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DosR regulon of Mycobacterium
tuberculosis induces pro-
e inflammatory cytokine expression
e via TLR2 signaling pathway
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. Tuberculosis caused by Mycobacterium tuberculosis is a global encumbrance and it is estimated that

. nearly one third population of the world acts as a reservoir for this pathogen without any symptoms.
In this study, we attempted to characterise one of the genes of DosR regulon, Rv3131, a FMN binding
nitroreductase domain containing protein, for its ability to alter cytokine profile, an essential feature
of M. tuberculosis latency. Recombinant Rv3131 stimulated pro-inflammatory cytokines in THP-1 cells
and human peripheral blood mononuclear cells in a time and dose dependent manner. In silico analyses
using docking and simulations indicated that Rv3131 could strongly interact with TLR2 via a non-

. covalent bonding which was further confirmed using cell based colorimetric assay. In THP-1 cells treated

: with Rv3131 protein, a significant upsurge in the surface expression, overall induction and expression
of MRNA of TLR2 was observed when analysed by flow cytometry, western blotting and real time PCR,
respectively. Activation of TLR2 by Rv3131 resulted in the phosphorylation of NF- k3. Results of this
study indicate a strong immunogenic capability of Rv3131 elicited via the activation of TLR2 signalling
pathway. Therefore, it can be surmised that cytokine secretion induced by Rv3131 might contribute to
establishment of M. tuberculosis in the granulomas.

Tuberculosis remains a global burden and is accountable for elevated morbidity and mortality. Though individ-
uals remain asymptomatic, in most cases M. tuberculosis remains in a latent stage. Then, the bacilli unleash their
responses inside a specialised structure called granuloma; the microenvironment of the granulomas is character-
ized by hypoxia and elevated nitric oxide!. M. tuberculosis survives in this unreceptive milieu by up-regulating a
. set of 48 genes of the dormancy survival regulon (DosR), whose protein products regulate a variety of physiologi-
© cal processes of the bacterium. A hallmark of M. tuberculosis infection is the organism’s capability to rapidly accli-
matise to altering environments since the cellular and biochemical dynamics of the granuloma are reliant on the
oxygen tension?. Alternatively, during reactivation, M. tuberculosis adjusts to the aerobic conditions by switching
on its metabolic activity. Under both these conditions, the DosR dependent regulation of DosR regulon member
genes plays a critical role®. The protein products encoded by DosR genes can elicit humoral responses in the host,
especially in patients with latent infection®. During latency, granuloma formation and its conservation requires
: production of pro-inflammatory cytokines and reactive oxygen intermediates®. These responses are instigated by
. the interaction of M. tuberculosis components with TLR1/TLR6 and TLR4 (Toll-like receptors) of macrophages®.
: TLRs, also known as pattern recognition receptors are responsible for the detection of specific molecular
: components on the surface of the pathogens to induce immunologic responses. The cell wall components of
© M. tuberculosis, namely peptidoglycans, interact with TLR2 and influence expression of CD25, CD69, NKp44
. and IFN-~ production in NK cells’. The lipid fractions of three different strains of M. tuberculosis elicited TLR2,
cytokines and MHC class II expression in human macrophages®. Further, mycobacterial lipoprotein interaction
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results in TLR2 mediated apoptosis of T-cells’. Mycobacterial lipoarabinomannan mediated interaction between
TLR1 and TLR2 has been reported®. Other TLRs on the macrophage surface were also found to be recognising
mycobacterial proteins and lipids''. Such recognition results in the production of pro and anti-inflammatory
cytokines, which in turn dictates macrophage effector functions'>. A majority of the studies hitherto remained
focused on the interaction of mycobacterial cell wall components and TLRs. However, such interactions between
the proteins encoded by the DosR genes and TLRs are not very well studied.

