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gut profile.

INTRODUCTION

Gut microbiota represents all the microorganisms
in the community of microbes found in the gastroin-
testinal tract. The study of the intestinal microbiota
is a current topic, and the new techniques of molecu-
lar biology and microbiology have allowed the iden-
tification of the diversity of bacterial species. Using
PCR (Polymerase Chain Reaction), RT-PCR (Re-
verse Transcription-Polymerase Chain Reaction) or
metagenomics (16S rDNA sequencing) analyzes, the
gut microbiota was quantitatively evaluated and its
role in the etiopathogenesis of various diseases could
be estimated.

Each person presents, at the intestinal level, a set
of relatively stable bacterial species that determines
an ,,individual profile® through the molecular signa-
ture. The intestinal tract of the newborn is sterile and
the colonization begins with birth and diet (1). In
contrast to adult microbiota, the newborn has a low
bacterial diversity, dominated by Actinobacteria and
Proteobacteria species (2). From the age of 1 year,
each child has an individual bacterial profile, and af-
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ter the second year, the child‘s microbiota has the
same composition as the microbiota of an adult per-
son (3).

INTESTINAL MICROBIOTA - STRUCTURE
AND FUNCTIONS

Currently, the composition of gut microbiota is
well known, but its functions have not been fully
elucidated. It includes between 500 and 1000 bacte-
rial species divided into 2 major categories from
phyla group: Bacteroides and Firmicutes. The num-
ber of bacterial species in the gut is about 10 times
higher than the number of host somatic cells. Fur-
thermore, the bacterial genome (2 million genes) is
numerically superior compared to the human ge-
nome (4).

Gut microbiota plays an important role in the de-
velopment of the intestinal immune system by mod-
ulating the formation of the intestinal mucosal layer
and lymphoid structures, by the positive stimulating
effect on the innate or adaptive immune system, by
differentiating immune cells and producing immune
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FIGURE 1. Modulation of intestinal microbiota by bacterial structures

mediators (5). Laboratory animal studies conducted
under germ-free conditions have shown a deteriora-
tion of the intestinal epithelium, of the intestinal endo-
crine system, as well as of the neuromuscular system
(6,7). The introduction of Bacteroides fragilis into
that sterile environment determined the development
of lymphoid organs and corrected the imbalance due
to the production of polysaccharides (8) (fig.1).

Intestinal bacteria have the ability to organize
into stable and distinct groups. Researchers from 10
countries carried out the MetaHIT (Metagenomics
of the Human Intestinal Tract) project, which ana-
lyzed the dynamics of bacterial diversity at the intes-
tinal level (9). The 3 different studies included 145
European subjects and 154 American subjects. In all
study groups, 3 bacterial enterotypes were identi-
fied: the 1* enterotype — Bacteroides, the 2™ entero-
type — Prevotella, the 3™ enterotype — Ruminococcus
(the most common). These bacterial enterotypes
have been shown to be independent of the age of the
subjects, their gender, body mass index or nationali-
ty. Each enterotype, characterized by functional dif-
ferences and distinct bacterial clusters, reflects a dif-
ferent mode of energy generation, closely compatible
with the host. Bacterial enterotypes have a perma-
nent interaction with the host and have a strong im-
pact on the health of the individuals.

There is a bacterial-host symbiosis highlighted
by the results of studies published in the literature.
The intestinal microbiota also has some metabolic
roles. Thus, bacterial disaccharides cause fermenta-
tion of sugars, such as lactose, and their conversion
into short-chain fatty acids. Of these, butyrate is con-
sidered to be a major source of energy for colonic

epithelium, controlling the proliferation, growth and
differentiation of intestinal epithelial cells (10).
Some commensal bacteria participate in the metabo-
lism of drugs such as sulfasalazine, other bacterial
structures take part in the production of vitamins (vi-
tamin K, water soluble B vitamins, folic acid) or in
the deconjugation of bile salts (11,12).

The intestinal microbiota can also interact with
the enteric nervous system, leading to changes in in-
testinal motility, sensory function and pain percep-
tion (13,14). Due to the action on the development
and functioning of the central nervous system, today
we can talk about the existence of the microbiota-
brain-gut axis (15,16).

INTESTINAL DYSBIOSIS AND RELATED
DISEASES

Dysbiosis is considered to be a change in the
composition of the gut microbiota. It may be associ-
ated with alteration of host-microbiota interaction
and immune system. Dysbiosis is characterized by
an increased intestinal permeability and microbial
translocation through the intestinal mucosa, which
results in metabolic endotoxemia and systemic in-
flammation (numerous pro-inflammatory cytokines,
oxygen free radicals) (17).

