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Abstract Prostate-specific antigen (PSA) is a valuable
marker antigen for prostate cancer. Lately considerable
interest has been generated in the prospect of developing
a vaccine for prostate cancer with PSA-derived peptide
epitopes to induce cytotoxic T-cell (CTL) response. We
report here that T cells capable of exhibiting PSA epi-
tope-specific effector function—in their native state, i.e,
without having to be further stimulated, in vitro—are
detectable in more than half of the prostate cancer pa-
tients we studied. Ex vivo cultured autologous dendritic
cells (DC) were used to present four HLA-A2–binding
PSA peptide epitopes to freshly isolated peripheral
blood lymphocytes (PBL) from patients and healthy
volunteers. Ten out of 14 patients’ PBL recognized at
least one of the four peptides and 6 out of 10 patients’
PBL recognized more than one peptide antigen as
measured by IFN-c secretion upon stimulation of the
PBL with the peptide antigen. Intracytoplasmic cyto-
kine analysis for IFN-c in purified CD8+ cells after

stimulation with peptide antigens was tested in 6 pa-
tients and this technique demonstrated a similar re-
sponse. Freshly isolated and purified CD8+ cells when
tested, also recognized the epitopes, as measured by IFN
assay, when presented by transporter associated with
antigen-processing (TAP) deficient T2 cells in an MHC-
I restricted fashion. PBL from 9 normal donors when
tested in identical fashion did not show any IFN-c
production in recognition to the peptide antigens.
Interestingly, neither of these CD8+ T cells having IFN-
c–producing ability did show any cytolytic activity in
their native state against peptide loaded target cells or
tumor cells when tested in cytotoxicity assay. In long
term cocultures stimulation of purified CD8+ T cells
with matured DC pulsed with PSA peptides generated a
PSA-specific CTL response in 4 of 6 patients studied
and in 2 of 9 normal donors. While our observations of
CTL generation are consistent with the prior reports
that have demonstrated that specific CD8+ CTL could
be generated which recognize PSA-derived epitopes by
in vitro stimulation by one means or another, this
observation that IFN-c–producing CD8+ T cells are
present in patients which are antigen experienced, and
do not require in vitro stimulation, is novel and has
major implications for prostate cancer vaccine prepa-
ration.

Keywords PSA Æ CD8+ T cells Æ IFN-c Æ CTL activity

Abbreviations PSA prostate-specific antigen Æ DC
dendritic cells Æ APC antigen-presenting cells Æ CTL
cytotoxic T lymphocytes Æ PBL peripheral blood
lymphocytes Æ PBMC peripheral blood mononuclear
cells

Introduction

Cytotoxic T lymphocytes (CTL) are considered to be
one of the most imporrtant effector cells in antitumor
immunity. It is now clear that many cancer patients
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harbor T cells that can be stimulated to recognize
autologous tumor cells on the basis of defined specificity
[5, 16, 17, 26, 32]. Although a large body of information
on T-cell-mediated antitumor response has been gener-
ated in the melanoma model, the evidence of cellular
(and serologic) antitumor immune response has been
amply demonstrated in a large variety of tumor types
including prostate cancer [1, 5, 8, 9, 10, 14,16, 17, 26, 32,
41]. Studies in this area have revealed that tumor-specific
T cells can be generated from tumor involved or unin-
volved in draining lymph nodes, from tumor tissues, and
from circulating PBL after in vitro stimulation. Very
little information is available on whether T cells that can
respond to stimulation by a given tumor-associated
epitope have previously encountered this antigen in vivo
and, if they have, how these epitopes are presented and
what events follow such presentation. Several promising
prostate associated antigens and peptide epitopes that
can stimulate T cells from prostate cancer patients have
been identified. Some of these antigens and peptide
epitopes have provided a basis for vaccines in clinical
trials [23, 24, 25, 33,34,39]. The majority of T cells that
bear receptors for a given tumor-associated antigen are
antigen inexperienced, as they seldom exhibit memory-
type response upon exposure to antigen, or these cells
await appropriate antigen presentation or their activa-
tion is prevented by surrounding supressive factors [29,
38]. In a recent report, McNeel et al. [21] have docu-
mented spontaneous recognition of certain class II
determined epitopes by CD4+ T cells in prostate cancer
patients. PSA-specific T helper-1 (TH1)–type responses
were detected in patients with metastatic disease but not
in patients with early stage disease. Similarly, Ponniah et
al. have shown PSA-specific TH1 responses in 5 out of 14
patients with chronic prostatitis [28]. In an earlier report,
McNeel et al. have shown IgG-type PSA-specific anti-
body mediated immunity in metastatic prostate cancer
patients indicating the involvement of TH-type T cells
[20]. Here we provide evidence of prostate epitope spe-
cific CD8+ T cells in freshly isolated PBL from prostate
cancer patients, and demonstrate a reasonably effective
method to generate peptide specific CTL in in vitro co-
culture. These findings add further support to a role for
T-cell-mediated immunity in prostate cancer and the
potential clinical relevance of vaccines designed to in-
crease the cellular immune response to prostate associ-
ated antigens.

