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Dendritic cells (DCs) initiate adaptive immune responses in lymph nodes (LNs). In mice, LN
DCs can be divided into resident and tissue-derived populations, the latter of which migrate
from the peripheral tissues. In humans, different subsets of DCs have been identified in the
blood, spleen, and skin, but less is known about populations of resident and migratory
tissue-derived DCs in LNs. We have analyzed DCs in human LNs and identified two popula-
tions of resident DCs that are present in all LNs analyzed, as well as in the spleen and
tonsil, and correspond to the two known blood DC subtypes. We also identify three main
populations of skin-derived migratory DCs that are present only in skin-draining LNs and
correspond to the DC subsets found in the skin. Resident DCs subsets induce both Th1 and
Th2 cytokines in naive allogeneic T lymphocytes, whereas the corresponding blood subsets

failed to induce efficient Th2 polarization. LN-resident DCs also cross-present antigen
without in vitro activation, whereas blood DCs fail to do so. Among migratory DCs, one
subset was poor at both CD4+ and CD8* T cell activation, whereas the other subsets
induced only Th2 polarization. We conclude that in humans, skin-draining LNs host both
resident and migratory DC subsets with distinct functional abilities.

DCs are a rare population of professional antigen-
presenting cells. Numerous studies have shown
that mouse DCs are heterogenous and com-
prise several subtypes with distinct pheno-
type and functional properties (Heath and
Carbone, 2009). DCs can be divided into two
main groups: conventional (cDCs) and plasma-
cytoid DCs (pDCs). In the steady-state, com-
mitted DC progenitors migrate from the bone
marrow through the blood to lymphoid organs
and peripheral tissues, where they give rise to
distinct subsets of cDCs after a final differen-
tiation stage in situ, with the exception of Lang-
erhans cells (LCs), which are maintained in the
epidermis independently of circulating precur-
sors (Merad and Manz, 2009). Nonlymphoid
organ DCs migrate continuously from periph-
eral tissues to the draining LNs, whereas lym-
phoid organ DCs reside there during their
entire life span. In contrast, pDCs differentiate
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entirely in the bone marrow and then populate
lymphoid organs (Randolph et al., 2008).

In humans, three different DC subsets have
been identified in the blood (Dzionek et al.,
2000), spleen (Mcllroy et al., 2001), and tonsils
(Lindstedt et al., 2005): pDCs and two subsets
of myeloid DCs expressing BDCAT1 or BDCA3.
Recently, functional differences between blood
BDCA1* and BDCA3" DC subsets have been
reported (Bachem et al., 2010; Crozat et al.,
2010; Jongbloed et al., 2010). However, how
blood DCs relate to the ones present in LN
is poorly understood. In addition, three dis-
tinct DC subsets, LCs and dermal CD1a* and
CD14* DCs, have also been found in the skin
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(Nestle et al., 1993) and have distinct functional properties
(Klechevsky et al., 2008; Haniffa et al.,, 2009). LCs and
CD1a* DCs have been observed in skin-draining LNs (Angel
et al., 2009; van de Ven et al., 2011), but whether all skin DC
subsets can migrate to the LNs and what functional properties
are conserved after migration remain unknown. To address
these questions, we have analyzed the different subsets of DCs
present in human LNs and compared them with DCs found
in other lymphoid organs, in the skin and the blood.

RESULTS AND DISCUSSION

We characterized DC subsets in noninvaded axillary LNs
from untreated breast cancer patients, using a combination of
phenotypic markers found on skin and blood DCs (Fig. 1 A).
HLA-DR*CD11c"BDCA4* cells were identified as pDCs.
HLA-DR*CD11c" cells were separated into CD14*% and
CD1a* cells, which could be further divided into EpCAM*
LCs and CD1a* DCs. CD1a~CD14~ cells were further frac-
tionated into Clec9A* and BDCA1* populations. Finally,
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Identification of DC subsets in human axillary LNs. (A) Axillary LN cells were enriched for DCs and stained for HLA-DR, CD11c, CD1a,

