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Abstract. Melanoma cells often display constitutive expres-
sion of the major histocompatibility complex (MHC) class II 
molecules which is associated with a higher metastatic 
dissemination. The MHC class II molecules during T cell/ 
professional antigen-presenting cell (APC) interactions are 
localized, as signalling receptors, into membrane lipid rafts 
which are thought to be sites of signalling complex assembly. 
Therefore, with the aim of understanding the molecular 
mechanisms used by melanoma cells to frustrate an effective 
anti-tumour response we stimulated a MHC class II consti
tutive expressing melanoma cell line with a specific antibody 
that mimics the interaction of T-cell receptor (TCR) with class 
II molecules. In stimulated melanoma cells we showed 
through Western blotting and immunofluorescence experiments 
the recruitment of HLA-DR molecules in lipid raft compart
ments as well as the c-Jun NH2-terminal kinase activations as 
a consequence of the class II engagement. Furthermore, we 
showed that SDS-stable HLA-DR-peptide complexes are 
recruited in lipid rafts of stimulated melanoma cells. Therefore, 
in light of the results reported, our hypothesis is that the 
redistribution of class II molecules into lipid raft microdomains 
of stimulated melanoma cells as well as the associated activation 
of signalling pathways, could be useful for melanoma cells to 
frustrate an effective anti-tumour response.

Introduction

Melanoma arises from the malignant transformation of pigment 
producing cells or melanocytes. Indeed, melanoma is the 
cancer with the higher incidence in Western populations (1) 
and it is notoriously resistant to all current cancer therapy (2). 

This lethal form of skin cancer has a high propensity to 
metastasize progressing through a radial growth phase and a 
vertical growth phase when melanoma cells penetrate both 
the upper layer of the epidermis and the underlying dermal 
layer (3). Interestingly, recent studies on patients with metastatic 
melanoma have shown infrequently spontaneous T cell responses 
(4-6) and primary melanoma regressions as well as sporadic 
spontaneous remissions of metastatic disease and favourable 
clinical upshots related to autoimmune disorders such as 
vitiligo (7,8). The although uncommon immune responses to 
melanoma that these results clearly suggested have encouraged 
the development of immunotherapeutic approaches for 
melanoma (9-12). Unfortunately until now the immunotherapy 
used has limited success and only a modest number of patients 
showed objective responses. These results display the ability 
of melanoma cells to escape immune response and to alter the 
function and survival of immune cells. Therefore, new insights 
into the relationship between melanoma and the host immune 
response are required to overcome cancer immune evasion 
and subversion. Almost 20% of melanomas, in contrast to 
normal skin melanocytes, express the major histocompatibility 
complex class II (MHC class II) molecules and 50% of the 
metastatic lesions are class II positives, thus the constitutive 
MHC class II expression in melanoma is associated to disease 
progression and is linked to a poor prognosis (13-19). However, 
these tumour cells could act as antigen-presenting cells since 
the CD4+ T lymphocytes can recognize peptides complexed 
with the MHC class II molecules in melanoma (20-22). 
Nevertheless, melanoma cells can inhibit an effective immuno-
therapy through the selection of tumour variants undetectable 
by the immune system or actively suppressing the tumour-
reactive T-cell clones as was previously reported (23). The 
human leukocyte antigen (HLA)-DR is one of three highly 
polymorphic MHC class II genes which express two non-
covalently associated transmembrane glycoproteins, the α- and 
β-chains, that are primarily expressed on B lymphocytes, 
monocytes, dendritic cells and thymic epithelial cells (24). In 
addition, interferon-γ induces MHC class II expression in a wide 
variety of cell types, including endothelial cells, fibroblasts, 
epithelial cells and melanocytes (24,25). The most widely 
recognized function of MHC class II molecules is the presentation 
of antigens to T lymphocytes but these molecules are also 
important signalling receptors. Signals mediated by the engage-
ment of the MHC class II molecules have been shown to 
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influence antigen-presenting function, adhesion, apoptosis, 
growth, differentiation and cytokine production of the antigen-
presenting cells (APC) (26). In APCs both signalling and 
antigen presentation are greatly enhanced by the MHC class II 
molecule compartmentalization into specific microdomains 
of the plasma membrane called lipid rafts (27-29). The lipid 
rafts are dynamic membrane microdomains highly enriched 
in sphingolipids (sphingomyelin and glycosphingolipids) and 
cholesterol that are implicated in the selective protein-protein 
interactions as well as in the assembly of transient signalling 
platforms and more permanent structure such as the immuno-
logical synapse (30). Interestingly, in different tumour cell 
lines it has been reported that the signalling activated by the 
MHC class II molecules is associated to the lipid raft localization 
of these molecules (31,32), but less knowledge is available in 
this field for melanoma. Therefore, in the aim to understand 
the molecular mechanisms used by melanomas to frustrate an 
effective anti-tumour response, we studied in a MHC class II 
constitutive expressing melanoma cell line (A375), the membrane 
localization and the functionality of the class II molecules as 
well as the MHC class II signalling. In particular, we showed 
the recruitment of the HLA-DR molecules in the lipid raft 
compartments of melanoma cells stimulated with a specific 
anti-HLA-DR monoclonal antibody (L243) that mimics the 
TCR interaction with the class II molecules (33). Then, we 
demonstrated the peptide binding of MHC class II αβ 
heterodimers in A375 melanoma cells, as assessed by their 
SDS stability. We showed that the antigen presentation by the 
HLA-DR molecules compartmentalized into lipid raft. In this 
study we also reported an increasing c-Jun NH2-terminal 
kinase (JNK), but not p38 activation as a consequence of the 
HLA-DR engagement. 

