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Abstract SART3-derived peptides applicable to
prostate cancer patients with HLA-A3 supertype alle-
les were identiWed in order to expand the possibility of
an anti-cancer vaccine, because the peptide vaccine
candidates receiving the most attention thus far have
been the HLA-A2 and HLA-A24 alleles. Twenty-nine

SART3-derived peptides that were prepared based on
the binding motif to the HLA-A3 supertype alleles
(HLA-A11, -A31, and -A33) were Wrst screened for
their recognizability by immunoglobulin G (IgG) of
prostate cancer patients and subsequently for the
potential to induce peptide-speciWc cytotoxic T lym-
phocytes (CTLs) from HLA-A3 supertype+ prostate
cancer patients. As a result, Wve SART3 peptides were
frequently recognized by IgG, and two of them—
SART3 511–519 and SART3 734–742—eYciently induced
peptide-speciWc and cancer-reactive CTLs. Their cyto-
toxicity toward prostate cancer cells was ascribed to
peptide-speciWc and CD8+ T cells. These results indi-
cate that these two SART3 peptides could be promis-
ing candidates for peptide-based immunotherapy for
HLA-A3 supertype+ prostate cancer patients.
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Abbreviations
CTLs Cytotoxic T lymphocytes
HIV Human immunodeWciency virus
IgG Immunoglobulin G
IL Interleukin
IFN Interferon
mAb Monoclonal antibody
PBMCs Peripheral blood mononuclear cells
PHA Phytohemagglutinin

Introduction

Prostate cancer is one of the most common cancers
among elderly men [2]. Androgen withdrawal therapy
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is transiently eVective for treating prostate cancer,
whereas there is no eVective therapy against recurrent
hormone-refractory and metastatic prostate cancer.
To overcome these problems, speciWc immunotherapy
may be a promising option, as prostate cancer-reactive
T cells are expected to detect multiple metastases with
Wne speciWcity. Although numerous prostate cancer-
related antigens and their peptides applicable to the
treatment of prostate cancer patients have been iden-
tiWed to date [18], studies of the primary peptide
candidates have focused on the HLA-A2 and -A24
alleles, due to the higher worldwide frequency of these
alleles [4].

Based on the structural similarities within the HLA
allele group and on peptide-binding motif analyses,
four supertypes have been proposed: HLA-A2, -A3, -B7,
and-B44 supertype alleles [20]. Among them, the A3
supertype alleles include the allelic products of at
least Wve common HLA-A alleles, including A3, A11,
A31, A33, and A68; these alleles are found in 38% of
Caucasians, 53% of Chinese, 46% of Japanese, and
43% of North American African–Americans and His-
panics [20]. Nevertheless, few reports have suggested
peptide candidates that would be applicable to the
treatment of cancer patients with the HLA-A3 super-
type alleles [7, 22, 26]. Therefore, we attempted to
identify novel peptide candidates that would be appli-
cable to such prostate cancer patients, in order to
expand the possibilities of developing a peptide-based
anti-cancer vaccine for prostate cancer patients with
alleles other than HLA-A2 and -A24. In this study, we
focused on a widely expressed epithelial cancer-related
antigen, SART3, which we previously identiWed by a
cDNA expression cloning method using cancer-reac-
tive tumor-inWltrating lymphocytes [27].

Materials and methods

Patients

Peripheral blood mononuclear cells (PBMCs) were
obtained from prostate cancer patients and healthy
donors who had provided a written informed consent.
The subjects included HLA-A11+, -A31+, and -A33+

patients; no PBMCs from HLA-A3+ or -A68+ patients
were available due to their extremely low frequency
(1.6 and 0.5%, respectively) in the Japanese population
[1]. None of the participants was infected with human
immunodeWciency virus (HIV). Twenty milliliter of
peripheral blood was obtained, and the PBMCs were
prepared by Ficoll–Conray density gradient centrifuga-
tion. All the samples were cryopreserved until used in

the experiments. The expression of HLA-A11, -A31,
and -A33 molecules on the PBMCs was determined by
Xow cytometry using these antibodies—anti-HLA-A11
(Cat. no. 0284HA; One Lambda Inc., Canoga, CA,
USA), anti-HLA-A31 (Cat. no. 0273HA; One
Lambda), anti-HLA-A33 (Cat. no. 0612HA; One
Lambda)—and FITC-conjugated anti-mouse immuno-
globulin G (IgG) monoclonal antibodies (mAbs).

