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Abstract The cytotoxic activity of T cells selects the
outgrowth of tumor cells that escape from immune
surveillance by different strategies. The different mech-
anisms that interfere with immune recognition and limit
vaccination efficiency are still poorly understood. We
analysed six cell lines established from different metas-
tases of melanoma patient UKRV-Mel-20 for specific
characteristics known to have an impact on the tumor-T
cell interaction: (1) alterations in the HLA class I phe-
notype, (2) expression of Fas/CD95, and (3) expression
of specific cytokines and chemokines. One of the cell
lines, UKRV-Mel-20f, exhibited an HLA class I haplo-
type loss and just this cell line was also characterised by
the expression of Fas/CD95 and of relatively high levels
of proinflammatory chemokines suggesting that the
cytotoxic activity of tumor-infiltrating T cells might have
selected the outgrowth of this tumor cell variant. All
other cell lines analysed showed no alterations in HLA
class I expression, but, in contrast to UKRV-Mel-20f,
expressed much lower levels of Fas/CD95 and of pro-
inflammatory chemokines and some of them produced
high levels of immunosuppressive TGF-f1. These results
suggest that in patient UKRV-Mel-20, tumor cells
interfere with T cell recognition by different strategies
which might partially explain why this patient did not
have a clinical response to an autologous tumor cell
vaccine.
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Introduction

Evidence that melanoma-associated antigens can be
specifically recognised by the immune system led to the
development and clinical application of several
tumor-specific vaccination strategies. But so far clinical
responses have only been observed infrequently. Suc-
cessful immunotherapy of cancer will ultimately require
an understanding of the natural relationship between the
immune system and tumors as they transform, invade
and metastasize. Recent evidence suggests that tumors
defeat specific immunity through a variety of mecha-
nisms that account for the infrequent clinical immune
responses [8, 18]. Thus, instability of tumour cells is well
and it enables them to evade the immune system through
a host of genetic and epigenetic means [8, 18]. Thus,
tumors acquire resistance to CTLs by loss of tumor
antigen expression and due to the lack of components of
the antigen processing and presentation machinery [4],
e.g. tumor cells can partially or totally lose the expres-
sion of major histocompatibility complex (MHC) class I
antigens during progression [17]. Beside defects in anti-
gen presentation other immune suppressive mechanisms
have been characterised: tumor cells have been demon-
strated to loose expression of specific molecules, e.g.
Fas/CD95 protecting them from T cell mediated apop-
tosis [6, 11].

Furthermore, they can secrete immunosuppressive
factors like TGF-$-1, IL-10, and other cytokines, that
interfere not only with T cell activity but also with
activation and differentiation of dendritic cells infiltrat-
ing the tumor [33]. On the other hand trafficking
of lymphocytes to the tumor is prevented by the inhi-
bition of proinflammatory cytokine and chemokine
production due to a constitutive activation of the STAT-
3 protein within the tumor cells [30]. But recent research
has also emphasised the importance of active suppressor
mechanisms mediated by the immune system itself:



CD4+CD25+T lymphocytes have been demonstrated
to suppress both the proliferation and effector functions
of other immune cells [10, 22] and these cells can be
detected with higher frequency in the peripheral blood
and tumor tissue of tumor patients [31].

In this study we analysed the pattern of MHC class I,
CD95/Fas, chemokine, and cytokine expression in mel-
anoma cell lines derived from six metastasis obtained at
different time points from late stage disease patient
UKRYV-Mel-20. Interestingly, in one metastatic cell line
that produced the highest levels of pro-inflammatory
cytokines an haplotype HLA loss was observed sug-
gesting that the microenvironment of this tumor fa-
voured the activity of MHC-class 1 restricted T cells
which then selected the outgrowth of this loss variant.

