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Background: Early life is characterized by a high susceptibility
to infection and a TH2-biased CD4 T-cell response to vaccines.
Toll-like receptor (TLR) agonists are currently being
implemented as new vaccine adjuvants for TH1 activation, but
their translation to the field of pediatric vaccines is facing the
impairment of neonatal innate TLR responses.
Objective: We sought to analyze C-type lectin receptor
pathways as an alternative or a coactivator to TLRs for
neonatal dendritic cell activation for TH1 polarization.
Methods: Neonatal monocyte-derived dendritic cells (moDCs)
were exposed to various combinations of TLR agonists with or
without Dectin-1 agonist. IL-12 and IL-23 responses were
analyzed at the transcriptional and protein levels after
stimulation. The intracellular pathways triggered by combined
TLR plus Dectin-1 stimulation was determined by using
pharmacologic inhibitors. The capacity of neonatal moDCs to
differentiate naive CD4 TH cells was evaluated in cocultures
with heterologous neonatal naive T cells. Curdlan was finally
tested as an adjuvant within a subunit tuberculosis vaccine in
neonatal mice.
Results: Simultaneous coactivation through Dectin-1 and TLRs
induced robust secretion of IL-12p70 by neonatal moDCs by
unlocking transcriptional control on the p35 subunit of IL-12.
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Both the spleen tyrosine kinase and Raf-1 pathways were
involved in this process, allowing differentiation of neonatal
naive T cells toward IFN-g–producing TH1 cells. In vivo a
Dectin-1 agonist as adjuvant was sufficient to induce TH1
responses after vaccination of neonatal mice.
Conclusion: Coactivation of neonatal moDCs through Dectin-1
allows TLR-mediated IL-12p70 secretion and TH1 polarization
of neonatal T cells. Dectin-1 agonists represent a promising TH1
adjuvant for pediatric vaccination. (J Allergy Clin Immunol
2015;nnn:nnn-nnn.)
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Infectious diseases are responsible for millions of infant deaths
worldwide, despite the availability of vaccines. The challenge of
early-life vaccination arises from the particularities of the
neonatal immune system because most vaccines have limited
efficacy for children less than 6months of age.1,2 The efficiency of
a vaccine strongly relies on the adjuvant used to activate the innate
immune system and to deliver antigen to dendritic cells (DCs) un-
der appropriate inflammatory conditions. The DC population is a
heterogeneous population in which DC subtypes differ in func-
tion, localization, and phenotype. Protection against intracellular
pathogens needs the generation of a TH1-type immune response
driven by secretion of IL-12p70 by DCs. In human subjects sub-
sets of DCs include Langerhans cells, CD141 interstitial DCs,
and CD11b1 dermal DCs in tissues and BDCA11 myeloid den-
dritic cells (mDCs), BDCA31 mDCs, and BDCA2/41 plasmacy-
toid dendritic cells (pDCs) in peripheral blood.3 Human
inflammatory DCs have recently been described in inflammatory
synovial fluids and tumor ascites.4 All subsets of mDCs express
Toll-like receptor (TLR) 1 to TLR10, with the exception of
TLR9.5 MoDCs express a TLR pattern similar to that of inflam-
matory DCs4 and produce IL-12p70 on TLR stimulation.6 Syn-
thetic TLR agonists have been developed and recently
introduced successfully as adjuvants in adult therapeutic and pro-
phylactic vaccination.Monophosphoryl lipid A (MPLA), a detox-
ified form of LPS and an agonist of TLR4, is currently approved
and has been introduced in combination with alum in such vac-
cines as Fendrix (GlaxoSmithKline, Uxbridge, United Kingdom)
and Cervarix (GlaxoSmithKline) against hepatitis B virus (HBV)
and human papillomavirus, respectively.

If the use of TLR agonists in adult vaccination is a promising
field, the picture in neonates and infants is very different. The only
trial to date involving a TLR agonist as an adjuvant for pediatric
immunization is the RTS,S/AS01 vaccine against malaria
(GlaxoSmithKline). This vaccine candidate is a liposomal
formulation including MPLA and the saponin-containing QS-21
1
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immunostimulant. The completed phase III trial showed only
modest efficacy, with an overall 30% protection against severe
malaria.7

Past studies emphasized the gradual acquisition of TLR
responsiveness in newborns and infants in whole blood and
PBMCs,8,9 with an age-dependent maturation of IL-12p70 secre-
tion capability throughout childhood.10 These studies also show
that neonatal immune cells seem to produce more IL-10 and
TH17-polarizing cytokines (IL-6, IL-1B, and IL-23) after TLR
stimulation. Interestingly, TLR7/8 agonists seem more potent
for activating neonatal cells,11-13 although they do not induce
IL-12p70 in neonatal DCs.14 A defect in nucleosome remodeling
prevents transcription of the p35 subunit of IL-12p70 in neonatal
DCs,15 which therefore produce more IL-23 in response to TLR4
or TLR8 stimulation.16 Neonatal monocyte-derived dendritic
cells (moDCs) also have a defect in association of the transcrip-
tion activator CREB-binding protein and interferon regulatory
factor 3,17 a transcription factor necessary for transcription of
IL-12p35.18 Altogether, these data emphasize a highly regulated
TLR response in newborns that makes TLR agonists poor candi-
dates for neonatal adjuvantation.

Mycobacterium bovis BCG is a widely used live vaccine that
protects against tuberculous meningitis in children and prevents
miliary/disseminated tuberculosis. BCG is administered success-
fully at birth, and PBMCs fromvaccinated infantsmount a success-
ful TH1 response to purified protein derivative.19 Interestingly,
BCG vaccination in early life also significantly enhances T- and
B-cell responses to unrelated vaccine antigens. Coadministration
of BCG in human infants enhanced both TH1 and TH2 cytokine re-
sponses to HBV vaccination and antibody responses to both HBV
and oral polio vaccines.20 BCG is a live attenuated vaccine and is
thus self-adjuvanted,withmanymicrobial patterns.Despite current
findings regarding the receptors involved in recognition of myco-
bacteria, the mechanisms allowing BCG to trigger a TH1 response
in newborns remain poorly understood. BCG is able to activate
DCs21 and mobilize innate pathways, although through different
mechanisms and outcomes, depending on the population.22Various
pathogen recognition receptors are involved in BCG sensing,
including TLR2, TLR4, and TLR9, but also through another fam-
ily, the C-type lectin receptors (CLRs), including the mannose re-
ceptor and dendritic cell–specific intercellular adhesion molecule
3–grabbing nonintegrin.23

