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Abstact: Leprosy is a chronic infectious disease caused by Mycobacterium leprae that needs continued vigilance, particu-
larly for detection and treatment of hidden and undiagnosed cases. Cell-mediated immunity in leprosy has been identified
as a key mechanism for the understanding of this disease. The dendritic cell (DC) is the most potent professional antigen-
presenting cell and recently has been the focus of much interest as the main initiator of naive T-cell responses to several
antigens. For rational use of DCs in adjuvant therapy of lepromatous leprosy, the patterns of synthesis and secretion of cy-
tokines by DCs during some mycobacterial infections must be better understood. Therefore, the aim of this review is to il-
lustrate some of the cellular events involved in the immune recognition of the antigens during leprosy and the role of anti-
gen-presenting cell (DC) and their co-stimulatory molecules, such as DC-SIGN, CD-40, B7-1 and B7-2, in generating ef-

ficient T-cell responses.
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1. INTRODUCTION

Leprosy is a chronic infection disease that primarily
affects the skin, mucous membranes and nerves [1-3]. Cur-
rently, 2 to 3 million individuals are infected with Mycobac-
terium leprae, the etiologic agent of leprosy, and the detec-
tion of new cases continues to increase, reaching more than
half million cases each year [4,5]. In addition, no useful
vaccines have been developed, and no successful immuno-
therapeutic tools against leprosy are available. Leprosy pre-
sents a spectrum of clinical manifestations that are directly
related to the different kinds of immune responses to the
pathogen [6]. In the variations of the disease, patients with
tuberculoid leprosy display pronounced immune response
that restricts the growth of the pathogen, while, in contrast,
patients with lepromatous leprosy present extreme suscepti-
bility to M. leprae infection. Since the immune system in
these two groups reacts completely differently on reinfection
or in vitro antigen challenge, differentiation into the two
major leprosy forms has been suggested. Currently, there is
limited information on the primary immune response of the
host during the distinct forms of leprosy and resistance or
susceptibility to M. leprae. The presence of mRNA encoding
for Interleukin-12 (IL-12) and gamma-interferon (IFN-y) in
lesions of tuberculoid patients has been described while IL-
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4, IL-5 and IL-10 mRNA were found in lesions of LL pa-
tients [7]. These findings suggested that the differentiation of
leprosy into a tuberculoid or lepromatous leprosy form is
correlated with the presence of T helper-1 (Th-1) versus T
helper-2 (Th-2) like cytokines. The determination of the T-
cell response profile (whether Th-1 or Th-2) depends primar-
ily on the nature of antigen presenting cells (APC). There-
fore, in this paper, we review some of the antigen presenta-
tion issues including the role of DC-T cell interaction during
immune response to leprosy infection.

2. FROM THE BEGINNING

The success of T cell mediated immune response against
intracellular bacteria is determined by the efficiency of
phagocytic cells in providing both MHC class I- and IlI-
restricted antigen presentation functions. These APCs stimu-
late CD4+ T cells, specific for bacterial antigens. Phagocytic
cells harboring replicative intracellular bacteria produce and
release cytokines such as IFN-y, which increases their bacte-
riostatic and bactericidal functions. In this context, macro-
phages [8] should represent a privileged APC partner for T
cells. Moreover, activated macrophages produce 1L-12 [9],
which plays a pivotal role in host resistance to bacterial in-
fection by stimulating NK cells, IFN-y production, and Th1l
responses [10]. However, DCs have been reported as the
most potent APC for priming naive T cells [11], also produc-
ing IL-12 after contact with microbial stimuli [8]. Conse-
quently, DCs are highly efficient in inducing antiviral and
antitumor immune responses [12]. During the last decade,
published data strongly suggest an effective role of DCs in
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controlling bacterial infection [8,13-17]. However the inter-
action of DCs with mycobacteria is still not completely un-
derstood.

3. THE ESSENTIAL NEED FOR ANTIGEN PRESEN-
TATION

It is widely known that T cells require 2 types of signals
for optimal activation [18]. The first signal is provided by
the antigenic peptide binding to the T cell receptor (TCR)
and simultaneously to major histocompatibility complex
(MHC) on antigen-presenting cells (APCs). This feature
provides antigen-specificity to the immune response. The
second “costimulatory” signal is provided by binding of
specific receptors on T cells to ligands on APCs. Literature
widely describes the costimulatory pathway provided by
binding of CD28 on T cell to B7-1 (CD80) and /or B7-2
(CD86), respectively on dendritic cells (DCs) and monocytes
/ macrophages-APCs [18].

