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Abstract

Mycobacterium tuberculosis, the causative agent of human Tuberculosis 
(TB), kills nearly two million people annually and has been a major health threat 
for centuries. Despite its importance as a global health threat, M. bovis Bacille 
Calmette-Guerin (BCG) introduced in 1921 is currently the only tuberculosis 
vaccine approved for human use with almost no protective effect in adults. 
Further, the emergence of Multi Drug Resistant (MDR) and extremely Drug 
Resistant (XDR)-TB also poses a vital challenge to the control of the disease. 
Although the interaction between M. tuberculosis and its environment have 
been extensively studied but our knowledge about potential M. tuberculosis-
host interaction at the RNA level is still very limited. Recently, miRNAs has been 
emerged as a potential candidate controlling the host immune response during 
tuberculosis; however, this area is yet to be explored. Therefore, in this review, 
we discuss to elucidate the role of miRNAs during M. tuberculosis infection and 
speculate possible roles of miRNAs in regulating the disease. 

mRNA stability by binding with the miRNA-Recognition Elements 
(MRE) within the 3′ Untranslated Region (UTR) of target genes. These 
regulatory RNAs provide a unique level of post-transcriptional gene 
regulation that modulates a range of fundamental cellular processes. 
Several studies showed that miRNAs can effectively modulate host 
immune response thus helps in maintaining the survival of the 
pathogen within the host. The field of host gene regulation through 
miRNA has tremendous potential suggesting that they can be optimal 
candidate for the control of immune response [15]. Activation of the 
T cell-mediated immune response has been associated with changes 
in the expression of specific miRNAs. However, the role of miRNAs 
in the development of an effective immune response is just beginning 
to be explored. The identification of specific miRNA expression 
patterns during tuberculosis and their comprehensive understanding 
in disease pathogenesis can be used as molecular diagnostic markers 
and also in the development of effective therapeutic strategies against 
disease. Therefore, the present review discusses to identify the 
miRNAs in resistant Mycobacterium strains and tuberculosis and 
their potential use in the treatment of the disease.

Challenges
Since the first description of M. tuberculosis as the causative agent 

of human tuberculosis by Robert Koch on 1882, it continues to ravage 
mankind throughout the world till date. According to the WHO an 
estimated 1.7 million deaths occurred in 2009 due to TB. Failure to 
eliminate tuberculosis that is 100% preventable and 100% curable 
is man kind’s worst ongoing blunder [16]. The key to successful 
elimination of TB is optimum treatment of cases. Erratic drug 
supplies and failure of patients to complete treatment lead to even 
more dangerous forms of TB i.e. drug-resistant disease. Multidrug-
resistance (MDR-TB) is defined as resistance to the main first-line 
drugs isoniazid (H) and rifampicin (R). Extensive drug-resistance 
(XDR-TB) is defined as MDR-TB plus resistance to a fluoroquinolone 
and anyone of the second-line injectable drugs (capreomycin, 

Introduction
Tuberculosis (TB) caused by Mycobacterium tuberculosis 

is the leading cause of death. Approximately 5,000 deaths per 
day were reported throughout the world and the World Health 
Organisation (WHO) reported 1.8 million deaths per year due to 
TB in 2008 [1]. M. bovis Bacille Calmette-Guerin (BCG) is currently 
the only tuberculosis vaccine approved for human use. However, the 
protective immunity generated by BCG wanes off with age and its 
efficacy against the disease has been less than satisfactory in adults and 
older individuals. Besides, the inability of BCG to provide sterilizing 
immunity at the time of primary infection leads to an enormous 
reservoir of asymptomatically infected individuals worldwide (~2 
billion) [2]. Further, the emergence of Multi Drug Resistant (MDR) 
and extremely Drug Resistant (XDR)-TB also poses a vital challenge 
to the control of the disease. The investigation for a new drug target 
involving modern drug delivery systems and immune modulators is 
essential to continue the battle against MDR and XDR-TB.

The lethality of M. tuberculosis infection is considered to be 
related to bacterial expansion, excessive inflammation and subsequent 
tissue damage [3,4]. The host immunity to tuberculosis relies 
mainly on Th1 cells producing IL-12, IFN-γ and TNF-α [5-8] and 
patients with defective receptors for IFN-γ or IL-12 have markedly 
increased susceptibility to severe infection [9]. IFN-γ and TNF-α 
establish protective immunity in the host by promoting macrophage 
function thus helping in bacterial clearance from the host [4,10]. 
Recent study on Mycobacterium infected individuals showed that 
the proliferation of Th1 cells and the expression of IFN-γ and TNF-α 
was downregulated by certain microRNAs such as miRNA-144 thus 
increasing the severity of the disease [11].

