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Summary

 

Dendritic cell (DC)-based therapy has proved to be effective in patients with
a variety of malignancies. However, an optimal immunization protocol using
DCs and the best means for delivering antigens has not yet been described. In
this study, 20 patients with malignant melanoma in stages III or IV were vac-
cinated with autologous DCs pulsed with a melanoma cell lysate, alone
(

 

n

 

 ====

 

 13) or in combination with low doses of subcutaneous (s.c.) interleukin
(IL)-2 injections (

 

n

 

 ====

 

 7), to assess toxicity, immunological and clinical
responses. Monocyte-derived DCs were morphological, phenotypic and func-
tionally characterized 

 

in vitro

 

. Peripheral blood mononuclear cells (PBMC),
harvested from patients either prior to and after the treatment, were analysed
using enzyme-linked immunosorbent spot (ELISPOT). After vaccination,
50% of the patients tested (seven of 13) from the first group and (three of
seven) from the second, showed an increase in interferon (IFN)-γγγγ

 

 production
in response to allogeneic melanoma cell lines but not to controls. Four of five
tested human leucocyte antigen (HLA)-A2

  

++++

 

 patients with anti-melanoma
activity also showed specific T cell responses against peptides derived from
melanoma-associated antigens. Delayed type IV hypersensitivity reaction
(DTH) against melanoma cell lysate was observed in six of 13 patients from
the group treated with DC vaccines only and four of seven from the group
treated with the combination of DCs and IL-2. Significant correlations were
found between DTH-positive responses against tumour lysate and both dis-
ease stability and post-vaccination survival on the stage IV patients. There
were no toxicities associated with the vaccines or evidence of autoimmunity
including vitiligo. Furthermore, no significant enhancement was observed as
a result of combining DC vaccination with IL-2. Our data suggest that autol-
ogous DCs pulsed with tumour lysate may provide a standardized and widely
applicable source of melanoma specific antigens for clinical use. It is safe and
causes no significant side effects and has been demonstrated to be partially
efficient at triggering effective anti-melanoma immunity.

 

Keywords:

 

 antigen presentation, cancer vaccines, dendritic cells, melanoma 

 

Introduction

 

Immunological approaches for the treatment of cancer have
been explored for more than a century. Immunotherapy
against tumours have included the use of monoclonal anti-
bodies conjugated with toxins, radionuclides or cytotoxic
drugs [1], proinflammatory recombinant cytokines such as
interleukin (IL)-2 and interferon (IFN)-

 

α

 

 [2,3], adoptive

therapies of lymphokine-activated killer cells (LAK) [4,5],
and finally the use of antigen-presenting cells loaded with
tumour-associated antigens [6–10]. An original method-
ological approach has been implemented during recent
years, consisting of the use of autologous dendritic cells
(DCs) loaded with tumour-associated antigens as a natural
adjuvant in order to actively prime an effective immune
response against tumour cells [11–15].
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DCs originate in bone marrow and migrate from circulat-
ing blood to peripheral tissues, where they acquire the phe-
notype of mature antigen-presenting cells after interaction
with pathogens or other inflammatory stimuli [16]. Mature
DCs are characterized by the expression of high levels of
major histocompatibility complex (MHC) Classes I and II
molecules on cell surfaces as well as an increased expression
of co-stimulatory molecules such as CD80 (B7·1) and CD86
(B7·2), adhesion molecules such as CD11c, CD54 (ICAM-1),
CD58 (LFA-3) and CD102 (ICAM-3) and stimulatory mol-
ecules such as CD40 [17]. Physiologically, DCs can be iso-
lated directly from peripheral blood, but the number of cells
that can be recovered is limited by their low frequency in cir-
culation, even after patients are pretreated with a DC-stim-
ulating factor such as Flt3-L [18,19]. As an alternative, DCs
can be generated on a much greater scale from CD34

 

+

 

 bone
marrow precursors [20]. However, the isolation of CD34

 

+

 

cells requires patients to be pretreated with granulocyte-col-
ony stimulating factor (G-CSF) to increase mobilization of
these cells from the bone marrow to the blood and a pro-
longed 

 

in vitro

 

 culture with a complex panel of cytokines
[21,22]. Nevertheless, most of the clinical studies have been
performed using dendritic cells produced from CD14

 

+

 

monocytes derived from peripheral blood mononuclear cells
(PBMC) cultured with granulocyte macrophage-colony
stimulating factor (GM-CSF) and IL-4 (or alternatively IL-
13) [11,23,24]. Monocytes treated in this way produce cells
that are morphologically and functionally similar to imma-
ture DCs directly isolated from PBMC and require addi-
tional 

 

in vitro

 

 maturation with a stimulus such as tumour
necrosis factor (TNF)-

 

α

 

 [11].
The usefulness of DC-based vaccinations may depend not

only on the vaccination schedules in terms of means of
administration, dose and frequency, but also on the avail-
ability of these cells and the use of reproducible methods to
generate them in large numbers. Additionally, the optimal
tumour antigen delivery strategy has not yet been estab-
lished. Autologous tumour cell lysate, tumour cells, antigenic
peptides and mRNA have been used with DCs as immuni-
zation strategies, each generating promising but not yet sat-
isfactory results [25,26]. Several clinical trials have used
immature DCs, although most recent studies have also eval-
uated mature DCs, which have been proved to provide a
stronger stimulus in activating T cells. Moreover, the use of a
tumour lysate obtained from allogeneic melanoma cell lines,
and which provides a standardized and widely applicable
source of melanoma specific antigens for clinical use, has not
been assessed extensively associated to DCs. In this report we
describe an experimental approach used in our laboratory to
generate large quantities of DCs to be used in a Phase I clin-
ical trial consisting of the injection of 3–20 

 

×

 

 10

 

6

 

 DCs pulsed
with an allogeneic cell lysate derived from three melanoma
cell lines in the presence of keyhole limpet haemocyanin
(KLH) as adjuvant. The use of autologous DCs ensures that
the antigen will be presented in a correct human leucocyte

antigen (HLA) context. On the other hand, the allogeneic
tumour cell lysate provides additional danger signals, thus
contributing to an optimal immune response.

