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Persistent IL-10 production is required for glioma growth
suppressive activity by Thl-directed effector cells after
stimulation with tumor lysate-loaded dendritic cells
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Abstract Injection of dendritic cells (DC) pulsed with
tumor antigens is a novel treatment strategy against
malignancies, and aims to elicit anti-tumoral cell-mediated
immune responses. We studied the in vitro proliferative
responses and cytokine production in T cell cultures after 2
stimulations with autologous DC loaded with tumor lysates
derived from glioblastoma multiforme (GBM) cells in the
presence of recombinant interleukin (rIL)-6/rIL-12 in the
first, and rIL-2/rIL-7 in the second stimulation. After the
second stimulation, T cells were co-cultured with glio-
blastoma (GBM) cells and tumor growth suppression by T
cells was assessed using a MTT assay. Although loaded
DC induced a significant shift towards T helper cell type 1
(Th1) cytokine production as compared to unloaded DC,
persistent interleukin (IL)-10 production by T cells both at
the end of 2 stimulations with loaded DC and during the
effector phase was also required for their tumor suppressive
activity. A stronger glioma growth suppressive activity by
T cells stimulated with tumor lysate-loaded DC than by
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control T cells, cultured with unloaded DC, was seen only
if the relative IL-10 production after two stimulations with
loaded DC was at least 40% of the IL-10 production after
two stimulations with unloaded DC. If less than 40% IL-10
was produced in the experimental condition compared to
the control condition, T cells also lost their tumor growth
suppressive activity. Addition of rIL-10 during stimulation
increased the suppressive activity on tumor cell viability
and interferon (IFN)-y production by T cells that showed
Th1 response upon stimulation with loaded DC. The data
point towards the production of both IFN-y and IL-10 by
responding effector T cells, and towards an immune
modulatory rather than immune suppressive role of IL-10
to generate anti-tumoral effector T cells against GBM.

Keywords Dendritic cell - Glioblastoma -
Immunotherapy - Interleukin-10 - Thl response

Introduction

Anaplastic astrocytoma and glioblastoma multiforme
(GBM) are the malignant end of a spectrum of glial tumors
according to malignancy. The yearly incidence of high-
grade glioma’s is about 2.4 per 100,000 adults [1] and 2 per
million children [2]. Although treatment with surgery,
conventional external beam radiotherapy, and chemother-
apy [3] can lead to a significant period of tumor control,
overall prognosis is still poor. Also in the pediatric group of
patients, the prognosis is poor [2]. Even after maximal
treatment with surgery, radiotherapy and chemotherapy,
relapse is universal and is believed to be due to the
extensive spread of tumor cells into surrounding regions of
the brain [4]. There is a clear need for well-tolerated long-
term treatments that are tumor-specific and able to kill all
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(residual) tumor cells that infiltrate in the adjacent areas of
the brain. The immune system provides us with some
promising tools in that regard. Several preclinical investi-
gations for the development of therapeutic vaccines against
malignant gliomas were based on the use of dendritic cells
(DC) loaded with a mixture of glioma-derived tumor
antigens. The concept has been worked-out, in rat [5, 6] as
well as mouse [7, 8] models. Several research groups have
provided data on safety and efficacy in clinical trials using
autologous DC loaded with tumor lysates [9-12].

Although promising experiences with DC vaccination for
patients with high grade glioma have been observed, the
detailed immunological mechanisms after DC vaccination
are not completely understood. We demonstrated earlier that
human DC could efficiently take up tumor protein fragments
derived from GBM tumor cell lysates [13]. Mature DC
presented tumor antigens in the context of both major his-
tocompatibility complex (MHC) class I and MHC class 11
molecules, and were able to stimulate T cells to generate
effective tumor-specific MHC class I-dependent cytotoxic
activity. In these experiments, the cytotoxic activity was
measured in a 4-h cytotoxicity assay. This assay, however,
does not allow to study the overall interaction between
stimulated effector T cells and expanding tumor cells. We
hypothesised that not only the cytotoxic activity but also the
cytokine microenvironment might ultimately determine the
final outcome of tumor cell viability. We therefore studied
now the proliferative response and cytokine production of
human T cells stimulated with loaded DC, and the GBM
tumor cell viability and expansion after a prolonged co-
culture with stimulated effector T cells.

