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ABSTRACT 

Tuberclosis is one of the most infectious and ancient disease. it is caused by 

bacteria mycobacterium tuberculosis, but very few people have  risk of its 

reoccurrence round 5-10%.one third of the population is infected with this 

deadly disease and comes next to HIV. When active tuberculosis develops, 

disease localization, severity and outcome are highly variable. It may 

develop anywhere in the body but usually presents as pulmonary infection 

,ranging from mild infection to chronic, cavitary and severely destructive 

disease. According to world health organization   (WHO),TB is a worldwide 

pandemic. The different manifestation of infection with M.tuberclosis reflect 

the balance between the bacillus and host defence system. However one 

should be were that dissecting innate and acquired host responses are 

complementary and synergistic. 
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INTRODUCTION 
One third of the world population is infected with Mycobacterium tuberculosis, but only 5 to 10% of this 
of this population has a life time risk of developing active tuberculosis, either within 1 or 2 years after 
infection (primary tuberculosis) or thereafter (postprimary tuberculosis) (Fig.1). When active 
tuberculosis develops, disease localization, severity, and outcome are highly variable. Miliary 
tuberculosis, characterized by the hematogenous dissemination of large numbers of mycobacteria 
throughout the body, is the most serious disease manifestation. On the other end of the clinical spectrum, 
tuberculosis pleuritis is usually self-limiting. Tuberculosis may develop anywhere in the body, but 
usuallypresents as pulmonary infection, ranging from mild infiltration to chronic, cavitary, and severely 
destructive disease.The different manifestation of infection with M. tuberculosis reflect the balance 
between the bacillus and host defense mechanisms, in which the quality of host defense determines 
outcome. In this review, emphasis is placed on the natural, innate host defense mechanisms against 
M.tuberculosis. 
However, to enable the reader to place those mechanisms in the context of both innate and acquired 
defense, a complete picture of M.tuberculosis infection is briefly reviewed first. One should be aware that 
dissecting innate and acquired host response are complementary and synergistic. 
 
Chronological Event in the Pathogenesis of Tuberculosis 
Based on lurie’s fundamental studies in rabbits, four stages of pulmonary tuberculosis have been 
distinguished. The first stage begins with inhalation of tubercle bacilli. Alveolar macrophages ingest the 
bacilli and often destroy them. At this stage, the destruction of mycobacteria depends on the intrinsic 
microbicidal capacity of host phagocytes and virulence factors of the ingested mycobacteria. 
Mycobacteria which escape the initial intracellular destruction will multiply, and this will lead to 
disruption of the macrophage. When this happens, blood monocytes and other inflammatory cells are 
attracted to the lung (second stage). These monocytes will differentiate into macrophages which again 
readily ingest but do not destroy the mycobacteria. In this symbiotic stage, mycobacteria grow log-
arithmically , and blood-derived macrophages accumulate, but little tissue damage occurs. Two to three 
weeks after infection, T-cell immunity develops, with antigen-specific T lymphocytes that arrive, 
proliferate with in the early lesions or tubercles, and then activate macrophages to kill yje intracellular 
mycobacteria. Subsequent to this phase the early logarithmic bacillary growth stops (third stage). Central 
solid necrosis in these primary lesions inhibits extracellular growth of mycobacteria. As a result, infection 
may become stationary or dormant. Disease may progress, and hematogenous dissemination may take 
place after primary infection, as well as months or years afterwards (postprimary tuberculosis), under 
conditions of failing immune surveillance.  Liquefiedcaseous foci provide excellent conditions for 
extracellular growth of M. tuberculosis. Cavity formation may lead to rupture of nearby bronchi, allowing 
the bacilli to spread through the airways to other parts of the lungs and the outside environment. In 
summary, after entry in the human lung, M. Tuberculosishas a series of encounters with different host 
defense mechanisms. The final outcome of infection with M. Tuberculosis depends on the balance 
between (i) outgrowth and killing of M. Tuberculosis and (ii) the extent off tissue necrosis, fibrosis, and 
regeneration. 
After inhalation of M. Tuberculosis (MTB) droplet nuclei, several scenarios may follow. Mycobacteria may 
be destroyed by alveolar macrophages, in which case no real infection will take place. Alternatively, M. 
tuberculosis may not be immediately killed, and so a primary complex consisting of a small infiltrate and 
a draining lymph node will develop. Small calcifications may be seen on radiographic examination and 
the PPD skin test, as a marker of an M. tuberculosis-specific T-cell response, becomes positive. Most often, 
infection is stabilized at this point. In a minority of cases active disease now develops (primary 
tuberculosis[TB]),either in the lungs or anywhere else after hematogenous dissemination of M. 
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tuberculosis. Months or years afterwards, usually under condition of failing immune surveillance, latest 
infection may reactivate (postprimary TB). 
 

 
FIG. 1. Chronological events after inhalation of M. tuberculosis.  
 
Protection against Tuberculosis 
 
Acquired T- cell- mediated immunity: Elimination of M. Tuberculosis infection mainly depends on 
success of the interaction between infected macrophages and T lymphocytes. Primary as well as acquired 
immunodeficiencies, especially human immunodeficiency virus infection, have dramatically shown the 
importance of cellular immunity in tuberculosis. CD4_ T cell exert their protective effect by the 
production of cytokines, primarily gamma interferon (IFN-Γ), after stimulation with mycobacterial 
antigens. Other T-cell subsets, like CD8_T cell, are likely to contribute as well, by secreting cytokines and 
lysing infected cells . The T-cell response is mostly antigen specific, and attention has focused on the 
identification of immunodominats antigens which might be used for the development of effective 
vaccines. The acquired T-cell response develops in context of the major histocompatibility complex 
(MHC), and polymorphism of MHC may contribute of differences in diseases susceptibility or outcome. 
Functional diversity of T lymphocytes may also be relevant. In 1986, it was reported that murine helper T 
(Th) lymphocytes could be divided into two subsets: Th1 clones were characterized by the production of 
IFN-γ, and Th2 clones were characterized by the production of interleukin 4 (IL-4).Both subsets develop 
from naïve T cell, whose differentiation is influenced by the environment:IL-12, produced by activated 
macrophages and dendritic cells, is the principal Th1- inducing cytokine, while IL-4 promotes induction 
of Th2 cells. More cytokines and different cellular subsets have been included in this Th1- Th2 concept , 
which is thought to be relevant in many disease entities. In mycobacterial infection, Th1 –type cytokines 
seem essential for protective immunity. Indeed, IFN-Γ gene knockout (KO) mice are highly susceptible to 
M. Tuberculosis, and individuals lacking receptors for IFN-Γ suffer from recurrent, sometime lethal 
mycobacterial infections. Th2- type cytokines inhibit the in vitro production of IFN-as well the activation 
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of macrophages, and my therefore weaken host defense We and others have shown an increase in Th2-
type cytokines in tuberculosis patients However, this is not a consistent finding, and the relevance of the 
Th1-Th2 concept in disease susceptibility or presentation remains uncertain. 
 
Evidence for innate immunity 
Phagocytic cells play a key role in the initiation and direction of adaptive T-cell immunity by presentation 
of mycobacterial antigens and expression of costimulatory signals and cytokines. In addition, innate 
defense mechanisms of phagocytic cells may be important, as highlighted in lurie’ s fundamental studies 
with resistant and susceptible inbred rabbits. Seven days after primary infection through inhalation of 
tubercle bacilli, the lungs of mycobacterium-susceptible rabbits contained 20-to 30-fold more viable 
mycobacteria then did the lungs of mycobacterium-resistant rabbits. Obviously, this difference during 
early infection cannot be attributed to T-cell immunity. More recently this was found that acquired T-cell 
immunity in vaccinated mice effectively protects them from disseminated tuberculosis but does not 
prevent the initial pulmonary infection. 
In human disease, the same holds true. Acquired T-cell immunity after vaccination with Mycobacterium 
bovis BCG is more effective against disseminated infection than against pulmonary disease. 
 

 
Various receptors have been identified for phagocytosis of M. tuberculosis (MTB) by macrophages and 
dendritic cells: complement receptors are primarily responsible for uptake of opsonized M. tuberculosis; 
MRs and scavenger receptors for uptake of nonopsonized M. tuberculosis. TLRs play a central role in 
immune recognition of M. tuberculosis. In the context of CD14, TLR2 binds lipoarabinomannan, a 
heterodimer of TLR2 and TLR6 binds a 19-KDa M. tuberculosis lipoarabinomannan, TLR4 binds to an 
undefined heat-labile cell-associated factor, and (possibly) TLR4 binds to M. tuberculosis DNA. After 
binding to TLRs, common signalling pathways lead to cell activation and cytokine production. TLRs are 
expressed not only at the cell surface but also in phagosomes; therefore, immune activation may occur 
with or without phagocytosis. On the other hand, phagocytosis alone probably does not lead to immune 
activation without the involvement of TLRs. 
Occurred twice as often in black as in white individuals who were equally exposed to active tuberculosis. 
Apparently, innate host defense mechanisms at this early stage were less efficient in black residents. In 
accordance with this, macrophages from Afro-Americans demonstrate a relative permissiveness for 
intracellular growth of virulent mycobacteria. Support for the relevance of T-cell-independent, intrinsic 
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bactericidal activity of macrophages is also found in genetic studies which have shown associations 
between tuberculosis and functional gene polymorphism for various macrophage products . There is 
more evidence, from both clinical and experimental studies, to support the relevance of innate immunity 
in tuberculosis. In the following paragraphs, the various components and processes that make up the 
innate host response to M. tuberculosis are discussed in more detail. 
 
