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ABSTRACT

MicroRNAs (miRNAs) are a class of noncoding RNA molecules which are involved in various cellular and physiological processes. Previously, studies have identified
several miRNAs that are potential diagnostic biomarkers for various infectious diseases including tuberculosis. We have performed small RNA sequencing using the
Ion Torrent PGM platform in extra pulmonary tuberculosis (EPTB) subject's serum samples to identify circulating miRNAs during mycobacterium tuberculosis (MTB)
infection. Our analysis identified 20 circulating miRNAs upregulated and 5 miRNAs downregulated during MTB infection in patient's serum. In addition, we have
identified 6 MTB genome encoded miRNAs upregulated in EPTB patient's serum samples. Tagman based qRT-PCR analysis of host-genome encoded (hsa-miR-146a-5p
and hsa-miR-125b-5p) and MTB genome encoded (MTB-miR5) miRNAs showed increased expression in a cohort of 52 healthy, pulmonary tuberculosis (PTB) and
extra pulmonary tuberculosis (EPTB) patients serum samples. Our study identified for the first time a panel of host and MTB genome specific differentially expressed
circulating miRNAs in serum samples of an Indian patient cohort with tuberculosis infection with a potential as a non-invasive diagnostic biomarker for tuberculosis

infection.

1. Introduction

Despite advancement in pulmonary medicine in past few decades,
tuberculosis (TB) globally continues to be the major cause of mortality
and morbidity due to an infectious agent. According to World Health
Organization (WHO) report 10.4 million people fell ill with TB in 2016;
6.3 million among them were new cases and 0.49 million had multidrug
resistant TB. In 2016, TB accounted for 1.3 million deaths alone and
0.37 million deaths among HIV co-infected people [1]. Although, early
diagnosis and appropriate treatment can prevent most TB related
deaths, limited availability of a reliable tool for diagnosis of TB remains
one of the major obstacles in controlling the spread of this epidemic.
Current standards of TB diagnosis are based on detection of pathogens
in the sample thus rely heavily on bacterial load which makes the di-
agnosis even challenging especially in smear negative pulmonary TB
cases, extrapulmonary TB and paediatric TB cases where bacterial load
is often low [2-4]. Various methods are employed for the diagnosis of
EPTB such as radiology, smear microscopy, culture identification, his-
topathology, tuberculin skin test (TST), serological assays, all these
methods have limitations such as suboptimal sensitivity or specificity
and time delays whereas, tests based on DNA amplification or inter-
feron-y release are expensive. MTB is known to modulate host cellular
microenvironment including immune mechanism and apoptosis. Owing

to the limitations in conventional methods for diagnosis of TB, re-
searchers in the past have emphasized the need for development of
diagnostic tests based on host biomarkers that can be used for assess-
ment of disease status and monitoring of treatment outcomes [5,6].
Major challenge for developing an ideal biomarker is to ensure that the
discovered biomarker is a stable molecule, abundantly present in body
fluids, can be easily recovered, offers high sensitivity and specificity
with translational potential as a point of care test. In the above context,
human MicroRNAs (miRNA), a class of non-coding highly conserved
single stranded small RNAs of approximately 18-25 nucleotides in
length that modulate the expression of genes involved in development,
cell differentiation, proliferation, and apoptosis are promising candi-
dates for use as a biomarker [7-10]. Recently, researchers have high-
lighted the importance of miRNAs in diagnosis of infectious diseases
[11-13]. A preliminary study on circulating miRNAs in patients with
active pulmonary TB reported 59 upregulated and 33 downregulated
signatures when compared to non-TB controls [14]. Another study
identified miR-3179 and miR-147 overexpression during TB infections
in patients sputum as compared to controls [15]. It has been reported
that miRNA-144 is highly expressed in peripheral blood mono nuclear
cell while miRNA-361-5P, miRNA-889, and miRNA-576-3p were sig-
nificantly upregulated in serum samples of active TB patients [16].
Further, six serum micro RNAs hsa-miR-378, hsa-miR-483- 5p, hsa-miR-
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22, hsa-miR-29c, hsa-miR-101 and hsa-miR-320b have been identified
as specific markers to discriminate pulmonary TB from healthy controls
[17]. Thus, it is evident that further exploration of miRNAs may be
useful to unravel information on pathophysiology of TB and discovery
of specific markers for its diagnosis. Recent reports have suggested that
serum derived miRNAs are extremely stable under harsh conditions and
useful as non-invasive biomarkers for early diagnosis of various in-
fectious diseases [17]. In the present study, we performed small RNA
sequencing and Tagman based qRT-PCR based serum miRNA profiling
of subjects with pulmonary and extrapulmonary tuberculosis in com-
parison with healthy control. Our study identified a panel of serum
derived circulating host as well as pathogen derived miRNAs which are
differentially expressed during tuberculosis infection.