Material and methods
GBM tumor cell cultures

Early passage cultures from patients with malignant gli-
oma and GBM tumor cell lines (A172, U251, T98G, all
kindly provided by JEA Wolff, Regensburg, Germany)
were cultured in RPMI1640 (BioWhittaker, Verviers,
Belgium) supplemented with 10% fetal calf serum (FCS,
Hyclone, Logan, Utah), non essential amino-acids (diluted
1:100), glutamine (2 mM), pyruvate (1 mM/ml), penicil-
line (200 U/ml) and streptomycine (200 ug/ml) (all four
from Cambrex, East Rutherford, New Jersey), f-merca-
pto-ethanol (7 x 10*%) and amphotericine B (1.25 ug/
ml) (both from Sigma-Aldrich, St. Louis Missouri, USA)
in 160 ml culture flasks (NUNC brand products, Roskilde,
Denmark). Early passage cultures were characterised by
Glial Fibrillary Acid Protein and vimentine monolayer
staining.
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Generation of monocyte-derived dendritic cells

Informed consent was obtained from the donors before par-
ticipating in the study. Peripheral blood mononuclear cells
(PBMC) were isolated from blood using Lymphoprep™
(Nycomed Pharma, Oslo, Norway). Subsequently, the
monocyte fraction was enriched using plastic adherence as
described [14]. The monocytes were cultured in 6-well plates
(Greiner Bio-One, Sarah SE, Longwood, USA) at a concen-
tration of 107 cells per ml in short-term culture medium (RPMI
1640, supplemented with glutamine, penicilline, streptomy-
cine, and 1% autologous plasma), and differentiated into
immature DC in the presence of human rIL-4 (20 ng/ml,
PeproTech, Rocky Hill, New York) and rtGM-CSF (1,000 U/
ml, Novartis Pharma, Brussels, Belgium) for 7 days. Half of
the culture medium was refreshed at day 3.

After 7 days, the immature DC were collected. Matu-
ration was induced with a cytokine mixture consisting of
recombinant Tumor Necrosis Factor ('TNF)-a (120 ng/ml,
Strathmann Biotec, Hamburg, Germany), rIL-15 (120 ng/
ml, Strathmann Biotec) and Prostaglandin (PG) E, (20 ug/
ml, Pharmacia, Puurs, Belgium) [15].

The phenotypes of immature and mature loaded and
unloaded DC were controlled by Fluorescence Activated
Cell Sorter (FACS) (FACSort and Cellquest software, BD,
Mountain View, CA) using Fluorescein Isothiocyanate
(FITC)- (CDla, CD86) or Phycoerythrin (PE)- (CD80,
CDS83, HLA-DR) labelled monoclonal antibodies (mAb)
(BD Biosciences Pharmingen, San Jose, USA).

DC loading with tumor cell lysate

Tumor cells were harvested and 6 snap freeze-thaw cycles and
filtration through the 70 um Cell-Strainer were performed.
Tumor cell death was verified by Trypan-Blue Exclusion. Part
of the immature DC were loaded overnight with lysates from
GBM tumor cells (about 100 ug tumor proteins per 10° DC).
DC maturation was induced by addition of the maturation
cytokine mixture at the moment of loading.

In vitro priming of autologous T cells

Highly purified T cells were isolated as described [16].
Briefly, peripheral blood mononuclear cells were isolated
by centrifugation of blood on Lymphoprep™, and resus-
pended in short-term culture medium and inactivated
autologous plasma at 10%. T cells were further purified
using a complement-mediated depletion of all non-T cells
with lympho-KWIK-T (One Lambda Inc, Los Angeles,
CA). The percentage of contaminating NK cells at baseline
and after two stimulations was less than 3%. T cells were
stimulated with autologous mature loaded DC at a ratio of
10:1. As control conditions, T cells were co-cultured with
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autologous unloaded DC in the presence of cytokines, or
were cultured in the presence of cytokines without addition
of DC. In some experiments lysate only was added to T
cells as control. During the first stimulation of 7 days, rIL-6
(10 ng/ml, Peprotech INC, Rocky Hill, NJ) and rIL-12
(10 ng/ml, Genetics Institute, INC, Cambridge, Massa-
chusetts) were added as described [17-19]. Cells were
harvested and cultured again for 7 days with newly dif-
ferentiated and loaded DC in the presence of rIL-2 (10 U/
ml, Roche Diagnostics Gmbh, Mannheim, Germany) and
rIL-7 (5 ng/ml, Peprotech INC). In some experiments
(Fig. 3), rIL-10 (PeproTech EC Ltd, London, England) was
added at a concentration of 5 ng/ml during both stimula-
tions. At the end of the second stimulation, T cells were
harvested and their effector functions analysed. Similar to
our previous report [13], donor T cells were matched with
the GBM tumor cells for at least one Human Leukocyte
Antigen (HLA)-A allele (n = 12) or complete autologous
paired T cell-tumor cultures were used (n = 11). No dif-
ference was observed between these two settings.