DC stimulation of anti-tumour T cells may be enhanced
by additional cytokines that promote T cells expansion 

 

in
vivo

 

. Recombinant IL-2 (Proleukin

 

®

 

), an FDA-approved
drug for the treatment of advanced melanoma and renal car-
cinoma, is a potent stimulator of lymphocyte proliferation
and augments the activity of cytotoxic T lymphocytes (CTL)
[27] either alone or in combination with other cytokines [2].
The systemic administration of low doses of IL-2 has a broad
range of immunological effects, including the induction of
specific T helper cells, natural killer and lymphokine-acti-
vated killer (LAK) cells, and 

 

ex vivo

 

 can also enhance the
anti-tumour activity of adoptively transferred LAK cells [4]
or specifically immune T lymphocytes [5,28,29]. Impor-
tantly, IL-2 alone can mediate regression of selected, estab-
lished human tumours [3,30].

Based on these studies, a group of patients were vaccinated
with autologous tumour lysate-pulsed DCs every 10 days on
four different occasions. A second group of seven patients
also received periodical subcutaneous (s.c.) injections of low
doses  of  IL-2  between  the  vaccines  to  investigate  whether
the combination of DC therapy and cytokine injections
improves the immune response of vaccinated patients.

During this study, in addition to the assessment of vaccine
toxicity, immune monitoring of patients was also performed.
Patient-derived PBMCs were checked pre- and post-vaccina-
tion for reactivity to melanoma cell lines and peptides
derived from melanoma-associated antigens. Finally, the 

 

in
vivo

 

 delayed type hypersensitivity (DTH) reaction against
melanoma cell lysate was also studied in vaccinated patients.

 

Materials and methods

 

Trial eligibility

 

The Phase I clinical trial was designed to address the safety
and immunological efficacy of immunizations with tumour
lysate-loaded DCs. Twenty patients with stages III–IV
metastasic melanoma, as defined by the modified 2001
American Joint Commission on Cancer (AJCC) stating sys-
tem, were enrolled in this study, performed from January
2001 to August 2004. Patients were required to undergo head
scans via magnetic resonance imaging (MRI) or computed
tomography (CT) to ensure the absence of metastases, as
well as CT scans of chest, abdomen and pelvis within 4 weeks
before the therapy was started to evaluate the magnitude of
the disease. Patients were also required to undergo radionu-
clide scintigraphy (EI) to evaluate the progression of mela-
noma bone metastasis. The eligibility criteria for vaccination
included (i) histologically verified melanoma, (ii) an Eastern
Cooperative Oncology Group (ECOG) performance status
of 2 or less, (iii) normal white blood cell (WBC) and platelet
counts and (iv) HIV, hepatitis C antibody and hepatitis B
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surface antigen were required to be negative. Approval for
the study was obtained from the Bioethical Committee for
Human Research of University of Chile, Faculty of Medicine.
All patients were required to understand the study and sign
an informed consent.

 

Leukapheresis

 

Leukaphereses of stage IV melanoma patients were per-
formed at the University of Chile Clinical Hospital Blood
Bank Service using conventional techniques. Briefly, in order
to obtain mononuclear cells from peripheral blood, patients
were submitted to a single procedure using a mononuclear
cell harvesting programme and a kit for white sanguineous
cells in a cellular separator of continuous flow Cobe Spectra
(Lakewood, CO, USA). ACD-A (sodium citrate 74·8 m

 

M

 

,
right-twist monohydrate 123·6 m

 

M

 

 and citric acid monohy-
drate 38·1 m

 

M

 

) was used as an anti-coagulant mixture in a
blood/anti-coagulation proportion of 1 : 12. In each leuka-
pheresis process, a volume equivalent to twice the patient’s
volaemia was taken.

 

Melanoma cell lines and cell lysate preparation

 

FMS mel, DF mel, BL mel, FM55 mel, DL mel, 0505 mel and
BE mel are melanoma cell lines established at the Microbi-
ology and Tumour Biology Centre, Karolinska Institute,
Stockholm, Sweden. All lines derived from metastasic lesions
and are HLA-A2

 

+

 

.
A melanoma cell lysate derived from a mixture of three

allogeneic melanoma cell lines, FMS, DF and BL, was
prepared as follows. The cell lines were obtained from
metastasic lymph nodes. They were stained positive by the
melanoma-specific markers; S-100, HBM45, A103, 9·2.27
and MC1R [31]. The cell lines were tested by polymerase
chian reaction (PCR) for the absence of potential infecting
virus or mycoplasma. Also the presence of contaminating
bacteria was discarded after testing in agar. Equal amounts
(7 

 

×

 

 10

 

6

 

) of tumour cells from each cell line were mixed and
washed three times in phosphate buffered saline (PBS). The
PBS was discarded; the cell pellets were frozen rapidly in liq-
uid nitrogen and then thawed at 37

 

°

 

C. This procedure was
performed three times. The cell lysates were then sonicated
with three pulses for 30 s and irradiated with a dose of 60 Gy.
The protein concentration of the lysate was estimated after
dilution in AIM-V medium by the Bradford’s method using
a Biophotometer (Eppendorf, Hamburg, Germany).

 

Generation of dendritic cells and administration to 
patients

 

PBMCs were obtained from buffy coats (patients CT001–
CT006) or by leukapheresis (patients CT007–CT020). Leu-
cocytes were isolated by density gradient separation with
Ficoll-Hypaque (Axis-Shield, Oslo, Norway). Cells (3 

 

×

 

 10

 

7

 

/

well) were incubated in serum-free AIM-V therapeutic
medium (

 

Gibco

 

 BLR, Paisley, UK) at 37

 

°

 

C, 5% CO

 

2

 

 for 2 h
in a six-well plate (Falcon cat. no. 3846 Becton Dickinson,
Hershey, PA, USA). Non-adherent cells were removed, and
the remaining cells were incubated for 7 days in the presence
of 500 U/ml recombinant human IL-4 (rhIL-4) (US Biolog-
ical, Swampscott, MA, USA) and 800 U/ml of GM-CSF
(Shering Plough, Brinny Co., Ireland). The cultures were
maintained for 7 days, replacing the medium every 2 days. At
day 6, DCs were loaded overnight with a tumour cell lysate in
the presence of 20 IU/ml of TNF-

 

α

 