2. Materials and methods
2.1. Ethical statement

Our study was approved by Kasturba Medical College and Kasturba
Hospital Institutional Ethics committee, Manipal Academy of Higher
Education, Manipal, India. Written informed consent was obtained from
all subjects prior to their enrolment in the study.

2.2. Study groups

The present study was conducted on 52 individuals divided into
three groups. Group 1 included 15TB patients diagnosed based on
clinical signs, radiological findings smear microscopy, culture and nu-
cleic acid amplification tests.

Group 2 included 22 Extrapulmonary TB patients diagnosed based
on clinical signs, radiological/CT findings, MRI, smear microscopy,
culture, histopathological findings and nucleic acid amplification tests.
Group 3 included 15 normal healthy individuals without any symptoms
of Tuberculosis.

2.3. Sample collection

Samples from TB and extra pulmonary TB patients were collected
prior to anti-tubercular therapy. Five millilitres of venous blood was
withdrawn in a sterile vacutainer from each participant enrolled in the
study after obtaining written consent. Blood samples were kept at room
temperature for 20 min and then were centrifuged at 3000 rpm for
10 min. Serum was collected, aliquots were stored immediately at
—80 °C deep freezer until further analysis.

2.4. RNA isolation

RNA was extracted from each serum sample using mirVana™
PARIS™Kit (ThermoFisher Scientific, Waltham, Massachusetts, USA)
following manufacturer's instructions. Briefly, 600 ul of serum sample
was mixed with an equal volume of denaturing solution at room tem-
perature. Then 1200 pl of Acid-phenol: Chloroform solution was added
and the tube was vortexed for 30-60 s to mix the contents properly and
was centrifuged at 10,000g for 5min to separate the mixture into
aqueous and organic phase. The upper aqueous phase was transferred
to a fresh tube and was mixed with 1.25 vol of 100% ethanol and was
transferred to the filter cartridge with collecting tube and was cen-
trifuged briefly to pass samples through the filter cartridge, the flow
through was discarded and 700 pul miRNA wash solution 1 was applied
to the filter cartridge and was centrifuged for 15 s the flow through was
discarded and then filter cartridge was washed twice by applying wash
solution 2/3 followed by centrifugation for 15s. Then filter cartridge
was transferred to fresh collecting tube and RNA was eluted by applying
100 pl of nuclease free water followed by centrifugation for 30 s. Elute
containing RNA was collected and stored at —80 °C deep freezer until
use.
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2.5. Small RNA sequencing

The small RNA sequencing was performed in pooled control (n = 2)
and pooled extra pulmonary tuberculosis (EPTB) serum samples
(n = 2). In brief, total RNA from the samples were enriched for small
RNAs using Total RNA-Seq Kit v2 (ThermoFisher Scientific). The
quality and quantity of samples enriched for small RNA were analyzed
using the Agilent small RNA kit (Agilent Technologies, Santa Clara,
California, USA) in 2100 Bioanalyzer Instrument. Samples were then
barcoded and used for library construction using Total RNA-Seq Kit v2.
Amplification of the templates was performed using Ion OneTouch™ 2
system and Ion OneTouch™ ES (ThermoFisher Scientific). Enriched
products were loaded onto an Ion 318 chip and run on an Ion PGM
system™ (ThermoFisher Scientific).

2.6. Computational and statistical analysis

BAM files of pooled control and pooled EPTB samples were up-
loaded in CAP-miRSeq pipeline for read pre-processing, alignment,
distribution of RNA types, and differential miRNA expression analysis
[18]. LogFC (log2fold change) > 1 and < -1 were assigned to up- and
down regulated miRNAs with FDR (False Discovery Rate) < 0.05.
Targets were predicted using miRDB (Score =80) [19], PITA
(Score = —10) [20], and DIANA microT v4 (Score=0.9) [21]. Pathway
analysis was performed using DIANA miRPath v3.0 [22]. ROC analysis
was performed for miRNA expression to analyse the diagnostic accu-
racy, against pulmonary TB and extra pulmonary TB using MedCalc
software.

