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The highly complex nature of interactions of Mycobacterium tuberculosis with cells of the immune system has puzzled
researchers the world-over in understanding the pathogenesis and immunology associated with tuberculosis (TB). This has
contributed to the delay in development of effective vaccine(s) for TB. Several excellent studies have provided only a
glimpse of the kind and degree of immune responses elicited following infection by mycobacteria. Preferred entry via
respiratory route results in the capture of mycobacteria by alveolar macrophages that eventually become their long-term
hosts. Since the pathogen is rarely cleared this has resulted in the human population serving as a large reservoir for
mycobacteria. Owing to their unique ability to prime naïve and memory T cells, dendritic cells (DCs) play important and
indispensable roles in the initiation and maintenance of protective immune responses following infection. The kind of
immune response initiated by DCs with respect to mycobacteria determines the character of immune responses mounted by
the host against the pathogen. The profile of cytokines and chemokines secreted as a result of infection of DCs by
mycobacteria further plays an important role in defining the course of infection. This minireview attempts to highlight key
interactions of mycobacteria with dendritic cells. We discus the uptake of mycobacteria by DCs followed by DC activation
and the spectrum of immune responses initiated by infected/activated DCs, followed by numerous ways the pathogen has
devised to subvert protective responses.
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Introduction
Tuberculosis (TB) caused by the acid-fast
bacterium Mycobacterium tuberculosis is a major
health problem in Third World countries as well as a
major health threat across USA and Europe. World
Health Organization (WHO)’s statistics have
indicated that currently one-third of the world's
population is infected with M. tuberculosis and if
control is not strengthened further, between 2002 and
2020, approximately one billion people are likely to
be newly infected, over 150 million people would get
sick and 36 million would die of TB1. Consequently,
TB is now rated as one of the most common
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infectious diseases, and has the highest mortality rate
in the world. The only vaccine available is the
attenuated strain of M. bovis, namely M. bovis BCG
(hereafter BCG)2. However, immunization with BCG
shows varied protection across geographical
distributions. While it confers protection to ~80% of
the population in the UK, its efficacy in countries
such as India is 0% in the adult population, although it
has considerable success in controlling childhood
TB3-6.
Therefore, there is a need to develop a new or an
improved BCG vaccine to control the spread of TB.
To this end, one of the prerequisites is a thorough
understanding of the interactions of M. tuberculosis
with various cells of the immune system. This
includes all aspects starting from its uptake, followed
by activation or inactivation of the infected cell and
the nature of innate and adaptive immune responses
mounted against the pathogen resulting in possible
elimination from the system.
M. tuberculosis infects primarily via respiratory
route7. Although it can cause disease in most organs,
pulmonary TB is the most common. The immune
responses mounted against mycobacteria are
successful in containing, but not eliminating the
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pathogen. Acute active TB results in a small
percentage of infected individuals (e.g. in HIV+
individuals), probably due to lack of initiation of an
effective
immune
response.
Capture
of
M. tuberculosis by alveolar macrophages results in
the recruitment of various cell types to the site of
infection leading to the formation of a granuloma. The
granuloma comprising of giant cells, T and B
lymphocytes and fibroblasts is an important structure
that contains and thereby prevents the spread of
infection to other organs and tissues7. In the
granuloma, the organism may be dormant or nonreplicating, actively replicating or metabolically
altered with limited replicating cycles. Breakdown of
immune response results in reactivation of the bacilli,
leading to necrosis and damage to the lung tissue.
Thus, a constant battle is waged between the
bacterium and the host. The fact that the pathogen is
very rarely cleared, indicates that it has devised
various ways to evade the immune attack.
Although macrophages serve as the long-term hosts
for mycobacteria, M. tuberculosis infects Dendritic
cells (DCs) as well and its interactions with DCs are
crucial for the development of protective immunity8,9.
In this minireview, we have attempted to summarize
our knowledge pertaining to interactions of
M. tuberculosis with DCs and their implications on
immune responses mounted by the host against the
pathogen.