 (US Biological, Swamp-
scott, MA, USA). On day 7, DCs were recovered and kept as
described. Briefly, non-adherent cells were harvested and put
on a 50 ml tube (Falcon cat. no. 2068, Becton Dickinson,
Hershey, PA, USA), while adherent cells were incubated for
5 min with PBS and then removed carefully using a cell
scraper (NUNC, Rochester, NY, USA), added to the tube,
centrifuged and washed with PBS before freezing them
down, using an automatic freezing system Cobe Spectra
(Lakewood, CO, USA) in AIM-V medium containing 20% of
autologous serum and 10% dimethylsulphoxide (DMSO).
Viability of DCs was more than 97% after thawing, inclusive,
if the sample cryogenic tubes were kept on ice for up to 8 h
before counting. Patients CT001–CT006 were vaccinated
intradermally (i.d.) in the leg or arm closest to intact lymph
nodes with 3–5 

 

×

 

 10

 

6

 

 DCs derived from autologous buffy-
coat-derived PBMC, and patients CT007–CT020 were vac-
cinated i.d. with 1–2 

 

×

 

 10

 

7

 

 DCs derived from autologous leu-
kapheresis obtained via PBMC. Ten 

 

µ

 

g/ml KLH was co-
administered with the vaccines (Calbiochem, San Diego, CA,
USA) as adjuvant.

 

DC vaccine combined with low doses of rhIL-2

 

Seven patients (CT014-CT020) were vaccinated as described
previously and treated additionally with 2·4 

 

×

 

 10

 

6

 

 IU/m

 

2

 

rhIL-2 (Proleukin

 

®

 

) (Chiron Emeryville, CA, USA), injected
s.c. days 2, 3 and 4 after a second, third and fourth
vaccination.

 

Morphological and phenotypical characterization of DC

 

The morphology of the DCs was evaluated using an inverse
phase microscope (Leica DMIL, Leica Mikroskopie und Sys-
teme Wetzlar, Germany). DCs were characterized phenotyp-
ically by flow cytometry using a panel of monoclonal
antibodies (mAb) such as anti-CD14, HLA-ABC, HLA-
DRDQDP, CD36, CD40, CD86 and CD83 conjugated with
fluorescein isothiocyanate (FITC) and anti-CD11c anti
CD1a and anti-CCR7 conjugated with phycoerythrin (PE)
(BD PharMingen, San Diego, CA, USA). Briefly, 8 

 

×

 

 10

 

5

 

 cells
were recovered from the culture plate after a 10–15-min
incubation at 37

 

°

 

C in PBS-ethylenediaminetetraacetic acid
(EDTA) 1 

 

×

 

 (KH

 

2

 

PO

 

4

 

 0·4 m

 

m

 

, Na

 

2

 

HPO

 

4

 

 0·6 m

 

m

 

, EDTA
0·2 g/l, pH 7·0). The cells were then centrifuged at 250 

 

g

 

 for
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5 min at room temperature, washed with PBS, fixed with
0·5% (v/v) formaldehyde in PBS, and incubated with conju-
gated mAbs for 30 min. Finally, the cells were washed twice
with PBS and analysed in a flow cytometer FACSort (Beck-
ton-Dickinson, San Diego, CA, USA). Data analysis was per-
formed using the CellQuest program (Beckton-Dickinson).
Small and dead cells were excluded from the analysis based
on their light-scatter properties.

 

Measurement of propidium iodide-labelled apoptotic 
melanoma cells and FITC-dextran uptake by DCs

 

Dextran uptake activity was assessed by incubating 0·5 

 

×

 

 10

 

6

 

immature or mature dendritic cells with 0·5 

 

×

 

 10

 

6

 

 propidium
iodide (PI)-labelled apoptotic melanoma cells or FITC-
conjugated dextran (0·2 mg/ml) for 2 h at 37

 

°

 

C in the dark-
ness. Cells were washed carefully with PBS, and PI-labelled
apoptotic melanoma cells and FITC-conjugated dextran
uptake were quantified by flow cytometry. Spontaneous apo-
ptotic cell or dextran incorporation was assessed by incubat-
ing DCs on ice. In some experiments, the dark pigmented
DFB mel line were incubated after irradiation with imma-
ture DCs and observed at the microscope after 30, 60, 120,
180 min and finally after overnight incubation.

 

Skin testing

 

We assessed the patients for 

 

in vivo

 

 DTH to KLH or alloge-
neic tumour cell lysate. Skin tests were performed using
200 

 

µ

 

g of KLH in aqueous solution injected i.d. in a volume
of 100 

 

µ

 

l using a tuberculin syringe and a 27-gauge needle.
To analyse the tumour cell lysate specific reactivity, patients
were evaluated using 400 

 

µ

 

g/ml of tumour cell lysate in
200 

 

µ

 

l aqueous solution, injected intradermally at a sepa-
rated site, in a volume of 100 

 

µ

 

l. Saline solution was used as
a negative control. At least 5 mm of induration or erythema,
read 48 h after intradermal injection, were required to score
a skin test as positive. This evaluation was made 1 month
after the end of therapy.

 

Culturing and expansion of TIL and of anti-melanoma 
CTL derived from melanoma patients

 

A single cell suspension from a metastasic lymph node from
a melanoma patient (0505 TIL) was cultured in serum-free
medium (AIM-V, 

 

Gibco

 

), supplemented with 100 IU
human rIL-2/ml (Chiron Emeryville, CA, USA). The culture
was maintained 

 

in vitro

 

 for 4 weeks in the presence of the
correspondent autologous melanoma cells (0505 mel), fro-
zen and used after thawing. A CTL line specific for HLA-A2

 

+

 

melanomas (DF CTL) was obtained after four rounds of
weekly stimulation of peripheral blood leucocytes (PBL)
with autologous tumour (DF mel). Briefly, 10 

 

×

 

 10

 

6

 

 of PBL
from patient DF were incubated periodically with irradiated
autologous melanoma cells (DF mel) in the presence of

10 IU/ml of rIL-2. The IL-2 was always added 12 h after
tumour stimulation. The melanoma cell lines used for
stimulation were pretreated 24 h with 100 

 

µ

 

g/ml IFN-

 

γ

 

(Genetech, San Francisco, USA), irradiated (6000 rad) and
then added to the CTLs, after washing with PBS, in a
effector : stimulator ratio of 20 : 1. Cytotoxic activity against
the K562 and HLA-A2 negative melanomas was used to
assess specificity. 51Cr-release assays against autologous
tumour or against peptide loaded targets were performed
after 3 or 4 weeks of 

 

in vitro

 

 culture for the TIL and 4–
5 weeks for the PBMC-derived CTL.

