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 ABSTRACT 
 

Mycobacterium tuberculosis is the bacterium that causes tuberculosis. In this bacteria, long non-coding RNAs (lncRNA) 
can positively and negatively alter the expression of various genes through various mechanisms, such as activating 
transcription factors or binding to DNA targets of the chromatin complex. The current study's purpose was to review the 
lncRNAs in M. tuberculosis. The search was done with the keywords including lncRNAs, lncRNA, Long ncRNA, LincRNAs, Long 
ncRNA, long noncoding RNA, TB, Pulmonary Tuberculosis, Pulmonary TB, Mycobacterium tuberculosis in Pub Med, Web of 
Science Direct, Scopus, Scientific Information Databases, and Google scholar between 2000 and 2020. A total of 124 articles 
were found in PubMed, Science Direct, Scopus, Ovid, Cochrane, and Google Scholar, of which 20 papers were selected from 
the databases. In revising the title and abstract, 84 articles were excluded from our study. Finally, 19 articles were included 
in our study, comprising 4444 patients with tuberculosis. All studies were performed in China using the qRT-PCR method. 
The present study's results showed an acceptable association between lncRNA and SNP with tuberculosis and M. 
tuberculosis. Also, these regulatory factors play an essential role as diagnostic biomarkers and the development of new 
therapies.  
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1. Introduction 

Mycobacterium tuberculosis (M. tuberculosis) is the 
bacterium that causes tuberculosis, which has the 
highest mortality rate among infectious diseases. An 
estimated 10.4 million new cases are discovered each 
year, of which about 1.7 million result in death (1). The 
resistance of tuberculosis-causing bacteria to anti-
tuberculosis drugs is increasing as a global concern. 
MDR (multidrug resistance) and XDR (Extensively 
drug-resistant) resistors are also emerging today (2). A 
routine laboratory test used to diagnose pulmonary 
tuberculosis is a microscopic smear. One of the 
limitations of this method is that it detects only half of 
the TB-related infections (3). The standard gold 

method for identifying M. tuberculosis is culture, 
which has high sensitivity and specificity. However, 
the limitation of this method is that it takes at least a 
few weeks to reach the answer. Also, this method 
requires a lot of expensive laboratory infrastructure. 
In addition, it is challenging to collect sputum samples 
from children and adults (4). In many cases, the 
diagnosis of extrapulmonary tuberculosis (EPTB) is 
delayed, failing the antibiotic course in some cases. 
Clinical findings are of little specificity, and 
tuberculosis tests such as Tuberculin skin test (TST), 
and Interferon Gamma Release Analysis (IGRA) may be 
erroneous; in addition, sites of extrapulmonary 
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tuberculosis infection may not be readily available for 
sample collection (5). The current method for 
identifying M. tuberculosis, which responds in 3 to 5 
days, is PCR, a fast and reliable method (6). 

The definition used for long non-coding (LNC) is long 
RNA, which is more than 200 nucleotides in length and 
does not translate into protein (7). It is estimated that 
about 80% are involved in DNA sequences and are the 
primary targets for biomarkers and treatment (8). 
Long non-coding RNAs (lncRNA) can positively and 
negatively alter the expression of various genes 
through various mechanisms, such as activating 
transcription factors or binding to DNA targets of the 
chromatin complex through the formation of 
Heterogeneous nuclear ribonucleoproteins (hnRNPs) 
(9). However, many studies have shown that lncRNAs 
are involved in various biological processes such as 
transcription, splicing, protein synthesis, cell structure 
integration, cell cycle, apoptosis, stem cell 
pluripotency, reprogramming, and heat shock 
response (10). Early detection of tuberculosis is 
necessary to prevent its spread within the community. 
Therefore, the presence of biomarkers for early 
detection of tuberculosis is essential to prevent its 
progression in the individual and society. Past studies 
have shown the potential value of microRNA (miRNA) 
lncRNA, and several other proteins as biomarkers for 
diagnosing tuberculosis (11, 12). LncRNA can be 
detected in the blood of people with tuberculosis, 
which is a new way to diagnose people with 

tuberculosis. The aim of this systematic review was to 
clarify the role of lncRNAs in M. tuberculosis. 

 

2. Materials and Methods 

2.1. Search strategy  

In the current systematic review study, we searched 
with the keywords lncRNAs, lncRNA, Long ncRNA, 
LincRNAs, Long ncRNA, long noncoding RNA, 
Tuberculosis, TB, Pulmonary Tuberculosis، Pulmonary 
TB, Mycobacterium tuberculosis in PubMed, Science 
Direct, Scopus, Ovid, and Cochrane, and Google 
scholar between 2000 and 2020. There was no limit to 
the year the article was published. The language of the 
article search was limited to English. In order not to 
lose any of the reference articles, the obtained articles 
were also searched. 