MicroRNAs (miRNAs) are 21-24 nucleotide long non-coding 
RNAs which play a critical role in the regulation of gene expression [12-
14]. They are believed to either repress mRNA translation or reduce 
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amikacin or kanamycin). 

Immune Response during Mycobacterium 
Infection

M. tuberculosis recognition by macrophages results in the 
induction of a large number of cytokines, some of which have been 
demonstrated to be essential for the proper control of TB. The host 
immunity to tuberculosis relies mainly on Th1 cytokines such as IL-
12, IFN- γ and TNF-α [5-8] and patients with defective receptors 
for IFN-γ or IL-12 have markedly increased susceptibility to severe 
infection [9]. IFN-γ and TNF-α establish protective immunity in the 
host by promoting macrophage activation to produce nitric oxide 
synthase 2 (NOS2), allowing infected macrophages to eliminate 
intracellular bacteria [4,10]. Recent study on Mycobacterium 
infected individuals showed that the proliferation of Th1 cells and 
the expression of IFN-γ and TNF-α was downregulated by certain 
microRNAs such as miRNA-144 and thus increasing the severity 
of the disease [11]. MicroRNAs are endogenous short RNAs (19-
23 nucleotides) molecules involved in post-transcriptional gene 
repression via degradation or translational repression of their 
targeted mRNAs. When poorly regulated, miRNAs are critically 
involved in a range of human diseases [17,18] and potentially 
serve as good diagnostic markers [19], prognostic markers [20] or 
therapeutic targets [18]. Similar to miRNA, in bacteria small (50-
250 nucleotide) non-coding RNA molecules (sRNAs) are reported 
[21]. They function by base pairing with the 5’ ends of target genes 
to promote their degradation or repress their translation. Although 
the functions of many of them remain to be elucidated, an emerging 
view is that these sRNAs act as important players in regulatory 
cascades consisting of diverse physiological processes in bacteria 
[22]. Few studies in bacteria showed that these sRNA also regulate 
virulence genes. In Staphylococcus aureus sRNA known as RNAIII 
functions by base-pairing with several mRNA targets related to 
related to toxin and enzyme production [23,24]. In some bacteria, 
sRNAs regulate virulence genes. Similarly, in Salmonella the InvR 
and SgrS sRNA regulate the expression of major outer membrane 
protein and secretory proteins responsible for the disease [25]. In 
Streptococcus pyogenes the FasX and Pel sRNAs are encoded in loci 
associated with virulence [26]. Induction of sRNAs depends on stress 
or environmental conditions. It is quite possible that the emergence 
of drug resistance in M. tuberculsosis is in part due to sRNAs and 
further these sRNAs may impart the role in the generated host 
immune response during Mycobacterium infection.

The first indication that miRNAs might regulate the immune 
responses was a report in 2004 showing selective expression of miR-
142a, miR-181a and miR-223 in immune cells [27]. Gene regulation 
by miRNAs has recently emerged to be critical for both development 
and proper function of the immune system. Thus, various miRNAs 
such as miR-155, miR-223, miR-146, miR-150, miR-181a or the miR-
17~92 cluster have been implicated in hematopoietic lineage decisions 
or in controlling different developmental checkpoints [28] and have 
a liberal role in the maturation, proliferation and differentiation of 
myeloid and lymphoid cells. Another study has reported that miR-29 
participated in the regulation of NK cell function and Th1 responses 
to intracellular pathogens by directly targeting IFN-γ mRNA, which 
indicates a previously unknown mechanism for post-transcriptional 

regulation of IFN-γ production and IFN-γ-mediated immune 
responses Ma et al. 

Scope of the Future Research
sRNA identified in drug resistant and susceptible strains of 

M. tuberculosis can be used as therapeutic target using anti-sRNA 
strategies. Anti-sRNA strategy can be further developed to replace 
antibiotic therapy. This also helps us to cope up with the problem 
of emerging drug resistance strains in Mycobacterium. Similarly, 
miRNAs which will be upregulated in the host against Mycobacterium 
infection can be also targeted as therapeutic agent. Understanding 
miRNA targets that orchestrate T-cell immune response during the 
infection also will allow us to understand immune homeostasis and 
also to identify targets for development of gene therapy. It helps us 
in the identification of sRNA and/or miRNA that leads to the disease 
development through regulation of specific genes and facilitate 
our understanding of the mechanism of Mycobacterium-host cell 
interaction.