Cytokine measurement

IL-4, IL-5, IL-10, IL-13, IFN-y and TNF-o were measured
in the supernatant by sandwich-ELISA using 96-well plates
(Nunc—lmmunoTM, Roskilde, Denmark). Respective anti-
bodies to coat the plates and biotinylated antibodies for
detection were all purchased from BD Biosciences
Pharmingen. Streptavidine (Jackson ImmunoResearch,
West Grove, PA) was used as enzyme and TMB (3,3",5,5'-
Tetramethylbenzidine dihydrochloride hydrate, Acros
Organics, New Jersy USA) as substrate. Absorbance at
450 nm was read using an ELISA reader (Labsystems
Multiskan Plus, Helsinki, Finland).

Proliferation of T cells

Before the first stimulation and at the end of the second
stimulation, T cells primed in the different conditions were
tested for proliferation capacity. Briefly, 5 x 10* T cells
per well (96-well plate, Sarstedt, Niimbrecht, Germany)
were incubated overnight with 0.2 uCi [’H]-TdR/ml (ICN,
Costa Mesa, CA) in triplicate for each condition. After-
wards, cells were harvested (MicroCell Harvester, Skatron
Instruments, Norway) and [°H]-TdR uptake was measured
with a f-counter (Packard Instruments, Meriden, CT).

GBM tumor cell viability assay

GBM tumor cells were harvested, washed, counted and
replated in 96-well plates (Nunc-Immuno™) in the
appropriate fresh medium at a density of 8,000 cells per
well. They were further cultured overnight to become

adherent to the plate. Afterwards, 8 X 10* effector T cells
were added. After 48, 144 and 216 h of co-culture, pro-
liferation of tumor cells was measured with the MTT assay
[20]. For this, the non-adherent effector T cells were gently
washed away with DPBS (BioWhittaker, Verviers, Bel-
gium) and 100 ul of MTT solution (0.5 mg/ml medium,
Sigma—Aldrich Gmbh, Steinheim, Germany) was added to
residual adherent target cells, which were further cultured
for 2 h. Afterwards, the MTT solution was taken off and
100 11 DMSO (B/Braun, Boulogne, France) per well was
added to resolve the formazan produced in viable cells.
After stirring the plate for 30 min, the amount of viable
cells was assessed with a spectrophotometer measuring the
absorbance at 570 and 620 nm (as reference). Four wells
with only medium served as blanco wells. A culture of
tumor cells without T cells served as the baseline tumor
cell viability. Each experimental condition at each time
point was measured in quadruplicate. The mean optical
densities (OD) of the different conditions at the different
time points were plotted in a graph displaying the prolif-
eration kinetics of the tumor cells in the absence or pres-
ence of primed T cells. The resulting area under the curve
(AUC), for each condition relative to the AUC of the
baseline condition with tumor cells alone, represents the
residual tumor load in each condition [21].

Statistical analysis

All statistics, including calculation of the AUC, were per-
formed using Prism software (Prism3, GraphPad Software,
Inc., San Diego, CA). Nonparametric statistics were used.
To overcome interexperimental variability, we performed
paired analyses of matched observations within each
experiment. An index of a variable was calculated as the
ratio between the variable derived after stimulation with
loaded DC (exp) divided by the variable derived after
stimulation with unloaded mature DC (co): index = [vari-
able]exp / [variable]co.

Results

T cell response after stimulation with DC loaded with
tumor lysate

A series of 23 similar independent experiments was per-
formed to study T cell activation by autologous DC that
were loaded with tumor lysate from GBM tumor cells. T
cells were stimulated first in the presence of rIL-6 and rIL-
12, and thereafter in the presence of rIL-2 and rIL-7 [17-
19]. At the end of the secondary stimulation, T cell pro-
liferation and cytokine production was measured (Table 1).
For the latter, we focused on the production of IFN-y as a
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Table 1 Proliferation and cytokine production by T cells stimulated with autologous DC loaded with tumor lysates®

