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Summary

The gut microbiome functions like an endocrine organ, generating bioactive metabolites, enzymes
or small molecules that can impact host physiology. Gut dysbacteriosis is associated with many
intestinal diseases including (but not limited to) inflammatory bowel disease, primary sclerosing
cholangitis-IBD, irritable bowel syndrome, chronic constipation, osmotic diarrhoea and colorectal
cancer. The potential pathogenic mechanism of gut dysbacteriosis associated with intestinal
diseases includes the alteration of composition of gut microbiota as well as the gut microbiota—
derived signalling molecules. The many correlations between the latter and the susceptibility for
intestinal diseases has placed a spotlight on the gut microbiome as a potential novel target for
therapeutics. Currently, faecal microbial transplantation, dietary interventions, use of probiotics,
prebiotics and drugs are the major therapeutic tools utilized to impact dysbacteriosis and
associated intestinal diseases. In this review, we systematically summarized the role of intestinal
microbiome in the occurrence and development of intestinal diseases. The potential mechanism
of the complex interplay between gut dysbacteriosis and intestinal diseases, and the treatment
methods are also highlighted.
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Introduction

Gut microbiota is an assortment of micro-organisms inhabiting the length and width of the
mammalian gastrointestinal tract (GIT). The composition of this microbial community is
host specific, evolving throughout an individual’s lifetime and susceptible to both exogenous
and endogenous modifications. The intestinal microbiota is a complex ecosystem and over
1000 human species have been described, mainly including Firmicutes, Bacteroidetes,
Actinomycetes, Proteophylumand Verrucomicrobia (Chai et al. 2018). Once the intestinal
microbiota is maladjusted, the development is facilitated of a variety of intestinal diseases,
such as inflammatory bowel disease (IBD), primary sclerosing cholangitis (PSC)-1BD,
irritable bowel syndrome (IBS), chronic constipation (CC), osmotic diarrhoea and colorectal
cancer. On the other hand, recent studies revealed that intestinal diseases could elicit a
variety of effects on the host gut microbiota. Indeed, the mechanism and interaction of

gut microbiome functions and intestinal diseases remains largely undefined, but include

the activity of signalling molecules and recognition of bacterial epitopes by both intestinal
epithelial and mucosal immune cells.

The composition of gut microbiota and the gut microbiota—derived signalling molecules can
be central and contributing factors affecting human health and disease. So, they are the
main target in the mechanistic investigations of gut dysbacteriosis and intestinal disease. Gut
microbes help transmit hormonal signals, regulate the immune system, produce metabolic
end-products, such vitamins and short chain fatty acids (SCFASs), including butyrate,
propionate and acetate. Butyrate and propionate have regulatory effects on intestinal
physiology and immune function and protective effect in the colon. Acetate is the main
substrate for lipogenesis and gluconeogenesis. These SCFAs play important roles in many
aspects, such as regulating inflammation and peripheral immune function of adipose tissue,
mediating appropriate immune responses, oral tolerance. Intestinal microbiota can also
maintain health and ward off disease by secreting proteases of their own. Of course, not all
gut microbiota is good for host survival. Bacteria such as Escherichia coli, Fusobacterium
nucleatumand Helicobacter pylori can cause pathogenic reactions in the host. Studies

have shown that biofilms protect pathogenic bacteria against host immune response in the
respiratory tract and such biofilms have also been observed in the compromised intestinal
tract (Wang et al. 2016). Secondary fatty acids and toxic metabolites can cause intestinal
damage in different ways. Compounds such as phenol, ammonia, para-cresol, hydrogen
sulphide and amine induce on inflammation, DNA damage, intestinal leakage and cancer.
These processes could be inhibited by dietary fibre or plant-based food consumption,
suggesting that intestinal microbiota also play an important role in the fermentation of
carbohydrates.

The many links between the altered gut microbial community, metabolites and susceptibility
for CVD and metabolic diseases has placed a spotlight on the gut microbiome as a
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potential novel target for therapeutics. Currently, faecal microbial transplantation (FMT),
diet interventions and drugs are the major therapeutic tool utilized to impact dysbacteriosis
and intestinal diseases. Additional approaches include the consumption of prebiotics,
probiotics and postbiotics, whereas small-molecule inhibitors of defined microbial enzyme
pathways are also promising.

Intestinal diseases

IBD

The GIT is a complex combination of micro-organisms, epithelial cells (EC), immune cells
and food antigens. Changes in the functional composition of intestinal microbiota, which
cause metabolic disorders, have been linked to certain human diseases, particularly with IBD
(inflammatory bowel disease—Crohn’s disease, ulcerative colitis (UC)), IBS, CC, osmotic
diarrhoea and colorectal cancer (Table 1).

In recent years, many studies have found that the gut microbiota is likely to be the most
critical environmental factor in the pathogenesis of IBD. Specific members of the intestinal
microbiota have found to be dramatically affected in IBD in human. A recent study focused
on the microbial contribution to IBD and attempted to identify members of the human gut
microbiota that may preferentially impact IBD susceptibility and/or severity (Palm et al.
2014). In normal conditions, the intestine produces a highly effective antimicrobial molecule
(IgA) against disease-causing bacteria. Mice studies showed that there are four groups of
intestinal microbiota that bind IgA in the host: Bacteroidales, Lactobacillus, unclassified
Erysipe-lotrichaceae and Segmented Filamentous Bacteria (SFB) (Goto 2019). These were
significantly enriched, especially SFB. Using specialized IgA binding technique, colitis
causing bacteria, Prevotellaceae, Helicobactersp. flexispira, SFB were also identified in

the intestinal tract of mice models. SFB is a commensal organism that can be attached to
the intestinal wall of a variety of animals. It was found that the distribution of SFB in the
intestinal mucosa was uneven, its adhesion mainly occurred at the end of the ileum, which
was related to the increase of SFB-specific Th17 cells, by studying the relationship between
SFB colonization and Th17 cells induction kinetics with quantifying SFB and adherent SFB
in intestinal mucosa, and CD4 T-cell-specific SFB in lamellar laminae of mice (Farkas et
al. 2015). While the presence of SFB in children has recently been reported, its levels are
very low (Chen et al. 2018). It was found by RT-qPCR that the expression of Th17 pathway
gene, T and B cell receptor signalling markers in SFB positive samples were up-regulated.
When reproduced in large cohorts, it can be speculated that SFBs or related Gram-positive
anaerobes play a role in human intestinal immunity.

In patients with IBD, the abundance of intestinal symbiotic microbiota decreased, and

that deficiency led to decreased secretion of antimicrobial peptides (a-defensins) from
Paneth and Goblet cells and increased REGI11-y (Schultz et al. 2017). Notably, IBD patients
showed a reduction of some Firmicutes (Faecalibacterium prausnitzif;, a butyrate-producer),
Verrucomicrobia (Akkermansia muciniphila, a propionate-producer) and an increase of
Proteobacteria (Mahalhal et al. 2018). The increased level of Proteobacterias led to the
reduction of SCFA that induces excessive production of 1gG to target the symbiotic
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microbiota. Activated macrophages produce pro-inflammatory cytokines that overstimulate
Th1 or Thi7 cells, to induce inflammation (Schultz et al. 2017). The loss of intestinal
barrier integrity leads to increased bacterial antigen translocation and stimulation of the
inflammatory response of intestinal mucosa, which is the core pathological feature of

IBD. Intestinal mucus and cells tight junctions (TJs) play a major role in maintaining the
integrity of the intestinal barrier. Previous studies also have shown that loss or imbalance

in the production of mucus or TJs can induce colitis, for example, mice lacking claudin

7, Hnf4a and Muc?2 spontaneously caused colitis. Moreover, mucus barrier and TJs are
interdependent. This interdependence may also contribute to feedback in the inflammatory
response, making the IBD permanent and perpetuate.

