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Abstract STEAP is a recently identified protein shown
to be particularly overexpressed in prostate cancer and
also present in numerous human cancer cell lines from
prostate, pancreas, colon, breast, testicular, cervical,
bladder and ovarian carcinoma, acute lymphocytic leu-
kemia and Ewing sarcoma. This expression profile ren-
ders STEAP an appealing candidate for broad cancer
immunotherapy. In order to investigate if STEAP is a
tumor antigen that can be targeted by specific CD8+ T
cells, we identified two high affinity HLA-A*0201 re-
stricted peptides (STEAP86–94 and STEAP262–270). These
peptides were immunogenic in vivo in HLA-A*0201

transgenic HHD mice. Peptide specific murine CD8 T
cells recognized COS-7 cells co-transfected with HHD
(HLA-A*0201) and STEAP cDNA constructs and also
HLA-A*0201+ STEAP+ human tumor cells. Further-
more, STEAP86–94 and STEAP262–270 stimulated specific
CD8+ T cells from HLA-A*0201+ healthy donors, and
these peptide specific CD8+ T cells recognized STEAP
positive human tumor cells in an HLA-A*0201-re-
stricted manner. Importantly, STEAP86–94-specific T
cells were detected and reactive in the peripheral blood
mononuclear cells in NSCLC and prostate cancer
patients ex vivo. These results show that STEAP can be
a target of anti-tumor CD8+ T cells and that STEAP
peptides can be used for a broad-spectrum-tumor
immunotherapy.
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Introduction

Cytotoxic T lymphocytes (CTL) are widely accepted as
the main effector arm of the immune anti-cancer re-
sponse [9]. These T cells recognize through their T cell
receptor (TCR) peptides derived from the proteolytic
processing of tumor antigens and presented by MHC
class I molecules [10]. Numerous antigens and HLA-
restricted epitopes have been identified and support the
idea that most tumors, although not immunogenic, are
antigenic [4]. Therefore, immune T cell responses gen-
erated against tumor antigens might recognize and
destroy tumor cells. This hypothesis has been validated
in experimental reports and has justified clinical trials
where defined tumor antigen derived epitopes were
evaluated [5, 21].

The identification of antigens and their epitopes,
processed and presented by tumors of various histologic
origins, constitutes an interesting research subject in
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view of the development of anti-tumor vaccines with
wide application. During the last years some tumor
antigens with these characteristics have been described,
e.g. hTERT [28] and Survivin [2, 25] and denominated
‘‘universal tumor antigens’’. Recently, our group has
identified two new widely overexpressed tumor antigens:
EphA2 [1] and Hsp70 [8] and also a ‘‘universal epitope’’
shared by all members of the MAGE-A family [11].

STEAP is a recently cloned protein, of unknown
function, overexpressed in human prostate cancer and
present in several tumors cell lines of various origins,
such as prostate, pancreas, colon, breast, testicular,
cervical, bladder and ovarian carcinoma, acute lym-
phocytic leukemia and Ewing sarcoma [12]. Northern
blot analysis showed that STEAP was absent in normal
human tissues except in prostate, although immunohis-
tochemical analysis showed that STEAP may also be
expressed in bladder [12]. The mouse homologue of
STEAP was described using cDNA subtraction from
TRAMP-C1 tumor cell lines and was found to be sig-
nificantly expressed in prostate and kidney tissue in mice
[29]. This preferential tumor expression renders STEAP,
an appealing candidate for cancer immunotherapy with
putative broad application spectrum. Very recently, two
reports have described two HLA-A*0201 restricted
STEAP epitopes (STEAP292–300 and STEAP262–270) as
targets of antitumor CTL [14, 22].

In this report, we demonstrate that STEAP can be the
target of CD8+T cells and we describe twoHLA-A*0201
restricted epitopes (STEAP86–94 and STEAP262–270) that
induce specific CD8+ T cell responses in vivo in HLA-
A*0201 transgenic mice (HHD mice) and in vitro in
healthy donors. Specific CD8+ T cells recognize STEAP
expressing human tumor cells in an HLA-A*0201-re-
stricted manner. Furthermore we show that STEAP86–94

specific T cell responses are triggered in Non-Small Cell
Lung Carcinoma (NSCLC) and prostate cancer patients
ex vivo. We suggest the use of the described peptides in
broad-spectrum human cancer immunotherapy.