Recent studies have highlighted the association
between intestinal dysbiosis and conditions such as
nosocomial infections, necrotizing enterocolitis in
premature babies, inflammatory bowel disease
(IBD), irritable bowel syndrome, obesity, rheumatic
autoimmune diseases or allergies. The pathogenesis
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FIGURE 2. The main factors involved in the pathogenesis of systemic diseases starting from the

alteration of the intestinal microbiota

of these disorders involves the interaction of several
elements. The environmental factors, genetic sus-
ceptibility and immunity of the host form a triad that
can regulate TCR (toll like receptor) function. Pro-
moter environmental factors include bacterial anti-
gens from the enteric microbiome. Genetic suscepti-
bility mainly refers to the presence of the NOD/
CARDI16 gene, which plays an important role in the
recognition of microbial lipopolysaccharide. Altera-
tion of the host‘s immune response may result in in-
appropriate activation or exacerbation of the intesti-
nal immune system (17) (fig. 2).

Considering the above mechanisms, IBD can be
considered the result of the interaction between ge-
netic factors that confer susceptibility and environ-
mental factors that influence the composition of the
intestinal commensal microbial flora, thus leading to
an abnormal mucosal response (18). Huttenhower et
al. analyzed the synergy of genetic mechanisms and
interaction with the gut microbiome in patients with
IBD (19). Thus, 2 different processes such as autoph-
agy and endoplasmic reticulum stress can function
synergistically in the same cell type, favoring the
emergence of a circumstance that promotes the dis-
ease. On the other hand, the same pathogenic mecha-
nism may have different effects in different cells,
which favors the appearance of IBD. An autophagy
defect at the level of intestinal epithelial cells can af-
fect Paneth cell function, while a similar macrophage
autophagy defect influences interleukin-1§ (IL-1p)
secretion, an important mediator in cell defense. IL-
1P participates in the modulation of the immune sys-
tem and is closely related to the level of other pro-in-
flammatory cytokines such as IL-17 or IL-22 (19,20).

INTESTINAL DYSBIOSIS IN RHEUMATIC

INFLAMMATORY DISEASES

The close link between spondylarthritis and IBD
is a well-known subject, these disorders being con-

sidered distinct phenotypes of the same immuno-
mediated disease. In both diseases, intestinal dysbio-
sis appears to play a key role, being an important
factor in the evolution of these diseases, as well as in
the treatment of patients.

Many studies have analyzed the epidemiological
data regarding the association between inflammato-
ry joint disease and IBD. Maeda et al. (21) reported
21 cases of arthritis (10.3%) and 3 of ankylosing
spondylitis (AS) (1.5%) in a cohort of 203 Japanese
patients diagnosed with Crohn’s disease (CD). Tri-
antafillidis et al. reported a 30% frequency of arthri-
tis / arthralgia in a group of 155 Greek patients with
CD (22). The study by Bernstein (23) was based on
the inclusion of Canadian patients with IBD, high-
lighting a 4% prevalence of AS in men with CD,
much more frequent than the group of patients diag-
nosed with ulcerative colitis (UC). Al-Hamali et al.
reported a prevalence of arthritis of 8.9% in patients
with UC in Kuwait, with a total frequency of rheu-
matic manifestations of approximately 31% (24).

Starting from this close connection between in-
testine and joints, the structure of the intestinal mi-
crobiome was analyzed both in patients with IBD
and in those having peripheral or axial articular man-
ifestations. The analysis was based both on high-
lighting bacterial structures and on analyzing the ef-
fect of dysbiosis on the immune system and on the
production of pro-inflammatory factors.

Thus, patients having an active CD showed a sig-
nificant decrease in DEFAS and DEFA6 a-defensins,
which caused an impaired mucosal function and a
modified commensal microbial flora (25,26). Con-
troversially, studies have shown an increased ex-
pression of a-defensins in patients with AS who also
had subclinical ileal inflammation (27). Depletion of
the intestinal mucin layer leads to the formation of
an inflammatory-like phenotype, to stress in the en-
doplasmic reticulum and an increasing in the pro-
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duction of 1L-23 (28). Excess of IL-23 is sufficient
to develop spondylarthritis in laboratory animal
studies (29).

Regarding the IL-17/IL-22 proinflammatory cy-
tokines relevant for IBD and spondylarthritis, clear
evidence from murine studies indicates that the in-
teraction between the intestinal microbiota and the
host determines the activation of immune cells and
the excess production of proinflammatory cytokines
(30,31).

