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BACKGROUND. Dendritic cell (DC)-based vaccination has been investigated as immu-
notherapy for several types of cancer. A potential drawback to vaccination with autologous
monocyte-derivedDCs (MoDCs) could be thatMoDCs frompatients are functionally impaired.
In case of androgen-independent prostate cancer (CaP), the cancer itself, diverse prior therapies,
and the hormone manipulation may affect the immune system.
METHODS. MoDCs frompatients suffering fromandrogen-independent CaPwere generated
according to a clinically applicable protocol to evaluate the phenotype, maturation capacity,
migration, and T-cell stimulation of these cells comparedwith those generated from tumor-free
donors.
RESULTS. MoDCs generated from CaP patients could be fully matured and efficiently
migrated towards the chemokineCCL21. Theyhad a strongpotency to activate allogeneicCD4þ

and CD8þ T-cells and to present antigens to specific CTL.
CONCLUSIONS. Our data suggest that MoDCs from patients with androgen-independent
CaP are functionally intact and hence qualify as cellular vaccines for immunotherapy of
advanced stage CaP.
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INTRODUCTION

Dendritic cell (DC)-based immunotherapy is emer-
ging as a modality for treatment of solid and hemato-
logic neoplasia [1]. DCs are professional antigen-
presenting cells of the immune system with the
capacity to stimulate or inhibit immune responses [2].
They are able to take up and process antigens and to
migrate to the draining lymph nodes, where they
present antigen to T-lymphocytes. Whereas immature
DCs are very efficient at antigen uptake, they have to be
matured to elicit productive T-cell responses [3]. The
maturedDCs express high levels ofmajor histocompat-
ibility complex (MHC) and costimulatory molecules.
They play a major role in induction of primary T-cell
dependent immune responses [4] and are considered to
be the most potent adjuvant for generation of anti-
tumor immunity [5].

Although DCs are rare cells in the circulating blood,
they can be generated in reasonable numbers from
monocytes or CD34þ precursor cells by culture in
granulocyte-macrophage colony-stimulating factor
(GM-CSF) and interleukin-4 (IL-4) [6,7]. For matura-
tion, they can be incubated with different stimuli, such
as LPS, CD40L, poly I:C, or proinflammatory cytokines.
Recently, we have shown that addition of Prostaglan-
din E2 (PGE2) to the maturing DCs is crucial for
effective migration of the matured DCs [8,9].

Patients with androgen-independent prostate can-
cer (CaP) have often had diverse therapies which may
affect their immune system in addition to potential
weakening of the immune system by the cancer itself.
Moreover, the function of DCs or T-cells may be
affected by androgen ablation in these patients.

It has been shown that immature DCs from patients
with CaP can be generated and are active in presenting
tetanus toxoid to autologous T-cells [10]. Several
clinical studies with DC-based immunotherapy in
patients with CaP have been published and have
demonstrated some efficacy [11–14]. But data regard-
ing the characterization of monocyte-derived DCs
(MoDCs) generated from blood of patients with

androgen-independent CaP are sparse and not much
is known about the ability of patients to generate
effective CD4þ and CD8þ T-cell responses in vitro. In
particular, the migration of MoDCs from CaP patients
towards the chemokines CCL19 and CCL21, which
direct matured DCs from a peripheral site of infection
into the T-cell areas of draining lymph nodes and the
spleen [15], has not been assessed, nor has the cell
surface expression of the chemokine receptor CCR7 on
such MoDCs been determined. In this study, we
examined the quality, the migration capacity, and the
capacity to stimulate allogenic T-cells of MoDCs from
patientswith androgen-independentCaP aftermatura-
tion in comparison to MoDCs from tumor-free blood
donors. In addition, we also tested the stimulation of
antigen specific T-cells from CaP patients by
the respective autologous MoDCs in vitro. We show
here that MoDCs and T-cells from CaP patients can be
functionally intact, which is an important parameter
for the conductance of DC-based immunotherapy of
androgen-independent CaP.

PATIENTS,MATERIALSANDMETHODS

Patients

The patients are participants in a trial of vaccina-
tion with antigen loaded MoDCs for androgen-
independent CaP (Table I). This trial is conducted in
the Cantonal Hospital St. Gallen and ongoing. It is
approved by the Regional Ethical Committee.

