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Introduction

Summary

Langerhans’ cells (LCs) represent a specific subset of dendritic cells (DCs)
which are important for detecting and processing pathogens that pene-
trate the skin and epithelial barriers. The aim of our study was to explain
what makes their in vitro counterparts — monocyte-derived Langerhans’-
like cells (MoLCs) — unique compared with monocyte-derived dendritic
cells (MoDCs). Immature MoDCs were generated by incubating periph-
eral blood monocytes with granulocyte-macrophage colony-stimulating
factor (GM-CSF) and interleukin (IL)-4. The addition of transforming
growth factor-f§ (TGF-p) to this cytokine cocktail resulted in the genera-
tion of MoLCs. MoLCs showed a lower expression of CD83, CD86, HLA-
DR and CCR7 compared with MoDCs, regardless of their maturational
status. Both immature and mature MoLCs secreted higher quantities of
IL-23 compared with MoDCs and this finding correlated with a higher
secretion of IL-17 in co-culture of MoLCs with allogeneic CD4" T cells.
Mature MoLCs, which produced higher levels of IL-12 and lower levels of
IL-10 compared with mature MoDCs, were more potent at inducing inter-
feron-y (IFN-y) production by CD4" T cells in the co-culture system. In
conclusion, the finding that mature MoLCs stimulate stronger T-helper 1
and T-helper 17 immune responses than mature MoDCs, makes them
better candidates for use in the preparation of anti-tumour DC vaccines.

Keywords: cytokine production; monocyte-derived dendritic cells; mono-
cyte-derived Langerhans-like cells; phenotypization; T-helper cell polariza-
tion

functions of DCs are to maintain self-tolerance or to ini-
. . . . . 3
tiate specific immune responses to particular antigens.

Dendritic cells (DCs) are members of a leucocyte popula-
tion that is highly specialized in all phases of processing
an antigen, including its uptake, transportation and pre-
sentation to target cells. DCs can be separated into differ-
ent subpopulations, depending on their tissue locations,
pathways of migration and mechanisms of dealing with
the antigen challenge." Generally, DCs can be migratory
or resident, and localized in lymphoid (thymus, spleen,
lymph nodes and mucosa-associated lymphoid tissues)
and non-lymphoid (in sterile organs such as the pancreas,
heart, liver and kidney or in those connected with the
environment, i.e. the skin, gut, lung or urinary tract) tis-
sues.” Regardless of where they are located, the principal

Langerhans’ cells (LCs) are a specific subset of DCs that
are considered important for detecting and processing
pathogens that penetrate epithelial barriers. While in an
immature state, they are resident in the epidermal layer
of the skin or in the other stratified epithelia that line the
cavities of the respiratory, gastrointestinal and urogenital
systems.* Immature LCs express high levels of: (i) Langer-
in (CD207), a type II lectin receptor with a pattern-recog-
nition role, (ii) Birbeck granules, unorthodox organelles
that might have a role in the alternative antigen-present-
ing pathway, (iii) CDla, a family of molecules that are
able to present microbial lipid antigens to T cells and (iv)
E-cadherin, an adhesion molecule.>*® When stimulated
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by danger signals, LCs start to undergo a functional mat-
uration and migrate through the afferent lymphatic ves-
sels towards the nearby lymph nodes, which are capable
of priming T cells.””” These migratory LCs up-regulate
major histocompatibility complex (MHC) class II mole-
cules, costimulatory molecules (i.e. CD40 and CD86) and
CC-chemokine receptor 7 (CCR-7), while at the same
time down-regulate Langerin and  E-cadherin.*®’
Recently, it was shown that the maturation and migration
of LCs could also be independently initiated,*” and thus
the third stage in their developmental cycle was intro-
duced. LCs that are phenotypically semimature serve to
promote peripheral tolerance in the lymph node either by
inducing anergy and apoptosis of specific CD4" T-cell
clones, or by promoting differentiation of naive CD4" T
cells into T-regulatory cells.'®"!