CLRs are a class of pathogen-associated receptors expressed
widely in the myeloid lineage in which they trigger various
functions from gene transcription to endocytosis and antimicro-
bial activity.24 Among these CLRs, Dectin-1 is a receptor origi-
nally described on DCs both in mice and human subjects25 that
recognizes b-1,3– and b-1,6–linked glucans present in the cell
walls of fungi and some bacteria.26 After stimulation with curdlan
(a high-molecular-weight linear polymer of b-1,3–linked
glucose), Dectin-1 can directly induce cell activation through
an immunoreceptor tyrosine-based activation motif (ITAM)
domain in its cytoplasmic tail that recruits the spleen tyrosine ki-
nase (Syk)/Caspase recruitment domain-containing protein 9
(CARD9) pathway to induce secretion of a vast array of cyto-
kines.27-29 Importantly, CLRs are also involved in recognition
of and response to Mycobacterium tuberculosis. In addition to
the mannose receptor and dendritic cell–specific intercellular
adhesion molecule 3–grabbing nonintegrin, Mincle and macro-
phage C type lectin receptors have been recently described to
recognize cord factor expressed on the surface of M tubercu-
losis.30,31 Dectin-1 has also been reported to be involved in
macrophage and DC recognition of and response to M tubercu-
losis, although the ligand involved in this interaction remains to
be identified.32,33

In this study we sought to identify an innate pathway for DC
activation that can promote a TH1 response in newborns. We
demonstrated that activation of Dectin-1 by curdlan on neonatal
moDCs can overcome the transcriptional control of the IL-
12p35 subunit and allows TLR-induced IL-12p70 secretion by
neonatal DCs and further TH1 polarization of neonatal T cells.
METHODS

Blood and cell isolation
Buffy coats were obtained from adult donors by Etablissements Français du

Sang (Paris, France). Heparinized cord blood samples were collected in 2013

from healthy neonates from the Maternity Port Royal (Paris, France) or

Hopital Saint-Louis (Paris, France). Written consent was obtained from the

mothers. This study was carried out with the approval of the Ethics Committee

of the Pasteur Institute (Rbm 2010-09 and Rbm 2014-01) and the French

regional committee CPP IDF I and IV in agreement with the principles of the

Declaration of Helsinki.

Adult and cord blood were layered onto Ficoll-Hypaque and centrifuged.

Mononuclear cells were recovered, and specific cell subsets were then

enriched with MACS enrichment kits (Miltenyi Biotec, Bergisch Gladbach,

Germany), according to the manufacturer’s instructions. Monocytes were

enriched with CD14 microbeads, naive T cells were enriched with CD4

microbeads, and red cells were enriched with CD235a microbeads. Cells were

further sorted with a FACSAria III cell sorter (BD Biosciences, San Jose,

Calif). Monocytes were sorted as CD11c1CD141 cells, naive T cells were

sorted as CD31CD41CD252CD45RO2, and CD711 red cells were sorted

as CD235a1CD711 cells. Purity was routinely greater than 98%. For a list

of antibodies, see Table E1 in this article’s Online Repository at www.

jacionline.org.
Reagents
Polyinosinic:polycytidylic acid (PIC; HMV, TLR3 agonist), R848

(TLR7/8 agonist), LPS (LPS-EK standard, TLR4 agonist), depleted

zymosan (DZN; Dectin-1 agonist), dispersible whole glucan particles
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(WGPs; Dectin-1 agonist), piceatannol (Syk inhibitor), LY294002 (phos-

phoinositide 3-kinase inhibitor), U0126 (MEK1/2 [mitogen-activated pro-

tein kinase/extracellular signal-regulated kinase] inhibitor), and SB202190

(p38 inhibitor) were purchased from InvivoGen (Carlsbad, Calif). Curdlan

(Dectin-1 agonist) was purchased from Wako (Osaka, Japan). Raf-1 kinase

inhibitor I was purchased from Calbiochem (Nottingham, United

Kingdom).
Fluorescence-activated cell sorting analysis of

Dectin-1 expression on leukocytes
Dectin-1 expression was analyzed by means of fluorescence-activated cell

sorting (FACS) onPBMCsor cordbloodmononuclear cells. T cellswere defined

asCD31 cells, B cells as CD201 cells, natural killer cells as CD32CD561 cells,

pDCs asCD123hiBDCA41 cells, mDCs asCD202CD11c1CD1c1CD14- cells,

CD141DCs asCD11c1CD1411 cells, andmonocytes as CD11c1CD141 cells.
MoDCs
Human CD11c1CD141 monocytes isolated from adult or cord blood were

cultured with 100 ng/mL (500 UI/mL) GM-CSF plus 50 ng/mL (250 UI/mL)

IL-4 (Miltenyi Biotec) at 106 cells/mL in complete RPMI medium supple-

mented with 10% FCS (ICN Biomedicals, Irvine, Calif), 2-mercaptoethanol

(5 3 1025 mol/L; Sigma, St Louis, Mo), and antibiotics (penicillin, 100 U/

mL; streptomycin, 100 mg/mL; Gibco, Life Technologies, Carlsbad, Calif).

At day 6, moDCs used for stimulation corresponded to

CD142CD11c1CD11b1CD1c1 HLA2DR1CD1a1 cells, and purity was

greater than 95%. MoDCs were cultured at 106 cells/mL, as indicated, in

the presence of various stimuli: 25 mg/mL PIC, 10 mg/mL LPS-EK or 1 mg/

mL R848, 100 mg/mL curdlan, 100 mg/mL DZN, or 100 mg/mL dispersible

WGPs. For combined TLR stimulation, LPS was used at 1 mg/mL. Twenty-

four– to 72-hour culture supernatants were used to test cytokines by means

of ELISA or to culture naive T cells for TH polarization. In some experiments

pharmacologic inhibitors were used as follows: 10 mmol/L piceatannol, 100

mmol/L LY294002, 20 mmol/L SB202190, 20 mmol/L Raf-1 kinase inhibitor

I, or 25 mmol/L U0126.
Naive T-cell differentiation
MoDCs were cultured at 2 3 104 cells/mL in U-bottom 96-well plates in

RPMI 1640 complete medium with 100 ng/mL GM-CSF and 50 ng/mL IL-

4 with 25 mg/mL PIC, 10 mg/mL LPS-EK, 1 mg/mL R848, or combined

TLR stimuli with or without 100 mg/mL curdlan. After 24 hours, 5 3 104

CD31CD41CD252CD45RO2 heterologous naive T cells were added to the

culture. Five days later, cell-culture supernatants were harvested and stocked

at 2208C until further use.

Naive T cells were also cultured with cell-free supernatant from moDC

cultures for 5 days and then boosted with 1 mg/mL ionomycin plus 50 ng/mL

phorbol 12-myristate 13-acetatewith GolgiPlug (BDBiosciences) for 6 hours.