Detection of immunoglobulin G reactive to peptides

The levels of IgGs speciWc to the SART3 peptide were
measured by the Luminex™ method, as reported pre-
viously [6]. In brief, 100 �l of diluted plasma was incu-
bated with 5 �l of color-coded beads (Luminex Corp.,
Austin, TX, USA) coated with SART3 peptides on 96-
well Wlter plates (MABVN1250; Millipore Corp., Bed-
ford, MA, USA) for 2 h at room temperature on a
plate shaker. The plates were then washed with T-PBS
and incubated with 100 �l of biotin-conjugated goat
anti-human IgG (BA-3080: Vector Laboratories, Bur-
lingame, CA, USA) for 1 h at room temperature on a
plate shaker. After the plates were washed, 100 �l of
streptavidin-PE was added to the wells, and the sam-
ples were incubated for 30 min at room temperature on
a plate shaker. The bound beads were washed four
times, and 100 �l of Tween-PBS was added to each
well. Fifty microliter of the sample was examined using
the Luminex system. To conWrm the speciWcity of IgG
to a SART3 peptide, sample plasma was cultured in
plates coated with either a corresponding SART3 pep-
tide or a control HIV peptide. Thereafter, the levels of
the corresponding SART3 peptide-speciWc IgG in the
resulting supernatant were determined by the Luminex
system.

Cell lines and Xow cytometry

C1R-A11, C1R-A31, and C1R-A33 are C1R lym-
phoma sublines that were stably transfected with the
HLA-A*1101, -A*3101, or -A*3303 gene, respec-
tively. The expression of HLA-A11, -A31, and -A33
molecules on these sublines has been reported [22].
PC3, PC-93, and LNCaP are prostate carcinoma cell
lines, and KE4 is an esophageal carcinoma cell line.
To generate LNCaP sublines expressing each of the
HLA-A11, -A31, and -A33 molecules, an HLA-
A*1101, -A*3101, or -A*3303 plasmid cDNA was
inserted into the eukaryotic expression vector pCR3.1
(Invitrogen, Carlsbad, CA, USA). Electroporation
was performed using a Gene Pulser (Bio-Rad Labora-
tories, Hercules, CA, USA). LNCaP-A11, LNCaP-
A31, and LNCaP-A33 are sublines that were stably
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transfected with the HLA-A*1101, -A*3101, and
-A*3303 genes, respectively. The expression of HLA-
A11, -A31, and -A33 molecules on LNCaP transfec-
tant cell lines was conWrmed by Xow cytometry using
the antibodies described above. All of the cell lines
were maintained in RPMI 1640 (Invitrogen) with
10% FCS.

RT-PCR

Total RNA was isolated from the cancer cell lines
using RNAzol™ B (Tel-Test Inc., Friendswood, TX,
USA). The cDNA was prepared using the Super-
Script™ Pre-ampliWcation System for First-Strand
cDNA Synthesis (Invitrogen), and was ampliWed using
the following primers: 5�-AAGTACGCCAACATG
TGGC-3� (sense) and 5�-CTCTGCTCATTGACACG
AGC-3� (anti-sense) for SART3, and 5�-CTTCGC
GGGCGATGC-3� (sense) and 5�-CGTACATGG
CTGGGGTGTTG-3� (anti-sense) for �-actin. PCR
was performed using TaqDNA polymerase in a DNA
thermal cycler (iCycler, Bio-Rad laboratories) for
30 cycles of 95°C for 1 min, 60°C for 1 min, and 72°C
for 1 min. The PCR products were separated by elec-
trophoresis on 2% agarose gel.

