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Abstract

Project Code: MRG5480181

Project Title: Variation in autophagic control to different genotypic families of Mycobacterium
tuberculosis in host macrophages.

Investigator: Assist. Prof. Marisa Ponpuak, Mahidol University

E-mail Address: marisa.pon@mahidol.ac.th

Project Period: 2 years with extension

Project Aims: As autophagy has been demonstrated as a key pathway in innate immune
defense to restrict Mycobacterium tuberculosis growth inside host macrophages. Induction of
autophagy has been shown to promote mycobacterial phagosome acidification and acquisition
of lysosomal hydrolases resulting in the elimination of intracellular M. tuberculosis reference
strains such as H37Rv and the vaccine strain BCG. However, the role of autophagy against M.
tuberculosis clinical strains such as those belong to the Beijing genotype found to be hyper-
virulent as demonstrated by their higher ability to survive in host macrophages, to cause higher
bacterial load and mortality in animal models, and to cause heavy AFB smear-positive sputum
in patients has never been examined. Therefore, we sought out to determine whether there is
an alteration in autophagic control against strains of the Beijing genotype which may explain the
hyper-virulence possessed by this family.

Methods: Here, we obtained M. tuberculosis clinical strains belonging to the Beijing genotype
associated with hyper-virulence prevalent in Thailand and East Asia regions and the East
African Indian genotype associated with low-virulence. We then compared the autophagic
restriction by host macrophages against these strains comparing to that of the laboratory M.
tuberculosis reference strain H37Rv. We then characterized the underlying autophagy resistant

mechanism utilized by the Beijing strains.



Results: Our results showed that the Beijing strains display greater ability to resist autophagic
killing as compared to that of the reference strain H37Rv and a strain belonging to the East
African Indian genotype. In addition, we revealed a possible underlying mechanism in which the
resistance of the Beijing strains to autophagic restriction is not simply achieved by blocking
autophagy-mediated acidification of their phagosomes or by inhibiting the autophagic flux in
host cells but achieved by preventing autophagolysosome biogenesis as demonstrated by their
ability to inhibit the increased acquisition of cathepsin D, an enzyme of lysosomal acid
hydrolases and a marker of lysosome, into mycobacterial compartments upon autophagy

induction.

Conclusions: In this study, we discovered a previously unrecognized ability of the M.
tuberculosis Beijing strains to evade host autophagy. In addition, we have characterized the
associated underlying mechanism in which the Beijing strains can inhibit autophagolysosome
biogenesis upon autophagy induction. Our work may have important implications for

tuberculosis treatment especially in regions prevalent by the Beijing genotype.

Discussions and Future Directions: Our study showed that the M. tuberculosis Beijing strains
possess the ability to resist autophagic elimination by host macrophages. Interestingly, H. pylori
was also shown to evade autophagic killing by inhibiting autophagolysosome biogenesis in
which the bacteria can do so through the use of the H. pylori vacuolating toxin (VacA). Whether
M. tuberculosis Beijing strains possess similar or equivalent toxin/protein is not known. As a
recent whole-genome sequencing of strains belonging to the M. tuberculosis Beijing family has
been conducted, mining and comparing sequencing data between Beijing and non-Beijing
strains may give insight into potential candidate genes that may play a role in the autophagic
evasion. Their subsequent characterization will also provide a novel drug target. This is utmost
important as it was recently reported that two of the first-line tuberculosis drugs, isoniazid and
pyrazinamide, require autophagy pathway for their actions and thus the Beijing strains may

have greater ability to resist these first-line tuberculosis treatment.
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