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Abstract: Problem statement: Tuberculosis is a leading global mortality factanieh has not been
effectively controlled, with 1.7 million deaths pgear and 8.9 million new cases. Aerobic microbe
Mycobacterium Tuberculosis H37Rv (MTB) is the causative agent of tuberculosipproach: It is
unique among prokaryotes due to its exceptiondlfea contributing to its survival within the hdsti
environment of macrophageResults: It modifies both its intracellular and local tigsenvironment
and proliferates within macrophages resulting isecas granulomas, the characteristic lesions of TB.
MTB derived cAMP intoxicates host cells and thus#a MTB for long term persistence within
macrophages by modifying its intracellular enviremn Apart from these, there are several unique
structural components of MTB which interfere in tiaghways of immune system and thus eluding it from
destructionConclusion: The dormant state of MTB is the major factor whibvides this pathogen
ability to survive host inflammatory mediators aamtibiotic treatment. It is indispensable to deditge
the unusual features of MTB that enable its eséae the host immune system, in order to design an
efficacious drug against the unpardonable formubgtculosis.
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multidrug resistant, virulence factors, resistanberculosis, sharply reduced, drug
resistant

INTRODUCTION Tuberculosis is caused byMycobacterium
Tuberculosis H37Rv (MTB) which is a unique acid fast
Tuberculosis is the directing cause of deathgram positive bacterium. It is unique becausehigh
affecting one third of world’s population. It iseh |ipid and mycolic acid content of its cell wall.fieither
most unpardonable infectious disease and the mosipntains phospholipid outer membrane nor retaires dy
common one, which easily spreads through the aif/TB cell wall bears large amount of glycolipids
when the diseased person coughs, sneezes, or Sp'b%rticularly rich in mycolic acid, peptidoglycanAM

Lungs are the most common target, but it may alsqjingarabinomannan), Phosphatidyl Inositol Mannesid
affect the central nervous system, the gastrouylnar(PIM)' phthiocerol  dimycocerate, cord factor,

system, the lymphatic system, the circulatory syste sulfolipids and wax-D (Alderwicket al., 2007:

pones Jorts and s (umana Robbns, 2007 Sennen, 2003 e o, 1983 Beslt o, 137,
' i P Fratti et al., 2003; Meena and Rajni, 2010; Rajni and

strategies have been employed including BCGM 2010). Th . I I
(Bacillus Calmette-Guerin) vaccine against TB, but, eena, . )- ese unique cell wa components
none of them have been proved to be successful dgterfere in the host defence pathways and estafis

far. Poor administrative control, incomplete andSurvival within the phagosomes (Alderwicét al.,

inadequate treatment and spontaneous mutation ha@¥07; Brennan, 2003; Asambal., 1993; Belislest al.,
led to the emergence of mu'tidrug resistant].gg?; Frattiet al., 2003, Meena and RaJnL 2010, Rajr"

tuberculosis and later its progression into exteglyi ~and Meena, 2010; Kartmaret al., 1999). Exported
drug resistant tuberculosis (Jain and Dixit, 2008;proteins are one of the most important factor
Holtz and Cegielski, 2007). responsible for the virulence, in the case of MTB
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Antigen 85 complex is one of those dominant exmbrte macrophages and exhibits antimycobacterial progeerti
proteins which is one of the most powerful and(Cardona and Ruiz-Manzano, 2004). Non-toxic
protective antigen of MTB (Belislet al., 1997). MTB  concentration of NO competitively modulates the
is one of the most successful pathogen, which hagxpression of a 48 gene regulon which expresses to
extraordinary ability to persist within host machages Prepare bacilli for survival during long periods iof
through a complex and coordinated process condrolleVitro dormancy. It was suggested that inhibition of
by its special bacterial protein secretion systaed ~ respiration by NO production along with oxygen
as ESX-1 (Raghavaet al., 2008; Sorenseet al., 1995; limitation constrains MTB replication rates in pans
Championand Cox, 2007; Stanlest al., 2003; Welet with latent TB (Cardona and Ruiz-Manzano, 2004;
al., 2007; MacGurmet al., 2005; Porcelli, 2008). Zhanget al., 2001).

