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Summary
Dendritic cells (DCs) orchestrate a repertoire of immune responses that endows resistance to infection
and tolerance to self. Understanding the principles by which DCs control immunity and tolerance
has provided a rich basis for studying and improving clinical outcome of human disease treatment.
Several features contribute to the complexity of the DC system. Among these, plasticity and existence
of subsets are prominent determinants to the quality of the elicited immune responses. Indeed,
different DC subsets are distributed in peripheral tissues and the blood and display different microbial
receptors, surface molecules and cytokine expression, all of which influence the immunological
outcome. The biological raison d’être for separate DC subsets has been the focus of many studies
including our own and is being reviewed with an emphasis on human skin DCs.
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The challenges of protective immunity
Though our skin and mucosa are covered by considerable amounts of microbes, we stay
healthy. However, when the microbes break the skin or mucosal barriers, the immune system
faces a number of options. First, it needs to decide whether to respond or not. Second, if a
response is made, it must be tailored to fight that particular microbe. Generating the right type
of immune response can be a matter of life and death itself. For instance, in leprosy, the
tuberculoid form of the disease is characterized by a Type 1 response which keeps the disease
in check, while the lepromatous form induces an often fatal Type 2 response [1]. Microbe-
specific immunity must therefore limit the spreading of the infection as well as remove the
infected cells. This requires the participation of different cells of the innate immune system as
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well as cells of the adaptive immune system, more specifically T and B lymphocytes which
are educated and activated by DCs. Microbiologists, spearheaded by Louis Pasteur have
devised multiple ways to inactivate pathogens to generate vaccines that protect us against about
twenty different infectious agents. Most if not all of these vaccines are designed to initiate
protective humoral immune responses. Unfortunately, many pathogens, for which no efficient
vaccines are available, are still affecting mankind with terrible diseases such as HIV-induced
AIDS, Plasmodium-induced malaria, Virus-induced Hepatitis C, Mycobacterium-induced
tuberculosis. Most of these appear to be chronic diseases for which it is thought that strong
cellular immunity, in particular Cytotoxic T cells is necessary to eliminate the cells that are
infected with the causative agent. Thus, a more detailed understanding of the mechanisms
leading to strong cellular immunity is necessary to design relevant vaccines. There is now
evidence that DCs are important in the response to vaccination and that adjuvants are actually
activators of DCs. We surmise that a better knowledge of human DCs will permit us to reach
this goal. This paper is dedicated to the human DCs subsets which we have been studying for
15 years with the goal of designing vaccines that elicit powerful immunity.

Background on Dendritic Cells
Dendritic cells are a fundamental force for initiating immune responses, by educating B and T
lymphocytes, the components of adaptive immunity [2,3]. First visualized by Paul Langerhans
as LCs in the skin some 140 years ago, DC characterization began less than forty years ago
[4]. During the first twenty years, DCs were carefully isolated from the tissues and studied by
few investigators. However, identification of methods to differentiate large quantities of DCs
in vitro [5–8] allowed the discovery of many of their biological and molecular properties. Yet,
the discovery of different subsets led investigators to go back to their painful isolation from
tissues or to target them specifically with fusion proteins directly in vivo [9,10].

The initiation of T-cell immunity faces several challenges. The low frequency of microbe-
specific T cells, the very few specific peptide-MHC complexes presented by the infected cells
(one hundred or less per cell) and the lack of co-stimulatory molecules expression on the
infected cells. All these are required and limiting the ability to drive T cell clonal expansion
and the generation of cytotoxic/helper T cells. However, these challenges are overcome by
DCs, which capture microbes, present their antigens and provide signals necessary for T cell
expansion and differentiation. Upon recognition of microbial components or in response to
inflammatory cytokines secreted by cells in tissue microenvironment, DCs upregulate co-
stimulatory molecules and migrate to secondary lymphoid organs, i.e., spleen and lymph nodes
(LNs), where they activate antigen-specific T cells. Thus, DCs have traditionally been viewed
as mobile sentinels that bring antigens to T cells and activate them. More recent studies indicate,
however, that soluble antigens can directly diffuse into the draining LNs through lymphatics
and conduits, thereby reaching the LN-resident DCs [11]. Murine in vivo studies suggest that
these two waves of antigen delivery to LNs yield different immune responses [11]. DCs are
also important in launching humoral immunity partly through their capacity to directly activate
B cells [12,13]. They also activate innate immune cells, such as natural killer (NK) cells [14,
15] and natural killer T (NKT) cells [16].