 

Cytotoxic assays

 

To analyse peptide recognition, T2 cells were incubated for
2 h at 26

 

°

 

C together with 2 

 

µ

 

g/ml peptide, washed and used
as target cells in 

 

51

 

Cr-release assays. Cytotoxic tests were per-
formed by incubating 

 

51

 

Cr-labelled target cells (melanoma
cells or peptide-pulsed T2 cells) (1 

 

×

 

 10

 

6

 

) with effector cells
at various effector : target (E : T) ratios at 37

 

°

 

C for 5 h.
Supernatants were harvested and radioactivity was deter-
mined using a gamma counter. The percentage of 

 

51

 

Cr release
was calculated according to the following formula: %
lysis 

 

=

 

 100 

 

×

 

 (experimental release 

 

−

 

 spontaneous release)/
(maximum release 

 

−

 

 spontaneous release).

 

Enzyme-linked immunosorbent spot (ELISPOT) assays

 

One day prior to the assay, a 96-well, flat-bottomed plate
(MAIPN1450; Millipore, Bedford, MA) was coated with
75 

 

µ

 

l/well of anti-human IFN-

 

γ

 

 monoclonal capture anti-
body (Mabtech, Nacka, Sweden) adjusted at 2 

 

µ

 

g/ml in ster-
ile 0·1 

 

M

 

 bicarbonate buffer (pH 9·6) and incubated
overnight at 4

 

°

 

C. The day of assay the plate was washed with
cold PBS, and 200 

 

µ

 

l/well PBS 1% bovine serum albumin
(BSA) was added for 2 h at 37

 

°

 

C to block non-specific anti-
body binding. PBMCs were prepared as described above and
adjusted to 1 

 

×

 

 10

 

6

 

/ml. One hundred 

 

µ

 

l of cell suspension
were incubated with tumour cells pretreated overnight at
37

 

°

 

C with 500 U/ml of IFN

 

γ

 

 (E : T cell ratio of 10 : 1) in a
total volume of 200 

 

µ

 

l/well or with same amount of K562
cells as controls for natural killer (NK)-mediated activity.
Negative controls for the assays were non-stimulated PBMC.
Positive controls were stimulated with phytohaemagglutinin.
For melanoma-specific CTL assays, DCs loaded with mela-
noma cell lysate or K562 cells (1 

 

×

 

 10

 

5

 

 cells/well) were co-cul-
tured with 5 

 

×

 

 10

 

4

 

 or 2·5 

 

× 

 

10

 

4 effectors. For peptide-specific
assays, T2 cells (1 × 104 cells/well) were co-cultured with
1 × 105 effectors in the presence of 10 µg/ml of HLA-A2
restricted antigenic peptides; MART1/Melan A27−35 (AAGIG-
ILTV), gp100280−288 (YLEPGPVTA) and tyrosinase368−376

(YMDGTMSQV) or peptide HIV-1 p17 Gag77−85 (SLYNT-
VATL) as negative control. Cultures were incubated at 37°C,
5% CO2 for 4 h. After incubation, the plate was washed with
cold PBS Tween 0·05% and then incubated with 0·5 µg/ml of
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a secondary biotinylated mAb specific for bound IFN-γ
(Mabtech) for 20 h at 4°C The plate was washed again and
then incubated with 0·5 µg/ml streptavidin–alkaline phos-
phatase (Mabtech) for 1 h at room temperature in dark.
After alkaline phosphatase colour development (Bio-Rad,
Richmond, CA, USA), spots representing IFN-γ secreted by a
single cell were counted.

Enzyme-linked immunosorbent assay (ELISA)

Immature and mature DCs (0·3 × 106 cells) were incubated
in 2 ml of RMPI 10% fetal bovine serum (FBS) during 24 h
in the presence or absence of 1 × 106 IL-2-stimulated alloge-
neic irradiated PBL. The supernatants were collected and
analysed in triplicate by ELISA. Capture and biotinylated
detection antibodies and standards for human IL-10, TNF-α
and IL-12 p70 (BD PharMingen, San Diego, CA, USA), were
used according to the manufacturer’s recommendations.

Clinical criteria

Patients are referred to as immunological responders when
they show activity against tumour cell lysate in DTH assays
or/and IFN-γ production in an ELISPOT assay. Stable dis-
ease (SD) was defined as less than a 25% change in tumour
size with no new lesions developing for 6 weeks. Progressive
disease (PD) was defined as a more than 25% increase in the
perpendicular diameter of any measurable tumour, appear-
ance of a new lesion or worsening of valuable disease. Time
to progression (TTP) is the number of months that patients
showed SD after the first vaccination. Post-vaccination sur-
vival is the number of months that patients survived after the
first vaccination.

Statistical analysis

The differences in TTP and patient survival between the
DTH responder and non-responder group were compared
by Student’s test using an OriginTM computer program, and
were considered statistically significant at P < 0·05.

Results

Generation of monocyte-derived dendritic cells

The leukapheresis process, performed on 14 patients with
stage IV malignant melanoma, allowed us to obtain an aver-
age of 4·8 × 109 of PBMC per patient, equivalent to the prod-
uct of two volaemias. In our protocol, an average of 180 × 106

PBMCs were cultured in a six-well plate obtaining, at the end
of the procedure, an average of 6·9 × 106 dendritic cells for
each plate, which is equivalent to half a dose of DC vaccine
(data not shown). A total of six doses could be obtained from
one single leukapheresis procedure, but only four doses were
used in patients.

Phenotypical and functional characterization of 
injected DCs

Prior to injection in patients, around 75–80% of the den-
dritic cells generated had a typical mature DC phenotype
with the following average percentages (n = 6 patients) of
cells expressing markers: CD14low (36·9%), CD40 (36·4%),
CD1a (6·4%), CD83 (60·5%), CD36 (67·6%), CD11c (78%),
CD86 (87·6%), HLA ABC (79·5%) and MHC class II
(88·7%), which are similar to those obtained previously by
other groups [23–26] (Fig. 1a represents marker expression
of DCs obtained from patient CT003). To determine the
potential capacity of our DCs to migrate, immature and
mature cells were stained with a mAb against the molecule
CCR7 before and after tumour lysate/TNF-α incubation.
Mature DCs showed a marked expression in CCR7 (90%)
(Fig. 1a), which is consistent with an increased migratory
capacity for mature DCs as described previously [32].

