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INTRODUCTION Protective immunity and varied clinical
manifestations of infection with  Mycobacterium
tuberculosis represent a delicate balance between the
bacillus and the type as well as magnitude of the immune
response elicited by the host. Host immune response is a
broad term reflecting complex interactions among
various arms of the immunity involving numerous cell
types and molecules. This confers a homeostatic balance
either in favour of the host, leading to containment of the
infection, disease or in parasite’s favour resulting in failure
of containment of infection. Immunity against
tuberculosis [TB] needs to be understood not only in terms
of sterilising immunity that eliminates Mycobacterium
tuberculosis infection at the initial exposure, but also with
respect to immunity of granuloma formation that
maintains the steady state control over the bacillary
spread and prevents the occurrence of clinical disease.
Antituberculosis immunity involves innate as well as
adaptive immunity at various levels following
Mycobacterium tuberculosis infection. Both of these will be
discussed separately here: first the innate and then the
adaptive one. It should be understood that separating
these immune mechanisms is only for the sake of better
understanding of the complex cross-talk among diverse
cell subsets and bio-molecules and obtaining reductionist
insights into the antituberculosis immunity in totality.
However, in vivo, the innate and the various components
of adaptive immunity are complementary and work
synergistically in concert.

CHRONOLOGY OF IMMUNOPATHOGENESIS OF
TUBERCULOSIS

Pulmonary TB can be marked with four distinct
phases following Mycobacterium tuberculosis infection

[Figure 1.1]. Each of these phases is determined by
the homeostasis between the bacillary factors and
host immune status including both innate and
adaptive immunity [cellular as well as humoral].
First, following inhalation of Mycobacterium
tuberculosis, ~ depending on  their intrinsic
microbicidal capability alveolar macro- phages
ingest the pathogen and destroy them. However,
bacilli often evade initial destruction by phagocytes
and continue to multiply inside them ending in
their disruption to cause fresh infection of the
bystander macrophages. This heralds the second
phase, characte- rized by recruitment of blood
monocytes and other inflammatory cells to the
primary disease site, the lungs in most instances.
Monocytes ingest the bacilli and differentiate into
macrophages, but fail to eliminate them completely.
This stage is marked by logarithmic growth of the
pathogens with little tissue destruction. Following
this, antigen specific T-cells are recruited to the
pathologic site[s] that activate the monocytoid cells
leading to their differentiation into either of these two
types of giant cells, epithelioid and multi-nucleated
Langhans’ type giant cells. This is the third stage of
granuloma formation, which aims at walling off the
infection from the rest of the body and prevents
dissemination of bacilli, thus contains the infection.
This stage of latency, which disrupts under
conditions of failing immune surveillance and gives
rise to endogenous reactivation of dormant foci
culminating in post-primary TB which is
characterized by cessation necrosis [fourth phase]. In
summary, after entry into the body, Mycobacterium
tuberculosis encounters a series of host defense
mechanisms with final outcome depending on the
balance between bacillary growth and extent of host
immunity. Essentially, all these phases of TB infection
involve various arms of innate and acquired
immunity sequentially in an orchestrated manner.
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Figure 1.1: Events during TB infection. Broadly, TB infection is divided into four phases: First phase includes an initial establishment of
Mycobacterium tuberculosis infection in the resident macrophages [alveolar]. This is followed by influx of PMNs, which prevents
Mycobacterium tuberculosis to escape from the innate immune factors. Subsequently, monocytes are recruited to the site of infection/
pathological site [second phase]. Third phase includes granuloma formation. Core of granuloma is made up of multinucleated giant cells
and elongated epithelioid cells. These are surrounded by T-cells. This is aimed at restricting the bacilli from spreading. The fourth and
terminal phase includes dissemination of bacilli. Defective granuloma formation promotes release of bacilli from control of immune
system. Organs/loci targeted by bacilli after dissemination are listed here

DC = dendritic cells; M$ = macrophages; PMNs = polymorphonuclear leucocytes; TB = tuberculosis

INITIAL ENCOUNTER AND INNATE IMMUNITY

Mononuclear cells including alveolar macrophages
and dendritic cells [DCs] play a crucial role during
their initial encounter with Mycobacterium
tuberculosis by their intrinsic or innate defense
mechanism[s]. This has been demonstrated by Lurie
in animal model where early infection and bacillary
multiplication occur in susceptible rabbits (1). A
probable role of DC specific intercellular adhesion
molecule 3 [ICAM-3] grabbing nonintegrin [DC-
SIGN], a recently discovered type II transmembrane
protein has been implicated in DC mediated
dissemina- tion of Mycobacterium tuberculosis.
Subsequently, DCs in the lymph nodes present some
of the early secretory antigens such as early secreted
antigenic target 6 [ESAT6] and antigen 85 with major
histocompatibility complex