In addition to the ability to recognize and eliminate what is foreign or aberrant, the immune
system has built-in tolerance mechanisms to ignore components of “self” [17]. DCs appear to
be essential in maintenance of immunological tolerance both in the thymus and in the periphery
[17]. Thus, their alteration might contribute to the break of tolerance and thereby to the
pathogenesis of autoimmune diseases.
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Dendritic cell subsets
There are two main DC lineages; the myeloid DCs (mDCs, sometimes called conventional
DCs or cDCs) and the plasmacytoid DCs (pDCs).

pDCs circulate in the blood and enter lymphoid organs like lymphocytes through High
Endothelial Venules (HEV). They are identified as linnegHLA-DR+ cells expressing IL-3Rα
chain (CD123) at high levels and two specific markers: BDCA-2 [18–22] and ILT-7 [23]. They
express a unique set of TLRs; TLR1, 6, 7, 9, and 10 and upon exposure to viruses, secrete large
amounts of Type I IFN [22] as well as IP-10, TNF, and IL-6 [24]. Viral activation appears to
depend on TLR7 and TLR9-triggering.

mDCs exist in various compartments: 1) peripheral tissue resident DCs, 2) secondary lymphoid
organ-resident DCs and 3) circulating blood mDCs. Studies in mice have shown that LN-
resident DCs capture microbial antigens that are rapidly delivered through lymphatics and
conduits, and upon stimulation, these DCs induce the activation and proliferation of antigen-
specific T cells [11]. In the steady state, LN-resident DCs that have captured self antigens
without being activated, from dying cells for example, prevent the activation of autoreactive
T cells through various mechanisms including apoptosis and anergy. While human LNs display
a lot of DCs as well, it remains unclear whether the same mechanisms are operating. Mouse
studies from the late 90’s using administration of purified DC subsets indicated that CD8α+-
spleen DCs and CD8α−-spleen DCs were respectively inducing Type 1 and Type 2 immune
responses [25,26]. This concept of differential regulation of T cell immunity by distinct DC
subsets was further demonstrated in elegant studies using fusion proteins targeting these
different DCs subsets. There, antigens were selectively loaded in vivo onto distinct DC subsets,
CD8α+ mDCs expressing DEC205, or CD8α− mDCs expressing DCIR2, by using specific
antibodies conjugated with OVA [9]. CD8α+ mDCs preferentially induce CD8+ T cell
immunity, while CD8α− mDCs preferentially induce CD4+ T cell immunity [9]. Accordingly,
CD8α− mDCs and CD8α+ mDCs preferentially express distinct sets of genes involved in MHC
Class II and Class I presentation, respectively [9].

The human skin harbors at least 3 different DC subsets as well as macrophages. Langerhans
cells, (LCs) reside in the epidermis, while the dermis hosts at least two main subsets of DCs;
CD1a+ DCs and CD14+ DCs [27] alongside with macrophages [28]. (Figure 1A,B,C).
Epidermal LCs express CD1a, Langerin and E-cadherin, while dermal CD14+ DCs express
DC-SIGN, CD11b and Factor XIIIa [29]. Dermal CD1a+ DCs express an intermediate
phenotype. The skin mDC subsets can also be generated in vitro by culturing CD34+-
hematopoietic progenitor cells (HPCs), with GM-CSF and TNF-α [5,30]. Our current view is
that dermal CD163+FXIIIa+ cells include both non-migrating CD11c− macrophages and
CD11c+CD14+ migratory DCs. It is possible that these macrophages and CD14+ DCs cells are
able to transform into each other as was shown earlier with monocyte-derived DCs and
macrophages in response to a balance of IL-6 and TNF [31]. Other surface molecules
distinguish LCs from dermal DCs. In particular CD14+ DCs express a large number of surface
lectins including DC-SIGN, DEC-205, LOX-1, CLEC-6, Dectin-1 and DCIR, while LCs only
express Langerin and DCIR. Dermal CD14+ DCs also express regulatory molecules such as
PD-L1, ILT-2 and HLA-G while LCs do not (Klechevsky; unpublished data).