In the dermal layer of the skin, as well as in the connec-
tive tissues located beneath stratified epithelia, there is
another, phenotypically heterogenous population of DCs,
identified as interstitial/dermal DCs (IDDCs). This popula-
tion consists of three different subsets, categorized accord-
ing to their expression of CDla and CD14 molecules: (i)
CD14" CDla”, (ii) CDI14~ CDla~ and (iii) CDI14~
CD1a".!? It is believed that the CD14" subset represents a
population of dermal macrophages or a group of precur-
sors for other antigen-presenting cells (APCs) in the skin,'’
while the CD1a" subset represents a dermal DC popula-
tion, distinct from LCs.'* CD1a" cells showed the capacity
to migrate and prime T cells in the lymph node, while
CD14" cells did not have such ability."”” IDDCs express a
C-type lectin receptor called DC-SIGN (CD209), which is
different from that expressed by LCs.'® Only a small
percentage of dermal CD14" cells, which could serve as
precursors for LCs, are Langerin-positive.> Although LCs
and IDDCs have already been phenotypically well distin-
guished, their function, as well as their cross-talk have not
been completely clarified."”

The exact precursors of different DC populations have
not yet been confirmed. It has been established that they
mostly originate from bone marrow but differentiate in
peripheral locations under specific conditions.'® The exper-
iments performed by Qu et al.,'” which improved the ini-
tial concept of Randolph ef al.,*® have demonstrated the
differentiation of skin DCs from mouse Gr-1" monocytes
in vivo. Geissmann et al.*' found a functional correlation
between the Gr-1" subpopulation and human CD14"
monocytes. Therefore, it was presumed that human DCs
generated from peripheral blood monocytes (MoDCs)
in vitro, in the presence of granulocyte—macrophage col-
ony-stimulating factor (GM-CSF) and interleukin (IL)-4,’
resemble those produced in vivo. This system can also be
used to generate Langerhans’-like DCs (MoLCs), in the
presence of transforming growth factor-f (TGE-p).**

The maturation and migration of DCs can be induced
by various inflammatory stimuli. Tumour necrosis factor-

o (TNF-a), IL-1f and IL-6 are capable of promoting the
maturation of MoDCs that is not dependent on Toll-like
receptor (TLR) stimulation,”® while the addition of pros-
taglandin E, (PGE,) further enhances their migratory
and functional characteristics.”* MoDCs cultured in the
presence of TNF-o, IL-1f, IL-6 and PGE, induced T
helper 1 (Th1) polarization of CD4" T cells.** The effects
of this well-known combination of proinflammatory
cytokines on MoLCs have not yet been explored. Taking
into account that data analyzing the effect of MoLCs on
CD4" T-helper polarizing capabilities are also scarce, the
aim of our study was to explain what makes MoLCs
unique compared with MoDCs, before and after treat-
ment with the cocktail of proinflammatory cytokines and
mediators.

Materials and methods

Medium and reagents

The culture medium was RPMI-1640 (ICN, Costa Mesa,
CA) supplemented with 2 mm L-glutamine, 20 pg/ml of
gentamicin, 50 uM 2-mercaptoethanol (2-ME) and 10%
heat inactivated fetal calf serum (FCS). Recombinant
human IL-4 was purchased from Roche Diagnostics
GmbH (Mannheim, Germany). Recombinant human
GM-CSF (Leucomax, specific activity 4-44 x 10° UI) was
obtained from Schering-Plough (Basel, Switzerland).
Recombinant human TGF-f1 (Chinese hamster ovary-cell
derived) was from R&D Systems (Minneapolis, MN).