PHAGOCYTOSIS OF M.TUBERCULOSIS 
Alveolar resident macrophages are the primary cell type involved in the initial uptake of M. tuberculosis. 
After this first encounter, dendritic cells and monocyte-derived macrophages also take part in the 
phagocytic process. Endocytosis of M. tuberculosis involves different receptors on the phagocytic cell 
(Fig.2) which either binds to nonopsonized M. tuberculosis or recognize opsonins on the surface of M. 
tuberculosis. As an example of the latter mechanism, mycobacteria can invade host macrophages after 
opsonisation with complement factor C3, which is followed by binding and uptake through complement 
receptor 1 (CR1), CR3, and CR4 . The relative importance of the various receptors for complement factor 
C3 is apparent form experiments in vitro, in which in the absence of CR3, phagocytosis of M. tuberculosis 
by human macrophages and monocytes is reduced by approximately 70 to 80%.For opsonisation with C3, 
the split product C3b should first be generated by activation of the complement system. M. tuberculosis 
also utilize part of the classical pathway of complement activation by direct binding to C2a, even in the 
absence of C4b; in this way the C3b necessary for binding to CR1 is formed  This mechanism facilitates 
mycobacterial uptake in environments low in opsonins, such as the lung. Nevertheless, nonopsonized M. 
tuberculosis can behind directly to CR3 and CR4. However, the best- characterized receptor for non-
opsonin-mediated phagocytosis of M. tuberculosis is the mycobacteria .When uptake by CRs and MR is 
blocked, macrophages may also internalize M. tuberculosis through the type A scavenger receptor. Fc_ 
receptors, which facilitate phagocytosis of particles coated with antibodies of the immunoglobulin G 
class, seem to play little role in tuberculosis. 
Enhanced binding of M. tuberculosis to epithelial cell or alveolar macrophages may represent a risk 
factor for developing clinical tuberculosis. Collection, a structurally related group of proteins that 
includes surfactant proteins, mannose-binding lectins (MBLs), and C1q, seem to be important in this 
respect. Surfactant proteins A (Sp-A) facilitates the uptake of M. tuberculosis through binding to either 
the macrophages, type II pneumocytes, or neutrophils. Interestingly, it has been reported that human 
immunodeficiency virus infected individuals have increased levels of Sp- A in the lungs, and this results in 
a threefold-greater attachment of M. tuberculosis to alveolar macrophages. In contrast another surfactant 
protein, SP-D, has been found to block the uptake of pathogenic strains of M. tuberculosis in tuberculosis 
in macrophages. It may therefore be hypothesized that the relative concentration of different surfactant 
proteins correlate with the risk of infection. 
Another member of the collection family, the plasma factor MBL, may also be involved in the uptake of 
mycobacteria by phagocytic cells. MBL recognize carbohydrate configuration on a wide variety of 
pathogens and induces phagocytosis directly through a yet-undefined receptor or indirectly by activation 
of the complement system. Genetic polymorphisms of the MBL gene account for significant variability of 
serum MBL concentration in different population. One study has reported elevated concentrations of 
MBL in the serum of tuberculosis patients and genetic polymorphisms associated with increased 
production of MBL have been reported to be a relative disadvantages in mycobacterial infections. 
Although M. tuberculosis has a tropism for phagocytic cell, it may also interact with nonprofessional 
phagocytic cell, such as alveolar epithelial cells This binding may involve fibronectin, a glycoprotein 
found in plasma and on the outer surface of many cell types .Similar to mycobacterium lepra. M. 
tuberculosis may bind to epithelial cells since the bacterium produces and secretes the 30-to31k Da 
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antigen 85 complex, a member of the fibronectin-binding protein family. In addition, a 28-KDa heparin-
binding adhesin, produced by M. tuberculosis, will bind to sulfated glycoconjugates on host cells. 
Thus, there are multiple mechanisms for the uptake of M. tuberculosis, involving a number of different 
host cell receptors. Most of these interaction have been demonstrated in vitro, and their relative 
importance in vivo remains to be shown. Distinct routes of entry of M. tuberculosis may lead to 
differences in signal transduction, immune activation, and intracellular survival o M. tuberculosis. For 
example, Fc_ receptormediated phagocytosis is directly linked to an inflammatory response, and binding 
to CR is not. Survival of M. tuberculosis after binding to CR1 is better than that after binding to CR3 or 
CR4. Also, phagocytosis of Sp-A-opsonized mycobacteria by alveolar macrophages suppresses reactive 
nitrogen intermediates, one of the putative effector mechanisms involved in the killing of 
mycobacteriaLikewise, virulent strains of M. tuberculosis are phagocytosed through MR, while 
attenuated strains are not, suggesting that this route of entrance is advantages to the mycobacterium. 
Indeed, phagocytosis through MR does not trigger O2 production  and M. tuberculosis exerts an anti-
inflammatory signal through MR. In vivo, the possible role of these events in immune evasion byM. 
tuberculosis remains to be determined. Of interest, strong linkage was found with several markers on 
chromosome 10p 13, where the MR gene is located, in a recent genome-wide scan of 245 families with 
leprosy in India. 
 
RECOGNITION OF M.TUBERCULOSIS: ROLE OF TOLL-LIKE RECEPTORS 
Beside phagocytosis recognition of M. tuberculosis or mycobacterial product is a crucial step in an 
effective host response. Immune recognition of the major mycobacterial cell wall component, 
lipoarabinomannan (LAM), appears to resemble that of gram negative bacterial lipopolysaccharide (LPS). 
Several circulating factor and receptors are involved. Plasma LPS-binding protein enhances macrophage 
responses to LPS and LAM by transferring these microbial product to the cell surface receptor CD14(68). 
Similarly, soluble CD 14 confers responsiveness to both LAM and LPS in CD 14- negative cells. Of interest, 
concentration of CD14 and LPS-binding protein in serum were elevated in patients with active 
tuberculosis. 
Toll- like receptors (TLRs) are phylogenetically conserved mediators of innate immunity which are 
essential for microbial recognition on macrophages and dendritic cell. Member of the TLR family are 
transmembrane proteins containing repeated leucine-rich motifs in their extracellular domains, similar 
to other pattern-recognizing proteins of the innate system. The cytoplasmic domain of TLR is 
homologous to the signaling domain of IL-1 receptor (IL-1R) and links to IRAK (IL-1R-associated kinase), 
a serine kinase that activates transcription factors like NF-B to signal the production of cytokines. To 
date, at least 10 TLR have been identified; o those TLR2, TLR4, and TLR9 seem responsible for the 
cellular responses to peptidoglycan and bacterial lipopeptides, endotoxin of gram-negative bacteri and 
bacterian DNA ,respectively. TLRs are also involved in cellular recognition of mycobacteria (Fig.2). 
Through TLRs, M. tuberculosis lysate or soluble mycobacterial cell wall-associated lipoproteins induce 
production of IL-12, a strong proinflammatory cytokine. My D88 (myeloid differentiation proteins 88), a 
common signalling component that links all TLRs to IRAK, was found to be essential for M. tuberculosis-
induced macrophage activation. A mutation of TLR2 specifically inhibited M. tuberculosis-induced tumor 
necrosis factor alpha (TNF-α) production; this inhibition was incomplete, thereby suggesting that besides 
TLR2, other TLRs may be involved. In a transfection model using Chinese hamster ovary (CHO) cells 
(which are relatively deficient in TLR), expression of TLR2 or TLR4 conferred responsiveness to both 
virulent and attenuated M. tuberculosis. TLR2, and not TLR4, was necessary for signalling of the 
mycobacterial LPS LAM  and a 19-KDa M. tuberculosis lipoprotein, while an undefined heat-labile cell-
associated mycobacterial factor was found to be the ligand for TLR4. Interestingly, mycobacterial 
infection and proinflammatory cytokines increase surface expression of TLR2. Besides TLR2 and TLR4, 



                                      Shagufta Taqvi et al,  Asian Journal of Pharmaceutical Technology & Innovation, 05 (25); 2017;  20 - 39 

 

www.asianpharmtech.com 
26 

other TLRs may be involved in immune recognition of M. tuberculosis: heterodimerization of TLR2 with 
TLR6 or TLR1 is necessary for signal transduction (31, 167), and TLR9 binds CpG dinucleotides in 
bacterial DNA. 
From several lines of evidence it has become clear that phagocytosis does not lead to immune activation 
in the absence of functional TLRs (Fig. 2). Even though TLR2 is recruited to phagosomes during 
phagocytosis, cytokine production was eliminated by the expression of a mutant TLR2, but particle 
binding and internalization were unaffected. Furthermore, the expression of CD14 and TLRs did not alter 
uptake of M. tuberculosis in vitro studies. Apparently, TLRs play an important role in innate recognition 
of mycobacteria, and this also hold for humans. Interestingly, a recent study showed that TLR2 activation 
directly led to killing of intracellular M. tuberculosis in alveolar macrophages in vitro. It may be 
anticipated that genetic polymorphism, or perhaps mutations, in the relevant TLR or the downstream 
signalling proteins will affect the performance of the innate host response to mycobacteria. 
 
CYTOKINE PRODUCTION DRIVEN BY M. TUBERCULOSIS 
 
Proinflammatory cytokines 
 
Recognition  of M. Tuberculosis  by phagocytic cells lead to cell activation and production of cytokines, 
which in itself induces further activation and cytokine production in a complex process of regulation and 
cross -regulation. This cytokine network plays a crucial role in the inflammatory response and the 
outcome of mycobacterial infections (Fig. 3). Several proinflammatory cytokine are discussed here. 
 
TNF-a.: stimulation of monocytes, macrophages, and dendritic cell with mycobacteria or mycobacterial 
products induces the production of TNF-α, a prototype proinflammatory cytokine. TNF-α plays a key role 
in granuloma formation, induces macrophages activation, and has immunoregulatory properties. In mice, 
TNF-α is also important for containment of latent infection in granulom. In tuberculosis patients, TNF-α 
production is present at the site of disease. Systemic spillover of TNF-α may account for unwanted 
inflammatory effects like fever and wasting. Clinical deterioration early in treatment is associated with a 
rapid selective increase of TNF-α in plasma and quick recovery is associated with a rapid decrease of 
TNF-α in plasma.To limit the deleterious effect of TNF-α systemic production of TNF-α is downregulated 
and soluble TNF-α receptors which block TNF-α activity are increased. KO mice which are unable to make 
TNF or the TNF-α receptor p55 display an increased susceptibility for mycobacteria. In line with this, the 
use of potent monoclonal anti-TNF-α antibodies in Crohn’s disease and rheumatoid arthritis has been 
associated with increase reactivation of tuberculosis (including miliary and extrapulmonary disease). In 
human tuberculosis, no TNF-α gene mutations have been found and no positive association has yet been 
established between gene polymorphism for TNF-α and disease susceptibility. 
 
