Is IL-17 Required to Control Tuberculosis?

Andrea M. Cooper

Abstract Herein we review the state of knowledge regarding the role of IL-17 in
tuberculosis (TB). IL-17 is induced following exposure to mycobacteria in mice
and humans, yet its role in protection and the immunopathologic consequences of
infection is not defined. It appears that the IL-17 response to mycobacterial infec-
tion is dependent on IL-23 and that the induction of this cytokine is dependent upon
pathogen-associated molecules on the surface of the mycobacterium. While there is
evidence for a protective role, there is also evidence for a pathologic role; it is
therefore critical to decipher the impact of IL-17 so that preventive and therapeutic
measures can be appropriately tailored.
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1 Introduction

There are two main reasons for studying IL-17 and tuberculosis. The first is to
determine whether IL-17 is important in disease. The second is that the dynamic
interaction between host and this unique pathogen may allow us to identify as yet
unknown functions for this cytokine. Therefore, when considering the role of IL-17
in tuberculosis, the ability of this cytokine to mediate and regulate antibacterial
activity as well as its ability to impact the inflammatory response should be
determined. In addition, the bacterial and host factors that mediate induction and
regulation of this cytokine should be addressed.

Tuberculosis is a disease resulting from the interaction of a persistent yet
inflammatory intracellular bacterium and a responsive but regulated immune
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response [1-3]. While cellular immunity is essential to control bacterial growth, the
concurrent development of inflammation leads to tissue damage that then promotes
dissemination. The acquired cellular response consists of antigen-specific effector
T cells and B cells, and while the requirement for T cells in control of infection is
clear, the role of B cells and immunoglobulin is less so [3]. From both animal
studies and patient data, it appears that CD4 T cells are the primary mediators of
protection and that the IL-12/IFN-y axis is critical to controlling disease [1-3]. CD8
T cells have the ability to protect the host from disease and have unique
antibacterial activity, but the absence of these cells can be overcome by the
presence of CD4 T cells [1-3]. There is active regulation of the acquired immune
response, and it is likely that this serves to limit not only antibacterial activity but
also tissue damage during chronic disease [4, 5]. Taking into account the known
functions of IL-17, this cytokine could impact the innate, acquired, and inflamma-
tory response during TB.

2 Evidence for a Role of IL-17 in TB

Support for a role of IL-17 in disease is provided by the fact that mRNA and cellular
analyses demonstrate that IL-17 is induced following infection of mice with
Mycobacterium tuberculosis (Mtb) [6]. More importantly, antigen-specific IL-17-
producing cells can be detected in both exposed individuals and TB patients thus
providing substantial impetus for investigation of this cytokine [7]. In mice, IL-17
production occurs rapidly upon a high-dose intratracheal challenge with Mycobac-
terium bovis BCG (BCG), and this response is dependent upon the yd T cell
population [8]. This population is also a major producer of IL-17 in response to
Mtb infection in the lung [9]. In the absence of the early yd T cell-derived IL-17
response to BCG, there is a reduced early neutrophil and reduced later mononuclear
response in the lung [8] (see Fig. 1a). In Mtb infection of IL-23-deficient mice, there
is very little IL-17 mRNA induction in the lung, and in this model the inflammatory
response is altered [6]. It is tempting to speculate that the disrupted granulomatous
response previously reported for Mtb-infected yo T cell-deficient mice [10] may
relate to the loss of an early IL-17 response. The presence of IL-17-producing yo T
cells is particularly interesting in light of the demonstration that unrestrained IL-17-
producing yd T cells can lead to tissue damage and death in a fungal model of
infection [11]. Indeed, regulation of these IL-17-producing y6 T cells is superoxide
dependent [11], and in the absence of superoxide, there is an increase in neutrophil
accumulation in the TB granuloma in mice [12] suggesting that the ability of IL-17-
producing yd T cells to recruit neutrophils may also be regulated by superoxide.
There are other innate sources of IL-17 in the lung such as invariant NK T cells
[13], but the role of this response in TB has not been addressed.
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Fig. 1 Functions of IL-17 during Mtb infection. (a) Upon mycobacterial infection in the lung,
phagocytes respond to the bacteria, generate IL-23, and promote yd T cells to make IL-17 and
thereby mediate recruitment of neutrophils. Absence of this response limits early neutrophil
recruitment and alters later mononuclear accumulation. (b) Vaccine-induced memory T cells,
expressing the tissue-homing chemokine receptor CCR4, recognize infected lung phagocytes and
respond by producing or inducing CXCR9, CXCR10, and CXCR11 in the lung. These chemokines
then recruit memory Thl cells that mediate accelerated control of bacterial growth. (¢) The
dynamic development of the granuloma is altered in the absence of IL-23 and IL-17; IFN and
IL-17 appear to counterregulate the development of a mononuclear or granulocytic inflammation
in response to Mtb