Proteins encoded by the DosR regulon genes elicit immunomodulatory responses in the host. Some of
the DosR antigens that were found to be immunodominant include alpha-cystallin 2 (Acr2; Rv0251)"3, the
alpha-crystallin homologue (also called 16-kDa protein; Rv2031c, HspX)'*, Ag85A (Rv3804)'°, Hsp65 (Rv0440)'®,
ESAT-6 (Rv3875), and CFP10 (Rv3874)'8. Using mouse models and case controlled human studies in geo-
graphically diverse locations, the immunogenicity elicited by DosR regulon genes in latent infection was estab-
lished*-2!. Due to their immune-dominant nature they were considered to be potential candidates for the
development of TB vaccines??. We previously reported and characterised the Dormancy Associated Translation
Inhibitor (Rv0079/ DATIN) of M. tuberculosis, a protein coded by the DosR gene Rv0079 and which was shown
to be potentially immunogenic and leading to secretion of cytokines in macrophages and PBMCs; the immuno-
modulatory activity of DATIN was due to its interaction with TLR2?*?. Such interactions for other DosR antigens
are not yet deciphered.

Rv3131, a hitherto uncharacterised member of the DosR regulon codes for a nitroreductase that might be
involved in detoxification of nitrogen by-products in the host*. Nitroreductase genes, acg (Rv2032), Rv3131 and
Rv3127 were predicted to guard against the nitrogen stress?. Rv3131, expressed robustly under stress, was found
to contain two DevR/DosR binding sites?’. The transcription of Rv3131 encompasses binding of the DosR to
the promoter in a cooperative manner®*. Besides induction under hypoxic conditions, Rv3131 was also found
to be antigenic?. In an earlier study comprising an African population, Rv3131 was found to be one of the most
potent inducers of cytokine production among a set of seven classical and fifty one DosR regulon-encoded
M. tuberculosis recombinant protein antigens'’.

Though the immunogenic property of most of the proteins encoded by the DosR genes was characterised
extensively, the mechanisms by which they elicit this response are not yet fully understood. It is possible that
the modulation of immune responses may be different for each of them or certain set of DosR antigens may use
a common mechanism of action. Thus, it is essential to understand the molecular mechanisms involved in the
immunogenic properties of the DosR regulon antigens. Except for the induction under stress conditions and the
antigenic property, information on the role of Rv3131 in mycobacterial latency, manipulation of host responses
and the molecular machinery used for its action was not yet deciphered. Characterising the antigenic nature of
this protein and its contribution to the survival of M. tuberculosis under latency might facilitate novel strategies
that can be directed in boosting the host’s immune system or attenuation of survival of M. tuberculosis in the gran-
ulomas, respectively. In this study, we endeavoured to analyse the ability of recombinant Rv3131 to elicit cytokine
response and its interaction with TLR2/4 and the ensuing downstream signalling.

Methodology

Molecular cloning, expression and purification of Rv3131 gene. Rv3131 was cloned as described
previously with slight modifications?. Briefly, Rv3131 gene was amplified (supplementary information: Figure S1)
using H37Rv DNA as a template and cloned into pET28a plasmid between BamHI and Hind III restriction
enzyme sites. The plasmid was then transformed in to E.coli BL21 (DE3) and the recombinant protein was
induced with 0.5 mM IPTG (Sigma Aldrich, USA) for 4hours in LB broth containing Kanamycin 50 pg/ml.
Protein extraction was carried out as described earlier””. The purity of recombinant Rv3131 (rRv3131) was
checked by electrophoresing different fractions of the eluates on SDS gels. Rv3131 resolved as a single band and
the purity of the protein as visualised was more than 95%. Endotoxin contamination was removed by incubat-
ing the protein with polymyxin-B agarose (Sigma, MO, USA). Limulus amebocyte lysate assay (Pierce™ LAL
Chromogenic Endotoxin Quantitation Kit, ThermoFisher, USA) was used to measure the endotoxin content of
the recombinant protein. Endotoxin contamination was undetectable in the protein fractions incubated with
Polymyxin-B agarose.

