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Abstract Dendritic cells (DCs) are promising antigen
presenting cells for cancer treatment. Previously, we
showed that the combination of monophosphoryl lipid A
(MPLA) with IFNy generates mature DCs that produce
IL-12 and polarize CD4" T cells towards a Thl phenotype.
Here, we extended these observations by showing that the
DCs generated with the clinical grade maturation cocktail
of MPLA/IFNy induce superior tumour antigen-specific
CD8* CTL responses compared to the cytokine cocktail
matured DCs that are currently used in the clinic. MPLA/
IFNy DCs can induce CTL responses in healthy individuals
as well as in melanoma patients. The CTL induction was
mainly dependent on the IL-12 produced by the MPLA/
IFNy DCs. The high amounts of induced CTLs are func-
tional as they produce IFNy and lyse target cells and this
cytolytic activity is antigen specific and HLA restricted.
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Furthermore, the CTLs proved to kill tumour cells express-
ing endogenous tumour antigen in vitro. Therefore, MPLA/
IFNy DCs are very promising for the use in future cancer
immunotherapy.
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Introduction

As professional antigen presenting cells, dendritic cells
(DCs) play a major role in the generation of an effective
immune response. Because of their central role in the
induction of immunity, ex vivo generated monocyte-
derived DCs have been applied as a cellular vaccine for the
treatment of cancer [1-3]. Most patients with cancer do not
or hardly mount an immune response to tumours cells. The
aim of vaccinating the patient with tumour-specific DCs is
to generate an anti-tumour-specific T cell response that will
help to fight the cancer by tipping the immune balance in
favour of effective anti-tumour immunity. In order to
induce a good cytotoxic T response against the cancer, the
functional characteristics of the monocyte-derived DC type
used is of great importance.

The injected DCs should be capable to migrate to the
lymphoid organs in order to activate the residing naive T
cells via TCR-peptide MHC interaction. Furthermore, the
DCs should give proper co-stimulation to the T cells via the
expression of costimulatory molecules and secreting
inflammatory cytokines [4—6]. Of these, IL-12 is a hallmark
cytokine that has a positive effect on the induction of cyto-
toxic CD8 responses [7—11], but moreover also induces
Th1 polarization of the CD4 T cells [12]. These polarized
CD4 T cells again are important helper cells for the induction
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of specific CTLs, which are the key effector cells in the
acquired immune response against tumours.

The method used to generate the monocyte-derived DCs
ex vivo will be crucial for their capacity to induce an anti-
tumour response. Until recently the DCs used in the clinical
trials were generated with a cytokine cocktail described by
Jonuleit and co-workers [13]. These cytokine cocktail
matured DCs (CC-DCs) migrate well due to their exposure
to PGE,, but seem to be less optimal programmed to induce
CTL responses, as they do not produce IL-12 and therefore
tend to generate Th2 responses [14, 15]. Therefore, lately
several studies have investigated ways to generate DCs that
induce superior anti-tumour CTL responses using maturation
cocktails which will be clinically applicable [5, 16-20].
From these studies it is apparent that the inclusion of a TLR
ligand to the DC maturation cocktail is essential for the
induction of IL-12 production.

One of the promising TLR ligands is monophosphoryl
lipid A (MPLA), also called detoxified LPS. MPLA has
been shown to exhibit potent adjuvant activity, while
exhibiting essentially no toxicity. It has been safely used as
an adjuvant in various vaccine trials in humans (as
reviewed in [21]). MPLA is therefore nearing regulatory
approval and likely to be the first vaccine adjuvant to be
approved since alum. We have previously shown that the
combination of MPLA with IFNy generates DCs which are
mature, still have an intermediate migratory capacity, pro-
duce IL-12 and polarize CD4 T cells towards a Th1 pheno-
type [22]. These characteristics make the combination of
MPLA with IFNy very promising as a clinical applicable
maturation cocktail for monocyte-derived DCs for cancer
immunotherapy. In this paper, we show that the MPLA/
IFNy-matured DCs indeed, as was expected from the previ-
ously generated data, induce superior CTL responses com-
pared to the currently used CC-DCs.