Primary sclerosing cholangitis-1BD is a hepatic-biliary-intestinal axis-associated
inflammatory autoimmune disease. The intestinal microbiota may affect the onset. Studies
have shown that the intestinal microbiota of PSC-IBD patients has significant increase in
adhesion compared to patients with IBD. Escherichia, Lachnospiraceae, Veillonellaand
Megasphera were significantly elevated in patients with PSC-IBD compared to controls
(Kummen et al. 2017). The genes of these bacteria encode an amine oxidase that acts as

a VAP1 substrate. VAP1 plays an important role in the recruitment of effector cells to the
liver, both as an adhesion molecule and as a semi-carbazide-sensitive amine oxidase. The
abundance of Prevotella and Roseburia (that includes butyrate producers) in PSC patients
was reduced, and there were almost no Bacteroides sp.

Salmonella-infected disease

Studies also have reported the impact of Sa/monella infection on IBD patients. Salmonellae
typhimurium enter into the neutrophils in the intestinal lumen, where ROS (reactive oxygen
species) are produced. The ROS act as the electron acceptor of Sa/monella electron transport
chain, thus making abundant growth of Salmonellae typhimurium, accounting for a major
microbial population. An abundant Sa/monella population can reach the Peyer’s patches

by invading dendritic cells (DCs) in the epithelial barrier or M cells in the lumen and

can be identified by the presence of their glycoprotein-2. Salmonella can also enter ECs

to form membrane folds or interrupt the TJs by itself, thereby inducing inflammation

of the intestinal epithelium in patients with IBD. On the basolateral side, TLR5 can be
stimulated to produce NF-kB. Once Salmonella enters ECs, it blocks the autophagosome
pathway preventing self-degradation (Lodes et al. 2004). At the same time, changes in the
fungal microbiota were also detected in the IBD patients, such as an increase in the ratio

of Basidiomycetes to the Ascomycetes. Compared to healthy people, IBD patients have
lower proportion of S. cerevisiae, and higher proportion of Candiaa albicans (Sokol et al.
2017). Saccharomyces boulardiiis marketed as a probiotic and this and S. cerevisiae have a
beneficial effect on IBD in a mouse model (Khatri et al. 2017). Candida albicans is the most
common fungus in human intestinal microbiota and has an improved colonization ability

in an inflammatory environment, and aggravates the inflammatory response of colitis mice
(Richard et al. 2015).
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Irritable bowel syndrome is a gastrointestinal dysfunction disease, often manifested by
abdominal pain, intestinal distortion and excretion. There are three types of IBS (Chang
2018): constipation-predominant (IBS-c), diarrhoea-predominant IBS (IBS-d) and mixed
IBS (IBS-m). IBS-c is a disease characterized by CC with abdominal pain, with the primary
symptom being acute pain and the secondary symptom being constipation (Chandar 2017).
According to Rome IV criteria, IBS-c is specifically defined as: pain related constipation
occurs more than 3 days a month; symptoms persist for three consecutive months; more
than 25% of stools can be described as hard, and <25% of stools can be described as soft
(Cash 2018). The common symptoms of IBS-d patients are stomach pain, stomach spasm,
frequent diarrhoea, flatulence, urgency and diarrhoea. The number and proportion of normal
healthy bacteria in the digestive system of IBS-d patients are out of balance (Rosa et al.
2016). IBS-m is specifically defined as: at least 25% of the stool can be described as hard, at
least 25% of the stool can be described as soft or even liquid with unclear edges or no shape.
The abnormal peristalsis of IBS-m patients are manifested in constipation and diarrhoea
(Pimentel 2018). Gastrointestinal infections and psychological disorders are two risk factors
for the development of IBS. It was found that patients with high stress and mental disorders
had a high risk of contracting IBS (Donnachie et al. 2018). Since the first description of
microbiota comparison of a large IBS cohort with healthy controls (Rajili¢-Stojanovic¢ et

al. 2011), a large number of studies have revealed specific microbiota signatures in IBS
patients but its causality has not yet been established (Barbara et al. 2019). Of interest,

in IBS patients, £. coliand Salmonellawere found to pass through the epithelium only,
significantly increasing the rate of epithelial passage. Furthermore, vasoactive intestinal
peptide levels, tryptase levels, mast cell counts and mast cells expressing VPAC1 were
elevated in the plasma of IBS patients. In addition, the translocation of commensals and
pathogenic bacteria in colonic epithelial tissue are increased in IBS patients. Significant
changes in gene expression were found in the intestinal lactic acid bacteria, Bifidobacteria,
and Clostridium natto in patients with IBS (Liu et al. 2017a). The lactic acid bacteria and
Bifidobacteria were significantly reduced in IBS-d patients, and it was hypothesized that
probiotics could improve IBS-d, and a compelling case has been made for the probiotic
activity of a Bifidobacterium strain (O’Mahoney 2005). IBS-c patients do not have these two
bacteria, but the content of methanogens is high, so it is suspected that the pathogenesis of
IBS-c may also be related to methanogen bacteria (Liu et al. 2017a).

Chronic constipation

Chronic constipation is a functional gastrointestinal disorder that causes intestinal disorders.
The difference between IBS-c and CC is that CC patients have mainly difficulties in
defecation and have hard stool (Vazquez Roque and Bouras 2015). Moreover, defecation

in CC patients is associated with pain that disappears when the stool is produced (Rao

et al. 2016). The relationship between CC and intestinal microbiota has been studied,

with specific attention for the role of the serotonin transporter (SERT), a transmembrane
transporter that is involved in the re-uptakes of excess serotonin (5-HT) from specific sites
and participates in the regulation of gastrointestinal motility (Cao et al. 2017). Mice that had
received microbiota from CC patients showed constipation symptoms and reduced bowel
movements per unit time. In intestinal tissue of these mice, mMRNA and protein levels
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of the serotonin transporter SERT were significantly elevated while serotonin levels were
significantly reduced, that is inversely proportional to intestinal transit time. At the same
time, the intestinal microbiota of FMT mice is dysregulated (in which the thick-walled
bacteria, Clostridium, Lactobacillus, Desulfovibrio and Methylobacterium are reduced, the
Bacteroides and Akkermansia are increased) and the intestinal barrier function is impaired.
As the expression of SERT in the intestine is increased, the level of 5-HT is decreased,
thereby inhibiting intestinal movement and promoting CC (Cao et al. 2017).

Osmotic diarrhoea

Osmotic diarrhoea is the consequence of different diseases including medication with
different laxatives. It occurs when an orally ingested food is not fully absorbed in the small
intestine, thus exerting an osmotic force which draws fluid into the intestine (Tropini et

al. 2018). Lactose intolerance is a disorder of intestinal digestion, which is related to the
decrease or complete loss of lactase chlorizin hydrolase (LPH) activity. Congenital lactase
deficiency represents one type of lactose intolerance (Amiri et al. 2015). It is characterized
by decreased or complete loss of lactase activity at birth. Due to the lack of this enzyme,

the disaccharide lactose cannot be digested into glucose and galatose, leading to poor
carbohydrate absorption and diarrhoea. Moreover, there will be osmotic diarrhoea when
nutrients (especially small-sized nutrients) produce osmatic force, which causes water to
enter the lumen (Thiagarajah et al. 2018). Celiac disease (CD) is an allergic enteropathy,
which is also accompanied by osmotic diarrhoea. Malabsorption and chronic pancreatitis are
also reported to cause osmotic diarrhoea (Tropini et al. 2018; Kempeneers et al. 2020). In
addition, the use of laxatives containing phosphate or magnesium sulphate, and the overuse
of drugs such as sorbitol usually resulted in osmotic diarrhoea (Liauw and Saibil 2019).
There are also research findings indicating that the microbiota of stool and mucosa in
patients with osmotic diarrhoea were significantly different (Gorkiewicz et al. 2013), for
example, Firmicutes was the main bacteria in the mucous membrane, and Bacteroidetes was
the main bacteria in the stool. Osmotic diarrhoea decreased the richness of phylogeny and
showed a strong tendency to balance individualized microbiota on the mucosa (Gorkiewicz
et al. 2013). In addition, diarrhoea caused significant relative changes in phyla Bacteroidetes
and Firmicutes, and the number of Proteobacteria on the mucosa increased relatively.

