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An alteration of gut microbiota and their products, particularly endotoxins may play a major role in the pathogenesis
of liver diseases. Gut dysbiosis caused by a high-fat diet and alcohol consumption induces increased intestinal
permeability, the so-called “leaky gut.” Clinical studies have found that plasma endotoxin levels are elevated in
patients with chronic liver diseases. The decreased diversity of gut microbiota in cirrhotic patients before liver
transplantation is also related to a higher incidence of posttransplant infections and cognitive impairment. The
exposure to endotoxins activates macrophages via toll-like receptor 4 (TLR4), leading to a greater production of
proinflammatory cytokines and chemokines including tumor necrosis factor—alpha, interleukin (IL)-6, and IL-8,
which play key roles in the progression of liver diseases. TLR4 is also a major receptor activated by the binding of
endotoxins in hepatic stellate cells, which play a crucial role in liver fibrogenesis that could develop into
hepatocarcinogenesis, suggesting the importance of the interaction between endotoxemia and TLR4 signaling as a
target for preventing liver disease progression.

leaky gut endotoxins alcoholic liver disease nonalcoholic steatohepatitis liver cirrhosis

hepatocarcinogenesis Toll-like receptor 4 pathway

| 1. Introduction

The interaction between the intestine and liver via microbiologic features from the gut, referred to as the “gut-liver
axis”, has been recently demonstrated as contributing to the development of liver diseases that develop liver
cirrhosis and hepatocellular carcinoma (HCC). Although there are many mechanisms underlying the pathogenesis
of liver inflammation, fibrosis, and carcinogenesis, microbial metabolites and products derived from the intestinal
tract are considered to be some of the major factors that accelerate the progression of liver diseases due to the

close links between the liver and intestine.

In patients with liver diseases, the gut bacteria themselves, as well as their components, often translocate into the
portal blood flow and directly reach the liver as a result of the disrupted intestinal barrier, or so-called bacterial
translocation. In chronic liver disease (CLD) patients, dysbiosis is often observed and increases alongside the
stages of liver fibrosis, leading to bacterial translocation including endotoxins. Endotoxins (lipopolysaccharides;
LPS) are a well-known component of Gram-negative bacteria and work as pathogen-associated molecular patterns
(PAMPSs) for Toll-like receptor 4 (TLR4), which recognizes unique structural components of bacteria and drives
innate immunity-producing inflammatory cytokines, such as tumor necrosis factor-a (TNF-a) and interleukin (IL)-6

[, In the liver, Kupffer cells (KCs) are regional macrophages that control the innate immune response and are
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activated by LPS binding, but LPS also stimulate hepatic nonimmune cells, including hepatic stellate cells (HSCs)

and sinusoidal endothelial cells as they also have TLR4 [2IE]4],

| 2. Mechanisms of Endotoxemia Derived from Gut Microbiota

Recent studies have demonstrated that the alteration in the gut microbiome referred to as “dysbiosis” is closely
associated with the clinical stages of CLDs, including liver cirrhosis, the end stage of chronic hepatitis RIS, The
role of dysbiosis in patients with CLDs has been reported by a study investigating the alteration in gut microbial
diversity by 16S sequencing and a meta-analysis in some diseases such as liver cirrhosis, colorectal cancer,
inflammatory bowel disease, obesity, and type 2 diabetes mellitus . This study also suggested that liver fibrosis,
the F4 stage of fibrosis, is the condition in which dysbiosis is linked to the pathogenesis, including in patients with
nonalcoholic steatohepatitis (NASH) B8 Furthermore, patients with alcoholic liver disease demonstrated an

increase inVeillonellaceae,which has been reported to induce highly systemic inflammation 19,

Small intestinal bacterial overgrowth (SIBO) is a part of dysbiosis that occurs in the small intestine. Recently, it has
become known to be associated with various diseases and not just liver diseases. SIBO is considered as an
important phenomenon that leads to an increased intestinal permeability via the impairment of tight junctions (TJs)
by intestinal epithelial cell damage 1112 Since the intestinal overgrowth ofEscherichia coliin patients with liver
cirrhosis was reported in 2016, a recent study was the first to demonstrate the change in gut microbial diversity in
cirrhotic and HCC patients and its possibility as a novel, noninvasive surrogate marker for the detection of HCC in
patients with HBV infection [23114],