2.2. Data Extraction and Quality Assessment 

Each study was reviewed, and information including 
first author name, year of publication, country, 
number of samples, study groups, diagnostic method, 
long non-coding RNA name, and gene expression was 
extracted from each article. All duplicate articles, 
papers in languages other than English, Review 
articles, and Case Reports were excluded from our 
study (Figure 1). The quality of all obtained articles 
was evaluated by criteria (QUADAS-2).  

 

 

Figure 1. Flow chart of the literature search and selection 
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3. Results 

3.1. Study Characteristics 

A total of 124 articles were found in PubMed, Web of 
Science Direct, Scopus, Scientific Information Databases, 
and Google Scholar, of which 20 papers were shared 
between the databases. In revising the title and abstract, 
84 articles were excluded from our study. Finally, 19 
articles were included in our study, which included 4444 
patients with tuberculosis. All analyses were performed 

in China using the qRT-PCR method.  Several LNCs for 
which no information was available were collected 
through contact with the corresponding author for their 
information (Table 1). In addition, several microscopically 
studied articles did not have the names of all their LNCs 
in the article, so in this systematic review, we only 
mentioned the names of those LNCs that were in the full 
text of the article. 

 

 

Table 1. Summary of all studies used in the present study 

First Author Year Region Detection Methods Sample Ref 

Qian Wu 2019 Western Chinese iMLDR peripheral blood (13) 

Zhong-liang Chen 2017 China microarray and RT-qPCR plasma (14) 

Hao Bai 2018 West China RT-qPCR whole blood (15) 

Yurong Fu 2017 China microarray and RT-qPCR whole blood (16) 

Jianan He 2017 China microarray and RT-qPCR plasma (17) 

Shuying Huang 2018 China RT-qPCR peripheral blood (18) 

Hong Yan 2019 China microarray and RT-qPCR Peripheral blood (19) 

Jiajia Song 2019 West China iMLDR peripheral blood (20) 

Mingying Li 2019 China qPCR peripheral blood (21) 

Jing Li 2017 West China RT-qPCR whole blood (22) 

Jiajia Songa 2019 China iMLDR peripheral blood* (23) 

Zhengjun Yi 2014 China microarray and RT-qPCR whole blood (24) 

Zhenzhen Zhao 2017 West China iMLDR whole blood (25) 

Zhenzhen Zhao 2019 West China iMLDR،multiplex PCR peripheral blood (26) 

Yurong Fu 2017 China microarray and RT-qPCR Peripheral blood (27) 

Yang Wang 2015 China qPCR،flow cytometry،microarray Peripheral blood (28) 

LiMin Wang 2018 China RT-qPCR peripheral blood (29) 

Xing Zhang 2019 China qPCR peripheral blood (30) 

Zhi-Bin Lia 2020 China microarray،qpcr Plasma (31) 
  *i MLDR: improved multiplex ligation detection reaction/ RT-qPCR: reverse transcription-quantitative polymerase chain 

reaction 

 

3.2. LncRNAs as Potential Biomarkers in M. 
tuberculosis 

As shown in Tables 2 and 3, 20949 lncRNAs and 
12204 mRNAs were conducted to study and 5 of them 
were validated by q-PCR method. Compared with the 
group whose TB was not treated and the treated 
individuals had downregulated expression levels of 
uc.48 + and NR_105053, compared with healthy 
controls and those treated with tuberculosis, the 
expression level of uc.48 and NR_105053 was 
upregulated. Untreated, the expression level of the 

two LNC uc.48 and NR_105053 was upregulated (31). 
In another report, the expression level of LINC00152 
was much lower in people with TB than in healthy 
people. Also, SNP rs80292941 was introduced as a 
biomarker and predictor of side effects of 
hepatotoxicity due to anti-TB drugs (22). In another 
study, two LNCs, lnc-AC145676.2.1-6 and lnc-TGS1- 
were observed in 467 patients with tuberculosis. 
These two LNCs were down-regulated in people with 
tuberculosis, which means that these two LNCs were 
involved in the development of tuberculosis. They can 
be mentioned as biomarkers (15). This study showed 
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that low expression of lnc-TGS1-1 is closely related to 
thrombocytopenia in patients treated with anti-TB 
drugs (15). The lnc-TGS1-1- rs4737420 variant is also 
associated with a reduced risk of leukopenia in these 
individuals (15). 

