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Associations of intestinal dysbiosis
and T cell dysfunctions in patients
with collagen related diseases, such
as Behcet's disease and relapsing

polychondritis

Much attention has been focused on the relationships between gut microbiota and innate/adaptive
immune systems in human diseases. We investigated bacterial composition and gene functions of the gut
microbiota in two human immune disorders, "Behcet's Disease (BD)" and "Relapsing Polychondritis (RP)",
with a metagenomic analysis by using a next generation sequencer. We found that distinctive features
of gut microbiota existed in patients with BD, patients with RP, and normal individuals, suggesting a
potential impact of the microbes to the intestine, as so called "dysbiosis" (unfavorable change of gut

microbiota).

We observed skewed T cell differentiation in both of the human diseases and speculated that there
was a causal relationship between gut microbiota and T cells. To date, it was thought that some of the
most important factors of T cell differentiation in the intestine were Short-Chain Fatty Acids (SCFAs).
Several gut microbes provide SCFAs to the intestinal epithelial cells by the fermentation of dietary fibers.
It is possible that characteristic and distinctive gut microbes lead to similar T cell dysfunctions in the
intestine, contributing to development of both BD and RP.
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Introduction

Immunocompetent cells in the intestine
distinguish ~ pathogenic ~ microbes  from
commensal bacteria [1]. Helper T type 17 (Th17)
cells maintain mucosal barrier function from
microbial pathogens by the production of several
cytokines, such as interleukin (IL)17 and I1.22
[1]. In contrast, commensal bacteria produce
several metabolites and induce regulatory T
(Treg) cells to reduce the inflammation of the
mucosa [1]. Among the bacterial metabolites,
Short-Chain  Fatty Acids (SCFAs), such as
propionate and butyrate, are some of the most
important molecules for the maintenance of
intestinal homeostasis, as inducers of Treg cells
and energy sources of the intestinal epithelial
cells [2-5]. Several commensal bacteria in the
intestine produce SCFAs by the fermentation of

so called dietary fibers [2,6].

We hypothesized that the mutual interactions
among gut microbes, T cells, and intestinal
disrupted
human immune disorders. We conducted a

epithelial cells in several

were

metagenomic analysis in two immune disorders,
namely Behcet's Disease (BD) and Relapsing

Polychondritis (RP). We then assessed T
cell function using cell culture assays in the
patients. Here, we propose possible pathogenic
relationships between gut microbes and T cells
based on our findings [7-12].

Intestinal dysbiosis and skewed T cell
responses in BD

BD systemic
by recurrent oral aphthous ulcers, genital
ulcers, uveitis, and skin lesions. Although the
pathogenesis of BD is still largely unknown, it
is thought that the immune dysfunction forms a
part of the pathological condition [13].

is a disorder characterized

First, activation of immunocompetent cells, such
as neutrophils and T cells, was observed and
the cells migrated frequently into the lesions.
Second, hypersensitivity of skin and mucosa was
observed against several microorganisms. Third,
susceptibility of BD is strongly associated with
the presence of HLA-B51 allele.

In BD gut microbiota, relative abundance
of the genus Bifidobacterium and the genus
Lactobacillus increased significantly in patients
with BD [7,8]. Several SCFA-producing bacteria,
such as Megamonas hypermegale and Butyrivibrio
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species, decreased significantly in BD patients
[8]. A previous research of BD gut microbiota
has demonstrated low frequencies of SCFA-
producing bacteria and an actual reduction in
the concentration of a SCFA (butyrate) in the
feces [14].

For effective SCFA production, intestinal
microbes require several gene functions on

glycolysis (Figure 1A) [6]. We found that gene
functions of the pentose phosphate pathway

were predominant in the gut microbes of BD
compared with those of normal individuals
(Figure 1B) [8]. The high proportion of the gene
functions may lead to a relative reduction in the
glycolysis pathway and subsequent decreased
production of SCFAs by the intestinal microbes
of BD (Figure 1B).

In view of the balance between Th17 cells and
Treg cells [1,15], decreased concentration of
SCFAs in the intestine may lead to enhanced

and inosine monophosphate biosynthesis Th17 responses in patients with BD, being
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Figure 1. Schematic representation of the glucose metabolic pathway and gut bacterial gene function
alteration of the pathway in BD and RP. (A) Bacterial gene functions in normal individuals. Short-chain
fatty acid production of gut microbes requires several gene functions for the glycolysis. (B) Abundant
gene functions in BD. Gene functions for the pentose phosphate pathway and inosine monophosphate
biosynthesis were upregulated in the gut microbes of BD compared with those of normal individuals,
suggesting a relative reduction in the glycolysis pathway and subsequent decreased production of short-
chain fatty acids by the intestinal microbes of BD. (C) Abundant gene functions in RP. Gene functions for
the glycolysis and citrate cycle were upregulated in the gut microbes of BD compared with those of normal
individuals, suggesting increased production of short-chain fatty acids, especially propionate, by the

intestinal microbes of RP.
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compatible with our previous findings [9,10].
Indeed, Th17 cell frequencies increased
significantly in freshly separated Peripheral Blood
Mononuclear Cells (PBMCs) of BD patients
[9,10]. BD T cells produced significantly higher
amounts of IL17 upon Th17 inducing culture
condition, namely in the presence of IL1p, IL6,
1123, tumor necrosis factor B, and transforming
growth factor B [10]. Thus, we suggested that
gut microbiota had a potential to affect T cell
responses in patients with BD [12].

Intestinal dysbiosis and skewed T cell
responses in RP

RP is a degenerative disease characterized by
recurrent and episodic inflammation of cartilage
of the whole body. Major presenting features
include chondritis of ear, nose, eye, and airway.
Degeneration of laryngeal and tracheal cartilage
was thought as a major cause of morbidity and
mortality through infection and airway collapse
[16-18].

Although the etiology is not well understood,
from the findings of the autoantibodies [19] and
an inflammarcory cytokine profile [20], systemic
immune dysregulation is thought to play a role in
the pathogenesis. BD and RP sometimes shared
several common clinical features in the disease
course. Patients with MAGIC syndrome (Mouth
and genital ulcers with inflamed cartilage) fulfill
clinical criteria of both RP and BD.

In contrast to BD gut microbiota, relative
abundance of propionate, one of SCFA,
producing bacteria, such as Veillonella parvula,
Bacteroides eggerthii, and Bacteroides fragilis,
increased significantly in RP patients and gene
functions on the glycolysis and citrate cycle were
highly prevalent in RP gut microbes (Figure
1C) [11], suggesting enhanced production of
propionate in the intestine. High concentrations
of propionate in the intestine induce efficiently
IL10-producing Treg cells [3]. We then conducted
a cell culture assay using PBMCs of patients
with RP. 6 and 24 hours after the initiation of
cell culture assay, IL10 gene expressions were
significantly lower in RP patients than those
in normal individuals [11]. Decreased Treg cell
function may lead to chondritis of patients with
RD, because it was reported that IL10 promoted
differentiation  [21,22] and
induced protective responses in cartilage against

chondrogenic

compression injury [21].

Conclusion

Relative abundance of SCFA-producing bacteria
was suggested to associate with the imbalance

polychondritis
between Th17 cells and Treg cells. We found
that gut microbiota alteration and skewed T cell
responses existed simultaneously both in patients
with BD and in patients with RP possibly
because of dysregulated production of distinctive
SCFAs in the intestine. Longitudinal studies
are needed to assess the gut-T cell interactions
upon internal and external perturbations, such
as tissue inflammation, infections, and dietary
changes, to establish effective interventions of
the diseases.
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