Quantification of cytokines from culture supernatants of THP-1 cells and PBMCs. Isolation of
peripheral blood mononuclear cells (PBMCs) from human blood was performed using Ficoll (GE Healthcare,
USA) gradient method and 1 million PBMCs were seeded into each well suspended in 1 ml of RPMI (Invitrogen
Life technologies, CA, USA) with 10% Fetal Bovine Serum (FBS) (Invitrogen Life technologies, CA, USA) and
incubated overnight. Blood samples for isolation of PBMCs were collected from volunteers who appeared healthy
and reported no history of tuberculosis. The study was carried out in accordance with the Code of Ethics of the
World Medical Association (Declaration of Helsinki) for experiments involving humans. The study was approved
by Ethics Committee of University of Hyderabad. An educated and written informed consent was obtained from
all the subjects before obtaining the blood samples. THP-1 cells obtained from National Centre for Cell Science,
Pune, India, were seeded (approximately 0.2 million per well) in 24 well plate and treated overnight with 10 ng/ml
Phorbol 12-myristate 13-acetate (PMA) (Sigma, MO, USA) to allow differentiation into macrophage-like pheno-
type. THP-1 cells / PBMCs were treated with various concentrations of recombinant Rv3131 protein (rRv3131)
(10, 100 and 1000 ng/ml) or LPS (100 ng/ml; positive control) (Sigma, USA). Cells treated with Proteinase K
digested rRv3131 were used as negative control. After the treatment, supernatants were collected at 24 and 48 hrs
time points and stored in —80 °C. Quantification of pro-inflammatory cytokines such as IL-13, IL-8, TNF-a, and
IFN-~ were performed using Elisa- Set Go eBiosciences (CA, USA) kit following manufacturer’s instructions.
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S.No Gene Name Primer Sequence Ref.

F-5"-CGGGATCCATGAACACCCATTTCCCG-3
1 Rv3131 This study
R- 5-CCAAGCTTTCAGCACCGTTGTCGCAG-3

F-5'-TTC TCC TTC CTG ATC GTG GC-3’
2 TNF - « 28
R-5-ACT CGG GGT TCG AGA AGA TG-3'

5 s F-5'-CTG GCC GTG GCT CTC TTG-3’ 5
R-5'-CCT TGG CAA AACTGC ACC TT-3/

F-5-ATG TAG GCC GGG TGA TCT TT-3’
4 Peptidylprolyl isomerase-B (PPIB) 28
R-5'-TGA AGT TCT CAT CGG GGA AG-3'

F-5'-GGC CAG CAA ATT ACC TGT GTG-3’
5 TLR-2 53
R-5"-AGG CGG ACA TCC TGA ACCT-3/

p TIR -4 F-5/-CTG CAA TGG ATC AAG GAC CA -3/ 5
R-5-TTA TCT GAA GGT GTT GCA CAT TCC-3’

F-5'-GGA AGG TGA AGG TCG GAG TC-3'
7 Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) 54
R-5-TGA GGT CAA TGA AGG GGT CA-3’

Table 1. List of PCR and qRT-PCR primers.

Gene expression by reverse transcription PCR analysis. Differentiated THP-1 cells were treated with
or without rRv3131 protein and total RNA was extracted using Trizol (Sigma, USA). 2 pg of DNase (sigma)
treated RNA was converted into cDNA by SuperScriptIIl reverse transcriptase (Invitrogen, USA) following rec-
ommendations of the manufacturer. Real-time PCR was carried out on a realplex machine (Eppendorf, Hamburg,
Germany), using SYBR Green SuperMix (Clontech, USA) as described earlier?®. Gene specific primers used in
this study are mentioned in table 1. Mean fold changes in various cytokines were analysed using the AACT
method. Peptidylprolyl isomerase B (PPIB) and Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) were
used as housekeeping genes for cytokines and TLR2 / TLR4 respectively.