Conclusions
Despite all this accumulating knowledge about host immunity 

against M. tuberculosis infection, a person is dying every 20 seconds of 
TB. It limits our understanding for this devastating disease. Therefore, 
better innovative treatment options will be only possible if we get 
to know more about the basic biology of this devastating disease. 
miRNAs research now seems a emerging field in the area of basic 
and translational research, and represents an innovative therapeutic 
options. According to primary evidences, the future research on 
identification and regulation of miRNAs-mediated immune response 
in Mycobacterial infection may be of exquisite importance of novel 
biomarkers and therapeutic agents that may open up a new area in 
both miRNA and M. tuberculosis research, and may determine the 
therapeutic strategies for the treatment of the disease.

References
1.	 World Health Organization. Global tuberculosis control: epidemiology, 

planning, financing: WHO report Geneva: World Health Organization. 2009.

2.	 Dey B, Jain R, Gupta UD, Katoch VM, Ramanathan VD, Tyagi AK. A booster 
vaccine expressing a latency-associated antigen augments BCG induced 
immunity and confers enhanced protection against tuberculosis. PLoS one. 
2011; 6: e23360.

3.	 Dorhoi A, Desel C, Yeremeev V, Pradl L, Brinkmann V, Mollenkopf HJ, et 
al. The adaptor molecule CARD9 is essential for tuberculosis control. J Exp 
Med. 2010; 207: 777-792.

4.	 North RJ, Jung YJ. Immunity to tuberculosis. Annu Rev Immunol. 2004; 22: 
599-623.

5.	 Mogues T, Goodrich ME, Ryan L, LaCourse R, North RJ. The relative 
importance of T cell subsets in immunity and immunopathology of airborne 
Mycobacterium tuberculosis infection in mice. J Exp Med. 2001; 193: 271-
280.

6.	 Flynn JL, Chan J, Triebold KJ, Dalton DK, Stewart TA, Bloom BR. An essential 
role for interferon gamma in resistance to Mycobacterium tuberculosis 
infection. J Exp Med. 1993; 178: 2249-2254.

7.	 Cooper AM, Dalton DK, Stewart TA, Griffin JP, Russell DG, Orme IM. 
Disseminated tuberculosis in interferon gamma gene-disrupted mice. J Exp 
Med. 1993; 178: 2243-2247.

8.	 Schoenborn JR, Wilson CB. Regulation of interferon-γ during innate and 
adaptive immune responses. Adv Immunol. 2007; 96: 41-101.

https://apps.who.int/iris/bitstream/handle/10665/44241/9789241598866_eng.pdf;jsessionid=6419EC065D241E420D68ACB52EAC9670?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44241/9789241598866_eng.pdf;jsessionid=6419EC065D241E420D68ACB52EAC9670?sequence=1
https://www.ncbi.nlm.nih.gov/pubmed/21858087
https://www.ncbi.nlm.nih.gov/pubmed/21858087
https://www.ncbi.nlm.nih.gov/pubmed/21858087
https://www.ncbi.nlm.nih.gov/pubmed/21858087
https://www.ncbi.nlm.nih.gov/pubmed/20351059
https://www.ncbi.nlm.nih.gov/pubmed/20351059
https://www.ncbi.nlm.nih.gov/pubmed/20351059
https://www.ncbi.nlm.nih.gov/pubmed/15032590
https://www.ncbi.nlm.nih.gov/pubmed/15032590
https://www.ncbi.nlm.nih.gov/pubmed/11157048
https://www.ncbi.nlm.nih.gov/pubmed/11157048
https://www.ncbi.nlm.nih.gov/pubmed/11157048
https://www.ncbi.nlm.nih.gov/pubmed/11157048
https://www.ncbi.nlm.nih.gov/pubmed/7504064
https://www.ncbi.nlm.nih.gov/pubmed/7504064
https://www.ncbi.nlm.nih.gov/pubmed/7504064
https://www.ncbi.nlm.nih.gov/pubmed/8245795
https://www.ncbi.nlm.nih.gov/pubmed/8245795
https://www.ncbi.nlm.nih.gov/pubmed/8245795
https://www.ncbi.nlm.nih.gov/pubmed/17981204
https://www.ncbi.nlm.nih.gov/pubmed/17981204


J Immun Res 6(1): id1034 (2019)  - Page - 03

Nyati KK Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

9.	 Ottenhoff TH, Kumararatne D, Casanova JL. Novel human immunodeficiencies 
reveal the essential role of type-I cytokines in immunity to intracellular 
bacteria. Immunol Today. 1998; 19: 491-494.