Dendritic Cells: Form and Function
Dendritic cells (DCs) are a family of cells that
specialize in the uptake and presentation of antigen to
T cells. They are the most potent antigen presenting
cells of the immune system and are central to the
initiation of immune responses10,11. They originate
from stem cell precursors in the bone marrow and
colonize peripheral tissues such as skin, trachea and
intestine, where they scavenge pathogens/antigens.
The uptake of antigens that range from soluble
proteins, viruses, bacteria, parasites and even whole
cells could be via endocytosis by clathrin-coated pits
or caveolae, macropinocytosis or phagocytosis.
Uptake of antigens is followed by migration of DCs to
the nearest draining lymph node. During migration, in
response to soluble and contact-dependent factors
provided by the engulfed antigen and assisted by the
local cytokine and cellular milieu, DCs undergo a
process of ‘maturation’. Maturation is characterized
by the upregulation of a number of cell surface

receptors and increase in the surface density of
existing receptors. This includes high level expression
of MHC class I and II molecules together with a range
of costimulatory molecules such as CD80 (B7.1),
CD86 (B7.2), CD40 and CD54 (ICAM-1) and CD83
(in the case of human DCs)11.
The maturation status of DCs is dynamic and is
characterized by distinct phenotypic and functional
modalities12. For example, immature DCs are
programmed for antigen capture and display low
levels of the above molecules, but express a range of
endocytic and phagocytic receptors including the
Toll-like receptors (TLRs). Mature DCs as a result of
upregulated MHC (class I and II) and costimulatory
molecules are very efficient T cell stimulators13, but
poor in capturing antigen as most receptors associated
with antigen uptake are downmodulated. Therefore,
antigens that modulate maturation of DCs play a
major role in defining the nature of immune responses
elicited against the pathogen and thereby determine
the course of an infection14. Once inside the lymph
nodes, DCs present the processed antigen to
circulating naïve and memory T cells and initiate
immune responses.
Recognition of Mycobacteria by DCs
Considerable evidences show that DCs can
phagocytose mycobacteria and mycobacterial antigens15, resulting in DC function and phenotype being
modified. Along with macrophages, DCs lining the
trachea may be one of the first cells that encounter
mycobacteria and are, therefore, likely to be
responsible for the ensuing immune responses.
A number of surface receptors have been implicated
in the recognition of mycobacteria by DCs, e.g. the
mannose receptor (MR), CD11b (Mac-1), CD11c and
DEC-20516-18. Some of these receptors are employed
by macrophages as well.
One of the C-type lectin receptors extensively
characterized with respect to mycobacteria is
DC-Specific ICAM-3 Grabbing Non-integrin (DCSIGN) — a major receptor on human DCs for
M. tuberculosis19. DC-SIGN was previously reported
to be a major receptor for HIV gp120 surface
protein and was in fact called the gp120 binding
protein20. However, it is now demonstrated that DCSIGN serves as a pattern recognition receptor for
viruses (e.g. ebola, dengue, HIV), bacteria (e.g.
M.
tuberculosis,
Salmonella)
and
parasite
(Leishmania)20. Although immature DCs also express
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high levels of MR, CD11b and CD11c, neutralizing
DC-SIGN with specific antibodies inhibits the
interaction of DCs with both BCG and mannosylated
lipoarabinomannan (manLAM) — a major sugar
molecule expressed on the cell surface by virulent
Mycobacterium spp. by >80%. On the other hand,
neutralization of MR has no significant effect. This
indicates that DC-SIGN is a preferred receptor for
infection of DCs by M. tuberculosis.
Mycobacteria-DC-SIGN interactions at the
molecular level have revealed that DC-SIGN
discriminates between Mycobacterium spp. through
selective recognition of the mannose caps on LAM
molecules, expressed by slow-growing virulent
M. tuberculosis and M. avium but not by the fastgrowing mycobacteria such as M. smegmatis that
express arabinose on their LAM molecules21. Further,
the length of the neck-region of DC-SIGN plays no
significant role in determining the susceptibility to TB
in South African individuals22.