An alteration of bile acid secretion is a major factor in inducing bacterial overgrowth. In patients with liver cirrhosis,
as the secretion of bile acid from the liver is decreased, bacterial overgrowth and the change in the bacterial
composition are promoted. Another study reported an association between proximal small intestinal motility and
SIBO in patients with liver cirrhosis 13, As gastric acid affects the regulation of microbiota and prevents the
translocation of oral bacteria through the stomach, the inhibition of gastric acid production with the use of a proton

pump inhibitor could also be implicated in the development of SIBO 18],

The epithelium of the intestine has occlusive intracellular junctions, which are the so-called tight junctions (TJs) L7,
TJs are composed of three types of transmembrane proteins associated with scaffolding proteins that link to the
actin cytoskeleton such as occludin, claudins, and junctional adhesion molecules 281, In particular, claudins are the
main molecules within the TJ structure and produce charge-selective pores that regulate the transportation of ions
and small particles across the epithelial layers. These proteins bind scaffolding proteins such as zonula occludins 1

(20O-1), Z0O-2, and ZO-3, which connect transmembrane proteins including claudins and occludins to the actin
cytoskeleton [121120]21]

The causes of intestinal permeability vary and remain to be elucidated. Physical damage to the intestinal
epithelium, disruption to the TJ, and alterations in the thickness of the mucus layer can result in increased intestinal

leakiness [22l. Dysbiosis can also promote inflammation in the intestinal epithelium and barrier dysfunction 231, The
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increased PAMPs such as LPS, bacterial RNAs, and viral RNAs translocate from the intestine through the intestinal
barrier and enter the liver, and they stimulate immune cells such as KCs via binding to TLR4 on their membrane,

resulting in the induction of hepatic inflammation that progresses to liver injury and diseases

3. The Role of Endotoxemia in the Progression of Liver
Pathogenesis

Excessive consumption of alcohol is an important cause of chronic hepatitis that develops into cirrhosis and the
occurrence of HCC based on cirrhosis 241231 Moreover, drinking alcohol induces bacterial translocation into the
portal vein, which plays a crucial role in alcoholic liver injury (28] Leclercq et al. indicated that almost half of the
patients with alcohol dependence have increased intestinal permeability, even at the early stage of liver fibrosis
(FO-1) Kakiyama et al. also reported thatBacteroidaceaeandPorphyromonadaceaewere decreased
andVeillonellaceaewas increased in patients with alcoholic liver cirrhosis as compared with those with cirrhosis due

to other etiologies 19,

Endotoxemia derived from the Gram-negative bacteria of theProteobacteriaphylum is considered to be a driver of
increased hepatic inflammation. Dysbiosis, namely, a decrease in commensal bacteria, induces a disruption in the
intestinal TJ barrier 24, Experimentally, supplementation of the probioticLactobacillus rhamnosus GGimproved
downregulated TJ protein expression and attenuated endotoxemia in alcohol-fed mice 8. This finding could

corroborate that improvement of dysbiosis contributes to preventing the disruption of the gut barrier function.

Gut-derived endotoxins from gut bacteria play a crucial role in the pathogenesis of alcoholic liver injury 22E9
When endotoxins enter into the liver, they initially activate KCs, which are regional macrophages in the liver, via
binding of TLR4 on their membrane, leading to an induction of inflammatory cytokines and chemokines including
TNF-q, IL-1, and IL-6, mediated by the activation of the nuclear factor—kB LPS—TLR4 binding on the surface of
KCs also induces reactive oxygen species (ROS) production, which in turn induces migration of T lymphocytes and
neutrophils and HSC activation W2, | jkewise, because nonimmune cells such as HSCs and liver sinusoidal
endothelial cells have TLR4, the exposure of endotoxins to their cells further promotes fibrotic activity via the

activation of these cells 4,

Nonalcoholic fatty liver disease (NAFLD) is considered to be the manifestation of metabolic syndrome in the liver.
Recently, it has been suggested that the definition and term NAFLD itself should be changed to “metabolic-
associated fatty liver disease” L. Various studies have indicated that the gut microbiota are closely associated

with the pathogenesis of the development of NASH 2],

As compared with lean NAFLD individuals, NAFLD patients with obesity have a tendency to have SIBO and leaky
gut. A greaterFirmicutes/Bacteroidetesratio and increasedProteobacteriawere associated with negative health
effects, such as induction of systemic inflammatory activity by the increased gut permeability 31, An experimental
study using obese mice demonstrated that increased intestinal permeability via the downregulation of occludins

and ZO-1 on the intestinal epithelium is closely associated with portal endotoxemia as well as the elevation of

https://encyclopedia.pub/entry/12020 3/15



Intestinal Permeability and Liver Cirrhosis | Encyclopedia.pub

serum inflammatory cytokine levels in obese mice B4, Moreover, a high-fat diet also promotes the translocation of
bacterial products including living bacteria through the intestinal mucosa, suggesting the importance of the gut—

liver axis in liver injury in NAFLD patients 22!,

To date, various studies have already demonstrated the importance of the gut—liver axis and the role of TLR4
signaling on the progression of NAFLD. It was previously reported that mice fed a methionine choline-deficient diet
demonstrated steatohepatitis, portal endotoxemia, and elevation of TLR4 expression in the liver, whereas TLR4
mutant mice showed less tissue damage and lipid accumulation in the liver 8. Our study demonstrated that rats
fed a choline-deficient L-amino acid-defined diet, which mimics the NASH liver, showed greater a-smooth muscle
actin expression and enhanced LPS binding protein mRNA levels in the liver tissue, increased intestinal
permeability, and decreased TJ protein expression in the intestine BZ. In contrast, oral medication with poorly

absorbable antibiotics inhibited LPS—TLR4 signaling and suppressed the progression of liver fibrosis 7.

