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Abstract 

Infection with tuberculosis (TB) has been a leading cause of death worldwide. The accurate detection 
of Mycobacterium tuberculosis (M. tuberculosis) is integral for the prevention and control programs for 
TB disease. Host-encoded microRNAs (miRNAs) are known to be triggered upon TB infection, raising 
possibilities of their utility as biomarkers. Here, we investigated the value of miRNAs in pointing active 
TB (ATB) and predicting the progression from latent TB (LTB) to ATB infection. We then constructed 
signaling pathways predicted to be involved in TB disease pathobiology. Our analyses identified miR-
21-5p, miR-29a-3p and miR-361-5p as being down regulated in ATB and upregulated in LTB compared to 
healthy subjects with an area under the curve (AUC) of > 0.9, indicating potentially promising biomarker. 
Pathways related to estrogen signaling, TNF and apoptosis signaling were enriched targets for those 
miRNAs. This study provides evidence for the significance of miRNA as diagnostic and prognostic 
markers for ATB and LTB infections in humans. These results could be extrapolated and validated using 
future large-scale studies. 
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INTRODUCTION

 Tuberculosis (TB) is a fatal disease caused 
by Mycobacterium tuberculosis (M. tuberculosis). 
It is considered by the World Health Organization 
(WHO) to be the tenth leading cause of death all 
over the world and the first leading cause of death 
from a single infectious agent (outranking HIV/
AIDS).1 Currently, there are ~1.3 million deaths 
from tuberculosis in 2020 with an increased trend 
compared to 2019 due to concurrent COVID-19 
pandemics.1 Nevertheless, the number of people 
diagnosed with TB witnessed 21% reduction 
falling from 7.1 million case in 2019 to 5.8 million 
in 2020, indicating, in part, a diminish in the 
diagnostic power of the current protocols. In 
clinical and public health settings, TB infections 
are classified into active TB (ATB) and latent TB 
(LTB). Indeed, initial invasion of TB bacilli leads 
to various scenarios depending on a particular 
host-pathogen interaction. Some individuals could 
clear the infection by mounting innate or acquired 
immune response. In LTB, the persons experience 
persistent infection, with the bacilli remaining in 
quiescent state surrounded by immune system 
arms (macrophages, dendritic cells and T-cells) 
that confined the infection in a granulomatous 
lesions.2 In some LTB-infected patients, who 
suffer chronic diseases or immunosuppression, 
the infection could progress to symptomatic 
progressive ATB in a period that might be as short 
as one week or as long as decades. Individuals can 
advance or reverse position between ATB and LTB 
depending on many host and pathogen factors, 
yet to be identified. The interaction between M. 
tuberculosis and host immune cells is the key to the 
effective prevention of infection or an ineffective 
immune response and bacterial persistence.
 The host response to tuberculosis 
infection is not only limited to the expression 
changes in mRNA genes3 and proteins4,5 but also 
to other non-coding RNA components. Indeed, 
non-coding RNA represent the majority (~ 87) of 
the transcribed RNA in eukaryotic cells,6 yet they 
surprisingly have received much less research 
than protein coding genes with regard to their 
involvement in shaping the host response to 
infection. MicroRNAs (miRNAs) are a major class 
of small non-coding RNAs with (~22 mts. in length) 
that are not translated into protein, yet they 

regulate gene expression at post-transcriptional 
level by binding to the 3’ untranslated region 
(UTR) of the expressed mRNA genes.7 With that, 
miRNAs are highly involved in multiple cellular 
processes, cell cycle control, apoptosis,8 as well 
as several developmental processes.9 With M. 
tuberculosis being a major human pathogen, host-
encoded miRNAs are known to be induced and 
reprogrammed during infection with TB.7 They can 
regulate the function of macrophages, dendritic 
cells and NK cells.10 T-cell differentiation11 and lung 
injury and fibrosis.12