CD14, EpCAM, BDCA4, BDCAT1, Clec9A, and CD206. pDC, CD14+, CD1a*, Clec9A*, CD206, BDCA1* cell subsets and LCs were gated as depicted. Represen-
tative results of 12 independent experiments are shown. (B) DCs were allowed to migrate out of skin explants for 48 h and stained for HLA-DR, CD11c,
CD1a, CD14, EpCAM, BDCAT, Clec9A, and CD206. Representative results of five independent experiments are shown. The percentage of each population
among HLA-DR* cells and mean + SD in five donors are shown. (C and D) Purified LN cell populations were submitted to cytospin and Giemsa/
May-Griinwald staining. Representative images are shown of three to four independent experiments. (D) CD14+ LN cells were stained for CD163. Gray
histograms represent control isotype staining. Representative results of five independent experiments are shown. Bars, 10 um. (E and F) LN cells were
incubated with fluorescently labeled apoptotic cells at 4°C or 37°C. (E) Representative results of four independent experiments are shown. (F) Quantification
of capture was performed by subtracting the MFI value at 4°C from the MFI value at 37°C. (G) Percentage of each population among lineage (Lin)~ HLA-DR* cells
and among Lin~ HLA-DR*CD11¢c*CD14~ cells. Mean + SD in 18 donors is shown.
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BDCAT1" cells comprised two subsets expressing or not
CD206. Morphological analysis confirmed the identification
of BDCA4" cells as pDCs and showed typical DC morphology
for other subpopulations (Fig. 1 C), except for CD14" cells
(Fig. 1 D). The morphology of the CD14* population was
very homogenous and typical of macrophages, with the pres-
ence of numerous phagocytic vacuoles in virtually all the cells.
Nevertheless, we cannot exclude the possibility that this CD14*
population also contains low numbers of DCs. These cells
homogenously expressed CD163 (Fig. 1 D), a marker commonly
found on macrophages. In an apoptotic cell capture assay (Fig. 1,
E and F), CD14" cells were the most potent for apoptotic cell
uptake, consistent with their macrophage morphology. We
conclude that human axillary LNs contain macrophages and
six DC subsets, of which pDCs represent the most abundant
and LCs and Clec9A™ DCs the rarest (Fig. 1 G).

Similar analysis of lymphoid organs that do not drain the
skin showed that three of these DC subsets (LCs and CD1a™
and CD206" DCs) were absent from cervical LNs draining
the oropharynx, iliac LNs, tonsils, and spleen (Fig. 2, A-C),
suggesting that these DCs in skin-draining LNs had migrated
from the skin. In the skin, we found LCs, CD1a™ DCs, and
CD1a"CD14" DCs, as well as a minor population of double-
negative (DN) cells (Fig. 1 B), of which 95% were CD206*
(DN DCs were not clearly defined in most donors; not
depicted). Although the presence of Langerin® LC-like DCs
has been reported in tonsil epithelium (Valladeau et al., 1999),
we could not detect a population of CD1a*EpCAM* DCs in
our tonsil cell suspensions, in accordance with another study
(Summers et al., 2001). In contrast, pDCs, Clec9A* DCs, and
BDCA1* DCs were found in all lymphoid organs analyzed. LCs
and CD1a" DCs, and to a lesser extent CD206* DCs, displayed
an activated phenotype in LNs (CD83" and CD86* and high
expression of HLA-DR; Fig. 3 A). This phenotype is remi-
niscent of that of mouse migratory DCs, which up-regulate
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the expression of co-stimulatory and MHC class IT molecules
during their migration to LNs (Villadangos and Heath, 2005).
In addition, DCs that had migrated in vitro from skin explants
also displayed an activated phenotype (Fig. 4). Phenotypical analy-
sis showed that LN LCs and CD1a* DCs express markers
similar to that of LCs and dermal CD1a* DCs purified directly
from the skin (Figs. 3 A and 4 and Table S1). The LN counter-
part of CD14* dermal DCs is less clear. CD14" cells in LN are,
for their vast majority, macrophages (Fig. 3 A). However, LN
CD206* DCs express a combination of markers very similar to
the ones found on skin CD14* DCs (Table S1), except for CD14
itself (which is not expressed on CD206" DCs). It is therefore
most likely that skin CD14* DCs loose the expression of CD14
during migration from the skin. Finally, LN LCs, CD1a"
DCs, and CD206% DCs but not BDCA1* or Clec9A™ DCs
express CCR7,a chemokine receptor involved in migratory
DC entry into the LNs in mice (Ohl et al., 2004).