Colorectal cancer

Colorectal cancer (CRC) patients have found to be enriched in colonic ~ nucleatum, P
anaerobius, Peptostreptococcus stomatis, Solobacterium moorei, Gemella morbillorum and
Parvimonas micra work together to form a network of bacteria in CRC (Yu et al. 2017).
CRC appears to be affected by pathogens that play a major role in compare to infectious
disease. Although the abundance of these key pathogens is relatively low, they can combine
with other species to transform the microbiome and create a tumour-producing environment.
When ordinary and germ-free mice are fed with faeces from CRC patients or healthy
donors, the CRC mice developed highly atypical hyperplasia and a significant increase in
the proportion of naked eye polyps. They also exhibited germ cell proliferation, had reduced
faecal bacteria abundance and altered microbiota composition (Yu et al. 2017).
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The CRC microbiome in mice also induced multiple inflammations and activate the
carcinogenic pathways. The expression of cytokines regulating inflammation in the small
intestine of mice was increased including CXcr1/2, IL-17a, IL-22, and I1L-23a, IL22, IL23.
These mice also showed an increased incidence of tumours in the colon, while inhibiting
IL17A controlled tumours growth with the increase in the proportion of Thl and Th17 cells
(Wong et al. 2017). Interestingly, IL-22 is also an important extracellular regulator of DNA
damage response in colon stem cells, which plays a role in preventing the accumulation

of potentially dangerous mutations. It has been pointed out that the intestinal epithelial
stem cells of 1L-22 damaged mice accumulated oncogene mutations, which accelerated

the development of cancer cells, and easily caused colon cancer (Gronke et al. 2019).

In addition, CRC microbiome may affect the expression of other cytokines, for example,
the upregulation of membrane receptor genes such as CXCR1 and CXCR2 confirms the
chemotaxis of immune cells. At the same time, it was also found that the expression of
several cell proliferation genes was increased, such as MK167 and MCM2, AURUKA and
CDC20 (Wong et al. 2017).

The mechanism of action of gut bacteria in intestinal disease development

Most studies have shown that intestinal bacteria are associated with the development of
various diseases, but few have systematically reported the molecular mechanisms by which
intestinal bacteria affects diseases. Most bacteria in intestine form complex networks,
including the beneficial bacteria and harmful bacteria (Fig. 1). Under normal circumstances,
they exist optimally and are beneficial to the host health, but when imbalanced, it increases
the risk for diseases. The secretion of bacterial biofilm is also one of the factors that lead

to development of human diseases. The metabolites, such as the SCFA, toxic products, bile
acid, etc. of intestinal microbiota can also affect the health of the host. In contrast, they can
protect the host from pathogen invasion by activating immune defense.

‘Good’ bacteria and ‘Bad’ bacteria

There is a considerable body of evidence to support the hypothesis that the endogenous
intestinal microbiota plays a crucial role in the pathogenesis of intestinal disease such

as IBD and its variants and related disorders (Weingarden and Vaughn 2017). In recent
years, the prevalence of these diseases has increased significantly, which may be related
to changes in the environment and lifestyle. The change of life style may have altered
the initial development or stable maintenance of microbiota, thus changes the ‘normal’
or healthy composition of microbiota, namely dysbiosis (Round and Mazmanian 2009).
Clinical, epidemiological and immunological studies indicate that a change of intestinal
microbiota may be an important factor in the occurrence of many inflammatory diseases
(Levy et al. 2017). Intestinal bacteria are an important part of immune system development
and function. Therefore, the lack of beneficial micro-organisms to promote appropriate
immune development (due to ecological imbalance) may lead to inflammatory response,
which is the basis of various human immune diseases.

The intestinal bacterial population in healthy adults is rich and has a high diversity. The
composition of microbial community is significantly different in different niche of GIT.
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In human body, Proteobacteriaand Clostridium species are mainly located in the small
intestine; Bacteroidae and Clostridiaceae families are mainly located in colon and cecum,
and Lactobacilli, Streptococci and Enterococcus are mainly located in jejunum and ileum.
In mice, Ruminococccae, Rikenellaceae and Lachnospiraceae are mainly located in cecum,
Bacteroidaceae, Rikenellaceae and Prevotellaceae are mainly located in colon; Bacteroides
and Firmicutes are mainly located in intestinal cavity, and SFBand H. pylori are mainly
located in mucous layer of the small intestine (Donaldson et al. 2016).

Each type of bacteria plays a role in maintaining their dynamic balance. Beneficial bacteria
in the gut are called probiotics and harmful bacteria are pathogenic microbes. ‘Good’
bacteria in gut alleviate many intestinal diseases and play a positive role in human health.
Lactobacillus rhamnose GG secretion (LSM, Lactobacillus soluble medium) were recovered
from the PBMC culture (Ludwig et al. 2018), and the LSM regulate the function of DC

by strengthening the ability of the T cell response, evidenced by increase IL-2 and IFN-y
producing T cells. Enhanced Foxp3* expression is also observed and this study reveals that
LSM can modulate DC function suggesting that LSM can provide alternative approach

to improve adaptive immune defense system when live bacteria transplantation is not
feasible. The expression of inflammatory markers (IL-1p, I1L-12) and epithelial-integrity
related proteins (TGFB, ICAM1) in the colon alters the expression of microRNA, changes
in the ratio of Firmicutesto Bacteroides induced by DSS (Rodriguez-Nogales et al. 2018).
Bacillus coagulans MTCC 5856 can improve depression and gastrointestinal symptoms in
patients with severe IBS (Majeed et al. 2018), and Bifidobacterium longum NCC3001 also
shows similar effect in IBS patients (Pinto-Sanchez et al. 2017). In cancer, through mass
spectrometric analysis, it is observed that Lactobacillus casef ATCC 334 can produce iron
pigment, which plays a role in inhibiting tumour progression by activating JINK signalling
pathway (Konishi et al. 2016). A randomized clinical trial showed that a combination

of probiotic supplements containing five strains of Lactobacillusand Bifidobacterium
could improve the symptoms of CD in patients with IBS (Francavilla et al. 2019). It

was also observed that patients had increased intestinal Lactobacillus, Staphylococcusand
Bifidobacterium, so their effects were related to the changes of intestinal microbiota. The
Bifidobacterium adolescentis can treat constipation (Wang et al. 2017).

‘Bad’ bacteria in gut on the other hand promote many intestinal diseases and play a
negative role in human health. Bacteria can produce multilayered agglomerations, called
biofilms, which protect them from physical stress (fluid flow, scraping, epithelial turnover)
in intestine lumen, and help spread resistance genes (Balcazar et al. 2015). By destroying
mucus and depleting goblet cells, the intestinal pathogenic bacteria create the microbial
biofilm that contact the epithelium, and the plankton can spontaneously migrate out

of the damaged biofilm. Enteropathogenic bacteria can also increase the virulence of
phytoplankton symbionts, induce their adhesion and infiltration, weaken the epithelial
barrier and promote inflammatory response. The role of biofilms in disease-related micro-
organisms in IBD, CRC and intestinal damage has been confirmed. Microscopic results
showed that patients with IBD had dense Bacteroides fragilis biofilms (Swidsinski et al.
2005). In addition, the mean value of mucosal biofilm density with IBD was significantly
different, about 100 times (Swidsinski et al. 2005), compared to IBS patients and healthy
subjects. Intestinal diseases such as IBD are associated with imbalance of microbiota
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and destruction of mucosal epithelium, thus promoting species migration. Biofilms help
pathogens escape their hosts’ defenses, which can lead to disease progression (Hoarau et al.
2016).

