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ABSTRACT

Tuberculosis (TB) is a preventable and curable disease, but increased mortality and morbidity
associated with TB is one of the leading causes of deaths worldwide. MicroRNAs (miRNAs) are
small, non-coding RNAs known to regulate the host immune response against TB. We investi-
gated the expression profile of candidate circulating miRNAs, which could be used as a blood
biomarker for the effective diagnosis of pediatric tuberculosis. A cross-sectional comparative
study was conducted, including 30 children with active-TB and 30 healthy controls (HC) in
a tertiary care hospital in Puducherry. We used the SYBR green-based miScript qRT-PCR assay
to analyze the expression levels of miRNAs in plasma. Further, we used the receiver operating
characteristic curve (ROC) to evaluate the diagnostic value of miRNAs. Active-TB included 25
(83.3%) pulmonary TB and 5 (16.7%) extrapulmonary TB cases. We found a significant upregula-
tion of miR-21, miR-29a, miR-31, miR-155, and downregulation of miR-146a in children with
active-TB compared to HC. The ROC analysis showed an excellent diagnostic value of miRNAs as
follows: miR-31> miR-155> miR-146a with AUC of (95% Cl) miRNAs 0.978, 0.953, and 0.903,
respectively. Altered circulating miRNA expression levels could be involved in the dysregulation
of the host immune response to TB. The ROC analysis indicated that miRNAs miR-31, miR-155 and
miR-146a could be effective diagnostic biomarkers for the detection of active-TB in children.
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Introduction mediated immune regulation, which has been studied
widely in respect to TB infection [5,6].

Several regulatory RNA molecules such as microRNA
(miRNA), antisense RNA transcripts, non-coding RNA
regulate a myriad of gene products [5,7-9]. The pro-
cess of RNA-associated gene silencing introduces local
heterochromatin formation by controlling the epige-
netic machinery (DNA methylation and histone mod-
ifications) [9,101.

The discovery of miRNAs and their interaction with
the target genes have been reported for more than
two decades [5]. Currently, more than 2,000 miRNAs
have been identified [11], which target around 60% of
human genes [6]. In general, mature miRNA binds at 3'-

Tuberculosis (TB) caused by Mycobacterium tuberculo-
sis (Mtb), is a severe threat to humans, and increased
morbidity and mortality reported annually due to TB
puts it among the top three fatal infectious diseases
[1,2]. In around one third of the world, the population
presents a latent form of TB infection (LTBI). However,
only 10-15% of infected people tend to develop
active-TB during their lifetime [1,3]. Globally, an esti-
mated total of 230,000 children died of TB in 2018, in
which 80% were aged less than five years old [1].
Pediatric TB (less than 15 years old) is one of the ten
major mortalities in children globally. In India, an esti-

mated total of 132,711 pediatric TB cases (only 59% of
estimated pediatric TB cases occur every year) were
reported, including new and relapsed pediatric TB
patients [1,3,4].

Numerous studies have reported that mycobacterial
virulence, together with the host genetics determine
the immune status of the infected individual [5]. The
immune response to Mtb is highly complex and multi-
faceted, and the initial recognition initiates the release
of proinflammatory cytokines that leads to the activa-
tion of the adaptive immune response. In general,
children and elderly people are more prone to develop
active-TB due to their weakened immune system. One
such infection-induced host-genetic factor is the RNA-

UTR (untranslated region) of target mRNA and inhibits
the translation process [12,13]. Further, the RNA-
induced silencing complex (RISC) degrades the target
mRNA [11]. Recently, the miRNAs are mainly consid-
ered as gatekeepers to determine the host immune
response to the infection and are involved in many
cellular processes, including the activation and regula-
tion of immune response and apoptosis processes
[13,14].