Materials and methods

Animals

The HHD II (HHD) mice were previously described
[19]. They are b2m

–/–, Db–/– and express an HLA-A*0201
monochain composed of a chimeric heavy chain (a1 and
a2 domains of HLA-A*0201 allele and the a3 and
intracellular domains of Db allele) linked by its N-ter-
minus to the C-terminus of the human b2m by a 15-
amino acid peptide arm.

Peptides

The STEAP86–94 (FLYTLLREV) and STEAP262–270

(LLLGTIHAL) peptides were synthesized by Synt:em
(Nı̂mes, France).

Cells

The mouse RMAS/HHD cells were previously described
[19]. The HLA-A*0201 expressing human tumor cells
were as follows: T2 (deficient in TAP1 and TAP2
transporters), MCF-7 (breast cancer), 1355 (Lung Can-
cer), LNCaP and DU145 (Prostate Cancer) and M113
(melanoma) kindly provided by Dr. Francine Jotereau
(Nantes, France). Cells were grown in RPMI 1640
(Invitrogen, Paisley, UK) supplemented with 10% fetal
calf serum (FCS).

Cancer patients

We obtained peripheral blood mononuclear cells
(PBMCs) from five non-small cell lung carcinoma with
progressive metastatic disease previously treated
with chemotherapy, and three prostate cancer patients
with hormone resistant disease. Study was done
following research protocol approved by local ethical
research committee, and with informed signed agree-
ment of the patients.

STEAP cloning

Total mRNA was isolated of the human prostate cancer
cell line LNCaP, using RNeasy from QIAGEN (Hilden,
Germany). mRNA was reverse transcribed to cDNA
using Advantage� RT-for-PCR Kit (Clontech, San Jose,
CA) and oligo(dt) primer. To amplify the STEAP
cDNA, a PCR reaction was performed with Clontech’s
Advantage� HF 2 PCR Kit, and specially designed
primers for human STEAP gene (5¢-ATA-GAA-TTC-
ATG-GAA-AGC-AGA-AAA-GAC-ATC-ACA-AAC-3¢
and 5¢-AAA-TCT-AGA-CTA-CAA-CTG-GGA-ACA-
TAT-CTC-AG-3¢), containing restriction sites for Eco-
RI and Xba I. PCR fragment was then cloned into
pcDNA3.1/zeo plasmid (Invitrogen) using the same
restriction sites. Insert orientation and sequence accu-
racy (compared to the sequence gi:6572947 submitted by
Hubert et al. [12]) was confirmed by plasmid sequencing
(Genetech, Paris, France), using primers spanning the
entire length of the cloned insert.

Measurement of peptide relative affinity
to HLA-A*0201

The protocol used has been described previously [27].
Briefly, T2 cells were incubated at 37�C for 16 h with
peptides ranging concentrations from 100 to 0.1 lM,
and then stained with BB7.2 monoclonal antibody
(mAb) [17] to quantify the surface expression of HLA-
A*0201. For each peptide concentration, the HLA-
A*0201 specific staining was calculated as the percentage
of staining obtained with 100 lM of the reference pep-
tide HIVpol589–598 (IVGAETFYV). The relative affinity
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(RA) was determined as: RA=(concentration of each
peptide that induces 20% of HLA-A*0201-expression/
concentration of the reference peptide that induces 20%
of HLA-A*0201 expression).

Assessment of peptide/HLA-A*0201 complex stability

As previously described [27], T2 cells were incubated
overnight with 100 lM of each peptide at 37�C in serum
free medium. Cells were then incubated with Brefeldin A
(Sigma, St. Louis, MO) at 10 lg/ml during 1 h, washed,
incubated at 37�C during 0, 2, 4 or 6 h in the presence
of Brefeldin A (50 ng/ml) and finally stained with
BB7.2 moAb. For each time point, peptide induced
HLA-A*0201 expression was calculated as: mean fluo-
rescence of peptide incubated T2 cells�mean fluores-
cence of T2 cells treated in similar conditions in
the absence of peptide. DC50 (dissociation complex;
DC) was defined as the time required for the loss of 50%
of the HLA-A*0201/peptide complexes stabilized at
t=0 h.

