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Abstract Background: Dendritic cell (DC)-based immu-
notherapy is a promising approach to augment tumor
antigen-specific T cell responses in cancer patients.
However, tumor escape with down-regulation or com-
plete loss of target antigens may limit the susceptibility
of tumor cells to the immune attack. Concomitant
generation of T cell responses against several immuno-
dominant antigens may circumvent this potential
drawback. In this trial, we determined the immuno-
stimulatory capacity of autologous DC pulsed with

multiple T cell epitopes derived from four different
prostate-specific antigens in patients with advanced
hormone-refractory prostate cancer. Patients and meth-
ods: Autologous DC of HLA-A*0201+ patients with
hormone-refractory prostate cancer were loaded with
antigenic peptides derived from prostate stem cell anti-
gen (PSCA14–22), prostatic acid phosphatase (PAP299–

307), prostate-specific membrane antigen (PSMA4–12),
and prostate-specific antigen (PSA154–163). DC were
intradermally applied six times at biweekly intervals
followed—in the case of an enhanced immune re-
sponse—by monthly booster injections. Immune moni-
toring during the time of ongoing vaccinations (12–
59 weeks) included ex vivo ELISPOT measurements,
MHC tetramer analysis and in vitro cytotoxicity assays.
Results: Of the initial six patients, three qualified for
long-term multi-epitope DC vaccination. This regime
was tolerated well by all three patients. The vaccination
elicited significant cytotoxic T cell responses against all
prostate-specific antigens tested. In addition, memory T
cell responses against the control peptides derived from
influenza matrix protein and tetanus toxoid were
efficiently boosted. Clinically, the long-term DC vacci-
nation was associated with an increase in PSA doubling
time. Conclusions: DC-based multi-epitope immuno-
therapy with repeated boosting in men with hormone-
refractory prostate carcinoma is feasible and generates
efficient cellular antitumor responses.
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Introduction

Prostate cancer is a major cause of morbidity and
mortality in men in the Western World. Early stage
treatment—prostatectomy and radiation therapy—is
efficient in roughly 80% of the cases [1], whereas
promising strategies for hormone-refractory disease are
limited. For example, taxane-based chemotherapy pro-
vides a modest survival benefit of a few months but is
associated with significant side effects [2, 3]. All the
treatments for hormone-refractory prostate cancer are
palliative and the median survival time for these patients
is still below 2 years. There is thus a strong need for
novel, well-tolerated treatment strategies.

Antitumor vaccination is considered a promising
means to induce systemic immunity against malignant
cells and to reduce tumor cell load both during early and
metastatic prostate cancer [4]. The generation of vac-
cines as described in this study relies first on the identi-
fication of suitable antigens and, second, on their
delivery to secondary lymphoid organs where they need
to be presented by dendritic cells (DC). It has been
shown that the DC-based vaccines are well suited to
induce significant immune responses against prostate-
specific membrane antigen (PSMA) [5, 6], prostate-spe-
cific antigen (PSA) [7], prostatic acid phosphatase (PAP)
[8–10], or telomerase reverse transcriptase (TERT) [11,
12]. Tumor cells may evade immune recognition by
down-regulation of antigen expression [13] or by altering
antigen processing [14]. Multi-epitope vaccination may
overcome this potential limitation by maintaining
immunological pressure against different tumor-associ-
ated antigens.

A second important consideration for successful DC-
based vaccination is the need for sustained T cell activity
in order to prevail in the constant uphill struggle against
the growing tumor mass. The basis for this notion is the
loss of immediate T cell activity in the absence of
appropriate restimulation [15]. Reactivation of memory
T cell activity is best achieved if the antigen is presented
by DC [16, 17]. This trial evaluated a multi-epitope DC
vaccination with repeated boosting in men with hor-
mone-refractory prostate carcinoma, to test the
hypothesis that this approach is feasible and generates
efficient cellular antitumor responses.

