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Editorial on the Research Topic
Host immune evasion by Mycobacterium tuberculosis: Current updates

Mpycobacterium tuberculosis (M. tb) can become a long-term infection by evading the
host’s immune response. Virulent mycobacterial strains employ various strategies to
hijack the host’s immune systems in favor of persistent infection and disease progression.
Although the immune evasion mechanisms identified so far are already numerous, they
most likely represent only the tip of the iceberg. Identifying fundamental pathogen
virulence regulators and investigating the underlying immune mechanisms remain
critical in the quest for more effective vaccines and therapeutic targets.

Ubiquitin (Ub) targeting intracellular bacteria is a crucial innate immune mechanism
in mammalian cells against intracellular pathogens. Herpesvirus-associated ubiquitin-
specific protease (HAUSP USP7) is a deubiquitinase (DUB) that mediates the expression
and function of proteins regulating cellular processes and modulating their state of
ubiquitination (1, 2). Kim et al., 2022, now add this protease to the list of proteins
exploited by M. tb to avoid host immune responses.

M. tb possesses a unique family of proteins, named PE_PGRS. Recently, an increasing
number of reports have shown that the mycobacterial PE_PGRS proteins play critical
roles in bacterial pathogenesis and immune evasion (3). PE_PGRS38, encoded by
Rv2162c in pathogenic mycobacterial species (4), is identified as a potential target for
the second-line anti-TB drug, Capreomycin (5). Kim et al., 2022, found that PE_PGRS38
binds to HAUSP and thereby regulates the activity of various proteins through
modulation of their state of ubiquitination. The overall downstream effect of
PE_PGRS38 interaction with HAUSP increased intracellular survival of the bacteria
and downregulated inflammatory cytokine levels.

TNF Receptor Associated Factor 6 (TRAF6) is an intermediate protein in
inflammatory-related signaling pathways and the regulation of its cytosolic level is
crucial in maintaining cellular homeostasis (6-8). Mycobacterial antigens have been
reported to interact with TRAF6 and thus regulate inflammation in the host. HAUSP is a
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positive regulator of TRAF6 in macrophages, allowing increased
stability following lipopolysaccharide treatment. On the other
hand, the interaction between HAUSP and PE_PGRS38
promotes the degradation of TRAF6 by inducing
ubiquitination, which results in alterations in cytokine levels
and increased bacterial persistence as a downstream effect (Kim
et al,, 2022). Taken together, PE_PGRS38 could be a potential
virulence factor for M. tb involved in modulating cytokine
production by directly binding to HAUSP via regulation
of TRAFe.

A complex cell-wall structure acts as a natural barrier between
the slow-growing mycobacterium species and the uptake of
antibiotics. The highly branched arabinogalactan (AG), and the
characteristic long-chain mycolic acid, forms the mycobacterial
cell-wall core (9). EmbA and EmbB are among the key genes
involved in AG synthesis (10). The EmbA-EmbB-AcpM2
complex is the target for the anti-TB drug, ethambutol, where
over-expression of embA and embB is associated with high-level
ethambutol resistance (11-14). Li et al., 2022 showed a reduced
level of ethambutol resistance in the EmbA-KD strain, which
causes early clearance of M. marinum by the host innate
immunity through reprogramming of the oxidative metabolism
of macrophages, suggesting potential targets for anti-TB
immune intervention.

Foamy macrophages are associated with chronic
inflammation in metabolic, infectious, or autoimmune diseases.
M. tb-infected foamy macrophages (FMs) represent a hallmark of
TB lesions and are characterized by bubble-like lipid bodies in
their cytoplasm (15) with morphologic and functional alterations
including reduced phagocytic and antimicrobial activity (16). FMs
play an important role in the development of active TB diseases
and infection dissemination. This is governed via modulating
nuclear transcription receptors including the lipid-activated
nuclear receptor, such as peroxisome proliferator-activated
receptor gamma (PPARgamma) as well as membrane receptors
such as CD36, SR-A1, and ABCGl, via enhanced lipid intake and
cholesterol efflux (17).

