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SUMMARY

Melanoma-speci®c cytotoxic T lymphocytes (CTL) can be generated from peripheral blood

lymphocytes (PBL) by mixed lymphocyte±tumour cell cultures. Analysis of CTL precursor

frequencies in peripheral blood of melanoma patients is generally used for immunomonitoring

purposes to evaluate vaccination ef®cacy. At present, it is unclear whether PBL-derived CTL

generated in vitro are indicative of an anti-tumour immune response in vivo. Three tumour-speci®c

human leucocyte antigen (HLA)-B/C-restricted CTL clones were derived from peripheral blood of a

melanoma patient immunized with interleukin-7 (IL-7) gene-modi®ed tumour cells. CTL clones

differing in their T-cell receptor-c (TCRc) rearrangement produced interferon-c, IL-4 and/or IL-10.

On the basis of their unique TCRc gene rearrangements clone-speci®c primers were generated for

detection of clone-speci®c DNA by polymerase chain reaction. One CTL clone (E5) of the three was

found to be selectively expanded in one of seven metastases obtained at autopsy, as determined by

Southern blot hybridization. However, the presence of E5 in only one of seven metastases at death

indicates that the in vivo accumulation of the speci®c CTL clone was not suf®cient to contain

tumour progression. Nevertheless, our data support the proposition that analysis of anti-tumour

activity of PBL-derived CTLs may re¯ect an anti-tumour immune response in vivo.

INTRODUCTION

Human malignant melanoma in its advanced state has no hope

for cure.1 Nevertheless, the immune system is believed to play

an important role in the host defence against melanoma, with

spontaneous tumour regression occurring in a minority of

patients.2,3 Melanomas are frequently characterized by a

lymphocyte in®ltration that, in some cases, has been associated

with a good prognosis,4 thus suggesting that an anti-tumour

immune response can occur naturally. Tumour-in®ltrating

lymphocytes (TILs) expressing a restricted set of T-cell receptor

(TCR) V-genes have been shown to accumulate at the tumour

site.5 Selective expression of TCRV-gene subfamilies in tumour

lesions strongly suggests an antigen-induced proliferation of

oligoclonal T cells in response to tumour-associated antigenic

peptides.6±8 In line with this observation, it has independently

been reported by two groups that a melanoma-speci®c

cytotoxic T-cell clone derived from TILs was expanded in

two different metastases of the same patient.9,10

Given the proposed importance of the immune system in

®ghting melanoma, various forms of active speci®c immu-

notherapies, including peptide vaccination, dendritic cell-based

therapy11 and gene therapy,12,13 have recently been applied in

melanoma patients. For immunomonitoring purposes, the

analysis of cytotoxic T lymphocyte (CTL) precursor frequen-

cies in peripheral blood of melanoma patients is generally

performed to evaluate vaccination ef®cacy, in as much as that

anti-melanoma cytotoxic CD8+ CTL can often be generated

from peripheral blood lymphocytes (PBL) by mixed lympho-

cyte±tumour cultures (MLTC),14 and that peripheral blood can

readily be obtained from virtually all melanoma patients

undergoing immunotherapy. However, the important question

as to whether the in vitro sensitized PBL-derived CTL are truly

representative of the cytotoxic T cells accumulating in vivo

within tumour lesions, remains unanswered.

In the present study, we have investigated the in vivo clonal

expansion of three anti-melanoma CTL clones derived from

peripheral blood of a melanoma patient immunized with

interleukin-7 (IL-7) gene-modi®ed autologous tumour cells.
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The human leucocyte antigen (HLA) restriction element and

tumour-speci®c cytokine secretion by these CTL were also

examined.

MATERIALS AND METHODS

Patient characteristics and melanoma specimens

The patient (J.L.) under study was a 51-year-old woman

suffering from a primary malignant melanoma at the back of

her left shoulder. Fifteen months after surgical excision of the

primary tumour, distant metastases were detected. After

having failed to respond to various chemoimmunotherapies,

she was subsequently immunized with gene-transduced auto-

logous tumour cells secreting IL-7 with mixed response.12

Peripheral blood mononuclear cells were isolated before

vaccination and 2 weeks after the third vaccination and were

stored in liquid nitrogen until use. Metastatic lesions from

different sites (axilla, inguina, spleen) were obtained at

autopsy.