Material and methods
Cell lines

Melanoma cell lines established from different metastasis
of patient UKRV-Mel-20 designated as UKRV-
Mel-20b, UKRV-Mel-20c, UKRV-Mel-20d, UKRV-
Mel-20e, UKRV-Mel-20f, and UKRV-Mel-20g (Fig. 1)
were maintained in RPMI 1640/HEPES/2 mM glutamine
(PAA Laboratories, Colbe, Germany) supplemented with
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10% FCS (PAA Laboratories), 100 U/ml penicillin, and
100 pg/ml streptomycin at 37°C and 5% CO,.

Flow cytometry analysis

Surface HLA class I expression on cultured melanoma
cells was determined by indirect immunofluorescence
using an appropriate anti-HLA-class-I monoclonal
antibody (mAb) and FITC-labelled rabbit anti-mouse Ig
(Fab2) fragments (Sigma Chemical CO, St. Louis,
USA). The following mAbs were used: W6/32 against
HLA class 1 heavy chain/f2m complex [1]; GRHI
against free f2m; A131 defining an HLA-A locus-spe-
cific determinant [25]; and YTH-76 defining an HLA-B
locus-specific determinant [3]. To increase MHC antigen
expression, cell lines were treated with recombinant
interferon-y (800 U/ml) (Amershan, Aylesbury, UK) for
48 h. Surface expression of CD95/Fas was determined
by an anti-CD95 PE-conjugated monoclonal antibody
(BD Biosciences, San Jose, CA, USA). A total of 10*
cells were analysed for each immunofluorescence profile.
As negative controls, cells were incubated with irrelevant
mADbD. Fluorescence was analysed with a FACSort flow
cytometer (Becton Dickinson, Mountain View, CA,
USA) and the CellQUEST software (BD Biosciences)
was used for data acquisition and analysis.
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Fig. 1 Scheme of the clinical evolution of melanoma patient UKRV-Mel-20
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Microsatellite analysis

Loss of heterozygosity (LOH) analysis was performed
by PCR amplification of five highly polymorphic mi-
crosatellite sequences. The markers were chosen on the
basis of their heterozygosity (PIC value greater than 0.7)
and their location in the HLA region of chromosome 6
[20]. For fluorescent microsatellite assay PCR reactions
were performed in a total volume of 15 pl containing
60 ng of each DNA sample, 1XPCR buffer, 5 uM each
of unlabelled primer and 5" end primers labelled with
fluorescent dyes, 0.5 units Tag DNA polymerase, and
250 uM of each dideoxynucleotide. Specific Genescan
and Genotyper® software was used to determine the size
and quantity of the PCR products and to compare
normal and tumor amplicon patterns for each marker.

Real-time PCR

Melanoma cells were analysed for expression of several
target genes (IP-10, ITAC-1, RANTES, MCP-1, MIPlo,
SDF-1, IFN-y, TGF-p-1, VEGF-c, and IL-10) by
quantitative real-time PCR. As a control, expression of
the G6PDH housekeeping gene was tested. All PCR
reactions were performed in a Light Cycler instrument
using the LC-FastStart DNA Master SYBR Green I Kit
(Roche Diagnostics, Manheim, Germany), with the
exception of G6PDH for which the Housekeeping Gene
Set Kit was used (Roche Diagnostics). The primers for
the cytokine and chemokine amplification reactions were
used from LightCycler-Primer Set (Search LC GmbH,
Heidelberg, Germany).

Thermocycling for each reaction was performed in a
final volume of 20 pl containing 2 ul cDNA sample,
4 mmol/l MgCl,, 0.5 pmol/l of each primer, and 2 pl
LC-FastStart DNA Master SYBR Green. After 10 min
of initial denaturation at 95°C, the cycling conditions
consisted of denaturation at 95°C for 6 s, annealing at
68°C for 10s, and elongation at 72°C. Elongation
periods varied depending on the length of the product
(1 s/25 bp). After amplification the temperature was
slowly raised above the melting point of the PCR
product to measure the fluorescence for the melting
curve, which allows the identification of specific trans-
cripts. Expression levels of target genes were given rel-
ative to the expression levels of G6PDH. All PCR
products were checked by melting point analysis and by
gel electrophoresis to verify that the products were of the
correct size.

