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Comprehensive Analysis of HLA-DR- and HLA-DP4-Restricted
CD4™" T Cell Response Specific for the Tumor-Shared Antigen
Survivin in Healthy Donors and Cancer Patients'

Xiao-Fei Wang,* Jerome Kerzerho,* Olivier Adotevi,” Hélene Nuyttens,* Cecile Badoual,’
Gaetan Munier,* Stéphane Oudard,” Shuiping Tu,® Eric Tartour,” and Bernard Maillere**

Because of the wide distribution of the survivin Ag in a variety of tumors, we have investigated the survivin-specific CD4™ T cell
response in healthy donors and cancer patients. Screening of the entire sequence of survivin for HLA class II binding led to the
identification of seven HLA-DR promiscuous peptides, including four HLA-DP4 peptides. All of the peptides were able to prime
in vitro CD4™ T cells of eight different healthy donors. The peptide-specific T cell lines were stimulated by dendritic cells loaded
with the recombinant protein or with the lysates of tumor cells. The high frequency of responders (i.e., immunoprevalence) was
provided by a wide reactivity of multiple peptides. Six peptides were T cell stimulating in at least half of the donors and were close
to CD8™ T cell epitopes. HLA-DR molecules were more frequently involved in T cell stimulation than were HLA-DP4 molecules,
and hence immunoprevalence relies mainly on HLA-DR promiscuity in the survivin Ag. In two cancer patients a spontaneous
CD4* T cell response specific for one of these peptides was also observed. Based on these observations, the tumor-shared survivin
does not appear to be the target of immune tolerance in healthy donors and cancer patients and is a relevant candidate for cancer

vaccine. The Journal of Immunology, 2008, 181: 431-439.

ecause of its widespread expression and its vital function

in tumor cells, survivin appears as an ideal candidate for

cancer immunotherapy. It is expressed during develop-
ment and in proliferating cells during the G2/M phase, but it re-
mains largely undetectable in differentiated tissue. In contrast, its
expression is aberrantly elevated in most human solid malignan-
cies, including lung, colon, breast, ovarian, renal, pancreatic, pros-
tate, and gastric carcinomas and melanoma (1). It is also overex-
pressed in leukemia of various origins (1). Initially isolated as a
member of the inhibitors of apoptosis protein family (2), survivin
preferentially blocks mitochondrial-dependent apoptosis by inter-
fering with the caspase pathway. It is also involved in the regula-
tion of cell division and interacts with the spindle mitotic apparatus
(3). It contributes to survival and proliferation of tumor cells. In
agreement with its functions, survivin expression correlates with
poor prognosis for the patients (4), while inhibition of its expres-
sion by antisense oligonucleotides induced tumor apoptosis and
increased tumor sensitivity to chemotherapy (5).
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Survivin-specific cytotoxic T cell response has been investi-
gated by several groups. It was initially described for HLA-A2
donors (6, 7), and this type of study was extended to other haplo-
types (8, 9). Cytotoxic response raised against survivin was dem-
onstrated in breast cancer, leukemia, and melanoma patients (6)
and was induced in vitro from PBMC derived from colorectal car-
cinoma (10) and leukemia patients (11). Based on these data, vac-
cination trials have been engaged (12—15). However, despite these
immunological data and the requirement of CD4™ T lymphocytes
to sustain cytotoxic responses (16), the CD4™ T cell response spe-
cific for survivin remains largely unknown (17). This response is
expected to exist because spontaneous humoral response has been
detected in tumor-bearing patients (18, 19) and because it can be
induced in mice by using appropriate epitope vectors (20). How-
ever, because survivin is an overexpressed Ag as telomerase and
P53, a status of tolerance may limit the CD4™ T cell response and
give rise to low-affinity CD4" T cells. Moreover, because it is
relatively small, the CD4™ T cell response may be limited to par-
ticular haplotypes and hence may not be effective in all individu-
als. To account for the frequency of responders of an epitope or an
Ag, we use the term immunoprevalence, while immunodominance
is used to qualify peptides recognized in the context of the pre-
sentation of the native Ag. Clearly, a high immunoprevalence is
needed for a candidate vaccine and is thought to be achieved by the
presence of promiscuous HLA-DR-restricted peptides or peptides
that are presented by preponderant HLA class II (HLA II)* mol-
ecules as HLA-DP4. However, the respective roles of HLA-DR
and HLA-DP4 molecules in CD4" T cell responses in humans
remain poorly documented. We have therefore addressed the
question of whether Survivin can sustain an efficient CD4™ T cell