Cell Culture Reagents andMaterials

AIM-V1 medium was purchased from Invitrogen
(Groningen, the Netherlands). RPMI and IMDM cell
culture media were obtained either from Invitro-
gen (Groningen, the Netherlands) or from Sigma
(Taufkirchen, Germany). Human AB serum was
bought from Cambrex Bio Science (Walkersville,
MD). Ficoll-Paque1 was obtained from Pharmacia
(Uppsala, Sweden). GMP human recombinant cyto-
kines IL-4, TNF-a, IL-1b, and IL-6were purchased from

TABLE I. Patients Characteristics

Patient
Age at diagnosis,

years Metastases
Years since
diagnosis Prior treatments

P04 72 Bone, lymphnodes 5 Pelvic lymphadenectomy, external radiotherapy,
LHRH analog, antiandrogen, estramustine

P07 58 Bone, lymphnodes 1 Pelvic lymphadenectomy, LHRH analog, PC-SPES
P09 73 Bone, lymphnodes 6 Orchiectomy, external radiotherapy
P12 73 Bone 5 Orchiectomy, antiandrogen, external radiotherapy
P16 67 Bone 2 LHRH analog, treatment with samarium

LHRH, luteinizing hormone-releasing hormone.
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CellGenix (Freiburg, Germany). Recombinant human
GM-CSF (Leukine1 Sargramostim) was obtained from
Immunex1 (Seattle, WA). Prostaglandin E2 (Prostin
E2) was obtained from Pharmacia & Upjohn (Düben-
dorf, Switzerland). Human chemokines CCL19 and
CCL21 were bought from R&D Systems (Wiesbaden-
Nordenstadt, Germany).

Generation ofMoDCs

MoDCs were generated from human peripheral
blood mononuclear cells (PBMC) as previously
described [8,9]. In brief, 30–50 ml of heparinized blood
were obtained from CaP patients or tumor-free donors
to obtain PBMC with density gradient centrifugation
on Ficoll-Paque1 at 1,800 rpm for 20 min, then washed
three timeswithPBS. PBMCwere resuspended inAIM-
V medium as 4–6� 106 cells/ml and were seeded to
25 cm2 tissue culture flasks (TPP, Switzerland) for 2 hr
at 378C to allow monocytes to adhere to the plastic
surface. Non-adherent cells were removed by three
times washing with PBS. Tightly adhered monocytes
were further cultured in 5 ml of DC-medium (AIM-V
containing 1,000 U/ml of GM-CSF and 800 U/ml of
IL-4). On day 3, the same volume of fresh DC-medium
was added to the cell culture. On day 5, immature
MoDCs were further stimulated with a cocktail of
proinflammatory cytokines (freshDC-medium supple-
mented with 20 ng/ml of TNF-a, 10 ng/ml of IL-1b,
1,000 U/ml of IL-6, and 1mg/ml of PGE2) for another
48 hr. The purity of MoDCs obtained under this
experimental condition was about 90% by flow cyto-
metric analysis (data not shown). To freeze MoDCs,
cells were resuspended in cold AIM V medium as 1–
2� 107 cells/ml. The same volume of cold two times
freezing medium (consisting of 80% autologous serum
and 20% DMSO) was then carefully added to MoDCs.
One milliliter of cell suspension was immediately
transferred to 1.8 ml CryoTubeTM vials (Nalge Nunc
International, Rochester, NY) to be cryopreserved at
�808C in NALGENE Cryo 18C Freezing Container
(Nalge Nunc) until the further use. For thawing
MoDCs, CryoTube vials were warmed in waterbath
at 378C. After MoDCs were defrosted, the cell suspen-
sion was immediately washed with cold PBS for three
times. MoDCs were then resuspended in AIM V
medium for further studies.

Phenotypic Analysis ofMoDCs

The phenotype of immature MoDCs or MoDCs
maturedwith inflammatory cytokineswas analyzed on
a FACScan1 flow cytometer (Becton Dickinson) after
staining with following mAbs according to the manu-
facturer’s protocols: FITC-labeled anti-human CD14,
CD16, CD19, CD40, CD80, CD83, CD86, HLA-DR

(obtained from Immunotech, Berlin, Germany or
Pharmingen, Basel, Switzerland). The respective iso-
type controls were FITC-labeledmouse IgG1, IgG2a, or
IgG2b. Matured MoDCs were also stained with mAb
rat anti-human CCR7 (clone 3D12, a kind gift from
Prof.Dr. R. Förster, Institute of Immunology,Hannover
Medical School, Germany). FITC-conjugated goat-anti-
rat IgG (Jackson Immunoresearch, La Roche, Switzer-
land) was used as secondary antibody for anti-CCR7
staining.