IL-1 A second proinflammatory cytokine involved in the host response to M. tuberculosis is IL-1. Like 
TNF-α, IL-1 is mainly produced by monocytes, macrophages, and dendritic cell. In tuberculosis patients, 
IL-1 is expressed in excess and at the site of disease Studies with mice suggest an important role of IL-1 in 
tuberculosis: IL-1 and -1 double- KO mice and IL-IR type I-deficient mice (which do not respond to IL-
1)display an increased mycobacterial outgrowth and also defective granuloma formation after infection 
with M. Tuberculosis. In addition, among 90 Hindu tuberculosis patients in London, haplotypes for IL-1 
and IL-1R antagonist (IL-1RA) (a naturally occurring antagonist of IL-1) were unevenly distributed: a 
“proinflammatory haplotype,” reflected in an increase ratio of IL-1 production to IL-1Ra production, was 
significantly more common in tuberculosis pleurisy than in other types of tuberculosis. 
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Because tuberculosis pleurisy is a usually self-resolving type of primary tuberculosis, one may 
hypothesize that an increased IL-1_/IL-1Ra ratio protects against a more severe presentation of 
tuberculosis. 
 
IL-6.IL- 6, which has both pro- and anti-inflammatory properties, is produced early during mycobacterial 
infection and at the site of infection). IL-6 may be harmful in mycobacterial infections, as it inhibits the 
production of TNF-α and IL-1 (194) and promotes in vitro growth of Mycobacterium avium. Other 
reports support a protective role for IL-6: IL-6-deficient mice display increased susceptibility to infection 
with M. Tuberculosis, which seems related to a deficient production of IFN-early in the infection, before 
adaptive T-cell immunity has fully developed. 
 
IL- 12. IL-12 is a key player in host defense against M. tuberculosis. IL-12 is produced mainly by 
phagocytic cells, and phagocytic cell, and phagocytosis of M. tuberculosis seems necessary for its 
production. IL-12 has a crucial role in the induction of IFN-γ production. In tuberculosis, IL-12has been 
detected in lung infiltrates, in pleurisy, in granulomas , and in lymphadenitis. The expression of IL-12 
receptors is also increased at the site of disease. The protective role of IL-12 can be inferred from the 
observation that IL-12 KO mice are highly susceptible to mycobacterial infections,. In human suffering 
from recurrent nontuberculous mycobacterial infections, deleterious genetic mutations in the genes 
encoding IL-12p40 and IL-12R have been identified .These patients display a reduced capacity to produce 
IFN-γ. Recently, an IL-12R defect has also been identified in a patient with abdominal tuberculosis. 
Apparently, IL-12 is a regulatory cytokine which connects the innate and adaptive host response to 
mycobacteria  and which exerts its protective effects mainly through the induction of IFN-γ. 
 
IL-18 AND IL-15. In addition to IL-12, two cytokines are important in the IFN-x_ axis. IL-18, a novel 
proinflammatory cytokine which shares many feature with IL-1, was initially discovered as an IFN-γ 
inducing factor, synergistic with IL-12 . It has since been found that IL-18 also stimulates the production 
of other proinflammatory cytokines, chemokines, and transcription factors. 
There is evidence for a protective role of IL-18 during mycobacterial infections: IL-18 KO mice are highly 
susceptible to BCG and M. tuberculosis, and in mice infected with M. Leprae, resistance is correlated with 
a higher expression of IL-18. Il-18’s major effect in this model seems to be the induction of IFN-γ. Indeed 
in tuberculosis pleurisy, parallel concentrations of IL-18 and IFN-γ were found. Also, M. tuberculosis-
mediated production of IL-18 by peripheral blood mononuclear cells is reduced in tuberculosis patients, 
and this reduction may be responsible for reduced INF-y production. IL-15 resembles IL-2 in its biologic 
activities, stimulating T-cell and NK-cell proliferation and activation. Unlike IL-2, however, IL-15 is 
primarily synthesized by monocytes and macrophages. IL-15 Mrna was found to be expressed more 
strongly in immunologically resistant tuberculoid leprosy than in unresponsive lepromatous leprosy. As 
far as we know, no report has been published yet about IL-15 in tuberculosis.  
 
IFN-γ The protective role of IFN-γ in tuberculosis is well established , primarily in the context of antigen-
specific T-cell immunity. Mycobacterial antigen-specific IFN-γ production in vitro can be used as a 
surrogate marker of infection with M. tuberculosis . In principal, naïve (tuberculin skin test-negative) 
individuals do not show purified protein derivative (PPD)-stimulated IFN-γ production in vitro. However, 
in both PPD- positive and PPD-negative individuals, M. tuberculosis-infected monocytes stimulate 
lymphocytes for the in vitro production of INF-y (103). We found that PPD (consisting of mycobacterial 
proteins) selectively induces IFN-γ production in PDP- positive individuals, while M. tuberculosis 
sonicate, which contains mycobacterial polyglycans and phospholipids, nonselectively induced IFN-γ 
production in PPD positive and PPD-negative individuals alike (R. van Crevel et al, unpublished data). 
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This M. tuberculosis sonicate stimulates production of monocyte-derived cytokines like TNF-α and IL-1. 
These, as well as IL-12 and IL-18, may act as costimuli for antigen-independent IFN-γ production . 
 
 

 
FIG.3. Inflammatory response of phagocytic cell  upon activation with M. tuberculosis. 

 
Immune recognition of M. tuberculosis by macrophages and dendritic cell is followed by an inflammatory 
response with a crucial role for cytokine production. Initial event in this cellular response include 
nonspecific host defence mechanism, which may lead to early killing or containment of infection. In 
addition, various cellular products, including cytokines and cell surface markers, are involved in these 
processes as depicted in the figure (in italics). The anti-inflammatory cytokines (see text [“Anti-
Inflammatory Cytokines”]) are not represented in this picture. 
Which cell are responsible for this nonspecific production of IFN-γ_? First, before adaptive T-cell 
immunity has fully developed, NK cells may be the main producers of IFN-γ either in response to IL-12 
and IL-18 or directly by exposure to mycobacterial oligodeoxynucleotides. Second, lung macrophages 
were found to produce IFN-γ in M. tuberculosis- infected mice. This remarkable observation needs 
confirmation. Third, T cell bearing limited T-cell receptor diversity, including T cells expressing_ T-cell 
receptors (T cell) and CDI- restricted T cells, may produce IFN-γ_ during early infection. T cell may 
directly recognize small mycobacterial proteins  and nonprotein ligands in the absence of antigen-
presenting molecules. In mice, a single priming with M. tuberculosis substantially increases the number 
of T cell, but not the number of T cells (CD4 and CD8T cells) in draining lymph nodes. In mice infected 
with M. tuberculosis, T cell accumulate at the site of disease and seem necessary for early containment of 
mycobacterial infections. Like T cells, CDI- restricted T cells do not react with mycobacterial protein 
antigens in the context of MHC class I and II molecules.  
Instead, these T cells react with mycobacterial lipid and glycolipid antigens bound to CDI on antigen-
presenting cells. CDI molecules have close structural resemblance to MHC class I but are relatively 
nonpolymorphic. In mycobacterial infections, several different T- cells subsets have been found to 
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interact with CDI, including CD4, CD8 (double-negative) T cells, CD4 or CD8 single-positive T cells, and T 
cells. CDI-restricted T cells display cytotoxic activity and are able to produce IFN-γ. 
 
 
 
Anti-Inflammatory Cytokines 
The proinflammatory response which is initiated by M. tuberculosis is antagonized by anti-inflammatory 
mechanisms. Soluble cytokine receptors (e.g., soluble TNF-α receptors I and II) prevent binding of 
cytokines to cellular receptors, thereby blocking further signaling. As already mentioned, IL-1_ is 
counteracted by a specific antagonist, IL-1Ra. In addition, three anti-inflammatory cytokines, IL-4, IL-10, 
and transforming growth factor beta (TGF), may inhibit the production or the effects of proinflammatory 
cytokines in tuberculosis. 
IL-10. IL-10 is produced by macrophages after phagocytosis of M. tuberculosis and after binding of 
mycobacterial LAM (49). T lymphocytes, including M. tuberculosis-reactive T cells, are also capable of 
producing IL-10. In patients with tuberculosis, expression of IL-10 Mrna has been demonstrated in 
circulating mononuclear cells, at the site of disease in pleural fluid, and in alveolar lavage fluid. Ex vivo 
production of IL-10 was shown to be upregulated in tuberculosis by some investigators, but this was not 
found by others IL-10 antagonizes the proinflammatory cytokine response by downregulation of 
production of IFN-γ, TNF-α, and IL-12. Since the last of these cytokines-as discussed under the previous 
section heading- are essential for protective immunity in tuberculosis, IL-10 would be expected to 
interfere with host defence against M. tuberculosis. 
Indeed, IL-10 transgenic mice with mycobacterial infection develop a larger bacterial burden. In line with 
this, IL-10- deficient mice showed a lower bacterial burden early after infection in one report, albeit 
normal resistance in two other reports. In human tuberculosis, IL-10 production was higher in anergic 
patients, both before and after successful treatment, suggesting that M. tuberculosis-induced IL-10 
production suppresses an effective immune response. 
 
