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Abstract NY-ESO-1 is a SEREX-defined cancer-testis
antigen of which several MHC I, but only few MHC II-
restricted epitopes have been identified. Searching for
highly promiscuous MHC Il-restricted peptides that
might be suitable as a CD4" stimulating vaccine for
many patients, we used the SYFPEITHI algorithm and
identified an NY-ESO-1-derived pentadecamer epitope
(p134-148) that induced specific CD4 " T-cell responses
restricted to the HLA-DRBI1 subtypes *0101, *0301,
*0401, and *0701 that have a cumulative prevalence of
40% in the Caucasian population. The DR restriction of
the p134-148 pentadecamer was demonstrated by inhi-
bition with an HLA-DR antibody and a functional
peptide displacement titration assay with the pan-DR-
binding T-helper epitope PADRE as the competitor.
The natural processing and presentation of this epitope
was demonstrated by recognition of an NY-ESO-1"
melanoma cell line by T cells with specificity for p134—
148. The pentadecamer pl134-148 was able to induce
CD4" responses in 4/38 cancer patients tested. How-
ever, no strict correlation was found between CD4"
T-cell responses against pl134-148 reactivity and anti-
NY-ESO-1 antibody titers in the serum of patients,
suggesting that CD4 " and B-cell responses are regulated
independently. In conclusion, p134-148 holds promise
as a broadly applicable peptide vaccine for patients with
NY-ESO-I1-positive neoplasms.
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Introduction

According to their expression pattern and the specificity
of the immune responses they evoke, antigens expressed
by human neoplasms can be classified into different
groups [1]. These include the so-called shared tumor
antigens, the differentiation antigens (including the idi-
otypes of B-cell lymphomas), the products of viral,
mutated, differentially spliced, overexpressed and
amplified genes, as well as common autoantigens ex-
pressed by the malignant cells of a tumor. The most
attractive candidates for vaccine development are the so-
called shared tumor-specific antigens because they are
expressed in a broad spectrum of different human neo-
plasms. This group includes the CTL-reactive MAGE
[2], BAGE [3], and GAGE [4] families, as well as HOM-
MEL-40/SSX-2 [5], the other SSX family members [6],
NY-ESO-1 [7], HOM-TES-14/SCP-1 [8], CT-7 [9], and
HOM-TES-85 [10], all of which have been defined using
SEREX, the serological identification of antigens by
recombinant expression cloning [11]. It is enigmatic that
the expression of all of the so-called shared tumor
antigens in humans that have been molecularly defined
to date by cellular [12] and serological techniques [13] is
restricted to different types of cancers and normal testis.
Therefore the term ‘‘cancer-testis antigens” (CTAs) [7]
or ‘“‘cancer-germline antigens” [14] has been coined for
them and the term ‘“‘cancer-testis genes” for their
encoding genes.
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NY-ESO-1 is one of the CTAs with the broadest
expression pattern [15], and unlike many other cancer-
testis antigens, elicits both humoral and cellular immune
responses in a high proportion of patients with NY-
ESO-1" cancers [16]. Because NY-ESO-1 was originally
identified by SEREX, its capacity to induce T-cell re-
sponses in addition to antibody responses had to be
demonstrated a posteriori. Pursuing different strategies
of what has been termed “reverse T-cell immunology,”
several MHC I-restricted NY-ESO-1 epitopes have been
identified, most of them for the HLA-A2 haplotype
which is shared by 40% of the Caucasian population.

Increasing evidence from both human and animal
studies indicates that CD4 " T cells play a central role in
initiating and maintaining host immune responses
against cancer [17, 18]. This, together with the fact that
in vaccine trials with MHC I-restricted peptides, CD8 ™
responses were readily generated, but were associated
with only limited clinical responses [19], has raised an
increased interest for vaccine strategies employing MHC
II-restricted peptides either alone or in combination
with CD8™ stimulating MHC I-restricted peptides.
However, in contrast to the situation with HLA-A2, in
the case of MHC I molecules, there is no similarly pre-
dominant MHC II haplotype in the Caucasian popula-
tion. Within the MHC II genes, the DR locus is the one
with the highest polymorphism. In spite of the fact that
there are only three different alleles coding for the o
chain of the DR molecule, genes encoding the f chain
have a highly multiple allelomorphy. Consequently, the
number of different DR molecules is larger compared
with other class II families (data derived from the HLA
Informatics Group of the Anthony Nolan Trust updated
in October 2002, see www.anthonynolan.org.uk/HIG/).
On the other hand, the variability of the individual al-
leles is limited compared with the MHC class 1 alleles
[20]. Because of this, the number of different HLA-DR—
binding epitopes is expected to be smaller than that of
MHC I-binding epitopes, and the respective peptides
should bind more promiscuously to different allelic
subtypes, which is in sharp contrast to class I-restricted
epitopes. HLA-DR binding is best studied among the
MHC [II-restricted epitopes. Nevertheless, only few
HLA-DR-restricted NY-ESO-1 epitopes have been de-
fined to date [21, 22, 23, 24, 25, 26]. It is therefore nec-
essary to define new epitopes with the objective of
covering a broader range of different HLA-DR subtypes
in order to enlarge the number of patients suitable for
vaccination with the corresponding peptides.