Patients, materials and methods

Patients

Patients with hormone-refractory prostate cancer were
eligible for enrolment if disease progression was docu-
mented. For PSA progression, two consecutive increases
in serum levels of PSA had to be documented. In the
case of therapy with anti-androgens, these had to have
been stopped at least 6 weeks before enrolment.
Previous radiotherapy was allowed if it had been

stopped at least 4 weeks before enrolment. Other eligi-
bility requirements included: an Eastern Cooperative
Oncology Group performance status of 0, 1 or 2, an
estimated life expectancy ‡3 months, age ‡18 years, an
ejection fraction of >40% as measured by echocardi-
ography, and the absence of concurrent steroid therapy,
uncontrolled infections, severe autoimmune diseases and
other malignancies. This phase I/II trial received ap-
proval from the Regional Ethical Committee and all
patients provided written informed consent.

Six patients with hormone-refractory prostate cancer
were enrolled into this phase I/II trial between July 2003
and December 2004. The median age was 71.5 with a
range from 58 to 74 years (Table 1). One patient had
PSA progression and a local relapse, five patients had
PSA progression and bone metastases, and one patient
had PSA-progression, bone metastases, a prostatic tu-
mor and lymph node metastases. All patients had
androgen ablation either by orchiectomy or by contin-
ued application of LHRH analogs. Three patients had
received a second hormonal manipulation by an anti-
androgen, one patient had received PC-SPES and a
second patient had been treated with Samarium. One
patient had been treated with Estramustine before
entering the trial (Table 1).

Cell culture reagents and materials

AIM-V medium was purchased from Invitrogen
(Groningen, the Netherlands). RPMI and DMEM cell
culture media were obtained either from Invitrogen
(Groningen, the Netherlands) or from Sigma (Taufkir-
chen, Germany). Human AB serum was bought from
Cambrex Bio Science (Walkersville, MD, USA). Ficoll-
Paque was obtained from Pharmacia (Uppsala, Swe-
den). GMP human recombinant cytokines interleukin
(IL)-4, TNF-a, IL-1b, and IL-6 were purchased from

Table 1 Patients’ characteristics at study entry

Characteristics Number of patients (n=6)

Age (years)
Median 71.5
Range 58–74
PSA (lg/l)
Median 68.5
Range 15–649
Prior treatment
Prostatectomy 0
Radiotherapy 4 (P04, 09,16, 24)
Estramustine 1 (P04)
Samarium 1 (P12)
LHRH analog 5 (P04, 07, 12, 16, 24)
Orchiectomy 2 (P09, 16)
Antiandrogen 3 (P04, 16, 24)
PC-SPES 1 (P07)
Site of metastases
Bone 5 (P04, 07, 09, 12, 16)
Lymph nodes 1 (P09)
Prostatic tumor 2 (P09, 24)
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CellGenix (Freiburg, Germany). Recombinant human
granulocyte-macrophage colony-stimulating factor
(GM-CSF) (Leukine Sargramostim) was obtained from
Immunex (Seattle, WA, USA). Prostaglandin E2 (Pro-
stin E2) was obtained from Pharmacia & Upjohn
(Dübendorf, Switzerland). Human chemokines CCL19
and CCL21 were bought from R&D Systems (Wiesba-
den-Nordenstadt, Germany). Tetanus toxoid (TT) was
provided by Berna Biotech (Berne, Switzerland). HLA-
A*0201-restricted peptides FluM58–66 (Influenza A M1
protein 58–66), PSCA14–22, PAP299–307, PSMA4–12, and
PSA154–163, respectively, were synthesized by Dr. P.
Henklein (Berlin, Germany).

HLA-A2 typing

The HLA-A2 haplotype of the patients was determined
by flow cytometry using either FITC-conjugated mouse
anti-human HLA-A2 monoclonal antibody (mAb) (BD
Biosciences Pharmingen, San Diego, CA) or the mAb
IGG-A2 (Ingen SA, Rungis Cedex, France) and sheep
anti-mouse Ig (H + L) FITC-conjugated F(ab¢)2 (Sile-
nus, Melbourne, Australia). PCR typing for HLA-
A*0201 was performed with genomic DNA obtained
from peripheral blood mononuclear cell (PBMC) pellets
using a salting out procedure after SDS lysis and pro-
teinase K treatment. PCR conditions were as described
previously [18].