Materials and methods

Patient samples

Normal controls were adult males with no history of prostate
cancer. All patients had biopsy-proven prostatic adenocarcinoma.
Both groups of subjects gave informed consent in accordance with
Institutional Review Board guidelines. Peripheral blood samples
were drawn by routine phlebotomy and peripheral blood mono-
nuclear cells (PBMC) were isolated by Ficoll-Hypaque gradient
centrifugation [22].

Peptides

We used four HLA-A2–binding PSA peptides (9): PSA 16–25
VLVASRGRAV referred to as PSA-1, PSA 141–150 FLTPKK-
LQCV referred to as PSA-2, PSA 146–154 KLQCVDLHV referred
to as PSA-3 and PSA 151–159 DLHVISNDV referred to as PSA-4.
Sequences are described in NCBI database No. AJ459783 and are
Homo sapiens mRNA for prostate-specific antigen hKLK3 gene
(human kallikrein gene). As HLA-A2–binding unrelated peptide
we used influenza nucleoprotein-derived peptide, GILGFVFTL
referred to as Flu peptide. Another melanoma-associated but self-
antigen, Mart-1–derived HLA-A2–binding peptide AAGIGILTV,
was used as another control peptide. Melanoma-associated antigen
MAGE-1–derived HLA-A1–binding peptide EADPTGHSY was
used as negative control for HLA-A2–binding peptides. Peptides
were synthesized and purified by HPLC in University core facility.

Cell lines

The T2 cell line was a gift of Dr. Peter Creswell, Yale University
[3]. This cell line is intracellular transport of antigen-processing-
deficient (TAP-deficient) and HLA-A2 positive. Peptide molecules
that have a binding motif for HLA-A2 can promptly be loaded
onto empty A2 molecules on these cells. HLA-A2 positive and
PSA positive prostate tumor cell line LN CaP [10, 15] was
obtained from ATCC. LN CaP cell line was established from a
needle aspiration biopsy of the supraclavicular lymph node of a
50-year-old Caucasian male with confirmed diagnosis of meta-
static carcinoma by Professor G. P. Murphy’s group in 1977.
Details of the cell line have been described by Horoszewicz et al.
[15]. All the viable LN CaP cells were found to express HLA-A2.
Although culture supernatant collected form LN CaP did not
show any detectable amount of PSA, immunocytochemical
analysis revealed that these cells are PSA positive. A melanoma
tumor cell line CS-M was established in our laboratory from a
HLA-A2 positive metastatic melanoma patient. These cells do
express high levels of HLA-A2 melanoma-associated antigen
Mart-1 but do not express PSA (unpublished). These CS-M cells
were used as control tumor in the assays. Cells were cultured in
Iscove’s Modified Dulbecco’s Medium (IMDM) as described
below.

