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Abstract 

The microbiota in the host gastrointestinal tract plays key roles in metabolism, nutrient absorption, and immune regulation and is responsible for 
the maintenance of homeostasis. Different diseases are characterized by diverse microenvironmental properties. The specific microbiome affects 
the development and progression of various diseases. Dysbiosis of the microbiota contributes to the pathogenesis of diseases by promoting short-
chain fatty acid production, influencing immune responses, inducing inflammatory pathways, and affecting intestinal permeability. “Molecular 
mimicry” is also involved in some common digestive diseases. In this review, the characteristic alterations of the microbiome in various diseases, 
e.g., esophageal, gastrointestinal, and liver diseases are summarized. We provide an overview of several main mechanisms by which the microbiota 
is linked to digestive diseases.
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Introduction

The massive microbiota parasitizing the normal human 
gastrointestinal tract maintains a balance and protects the host 
against illness and infection. It was previously believed that the 
gut microbiota in humans is established at birth. However, studies 
have demonstrated that microorganisms are seeded during 
placenta formation Rodríguez et al. [1]; Aagaard et al. [2] and 
are similar to the oral microenvironment, mainly including the 
phyla Firmicutes, Tener cutes, Proteobacteria, Bacteroidetes, and 
Fusobacteria Aagaard et al. [2]. Several oral bacteria are also found 
in the placenta, e.g., Alloprevotella rava gen. Nov. Downes et al. [3] 
(previously called Prevotella tannerae typically found in gingival 
crevices) and non-pathogenic Neisseria species Bäckhed et al. [4]. 
In infants, the gastrointestinal tract develops rapidly. Diet, diseases, 
and antibiotics can affect the microbiota. Delivery methods also 
have a significant influence on the microbiota; Lactobacillus are 
frequent in the gut of infants after vaginal delivery Avershina et al.  

 
[5] and facultative anaerobes are common after Cesarean sections 
Biagi et al. [6]. 

The fecal flora after vaginal delivery primarily represents the 
microenvironment of the maternal gastrointestinal tract Bäckhed 
et al. [4]. The gut flora is not highly diverse during the early 
stages of growth; two dominant phyla are Proteobacteria and 
Actinobacteria Rodríguez et al. [1]. In the first year, the population 
of microbes increases; at the age of 2.5 years, the composition 
and functions of microbes resemble those of adults Biagi et al. 
[6]. When children become adults, gut microbes stabilize. After 
65 years old, Clostridium cluster IV and Bacteriaceae increase 
and bacterial diversity decreases Claesson et al. [7]. Accordingly, 
different phases of life are characterized by different dominant 
taxa. A variety of factors can affect the microenvironment, and 
disruptions in the gut microbiome are associated with a wide range 
of disorders. In this review, effects of microbiota on pathogenic 
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mechanisms in common digestive diseases are summaried and 
microenvironmental characters. 

Physiological Effects of the Gut Microbiota on Humans

Specific microbial taxa improve intestinal epithelial cell 
integrity, nutrient absorption, and the regulation of the host 
immune system. The gut microbiota can help protect against 
antigen invasion. Bacteria colonizing the gut contain carbohydrate-
active enzymes, which ferment carbohydrates to short-chain 
fatty acids (SCFAs), including butyrate, acetate, and propionate 
Soverini et al. [8]. The functions of SCFAs include the regulation 
of gene expression, cell proliferation, apoptosis, and glycolipid 
metabolism. Studies have also indicated that butyrate has anti-
inflammatory and anti-tumor effects Morrison et al. [9]; Lin et 
al. [10]. As an energy source in colon cells, it can reduce bacterial 
translocation, thereby improving intestinal barrier function 
Corrêa-Oliveira et al. [11].

Additionally, the gut microbiome synthesizes vitamins that 
cannot be produced by humans themselves.For example, lactic acid 
bacteria are essential for vitamin B12 synthesis Capozzi et al. [12] 
and Bacillus bifidus produce folic acid Rossi et al. [13]. Bacteria 
in the colon metabolize bile acid to secondary bile acids, and 
there is a strong association between bile acid and diseases, like 
obesity and diabetes Palau-Rodriguez et al. [14]; Hevia et al. [15]. 
Therefore, the gut microbiota participates in the metabolism of 
various nutrients and substances related to diseases. Additionally, 
the microbiome maintains intestinal immune system homeostasis 
via interactions between pattern recognition receptors (PRRs, 
principally Toll-like receptors and NOD-like receptors) and 
microorganism-associated molecular patterns (MAMPs) Hevia 
et al. [15]. Accordingly, disruptions in the gut microbiome can 
lead to diseases or the deterioration of health, as described in the 
following sections.

