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Abstract

In this study we demonstrate that it is possible to shift the immune system during a chronic
infection with Mycobacterium tuberculosis. TGF and 1L10 cytokines inhibit the Th1 response
during chronic pulmonary infection with Mycobacterium tuberculosis. We show that
intrapulmonary delivery of siRNA targeting TGFp1 is able to reduce the pulmonary bacillary load
in mice chronically infected with Mycobacterium tuberculosis: an effect that appears to be partly
dependent on IL10 expression. To demonstrate this, we induced gene silencing of g1 in the
lungs of wild type and 1L10 knockout mice using a non-invasive aerosolized intrapulmonary
delivery of siRNA targeting TGFB1 Five days after the last treatment with siRNA, the levels of
tgfb1 transcripts and TGFB1 protein were reduced when compared with control groups treated
with RNase free water or non-targeting siRNA. Mice treated with siRNA also had increased
expression of the antimicrobial mediators (NO and iNOS) which effectively reduced the bacterial
load by 0.17 and 0.47 logg in C57BL/6 and 1L10 KO mice respectively when compared with their
respective control mice. More importantly, the bacterial load in SiRNA treated IL10 KO mice four
weeks after the last treatment remained 0.32 logyg lower than in control mice.
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INTRODUCTION

In the last few years, the worldwide struggle against tuberculosis has become even more
difficult with the increased incidence of multidrug-resistant (MDR), extensively drug-
resistant (XDR) Mycobacterium tuberculosis (M. tuberculosis) strains and co-infection with
human immunodeficiency virus 1-2. At the present time the resources to treat these cases are
very limited and the necessity for developing new therapies to control the M. tuberculosis
infection and its spread is imperative.

The only preventive therapy currently available against M. tuberculosis infection is
vaccination with BCG M. bovis and yet this vaccine does not protect from tuberculosis in
adults 3. In mice, vaccination with BCG M. bovis prior to aerosol exposure with a virulent
strain of M. tuberculosis provides a one logq reduction in the pulmonary bacterial load
when compared to unvaccinated mice following the same aerosol infection 4. On the other
hand, post exposure M. tuberculosis vaccination with BCG M. bovisin mice has no effect on
the reduction of pulmonary bacterial load ®. Thus, the only current treatment for either active
or latent tuberculosis is the use of chemotherapy. However, the long term course of treatment
required to successfully eliminate the bacteria is a major shortcoming to this therapy. This
scenario underscores the necessity for research and development of new therapies that when
combined with chemotherapy will overcome the shortcomings of current treatment options.

It is known that the immunoregulatory cytokines TGF and IL10 are elevated in patients
with tuberculosis 20-21 and high levels of these cytokines are associated with tuberculosis
reactivation 22-23, The main role for these cytokines in the lungs during a chronic pulmonary
M. tuberculosis infection is to restrain the inflammatory process. These cytokines control
inflammation by interfering with Th1 responses and macrophage cell activation; as a result
the antimicrobial capacity of these cells is substantially diminished 23-24, TGFB in
tuberculosis down regulates phagocytic receptors 25, suppresses anti-microbial activity 26-27,
induces apoptosis in CD4 T-cells 28, and appears to interfere with the cytotoxic function of
CDS8 T cells 2°.

In this study, using local pulmonary immunotherapy, we regulate the lung environment
during chronic infection with M. tuberculosis to favor the host response leading to
elimination of the mycobacteria. We used small interfering RNA (siRNA) technology.
siRNA is a powerful molecular biology tool able to induce gene silencing through nucleotide
sequence-specific RNA degradation mechanisms that result in the suppression of gene
expression 6. This technology is being used in a variety of models to study and characterize
gene function, as well as in new therapeutic procedures and in drug discovery 10, The
major shortcoming for in vivo use of siRNA therapy has been the delivery method i.e. local
or systemic delivery and the use of siRNA with or without formulation (naked siRNA or
siRNA combined with liposomes, peptides, antibodies or polymers) 11-12, When delivered
locally, the use of siRNA therapy for pulmonary diseases has been quite successful 13-14,
Thus, siRNA delivered, with and without formulation, was successfully used in SARS 15-16,
RSV 17 and influenza viral infections 18 and bleomycin-induced fibrosis 1°.
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In light of this, we induced fg7B1 gene silencing directly in the lung using aerosolized
intrapulmonary delivery of siRNA targeting TGFB1 in C57BL/6 and IL10 KO mice. 981
gene silencing resulted in higher levels of expression of TNF-a, nitric oxide and iNOS in the
lungs of siRNA treated mice when compared to mice either treated with RNase-free water or
non-targeting siRNA (control mice). Increased expression of these factors in sSiRNA treated
mice was associated with a reduced bacterial load for at least four weeks after treatment. In
addition, although the studies presented here used two different approaches to knock down
cytokine expression our data demonstrated a synergistic effect at enhancing the
antimicrobial activity in the lungs when simultaneously targeting expression of 1L10 and
TGFBL1.