Generation of CTL in HHD mice

HHD mice were injected subcutaneously with 100 lg of
peptide emulsified in incomplete Freund’s adjuvant
(IFA) in the presence of 150 lg of the I-Ab restricted
HBVcore128–140 T helper epitope (TPPAYRPPNAPIL).
After 11 days, 5·107 spleen cells were stimulated in vitro
with peptide (10 lM). On day 6 of culture, the bulk
responder populations were tested for specific cytotox-
icity. Upon response, CTL lines were established by
weekly in vitro re-stimulation with 2·107 irradiated
spleen cells in the presence of 1–0.1 lM peptide and
50 IU/ml IL-2 (Proleukin, Chiron Corp. Emeryville,
CA).

Western blot analysis of STEAP expression
by tumor cells

Cellular samples were rinsed in PBS, and then lysed for
30 min in ice-cooled lysis buffer (150 mM NaCl, 1%
Triton X-100, 0.5% NaDOC, 0.1% SDS, pH 8.0) sup-
plemented with complete protease inhibitor cocktail
(Boehringer Mannheim, Mannheim, Germany). Fifty
micrograms of proteins were loaded on 10% SDS-
polyacrylamide (Biorad, Hercules, CA) gel, separated by
electrophoresis, and transferred to nitrocellulose mem-
brane (Amersham Pharmacia, Buckinghamshire, Eng-
land). STEAP was detected with goat-anti-STEAP mAb
(sc-10260, Santa Cruz Biotechnology, Santa Cruz, CA)
and goat-anti-mouse-HRP antibody (Santa Cruz Bio-
technology). Membrane was developed with ECL kit
(Amersham Pharmacia) and exposed to sensitive X-film
(Amersham Pharmacia).

Generation of CTL from human peripheral blood
mononuclear cells

PBMCs were collected by leukapheresis from healthy
HLA-A*0201 donors. Dendritic cells (DC) were pro-
duced after 7 days of adherent monocytes culture
(2·106 cells/ml) in the presence of 500 IU/ml GM-CSF
(Leucomax, Schering-Plough, Kenilworth, NJ) and
500 IU/ml IL-4 (R&D Systems, Minneapolis, MN) in
complete medium (RPMI 1640 supplemented with 10%
heat inactivated human AB serum, 2 lM L-Glutamine
and antibiotics). On day 7, the DC were collected and
pulsed with 40 lg/ml peptide in the presence of 3 lg/ml
ß2-m (Sigma) for 4 h at 20�C and then irradiated
(4,200 rad). CD8+ T cells were isolated by positive
selection with immunomagnetic beads (Miltenyi Biotec,
Bergisch Gladbach, Germany) according to the manu-
facturer instructions. 0.5·106 CD8+ T cells were cocul-
tured with 0.25·105 autologous DCs in a final volume of
0.5 ml/well in a 48 well plate in the presence of 10 ng/ml
IL-7 (R&D Systems). Human IL-10 (R&D Systems) at
10 ng/ml was added the next day and 30 IU/ml human
IL-2 (Proleukin) were added on day 2. Seven and
14 days after the primary stimulation CD8+ T cells were
restimulated with irradiated adherent cells pulsed with
10 lg/ml peptide in the presence of 3 lg/ml ß2-m. Hu-
man IL-10 (10 ng/ml) and IL-2 (50 IU/ml) were added
24 and 48 h later, respectively. Seven days after the
second restimulation individual wells from the cultures
were tested for peptide specific cytotoxicity, on peptide
loaded T2 cells in the presence of cold K562 cells (hot/
cold target ratio 33:1). Cells pooled from positive wells
(more than 10% peptide specific lysis) were tested for
intracellular IFN-c production upon tumor cell stimu-
lation.

Cytotoxic assay

Targets were labeled with 100 lCi of Cr51 for 60 min,
plated in 96-well V-bottomed plates (3·103 cell/well in
100 ll of RPMI 1640 medium) and, when necessary,
pulsed with peptides (1 lM) at 37�C for 2 h. Effectors
were then added in the wells and incubated at 37�C
for 4 h. Percentage of specific lysis was determined
as: lysis=(experimental release�spontaneous release)/
(maximal release�spontaneous release)·100.

