of epithelial origin,
appear to express greatly reduced levels of MHC-I (HLA-I)
antigens (4). More recently, selective changes in the expression
of the HLA-A2 and possibly other alÃeleshave been reported;
these changes, ranging from reduction to loss of expression,
have been observed in several cancers, including human mela
noma (5, 6). These observations have led to speculation that
malignant progression could result from the loss of recognition
by CTL, allowing tumors to escape immune surveillance.

Wolfel et al. (7) have identified the HLA-A2 antigen as a
restricting element for lysis of 3 different melanoma-associated
antigens. Similarly, Darrow et al. (8) observed that HLA-A2,
and possibly other HLA-A alÃeles,may function as restriction
elements for the recognition of shared melanoma-associated
antigens by CTL. This latter research group has also shown
that HLA-A2 represents a preferential restriction element for
the generation of CTL reactive against autologous melanomas
(9). Taken together, these studies underscore the importance of
HLA-A2 antigen expression by human melanomas in targeting
lysis by CTL.

We have derived pairs of tumor-infiltrating lymphocytes and
autologous melanoma cell lines from 4 HLA-A2 patients with
malignant melanoma. HLA-A2 expression was lost in 2 of the
4 melanoma lines and this loss correlated with lack of immu
nological recognition by autologous lymphocytes. To further
study the role of HLA-A2 expression in the CTL response
against autologous melanomas, we have restored, by DNA-
mediated gene transfer, the expression of HLA-A2 antigen in
one of these 2 melanoma cell lines. Four transfected clones,
expressing high levels of HLA-A2 antigen, were used as targets
in cytotoxicity and T cell activation assays. In our experimental
conditions, re-expression of HLA-A2 was associated with par
tial restoration of immunological recognition. This suggests
that the down-regulation of HLA-A2 antigens might represent
an important mechanism by which melanoma cells could escape
immune recognition. Additional factor(s) may also be needed
to achieve effective lysis of autologous melanomas by CTL.

MATERIALS AND METHODS

Cell Lines. Four pairs of melanoma cell lines and TIL were derived
from parallel cultures originated from biopsies of HLA-A2 positive
patients with metastatic melanoma. Tissues were cut into 1-mm frag-
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merits and cultured in either RPMI supplemented with 10% FBS or
RPMI supplemented with 5% human serum and IL-2 (100 units/ml).
Several parallel cultures of melanoma cells and TIL were obtained (10,
11). To confirm the melanoma origin of our cell lines, we used S-100
and HMB-45 (12) mAb in indirect immunofluorescence assays on fixed
cytocentrifuged samples. These data, in conjunction with morphologi
cal observations and melanin production in some cell lines, confirmed
the melanoma origin of the cells. TIL cultures were propagated in the
presence of IL-2 and restimulated with PHA and irradiated feeder cells
every 2-4 weeks to enhance proliferation, as reported previously (10,
11). Melanoma cell lines were labeled as M (for melanoma), followed
by a patient identification code: 1 for Paient U. M., 2 for C. M., 3 for
O. M., 4 for A. N., 5 for A. M. TIL cultures were labeled as TIL
followed by the patient identification number. For example, M l and
TIL-1 indicate the melanoma cell line and the TIL cell line, respectively,
derived from the same patient (U. M.). Long term cultures of IL-2-
dependent cells were also established from PBL of Patient 2. Lympho
cytes were isolated on a density gradient, activated with PHA and then
maintained in IL-2 containing medium as described above.

Monoclonal Antibodies. Expression of surface antigen was studied
with a panel of commercially available mAb, including anti-CD3, -4,
-8 (Ortho Diagnostic System), -CD 16, and -CD57 (Becton Dickinson),
W6/32 (specific for all MHC-I HLA heavy chains); BB7.2 (HLA-A2);
MA2.1 (HLA-2 + HLA-B17); PA2.1 (HLA-A2 + HLA-A28) (from
American Type Culture Collection). Monoclonal antibodies were used
in an indirect immunofluorescence test (13) and analyzed using a Becton
Dickinson FACScan II.