Results

Analysis of the HLA class I phenotype of melanoma cell
lines from patient UKRV-Mel-20

In April 1995 patient UKRV-Mel-20 was presented with
melanoma and brain metastasis. After radiation and

subsequent polychemotherapy the patient was included
in an immunotherapy trial, during which he received
irradiated autologous gene-modified tumor cells secret-
ing IL-12 [26]. Vaccination was started in May 1996. The
vaccine was prepared from two cell lines, UKRV-
Mel-20a, and -20b established from cutaneous meta-
static lesions excised in January and February 1996,
respectively. From May to July the patient received
five autologous vaccines. Vaccination was abrogated in
August when new brain metastases were diagnosed and
no objective response of any lesion was detected. Under
vaccination different cutaneous tumors were successively
excised, leading to the establishment of the cell lines
UKRV-Mel-20c, -Mel-20d, -Mel-20e, -Mel-20f, -Mel-
20g, and -Mel-20h.

Due to the non responsiveness during vaccination we
analysed the different tumor cell lines for specific char-
acteristics that might have interfered with tumor cell
recognition by cytotoxic T cells, such as the alteration of
the HLA phenotype, the loss of CD95/Fas expression
or the secretion of immunosuppressive cytokines. To
answer this we first determined the HLA class I pheno-
type of UKRV-Mel-20b, -Mel-20c, -Mel-20d, -Mel-20e,
-Mel-20f, and -Mel-20g cells by indirect immunofluo-
rescence. Representative results of the cytofluorometric
analysis of UKRV-Mel-20c¢ cells are presented in Fig. 2.
These melanoma cells were positively stained by anti-
HLA-ABC, anti-f2m and by locus-specific antibodies
for HLA-A and HLA-B antigens, suggesting that no
alteration in HLA class I expression occurred. Compa-
rable results were also obtained for four additional cell
lines: UKRV-Mel-20d, -Mel-20e, -Mel-20g, and -Mel-
20h (data not shown). In contrast, UKRV-Mel-20f cells,
which exhibited apparently normal HLA-ABC expres-
sion were clearly HLA-Bw4-negative, corresponding to
HLA-B*3801 of the patients genotype (HLA-A*02011, -
A*0204, -B*40011, -B*3801, HLA-Cw*03) (Fig. 2). This
specificity also remained undetectable after treatment of
melanoma cells with IFN-y.

UKRV-Mel-20f exhibit loss of heterozygosity
in the HLA-region

The studies performed at the protein level demonstrated
that UKRV-Mel-20f cells lost HLA-B*3801 expression.
However, this analysis did not allow the detection of
alterations at the HLA-A level since both alleles of
patient UKRV-Mel-20 (HLA-A*0201, A*0204) were
stained by the allele-specific HLA-A2 antibody. To
determine if alterations in UKRV-Mel-20f cells affected
additional genes of the HLA-region we analysed the
status of heterozygosity of five microsatellite markers
spanning chromosome 6p. PCR analysis on the genomic
DNA from autologous peripheral blood lymphocytes of
patient UKRV-Mel-20 revealed heterozygosity for four
of the five markers, with the exception of marker
D6S273. Comparison of normal and autologous tumor
DNA demonstrated that the cell lines UKRV-Mel-20b,
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Fig. 2 Flow cytometric analysis of HLA class I and CD95 surface
expression on melanoma cells from patient UKRV-Mel-20. Cells
were labelled with monomorphic, locus-specific and allele-specific
anti-HLA class I mAbs. Additionally staining with an anti-CD95
antibody was performed. Thin line represents profiles of the
isotypic Ig used as a negative control. Representative results for

-20c, -20d, and -20e exhibited retention of heterozygos-
ity for all informative markers employed, while UKRV-
Mel-20f cells presented loss heterozygosity for all these
markers (Fig. 3). These data demonstrated that an ex-
tended loss of chromosome 6p material occurred within
these cells most probably associated with a complete loss
of an HLA haplotype.