RESULTS

Gene silencing and protein suppression by aerosolized intrapulmonary delivery of siRNA

targeting TGFp1
The capacity of siRNA therapy to induce #gfb gene silencing was determined by comparing
the levels of zgfb1 mRNA expression in the lungs of mice receiving siRNA with the levels of
expression of the same transcript in the lungs of mice receiving either non-targeting siRNA
or RNAse-free water (control groups). For this purpose, the levels of expression of fgfb1
transcripts in the lungs of each mouse in each group (n=5) receiving a total of three doses at
5 day intervals were determined using RT-gPCR. The results indicated that 5 days after the
last treatment with sSiRNA, the levels of #gfb1 transcripts were reduced to 65.5% and 60.6%
in C57BL/6 and IL10 KO mice respectively when compared with expression of the same
transcript in controls groups (Figure 1a). Additionally, we studied the levels of active TGFp1
protein by ELISA in the supernatants obtained from lung homogenates from each mouse in
each group. These results demonstrated that mice receiving the siRNA showed a reduction in
active TGFB1 protein expression by 27% and 31% in C57BL/6 and 1L10 KO mice
respectively when compared to levels of protein expression in similar samples obtained from
control groups (Figure 1b). We questioned whether siRNA affected the lung tissue
distribution for this protein after the treatment. Thus, /n7 situ TGFP expression on lung tissue
of each mouse was visualized using immunohistochemistry (IHC) and antibodies to detect
TGFp. The histological findings demonstrated that /n situ TGFp expression was found
mainly in the core of the granuloma and in macrophages located in the parenchyma wall of
all mice in each group. Although there were no differences in the distribution of TGFp
staining between groups, the IHC staining demonstrated that the cluster of cells with positive
staining for this cytokine in the center of the granuloma of mice treated with siRNA were
less frequent and of lower intensity than the positive staining found in similar clusters of
cells from tissue sections of controls groups (Figure 1c).

Changes in the Thl cytokines after pulmonary siRNA therapy targeting TGFp1

We questioned whether decreased expression of TGFp1 could affect the Th1 cytokine
response. TNF-a and IFNy are strong Th1 inflammatory cytokines 24.Thus, we analyzed the
levels of TNF-a and IFN-y by ELISA in supernatants obtained from lung homogenates from
each mouse after treatment. TNF-a. levels were increased in mice treated with siRNA by 64
and 67% in C57BL/6 and IL10KO mice respectively, when compared with control mice
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(Figure 2a). Mice treated with siRNA showed a reduction in the total amount of IFNy
protein. This effect was more prominent in IL10 KO mice where the expression of IFN-y
protein was 50% less than similar samples obtained from control mice (Figure 2b).

Effect of siRNA therapy targeting TGFB1 on NO and iNOS production

IFNy and TNF-a synergize and participate in the control of bacteria growth by activating
the enzyme iNOS which in turn produce reactive nitrogen intermediates (RNI) in
macrophages 30. Thus, after treatment with siRNA we compared the levels of expression of
two main components of the antimicrobial pathway. These two components were nitric
oxide (NO) production determined by the Greiss reaction using supernatants from lung cell
cultures stimulated with M. tuberculosis and iNOS transcript expression determined by RT-
gPCR in total RNA extracted from lung samples collected from each mouse. Our findings
demonstrated that the levels of NO increased by 24% and 38% in C57BL/6 and 1L10 KO
mice respectively when compared to control mice (Figure 3a). Similar results were found
when the transcripts for iNOS were analyzed. However, in this instance only the IL10 KO
mice had a significant increase of 62—67% in iNOS transcription when compared with
similar samples obtained from the control mice (Figure 3b).

