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To determine the contribution of skin DC subsets in the regation of humoral immunity,

we used a well-characterized antigen targeting system tortiit antigen availability and
presentation to certain skin-derived DC subsets. Here we sbw that delivery of foreign

antigen to steady state Langerhans cells (LCs) and cDC1s tbugh the same receptor

(Langerin) led to, respectively, robust vs. minimal-to-dbhumoral immune response. LCs,
unlike cDC1s, supported the formation of germinal center Tollicular helper cells (GC-Tfh)
antigen dose-dependently and then, likely licensed by thesT cells, some of the LCs
migrated to the B cell area to initiate B cell responses. Furermore, we found that the

cDCl1s, probably through their superior T cell activation gaacity, prevented the LCs from

inducing GC-Tfh cells and humoral immune responses. We furer show that targeted

delivery of cytokines to DCs can be used to modulate DC-indued humoral immune

responses, which has important therapeutic potential. Fially, we show that human LCs,

unlike monocyte-derived DCs, can support GC Tfh generatioin an in vitro autologous

system; and in agreement with mouse data, we provide eviderein NHP studies that

targeting LCs without adjuvants is an effective way to indue antibody responses, but

does not trigger CD& T cell responses. Our ndings suggest that the major limitaons

of some relatively ineffective vaccines currently in use or development might be that (1)
they are not formulated to speci cally target a certain subst of DCs and/or (2) the antigen
dose is not tailored to maximize the intrinsic/pre-prograrmed capabilities of the speci c

DC subset. This new and substantial departure from the stats quo is expected to

overcome problems that have hindered our ability to generateffective vaccines against
some key pathogens.
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GRAPHICAL ABSTRACT | Sequential activation model. LCs and cDC1s regulate humotammune responses by supporting the differentiation of digct Tth cells.
LCs, unlike cDC1s support GC-dependent antibody responsesn the absence of an adjuvant. LCs rst induce the formation offfh cells and then, likely licensed by
the Tfh cells, migrate to the B cell area to initiate B cell r@®nses. The GC responses induced by LCs were inhibited by: tgeted delivery of IL-10, high antigen dose

and co-delivery of antigen to cDC1s. cDC1s were able to suppd GC-dependent humoral immune responses in in ammatory seings, in the presence of poly-IC or
targeted delivery of IFN.

INTRODUCTION interact and present antigen directly to B celis). For example,
the transfer ofin vitro or in vivo antigen-loaded DCs into naive
Understanding the contribution of di erent immune cells to animals leads to generation of humoral immune respon&éj (
the initiation and regulation of humoral immune responsesDCs, unlike B cells and macrophages, can hold on to the intact
is key to the systematic development of e ective vaccinesintigen in specialized mildly acidic compartmenis,(12), and
B cell responses have mostly been studied in a non-targetdldrough di erent mechanisms, can present the antigen and make
fashion, using high antigen doses injected into the peripherit available to B cells1@). Thesein vitro interactions can lead
and often combined with adjuvantsl,(2). These experimental to B cell activation and even isotype switching{16). DC-
models, unlike targeting speci ¢ antigens to certain cefiey, derived cytokines such as IL-12 and IL-6/IL-6R can promoié Ig
allow extended exposure of all of the immune cells to theplasma cell or memory cell formation, respectively 17, 18).
antigen and adjuvant and free drainage to the peripheraFurthermore, through secretion of chemokines, the DCs dso a
lymphoid organs ). Therefore, these systems are not suitableoordinate the migration of B and T cells and probably help
to evaluate the contribution of a speci cimmune cell to humabr facilitate the encounter of antigen-specic T and B cell$)(
immune responses. The mechanism that aids the encounter 8iome DCs can also migrate into the B cell follicles and mositlik
cutaneous/peripheral antigens with B cells in the lymph nodeontribute directly to regulating B cell responsés)(
is unclear 8, 4). Under steady-state conditions or during local Humoral immune responses can be generated through GC-
infections, the amount of antigen entering the periphery isdependent or -independent mechanisms. The signaling and
limited, and the local dendritic cells (DCs) might be the pnl cellular components determining which of these responses are
cells that have access to the antigen/pathogen to initiate Bounted against a specic antigen are largely unknowin (
cell responses. 3, 4). Tth cells play an important role in providing help to
Based on the current textbook model, the role of DCSGC-dependent B cell responses, but their possible role in GC-
in regulating humoral immune responses is limited to theindependent B cell responses is not fully de ned); DCs are
initiation of T follicular helper cell (Tfh) developmenb(6). The required for induction of Tfh cell dierentiation but B cells
possible direct e ect of DCs on B cells is often disregarded oare needed for the nal maturation of the Tth cells, (6, 21).
marginalized, though many studies have shown that DCs caRecently, the role of DC subsets in the regulation of humoral
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immune responses was studied using antibody vehicles toadeliv(OX-7), CD38 (90), and CD138 (281-2) were purchased from
antigen speci cally to DCs or by using DC subset KO mice toBD Biosciences (Franklin lakes, NJ). Anti-S1PR1 (713412) was
check for the individual contribution of a speci c DC subset purchased from R&D Systems (Minneapolis, MN). Anti-langerin
(22, 23). The data from these models support earlier data tha{929F3) was from Dendritics (Lyon, France) or purchased from
DCs are fundamental to ne tuning the induction and regutati  BioLegend (4C7). Anti-human/anti-mouse mAb and conjugate
of humoral immune responses. Antigen targeting to particula4C7-E, 4C7-doc, cohesin-IL-10, cohesin-IBA, anti-huCD40
DC subsets leads to a diversity of B cell responses—no or weakd anti-huDectin-1) were generated in house, as previously
B cell response2f), GC-independent responsess, and GC- described §1). All the reagents used in this study were
dependent response& 26). However, these studies did not generated using mammalian cell lines to minimize the presence
provide mechanistic insight into how these di erent immune of endotoxins. The average endotoxin level was 0.12 ng LPS/mg
responses are generated and regulated. Furthermore, tlee datrotein. Ea (I-Easz gg) is a well-characterized immunodominant
interpretation was also complicated by the fact that thesdistu T cell epitope from the I-B MHCII molecule recognized by
targeted di erent DC subsets through distinct receptors, evhi transgenic TE cells in the context of I-A. Poly I:C was
even on the same DC type can generate diverse respohiges ( purchased from InvivoGen (San Diego, CA).
To overcome this challenge and obviate complications from
delivering antigen through di erent receptors, we used a well Flow Cytometry
establishedn vivo experimental model that allowed us to target Single-cell suspensions were obtained and stained, as psiyio
antigen to two distinct DC subsets through the same receptaflescribed Z6). All the ow cytometric plots presented in this
(26). Using this system, we revealed that presentation of tharticle were pre-gated on live (using Live/Dead stain) andlsit
same antigen by LCs and cDCl1s, targeted through the sanewents. Intracellular transcription factor staining was peried
receptor, led to, respectively, GC-dependent vs. null humorawith the BD Bioscience Cyto x/Cytoperm kit (BD Biosciences,
immune responses. Induction of functionally distinct Tfhilse San Jose, CA), according to the manufacturer's instructions.
and direct e ects on B cells are likely key to regulating thes&amples were analyzed on a LSRFortessa ow cytometer (BD
diverse responses. We also uncovered a negative regulatqry | Biosciences). Data were analyzed with FlowJo software (fEreeS
by which c¢cDCl1s prevent the induction of humoral immune Ashland, OR).
responses by LCs.