Peptide processing assay on transfected COS-7 cells

A total of 2.2·104 simian COS-7 cells were plated in flat-
bottomed 96-well plates in DMEM (Invitrogen) 10%
FCS. Eighteen hours later, cells were transfected with
100 ng of DNA plasmid with DEAE Dextran (Sigma).
After 4 h, PBS+10% DMSO was added for 2 min.
Transfected COS-7 cells were incubated in DMEM+
10% FCS during 40 h and then used to stimulate murine
CTL in a TNF-a secretion assay.
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TNF-a secretion assay

Transfected COS-7 cells at day 4 or 105 tumor cells were
used as stimulating cells. They were plated in 50 ll
RPMI 1640 10% FCS and, when necessary, incubated
with 10 lM peptide for 2 h. A total of 5·104 T cells were
then added in 50 ll RPMI 10% FCS and incubated
for 6 h. Each condition was tested in triplicates. Fifty
microliters of the supernatant was collected for quanti-
fication of TNF-a using the WEHI-164c13 cells as
described [7].

Intracellular IFN-c detection

A total of 5·104 T cells were incubated with 105 peptide
loaded T2 cells or with 105 tumor cells in the presence of
20 lg/ml brefeldin-A at 37�C (Sigma). Six hours later,
they were stained with PE-anti-human CD8 mAb (Cal-
tag Laboratories, Burlingame, CA) in PBS for 25 min at
4�C and fixed with PBS 4% paraformaldeide (Sigma).
Cells were then permeabilized with PBS 0.5% BSA 0.2%
saponin (Sigma), and stained with APC-anti-human
IFN-c mAb (PharMingen, Mississauga, Canada) for
25 min at 4�C. Cells were acquired on a FACSCalibur�

(Becton Dickinson, Mountain View, CA) flow cytometer
and analysed with FlowJo software (Tree Star Inc,
Ashland, OR).

IFN-c ELISPOT

Human IFN-c Elispot PVDF-Enzymatic kit (Diaclone,
Besançon, France) is used according to manufacturer’s
recommendations. Nitrocellulose 96-well plates were
coated with human IFN-c specific capture mAb over-
night at 37�C. Wells were saturated with RPMI sup-
plemented with 10% FCS (1 h, 37�C). A total of 105

fresh PBMC or PBMC in vitro stimulated with 10 lM
peptide and IL2 (20 IU/ml) for 9 days were seeded in
each well in six replicates and stimulated with 10 lM
peptide. Concanavalin-A (Sigma, Oakville, Canada)
added at 10 lg/ml was used as a positive control for
stimulation. Plates were incubated for 18 h at 37�C in
5% CO2, washed, and then incubated with biotinylated
anti-IFN-c detection mAb and then with alkaline
phosphatase-conjugated streptavidin. Spots were devel-
oped by adding peroxidase substrates (5-bromo-4,
3-indolyl phosphate and nitroblue tetrazolium) and
counted using the automated image analysis system
Bioreader 2000 (BIO-SYS, Karben, Germany).

Results

Affinity of STEAP peptides for HLA-A*0201

To identify HLA-A*0201-restricted STEAP epitopes
able to trigger anti-tumor T-cell responses, we searched

for nonameric peptides with HLA-A*0201 anchor mo-
tifs and commonly predicted with the highest rank score
by SYFPEITHI [20] and BIMAS [18] prediction algo-
rithms. From the extensive list of peptides predicted
by both models, we selected two peptides STEAP86–94

(FLYTLLREV) and STEAP262–270 (LLLGTIHAL)
(see Table 1). STEAP86 peptide is shared by human
and mouse sequences except on position 9 (FLY-
TLLREV fi FLYTLLREI). STEAP262 is not shared
as human and murin peptides are different in central
position (position 6) of the peptide (LLLGTI-
HAL fi LLLGTVHAL).

We experimentally evaluated the capacity of
STEAP86–94 and STEAP262–270 to bind to HLA-A*0201
and to form stable peptide/HLA-A*0201 complexes. We
observed that STEAP86–94 and STEAP262–270 exhibited a
strong binding affinity (RA=2 and 0.5, respectively).
This strong affinity to HLA-A*0201 molecules corre-
lated with a high stability of the HLA-A*0201/
STEAP86–94 and HLA-A*0201/STEAP262–270 complexes
(DC50 >4 and >6 h, respectively) (Table 1). Both
peptides have, therefore, the quality features usually
found in immunogenic peptides [27].