Importantly, many cytokines are regulated by
miRNAs, which are involved in modulating the host
immune responses in various diseases [11]. The
miRNAs are a highly conserved regulatory system in
our genome that maintains the fluid intercellular

CONTACT Mahadevan S @ drsmahadevan2014@gmail.com e Department of Paediatrics, Jawaharlal Institute of Postgraduate Medical Education and

Research (JIPMER), Puducherry 605 006, India.
© 2020 Informa UK Limited, trading as Taylor & Francis Group


http://orcid.org/0000-0002-3052-6949
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/20477724.2020.1761140&domain=pdf&date_stamp=2020-07-09

communication by circulating through plasma, serum,
urine and saliva to exhibit its translational inhibition
processes [13,15]. Differential expression patterns of
miRNAs and its association with various communicable
and non-communicable disease conditions [10,11],
including TB [6,9,12,13] was reported elsewhere.
There are several circulating miRNAs found to be dif-
ferentially regulated and have the ability to distinguish
significantly active-TB from healthy individuals.
Particularly, miR-29a [16], miR-144 [2], miR-146a [17],
miR-155 [18], miR-155% [19], miR-292, miR-361-5p [20],
miR-576-3p and miR-889 [21] were reported to be used
as a biomarker for TB [21].

Given the importance of miRNA-based transcrip-
tional regulation during TB disease conditions, we
aimed to study the differential expression of selected
circulatory miRNAs in children with active-TB com-
pared with healthy controls.

Patients and methods
Ethical statements

The Scientific Advisory Committee and Institute Ethical
Committees (Human Studies) approved the protocol of
the study of tertiary care hospital JIPMER, Puducherry
(JIP/IEC/2014/10/491), from December 2014 to
December 2018. Blood samples from 30 children with
active-TB and 30 disease-free healthy control children
(HC) were collected after obtaining a signed informed
consent form.

Study population

We performed a cross-sectional comparative study
based on a convenience sampling strategy, including
30 children with the active-TB disease and 30 disease-
free healthy control children (HC). Children were
recruited according to stringent inclusion and exclu-
sion criteria as follows: Children with active pulmonary
TB (PTB) and extra-pulmonary TB (EPTB) (<14 years,
both genders) were confirmed with sputum smear-
positive — AFB positive, MTBC complex culture and/or
GeneXpert MTB/RIF positive (Cepheid, Sunnyvale, CA)
and other clinical confirmations of TB. Children with
HIV co-infection were not recruited in this study.
Children with active-TB disease status and at least
one positive result for one inclusion criteria (confirmed
with both physician and laboratory tests) were
recruited at the time of diagnosis before the start of
TB treatment.

Healthy control children (HC) (<14 years, both gen-
ders) were recruited without any known risk factors for
TB and other associated infectious disease conditions
and without any clinically relevant terms or surgical
conditions.
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Selection of candidate miRNAs

The candidate miRNAs that play a significant role in TB -
associated inflammatory pathways were identified
through a literature search, and bioinformatics tools
include micro T-CDS v5.0, miRTarBase v6.0 [22], miRDB
[23] and TargetScanHuman v6.2. The selection of target
miRNAs was based on only those experimentally veri-
fied with miRNA - target interaction studies (Table 1).

Plasma collection and isolation of circulating
miRNAs

Peripheral blood (0.5 mL) was collected in a tube con-
taining an anticoagulant (ethylenediaminetetraacetic
acid (EDTA) K2) from both groups. Blood was centri-
fuged at 3,000 rpm for 10 minutes at 4°C, and clear
plasma was separated and stored at —80° C until
further use.

The miRNeasy Serum/Plasma extraction kit (Qiagen,
Hilden, Germany), according to the manufacturer’s
recommendation, was used for the isolation of circu-
lating miRNAs from plasma. The procedure given in
the kit is suitable for the separation of total RNA,
including small RNAs, in a low volume of samples like
the serum, plasma, and other body fluids. Briefly,
200 uL of plasma was used for the miRNA isolation.
The isolated miRNAs from both groups were stored at
—80° C until further use.