Tumor Necrosis Factor (TNF) is a cytokine well
known for its role in systemic inflammation and the
regulation of immnue cells (Flynet al., 1995). It is Cell wall struct.ure: MTB cel! wall structure i
also an important mediator produced by monocytegeserves special cc_)nslderatmn due to its
against bacterial and parasitic infections. Thelncomparable characteristics among prokaryotes and
essentiality of TNFx during MTB infection has been U'S & major factor for the virulence of the bacten.

realized, however its overproduction is associated N€ Cell wall contains complex lipids apart from
with deleterious effects (Orme and Collins, 1984;Peptidoglycan. Mycobacterial cell wall is composed

Orme et al., 1992; Floryet al., 1992 Flynnet al., of over 60% of lipids. The lipid fraction of MTB
1992; Rooket al., 1986; Mangelsdortt al., 1984; comprises of three major compone_nts i.e., mycolic
Bevilacquaet al., 1986; Nawroth and Stern, 1986; acid, cord factor and wax-D (Alderwiadt al., 2007;
Beutler and Cerami, 1985; 1986; 1989: Dinarell@l.,  Brennan, 2003). Mycolic acids are unique alpha-
1986; Traceyet al., 1988; Cotraret al., 1999; Sampaio Pranched lipids present in the cell wall of
etal., 1991; 1993; Sarnet al., 1991). Mycobacterium and Corynebacterium. Mycolic acids

Granulomas which are known to restrict bacterial@’® the primary determinant of permeability of
spreading actually serve as a nutrient rich reservo mycobacterial cell wall due to its strong hydroptwob
for MTB persistence. Granulomas accumulate at théature. Mycolic acid forms a lipid shell around the
site of tuberculosis infection and benefits MTB by Organism and thus affect permeability properties at
providing a constant supply of susceptible hostscel the cell surface. Mycolic acids are considered ¢o b
to infect (Adams, 1976; Egest al., 2008; Peyroret ~ @n important factor responsible for virulence in
al., 2008; Davis and Ramakrishnan, 2009; Bold andTB, because they defend mycobacteria from the
Ernst, 2009). This efficient recruitment of uninfed ~ attack of cationic proteins, lysozyme and oxygen
macrophages to the site of infection is controlbgd ~radicals in the phagocytic granule. They are also
mycobacterial RD1 locus (Davis and Ramakrishnanknown to protect extracellular mycobacteria from
2009). MTB which proliferates within host complement deposition in serum (Alderwiek al.,
macrophages modifies its intracellular and local2007). _ _
tissue environment causing caseous granulomas with Cord factor (trenalose 6, &'- dimycolate; TDM)ais
incomplete bacterial sterilization (Baker and Kelly surface glycolipid, which causes MTB to grow inrgit
2004; Sands and Palmer, 2008; Walburgeal., 2004; in serpentine cords. Cord factor is an inhibitoPdAN
Axelrod et al., 2008; Hunteret al., 2007; Agarwalet (Polymorphonuclear neutrophil) migration and isoals
al., 2009; Keanet al., 2001; Chakravartgt al., 2008).  toxic to mammalian cells. It is most abundantly
Apart from unique behavior of granulomas therelate Produced on the surface of virulent strains of MTB
adenylate cyclase genes present in MTB, among theMyhile avirulent strains do not have cord factor {As
Rv0386 has been shown to be necessary for virulencgt al., 1993). The third major lipid ‘wax-D’ is the majo
Rv0386 adenylate cyclase also mediates delivery ofomponent of freund’s complete adjuvant. Apart from
CAMP derived from bacteria into the macrophagewax-D LAM is also an important part of mycobactéria
cytoplasm (Agarwagt al., 2009). cell wall which has been shown to be involved in

There are some host factors that initiate anddhagocytosis of MTB when it is “capped” with short
maintain the latent state of TB, Nitric Oxide (N@) mannose oligosaccharides (ManLAM) (Brennan, 2003;
one such host factor which is a product of actidate Belisleet al., 1997).
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Fig. 1: legend significance of unique characterifgatures oM. tuberculosis in host immune system

