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Objective: Mycobacterium tuberculosis (M. tb) has a sumptuous repertoire of effector molecules to counter
host defenses. Some of these antigens inhibit autophagy but the exact mechanism of this inhibition is
poorly understood.

Methods: Purified protein derivative (PPD) was fractionated using 10 (PPD 10, antigenic molecular weight
> 10 kDa) and 3 (PPD 3, mol. weight > 3 kDa) kDa cutters. Effect of these fractions on Calcimycin-
induced autophagy and intracellular mycobacterial viability was then studied using different experimental
approaches.

Result: We found significant downregulation of autophagy by PPD 3 pre-treatment in Calcimycin-treated
dTHP-1 cells compared to PPD 10. This reduction in autophagy also corroborated with the enhanced sur-
vival of mycobacteria in macrophages. We demonstrate that recombinant early secreted antigenic target
6 (rESAT-6) is responsible to inhibit Calcimycin-induced autophagy and enhance intracellular survival of
mycobacteria. We also show that pre-treatment with rESAT-6 upregulates microRNA (miR)-30a-3p expres-
sion and vis-a-vis downregulates miR-30a-5p expression in Calcimycin-treated dTHP-1 cells. Transfection
studies with either miR-30a-3p inhibitor or miR-30a-5p mimic clearly elucidated the opposing roles of
miR-30a-3p and miR-30a-5p in rESAT-6 mediated mycobacterial survival through autophagy inhibition.
Conclusion: Taken together, our result evidently highlights that rESAT-6 enhances intracellular survival of

mycobacteria by modulating miR-30a-3p and miR-30a-5p expression.
© 2019 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Introduction

In spite of putting in tremendous efforts to eradicate Tuber-
culosis (TB) by many stakeholders, this disease is still the lead-
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ing killer among infectious diseases that have caused enormous
affliction to humanity. As per the latest global TB report 2018 by
World Health Organization (WHO), TB has impacted 10.0 million
people in 2017 and 1.6 million succumb to this deadly demon.!
All efforts to make this world TB-free have yielded limited results
due to the emergence of multidrug-resistant (MDR) and extremely
drug-resistant (XDR) strains of Mycobacterium tuberculosis (M. tb).
Above that, poor efficacy of M. bovis BCG, the only available vac-
cine till date against TB has made the situation more precarious.>>
Therefore, rejuvenation of our approaches especially host-pathogen
interaction is urgently required to lessen the ever-growing threat
of TB.

M. tb intrudes the host through respiratory route and estab-
lishes a successful infection inside the alveolar macrophages.*”
These macrophages inhibit the M. tb growth intracellularly by em-
ploying diverse array of strategies to elicit phagocytosis of M. tb
through surface receptors, phagosome lysosome fusion, genera-
tion of reactive oxygen and nitrogen intermediates (ROI and RNI),
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innate and adaptive immune mechanisms and effector mechanisms
like apoptosis and autophagy.®'© Autophagy is a well-conserved
degradative process that maintains intracellular homeostasis by
generating double membrane envelope bodies called as autophago-
some that fuses with the lysosomes to deliver its intracellular
milieu.!’="®> The autophagosome genesis is highly complex and
regulated by autophagy-related proteins (ATG) which are cate-
gorized into six complexes namely: ULK1 (Unc-51-like kinase 1)
complex, ATG 9, class III PI3K (PI3KC3) complex, ATG 2-18 com-
plex, ubiquitin (Ub)-like protein complex having covalent conju-
gation allies like Atg 12-Atg 5-Atg 16L and ATG 8 conjugation
system.!314

Numerous studies have highlighted the regulatory role of au-
tophagy in progression of various diseases such as neurodegenera-
tive disorders, cancer, autoimmune aberrations, muscular and heart
ailments, aging and infectious diseases.'” In infectious diseases, au-
tophagy have been implicated in cellular pathways ranging from
lymphocyte development, antigen presentation, antibody produc-
tion to neutralizing pathogen!5-'° that contribute in killing intra-
cellular pathogens including M. tb.%-20-24 However, M. tb is able to
evade autophagy by activating different mechanisms in host cells
such as elevated secretion of Th2 compared to Th1 cytokines, in-
hibition of cytosolic Ca%* production and abrogation of Rab7 re-
cruitment on the autophagosomes.?>-33 In addition, M. tb genome
encodes for several effector molecules such as enhanced intracellu-
lar survival (Eis) gene, mannose-capped lipoarabinomannan (Man-
LAM), protein tyrosine phosphatases (MptpA, MptpB) and ESAT-6
secretion system-1 (ESX-1) that modulates the host autophagic re-
sponse for its survival intracellularly.?439 ESX-1 is a type VII se-
cretion system encoded by the region of difference 1 (RD1) locus
that is absent in avirulent strains and has been associated with
M. tb virulence.**-** RD-1 locus includes two of the major im-
munodominant M. tb antigens, culture filtrate protein of 10 kDa
(CFP-10) and ESAT-6.*> ESAT-6 antagonizes the host defense sys-
tem by inhibiting phagosome maturation, translocation of M. tb
to the cytosol, impeding T cell responses, augmenting host cell
apoptosis for M. tb spreading and inducing secretion of Type 1
interferons.*® There have been conflicting reports highlighting au-
tophagy induction or inhibition potential of ESAT-6 in mycobacte-
ria infected macrophages.?”#” However, the major consensus in the
field is that ESAT-6 is beneficial for M. tb survival by suppress-
ing autophagy.*® Previously, it has also been demonstrated that
ESAT-6 modulates autophagy by upregulating microRNA (miR)-155
expression.*” miRNAs are short chain of nucleotides of approx-
imate 22-mer length and known to epigenetically control gene
expression by binding to 3’ untranslated regions (UTRs) of tar-
get mRNAs.°° miRNAs regulate different cellular processes rang-
ing from metabolism to immunity including autophagy in TB.>! It
has been shown that the expression of miR-17-5p, miR-27a, miR-
30a, miR-33, miR-125a-3p, miR-144, miR-146a, miR-155 and miR-
223 are modulated upon M. tb infection®2-2 but the exact mecha-
nism of this regulation is not completely known. Recently we have
shown that Calcimycin, a calcium ionophore inhibits intracellular
avirulent mycobacterial growth in dTHP-1 cells by inducing au-
tophagy through the interplay of intracellular calcium level and
IL-12.2324

In the present study, we attempted to evaluate if mycobacte-
rial antigens inhibit Calcimycin-induced autophagy through mod-
ulation of miRNA expression in macrophages. We observed that
low molecular weight PPD fraction (3-10 kDa) could abrogate
Calcimycin-induced autophagy and enhanced intracellular my-
cobacterial viability. This abrogation was rESAT-6-dependent and
resulted in altered expression of miR-30a-3p and miR-30a-5p. In-
terestingly, miR-30a-5p favored the host by eliciting autophagy
upon Calcimycin treatment. We also demonstrate that rESAT-6
downregulated miR-30a-5p expression to enable mycobacteria for

establishing infection in macrophages. Finally, transfections with
either miR-30a-3p inhibitor or miR-30a-5p mimic in Calcimycin-
treated cells upon rESAT-6 pre-treatment validated the dual strat-
egy employed by mycobacteria to inhibit host anti-microbial path-
ways for its benefit.