CD14+ DCs, but not LCs, either generated in vitro [30] or isolated from human skin [10]
produce, upon activation through CD40 a large set of cytokines including IL-1β, IL-6, IL-8,
IL-10, IL-12, GM-CSF, MCP and TGF-β (Figure 2A). Microarray analysis also reveals that
CD14+ DCs uniquely express other members of the IL-10-family IL-19, IL-20 and IL-24
(Figure 2B) [32,33] whose role remains to be established. In contrast, LCs produce only a few
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cytokines, a notable exception being the CD8+ T cell-enhancing cytokine; IL-15 (Figure 2A
and B).

Dermal CD14+ DCs Preferentially Initiate Humoral Immunity
Initial studies carried more than a decade ago using CD34-HPCs-derived DCs gave the first
insight regarding the preferential control of humoral immunity by dermal CD14+ DCs [33].
There, it was shown that CD14+ DCs themselves but not LCs, induce naïve B cells-activated
through their CD40 receptor to produce large amounts of IgM. The process was found to be
dependent on the secretion of IL-6, IL-12 and sgp80 by CD14+ DCs [33][34]. Furthermore,
CD4+ T cells that were primed by dermal CD14+ DCs were able to induced naïve B cells to
produce large amounts of IgM while CD4+ T cells cultured with LCs were less efficient.
However, most remarkably, only CD4+ T cells that were primed by dermal CD14+ DCs were
able to induce naïve B cells to switch isotypes towards the secretion of both IgG and IgA. In
contrast, CD4+ T cells cultured with LCs did not allow isotype switching by naïve B cells.

CD14+ DCs induce naïve T cells to differentiate into cells with properties of folicullar helper
T cells (Tfh). The CD14+ DC-polarized T cells secrete the cytokine CXCL13, a unique feature
of the follicular helper CD4+ T cell population isolated from Germinal Centers. This newly
identified property of CD14+ DCs, together with our earlier demonstration of the capacity of
CD14+ DCs from cultures of CD34-derived DCs to induce naive B cells to secrete IgM [33],
indicate that CD14+ DCs specialize in the control of mature B cell differentiation. This novel
function discovered with human DCs might also apply to mouse dermal DCs which migrate
into the outer paracortex, just beneath the B cell follicles, whereas LCs migrate into the T cell
rich inner paracortex [35]. While able to induce naïve CD4+ T cells to potently help B cells,
CD14+ DCs, unlike LCs, are not inducing CD4+ T cells to secrete typical Type 2 cytokines.

When considering CD8+ T cells, dermal CD14+ DCs show a very poor ability to induce their
differentiation into potent CTL effectors. This is observed during a Mixed Lymphocyte
Reaction using allogeneic naïve CD8+ T cells and during the priming of naïve autologous
CD8+ T cells using Mart-1-derived HLA-A201+ binding peptides [10]. Indeed, this is not due
to the inability of the CD14+ DCs to present peptide-MHC Class I complexes but rather due
to their inability to induce the expression of the cytotoxic effector molecules (Granzymes A/
B, perforin) on the differentiating T cells. Indeed, the CD14+ DCs, when pulsed with Class I-
restricted peptide, can permit the expansion of memory CD8+T cells, such as those specific
for the immunodominant Influenza Matrix Protein peptide suggesting that they can efficiently
load peptides on HLA-Class I molecules and present these peptide MHC complexes to memory
CD8+ T cells. However, these CD14+ DCs display a reduced ability to cross-present proteins
such as Influenza Matrix Protein, which is not due to their lower ability to process proteins as
they can efficiently process tetanus toxoid and present its peptides to memory CD4+ T cells.
As recently documented with mouse lymphoid organ resident DC subsets [9], a microarray
analysis reveals the higher expression of MHC class II processing machinery and reduced
expression of the MHC Class I processing machinery in CD14+ DCs when compared to LCs.

Thus, our current data together with our previous observation that CD14+ DCs can induce B
cell priming [33], indicate that CD14+ DCs have a special capacity to directly, and indirectly,
through T cell polarization, affect B cell differentiation towards antibody secretion. Thus we
conclude that CD14+ DCs preferentially control humoral immunity.