Generation of dendritic cells and vaccination

DC were generated from monocytes isolated from
PBMC of prostate carcinoma patients essentially as
described previously [19]. Briefly, buffy coats were col-
lected by leukapheresis with Haemonetics MCS+ at a
recruitment speed of 50–70 ml/min for 2–4 h. Buffy
coats (30–50 ml per patient containing on average 109

PBMC) were diluted in Dulbecco’s PBS w/o Ca2+ and
Mg2+ (Vitromex, Germany) at a ratio of about 1:20.
PBMC were further purified by Ficoll-Paque density
gradient centrifugation at 700g for 20 min and washed
three times with PBS. One part of the obtained PBMC
(2–4·108) was aliquoted and cryopreserved for sub-
sequent immune monitoring. The remaining PBMC
were resuspended in AIM-V medium at 6·106 per ml
and seeded to 150 cm2 tissue culture flasks (TPP, Swit-
zerland) for 1.5–2 h at 37�C for monocyte adherence.
Non-adherent cells were removed by washing with PBS
and adherent monocytes were further cultured in DC-
medium (AIM-V containing 1,000 U/ml of GM-CSF
and 800 U/ml of IL-4). DC-medium was replaced on
days 3 and 5 with the addition of 20 ng/ml of TNF-a,
10 ng/ml of IL-1b, 1,000 U/ml of IL-6 and 1 lg/ml of
PGE2 at the latter time point to initiate DC maturation.
Mature DC were pulsed on day 6 with 10 lg/ml TT for
further 24 h in maturation medium. The yield of mature
DC was 10–15% based on the numbers of PBMC

collected. Fresh DC were prepared immediately for the
first vaccination, the remaining cells were cryopreserved
for further vaccinations and thawed with a viability of
70–80% as detailed elsewhere [19]. Fresh and thawed
DC from each patient were examined for bacterial and
fungal contamination by the Institute for Clinical
Microbiology and Immunology, Cantonal Hospital St.
Gallen.

A total number of 5·106 autologous thawed or fresh
DC was prepared for each vaccination. A total number
of 1·106 DC were pulsed with 10 lg/ml of FluM58–66

peptide, and 4·106 DC were pulsed with a pool of
the peptides PSCA14–22, PAP299–307, PSMA4–12, and
PSA154–163 at a concentration of 10 lg/ml of each pep-
tide. Cells were incubated for 1.5–2 h at 37�C, washed
once with 10 ml PBS, the differently peptide pulsed DC
were pooled and washed again. After the last washing
step, the cell pellets were resuspended in 1.2 ml of 0.9%
NaCl injection solution and kept on ice.

Vaccines were injected intradermally (6·0.2 ml) in the
inguinal region, i.e. 3 i.d. injections were performed each
at the left and right upper thighs. The treatment scheme
consisted of six immunizations every other week fol-
lowed by monthly booster injections until the patient
was taken off study. The total number of injections at
the time of evaluation was 18 (P12), 12 (P16) and 11
(P04), respectively. Patients were restaged after 12 and
20 weeks and then at 3-month intervals or when clini-
cally indicated. Responding, clinically stable, or indolent
patients showing immunological responses to the vac-
cine qualified for additional vaccinations.

Phenotypical characterization of dendritic cells

Cells were stained with the following mAbs according to
the manufacturer’s protocols: FITC-labeled anti-human
CD11c, CD14, CD16, CD20, CD40, DC-SIGN, CD80,
CD83, CD86, HLA-DR and macrophage mannose
receptor (MNR) (BD Biosciences). The respective iso-
type controls were FITC-labeled mouse IgG1, IgG2a or
IgG2b. Staining for CCR7 was performed with a rat
anti-human mAb (clone 3D12), kindly provided by Dr.
R. Förster, Institute of Immunology, Hannover Medical
School, Germany, followed by FITC-conjugated goat-
anti-rat IgG (Jackson Immunoresearch, La Roche,
Switzerland). Cells were analyzed with a FACScalibur
flow cytometer using CellQuest software (BD Bio-
sciences).