Materials and methods
Cell culture and reagents

Maintenance of THP-1, the human monocyte cell line was
done as described previously.?* Phorbol 12-myristate 13-acetate
(PMA) was used to differentiate THP-1 cells into macrophages
as detailed earlier’* and named as differentiated THP-1 (dTHP-
1) cells. Amicon Ultra-15 centrifugal units having 10 kDa and
3 kDa cut off were bought from Merck KGaA (Darmstadt, Ger-
many). Cell viability reagents like MTT cell assay kit and Try-
pan blue were procured from HiMedia Laboratory (Mumbai, In-
dia). Western blotting detection ECL kit was ordered from GE
Healthcare (UK). All the primary antibodies (anti-[Beclin-1, Atg 7,
LC3, Atg 3 and B-actin]) and secondary antibody (rabbit anti-HRP)
were procured from Cell Signaling Technology (MA, USA). Spe-
cial chemicals and kits like Bafilomycin A1 (Baf-A1), Calcimycin,
Monodansylcadaverine (MDC), 3-methyl adenine (3-MA), Protease
inhibitor cocktail (100 x) and BCA protein estimation kit were
supplied by Sigma (St. Louis, MO, USA). Mycobacterial growth
media like Middlebrook (7H9 broth, 7H10 agar, 7H11 agar, ADC
and OADC) were procured from BD (MD, USA). microRNA (miRNA
or miR) primers were synthesized by Sigma (Bangalore, India).
miRNA mimics, inhibitors and negative control were procured from
Qiagen (Hilden, Germany). HiMedia Laboratory (Mumbai, India)
was the supplier of all the other general chemicals used in this
study.

Bacteria and infection

M. smegmatis mc2155, M. bovis BCG and M. tb H37Rv were cul-
tured and maintained for the infection experiments as described
previously.2463 Protocol for infection experiments was also referred
to the procedure published earlier.?*% In some of the combina-
tions, dTHP-1 cells were transfected with miRNA mimics or in-
hibitors before infection with mycobacterial species. After infec-
tion, cells were overlaid with complete medium in the presence
or absence of rESAT-6 or PPD.

PPD fractionation

The commercially available PPD was procured from AJ vac-
cines (Copenhagen, Denmark). This was concentrated using Amicon
Ultra-15 centrifugal units having cut-off of either 10 or 3 kDa as
per manufacturer’s instructions. Briefly, concentrators were washed
with 1 xPBS and 500 pl of PPD was loaded onto it. The con-
tents were then centrifuged at 14,000 g for 5 min. at 4 °C
and concentrated fraction was stored. The impurities were re-
moved by washing the concentrated sample twice with 1 x PBS.
The amount of protein in concentrated fraction was calculated
using BCA method and stored as aliquots at —80 °C. The purity
was analyzed by electrophoresing 40 ng of proteins on 15% native
gel.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay

dTHP-1 cells were overlaid with medium containing different
amounts of PPD for 24, 48 and 72 h and cell viability through MTT
assay was measured as described previously.??
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Fig. 1. Effect of pre-treatment of PPD 10 on cell viability and induction of autophagy by Calcimycin (Calci.) in dTHP-1 cells. A and B, dTHP-1 cells were incubated with
different doses of either PPD 10 (A) or PPD 3 (B) for 72 h. Cell viability was then assessed through MTT assay. Data shown denotes the percentage of cell viability compared
to control cells. (C) dTHP-1 cells were treated with 10 pg dose of either PPD 10 or PPD 3 in separate wells for 72 h. At the culmination, cells viability was assessed through
trypan blue dye. Data shown depicts the percentage of cell viability compared to control cells. (D) and (E) Pre-treatment of dTHP-1 cells was accomplished with either 10 pg
of PPD 10 or corresponding solvent for 2 h before Calci. addition. After incubation of 12 h, the experiment was terminated by preparing whole cell lysates. Protein expression
in the lysates was analysed through western blotting. Blots provided are the representation of one experiment performed three times. (F) and (G) Quantitation depicts the
fold differences in the expression of protein compared to controls of triplicate experiments whose representative blots are provided in (D) and (E). (H) Pre-treatment of
dTHP-1 cells for 2 h with PPD 10 (10 pg) was followed by addition of Calci. for 12 h. MDC stained cells were washed, fixed and mounted using a mounting medium for
scoping through confocal microscope. Images given are the representation of experiment performed in duplicate. Scale bar 10 pm. Data quantitation of this figure is shown
as Mean + SEM in all the panels. p < 0.005 and < 0.05 is represented as ** and *, respectively.

Trypan blue dye exclusion assay

Trypan blue dye exclusion assay was also performed to de-
termine the cell viability of dTHP-1 cells in the presence of
PPD using earlier described protocol.2* Briefly, at the end of PPD
treatment, dTHP-1 cells were harvested and mixed with trypan
blue. Cell viability was calculated after counting the cells through
hemocytometer.

Western blot analysis

The analysis of protein expression was performed by West-
ern blotting as per the protocol described previously.” Briefly,
whole cell lysates were prepared in radioimmunoprecipitation as-
say (RIPA) buffer containing protease inhibitors. The samples were
fractionated through SDS-PAGE and followed by steps such as
overnight transfer of the proteins on to the membrane, blocking of
membranes and incubation with primary and secondary antibody.
The bands were detected using ECL kit. Image] software (NIH, USA)

was used to quantitate fold intensities of the bands compared to
their respective controls.