Materials and methods
Reagents, media and cell lines

Cellgro DC serum-free medium and IL-4, GM-CSF, IL-1,
TNFo were all obtained from CellGenix (Freiburg,
Germany). PGE, and MPLA were obtained from Sigma
(Steinheim, Germany). IFNy (Immunkine) was obtained
from Boehringer Ingelheim (Alkmaar, The Netherlands).
IL-7 was obtained from R&Dsystems (Minneapolis, USA).
Yssel’s medium was made by adding 1% human serum,
penicillin (100 U/ml), streptomycin (100 mg/ml), linolic
acid (2 pg/ml), oleic acid (2 pg/ml), ethanolamine (2 pg/
ml), insuline (5 pg/ml) and transferrine (30 pg/ml) to
Iscoves modified Dulbecco’s medium (IMDM, Bio
Whittaker, Verviers, Belgium). All monoclonal antibodies
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(mAb) used for flow cytometry were obtained from
Becton—Dickinson (BD, San Jose, USA). HLA-A2/MART-1
(ELAGIGILTYV) tetramer was made as previously described
[23]. HLA-A2 gp100-209 (IMDQVPFSV) and HLA-A2
gp100-280 (YLEPGPVTYV) tetramers were kindly provided
by Dr. John Haanen (Netherlands Cancer Institute, Amster-
dam, The Netherlands). Flowcytometric analysis of tetramer
binding was performed as previously described [24]. The
cell lines Mel-AKR and Mel-JKO were described previ-
ously [25]. JY, T2, Mel-AKR, Mel-JKO and J558 cells
were cultured in IMDM with 10% FCS.

DC generation and phenotyping

Peripheral blood mononuclear cells (PBMCs) were isolated
from fresh buffy coats or aphaereses [Sanquin Blood Bank
North West (Amsterdam, The Netherlands)], obtained from
healthy HLA-A2 positive volunteers upon informed con-
sent, by separation over a Ficoll gradient. Monocytes were
isolated from the PBMC fraction by positive selection
using CD14 microbeads and a magnetic cell separator
(MACS, Miltenyi Biotec, Bergisch Gladbach, Germany).
Monocytes were cultured at a concentration of 1 x 10°
cells/ml in 20 ml Cellgro medium supplemented with
GM-CSF (1,000 IU/ml) and IL-4 (800 IU/ml) in a 80 cm?
cell culture flask (Nunc, Roskilde Denmark). At day 6, the
immature DCs were matured with the cytokine cocktail
[IL-15 (10 ng/ml), TNF« (10 ng/ml) and PGE, (1 pg/ml)]
or with the combination of MPLA (2.5 pg/ml) and IFN-y
(1,000 U/ml). After 2 days of maturation the cells were
harvested. The adherent DCs were harvested after a few
minutes’ incubation with a 0.25% solution of trisodiumcitrate
and washed.

For phenotyping, the DCs were washed with PBS con-
taining 0.5% bovine serum albumin (PBA) and incubated
with 50 pl mAb or appropriate isotype controls diluted in
PBA with 3 mg/ml human gamma globulin for 30 min.
Cells were washed twice and resuspended in PBA. DAPI
was added to the cells before analysis to assess cell viability
and exclude dead cells from analysis. Cells were analysed
on an LSRII flow cytometer (BD) and analysed with FACS
Diva software (BD).

Cytokine analysis

DCs were harvested, washed and cultured in 96-well flat
bottom plates at a concentration of 1 x 10* per well in cul-
ture medium. To mimic the interaction with CD40L-
expressing CD4" cells, CD40L-transfected J558 cells (a
kind gift from Dr. P. Lane, University of Birmingham, UK)
were added at a concentration of 5 x 10* per well. After
24 h the supernatant was harvested. The production of IL-
12p70, 1L-23, IL-6 and IL-10 during maturation and upon
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CDA40L restimulation was determined by ELISA. For the
detection of IL-10 and IL-6, the PeliKine-compact ELISA
kit was used (Sanquin Reagents). For the detection of
IL-12p70, a combination of B-T21 mAb (Diaclone,
Besangon, France) and C8.6 (BD) was used in an ELISA.
For the detection of IL-23, a combination of a monoclonal
IL-23p19 (eBioscience, San Diego, CA, USA) and C8.6
(BD) was used.