 The changes in miRNA expression upon 
TB infection have been extensively reported in 
literature.13-17 Revealing the nature of perturbation 
in miRNA expression during infection could provide 
insights into important miRNA players in various 
pathophysiological mechanisms of disease. It 
could also aid in identifying candidate miRNAs that 
mark the initiation of ATB disease or inform about 
possible progression from ATB to LTB. 
 From a diagnostic point of view, there 
are many available assays for TB, yet each 
of them comes with its own limitations. For 
instance, detecting the bacilli in the sputum lacks 
sensitivity (between 36-43% sensitivity),18 do 
not suit diagnosing pediatric tuberculosis due to 
inability to obtain sputum samples,19 and revealed 
false negative results in latent or subclinical 
infections.20 Culturing the microbe usually takes 
long time posing a significant delay in starting 
antibiotic therapy and is usually negative in LTB.20 
Using interferon-gamma release assay (IGRA) and 
tuberculin skin test (TST) gave positive results 
in some persons, who eliminate the infection,20 
and their positivity is proven in both ATB and 
LTB infections with no distinction.21 Given the 
importance of miRNA-driven transcriptional 
regulation during TB disease and the presence of 
lacks in the accuracy of current TB diagnostics, the 
aim of this study was to evaluate the importance 
of selected miRNA candidates as diagnostic and 
prognostic markers for TB disease and to unravel 
signaling pathways that are predicted to be 
regulated by them. The analyses identified a set 
of miRNAs that hold strong promise as potent 
diagnostic biomarker for ATB, and other miRNAs 
that are indicator of disease progression. The 
knowledge gained from this study should be 
considered when seeking out novel diagnostics for 
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TB infection and progression as a part of the efforts 
geared towards tackling tuberculosis infection in 
humans.

MATERIALS AND METHODS

Ethical statement 
 The Local Committee of Bioethics of Jouf 
University, Kingdom of Saudi Arabia approved the 
study (approval no: 1-01-43) and an Informed 
ethical consent was obtained from participants 
prior to sampling.

Selection of candidate miRNAs
 The miRNAs analyzed in the current 
study (Table 1) included only their mature 
(functional) strand (according to miRbase  
version 22.22 These were selected using literature 
search based on their importance, involvement in 
TB pathogenesis in humans,23,24 and their potential 
as biomarker discriminating TB varieties in multiple 
samples.25 We run bioinformatic target prediction 
analyses, and found that the studied miRNAs 
have experimentally validated target genes in 
Bioinformatics tools including DIANA microT,26 
miRDB27 and miRTarBase28 databases.

Study site and selection of human subjects 
 The study was conducted at the Chest 
Department, Menoufiya University Hospital, 
Menoufiya province, Egypt, during the period 
from July 2020 to February 2021. Thirty subjects 
were included in this study. The subjects were 
categorized into three main groups, patients with 
active TB (ATB); n = 10, subjects with latent TB 
(LTB); n = 10 and healthy controls (HC); n = 10. 
Persons were considered having ATB if they have 
at least one of the following criteria:
1. Clinical and radiological findings consistent 

with typical TB disease and positive sputum 
smears for the M. tuberculosis on at least two 
separate occasions. 

2. Identification of M. tuberculosis in sputum, 
bronchial lavage and pleural fluid or findings 
from organ systems other than the lung 
(urine, semen, cerebrospinal fluid, etc.) 

3. Pathological confirmation in biopsy specimens 
(lymph node and lung)

 To assign individuals to LTB and healthy 
controls, QuantiFERON-TB Gold (QFT) test (Qiagen, 

Chadstone, Victoria, Australia, Cat. No 0594-0201) 
was done on a set of health care personnel, 
who did not show any symptoms or signs of ATB 
and had no history of ATB infection. Those who 
revealed positive results for QuantiFERON-TB gold 
test were grouped as LTB and those with negative 
results were considered as healthy control groups.

Blood sample collection
 Five milliliters of blood were collected 
from each participant into EDTA tubes and 
transported to the Central Laboratory, Faculty 
of Medicine, Menoufia University, Menoufia 
province, Egypt. Samples were then centrifuged at 
3000 rpm for 10 min and plasma were aliquoted 
into 2 ml screw-cap tubes and stored at −30°C until 
further use. 

RNA extraction and Reverse transcription
 Total RNA was extracted and purified 
from plasma using miRNAs mini kit (Qiagen, Inc., 
Valencia, USA) according to the manufacturer's 
instructions. The extracted RNAs were evaluated 
for quality and quantity using Nanodrop 
(ThermoFisher Scientific) and Bioanalyzer 
(G2939BA, Agilent) and only samples with RNA 
integrity number (RIN) number ≥ 9 were used 
in further steps. To obtain complementary DNA 
(cDNA), the extracted RNA was reverse transcribed 
using TaqMan MicroRNA Reverse transcription kit 
(Cat. No. 4366596, Applied Biosystem) in Veriti 
thermal cycler, applied biosystem under the 
following conditions: 16°C for 30 minutes, 42°C 
for 30 minutes and 85°C for 5 minutes.