Furthermore, manLAM inhibits lipopolysaccharide
(LPS)-induced DC maturation by interacting with
DC-SIGN. Neutralization of DC-SIGN restores LPSinduced DC maturation in the presence of manLAM23.
Functional
characterization
of
DC-SIGNM. tuberculosis interactions has shown that specific
targeting of DC-SIGN by M. tuberculosis through
manLAM is a mechanism to impair DC maturation
and to induce production of the anti-inflammatory
cytokine interleukin (IL)-1024. This suggests that
DC-SIGN, following binding to manLAM delivers a
signal that interferes with mycobacteria-induced DC
maturation signals. These results indicate that
M. tuberculosis targets DC-SIGN to suppress cellular
immune responses since immature DCs that secrete
IL-10 would not only inefficiently stimulate T cells,
but also induce a state of antigen-specific tolerance.
These observations support an important role for DCs
as hosts for mycobacteria.
In addition to DC-SIGN, many M. tuberculosis
components have been identified as stimulators of
toll-Like receptors (TLRs). These include LAM25, a
19 kDa lipoprotein26, the CpG repeat of nonmethylated DNA27 and peptidoglycan. These
components interact with different TLRs, e.g., LAM
and the 19-kDa lipoprotein act on TLR2, CpG DNA
acts on TLR9, and peptidoglycan acts on TLR2 and
TLR4. Thus, it has been postulated that
M. tuberculosis-mediated adjuvant activity might be
expressed through TLRs on DCs. Human TLR2
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and TLR4 have been shown to be involved in
M. tuberculosis-mediated intracellular signaling
in vitro15,28. Further, while viable M. tuberculosis
expresses distinct ligands that recognize and activate
cells via TLR2 and TLR4, heat-killed M. tuberculosis
fails to activate cells via TLR4. This suggests that
interactions of M. tuberculosis with TLRs, in addition
to physical binding, might involve rearrangement of
ligands in a spatio-temporal manner, achievable only
with live bacilli. These results could have important
bearings on the development of vaccines that
might require live attenuated bacilli as opposed to
killed bacilli. Such a concept has been developed
using Listeria monocytogens29 and recently with
Salmonella typhimurium30, where killed but
metabolically active bacilli have been used as vaccine
candidates for effective T cell responses and
protective immunity.
Activation of DCs following M. tuberculosis
Infection
Phagocytosis of M. tuberculosis by DCs usually
results in the activation of nuclear factor-kappa B
(NF-κB) family of transcription factors together with
the secretion of inflammatory cytokines and
chemokines and release of reactive nitrogen and
oxygen intermediates31,32. NF-κB has been implicated
in the upregulation of surface markers on DCs33.
These responses have determinant bearings on the
surface phenotype, cytokine and chemokine patterns
and T cell responses from the DCs34. However, as an
exception to this rule many of the M. tuberculosis
components in fact cause inactivation of the above
mediators as discussed later.
Modulation of Surface Phenotype
Interaction of human DCs with M. tuberculosis or
BCG results in increased surface densities of a
number of molecules such as MHC II, CD40, CD54,
CD58, CD80, CD86 and CD83 and IL-12 production
that are involved in interactions with T cells35-38,
suggesting that BCG treatment directly induces DCs
to mature. In addition, the cell wall skeleton of BCG
consisting of mycolic acids, arabinogalactan, and
peptidoglycan (PGN) activate TLR2 and TLR415. In
humans, TLR2 and TLR4 were shown to be involved
in DC maturation by BCG peptidoglycan. Tumor
necrosis factor (TNF)-α, a major cytokine induced
following NF-κB activation is triggered by TLR2 and
TLR4 agonists and considered to be a key maturation
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inducer of human DCs15. In fact, exogenous addition
of TNF-α up-regulates CD80, CD86, CD83 and
CD150 on DC surface.
