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Abstract CD4? T cells contribute importantly to the

antitumor T cell response, and thus, long peptides com-

prising CD4 and CD8 epitopes may be efficient cancer

vaccines. We have previously identified an overexpressed

antigen in melanoma, MELOE-1, presenting a CD8? T cell

epitope, MELOE-136–44, in the HLA-A*0201 context. A T

cell repertoire against this epitope is present in HLA-

A*0201? healthy subjects and melanoma patients and the

adjuvant injection of TIL containing MELOE-1 specific

CD8? T cells to melanoma patients was shown to be

beneficial. In this study, we looked for CD4? T cell epi-

topes in the vicinity of the HLA-A*0201 epitope. Stimu-

lation of PBMC from healthy subjects with MELOE-126–46

revealed CD4 responses in multiple HLA contexts and by

cloning responsive CD4? T cells, we identified one HLA-

DRb1*1101-restricted and one HLA-DQb1*0603-restric-

ted epitope. We showed that the two epitopes could be

efficiently presented to CD4? T cells by MELOE-1-loaded

dendritic cells but not by MELOE-1? melanoma cell-lines.

Finally, we showed that the long peptide MELOE-122–46,

containing the two optimal class II epitopes and the HLA-

A*0201 epitope, was efficiently processed by DC to

stimulate CD4? and CD8? T cell responses in vitro,

making it a potential candidate for melanoma vaccination.

Keywords T cell epitope � CD4? T cells � Melanoma �
Vaccination

Introduction

Since the identification of multiple melanoma antigens and

T cell epitopes, many attempts at therapeutic vaccination

against melanoma have been made in recent years using

short peptides corresponding to HLA class I-restricted

epitopes, delivered either alone, with immunostimulants or

in viruses. However, as reviewed by Rosenberg et al. [1],

the results of these clinical trials have been disappointing

so far with an objective response rate around 3–4%.

A combination of factors was proposed by Melief and van

der Burg to account for the poor efficacy of vaccinations

with short peptides. According to the authors, the most

important drawbacks of short peptide vaccination would be

the inability of a short peptide to evoke a CD4? T cell

response and the possibility for the peptide to load onto non

professional APC and thus induce tolerance of specific

CD8? T cells [2]. In support of this hypothesis, Melief’s

group and others have shown in mice models that, unlike

short peptide vaccination, vaccination with long peptides

comprising class II epitopes in addition to class I epitopes

could efficiently induce CD4? T cell responses that are

necessary to support strong CD8? T cell responses [3, 4].

Vaccination-induced CD4? T cells may even be able to

counteract the action of CD4? Tregs present in the tumor

environment [5]. Recently, Melief’s team demonstrated the
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clinical efficacy of vaccination with long peptides from

HPV-16 in vulvar intraepithelial neoplasia [6].

Considering the above, we are eager to design and test

similar long peptides for therapeutic vaccination of meta-

static melanoma. We have recently characterized two new

antigens, MELOE-1 [7] and MELOE-2 [8], encoded by

distinct ORFs from the same unspliced mRNA, coined

meloe for ‘‘melanoma overexpressed’’. We have shown

that the presence of CD8? T cells specific for a HLA-

A*0201-restricted epitope derived from MELOE-1 among

TIL re-injected to melanoma patients in an adjuvant setting

was strongly correlated with prolonged relapse-free

survival [7] and we have documented the existence of a

frequent CD8? T cell repertoire against MELOE-1 in

HLA-A*0201 healthy individuals and melanoma patients

strongly suggesting the immunogenicity of this antigen [9].

In the present work, we aimed at defining a long peptide

comprising the previously identified HLA-A*0201-

restricted MELOE-136–44 epitope that would elicit signifi-

cant CD4? T cell responses in healthy HLA-A*0201

individuals in whom a CD8? T cell response against

MELOE-1 was present. In addition, we characterized some

of the HLA class II-restricted epitopes to design a peptide

of optimal length that could be processed by dendritic cells

and thus used for vaccination.

Materials and methods

Cells

Blood samples from healthy subjects were obtained from

Etablissement Français du Sang, Nantes, France. All cell-

lines were maintained in RPMI 1640 containing 10% fetal

calf serum (FCS) or 8% pooled human serum (HS).

Lymphocytes were grown in RPMI 1640 8% HS with 50 or

150 IU/ml of interleukin-2 (IL-2, Chiron, France). For

some experiments including dendritic cells, serum-free

AIM-V medium (Gibco) was used to avoid peptide deg-

radation by serum proteases. Melanoma cell-lines were

established in our laboratory from fragments of metastatic

tumors. Mouse fibrosarcoma WEHI 164 clone 13 was

obtained from Pr Boon (Ludwig Institute for Cancer

Research, Brussels, Belgium). The different EBV-B cell-

lines were obtained in our laboratory.