Tumour cell lines

An autologous melanoma cell line (UKRV-MEL-6a, referred

to hereafter as Mauto) was established from an accessible

cutaneous melanoma metastasis as described.12 Seven addi-

tional melanoma cell lines (UKRV-MEL-15a, UKRV-MEL-

21a, UKRV-MEL-7, UKRV-MEL-17, UKRV-MEL-23,

UKRV-MEL-29, UKRV-MEL-19a, referred to as M1±M7,

respectively) derived from different patients, along with the

natural killer (NK)-sensitive target K562 and an autologous

Epstein±Barr virus (EBV)-immortalized B-cell line, were used

as targets in cytotoxicity assays. All cell lines were grown in

RPMI-1640 medium supplemented with 10% fetal calf serum

(FCS), 2 mM glutamine (Seromed, Berlin, Germany) and

100 U/100 mg/ml penicillin/streptomycin (Seromed).

Generation of T-cell lines

A limiting dilution assay was carried out as described.15 Brie¯y,

cryopreserved peripheral blood mononuclear cells (PBMC)

were stimulated at 10 000, 5000, 2500, 1250, 625 and 312 cells

per microwell with 1r 104 mitomycin C (MMC)-inactivated

autologous melanoma cells in 200 ml RPMI-1640 medium

supplemented with 10% heat-inactivated pooled human AB

serum (Sigma, Deisenhofen, Germany), 2 mM glutamine,

100 U/100 mg/ml penicillin/streptomycin, 25 mM HEPES, and

20 U/ml recombinant human IL-2 (rhIL-2). The microcultures

were restimulated at days 7, 14 and 21 and were initially

screened for cytotoxic activity against autologous melanoma

cells and K562 at day 28, as previously described.12 The

tumour-reactive CTL lines obtained were restimulated weekly

(2r 105±3r 105/well) with MMC-inactivated autologous

melanoma cells (5r 104) and autologous EBV-B cells

(2r 105±3r 105) as feeders in 2 ml in 24-well plates.

Immuno¯uorescence analysis

The phenotypic analysis of the T-cell lines was performed by

direct immuno¯uorescence using monoclonal antibodies

(mAb) towards CD3, CD8, TCRab, CD4 and CD56 (all from

Immunotech, Hamburg, Germany). In brief, 3r 105 T cells in

100 ml of Ca2+Mg2+-free phosphate-buffered saline (PBS),

containing 1% bovine serum albumin and 0.1% sodium azide,

were incubated with 5 ml of mAb for 30 min on ice. Cells were

washed twice and analysed on an EPICS XL ¯ow cytometer

(Coulter Electronics, Krefeld, Germany). The percentage of

positive cells was calculated. Isotype-matched irrelevant

antibodies [immunoglobulin G1 (IgG1) and IgG2a] served as

a negative control.

Cytotoxicity assay

The cytotoxic activity of T-cell lines against melanoma cells,

K562, or autologous EBV-B cells was measured by a 6-hr

lactate dehydrogenase (LDH)-release assay, as previously

described.12 Brie¯y, 5000 viable target cells in triplicate were

co-cultured with various amounts of effector cells [effector to

target (E : T) ratios ranging between 20 : 1 and 2.5 : 1] in 200 ml

assay medium (phenol red-free RPMI-1640 medium supple-

mented with 3% FCS) in U-bottom microwell plates (Nunc,

Wiesbaden, Germany). Following 6-hr incubation at 37u in 5%

CO2, 100 ml/well supernatant was collected and LDH activity in

the supernatant was immediately measured using a commer-

cially available detection kit for LDH (Boehringer Mannheim,

Mannheim, Germany). LDH activity present in the assay

medium alone served as background control and was

subtracted from all values. The percentage of speci®c LDH-

release was calculated with the following formula:

�%� specific LDHÿ release �
�experimental release ÿ effector spontaneous release ÿ target spontaneous release�

�maximum release ÿ target spontaneous release�
� 100

Effector or target spontaneous release was obtained by

incubating effector or target cells with assay medium alone,

respectively. Maximum release of LDH was determined by

incubating target cells in the presence of 1% Triton X-100

(Sigma Chemical Co., St. Louis. MO). The spontaneous release

of target cells was always < 15% of the maximum LDH-release

in all experiments.