Based on these results, we conclude that human axillary LNs
contain three subsets of skin-derived migratory DCs, corre-
sponding to LCs and dermal CD1a* and dermal CD14*CD1a™
DCs, and three subsets of blood-derived resident DCs.The phe-
notype of skin-emigrated DN DC:s (Fig. 4) was similar to that of
CD1a* DCs and could represent an immature form of these cells
or have low expression of CD1a. However, the LN BDCAT1*
DC gate might contain a few skin-derived CD206~ DN DCs.
‘We also found in all lymphoid organs analyzed a small popula-
tion of Clec9A " BDCA1™ cells that could be an additional
population of DCs or a precursor form of resident DCs. Finally,
we found that Langerin was expressed by LCs and all CD1a"
DC:s (Fig. 3 B) and at low levels by Clec9A* DCs. Of note, we
could not detect Clec9A on any of the skin-derived DC subsets
(Figs. 3 A and 4).

Consistent with this, CD1a* cells were negative for Clec9A
in in situ immunobhistological analysis of LN sections (Fig. 5,
A-D).We observed that CD1a* cells (i.e., CD1a* DCs and LCs)
were always found clustered in the LNs and often in
T cell-rich areas. In contrast, Clec9A™ DCs were

mostly distributed all around the LN cortex (inner
and outer), although a minority of Clec9A* DCs
could be found in T cell-rich areas as previously re-

ported (Fig. 5, F and G; Galibert et al., 2005). In some
cases, Clec9A* DCs were found in close contact
with migratory CD1a* cells (Fig. 5, D and E) and

also observed in subcapsular and cortical sinuses (not
depicted). These results show that Clec9A™ resident

BDCA1* DCs and CD1a" migratory DCs are not similarly
oy distributed in the LNs.
To better characterize the relationship between

lymphoid organ—resident blood-derived DC subsets
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Figure 2. Characterization of DC subsets in nonskin-
draining lymphoid organs. (A-C) Cervical or iliac LN (A),
spleen (B), or tonsil (C) cells were enriched for DCs and
stained for HLA-DR, CD11¢, CD1a, CD14, Clec9A, BDCA1, and
CD206. Representative results of five (A), three (B), or eight

il

CD11c

JEM Vol. 209, No. 4

(C) independent experiments are shown.
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and blood DCs, we examined the cell cycle status of blood ~ showed that a significant proportion of blood BDCA1* and
and lymphoid organ pDCs and BDCA1" and Clec9A”" Clec9A* DCs were cycling, whereas very few lymphoid
DCs. Labeling with DAPI and the proliferation marker Ki67 organ BDCAT1" and Clec9A*" DCs did so (Fig. 6). In contrast,
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pDCs from blood or lymphoid organ did
not cycle. These observations suggest that
blood BDCA1* and Clec9A™ DCs may not
be fully differentiated.