Peptides

All SART3-derived peptides listed in Table 1 were
prepared based on the binding motifs to the HLA-A3
supertype alleles [16]. InXuenza (Flu) virus-derived,
Epstein-Barr virus (EBV)-derived, tyrosinase-related
protein 2 (TRP2)-derived, and HIV-derived peptides
were used as controls for binding to HLA-A3 super-
type alleles. All peptides were purchased from Biolog-
ica Co. (Nagoya, Japan) and were dissolved with
DMSO at a dose of 10 mg/ml.

Induction of peptide-speciWc cytotoxic T lymphocytes 
from peripheral blood mononuclear cells

Assays for the detection of peptide-speciWc CTLs
were performed according to a previously reported
method with several modiWcations [3]. PBMCs
(1 £ 105 cells/well) were incubated with 10 �l/ml of
each peptide in quadruplicate in a U-bottom-type 96-
well microculture plate (Nunc, Roskilde, Denmark)
in 200 �l of culture medium. The culture medium con-
sisted of 45% RPMI1640, 45% AIM-V medium
(Gibco BRL, Gaithersburg, MD, USA), 10% FCS,
100 U/ml of interleukin-2 (IL-2), and 0.1 mM MEM
nonessential amino acid solution (Gibco BRL). Every
3 or 4 days, half of the culture medium was removed

and replaced with new medium containing the corre-
sponding peptide (20 �g/ml) and 100 U/ml IL-2. On
the 15th day of culture, the cultured cells were sepa-
rated into four wells. Two wells were used for the
culture with the corresponding peptide-pulsed C1R-
A11, C1R-A31, or C1R-A33 cells, and the other two
were used for the culture with HIV peptide-pulsed
C1R-A11, C1R-A31, and C1R-A33 cells. The induc-
tion of peptide-speciWc CTLs was judged to have
succeeded when a signiWcant value of p < 0.05 was
reached by a two-tailed Student’s t-test and when the
diVerence in interferon (IFN)-� production compared
to that of the HIV peptide was more than 100 pg/ml.
After an 18-h incubation, the supernatant was col-
lected and the level of IFN-� was determined by
enzyme-linked immunosorbent assay.

Cytotoxicity assay

Peptide-stimulated PBMCs were tested for their cyto-
toxicity against LNCaP, LNCaP-A11, LNCaP-A31, or
LNCaP-A33 by a standard 6-h 51Cr-release assay. Phyto-
hemagglutinin (PHA)-activated T cells were used as a
negative control. Two thousand 51Cr-labeled cells per
well were cultured with eVector cells in 96-round-well
plates at the indicated eVector/target ratios. The spe-
ciWc 51Cr-release was calculated according to the fol-
lowing formula: % speciWc lysis = (test sample release
—spontaneous release) £100/(maximum release—
spontaneous release). Maximum release was deter-
mined by the supernatant of the sample incubated with
1% Triton X (Wako Pure Chemical Industries, Osaka,
Japan).

Cold inhibition assay

The speciWcity of peptide-stimulated CTLs was con-
Wrmed by a cold inhibition assay. Immediately before
the assay, CD8+ T cells were positively isolated using a
CD8 Positive Isolation Kit (Dynal, Oslo, Norway). In
brief, 51Cr-labeled target cells (2 £ 103 cells/well) were
cultured with the puriWed CD8+ T cells (2 £ 104 cells/
well) in 96-round-well plates with 4 £ 104 cold target
cells. C1R-A11, C1R-A31, and C1R-A33, which were
pre-pulsed with either the HIV peptide or a corre-
sponding SART3 peptide, were used as cold target
cells.