Cytokine production was later analyzed by means of FACS.
Detection of mRNA by means of FACS
Detection of mRNA for IL-12p40 and IL-12p35 was realized by using

Quantigene FlowRNA technology (Affymetrix, eBioscience, Santa Clara,

Calif), according to the manufacturer’s instructions. Briefly, moDCs were

activated for 12 hours with PIC, plus R848 or LPS plus R848 with or without

curdlan, stained for CD11b, and then fixed and permeabilized for 1 hour in 4%

paraformaldehyde, 10 minutes in ice-cold methanol, and then 30 minutes

again in 4% paraformaldehyde. Specific target probes for IL-12p40 and IL-

12p35 mRNA were added and hybridized for 2 hours at 408C. mRNAs then

followed a 2-step amplification (1.5 hours before amplification, followed by

1.5 hours of amplification) before hybridization with fluorochrome-labeled

probes. Fluorescence was measured on an LSRFortessa (BD Biosciences).

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNAwas used as a

positive control.
RT-PCR and quantitative PCR
Total RNA was extracted with the RNeasy Mini plus Kit (Qiagen,

Courtaboeuf, France). RNA samples were converted to cDNA by using

iScript Reverse Transcription Supermix (Bio-Rad Laboratories, Marnbes-la-

Coquette, France). Primers for p19, p35, P40, and the housekeeping genewere

designed (see Table E2 in this article’s Online Repository at www.jacionline.

org). Quantitative PCR (qPCR) was performed on the CFX96 (Bio-Rad labo-

ratories) using SsoAdvanced SYBR green Supermix (Bio-Rad Laboratories).

At the end of 40 amplification cycles, quantification was determined based on

the cycle threshold (Ct), and specific amplification was confirmed bymeans of

analysis of the melting curve. The relative quantification of gene expression

was calculated by using the comparative Ct method (2-DDCt), where

DDCt 5 (Ct of target gene 2 Ct of reference gene) of the treated condition

normalized by DDCt of the control condition.
ELISAs
IL-12p40, IL-12p70, IL-23p19, IFN-g, IL-13, IL-17, IL-10, and TNF-a

levels were measured in culture supernatants by using ELISA kits (eBio-

science), according to the manufacturer’s instructions.
Evaluation of TLR2/4 activation
Bone marrow–derived DCs generated from bone marrow from C57BL/6 or

TLR2/4-KOmice were stimulated with 100 mg/mL curdlan, 100 mg/mL DZN

(InvivoGen, San Diego, Calif), or 100 mg/mL dispersible WGPs (InvivoGen).

After 48 hours, cell-culture supernatants were harvested and stored at2208C
until further use. The potency of curdlan to activate TLR4 was also assessed

with the HEK-Blue hTLR4 cell line. Briefly, HEK-Blue hTLR4 or HEK-null2

cells (InvivoGen) were stimulated for 24 hours with a range of concentrations

of LPS or curdlan. OD at 650 nmwas then measured on aMultiskan Spectrum

device (Thermo Scientific, Waltham, Mass).
In vivo experiments
C57BL/6 and BALB/c mice (Charles River Laboratories, Wilmington,

Mass) were mated and housed on site. Seven-day-old mice were vaccinated

subcutaneously with ovalbumin (OVA) in incomplete Freund adjuvant (IFA)

supplemented or not with 2 mg of curdlan, 20 mg of LPS, or both to analyze

adaptive immune responses. Alternatively, mice received TB10.4 supple-

mented with curdlan or DMT containing MPLA. Lymph node cells were

restimulated with OVA or TB10.4, and 96-hour supernatants were tested for

IFN-g, IL-5, and IL-17 by means of ELISA (eBioscience). For TB10.4

vaccination, spleen cells were also restimulated with TB10.4, and IFN-g and

IL-17 responses were assessed in individual mice by using ELISPOT. Animal

studies were approved by the Institut Pasteur Safety Committee in accordance

with French and European guidelines.
M tuberculosis protection experiments
Virulent M tuberculosis H37Rv strain was grown at 378C in Dubos broth

(Becton Dickinson, Sparks, MD) complemented with albumin, dextrose, and

catalase (Difco, Becton Dickinson). Experiments done with M tuberculosis

H37Rv were all performed in an L3 laboratory in accordance with the hy-

giene and security recommendations of Institut Pasteur. Vaccinated mice

(n 5 6 per group) were challenged through the aerosol route with H37Rv

strain by using a homemade nebulizer. To do so, 5 mL of a suspension at 5

3 106 colony-forming units (CFU)/mL were aerosolized to obtain an inhaled

dose of approximately 200 CFU permouse. Infectedmicewere housed in iso-

lators in L3 animal facilities. One month after infection, mycobacterial bur-

dens in the lungs were determined subsequent to homogenization by using

2.5-mm-diameter glass beads and an MM300 homogenizer (Qiagen). Serial

dilutions of homogenates were seeded on 7H11 Agar complemented with

OADC (Difco, Becton Dickinson), and CFU were counted after 20 days of

incubation at 378C. Experiments were conducted under agreement number

2012-0005.
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FIG 1. MoDC maturation after Dectin-1 triggering. A, Expression of Dectin-1 on cord blood leukocytes and

moDCs. B, Neonatal (n 5 9) or adult (n 5 6) moDCs stimulated with 100 mg/mL curdlan. IL-12p70 and IL-23

levels were measured by means of ELISA in supernatants. Results are expressed as means 6 SDs. *P < .05

compared with unstimulated cells. C, Expression of costimulatory molecules was evaluated on curdlan-

stimulated adult or neonatal moDCs. D, Proliferation of carboxyfluorescein succinimidyl ester (CFSE)–
labeled naive T cells cultured with resting or curdlan-activated heterologous neonatal moDCs.
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Statistical analysis
Statistical analyses were performed with Prism 4 software (GraphPad

Software, La Jolla, Calif) using the unpaired Student t test. P values of less

than .05 were considered statistically significant.
RESULTS

Neonatal and adult response to Dectin-1

stimulation
Most studies have determined Dectin-1 expression based on

mRNA expression and not surface protein expression. Using
FACS, we investigated expression of Dectin-1 in moDCs and
various leukocyte populations in cord or adult blood. MoDCs
were generated from neonatal or adult monocytes (see Figs E1
and E2 in this article’s Online Repository at www.jacionline.
org). Dectin-1 was expressed by moDCs from both cord (Fig 1,
A) and adult (see Fig E2) blood at similar levels. Dectin-1 was
not expressed by any lymphoid cells (B cells, T cells, and natural
killer cells) or on pDCs. However, Dectin-1 was present on
BDCA11 DCs (Fig 1, A). Dectin-1 was also found to be highly
expressed on monocytes (Fig 1, A, and see Fig E3 in this article’s
Online Repository at www.jacionline.org).