Eosinophil oesophagitis

Eosinophil oesophagitis (EOE) is a chronic allergen-
induced inflammatory disease of the esophagus. It is specifically 
characterized by eosinophil infiltration in the esophagus wall. 
EOE symptoms include dysphagia and acid reflux. Several factors 
influence the development of EOE. For example, it is related to 
environmental factors Jensen et al. [16], like living in areas of 
low population density Jensen et al. [16]. EOE also has a genetic 
component, as well. Three main genes associated with EOE have 
been identified to date. The thymic stromal lymphopoietin (TSLP) 
gene on chromosomal region 5q22 Sherrill et al. [17] is over-
expressed in EOE. Similarly, CCL26 (also called eotaxin-3) Davis 
et al. [18] and calpain-14 are also over-expressed Davis et al. [19]. 
Alterations in the epithelial cell barrier Davis et al. [19] and food 
allergy- induced IgE cause EOE Pelz et al. [20]. Changes in the 
activity of the Th2-type inflammatory response also contribute 
to the pathogenesis of EOE Davis et al. [19]. Patients with EOE 
differ from healthy individuals with respect to the microbiota of 
the esophagus. A study by Benitez and colleagues proved that 

the esophageal microbiota in children with EOE is dominated by 
Corynebacterium and Neisseria (similar to that of the oral cavity) 
Benitez et al. [21]. 

Another study found a higher frequency of Haemophilus in the 
esophagus of patients with EOE than in a control group Harris et al. 
[22]. Proton pump inhibitors reduce Streptococcus in EOE Harris 
et al. [22]. The gut microbiome is related to EOE. Some specific gut 
bacteria, e.g., Clostridia, induce RORγt+ innate lymphoid cells and 
T cells that produce IL-22 Stefka et al. [23], which can decrease 
circulating antigens from food Stefka et al. [23]. Moreover, IL-
22 promotes mucus secretion from goblet cells, with beneficial 
effects on the intestinal barrier Sabat et al. [24]. Clostridia can 
also amplify Foxp3+ Tregs and induce immunoglobulin A (IgA), 
which participates in adaptive mucosal immunity Atarashi et 
al. [25]. Thereinto Clostridia (clusters IV and XIVa) can regulate 
the immune response by colonic regulatory T cells Atarashi et al. 
[26]. However, not all Clostridia are beneficial in humans. When 
Clostridium difficile colonizes the intestines of infants, it can 
decrease the diversity of the microbiome Lee et al. [27], thereby 
enhancing the risk of allergic disease.

Gastroesophageal reflux disease

Gastroesophageal reflux disease (GERD) is a dysfunction 
in gastrointestinal motility and involves the reflux of stomach 
contents into the esophagus. are as follows: an excessive 
relaxation of the lower esophageal sphincter, a motility deficiency 
in the stomach or esophagus, and increased pressure of the 
chest and belly as a result of obesity or a high body mass index 
Herbella et al. [28] The microbiome of patients with GERD has 
specific features. A large-scale study in 2009 explored the distal 
esophageal mucous microbiota in the normal, GERD, and Barrett 
esophagus Herbella et al. [28]. GERD and Barrett esophageal 
tissues have high proportions of gram-negative bacteria, including 
Proteobacteria, Fusobacteria, Spirochaetes, and Bacteroidetes 
Yang et al. [29]. These microbial taxa are not definitively related 
to GERD. However, a common bacterium, Helicobacter pylori 
(Hp), can protect against GERD Howard Malnick et al. [30] and the 
elimination of Hp does not aggravate GERD symptoms Polat et al. 
[31]. The detailed mechanism underlying the role of Hp is unclear.