DC culture for antigen presentation in short-term T-cell
stimulation assays

DC used in this study were peripheral blood mononuclear cell–
derived myeloid cells cultured in vitro as described [35]. Briefly,
plastic adherent cells (mostly monocytes/macrophages) were iso-
lated from a Ficoll-Hypaque gradient–derived mononuclear cell
population. The adherent cells were then cultured in Iscove’s
Modified Dulbecco’s Medium supplemented with 10% FBS,
L-arginine (0.55 mM), L-asparagine (0.24 mM), and L-glutamine
(1.5 nM), henceforth described as complete medium (CM). Inter-
leukin-4, 1,000 U/ml (R&D Systems, Minneapolis, MN) and
Granulocyte macrophage-CSF, 1,000 U/ml (Immunex, Seattle,
WA) were added to the culture from day 1 and the cultures were
continued for 7 days. Phenotypic analysis of the cultured DC
revealed that they are CD1a+, CD80+, CD86+, CD19-, MHC-
II+. About 10% of the cells were CD14+ and less than 0.5% were
CD3+.

DC maturation for in vitro CTL generation

DC after 7 days of regular cultures were further matured after
stimulation with LPS (100 ng/ml) and IFN-c (250 U/ml) for 24 h.
These matured DC were used in CTL generation in long-term
cultures.
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Isolation of CD8+ cells from PBL

CD8+ cells were purified from total PBL by using antibody-coated
Dynal magnetic beads (Oslo, Norway) according to the manufac-
turer’s instructions. Purity of the isolated cells was 90–95%.

Phenotypic analysis

The immunofluorescence procedure for phenotypic analysis by
cytofluorography has been described [22].

Peptide binding to HLA-A2 molecules

Peptide-binding studies to the HLA molecules and stability of the
MHC peptide complexes were measured according to the methods
described by Nijman et al. [30] and Terasawa et al. [40]. Briefly, T2-
A2 cells were washed with Ca++ mG++ free phosphate buffered
saline (PBS) and 1·106 cells were incubated overnight in serum-free
IMDM in 24-well plates with different concentrations (10–50 lg/
ml 1) of peptides at 37�C in 5% C02. Cells were then washed two
times in PBS and were incubated in ice with 10 lg of HLA-A2–
specific monoclonal antibody (One Lambda) for 1 hr. The cells
were then washed two times and incubated with 1:100 dilution of
FITC conjugated antimouse IgG (Becton Dickinsion). The cells
were immediately analyzed in FACScan with appropriate isotype
control and data were gathered from 10,000 live cells.

Microcytotoxicity assay

The 51Cr release microcytotoxicity assay has been described [22].
Freshly prepared or cryopreserved target cells were labeled with
51Cr with good efficiency. The spontaneous release of the radio-
activity from the 51Cr-labeled targets was usually <12%. All the
experiments in cytotoxicity assay were carried out in presence of
50-fold excess of cold K-562 cells to overcome the nonspecific
killing activity. Cold target inhibition assay was done using 51Cr-
labeled and peptide-pulsed T2 cells competing with unlabeled and
appropriate peptide-pulsed T2 cells.

Cytokine synthesis assay

Freshly isolated or cryopreserved PBL or CD8+ cells were stimu-
lated with autologous dendritic cells pulsed with PSA peptide epi-
topes or T2 (TAP-deficient HLA-A2 cells; 3) cells pulsed with
peptide epitopes (at peptide concentration of 25 lg/ml) in U-bot-
tom 96-well cluster plates (Costar, Cambridge, MA) in 0.2 ml of
medium for 24 hr. Supernatants were assayed for the presence of
IFN-c by using ELISA kits (Immunotech, Miami, FL) using
manufacturer’s protocol.

Intracellular analysis for cytokine production

The method for intracellular analysis of cytokine production by
cells has been described [27]. Briefly, the effector cells were stimu-
lated with peptide-pulsed DC for a total period of 6 hr at 37�C
(responder to stimulator ratio = 10:1). Two hours after initiation
of the culture nonstimulatory doses of PMA (0.5 ng/ml) and Ion-
omycin (4 ng/ml, Sigma, St Louis, MO) were added for an addi-
tional 4 hr at 37�C. Brefeldin A (1 lg/ml, Sigma) was added 2 hr
before harvesting the cells. Cells were washed and stained with
FITC-conjugated anti-CD8 antibody (Pharmigen, San Diego, CA)
for 30 min on ice. Cells were then fixed for 25 min with 4%
paraformaldehyde (Sigma) and permeabilized with PBS/BSA/
Saponin for 10 min. Cells were then stained with human anti–IFN-
c antibody conjugated with alo pico cyanin (APC; Pharmigen, San

Diego, CA), and analyzed on FACS using Cell Quest Software.
Data were analyzed after acquiring 10,000 viable cells in each
point.

