Induction of autophagy through Clec4e in combination with TLR-4: an innovative strategy to restrict the survival of Mycobacterium tuberculosis
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MATERIALS AND METHODS

Animals
C57BL/6 mice, 6-8 weeks were obtained from the institute’s animal facility. Guinea pigs (6-8 weeks) were purchased from the CCS Haryana Agricultural University, Hisar, India. Atg5fl/fl and Atg5fl/fl-LysM-Cre mice bones were kindly provided by Dr. Christina L. Stallings, Department of Molecular Microbiology, Washington University School of Medicine, St Louis, MO.  
Ethics Statement

All the experiments were approved by the Institutional Animal Ethics Committees (IAEC) of the Institute of Microbial Technology (IMTECH), Chandigarh and International Centre for Genetic Engineering and Biotechnology (ICGEB), New Delhi. The experiments were accomplished according to the National Regulatory Guideline issued by Committee for the Purpose of Control and Supervision of Experiments on Animals (No. 55/1999/CPCSEA), Ministry of Environment and Forest, Government of India.  Mice experiments were performed at IMTECH and Guinea pigs at the ICGEB.  Atg5 knockout experiments were performed at Texas Biomedical Research Institute, San Antonio, TX, USA. The experiments were approved by the Texas Biomedical Research Institute Institutional Animal Care and Use Committee (IACUC).
Antibodies and reagents 

Antibodies (Abs), ELISA reagents, and recombinant cytokines were procured from BD Biosciences (San Diego, CA) unless otherwise mentioned. Agonist of Clec4e (TDB), TLR-4 (LPS EK ultrapure), and MyD88 inhibitor [Pepinh-MYD] were purchased from Invivogen (San Diego, CA). 

Abs used in Western blotting against PI3 kinase p85 (19H8) and MyD88 were procured from Cell Signaling Technology (Danvers, MA). Abs to iNOS were purchased from Abcam (Cambridge, UK). Inhibitors against PtdIns3K [Ly294002] were bought from Sigma Aldrich (St. Louis, MO) and against iNOS [NM] from Calbiochem (Billerica, MA). Other reagents were procured from the specified companies: FlexiTube siRNA-specific for mouse Becn1 (Qiagen, GS56208), acridine orange (Sigma Aldrich, A6014), monodansylcadaverine (Sigma Aldrich, D4008), rabbit polyclonal Ab against LC3 (Sigma Aldrich, L8918), LysoTracker Red (Life Technologies, L-7528) and anti-fade reagent (Life Technologies, P36934), 4′,6-diamidino-2-phenylindole dihydrochloride (DAPI; Sigma Aldrich, D8417), 3-methyladenine (Sigma Aldrich, M9281), rapamycin (Sigma Aldrich, B1793), phorbol 12-myristate 13-acetate (PMA) (Calbiochem, 524400), DMSO (Sigma Aldrich, D8418). 

All other reagents and chemicals were procured from Sigma Aldrich (St. Louis, MO) unless indicated otherwise. Free or fluorochrome-conjugated Abs: CD4-PB, CD8-APCcy7, CD19-APCcy7, IL-17-PE, CD62L-FITC, CD80-FITC and F4/80-APC, F4/80 perep-Cy5.5, CD40-PEcy5, CD86-PE, MHC-II-PerCPefluor710, CD127-PEcy5, CD44-perCPcy5.5, CCR7-PEcy7, CD27-APC, IFN-γ-PEcy7 were purchased from BD Pharmingen (San Diego, CA) and eBioscience (San Diego, CA). Other fluorochrome conjugated Abs were purchased from BioLegend (San Diego, CA). Fetal bovine serum (FBS) was procured from GIBCO (Grand Island, NY). L-pyruvate, L-glutamine, streptomycin as well as penicillin were from Serva (Heidelberg, Germany). All tissue culture grade plasticware was procured from BD Biosciences (Bedford, MA). 