Reagents

All antibodies were purchased from BD Biosciences-

France. Purified cytokines were purchased from Abcys,

France. The different peptides (Eurogentec, Belgium,

purity [80%) used in this study were: MELOE-122–46

(AACPPWHPSERISSTLNDECWPASL), MELOE-126-46

(PWHPSERISSTLNDECWPASL), MELOE-126–40 (PWH

PSERISSTLNDE), MELOE-132–46 (RISSTLNDECWPA

SL), MELOE-136–44 (TLNDECWPA) and the modified

Melan-A16–40 A27L (GHGHSYTTAEELAGIGILTV

ILGVL).The MELOE-1 whole protein (purity [90%) was

produced by Millegen (Labege, France). HLA-A*0201/

MELOE-136-44 monomers were generated by the local

recombinant protein facility. Chemicals were purchased

from Sigma–Aldrich Co.

Dendritic cells generation and loading

Monocytes were purified from PBMC of HLA-A*0201,

HLA-DRb1*1101 and/or HLA-DQb1*0603 healthy donors

by counter-flow centrifugal elutriation (Clinical Transfer

Facility, Dr Gregoire, Nantes). Immature dendritic cells

were generated by culturing monocytes in AIM-V supple-

mented with 1000 IU/mL of GM-CSF and 200 IU/mL of

IL-4 for 5 days. Then, DC were pulsed with the whole

MELOE-1 protein or the modified Melan-A16–40 A27L as

negative control at 10 lM and matured with 20 ng/mL of

TNF-a and 50 lg/mL of PolyI:C for 4 h at 37�C. Finally

they were fixed for 1 min with PBS/0.02% glutaraldehyde.

Alternatively, DC were first matured, fixed and then pulsed

with antigen. For PBL priming against MELOE-122–46, DC

were loaded for 4 h with 10 lL MELOE-122–46, washed and

matured with TNF-a and PolyI:C for 12 h. DC loading with

lysate from the meloe-1 positive M117 melanoma cell-line

or with the meloe-1 negative colon carcinoma cell line

SW480 was performed as follows: M117 or SW480 cells

were lysed by five cycles of rapid freeze/thawing, cell debris

were spun down at 13,000 rpm for 10 min and supernatants

were mixed with immature DC at a ratio of two tumor cell

equivalents to 1 DC for 8 h, before adding maturation agents

for 36 h.

Stimulation of MELOE-1 specific T cells

PBMC from healthy donors (2 9 105 cells/well) were

cultured for 14 days with 10 lM of peptide alone (MELOE-

126–46 or MELOE-132–46) in RPMI/8% HS/50 IU/ml of

IL-2. Cultures were then restimulated with the specific

peptide in the presence of 10 lg/mL brefeldin A for 5 h

and the percentage of CD4? specific T cells was assessed

by IFN-c intracellular staining. Alternatively, PBL were

stimulated by autologous MELOE-122–46-loaded DC at a

10:1 ratio. Two culture conditions were evaluated: a 14-day

culture with peptide-loaded DC in RPMI 8% HS and

50 IU/mL of IL-2 or a 7-day culture with peptide-loaded

DC in RPMI 8% HS with 5 ng/mL of IL-6 and 5 ng/mL of

IL-12, followed by a second stimulation with loaded DC

for another 7 day culture with 10 IU/mL of IL-2. The

presence of CD8? and CD4? specific T cells was assessed
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by restimulating cultures with, respectively, 10 lM of

MELOE-136–44 or MELOE-124–37 for 5 h before IFN-c
intracellular staining. A negative control without peptide

was included in all experiments.

T cell cloning and TCR characterization

Polyclonal cultures containing specific CD4? T cells were

cloned by limiting dilution as previously described [10].

After 2 weeks, each clone was checked for peptide speci-

ficity by IFN-c intracellular staining. For TCR sequencing,

RNA from 5 9 106 T cell clones was extracted with

RNable reagent (Eurobio, France) according to the sup-

plier’s instructions. Reverse transcriptions, PCR amplifi-

cations and sequencing were performed as described [11].

We used the TCR nomenclature established by Arden et al.

[12].

TNF production assay

CD4? T cell clones were cultured for 6 h at 37�C with

EBV-B cells loaded or not for 1 h with antigenic peptide.

Culture supernatants were harvested and TNF was mea-

sured in a biological assay using cytotoxicity against

WEHI 164 clone 13 [13].