In order to test the cross-reactive cytotoxicity of anti-

melanoma T-cell clones, a panel of allogeneic melanoma cell

lines was employed in the LDH-release assay at a ®xed E : T

ratio of 5 : 1.

Analysis of HLA restriction elements

Inhibition of T-cell-mediated tumour lysis was assessed by

preincubating tumour cells with neutralizing mAbs including

W6/32 (anti-HLA-class I heavy chains, monomorphic);16

MA2.1 (anti-HLA-A2)17 and B1.23.2 (anti-HLA-B, -C)18 (all

ascitic ¯uids kindly provided by Dr Coulie; Brussels, Belgium).

Brie¯y, 1r 104 tumour cells were pretreated in triplicate with

different mAbs (at a 1 : 20 dilution) in 50 ml for 60 min at 37u.
Then, effector cells were added to give a ®nal volume of

200 ml/well. E : T ratios ranged from 3 : 1 to 0.3 : 1. The

cytotoxicity was determined in a 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT) assay as described.12

Standard deviations were < 5%. Inhibition of cytolysis by

blocking antibody was calculated as:

(%) inhibition = 100r [1 ± (experimental lysis)/control lysis].

Control lysis was de®ned as lysis in the absence of blocking

antibodies at a given E : T ratio. Unspeci®c effects of the ascites

on target cells were tested by coincubation for 1 hr at 37u before
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the assay in order to exclude an antibody-dependent mechan-

ism of cell lysis in the absence of T cells.

Cytokine release

At least 8 days after the last stimulation, T cells were washed

and stimulated (3r 105 cells) with autologous melanoma cells

(5r 104) in a ®nal volume of 2 ml in 24-well plates. Control

wells contained melanoma cells with medium alone. Super-

natants were harvested 24-hr later and were stored at ± 20u until

use. All cytokine measurements were performed using

commercially available enzyme-linked immunosorbent assay

(ELISA) kits: IL-4, interferon-c (IFN-c), and IL-10 ELISA kits

were obtained from Immunotech, Hamburg, Germany,

whereas the transforming growth factor-b1 (TGF-b1) ELISA

kit was purchased from Genzyme, Cambridge, MA.

Analysis of clone-speci®c junctional sequences

From each T-cell line (A2, D3, E5), DNA was isolated as

described.19 Brie¯y, the cell pellet was redissolved in a digestion

buffer [0.2 M Tris±Cl, pH 8, 10 mM ethylenediamine tetraacetic

acid (EDTA), 1% sodium dodecyl sulphate (SDS), 1 mg/ml

Proteinase K]. After incubation at 55u for 24 hr, DNA was

extracted by phenol/chloroform, precipitated in ethanol and

resuspended in 100 ml of distilled and autoclaved water.

For identi®cation of the clone-speci®c TCRc junctional

sequences, < 1 mg of DNA was used as a template for polymerase

chain reaction (PCR) ampli®cation reactions using primers

annealing to conserved regions of TCRc genes as described.20

Primer Varicons anneals between nucleotides 272 and 290 of

TCRc variable (V) genes and Primer Jointcons anneals between

nucleotides 45 and 62 of TCRc joint genes.21 The PCR reaction

mixture consisted of 3 U Taq polymerase (Boehringer Man-

nheim), a 1r reaction buffer as supplied by the manufacturer,

300 ng of each primer, 200 mM of each dNTP, and < 1 mg of DNA

in a volume of 50 ml overlaid with mineral oil. Using a Perkin

Elmer Cetus DNA Thermal Cycler, the samples were exposed to

40 cycles of 94u for 1 min, 55u for 30 seconds, 72u for 30 seconds.