[MHC] class II. These antigens presumably serve as
the dominant antigens for CD4+ cells, which
start accumulating in large numbers in lesions during
the early stages of Mycobacterium tuberculosisinfection.
Recent data suggest that probably T-cell
dependent acquired immunity is also critical
for protection against dissemination
disruption of latency of TB. However, they may not
be so critical for eliminating the initial infection
with  Mycobacterium  tuberculosis  (2,3). This
dynamics of effector immune mechanisms fits well
with the basic fact that the acquired immunity
requires time to develop and until then innate
mechanisms attempt to either eliminate or control
multiplication of the bacilli so that effective T-cell
response eventually may contain the infection
through stable granuloma formation (4). A plethora
of clinical and experimental evidence suggests

and



an essential role of innate immune responses during
an early phase of infection with Mycobacterium
tuberculosis. Alveolar macrophages are the first line
of cellular elements of initial uptake of aerosolized
Mycobacterium  tuberculosis, although subsequently
DCs and monocytes are also involved in the process.
Various receptors expressed on the phagocytes
mediate endocytosis of the bacilli. Uptake of
opsonized bacilli [coated with preformed humoral
elements like antibodies or comple- ment split
products] is greatly facilitated by complement
receptors expressed on macrophages such as
complement receptors [CRs] CR1, CR3 and CR4.
Bacillary uptake by human macrophages deficient in
CRs is found to be reduced up to 80 per cent
indicating their role in engulfing Mycobacterium
tuberculosis (5). Non-opsonized bacilli are engulfed by
macrophages through mannose receptors [MRs] that
recognize the terminal mannose moieties of
mycobacteria (6). Additionally, non- opsonized
Moycobacterium tuberculosis can be taken up by the
macrophages through binding to the scavenger
receptor type A, as blocking CRs and MRs could not
completely abrogate the bacillary uptake. Several
other groups of molecules of the innate immune
system may also facilitate binding and uptake of
Mycobacterium tuberculosis. Collectins, a structurally
related group of proteins are important in this regard.
Surfactant protein A enhances the uptake while
surfactant D blocks it. Another member of collectins,
the plasma factor mannose binding lectins is also
involved in macrophage uptake of the bacilli.
Fibronectins also facilitate uptake of Mycobacterium
tuberculosis by alveolar epithelial cells through binding
to antigenic proteins (7). Thus, multiple mechanisms
are operational in the uptake of Mycobac- terium
tuberculosis by mononuclear phagocytes giving them a
chance to kill the bacilli. However, all these
mechanisms only facilitate in their uptake but fail to
elicit any immune recognition leading to
macrophage activation. Up-regulation of a battery of
surface expressed and soluble molecules determine
the shape of the eventual acquired immunity on the
surface of macro- phages. Toll-like receptors [TLRs]
are such family of molecules on the surface of
macrophages that play a critical role in immune
recognition of  Mycobacterium  tuberculosis and
elicitation of an effective innate immune response. The
TLRs are phylogenetically conserved molecules
mediating the innate immunity and dictating the
development of eventual T-cell responses. They are

transmembrane proteins with leucine rich repeat
motifs in extracellular domain. Cytoplasmic
domains of TLRs are homologous to the signalling
domain of IL-1 receptor [IL-1R] and are linked to
signalling molecule IL-1R associated protein
kinase [IRAK-1], a serine kinase that activates
transcription factors of several key
immunoregulatory cytokines, such as nuclear
factor- kappa beta [NF-kB]. Of the several TLRs
discovered till date TLR2, TLR4, TLR3 and TLR9
appear to elicit cellular response to mycobacterial
antigens including the 19-kDa lipoprotein and
lipoarabinomannan [LAM]. In context of CD14,
TLR2 binds to LAM, a heterodimer of TLR2 and
TLR6 binds to CD19 kDa lipoprotein. The TLR4
binds to yet undefined heat labile cell associated
factor and TLR9 binds to mycobacterial DNA
motifs. Engagement of TLRs by mycobacterial
antigens leads to coupling of myeloid
differentiation ~ primary response gene [88]
[MyD88] and IRAK signalling molecules
resulting in multiple signalling events that
ultimately translocate transcription factor NF-kB
from cytosol to nucleusand stimulate the production
of various cytokine required for innate as well as
adaptive immune events. Production of cytokines
following TLRs induced activation of macrophages
is important for immunity to Mycobacterium
tuberculosis. Several cytokines are released, some of
which take part in non-specific inflammation, and
others regulate the functional bias of the relevant T-
cells. A brief account of the important cytokines
produced by Mycobacterium tuberculosis infected
macrophages is provided in Figure 7.2. These
cytokines eventually induce further activation of
immune cells and lead to a complex process of
immune regulation. Among the pro-inflam- matory
cytokines tumour necrosis factor-o [TNF-a],
interleukin-1p  [IL-1B], interleukin-6 [IL-6],
interleukin- 12 [IL-12], interleukin-15 [IL-15] and
interleukin-18 [IL-18] are important. Each of them
plays a distinctrole

in the immune response against TB.