Cytokine intracellular staining

Lymphocytes were stimulated for 5 h in the presence of

brefeldin A (10 lg/mL) either with peptide alone (10 lM) in

an autopresentation assay or with peptide-loaded melanoma

cells pre-treated or not with IFN-c (500 IU/mL for 48 h), or

with peptide-loaded EBV-B cell-lines or with peptide- or

lysate-loaded DC. In some experiments, blocking mAb

against HLA-DP (clone B7.21 from Dr Charron, UMR940,

Paris), HLA-DQ (clone SK10, BD Biosciences) or HLA-DR

(clone L243, BD Biosciences) were added. Cells were then

stained with APC-conjugated anti-CD8 or anti-CD4

mAb, fixed with 4% paraformaldehyde, labelled with

PE-conjugated anti-IFNc or anti-TNF-a mAb and analyzed

by flow cytometry. To determine their cytokine profile,

clones were stimulated for 5 h with either OKT-3 coated at

1 lg/mL or with 0.1 lg/mL phorbol-myristate-acetate

(PMA) and 1 lg/mL calcium ionophore (CaI).

Cytotoxicity assay

Cytotoxicity was assessed in a standard chromium release

assay. Target cells (melanoma or EBV-B cell-lines) were

pulsed for 1 h with Na2
51CrO4 (NEN Life Science, France)

and then washed. EBV-B cell-lines were incubated or not

with 10 lM MELOE-1 peptides for 1 h and 103 target cells/

well were mixed with effector cells at different effector/

target ratios for 4 h at 37�C. The percentage of lysis was

calculated as follows: (sample release-spontaneous

release)/(maximum release-spontaneous release) 9 100.

Results

Peptide stimulation, expansion and cloning

of MELOE-1 specific CD4? T cells

Our purpose was to look for the existence of a CD4? T cell

repertoire against a MELOE-1 long peptide that would

include the previously identified HLA-A*0201-restricted

MELOE-136–44 epitope. We arbitrarily chose a 21 aa long

peptide, MELOE-126–46 to test for CD4 responses in seven

healthy HLA-A*0201 donors in whom a CD8 response

against the nonapeptide MELOE-136–44 had been detected

after in vitro peptide stimulation by specific tetramer

labelling (an example is shown in Online Resource 1a). We

stimulated their PBMC (2 9 105cells/well) with the pep-

tide MELOE-126–46 at 10 lM for 14 days. Wells were

screened for CD4 reactivity by restimulating cells with

MELOE-126–46 in an autopresentation assay and by ana-

lyzing the percentage of IFN-c-secreting CD4? T cells

(Online Resource 1b). As shown in Table 1, all seven

Table 1 Assessment of MELOE-126–46 CD4? T cell responses in PBMC from healthy donors

Donor DPb1 DRb1 DQb1 Wells containing MELOE-126–46 specific

CD4? T cells (% positive wells)

DS1 0201/0402 0401/1201 0301/0302 1/96 (1)

DS2 0401/0401 0102/0801 04/05 2/60 (3.3)

DS6 0401/1101 0301/1601 0201/0502 5/96 (5.2)

DC1 0201/0401 0404/1101 0301/0302 8/96 (8.3)

DA3 0301/0401 1101/1301 0301/0603 9/60 (15)

DS8 0401/1101 0701/1401 0202/0503 29/48 (60)

DS7 0201/0401 0401/1101 0301/0301 43/48 (89.6)

PBMC from healthy donors were stimulated with MELOE-126–46 at 10 lM. After 14 days, presence of MELOE-26–46 specific CD4? T cells was

assessed by restimulating cells with MELOE-126–46, followed by CD4/TNF-a double staining and flow cytometry analysis
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donors presented CD4 responses against the 21 mer peptide

despite marked differences in the frequencies of positive

responses among donors. Considering that no HLA class II

isotype was shared by all donors, we reasoned that either

the 21 mer peptide contained a single epitope that could be

presented in multiple HLA contexts or that distinct epi-

topes were present in this long peptide.