Confocal microscopy for LC3 puncta visualization

LC3 puncta formation was visualized and quantitated through
confocal microscopy as described earlier.?* After experimental ma-
nipulation, cells were fixed in p-formaldehyde (4%). Following per-
meabilization, cells were stained by incubating with the respective
antibodies. The stained cells were mounted and images were cap-
tured using confocal scanning laser microscope (CSLM) (Leica Mi-
crosystems, Wetzlar, Germany). LC3 positive puncta were counted
manually in approx. 50 cells per combination of each experiment.
In order to study autophagosome maturation, ptf-LC3 plasmid was
transfected either alone or in combination with 10 nM of miRNA
in 0.25 x 106 dTHP-1 cells. After transfections, cells were cultured
as per experimental requirements by pre-treating with rESAT-6 or
PPD 3 or PPD 10 before Calcimycin treatment. After incubation for
12 h, cells were fixed, mounted and scoped using CSLM as dis-
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cussed above. Adobe Photoshop version 7 software (Adobe system)
was then used to process the acquired images.

Determination of CFU

Enumeration of CFU was done using protocol published ear-
lier.”> Briefly, 100 ul of cell lysates after log dilution were plated
on either Middlebrook 7H10 agar (M. smegmatis) or 7H11 agar
with OADC (M. bovis BCG) plates. The colonies were counted on
either 4th day or 4th week for M. smegmatis or M. bovis BCG,
respectively.

Expression and purification of ESAT-6

BL21 (ADE3, plysS) strain of E. coli was used for expression
and purification studies as discussed before.5 The strain was
transformed with plasmid pMRLB.7 containing gene Rv3875
(protein ESAT-6) from M. tb which was obtained through BEI
Resources, NIAID, NIH, USA. The transformed bacteria were cul-
tured in LB medium at 37 °C and induction for protein expression
was done at ODgyg nm~0.6 by adding 1 mM of isopropyl B-D
galactopyranoside (IPTG) for overnight at 18 °C. Following induc-
tion, bacterial cells were pelleted, sonicated and (His)g-tagged
protein was purified by affinity chromatography using Nickel
nitrilotriacetic acid (Ni-NTA) respectively as per manufacturer’s
suggestions (GE Healthcare, UK). The purification of rESAT-6
was confirmed by SDS-PAGE analysis. The purified fractions
were dialyzed, concentrated and stored at —80 °C in aliquots
till further use. In few experiments, required quantity of rESAT-
6, according to the combinations was first heat-denatured at
100 °C for 10 min. before pre-treating dTHP-1 cells and named as
HD-ESAT-6.

MDC staining

MDC staining was performed as published earlier.>* Briefly,
MDC stained cells were fixed followed by mounting and scoping
using CSLM. The acquired images were finally processed for pre-
sentation using Adobe Photoshop software.

Quantitative real-time PCR (qRT-PCR) analysis

1.5 x 108 dTHP-1 cells in triplicates were overlaid with
medium containing rESAT-6 for 2 h followed by Calcimycin
treatment for 12 h. At the end of incubation, miRNA was iso-
lated from the cells using mirVana miRNA isolation kit (Ambion,
USA) as per manufacturer’s instruction. In other experiment,
miRNA was also isolated following above protocol after 24 h
of infection from uninfected or M. tb H37Rv/M. tb H37Rv A
ESAT-6 infected dTHP-1 cells. Isolated miRNA (0.25 ng) was then
reverse transcribed using PCR starter kit (Qiagen, Hilden, Ger-
many) and quantification of miRNA was performed through SYBR
green (Qiagen, Hilden, Germany). The expression of miRNA’s was
quantified and normalized to the levels of U6 that was used
as endogenous controls. The universal primer supplied with the
above-mentioned kit was used as a reverse primer for all the
miRNAs except for U6. The primers used for qPCR analysis were
miR-30a-3p (F): 5-CTTTCAGTCGGATGTTTGC-3; miR-30a-5p (F):
5-TGTAAACATCCTCGACTGGAA-3; miR-33a-3p (F): 5-CAATGTTT
CCACAGTGCATC-3; miR-33a-5p (F): 5-GTGCATTGTAGTTGCATTG-
3;  miR-33b-5p (F):  5-GTGCATTGCTGTTGCAT-3;  miR-17-
5p (F): 5-CAAAGTGCTTACAGTGCAGG TAG-3; miR-125a-3p
(F):  5-ACAGGTGAGGTTCTTGGGA-3; U6 (F): 5-CTCGCTTCGG
CAGCAGCACATATACT-3 and U6 (R) 5-ACGCTTCACGAATTTGCGTGTC-
3.

Transfection with miRNA

Transfections to dTHP-1 cells with either mimics or inhibitors
of miR-30a-3p and —5p and corresponding negative control were
accomplished at a final concentration of 10 nM using reagents as
per manufacturer’s recommendations (Santa Cruz Biotechnology;
CA, USA). At 24 h post-transfection, cells were washed and pre-
treated with rESAT-6 before adding Calcimycin. At an appropriate
time, samples were prepared for real-time PCR or confocal mi-
croscopy or CFU enumeration according to the protocol discussed
above.

Transfection experiments involving ptf-LC3 were performed by
mixing 500 ng of plasmid with Lipofectamine 3000 according
to the manufacturer’s protocol (Invitrogen). In some of the ex-
periments, ptf-LC3 was co-transfected with either miRNA mim-
ics/inhibitors or negative control. At 24 h post-transfection, cells
were washed and pre-treated with either PPD 3 or rESAT-6 before
adding Calcimycin. After 12 h, cells were fixed before scoping using
CSLM. The acquired images were then processed through Adobe
Photoshop software as stated above.

Statistical analysis

Results obtained are statistically represented as mean + SE.
Paired t-test was used to calculate the statistical significance be-
tween different combinations in the experiment. Results with p
value less than 0.05 were considered statistically significant.