3 Abbreviations used in this paper: HLA II, HLA class II; DC, dendritic cell;
NSLC, non-small cell lung carcinoma; RCC, renal cell carcinoma; rh, recombi-
nant human.
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432 CD4" T CELL EPITOPES OF SURVIVIN
Table 1. Binding capacities to HLA-DR and HLA-DP4 molecules of overlapping peptides from survivin®
Relative Activity
Bound
Peptides DRI DR3 DR4 DR7 DRI11 DRI3 DRIS DRB3 DRB4 DRBS DP401  DP402 HLAII
1-15 8,308 >289 >3,074 >6,140 7 >164 1,429 >6,262 >4,110 1,046 1,022 302 1
4-18 34,615 >289 >3,074 >6,140 3 62 >2,420 >6,262 >4,110 716 530 157 2
8-22 5,056 40 1,314 404 4 4 93 546 725 286 2,333 456 4
11-25 4,615 163 1,406 267 35 4 0.4 230 1,875 295 3,667 1,667 3
17-31 8 >289 288 1 24 1 0.1 >6,262 188 30 4 2 8
19-33 8 >289 18 32 15 15 2 >6,262 110 494 2 1 8
20-34 4 >289 163 667 21 4 26 >6,262 138 500 23 5 6
23-37 29 >289 163 2000 3,700 >164 >2,420 >6,262 >4,110 447  >6,773 247 1
36-50 1,581 >289 531 567 589 >164 >2,420 >6,262 1,225 496 282 126 0
41-55 842 >289 156 161 115 >164 125 667 17 442 >6,773 >3,989 1
52-66 3,154 34 688 287 10 35 54 792 >4,110 699 >6,773 200 4
56-70 495 >289 >3,074 433 35 >164 54 800 >4,110 1,538 >6,773 >3,989 2
59-73 1,800 >289 1657 300 194 >164 143 >6,262 >4,110 3,462 >6,773 >3,989 0
62-76 >22,567 >289 >3,074 >6,140 >10,034 >164 1,161 1,933 >4,110 >12,934 >6,773 >3,989 0
65-79 >22567 >289 >3,074 >6,140 >10,034 >164 >2,420 >06,262 >4,110 >12934 >6,773 >3,989 0
72-86 73,077 >289 >3,074 >6,140 >10,034 17  >2,420 >6,262 >4,110 477  >6,773 >3,989 1
84-98 1,028 7 543 12 1 1 15 741 49 231 10 5 8
87-101 115 >289 193 43 217 >164 121 426 346 784 216 279 1
90-104 30 >289 28 6 248 >164 134 3,200 >4,110 37 3 1 6
91-105 9 >289 41 2 248 >164 80 2,000 >4,110 19 1 1 7
93-107 99 >289 172 120 55 13 12 3,000 >4,110 69 1 3 7
96-110 14 16 44 243 1 1 12 >6,262 180 13 172 27 8
99-113 37 13 56 278 4 15 43 >6,262 550 3 4,444  >3,989 7
102-116 4,804 >289 >3,074 1,667 943  >164 >2,420 >6,262 >4,110 2 >6,773 >3,989 1
111-125 2,500 >289 >3,074 >6,140 3,000 108 1,607 >6,262 1,750 2 >6,773 >3,989 1
122-136 3,508 17 >3,074 667 33 2 43 >6,262 >4,110 58 >6,773 >3,989 5
128-142 5 30 11 58 3 >164 7 >06,262 64 141 1,444 1,333 7

¢ Peptides encompassing the whole sequence of the survivin Ag were submitted to binding assays specific for HLA-DR and HLA-DP4 molecules. Reference peptides were
used to validate each assay. These peptides are the nonbiotinylated forms of the biotinylated peptides used in the assay and correspond to very good binders. Data are expressed
as relative activity (ratio of the ICs, of the peptides to the ICs, of the reference peptide) and are the means of three experiments. Good binders have a relative activity <100

and are in boldface type.

response in multiple donors and how this response is supported by
the HLA II molecules.

Materials and Methods
Peptides and proteins

Overlapping peptides and biotinylated peptides were synthesized using
standard 9-fluorenylmethoxycarbonyl (Fmoc) chemistry on an Advanced
ChemTech Apex synthesizer (Advanced ChemTech Europe) and cleaved
from the resin by 95% trifluoroacetic acid. If necessary, peptides were
purified by reversed phase-HPLC on a C,3 Vydac column (Interchim).
Their purity was ~90% as indicated by analytical HPLC. Peptides HA255—
270 (RGYFKMRTGKSSIMRS) and HA306-318 (PKYVKQNTLKLAT)
were from NeoMPS. Protein survivin (Bir5) and HIV Nef protein were
produced in Escherichia coli as fusion proteins with the GST protein, pu-
rified on glutathione column, and separated from GST by proteolytic
cleavage.

Cell transfection

The pcDNA3-survivin (pBir5") (21) (20 pg) was introduced into HeLa
cells (3 X 10° cells) by electroporation (0.9 kV, 250 wF, 0.4-cm gap) with
a Gene Pulser II (Bio-Rad). The treated cells were suspended in 40 ml of
prewarmed DMEM medium with 10% fetal serum and incubated under 5%
CO,/air at 37°C. Forty-eight hours later, transfection efficacy was assessed
by flow cytometry. Briefly, cells were permeabilized with 75 ul of fixation/
permeabilization solution (BD Biosciences) for 20 min at 4°C and washed
twice with BD Perm/Wash buffer plus 2% FCS (BD Biosciences). They were
stained for 20 min on ice with anti-survivin-PE (Cell Signaling Technology) or
anti-isotype control. Cell staining was assessed on a FACSCalibur flow cy-
tometer (BD Biosciences).