In another study with a difference in expression 
level (DE) of 449 LNC, DE 6 were randomly selected for 
Validation by Real-time PCR using HSPA4-5: 1 and lnc-
ARG2-3: 1, downregulated and LNC-HNRNPU. -1: 7, 
CD27-AS1: 16, lnc-ABT1-3: 5, lnc-CCNT1-1: 1, have 
been upregulated in patients with pulmonary 
tuberculosis (30). This study, also showed that lnc-
GBP4-1-1 and lnc-GBP7-1-2 regulated the guanylate 
binding protein (GBP4) and GBP5 genes, indicating the 
regulatory role of LNC (30). He et al. examined three 
groups of people with tuberculosis, CAP, and CG, of 
which 3 were tested by microbial method and 50 by 
qRT-PCR. (6 to up-regulated and 6 to down-regulated) 
were examined and analyzed (Tables 2 and 3), these 
two LncRNA can be selected as biomarkers (17). It was 
found that ENST00000427151 targets cd81 antigen 
and ENST00000354432 sodium/glucose transporter 
(SLC5A10) (17). In another study, the expression of 
various mRNA and LncRNA in peripheral blood 
mononuclear cells (PBMCs) was examined. The 
subjects were divided into three groups: Drug-
resistant individuals (MDR-TB), Drug-sensitive 
individuals (DS-TB), and healthy controls 6 LncRNA 
were randomly validated. Four LncRNA had similar 
expression in the two groups with TB compared with 
the healthy control group. It was also found that 2 
LncRNA (CTD-2331D11.3 and AC079779.5) are 
involved in the pathogenesis of MDR-resistant 
individuals (19). 

Gene Ontology (GO) analysis in this study in MDR 
subjects showed that up-regulated mRNAs and their 
down-regulated mRNAs are involved in T-cellular 
responses and immune responses (19). In a study that 
examined 844 B-cell lncRNA in people with TB by 
microarray, ENST00000505706 and 
ENST00000562027 had the highest and lowest 
expression, respectively. Bioinformatics analysis such 
as GO found that increased B cell expression in TB + 
individuals induces immune and molecular responses 
to bacteria. T-cells, NK-cells, and the processing and 
presentation of antigens are mainly related to the low 
expression of mRNAs (16). Four lncRNA was validated 
by qRT-PCR as shown in Tables 1 and 2. In this study, 
for the first time, it was shown that up-regulated, 
XLOC_012582 lncRNA causes high expression of the 
SOCS3 gene, which is a negative regulator of cytokine 
responses, thus determining the relationship between 
mRNA and lncRNA expression (16). In a study that 
looked at 511 lncRNA and 411 mRNA in the blood 
plasma of people with TB, 163 were up-regulated, 
lncrna348 were down-regulated, and 6 of them were 

confirmed by qRT-PCR, of which 4 lncRNA could be 
used as a biomarker (14). This study's, coding non-
coding co-expression (CNC) analysis showed that 
expression levels NR_038221 and ENST00000422183 
were positively correlated with IL6ST and negatively 
correlated with TLR6. NR_003142 and 
ENST00000570366 are positively associated with 
MT1H and IL5, respectively. Also, the association of 
the expression level of lncRNA-NR_038221, which 
qRT-PCR confirmed, was found to target genes such as 
TLR6, NOD2, and CD3E. Other bioinformatics analyses, 
such as GO, showed that differences in the expression 
of different mRNAs were positively and negatively 
associated with INFG, TH1, and T-cell selection cell 
responses. KEGG analysis also demonstrated the 
association of different Jak-STAT signaling pathways, 
TCR, with down-regulated mRNAs, so that T cell 
activation in patients may be related to lncRNA 
dysregulation (14). It has been described that 
AC079767.4 lncRNA is a robust biomarker for the 
diagnosis of tuberculosis, and this lncRNA can also be 
used for therapeutic purposes. Rs 1055229 is closely 
related to the ESR test for follow-up of TB patients. 
Also, the rs12477677 minor allele is closely related to 
fever, one of the most common symptoms of TB, and 
this SNP has a protective effect on TB progression. This 
study showed that AC079767.4 lncRNA SNP could be 
used for diagnostic and therapeutic purposes (25). 
Analysis (lncRNA) of LOC152742 and high expression 
of this lncRNA in people with pulmonary tuberculosis 
showed that this lncRNA could be helpful as a 
biomarker for diagnosis (29). Five polymorphisms of 
the RP11-37B2.1 LncRNA gene were examined in a 
large study that linked the risk of tuberculosis. Among 
them, only Snp rs39509 was statistically justifiable 
(23). 