Materials and methods

Cell lines, antibodies and reagents. The highly invasive A375 
melanoma cells (ATCC-CRL-1619) (34), were a kind gift of 
Professor C. Alcaide-Loridan. The cells were grown in 
RPMI-1640 supplemented with 10% FCS and 1% penicillin-
streptomycin (10,000 U/ml and 10,000 µg/ml, respectively) in 
5% CO2 at 37˚C. Monoclonal antibodies direct against the 
C-terminal intracellular tail of HLA-DR-α-chain (DA6.147) 
(35) and against a conformational epitope of HLA-DR 
molecules (L243, mouse IgG2a) (33), were kindly given by 
Professor C. Alcaide-Loridan and were affinity purified from 
ascitic f luid using a protein G column (GE Healthcare, 
Biosciences, Buckinghamshire, UK). Polyclonal antibody 
direct against caveolin-1 was obtained from BD Transduction 
Laboratories (Lexington, KY). Polyclonal antibody direct 
against Phospho-SAPK/JNK (Thr183/Tyr185) was purchased 
from Cell Signaling Technology (Beverly, MA, USA). Anti-h-
β-actin monoclonal antibody, FITC and TRITC conjugated 
anti-mouse IgG, the mouse IgG2a isotype control Ig, the 
cholera toxin B subunit FITC conjugated and the methyl-beta-
cyclodextrin (MβCD) were purchased from Sigma (St. Louis, 
MO). HRP-conjugated anti-rabbit and HRP-conjugated anti-
mouse antibodies were obtained from GE Healthcare, 
Biosciences. All other chemicals were of analytical grade and 
were purchased from Sigma Chemical Co., Merck/VWR, or 
J.T. Baker (Phillipsburg, NJ).