Hepatitis A and E viral infections cause acute hepatitis, which can be self-clearing. Both A and E hepatitis viruses
are transmitted through the mouth into the gastrointestinal tract and may affect the diversity of the gut microbiota.
Although supplementation of beneficial bacteria such asEnterococcus faeciumwas shown to contribute to the

removal of the hepatitis E virus from the intestine of pigs, this effect remains unclear in humans (28],

In contrast, hepatitis B and C viruses are major viruses that cause chronic hepatitis. It is also observed that
patients with chronic hepatitis have higher bacterial translocation from the gut B2, It was recently reported that
commensal microbiota play an important role in both the viral host cell interaction and viral replication. Some

bacterial species includingNeisseria,E. coli,Enterobacteriaceae

Dysbiosis can influence the progression of disease pathogenesis, resulting in liver failure. In patients with HBV,
bacteria producing LPS are enriched. It has been demonstrated that the proportions ofF. prausnitzii,E.
faecalis,Enterobacteriaceae,Bifidobacteria, andLactobacilluswere markedly changed in HBV cirrhotic patients 49,

Another study suggested the positive correlation ofNeisseriaceaewith the level of serum HBV DNA [41],

In contrast, Lu et al. reported that cirrhotic HBV patients exhibited a marked decrease in the ratio
ofBifidobacteriaceaetoEnterobacteriaceae. Another study of cirrhotic patients with HBV also found a decrease
inBifidobacteriaandLactobacillus, whereas the levels ofEnterococcusandEnterobacteriaceaewere significantly

increased as compared with the healthy population.

In most patients with hepatitis C virus (HCV), the amount ofEnterobacteriaceaeandBacterioidetesincreased,
whereas that ofFirmicutesdecreased. Previous studies found that plasma levels of LPS in HCV patients are
elevated due to the promotion of bacterial translocation and intestinal inflammation #2431, As the production of bile
acids is important for the gut microbial composition 4 several pathogenic bacteria
includingEnterobacteriaceae,Enterococcus,andStaphylococcusprevent the production of bile acid in patients with

HCV, and the use of oral direct-acting antivirals reversed the alteration in the gut microbiota. That study further
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revealed that oral direct-acting antivirals could be helpful in improving the gut microflora through a reduction in

intestinal inflammation via mediating the TNF-a level 42!,

Several beneficial bacteria have been reported to have a protective effect during HCV infection. These bacteria
includingBifidobacteriumspp. andL. acidophilusplay a supportive role in the antiviral effect, even in antibacterial
activities 481, The immune response by natural killer cells can be extended by protective bacteria such as probiotics
in HCV-infected patients, and they also promote the cytotoxic effect of natural killer cells to inhibit HCV replication
[47][48]

Primary biliary cholangitis (PBC) is one of the common autoimmune liver diseases characterized by hepatobiliary
injury, which shows progressive nonsuppurative destruction of small intrahepatic bile ducts, resulting in cholestasis,
inflammation, and fibrosis. An increased diversity ofEubacteriumandVeillonellaand a decreased diversity
ofFusobacteriumin the oral microbiota were demonstrated in Japanese patients with PBC as compared with
healthy individuals 2. This report also demonstrated that an increase inVeillonellais positively correlated with IL-

1B and IL-8 levels and the relative abundance ofLactobacillalesin feces 421,

eggerthii,andRuminococcus bromii, which are considered to be potentially beneficial bacteria, were reported to be
decreased as compared with healthy controls, whereas pathogenic bacteria
includingEnterobacteriaceae,Neisseriaceae, Veillonella,Actinobacillus pleuropneumoniae,andHaemophilus
parainfluenzaewere increased in the feces of these patients B, Another study of PBC patients using 16S rRNA
sequence analyses derived from fecal microbiota indicated a decrease inBacteroidetesand an increase
inFusobacteriaandProteobacteriaspp. Our recent study using the 16S rDNA sequence also revealed that bacterial
diversity was lower in PBC patients with a decreased abundance ofClostridiumand an increase inLactobacillus®ll,
As ursodeoxycholic acid (UDCA) is a common medication for PBC, we also investigated the difference in the

microbial alteration between UDCA responders and nonresponders.