Many anaerobic and aerobic micro-organisms, such as K/lebsiella pneumoniae, E. coli and
Fusobacillus nuclei, settle in the intestines and wounds all over the body (Bertesteanu et al.
2014). When bacteria colonized at the wound forms biofilms that slows or prevent wound
healing. Biofilms containing enterotoxigenic B. fragilis (ETBF) and £. nucleatum were
detected in tumour tissues (Kim et al. 2019). Biofilms are also observed in the nontumour
mucosa tissue. Therefore, mature biofilms, when present in healthy tissues near CRC or
IBD infected tissues, serve as an early warning signal for the critical transformation of

the intestinal environment to imbalance, injury and pathogen infection. Bacteria that form
pathogenic biofilms and their secretions can be used as signals to detect intestinal diseases.
Such as Intestinal markers: (i) CRC: nucleatum, enterotoxigenic B. fragilis (ETBF, pks+E.
coli, NIN12diacetyl-spermine); (ii) Gut wounds: £ nucleatum, E. coli, K. pneumoniag, (iii)
IBD: B. fragilis. Intestinal contact with enteropathogenic bacteria, especially Giardia sp.
and Campylobacter sp. results to pathogenic imbalance of mucosal microbiota bacteria.
Campylobactersp. and Giardia sp. are also a typical risk factor for the occurrence

of post infectious IBS (PI-IBS) (Svendsen et al. 2019). Also, Citrobacter rodentium

colitis infections causes intestinal allergy in mice. Infectious gastroenteritis worsens IBD
symptoms, with Campylobacter jejuni, Salmonellasp. or E. coli. The pathogenesis of IBD is
mainly disruption of balance between gut microbes and host immunity.

The expression of Firmicutes in patients with IBD was decreased whereas the number

of pathogenic deformation bacteria was increased (Kolho et al. 2015). The decrease of
Prevotella sp., Clostridium leptum and microbial diversity leads to increase of faecal
calprotectin, which indicates inflammation. As a result, it appears that IBD is not only
affected by a single microbe but by multiple microorganisms. However, the mechanism
and role of underlying pathogens in causing IBD is not yet clear, and these problems
need to be further addressed. In IBD, abdomen often have clinical complications, such as
gastroenteritis, and it has been shown that C. jejuniplays a role in the development of
complications (Rostami et al. 2015).

Escherichia coliwas isolated from the intestines of mice with colitis, concurrently DNA
damage and cancer were also observed (Arthur et al. 2014). Campylobacter jejuni also
damage the polarity of TLR9, which in turn destroys the TLR9 induced epithelial barrier
and increases CXCL8 production indicating that the infection of C. jejuni could induce the
inflammatory response of experimental colitis in mice (Reti et al. 2015). Giardiasp. and C.
Jejuni can advance the release of plankton micro-organisms, and C. jejuni can activate the
potential toxic genes of £. colito promote adhesion of £. co/ito human intestinal cells. This
process is aided by the up-regulation of pro-inflammatory interleukin 8 (CXCL8) expression
and down-regulation of toll-like receptor 4 (TLR4) expression. These findings may shed
light on how intestinal pathogens can turn symbiotic bacteria into pathogens during the acute
phase of infection.
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Fatty acids—It is reported in the literatures that fatty acids including SCFAs, medium-
chain fatty acids (MCFAs), long-chain fatty acids (LCFASs) could influence the intestinal
microbiota (Bichkaeva et al. 2018). Anaerobic micro-organisms ferment undigested food
and other host metabolites in the large intestine to produce beneficial SCFAs, including
formic acid (C1), acetic acid (C2), propionic acid (C3), butyric acid (C4), isobutyric acid
(C4), isovaleric acid (C5), hexanoic acid (C6). SCFA are absorbed from the intestinal cavity,
but their subsequent distribution and metabolism within the host cells are different. Butyrate
mainly provides energy for ECs, propionate is mainly responsible for metabolism in the
liver and acetate can exist in a higher concentration in peripheral blood. Recent studies have
shown that SCFAs have some anti-inflammatory effects and can modulate regulatory T cells
in the colon of mice (Yu et al. 2019). Also, the anti-inflammatory effects of SCFAs have
important effects on host cells and intestinal microbiota. SCFAs, produced by the intestinal
bacteria through fermentation can increase the number of intestinal TReg cells and activate
to secrete IL-10 in specific pathogen free mice (Smith et al. 2013). Extracellular SCFAs
interact with host cell surface receptors. All host cells expressed GPR41 (FFA1), GPR43
(FFA2) and GPR109A. GPR43 interacts with propionate, butyrate and acetate, GPR41
interact with propionic acid in strongest saline condition but GPR109A only interact with
butyrate (Feng et al. 2018; Li et al. 2018). The interaction of butyrate with GPR109A may
induce anti-inflammatory effect. Butyrate can also play an anticancer role by restraining the
proliferation and selectively promoting apoptosis of CRC cells (Fung et al. 2012).

Medium-chain fatty acids, including octanoic acid (C8), capric acid (C10), lauric acid

(12), must be ingested and not produced by gastrointestinal micro-organisms. MCFA
isolated from skin lipids and milk with high concentrations has direct antibacterial effects
on a variety of pathogenic Gram-positive and Gram-negative micro-organisms (Fischer

et al. 2012), including Clostridium perfringens, Listeria monocytogenesand C. jejuni.
However, studies in broiler chickens and piglets have shown that supplementation of MCFA
capric acid, lauric acid and caprylic acid can enrich some pathogenic Enterobacteriaceae
populations, such as Citrobacter sp. and E. coli, while inhibiting symbiotic species
belonging to Enterobacteriaceae, such as Lactobacillus sp. (van der Hoeven-Hangoor et

al. 2013). The mechanism of these changes in intestinal microbiota caused by MCFA on host
physiology and immunity is not clear. In addition, MCFAs seems to be able to enrich and
inhibit ‘symbiotic” microbiota and pathogenic micro-organisms. The contradictory role of
MCFAs in shaping intestinal microbiota may be due to the internal differences of intestinal
microbiota among animals used in vivo models, the types of MCFA supplementation and
the location of 16S rRNA sequencing and analysis of intestinal microbiota collected from
animals.

Like MCFA, LCFAs, including myristic acid (C14), palmitic acid (C16), must be ingested.
Among them, omega-6 fatty acids—derived lipid metabolites are produced by symbiotic
bacteria, especially Lactobacillus (Hirata and Kunisawa 2017). It was also found that high
saturated long-chain fatty (LCFA) was associated with increased intestinal motility in NMS
rats. The increased saturated long-chain fatty was positively correlated with the increased
abundance of Prevotella, Lactobacillusand Alistipes (Zhao et al. 2018). Most studies on
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LCFAs are focused on macrophages, however, the function of most immune cells may

be interfered by the number and type of LCFA in the environment. Omega-3 LCFAs

plays an anti-inflammatory role by acting at various levels. GPR40 and GPR120 are two
known GPCRs that are sensitive to the metabolites of LCFA, especially omega-3 LCFA. In
macrophages, activation of GPR40 and GPR120 has been shown to inhibit the stimulation
of NLRP3 inflammatory bodies, and GPR120 can additionally inhibit NF-xB signalling
(Zhang and Qiu 2019). These anti-inflammatory effects involve the recruitment of p-arrestin
2 and insulin sensitization. A high-fat diet stimulates inflammatory signalling pathways and
is also associated with increased intestinal permeability by affecting intestinal microbiota
(Xie et al. 2020).