Endogenous B Cell Responses

MATERIALS AND METHODS Slng!e-cgll suspensu_)n of skm-dramlng_ LNs (axHIary, lhn.ab
and inguinal) from di erent mice were incubateex vivowith
Mice AF647-conjugated hulgG4 and a cocktail of other indicated

huLangerin-DTA, Batf3~ , huCD40, and huLangerin-Cre-l4A  antibodies on ice for 30 minZg). After washing, the cells were
mice have been previously describet?-30). The transgenic analyzed on a LSRFortessa ow cytometer.

mice expressing human Dectin-1/LOX-1 were generated at

Taconic using the BAC clone: RP11-959D18. CD90.1 congerfeL|SpOt

TEa Ragl= CD4 TCR transgenic mice to ldgy gg on the The Mouse 1gG/IgM Double-Color FluoroSpot kit from
C57BL/6 background were obtained from M. Jenkins (UniversitymmunoSpot (Cellular Technology Limited, Cleveland, OH) was
of Minnesota). All experiments were performed with 6- toused following the recommended protocol. Brie y, plates were
12-week-old female and male mice. Mice were housed iﬁCtiVated with 70% ethanol. After two washes with PBS, the
microisolator cages and fed irradiated food and acidi edteva Plates were coated overnight at@ with in house generated
The Baylor Institutional Care and Use Committee approved allllgG4 antibody. Single-cell suspension of skin-draining LNs

mouse protocols. (axillary, brachial and inguinal) from di erent mice injeetl
intraperitoneally with 1 mg of 4C7 were obtained 14 after
Antibodies and Reagents immunization. Each sample was distributed in triplicate at

Fluorochrome-conjugated antibodies to CD4 (GK1.5), CD11l® concentration of 1 million cells/well. The cells were then
(M1/70), CD11c (N418), CD25 (PC61), CD40 (3/23), CD44ncubated at 37C for 24 h. After washing the plates with PBS
(IM7), CD45.1 (A20), CD45.2 (104), CD69 (H1.2F3), cD8end 0.05% Tween-PBS, detection antibodies (anti-mouse 19G-
(GL-1), CD103 (2E7), GL7 (GL7), CXCR5 (L138D7), PD-IFITC and IgM-Biotin) were added and incubated overnight
(29F.1A12), Blimp-1 (5E7), B220 (RA3-6B2), Sca-1 (D7), Ig\t 4 C. The plates were then washed with 0.05% Tween-PBS
(RMM-1), IgD (11-26c.2a), and I-A/I-E (M5/114.15.2) werebefore incubation with a tertiary solution (Strep-CTL-R¥d
purchased from BioLegend (San Diego, CA). Antibodies to CD&nd Anti-FITC Alexa Fluoft 488) for 1 h. After the nal wash,
(GK1.5), CD16/CD32 (2.4G2), and Live/Dead were purchaseifie plates were dried and sent to Cellular Technology Limited
from Tonbo Biosciences (San Diego, CA). Peanut agglutinifor quanti cation.

(PNA) was purchased from GeneTex (Irvine, CA). Antibodies to

CCR?7 (4B12), CD90.2 (53-2.1), F4/80 (BM8), CD11b (M1/70ASsessment of Humoral Immune

anti-human 1gG cross-adsorbed secondary antibody, phosphdResponses

S6 (cupk43k), and Live/Dead dye were acquired from Thermiice were injected intraperitoneally with thg of 4C7 on day
Fisher Scienti ¢ (Waltham, MA). Anti-Bcl6 (K112-91), CD90. 0 and serum samples were obtained 14 after immunization by
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using BD Microtainer SST tubes (BD, Franklin Lakes, NJ) andsing a MiniPrep kit (Qiagen, Valencia, CA) and analyzed via
stored at 80 C. To determine antigen-speci ¢ antibody titers, quantitative PCR (QPCR) with TagMan Gene Expression Assays
clear at-bottom immune 96-well plates were coated with 50and an ABI 7900HT (Applied Biosystems, Carlsbad, CA), as
mL of hulgG4 protein diluted in BupH Carbonate-Bicarbonate previously described3@). All Ct values were normalized to
bu er (Thermo Fisher Scientic) at 2mg of protein/ml and HPRT expression and are shown as 2.

incubated overnight. After washing, plates were blocked wit

blocking bu er (TBS; Thermo Fisher Scienti c). After bloclg, Generation and in vitro Culture of Human

the bu er was discarded and serial dilutions of seruminbliock | Cs With Autologous T Cells

bu er were added and incubated 2h at 37. A serial dilution  Puri ed cord blood CD34 progenitor cells were di erentiated

of a mouse anti-higG4 antibody (EMD Millipore) was used as anto LCs, following a procedure adapted from Caux et al.
standard. After washing, plates were incubated with hodisra  (34). HSC were cultured in RPMI 10% FBS supplemented with
peroxidase (HRP)-conjugated goat anti-mouse 19G (Jacks@CF (25ng/mL), TN& (2.5ng/mL), and GM-CSF (20 ng/mL)
ImmunoResearch; West Grove, PA) in blocking solution for(Miltenyi). At day 4, a cytokine boost was added (TiGF
2h at 37C, washed and developed with HRP substrate (TMB5 ng/mL; TNFa, 2.5 ng/mL; GM-CSF, 20 ng/mL). At day 8, cells
Chromogen Solution: Thermo Fisher). The reaction was stoppeglere sorted on CD1a magnetic beads (Miltenyi) and further
with 1IN HCl and plates were read at 450 nm using a SpectraMghenotyped by ow cytometry. Monocytes were isolated from

Paradigm (Molecular Devices). PBMCs using CD14 magnetic beads (Miltenyi) and cultured in
) ) RPMI 10% FBS supplemented with GM-CSF (20 ng/mL) and
Generation of Bone Marrow Chimeras IL-4 (5 ng/mL) (Miltenyi). At day 6, MoDC were collected and