Quantitative Real-time PCR (qRT-PCR) and 
differential expression analysis of microRNA
 The cDNA was used as a template for 
the real-time PCR amplification. Primers for the 
target miRNAs (Table 1) were readily designed 
and provided as primer assays from Qiagen. The 
amplification was conducted using the TaqMan 
Universal PCR Master Mix II kit (Cat. No. 4326708, 
Applied Biosystem) in Rotor Gene Q (Qiagen) 
thermal cycler under the following conditions: 
Initial denaturation (95°C for 10 minutes), 45 
cycles, each entails denaturation (95°C for 15 
seconds), annealing (60°C for 60 seconds) and 
final extension (72 for 1 min.). Primer specificity 
was determined by serial dilution of the cDNA 
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and assessing the melting curves. The reaction 
mix (20 µl) was prepared as follow: 10 µl TaqMan 
Universal PCR Master Mix + 1 µl primer assay + 9 µl 
template DNA. Each sample was run in 2 technical 
repeats. The average values of SNORD-68 and 
RNU-6 genes were used as the reference gene for 
normalization.29,30 The RT-qPCR produced a single 
peak in the melting curves and no secondary 
peaks were observed in the subsequent miRNA 
dissociation curves.
 The fold change values were calculated 
based on the CT values of the analyzed miRNAs 
and on that of the SNORD-68 and RNU-6 small 
non-coding RNAs. The relative expression levels 
of the candidate miRNAs were determined using 
the comparative Ct method, also known as 2-delta 
(Ct) method.30

Biostatistics and Receiver operating characteristic 
curve (ROC) analyses
 Before running statistical analyses, 
data normality for all miRNAs were evaluated 
using Shapiro-Wilk test. We used Kruskal-Wallis 

test, followed by dunn’s multiple comparison 
and chi-2 tests to compare numerical and 
categorical variables, respectively. Receiver 
operating characteristic curve (ROC) was used to 
assess the diagnostic performance of individual 
miRNAs. Heatmap supported by clustering 
dendrogram was created using the package 
‘Pheatmap’ in R software.31 To visualize and 
estimate the clustering pattern of the patients, 
non-metric multidimensional scaling (nMDS) 
based on Euclidean distance was generated using 
VEGAN package in R software.32 To reveal the 
predicted functionality and network association of 
the miRNAs, target mRNAs for the studied miRNAs 
were firstly retrieved from three commonly used 
miRNA target databases (i.e. mirDIP v.4,33 Target 
scan v.8,34 and miR-path v.3 within DIANA tool,35 
and the shared predicted targets among these 
tools were then used as inputs in the pathway 
enrichment analyses. Factors used to define 
the targets are built-in in each tool and include 
adj-P values and minimum free energy. Pathway 
analyses were retrieved using ClueGo in cytoscape 

Table 2. Demographic and clinical criteria for the study participants

Features  HCn = 10 ATBn = 10 LTBn = 10 P-value*

Gender Male 7 6 8 0.6 
 Female 3 4 2 
Age (median ± SD)  38 ±5.9 37.5 ±8.3 40 ±7.8 0.8
Smoking Smokers 4 4 4 >0.9
 Non-smokers 6 6 6 
Comorbidities Diabetes 2 2 2 >0.9
 Hypertension 1 2 1 0.7
 Pneumonia 0 2 0 0.1
 Emphysema 0 1 0 0.3
 Bronchial asthma 1 1 2 0.7
 No chest diseases 9 6 8 0.2

*P-value were calculated using chi-2 test (for comparing categorical variables) and one-way ANOVA (for comparing ages among 
the groups)

Table 1. Characteristics of the studied miRNAs  

miRNA name  miRBase ID* Sequence  Length (bp)  Ref.