NanoDrop 2000 Spectrophotometer (ThermoFisher
Scientific, MA, USA) with absorbance measurements at
260 and 280 nm were used to determine the RNA
concentration and purity. The absorbance ratio of
260/280 (1.8-2.0) was used as an indicator for the
sufficient RNA purity for the further gRT-PCR
experiments.

Synthesis of miRNA complementary DNA (cDNA)

A total of 100 ng of isolated miRNAs was further used
for cDNA synthesis. The synthesis of reverse-
transcribed cDNA was followed according to the
miScript Il RT Kit (Qiagen, Hilden, Germany) manufac-
turer's recommendation. We used 5x miScript HiSpec
buffer in this study to estimate the expression levels of
only circulating mature miRNAs from both study
groups. Synthesized cDNAs were stored at —20°
C until further use.

Table 1. Nucleotide sequence of microRNAs studied.

miRNA miRBase ID Sequence bp
miR-21 MIMAT0000076 UAGCUUAUCAGACUGAUGUUGA 22
miR-29a  MIMAT0000086 UAGCACCAUCUGAAAUCGGUUA 22
miR-31 MIMAT0000089 AGGCAAGAUGCUGGCAUAGCU 21
miR-146a  MIMAT0000449 UGAGAACUGAAUUCCAUGGGUU 22
miR-155  MIMAT0000646 UUAAUGCUAAUCGUGAUAGGGGUU 24

miRNA — micro ribonucleic acid, bp - base pair.
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The expression level of candidate miRNAs

Stored, undiluted 20 uL of ¢cDNA was further diluted
with at least 200 pL of RNase-free water (Qiagen,
Hilden, Germany) to quantify mature miRNAs accord-
ing to miScript SYBR Green PCR Kit (Qiagen, Hilden,
Germany) manufacturer’s procedure. A total of 20 pL of
the reaction mixture was prepared as follows:
2x QuantiTect SYBR green PCR master mix, 10 pL;
10x miScript universal primer, 2 uL; 10x miScript pri-
mer assay, 2 pL; RNA sample, 2 pL; and nuclease-free
water, 4 pL. The quantification of each candidate
miRNA was performed in the CFX96 Real-Time PCR
Detection System (Bio-Rad, USA) with separate
miScript specific primer assay (Table 1). The miScript
small nucleolar RNA (SNORD61) primer assay was used
as the endogenous housekeeping control. Each miRNA
expression level was normalized with the endogenous
miRNA expression level.

The quantitative real-time PCR (qRT-PCR) was run
with the following cycling conditions as initial denatura-
tion at 95°C for 15 minutes, followed by 3-step cycling of
totally 40 cycles of denaturation at 94°C for 15 seconds,
annealing at 55°C for 30 seconds and extension at 70°C
for 30 seconds. Melt curve analysis was performed from
60°C to 95°C with a gradual increment of 0.2°C/min. The
relative expression levels of the candidate miRNAs were
determined using the comparative Ct method, also
known as 2-delta (Ct) method [24].

Melt curve analysis was performed to examine the
specificity of the miR-specific qRT-PCR experiment. The
Ct values for all the miRNAs are approximately
between 22 and 25 cycles, and the qRT-PCR was in
linear association with specific target miRNA amplifica-
tion. The gRT-PCR experiment produced a single peak
in melting curve analysis, and no secondary peaks
were observed in respective miRNAs dissociation
curves. This indicating the specificity and the presence
of a single PCR amplified product in the gRT-PCR
experiment. The melting temperature of miRNAs falls
in the range of 76.5°C + 1°C for miR-21, 74.5°C + 1°C for
miR-29a, 77.5°C + 1°C for miR-31, 76.5°C + 1°C for miR-
146a and 77°C + 1°C for miR-155 in both groups of
children enrolled in this study.

Table 2. Baseline characteristics of the enrolled children.