To explore these hypotheses, we reproduced the same

stimulation experiments with a shorter peptide MELOE-

132–46 on donor DC1 and DA3. Donor DA3 (Fig. 1a) dis-

played CD4 responses against this shorter peptide but not

donor DC1 (not shown). This suggested that at least two

distinct epitopes were present in MELOE-126–46 and we

decided to identify them to confirm this hypothesis. We

started with the characterization of the response toward the

short peptide MELOE-132–46 in donor DA3. Out of the 96

wells initially seeded, 6 showed a percentage of IFN-c-

secreting CD4? T cells above 2.5%. The well with the

highest percentage of reactive CD4? T cells (8.9%)

(Fig. 1a, left panel) was cloned. After expansion, clones

were screened in an autopresentation assay with MELOE-

132–46 peptide (Fig. 1a, right panel). Nine positive clones
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Fig. 1 Expansion and TCR characterization of MELOE-132–46 and

MELOE-126–40 specific CD4? clones. a PBMC from healthy donor

DA3 were cultured for 14 days with 10 lM MELOE-132–46 and the

presence of specific CD4? T cells was assessed by CD4/IFN-c double

staining after restimulation with peptide (left panel). Specific T cells

were cloned by limiting dilution and specificity of the clones was also

assessed by CD4/IFN-c double staining (right panel clone 1A3).

b TCR sequences of the MELOE-132–46 specific CD4? T clones.

c PBMC from donor DC1 were stimulated as in a with MELOE-

126–46 (left panel) and cloned. Specificity of the clones was assessed

after restimulation with MELOE-126–40 (right panel clone 1C9).

d TCR sequences of MELOE-126–40 specific CD4? T clones
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were expanded and their TCR sequences were character-

ized. We identified three distinct clonotypes (Fig. 1b) with

the predominance (7/9) of the AV20.1/BV13.3 T cell

clone. One such clone, 1A3, that showed both a consistent

response to the peptide and a robust proliferation was used

for further experiments.

Since donor DC1 showed CD4 reponses to MELOE-

126–46 but not to the shorter MELOE-132–46 peptide, it

suggested that donor DC1 reacted against an epitope dis-

tinct from that recognized by donor DA3 and it was thus

worth deriving CD4? T cell clones from this donor to

characterize the new epitope. The highest positive well

(4.5% of reactive CD4? T cells, Fig. 1c, left panel) was

cloned. Five positive clones were identified by IFN-c
staining and their TCR chains characterized (Fig. 1d). It

turned out that all five clones used the same AV/BV

combination, namely AV12.1/BV9.1 among which three

distinct clonotypes were identified. All clones showed

strong reactivity against the 15 aa-peptide MELOE-126–40

thus confirming that the recognized epitope was distinct

from that of donor DA3 (Fig. 1c, right panel). Clone 1C9

was used for further experiments.

DC processing of the whole MELOE-1 protein

generates the recognized epitopes

We needed to confirm that the peptides recognized by our

clones were naturally generated after processing of the

whole MELOE-1 protein by DC and that we did not arti-

ficially expand irrelevant clones with our in vitro peptide

stimulation. To this end, we loaded immature DC with the

whole purified MELOE-1 protein or Melan-A16–40 as

negative control, matured them and fixed them before

presenting them to the clones. To ensure that in our culture

conditions the antigen MELOE-1 could not be degraded

into peptides that could then load externally onto MHC

class II molecules, we also perform the following control

experiment: we matured DC, fixed them and then added the

MELOE-1 whole protein to evaluate external loading, as

previously described by Faure et al. [14]. When DC were

fixed prior to incubation with MELOE-1, no response of

clone 1A3 was observed indicating that MELOE-1 was not

externally degraded into peptides (Fig. 2a). In contrast,

both clones 1A3 and 1C9 produced TNF-a and IFN-c in

response to DC that had internalized and processed the

whole MELOE-1 protein (but not Melan-A16–40) before

fixation thus demonstrating that their specific epitopes were

naturally presented by DC (Fig. 2b).

HLA restriction and epitope characterization

To determine HLA class II restriction of the clones, we first

measured TNF-a production following autopresentation of

the relevant peptides in the presence of ranging concen-

trations of anti HLA-DP, DR or DQ mAbs. Reactivity of

clone 1A3 was inhibited by the anti-HLA-DQ mAb while

clone 1C9 was partially inhibited only by the anti-HLA-DR

mAb (Fig. 3a). To identify the restricting allele in each

case, we used different EBV-transformed cell-lines

(BLCL) as presenting cells. Clone 1A3 (from a HLA-

DQb1*0301/0603 donor) recognized the MELOE-132–46

peptide presented by the BLCL BL30/95 (DQb1*0201/

0603) but not the BLCL LAZ (DQb1*0301/0501) thus its

response was restricted by DQb1*0603 (Fig. 3b). Like-

wise, clone 1C9 (from a HLA-DRb1*0404/1101 donor)

recognized the MELOE-126–40 peptide presented by BLCL

C3 (DRb1*1101/1601) but not BLCL BOI (DRb1*0404/

1501) and was thus restricted by DRb1*1101 (Fig. 3b).

Since MELOE-126–40 and MELOE-132–46 peptides were

arbitrarily chosen, we tested a series of overlapping pep-

tides on the two clones to define the optimal epitopes.