HLA II peptide binding assays

HLA-DR and HLA-DP4 molecules were immunopurified from homolo-
gous EBV cell lines by affinity chromatography using the monomorphic
mAbs 1.243 and B7/21, respectively (22-24). The binding to HLA-DR and
HLA-DP4 molecules was assessed by competitive ELISA as previously

reported (22-24). Binding specificity for each HLA II was ensured by the
choice of the biotinylated peptides as described previously (23, 24). Un-
labeled forms of the biotinylated peptides were used as reference peptides
to assess the validity of each experiment. Their sequences and I1Cs, values
were as follows: HA 306-318 (PKYVKQNTLKLAT) for DRB1#0101 (4
nM), DRB1#0401 (33 nM), DRB1*¥1101 (10 nM), and DRB5*0101 (8
nM); YKL (AAYAAAKAAALAA) for DRB1#0701 (16 nM); A3 152—
166 (EAEQLRAYLDGTGVE) for DRB1*1501 (40 nM); MT 2-16 (AK
TIAYDEEARRGLE) for DRB1#0301 (340 nM); B1 21-36 (TERVR
LVTRHIYNREE) for DRBI1*1301 (600 nM); LOL 191-210
(ESWGAVWRIDTPDKLTGPFT) for DRB3#0101 (16 nM); E2/E168
(AGDLLAIETDKATI) for DRB4*0101 (24 nM); and Oxy 271-287
(EKKYFAATQFEPLAARL) for DPB1#0401 (15 nM) and HLA-
DPB1*0402 (25 nM).

Blood samples and HLA-DR genotyping

Blood cells were collected from anonymous healthy donors at the Etab-
lissement Francais du Sang (EFS, Rungis, France) as buffy-coat prepara-
tions after informed consent and following EFS guidelines. Eight cancer
patients (four renal cell carcinomas (RCC), two melanomas, two non-small
cell lung carcinomas (NSLC)) were recruited at the Hopital Européen
Georges Pompidou (Paris, France). With respect to cancer patient charac-
teristics: the four RCC patients were staged as pT2NIMO (n = 2) and
pTIN2MO (n = 2), the NSLC patients were stage IIIB (n = 1) and stage
IV (n = 1), and the two melanoma patients were classified as having stage
IV metastatic melanomas. All patients were men with a mean age of 58
years. These cancer patients were not treated by any immunomodulator
before blood collection. This study was conducted in accordance with
French laws and after approval by the local ethics committee. PBMC were
isolated by density centrifugation on Ficoll-Hyperpaque gradients (Sigma-
Aldrich). HLA-DR genotyping was performed by using the Olerup SSP
DRBI typing kit.

Generation of Ag-specific T cell lines from healthy donors

Monocyte-derived dendritic cells (DC) were generated from plastic-adher-
ent cells of PBMC after 5-7 days of culture in AIM V medium (Invitrogen)
supplemented with 1000 U/ml of recombinant human (rh)IL-4 and of
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rhGM-CSF (Tebu). Immature DC were collected at day 5 or 6. Mature DC
were generated after addition of 1 pg/ml of LPS (Sigma-Aldrich). CD4™
T lymphocytes were isolated from nonadherent phase by positive selection
using an anti-CD4 mAb coupled to magnetic microbeads (Miltenyi Biotec)
and by magnetic cell sorting, as recommended by the manufacturer. Mature
DC (5 X 10°) were incubated at 37°C, 5% CO,, for 4 h in 1 ml complete
IMDM medium containing a mixture of survivin peptides, with each pep-
tide being at a concentration of 10 ug/ml. Pulsed cells were washed and
added at 10* per round-bottom microwell to 10° autologous CD4" lym-
phocytes in 200 ul IMDM supplemented by 1000 U/ml of IL-6 (R&D
Systems) and 10 ng/ml IL-12 (R&D Systems). The CD4" T lymphocytes
were restimulated on days 7, 14, and 21 with autologous DC freshly loaded
with the survivin peptides and were grown in complete IMDM medium
supplemented with 10 U/ml IL-2 (R&D Systems) and 5 ng/ml IL-7 (R&D
Systems). Flow cytometry analysis confirmed that growing cells were
CD4" T lymphocytes. Specificity of the T cell lines was investigated by
IFN-y ELISPOT assays at days 28 and 29 as described previously (25).
APCs were autologous PBMC, or autologous immature DC or L cells
transfected with HLA II molecules (26). For statistical evaluation, a ¢ test
was used. Values of p < 0.05 were considered significant.