DC DC-loaded Cytokines Friedman Test®
Median Range Median Range Median Range

Proliferation® (n = 14) 9832 1633-55367 4549 271-35405 10847 4243-67647 > 0.05

IFN-y production? (n = 21) 3849 597-12286 5226 877-33677 4774 625-14283 > 0.05

IL-5 production? (n = 21) 26 9-2218 18 10-1827 113 10-1583 > 0.05

IL-10 production® (1 = 23) 700 18-8706 357 10-2711 1691 21-10000 0.0013

* T cells were stimulated with autologous DC loaded with tumor lysates, in the presence of rIL-6 + rIL-12 and afterwards in the presence of rIL-
2 + rIL-7. As control conditions T cells were co-cultured with autologous unloaded DC in the presence of cytokines or were cultured with

cytokines only

®  Nonparametric analysis of matched conditions within each experiment was performed for the experimental and the 2 control conditions

c

Proliferation was measured by thymidine incorporation. The result of each individual experiment consisted of the mean of triplets

4 Cytokines were measured in the supernatant at the end of the secondary stimulation with ELISA

Thl cytokine, IL-5 as a T helper cell type 2 (Th2) cytokine
and IL-10 as a T helper cell type 0 (ThO) cytokine. In this
experimental set-up, there was a high background response
in the control conditions, likely due to a phenomenon
called auto-MLR (Mixed Lymphocyte Reaction) [22] and
to the presence of the stimulating cytokines used. However,
we found that the IL-10 production in the stimulation
culture with autologous loaded DC and cytokines was
significantly lower than in the culture with unloaded DC
and cytokines, or in the culture in the presence of cytokines
alone (paired non-parametric test: P = 0.0013). Remark-
ably, the amount of IL-10 produced was significantly cor-
related with T cell proliferation (Spearman R = 0.7011,
0.8852 and 0.8354 respectively, P = 0.0052, < 0.0001,
0.0002 respectively) for the experimental and both control
conditions. There was no correlation between the IFN-y
production on the one hand and proliferation or IL-10
production on the other hand.

The activity of stimulated T cells during co-culture with
tumor cells

In a previous study, T cells stimulated with autologous,
tumor cell lysate-loaded DC in the presence of the cytokine
cocktails have clearly been shown to generate effective

tumor-specific MHC class I-dependent and MHC class I-
restricted cytotoxic T cell activity against tumor cells in a
4-h assay [13]. We here studied the activity of stimulated T
cells during co-culture with tumor cells as a model for
in vivo anti-tumoral activity. First, the production of
cytokines after 144 h of co-culture during the effector
phase was measured. The IFN-y production was highest in
the co-cultures of tumor cells and T cells that were stim-
ulated with loaded DC, pointing towards a Thl type re-
sponse (Table 2, paired non-parametric test: P = 0.0075).
We did not find any IL-5 production.

We next studied whether these stimulated T cells ex-
erted tumor growth suppressive effects on a monolayer of
proliferating tumor cells during a prolonged co-culture
period. In all these experiments, patient-derived tumor cells
were autologous to patient-derived T cells, or cell lines
were matched with donor-derived T cells for at least one
HLA-A allele. At 3 different time points effector T cells
were washed away, and the viability of residual tumor cells
was assessed with MTT. The area under the curve, calcu-
lated using dedicated Prism Software, for the experimental
condition was compared to the area under the curve of
proliferating tumor cells without addition of effector cells,
and the percentage residual viability of tumor cells was
calculated, refering to the tumor suppressive activity of the

Table 2 Cytokine production and residual tumor viability during co-culture of GBM tumor cells and T cells that have been stimulated with

loaded DC*
DC DC-loaded Cytokines Friedman Test"
Median Range Median Range Median Range
IFN-y production® (n = 11) 81.89 10-714.9 102.2 10-653.8 31.11 10-127.2 P =0.0075
IL-10 production® (n = 11) 15.46 10-68.1 12.59 10-53.56 16.25 10-51.29 P> 0.05

% T cells were stimulated with autologous DC loaded with tumor lysates, in the presence of rIL-6 + rIL-12 and afterwards in the presence of rIL-
2 + rIL-7. As control conditions T cells were co-cultured with autologous unloaded DC in the presence of cytokines or were cultured with

cytokines only

® Nonparametric analysis of matched conditions within each experiment was performed for the experimental and the 2 control conditions

¢ Cytokines were measured with ELISA in the supernatant after 144 h of co-culture of effector T cells and GBM tumor cells
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effector T cells. The activity by T cells cultured with un-
loaded DC for 2 stimulation periods was assessed as con-
trol. As shown in Fig. 1, T cells that were stimulated with
loaded DC had more suppressive activity on the tumor
growth than T cells that were cultured twice with unloaded
DC. In all of the 16 experiments, a reduction of tumor cell
viability could be demonstrated by T cells stimulated with
loaded DC. However, due to high background response, a
tumor suppressive activity of T cells co-cultured in the
presence of unloaded DC and cytokines was also present in
10 experiments.