miR-155-5p MIMAT0000646 UUAAUGCUAAUCGUGAUAGGGGUU 23 [11, 40, 46]
miR-21-5p MIMAT0000076 UAGCUUAUCAGACUGAUGUUGA 21 [64-66]
miR29a-3p MIMAT0000086 UAGCACCAUCUGAAAUCGGUUA 21 [46, 67, 68]
miR-361-5p  MIMAT0000703 UUAUCAGAAUCUCCAGGGGUAC 21 [46, 50]
miR-212-3p  MIMAT0000269 UAACAGUCUCCAGUCACGGCC 20 [69]

*miRNA IDs are according to miRbase version.22
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Table 3. Pathways enriched by the studied miRNAs

miRNA  Name of pathway  % Associated 
  Genes*

miR-155-5p Syndromic intellectual developmental disorder 13.33
 Signaling by ALK fusions and activated point mutants 9.09
 Signaling by ALK in cancer 9.09
 Transcriptional activity of SMAD2/SMAD3:SMAD4 heterotrimer 8.7
 NCAM signaling for neurite out-growth 6.35
 Signaling by TGF-beta Receptor Complex 4.49
 PPARA activates gene expression 4.27
 Regulation of lipid metabolism by PPARalpha 4.2
 TNF signaling pathway 3.57
 L1CAM interactions 3.36
 ESR-mediated signaling 2.69
 Antigen processing: Ubiquitination & Proteasome degradation 2.59
 Class I MHC mediated antigen processing & presentation 2.1
miR-212-3p Signaling by ALK fusions and activated point mutants 9.09
 Signaling by ALK in cancer 9.09
 Transcriptional activity of SMAD2/SMAD3:SMAD4 heterotrimer 8.7
 NCAM signaling for neurite out-growth 6.35
 Signaling by TGF-beta Receptor Complex 4.49
 TNF signaling pathway 3.57
 Neurotrophin signaling pathway 3.36
 RHOA GTPase cycle 2.72
 ESR-mediated signaling 2.69
 Adrenergic signaling in cardiomyocytes 2.67
 Antigen processing: Ubiquitination & Proteasome degradation 2.59
 Focal adhesion 2.49
 Signaling by Nuclear Receptors 2.34
 Apoptosis 2.22
 Class I MHC mediated antigen processing & presentation 2.1
miR-21-5p Signaling by ALK fusions and activated point mutants 9.09
 Signaling by ALK in cancer 9.09
 TNF signaling pathway 3.57
 Insulin signaling pathway 2.92
 ESR-mediated signaling 2.69
 Adrenergic signaling in cardiomyocytes 2.67
 Antigen processing: Ubiquitination & Proteasome degradation 2.59
 Apoptosis 2.22
 Class I MHC mediated antigen processing & presentation 2.1
miR-29a-3p Syndromic intellectual developmental disorder 13.33
 Signaling by ALK fusions and activated point mutants 9.09
 Signaling by ALK in cancer 9.09
 NCAM signaling for neurite out-growth 6.35
 ECM proteoglycans 5.26
 ECM-receptor interaction 4.55
 PPARA activates gene expression 4.27
 Regulation of lipid metabolism by PPARalpha 4.2
 L1CAM interactions 3.36
 Insulin signaling pathway 2.92
 RHOA GTPase cycle 2.72
 ESR-mediated signaling 2.69
 Antigen processing: Ubiquitination & Proteasome degradation 2.59
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software V 3.9.1.36 In cytoscape, we depended on 
updated versions of both the KEGG pathway,37 
and reactome38 databases. Venn diagram was 

used to identify and visualize common and unique 
pathways regulated by miRNAs. 

Table 3. Cont...

miRNA  Name of pathway  % Associated 
  Genes*

 Focal adhesion 2.49
 Signaling by Nuclear Receptors 2.34
 Class I MHC mediated antigen processing & presentation 2.1
miR-316-5p L1CAM interactions 3.36
 Neurotrophin signaling pathway 3.36
 Insulin signaling pathway 2.92
 ESR-mediated signaling 2.69
 Adrenergic signaling in cardiomyocytes 2.67
 Signaling by Nuclear Receptors 2.34

*The % of associated genes is number of predicted targets by miRNAs divided by the total number of gene entities in the pathway. 
The higher the %, the more important the pathway. 

