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Abstract The aim of the present phase I/II study was to
evaluate the safety, immune responses and clinical
activity of a vaccine based on autologous dendritic cells
(DC) loaded with an allogeneic tumor cell lysate in ad-
vanced melanoma patients. DC derived from monocytes
were generated in serum-free medium containing GM-
CSF and IL-13 according to Good Manufacturing
Practices. Fifteen patients with metastatic melanoma
(stage III or IV) received four subcutaneous, intrader-
mal, and intranodal vaccinations of both DC loaded
with tumor cell lysate and DC loaded with hepatitis B
surface protein (HBs) and/or tetanus toxoid (TT). No
grade 3 or 4 adverse events related to the vaccination
were observed. Enhanced immunity to the allogeneic
tumor cell lysate and to TAA-derived peptides were

documented, as well as immune responses to HBs/TT
antigens. Four out of nine patients who received the full
treatment survived for more than 20 months. Two pa-
tients showed signs of clinical response and received 3
additional doses of vaccine: one patient showed regres-
sion of in-transit metastases leading to complete remis-
sion. Eighteen months later, the patient was still free of
disease. The second patient experienced stabilization of
lung metastases for approximately 10 months. Overall,
our results show that vaccination with DC loaded with
an allogeneic melanoma cell lysate was feasible in large-
scale and well-tolerated in this group of advanced mel-
anoma patients. Immune responses to tumor-related
antigens documented in some treated patients support
further investigations to optimize the vaccine formula-
tion.
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Introduction

Dendritic cells (DC) are considered promising natural
adjuvants for therapeutic cancer vaccines because of
their unique potential to both prime and boost cellular
immune responses. The methods to generate DC ex vivo
developed during the last decade have opened the pos-
sibility to bypass antigen presentation deficiencies pre-
viously described in cancer patients [1–4]. Results from
phase I/II trials have demonstrated that treatment with
DC-based vaccines is biologically active resulting in the
induction of vaccine-specific immunological responses in
different type of cancers [5]. It is now recognized that
vaccination with tumor antigens can result in objective
clinical responses and regression of metastases in a se-
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lected populations of patients [5–7], although only a few
studies have established a correlation between immune
and clinical responses [8–10]. Nevertheless, detection of
mutations in tumor antigens following vaccination [11]
strengthens the belief that the immune system is able to
interact with tumors in vivo.

Immune responses have been observed in DC-vaccine
clinical trials using diverse sources of tumor antigen,
including synthetic peptides, recombinant proteins,
APC-tumor cell hybrids, DC pulsed with autologous or
allogeneic tumor cell lysates, and mRNA-transfected
DC [6]. To develop a vaccine that could benefit to a large
population of patients, we investigated the use of allo-
geneic tumor cell lysates that contain a variety of defined
and undefined tumor-associated antigens (TAA). When
loaded on DC, tumor cell lysates are presented by both
MHC class I and class II pathways [12–14]. Therefore,
tumor-lysate loaded DC should recruit a broad reper-
toire of T cells, comprising both CD8 and CD4 T cells,
more likely to circumvent tumor escape and heteroge-
neity. Preclinical models and clinical studies showed
indeed that immunization with DC loaded with tumor-
derived lysates can lead to the induction of specific anti-
tumor T cell responses and to objective clinical
responses [14–17]. Production of lysates from autolo-
gous tumors has proven to be very challenging and
poorly controlled. We therefore prepared a master cell
bank from an established tumor cell line that expresses
high levels of tumor specific antigens and used this cell
line as a source of tumor lysate. We selected the M17
tumor cell line that expresses high levels of tumor-spe-
cific antigens of the MAGE, GAGE, BAGE families but
also melanoma-specific antigens. We have previously
described a method that allows the generation of large
quantities of autologous monocyte-derived DC yielding
multiple doses of vaccine from a single apheresis product
[18]. In the present study, we report the safety, immune
responses and clinical activity following treatment with
autologous monocyte-derived DC loaded with a tumor
cell line lysate in patients with advanced melanoma.