Preparation of total cell extracts, isolation of raft fractions. 
Semi-confluent cells were grown for 18 h in medium with 
serum or, when indicated, were rinsed twice and were grown in 
serum-free medium. Afterwards the cells were stimulated with 
2 µg/ml of mouse L243 antibody direct against a conformational 
epitope of the HLA-DR molecules or with 2 µg/ml of isotype-
matched control antibody at 37˚C from 15 min to 1 h. To alter 
the cholesterol content of the plasma membrane, the cells 
were treated with 10 mM of MβCD for 15 min at 37˚C before 
antibody stimulation. To obtain total cell extracts, the cells 
were lysed on ice for 30 min in lysis buffer (50 mM Tris-HCl 
pH 7.4, 150 mM NaCl, 1% Triton X-100, 1 mM EDTA) 
containing an anti-proteases cocktail (3 µg/ml aprotinin, 4 mM 
PMSF, 1 µg/ml leupeptin) and then cleared of cellular debris 
by centrifugation at 14,000 x g at 4˚C for 30 min. In signalling 
experiments the lysis buffer was supplemented with an anti-
phosphatase cocktail (1 mM Na3VO4 and 50 mM NaF). The 
proteins concentration of the supernatants was determined 
using the Bradford protein assay (Bio-Rad Laboratories 
GmbH, München, Germany). Otherwise, to isolate the raft 
fractions (36), the cells were lysed in MBS buffer (25 mM 
MES, 2 mM EDTA pH 8.0 and 150 mM NaCl) containing 1% 
Triton X-100 and anti-proteases cocktail for 30 min on ice. The 
lysates mixed with an equal volume of 85% sucrose (w/v) in 
MBS buffer, were placed at the bottom of a polycarbonate 
ultracentrifuge tube (Beckman Instruments, Palo Alto, CA), 
overlaid with 2 ml of 35% sucrose and 1 ml of 5% sucrose in 
MBS buffer containing 2 mM EDTA pH 8.0 and anti-proteases 
cocktail and were centrifuged at 100,000 x g for 20 h at 4˚C in 
a SW55Ti rotor (Beckman Instruments). In SDS-stability 
experiments, the total cell extracts as well as the raft fractions 
enriched by centrifugation at 14,000 x g for 30 min at 4˚C, 
were resuspended in Laemmli buffer containing 2.5% 
β-mercaptoethanol and heated at 95˚C for 7 min in order to 
dissociate the MHC class II heterodimers; otherwise were 
incubated at room temperature under non-reducing conditions 
in order to detect the MHC class II heterodimers. The isolated 
raft fractions of cells pre-treated with MβCD before antibody 
stimulation, were enriched by centrifugation at 14,000 x g for 
30 min at 4˚C.

Western blot analysis. Total cell extracts (40-60 µg) or 28 µl 
of fractions from 1 to 4 and 14 µl of fractions from 5 to 9 were 
resolved on sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and absorbed to nitrocellulose 
membrane (Hybond ECL, GE Healthcare, Biosciences). 
Blocking was performed for 2 h at room temperature in 
phosphate-buffered saline (PBS)-Tween buffer containing 
3% bovine serum albumin (BSA) and 0.02% NaN3. The 
membranes incubation with primary antibodies (5 µg/ml of 
the monoclonal anti-HLA-DR-α-chain, DA6.147 or 1:1,000 
of the anti-caveolin, anti-pJNK and anti-h-β-actin) was 
overnight at 4˚C in PBS-Tween buffer containing 1% BSA. 
Therefore, the membranes were incubated for 50 min at 
room temperature with HRP-conjugated anti-rabbit or 
HRP-conjugated anti-mouse secondary antibodies in 
PBS-Tween buffer containing 0.25% BSA. Immunoreactive 
bands were visualized using an enhanced chemiluminescence 
kit (SuperSignal West Pico Chemiluminescent Substrate, 
Pierce).
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Immunofluorescence microscopy. The cells grown on coverslips, 
were stimulated with either the anti-HLA-DR (L243) or the 
isotype-matched control antibodies (10 µg/ml) for 5 min at 
4˚C and fixed with 1% glutaraldehyde in PBS for 1 h at 4˚C. 
Therefore, the cells were incubated with 50 mM NH4Cl in 
PBS followed by blocking and per-meabilization with 0.2% 
Triton X-100 and 1% BSA in PBS for 30 min at room temper
ature. The cells were incubated with the primary antibody 
(L243 diluted 1:20) for 1 h at room temperature followed by 
FITC-labeled anti-mouse IgG secondary antibody incubation 
for 50 min at room temperature in PBS containing 0.2% 
Triton X-100 and 1% BSA. The cells were washed 3 times in 
PBS with 0.2% Triton X-100 after each incubation and then 
mounted with glycerol. Images were acquired with an 
Olympus BX 50 fluorescent microscope using a x40 and a 
x100 oil immersion objectives. Otherwise the cells were fixed 
for 30 min at 4˚C with 1% paraformaldehyde after stimulation 
at 4˚C with L243 antibody for 20 min (10 µg/ml), followed by 
TRITC-labeled anti-mouse IgG secondary antibody incubation 
for 30 min at 37˚C (1:600) and cholera-toxin B FITC-labeled 
(1:150) incubation for 30 min at 4˚C. The antibodies as well as 
the choleratoxin B FITC-labeled were diluted in PBS containing 
1% BSA; the cells were washed 3 times in PBS after each 
incubation and then mounted with glycerol. Images were 

acquired with a Zeiss Axioskop 2 Plus microscope using a 
x40 objective and recorded with a digital camera system. 