Induction of murin CTL responses against
STEAP86–94 and STEAP262–270

We then assessed the immunogenicity of STEAP86–94

and STEAP262–270 in HLA-A*0201 transgenic HHD
mice [19]. After one in vitro restimulation, splenocytes
from HHD mice vaccinated with STEAP86–94 and
STEAP262–270 killed RMAS/HHD cells pulsed, respec-
tively, with STEAP86–94 and STEAP262–270 but no
RMAS/HHD cells pulsed with the irrelevant HIVgag76
peptide (Fig. 1a, b). At least nine mice per peptide were
evaluated. STEAP86–94 and STEAP262–270 were immu-
nogenic in 100 and 78% of vaccinated mice, respectively.

We established specific CTL lines (mCTL86 and
mCTL262) by in vitro stimulating splenocytes with
decreasing concentrations of the cognate peptide. After
multiple stimulations, mCTLs were evaluated for their
lytic efficiency. mCTL86 and mCTL262 recognized
RMAS/HHD targets pulsed with the cognate peptide
with a half-maximal lytic activity at approximately 40
and 150 nM, respectively. (Fig. 1c, d).

Antigen specificity of mouse CTL lines

mCTL86 and mCTL262 were tested for their capacity to
recognize simian COS-7 cells transfected with STEAP
and HLA-A*0201 cDNA to demonstrate the processing
of STEAP86–94 and STEAP262–270. Recognition was
evaluated by quantifying the amount TNF-a release in
the culture media. mCTL recognized COS-7 cells co-
transfected with STEAP and HLA-A*0201 cDNA but
not COS-7 cells transfected with either HLA-A*0201 or
STEAP cDNA (Fig. 2a).
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Overall, these results show that both mCTL86 and
mCTL262 specifically recognize endogenous processed
STEAP antigen in an HLA-A*0201 restricted manner.
STEAP86–94 and STEAP262–270 are, therefore, naturally
processed STEAP epitopes.

Presentation of STEAP86–94 and STEAP262–270

by STEAP expressing human tumor cells

The expression of STEAP was assessed in tumor
cell lines by western blot analysis as depicted in Fig. 2b.
STEAP was expressed by DU-145, LNCaP and 1355 but
not by M113 and MCF-7 tumor cells. All these cell lines,
except DU-145, express HLA-A*0201 [1]. To further

address the presentation of STEAP86–94 and STEAP262–

270 from endogenous antigen, tumor cell lines expressing
STEAP and HLA-A*0201 were used in several inde-
pendent experiments as stimulators of mCTL86 and
mCTL262. CTL activation was monitored by quantifi-
cation of the amount of TNF-a released in the media. As
Fig. 2c shows, mCTL lines consistently responded to
LNCaP and 1,355 cells (HLA-A*0201+ STEAP+) but
neither to M113 (HLA-A*0201+ STEAP�) nor to DU-
145 cells (HLA-A*0201� STEAP+). These evidences
illustrate that STEAP86–94 and STEAP262–270 epitopes
are presented by tumors cell lines expressing STEAP and
HLA-A*0201.

Induction of human CTL responses to STEAP86–94

and STEAP262–270 in vitro

We then evaluated whether STEAP86–94 and STEAP262–
270 can in vitro stimulate CD8+ T cells from human
healthy donors. CD8+ T cells isolated from peripheral
blood were primed with autologous DC pulsed with
STEAP86–94 or STEAP262–270 and restimulated twice with
adherent autologous PBMC loaded with STEAP86–94 and
STEAP262–270, respectively. As described in Materials and
methods, CTL activity was feasured in each individual
well per culture (a total of 48 individual wells/culture/
donor). Induced CTLs were evaluated in cytotoxic assay
against T2 cells pulsed with STEAP86 and STEAP262, in
the presence of NK sensitive K562 cell line as cold targets
to identify peptide reactive individual CTL cultures. CTL
specific of STEAP86 (hCTL86) were induced in three out
of four donors, whereas CTL specific for STEAP262
(hCTL262) were induced in all three donors tested. Cells
from positive cultures (hCTL86 and hCTL262) were
pooled and tested for their capacity to respond to tumor
cells expressing STEAP by producing IFN-c as described
elsewhere [1, 8, 11, 13]. Results in Fig. 3a and c confirm
the peptide specificity of hCTL86 and hCTL262: a much
higher number of CD8+ T cells were activated by T2
cells loaded with the STEAP86–94 and STEAP262–270
than by T2 cells loaded with the irrelevant peptide. In
addition, hCTL86 and hCTL262 responded to LNCaP
(HLA-A*0201+ STEAP+) but neither to MCF-7
(HLA-A*0201+ STEAP-) nor to DU-145 (HLA-
A*0201� STEAP+) cells (Fig. 3b, d, respectively). In
summary, these results demonstrate that STEAP86–94
and STEAP262–270 can mobilize a specific CD8+ T cell

