REVIEW

MICROBIOME AND UVEITIDES.
A REVIEW

Brichova M., Svozilkova P.', Klimova A.", Dusek 0., Kverka M.?,
Heissigerova J.'

Department of Ophthalmology, First Faculty of Medicine, Charles

University and General University Hospital in Prague, Czech Republic
%Institute of Microbiology of the Czech Academy of Sciences,
Prague, Czech Republic

The authors of the study declare that no conflict of interest exists in the
compilation, theme and subsequent publication of this professional
communication, and that it is not supported by any pharmaceutical
company. The study has not been submitted to any other journal nor
has it been printed elsewhere.

MUDr. Michaela Brichova

Oc¢ni klinika 1. LF UK a VFN

U nemocnice 2

128 08 Praha 2

E-mail: michaela.brichova@vfn.cz

Received: 5 March 2021
Accepted: 29 March 2021
Accepted on-line: 25 November 2021

MICROBIOME AND UVEITIDES. A REVIEW

Microorganisms inhabiting all surfaces of mucous membranes and skin and forming a complex ecosystem with the host is called microbiota. The term
microbiome is used for the aggregate genome of microbiota. The microbiota plays important role in the mechanisms of number of physiological and
pathological processes, especially of the host’s immune system. The origin and course of autoimmune diseases not only of the digestive tract, but also
of the distant organs, including the eye, are significantly influenced by intestinal microbiota.

The role of microbiota and its changes (dysbiosis) in the etiopathogenesis of uveitis has so far been studied mainly in experimental models. Reduction
of severity of non-infectious intraocular inflammation in germ-free mice or in conventional mice treated with broad-spectrum antibiotics was observed
in both the induced experimental autoimmune uveitis model (EAU) and the spontaneous R161H model. Studies have confirmed that autoreactive T
cell activation occurs in the intestinal wall in the absence of retinal antigen. Recent experiments focused on the effect of probiotic administration on
the composition of intestinal microbiota and on the course of autoimmune uveitis. Our study group demonstrated significant prophylactic effect of the
administration of the probiotic Escherichia coli Nissle 1917 on the intensity of inflammation in EAU.

To date, only a few studies have been published investigating intestinal dysbiosis in patients with uveitis (e.g., in Behcet's disease or Vogt-Koyanagi-
Harada syndrome). The results of preclinical studies will be presumably used in clinical practice, mainly in the sense of prophylaxis and therapy, such as

change in the lifestyle, diet and especially the therapeutic use of probiotics or the transfer of faecal microbiota.
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INTRODUCTION

Many medical fields, including Ophthalmology, are
taking a new interest in the human microbiome. Micro-
biome dysregulation has been observed in a number
of autoimmune and autoinflammatory disorders, inclu-
ding inflammatory bowel disease [1,2,3,4,5,6], allergies
[7,8,9], eating disorders [10] and many other illnesses,
including uveitis [11,12].

Whether the microbiome influences the course or
even the prevention of intraocular inflammation (uvei-
tis) is a question that has not yet been satisfactorily
resolved and remains a subject of research. Uveitis is
a sight-threatening disease that accounts for at least
10% of all cases of blindness in developed countries
[13,14]. Less than 30% of uveitides can be identified by
an infectious cause. In such cases, targeted therapy is
indicated by pathogen identification (PCR, serology) or
by the characteristic clinical picture. Most uveitides are
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non-infectious and belong to the immune-mediated
inflammatory disease group (IMID) [15]. Approximate-
ly 25 % of non-infectious intraocular inflammations are
part of some systemic disease (e.g. ankylosing spondy-
loarthritis, juvenile idiopathic arthritis, sarcoidosis, mul-
tiple sclerosis, Behcet's disease). If uveitis activity threa-
tens the visual function of the eye, the use of general
therapy is indicated. The choice of medication depends
on several factors — the type of uveitis, the age and heal-
th of the patient, and the possible presence of any asso-
ciated systemic diseases. Corticosteroids are usually
the first method of choice, followed by corticosteroids
sparing immunosuppressive and biological therapy. In
many patients, the treatment of intraocular inflammati-
on is limited by the efficacy of the preparation, the pa-
tient’s toleration of the drug, and the potential for the
development of side effects [16]. In uveitis, as in other
diseases in the IMID group, the causes of its develop-
ment and new therapeutic strategies are still being in-
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vestigated. One of the directions of research is the issue
of the microbiome in the pathogenesis of IMID, and the
possibility of its influence in the therapy of these disea-
ses [17,18].