Activation of DC-SIGN via manLAM results in
incomplete maturation of human DCs39 with low
levels of MHC class I and II, CD86, CD83 and CCR7.
Further, these DCs are susceptible to killing by NK
cells, indicating their immature status since mature
DCs are resistant to NK cell-mediated lysis11. These
DCs, however, show reduced phagocytic ability and
reduced ability to prime naïve T cells.
Infection of DCs with M. tuberculosis also results
in the down-regulation of CD1 molecules40.
Furthermore,
M.
tuberculosis
inhibits
the
differentiation of DCs from human monocytes in the
presence of interferon (IFN)-α, wherein the cells
acquire a phenotype reminiscent of macrophages41.
These cells retain CD14 without acquiring CD1
molecules and only weakly express B7 family of
costimulatory molecules and MHC class I and II
molecules on their cell surface. Further, murine DCs
when infected by mycobacteria both in vitro and in
vivo lose their antigen presentation ability8,42-44. The
above studies suggest that depending upon the
receptors involved, the interaction of DCs with
mycobacteria could either result in activation of DCs
characterized by upregulated levels of molecules
implicated in productive T cell responses or the
inactivation of DCs leading to impaired T cell
responses. Similarly, it has recently been identified
that components of the Salmonella pathogenicity
island 2 prevent DC and effective T cell activation,
thereby preventing generation of adaptive immunity45.
Further, it was also demonstrated that live, but not
heat-killed Salmonella during its transition from the
extracellular stage to the intracellular stage within
DCs prevent the processing and presentation of its
highly immunogenic antigen FliC and thereby
prevents activation of CD4+ T cells46. These results
indicate that strategies to evade host-mediated
immune responses by modulating DC function are
mimicked not only by M. tuberculosis but also by
other pathogens.
In an interesting study, it was observed that in the
granuloma of M. tuberculosis infected mice, highly
vacuolated macrophages, often called ‘foamy
macrophages’ express a phenotype characteristic of
DCs47. These macrophages express high levels of
DEC-205, CD11b, CD11c and high levels of MHC
class II and CD40-markers that typify mature DCs.

However, these cells express the above phenotype
only during early chronic stages of the disease and
quickly lose the phenotype once the disease
progresses towards late stage chronic infection. It was
postulated that the expression of DC-like markers by
‘foamy macrophages’ could potentiate immune
responses at sites of infection that would aid in
containment of the pathogen within the granuloma.
Cytokine and Chemokine Profiles during
Mycobacteria-DC Interactions
Cytokine profile secreted by M. tuberculosisactivated DCs determines whether efficient and
effective interactions with T cells would ensue, that
would in turn determine the nature of immune
responses to mycobacterial infections. Infection of
DCs with either M. tuberculosis or BCG is associated
with increased expression of IL-12, TNF-α, IL-1 and
IL-635-38. These cytokines play major roles in
protective anti-mycobacterial immune responses. On
the other hand, mycobacterial infection of DCs
increases the secretion of IL-10, which might inhibit
cellular responses to mycobacteria through
downregulation of IL-12 production. In another study,
lung DCs phagocytose M. tuberculosis, resulting in
production of IL-12 and stimulation of naïve T cells
for IFN-γ production37.
Further, interactions of M. tuberculosis vis-à-vis
TLR and DC-SIGN have shown interesting correlates.
While interactions with TLR results in DC activation
characterized by high IL-12 secretion during early
infection, interactions with DC-SIGN prevent DC
activation by blocking NF-κB activation that results
in high secretion of IL-1048. This is possible during
later stages of infection when soluble manLAM
secreted by M. tuberculosis from infected
macrophages would have access to DC-SIGN,
resulting in the inactivation of DCs. In addition,
triggering of DC-SIGN on human DCs modulates
TLR-induced activation of NF-κB resulting in the
acetylation of NF-κB p65 subunit. Acetylation of NFκB has been shown to prolong and increase IL-10
transcription and thereby enhances anti-inflammatory
responses49. This indicates that when the scales are
tipped towards TLR, effective control of TB could be
envisaged. In contrast, should the scales be tipped
towards DC-SIGN impaired control of TB is a
possible outcome.