InVitroChemotaxis Assay for CCR7-Triggered
DCMigrationTowards CCL21

The capacity of matured MoDCs to migrate in a
CCR7-dependent manner was measured by an in vitro
chemotaxis assay as previously described [8]. Briefly,
600 ml of DC-medium containing 250 ng/ml CCL21 or
DC-medium without chemokine (spontaneous migra-
tion control) were added to the bottom chamber of
24-well Transwell1 plates with polycarbonate filters of
5-mm pore size (Corning Costar, Cambridge, MA).
MoDCs were resuspended at 1� 106/ml in DC-
medium and 100 ml of cells were added to the upper
chamber. The plates were incubated for 3 hr at 378C.
After careful removal of the upper chamber, 500 ml
of cells (migrated cells) in the bottom chamber was
collected and counted for 45 sec with flow cytometry
using CellQuest software (Becton Dickinson). Each
experiment was performed in duplicates. The percen-
tage of migrated cells was calculated as following: %
migrated DCs¼ (number of migrated DCs/number
of total DCs)� 100%. Values were given as the mean
percentage of migrated cells� SEM.

Mixed Lymphocyte Reaction (MLR)

CD4þ andCD8þT-cellswere purified fromPBMCof
healthy donors by positive selection on anti-CD4 or
anti-CD8 MicroBeads (Miltenyi, Bergisch Gladbach,
Germany) and resuspended in R-10 medium (RPMI
medium containing 10% AB serum). The indicated
numbers of MoDCs were co-cultured with allogeneic
CD4þ (1� 105/well) or CD8þ T-cells (2� 105/well) in
96-well flat bottom cell culture plates in duplicates. On
day 3, 3H-thymidine (1 mCi/well) was added and the
incorporation was determined after 16–18 hr.

InVitro Restimulation of Antigen
Specif|c CD8T-CellsWithMoDCs

MoDCs of HLA-A*0201 positive CaP patients were
pulsed with 5 mg/ml of peptides FluM58–66 (HLA-
A*0201 restricted peptides from influenza A virus
matrix protein 1, amino acid sequence 58–66) or
PSCA14–22 (prostate stem cell antigen, amino acid
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sequence 14–22) for 2 hr at 378C, respectively. After
washing, 1� 106 MoDCs were used to activate 5� 106

autologous PBMC in 24-well plates in 2 ml of D-10
medium (DMEM medium supplemented with 1%
HEPES and 10% AB serum). Cells were cultured for
7 days at 378C with 5.5% CO2.

Detection of Antigen Specific CD8þT-Cells
byMHCClass IPeptideMultimer Staining

Fresh PBMC obtained from HLA-A*0201 CaP
patients were stained with Pro5TM Flu-pentamer-PE
F2B-G specific to FluM58–66 (Proimmune Ltd., Oxford,
UK) or with PSCA-tetramer-PE specific to PSCA14–22

(Avidex Ltd., Abingdon, UK), respectively, and co-
stained with FITC-labeled anti-human CD8 mAb
(Immunotech, Berlin, Germany) for flow cytometry.
Alternatively, PBMCwere restimulatedwithFluM58–66

or PSCA14–22 for one cycle and then were stained with
the respective multimers for flow cytometric analysis.
The percentage of relevant antigen specific CD8þ T-
cells out of whole CD8þ cells were analyzed in the pre-
gated lymphocyte population by using CellQuest
software.

RESULTS

Phenotype ofMoDCs Prepared
FromCaPPatients

One of our major goals is to establish and optimize
DC-based vaccination against androgen-independent
prostate carcinoma. For this purpose, we needed to
know whether it would be possible to generate DCs
from monocytes of CaP patients who have received
androgen-ablation treatment and diverse other treat-
ments. Therefore, we collected a small amount of blood
from the enrolled CaP patients to perform a series of
tests, in terms of HLA allele specificity (especially
HLA-A*0201, for peptide-basedDCvaccination), T-cell
function, and generation of MoDCs under serum-free
cell culture conditions for clinical use. As shown in
Figure 1A, after 5 days of differentiation of monocytes
in the presence of GM-CSF and IL-4, the surface
markers of the cultured cells became CD14�, CD16�,
CD19�, CD40þ, CD80low, CD83�, CD86þ, HLA-DRþ

(MHC class II molecules), and CCR7�, a typical
phenotype of immature DCs. After stimulating these
immature MoDCs with proinflammatory cytokines IL-
1b, IL-6, TNF-a, and PGE2 for another 48 hr, upregula-
tion of CD80, CD83, CD86, HLA-DR, and CCR7 were
observed indicating the maturation of MoDCs
(Fig. 1B). Furthermore, matured MoDCs can be cryo-
preserved at �808C as described in Materials and
Methods without any change of the phenotype
(Fig. 1C). In addition, no significant difference in the

cell surface expression of CD83 and CCR7 (Fig. 2) as
well as other MoDCmaturationmarkers was observed
between the tested CaP patients and tumor-free donors
under our experimental conditions.