Results

The engagement of the HLA-DR molecules induces their 
recruitment into the lipid raft compartments of A375 melanoma 
cells. In order to understand the role played by the class II 
molecules in melanoma cells to frustrate an effective anti-
tumour response, we studied the localization of HLA-DR 
molecules in cholesterol and glycosphingolipid-enriched 
membrane microdomains, or rafts, which are membrane 
domains where signalling complexes assemble (30). Therefore, 
the MHC class II constitutively expressing A375 melanoma 
cells were stimulated with a specific anti-HLA-DR antibody 
(L243) that mimics the TCR interaction with the class II 
molecules, or with the mouse isotype control IgG2a antibody 
for 30 min at 37˚C and the lipid rafts were isolated through a 
discontinuous sucrose gradient (36). The results of these 
experiments showed the localization of the HLA-DR molecules 
on the low density fractions (Fig. 1A: F. 2, 3 and 4, upper panel) 
containing the lipid raft compartments after L243 stimulation 
of melanoma cells. The results obtained showed also that only 
a slight amount of the HLA-DR molecules was constitutively 

Figure 1. HLA-DR localization in the lipid raft of human A375 melanoma cells. Melanoma cells were stimulated for 30 min at 37˚C with a specific antibody 
that mimics the interaction of TCR with class II molecules (L243) (A-C) and the lipid raft compartments were isolated through discontinuous sucrose 
gradient (A and B). (A) The low density fractions (from F2 to F4) and the high density fractions (from F6 to F9) were resolved on 10% polyacrylamide gels 
and analyzed through Western blotting using an antibody directed against the α chain of the HLA-DR molecules (upper panel). As a positive control of the 
raft compartments the localization of the caveolin was also analyzed (lower panel). (B) The melanoma cells were treated for 15 min with methyl-β-
cyclodextrin (MβCD) before the L243 antibody stimulation. The isolated raft fractions were enriched by centrifugation, then resolved on 10% polyacrylamide 
gels and analyzed using an antibody direct against the HLA-DR α chain. The disruption of the raft integrity before the L243 antibody stimulation with the 
methyl-β-cyclodextrin (MβCD) treatment prevents the recruitment of the HLA-DR molecules in the lipid raft compartments of stimulated melanoma cells (+ 
MβCD, raft). (C) The co-localization of HLA-DR molecules and raft-specific ganglioside GM1 was visualized by IF experiments. In particular, the melanoma 
cells were stimulated with L243 antibody (10 µg/ml) for 20 min at 4˚C followed by the TRITC-labelled (L243 TRITC and overlay) anti-mouse antibody and the 
FITC-conjugated cholera toxin B (CTX FITC and overlay) incubations and then fixed with paraformaldehyde. Images were acquired with a Zeiss Axioskop 2 
Plus microscope using a x40 objective. The results are representative of three independent experiments.
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localized on the low density fractions (Fig. 2A: IgG2a, F. 2, 3 
and 4, upper panel), while a significant recruitment of the 
HLA-DR molecules in these fractions (Fig. 2A: L243, F. 2, 3 
and 4, upper panel) was observed after L243 stimulation of 
melanoma cells. As a positive control of the raft compart-
ments, the localization of the caveolin on the isolated fractions 
was also analysed (37) (Figs. 1A and 2A lower panels). More-
over, the analysis of all the collected fractions showed also the 
HLA-DR molecule localization in the high density fractions 
(F. 6, 7, 8, 9) containing soluble proteins (Fig. 1A upper 
panel). 