3 Evidence for an Antigen-Specific IL-17 Response in TB

Recent thinking posits that IL-17 is an ancient cytokine that acts to bridge the gap
between innate and acquired immunity [14, 15]. In TB it appears that IL-17 is
present both during the innate and acquired response. This has been shown in mice
[6, 9, 16] and more recently in humans [7]. Whether the acquired IL-17 response
depends upon the innate IL-17 response is not yet clear. The antigen-specific IL-17-
producing T cell response is induced with the same kinetics in the mouse as the
IFN-y-producing antigen-specific response but at about a five- to tenfold lower
number of cells [6, 16]. Interestingly, despite the reports of IFN-y and IL-17
responses counterregulating each other and the fact that the IL-17 response is
regulated by IFN-y following BCG infection [17], the antigen-specific IL-17
response is maintained in the lung during Mtb infection despite the presence of a
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Fig. 2 Polarization of Thi7 cells during mycobacterial infection. TGFp drives induction of the
transcription factor RORyt, if no inflammation is present, cells will tend toward a regulatory
phenotype. If mycobacteria are present, however, IL-6 will induce IL-21 which in turn promotes
more RORyt and expression of the IL-23R and thereby responsiveness to IL-23. Naive cells
polarized with these cytokines can then produce both IL-17 and IL-22. Induction of the Thl
transcription factor T-bet in naive T cells conversely promotes expression of the IL-12R[32
molecule which allows the cells to respond to IL-12p70 and produce IFN-y. The IL-12R1
component of both IL-12R and IL-23R requires different levels of stimulus to be expressed. If
IL-27 is present, then STATI is activated and this reduces the impact of IL-6 on the polarizing T
cells and reduces Th17 development. Both IL-12 and IL-23 appear to be required for long-term
persistence of Thl and Th17 cells respectively during Mtb infection. BCG and Mtb interact with
the antigen-presenting cell to define the conditions that pertain during activation of the naive T
cells. In some cases memory T cells and y0T can become IL-17 producers without TCR ligation in
the presence of IL-1f and IL-23

strong IFN-y response [6]. The accepted model for induction of IL-17-producing T
cells (Th17) has a requirement for TGF to initiate the polarization process in both
mice and humans [15, 18] and that inflammatory cytokines, such as IL-6, act to
direct the cells to a Th17 rather than regulatory, FoxP3-expressing phenotype
(Treg) [19]. IL-23 is thought then to promote the release of IL-17 by polarized
cells [20] (see Fig. 2). IFN-y limits the amount of IL-23 made by dendritic cells
infected with mycobacteria [17], and this may be one way IFN-y-producing T cells
(Thl) regulate the Th17 response. In mycobacterial models, however, IL-1p in
conjunction with IL-23 can drive IL-17 from y3 T cells (and CD4" cells) without
the need for TCR engagement [21, 22]. Interestingly, IFN inhibits IL-1f production
by mouse cells but enhances it for human cells [22], and thus, the impact of IFN on
IL-17 regulation in mice and humans may differ.