Effect of siRNA therapy targeting TGFB1 on pulmonary bacterial load

The effect of siRNA treatment on the pulmonary bacterial load was determined by
comparing the average number of colony forming units (CFU) obtained after plating the
lung homogenates from each mouse in each group on 7H11 agar plates. This analysis
indicated that the numbers of CFUs was significantly reduced by 0.17 log,q in C57BL/6 and
by 0.5 logyg in IL10 KO treated mice compared to the CFUs obtained from their respective
control groups (Figure 3c). In view of these results, we decided to determine the long term
effect (four weeks after the last treatment) of this therapy in ILLOKO mice. The results
indicated that the bacterial load was still reduced by 0.32 log; in treated mice when
compared to control groups (Figure 4a). However the levels of TGFB1 protein expression
were increased in SiRNA treated mice by 43% when compared to control mice (Figure 4b).
Furthermore siRNA treated 1L10 KO mice four weeks after the last treatment also showed
increased expression of IFN-y (Figure 4c). On the other hand, the expression of iINOS
MRNA was not different between groups at this time point (Figure 4d).

Effect of siRNA treatment on pulmonary fibrosis

Fibrosis is a commonly seen process during chronic tuberculosis which is believed to reduce
the spread of mycobacteria to others cells and organs; however, excessive fibrosis is also
detrimental to the lung physiology. It is believed that TGFf has a major role in the fibrotic
process 3. For this reason we analyzed whether the siRNA treatment had any effect on
fibrosis. We quantified and compared the extent of fibrosis in lung tissue sections from each
group of mice using Masson’s trichrome staining and computer-assisted image analysis.
This analysis demonstrated that the IL10 KO mice treated with siRNA showed up to a 50%
reduction in pulmonary fibrosis compared with the control groups when the lungs were
analyzed five days after treatment (Figure 5a). However, there were no differences between
groups of mice in the percentage of fibrotic tissue four weeks after the last treatment (Figure
5b).
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Discussion

The small interference RNA mechanism in cell biology was described ten years ago, and the
use of this tool for therapeutic purposes for a variety of diseases has now started to appear
17 Nonetheless, no studies using a SiRNA therapy have been previously reported in the field
of tuberculosis. Here we developed a new strategy to control chronic pulmonary M.
tuberculosis infection, in which we used local pulmonary delivery of aerosolized siRNA to
improve the antimicrobial capacity of the host. We specifically targeted the
immunosuppressive cytokine TGFR1 and this in turn decreased the levels of TFGB1
transcripts and subsequently the production of active TGF1 protein. This reduction in the
levels of active TGF1 protein was associated with an increased efficacy of the Thl host
immune response despite lower expression of total IFN-y in the same groups of mice. Thus,
these treated mice had lower expression of TGFp1 and IFN+y and a reduction in the
pulmonary bacterial load when compared to control mice. Moreover, the reduced bacterial
load in these mice remained lower than in control groups four weeks after the last treatment.

Furthermore, this study also suggested that there is a synergistic effect between TGFB1 and
the immunosuppressive and anti-inflammatory cytokine 1L10. Mice unable to produce IL10
had a significant decrease in the bacterial load and fibrosis when compared to wild type
mice after sSiRNA treatment despite having similar levels of suppression of active TGFp1
protein. These results indicate that the presence of both TGFB1 and 1L10 are responsible for
the diminished antimicrobial capacity observed during the chronic disease.

Similar levels of suppression of active TGFp1 protein were obtained in both animal models,
indicating that the presence of IL-10 does not affect expression of TGFB1 protein. The levels
of suppression achieved with only three doses and one single sequence of siRNA used in this
study were capable of reducing the bacterial load of M. tuberculosis chronically infected
mice between 0.17- 0.5 log. Furthermore, future studies using siRNA therapy will determine
whether extended suppression of active TGFB1 further enhance the antimicrobial activity.