Aiming at tumor antigen—derived epitopes binding to
HLA-DR subtypes that cover a significant proportion of
the population, we decided to pursue a strategy that
allows for the identification of binding properties which
are shared by several HLA-DR haplotypes. This should
be feasible, because class II-restricted peptides have a
less stringent binding pattern than class 1 peptides.
Employing the SYPEITHI algorithm [27], it became
evident that the four DRB1 molecules *0101, *0301,
*0401, and *0701, which have a cumulative prevalence

of 40% among the Caucasian population [20], share
such peptide-binding properties. Screening the entire
amino acid sequence of the NY-ESO-1 molecule with
the SYFPEITHI algorithm for binding motifs for these
DRBI subtypes, we were able to identify three peptides
with motifs suggesting a promiscuous binding and the
capacity to trigger MHC Il-restricted T-cell responses.
Of these, one pentadecamer peptide of the NY-ESO-1
antigen was identified that fulfills the criteria for a widely
applicable HLA-DR-restricted peptide vaccine.

Materials and methods

The study had been approved by the local ethics review committee
(Ethikkommission der Arztekammer des Saarlandes) and was done
in accordance with the Declaration of Helsinki. Recombinant
DNA work was done with the permission and according to the
regulations of the local authorities (Regierung des Saarlandes).

Patients

A total of 41 patients were included in this study, of whom 35 had
lung cancer, 2 had pleural mesothelioma, and 4 had breast cancer.
All patients gave written informed consent. Most lung cancer pa-
tients had measurable disease and were undergoing chemotherapy
and/or radiotherapy when tested for anti-NY-ESO-1 T-cell reac-
tivity. Only the four breast cancer patients had been only operated
on. The patients were investigated for T-cell responses with their
HLA-DR subtypes unknown. The HLA-DR typing was performed
only in patients who had shown a T-cell reactivity against NY-
ESO-1 and in five nonreactive control patients.

Cell lines

The NY-ESO-1-expressing melanoma cell line SK-MEL-37 was
kindly provided by Elisabeth Stockert (LICR, New York). SK-
MEL-37 is positive for the HLA-DRBI1 subtypes *0101 and *0301
and for DRB3*0202. Me 275, which is homozygous for
DRB1*1302 and for DRB3*0301, also expresses NY-ESO-1 and
was kindly provided by Daniel Speiser (LICR, Lausanne). SK-
MEL-37 and Me 275 are positive for NY-ESO-1 both at the
mRNA and the protein level as demonstrated by immunocytology
[15]. Cell lines were cultured in RPMI 1640 / 10% FCS, 2-mM L-
glutamine and 1% penicillin/streptomycin (GIBCO, Invitrogen,
Karlsruhe, Germany).

Analysis of NY-ESO-1 mRNA expression by tumors

Fresh tumor biopsy samples were frozen within 15 min after sur-
gical excision. The transcription of NY-ESO-1 mRNA was checked
by RT-PCR, using conditions as described by Chen et al. [28].

Prediction of HLA-binding peptides by the SYFPEITHI
algorithm

Peptides were derived on the basis of the previously published NY-
ESO-1 sequence [7]. The SYFPEITHI algorithm (www.syfpei-
thi.de) was used for the prediction of NY-ESO-1 peptides binding
to the three DR subtypes B1*0101, *0301, and *0401. As a result
we chose the following three peptides predicted to show a maxi-
mum range of promiscuous binding to the three selected HLA-
DRBI1 molecules: p91-105 (sequence YLAMPFATPMEAELA),



p134-148 (TIRLTAADHRQLQLS), and p158-172 (LLMWITQ-
CFLPVFLA). Except for PADRE, which consists of 13 amino
acids [29], all peptides used in this study were 15 amino acid resi-
dues long. In addition, a mix of peptides (all 15 amino acids long)
derived from the pp65 of the human CMV was used as positive
control, predicted to bind to the HLA-DR subtypes of interest:
p32, pl17, p243, p269, p299, p510, and p524. Peptides were syn-
thesized following the Fmoc/tBu strategy as described [30]. Purity
was >90% as assessed by HPLC and mass spectrometry. All
peptides were dissolved completely in a mixture of water and
DMSO. The concentration for each peptide during pulsing was
2 ug/ml corresponding to a molarity of 1.05 uM for p91-105,
1.01 uM for p134-148, and 0.977 uM for p158-172. The DMSO
concentration was kept consistently <1% (v/v) during APC
pulsing.

In vitro stimulation of T cells with peptides

PBMC s from patients were isolated by Ficoll-Paque Plus separa-
tion (Amersham Pharmacia Biotech, Uppsala, Sweden). Unsepa-
rated PBMCs (1x107) were divided into at least three vials and
frozen until used in the T-cell assays. The remaining cells were
divided into aliquots of 4x10° cells. Each of these aliquots was
pulsed with a different peptide at a concentration of 2 pg peptide
per milliliter by incubation for 2 h at 37°C in a volume of 500 ul
serum-free medium (RPMI 1640 + 2-mM L-glutamine + 1%
penicillin/streptomycin). After pulsing, cells were washed once with
serum-free medium. Cells were then suspended for cultivation in X-
Vivo 15 (BioWhittaker Europe, Verviers, Belgium) at a density of
4x10° cells per 2 ml and divided into two wells (1 ml/well) of a 48-
well Nunclone plate (Nunc, Denmark) after addition of 5 ng/ml
IL-7 (R&D Systems, Wiesbaden, Germany) and 10% human AB
serum (BioWhittaker). PBMCs, which served both as antigen-
presenting cells (APCs) and a source for effector cells in this assay,
were incubated at 37°C. After 24 h, 20 U/ml IL-2 (R&D Systems)
were added. The cells were incubated for 6 days under occasional
microscopic control. In case of strong proliferation, cells were split.
On daX 7, the first ELISpot assay was performed. To this end,
7.5x10* and 3.75x10* sensitized CD4 " T cells, respectively, were
harvested from each well with the prestimulated cells and used as
effector cells in the ELISpot assay. The remaining cells were resti-
mulated with autologous PBMCs which had been pulsed with the
appropriate peptide under the same conditions as described for
day 1 at a CD4 " /APC ratio of 1:1. On day 14, a second ELISpot
was performed, and the remaining cells were once more stimulated
as described for days 1 and 7, and a final ELISpot was performed
on day 21.