It is likely that the nature of phagocyte activation and the local cytokine
environment will determine the polarization of T cells both during priming and
expression of effector function. These conditions will be defined to some degree by
the impact of mycobacterial molecules on phagocyte pattern recognition receptors.
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4 When and Where Is IL-17 Expressed During Human Disease?

Following the original demonstration of antigen-specific IL-17-producing CD4* T
cells in PPD-positive individuals [7], many further studies have examined IL-17
production in both active and latent human tuberculosis. In the original publication,
IL-17-, IFN-, and IL-22-producing cells were detected in the peripheral blood of
patients with active TB; however, only IFN- and IL-22-producing cells were
present in the bronchoalveolar lavage; it was suggested that IFN-y limits the IL-
17 response in the lungs [7]. In several recent studies, patients with active TB have
been shown to have a stronger IFN response to mycobacterial antigens than do
those with latent disease; however, the IL-17 response is less clearly associated
with disease state [23, 24]. There is however a tendency for the IL-17 response to
antigen to be higher in latent than active TB patients [23, 25] possibly due to the
higher IFN response in the active cases inhibiting IL-17. While one study was able
to correlate decreased IL-17 levels in serum during treatment with increased risk of
death [26], a second study could not correlate IL-17 in plasma during treatment to
disease state or response to treatment [27]. In the mouse model, a drop in IL-17 was
found to occur during effective treatment [28].

The potential for patients to generate an IL-17 response following exposure or
during disease seems to be associated with geographical location and/or the nature
of the disease. In one study of a Swiss population, IL-17 was not detected strongly
in response to purified protein derivative (PPD) of Mtb; cells that did respond were
CD45RA™, CD257, CCR6", and CXCR3™" and produced mainly IFN-y [29]. In
contrast, in a South African population, the BCG-reactive cells were CD45RA™
cells and those making IL-17 or IL-22 were predominantly CCR7* and CD27*",
whereas those making IFN-y were predominantly CCR7™ and CD27" [7]. In
Chinese studies of cells from pleural effusions, IL-17 was produced by CCR7%,
CD27*, CD4 T cells but only after restimulation [30, 31]. Again in contrast, a South
African study of both pleural and pericardial effusions found very low to negligible
IL-17 in these effusions although high levels of IL-22 and IFN were detected; a low
level of CD4" cells capable of making IL-17 was also detected, but these did not
appear to be specific for mycobacterial antigen [32].

5 Can IL-17 Mediate Protection?

IL-17 acts to regulate granulocyte homeostasis [33], chemokine expression and cell
recruitment [34, 35] and to orchestrate germinal center formation [36]. IL-17 is
required for protection against Klebsiella pneumoniae [34], Citrobacter rodentium
[37], Candida albicans [38], and Mycoplasma pulmonis [39]. IL-17 has also been
extensively implicated as a mediator of autoimmune-mediated disease (reviewed in
[20]). These myriad functions make it difficult to immediately identify where
within the complex interaction between host and bacteria IL-17 is likely to act.
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In revising this chapter for 2012, I had thought to be able to more definitively
answer the question raised in the title; however, the primary role of IL-17 in
protection against Mtb remains unclear. Following low-dose aerosol delivery of
Mtb to IL-23-deficient mice, there is no difference in the level of bacterial burden
within the lung for the first 90 days of infection, this despite the fact that there is
very little IL-17 mRNA or Th17 response detected [6]. Similarly in a BCG model,
absence of IL-23 or IL-17 does not alter the bacterial burden [40]. Interestingly, in
both these studies, IL-23 could mediate protection in the absence of IL-12, but this
was associated with the ability of IL-23 to promote IFN-y responses [6, 40]. Despite
this absence of protective activity, it was possible to improve bacterial control
during pulmonary Mtb infection if IL-23 was delivered prior to infection [41]
suggesting that the natural IL-23/IL-17 response may be improved upon. In later
studies we have shown that, although early control is not affected by the absence of
IL-23, later control of bacterial growth following a low-dose challenge is lost.
Importantly, this loss of protection does not appear to be related to the loss of IL-17,
as bacterial growth is identical between wild-type and IL-17RA-deficient mice in
this model over a prolonged period [42, 43]. In stark contrast to the data from low-
dose aerosol delivery of Mtb, others have shown increased susceptibility to Mtb
infection in mice lacking IL-17A when a moderately higher dose is delivered
intratracheally [44]. The difference in bacterial growth between the wild-type and
IL-17A-deficient mice following intratracheal infection occurs within the first
4 weeks and is associated with a defective inflammatory response. This differential
requirement for IL-17 between the aerosol and intratracheal model is intriguing. It
may be that the intratracheal model is more inflammatory and that therefore the
cells recruited to the lung are different and more dependent upon IL-17 for effective
function. In contrast, the aerosol model is known to induce very little inflammation
early, and there may therefore be less of a need for early IL-17. The relevance of
either model to natural human disease is a matter for discussion, but it is clear that
defining why the two models differ so dramatically will be informative in the
dissection of the function of IL-17 in lung disease.