TGF-β .TGF-β also seems to counteract protective immunity in tuberculosis. Mycobacterial products 
induce production of TGF-β by monocytes and dendritic cells. Interestingly, Lam from virulent 
mycobacteria selectively induces TGF-β products. Like IL-10, TGF-β is produced in excess during 
tuberculosis and is expressed at the site of disease . TGF-β suppresses cell-mediated immunity: in T cells, 
TGF-βinhibits proliferation andIFN-γ production; in macrophages it antagonizes antigen presentation, 
proinflammatory cytokine production, and cellular activation. In addition, TGF-β may be involved in 
tissue damage and fibrosis during tuberculosis, as it promotes the production and deposition of 
macrophage collagenases and collagen matrix. Naturally occurring inhibitors of TGF-β eliminate the 
suppressive effects of TGF-β on mononuclear cells from tuberculosis patients and in macrophages 
infected with M. tuberculosis . Within the anti-inflammatory response, TGF-β and IL-10 seem to 
synergize: TGF-β selectively induces IL-10 production, and both cytokines show synergism in the 
suppression of IFN-γ production. TGF-β may also interact with IL-4. Paradoxically, in the presence of both 
cytokines, T cell may be directed towards a protective Th 1-type profile. 
 
IL-4. The deleterious effect of IL-4 in intracellular infection (including tuberculosis) have been ascribed 
to this cytokine’s suppression of IFN-γ production and macrophages activation .In mice infected with M. 
tuberculosis, progressive disease and reactivation of latent infection are both associated with increased 
production of IL-4. Similarly, overexpression of IL-4 intensified tissue damage in experimental infection. 
Conversely, inhibition of IL-4 production did not seem to promote cellular immunity: IL-4 mice displayed 
normal instead of increased susceptibility to mycobacteria in two studies, suggesting that IL-4 may be a 
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consequence rather than the cause of tuberculosis development. In contrast, a recent study on IL-4 KO 
mice showed increased granuloma size and mycobacterial outgrowth after airborne infection.  
 
TGF-β .TGF-β also seems to counteract protective immunity in tuberculosis .mycobacterial products 
induce production of TGF-β by monocytes and dendritic cells .Interestingly, LAM from virulent 
mycobacteria selectively induces TGF-β production. Like IL-10,TGF-β is produced in excess during the 
tuberculosis and is expressed at the site of the disease. The deleterious effects of IL-4 in intracellular 
infections (including tuberculosis) have been ascribed to this cytokine’s suppression of IFN-γ production  
and macrophage activation . In mice infected with M. tuberculosis, progressive disease and reactivation of 
latent infection are both associated with increased production of IL-4. Similarly, over expression of IL-4 
intensified tissue damage in experimental infection . Conversely, inhibition of TGF-beta also seems to 
counteract protective immunity in tuberculosis. Mycobacterial products induce production of TGF-β by 
monocytes and dendritic cells. Interestingly, LAM  from virulent mycobacteria selectively induces TGF-β 
production . Like IL-10, TGF-β is produced in excess during tuberculosis and is expressed at the site of 
disease. TGF-β suppresses cell-mediated immunity: in T cells, TGF-β inhibits proliferation and IFN-γ 
production; in macrophages it antagonizes antigen presentation, pro-inflammatory cytokine production, 
and cellular activation. In addition, TGF-β may be involved in tissue damage and fibrosis during 
tuberculosis, as it promotes the production and deposition of macrophage collagenases and collagen 
matrix. Naturally occurring inhibitors of TGF-β eliminate the suppressive effects of TGF-β on 
mononuclear cells from tuberculosis patients and in macrophages infected with M. tuberculosis . Within 
the anti-inflammatory response, TGF-β and IL-10 seem to synergize: TGF-β selectively induces IL-10 
production, and both cytokines show synergism in the suppression of IFN-γ production. TGF-β may also 
interact with IL-4. Paradoxically, in the presence of both cytokines, T cells may be directed towards a 
protective Th1-type profile . 
IL-4 production did not seem to promote cellular immunity:  IL-4 mice displayed normal instead of 
increased susceptibility to mycobacteria in two studies, suggesting that IL-4 may be a consequence rather 
than the cause of tuberculosis development. In contrast, a recent study on IL-4 KO mice showed increased 
granuloma size and mycobacterial outgrowth after airborne infection. Compared with control mice, 
production of proinflammatory cytokines was increased in these animals and accompanied by excessive 
tissue damage. We and others have detected increased production of IL-4 in human tuberculosis patients, 
especially those with cavitary disease. However, this is not a consistent finding, and it still remains to be 
determined whether IL-4 causes or merely reflects disease activity in human tuberculosis. Thus, the role 
of IL-4 in tuberculosis susceptibility is not yet entirely resolved. 
Production of soluble cytokine receptors and anti-inflammatory cytokines may help regulate the 
inflammatory response during tuberculosis. An unrestrained proinflammatory response may lead to 
excessive tissue damage (as in IL-4 KO mice), while a predominance of anti-inflammatory effects may 
favor outgrowth of M. tuberculosis. M.tuberculosis  may evade protective immune mechanisms of the 
host by selective induction of anti-inflammatory cytokines. In addition, individuals genetically 
predisposed to higher production of these cytokines may display increased innate susceptibility to M. 
tuberculosis. To date, such genetic predisposition has not yet been reported in humans. 
 
Chemokines: 
 
Chemotactic cytokines (chemokines) are largely responsible for recruitment of inflammatory cells to the 
site of infection. About 40 chemokines and 16 chemokine receptors have now been identified. A number 
of chemokines have been investigated in tuberculosis. First, several reports have addressed the role of IL-
8, which attracts neutrophils, T lymphocytes, and possibly monocytes. Upon phagocytosis of M. 
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tuberculosis or stimulation with LAM, macrophages produce IL-8 . This production is substantially 
blocked by neutralization of TNF-alpha and IL-1_, indicating that IL-8 production is largely under the 
control of these cytokines. 
Pulmonary epithelial cells also produce IL-8 in response to M. tuberculosis. In tuberculosis patients, IL-8 
has been found in broncho alveolar lavage fluid and serum for months. This finding is puzzling, because 
first of all it is unclear what drives such prolonged production and second IL-8 is a potent neutrophil 
attractant and a neutrophilic response is not prominent in established tuberculosis. 
A second major chemokine is monocyte chemoattractant protein 1 (MCP-1), which is produced by and 
acts on monocytes and macrophages. M. tuberculosis preferentially induces production of MCP-1 by 
monocytes . In murine models, deficiency of MCP-1 inhibited granuloma  formation . Also, C-C chemokine 
receptor 2-deficient mice, which fail to respond to MCP-1, display reduced granuloma formation and 
suppressed Th1-type cytokine production  and die early after infection with M. tuberculosis .In alveolar 
lavage fluid, serum ,and pleural fluid from tuberculosis patients, concentrations of MCP-1 were found to 
be elevated. 
A third chemokine is RANTES, which is produced by a wide variety of cells and which shows promiscuous 
binding to multiple chemokin receptors. In murine models, expression of RANTES was associated with 
development of M. bovis  induced pulmanory  granulomas. In human patients, RANTES has been detected 
in alveolar lavage fluid. 
Apart from IL-8, MCP-1, and RANTES, other chemokines may be involved in cell trafficking in 
tuberculosis. Inhibition of chemokines production may lead to an insufficient local tissue response. 
However, due to the redundancy of the chemokine system, the contribution of individual chemokines is 
difficult to evaluate. As far as we are patients with mycobacterial  infectious diseases. 
 