Real-time PCR

Cytokine cocktail matured DCs and MPLA/IFNy DCs were
harvested, washed and lysed in peqGOLD Trifast (PeQlab,
Erlangen, Germany) 6h after maturation. GlycoBlue
(Ambion, Austin, TX) was added as a carrier and total
RNA was extracted according to the manufacturer’s
instructions. The isolated RNA was quantified and reverse
transcribed to complementary DNA (cDNA) using random
hexamers [pd(N)6, Amersham Biosciences, Piscataway,
NIJ, USA] and SuperScript II, RNase H-reverse transcrip-
tase kit (Invitrogen, Breda, The Netherlands). Gene expres-
sion levels were measured in the Applied Biosystems
StepOnePlus Real-Time PCR System (Applied Biosystems,
Foster City, CA) using Fast universal mastermix (Applied
Biosystems). Primer/probe sets for the following genes
were used: GUS (forward, GAAAATATGTGGTTGGA
GAGCTCATT; reverse, CCGAGTGAAGATCCCCTTTT
TA; probe, FAM-CCAGCACTCTCGTCGGTGACTGTT
CA-TAMRA), CCL22 (forward, CCCTGGGTGAAGATG
ATTCT; reverse, AATGCAGAGAGTTGGCACAG; probe,
FAM-ATGACCGTGGCCTTGGCTCC-TAMRA), CXCL10
(forward, AAGTGGCATTCAAGGAGTACC,; reverse, TGA
TCTCAACACGTGGACAA; probe, FAM-CCGTACG
CTGTACCTGCATCAGC-TAMRA). All results were
normalized to the internal control GUS, and are expressed
relative to the other DC type.

Induction of MART-1 peptide-specific CTLs

CD8* T cells from the same HLA-A2" donor or HLA-A2-
matched melanoma patients were isolated from the PBMCs
by positive selection using CD8 microbeads (Miltenyi).
Pre-treatment blood samples were obtained after informed
consent from patients with advanced melanoma participat-
ing in experimental immunotherapy trials at the VU Uni-
versity Medical Center, approved by the local medical
ethical committee. DCs were loaded with 1 pg/ml MART-1
peptide (ELAGIGILTYV) for 2—4 h at room temperature in
Yssel’s medium in the presence of 3 pg/ml f2-microglobu-
lin (Sigma) and washed twice. Multiple cultures containing
1 x 10° peptide-loaded mature DCs, 1 x 10° autologous
CD8* T cells and 1 x 10° autologous irradiated (40 Gy)
CD4* T cells were set up in 1.5 ml Yssel’s medium in a

24-well plate (Nunc). 10 days later the cultures were
restimulated with 1 x 103 thawed DCs loaded with 10 ng/
ml MART-1 peptide in the presence of 5 ng/ml IL-7. 2 days
later, 10 U/ml IL-2 was added. From now on the cultures
were restimulated weekly with peptide-loaded (10 ng/ml)
irradiated JY cells (HLA-A2") in the presence of 5 ng/ml
IL-7. IL-2 (10 U/ml) was added 2 days after stimulation. In
case blocking antibodies (10 pg/ml) were used, those were
added together with the peptide-loaded DCs. The following
neutralizing antibodies were used; anti-IL-12p40 (C8.6),
anti-IL-12p35 (B-T21, Diaclone), anti-IL-23p19 (B-Z23,
Diaclone), anti-IL-6 (IL6.8 [26]).

CTL analysis

Before restimulation the CTLs were analysed for specificity
using APC-labelled HLA-A*0201 tetramers presenting the
MART-1-derived epitope (ELAGIGILTV). Tetramer stain-
ing was performed in PBA for 20 min at room temperature.
CD8* T cells were stained with a FITC-labelled antibody
(Sanquin). DAPI was added just before analysis to exclude
dead cells. In some cases the tetramer positive cells were
further analysed by staining them with a combination of
CD45RA and CD27, CD28 or CCR7. For intracellular
staining of granzyme B (GB11, Sanquin) or IFNy in the
CTLs we stained the CTLs first with TM and CD8 as
described above. Subsequently the CTLs were fixed with
4% paraformaldehyde and stained with the appropriate
antibody in saponin staining buffer consisting of 0.5% sapo-
nin and 1% BSA in PBS for 30 min at room temperature.