One aspect of the role of IL-17 in protection may be related to its impact on
dissemination of bacteria from the site of infection. Recent work showed an
increase in IL-17 in the IL-10-deficient mouse, and while depletion of IL-17 had
no effect on bacterial growth in the lung, it appeared that dissemination of bacteria
to the spleen was increased in the absence of IL-17 [45]. Further, in a study of the
dissemination of BCG from the skin to the draining lymph node, it was shown that
absence of migratory IL-17-producing yd T cells restricted the accumulation of
BCG in the lymph node [46]. It is possible therefore that IL-17 plays a role in
defining the cells which mediate dissemination of the bacteria. As the induction of
the acquired response depends upon dissemination of bacteria from the lung to the
draining lymph node [3], the kinetics of the acquired response may be delayed in
the absence of IL-17. While this may not be critical in the low-dose aerosol model,
it may be more so in the higher dose intratracheal model.

In a couple of recent reductionist studies, the ability of T cells making IL-17 to
mediate protection in mice infected with Mtb was assessed. One group transferred
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IFN-deficient, antigen-specific, IL-17-polarized T cells into immune-deficient mice
and found that these cells could protect more efficiently than unpolarized, IFN-
deficient, antigen-specific cells [47]. In a second study, the ability of cells to protect
was dependent upon the cells retaining plasticity and thereby maintaining a mixed
rather than fully polarized IL-17 phenotype [48]. These data suggest that while IFN
is not essential for protection in these transfer models, IL-17 alone is not sufficient
to mediate protection. Further studies are clearly warranted.

Whether IL-23 and IL-17 play a protective role in human disease has not yet
been clarified. It is apparent however that patients with defective ILI2Rb] gene
function are susceptible to mycobacterial disease, that their T cells are defective in
their response to both IL-12 and IL-23 [49, 50], and that IL-23 drives efficient IL-17
responses in human T cells [51]. In view of the mouse data, it is likely that the role
of IL-17 in protection against TB will be subtle and therefore very difficult to define
in humans; however, this should not deter investigation. In this regard, the associa-
tion between polymorphisms in the IL23R gene and damaging inflammation
[52, 53] provides impetus and potentially useful subjects for analysis. As discussed
above, there have been several studies on the expression of IL-17 in healthy-
exposed, infected, and diseased subjects, and while there is some evidence that
circulating IL-17 is seen in the healthier exposed individuals, there is no strong
current evidence linking IL-17 to either protection or disease development.