Table 1 HLA-A*0201 affinity of STEAP86–94 and STEAP262–270 peptides

Peptide Sequence BIMAS SYFPEITHI Experimental values

Score Rank Score Rank RA DC50 (h)

86 FLYTLLREV 470 2nd 32 2nd 2 >4
262 LLLGTIHAL 309 3rd 29 1st 0.5 >6

The relative affinity (RA) and DC50 are determined as described in Materials and methods. BIMAS and SYFPEITHI scores and ranks
were obtained by consulting server’s web sites (http://www.bimas.dcrt.nih.gov/molbio/hla_bind/) and (http://www.syfpeithi.de/),
respectively

Fig. 1 Immunogenicity of STEAP86–94 and STEAP262–270 in HLA-
A*0201 transgenic HHD mice. a, b Spleen cells from peptide
vaccinated HHD mice were in vitro stimulated with the corre-
sponding peptide during 7 days. CTL were tested in a chromium
release assay against RMAS/HHD cells pulsed with the cognate or
the irrelevant HIVgag76 peptide at an effector/target (E/T) ratio of
60:1. c, d mCTL86 and mCTL262 cell lines were established as
described in Materials and methods. The lytic efficacy of the CTL
lines were tested against RMAS/HHD targets in the presence of
various concentrations of the cognate (closed circles) or an
irrelevant (open circles) peptide at an E/T ratio of 30:1
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repertoire in healthy donors and these cells recognize
STEAP expressing tumor cells in an HLA-A*0201
dependent manner.

Detection of STEAP86–94-specific CTL in cancer
patients’s PBMCs by IFN-c ELISPOT

We endeavor to evaluate the presence of STEAP86–94

specific T cells in the peripheral blood of cancer patients
by stimulating PBMC with the specific peptide and
quantifying the amount of IFN-c producing T cells by
ELISPOT. We tested PBMCs from eight HLA-A*0201

cancer patients (five non-small cell carcinoma, and three
prostate cancer patients) and four control HLA-A*0201
human healthy donors. These results are summarized in
Table 2. Significant amounts of STEAP86–94 specific
IFN-c producing cells were detected in five patients
(three NSCLC and two prostate cancer) (P<0.05 with
95% confidence interval) but in any of the healthy
donors. The frequency of specific T cells in
patients NSCLC3 and NSCLC5 was further enhanced
after in vitro stimulation of their PBMC with peptide
for 9 days.

In summary, we show that peptide STEAP86–94

recruits specific T cells in HLA-A*0201 cancer patients.
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Fig. 2 mCTL86 and mCTL262
antigen specificity and tumor
recognition. a mCTL86 and
mCTL262 were stimulated with
COS-7 cells expressing HHD
and/or STEAP as indicated.
Activation of mCTLs was
assessed by measuring secreted
TNF-a. Results represent the
mean ± SD of quadruplicates.
b Western-blot analysis of
STEAP expression in human
tumor cells, as described in
Materials and methods. c
mCTL86 and mCTL262 cells
were stimulated with human
tumor cells as indicated and
CTL activation was evaluated
by measuring secreted TNF-a.
Results represent the
mean ± SD of quadruplicates
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Discussion