Statistical analysis

Normality was assessed using the Shapiro-Wilk test,
and non-parametric tests were applied throughout this
study as sample numbers did not agree with normal
distributions. Categorical data were expressed as num-
bers and percentages. Results of all the parameters
were presented as median with interquartile range
(IQR). Mann-Whitney U test was used to compare the
expression levels of candidate miRNAs between
groups. The Kruskal-Wallis test was used to analyze
the difference in miRNAs expression levels between
groups and the comparison between different baseline
characteristics. The receiver operative characteristic
curve (ROC) was performed to investigate the diagnos-
tic power of the miRNAs expression in study children.
All statistical analyzes were carried out in SPSS 17
(SPSS, Chicago, IL), GraphPad Prism 6.0 (GraphPad
Software Inc., CA), and MS Excel. A 95% confidence
interval with p < 0.05 was considered as significant.

Results
Clinical characteristics of the study population

In total, 30 children with TB (60% males and 40%
females) and 30 (70% males and 30% females) HC
were recruited for this study based on the inclusion
and exclusion criteria. The median (IQR) age of the
enrolled TB cases was 8 (3.8-11), with 36.7% of children
under five years old. In the HC group, the median age
was 10 (7-12). A significant difference was observed in
the distribution of baseline parameters such as age,
height, and weight between the study groups. Baseline
characteristics and clinical features of the enrolled chil-
dren are represented in Table 2.

TB disease status

Among 30 TB cases, 25 (83.3%) were PTB and 5 (16.7%)
were TB meningitis (TBM) cases. Out of 25 PTB cases, 11
(44%) were AFB smear positive and 14 (56%) were AFB
scanty grade-positive or smear negative PTB cases.
Smear-negative PTB cases were included in this study

S. No Variables Cases (n = 30) Controls (n = 30) p value
1. Age (years) 8 (3.8-11) 10 (7-12) 0.009
2. Gender (n) 18 (60%) 21 (70%)

Male 12 (40%) 09 (30%)

Female
3. Height (cm) 118 (95.2-135) 136.5 (128-149.3) 0.0004
4. Weight (kg) 17.4 (9.5-26.2) 31(23.7-34.2) <0.0001

Fever 5 (4-6.25) ND

5. Cough 12 (10-14) ND
6. Chest pain 4 (3-5) ND
7. Loss of Appetite (LOA) 5.5 (4-10) ND

In table the median value of corresponding baseline clinical feature is represented. Data are median with IQR. n — Number; % - Percentage; cm -
Centimeter; kg — kilogram; ND, No Data/Not Determined; IQR - Interquartile range; p-value, <0.5.



based on other diagnostic criteria such as CBNAAT
positive (Cartridge based nucleic acid amplification
test), chest X-ray positive and based on clinical findings
with TB symptoms. Among 25 PTB cases, 8 (32%) were
CBNAAT positive, 15 (60%) were chest X-ray positive
and 3 (12%) were TST-positive cases. Children unable
to expectorate sputum, underwent induced sputum
and bronchoscopy procedure to get BAL fluid and
gastric-aspirate, nasopharyngeal-aspirate were exam-
ined using smear microscopy.

Circulating plasma miRNAs expression level in TB
patients

The housekeeping and target microRNA genes were
amplified using the SYBR green-based qRT-PCR. Melt
curve analysis was performed to confirm a single
amplified product in qRT-PCR. Five candidate miRNAs,
miR-21, miR-29, miR-31, miR-146a, and miR-155, were
selected for this study based on their significant asso-
ciation with TB [17-19].

Plasma miRNA levels were normalized to small
nucleolar RNA (SNORD61) that demonstrated signifi-
cant differences between study groups. The expression
level of each selected circulating miRNAs was deter-
mined with normalized control RNA in both TB and HC.
The RT-gPCR expression analysis was performed in
plasma samples alone to avoid the influence of other
confounding factors.