Culture of bone marrow derived macrophages (BMDMs)

 Briefly, bone marrow cells (BMCs) from the femurs and tibia of C57BL/6 wild type, Atg5fl/fl and Atg5fl/fl-LysM-Cre mice were flushed aseptically. BMCs were cultured in RPMI-1640 (Invitrogen Life Technologies, Eugene, OR) containing FBS (10%) (GIBCO, Grand Island, NY) with L-glutamine (100 mM), penicillin (100 U/ml), streptomycin (100 mg/ml) and replenished with L929 cells culture supernatant (20%), as a source of macrophage colony-stimulating factor (M-CSF). The cultures were kept in a humidified atmosphere at 37ºC/5%CO2. The medium was replenished after 3d. After 7d, macrophages (BMDMs) [2.5×105/well] were harvested and cultured in 48 well tissue culture grade plates with the agonists of C4 (24 µg/ml), T4 (10 ng/ml) or C4.T4 for 48h with or without Mtb infection. For Western blotting and RT-qPCR experiments, BMDMs [2.5×106/well] were cultured in 6 well tissue culture grade plates. The cells were then infected and stimulated with C4 (24 µg/ml), T4 (10 ng/ml) or C4.T4 agonists for 4-8h.
THP-1 macrophage differentiation

THP-1 monocytes (3×105/well) were treated with PMA (20 ng/ml) for 16h in 48 well plates in RPMI containing FBS (10%) at 37ºC/5% CO2. The adherent macrophages were washed with RPMI twice and then rested for another 24h prior to stimulation with C4 (24 µg/ml), T4 (10 ng/ml) or C4.T4 agonists for 48h.

Phenotype of BMDMs 

The phenotype of Mtb-infected BMDMs was assessed by flow cytometry. Infected macrophages were triggered with Clec4e and TLR-4 agonist (C4.T4) for 48h. BMDMs harvested at 48h were re-suspended in FACS buffer (2% FCS in PBS). The cells were treated with anti-CD16/32 Ab for 30 min/4ºC to block non-specific binding of Abs to FcRs. Cells were then stained with fluorochrome-labelled Abs specific for mouse CD40, CD86, MHC-II, Fas, PD-L1, and TIM-3 or isotype-matched control Abs. Further, the cells were then fixed with paraformaldehyde (1%). Cells were washed between each step. The samples were analyzed using a FACS Aria and data analyzed with BD DIVA (BD Biosciences, San Jose, CA) and Flowjo software (Williamson Way, Ashland, OR).

Propidium iodide (PI) and annexin V assays 

Mtb-infected BMDMs were cultured with the agonists of Clec4e (C4) or TLR-4 (T4) or Clec4e+TLR-4 (C4.T4) at 37ºC (5% CO2) for 48h. This was followed by re-suspending cells in binding buffer [0.01M HEPES (pH 7.4), 0.14M NaCl and 2.5mM CaCl2]. FITC labelled annexin V (5 μl/tube) and 2 μl of PI (50 μg/ml) were added to the samples and then incubated in the dark at RT. After 15 min, 1X binding buffer (400 μl) was added and cells were analyzed immediately employing a BD FACS Aria flow cytometer and data analysis was performed by DIVA software.

Cytokine estimation 

Cytokine release was measured in culture supernatants (SNs) after 48h C4.T4 stimulation by standard ELISA method, according to manufacturer’s instructions. Macrophages (2.5x105/well) were incubated in 48 well plates and stimulated with the agonist of C4 (24 µg/ml), T4 (10 ng/ml) or C4.T4. The SNs were collected after 48h to measure IL-6, IL-12, TNF-α, IL-1β, and IL-10. Briefly, 96 well plates were coated with Abs to mouse IL-6 (2 (g/ml), IL-12 (2 (g/ml), IL-1β (2 (g/ml) and TNF-α (4 (g/ml), IL-10 (4 (g/ml) in phosphate buffer (0.01M-pH 9.2 and pH 6 respectively) O.N./4(C. Blocking with BSA (1%) in PBS was done for 3h/RT. Afterward, the corresponding recombinant cytokines were used as standard, and culture SNs (50 µl volume) were added and then incubated ON/4(C. Biotinylated anti-mouse IL-6 (2 (g/ml), IL-12 (2 (g/ml), IL-10 (2 (g/ml) and TNF-α (1 (g/ml), IL-1β (1 (g/ml) Abs in BSA (1%)-PBS-Tween 20 buffers were added into the ELISA plates and incubated for 2h/RT. Subsequently, avidin-HRP (1:10,000) was added and then incubated at 37(C/45 min. The regular procedures of incubation and washing with PBST (1XPBS-0.05% Tween 20) were achieved at each step. Later, the color was developed using H2O2-OPD substrate-chromogen. The reaction was stopped by 7% H2SO4 after color development. The plates were read in an ELISA reader at 492 nm. The results are expressed as pg/ml. The secreted cytokines were determined using serial log2 dilutions of standard curve drawn using rIL-6, rIL-12, rTNF-α, rIL-1β, and rIL-10.