Autoimmune hepatitis (AIH) is another major autoimmune liver disease, but the pathogenesis of AlH still remains
unclear. The first clinical study from Lin et al. revealed that the decreased abundance
ofBifidobacteriaandLactobacillusis involved in the development of AIH, along with increasing plasma LPS levels in
the later stage of AIH 52, A recent study reported that as compared with healthy controls, AIH patients had a
reduced diversity of intestinal microbiota and a change in bacteria species
includingStreptococcus, Veillonella,Klebsiella, andLactobacillus®3l. Another study also reported that AIH patients
demonstrated augmented intestinal permeability and bacterial translocation, which were associated with the

severity of AIH activity, but not the stage of fibrosis 241,

In the experimental AIH model, germ-free mice demonstrated a much smaller amount of inflammatory cytokines
and chemokines, including TNF-a, IL-4, interferon-y, monocyte chemotactic protein-1, C-X-C motif chemokine 1,
granulocyte colony-stimulating factor, and eotaxin. Concanavalin A (ConA)-induced apoptosis of liver cells was also
significantly prevented in germ-free BALB/c mice as compared with positive controls B2, Moreover, in conventional

mice with ConA injection, plasma LPS levels were significantly higher than those in germ-free mice with ConA 331,
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These data might explain the crucial role of LPS in ConA-induced liver injury in the mimicry of the pathogenesis of
AlH.

Liver cirrhosis is the end stage (F4) of liver fibrosis, which is characterized by the conversion of the normal liver
architecture and regenerative nodules surrounded by tissue fibrosis and liver dysfunction 58l As patients with liver
cirrhosis are basically in an immunosuppressive state, infections can increase the rate of morbidity and mortality in
cirrhotic patients BZ. Likewise, subsequent quantitative endotoxin assays have revealed an elevation in plasma
endotoxin levels along with liver fibrosis development to liver cirrhosis B8IB2, Thus, it is important to investigate the
change in gut microbial diversity because of the key roles of bacterial translocation and endotoxemia in the

pathogenesis of complications resulting from liver cirrhosis 89,

SBP is one of the most important infections in cirrhotic patients with ascitic fluid, which might be caused by
bacterial translocation from the intestine. The presence of bacterial DNA in ascites and blood was observed in one
third of cirrhotic patients with culture-negative ascites, which could worsen intrahepatic endothelial function and
peripheral vasodilation 162 proton pump inhibitors (PPIs) are potent inducers of increased bacterial
translocation, which might be associated with the promotion of intestinal overgrowth. The evidence from these
studies shows that bacterial overgrowth could increase the risk of SBP via bacterial translocation resulting from

intestinal hyperpermeability (631641,

Along with the development of liver fibrosis, the portal blood pressure is elevated in patients with CLD as a result of
the elevation in liver stiffness. As mentioned above, cirrhotic patients have an impaired gut barrier, resulting in
bacterial translocation. An experimental study demonstrated that intraperitoneal injection of LPS can elevate the
portal pressure and variceal bleeding, and increased portal hypertension can increase intestinal permeability (621661
(671 These products also impair the contractility of the mesenteric vessels, which further exaggerates the elevation

in the portal blood pressure 68169,

Clinically, several studies, including our current study, have demonstrated that cirrhotic patients experience an
elevation in plasma endotoxin levels and increased intestinal permeability after variceal hemorrhage 974,
Moreover, the results of a multivariate statistical analysis revealed that excessive intestinal permeability was an
independent risk factor for infections such as SBP [A72 |n these patients, poorly unabsorbable antibiotics
including rifaximin could be useful for preventing SBP and the re-rupture of gastrointestinal varices 3741 The
accumulating evidence suggests that there is a malignant circulation that induces portal hypertension via LPS

stimulation through the gut-liver axis.

Hepatic encephalopathy (HE) is a major complication of end-stage liver cirrhosis, which induces symptoms due to
an abnormal elevation in plasma ammonia levels, leading to confusion, lethargy, sleep disturbances, and coma 75,
An experimental animal model using germ-free mice in the mimicry of liver cirrhosis displayed a lower
concentration of serum ammonia and reduced the level of neuroinflammation as compared with conventional mice
78] This study also showed that the enrichment ofLactobacillaeis positively associated with increased

neuroinflammation in conventional mice with liver cirrhosis. In addition, LPS permeabilizes the blood-brain barrier
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in the same manner as the gut barrier and affects the brain microglia through the production of nitric oxide, which

induces the swelling of astrocytes in patients with HE (A8l

There is no significant difference in the profiles of fecal microbiota between cirrhotic patients with HE and those
without HE [2IBY ofAlcaligeneceaein HE patients was shown to be increased as compared with normal controls.
In contrast, none of the healthy controls taking PPIs demonstrated an increase in this alteration /2. Bajaj et al.
reported a higher abundance of fecalEnterobacteriaceae, which is a major bacterium that produces a large amount

of endotoxins 811,

Changes in the gut microbiota affect the hepatic tumor environment. Hepatic inflammation caused by leaky gut can
drive tumorigenesis in the liver. In this study, TLR4 signaling in the liver cells was partially mediated by the
inhibition of hepatocyte apoptosis and growth signals, including epiregulin derived from HSCs (82, Dysbiosis-
induced bacterial metabolites, such as deoxycholic acid, are additional factors that promote hepatocarcinogenesis

related to gut-derived endotoxemia, which could enhance liver inflammation via TLR pathways (3],

