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37206 Tours cedex 3, France
c EFS Aquitaine-Limousin, place Amélie-Raba-Léon, CS 21010, 33075 Bordeaux, France
d UMR 1064, Inserm, centre de recherche en transplantation et immunologie (CRTI), université de Nantes, Nantes, France
e Institut de transplantation urologie néphrologie (ITUN), Hôtel-Dieu, CHU de Nantes, 30, boulevard Jean-Monnet, 44093 Nantes cedex 01, France
f UFR des sciences pharmaceutiques, avenue Monge, 37000 Tours, France

Abstract
Objectives. – Since no further progress was achieved, in order to improve the long-term organ transplantation outcome, the immune tolerance
appears as an interesting therapeutic goal. Dendritic cells (DCs) are specialized cells participating in the homeostasis of the immune response.
Moreover, subsets of DCs, identified in humans, appear to have their respective competences in immune response modulation. Our objective is to
purify from PBMC or to differentiate DC subsets from monocytes using several strategies and evaluate their IL10 secretion.
Methods. – CD14+ cells were purified from peripheral blood mononuclear cell (PBMC) by affinity beads and cultured with cytokines up to 7 days.
®
The pDCs were purified with anti-BDCA-2 beads from PBMC fraction enriched by Percoll gradient. The moDCs, pDCs and moLCs subsets were
analyzed by phenotype labelling and FACS analyses and IL10 secretion measured by ELISA.
Results. – The moDCs were characterized by the CD209 expression and a lower expression of CD1a markers. Expression of CD207 and CD1a
markers characterized moLCs and CD123+ /BDCA-2+ pDCs. Variable IL-10 secretions were shown between the three DC subsets, both at basal
and activated levels.
Conclusions. – As the several DC populations studied have different capacities of IL-10 synthesis, they might play, among others, distinct roles in
the induction of immune tolerance.
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Résumé
Objectifs. – L’induction de tolérance immune reste un challenge important dans le domaine de la transplantation d’organe. Les cellules dendritiques
(DCs), piliers de la réponse immunitaire, jouent un rôle crucial aussi bien dans l’induction d’une immunité spécifique que dans celle d’une tolérance
immune. Chez l’homme, il existe au moins quatre types de DCs effectrices majeures, les DCs conventionnelles (cDC), les DCs plasmacytoïdes
(pDCs), les DCs inflammatoires (MoDCS) et les cellules de Langerhans (LCs). L’objectif du projet est de préparer différents sous-types de DCs
(moDCs, pDCs, moLCs) afin d’analyser leurs capacités à synthétiser de l’IL-10.
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Méthodes. – La différenciation des moDCs et moLCs est faite à partir de monocytes CD14+ isolés des PBMCs, en présence de cytokines spécifiques.
La purification des pDC est faite avec des billes anti-BDCA-2 à partir des PBMC.
Résultats. – Les moLCs différenciées sont caractérisées par l’expression de la Langerine (CD207) et de CD1a. Les moDCs se caractérisent par
l’expression de CD209 et une plus faible expression de CD1a et les pDCs par l’expression conjointe de CD123 et BDCA-2. La synthèse d’IL10 est
différente entre les trois sous-types de DCs étudiés au niveau basal comme activé.
Conclusions. – Les différentes populations de DC étudiées, parce qu’elles présentent des capacités variées, entre autres, pour la synthèse d’IL-10,
pourraient jouer des rôles distincts dans l’induction de tolérance immune.