Results

Patient demographics

The median age of 14 patients with prostate cancer who
were HLA-A2+ was 72 (range 50–81). Ten patients had
clinically localized (T1c or T2a) disease which had been
treated with either radical prostatectomy or radiation
therapy and leuprolide. Two patients had locally recur-
rent disease and were being treated with leuprolide. Two
patients had bone metastases which had progressed
following an orchiectomy. Serum PSA level was elevated
at the time of diagnosis in all patients, and was elevated
at the time of blood sampling in 2/14 patients. Nine
HLA-A2 normal males with no history of prostate dis-
ease served as controls.

Peptide binding to HLA-A2 molecule

All the PSA-derived peptides we have used in this study
were tested for binding to HLA-A2 molecules according
to the method described in ‘‘Materials and methods.’’
Figure 1 shows that these peptides bind to the HLA-
A2+ cells. The binding of the PSA peptides is compa-
rable to that of the HLA-A2–determined melanoma
antigen–derived Mart-127–35 peptide. We then tested the

Fig. 1 Binding of PSA-derived peptides to HLA-A2 on T2 A2
cells. Peptides were analyzed for binding to T2 A2 cells as
described. This describes the binding of peptides to A2 when
different concentrations (10–50 lg/ml) of peptides were used. X T2
cells without any peptide, open circle T2 + MAGE-1, open square
T2 + PSA-1, solid square T2 + PSA-2, open triangle T2 + PSA-
3, solid triangle T2 + PSA-4, open diamond T2 + MART-1
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stability of the four PSA peptides–HLA-A2 complexes.
Peptides were added at a concentration of 50 lg/ml.
Free unbound peptides were washed away and incu-
bated with brefeldin-A (1lg /ml, Sigma) to block the
delivery of new class I molecules to the cell surface, and
the stability of the complex was analyzed at different
times, at 2, 4, 6, and 8 h. No significant difference was
observed between the PSA peptides (data not shown).

Expression of surface molecules by cultured DC

Figure 2 describes the expression of various surface
markers typically expressed by DC. Fig. 2A describes
several markers on 7-day cultured DC in GM-CSF- and
IL-4-containing medium. Seven-day cultured DC were
further stimulated with LPS and IFN to mature them.
Figure 2B shows significant increase in all the necessary
molecules on matured DC required for T-cell stimula-
tion.

Functional analysis of PBL upon ex vivo presentation
of PSA peptide epitopes

IFNc secretion by PBL as measured by ELISA

We tested 14 patients and 9 normal donors who are
HLA-A2 positive for T-cell response to PSA-derived
HLA-A2.1–restricted peptide epitopes, in vitro, without
rounds of stimulation and restimulation. Using four
HLA-A2.1–determined PSA-derived peptides as epi-
topes and employing a simple in vitro cytokine synthesis
assay as a readout of ‘‘memory type response,’’ we tried
to determine if we could identify PSA epitope-specific T
cells following short-term (24 hr) culture. Table 1 shows
that upon stimulation by the peptide-loaded autologous
DC, freshly isolated PBL from 10/14 patients synthe-
sized IFN-c in response to at least one of the peptides.
(Cf. results for normal donors in Table 2.) We consid-
ered a two-fold increase of IFN-csecretion by T cells
over DC control or a value of 25 pg/ml (if the DC
control was zero) as a positive response to a particular
peptide. The experiments were repeated at least twice in
all the cases, and in some cases it was repeated three
times with essentially similar results.