Assessment of survivin-specific T cell response in cancer
patients

PBMC were cultured for 6 days at 2 X 10° cells/ml in 2 ml per well with
complete RPMI medium supplemented with 10% FCS. In each well, a
pool of viral hemagglutinin or survivin peptides was added at a con-
centration of 20 ug/ml. On day 2 after the beginning of the culture, IL-2
(Chiron) was added at 20 IU/ml in standard conditions. After 6 days of
culture, the ELISPOT assay was performed using peptide-pulsed PHA-
activated cells as APCs as described previously (27). Briefly, PHA-
activated cells were obtained by a culture of autologous PBMC in RPMI
1640 medium containing 10% FCS and supplemented with 10 wg/ml
PHA-P (Sigma-Aldrich). At day 3, IL-2 (20 IU/ml) and IL-7 (10 ng/ml)
were added to the culture. At day 6, PHA-activated cells were fixed with
1% PFA for 30 min at 4°C, washed three times with PBS, and pulsed for
2 h at 37°C with the various peptides at 20 ug/ml in serum-free medium
(AIM V medium). Ninety-six-well polyvinylidene difluoride plates (Mil-
lipore) were coated with 100 ul capture anti-human IFN-y mAb (Diaclone)
and incubated overnight at 4°C. The plates were then saturated with 2%
skimmed milk and incubated for 2 h at room temperature. Effector cells
(10°) and PHA-activated T cells (5 X 10%) pulsed with the peptides were
added to triplicate wells at 10° cells/well in AIM V medium for 20 h at 37°C
in 5% CO,. At the end of incubation, cells were washed and the second bio-
tinylated anti-IFN-y mAb (Diaclone) was added to the plate for 90 min at
37°C, followed by streptavidin-alkaline phosphatase conjugate (Diaclone) for
1 h at 37°C and by NBT/5-bromo-4-chloro-3-indolylphosphate toluidine mix
(Diaclone) as substrate. Spots were counted using an automated stereomicro-
scope (Zeiss). The number of specific T cells expressed as spot-forming cells/
10° cells was calculated after subtracting negative control values (background).
Cells incubated with medium alone or PMA (100 ng/ml) (Sigma-Aldrich) and
ionomycin (10 uM) (Sigma-Aldrich) were used as negative and positive con-
trols, respectively.

Immunofluorescence staining

Formalin-fixed paraffin-embedded surgical specimens of two clear cell re-
nal carcinomas were studied. Samples were sectioned at 4—6 wm with a
cryostat, deparaffinized in xylene, rehydrated in graded alcohol, and equil-
ibrated in PBS. Slides were treated with avidin/biotin blocker (Vector Lab-
oratories) and 3% hydrogen peroxide and the Fc receptor was blocked by
human serum (5%). Slides were then stained with a survivin-specific (Santa
Cruz Biotechnology) or with a nonspecific rabbit polyclonal Ab and incu-
bated overnight at 4°C. After washes, the slides were incubated with bio-
tinylated donkey anti-rabbit (Vector Laboratories) and streptavidin-horse-
radish peroxidase. The 3,3’-diaminobenzidine was used as a chromogen
(DakoCytomation). The various Abs were diluted in PBS.

Results
Survivin peptides bind to multiple HLA-DR and HLA-DP4
molecules

A set of 27 peptides encompassing the whole sequence of the tumor-
shared Ag Survivin were synthesized and submitted to binding assays
specific for preponderant HLA-DR and HLA-DP4 molecules (Table
I). These assays included the seven most commonly expressed alleles
encoded by the HLA-DRBI genes (i.e., DRB1*0101, DRB1*0301,
DRBI1#0401, DRB1*0701, DRB1#1101, DRB1*1301, and DRB1*
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FIGURE 1. Peptide specificity of T cell lines obtained from healthy
donors 171 and 174. CD4™ T cell lines from two healthy donors (patients
171 and 174) were obtained after 3 weekly stimulations by autologous
mature DC loaded with a mixture of seven selected peptides (17-31, 20—
34, 84-98, 90-104, 93-107, 96110, and 128—-142). The specificity of the
T cell lines was assessed by IFN-y ELISPOT. T lymphocytes (10%) were
incubated in duplicate with 10° autologous PBMC in the presence or ab-
sence of peptides. Spot staining was done after a 24-h incubation.

1501). Eighty-five percent of people in the United States and Europe
possess at least one of these molecules. They also included the main
second HLA-DR molecules (DRB3*0101, DRB4*0101, and
DRB5*0101) and the two HLA-DP4 molecules, which are carried by
~76% percent of Caucasian individuals. To optimize the binding ca-
pacity of the peptides, the overlaps were selected so that the peptides
contained an aliphatic or aromatic residue in positions 1-5 in agree-
ment with the binding specificity of HLA-DR and HLA-DP4 mole-
cules (24, 28, 29). The data were presented as relative affinities to
easily compare their binding properties to high-binder peptides that
we used as references. An upper threshold of relative activity of 100
indicated that active peptides were at most 100X less efficient at bind-
ing to HLA II molecules than were high-binder peptides. As shown in
Table I, some peptides are allele-specific, as exemplified by the pep-
tides 1-15 and 4—18 that bound to DR11 or the peptide 41-55 that
bound to DRB4. More interestingly, three regions in the survivin se-
quence (17-34, 84-113, and 122-142) contained peptides with a
broad binding specificity for HLA-DR and HLA-DP4 molecules.
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434 CD4" T CELL EPITOPES OF SURVIVIN
Table II. Capacity of the seven selected peptides to induce peptide-specific T cell lines”
HLA 1I Typing No. of Peptide-Specific T Cell Lines
Donors DRBI1 Second DR DPBI1 17-31 20-34 84-98 90-104 93-107 96-110 128-142
P169 1502 DRB5S 0402 0 0 0 1 1 12 0
P171 0101, 0401 DRB4 0401 2 1 3 3 0 0 7
P174 0701, 1501 DRB4, DRB5 0401 10 0 0 3 2 1 1
P179 0701, 1301 DRB4, DRB3 —t 1 0 2 2 0 2 4
P187 0701, 0401 DRB4 2t 4 6 0 1 0 2 1
P188 1101 DRB3¢ 0401 1 2 3 7 3 1 0
P180 0101, 1101 DRB3° 0401 0 0 3 2 2 1 1
P241 1301, 16 DRB3, DRB5 —* 10 0 0 0 1 4 3
Total 28 9 11 19 9 23 17
Responder frequency 5/8 3/8 4/8 7/8 4/8 7/8 6/8