LCs Preferentially Initiate Cellular Immunity
The initial observation using CD34-HPCs-derived DCs showed that LCs have an enhanced
capacity to expand allogeneic T lymphocytes in a mixed lymphocyte reactions (MLR)
compared to CD14+ DCs [33]. Detailed analysis further showed a marked differences in the
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ability of these two subsets to expand naïve CD4+ or CD8+ T cells. Indeed, LCs, either
generated in vitro or isolated from human epidermis, showed a strong ability to induce
proliferation of allogeneic naive T cells in mixed lymphocyte reactions (MLR) with less than
100 cells showing a considerable T cell proliferation. CD14+ DCs however, were able to induce
a limited proliferation of naïve CD4+ and CD8+ T cells. To further study the quality of the
primed CD8+ T cells, melanoma antigen-specific CD8+ T cells were expanded by exposing
naïve CD8+ T cells to MART-1-peptide-loaded LCs or CD14+ DCs. Similarly to the allogeneic
response, LCs were able to induce a more robust expansion of peptide-specific CD8+ T cells
when compared to CD14+ DCs. In addition, when examined for the capacity of each DC subset
to present in the context of MHC Class I peptides derived from external unprocessed protein
antigens such as Influenza Matrix Protein and MART-1 to CD8+ T cells (cross-presentation/
priming), in vitro-cultured LCs were able to more efficiently process and present protein to
naïve and memory CD8+ T cells compared to CD14+ DCs.

These studies of primary CD8+ T cell responses with Class I-binding peptides as well as cross-
priming with proteins and polypeptides which require processing, indicate that LCs are strong
inducers of the differentiation of naive CD8+ T cells into potent cytotoxic effectors. Indeed
naïve CD8+ T cells, which do not express Granzymes A/B or perforin, acquire high levels of
these effector molecules when primed by LCs but not CD14+DCs (Figure 3). This phenotype
of effector Cytotoxic T cells is consistent with their ability to efficiently kill tumor cell lines
which express on their surface low levels of TCR ligand. Interestingly, though LCs express
lower levels of TCR ligands than CD14+ DCs, the antigen-specific T cells that they elicit
display a higher avidity than those generated with CD14+DCs. Studies performed with CD34-
HPCs-derived DCs loaded with killed tumor cells [36,37] also indicated that LCs and
CD14+ DCs were able to induce some expansion and differentiation of naive CD8+ T cells
provided several culture cycles were performed. Under these conditions, LCs were not
significantly more potent than CD14+ DCs, in a variance with our studies with MHC-Class I
binding peptides or with proteins. This may be best explained by a differential processing of
dead tumor cells and proteins. In particular, CD14+ DCs are far more efficient at phagocytosing
killed tumor cells than LCs [37]. Further studies to better characterize the quality of the
CD8+ T cells primed by the dermal CD14+ DCs are currently being performed.

The limited activation of Tetanus toxoid-specific memory CD4+ T cells indicates that LCs
appear less efficient in MHC Class II peptide presentation than CD14+ DCs, however, they
are able to polarize naïve CD4+ T cells into cells secreting Type 2 cytokines such as IL-4, IL-5
and IL-13. Indeed, this might explain the preferential skewing towards Th2 responses that was
observed in T cells from mice receiving antigen in the epidermis (rich in LCs) using antigen-
loaded gold particles delivered with a gene gun [38]. Both LCs and CD14+DCs are capable of
inducing IFNγ-secreting CD4+ T cells. However, further studies are necessary to establish
whether the IFNγ secreting CD4+ T cells generated in response to CD14+ DCs are qualitatively
equivalent to those made in the presence of LCs. Also, it remains to be assessed which type of
helper T cell is required for CTL priming. We surmised that the LCs will generate powerful
helpers for CD8+ T cell priming. While IL-21 has been found to be such a powerful inducer
[39], it is remains to be established whether LCs can induce the generation of IL-21 secreting
T cells. Indeed, the localization of LCs to the inner paracortex is consistent with their function
ability to prime CD8+ T cells and CD4+ T cells.

For many years, LCs have been viewed as a paradigm population in DC biology, whereby DCs
survey and sense pathogens, become activated, and migrate to the draining lymph node where
they present antigens to lymphocytes, resulting in pathogen-specific immune responses. Recent
studies in mice have challenged this concept, however. Studies with Herpes Simplex viruses
(HSV) suggested that LCs played no role in the development of an immune response against
the virus [40,41]. Rather, dermal DCs appeared to transport the viral antigens into the draining
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lymph nodes and deliver them to the resident DCs [42]. Genetic depletion of LCs in mice
resulted in either normal [35], increased [43] or decreased [44] hypersensitivity reactions. Our
findings are however in line with studies performed in mice that involved peptide-loaded
epidermal DCs injected subcutaneously [45] or lentiviral vectors delivered to LCs by genetic
immunization [46]. Furthermore, consistent with our data, another recent mouse study showed
that LCs actually cross present antigens to CD8+ T cells in vivo [47]. Thus, while studies in
mice have not yet settled with respect to the role of LCs, our data indicate that human LCs
preferentially activate cell-mediated immunity.