The expression levels of miRNAs miR-21, miR-
29a, miR-31, miR-146a, and miR-155 were analyzed
in children with active-TB disease status and HC.
Figure 1 shows the distribution of the median
expression level of candidate miRNAs in plasma
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from the study groups. The RT-gPCR expression
analysis revealed that miRNAs, miR-21 (Figure 1
(@)), miR-29a (Figure 1(b)), miR-31 (Figure 1(c)),
and miR-155 (Figure 1(e)) expression levels were
upregulated. In contrast, the miR-146a (Figure 1
(d)) expression level was downregulated in chil-
dren with active-TB compared to HC. Expression
levels of miRNAs, miR-21, miR-31, miR-146a and
miR-155, showed a statistically significant differ-
ence (p = 0.0003, p < 0.0001, p < 0.0001 and
p < 0.0001, respectively), while miR-29a did not
show a significant difference (p = 0.16) between
study groups.

We further compared the expression levels of
candidate miRNAs among smear positive PTB cases
and other baseline parameters of the enrolled chil-
dren. Though the expression levels of miRNAs were
comparable between sub-groups, we did not find
a statistically significant difference. This observation
might be attributable to the smaller sample size or
that there was not a significant difference in inter-
individual variables among the sub-groups ana-
lyzed. The EPTB cases were not included in the
statistical analysis owing to the smaller size of the
samples enrolled in this study.

The expression levels of miRNAs were compared
with baseline and clinical features such as age,
gender, and loss of appetite (LOA) among the
enrolled children. We analyzed the different cate-
gories of age (<5, 6 to 10 and >10 in years), gender
(male vs. female), and loss of appetite (<5 days and
> 5 days) against miRNA expression level in TB
cases. We found no statistically significant difference
among them (Table 3).
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Figure 1. Candidate miRNAs" expression in plasma from children with active-TB and HC.

The expression level of miR-21 (a), miR-29a (b), miR-31 (c), miR-146a (d) and miR-155 (e) in children with active-TB and HC. The difference in each candidate
miRNA expression levels is indicated with asterisks (** for p = 0.0003; *** for p < 0.0001); miR-29a did not show a significant difference (p = 0.16) (Mann-
Whitney U test). miRNA, micro-ribonucleic acid; TB, tuberculosis; HC, healthy control children; p-value, <0.5.
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Table 3. Comparison miRNA expression and baseline characteristics of TB patients.

Fold change
Features No of Cases (%) miR21 miR29a miR31 miR146a miR155
Age
<5y 11 (36.7) 1.53 (0.72-2.35) 2.36 (1.16-2.67) 1.04 (0.78-2.58) 0.46 (0.37-0.67) 0.81 (0.71-1.53)
6t010y 11 (36.7) 1.57 (1-2.36) 2.27 (1.03-2.67) 1.05 (0.84-1.48) 0.42 (0.33-0.63) 0.97 (0.89-1.76)
>10y 8 (26.7) 1.54 (1.45-2.18) 2.29 (1.15-2.87) 1.28 (1.03-1.76) 0.45 (0.4-0.78) 1.29 (1.22-1.98)
p value 0.93 0.93 0.66 0.47 0.18
Gender
Male 17 (56.7) 1.51 (0.8-2.23) 2.36 (0.9-2.65) 0.94 (0.8-1.96) 0.51 (0.35-0.65) 1.29 (0.85-1.69)
Female 13 (43.3) 1.6 (1.3-23) 1.95 (1.2-2.73) 1.37 (1.08-1.67) 0.42 (0.4-0.7) 1.18 (0.76-1.50)
p value 0.2 0.97 0.34 0.87 0.57
LOA
< 5 days (50) 1.53 (1.17-2.36) 2.34 (1.03-2.64) 1.04 (0.82-1.87) 0.55 (0.4-0.66) 1.31 (0.75-1.76)
>5 days (50) 1.57 (1-2.11) 2.27 (1.16-3.01) 1.36 (0.92-1.58) 0.41 (0.33-0.45) 1.22 (0.92-1.37)
p value 0.64 0.67 0.81 0.09 0.79

Mann-Whitney U test was used to compare the expression levels of candidate miRNAs between the gender and loss of appetite. The Kruskal-Wallis test
was used to analyze the difference in miRNAs expression levels between the different categories of age and Mann-Whitney U test was used to compare
the expression levels of candidate miRNAs between the gender and loss of appetite of enrolled children. Data are median with IQR. TB, Tuberculosis;

miRNA, Micro Ribonucleic Acid; IQR - Interquartile range; LOA - Loss of appetite; p-value, <0.5.
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Figure 2. Receiver operating characteristic (ROC) curve analysis.