IFN-c by CD8+ cells as detected by intracellular
cytoplasm staining

The nature of the T cells responding to the short-term
primary stimulation was examined in intracytoplasmic
cytokine and phenotypic analysis by flowcytometry.
Figure 3 shows a representative experiment that dem-
onstrates significant increase in the number of intracy-
toplasmic IFN-c positive CD8+ cells upon stimulation.
As shown, when stimulated with PSA peptides, the in-
crease in the IFN-c–producing CD8+ cells varied from
0.38%, 0.93%, 0.64%, or 0.83% from the baseline of
(DC control) 0.20%. This increase is significant con-
sidering the enormous diversity of antigen-specific T-cell
receptor( TCR)–bearing cells in circulation. No signifi-
cant increase was observed when Mart-1 A2 peptide was
used (Fig. 3G). Interestingly these CD8+ cells showed
no spontaneous cytolytic effect when tested in a 51Cr-
release assay against peptide-pulsed T2 cells, peptide-
pulsed DC, or against tumor cell line LN CaP (data not
shown).

IFN-c secretion by CD8+ T cells stimulated by T2 cells
and peptide as measured by ELISA

We then examined whether these CD8+ T cells are
capable of recognizing the antigens when presented by
cells other than dendritic cells. We used TAP-deficient
T2 cells to present the antigens to purified CD8+ cells.
We pulsed T2 cells with PSA-2 (since the majority of the
patients recognized this peptide) or PSA-4 and used
these to stimulate CD8+ cells from patients. This was

Fig. 2A, B Phenotypic analysis of dendritic cells. A Different
surface markers on DC after 7 days in culture in presence of GM-
CSF and IL-4, immature DC. B Surface markers on DC further
matured with LPS + IFN-c for additional 24 hr, matured DC. 1
Isotypecontrol, 2 CD80, 3 CD86, 4 MHC-I, 5 CD83, 6 CD40, and
7 CD14. MFI of various markers on immature DC as in A are
Isotype = 8.3, CD80 = 17.0, CD86 = 289.1, MHC-I = 139.0,
CD83 = 9.2, CD40 = 232.5, and CD14 = 21.7. MFI of various
markers on matured DC in 2B are Isotype = 14.2,
CD80 = 148.7, CD86 = 1118, MHC-1 = 356.9, CD83 = 71.2,
CD40 = 1137.6, and CD14 = 15.9
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also performed in the presence and absence of antibody
to HLA-A1 and HLA-A2 (1 lg/ml). A representative
experiment with the patient PD in Fig. 4 shows that
these T cells do respond to the antigen when presented
with T2 cells and this recognition is HLA-A2 restricted.
This nonresponsiveness to PSA-4 by the patient as
shown earlier in Table 1 can be seen in this assay also.

In vitro generation of CTL response

As mentioned earlier, the IFN-c–responsive T cells did
not show any cytolytic activity. As such, standard long-
term cocultures were set up to address whether by
repetitive stimulation with epitope-pulsed DC, one could
generate a PSA-peptide-specific CTL response against
these peptides. Autologous DC were matured with LPS
(100 ng/ml) and IFN-c (250 U/ml) (Fig. 2B). Matured
DC were then pulsed with one of the four peptides
(100 lg/ml) and b-2 microglobulin (2.5 lg/ml, Sigma)

[11]. Purified CD8+ T cells were then added to DC and
were cultured for 7 days (ratio of DC to T cells = l:10).
On day 8, T cells were restimulated with the same pep-
tide-antigen-pulsed matured DC. Cultures were then
continued for another 7 days in presence of IL-2 (50 U/
ml). Responding cells were tested for their cytolytic
activity against peptide-pulsed T2 cells and the prostate
tumor cell line LNCaP (HLA-A2+, PSA+) as target
cells (in the presence of a 50-fold excess of cold K-562
cells). Figure 5 shows a representative experiment with
CD8+ cells from a patient (PD) whose fresh PBL re-
sponded against PSA-2 and PSA-3 and not against PSA-
1 or PSA-4 in the initial screening (Table 1). As shown,
specific CTL activity against all four peptides could be
generated by long-term in vitro culture (without having
cross-reactivity against any other peptides). When PSA-
1, PSA-2, and PSA-4 peptides were used individually to
generate specific CTL response, a significant level of
CTL reactivity was observed against that peptide which
was used in generation and also against the prostate