Cell preparation and MoDC/MoLC cultures

MoDCs and MoLCs were generated from peripheral
blood mononuclear cells (PBMCs). Briefly, PBMCs from
buffy coats of healthy volunteers were isolated by density
centrifugation on Lymphoprep (Nycomed, Oslo, Nor-
way), resuspended in 5 ml of RPMI-1640 containing 10%
FCS and 50 uM of 2-ME and allowed to adhere to plastic
in flasks. After incubation for 1-5 hr at 37°, non-adherent
cells were removed. To obtain MoDCs, adherent cells
were cultured in 5 ml of control medium (RPMI-1640)
containing GM-CSF (100 ng/ml) and IL-4 (20 ng/ml).
The addition of TGF-f1 (5 ng/ml) to this cytokine cock-
tail resulted in the generation of MoLCs.”*> After 6 days,
MoDCs were replated in medium (RPMI-1640) contain-
ing GMCSF + IL-4 or GM-CSF + IL-4 + cocktail of
proinflammatory cytokines, and MoLCs were replated in
medium containing GM-CSF + IL- 4 + TGF-f1 or GM-
CSF + IL-4 + TGF-bl + cocktail of proinflammatory
cytokines; 1 x 10° MoDCs or 1 x 10° MoLCs were added
to each ml of the respective medium, and incubation was
carried out for a further 2 days. The cocktail of proin-
flammatory cytokines consisted of TNF-o, IL-1f, IL-6
(10 ng/ml of each; R&D Systems) and PGE, (1 pg/ml;
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Sigma, Miinich, Germany). After 8 days, cell-free super-
natants were collected and stored at —20° for the subse-
quent determination of cytokine levels.

Immunophenotyping of MoDCs/MoLCs

Control and treated MoDCs and MoLCs (1 x 10° cells/
sample tube) were washed in phosphate-buffered saline
(PBS) supplemented with 2% FCS and 0-1% sodium
azide (NaNj3), and incubated for 45 min at 4° with one of
the following monoclonal antibodies (mAbs) which was
conjugated to either phycoerythrin (PE) or fluorescein
isothiocyanate (FITC): HLA-DR-PE, CDla-PE, CDI14—
FITC, CDS83-FITC, CD86-PE, (Serotec, Oxford, UK),
CD54-PE (Serotec) and CCR7-FITC (R&D Systems).
Controls consisted of samples with irrelevant (Ir) mouse
mAbs, conjugated to PE or FITC (Serotec), and which
were reactive with rat antigens and non-reactive with
human antigens. Cell fluorescence was analyzed using an
EPICS XL-MCL flow cytometer (Coulter, Krefeld, Ger-
many). At least 5000 cells per sample were analyzed.

Immunocytochemistry of MoDCs/MoLCs

Immature cells of both DC subsets were adhered to glass
slides covered with poly-1-lysine (2 x 10* cells/slide) using
a Shandon Cytospin Centrifuge (Thermo Scientific, Breda,
the Netherlands). Cytospin preparations were fixed with
2% pararosaniline in PBS and incubated for 30 min with
anti-(human Langerin/CD207) (2 pg/ml, goat IgG; R&D
Systems). This was followed by a 15-min incubation with
a biotinylated link antibody in the presence of 5% normal
human serum and then by a 15-min incubation with
alkaline phosphatase-labelled streptavidin (LSAB+ System;
AP; DakoCytomation, Glostrup, Denmark). After each
step of the staining procedure, the slides were thoroughly
washed with Tris-buffered saline (TBS). Staining was
complete after a 10-min incubation with the substrate-
chromogen solution, and the cytospin preparations were
analyzed using light microscopy. Slides in which the pri-
mary antibody was omitted served as the negative control.
At least 500 cells were analyzed on each cytospin prepara-
tion and the percentage of positive cells was determined.