Statistics

The statistical signiWcance of the data was determined
using the two-tailed Student’s t-test. A p-value of less
than 0.05 was considered statistically signiWcant.
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Results

Measurement of immunoglobulin G reactive 
to the SART3 peptides in the plasma of prostate 
cancer patients

First, we prepared 29 peptides derived from SART-3
based on the binding motifs to the HLA-A3 supertype
alleles (Table 1). Although the HLA-A3 and HLA-
A68 molecules belong among the HLA-A3 supertype
alleles [20], we preferentially considered the binding
capacities to HLA-A11, -A31, and -A33 molecules,
because both HLA-A3 and HLA-A68 alleles are very
rarely observed in the Japanese population. Although
our goal in this study was to identify peptides that have

the potential to induce cancer-reactive CTLs in HLA-
A3 supertype+ prostate cancer patients, we next
screened these peptide candidates based on their rec-
ognizability by the IgGs of prostate cancer patients,
since we previously observed that IgGs reactive to
CTL-directed peptides are detectable in the plasma of
patients with diVerent types of cancer [11, 15]. In addi-
tion, the number of available PBMCs from prostate
cancer patients was limited, and 29 peptides was too
large a number of candidates to individually test their
potential to generate peptide-speciWc CTLs from
the PBMCs of prostate cancer patients. As a result,
IgGs reactive to the SART3 243–252, SART3 511–519,
SART3 734–742, SART3 831–839, or SART3 910–918 peptide
were detected in the plasma of 5, 7, 13, 5, and 5 of 20

Table 1 Summary of SART3-derived peptide candidates binding to the HLA-A3 supertype alleles

a The peptide-binding score was calculated based on the predicted half-time of dissociation from HLA class I molecules as obtained
from a Website (Bioinformatics and Molecular Analysis Section, Computational Bioscience and Engineering Laboratory, Division of
Computer Research & Technology, NIH). The binding score of the HIV peptide was not calculated because the peptide consisted of
11-mer amino acids
b Previously reported HLA class I alleles in which the peptides have immunogenicity are shown

Peptides Sequence Bind tob Binding scorea

A3 A11 A31 A33 A68

SART3
33–41 RTRRKVLSR 0.0 1.2 12.0 0.0 50.0
123–132 RLEGELTKVR 1.4 0.0 3.0 2.7 5.0
127–135 ELTKVRMAR 3.6 0.0 1.2 27.0 15.0
158–166 SMAQDGLDR 8.0 0.2 4.0 15.0 10.0
224–232 GLALWEAYR 36.0 0.2 2.0 9.0 15.0
243–252 RLEKVHSLFR 3.0 0.5 12.0 2.7 5.0
301–309 ALLQAEAPR 6.0 0.1 4.0 9.0 15.0
341–349 CLVPDLWIR 40.5 0.2 40.0 9.0 15.0
364–373 VLSVHNRAIR 4.0 0.0 2.0 9.0 5.0
396–405 HQVISVTFEK 4.1 2.7 1.2 0.0 6.0
397–405 QVISVTFEK 13.5 9.0 1.2 0.0 240.0
455–463 YLKQEVEER 12.0 0.0 4.0 9.0 5.0
472–480 CVIMQNWAR 1.8 1.2 20.0 0.0 400.0
484–493 RLCNNMQKAR 2.0 0.0 3.0 2.7 5.0
494–502 ELWDSIMTR 18.0 0.0 7.2 27.0 15.0
511–519 WLEYYNLER 24.0 0.2 4.0 9.0 5.0
572–580 RLARVNEQR 6.0 0.2 6.0 2.7 10.0
610–618 ALKKKKKIR 2.0 0.0 1.0 9.0 0.0
714–723 SMQEPDTKLR 3.0 0.0 1.0 15.0 0.0
734–742 QIRPIFSNR 2.7 0.0 4.0 15.0 0.0
759–769 ALQALEMDR 8.0 0.2 4.0 9.0 0.0
764–773 EMDRKSVEGR 3.6 0.0 1.2 45.0 0.0
831–839 RLVTNRAGK 30.0 1.8 1.2 0.0 0.0
872–881 KVAISNPPQR 0.0 1.2 6.0 4.5 0.0
882–890 KVPEKPETR 1.8 1.2 6.0 4.5 0.0
897–906 MLLPQTYGAR 1.4 0.0 4.0 9.0 0.0
910–918 RTQLSLLPR 0.0 1.2 12.0 0.0 0.0
914–922 SLLPRALQR 18.0 0.2 8.0 9.0 0.0
950–958 KMSNADFAK 180.0 3.6 2.0 0.0 0.0

