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Abstract Costimulatory surface molecules and instruc-
tive cytokines expressed by dendritic cells (DCs) determine
the outcome of an immune response. In malignant disease,
DCs are often functionally compromised. In most tumors
studied so far, the deficient induction of effective T cell
responses has been associated with a blockade of DC matu-
ration, but little has been known on DCs infiltrating malig-
nant B cell lymphoma. Here, we investigated for the first
time the phenotypic and functional status of DCs in B cell
lymphoma, and we analyzed the network of DCs, tumor
cells, natural killer (NK) cells and cytokines present in
the tumor micromilieu. Therefor, we used an endogenous
myc-transgenic mouse lymphoma model, because trans-
planted tumor cells foster an IFN-y-driven Thl antitumor
response rather than an immunosuppressive environment,
which is observed in autochthonous neoplasias. Lym-
phoma-infiltrating DCs showed a mature phenotype and a
Th2-inducing cytokine pattern. This situation is in contrast
to most human malignancies and mouse models described.
Cellular contacts between DCs and tumor cells, which
involved CD62L on the lymphoma, caused upregulation of
costimulatory molecules, whereas IL-10 primarily derived
from lymphoma cells induced an IL-12/IL-10 shift in DCs.
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Thus, alteration of costimulatory molecules and instructive
cytokines was mediated by distinct mechanisms. Normal
NK cells were able to additionally modulate DC matura-
tion but this effect was absent in the lymphoma environ-
ment where IFN-y production by NK cells was severely
impaired. These data are relevant for establishing novel
immunotherapeutic approaches against B cell lymphoma.
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Introduction

Dendritic cells (DCs) exert a key role in the induction of
adaptive immune responses [1]. DCs take up antigens and
subsequently undergo a maturation process, which is associ-
ated with upregulation of major histocompatibility complex
(MHC) class II and costimulatory molecules like CD80 and
CD86 [1-3]. Upon maturation, DCs are capable of prim-
ing naive T cells in an antigen-specific manner, whereas
interaction of T cells with immature DCs may result in T
cell anergy [4, 5]. In addition, DCs determine the outcome
of an immune response by their production of instructive
cytokines. Thus, the IL-12/IL-10 expression profile of DCs
stipulates the bias toward Th1 or Th2 responses.

Although specific immune responses against malignant
cells have been reported in numerous studies, the immune
system is generally not able to counteract cancer. This may
be partly due to functional impairment of tumor-infiltrating
DCs (TIDCs), which are often not able to adequately stim-
ulate T cells (review in [6]). The dysfunction of TIDCs was
ascribed to factors that are present in the tumor micromi-
lieu, such as IL-10 or TGF- [7, 8], or to a lack of DC acti-
vation factors like microbial stimuli [9].
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In most investigations conducted so far, the deficient
T cell-stimulatory capacity of TIDCs was associated with
blocked maturation. In several experimental mouse models
using transplanted or endogenous tumors, the expression of
MHC class II or costimulatory molecules like CD80 and
CD86 on TIDCs was reduced [10-12]. Coculture experi-
ments revealed that mouse tumor cell lines gave rise to
DCs with low Ia expression also in vitro and that T cell
activation was thereby inhibited [13]. Like in mouse mod-
els, an inhibition of DC maturation was also observed in
human lung and mammary cancer [14-16]. Immaturity and
reduced numbers of DCs were reported to correlate with
clinical prognosis [17, 18].

Whether the number or the maturation status of DCs
alone, however, is responsible for functional deficits, has
been questioned in other papers [19, 20]. Some studies
even revealed a mature phenotype of TIDCs in mouse and
in human malignancies [21, 22]. Thus, lack of costimula-
tory molecules may not be the only reason for deficient T
cell priming by TIDCs.

Apart from the requisite costimulatory signals, cytokines
provided by DCs are also decisive for the efficacy of an
antitumor response. TIDCs often show a shift from IL-12
to IL-10 expression [11, 18, review in 6]. This may also
provide a mechanism impeding antitumor responses
because T cell-mediated tumor rejection requires a Thl-
driven response involving IFN-y and IL-12 rather than a
Th2-prone milieu [23-26].