Figure 1. Expression levels of miRNA shown as fold change value in healthy controls (HC), Active TB (ATB) and latent 
TB (LTB) subjects. Each dot refers to the fold change value of the respective miRNA in one subject. Asterisks denote 
significant differences in miRNA expression among the groups at a P-value threshold of 0.05.  The cutoff levels are: 
* (P-value < 0.05), ** (P-value < 0.01), *** (P-value < 0.001), **** (P-value < 0.0001)
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RESULTS

Patient demographic characteristics and co-
morbidities
 As shown in Table 2, the range of ages in 
the HC groups was 17 (28-45), that of ATB was 31 
(24-55) and that of LTB was 25 (26-51). LTB group 
has the highest average age followed by ATB and 
HC groups. However, subjects belonging to the 
3-groups did not differ significantly in age (P-value 
> 0.05). There were also no significant differences 
in gender distribution among the 3-groups 
(P-value >0.05). The occurrence of diabetes and 
being smokers was distributed equally among the 
3-groups (2 individual per group). Smoking as well 
as all the co-morbidities did not differ significantly 
among the analyzed groups. 

Expression of miRNAs in healthy controls and TB 
subjects (ATB and LTB)
 Figure 1 shows expression levels of 
miRNAs in various groups. Compared to the 

HC groups, expression of miR-21-5p showed 
significant downregulation in the ATB group 
(P-value < 0.0001) while showing non-significant 
differences in the LTB. On the other hand, its 
expression in the LTB was significantly higher 
than that in the ATB group (P-value < 0.0001). 
miR-29a-3p followed a similar trend: compared 
to its expression in HC group, it was significantly 
down expressed in ATB group (P-value <0.0001), 
but no significant differences were found in the 
LTB group. However, its expression in the LTB 
was significantly higher than that in the ATB 
group (P-value <0.0001). Regarding miR-361-5p, 
its expression level in ATB (P-value <0.0001) was 
significantly lower than that in HC. There was 
non-significant difference in its expression in LTB 
compared to the HC. In addition, its expression 
level in LTB was significantly (slightly) higher than 
that in ATB (P-value = 0.01). The other two miRNAs 
(miR-155-5p and miR-212-3p) did not show any 
significant differences between any of the studied 
groups.

Figure 2. Overview of the miRNA expression levels and hierarchical clustering of studied subjects and miRNA. A. 
Heat map showing the clustering of the individuals (the dendrogram) based on the CT values of the studied miRNAs 
as shown in the color scale. B. Non-metric multidimensional scaling (nMDS) showing the degree of overlap among 
the 3-group of individuals (HC, ATB and LTB) shown as different colors with the subject gender represented as 
different shapes. The distance between pairs of points (individuals) are the calculated Euclidean distance from the 
nMDs. Fold change-value represents the significance of separation among clusters using permutational multivariate 
ANOVA (PERMANOVA) test. The stress value of 0.1 indicates reaching a satisfactory solution for the 2-dimension
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Figure 3. Receiver operating characteristic (ROC) curve analyses of individual miRNAs when comparing HA versus 
ATB (A), HC versus LTB (B) and ATB versus LTB (C).  AUC: area under the curve. Cutoff values refer to the fold change 
of miRNAs have the highest sensitivity and specificity in discriminating the compared groups

Hierarchical clustering of HC and TB subjects
 Based on similarity and pattern of their 
expression levels in the studied subjects, miR-361-
5p, miR-21-5p and miR29a-3p formed one cluster 
(upper dendrogram), apart from miR-212-3p and 
miR-155-5p, each of which formed a separate 
branch (Figure 2A). Using the expression values 
of the miRNAs, the participants fall into 2-main 
clusters: the first cluster (C1) contained all the 
ATB subjects (n = 10) along with half of the LTB 
(n =5) subjects and 20% (n =2) of HC. The other 
cluster (C2) contains 80% (n = 8) of the HC and 
the other half of the LTB (n = 5) subjects. The 
results of nMDS analyses (Figure 2B) further clarify 
and support the heatmap analysis and showed 
significant separation among groups (P-value < 
0.001). There was considerable overlap between 
HC and LTB groups, slight overlap between ATB and 

LTB groups, whereas no overlap exists between HC 
and ATB groups. 