In order to study the functional properties of DCs pro-
duced in our protocol, we performed phagocytosis assays. It
is known that immature DCs have a strong phagocytic capa-
bility, whereas the mature DCs are better prepared as anti-
gen-presenting cells [24]. In the absence of stimulation by
TNF-α, immature dendritic cells demonstrated a twofold
greater phagocytic capacity than mature DCs when they
were exposed to fluorescein-labelled dextran (Fig. 1b). A sig-
nificant difference (40% less phagocytosis mediated by
mature DCs than immature DCs) was also observed when
DCs were co-incubated with propidium iodide marked mel-
anoma cells (Fig. 1b). The phagocytic process of melanoma
apoptotic cells was very significant after 2 h of incubation
and became complete after 12 h of incubation, as observed
using melanin-pigmented DF mel cells (data not shown).
After maturation with TNF-α and tumour cell lysate, the
DCs used in our clinical protocol were shown to produce
cytokines such as IL-10 and TNF-α, further supporting their
mature phenotype (Fig. 1c, right and middle panels). The
expression of IL-12 by DCs after TNF-α and tumour cell
lysate stimulation was also checked, although the presence of
this cytokine was below the detection limit of our ELISA kit
(Fig. 1c, left panel). However, when mature DCs were mixed
with allogeneic IL-2 activated irradiated PBL, they began to
express significant amounts of IL-12. This observation indi-
cates that IL-12 secretion by mature DCs would require
additional stimuli besides TNF-α and cell lysate, such as
CD40–CD40L interactions provided by activated T lympho-
cytes (Fig. 1c, left panel). In contrast, our immature DCs did
not secrete IL-12 either in the presence or absence of alloge-
neic PBMC.

Antigen presentation capability of DCs loaded with 
melanoma cell lysate

DCs obtained from four melanoma patients, two HLA-
A2+ (DC1 and DC2) and two HLA-A2– (DC3 and DC4) were
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loaded with melanoma cell lysate and stimulated with TNF-
α as described in Material and methods. DCs were then
incubated together with two HLA-A2 restricted melanoma
specific CTL lines (0505 TIL and DF CTL) and IFN-γ pro-
duction by CTLs was measured by ELISPOT (Fig. 2). The
0505 TIL which recognize the autologous melanoma cell line
(0505 mel) and an allogeneic HLA-A2+ melanoma cell line
(FM55 mel), but not an HLA-A2– melanoma cell line (HBK
mel) or a colon carcinoma cell line (SW480), can produce
IFN-γ in response to two HLA-A2+ melanoma cell lysate-
loaded DCs but not after stimulation with HLA-A2– DCs
loaded with melanoma cell lysate (DC3) or with a prostate
carcinoma cell lysate (DC4) or the NK sensitive prototype
K562 (Fig. 2a). Similarly, the DF CTL which can also recog-
nize the autologous melanoma cell line (DF mel) and T2 cells
loaded with the MART1/Melan A27−35 (AAGIGILTV) epitope,
but not K562 or T2 cells loaded with other epitopes, could
also recognize DC1 and DC2 but not DC3, DC4 or K562

(Fig. 2b). These results indicate that our DCs are capable of
presenting antigens derived from the melanoma cell lysate to
melanoma-specific CTLs.

Clinical trial criteria and safety

Twenty melanoma patients, stages III (n = 5) or IV (n = 15),
were selected according to the inclusion criteria described in
Materials and methods. The patients, 12 men and eight
women, were 47 years old on average and all showed cuta-
neous or subcutaneous primary tumours (Table 1). For all
patients, primary tumours or tumour-infiltrated lymph
nodes were removed surgically prior to this study (Table 1).
Six patients received 3–5 × 106 cells per dose and 14 received
15–20 × 106 cells per dose. Each patient was injected four
times with the indicated amount of DCs and injections were
separated by 10 days from each other (Table 2). The injected
DCs were pretreated with TNF-α and with a tumour cell

Fig. 1. Phenotypic and functional properties of mature dendritic cells (DCs) at day 7. (a) Surface marker expression of mature DCs at day 7. Cells 

were treated as described in Materials and methods, marked with conjugated antibodies and analysed by flow cytometry. Only large cells corresponding 

to the forward scatter were selected for this evaluation. (b) Comparison of phagocytic capacity of immature and mature DCs. DCs from day 6 

(immature) and day 7 [matured with tumour necrosis factor (TNF)-α] were mixed with fluorescein isothiocyanate (FITC)-conjugated dextran or with 

propidium iodide (PI)-labelled apoptotic melanoma cells as described in Materials and methods. After 2 h, cells were analysed by flow cytometry. 

Experiments were performed twice with similar results. (c) Cytokines released by matured DCs. Cells were incubated for 48 h in presence or absence 

of TNF-α, tumour cell lysate and allogeneic peripheral blood leucocytes (PBL) and the supernatants analysed by enzyme-linked immunosorbent assay 

(ELISA) as described in Materials and methods. The figure represents three experiments with DCs from different patients.
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lysate derived from three different allogeneic melanoma cell
lines and then injected (i.d.) to patients in the presence of
KLH, as described in Materials and methods. To improve in
vivo expansion of tumour-specific T cells after immuniza-
tions with DCs we tested IL-2 in a subgroup of patients.
Patients CT014–CT020 also received nine s.c. injections of
rhIL-2 (Proleukin®) as described in Material and methods.
Vaccinated patients were monitored continuously for
adverse reactions. Only two patients from the group that
received DCs only experienced minor fever episodes associ-
ated potentially with the vaccination. On the other hand, all

seven patients receiving DCs in combination with IL-2
showed weak fever, headache, flu-like symptoms associated
with pain and reddening in the inoculation site. No addi-
tional adverse effects associated with patient treatment were
detected during the study (Table 2). These results indicate
that vaccination with autologous ex vivo produced DCs
loaded with allogeneic cell lysate derived from melanoma
cell lines is a safe procedure, even in combination with low
doses of IL-2.