To investigate the functional properties of
LN migratory and resident DCs, we isolated
these DC populations. Because of technical
limitations in cell sorting, we pooled LCs and
CD1a" DCs in some experiments, as these cells
appear to have similar properties after ex vivo
migration from the skin (Klechevsky et al.,
2008). All DC types but not macrophages in-
duced proliferation of allogeneic naive CD4*
T cells (Fig. 7 A). We examined the capacity of
DC subtypes to polarize naive CD4* T cells
into helper T cells in an allogeneic mixed
leukocyte reaction by measuring cytokine
secretion (Fig. 7, B and C) and induction of
Th subset—specifying transcription factors
(Fig. 7 D). None of the DC subsets induced
Th17 polarization, as IL-17A secretion and
RORyt expression were undetectable (not
depicted). LCs and CD1a* DCs preferentially
induced a Th2 profile, as indicated by secretion
of IL-5 and IL-13 and expression of GATA-3,
accompanied by little or no secretion of IFN-y.
LN BDCA1" DCs and Clec9A* DCs induced
similar levels of Th1 and Th2 polarization.
Skin CD14" DCs have been shown to induce
CD4"T cells to secrete CXCL13 (Klechevsky
et al.,2008),a chemokine associated with the
T follicular helper cell profile (Kim et al., 2004;
Crotty, 2011). As shown in Fig. 7 B, CD206"
DCs preferentially induced CXCL13 secre-
tion, confirming our hypothesis that CD206*
DCs represent the LN counterpart of skin
CD14" DCs.Therefore, different DC subsets
in LNs display selective capacities to influ-
ence CD4* T cell differentiation ex vivo.

In comparison, blood BDCA1" DCs and
Clec9A™ DCs induced efficient Th1 polariza-
tion but poor Th2 polarization. For the two

Figure 3. Phenotype of LN DC subsets. (A) Axil-
lary LN cells were enriched for DCs and stained for
HLA-DR, CD11c, CD1a, CD14, EpCAM, BDCA1, Clec9A,
(D206, CD83, CD86, BDCA3, CD172a, CD209, CCR7,
or control isotype. Representative results of 4-12
independent experiments are shown. (B) Purified DC
populations were coated on microscopy slides, fixed,
permeabilized, and stained for langerin (green). The
nucleus is stained with DAPI (blue). Representative
images are shown of three to four independent
experiments. Bars, 10 um.
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Th2 cytokine tested, IL-5 and IL-13, blood BDCA1" and
Clec9A™ DCs were less efficient than their corresponding coun-
terparts present in LN, although the difference did not reach
statistical significance. This observation is consistent with
the idea that blood ¢DCs are not fully differentiated, as it has
been shown in mice that immediate precursors of resident
DCs have not yet developed their full functional abilities
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Figure 4. Phenotype of migratory skin DC subsets. Cells isolated
after skin explant culture were stained for HLA-DR, CD11¢c, CD1a, CD14,
EpCAM, BDCA1, Clec9A, CD206, CD83, CD86, BDCA3, CD172a, CD209,
CCR?7, or control isotype. Representative results of five independent
experiments are shown.
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(Bedoui et al., 2009). These results contrast with previous
work showing that blood Clec9A* DCs are more potent
than blood BDCA1" DCs at inducing Th1 responses by total
CD4* T cells (Jongbloed et al., 2010).

Finally, in a cross-presentation assay using long (requiring
processing) and short (preprocessed) peptides of MelanA
antigen, we found that pooled LC/CD1a*, BDCA1*, and
Clec9A* DCs were all able to cross-present efficiently (Fig. 7 E).
CD206* DCs were poor at cross-presentation but also poor
activators of MelanA-specific CD8" T cell clones when incu-
bated with the short peptide. Because of the limited number
of DCs obtained, we could not titrate antigen, and given
the limited number of donors, it is difficult to assess whether
Clec9A" DCs cross-present more efficiently than other sub-
sets, as previously suggested (Bachem et al., 2010; Crozat et al.,
2010; Jongbloed et al., 2010; Poulin et al., 2010). Of note,
blood DCs did not cross-present, although they could activate
CDS8* T cell clones when incubated with the short peptide.
This is consistent with observations that blood DCs do not
cross-present antigens unless they are activated by Toll-like re-
ceptor ligands (Crozat et al., 2010; Jongbloed et al., 2010), again
suggesting that blood DCs have not yet developed their full
functional abilities. Importantly, Th polarization and cross-
presentation by LCs, CD1a* DCs,and CD206" DCs were iden-
tical to that of the corresponding subsets directly purified from
the skin (Klechevsky et al., 2008), showing that skin-derived DCs

retain their functional specialization after migration into LNs.