2.7. MTB genome encoded miRNA analysis

The unmapped reads after aligning to the human genome (GRCh37/
hg19) were extracted and mapped to Mycobacterium tuberculosis (MTB)
(H37Rv). We further identified all small RNA sequencing reads that
aligned to MTB genome as potential miRNAs. To validate the same, we
extracted 500 flanking upstream and downstream bases from the
mapped coordinates and used a SVM based method to predict pre-
miRNAs in the fasta sequence ab-initio. Pre-miRNAs residing between
450 and 550 were identified and with a criterion of minimum free
energy less than —25kcal/mol was used to filter the identified pre-
miRNAs for better stability. The predicted pre-miRNAs were further
evaluated with miREval 2.0 [23] to strengthen the results of our ana-
lysis. MatureBAYES was used to predict the mature miRNAs from the
novel pre-miRNAs [24]. Lastly, we aligned the mature sequence against
MTB genome to obtain the genomic location of the same.

2.8. Reverse transcription and real time PCR quantitation

cDNA was synthesized from total RNA using miRNA-specific pri-
mers according to the Tagman microRNA assay protocol (ThermoFisher
Scientific, USA). Real-time PCR was performed in Applied Biosystems
7500 Fast cycler (Applied Biosystems, USA). All experiments were
performed in triplicates. We have used miR-16 as endogenous control
for all the serum samples. The relative expression level of each miRNA
in an individual samples were calculated based on equation 2"4%, where
AGt = Ctmirna — Ctendogenous control @S published earlier [25].

3. Results
3.1. Clinical data

A total of 52 participants were recruited for the present study in-
cluding 15 pulmonary TB patients, 22 EPTB patients and 15 healthy
controls. Mean age of the participants was 43.11 (SD 15.95, Range
19-86 years). Twenty-nine among them were males whereas 23 were
females. Among pulmonary TB cases 14, were smear positive whereas
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Table 1
A detailed description of demographic details and clinical features of partici-
pants enrolled for the present study.

Characteristics Pulmonary TB Extrapulmonary TB Healthy
(15) (22) controls (15)
Age, Mean (SD, range 47.67 (15.75, 38.5 (17.38, 19-86) 45.33 (12.88,
in years) 22-73) 24-72)
Gender
Male (%) 11(73.33) 10(45.45) 8(53.33)
Female (%) 4(26.670) 12(54.54) 7(46.67)
Category, New case 13(86.67) 21(95.45) -
(%) 2(13.33) 01(4.54) -
Previously treated
case (%)
HIV status
positive (%) 01(6.67) 03(13.63) -
Negative (%) 14(93.33) 19(86.36) 15(100)
Diabetes
Positive (%) 06(40.00) 01(4.54) -
Negative (%) 09(60.00) 21(95.45) 15 (100)
Smear
Positive (%) 14(93.33) 7(31.81) -
Negative (%) 1(6.670) 15(68.18) 15(100)
Fever
present (%) 10(66.67) 8(36.36) -
Absent (%) 5(33.33) 14(63.63) 15(100)
Cough
Present (%) 11(73.33) 8(36.36) -
Absent (%) 04(26.67) 14(63.36) 15(100)
Weight loss
Present (%) 05(33.33) 05(22.72) -
Absent (%) 10(66.67) 17(77.27) 15(100)

one was smear negative but was positive by NAAT (Nucleic Acid
Amplification Test). Among EPTB patients, 4 were diagnosed for tu-
bercular meningitis, 6 for tubercular lymphadenitis, two each for tu-
bercular spondylodiscitis, tuberculous pleuritis, Potts spine and chest
wall abscess whereas, one each was diagnosed for tubercular cystitis,
psoas abscess, tubercular osteomyelitis and disseminated TB. A detailed
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description of demographic details and clinical features of the partici-
pants enrolled in the present study is shown in Table 1.