6 How Does IL-17 Impact Vaccine-Induced Protection?

Despite the absence of a defined role in controlling bacterial burden, the absence of
IL-23, and thereby IL-17, does result in reduced protection in a model of immuno-
logical memory in mice (see Fig. 1b). In this model, the accelerated memory Thl
response induced by a subunit vaccine is lost in the absence of IL-23, and this is
associated with the absence of an IL-17-producing CD4" memory population in the
lungs of vaccinated IL-23-deficient mice [16]. The expression of IL-17 mRNA in
vaccinated lungs correlates with the expression of the chemokines CXCLO,
CXCL10, and CXCLI11, and in the absence of this response, the accelerated
accumulation of CXCR3-expressing IFN-y-producing memory cells fails to
occur, and thus, vaccine-induced protection is lost [16]. The vaccine-induced IL-
17-producing cells were also shown to be positive for the tissue-homing chemokine
receptor CCR4 and capable of populating normal lung tissue. This suggested that
memory cells induced by vaccination could populate noninflamed tissue and
provide a surveillance function [16]. Further, in the absence of CCR4 using a
BCG model, it was found that both IFN and IL-17-producing cells failed to be
maintained and that recall granulomatous responses were defective [54].

When IL-23 is added to a DNA vaccine regimen, it is capable of increasing both
IFN-vy and IL-17 responses and protection to a degree equivalent to IL-12 [55, 56].
In view of the downregulatory activity of IL-27 with regard to IL-17 cellular
responses [57, 58], it is not surprising that this cytokine fails to improve
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vaccine-induced protection [55]. In contrast to these studies, BCG vaccination did
not require IL-23 to be protective against a subsequent BCG challenge [40];
however, as this was a systemic challenge, the need for a surveillance cell would
be less evident. It is also the case however that the cross regulation of Th17 and Th1
cells is more apparent following BCG infection; thus, a substantial Th17 response
cannot be detected following subcutaneous or systemic delivery of BCG unless the
IL-12/IFN-y axis is absent [17, 56]. A recent study of the mechanism of IL-17
induction during BCG vaccination has shown that BCG induces prostaglandin E2
and that this drives IL-10 which in turn limits the IFN response to BCG [59]. At the
same time, however, BCG also induces IL-23 which promotes IL-17 production
which in turn limits the IL-10 thereby promoting an overall IFN response; in the
absence of IL-10, there is no need for IL-17 to promote the IFN response [59]. Thus,
expression of IL-17 during BCG vaccination may promote the IFN response.
Studies with genetically manipulated BCG have shown increased protection, and
this is associated with an increased IL-17 response to the genetically manipulated
BCG compared to the wild-type BCG [60].

Human and animal vaccine studies have increasingly measured IL-17 responses
after vaccination. In the bovine model, a viral boost of BCG vaccination showed
increased efficacy, and this was associated with an increased antigen-specific IL-17
response prior to challenge [61]. Boosting BCG-vaccinated people with virus-
delivered antigen results in multifunctional antigen-specific cells with a preference
for IL-17 in adolescents compared to children [62]. A higher dose of the virally
delivered antigen promotes more IL-17-producing cells; however, previous expo-
sure may limit the IL-17 response [63]. Detailed analysis of the cells responding to
the virally delivered antigen suggests that the IL-17 response may be limited by
regulatory T cells that act to limit levels of the inflammatory extracellular ATP [64].

Extensive studies using the whole-blood assay have measured the level of IL-17
to mycobacterial antigens in vaccinated individuals. Vaccination does result in an
increased IL-17 production in infants [65], and while age at vaccination could
impact size of the IL-17 response, this response evened out as infants aged [66]. The
efficacy of BCG differs geographically, and so the whole-blood assay was used to
compare responses in UK and Malawian infants receiving BCG. It was found that
while the Malawian children had a greater general inflammatory response including
IL-17, the UK infants had stronger type 1 responses; it was suggested that these
different biosignatures may explain why BCG is more effective in the UK [67].
However, in an extensive study on the potential for a biosignature to predict
protective efficacy of BCG vaccination, no difference in the cytokine profile (IL-
2, IFN, TNF, or IL-17) or cell types was associated with the development of
tuberculosis in vaccinated individuals [68]. It would seem therefore that the role
of IL-17 in vaccine studies in humans is still undefined.
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7 How Could IL-17 Impact Inflammation?