3.3. Role of lncRNAs in Therapeutic Targets and 
Immune Responses to M. tuberculosis 

The innate and acquired immune systems are 
involved in the body's immune response to 
tuberculosis so cd4 and cd8 cells play an essential role 
in the acquired immune system and are particularly 
important in combating MTB. Also, tcd8 cells, which 
are less critical than tcd4 cells against M. tuberculosis, 
can fight this bacterium in different ways (32, 33). 
Studies have shown that lncRNA plays a critical role in 
modulating immune responses, including T 
lymphocyte responses, which include activation and 
differentiation (34, 35). In one study, 30586lncrna and 
20109 mRNA were examined in tcd8 cells, and 328 
lncRNA expressed differences, 4 of which were 
validated with qRT-PCR (Tables 2 and 3) (16). 
LOC152742 and TTTY15 had the highest and lowest 
expression, respectively, so this lncRNA can be 
considered as promising biomarkers. Two of the 
lncRNA that had expression changes in peripheral 



496   Long non-coding RNAs (lncRNAs) in Mycobacterium tuberculosis 

Year 17, Issue 5 (September – October 2023)                      Iranian Journal of Medical Microbiology 

blood tcd8 and tcd4 cells were ENST00000435287 and 
NR_024334. Gene ontology analysis in this study 
showed that in tcd8 cells with TB, processes such as 
extracellular matrix, apoptotic signaling pathways, cell 
migration and up-regulated cellular component 
movement, and signaling pathways such as cellular 
and inflammatory responses, defense responses and 
system regulation has had down-regulated safety. 
Another analysis called KEGG showed that CAMP, 
TGFB and calcium signaling pathways were up-
regulated and down-regulated mRNAs in the process 
of antigen processing and presentation, NK-cell and 
cytotoxicity (16). This study also showed that up-
regulated lncRNA XLOC_014219 causes down-
regulation of the gene encoding the protein HMOX1, 
impairs the function of tcd8 cells in patients with 
tuberculosis, which requires further investigation (16). 
In another study, the expression of mRNA and lncRNA 
in tcd4 cells in three groups (active TB, latent TB, 
healthy control) was examined by the microbial 
method. This study found that the expression level of 
two lncRNA, NR_024586 and ENST00000431999, 
which were down-regulated, was closely related to 
the genes encoding MLL5 and CYP1B1 proteins. Most 
lncRNA whose expression was different of the 
intergenic class (50%). Forty-one lncRNA differed in 
expression between the three groups, and 23 differed 
in comparison with active TB, latent TB, and healthy 
control. lncRNA NEAT1 was one of those reported to 
have down-regulated LncRNA compared with healthy 
individuals, which may indicate neat1 in response. 
Host immunity against pathogens is involved (24). 
Macrophages play a vital role in the immune system 
against Mycobacterium tuberculosis. LncRNAs are 
also effective in regulating macrophage responses 
against microbes. In the study of lncRNA profile 
expression, PCED1B-AS1 lncRNA expression was 
analyzed in macrophages, which showed the 
expression level of PCED1B-AS1 in monocyte cells of 
people with active tuberculosis-healthy individuals 
decreased (21). In this study, using a flowcytometry 
with PCED1B-AS1 suppressor in macrophages, it 
reduced TNF-a expression and resulted in macrophage 
apoptosis, and it was shown that PCED1B-AS1 
reduction suppressed FOXO3 and RHEB genes. Also, 
electron microscopy and immunofluorescence 
methods showed that with the downregulation of 
PCED1B-AS1, autophagy and phagosome formation 
occur (21). Another finding of this paper was that a 
microRNA called mir-155 increased its expression in 
monocytes of people with TB, so they found that mir-
155 binds to PCED1B-AS1 and down-regulates this 
lncRNA (21). In another study, CD244 expression levels 
were examined by flow cytometer in tcd8 cells, which 
were found to be active in people with tuberculosis. In 
TCD8 cells, cd244 has up-regulation. Therefore, it has 
been suggested that the CD244 signaling pathway 

hurts EZH2 and that EZH2 itself has an effect on 
inhibiting INFG and TNF-A production. This study 
found that lncRNA-BC050410 lncRNA-CD244 has a 
higher expression in CD244 + CD8 + T cells and is 
positively correlated with the CD244 signaling 
pathway in TB + individuals (28). Up-regulation or 
down-regulation o lncRNA-CD244 is controlled by the 
INFG and TNFA locus suppressing or producing (28). 
Therefore, this study suggests that lncRNA-CD244 
affects the immune response against MTB in CD8 + T 
cells by acting EZH2, which affects the production of 
IFN-γ and TNF-α (28). 

Evidence suggeststhat lncRNA plays an important 
role in regulating the innate immune response in 
patients with tuberculosis. In a study of NEAT1 lncRNA 
in PBMC cells, people with tuberculosis were found to 
have increased NEAT1-1 and NEAT1-2 in patients with 
tuberculosis. It was found that the expression levels of 
NEAT1-1 and NEAT1-2 decreased after six months of 
treatment and were no different from healthy 
individuals, but in people with a recurrence of TB, this 
lncRNA expression did not change compared to new 
cases. This study used si-RNAs to suppressNEAT1 and 
showed that the cytokine IL-6 was reduced, but TNFα 
was not altered (18). 