“T cell lines were derived from seven HLA II unrelated healthy donors. Their peptide specificity was evaluated by ELISPOT as described in Fig. 1.

> Not HLA-DP4.
¢ DRB3*0202, which is different from DRB3 (DRB3*0101).

Eight peptides located in these peptide regions bound to at least one
of the HLA-DP4 molecules. Most of them bound to both molecules,
in agreement with their very similar binding motifs (24). They also
exhibited a good capacity to bind to HLA-DR molecules and bound
to five to seven HLA-DR molecules. For example, the peptide 17-31
bound to six HLA-DR molecules (DR1, DR7, DR11, DR13, DRI15,
and DRBS) and the two DP4 molecules, while the peptide 84-98 is
also a binder for six HLA-DR molecules (DR3, DR7, DR11, DR13,
DRI15, and DRB4) and the two HLA-DP4 molecules. Additionally,
peptide 128-142 did not bind to HLA-DP4 but bound to seven
different HLA-DR molecules (DR1, DR3, DR4, DR7, DR11, DR15,
and DRB4). As a result, we retained seven peptides (17-31, 20-34,
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FIGURE 2. Presentation of the recombinant protein survivin to peptide-
specific T cell lines. Peptide-specific T cell lines were obtained from two
healthy donors (187 and 188). The protein survivin (Bir5) and HIV Nef
protein were incubated at 1-3 uM for 4 h with immature autologous DC.
After washings, DC (10*) were incubated with T lymphocytes. T lympho-
cyte response was evaluated by IFN-y ELISPOT. Each bar represents the
mean spot number of duplicates = SD. #x, p < 0.01; *, p < 0.05.

84-98, 90-104, 93—-107, 96110, and 128—142) on the basis of their
wide specificity for the HLA II molecules and the coverage of the
sequence of the survivin Ag.
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FIGURE 3. Stimulation of peptide-specific T cell lines by immature DC
loaded with tumor lysates. A, HeLa cells were transfected with the survivin
gene. Expression level of survivin was evaluated by flow cytometry after in-
tracellular staining using a survivin-specific Ab. Black, surviving-transfected
HeLa; gray, untransfected HeLa; open, isotype control of the transfected HeLa
cells. B, Cell lysates were obtained by five rapid freeze-thaw cycles in AIM V
medium. Survivin content was evaluated by Western blot using survivin-spe-
cific Abs. C, Immature DC (0.5 M/ml) were pulsed for 4 h with the tumor
lysates (equivalent to 2.5 M/ml) of survivin-transfected HeLa (pBir5™) or un-
transfected cells (pBir5 ™) or pulsed with the recombinant proteins Bir5 and
Nef at 3 uM. T cell lines (241.19 and 241.34) were incubated with 5000 pulsed
DC for 24 h and subsequently submitted to IFN-y ELISPOT assay. D, HLA-
DR7-transfected murine L cells (L-DR7), HLA-DR7" EBV (PITOUT), and
melanoma (HT144) cell lines were incubated (30,000 cells/well) with 20-34
specific T cell lines (354.6 and 354.41). T cell activation was revealed by
IFN-y ELISPOT assay. :**, p < 0.01; *, p < 0.05.
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The seven selected peptides induce peptide-specific CD4™ T cell
lines in HLA II unrelated healthy donors