The relative lipid composition of FMs differ in disease
contexts, which could be attributed to the expression and
function of PPARgamma by regulating intake/efflux. In
silicosis, PPARgamma antagonist GW9662 treatment
downregulated CD36 expression and inhibited FM formation
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A study by Ye et al, 2022, investigated the molecular
mechanisms involved and the role of PPARgamma activation
on the expression of lipid metabolism-related molecules. The
results showed that reduced PPARgamma expression was
accompanied by increased FM formation. Using THP-1 cells,
the authors provided evidence that PPARgamma plays an
important role in regulating lipid metabolism in TB-related
FM formation.

Together, the studies included in this thematic ‘Research
Topic’ suggest fundamental mechanisms for how mycobacterial
virulence factors circumvent various aspects of the host immune
function to promote M. tb pathogenesis. These molecular
pathways may represent novel or improved targets for
vaccines and/or anti-TB drugs.

Author contributions

MH designed and prepared the original editorial draft. AM
and AS revised the manuscript. All authors contributed to the
article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

3. De Maio F, Berisio R, Manganelli R, Delogu G. PE_PGRS proteins of mycobacterium
tuberculosis: A specialized molecular task force at the forefront of host-pathogen
interaction. Virulence (2020) 11(1):898-915. doi: 10.1080/21505594.2020.1785815

4. Tian C, Jian-Ping X. Roles of PE_PGRS family in mycobacterium
tuberculosis pathogenesis and novel measures against tuberculosis. Microbial
pathogenesis (2010) 49(6):311-4. doi: 10.1016/j.micpath.2010.07.004

frontiersin.org


https://doi.org/10.3389/fimmu.2022.862628
https://doi.org/10.3389/fimmu.2022.862628
https://doi.org/10.3389/fimmu.2022.879775
https://doi.org/10.3389/fmicb.2022.829870
https://doi.org/10.1038/s41392-018-0012-y
https://doi.org/10.2174/1573406413666171020115539
https://doi.org/10.1080/21505594.2020.1785815
https://doi.org/10.1016/j.micpath.2010.07.004
https://doi.org/10.3389/fimmu.2022.1102415
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Habtamu et al.

5. ZhengF, Xie J. The interaction topology of mycobacterium tuberculosis genes
response to capreomycin and novel clues for more drug targets. J Cell Biochem
(2011) 112(10):2716-20. doi: 10.1002/jcb.23232

6. Walsh MC, Lee ], Choi Y. Tumor necrosis factor receptor-associated factor 6
(TRAF 6) regulation of development, function, and homeostasis of the immune
system. Immunol Rev (2015) 266(1):72-92. doi: 10.1111/imr.12302

7. Li ], Liu N, Tang L, Yan B, Chen X, Zhang J, et al. The relationship between
TRAF6 and tumors. Cancer Cell Int (2020) 20(1):1-12. doi: 10.1186/s12935-020-01517-z

8. Yamamoto M, Gohda J, Akiyama T, Inoue J-I. TNF receptor-associated
factor 6 (TRAF6) plays crucial roles in multiple biological systems through
polyubiquitination-mediated NF-xB activation. Proc Japan Academy Ser B
(2021) 97(4):145-60. doi: 10.2183/pjab.97.009

9. Abrahams KA, Besra GS. Mycobacterial cell wall biosynthesis: a multifaceted
antibiotic target.. (2016), 145 116-133. doi: 10.1017/S0031182016002377

10. Palcekova Z, Angala SK, Belardinelli JM, Eskandarian HA, Joe M, Brunton
R, et al. Disruption of the SucT acyltransferase in mycobacterium smegmatis
abrogates succinylation of cell envelope polysaccharides. J Biol Chem (2019) 294
(26):10325-35. doi: 10.1074/jbc.RA119.008585