Culturing of mycobacteria
Mycobacterium strains (H37Rv, H37Ra) were a kind gift from Dr. V.M. Katoch (National JALMA Institute for Leprosy and other Mycobacterial Diseases, Agra, India) and GFP-H37Ra, H37Rv were kindly provided by Dr. P. Gupta (IMTECH, Chandigarh, India). Unless otherwise indicated, Mtb H37Rv was used for all experiments. Mycobacterium strains were cultivated in Middlebrook 7H9 broth with glycerol (0.2%) and Tween-80 (0.05%), complemented with dextrose, catalase and albumin. The viability of Mtb was confirmed by colony-forming units (CFUs) on Middlebrook 7H11 medium supplemented with albumin, oleic acid, dextrose as well as catalase. CFUs were enumerated 20 days after plating. 

In vitro infection with mycobacteria
BMDMs were infected with M. smegmatis (MOI 1:5) or Mtb-H37Rv/H37Ra (MOI 1:5) and harvested after 3h and 4h, respectively. The extracellular bacteria were removed by treating cultures with amikacin (2 µg/ml) followed by extensive washing with PBS. M. smegmatis and Mtb-infected BMDMs were treated with the C4.T4 agonists (C4/TDB: 24 µg/ml, T4/ultra-pure LPS: 10 ng/ml) for 16h and 48h, respectively, in 48w plate. Where indicated, isoniazid (INH) (2.5 µg/ml) and rifampicin (RIF) (0.5 µg/ml) were incubated along with the C4.T4 agonist.

Determination of CFUs 
Intracellular Mtb growth in BMDMs and THP-1 macrophages were enumerated after 4h of Mtb infection followed by 48h of stimulation with C4.T4. The cell SNs were collected for ELISA and 0.1% saponin (in water) was added to lyse the cells, followed by 10-fold serial dilutions and plating on 7H11 agar to enumerate CFUs. The colonies were counted 3 days (M. smegmatis) and 3 wks (H37Rv and H37Ra) after incubation at 37ºC/5% CO2.

Nitric oxide (NO) production 

Culture SNs of Mtb-infected BMDMs or lung cells from Mtb-infected mice were harvested after 48h and NO was measured by the Griess method. In brief, SNs were added to an equal volume (50 µl) of Griess reagent for 5 min at RT and absorbance at 550nm was assessed. The measurement of NO was performed by comparing with sodium nitrite (NaNO2) as a standard (µM).

Antigen uptake

BMDMs (2.5×105/well) were stimulated in either the presence or the absence of Clec4e (24 µg/ml) and TLR-4 (10 ng/ml) agonist for 48h. The cells were then infected with GFP-Mtb (H37Ra) at MOI 1:3 for 4h. BMDMs were washed vigorously (3X) with ice cold PBS. The cells were then treated with amikacin (2µg/ml) and incubated for 1h to remove extracellular Mtb and fixed with paraformaldehyde (1%). The cells were washed and placed on poly-L-lysine coated coverslips and imaged using confocal microscopy (Nikon A1; Nikon, Tokyo, Japan). Z-stacks were taken to exclude the interference of extracellular bacteria. Analysis was performed using Nikon NIS-AR 4.1 image analysis software (Nikon, Melville, NY). Further, the confocal results were authenticated by flow cytometry. The analysis was done by FACS Suite software (BD Biosciences, San Jose, CA).