DCs are important sentinels of the immune system and
are, therefore, essential for the onset of a strong immune
response against several incoming pathogens. Their function
involves the capture and process of the antigens into peptide
form in MHC class | and MHC class Il molecules at periph-
eral tissues. On antigen capture and processing DCs mature
and start migrating to the draining lymphonodes to present
the antigenic peptides to T cells to elicit an immune re-
sponse.

Studies of DC-T cells interactions have identified a novel
receptor on DCs named DC-SIGN [19]. This receptor is a
type-11 mannose binding lectin that starts the initial contact
formation between DCs and resting T cell by binding
through ICAM-3 on a T cell. The identification of this recep-
tor on DCs has shed new light on the mechanism of several
pathogens that cause infection. DC-SIGN has been consid-
ered a monocyte-derived dendritic cell (MDDC) differentia-
tion marker, especially on IL-4-treated monocytes [20].
Recent data show that DC- SIGN may function simultane-
ously as an adhesion receptor and as a phagocytic pathogen-
recognition receptor, similar to the Toll-like receptors
[21,22].

4. SOME FEATURES OF DCs

Dendritic cells (DCs) were first described by Steinman
and Cohn (1973) in suspension cultures prepared from
mouse spleens [23]. DCs are functionally divided into two
groups: a) immature DCs localized in blood and peripheral
organs and characterized by a distinct ability to internalize
and process various antigens (Ags) through macropinocyto-
sis and using the mannose receptor pathway [24,25], and b)
mature DCs that presents a strong ability to prime and stimu-
late specific T cells to Ag and allogenic major histocompati-
bility complex (MHC) molecules. Several studies have de-
scribed common precursors for DCs and phagocytic myeloid
cells in mice and humans [26-28]. Such studies have pro-
posed a dual role for DCs in the amplification of innate im-
mune responses and in the activation of adaptative immune
responses [29].

DCs maturation is induced by the exposure of immature
DCs to inflammatory cytokines such as IL-1, IL-6 and Tu-
mor Necrosis Factor-alpha (TNF). Such induction is fol-
lowed by the increase of the expression of various co-
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stimulatory molecules such as CD40, B7-1(CD80) and B7-2
(CD86) [30]. Expression of these co-stimulatory molecules
by DCs plays a key role in generating efficient T-cell re-
sponses [18]. However, in the presence of some cytokines
such as IL-10, DCs maturation is suppressed [31,32].

DCs are potent APC and they are now being focused as
the main initiator of naive T-cell responses to several anti-
gens [33]. Since DCs are also efficient in capturing protein
antigens in situ [21,22, 34-36] these features suggest that
these DCs are biological adjuvants.

5. DENTRITIC CELLS AND SOME MYCOBACTE-
RIAL AND VIRAL INFECTIONS

Sieling et al. (1999) reported the presence of CD1*
CD83" monocyte-derived dendritic cells in tuberculoid le-
sions of leprosy patients, while Yamuauch et al. (2000)
showed T cell expression in tuberculoid leprosy lesions
[37,38]. These reports strongly suggest the direct involve-
ment of DCs in protective immunity against M. leprae infec-
tion. Our group observed a more efficient APC function for
monocyte-derived DCs isolated from lepromatous leprosy
patients when compared to autologous monocytes in T cell
responses to M. leprae in vitro. This event was followed by
B7 expression on different APC populations such as DCs
and monocytes in different forms of leprosy, supporting a
costimulatory role of B7 molecules in T cell activation in
leprosy [39].

Recently, Krutzik et al. [40], reported that Toll-like re-
ceptor (TLR) activation of human monocytes induces differ-
entiation in two different types of cells: DC-SIGN + CD16+
macrophages and CD1+ DC-SIGN-dendritic cells. DC-SIGN
+ macrophages were detected in lesions and after TLR acti-
vation in all leprosy patients whereas CD1b+ dendritic cells
were not detected in lesions or after TLR activation of pe-
ripheral monocytes in patients with the progressive leproma-
tous form, except during reversal reactions in which the
bacilli were cleared by Th-1 responses. In tuberculoid
lepromatous lesions, DC-SIGN +cells were positive for
macrophage markers, but negative for DCs markers. Most
recently, Soilleux, E et al. (2006) [41] demonstrated high
DC-SIGN expression in lepromatous but not borderline
tuberculoid leprosy in both HIV-positive and HIV-negative
patients. They demonstrated that DC-SIGN may be induced
on macrophages in lepromatous leprosy and may then con-
tribute to M. leprae entry into these cells. Another, interest-
ing finding was recently reported by Makino et al. (2005)
[42], who demonstrated that (MMP)-1l (majormembrane
protein) from M. leprae is able to stimulate DCs to activate
memory T cells from paucibacillary leprosy patients. Inter-
estingly, memory T cells from multibacillary leprosy pa-
tients, which are normally believed to be anergic, were acti-
vated by MMP-I1-pulsed DCs similarly to those from healthy
individuals.