3.4. Correlation of lncRNA with Susceptibility, 
Clinical Characteristics, and Adverse Drug Reactions 

Research has shown that one of the significant 
challenges facing physicians is the development of 
adverse reactions (ADRs) caused by treatment with 
anti-TB antibiotics. It is important to note that one of 
the leading causes of failed treatment is resistance to 
treatment and even death of ADRs. In addition, there 
is a strong association between genetic variants and 
TB susceptibility, and increases in these SNPs are 
associated with ADRs induced by Anti-TB therapy. 
Therefore, the study of SNPs and genetic variants is 
critical. A study examined the relationship between 
lnc‐HNF1B: 3: 1 genetic variant with clinical features 
and symptoms (fever, night sweats, weight loss, etc.) 
in patients with pulmonary and extrapulmonary 
tuberculosis as well as side effects (ADR) of drugs Anti-
TB was reviewed. In this study, patients with 
rs12939622 and rs4262994 SNPs with AA genotype 
were more prone to fever symptoms than others. In 
connection with drug side effects, they examined 
seven side effects (anemia, CHD, thrombocytopenia, 
hyperbilirubinemia, leukopenia, AKI). They found that 
rs2542670 SNP was statistically associated with 
thrombocytopenia, leukopenia, and chronic renal 
problems. SNP Rs2688 protects against MTB in 
laboratory models (13). In another study by the same 
people who performed the ACN79767.4 lncRNA SNPs, 
the association of these SNPs (rs10178277, 
rs12477677, rs1055228 and rs1055229) was 
evaluated by multiplex PCR with anti-tuberculosis 
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drug-induced hepatotoxicity (ATDH). Unfortunately, 
ATDH is the most common side effect seen in patients 
treated with anti-TB drugs. There was an association 
between rs1055229 and ATDH. Also, the CT / TT 
genotype of this SNP was associated with the 
development of hepatotoxicity problems and their 
incidence (26). In another study of 554 TB patients, 
four SNPs and six lncRNA haplotypes of RP11‐37B2.1 

were examined. One of the results was no significant 
association between the 6 haplotypes. (CCC, TTT, CTT, 
CTC, CCT, and TTC) and no TB. Of the 4SNPs, only 
Rs218916 was strongly associated with 
thrombocytopenic problems in drug-treated 
individuals, and there was also a weak association 
between rs218921 and hepatotoxicity (20).

 

Table 2. Characteristics of studied LncRNA related to TB 

Sequence Gene location Class Related diseases Ref 

ENSG00000250985 lnc-HNF1B-3:1 chr17 intronic 27 (13) 

NR_038221 LINC00870 chr3 intergenic 0 (1) 

NR_003142 SNHG9 chr16 intergenic 19 (14) 

ENST00000570366 lnc-B3GNTL1-1 chr17 intergenic 27 (14) 

ENST00000422183 GAS5:34 chr1 antisense 23 (14) 

ENST00000568177 lnc-CKB-1 chr14 bidirectional 44 (14) 

ENST00000449589 GAS5:8 chr1 antisense 5 (14) 

lnc-AC145676.2.1-6 Lnc-AC145676.2.1-6 chr7 intergenic 58 (15, 26) 

lnc-TGS1-1 lnc-TGS1-1 chr8 antisense 15 (15, 26) 

ENST00000354432 lnc-FAM83G-1 chr17 antisense 56 (17) 

uc004cov.4 NA NA NA NA (17) 
NR_044997 HCG25 chr6 NA 97 (17) 

ENST00000427151 CD81-AS1:3 chr11 antisense 27 (17) 

ENST00000442037 H19:17 chr11 intergenic 41 (17) 

ENST00000546607 GLYCAM1 NA NA NA (17) 

ENST00000428188 IL1R1-AS1 chr2 antisense 0 (17) 

TCONS_00019972 lnc-FAT3-2 chr11 intergenic 11 (17) 

TCONS_00004316 lnc-REG1B-3:1 chr2 intergenic 25 (17) 

ENST00000568137 lnc-ZFHX3-27 chr16 bidirectional 16 (17) 

ENST00000584688 lnc-SPACA3-1:1 chr17 antisense 28 (17) 

TCONS_00019584 lnc-SOX6-1:1 chr11 intergenic 26 (17) 

NEAT1:1 NEAT1 chr11 intergenic 70 (18) 

LOC0101929497 NA NA NA NA (19) 

LINC01496 LINC01496 chrX intergenic 28 (19) 