Mots clés : Cellules dendritiques ; Sous-types de DCs ; Immunomodulation ; IL-10

1. Introduction

2. Methods

Dendritic cells (DCs) are professional antigen-presenting
cells that induce immunity upon detection of pathogens, while
maintaining tolerance in response to innocuous molecules due
to their functional plasticity [1,2]. Two main DC subsets, at
last, have been identified in the blood, spleen, tonsil and lymph
nodes including conventional DCs (cDCs), consisting of either
BDCA1/CD1c+ DCs or BDCA3/CD141+ DCs and plasmacytoid DCs (pDCs) consisting of CD123+ cells. cDCs are
effective at antigen-specific stimulation of CD4+ and CD8+ T
cells whereas pDCs specialize in producing type I interferons
in response of virus motifs [3]. In the skin, three DC subsets have been described: Langerhans cells characterized by
the expression of Langerin (CD207+ ) [4], CD1a+ dermal DCs,
and CD14+ dermal DCs, which all migrate into skin-draining
lymph nodes [5]. Additional revised taxonomy of human blood
DC subsets have been described based on Single-cell RNAseq including two subpopulations within BDCA1/CD1c+ DCs
(CD1 C+ -A and CD1 C+ -B) which are distinguished by their
strong signature of inflammatory genes [6]. Moreover, a new
DC subset “AS DCs” which share properties with pDCs have
been identified in human blood, nevertheless, pDCs remains as
“the natural interferon-producing cells” with weaker T cell proliferation induction ability [6]. Since their discovery, DCs have
proved to play a central role in regulating immune responses.
Tolerant DCs are often characterized by a low expression of surface MHC II molecules and co-stimulatory molecules (CD40,
CD80 and CD86) and low T cell stimulatory ability [7]. Moreover, they usually show reduced IL-12 and increase IL-10.
During the last decades, significant advances have been made
in establishing methods to manipulate DCs in vitro to generate tolerant DCs [8] using cytokines such as: Il-10 alone
[9] or in combination of transforming growth factor (TGFß1) [10]. Alternatively, pharmacological mediators including:
1,25-dihydroxyvitamin D3 [11], histone deacetylase inhibitors
(HDAC) [12] or immunosuppressive drugs such as mycophenolate mofetil or rapamycin [13,14] which modulate DCs in
that sense. Despite the importance of Tol-DCs, the capacities
of each DC subset to induce and promote immune tolerance remain unknown. We explore DC subset capacities of
secreting IL-10 versus pro-inflammatory cytokines using PRRs
agonist.

2.1. Monocyte isolation and culture
Cytapheresis products were obtained from Centre Atlantic
Transfusion Department (EFS-CA). They were issued from the
healthy adult volunteers who had given their written informed
consent and the university ethic committee approved the procedure. Mononuclear cells were obtained from peripheral blood
of healthy donors using Ficoll (Dutscher) density gradient centrifugation. The monocytes were then purified by a positive
selection using CD14 microbeads (Miltenyi Biotec) (> 90% of
purity). For immature monocyte-derived DCs (moDCs), monocytes were differentiated for 6 days in RPMI 1640 (Dutscher)
medium supplemented with 10% FCS (Dutsher), 66 ng/mL
granulocyte macrophage colony stimulating factor (GM-CSF,
Miltenyi Biotec) and 25 ng ng/mL IL-4 (Miltenyi Biotec). At
day 6, cells were collected and flow cytometry analysis was
performed. For human moLCs, monocytes were cultured for 7
days in RPMI 1640 medium supplemented with the 2% human
albumin (HAB, Vialebex LFB), 50 ng/mL GM-CSF (Miltenyi
Biotec), and 10 ng/mL TGF-ß1 (Miltenyi Biotec), renewed at
day 3. At day 7, cells were collected and FACS analysis was
performed. The pDCs were isolated by negative selection using
plasmacytoid dendritic cells isolation kit II (Miltenyi Biotec),
from an enriched DC cells fraction, which was obtained by gra®
dient centrifugation of PBMCs, Percol (Healthcare) gradient
centrifugation of PBMCs. Cells were gated based on their characteristic pattern of SSC and FSC. Doublets were excluded based
on forward scatter height (FSC-H) and forward scatter width
(FSC-W) and analysed for the double expression of CD123+ (IL3R+ ) and CD303 (CLEC4 C, BDCA-2). The purity of population
is up to 98,1%.
2.2. Flow cytometry analysis
Cells (1 × 105 /100 L) were stained for 30 min at 4 ◦ C
with the following anti-human antibodies at the appropriate concentration or with the relevant isotypes: CD83-FITC
(BD Biosciences), CD14-PE (Beckman coulter), CD86-PE
(BD Biosciences), HLA-DR–APC (BD Biosciences), CD207APC (Biolegend), CD1A-AF488 (Biolegend), CD123-APC
(Biolegend), BDCA-2-APC (Biolegend), CD209-PE (Beckman
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coulter). The cells were then washed with 1 × PBS (Dutscher)
and viable cells analysed on a Canto I flow cytometer (BD Biosciences). Results were expressed as the ratio of MFI (mean of
fluorescence) of the marker on the MFI of the isotype control
and referred as MFI ratio.

