This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed

=1 in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

SAND2019- 1653C |

Sandia National Laboratories

Potential for Synergistic Effect of Proprietary Autophagy Inducing Molecules in the
Treatment of Tuberculosis

Danae Maes!’, Meghan Barnhart-Dailey?, Stephen M. Anthony?, Bryan D. Carson?, Steven Bradfute?, lan M. Henderson3, Mary J. Ortner3, and Jerilyn A. Timlin!

1-Sandia National Laboratories*, Bioenergy and Defense Technologies, Albuquerque, NM; 2-Center for Global Health, Department of Internal Medicine, University of New Mexico, Albuguerque, NM
3-Biophagy, Inc., Albuquerque, NM

Introduction / Motivation Approach
. Our goal is to demonstrate autophagy stimulation as a useful adjunct to antibiotic Con.focal fluorescence |mag|ng and a Hela cell line engineered to expr.ess an autoph.agy marker was utilized to quan.tlfy the
 Previous studies!!) have displayed autophagy as having potential for therapeutic host- drug and a TB antibiotic in RAW 264.7 cells infected with M. bovis, a TB surrogate.
targeted control of mycobacterial infections through autolysosomal killing. This would
limit the generation of antimicrobial peptides and potentially dangerous inflammation. . . . . N TS T . . . .\
5 oy P y dans Measuring Autophagy Induction in Single Cells Single-Cell Analysis of Autophagy Stimulating Drugs

* This study focuses on single cell quantification of the area, intensity and number of _ _
GFP/RFP puncta per individual cell. Previous studies have quantified the entire image * Hela RGL1 cells were cultured in DMEM-10 with 500 ug/ml

where high background intensity hinders the accuracy and cell-to-cell differences are G418 antibiotic at 37°C and 5% CO,. Step 1: Merge and Flatten Tiffs
undetectable. e Autophagy stimulating drug (2uM of niclosamide, rapamycin,

(1 Bradfute, S. B., et al. (2013). "Autophagy as an immune effector against tuberculosis." Current Opinion in Microbiology 16(3): 355-365. .
- g p ! flubendazol, bromhexine HCl or 15uM 104 and 105) was

added, incubated 4 hrs.
* Images were collected at 4-6 hours post addition of drug using

In-house written software to merge and flatten the
14-stack tiffs to easily identify cells in the image.
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We have used an engineered Hela
DsRed-LC3-GFP autophagy reporter SRR ARARASSSRsnones PESSIESEN. -_Mx””’"‘""'-:‘:A”‘l“iﬂ‘
cell line to quantify drug-induced e
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i i > Lysosome fusion : " . .
ooroceee (fl:lrjl(a:tr:fg)z9 (@ U;) it O A inverked tiuorescancs microscope (Leica DIMIS DLS ). Step 2: Segment Image to Identify Individual
A DsRed-L.og-Gz reporter Phagoph orel . E\ il > and degradation ] ] ] CEMS
| Mg / Testing Efflcacy usinga TB Surrogate Utilize in-house written software, CellFinder, to
Phosphatidy! ol RFp::(;;p::ch — * RAW 264.7 (mouse macrophage) cells were infected with M. bovis at identify the outline of individual cells in the images. GFP and RFP Stack Merged File in
- RN recrltment ~MOI10 for 1 hour at 37° C and 5% CO,. ZLi
W—— e w . o et . ?uM/ 15uM of autophagy stimulating drug and/or antibiotics was added, Sten 3 Idents ) )
i o ncubated 4 his. p 3: Identify and Quantify Puncta in
increase in REP withaconcurrent e » Cells were lysed using 0.1% Triton X-100 and mycobacterium collected Both GFP and RFP Channels
decrease in GFP peprivaton el Tareeabl ablly o tuman MilanamaCale o an . Cancer G103 (018): 3.3, et from the lysate using centrifugation. In-house written software, BatchBiophagyCell,

e M. bovis was washed, diluted, and plated onto Middlebrook 7H9 agar guantifies the number, intensity, and area of the
plates. puncta in each channel.
Results . eolon S
Colonies were allowed to grow at 37°C for 10-14 days.

* CFU count was used to determine the efficacy of the drug/antibiotic * Goal: Identify number, area, and intensity of RFP and GFP puncta in individual cells
combination.

Autophagy Induction in Single Cells

4hr. Drug Treatment * Previous studies!!] have measured autophagy induction by taking the average
Average Puncta Intensity Ratio Average Puncta Area Ratio 7 |n.ten5|.ty over. an entire mage. The background intensity from-multlple cellsis a
80- . | 0 - P<0.0001 GFP RFP Merge Zoom hindering variable producing less accuracy. 14 cell-based metrics were calculated
P<0.05 ’ and 2 shown here to compare autophagy:
60 U y oRFP:GFP average puncta intensity ratio
3 . P<D05 $s & o oRFP:GFP average puncta area ratio
% 40 . {.:; | = = i F s EE Llc]nf:qauunr:i:tisc;::.;I(.jgzif)ll()%)lg::;ﬂzcﬁumtis;agzsgreen identifies novel target processes for activation of autophagy with a broad translational potential. Nature
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i Efficacy in a TB Surrogate
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Single-cellanalysis-was-completed-on-a-14-slice-confocal'stack,-where-each-drug
condition has >250 cells. Statistical significance was determined by Mann-Whitney
test followed by a Dunn’s multiple comparison test to compare conditions to DMSO.

Figure 1: Top three metrics of approved drugs to determine efficiency of
autophagy induction based upon single cell confocal fluorescence microscopy.

Fig. 2. RAW 264.7 infected with M. bovis to determine killing synergy based upon a multi-modal drug combination.

Percent survival of M. bovis in each replication. In replication 1, both niclosamide and bromhexine displayed >100% survival which
could be attributed to M. bovis aggerates that form resulting in an uneven distribution in the CFU assay. In replication 1, Rapamycin
was uncountable due to contamination. 104 and 105 autophagy drugs were completed in a separate experiment.

1) Build on this model to characterize a set of new, proprietary antibiotics and
autophagy stimulants. We will look at: p: |

e Autophagy stimulation efficacy

* Antibiotic potency vs. isoniazid
* Potential synergy of autophagy stimulants with isoniazid or the new antibiotics

Overall Conclusions
e 2uM niclosamide and 15uM 105 in combination with 0.4ug/mL isoniazid was the most effective
followed by flubendazol, bromhexine, rapamycin, and 104 in combination with isoniazid in
enhanced killing of M. bouvis.

Rapamycin

2) Identify potential drug binding sites and interactions within a human cell line. L * 2uM niclosamide and 15uM 104 was the most effective at inducing autophagy based upon
| i — - RFP:GFP ratio of average puncta area ratio and average puncta intensity. Followed by
o/ -~ r' 1 Purelnfo bromhexine, flubendazole, 105, and rapamycin.
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