Using transplantable murine lymphoma models, we pre-
viously showed that natural killer (NK) cells as a major
source of IFN-y readily initiated a Thl-dependent cyto-
toxic T cell (CTL) response involving IL-12-producing
DCs [27, 28]. In spontaneously arising lymphoma, by con-
trast, NK cell functions including their expression of IFN-y
were heavily impaired [29, 30]. Lack of IFN-y was verified
in the micromilieu of spontaneous lymphoma [30], but the
relevance of these findings for putative DC alterations in
endogenous lymphoma remained elusive.

As malignant lymphoma in humans still has a poor prog-
nosis, new therapeutic modalities are needed. Vaccination
strategies have been proposed that rely on intact antigen
presentation and T cell priming by endogenous DCs of the
tumor-bearing host [e.g. 31-34]. However, little is known
on the functional status of TIDCs in solid lymphoma, and
a systematic evaluation of the factors determining their
differentiation including the role of NK cells and soluble
factors has not yet been done. Therefore, we characterized
TIDCs in a c-myc-transgenic model of spontaneous B cell
lymphoma [35]. We show that direct cellular contacts with
malignant B cells as well as soluble factors and NK cells
contribute to DC alterations in a complex manner involving
a differential regulation of DC maturation and DC cytokine
expression.
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Materials and methods
Mice

C57BL/6 wild type (wt) and BALB/c mice were purchased
from Taconic (Ry, Denmark). A-myc mice [35] were bred in
our own animal facility under specific pathogen-free condi-
tions. All animal experiments were approved by the compe-
tent authority.

Preparation of cells

DCs and NK cells were purified from tumor-infiltrated
spleens or lymph nodes (LNs) or from organs of wt animals
by positive or negative immunomagnetic selection using
mouse CD11c microbeads (N418) or the NK Cell Isolation-
Kit IT (both from Miltenyi Biotec, Bergisch-Gladbach, Ger-
many), respectively. For isolation of normal or malignant B
cells ex vivo, positive selection with anti-CD19 (ID3; BD
Biosciences, Heidelberg, Germany) and for isolation of T
cells, the CD8" and the CD4* T Cell Isolation Kit, respec-
tively, was used (Miltenyi Biotec). Purity was >95 %. 291
is a variant of 291S, which is derived from the lymphoma
of a A-myc mouse [29] and was propagated in RPMI 1640
supplemented with 10 % fetal calf serum (FCS).

To obtain supernatants from tumors, LN or spleen cells
were washed and 10° cells were plated on 96-well dishes in
200 pl AIM-V medium (Invitrogen) per well. After 48 h,
supernatants were harvested by centrifugation.

Flow cytometry

For phenotyping, the following directly labeled antibod-
ies (Ab) were used: anti-CD11c (N418; BioLegend, San
Diego, USA), anti-CD80 (16-10A1; BD Biosciences), anti-
CD86 (GL1; BD Biosciences), anti-CD83 (Michel-19; Bio-
Legend), anti-CD40 (3/23; BioLegend), anti-MHC class 11
(2GY; BD Biosciences), anti-PD-L1 (MIH6; AbD Serotec,
Raleigh, USA), anti-CD62L (MEL-14; eBioscience, San
Diego, USA), anti-CD19 (1D3; BD Biosciences, Heidel-
berg, Germany). After labeling, cells were analyzed in an
LSR II flow cytometer. For intracellular cytokine staining,
cells were stimulated with PMA/ionomycin for 4 h in the
presence of brefeldin A, labeled with anti-CD11c and fur-
ther processed using the fixation and permeabilization kit
(eBioscience). IL-12 and IL-10 were detected with PE-
labeled C15.6 (BD Biosciences) and APC-labeled JESS5-
16E3 (BD Biosciences), respectively.