In clinical studies, a higher abundance of intestinalE. coliwas found to be associated with the presence of HCC and
reported to produce endotoxins 24, Animal studies have also indicated that endotoxins play an important role in the
progression of HCC B4, These studies further suggested that an increase in fecalBacteroidesis probably
accompanied by an elevation in proinflammatory cytokine levels such as IL-8 and IL-13, activated monocytes, and
monocytic myeloid-derived suppressor cells, which play a role in the hepatocarcinogenesis of NAFLD patients
1 Klebsiella-andHaemophilus-producing LPS are also reported to be increased in patients with HCC in the early
stage as compared with non-HCC controls 1383881 This growing evidence may suggest the possibility of a

noninvasive predictive marker for the detection of HCC incidence in the future.

| 4. Conclusions

Lifestyle factors, such as dietary factors and alcohol drinking, are fundamental therapeutic targets for preventing
the pathogenesis of liver diseases in terms of the gut—liver axis. Dysbiosis and leaky gut are induced by alcohol
and a high-calorie/high-fat diet, which results in liver inflammation and liver fibrosis progression, eventually
progressing to liver cirrhosis, especially in patients with alcoholic liver disease and NAFLD. This gut-liver axis
resulting from gut dysbiosis might also induce the development of HCC. Considering these findings, the gut
microbiota and gut-derived endotoxemia could be useful therapeutic targets in the management of the progression

of liver pathogenesis, and further investigation in this field is expected in the future.

References

1. Fukui, H. Gut-liver axis in liver cirrhosis: How to manage leaky gut and endotoxemia. World J.
Hepatol. 2015, 7, 425-442.

https://encyclopedia.pub/entry/12020 7/15



Intestinal Permeability and Liver Cirrhosis | Encyclopedia.pub

10.

11.

12.

13.

. Guo, J.; Friedman, S.L. Toll-like receptor 4 signaling in liver injury and hepatic fibrogenesis.

Fibrogenes Tissue Repair 2010, 3, 21.

. Seki, E.; Schnabl, B. Role of innate immunity and the microbiota in liver fibrosis: Crosstalk

between the liver and gut. J. Physiol. 2012, 590, 447-458.

. Seo, Y.S.; Shah, V.H. The role of gut-liver axis in the pathogenesis of liver cirrhosis and portal

hypertension. Clin. Mol. Hepatol. 2012, 18, 337-346.

. Pasaolli, E.; Truong, D.T.; Malik, F.; Waldron, L.; Segata, N. Machine Learning Meta-analysis of

Large Metagenomic Datasets: Tools and Biological Insights. PLoS Comput. Biol. 2016, 12,
e1004977.

. Qin, N.; Yang, F.; Li, A.; Prifti, E.; Chen, Y.; Shao, L.; Guo, J.; Le Chatelier, E.; Yao, J.; Wu, L.; et

al. Alterations of the human gut microbiome in liver cirrhosis. Nature 2014, 513, 59-64.

. Ponziani, F.R.; Bhoori, S.; Castelli, C.; Putignani, L.; Rivoltini, L.; Del Chierico, F.; Sanguinetti, M.;

Morelli, D.; Sterbini, F.P.; Petito, V.; et al. Hepatocellular Carcinoma Is Associated with Gut
Microbiota Profile and Inflammation in Nonalcoholic Fatty Liver Disease. Hepatology 2019, 69,
107-120.

. Loomba, R.; Seguritan, V.; Li, W.; Long, T.; Klitgord, N.; Bhatt, A.; Dulai, P.S.; Caussy, C.;

Bettencourt, R.; Highlander, S.K.; et al. Gut microbiome-based metagenomic signature for non-
invasive detection of advanced fibrosis in human nonalcoholic fatty liver disease. Cell Metab.
2017, 25, e1055.

. Caussy, C.; Tripathi, A.; Humphrey, G.; Bassirian, S.; Singh, S.; Faulkner, C.; Bettencourt, R.;

Rizo, E.; Richards, L.; Xu, Z.Z.; et al. A gut microbiome signature for cirrhosis due to nonalcoholic
fatty liver disease. Nat. Commun. 2019, 10, 1-9.