Autoimmune liver disease

Autoimmune liver disease includes three diseases, i.e., 
autoimmune hepatitis (AIH), primary sclerotic cholangitis 
(PSC), and primary biliary cirrhosis (PBC). AIH is characterized 
by damaged hepatocytes, and PSC and PBC exhibit injuries to 
bile duct epithelial cells. Sustained injury to the liver leads to 
inflammation, cell proliferation, and myoblast deposition in the 
portal vein. Below, we discuss the role of the gut microbiota in 
each of these diseases.

Autoimmune hepatitis

Bifidobacterium and Bacillus lactis has significantly decreased 
in the guts of patients with AIH compared with healthy individuals, 
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and the bacteria /Escherichia coli ratio (B/E, representing the 
balance of the microbiota also decreases Lin et al. [32]. A study of 
AIH animal models demonstrated that the gut microenvironment 
of HLA-DR3 NOD mice has abundant Proteobacteria and 
Bacteroidetes Yuksel et al. [33]. These studies suggest that AIH 
involves the disruption of the intestinal microbiota in both 
humans and animal models. The microbiome is involved in the 
pathogenesis of AIH, including dysbacteriosis in the gut. The liver 
accepts 75% blood from the intestinal tract by enterohepatic 
circulation, which includes blood as well as bacteria and nutrients. 
Strong intestinal barrier function and detoxification are important 
to maintain an immune balance in the liver. Intestinal-derived 
toxins result in the excessive activation of the innate immune 
system, inducing inflammatory response signals and injuring liver 
tissues Yuksel et al. [33]. Analyses of lipopolysaccharides (LPS) in 
the plasma (an indicator of bacterial translocation) have indicated 
high levels in patients with AIH Lin et al. [32]. 

LPS is a component of the bacterial cell wall and is a type 
of MAMP. Toll-like receptors (TLR)are pattern-recognition 
receptors that recognize and combine with MAMPs, to activate 
the immune response. LPS interacts with LPS-binding protein 
(LBP) in circulation and combines with TLR4 (in the liver, TLR4 is 
expressed in hepatocytes) Guo et al. [34]. This process is assisted 
by two co-receptors, CD14 and myeloid differentiation protein 2 
(MD2), and leads to the activation of the NF-dB signaling pathway. 
NF-dB can upregulate pro-inflammatory cytokine expression Guo 
et al. [34]. Accordingly, LPS-TLR4-NF-κB signaling damages liver 
cells and causes fibrosis. Intestinal permeability is closely related 
to AIH. Low levels of zonula occludens-1 (ZO-1) and occluding in 
descending duodenum specimens Lin et al. [32]. The disruption 
of tight junctions and the intestinal villus have been detected by 
endoscopy. The integrity of the intestinal barrier relies on the 
villus, tight junctions, and a balanced gut microenvironment. 
Decreases or disruptions in ZO-1 and Occluding weaken intestinal 
permeability, which may aggravate inflammation of the liver and 
cause AIH.

Primary biliary cirrhosis

In the bile of patients with PBC, gram-positive cocci are 
common in the terminal phase Mattner [35]. There is a correlation 
between urinary tract infection and PBC Smyk et al. [36]. 
Bacteriuria or urinary tract infection are involved in the PBC 
mechanism via cross-reactions between pyruvate dehydrogenase 
complex-E2(PDC-E2) of Escherichia coli and human biliary cells. 
This reaction is called molecular mimicry Hirschfield et al. [37]. 
PDC-E2 epitopes of humans are highly homologous to those of 
E. coli. An anti-mitochondrial antibody (AMA-M2) antibody is a 
specific serologic marker in patients with PBC, and AMA-M2 binds 
to PDC-E2 in the mitochondrial intimal. After infection with E. coli 
PDC-E2 of E. coli may interact with human tissues, cause damage 
Hirschfield et al. [37]. Other bacterial taxa can also cause PBC. 
Novosphingobium aromaticivorans induces PDC-E2 combined 

with the AMA-M2 reaction Mohammed et al. [38] and might be a 
trigger of autoimmunity in PBC (Olafsson et al.,2004). Lactobacillus 
Delbruck Smyk et al. [36] and Chlamydia pneumoniae Abdulkarim 
et al. [39] might also cause PBC by molecular mimicry. The most 
possible mechanism involved above microbiota is “molecular 
mimicry”. TLR signaling by MAMPs interacting with PRRs also 
plays a role in the immune response in PBC Mattner [35]. TLR4 is 
expressed on biliary epithelial cells Wang et al. [40], and LPS (from 
gram-negative bacteria) is linked to the TLR4-mediated secretion 
of inflammatory cytokines, e.g., IL-6, IL-8, and TNF-α. Accordingly, 
the microbiota can destroy biliary epithelial cells Mohammed et 
al. [38]; Olafsson et al. [41] via chemokines.