To verify the localization of the HLA-DR molecules on 
the fractions containing the lipid rafts, the melanoma cells 
were pre-treated for 15 min at 37˚C with methyl-β-cyclodextrin 
(MβCD) that disrupts the raft integrity by cholesterol depletion 
before the L243 antibody stimulation. The marked diminution 
of HLA-DR molecules on the low density fractions (Fig. 1B: 
raft, + MβCD) obtained under these conditions showed that 
the cholesterol depletion prevents the recruitment of HLA-DR 
molecules in the rafts of stimulated melanoma cells (Fig. 1B: + 
MβCD versus - MβCD). Moreover, in order to acquire 
evidence of the MHC class II association with cholesterol and 
sphingolipid-rich membranes we analyzed on L243 stimulated 
A375 melanoma cells the co-patching of MHC class II 
molecules with the ganglioside GM1 that can be visualized 
through FITC-conjugated cholera toxin B staining and immuno
fluorescence experiments. As shown in Fig. 1C, the clusters of 
HLA-DR molecules (Fig. 1C: L243 TRITC) are co-localized 
with patched GM1 (Fig. 1C: CTX FITC and overlay). Therefore, 
using this qualitative method, we demonstrated the co- 
localization of the HLA-DR molecules with the lipid raft 
marker GM1 (Fig. 1C: overlay). Furthermore, the immuno
fluorescence experiments were used to analyse the HLA-DR 
localization in A375 melanoma cells and thus validate the 
results obtained (Fig. 2B). These experiments showed that the 
L243 stimulation of melanoma cells led to a significant 
recruitment of HLA-DR molecules in patches of plasma 
membrane that are larger than in unstimulated cells (Fig. 2B: 
L243 versus IgG2a). Therefore, these results indicated that the 
HLA-DR recruitment into the lipid raft compartments of 
melanoma cells is dependent on its engagement. The conse
quence of the MHC class II recruitment in lipid rafts could be 
the activation of some signalling pathways.

The HLA-DR-peptide complexes are also localized into the 
lipid raft fractions of A375 melanoma cells. In light of the 
knowledge that the processed antigen stabilizes the MHC 
class II αβ heterodimers in an SDS solution at room temperature 
and during SDS-PAGE (38), we studied the function of 
HLA-DR molecules in total cell extracts of unstimulated 
(Fig. 3A: NS) and L243 stimulated cells (Fig. 3A: L243, for 
15 min, 30 min, 1 h) as well as in the raft fractions of L243 
stimulated melanoma cells (Fig. 3B) using SDS stability assay. 
In non-denatured samples of unstimulated or L243 stimulated 
total cell extracts (Fig. 3A: ND) as well as of raft fractions 
(Fig. 3B: ND) of stimulated melanoma cells, the processed 
antigen stabilizes the HLA-DR αβ heterodimers (αβ). Under 
these conditions the HLA-DR heterodimers that do not contain 
strongly bound peptide or that are not associated with peptide 
(Fig.  3) were dissociated (HLA-DR-α). The SDS-stable 

HLA-DR heterodimers were dissociated by boiling into free α 
(Fig. 3A and B: D) and β chains (data not shown). The results 
of these experiments showed that the HLA-DR molecules 
assembled in the αβ-peptide complexes are also localized in 
the raft fractions of stimulated melanoma cells, where they can 
interact with the T cell receptor of CD4+ T cells.

Signalling of the HLA-DR molecules in stimulated melanoma 
cells. The physical association of the engaged MHC class II 
molecules with cell surface receptors of immune cells has 
been reported to facilitate the activation of different intracellular 
signalling cascades providing another level of signal modulation 
(39,40). We analysed in melanoma cells, the consequences of 
HLA-DR molecule engagement on the activation of the 
MAPK family members. The total cell extracts of unstimulated 
(NS) and L243 stimulated (15 min, 30 min and 1 h) A375 
melanoma cells grown with or without serum were analysed 
through Western blot experiments. The results obtained showed 
an enhanced JNK, but not p38 (data not shown) phos-
phorylation as a consequence of the HLA-DR engagement 
(Fig. 4B: L243, 15 min, 30 min, 1 h, upper panel). Interestingly, 