Coculture experiments

DCs (10%) freshly isolated ex vivo were cultivated for 16 h
together with 10° lymphoma cells (tumor suspensions or
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291 cells) in RPMI 1640 medium supplemented with 10 %
FCS or in the presence of tumor supernatants in a volume
of 2 ml in 24-well plates. Optionally, trans-well plates
(Corning, New York, USA) were used. In some experi-
ments, 10° NK cells enriched from A-myc or wt organs
were additionally included. When used in trans-well plates,
NK cells were kept separately from DCs and tumor cells.
For blocking cellular receptors or cytokines, mAbs against
CD40 (1C10; BioLegend), CD40L (MR1; BioLegend),
CD62L (MEL-14; BioLegend), IL-10 (JES5-16E3; BioLe-
gend) or IFN-y (XMG1.2; eBioscience) in a concentration
of 5 pg/ml were used. Alternately, 5 ng/ml recombinant
IFN-y (Peprotech, Rocky Hill, USA) were added.

For T cell stimulation experiments, DCs derived from
wt or from tumor-bearing A-myc mice were pulsed with
OT-I (OVA,57_564) or OT-II (OVA3,;_339) peptide at a con-
centration of 1 pg/ml for 3 h. In 96-well plates, 5 x 10*
DCs were then incubated with 10° T cells that were derived
from OT-I or OT-1I mice (kindly provided by S. Edelmann,
Miinchen). After 3 or 5 days, supernatants were harvested
and tested for cytokine concentrations. Allostimulation was
done according to the same protocol using 10* normal DCs
or TIDCs and 2 x 10° T cells isolated from BALB/c mice.

Cytokines

For the measurement of cytokine secretion, 48-h super-
natants of tumor suspensions or supernatants of T cell
stimulations were assayed by Bioplex analysis (Bio-Rad,
Miinchen, Germany) using the Mouse Cytokine Th1/Th2
panel 8-plex.

Total RNA from enriched cells was prepared by using
200 pl TRIzol reagent (Invitrogen, Karlsruhe, Germany)
per 1 x 10° cells and by extracting with 1-bromo-3-chloro-
propane (Sigma, Deisenhofen, Germany) followed by pre-
cipitation with isopropanol. RNA was reverse transcribed
with First Strand ¢cDNA Synthesis Kit (Roche Diagnos-
tics, Mannheim, Germany) and quantified with primer
pairs (Search-LC, Heidelberg, Germany) specific for IL-6,
IL-10, TGF-B, or the housekeeping gene hypoxanthine gua-
nine phosphoribosyl transferase (hprt) in a LightCycler 2.0
Real-Time PCR system (Roche Diagnostics). The specific
signals were normalized to those obtained for Aprt and for
normal cells.

Results

TIDCs in A-myc lymphoma show signs of maturation
but suppression of 1L-12

A-myc mice harbor the oncogene c-myc under the control
of an Igh enhancer sequence. Constitutive expression in B

cells leads to development of B cell lymphomas by week
15 after birth. The tumors share multiple features of human
Burkitt lymphoma, e.g. the primary location in cervical LNs
and the characteristic histologic starry sky appearance [35].
As the tumors are growing very aggressively, mice have to
be killed and analyzed immediately after onset of disease.
At this time point, numbers of CD11c* DCs were strongly
increased in malignant LNs and spleens as compared to the
respective organs from wild type (wt) animals, which might
be due to an increased recruitment to the tumors (Fig. 1a).
In lymphoid organs of transgenic mice that did not yet show
clinical signs of lymphoma growth, DC numbers were also
augmented albeit to a lesser extent. This may be ascribed to
incipient, yet undetectable tumors [29].

Phenotypic characterization showed that the ratio of
CD11c"e" to CD11c" cells was reduced in comparison
with normal DC populations although this difference was
significant only in the spleen (Fig. 1b, c). As CDI1cY
cells have been described as a T cell-suppressing DC popu-
lation expressing reduced levels of MHC class II [13], we
next examined the expression of costimulatory and MHC
class II molecules on the A-myc lymphoma-infiltrating
DCs. Surprisingly, TIDCs showed a more mature pheno-
type than DCs from normal wt LNs because the level of
all molecules tested (CD80, CD86, CD83, CD40, MHC
class II) was strongly increased (Fig. 1d, e). This upregula-
tion was equally seen in the CD11c"#" and the CD11c"""
subpopulation.