3.2. Small RNA sequencing identified host genome specific miRNAs

Small RNA sequencing analysis in pooled control (n = 2) and
pooled extra pulmonary tuberculosis (EPTB) serum samples (n = 2)
identified host genome encoded circulating miRNAs differentially ex-
pressed in EPTB patients' serum samples (Fig. 1A). Among the differ-
entially expressed miRNAs, 20 miRNAs were 2-fold upregulated and 5
miRNAs were 2-fold downregulated in EPTB patients' serum samples
(Table 2). We identified that several miRNAs upregulated in our study
were previously reported in MTB infection (Table 2). To validate our
findings in small RNA sequencing data, we have performed Tagman
based qRT-PCR analysis of two host genome specific miRNAs in an
independent cohort of healthy control, PTB and EPTB patients. Statis-
tical analysis of selected miRNA expression between healthy control
and extra-pulmonary TB (EPTB) and healthy and pulmonary TB (PTB),
was performed using GraphPad Prism 7.03 software. Nonparametric
analysis was carried out using Wilcoxon matched pairs signed rank test
for hsa-miR-146a expression in healthy vs PTB patients sample. We
observed that hsa-miR-146a expression showed significant upregula-
tion in PTB serum samples (p = 0.006) when compared with healthy
controls (Fig. 1B). Nonparametric analysis was carried out using Man-
n-Whitney test which showed significant upregulation of hsa-miR-125b
in EPTB serum samples (p = 0.009) when compared with healthy
control samples. (Fig. 1B).

3.3. MTB genome encoded miRNAs in EPTB patients

Analysis of MTB genome encoded miRNAs identified 6 novel MTB
miRNAs expressed in EPTB patients' serum samples (Fig. 2). Target
gene prediction identified several genes involved in cell cycle, tran-
scriptional regulation, apoptosis, mRNA processing, lipid metabolism,
cell to cell communication (Table 3). We have selected MTBmiR-5 for
the clinical validation in EPTB and PTB samples based on the 1)

Fig. 1. Heatmap diagram showing clustering of
differentially expressed miRNAs in EPTB serum
samples. (A) Each row represents a miRNA and each
column represents pooled control (n = 2) and pooled
EPTB (n = 2) sample. The colour scale shown at the
top illustrates the relative expression of miRNA. Red
colour represents high expression and green colour
represents low expression of identified miRNAs. (B)
Tagman qRT-PCR based expression analysis of host
genome encoded (hsa-miR-146a-5p and hsa-miR-
125b-5p) and MTB genome encoded (MTBmiR-5)
miRNAs in healthy controls (n = 15), pulmonary
tuberculosis (n = 15) and extra pulmonary tubercu-
losis (n = 22) samples. Data represents two in-
dependent experiments with miRNA expression
analysis was performed for each patient samples in
duplicate reaction in Tagman qRT-PCR. Error bars
reflect + SEM. P-value of less than 0.05 indicates
statistical significance. (For interpretation of the re-
ferences to colour in this figure legend, the reader is
referred to the Web version of this article.)

miR-146a

%m P=0.009 ‘
M, o=
Healthy  EPTB PTB
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Table 2
Differentially expressed miRNAs identified in EPTB serum samples in the present study.
SI No. miRNA ID logFC Previously reported in MTB infection Our study
1 hsa-miR-425-5p 10.44 Upregulated
2 hsa-miR-146a-5p 8.26 Upregulated (Li et al., 2013, Li et al., 2016) Upregulated
3 hsa-miR-486-5p 7.88 Upregulated (Meng et al., 2014) Upregulated
4 hsa-miR-16-2-3p 7.00 Upregulated (Wagh et al., 2017) Upregulated
5 hsa-miR-101-3p 6.49 Upregulated
6 hsa-miR-29¢-3p 5.47 Upregulated
7 hsa-miR-378a-5p 5.44 Upregulated
8 hsa-miR-143-3p 4.31 Upregulated
9 hsa-miR-144-3p 4.31 Upregulated (Zhou et al., 2016, Lv et al., 2016, Liu et al., 2011) Upregulated
10 hsa-miR-483-5p 3.58 Upregulated (Etna et al., 2018) Upregulated
11 hsa-miR-378a-3p 3.52 Upregulated
12 hsa-miR-378d 3.48 Upregulated
13 hsa-miR-193a-5p 3.12 Upregulated (Etna et al., 2018) Upregulated
14 hsa-miR-378f 3.12 Upregulated
15 hsa-miR-140-3p 3.11 Upregulated (Zheng et al., 2015) Upregulated
16 hsa-miR-125b-5p 2.93 Upregulated (Wagh et al., 2017) Upregulated
17 hsa-miR-378¢ 2.84 Upregulated
18 hsa-miR-29¢-5p 2.36 Upregulated
19 hsa-miR-22-3p 1.91 Upregulated
20 hsa-miR-320a 1.63 Upregulated
21 hsa-miR-129-5p —2.82 Downregulated
22 hsa-miR-409-3p —3.07 Downregulated
23 hsa-miR-370-3p -3.30 Downregulated
24 hsa-miR-551b-5p —3.82 Downregulated
25 hsa-miR-4523 —5.05 Downregulated
MTB-miRNA 3.4. Specificity and sensitivity analysis of miR-146a, mir-125b-5p and
200+ MTBmiR-5
O Control
o 1501 W EPTB Sensitivity and specificity levels of miR-146a, miR-125b-5p and
8 MTBmiR-5 in order to analyse the diagnostic accuracy in healthy vs
&’ 199 pulmonary TB and healthy vs extra-pulmonary TB provided area under
#* )] curve (AUC) as follows: miR-125b-5p, healthy vs PTB was 0.889 (95%
CI 0.661-0.985; P < 0.001) and healthy vs EPTB was 0.925 (95% CI
0 0.730-0.993; P < 0.001), miR-146a-5p, healthy vs PTB was 0.787
& & &£ & & &£ (95% CI 0.556-0.933; P = 0.007) and healthy vs EPTB was 0.753 (95%
‘ée'@ ‘g&'& ‘{\e'& & é@'@ “@"‘ CI 0.497-0.922; P = 0.038). MTBmiR-5, healthy vs PTB was 0.985