Diagnostic performance of miR-31, miR-155, and miR-146a in plasma samples from study children. miRNA, micro-ribonucleic acid; AUC, area under the ROC

curve; Cl, confidence interval; p-value, compared with AUC of 0.5.

Table 4. Receiver operating characteristic (ROC) analysis of
miRNA in pediatric TB.

miRNAs  AUC 95% Cl  Cutoff Sensitivity Specificity p value

miR-31  0.978 0.945-1.000 0.73 93% 97% <0.0001

miR- 0.953 0.894-1.000 0.70 90% 90% <0.0001
155

miR- 0.903 0.827-0.979 0.69 83.3% 86.7%  <0.0001
146a

TB, Tuberculosis; miRNA, Micro Ribonucleic Acid; AUC, Area under the
curve; Cl, Confidence Interval 95%; p-value, <0.5.

Diagnostic value of miRNAs

ROC curve and the area under the ROC curve (AUC)
were generated for each miRNA to assess the diagnos-
tic value of miRNAs included in this study. The cutoff
point of each candidate miRNAs for the differentiation
of active-TB from HC was analyzed further. Among the
miRNAs, miR-31, miR-155, and miR-146a showed excel-
lent diagnostic performance to determine significantly
the active-TB cases from HC. ROC curves were con-
structed for the selected miRNAs, and the AUC was
studied respectively. The AUC of miRNAs such as miR-
31, miR-155 and miR-146a was 0.978 (0.945-1.000),

0.953 (0.894-1.000) and 0.903 (0.827-0.979), respec-
tively (Figure 2). The complete details of the diagnostic
values of three miRNAs are listed in Table 4.

Discussion

Earlier studies have focused on the role of miRNAs
and their influence on gene expression in several
immune cell types, including macrophages, dendritic
cells, B cells, T cells, and natural killer cells (NK) from
active and latent TB [12-14,16]. Several studies
reported the importance of miRNA and its interaction
with the host immune response during Mtb infection
[14,20]. Some miRNAs are said to activate and others
to suppress the immune response against TB such as
miR-146a, miR-21, miR-142-3p, miR-155, and miR-26a
[5,6,11-20]. This interaction between miRNAs and its
target genes are principally to inhibit the translation
process of target immune response genes in the host
during Mtb infection. Therefore, miRNAs are consid-
ered a critical player in determining both innate and
adaptive immunity.



Recent studies have focused on the concept of con-
sidering circulating miRNAs as a potent biomarker for
diagnosis and therapeutic targets for TB, and emerging
evidence suggests them as promising biomarkers for the
early diagnosis of TB [14]. The miRNAs are capable of
immune activation and are required for the activation
of host innate immune cells such as miR-9, miR-21, miR-
146a, and miR-155 [25]. However, tubercle bacilli can
effectively regulate the host miRNA profile to subvert
the immune response and to survive inside the host
cells [15,17,21].

This study supports the existing evidence that dif-
ferential expression pattern of miRNAs was observed
and that they are involved in regulating the immune
response against TB in children [15,17,21]. The candi-
date miRNAs selected in this study setting showed
significant upregulation of miRNAs, miR-21, miR-29a
miR-31, and miR-155 and downregulation of miR-
146a in plasma from TB cases when compared to HC.
Our results support the previous findings that signifi-
cant upregulation of hsa-miR-29a-3p, hsa-miR-155-5p,
and hsa-miR-361-5p in active-TB patients [16].