3. ELISA
MoDCs and monocyte-derived Langerhans-like cells
(moLCs) (1.106 /mL) were stimulated by lipopolysaccharides (LPS, TLR-4 ligand) 50 ng/mL (Invivogen), and pDCs
by Classe A CpG-ODN 2236 (TLR-9 ligand), 1 g/mL
(Invivogen) for 48 h and then IL-10, IL12-p70 and IFN-␣
ELISA measurement was performed on culture supernatants
of each DC subset according to the manufacturer instructions
(eBiosience). Data were expressed as means ± SD of 3 donors
for pDCs and moDCs and as means of duplicate ± SD of 1
donor for moLCs.

3

4.2. Functional capacities of DC subsets
The capacity to secrete IL-10 for each subset obtained has
been evaluated by ELISA (Fig. 2A) after 48 h of stimulation using TLRs ligand such as LPS for moDC and moLCs
and CPG-A ODN, (TLR-9 ligand) for pDCs. MoDCs IL-10
secretion increased between un-stimulated and LPS stimulated
stage from 18.53 ± 2.59 pg/mL to 204.91 ± 22.14 pg/mL. The
immature pDCs have a basal secretion at 206.90 ± 70.43 pg/mL
and reduce their Il-10 secretion when stimulated with ODN at
125.07 ± 23.24 pg/m. We found out, as a preliminary result,
that un-stimulated moLCs had neither, IL-10 basal secretion
(1.559 ± 0.004 pg/mL) nor with LPS stimulation. IL-12p70
secretion or interfon-␣ secretion as well as maturation marker
have been evaluated after 48 h of stimulation by ELISA and flow
cytometry respectively as control of responsiveness of each DC
subsets due to stimulation. In presence of the pro-inflammatory
stimulus, LPS or class A CPG-ODN, IL-12p70 or INF-alpha
were secreted higher than non-stimulated DC (Fig. 2B) as well as
the expression of maturation marker CD86, CD83 and HLA-DR
(data not shown).

3.1. Statistical analysis
Histograms represent the mean values ± S.D. Statistical
significance was determined by the unpaired nonparametric
Kruskal–Wallis test. Difference was considered significant when
P < 0.05.

4. Results
4.1. Differentiation of DC subsets
In order to obtain different DC subsets in sufficient quantities, we first explored the possibility of differentiating these
DCs from monocytes using specific cytokine cocktail. Monocyte
derived-cells were collected after a 6-day culture and identified
using CD14, CD209, CD1a and CD207 as phenotypic markers. Cells differentiated in the presence of IL4 and GMCSF as
moDCs expressed DC-SIGN (CD209) marker up to 93% and
among these, 40% are CD1a+ (Fig. 1A and B). When cultured
in the presence of GM-CSF and TGF-ß1, monocytes generated
large number (60%) of dendritic cells as moLCs that expressed
Langerin (CD207) as referred to the literature [15] (Fig. 1A and
B) but not CD209 compared to moDCs or CD14 and in minor
levels compared to monocyte (Fig. 1A and 1B). The percentage of phenotypic markers, which were less than 5%, has been
considered as negative.
The pDCs were purified as described in methods (Fig. 1C).
Cells were gated on the basis of double expression of CD123
and BDCA-2, pDCs characteristics markers. CD123+ BDCA2+ cells have been enriched > 4-fold from 22% before separation
to > 96% after negative column isolation (Fig. 1D).
For the pDCs purification, 1.109 PBMC have been used to
obtain 1.5 106 of purified pDCs. Concerning the moLCs, 1.107
monocytes have been used to obtain 6.106 moLCs (60% of
CD207+ ).