The capacity of the seven peptides to prime CD4™ T cells har-
vested from healthy donors was evaluated as previously de-
scribed (25). CD4" T cells were seeded in 96-well plates and
stimulated weekly by mature DC loaded with the mixture of the
peptides. Their peptide specificity was evaluated by IFN-vy
ELISPOT using autologous PBMC as APCs. Fig. 1 shows eight
T cell lines derived for healthy donors 171 and 174. Among 60
seeded wells per donors, 12 and 13 peptide-specific T cell lines
were discovered for donors 171 and 174, respectively, suggest-
ing that they derived from few T cell precursors, which have
been amplified by the weekly restimulation. Accordingly, the T
cell lines were generally specific for either a unique peptide or
for two overlapping peptides, suggesting that they are specific
for the common part of the two peptides. A total of eight
healthy donors were recruited and possessed the most fre-
quently encountered HLA-DR alleles, except for DR3 (Table
II). Five donors possessed the HLA-DP4 molecules, in agree-
ment with the high frequency of this molecule in the Caucasian
population. Although the panel of donors contains multiple
HLA II haplotypes, all the peptides induced specific T cell lines
in a minimum of three donors. Peptide 17-31 induced 28 T cell
lines, 20-34, 9; 84-98, 11; 90-104, 19; 93-107, 9; 96-110, 23;
and 128-142, 14 lines. Peptides 90-104 and 96—110 were stim-
ulating in almost all of the donors, while peptides 17-31 and
128-142 induced T cell lines in five and six donors, respec-
tively. Further characterization was performed depending on
the quantity of T cells remaining from the microculture.

Peptide-specific T cell lines are stimulated by the survivin
protein and tumor lysates presented by immature DC

We evaluated the capacity of eight peptide-specific T cell lines
from two different donors to recognize the native protein. As
shown in Fig. 2, two T cell lines (187.54 and 187.34) specific for
the 17-31 and 20-34 peptides reacted specifically with autologous
DC previously loaded with the recombinant survivin protein. They
were not, however, stimulated by unloaded DC and by DC fed
with the recombinant HIV Nef protein. Similarly, T cell lines
188.19, 188.57, 241.22, and 241.11, which were specific for pep-
tides 90-104, 93-107, 128-142, and 96-110, respectively, spe-
cifically recognized the survivin protein. We also investigated the
presentation of tumor cell lysates by immature DC to two peptide-
specific T cell lines (Fig. 3). All the tumor cell lines we investi-
gated expressed at least a low level of survivin, as shown for the
HeLa cells by FACS (Fig. 3A) and Western blot (Fig. 3B). We
therefore modulated the level of expression of survivin by using
HeLa cells transfected with survivin gene or untransfected. As
shown Fig. 3A, survivin is ~10-fold more expressed in the trans-
fected cells as compared with untransfected ones. The 17-31-spe-
cific T cell line 214.34 was specifically stimulated by immature
DC loaded with the protein survivin and by tumor lysates of trans-
fected HeLa cells (Fig. 3C). It was not, however, stimulated by the
HIV Nef protein or by the untransfected cells, demonstrating the
specificity of the stimulation and that the level of endogenously
expressed survivin was insufficient to stimulate the T cell line. In
contrast, the T cell line 214.19 was stimulated by the immature DC
loaded with the survivin protein and with tumor lysates produced
by transfected and untransfected HeLa cells, but not by the DC
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FIGURE 5. Dose response of peptide-specific T cell lines. CD4™ T cell
lines (188.18, 188.19, 174.45, 174.31, 174.25, and 174.50) were incubated
in duplicate with 10° autologous PBMC and a dose range of appropriate
peptides for 24 h. The specificity of the T cell lines was assessed by IFN-y
ELISPOT: 17-31 (A), 90-104 (M), 93-107 (@), 96110 (A), 128-142
(@), no peptide (O).

alone or by the DC loaded with the HIV Nef protein. Finally, two
HLA-DR7-restricted T cell lines specific for the peptide 20-34
were stimulated by the HLA-DR-matched EBV cell line PITOUT
and melanoma cells HT144, although the murine L cells trans-
fected by HLA-DR7 were not recognized unless they were loaded
with the peptide 20-34 (Fig. 3D). We concluded from these ex-
periments that the peptides 17-31, 90-104, 93-107, 96-110, and
128142 are appropriately processed by immature DC loaded with
the native protein, while at least the peptide 20-34 is naturally
presented by tumor cells. We also observed that the endogenous
level of survivin expression could be sufficient to stimulate CD4™
T lymphocytes.

Survivin peptides are presented to CD4™* T cell lines by multiple
HLA-DR and HLA-DP4 molecules

As the seven selected peptides bound to multiple HLA II mol-
ecules, HLA II restriction molecules supporting the peptide-
specific T cell stimulation was evaluated for 19 T cell lines
using L cells transfected by HLA-DR or DP4 molecules. Data
presented in Fig. 4 are from 12 of them. T cell lines were mostly
stimulated by their corresponding peptide presented by only one
HLA II molecule, but degenerate recognition was also observed
as shown for the 174.31 and 187.50 T cell lines. In both cases,
DR15 and DRB5 molecules emerged as the most stimulating,
suggesting that these molecules have contributed to T cell prim-
ing. However, significant presentation by other molecules
(DR7, DRB4, and DP4) was also observed. A given donor can
develop a peptide-specific T cell response using two different
restriction elements, as exemplified by the T cell lines 174.45
and 174.25, which recognized the peptide 90—104 presented by
HLA-DP4 and HLA-DR7, respectively. As a result, we ob-
served the presentation to T cells of the peptide 17-31 by HLA-
DR7, DR15, DRB4, DRBS5, and DP4; 20-34 by DR4, DR7,
DR11, and DP4; 90-104 by DR7, DR11, DR15, DRB4, DRBS,
and DP4; 93-107 by DR11 and DP4; 96-110 by DR4, DR7 and
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ELISPOT after 1 wk in vitro stimulation with the peptides as described
in Materials and Methods. Each bar represents the mean spot number of
triplicates = SD. #x, p < 0.01; *, p < 0.05.