Among the 3 Dectin-1 agonists tested, curdlan was the
strongest IL-12p40 inducer by both adult and newborn DCs and
thus was selected for the study (see Fig E4 in this article’s Online
Repository at www.jacionline.org). We could not detect any sig-
nificant secretion of IL-12p70 in adult or neonatal moDCs stimu-
lated by curdlan (Fig 1, B). However, IL-23 was readily induced,
particularly in adult moDCs. Curdlan was also able to stimulate
primary cells, as demonstrated by the secretion of IL-6, IL-10,
IL-12p40, and TNF-a after whole blood activation (see Fig E5
in this article’s Online Repository at www.jacionline.org).
Curdlan-stimulated DCs upregulated the costimulatory mole-
cules CD80, CD86, and CD40, as well as CD83 and HLA-DR
(Fig 1, C). Curdlan-stimulated DCs were also able to increase
T-cell proliferation in an MLR assay (Fig 1, D). Curdlan did not

http://www.jacionline.org
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FIG 2. Neonatal and adult response to combined Dectin-1/TLR stimulation. A, Adult (n5 7) or neonatal (n5
18) moDCs were stimulated, as indicated. After 72 hours, supernatants were tested for IL-12p70 and IL-23 by

means of ELISA. Results are expressed as means 6 SDs. ns, Not significant. *P < .05, **P < .01, and ***P <

.001. B,Neonatal moDCs (n5 2) were stimulated as indicated in the presence of control immunoglobulin or

anti–Dectin-1–neutralizingmAb. After 72 hours, supernatants were tested for IL-12p70 and IL-23 bymeans of

ELISA.
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induce TLR2 and TLR4 activation, demonstrating the lack of
endotoxin contaminants (see Figs E6 and E7 in this article’s On-
line Repository at www.jacionline.org). Altogether, our results
show that b-glucans alone can activate moDCs efficiently but
are not sufficient to promote IL-12p70 secretion.
Dectin-1 signaling pathway synergizes with the TLR

signaling pathway
We then evaluated whether Dectin-1 triggering with curdlan

would affect the TLR response. Single stimulation of TLR4
induced low levels of IL-12p70 secretion in adult moDCs but not
in neonatal moDCs (Fig 2, A). Combined TLR stimulation was
much more efficient in inducing IL-12p70 in adult moDCs but
only weakly induced secretion in cord blood–derived moDCs.
IL-23 shares the p40 subunit with IL-12p70. Similarly, we were
not able to detect any IL-23 by neonatal moDCs; this is in contrast
to adult moDCs, which readily secrete IL-23 on TLR4 plus TLR7/
8 stimulation. These results emphasize the TLR response defi-
ciency of newborns at the moDC level.

Adult moDCs did not have significantly increased IL-12p70
secretion on Dectin-1 stimulation (with the notable exception of

http://www.jacionline.org


FIG 3. Synergy, but not priming, between Dectin-1 and TLR pathways. A and B, Neonatal moDCs (n 5 4)

were stimulated as indicated. Curdlan was added with TLR ligands (TLRs1Dectin-1), 24 hours before TLR

ligands (Dectin-1/TLRs), or 24 hours after TLR ligands (TLRs/Dectin-1). Seventy-two hours later, culture

supernatants were tested for IL-12p70 (Fig 1,A) and IL-23 (Fig 1, B) bymeans of ELISA. Results are expressed

as means 6 SDs, and statistical analysis compares responses with and without curdlan. C, TLR expression

by neonatal moDCs stimulated or not with curdlan at 18 hours, as determined by means of qPCR. Results

are expressed as means 6 SDs and compared with unstimulated cells. *P < .05, **P < .01, and ***P < .001.
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the combination of curdlan and R848) but instead increased their
secretion of IL-23. Importantly, combined stimulation by curdlan
and TLR agonists restored IL-12p70 secretion in neonatal
moDCs (Fig 2, B), with the exception of TLR2 (see Fig E8 in
this article’s Online Repository at www.jacionline.org). More
interestingly, the effect of curdlan on IL-12p70 secretion was
restricted to neonatal cells. IL-12p40 secretion was increased
to a similar level after stimulation by curdlan or combined cur-
dlan plus TLR agonists (see Fig E9 in this article’s Online Repos-
itory at www.jacionline.org). IL-1b was not significantly
produced after TLR or Dectin-1/TLR combined stimulation
(see Fig E10 in this article’s Online Repository at www.
jacionline.org). IL-10 levels were similarly increased in adult
and neonatal moDCs, and the induction of IL-6 was higher in ne-
onates (see Fig E10). We also analyzed whether curdlan was able
to activate primary cells. Blood-derived mDCs are the main pro-
ducers of IL-12p70, whereas monocytes contribute poorly to IL-
12p70 production.12,34 The scarcity of neonatal mDCs (see Fig
E11, A, in this article’s Online Repository at www.jacionline.
org) and the limitation in cord blood volume precluded their pu-
rification and study. When curdlan alone or in combination with
TLR agonists was used to stimulate primary monocytes from
adult and cord blood, IL-6, but not IL-12p70, was induced in
these conditions (see Fig E11, B). Priming of neonatal moDCs
through Dectin-1 before TLR activation did not induce IL-
12p70 nor did it modify IL-23 secretion (Fig 3). On the contrary,
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FIG 4. Neonatal suppressive factors do not impair IL-12p70 rescue in neonatal moDCs. Neonatal moDCs

(n 5 4) were stimulated as indicated in the presence of 10% to 20% cord blood serum. A, Adult serum was

used as a control. IL-12p70 and IL-23 levels were measured by means of ELISA. Results are expressed as

means6 SDs, and statistical analysis compares neonatal serum with 10% adult serum. B, Neonatal moDCs

(n 5 4) were cocultured with FACS-sorted adult or neonatal CD711 erythroid cells and stimulated as indi-

cated. C, IL-12p70 responses are expressed as means6 SDs, and statistical analysis compares the response

with and without erythroid cells in the culture. *P < .05 and **P < .01.
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stimulation with curdlan after TLR activation increased signifi-
cantly the secretion of IL-23 for PIC, R848, and PIC plus R848
stimulation (Fig 3, B). Dectin-1 signaling was also able to trigger
IL-23 production by neonatal moDCs, although at lower levels
than in adults. At the transcriptional level, curdlan stimulation of
neonatal moDCs decreased the expression of both TLR3 and
TLR4 while increasing the expression of TLR7 and TLR8 (Fig 3,
C). These results provide a rationale for the stronger induction of
IL-12p70 after stimulation of neonatal moDCs with curdlan plus
theTLR7/8 agonist R848but do not fully explain the negative effect
of the sequential stimulation on the secretion of IL-12p70.