Materials and methods

Study design and eligibility criteria

The study was designed as a phase I/II study to evaluate
toxicity, anti-tumor activity, and the immune responses
to vaccination. This work was sponsored by IDM and
funded in part by a European grant (Contract BIO4-97-
2216 ‘‘Cellular Vaccines’’) and by Sanofi-Aventis. All
patients had histologically confirmed stage III or IV
melanoma according to the 1992 AJCC staging system.
Eligibility criteria included: age between 18 and 75 years
old, ECOG performance status 0 or 1, leucocyte count
>3,000/mm3, neutrophils >1,500/mm3, platelets
>100,000/mm3, serum bilirubin <2.0 mg/dl, serum
creatinine <2.0 mg/dl, SGOT / SGPT < 3 · upper limit
of normal, viral screening for HIV, HBV, and HCV

must be negative. Exclusion criteria were cerebral me-
tastases, positive pregnancy test, autoimmune disease, or
other medical conditions that would contraindicate
study participation. Previous treatment with che-
motherapy, cytokines, or active immunotherapy was
permitted; however, any concomitant anticancer therapy
or systemic corticosteroids were not allowed by the
protocol. The trial was conducted in accordance with the
Declaration of Helsinki and with the European Guide-
lines on Good Clinical Practice. Written informed con-
sent was obtained from each patient before inclusion in
the protocol. Patients were enrolled from November
2000 to June 2001 in two Belgium centers: Erasme
Hospital and Jules Bordet Institute, Brussels, Belgium.
The protocol and informed consent were approved by
the local Ethics committee of Erasme Hospital.

Evaluation of patients and treatment schedule

The baseline tumor evaluation was performed within
35 days prior to the first vaccination. Clinical evaluation
included a complete medical history, physical examina-
tion, chest X-ray, ECG, tumor staging and antigen
expression, tumor burden and documentation of sites of
disease, HLA class I typing, blood chemistry, hematol-
ogy, urine analysis, autoantibody testing, and S-100 b
serum levels. Physical examination and autoantibody
testing were also performed at the time of first vacci-
nation. Eligible patients underwent an apheresis to
generate DC. Patients received 3 vaccinations at 3-week
intervals, i.e., days 0, 22, and 43 followed by a fourth
vaccination 6 weeks later (day 85). Each injection series
consisted of four intradermal and four subcutaneous
injections at 4 different sites, and one intranodal injec-
tion with ultrasound guidance. All injections were per-
formed in lymph node bearing areas. Patients’ vital signs
and skin reactions were monitored for 2 h after vacci-
nation. Intradermal injections would be stopped if
cutaneous necrosis grade 3 were induced following
vaccination.

Evaluation criteria and statistical analysis

All adverse events were classified according to the NCI
Common Toxicity Criteria Clinical responses were based
on WHO criteria (World Health Organisation hand-
book for reporting results of cancer treatment. WHO,
1979, Geneva) Complete response (CR) was defined as
complete disappearance of all clinically detectable dis-
ease for at least 4 weeks. Partial response (PR) was de-
fined as at least a 50% decrease in all measurable lesions
without an increase in size of any target lesions or the
appearance of new lesions. Stable disease (SD) was de-
fined as absence of significant change for 4 weeks or an
increase of less than 25% or a decrease of less than 50%
in tumor size, and no new lesions. Progressive disease
was defined as 25% or more increase in the sum of the
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products of the measurable lesions or appearance of new
lesions. Baseline measurements of target lesions were
made within 35 days prior to the first vaccination. Pa-
tients were evaluated for clinical response on days 64
and 113. The evaluable population was defined as all
eligible patients who received at least four vaccinations.

Preparation of tumor cell lysate

Tumor cell lysate was prepared from the M17 cell line
derived from a melanoma patient (INSERM U211,
Nantes, France). A master cell bank of this cell line
was produced after extensive safety testing for viruses,
bacteria and mycoplasma (Genopoietic, Miribel,
France).

The cell line is HLA-A2+ and expresses by real-time
PCR high levels of MAGE-A1, MAGE-A2, MAGE-A3,
BAGE, GAGE-1, GAGE-3, Na17A (GnTV), Tyrosi-
nase, TRP-2, AIM2, PRAME, WT1; intermediate levels
of MAGE-A10, LAGE-1, gp100; and low levels of
Melan-A/MART-1 and TRP-1 (M-T Duffour and P.
Doceur, unpublished data). Lysate of this tumor cell line
was prepared by Genopoietic as follows: tumor cells
were washed and resuspended in PBS at 25·106 cells/ml.
Tumor cells underwent four freeze (�80�C) and thaw
(room temperature) cycles. Larger particles were re-
moved by sedimentation. Supernatants contained
3.5 mg/ml of total protein. The tumor cell lysate was
aliquoted, frozen, and stored at �80�C until use. The
final lysate product was negative for adventitious viru-
ses, bacteria, and mycoplasma.