Allogeneic T-cell activation

The ability of T cells to proliferate was tested in an allo-
geneic mixed leucocyte reaction (MLR). CD4" T cells
were used as responders in the MLR, after their isolation
from PBMCs using immunomagnetic sorting with a
CD4" isolation kit (MACS technology; Miltenyi Biotec,
Bergisch Gladbach, Germany) following the manufac-
turer’s instructions. After loading the cell suspension
onto a column placed in the magnetic field of a MACS
Separator, unlabelled cells run through and this cell frac-

Monocyte-derived dendritic cell subsets

tion consists mainly of CD4" T cells. The purity of T
cells recovered in the negative fraction was 90-8%, as
verified by staining with anti-CD3-PE and anti-CD4—
FITC followed by flow cytometry analysis. Purified CD4"
T cells (1 x 10° cells/well) were cultured with different
numbers of allogeneic MoDCs in complete RPMI-1640
containing 10% FCS, in 96-well round-bottomed cell-
culture plates. Different ratios of DC cells : T cells were
used. After 5 days of culture, cell proliferation was
assessed by pulsing the cells with [*H]thymidine (1 pCi/
well; Amersham, Bucks., UK) for the last 18 hr of cul-
ture. Labelled cells were harvested onto glass fibre filters
and the incorporation of the radionuclide into the DNA
was measured using f-scintillation counting (LKB-1219
Rackbeta; Wallac, Turku, Finland). The results were
expressed as counts per minute (c.p.m.) * standard devi-
ation (SD) of triplicate samples.

Cytokine assays

Cells were stimulated, after 8 days of culture, with phor-
bol 12-myristate 13-acetate (PMA) (20 ng/ml) and iono-
mycin (500 ng/ml) for 16 hr to stimulate the production
of the synthesized cytokines. Cells were harvested and
centrifuged, and the cell-free supernatants were collected
and stored at —20 for the subsequent determination of
cytokine levels. The levels of IL-12, IL-23, IL-27, IL-6 and
TGF-f1 were measured using sandwich enzyme-linked
immunosorbent assays (ELISAs) from R&D Systems,
following the manufacturer’s instructions, in the cell-free
supernatants of control or treated MoDCs. TNF-o. was
determined using an ELISA kit purchased from Bender
MedSystems (Vienna, Austria). The levels of T-helper
cytokines were evaluated using a FlowCytomix Human
Th1/Th2 11plex kit from Bender MedSystems.

Statistical analysis

The significance between the means of experimental data
was determined using the Student’s unpaired t-test. Their
differences were considered statistically significant if the
P value was below 0-05.

Results

Phenotypic characteristics of MoDCs and MoLCs

MoDCs were generated from peripheral blood monocytes
after incubation of the cells with GM-CSF and IL-4. The
addition of TGF-f to this cytokine cocktail resulted in
the generation of MoLCs. The phenotypic characteristics
of these DC subsets were determined after 6 days of
culture.

Both MoDCs and MoLCs displayed phenotypic charac-
teristics of immature DCs, as judged by the low expres-
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sion of CD86, CCR7 (Fig. 1) and CD83 (data not shown).
While the expression of CD14 was almost completely
down-regulated in both subsets, almost all MoLCs, but
only about half of the MoDCs, expressed CDla. Imma-
ture (i)MoLCs differed from iMoDCs by having higher
forward scatter (FS) parameters and significantly lower
expression of HLA-DR, CD-54 and CCR7 (Fig. 1). In
addition, the percentage of Langerin+ cells within
iMoLCs (70%) was significantly higher than the percent-
age of Langerin+ cells within iMoDCs (5%) (Fig. 2).

The iDCs of both lineages were induced to mature by
incubation with a standard cocktail of proinflammatory
mediators. This resulted in the up-regulation of HLA-DR,
CD83, CD86 and CCR7 and a slight decrease in the FS
profiles (Fig. 1). Mature (m)MoLCs showed lower expres-
sion of HLA-DR and CCR7 compared with mMoDCs,
whereas no significant differences in the expression of
CD83 and CD86 were seen. The levels of non-specific
(background) fluorescence for both immature and mature
MoDCs and MoLCs, determined using irrelevant mAbs
conjugated to PE and FITC, did not exceed 2%.

Production of cytokines by MoDCs and MoLCs in
culture

The levels of cytokines were determined in the cell-free
supernatants of both iDCs and mDCs (Fig. 3).

iMoLCs produced significantly lower levels of IL-12
and TNF-o, and significantly higher levels of IL-23, than
iMoDCs. The differences in secretion of IL-6, IL-10
and IL-27 between these DC subsets were not statistically
significant.

mMoLCs produced significantly higher quantities of
IL-12 and IL-23 and lower quantities of IL-10 compared
with mMoDCs, whereas the secretion of IL-27 was not
statistically different between the two cell types.