Dermal CD1a+ DCs might be the equivalent to the mouse Langerin+ Dermal
DCs

Our studies have shown that dermal CD1a+ DCs represent a significant population of DCs
which are present in the upper layer of the dermis. They are most likely the dermal BDCA1+

cells described by Zaba et al. [28] as they express CD1c, the antigen recognized by the BDCA-1
antibody. This population is a potent inducer of the proliferation of allogeneic CD4+ T cells
[10,28] and CD8+ T cells though less efficient than LCs. Accordingly, their phenotype is closer
to that of LCs than that of CD14+ DCs (Figure 1C). A major exception is the lack of Langerin
and E-Cadherin, characteristic of LCs. Indeed, Langerin expression could be detected solely
on LCs in the epidermis in situ. As LCs, dermal CD1a+ DCs essentially produce IL-15 and
little of the proinflammatory cytokines and chemokines expressed by dermal CD14+ DCs with
the possible exception of IL-8 (Figure 2A). They are, however, less potent than LCs in inducing
the polarization of CD4+ T cells into Th2 cells and that of naïve CD8+T cells into highly potent
Granzyme A/B and Perforin -positive CTLs. They might represent the precursors of LCs, and
might also correspond to the recently identified mouse Langerin+ dermal DCs that are capable
of participating in skin immune response [48–50].

Molecular control of DC functions
As observed earlier with CD34+-HPCs-derived in vitro generated DCs [32], skin LCs and
CD14+ DCs produce a dramatically distinct panel of cytokines. In particular as discussed
earlier, CD14+ DCs produce spontaneously and in response to CD40-ligation IL-10 and TGF-
β as well as multiple proinflammatory cytokines. In contrast, LCs produce only a limited set
of cytokines (IL-6 and IL-8) and most prominently IL-15 (Figure 2A) [10]. Our attempts to
identify the molecular mechanisms endowing CD14+ DCs and LCs with their specialized
functions have thus far only been partly conclusive. Looking at the cell surface, LCs express
more 4-1BB-L [51], but anti-CD137 blocked T cell priming by both subsets. Furthermore,
LCs, but not CD14+ DCs, express IL-15, which is known to enhance CD8+ T cell responses
[52]. However, none of the mAbs we have tried were convincingly able to inhibit LCs-induced
CD8+ T cells priming while they were able to inhibit the proliferation of T cells induced by
exogenous IL-15 (Klechevsky; unpublished data). We could, however, enhance CD14+ DCs-
mediated priming CD8+ T cells by adding external IL-15 to the culture, which in this case was
blocked by anti-IL15 mAb (Klechevsky; unpublished data). CD14+ DCs, on the other hand,
produce IL-10 and TGF-β and polarize naïve CD8+ T cells into poor effector cells expressing
little Granzyme A/B and Perforin. Addition of IL-10 can induce LCs to polarize CD8+ T cells
into cells with low Granzyme A/B and perforin (Klechevsky; unpublished data). Indeed, the
earlier demonstration that addition of IL-10 to cocultures of monocyte-derived DCs allows the
generation of regulatory CD4+ T cells is a step in this direction [53,54]. However, blocking
IL-10 appears to be insufficient for CD14+ DCs to induce potent effector CD8+ T cells.

In addition to IL-10, microarray analysis permitted us to identify the expression of other IL-10
family-related cytokines by the dermal CD14+ DCs including IL-19, IL-20 and IL-24 (Figure
2B). These cytokines act on epithelial cells and fibroblasts and might just represent an important
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component of dermis homeostasis. They were shown to mediate diverse activities, including
immune suppression and enhance antibacterial and antiviral immunity [55]. The distinct
biological effect of each of these cytokines as produced by dermal CD14+ DCs is yet to be
fully assessed and which will be dependent on the state of activation, the target cells and the
phase of the immune response.