The PCR products were subjected to DNA sequence analyses

using an automated Applied Biosystems DNA sequencer (Dr

Metzger, Vaterstetten, Germany). With knowledge of these

sequences, clone-speci®c primers (Primer Nspec), complementary

to the junctional region of each clone were designed and their

sequences are shown in Table 4.

Generation of clone speci®c hybridization probes

DNA from each CTL line was extracted as described above and

used as a template for PCR ampli®cation reaction. PCR was

carried out using clone-speci®c primers (see Table 4) in

conjunction with primer Vari 8 or Vari 2 in 100 ml of a

reaction mixture containing 5 ml of DNA, 200 mM of each

dNTP, 1 mM of each primer, and 2.5 U of Taq DNA polymerase

(Boehringer Mannheim) on a DNA thermal cycler (PTC-200

DNA Engine, MJ Research, Inc., Boston, MA). Ampli®ca-

tion was performed as described above. Negative controls

included reactions without DNA. Ten microlitres of ampli®ed

products was analysed by agarose gel electrophoresis. The

ampli®ed DNA products were labelled with non-radioactive

digoxigenin-11-dUTP (DIG-11-dUTP) (Boehringer Mann-

heim), as indicated by the manufacturers. The DIG-labelled

TCR probes were used for hybridization, as described below.

Southern blot hybridization

In order to assess the presence of any of the characterized CTL

lines in tumour lesions in vivo, DNA was extracted from seven

formalin-®xed, paraf®n-embedded metastases of the patient

obtained at autopsy, as described.22 DNA from each specimen

was used as a template for PCR ampli®cation reactions using one

of the Nspec primers in conjunction with a primer annealing to the

V-gamma-8 gene (Primer V-gamma-8: 5k CTT CCT GTA GAA

AAT GCC GTC 3k) or V-gamma-2 gene (Primer V-gamma-2: 5k

Table 2. Characterization of T-cell lines by cytotoxicity and cytokine secretion

Cytotoxicity against* Cytokine secretion{

T-cell lines

Mauto K562 EBV-B M1 M2 M3 M4 M5 M6 M7 IFN-c

(IU/ml)

IL-4

(pg/ml)

IL-10

(pg/ml)

TGF-b1

(ng/ml)

E5 70{ 0 0 10 4.4 0.6 0.9 3 0.8 1.4 26.81 3519 2594 0

A2 69.3 5.5 0 2.2 0.7 1.4 2.8 0.7 1.5 1.6 68.3 1200 2688 0

D3 21 0 6.2 ND" ND ND ND ND ND ND 14.5 1842 531 0

*Speci®city and reactivity of each T-cell line were determined by 6 hr LDH-release assays. Results are expressed as percentage lysis. Speci®c lysis for each T-
cell clone was tested at least three times and representative experiments are shown for an E : T ratio of 5 : 1. {Percentage lysis given as boldface was
signi®cantly different from background lysis. {3r 105 CD8+ CTL were stimulated with 5r 104 autologous tumour cells in a ®nal volume of 2 ml. After 24 hr
supernatants were harvested and assayed for cytokine content by ELISAs. 1Underlined values indicate results obtained after dilution of supernatants in order
to obtain values within standard curve of ELISAs (0.08±25 IU/ml for IFN-c; 5±1000 pg/ml for IL-4; 5±2000 pg/ml for IL-10). "ND, not done.

Table 1. HLA-type of autologous and seven allogeneic melanoma cell lines

UKRV-Mel-6a (Mauto) A1, A2 B60, B62 Cw3 DR4, DR13

UKRV-Mel-15a (M1) A2, A11 B22, B75 Cw3, Cw1 DR1, DR15

UKRV-Mel-21a (M2) A2, A9 B44 Cw4 DR7, DR11

UKRV-Mel-7 (M3) A11, A32 B7, B52 Cw5 DR1, DR2

UKRV-Mel-17 (M4) A1, A3 B62, B57, Bw4, Bw6 Cw3, Cw6 DR3, DR4, DR52, DR53

UKRV-Mel-23 (M5) A1, A11 B8, B35 Cw4, Cw7 DR1, DR17

UKRV-Mel-29 (M6) A2 B60, Bw4, Bw6, B38 Cw3 DR1, DR15, DQ5, DQ6

UKRV-Mel-19a (M7) A2, A33 B14, B55, Bw6 Cw3, Cw8 DR1, DQ15, DR51
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CTT GCT GAA GGA AGT AAC GGC 3k), respectively. The