Tumour Necrosis Factor-a

This prototype pro-inflammatory cytokine is
produced by macrophages, DCs and Thl like cells
upon infection and stimulation with Mycobacterium
tuberculosis. It plays key roles in macrophage
activation, immune regulation and particularly
granuloma formation by induction of appropriate
chemokine receptors on the effector T-cells and thus
recruiting them to the disease site (8).
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Figure 1.2: Summary of the immune response in tuberculosis pathogenesis. After infection, innate immune responses try to put check
on increasing infection. Meanwhile, immature DCs after taking up the antigens, move towards the draining lymph nodes and antigen
recognition and presentation to T-cells occur inside the regional/draining lymph nodes. Recruitment of antigen specific T-cells at the
pathological sites and production of pro-inflammatory cytokines such as tumour necrosis factor-a [TNF-a], interferon-y [IFN-y] etc., lead
to granuloma formation to localize the pathogen. Later on, depending on presence/absence of Th1/Th2 skewed response, dissemination

or containment of bacilli occurs

DC =dendritic cell; TLRs =toll-like receptors; ROl = reactive oxygen intermediates; RNI = reactive nitrogen intermediates; IL = interleukins;
Tccell = T-cytotoxic cell; FAS-FASL = tumour necrosis factor receptor superfamily, member 6 - tumour necrosis factor receptor superfamily,

member 6 ligand; ICAM-1 = intracellular adhesion molecule-1

of TB infection and has been found at the disease
site[s]. Its role in humans is best evidenced by
occurrence of highincidence of TBamong rheumatoid
arthritis patients when treated with anti-TNF-a
antibodies. However, it is thought to be a “double
edged sword” causing bystander damage of the host
tissue and cavity formation, particularly when present
inrelative excessin the milieu.

Interleukin-1B and Interleukin-6

Interleukin-1p is another proinflammatory cytokine
secreted by the Mycobacterium tuberculosis infected

macrophages and DCs and is found in excess at the
pathologic site[s] of TB. An increased mycobacterial
growth and a defective granuloma formation are
observed in IL-1p knock out mice (9). Interleukin-6 on
the other hand, may serve as both pro- and anti-
inflammatory cytokines and is found to be present in TB
patients (10). Various reports suggest that it may
antagonise either TNF-a. or interferon-y [IFN-y], both of
which are widely believed to be critical for protective
immune response against TB.



Interleukin-12 and Interleukin-18

Interleukin-12 is the most potent Thl driving
regulatory cytokine produced by infected or
stimulated macro- phages and DCs and thus, plays
a crucial role in the development of protective Thl
type immunity in TB. In TB, IL-12 has been detected
in disease sites such as lung infiltrates, pleurisy and
granulomas (9,11). Its receptor is also over-
expressed in these sites. Children with deleterious
mutation of genes encoding IL-12p40 subunit and IL-
12 receptor are highly susceptible to recurrent
nontuberculous mycobacterial infections (12).
Interleukin-18, another pro-inflammatory cytokine is
important for IFN-y axis of the T-cell response. High
susceptibility of IL-18 knock out mice to
Mycobacterium  tuberculosis, bacille Calmette-
Guérin [BCG] and Mycobacterium leprae strongly
suggests a protective role of this cytokine in TB (13).
A close parallelism has been noted between the
concentration of IL-18 and IFN-y among patients
suffering from TB pleural effusion (14). Protective
effect of IL-18 may be mediated by enhanced
production of IFN-y, another potent effector cytokine
for macrophage activation leading to killing of the
intra- cellular mycobacteria.

Interferon-y

A protective role of IFN-y in TB is beyond doubt. But
it must be remembered that it is not the only
terminal effector cytokine to confer protection in TB.
Mycobac- terial antigen specific in vitro production
of IFN-y by T-cells from patients represents a
surrogate marker of immunity against TB. However,
there exists a great deal of divergence of opinion in
this respect among the researchers and clinicians. In
TB, physiologically relevant sources of IFN-y are
natural killer cells [NK-cells], antigen specific T-cells
[helper and cytotoxic], macrophages themselves,
and other relatively rare fine T-cell subsets such as
16 T-cells and CD1d restricted NKT-cells (15). The
IFN-y is a potent activator of infected macro-
phages resulting in potentiation of lytic
mechanism[s] responsible for killing of intracellular
Mycobacterium tuberculosis and enhancement of
human leucocyte antigen [HLA] and co-
stimulatory molecules which result in efficient
presentation of macrophage processed mycobacterial
antigens and elicitation of strong T-cells responses
(16).