BRE-AS1 BRE-AS1 chr2 intronic 29 (19) 

CTC518B2.10 NA NA NA NA (19) 

CTD-2331D11.3 lnc-COX7C-9 chr2 intergenic 2 (19) 

AC079779.5 lnc-FAM150B-2 chr2 intergenic 844 (19) 

RP11‐37B2.1(ENSG00000251136) lnc-NBN-1:1 chr8 bidirectional 243 (20) 

PCED1B-AS1 PCED1B-AS1 chr2 intergenic 286 (21) 

LINC00152 CYTOR chr2 intergenic 192 (22) 

RP11-37B2.1 lnc-NBN-1 chr8 bidirectional 243 (23) 
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Sequence Gene location Class Related diseases Ref 

ENST00000429730 LINC01857(lnc-CCNYL1-1:1) chr2 intergenic 7 (24) 

ENST00000457582 DEFA8P chr8 Intergenic 0 (24) 

uc011ncc.1 DDX11L chrY Intergenic 0 (24) 

chr2:192293450-192304436 lincRNAOBFC2A-4 chr2 Intergenic 0 (24) 

AC079767.4(ENSG00000224137) lnc-CCNYL1-1(LINC01857) chr2 intergenic 7 (25) 

CTD-2281E23.2-001 lnc-CLN8-11 chr8 intronic 59 (16) 

RP11-298J20.3 lnc-CTBP2-1 chr10 antisense 48 (16) 

AC016683.6 PAX8-AS1 chr2 antisense 217 (16) 

RP11-382A18.1 lnc-FAM84B-15 chr8 antisense 34 (16) 

RP11-99H8.1 lnc-PTGER3-1 chr1 intergenic 15 (27) 

ENST00000507373 SH3TC2-DT chr5 intergenic 5 (27) 

RP1-90G24.6 lnc-RFPL3-2 chr22 intergenic 23 (27) 

TCONS_00024847 lnc-IRX5-2 chr16 intergenic 0 (27) 

LOC152742 lnc-CPEB2-18 chr4 intergenic 0 (29) 

Lnc-HNRNPU-1:7 lnc-HNRNPU-1 chr1 intronic 36 (30) 

CD27-AS1:16 CD27-AS1 chr12 antisense 15 (30) 

lnc-ABT1-3:5 lnc-ABT1-3 chr5 intergenic 21 (30) 

lnc-CCNT1-1:1 lnc-CCNT1-1:1 chr12 intronic 39 (30) 

lnc-ARG2-3:1 lnc-ARG2 chr14 intergenic 0 (30) 

lnc-HSPA4-5:1 lnc-HSPA4-5 chr5 intergenic 0 (30) 

T150805 NA chr17 Intergenic NA (31) 

ENST00000416708 lnc-IGFBP1-2 chr7 intergenic 16 (31) 

NR_105053 PSD2-AS1 chr5 intergenic 0 (31) 

NR_126366 PIK3CD-AS2 chr1 antisense 47 (31) 

T274995 NA chr4 Intergenic NA (31) 

uc.48+ NA chr2 Intronic 
antisense NA (31) 

lncRNA-CD244 NA NA NA NA (28) 
NA: Not Available 
 

Table 3. Association between expression lncRNAs with TB 

seq/gene sample(patient/HC) variation Change of expression ref 

Lnc‐HNF1B‐3:1(ENSG00000250985) 526/561 1 - (13) 

NR_038221 52 1 up-regulated (14) 

NR_003142 52 3 up-regulated (14) 

ENST00000570366 52 1 up-regulated (14) 

ENST00000422183 52 1 Down-regulated (14) 

ENST00000568177 52 1 no reactive (14) 

ENST00000449589 52 1 no reactive (14) 

lnc-AC145676.2.1-6 467/473 3 down-regulated (15, 26) 
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seq/gene sample(patient/HC) variation Change of expression ref 

lnc-TGS1-1 467/473 1 down-regulated (15, 26) 

ENST00000354432 50 1 up-regulated (17) 

uc004cov.4 50 1 up-regulated (17) 

NR_044997 50 6 up-regulated (17) 

ENST00000427151 50 1 up-regulated (17) 

ENST00000442037 50 1 up-regulated (17) 

ENST00000546607 50 1 up-regulated (17) 

ENST00000428188 50 1 down-regulated (17) 

TCONS_00019972 50 1 down-regulated (17) 

TCONS_00004316 50 1 down-regulated (17) 

ENST00000568137 50 1 down-regulated (17) 

ENST00000584688 50 1 down-regulated (17) 

TCONS_00019584 50 1 down-regulated (17) 

NEAT1 106 4 up-regulated (18) 

LOC0101929497 50/50 1 down-regulated (18) 