Alloreactive stimulatory capability of MoDCs
and MoLCs

The alloreactive stimulatory capability of MoDCs and
MoLCs was tested using MLRs where allogeneic CD4" T
cells were responders. CD4" T cells stimulated with iMo-
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Figure 1. Phenotypic characterization of monocyte-derived dendritic cells (MoDCs) and monocyte-derived Langerhans’ like cells (MoLCs), as

determined by flow cytometry. MoDCs were generated from peripheral blood monocytes after incubation with granulocyte—-macrophage colony-

stimulating factor (GM-CSF) and interleukin-4 (IL-4). MoLCs were generated under the same conditions but with the addition of transforming
growth factor- f (TGF-p) to the cytokine cocktail. Maturation of these DC subsets was induced with a cocktail of proinflammatory mediators, as

described in the Materials and methods. The numbers in the upper right corners of single histograms represent mean values of fluorescence

intensity within the gated populations [marked on forward scatter (FS) : side scatter (SS) log profiles]. The results are representative of one

donor, out of five different experiments. Ir-PE and Ir-FITC represent non-specific (background) fluorescence using irrelevant (Ir) mouse mono-

clonal antibodies (mAbs) conjugated to the corresponding fluorochrome [i.e. phycoerythrin (PE) and fluorescein isothiocyanate (FITC)], which

do not react with human cells.
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LCs showed a higher proliferation capability than CD4" T
cells stimulated with iMoDCs, at all DC/CD4" T-cell
ratios. All differences were statistically significant except
at the highest (1:10) DC/CD4" T-cell ratio (Fig. 4).

Langerin+ Negative control

#‘ w» e é

» _
| . Fo 3
‘.‘ gmn‘ S i)

® & > &
%o * ‘e
8, '.L g S

. 20 ym 20 pm

MoDC

o

Figure 2. Phenotypic characterization of monocyte-derived dendritic
cells (MoDCs) and monocyte-derived Langerhans’ like cells (MoL-
Cs), as determined by immunocytochemistry. Cytospin preparations
of immature dendritic cell (iDC) samples were stained with anti-
human Langerin IgG, as described in the Materials and methods. At
least 500 cells were analyzed on each cytospin using a light micro-
scope and the percentage of positive cells was determined. Original
magnification, X 600; the bar represents 20 um. The slides with the
omitted primary antibody served as negative controls.

Monocyte-derived dendritic cell subsets

After maturation, the alloreactive stimulatory capability
changed in favour of MoDCs. In contrast to iMoLCs, the
alloreactive stimulatory capability of mMoLCs was lower
than that of mMoDCs and the differences were statisti-
cally significant except at the highest (1:10) DC/CD4"
T-cell ratio (Fig. 4).

T-helper polarization capability of MoDCs and
MoLCs

The ability of MoDCs and MoLCs to polarize T-helper
immune responses was assayed on the basis of the lev-
els of interferon-y (IFN-y), IL-17, IL-4, IL-13 and IL-10
in the supernatants of DC/CD4" T-cell co-cultures
(Fig. 5).

CD4" T cells in co-culture with iMoLCs produced sig-
nificantly lower amounts of IFN-y, IL-4, IL-13 and IL-10,
but higher amounts of IL-17 and IL-2, compared to these
cytokines in co-culture with iMoDCs.