Bone marrow cells were harvested from the tibia and femuphenotyped by ow cytometry. CD34-LC or MoDC were then
of CD45.£ congenic donor WT mice as previously describedcultured with naive CD& T cells sorted from the cord blood or
(32. Recipient mice hCD40 or WT mice were irradiated with PBMCs of the same donor (Miltenyi), with a LC:T ratio of 1:4.
a sub-lethal dose of gamma radiation (700mGy) 6 h before theour days later, the C4T population was phenotyped for Tfh
bone marrow transfer and kept on antibiotic water for 2 weeksmarkers by ow cytometry.

post irradiation. 15—-20 million cells were adoptively trarséd

into the recipient mice via the tail vein. Chimeric mice wereHuman Antibodies and Reagents

immunized with 1mg of anti-hCD40 8 weeks after bone marrow The purity of in vitro dierentiated LCs was determined
transfer, and the B cell responses assessed as described alloy ow cytometry (LSRII Flow Cytometer; BD Biosciences)
Cells from skin-draining lymph nodes were stained to detereni using CD45-APC-H7 (2D1, BD Pharmingen), HLA-DR-

the rate of chimerism. AF700 (G46-6, BDPharmingen), CDla-PerCP-Cy5.5 (HI149,
) ] BioLegend), CD11c-PCF594 (B-ly6, BD Horizon), CD1lc-
Adoptive T Cell Transfer and Analysis PE-Cy7 (L161, BioLegend), CD207-PE (10E2, BioLegend).

T cells were adoptively transferred, as previously describedoDC di erentiation was determined by ow cytometry using
(39. Briey, six skin-draining lymph nodes (LNs), spleens, andHLA-DR-AF700 (G46-6), CD11c-PCF594 (B-ly6), CD14-V450
mesenteric LNs of T& TCR transgenic mice were disrupted (MOP9, BD Horizon), DC-SIGN (CD209)-FITC (DCN46,
through a 40 cell strainer, washed with sterile HBSS,BD Pharmingen) antibodies. Di erentiation of naive CB4
and labeled with carboxy uorescein succinimidyl ester & T cells into Tfh was determined by ow cytometry using
Invitrogen, Carlsbad, CA), according to the manufactwer CD3-BV605 (SK7, BD Horizon), CD4-PCF-594 (RPA-T4, BD
instructions. The cells were resuspended in sterile PBS atHorizon); CD45R0O-BV650 (UCHL1, BD Horizon), CXCR5
concentration of 1 1P cells/ml, and 3001 (3  1C° cells)was (CD185)-BB515 (RF8B2, BD Horizon), PD1 (CD279)-BV421
injected intravenously into di erent mouse strains. Twefigur ~ (EH12.1, BD Horizon), Bcl-6-PE (K112-91; BD Pharmingen),
hours later, mice were immunized by means of intraperitonealCOS (CD278)-PE-Cy7 (ISA-3, eBiosciences). Cell vighiliis
injection of 1 or 10mg of 4C7-F, and skin-draining LNs were determined using Live-dead Aqua or Near-IR (Thermo Fisher
harvested at indicated time points. Scienti ¢). Intracellular staining of T cells was performedngsi
FoxP3/Transcription factor staining bu er set (eBioscience
Histology and Cell Quanti cation
Skin-draining LNs were harvested at di erent time points afte NHP Studies
treatment/immunization and ash-frozen in OCT. Thenrin ~ Adult male cynomolgus macaquesMdcaca fasciculalis
sections were xed in acetone and stained with the indicatedmported from Mauritius and weighing 4-8 kg were housed in
antibodies at room temperature in humidi ed chambers for Commissariat a I'Energie Atomique facilities (accrediatB
1h. Then rinsed and mounted using Aqua-Poly/Mount solution92-032-02) and handled (investigator accreditation RLG2B 9
and imaged immediately. The images were analyzed and tl®¥3; FM, C 92-241) in accordance with European guidelines for
localization of the cells determined using ImageJ and P$tatp. NHP care (EU Directive N 2010/63/EU). Before the start of the
study, the animals were tested and found to be seronegative f
gRT-PCR Analysis of Sorted DCs several pathogens (SIV, simian T lymphotropic virus, lovirus
LCs and cDC1s were ow sorted from naive WT mouse LNshepatitis B virus, herpes B, and measles). Animals were skedate
as previously described. mMRNA was extracted from sorted DGgith ketamine chlorhydrate (10-20 mg/kg; Rhone-Mérieux,
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Lyon, France) during handling. Animals were euthanized byamounts of antibodiesHigure 1A). ELISpot assays on LN cells
sedation with ketamine, followed by i.v. injection of a lath revealed the presence of higG4-specic IgG secreting cells in
dose of sodium pentobarbital. The regional animal care andiice immunized through LCs, but not through cDC1s or when
use committee (Comité Régional d'Ethique lle de France Sutboth DCs were targetedF{gure 1B). Fluorochrome-labeled
reference 12-013) and the Baylor Research Institute AnimmaéC hlgG4 allows tracking of the antigen-specic B cell responses
and Use Committee (IACUC reference A10-015) reviewed anf{26) andSupplementary Figure 1A Flow cytometry analysis of

approved this study. antigen-speci ¢ B cells from skin-draining LNs showed irased
o numbers of hlgG4-speci ¢ B celld-igure 10 concurrent with
Immunizations robust germinal center (GC)Hgure 1D) induction by LCs,

Groups of three to six cynomolgus macaques underwerfiut not by cDC1ls. No GC-induction was observed when the
inoculation at weeks 0, 6, and 15, with 1 mL (10 i.d. injecsion antigen was delivered to both LCs and cDCHEg(re 1D).

of 100 m) indicated vaccine preparation. Each preparationPNA-histology con rmed the presence of GCs when LCs were
contained 62.5ng HIV Gag p24 protein, corresponding to 250 targeted and a complete absence when antigen was delivered
mg total protein when associated with Abs in fusion proteinsto cDC1s aloneRigure 1B or in combination with LCs (data
Sera were collected from vaccinated animals for the tdrati not shown). Thus, LCs, unlike cDC1s, promote GC-dependent
of Gag-specic Abs with the Gag-specic IgG Ab ELISA, ashumoral immune responses in the absence of any adjuvants and

described §5). the delivery of antigen to both LCs and cDCl1s is detrimental to
the LC-induced antibody responses.
Statistical Analysis To test whether the induction of GC-dependent humoral

Di erences between 2 data sets were analyzed by using the iPamune responses by LCs is limited to Langerin targeting, we
tailed Student-test and ANOVA with GraphPad Prism software generated a new mouse model. We irradiated human CD40

(GraphPad Software, La Jolla, CA). (hCD40) mice 27) and reconstituted them with congenically
marked CD45.% WT bone marrow cells. Since LCs are radiation
resistant, the only cells that will express hCD40 after riatia

RESULTS and reconstitution are the LCsS@pplementary Figure 1B

Steady State LCs, but not cDC1s can Eight weeks after reconstitution, the mice were injected

Support the Formation of GC-Dependent with 1 mg of human chimeric anti-hCD40 [this mAb does

. . not cross-react with mouse CD40;37)]. Fourteen days
AntlbOdy Rgsponses, cDCls Prevent LCs after immunization, we found that targeting antigen to
From Inducing Humoral Immune LCs through CD40 also led to induction of GC-dependent
Responses humoral immune responses S(@pplementary Figure 1B.

