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ABSTRACT

We have derived from lymphocytes infiltrating a human regressive
melanoma lesion a series of T-cell receptor o/ÃŸ-dependent, III,A-H14-
restricted cytotoxic T-lymphocyte clones reactive against the autologous
tumor. Analysis of the T-cell receptor gene expression revealed that all the

clones represented a unique cell expressing a VÃŸO.l/JÃŸl.l gene segment.
T-cell receptor transcripts expressed in the cloned cells were compared to

those present in the uncultured tumor tissue. This analysis demonstrated
that the specific cytotoxic T-lymphocyte clones characterized in vitro was

actually selected and amplified in vivo at the lesion site. These results
provide strong evidence that effector T-cells have contributed to tumor

regression.

INTRODUCTION

The contribution of the immune system to host defense against
tumors has been an extensively debated question over the last decades
(1,2). In the human, there is still little if any direct evidence to support
the immunosurveillance concept in particular for solid tumors. Ma
lignant melanoma has represented one of the important models to
assess the putative mechanisms of antitumor immunity. Numerous
studies have shown that one can generate TIL2-derived T-cell lines or

clones with major histocompatibility complex-restricted cytotoxic ac
tivity against autologous tumor cells in this disease (3-5). The rele

vance of these experiments is, however, questionable because there is
usually no relation established between the in vitro cultured cells and
the actual in vivo immune response. In addition, the clones studied are
often derived from patients developing multiple mÃ©tastases(3, 6, 7),
where potential immunosurveillance mechanisms have evidently
failed. To circumvent both problems, we have recently established an
experimental system based on the direct in situ and subsequent in vitro
study of "spontaneously" regressive malignant melanoma lesions.

We have analyzed previously a case of melanoma displaying the
pathological and clinical criteria of tumor regression. It was shown
that the regressive lesion was infiltrated by T-lymphocytes with a
CD3 +, CD4+, or CD8+ and TCRa/ÃŸ+/TCRy/g- phenotype (8). The

molecular structure of the TCR ÃŸchains expressed by TILs was
characterized directly in situ using the bispecific PCR technique. The
results demonstrated that certain TCR gene segments were markedly
overexpressed in the tumor compared to autologous peripheral blood
lymphocytes. Extensive sequence analysis of some VÃŸsubfamily
transcripts revealed that clonal T-cell populations were indeed selected

and amplified at the tumor site (8). In the present study, we have
generated cell lines and clones derived from the TIL of this regressive
melanoma. All the tumor-reactive CTL clones tested were shown to be

identical, thus deriving from a unique cell. Comparing the sequences
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of the TCR transcripts in the clones and those expressed in the tumor
tissue, we provide evidence that this specific CTL was amplified in
situ. Together, these results strengthen the view that cytotoxic effector
T-cells have actually contributed to the cancer regression.

MATERIALS AND METHODS

Patient. The patient under study was a 65-year-old woman suffering from

a primary malignant melanoma with clinical and histological signs of tumor
regression, as described previously (8).

TIL Cultures and Clones. TIL were obtained from tumor fragments me
chanically dispersed into single cell suspensions and cultured in 12-well plates

(Becton Dickinson, Lincoln Park, NJ) in medium consisting of RPMI 1640
(Biochrom. Berlin. Germany) supplemented with 10% human AB serum,
amino acids, pyruvate. antibiotics, 100 units/ml human recombinant IL-2
(Roussel-Uclaf, Romainville, France), and 3% TCGF. The culture medium was
replenished every 3-5 days.

After 3 weeks of expansion, a TIL cell line was generated plating 5 X IO3

TIL/well in 96-well. V-shaped microtiter plates (Nunc, Roskilde, Denmark) in
the presence of irradiated autologous EBV-B cells (60 Gy, 1.5 X IO4cells/well)
plus allogeneic PBL (35 Gy, 7 x IO4 cells/well) and in the presence of

IL-2/TCGF.

After 2 weeks of culture, the TIL cell line was further cloned by limiting
dilution (0.3 cell/well) in the presence of autologous EBV-B cells, allogeneic
PBL, and IL-2/TCGF. Two weeks later, the generated T-cell clones were
expanded by transferring them to 96-well round-bottomed microtiter plates
(Becton-Dickinson).