Biomarker evaluation of miRNAs using ROC 
analyses
 To reveal the biomarker potential of 
miRNAs, ROC analyses were done for each miRNA 
when comparing HC versus ATB (Figure 3A), HC 
versus LTB (Figure 3B) and ATB versus LTB (Figure 
3C). When comparing HC versus ATB, miR-361-5p 
scored the highest AUC equal to 1. Both miR-29a-
3p and miR-21-5p revealed an AUC of 0.9 with 
different cutoff CT values at which sensitivity 
and specificity reach the maximum. MiR-212-
3p and miR-155-5p have lower AUC (0.7, 0.6, 
respectively). When comparing HC versus LTB, all 
studied miRNAs have AUC between 0.7-0.5. When 
comparing ATB and LTB, miR-29a-3p, miR-21-5p 
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and miR-361-5p obtained the highest AUC being 
0.9, 0.9 and 0.8, respectively. MiRNAs that are 
considered important biomarkers are labeled in 
Figure 4. 

Pathway enrichment analyses of miRNAs targets 
 The initial mRNA gene prediction analyses 
Identified 12, 16, 49, 27 and 14 target mRNA 
genes for has-miR-21-5p, has-miR-155-5p, has-
miR-29a-3p, has-miR-212-3p and has-miR-316-5p, 
respectively (Table S1). These were further used 
in the pathway enrichment analyses (Figures 5, 
6 and Table 3). Among the identified pathways, 
syndromic intellectual developmental disorder 
pathway was the top enriched pathway Associated 
target genes = 13.3% for miR-155-5p and miR-
29a-3p. Signaling by ALK(anaplastic lymphoma 
kinase) in cancer and signaling by ALK fusions 
and activated point mutants were the 2nd most 
enriched pathway targeted and were targeted by 
all studied miRNAs except miR-316-5p, in which 
L1CAM interactions was the highest enriched 
pathway. All miRNAs share an enrichment for the 
ESR-mediated signaling pathway. Some miRNAs 
target immune-related pathways. For instance, 

signaling by TGF-beta Receptor Complex and its 
associated SMAD2, 3, 4 complex were targeted 
by miR-155-5p and miR-212-3p, TNF signaling 
pathway is targeted by miR-155-5p, miR-212-3p 
and miR-21-5p, apoptosis is enriched by miR-212-
3p and miR-21-5p, Class I MHC mediated antigen 
processing & presentation is predicted to be 
regulated by all miRNAs except for miR-316-5p. For 
specificity, we focused on the pathways enriched 
by the 3- miRNAs that are considered important 
biomarkers (i.e. miR-316-5p, miR-21-5p and 
miR-29a-3p) (Figure 6). Insulin and ESR-mediated 
signaling pathways were commonly targeted by 
these miRNAs. TNF signaling and apoptosis were 
uniquely targeted by miR-21-5p. Interestingly, 
miR-29a-3p targets uniquely the highest number 
of signaling pathways. 

DISCUSSION

 Compared to the wealth of research on 
the implication of miRNAs in TB pathobiology 
in humans, fewer studies have been done to 
provide a stepwise analysis on the importance of 
miRNAs as biomarkers for discriminating human TB 

Figure 4. Scatter plot showing the biomarker evaluation of the studied miRNAs. Each dot is one miRNA, X-axis 
shows the differential expression value (Ratio of means), and Y-axis shows the AUC for each miRNA in different 
comparison (color codes). The compared groups were identified by the fill color of the dots. The horizontal line 
was set at 0.9 as the minimum value for the AUC for an excellent biomarker. The vertical line is set at 0, at which 
no DE of miRNAs is evident
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Figure 6. Venn diagram showing common and unique pathways enriched by the important miRNAs (miR-21-5p, 
miR-29a-3p and miR-316-5p). The names of enriched pathways are indicated in the boxes

Figure 5. Network diagram showing the pathways significantly enriched by the miRNAs. Squares refer to interaction 
partners (miRNAs or their associated pathways). The color intensity inside miRNAs squares corresponds to the 
number of target genes for each miRNA. The bigger the size of pathway squares, the more importance the pathway 
as being regulated by miRNAs (importance here is the calculated % of associated genes, which is number of predicted 
targets by miRNAs divided by the total number of gene entities in the pathway)
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varieties (i.e. ATB and LTB). Here we investigated 
the biomarker potential of a set of blood miRNAs 
that have been reported previously by us and 
others to be TB- and immune function-associated. 
The results suggest the importance of particular 
miRNAs (e.g. miR-29a-3p, miR21-5p and miR-361-
5p) as biomarkers for TB infection in humans. 