ELISpot assay

At least two ELISpot assays were performed on days 7 and 14,
respectively; i.e., the first assay 1 week after the primary stimula-
tion and the second 1 week after a second stimulation on day 7.
For the ELISpot assay, 5x10* autologous PBMCs pulsed with
peptide (2 pg/ml for 2 h at 37°C) per well were used as APCs;
1.25x10% or 2.5x10* CD4™ T cells per well were used as effectors.
Blocking with an anti-pan-MHC II antibody was used as a control
for the MHC class II-restriction of T-cell responses. To this end,
1.5x10% (7.5x10* resp.) SK-MEL-37 were used as APCs and were
suspended in 190 pl fresh medium; 10 pl anti-pan human MHC 11
antibody (clone WR18; SEROTEC, Biozol Diagnostica Vertrieb,
Eching, Germany) was added and incubated for 30 min at 37°C.
Cells were washed, spun gently, and resuspended in 150 ul X-Vivo
15 medium and dispensed into three wells. To prove the HLA-DR
restriction of T-cell responses against p134-148, PBMCs used as
APCs in the ELISpot assay were treated similar to the cell lines:
1.5x10° PBMCs were suspended in 50 pl fresh medium, 20 pl anti-
HLA-DR antibody (clone L243; Becton Dickinson, Heidelberg,
Germany) was added and incubated for 30 min at 37°C. As an
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additional control, 20 pl of an anti-HLA-DP antibody (clone B7/
21; Becton Dickinson) was used. After staining, irrespective of the
antibody, the volume was increased to 500 pl X-Vivo 15, and the
respective peptide was added at a concentration of 2 ug/ml. For
pulsing, cells were incubated for another 2 h at 37°C. Thereafter,
cells were washed, spun down gently, and resuspended in 150 pl
X-Vivo 15 medium and dispensed into three wells. PBMCs to be
used as APCs for the ELISpot assay were irradiated with 30 Gy.
APCs and effector cells (each suspended in 50 pl/well) were coin-
cubated for 14-16 h at 37°C in wells that had been precoated the
day before (16 h at 4°C) with anti-IFN-y capture antibody. This
antibody as well as the biotinylated anti—-IFN-y used for developing
the ELISpot assay was purchased from Mabtech (Mabtech, Nacka,
Sweden). The assay procedure followed the supplier’s instructions
with an additional blocking step with 10% (v/v) human AB serum
for 1 h at 37°C after the wells had been coated. To enhance the
sensitivity of the IFN-y detection, incubation for 1 h with alkaline
phosphatase—conjugated streptavidin (Roche Diagnostics, Mann-
heim, Germany), diluted 1:2,000 in PBS, followed after unbound
anti-IFN-y biotinylated antibody was washed away. For staining
of the IFN-y spots we used the AP Conjugate Substrate Kit (BIO-
RAD Laboratories, Hercules, CA) following the supplier’s
instructions. Assays were performed in nitrocellulose-lined 96-well
microplates (MAHA S45; Millipore, Bedford, MA). Spots were
counted using Bioreader 2000 (BIOSYS, Karben, Germany). All
tests were run in triplicate to determine mean values and standard
deviation. For ELISpot assays with cell lines, the melanoma cell
lines SK-MEL-37 and Me 275 were used as APCs after irradiation
with 120 Gy.

Functional peptide displacement assay

T cells were stimulated with NY-ESO-1 p134-148 as described
before. To prove the DR-affinity of the T-cell response, a func-
tional peptide displacement assay was used. To this end, the cells to
be used as APCs in the ELISpot assay were pulsed with peptide
p134-148 which was used for the primary stimulation of the T cells
in the presence of increasing concentrations of PADRE, the pan-
DR-binding T-helper epitope [29]. For the displacement assay,
pulsing of PBMCs was performed by incubation with peptide
p134-148 at a concentration of 2 pug/ml, with 2 pg/ml p134-148 in
combination with 1 pg/ml PADRE, with 2 pg/ml of both the
stimulating and the competing peptide, and with 2 pg/ml of
PADRE only. Apart from this pre-ELISpot pulsing of PBMCs, the
functional peptide displacement assay was performed and evalu-
ated as described for the ELISpot assay above.

Detection of serum antibodies against NY-ESO-1

Serum antibodies against NY-ESO-1 were assessed semiquantita-
tively by Western blot as well as by ELISA using Escherichia coli—
expressed protein as antigen, as described previously [31].