Results

Non-cytotoxic dose of PPD 10 did not alter the Calcimycin-induced
autophagic pathway in dTHP-1 cells

To investigate the role of mycobacterial antigens in regulating
autophagic machinery of the host for its advantage, we first frac-
tionated PPD into two fractions namely high (PPD 10; antigens
with molecular weight > 10 kDa) and low (PPD 3; antigens with
molecular weight > 3 kDa) molecular weight fractions. The pu-
rity of the fractionated proteins was verified by native PAGE elec-
trophoresis before proceeding for further experiments (Fig. S1).
Next, we evaluated different doses of PPD 10 and PPD 3 for their
cytotoxicity in dTHP-1 cells. As expected, we did not observe any
cytotoxicity associated with different doses of either PPD 10 or
PPD 3 in dTHP-1 cells till 72 h of exposure using MTT and Try-
pan blue dye exclusion assay (Fig. 1(A)-(C) and Fig. S2). 10 pg dose
of PPD 10 was selected to study its effect on Calcimycin-induced
autophagy because this dose has already been reported earlier in
modulating the host immune responses.5>66 As expected, we ob-
served significant upregulation of autophagy markers (Beclin-1, Atg
7 and Atg 3) in dTHP-1 cells after incubation with Calcimycin.
We also observed that pre-treatment with PPD 10 did not alter
the expression patterns of these markers upon Calcimycin addi-
tion (Fig. 1(D) and (F)). We further validated findings of the pre-
vious experiment by western blotting and confocal microscopy to
check LC3-II expression and autophagic vacuole formation through
MDC staining respectively. As observed earlier, Calcimycin treat-
ment led to significant upregulation of LC3-II expression suggestive
of autophagy induction but PPD 10 pre-treatment did not show
any effect (Fig. 1(E) and (G)). We also performed MDC staining
in Calcimycin-treated dTHP-1 cells to observe the effect of PPD 10
pre-treatment on autophagic vacuoles formation. Calcimycin treat-
ment resulted in the formation of autophagic vacuoles in dTHP-1
cells but PPD 10 pre-treatment did not reverse this phenomenon
(Fig. 1(H)). These results evidently suggest the absence of effector
molecules in PPD 10 fraction that regulates host autophagic path-
way in mycobacterial infection.
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Fig. 2. Effect of the pre-treatment of PPD 10 (10 ug) on LC3 puncta formation and intracellular mycobacterial viability or PPD 3 (10 pg) on autophagy induction in Calcimycin
(Calci.) treated dTHP-1 cells. (A) dTHP-1 cells were first given pre-treatment with PPD 10 before Calci. addition for 12 h. Upon completion, cells were immunostained with
anti-LC3 antibody. Images of the stained cells were captured through confocal microscope. Experiments were performed three times and images provided are from one
of them. Scale bar 50 pm. (B) LC3 puncta were counted from the random fields for quantification in different combinations of the experiment (representative image 2A).
(C) M. smegmatis or M. bovis BCG infected dTHP-1 cells were treated with PPD 10 for 2 h before adding Calci. Later, cells were lysed, log diluted and spread on 7H10 (M.
smegmatis) or 7H11 (M. bovis BCG) agar plates. CFUs for M. smegmatis or M. bovis BCG were counted on 4th day or 4th week respectively. (D) and (F) dTHP-1 cells were given
pre-treatment with PPD 3 for 2 h before Calci. addition. After 12 h incubation, whole cell lysates were prepared and expression of autophagy marker proteins was checked
through western blotting. Blots provided represent one experiment performed three times. (E) and (G) Quantitation of the triplicate experiments whose epresentative blots
are shown in (D) and (F) depict the fold differences in the protein expression compared to controls. (H) Pre-treated dTHP-1 cells with PPD 3 were later incubated with
Calci. for 12 h. At the completion, cells were stained with anti-LC3 antibody. Images of the stained cells were captured through confocal microscope. Images given are the
representation of the experiment performed in duplicate. (I) Random fields taken during scoping (representative image 2H) were used to quantitate LC3 puncta in different

combinations. Data quantitation of this figure is shown as Mean + SEM in all the panels. p < 0.001, < 0.005 and < 0.05 is represented as ***, ** and *, respectively.

PPD 3 inhibited Calcimycin-induced autophagy in dTHP-1 cells
compared to PPD 10

Since, LC3 quantitation through puncta formation is also re-
garded as a well-accepted approach to measure autophagy,’’ we
next looked for LC3 puncta formation in Calcimycin-treated dTHP-1
cells pre-treated with PPD 10. As reported earlier, Calcimycin treat-
ment led to significant LC3 puncta formation in dTHP-1 cells but
pre-treatment with PPD 10 did not reverse this effect (Fig. 2(A) and
(B)). As expected, PPD 10 pre-treatment also did not show any sig-
nificant effect on the intracellular survival of slow- or fast-growing
mycobacteria like M. bovis BCG or M. smegmatis respectively in
the presence of Calcimycin (Fig. 2(C)). Next, we evaluated the po-
tential of low molecular weight mycobacterial antigenic fraction
like PPD 3 in modulating autophagy of Calcimycin-treated dTHP-
1 cells. Interestingly, PPD 3 pre-treatment significantly decreased
the expression of autophagy marker proteins by approximately
2.0 fold in Calcimycin-treated dTHP-1 cells in comparison to only
treated cells (Fig. 2(D) and (E)). LC3-II expression through western

blotting was also found to be significantly reduced by approxi-
mately 10.0 folds in Calcimycin-treated dTHP-1 cells pre-treated
with PPD 3 compared to only treated cells without pre-treatment
(Fig. 2(F) and (G)). These findings were also corroborated with con-
focal microscopy results where PPD 3 pre-treatment in Calcimycin-
treated dTHP-1 cells specifically reduced LC3 puncta formation
(Fig. 2(H)). These observations suggest that PPD 3 consists of
several determinants that have the ability to inhibit Calcimycin-
induced autophagy.

PPD 3 mediated abrogation of autophagic flux in Calcimycin-treated
dTHP-1 cells affected the intracellular mycobacterial viability of M.
smegmatis and M. bovis BCG

The autophagy inhibition potential of PPD 3 in Calcimycin-
treated dTHP-1 cells was further verified through MDC staining. As
expected, PPD 3 pre-treatment reduced autophagic vacuole forma-
tion in dTHP-1 cells treated with Calcimycin compared to the cells
without pre-treatment (Fig. 3(A)) clearly implying the potential of
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Fig. 3. PPD 3 (10 pg) pre-treatment in dTHP-1 cells treated with Calcimycin (Calci.) affect autophagic flux and intracellular mycobacterial viability. (A) Pre-treatment of
dTHP-1 cells with PPD 3 was followed by Calci. addition. 3 h before the completion of incubation, some of the combinations were treated with Baf-A1l. Later, MDC stained
cells were fixed and mounted for visualization through a confocal microscope. Experiments were performed two times and images provided represent one of them. Scale
bar 10 pm. (B) Random fields during microscopy (representative image 3C) were selected for counting LC3 puncta in all the combinations for quantification. (C) PPD 3
pre-treated dTHP-1 cells were incubated with Calci. for 12 h. Before completion of the incubation, Baf-A1 was added in few combinations. Later, cells were stained with
LC3 antibody and visualized through microscopy. Images provided are from one experiment repeated three times. Scale bar 10 um. (D) Pre-treatment of ptf-LC3 transiently
transfected dTHP-1 cells with PPD 3 was followed by incubation with Calci. for 12 h. At the end, cells were mounted after fixation and images were captured through
a confocal microscope. Random fields were selected (representative image 3E) for counting cells with phagosomes having co-localization of either red and green or only
green fluorescence. (E) Images provided are the representation of one experiment performed in duplicate. Scale bar 10 um. (F) dTHP-1 cells were pre-treated with 3-MA
before adding PPD 3 followed by exposure to Calci. At the required time, cells were stained with anti-LC3 antibody after fixation and visualized through microscopy. Images
provided are from one representative experiment performed in triplicate. Scale bar 10 pm. (G) Random fields during microscopy (representative image 3F) were selected for
LC3 puncta quantitation in all the combinations. (H) and (I), dTHP-1 cells were infected with different mycobacteria like M. smegmatis (H) or M. bovis BCG (1) for indicated
times, respectively. Then, some of the combinations were treated with either PPD 3 or solvent control before incubation with Calci. At indicated time points, cells were
lysed and log dilutions were spread on 7H10 or 7H11 agar plates. M. smegmatis or M. bovis BCG CFUs were counted on 4th day or 4th week respectively. Data quantitation
wherever given is shown as Mean + SEM. p < 0.001, < 0.005 and < 0.05 is represented as ***, ** and *, respectively.