Protein sequence analysis of Rv3131 and docking study with TLR2. Amino acid sequence of
Rv3131 (332 residues) was retrieved from Mycobacterium tuberculosis Database (http://tuberculist.epfl.ch/) and
subjected to Pfam?* and TOPCONS?* for sequence analysis. The program BLAST-P has been used to detect sim-
ilar crystallographic protein structures of Rv3131 and the template structures were formerly downloaded from
RCSB Protein Data Bank (PDB). Nitroreductase proteins from Mycobacterium smegmatis (PDB ID: 2YMV)
and Streptococcus pneumonia (PDB ID: 2B67) were used as templates to perform homology modelling using
Modeller9.15%. Further, the geometry of generated model was checked and analysed using PROCHECK?*.
PyMOL program was used for molecular visualization and MetaPPISP* program was employed to predict
the protein-protein interaction site. Simultaneously, for protein-protein docking studies, the web version of
PatchDock® was executed and further improvement and ranking was done using FireDock®*. Docking studies
were done under default complex-type settings using Rv3131 model (ligand) and the crystal structure of TLR2
(PDB ID: 2782) was obtained from Protein Data Bank (receptor).

TLR2/TLR4% interaction assay. Interaction of Rv3131 with TLR2/TLR4 was analysed using HEK-Blue
293 hTLR-2 and hTLR-4 engineered cell lines (HEK-Blue™ -hTLR-2/hTLR-4, InvivoGen, San Diego, US) which
are co-transfected with TLR2/TLR4 and SEAP reporter gene (secreted embryonic alkaline phosphatase).
Stimulation of TLR2/TLR4 ligands activates NF-xB and AP-1 which in turn induces the production of SEAP that
can be readily assessed with HEK-Blue™ detection medium (with colour change from pink to purple) by meas-
uring spectrophotometrically®. Different concentrations of rRv3131 (10-200 ng) was added to approximately
50,000 HEK-Blue 293 hTLR2 and 25,000 HEK-Blue 293 hTLR4 cells respectively. Another His-tagged recombi-
nant protein, Rab5 was used as negative control and Mycoplasma salivarium derived synthetic lipoprotein FSL-1
(10ng) (Sigma, USA) and LPS (100 ng) were used as positive controls. The intensity of colour formation was
measured in an ELISA plate reader (Infinite® 200 PRO - Tecan) at 620 nm.

Flow Cytometry analysis. Surface expression of TLR2/TLR4 was determined by using differentiated
THP-1 cells treated with various concentrations of rRv3131. Cells were harvested after a period of 24 hrs and
incubated with goat anti-human TLR2 (2.5 pg/million cells) and goat anti-human TLR4 (R&D, MN, USA) or
isotype-matched anti-goat mouse IgG antibodies for 60 min at 4 °C followed by incubation with donkey anti-goat
IgG conjugated with FITC (0.5 ug/million cells) (Santa cruz, CA, USA) at 4 °C for another 45 min. Finally, cells
were washed and re-suspended in 1x PBS containing 2% FBS. Fluorescence intensity was measured using BD
FACS Canto II flow cytometer (BD Biosciences, NJ, USA). Untreated and stained cells were taken as negative
control in both the assays. The data were analysed by Flow Jo software (Tree Star Inc., USA).