In addition to the production of the above pro-
inflammatory cytokines, certain  anti-
inflammatory

cytokines are produced as well in TB. Some of these,
such as interleukin-4 [IL-4], interleukin-10 [IL-10]
and trans- forming growth factor-p [TGF-], are Th2
like  cytokines and  their role in the
immunopathogenesis of TB has provided the
concept of Th1/Th2 paradigm in various forms of
TB. These cytokines are believed to antagonise the
protective and/or containing immunity, thus
suppressing the required immunity. Therefore, they
have been implicated in enhanced susceptibility as
well as disease severity in terms of clinical
manifestation and the extent of the disease.

Interleukin-10

Interleukin-10 is produced by the macrophages after
phagocytosis of Mycobacterium tuberculosis and also
by the Th2 cells following recognition of duly
processed mycobacterial antigens. Mononuclear
cells from TB patients, particularly those with
disseminated disease, produce copious amounts of
IL-10 in vitro in response to mycobacterial antigens
(17). Interleukin-10 transgenic mice supports better
bacillary growth. Also in humans, IL-10 production
is significantly higher in patients with purified
protein derivative [PPD] anergy and severe forms of
TB. Interleukin-10 is well known for its ability to
suppress IFN-y, TNF-a and IL-12, all of which are
critical for eliciting a desired Thl type immune
response in host’s favour.

Interleukin-4

The deleterious influence of IL-4 in TB is well
known and is attributed to its suppressive effect
on IFN-y production. Mycobacterium tuberculosis
infected mice with progressive form of disease shows
a significantly higher production of IL-4 (18).
Disseminated form of TB, such as miliary TB, is
associated with a very high production of IL-4 by T
cells derived from peripheral blood and
bronchoalveolar lavage [BAL] fluid following in
vitro stimulation (19,20). However, several studies
failed to reproduce similar observation, which may
be due to variation in the study subjects and
methods used for the detection of IL-4. It is
widely believed that IL-4 production is
responsible for suppression of Thl type immune
responses against TB. Thus, the host fails to contain
the disease, leading to the development of severe and
disseminated forms of TB.

In some recent elegant studies, a splice variant of IL-
4 gene has been detected. This truncated splice variant
called IL-45 gives rise to protein isoform, which
inhibits



the immunosuppressive Th2 like function of native
IL-4. Expression of IL-45 messenger ribonucleic acid
[MRNA] was very minimal in the peripheral blood
mononuclear cells [PBMCs] of the healthy subjects.
On the other hand, it was found to be expressed
in significantly higher amount in the thymocytes and
BAL fluid cells from patients with TB. Tissue
specific expression of this splice variant and tight
correlation with the disease severity suggests a
potential immunoregula- tory role in pathogenesis
of TB. Plausibly, IL-43 functionally inhibits Th2
skewing of the host immune response by
antagonising the effect of native IL-4 and facilitates
the desired Thl response. Ratio of IL-4/IL-486 may be
useful in monitoring the cytokine polarized immune
response among TB patients.

Transforming Growth Factor-f

Transforming growth factor-p also appears to inhibit
the protective immunity against Mycobacterium
tuberculosis and aggravates the pathology. The TGF-f
is also pro- duced in abundance by TB patients and its
expression is observed at the pathologic site[s] (21).
The TGF-B is a well known inhibitor of T-cell
proliferation, IFN-y pro- duction, macrophage
activation and antigen presentation. Moreover, it is also
known for its potent host tissue damaging effect and
fibrosis (22). The TGEF-B along with IL-10 potently
suppresses the Th1 function during TB infection and is
thought to contribute to the pathogenesis of TB.

IMMUNE EFFECTOR MECHANISMS AGAINST
MYCOBACTERIUM TUBERCULOSIS

Activated macrophages are the terminal effector cells
responsible for killing of intracellular bacilli in TB.
Multiple factors are responsible for this activation
finally resulting in triggering the major lytic
mechanisms. Among several factors, the most well
documented and definitive mediators are IFN-y
and TNF-a. These cytokines are primarily derived
from the Thl cells and activate the macrophages to
induce the intracellular messenger molecules,
reactive oxygen intermediates [ROIs] and reactive
nitrogen intermediates [RNIs] that are thought to be
involved in killing of the intracellular mycobacteria.
Also  important for macrophage activation
synergistically with IFN-y and TNF-a is the active
metabolite of vitamin D [1,25-dihydroxy vitamin D]
(23).