Figure 5. Immunohistological localization of resident Clec9A* DCs
and migratory CD1a* DCs in LNs. (A-E) Frozen LN sections were stained
for Clec9A (brown) and CD1a (green). (F and G) Frozen LN sections were
stained for Clec9A (brown) and CD3 (green). Representative results of four
independent experiments are shown. Bars, 10 um.
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These results suggest that the life cycle of the main DC sub-
sets that has been reported in mice is conserved in humans. Skin-
derived DCs constitutively migrate through the lymph into LN,
where they accumulate together with LN-resident DCs, which
likely derive from blood DCs and only acquire their full func-
tional abilities once they reach the lymphoid organs. Although
our study was performed on LNs from cancer patients, the LNs
used were not invaded, and the patients selected had not re-
ceived any treatment. It is therefore most likely that our findings
apply to healthy individuals. Our results showing the induction
of different T cell responses by DC subsets have important
implications for DC-based immunotherapies, in particular for
DC-targeting vaccines and skin immunization strategies.

MATERIALS AND METHODS

Samples and cell isolation. All experiments were approved by the Institut
National de la Santé et de la Recherche Médicale ethics committee. Samples
of LNs from untreated cancer patients undergoing diagnostic surgery were
obtained from the Institut Curie hospital in accordance with institutional ethical
guidelines. Only LNs considered healthy (noninvaded) after anatomopatho-
logical examination were included in the study. LNs studied were axillary LNs
(skin draining), LNs draining the oropharynx (nonskin draining), and iliac LNs
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Figure 6. Cell cycle status of blood and lymphoid organ DCs. Blood
PBMCs were enriched for DCs and stained for HLA-DR, CD11¢, CD16,
CD14, BDCA1, and BDCA3. Axillary LN or tonsil cells were enriched for DCs
and stained for HLA-DR, CD11¢c, CD14, BDCA1, and BDCA3. Cells were
fixed, permeabilized, and stained for Ki67 and DAPI. BDCA1* DCs were
gated as HLA-DR*CD11¢*CD16-CD14~BDCA1+, Clec9A* DCs were gated
as HLA-DR*CD11¢*CD16-CD14-BDCA3*, and pDCs were gated as HLA-
DR*CD11c™. (A) Representative results for BDCA1+ DCs and pDCs are
shown. (B) The percentage of Ki67*DAPIMd" cells is shown in six indepen-
dent experiments for blood DCs and nine independent experiments for
lymphoid organ DCs (three LNs and six tonsils). Horizontal bars indicate
the mean. ™, P < 0.0001.
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(nonskin draining). Normal skin was obtained from patients undergoing
abdominal reconstructive plastic surgery or patients undergoing mastectony
in accordance with institutional ethical guidelines. Skin was split-cut with a
Keratome set and placed epidermal side up on a 100-mm tissue culture Petri
dish containing RPMI 1640 supplemented with 10% heat-inactivated FCS
with 2 mM 1-glutamine and 200 U/ml penicillin-streptomycin. After 2 d,
nonadherent cells that had migrated out of the explants were collected and
filtered through a 70-pm filter (BD) to remove residual tissue. Spleen samples
from untreated cancer patients undergoing therapeutic surgery were obtained
from the Institut Curie hospital in accordance with institutional ethical guide-
lines. Tonsils from healthy patients undergoing tonsillectomy were obtained
from Hopital Necker (Paris, France) in accordance with hospital ethical guide-
lines. Samples were cut into small fragments, digested with 0.1 mg/ml Liberase
TL (Roche) in the presence of 0.1 mg/ml DNase (Roche) for 20 min before
the addition of 10 mM EDTA. Cells were filtered on a 40-um cell strainer
(BD) and washed. For spleen and tonsils, light density cells were isolated by
centrifugation on a Ficoll gradient (Lymphoprep; Greiner Bio-One). DCs
were enriched by depletion of cells expressing CD3, CD15, CD19, CD56,
and CD235a using antibody-coated magnetic beads and magnetic columns
according to the manufacturer’ instructions (Miltenyi Biotec). Buffy coats from
healthy donors were obtained from Etablissement Francais du Sang. PBMCs
were isolated after centrifugation on a Ficoll gradient. Blood DCs were
isolated by depletion of cells expressing CD3, CD15, CD19, CD56, CD16,
CD14, and CD235a using antibody-coated magnetic beads and magnetic
columns according to the manufacturer’s instructions (Miltenyi Biotec)
followed by cell sorting on a FACSAria instrument (BD). Cell subsets were
further isolated by cell sorting on a FACSAria instrument (BD).