While neutralization of TNF-α significantly blocks
DC maturation induced by LPS, it inhibits induction
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of DC maturation upon BCG infection38. This
indicates that TNF-α plays a minor role in BCGinduced DC maturation. However, neutralization of
TNF-α results in low IL-12 secretion by activated
DCs. BCG cell wall skeleton induces DCs to secrete
TNF-α, IL-1β, IL-6 and IL-1215. Further, it
was examined whether the production of IL-10
by DCs affected their IL-12 responses to
mycobacterial infection and the generation of
protective immune responses in vivo. Compared to
wild-type DCs, IL-10-/- DCs secrete high IL-12 upon
BCG infection and CD40 stimulation in vitro. Further,
they are more efficient than wild-type DCs at
inducing IFN-γ production to mycobacterial antigens
in the draining lymph nodes following adoptive
transfer. This effect is associated with increased
trafficking of DCs lacking IL-10 to the draining
lymph nodes and enhances IL-12 production within
the draining lymph nodes50,51. These data indicate that
autocrine IL-10 exerts a dual inhibitory effect on the
induction of primary immune responses by DCs at
two levels. First, by down-regulating the migration of
infected DCs to the draining lymph nodes and second
by modulating the IL-12 production by DCs in the
draining lymph nodes.
M. tuberculosis infected DCs also produce a range
of chemokines and chemokine receptors that
modulate T cell responses. It was observed that
infected DCs express CCR7 (that allows DCs to home
to draining lymph nodes) and become responsive to
its ligand CCL2152. Concurrent with this CCR5
expression is lost. These DCs also express high levels
of CCL3, CCL4, CXCL9 and CXCL10 within hours
of infection. These chemokines also play a major role
in the migration of NK and T cells.
Immune Responses by Mycobacteria Infected DCs
DCs elicit varied immune responses to
mycobacteria and mycobacterial antigens. When
compared with control DCs, BCG-infected DCs are
much more potent in stimulating allogeneic immune
responses as well as cellular responses in vivo53. DCs
infected with BCG express more co-stimulatory
molecules than TNF-α treated DCs and enhance
mixed leukocyte reactions. When autologous T cells
are co-cultured with BCG-exposed DCs, they become
highly activated, as determined by the surface levels
of CD25, CD54 and CD71 on both CD4+ and CD8+ T
cells. Cytokine production from T cells cultured with
BCG-exposed DCs is enhanced with elevated
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secretion of IL-2, IL-10 and IFN-γ by both CD4+ and
CD8+ T cells54.
The role of DCs in M. tuberculosis pathogenesis
was exemplified recently by employing a novel
approach that depleted DCs in vivo using diptheriatoxin/GFP transgenic mice9. Following depletion of
DCs, mice were impaired in their ability to mount
effective CD4+ T cell responses. This resulted in a
significant loss of control over bacterial replication,
resulting in huge bacterial loads in the lungs and
spleen.
In another study, DCs have been shown to play an
important role in mounting protective immune
responses against M. tuberculosis infection55.
M. tuberculosis infected tsDCs (a conditionally
immortalized dendritic cell line) are capable of
eliciting antigen-specific T-cell responses and potent
anti-mycobacterial protective immunity in a murine
model of experimental TB infection. M. tuberculosis
infected DCs induce protective responses comparable
with BCG alone. Thus, these results demonstrate that
M. tuberculosis activated DCs are able to induce
protective immune responses that may be as effective
as BCG vaccination in mice. Further, these results
support the development of anti-mycobacterial
vaccine strategies that are able to target DCs in vivo.
In addition, they also suggest that vaccine vectors
capable of activating DCs in vivo should increase the
protective efficacy of the immunization protocol.