Dissecting the role of such a pluripotent entity as IL-17 in a chronic disease like TB
is difficult. A major confounding factor is that the granulomatous structure, even
within the tractable mouse model, is a constantly developing entity [69]. The ability
of IL-17 to impact granulocyte homeostasis and accumulation could be a major
factor in granuloma formation. IL-17 is likely a mediator of stress-induced
granulopoiesis acting via G-CSF [70]; however, in the absence of IL-23 and IL-
17, there is a modest decrease in the inflammatory response early in infection [6]
(see Fig. 1c). This is in contrast to the impact of IL-17 and IL-23 on the inflamma-
tory response to fungal infection via the mucosal route wherein IL-23 and IL-17
downregulate the protective Thl response and increase the pyogranulomatous
nature of the inflammation [71]. Further, IL-23 and IL-17 improve survival and
reduce the killing activity of neutrophils in this fungal model [71]. The potential for
neutrophils to impact granuloma formation during Mtb infection [72] and the causal
connection between early and enhanced neutrophil recruitment with susceptibility
to TB [73] prompted us to examine the role of IL-17 and IL-23 in the Koch
phenomenon. We found that repeated delivery of mycobacterial antigen drove an
IL-23-dependent IL-17-response in the lungs of Mtb-infected mice that did not
impact bacterial control but did increase the pyogranulomatous nature of the lesions
[74] (Fig. 1c). In two other recent studies, the impact of IFN in regulating the
inflammatory action of IL-17 has been highlighted. In the first study, the absence of
the IFNYR on nonhematopoietic cells was found to limit the anti-inflammatory
activity of these cells, and this resulted in enhanced IL-17 responses which
compromised immunity [75]. In the second study, the absence of IFN in memory
cells did not impact their ability to control bacteria but did limit their ability to limit
neutrophil recruitment and thereby tissue damage [76] (Fig. 1¢). These data dem-
onstrate that IL-17 is associated with the potential for a more damaging inflamma-
tory response to Mtb infection. In this regard, an intriguing paper from Argentina
shows that patients with multidrug-resistant tuberculosis and high bacterial burdens
had higher levels of IL-17 [77]. This is in contrast to the lack of apparent IL-17 in
pleural and pericardial tubercular effusions (see discussion above).

An important aspect of the Mtb granuloma that is often dismissed is the
accumulation of B cells in secondary lymphoid structures in both mice and humans
[78-80]. Indeed, an altered granulomatous response [81] and reduced protection
can be seen following Mtb infection of B cell-deficient mice [82]. The ability of IL-
17 to mediate germinal centers [36] may impact the B cell response, as recent
studies have identified IL-17 mRNA associated with the B cell follicles in human
tuberculosis lesions in the lung [83]. In our recent studies, we have found that the
absence of IL-17RA does not greatly inhibit the development of B cell follicles but
that IL-23 and CXCL13 seem to be critical for these structures and for T cell
recruitment to the granulomatous site [42, 84].
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8 Induction and Regulation of the IL-17 Response

IL-23 is a key mediator of IL-17 secretion in memory T cells [85] and vd T cells [9],
and in its absence there is very little IL-17 produced in response to Mtb infection
[6]. Mycobacteria can induce IL-23 in dendritic cells [9, 17], and this induction can
be regulated by IFN-v, at least for BCG [17]. Recent studies have implicated dectin-
1 in the induction of IL-23 and as a promoter of IL-17-producing CD4 T cells
during fungal infection [86]. During mycobacterial infection, dectin-1 has been
implicated as a mediator of macrophage [87] and dendritic cell [88] activation with
a specific role for dectin-1 in induction of IL-12p40, a subunit of IL-23. Recently,
dectin-1 ligation by B-glucan or Mtb on monocyte-derived dendritic cells was
reported to result in IFN and IL-17 production in a mixed lymphocyte reaction,
whereas ligation of DC-SIGN or the mannose receptor resulted in an IFN response
[89, 90]. The role of dectin-1 in stimulating the phagocytic response to fungal
bodies is dependent on developmentally regulated display of B-glucan moieties [91,
92]. 1t is possible therefore that the expression of B-glucan moieties on different
mycobacterial species will regulate the amount of IL-23 and therefore the amount
of IL-17 they induce. One could hypothesize therefore that while the Th1 response
can regulate the Th17 in BCG infection, it is possible that a greater induction of IL-
23 by Mtb allows the Th17 response in TB to overcome Th1 regulation [6, 17]. The
importance of the early cytokine milieu in defining polarization is highlighted by
the fact that the requirement for induction of the i//2rb1 gene (a component of both
the IL-12 and IL-23 receptor) in naive T cells is lower for the induction of IL-17-
producing cells than it is for IFN-y-producing cells [93].