Western blot analysis. The total protein was extracted from rRv3131 (1000 ng/ml) treated and untreated
THP-1 cells. Trichostatin A (TSA) (250 ng) and LPS (100 ng/ml) were included as positive controls for check-
ing TLR2 and NF-&f3 activities, respectively. Untreated cells served as negative control. In brief, 1 x 10° (TLR2)
or 6 x 10° (NF-k(3) cells were washed with cold 1x PBS and pelleted by centrifugation at 400 g for 5min. Cell
pellets were treated with ice cold lysis buffer (0.1% NP-40 in 2mM EDTA, 200 mM Tris-HCl, pH, 7.5, 250 mM
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Figure 1. Rv3131 stimulates the secretion of pro-inflammatory cytokines in PBMCs. Isolated PBMCs from
human blood were treated with 10-2500 ng/ml of rRv3131 or LPS (100 ng/ml) or proteinase K digested Rv3131
protein for 24 h. The levels of secreted cytokines like IL-1(3, IFN-~, TNF-o and IL-8 were quantified by ELISA.
Data represent the mean £ SEM of three experimental replicates.

NaCl, 100 mM PMSEF, 1 M DTT and protease inhibitor cocktail (Sigma, USA) by repeated pipetting at 4 °C.
Supernatants, were collected after centrifugation at 13,000 g for 5min and protein concentrations were analysed.
Equal amounts of proteins were loaded and transferred on to a PVDF membrane at 4°C. Subsequently, the mem-
branes blocked with 4% BSA in TBST (137 mM NaCl, 20 mM Tris pH 7.6, and 0.05% Tween-20) for 3h at room
temperature and later incubated with primary antibodies against TLR2, p65 (NF-x(3) and 3-actin antibodies
(Santa Cruz Biotechnology Inc., USA). PVDF membranes were perceived by chemiluminescence (ECL). The
band intensity in TLR2 assay was quantified densitometrically by Image J software®” and normalized to 3-actin.

Statistical analysis. For all the experiments, wherever required, Student’s t-test and one way ANOVA was
executed for the analysis of the results. The data were represented as the mean of triplicates + SEM. p < 0.05 was
considered as significant. Data analysis was carried out using GraphPad Prism 5 software.

Results

Rv3131induces pro-inflammatory cytokines. To determine whether recombinant Rv3131can induce
pro-inflammatory responses, THP-1 cells and human PBMCs were treated with varying concentrations of this
protein and the secreted cytokines (IL-183, IFN-v, TNF-« and IL-8) were measured in the supernatants. The
positive control, LPS (100 ng) induced the production of these cytokines at similar conditions tested. Treatment
of PBMCs with rRv3131 resulted in increased production of IFN-~, TNF-c, IL-1 3 and IL-8 in a dose dependent
manner (Fig. 1). Similarly in the THP-1 cells rRv3131 was observed to induce TNF-q, IL-1 3 and IL-8 production
in a time and dose dependent manner (Fig. 2A). The negative control (rRv3131 digested with proteinase K) did
not affect the cytokine production. In order to analyse whether the increased production of pro-inflammatory
cytokines in THP-1 cells after rRv3131 treatment was due to modulation at the transcriptional level, real-time
PCR was performed. Significant increase in the mRNA levels of IL-8 and TNF-« was observed (Fig. 2B).

Protein sequence analysis of Rv3131 and docking study with TLR2. Computational analy-
sis demonstrated that Rv3131 possessed conserved nitroreductase domain spanning 236-301 residues, while
TOPCONS suggested the lack of signal peptide or transmembrane region in this protein. As crystallographic/
solution structure of this protein is not available, BLASTp was used to find the structural templates and a template
(PDB ID: 2YMYV, nitroreductase from Mycobacterium smegmatis) with 37% identity was retrieved from PDB
data bank. Modeller was used to generate structures using single template and the best structure was selected on
the basis of different parameters including low DOPE score. To analyse the quality of structure, Ramachandran
plot was generated and it revealed two residues (L327 and L328) in disallowed region. To improve quality of the
structure, modelling was performed further with two templates i.e. PDB ID: 2YMV and 2B67. The quality of the
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Figure 2. (A) Rv3131 stimulates the secretion of pro-inflammatory cytokines in THP-1 cells. THP-1 cells
differentiated by PMA were stimulated with 10-2500 ng/ml of rRv3131 or LPS (100 ng/ml) or proteinase