We previously found that LCs, but not cDC1s, were e cient Anti-hCD40 injection control chimeras did not lead
drivers of humoral immune responses against foreign antigeto GC  responses Supplementary Figure 1B Thus,

in the absence of exogenous adjuvart§).(Here, we sought to LC-induced GC responses in steady state are not limited to
further characterize the regulation of humoralimmune respes Langerin targeting.

induced by these DC subsets. For this purpose, we used aln order to determine whether the inability of cDC1s to drive
well-characterized antibody-targeting system that emplagti- humoral immune responses is limited to Langerin targeting or
Langerin antibody to speci cally deliver antigens to Lariger not, we took advantage of a newly generated human Dectin-
expressing LCs and cDC1s localized to skin-draining LNs anti BAC transgenic mouse model. These transgenic mice were
skin (26, 33). Langerin in mouse skin and LNs is expressed agenerated at Taconic by using a BAC containing the human
high levels by epidermal LCs and dermal cDCl1s, also callagene coding for Dectin-1 and LOX-1. We found that the
XCR-1 DCs or CD108 DCs (36). To limit antigen delivery expression of human Dectin-1 in these mice was limited to cBC1
to LCs or cDC1s, we used Batf3 mice (speci cally lacking (Supplementary Figure 1¢. Targeting the cDC1s with human
cDC1s) 9 or huLangerin-DTA mice (speci cally lacking LCs) chimeric anti-human Dectin-1 antibody [this mAb does not
(29), respectivelyd6). In WT mice, the anti-Langerin antibody cross-react with mouse Dectin-138)] led to no GC responses
targets both LCs and cDC186). On gures, to clarify the study (Supplementary Figure 1¢. Thus, these data suggest that steady
designs we display the DC subset (s) driving the response arstite cDC1s, independently of the receptor targeted do not
in parenthesis the mouse strains used. The DC subset knockupport the formation of antibody responses.

out mice along with WT littermate controls, were immunized

intraperitoneally with 1mg of human chimeric anti-Langerin .

(4C7, higG4) antibody, and the primary humoral immune LCS can Migrate to the B Cell Zone and

responses mounted against the human portion of 4C7 werActivate B Cells

assessed by ELISA, ELISpot, ow cytometry, and histology IWe previously showed that isotype injected mice, similarly {6 W
days later. ELISA showed robust induction of mouse IgGg®gai mice injected with anti-huLangerin, did not generate hurabr
the targeting construct by LCs, but not when cDC1s were tadje immune responses against the targeting constrié).(These
(Figure 1A). More importantly, in WT mice where both LCs and data suggest that direct acquisition of antigen by the amtig
cDCl1s are targeted the mice again failed to generate sigmi ¢ specic B cells is not su cient to initiate humoral immune
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responses. Mice were immunized with Ing of 4C7 (hlgG4 core) through the indicated DC subsets and therati-hlgG4 responses induced were assessed 14 days
later by: (A) ELISA (serum)(B) ELISpot (LNs),(C) Flow cytometry (LNs, % of higG4-speci c B cells)(D) Flow cytometry % GC B cells (CD3§ GL7 ), and E)
histology. Skin draining LNs harvested from mice immunizethrough LCs or cDC1s were harvested at day 14 and stained witfPNA to highlight GCs. Each dot
represents a separate mouse. Data from at least 3 differenbg@eriments were pooled. **p < 0.001, *p < 0.0001, ns D not signi cant.

responses in our targeting model. Thus, we hypothesized thdk-10 and High Antigen Dose Limit LCs'

in order for the B cells to have access to the antigen and g@hility to Induce GC-Dependent Humoral
activated, the LCs assume an active role. The B cells wilfibrer Immune Responses
present the antigen to pre-Tfh/Tfh cells in order to receive th Ih_lo is a pleiotropic cytokine with high clinical potential tha

necessary help for isotype switching, memory- and plasma ce ays an important role in regulating both T and B cell responses

- . L p
formation. Thus, next, we sought to determine the kineti¢s o ! . . .
the B cell responses induced by LCs. We targeted LCs with(fg)' Selective IL-10 signaling blockade in DCs leads to erndtanc

mg of 4C7, and the mice were euthanized at di erent timepointsmmor"’.1I immune respon;egl()). To dene the e ects of IL-10
n LC-induced humoral immune responses, we generated new

and the antigen-speci c B cell responses characterized by oW

cytometry. We found that the antigen-specic B cells showe&"’lrge“ng constrgcts. For th(_a generation of these gons!;ruct
no activation in the rst 7 days post immunizatiorFgure 2A). we used a previously described technology that relies on the

By the end of the second week post immunization the antigenigh-a nity interactions between dockerin (doc) and cofies
speci ¢ B cells upregulated MHC-1I, CD69, CD8Bigure 2A) (coh) (31). Dockerin was fgsed to the heavy chain of the 4C7
and downregulated IgM and formed B cells with GC phenotypéntibody, and the N-terminus of IL-10 was attached to the
(Figure 2A). Concomitant with this, we found that LCs were able C-terminus of cohesin. We targeted LCs withnlg of 4C7,

to retain detectable amounts of intact antigen for at leastess ~ 4C7-doc:coh-IL-10 (non-covalent complex), or 4C7 plus free
days Figure 2B); and some LCs could be found in the B cell0oh-IL-10 (control, non-complex). Fourteen days later, werfd
follicles including GCs by day 14&igure 20). Interestingly, LCs that IL-10 delivery by 4C7 targeting led to signi cant decsea
showed upregulation of CCR7 and complete loss of SIPR1 in ti§é GC responsesH(gure 3A). IL-10 did not inhibit the binding
absence of cognate interaction with CBZ cells Figure 2D),  of 4C7 to Langerin§upplementary Figure 2A. Free coh-IL-10
and were unable to drive humoral immune responsé$).( co-injected with 4C7 (without doc) did not have a signi cant
These data, in the light of our previous observations that th& €ct on humoral immune responsesFigure 3A). IL-10
Tfh cell responses initiated by LCs peak at day 4 (transgeni€lglivery to LCs, however, did not lead to signi cant decreake
or 7 (endogenous)Z6), suggest the existence of a sequentiaiotal serum antibody levels Stpplementary Figures 2B,
activation model for the development of humoral immune Thus, LC-induced GC responses can be modulated by
responses. We speculate that LCs rst initiate the developmenk-10 signaling.