Microbiota

The microbiota inhabits all surfaces of the body - skin,
conjunctiva, and the mucous membranes of the respi-
ratory, urogenital, and digestive tracts. The microbio-
ta of the large intestine is the most numerous (10'%/g
content). Table. In humans, the intestinal microbiota
forms a complex ecosystem, consisting of more than
1000 species of bacteria, yet it also contains Archaea,
viruses and microscopic fungi and parasites [20,21,22].
Specific properties of the digestive tract predispose it
to colonisation by microbes of several basic strains -
Firmicutes (especially the Clostridia and Bacilli classes),
Bacteroidetes (especially the families Bacteroides and
Prevotella), Actinobacteria, and Proteobacteria [23].
This typical composition, under the influence of envi-
ronmental factors, stabilises during the first three years
of life. [18,24]. About 60 % of the microbes are specific
to each human [20]. Although the major components of
the intestinal microbiome remain relatively stable du-
ring adulthood, long-term dietary changes or antibio-
tics can significantly affect the microbiome, and ill-advi-
sed interventions in the microbiome composition can
have health consequences [25,26].

Although interest in the intestinal microbiome began
more than 100 years ago, methods previously used for
microbiome analysis (microscopic, cultural, and bio-
chemical) have had considerably limited success. Up to
70% of intestinal bacteria cannot be cultivated by con-
ventional microbiological methods. The development
of molecular biological and sequencing techniques in
the 1990s made it possible to read the human geno-
me in 2000 [27]. Ten years later, with great effort, the
human microbiome, which is about 150 times the size
of the human genome and is sometimes called the
"second human genome", was analysed [20]. Only the
development of molecular biological analysis methods
has significantly improved our knowledge about the
composition of the microbiome. Metagenomics uses

Table. Terminology associated with microbiome research

microbiota

microbiome

human genome.

the methods of sequencing some specific microbial
genes, such as the bacterial 16S rRNA gene. The gene
is composed of evolutionarily stable sections of DNA
and from variable sections, which make it possible to
identify a specific microbe by comparing these sequen-
ces with a database [12,20,22]. Gnotobiotic studies are
important in investigating the importance of microbio-
ta. These make it possible to monitor the influence of
defined microbes (colonisation study), or the effect of
the absence of microbes (germ-free study) on the de-
velopment of physiological functions and pathological
processes in experimental animal models [22, 28,29].

Importance of microbiota for hosts

The microbiota plays an important role in a number of
biological processes, both directly, through the producti-
on of bioactive molecules, and indirectly, by influencing
the development and reactivity of the host’s epithelial or
immune cells. During life, microbes interact with the im-
mune system in a way that maintains the body's defences,
as well as the body’s tolerance of commensal microbes
and other harmful substances from the environment. The
increase in the body's defences due to microbes is called
colonisation resistance. This can be straightforward, with
commensal microbes competing with pathogens for nut-
rients and access to the body's surface, or killing them by
producing toxins. Indirect colonisation resistance is caused
by influencing the development of the immune system
and by stimulating the cells present near body surfaces.
The intestinal microbiota affects the metabolic processes
of the host, the efficiency of nutrient absorption, performs
the cleavage of indigestible polysaccharides while forming
short-chain fatty acids, and produces some vitamins [22]. An
unfavourable change in the composition or function of the
microbiota, known as dysbiosis, is present in a number of
pro-inflammatory, autoimmune, and cancerous diseases.
The most common form of dysbiosis is the loss of variation
(decrease in diversity) of microbiota, which is typical of our
lifestyle in an industrialised society, and which could explain
the higher incidence of these diseases in developed count-
ries [30]. It should be noted that, compared to people living
in primitive conditions, the diversity of intestinal microbio-
tas of healthy people in developed countries is low and that

A set of microbiota living in a specific place (e.g. intestinal microbiota, skin microbiota, soil microbiota) or
organism (e.g. human microbiota). Corresponds to the previously used term microflora. The human microbiota
contains about 1.3 times more cells than the rest of the human body and weighs about 200 g [19].

A set of genes of a particular microbiota. Due to the predominant research methods, microbiome is often
used in the same sense as microbiota. The human microbiome contains about 150 times more genes than the

Disorder of the composition or function of a microbiota at a specific site (e.g. intestinal dysbiosis).
Analysis of genetic material obtained directly from a certain environment, using new generation of sequencing.

metataxonom A metagenomic approach in which microbes are classified into taxa according to the variability of a certain
y gene (e.g. the gene for 16S rRNA), which is detected by massive parallel sequencing.

notobiolo Science that deals with the study of organisms living in microbiologically defined conditions, including conditi-
9 9y ons completely without microbes (germ-free or axenic).
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this change during industrialisation has reduced the ability
to defend against pathogens and vitamin production, but
has improved, for instance, carbohydrate and xenobiotic
metabolism [31,32,33].