LINC01496 50/50 1 down-regulated (18) 
CTC518B2.10 50/50 1 down-regulated (18) 

BRE-AS1 50/50 1 up-regulated (18) 

CTD-2331D11.3 50/50 1 up-regulated (18) 

AC079779.5 50/50 28 up-regulated (18) 

RP11‐37B2.1(ENSG00000251136) 554/561 10 no reactive (20) 

PCED1B-AS1 20/20 12 down-regulated (21) 

LINC00152 476/475 13 up-regulated (22) 

RP11-37B2.1 1359/1534 9 no reactive (23) 

ENST00000429730 55/30 1 down-regulated (24) 

uc011ncc.1 55/30 1 down-regulated (24) 

ENST00000457582 55/30 1 up-regulated (24) 

chr2:192293450-192304436þ 55/30 1 up-regulated (24) 

AC079767.4 554/561 1 down-regulated (25) 

RP11-99H8.1 31/35 1 decrease (16) 

ENST00000507373 31/35 1 decrease (16) 

RP1-90G24.6 31/35 1 increase (16) 

TCONS_00024847 31/35 1 increase (16) 

lncRNA-CD244 - 1 up-regulated (28) 

LOC152742 48/44 1 up-regulated (29) 

Lnc-HNRNPU-1:7 20 1 up-regulated (30) 

CD27-AS1:16 20 1 up-regulated (30) 

lnc-ABT1-3:5 20 1 up-regulated (30) 

lnc-CCNT1-1:1 20 1 up-regulated (30) 
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seq/gene sample(patient/HC) variation Change of expression ref 

lnc-ARG2-3:1 20 1 down-regulated (30) 

lnc-HSPA4-5:1 20 1 down-regulated (30) 

T150805 42/25 1 up-regulated (31) 

ENST00000416708 42/25 1 up-regulated (31) 

T274995 42/25 1 up-regulated (31) 

NR_126366 42/25 1 down-regulated (31) 

uc.48+ 42/25 1 down-regulated (31) 

NR_105053 42/25 1 down-regulated (31) 

CTD-2281E23.2 34/35 3 increase (16) 

RP11-382A18.1 34/35 4 increase (16) 

RP11-298J20.3 34/35 1 decrease (16) 

AC016683.6 34/35 12 decrease (16) 
 

 

4. Discussion 
According to the World Health Organization (WHO), 

tuberculosis is one of the top ten diseases in the world 
that causes death (36). People who are exposed to this 
bacterium are at risk for active tuberculosis as well as 
latent tuberculosis. Numerous studies have shown 
that environmental and genetic factors are involved in 
the involvement and development of infectious 
diseases, especially tuberculosis (37-39). By examining 
the biomarkers, it is possible to help in the timely 
treatment of this disease (5, 6). 

Microorganisms have about 98% of genes non-
coding sequences, of which a significant percentage 
are lncRNA sequences that play a role in regulating 
gene expression (40, 41). In other studies, on lncRNA, 
SNGH5 is located on chromosome 16. Studies have 
been performed on two of them in pancreatic cancer 
and lung cancer, which have high expression in lncRNA 
in lung cancer patients and vice versa in patients with 
pancreatic cancer; this lncRNA has downregulation 
and has been introduced as a biomarker (42, 43). 
LncRnaGAS5, which is located on chromosome 
number one. Many studies have been done on this 
lncRNA, for example, in people with CAD, who have 
down-regulated lncRNA, and can be a promising 
biomarker (44). In another study, lncRnaGAS5 was 
measured in people with ovarian cancer and it found 
that it could be used as a therapeutic target or 
biomarker. Also, another survey of the same gene in 
people with NSCLC (non-small-cell lung cancer) in the 
early stages of the disease leads to early detection and 
diagnosis (45, 46). Studies on lncRNA H19 have been 
linked to many diseases . In pancreatic cancer, the 
expression of this lncRNA was measured, which was 
found to be highly expressed in the PANC-1 cell line, 
and its suppression prevents metastasis, which is a 