The enumeration of bacterial uptake was done through CFUs. BMDMs (2.5×105/well) were stimulated with Clec4e (24 µg/ml) and TLR-4 (10 ng/ml) for 48h. BMDMs were harvested and infected with H37Rv at MOI (1:5) for 4h. The cells were then treated with amikacin (2µg/ml) and incubated for 1h to remove extracellular Mtb. Later, the cells were lysed with saponin (0.1% in water) and subsequent plating was performed with 10-fold serial dilutions on 7H11 plates. The colonies were counted 3 wks after incubation at 37ºC/5% CO2.

Scanning electron microscopy (SEM) 

BMDMs were stimulated with Clec4e (24 µg/ml) and TLR-4 (10 ng/ml) for 48h. The cells were fixed on poly-L-Lysine pre-coated coverslips with modified Karnovsky's fixative (MKF) at 4ºC. After 3h, cells were washed 3x with PBS at 4ºC. Dehydration of samples was done with 30%, 50% and 70% ethanol at the interval of 30 min/4ºC. Samples were treated with 90%, 100%-I, and 100%-II ethanol at intervals of 30 min/RT and dehydrated with tetra-butyl alcohol (TBA) twice at intervals of 30 min at RT. TBA was removed and freeze drying was performed at -120ºC for 3h and cells observed under SEM at 15KX magnification.

Western blotting 

Mtb-(H37Rv and H37Ra) infected BMDMs (2.5X106 cells/well) were treated with Clec4e (24 µg/ml) and TLR-4 (10 ng/ml) for 15-30 min (STAT-1, STAT-6, PtdIns3K), 1h (MyD88, Phospho mTOR), 4h (LC3B, P62), 18h (iNOS), and 24h (Bcl-xL) in 12 well plates. The cells were then harvested, washed and lysed in cytosolic extraction lysis buffer (with PMSF, protease and phosphatase inhibitor cocktail). Cytosolic protein was then quantified and subjected to SDS-PAGE electrophoresis. After transfer to PVDF membranes and following blocking with BSA (2%), the membranes were immunoblotted with phosphorylated and non-phosphorylated Abs against STAT-1, STAT-6, PtdIns3K, MyD88, mTOR, LC3B, iNOS, Bcl-xL. Actin was used as a loading control. Regular washing was performed in each step. Blots were developed using a chemiluminescence kit (Amersham Pharmacia Biotech, Buckinghamshire, UK and ECL; Pharmacia-Amersham, Freiburg, Germany). Scanning of the blots was completed with ImageQuant LAS 4000 (GE Healthcare, Pittsburgh, PA). The image analysis was achieved with MultiGuage and ImageJ analysis software. Cells stimulated with LPS (2 μg/ml) were used as a positive control. 

Expression of LC3, LAMP-1, P65 by confocal microscopy
BMDMs were placed on poly-L-lysine pre-coated coverslips for 3h. The cells were stimulated with C4.T4 for 4h (LC3), 8-10h (LAMP-1) and 30m (P65). The cells were fixed with 2% paraformaldehyde (PFA) for 10 min. This was followed by treatment with triton X100 (0.1%) for 2 min. To block non-specific binding, macrophages were incubated with BSA (2%) for 2h, followed by addition of primary Abs for 2h. Afterward, cells were incubated with secondary Ab for 1h. The cells were stained with DAPI for 10 min at RT. Cells were washed in between each step. The cells on coverslips were mounted onto slides with Fluoromount-G. The cells were imaged using confocal (NIKON A1) microscopy (Nikon, Tokyo, Japan). Analysis was achieved by Nikon-NIS-AR 4.1 image analysis software (Nikon, Melville, NY). Positive controls for LC3 and P65 labeling involved starving macrophages in HBSS medium. For co-localization of Mtb with autophagososmes (LC3) and lysosomes (LAMP-1), BMDMs were infected with GFP-H37Ra for 4h, followed by stimulation with C4.T4. Cells having 5 or more LC3 puncta were recorded as LC3-positive cells. The formation of LC3 puncta was manually counted in at least 50 cells for each group and plotted as number of puncta per cells with fluorescent LC3 puncta. 