Concerning the optimal epitope(s) recognized by clone

1C9 in the DRb1*1101 context, we started by testing

peptides shortened from the COOH end. Peptide MELOE-

126–38 evoked the highest TNF response (Fig. 3c, left). We

then tested peptides elongated on the NH2 terminus and

observed a significant increase in reactivity up until residue

24 (Fig. 3c, right). Finally, peptides that consistently gave

the highest responses were MELOE-124–36 and MELOE-

124–37.

Likewise, we tested overlapping peptides for recognition

by clone 1A3. The optimal peptide identified was either

MELOE-132–45 or MELOE-132–44 since both gave identical

responses in terms of TNF production (Fig. 3d). It should

be noted that reactivity of clone 1A3 required much higher

concentrations of peptide than that required for reactivity

of clone 1C9. This probably resulted in part from a much

lower expression of HLA-DQ molecules as compared to

HLA-DR at the cell surface of the presenting EBV-B cells

(data not shown) but could also reflect differences in TCR

affinities between the two clones.

Phenotypic and functional characterization of the CD4?

T cell clones

Clones 1C9 and 1A3 were stimulated for 5 h with immo-

bilized anti-CD3 mAb (or PMA/ionomycin for IL-17 pro-

duction) to identify their T helper profile (Th1, Th2, Th17

or Treg). Both clones expressed Th1 cytokines (TNF-a,

IFN-c, IL-2 and GM-CSF) and some Th2 cytokines (Il-4

and IL-13 but no IL-5) but produced neither IL-10, TGF-b
nor IL-17 (Online Resource 2). Expression of chemokine

receptors confirmed the Th1 phenotype of both clones with

the expression of CCR5 and CXCR3 but not CCR3 (Online

Resource 3). Concerning CCR6, it was expressed by clone

1A3 but not clone 1C9 and although it is generally
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considered as a Th17 marker, it has also been reported on

regular Th1 [15]. Otherwise, both clones expressed a

phenotypic profile associated with antigen-experienced T

cells (CCR7-, CD11ahigh, CD45RAlow, CD27-) (Online

Resource 3).

We then tested the cytotoxic potential of both clones

on HLA-matched peptide-loaded EBV-B cell-lines. Clone

1C9 was cytotoxic whereas clone 1A3 was not (Fig. 4a).

We also tested the reactivity of both clones against HLA-

matched melanoma cell-lines treated or not with 500 IU/

mL of IFN-c for 48 h to enhance HLA expression. All

melanoma cell-lines expressed the meloe mRNA. The

melanoma cell-line M204 expressed a high basal level of

HLA-DR that was further increased by IFN-c treatment

whereas untreated M301 expressed a very low level of

HLA-DQ that was significantly increased by IFN-c
treatment (Fig. 4b). Neither clones showed any cytokine

response when challenged with the relevant melanoma

target, even after IFN-c enhancement of HLA expression.

In contrast, clones responded well after peptide loading of

the same melanoma cell-lines (Fig. 4c). This absence of

reactivity was confirmed on three different HLA-

DQb1*0603-expressing melanoma cell-lines for clone

1A3 and on five different DRb1*1101-expressing mela-

noma cell-lines for clone 1C9. Furthermore, clone 1C9

showed no cytotoxicity against the relevant melanoma

cell-lines (not shown). Thus, we could not evidence any

direct recognition of melanoma cell-lines by our two

CD4? MELOE-1 specific T cell clones. Finally, we tested

the ability of DC to present the HLA-DQb1*0603-

restricted MELOE-1 epitope following exposure to

MELOE-1? melanoma or MELOE-1 negative SW480

cell lysates. To this end, we loaded immature DC with

M117 or SW480 cell lysates for 8 h, matured them for

36 h, co-cultured them with clone 1A3 for 5 h and tested

IFN-c production by the clone. We used DC loaded with

MELOE-132–46 as positive control. As shown in Fig. 4d, a

small but significant percentage of clone 1A3 (1.1%)

responded to DC loaded with M117 lysate but not with

SW480 lysate, demonstrating that DC could indeed pro-

cess and present the MELOE-1 whole protein from mel-

anoma cell lysates.

Control condition :
MELOE-1 loaded 

on fixed DCs

100 101 102 103 104

3%

100 101 102 103 104

4.9%

Clone 1A3a

TNF-α IFN-γ

Melan-A16-40 A27L
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b

Unloaded DCs
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0.5%0.7%
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100 101 102 103 104
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Clone 1A3

N.D.N.D.