good candidate for the treatment of this cancer (47, 
48). Increased expression of H19 has been shown in 
some tumors such as breast cancer and hepatocellular 
carcinoma (HCC). This lncRNA also reacts with many 
mi-RNAs and proteins (49). Studies measuring the 
effect of kidney disease have shown that lncRNA is up-
regulated in the disease, which is shown to reduce 
renal fibrosis by turning off the gene. Therefore, 
suppression of lncRNA is a cure factor for kidney 
diseases (50). H19 can be used as a biomarker in 
various malignancies, such as pancreatic ductal 
adenocarcinoma (PDAC), which is often associated 
with up-regulation in this disease. H19 also reacts with 
miRNA to regulate inflammation, oxidative stress, and 
fibrosis (47). Studies in lnc NEAT1 have shown that the 
expression level in the tissues and plasma of people 
with NSCLC is higher than in normal tissues. High 
expression is associated with vascular invasion, 
lymphatic metastasis, tumor metastasis, and age Be 
considered (51). Increased expression of this lncRNA 
in patients with esophageal squamous cell carcinoma 
(ESCC) causes cell proliferation and invasion and 
migration of cancer cells, which in this disease is 
referred to as NEAT1 as an oncogene. lncRNA 
regulation applies to diseases and cancers such as 
Laryngeal squamous cell carcinoma, Colorectal cancer, 
Hepatocellular cancer, Breast cancer, Ovarian cancer, 
Prostate cancer, and Glioma, except in Acute 
promyelocytic leukemia, where NEAT1 expression is 
low (51). BRE-AS1 is one of the lncRNAs that has been 
studied in people with bladder cancer (BC), and it has 
been found that we have reduced expression in 
people with this disease. Also, high expression of this 
lncRNA reduces cell proliferation and thus reduces 
cancer growth. The target of this lncRNA is the STAT3 
signaling pathway, which suppresses its 
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phosphorylation (52). In another study, this lncRNA in 
non-small cell lung cancer (NSCLC) patients had the 
same results. In this study, the NR4A3 gene was 
positively associated with lncRNA, and as a result, this 
lncRNA could have the potential for treatment in 
these two diseases (53). In patients with glioblastoma, 
PCED1B-AS1 was evaluated. It found that its 
expression in normal tissue was lower than that of 
glioblastoma and that those with high expression of 
this lncRNA had a shorter lifespan and survival. 
PCED1B-AS1 is also closely related to tumor size. 
PCED1B-AS1 translates mRNA, and HIF-1α causes 
tumorigenesis and the Warburg effect. Thus, this 
lncRNA is considered an oncogene and a therapeutic 
target by HIF-1α effect (54). The role of LINC00152 or 
cytoskeleton regulator RNA (CYTOR) in various types 
of cancer is being investigated, which has been shown 
to have a high expression in patients with peripheral 
tissue and blood in NSCLC cancer. This lncRNA is also 
considered a biomarker and oncogene of this disease. 
CYTOR is effective in the invasion, migration, growth, 
and proliferation of NSCLC cells (55). The study by 
Yang Yu et al. showed that lncRNA was closely 
associated with various cancers and tumors (gastric 
cancer, hepatocellular carcinoma, colon cancer, 
gallbladder cancer, and renal cell carcinoma) and 
could accelerate these diseases. Therefore, 
suppressing or controlling it can prevent the 
progression of the disease, which is a type of 
therapeutic goal. It can also give suitable biomarkers 
and prognosis. LINC00152 has a significantly high 
expression in most of the mentioned cancers, which is 
a critical point (56). One study found that high 
expression of LINC01857 had a poor prognosis for 
breast cancer. Restricting it reduces cell invasion and 
cell migration. It was found that increased 
transcription in H3K27Ac and CREB1 by CREBBP is 
involved in regulating LINC01857 expression (57). 
PAX8-AS1 polymorphisms (rs4848320 and rs6726151) 
increase the risk of infection and risk factors in 
children with acute lymphoblastic leukemia. Some 
SNPs reduce the risk of cervical cancer (58, 59). Studies 
have shown that PIK3CD-AS2 shortens patients' life 

and promotes lung adenocarcinoma (LUAD). It also 
reduces apoptosis and inhibits p53 by binding to YBX1 
(60). Studies have shown that lncRNAs affect the 
body's immunity against tuberculosis and can also be 
used as a biomarker for therapeutic targets against 
tuberculosis (14, 17, 28). In this systematic review 
study, we analyzed 19 articles to analyze the 
relationship between lncRNA and tuberculosis, in 
which articles 59 lncRNA were validated by qRT-PCR, 
which we used with all specifications using the sites 
https://lncipedia.org, 
http://bioinfo.life.hust.edu.cn/lncRNASNP#!/, 
https://rnacentral.org  are listed in Tables 2 and 3. 
Unfortunately, eight lncRNA profiles were not found 
in the specified databases. Almost all lncRNA except 5 
had dysregulation, 29 of which had up-regulation and 
25 down regulations. As a result, we can use this 54 
lncRNA as diagnostic biomarkers.  

  

5. Conclusion 

In summary, in this systematic review study, it was 
found that there is an acceptable association between 
lncRNA and SNP with tuberculosis and M. tuberculosis. 
Therefore, it was found that these regulatory factors 
play an important role as diagnostic biomarkers and the 
development of new therapies. However, more studies 
are needed to discover new lncRNAs and their 
association with tuberculosis. 
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