Proliferative Response of TIL to Melanoma Cell Lines. Autologous
and allogeneic TIL cultures were washed and resuspended in RPMI
1640 and added (5 x IO4 cells/well) to a 96-well fiat bottomed tissue
culture dish in the presence of 5 units/ml of IL-2. Cesium-irradiated
(12.5 x IO3 rad) melanoma cells were added at 1 x IO4cells/well and

used as stimulators. Experiments were performed in triplicate. The
plates were cultured for 5 to 6 days at 37Â°Cin a humidified atmosphere
containing 5% CO2, labeled with tritiated thymidine ('H, l Â¿iCi/well)

overnight, and harvested onto paper filters using a Skatron cell har
vester. 3H incorporation was measured with a ÃŸ-scintillationcounter.

Cytotoxicity. Cytotoxic activity was assessed by the lysis of s'Cr-

labeled target cells in a 4-h Cr release assay, as described previously
(14). Target cells were represented by the autologous melanoma cell
lines or the natural killer cell-sensitive K562 cell line. Effector cells
were TIL kept in IL-2, 8-20 days after restimulation with PHA and
irradiated feeder cells. Results are reported as percent of specific lysis.

Treatment of Melanoma Cells with IFN. To evaluate the effect of Â«-
or 7-IFN on melanoma cells as targets in the cytotoxic assay, each
melanoma cell line was incubated for 48 h with 1000 units/ml of Â«-
IFN (Intron A; Shering Port Reading, NJ) or with 500 units/ml of 7-
IFN (a gift from Genentech, San Francisco, CA) in RPMI with FBS at
37Â°Cin a 5% CO2 atmosphere. These conditions were shown to produce

optimal enhancement of the expression of HLA-DR antigens on control
melanoma cell lines. Melanoma cells incubated with IFN were washed
and studied for expression of surface antigens as described above.

Inhibition of Cellular Cytotoxicity by Preincubation with Monoclonal
Antibodies. TIL were incubated for l h at 37Â°Cin a CO2 atmosphere

with anti-CD3, anti-MHC-I, or anti-HLA-A2 mAb. A final dilution of
10 Me/ml of purified antibodies (OKT3) or a 1:100 dilution of ascites
(other mAb) were used. Cells incubated with the mAb were then tested
in the Cytotoxicity assay as described. Excess antibody was present
throughout the Cytotoxicity assay. As a control, an anti-HLA-DR mAb
was also used. Results are expressed as percent of inhibition of the
Cytotoxicity observed without a blocking antibody, at a given effector
to target ratio. Results are means of triplicate experiments.

DNA-Mediated Gene Transfer. The HLA-A2 gene subcloned in the
EcoRl site of the vector pSV2-neo was generously provided to us by
Dr. M. Vega and Dr. J. Strominger (15). This plasmid, designated
pHLA-A2, contains the entire HLA-A2 genomic clone including the
regulatory sequences and is capable of conferring the neomycin-resist-

ance phenotype to transfected cells. Exponentially growing cell cultures
were transfected with pHLA-A2 using the calcium phosphate precipi

tation technique as modified by Wiglere/a/. (16). Individual neomycin-
resistant clones, selected in Dulbecco's modified Eagle's medium con

taining 10% FBS and the neomycin-analogue G418 (GIBCO) at 600
Mg/ml, were picked 3 weeks after transfection and expanded for further
characterization. In control experiments, melanoma cell cultures were
transfected with plasmid pRSV-neo (17), carrying only the neomycin-
resistance gene.

RNA Analysis and Probes. Total RNA was extracted from melanoma
cell cultures as described (18), and 10 ng/sample were used in RNase
protection assays (19) to analyze the levels of HLA-A2 mRNA. As
probes we have used 2 A2-specific Smal fragments, corresponding to
the Â«iand Â«2domains, subcloned into the riboprobe vector bluescript
(Stratagene). For RNA blot hybridization, about 30 /jg/sample of total
RNA sample were size separated by denaturing gel electrophoresis and
blot hybridized as described (20). All hybridizations were performed at
high stringency. As probes we used the following gel purified fragments,
labeled with 32P by nick-translation: human c-myc (Xho\/EcoR\ DNA
segment encompassing exons 2 and 3 from plasmid pHSR-1) (21);
Class I HLA (1.4 kilobase Pstl fragment corresponding to the entire
HLA-B7 cDNA) (22); Class I HLA-B (358-base pair Pst\/Pvu\\ frag
ment encompassing the 3'-untranslated region of a HLA-B8 cDNA

clone) (23); and actin (500-base pair Â£coRIfragment of human skeletal
a-actin coding region, corresponding to amino acids 205-372, gener
ously provided by Dr. Larry Kedes).