Differences in miRNA expression pattern among 
groups
 miRNAs are known to be deregulated 
upon TB infection in humans.7,39 In the current 
study, we found that 3 miRNAs (miR-21-5p, miR-
29a-3p and miR-361-5p) share similar patterns 
and levels of expression (Figure 1). The expression 
levels of these miRNAs in LTB subjects did not 
differ significantly from HC subjects, yet they were 
reduced in ATB subjects and were all allocated in 
a single cluster irrespective of the TB category 
(Figure 2A). Surprisingly, miR-155-5p, which 
has a well-known involvement in tuberculosis 
pathobiology,11,40 did not significantly differ 
among the three groups possibly due to the small 
sample size and/or within group variability in its 
expression level (standard deviation ranges from 
3.8-6.1). This magnifies the significance of having 
additional sample size in biomarker research. 

Grouping of participants (TB and healthy) based 
on miRNA expression
 The extent of changes miRNA expression 
in the analyzed groups could shed more lights and 
thus provide more understanding of how TB (ATB 
and LTB) and healthy groups are different based 
on their miRNA response. Generally, our nMDS 
hierarchical clustering revealed a clear separation 
between ATB infected groups and HC, whereas LTB 
group somehow overlapped with HC (Figure 2). 
In this context, M. tuberculosis infection induces 
changes in host response in LTB patients that 
mimic HC individuals. It was expected to notice this 
using miRNA expression data. Similar findings were 
revealed in our previous investigation involving 
the 4-major classes of small non-coding RNAs 
(snRNAs), including miRNAs in whole blood of TB 
subjects, where LTB and health controls clustered 
together a way from ATB subjects.13 Wang et al. 
found that subjects with ATB were independently 
clustered from HC and LTB subjects, while the 
2-latter subjects overlapped to some extent.41 

It is plausible to speculate that the dormant 
and encapsulated state of M. tuberculosis and 
the relatively shielded infection site from blood 
circulation42 in LTB lead to slight and possibly 
static gene expression changes mimicking a 
healthy status as reported previously.43 It is worth 
noting that half of the LTB subjects were clustered 
slightly close to those in ATB groups (Figure 2A), 
suggesting that those LTB individuals could be 
thought as a subgroup of LTB that are in the way 
to progression to active disease. By analyzing the 
symptomatology of these subgroups, we found 
no supporting evidence of their closeness to 
the ATB groups as shown by clustering analyses  
(Figure S1). While no other evidence are available 
to support this, We suggest that this could indicate 
that miRNAs could be early markers for progressive 
disease before any symptoms appear. This specific 
suggestion needs to explore and validated in a 
large scale studies. 

MiRNAs as diagnostic biomarkers for ATB 
(discriminating HC from ATB)
 The current analyses suggest the 
importance of miR-361-5p, miR-29a-3p and miR-
21-5p as biomarkers for ATB disease because 
they were significantly down regulated in ATB 
compared to HC and they have high AUC in the 
ROC analyses (1, 0.9, 0.9, respectively). However, 
there are evidences in literature that MiR-21 
are down-regulated in ATB infection compared 
to HC, whereas miR-29a was up-regulated44 in 
whole blood and CD4+T cells of children affected 
by pulmonary TB. In agreement with our results, 
miR-29a-3p was down-regulated in plasma of 
South African subjects with ATB compared to 
matched controls.45 On contrary, the same miRNA 
was overexpressed in plasma of ATB compared to 
both HC and LTB groups.46 The downregulation of 
miR-21-5p and miR-29a-3p in ATB has not yet been 
understood, but previous research has stated that 
known up regulation of the master regulator c-myc 
in T-cells, and possibly in blood of ATB patients47 
is presumably responsible for the suppression of 
these two miRNAs.48,49