of Tfh cells and when the T cell help is present, the T celiiseel Humoral immune responses show antigen dose dependency
LCs deliver the intact antigen to the B cells. (41-43). To test the e ect of antigen dose on LC-induced B cell
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by ow cytometry at the indicated timepoints. Black lines indcate immunized mice, while gray shaded histograms are fromaive mice. Right: The phenotype of the
hlgG4-speci ¢ B cells displayed using CD38 and GL7 markers. Oa representative experiment out of three is shown(B) WT mice were injected with 10mg of
AF647-labeled 4C7 antibody. At the indicated timepoints,hte AF647 signal in LN Langeriﬁ cells (LC and cDC1) was determined by ow cytometry. One
representative experiment out of three is shown(C) Localization of LCs 14 days after immunization in a Batf3~ mouse (red: PNA, blue: B220, green: Langerin, and
gray: CD4). One representative experiment out of three is shvn. (D) CCR7 and S1PR1 expression in LCs and cDC1s in WT mice and in meédn which LCs lack
MHC-II. Each dot represents an individual mouse. One represéative experiment out two is shown. ** < 0.001, ***p < 0.0001, ns D not signi cant.
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determined by ow cytometer. Data from multiple experimentsvere pooled. Each dot represents a separate mouse. ff< 0.01, ***p < 0.0001, ns, not signi cant.
(B) LCs were targeted with either 1 or 10mg of antibodies. Fourteen days later the GC responses charderized using ow cytometry. Data from one representative
experiment out of two is shown. Each dot represents a separa mouse. *p < 0.01.

responses, we targeted LCs with lowr(d)) or high (10mg) (Figure 3Band Supplementary Figure 2D). Thus, high antigen
doses of 4C7. We found that LCs loaded with the high antigedose negatively a ects humoral immune responses induced by
dose were less e cient at driving humoral immune responsed.Cs, probably by limiting the formation of GC Tth cell&6).
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LCs, Unlike cDC1s, Promote Tfh Cells With (44, 45. To test whether LCs and cDC1s can make Tfh
GC Phenotype cell-promoting/suppressing cytokines, we sorted these DCs

DCs regulate humoral immune responses by initiating thesubsets from steady state skin-draining LNs and performed
development of Tfh cells. Previously we showed that LCERT-PCR forll6, 1112p35, 1112p40and 1127. We found that
and cDC1s promoted PDQ]_CXCRé: Tth cells upon Langerin LCs contained Signi Cantly hlgher levels of IL-6 MRNA, but
targeting £6). Since LCs, unlike cDC1s, were able to support GCthey were less e cient at synthesizing IL-12 and IL-27 mRNAs
dependent humoral immune responses, we hypothesized th#ian cDCls FKigure 4D). The expression of these cytokines
LCs will support the development of Tfh cells with a GC-Tfhare controlled by the Bcl-6/Blimp-1 transcription factor duo
phenotype. To further characterize the CBZ cell responses (45). Interestingly, we found that Blimp-1 expression, which
induced by these two DCs, we adoptively transferred CFSEromotes IL-12 production, was signi cantly higher in cDC1s
labeled transgenic T&Ecells into mice lacking LCs, cDCl1s or (Supplementary Figure 3¢, while LCs expressed relatively
WT littermate control mice. We immunized the mice with 1 higher levels of Bcl-6 Supplementary Figure 3¢, which

mg of 4C7-E& and analyzed the expression of common Tfh/GC-supports IL-6 expression. Thus, we speculate that di erential
Tfh cell (PD-1, CXCR5 and Bcl-6) and activation markerscytokine expression regulated by transcription factors rhigh
(CD25, CD44, CD69, and pS6) by thedEells at day 4 (peak contribute to the distinct ability of LCs in induction of GC
of the response)26) using ow cytometry. In concordance Tth cells.

with previously published data2¢), we found that cDCls

induced a more robust expansion of the antigen-speci c €D4 .

T cells, than the LCsSupplementary Figures 3A,B Both DC  IN @mmatory Signal Enables cDC1s to

subsets were able to induce PD-1/CXCR5 double positive cel3rive GC-Dependent Humoral Immune
(Supplementary Figure 3A. In addition, we show that targeting Responses

both LCs and cDCl1s lead to comparable responses to thog¢most cases induction of humoral immune responses requires
from targeting cDC1s aloneStpplementary Figures 3A,B We  the use of adjuvants3[. Thus, we next assessed whether co-
further found that TE& cells educated by LCs showed higherdenvery of antigen with Common|y used adjuvant, po|y I:.C,
levels of CD69, pS6, PD-1, and Bcl-6 compared to cDC1s or theyn potentiate humoral immune responses through cDC1s. We
combination of LCs and cDC1s, but expressed lower levels @hmunized mice lacking LCs or WT littermate control mice
CXCRS5 Figure 4A). Histology also revealed that the €ells  with 4C7 or 4C7 mixed with 10 of poly I:C. We found that
activated by LCs were more e cient in migrating into the B el poly |:C enabled cDC1s to induce GC responségyre 5). Poly
areathanthe ones induced by the cDCEigl(ire 4B). Thus, these  |:C's main mechanism of action is through induction of IEN
data support the notion that LCs and cDC1s promote Tth CE||th|Ch p|ays an important role in regu|ating DC b|o|ogﬂ_@
with distinct phenotypes. Thus, we tested whether IFENdelivered directly linked to the
Antigen presentation by cDC1s alone or in combination withagntigen could enable cDC1s to drive GC-dependent humoral
LCs led to similar T cell phenotypesigure 4A). These data immune responses. To test this, we immunized mice lacking
prompted us to hypothesize that cDC1s might have superiofCs or WT littermate control mice with 4C7 or 4C7-doc:coh-
T cell activation capacity and outcompete LCs. To determing=Na. Fourteen days later we indeed found that delivery ofdFN
whether LCs and cDCl1s dier in T cell activation capacity Weenabled cDC1s to drive GC responses both in presence or absence
adOptiVEly transferred CFSE-labeled transgeni@. TElls into of LCs q:igure 5) The induction of GC responses by cDC1s was
mice lacking LCs, cDC1s or WT littermate control mice and|FNa dose-dependent (data not shown). Thus, these data suggest

immunized them with 1mg of 4C7-fa. At di erent time points  that cDC1s can drive GC-dependent humoral immune responses
the LNs were harvested and the activation ofaT&ells were in an in ammatory setting.