In contrast, mMoLCs significantly up-regulated the
production of IFN-y, IL-2 and IL-17 by CD4" T cells
compared with the levels produced by mMoDCs. It is
interesting that the production of T-helper 2 (Th2) cyto-
kines was different. The level of IL-4 in the mMoLC/
CD4" T-cell co-culture was higher than in the corre-
sponding mMoDC/CD4" T-cell co-culture. The opposite
results were obtained for IL-13. In addition, higher
quantities of TGF- were detected in mMoLC/CD4"
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Figure 3. Production of cytokines in monocyte-derived dendritic cells (MoDCs) and monocyte-derived Langerhans’ like cells (MoLCs) culture
supernatants. The supernatants of both immature and mature MoDCs and MoLCs were collected after 6 days of culture, and the concentrations
of cytokines (in pg/ml) were determined using enzyme-linked immunosorbent assays (ELISAs). Values are given as mean * standard deviation
(SD) of three different experiments. *P < 0-05, **P < 0-01 compared with MoDCs. IL, interleukin; TNF-o, tumour necrosis factor-o.
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Figure 4. Allostimulatory activity of monocyte-derived dendritic cells
(MoDCs) and monocyte-derived Langerhans’ like cells (MoLCs).
Immature and mature MoDCs and MoLCs were co-cultured with
allogeneic CD4" T cells at different ratios. After 5 days, the cultures
were pulsed with [3H]thymidine for the last 18 hr and the radioac-
tivity was measured as described in the Materials and methods. Val-
ues are given as mean + standard deviation (SD) of triplicate
samples from one representative experiment out of three different
experiments showing similar results. The basal counts per minute
(c.pm.) in CD4" T-cell cultures, alone, was 402 + 53 c.p.m. The
basal c.p.m. in DC cultures alone, independently of number and type
of DCs, was between 62 and 102 c.p.m. (similar to the background
radioactivity). The proliferation index (PI) was calculated as follows:
PI = c.p.m. (DC/CD4" T-cell co-culture)/[c.p.m. (CD4" T-cell cul-
ture alone) + c.p.m. (DC culture alone)]. *P < 0-05, **P < 0-01,
*P < 0-005 compared with MoDCs.

T-cell co-cultures compared with mMoDC/CD4" T-cell
co-cultures.

Discussion

Blood monocytes may differentiate into various DC sub-
sets, depending on the cytokine milieu. In our study,
iMoDCs were generated by the treatment of monocytes
with GM-CSF and IL-4, a well known DC differentiation
cocktail.?® The addition of TGF-f to this cocktail resulted
in the generation of iMoLCs.”” As the differentiation
potential and function of these cells are significantly influ-
enced by the culture conditions and individual genetic
variations, we generated these DC subsets from the same
blood donors. It is believed that these DC subsets may
represent in vitro counterparts of LCs and IDDCs, respec-

tively, whose functions are not well understood. There-
fore, the main goal of our study was to define differences
in the T-helper polarizing capability of these DC subsets
before and after treatment with a DC differentiation cock-
tail of proinflammatory cytokines and mediators. The
components of this cocktail, namely TNF-, IL-1f, IL-6
and PGE,, which are mostly secreted by local DCs and
macrophages in vivo after activation of these cells with
various danger signals, are the best-defined DC matura-
tion stimuli.**

According to the phenotypic analysis, iMoLCs were lar-
ger and more heterogenous in size, and expressed signifi-
cantly higher levels of CD1la and Langerin, than iMoDCs.
Such characteristics mirrored the differences between ex
vivo isolated LCs and IDDCs."” Lower expression of
HLA-DR, CD54 and CCR7 on iMoLCs suggested that
these cells were more immature then iMoDCs. The differ-
ence in the expression of HLA-DR corresponded well
with data obtained from other in vitro studies,”®*’ in con-
trast to those obtained for CD54 and CCR7, which have
not yet been published. Although there was no difference
in the expression of CD86 between iMoLCs and iMoDCs,
its low expression on both DC types corresponded with
their immature phenotype.”” Upon maturation, both DC
subsets up-regulated most cell-surface markers, but the
expression of these markers was lower on mMoLCs than
on mMoDCs. These results are in accordance with the
fact that TGF-f down-regulates HLA-DR, CD83 and
CD86 on DCs.”*