EFFECTOR MECHANISMS FOR KILLING OF M. TUBERCULOSIS 
Macrophages are the main effector cells involved in killing of M. tuberculosis. To become active against 
mycrobacteria, macrophages need to be activated. In vitro models of macrophage activation for the 
killing of M. tuberculosis seem rather artificial, and therefore the exact conditions for optimal activation 
remain unknown. However, it is clear that lymphocyte products, mainly IFN-γ, and proinflammatory 
cytokines like TNF-beta are important. In addition, vitamin D seems involved in macrophage activation. 
The active metabolite of vitamin D, I,25-dihydroxyvitamin D, helps macrophages suppress growth of M. 
tuberculosis .Concentrations of vitamin D in serum have been reported to be lower in tuberculosis 
patients in some populations but not in others. A recent study among Gujarati Hindus, a mainly 
vegetarian immigrant population in London, showed that vitamin D deficiency was a risk factor for 
tuberculosis. When considered in combination with vitamin D deficiency, three polymorphisms of the 
vitamin D receptor were also associated with disease susceptibility in this population. For another 
variant of the vitamin D receptor (tt genotype), 6% of tuberculosis patients in The Gambia proved 
homozygous compared with 12% of control subjects suggesting that this polymorphism protects against 
active tuberculosis. 
It should be noted, however, that no functional changes which might affect macrophage activation have 
yet been described for any of the vitamin D receptor polymorphisms associated with disease. Putative 
mechanisms involved in killing of M. tuberculosis within the phago lysosomes of activated macrophages 
include the production of reactive oxygen intermediates (ROI) or reactive nitrogen intermediates (RNI). 
The study of these mechanisms has been hampered by differences between mice (the most important 
animal model used for mycobacterial infections) and humans. However, when we restrict ourselves to 
data derived from human cells or patients, controversy remains. 
In vitro, mycobacteria seem resistant to killing by ROI such as superoxide and hydrogen peroxide. A 
possible explanation lies in the fact that several mycobacterial products including sulfatides and LAM, are 
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able to scavange ROI In vivo, it was found that p47phox_/_mice, which lack  a functional p47 unit of 
NADPH-oxidase needed for superoxide production, suffer from increased early soutgrowth of 
mycobacteria in experimental infection (46). Therefore, this supports a role for ROI in the killing of M. 
tuberculosis. On the other hand, patients with chronic granulomatous disease, who have defective 
production of ROI, do not seem to display increased susceptibility to tuberculosis. 
The role of RNI in tuberculosis also remains a matter of debate. In vitro human alveolar macrophages 
infected with M. bovis.BCG display increased inducible nitric oxide synthase (iNOS) mRNA and inhibition 
of iNOS is followed by increased bacterial outgrowth. In tuberculosis patients, alveolar macrophages 
show increased production of iNOS as well However, whether iNOS gene expression leads to in vivo NO 
production remains uncertain, as in humans posttranslational modification of iNOS may be necessary for 
functional activity Therefore, the exact contribution of RNI in human tuberculosis remains to be 
elucidated. 
Sustained intracellular growth of M. tuberculosis may depend on its ability to avoid destruction by 
lysosomal enzymes, ROI, and RNI. When phagocytosed by macrophages bacteria typically enter 
specialized phagosomes that undergo progressive acidification followed by fusion with lysosomes. 
However, M. tuberculosis delays or inhibits fusion of phagosomes and lysosomes. In addition, M 
tuberculosis prevents phagosomal maturation and acidification of phagosomes, thereby blocking the 
digestive activity of acidic hydrolases .Nramp1, which codes for natural-resistance-associated 
macrophase protein (Nramp), is an interesting gene involved in macrophage activation and 
mycobacterial killing . 
The protein is an integral membrane protein which belongs to a family of metal ion transporters. These 
metal ions, particularly Fe2_, are involved in macrophage activation and generation of toxic antimicrobial 
radicals. Following phagocytosis, Nramp1 becomes part of the phagosome. Nramp1 mutant mice display 
reduced phagosomal maturation and acidification. Surprisingly, mycobacterial outgrowth is unaffected in 
these animals .In humans, functional polymorphism in the promoter region of Nramp1, associated with 
reduced gene expression, was found to be associated with susceptibility to tuberculosis in studies from 
West Africa .Thus, genetic variation in Nramp1 may affect the outcome of infection with M. tuberculosis. 
However, to prove the significance of this gene in human tuberculosis further epidemiological and 
mechanistic studies are needed. 
Apoptosis may constitute another effector mechanism for the infected host to limit outgrowth of M. 
tuberculosis . Apoptosis of phagocytic cells may prevent dissemination of infection. In addition, apoptosis 
of infected cells reduces viability of interacellular mycobacteria, while necrosis of infected cells does not 
.TNF-_is required for induction of apoptosis in response to infection with M. tuberculosis. Interestingly, 
pathogenic M. tuberculosis strains induced significantly less host cell apoptosis than related attenuated 
strains. This difference was explained by selective induction and release of neutralizing soluble TNF-
alpha receptors by pathogenic strains .Release of TNF-alpha receptors in turn was regulated by IL-10 
production Thus, pathogenic strains of M. tuberculosis may selectively induce IL-10, leading to decreased 
TNF-alpha activity and reduced apoptosis of infected cells. Independent of cytokine production, LAM may 
prevent in vitro apoptosis of M. tuberculosis-infected cells in a Ca2_-dependent mechanism. In addition, 
increased expression of Fas ligand in infected macrophages may also contribute to decreased 
macrophage apoptosis. 
We briefly want to mention the role of other cell types. Although the precise mechanisms remains to be 
elucidated, human neutrophils may contribute to killing of M. tuberculosis. However, patients with 
disorders of neutrophil activity do not show increased susceptibility to tuberculosis. Of more clinical 
relevance may be the contribution of cytotoxic T cells . Of special interest, granules of cytotoxic T cells 
and NK cells contain granulysin, a molecule that directly alters the mycobacterial membrane integrity 
and thereby kills M. tuberculosis. 
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INITIATION OF ADAPTIVE IMMUNITY TO M. TUBERCULOSIS 
It is clear that innate and adaptive immunity are closely connected. Macrophages and dendritic cells, the 
primary cell types involved in the innate immune response to mycobacteria, play a crucial role in the 
initiation of adaptive host response to mycobacteria is beyond the scope of this review, we will briefly 
summarize this subject. In principle, three processes contribute to the initiation of adaptive immunity: 
antigen presentation,costimulation, and cytokine production. Patients with active tuberculosis may suffer 
from energy or T-cell unresponsiveness . This may b caused by intrinsic defects or dynamic inhibition of 
one of these three processes. 
 
Antigen Presentation: 
 
Presentation of mycobacterial antigens by macrophages a compartments in professional antigen-
presenting cells. Second, MHC class I molecules, expressed on all nucleated cells, are able to present 
mycobacterial proteins to antigen specific CD8_ T cells. This mechanism allows for the presentation of 
cytosolic antigens, which may be important as certain mycobacterial antigens  may somehow escape the 
phagosome . The importance of MHC class I-mediated antigen presentation has been shown in murine 
models and tuberculosis patients. Third, nonpolymorphic MHC class I molecules such as type I CDI (-a, -b, 
-c) molecules, which are expressed on macrophages and dendritic cells, are able to present mycobacterial 
lipoproteins to CDI- restricted T cells. This mechanism of antigen presentation enables the activation of a 
larger fraction of T cells at an earlier point in the infection, before antigen specificity has developed. 
A fourth pathway may involve nonpolymorphic MHC class Ib molecules. The expression of particular 
class I and class II MHC alleles in an individual determines the ability of that individual to respond to 
particular (mycobacterial) antigens and epitopes. 
Certain allelic human leukocyte antigen (HLA) variants have been associated with tuberculosis . HLA 
polymorphism may explain the vulnerability of certain isolated populations like Amazonian Indians 
which have only recently been exposed to tuberculosis. There is a large body of evidence for similar 
mechanisms in leprosy. The expression of antigen-presenting molecules is also a dynamic process, which 
is regulated by cytokines. While inflammatory cytokines, primarily IFN-γ stimulate expression of MHC, 
anti-inflammatory cytokines inhibit its expression. Mycobacteria may modulate the antigen presentation 
function, but different results have been obtained in vitro with macrophages and dendritic cells. 
Mycobacteria may downregulate expression of antigen presenting molecules in macrophages, most likely 
through the production of anti-inflammatory cytokines .On the other hand, MHC expression on dendritic 
cells is upregulated following M. tuberculosis infection. 
 
Costimulation: 
 
It is well known that antigen presentation only leads to T-cell stimulation in the presence of particular co-
stimulatory signals. The most well-known co-stimulatory signals for T-cell stimulation are B-7.1 (CD80) 
and B-7.2 (CD86). These molecules are expressed on macrophages and dendritic cells and bind to CD28 
and to CTLA-4 on T cells. Interestingly, in vitro infection of monocytes with M. tuberculosis leads to 
diminished expression of B-7.1. On the other hand, M. tuberculosis infection of dendritic cells induces 
expression of B7.1, CD40, and ICAM-1. In the absence of proper co-stimulatory signals, antigen 
presentation may lead to increased apoptosis of T cells. 
 
Cytokine Production:  
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Several cytokines produced by activated macrophages and dendritic cells are essential for stimulation of 
T lymphocytes. Macrophages and dendritic cells produce the type I cytokines IL-12, IL-18, and IL-23. In 
patients with recurrent or fatal nontuberculous mycobacterial infections, functional genetic mutations 
have been found in the genes encoding IL-12p40 , IL-12R_1 IFN-γ receptor 1, and IFN-γ receptor 2, all of 
which are involved in IFN-γ receptor signaling in macrophages and dendritic cells. Clearly the capacity of 
these cells to produce or react to Th1- type cytokines is necessary for proper T-cell stimulation (Fig.4). In 
addition, proinflammatory cytokines like IL-1and TNF-α have important T-cell stimulatory properties. 
Reduced production of type 1 or proinflanmmatory cytokines may delay or decrease T-cell stimulation 
and the initiation of antigen-specific T-cell immunity. In this respect, the production of anti-inflammatory 
cytokines may be relevant as well. For instance, in anergic tuberculosis patients it was recently shown 
that IL-10 production is constitutively present and that T-cell receptor mediated stimulation results in 
defective signal transduction . TGF-β may have a similar antagonistic role. 
 
CONCLUDING REMARKS: 
 The interplay between M. tuberculosis and the human host determines the outcome after infection. With 
respect to the human host, both innate and adaptive defense mechanisms are involved. After uptake of M. 
tuberculosis in alveolar macrophages, several possible scenarios may be envisaged. M. tuberculosis may 
be destroyed immediately, in which case no adaptive T-cell response is developed. When infection is 
established, however, a focal nonspecific inflammatory response follows. This response is regulated by a 
network of pro- and anti-inflammatory cytokines and chemokines. Most of the mediators at this point are 
derived from macrophages or dendritic cells, but IFN-α has several cellular sources, including NK cells, T 
cells, and CDI-restricted T cells. This initial response determines the local outgrowth of M. tuberculosis 
(sometimes dissemination) or containment of infection. Phagocytic cells also play a key role in antigen 
presentation and the initiation of T-cell immunity which follows. At many stages in the host response, M. 
tuberculosis has developed mechanisms to circumvent or antagonize protective immunity. 
The inter individual differences in outcome after infection with M. tuberculosis may in part be explained 
by the efficiency of various innate host defense mechanisms. Phagocytosis, immune recoginition, cytokine 
production, and effect mechanisms may all contribute to innate immunity. In this respect, different gene 
polymorphisms have been found which are associated with increased susceptibility and severity of 
tuberculosis. Some of these polymorphisms are functional, but for many of these no functional 
(immunologic) changes have been demonstrated yet, and these associations therefore need further 
confirmation and investigation. 
What remains to be determined is to what extent the encounters between M. tuberculosis and the human 
host can be FIG.4. Cytokies and cytokine receptors involved in type I immunity in tuberculosis. A mojor 
effector mechanism of cell-mediated immunity in tuberculosis is the 
activation of M. tuberculosis-infected macrophages by IFN-γ. IFN-γ  is produced by NK cells and different 
T-cell subsets, and its production is regulated by TNF-α, IL-1, IL-12, IL-18, and possibly IL-15, all released 
from activated macrophages and dendritic cells. 
In many settings the most cost-effective way to improve disease outcome is to increase patients’ access to 
health care facilities and to strengthen the quality of diagnosis and antimycobacterial treatment. 
However, in many parts of the world the spread of multidrug-resistant tuberculosis seriously threatens 
the success of antibiotic treatment. Therefore, more-effective vaccines and new therapeutic strategies 
(like immunotherapy) are desperately needed. It is expected that increased understanding of disease 
pathogenesis will help the design of such adjunctive treatment, which will undoubtedly benefit the 
outcome of individual patients and limit the spread of M. tuberculosis around the world. 
 