Acridine Orange, MDC and LysoTracker red staining

BMDMs were treated with the autophagy inhibitor 3MA (10 mM) for 1h, prior to C4.T4 stimulation for 4h (acridine orange and MDC staining), followed by incubation at 37°C with acridine orange (1 μg/ml) or 0.05 mM MDC for 20 min. The cells were fixed with 2% PFA at RT and observed immediately with an immunofluorescence microscope (Olympus IX71/TH4 200, Hamburg, Germany). For LysoTracker red staining, BMDMs were infected with GFP-Mtb for 4h and treated with C4.T4 for 8-10h. The cells were then fixed with PFA (2%) for 10 min and treated with Triton X100 (0.1%) for 2 min. The cells were stained with 100 nM LysoTracker red for 30 min at 37°C and then observed either through confocal microscope (Nikon A1R, Nikon, Yokohama, Japan) or flow cytometer (BD FACS ARIA, BD Biosciences, CA). For flow cytometry experiments, the BMDMs were treated with 3MA for 1h prior C4.T4 stimulation.

Demonstration of NF-κB by EMSA
BMDMs were washed and treated with Clec4e (24 µg/ml) and TLR-4 (10 ng/ml) for 30 min. The cells were then harvested and the nuclear extract was collected. EMSA was performed after P32 probe labelling. In brief, an equal concentration of nuclear protein (3μg) from each sample was incubated for 20 min/37°C in a water bath with [P32] end labelled duplex oligonucleotides that contain the binding site for NF-κB. The DNA–protein complexes were resolved on a native PAGE-gel (7%) by electrophoresis. The gel was dried at 80°C in a vacuum gel dryer for 2h and exposed to screen at RT for 6-12h and scanned by phosphor-imager scanning screen (Fujifilm, FLA-5000, Tokyo, Japan).

NF-κB nuclear translocation by confocal microscopy

BMDMs were placed on poly-L-lysine pre-coated coverslips for 2h. The cells were then stimulated with C4.T4 for 30 min at 37°C. Cells were then fixed with PFA (2%) for 5-10 min, followed by treatment with triton X100 (0.1%) for 2 min. The samples were incubated with BSA (2%) to block the non-specific sites for 2h. The cells were then incubated with anti-mouse NF-κB p65 Ab (1:400) for 2h. Afterward, cells were treated with Alexa fluor 633-anti-rabbit Ab for 1h and then stained with DAPI for 10 min. Regular washings with 1XPBS were conducted at each step. The samples were mounted on slides with Fluoromount-G and cells were imaged with a Nikon A1 confocal laser microscope (Nikon, Tokyo, Japan). The data were analyzed using image analysis software Nikon NIS-AR 4.1 (Nikon, Melville, NY). 

The quantification of autophagy-related genes by Real time PCR

Total RNA was isolated from the lungs of mice immunized with C4.T4 using trizol reagent, according to the manufacturer’s instruction (Invitrogen, Carlsbad, CA). RNA was quantified through NanoDrop. Purity of all RNA samples was measured by A260/A280 ratio and was in the range of 1.9 to 2.0. All RNA samples (3 μg) were treated with amplification grade DNase 1 (3U) for 15 min in 1X reaction buffer to avoid DNA contamination. DNase activity was stopped by incubating with stop solution (Sigma Aldrich, St. Louis, MO) and then incubating samples at 70˚C/10 min. The cDNA was then prepared by maxima first strand cDNA synthesis kit for RT-qPCR (Thermo Fisher Scientific, Waltham, MA). Real time PCR and data analysis was done by the ABI 7500 Fast Real-time PCR system, with actin as a loading control (Applied Biosystems, Chromos, Singapore). Analysis was done by the comparative Ct method. Results are presented as relative expression (fold change). The primer sequences for RT-qPCR are in Suppl. Fig.15.

Treatment of Mtb-infected mice with C4.T4  

 Mice (100 CFUs) and Guinea pigs (30 CFUs) were aerosol challenged with Mtb and then treated with C4.T4 in the footpad for a total of 2 injections with an interval of 10 days. The control groups were treated with either Clec4e [50µg/100µl/mouse; 200μg/200µl/Guinea pig] or TLR-4 [0.1µg/100µl/mouse; 1μg/200µl/Guinea pig] or PBS. Anti-TB drugs (rifampicin: 0.5, 1, 10 mg/kg bw of mice; 6mg/kg bw Guinea pig and isoniazid: 5mg/kg bw of Guinea pig) were orally administrated twice with 0.1% CMC (carboxymethylcellulose). After 45d of aerosol challenge, animals were sacrificed and then bacterial burden was enumerated in the lung, liver and spleen by CFUs. CFUs were calculated taking into consideration weight of the organs.