DC preparation, characterization and injection

Dendritic cells were generated under Good Manufac-
turing Practices as described previously [18, 19]. Briefly,
mononuclear cells from patients were isolated from
peripheral blood by apheresis on day-15. DC were
generated in nonadherent EVA bags (Stedim, Aubagne,
France) during a 7-day culture in IDM VacCell medium
(Invitrogen, Paris, France) containing GM-CSF
(500 U/ ml, Leucomax, Shering-Plough) and IL-13
(50 ng/ml, Sanofi-Aventis, Labège, France). DC were
further enriched by elutriation. For each patient, an
average of 1.36·109 DC being 87% pure with a viability
of 97% were generated from initial apheresis. Quality
controls (viability, cell count, purity) were performed on
all DC preparations, at all critical steps of the differen-
tiation process. Sterility testing was performed on
starting apheresis and on final formulated product
samples during DC differentiation according to Euro-
pean Pharmacopoeia and before injection of thawed DC
batches by gram staining. DC preparations were char-
acterized by flow cytometry using a FACScalibur (Bec-
ton Dickinson, San Jose, CA, USA). The following mAb
were used: CD11c (BU15), CD80 (MAB104), HLA-DR
(B8.12.2), CD83 (HB15a) or isotype controls, all from

Beckman Coulter Immunotech (Marseille, France). DC
were then loaded overnight with either M17 lysate
(140 lg/ml) or HBs (Berna Biotech, Berna, Switzerland)
and TT (GSK-Bio, Belgium) proteins (10 lg/ml). After
loading, DC were washed and frozen in 4% HSA, 10%
DMSO at 40 · 106 DC per vial. Cells were frozen using
an isopropanol freezing container (Nalgene, Rochester,
NY, USA) which was kept at �80�C for 24 h. Cryovials
were then stored in liquid nitrogen. Remaining purified
unloaded-DC were kept for immunological tests. DC-
vaccine preparations were thawed prior to patient
injection. Cells were thawed in a 37�C water bath, wa-
shed once in 4% HSA and further resuspended at
20·106 DC/ml in 4% HSA. Thawed-loaded DC were on
average 83% viable ranging from 78 to 87% between
patients’ batches. DC loaded either with the lysate or
HBs/TT were mixed at this point. For intranodal
injection, 2·106 lysate-loaded DC and 2·106 HBs/TT-
loaded DC were injected on a non-invaded lymph node
localized by echography. For subcutaneous and intra-
dermal injections, 5·106 lysate-loaded DC and 5·106
HBs/TT-loaded DC were injected on each of four sites,
chosen in the vicinity of noninvaded lymph nodes.

Samples for immunological tests

For assessment of immune responses, partial aphereses
were performed on patients on days 0, 22, 43, 85, and
113. Peripheral blood mononuclear cells (PBMC) were
isolated by ficoll gradient centrifugation (lymphoprep,
Axis Shield, Oslo, Norway). One part of the cells was
used fresh and the remaining cells were frozen in fetal
calf serum (Gibco-BRL, Grand Island, NY, USA) with
10% DMSO (Sigma Aldrich, St Louis, MO, USA) and
stored in liquid nitrogen until use.

Proliferation assay

Peripheral blood mononuclear cells (1·105 cells/well)
were incubated in triplicates in 96-well round bottom
tissue culture plates with 10 lg/ml of TT or HBs pro-
teins in IDM VacCell medium supplemented with 5%
human AB serum (BioWhittaker Europe, Belgium).
PHA-L (1 lg/ml, Sigma Aldrich) was used as a positive
control. On day 5, 1 lCi/well of 3H-thymidine (Amer-
sham, Orsay, France) was added and plates were har-
vested 16 h later. Pre- and postimmunization samples
were tested in the same experiments for each patient.
Coefficient of variations between replicates were <25%.
Results are expressed as stimulation index (SI = cpm
with antigen/cpm without antigen). SI was calculated
when cpm in the triplicates with antigen were signifi-
cantly different from cpm in the triplicates without
antigen (Student’s t test, one-tailed, P<0.05). When no
significant proliferation was detected, SI was given the
value 1. Postvaccination samples were considered posi-
tive when SI postvaccination was ‡2-fold prevaccination
samples.
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IFN-c ELISpot