 



                                      Shagufta Taqvi et al,  Asian Journal of Pharmaceutical Technology & Innovation, 05 (25); 2017;  20 - 39 

 

www.asianpharmtech.com 
35 

REFERENCES 
 
1. Abbas, A. K., K. M. Murphy, and A. Sher. 1996. Functional diversity of helper T lymphocytes. Nature 383:787-793. 
2. Aderem, A., and D. M. Underhill. 1999. Mechanisms of phagocytosis in macrophages. Annu. Rev. Immunol. 
17:593-623. 
3. Altare, F., A. Durandy, D. Lammas, J. Emile, S. Lamhamedi, F. Le Deist, P. Drysdale, E. Jouanguy, R. Doffinger, F. 
Bernaudin, O. Jeppsson, J. A. Gollob, E. Meinl, A. W. Segal, A. Fischer, D. Kumararatne, and J. L. Casanova. 1998. 
Impairment of mycobacterial immunity in human interleukin- 12 receptor deficiency. Science 280:1432:1435. 
4. Altare, F., A. Ensser, A. Breiman, J. Reichenbach, J. E. Baghdadi, A. Fischer, J. F. Emile, J. L. Gaillard, E. Meinl, and J. 
L. Casanova. 2001. Interleukin-12 receptor betal deficiency in a patient with abdominal tuberculosis. J. Infect. Dis. 
184:231-236. 
5. Altare, F., D. Lammas, P. Revy, E. Jouanguy, R. Doffinger, S. Lamhamedi, P. Drysdale, D.Scheel Toellner, J. 
Girdlestone, P. Darbyshire, M. Wadhwa, H. Dockrell, M. Salmon, A. Fischer, A. Durandy, J. L. Casanova, D. S. 
Kumararatne. 1998. Inherited interleukin 12 deficiency in a child with bacilli Calmette-Guerin and Salmonella 
enteritidis disseminated infection. J. Clin. Investing. 102:2035-2040. 
6. Andersen, P. 1997. Host responses and antigens involved in protective immunity to Mycobacterium tuberculosis. 
Scand. J. Immunol. 45:115-131. 
7. Appelberg, R., I. M. Orme, M. I. Pinto de Sousa, and M. T. Silva. 1992. In vitro effects of interleukin-4 on interferon-
gamma-induced macrophage activation. Immunology 76:553-559. 
8.Arias, M., M. Rojas, J. Zabaleta, J.i. Rodriguez, S. C. Paris, L. F. Barrera, and L. F. Garcia. 1997. Inhibition of virulent 
Mycobacterium tuberculosis by Begr and Begs macrophages correlates with nitric oxide production. J. Infect. Dis. 
176:152-1558. 
9. Armstrong, J. A., and P. D. Hart. 1975. Phagosome-lysosome interactions in cultured macrophages infected with 
virulent tubercle bacilli. Reversal of the usual nonfusion pattern and observation on bacterial survival. J. Exp. Med. 
142:1-16. 
10. Astarie-Dequeker, C., E. N. N’Diaye, C. Le, V. M. G. Rittig, J. Prandi, and I. Maridonneauparini. 1999. The mannose 
receptor mediates uptake of pathogenic and nonpathogenic mycobacteria and bypass bactericidal responses in 
human macrophages. Infect. Immune. 67:469-477. 
11. Balcewicz-Sablinska, M. K., J. Keane, H. Kornfeld, and H. G. Remold. 1998. Pathogenic Mycobacterim 
tuberculosis evades apoptosis of host macrophages by release of TNF-R2, resulting in inactivation of TNF-alpha. J. 
Immunol. 161:2636-2641. 
12. Bancroft, G. J., R. D. Schreiber, and E. R. Unanue. 1991. Natural immunity: a T-cell-independent pathway of 
macrophage activation, defined I the scid mouse. Immunol. Rev. 124:5-24. 
13. Barnes, P. F., J. S. Abrams, S. Lu, P. A. Sieling, T. H. Rea, and R. L. Modlin. 1993. Patterns of cytokine production 
by mycobacterium-reactive human T-cell clones. Infect. Immun. 61:197-203. 
14 .Barnes, P. F., S. Lu, J. S. Abrams, E. Wang, M. Yamamura, and R. L. Modlin. 1993. Cytokine production at the site 
of disease in human tuberculosis. Infect. Immune. 61:3482-3489. 
15. Bean, A. G., D. r. Roach, H. Briscoe, M. P. France, H. Korner, J. D. Sedgwick, and W. J. Britton. 1999. 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. J. Immunol 162:3504-3511. 
16. Bekker, L. G., G. Maartens, l. Steyn, and G. Kaplan. 1998. Selective increase in plasma tumor necrosis factor-
alpha and concomitant clinical deterioration after initiating therapy in patients with severe tuberculosis. J. Infect. 
Dis. 178:580-584. 
17. Bekker, L.G., A. L. Moreira, A. Bergtold, S. Freeman, B. Ryffel, nd Bekker, L.G., A. L. Moreira, A. Bergtold, S. 
Freeman, B. Ryffel, nd G. Kaplan. 2000. Immunopathologic effects of tumor necrosis factor alpha in murine 
mycobacterial infection are dose dependent. Infect. Immune. 68:6954-6961. 
18. Bellamy, R., C. Ruwende, T. Corrah, K. P. Mcadam, M. Thursz, H. C. Whittle, AND A. V. Hill. 1999. Tuberculosis 
and chronic hepatitis B virus infection in Africans and variation in the vitamin D receptor gene. J. Infect. Dis. 
179:721-724. 
19 .Bellamy, R., C. RUwende, T. Corrah, K. P. McAdam, H. C. Whittle, and A. V. Hill. 1998. Variations in the NRAMP1 
gene and susceptibility to tuberculosis in West Africans. N. Engl J. Med. 338:640-644. 



                                      Shagufta Taqvi et al,  Asian Journal of Pharmaceutical Technology & Innovation, 05 (25); 2017;  20 - 39 

 

www.asianpharmtech.com 
36 

20. Belvin, M. P., and K. V. Anderson. 1996. A conserved signaling pathway: the Drosophila toll-dorsal pathway. 
Annu. Rev. Cell Dev. Biol. 12:393-416. 
21 .Bergeron, A., M. Bonay, M. Kambouchner, D. Lecossier, M. Riquet, P. Soler, A. Hance. AND A. Tazi. 1997. Cytokine 
patterns in tuberculous and sarcoid granulomas: correlations with histopathologic features of the granulomatous 
response. J. Immunol. 159:3034-3043. 
22: Bermudes ,L . E. and J.Goodman. 1996. Mycobactarium tuberculosis invades replicates  with in type II alveolar 
cells infact. Immun. 64: 1400 – 3043. 
23: Bhattacharya S.R. Singla A.B. Dey , and H.K.Prasad. 1999 Dichtomy of cytokine profile in patients and high – risk 
healthy subjects exposed to tuberculosis . infact . immun 67: 5597_ 5603. 
24. Ramos, A. collins, and M. A.Shaw . 1997 immunogenetics of leshmanial and mycobactarial infections: the belem 
family study . philos . trans . R. Soc.Lond B. Boil . Sci . 352 : 1331 – 1345. 
25 : Blackwell ,J.M. S.Searle,T. Goswami ,and E.N.Miller. 2000 understanding the multiple functions of Nrampl. 
Microbes lnfect 2: 317- 321 
26: Boring,L.J. Gosling, S.W. Chensue, S.L. Kunkel,R.V. Farese , Jr., H. E. Broxmeyer,and I.F.Charo. 1997 impaired 
monocyte migration and reduced type 1(Th1) cytokine responces in C-C chemokine receptor 2 knockout 
mice.J.Clin. Investig.100: 2552-2561. 
27: Bothamley ,G.H.,  J. S. Beck,G .M.schreuder, J . D’ Amaro , R. R . de Vries, T kadjito, and J. lvanyi.1989 association 
of tuberculosis – specific antibody levels with HLA .J lnfect .Dis.159:597-555 
28.Boussiouts,V.A.,e.y.Tsai.E.J.Yunis,s.Thim,J.C.Delgado,C.C.Dascher,A.Berezovskaya,D.Rousset,J.M.Reynesand 
A.E.Goldfield.2000.IL.-10 producing T-cells suppress immune responses in anergic tuberclosis patients 
.J.Clin.investing.105;1317-1325. 
29. 
Brightbill,H.D.D.H.Liberty,S.R.Krutzik,R.B.Yang,J.T.Belisle,J.R.Bleharski,M.Maitland,m.v.Norgad,S.E.Plevy,S.T.Smale,P
.J.Brennan.,B.R.Bloom,P.J.Godowski,and R.L.Modlin.1999.host defense mechanisms triggered by microbial 
lipoproteins through toll like receptors.Science 285;732-736. 
30.Brown,A.E.,T.Jholzer and B.R.Andersen.1987.Capacity of human neutrophils to kill Mycobacterium 
tuberclosis.J.Infect.Dos.156:985-989. 
31.Bulut,Y.E.Faure,L.Thomas,O.Equils,and M.arditi.2001.Cooperation of toll like receptors 2 and6 for cellular 
activation by soluble tuberclosis factor and Borrelia burgdorferi outer surface protein A lipoprotein:role of toll-
interacting protein and IL-1 receptor signalling molecules in toll like receptor 2 signalling.J.Immunol.167:987-994. 
32.Byrd,S.R.,R.Gelber,and L.E.Bermudez.1993.Roles of soluble fibronectin and beta 1 integrin receptors in the 
binding of mycobacterium leprae to nasal epithelial cells.Clin.Immunol.69:266-271. 
33.Casarini,M.F.Ameglio,l.Alemanno,P.Zangrilli,P.Mattia G.Paone,A.Bisetti andS.Giosue.1999.Cytokine levels 
coreelate with a radiologic score in active pulmonary tuberclosis.Am.J.Respir.CritCare Med.159:143-148. 
34.Cervino,A.C..,S.Lakiss,O.Sow,and A.V.Hill.2000.Allelic association between the NRAMP1 gene and susceptibility 
to tuberculosis in Guinea-Conarky.Ann.Hum.Genet.64:507-512. 
35.Chan,J.X.D.Fav,S.W.Hunter,P.J.Brennan,and B.R.Bloom.1991.Lipoarabinomannan,a possible virulence factor 
involved in persistence of Mycobacterium tuberclosis within macrophages Infect.59:1755-1761. 
36.Chan.J.,Y.Xing,R.S.Magliozzo and B.R.Bloom.1992.Killing of virulent Mycobacterium tuberculosis by reactive 
nitrogen intermediates produced by activated murine macrophages .J.Exp,Med.175:1111-1122. 
37.Chensue,S.W.,K.S.Warmington,E.J.Allenspach,B.Lu,C.Gerard,S.L.Kunkel and N.W,Lukacs.1999 Differential 
expression and cross regulatory function of RANTES during mycobacterial (type1) and schistosomal (type 2) 
antigen-ellicited granulomatous inflammation.J.Immunol.163:165-173. 
38.Cho,.S.V.Mehra,S.Thoma-Uszynski,S.Stenger,N.Serbina,R.J.Mazzaccaro,J.L.Flynn,P.F.Barnes 
,S.Southwood,E.Celis.B.R.Bloom,R.L.Modlin and A.sette.2000.Antimicrobial activity of MHC class1 restricted CD8-T 
cells in human tuberclosis .Proc.Natl.Acad.Sci.USA  97:12210-12215. 
39.Clemens.D.L.,and M:A.Horwitz.1995 Characterization of the myco-bacterium tuberculosis phagosome and 
evidence that phagosomal maturation is inhibited.J.Exp.Med.181:257-270. 
40.Colditz.,G.A.T.F.Brewer,C.S.Berkey,M.E.Wilson,E.Burdick,H.V.Fineberg,and F.Mostellar.1994.Efficacy of BCG 
vaccine in the prevention of tuberculosis.Meta-analysis of the published literature.JAMA.271:698-702. 