TNF-a is involved in granuloma formation but also participates together with IFN-y to
induce iINOS 32, We evaluated the levels of those cytokines and found that reduction in the
expression of active TGFB1 was associated with higher levels of TNFa (up to 60%) in both
C57BL/6 and IL10 KO mice. This is in agreement with other reports indicating that 1L10
and TGFp1 are also potent inhibitors of inflammatory cytokines such as TNF-a. 20,33,
Initially, we hypothesized that lower levels of TFGB1 should enhance the IFN-y expression.
However, our data demonstrated that the antimicrobial improvement in the Thl response
observed in mice treated with siRNA did not parallel with increased levels of IFNvy.
Unexpectedly, IFN-y levels were 50% lower in mice treated with siRNA targeting TGFp1.
Despite reduction of IFNy levels and augmentation of the TNFa responses, there was an
increase in expression of antimicrobial mediators like iNOS which effectively reduced the
bacterial load. Our recent studies 4 demonstrated that mice vaccinated with BCG M. bovis
prior to pulmonary infection with M. tuberculosis were able to reduce by 10 fold the
pulmonary bacterial load despite presenting lower expression of pulmonary IFN-y than
unvaccinated mice. Furthermore, other reports using anti-tuberculosis chemotherapy also
indicated that reduction in pulmonary bacterial load paralleled with a decrease (up to 90%)
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in sera levels of IFNy 2L, Altogether this indicates that, in chronic infections, as the bacterial
load decreases so do the levels of IFNy expressed by the host. Furthermore, reduced
bacterial load and IFN+y expression decreases inflammation, size of granuloma lesions and
globally improves the host response to infection. Moreover, while a lack of IL10 alone
increases IFNy, a simultaneous decrease in expression of IL10 and TGFB1 reduces
expression of the same cytokine.

Additionally, once the bacterial load was reduced during siRNA treatment, four weeks after
cessation of treatment the bacterial load in IL10 KO mice remained 0.32 logyg lower than
controls. However, at this time this group of mice had higher expression of TGFp1 and
IFNy than controls and there were no differences in iNOS expression between groups
indicating a recovered blockage of antimicrobial activity.

iNOS participates in the production of reactive nitrogen intermediates (RNI) and
components which are directly associated with the antimicrobial activity of many
intracellular microorganisms including M. tuberculosis 2434, TGF has also been involved
in the reduction of the stability and rate of translation of INOS mRNA and increased iNOS
protein degradation 26. This may also explain our results showing that reduced expression of
TGFp resulted in higher levels of iNOS which was even more pronounced in IL10 KO mice.

Reduction in TGFP1 expression also reduced fibrosis in 1L10 KO mice compared with the
control mice, but no differences were found in C57BL/6 mice. Therefore, the percentage of
fibrotic tissue was higher in IL10 KO compared with C57BL/6 mice which correlates with
similar data obtained by Kitani A et a/, 2003 in an 1L10 deficient model 3. Previous reports
have demonstrated that 1L10 inhibits collagen synthesis and prevents fibrosis and many
authors have also proposed that IL10 has an anti-fibrotic like activity.

Other groups have tried to control the infection using systemic delivery of a TGFp
antagonist in mice 36 or intrapleural administration of antibodies against TGF@ 3 in guinea
pigs. However, blocking the activity of TGF did not affect the levels of expression of TGFp
and resulted in increased expression of IFNvy. Thus, our results differed from these studies in
that by targeting the levels of expression of TGF1, the expression of IFN-y decreased and
this reduced the inflammatory component of the Th1 response. Ultimately, by reducing
inflammation, we also reduced subsequent inhibition of the natural host antimicrobial
activity.

The current challenge in tuberculosis control is reduction of effective duration of drug
therapy. Although the great majority of tubercle bacilli in the lungs are killed within two to
three weeks by anti tuberculosis drugs using standard regimen of isoniazid, rifampin and
pyrazinamide, it is necessary to continue 6 to 8 months of daily treatment of such therapy to
be sure that the few remaining bacilli are eliminated. The nature of drug ‘persistors’ is
unknown but it is generally assumed that they are in a state of dormancy/latency which
renders them functionally resistant to anti tuberculosis agents. Thus, although the decreases
in bacteria load obtained in this study are modest, we believe that the capacity of SiIRNA
immunotherapy to enhance the natural host antimicrobial capacity could be exploited if
combined with current chemotherapeutic regimens. We suggest, that future studies should
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evaluate siRNA immunotherapy or other drugs targeting specific pathways of cytokines to
target the drug “persistor’s bacteria population 38 as a new approach to tuberculosis
treatment.