 In opposition to our results, serum miR-
29 was elevated in serum of Egyptian subjects 
with ATB disease.39 This study has revealed also 
that the expression level of serum miR-361-5p 
did not change between ATB and HC. On the 
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other side, serum miR-361-5p were up-regulated 
in ATB subjects using TaqMan Low-Density Array 
(TLDA).50 As expected, controversial results are 
usually obtained from in-vivo studies owing to 
using different platforms, patient criteria and 
sample types. It is worth noting that miRNA 
expression levels are usually incomparable in 
different samples (e.g. serum, plasma and whole 
blood) from the same individuals.51 Previous 
comparative research and our literature search 
have identified false over expressions of serum 
miRNAs because coagulation process tends to 
releases some cellular miRNAs into serum.52,53 This 
highlights the importance of screening different 
samples from the same individual for increased 
resolution in diagnostic settings and also signifies 
the synchronization among biomarker selection 
protocols as it affects the biomarker detection.

miRNAs as biomarkers discriminating ATB from 
LTB 
 The miRNAs that are distinct between 
ATB and LTB could be used as markers for 
both disease progression (from LTB to ATB) or 
latency after having Active disease. Our analyses 
highlight the importance of miR-29a-3p as a 
potential biomarker for progression from LTB 
to ATB given their significant downregulation in 
ATB compared to LTB and their high significant 
AUC. The downregulation of miR-29a-3p during 
ATB and its upregulation during LTB refer to a 
controlled meaningful underlying mechanism. 
This is supported by the results of Ma et al.54 
who have described that this miRNA suppresses 
IFNγ and TNFα, hence suppressing the immune 
response to intracellular pathogens including M. 
tuberculosis, which would be expected to occur in 
LTB infection. It has been also found that miR-29a-
3p joined miR-194 to target components in the 
Wnt signalling pathway that seems to be a player 
in TB pathogenesis.55

 While miR-21-5p showed an expression 
trend like that of miR-29a-3p, we think it is of little 
importance as a prognostic marker due to the 
high within LTB group variability in its expression 
level (SD = 3.4). The question of what triggers 
the reprogramming of host miRNAs during LTB is 
controversial. This is because miRNAs induction 
could be host- or pathogen-driven,23 making the 

interpretation difficult, especially in the absence 
of experimental validation. 

Involvement of miRNAs in signalling pathways
 During TB infection, miRNAs are 
deregulated and play various roles in the 
pathogenesis of the disease by regulating host 
genes, which are themselves components of 
various pathways.7 Determining the pathways 
targeted by miRNAs should enable better and 
precise understanding of miRNA involvement in TB 
pathogenesis, and thus could allow more accurate 
function-based identification of biomarkers or 
advising mechanism-based therapy selection. 
In our analyses, we found that ESR pathway 
were enriched by the 3-miRNAs identified as 
important biomarkers (i.e. miR-21-5p, miR-29-3p 
and miR-361-5p). Recent studies have suggested 
the involvement of estrogen in pathogenesis 
of TB.56 Expression of oestrogens receptor (ER) 
in host cells could modulate various innate and 
adaptive immune response as well as immune 
cell development.57 This suggests a link between 
miRNA expression and oestrogens and immune 
status during TB infection. Besides, various 
immune-related pathways such as TNF-α and 
apoptosis pathways were identified as targets 
for the studied miRNAs (Figure 5 and Table 3). 
The mechanism by which TNF-α is contributing 
to the control of TB bacilli is well established.58-60 
With regard to apoptosis, miR-21 was known 
to inhibit proapoptotic proteins like Bax and 
Bak and thus promoting macrophage survival, 
a favourable environment for M. tuberculosis.61 
Indeed, previous research have identified a 
link between TNF-α activation and initiation of 
apoptosis process in tuberculosis infection.62 These 
data added to the extensive research done on the 
association of TB with immune system. 
 We acknowledge that the small sample 
size of subjects in this study are among the 
study limitations. The study is limited also by the 
unavailability of complete clinical data on patients, 
which would otherwise link the expression pattern 
and biomarker potential of miRNAs to patient 
clinical features and comorbidities. Despite these 
limitations, we do believe that the study main 
strength is that it is among the first ones to be 
done on Egyptian subjects spanning both disease 
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category, ATB and LTB. Results of the current 
study could be extrapolated and validated using 
future large-scale studies. TB infection occurs in 
many developing and poor community, and given 
that the immune response to TB infection are 
ethnicity/race dependent,13,63 this study could 
feed important information into comparative 
research where TB response are compared across 
communities.
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