Current literature suggests that DCs also strengthens the
cellular immune response against other mycobacterium in-
fections [43-48]. Macrophages and DCs seem to have differ-
ent functions in the case of infection with M. tuberculosis,
since macrophages secrete the proinflammatory cytokines
TNF alpha, IL-1 and IL-6 and induce granulomatous in-
flammatory response, while DCs are primarily involved in
inducing anti-mycobacterial T cell immune response [43] by



Dendritic Cells

producing IL-12 and IFN-y. Consistent with that purpose
DCs strongly express: a) class 1l DR, DQ molecules and
CD83, b) costimulatory molecules such as CD40, CD80 and
CD86, and c) adhesion molecules such as CD58 and CD54.
By contrast, interleukin-18 and IL-10 are secreted by macro-
phages at same time that a slight down-regulation of MHC
class 1l DQ expression is observed.

Geijtenbeek et al. (2003) [49] demonstrated that DC-
SIGN is an important receptor on DCs that captures and
internalizes intact Mycobacterium bovis bacillus Calmette-
Guerin (BCG) through the mycobacterial cell wall compo-
nent ManLAM. It appears that Mycobacterium tuberculosis
targets DC-SIGN both to infect DCs and to down-regulate
DC-mediated immune responses. DC-SIGN was also impli-
cated in the infection of human monocyte-derived DCs by
M. tuberculosis [50]. However, DC-SIGN is also reported as
a pattern recognition receptor that discriminates among My-
cobacterium species through selective recognition of the
mannose caps on LAM molecules [51].

The role of DCs has been investigated during the devel-
opment of several diseases and in the host defense response
against many pathological agents, especially human T-
lymphotropic virus type 1 (HTLV-1) [52,53]. It has been
suggested that monocytes infected by HTLV-1 cannot prop-
erly differentiate into DC leading to DC dysfunction in Adult
T cell leukemia patients.

Interestingly, DC-SIGN not only helps capture of HIV-1
but also protects the virus in early endosomes, allowing
HIV-1 transport within DCs to lymphoid tissues, where it
enhances trans infection of T cells [54]. DC-SIGN works as a
receptor to HIV-1 that binds to HIV gp120 and facilitates
DC-induced HIV transmission of T cells [21].

6. DENTRITIC CELLS: ONE LINK BETWEEN
ADAPTATIVE AND INNATE IMMUNE RESPONSES
THROUGH IL-18 AND IL-12 PRODUCTION

Interleukin-18 is a pro-inflammatory cytokine that en-
hances innate and specific Th-1 immune response [55]. This
cytokine is important for the generation of protective immu-
nity to Mycobacteria [56,57]. It has been reported that the
IL-18 precursor form is constitutively produced by DCs
although the secretion of the biologically active form re-
quires CD40 engagement on DCs [58]. Another cytokine,
IL-10, has been shown to inhibit the activation of macro-
phages [59-61] and DC differentiation [62,63]. Interleukin-
10 also inhibits IFN-y production and Ag-specific prolifera-
tion of Th-1 [64]. It has been suggested that IL-18 is a weak
inducer of IFN-y synthesis from T cells without the coopera-
tion of 1L-12 or IFN-y [65].