Similarly, DCs either infected with BCG or pulsed
with M. tuberculosis antigen(s) have been found to
impart significant protection against experimental
mycobacterial infections. DCs infected with BCG
when administered intra-tracheally in mice induce
potent T cell responses and IFN-γ production to
mycobacterial antigens resulting in a significant
protection against aerosol M. tuberculosis infection56.
Despite the fact that vaccination schedule for BCGinfected DCs is shorter than subcutaneous BCG
vaccination (7 days vs 100 days), both types of
vaccination show similar levels of protection. These
data reaffirm that DCs can be potent inducers of
cellular immune responses against mycobacteria and
support the concept of combining DC strategies with
mycobacterial vaccines for protective immunity
against TB.
In a monkey model of TB, the importance of early
sensing of M. tuberculosis infection by DCs, their
migration to the lymph nodes and T cell trafficking
was demonstrated57. It was shown that for effective
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protection an early activation and migration of DCs to
draining lymph nodes together with stimulation of
antigen specific T cells are key factors for inducing
protection. Delays in any of the above processes could
significantly alter the outcome of mycobacterial
infections. Further, it was emphasized that new and
better vaccines should elicit fast DC turnover at sites
of infection together with strong DC activation
ensuring maximum antigen presentation to T cells.
This could result in the production of key cytokines
required for inducing protective immunity.
DCs pulsed with M. tuberculosis sonicate induce
significant protection to a challenge with both
moderate and high doses of virulent M. tuberculosis
in a mouse model58. This protection is characterized
by enhanced antigen specific T cell responses that
result in high IFN-γ production in the lungs and
lymphoid tissues together with significant reduction
in bacterial loads. Likewise, DCs pulsed with a H2M3 oligopolymorphic MHC class 1b binding
N-formylated peptide-TB2 elicit antigen-specific
CD8+ T cell responses in a mouse model of
experimental TB59. Thus, the above studies reiterate
the notion that immunizations with antigen-pulsed
DCs offer viable alternatives for vaccine strategies
against mycobacterial infections.
Survival of Mycobacteria in DCs
The ability of mycobacteria to survive in DCs is
controversial, with reports both in favor and against.
Both a constrained survival of mycobacteria in
DCs60,61 as well as increased replication of
mycobacteria in DCs when compared to tightly
regulated replication in macrophages has been
reported62-65. Like resting macrophages, DCs provide
an environment within which mycobacteria can
survive and replicate, albeit to a low extent63,65. It
could be attributed to the fact that turnover of
mycobacteria within DCs is not enough to kill the cell
and the outcome of slow replication is reflected by
constant availability of antigens for presentation to T
cells that potentiate the immune response. Following
activation with TNF-α and IFN-γ, macrophages kill
mycobacteria resident in phagosomes, but this does
not occur in activated DCs. Upon stimulation with
IFN-γ, DCs are able to control the replication of
mycobacteria, but they are not killed. Instead, they
appear to reside in vacuoles separated from normal
recycling pathway. DCs may, therefore, act as a
reservoir for mycobacteria in vivo, particularly within
lymph nodes to which they have migrated.

Insights from our Studies
In an effort to decipher the physiological roles of
antigens secreted by M. tuberculosis we have been
working on the interactions of M. tuberculosis
secretory antigens with DCs and their precursors and
the outcome of such interactions in determining the
immune responses to mycobacteria (reviewed in ref.
66). We have shown that many M. tuberculosis
secretory antigens including culture filtrate protein
(CFP)-10, early secreted antigenic target (ESAT)-6,
MPT64, antigen 85B (Ag85B), whole cell lysate and
total CFPs (when used collectively) induce the
differentiation of mouse bone marrow leukocyte
precursors into DCs67. These secretory antigen
differentiated DCs show morphological and
phenotypic similarities to DCs differentiated
conventionally with granulocyte macrophage-colony
stimulating factor (GM-CSF) and express high levels
of costimulatory molecules (CD80, CD86, CD40,
CD54) and MHC class I and II molecules. Further,
these DCs are immature as stimulation with terminal
maturation inducing agents further up-regulate the
levels of costimulatory molecules as well as
allogeneic responses. In parallel, we have also
demonstrated that most of these antigens induce the
maturation of both bone marrow derived and splenic
CD8- and CD8+ DCs68.