Peripheral blood mononuclear cells (4 · 105/well) were
stimulated overnight with autologous DC (2·104 DC/
well) loaded with M17 tumor cell lysate (140 lg/ml) or
cocultured with TT (10 lg/ml) or HBs (10 lg/ml) pro-
teins. PBMC fromHLA-A2 patients were also stimulated
with DC and peptides derived from TAA (10 lg/ml). The
following peptides were used: Melan-A/MART-126-
35(27L):ELAGIGILTV (Cybergene AB, Huddinge, Swe-
den), NA17A:VLPDVFIRC; MAGE-3271-279 :FLWGP-
RALV or a cocktail of four different gp100-derived
peptides : gp100209-217:ITDQVPFSV; gp100 154-162

:KTWGQYWQV;gp100280-288 :YLEPGPVTA; gp100476-
485 :VLYRYGSFSV, from Neosystem (Strasbourg,
France). Soluble anti-CD3 mAb (HIT3a, Pharmingen,
France) added at 50 ng/ml was used as a positive control.
ELISpot was performed as previously described [20].
Briefly, cells were incubated in Multiscreen nitrocellulose
96-well plates (Millipore, Bedford, MA, USA) precoated
with 10 lg/ml IFN-cmAb (1-D1K,Mabtech, Stockholm,
Sweden). After an overnight culture, plates were washed,
incubated with biotinylated anti-IFN-c mAb (2 lg/ml; 7-
B6-1; Mabtech) and IFN-c spot forming cells (SFC) were
revealed using a Vectastain Elite Kit (AbCys, Paris,
France), followed by aminoethyl carbazol at 1 mg/ml in
50 mM acetate buffer with 0.015% H2O2 (all from

Sigma). Counting of SFC was performed using a
computer-assisted microscope (Carl Zeiss, Le Pecq,
France). Secretion of IFN-cwas considered positive when
SFC in the triplicates with antigen were significantly dif-
ferent from the SFC in the triplicates without antigen
(Student’s t test, one-tailed, P<0.05) and SFC in wells
with antigen were ‡7 after subtraction of the SFC from
wells without antigen.

Histology

Two slides of 5-lm thick sections were obtained from
biopsy specimens all fixed in 10% phosphate-buffered
formalin. The sections were deparaffinized and then
stained by haematoxylin (Gille 2, Merck, France) and
eosin (Eosin B, Merck).

Results

Patients’ characteristics

The clinical characteristics of the patients are listed in
Table 1. Fifteen patients were included in this study. Ten
patients had AJCC stage IV melanoma and five had
stage III melanoma. S-100b level was elevated in a total

Table 1 Patients’ characteristics and disease status

Patient
ID

Age Sex PFS
0–4

Prior
treatment

Stage Site
of metastases

No. of
Vaccination

Survivald

(months)
Clinical evolution
post-DC vaccine

01 73 M 1 S, BC IV Lung, liver, axillary
lymph node

4 7 Radiotherapy

02 58 M 1 S, ILP III In-transit mets 7a >25 In CR 2 months post fourth vaccination;
CR for 18 months

03 49 F 0 S, I IV Liver, lung, spleen 4 13b Chemotherapy
04 62 M 0 S, I III Cervical nodes 4 >23 Surgery 15 days after fourth vaccination;

disease-free for 19 months
05 66 F 1 S, I, DC vacc. III Leg 3 19b Chemotherapy and radiotherapy
06 67 M 0 S, C IV Lung, scalp,

right temporal
1 <1 (0.7)b

07 42 M 0 S IV Lung 7a >22 SD for 10 months post fourth
vaccination chemo and radiotherapy
after relapse at another site

08 62 F 1 S, I, C,
peptide vacc.

IV Inguinal node, lung 3 4b Radiotherapy

09 55 F 0 S III In-transit mets 4 5b No additional treatment
10 44 F 0 S III In-transit mets 4 >23 Chemotherapy followed by radiotherapy
11 50 M 1 S, I, C IV Cutaneous mets 2 1.6b

12 59 M 1 S, I, C, BC,
DC vacc.