The production of cytokines (TNF-a, IL-10, IL-
12p70) by mature human DC has been described else-
where [20]. The capacity of matured DC to migrate in a
CCR7-dependent manner was measured by an in vitro
chemotaxis assay as previously described [19]. Each
experiment was performed in duplicate. The percentage
of migrated cells was calculated as follows: % migrated
DC = (number of migrated DC/number of total
DC)·100%. Values are given as the mean percentage of
migrated cells±SEM.
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Delayed-type hypersensitivity

A number of 2·105 autologous DC were either left un-
pulsed or were loaded with FluM58–66 peptide or TT or a
mix of four prostate cancer specific peptides (PSCA14–22,
PAP299–307, PSMA4–12, and PSA154–163) and injected
intradermally at the forearms at the time of the first,
fourth, and sixth vaccination. The skin tests were read
48–72 h after administration. The widest diameter of
distinctly palpable induration was recorded in millime-
ters. A 5 mm or greater induration was scored as a
positive test.

Clinical evaluation and biostatistical assessment

Physical examinations and hematology blood tests
were repeated at 2-week intervals and clinical chem-
istry blood tests at monthly intervals. Imaging studies
were performed at baseline and at 12 weeks and 2–
3 monthly thereafter. Pre- and post-treatment serum
PSA values were obtained for all patients who were
eligible for immunotherapeutical DC vaccination.
Slopes of log-transformed serum PSA values were
determined using a linear regression model (Prism 4,
Graphpad Software, Inc.). PSA doubling time
(PSADT) was calculated as [ln(2) · log(e)/slope]. For
negative values (PSA half-life), PSADT was arbitrarily
set to >1 year.

IFN-c ELISPOT assay

Antigen-specific T cell responses in PBMC were
determined by using commercially available human
IFN-c ELISPOT PVDF-Enzymatic kit (Diaclone,
Besançon, France) according to the manufacturer’s
protocol. In brief, thawed PBMC from time points as
indicated in Fig. 2 were incubated overnight in
DMEM medium containing 1% HEPES and 10% AB
serum, then washed and seeded at 2·105 cells per well
into 96-well ELISPOT plates pre-coated with anti
human IFN-c capture antibody and supplemented
without or with the respective antigenic peptides at a
final concentration of 10 lg/ml in RPMI medium
containing 1% HEPES and 10% heat inactivated
FCS. The plates were incubated at 37�C and produc-
tion of IFN-c was detected after 20 h using biotiny-
lated anti-IFN-c detection antibody, streptavidin–
alkaline phosphatase conjugate and BCIP/NBT as a
substrate. The number of IFN-c producing cells was
counted using AID ELISPOT Reader System (Au-
toimmun Diagnostika, Strassberg, Germany). Antigen-
specific spots were calculated by subtraction of spots
in the background wells (PBMC without Ag) from the
total spots. All experiments were performed in dupli-
cate wells and results were shown as the mean±SEM
of duplicate measurements.

Detection of antigen-specific CD8+ T cells by MHC
class I peptide multimer staining

PBMC collected on week 20 after the initiation of vac-
cination were restimulated in vitro for 1 week. For res-
timulation, DC of vaccinated CaP patients were pulsed
with 10 lg/ml of FluM58–66 or PSCA14–22 peptide for
2 h at 37�C. After washing, 5·105 peptide-pulsed DC
were coincubated with 5·106 autologous PBMC in 2 ml
of DMEM medium supplemented with 1% HEPES and
10% AB serum for 7 days at 37�C. Cells were stained
with Pro5� Flu-pentamer-PE F2B-G specific to Flu
peptide (Proimmune Ltd., Oxford, UK) or with PSCA-
tetramer-PE specific to PSCA peptide (a kind gift of Dr.
Brendan Classon, Avidex Ltd., Abingdon, UK) and co-
stained with FITC-labeled anti-human CD8 mAb (Im-
munotech, Berlin, Germany) for flow cytometry. The
percentage of relevant antigen-specific cells in the CD8+

T cell compartment were analyzed in the pre-gated
lymphocyte population using CellQuest software.