ManLAM is an important regulator of endosomal Modulation of virulence by M. tuberculosis h37rv:
trafficking since it is known to inhibit MTB is one of the most successful pathogens because
phosphatidlylinositol 3-kinase and phosphatidlyitmls of its shrewd survival strategy. The extraordinary
3-phosphate binding effectors dependent pathway anability of MTB to persist within host macrophage
thus inhibit phagosome maturation (Frattal., 2003). results from the complex and delicately coordinated
Antigen 85 complex is a group of related gene petslu process in which it interacts with its host. Thisgess
forming a triad. This complex acts through itsis controlled in part by a specialized bacteriadtpin-
fibronectin binding capacities and thus contribuites secretion system known as ESX-1. Mycobacteria avoid
disease pathogenesis (Meena and Rajni, 2010; Rajexcessive virulence by maintaining ESX-1 activity,
and Meena, 2010). These proteins are also invadlved leading to its long term survival (Raghavah al.,
the ultimate stages of mycobacterial cell wall agsdy  2008). Virulence of MTB is mediated by ESX-1, which
through their mycolyltransferase activity (Beligkeal ., is also found to occur in other gram positive baate
1997). Apart from all these unique structural feasy ESAT-6 and CEP-10 are the two proteins secreted by
porins present in the mycobacterial cell wall alsothe ESX-1 system. These proteins are the saliegeta
deserves special attention due to its very sma#t pize  of the immune system in animals, including humans
compared to other bacteria. These porins act like @fected with MTB (Sorensemt al., 1995). Studies
diffusion barrier which is 100-1000 times less have shown that during the early phase of infection
permeable to hydrophilic molecules and manymice and in macrophages ESX-1 mutants grow poorly
antibiotics compared to other prokaryotes Ikecoli (Patriciaet al., 2007; Stanleyt al., 2003). ESX-1 also
(Rajni and Meena, 2010; Kartmaghnal., 1999). It was helps MTB to escape from phagosome vesicles inrorde
suggested that high concentration of lipids in ¢ef  to prevent their destruction (Wet al., 2007). It was
wall of MTB imparts bacterium several propertiestsu envisaged that a gene Rv 3849 which is located some
as impermeabilty to strains and dyes, resistance tdistance from the main ESX-1 gene cluster is reguir
many antibiotics, resistance to killing by acidinda for ESX-1 function. EspR is the protein product of
alkaline compounds, resistance to osmotic lysis viaRv3849 which is highly similar to a gene transdapt
complement deposition and resistance to lethafactor of the harmless soil bacterium Bacillus #isbt
oxidation and survival inside macrophages as shown and is also a DNA-binding transcriptional regulator
Fig. 1 (Alderwicket al., 2007; Brennan, 2003). (MacGurn et al., 2005). An important finding has
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shown that EspR is itself secreted by ESX-1 (Pbycel (Traceyet al., 1988) weakness, fatigue, nightsweats,
2008). EspR is a transcription factor that is adtiv lung necrosis and progressive weight loss (Cagtah,
exported from the cell by the same secretion systent999). Recently drug thalidomide (alpha-N-
that it induces. EspR when initially express adtiva phthalimidoglutarimide) has been shown to suppress
ESX-1 to secrete high levels of virulence promotingTNF-o production by human monocytes in vitro,
proteins, allowing MTB to establish its infectiomthe  (Sampaioet al., 1991; 1993) and it also normalize
host. After infection secretion of EsSpR reduces itselevated levels of serum TNEFin vivo (Sampaicet al.,
transcriptional activity within the bacterium and 1991; 1993; Sarnet al., 1991). Thus there must be a
diminished ESX-1 activity. This process partially balance in the production of TNFto stimulate host
attenuate virulence thus promoting bacterial pesee  immunity.
in order to heightens transmission (Porcelli, 2008)
Granulomas fascilitating spread of M. tuberculosis