monitored by CD69 expression. We found that cDC1s activated

T cells faster than LCs. As early as day 1 after immunizatiosec .

to 100% of the TE cells upregulated CD69 upon interaction Human LCs Promote the Formation

with cDC1s, and they showed signi cant cell proliferation yd  of Tfh Cells

3 with a concomitant drop in CD69 level§igure 4Q. The T  The role of human LCs in the induction of Tregs in steady

cell activation by LCs presented a signi cantly di erent kiite  state and Th17 uporCandidainfection has been documented

It took 3 days for the LCs to activate majority of the dEells  (47). Furthermore, Penel-Sotirakis et al. reported that fregshl

(Figure 40 and the T cell expansion was still minimal comparedemigrated LCs in an allogeneic setting were able to support

to the one induced by cDC1sS@pplementary Figures 3A,B  the formation of IL-21 producing CD% T cells ¢9). Since IL-

When both DC presented antigen, the T cell responses followegtl is often associated with Tfh cell31) it is likely that the

similar kinetics to one observed when cDCls were the soleported IL-21 producing cells were Tfh-like cells. However, to

presentersKigure 4Q). Thus, faster T cell activation capacity of further characterize the capacity of human LCs to drive Tl ce

cDC1s might confer them with a competitive advantage overesponses, and to test whether they are capable of inducing Tfh

LCs and could constitute a potential mechanism by which cDC1eells in an autologous system we developethasitro model. For

prevent LCs from inducing antibody responses. this purpose, LCs were di erentiated from cord blood-derived
In mice, IL-6 is a pro-Tfh cytokine, IL-12 inhibits CD34 HSCs and co-cultured with autologous naive CD%

Tth formation, and IL-27 can sustain Tfh proliferation cells Figure 6A). In vitro CD34-derived LCs (CD34-LC) exhibit
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FIGURE 4 | LCs, unlike cDC1s, promote Ttfh cells with GC phenotype; cDC4 might outcompete the LCs on T cell activation levels(A) Mice were transferred with
transgenic TEa cells and immunized through the indicated DC subsets with iIng of 4C7-Ea. The phenotype of the Tk cells was assessed by ow cytometry 4 days
later, at the peak of the response. Representative ow histotams followed with compiled MFI data from multiple mice. Dat from two experiments are shown. Each
dot represents a separate mouse(B) As in (A), but LNs were harvested and the number of T& cells in the B cell area determined using multicolor histofry and
ImageJ. Data from one representative experiment out of two ishown. Each dot represents a separate mouse(C) Similar to(A), but the LNs were harvested at the
indicated timepoints and the activation status of the T& cells determined based on CD69 expression using ow cytomety. Data from one representative experiment
out of two is shown. N D 3. (D) Steady state LCs and cDC1s were ow sorted from LNs and their cyokine pro le determined by qRT-PCR. Expression levels were
normalized to HPRT. Each dot represents a separate mousep*< 0.05, **p < 0.01, **p < 0.001, ns D not signi cant.
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characteristic markers of LCs from human skin (CI§4EILA— CD86, HLA-I, and -1l low). We observed that LCs could induce
DRC CD11&, CD1&, CD20F, and high expression of CD1a) the di erentiation of naive CD4T cells into GC Tth-like cells
(Figure 6B). Of note,in vitro LCs remained immature (CD83, that were characterized by expression of PD-1, CXCR5, Bcl-6,
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FIGURE 6 | Human LCs promote the formation of Tth cells(A) Schematics of the procedure.(B) Phenotype of CD34-LCs at day 8. Human LCs differentiated fim
CD34C HSCs were sorted for CD1a expression and checked for Langeri(CD207) and other DC phenotypical markers. Right: Perceages of cD1& €D207¢
double positive LCs for 10 donors are shown(C) Autologous naive CD# T cell were added to CD34-LCs at day 8. Four days later, the COA T cells were analyzed
for the indicated markers. The red line indicates CXCRSPD-1C, blue line CXCR5 PD-1 cells and the dotted line represents isotype control(D) Same as in(C) but
MoDCs were used instead of CD34-LCs. Percentages of CXCRS PD-1€ CD4C T-cells induced by CD34-LCs and moDCs are indicated for 10 a5

donors, respectively. *p < 0.005.

ICOS, and the CD45RO memory phenotype (7.2% of total alone or with the IgG4-gag isotype control displayed signi tan
CD3F CD4° T cells) Figure 60). In the same culture conditions, weaker responses. Therefore, antigen targeting to skiniaCs
the monocyte-derived DCs did not promote signi cant Tfh cell vivosigni cantly improves their ability to prime antigen-speci ¢

di erentiation (Figure 6D). Thus, these data suggest that humarresponses in a relevant model for human vaccine testing. The

LCs can support Tth cell di erentiation. intermediate antibody response induced by the 1gG4-gag could
be attributed to a slight binding of gag to APGSdure 7A) or to
Non-Human Primate (NHP) LCs Targeted possible slower clearance due to its IgG character. Integdgti

. . . we were not able to detect any signi cant CB cell responses
W|th Langerin Promote Protgctlve using ELISpot and ICSF{gure 7B). Thus, these data are in
Antibody Responses, but Fail to Induce concordance wittin vivo mouse data. They suggest that steady
CDS8C T Cell Responses state LCs are potent inducers of humoral immune responses but
A pioneering in vitro study of human LCs suggested thatfail to e ciently cross-present antigens to CIS8T cells.