Cytotoxicity assay

For restimulation of peptide-specific cytotoxic T lym-
phocytes (CTL) obtained on week 20 after the initiation
of vaccination, DC of vaccinated CaP patients were
pulsed with 10 lg/ml of FluM58–66 or PSCA14–22 peptide
for 2 h at 37�C. After washing, 5·105 peptide-pulsed DC
were coincubated with 5·106 autologous PBMC in 2 ml
of DMEM medium supplemented with 1% HEPES and
10% AB serum for 7 days at 37�C. FluM58–66 or
PSCA14–22 peptide-pulsed (10 lg/ml for 1 h) or un-
treated T2 target cells were labeled with 51Cr for 1 h at
37�C. After washing, labeled target cells (2,000 cells in
100 ll) were added to various numbers of effector cells
in round-bottom 96-well microplates. Chromium release
was measured in supernatants (100 ll) after 4 h of
incubation at 37�C. Percent-specific lysis was calculated
as (experimental�spontaneous release)/(total�sponta-
neous release)·100. In some experiments, HLA-
A*0201+PSCA+ LNCaP or HLA-A*0201-PSCA+ PC3
cells were used as target cells.

Results

DC treatment

Quality control for DC vaccines is mandatory in order
to obtain reproducible and comparable study results
[21]. DC prepared according to our protocols from
hormone-ablated patients were negative for bacterial or
fungal contaminations, showed a purity of >85% and
were functionally not impaired, as described previously
[19]. Maturation of DC induced the typical mature DC
phenotype (CD11c+, CD40+, CD80+, CD83+,
CD86+, HLA-DR+, CCR7+; CD14-, CD16�, CD20�,
DC-SIGN-, MNRlow) (Fig. 1a). In addition, efficient
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maturation of DC of all patients is indicated by
responsiveness to the CCR7 ligands CCL19 and CCL21
(Fig. 1b).

Application of high dose steroids for suspected spinal
cord compression in an outside hospital resulted in early
withdrawal of patient 07, severe pyelonephritis was the
reason for early withdrawal of patient 24. Patient 07
received four vaccinations, and patient 24 was treated
three times. Four patients completed at least six vacci-
nations and were therefore considered assessable for
immunological responses. Three patients (P04, P12, and
P16) showed significant antitumor immune responses
after six vaccinations, whereas the treatment of P09 was
discontinued due to the lack of general immune reac-
tivity against the vaccine.

Immune monitoring

To evaluate the immune responses generated in vacci-
nated patients, we used ex vivo IFN-c ELISPOT assay,
MHC class I peptide multimer staining and cytotoxicity
assays as immune monitoring methods. Patients P12,
P16 and P04 demonstrated specific T cell responses in
PBMC to all antigens as determined by ELISPOT
analysis (Fig. 2). The immune responses to the control
antigens TT and FluM peptide and the tumor antigens

were at baseline level before vaccination [see the leftmost
columns (week 0) in Fig. 2] but became detectable after
three rounds of vaccination, although the early prostate-
specific T cell responses appeared to be slightly lower
compared to the anti-influenza memory response. The
maximal level of immune responsiveness against the
tumor antigens was maintained for approximately
5 months in P12 and P16, whereas the maximal immune
responsiveness was reached in P04 only after 8 months,
i.e., after 11 vaccinations.