Figure 2. HLA-DR recruitment in lipid raft compartments of L243 
stimulated melanoma cells. (A) The A375 melanoma cells were stimulated for 
30 min at 37˚C with the L243 antibody or with a mouse isotype control IgG2a 
antibody (IgG2a) and the raft fractions were isolated. This experiment showed 
that the HLA-DR molecules were recruited in the fractions containing the 
lipid rafts (from F2 to F4, upper panel) of stimulated melanoma cells (L243), 
while only a slight amount of the HLA-DR molecules was constitutively 
(IgG2a) localized in these fractions (from F2 to F4, upper panel). As a positive 
control of the raft compartments, the localization of the caveolin on the lipid 
raft fractions was also analyzed (lower panel). (B) A375 melanoma cells were 
stimulated with 10 µg/ml of mouse isotype control IgG2a antibody or with 
L243 antibody for 5 min at 37˚C and fixed with glutaraldehyde. The localization 
of the HLA-DR molecules was analysed by IF experiments using the L243 
antibody and the FITC-labelled (IgG2a and L243) anti-mouse antibody. 
Images were acquired with an Olympus BX 50 fluorescent microscope using 
x100 oil immersion objective. The stimulation of the melanoma cells led to a 
significant recruitment of the HLA-DR molecules in larger patches of plasma 
membranes (L243 versus IgG2a). The results are representative of three inde
pendent experiments.
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in A375 melanoma cells grown without serum, the activation 
of JNK phosphorylation was evident only after 1 h of L243 
stimulation (Fig. 4B: W/O serum), although there is no 
difference in the amount of MHC class II recruited in the raft 
fractions of L243 stimulated melanoma cells grown with or 
without serum (Fig. 4A: F. 2, 3 and 4 with serum versus w/o 
serum, upper panel). To ensure that equal amounts of total cell 
extracts and low density fractions were used in each sample, 
Western blot experiments were performed using respectively 
an antibody specific for the β-actin (Fig. 4B lower panel) and 
for the caveolin (Fig. 4A lower panel). In conclusion, these 
results indicate that the HLA-DR engagement in melanoma 
cells is associated with JNK activation suggesting a non-
secondary role for MHC class II molecules in the activation 
of signalling pathways.

Discussion

The cell membranes display a remarkable complexity of lipids 
and protein components that are able to segregate laterally 
underling the raft model of membrane compartmentalization. 

The lipid rafts are enriched in freely diffusing assemblies of 
sphingolipids, cholesterol and proteins that can be stabilized 
to coalesce in transient signalling platforms (30). Indeed the 
interaction between the MHC-II-peptide complexes expressed 
on APCs and the antigen-specific TCRs is required for T 
cell activation (41). Therefore, in light of the knowledge that 
CD4+ T cells are sensitive to small amounts of MHC-II-
antigen complexes, it has been proposed that the lipid raft 
clustering of class II molecules is crucial to locally increase 
the concentration of these molecules in APC and facilitate 
the TCR-MHC-II-peptide complexes interaction (42). Stable 
antigen-dependent T cells interactions with tumour cells have 
been shown by in vitro (43) and intravital studies (44), but in 
melanoma, notwithstanding the CD4+ T cells can recognize 
MHC-II-antigens complexes, tumour-reactive T cells are 
associated with in vivo tumour regression in only a modest 
number of patients (22). Instead the constitutive MHC class 
II expression in melanoma is associated with disease 
progression (13-19). Therefore, to shed more light on the 
mechanisms of melanoma immune escape, we stimulated a 
MHC class II constitutive expressing melanoma cell line with 
a specific antibody that mimics the interaction of TCR with 
class II molecules. In these experiments we showed the 
recruitment of HLA-DR molecules in the lipid raft compartments 
of stimulated melanoma cells through discontinuous sucrose 

Figure 3. SDS-stability assay of HLA-DR molecules in total cell extracts 
and in the raft fractions of stimulated melanoma cells. (A) Sixty µg of 
unstimulated (NS) and L243 stimulated (15', 30' and 1 h) melanoma cell 
extracts as well as the fractions containing the raft compartments enriched 
by centrifugation (B) of L243 stimulated melanoma cells were heated under 
reducing conditions (D) or incubated at room temperature under non-
reducing conditions (ND) and were resolved on 10% polyacrylamide gels. 
(A and B) In non-denatured (ND) samples the antibody directed against the 
α chain of the HLA-DR molecules detects SDS-stable αβ-peptide complexes 
(αβ). SDS-stable HLA-DR heterodimers were dissociated by boiling (D) 
into free α chain (HLA-DRα). The results are representative of three 
independent experiments. 