DP4; and 128142 mainly by DR15 and DRBS. Finally, peptide
concentration was evaluated for eight different T cell lines spe-
cific for 17-31, 90-104, 93-107, 96-110, or 128-142 (Fig. 5).
Midstimulation was reached at a concentration <0.1 pg/ml for
all the peptides, except for peptide 93—-107. This indicated an
efficient avidity of specific T cell lines against survivin-derived
peptides.

T cell antigenicity of survivin peptides in cancer patients

Spontaneous response to survivin peptides was investigated in
eight different cancer patients and six healthy donors. None of the
healthy donors gave rise to peptide-specific stimulation (data not
shown). In contrast, a specific T cell response was detected for the
84-98 peptide in two patients, one with renal cancer and the other
with NSLC (Fig. 6). This response appears relatively weak but is
in the order of magnitude of that seen for the Flu peptides (HA
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FIGURE 7. Survivin expression in RCC tumors from two patients
tested for the presence of anti-survivin CD4" T cells. RCC tumors were
stained with anti-survivin Ab (leff) or negative control Ab (right). RCC1
corresponds to the one patient with detection of anti-survivin CD4* T
cells, whereas RCC2 corresponds to one patient with no anti-survivin
CD4™" T cell detection.
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255-270 and HA 306-318). At least in these two donors, we there-
fore observed a spontaneous CD4 T cell response to one survivin
peptide, namely 84-98. We had access to the tumor biopsy of one
of the responding RCC patients and of another non-responding
RCC patients. High levels of survivin expression were observed in
both cases (Fig. 7).

Discussion

Although survivin is a small and overexpressed tumor Ag (1), we
show herein that it is able to generate a CD4™ T cell response in
various healthy individuals and cancer patients. This response in-
volves CD4™ T cell epitopes restricted to multiple HLA 1I alleles
and is mainly supported by HLA-DR molecules.

Survivin is one of the rare tumor Ags expressed in a large
number of tumors of various types (1). It contributes to the
resistance of tumor cells to apoptosis (2) and is involved in their
proliferative capacity (3). It is not, however, completely absent
from normal cells and hence could lead to T cell tolerance.
Because the survivin-specific CD4™ T cell response, which is
required to sustain the tumor-specific cytotoxic response, is
poorly documented (17), we characterized this response in mul-
tiple donors. Seven peptides were able to prime CD4" T lym-
phocytes in a specific manner and were clustered in three dif-
ferent sequence regions, namely 17-34, 84110, and 128-142.
Three main properties characterize T cell epitopes for vaccine
purposes, namely immunodominance, immunoprevalence, and
hierarchy. As defined for protein immunization (30) and viral
infection (31), immunodominant T cell epitopes are sensu
stricto recognized in the context of priming with the native Ag
and hence are generated by the processing of the native Ags. As
T cell lines had been primed with peptides, we only assessed in
vitro the appropriate presentation of the native Ag. Peptides
17-31, 90-104, 93-107, 96-110, and 128-142 appeared ap-
propriately processed by immature DC loaded with the native
protein. Two T cell lines specific for the peptide 17-31 were
stimulated by immature DC loaded with the lysate of survivin-
transfected cells, while one was stimulated by the lysate of
untransfected cells, suggesting that endogenous expression of
survivin could be sufficient for CD4™ T cell presentation. Two
peptide 20-34-specific T cell lines directly recognized
HLA-DR matched tumor cells, suggesting that at least the pep-
tide 20-34 is presented by the tumor cell lines. Finally, a spon-
taneous response in two cancer patients involved the peptide
84-98, confirming its in vivo presentation.

We then investigated the immunoprevalence of the T cell
epitopes. Immunoprevalence corresponds to the frequency of re-
sponders and was evaluated in eight different donors. As shown in
Table II, all the peptides exhibited a good immunoprevalence, as
they were all stimulating in at least half of the donors. Two pep-
tides (90-104 and 96—110) primed specific T cell lines in almost
all of the individuals. Relatively few peptides with such high im-
munoprevalence have been described in tumor Ags (26, 32, 33)
and in viral or bacterial Ags (25, 34-36). This emphasizes the
interest of these peptides for vaccine purposes. Finally, we ob-
served a different hierarchy between the defined epitopes for each
healthy donor. Epitope hierarchy is documented by the proportion
of the total response produced by one epitope and defined major
(>30% of the response) and minor epitopes. For instance, for do-
nor P169, the response was dominated by peptide 96—110, which
gave rise to 85% of the generated T cell lines, while peptides
90-104 and 93-107 were minor epitopes for this donor. In con-
trast, peptide 96—110 became a minor epitope for donor P174, and
the major epitope was peptide 17-34. Major epitopes are therefore
carried by different peptides and, as suggested by recent investi-
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gations in mice, may result from size variation of the naive pre-
cursor repertoire (37). Variation in epitope hierarchy was also re-
ported in vaccinated donors (38). Altogether, we suggest
introducing in a peptide vaccine at least the peptides 17-31, 90—
104, 96-110, and 128-142, which are major epitopes and hence
are expected to elicit a strong response in each donor. We do not
propose to limit the composition of the vaccine to the most im-
munoprevalent peptides (90—104 and 96—-110). These peptides in-
duce a response in most donors, but may recruit a relatively low
number of T cells in some donors. Their combination with the
peptides 17-31 and 128142 is expected to induce a better T cell
response.