IV Liver, lung, spleen 4 16b Chemotherapy

13 62 F 0 S, C IV Soft tissue, inguinal node,
retroperitoneal nodes,
bilateral lung mets.

3 6c Radiotherapy and chemotherapy

14 75 F 0 S IV Lung 4 12b Chemo- and radiotherapy
15 47 M 0 S, ILP, I, C IV Lung, left temporal 3 5b Radiosurgery

PFS performance status ECOG, S surgery, I immunotherapy (IFN-alpha), C chemotherapy, BC biochemotherapy, ILP isolated limb
perfusion, DC dendritic cell
aAdditional vaccinations were given at months 8, 10, and 12
bDeceased
cLost to follow-up
dTime from the first day of therapy (day 0) to the date of death/last visit
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of seven patients (six with Stage IV and one with Stage
III melanoma). All had previously been treated with at
least surgery and ten patients had received systemic
treatment with chemotherapy and/or biological therapy.
Sites of metastasis included lungs, skin, lymph nodes,
and liver.

DC-Vaccine and toxicity

The DC vaccine was prepared from autologous mono-
cytes cultured in GM-CSF and IL-13. Low variability
between patients’ DC-preparations was observed as
shown in Fig. 1: the majority of DC express HLA-DR
and CD80 molecules (on average 74% and 71%,
respectively). DC were not matured and did not express
CD83 except in three patients (03, 06, and 07), where
CD83 was spontaneously expressed by about 66% of the
DC population. DC were loaded with tumor cell lysate
and with HBs and/or TT antigens. HBs protein was
considered as a good antigen to detect induction of
primary immune responses since most patients included
in the study were naı̈ve for this antigen at baseline. TT
protein was chosen to evaluate the ability of the vaccine
to recall memory-immune responses. All patients re-
ceived at least one vaccination. Nine patients completed
four vaccinations and were considered evaluable for
clinical activity (Table 1). Seven patients discontinued

the study due to early progressive disease (patients 05,
06, 08, 10, 11, 13, and 15). The treatment was generally
well-tolerated. Twelve patients experienced at least one
adverse event (AE); most events were mild or moderate
and no grade 3 or 4 events related to treatment were
reported. No AE led to the discontinuation of patient
from the study. Two serious adverse events were re-
ported: one patient (02) was hospitalized for fever due to
cholecystic lithiasis, and one patient (06) died during the
study due to disease progression. Neither of these seri-
ous AE were related to treatment. The most frequent
events reported were pain (40% of reported events),
local injection site reaction (33%), anorexia (20%) and
asthenia (20%). There were no manifestations of au-
toimmunity.

Clinical activity in treated patients

No patient achieved a complete or partial response by
the time of the last study visit (day 113). Among the nine
evaluable patients (i.e., who received the four doses of
vaccine), six patients had still progressive disease during
follow-up, one patient (04) had no evidence of disease
following surgery after the fourth vaccination, one pa-
tient had disease stabilization (07), and one patient (02)
showed a complete regression of his melanoma two
months after the fourth vaccination (Fig. 2a). In patient
02, the in-transit metastases had flattened up and the
biopsy revealed no viable melanoma cells. Histological
studies of lesion biopsies showed the presence of mela-
nophages (Fig. 2b). In addition, this patient presented
an eczema at the inclusion which became a severe skin
inflammatory reaction colocalized to the cutaneous
metastases site at this time (Fig. 2a). He received three
additional vaccinations at months 8, 10, and 12. After
the 6th vaccination, an exacerbation of the skin
inflammatory reaction was observed (Fig. 2a) and new
biopsies were performed. A T-cell infiltrate was noted
(Fig. 2c). The patient remained in complete response
until the last available follow-up visit at month 24. Upon
completion of the fourth vaccination, patient 07 was
documented with stable disease and therefore received
three additional vaccinations. He remained stable for
10 months but finally presented new metastasis at an-
other site (vertebral) and received radiotherapy and
chemotherapy.

Immune responses

Immune responses to the vaccine were monitored in all
15 but one patient (06) who went out of study after the
first vaccination. All patients were immunized with ly-
sate-loaded DC and HBs- and/or TT-loaded DC. For
HBs and TT antigens, 11 patients were vaccinated with
both TT and HBs; four patients received either TT
(patients 01 and 02) or HBs-loaded DC (patients 05 and
06), according to protocol specifications.