Flow cytometry. Nonspecific binding was blocked using TruStain (BioLegend).
Cells were stained with FITC or Pe/Cy5 anti-CD1a (BD), PE anti-CD14
(BD), Alexa Fluor 700 anti-CD14 (BioLegend), PE anti-CD83 (BD),
FITC anti-CD86 (BD), PerCP—eFluor 710 anti—-BDCA-1 (eBioscience), APC—
eFluor 780 anti-HLA-DR (eBioscience), Pe/Cy7 anti-CD11c¢ (BioLegend),
PerCP—eFluor 710 anti-EpCAM (eBioscience), Alexa Fluor 647 anti-CD206
(BioLegend), PE or APC anti-BDCA3 (Miltenyi Biotec), PE anti-BDCA4
(Miltenyi Biotec), FITC or APC anti-CCR7 (R&D Systems), biotinylated
anti-CD172a (BioLegend), biotinylated anti-CD 163 (BioLegend), or bio-
tinylated anti-CD209 (Miltenyi Biotec) followed by staining with PerCP—
eFluor 710 streptavidin (eBioscience) or Alexa Fluor 647 streptavidin (Invitrogen)
or Alexa Fluor 700 streptavidin (Invitrogen), or isotype-matched control anti-
bodies. Anti-Clec9A antibody (clone 8F9; Sancho et al., 2008) was produced
in-house and coupled to DyLight 488 (Thermo Fisher Scientific). For intra-
cellular staining, cells were fixed and permeabilized with reagents according
to the manufacturer’s instructions (eBioscience) and stained with PE anti-Ki67
(eBioscience) and DAPI (Sigma-Aldrich). Cells were analyzed on an LSR 11
(BD) or MACSQuant (Miltenyi Biotec) instrument. Data were analyzed with
FlowJo software (Tree Star).

Morphological analysis. Cells were subjected to cytospin and colored with
May-Griinwald/Giemsa staining. Images were acquired with a CFW-1308C
color digital camera (Scion Corporation) on a DM 4000 B microscope (Leica).

Apoptotic cells uptake assay. HeLa cells were labeled with CellVue Claret Far
Red Fluorescent cell linker (Sigma-Aldrich) according to the manufacturer’ in-
structions. To induce apoptosis, cells were incubated overnight with 10 pg/ml
oxaliplatin (Sanofi-Aventis). After treatment, 70% of cells were apoptotic and 30%
necrotic as assessed by AnnexinV and propidium iodide staining (BD). After ex-
tensive washing, HeLa cells were incubated with LN cells enriched for DCs for
1 h at 4°C or 37°C. Cells were stained for flow cytometry and analyzed on an
LSR 1T instrument.

Immunohistology. LN samples were placed in Tissue-Tek (Sakura) and
frozen at —80°C. Microscope slides of acetone-fixed cryocut tissue sections
were incubated with anti-CLEC9A (clone 8F9) for 60 min and subsequently
with the ImmPRESS anti-mouse Ig-peroxidase (Vector Laboratories) for 30 min.
Peroxidase activity was developed using DAB substrate (Dako). Then, after

DC subsets in human lymph nodes | Segura et al.



blocking for 30 min with horse serum, slides were incubated with anti-
CD1a (Beckman Coulter) or anti-CD3 (BD) and incubated again with
ImmPRESS anti-mouse Ig-peroxidase. This second peroxidase staining was
visualized using Elite Histogreen (AbCys Biology).
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Confocal microscopy. Cells were coated on glass slides, fixed with 2%

paraformaldehyde and permeabilized in PBS containing 0.05% saponin and 10%

bovine serum. Cells were stained with biotinylated anti-Langerin (Dendritics)

followed by staining with Alexa Fluor 488—streptavidin (Invitrogen) and
DAPI (Sigma-Aldrich). Slides were analyzed on an
LSM 510 confocal microscope (Carl Zeiss).