Tumor Cell Lines. Fresh melanoma cells were obtained from mechanically
dispersed tumor fragments. One portion of the tumor specimen was rapidly
frozen in liquid nitrogen awaiting RNA extraction. Another portion was frozen
in PCS plus I0"7r dimethyl sulfoxide for later use in cytotoxicity assays. The
remaining portion was placed in a 75-cm2 flask in RPMI 1640 supplemented

with 10% PCS, amino acids, pyruvate. and antibiotics. Tumor lines were
maintained in monolayer and passaged with 0.05% trypsin. Early passages
were cryopreserved with PCS plus 10% dimethyl sulfoxide.

Additional tumor cell lines maintained in culture include a human alloge
neic melanoma cell line (K562), a nonadherem human myeloid leukemia line,
and natural killer target. LAZ388 and LCL are EBV-transformed lymphoblas-
toid (EBV-B) cell lines established from a healthy donor (LAZ388) and from

the melanoma patient (LCD. respectively.
m Vhs Serological Reagents, and Phenotypic Analysis of TIL Cell Lines

and T-Cell Clones. BMA 031, kindly provided by Dr. R. Kurrle (Behring

Company, Marburg. Germany), reacts with a monomorphic determinant of
TCR-a/0 receptor (9). Anti-TCR-ol mAb (T Cell Science, Cambridge, MA)
recognizes a constant epitope of the human TCR-8 chain (10). OKT3, OKT4,

and OKT8 (Ortho Diagnostics Systems, Inc., Westwood, MA) react with the
CD3, CD4, and CDS proteins, respectively. W6/32 (11) and 9^t9 (12) mAbs

recognize nonpolymorphic determinants of HLA class I and class II gene
products, respectively. Ami-NKTa mAb recognizes an infrequent TCR-a/ÃŸ
clonotypic determinant (13). XC3, 3B8 (14), and anti-LFAla react with the
CD2, CD56. and CD1 la antigens, respectively. EP-2 mAb. kindly provided by

Dr. S. Ferrone (Department of Microbiology and Immunology. New York
Medical College, Valhalla, NY), detects the high molecular weight melanoma-
associated antigen expressed on a large percentage of human malignant mel
anoma (15). Each mAb was used at a saturating concentration predetermined
by titration curves on positive cloned cell lines.

Human HLA-reactive pregnancy sera (anti-locus A. anti-A2. anti-B14, anti-
B35. and anti-BI2) were kindly provided by Dr. P. Bierling (Transfusion

Center, Creteil. France).
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Phenotypic analysis of TIL cell lines and T-cell clones was carried out by

indirect immunofluorescence using an Elite flow cytometer (Coulter Electron
ics, Inc.. Hialeah, FL) as described previously (13).

Cytotoxicity Assays. The cytotoxic activity of TIL cell lines and T-cell
clones was measured by a conventional 4-h 5lCr release assay using triplicate

cultures in V-bottomed plates. E:T ratios were 25:1, 5:1, 1:1. 0.2:1, and 0.04:1

on 2000 target cells/well. The percentage of specific cytotoxicity was calcu
lated conventionally; SDs were <5%. Functional effects of the antibodies and
antisera, either on effector cells (OKT3, OKT4, OKT8, XC3, BMA031. anti-
LFAla, 3B8, NKTa) or on target cells (W6/32, 9-49, EP-2. NKTa, antisera
anti-HLA-A, anti-HLA-A2, anti-HLA-B12, anti-HLA-B14, anti-HLA-B35),
were tested by incubating each of them for 2 h at 37Â°Cbefore the assay at the

predetermined saturating concentration.
The percentage of inhibition of lysis was calculated as

% of specific lysis in mAb/antisera-treated wells
1 â€ž¿�, ... , . . Â¡ x 100%

% of specific lysis in control wells

Proliferation of T-Cell Clones to Autologous Tumor Cells. Proliferative
responses of the T-cell clone was examined by incubating 5 x IO4 responder
cells with 2.5 X IO4 mitomycin C-treated autologous or allogeneic tumor or