We also analyzed the restriction of peptide-specific T cell lines
to identify the main HLA II molecules implicated in these re-
sponses. High immunoprevalence of T cell epitopes may result
from a wide specificity for HLA-DR molecules or from the ca-
pacity to bind a preponderant molecule as HLA-DP4 (24). HLA-
DP4 is present in ~76% of Caucasian individuals and covers ap-
proximately the same proportion of the population as six HLA-DR
molecules. Four peptides in the survivin Ag bound to HLA-DP4
molecules, while seven peptides including them were retained be-
cause of their promiscuity for HLA-DR molecules. In contrast to
our previous observations with HIV Ags (39) and the MAGE-A1
tumor Ag (40), survivin-specific T cell epitopes restricted to HLA-
DP4 induce few T cell lines and do not appear strongly immuno-
genic. CD4™ T cell response to survivin is essentially HLA-DR
restricted, as similarly observed for the NY-ESO-1 Ag (26, 32,
33), although this Ag also contains HLA-DP4-restricted epitopes
(32, 41). As a result, immunoprevalence of the survivin-specific
CD4™" T cell response mainly relies on HLA-DR promiscuity as
compared with HLA-DP4. One interesting issue would be to eval-
uate the role of HLA-DQ molecules, especially as these molecules
exhibited different peptide specificity with respect to HLA-DR and
HLA-DP4 molecules (42, 43).

Because of its expression during the cell cycle of normal cells,
survivin is not exclusively expressed in tumor cells. This low level
of expression may induce tolerance by deletion of the efficient Tcr
clonotype (44), as shown for P53 Ag (45). However, our data do
not support the existence of tolerance induction against survivin in
normal donors and cancer patients. Indeed, we observed that all of
the healthy donors responded to at least one of the identified pep-
tides, although they exhibited a variety of HLA II molecules.
Moreover, the dose response of the T cell lines revealed a good
efficiency in recognizing the peptides and thus suggested that
clonotypes of high affinity for survivin were not negatively se-
lected. In two of eight cancer patients, we detected a spontaneous
CD4™ T cell response specific for one survivin peptide, while this
spontaneous response was absent in healthy donors. At least in
these two cancer patients, survivin produced by the tumor
seems to elicit a response and not a tolerance status. Accord-
ingly, spontaneous humoral (18, 19) and cytotoxic responses
(46) raised against survivin have been reported. These obser-
vations therefore suggest that the basal level of survivin in nor-
mal cells is not enough to provoke tolerance, while its overex-
pression in tumor cells could lead to specific T cell priming, as
has been previously shown for cancer germ line Ags such as
NY-ESO-1 (33) and TRAG (47).

CD8 T cell response specific for survivin have been investi-
gated in several studies, especially for HLA-A2 patients. Two
HLA-A2-restricted T cell epitopes have been delineated,
namely 5-14 and 96-104 (6, 7), while peptide 80—88 and pep-
tides 46-54 and 51-59 have been identified as CD8" T cell
epitopes restricted by HLA-24 (8) and HLA-B35 (9), respec-
tively. Of note is the proximity of these epitopes to the CD4™
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T cell epitopes we report in this study. Peptide 96—104 is en-
compassed by 90-104 and 96—110 immunoprevalent CD4™ T
cell epitopes, which are therefore able to elicit both CD4™ and
CD8™ T cell responses, as shown for other combinations of T
cell epitopes (41). We have also confirmed the priming capacity
of peptide 5-14 and have derived six T cell lines from three
independent healthy donors (data not shown). We demonstrated
their capacity to recognize HLA-A2™ tumor cell lines, although
this has not been previously shown (6). Besides the 90-104 and
90-110 sequences, we therefore propose as vaccine candidates
the 5-31 and 5-34 peptides, as they also advantageously com-
bine CD8" and CD4™" T cell epitopes.

In conclusion, our work demonstrates the efficiency of peptides
in eliciting a CD4™ T cell response specific for survivin, showing
their immunodominance, immunoprevalence, and proximity to
CD8™ T cell epitopes. We also show that HLA-DR promiscuity
rather than specificity for HLA-DP4 molecules supports their
priming capacity in multiple donors. Considering the wide distri-
bution of survivin in tumor cells, this work contributes to the de-
sign of new peptide vaccines against various cancers.
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