primers V-gamma-8 and V-gamma-2 can be regarded as `semi-

speci®c', since they anneal to DNA from all lymphocytes which

use the V-gamma-2 or V-gamma-8 segment for rearrangement.

However, in conjunction with a N-speci®c primer, only DNA

from the characterized clones will be ampli®ed.

The PCR products were size separated by 2% agarose gel

electrophoresis for 1-hr and blotted onto a nylon membrane

(Boehringer Mannheim). Membranes were prehybridized at

40.6u in a volume of 20 ml hybridization solution (DIG Easy

Hyb, Boehringer Mannheim) for 60 min. Hybridization was

performed by incubating membranes at 40.6u overnight in 5 ml

hybridization solution with 5 ng/ml of DIG-labelled individual

TCR probes which were obtained by PCR using the respective

T-cell lines as a template and the respective N-speci®c primers

(see Table 4). After stringency washes, the hybridized blots

were submitted to immunological chemiluminescence detection

using anti-digoxigenin antibody conjugated to alkaline phos-

phatase and CSPD1, ready-to-use (Boehringer Mannheim), as

indicated by the manufacturer.

RESULTS

Derivation and characterization of tumour-speci®c T-cell clones

Fifty-®ve T-cell lines were generated from peripheral blood of a

melanoma patient (J.L.), as described in the Materials and

Methods. Phenotypicanalyses performed 8 weeks after initiation

of culture revealed that all T-cell lines established expressed

CD3+ CD56± markers as well as TCRa and -b chains (data not

shown). Eight out of the 55 T-cell lines showed predominantly

CD8+ populations (> 80% CD8+ cells), whereas 11 of the 55

expressed mainly CD4 markers (> 80% CD4+ cells); the

remaining 36 T-cell lines contained mixed populations of

CD4+ and CD8+ cells (data not shown). Of the 55 T-cell lines,

21 (six containing predominantly CD8+ populations, 15 were

mixtures of CD4+ and CD8+ populations) displayed signi®cant

cytolytic activity against autologous melanoma cells, but failed

to lyse autologous EBV-B cells or NK-sensitive K562 cells in

multiple assays (Table 2, and data not shown).

We initially focused on six CTL lines containing predomi-

nantly CD8+ populations and expanded them in the presence of

autologous EBV-B as feeder cells. However, three CTL lines

could not be maintained beyond 4 months and were no longer

available for further analyses. The remaining CTL lines (termed

A2, E5, D3), characterized by a good expansion rate, were

eligible for further analyses. The results presented in Table 2

clearly showed the speci®c lysis of autologous tumour cells

(UKRV-Mel-6a) by three CTL lines. The recognition of tumour

cells by these CTL was restricted by HLA-B or -C molecules, in

as much as that pretreatment of tumour cells with neutralizing

antibodies towards HLA class I or HLA-B/C strongly inhibited

CTL cytolysis, whereas anti-HLA-A2 mAb (MA2.1) had no

effect (Fig. 1). Since patient J.L. was homozygous for the HLA-

B, -C locus (Table 1), it is therefore conceivable that the precise

restriction molecule was B60, B62, or Cw3. Examination of

cross-reactivity of these CTL with a panel of allogeneic

melanoma cell lines with de®ned HLA-type (Table 1) and the

known tumour antigen expression revealed no signi®cant

cytolysis of allogeneic tumour cells tested (Table 2).