Primary sclerotic cholangitis

The gut microbiota of patients with PSC exhibits low diversity 
and a low frequency of Clostridial II Rossen et al. [42]. The 
relationship between bile and the gut microbiota is associated 
with the Fructosyltransferase 2 gene (FUT2, which encodes an 
enzyme involved in protein glycosylation and cacodylate protein 
production). Its dysfunction is involved in the pathogenesis of 
PSC Folse Raas et al. [43] and is associated with an increase in 
Firmicutes in the bile acid and a decrease in microorganism 
diversity. Both taxonomic changes are involved in PSC Folse Raas 
et al. [43]. TLRs on CD11c+ dendritic cells (DCs) are activated 
by microbial products, like CpG DNA and peptidoglycans. This 
process results in IL-23 secretion, and IL-23 regulates RORγt-
dependent innate lymphocytes (ILCs) Mattner [35]. ILCs produce 
IL-22, which up-regulates FUT2 expression Pickard et al. [44]. 
Cacodylate proteins (which are produced by FUT2) enter the 
lumen and produce SCFAs Mattner [35], which are beneficial to 
the bile tract environment.

These findings indicate that abnormityalities of FUT2 may 
contribute to PSC. As mentioned previously, Hp has a protective 
role in GERD. In fact, Hp can influence AIH as well. A trial by Peng 
et al. proved that patients with AIH who are positive for Hp have 
high incidences of various anti-bodies, such as AMA, ANA, SMA, 
ANCA, and other specific anti-bodies in AIH Peng et al. [45]. 
Moreover, this trial showed that high levels of IFN-γ, IL-6, IL-10, 
and TNF-αin AIH are associated with Hp positivity Vorobyova et 
al. [46]. Potential mechanisms by which Hp aggravates AIH are as 
follows: IFN-γ, IL-10, TNF-α, and other cytokines can damage liver 
cells Vorobyova et al. [46]; endotoxemia resulting from Hp can 
lead to inflammatory damage in liver cells Mackay et al. [47]; Hp 
combined with ANA forms an immune complex that can aggravate 
injury to the intrahepatic bile duct Peng et al. [45]; Hp releases 
cytotoxin associated gene A (Cagan), which enters the stomach 
mucosa and causes an immune response Peng et al. [45].

Nonalcoholic fatty liver disease

Nonalcoholic fatty liver disease (NAFLD) can be explained by 
the popular “two-hit hypothesis. “The first hit is insulin resistance 
(IR), which enhances the activity of liver Kupffer cells and the cells 
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response to gut-derived endotoxins. The second hit is oxidative 
stress, resulting in ROS production, and lipid peroxidation, 
leading to inflammation and fibrosis Bluemel et al. [48]. The 
microbiome contributes to the pathogenesis of NAFLD, which is 
characterized by a specific microenvironment. Compared to the 
gut of healthy individuals, the NAFLD gut has low proportions of 
Bacteroidetes Mozaki et al. [49] and Ruminococcaceae Raman et 
al. [50]. Proteobacteria are more abundant in the gut microbiota 
Zhu et al. [51]. Disruptions in the intestinal flora induce NAFLD 
via the production of SCFAs, LPS, fasting-induced adipose factor 
(FIAF), and ethanol Leung et al. [52]. SCFAs generated by the 
microbiome activate G-protein-coupled receptors (GPCRs) on 
the intestinal mucosa, and the activation of GPR41 and GPR43 
results in peptide YY(PYY) and glucagon-like peptide 1 (GLP-
1) production Leung et al. [52]. PYY increases nutrient intake 
by delaying stomach emptying and intestinal peristalsis Musso 
et al. [53]; GLP-1 promotes insulin resistance (Vegliote-Baroni 
et al.,2011). These effects can aggravate NAFLD. SCFAs can also 
inhibit the adenosine 5′-moophosphate-activated protein kinase 
(AMPK) signaling pathway Den Basten et al. [54] and decrease 
free fatty acid β-oxidation.