Fig. 2. Novel MTB genome encoded miRNAs in EPTB patients' serum samples
identified by next generation small RNA sequencing.

secondary hair pin loop structure formation in the precursor miRNA
sequence, 2) minimum free energy for the better stability from our
analysis using miRNAFold and miREval 2.0 programs. To evaluate the
diagnostic potential of MTB genome encoded miRNA expression, we
designed a custom Tagman assay for MTB-miR5 for qRT-PCR validation
study in PTB and EPTB serum samples. Nonparametric analysis using
Wilcoxon matched pairs signed rank test showed significant upregula-
tion of MTB-miR5 in EPTB serum samples (p = 0.009) when compared
to healthy control samples. Nonparametric analysis using Man-
n-Whitney test analysis showed significant upregulation of MTB-miR5
in PTB serum samples (p = 0.001) when compared to healthy control
samples (Fig. 1B).

Table 3
MTB miRNAs identified in EPTB serum samples in the present study.

(95% CI 0.779-1.00; P < 0.001) and healthy vs EPTB was 0.825 (95%
CI 0.617-0.948; P < 0.001) (Table 4) and (Fig. 3). We performed the
analysis with all three miRNA combined in healthy vs pulmonary TB
provided area under curve (AUC) 0.799 (95% CI 0.670-0.894;
P < 0.001) and healthy vs extra-pulmonary TB provided area under
curve (AUC) 0.688 (95% CI 0.560-0.798; P = 0.007) (Table 4) and
(Fig. 3).

3.5. Pathway analysis

Pathway analysis of upregulated host genome miRNAs specific
target genes were performed using DIANA-miRPath v3.0 and DAVID
v6.8 (https://david.nciferf.gov/) [22,26]. We identified several path-
ways including microRNA in Hippo Signaling, Cell Cycle, Fatty acid
biosynthesis, Lysine degradation, Adherens junction, p53 signaling, and
TGF-beta signaling pathway were targeted by upregulated miRNAs
identified in mycobacterium tuberculosis infection (Fig. 4) and

MTB miRNA Start End Mature miRNA Sequence Target Genes

MTBmiR-1 1385076 1385097 GCCGCCGCCGCCCGCGCCGCCG NPPC, NKX2-3, MGAT3, Céorf223, GPR114
MTBmiR-2 1979452 1979473 CGGGCCGCCGACUCCGCCAGGU PYROXD1, CELF5, SLC12A5, PRF1, MIER2
MTBmiR-3 4046796 4046817 AGCGGCGGGGGCCGGUGGCGCG SLC12A5, PCDHAC2, EN1, LBX1, HOXB8
MTBmiR-4 340622 340643 CGGCGGCGGCGGCCGCGGCGGC FAM104A, BRSK2, MPDU1, LBX1, EMILIN1
MTBmiR-5 1472988 1473009 UGAGAGACUGCCGGGGUCAACU KCNJ6, ADRA1B, DPYSL2, IRX6, PLXDC1
MTBmiR-6 924161 924182 GGGUUCGAGUCCCGUCAGGGUC CHSY1, ZNF747, CGGBP1, NAAA, ZC3H12B
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Table 4
Sensitivity and specificity analysis of miR-146a, miR-125b-5p and MTBmiR-5.