In part due to noncompliance with treatment, therapy is now further complicated by the
emergence of multidrug drug-resistant strains 3. Today the incidents of MDR and XDR
strains are increasing and new alternative chemotherapies are still long and of high toxicity
38, As proposed in this investigation, the use of immunotherapy to modulate the lung
environment to increase the natural antimicrobial components could be helpful in the control
of MDR and XDR infections. We suggest that a therapy containing multiple siRNA specific
for TGFP family members, IL10 and maybe other immunosuppressive cytokines could be an
alternative to treat infections with these strains. Furthermore, combined immunotherapy
targeting immunosuppressive cytokines and chemotherapy could improve the present course
of chemotherapy treatment for tuberculosis.

Materials and Methods

Mice and Experimental infections

C57BL/6 mice were purchased from The Jackson Laboratory (Bar Harbor, ME) and
B6.129P211C (IL10 KO) mice were purchased from Charles River Laboratories
(Wilmington, MA). The mice were kept in sterile condition in a BSL3 room. Mice were
challenged by low-dose aerosol exposure with M. tuberculosis Erdman strain using a Glass-
Col (Terre Haute) aerosol generator calibrated to deliver 50-100 bacteria into the lungs. All
experiments were performed according to CSU institutional ethical guidelines.

siRNA targeting TGFp1

siRNA targeting TGFp1 was commercially predesigned from the gene number access for
tgfb-1 (NM_011577) by Qiagen. An siRNA with the sequence [sense] r(GCA ACA ACG
CCA UCU AUG A)dTdT and [antisense] r(UCA UAG AUG GCG UUG UUG C)dGdG was
chosen. The sequence of the fgfb1 gene targeted by this siRNA is CCG CAA CAA CGC
CAT CTA TGA. The siRNA was commercially produced and purchased from Qiagen
(Valencia, CA). AllStars negative control siRNA was included as a negative control and was
also obtained from Qiagen (Valencia, CA).

SiRNA targeting TGFB1 intrapulmonary delivery

From previous studies3® it is well established that mice in the chronic stage of infection
express high levels of TGF-pi and so we chose day 60 post-infection in our preliminary
studies to validate TGF-pi targeting siRNA. Mice were treated by the intrapulmonary route
following a protocol previously described3®. Mice were anesthetized by intraperitoneal
injection of 100mg/kg and 10mg/kg body weight of ketamine and xylazine, respectively.
The mice received three doses at 5 days intervals of 10 ug per mouse/dose of siRNA
targeting TGFpB1 or AllStars negative control or RNAse-free water using a high pressure
microsprayer (Penn-Century, Philadelphia, PA). After intrapulmonary delivery mice were
monitored until they recovered from anesthesia.
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ELISA assays

RT-gPCR

Lung sample were homogenized and screened in triplicate by ELISA following
manufacturer’s protocol for active TGFP1 (R&D Systems, MN), TNF-a (BD Bioscience,
CA) and Irny (eBioscience, CA).

The lung lobe was homogenized in Trizol and frozen at —80°C immediately. RNA was
extracted following the manufacturer’s protocol for Trizol (Invitrogen). DNA was digested
with RQ1 RNase-free DNase (Promega, Madison,WI) and RNA was re-isolated with Trizol.
Finally, the concentration of RNA in each sample was measured by spectrophotometry and
the RNA was reverse transcribed with M-MuLV (New England BioLabs, Ipswich, MA) and
random hexamers (Roche,Bassel, Switzerland). Real-time PCR was performed using 5 pl of
cDNA and Platinum SYBR Green gPCR SuperMix-UDG (Invitrogen) in iQ5 thermocycler
(Biorad, Hercules, CA) to evaluate relative mRNA expression of TGFp and iNOS, GAPDH
was used to normalize the expression levels. Primers sequences used were:

TGFp forward primer 5’GACCCTGCCCCTATATTTGGAS3’ and reverse primer sequence
5’ GCCCGGGTTGTGTTGGT3’;iNOS forward primer
5'"CAGCTGGGCTGTACAAACCTT3’ and reverse primer
5’CATTGGAAGTGAAGCGTTTCG3’; and GAPDH forward primer

5" TCACCACCATGGAGAAGGC3’ and reverse primer
5'"GCTAAGCAGTTGGTGGTGCAZ3’. Amplification conditions were as follow: 50°C for 2
min, 95°C for 2 min and 40 cycles of denaturation at 95°C for 15 s, annealing and extension
at 58°C for 30 s. Specificity was verified by melt-curve analysis. TGFp and iNOS mRNA
levels were normalized with GAPDH levels using AACt method to calculate relative
changes.