11. ZhangL, Zhao Y, Gao Y, Wu L, Gao R, Zhang Q, et al. Structures of cell wall
arabinosyltransferases with the anti-tuberculosis drug ethambutol. Science (2020)
368(6496):1211-9. doi: 10.1126/science.aba9102

12. Xiang X, Gong Z, Deng W, Sun Q, Xie J. Mycobacterial ethambutol
responsive genes and implications in antibiotics resistance. J Drug Targeting
(2021) 29(3):284-93. doi: 10.1080/1061186X.2020.1853733

Frontiers in Immunology

03

10.3389/fimmu.2022.1102415

13. Zhang L, Zhao Y, Gao R, Li ], Yang X, Gao Y, et al. Cryo-EM snapshots of
mycobacterial arabinosyltransferase complex EmbB2-AcpM2. Protein Cell (2020)
11(7):505-17. doi: 10.1007/s13238-020-00726-6

14. Belanger A, Besra G, Ford M, Mikusova K, Belisle JT, Brennan PJ. Inamine
JM the embAB genes of mycobacterium avium encode an arabinosyl transferase
involved in cell wall arabinan biosynthesis that is the target for the
antimycobacterial drug ethambutol. Proc Natl Acad Sci USA (1996) 93
(21):11919-24. doi: 10.1073/pnas.93.21.11919

15. Shim D, Kim H, Shin SJ. Mycobacterium tuberculosis infection-driven
foamy macrophages and their implications in tuberculosis control as targets for
host-directed therapy. Front Immunol (2020) 11:910. doi: 10.3389/
fimmu.2020.00910

16. Agarwal P, Combes TW, Shojaee-Moradie F, Fielding B, Gordon S, Mizrahi
V, et al. Foam cells control mycobacterium tuberculosis infection. Front Microbiol
(2020) 11:1394. doi: 10.3389/fmicb.2020.01394

17. Wager CML, Arnett E, Schlesinger LS. Mycobacterium tuberculosis and
macrophage nuclear receptors: What we do and don’t know. Tuberculosis (2019)
116:598-S106. doi: 10.1016/j.tube.2019.04.016

18. Hou X, Summer R, Chen Z, Tian Y, Ma J, Cui J, et al. Lipid uptake by
alveolar macrophages drives fibrotic responses to silica dust. Sci Rep (2019) 9(1):1—
13. doi: 10.1038/s41598-018-36875-2

19. Malur A, Baker AD, Mccoy AJ, Wells G, Barna BP, Kavuru MS, et al.
Restoration of PPARY reverses lipid accumulation in alveolar macrophages of GM-
CSF knockout mice. Am ] Physiology-Lung Cell Mol Physiol (2011) 300(1):L73-80.
doi: 10.1152/ajplung.00128.2010

frontiersin.org


https://doi.org/10.1002/jcb.23232
https://doi.org/10.1111/imr.12302
https://doi.org/10.1186/s12935-020-01517-z
https://doi.org/10.2183/pjab.97.009
https://doi.org/10.1017/S0031182016002377
https://doi.org/10.1074/jbc.RA119.008585
https://doi.org/10.1126/science.aba9102
https://doi.org/10.1080/1061186X.2020.1853733
https://doi.org/10.1007/s13238-020-00726-6
https://doi.org/10.1073/pnas.93.21.11919
https://doi.org/10.3389/fimmu.2020.00910
https://doi.org/10.3389/fimmu.2020.00910
https://doi.org/10.3389/fmicb.2020.01394
https://doi.org/10.1016/j.tube.2019.04.016
https://doi.org/10.1038/s41598-018-36875-2
https://doi.org/10.1152/ajplung.00128.2010
https://doi.org/10.3389/fimmu.2022.1102415
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Host immune evasion by Mycobacterium tuberculosis: Current updates
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