Previous studies on human CD8+ T cells reacting to

conventional antigens have shown that CD8+ T cells prefer-

entially producing T helper type 2 (Th2)-type cytokines IL-4

and IL-5 are less cytotoxic than non-IL-4/IL-5-producing

cells.23 However, this was not observed for tumour-speci®c

CTL.24 Results presented in Table 2 showed that all three CTL

lines upon stimulation with melanoma cells, produced high

levels of IL-4 (up to 3519 pg/ml) and/or IL-10 (up to

2688 pg/ml), in addition to Th1-type cytokine IFN-c (up to

68.3 IU/ml). Neither CTL lines produced TGF-b (Table 2).

While the functional role of Th2-type cytokines in these anti-

tumour CTL remains unclear, kinetic studies suggest that IL-4

and IL-10 production by these cells did not result in impaired

cytotoxic function (data not shown).

For molecular characterization of these anti-tumour CTL

lines, we examined the highly variable junctional region of

rearranged TCR-c genes (Table 3). DNA sequencing after PCR

ampli®cation revealed different junctional regions. In clone A2,

the variable gamma-8 segment rearranged with a joint segment

and no nucleotides were inserted at the junction, in contrast to

D3 where different breakpoints were used and where six

nucleotides were interposed. In clone E5, the variable gamma-2

segment rearranged with the joint segment at different

breakpoints and no nucleotides were inserted at the junction

(Table 3).

Detection of tumour-speci®c CTL clones in metastatic lesions

by Southern blot hybridization

In order to detect T-cell accumulation at tumour sites, DNA

isolated from seven metastases obtained at autopsy, was used

as a template for PCR using TCR clone-speci®c primers in

conjunction with semi-speci®c V-gamma primers (Vari 2 or

% Inhibition

0 20 40 80

+Anti-HLA class I

E5

A2

D3

+Anti-HLA-B,-C

+Anti-HLA-A2

60 100

Figure 1. Inhibition of the speci®c cytotoxicity of three T-cell lines

towards autologous melanoma cells by mAbs. Melanoma cells were

preincubated with mAbs directed to HLA-class I (W6/32), HLA-B, -C

(B1.23.2) and HLA-A2 (MA2.1) at a 1 : 20 dilution of ascites for 60 min

at 37u prior to the addition of the effectors (E5, A2 and D3 T-cell lines).

Cytotoxicity was determined in a MTT assay at an E : T ratio of 3 : 1.

Percentage of inhibition was calculated as described in the Materials

and Methods.
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Vari 8). After blotting the PCR products onto nylon

membranes, hybridization was performed with DIG-labelled

TCR probes which were generated from DNA of the original

T-cell clones (D3, E5, A2) using the identical sets of primers. As

shown in Fig. 2, a hybridization signal speci®c for E5 was

identi®ed in DNA from the inguinal lymph node of the patient

(lane 4), but not in any other lesions. However, clone-speci®c

DNA for A2 or D3 was not detected in any of the metastatic

lesions analysed (data not shown).

DISCUSSION

Melanoma is thought to be a highly immunogenic tumour to

which multitypes of active speci®c immunotherapy have

recently been applied. As a readout system, analysis of anti-

melanoma CD8+ CTL response has widely been employed,

since CD8+ CTL are most effective in recognizing and

destroying the tumour and that such effectors can often be

elicited when T cells from PBL or TILs are co-cultured with

autologous tumour cells.14,25

Previous efforts at analysing TIL-derived anti-tumour CTL

have indicated the in vivo existence of a melanoma antigen-

driven tumour-speci®c CTL response. Mackensen et al.26,27

isolated an anti-tumour CTL clone from a spontaneously

regressive melanoma lesion that in vitro displayed HLA-

B14-restricted cytolytic activity towards autologous tumour

cells. With the analysis of TCR expression and immunohis-

tochemistry, they found that this in vitro cultured anti-

melanoma CTL clone could be detected in vivo in the tumour

area, thus providing an indication of a local adaptive immune

response which is clinically associated with tumour regression.