PPD 3 in inhibiting autophagic process in dTHP-1 cells. Since LC3 significant number of Calcimycin-treated dTHP-1 cells showing
itself has been reported to be degraded by autophagy®® so less au- phagosomes with red fluorescence compared to phagosomes in
tophagic vacuole or LC3 puncta formation can also be interpreted PPD 3 pre-treated dTHP-1 cells with Calcimycin (Fig. 3(D) and (E)).
as an indicator of increased autophagy. In order to negate this This result verified the previous finding that PPD 3 inhibits au-
possibility, autophagy flux experiment using vacuolar-type H-+- tophagic flux in Calcimycin-treated dTHP-1 cells. Autophagy inhi-
ATPase inhibitor, Baf-A1 in the presence of PPD 3 in Calcimycin- bition potency of PPD 3 was further compared with the known
treated dTHP-1 cells was performed.® Interestingly, no significant autophagy inhibitor like 3-MA. As expected, we observed that
change in the number of autophagic vacuoles and LC3 puncta in 3-MA is a better inhibitor of autophagy induced by Calcimycin in
Calcimycin-treated dTHP-1 cells upon PPD 3 pre-treatment was ob- dTHP-1 cells compared to PPD 3 pre-treatment (Fig. 3(F) and (G)).
served (Fig. 3(A)-(C)). This result clearly indicates the disruption of This difference might be attributed to the purity and concentra-
autophagic process by constituents of PPD 3 fraction in Calcimycin- tion of active antigen/s in total PPD 3 fraction in comparison to
treated dTHP-1 cells. 3-MA. We further elucidated the effect of this inhibition by PPD

The propensity of a defective autophagic process by PPD 3 was 3 on the intracellular mycobacterial viability in dTHP-1 cells. We
further verified using tandem fluorescent tagged (ptf)-LC3 tran- observed approximately 60% (7.6 + 1.8 vs. 19.4 + 1.5) and 58%
siently transfected dTHP-1 cells as reported earlier.”? We observed (3.1 &£ 1.5 vs. 7.3 £ 0.9) abrogation of the anti-mycobacterial effect
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Fig. 4. Effect of purified rESAT-6 (10 pg) on autophagy and intracellular mycobacterial growth in dTHP-1 cells treated with Calcimycin (Calci.). (A) Map of the pMRLB.7
plasmid with ESAT-6 gene. (B) E. coli BL21 (ADE3, plysS) strain was transformed with pMRLB.7 and expression was induced by the addition of IPTG. Purity of the rESAT-6
was assessed through gel electrophoresis. M - Protein marker, 1 - Cells having pMRLB.7 with no ESAT-6 gene, 2 - Uninduced cells with pMRLB.7 containing ESAT-6 gene,
3 - Unpurified and induced cells containing pMRLB.7 with ESAT-6 gene, 4 - Purified rESAT-6 protein. (C) dTHP-1 cells were pre-treated with rESAT-6 for 2 h before adding
Calci. After 12 h, cell lysates were prepared and western blotting was performed. Blots shown are the representation that signifies the explained results of the experiment
performed in triplicate. (D) Quantitation of the triplicate experiments whose representative blots are shown in (C) depicts the fold differences in the expression of test sample
proteins compared to control. (E) rESAT-6 pre-treatment in dTHP-1 cells was followed by Calci. addition for 12 h. Later, cells were stained after fixation and imaged using a
confocal microscope. Images provided are from the representative experiment performed three times. Scale bar 10 pm. (F) Random fields during microscopy (representative
image 4E) were selected for LC3 puncta quantitation in all the combinations. (G) and (H) M. smegmatis (G) or M. bovis BCG (H) infected dTHP-1 cells were pre-treated
with rESAT-6 before incubating with Calci. At indicated time points, prepared cells lysates were spread on 7H10 (M. smegmatis) or 7H11 (M. bovis BCG) agar plates after log
dilution. Counting of CFUs was done on 4th day or 4th week for M. smegmatis or M. bovis BCG respectively. Data quantitation of this figure is shown as Mean £ SEM in all

the panels. p < 0.001, < 0.005 and < 0.05 is represented as ***, ** and *, respectively.

of Calcimycin on intracellular survival of M. smegmatis (Fig. 3(H))
and M. bovis BCG (Fig. 3(I)) respectively on PPD 3 pre-treatment.
These results categorically elucidate the enormous potential of my-
cobacterial antigens in hijacking the host responses for develop-
ing a congenial atmosphere intracellularly for mycobacteria to long
term survival.

rESAT-6 in PPD 3 fraction inhibits autophagy and enhances
intracellular mycobacterial survival in dTHP-1 cells upon Calcimycin
treatment