Fig. 2 Recognition of DC loaded with MELOE-1 whole protein by

the CD4? T cell clones. a Negative control. DC were matured with

TNF-a and PolyI:C for 4 h, fixed and then incubated in serum-free

medium with MELOE-1 for 4 h, to verify the absence of exogenous

loading on class II HLA molecules. b DC were loaded with MELOE-1

whole protein or with the control peptide Melan-A16–40 A27L, for 4 h

in serum-free medium with TNF-a and PolyI:C prior to fixation. Co-

cultures with clones 1C9 or 1A3 were performed at a 1:1 clone:DC

ratio and responses of each clone was assessed by TNF-a and IFN-c
intracellular staining and flow cytometry analysis. A representative

experiment is shown out of six performed. ND not done
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In vitro priming with MELOE-122–46-loaded DC

Since we showed that the optimal HLA-DRb1*1101-

restricted epitope started at residue 24 of MELOE-1, we

decided to test the stimulation potential of a long peptide,

MELOE-122–46, that comprises the optimal epitope

(24–37) and yet requires DC processing to generate it. We

first tested whether peptide MELOE-122–46 could in fact

be processed by DC and stimulate both the HLA-

DRb1*1101-restricted response of clone 1C9 and the

HLA-A*0201-restricted response of the MELOE-136–44-

specific CD8? T cell clone M170.48. DC loaded with

MELOE-122–46 very efficiently stimulated clone 1C9 and

also cross-presented MELOE-136–44 to the CD8 clone

M170.48 (Fig. 5a). Next, we used DC loaded with

MELOE-122–46 to stimulate PBL from donor DS7

(Table 1) using two different protocols. The first protocol

used a single stimulation for 14 days of PBL in 96 wells

with peptide-loaded DC while the second protocol used a

7 day stimulation with IL-6 and IL-12 followed by a

second stimulation with DC (see material and methods).

In both cases, T cells in each well were challenged with

MELOE-124–37 to reveal activation of specific CD4? T

lymphocytes and with MELOE-136–44 to detect CD8

responses. Typical examples of the results obtained with

the first and the second protocol are presented in Fig. 5b

and 5c, respectively. With the first protocol we detected

CD4 positive responses in 6/96 wells (range of IFN-c-

positive cells from 0.2 to 0.5% among CD4? T cells) and

CD8 positive responses in 4/96 wells (range of IFN-c-

positive cells from 1.6 to 12.2% among CD8? T cells). With

the second protocol, it was not significantly different with

CD4 responses in 4/96 wells (range of IFN-c-positive cells

from 0.25 to 2.1% among CD4? T cells) and CD8 responses

in 6/96 wells (range of IFN-c-positive cells from 1.5 to

16.3% among CD8? T cells). Thus, regardless of the pro-

tocol used, DC loaded with MELOE-122–46 peptide could

efficiently induce both HLA-DRb1*1101-restricted CD4

responses and HLA-A*0201-restricted responses among

PBL from this healthy donor. In some rare instances, we

even found both CD4 and CD8 responses in the same well

as shown on Fig. 5b.
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Fig. 3 HLA class II restrictions and optimal epitopes recognized by

the two clones. a Clones 1A3 and 1C9 were stimulated by MELOE-

132–46 and MELOE-126–40, respectively, in the presence or not of

decreasing concentrations of anti-HLA-DP, -DQ or -DR mAbs. b The

HLA class II-restricting alleles were determined by assessing 1A3 and

1C9 TNF- a responses against unpulsed (grey histogram) or peptide-

pulsed (dotted line) EBV-B cells expressing HLA-DQ or -DR alleles

from the donors DA3 and DC1. c Clone 1C9 was incubated at a 1:1

ratio with the HLA-DRb1*1101? C3 EBV-B cell-line loaded with

various concentrations of the indicated peptides and TNF production

was measured in the WEHI biological assay. d As in c with clone 1A3

and the HLA-DQb1*0603? BL30/95 EBV-B cell-line
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Discussion

Increasing evidence suggests that efficient therapeutic

vaccination against cancer will require the stimulation of

CD4? T cell to buttress cytotoxic CD8? T cell responses

[2] or to generate CD4 effector cells [16, 17]. Thus, there is

a growing interest in defining long peptides from relevant

tumor antigens that contain both CD4? and CD8? T cell

epitopes.