MoDCMigrationCapacityof CaPPatients

Agreat concern ofMoDCs generated in vitro forDC-
based immunotherapy is that these DCs should keep
the mobile capacity in order to be able to migrate from
the site of injection to T-cell zones of secondary
lymphoid organs to present the acquired antigens for
the activation of specific T-cells. All of our matured
MoDCs expressed high level of CCR7 (Fig. 2B), the key
chemokine receptor for DC migration towards CCL21
and CCL19 [15], suggesting their mobile capacity.
These MoDCs indeed were able to migrate very
efficiently towards CCL21 and CCL19 (Fig. 3 and data
not shown) in an in vitro chemotaxis assay, indicating
that themigratory capacity ofMoDCs of the tested CaP
patients was not impaired.

InVitro Stimulation of Allogeneic
T-LymphocytesbyMoDCs

We next examined the capacity of MoDCs of CaP
patients to stimulate allogeneic T-cells in mixed T-
lymphocyte reactions in vitro, and compared it with
MoDCs generated from tumor-free donors. As shown
in Figure 4, similar levels of T-cell proliferation were
observed when matured MoDCs of CaP patients or of
tumor-free donors were co-cultured with CD4þ and
CD8þ allogeneic T-cells, indicating the normal T-cell
activation function of these MoDCs.

Stimulation of Antigen Specific CD8
T-CellsWithMoDCsof CaPPatients

We further assessed the potential of MoDCs of CaP
patients for activating antigen specific CTL. For this
purpose, PBMC of HLA-A*0201 positive CaP patients
were stimulated in vitro with MoDCs pulsed with
two HLA-A*0201 restricted epitopes, Flu58–66 (derived
from influenza virus matrix protein 58–66) and
PSCA14–22 (derived from prostate stem cell antigen
14–22), respectively. The quantities of peptide specific
CTL were determined by MHC class I peptide multi-
mer staining and flow cytometry. As shown in Figure 5,
after one cycle of peptide-specific restimulation, higher
Flu CTL responses were observed in four of five CaP
patients in vitro (Fig. 5A). Stronger PSCA CTL
responses were detected in all five tested CaP patients
after restimulation (Fig. 5B). Taking together, thesedata
indicated the strong capacity of antigen presentation of
MoDCs and the feasibility to activate viral or tumor
antigen specific CTL of CaP patients.

326



DISCUSSION

For a successful DC-vaccination strategy in patients
with androgen-independent CaP, it is essential that the
generation and quality of the DCs generated are suf-
ficient to elicit an immune response. Additionally, it is
necessary that antigen-specific T-cells of patients with
androgen-independent CaP can be stimulated with a
vigor that is comparable to healthy individuals despite
hormonal manipulation and other potentially im-
munocompromising therapies like radiotherapy or
chemotherapy. Our study shows that MoDCs from

patients with androgen-independent CaP can be gene-
rated in sufficient quantities in human blood as has
been shown by others [10–12,14]. The surface markers
of the immature DCs of the patients with androgen-
independentCaP are indistinguishable from theDCsof
blood donors.

Since inactivated DCs may cause T-cell tolerance
instead of effective T-cell immunity [3,16], the proper
activation of DCs is crucial. After considering several
alternative DCmaturation strategies, for example, TLR
ligands or CD40, we decided to employ a proinflam-
matory cytokine cocktail for DC maturation consisting

Fig. 1. PhenotypeofMoDCsgeneratedfromCaPpatients.MoDCswerepreparedfromPBMCofCaPpatients asdescribedinMaterials and
Methods.ImmatureMoDCs(A),MoDCsactivatedwithproinflammatorycytokinesTNF-a,IL-1b, IL-6, andPGE2 for48hr (B) and�808Ccryo-
preserved/thawedmaturedMoDCs(C)werestainedwiththeindicatedmAbsforphenotypicanalysiswithflowcytometry(shownasfilledblack
histograms),respectively.OpenlinehistogramsrepresentstainingwithisotypematchedcontrolmAbs.DataofoneCaPpatient(P12)areshown,
whoisrepresentative forMoDCsgeneratedfromall testedCaPpatients.
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of TNF-a, IL-1b, IL-6, and PGE2 [17]. In particular,
PGE2 has been shown to be essential to achieve
migration of DCs [8,18]. After incubation with this
proinflammatory cytokine cocktail, the DCs of CaP

patients showed a full maturation comparable to that
of tumor-free blood donors as indicated by similar
upregulation of CD80, CD83, CD86, HLA-DR, and
CCR7 (Figs. 1 and 2).