The specificity of the suppressive activity on tumor cell
viability using this experimental approach was evaluated in
2 experiments with patient-derived T cells, DC, tumor cells
and fibroblasts. T cells stimulated with autologous DC that
were loaded with autologous tumor lysates were able to
reduce viability of autologous tumor cell to 8%, respec-
tively 58%, whereas the viability of autologous fibroblasts
remained 81 and 91% respectively. T cells cultured twice
unloaded DC had no differential effect on the growth of
tumor cells versus fibroblasts. These data are consistent
with our published data on tumor-specificity of the in vitro
generated cytotoxic T cells [13].

IL-10 production modulates the generation of
suppressive activity on tumor cell viability

In order to focus solely on the stimulatory effect of loaded
DC versus unloaded DC, and to overcome aspecific auto-
MLR effects [22], we calculated for each experiment the
index between the functional read-out data (cytokine pro-
duction, T cell proliferation, tumor viability) obtained after
stimulation with loaded DC versus data obtained after

3+
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Fig. 1 T cells stimulated with tumor cell lysate-loaded mature DC
(DC-loaded) have suppressive capacity on autologous tumor cell
viability, more than T cells stimulated with unloaded DC (DC). T cells
were primed with loaded DC or cultured with unloaded DC as
described, and effector T cells were co-cultured with GBM tumor
cells. After 48, 144 and 216 h during the effector phase, viability of
cultured tumor cells was measured with the MTT assay. Culture of
tumor cells alone was performed, and the area under this curve was
calculated and referred to as 100% tumor cell viability

culture with unloaded DC. The index of the IL-10 pro-
duction ranged from 0.02 to 1.81. In 13/16 experiments, T
cells cultured with loaded DC (partially) lost their capacity
to produce IL-10 as compared to the T cell co-culture with
unloaded DC, which is compatible with the results depicted
in Table 1. The index of IL-10 produced at the end of the
secondary stimulation, however, was significantly corre-
lated with the proliferation index of the T cells (Spearman
R =0.9121, P < 0.0001). Moreover, as shown in Fig. 2a,
the IL-10 index calculated at the end of the second stim-
ulation was strikingly correlated with the tumor viability
index during the effector phase (Spearman R = —0.7054,
P = 0.0023). Also the proliferation index at the end of the
stimulations was significantly correlated with the tumor
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Fig. 2 IL-10 production and proliferation of T cells at the end of 2
stimulations (stimulation phase) with loaded DC, as compared to
culture with unloaded DC, correlates with suppressive activity on
GBM tumor cell viability. T cells were stimulated as described. IL-10
concentration and T cell proliferation were measured at the end of the
second stimulation. For both read-out functions in each experiment, an
index of the variable measured after 2 stimulations with loaded DC
relative to the same variable measured at the end of 2 cultures with
unloaded DC was calculated: e.g. IL-10 index = [IL-10exp] / [IL-
10co], with exp = the experimental condition in which T cells were
stimulated with GBM tumor lysate-loaded DC and co = the control
condition in which T cells were cultured with unloaded DC. After 2
stimulations effector cells or control T cells were co-cultured with
GBM tumor cells during the effector phase, and residual viability of
tumor cells was measured as described. An index of tumor viability
was calculated as described
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viability index (Spearman R = -0.6565, P = 0.0438)
(Fig. 2b). The correlation of the IL-10 index and prolifer-
ation index at the end of the stimulation with the tumor
viability index during the effector phase for 16 respectively
10 independent experiments are shown in Fig. 2a and b. A
tumor viability index < 1 indicates that effector T cells
primed by tumor lysate-loaded DC had a better glioma
suppressive activity than control T cells that were primed
by unloaded DC.

In 5 out of 16 experiments, T cells cultured twice with
loaded DC lost their capacity to produce IL-10 to an extent
of less than 40% (IL-10 index < 0.4) of the IL-10 produced
in the cultures of these T cells with unloaded DC. Those
values showed a remarkable correlation with a much lower
proliferation capacity of the T cells at the end of the second
stimulation and with a worse tumor growth suppressive
activity than T cells co-cultured with the unloaded DC
(tumor viability index > 1). The IFN-y index obtained at
the end of the secondary stimulation was not correlated
with the T cell proliferation index, nor with the viability
index during the subsequent effector phase.