In the present study, we looked for CD4? T cell

responses against this antigen in healthy subjects by simply

adding different peptides from MELOE-1 to PBMC in vitro

and measuring cytokine production following restimulation

with the same peptide. A similar strategy (using the APC

present within PBMC) was previously used to successfully

obtain Melan-A-specific CD4? T cell clones from healthy
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Fig. 4 Functional characterization of the CD4? T cell clones. a Cyto-

toxicity of CD4? T cell clones 1A3 and 1C9 against peptide-pulsed

EBV-B cells was assessed by a standard chromium release assay.

b Representative examples of HLA-DQ or HLA-DR expression by

melanoma cell-lines after incubation with (bold line) or without (thick
line) 500 IU/ml IFN-c for 48 h. c IFN-c production by CD4? T cell

clones 1A3 and 1C9 in response to HLA class II-matched melanoma

cell-lines, treated or not with IFN-c and loaded or not with MELOE-1

peptides. Shown are representative responses of 1A3 and 1C9 T cell

clones toward one out of three HLA-DQb1*0603? and one out of five

HLA-DRb1*1101? MELOE-1-expressing melanoma cell-lines tested,

respectively. d IFN-c production by clone 1A3 in response to HLA-

matched DC loaded with M117 or SW480 cell lysate or the MELOE-

132–46 peptide as positive control (n = 2)
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Fig. 5 Stimulation of PBL from a HLA-A*0201? HLA-

DRb1*1101? donor with MELOE-122–46-loaded autologous DC.

a Immature DC were loaded with MELOE-122–46 for 4 h, washed and

matured with TNF-a and PolyI:C for 12 h. Efficiency of MELOE-

122–46 processing and presentation or cross- presentation was assessed

by coculturing loaded DC with the CD4? T cell clone 1C9 or with the

MELOE-136–44-specific CD8? T cell clone M170.48 at a 1:1 ratio for

5 h. b PBL of a HLA-A*0201? HLA-DRb1*1101? healthy donor

(DS7) were stimulated by MELOE-122–46–loaded DC at a 10:1

PBL:DC ratio and cultured for 14 days in the presence of IL-2. c PBL

from donor DS7 were stimulated by MELOE-122–46–loaded DC at a

10:1 PBL:DC ratio in the presence of IL-6 and IL-12 for 7 days,

restimulated with loaded DC and cultured for 7 more days in the

presence of IL-2. In both cases, the presence of MELOE-124–37

specific CD4? T cells and MELOE-136–44 specific CD8? T cells was

assessed by challenging T cells with MELOE-124–37 or MELOE-

136–44 peptides, respectively, followed by CD4/IFN-c or CD8/IFN-c
double staining and flow cytometry analysis. Examples of wells with

MELOE-124–37 (left panels) and/or MELOE-136–44 (right panels)

specific T cells expansions are shown. Percentage of specific T cells

among CD8? or among CD4? T cells are indicated
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donors [18]. In contrast, many research groups use multiple

rounds of in vitro stimulations with peptide- or antigen-

loaded DC to expand specific CD4? T cells [19–21]. In the

latter cases, both recall of antigen-experienced T cells and

T cell priming of naive lymphocytes may occur. We reckon

that in our stimulation conditions, (1) APC were mono-

cytes/macrophages and possibly B lymphocytes and (2)

these APC are unlikely to prime naive T cells in short-time

cultures. Therefore, we probably restimulated MELOE-1-

experienced CD4? T cells in our healthy donors with this

stimulation procedure, which would be consistent with our

previous detection of CD8 memory T cells directed against

MELOE-1 in healthy individuals [9].

This stimulation procedure could efficiently expand

MELOE-126–46-specific CD4? precursors present in the

blood of all seven healthy donors tested, despite their broad

diversity of HLA class II haplotypes. We wondered whe-

ther MELOE-126–46 contained a single epitope presented in

multiple HLA class II contexts as previously reported for

peptides from MAGE-A3 [22], gp100 [23] or survivin [21]

or whether MELOE-126–46 contained distinct epitopes. By

testing shorter peptides, we demonstrated the presence of at

least two distinct epitopes in this long peptide presented in

the HLA-DRb1*1101 and the HLA-DQb1*0603 contexts.

Cloning of the CD4 reactive populations led to the iden-

tification of three distinct clonotypes in each context with a

somewhat greater diversity of HLA-DQb1*0603-restricted

clones that used three distinct AV and BV regions while

HLA-DRb1*1101-restricted clones differed only in their

CDR3 regions.

Because our in vitro stimulation protocol may lead to

the expansion of irrelevant crossreactive CD4? T cells, we

needed to confirm that our clones could recognize peptides

from naturally processed MELOE-1 whole protein. To this

end, we loaded HLA-matched DC with the whole MELOE-1

protein and tested their ability to stimulate the clones. We

ensured that MELOE-1 internalization and processing was

necessary for peptide presentation (1) by using serum-free

medium to avoid extracellular proteolytic cleavage by

serum proteases and possible exogenous loading on class II

molecules and (2) by fixing DC prior to DC loading and

verifying that presentation was abrogated [14]. We dem-

onstrated that both clones could be efficiently stimulated by

MELOE-1-loaded DC, thus supporting their immunologi-

cal relevance.