Interleukin-12 plays a pivotal role in the control of my-
cobacterial infection [66,67] since it is involved in both in-
nate and acquired immunity level through IFN-y production
by natural killer (NK) and Th1 cells, respectively [9]. A new
DC lineage has recently been identified, named interferon-
producing killer DCs (IKDCs), distinct from conventional
DCs and plasmacytoid DCs and with the molecular expres-
sion profile of both natural Killer cells (NK) and DCs. They
produce a high level of type I interferons (IFN) and interleu-
kin-12 or IFN-y depending on activation stimuli. On stimula-
tion, ligands for Toll-like receptor (TLR)-9, IKDCS Kkill
typical NK target cells using NK-activating receptors. Their
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cytolytic capacity subsequently decreases, associated with
the loss of NKG2D receptor (KIrKI) and its adaptors, Dap 10
and Dap 12. As cytotoxicity is lost, DC-like antigen-
presenting activity is gained, associated with upregulation of
MHC-11 and costimulatory molecules, which generally dis-
tinguish them from classical NK cells. With their ability to
kill target cells, followed by their ability to present antigen,
IKDCs provide a link between innate and adaptative immu-

nity [68].

The in vitro capacity of DCs to produce IFN-y in re-
sponse to IL-12 [69], suggests that DCs may participate
directly in the control of bacterial infections. Literature re-
ports macrophages as a source of IL-12 but some studies
have demonstrated “ that DCs and not macrophages are the
major source of IL-12 after infection with Toxoplasma
gondii [8]. Several M. tuberculosis-derived lipoproteins
induce IL-12 production in macrophages via Toll-like recep-
tor 2 [70], an event that is also implicated in macrophage
activation by lipoarabinomannans [71,72]. On exposure to
BCG, IL-12 production by activated macrophages is appar-
ently dependent on IFN-y R expression [73]. This result
suggests that production of IL-12 is not an early event of
mycobacterial infection. After administration of BCG in
mice, Jiao et al. (2002) [74] observed that DCs are more
effective producers of IL-12 p40 in comparison to macro-
phages. Interestingly, IL-12 p70 production by murine and
human DCs can be induced in vitro by mycobacteria [75-77].

Considering all theses reports a hypothetical model for
the interaction among DC, macrophages and T cells for tu-
berculoid leprosy can be proposed to explain the Th-1 re-
sponse profile observed in this form of leprosy (Fig. 1).
Macrophages infected by M. leprae express MHC-11, CD80
and CD86 on the cell surface simultaneously with the pro-
duction of TNF alpha, IL-6, IL-1, IL-12 and IL-18. The
cytokines IL-12 and IL-18 may synergistically act on T lym-
phocytes, leading to the IFN-y secretion. In addition, M.
leprae stimulated DCs secrete considerable levels of IL-12
and IFN-y, in response to a less pronounced IL-12 produc-
tion by M. leprae stimulated macrophage. Consequently,
both IL-12 and IFN-y(mainly produced by DC) act synergis-
tically on T cell to induce IFN-ysecretion, leading to the
activation of macrophages (without DC-SIGN expression)
and production of Reactive Oxygen Intermediates (ROI) and
Nitric Oxide (NO); these radicals and NO kill the M. leprae
that is observed in the tuberculoid form leprosy. The high
potency of DCs as APC would also be supported by the
number of surfaces molecules displayed by these cells
(MHC-II, CD 80, CD86, DC-SIGN, CD40, CD83, CD54 and
CD58) that, as a whole, could amplify the immune response
against M. leprae (Fig. 1).

In contrast to the tuberculoid form, there is a low level or
even lack of expression of some signal molecules of the
immune system in lepromatous leprosy that may justify the
defective T cell immune response observed. On the other
hand, it would be possible that in lepromatous leprosy, 1L-4
secreted by Th-2 cells may induce DC-SIGN expression on
macrophages and, thus, enhance M. leprae entry into this cell
through DC-SIGN pathway. Concurrently, I1L-10 produced
by macrophages would convert DCs to macrophages, which
allows unlimited M. leprae entrance to this cell as shown in
Fig. 2.
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Fig. (1). DCs as determinant factors for the efficiency of T cell immune response. Initially antigen presenting cell-APC (DCs or macro-
phages) are activated by PAMPS (Pathogen Associated Molecular Patterns) through TLR2. Then, the expression of surface molecules as
MHC-11, CD80 and CD86 on APCs increases in a higher level on DCs than macrophages. Simultaneously, several cytokines (TNF alpha, IL-
6, IL-1, IL-12 and IL-18) are secreted. IL-12 and IL-18 act synergistically on T cell leading to the IFNy secretion. In addition, IL-12 pro-
duced by macrophages also induces DCs to produce IFNy. Different APCs can be activated to express costimulators for Th1 type cells and
therefore this model could be applied to the efficient cell immune response against M. leprae observed in tuberculoid leprosy.