In contrast, downregulation of miR-26, miR-29a, and
miR142-3p from whole blood was associated with
decreased immune response in children against TB
[26]. The miR-21, which is involved in the inhibition of
pro-inflammatory cytokines secretion (TNF-a and IL-6)
[27] and upregulation of the anti-inflammatory cyto-
kine production (IL-10) [28] in TB patients. Besides,
miR-21 suppressed host Th1 cell response to Mtb by
inhibiting IL-12 expression [29], and its interaction with
Bcl-2 is shown to induce DC apoptosis [30]. Our obser-
vation is similar to the earlier reports [27-31] suggest-
ing that Mtb targeted the expression of miR-21 to
subvert the host immune response in children.

Ma et al. [31] reported an increased level of miR-
29 with the decreased expression level of IFN-y
gene, and Schaale et al. [32] described that over-
expression of miR-29 deregulates Wnt signaling
pathway by targeting its components that play an
essential role in the regulation of pro-inflammatory
cytokines to TB disease. A significant increase in the
expression of the miR-29a mRNA level in our study
follows a similar trend with previous reports describ-
ing that Mtb evades macrophage-mediated killing
process by inhibiting the expression of the IFN-y
gene [14,31,32]. It is evident from our study that
the expression level of miRNAs such as miR-21 and
miR-29a was found to be significantly increased fol-
lowing previous reports that markedly reported
a decrease in the immune response against TB.

The miR-31 was reported to be upregulated in chil-
dren with TB [33] that inhibits MyD88, an adaptor
molecule in TLR2-mediated immune response, and
thus suppresses the TLR2 mediated immune response
[34]. The miR-31 facilitates an immune evasive
mechanism to autophagy response in post-TB
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infection, especially to Mtb by targeting WNT5A and
SHH pathways [35]. Wang et al. [36] reported the
negative regulation of miR-31 in TB patients. The
authors observed a significantly lower level of miR-31
in children with TB associated with significantly higher
levels of innate immunity cytokines such as IL-6, TNF-a,
NF-kB, and IFN-y. However, our study supports the
findings of Zhou et al. [33], Ghorpade et al. [34] and
Holla et al. [35] and suggest that the trend of upregula-
tion of miR-31 was found to be responsible for the
decreased expression level of TLR-2, MyD88, IL-6, TNF-
a and IFN-y genes in children with active-TB in compar-
ison to HC.

Previous reports suggest that a significant increase
in the miRNA-146a level negatively regulates the
immune response to TB by downregulating the activa-
tion of proinflammatory cytokines (TNF-qa, IL-1f3, IL-6,
and MCP-1) to facilitate intracellular survival of Mtb in
macrophages [6,7,17]. Innate immune cells require the
activation of miR146a to support protection against TB
[17,21]. However, we found that in active-TB cases,
miRNA-146a was downregulated and supported the
notion that miRNA-146a is involved in downregulating
an excessive immune response and restricting the
expression level of pro-inflammatory cytokines such
as TNF-q, IL-18 and IL-6 in TB cases [15]. Besides, we
have also observed a decrease in the expression level
of IFN-y, TNF-q, IL-18, and IL-6 genes in our study set-
tings (data not shown).

The miR-155 expression plays the primary role in the
activation of immune cells include B cells, T cells,
macrophages, dendritic cells [18] as and FOXP3+ regu-
latory T cells [21,37]. However, the expression level of
miR-155 in TB disease condition is still not absolutely
understood, and contradictory findings were reported
[2,19,21,38,39]. This ambiguity might be dependent on
the type of strain and the host model organism used in
the study.

Virulent Mtb strain was shown to downregulate
miR-155 in human macrophages, whereas the upregu-
lation of miR-155 was reported in murine macrophages
[21]. But upregulation of miR-155 with increased TNF
level was seen in the case of an avirulent Mtb strain
used in THP-1 cell line [40], and other studies also have
found that an increased level of miR-155 was asso-
ciated with TNF level in TB disease condition [41].
Active-TB patients showed that an increased level of
miR-155 interlinked with a decreased level of FOXO3,
thus inhibiting the apoptosis process [2].

