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Editorial

Is Gut Microbial LPS a Potential
Trigger of Juvenile Idiopathic
Arthritis?

Juvenile idiopathic arthritis (JIA) is one of the most common
chronic inflammatory disorders in children, with hallmarks
of joint inflammation, synovial hyperplasia, and leukocyte
infiltration1. As in other autoimmune diseases, the exact
etiopathogenesis, and pathogenic drivers of JIA, remain
incompletely understood. In rheumatoid arthritis (RA) and
ankylosing spondylitis (AS), several studies have shown that
disease susceptibility is strongly associated with sets of
immune-response genes, which include specific MHC alleles.
In contrast, JIA does not seem to have such a strong associ-
ation, and there is less occurrence of familial aggregations,
and only limited disease concordance in homozygotic
twins2,3,4,5. 
    All of these observations suggest a key role in JIA patho-
genesis for noninherited factors. Indeed, a number of reports
have implicated maternal factors, such as breast-feeding, and
whether the mother is a smoker6. Other environmental factors
have been cited, such as bacterial or viral infection, antibiotic
usage7, and most recently the influence of shifts in the gut
microbiome8. The development of state-of-the-art 16S rRNA
high-throughput sequencing technology for microbial
profiling has opened the door for the characterization of the
phylogenetic distribution of taxa in the gut bacterial commu-
nities in an individual. With this culture-independent
approach, an increasing number of reports have documented
decreases in gut microbiome diversity and other forms of
dysbiosis in inflammatory and autoimmune diseases that
include RA9,10,11, psoriatic arthritis12, AS13, and inflam-
matory bowel disease (IBD)14.
    Primary epithelial barriers are the first line of immune
defense, and an intact gut intestinal mucosa barrier controls
the rate of exchange of nutritional elements from the gut
lumen after processing by microbial pathways. Perturbations
in barrier integrity can be triggered by poor nutrition,
infection, local inflammatory factors, or certain medications,
which can all contribute to intestinal permeability or a “leaky
gut.” Increased intestinal permeability can lead to the translo-
cation of proinflammatory mediators and even entire bacteria

into the lamina propria, a condition associated with diverse
gastrointestinal inflammatory disorders including IBD, and
especially celiac disease15. Moreover, increases in intestinal
permeability may lead to the translocation of bacterial
antigens into the circulation and other tissues; the bacterial
DNA and peptidoglycans have been documented in the
synovial linings of patients with active RA15.
    Increases in intestinal permeability have also been
reported in children with JIA — it appears to be a common
consequence of microscopic colitis16,17,18. Lipopolysac-
charide (LPS), a potent immune-activating factor from many
aerobic gram-negative rods, is known to activate innate cells
such as neutrophils and macrophages. This action induces
secretion of proinflammatory cytokines and can result in
joint inflammation19.
    In this edition of The Journal, Fotis, et al20 investigated
the hypothesis that the translocation of LPS from the
bacterial community in the gut lumen into the circulation
may contribute to the induction of systemic immune
responses and the joint inflammation of patients with JIA.
Patients enrolled in this study had new onset JIA without
prior systemic therapy, and at the time of evaluation had
either active polyarticular or oligoarticular JIA. As disease
controls, the authors also studied samples from patients with
spondyloarthropathies (SpA), including new-onset IBD with
overlap RA, and from healthy individuals. These investi-
gators used complementary approaches and documented
that, compared to healthy controls, there were high IgG anti-
LPS antibody levels, as well as raised LPS binding protein
(LBP) and α-1-acid glycoprotein (α-1AGP) in serum
samples of patients with JIA or SpA. Additionally, the raised
levels of LBP and α-1AGP, a known immune modulatory
agent, were also strongly correlated with C-reactive protein
concentrations, a marker of systemic inflammation and with
the disease activity score, while levels of anti-LPS IgG
antibodies had weaker correlations. These findings provide
further evidence for the hypothesis that, because of the
translocation of gut bacterial components as a consequence
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of gut permeability, shifts in the gut microbiome may
contribute to JIA pathogenesis.
    The authors argue that the α-1AGP test may be a useful
prognostic tool for predicting JIA prognosis. This test is
certainly not disease-specific; therefore further studies are
needed to determine its utility in other inflammatory diseases,
especially in conditions with pathogenic pathways common
to JIA. In general, the Fotis, et al studies highlight the impor-
tance of dynamic balance and homeostasis in the gut micro-
biota, and suggest that altered internal environmental factors
may drive inflammatory joint diseases and adversely affect
quality of life. 
    From a broader perspective, these studies contribute to a
growing literature that suggests that disturbances in the
complex communities residing in the human gut correlate
with, and may directly contribute to, the pathogenesis of a
range of rheumatic conditions. While these correlative studies
have not quite elucidated the suspected causative disease
drivers, we need to better understand the basis for these
dysbioses and the associated postulated expansions of patho-
bionts and/or contractions of protector microbial species. We
are also beginning to wonder whether past antibiotic
exposures can also be responsible. More importantly, if gut
dysbioses are key pathogenic drivers in JIA, research
programs are needed to design the best interventional
approaches for restoring balanced intestinal communities. 
    All of these factors add new dimensions to the hygiene
hypothesis, which postulates that the reduced exposure to
microorganisms in industrialized countries, owing to
improved sanitary conditions and antibiotic exposure,
reduces the complexity of our microbiomes and skews them,
directly or indirectly promoting the development of allergic
and autoimmune diseases21. 
    In this context, the health of a child may be affected by
fundamental influences dating to the earliest time of intestinal
colonization and community establishment in the gut. Indeed,
we have only recently appreciated the obvious fact that
breast-feeding generally provides the best, evolutionarily
selected nutritional source for the neonate, because breast
milk contains a variety of immune-modulating compounds,
both immune cells and their products such as cytokines.
Indeed, the first breast milk, colostrum, contains high levels
of secretory IgA antibody, which equals that found in the
bloodstream of adults22. Breast-feeding may, therefore, result
in very beneficial immunological imprinting of the infant. In
support, a recent study from Sweden showed that breast-
feeding for more than 4 continuous months correlated with
protection from the later development of JIA23. Further, an
independent study from a French group similarly showed the
protective effect of breast-feeding in a case-control retro-
spective study of patients with AS24. 
    In addition to the current report from Fotis, et al20, there
is mounting evidence of the central roles of mucosal
immunity in homeostasis, and that specific microbial factors

may play central roles in the pathogenesis of pediatric inflam-
matory arthritis. Moreover, the seeds of these conditions may
have been planted at the time of postnatal intestinal
colonization or may reflect the influence of antibiotic
regimens that may not always be needed.
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