Similar indices were calculated during the effector
phase, and, again, a significant correlation of the tumor
viability index with the IL-10 index (Spearman
R = -0.6565, P = 0.0438) was found, but not with the IFN-
7y index. As expected, the IL-10 index calculated at the end
of the second stimulation was significantly correlated with
the IL-10 index calculated during the effector phase
(Spearman R = 0.7903, P = 0.0065).

Thus, after correction for auto-MLR effects giving
background response, the suppressive activity on tumor
cell viability was clearly correlated with T cell activation
as measured by T cell proliferation and persistent IL-10
production at the end of the second stimulation, and per-
sistent IL-10 production during the effector phase. In
summary, we observed a stronger glioma growth suppres-
sive activity (tumor viability index < 1) by T cells stimu-
lated with tumor lysate loaded DC than by control T cells
cultured with unloaded DC, in general only if the IL-10
index at the end of the second stimulation still was more
than 0.4.

We therefore investigated further the role of IL-10 for
the in vitro generation of tumor-suppressive T cell activity
and finally questioned whether addition of exogeneous IL-
10 during stimulation would influence the T cell suppres-
sive activity on tumor cell viability during the effector
phase. We performed 4 similar stimulation experiments
with unloaded and loaded DC, in which we added rIL-10 to
the primary and secondary stimulation. The index of IFN-y
and IL-10 production was calculated at the end of both the
primary and secondary stimulation, and at 3 different time
points during the effector phase. The experiments are
summarised in Fig. 3. In all four experiments, the IL-10
index at the end of the secondary stimulation remained
higher than 0.4, which is compatible with the extrapolated
critical value to achieve a viability index of < 1 (see
Fig. 2a). As a consequence, in all 4 experiments tumor
suppressive activity was clearly higher when T cells were

ion phase Effector phase
Primary stimulation Restimulation 48 hours 144 hours 216 hours
SIIFN-g | SIIL-10 | SIIFN-g | SIIL-10 | SIIFN-g | SIIL-10 | SIIFN-g | SIIL-10 | SIIFN-g | SIIL-10
Exp 1 control 1.88 2.87 0.88 2.51 1.00 1.00 1.00 1.00 1.00 1.00
(closed square) | + IL-10 3.60 1.29 9.03 1.00 13.32 1.90 14.20 2.30
Exp2 control 2.83 2.28 1.19 1.42 1.83 1.76 2.40 2.70 2.32 2.30
(open square) +IL-10 2.65 1.13 3.63 1.26 3.05 1.00 2.99 1.35
Exp3 control 19.99 1.00 1.02 0.42 1.91 1.00 1.17 1.00 1.41 1.00
(open circle) + IL-10 22.20 1.34 10.83 1.00 2.88 1.00 1.25 1.00
Exp 4 control 1.77 1.24 0.99 0.83 1.84 1.00 1.37 1.00 1.03 1.00
(closed circle) +1L-10 4.18 0.91 22.63 2.54 13.47 1.00 5.20 2.84
100+ -2 Stimulation conditions
-
-
o A:DC
80 B: DC + IL-10
> = = .
Z (= C:DC-L
3 60 o~ D: DC-L + IL-10
© g
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2 40 cr G————0
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.-E
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Stimulation conditions

Fig. 3 Addition of rIL-10 during stimulation increases the suppres-
sive activity on tumor cell viability and increases IFN-y production by
effector T cells that show increased IFN-y production during first
stimulation with loaded DC. T cells were stimulated as described with
loaded DC or cultured with unloaded DC in the presence of cytokines
with or without exogenous addition of rIL-10, and effector T cells
were then co-cultured with GBM tumor cells. At the end of the
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primary stimulation, the secondary stimulation and at three different
time points during the effector phase, IFN-y and IL-10 were measured
in the supernatant, and the index was calculated as described: in the
table, ‘‘control’’ refers to the index of the variable in condition C
(graph) in relation to the variable in condition A (graph); ** + IL-10"’
refers to the index of the variable in condition D (graph) in relation to
the variable in condition B (graph)
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stimulated with loaded DC (Fig. 3, condition C) as com-
pared to cultured with unloaded DC (Fig. 3, condition A).
Addition of rIL-10 during stimulation resulted in an in-
crease of the IFN-y index at the end of the first stimulation,
and further increased the tumor suppressive activity of
effector T cells stimulated with loaded DC in experiment 1
and 4, but not in experiment 2 and 3. Of note, addition of
IL-10 during stimulation resulted also in an overall higher
increase of IFN-y index during the effector phase in
experiment 1 and 4 (10-fold) as compared to experiment 2
and 3 (2- to 5-fold).