Several studies have reported reduced
levels of vitamin D among TB patients.
Recent clinical trials suggest a distinct role
for vitamin D in potentiating the immunity
against TB. An interesting element involved
in macrophage activation as well as killing of
intracellular mycobacteria is the solute carrier
family 11 [proton- coupled divalent metal
ion transporters], member 1 [Slc11al], and its
human orthologue, SLC11A1, formerly
known as natural resistance associated
macropahge protein [Nrampl]. It is an
integral membrane protein belonging to a
family of metal ion transporter, parti- cularly
the iron [Fe™]. Following phagocytosis
Slc11al  becomes  integrated to  the
phagosomes and activates macrophages with
generation of toxic anti-microbial radicals,
particularly ROIs (24). The Slc11al mutant
mice show reduced phagosomal maturation
and acidification. In humans, polymorphism
of this gene associated with reduced
expression of SLC11A1 is associated with
susceptibility to TB in West African
population (25). Therefore, genetic variation
of this gene may in part determine the
outcome of  Mycobacterium  tuberculosis
infection.

Generation of ROIs appears to be important for
killing of intracellular bacilli. However, the
conclusive proof is still awaited due to
variation among experimental systems,
particularly among mice and human studies.
In vitro mycobacteria are resistant to killing by
superoxides and hydrogen peroxides, this
may be due to presence of LAM on
Moycobacterium tuberculosis that can scavenge
the ROIs. In mice lacking functional P47 unit of
nicotinamide adenine dinucleotide
phosphate [NADPH], which is required for
the generation of superoxide ions, early and
excessive  growth — of  Mycobacterium
tuberculosis has been demonstrated (26). This
points towards an important role of ROIs in
mycobacterial killing. On the contrary,
patients suffering from chronic
granulomatous disease [CGD] with a defectin
production of superoxide radicals have not
been demonstrated to be susceptible to TB
(27)



patients with TB have shown an increased expression
of INOS gene (28). But the precise role of over-
expression of iNOS in patients with TB remains
uncertain, as post- translational modification of
iNOS is required for functional activity.

ACQUIRED T-CELL MEDIATED IMMUNE
MECHANISM

T-cell mediated immune response is at the hub of
immu- nity against Mycobacterium tuberculosis as
antibodies fail to contain the infection due to its
intracellular habitat. Upon initial exposure and
recognition of immuno-domi- nant epitopes, naive T-
cells are primed and converted into effector and
memory T-cells. Effector T-cells contain the initial
infectious load. However, dormant foci of
Mycobacterium  tuberculosis within macrophages
persist and reactivation of the bacillary foci occurs in
the event[s] of perturbation of a delicate balance of
T-cell immunity that contained the foci so far (29).
Additionally, a fresh exogenous infection may also
take place. Whatever is the case, on these subsequent
exposures, the memory T-cells generated during the
primary infection elicit a strong Thl response and
migrate to the site of the pathogen. These migrated
T-cells are further activated by the processed
antigens presented by the local infected
macrophages and secrete key effector cytokines,
such as IFN-y and TNF-a, which help in activation
as well as terminal differentiation of the
macrophages into the giant cells. A well-defined
architectural aggregation of T-cells and the giant cells
[both multinucleated and epithelioid types] results
in granuloma formation, the immunopathologic
hallmark of TB. An evolution of granuloma occurs
through a sequential influx of various types of cells
of the immune system (30). Neutrophils migrate quite
early in this process followed by the monocytes
which differentiate into macrophages within two to
three days. Chemokines induced in the granuloma
begin to recruit T-cells which are activated to secrete
cytokines. Among the T-lymphocyte layer
surrounding the granuloma are predominantly of
CD4+ type, although CD8+ T-cells are also present.
The T-cell derived cytokines locally trigger the
macrophages to terminally differentiate into highly
active giant cells. Apoptosis of cells, prominently in
epithelioid cells has been demonstrated by terminal
deoxynucleotidyl transferase biotin-dUTP nick
end labelling [TUNEL] immunostaining (31).
Appropriate positioning of various cell types within
the granuloma