Another level of regulation is provided by the differential sensitivity of different DCs to
environmental stimuli [56]. For such, TLRs respond to different ligands and are expressed on
distinct DC subsets. The distinct repertoire of TLRs allows DC subsets to respond differentially
to microbes. Different TLRs recognize different PAMPs, and deliver distinct molecular signals,
thereby yielding distinct types of DC maturation and consequently distinct immune responses
[57]. For instance, Escherichia coli LPS stimulates through TLR4, inducing dermal CD14+

DCs to secrete IL-10, which may eventually enhance Type 2 or regulatory T cell development
[58]. Conversely, TLR7/TLR8-activation, enhance the production of IL-12 and may lead to
generation of distinct Th development.

Epidermal LCs isolated from skin have been reported to express TLR1, TLR2, TLR3, TLR6
and TLR10, but lack TLR4 and TLR5 expression. The expression of TLR7/8 remains unclear
[59,60]. Our own data using microarray of highly purified cells failed to show much TLR
expression by LCs (Figure 2C). Thus we feel that additional studies are necessary for
concluding on the expression of Pathogen Recognition Receptors (PRRs) by LCs. In contrast
to LCs, dermal CD14+ DCs express TLRs recognizing bacterial PAMPs, such as TLR2, 4, and
5 [60] and as we demonstrate TLR 6,8 and 10 (Figure 2C). Therefore dermal CD14+ DC may
represent a DC subset specialized for bacterial recognition in the skin.

When considering TLR-activation, particularly in the context of vaccine design, it is important
to take into consideration the significant differences that are found between human and murine
DC subsets. For instance, both myeloid and plasmacytoid DCs express TLR9 in the mouse
[56,61], while only pDCs express TLR9 in the human [62,63].

Finally, as observed with mouse spleen DC subsets [9], we found that LCs express more genes
related to the MHC Class I pathway and CD14+ DCs more genes related to the MHC Class II
pathway (Figure 4) which may explain the superior ability of LCs to crosspresent peptides on
Class I molecules to CD8+ T cells.

Summary and future directions
Studies performed in the last decade have highlighted the commonalities and uniqueness of
the various DC subsets. This new knowledge represents a fertile ground to work on to design
better strategies for intervening in numerous clinical situations. The capacity of LCs and
CD14+ DCs to preferentially prime cellular immunity and humoral immunity respectively has
significant implications, most particularly in the context of novel human vaccines. The
effective vaccines developed against a variety of infectious agents, including polio, measles
and Hepatitis B, certainly represent major achievements in medicine. Yet these vaccines are
all specific for acute infections and their protective capacity arises largely from their induction
of humoral immune responses [64]. Given both the methods by which these vaccines are
delivered and the data discussed here, it is likely that they principally deliver antigen to and
activate CD14+ DCs and possibly CD1a+ DCs but not LCs. Therefore, targeting LCs will be
important for the design of vaccines that aim at eliciting strong cellular immunity. Such
vaccines might be particularly useful at preventing, and perhaps even treating, chronic diseases
including viral (HIV, Hepatitis C Virus), bacterial (mycobacteria) and parasitic (malaria)
diseases, as well as cancer [65]. The most efficient vaccines might actually be those that will
target both CD14+ DCs and LCs, thereby allowing the maximal stimulation of both humoral
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and cellular immune responses. For instance, one would imagine that the ideal HIV vaccine
should target Env protein to the dermal DCs to elicit potent humoral responses that will prevent
virus entry and target Nef and Gag proteins to LCs to elicit potent T cell responses that will
eradicate cells harbouring the virus thereby reducing the spreading of the virus (Figure 5). It
is difficult to imagine that a modified Adenoviral vector might optimally deliver each of these
antigens to the appropriate DC subset. In this regard it is intriguing to consider that one of the
most effective vaccines, smallpox vaccine [64,66], acts through a combination of strong
cellular and humoral immunity and requires scarification of the skin, a procedure that injures
both epidermis and dermis and that is likely to mobilize and activate LCs as well as dermal
DCs. Likewise, one of the most potent vaccines ever generated against Yellow Fever (YF17D)
activate multiple dendritic cell subsets [67] and leads to integrated immune response that
include both humoral and cellular immunity [68].