Protein and toxic compounds—It’s not just the microbes in the gut that can affect
the health, but the proteases that are secreted by these microbes are also very important in
developing diseases, like enteritis. AimA is an immuno-regulatory protein that is secreted
by Aeromonas (Rolig et al. 2018). The symbiotic bacteria inhibit the harmful bacteria and
intestinal inflammation in the host. In zebrafish model, this bacterium reduces inflammation
and in chemical model, AimA prevent the excessive buildup of neutrophils, and prevent
septic shock. Some bacteria also secrete amino acid-derived antibiotics to fight disease.
Gut bacteria, Clostridium scindens and Clostridium sordellii, secrete tryptophan derived
antibiotics 1-acetyl-p-carotine and turbomycin A, respectively (Kang et al. 2019). These
two antibiotics inhibit the growth of Clostridium difficile and other intestinal bacteria

by inhibiting the formation of the diaphragm during bacteria’s split phase. Olsenella
scatoligenes (Liu et al. 2018) can secrete indoleacetic decarboxylase in the intestinal tract,
which plays a key role in the process of tryptophan fermentation to form faecosine.

Bacterial fermentation of aromatic amino acids produces a range of metabolites, some of
which are toxic, including certain nitrogen compounds, ammonia, amine and sulphides,
etc. Some nitrogenous compounds, especially nitrites, increase the risk of cancer through
DNA alkylation (Li et al. 2017). Ammonia is also a carcinogen at low concentrations and
has been shown to be associated with mucosal damage and colorectal adenocarcinoma

in animal models (Windey et al. 2012). Polyamine synthesis has been found in intestinal
bacteria. High concentration of polyamine is toxic, which is involved in various diseases
such as oxidative stress and cancer, and many studies suggest that oxidative stress caused by
polyamine catabolism is the mechanism of toxicity (Olin-Sandoval et al. 2019). Pathogens,
such as Shigella flexneri, Priceenterica subsp., Streptococcus pneumoniae, H. pyloriand
Enterica serovar Typhimurium employ polyamines to enhance their virulence (Di Martino
et al. 2013). A small amount of sulphate reducing bacteria (such as Desulfovibrio) has been
detected in most individuals that use lactate salts as a common substrate for growth and
sulphide formation. Sulphide is not only toxic to colon cells but also inhibits the oxidation
of butyrate and thereby destroys the integrity of the colon cell barrier (Blachier et al. 2017).
This study observed that at a very low concentration (0-25-2 mmol I71), sulphide produces
ROS that is known to induce DNA damage resulting in cancer development.

Bile acid—Bile acid is a natural surfactant derived from cholesterol. They are important
for lipid digestion, antimicrobial defense and glucose metabolism (Shapiro et al. 2018).
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Some bile acids destroy cell membrane because of their hydrophobicity, while others
protect intestinal epithelium and are resistant to pathogens such as C. difficile (Buffie et

al. 2015). Bile acids also have effects on gut related inflammation, which may be realized
by regulating intestinal mucosal immune cells. The immunoregulation of bile acids is mostly
studied in the background of innate immunity. Bile acids play an anti-inflammatory role in
the innate immune system by inhibiting NF-xB-dependent signalling pathways and NLRP3-
dependent inflammatory activities, but it is not clear whether they will affect adaptive
immune cells, such as express IL-17a (Ty17 cells) or regulatory T cells (T g cells). Two
lithocholic acid (LCA) metabolites found in humans and rodents directly affect CD4 (+)

T cells (Kakiyama et al. 2014): the 3-OxoL.CA can inhibit the differentiation of Ty17

cells by directly binding with the key transcription factor retinoid-related orphan receptor-
vt (ROR1); the isoalloLCA promotes the differentiation of T r¢q cells by producing
mitochondrial ROS (mitoROS), which leads to the increase of Foxp3 expression (Hang

et al. 2019). This suggests that bile acid metabolites control the host immune response by
directly regulating the balance of T17 and T req cells.

Bile acids have strong antibacterial activity and may affect the composition of intestinal
microbiota. The intestinal microbiome cannot transform primary bile acids, and when

part of the residual bile acid passes through large intestine, the microbiome population

in the large intestine changes significantly. The primary bile acid transforms into several
different secondary bile acids, mainly deoxycholic acid and licholic acid. Mice when fed

a diet with deoxycholic acid showed reduced generation of SCFAs and altered microbiota
diversity, such as reduction of bacteroides, relative increase of Gammaproteobacteria and
certain Firmicutes (Zeng et al. 2019). Bile acids activates reactive oxygen (ROS) and
reactive nitrogen (RNS) species production during metabolism, and they can damage DNA,
so they have a carcinogenic effect (Li and Cao 2016). The mechanism for controlling

the toxicity of bile acid in cells is complex. Secondary bile acids are more capable of
destroying cell membranes, and destroy membrane-related proteins (NAD(P)H oxidases and
phospholipase (A2)) that cause ROS production, but may also do so by other mechanisms.
For example, bile acids interact with nuclear receptors to activate signalling pathways that
induce apoptosis. However, some bile acids also act as detoxification. Ursodeoxycholic acid
seems to inhibit ROS and protect cells from deoxycholic acid. Song et al. showed that the
primary bile acids (such as ursodeoxycholic acid) and some effective secondary bile acids
(such as cholelithic acid) in the gut regulate RORyt* Treg cells through BAR VDR (bile
acid receptor vitamin D receptor) (Song et al. 2020). One of the causes of human IBD and
colorectal cancer is the disorder of intestinal bile acid (Postler and Ghosh 2017). Therefore,
human VDR gene variation associated with IBD may affect the susceptibility of the disease
through the wrong control of intestinal Tyeq cell pool.

The immune response

The immune defense system of the intestinal tract can control the imbalance of intestinal
environment caused by bacterial microbiota and pathogenic bacteria. The first step in gut
defense uses antimicrobial peptides secreted by gut ECs. Antimicrobial peptides (Amp),
respond to colonization of the gut microbiome. Epithelial cells secrete antimicrobial
peptides against immune intolerant pathogens or symbionts within mucosal layers. Paneth
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cell and ECs identify signature of microbe associated molecular patterns (MAMPS), through
receptors such as MAMPs, NLRs, TLRs 2,4,5,9 and other RIG molecules. When mice
treated with antibiotics after supplementation with probiotics (e.g., Lactobacillus), can
trigger intracellular TLR-MyD88 pathway and restore certain intestinal defense capacity.

At birth, IgAs is produced by the induction of intestinal microbial factors by AHR ligands,
such as indoles (Culbreath et al. 2015). The less the immunoglobulin secreted, the lesser the
intestinal barrier integrity preserves. Breast milk can provide IgAs and play a protective role
before the complete establishment of the intestinal immune defense system (Rogier et al.
2014). Immunoglobulin IgAs bind to the surface of bacteria and produce effective signals to
gut immune cells to identify the bacteria and perform phagocytosis. So, IgAs can act as a
second line of defense for gut immunity. Studies have shown that the gut immune system not
only protects host cells, but also assists in the growth of certain symbiotic bacteria (Dishaw
et al. 2016). IgA cross-linked bacteria can effectively block epithelial barrier translocation
and thus inhibit the formation of biofilms. Many studies showed that IgA also exhibit a host-
microbial symbiosis system, in addition to removing pathogens (Donaldson et al. 2018). IgA
also help bacteria to grow and interact with the environment (Moor et al. 2017). Innate and
adaptive immune cells act as a third line of defense.