Tuberculosis 116 (2019) 37-43

miRNAs Samples Sensitivity Specificity P-value
miR-125b-5p Healthy vs Pulmonary TB 100 70 < 0.001
Healthy vs Extra Pulmonary TB 91.67 80 < 0.001
miR-146a-5p Healthy vs Pulmonary TB 100 55.56 0.007
Healthy vs Extra Pulmonary TB 100 55.56 0.038
MTBmiR-5 Healthy vs Pulmonary TB 100 90.91 < 0.001
Healthy vs Extra Pulmonary TB 76.92 81.82 < 0.001
All three miRNAs Healthy vs Pulmonary TB 100 56.67 < 0.001
Healthy vs Extra Pulmonary TB 85.29 56.67 0.007
miR146a miR125b MTBmiR-5 All three miRNAs
100
80 80
2 2 £ w 2 w0
> 2 2 3
= = = = o)
2 2 g« 2
& ] * ® 2
204 AUC = 0.787 » ALC = 0.985 P00t
p P = 0007 ) P <0001 ° Rk LI
oY Laiil A : — 9 L] SSTOINTIO ——— | -
0 20 40 60 80 100 [ R T 0 20 4 6 ® 100 O % % ® ®» W
A 100-Specificity B 100-Specificity c 100-Specificity G 100-Specificity
miR146a miR125b MTBmiR-5 All three miRNAs
100 4 100 L 100
o} 80 ® ® rJ’_'J_J
2 2 £ 2 !
£ ef 3 e > w 2 el
s = = =
® B @ @
S o S © s ® H
3 *} a a 3w
- AUC = 0753 » AUC = 0925 e AC = 0825 or AUC = 0.688
P=0038 P <0001 P<oO0t P = 0.007
ok 1 A 0 1 1 ol A A 4]
o 20 40 60 80 100 [ 20 & & = 0 0 20 0 ® w0 W o 20 4 60 80 100
D 100-Specificity E 100-Specificity F 100-Specificity H 100-Specificity

Fig. 3. ROC analysis of miR-146a-5p, miR-125b-5p and MTBmiR-5 from qRT-PCR expression analysis in healthy (n = 15), pulmonary tuberculosis (n = 15) and extra
pulmonary tuberculosis (n = 22) samples. ROC analysis was performed using MedCalc software. (A, B and C): individual miRNAs in Healthy vs Pulmonary TB; (D, E
and F): individual miRNAs in Healthy vs Extra-Pulmonary TB. (G) All three miRNAs in Healthy vs Pulmonary TB and (H) All three miRNAs in Healthy vs Extra-

Pulmonary TB.

(Supplementary Table 1, Supplementary Figs. S1-S7).

4. Discussion

In the last decade, several studies have highlighted the importance
of studying TB infection at the RNA level. Micro RNAs (miRNAs) are
involved in post-transcriptional regulation of several protein-coding
genes in tissue specific fashion with emerging role of critical regulators
in major biological processes. Previous studies have demonstrated the
role of miRNAs as a key player in the outcome of many infectious
disease modulator of host immune system [27]. Recent evidences have
shown that specific human miRNAs may have potential role in tu-
berculosis infection either by enhancing the immune response or by
facilitating pathogen immune evasion [28,29]. Few studies have also
identified intracellular pathogen encoded miRNAs [30,31]. Since,
miRNAs can regulate the innate immune response against active TB
infection, they provide a major advantage as a biomarker for the di-
agnostic and therapeutic monitoring of TB and may also help to dif-
ferentiate between active and latent TB infection [32-34]. Identifica-
tion of miRNAs involved in regulating biological processes such as
autophagy and apoptosis during MTB infection presents an opportunity
to employ miRNAs as therapeutic tool against TB infection [35,36].
Recent studies have shown that circulating miRNAs can be stably de-
tected in body fluids and have potential to serve as diagnostic markers
for infectious diseases including TB [34,37,38]. In the present study, we