However, functional characterization of these DCs
shows that a challenge with mycobacterial
components induce suppressor responses in an IL-10
and TGF-β dependent mechanism69. These results
indicate that secretion of some of these antigens at
sites of infection is a strategy employed by
mycobacteria to subvert protective pro-inflammatory
responses and induce suppressor responses at sites of
infection.
We have recently demonstrated that not only do
these DCs induce suppressor responses to
mycobacteria, but also serve as depots for their
survival. This is primarily achieved by downmodulating the oxidative burst and interfering with
the activation status of key signaling molecules
protein kinase C and calcium that contribute towards
increased survival of mycobacteria within antigen
activated DCs70 .
Dendritic Cells vs Macrophages in M. tuberculosis
Infection
While macrophages and DCs can both process and
present antigen to T cells, DCs are unique in their
ability to initiate a primary immune response. Despite
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many similarities, the two cell types respond
differently to M. tuberculosis infection. While
infection of DCs with M. tuberculosis induces their
activation by upregulating costimulatory and MHC
molecules37 and secretion of IL-12 and IFN-γ,
infection of macrophages with M. tuberculosis results
in downregulation of MHC class I and II71, IFN-γ
responsiveness and IL-12 production, resulting in
reduced inducible nitric oxide synthase activity and
phox expression. Similarly, macrophage infection
with BCG also results in down-regulation of peptideloaded MHC class II molecules to the cell surface72.
In addition surface levels of IFN-γ receptor are downregulated in peripheral blood mononuclear cells of
patients with active TB and the same are restored
following anti-TB chemotherapy73. These results
suggest that the down-regulation to IFN-γ responses
during active TB occurs both at the level of ligand
and the receptor.
Further, M. tuberculosis infected DCs and
macrophages differ in their ability to influence the
polarization of naïve T cells from spleens of
ovalbumin peptide T cell receptor-transgenic mice.
While a T helper 1 (Th1) response is obtained with
DCs, addition of macrophages into the DC:T cell cocultures hamper Th1 development by secretion of
IL-10 and impairment of IL-1234.
A critical step in the clearance of a pulmonary
infection is the ability of DCs in the lung to migrate to
the regional lymph nodes, where they initiate T cell
responses. RNase protection assay reveals that CCR7
is greatly enhanced following infection with the
virulent Erdman strain of M. tuberculosis74. On the
other hand, mRNA levels for CCR7 in infected
macrophages are extremely low. Further, it has been
shown that DCs, but not macrophages, exposed to
irradiated M. tuberculosis migrate to the draining
lymph nodes. Once again while infected DCs primed
Th1 responses with high IFN- γ levels and low IL-4
levels, infected macrophages failed to induce Th1
responses.
Summary
In conclusion, the interactions of M. tuberculosis
with dendritic cells show opposite and often
contrasting phenotypes and immune responses. These
effects initiate at the time of recognition of the
pathogen by distinct receptors. While recognition by
TLRs result in activation of DCs and induce a
response that benefits the host, recognition by DC-
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SIGN results in inactivation of DCs and elicit
responses that favor the pathogen. Thus, both the time
and form of recognition govern whether protective
immunity would be achieved or not. In addition, the
type of DCs involved during the interaction also
determines the fate of infection. While DCs activated
by some secretory antigens (e.g. CFP-10 and
manLAM) tailor responses that favor the pathogen,
DCs activated via TLRs by the bacilli favor the host.
These results indicate that the nature of the antigenic
moiety able to interact first with DCs determine the
fate of the pathogen as also the host. Nevertheless,
increasing evidences suggest that DCs offer immense
potential in vaccine design and could constitute a
major component of improved vaccine regimens.
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