We foresee that the translation of this new knowledge on how DCs regulate the immune system
into medicine will result in a wealth of new treatments that target DCs to improve the quality
of life of many patients. We foresee that the improved vaccines that target DCs will permit us
to treat and prevent many chronic diseases, and likewise, manipulation of DCs will also permit
to dampen overly enhanced immune responses as occurs in allergy and autoimmunity possibly
by turning on regulatory mechanisms.
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Figure 1. Purification and characterization of epidermal and dermal DCs obtained from human
skin and of in vitro CD34+-HPCs-derived mDC subsets
(A) Epidermal- and dermal-resident DCs were allowed to migrate from their respective tissues
and were harvested after 2 days. The cells were enriched with a Ficoll-diatrizoate gradient,
stained with CD1a and CD14 mAbs and analyzed by flow cytometry. Epidermal sheets yielded
CD1ahiCD14−cells. Dermis yielded two distinct populations: CD1a−CD14+ cells (dermal
CD14+ DCs) and CD1adimCD14− cells (dermal CD1a+ DCs).
(B) CD34+-HPC cultured with GM-CSF and TNF-α for 9 days were stained with CD1a and
CD14 mAbs to identify two subpopulations of mDCs: LCs and CD14+ DCs.
(C) Flow cytometry analysis of isolated epidermal and dermal cells, or in vitro-generated
CD34-HPCs-derived DC subsets. Cells were gated on CD1a-positive or CD14-positive
populations and analyzed for the expression of Langerin, DC-SIGN, CD80, CD86, CD163,
CD1c, CD11c, HLA-DR, E-cadherin and CD40.
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Figure 2. Characterization of epidermal and dermal DCs obtained from human skin
(A) IL-15, IL-10, IL-6, IL-12p40, MCP-1, GM-CSF, IL-1β, and TNF-α were measured by a
multiplex bead assay (Luminex) in the culture supernatant of sorted LCs, dermal CD1a+ DCs
and dermal CD14+ DCs after activation with CD40L for 24 h. Data are representative of 3
independent experiments.
(B) Gene expression analysis of IL-10 family related cytokines: IL-10, IL-19, IL-20 and IL-24
by skin DCs isolated from 3 different specimens. RNA was prepared from FACS-sorted
migrated skin mDC subsets: epidermal LCs and dermal CD14+ DCs. Expression values are
normalized per gene to the median of the 6 samples. Transformed expression levels are
indicated by color scale, with red representing relative high expression and blue indicating
relative low expression.
(C) Gene expression analysis of Toll-Like Receptor genes by skin DCs isolated from 3 different
specimens. RNA was prepared from FACS-sorted migrated skin mDC subsets: epidermal LCs
and dermal CD14+ DCs. Expression values are normalized per gene to the median of the 6
samples. Transformed expression levels are indicated by color scale, with red representing
relative high expression and blue indicating relative low expression.
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Figure 3. LCs are more efficient than CD14+ DCs at priming antigen-specific high-avidity effector
CD8+ T cells
Allogeneic naïve CD8+ T cells primed by each skin mDC subset: LCs (upper row), dermal
CD1a+ DCs or CD14+ DCs (middle and lower rows, respectively) for 7 days, were stained and
analyzed by flow cytometry for the expression of the effector molecules; Granzyme A,
Granzyme B, and perforin. Data are representative of 4 independent experiments.
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Figure 4. Characterization of epidermal and dermal DCs obtained from human skin and of in vitro
CD34+-HPCs-derived mDC subsets
Relative amounts of mRNAs associated with the MHC class I (left panel) and MHC class II
(Right panel) processing pathways expressed by FACS-sorted, migrated skin mDC subsets:
LCs and Dermal CD14+ DCs. Figure shows three individual gene arrays prepared from distinct
mRNA samples. Expression values are normalized per gene to the median of the 6 samples.
Transformed expression levels are indicated by color scale, with red representing relative high
expression and blue indicating relative low expression.
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Figure 5. Understanding human myeloid dendritic cell subsets for the rational design of novel DC-
targeting vaccines
Novel vaccines that will prevent and treat chronic diseases such as HIV relay on rational
immunological approaches and aim at activating both the cellular and the humoral arm. We
envision that targeting antigens and activation of distinct mDC subsets, with different
specializations, will result in the generation of a broad and long lived immune protection. Thus,
the most efficient vaccines might be those that will target both LCs and dermal CD14+ DCs
thereby allowing the maximal stimulation of cellular and humoral immune responses and the
generation of long-term memory protection.
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