In addition, TLR-2 mutations may lead to LIR gene ex-
pression that would shift IL-12 production towards IL-10
production (Fig. 2). Thus IL-10 would downmodulate the
innate immune response and consequently M. leprae active
replication by decreasing ROl and NO production by macro-
phages. Taken together, these sequential events would lead
to the severe susceptibility to M. leprae observed in patients
with lepromatous leprosy.

7. DCs: BACTERICIDAL AND BACTERIOSTATIC
ACTIVITY

Three major pathways of antigen uptake have been de-
scribed in DC: (i) phagocytosis, (ii) receptor-mediated endo-
cytosis and (iii) macropinocytosis [12]. Conventional phago-
cytosis is the main entry for microorganisms, including my-
cobacteria [29]. However, this activity can be associated
with bactericidal and/or bacteriostatic mechanisms against
invasion in phagocytic cells.

Recent studies indicate that DCs have only poor bacteri-
cidal activity, resulting in M. tuberculosis growth in human
and murine DCs in vitro [46,76]. However, the antimicrobial

activity of DCs widely varies depending on their maturity
and microenvironment. Interestingly, mycobacterial growth
is inhibited in murine DCs treated with IFN-yand LPS [76]
while I1L-10 may convert human DCs to macrophage pre-
senting anti-mycobacterial activity [44]. Since Ag presenta-
tion by infected DCs is not a long term event, possibly due to
some alternative mechanism, DCs could also represent a
reservoir of mycobacteria therefore the lack of DCs mediated
mycobactericidal activity could explain the persistence of the
BCG bacilli within the DCs population in vivo. According to
Jiao et al. [74] DCs are rapidly infected by BCG in vivo and
mycobacteria are still present 2 weeks after infection. Al-
though BCG survives in the cells, it seems that DCs control
BCG growth in vivo, suggesting the presence of bacte-
riostatic but not a bacteriolytic activity.

8. DCs AND THE EXPRESSION OF TOLL-LIKE RE-
CEPTORS (TLR): A KEY ROLE IN INNATE IM-
MUNE RESPONSE AGAINST MYCOBACTERIA

DCs are characterized by two essential roles: (i) amplifi-
cation of innate immune responses and (ii) activation of the
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Fig. (2). A different pathway leading to the inefficient cell-immune response against M. leprae proposed for lepromatous leprosy. (A) 1l-4
could induce DC-SIGN expression on macrophages. At the same time IL-10 could convert DCs in macrophages. Consequently M. leprae
dramatically get into macrophages. (B) The LIR gene expression shifts the IL-12 production to IL-10 production by macrophages. This last
cytokine inactivate macrophages by reducing Reactive Oxygen Intermediates (ROI) and Nitric Oxide (NO) production. The absence of these
molecules inside macrophages allows the intense M. leprae proliferation observed in lepromatous leprosy.
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adaptive immune responses. The early or innate response to
infections by pathogens was considered as a non-specific
mechanism of host defense until 1996, when a protein from
Drosophila named Toll, was shown to be required not only
during flies embryogenic development but also for an effec-
tive immune response against the fungus Aspergillus fumiga-
tus [78]. Since then, significant advances in our understand-
ing of the function of Toll proteins have been made includ-
ing their important role in innate immunity. Currently,
eleven human Toll-like receptors (TLR1-TLR11) have been
identified in 12 mouse TLR. Toll-like receptors are type |
transmembrane proteins expressed primarily in immune cells
which are involved in the first line defense expressed by
macrophage, DCs, mucosal epithelial cells, neutrophils and
dermal endothelial cells [79]. They belong to the class of
pattern recognition receptors (PRR), capable of triggering
responses to different organisms such as viruses, bacteria,
protozoa and fungi, through detection of the pathogen-
associated molecular patterns (PAMPs). This mechanism
uses a highly conserved signal transduction pathway that
issimilar (identical) in plants, drosophila, nematode, avian
and mammals [80,81]. In vertebrates, the main function of
the innate immune machinery is to detect the presence of
PAMPs on invading microorganisms and to initiate produc-
tion of reactive oxygen intermediates (ROI), inflammatory
cytokines, interferon and chemokines as protective measures
to defend the host. Up-regulation of these molecules is
probably necessary for initiating and triggering a signaling
cascade in cells for development of an antigen-specific adap-
tative immune response. During the last decade, after asso-
ciation of Toll-like receptors (TLRs) and class Il MHC anti-
gens expression by DCs and cytokine production, it was
noticed that DCs might play a key role during initiation of
innate immune responses [16,29,82,83]. These cells have
been shown to respond to a wide variety of microorganisms
through their TLRs [84].