Table 1 Patients. Interferon-c production by PBL from prostate
cancer patients after stimulation with peptide-pulsed autologous
dendritic cells. DC from plastic adherent macrophage and mono-
cyte lineage of cells from PBMC were cultured with GM
CSF(1,000 U/ml) and IL-4 (1,900 U/ml) for 5 to 7 days. DC were
pulsed with any of the four peptides; PSA-1 (VLVASRGRAV),
PSA-2 (FLTPKKLQCV), PSA-3 (KLQCVDLHV), PSA-4
(DLHVISNDV), or Flu (GILGFVFTL). Respective autologous

PBL was added to peptide (25 lg/ml) pulsed DC at DC/PBL
= 1:10 (104 DC/105 PBL) in 96-well U-bottom tissue culture
plates in 200 ll of culture medium. Plates were incubated at 37�C
for 24 h. Culture supernatant was collected and assayed for the
presence of IFN-c with ELISA kits. Significant differences were
found between columns of DC only and DC+PSA-2, t(df)=2.44,
p<.05; and between columns of DC+PSA-2 and DC+PSA-4,
t(df)=2.20, p<.05

PBL from patient IFN-c pg/ml after stimulation with DC pulsed with peptides

DC only DC+PSA-1 DC+PSA-2 DC+PSA-3 DC+PSA-4 Flu peptide

PD 0 0 75 100 0 120
JM 50 80 100 0 0 0
NC 0 0 0 0 0 NT
AB 0 0 0 0 0 NT
RS 0 100 0 0 0 80
PH 0 0 120 0 0 60
JK 25 0 200 0 0 100
GD 30 85 800 95 90 120
HW 0 0 0 0 0 0
FB 0 0 0 0 0 50
FG 30 40 350 75 40 NT
RO 40 75 200 100 175 50
RV 0 0 100 50 50 NT
RT 0 100 100 50 50 60

Table 2 Normal donors

PBL from donor IFN-c pg/ml after stimulation with DC pulsed with peptides

DC only DC+PSA-1 DC+PSA-2 DC+PSA-3 DC+PSA-4 Flu peptide

RLS 0 0 0 0 0 80
RZ 10 10 0 0 10 120
CM 15 10 10 10 10 120
PC 0 0 0 0 0 50
JS 10 10 10 10 10 60
RK 0 15 10 15 15 0
DD 15 20 10 25 10 100
JDS 25 25 20 20 30 180
TS 10 0 0 0 0 100
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cancer cell line LN CaP but no killing activity was ob-
served against the melanoma tumor CS-M (Figs. 5A,
5B, 5D). Interestingly when PSA-3 peptide was used in
CTL-generation assay, it only generated PSA-3 CTL
and not against.tumor target LN CaP (Fig. 5C). Of the

six patients whose T cells responded to multiple peptides
in IFN assay in Table 1, we could generate specific CTL
in four cases. Out of nine normal donors, we were able
to generate CTL activity in two cases against peptides
PSA-1, PSA-2, and PSA-4, but not against PSA-3 (data
not shown). For further confirmation of the specificity
of the peptide-specific CTLs generated in culture, a cold
target inhibition experiment was done using 51Cr-labeled
and peptide-pulsed T2 cells as hot targets, and unlabeled
and appropriate peptide-pulsed T2 cells as cold targets.
As it can be observed in Table 3, increasing doses of
peptide-pulsed cold targets eliminate the lysis of
respective peptide-pulsed hot target cells. This experi-
ment further confirms the specificity of the CTLs gen-
erated in the cocultures.

Discussion

Considerable interest has been generated lately regard-
ing the prospect of developing vaccine for prostate
cancer with prostate-associated antigen-derived CTL-
determined peptide epitopes. While the clinical results of
the early cancer vaccine trials with peptide alone or
loaded onto DC [12, 22, 23, 24, 32, 33, 34], in general,
have been somewhat modest, the field clearly remains
open to further innovation. The great majority of work
that has demonstrated T-cell response to tumor-associ-
ated epitopes has usually employed the traditional
technique of several rounds of in vitro stimulation and
restimulation of the host’s T cells by a variety of
mechanisms to fully activate them prior to assay for
immune response [1, 5, 7, 9, 16, 32, 41]. While this ap-
proach has demonstrated that specific tumor epitope
reactive T cells can be generated from many cancer pa-
tients, it does not clearly demonstrate whether these