Stahl et al. [18] reported that modulation of miR-155
level could play the leading role in Treg cell-mediated
suppression in TB, and increased miR-155 level acted
as an inhibitor of ATG3 expression in dendritic cells,
thus silencing the autophagy process [42]. Thai et al.
[38] and Wu et al. [19] have demonstrated that the
level of miR-155 is interconnected with IFN-y gene
expression and reduced immune responses.
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Also, Zhang et al. [39] reported that miR-155 was
shown to suppress the activation of NK cells and was
negatively associated with TNF-a in serum from TB
patients. On the contrary, Wagh et al. [43] reported
a decrease in the level of miR-155 in active-TB and
MDR-TB patients. Thus, it is appealing to speculate
that an increased level of miR-155 in TB cases could
result in a decrease in TNF level. This finding is in
accord with Fu et al. [44], Wu et al. [19] and Draz
et al. [20] who respectively reported that miR-29a-3p
(serum), miR-155-5p (PBMC) and miR-361-5p (serum)
were significantly overexpressed in active-TB patients
compared to HC.

Recently, several studies have reported the use of circu-
lating miRNAs as a potential biomarker for TB diagnosis
and treatment [16,19,20,27,33,36,39,43-45]. The previous
report suggests that a single miRNA or combination of
mMiRNAs can be used as a biomarker to distinguish active-
TB from HC. Zhou et al. [33] studied the diagnostic values of
selected miRNAs, including miR-1, miR-10a, miR-125b, miR-
146a, miR-150, miR-155, and miR-31. They reported that
combined miRNAs showed a promisingly increased diag-
nostic value compared to the use of a single miRNA.
Indeed, the combination of miRNAs, miR-150, miR-21,
miR-29 ¢, and miR-194 was tested for diagnostic value
and showed that combined miRNAs could be suitable for
biomarker studies [45].

Several other reports support our findings of the use of
miRNAs as a potential biomarker for TB diagnosis in the
pediatric population. These include Wang et al. [36] for
miR-31, Wu et al. [18] for miR-155 and Zhou et al. [33] for
miR-146a. We observed a favorable diagnostic value for the
candidate  miRNAs miR-31, miR-155, and miR-146a
(AUC = 0.978, 0.953, and 0.903, respectively) to distinguish
active-TB from HC (Table 3). At the same time, miR-21 and
miR-29a did not show robust diagnostic ability in this
study. Further, our data demonstrated that tested
miRNAs showed accurate sensitivity and specificity as fol-
lows: miR-31> miR-155> miR-146a.

The limitations of our study need to be addressed. The
number of patients included in our study to analyze the
expression pattern and to assess the biomarker value is
limited due to the small sample size. Further studies with
a larger sample size (A cohort, case-control) are required to
identify the potential use of miRNAs for the diagnosis of
pediatric tuberculosis. Second, our study is limited to the
recruitment of PTB cases alone, and this might influence
the diagnostic value of the candidate miRNAs. Further
analysis with an equal proportion of PTB vs. EPTB cases
would give a better picture of the diagnostic performance
of the candidate miRNAs. However, our study results are
consistent with previous reports which strengthen the use
of miRNAs as biomarkers for active-TB diagnosis. In this
study, the healthy control children were recruited with no
known disease conditions or symptoms for any infection
(disease-free status) and did not test for the negative TST
(or) negative IFN-y assay for latent TB infection.

Conclusions

The study demonstrates the alteration in miRNA expres-
sion levels and the potential role of biomarker analysis for
the effective identification of active-TB in children. The up-
and downregulation of candidate miRNAs, miR-21, miR-
293, miR-31, miR-155, and miR-146a respectively suggest
the importance of miRNAs' role in determining the
immune response in children with active-TB. The altered
level of miRNAs is predominantly involved in determining
the balance between the innate and adaptive immune
response, thus impairing the host immune response to
TB. The ROC analysis indicates that miRNAs such as miR-
31, miR-146, and miR-155 could be suitable for the poten-
tial biomarker for the early and effective diagnosis of chil-
dren with active-TB.
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