Immunohistology

Sections from tumor biopsy samples were formalin-fixed immedi-
ately after surgical intervention and embedded in paraffin, cut and
mounted on slides. Subsequently, the sections were deparaffinized,
rehydrated, exposed to hydrogen peroxide (3% v/v) and subjected
to antigen retrieval by incubation in 110-mM citrate buffer
(pH 6.0) and heating in the microwave oven at 750 VA followed by
350 VA for 5 min. Slides were blocked with a PBS / 1% BSA (v/v)
and 20% rabbit serum (v/v) for 20 min at RT and incubated for
30 min at 37°C in monoclonal mouse antihuman HLA-DR / «
chain (DAKO, Glostrup, Denmark) diluted 1:50 in PBS / 1%
rabbit serum (v/v). The slides were then washed twice in PBS. Then
the sections were incubated for 15 min at 37°C in biotinylated
rabbit antimouse immunoglobulin (DAKO, Glostrup, Denmark)
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diluted 1:200 in PBS / 1% rabbit serum (v/v). The slides were
washed twice in PBS, incubated for 15 min at 37°C in streptavidin/
HRP (DAKO, Glostrup, Denmark) diluted 1:300 in PBS. After a
final washing in PBS, DAB substrate (Sigma, St Louis, MO, USA)
was added according to the manufacturer’s instructions. Finally,
the slides were counterstained with Harris hematoxylin. Negative
controls were performed using an irrelevant isotype—matched pri-
mary antibody (clone MOPC, murine 1gG,-x; Sigma, St Louis,
MO, USA).

Flow cytometry

To characterize effector cells and APCs as well as cell lines,
approximately 1x10° cells were harvested on day 0 and 1 day be-
fore each ELISpot assay. Cells were washed, spun down gently, and
the pellet was resuspended in 90 pl staining buffer. Five microliters
of the corresponding antibody (anti-HLA-DR/PE [clone L243],
anti-hCD4/FITC, anti-hCD4/PerCP [both from clone SK3], anti-
hCDS8/PE [clone SK1], anti-hCD45RA [clone L48,]; all obtained
from Becton Dickinson, Heidelberg, Germany) and anti-hCCR7/
PE (clone #150503; obtained form R&D Systems, Wiesbaden,
Germany) were added and mixed, and this suspension was in-
cubated for 20 min at 4°C. After another washing step, the cells
were resuspended in a final volume of 300ul CellWash solution
(Becton Dickinson). Cells (5x10%) were analyzed using a FACScan
80214 (Becton Dickinson).

Results
Identification of a promiscuous HLA-DR epitope

With the goal of developing an NY-ESO-1-derived
MHC II peptide vaccine for a broad spectrum of pa-
tients we aimed at identifying a peptide with a promis-
cuous binding pattern for different HLA-DRBI
subtypes. We used the SYFPEITHI algorithm to iden-
tify NY-ESO-1 peptides with a high binding affinity
score for HLA-DRBI molecules that have a high prev-
alence in the Caucasian population. This is the case with
the DRBI1 subtypes *0101, *0301, and *0401, which
occur in 27% of the Caucasian population. Since
DRB1*0701, which is found in additional 12% of the
population, and DRB1*0401 share most of their anchor
positions, we analyzed the affinity of the identified
peptides to this subtype, too, even though DRB1*0701
was not yet considered in the SYFPEITHI algorithm
when we started our experiments.

SYFPEITHI predicted the following three peptides
derived from NY-ESO-1 peptide with a high binding
probability: p91-105, p134-148 and pl158-172. These
peptides were synthesized and used for the stimulation
of PBMCs from lung and breast cancer patients,
respectively. Whenever enough PBMCs were available,
they were tested against all three peptides. However, due
to the limited numbers of PBMCs from some patients,
only 29 patients were stimulated with p91-105, 21 pa-
tients with p158—172, and 38 patients with p134-148.

No reproducible T-cell responses were observed after
stimulation with the NY-ESO-1 peptides p91-105 and
p158-172. In contrast, peptide p134-148 proved to be
strongly immunostimulatory. The T cells from 4/38

(11%) patients tested (3/34 with lung cancer and 1/4
with breast cancer) showed a strong response already on
day 7 after the first stimulation with p134-148 peptide—
loaded autologous PBMCs (Fig. 1A). In addition to
these four patients, three patients with lung cancer
showed a weak response only after two stimulations
(14 days) with spot numbers in the ELISpots being only
slightly (but reproducibly and significantly) above the
background (data not shown).

Demonstration of HLA-DR restriction

Definitive evidence for the DR restriction of the T-cell
response was obtained by blocking the response with
an HLA-DR antibody. The lack of toxicity of the
antibody was demonstrated by the fact that a MHC 1
(HLA-A2)-restricted anti-CMV CD8" T-cell response
remained unaffected by this antibody (data not shown).
Restriction by HLA-DP was excluded by demonstrat-
ing that the anti-HLA-DP antibodies did not interfere
with this response (Fig. 2). In addition, a functional