they were involved in triggering the CTL response rather than

the humoral response4f). However, LCs may not be in the

same statén vivo and may be inuenced dierently by the DISCUSSION

microenvironment. Our previous ndings showed that anti-

Langerin targeting of HIV-1 gag to LCs in NHPs led to antibodyHerein, we provide experimental evidence that steady state LC
responses 35). To test whether anti-Langerin targeting canand cDC1s promote, respectively, GC-dependent versus null
also induce CD8 T cell responses, we repeated our previousiumoral immune responses. Some of the LCs could migrate
experiments and measured both humoral immune responses aridto the B cell area including B cell follicles and GCs. The GC-
CD&® T cellresponses. Three i.d. injections of the anti-Langerindependent humoral immune responses induced by LCs were not
gag vaccine (250 each) at weeks 0, 6, and 15 were su cientlimited to Langerin targeting, and could be suppressed by IL-
to induce a signi cant anti-gag antibody response in NHPs10, high antigen dose and by cDC1s. The cDC1ls were more
(Figure 7A). Remarkably, the induction of this response did note cient at T cell activation than LCs, which might be one of
require the use of an adjuvant, similar to what we observemlin  the mechanisms by which cDC1s control the humoral immune
mouse data. By contrast, animals injected with HIV-1 gaggirot responses induced by LCs. LC-induced Tfh cells were €D69
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FIGURE 7 | Non-human primate (NHP) LCs targeted through langerin proote antibody responses, but fail to induce CD§ T cell responses.(A) Animals were bled
at the indicated time points and the serum anti-Gag levels dermined by ELISA. Vertical dotted lines indicate the time ammunizations.(B) Gag-speci ¢ IFNg
ELISpot results on PBMCs harvested at the indicated time pots are shown. Vertical dotted lines indicate the time of immuizations. Horizontal dot line indicates
background level. On the right, positive controls for the HISpot assay. < 0.05.

Bcl-8"9" (GC Tfh) that e ciently migrated to the B cells area, for mouse Tfh/GC-Tth cells 45). IL-12 plays an important
whereas, the ones induced by cDC1s or the combination of Lasle in the development of human Tfth cell$§), but it is
and cDC1s were CD69Bcl-8°% (pre-Tfh) and localized mainly considered an inhibitory cytokine for mouse Tfh celt&S) The
tothe T cell zone. We also found that poly I:C adjuvant and &N distinct cytokine pro le of LCs and cDC1s might be due to
delivery to cDC1s enabled them to drive GC-dependent humorahe di erential expression of Bcl-6 and Blimp-1 transcription
immune responses. Furthermore, CI¥3#4SC-derived human factors. Blimp-1, which is highly expressed in cDCls, can
LCs, but not monocyte-derived DCs, promoted GC Tfh celldirectly suppress the production of IL-6 and Ildby these cells
formation in anin vitro autologous system. Finally, in agreement(59). Interestingly, we found that delivering IFNspeci cally
with in vivomouse studies3j3 50, 51), we showed in NHP studies to cDC1s, a cytokine known to increase IL-6 production and
that targeting LCs in the absence of an adjuvant leads thbad$i  inhibit IL-12 in DCs (4€), enabled the cDC1ls to promote
responses but no C¥8T cell responses. GC-dependent humoral immune responses. These data also
The exact mechanism by which LCs and cDC1ls inducsuggest that in ammatory conditions that release BeKsuch
Tfh cells with di erent phenotypes remains to be determined.as viral infections) or other adjuvants can enable DC sufyset
Both cell types were targeted through the same receptdhat are otherwise incapable to drive GC-dependent humoral
to minimize caveats associated with signaling pathways arithmune responses. IL-10 signaling blockade in DCs leads to
intracellular antigen processing and routing. Antigen doseenhanced IL-6 production and higher Tfh cell number$Oy.
precursor numbers and TCR anity are known to aect Th Our nding that delivery of IL-10 to LCs can inhibit GC
di erentiation (52-55). However, in our case, the number of responses is in accordance with this and could further support
transgenic TR cells is controlled, and the cells carry the samehe role of IL-6 in the generation of GC-supporting Tfh cells.
TCRs. In the LNs the ratio of LCs and cDC1s in our mouseHowever, further studies are needed to dissect the role of
colony is  1:1, and the two subsets of DCs acquire similaDC-derived IL-6 in regulating humoral immune responses.
amounts of antigensSupplemental Figure 4. Thus, in this case These data also suggest that targeted delivery of cytokines
the dwelling time of the CD% T cells on the surface of DCs to DCs can be used to modulate immune responses, which
regulated by synapse strength might become more relevant marbor important therapeutic potentials. Targeting inhibitory
determining Th di erentiation 63, 56). We discovered that cytokines to DCs could be used to promote tolerance in
cDCl1s intrinsically are more potent CB4T cell activators organ transplantation, autoimmune diseases such as lupus and
than LCs, which could have contributed to the dierencespsoriasis and type 1 diabetes while in ammatory cytokines would
seen in Th phenotype and dierentiation. The cDC1ls alsoenable DCs to mount more robust protective adaptive responses
express higher levels of LFA-1 (CD1&applemental Figure»  against pathogens.
than LCs, which could lead to stronger synapse formation Our present understandings about the Tth cell di erentiation
between T cells and DCs and thus extended and strongg@rogram is that it is initiated by DCs, but for the Tfh cells'
TCR stimulation §7). Interestingly, LCs loaded with higher nal maturation the cognate interaction with B cells is an
doses of antigen induced Tfh cells that had similar phenotypesdispensable stef(45). Interaction with B cells is needed for
to the ones induced by cDC1s26), highlighting also the the stabilization of Bcl-6 expression in the Tfh cefl§,@5). The
importance of peptide/MHC load on DCs in determining Th Tfh cells induced by cDC1s express high levels of CXCR5, but
phenotype. These two subsets of DCs also showed distinittey are low on Bcl-6, which suggest that they might represent
cytokine pro les that could aect Th polarization, and their a pre-Tfh population awaiting interaction with antigen-loaded
role in this remains to be explored. While LCs express higlB cells for their nal maturation. It is plausible that the cDG1s
levels of IL-6 transcripts, cDC1s contain signi cantly moreunlike LCs, cannot deliver antigen to B cells in order for the B
IL-12 transcript than LCs. IL-6 is a key polarizing cytokinecells to imprint and stabilize the Tfh cell phenotype.
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How do cDCl1s prevent the LCs from inducing humoral in the skin and skin-draining LNs46, 33). The rapid T cell
immune responses? One possible explanation could be that tlaetivation we observed suggests that the responses presented
cDCl1s activate T cells faster than LCs, and they are roughtis manuscript might be driven by the DCs localized to the LNs
10 times more potent than LCs at inducing T cell proliferationand/or by the DCs transiting to the LNs. Further studies it
(24). Thus, we speculate that the fast Th cells imprinting ancheeded to dissect the speci ¢ contribution of skin residesitiN
di erentiation induced by cDC1s will prevent the LCs to initea DCs in driving these responsezd.
their program. This hypothesis is supported by our ndings Both ourin vivo mouse andin vitro human data support
that show that if LCs are given time to initiate T cell respasethe exquisite role of LCs in induction of GC Tfh cells and
the LC-imprinted T cell phenotype remains stable despitdhumoral immune responses. The NHP data further support
the later presence of antigen-presenting cDC1s (unpublisheithe translatability of our data, and contrary to originah
observation). It also remains to be determined whether Thvitro observation 49 provide evidence that targeting LCs is
cells regulate B cell responses by in uencing the migratind a an e ective way to induce protective antibody responses in a
localization of the DCs. Supporting this idea, we found that MHCcomplete absence of CB8T cell responses. It is important to
class ll-knockout LCs express higher levels of CCR7 and lowemphasize that our ndings do not rule out that LCs in the
levels of S1IPR1 than WT LCs, which suggest that the cognagteesence of adjuvants might still be able to drive €DB cell
interaction with CD# T cells might be an important factor in responses through cross-presentation. Also, it will be impurta
the regulation of chemokine receptor expression and intralado  to perform a side-by-side comparison between steady state LCs
localization of DCs. Itis possible that cDC1s or high antiglise  and cDC2 62, 63) to determine their relative contribution in
loaded LC-induced Tth cells cannot license the DCs to mgtat  regulating Tfh cell formation and humoral immune responses.
the B cell area, and thus prevent the delivery of antigen tdiB.ce  We performed our experiments on naive mice and NHPs,