The main finding of this study was that iMoLCs
induced weaker T-helper 1 (Thl) and Th2, but stronger
T-helper 17 (Th17), polarization of allogeneic CD4*
T cells than iMoDCs. In contrast, mMoLCs were able to
induce stronger Thl, Th2 and Thl7 immune responses
than mMoDCs. Several ex vivo studies have shown that
both LCs and IDDCs induced Thl and Th2 polarization
of alloreactive CD4" T cells,*° while only LCs were able
to induce Th17 polarization of CD4" T cells.’" Stronger
induction of the Th17 response by MoLCs compared with
MoDCs is in accordance with the specific request for
IL-17 production in epithelia where LCs act as a first line
of defense against various pathogens.”*> Additionally,
the Th17 response is also supported by the fact that tis-
sues populated with LCs are enriched with TGF-f.%°
Therefore, our results on the in vitro counterparts of LCs
and IDDCs shed new light on these important biological
phenomena.

Lower production of IFN-y and higher production of
IL-17 by allogeneic CD4" T cells in co-culture with iMo-
LCs compared with co-culture of CD4" T cells and iMo-
DCs, are in agreement with the lower production of
IL-12 and TNF-o and higher production of IL-23, respec-
tively, by iMoLCs compared with iMoDCs. A similar,
strong association between the levels of IL-23 and the
production of IL-17 in co-culture of CD4" T cells and

222 © 2010 The Authors. Immunology © 2010 Blackwell Publishing Ltd, Immunology, 132, 217-225



Monocyte-derived dendritic cell subsets

1000
304 * 500 -
*% * *
25 2001 800
g 20 * g 300 % 600- D MoDC
& o
< 154 g = 400 [IMoLC
] ~ = 4
i 10. 3 200 i
54 100 200+
0 T | T | 0
Immature  Mature Immature  Mature Immature  Mature
12007 . 204 750 1000~
1000+
151 600+ __ 8001 el
= 800 € = €
€ £ E £
B kS > 4501 © 600+
26001 €10 r 8 =
< @ =) | ; J
=|l 400 * D E 300 *%x Lo|_ 400
~ 54 = = |
* I EE Nsl Rllinl
T . 0 T 0 T 0
Immature  Mature Immature  Mature Immature  Mature Immature  Mature

Figure 5. Production of cytokines by allogeneic CD4" T cells in co-culture with immature or mature monocyte-derived dendritic cells (MoDCs)
or monocyte-derived Langerhans’ like cells (MoLCs). The amounts of cytokines in both co-cultures (MoDCs/CD4" T cells and MoLCs/CD4" T
cells) were measured using enzyme-linked immunosorbent assays (ELISAs) or FlowCytomix Human Th1/Th2 11plex, as described in the Materi-
als and methods. Values are given as mean * standard deviation (SD) of three independent experiments. *P < 0-05, **P < 0-01, ***P < 0-005
compared with MoDCs. IEN-y, interferon-7; IL, interleukin; TNF-o, tumour necrosis factor-o.

mMoLCs was confirmed in this study. Higher levels of
IL-12 and lower levels of IL-10 in mMoLC cultures might
explain why mMoLCs are more potent inducers of Thl
polarization than mMoDCs. An interesting finding was
the lower ability of iMoLCs to induce a Th2 response
compared with iMoDCs, as judged by lower levels of both
IL-4 and IL-13 in co-culture supernatants. When assessing
the production of IL-13, the same finding was confirmed
by mMoLCs. However, the opposite was observed for the
production of IL-4. One explanation could be differences
in the dynamics of secretion of Th2 cytokines in co-cul-
ture. Namely, it has been shown that up- and down-regu-
lation of IL-13 production by CD4" CD45RO™ cells
predominantly, is faster than the production of IL-4 in
cultures with DCs.”” However, the biological significance
of this finding remains to be tested, bearing also in mind
that IL-13 is a more potent down-modulator of IFN-y
production than IL-4.%