During inflammatory response in the bacteria—host barrier surface, lymphoid cells (ILCs)
serve as the first line of defense for lymphatic defense (especially the intestinal epithelium).
When subjected to irritation, they do not exhibit specific T cell receptor (TCRs) to precise
antigens, nor do they undergo clonal selection and expansion, but, a rapid response can be
made in case of bacterial invasion and tissue damage by activating AMP production and
triggering local immune responses. This mechanism is associated with the production of
many cytokines. The nuclear hormone receptor, retinoid-related orphan receptor and v-T
trigger inflammatory responses in lymphocytes differentiate ILC1, ILC2 and ILC3. ILC3
secrete 1L22 and IL17 that can act on ECs, improve the secretion of antimicrobial peptides
(Amp) and nonspecifically protect commensals. The function of ILCs is to regulate adaptive
immune CD4 (+) T cells. Targeting ILCs in mice through genetic or antibody mediated
depletion strategies could be beneficial to maintain proper adaptive immune system (Eberl
et al. 2015). ILCs interact with CD4 (+) T cells via MHCII dependence, which limits the
response of histopathological adaptive immune cells to symbiotic bacteria, thus maintaining
intestinal homeostasis (Hepworth et al. 2013). TRegs lymphocytes that secrete IL-10 play an
anti-inflammatory role. Intestinal TRegs is controlled by GM-CSF derived from ILCs in the
gut. The ability of ILC to produce GM-CSF without macrophages induces microbial signals
and the production of interleukin-1p (Mortha et al. 2014).

It is observed that symbiotic microbes enhance communication between lymphocytes and
innate myeloid cells and maintain immune homeostasis in the gut. Mice lacking GM-CSF
regulate the effector function of mononuclear phagocytes and reduce the number of TRegs,
and their role in bacterial translocation into tissue may be affected. When different subunits
of typical DCs interact with ILCs and T cells, they also promote the ILC1/Th1/ CTL-

or ILC3/ Th17 response (Murphy et al. 2016). Therefore, DCs can also control ILCs.
Dendritic cells further activate T lymphocytes and promote the secretion of epithelial AMP
by regulating ILCs. Other ILCs thought to be mucosa-associated invariant T cells (MAIT)
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that are mainly found in the intestinal epithelium, which also incorporate a rapid response
to the microbiota, which can trigger inflammation, especially when identifying microbial
derivatives (such as riboflavin derivatives) (Powell and MacDonald 2017). However, more
data are needed on these cells for further conclusion.

Treatment and adjustment

Imbalance of intestinal microbiota affects human intestinal health. Therefore, restoring the
balance of the intestinal environment could be a potential therapeutic target. Recent studies
have shown that faecal microbiota transplantation can effectively achieve the microbiota
reconstruction, which play the role of prevention, mitigation and treatment to health. In
addition, prebiotics, antibiotics, traditional Chinese herbs can also be used to regulate
intestinal microbiota to treat the intestinal diseases.

Faecal microbiota transplantation

Faecal microbiota transplantation is a method to treat gastrointestinal diseases by
transplanting the faecal filtrate of healthy donors to the GIT of the recipients and restoring
the diversity of microbiota. In modern medicine, various experiments have shown that FMT
has achieved remarkable results in the treatment of various types of diseases. At present,
thousands of cases of C. difficile infections (Mills et al. 2018) and IBD (Paramsothy et al.
2017) have been successfully treated. Some clinical data show that patients with recurrent
C. difficile infection (CDI) cease its recurrence by FMT, and their urethral infections are
relieved or cured. In a similar case, a 19-year-old woman with Crohn’s disease developed
C. difficile infection, and traditional therapies such as metronidazole had no effect, after two
faecal bacterial transplants from the mother, C. difficile infection was relieved and lasted for
12 months (Oppfeldt et al. 2016). Similarly, IBS patients with severe abnormal distension
who were uncured by antibiotics but was improved after FMT treatment (Holvoet et al.
2017). Other results also indicated that the cure rate of UC treated with antibiotics was
significantly improved after FMT (Keshteli et al. 2017). The treatment of refractory type

I1 CD is very difficult, it’s worth noting that the symptoms of CD disappear completely,
and duodenal villi are completely recovered when treated with FMT. In addition, there are
also some potential indications for FMT are IBS (El-Salhy and Mazzawi 2018) and CC
(Ohkusa et al. 2019). The use of FMT in IBS patients reverses the dysbiosis to normobiosis
and reduces the IBS symptoms in about 70% of patients, and is not associated with any
serious adverse events (El-Salhy and Mazzawi 2018). The use of FMT in patients with CC
immediately alleviates the symptoms, including defecation frequency and feces (Ohkusa et
al. 2019). Therefore, when the traditional treatment is ineffective, alternative solutions such
as FMT can be considered.

Faecal microbial transplantation may also lead to microbial transmission of adverse
infection events and the benefits and risks of FMT in different patient groups are different.
In two independent clinical trials, two patients developed extended-spectrum beta-lactamase
(ESBL)-producing £. colibacteremia after receiving FMT, both patients were connected to
the same faecal donor through genome sequencing, and one of the patients died (DeFilipp
et al. 2019). Therefore, in order to avoid adverse infection, donor screening should be
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strengthened. For the selection of donors, first of all, effective screening is carried out on the
premise of meeting the authoritative standards (Cammarota et al. 2017). In general, spouse
or close relatives are ideal FMT donors, but some studies have also shown that unrelated,
healthy, but well-screened donors may be more beneficial for genetic related diseases, such
as IBD (Kelly et al. 2015).

Dietary interventions

Diet is related to health. The vast majority of a healthy person’s food is absorbed by the
small intestine, and dietary residues enter the colon, including complex carbohydrates,
protein residues and primary bile acids. They affect the compaosition and function of

the gut microbiome, and keep the colon healthy through fermentation. In a balanced

diet, the fermentation of carbohydrates plays a major role in the production of SCFAs.
Butyrate, acts as mucosal anti-inflammatory and anti-tumour molecules in colon cells
through the regulation of cell metabolism, immune regulation and anti-proliferation. But

in an unbalanced diet, protein fermentation and the detoxification of bile acids are increased,
which can promote inflammation and damage colon cells, leading to colon cancer (Yang
and Yu 2018). In addition, changes in diet affect the distribution of intestinal microbiota.
Individuals who consumed more fibre had higher Prevotella sp., while individuals with
more amounts of protein and fat in their food had higher Bacteroides sp. These indicate

that Prevotella sp. has better fibre degradation ability compared to Bacteroides. As a result,
diet affects the composition of the gut microbiome and the patient’s intestinal microbiota

is maladjusted, thus affecting the host’s absorption of nutrients, changing the host’s ability
to construct an appropriate immune response, and undermining the host’s tolerance to

its own intestinal symbiotic bacteria (Marietta et al. 2018). In addition, human intestinal
microbiota contains a large number of antibiotic resistance genes (ARGSs), and among them,
tetracycline resistance genes account for a large proportion. These ARGs can be freely
transferred between intestinal bacteria within human colon (Liu et al. 2017b). Some of them
are potential pathogens that induce a variety of diseases through the faecal-oral route and
endanger human health. The use of antibiotics may help to enrich ARGs in human intestinal
microbiota and have long-term effects on human intestinal microbiota (Yang et al. 2016).
Again, the more and longer use of antibiotics increase the chances of harbouring, more
resistance genes. Through DNA microarray analysis, it has been shown that the ARGs of
human intestinal microbiota can be accumulated to adulthood, which create more complex
problems with age (Lu et al. 2014). Traditional Chinese medicine has been proven to treat
intestinal diseases while avoiding the problem of drug resistance, but the long treatment
period is the existing problem.