Although it is technically difficult to assess the very earliest events during low-
dose aerosol infection directly in vivo, the response of CD4 T cells and dendritic
cells to vaccination with trehalose dimycolate (TDM, or cord factor) has been
studied. TDM is the primary inflammatory mediator of mycobacteria, and
alterations in its structure affect the granulomatous response in the lung [94]. In
vaccine studies it has been shown that delivery of an IA-restricted peptide in the
presence of TDM and the detoxified monophosphoryl lipid A (MPL) results in early
expression of IL-6, TGFp, and IL-23 in dendritic cells and IL-17 but not IFN-v in
the CD4 T cells [16]. This early IL-17 corresponds with early expression of the IL-
23 receptor but not the IL-12 receptor in the CD4 cells [16]. These data suggest that
Th17 cells, while not requiring IL-23 to become polarized [18], are able to respond
to IL-23 very early during activation. Indeed in the absence of IL-23, there is a
small but reproducible reduction in very early proliferation of CD4 T cells [16]. The
initiation of Th17 cells during Mtb infection is less well defined, although the
absence of IL-23 does ablate the IL-17 response. It is likely that the balance
between IL-6 and TGFP [19] as well as that between IL-1f and IFN during
activation of naive T cells will define the relative induction of a Th17 or Treg
population. The importance of this balance is highlighted by the observed ability of
Treg cells to limit bacterial control [4, 95, 96]. The receptor for TDM was recently
identified as the macrophage-inducible C-type lectin (Mincle) [97, 98], and this
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molecule acts through the FcRy and Syk-CARD9 signaling pathway to promote
inflammation as well as both IFN and IL-17 responses to mycobacteria [98]. In
human studies, antigen-experienced cells make IL-17 in response to Mtb-activated
antigen-presenting cells in an IL-23-dependent manner; it appears also that the
production of IL-23 can be induced by NK cells recognizing the infected antigen-
presenting cells [99].

9 Conclusions

This chapter does not answer the question raised in the title, as the animal model
evidence suggests both positive and negative impacts in the TB disease process and
the human data is still equivocal. We know however that this cytokine is induced in
and expressed by innate and acquired cells in mice and humans and that the
expression of this response is dependent upon IL-23. Induction of the IL-17
response is likely to be dependent upon the counterregulation of IL-1f, IL-12,
and IL-23 at the dendritic cell level, and this may be related to the level of cytokine-
inducing moieties (such as PB-glucans) on the mycobacterial surface. There is
conflicting evidence on the role of IL-17 in control of bacterial growth during
mycobacterial infection, and this conflict may be resolved with careful analysis of
the role of dose and concurrent inflammation during initial infection. There are
several areas that should be investigated in order to clarify the role of IL-17 in TB.
These are the impact of IL-17 on inflammation and tissue damage, the induction
and regulation of the IL-17 response, the role of surface molecules of various
mycobacterial species in determining the IL-17 response, the impact of IL-23R
polymorphisms on TB in humans, the ability of IL-17-producing memory cells to
improve vaccine-induced protection, and the impact of IL-17 and IL-23 on neutro-
phil and B cell function during TB.
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