is mediated by the expression of adhesion molecules
and chemokines. Many of these cell homing
molecules are known to be induced by
Mycobacterium  tuberculosis. ~ The  intracellular
adhesion molecule-1 [ICAM-1], a major adhesion
molecule involved in granuloma formation, is
induced by TNF-q, IL-6 and IFN-y. Chemokines, such
as macrophage inflammatory protein [MIP1-a],
regulated on activation, normal T-expressed and
secreted [RANTES], monokine induced by
interferony [Mig], and IFN-y-inducible protein-10[IP-
10] etc., all associated with inflammation are also
induced by the bacilli (32,33). The Thl cells
preferentially recruited by these homing
molecules, through the release of cytokines promote
terminal differentiation of macrophages into giant
cells like multinucleated and epithelioid types.
These acti- vated cells of monocyte/macrophage
lineage  ultimately  kill  the  intracellular
Moycobacterium tuberculosis through ROIs and RNIs.
Mycobacteria are also capable of inducing
caseation necrosis in the centre of the
granuloma. Conventionally, TNF-a has been thought
to be the prime mediator of caseation necrosis.
However, recent findings of caseation necrosis
among mice lacking functional component of TNF
receptor [55 kDa TNEF-R] suggest the existence of
other ~mechanism[s] for this phenomenon.
Mycobacterial components such as, LAM have been
demonstrated to activate interstitial collagenase
gene and matrix metalloproteinase-9 [MMP- 9].
These extracellular matrix enzymes probably play a
major role in caseation necrosis. Interestingly, up-
regulation of MMP-9 has been observed in BAL cells
recovered from cavitary TB patients (34). Granuloma
may be regarded as a localized immune reaction that
attempts to wall off the pathogen and prevents its
further spread. The dormant foci of infection may
remain as such for years or even life-long.
However, perturbation of a delicate balance of
immunity with suppression of critical mechanism([s]
may lead to activation of endogenous foci containing
dormant  mycobacteria.  Alternatively,  fresh
exogenous infection can also occur. Both of these
develop into a clinical disorder such as pulmonary
TB. Immune response to Mycobacterium tuberculosis
continues to play a critical role and dictates the
clinical outcome of the disease as well. The extent
and severity of the disease appear to be determined
by the type and magnitude of the T-cell response
elicited eventually.



Th1 and Th2 type of response play an important role to
dictate whether the disease will be of limited extent with
localized form such as pulmonary TB or will disseminate
to give rise to severe forms of disease such as miliary TB,
multidrug-resistant TB [MDR-TB] [Figure 1.2] (20,35).

CD4+ AND CD8+ T-CELLS IN TUBERCULOSIS

Importance of CD4+ helper T-cells is best demonstrated
by significantly higher incidence and occurrence of
severe and disseminated forms of TB among patients co-
infected with human immunodeficiency virus [HIV] and
Mycobacterium tuberculosis (36). It is also suggested by the
predominant presence of CD4+ helper T-cells in the
granuloma outnumbering the CD8+ T-cells. Functionally,
mature or memory helper T-cells are of two distinct types,
namely, Th1l and Th2 cells. The Th1 cells preferentially
produce IL-2, IFN-y and TNF-a to stimulate the cell
mediated immunity which is crucial for containment of
Mycobacterium tuberculosis. On the other hand, Th2 cells
are biased to produce more of IL-4, interleukin-13 [IL-
13], and IL-10, etc., and boost the antibody production,
particularly of IgE isotype and suppress the Thl like
immunity. The importance of Th1/Th2 paradigm has
been studied in various diseases; the most notable is that
among polar leprosy patients. Tuberculoid leprosy,
which is characterized by high degree of T-cell reactivity
against Mycobacterium leprae is associated with Thl like
polarized cytokine response while lepromatous leprosy,
hallmarked by T-cell anergy towards Mycobacterium
leprae strongly correlates with dominant Th2 like cytokine
profile (37). Similar association in TB has been proposed
and subsequently demonstrated by several groups of
investigators. However, conclusive picture is yet awaited.
In vitro studies of T-cell proliferation and their cytokine
production profile upon antigen stimulation of PBMCs
obtained from TB patients and control subjects support
the role of cytokine polarized immunity in TB. Cytokine
profile skewed towards dominant production of the IL-
4 along with lower IFN-y level was found among TB
patients compared to that of the controls and healthy
contacts. At the same time several other groups failed to
observe the same. The reasons for this apparent discre-
pancy may be the variations of the experimental systems,
use of different antigens, different populations with
diverse host genetic factors and importantly, a great deal
of variation among the study subjects and the extent as

well as severity of their disease. Another
major limitation of these studies is that all
of them looked either at the soluble and
accumulated cytokine level in the peripheral
blood or long term in vitro stimulation which
might have imposed functional bias on the
responding T-cell in terms of cytokine
production.

To address the issue of Th1/Th2 paradigm
in TB, investigators focussed attention to
the cells producing the cytokines
particularly the T-cells derived from the
disease site. Data emanating from these
recent studies indicate a possible
compartmentalization of T-cell mediated
immune response among TB patients and a
predominant role of IL-12. Cytokine profile
of the pleural fluid revealed excess levels of
IFN-y and IL-12 relative to their levels in the
peripheral blood compartment (37). Several
investigators have demonstrated a Thl
biased response in the pleural compartment
representing the site of a strong T-cell
response of local TB pathology.