Sensi and co-workers28 have demonstrated selective expansion

of an HLA-A2-restricted TIL-derived CTL clone even in an

advanced metastatic melanoma lesion. More recently, two

groups9,10 independently reported in vivo accumulation of a

TIL-derived anti-melanoma CTL line in various metastases

after vaccination with tumour cells. In these cases, however,

clonal expansion of anti-tumour CTL failed to mediate

objective tumour regression. Nevertheless, these studies

provided evidence that an in vivo selection of anti-melanoma

cytotoxic T cells occurs and that such CTL may circulate and

accumulate at different tumour sites.

Having considered that peripheral blood is easily attainable

and can serve as a consistent source for generation of tumour-

speci®c CTL, many current studies with melanoma vaccines

have used peripheral blood as a source of CTL generation.

However, whether analysis of PBL-derived CTL response to

melanoma antigens accurately re¯ects the in vivo immune

status, remains unde®ned. Relevant to this, it would be

important to determine whether PBL-derived CTL lines or

clones had selectively been expanded in vivo at the tumour sites.

In the present study, we have tested three HLA-B/C-restricted

CTL clones generated from PBL of a melanoma patient for in

vivo accumulation using PCR and Southern blot hybridization

techniques. One CTL clone (E5) with highly cytotoxic activity

against autologous melanoma cells in vitro, was detected in one

out of the seven metastatic lesions analysed (Fig. 2). Unfortu-

nately, the antigen speci®city of this clone has not yet been

established. However, autologous EBV-B cells transduced with

full-length cDNA of gp100 and tyrosinase (two melanoma

antigens known to be expressed on autologous tumour cells, as

determined by reverse transcription±PCR) did not induce

cytokine release from E5 CTL, suggesting that this CTL clone

recognizes unidenti®ed shared melanoma antigens.

The accumulation of clone E5 in patient with far-advanced

disease failed to contain the tumour progression, consistent

with previous observations from TIL-derived CTL lines.9,10,28

This might be due to tumour-induced CTL dysfunction,

apparent immunosuppression, including production of TGF-

b,12 or down-regulated expression of melanoma antigens

and/or HLA class I and TAP (transporter associated with

antigen processing),29,30 preventing tumour recognition by

CTL. On the basis of these observations, we assumed that the

anti-tumour CTL response would be more pronounced in and

relevant to primary tumour.

Table 3. Junctional sequences of rearranged TCRc genes of three individual CTL clones

V8 Joint

A2 ACG TGA CTC TGG GGT C / AAC TCT TTG GCA G

V8 N Joint

D3 TGC CAC CTG GGA / TTC GTG / AC TCT TTG GCA

V2 Joint

E5 CTG GGA CGGG / TAT AAG AAA CTC T

1 2 3 64 5 7

Figure 2. Hybridization signal of an E5-speci®c probe designed for its

unique TCRc gene rearrangement by Southern blot. DNA extracted

from sevenmetastasesof the patient (lanes 1±7: right axillary lymphnode;

left axillary lymph node; left axillary lymph node; left inguinal lymph

node; right inguinal lymph node; spleen; spleen, respectively.) obtainedat

autopsy was used as a template for PCR ampli®cation reactions using

Primer E5-Nspec and Primer V-gamma-2. The PCR products were

electrophoresed for 1 hr in a 2% agarose gel and transferred on to a nylon

membrane.Hybridization wasperformedby incubatingthemembraneat

40.6u overnight in 5 ml hybridization solution with 5 ng/ml of a DIG-

labelled TCR probe which was obtained from the E5 T-cell clone by PCR

ampli®cation using primer E5-Nspec and primer V-gamma-2.

539CTL in situ and melanoma

# 1999 Blackwell Science Ltd, Immunology, 98, 535±540



Since after long-term culture only three CTL clones were

available for in vivo analysis, it is uncertain whether these

clones are representative of the in vivo anti-melanoma

responses. However, the demonstration that in vitro-propa-

gated, PBL-derived, anti-melanoma CTL do accumulate in vivo

within the tumour, suggests the occurrence of in vivo selection

of anti-melanoma cytotoxic T cells. Taken together, the current

study supports the proposition that analysing PBL during

immunization is meaningful and that PBL-derived CTL may

truly re¯ect an in vivo anti-tumour immune response. However,

further studies are needed to con®rm these initial observations.
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