Cytotoxicity assay

To determine the cytotoxic activity of primed CD8" T cells,
MART-1 peptide-loaded (1 pg/ml) T2 cells, Her2 peptide
(KIF)-loaded T2 cells, and MART-1 expressing melanoma
cell lines Mel-AKR (HLA-A2") and Mel-JKO (HLA-A2")
were labelled with 100 pCi of >'Cr for 1 h at 37°C and then
used as targets. >'Cr-labelled targets (2 x 10%) were subse-
quently incubated with varying numbers of CD8* T cells
for 4 h at 37°C in IMDM with 10% FCS. The percentage-
specific lysis was calculated from the following equation:
[(experimental release x spontaneous release)/(maximum
release — spontaneous release)] x 100. Spontaneous and
maximum releases were determined in the presence of
medium or 2% sodium dodecyl sulphate, respectively.

Statistics
Wilcoxon matched pair ¢ test was used for comparing the
cytokine levels produced by the two types of DCs and com-

paring the mean fluorescence intensity (MFI) of the DC
markers. Unpaired ¢ test was used for comparing percentage
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Tm positive cells between two groups, while a one-way
ANOVA was used to compare the percentage Tm positive
cells between more groups.

Results
MPLA/IFNy DCs induce a superior CTL response

Previously we have shown that the clinical grade matura-
tion cocktail consisting of MPLA/IFNY induced DCs which
were phenotypically mature, produced high levels of IL-
12p70 and induced mainly Thl cells in vitro [22]. These
data suggest that MPLA/IFNy DCs could well be superior
inducers of CTL responses, and with it very good candidate
for immunotherapy of cancer.

In order to show that MPLA/IFNy DCs are superior in
inducing CTL responses, we generated cytokine cocktail
matured DCs (CC-DCs), based on the cytokine cocktail
described by Jonuleit and co-workers [13] and MPLA/IFNy
DCs. In line with previous experiments, both DC types
were phenotypically mature as shown by expression of
CDS83 and the co-stimulatory molecules CD40, CD80 and
CD86 (Fig. la). The CD80 and CD40 expression levels
were significantly higher for the MPLA/IFNy DCs com-
pared to the CC-DCs, which is in accordance with our pre-
vious publication [22]. The CDS83 expression level was
significantly lower for the MPLA/IFNy DCs compared to
the CC-DCs. The MPLA/IFNy DCs produced high levels of
the Thl polarizing cytokine IL-12p70 during culture as
well as upon restimulation by CD40L triggering, while no
production was detected for the CC-DCs (Fig. 1b). Besides
IL-12p70, the MPLA/IFNy DCs produced also significantly
higher levels of IL-23 and IL-6 during culture and upon
CDA40L restimulation compared to CC-DCs (Fig. 1b). The
CC-DCs produced higher levels of IL-10 during culture,
while upon CD40L restimulation the MPLA/IFNy DCs
produced more IL-10 (Fig. 1b). We analysed the expression
of effector-cell (CXCL10) and Treg-attracting chemokines
(CCL22) and found that the MPLA/IFNy DCs expressed
very low levels of CCL22 and very high levels of CXCL10
compared to CC-DCs (Fig. 1c) as is previously also found
for other Th1 polarizing DCs [27]. These data indicate that
the MPLA/IFNy DCs in vivo will preferentially activate
inflammatory T cells and will likely not induce unwanted
activation of Tregs during immunotherapy.

Two days after the start of the maturation the two types
of DCs were harvested, loaded with MART-1 peptide and
subsequently incubated with autologous CD8" T cells.
After 10 days, the CD8" T cells were restimulated with the
peptide-loaded DCs. 7 days after the second stimulation the
CTLs were analysed for the expansion of MART-1 peptide-
specific CTLs by the use of tetramer staining (Fig. 2a).
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Fig. 1 Phenotype, cytokine production, and chemokine expression of
the matured monocyte-derived DCs. a DCs were harvested 2 days
after maturation and stained for the different cell surface molecules
with fluorescently conjugated mAbs and appropriate isotype controls.
Histograms of the different markers are shown with the isotype
matched controls as open graphs and the indicated marker Abs filled
in grey. A representative experiment of eight experiments is shown.
The mean fluorescent intensity & SEM of all experiments in depicted
in the upper right corner of the graphs. b 1L-12p70, 1L-23, IL-6 and
IL-10 were determined in the culture supernatant 2 days after matura-
tion. Harvested DCs were incubated with J558-cells expressing
CD40L to determine the production of these cytokines upon CD40
restimulation. After 24 h the supernatant was harvested and cytokines
were detected. The amount of cytokines produced by the two types of
DCs from the same donor is connected by a line. A Wilcoxon matched
pair ¢ test was performed for statistical analysis; all cytokines produced
were significantly different (P < 0.05) between the two DC types.
¢ mRNA expression levels of CCL22 and CXCL10 were determined
by real-time PCR 6 h after maturation. The expression of CCL22 in
MPLA/IFNy DCs was set to one. The expression of CXCL10 in
CC-DCs was set to one. Relative mRNA expression (mean = SEM)
of four independent experiments is depicted