Interaction of microbiota with the immune system
The microbiota influences the host organism both
through the production of bioactive molecules (e.g.
short-chain fatty acids — propionate, butyrate, acetate)
and through the modulation of cellular and humoral
immunity. The main mediators of the immune respon-
se are intestinal epithelial cells (forming an area of 200
m?) and leukocytes. Surface receptors for pathogenic
microbes are located on the basolateral membrane of
epithelial cells. After recognition of the pathogen by
these cells, theirimmune mechanisms are activated and
triggered (cytokine production, induction of autopha-
gy and production of antimicrobial peptides). Under
the influence of cytokines, dendritic cells are activa-
ted in the intestinal mucosa, which look for microbes
and move them to the lymph nodes, where they elicit
an adaptive immune response. The released cytokines,
such as interferon gamma (IFNy), tumour necrosis factor
alpha (TNFa), increase the permeability of the intestinal
wall, thereby exacerbating inflammation. The immune
response also affects microbes through their metaboli-
tes. For example, short-chain fatty acids promote regu-
latory T-cell proliferation (T..,) and the production of an-
ti-inflammatory interleukin 10 (IL10). At the same time,
however, there is no significant immunosuppression or
risk of infection, as these anti-inflammatory changes are
accompanied by an increase in the microbicidal activity
of macrophages [34]. The presence of segmented fila-
mentous bacteria (Clostrideacea spp.) in the intestinal
microbiota induces the formation of helper T lympho-
cytes 17 (Th17) and subsequently IL17 and IL22, which
protect the intestine from infection by extracellular fun-
gi and bacteria. In contrast, in the autoimmune proce-
sses, Th17,IL17 and IL22 have an inflammatory effect. A
particularly important part of the stability of the intesti-
nal wall is the secretory IgA (S-IgA) produced by plasma
cells. S-IgA activity is regulated by follicular regulatory
T cells (T,), i.e. specialized T in the germinal centres
of Peyer's patches, and is directed against pathobionts
[35,36,37,38,39,40]. In the development of idiopathic in-
testinal inflammation, the influence of commensal bac-
teria or dysbiosis in an individual with genetic predis-
positions and in interaction with environmental factors
is indisputable [12,3,4,5,6,41]. However, the intestinal
microbiota influences immune processes not only in
the gastrointestinal tract, but also in distant organs
and tissues through the above-mentioned mechanism.
Therefore, the role of microbiota is intensively studied
for its possible connections with obesity [42], allergies
[7,8,9], diabetes mellitus [43,44], rheumatic diseases
[45], as well as multiple sclerosis, neurodegenerations
and mentalillnesses [46,47,48]. Dysbiosis usually increa-
ses the severity of induced inflammation in most animal
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models (idiopathic intestinal inflammation, multiple sc-
lerosis, arthritis, spondyloarthritis, etc.), but decreases
the severity in models of type 1 diabetes mellitus [49].
Unlike the human genome, the microbiome can be
affected. The composition of the microbiome, and thus
its effect on the host organism, can be modified main-
ly through diet and lifestyle [50]. Protein and animal fats
create conditions for the growth of Bacteroides, while a
diet with a predominance of polysaccharides favours the
growth of the Prevotella strain. Currently, the administra-
tion of probiotics, prebiotics, or synbiotics is most often
used to influence the microbiome. Probiotic cultures are
present in some foods (cheese, yogurt) and are used in the
form of food supplements or drugs. These are lactic acid
bacteria (lactobacilli, bifidobacteria), enterococci (some
strains of Escherichia coli) or yeast [51]. Prebiotics stimulate
the growth of beneficial probiotic bacteria. Synbiotics are
a combination of probiotics and prebiotics. Some probio-
tic bacteria have immunomodulatory effects, others have
anti-inflammatory effects. Functionally defined probiotics
should be used for individual diseases. One probiotic, e.g.
E. coli 083, can have different effects on different diseases
- positive for allergies, negative for intraocular inflamma-
tion [8, 52]. Probiotics mainly have a preventive effect
and their therapeutic use is still considered to be limited
(e.g. for diarrhoea in antibiotic treatment, for rotavirus di-
arrhoea, irritable bowel syndrome and ulcerative colitis)
[12,53,4]. Currently, research is focused on the possibility
of the preparation and application of recombinant stra-
ins of bacteria that produce biologically active molecules,
such as cytokines with an anti-inflammatory activity [12].
Antibiotics can also have a significant effect on the micro-
biome, and more seriously when given in early childhood
[12,55,56,57]. Faecal bacteriotherapy (i.e. transfer of intes-
tinal microbiota from healthy donors) to influence dysbio-
sis is used mainly in Clostridial colitis [12,58]. The potential
of this method in ulcerative colitis, irritable bowel syndro-
me, type 2 diabetes mellitus, obesity, liver encephalopathy
and some mental ilinesses is being investigated [12,59].