To understand the Th1/Th2 phenomenon
in TB researchers have studied patients
suffering from disseminated and severe
forms of TB. The T-cells from TB patients
in the setting of HIV infection showed
predominant IL-4 production with excess of
IL-10 that is known to drive the effector T-
cell responses towards Th2 and antagonize
the Thl driving cytokine IL-12. Study of T-
cells from patients with miliary TB
provided strong indication that extent and
dissemination of TB tightly correlate with a
strong Th2 bias demonstrated by the T-
cells derived from BAL  fluid
representing the pathologic site of
disseminated TB (19). Interestingly, IFN-y
production by the T-cells from the BAL fluid
could be restored by supplementation with
IL-12. Using flow cytometry based assay of
intracellular cytokines, Mitra et al (20) have
demonstrated that the T-cells from TB
pleural effusion predominantly produce
IFN-y, the Th1 designate cytokine,



6.

REFERENCES

Lurie MB. Resistance to tuberculosis: experimental studies in native and acquired defense mechanism. Cambridge:
Harvard University Press; 1964.

Cooper AM, Callahan JE, Keen M, Belisle, JT, Orme IM. Expression of memory immunity in lung following re-
exposure to M.tuberculosis. Tubercle Lung Dis 1997;78:67- 73.

North R], LaCourse R, Ryan L. Vaccinated mice remain more susceptible to M.tuberculosis infection initiated via the
respiratory route than via intravenous route. Infect Immun 1999;76:2010-2.

van Crevel R, Ottenhoff TH, van der Meer JW. Innate immunity to Mycobacterium tuberculosis. Clin Microbiol Rev
2002;15:294-309.

Schlesinger LS, Bellinger-Kawahara CG, Payne NR, Horwitz MA. Phagocytosis of Mycobacterium tuberculosis is
mediated by human monocyte complement receptors and complement component C3. ] Immunol 1990;144:277-80.
Schlesinger LS. Macrophage phagocytosis of virulentbut not attenuated strains of Mycobacteriumtuberculosisismediated

by mannose receptors in addition to complement receptors. ] Immunol 1993;150:2920-30.

7.

10.

11.

13.

14.

15.

16.
17.
18.

19.

21.

2. .

24,

Bermudez LE, Goodman ]. Mycobacterium tuberculosis invades and replicates within type II alveolar cells. Infect
Immun 1996;64:1400-6.

Orme IM, Cooper AM. Cytokine/chemokine cascade in immunity to tuberculosis. Immunol Today 1999; 20:307-12.
Bergeron A, Bonay M, Kambouchner M, Lecossier D, Riquet M, Soler P, et al. Cytokine patterns in tuberculosis and sarcoid
granulomas: correlation with histopathologic features of the granulomatous response. ] Immunol 1997;159:3034-43.
Hoheisel G, Izbicki G, Roth M, Chan CH, Leung JC, Reichenberger F, et al. Compartmentalisation of pro-
inflammatory cytokines in tuberculous pleurisy. Respir Med 1998;92:14-7.

Casarini M, Ameglio F, Alemanno L, Zangrilli P, Mattia P, Paone G, et al. Cytokine levels correlate with a radiologic
scoreinactive pulmonary tuberculosis. Am J Respir Crit Care Med 1999;159:143-8.

de Jong R, Altare F, Haagen IA, Elferink DG, Boer T, van Breda Vriesman P, et al. Severe mycobacterial and Salmonella
infectionininterleukin-12 receptor deficient patients. Science 1998; 280:1435-8.

Sugawara I, Yamada H, Kaneko H, Mizuno S, Takeda K, Akira S. Role of IL-18 in mycobacterial infection in IL-18 gene
disrupted mice. Infect Immun 1999;67:2585-89.

Vankayalapati R, Wizel B, Weis SE, Samten B, Girard WM, Barnes PF. Production of interleukin-18 in human
tuberculosis. | Infect Dis 2000;182:234-9.

van Crevel R, Ottenhoff TH, van der Meer JW. Innate immunity to Mycobacterium tuberculosis. Adv Exp Med Biol
2003;531:241-7.

Flynn]L, Chan].Tuberculosis:latency and reactivation. Infect Immun 2001;69:4195-201.

Boussiotis VA, Tsai EY, Yunis EJ, Thim S, Delgado JC, Dascher CC, et al. IL-10 producing T cells suppress immune responses
in anergic tuberculosis patients. ] Clin Invest 2000;105:1317- 25.