Direct ex vivo MHC class I multimer analysis was not
feasible in these patients due to the low frequency of
tumor antigen-specific CTL (not shown). However,
MHC class I multimer-specific CTL became detectable
following in vitro restimulation for 7 days (Fig. 3a).
These CTL demonstrated strong in vitro cytotoxicity for
T2 cells loaded with the respective peptide (Fig. 3b).
Furthermore, in vitro restimulated CTL from P12 and
P16 demonstrated significant PSCA-specific cytotoxicity
against the HLA-A*0201+ LNCaP cell line, whereas
HLA-A*0201� and PSCA+ PC3 cells were not recog-
nized by the patient’s CTL (Fig. 3c). External loading of
LNCaP cells with the PSCA14–22 peptide did not further
increase cytolysis which suggests that the low level of
PSCA expressed in LNCaP and the low level of HLA-
A*0201 cell surface expression on this prostate carci-
noma line were sufficient for recognition by patient-de-

Fig. 1 Phenotype of DC
generated from PBMC of
patients with hormone-
refractory prostate carcinoma.
a Representative surface
molecule expression pattern of
mature DC from P12. DC were
collected after 48 h activation
with proinflammatory
cytokines and stained with the
indicated mAbs for phenotypic
analysis with flow cytometry
(filled histograms), respectively.
Open line histograms represent
stainings with isotype matched
control antibodies. b In vitro
migration capacity of matured
DC. Matured DC were tested
for CCR7-dependent migration
towards CCL19 (dark gray
bars) and CCL21 (light gray
bars). Medium without
cytokines was used to record
spontaneous migration (open
bars). The percentage of
migrated DC was calculated as
the mean±SEM of duplicate
measurements
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rived CTL. Taken together, these results indicate
that—despite peptide competition for binding to the
same MHC molecule—DC loaded with multiple pros-
tate cancer peptides can induce significant antitumor
CTL responses in these tumor patients.

Safety

Repeated DC vaccination was not associated with renal,
hematologic, hepatic, cardiac, pulmonary, neurologic or
autoimmune side effects. Grade 1 or 2 erythema and
induration after vaccination was found in all patients
except one (non-responder P09). One patient reported
about grade 1 nausea after vaccination, a second patient
had slightly elevated temperatures for 2 days after the
vaccination (<38.0�C).

DTH reactions

DTH reactions were found after the third and the fifth
vaccination in patients P04, P12, and P16. The reactions
occurred both to antigen-loaded DC (FluM/TT and
PSCA/PSA/PAP/PSMA mix), but also to unpulsed DC.
A significant difference between the response against
antigen-loaded and control DC could not be recorded
with this method.

Clinical response

Changes in PSA values were used to monitor the clinical
response, since the reported patients did not have mea-
surable disease. Our immune monitoring indicated that
significant DC-induced antitumor responses require re-
peated injections and built-up rather slowly in 8–
10 weeks (Fig. 2). We therefore calculated PSA slopes
and doubling times for the initial treatment phase, i.e.,
weeks 0–10 including a phase of 6–10 weeks before the
treatment, and the following ‘‘maintenance’’ phase. The
initial PSADT (range 7.0–12.2 weeks) was prolonged for
all three immunologically responding patients with P16
showing even a negative PSA slope (Fig. 4).

Despite the positive trends in PSADT, all patients
eventually had progressive disease and the vaccination
was discontinued. P04 presented with rapidly rising PSA
values between week 34 and 38 of his treatment, P12
developed a new soft tissue metastasis and P16 presented
with a new metastasis in the adrenal gland. All three
long-term vaccinated patients were still alive in
November 2005, i.e., 21 (P04), 27 (P12), and 25 (P16)
months after inclusion into the trial.