Cord blood CD711 erythroid cells35 and neonatal plasma36 are
endowedwith suppressive properties and inhibit cytokine produc-
tion. The suppressive effect of neonatal plasma can be observed
with a very low level of IL-12p70 produced by neonatal moDCs
after TLR stimulation. Importantly, Dectin-1/TLR stimulation
still increased IL-12p70 secretion by neonatal moDCs in the pres-
ence of neonatal plasma for all combinations, except PIC plus
R848 plus curdlan–stimulated moDCs, for which a slight reduc-
tion can be seen (Fig 4, A). We did not observe any significant
effect of CD711 erythrocytes on the secretion of IL-12p70 by
neonatal moDCs (Fig 4, B and C). Overall, these results show
that Dectin-1 stimulation of neonatal moDCs rescues their ability
to secrete IL-12p70 on TLR stimulation in the presence of poten-
tial neonatal suppressive factors.
Dectin-1 signaling pathway synergizes with the TLR

signaling pathway through multiple pathways
Dectin-1 induces cell activation through the canonical Syk/

CARD9 pathway and the alternative Raf-1 pathway. We
analyzed the role of these pathways on the secretion of IL-
12p70, IL-23, and IL-6 by neonatal moDCs after curdlan plus
R848 and curdlan plus PIC plus R848 stimulation using
pharmacologic inhibitors (Fig 5, A). Inhibition of Syk totally
abrogated secretion of IL-12p70 by neonatal moDCs and
partially abrogated secretion of IL-6 and IL-23. However, inhi-
bition of Raf-1 affected specifically IL-12p70 but not IL-23 and
only weakly affected IL-6 secretion. Inhibition of IL-12p70 by
Raf-1 kinase inhibitor I was dose dependent (Fig 5, B).



FIG 5. Intracellular pathways involved in TLR/Dectin-1 synergy. Neonatal moDCs (n 5 3) were treated with

indicated inhibitors and then stimulated for 72 hours with either 1 mg/mL R848, 25 mg/mL PIC, 100 mg/mL

curdlan, or combined stimuli. A, Cell-culture supernatants were tested for IL-12p70, IL-23, and IL-6 bymeans

of ELISA. Results are shown as the percentage of inhibition of cytokine secretion compared with culture of

moDCs without inhibitors and are expressed as means 6 SDs of 2 experiments. B, Dose effect of Raf-1 ki-

nase inhibitor I on secretion of IL-12p70, IL-23, and IL-6.
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Interestingly, inhibition of phosphoinositide 3-kinase or p38
pathways also totally abrogated secretion of IL-12p70 by
neonatal moDCs. Similar to what we observed with inhibition
of Raf-1 and IL-12p70, inhibition of the mitogen-activated pro-
tein kinase/extracellular signal-regulated kinase pathway by
U0126 specifically inhibited IL-23 secretion. These results sug-
gest that restoration of cytokine secretion of neonatal moDCs af-
ter Dectin-1/TLRs combined stimulation involves multiple
pathways, with the Raf-1 pathway being specifically involved
in IL-12p70 secretion.
Dectin-1 signaling allows neonatal DCs to

overcome transcriptional control of the p35 subunit
The p35 subunit of IL-12p70 has been shown to be negatively

regulated in neonatal moDCs at the transcriptional level.15 We
investigated whether Dectin-1 stimulation could remove this tran-
scriptional inhibition. mRNA expression for the p40 (IL12B) and
p35 (IL12A) subunit of IL-12 and the p19 (IL23A) subunit of IL-
23wasassessedonactivatedneonatalmoDCsbyusingqPCR.Stim-
ulationwith curdlan strongly induced expression of both IL12B and
IL23A mRNA but not IL12A (Fig 6, A). However, expression of



FIG 6. Restoration of IL12A transcription by TLR/Dectin-1 combined stimulation. Neonatal moDCs (n 5 4)

were stimulated for 12 hours as indicated. mRNA levels of IL12A, IL12B, and IL23A were determined by

means of qPCR (A and B) or FACS with Quantigene FlowRNA after staining with anti-CD11b antibody

and indicated fluorescent primers (C). Fig 6, A, Results are expressed as a heat map of the log2 of mean

relative expression. Fig 6, B, Relative expression of mRNA normalized on glyceraldehyde-3-phosphate de-

hydrogenase expression, and results are expressed as means6 SDs. ns, Not significant. *P < .05, **P < .01,

and ***P < .001. Fig 6, C, Representative experiment (left) and pooled results (right, means 6 SDs) of

measurement of IL12A and IL12B mRNA expression by using FACS.
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FIG 7. Induction of IFN-g–producing neonatal TH1 T cells by TLR/Dectin-1–stimulated neonatal moDCs.

Neonatal moDCs (n5 3) were stimulated with indicated stimuli for 24 hours and then cultured with neonatal

heterologous naive T cells (CD31CD41CD562CD252CD45RO2 cells). A, Supernatants were harvested and

tested for IFN-g by means of ELISA. Results are expressed as means 6 SDs. *P < .05, **P < .01, and

***P < .001 compared with TLR-only activated cocultures. B, Neonatal naive T cells were cultured with

25% supernatant of activated neonatal moDCs for 5 days on plate-bound anti-CD3 plus anti-CD28. Cells

were analyzed for intracellular IFN-g and TNF-a bymeans of FACS. Data are representative of 2 experiments.

C, Supernatants were harvested and tested for IFN-g, IL-13, and IL-17 by means of ELISA. Results are ex-

pressed as means 6 SDs of 2 experiments.
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IL12A mRNAwas increased when neonatal moDCs were costimu-
latedwith curdlan plus R848, curdlan plus PIC plus R848, or curdlan
plus LPS plusR848 (Fig 6,A andB).We also checked the expression
of IL12B and IL12A mRNA using FACS. Although IL12B mRNA
could be detected after PIC plus R848, curdlan, and PIC plus R848
plus curdlan stimulation, mRNA for the IL12A subunit was only
slightly expressed on PIC plus R848 stimulation but was strongly
increased with the addition of curdlan (Fig 6,C), which is consistent
with our qPCR results. These results confirm that Dectin-1 signaling
is able to overcome the inhibition that affects the transcription of the
p35 subunit of IL-12 in neonatal moDCs, allowing TLR-mediated
induction of IL-12p70 secretion in neonatal DCs.
Dectin-1 signaling restores the capability of

neonatal moDCs to induce the generation of IFN-

g–producing TH1 T cells
Neonatal naive T cells were sorted by means of FACS (see Fig