Hernandez-Pando R, Orozco H, Sampieri A, Pavon L, Velasquillo C, Larriva Sahd ], et al. Correlation between the
kinetics of Th1/Th2 cells and pathology in a murine model of experimental pulmonary tuberculosis. Immunology
1996;89:26-33.

Sanchez FO, Rodriguez JI, Agudelo G, Garcia LF. Immune responsiveness and lymphokine production in patients with
tuberculosisand healthy controls. InfectImmun1994;62:5673- 8.

Sharma SK, Mitra DK, Balamurugan A, Pandey RM, Mehra NK. Cytokine polarisation in miliary and pleural tuberculosis. ]
Clin Immunol 2002;22:345-52.

Toossi Z, Gogate P, Shiratsuchi H, Young T, Ellner JJ. Enhanced production of TGF-beta by blood monocytes from
patients with active tuberculosis and presence of TGF-beta in tuberculous granulomatous lung lesions. ] Immunol
1995;154:465-73.

Toossi Z, Ellner JJ. The role of TGF beta in the pathogenesis of human tuberculosis. Clin Immunol Immunopathol
1998;87:107-14.

Rook GA, Steele ], Fraher L, Barker S, Karmali R, O'Riordan J, Stanford J. Vitamin D3, gamma interferon, and control of
proliferation of Mycobacterium tuberculosis by human monocytes. Immunology 1986,57:159-63.

Zwilling BS, Kuhn DE, Wikoff L, Brown D, Lafuse W. Role of iron in Nrampl-mediated inhibition of mycobacterial
growth. Infect Immun 1999;67:1386-92.

Bellamy R, Ruwende C, Corrah T, McAdam KP, Whittle HC, Hill AV. Variations in the NRAMP1 gene and susceptibility
to tuberculosis in West Africans. N Engl ] Med 1998;338:640- 4.



26.
27.
28.
K.

34

35.

Cooper AM, Segal BH, Frank AA, Holland SM, Orme IM. Transient loss of resistance to pulmonary tuberculosis in
p47PP*mice. Infect Immun2000;68:1231-4.

Winkelstein JA, Marino MC, Johnston RB, Boyle J, Curnutte J, Gallin JI, et al. Chronic granulomatous disease. Report on
a national registry of 368 patients. Medicine [Baltimore] 2000;79:155-69.

NozakiY, Hasegawa Y, Ichiyama S, Nakashima I, Shimokata

Mechanism of nitric oxide-dependent killing of Mycobacterium bovis BCG in human alveolar macrophages. Infect

Immun 1997;65:3644-7.

Sharma SK, Mohan A, Sharma A, Mitra DK. Miliary tuberculosis: new insights into an old disease. Lancet Infect Dis
2005;5:415-30.

Adams D. The structure of mononuclear phagocytes differentiatingin vivo:I. Sequential fineand histologicstudies of
the effect of bacillus Calmette-Guerin [BCG]. Am J Pathol 1974,76:17-48.

Keane J, Balcewicz-Sablinska MK, Remold HG, Chupp GL, Meek BB, Fenton M]J, et al. Infection by Mycobacterium
tuberculosis promotes human alveolar macrophage apoptosis. Infect Immun 1997;65:298-304.

Lopez Ramirez GM, Rom WN, Ciotoli C, Talbot A, Martiniuk F, Cronstein B, et al. Mycobacterium tuberculosis alters
expression of adhesion molecules on monocytic cells. Infect Immun 1994;62:2515-20.

Bean AG, Roach DR, Briscoe H, France MP, Korner H, Sedgwick JD, et al. Structural deficiencies in granuloma
formation in TNF gene-targeted mice underlie the heightened susceptibility to aerosol Mycobacterium tuberculosis
infection, which is not compensated for by lymphotoxin. ] Immunol 1999;162:3504-11.

Chang JC, Wysocki A, Tchou-Wong KM, Moskowitz N, Zhang Y, Rom WN. Effect of Mycobacterium tuberculosis and
its components onmacrophages and the release of matrix metalloproteinases. Thorax 1996;51:306-11.

Mitra DK, Sharma SK, Dinda AK, Bindra MS, Madan B, Ghosh

B. Polarised helper T cells in tubercular pleural effusion: phenotypic identity and selective recruitment. Eur ] Immunol

36.

37.

2005;35:2367-75.
Law KF, Jagirdar ], Weiden MD, Bodkin M, Rom WN. Tuberculosis in HIV-positive patients: cellular response and

immune activation in the lung. Am ] Respir Crit Care Med 1996;153:1377-84.
Zhang M, Gately MK, Wang E, Gong ], Wolf SF, Lu S, et al. Interleukin 12 at the site of disease in tuberculosis. ] Clin
Invest 1994;93:1733-9.