Intestinal dysbiosis of patients with spondylar-
thritis is characterized by a decrease in microbial di-
versity, which is similar to what has been shown in
patients with IBD. However, some results are con-
tradictory depending on the method of analysis of
the gut microbiota. Numerous clinical trials, which
have used antibody tests, have shown an increase in
Klebsiella species in patients diagnosed with AS
(32). Another study, based on gel electrophoresis of
faecal samples of patients with AS, did not reveal a
statistically significant difference between these cas-
es and healthy controls regarding the composition of
the intestinal microbiota (33).

Recent studies, based on metagenomics and anal-
ysis of 16S rRNA sequencing, highlighted that intes-
tinal dysbiosis in AS cases is characterized by a sig-
nificant increase in populations of Paraprevotella
and Bacteroides vulgatus (34). Also, the modifica-
tion of the commensal intestinal flora represents a
risk factor for the appearance of AS (34). Thus, the
growth of the species of Lachnospiraceae, Rumino-
coccaceae, Rikenellaceae, Porphyromonadaceae
and Bacteroidaceae, together with the decrease of
the populations of Veillonellaceae and Prevotellace-
ae, constitutes a particular environment that favors
the onset of autoimmune rheumatic diseases (fig.3)
(34).

FIGURE 3. Intestinal dysbiosis in spondylarthritis

Tito et al. have analyzed the important role of in-
testinal dysbiosis, especially of the Dialister genus,
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in the pathogenesis of spondylarthritis (35). The
study included 27 patients with spondylarthritis of
whom 14 had microscopic intestinal inflammation
and 13 had no intestinal inflammation. All patients
underwent colonoscopy with ileal and colonic biop-
sies. 16S rRNA assay was used to compare the gut
microbial composition. The results support the im-
portant role of intestinal dysbiosis in triggering
spondylarthritis. Thus, the microbiota of patients
with spondylarthritis was associated with intestinal
inflammation, and the Dialister genus was positive-
ly correlated with the Ankylosing Spondylitis Dis-
ease Activity Score (ASDAS).

Recent studies support the fact that intestinal dys-
biosis in patients with AS correlates with the pres-
ence of HLA-B27 antigen. 16S rRNA sequencing
was used to detect HLA-B27-associated bacteria
dysbiosis. Thus, numerically increased populations
of Paraprevotella and Bacteroides vulgatus were as-
sociated with the predisposing genetic field (36).

The microbiota also plays an important role in
the pathogenesis of other spondylarthritis such as
psoriatic arthropathy, streptococcal infection being
considered a trigger factor in genetically susceptible
individuals (37). Recent studies using 16S rRNA as-
says have revealed significant differences between
cutaneous microbiota of patients with vulgar psoria-
sis and healthy individuals, characterized by a de-
crease in staphylococci and Propionibacteria (38).
In the intestinal microbiota, there was an increase in
Firmicutes and a decrease in Actinobacteria and
Proteobacteria compared to the control group (38).

Except for reactive arthritis in which there is a
clear evidence that bacterial infections can cause
joint manifestations, currently studies only present
hypotheses regarding the role of the microbiota in
the etiopathogenesis of immune-mediated arthritis
(39). However, a murine HLA-B27 positive AS
study highlighted that, in germ-free conditions, these
animals did not develop joint inflammation (39,40).

INTESTINAL DYSBIOSIS - TREATMENT

Medications commonly used for these diseases
can change or modulate the gut microbiota, having
clinically beneficial effects for the patient and im-
proving bowel dysbiosis.

Prebiotics, oligofructose and inulin, had a posi-
tive effect on intestinal dysbiosis, leading to the
growth of Lactobacillus and Bifidobacterium spe-
cies (41). Prebiotics containing fermentable dietary
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fiber reduced intestinal inflammation by increasing
the level of short-chain fatty acids (42,43).

Probiotics, through the ability to modulate gut
flora, have been compared to placebo in numerous
clinical trials. The most investigated were Esche-
richia coli Nissle 1917 and VSL # 3, a combination
of Streptococcus, Bifidobacterium and Lactobacil-
lus. The results were especially promising in patients
diagnosed with UC. Thus, Kruis and his colleagues
(44) demonstrated that the administration of Esche-
richia coli Nissle 1917 in cases of UC was associat-
ed with maintaining of clinical-biological remission,
having an effect similar to that of salicylates. The
efficacy of VSL # 3 in inducing and maintaining UC
remission, either alone or as an adjuvant treatment,
was supported by the results of many clinical trials
(45,46).

The use of mesalazine has led to improvement of
intestinal dysbiosis by reducing the concentration of
adherent bacteria (47) and by decreasing the expres-
sion of genes associated with bacterial invasion (48).
Thiopurines reduced the bacterial diversity in the
faeces of patients with IBD (49). Anti-TNFa (Tumor
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