ESAT-6, a major constituent of PPD 3 fraction has been shown
to modulate many host responses like phagosome maturation.*>#6
Hence, we decided to study the role of ESAT-6 in inhibiting
autophagy induced by Calcimycin in dTHP-1 cells. As described
in methods, ESAT-6 was over-expressed in E. coli BL21 (ADE3,
pLysS) strain (Fig. 4(A)). The recombinant protein was purified
from clarified lysates using affinity chromatography and purity was

verified through gel electrophoresis (Fig. 4(B)). Further, we used
multi-parametric approaches to study the ability of rESAT-6 to in-
hibit autophagy in Calcimycin-treated dTHP-1 cells. We observed
specific down-regulation of autophagy marker proteins like Atg 7
and Atg 3 in Calcimycin-treated dTHP-1 cells upon rESAT-6 pre-
treatment (Fig. 4(C) and (D)). These observations implicate the role
of rESAT-6 in imparting autophagy inhibition property in PPD 3
fraction. These results were further confirmed by determining LC3
puncta formation in Calcimycin-treated dTHP-1 cells with or with-
out rESAT-6 pre-treatment. We observed significant downregula-
tion of LC3 puncta formation in rESAT-6 pre-treated dTHP-1 cells
before Calcimycin addition (Fig. 4(E) and (F)). Further, we also
checked the basal effect of rESAT-6 on autophagy in dTHP-1 cells
through LC3 puncta in the absence of Calcimycin treatment but
no significant difference was observed between control and rESAT-
6 added combinations in comparison to Calcimycin treated sam-
ples (Fig. S3A and B). Abrogation of autophagy by rESAT-6 also re-
versed the antimycobacterial effect of Calcimycin by 2.9 or 2.5 fold
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in M. smegmatis or M. bovis BCG infected dTHP-1 cells (Fig. 4(G)
and (H)). Overall, these results are in concordance with the previ-
ously published reports that ESAT-6 suppresses host anti-microbial
pathways such as autophagy that enables the bacteria to survive in
macrophages.>748

TESAT-6 inhibits Calcimycin-induced autophagy in dTHP-1 cells by
modulating miR-30a expression

We further validated the autophagy inhibition potential of
rESAT-6 in Calcimycin-treated dTHP-1 cells by MDC staining. As ex-
pected, clear autophagic vacuoles were observed in solvent con-
trol cells upon Calcimycin treatment but rESAT-6 pre-treatment
reduced the formation of these vesicles in treated samples
(Fig. 5(A)). On the other hand, rESAT-6 alone did not show any ob-
servable effect on basal autophagic vacuole formation compared to
control cells (Fig. S3C). Transfection with ptf-LC3 also highlighted

the inhibition of autophagic flux pathway by rESAT-6 in dTHP-1
cells treated with Calcimycin (Fig. 5(B) and (C)). These observa-
tions, confirm the role of ESAT-6 in interfering with the host’s bel-
ligerent machinery during mycobacterial pathogenesis. Specificity
of the inhibitory effect of ESAT-6 on autophagy was further con-
firmed by using HD-ESAT-6 that significantly enhanced the LC3
puncta formation, accumulation of autophagic vacuoles and pro-
tein expression of Beclin-1 and Atg 3 in Calcimycin-treated dTHP-1
cells in comparison to rESAT-6 pre-treated combination (Fig. S4).
Several studies have predicted that miRNAs play an important role
in regulating host responses during mycobacterial infection.*%>2
In order to understand the mechanism by which rESAT-6 inhibits
Calcimycin-induced autophagy in dTHP-1 cells, we first checked
the expression of various miRNAs like miR-30a-5p, miR-30a-3p,
miR-33a-5p, miR-33a-3p, miR-33b-5p, miR-17-5p and miR-125a-3p
that are reported to be involved in mycobacterial pathogenesis.’2
We observed that rESAT-6 pre-treatment specifically up-regulated
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miR-30a-3p by 3.0 fold and down-regulated miR-30a-5p by 2.6
fold in Calcimycin-treated dTHP-1 cells (Fig. 5(D)). We did observe
some significant changes in the expression of miR-33a-3p, miR-
17-5p and miR-125a-3p compared to other miRNAs upon rESAT-
6 pre-treatment in Calcimycin-treated dTHP-1 cells (Fig. S5A) but
since it was less compared to the expression of miR-30a-5p or
miR-30a-3p, so for further mechanistic studies, we focused pri-
marily on miR-30a-5p and miR-30a-3p. To further negate the pos-
sibility that modulation of miR-30a-5p and miR-30a-3p expres-
sion by rESAT-6 is non-specific, dTHP-1 cells were pre-treated with
HD-rESAT-6 before adding Calcimycin. We found significant abro-
gation of the effect of rESAT-6 upon heat denaturation on miR-
30a-5p and miR-30a-3p expression suggesting explicitly that ESAT-
6 regulates expression of miR-30a-5p and miR-30a-3p (Fig. S5B).
To deduce the physiological relevance of earlier result discussed in
Fig. 5(D), expression of miR-30a-5p and miR-30a-3p was also mea-
sured in dTHP-1 cells infected with either M. tb H37Rv or M. tb
H37Rv A ESAT-6 strains. We observed significant up-regulation of
miR-30a-3p in M. tb H37Rv infected samples but not with M. th

H37Rv A ESAT-6 infection. On the contrary, miR-30a-5p was up-
regulated by M. tb H37Rv A ESAT-6 infection in comparison to
M. tb H37Rv challenge (Fig. 5(E)). To specifically pin-point the
antagonistic role of miR-30a-5p and miR-30a-3p in Calcimycin-
induced autophagy upon rESAT-6 pre-treatment, transfection ex-
periments were performed using specific miRNA mimics and in-
hibitors to up-regulate and down-regulate the miRNA expression
respectively. The specificity and effectivity of these mimics and in-
hibitors was confirmed through qPCR (Fig. 5(F)). The effect of these
mimics and inhibitors on autophagy in Calcimycin-treated dTHP-
1 cells was studied by observing LC3 puncta formation. As ex-
pected, we observed significantly more number of LC3 puncta in
Calcimycin-treated dTHP-1 cells, but this number got reduced upon
rESAT-6 pre-treatment (Fig. 5(G) and (H)). Interestingly, inhibitors
against miR-30a-5p and miR-30a-3p individually abrogated the au-
tophagy induction of Calcimycin and autophagy inhibition potency
of rESAT-6 respectively (Fig. 5(G) and (H)). Alternatively, mim-
ics against miR-30a-5p or miR-30a-3p reversed autophagy inhibi-
tion by rESAT-6 or autophagy induction by Calcimycin respectively
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(Fig. 5(G) and (H)). These results clearly elucidated the antagonis-
tic roles played by miR-30a-5p and miR-30a-3p in the modulation
of autophagy in Calcimycin-treated dTHP-1 cells. Previous results
were further verified through MDC staining where we observed
less autophagic vacuoles in Calcimycin-treated dTHP-1 cells trans-
fected with either miR-30a-3p mimic or miR-30a-5p inhibitor (Fig.
6(A)). Conversely, increased autophagic vacuole formation even in
the presence of rESAT-6 after transfection with either miR-30a-
3p inhibitor or miR-30a-5p mimic (Fig. 6(A)) clearly authenticate
the earlier results that miR-30a variants like miR-30a-5p and miR-
30a-3p play a monumental role in the regulation of autophagy
by rESAT-6 in Calcimycin-treated dTHP-1 cells. Likewise, through
western blotting, we observed a significant increase in the protein
expression of autophagic markers like Beclin-1, Atg 7 and Atg 3 af-
ter treating the miR-30a-3p inhibitor or miR-30a-5p mimic trans-
fected dTHP-1 cells with Calcimycin (Fig. 6(B) and (C)). These find-
ings were further corroborated by studying autophagy flux in ptf-
LC3 transfected dTHP-1 cells. We found either impaired or am-
plified autophagic flux in miR-30a-3p mimic and miR-30a-5p in-
hibitor or miR-30a-3p inhibitor and miR-30a-5p mimic transfected
dTHP-1 cells in Calcimycin or Calcimycin + rESAT-6 combinations
respectively (Fig. 6(D) and (E)). These results gave further credence
to our findings that 3p and 5p mature forms of miR-30a originated
from the same pre-miRNA precursor co-exist and show antagonism
in regulating autophagy of Calcimycin-treated dTHP-1 cells in the
presence or absence of rESAT-6.