0 20 40 60 80 100 120 140 160 180 200
IFN-y spots / 2.5 x 10° CD4" T-cells

T T T T T T T T T T l

0 10 20 30 40 50 60 70 80 90 100

IFN-y spots / 1.26 x 10* CD4" T-cells

O PBMC-Background / without effector cells
EPBMC + PADRE

W PBMC + p134-148

B without PBMC

Fig. 1A, B T-cell response to the NY-ESO-1-derived peptide
p134-148. A The numbers of spots of the three responding lung
cancer patients (/ LC535, 2 LC724, 3 LC780). B The spots of one
breast cancer patient (4 BC212), each assayed by ELISpot on day 7
after the first stimulation



peptide displacement titration assay was performed. In
this assay, a strictly proportional decrease of the
number of IFN-y-releasing T cells after stimulation
with pl134-148 was observed in the ELISpot assay
when the APCs were pulsed with increasing concen-
trations of the pan-DR-binding peptide (PADRE) and
constant concentrations of the p134-148 peptide. The
capacity of PADRE to displace the NY-ESO-1-derived
peptide 134-148, with which it competes for binding to
the HLA-DR molecules, is shown in Fig. 3. In a re-
verse competition assay, p134-148 was also capable of
displacing PADRE: a 50% reduction of IFN-y spots in
the ELISpot assay of PADRE-stimulated T cells was
achieved with APCs pulsed with 2 pg/ml pl134-148,
corresponding to an I1Csy of p134-148 of 1.01 pM (data
not shown).

Fig. 2 HLA-DR restriction of
the T-cell response induced by
p134-148. Preincubation of the
stimulator cells (autologous
PBMCs) with the anti-HLA-
DR antibody 1243 resulted in
blocking of the p134-148—
induced T-cell response, while
preincubation of the stimulator
cells with the anti-HLA-DP
antibody B7/21 had no effect

PBMC + p134-148
(without effectors)

PBMC + anti HLA-DP +
p134-148

PBMC + anti HLA-DR +
p134-148

without PBMC
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Determination of HLA-DRBI subtypes recognized
by reactive T cells

To further delineate the HLA-DR restriction of the NY-
ESO-1-derived peptide p134-148, the HLA-DR subtype
of patients responding to this peptide and of some
nonresponding patients who served as controls were
determined by HLA-SSP PCR. As can be seen from
Table 1, the responding patients had the HLA-DRBI
subtypes *0101, *0301, *0401, and *0701, confirming the
predictions of the SYFPEITHI algorithm concerning
HLA-DRBI1*0101, *0301, and *0401, and our assump-
tions made with respect to HLA-DRB1*0701, respec-
tively. That p134-148 is indeed presented by B1*0301
was demonstrated by the fact that p134-148—stimulated
T cells from patient BC212 recognized the cell line SK-

0
Fig. 3 Functional peptide
displacement assay. Pulsing of
the ELISpot APCs with peptide 100

100 200 300 400

IFN-y spots / 2.5 x 10* CD4" T-cells

500 600 700 800 900

% p134-148

mixtures containing increasing
percentages of the pan-DR-
binding T-helper epitope
PADRE and reciprocally
decreasing percentages of p134—
148 molecules resulted in
reduced numbers of spots
generated by IFN-y—secreting
CD4™" T cells that had been
prestimulated with NY-ESO-
1—derived p134-148. Solid
diamond after 7 days, solid
square after 14 days

450
400
350 1
300 -
250 1
200 -
150 -

100 -

[IFN-y spots /1.25 x 10 * CD4* T-cells |

50

10 20 30 40 50 60 70 80 90



594

Table 1 DR configuration of the four patients with breast (BC)
and lung (LC) cancer developing a T-cell response to NY-ESO-1
p134-148

Patient HLA-DR configuration

DRBI DRBI DRB3 DRB4 DRBS
BC212 *0301 *1601 *0101 - *0202
LC535 *0101 *1302 *0301 - -
LC724 *0401 *1401 *0202 *0103 -
LC780 *0701 *1601 *0103 N - *0202

MEL-37, with which they share only the B1*0301 sub-
type (Fig. 4). Five of the nonresponding patients were
also HLA-DR typed. Three of them had no subtype
with a high p134-148 binding score. However, of the
remaining two patients, one was typed DRB1*0701/
*1501, DRB4*0101, and DRB5*0101, and the other
DRB1*0301/*1501, DRB3*0202, and DRB5*0101. The
reasons for the failure to detect a DRB1*0701 and
*0301-restricted T-cell response to pl134—148 in these
patients will be discussed later.

Response to NY-ESO-1-expressing cell lines

Having demonstrated an HLA-DR-restricted T-cell re-
sponse against APCs pulsed with the NY-ESO-1-de-
rived peptide p134-148, it was of interest to prove that
this peptide is also processed and presented naturally in
an HLA-DR-restricted fashion. To this end, two HLA-
DR ™" melanoma tumor cell lines expressing the NY-
ESO-1 antigen at a similar level (data not shown) were
chosen. Flow cytometric analysis of SK-MEL-37 and
Me 275 cells stained with antihuman pan-HLA-DR
antibody revealed that these cells express HLA-DR,
irrespective of the temperature at which antibody bind-
ing is performed. Similarly, irradiation with 120 Gy did
not influence DR expression. SK-MEL-37 expresses
HLA-DRB1*0101/*0301 and DRB3*0202, while Me
275 is homozygous for HLA-DRBI1*1302 and
DRB3*0301. T cells from a DRB1*0301-positive patient
who had been prestimulated with p134-148 specifically
recognized SK-MEL-37, but not Me 275, demonstrating
the processing and DRBI1*0301-restricted presentation
of pl134-148 by SK-MEL-37 (Fig. 5). An additional
pulsing of both cell lines with p134-148 resulted in a
doubling of the IFN-y spots compared with the un-
treated SK-MEL-37, whereas the Me 275 remained
unrecognized (Fig. 5). This provides further evidence for
the binding of p134-148 to the DRB1*0301 molecules
on the SK-MEL-37 cells, but not to the DRBI1*1302
molecules on the Me 275 cells.