While the CC-DCs, which currently are used for many DC
trials, repeatedly induced only very low numbers of
MART-1 peptide-specific CTLs, MPLA/IFNy DCs induced
consistently high percentages of MART-1 peptide-specific
CTLs (Fig. 2b). From this we can conclude that MPLA/
IFNy DCs induce superior CTL responses compared to CC-
DCs.

Besides MART-1-specific CTL responses, we were also
able to induce CTLs against a HLA-A?2 restricted peptide of
gpl100, another melanoma-associated antigen, although in
lower number than found for the MART-1 peptide
(Fig. 2c). Furthermore, HLA-A2-matched MPLA/IFNy
DC:s of a healthy donor were able to expand melanoma pep-
tide-specific responses in CTLs of patients (Fig. 2d). After
one stimulation of the patients CTLs with the peptide-
loaded MPLA/IFNy DCs, we observed the expansion of
both MART-1 as well as gp100 peptide responses in patient
A. In patient B, especially the response to peptide
gp100-209 was observed, while the expansion of MART-1
peptide-specific CTLs was minor and no induction of CTLs
specific for peptide gp100-280 was observed. These data
show that MPLA/IFNy DCs can induce CTL responses to
multiple antigens in both healthy individuals and melanoma
patients.

CTLs induced by MPLA/IFNy DCs are GrB*,
CD45RA~, CCR7—, CD27*, CD28*, and secrete
IFNy upon antigen-specific stimulation

Characterization of the MART-1-specific CTLs induced by
the MPLA/IFNy DCs showed that these CTLs are mainly
CD45RA~CCR7-CD27*CD28", a subset by Romero
et al. [28] defined as effector memory 1 (EM,) (Fig. 3a). In
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contrast, the tetramer negative CD8" cells are, besides
CD45RA™CCR7-CD27*CD28" (EM,), mainly CD45RA*
CCR7*CD27*CD28" (naive) and few CD45RA-CCR7~
CD27- CD28~ (EM;) (Fig. 3a). EM, are described to be
closely related to central memory cells and to have no lytic
potential, e.g. because of low expression levels of granzyme
B [28].

Therefore, we studied the functionality of the antigen-
specific CTLs induced by MPLA/IFNy DCs, by first exam-
ining the IFNy response upon antigen stimulation. Contact
with MART-1 peptide-loaded JY cells specifically upregu-
lated IFNy production in the MART-1-specific CTLs, while
IFNy was not induced in the tetramer negative CTL population
or upon contact with JY cells loaded with a Her2-derived
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Fig. 2 DCs matured with MPLA/IFNy are inducing high numbers of
melanoma-antigen-specific CTLs. a 7 days after the second stimula-
tion of the CTLs with DCs (day 17), the CTLs were stained with the
MART-1 tetramer (TM) and CDS8-FITC. A representative graph
of CTLs stimulated with CC-DCs and MPLA/IFNy DCs is shown.
b A graph showing the % MART-1 tetramer cells from six separate
cultures from one donor. A representative experiment out of seven
experiments with independent donors is depicted. An unpaired ¢ test
was performed and the two DC conditions significantly differed
(P <0.0001). ¢ In one donor the CTLs were not only stimulated with
MART-1 peptide-loaded MPLA/IFNy DCs, but also with gp100-209

HLA-A2-specific peptide (Fig. 3b). We observed the same
specific induction of IFNy production for the peptide-
specific CTLs of the patients described in Fig. 2d (data
not shown). Thus, the MART-1-specific CTLs are antigen
specific and functionally active. Furthermore, we deter-
mined that the MART-1-specific CTLs contain a high level
of granzyme B (Fig. 3c), indicating that they also have a
cytolytic potential, in contrast to what has previously been
suggested for EM, cells.
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peptide-loaded DCs. Before culture and after the second stimulation
the CTLs were stained with CD8-FITC and MART-1 or gpl100 tetra-
mer, respectively. A graph showing the % tetramer positive CTLs
from the separate cultures after two stimulations are shown. Before
culture the donor was 0.11% MART-1 TM positive, gp100 TM posi-
tive cells were undetectable. d CTLs of melanoma patients were stim-
ulated once with HLA-A2-matched DCs from a healthy donor. The
MPLA/IFNy DCs were loaded with MART-1, gp100-209 or gp100-
280 peptide, respectively. Before and 1 week after stimulation the cells
were analysed with the respective tetramers, a graph is showing the %
TM positive cells at both time points