Given the lack of IFN-y in spontaneous lymphoma [25,
26], we anticipated a cytokine profile in TIDCs that favors
Th2 rather than Thl responses. Indeed, a reduced produc-
tion of IL-12 (Fig. 2a and [26]) and augmented levels of
IL-10 (Fig. 2b) was observed in TIDCs upon stimulation
ex vivo. IL-10 was also increased in supernatants of tumor
suspensions, which was also found for IL-4 and IL-5,
whereas IL-12, IL-2 and IFN-y were at background levels
(not shown). This is in line with a Th2-inducing milieu.

Distinct pathways regulate expression of costimulatory
molecules and cytokines in DCs exposed to a lymphoma
microenvironment

To elucidate the mechanisms underlying these unexpected
alterations, we asked whether the “TIDC phenotype” could
also be induced in DCs from normal wt mice by coculture
with lymphoma cells. To this end, we used tumor sus-
pensions freshly prepared from A-myc mice or 291 cells,
which are indefinitely growing malignant B cells estab-
lished from a A-myc mouse. The presence of either tumor
suspensions or 291 cells equally caused an upregulation of
CD80, CD86, CD83, CD40 and MHC class II on wt DCs
(Fig. 3a, b). This suggests that the presence of malignant B
cells alone is sufficient for this upregulation and that other
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Fig. 1 Characterization of TIDCs in A-myc lymphomas. a Increase
in DC numbers in tumor LNs and spleens. The absolute numbers
of CD11c* cells per mg LN tissue or spleen were determined by
FACS analysis and related to the numbers detected in organs of wt
mice. DC numbers in spleens are lower because spleens are infil-
trated with malignant cells later during disease development. b, ¢
Ratio of CD11¢®" and CD11c"#" DCs in organs derived from normal
or A-myc mice. A-myc animals that do not yet show clinical symp-
toms yield variable results because the stage of tumor development
is not predictable in these mice. In the example shown in ¢, the ratio

CD11cY/CD11cMe" is 7.6 (wt mouse) and 11.6 (tumor mouse). d
Expression of maturation markers on DCs derived from tumor LN.
Mean fluorescence intensities (MFIs) were measured in TIDCs and
related to normal DCs (broken line). Tumor spleens showed simi-
lar results. e Histograms exemplifying altered maturation markers.
In panels a, b and d, the columns show means and SD; the differ-
ences between tumor-bearing and wt mice are significant with at least
p < 0.05 (Mann—Whitney) with the exception of LNs in panel b. All
results are compiled from at least 5 mice
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cellular components included in the tumor microenviron-
ment are not relevant. Since such alterations were not seen
in experiments using trans-well systems or cell-free super-
natants generated from A-myc lymphomas (Fig. 3a, b), we
concluded that cellular contacts between tumor cells and
DCs are necessary to generate the mature phenotype of
TIDCs. Blocking experiments using monoclonal antibod-
ies (mAbs) were done to identify molecules involved in
this interaction. While the inclusion of anti-CD40 or anti-
CD40L mAbs showed no effect (not shown), blocking of
CD62L, which was shown to be expressed by A-myc lym-
phoma cells, at least partially inhibited the upregulation of
maturation markers on DCs (shown for CDS8O0 in Fig. 3c).
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The shift from IL-12 to IL-10 expression observed in
TIDCs ex vivo was also seen in vitro when wt DCs were
coincubated with tumor cells (Fig. 4a, b). In contrast to the
alteration of maturation markers, however, the cytokine
shift was mediated by soluble factors because the same
results were obtained when cocultures were performed in
trans-well plates (Fig. 4a, b). The data indicate that differ-
ent mechanisms contribute to upregulation of costimulatory
molecules and to altered cytokine expression, respectively,
in the lymphoma microenvironment.