10.	Redford PS, Boonstra A, Read S, Pitt J, Graham C, Stavropoulos E, et 
al. Enhanced protection to Mycobacterium tuberculosis infection in IL-10-
deficient mice is accompanied by early and enhanced Th1 responses in the 
lung. Eur J Immunol. 2010; 40: 2200-2210.

11.	Liu Y, Wang X, Jiang J, Cao Z, Yang B, Cheng X. Modulation of T cell cytokine 
production by miR-144* with elevated expression in patients with pulmonary 
tuberculosis. Mol Immunol. 2011; 48: 1084-1090.

12.	He L, Hannon GJ. MicroRNAs: small RNAs with a big role in gene regulation. 
Nat Rev Genet. 2004; 5: 522-531.

13.	Baltimore D, Boldin MP, O’Connell RM, Rao DS, Taganov KD. MicroRNAs: 
new regulators of immune cell development and function. Nat Immunol. 2008; 
9: 839-845.

14.	O’Connell RM, Taganov KD, Boldin MP, Cheng G, Baltimore D. MicroRNA-155 
is induced during the macrophage inflammatory response. Proc Natl Acad Sci 
USA. 2007; 104: 1604-1609.

15.	Curtale G, Citarella F, Carissimi C, Goldoni M, Carucci N, Fulci V, et al. 
An emerging player in the adaptive immune response: microRNA-146a 
is a modulator of IL-2 expression and activation-induced cell death in T 
lymphocytes. Blood. 2010; 115: 265-273.

16.	Reichman LB. Tuberculosis elimination-what’s to stop us? Int J Tuberc Lung 
Dis. 1997; 1: 3-11.

17.	Ma L, Teruya-Feldstein J, Weinberg RA. Tumour invasion and metastasis 
initiated by microRNA-10b in breast cancer. Nature. 2007; 449: 682-688.

18.	Thum T, Gross C, Fiedler J, Fischer T, Kissler S, Bussen M, et al. 
MicroRNA-21 contributes to myocardial disease by stimulating MAP kinase 
signalling in fibroblasts. Nature. 2008; 456: 980-984.

19.	Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, et al. MicroRNA 
expression profiles classify human cancers. Nature. 2005; 435: 834-838.

20.	Slack FJ, Weidhaas JB. MicroRNA in cancer prognosis. N Engl J Med. 2008; 
359: 2720-2722.

21.	Tjaden B, Goodwin SS, Opdyke JA, Guillier M, Fu DX, Gottesman S, et al. 
Target prediction for small, noncoding RNAs in bacteria. Nucleic Acids Res. 
2006; 34: 2791-802.

22.	Morita T, Aiba H. Small RNAs making a small protein. Proc Natl Acad Sci 
USA. 2007; 104: 20149-20150.

23.	Huntzinger E, Boisset S, Saveanu C, Benito Y, Geissmann T, Namane A, et 
al. Staphylococcus aureus RNAIII and the endoribonuclease III coordinately 
regulate spa gene expression. EMBO J. 2005; 24: 824-835.

24.	Boisset S, Geissmann T, Huntzinger E, Fechter P, Bendridi N, Possedko M, 
et al. Staphylococcus aureus RNAIII coordinately represses the synthesis 
of virulence factors and the transcription regulator Rot by an antisense 
mechanism. Genes Dev. 2007; 21: 1353-1366.

25.	Vogel J. A rough guide to the non-coding RNA world of Salmonella. Mol 
Microbiol. 2009; 71: 1-11.

26.	Hammann C, Wolfgang N. Small RNAs: Analysis and Regulatory Functions. 
In: Nucleic Acids and Molecular Biology. Berlin: Springer. 2005; 3-540-28129-
0.