Histopathology

The diaphragmatic lobe of the lungs of each mouse was placed into histology cassette and
fixed in formalin-free Zn reagent (BD Bioscience, Mountain View, CA). After 48 h, samples
were inactivated inside the BSL-3 laboratory and then processed using standard histological
protocols. Histopathological evaluation of fibrosis was done by Masson’s trichromic stain.

Quantitative Image Analysis of Fibrosis Using Masson’s Trichrome Staining

Fibrosis was quantified by Masson’s trichrome staining and computer-assisted image
analysis as previously reported0. Images were taken using an Olympus BX41 microscope
and DP70 camera. Image data was analyzed using Adobe Photoshop CS. All images were
obtained using a 40x objective Camera settings were under manual control and held constant
in order to produce comparable conditions for image collection. For each group (n=5), 25
randomly selected images were captured by a blinded researcher. Positive blue signal,
indicating collagen, was selected based on its color ranges and the proportional area in each
image was quantified using the histogram tool and expressed as a percentage of the image.
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Immunohistochemistry

Paraffin embedded blocks from each group of mice were cut in sections of 5-7 um. The
sections were prepared for IHC using standard protocols. The slides were incubated
overnight at 4°C with a primary antibody (TGFp 1:75 from Santa Cruz Biotechnology, Santa
Cruz, CA) and thereafter with another biotinylated secondary antibody during 1h at RT. The
specific antibody binding reaction was amplified by incubation with ABC development
system (Vector Lab, Burlingame, CA) during 30 min at RT. After the amplification step, the
slides were washed and incubated again for 5 min with the chromogen substrate for HRP
aminoethycarbazole (AEC) (Vector Lab, Burlingame, CA). Finally the slides were counter
stained using Hematoxylin (MVector Lab, Burlingame, CA ) and mounted using aqueous
mounting media crystal/mount (Biomedia Corp, Foster City, CA)

Nitric oxide quantification

NO quantification was performed using cultures of 1x10%cells/well and stimulation with
1x10° bacilli for 5 days. Thereafter, supernatants were harvested and each supernatant were
used in a Greiss reaction (Sigma-Aldrich, St. Louis, MO). The experiments were performed
in triplicate.

Viable Count

Serial dilutions of each lung homogenate were plated in 7H11 agar and bacterial load. The
CFUs for each sample was determined after 3 weeks incubation at 37°C.

Statistical analysis

The results presented in this publication are representative of three experiments. The data are
expressed as the mean+ SEM values (n=5) from triplicate assays. One-way analysis of
variance and the post-hoc test was Tukey’s. Calculations were performed using GraphPad
Prism version 4.00 for Windows (San Diego California USA). P-values <0.05 were
considered significant.
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Figure 1. tgfB1 Gene Silencing and Protein Suppression after treatment.
Groups of C57BL/6 and IL10 KO mice with a 60 days of M. tuberculosis infection received

by intrapulmonary route three doses (10ug each dose at 5 days intervals) of sSiRNA targeting
TGFB1 (black bars), control non targeting sSiRNA (grey bars) or RNase free water (white
bars). Five days after the last dose, lung samples were collected and processed for RT-gPCR,
ELISA and IHC. (A) tgf 81 gene silencing represented as the percentage of relative
expression of fgfb1 mRNA by RT-gqPCR analysis in lung samples from siRNA targeting
TGFp1 treated mice compared to control groups. (B) Concentration of total TGFB1
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protein in supernatants from lung homogenates as determined by ELISA. In A and B
data represent the mean of five mice per group + the SEM. Statistics were done using one-
way analysis of variance and the post-hoc test was Tukey’s *, P < 0.01; **, P < 0.05. The
data presented in this figure are representative of three experiments of similar design. (C)
TGFB in situ detection. Photographs are representative images from lung tissue sections
from each group of mice when stained by IHC for TGFB. The staining for TGFp in these
photographs is depicted in red color. Bars 50 um.
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Figure 2. Concentration of Thl cytokines in the infected lungs five days after treatment.
Following therapy lung samples were collected and processed for ELISA. Graphs show