As observed for the alteration of DC surface molecules,
the cytokine shift induced in DCs in vitro was also independ-
ent of whether primary tumors or a malignant B cell line
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Fig. 3 Induction of a TIDC phenotype in normal DCs in vitro. a
CDl11c" cells freshly isolated from wt spleens were incubated with
A-myc tumor suspensions or tumor supernatants for 16 h. MFIs were
determined in the CD11c" population and related to DCs that were
cultivated with wt B cells or in medium only (broken line). The
effects of fresh tumor cells and 291 cells were identical, and no dif-
ference was seen between tumor supernatants and tumor cells that
were kept apart from DCs in trans-well chambers. Compilation of
five independent experiments. The differences between the control
and the values obtained with tumor cells are significant with p < 0.05

were used. This indicated that the factor(s) encompassing the
altered IL-12/IL-10 balance in TIDCs was (were) primarily
derived from malignant B cells. Therefore, we characterized
purified malignant B cells in terms of their cytokine expres-
sion by RT-PCR. Compared to normal B cells, lymphoma
cells produced enhanced amounts of IL-10 (Fig. 4c, d), while
expression of all other cytokines tested was identical in nor-
mal and malignant B cells. To address the question whether
IL-10 produced by lymphoma cells was necessary for sup-
pressing IL-12 in wt DCs, coincubation experiments were
repeated under mAb-mediated blocking of IL-10. Indeed, the
suppression of IL-12 affected by lymphoma cells or superna-
tants in wt DCs was reversed under IL-10 ablation (Fig. 4e).

The role of normal and A-myc lymphoma-derived NK cells
for DC activation

It is well established that, in healthy tissues, close inter-
actions between DCs and NK cells give rise to reciprocal

(Mann—Whitney). The degree of upregulation in vitro cannot be com-
pared to the upregulation found in vivo because the duration of cell
contacts that happened in vivo is unknown. b Exemplary histogram
showing levels of CD86 after incubation with tumor cells or tumor
cell supernatant in vitro. ¢ The inclusion of an anti-CD62L Ab in the
coculture of normal DCs and lymphoma cells partly abrogates upreg-
ulation of CD80 (reduction in MFI by about 55 % in the presence
of the mAb). The other maturation markers behaved similarly. Repre-
sentative result from four experiments

activation of either cell population. As in our coculture
system, malignant B cells alone did not differ from whole
tumor cell suspensions with regard to inducing DC matura-
tion (vide supra), we anticipated that NK cells in the A-myc
lymphoma microenvironment did not contribute to DC dif-
ferentiation. To confirm this hypothesis, we first tested the
effect of NK cells freshly isolated from spleens of wt mice
in coculture experiments using wt DCs and lymphoma
cells. As shown in Fig. 5a, the costimulatory molecules
became even more upregulated when wt NK cells were pre-
sent in addition to the tumor cells.

As NK cells from tumor-bearing A-myc mice are func-
tionally compromised as compared with normal NK cells
[29], we then tested NK cells derived from A-myc lympho-
mas. Indeed, the “bonus effect” exerted by wt NK cells
was not seen in this setting (Fig. 5a). Since this “bonus
effect” was not dependent on cellular contacts between
NK cells and DCs (not shown) and a hallmark of A-myc
NK cells was their deficient IFN-y production [29, 30], we
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Fig. 4 Induction of a cytokine shift in normal DCs in vitro. a IL-12
suppression and IL-10 induction in normal DCs incubated with lym-
phoma cells or tumor supernatants. MFIs were related to DCs that
were kept in medium (broken line). Incubation with 291 cells and
with tumor suspensions gave identical results. b Histogram exempli-
fying IL-12 expression in normal DCs after incubation with tumor.
¢ Relative IL-10 mRNA levels in A-myc lymphoma cells and in nor-
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Fig. 5 Impact of normal and A-myc NK cells on DC maturation in
the presence of lymphoma cells. a Normal but not A-myc NK cells
foster DC maturation in addition to the effect of lymphoma cells.
Coincubation of normal DCs and lymphoma cells was done exactly
as described in Fig. 3a, whereby NK cells isolated from spleens of
wt mice or tumor-bearing A-myc animals were added. Summary of
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three independent experiments. The values obtained with wt NK cells
show a significant difference (p < 0.05; Mann—Whitney) compared to
the other situations. b Recombinant IFN-y included in the coculture
of lymphoma cells and normal DCs shows a similar effect as IFN-
y-producing NK cells. Blocking of IFN-y partly reverses the “bonus
effect” provided by normal NK cells
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Fig. 6 T cell-stimulatory capacity of A-myc TIDCs. OVA peptide-
loaded DCs from wt mice or tumor-bearing A-myc animals were used
for stimulation of OT-II-specific CD4" T cells. Concentrations of a