Characterization of T cells after stimulation
with p134-148

Because we did not work with T-cell clones, the charac-
terization of T cells could not distinguish between

Me 275 (without effectors)

SK-MEL-37 (without effectors) .-

Me 276 -—4

without APC l-

T T T T T T T 1

0 5 10 15 20 25 30 35
|IFN-1 spots /1.25 x 10° CD4" T-cells

HLA-DR

B1* B3* B4* B5*

0301 0101 - -
BC212

1601 - - 0202

0101 - - -

SK-MEL-37

0301 0201 - -

1302 0301 - -
Me 275

1302 0301 - -

Fig. 4 Demonstration of the DRB1*0301 restriction of the T-cell
response against NY-ESO-1 pl134-148. After stimulation with
p134-148, T cells from patient BC212 recognized the NY-ESO-1*
cell line SK-MEL-37, but not the NY-ESO-1" cell line Me 275.
The restriction of the T-cell response by DRBI*0301 was
demonstrated by the fact that DRB1*0301 is the only HLA-DR
subtype shared by both the patient and the cell line SK-MEL-37

p134-148 responding and nonresponding T cells, but
applied to the bulk of T cells after stimulation with the
peptide. A T-cell response to pl134-148 did not only
induce IFN-y production, but also resulted in the prolif-
eration and expansion of T cells. This expansion was
mainly due to CD4" T cells as demonstrated by their
relative increase within the lymphocyte gate after stimu-
lation with the p134—-148 peptide, in particular in patients
with a strong peptide-induced T-cell response (Fig. 6).
The proliferation and expansion of CD4 " T cells was not
observed in nonresponding patients (data not shown).
With respect to the state of activation, CD4" T cells
acquired HLA-DR expression and shifted from the naive
state to the central memory state according to the schema
suggested by Lanzavecchia [32], while the proportion of
effector memory cells remained constant. This behavior
was different from that observed after stimulation with a
mix of viral MHC II-binding peptides derived from the
pp65 antigen of human CMV. The stimulation with these
viral peptides resulted in a shift of the CD4 " T cells to
the effector memory state (Fig. 6).



Fig. 5 Natural processing and
presentation of NY-ESO-1
epitope p134-148 by NY-ESO-
1" tumor cells. Cells of the SK-
MEL-37 melanoma cell line
(heterozygous for HLA-
DRB1*0301) were recognized
by HLA-DRB1*0301-restricted
T cells that had been
prestimulated with p134-148.
In contrast, Me 275
(homozygous for DRB1*¥1302)
was not recognized. Additional
exogenous loading of p134-148
resulted in an augmented T-cell
response against SK-MEL-37,
but not against Me 275
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Me 275 (without effectors)

SK-MEL-37 (without effectors)

Me 275 + anti MHC-II
Me 275 + p134-148

Me 275

SK-MEL-37 + anti MHC-II
SK-MEL-37 + p134-148

SK-MEL-37

without APC

Correlation of HLA-DR-restricted T cells
and humoral anti-NY-ESO-1 antibody responses

Of the 38 patients tested for a T-cell response to the NY-
ESO-1 epitope pl134-148, only 5 (13%) had anti-NY-
ESO-1 antibodies in their serum as determined by
Western blot and ELISA. Three of these five patients
were antibody-positive, but no T-cell response to p134—
148 was observed. On the other hand, 2/4 patients
(50%) with a pl134-148-reactive T-cell response were
positive for anti-NY-ESO-1 antibodies in their serum
(Table 2).

Discussion

The screening of a large number of patients for CD4™
reactivity against peptides derived from the cancer-
associated NY-ESO-1 antigen in this study allows for a
solid estimation on the expected frequency of the T-cell
responses against the respective antigen among patients
with cancer; this is not possible if only two or three
patients and/or normal controls are tested, as has been
the case in previous studies [21, 33, 34]. Moreover, it
enabled us to check for obvious associations of the ob-
served T-cell responses with clinical parameters such as
histological origin of the tumor, the tumor stage of the
patient, or the type of therapy the patients have received.
Furthermore, by including lung and breast cancer pa-
tients in this study, we gained insight into the T-cell
responses among patients suffering from the human
neoplasms with the highest incidence in males and fe-
males, respectively.

Investigating 41 patients for CD4 ™ reactivity against
NY-ESO-1, it was not possible to determine the HLA-
DRBI subtype from all patients before starting the
stimulation or to create a cell line derived from each