E12 in this article’s Online Repository at www.jacionline.org)
and cultured for 5 days with heterologous moDCs stimulated
for 24 hours with TLRs with or without curdlan to assess T-cell
differentiation. We did not detect significant IFN-g secretion by
T cells in the presence of TLR-activated neonatal moDCs (Fig
7, A), whereas adult moDCs did produce such secretion (see
Fig E13, A, in this article’s Online Repository at www.
jacionline.org). IFN-g production was induced in T-cell cultures
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primed by neonatal moDCs stimulated in the presence of curdlan
(Fig 7, A and B). Neither IL-13 and IL-17 (see Fig E13, B) nor IL-
10 (see Fig E13, C) were detected under these conditions. Induc-
tion of TH1 cells with PIC plus R848–activated adult moDCs was
not increased after costimulation with curdlan (see Fig E13, A).
Neonatal TH1 cells can be differentiated by neonatal pDCs in
an IFN-a manner.37 To assess the requirement of IL-12p70, but
not type 1 interferon, for the TH1 polarization, we used cell-free
supernatant from cultures of activated neonatal moDCs with
blocking antibodies. An anti–IL-12 blocking antibody, but not
anti-type 1 interferons receptor antibody, abrogated the induction
of IFN-g–producing T cells (Fig 7, C). Altogether, these results
show that Dectin-1 signaling not only restores the potency of
neonatal moDCs to secrete IL-12p70 after TLR stimulation but
also restores their ability to polarize naive T cells toward TH1
differentiation.
Implementation of neonatal vaccination with

adjuvant targeting Dectin-1 promotes the TH1

response in vivo
To assess in vivo the capacity of Dectin-1 targeting to promote

TH1 responses, we used a neonatal mouse model with 7-day-old
mice.2,38 We used OVA antigen with curdlan emulsified with
IFA, and control neonatal mice received OVA in IFA alone. Under
these conditions, curdlan-vaccinated mice compared with those
receiving IFA alone had a strong T-cell response with high IFN-g
and IL-17 levels and reduced IL-5 levels (Fig 8, A). OVA mixed
with LPS induced much lower levels of IFN-g, and LPS plus cur-
dlan produced similar levels of IFN-g than curdlan alone. The ca-
pacity of curdlan to induce a TH1 response in vivo in the absence of
TLR4 activation will need further investigation. In addition, cur-
dlan induced TH17 cells in vivo that were not induced by neonatal
moDCs in vitro. One likely explanation would be the contribution
of accessory immune or stromal cells able to provide the additional
signals. To fully assess the potency of curdlan, we evaluated its
adjuvant properties in the M tuberculosis model. We used myco-
bacterial TB10.4 antigen, which was previously shown to induce
protective responses against M tuberculosis H37Rv challenge
when adjuvanted with the DMT adjuvant containing the TLR4
agonist MPLA.39 Curdlan induced stronger neonatal TH1 and
TH17 responses than theMPLA-based adjuvant (Fig 8,B). Accord-
ingly, this immune response to TB10.4/curdlanvaccination, but not
the one induced by TB10.4/DMT, afforded protection against M
tuberculosis H37Rv challenge (Fig 8, C). In conclusion, Dectin-1
represents a promising target for pediatric adjuvant setting.
DISCUSSION
In this study we characterized the response of neonatal DCs to

the CLR Dectin-1. We showed that Dectin-1 stimulation by
curdlan alleviates inhibition of the p35 subunit of IL-12, leading
to secretion of bioactive IL-12p70 by neonatal moDCs and
subsequent differentiation of TH1 responses.

Effector memory IFN-g–producing TH1-like cells develop dur-
ing fetal life.40 Nevertheless, neonatal T-cell responses in human
subjects are mainly TH1 deficient and TH2 biased.2 Naive fetal
and neonatal CD4T cells tend to develop intoTH2 cells

41 as a result
of epigenetic regulation at the IL-4 locus.42 However, differentia-
tion of mature TH2 cells developed from neonatal and infant naive
CD41 T cells is abrogated by inflammatory cytokines, including
IL-6, IL-1b, and IL-12.43 Accordingly, we did not detect any
TH2 and TH17 responses under Dectin-1/TLR coactivation.
Neonatal moDCs stimulated with curdlan and TLR agonists
secreted IL-6 and IL-23, but we did not induce a detectable amount
of IL-1b secretion under any condition, which most likely explains
the lack of TH17 differentiation. Neonatal moDCs were proposed
to be more pro-TH17 than adult moDCs because of a higher capac-
ity to produce IL-23 in response to LPS and R848 but not to PIC.16

Combined curdlan and TLR agonist stimulation induced signifi-
cantly higher IL-23 secretion by adult moDCs compared with
that seen in neonatal moDCs. Curdlan unlocked the IL-12 response
in neonatal moDCs, but we did not observe any significant differ-
ence in adult moDCs. This IL-12p70 response can antagonize the
generation of TH17 cells by decreasing both expression of the mas-
ter transcription factor retinoic acid–related orphan receptor gt and
production of IL-17 in human subjects.44

In summary, combined TLR/Dectin-1 stimulation of neonatal
moDCs allows IL-12p70–mediated TH1 differentiation of naive
neonatal T cells and restricts the differentiation of naive T cells
to this path, thus correcting the TH2/TH17 bias originally
observed in newborns. Antigen coupling to Dectin-1 agonists is
efficient not only to trigger TH1 immunity but also to reduce
potentially detrimental TH2 response.45 The capacity of curdlan
to rescue the TLR-mediated TH1 response in neonates highlights
the potency of Dectin-1 agonists as potential TH1 adjuvants for
pediatric vaccination.

CLRs are a vast family of receptors that represent sensors of
both danger and microbial signals. CLR ligands include carbo-
hydrate, protein, and lipid components of both microbes and self,
inducing phagocytic, proinflammatory, or anti-inflammatory re-
actions.24 Dectin-1 is part of the CLR group V that uses a hemI-
TAM pattern to mediate signaling through Syk.27 Other CLRs
signal directly with their own ITAM domain (group V) or through
association with FcRg or DAP12 molecules (group II and group
V), all in a Syk/CARD9-dependent manner.24 Mincle and macro-
phage C type lectin, which both use FcRg, recognize
mycobacterum-derived trehalose dimycolate and its synthetic de-
rivative, trehalose dibehenate, to activate myeloid cells.3 The
CAF01 adjuvant developed by the Staten Serum Institute is based
on trehalose dibehenate and showed promising results in preclin-
ical studies with theM tuberculosis antigen Ag85B-ESAT-6.46,47

CAF01 adjuvant is now implemented inM tuberculosis and HIV
candidate vaccines in clinical trials (clinical trial NCT00922363
and NCT01141205). Altogether, this strongly supports the devel-
opment of CLR-based adjuvants for pediatric vaccination.

Collaboration between pathogen recognition receptors best
mimics encounter of the innate immune system with microor-
ganisms. Coactivation of TLRs and CLRs can lead to contrasting
results and needs to be carefully designed because the CLR family
is very heterogeneous and includes both activators and inhibitory
receptors24 and the consequences are cell specific. We previously
demonstrated that combined CLR-TLR activation engaged an
anti-inflammatory program in murine neutrophils, leading to
release of IL-10 in response to mycobacteria.48 Engagement of
several CLRs can impair IL-12–dependent TH1 responses and
promotion of TH2 polarization, as shown in Fonsecaea mono-
phora infection.49 In conclusion, integration of signals from
TLR and CLR innate pathways requires fine tuning for appro-
priate adjuvant design.