Isolation of T lymphocytes, enumeration of cell surface and intracellular expression 

Mice were aerosol challenged with Mtb. After 21d, experimental groups were administered C4.T4 and controls with PBS twice at an interval of 10d. Forty-five days later, animals were sacrificed. The mice and Guinea pigs were perfused with PBS-heparin and spleen, lymph nodes (mediastinal) and lungs were harvested and then single cell suspensions were made. Briefly, RBCs were removed with ACK (NH4Cl, 0.15M, KHCO3 10mM, EDTA 88mM) lysis buffer, washed 3X with PBS and lymphocytes isolated from spleen and lungs were re-suspended in RPMI-1640-FBS-10%. Cell viability was measured by trypan blue dye exclusion. In vitro experiments were conducted in the presence of purified protein derivative (PPD) to detect intracellular expression of cytokines and frequency of effector/central memory populations in Mtb-specific T cells. 

Histopathology

Mice and Guinea pigs were sacrificed and lung and spleen tissues were fixed in buffered formalin (10%). Histological sections were stained using hematoxylin and eosin. The microscopic photographs were taken using an Olympus IX71 microscope and displayed at 10X and 40X magnifications.

SUPPORTING INFORMATION 
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Suppl. Figure 1. Macrophages stimulated by C4.T4 show a dose-dependent increase in the secretion of IL-6. BMDMs were stimulated with different concentrations of Clec4e (C4) and TLR-4 (T4). After 48h, the SNs were collected and IL-6 was measured following stimulation with [A] C4; [B] T4; or [C] C4.T4. Data are the mean ± SD of four wells and are representative of three independent experiments.
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Suppl. Figure 2. Stimulation with Clec4e and TLR-4 does not affect the viability of Mtb-infected macrophages. BMDMs were infected with Mtb for 4h and stimulated with C4.T4 for 48h. Cells were then stained with annexin V-FITC followed by propidium iodide (PI) staining to check for the viability of cells. The number in the inset indicates the percentage of annexin V and PI positive cells. Data are the mean ± SD of two wells and are representative of two independent experiments.
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Suppl. Figure 3. Expression of Clec4e and TLR-4 on macrophages.  BMDMs were incubated with anti-Clec4e and anti-TLR-4 Abs. Clec4e and TLR-4 expression was confirmed by [A] fluorescent microscopy, [B, C] flow cytometry, [D, E], and RT-qPCR. Data are the mean ± SD of four wells and are representative of three independent experiments. Data were analyzed by an Unpaired Student’s ‘t’ test ***p<0.0004.
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Suppl. Figure 4. Signaling of macrophages through Clec4e and TLR-4 induces activation and maturation. BMDMs were stimulated with Clec4e [C4 (24 µg/ml)] and TLR-4 [T4 (10 ng/ml)] individually or in combination (C4.T4) for 6h. RNA was isolated and [A] Il-6; [B] Il-12 and [C] Il-1β gene expression was confirmed by RT-qPCR. Further, BMDMs infected with Mtb for 4h and treated with C4.T4 were assessed for the expression of [D] CD40; [E] CD86; or [F] MHC-II on F4/80 gated cell populations by flow cytometry. Data represent the mean ± SEM of three wells and are from 2-3 independent experiments. US: unstimulated; C4: Clec4e agonist (TDB); T4: TLR-4 agonist (ultra-pure LPS); UI: uninfected; UT: untreated. Data were analyzed by an Unpaired Student’s ‘t’ test *p≤0.05, **p≤0.01, ***p≤0.001.
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Suppl. Figure 5. Signaling of BMDMs through C4.T4 enhances the phagocytosis of Mtb. BMDMs were stimulated with C4 (24 µg/ml) and T4 (10 ng/ml) for 48h. The cells were infected with GFP-H37Ra and uptake was monitored by confocal microscopy. The z-stack images show the intracellular location of Mtb in macrophages. Data shown are representative of two independent experiments. 
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Suppl. Figure 6. Activation of macrophages through C4.T4 effectively restricts the survival of Mtb. BMDMs were infected with [A] Mtb-H37Ra for 4h or [B] Mycobacterium smegmatis for 3h. Cells were then stimulated with C4.T4 for 48h (H37Ra) and 18h (M. smegmatis). The infected macrophages were lysed and CFUs were enumerated after 21d (H37Ra) or 3d (M. smegmatis). Data are presented as mean ± SEM of four wells and are representative from three independent experiments. Data were analyzed by an Unpaired Student’s ‘t’ test **p≤0.01, ***p≤0.001. 
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Suppl. Figure 7. Treatment with C4.T4 evokes Th1 and Th17 immune responses in Mtb-infected mice.  The diagram shows the gating strategy for figure 4.