The Toll-like receptor 2 (TLR2) is especially critical for
development of the immune response against mycobacterial
infections. Mutations in TLR2 lead to susceptibility to severe
forms of mycobacterial infection. Interestingly, according to
Kang and Chae (2001) [85] lepromatous leprosy patients
display a conformational polymorphism in the intracellular
domain of TLR2, which interacts with several bacterial
structures such as lipoproteins, peptidoglycans, and lipo-
teichoic acid. Two polymorphisms of the TLR-2 gene, Arg
753, GIn and Arg 766 have been linked to a higher incidence
of sepsis in a white population and of lepromatous leprosy in
an Asian population, respectively [86]. Interestingly, these
authors did not find any association with the tuberculoid
form of leprosy. In fact it was the first evidence for correla-
tion of a mutation in the intracellular domain of TLR-2 with
susceptibility to lepromatous leprosy. More recently, the
same authors [87] reported that monocytes obtained from
leprosy patients with the TLR2 mutation are less responsive
to cell lysate from M. leprae when compared to monocytes
from patients without the mutation. In addition, the mutated
samples showed significantly lower serum levels of IL-12, in
comparison with TLR2 wild-type samples, associating the
conformation of the intracellular domain of TLR2 with IL-12
production in leprosy. In mice, TNF alpha production in
response to M. leprae was absent in TLR2-deficient macro-
phages while activation of NF-kappa beta by human Arg 677
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Trp TLR2 was abolished in response to M. leprae and M.
tuberculosis [88].

In a study of caucasian leprosy patients, no individuals
carried the Arg677TrpSNP, while 9.4% of the study popula-
tion was found to be heterozygous for the Arg753GIn poly-
morphism. Detection of this polymorphism among patients
with different ethnicities may yield important information
regarding to differences of risk profiles of susceptibility to
bacterial infections [89].

In addition, TLR2 expression also seems to be implicated
in leprosy nerve lesions. Nerve damage is a clinical feature
of leprosy and a major source of patient morbidity. Accord-
ing to Oliveira et al. [90] M. leprae ligands induce Schwann
cells apoptosis through TLR2 binding and, consequently,
triggers the innate immune response that contributes to the
nerve injury.

Apparently the expression of some genes presents char-
acteristic patterns in different clinical forms of leprosy.
Genes of the leukocyte immunoglobulin-like receptor (LIR)
family are more expressed in lesions of lepromatous patients
presenting the disseminated form of the infection. In func-
tional studies, LIR-7 suppressed innate host defense mecha-
nisms by shifting production of IL-12 toward IL-10 in
monocytes. This event blocks the antimicrobial activity trig-
gered by TLR [91]. Therefore, these authors conclude that
gene expression profiles may be useful in defining clinical
forms of disease.

Altogether, these studies show the importance of DCs in
the efficiency of T cell immune response (Fig. 1). This is
reinforced by the effects of TLR-2 mutations in the
severeness of the clinical form of leprosy, involving the shift
of macrophage activity from IL-12 toward IL-10 production

(Fig. 2).
9. DCs AND LANGERHANS CELLS

Langerhans cells (LCs), one of the cell populations
within the epidermis, contribute to the initiation of primary T
cell immune responses [92-94]. LCs take up and process
antigens that enter through the skin and migrate from the
epidermis into the dermis. After that, they go to the regional
lymph nodes via lymphatic vessels. During this process, LCs
undergo maturation and acquire the potential to activate
antigen-specific naive cells. Human LCs are of hema-
topoietic origin, but cytokine regulation of their development
is not fully understood. Notch ligand delta-1 is expressed in
a skin as well as Granulocyte-macrophage colony-
stimulating factor (GM-CSF) and transforming growth fac-
tor-B1 (TGF- B1). Notch receptors are a family of highly
conserved heterodimeric transmembrane proteins involved in
several cell processes, such as proliferation, differentiation,
and apoptosis (95, 96). Mammals have Notch receptors with
different tissue and cellular distributions. Among cells of the
hemopoietic lineage, Notch mRNA and protein expression
can be detected in human immature CD 34+ hemopoietic
progenitors, lymphoid, myeloid, and erythroid precursors; as
well as B and T cells, monocytes, and neutrophils [97,98].
The activation of Notch-1 by Jagged-1 may induce matura-
tion of human DC [99].

