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Editorial on the Research Topic

Pathogens, Pathobionts, and Autoimmunity

In this Research Topic on Pathogens, Pathobionts and Autoimmunity, we explore how viruses,
bacteria, and commensals can contribute to autoimmunity. The articles presented are either reviews
of the literature or original data on mechanisms by which pathogens and pathobionts may trigger
autoimmune disease. Several articles are devoted to viruses that have previously been associated
with autoimmunity. In particular, Epstein Barr virus (EBV) has frequently been implicated in a
number of autoimmune diseases and several mechanisms have been identified. These are discussed
in the two reviews by Houen et al. (Houen and Trier; Houen et al.) and by Jog and James and in
original research articles by Munroe et al. and Farina et al. In their review entitled “Epstein-Barr
Virus and Systemic Autoimmune Diseases”, Houen and Trier offer possible mechanistic
explanations for how EBV can trigger diverse disease manifestations in different individuals.
They suggest that this may be influenced by the predominant cell types that are infected with EBV in
different individuals, such as memory B cells or epithelial cells. In their review on “Epstein-Barr
virus and Multiple Sclerosis”, Houen et al. focus on recent studies suggesting that EBV-transformed
B cells that enter the central nervous system are direct participants in Multiple Sclerosis (MS)
pathogenesis and that monoclonal antibody therapy targeting CD20-positive memory B cells is an
effective treatment for patients with relapsing remitting MS and with primary progressive MS.

In their review on “Epstein Barr Virus and Autoimmune Responses in Systemic Lupus
Erythematosus”, Jog and James discuss several mechanisms by which EBV can contribute to
systemic lupus erythematosus (SLE), including molecular mimicry, dysregulated anti-EBV T cell
responses, single nucleotide polymorphisms in the CD40, IL10, and CTLA4 genes associated with
SLE that also facilitate EBV re-activation, and recently identified SLE risk alleles known to bind
strongly to the EBV EBNA-2 protein (1-7). In addition, they describe how EBV viral proteins, such
as viral IL-10 (vIL-10) and latent membrane protein 1 (LMP-1), which are homologues of human
proteins that alter immune responses, can potentially lead to SLE and how noncoding EBV viral
RNAs can lead to activation of IFN-q, a pro-inflammatory cytokine associated with SLE (8, 9).
Finally, they summarize several animal models including humanized mice, that are currently being
used to study the role of EBV in autoimmunity.

In a primary article in this Research Topic, Munroe et al. examine the role of EBV LMP1 in SLE.
LMP1 is a functional mimic of CD40 that can activate B cells. Mice transgenic for a mCD40-LMP1
hybrid molecule have splenomegaly, lymphadenopathy, an expanded population of immature/
activated B-lymphocytes and slightly elevated levels of autoantibodies (10). It has previously been
shown that mice injected with EBV nuclear antigen 1 (EBNA-1) develop antibodies that cross-react
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with the ribonucleoprotein, Sm B due to molecular mimicry of a
peptide in EBNA-1 that is highly homologous to a peptide in Sm
B (11, 12). In the current study, Munroe et al. demonstrate that
lymphocytes from mCD40-LMP1 mice injected with EBNA-1
develop significantly greater cellular and humoral immune
responses to EBNA-1 and to Sm B than lymphocytes from
wild type mice and have elevated ANAs and anti-dsDNA
antibodies due to epitope spreading to DNA protein
complexes. This suggests that EBV can accelerate
autoimmunity in SLE by providing a combination of signals;
one that leads to immune dysregulation and another that elicits a
cross-reactive autoimmune response.

EBV is also associated with systemic sclerosis (SSc, scleroderma)
pathogenesis. In their primary research article, Farina et al. (https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC8089375/) demonstrate
that EBV can indirectly infect endothelial cells (ECs) using
monocytes bound to EBV as a shuttle. They previously
demonstrated that monocytes from SSc patients carry EBV and
that these monocytes can adhere to the endothelium (13). In the
current report, they show that once in ECs, EBV can activate TLR9
and INF-o.inducible genes and trigger an innate, pro-inflammatory
response that can lead to vascular damage, seen in the early stages of
SSc. Understanding the role of EBV in vascular injury in SSc, may
lead to therapeutic strategies aimed at preventing viral infection.

In addition to EBV, other viruses have also been associated with
autoimmunity. In an extensive review in this Research Topic,
Mustelin and Ukadike discuss various mechanisms by which
retroviruses and retrotransposons in our genome can contribute
to rheumatological autoimmune diseases. A large part of the human
genome consists of retroviral sequences or retrotransposons that
have been reverse transcribed and integrated into our genome (14).
Mustelin and Ukadike cite studies demonstrating that the
expression of certain human endogenous retroviral RNAs
(HERV-K and HERV-E) and retroviral proteins are increased in
SLE and RA patients. These retroviral proteins are believed to elicit
autoantibodies. Mustelin and Ukadike also describe studies
demonstrating how elevated levels of retrotransposon RNA
transcripts such as long interspersed nuclear elements (L1) in SLE
patients, can bind the ribonucleoproteins Ro60 and La as well as the
viral ORFlp protein to form complexes which can serve as target
autoantigens in SLE. In addition, they review how these endogenous
viruses can interact with RNA and DNA sensors to elicit the
production of IFN-o and thereby promote SLE pathogenesis.
Therapeutic strategies that target IFN-q, including the recently
FDA-approved anifrolimumab, or that inhibit reverse
transcriptase or DNA and RNA sensors, are also discussed.