41

have performed next generation sequencing of circulating miRNAs in
serum specimens from EPTB patients and healthy control and identified
a panel of 20 host genome encoded miRNAs significantly upregulated
and 5 miRNAs downregulated when compared with serum specimens
from the healthy control group. Among the upregulated miRNAs
identified in EPTB patients, 8 miRNAs were previously reported to be
upregulated during MTB infection. Target prediction and pathway
analysis of identified miRNAs showed significant enrichment in cell
cycle, transcriptional regulation, apoptosis, Hippo signaling pathway,
p53 signaling pathway lipid metabolism and cell to cell communica-
tion. We have identified 79 genes in Hippo signaling pathway and 43
genes in the P53 signaling pathway are targeted by differentially ex-
pressed miRNAs in the EPTB patients (Supplementary Table 1). Recent
studies have shown that p53 and Hippo signaling pathway regulates
host-mycobacterial interactions during active TB infection [39,40].
Previously, small RNAs have been identified by Arnvig and Young
(2009) by screening cDNA libraries prepared from M. tuberculosis [30].
Recently, another study have shown the expression profile of Myco-
bacterial SRNA in bacterial cultural supernatant and plasma samples of
TB patients [38]. Our study identified 6 MTB genome encoded miRNAs
expressed in EPTB patients serum by small RNA sequencing.

To validate our findings from small RNA sequencing data, we have
selected two host genome and one MTB genome encoded miRNA for
gRT-PCR based expression analysis in an independent cohort of PTB,
EPTB patients and healthy controls to evaluate their diagnostic
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Fig. 4. Pathway analysis for host genome encoded miRNAs from small RNA sequencing identified 20 up regulated miRNAs in TB patients compared to healthy
controls. Pathway analysis was performed using DIANA miRPath v3.0 (threshold P-value < 0.05).

potential. The validation study showed that hsa-miR-146a was sig-
nificantly upregulated in PTB patients serum samples (p = 0.006) and
hsa-miR-125b was significantly upregulated in EPTB patients serum
samples (p = 0.009) when compared with healthy controls. MTB
genome encoded miRNA-5 was significantly upregulated in both EPTB
patients serum samples (p = 0.009) and PTB patients serum samples
(p = 0.001) when compared with healthy controls. The specificity of
MTBmiR-5 was 90.91 to distinguish between healthy and pulmonary
tuberculosis and 81.82 between health and extra pulmonary TB. We
also found amplification of MTBmiR-5 (Ct value < 35) in two healthy
control out of 15 which could be due to latent TB infection which is
prevalent in Indian population. Previous studies have shown that
miR146a and miR125b play significant role in regulating innate im-
mune responses. It has been proven experimentally that miR146a level
in the host regulates pro-inflammatory cytokines by targeting IRAK1
and TRAF6 [41]. During MTB infection, miR-146a inhibits NO pro-
duction by targeting TRAF6 and compromises host defense mechanism
during bacterial infection [42]. Similarly, miR-125b targets TNF-a to
suppress host defense mechanism during MTB infection [41,43]. Our
study showed the diagnostic potential of two host genome encoded and
one MTB genome encoded miRNAs in an Indian cohort of both PTB and
EPTB patients serum samples. One of the major limitations of the

42

present study is limited sample size which could be overcome by testing
a panel of differentially expressed host and MTB genome encoded
miRNAs in a larger Indian cohort of EPTB and PTB patients along with
individuals with other lung pathologies. MTB genome encoded miRNAs
identified by our study will provide an opportunity for a detailed study
to understand its role in diagnosis and prognosis of active TB infection.

5. Conclusion

Several studies have identified host genome encoded miRNAs that
are intricately involved in host-pathogen interaction during TB infec-
tion. Functional analysis of selected miRNAs have shown their role in
both adaptive and innate immune response against MTB highlighting
their potential as diagnostic and prognostic marker during active TB
infection. Differentially expressed miRNAs can be detected in various
body fluids such as serum, saliva and urine which makes them ideal
candidate marker to monitor TB infection and also to distinguish be-
tween active and latent infection. Recent efforts have been made to
exploit miRNAs as host directed therapy against TB infection in mouse
models. We have identified a panel of host and MTB genome encoded
miRNAs differentially expressed in both PTB and EPTB patients' serum.
Our miRNA panel has the potential for non-invasive diagnostic
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screening tool for active TB infection and can be extended to distinguish
between active and latent TB infection in larger patient cohort.
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