CTLs induced by MART-1-loaded MPLA/IFNy DCs
have a strong specific cytolytic activity towards
a melanoma-specific tumour cell line

In order to investigate the cytotoxic functionality and the
specificity of the MART-1-specific CTLs induced by the
MPLA/IFNy DCs in more detail, we studied the cytolytic
activity towards T2 cells (HLA-A2") which were either
loaded with the MART-1 peptide or a Her2-derived HLA-
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Fig. 3 CTLs, induced by
MPLA/IFNy DCs, are
CD45RA™, CCR7~, CD28*
CD27* and GrB* and secrete
IFNy upon antigen-specific stim-

A

MART-1
TM+

PRTTTE T

CD27

ulation. a The phenotype of the
CTLs were analysed 7 days after
the third stimulation by staining

CD28
CCR7

the CTLs for MART-1 TM and
analysing the expression of

T L e

CD45RA

TR T LI B o

CD27, CD28, CCR7 and

CD45RA on the MART-1 TM
positive and negative CTLs.

b The CTLs of the same cultures
were incubated with JY cells
loaded with either Her2 peptide

N
sl s sysusl g

or MART-1 peptide in an E:T
ratio of 2:1 for 5 h in the
presence of BFA (10 pg/ml).

CD28
CCR7

Subsequently, the intracellular
accumulation of IFNy was deter-

CD45RA

mined by FACS. CD8" cells are
depicted. ¢ CD8" cells were also
analysed for the presence of

+ Her2 peptide

v

+ MART-1 peptide

intracellular GrB in combination
with MART-1 TM staining.

A representative CTL culture
out of multiple cultures

sl vy o

IFNYy

8911

o[o

of two independent
experiments is shown

IFNy
L1 ol vl ool o

MART-1 TM

T T T T T T T T

T T T T T T T T

MART-1 T™M

GrB

L8 o vl vipud

59| 2

A2-specific peptide. We tested various MPLA/IFNy
DC-induced CTL cultures which all displayed a different
percentage of MART-1-specific CTLs as determined by
tetramer staining. All cultures were able to specifically lyse
the T2 cells loaded with MART-1 peptide, while the T2
cells loaded with the irrelevant Her2 peptide were not lysed
(Fig. 4a). The CC-DCs induced CTL cultures induced only
very low specific lysis at high E:T ratios, in line with the
low percentage of MART-1-specific CTLs that were
induced by the CC-DCs.

As the MART-1 peptide concentration after the external
loading of the T2 cells is very high, we were interested if
the MPLA/IFNy DC-induced CTL cultures would also
have a specific cytolytic activity towards a cell line endoge-
nously expressing MART-1, as it is likely to present lower
concentrations of MART-1 peptide on its HLA-A2 mole-

ILBLLLLL R 0

MART-1 TM

cules. In addition, this situation is a better reflection of the
true anti-tumour potential of the CTLs. We compared the
CTL-induced lysis of a MART-1 positive melanoma cell
line that is HLA-A2* (Mel-AKR) with one that is HLA-
A27 (Mel-JKO). Only the Mel-AKR was lysed substan-
tially, while the HLA-A2™ melanoma line remained intact
(Fig. 4b). These data show that the CTLs induced by
MPLA/IFNy DCs are effector cells with an effective anti-
gen-specific and HLA-restricted cytolytic activity.