                                      Shagufta Taqvi et al,  Asian Journal of Pharmaceutical Technology & Innovation, 05 (25); 2017;  20 - 39 

 

www.asianpharmtech.com 
37 

41.Condos.,R.,W.N.Rom.,Y.m.liu and N.W.Schluger.1998.Local immune responses correlate with presentation and 
outcome in tuberculosis.Am.J.Respair.Crit.CarevMed,.157:729-735. 
42.Constant,P.,f.Davodean,M,A.Peyrat,Y.Poquet,G.Puzo,M.Bonnieville,and J.J.Fournie.1994.Stimulation of human 
gamma  delta T-cells by nonpeptidic mycobacterial ligands..Science 264:267-270. 
43.Cooper,A.M.,J.E.Callahan ,M.Keen,J.T.Belisle,and I.M.Orme.1997.Expression of memory immunity in the lung 
followingre-exposure to mycobacterium tuberculosis.Tuber.Lung Dis.78:67-73. 
44.cooper,A.M.,D.K.Dalton,T.A.Stewart.,J.P.Griffin,D.G.Russell,and I.M.Orme.1993.disseminated tuberculosis in 
interferon gsmms genedisrupted mice.J.Exp.Med 178:2243-2247. 
45.Cooper,A.M.,J.Magram.,J.Ferrante ,and I.M.Orme.1997.interleukin I2(IL-12) is crucial to the development of 
protective immunity in mice intravenously infected with mycobacterium tuberculosis.J.Exp.Med186:39-45. 
46.Cooper,A.M.b.h.Segal,A.A.Frank,S..M.Holland and I.M.orme.2000.Transient loss of resistance to pulmonary 
tuberculosis in p47phox-/-mice.infect.immun.68:1231-1234. 
47.Crowle,A.Jand N.Elkins.1990 Relative permissiveness of macrophages from black and white peoplefor virulent 
tubercle bacilli.Infect.Immune.58:632-638. 
48.Cywes,C.,H.C.Hoppe,M.Daffe and M.R.Ehlers.1997.Nonopsonic binding of mycobacterium tuberculosis to 
complement receptor type 3 is mediated by capsular polysaccharides and is strain 
dependent.Infect.Immune65:4258-4266. 
49.Dahl.,K.E.,H.Shiratsuchi,B.D.Hamilton,J.JEllener and Z.Toossi.1996.Selective induction of transforming growth 
factor beta in human monocytes by lipoarabinomannan of mycobacterium tu berclosis.Infect.Immune.64:399-405. 
50.Dannerberg,A.m.Jr.,and G.A.Rook.1994.Pathogenesis of pulmonary tuberculosis:an interplay between tissue 
damaging and macrophage-activating immune response:dual mechanisms that control bacillary 
multiplication,p.459-484.In B.R.Bloom (ed),Tuberclosis:pathogenesis,protection and control.ASM 
press.Washington,D.C. 
51.Da silva,R.P.,B.F.Hall,K.A.JOINER ,and D.L.Sacks.1989.CRI,THE CB3 receptor,mediates binding of infective 
leishmania major metacyclic promastigotes to human macrophages.J.Immunol.143:617-622. 
52.Davies,P.D.,R.C.Brown and J.S.Woodland.1985.serum concentrations of vitamin D metabolites in untreated 
tuberculosis.Thorax 40:187-190. 
53.DeJong,R.,F.Altare,I.A.Haagen,D.G.Elferink,T.deBoer.,P.J.C.V.Vriesman,P.J.Kabel,J.M.T.Draaisma,J.T.Vandiesel,F.P.K
roon,J..Casanova and T.H.M.Ottenhoff.1998.severe mycobacterial and salmonella infections in interleukin -12 
receptor-deficient patients.Science 280:1435-1438. 
54.De Libero,G.,I Flesch,and S.H.Kaufmann.1988.mycobacterium-reactive lyt-2_Tcell lines.Eur.J.Immunol.18.59-66. 
55.Denis.M.1991.Killing of mycobacterium tuberculosis within human monocutes:activation by cytokines and 
calcitrol.Clin.Exp.Immunol.84:200-206. 
56.De Waal Malefyt R.,C.G.Fifdor,and  J.E.de Vries.1993.Effects of interleukin 4 on monocyte functions:comparison 
to interleukin 13.Res.Immunol.144:629-633. 
57.Dinarello,C.A.1996:biological basis for interleukin-1 in disease.Blood 87:2095-2147. 
58.Dinarello,C.A.,D.Novick,A.J.Puren,G.Fantuzzi,l.Shapiro,H.Muhl,D.Y.Yoon,,L.L..Reznikov,S.H.Kim,and 
M.Rubisten.1998.Overview of interleukin-18:more than an interferon-gamma inducing factor.J.Leukoc.Biol.63:658-
664. 
59.Dlugovitzky,D.,M.L.Bay,L,Rateni,L.Urizar,C.F.Rondelli,C.Largacha,M.A.Farroni,O.Molteni,and O.A.Bottasso.1999.in 
vitro synthesis of interferon-gamma,interleukin-4,transforming growth factorbeta and interleukin -1 beta by 
peripheral blood mononuclear cells from tuberculosis patients:relationship with the severity of pulmonary 
involvement .Scand .J.Immunol.49:210-217. 
60.Doherty,T.M.,R.A.Seder,and A.sher.1996.Induction and regulation of IL-15 expression in murine 
macrophages.J.Immunol.156:735-741. 
61.Dorman,S.E., and S.M.Holland.1998.Mutation in the signal –transducing chain of the interferon –gamma receptor 
and susceptibility to mycobacterial infection.J.Clin.Investing.101:2364-2369. 
62.Downing.J.F.,R.Pasula ,J.R.Wright,H.L.Twigg III ,and W.J.Martin II.1995.Surfactant protein a pro otes attachment 
of mycobacterium tuberculosis to aleovar to aleovar macrophages during infection with human immunodeficiency 
virus.Proc.Natl.AcadSci.USA92:4848-4852. 



                                      Shagufta Taqvi et al,  Asian Journal of Pharmaceutical Technology & Innovation, 05 (25); 2017;  20 - 39 