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Suppl. Figure 8. Treatment with C4.T4 evokes a Th1 and Th17 immune response in Mtb-infected mice. The top panel shows the gating strategy of CD8 T cells. Mtb-challenged animals were treated with the C4.T4. After 45d, cells were isolated from lungs, in vitro cultured with PPD for 72h and intracellular staining of [A, B] IFN-γ+ or [C, D] IL-17+ was measured in CD8 T cells by flow cytometry. The number in the inset of the flow cytometry dot plots depicts percentage of cells [A, C] and bar diagrams [B, D] illustrate the percentage of activated T cells. Data shown as the mean ± SEM are representative from 3 independent experiments (n=4 mice/group). Data were analyzed by an Unpaired Student’s ‘t’ test *p≤0.05, ***p≤0.001.
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Suppl. Figure 9. Stimulating macrophages with C4.T4 enhances their ability to activate Mtb-specific CD4 T cells. CD4 T cells isolated from the lungs of Mtb-challenged animals were labeled with CFSE-dye. Labeled CD4 T cells were co-cultured with C4.T4 pre-stimulated macrophages for 72h. PPD was added to the co-culture to activate Mtb-specific CD4 T cells. The upper two panels show the gating strategy and isotype control. [A] CD4 T cell proliferation was examined by flow cytometry; [B] expression of CD44hi CD62Lhi (central memory phenotype) was assessed on CD4 gated T cells by flow cytometry. Data in the inset illustrate the percentage of cells. Data shown as mean ± SD are representative of 2 independent experiments. 
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Suppl. Figure 10. Signaling of macrophages through C4.T4 generates enduring memory CD4 T cells. Mice were challenged with Mtb and treated with C4.T4. The control group was administered PBS (placebo). After 45d, cells were isolated from the lungs and analyzed for the expression of markers of central memory (CD4+/CD44hi/CD62Lhi) and effector memory (CD4+/CD44hi/CD62Llow); CD4+/CD127hi; CD4+/CD44+/CCR7hi by flow cytometry. The diagram shows the gating strategy for figure 5.
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Suppl. Figure 11. C4.T4 induces autophagy and restricts Mtb growth in murine and human macrophages. BMDMs were infected with [A] H37Rv or [B] H37Ra for 4h, then stimulated with C4.T4 for 4h. The conversion of LC3-I to LC3-II was checked by Western blotting. The over expression of LC3-II was confirmed after C4.T4+rapamycin (1µM) treatment. Data depicted are representative of 3 independent experiments. [C] THP-1 macrophages were infected with H37Rv for 4h, treated with 3MA (10mM) for 1h, and then stimulated with C4.T4 agonists for 48h. Infected cells were lysed and CFUs were enumerated after 21d. Data represent the mean ± SEM of four wells and are from 2 independent experiments. UI: uninfected; UT: untreated; 3MA: 3-methyladenine; ns: non-significant. Data were analyzed by one-way ANOVA repeated measure ****p≤0.0001. 
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Suppl. Figure 12. C4.T4 stimulation induces autophagosome and lysosome formation in macrophages. The diagram shows the gating strategy for figure 9.
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Suppl. Figure 13. Clec4e and TLR-4 signaling induces macrophage survival. [A] Bone BMDMs were infected with H37Rv for 4h and cultured with C4.T4 for 20 min. Cell lysates were prepared and Western blotting was completed to monitor the expression of STAT-6. The densitometry data represent fold change. The ratio for untreated cells is considered to be 1. LPS was used as a positive control. [B-D] BMDMs were infected with H37Rv for 4h, then stimulated with C4.T4 for 48h. Cells were stained for expression of [B] Fas; [C] TIM-3; and [D] PD-L1. Data depicted are representative of 2 independent experiments. *p≤0.05, **p≤0.01.
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Suppl. Figure 14. Signaling through C4.T4 in Mtb-infected macrophages increases the expression of iNOS. BMDMs were infected with H37Rv and stimulated with the C4.T4 for 16h. The cells were lysed by cytosolic extraction buffer and the expression of [A] iNOS was demonstrated by Western blotting. [B] Infected BMDMs were treated with an iNOS inhibitor (N-monomethyl-L-arginine) for 1h and the secretion of NO was monitored by Griess method. [C] Secretion of NO was measured in the supernatant where the Mtb-challenged, C4.T4 treated lung cells were cultured in vitro in the presence of PPD; [D] quantification of Inos gene in the lungs of Mtb challenged and C4.T4 treated mice by RT-qPCR. Data depicted are representative of 3 independent experiments. UI: uninfected; UT: untreated; C4: Clec4e agonist (TDB); T4: TLR-4 agonist (ultra-pure LPS); Normal: animals not exposed to Mtb.  ns: non-significant. Data were analyzed by one-way ANOVA repeated measure *p≤0.05, **p≤0.01, ***p≤0.001.
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Fwd 5'-AGAGGGAAATCGTGCGTGAC-3"