K digested rRv3131 for 24 and 48 h. Supernatants were collected and the levels of secreted cytokines were
estimated by ELISA. Data represent the mean & SEM of three technical replicates. *p < 0.05; **p < 0.005;

***p < 0.0005. (B) Cytokine gene expression: relative expression of TNF-a and IL-8 in THP-1 cell lines treated
with rRv3131 (1000 ng) and LPS (100 ng) was evaluated by quantitative real time-PCR (qRT-PCR). PPIB was
used as endogenous control for normalization. The data represent mean &= SEM of triplicates.

structure was evaluated using Ramachandran plot acquired via Procheck and results of the validated model were
as follows: most favoured regions contained 89.9%; additional allowed regions had 9.4%; generously allowed
regions had 0.7% and disallowed regions contained 0.0% residues. Secondary structure of modelled Rv3131 pro-
tein revealed fourteen alpha helices and eight beta sheets (Fig. 3A). Identification of possible binding interface
residues was performed using MetaPPISP programme. Protein-protein docking was performed with receptor as
TLR2 and ligand as Rv3131 model using different online servers including GRAMM-X* and PatchDock. Among
the used programmes, Patchdock provided several solutions based on shape complementarity criteria, where
Rv3131 was placed besides TLR2. Out of obtained complexes, best 10 were further subjected to FireDock to refine
the solutions based on global energy. However, complex 7 was evolved as the best solution for residues interaction
between the two proteins. As shown in Fig. 3B, Rv3131 emanates close to TLR2 and shows strong interaction due
to the presence of several non-covalent bonds between them.

Rv3131interacts withTLR2. Tolend further credence to the in silico observations, the interaction between
Rv3131 and TLR2 was analysed using a cell based assay. In HEK-Blue 293 hTLR2 cells expressing TLR2 on their
cell surface, alkaline phosphatase activity was found to be augmented with the increase in rRv3131 treatment.
Similar increase in activity was observed in cells treated with the positive control FSL-1. The negative control,
Rab5 did not cause any increase in alkaline phosphatase activity, thus validating the assay (Fig. 3C). Such an
increase in activity was not observed in HEK-Blue 293 hTLR-4 cells expressing TLR4 on their cell surface when
treated with Rv3131 protein, suggesting that the interaction of this protein was specific to TLR2 (data not shown).

Rv3131 induces TLR2 expression. The possible role of Rv3131 in modulating TLR2 expression, besides
its interaction on the cell surface was analysed by real time PCR. In THP-1 cells treated with rRv3131 protein,
TLR2 mRNA levels were significantly upregulated (Fig. 4A) similar to that of the positive control TSA. Besides
the gene expression, TLR2 expression levels on THP-1 cell surface following rRv3131 treatment were also ana-
lysed using flow cytometry analysis. A significant increase in the expression of TLR2 (Fig. 4B) but not TLR4 (data
not shown) was observed in THP-1 cells when treated with rRv3131. Western blot analyses also indicated an
increased expression of TLR2 in rRv3131 treated THP-1 cells (Fig. 4C). To determine whether the interaction of
Rv3131 with TLR2 initiates NF-x B signalling pathway, western blot was performed. Analysis of whole cell protein
isolated from THP-1 cells revealed activated form of NF- kB (p65) in rRv3131 and LPS treated preparations, but
not in untreated cells (Fig. 4D).
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Figure 3. Modelled 3D-structure of Rv3131 and its interaction with TLR2. (A) Three dimensional
structure of Rv3131 determined using homology modelling: the elements of protein secondary structure

were coloured and labelled (helices and sheets displayed in cyan and pink, respectively). (B) Docking study

of Rv3131 with TLR2: the residues of TLR2 and Rv3131 are coloured in green and cyan, respectively. The
residues presenting interaction among both the proteins are labelled and shown as stick model in element
colours (green/cyan colour represents carbon, blue represents nitrogen, and red represents oxygen). The black
dashed lines represent hydrogen bonds. (C) Rv3131 interacts with TLR2: HEK-Blue 293 hTLR-2 cells were
treated with various concentrations (10 ng-250ng) of rRv3131 and interaction of Rv3131 with TLR2 was
measured spectrophotometrically by the colour change read at 620 nm due to the activity of SEAP. *p < 0.05;
“tp < 0.0005.