EBV IVTDFSVIK A11 10.0 4.0 0.6 0.5 240.0
Flu NVKNLYEKVK A11 3.0 1.0 0.1 0.5 180.0
TRP2 LLGPGRPYR A31/A33 6.0 0.1 2.0 9.0 15.0
HIV RLRDLLLIVTR A31 – – – – –
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prostate cancer patients, respectively (Table 2). IgGs
reactive to these 5 SART3 peptides also were detected
in the plasma of 2, 2, 8, 1, and 4 of 20 healthy donors,
respectively (data not shown). The detection of these
5 SART3 peptide-speciWc IgGs was more frequent in
the plasma of prostate cancer patients than in that of
healthy donors. IgGs reactive to the other 24 SART3
peptides were less frequently observed in the plasma of
prostate cancer patients and healthy donors, as com-
pared to the frequency of IgGs reactive to these Wve
SART3 peptides (data not shown).

Induction of peptide-speciWc cytotoxic T lymphocytes 
from peripheral blood mononuclear cells of prostate 
cancer patients

We next determined whether or not the Wve-peptide
candidates that were frequently recognized by the IgGs
from cancer patients could induce peptide-speciWc
CTLs from the PBMCs of HLA-A11+, -A31+, or -A33+

prostate cancer patients. The PBMCs were stimulated
in vitro with each of the SART3-derived peptides or
with a control peptide, and the cells were examined in
terms of their IFN-� production in response to the cor-
responding peptide-pulsed C1R-A11, C1R-A31, or
C1R-A33 cells. Representative results of 15 A3 super-
type+ prostate cancer patients (Wve patients for each
allele) are shown in Table 3. The induction of peptide-

speciWc CTLs was judged to be successful when the
p-value was less than 0.05 and when the diVerence in
IFN-� production compared to that of the control HIV
peptide exceeded more than 100 pg/ml. As a result, the
SART3 243–252, SART3 511–519, SART3 734–742, SART3

831–839, and SART3 910–918 peptides induced correspond-
ing peptide-reactive CTLs from the PBMCs of 0, 11, 6,
3, and 5 of 15 A3 supertype+ prostate cancer patients,
respectively. These Wve SART3 peptides induced pep-
tide-reactive CTLs from the PBMCs of 1, 6, 3, 1, and 3
of 15 A3 supertype+ healthy donors, respectively (data
not shown). These results suggest that, among the Wve
candidates, the SART3 511–519 and SART3 734–742 pep-
tides are the two best candidates for generating pep-
tide-speciWc CTLs in the PBMCs of prostate cancer
patients with HLA-A3 supertype alleles.

Induction of prostate cancer-reactive cytotoxic T lym-
phocytes from the peripheral blood mononuclear cells 
of prostate cancer patients with HLA-A3 supertype 
alleles

We further determined whether or not CTLs induced
by in vitro stimulation with each of the SART3 511–519
and SART3 734–742 peptides would exhibit cytotoxicity
against prostate cancer cells. Before the cytotoxicity
assay was carried out, the expression of the SART3
gene in prostate cancer cell lines was examined by a

Table 2 IgGs reactive to SART3 peptides in the plasma of prostate cancer patients