Microbiome and uveitis

Autoimmune uveitis is a heterogeneous group of
T-cell mediated diseases, the pathogenesis of which,
however, has not yet been satisfactorily clarified. It is
thought that, due to infectious agents as triggers of au-
toimmune diseases in genetically predisposed individu-
als, there may be confusion between foreign antigens
and autoantigens due to the similarity of their epitopes
[60]. The influence of infection in the development of
autoimmune diseases is confirmed through the method
of induction of these diseases in experimental animal
models, including the classic model of experimental
autoimmune uveitis (EAU). In this method, in addition
to autoantigens, components of infectious agents (ad-
juvants) are also used, which are necessary for the sti-
mulation of cells of the innate immune system. In the
EAU model, intraocular inflammation is induced by sub-
cutaneous application of an intraretinal retinol-binding
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protein (IRBP) in a complete Freund's adjuvant (decea-
sed mycobacteria), which is potentiated by a pertussis
toxin [61]. The introduction of the EAU model was cru-
cial for research of proinflammatory antigen-specific
T cells (Th1, Th17), antigen presenting dendritic cells,
macrophages and other myeloid cells, proinflammato-
ry cytokines (TNFa, IL1, IL12,1L23) and T.,[62,63]. Fora
number of research projects in uveitis, i.e. inflammation
in an immune privileged organ, the R161TH mouse mo-
del of spontaneous uveitis was developed. This study
is one in which the subject does not undergo antigen
induction (IRBP), as the peripheral immune system at a
functional blood-eye barrier is not confronted with this
antigen. Using this model, Horai et al. found that the re-
duction of intestinal microbiota by broad-spectrum an-
tibiotics (mixture of ampicillin, metronidazole, neomy-
cin and vancomycin) significantly reduced the activity
of spontaneous uveitis. Subsequently, they described
the same antibiotics for the same model in germ-free
conditions. In both models, they observed a decrease
in Th17 in the lamina propria of the intestinal wall. They
thus confirmed that the activation of autoreactive T
lymphocytes against retinal antigen takes place in the
intestinal wall in the absence of retinal antigen and is
dependent on commensal intestinal bacteria [64]. Hei-
ssigerova et al. compared the severity of EAU in non-
-microbial mice, conventional mice, and conventional
mice treated with orally administered broad-spectrum
antibiotics (metronidazole and ciprofloxacin), with tre-
atment initiation from the day of induction or 1 week
before induction, biomicroscopically, histologically,
and immunohistologically. In non-microbial and con-
ventional mice treated one week before induction, the
study showed a statistically significant reduction in EAU
intensity. In the retina of germ-free mice, compared to
conventionally bred mice, lower infiltration by macro-
phages and T lymphocytes, as well as a decrease in pro-
inflammatory cytokines (IFNy, IL17) and an increase in
Treg in the cervical nodes were observed [65]. Seidler
Stangova et al. further analysed these data and recog-
nised that metronidazole monotherapy given orally
one or two weeks prior to EAU induction significantly
reduced the intensity of inflammation [66]. All the-
se results provide evidence for the importance of the
role of microbiota in the pathogenesis of autoimmune
uveitis. Similar results were published by Nakamura et
al. In their study, they described a reduction in the cli-
nical activity of inflammation in EAU by oral applicati-
on of vancomycin or metronidazole (initiated 1 week
before induction), which was expected to have a direct
effect on the intestinal microbiota. This effect was not
observed in subjects who underwent intraperitoneal
administration of the above antibiotics or with ampi-
cillin or neomycin. In the group with effective antibiotic
therapy, they also first experienced an increase in T
in the lamina propria of the intestinal mucosa, then in
the mesenteric and cervical lymph nodes and in the re-
tina. Against the untreated control group, the authors
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demonstrated a lower proportion of proinflammatory
cytokines (IFNy, TNFa, IL2, IL17) in the cervical nodes of
the treated group [67]. There are studies which docu-
ment the protective effect of intestinal microbiota on
immunological processes in the eye [68] and confirm
that dysbiosis induces a pro-inflammatory state in the
host [37]. The procedures described above are a form of
microbiota depletion or reduction (germ-free models,
antibiotic treatment). Another possible approach is to
induce a change in the composition of the intestinal
microbiota by administering short-chain fatty acids that
have an immunomodaulatory effect (reduction of patho-
genic Th17 in favour of Treg), enhance barrier function
and prevent lymphocyte migration between the gast-
rointestinal tract and the eye [69,70].