Role of tumour necrosis factor in the h37rv: Granulomas are the characterisitic lesions of
immunopathology of tuberculosiss MTB stimulates TB, which have long been considered as a host defen
variety of immune responses after infection in flest  mechanism for containing persistent pathogens (Adam
(Flynn et al., 1995). CD4 and CD8 T cells have been1976; Egeret al., 2008). The first real time images of
shown to be responsible for protective immunegranulomas was produced in mammals by examining
response to MTB infection (Orme and Collins, 1984;live granulomas in mice infected with Mycobacterium
Orme et al., 1992; Floryet al., 1992; Flynnet al., bovis BCG (Egenet al., 2008). Their report also
1992). Different cell types are known to produceFfN  identified a role for TNF in maintenance of grambls.
including macrophages. TN&- is released upon It is also suggested that oxygenated mycolic atms
exposure of macrophages to Lipopolysaccharide (LPSWTB play an important role in the differentiatiorf o
or other pathogens like mycobacteria (Flyanal.,  foamy macrophages from macrophages. These foamy
1995). The release of TNF from macrophages imrmacrophages which are granuloma specific cell
granulomata occurs via specific sequence of eventpopulation are characterized by its high lipid eont
Initially IFN-y is produced by the T-cell mediated and could serve as a reservoir for long persistafice
response, resulting in the local activation oftubercle bacillus within its human host (Peyriral.,
macrophages. Activated macrophages produces TNE008). Recent findings suggest that granulomas
and also gain 1-hydroxylase activity responsibletfi®@  commonly known as organized aggregates of immune
conversion of inactive circulating 25-OH vitamin; D cells which accumulate at the site of tuberculosis
into the active 1, 25-(OH)derivative (Rooket al., infection are beneficial to the MTB in the earlages
1986). This compound fascilitates maturation ofof infection. During early stages of granuloma
macrophages, (Mangelsdatfal., 1984) and heightens formation macrophages are highly motile and théyear
the anti- microbial efficacy of human monocytesidgr granuloma in reality benefits the MTB by recruiting
MTB infection (Mangelsdorkt al., 1984). TNFe has  macrophages to the site of infection, thus prowgdin
been associated with potent effects on normatonstant supply of susceptible host cells to infBetvis
endothelial cells and may also induce intravasculannd Ramakrishnan, 2009). Uninfected macrophages are
coagulation (Bevilacquet al., 1986; Nawroth and Stern, actively recruited to the site of infection by tindected
1986). Moreover, weight-loss associated withmacrophages (Bold and Ernst, 2009). Phagocytosis of
tuberculosis is also due to TNF secretion (Beutled infected cell remnants and their bacterial contédyts
Cerami, 1986). TNF release is also associated withininfected macrophages fascilitates efficient spaead
release of Interleukin-1 (IL-1) which is a pyrogen, expansion of the bacterial population (Bold andsErn
(Dinarelloet al., 1986) and suppresses lipoprotein lipase2009). Mycobacterial RD-1 locus has been thought to
(Beutler and Cerami, 1986) but induces procoagulanbe responsible for the efficient recruitment of
activity in endothelial cells Fig. 2 (Bevilacque al.,  uninfected macrophages to the site of Mycobacterium
1986). Information obtained from murine models hasmarium (M. marium) infection (Davis and
shown crucial role of TNF in control and survivél 0 Ramakrishnan, 2009). It was observed that RD-1
MTB infection in mice (Flynret al., 1995). deficient M. marium recruit seven fold less uninéet

In view of all these observations it can bemacrophages to the site of infection than virulbht
envisaged that TNk-is essential for host immunity. marium. MTB is cosidered as one of the most
However its overproduction may have severesuccessful bacterium that infects macrophages and
pathologic consequences, such as fever by dir¢icnac dendritic cells and hence is able to counteract and
of TNFw on the hypothalamus, (Beutler andutilize host immune responses (Davis and
Cerami, 1989) marked losses of fat and muscle cellRamakrishnan, 2009).

4



Am. J. Immunol., 7 (1): 1-8, 2011

O Resting macrophage
_”féﬂﬁ ;
Resting Tg-cells ¢
Development | @ uceation necrosis ®n B IEN-v
of granulomas e
h®

Activated Ty-cell

e e
Inflammatery  |q— Endothelial cells

response \
foncs '—/

intracellular
coagulation

Weight loss
(Cachexia)

Intracellular bacteria

Granulomas

Fig. 2: legend TNFe in the immunopathology of tuberculosis

Although immune system consisting of adaptive(Agarwalet al., 2009). Data has shown that Rv0386 is
immunity (CD4 and CD8 T cell) is able to protect required for full virulence in the mouse model doss
host from foreign particles but its not able todécate  of this adenylate cyclase gene results in a maaggh
tuberculosis infection, which results in latenteicion  infection that is devoid of a cAMP burst. Rv0386
(Bold and Ernst, 2009). At the same time MTB alsomutant elicited sharply reduced CREB phosphorytatio
possess mechanisms to confine apoptosis (Davis arsignals after macrophage infection, which is edeive
Ramakrishnan, 2009). Development of an effectivelo cAMP levels in uninfected macrophages. It also
tuberculosis vaccine requires realizing the shaniogs  resulted in reduced TNé&-secretion, which is 40-50%
of immune responses to MTB and the virulencebelow wild type levels. Low levels of TNé&-are
mechanisms it employs to circumvent immunity. associated with immune containment of latent MTB,