Dietary fibre—Diet and nutrition heavily affect intestinal microbiota, which ferment
dietary fibre to produce SCFAs, which have a variety of health benefits, and metabolites
such as trimethylamine and indole propionic acids, that also have a direct impact on health.
The foods that contain dietary fibre basically are grains, vegetables, fruits and beans. Many
plants and mushroom (Ganoderma lucidum) eaters are resistant to diabetes and obesity
(Martel et al. 2017). Pomegranates, nuts and berries have anti-aging effect (Ryu et al. 2016).
Among them, soluble and insoluble dietary fibre can be distinguished and most dietary
fibre is insoluble, such as cellulose and hemicellulose. Dietary fibre (including probiotics)
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has a variety of functions, such as reducing bowel passage time, maintaining normal blood
cholesterol levels, reducing the risk of coronary heart disease and colorectal cancer, reducing
postnatal blood glucose response and preventing harmful colonization (Verspreet et al.
2016).

Dietary soluble corn fibre was significantly correlated with increased calcium absorption in
adolescent females, and the diversity of intestinal microbiota was significantly changed. The
proportion of Cymbidium increased with the increase of edible soluble corn fibre, and the
increase of calcium absorption was positively correlated with the increase of Clostridium
and unclassified Clostridium (Whisner et al. 2016). And a high-vegetable/low-protein diet
(HV/LP) eases multiple sclerosis.

Evidence from animal models and human experiments indicate that metabolic products
produced by intestinal microbiota through dietary sources may affect the health of the host
through certain signalling pathways. Diet has a significant impact on the composition and
function of intestinal microbiota, and the intestinal microbiota also affects metabolites of
dietary components. The bacteria metabolize high-fibre foods to produce succinic acid,
which maintains blood sugar balance by activating intestinal glycogenesis. The ability of
dietary fibre to improve glucose metabolism was related to the increased abundance of
Platycocci (Kovatcheva-Datchary et al. 2015). Secondary bile acids were associated with
liver cancer and colon cancer. The mixture of oya pulp and Bacillus coagulans can increase
the metabolism of bile acid (Lee et al. 2016).

Dietary components can control colonization of intestinal symbiotic bacteria. According

to the many reports, seaweed can affect colonization of the intestinal tract of Bacteroides
plebeius DSM17135 (Kearney et al. 2018). Dietary fibre deficiency causes specific bacteria
to degrade glycoproteins in intestinal mucus, damage the intestinal barrier and increase
pathogen infection. Dietary fibre supplementation (especially fructan and oligogalactose)
increases the abundance of Bifidobacteriaand Lactobacillus in healthy adult faeces, but does
not affect its diversity. A new study has been launched, proposing a novel idea to treat
intestinal infection (Rolig et al. 2018). Without antibiotics, the metabolism and physiology
of mice can be altered through dietary factors (short-term iron supplementation), in the
way they only retain the mutant strain of Citrobacterwith weak virulence selectively, thus
promoting long-term symbiosis with pathogenic bacteria.

Prebiotics products—The concept of prebiotics has been proposed for 21 years ago, and
animal experiments have shown that it can recover the intestinal tract damage, metabolism
abnormalities, reduce the incidence of CRC. The supplementation of biogenetic element,
short chain oligogalactose (scGOS), long chain oligofructose (IcFOS), m-16v Bifidobacteria
increased the proportion of Bifidobacteriafor caesarean babies and faecal acetate but
decreased the proportion of Enterobacteriaceae, faecal pH (Chua et al. 2017). Thirty seven
Australian children aged 2—3 years have higher composition of the children’s microbiome
and was significantly different between the dairy based and plant diet (Smith-Brown et al.
2016). The diet increased the food to bacteria ratio, but both the bacterial abundance and the
diversity were decreased. Plant diet was positively correlated with the amount of molasses,
especially soybean and nut and increased the content of Bacteroides lycopensis.
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The number of active rumen coccus was negatively correlated with the intake of fruit,
especially apples and pears. In the simulated gastrointestinal experiment, the resistance

and survival rate were improved when the rhamnose strain AT195 was precultured in

the laboratory with sorbitol/mannose (Succi et al. 2017). Fructooligosaccharides (FOS), a
dietary fibre rich in fruits and vegetables, were added to improve blood glucose homeostasis
in animal models (Lin et al. 2016). Oligoxylose has the function of prebiotics. The addition
of oligoxylose in rice was found to improve the balance of human microbiota (Le Bourgot
et al. 2018). However, some butyric acid producing bacteria are reduced by excessive FOS
intake, resulting in decreased diversity of bacteria and abnormal blood glucose metabolism.

Inulin is a kind of polyfructose that can be used as prebiotics, sugar substitute, emulsifying
agent and fat substitute. Recent studies have shown that inulin and oligofructose can directly
regulate mucosal immunity without changing the microbiota. Inulin rich in oligofructose
can improve the metabolism of amino acids in plasma and urine of children with CD on

a gluten-free diet, thus improving the intestinal condition and permeability (Drabinska et
al. 2018). The combination of oligofructose and probiotics also has significant therapeutic
effect on functional constipation. Dietary fibre selectively regulates the abundance and/or
metabolic activity of intestinal microbiota or can prevent and repair the microbiota
imbalance. With the addition of inulin, resistant starch and citrus pectin, the abundance of
Bacteroides and Firmicutes in the intestinal microbiota of rats increased, and the abundance
of Firmicutes decreased (Ferrario et al. 2017). Oral preparation (OMNi-BiOTiC® Stress
Repair) can improve the condition of diarrhea type of IBS patients (Moser et al. 2018).

It remarkably increases the diversity of bacteria in the stomach and duodenal membrane,
and the elevated number of CD4 (+) T cells were reduced. The concentrations of SCFA,
acetic acid and butyric acid in faeces were significantly increased and the concentrations of
harmful hyponectin were decreased.

Drug adjustment

Antibiotics—Studies have shown that antibiotic treatment alleviates the effects of dextran
sodium sulphate (DSS)-induced colitis and effects on fungi population (Sovran et al. 2018).
DSS induced mice when treated with Vancomycin were completely protected from colitis,
while colistintreated mice still had a colitis phenotype but were no longer affected by

fungi administration. The relative abundance of bacteria and fungi in colistin-treated mice
was significantly reduced compared to vancomycin-treated and control mice, indicating
that in colistin-sensitive mice, bacteria interacted with the fungus. The beneficial effect of
S. boulardiiwas restored with administration of colistrin-resistant £. coli, but the adverse
effects of C. albicansincreases. This result implies that the colonization of fungi in the
intestine is affected by the bacterial microbiota, which indirectly changes the effect of the
fungus on the host, thereby regulating colitis.

Antibiotics that relieve intestinal inflammation have been widely reported, such as rifaximin,
otilonium bromide, peppermint oil, mesalazine, chloroquine, secretagogues, p-Opioid
agonist, x-OR agonist and §-OR antagonist, Histamine H1 receptor antagonist (ebastine),
NK2 receptor antagonist (ibodutant), GABAergic agents (Jiang et al. 2017). Otilonium
bromide and peppermint oil have anticonvulsive effects. Mesalazine reduces UC symptoms.
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Other drugs mainly improve 1BS symptoms. Antibiotics use has a non-negligible side effect.
Lyer et al. found oxazole compound OxC derived from industrial, dietary and intestinal
commensal bacteria can impair the lipid antigen presentation function of CD1d in intestinal
ECs, reduce 1L-10 production, promote iNKT-mediated colon inflammation and activate

the aryl aromatic hydrocarbon receptor (AhR) that triggers a CD1d-dependent intestinal
inflammatory response (lyer et al. 2018).

In addition, if the antibiotic treatment time is transitory, the bacteria develop resistance.
Enterobacteriaceae infections in the bloodstream of patients (BSI) show resistance within
48 h of treatment of pseudomonas B-lactams antibiotic (APBL) therapy which is an
independent risk factor of CDI (Seddon et al. 2018). Again, it cannot target specific

harmful bacteria. Antibiotic use was found to significantly reduce overall survival in
patients receiving checkpoint inhibitors for advanced cancer. Considerable conclusion is
that, antibiotics do more harm than good for the recovery of intestinal microbiota and curing
disease.