Kakiyama, G.; Hylemon, P.B.; Zhou, H.; Pandak, W.M.; Heuman, D.M.; Kang, D.J.; Takei, H.;
Nittono, H.; Ridlon, J.M.; Fuchs, M.; et al. Colonic inflammation and secondary bile acids in
alcoholic cirrhosis. Am. J. Physiol. Liver Physiol. 2014, 306, G929-G937.

Unno, N.; Wang, H.; Menconi, M.J.; Tytgat, S.H.; Larkin, V.; Smith, M.; Morin, M.J.; Chavez, A,;
Hodin, R.A.; Fink, M.P. Inhibition of inducible nitric oxide synthase ameliorates endotoxin-induced
gut mucosal barrier dysfunction in rats. Gastroenterology 1997, 113, 1246-1257.

Zolotarevsky, Y.; Hecht, G.; Koutsouris, A.; Gonzalez, D.E.; Quan, C.; Tom, J.; Mrsny, R.J.; Turner,
J.R. A membrane-permeant peptide that inhibits MLC kinase restores barrier function in in vitro
models of intestinal disease. Gastroenterology 2002, 123, 163-172.

Ren, Z.; Li, A.; Jiang, J.; Zhou, L.; Yu, Z.; Lu, H.; Xie, H.; Chen, X.; Shao, L.; Zhang, R.; et al. Gut
microbiome analysis as a tool towards targeted non-invasive biomarkers for early hepatocellular
carcinoma. Gut 2019, 68, 1014-1023.

https://encyclopedia.pub/entry/12020 8/15



Intestinal Permeability and Liver Cirrhosis | Encyclopedia.pub

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Grat, M.; Wronka, K.M.; Krasnodebski, M.; Masior, t.; Lewandowski, Z.; Kosinska, I.; Grat, K.;
Styputkowski, J.; Rejowski, S.; Wasilewicz, M.; et al. Profile of gut microbiota associated with the
presence of hepatocellular cancer in patients with liver cirrhosis. Transplant. Proc. 2016, 48,
1687-1691.

Chesta, J.; Defilippi, C. Abnormalities in proximal small bowel motility in patients with cirrhosis.
Hepatology 1993, 17, 828-832.

Lombardo, L.; Foti, M.; Ruggia, O.; Chiecchio, A. Increased Incidence of Small Intestinal Bacterial
Overgrowth during Proton Pump Inhibitor Therapy. Clin. Gastroenterol. Hepatol. 2010, 8, 504—
508.

Farquhar, M.G.; Palade, G.E. JUNCTIONAL COMPLEXES IN VARIOUS EPITHELIA. J. Cell Biol.
1963, 17, 375-412.

Van ltallie, C.M.; Anderson, J.M. Architecture of tight junctions and principles of molecular
composition. Semin. Cell Dev. Biol. 2014, 36, 157-165.

Simon, D.B.; Lu, Y.; Choate, K.A.; Vekazquez, H.; Al-Sabban, E.; Praga, M.; Casari, G.; Bettinelli,
A.; Colussi, G.; Rodriguez-Soriano, J.; et al. Paracellin-1, a renal tight junction protein required for
paracellular Mg2p resorption. Science 1999, 285, 103-106.

Shen, L.; Weber, C.R.; Raleigh, D.R.; Yu, D.; Turner, J.R. Tight Junction Pore and Leak
Pathways: A Dynamic Duo. Annu. Rev. Physiol. 2011, 73, 283-309.

Luissint, A.-C.; Parkos, C.A.; Nusrat, A. Inflammation and the Intestinal Barrier: Leukocyte—
Epithelial Cell Interactions, Cell Junction Remodeling, and Mucosal Repair. Gastroenterology
2016, 151, 616-632.

Hiippala, K.; Jouhten, H.; Ronkainen, A.; Hartikainen, A.; Kainulainen, V.; Jalanka, J.; Satokari, R.
The Potential of Gut Commensals in Reinforcing Intestinal Barrier Function and Alleviating
Inflammation. Nutrients 2018, 10, 988.

Tripathi, A.; Debelius, J.; Brenner, D.A.; Karin, M.; Loomba, R.; Schnabl, B.; Knight, R. The gut—
liver axis and the intersection with the microbiome. Nat. Rev. Gastroenterol. Hepatol. 2018, 15,
397-411.

Gao, B.; Bataller, R. Alcoholic Liver Disease: Pathogenesis and New Therapeutic Targets.
Gastroenterology 2011, 141, 1572-1585.

Hartmann, P.; Seebauer, C.T.; Schnabl, B. Alcoholic Liver Disease: The Gut Microbiome and Liver
Cross Talk. Alcohol. Clin. Exp. Res. 2015, 39, 763-775.