We measured the levels of peptide-speciWc IgG in the plasma of 20 patients. Each peptide’s Xuorescence intensity of plasma (1:100 dilu-
tion) was measured by the Luminex method. The positive results (>none £ 1.5) are shown in bold and italic

Patients Peptides

SART3 243–252 SART3 511–519 SART3 734–742 SART3 831–839 SART3 910–918 HIV None

1 32 67 53 25 34 32 47
2 78 128 102 86 61 63 64
3 111 62 451 35 32 31 26
4 39 72 133 36 113 29 46
5 82 129 169 53 87 71 47
6 9 54 26 10 11 11 7
7 887 745 1,201 1,678 1,364 840 447
8 52 120 95 47 47 54 62
9 59 86 157 38 63 39 49
10 33 50 40 25 25 31 36
11 90 117 54 42 49 32 24
12 24 58 166 91 116 33 20
13 182 287 226 323 232 115 80
14 3,110 2,739 3,245 2,912 3,608 1,958 1,672
15 16 31 25 248 22 17 13
16 29 54 51 30 55 29 21
17 41 75 164 133 42 31 37
18 31 50 180 43 25 26 49
19 904 94 2,815 39 55 39 53
20 105 150 3,415 95 116 105 253
Total 5/20 7/20 13/20 5/20 5/20
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RT-PCR-based method (Fig. 1a). Here, SART3
mRNA expression was clearly detected in a KE4
esophageal carcinoma cell line, in which SART3 was
identiWed using tumor-inWltrating T cells [27]. Three
prostate cancer cell lines, PC3, PC93, and LNCaP,
were also positive for the SART3 mRNA. We previ-
ously reported that SART3 protein expression was
positive in four of seven prostate cancer tissues [13]. In
addition, to clarify the capacity for HLA-A3 supertype
allele-restricted cytotoxicity, LNCaP transfectants
expressing each of the HLA-A11, -A31, and -A33 mol-
ecules were prepared (Fig. 1b).

The PBMCs from HLA-A3 supertype+ prostate can-
cer patients were stimulated in vitro with each of the
SART3 511–519 and SART3 734–742 peptides, and we
investigated whether or not peptide-reactive CTLs
would be able to exhibit cytotoxicity against LNCaP
transfectant cells (Fig. 2). The PBMCs from HLA-
A11+ patients (Pts. 1, 2, 5, and 17), which were stimu-
lated in vitro with each of the SART3 511–519 and
SART3 734–742 peptides, exhibited higher levels of cyto-
toxicity against LNCaP-A11 cells than against LNCaP
cells and HLA-A11+ T-cell blasts. Similarly, these pep-
tides possessed the ability to induce LNCaP transfec-
tant-reactive CTLs from the PBMCs of HLA-A31+

and HLA-A33+ patients. That is, these peptide-speciWc

CTLs showed higher levels of cytotoxicity against
LNCaP-A31 cells and LNCaP-A33 cells than against
LNCaP cells or T-cell blasts. Taken together, these
results indicate that the PBMCs that were stimulated in
vitro with the SART3 511–519 or SART3 734–742 peptide
exhibited cytotoxicity against prostate cancer cells in
an HLA-A11, -A31, or -A33-restricted manner.

Peptide-speciWc and CD8+ T cell-dependent 
cytotoxicity against prostate cancer cells

We further tried to identify the types of cell responsible
for the cytotoxicity of the peptide-stimulated PBMCs.
PuriWed CD8+ T cells were used in the following experi-
ment. As shown in Fig. 3, the cytotoxicity of the SART3

511–519 or SART3 734–742 peptide-stimulated PBMCs from
HLA-A11+ patients, HLA-A31+ patients, and HLA-
A33+ patients against LNCaP-A11, LNCaP-A31, and
LNCaP-A33 cells was signiWcantly suppressed by the
addition of corresponding peptide-pulsed unlabeled
C1R-A11, C1R-A31, and C1R-A33 cells, but not by
HIV peptide-pulsed unlabeled C1R-A11, C1R-A31, and
C1R-A33 cells, respectively. No diVerence in the surface
expression of HLA-A3 supertype alleles was observed
when C1R transfectant cells were pulsed with either
SART3 peptides or the HIV peptide (data not shown).