Inhibition of miR-30a-3p dependent anti-autophagic response
modulated by rESAT-6 curtails the intracellular mycobacterial survival

To correlate the previous results physiologically, expression lev-
els of miR-30a-5p and miR-30a-3p were modulated intracellularly
through transient transfection in dTHP-1 cells by using specific

mimics or inhibitors against these miRNAs. Cells were later in-
fected with either fast growing, M. smegmatis (Fig. 7(A)) or slow
growing, M. bovis BCG (Fig. 7(B)) before incubating with rESAT-6
followed by Calcimycin treatment. As reported earlier, Calcimycin
treatment reduced M. smegmatis survival intracellularly by 2.5
fold but this inhibition was abrogated by 1.8 or 2.1 or 2.2 fold
upon rESAT-6 pre-treatment or miR-30a-5p inhibitor or miR-30a-
3p mimic transfected dTHP-1 cells respectively (Fig. 7(A)). Interest-
ingly, ability of rESAT-6 to favor M. smegmatis survival was arrested
by 2.9 or 2.4 fold in miR-30a-5p mimic or miR-30a-3p inhibitor
transfected dTHP-1 cells respectively (Fig. 7(A)). To physiologically
relate the findings, an identical experiment was also performed
with slow-growing mycobacterium, M. bovis BCG because of its
similarity of 99.9% at nucleotide sequence level with pathogenic
strain, M. th.”! Similar to the previous result, we found transfec-
tion with either miR-30a-5p inhibitor or miR-30a-3p mimic coun-
terbalanced the inhibitory effect of Calcimycin on M. bovis BCG by
3.8 or 4.2 fold that was comparable to combination where rESAT-
6 pre-treatment was given before Calcimycin addition (Fig. 7(B)).
On the contrary, transfection with miR-30a-5p mimic or miR-30a-
3p inhibitor neutralizes the effect of rESAT-6 by 4.8 and 3.5 fold
respectively (Fig. 7(B)). These observations suggest the role of miR-
30a-5p and miR-30a-3p in modulating rESAT-6 mediated mycobac-
terial survival in macrophages.

Overall, these results authoritatively delineate the fascinating
novel facts of a survival strategy operated by mycobacteria through
antigenic determinants like ESAT-6 that interferes in regulating
miRNA-mediated autophagic response. To the best of our knowl-
edge, this study for the first time mechanistically proves that
rESAT-6 favors mycobacterial survival by selectively up-regulating
miR-30a-3p vis-a-vis down-regulating miR-30a-5p, two different
forms of same precursor miRNA, mir-30a that circumvents the hos-
tilities like autophagy imposed by the host (Fig. 8).
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Fig. 8. Modulation of autophagy by rESAT-6 through miRNA in Calcimycin-treated and mycobacteria infected dTHP-1 cells. (

A) Calcimycin treatment up-regulates miR-30a-5p

in mycobacteria infected cells. (B) miR-30a-5p activation augments autophagy induction that ultimately leads to a decline in intracellular mycobacterial growth. (C) In spite of
pressing conditions posed by the host, mycobacteria make pugnacious effort to circumvent these challenges by secreting dominant factors like ESAT-6. (D) rESAT-6 activates
miR-30a-3p and also inhibits miR-30a-5p in Calcimycin-treated and mycobacteria infected dTHP-1 cells. (E) miR-30a-3p favours mycobacteria by inhibiting autophagosome
maturation and ultimately inhibiting its fusion with the lysosome to offer survival advantage to the invading pathogen.

Discussion

In the last 2-3 decades, one of the landmark milestones
that have transformed the concept of gene regulation and vis-
a-vis central dogma is the discovery of miRNAs.”> Since the
pronouncement of their existence,”> these single-stranded, non-
coding RNAs of endogenous origin have been implicated in regu-
lating diverse cellular processes like development, differentiation
and homeostasis.”* Published reports have highlighted the paral-
lelism between anomalous miRNA expression and severity of dis-
ease progression in diabetes, macro and microvascular compli-
cations, kidney ailments, cancer and infectious diseases.”%727>.76
Recent studies that reported correlation between miRNA and its
role in regulating immune responses during TB progression had
given impetus to the potential of miRNAs to be used either as
biomarker or host-directed therapy (HDT) to alleviate the dis-
ease burden.”®’778 We have previously deciphered the mecha-
nistic pathways that govern the antimycobacterial role of Cal-
cimycin through autophagy induction?>2* but manipulation of
Calcimycin-induced autophagy by mycobacteria and its antigens
is not completely known to the best of our knowledge. So, the
present study was undertaken to highlight the defense strategies
used by mycobacteria or its associated antigen in suppressing the
host barriers like autophagy and mechanism involved thereof, if
any.

Since mycobacterial antigens have been reported to arrest
functions of the immune cells like macrophages’® so we first
asked the question whether these antigens have any role in
modulating the autophagy in Calcimycin-treated dTHP-1 cells.