Free fatty acid then accumulates in liver cells. LPS resulting 
from dysbacteriosis stimulates TLR4 in liver sinusoidal endothelial 
cells and TLR9 in dendritic cells and induces the inflammasome 
as well as the production of inflammatory cytokines, e.g., TNF-α 
and IL-1 Than et al. [55]; Federico et al. [56]. These inflammatory 
factors induce steatosis and fibrosis in the liver. The microbiome 
generates ethanol, and this endogenous ethanol destroys tight 
junction Leung et al. [52]. LPS and endotoxins enter the portal 
system more easily, destroying intestinal integrity. The intestinal 
flora-mediated regulation of choline metabolism influences 
NAFLD, as demonstrated by Dumas et al. [57]. In mice fed a high-
fat diet, an imbalance in the microbiota down-regulates choline 
levels, which induces NAFLD Dumas et al. [57].The microbiota 
converts dietary lecithin to choline, and an imbalance in the 
flora causes low levels of very low-density lipoprotein (choline 
is a component of VLDL), leading to liver fat accumulation and 
fibrosis Wang et al. [58]. Dysbiosis also suppresses the secretion 
of FIAF, which can inhibit the activity of lipoprotein lipase, which 
can metabolize triglycerides Malaguena et al. [59]. Low levels of 
FIAF also activate Cheb and SREBP-1c to activate hepatic lipogenic 
enzymes Raman et al. [50]. Both effects enhance fat storage in the 
liver.

Alcoholic fatty liver

Long-term alcohol consumption leads to decreases in 
Bacteroidetes and Firmicutes Malaguena et al. [59] and increases 
in Proteobacteria and Actinobacteria Mutlu et al. [60]. Alcohol 
changes the balance of the microbiome; in particular, it supports 
the growth of Enterobacteriaceae and Proteobacteria Mutlu et 
al. [60]. Bacteria in the intestine convert alcohol to acetaldehyde, 
and dysbacteriosis increases the concentration of acetaldehyde. 

It leads to the redistribution of the tight junction proteins ZO-1 
and occluding, and increases the permeability of the gut increase 
Atkinson et al. [61]. High permeability increases NF-dB and NO 
which induces oxidative stress Banan et al. [62]. Gram-negative 
bacteria that produce LPS induce the release of IL-1β and TNF by 
Kupffer cells, resulting in inflammation Forsyth et al. [63].

Liver cirrhosis

Liver cirrhosis is the end stage of most chronic liver diseases 
and has characteristic microbiome. Studies have found increased 
ratios of Proteobacteria, Enterobacteriaceae, Veillonellaceae, and 
Streptococcic (Andruzzi Zamparelli et al.,2017) and decreases 
in Bacteroidetes and Lachnospiraceae in the gut of patient with 
cirrhosis Chen et al. [64]. The flora is related to complications 
associated with cirrhosis, such as hepatic encephalopathy, visceral 
artery vasodilatation, spontaneous peritonitis, and bacteremia 
Gómez-Hurtado et al. [65]. Hepatic encephalopathy (HE) is a 
serious complication associated with ammonia. The failure of 
ammonia metabolism to produce urea during liver dysfunction 
results in its direct circulation. 

The free form of ammonia can induce oxidative stress; 
moreover, it is converted to glutamine in brain cells. Absorbed 
glutamine can cause cerebral edema Gómez-Hurtado et al. [65]. 
Porphyromonadaceae, Alcaligene, and Enterobacteriaceae of the 
fecal microbiome are positively correlated with HE Bajaj et al. [66]. 
Alcaligene and Porphyromonadaceae metabolize urea to ammonia, 
leading to cognition impairment Bajaj et al. [66]. In colonic 
mucosal tissues, Streptococcus salivarius is elevated in patients 
with minimal hepatic encephalopathy, and Porphyromonadaceae 
is increased in overt hepatic encephalopathy Bajaj [67]. Dysbiosis 
decreases bacterial metabolism of bile acid. Factors such as 
LPS, cytokines, and ammonia will pass the blood-brain barrier. 
Bacterial DNA induces peritoneal macrophages to produce NO and 
cytokines Francés et al. [68], which can activate oxidative stress. 
NO also leads to visceral artery vasodilatation. Bacterial produced 
LPS induces TNF-α, which is involved in portal hypertension 
Theodorakis et al. [69]. The underlying mechanism is still not clear. 
Spontaneous peritonitis emerges in cirrhosis with ascites. The 
translocation of bacteria with weak intestinal function can cause 
spontaneous peritonitis’s in patients with portal hypertension.