Fig. 1 Expression of HLA-DR and CD80 by DC prepared from
melanoma patients. Expression of HLA-DR and CD80 molecules
in DC cell suspensions are shown for each patient preparation. The
percentage of positive cells is given after gating on large (FSC/SSC)
alive cells. Coefficient of variations between DC preparations were
20 and 18% for HLA-DR and CD80 molecules, respectively
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At baseline, reactivity to TT protein was detected in
10 out of the 13 patients vaccinated with TT-loaded DC
(Fig. 3a). TT reactivity was increased (i.e., ‡2-fold over
baseline) at different time points after vaccination in
four patients (02, 03, 12, 13). Three other patients (01,
09, and 15) had an increased post-treatment at only one
occasion. HBs reactivity was evaluated in the 12 patients
vaccinated with HBs-loaded DC. HBs-specific prolifer-

ation was absent in most patients at baseline (Fig. 3b)
and was clearly increased after vaccination in two pa-
tients (07 and 15). Two other patients (09 and 12)
showed an increase only at one occasion posttreatment.
In general, we observed that the proliferative response to
HBs protein was often of much lower amplitude than
the TT-specific responses. Immune responses are sum-
marized in the Table 2.

Fig. 2 Clinical evolution of patient 02 with a complete response after treatment with lysate-loaded DC. a Pictures of patient 02 were taken
before treatment (day 0) with lysate-loaded DC and at different time points posttreatment (months 7, 11, and 24). The patient received two
cycles of vaccinations (days 0, 22, 57, 85, and months 8, 10, and 12). The site of eczema presented by this patient at the inclusion is
indicated with an arrow. The correspondent site is indicated in the picture taken after vaccination (month 7), showing the modification of
the skin reaction. Complete response was diagnosed at this point by biopsy and histopathological analysis. The picture taken at month 11
shows the exacerbation of the eczema reaction following the sixth immunization. The last picture was taken 12 months after beginning of
the treatment with lysate-loaded DC. b Histological examination (original magnification ·100) of the biopsy of a cutaneous metastasis in
this patient 02 two months after the fourth vaccination showed the presence of melanophages (arrows) which were interpreted as signs of
tumor regression. c The cutaneous biopsy performed after the sixth vaccination demonstrated a lymphocytic infiltrate and spongiosis
(original magnification ·40, arrowheads) confirming the delayed immune response (eczema)
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Fig. 3 Immune responses to HBs- and TT-proteins in vaccinated patients. a, b PBMC were tested in proliferation assay for reactivity
against (a) TT- or (b) HBs-proteins at baseline and after 1, 2, 3, or 4 vaccinations. Results are expressed as stimulation index (SI = cpm
with antigen/cpm without antigen). Results from patients with pre-existing reactivity (open symbols) and those without reactivity at
baseline (filled symbols) are shown. Patients with increased reactivity during treatment are presented on the left side of graphs (a) and (b).
c, d Fresh PBMC were cultured with autologous DC and TT (c) or HBs (d) proteins and IFN-c production was measured by ELISpot.
Results are expressed as IFN-c spot forming cell (SFC) among 4·105 PBMC. Patient 07 could not be evaluated by ELISpot because of a
high reactivity against autologous DC at baseline

Table 2 Summary of Immune
Responses measured in patients
treated with lysate-loaded DC

aReactivity increased in prolif-
eration assay or IFN-c ELIspot
ND not determined, NA not a-
pplicable (HLA-A2� patients)

Patient
ID

Increased response
to HBs/TTa

Increased response
to lysate-DC

HLA-A2 Increased response
to HLA-A2 binding peptides

01 + + A2� NA
02 + � A2� NA
03 + � A2� NA
04 + � A2� NA
05 � + A2+ �
06 ND ND A2+ ND
07 + ND A2+ ND
08 � + A2+ �
09 + ND A2� NA
10 + � A2� NA
11 � � A2� NA
12 + � A2+ �
13 + � A2� NA
14 + + A2+ +
15 + � A2+ +
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IFN-c ELISpot assay showed that TT reactivity de-
tected by proliferation assay was in general associated
with a type 1 immune response (Fig. 3c). Three patients
(04, 10, and 14) have increased IFN-c responses to TT
after vaccination that were not detected by proliferation
assay. HBs-specific proliferative and IFN-c responses
were usually not correlated (Fig. 3d). Of note, IFN-c re-
sponse to HBs protein was clearly induced after vaccina-
tion in patients 03 and 04 who showed no or very weak
proliferative responses. We also measured anti-HBs Ab
titers in vaccinated patients. Four patients (04, 07, 09, and
12) were negative at baseline but positive after the second
or third vaccination (data not shown). This observation
strengthens the reactivity toHBsdetected in these patients
by proliferation or ELISpot assays. The other patients did
not have anti-HBsAb except twopatients (10 and 14)who
were already positive at baseline.