Discussion

Despite existence of tuberculosis infection worldwide, since ancient times, its pathology remained complicated
even after extensive research. Majority of the tuberculosis patients experience latent phase infection before the
active disease sets in. During this phase, immune responses to latency associated antigens are detected. The exist-
ing treatment approaches turn out to be ineffective due to a unique ability of this pathogen to remain dormant
by vesting in granulomas, impermeable to the anti-tuberculosis drugs®. Adding to this is the lack of accurate
in vitro or in vivo models that can mimic M. tuberculosis latency and/or resuscitation. Thus, development of
effective vaccines using M. tuberculosis antigens is essential. Though classical antigens of M. tuberculosis were
proposed to be potential vaccine candidates, because of the complicated life cycle of this pathogen, which includes
latency, developing vaccines using antigens that are specifically expressed in latent stage is gaining prominence®.
Recent studies identified that genes of DosR, upregulated during latency, also serve as antigens eliciting immune
response**!. Rv3131 was demonstrated to be significantly upregulated (up to 40 folds) under in vitro dormancy
conditions?'. Thus, such antigens were projected to be potential vaccine candidates due to their stage specific
expression and immunogenicity.

We observed increased pro-inflammatory cytokine induction in THP-1 cells and human PBMCs with the
treatment of recombinant rRv3131. Though a dose dependent increase in cytokine levels was observed in THP-1
cells and PBMCs treated with Rv3131, the highest dose (2500 ng) did not augment the release of IL-103 over
100 ng. This variation in IL-13 response could be due to physiological and phenotypic differences between the
two cell types. The ability of Rv3131 to elicit immune response in M. tuberculosis specific T-cells obtained from
tuberculin skin test positive patients was demonstrated*. In an Ugandan population, Rv3131 was demonstrated
to be one of the most immunogenic antigens by virtue of its ability to induce interferon-~'°. TNF-« levels were
found to be high in the lungs of mice with persistent tuberculosis** and is known to contribute to many immune
regulatory functions such as macrophage activation and granuloma formation®*. The ability of Rv3131 to induce
pro-inflammatory cytokines suggests that it might activate macrophages during latency to govern the micro envi-
ronment of the granuloma and favor the survival of latent M. tuberculosis. Recognition of M. tuberculosis in
the host is executed by TLRs, especially TLR2 and to some extent by TLR4. The role of TLR2 in mycobacterial
recognition and the downstream signalling during M. tuberculosis infection was well proven in a variety of TLR
knock out animal models* and the susceptibility observed due to genetic polymorphisms in their genes* was
demonstrated. Interaction of mycobacterial products with TLR2 leads to the secretion of pro-inflammatory?*46
and anti-inflammatory cytokines?. It should be noted that M. tuberculosis is an intracellular pathogen and the
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Figure 4. Rv3131 induces TLR2 expression and NF-kB activation. (A) Real time expression of TLR2: RNA
isolated from differentiated THP-1 cells treated with rRv3131 (1000 ng) or TSA (250 ng) was reverse transcribed
and real time PCR was carried out using gene specific primers. The expression of glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as internal control. Data are presented as mean - SEM of three independent
experiments. (B) Surface expression of TLR2 by flow cytometry: PMA-differentiated THP-1 cells were treated
with 100 ng of rRv3131 for 24 h followed by incubation with primary and secondary FITC labelled antibodies
and analysed by flow cytometry. Data are expressed as mean = SEM of percentage of cell population/MFI values
from three independent experiments. (C) TLR2 protein expression: total protein isolated from differentiated
THP-1 cells treated with rRv3131 (1000 ng) or LPS (100 ng) was electrophoresed on polyacrylamide gel,
transferred onto PVDF membrane and probed with antibodies against TLR2 and 3-actin (internal control).
Signal corresponding to the intensity of the band was measured using chemiluminiscence. The graph represents
relative TLR2 expression levels quantified densitometrically (D) NF-xB phosphorylation: the total protein
isolated was analysed using western blot with antibodies specific to phosphorylated p65.