Discussion

T cells stimulated twice with autologous DC loaded with
GBM tumor lysates in the presence of rIL-6/rIL-12 in the
first and rIL-2/rIL-7 in the second stimulation, shift to-
wards Thl cytokine production. T cells stimulated with
loaded DC cells (experimental condition) produce IL-10 to
a certain, in general lower, extent as compared to T cells
that were cultured with autologous unloaded DC (control
condition). Surprisingly, the persistent, relative amount of
IL-10 production in the experimental condition at the end
of the two stimulations and during the effector phase was
strongly correlated with the tumor growth suppressive
activity. Addition of IL-10 during stimulation improved the
subsequent tumor growth suppressive activity and Thl
response when IL-10 resulted in an increase of the IFN-y
index after the first stimulation. The persistent production
of IL-10 by T cells stimulated with loaded DC seems to be
critical for the subsequent tumor growth suppressive
capacity of Thl shifted effector cells. Why certain T cells
loose the ability to produce enough IL-10 if stimulated with
tumor-lysate loaded autologous DC and others don’t, re-
mains an open question: the consequence, however, is a
clear loss of tumor growth suppressive activity to an extent
less than if these T cells would have been stimulated by
unloaded DC.

The stimulation procedure that was published earlier
[19] appears to be efficient for the generation of Thl
cytokine production by T cells when stimulated with loa-
ded DC. Depending on the type of cytokines produced by
activated CD4 + T helper cells, a distinction is made be-
tween Thl cells that produce IL-2, TNF-o and IFN-y and
Th2 cells that produce IL-4, IL-5 and IL-13 [23]. For all
vaccination strategies, shifting towards cell-mediated im-
mune response, mainly based on the induction of IFN-y
production, has been considered to be essential for the
generation of a long-lasting specific immune response
against tumor cells [15, 23]. Nevertheless, recent reports
focused on the possibility to induce tumor control based on
Th2-type immune responses especially in adoptive immune

therapies [24]. The role of CD4 + T cells playing an
effective role in tumor immunity against gliomas inde-
pendent of CDS8 + cytotoxic T lymphocyte (CTL) re-
sponses has been shown in vaccinated 2-microglobulin-/-
mice [25]. A similar distinction in cytotoxic T cells type 1
(Tcl) and type 2 (Tc2) cells, according to cytokine pro-
duction profiles has been made for CD8 + effector cells
[26]. Both Tcl and Tc2 effector cells could induce long-
term tumor immunity, albeit through different mechanisms
involving either donor effector cell-derived IFN-y or IL-4/
IL-5 [27]. However, in these experiments, long-term sur-
vival and tumor protection were always dependent on re-
cipient T cell-derived IFN-y and TNF-a.

As read-out system for effective anti-tumoral T cell
activity, we did not perform CTL assays, as we did in a
previously published work [13], but we performed co-
cultures of effector T cells with proliferating tumor cells,
and assessed the residual viability of the tumor cells after
fixed periods of co-culture. Viability of tumor cells was
assessed with MTT [20]. The current read-out system
might reflect another aspect of the in vivo situation because
it also includes anti-tumoral effects different from CTL-
mediated tumor cell killing [20]. We therefore can not
make a clear distinction between suppressive activity on
tumor cell viability and tumor cell killing by CTL. On the
other hand, in other experiments we clearly demonstrated
the generation of CTL killing activity using this experi-
mental set-up [13].