Dectin-1 triggering induces an ITAM-mediated activation of
the Syk/CARD9 pathway, which ultimately leads to



FIG 8. Neonatal mice have TH1/TH17-mediated protection against tuberculosis after in vivo targeting of

Dectin-1. A, Neonatal B6 mice were vaccinated subcutaneously with 100 mg of OVA emulsified in IFA alone,

2 mg of curdlan, or 20 mg of LPS or LPS plus curdlan. Two weeks later, draining lymph node cells were re-

stimulated, and OVA culture supernatants were tested for IFN-g, IL-5, and IL-17. B, Neonatal BALB/c mice

(n 5 4) were left untreated or vaccinated subcutaneously with 100 mg of TB10.4 emulsified in IFA with 2

mg of curdlan or in MPLA-based DMT adjuvant. Two weeks later, draining lymph node cells were restimu-

lated with TB10.4, and supernatants were tested for IFN-g and IL-17. Results are expressed as means 6
SDs of triplicates. C, Neonatal mice were left untreated, vaccinated subcutaneously with BCG or 100 mg of

TB10.4 in DMT, or emulsified in IFA plus curdlan. Three weeks later, mice were challenged bymeans of aero-

sol exposure to 100 CFU of H37rvM tuberculosis. Values in CFU were determined in the lungs 1 month after

infection. Results are expressed as means 6 SDs of individual mice (left panel, n 5 6 mice per group; right
panel, n 5 12 per group). NS, Not significant. *P < .05 and **P < .01 compared with the untreated infected

group.
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translocation of nuclear factor kB in the nucleus.29 Noncanoni-
cal pathways of Dectin-1 activation have also been described
through Raf-1.50 We showed that the synergy between Dectin-
1 and TLRs relies on multiple pathways. Both Syk and p38
mitogen-activated protein kinase pathways were fully required
for IL-12p70 secretion by neonatal moDCs but only affected
partially the secretion of IL-23 and IL-6. Interestingly, we found
that inhibition of the Raf-1 and MEF/extracellular signal-
regulated kinase pathways specifically inhibits IL-12p70 and
IL-23, respectively. Candida albicans was shown to enhance
TLR activation through Raf-1.51 In another study Dectin-1/
Raf-1 promotes acetylation of p65 and enhances transcription
of several genes, including the IL12A gene.50 The acetylation
of p65 increases its DNA-binding affinity and prolongs its
nuclear localization. Our results indicate that such a Raf-1–
dependent mechanism allows neonatal moDCs to overcome
the initial nucleosome remodeling defect affecting transcription
of IL12A.15
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Although in vitro monocyte-derived DCs correspond to the
closest relative to inflammatory DCs,4 it will be of great interest
to investigate the effect of the combination of several pattern
recognition receptors in blood mDCs. The paucity of these cells
and the limited availability of cord blood most likely explain the
relative absence of data in the literature about the functionality
of cord blood mDCs. To our knowledge, the only study analyzing
neonatal bloodmDCs was based on intracellular cytokine staining
on bulk mononuclear cells or whole blood without assessing IL-
12p70 production.52 Analysis of mixed cell culture impairs accu-
rate characterization of what results from the intrinsic features of
mDCs or from cofactors enhancing or dampening their activities.

Taken together, our data demonstrate the potency of the Dectin-
1 pathway to restore TLR-induced IL-12p70 secretion and TH1
polarization by neonatal DCs. Our results clearly show that innate
pathways that alternate to TLRs can efficiently mobilize neonatal
DC activity and that targeting CLRs thus represents a new strat-
egy to design novel adjuvants for pediatric vaccination.

For the cord blood sample collections, we thank J. M. Treluyer and F.

Goffinet (CIC 1409) and to Unit�e de Th�erapie Cellulaire of the Saint-Louis

Hospital. We acknowledge the Center for Human Immunology and the

cytometry platform at Pasteur Institute for support in conducting these studies.

Key messages

d Dectin-1 coactivation of neonatal moDCs allows TLR-
mediated IL-12p70 secretion and TH1 polarization of
neonatal naive T cells.

d Dectin-1 signaling unlocks transcriptional control on the
p35 unit of IL-12.

d Dectin-1 agonist can be used efficiently as an adjuvant to
induce TH1 responses and protect neonatal mice against
tuberculosis challenge.
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FIG E1. Gating strategy for purification of monocytes. CD11c1CD141 monocytes from cord blood were

FACS sorted from CD141 enriched mononuclear cell suspension. FSC, Forward scatter; SSC, side scatter.
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FIG E2. Phenotype of moDCs. Monocytes from peripheral or cord blood were purified as CD141CD11c1

cells by using FACS, as in Fig E1, and then cultured for 6 days with 100 ng/mL GM-CSF and 50 ng/mL IL-

4. Expression of CD14, CD1a, CD1c, CD11b, CD11c, HLA-DR, and Dectin-1 was evaluated by using FACS.

No difference was observed between cord and adult moDCs.
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FIG E3. Expression of Dectin-1 in mononuclear cells. Dectin-1 expression was evaluated by means of FACS

on PBMCs or cord blood mononuclear cells (CBMCs). No difference of expression was observed between

PBMCs and CBMCs. T cells were defined as CD31 cells, B cells as CD201 cells, natural killer (NK) cells as

CD32CD561 cells, pDCs as CD123hiBDCA41 cells, mDCs as CD202CD11c1BDCA11 cells, BDCA3 DCs as

CD11c1BDCA31 cells, and monocytes as CD141 cells.

J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

LEMOINE ET AL 14.e3



FIG E4. Comparison of Dectin-1 agonists. MoDCs were generated from

adult (n5 4) or neonatal (n5 6)monocytes and stimulated for 72 hourswith

either 100 mg/mL curdlan, DZN, orWGPs. IL-12p40 levels weremeasured by

means of ELISA in culture supernatants.
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FIG E5. Secretion of cytokines after whole blood stimulation with curdlan. Two hundred fifty microliters of

whole peripheral blood (n 5 5) or cord blood (n 5 4) was cultured for 24 hours with 100 mg/mL curdlan.