Immunological responses of vaccinated 
melanoma patients

We used two detection methods to investigate the immuno-
logical effects of DC immunization in vaccinated patients.
First, we determined the presence of melanoma-specific T
cells in PBMC obtained from vaccinated patients using in
vitro ELISPOT assays. Blood samples from patients were
obtained before vaccination and after the first, second, third
and fourth DC injections and also 1 month after the final
vaccination. Our results show an increase of IFN-γ-secreting
T cells against at least two different allogeneic melanoma cell
lines in 10 of 19 patients tested (Fig. 3, Table 2). No detect-
able responses (less than five spots/105 PBMC) were
observed against the NK sensitive cell line K562, thus dis-
carding unspecific LAK cell activity (data not shown). T cell
responses against tumours were defined as a positive
response only when the number of spots at some point after
vaccination was twice as high as that obtained on day 0
(Table 2). Six of 10 responders (CT001, CT003, CT006,
CT010, CT015 and CT018) showed an increase in the num-
ber of IFN-γ spots after each vaccination, while four patients
(CT007, CT011, CT013 and CT014) showed a marked
response only after two DC injections. Thereafter, these
patients showed a decrease in spot numbers after 3–4 weeks
from the second DC injection (Fig. 3). To rule out the pos-
sibility that the reaction to melanoma cell lines reflected only
an anti-allogeneic reaction, PBMCs from five HLA-A2+

patients were challenged against T2 cells loaded with HLA-
A2 restricted synthetic peptides derived from known mela-
noma-associated antigens [33–35]. All five patients showed
positive activity against a HLA-A2+ melanoma cell line
(FM55) after the second and fourth doses, as measured by
ELISPOT (Fig. 4). Patients CT001, CT010, CT011 and
CT013 also showed a significant T cell reaction to T2 cells
loaded with at least one of the synthetic peptides derived
from the described melanoma associated antigens (MAA),
such as MART1 [33], tyrosinase [34] or gp100 [35] (Fig. 4).
Patient CT006 showed a strong reaction to the tumour line
but a very weak reaction to the peptides mentioned, suggest-
ing that the cells were either allospecific or recognized dis-
tinct, unidentified antigens (data not shown). In summary,
these results indicate that DC vaccines loaded with mela-
noma cell lysate were able to elicit a T cell-mediated reaction
to melanoma cells and that this response was directed at least

Fig. 2. Mature dendritic cells (DCs) loaded with melanoma cell lysate 

can stimulate interferon (IFN)-γ release by human leucocyte antigen 

(HLA)-A2 restricted melanoma-specific cytotoxic T lymphocytes (CTL) 

lines. Melanoma-specific T lymphocytes derived from (a) 0505 TIL or 

(b) DF CTL lines were incubated with DCs derived from melanoma 

patients (DC1 and DC2 are HLA-A2+ cells loaded with melanoma cell 

lysate; DC3 are HLA-A2+ cells loaded with a prostate cancer lysate; and 

DC4 are HLA-A2– cells loaded with melanoma cell lysate) or K562 cells, 

as described in Material and methods and were then analysed by 

enzyme-linked immunosospot assay (ELISPOT), as described in Mate-

rials and methods. All ELISPOT experiments were performed in dupli-

cate. Small graphs shows standard 51Cr release assays (a) 0505TIL and 

(b) DF CTL were incubated with 51Cr-labelled cells, as described in 

Material and methods.
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Table 1. Characteristics of enrolled patients.

Patient Age Sex

Clinical

stage HLA Primary tumour Metastasis

Previous treatment

(beside surgery)

CT001 34 F IV A2+ Cutaneous thorax In transit mammary gland –

CT002 31 M IV A2– Subcutaneous shoulder Spinal column metastasis –

CT003 34 M IV A2+ Cutaneous shoulder Pulmonary metastasis –

CT004 69 M IV A2– Cutaneous Multiple metastasis IL-2

CT005 57 M IV A2– Cutaneous left leg Pulmonary (2) metastasis –

CT006 30 M IV A2+ Cutaneous shoulder Positive left inguinal lymph node –

CT007 53 F III A2+ Cutaneous EII Positive iliac lymph node –

CT008 37 F IV A2+ Subcutaneous left knee Multiple pleuropulmonary metastasis –

CT009 24 F III A2- Cutaneous shoulder Positive axilar lymph nodes –

CT010 39 M IV A2+ Malar right Negative axilar lymph nodes –

CT011 68 F IV A2+ Subcutaneous shoulder Lymph nodes + liver metastasis –

CT012 57 F IV A2+ Left plant Positive axilar lymph nodes –

CT013 62 M IV A2+ Cutaneous head Positive cervical lymph nodes –

CT014 64 M IV A2+ Cutaneous right leg Abdominal metastasis –

CT015 63 M IV A2+ Cutaneous head Pulmonary metastasis –

CT016 37 F III A2+ Malar left Parotid gland –

CT017 31 M IV A2+ Cutaneous shoulder Positive left cervical lymph node –

CT018 46 M IV A2– Cutaneous EII Positive right axilar lymph nodes IL-2

CT019 57 F III A2+ Cutaneous left leg Positive left inguinal lymph node –

CT020 51 M IV A2– Malar left Pulmonary metastasis –

IL: interleukin; HLA: human leucocyte antigen.

Table 2. Clinical, immunological and adverse effects on vaccinated patients.

Patient

DC (106)/

dose Adjuvant Adverse reactions

ELISPOT

response

DTH

KLH

(mm)

DTH

lysate

(mm)

Stable

disease

(months)

Post- 

vaccination

survival 

(months)

CT001 3–5 KLH Negative + + (6) + (10) 23 26

CT002 3–5 KLH Fever nt – – – 1

CT003 3–5 KLH Negative + + (7) + (7) 20 21

CT004 3–5 KLH Negative – + (7) – 18 21

CT005 3–5 KLH Weak fever, knee inflammation. Anti-nuclear

antibodies negative, rheumatoid factor negative

– + (6) – 0 18

CT006 3–5 KLH Negative + + (6) + (9) 22 24

CT007 15–20 KLH Negative + + (10) + (18) 20 22

CT008 15–20 KLH Negative – + (7) – 1 5

CT009 15–20 KLH Negative – + (7) + (10) 21 22

CT010 15–20 KLH Negative + + (8) + (10) 0 > 16

CT011 15–20 KLH Negative + + (6) – 0 7

CT012 15–20 KLH Negative – + (6) – 0 11

CT013 15–20 KLH Negative + – + (7) 17 > 18

CT014 15–20 KLH + IL-2 Weak fever + + (8) – 0 1

CT015 15–20 KLH + IL-2 Weak fever, pain and reddening in inoculation site + + (6) + (12) 14 > 15

CT016 15–20 KLH + IL-2 Weak fever, pain and reddening in inoculation site – + (10) + (45) 15 > 16