Expression of Fas on the UKRV-Mel 20 cell lines

Beside presentation of HLA molecules we analysed the
cell lines for the presence of the CD95/Fas receptor at
their cell surface. Cytofluorometric analysis revealed a
significant variation in CD95/Fas surface expression.
Whereas UKRV-Mel-20f cells showed a strong CD95/
Fas expression, all of the other metastatic cell lines,
exhibited low or undetectable expression comparable to
UKRV-Mel-20c (Fig. 2 and data not shown). These
results suggested that except for UKRV-Mel-20f cells all
other cell lines might be resistant to Fas ligand mediated
killing by cytotoxic CD8+ T cells.

Chemokine and cytokine gene expression
in UKRV-Mel-20 cell lines

In addition to alterations in the HLA class I phenotype,
immune-modulating factors secreted by tumor cells,
such as cytokines and chemokines, influence the activity
of T cells and professional antigen presenting cells
infiltrating the tumor. By Real-time RT-PCR we com-
pared the expression pattern of different cytokines
(IL-10, IFN-y, TGF-p1), chemokines (MCP-1, MIP-1a,
IP-10, ITAC-1, RANTES, SDF-1) and of the vascular
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two (UKRV-Mel-20c, UKRV-Mel-20f) of six cell lines are given.
Expression of HLA-Bw4 could be detected on UKRV-Mel-20c and
for UKRV-Mel-20b, UKRV-Mel-20d, UKRV-Mel-20e, and
UKRV-Mel-20g cells (data not shown) but not for UKRV-Mel-
20f cells. In contrast, a strong expression of CD95/Fas could only
be detected on UKRV-Mel-20f cells

endothelial growth factor (VEFG-c), by the different
melanoma cell lines. Expression analysis revealed strong
variations between the different UKRV-Mel-20 cell lines
(Fig. 4).

VEGF-c was expressed in all cell lines at a compa-
rable level. The immunosuppressive cytokine TGF-f-1
was detected clearly with a tendency towards a decrease
in the RNA level from cell line UKRV-Mel-20a through
to cell line -Mel-20f. In contrast, expression of IL-10 and
IFN-y was undetectable. Interestingly, UKRV-Mel-20f
cells were characterised by an elevated expression level
of certain chemokines e.g. ITAC-1, IP-10, MIP-1q,
RANTES, most of them were less abundantly expressed
in all other cell lines.

Discussion

Recent studies have presented evidence that the immune
system influences the development of some spontaneous
malignancies, shaping the resulting repertoire of tumor-
cell phenotypes [24]. Thus, cancer progression and
metastases are the result of a balance between tumor
immunosurveillance and tumor escape. It is assumed
that the microenvironment exerts an evolutionary pres-
sure that promotes the selection of tumor cell clones [23].
Based on the divergent evolution of tumor cells, this
most probably leads to the outgrowth of subclones
characterised by a heterogeneous pattern of immune
escape mechanisms. To test this proposition, patterns
of HLA class I, CD95/Fas, cytokine, chemokine, and
growth factor expression were determined in several
melanoma cell lines from various metastases obtained at
different time points from a melanoma patient (UKRV-
Mel-20) (Fig. 1). One cell line, UKRV-Mel-20f was
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Fig. 3 Pattern of polymorphic markers on chromosome 6. These
examples illustrate the status of heterozygosity of several micro-
satellites markers on chromosome 6p in melanoma cell lines and
PBLs of patient UKRV-Mel-20. Microsatellite analysis was