EBV-B cells for 2 days in 96-well round-bottomed plates in RPMI 1640

supplemented with 10% AB serum alone or in combination with 5 units/ml of
IL-2. The cells were pulsed with 1 jxCi of ['H]thymidine 16 h before harvest.
['HJThymidine incorporation was measured in a Beckman liquid scintillation

counter.
Synthesis of the First Strand of cDNA. Total RNA was prepared from the

tumor fragment, autologous PEL, the TIL-derived cell line, and one T-cell
clone using a single-step guanidinium isothiocyanate-phenol chloroform ex
traction method (16). First strand cDNA was synthesized with oligodeoxythy-

midine priming and reverse transcriptase.
Molecular Analysis of TCR V Gene Segments Using PCR. The proce

dure used to analyze TCR Va and VÃŸgene segment expression has been
described previously (17). Briefly, these TCR transcript cDNAs were amplified
in a 30-cycle PCR, using the 29 different Va and 24 VÃŸ5'-oligonucleotide

primers ( Val-w29/VÃŸl-w24). each of them paired with the corresponding Ca-
or CÃŸ-specific3' primer. Positive a and ÃŸcontrols consisted of constant region

amplifications (180 and 190 base pairs, respectively) and negative controls
were performed without cDNA (17). The amplified products were detected by
Southern blot analysis using a Ca or CÃŸoligonucleotide probe. Autoradio-
graphs were scanned by a computer-assisted imaging system (Bio-Profil. Vil-
ber-Lourmat, France) providing an absolute value for each autoradiographic

spot. Each VÂ«or VÃŸspot was expressed as a percentage of the sum of all Va
or VÃŸsignals detected on the autoradiogram, respectively.

Cloning and Sequencing of VÃŸl3Transcripts. The technique used for
cloning and sequencing of VÃŸtranscripts has been described previously (8).
Briefly, the primer for the cloning of VÃŸl3sequences were 5'-CACTGCG-
GTGTACCCAGGATATGA-3' in the V region and 5'-ACCAGCTCAGCTC-
CGCGGGGTCGG-3' in the CÃŸregion, the latter containing a Sodi restriction

site. The amplifications were performed in 2 rounds of 30 cycles. After ethanol
precipitation, the amplified material was digested with Sarll, separated on a
2% agarose gel, and purified by absorption on glass beads (Gene Clean; BIO
101, Inc.. La Jolla, CA). The material was ligated into a Sacll-EcoRV pBS-
SK* cloning vector (Stratagene, La Jolla, CA) and used to transform XL-1

blue Escherichia coli strains (Stratagene). The white colonies were screened by
the dot blot technique and a CÃŸoligonucleotide probe. Plasmid DNA was
extracted from positive colonies and sequenced by the dideoxy-chain termi

nation procedure (Sequenase 2.0; United States Biochemicals, Cleveland, OH).

RESULTS

Derivation and Characterization of TIL Cell Lines. TILs,
freshly isolated from the previously in situ studied tumor specimen,
were expanded with IL-2/TCGF for 3 weeks and then plated at 5000
cells/well in the presence of irradiated autologous EBV-B cells plus

allogeneic PBL as feeder cells.
This TIL-derived T-cell line increased by 120-fold at 2 weeks in the

presence of IL-2/TCGF and displayed high levels of cytotoxicity

against autologous tumor cells (data not shown). In contrast, no lysis

of allogeneic melanoma, autologous and allogeneic EBV-B cell lines,

or K562 was observed.
Immunofluorescence analysis of the TIL T-cell line revealed a

CD3 ', CDS ', CD4-, TCRo/ÃŸ+, and TCRyo' phenotype.

The expression of TCR Va and VÃŸgene segments in the cultured
TIL line (day 13) was assessed here and compared to that observed
previously in situ, where an increased expression of the VÃŸl3,VÃŸl4,
and VÃŸl6gene segments has been demonstrated (8). As shown in Fig.
IA, marked alterations in the expression of the Va gene segments
were observed in the TIL-derived cell line. Some of them were absent

or strongly decreased such as Va3, Va6, Va 14, or Va20 gene seg
ments, while others such as Va5 and Va 15 were markedly overex-

pressed. With respect to TCR ÃŸchains, the VÃŸl3and VÃŸ22gene
subfamilies were increased in the TIL cell line (Fig. IÃŸ).Conversely,
VÃŸl6,previously shown to be the most overrepresented VÃŸgene
segment in situ (8), had strongly decreased during in vitro culture (Fig.
IÃŸ).