Vassallo, G.; Mirijello, A.; Ferrulli, A.; Antonelli, M.; Landolfi, R.; Gasbarrini, A.; Addolorato, G.
Review article: Alcohol and gut microbiota—the possible role of gut microbiota modulation in the
treatment of alcoholic liver disease. Aliment. Pharmacol. Ther. 2015, 41, 917-927.

https://encyclopedia.pub/entry/12020 9/15



Intestinal Permeability and Liver Cirrhosis | Encyclopedia.pub

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Wang, Y.; Kirpich, I.; Liu, Y.; Ma, Z.; Barve, S.; McClain, C.J.; Feng, W. Lactobacillus rhamnosus
GG Treatment Potentiates Intestinal Hypoxia-Inducible Factor, Promotes Intestinal Integrity and
Ameliorates Alcohol-Induced Liver Injury. Am. J. Pathol. 2011, 179, 2866—-2875.

Bull-Otterson, L.; Feng, W.; Kirpich, I.; Wang, Y.; Qin, X.; Liu, Y.; Gobejishvili, L.; Joshi-Barve, S.;
Ayvaz, T.; Petrosino, J.; et al. Meta-genomic analyses of alcohol induced pathogenic alterations in
the intestinal microbiome and the effect of Lactobacillus rhamnosus GG treatment. PLoS ONE
2013, 8, e53028.

Mutlu, E.A.; Gillevet, P.M.; Rangwala, H.; Sikaroodi, M.; Naqvi, A.; Engen, P.A.; Kwasny, M.; Lau,
C.K.; Keshavarzian, A. Colonic mi-crobiome is altered in alcoholism. Am. J. Physiol. Gastrointest.
Liver Physiol. 2012, 302, G966—-G978.

Woodhouse, C.A.; Patel, V.C.; Singanayagam, A.; Shawcross, D.L. Review article: The gut
microbiome as a therapeutic target in the pathogenesis and treatment of chronic liver disease.
Aliment. Pharmacol. Ther. 2018, 47, 192—-202.

Eslam, M.; Newsome, P.N.; Sarin, S.K.; Anstee, Q.M.; Targher, G.; Romero-Gomez, M.; Zelber-
Sagi, S.; Wong, V.W.-S.; Dufour, J.-F.; Schattenberg, J.M.; et al. A new definition for metabolic
dysfunction-associated fatty liver disease: An international expert consensus statement. J.
Hepatol. 2020, 73, 202—-209.

llan, Y. Leaky gut and the liver: A role for bacterial translocation in nonalcoholic steatohepatitis.
World J. Gastroenterol. 2012, 18, 2609-2618.

Panasevich, M.R.; Peppler, W.T.; Oerther, D.; Wright, D.C.; Rector, R.S. Microbiome and NAFLD:
Potential influence of aerobic fitness and lifestyle modification. Physiol. Genom. 2017, 49, 385—
399.

Brun, P.; Castagliuolo, I.; Di Leo, V.; Buda, A.; Pinzani, M.; Palu, G.; Martines, D. Increased
intestinal permeability in obese mice: New evidence in the pathogenesis of nonalcoholic
steatohepatitis. Am. J. Physiol. Liver Physiol. 2007, 292, G518-G525.

Aron-Wisnewsky, J.; Gaborit, B.; Dutour, A.; Clement, K. Gut microbiota and non-alcoholic fatty
liver disease: New insights. Clin. Microbiol. Infect. 2013, 19, 338-348.

Rivera, C.A.; Adegboyega, P.; van Rooijen, N.; Tagalicud, A.; Allman, M.; Wallace, M. Toll-like
receptor-4 signaling and Kupffer cells play pivotal roles in the pathogenesis of non-alcoholic
steatohepatitis. J. Hepatol. 2007, 47, 571-579.

Douhara, A.; Moriya, K.; Yoshiji, H.; Noguchi, R.; Namisaki, T.; Kitade, M.; Kaji, K.; Aihara, Y.;
Nishimura, N.; Takeda, K.; et al. Reduction of en-dotoxin attenuates liver fibrosis through
suppression of hepatic stellate cell activation and remission of intestinal permeability in a rat non-
alcoholic steatohepatitis model. Mol. Med. Rep. 2015, 11, 1693-1700.

https://encyclopedia.pub/entry/12020 10/15



Intestinal Permeability and Liver Cirrhosis | Encyclopedia.pub

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Kreuzer, S.; Machnowska, P.; ABmus, J.; Sieber, M.; Pieper, R.; Schmidt, M.F.; Brockmann, G.A.;
Scharek-Tedin, L.; Johne, R. Feeding of the probiotic bacterium Enterococcus faecium NCIMB
10415 differentially affects shedding of enteric viruses in pigs. Veter Res. 2012, 43, 58.