 

www.asianpharmtech.com 
38 

63.D’Souza,C.d.,A.M.Cooper,A.A.Frank R.J.Mazzaccaro,B.R.Bloom and I.M.Orme.1997.An anti –inflammatory role for 
gamma delta T lymphocyts in acquired immunity to mycobacterium tuberculosis.J.Immunol.158:1217-1221. 
64.Eichbaum,q.,p.Clerc,G.Bruns,F.Mckeon,and R.A.Ezekowitz.1994.Assisgnment of the human macrophage 
mannose receptor gene (MRCI) to 10p13 by insitu hybridisation and PCR-based somatic cell hybrid 
mapping.Genomics 22:656-658. 
65.Erard,F.,J.A.Garcia Sanz,R.Moriggl,and M.T.Wild.1999.Presence or bsence of TGF-beta determines IL-4 Induced 
generation of type 1 or type 2 CD8T Cell subsets.J.Immunol.Cell Biol.76:41-46. 
66.Erb,K.J..,J.Kirman ,B.Delahunt,W.Chen ,and G.Le Gros.1998.IL-4.IL-5 and IL-10 are not required for the control of 
M.bovis-BCG infection in mice.Immunol.Cell Biol.76:41-46. 
67.Ernst ,J.d.1998.Macrophage receptors for mycobacterium tuberculosis.Infect.Immun.66:1277-1281. 
68.Fenton,M.J.,and D.T.Golenbock.1998.LPS-binding proteins and receptors .J.Leokoc.Biol.64:25-32. 
69.Ferguson.,J..S.D.R Voelker,F.X.McCormack,and L.S.Schlesinger.1999 surfactant protein D binds to 
mycobacterium tuberculosis bacilli and lipoarabinomannan via carbohydrate-lectin interations resulting in 
reduced phagocytosis of the bacteria by macrophages.J.Immunol.163:312-321. 
70.Flynn,J.l..J.Chan,K.J.Triebold,D,K Dalton,T.A.Stewart and B.R Bloom.1993.An essential role for interferon gamma 
in resistance to mycobacterium tuberculosis infection .J.Exp.Med 178:2249-2254. 
71.Flynn,J.L.,M.M.Goldstein,J.Chan,K.j.Triebold,K.pfeffer,C.J..lowenstein,R.Schreiber,T.W.Mak,and 
B.R.Bloom1995.Tumor necrosis factor-alpha is required in the protective immune response against 
mycobacterium tuberculosis in mice.Immunity 2:561-572. 
72.Freidland.J.S.,J.C.Hartley,R,J.Shattock,and G.E.Griffin.1995.inhibition of ex vivo proinflammatory cytokine 
secretion in fatal mycobacterium tuberculosis infection.Clin .Exp.Immunol.100:233-238. 
73.Frucht,D.M.,and S.M.Holland .1996.Defective monocyte costimulation for IFN-gamma production in familial 
disseminated mycobacterium avium complex infectin:abnormal IL-12 regulation.J.Immunol 157:411-416. 
74.Fulton,S.A.,j.V.Cross ,Z.T.toosi and W.h.Boom 1998.Regulation of interleukin-12 by interleukin-10,transforming 
growth factor-beta,tumor necrosis,factor-alpha and interferon-gamma in human monocytes infected with 
mycobacterium tuberculosis H37Ra.J.Infect Dis 178:1105-1114. 
75.Fulton,S.A.,J.M.Johnsen,S.F.Wolf,D.S.Sieburth and W.H.Boom.1996.Interleukin-12 production by human 
monocytes infected with mycobacterium tuberculosis : role of phagocytosis.Infect.Immune 64:2523-2531. 
76.Garcia,V.E.,K.Uyemura,P.A,Sieling,M.T.Ochoa,C.T.Morita,H.Okamura,M.kurimoto,T.H.Rea and R.L.modlin.1999.IL-
18 Promotes type 1 cytokine production from NK cells and T-cells in human intracellular 
infection.J.immunol.162:6114-6121. 
77.Garred,P.,C.Richter,A.B.Andersen,H.O.Madsen,I.Mtoni,A.Svejgaard and J.Shao.1997 Mannan binding lectin in the 
sub-saharan HIV and tuberculosis epidemics.Scand .J.Immunol.46:204-208. 
78.Gaynor C.D.,F.X.Mccormack ,D.R.Voelker,S.E. McGowan,and L.S.Schlesinger.1995. Pulmonary surfactant protein 
A mediates enhanced phagocytosis of Mycobacterium tuberculosis by a direct interaction with human 
macrophages.J.Immunol.155:5343-5351. 
79.Geluk,A.,K.E.van Meijggaarden,K.L.Franken,J.W.Drijfhout,S.D’Souza, A.Necker, K.Huygen and T.H. 
Ottenhoff.2000.Identification of major epitopes of mycobacterium tuberculosis AG85B that are recognized by HLA-
A*0201-restricted CD8_ T cells in HLA-transgenic mice and humans.J.Immunol.165:6463-6471. 
80.Gercken,J., J. Pryjma, M. Ernst and H. D. Flad. 1994 :Defective antigen presentation by Mycobacterium 
tuberculosis-infected monocytes. Infect Immun.62:3472-3478.  
81. Gerosa,F.,C.Nisii, S. Reghetti, R. Micciolo, M. Marchesini,A. Cazzadori and G. Trinchieri.1999.: CD4_ T cell clones 
producing both interferon gamma and interleukin-10 predominate in bronchoalveolar lavages of active pulmonary 
tuberculosis patients. Clin Immunol. 92:224-234. 
82.Goldfield,A.E.J.C.Delgado,S.Thim,M.V.Bozon,A.M.Uglialoro,D.Turbay,C.Cohen,and E.J.Yunis,1998:.Association of 
an HLA-DQ allele with clinical tuberculosis. JAMA 279:226-228 
83.Gong. ,j..m. zhang, R.L. Modlin, p.s.linsley,D. V.Iyer,Y.Lin, andP.F.Barnes.1996:Interleukin-10 down regulates 
mycobacterium tuberculosis induced Th1 responses and CTLA-4Expression infectimmun.64:913-918 
84.Grange,J.M.,P.D. Davies,R.C.Brown,J. S.Woodhead,and T. Kardjito.1985: A study of Vitamin D levels in Indonesian 
patients with untreated pulmonary tuberculosis. Tubercle 66:187-191 



                                      Shagufta Taqvi et al,  Asian Journal of Pharmaceutical Technology & Innovation, 05 (25); 2017;  20 - 39 

 

www.asianpharmtech.com 
39 

85.Griffin, J P., K. V.Harshan, W. K. Born, and I. M. Orme. 1991:Kinetics of accumulation of Gamma delta receptor-
bearing I lymphocytes in mice infected with live  mycobecteria . infect  Immun 
86. Hackman, D. J., O. D. Rotstein,W.Zhang,s. Gruenheid, P. S.  Gros, and S. Grinstein. 1998: Host resistence  to 
intracellular infection: mutation of natural resistance-associated macropage protein 1(Nramp)  impairs 
phagosomal acidification.jExp.Med.188:351-364. 
 87.Hajjar.A. M.,D.S.O Mohany,A. Ozinsky, D. M. Underhill, A. Aderem,S.J. Klebanoff,and C.  B Wilson . 2001 Cutting 
edge: functional interaction between toll- like receptor(TLR)2 and TLR1 orTLR6  in response to phenol-solube 
Modulin. J.Immonol.166:15-19. 
 88.Hemmi, H., O. Takeuchi, T. Kawai, T Kaisho, S. Sato H. Sanjo,M. Matsumoto, K. Hoshino,H.Wagner, K. Takeda, and 
S. Akira.2000. A Toll-like receptor recognizes bacterial DNA. Nature 408:740-745 
89.Henderson, R. A., S. C. Watkins, and J. L. Flynn. 1997 Activation of human dendritic cellsFollowings infection 
with mycobacterium tuberculosis.j.Immunol 159: 635-643. 
90. Hernandez Pando, R., H. Orozco, A Sampieri, L. Pavon C. Velasqquillo, J. Larriva Sahd, J  M.Alcocer, and M . V. 
Madrid. 1996 Correlation between the kinetics of THI/Yh2 cells and pathology in a merine model of experimental 
pulmonary tuberculosis. Immunology 89:26-33 
91.Hernandez Pando, R., and G. A. Rook. 1994: The role of (TNF-alpha in T-cell- mediated inflammation depend on 
the Th1/Th2 cytokine balance. Immunology82:591-595. 
92.Hirsch ,C. S., J. J. Ellner, R. Blinkhorn, and Z. Toosi: 1997: In  vitro restoration of T cell responses In tuberculosis 
and augmentation of monocyte effector function against Mycobacterium tuberculosis by natural inhibitors of 
transforming growth factor beta prc.Natl Acad.Sci USA94:3926-3931 
93.HirschC. S.J.J. Ellner,D. G. Russell, and E. A. Rich.  1994:Complement receptor-mediated  uptake  and tumor 
necrosis factor- alpha-mediated growth inhibition of Mycobacterium tuberculosis by Human alveolar 
macrophages.j.Immunol152:743-753 
94.Hirsch,C. S., Z. Toossi,J.L. Johnnson,H. Luzze. L.Ntambi,P. Peters, M McHugh, A.Okwera,M Joloba, P. Mugyenyi, R. 
D.Mugerwa, P. Terebuh, and J. J. Ellner. 2001: Augmentation of apoptosis And interferon –gamma production at 
sites of active of Mycobacterium Tuberculosis infection in human tuberculosis. J.Infect. Dis183:779-788 
95.Hirsch, C. S., Z. Toossi C. Othieno,j. L. Johnson, S.K. Schwander S. Robertson , R. S. Wallis K. Edmonds, A. Okwera, 
R Mugerwa p. Peters, and  J. J.Ellner 1999: Depressed T –cell interferongamma responses in pulmonary 
tuberculosis: analysis of underlying mechanisms and modulation with therapy. J.Infect. Dis. 180:2069-2073. 
96.Hirsch, C. S., Z. Toossi, G. Vanham, J. L. Johnson, P. Peters, A. Okwera, R. Mugerwa, PMugyenyi, and J. 
J.Ellner.1999: Apoptosis and T cell hyporesponsiveness in pulmonary tuberculosis. J.Infect. Dis179:945-953. 
97.Hoheisel,G., G. Izbicki,M. Roth, C. H. Chan, J. C.Leung, F. Reichenberger, J. Schauer, and A. P. Perruchoud. 1998 : 
Compartmentalization of pro-inflammatory cytokines in tuberculous pleurisy Respir. Med. 92:14-17. 
98.Holland, S.M., S. E. Dorman,  A. Kwon, I. F. PithaRowe, D. M. Frucht, S. M. Gerstberger, G. J.Noel, P. Vesterhus, M . 
R. Brown, and T. A.  Fleisher.1998: Abnormal regulation of interferon- gamma interleukin- 12, and tumour necrosis 
factor- alpha in human interferon- gamma receptor 1Deficiency.J. Infect. Dis.178:1095-1104. 
99.Howard, A. D., and B. S. Zwilling. 1999 reactivation of tuberculosis is associated with a shift from Type 1 to type 
2  cytokines. Clin.Exp. Immunol. 115:428-434 

 
 