Many bacteria have also been linked to autoimmune diseases
especially those that populate the gut microbiome. Alterations in the
types and concentrations of bacteria that normally inhabit the gut
microbiome and changes in the environment in the gut have been
observed to contribute to autoimmunity. In their review article, Wu
et al. discuss how microbial dysbiosis in the gut and disturbances in
several pathways that affect the interaction of gut microbes with the
host, may play a role in disease pathogenesis in SLE, inflammatory
bowel disease (IBD), rheumatoid arthritis (RA), MS, and type I
diabetes (https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC7786055/). They note how a reduction in anti-inflammatory

microbes within the Lachnospiraceae family and an increase in pro-
inflammatory microbes such as Ruminococcus gnavus (that has been
reassigned to the genus Blautia) are observed in a subset of patients
with IBD, and have been linked to lupus nephritis pathogenesis (15).
They also review studies demonstrating how molecular mimicry
may be the mechanism by which the gut microbiota is linked to SLE.
They describe how autoantibodies and autoreactive T cells specific
for Ro60 may arise due to cross-reactivity with a Ro60 ortholog
protein produced by gut commensals and how autoantibodies to
lipoglycans in Ruminococcus gnavus are linked to the generation of
anti-dsDNA autoantibodies (15).

In a primary research report, Bagavant et al. (https://pubmed.
ncbi.nlm.nih.gov/34122404/), investigate a link between
Enterococcus gallinarum, a gram-positive bacteria found in the
gut, and SLE. They observe that SLE patients with antibodies to
Ribosomal P (three phosphorylated proteins on the 60s subunit
of ribosomes) have higher titers of IgG antibodies to E.
gallinarum than healthy individuals. They also observe higher
titers of serum IgG antibodies to E. gallinarum in SLE patients
with antibodies to dsDNA, Sm, and RNA. They suggest that E.
gallinarum may influence the subset of autoantigens targeted in
lupus patients and infer that molecular mimicry may play a role.

Disruption of the intestinal barrier plays a role in inflammatory
autoimmune responses as it allows bacteria to translocate into sites
outside the gut that they don’t normally inhabit. In one of two
primary research reports in this Research Topic by Zhang et al.
they demonstrate that intestinal barrier disruption and
translocation of bacteria into the liver can trigger autoimmune
hepatitis (AIH). They also show that liver macrophages activated
by receptor interacting protein 3 (RIP3), a regulator of necrosis/
necroptosis, can contribute to the liver damage observed in AIH by
their secretion of pro-inflammatory cytokines. Furthermore, they
demonstrate that antibiotic treatment can inhibit RIP3
accumulation and activation of liver macrophages, thereby
ameliorating disease. This supports their hypothesis that
microbiota play a role in AIH and suggests that RIP3 can be a
potential therapeutic target in this autoimmune disease. In their
second report in this Research Topic, Zhang et al. examine the role
of the commensal gut bacterium Bifidobacterium animalis (B420)
that is found in probiotics, in the treatment of experimental
autoimmune hepatitis in mice (EAH). They observe pathobiont
dysbiosis in EAH mice with a reduction in fecal anerobes and an
expansion in potentially pathogenic bacteria such as Bacteroides
and Ruminococcus. They also observe that certain short chain fatty
acids (SCFAs) such as butyric acids are decreased in AIH patients
and EAH mice and that RIP3 is increased. They now demonstrate
that B420 treatment can improve the intestinal barrier, increase the
level of butyric acids and lower the levels of RIP3, all of which have
protective effects. These results reveal that B420 can ameliorate liver
damage in EAH mice and suggest that modulation of the gut
microbiota with probiotics has potential in the treatment of ATH.