proteins secreted by it could also enter or be located in extracellular spaces during infections. We earlier char-
acterized the mycobacterial Hsp65 and found it to have dual roles in autoimmunity and inflammation®. It is
possible that Rv3131 could also reach the extracellular space and presented to immune cells to trigger cytokine
secretion. Though our study proves that cytokine secretion induced by Rv3131 involves TLR2 and NF- kB, the
possibility that cytokine secretion is also due to presentation of Rv3131 to immune cells cannot be ruled out.
It is worthwhile to mention that cytokine response in isolated PBMCs could also be contributed by other cells
such as dendritic cells, T and B cells, etc. Analysing cytokine expression using purified fractions of each of these
cells would provide information on the individual cell type contribution and/or cell specificity, if any, in Rv3131
induced cytokine response.

Interaction of mycobacterial classical antigens such as peptidoglycan, with TLR2 marks the commencement of
downstream signaling’. We previously demonstrated that the DosR regulon antigen DATIN can interact and acti-
vate TLR2 resulting in secretion of pro inflammatory cytokines?. Similarly, PE35 (Rv3872), a mycobacterial pro-
tein physically interacts with TLR2 resulting in a dose dependent increase in the secretion of pro-inflammatory
cytokine secretion®. The interaction of Rv3131 predicted in this study was based on computational modeling
that generates models with a high degree of confidence. However, detailed analyses of the binding pockets and
the associated specificity need to be addressed using site directed mutagenesis of both the ligand and the receptor.

In the current study, besides interacting with TLR2, Rv3131 induced TLR2 mRNA and protein expres-
sion. Modulation of TLR2 expression by the classical M. tuberculosis antigens was reported®. For example, the
lipid fractions of three different strains of M. tuberculosis had differential effects on the expression profile of
TLR2 and TLR4 cytokines and MHC class II components®. Another study indicated that the ESAT-6 antigen of
M. tuberculosis modulates T helper cell responses via TLR-2°!. Further, in our studies, phosphorylation of NF- kB
was evident in macrophages treated with recombinant Rv3131. Activation of NF-kB in the macrophages by the
mycobacteria has been reported®2. Given this, it is possible that Rv3131 might modulate the expression of TLR2
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and may interact with it to influence the downstream signaling via NF-x B leading to the secretion of cytokines
that favor the survival of M. tuberculosis in the granulomas. We used an in vitro system to study the immuno-
genic properties of Rv3131 protein at varying concentrations. The physiological concentration of Rv3131 in the
granuloma during latency is very difficult to predict or estimate. However, it is an accepted practice to analyze
the immunogenic properties of antigens using in vitro models. Hence, the results presented in our study strongly
support that Rv3131 might induce pro-inflammatory cytokine expression via TLR2 signaling pathway and give
an impetus to the understanding of the molecular mechanisms of regulation of DosR antigens.

In conclusion, we report that the DosR antigen, Rv3131 may possibly influence the innate immune responses
to facilitate the survival of M. tuberculosis in the granulomatous microenvironment. This is brought about by
induction of cytokine secretion mediated by its interaction with TLR2. Given paucity of knowledge on the mech-
anisms by which DosR antigens influence the milieu of the granuloma and support M. tuberculosis survival in
a latent state, results of this study contribute suggestively to the understanding of the survival of M. tuberculosis
executed via its latency specific antigens.
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