Plasma was collected and tested by using ELISA for IL-6, IL-10, IL-12p40, and TNF-a.
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FIG E6. Evaluation of the capacity of curdlan to trigger TLR4 signaling. HEK-

Blue hTLR4 or HEK Null2 cells were stimulated with either LPS or curdlan at

different concentrations for 24 hours. Cell activation was quantified by

measuring the change in OD at 650 nm.
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FIG E7. Evaluation of TLR2/TLR4 ligand contamination in curdlan-stimulated cells. Bone marrow–derived

DCs were generated from bone marrow from C57BL/6 mice or TLR2/4-KO mice and stimulated for 48 hours

with 100 mg/mL curdlan, 100 mg/mL DZN, or 100 mg/mLWGPs. Cell-culture supernatants were harvested and

tested for IL-6, IL-12p40, and TNF-a by means of ELISA.

J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

LEMOINE ET AL 14.e7



FIG E8. Secretion of IL-12p70 and IL-23 by TLR2/Dectin-1–stimulated moDCs. Adult (n5 4) or neonatal (n5
8) moDCs were stimulated with either 1 mg/mL PAC3CSK4, 100 mg/mL curdlan, or combined stimuli. After 72

hours, the cell-culture supernatant was harvested, and IL-12p70 and IL-23 levels were measured by means

of ELISA. Results are expressed as means 6 SDs.
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FIG E9. Secretion of IL-12p40 by TLRs or TLR/Dectin-1–stimulated moDCs. Adult (n 5 4) or neonatal (n 5 4)

moDCs were stimulated with either 25 mg/mL PIC, 1 mg/mL R848, 10 mg/mL LPS, 100 mg/mL curdlan, or

combined stimuli. After 72 hours, the cell-culture supernatant was harvested, and IL-12p40 levels were

measured by means of ELISA. Results are expressed as means 6 SDs.
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FIG E10. Secretion of IL-6, IL-1b, and IL-10 by TLRs or TLR/Dectin-1–activated moDCs. Adult (n 5 4) or

neonatal (n5 4) moDCs were stimulated with either 1 mg/mL R848, 25 mg/mL PIC plus 1 mg/mL R848, 100 mg/

mL curdlan, or combined stimuli. After 72 hours, the cell-culture supernatant was harvested, and IL-6, IL-1b,

and IL-10 levels were measured by means of ELISA. Results are expressed as means 6 SDs.
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FIG E11. Secretion of IL-6 and IL-12p70 by TLRs or TLR/Dectin-1–stimulated monocytes. A, Identification of

cord blood–derived mDCs. mDCs were characterized as CD11c1CD202CD142BDCA11 cells. B, Adult (n5 2)

or neonatal (n 5 3) monocytes were sorted by means of FACS and stimulated with 25 mg/mL PIC plus 1 mg/

mL R848, 100 mg/mL curdlan, or combined stimuli. After 48 hours, the cell-culture supernatant was har-

vested, and IL-6 and IL-12p70 levels were measured by means of ELISA. Results are expressed as

means 6 SDs. ND, Not determined.

J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

LEMOINE ET AL 14.e11



FIG E12. Gating strategy for purification of naive T cells. Cord blood CD31CD41CD1232CD562CD252

CD45RO2 naive T cells were FACS sorted from a CD41 enrichedmononuclear cell suspension. FSC, Forward

scatter; SSC, side scatter.
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FIG E13. DifferentiationofneonatalnaiveTcells culturedwithneonatalor adultmoDCs.Neonatal (n5 3)or adult

(n5 2)moDCswere stimulatedwith either 25mg/mLPIC, 1mg/mLR848, 100mg/mLcurdlan, or combined stimuli

for 24 hours, and thenneonatal heterologous naive T cells (CD31CD41CD562CD252CD45RO2 cells) were added

to the culture for 5more days.A andB, IFN-g (Fig E13,A) and IL-13 and IL-17 (Fig E13,B) were testedbymeans of

ELISA in the cell-culture supernatant. Neonatal T cells stimulated with plate-bound anti-CD3 and anti-CD28with

10ng/mL IL-4or 10ng/mLTGF-bplus25ng/mL IL-1bplus10ng/mL IL-6plus10ng/mL IL-23wereusedasTH2and

TH17 controls, respectively. C, Neonatal naive T cells were cultured with 25% supernatant of activated neonatal

moDCsfor5daysonplate-boundanti-CD3plusanti-CD28.Thecellswereanalyzedfor intracellular IL-10bymeans

of FACS.
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TABLE E1. Antibodies used in the study

Target Clone Isotype Company

CD14 61D3 IgG1,k eBioscience, San Diego, Calif

CD11c 3.9 IgG1,k eBioscience

CD3 OKT3 IgG2a,k eBioscience

CD3 OKT3 IgG2a,k BioLegend, San Diego, Calif

CD28 CD28.2 IgG1,k BioLegend

CD4 SK3 IgG1,k eBioscience

CD123 6H6 IgG1,k eBioscience

CD56 MEM188 IgG2a,k eBioscience

CD25 BC96 IgG1,k eBioscience

CD45RO UCHL1 IgG2a,k eBioscience

CD20 2H7 IgG2b,k eBioscience

CD16 3G8 IgG1,k BD, San Jose, Calif

BDCA4 AD5-17F6 IgG1 Miltenyi Biotec, Bergisch Gladbach, Germany

BDCA1 L161 IgG1 eBioscience

Dectin-1 259931 IgG2b R&D Systems, Minneapolis, Minn

HLA-DR LN3 IgG2b,k eBioscience

CD1a HI149 IgG1,k BD

IFN-g 4S.B3 IgG1,k eBioscience

IL-13 JES10-5A2 IgG1,k BioLegend

IL-17 eBio64DEC17 IgG1,k eBioscience

TNF-a MAb11 IgG1,k eBioscience

IL-12 blocking C8.6 IgG1,k BioLegend

IFNAR blocking MMHAR-2 IgG2a PBL Assay Science, Piscataway Township, NJ

Dectin-1 blocking 22H8 IgG1 InvivoGen, San Diego, Calif

IFNAR, Type 1 interferons receptor.
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TABLE E2. List of primers for qPCR experiments

P19 Forward ACAACTGAGGGAACCAAACCA

Reverse TTCCACTTGCTTTGAGCCTGAT

P35 Forward GCCTTCACCACTCCCAAAAC

Reverse TGTCTGGCCTTCTGGAGCAT

P40 Forward TGGAGATGCTGGCCAGTACA

Reverse AGCAGGAGCGAATGGCTTAG

GADPH Forward GACCTGACCTGCCGTCTAGAAA

Reverse CGCCTGCTTCACCACCTT

TLR3 Forward ACAAGTACCTGCAGCTGACT

Reverse CTTCGGAGCATCAGTCGTTG

TLR4 Forward ATGGATCAAGGACCAGAGGC

Reverse AGGACCGACACACCAATGAT

TLR7 Forward AGTCCAAGTTCCTCCAGCTC

Reverse GAAGTATGGGTGAGCTTGCG

TLR8 Forward ACGGAAACCCCTTTGAATGC

Reverse TTCCCTCTTTGATCCCCAGG
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