Fig. 4 Response to PSA peptides presented by T2 cells. Purified
CD8+ cells from a patient (PD) who was responding against PSA-2
were stimulated with T2 cells pulsed with PSA-2 in presence and
absence of anti-HLA-A2 antibody (1 lg/ml). PSA-4 peptide was
used as control for the experiment

Fig. 3A–G Intracellular cytokine analysis. CD8+ cells from PBL
were isolated by positive selection using Dynal magnetic beads.
Cells were stimulated with PSA-peptide-pulsed autologous DC for
6 h. Cells were stained with anti-CD8 antibody conjugated with
FITC (Y axis) and then stained for intracellular staining with
antihuman IFN-c conjugated with APC (X axis) according to the
method described. A Isotype matched control. B Cells stimulated
with DC only. C Cells stimulated with PSA-1 peptide-pulsed DC. D
Cells stimulated with PSA-2 pulsed DC. E Cells stimulated with
PSA-3-pulsed DC. F Cells stimulated with PSA-4-pulsed DC. G
Cells stimulated with Mart-1 peptide-pulsed DC
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hosts harbored antigen-experienced T cells. Lately,
ELISPOT assays and tetramer analyses coupled with
simultaneous evaluations of T cell activation markers
have confirmed, however, that indeed some cancer pa-
tients do harbor antigen-experienced T cells [2, 19, 31,
36]. Nonetheless, the clear evidence for PSA-reactive

circulating T cells that do not require repetitive stimu-
lation ex vivo is not available.

For the first time, we demonstrate that, irrespective of
the clinical status, IFN-producing CD8+ T cells are
detectable in 10 out of 14 patients. Our study reveals a
number of interesting features of reactivity against PSA-
derived epitopes in prostate cancer patients. First,
CD8+ T cells in their native state, from a sizeable
number of patients (10/14), exhibited a IFN-c response
to at least one epitope, and 6/14 responded to multiple

Fig. 5A–D Cytotoxicity assay with in vitro expanded peptide-
specific CTL. CD8+ cells were stimulated in vitro with matured
autologous DC pulsed with one of the PSA-derived peptides.
Cytotoxicity was measured by 51Cr release from labeled different
target cells. Target cells were T2 cells alone, T2 cells pulsed with
one of the four PSA peptides, T2 cells pulsed with Flu peptide,
HLA-A2 positive and PSA positive prostate cancer cell line LN
CaP, and HLA-A2 positive and PSA negative melanoma cell line
CS-M. A CTL activity with responding CD8+ cells stimulated with
DC pulsed with PSA-1. B CTL activity with responding CD8+

cells stimulated with DC pulsed with PSA-2. C CTL activity with
responding CD8+ cells stimulated with DC pulsed with PSA-3. D
CTL activity with responding CD8+ cells stimulated with DC
pulsed with PSA-4. Solid square % specific lysis of the target T2
cells alone. Solid circle % specific lysis of the target T2 cells pulsed
with peptide PSA-1. Solid triangle % specific lysis of the target T2
cells pulsed with peptide PSA-2. Solid diamond % specific of the
target T2 cells pulsed with peptide PSA-3. Open square % specific
lysis of the target T2cells pulsed with peptide PSA-4. Open circle %
specific lysis of the target T2 cells pulsed with Flu peptide. Open
triangle % specific lysis of the target LN CaP tumor cells. X %
specific lysis of HLA A2 positive melanoma tumor target CS-M
cells

Table 3 Cold target inhibition assay with CTL. Inhibition of
cytolysis of labeled targets (hot) by unlabeled targets (cold). In
addition to 50-fold excess of cold K-562 cells, specificity of CTL
generated in vitro was further confirmed in cold target inhibition
assay using unlabeled peptide (against which CTL was generated)
pulsed T2 cells as the cold target: such as 51Cr labeled PSA-1-
pulsed T2 cells as hot target competing with unlabeled PSA-1-
pulsed T2 cells and so on