T cell responses against lysate or peptide-loaded DC
were monitored ex vivo by IFN-c ELISpot to determine
the frequencies of circulating specific T cells induced (in
particular, lysate-specific ones) and to better reflect the
functional status of the T cell populations in vivo. Patient
07 could not be evaluated because of spontaneous IFN-c
production when DC were added to PBMC at baseline.
As shown in Fig. 4, reactivity to lysate-loaded DC was
enhanced in four patients (01, 05, 08, and 14). The fre-
quency of IFN-c-producing cells was relatively low in
general except in patient 08 (about 2·10�4 IFN-c+ cells
among PBMC). Reactivity to the lysate was also detected
at baseline and posttreatment in patient 09 but we could
not compare the intensity of the responses because less
DC were available for posttreatment samples. Seven
patients (05, 06, 07, 08, 12, 14, and 15) were HLA-A2.We
investigated whether T cell responses specific for defined
MHC class I TAA-derived epitopes could be detected
after vaccination. In four out of five HLA-A2+ patients
evaluated, we detected the presence of Melan-A/MART-
1-, gp100-, Na17A/GnTV- or MAGE-3-specific CD8+ T
cells by IFN-c ELISpot (Fig. 5). These antigens are ex-
pressed by M17 cell line used to prepare the vaccine. In
patients 05, 08, and 15, we have detected IFN-c-pro-
ducing cells at baseline to peptides derived from

MAGE3, MelanA/MART-1 and Na17A/GnTV anti-
gens. Appearance or enhancement of IFN-c reactivity to
peptides after vaccination was observed in patients 14
and 15. We did not find any correlation with the tumor
antigens expressed by the tumor biopsies collected before
DC treatment (data not shown). A high frequency of
Melan-A/MART-1-specific CD8+ T cells was detected
for the patient 08. This response was not modified by the
treatment despite induction of a specific response to the
lysate (Figs. 4, 5). In fact, three patients (patients 05, 08,
and 14) responded to both tumor lysate and TAA-de-
rived peptides; however, responses against peptides or
tumor lysate were not always detected at the same time
points. In total, 4 out of 12 patients showed increased
reactivity to the lysate after vaccination and 2 out of 5
HLA-A2+ patients showed enhanced reactivity against
TAA-derived HLA-A2-restricted peptides (Table 2).

Discussion

In the present study, 15 patients were treated with 9
patients receiving four doses of vaccine. Of these, two
patients received three additional vaccinations after
having shown signs of clinical response or disease sta-
bilization. Our results indicate that the vaccine was well-
tolerated. We were able to document immune responses
against tumor associated- and control-antigens after
vaccination in some patients, providing encouraging
results for further development of this vaccine.

The use of tumor cell lysate allows for vaccination of
melanoma patients regardless of their HLA haplotype.
Access to autologous tumors and yield of autologous
cell-lysate are usually limiting factors to produce enough
vaccines in a reproducible and quality-controlled man-
ner. Therefore, we investigated the use of allogeneic
tumor cell lysate derived from an established melanoma
cell line. In particular, the cell line expresses Mage-3,
gp100, Melan-A/MART-1 and Na17A/GnTV antigens
against which we detected immune responses in some
patients. We used a process shown to generate large
numbers of monocyte-derived DC in serum-free condi-

Fig. 4 Immune responses to
lysate-loaded DC detected by
IFN-c ELISpot. Fresh PBMC
were cultured overnight with
autologous unloaded DC or
DC loaded with M17 lysate.
Results are expressed as IFN-c
spot forming cells after
subtraction of the background
among 4·105 PBMC collected
before (white bars) and during
treatment (gray bars)
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tions suitable for cellular therapy in humans [18]. The
vaccine was produced successfully for all patients in-
cluded in the study.