concentration of TNF-a (A) and IFN-y (B) in supernatants from lung homogenates from
each group of mice. Data represent the mean of five mice per group + the SEM. Statistics
were done using one-way analysis of variance and the post-hoc test was Tukey’s *, P < 0.01;
** P < 0.05. The data presented in this figure are representative of three experiments of

similar design.
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Figure 3. Higher levels of antimicrobial mediators after siRNA targeting TGFB1 treatment.
Following therapy lung samples from mice were collected (A) as lung cell suspensions to

determine the concentration of nitric oxide by the Greiss reaction ; (B) in Trizol for RNA
isolation and RT-gPCR assay to determine expression of iINOS mRNA or (C) as lung
homogenates to determine the pulmonary bacterial load after therapy. In graph (A) is shown
the nitric oxide concentration (nmol/ml) in each group of mice. Data are represented as the
mean of five mice per group + the SEM. Graph in (B) are shown the relative levels of
expression of MRNA iNOS. Data are represented as the mean of five mice per group * the
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SEM . Graph in C shows the mean log1g number of colony forming units (CFU) in the lungs
from each group of mice at 5 days after the last treatment. The log;o CFU was reduced by
0.17 and 0.5 in the siRNA targeting TGFp1 C57BL/6 and IL10 KO treated mice respectively
when compared to their respective control groups. Statistics were done using one-way
analysis of variance and the post-hoc test was Tukey’s *, P < 0.01; **, P < 0.05; *, P <
0.001. The data presented in this figure are representative of three experiments of similar
design.
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Figure 4. Reduction of bacterial load remained for at least four weeks after the last treatment in
SiRNA targeting TGFB1 treated 1L10KO mice.

IL10KO mice with a 60 days of M. tuberculosis infection received by intrapulmonary route
three doses (10pg each dose at 5 days intervals) of siRNA targeting TGFp1 (black bars),
control non targeting siRNA (grey bars) or RNase free water (white bars). Four weeks after
the last dose, lung samples were collected and processed for (A) determination of the
bacterial load in each lung homogenate, (B) for ELISA using supernatant from lung
homogenates to determine the concentration of TGFp1,(C) of IFNy and (D) for RNA to
determine the levels of expression of INOS mRNA. In (A) four weeks after the last treatment

Tuberculosis (Edinb). Author manuscript; available in PMC 2020 May 20.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Rosas-Taraco et al.

Page 18

IL10KO mice treated with siRNA targeting TGFB1 have 0.32 logyg reduced bacterial load
when compared to control mice. In (D) the relative levels of expression of mMRNA for iNOS
were not different between groups of IL10KO mice after four weeks of treatment. Data are
represented as the mean of five mice per group + the SEM. Statistics were done using one-
way analysis of variance and the post-hoc test was Tukey’s *, P < 0.05; **, P < 0.001. The
data presented in this figure are representative of two experiments of similar design
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Figure 5. Quantitative image analysis of Fibrosis using Masson’s Trichrome Staining.
C57BL/6 and IL10KO mice with a 60 days of M. tuberculosis infection received by

intrapulmonary route three doses (10ug each dose at 5 days intervals) of siRNA targeting
TGFB1 (black bars), control non targeting sSiRNA (grey bars) or RNase free water (white
bars). (A and D) Five days or (B and D) four weeks after the last dose, lung tissue sections
were stained by Masson’s trichromic to visualize fibrotic areas. Photos are representative
images (40X) from lung tissue sections obtained from each group and stained using the
Masson’s trichromic protocol. In these photographs the blue color indicates positive staining
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for collagen-fibrosis. Graphs in C and D represent the mean +SEM score of percentage of
fibrotic area in each lung section. Score of percentage of fibrotic area of lung section stained
were obtained using computer-assisted image analysis. Positive blue signal, indicating
collagen, was selected based on its color ranges and the proportional area in each image was
quantified using the histogram tool and expressed as a percentage of the image. Five days
after receiving the last dose of treatment fibrosis was reduced ~50% in 1L10 KO mice treated
with siRNA targeting TGFB1 compared with control mice. However, there were no
significant differences in fibrosis between groups after four weeks of the last treatment.
Statistics were done using Student ftest *, P < 0.05. Bars 50um.
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