CXCL13

004 T helper cell polarization. Naive CD4" T cells

8 were isolated from healthy donors’” PBMCs by
negative selection using magnetic beads (Miltenyi
Biotec) followed by cell sorting on a FACSAria
instrument. Naive CD4" T cells were gated as CD4*
CD257CD45RA*CD45RO ™. Antigen-presenting
cells (5 x 10% cells/well) were cultured with naive
CD4* T cells (1.5 X 10* cells/well) for 6 d in Yssel’s

medium supplemented with 10% FCS. After wash-
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ing, cells were incubated with anti-CD3/CD28
beads (Invitrogen) for 24 h in X-VIVO 15 serum-
free medium (Lonza). Supernatants were collected,
and cytokine secretion was assessed by cytometric bead
array (BD) or ELISA for CXCL13 (R&D Systems).
Cells were fixed and permeabilized with intra-
cellular staining reagents according to the manufac-
turer’s instructions (eBioscience) and stained with
eFluor 660 anti-GATA3, PE anti-RORyt, or eFluor
780 or PE anti-Tbet (eBioscience). Cells were ana-
lyzed on an LSR II or MACSQuant instrument.
Data were analyzed with FlowJo software.

Cross-presentation assay. Purified HLA-A2*
DCs were incubated (5,000 cells/well) in V-bottom
96-well plates (Corning) with 30 pM MelanA long
peptide (KGHGHSYTTAEEAAGIGILTVILGVL)
or 10 pM MelanA short peptide (EAAGIGILTV) or
without peptide for 3 h in Yssel’s medium. After

Figure 7. Functional properties of LN DC
subsets. DC subsets from LNs (black symbols) or
blood (blue symbols) were purified and cultured
with allogeneic naive CD4* T cells for 6 d before
T cell restimulation. (A-C) Symbols represent cells
purified from the same donor (for LNs, n = 4 for
macrophages and n = 7-11 for DCs; for blood,
n = 5). Black closed symbols represent experiments
with CD1a* DCs alone, and other symbols repre-
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sent experiments with pooled CD1a* DCs and LCs.
Mean is shown. (A) T cell proliferation was assessed
by calculating fold expansion (ratio of the number
of T cells at the end of the culture divided by the
number of T cells plated at the start of the culture).
(B and C) Cytokine concentration was measured in
culture supernatant by ELISA or cytometric bead
array. (D) Cultured T cells were permeabilized and
stained for GATA-3, T-bet, and ROR+yt. Repre-
sentative plots of five independent experiments
and mean + SD are shown. (E) Purified LN or blood
DCs were incubated with (+) or without (=)
MelanA long or short peptide and cultured with
antigen-specific CD8* T cell clones. Secretion of
IFN-y was assessed as a measure of T cell activa-
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tion. Symbols represent DCs purified from the
same donor (n = 3; except for CD206* DCs n = 2).
CD1a* DCs and LCs were pooled. Mean is shown.
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extensive washing, DCs were cultured for 24 h with CD8 T cell MelanA—
specific LT12 clones (20,000 cells/well; Dufour et al., 1997) in Yssel’s
medium supplemented with 10% FCS. Supernatants were collected and kept
at —20°C until measurement of IFN-y concentration by ELISA (BD).

Statistical analysis. Wilcoxon matched paired test or Mann-Whitney test
was performed using Prism (GraphPad Software).

Online supplemental material. Table S1 lists the phenotypes of skin-
derived DCs in axillary LNs and skin. Online supplemental material is available
at http://www jem.org/cgi/content/full/jem.20111457/DC1.
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