5. Discussion
As playing a key role on inducing immune response or
immune tolerance, each DC subset might have different capacities of responsiveness due to PRRs stimulus. To study the
capacity of each subset to induce immune tolerance, it is necessary to have a clear immuno-phenotypic definition of each
DC population and the possibility to purify a sufficient amount
of the phenotypically identified cells. The moDCs is a wellcharacterized model of DC differentiation and huge number of
works published is related to this population [8,16]. It has also
been used as therapeutic strategy in cancer for cell therapy [17]
and in graft tolerance [18]. The plasmacytoid DCs are not easily
derived from CD34+ progenitors but they could be purified from
®
a PBMC fraction after an enrichment using a Percoll gradient
[19]. In humans, pDCs do not express the CD11c molecule, but
strongly express the IL-3 receptor chain ␣ (CD123). The identification of BDCA-2 markers, type C lectin and BDCA-4, the
neuropilin-1 receptor, facilitated the identification of these cells
in the blood [20]. The pDCs are the main source of virus-induced
IFN-␣ in human peripheral blood. They migrate to different lymphoid tissues [3] and are found to be elevated in some tumours,
in the skin of systemic lupus erythematous (SLE) patients and in
the nasal mucosa of allergic patients [21]. pDCs play a central
role in SLE pathogenesis through their unique ability to produce large amounts of type I interferon (IFN-I) upon TLR-7 or
TLR-9 triggering [22]. The pDCs also promote immunological
tolerance by inducing IL-10-secreting regulatory T cells (Treg).
Indeed, after maturation, ICOS-L, which is overexpressed on
pDCs, allows the development of IL-10 producing Treg lymphocytes, within Th1 or Th2 responses [9]. If many aspects of
their properties remain to be study, pDCs are clearly involved
in cancer and autoimmune subversion mechanisms and they
express specific surface regulatory receptors involved in negative
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Fig. 1. Strategies for DC subset differentiation. MoLCs and moDCs subsets can be differentiated from monocyte in the GM-SCF and TGF-ß1 or GM-SCF and IL-4
respectively and they exhibit distinctive surface markers. A. A phenotypic analysis of moDCs and moLCs stained with a panel of antibodies specific to DC related
surface markers. Flow cytometry result plots show isotype control (grey) and specific marker (black). B. MFI ratio of CD1a, Langerin (CD207), CD14 and DC-SIGN
(CD209) expressions by flow cytometry displayed as ratio of MFI using MFI marker by MFI isotype control. These results are representative of 4 independent
experiments (n = 4; Kruskal–Wallis test; *P < 0.0145, **P < 0.005; ***P < 0.0006). C. pDCs were isolated using LD columns by negative selection from an enriched
DC cells fraction. Cells were gated based on their characteristic pattern of SSC, and FSC. Doublets were excluded based on forward scatter height (FSC-H) and
forward scatter width (FSC-W) (middle plot) and analysed for the double expression of CD123 and CD303 (BDCA-2). D. The percentage of CD123+ /CD303+ cells
was evaluated before and after isolation (n = 3).
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Fig. 2. Cytokine secretions of each DC subset. A. ELISA measured of IL-10 or B. IL-12p70 and IFN-␣ secretion in 48 h in the supernatants in un-stimulated and
LPS or CPG-A ODN stimulated DCs. Bar represented the mean value ± SD (pDC and moDCs n = 3, moLCs n = 1).

regulation of IFN-␣ secretion suggesting their potential as an
attractive therapeutic target [23].
Langerhans cells are readily distinguished from other DC by
the expression of a C-type lectin Langerin (CD207), associated
with characteristic intra-cytoplasmic vesicles, Birbeck granules
[4]. Langerhans cells form a stable self-renewing population that
does not require CD34+ progenitors in the absence of inflammation [24]. It can be differentiated from monocytes [15,17],
dermal resident CD14+ cells [25] and CD1c+ DC [26]. It has
become clear that LCs were not only capable of triggering adaptive immune responses but also of mediating immune tolerance
to self-antigens in non-inflammatory conditions [27,28]. We also
demonstrated that the basal amount of IL-10 secretion was different according DC subsets, with low secretion for moDCs, higher
for pDCs and no secretion for moLCs. This variable capacity to
secrete IL-10 could be related to the intrinsic properties of each
subset to become pro-tolerant DCs. The activity level of the
ERK pathway stimulation is higher in moDCs than in pDCs and
seems to control IL-10 secretion [29].
Large numbers of works illustrated the capacity of moDCs
to become pro-tolerant at the immature and mature state as
well as to induce in vitro and in vivo regulatory T cells [9].
Likewise, some pDCs phenotypes are able to impair T cell proliferation [11], activate Treg functions [21] and participate to

the immune response subversion [22]. In regard to the amount
of IL-10 secreted by pDCs at the basal level, these cells might
have the capacity to switch T cell phenotype to regulatory profile, as do moDCs. Although, it remains to be demonstrated.
Moreover, pDCs are sensitive to TGF-␤ [30] and PRRs ligand
activation leading to the inhibition of its IFN-␣ secretion [23].
Langerhans cells appear to be involved in the skin homeostasis
with high sensitivity to TGF␤ and to induce cross-tolerance in
mice [31]. But their capacity to orientate naive T lymphocytes
into regulatory phenotype remains unknown.
To conclude, we presented in this work our capacity to obtain
several DC subsets and their capacity to secrete IL-10 in order
to assess their potential to induce immune tolerance using PRRs
stimulus.
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