RESULTS

Expression of HLA-A2 on Human Melanoma Cell Lines. We
evaluated the surface expression of total HLA Class I and
HLA-A2 antigens in 4 melanoma cell lines derived from HLA-
A2+ patients. All melanoma cell lines and corresponding TIL
cultures had detectable expression of HLA-CIass I antigens as
assessed by immunofluorescence staining with W6/32 mAb
(not shown). Moreover, all 4 TIL cultures exhibited high levels
of HLA-A2 antigen expression. In contrast, only 2 (Ml and
M5) of the 4 melanoma cell lines expressed normal levels of
HLA-A2 antigen on the cell surface, whereas in M2 and M3
cultures HLA-A2 expression was undetectable (Fig. 1).

Loss of surface expression of HLA-A2 antigen in these 2
melanoma cell lines was also confirmed at the mRNA level.
Analysis of HLA-A2 transcription was carried out by RNase
protection using 2 separate riboprobes specific for the a\ or Â«2
domain of the HLA-A2 gene (Fig. 2). RNase protection is very
sensitive and highly specific, preventing problems of cross-
hybridization that are common with RNA blot analysis (see
also below). Of the 5 melanoma cell lines tested, 2 were positive
for HLA-A2 mRNA (Ml and M5). In contrast, the remaining
3 samples were negative, either because of loss of expression
(M2 and M3) or, in the case of the M4 cells, because this cell
line was derived from a patient with a HLA-A2 negative
haplotype.

Treatment of M2 and M3 cells with a- or 7-IFN was unable
to restore expression of HLA-A2 antigen (data not shown).

Phenotype of Lymphocyte Cultures. Virtually all TIL (>95%)
were CD3 positive. As shown in Table 1, TIL derived from
Patients 1 and 5, whose autologous melanoma cell lines ex
pressed normal levels of HLA-A2 antigen, were almost pure
CDS cells, whereas TIL cultures derived from Patient 2 exhib
ited an almost pure CD4 phenotype, and those derived from
Patient 3 had a prevalence of CD4 cells. All cells were consist
ently negative for CD 16 and CD57 markers, suggesting that
our TIL cultures do not contain a significant proportion of
natural killer cells and that MHC-I restricted Cytotoxicity (see
below) did not correlate with CD57 expression. PBL cultured
from Patient 2 were also analyzed and turned out to be a mixed
population with a prevalence (55%) of cells expressing CDS.
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A B

Fig. 1. Surface expression of HLA-A2 anti
gen in pairs of TIL and melanoma cell lines
derived from the same patients. Numbers on the
left refer to patient numbers. Letters on top iden
tify the columns as follows. A and B columns
correspond to TIL staining (control and HLA-
A2 staining, respectively); C and D columns rep
resent the control and HLA-A2 staining of the
corresponding melanoma cells. HLA-A2 was ex
pressed by all TIL cells. On the other hand,
expression of this antigen was lost on melanoma
cells derived from Patients 2 and 3. Results
shown were obtained with BB7.2 mAb (Patients
I, 3, and 5) and with PA2.1 (Patient 2). Staining
with each anti-HLA-A2 mAb (including MA2.1)
gave virtually identical results in all tested
samples.
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Table 1 Surface expression ofCD4 and CDS markers in TIL derived from HLA-
A2-positive patients with metastatic melanoma

TIL-1 TIL-2 TIL-3 TIL-5

HLA-A2 expression on Yes No No Yes
autologous melanoma
cells

CD4 <5Â° 100 71 6
CDS 100 <5 35 96

â€¢Results are expressed as % of positive cells.

protected
probe â€” .281

-271

iMg. 2. RNase protection assay. Ten fig of total RNA extracted from each
melanoma cell culture were reacted with a 32P-labeled riboprobe specific for the
Â«2region of HLA-A2. Protection is indicated by the presence of a specific band
(277 bases), whose intensity is proportional to the amount of specific mRNA in
the sample. Note that while M2 parental cells had undetectable level of transcript,
the M2 transfectants (A2-5, -8, -10, -2) expressed high levels of the transcript.
Cell lines MS and Ml were positive for HLA-A2 expression, whereas M3 and
M4 were negative. Parallel RNase protection experiments with the Â«,riboprobe
gave identical results (data not shown). M4 is a melanoma cell line derived from
a HLA-A2 negative patient, used as a control.