Traditional Chinese herbs—Several traditional Chinese medicine formulations and
Chinese herbs contain fibre, polyphenols, polysaccharides and other substances, which
can regulate intestinal microbiota and alleviate intestinal inflammation. Yupingfeng
polysaccharides, consisting mainly of three plants (Astragali radix, Atractylodes
macrocephala, Rhizome radix saposhnikoviae), promote the growth and immune activity,
improve the steady state of gut microbiota by increasing the Cellulolytic bacteria and
Streptococcus sp., and Enterococcus sp. So, the stronger immune activity of Yupingfeng
polysaccharides may be related to its ability to improve intestinal microbiota (Sun et

al. 2016). Shen Ling Bai Zhu San, which consists of 10 Chinese herbs: Panax ginseng,
Atractylodes macrocephala, Wolfiporia cocos, Dioscorea opposita, Dolichos lablab, Semen
coicis, Semen nelumbinis, Platycodon grandiflorus, Fructus amomiand Glycyrrhiza
uralensisfisch at aratio of 4 : 4: 4: 4: 3: 2: 2: 2: 2: 4, has been found to regulate the
composition of intestinal microbiota in the process of alleviating antibiotic-related diarrhaea
(Lv et al. 2017). For example, Sutterella abundance decrease, enrichment of beneficial
bacteria, Bacteroides sp. increased significantly. Gegen Qinlian Decoction (GGQLD),
Danggui Liuhuang Decoction (DGLHD), Danggui Liuhuang Decoction (DGLHD) and
other prescriptions also have different effects on regulating intestinal microbiota, mucosal
immunity and inflammatory state. Among them, GGQLD was composed of extracts

of Puerariae lobataeradix, Scutellariae radix, Coptidis rhizomaand Glycyrrhizae radix

et rhizoma Praeparata cum Melle (Kong et al. 2018). GGQLD is commonly used to

treat UC. Studies have shown that GGQLD induces changes in the composition of
intestinal microbiota. For example, the relative abundance of beneficial bacteria such as
Lachnospiracea incertae sedis, Gemmiger, Bifidobacterium and Faecalibacterium has been
significantly increased, while that of harmful bacteria such as £. prausnitzii, Alistipes,
Pseudobutyrivibrio and Parabacteroides decreased, these changes in intestinal microbiota
are reported to be associated with the antidiabetic effects of GGQLD (Xu et al. 2015).

The potential mechanism of Bawei Xileisan in the treatment of UC may be the disruption
of TH17 signalling pathway, the induction of TH17/TReg imbalance and the regulation of
specific microbiota (Wen et al. 2016). Gwakhyangjeonggisan and Probioticscan combined
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can alleviate symptoms of IBS by increasing the beneficial gut microbiota (Ko et al. 2013),
and Triterpenoid saponins from Gynostemma pentaphyllum herb (GpS) for CRC treatment
have also been reported (Chen et al. 2016). GpS may play a crucial role in bringing

the disease state of the host to a balance and healthy state through the modulation of

the interaction between host and gut microbiota, which may contribute to its preventive
efficacy against the tumourigenesis in ApcMin/+mice. Such health beneficial effects of
GpS may apply to alleviate other chronic elements associated with inflammatory intestinal
environment. These findings provide favourable evidence for the effects of traditional
Chinese medicine on the intestinal microbial ecosystem and provide new ideas on its
possible mechanism for preventing inflammatory diseases or cancers in the intestinal tract.

Conclusions

This paper reviews the relationship between human intestinal microbiota and several
intestinal diseases. Beneficial and harmful bacteria, metabolites and inflammation are

all important factors affecting human health. Existing research has confirmed a causal
relationship between intestinal microbiota and intestinal diseases, but it has not been
thoroughly studied, which can be used as a future research direction. The discovery

of bacterial metabolites that can regulate host physiological processes opens up the
possibility of many microbial pathways as mediators and potential pharmacological targets
for the treatment of intestinal diseases. Many ways including FMT, dietary interventions
and drugs receives great attention to achieve the intestinal disease therapeutic purpose
through intestinal micro-organisms” intervention. We need to make significant progress

in how the gut microbiome converts dietary and endogenous molecules into metabolites
that communicate with the host’s surrounding organs and tissues. Understanding the
composition of the microbiome, screening for harmful or beneficial bacteria, and exploring
the mechanisms by which diseases are aggravated or alleviated in the course of disease
occurrence and development will help us to cope with intestinal diseases by adjusting new
therapies of the microbiome. There are few researches on the mechanism of action between
intestinal micro-organisms and between intestinal micro-organisms and host. In the future, if
one or several related micro-organisms or its key components can be found that can be used
as the markers of specific diseases, it will be possible to use intestinal microbiology for the
diagnosis, prevention and treatment of diseases.
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Gut microbiota and possible molecular pathways linked to intestinal diseases.

J Appl Microbiol. Author manuscript; available in PMC 2024 April 19.



Page 29

Meng et al.

asuodsas Aloyewwrefjul ay |
uonrelayjold |83 anown
JUBLLUOJIAUS JnOWN} € 8}eal)

aWO01qOoJoIW By} Woysuel |

aInssald o10wWsSo Jeunsaul ui sabueyd

1H-G JO [8A3] 8 8sealdaq

143S [eunsaj|

pasealoul uonedojsuesy usboyred pue wiojod

B118198q UOIBULIOIP A

BLReq /-¥CS

winlaBqoALIaN
pue ‘0LIGINOYINSaQ ‘SN|{128q0IoeT
WINIPLISOLD “SaINILLIA

BIOIU SBUOLINIES PUR LUNIOJIQIOW BJJSUISD '18100U
WINLIAIIBQOJOS ‘SHELLIOIS SNII0I0IAANSOIAIS ‘SNIGOISBUE o ‘WIMBSJINU LWINLIAIILQOSN- 24D

saplossIoeg eayLIeIp 9N0WSO

SaPI0.19)IBG BIIYAILIINL BISUBLLISYYY

saplossioeg  uonednsuod o1uoIyD

(091S) UYmoBIan0 [eLIa1oBq [eunsaIU| wniaRqopIIg
SUOI0BJUI [BUIISBIUIONISED) snjj19eqooe7 BLI9)0B] BUBYIBIA sdl
snfj19eqooe7
8SeaSIpP aunWwWIoNe Alojewiweul S819PI0IaI®q BLINGSSOY
uoisaype [elis)oeg Bl1a10/81d LaoRIASOUYIET PUR BIBYASEBaYY ‘BJJBUOIIGN ‘BIYILIBYIST agl-1d
pasealoul uoledo|sues) uabnue [elisloeg
UOIRWILBISUI [BSOONW [RURS3IU|
Ja1lieq jeunsaui jo uondnisig sanaLLI- B118192G08)0.1d agql
sa.njes) [eoibojoyred ase9 109Q ases.ou|

Health Research Alliance Author Manuscript

SaseasIp |eunsalul pue vlo1qoJolw N6 usamiag syull parebisaaul saipnis 1o Arewwng

T alqeL

Health Research Alliance Author Manuscript

J Appl Microbiol. Author manuscript; available in PMC 2024 April 19.



	Summary
	Introduction
	Intestinal diseases
	IBD
	Salmonella-infected disease
	IBS
	Chronic constipation
	Osmotic diarrhoea
	Colorectal cancer

	The mechanism of action of gut bacteria in intestinal disease development
	‘Good’ bacteria and ‘Bad’ bacteria
	Metabolites
	Fatty acids
	Protein and toxic compounds
	Bile acid

	The immune response

	Treatment and adjustment
	Faecal microbiota transplantation
	Dietary interventions
	Dietary fibre
	Prebiotics products

	Drug adjustment
	Antibiotics
	Traditional Chinese herbs


	Conclusions
	References
	Figure 1
	Table 1