Since MELOE-126–46 was arbitrarily chosen, we next

ask whether it contained the optimal epitope for each clone

and especially for the HLA-DRb1*1101-restricted clone

1C9 that recognized MELOE-126–40. By using overlapping

synthetic peptides we indeed demonstrated that elongation

toward the NH2 terminus of MELOE-1 increased clone

1C9 reactivity. This prompted us to design a longer peptide

for vaccination purposes, MELOE-122–46, that would

contain the two optimal epitopes, namely MELOE-124–37

for clone 1C9 and MELOE-132–44 for clone 1A3. It should

be stressed, however, that the optimal epitopes thus defined

may not represented the true epitopes presented in vivo,

which would only be formally identified by elution from

class II HLA/peptide complexes at the cell surface of APCs

as previously described [24].

Considering that the aim of vaccination with class II-

restricted peptides is to induce Th1 responses that have

been shown to play a major role in anti-tumor immunity

[25], we have used production of Th1 cytokines (TNF-a,

IFN-c…) to screen for CD4 responses. Indeed, the two

MELOE-1-specific CD4 clones that we isolated displayed a

Th1 profile, confirmed by analysis of chemokine receptors.

This does not exclude the possibility that other CD4? T

cell subtypes may have been stimulated but undetected in

our conditions, such as Th2, Th17 or Treg. We reckon,

however, that Treg were probably not majorly stimulated in

our culture conditions since they would have inhibited Th1

lymphocyte expansion.

Although many authors described direct recognition of

melanoma cell-lines by tumor-antigen specific CD4? T

cells [20, 26, 27], others reported only indirect recognition

through processing of the tumor antigen by DC [28], which

is expected to be the main pathway of presentation of

tumor antigens to CD4? T lymphocytes. In our study, we

showed that MELOE-1 could be processed and presented

by DC exposed to melanoma cell lysates but we could not

evidence any response of the two MELOE-1 specific CD4?

T cell clones toward HLA class II-matched and MELOE-1-

expressing melanoma cell-lines. One first explanation

could be that direct tumor recognition by our clones may

require higher antigen expression levels and/or HLA class

II expression (notably in the case of HLA-DQ expression).

However, (1) IFN-c treatment significantly enhanced HLA

class II expression on melanoma cells but did not trigger

direct recognition by our CD4 clones although it allowed

presentation of exogenously added peptide and (2) these

melanoma cell-lines express sufficient levels of MELOE-1

to present MELOE-136–44 to CD8? T lymphocytes. A

second explanation would be the inability of melanoma

cell-lines to process and present the two class II-restricted

MELOE-124–37 and MELOE-132–44 epitopes. The MELOE-1

antigen in melanoma cell is predicted as a non secretory

polypeptide and we have no further information to date on

its sub-cellular localization. It thus remains to be investi-

gated whether the MELOE-1 whole protein is not pro-

cessed at all within the MHC II loading compartments in

melanoma cells or whether only some epitopes can be

generated and presented by melanoma cells as was reported

in the case of MAGE-A3 [20].

Nevertheless, our results demonstrate that a long pep-

tide, MELOE-122–46, that contains the two optimal class II
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epitopes and the HLA-A*0201-restricted epitope was

processed and presented by DC to the HLA-DRb1*1101-

restricted clone 1C9. Moreover, we provide evidence for

the first time that this long peptide from MELOE-1 can

also be efficiently cross-presented to the HLA-A*0201/

MELOE-136–44 specific CD8 clone M170.48.

Moreover, we showed that HLA-matched dendritic cells

loaded with MELOE-122–46 induced both specific CD8?

and CD4? T cell responses among PBL from healthy donor

DS7, with no significant difference between the two pro-

tocols used (one vs. two rounds of stimulation).

Altogether, our data suggest that this long peptide

MELOE-122-46 could represent a good candidate for effi-

cient vaccination against MELOE-1 since it can trigger

both CD4 and CD8 responses in healthy individuals.

Finally, HLA class II prediction algorithms (http://www.

syfpeithi.de) [29] predict that this long peptide may gen-

erate multiple epitopes with good binding scores in HLA-

DRb1*0101, 0301, 0401, 0701, 1101 and 1501. This

remains to be confirmed not only in healthy subjects but

also in melanoma patients before considering the future use

of this long peptide in melanoma vaccination.
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