Rev 5'-CAATAGTGATGACCTGGCCGT-3*

Fwd 5- CAACCAACAAGTGATATTCTCCATG-3'
Rev 5°- GATCCACACTCTCCAGCTGCA-3’
Fwd 5'- ACAGGAGAAGGGACGCCAT-3"

Rev 5'- GAAGCCCTACAGACGAGCTC-3"

Fwd 5'-GAGGATACCACTCCCAACAGACC-3
Rev 5'-AAGTGCATCATCATCGTTGTTCATACA-3’
Fwd 5'-GGAAGCACGGCAGCAGCAGAATA-3’
Rev 5'-AACTTGAGGGAGAAGTAGGAATGG-3’
Fwd 5'-GGTTGCCAAGCCTTATCGGA-3’

Rev 5'-ACCTGCTCCACTGCCTTTGCT-3’

Fwd 5'-AACGGAGAACGTTGGATTTG-3°

Rev 5'-CAGCACAAGGGGTTTTCTT-3"

Fwd 5'-TGCTCTGGCCAATAAGATGGGTCT-3"
Rev 5'-GGAAAGCCACCATTGCATGGTCAA-3’
Fwd 5- GAGGGTGACTGGACCTACGG-3"
Rev 5'-CCTTCAACCAAAGCCAAACCG-3’
Fwd 5'-TCCCATGCCTCCTTTCTGGTTCTT-3'
Rev 5'-AGCCCACAGATGGAGTAGCAGTTT-3’
Fwd 5'-CCGCAGCCCTTGAGCTCGAG-3’

Rev 5'-GGGTGCTGGTCGCGGATCTG-3°

Fwd 5'-GGACCCATCTACAGAGGCTG-3’

Rev 5'-ATCACAATGGTGGAGGGTGC-3’

Fwd 5'-GCAGCAGGCCTTGCACAT-3*

Rev 5'-AATTGTGAGGCTGGGGTCAG-3*

Fwd 5'-TGGAGGCTACAATAAACCAGC-3’
Rev 5'-AGGGATGCCTGGAGAGTCT-3’

Fwd 5'-TGCTACAGTGAGGCATCAGG-3*

Rev 5'-GGTTTTGTGCGAAAAAGGAA-3’

Fwd 5'-ACCTGGCTGGTTTACACGTC-3’

Rev 5'-CTGCCAGAGACATTGCAGAA-3’




Suppl. Figure 15. The primer sequences of autophagy related genes.
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