The superior induction of CTLs by MPLA/IFNy DCs
is dependent on IL-12, but not on IL-6 and IL-23

MPLA/IFNy DCs produce higher amounts of IL-12, IL-23

as well as IL-6 compared to CC-DCs (Fig. 1b). For IL-12
and IL-6, a role in the induction of CD8* CTLs has been
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Fig. 4 MART-1-specific CTLs, induced by MPLA/IFNy DCs specifi- = 5 L
cally and effectively lyse target cells. a >'Cr-loaded T2 cells either 2 o $ : e®
loaded with Her2 or MART-1 peptide were incubated in different 0 T T T
ratio’s with CTLs in triplicate, 7 days after the third stimulation (day Q) () )
. ) . N 5 N
24). Percentage of lysis by representative cultures from one experiment X Q}Q ’.\}Q
out of five experiments is shown. Mean &+ SD of triplicates is depicted. 4’00 ,00 ,bi\
MPLA/IFNy DCs induced CTL culture A was 40% MART-1 TM pos- @\0 x x
itive and culture B was 20% MART-1 TM positive. CC-DC-induced x\‘

CTL culture was 4.4% MART-1 TM positive. b The CTLs of the same
cultures were also incubated with *'Cr-loaded MEL-AKR (MART-1+,
HLA-A2+) and MEL-JKO (MART-1+, HLA-A27) in different ratios.
Percentage lysis is depicted as mean £ SD

described [9-11, 29-31]. To elucidate the role of both cyto-
kines in the induction of CTLs by MPLA/IFNy DCs, we
added blocking antibodies specific for IL-12p40, and IL-6
at the initiation and restimulation stage of the co-culture of
DCs and CD8* T cells. In the presence of the blocking anti-
body directed against IL-6 no change in percentage of
induced MART-1-specific CTLs was observed (Fig. Sa).
Therefore, we can conclude that the IL-6 produced by the
MPLA/IFNy DCs does not play a dominant role in the
induction of CTLs. In contrast, the addition of the blocking
antibody directed against IL-12p40 induced a substantial
and significant lower percentage of MART-1-specific CTLs
(Fig. 5a). However, using this antibody we not only
blocked the effect of IL-12, which is a heterodimer com-
posed of a p35 and a p40 subunit, but also of IL-23, which
is a heterodimeric cytokine consisting of the p19 and the
p40 subunit. Therefore, to distinguish between an IL-12-
and IL-23-mediated effect, the experiment was repeated

@ Springer

Fig. 5 The superior induction of CTLs by MPLA/IFNy DCs com-
pared to CC-DCs is dependent on IL-12 and not on IL-6 or IL-23.
a Blocking antibodies specific for IL-12p40 and IL-6, and an irrelevant
antibody were added to MPLA/IFNy DC-CTL cocultures. 7 days after
the second stimulation of the CTLs with DCs (day 17), the CTLs were
stained with the MART-1 tetramer (TM) and CDS8-FITC. A graph
showing the % MART-1 TM cells for all separate cultures of one
experiment is shown. The condition treated with anti-IL-12 signifi-
cantly differed (one-way ANOVA, P < 0.05) from untreated or isotype
control treated conditions. A representative experiment out of four is
depicted. b Blocking antibodies specific for IL-12p35 and IL-23p19,
and an irrelevant antibody were added to MPLA/IFNy DC-CTL cocul-
tures. 7 days after the third stimulation of the CTLs, the CTLs were
stained with the MART-1 TM and CDS8-FITC. A graph showing the %
MART-1 TM cells for all separate cultures of one experiment is
shown. The condition treated with anti-IL-12p35 significantly differed
(one-way ANOVA, P < 0.01) from isotype control treated condition

with neutralizing antibodies specific for the p35 and p19
subunits (Fig. 5b). Specific neutralization of the p35 sub-
unit resulted in an evident significant lower percentage of
MART-1-specific CTLs compared to the conditions treated
with the irrelevant control antibody. In contrast, the neutral-
ization of the p19 subunit did not affect the percentage of
MART-1-specific CTLs induced by MPLA/IFNy DCs. This
indicates that the IL-12 produced by MPLA/IFNy DCs is
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the most important factor for the induction of the high per-
centage of specific tumour antigen-specific CD8* CTLs.