TIL-1
TIL-2

TIL-3

TIL-5

EFFECTOR:TARQET RATIOS

Fig. 3. Cytotoxic activities of TIL derived from melanoma patients against
autologous melanoma cell lines. Results are expressed as percent of cytotoxicity
at different effectontarget ratios. TIL-1 and TIL-5 had high levels of lytic capacity,
while TIL-2 and TIL-3 showed virtually no cytotoxicity. HLA-A2 was expressed
only on Ml and MS melanoma cell lines, but was absent from M2 and M3 lines.
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neomycin-resistance gene were negative for HLA-A2 mRNA.
In contrast, all 4 independent M2 clones expressing the trans-
fected pHLA-A2 plasmid exhibited a prominent signal specific
for HLA-A2 transcription (protected probe).

Flow-cytometry experiments run in parallel on transfected
clones showed surface expression of HLA-A2 antigen on all

TIL-5 transfected clones (Fig. 5). High levels of HLA-A2 antigen were
Tin consistently detected in the transfected clones even after long-

term culture.
Analysis of Proliferative and Cytotoxic Activities of Lympho

cytes Using the Transfected Clones as Target Cells. To investi
gate the role of HLA-A2 in tumor recognition mediated by T-
lymphocytes, we have examined the proliferative response of
T-cells to irradiated melanoma M2 cells (HLA-A2 negative)
and the 4 HLA-A2 transfected clones, in the presence of IL-2.
In 3 separate experiments, autologous TIL (TIL-2) did not

Fig. 4. Effect of mAb to CD3, HLA-Class I, and HLA-A2 on the cytotoxic
activity of TIL against autologous melanoma cell lines. Results are expressed as
percent of inhibition of the autologous killing by the 2 highly cytotoxic TIL cell
lines (TIL-1 and TIL-5) after incubation with different mAb. TIL were preincu-
bated with an anti-CD3 mAb, whereas melanoma cells were preincubated with
W6/32 (HLA-Class I) or MA2.I (HLA-A2). Anti-CD3 and Class I mAb gave a
strong inhibition in both cases. On the other hand, only TIL-1 cells were inhibited
by MA2. 1 mAb. Similar results were obtained with PA2. 1 and BB7.2 (anti-HLA-
A2) mAb (data not shown).

Cytotoxic Activities of TIL against Autologous Melanoma Cell
Lines. TIL were tested for their ability to lyse autologous
melanoma cell lines in a Cr release assay (Fig. 3), and a
correlation between the expression of HLA-A2 antigen on
melanoma cells and cytotoxicity by TIL was observed. In fact,
TIL from Patients 1 and 5 effectively lysed the autologous
melanoma cells. In contrast, TIL-2 and 3, whose autologous
melanoma cells lacked HLA-A2 antigen expression, showed no
lytic activity.

Inhibition of Cytotoxic Activity by Anti-HLA and Anti-CD3
Antibodies. To further corroborate the role of the HLA-Class I
molecules in the autologous killing by TIL, we performed
inhibition experiments preincubating the melanoma cell lines
with W6/32 or with anti-HLA-A2 mAb. As shown in Fig. 4,
preincubation of the melanoma cells with W6/32 resulted in a
dramatic inhibition of the cytotoxic activity as did incubation
of TIL with anti-CD3. No inhibition was observed with an anti-
DR mAb. Using MA2.1 (anti-HLA-A2), we observed 48%
inhibition with TIL-1, whereas with TIL-5 very little inhibition
was observed. Similar results were also obtained with 2 addi
tional anti-HLA-A2 mAb (BB7.2 and PA2.1) (data not shown).
The fact that anti-HLA-A2 mAb were only partially effective
at inhibiting cytotoxicity was not surprising since they recognize
determinants present on the hypervariable extracellular do
mains (<*ior <*2),whereas it has been shown that the constant
domain (a3) of the Class I heavy chain expressed on target cells
is the one directly involved in recognition by CTL (24).

HLA-A2 restriction of the killing by TIL-1 cells was also
suggested by allogeneic killing of the M5 (HLA-A2 positive)
cell line, but not of M2 or M3 (HLA-A2 negative) cell lines
(data not shown).