Note that another TIL-derived T-cell line, where autologous tumor

cells has been used for in vitro stimulation, has been analyzed. Results
regarding the expression of TCR Va and VÃŸgene segments were
similar (data not shown).

Generation of CTL Clones Directed against Autologous Mela
noma. Cells from the TIL line were cloned in the presence of irra
diated autologous EBV-B cells, allogeneic PBL, and IL-2/TCGF.
More than 100 T-cell clones were obtained. Twenty-five were exam
ined by flow cytometry and all were found to display a CD3 ', CD4",
CDS *, TCRa/ÃŸ', TCRy/S' phenotype. They were subsequently an

alyzed by PCR amplification with a series of previously described
oligonucleotides (17). Of the 25 clones, 23 were found to express a
VÃŸl3transcript and two a chain signals involving the Va5 and Va25
gene segments. Note that it is now well established that a unique T-cell
may express two distinct TCR Va chain transcripts (18-20).

Sequence of the VÃŸl3gene segment from the TIL cell line and one
of the T-cell clones, designed 5G, were compared. cDNAs from the
TIL-derived cell line and that of the T-cell clone 5G were found to

represent a unique transcript including the VÃŸl3.1gene segment
rearranged to VÃŸl.l with a WGGD encoding junctional sequence
(Table 1).

It thus became evident that a unique T-cell had been greatly am
plified in culture and the representative T-cell clone 5G was selected

for functional studies. It was tested for cytotoxicity against autologous
and allogeneic melanoma cells, autologous and allogeneic EBV-B

cells, autologous and allogeneic PHA blasts, and K562 in conven
tional MCr release assays.

As shown in Fig. 2, 5G cells displayed high levels of cytotoxicity
(>60% specific lysis at an E:T ratio of 5:1) against the autologous
melanoma cells but failed to lyse autologous EBV-B cells, autologous

PHA blasts (data not shown), and all the allogeneic targets (melanoma
cells, EBV-B cells, PHA blasts) (see Fig. 2).

Note that a specific cytotoxic activity was also found against the
fresh autologous melanoma cells (data not shown).

Inhibition of Cytolysis with Monoclonal Antibodies. A panel of
monoclonal antibodies was tested for the inhibition of specific cy-

tolytic activity against the cultured autologous melanoma target cells
(see Fig. ÃŒA).Anti-CD3, anti-TCRa/ÃŸ, anti-CDlla, and to a lesser
degree anti-CD2 mAb inhibited CTL activity. Anti-CD8 mAb was
also strongly inhibitory, while anti-CD4 mAb had no effect. We tested
the ability of either anti-HLA class I mAb (W6/32) or anti-HLA-class
II mAb (9-49) to block the cytotoxic activity at the target cell level.

Pretreatment of autologous melanoma cells with mAb W6/32 inhib
ited the lytic interactions while mAb 9-49 and other control reagents

had no effect (Fig. 3A).
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Fig. 1. Comparative analysis of TCR Va and VÃŸgene segment expression on the tumor tissue and a TIL-derived cell line. Relative Va 1-29 (Ai and VÃŸl-24(ÃŸ)subfamily usage
was determined by quantitative PCR and expressed as percentage of the sum of the total Va or VÃŸsignal obtained after scanning, as indicated in "Materials and Methods."

Inhibition of Cytotoxicity by Human Anti-HLA-B14 Sera. HLA
typing of the patients cells showed that they are HLA-A3, -AIO, -B14,
-B35, -CW4, -CW8. To characterize more precisely the restriction

element recognized by the CTL clone 5G, we used a series of relevant
antisera from pregnant women in blocking experiments. It was found
that HLA-B14 is likely to be involved in the recognition of the

autologous tumor cells. Indeed, as shown in Fig. 3B, the correspond
ing antiserum inhibited the CTL activity up to 80% in 4-h s'Cr release

assays at an E:T ratio of 1:1, while those directed against other
specificities had little if any effect.