CT017 15–20 KLH + IL-2 Weak fever, headache, flu-like symptoms – + (8) + (8) 13 > 14

CT018 15–20 KLH + IL-2 Weak fever, headache GII, flu-like symptoms GII + + (6) + (6) 0 6

CT019 15–20 KLH + IL-2 Weak fever, headache GII – + (7) – 13 > 14

CT020 15–20 KLH + IL-2 Weak fever – + (8) – 0 > 5

DC: dendritic cells; ELISPOT: enzyme-linked immunospot assay; DTH: delayed type hypersensitivity; KLH: keyhole limpet haemocyanin; IL:

interleukin.
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Fig. 3. Interferon (IFN)-γ expression by mela-

noma specific T cells derived from peripheral 

blood mononuclear cells (PBMC) from 

responding patients. PBMCs from vaccinated 

patients CT001, CT003, CT006, CT007, CT010, 

CT011, CT013, CT014, CT015 and CT018 were 

obtained at different times and incubated with 

allogeneic melanoma cells, FM55mel, DFmel, 

FMSmel, DLmel or BEmel and with the natural 

killer (NK)-sensitive cell line K562 and were 

then analysed by enzyme-linked immunospot 

assay (ELISPOT), as described in Materials and 

methods. All ELISPOT experiments were per-

formed in duplicate.
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partially against melanoma-associated antigens, although
allospecificity cannot be discarded completely. In addition to
the ELISPOT response, we performed in vivo measurement
DTH reactions after injecting tumour cell lysate pre- and 1
month post-vaccination (Table 2). More than 50% of vacci-
nated patients (11 of 20) showed strong DTH reactions
(more than 5 mm diameter of the erythema) against tumour
cell lysate after the last dose (Table 2 and Fig. 5a). Besides two
patients, who did not show a DTH response against KLH,
the rest of the patients showed a significant DTH reaction
against this xenogeneic protein, demonstrating that treated
patients have a functional cellular immune system.

Clinical responses

From a clinical viewpoint, we observed stabilization of the
disease (up to 23 months) in 11 patients according to criteria
defined in Material and methods (Table 2). Two patients,
CT001 and CT005, showed a partial regression of a breast
subcutaneous and a cutaneous metastasis, respectively (data
not shown). Significant correlations were found between
DTH positive responder patients and a longer stability of the
disease (P = 0·01362), and also longer post-vaccination
patient survival (P = 0·0261) (Fig. 5b,c and Table 2). In
effect, eight stage IV patients who showed a positive DTH
reaction, as defined in Materials and methods, showed a
median TTP of 13·37 months, while the group of eight stage
IV patients who did not show DTH reactions to tumour cell
lysate had a median TTP of 2·37 months (Fig. 5b). Similarly,
the post-vaccination survival was also significantly longer in
DTH responder patients (17·25 months) than in non-

Fig. 4. Specific response of peripheral blood 

mononuclear cells (PBMC) from melanoma-

vaccinated patients to melanoma-associated 

antigen. PBMC from HLA-A2+ patients were 

tested against FM55 melanoma cell line; T2 cells 

loaded with melanoma associated-antigen pep-

tides: MART1/Melan A27−35 (AAGIGILTV), 

gp100280−288 (YLEPGPVTA) and tyrosinase368−376 

(YMDGTMSQV) or peptide HIV-1 p17 gag77−85 

(SLYNTVATL) and the natural killer (NK)-sen-

sitive cell line K562 as controls and were then 

analysed by enzyme-linked immunospot assay 

(ELISPOT), as described in Materials and meth-

ods. The arbitrary units (aU) correspond to the 

number of spots obtained after vaccinations nor-

malized with the amount of spots obtained from 

prevaccination peripheral blood leucocytes 

(PBL). All ELISPOT experiments were per-

formed in duplicate.
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responders (8·625 months) (Fig. 5c). No significant correla-
tions were found regarding ELISPOT reaction and TTP or
survival. No signs of vitiligo were observed in any of the vac-
cinated patients (Table 2).

Discussion

In this study we demonstrate the feasibility of generating
mature DCs from peripheral blood from stages III and IV
melanoma patients for the treatment of malignant mela-
noma. The periodic injection of DCs loaded with an alloge-
neic melanoma cell lysate did not produce any major adverse
effect on vaccinated patients, even when it was used in com-
bination with low doses of IL-2. The preparations induced
DTH reactions and in vitro IFN-γ production by tumour-
specific and peptide-specific T lymphocytes.

In spite of previous difficulties in the isolation and char-
acterization of human DC, due to its low frequency relatively
high amounts of DC can now be obtained in vitro from
peripheral blood monocytes stimulated with GM-CSF and
IL-4 [24,36]. Using this methodology, we standardized a leu-
kapheresis method for the isolation of PBMC in numbers
adequate for clinic use. The protocol detailed in this study
also allowed us to generate an adequate amount of DCs
(Table 1) with phenotypic (Fig. 1a) and functional proper-
ties (Figs 1b,c and 2a,b) appropriate for its utilization in the
immunization of patients with malignant melanoma. DCs
used in our protocol expressed specific markers correspond-
ing to the expected mature DC phenotype, including the
marker CCR7, which may ensure that injected DCs can
migrate to lymph nodes. DCs also showed functional ex vivo
properties for the induction of a T lymphocyte reaction to
melanoma after loading with melanoma-derived cell lysate
(Figs 1 and 2). The DCs produced by our protocol showed,
as expected, a marked increase in MHC Class I and Class II
molecules, especially after maturation in the presence of a
tumour lysate and TNF-α (Fig. 1a), and also a high expres-
sion level of the co-stimulatory molecule CD86, which
improved the effectiveness of the T lymphocyte response
(Fig. 1a). Numerous factors can induce and/or regulate the
maturation of DCs, including lipopolysaccharide (LPS), bac-
terial DNA and a balance between pro- and anti-inflamma-
tory cytokine signals [24,37]. In our protocol, we decided to
use a combination of tumour lysate and TNF-α to induce
maturation, antigen uptake and antigen presentation in a
single step. As well as the expression of markers related to
mature DCs, our DCs showed a high expression of cytokines
such as TNF-α and IL-10 but not IL-12 (Fig. 1c), which is in
line with observations made by others [38]. Although IL-12
expression is sometimes used as a maturation marker its
expression seems to require additional stimulus such as the
interaction of CD40 with CD40L expressed on activated T
cells [39], in addition to TNF-α and cell lysate stimulus, as
suggested by our experiment (Fig. 1c, left panel). This signal
is probably provided in vivo after i.d. cell injection in