Transfection of M2 Cells with pHLA-A2. In an attempt to
restore expression of HLA-A2 in M2 melanoma cells and to
evaluate the role of this antigen lymphocyte recognition, expo
nentially growing M2 cultures were transfected with pHLA-A2
by the calcium phosphate precipitation technique. Individual
G418-resistant clones were picked at about 3 weeks after trans-
fection and expanded for extraction of total RNA and flow-
cytometry assays. Fig. 2 shows that the RNA from the parental
cell line M2 as well as from M2 cells transfected with the

UL
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A 2 -8

A 2.10 A
Fig. 5. Surface expression of HLA-A2 antigen on transfected clones derived

from the M2 cell line. Column A (control) and Column B (staining with BB7.2,
anti-HLA-A2 mAb) of 4 clones (A2.2, A2.5, A2.8, and A2.10) transfected with
the plasmid pHLA-A2. All transfectants showed high expression of the HLA-A2
antigen. M2 cells transfected with the plasmid pRSV-neo were used as control
and showed no expression of HLA-A2. Other anti-HLA-A2 mAb (MA2.1 and
PA2.1) gave similar results (data not shown).
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Fig. 6. Proliferative response of cultured lymphocytes derived from melanoma
patients against irradiated stimulators (the M2 cell line and 4 HLA-A2 transfected
clones) in the presence of IL-2. TIL-2 cells (which were of the CD4 phenotype)
did not proliferate in response to autologous M2 or transfected melanoma cells.
On the other hand, cultured autologous PBL-2 (which contained CD4 as well as
CDS cells) showed proliferation in response to HLA-A2 transfected clones but
not to M2 parental cells. Similar results were obtained using TIL-1 as effector
cells. These cells could also proliferate in response to the 4 transfected clones but
not to M2 cells. Three separate experiments were done and gave similar results.
Results are expressed as cpm and represent means of triplicate wells.

â€¢ Ml

D M2-A2.10

0 M2-A28

EI M2-A2.5

0 M2-A22

â€¢ M2
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Fig. 7. Autologous and allogeneic cytotoxic activities of cultured lymphocytes
derived from melanoma patients against the M2 melanoma cell line and 4 M2-
derived HLA-A2-transfected clones. TIL-1 had strong autologous lytic activity,
but did not recognize the M2 cell line. TIL-2 and PBL-2 failed to show autologous
killing. PBL-2 had some allogeneic activity when Ml cells were used as targets.
No significant lytic activity was observed when the 4 HLA-A2 transfected clones
were used as targets.

recognize the transfected clones, whereas autologous cultured
PBL (PBL-2) or allogeneic cells from Patient 1 (TIL-1) showed
a consistent proliferative response (Fig. 6). On the other hand,
cytotoxicity experiments (Fig. 7) showed no consistent recog
nition of the transfected clones by autologous or allogeneic
effector cells.

c-myc Expression of Melanoma Cell Lines. In parallel exper
iments, we have examined the relationship between c-myc tran
scription and MHC-I expression in our melanoma cell lines
(including the transfected clones) by Northern blot hybridiza
tion. Fig. 8 (left and right panels) refers to a single filter
hybridized sequentially with the indicated probes. The result of
blot hybridizations shown in Fig. 8 (right panel) appeared to
confirm the inverse correlation between c-myc and HLA expres

sion, most clearly in the case of the Ml cell line. Ml cells,
which were HLA-A2 positive by RNase protection and flow
cytometry, would also appear to be HLA-B positive by RNA
blot hybridization. However, flow-cytometry analyses per
formed with locus-specific mAb have revealed that M l cells are
HLA-B negative (data now shown). Therefore, we considered
the possibility that the HLA-B-specific probe (a 358-base pair
Pstl/Pvull fragment spanning the 3'-untranslated region of the

HLA-B8 cDNA clone) (23) might still cross-hybridize with
other members of the HLA family of Class I genes. The result
of blot hybridizations shown in Fig. 8 (left panel) provides
support for this interpretation, since the HLA-B probe hybrid
izes to the RNA of M2 clones expressing the transfected HLA-
A2 gene in proportion to the amount of HLA-A2 transcript, as
measured by RNase protection (see Fig. 2). We also noticed
that while the parental M2 cells and the neomycin-resistant
transfectants expressed equivalent amounts of c-myc mRNA,
much less c-myc transcript was detectable in 3 of the transfec
tants expressing HLA-A2 antigen. Hybridization with the actin
probe confirmed that approximately equivalent amounts of
total RNA were loaded per lane.