Table 3 Induction of peptide-reactive CTLs from the PBMCs of HLA-A11+, -A31+, and -A33+ patients

The PBMCs were stimulated in vitro with each of the indicated peptides, and peptide-speciWc reactivity was examined. Successful induc-
tion of peptide-speciWc CTLs was judged when the diVerence of IFN-� production exceeded 100 pg/ml compared with the responses to
the HIV peptide. Shown are signiWcance values of p < 0.05 by the two-tailed Student’s t-test. Only the positive results are shown

Patients Peptides

SART3 243–252 SART3 511–519 SART3 734–742 SART3 831–839 SART3 910–918 EBV Flu TRP2

IFN-� (pg/ml)
HLA-A11
1 – 1,155 – – – 634 – 120
2 – 695 – – – – – –
3 – 602 – – – – – –
4 – – 957 – – – – –
5 – 447 – – 100 451 – –

0/5 4/5 1/5 0/5 1/5 2/5 0/5 1/5
HLA-A31
6 – – 1,452 – – – – –
7 – 2,018 – – – 144 – 138
8 – – 969 – – – – –
9 – – 1,686 187 212 – 169 –
10 – 835 – 395 – 471 306 269

0/5 2/5 3/5 2/5 1/5 2/5 2/5 2/5
HLA-A33
11 – 617 164 – 141 181 – 188
12 – 1,957 – – – – – 221
13 – 1,149 409 – – – – 285
14 – 1,530 – 102 102 – – –
15 – 171 – – 129 – – –

0/5 5/5 2/5 1/5 3/5 1/5 0/5 3/5
Total 0/15 11/15 6/15 3/15 5/15 5/15 2/15 6/15
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The results of the cold competition assay thus indicated
that the cytotoxicity of the peptide-stimulated PBMCs
against LNCaP transfectant cells was most likely due to
peptide-speciWc CD8+ T cells.

Discussion

In this study, we attempted to identify SART3-derived
peptide candidates that have the potential to generate

Fig. 1 The expression of the SART3 gene in tumor cell lines and
established LNCaP transfectants. a SART3 mRNA expression in
an esophageal carcinoma KE4, normal peripheral blood mononu-
clear cells (PBMCs), and three prostate cancer cell lines (PC3,
PC93, and LNCaP) was examined by RT-PCR. b The three trans-
fectant cell lines were analyzed by Xow cytometry for their

expression of HLA-A11, -A31, and -A33 molecules. These cells
were Wrst stained with anti-HLA-A11, anti-HLA-A31, or anti-
HLA-A33 mAb, followed by staining with FITC-conjugated anti-
mouse IgG mAb. The dotted lines represent staining without the
Wrst mAb

Fig. 2 Cytotoxicity of peptide-stimulated PBMCs from HLA-A3
supertype+ prostate cancer patients. Peptide-stimulated PBMCs
from HLA-A3 supertype+ prostate cancer patients were tested in
terms of their cytotoxicity toward three diVerent targets by a 6-h

51Cr-release assay. Phytohemagglutinin (PHA)-stimulated T-cell
blasts were included as HLA-A3 supertype+ normal cells. Aster-
isk statistically signiWcant at p < 0.05
123
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prostate cancer-reactive CTLs after we Wrst screened
29 SART3 peptide candidates based on their recogniz-
ability by IgGs of prostate cancer patients. This
approach to screening was chosen because it was
impractical to screen all 29 peptides for the in vitro
stimulation assay with a limited number of patient-
derived PBMCs. In our previous studies, this type of
screening successfully identiWed CTL-directed peptides
[7, 14, 28]. This approach is based on the Wndings of our
previous clinical trials demonstrating that peptide vac-
cination frequently induced an induction of IgGs reac-
tive to administered CTL-directed peptides, as well as
on the observation that the induction of IgGs reactive
to vaccinated peptides was positively correlated with
both the clinical response and the survival of the vacci-
nated patients [8, 9, 19]. Peptides that can be recog-
nized by both CTLs and IgG may be more useful in
peptide-based immunotherapy than those that are rec-
ognized only by CTLs.