A major difficulty in our study was the presence of non-
specific reactivity by T cells induced by the combination of
rIL-6/rIL-12 and afterwards rIL-2/rIL-7. However, control
conditions of cultures of T cells alone in the presence of
stimulating cytokines, similar to the control conditions
used in this study, were not described in other studies using
the same stimulatory cytokine cocktail [19]. Even more
problematic is the presence of an auto-MLR phenomenon
resulting in activation of T cells by autologous DC. In the
referred studies, a culture with autologous unloaded mature
DC as control condition is not described, likely due to the
existence of these aspecific findings induced by auto-MLR.
In our experiments, this phenomenon was not due to the
presence of foreign serum, as we used autologous inacti-
vated plasma. On the other hand, beside the exogenous
added cytokines in our experiments, factors in autologous
serum may influence the strength of the auto-MLR [28].
We calculated indices of the read-out variables obtained
from T cells that were stimulated in the presence of loaded
DC and stimulating cytokines versus those obtained from T
cells that were cultured with unloaded DC in the presence
of stimulating cytokines. We thereby were able to correct
for the auto-MLR effect within each experiment and could
focus on the pure effect of loading the DC with GBM
tumor lysate as stimulation factor. Based on the calcula-
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tions of these indices, we were able to find a striking cor-
relation between the presence of IL-10 during stimulation
and effector phase and the tumor growth suppressive
activity of the involved T cells. This correlation is
remarkable in view of the large ranges depicted in Table 1.
A possibly critical relative amount of IL-10 production in
the experimental condition, extrapolated at 40% of the IL-
10 production in the control condition (IL-10 index > 0.4)
is thought to be necessary for a superior glioma growth
control in the experimental versus the control condition.
Although not demonstrated separately, we strongly believe
that IL-10 is produced by CD4 + T cells and not by loaded
DC. First, human CD8 + effector T cells do not produce
IL-10 [29]. Next, during the effector phase, when tumor
cells are co-cultured with effector T cells in the absence of
DC, IL-10 was found as well and the IL-10 index at time of
the effector phase was correlated with the IL-10 index
found at the end of the second stimulation. Finally, the IL-
10 index after stimulation and during effector phase were
inversely correlated with the tumor viability index
reflecting anti-tumoral T cell activity.

The role of IL-10 in tumor immunology is enigmatic. In
general, IL-10 is considered to be an immune suppressive
agent and a large variety of mechanisms have been de-
scribed: down-regulation of costimulatory and MHC mol-
ecule expression [30], decreasing pro-inflammatory
cytokine production by Antigen Presenting Cells (APC)
[30], a direct inhibitory effect on T cells [31] and inhibition
of CD28 tyrosine phosphorylation [32]. Also in tumor
immunology IL-10 is known to compromise the ability to
reject the tumor as shown in several experimental models
[33-35]. More specifically in glioma tumor immunology
IL-10 is characterised as one of the immune suppressive
agents produced by the tumor to escape immune surveil-
lance [36]. Nevertheless, several other reports documented
the ability of IL-10 to augment tumor immunity in several
models [37-39] including glioma models [40]. IL-10 pro-
ducing CD4 + T cells have been shown to manifest anti-
glioma functions in vivo [25]. Moreover glioma rejection
in primed IL-10-/- mice was significantly impaired as well
as in wild-type mice treated with neutralizing antibodies
against IL-10. Our in vitro data in the human system
confirm the role of IL-10 to mediate generation and func-
tioning of GBM tumor cell suppressive activity by T cells.
Of note, addition of rIL.-10 to GBM cell cultures did not
suppress tumor cell viability directly (data not shown).

The complex interaction between IFN-y production, IL-
10 production, T cell proliferation and tumor growth sup-
pressive activity is not yet clarified. Recent data, however,
showed a potential role of autocrine IFN-y to induce in-
doleamine 2,3-dioxygenase (IDO) in DC following ligation
of CD80/CDS86, thereby stimulating immunosuppressive
effects through induction of apoptosis of mainly Thl cells

@ Springer

and inhibition of T cell proliferation [41, 42]. IL-10 has
been shown to down-regulate the IDO induction by IFN-y
[43]. Taking these interactions into consideration, a certain
critical amount of IL-10 in the cytokine environment might
prolong the Thl response, both at the level of T cell pro-
liferation and IFN-y production, and, as a consequence,
also at the level of cell-mediated antitumoral activity. This
hypothesis can also explain why in some experiments,
addition of IL-10 results in increased IFN-y production
when T cells are stimulated with loaded DC, and why
addition of IL-10 during stimulation results in increased
IFN-y production and tumor growth suppressive capacity
during the effector phase. The reason why IL-10 produc-
tion by T cells is diminished in some experiments after
stimulation with loaded DC in the presence of rIL-6/rIL-12
and rIL-2/rIL-7 as compared to unloaded DC remains un-
clear but is likely related to the antigen-presenting func-
tioning of loaded DC as compared to unloaded DC.

In conclusion, we demonstrated that T cells can be
primed against GBM tumor cells by autologous DC loaded
with GBM tumor cell lysate. Stimulated T cells obtained a
Th1 cytokine profile. On the other hand, a residual capacity
to produce IL-10 was also required, and correlated with
anti-tumor T cell activity, pointing to the importance of IL-
10 as an immune modulatory rather than immune sup-
pressive cytokine, both in the priming and effector phase.
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