Figure 4. HLA-DR signalling in melanoma cells. Melanoma cells grown 
with or without (W/O) serum were stimulated with the L243 antibody (A) 
and the lipid raft compartments were isolated. The low density fractions 
from F2 to F4 were resolved on 10% polyacrylamide gel and analyzed 
through Western blotting using an antibody directed against the α chain of 
the HLA-DR molecules (upper panel). Equal amount of proteins in the low 
density fractions was confirmed by the analysis of the caveolin (lower panel). 
(B) Unstimulated (NS) and stimulated (L243, 15', 30' and 1 h) extracts 
(60 µg) of melanoma cells grown with or without (W/O) serum were resolved 
on 10% polyacrylamide gel and analysed using an antibody directed against 
the phosphorylated form of JNK (upper panel). The equal protein loading 
was confirmed by the analysis of the β-actin expression (lower panel). The 
increasing phosphorylation of JNK is a consequence of HLA-DR molecule 
engagement. The results are representative of three independent experiments. 
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gradient as well as more qualitative immunofluorescence experi-
ments (Figs. 1 and 2). Moreover, since the antigen-processing 
pathway must to be functional for TCR-MHC class II molecule  
interaction, we studied the antigen presentation of class II 
molecules in this melanoma cell line. We showed that a high 
amount of SDS-stable HLA-DR-peptide complexes is recruited 
in lipid rafts of stimulated melanoma cells (Fig. 3). Therefore, 
in light of the results reported, we speculate that the lipid rafts 
recruitment of MHC class II molecules and the antigen 
presentation by these molecules compartmentalized could 
increase both the interaction between melanoma and T cells 
and their stability. In addition, notwithstanding that the 
presentation of antigens by melanoma cells is not directly 
correlated to clinical regression (22), the melanoma cells could 
act as APC for CD4+ T cells that recognize class II antigens. 
The interaction of MHC-II-peptide complex with cell surface 
receptor of T cells has been shown to modulate the activation 
of signalling pathways in T cells and APC, which is greatly 
enhanced by the class II compartmentalization in lipid rafts 
(27-29). Therefore, our hypothesis was that the lipid raft 
clustering of class II molecules could activate in melanoma 
cells some signalling pathways to escape the control of 
immune cells. Through immunofluorescence experiments we 
showed that the class II engagement on melanoma cells led to 
HLA-DR molecule recruitment in patches of plasma 
membrane that, in L243 stimulated cells are larger than in 
unstimulated cells. These results suggested that the 
consequence of the MHC class II recruitment in lipid rafts 
could be the coalescence of membrane domains and the 
formation of signalling platforms for the activation of 
signalling pathways. We analysed the signalling mediated by 
class II molecules and we showed the activation of JNK 
member of MAPK family following the MHC class II 
engagement (Fig. 4). JNK is crucial in the regulation of cell 
proliferation, cell survival, cell death, DNA repair and 
metabolism and the activation of JNK has been shown to 
either promote or eradicate tumours depending on the cellular 
context (45,46). The critical role of this kinase in melanoma 
growth and progression as well as its role in melanoma 
immune escape through the repression of melanocyte-
differentiation gene expression in cells treated with some 
inflammatory cytokines has been previously reported (47,48). 
Taken together, our studies suggest a model in which the 
stimulation of melanoma cells via MHC class II molecules 
and the consequent redistribution of class II molecules into 
areas of lipid raft microdomains, provide foci of signalling 
that could be useful for melanoma cells to frustrate an effective 
anti-tumour response as well the activation of JNK thus 
modulating multiple cell invasion-associated gene expression 
(49,50). The molecular mechanisms by which class II 
molecules clustered in membrane lipid rafts of melanoma 
cells can cross-link T cell receptors and possibly inhibit the 
interacting T cells require further study.
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