Discussion

Previously we have shown that MPLA/IFNy DCs have an
intermediate migratory capacity, produce IL-12 and induce
Th1 polarization. In this study, we extended these observa-
tions showing that DCs matured with clinical grade matura-
tion cocktail of MPLA/IFNy induce superior CD8* CTL
responses in vitro compared to CC-DCs. Furthermore, the
CTLs induced by MPLA/IFNy DCs have an antigen-
specific and HLA-restricted cytolytic activity towards a
tumour cell line endogenously expressing the antigen.
Phenotyping of the antigen-specific CTLs induced by
MPLA/IFNy DCs showed that these CTLs are granzyme
B*, CD45RA™~, CCR7~, CD27* and CD28". Classically,
CD27°CD28" effector memory cells (EM,) have a poor
Iytic capacity, produce high level of cytokines and are
closely related to central memory cells (CD45RA™CCR7*)
[28, 32], while CD27 CD28" effector memory (EM;) have
a strong cytolytic activity. The CD45RA™CCR7~
CD27°CD28* CTLs induced by MPLA/IFNy DCs in this
study, however, do express high levels of granzyme B and
furthermore we could demonstrate that these CTLs have an
antigen-specific cytolytic activity even against cells endog-
enously expressing tumour antigen, showing that the CTLs
induced by MPLA/IFNy DCs do not fit the non-lytic poten-
tial suggested for EM, [28]. In this respect, it is worth not-
ing that DeBenedette and co-workers [30] have also
described that their CTLs that were induced by CD40L-
overexpressing DCs showed a similar phenotype to the
ones we found and also exhibited a potent lytic potential.
Recent clinical trials using adoptively transferred mela-
noma-specific effector memory CD27*CD28*CD8* CTLs
show that subjects receiving these cells were more likely to
experience tumour regression than subjects receiving
CD28~CD8" cells [33], pointing to the importance of CD27
and CD28 expression on CTLs during tumour therapy.
DC:s are crucial for the induction of primary antigen-spe-
cific CTLs. Studies in mice have shown that naive T cells
need a third signal, next to TCR triggering and co-stimula-
tion to differentiate into functional effector cells. This third
signal can be provided by IL-12 [34]. Also in human stud-
ies it has been shown that IL-12 is an important cytokine
for the antigen-specific expansion of high avidity CD8*
CTLs [7-11]. Next to the important role of IL-12 in the
induction of CTLs, IL-12-producing DCs can also activate
NK effector cells [35], which may play an important role in
the killing of tumour cells which have a loss of MHC class I
antigens and are therefore not killed by tumour antigen-
specific CTLs. As MPLA/IFNy DCs produce significantly

more IL-12 than CC-DCs, we investigated if the IL-12
produced by MPLA/IFNy DCs is one of the major factors
making the difference between the percentages of antigen-
specific CTLs induced by the two types of DCs. By the use
of a neutralizing antibody for IL-12p40, and later on also
more specifically for IL-12p35, we showed that by block-
ade of IL-12 during the co-culture of DCs and CTLs the
percentage of antigen-specific CTLs induced was dramati-
cally lower. This indicates that IL-12 is indeed a very
important factor in the induction of CTLs by MPLA/IFNy
DCs. IL-23 is also produced significantly more by MPLA/
IFNy DCs than by CC-DCs. By the use of a blocking anti-
body directed against IL-23p19, we showed that neutraliza-
tion of IL-23 did not influence the percentage of specific
CTLs. DeBenedette and co-workers [30] also found that IL-
23, in contrast to IL-12, was not important for the induction
of the CTLs. However, in mice models a potent effect for
IL-23 in induction of long-lasting immunity has been
described [36—-38]. Furthermore, IL-6 has been described to
improve the CTL induction by DCs [11] by reducing the
TCR signalling threshold required to stimulate CD8" T
cells [31]. However, blockade of the IL-6 in our DC-CTL
co-cultures did not reduce the amount of induction of tetra-
mer positive CTLs.

The MPLA/IFNy maturation cocktail has a high poten-
tial to be used for the maturation of DCs for cancer vaccina-
tion trials. Besides our promising in vitro results, MPLA is
very well characterized, not toxic and used as an adjuvant
in vaccines and therefore safe to be used as a maturation
component for DC vaccination trials [21]. Furthermore, our
DC culture with the MPLA/IFNy maturation cocktail is
already optimized for clinical use, e.g. we used GMP grade
culture medium without use of serum.

Altogether, MPLA/IFNy DCs induce high percentages
of specific CTLs, in healthy individuals as well as in mela-
noma patients, with cytolytic activity to native antigens.
This finding together with our previous results showing the
Th1 polarizing capacity and intermediate migratory capac-
ity of MPLA/IFNy DCs [22] make MPLA/IFNy DCs func-
tionally superior to DCs matured with the cytokine cocktail
described by Jonuleit and co-workers [13] in in vitro exper-
imental setups. Therefore, MPLA/IFNy DCs are very
promising for the use in cancer immunotherapy.
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