(Keaneet al., 2001; Chakravartgt al., 2008) while in
M. tuberculosis h37rv adenylate cyclase intoxicates  active disease high levels of TNfFcause caseation
macr ophages with cyclic AMP: MTB has evolved necrosis leading to the development of granulomas.
highly specialized mechanism to proliferate in Huest
during infection. Subversion of host cell signal Dormancy in M. tuberculosis h37rv: MTB latent
transduction is the common strategy employed by MTBbacilli are microorganisms that are able to survive
by the introduction of enzymes that modulate tivele  within the hostile environment of macrophages and
of secondary messengers such as cAMP (Baker aratapt themselves to the stressful conditions gesgbra
Kelly, 2004; Sands and Palmer, 2008). MTB inhibitsby host defense system. By slowing metabolism and
the host phagosome maturation process to surviveecoming dormant MTB counterbalances these
intracellularly (Walburgeret al., 2004; Axelrodet al.,  conditions and appear as silent to the immune Byste
2008). It also arouses an immune response givegy ri (Cardona and Ruiz-Manzano, 2004). The dormant form
to caseous necrosis and the formation of solidf tubercle bacilli is the major block for tuberosis
granulomas (Huntest al., 2007). It was suggested that treatment. Evidence from murine models of
these lesions may fascilitate chronic containeddtibn  tuberculosis have shown progressive infection in
(Baker and Kelly, 2004; Sands and Palmer, 2008animals unable to produce the inducible isoforniNef
Walburgeret al., 2004). It was observed that infection synthase and in animals treated with a NO synthase
with the MTB mutant lacking the adenylate cyclaseinhibitor. It was concluded that,CGand low, nontoxic
gene Rv0386 resulted in cAMP levels that wereconcentration of NO competitively modulate the
fivefold lower than those observed with wild typelBI  expression of a 48- gene regulon, which expresses i
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vivo and prepares bacilli for survival during long Alderwick, L.J., H.L. Birch, A.K. Mishra, L. Eggelg
periods of in vitro dormancy. According to data and G.S. Besra, 2007. Structure, function and
obtained from experiments it is postulated that biosynthesis of theMycobacterium tuberculosis

inhibition of respiration by NO production and, O
limitation within granulomas restricts MTB repligat
rates in individuals with latent tuberculosis (Zbaet
al., 2001). Gradual reduction in,@oncentration leads

cell wall: Arabinogalactan and lipoarabinomannan
assembly with a view to discovering new drug
targets. Biochem. Soc. Transact., 35: 1325-1328.
PMID: 17956343

to a non replicating persistent state charactertzgd Asano, M., A. Nakane and T. Minagawa, 1993.

bacteriostasis and metabolic, chromosomal andtstaic

changes in the dormant bacteria. It was observetl th

even after long periods of hypoxia induced bacstaigis,

provision of Q results in resuscitation of the dormant

bacteria (Zhanet al., 2001).

CONCLUSION

It is quite striking how MTB has developed so

much variation in its cell wall from other gram pio®

bacteria. These unique cell wall components have

different functions after recruitment into hostlcdlhe
high lipid content of cell wall imparts impermeatyilto

Endogenous gamma interferon is essential in
granuloma formation induced by glycolipid-

containing mycolic acid in mice. Infect Immun.,

61: 2872-2878. PMID: 8514390

Axelrod, S., H. Oschkinat, J. Enders, B. Schlegal a

V. Brinkmannet al., 2008. Delay of phagosome
maturation by a mycobacterial lipid is reversed by
nitric oxide. Cell Microbiol.,, 10: 1530-1545.
PMID: 18363878

Baker, D.A. and J.M. Kelly, 2004. Structure, fuocti

and evolution of microbial adenylyl and guanylyl
cyclases. Mol. Microbiol., 52: 1229-1242. PMID:
15165228

various compounds including resistance to numerouBelisle, J.T., V.D. Vissa, T. Sievert, K. Takayamanad

drugs. Moreover, MTB bacilli also
mycobacterial products which directly or indirectign

affect local immune responses. Apart from these,
dormant state of MTB is one of the most remarkable
feature of this pathogen which is closely assodiate
with the ability of the pathogen to survive host
inflammatory responses and antibiotics. Establisitme
of this dormant state requires unique regulatory
mechanisms and signals to enter and exit dormancy.
The more we will understand the processes invoimed

release

P.J. Brennaset al., 1997. Role of the major antigen
of mycobacterium tuberculosis in cell wall
biogenesis. Science, 276: 1420-1422. PMID:
9162010

Beutler, B. and A. Cerami, 1986. Cachectin and twmo

necrosis factor as two sides of the same biological
coin. Nature, 320: 584-588. PMID: 3010124

Beutler, B. and A. Cerami, 1989. The biology of

cachectin/TNF--a primary mediator of the host
response. Annu. Rev. Immunol.,, 7: 625-655.
PMID: 2540776

cell wall metabolism, cell division and growth geytler, B.A. and A. Cerami, 1985. Recombinant

signaling, the more we will be able to design aaiov

drug effective against the dormant MTB.
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