Another way to affect the microbiome is to enrich the
microbiota with probiotics. Kim et al. observed in the
EAU model, after 3 weeks of probiotic gavage (Lacto-
bacillus casei, Lactobacillus acidophilus, Lactobacillus
reuteri, Bifidobacterium bifidum, and Streptococcus
thermophilus), a decrease in the severity of intraocular
inflammation in histological sections, an increase in Ty
and a depletion of IL17, IFNy and cytotoxic T cells in the
cervical lymph nodes [71].

Dusek et al. documented the protective effect of live
Escherichia coliNissle 1917 in a regimen before or simul-
taneously with EAU induction. Conversely, the use of E.
coli 083: K24: H31 led to increased inflammatory activi-
ty. Deceased (autoclaved) probiotics had no protective
effect in any regimen. Similarly, live E. coli Nissle 1917,
whose therapeutic application was started 2 weeks af-
ter the induction of uveitis, had no protective effect.
The reduction or prevention of the development of in-
flammation was most probably mediated by a change
in the reactivity of the immune system, with a con-
sequent decrease in inflammation activity. This study
showed that the reduction in inflammatory reactivity to
the IRBP antigen occurred at the site of its presentati-
on (inguinal node). Another significant effect on redu-
cing inflammation may have been influencing the type
of macrophages involved in the inflammatory process
and enhancing intestinal mucosal integrity. The results
of the project suggested that the prevention of ocular
inflammation with the use of given probiotics is more
successful than its subsequent treatment, and that ma-
nipulation of intestinal microbes could be a rational
therapeutic approach [52].

To date, only a few observational studies comparing the
intestinal microbiota in patients with uveitis and healthy
control groups have been published. Intestinal dysbiosis
has been reported in patients with Behcet's disease when
compared to healthy control groups [72]. In contrast, the
work of Huang et al. did not confirm a significant differen-
ce in the composition of the intestinal microbiota between
patients with anterior uveitis and control groups. Howe-
ver, the authors noted a statistically significant difference
in the analysis of stool metabolites. They detected eleva-
ted levels of linoleic acid, azelaic acid and inosine in pa-
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tients with anterior uveitis [73]. Kalyana Chakravarthy et
al. showed in patients with uveitis, in contrast to a heal-
thy control group, a decrease in the diversity of intestinal
microbiota, including anti-inflammatory microbes (Faeca-
libacterium, Bacteroides, Lachnospira, Ruminococcus) and
an increase in pro-inflammatory (Prevotella) and pathoge-
nic microflora (Streptococcus) [74]. The same study group
published work on reducing yeast diversity in patients with
uveitis [75]. Ye et al. did not record a significant difference
in the composition of the intestinal microbiota between
patients with Vogt-Koyanagi-Harad (VKH) syndrome and
healthy control groups. However, they report a relative in-
crease in Paraprevotella spp. in patients with uveitis and
a reduction in the relative proportion of Clostridium spp.,
Bifidobacterium spp., Candidatus Methanomethylophilus al-
vus and Methanoculleus spp. [76].

Research into the effect of stool transplants on micro-
biota in intraocular inflammation is still in its infancy.
Ye et al. transplanted the stools of patients with VKH
syndrome in antibiotic treated B10RIII mice prior to EAU
induction. In these mice, they experienced a significa-

ntly more severe course of EAU than in mice after stool
transplantation from healthy individuals. The same re-
sults were seen in a similar study, using the stool of pa-
tients with Behcet's disease [76,771.

CONCLUSION

Intestinal microbiota certainly affects many physiolo-
gical and pathological processes, not only in the intesti-
ne, but also in distant organs. This extraintestinal effect
is mediated by its interaction with the immune system.
In the case of uveitis, the importance of intestinal micro-
biota in their aetiopathogenesis is documented prima-
rily in experimental models. The results of published
studies suggest that the severity of autoimmune uveitis
could be alleviated by probiotic manipulation of the in-
testinal microbiota. However, it is necessary to develop
a deeper understanding of the interaction of microbes
with the immune system of patients with uveitis and to
verify these findings through a clinical study in order to
utilise this method.
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