Since DCs are usually therapeutically administered
either intradermally or subcutaneously, a key factor
determining their efficacy is their ability to migrate to
draining lymph nodes. Since it has been reported that
as few as 5% of intradermally administered matured
DCs reach the draining lymph nodes [19], wewished to
verify the in vitro migratory properties of MoDCs. In
our study, we show that at least in vitro the capacity to
migrate of DCs from patients with CaP is not impaired
when compared to DCs of tumor free individuals
(Fig. 3), a result which is consistent with their CCR7þ

phenotype (Fig. 2). To our knowledge, this is the first
study, which investigates the migratory capacity of
MoDCs from CaP patients.

In the current trials of DC-vaccination for tumors,
the focus is mainly on induction of cytotoxic CD8þ

T-cells. In some instances, recruitment of non-specific
CD4þ T-cell help has been achieved through co-
administration of keyhole limpet hemocyanin (KLH)
but for optimal results, CD4þ T-cell help should
ideally be tumor specific [20]. In our MLR experi-
ments, it has been shown that the MoDCs of the

Fig. 2. ComparisonofCD83andCCR7expressionofmaturedMoDCsobtainedfromCaPpatientsandtumor-freedonors.MoDCsmatured
withproinflammatorycytokineswereprepared fromtheindicatedCaPpatients and tumor-freedonors andwere stainedwithmAbs toCD83
(A) andCCR7 (B) andanalyzedwith flowcytometry (shownas filledblackhistograms).Open linehistogramsrepresent stainingwith isotype-
matchedcontrolmAbs. [Color figurecanbeviewedin theonlineissue,whichis availableatwww.interscience.wiley.com.]

Fig. 3. Invitromigration capacity ofMoDCs ofCaP patients and
donors. MoDCs matured with proinflammatory cytokines were
generatedfromCaPpatients(P01toP25)or fromtumor-freedonors
(D01toD07)andsubsequently testedforCCR7-triggeredmigration
towardsCCL21with chemotaxis assay (graybars).Mediumwithout
CCL21was used as control for spontaneous cellmigration (opened
bars). The percentage of migrated MoDCs was calculated as the
meanofduplicatemeasurements� SEM.
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patients are as effective as MoDCs of tumor-free
individuals to stimulate allogenic CD8þ and CD4þ

T-cells (Fig. 4). In addition, stimulation of antigen
specific CD8þ T-cells as measured by MHC multimer
staining showed that the majority of patients with
androgen-independent CaP showed higher Flu spe-
cific CTL responses after restimulation with auto-
logous DCs pulsed with an HLA-A*0201 restricted
epitope of the influenza matrix protein Flu58–66

(Fig. 5A). One of the patients had a very high number
of Flu specific CD8þ T-cells before restimulation,
which may have been the result of a current infection

although in this case, the response was not further
enhanced following in vitro restimulation. For PSCA
specific CD8þ T-cells, there was an increase in all
patients after one restimulation with antigen (Fig. 5B).
This shows not only that the antigen-presenting capa-
city of MoDCs generated from patients with andro-
gen-independent CaP is robust, but also that it is
feasible to activate viral and tumoral antigen specific
CTL in patients with androgen-independent CaP. We
have not assayed for the presence of antigen-specific
CD4þ T-cells since no MHC class II binding peptides
are used in our ongoing trial, but Schuler et al. have

Fig. 4. Allogeneic stimulatorycapacityofMoDCsfromCaPpatientsandtumor-freedonorsbymixedlymphocytereaction(MLR).Proinflam-
matory cytokine-maturedMoDCs of CaP patients (P01-P25) or of tumor free donors (D01-D08) were incubatedwith indicatednumbers of
magnetically purified allogeneic CD4þ (A) or CD8þ T-cells (B). After 4 days of co-culture,T-cell proliferationwasmeasuredby 3H-thymidine
incorporation.Thedata are shownas themeanofduplicatecultures fromsixindependentexperiments� SEM.
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shown activation of CD4þ T-cells in patients with
metastatic melanoma [21].

In conclusion, the immune system of patients with
androgen-independent CaP seems not to be impaired,
at least not in the context of the cellular functions tested
in this study. The ability to produce DCs with robust
stimulatory and migratory capacities will underpin
future efforts to induce beneficial T-cell immunity in
CaP patients using DC-based cellular vaccination
approaches.
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