hypothesized that the “bonus effect” provided by normal
NK cells might be related to this cytokine. This assumption
could be confirmed because recombinant IFN-y provided a
similar effect as IFN-y-producing NK cells (Fig. 5b). Fur-
thermore, we cultivated normal NK cells expressing high
amounts of IFN-y together with wt DCs and lymphoma
cells in the presence of an IFN-y-neutralizing mAb. In this
setting, the “bonus effect” of NK cells in terms of fostering
DC maturation was partly reversed (Fig. 5b).

T cell-stimulatory capacity of A-myc TIDCs

The ability of A-myc TIDCs to stimulate naive T cells was
examined by testing the cytokine secretion of OT-1 CD8™
and OT-II CD4*" T cells, which harbor transgenic OVA-
specific T cell receptors (TCRs), after incubation with wt
DCs or A-myc TIDCs that had been loaded with the respec-
tive OVA peptide. In terms of IFN-y secretion, T cells were
far less activated by A-myc TIDCs than by normal wt DCs
(shown for OT-II peptide-specific stimulation of CD4" T
cells in Fig. 6). IL-4 production was also diminished albeit
to a small extent (Fig. 6b). OT-I peptide-specific and allore-
active stimulation experiments yielded identical results.

Discussion

For characterizing TIDCs in B cell lymphoma, it is pivotal
to use an autochthonous tumor model because transplant-
able lymphomas showed an IFN-y-driven activation of DCs
along with an IL-12 bias [27, 30], which was not seen in
the endogenous A-myc lymphoma used in our study [30].
As A-myc lymphoma grows very aggressively, mice had to
be killed as soon as manifest tumors became visible. There-
fore, dynamics of immune responses could not be analyzed
in this system, although some alterations were occasionally
observed in transgenic animals already before clinical signs
of disease were apparent (Fig. 1a).

A-myc mouse

IFN-y and b IL-4 were determined in supernatants after 3 days. Only
the reduction in IFN-y is significant with p < 0.005 (Mann—Whitney)

DC
lymphoma cell normal NK cell
IL-10 S, IL-12/1L-10
ratio
IFN-y
costimulatory
CD62L molecules

Fig. 7 Impact of A-myc lymphoma cells and IFN-y on inducing a
“TIDC phenotype” as detected in vitro. Cellular interactions with
tumor cells upregulate costimulatory molecules on TIDCs, while
IL-10 primarily produced by the lymphoma cells causes a decrease in
the IL-12/IL-10 ratio in TIDCs. Maturation-associated surface mole-
cules can be positively affected by IFN-y, which is expressed by nor-
mal NK cells but not by lymphoma-infiltrating NK cells

Compared to normal DCs, A-myc lymphoma-derived
TIDCs showed a more mature phenotype and a reduced
IL-12/TL-10 ratio. The same alterations could be provoked
in normal DCs when these were exposed to a lymphoma
micromilieu in vitro. The in vitro system enabled us to
dissect the components present in the tumor environment
that are responsible for inducing the “TIDC phenotype”
(Fig. 7). The upregulation of costimulatory molecules was
dependent on cellular contacts between DCs and lym-
phoma cells and was at least partly due to CD62L (Fig. 3c),
which was expressed on B lymphoma cells. The altered
cytokine profile of TIDC, in contrast, was caused by IL-10,
which was primarily produced by the malignant B cells.
Thus, different pathways seem to be involved in the regula-
tion of the costimulatory molecules and the cytokine pro-
file, respectively. The “TIDC phenotype” induced in vitro
could be further modulated by NK cells provided the NK
cells were isolated from normal wt mice and were capable
of producing IFN-y (Fig. 7).