The proliferation capability of CD4" T cells stimulated
by iMoLCs was higher than that of CD4" T cells primed
with iMoDCs, and the phenomenon correlated with the
production of a higher level of IL-2. The reason for this
finding is not clear because the expression of a costimula-
tory ligand (CD86) was similar and the expression of
HLA-DR and CD54 was even lower than on iMoDCs.
Therefore, it remains to be studied how the expression of
this molecule changes as a result of contact with CD4" T
cells, in which CD40 ligand (CD4" T cells) and CD40
(DCs) is of significant importance.”® Peiser et al.*
showed that stimulation of MoLCs with CD40 ligand was

© 2010 The Authors. Immunology © 2010 Blackwell Publishing Ltd, Immunology, 132, 217-225

followed by the up-regulation of CD83 and CD86 expres-
sion and the production of IL-12p70 and IL-10. In addi-
tion, CD40 triggering increased the potency of MoLCs to
stimulate CD4" T-cell proliferation. It is also not clear
whether increased production of IL-2 is a cause or a con-
sequence of cellular activation. In this context, lower pro-
duction of IL-10 in a co-culture of iMoLCs with CD4" T
cells might be important, because IL-10 inhibits the pro-
duction of IL-2 at the mRNA level without changing the
expression or function of the IL-2 receptor (IL-2R)."!
Therefore, in our culture system lower levels of IL-10
could have counteracted the production of IL-2, which is
a key T-cell growth factor.*?

However, maturational stimuli significantly lowered the
proliferation capability of CD4" T cells triggered by
mMoLCs, compared with mMoDCs, in spite of higher
production of IL-2. This result could be explained by a
lower expression of most cell-surface markers on
mMoLCs compared with mMoDCs, and a different IL-2/
TGEF-f ratio. Lower expression of HLA-DR and CD54 on
mMoLGCs is in line with previously published data which
show that mature LCs from skin explants, with a low
ability for antigen presentation and reduced affinity to
contact alloreactive CD4" T cells, abrogated their prolifer-
ation.” In contrast, higher production of TGE-f in
co-culture of CD4" T cells and mMoLCs is in accordance
with the effect of TGF-f on the modulation of intracellu-
lar effects of IL-2. Namely, it has been shown that TGF-f
inhibits expression, as well as signalling through IL-2R,
mediated by the Jak-Stat pathway.***°
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Anti-tumour vaccine protocols in the last few years
have been mainly focused on mMoDCs, which are able to
promote the Thl polarization of CD4" T cells.** How-
ever, experiments in mice have recently shown that
CD4" Th17 cells provided better protection against malig-
nant melanoma than CD4" Thl cells because of their
unique ability to promote CD8" anti-tumour T cells in
vivo.*” Th17 cells maintained anti-tumour activity in vivo
by producing IFN-y but not IL-17,** as a result of the
Th17/Thl phenotypic switch.*’ As the mMoLCs in our
study were stronger inducers of both Thl and Thl17
responses than mMoDCs, and CD4" Th17 cells have been
found in various human tumours,****~>* we hypothesized
that mMoLCs might be useful for future vaccine proto-
cols aimed against at least skin and epithelial tumours.
However, it should be emphasized that mMoLCs were
also stronger inducers of the Th2 immune response than
mMoDCs, which could potentially decrease the intensity
of the Th17/Thl response.”® As MoLCs achieved this
characteristic after maturation, it would be reasonable to
test additional maturation protocols in future experiments
in order to determine their potentially useful characteris-
tics for optimal stimulation of anti-tumour immunity.
This assumption is supported by earlier studies showing
that a well-established maturational cocktail,** which we
used in our study, had the ability to expand a regulatory
T-cell population,” whereas PGE, could additionally
stimulate the production of IL-10, inhibit the secretion of
IL-12 and induce Th2 polarization by DCs.”>**

In conclusion, our results demonstrated that both iMo-
LCs and mMoLCs are better inducers of the Thl7
immune response than MoDCs. This function, and the
ability of MoLCs to stimulate a stronger Thl immune
response than mMoDCs, make mMoLCs a better candi-
date for preparation of anti-tumour DC vaccines.
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