One of the objectives of the current research in tumor
immunotherapy is the design and validation of poly-
epitopic/polyantigenic vaccines that would be able to
induce a polyspecific antitumor response and reduce the
risks of in vivo selection of antigen loss escape variants
[3, 15]. To reach a wide spectrum of application, this
multivalent vaccine should be composed of epitopes
derived from various widely expressed tumor antigens.
A number of such tumor antigens has recently been
described, such as hTERT, HER-2/neu, survivin,
EphA2, the pan-MAGE-A HLA-A*0201 restricted epi-
tope and Hsp70 [1, 2, 8, 11, 24, 28]. These antigens are
expressed by most human tumors. For instance, hTERT
is found in 80% of cancers and the pan-MAGE-A epi-
tope is presented by 75–80% of tumors [11, 28]. None-
theless, tumor antigens with broad-spectrum application
are still short in number, and therefore limit a proper
selection of antigen candidates that may provide the
widest and most effective anti-tumor immunity. It is,

therefore, necessary to pursue the effort to identify novel
widely expressed tumor antigens, and evaluate the
characteristics and the anti-tumor effectiveness of their
specific T cell repertoire.

Accordingly, we search for antigens with broad tu-
mor expression. STEAP, a recently identified protein,
shown to be overexpressed in prostate, pancreas, colon,
breast, testicular, cervical, bladder and ovarian cancer,
acute lymphocytic leukemia and Ewing sarcoma [12].
This large pattern of expression strongly suggests the use
of this tumor antigen in broad-spectrum anti-tumor
immunotherapy. In this report, we provide evidence
that STEAP is a tumor antigen target of CD8+ T cells
by identifying two HLA-A*0201 restricted epitopes:
STEAP86–94 and STEAP262–270. Both peptides are
immunogenic in HLA-A*0201 transgenic mice (HHD)
in vivo (Fig. 1a, b) and stimulate peptide specific human
CD8+ T cells in vitro from HLA-A*0201 healthy do-
nors (Fig. 3a, c). Mouse and human STEAP86–94 and
STEAP262–270 specific CD8+ T cells recognize human
tumor cells expressing STEAP in an HLA-A*0201-re-
stricted manner. Indeed, mouse CTL recognized COS
cells only if they are co-transfected with STEAP antigen
and HLA-A*0201 (Fig. 2a). Similarly, STEAP express-
ing tumor cells were recognized by mouse CTL (Fig. 2c)
and human CTLs (Fig. 3b, d) only if they expressed
HLA-A*0201. Importantly, ex vivo, STEAP86–94 specific
CTL are amplified in the blood of prostate cancer
and NSCLC patients and can be detected by IFN-
c-ELISPOT assay (Table 2).

Tolerance of the specific CD8+ T cell repertoire
against the non-mutated self-tumor antigens has an
important impact in the efficacy of tumor immunother-

Fig. 3 Tumor cell recognition by human CD8+ T cells specific for
STEAP86–94 and STEAP262–270. Human CD8+ T cells were in vitro
stimulated with STEAP86–94 and STEAP262–270 as described in
Materials and methods. Scattered dot plots show CD8+ T cells
expressing intracellular IFN-c upon 6 h stimulation with tumor
cells. a, c CD8+ T cells were tested for peptide specificity against T2
cells pulsed with irrelevant and cognate peptides. b, d CD8+ T cells
were tested for recognition of HLA-A*0201+ and STEAP+

(LNCaP), HLA-A*0201+ STEAP� (MCF-7) or HLA-A*0201�

STEAP+ (DU145) cell lines. Inset values represent the percentage
of CD8+ IFN-c+ T cells within total CD8+ T cells

Table 2 Specific STEAP86–94 IFN-c ELISPOT responses in HLA-
A*0201 cancer patients and HLA-A*0201 healthy donors

Donors IFN-c producing cells/105

PBMC stimulated with
P value

HIVgag76 STEAP86 ConA

Healthy 1 4.5±3.7 6.8±5.7 190 0.4
Healthy 2 4.5±5.2 7.2±2.6 228 0.3
Healthy 3 6.3±5.5 5.6±6.1 310 0.8
Healthy 4 6.5±3.2 8±7.1 274 0.7
NSCLC1 2.7±3.1 22.5±7.1 217 0.0001
NSCLC2 7.3±4.1 10.7±5.6 312 0.27
NSCLC3 8.0±4.5 22.0±8.4 125 0.004
NSCLC3 restimulation 44±14.8 114±27 0.001
NSCLC4 8.0±5.0 2.8±3.3 101 0.07
NSCLC5 15.0±5.6 23.2±6.3 189 0.039
NSCLC5 restimulation 57±19 101±28 0.04
Prostate 1 2.5±3.6 26.8±10.5 201 0.0003
Prostate 2 3±3.8 6.7±5.9 250 0.23
Prostate 3 3.5±2.8 19.7±9 330 0.002