Pancreatic Disease

The role of the microbiome in pancreatic disease is still 
not clear. Gut microbiome translocation and endotoxins are 
associated with acute pancreatitis Leal-Lopes et al. [70]. Pancreas 
damage and the disruption of intestinal permeability result in 
ischemia and the excessive growth of bacteria Sharma et al. [71]. 
Bacteria transfer to the pancreas causes re-infection, which is 
main cause of death in patients with acute pancreatitis. Similarly, 
overgrowth of the gut microbiome occurs in chronic pancreatitis, 
and bacteria can influence terminal symptoms. An imbalance in 
the gut microbiota can cause a deficiency in Paneth cells Chen et 
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al. [72], thereby decreasing antimicrobial peptide(AMP) secretion 
by these cells, which maintains intestinal barrier function Zhang 
et al. [73]. Barrier weakening leads to bacterial translocation and 
the aggravation of pancreatitis. Moreover, molecular mimicry 
is involved in autoimmune pancreatitis associated with the 
microbiota; commensal bacteria translocated from the gut to the 
pancreas can activate nucleotide-binding oligomerization domain-
containing protein 1 (NOD1) in acinar cells Tsuji et al. [74]. NOD1 
is a protein receptor that can combine with bacterial factors, 
stimulating the immune response Chen et al. [72]. Bacterial 
MAMPs, like LPS, interact with TLRs, resulting in the production 
of inflammatory cytokines, such as interferon-γ, TNF-α, IL-10, 
and IL-12 Nishio et al. [75]. MAMPs activate the innate immune 
response by combining with TLRs and nucleotide-binding domain 
and leucine-rich repeat-containing molecules (NLRs) induce 
autoimmune inflammation Tsuji et al. [74]; Werts et al. [76].

Inflammatory Bowel Disease

The diversity of the microbiota in the mucosa of patients 
with IBD is low Nishio et al. [75], with an altered composition. 
In a large-scale study of patients with IBD before treatment. 
Enterobacteriaceae, Fusobacteria, Pasteurellosis, and 
Bifidobacteria increase in IBD patients Morgan et al. [77]; 
Martinez-Medina et al. [78]. Microbiota may be an indicator of 
clinical outcomes; the Crohn’s disease activity index (CDAI) is 
negatively related to Enterobacteriaceae Morgan et al. [79]. 

Crohn ’s Disease

The ileal mucous membrane of Crohn’s disease (CD) has high 
levels of adherent- invasive Escherichia coli (AIEC) Morgan et al. 
[79]; Martinez-Medina et al. [78]. AIEC triggers ileal inflammation 
and proliferation. AIEC activates the LPS-regulated inflammatory 
cascade reaction and influences autophagy Deering et al. [80]. 
Autophagic genes are essential for endothelial function Deering 
et al. [80]. ATG16L1 is involved in autophagy, innate immunity, 
and engulfing bacterial contents. AIEC down-regulates the 
expression of ATG16L1, and the dysfunction of autophagy occurs 
in CD Saraghina Sabad et al. [81]; and Salem et al. [82]. Individuals 
with genetic risk factors have dysfunctions in autophagy. Bacteria 
duplicate in macrophages and induce granuloma formation 
Saraghina Sabad et al. [81]. Some microbes produced SCFAs, which 
can be beneficial in CD. SCFAs are able to protect colon function. 
Faecalibacterium parasitize generates butyrate, which is lacking 
in patients with CD Morgan et al. [79]. F. parasitize is a therapeutic 
candidate; removing this bacterium enhances the risk of CD Sokol 
et al. [83].