27.	Chen CZ, Li L, Lodish HF, Bartel DP. MicroRNAs modulate hematopoietic 
lineage differentiation. Science. 2004; 303: 83-86.

28.	Tsitsiou E, Lindsay MA. microRNAs and the immune response. Curr Opin 
Pharmacol. 2009; 9: 514-520.

Citation: Nyati KK. miRNA-mediated Immune Response to Mycobacterium tuberculosis Infection. J Immun Res. 
2019; 6(1): 1034.

J Immun Res - Volume 6 Issue 1 - 2019
ISSN : 2471-0261 | www.austinpublishinggroup.com 
Nyati. © All rights are reserved

https://www.ncbi.nlm.nih.gov/pubmed/9818540
https://www.ncbi.nlm.nih.gov/pubmed/9818540
https://www.ncbi.nlm.nih.gov/pubmed/9818540
https://www.ncbi.nlm.nih.gov/pubmed/20518032
https://www.ncbi.nlm.nih.gov/pubmed/20518032
https://www.ncbi.nlm.nih.gov/pubmed/20518032
https://www.ncbi.nlm.nih.gov/pubmed/20518032
https://www.ncbi.nlm.nih.gov/pubmed/21367459
https://www.ncbi.nlm.nih.gov/pubmed/21367459
https://www.ncbi.nlm.nih.gov/pubmed/21367459
https://www.ncbi.nlm.nih.gov/pubmed/15211354
https://www.ncbi.nlm.nih.gov/pubmed/15211354
https://www.ncbi.nlm.nih.gov/pubmed/18645592
https://www.ncbi.nlm.nih.gov/pubmed/18645592
https://www.ncbi.nlm.nih.gov/pubmed/18645592
https://www.ncbi.nlm.nih.gov/pubmed/17242365
https://www.ncbi.nlm.nih.gov/pubmed/17242365
https://www.ncbi.nlm.nih.gov/pubmed/17242365
https://www.ncbi.nlm.nih.gov/pubmed/19965651
https://www.ncbi.nlm.nih.gov/pubmed/19965651
https://www.ncbi.nlm.nih.gov/pubmed/19965651
https://www.ncbi.nlm.nih.gov/pubmed/19965651
https://www.ncbi.nlm.nih.gov/pubmed/9441055
https://www.ncbi.nlm.nih.gov/pubmed/9441055
https://www.ncbi.nlm.nih.gov/pubmed/17898713
https://www.ncbi.nlm.nih.gov/pubmed/17898713
https://www.ncbi.nlm.nih.gov/pubmed/19043405
https://www.ncbi.nlm.nih.gov/pubmed/19043405
https://www.ncbi.nlm.nih.gov/pubmed/19043405
https://www.ncbi.nlm.nih.gov/pubmed/15944708
https://www.ncbi.nlm.nih.gov/pubmed/15944708
https://www.ncbi.nlm.nih.gov/pubmed/19092157
https://www.ncbi.nlm.nih.gov/pubmed/19092157
https://www.ncbi.nlm.nih.gov/pubmed/16717284
https://www.ncbi.nlm.nih.gov/pubmed/16717284
https://www.ncbi.nlm.nih.gov/pubmed/16717284
https://www.ncbi.nlm.nih.gov/pubmed/15678100
https://www.ncbi.nlm.nih.gov/pubmed/15678100
https://www.ncbi.nlm.nih.gov/pubmed/15678100
https://www.ncbi.nlm.nih.gov/pubmed/17545468
https://www.ncbi.nlm.nih.gov/pubmed/17545468
https://www.ncbi.nlm.nih.gov/pubmed/17545468
https://www.ncbi.nlm.nih.gov/pubmed/17545468
https://www.ncbi.nlm.nih.gov/pubmed/19007416
https://www.ncbi.nlm.nih.gov/pubmed/19007416
https://www.springer.com/gp/book/9783540281290
https://www.springer.com/gp/book/9783540281290
https://www.springer.com/gp/book/9783540281290
https://www.ncbi.nlm.nih.gov/pubmed/14657504
https://www.ncbi.nlm.nih.gov/pubmed/14657504
https://www.ncbi.nlm.nih.gov/pubmed/19525145
https://www.ncbi.nlm.nih.gov/pubmed/19525145

	Title
	Abstract
	Introduction
	Challenges
	Immune Response during Mycobacterium Infection
	Scope of the Future Research
	Conclusions
	References