0 10 20 30 40 50 60 70

IFN+y spots / 1.25 x 10* CD4" T-cells

patient’s tumor biopsy sample. Thus, we used autolo-
gous PBMCs as APCs to assess T-cell reactivity. Due to
the limited amount of blood we received from the pa-
tients, we decided to use only the IFN-y ELISpot for the
evaluation of the patients’ T-cell response. Different
strategies can be pursued for the identification of CD4 ™"
T-cell-stimulating peptides derived from a tumor-asso-
ciated antigen. One such strategy, employed by Jidger
et al. [21] is to synthesize and test overlapping peptides
that cover the whole antigenic protein. This approach, if
applied to the analysis of the T-cell response of patients,
is hindered by the enormous amounts of cells necessary
from a given patient to test the entire battery of peptides.
To narrow down the spectrum of candidate peptides,
screening of HLA-DR transgenic mice might be helpful
[24]; however the respective transgenic mice are not
commonly available. In this study we followed a differ-
ent strategy that has already been used successfully by
others [35, 36] to narrow down the number of NY-ESO-
1—derived peptides with putative DR-reactivity: we used
the SYFPEITHI algorithm for an in silico screening of
the entire NY-ESO-1 protein for peptides with HLA-
DR peptide motifs. Making use of the anchor positions
shared by the HLA-DRBI1 subtypes *0101, *0301, and
*0401, we searched for NY-ESO-1 peptides with binding
motifs suggesting a promiscuous binding to these three
subtypes. Of the three peptides predicted to fulfill this
prerequisite with a high binding score in the SYPEITHI
algorithm, two peptides (p91-105 and p158-172) failed
to induce reproducible T-cell responses. Several reasons
might be responsible for this failure: the binding scores
for the peptides p91-105 and p158—172 are in general
inferior compared with the epitope p134-148, and/or
natural processing might not occur.

In contrast to p91-105 and p158-172, the NY-ESO-1-
derived epitope p134—148 induced strong T-cell responses
in 4/38 (11%) patients tested. The analysis of the HLA
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Fig. 6A, B Phenotypic characterization of CD4"% cells after
stimulation with p134-148. A Stimulation with p134-148 resulted
in an increase of CD4 " T cells. B Columns I & 3 show the state of
activation of CD4" T cells according to the schema suggested by
Lanzavecchia [32] before stimulation. While stimulation with NY-
ESO-1 p134-148 (column 2) resulted in shift from the naive state
(open column) toward the central-memory state (black column),
stimulation with pp65 derived from CMV (column 4) induced a
shift toward the effector-memory state (striped column)

Table 2 Anti-NY-ESO-1 serum antibody titers and CD4 " T-cell
responses in breast cancer(BC) and lung cancer(LC) patients

Patient aNY-ESO-1 CD4™" T-cell response
BC 212 + o+ +++

LC 535 - + + +

LC 724 ++ bt

LC 780 - + +

typing of the four responding patients revealed that three
of them expressed (heterozygously) the DRBI1 subtypes
*0101, *0301, or *0401 that had been expected by the
SYFPEITHI algorithm. However, one responder was
typed positive for HLA-DRB1*0701. Thus, the peptide
might mediate a promiscuous binding to *0101, *0301,
*0401, and *0701. An important consequence of the

putative binding shared by *0701 is that the proportion of
individuals expressing at least one of these four HLA-
DRBI alleles amounts to 40% of Caucasians . Including
the HLA-DR subtypes of two of the additional three
patients with lung cancer, who had shown a weak re-
sponse only after two stimulations (14 days) with spot
numbers in the ELISpots being only slightly (but repro-
ducibly and significantly) above the background (data not
shown) and for whom HLA-DR subtyping was possible,
would not have broadened the spectrum of p134-148—
binding HLA-DR subtypes further, because these two
patients shared HLA-DR subtypes with the four patients
that had a strong T-cell response (data not shown).

That the observed T-cell responses were mediated by
other DRBI1 subtypes expressed by the responding pa-
tients can not be excluded; similarly, since DRB1*04
individuals coexpress both DRB1 and DRB4 gene
products, and DRB1*03 individuals coexpress DRBI
and DRB3 gene products, we can not exclude a
restriction by the latter gene products either; in any case
this would not diminish the broad range of HLA-DR
subtypes binding to p134-148.

Several peptides mostly derived from xenogeneic
antigens that are capable of broadly binding to different
class II molecules have been reported [29, 34, 37, 38, 39],
and limited promiscuity has been reported for cancer-
associated antigens such as HER-2/neu [39] and MAGE-
A3 [40].

The NY-ESO-1-derived peptide pl134-148 with its
promiscuous binding to at least four different DRBI
subtypes is partially overlapping with the p139-156
epitope, which has previously been shown to bind to
DRB4*0101 / *0103 (DRS53) [21]. While there is little
data available concerning the characteristic binding
patterns of DRB4, it would be interesting to investigate
whether the promiscuous binding to HLA-DRB1*0101,
*0301, *0401, and *0701 extends beyond Bl and in-
cludes also B3, B4 (at least its *0101 subtype), and
DRBS5. The same might apply to other subtypes that are
predicted to bind with high affinity to other NY-ESO-1-
derived peptides [23]. The definitive identification of the
entire spectrum of pl134-148-binding HLA-DR mole-
cules would necessitate the demonstration of the binding
of the peptide to isolated HLA-DR molecules, presen-
tation of the peptide by APCs transfected with only one
HLA-DR subtype or COS cells transfected with NY-
ESO-1 and the HLA-DR gene of interest. Alternatively,
the DR subtype can be narrowed down by using APCs
that share only one HLA-DR subtype with the effector
T cells. In this study, this was the case with DRB1*0301
which was the only subtype shared by the cell line SK-
MEL-37 and patient BC212 (Fig. 4).