Immature DCs are mostly located in peripheral tissues
and are highy efficient in Ag uptake by phagocytosis, recep-
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tor-mediated endocytosis, and macropinocytosis. After that,
DCs mature, become specialized in Ag presentation, and
migrate to local lymph nodes to initiate immune responses.
Maturation can be induced by different signals such as tissue
damage or infection [30].

In human and mouse DCs, TLR-3 and TLR-4 act in syn-
ergy with TLR-7, TLR-8 and TLR-9 in the induction of a
selected set of genes. Thus, synergic TLR stimulation in-
creases production of I1L-12 and 23, the Delta-4/ Jagged-1
ratio, and consequently, induces the stimulation of Th-1
immune response through DC. In this way, DCs are able to
discriminate pathogens promoting Th-1 responses [100]. No
information about Notch receptor is reported in leprosy. It is
probable that the Th-1 immune response observed in the
tuberculoid leprosy has the participation of DCs and Notch
receptors.

10. DCs-AN ADJUVANT?

As mentioned before, DCs are the most potent antigen-
presenting cells and, therefore, the potential for their use in
vaccination has opened new perspectives for the develop-
ment of immunotherapy strategies against cancer and infec-
tious diseases. Interestingly, in renal cell carcinoma, DC
maturation seems to be involved in the success of the cancer
treatment [101,102]. In metastatic renal cancer, vaccine
therapy based on DCs seems to be associated with better
outcome and regression of disease [103-105].

An alternative form of immune therapy, using the cell
wall skeleton of BCG (BCG-CWS), also seems to lead to a
better prognosis for many cancer patients [106]. The BCG-
CWS may represent the adjuvant feature of mycobacteria in
CFA and in immune therapy for cancer. Recently, Tsuji et
al. [107] suggested that BCG-CWS induces TNF alpha se-
cretion from DCs, through TLR2 and TLR4, and conse-
quently, the DCs maturation. Since the stimulation and the
maturation of DCs induce the increase of antigen-presenting
ability, these studies suggests the importance of using BCG-
CWS for DCs stimulation, probably by completing the DCs
maturation that endows them with the ability to prime T cell
responses. The nature of the original stimulus that promotes
DCs maturation and establishes the cytokine expression
profile might determine different types of T cell responses.

Recent studies suggest that different types of Dcs, due to
their cytokine-mediated plasticity, may be used not only as
ideal cellular adjuvants for therapeutic vaccines against can-
cer and severe infections, but also under specific conditions
such as in transplantation and autoimmune diseases [108].
Moreover, the knowledge of the key role of DCs in the prim-
ing and regulation of the immune response may lead to the
identification of novel and powerful adjuvants capable of
selectively orienting the immune response towards protec-
tion. The identification of safe and effective adjuvants induc-
ing a correct DC activation and antigen presentation is an
urgent need not only for enhancing the immunogenicity of
vaccines against infections agents, but also to get through the
tolerance against self-tumor associated-antigens (TAAS) in
patients with malignancies, which is required for the devel-
opment of effective cancer vaccines. It is reasonable to as-
sume that novel and more selective and effective immune
adjuvants will be identified in the near future as we under-
stand more about the DCs role in the immune response ini-
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tiation and regulation. Thus, this knowledge may lead to new
perspectives for the development of prophylactic and thera-
peutic vaccines against infections diseases and cancer.

11. CONCLUDING REMARKS

This review concentrates on some points regarding DCs
and their role in antigen presentation: The expression of
surface molecules by DCs, their production of specific cyto-
kines and interaction with T cells during mycobacterial in-
fections and others pathologies as ATL and cancer point to
an important role of these cells. The potent antigen-
presenting activity of DCs suggests that they are “primers”
of the immune system. The central problem in lepromatous
leprosy is the weak or absence of cell-mediated immunity
response to M. leprae, resulting from the inability of T cells
to respond to the M. leprae antigens, although they are capa-
ble of responding to a wide array of other antigens. There-
fore, the development of effective immunotherapy against
leprosy may be through activation of DCs and, leading as a
consequence to a better antigen presentation, production of
IFN-y and IL-12 and, consequently, inducing a much more
efficient T cell response against the etiologic agent of lep-
rosy.
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