To specifically identify the antigen/s responsible for exerting its
regulatory effect, two molecular weight fractions of PPD, PPD 10
and PPD 3 were fractionated. We observed that PPD 10 neither
abrogated the autophagy induction potential of Calcimycin nor
affected the intracellular survival of M. smegmatis or M. bovis
BCG in dTHP-1 cells. Interestingly, PPD 3 pre-treatment partially
rescued the Calcimycin-treated dTHP-1 cells from accomplishing
autophagy that resulted in significant growth of intracellular my-
cobacteria thus highlighting the shrewd survival strategy executed
by the bug for its longevity. One of the major reasons for partial
reversal of Calcimycin’s effect by PPD 3 can be credited to the
concentration of specific antigen/s in this crude preparation that
may be sub-optimal. The potency of PPD 3 compared to PPD 10
can be attributed to the low molecular weight of the antigens that
preferentially aid their activation through pathways of degradation
and processing leading to intracellular trafficking thus enhancing
their regulatory responses.®’

Previous studies have shown that ESAT-6 is one of the most
prominent antigens in the low molecular weight fraction. The ex-
act biological function of ESAT-6 either as a protective antigen
or virulence factor is still under scrutiny.®! Lately, emerging evi-
dences from different groups have delineated the role of ESAT-6
in helping intracellular mycobacterial survival by suppressing au-
tophagy.’”4882 These findings tempted us to speculate that ESAT-6
in PPD 3 may be a responsible factor in executing the inhibitory
potential of PPD 3 against autophagy in Calcimycin-treated dTHP-1
cells. In support of our hypothesis, we observed that rESAT-6 pre-
treatment significantly inhibited autophagy in Calcimycin-treated
cells. This inhibition resulted in remarkable enhancement in the
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intracellular growth of mycobacteria thus complementing the pre-
viously published results that have delineated the role of ESAT-6 in
tilting the balance towards mycobacteria by suppressing host de-
fenses.?”4832 The inefficiency of rESAT-6 to completely reverse the
inhibitory effect of Calcimycin-induced autophagy makes strong
case of a future study to investigate identification of other novel
mycobacterial antigens that may regulate autophagy either individ-
ually or in combination with ESAT-6. Role of other mycobacterial
antigens like CFP-10 in regulating the effector responses by ESAT-6
is also based on the published reports that have clearly elucidated
the association between ESAT-6 and CFP-10, a responsible factor in
controlling each other’s stability, function and secretion.®'83

Next, we asked the pertinent question regarding mechanism of
autophagy regulation by ESAT-6. Current opinions in the field of
mycobacterial pathogenesis highlight the decisive role of miRNA in
regulating host immune responses, disease progression and effec-
tor functions like apoptosis and autophagy.’®>!77 Positive or neg-
ative regulation of autophagy by miRNA in mycobacteria infected
cells led us to speculate that mycobacterial antigen like ESAT-
6 may have a protective potency to dampen the autophagic re-
sponse through miRNA to lend survival advantage to the invading
pathogen. The expression of few miRNAs like miR-17-5p, miR-30a,
miR-33, miR-125a-3p, miR-144 and miR-3619-5p have already been
reported to be altered by the mycobacterial species that affected
autophagic response, but the interplay of ESAT-6 in this modula-
tion is not at all known to the best of our knowledge.>!”2.58-60.84
Hence, we next looked at the regulation of these miRNAs by rESAT-
6 and its repercussions on the Calcimycin-induced autophagy and
intracellular growth of the mycobacteria. In our experimental set-
ting, we observed differential expression of above-listed miRNAs
by approx. 0.7-5.5 fold upon Calcimycin treatment. Interestingly,
rESAT-6 only modulated the expression of miR-30a-3p and miR-
30a-5p antagonistically that led us to strongly believe that these
microRNAs may have a potential role in altering the autophagy in-
duced by Calcimycin in dTHP-1 cells. Our findings are also coherent
with the recent reports where miR-30 family members have been
shown to regulate different disease pathologies and development
of tissues and organs.”>8°-89 The observed opposing modulation
like inhibition or activation of miR-30a-5p or miR-30a-3p expres-
sion by rESAT-6 is in line with the growing hypothesis that both
arms of a mature miRNAs, 3p and 5p play an important role in
the gene regulation and can have opposing functions as well.?%!
Paradoxical regulation of miR-30a-3p and miR-30a-5p by rESAT-6
also led us to hypothesize the presence of some molecular switch
acting as a master regulator of these miRNAs that warrants fu-
ture investigation in greater detail. Association of miR-30a-3p and
miR-30a-5p with Calcimycin-induced autophagy was further ex-
plored using specific mimics or inhibitors against these miRNAs.
Transfection experiments conclusively prove the role of miR-30a-
5p in Calcimycin-induced autophagy and miR-30a-3p in rESAT-6
mediated autophagy inhibition. Suppression of either miR-30a-5p
or miR-30a-3p miRNA aborted the effects of Calcimycin or rESAT-6
respectively on the intracellular growth of mycobacteria, thus sup-
porting the emerging concept of utilizing miRNA in HDT for bet-
ter understanding the control mechanisms manifested by the host
against mycobacteria.

For futuristic studies, it would be pertinent to perform miRNA
expression profiling in Calcimycin-treated cells with or without
rESAT-6 pre-treatment to identify novel miRNA molecules that may
have the potential to affect TB biology leading to better control
and management of this disease. Understanding the mechanistic
regulation of miRNA expression in our experimental setting for fu-
ture will also help in designing novel TB therapeutics. Furthermore,
bioinformatics analysis of the putative binding sites of miR-30a-
3p, miR-30a-5p or another miRNA at 3'-UTR of the host target will
aid to delineate the mechanistic regulation of autophagy by miR-

NAs that will help to ascertain its application and relevance in fos-
tering efficacy of either first-line anti tubercular drugs or TB vac-
cines. In last decade, many experimental findings have validated
targets of miR-30a in host like Beclin-1, Atg 5, MyD88, Yin-Yang
1 (YY1), Sirtuin 1 (SIRT1) etc. in different diseases”356:88.92-94 byt
their role in our experimental setting to regulate autophagy for the
time being is a matter of conjecture and warrants further detailed
investigation.

In conclusion, our study for the first time has unraveled the
mechanistic regulation of the miRNAs by rESAT-6 that helps in pro-
viding favorable niche to the intracellular bacteria for its survival
by modulating processes such as autophagy. The contrasting roles
of the two miRNAs originating from the same pre-miRNA also re-
vealed the intricacies of this modulation that needs to be investi-
gated in greater depth in future for designing effective strategies
against TB. Taken together, this is the first study, where we show
that the two arms of same microRNA are differentially regulated by
ESAT-6 to affect mycobacterial survival by modulating autophagy.
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