Proliferation of the CTL Clone 5G in Response to Autologous
Melanoma Cells. Proliferative response of the 5G CTL clone was
tested in 24-h coculture in the presence of either autologous or allo-
geneic melanoma cells and autologous or allogeneic EBV-transformed
B-cells. As shown in Table 2, clone 5G proliferated following stim

ulation by the autologous melanoma cells, whereas other stimulator

Table 1 Analysis of TCR VÃŸl3chain transcripts
PCR-generated VÃŸl3TCR ÃŸchain fragments were cloned into Sacil-EcoRV pBS-SK* vector. Double-stranded plasmid DNAs were sequenced directly with the Sequenase kit

(United States Biochemical). The encoded amino acid sequences of the junctional region are shown according to the one-letter code.

No. of No.
Cell sequences occurrnfaneesVÃŸTumor

20 6CASS7
CASSCASSCASRCASSCASSCASRCASSCASSTIL

line 19 19CASSClone

5G CASSJunctional

region(N)DÃŸ(N)WGGDFRSAPPYRIRLAVGYGRDGERRNPLRYSLDRGGWGGDWGGDJÃŸTEAFFNTEAFFTYEQYFNEQFFYEQYFNTEAFFTEAFFYEQYFTEAFFTEAFFTEAFF(JÃŸl(JÃŸl(

JÃŸ2(JÃŸ2(JÃŸ2(JÃŸl(JÃŸl(

JÃŸ2(JÃŸl(JÃŸl(JÃŸl1)1)7)1)7)1)1)7)1)1)1)
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Fig. 2. Specificity of CTL clone 5G directed against autologous melanoma cells. The
cytolytic activity was measured in a 4-h 5lCr release assay on autologous and allogeneic
melanoma cells, autologous and allogeneic EBV-B cells, and K562. Values represent
means of triplicates (SD <5%) at E:T ratios of 25:1. 5:1, I:I, 0.2:1, and 0.04:1. D,
autologous melanoma; I, allogeneic melanoma; #. autologous EBV-B, A, allogeneic
EBV-B; O, K562.

cells had no effect. Addition of low doses of IL-2 (5 units/ml) aug

mented substantially the proliferation of the CTLs in response to the
irradiated autologous melanoma cells.

Together, the results demonstrate that the VÃŸl3+T-cell clone is a

specific CTL recognizing the autologous melanoma in a conventional
HLA class I-restricted, TCR-dependent fashion.

Evidence for in Situ Clonal Expansion of the VÃŸl3+CTL. The
relevance of the observation that 5G cells are able to kill autologous
melanoma cells was assessed by testing whether this clone was actu
ally present and potentially overrepresented at the tumor site.

Analysis of the VÃŸ13 transcripts in the tumor in situ revealed that
the cDNA clone, encoding the same WGGD junctional sequence as
CTL clone 5G, represented 30% (6 of 20 sequences) of the VÃŸl3
transcripts in the tumor (Table 1). Note that another VÃŸl3cDNA
clone, encoding an FRSAPP junctional sequence, found in 7 of 20
sequences (33%) in the tumor (Table 1), was not identified in the cell
cultures.

In contrast, VÃŸl3+TCR ÃŸchain transcripts from autologous PBL

were polyclonal; i.e., none of the 20 sequences studied was repeated
(data not shown). Moreover, the predominant cDNA clone encoding
the WGGD amino acid junctional sequence was not found among the
20 VÃŸl3transcripts of the autologous PBL (data not shown).

DISCUSSION

In a previous study, we have shown through direct sequencing of
TCR transcripts that unique T-cells were selected and amplified at the

tumor site in a spontaneously regressing melanoma lesion (8). Here
we have generated T-cell lines derived from lymphocytes infiltrating

this melanoma. Analysis of the TCR gene expression in the cultured
cells revealed a profile substantially different from that evidenced in
situ. Indeed, multiple VÃŸgenes present in vivo were no longer de
tected while others were overexpressed. Further analysis indicated
that a unique cell expressing a VÃŸB.l/JÃŸl.l gene segment had be
come predominant in the culture. Mechanisms underlying such a
strong selection are unknown. It may be related to a growth advantage
dependent upon cytokine susceptibility because the VÃŸl3cells over
grew whether or not autologous tumor cells were used for in vitro
stimulation. In addition, cells which were previously found to be
predominant in vivo (such as, e.g., VÃŸl6f T-lymphocytes) may have

reached a final stage of proliferation and differentiation in situ, pre
venting further in vitro amplification. In any case, our results dem
onstrate that analysis of tumor responses based on in vitro studies

exclusively may be misleading. In this regard, we have established an
original experimental system which allows us to compare in vitro and
in situ data.