Discussion

The discovery and identification of tumor-associated
antigens has facilitated specific targeting of malignant
cells by antibodies or CTL [22]. According to the im-
munosurveillance theory [23], antitumor vaccination
represents a boost for pre-existing immune responses
against a particular set of tumor antigens. However,
tumor cells constantly change their phenotype, i.e., they
become less immunogenic under immune-mediated

Fig. 2 T cell responses of three patients (P04, P12, and P16) to
prostate and control antigens as determined by ELISPOT analysis.
ELISPOT assays were performed with PBMC obtained at the time
points indicated within the panels. Shown are the number of spots
per 106 PBMC obtained in the presence of indicated peptides
PSCA14–22 (PSCA), PAP299–307 (PAP), PSMA4–12 (PSMA),
PSA154–163 (PSA), influenza matrix58–66 (Flu) or tetanus toxoid
(TT) after subtraction of the number of spots obtained with the
same PBMC in the absence of antigen. The values represent the
mean of duplicates±SEM
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selection pressure and, vice versa, gain immunogenicity
in the absence of immune selection. The interplay be-
tween immunosurveillance and immune escape has been
termed ‘‘tumor immunoediting’’ [24]. Tumors may evade
immune recognition by several means including MHC
class I down-regulation, escaping death receptor sig-
naling, impediment of antigen processing, or down-
regulation of target antigens (reviewed in [13, 25]).

Antigen loss may be even promoted during immuno-
therapy as shown by Yee et al. [26] who observed the
emergence of Mart-1� melanoma metastasis following
adoptive transfer of Mart-1-specific T cells. Similar
findings have been reported during DC-based immuno-
therapy [27]. Concomitant targeting of multiple tumor
antigens represents one strategy to counteract immune
evasion during immunotherapy.

Fig. 3 In vitro restimulation of
antigen-specific CTL obtained
from patients after the eighth
vaccination and assessment of
functional activity. a MHC
class I peptide-multimer
staining after in vitro
restimulation of PBMC of the
indicated vaccinated patients.
PBMC were restimulated for
7 days with FluM or PSCA
peptides, respectively. Values in
the upper right quadrant of the
dot plot indicate the percentage
of multimer-binding CD8+

lymphocytes. The data
represent one of three
independent experiments with
similar results. b Cytotoxic
activity of FluM and PSCA-
specific CTL, which were
stimulated as described in a,
was determined in 51Cr release
assays using T2 cells as peptide-
labeled (closed symbols) or
unpulsed (open symbols) target
cells. c Cytotoxicity of PSCA-
specific CTL to human prostate
carcinoma cells. PSCA-specific
CTL obtained in two
vaccinated patients after one
cycle of in vitro restimulation as
described in a were tested for
their ability to lyse human
prostate carcinoma cell lines
LNCaP (HLA-A*0201+ and
PSCA+) or PC3 (HLA-
A*0201� and PSCA+). LNCaP
and PC3 cells were either pulsed
with exogenous PSCA or
control peptide Flu (for LNCaP
only), or were left without
peptide pulse. Experiments were
performed at an effector/target
cell ratio of 30:1. Pooled data
from two independent
experiments are represented as
mean±SEM
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The presented study assessed the feasibility and
immunological efficacy of DC-based multi-epitope vac-
cination in prostate cancer. In previous clinical studies,
DC had been loaded with peptides, proteins, or mRNA
derived from single prostate-specific antigens (reviewed
in [28]). The results of our study indicate that DC pos-
sess high loading and presentation capacity for multiple
tumor antigens: HLA-A*0201-binding peptides derived
from the prostate-specific antigens PSCA, PSA, PAP,
and PSMA were pulsed on DC. Our immune monitoring
revealed first, that the maximal T cell immune responses
against the four prostate-specific peptides were in an
equal range, and second, that the maximal T cell re-
sponse against the tumor antigens was only 30–50%
lower than the response against the FluM control pep-
tide. Furthermore, it is noteworthy that the kinetics of
the induced antitumor T cell responses did not differ
significantly from the anti-influenza recall response (see
Fig. 2). Taken together, this small initial study indicates

that simultaneous pulsing of multiple tumor-specific
peptides on one DC population generates a vaccine
capable of inducing broad antitumor T cell responses.