patients. On the other hand, although the production of IL-
10 by immature DCs, has been associated with tolerogenic
effects and T lymphocytes anergy [40], it has also been
described that IL-10 does not affect mature DCs antigen pre-
sentation or functional properties [40]. Moreover, despite
the high levels of IL-10 and the barely detectable levels of IL-
12 produced, monocyte-derived DCs were induced by bac-
terial infection or adenoviral vector to undergo phenotypic
maturation and acquired antigen-presenting-cell functions,
activating T helper 1 (Th1) and epitope-specific CD8+ T cells
effector cells [41,42]. In our study, the IL-10 expressing DCs
were also capable of stimulating IFN-γ expression by autol-
ogous T cells (Fig. 3) and also by melanoma specific CTL
lines (Fig. 2), demonstrating their antigen presentation
capability.

The cell population obtained after using our protocol was
not completely homogeneous, but included a small popula-
tion (20–40%) of semi-mature DCs or activated monocytes,
which expressed low levels of CD14 (Fig. 1a). However, we
preferred to not use any selection procedure, because those
methods may affect DCs maturation, antigen presentation
capability and cytokine release, as described recently [43].
Additionally, the observed low expression of CD1a, a non-
traditional MHC molecule, showed that it can vary depend-
ing on the culture conditions used in the monocytes derived
dendritic cells [44,45]. With respect to phagocytic capability,
DCs produced in our laboratory showed the ability to ingest
dextran molecules and apoptotic melanoma cells with
higher efficiency in their immature than in their mature
stage (Fig. 1b). In summary, these results indicate that cells
produced in our laboratory from PBMCs from patients with
malignant melanoma correspond to functional DCs that are
able to acquire and present melanoma antigens and probably
also induce an immunological in vivo response.

Our DCs were used in a Phase I clinical trial. The study
demonstrated that vaccination with DCs loaded with
tumour antigens is a safe procedure and can also induce a
clinical and immunological response in patients with
advanced cancer, as has also been shown using comparable
protocols [11,46]. It has been shown that therapies based on
immunization with DCs loaded with antigen-associated
peptides [11,12,47] or autologous lysate of melanoma cells
[11] induce specific cytotoxic T cell responses in various
melanoma patients, and also showed objective tumour
regressions [12,14]. However, the use of a mix of allogeneic
melanoma cell lysate as an antigen source for DC vaccines
has not yet been explored thoroughly. In fact, it has been
demonstrated that although different melanoma cells share
the majority of described MAA, their distribution varies
considerably in cells obtained from different patients [31]. A
mix of several melanoma cell lysates may cover a broad
diversity of MAA, whose range will be presented in the con-
text of autologous HLA isotype. The melanoma cell lines
used as source for the cell lysate preparation showed signif-
icant expression of several melanoma markers, such as
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Mart-1/melanA, gp100, s100 protein, the melanoma-associ-
ated chondroitin sulphate proteoglycan (MCSP) and our
recently described melanoma marker MC1R [31,48]. The
cell lysate obtained not only delivered MAA to DCs, but also
showed a strong capacity to induce DCs maturation, also in
the absence of additional inflammatory signals (data not
shown). Additionally, the tumour lysate provides a standard-
ized and widely applicable source of melanoma specific anti-
gens for clinical use.

In our Phase I study, 20 patients received all four vaccine
injections and were examined for toxicity and/or immuno-
logical responses (Table 1). Seven patients (CT0014–CT020)
also received low doses of rhIL-2. We have described previ-
ously that low doses of IL-2 given subcutaneously to mela-
noma patients increase the number of CD3+ T cells and
memory T cells with only grades I–II WHO side effects, such
as weak fever, transient local inflammation and induration of
the injection site [49]. In our present study, there were no
grades III or IV toxicities associated with the vaccines or
major evidence of autoimmunity (Table 2). An increased
IFN-γ production by PBMC in response to allogeneic mela-
noma cell lines but not to non-melanoma tumour controls
was observed in 10 of 19 patients tested after the second vac-
cination (Table 2, Fig. 3). Four of five HLA-A2+ PBMC from
patients with anti-melanoma activity also showed specific
activity against peptides derived from melanoma-associated
antigens (Fig. 4), indicating that the T cell response detected
in the majority of patients PBMC was at least partially
melanoma-specific and not only allogeneic-specific. Addi-
tionally, in vivo DTH reactions were observed in 11 of 20
patients tested tested with tumour cell lysate alone, indicat-
ing that the vaccine was able to induce cell-mediated immu-
nological memory. Five patients (CT009, CT011, CT014,
CT016 and CT017) showed divergent results between
ELISPOT and DTH reactions, indicating that these method-
ologies may be capable of measuring independent immuno-
logical events (Table 2). From a clinical perspective, five stage
IV melanoma patients remained stable for more than
20 months; nine patients showed a progression of the dis-
ease, and two died prior to final injection (Table 2). Stage IV
patients who showed positive DTH reaction to tumour cell
lysate (n = 8) had a significantly longer median TTP
(13·37 months) than DTH non-reactive patients (n = 8)
(2·37 months) (P = 0·01362) (Fig. 5b, Table 2). Similarly,
stage IV DTH-responder patients showed a statistically
significant (P = 0·0261) post-vaccination survival (17·25
months) compared to non-responders (8·62 months), as
defined in Materials and methods (Fig. 5c, Table 2). In con-
trast, no significant differences were found between the
groups with respect to ELISPOT reactivity and TTP or
patient survival, indicating that the detected frequency of
tumour-reactive T cells in blood is a less optimal response
indicator than in vivo DTH reactions. However, the histori-
cally high variability of stage IV melanoma patient survival
and the low number of patients studied here may not allow

us to conclude that the observed correlations should have a
major clinical relevance. Finally, partial regression of local
breast subcutaneous metastasis was observed in patient
CT001, and cutaneous partial regression was also observed
in patient CT005 (data not shown). We did not observe sig-
nificant differences in immunological or clinical responses
between patients treated with IL-2 with respect to those
treated with DC vaccines alone. No vitiligo or other autoim-
mune responses were observed in vaccinated patients. In
summary, the administration of tumour lysate-pulsed DCs is
non-toxic and capable of inducing specific immunological
response to tumour antigens.
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