The antigen-specic B cells showed no signs of activatioron steady state DCs, and in the absence of any adjuvants. The
in the rst week post immunization. The Tfh responses peaked cient humoral immune responses mounted against foreign
at day 4 (transgenic) or day 7 (endogenous})( Thus, these antigens suggest that adjuvant-free vaccines, if cayafalligned
ndings suggest a sequential activation model of T and Bscellcould be an alternative to the present-day adjuvanted vascin
(Graphical Abstrac). As such, LCs interact rst with naive T Our ndings also suggest that the major limitations of some
cells to promote Tfh cell formation, which in turn could licea relatively ine ective vaccines currently in use or in develaprh
the LCs to migrate to the T/B border and B cell area. Heremight be that: (1) they are not formulated to speci cally tat@g
LCs could present antigen to B cells, probably by forming 3eertain subset of DCs and/or (2) the antigen dose is not tado
cell conjugates with both Tfh and B cells. This model is alséto maximize the intrinsic/pre-programmed capabilities of the
supported by the fact that LCs still contain intact antigentfbo speci c DC subset. This new and substantial departure from the
intracellular and surface bound) 7 days post-immunizatibatt  status quo is expected to overcome problems that have hindered
could be presented to B cells. Antigen presentation to B cglls our ability to generate e ective vaccines.

DCs has been documented in multiple instances. DCs can present

intracellular antigens to make them available to B cells),( ETHICS STATEMENT

and DCs entering B cell follicles have also been describ@d (
Whether DCs entering B cell follicles, in addition to presagt
antigen to B cells, can also contribute to isotype switchind a
a nity maturation remains to be determined. In chickens, it
has been shown that a DC-like population localized around the

splenic ellipsoids can pick up antigens, migrate to the B celAUTHOR CONTRIBUTIONS

zone, initiate GCs and di erentiative into follicular dendid ] )

cells (FDCs) §0). Hypothetically, DCs could have functions that AB» QS, and Bl designed and performed mouse experiments. JK

are similar to FDCs and could also facilitate the encounter 0@"d SC performed the humain vitro studies. VC, ND-B, and
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that direct interaction of DCs with B cells is needed for jgm @nd ow cytometry and supervised in house reagent making and
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a B cell-helping cytokine, thus it is tempting to hypothesizatth
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Louis Hospital (Paris) for providing cord blood samples. ThisB cells determined using ow cytometer. Data from 2 differenexperiments were
work was supported by the Programme Investissements d'Avenipoled. Each dot represents a separate mouse. n® not signi cant.

(PIA) managed by the ANR under reference ANR-10-LABX-g

upplementary Figure 2 | (A) 1L-10 does not interfere with binding of

77-01 (Labex VRI) ANR-11-INBS-0008 funding the InfectiouSanti-Langerin. Detection of 4C7 in LCs 3 days after immunizion with 4C7 only
Disease Models and Innovative Therapies (IDMIT, Fontenaytorange line) or 4C7-IL-10 (black line), gray: naivéB) LCs were targeted with
aux-Roses France) infrastructure, and AN R_lo_Epr_Oz_thangerin antibody in the absence or presence of IL-10. The 1.0 was either

funding the FlowCyTech facility (IDMIT, Fontenay-aux-Roses

directly linked to the antibody (doc:coh-IL-10) or just mixé with the antibody (&
coh-IL-10). Fourteen days later the anti-higG4 responses werdetermined by

France)- We thank all members of the FIowCyTech, ASW a'ngLISA. Data from multiple experiments were pooledC) Extrapolated EGyy from

L2l core facilities of DMIT infrastructure for excellent exfise
and outstanding contribution.

SUPPLEMENTARY MATERIAL

(B). Each dot represents a separate mouse(D) LCs were targeted with either 1 or
10 mg of antibodies. Fourteen days later the anti-hlgG4 respongein the serum
were assessed by ELISA. Data from one representative experent out of two is
shown. Each dot represents a separate mouse. p < 0.05, p < 0.001.

Supplementary Figure 3 | (A) Gating strategy to characterize the CD% T cell

The Supplementary Material for this article can be foundresponses induced by different DC subsets. Mice were transfred with transgenic

online at: https://www.frontiersin.org/articles/10.388nmu.
2019.01134/full#supplementary-material

Supplementary Figure 1 | (A) Top: Gating strategy for higG4-speci ¢ B cells.
Upstream gates: live/dump. Middle: higG4-speci ¢ B cell disphyed as CD38 by
GL7 to de ne the GC B cells (CD38 GL7C). (B) LC-induced GC responses are
not limited to Langerin targeting. Left: Bone marrow chimers were generated by
irradiating CD45.% hCD40 mice and reconstituting them with WT CD45.¢ bone
marrow. Eight weeks later the chimerism in the LNs was deteried using ow
cytometer. Right: As in(B), but the chimeras were immunized with humanized
CDA40 (hlgG4) antibody that is speci ¢ to human CD40 and the perentage of
hlgG4-speci ¢ germinal center B cells induced by LCs determiad by ow
cytometer. Data from at least 2 different experiments were goled. Each dot
represents a separate mouse. p < 0.01. (C) cDC1s' inability to drive GC
responses is not limited to Langerin targeting. Charactezation of hDectin-1 BAC
transgenic mice. Top: Gating strategy applied for identi ction of different DC

subsets. Middle: hDectin-1 expression by different DC substs. Littermate WT
control (gray) and human Dectin-1 (black line) mice. One regsentative
experiment out of 3 is shown. Bottom: cDC1s were targeted ehier through
Langerin or human Dectin-1 and the percentage of higG4-spea germinal center
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