ELISPOT was performed with fresh cells from healthy donors
and cancer patients. For patients NSCLC3 and NSCLC5, ELI-
SPOT was also performed after a 9 days in vitro stimulation of
their PBMC with peptide (italics). Statistical analysis was per-
formed using Welch two-sample t test with 95% confidence
interval. Statistically significant values (P<0.05) are indicated in
bold characters
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apy [3]. Studies developed in mouse models have shown
that tolerance mainly affects CD8+ T cells with high
avidity TCRs [16, 26]. STEAP is expressed in some
normal tissues, such as bladder and prostate, and
therefore, tolerance may shape the characteristics of its
specific CD8+ T cell repertoire. Our results show that
STEAP86–94 is able to induce in vivo (HHD mice) anti-
tumor CD8+ T cell responses despite the fact that the
central region of the peptide, that is recognized by the
TCR [23], is common between mouse and human
sequences that differ only at the c-terminal position. This
evidence suggests that STEAP86–94 specific CTL are
not drastically affected by tolerance. In fact there were
no significant differences between STEAP86–94 and
STEAP262–270 (non-shared peptide) both in terms of
in vivo immunogenicity, and functional activity of in
vivo generated peptide specific CD8+ T cells (see
Figs. 1, 2). However, before arguing the application of
STEAP derived peptides in immunotherapy of cancer
patients, an evaluation of the risks of auto-immunity
directed against STEAP expressing normal tissues must
be addressed. A detailed histological study in HHD mice
vaccinated with STEAP peptides that, like STEAP86–94,
are shared by human and mouse STEAP sequence will
allow us to address this important subject.

An interesting question is whether we can find natural
responses to STEAP peptides in cancer patients. The
detection of such responses would suggest the priming of
the circulating CD8+ T cell repertoire by the tumors
through cross-presentation by professional APCs. The
pre-existence of a peptide T cell repertoire would favor a
stronger CTL response towards the targeted cancer
upon peptide vaccination. In this report, we show that
STEAP86–94 specific T cells were ex vivo detected in
PBMCs of prostate and NSCLC cancer patients by an
IFN-c ELISPOT assay. Importantly, we also observed
that STEAP86 in vitro stimulation of cancer PBMC
increased the amount of IFN-c producing T cells.
Nonetheless, limitations in obtaining tissue and blood
samples from the patients evaluated in this study enable
us to establish a correlation between STEAP expression
by the tumor and detection of a naturally developed
STEAP specific immune response and to quantitatively
and qualitatively compare the STEAP86 and STEAP262
specific T cell repertoires.

Previous reports have described the antigenic char-
acter of STEAP, and two CD8+HLA-A*0201 restrict T
cell epitopes were described—STEAP262 and STEAP292

[14, 22]. Our study corroborates the results with the
STEAP262–270 presented by Machlenkin et al. [14]. In
contrast, it is in opposition to the results with STEAP86
reported by Machlekin et al. [14] and Rodeberg et al.
[22] showing that this peptide is non-immunogenic either
in vivo in HHD mice or in vitro in humans. This is likely
to be due to the differences in the protocols used by these
authors to evaluate immunogenicity. For instance,
Machlekin et al. vaccinated HHD mice with a mixture of
peptides including STEAP86 and we know that vacci-
nation of these mice with a mixture of individually

immunogenic peptides does not induce a CTL response
against all of them [6]. Moreover, Rodeberg et al. failed
to induce human CTL against both STEAP 86 and
STEAP262, the latter peptide being shown immunogenic
in human by Machnekin et al. and in the present work.
We cannot exclude that STEAP292L2, the only peptide
described by Rodeberg et al. to be able to stimulate
human CTL, is more immunogenic than STEAP86 and
STEAP262 and the protocol used by Rodeberg allows
the generation of CTL only against the highly immu-
nogenic peptides.

In conclusion, we demonstrated that STEAP is a
tumor antigen that can be targeted by CD8+ T cells,
identifying a novel T cell epitope and corroborating
results of previous reports.
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