Zarour et al. [41] defined a large epitope-spanning
p119-143 that induces T-cell responses in different DR
subtypes. Dividing this epitope into smaller peptides, the
authors tried to define the stretch responsible for the
induction of the T-cell reaction. Interestingly, no re-
sponse was observed against p129-143, respectively, and
only a weak response to p119-133 and p123-137. From



these observations they concluded that all of the 25
amino acids of pl119-143 are necessary for a strong T-
cell response. In a second study, Zarour et al. [23]
demonstrated that the CD4 " T-cell response against this
peptide was restricted by the HLA-DRBI subtypes
*0101 and *0701, but not by HLA-DRB1*0301 which is
expressed by nearly 10% of the Caucasian population.

Not all individuals tested in this study and expressing
the HLA-DRBI1 subtypes in question showed a T-cell
response to this epitope in vitro. Individual differences in
the T-cell reactions of patients against epitopes from
tumor antigens are well known: possible reasons for this
might be a suboptimal presentation of the peptide by the
APCs of the respective patients used in this study. We
had to use PBMCs and not DCs as APCs, because only
limited numbers of PBMCs from a single patient were
available for this study, resulting not only in a smaller
number, but also a considerable patient-to-patient var-
iability with regard to the quantity and quality of the
APCs in the individual PBMC preparation. Indeed,
the percentage of HLA-DR-expressing cells among the
PBMC s, which can be regarded as a rough correlate for
the number of APCs, varied widely from patient to
patient analyzed in this study (5% to 35%; data not
shown). Alternatively, the low number of spots observed
in three patients (whom we did not count as responders)
may also be due to the low peptide concentrations (2 pg/
ml) that we used compared with other authors [21, 24,
42] for pulsing APCs in order to avoid nonspecific
binding of the peptides.

The HLA-DR restriction of the observed T-cell
responses was further supported by the results of a
functional displacement assay using the pan-DR-bind-
ing T-helper epitope PADRE. There was a significant
negative linear correlation (R*=0.96 and p=0.02 at d7,
and R?=0.97 and p=0.01 at d14; Fig. 3) between the
PADRE concentration used during APC pulsing for the
ELISpot assay and the number of IFN-yp—secreting
T-cells prestimulated with the NY-ESO-1 epitope p134—
148. Similar to the competitive binding assay previously
described for MHC I-binding peptides [40], this strategy
represents a powerful method for the characterization of
MHC II-binding peptides. In contrast to approaches
which use immunopurified HLA-DR molecules coated
onto plates, the displacement of competing epitopes
from the surface of cells that are used as APCs repre-
sents a more physiological way of inhibition. Moreover,
it directly provides functional data and allows for the
estimation of the affinity of different MHC II-binding
peptides using PADRE as the comparator. However,
since binding of PADRE to HLA-DP and HLA-DQ can
not be excluded, the definitive demonstration of an
HLA-DR restriction of a T-cell response that is inhib-
ited by PADRE must be made by blocking with an
HLA-DR antibody. Finally, as discussed above, only
the demonstration of the binding of a peptide under
study to purified MHC II molecules of a given subtype
allows for the definitive determination of a restriction.
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Since DRB1*04 individuals coexpress both DRBI
and DRB4 gene products, and DRB1*03 individuals
coexpress DRB1 and DRB3 gene products, restriction
by the latter gene products can not definitely be ex-
cluded. However, the latter is very unlikely because all
the coexpressed DRB3, DRB4, and DRB5 gene prod-
ucts are expressed at a much lower level than DRBI1 on
APCs and (in contrast to DRB1) are not expressed in all
individuals. Finally, that p134-148 is indeed presented
by B1*0301 was proven by demonstrating that pl134—
148—stimulated T cells from patient BC212 recognized
the cell line SK-MEL-37, with which they share only the
subtype B1¥0301 (Fig. 4).

Our results obtained with the SK-MEL-37 mela-
noma cell line suggest that p134-148 is naturally pro-
cessed and presented on the surface of these cells in the
context of the respective MHC II molecules. However,
even if tumor cells lack MHC II expression, which is
the rule rather than the exception both in lung cancers
[43] and breast cancers [44], antitumor immunity may
be promoted by cross-priming or cross-presentation of
both CD8 and CD4 epitopes of tumor antigens by
professional APCs, including DCs [45, 46], which may
acquire tumor antigens from necrotic or apoptotic
bodies in the tumor microenvironment [47]. This
mechanism of immune-directed recognition of tumor
would allow specific antitumor CD4 " responses to be
beneficial to patients, irrespective of the MHC II status
of their tumors.

Of the four responders, two had a high anti-NY-
ESO-1 antibody titer. Our observation of T-cell
responses in anti-NY-ESO-1-negative patients is in
contrast to observations reported by others [21] who
observed T-cell responses only in anti-NY-ESO-1 anti-
body—positive patients. However, the constellation of
inducible CD4 " responses in antibody-negative patients
might have been missed in those studies, because only
two and three patients, respectively, were analyzed.

In summary, using the SYFPEITHI algorithm we
succeeded in identifying an NY-ESO-1-derived peptide
that can be used for vaccine development aimed at
the stimulation of CD4" cells of patients with a
broad spectrum of HLA-DR haplotypes. We expect
that the approach pursued in this study will also be
successful for other SEREX-defined cancer-testis anti-
gens such as HOM-MEL-40 SSX-2 [5] and HOM-TES-
14/SCP-1 [8]. Whether the use of such peptides either
alone or as part of a polyvalent peptide vaccine cocktail
consisting also of appropriate MHC I-restricted epi-
topes will result in better clinical responses of the vac-
cinated patients, can now be tested in clinical studies
open to patients with a broad spectrum of HLA-DR
subtypes.
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