Antigenic stimulation of CTL leads to the induction
of a well-ordered differentiation program defining naive,
effector, effector memory, and central memory T cell
populations [15, 29]. However, optimal restimulation of
CTL during the memory phase is required to maintain
high CTL frequencies and activity. Recent studies have
shown that re-introduction of antigen via DC is most
efficient in maintaining CTL responses [16, 17]. Since
growing tumors are only effectively controlled if a con-
tinuous immune pressure by activated CTL is main-
tained [30, 31], repeated injections of DC are mandatory
for DC-based immunotherapies. We addressed here the
question whether repeated boosting of DC-induced CTL
responses in prostate cancer patients can be maintained
for more than 6 months. In two of the three long-term
vaccinated patients (P12 and P16), CTL responses as
determined by IFN-c production remained stable for at
least 32 weeks, while P12 showed a striking decline in
the responsiveness against both tumor and control
antigens from week 45 onwards (Fig. 2). In contrast,
CTL responses in P04 increased continuously over the
vaccination period. The reason for the different response
pattern in the patients remains so far elusive. We have
tested whether an accumulation or loss of CD4+CD25+

regulatory T (Treg) cells is associated with the long-term
decrease or the increase of DC-induced CTL responses
in these patients, but the results have not been conclu-
sive. Since the emergence of Treg has been shown in the
context of repetitive in vitro stimulation of human T
cells [32], it will be of importance to clarify this issue in
future studies.

In order to further characterize the function of the
generated CTL, we used PBMC from week 20 after the
onset of vaccination for one round of in vitro restimu-
lation with the PSCA and Flu peptides followed by
MHC multimer staining and cytolytic assays (Fig. 3).
We found that CTLs from three patients potently lysed
target cells loaded with PSCA and Flu peptides but it
should be pointed out that the numbers of MHC mul-
timer stained cells did not correlate with the cytolytic
activity as has been reported previously [33]. Neverth-
less, lysis of LNCaP prostate carcinoma cells which ex-
press low levels of PSCA antigen and low amounts of
HLA-A0201 on the cell surface was readily achieved
(Fig. 3c).

As shown in the previous studies (summarized in
[28]), the DC vaccination approach, even if boosting is
performed for >6 months, is essentially free of side ef-
fects. It is noteworthy that DTH reactions in the patients
were not only directed against antigen-pulsed, but also
against unpulsed DC indicating that the in vitro cultured
DC possess a strong sensitizing capacity against DC-
associated self-antigens. The use of DTH reactions as a
measure for immunological responsiveness was therefore
abandoned in this study. Also other DC-based trials of
immunotherapy against prostate cancer have not used

Fig. 4 Clinical responses in DC vaccinated patients determined by
serial PSA measurements. Linear regression of log-transformed
PSA values was used to determine the slopes. PSADT was
calculated as indicated in Patients, materials and methods. Arrows
indicate time point of vaccination
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DTH measurement as a read out system for an antigen-
specific immune response [7–12, 34–38]. Only in one
study DTH was used as an assessment of general im-
mune status for recall antigens [34] and in a second study
to compare two different antigen formulations [12].

Since significant immunological responses against the
tumor antigens became detectable only following >5
injections, we compared the PSADT changes between
the first 10 weeks of treatment and the period of
monthly booster injections. All long-term treated pa-
tients reacted with an increase in PSADT which corre-
lated with the onset of IFN-c production by CTL from
the peripheral blood after the sixth vaccination. Our
data nourish the notion that only after repeated DC-
based vaccinations over several months, an effect on the
progression of PSA values can be expected as has pre-
viously been suggested by Murphy et al. [34]. It should
also be noticed that the PSA value did not respond to
transient changes in the IFN-c response as was observed
for patient P16 on week 20 (Fig. 2). Clinical progression,
however, was not halted since the patients developed
new metastases. Based on the evidence from experi-
mental models, it is rather unlikely that even a suffi-
ciently stimulated immune system will win the uphill
struggle against an established rapidly growing tumor
[30, 39, 40]. It is thus likely that treating patients with
earlier disease stages may not only result in successful
vaccination but also in clear clinical benefits for the
patients. Therefore, clinical trials in an adjuvant setting
for patients with minimal residual disease would be
warranted.
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