Impaired IL-12 production of TIDCs is in accord-
ance with previous studies, which were done in mouse
and human [11, 18], but the expression of costimulatory
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molecules is a matter of controversy. Studies using trans-
plantable mouse tumors or in vitro cultures showed that
DC maturation was blocked [10, 12, 13]. In some of these
studies, however, bone marrow-derived DCs differentiated
in vitro were used. These might not be comparable to DCs
freshly isolated ex vivo, which were exclusively used in
our investigation. An immature phenotype was also found
in mouse models of endogenously arising neoplasias [11,
12] as well as in several human malignancies [14—18]. By
contrast, an upregulation of costimulatory molecules, as
detected in our A-myc lymphoma model, was reported for
another endogenous mouse tumor [21] and for human renal
cell carcinoma [22]. Thus, the maturation status of TIDCs
might depend on the tumor entity.

Tumor-derived soluble factors that were described to
suppress DC function include IL-6, which causes a switch
of monocyte differentiation toward macrophages [36],
VEGF, which inhibits DC maturation [37], TGF-8, IL-10,
lactic acid and PGE, (review in [6]). Among these factors,
we only found IL-10 expression in A-myc lymphoma cells.
Why IL-10 and lactic acid, which was found in our lym-
phoma supernatants (manuscript in preparation), did not
block upregulation of costimulatory signals, as described
elsewhere [6], may be explained by the before-mentioned
cell contact-dependent mechanism, which might be specific
for B cell lymphoma and may overcome the maturation-
inhibiting effect of IL-10 and lactic acid.

An immature phenotype of TIDCs was mostly consid-
ered to account for deficient T cell-stimulatory capacities
[12] because DCs with reduced costimulatory signals may
render T cells anergic. However, the mature phenotype of
TIDCs in A-myc tumors argues against induction of T cell
anergy. Moreover, upregulated levels of PD-1 on T cells in
tumor-bearing mice indicated that T cells became indeed
activated and subsequently exhausted (manuscript in prepa-
ration). Interestingly, TIDCs isolated ex vivo expressed
PD-L1 and interaction of normal DCs with lymphoma cells
in vitro caused upregulation on DCs of PD-L1, which is the
ligand of PD-1. Thus, TIDCs might be able to inhibit TCR-
dependent signals via the PD-1 pathway. We also expect
that IL-10, which is provided by the lymphoma cells as
well as by the altered DCs, might exert a T cell-mediated
suppressive effect. It is well established that IL-10 gives
rise to differentiation of T cells that also produce high
amounts of IL-10, thereby suppressing T effector cells
[38]. Such “Trl cells” expressing IL-10 along with PD-1
[39] were indeed detected in high frequencies in A-myc
mice (manuscript in preparation). Induction of IL-10 in T
cells might also be related to a counter-regulatory mecha-
nism initiated in T effector cells [40]. Since a prerequisite
for effective antitumor responses is the induction of a Thl
milieu [23-26], the bias toward Th2 cytokines in A-myc
tumors may be an additional mechanism that hampers T
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cell-mediated tumor suppression. Finally, it cannot be pre-
cluded that other mechanisms such as an altered arginine
metabolism [13, 21] contribute to functional deficits of
DC/T cell interactions in the A-myc model.

The findings presented in this paper are relevant with
regard to cancer immunotherapy. Since costimulatory mol-
ecules were readily expressed by TIDCs, triggering matura-
tion of TIDCs in B cell lymphoma will not be an adequate
therapeutic option. However, it may be beneficial to obviate
the lack of IL-12 in TIDCs. As outlined in Fig. 7, this could
be done by Ab-mediated blocking of IL-10.
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