Finally, an original and a review article in this Research Topic
examines the role of the gut microbiome in ankylosing
spondyloarthropathies. There is much overlap between
spondyloarthropathies and gut inflammation, and many patients
with a spondyloarthropathy also have gut inflammation, while some
patients with IBD have spondyloarthritis (SpA) (16). Therefore, the
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pathogenesis of these inflammatory diseases may be intertwined.
Using metabolomics and metagenomics, Berlinberg et al. address the
influence of gut dysbiosis on tryptophan metabolism and the
relevance for SpA pathogenesis. They observe that there is an
expansion in certain tryptophan metabolites such as indole-3-
acetate (IAA) and indole-3-acetaldehyde (I3Ald) in individuals
with SpA, irrespective of whether they also have associated
Crohn’s disease (CD), suggesting that the presence of these
metabolites is specific to SpA. They also observe that the gut
communities of SpA patients commonly have increases in the
representation of microbial genes involved in tryptophan
metabolism, whereas in healthy individuals there is instead an
elevation in genes involved in tryptophan synthesis. The authors
suggest that the influence of the overall composition of the gut
microbiota communities may be more important in the alteration in
tryptophan metabolism leading to SpA than individual bacterial
species. This hypothesis is supported by Gill and Rosenbaum in their
review on “Putative pathobionts in HLA-B27-associated
spondyloarthropathy” https://www.ncbinlm.nih.gov/pmc/articles/
PMC7848169/. They discuss various bacterial, fungal, and viral
pathobionts that are associated with HLA-B27 SpAs and
overlapping inflammatory diseases of the gut. They observe that
different microbes are associated with SpA and CD in different
individuals and that there doesn’t appear to be one consensus
microbe. They conclude that the microbiome community and the
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interactions of the gut microbes with one another are what
determines whether HLA-B27 individuals will develop
inflammatory autoimmunity and that this is influenced by the
genetics of the individual and the environment.

In summary, this Research Topic elucidates many different
ways that viral pathogens and gut pathobionts can contribute to
autoimmunity. Each of these mechanisms may offer individual
pathways that can be targeted by therapeutic strategies.

AUTHOR CONTRIBUTIONS

There are 3 editors for this Research Topic. Each of the authors
contributed equally in inviting contributors for this edition and in
reviewing articles submitted for this edition. LAS wrote the editorial
with assistance from her co-editors GJS and JAJ. All authors
contributed to the article and approved the submitted version.

FUNDING

LAS is supported by a grant from the Global Autoimmune Institute
(GAI). GJS is supported by NIH grants, P50 AR070591-01A1, RO1
AI143313-01U, ROl LMO012517, and a grant from the Lupus
Research Alliance. JAJ is supported by NIH grants
U54GM104938, UM1144292, and P30AR073750.

11. James JA, Scofield RH, Harley JB. Lupus Humoral Autoimmunity After Short
Peptide Immunization. Ann NY Acad Sci (1997b) 815:124-7. doi: 10.1111/
j.1749-6632.1997.tb52054.x

12. Poole BD, Gross T, Maier S, Harley JB, James JA. Lupus-Like Autoantibody
Development in Rabbits and Mice After Immunization With EBNA-1
Fragments. ] Autoimmun (2008) 31:362-71. doi: 10.1016/j.jaut.2008.08.007

13. Cros J, Cagnard N, Woollard K, Patey N, Zhang SY, Senechal B, et al. Human
CD14dim Monocytes Patrol and Sense Nucleic Acids and Viruses via TLR7 and
TLR8 Receptors. [mmunity (2010) 33(3):375-86. doi: 10.1016/j.immuni.2010.08.012

14. Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC, Baldwin J, et al.
Initial Sequencing and Analysis of the Human Genome. Nature (2001)
409:860-921. doi: 10.1038/35057062

15. Azzouz D, Omarbekova A, Heguy A, Schwudke D, Gisch N, Rovin BH, et al.
Lupus Nephritis is Linked to Disease-Activity Associated Expansions and
Immunity to a Gut Commensal. Ann Rheum Dis (2019) 78(7):947-56.
doi: 10.1136/annrheumdis-2018-214856

16. Mielants H, Veys EM, De Vos M, Cuvelier C, Goemaere S, Clercq LD, et al.
The Evolution of Spondyloarthropathies in Relation to Gut Histology.
J Rheumatol (1995) 22(12):2266-72.

Conlflict 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.

Copyright © 2021 Spatz, Silverman and James. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

September 2021 | Volume 12 | Article 752980


https://doi.org/10.3389/fimmu.2021.587119
https://doi.org/10.3389/fimmu.2020.586494
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7848169/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7848169/
https://doi.org/10.4049/jimmunol.174.11.6599
https://doi.org/10.1038/s41588-018-0102-3
https://doi.org/10.4049/jimmunol.172.2.1287
https://doi.org/10.1371/journal.ppat.1002328
https://doi.org/10.1002/iid3.119
https://doi.org/10.1136/annrheumdis-2019-215361
https://doi.org/10.3389/fimmu.2018.02198
https://doi.org/10.4049/jimmunol.0904065
https://doi.org/10.1038/sj.emboj.7601314
https://doi.org/10.1016/j.immuni.2004.07.008
https://doi.org/10.1111/j.1749-6632.1997.tb52054.x
https://doi.org/10.1111/j.1749-6632.1997.tb52054.x
https://doi.org/10.1016/j.jaut.2008.08.007
https://doi.org/10.1016/j.immuni.2010.08.012
https://doi.org/10.1038/35057062
https://doi.org/10.1136/annrheumdis-2018-214856
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Editorial: Pathogens, Pathobionts, and Autoimmunity
	Author Contributions
	Funding
	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 true
  /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 true
  /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 true
  /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