Ulcerative Colonic Disease

F. parasitize is found in healthy individuals but is decreased 
in patients with ulcerative colonic disease (UC) Lee et al. [84]; 
Lopez-Siles et al. [85]. Bacteroides fragilis and Escherichia coli 

are enhanced in UC Kolhe et al. [86]; Nagao-Kitamoto et al. [87]. 
The supply of Fusicatenibacter bacterivores in patients with UC 
can improve colonic inflammation Takeshita et al. [88]. We discuss 
specific bacteria that influence UC and related mechanisms. 
Escherichia coli is abundant in UC, especially adherent invasive 
E. coli(AIEC), which can pass the intestinal barrier and reach 
deep tissues Martinez-Medina et al. [78]. AIEC invade intestinal 
epithelial cells. Mesalazine is an anti-inflammation drug that can 
relieve IBD by reducing AIEC Morgan et al. [79]. Some, but not all 
Bacteroides are beneficial in UC. Bacteroides fragilis can produce 
polysaccharide A (PSA) ，which converts CD4+T cells to Foxp3+ 
Treg cells Round et al. [89]. PSA not only interacts with TLR2 on 
DCs, inducing Treg cells and IL-10 expression Round et al. [89] 
but also prevents colonic inflammation in animal models Round 
et al. [89]; Zhang et al. [90]. Accordingly, B. fragilis promotes Treg 
cell differentiation to maintain intestinal mucous immunity. Other 
Bacteroides species invade and damage the gut Kuwahara et al. 
[91], and the gut commensal Bacteroides thetaiotaomicron can 
promote IBD progression Hansen et al. [92]. 

Infection or colonization with Hp can relieve dextran sodium 
sulfate-induced chronic colonic inflammation Engler et al. [93], 
suggesting that Hp has a protective effect dependent on the NLRP3 
inflammasome and IL-18 signaling pathway Engler et al. [93]. It 
activates NLRP3 inflammasomes and induces autoproteolytic 
cleavage caspase-1 Semper et al. [94]. This process can transform 
pro-IL-18 to IL-18 Hitzler et al. [95]. However, some etiological 
data do not indicate a significant relationship between Hp and 
IBD Papamichael et al. [96], and the effect of Hp on IBD is still 
controversial.Faecalibacterium prausnitzii protects the colon 
by generating SCFAs, which induce Treg cells, supply energy to 
endothelial cells of the gut, up-regulate the secretion of IL-10, and 
disrupt NF-κB activation to prevent IL-8 production Sarrabayrose 
et al. [97]; Ohkusa et al. [98] Some Clostridium species related 
to UC include C. difficile, C. coccoides, and C. leptum Kolho et 
al. [86]. C. difficile secretes endotoxins that injure the intestinal 
barrier Young et al. [99]. C. coccoides (also called Clostridium 
cluster XIVa) and C. leptum (also called Clostridium cluster IV) are 
associated with UC. Both bacteria produce butyrate to maintain 
gut integrity Louis et al. [100] and reduce the incidence of UC. 
Clostridium cluster IV induces Treg cell and DC production and 
stimulates DCs to increase Treg cells Li et al. [101]. It reduces the 
immune inflammatory response by decreasing T helper cells (Th1, 
Th2, and Th17) Li et al. [101].

Conclusion

The gut microbiome protects against the pathologic 
mechanisms of digestive diseases by producing beneficial 
substances, like IgA and SCFAs (except in NAFLD) Moore et al. 
[102]. Dysbiosis can induce the NF-κB pathway or inflammatory 
cytokines, which can cause inflammatory injury to tissues 
[103]. Additionally, some specific microbiota maintain immune 
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homeostasis by regulating immune cells, like Treg cells. Molecular 
mimicry is one of the main factors in some autoimmune diseases, 
like PBC. The microbiota influences tight junctions, thereby 
enhancing or weakening intestinal permeability [104-106]. It 
is involved in common digestive diseases, and other underlying 
genetic factors and microbiota-derived metabolites are not 
fully described in this review. Furthermore, this article does not 
consider all types of microbiotas (e.g., fungi parasites, and viruses 
are not included); the mechanisms described here are specifically 
related to bacteria. Further studies are needed to clarify the roles 
of other types of microbiotas. Finally, understanding the effects 
of bacteria on diseases may guide treatment and prevention. 
Detailed treatment strategies related to the microbiota are outside 
the scope of this review. However, many studies have shown that 
probiotics, or the avoidance of intestinal microflora disorders can 
effectively treat or prevent diseases.
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