Dendritic cells were administered by multiple routes
as we believe there is no consensus on the best route of
immunization for patients with tumors at different
locations in the body. Immune responses were moni-
tored by proliferation assay and IFN-c ELISpot. Im-
mune responses against vaccine-control antigens were
enhanced in 11 patients which increased at more than
one time point posttreatment in six patients (02, 03, 07,
12, 13, and 15). Previous studies using non-matured DC
reported similar results [21–23]. The use of non-matured
DC instead of matured DC can be limiting to induce
persistent proliferative responses [23]. We cannot ex-
clude that loading of TT and HBs on the same DC fa-
vors T cell competition for recognition of APC and
limits priming or boosting effect of the vaccine. We show
that some of these responses were associated with the
presence of IFN-c-producing cells indicating that the
vaccine is able to stimulate type 1 immune responses.
Immune responses against the allogeneic tumor-cell ly-
sate loaded on DC were enhanced after treatment in
four patients. Other studies using allogeneic or autolo-
gous tumor-based vaccines have reported induction of
T-cell responses [15, 17, 22, 24–32]. The use of autolo-
gous DC allows for presentation of allogeneic material
by the DC-self MHC molecules limiting direct recogni-
tion of allogeneic determinants by T cells in vivo. In
addition, targeting tumor material into ex vivo gener-
ated-DC should circumvent dysfunctions of the APC
observed in tumor-bearing patients [33]. In 2/5
HLA-A2+ patients, we show enhanced reactivity to
TAA-derived peptides presented by self MHC. These
results support the idea that tumor lysate-loaded DC
can cross-present TAA epitopes [17, 28, 32, 34]. On the
other hand, it is very difficult to strictly demonstrate that
these peptide responses are directly related to lysate
presentation by DC in vivo rather than to epitope
spreading. The observation that reactivity to the lysate
but not to the TAA-derived peptides was enhanced in

patients 05 and 08 after treatment suggest that other
non-identified epitopes present in the lysate may be in-
volved. In particular, recognition of allogeneic determi-
nants with a potential bias in the HLA haplotype of the
responding patients [35] should be further investigated.

Although the study was not designed to demonstrate
clinical efficacy of the vaccine, we could follow one pa-
tient (patient 02) who experienced a complete response,
with a severe eczema in the vicinity of the metastasis
sites. The inflammatory skin reaction observed in this
patient may have favored tumor regression and whether
recognition of vaccine-antigens is involved is not clear.
Tumor-lysate specific response could not be evidenced in
this patient. Another patient (patient 07) with stabil-
ization of lung metastasis could not be evaluated for
lysate or peptide reactivity. In parallel, the five patients
with lysate or peptides responses progressed rapidly
before receiving the four vaccinations. Thus, we could
not observe any relation between clinical activity and
systemic immune responses in the treated patients.

Our results indicate that administration of allogeneic
tumor lysate-loaded, non-matured DC is a feasible ap-
proach to induce tumor responses. Should we use ma-
tured-DC for further optimization of the vaccine?
Indeed, DC treated with maturation agents have been
shown to better sensitize T cells [19, 23, 36]. However,
recent discussions in the literature raised the question
whether DC should be matured ex vivo or injected non-
matured [37, 38]. Sallusto and colleagues pointed out
that fully matured DC impact on T cell polarization [39]
and Albert et al. [40] showed that matured DC can also
induce tolerance in vivo. In parallel, some clinical studies
have shown induction of immune responses after injec-
tion of non-matured DC [41–43] and the study by Bar-
rat-Boyes et al. [44] indicates that non-matured DC can
undergo spontaneous maturation in vivo. Prince et al.
[45] have recently shown that GM-CSF/IL-13 generated
DC can migrate in vivo when injected as non-matured
DC. Finally, we are currently comparing 6 h matured
DC with non-matured DC in another phase I/II clinical
trial. Initial results suggest that there is no difference in

Fig. 5 Immune responses to
TAA derived peptides detected
by IFN-c ELISpot in HLA-
A2+ patients. Fresh PBMC
were cultured overnight with
autologous DC and TAA-
derived peptides (10 lg/ml).
Results are expressed as IFN-c
spot forming cells among 4·105
PBMC collected before (white
bars) and during treatment
(gray bars)
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systemic immune responses rates. We believe other ways
of maturing DC, like in situ maturation, should be ex-
plored to improve therapeutic effects of current vaccines.
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