DISCUSSION

Although it is well established that malignant cells may
express low amounts of MHC-I antigens on the cell membrane
(25), only recently has it been shown that a selective loss of
HLA alÃelesmay also occur (6, 26). Previous studies have
indicated that the expression of the HLA-A2 antigen may be
important in the recognition of melanoma cells by autologous
T-lymphocytes (7, 9, 27). We have investigated the expression
of this antigen in 4 melanoma cell lines derived from HLA-A2"1"

patients and found that 2 of the 4 cell lines studied had neither
specific mRNA nor surface expression of the HLA-A2 antigen.
Autologous TIL corresponding to these 2 cell lines had a
predominant CD4 phenotype and were unable to kill autologous
cells. Although the loss of HLA-A2 in our cell lines could have
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HLA â€”

HLA-Bâ€” Â«â€¢Â»â€”â€”

â€”act i n â€”

Fig. 8. RNA blot hybridization. Total RNA (about 30 Mg/sample), derived
from melanoma cell lines and transfected clones, were run on denaturing agarose
gel and transferred to nitrocellulose filter. Each of the 2 filters was sequentially
hybridized with the indicated 32P-labeled probes. All the hybridizations were

performed in conditions of high stringency.
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occurred during in vitro propagation of the cells, it is worth
noting that efficient CTL were only derived from TIL obtained
from patients whose melanoma cell line expressed detectable
levels of HLA-A2.

Several lines of evidence suggest that the development and
progression of malignant melanoma may be at least partially-

controlled by the immune system. For instance, a significant
correlation has been shown between the presence of TIL in
primary lesions and a favorable prognosis (28). In addition,
immunotherapy with cells capable of lytic activities such as
lymphokine-activated killer cells or TIL has proven effective in
some case (29, 30). The observations reported in the present
study may have some important implications for better under
standing the biology of lymphocytic response to melanoma cells
as well as for developing more efficient immunotherapeutic
protocols. In our cell lines, the expression of HLA-A2 antigen
on melanoma cells correlated with the presence of CDS cells in
the TIL population. This observation raises the interesting
possibility that HLA-A2 expression may be needed for recruit
ment or proliferation of CDS lymphocytes and that loss of
Class I expression leads to a selective loss of CDS cells in TIL,
with consequent impairment of tumor killing. Despite the find
ing of a significant correlation between clinical survival and the
degree of lymphocytic infiltration, data relating the clinical
outcome of melanoma patients to the prevalence of either CD4
or CDS cells in the tumor infiltrate are not available. Although
CD4 cells may exert cytotoxic activity against autologous mel
anoma cells (31, 32) in our experience as well as that of others
(9), HLA-A2 restricted cytotoxicity was mostly confined to
CDS cells and was T-cell receptor and MHC-I restricted as
shown by inhibition experiments. Therefore, the hypothesis is
suggested that down-regulation of the HLA-A2 antigen on
melanoma cells may have contributed to a decreased tumor
susceptibility to CTL because of a lack of CDS cells in the TIL.

To further understand the role of the HLA-A2 antigen in
tumor recognition by lymphoid cells, we have first attempted
to induce the expression of this antigen by incubating the HLA-
A2-negative M2 and M3 cells with Â«-or 7-IFN. No expression
of HLA-A2 antigen could be induced at the mRNA or surface
membrane level in these conditions. Therefore, we introduced
the HLA-A2 gene into M2 cells and obtained 4 independent
transfected clones expressing high levels of the HLA-A2 anti
gen. This finding rules out the possibility that M2 cells are
inherently incapable of expressing HLA-A2; rather, the down-
regulation appears to involve specifically the endogenous gene
at the transcription level. However, we cannot rule out a mu
tation in the endogenous HLA-A2 gene in M2 cells.