The most salient issue in this study was to determine
whether or not the identiWed candidates possess the
potential to induce peptide-speciWc and cancer-reactive
CTLs from prostate cancer patients. Regarding this
point, we demonstrated that the two identiWed SART2
peptides, SART3 511–519 and SART3 734–742, could
eYciently induce peptide-speciWc CTLs from the
PBMCs of HLA-A3 supertype+ prostate cancer patients
at levels comparable to those reported for EBV, Flu,
and TRP2 peptides. Moreover, the cytotoxicity of these
SART3 peptide-stimulated PBMCs from prostate can-

cer patients toward HLA-A3 supertype+ prostate cancer
cells was found to be dependent on peptide-speciWc
CD8+ T cells. These lines of evidence indicate that these
two SART3 peptides would be applicable as a peptide-
based anti-cancer vaccine in HLA-A3 supertype+ pros-
tate cancer patients. However, these results may not
represent in vivo immunogenicity of these peptides, and
their true immunogenicity in patients can be determined
only through clinical trials.

We previously reported the identiWcation of a
human SART3 gene from the cDNA library of a
human esophageal cancer cell line [27]. The SART3
gene encodes a protein expressed in the nuclei of the
majority of proliferating cells, including both normal
and malignant cells. However, it is undetectable in nor-
mal tissues, except in the testes and fetal liver, regard-
less of its ubiquitous expression at the mRNA level.
Actually, a very faint expression of SART3 mRNA was
observed in normal PBMCs (Fig. 1a), whereas in a pre-
vious study none of the protein was expressed in
PBMCs [27]. The SART3 antigen is widely expressed
in various types of epithelial cancers as well as in hema-
tological malignancies [5, 10, 12, 23–25]. We previously
reported that SART3 protein expression was positive
in four of seven prostate cancer tissues [13]. Thus, the
identiWed SART3 peptides might be applicable not
only to the treatment of prostate cancer, but also to
other types of malignancies.

The optimal COOH-terminal amino acid of A31-
or A33-binding peptides is arginine, whereas that of

Fig. 3 Cytotoxicity against prostate cancer cells was dependent
on peptide-speciWc CD8+ T cells. Peptide-stimulated PBMCs
from the indicated prostate cancer patients were tested for their
cytotoxicity against LNCaP cells expressing each of the HLA-A3

supertype alleles in the presence of unlabeled C1R-A11, C1R-
A31, and C1R-A33 cells, which were pre-loaded with either the
corresponding SART3 peptide or the HIV peptide. *Statistically
signiWcant at p < 0.05
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A11-binding peptides is lysine [17, 21]. On the other
hand, two SART3 peptides identiWed in this study as
candidates for HLA-A3 supertype alleles carry argi-
nine at the COOH-terminus. We have reported that
peptides that bear an arginine at the COOH-terminus
have the potential to generate HLA-A11-restricted
CTLs [7, 22]. These Wndings suggest that peptides car-
rying arginine at the COOH-terminus might Wt the
binding motif for HLA-A11 molecules.

In conclusion, we identiWed two new peptide candi-
dates applicable to HLA-A3 supertype+ prostate can-
cer patients. In combination with known peptide
candidates for HLA-A2+ or HLA-A24+ prostate can-
cer patients, those identiWed in the present study are
expected to facilitate the development of a peptide-
based anti-cancer vaccine for prostate cancer patients
in diverse ethnic populations.
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