characterised by an HLA haplotype loss, and a distinct
pattern of CD95/Fas, cytokine and chemokine expres-
sion (Figs. 2, 4) as compared to other cell lines. Prolif-
eration of the tumor cell clones with haplotype loss (e.g.
UKRV-Mel-20f cells) might be due to selective immu-
noreactivity of tumor-infiltrating antigen-specific T cells
that favour the outgrowth of malignant cells that are less
immunogenic [7, 8, 13, 15]. The infiltration of T lym-
phocytes into tumor UKRV-Mel-20f might have been
supported by the expression of specific chemokines,
since we detected high levels of RANTES, MIP-1o and
CXCR3 ligands ITAC-1 and IP-10. Chemokine recep-
tors CXCR3 and CCRS5 are preferentially expressed on
cytotoxic T cells and helper T cells of the Thl pheno-
type, which is abundant in inflammatory diseases [16,
19]. Accordingly, this pattern of chemokines and the
relatively low expression of the immunosuppressive
cytokine TGF-f-1 might have enforced T cell activity,
leading to the outgrowth of a tumor cell escape variant
characterised by an HLA haplotype loss. However, tu-
mor cells that lack expression of certain MHC class 1
alleles become more susceptible to lysis by NK cells [12].
NK cells are potently attracted by the chemokine SDF-1
[9]. Interestingly, we detected no SDF-1 expression by
UKRV-Mel 20f cells. Cytokines and growth factors such
as IL-10 and VEGF-c, which suppress or attenuate an
antitumor immune response, interfering with DC acti-

performed on DNA from UKRV-Mel-20 melanoma cells com-
pared to DNA obtained form autologous PBLs. The scan showed a
pattern of allelic loss (LOH) for all markers employed for the
UKRV-Mel-20f melanoma cells

vation and differentiation, were also found in melanoma
cell lines established from patient UKRV-mel-20 [32].
IL-10 expression was not detected in these melanoma
cell lines, while VEGF-c expression varied among these
cell lines.

Based on these results, it could be speculated that the
production of specific chemokines involved in tumor
development and spread might contribute indirectly to
the immune escape of malignant cells. Interestingly,
unlike any of the other cell lines analysed, UKRV-Mel-
20f cells exhibited a high surface expression of CD95/
Fas, indicating their sensitivity against the apoptosis
inducing activity of Fas ligand secreted by cytotoxic
tumor-infiltrating T cells.

In comparison with UKRV-Mel-20f cells, the other
cell lines all expressed higher levels of the immunosup-
pressive cytokine TGF-f-1 which is known to impair
CTL and NK cell activity [5, 14]. Elevated concentration
of TGF-f-1 has been correlated with a CD3 zeta loss in
tumor infiltrating lymphocytes (TILs) [29], a mechanism
that prevents direct TIL/tumor cell contact and inhibits
TILs activation [33]. TGF-f-1 also acts on cytotoxic T
cells lymphocytes to specifically inhibit the expression of
genes encoding perforin, granzyme A, granzyme B, IFN-
y and CD95L, which are effectors of CTL-mediated
cytotoxicity [28]. Furthermore, these melanoma cells
(except for UKRV-Mel-20f) were characterised by a
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Fig. 4 Comparison of the expression pattern of specific cytokines
and chemokines by real-time RT-PCR. The proinflammatory
chemokines ITAC-1, IP10, MIP-1a, RANTES, were significantly
increased in UKRV-Mel-20f cells compared to the other melanoma
cell lines from this patient. TGF-f-1 was detected clearly and with a

reduction or loss of Fas/CD95 on the cell surface, as
reported on other melanoma cells [2] which protects
them from Fas ligand-induced cell death exerted by
cytotoxic T cells.

We postulate, based on our data, that each tumor in a
given patient is characterised by a specific microenvi-
ronment that promotes a status of immune tolerance,
and that the mechanisms underlying this status are
heterogeneous. This agrees with our previous report of
the coexistence of multiple mechanisms of tumor im-
mune evasion in a single patient [21]. It is believed that
different cellular variants with increased metastatic
ability are the result of genomic instability. The coexis-
tence of different phenotypes in one patient supports a
selection model, in which cells that possesses advanta-
geous characteristics are selected [27].
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