CTL generated
in coculture

Hot target to cold target ratio

1:0 10:1 5:1 1:1 1:5

Against PSA-1 20 20 8 2 0
Against PSA-2 38 28 11 1 0
Against PSA-3 NT NT NT NT NT
Against PSA-4 33 20 10 4 0
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epitopes. It is however noteworthy that these effectors
did not show cytotoxic activity against peptide-loaded
T2 cells, peptide-loaded DC, or prostate tumor cell line
LNCaP in their native state (data not shown). Yet
cytotoxic function against a broad repertoire of PSA
epitopes could be generated by long-term stimulation by
peptide-loaded matured DC (Fig. 5). Thus a major dis-
parity between IFN response and cytotoxic response
seems to exist with these effector cells in their native
state. Presently, it is not clear if the disparity is a
reflection of a different threshold for activation of IFN
response vs CTL response or if this represents a form of
‘‘dysfunctional’’ CTL response such as that shown by
others [19, 29, 38]. Second, certain PSA epitopes seem to
be more immunogenic. Of the four PSA epitopes stud-
ied, PSA-2 was recognized more often by fresh T cells in
the IFN assay. Immunogenecity of these peptides could
not be attributed to their binding affinity to HLA-A2
molecules. There was no significant difference in binding
of these peptides to HLA-A2 molecules (Fig. 1), and
stability of the complex was observed (data not shown).
Nonetheless CD8+ cells could be cytolytically activated
in vitro against the less dominant epitopes also when
such epitopes were presented in the correct context by
matured DC. This affirms the role of DC (APC) in
induction of cytolytic T cell response as demonstrated by
Guerder et al. [13]. Third, the demonstration of IFN
response by freshly isolated T cells suggests that this
might be a form of memory response. Fourth, although
Alexander et al. [1] have shown that CTL generated in in
vitro culture did not recognize internally expressed epi-
tope, our study in contrast clearly shows that CTL
generated in vitro with peptide-loaded DC are fully
reactive against the prostate cancer cell line (Fig. 5).
Unfortunately we could not test CTL activity against
autologous tumor cells.

In the prostate cancer model it has been shown that
prostatic-antigen-specific T cells can be generated in in
vitro stimulation/restimulation techniques [1, 8, 9, 10].
In a recent observation, McNeel et al. have shown the
existence of naturally occuring PSA-specific TH cells in
patients [21]. Very little information is available on
whether T cells that can respond to stimulation by a
given tumor-associated epitope having encountered
antigen, in vivo, and if so how these epitopes are pre-
sented and what is the outcome of such presentation.
The T cells that bear receptors for a given TAA are
either antigen inexperienced – as they seldom exhibit a
memory response upon exposure to antigen – are aner-
gic, or are not presented with antigens appropriately; or
their activation is prevented by the suppressive factors
present in the microenvironment [29, 37, 38]. In this
study we failed to detect reactivity against some of the
peptides in initial analysis with some of the patient’s
PBL (Table 1), yet we could generate peptide-specific
CTL against those peptides by presenting such peptides
with matured DC (Fig. 5). Nonreactivity of T cells to
certain peptides can not be due to differential binding of
the peptides to HLAA2 molecules (Fig. 1). Further, the

study of this system using PSA antigen which is not
present during early stages of development may provide
insight into the generation of immune responses to self-
antigens. It may also provide a model to study the
control of CTL function in CD8+ cells which have al-
ready acquired antigen specificity.

It should be pointed out that in generation of PSA-
peptide-specific CTL in long-term coculture our system
has four critical elements. We used only CD8+ cells in
the reaction. This removes CD4+ T-reg cells [4, 7], if
any, from the priming reaction. Second, we used fairly
high concentrations of peptide (100 lg/ml) to activate
all low-to-intermediate-affinity T cells. Third, we ma-
tured DC with LPS and IFN-c to obtain immunogenic
DC matured in an inflammatory setting (see Fig. 2B).
Fourth, the responses are amplified with one additional
stimulation. However, in the issue of inducibility of
PSA-epitope-specific CTLS, there is a novel aspect in
our observations. It is that prostate cancer patients do
harbor PSA-epitope-experienced CD8+ T cells and that
the cytolytic dysfunctional state can be corrected by a
matured DC-based stimulation technique in vitro. A
more comprehensive examination of these issues would
provide a better understanding of the unresponsive state
in prostate cancer patients and help in the generation of
more effective approaches to immunotherapy.
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