The VÃŸl3+ T-lymphocyte clones characterized here display a con

ventional CTL activity against autologous melanoma cells. Indeed,
cytolysis was found to be CD3/TCR and CDS dependent, HLA class
I restricted, without cross-reactivity to any additional target cells

(Figs. 2 and 3). In addition, the cloned lymphocytes are able to
proliferate specifically in the presence of autologous tumor cells
(Table 2).

Blocking experiments with antisera to the relevant HLA molecules
provided evidence that HLA-B14 is the restriction element recognized
by the VÃŸl3+ CTLs (Fig. 3). Most of the melanoma-specific CTL

clones presently described have been shown to use HLA-A alÃelesfor
tumor recognition, in particular HLA-AÃŒ/A2,known to be represented
in the population with a high frequency (21-25). In contrast, the role
of HLA-B molecules as restriction elements has been suggested only

following immunoselection experiments (26) or after pretreatment of
tumor cells with y-interferon (27). Our results demonstrate that
HLA-B alÃelesare indeed used operationally to present antigens in

malignant melanoma. These findings are in line with the view that in
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Fig. 3. Inhibition of the specific cytotoxicity of clone 5G towards autologous mela
noma cells by monoclonal antibodies and antisera. In .4, either effector cells (for OKT3,
OKT4. OKT8, XC3, BMA031. anti-LFAla, 3B8, NKTa) or target cells (for W6/32. 9-^49,
EP-2, NKTa) were preincubated with each of the antibodies for 2 h before the cytotoxicity
assay. In B, target cells were preincubated with mAb (W6/32) or with human antisera to
HLA-A, -AI. -B 14. B35, -B12 for 2 h prior to the addition of the effectors (clone 5G).
Cytotoxicity was determined in a 4-h 5lCr release assay at an E:T ratio of 1:1, and the
percentage of inhibition was calculated as indicated in "Materials and Methods."
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Table 2 Pmliferutive responses of CTL clone 5C to autologous and allogeneic iunior and KBV-B cells

NoneMedium

IL-2"Clone2,520
Â±214

2.657 Â±401Autologous

tumor2.572

Â±142"

6.969 Â±338
12.877 Â±1.133Allogeneic

tumor2.633

Â±2()6
1.967 Â±112
2.5 14 Â±199Autologous

EBV-B3,958

Â±502
3,642 Â±305
3.936 Â±197Allogeneic

EBV-B3,779

Â±402
3.300 Â±285
3.717 Â±601

" Results are expressed as mean epm Â±SD for [ 'H|thymidine incorporation by clone 5G for triplicate cultures with a responder:stimulator ratio of 2:1.
'' Five units/ml.

vivo antitumor responses are complex involving different HLA loci for
presentation of either the same or distinct tumor-associated antigenic

peptides.
The major contribution of this study is the demonstration that the

specific VÃŸl3' melanoma-reactive CTL clone, generated in vitro, is

actually selected and amplified at the tumor site even though this
particular cell may not be the most represented in vivo (i.e., in light of
in vitro selection). The fact that it was characterized here as a specific
CTL while cancer regression was unequivocally documented both
clinically and histologically in this patient strongly supports the view
that the adaptative immune response has represented an active mech
anism of defense against the tumor.

Further studies in this experimental system should provide useful
information on the nature of the immune response. Attempts to expand
and characterize additional T-cell populations, known to be repre

sented in situ, may help to assess the diversity of the antitumor
reaction. This approach should also lead to characterize tumor-asso

ciated antigenic peptides such as for, example, those recently de
scribed in the MAGE series (28) in a situation of actual clinical
relevance.
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