Several experiments were performed to investigate the ability
of lymphocytes from different sources to recognize (by prolif
eration or cytotoxicity) the transfected clones. First, we ob
served that TIL-2 cells, tested in proliferative or cytotoxicity
assays, did not appear to distinguish between M2 cell line or
the M2 derived transfectants expressing the HLA-A2 antigen.
This was not surprising, considering the homogeneous CD4
phenotype of TIL-2 cells, which would preclude MHC-I re
stricted recognition. To overcome this lack of autologous CDS
effectors with potential ability to recognize tumor-associated
antigens presented by the re-expressed HLA-A2 molecule, we
derived a lymphocyte culture (PBL-2) from the peripheral blood
of the same patient. This cell line contained more than 50%
CDS lymphocytes, and indeed these cells had some lytic capac
ity when tested against the allogeneic Ml (HLA-A2*) mela

noma target (Fig. 7). As an additional control, we used in the

same experiments a highly cytotoxic cell line (TIL-1) whose
killing is MHC-I and HLA-A2 restricted.

In the proliferation assay, both PBL-2 and TIL-1 showed
activation in response to all 4 M2-derived HLA-A2-transfected
clones, whereas no proliferation could be observed against the
M2 parental cell line. These data suggest that the expression of
the HLA-A2 molecule is relevant in presenting an antigenic
determinant not recognized on the parental melanoma cell line
that is able to induce T-cell proliferation, although the nature
of this antigenic determinant remains to be determined.

In the cytotoxicity assays, however, no significant lysis of the
transfected clones could be consistently shown. The negative
results obtained in the cytotoxicity assay may be explained (at
least in the case of autologous PBL-2 cells) by the fact that
these cells were not primed in vivo by the presence of the
antigen(s). Therefore, we took advantage of a recently described
technique that allows the generation of autologous melanoma-
specific CTL cells using HLA-A2-matched allogeneic mela
noma cells (9). We incubated PBL-2 cells with irradiated HLA-
A2+ positive Ml cells in the presence of 5 units/ml of IL-2,

and restimulated them with the same irradiated cells at 7-14-
day intervals. This was done in the attempt to "educate" PBL-

2 cells in vitro to recognize the putative melanoma antigen(s)
presented within the HLA-A2 complex. Once again, PBL-2
cells, cultured as described, failed to kill autologous HLA-A2-
transfected clones (data not shown). We cannot rule out that
the priming of the cells in vitro may have not been effective in
inducing recognition of the transfected cells. However, since
both PBL-2 and TIL-1 cells were able to lyse allogeneic (Ml
and M5) cells in a HLA-A2-restricted fashion, failure to lyse
the M2-transfected clones suggests that additional factors, be
sides HLA-A2 antigen expression, are needed for effective lysis.
The moderate antigenicity of the complex presented by the
HLA-A2 molecule, which allows a proliferative response, may
not have been adequate to trigger cytotoxic abilities. An addi
tional possibility is that expression of the HLA-A2 molecule
on the melanoma cells, although necessary for recognition, as
suggested by our proliferation data, may not be sufficient per
se to trigger the lytic process. If this is the case, other mole-
cule(s), such as minor histocompatibility antigens, may play a
significant although yet not determined role. In fact, we have
previously shown that lack of expression of these antigens on
melanoma cells may influence the immunogenicity of the tumor
(33).

The mechanisms responsible for the selective loss of HLA
alÃelesin human melanoma are poorly understood. An inverse
correlation between the level of Class I HLA-B expression and
that of c-myc oncogene has been reported in human melanoma
cell lines (34). However, our observations do not support the
suggestion that up-regulation of c-myc preferentially suppresses
Class I HLA-B locus. In fact, c-myc expression was very low in
Ml cells that do not express surface HLA-B, whereas they do
express HLA-A2 antigen. Overall, the results of RNA blot
hybridization confirm the inverse correlation between c-myc
and HLA expression, although the correlation was not perfect
and certainly not locus specific.

In summary, our data lend support to the view that down-
regulation of HLA-A2 in human melanoma may represent a
relatively frequent event that could alter lymphocytic recogni
tion of malignant cells. Taken together our studies, although
supporting an important role for HLA-A2 antigen in immune
surveillance, raise the possibility that continued expression of
this Class I antigen may be necessary for recruitment and/or
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specific stimulation of CTL. These studies also suggest that
restoration of HLA-A2 antigen expression in melanoma cells
may not be sufficient per se to trigger an effective cytotoxic
response. Additional studies are necessary to investigate the
frequency of down-regulation of HLA-A2 as well as other HLA
alÃelesin melanoma and other tumors and the mechanisms
responsible for this antigenic loss.
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