Li, D.K.; Yan, P.; Chung, R.T.; Butt, A.A.; Abou-Samra, A.-B. Proton pump inhibitors are
associated with accelerated development of cirrhosis, hepatic decompensation and hepatocellular
carcinoma in noncirrhotic patients with chronic hepatitis C infection: Results from ERCHIVES.
Aliment. Pharmacol. Ther. 2017, 47, 246-258.

Lu, H.; Wu, Z.; Xu, W.; Yang, J.; Chen, Y; Li, L. Intestinal Microbiota Was Assessed in Cirrhotic
Patients with Hepatitis B Virus Infection. Microb. Ecol. 2011, 61, 693—-703.

Zhao, Y.; Mao, Y.-F.; Tang, Y.-S.; Ni, M.-Z.; Liu, Q.-H.; Wang, Y.; Feng, Q.; Peng, J.-H.; Hu, Y.-Y.
Altered oral microbiota in chronic hepatitis B patients with different tongue coatings. World J.
Gastroenterol. 2018, 24, 3448-3461.

Dolganiuc, A.; Norkina, O.; Kodys, K.; Catalano, D.; Bakis, G.; Marshall, C.; Mandrekar, P.; Szabo,
G. Viral and Host Factors Induce Macrophage Activation and Loss of Toll-Like Receptor Tolerance
in Chronic HCV Infection. Gastroenterology 2007, 133, 1627-1636.

Inoue, T.; Nakayama, J.; Moriya, K.; Kawaratani, H.; Momoda, R.; Ito, K.; Lio, E.; Nojiri, S.;
Fujiwara, K.; Yoneda, M.; et al. Gut dysbiosis associated with hepatitis C virus in-fection. Clin.
Infect. Dis. 2018, 67, 869-877.

Ponziani, F.R.; Putignani, L.; Sterbini, F.P.; Petito, V.; Picca, A.; Del Chierico, F.; Reddel, S.;
Calvani, R.; Marzetti, E.; Sanguinetti, M.; et al. Influence of hepatitis C virus eradication with
direct-acting antivirals on the gut microbiota in patients with cirrhosis. Aliment. Pharmacol. Ther.
2018, 48, 1301-1311.

Pérez-Matute, P.; ifliguez, M.; Villanueva-Millan, M.J.; Recio-Fernandez, E.; Vazquez, A.M.;
Sanchez, S.C.; Morano, L.E.; Oteo, J.A. Short-term effects of direct-acting antiviral agents on
inflammation and gut microbiota in hepatitis C-infected patients. Eur. J. Intern. Med. 2019, 67, 47—
58.

Dore, G.J.; Ward, J.; Thursz, M. Hepatitis C disease burden and strategies to manage the burden
(Guest Editors Mark Thursz, Gregory Dore and John Ward). J. Viral Hepat. 2014, 21 (Suppl. 1),
1-4.

Doskali, M.; Tanaka, Y.; Ohira, M.; Ishiyama, K.; Tashiro, H.; Chayama, K.; Ohdan, H. Possibility
of adoptive immunotherapy with pe-ripheral blood derived CD3-CD56+ and CD3+CD56+ cells for
inducing anti-hepatocellular carcinoma and anti-hepatitis C virus activity. J. Immunother. 2011, 34,
129-138.

Preveden, T.; Scarpellini, E.; Mili¢, N.; Luzza, F.; Abenavoli, L. Gut microbiota changes and
chronic hepatitis C virus infection. Expert Rev. Gastroenterol. Hepatol. 2017, 11, 813—-819.

https://encyclopedia.pub/entry/12020 11/15



Intestinal Permeability and Liver Cirrhosis | Encyclopedia.pub

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Abe, K.; Takahashi, A.; Fujita, M.; Imaizumi, H.; Hayashi, M.; Okai, K.; Ohira, H. Dysbiosis of oral
microbiota and its association with salivary immunological biomarkers in autoimmune liver
disease. PLoS ONE 2018, 13, e0198757.

Lv, L.-X.; Fang, D.-Q.; Shi, D.; Chen, D.-Y,; Yan, R.; Zhu, Y.-X.; Chen, Y.-F,; Shao, L.; Guo, F.-F,;
Wu, W.-R.; et al. Alterations and correlations of the gut microbiome, metabolism and immunity in
patients with primary biliary cirrhosis. Environ. Microbiol. 2016, 18, 2272-2286.

Furukawa, M.; Moriya, K.; Nakayama, J.; Inoue, T.; Momoda, R.; Kawaratani, H.; Namisaki, T.;
Sato, S.; Douhara, A.; Kaji, K.; et al. Gut dysbiosis associated with clinical prognosis of patients
with primary biliary cholangitis. Hepatol. Res. 2020, 50, 840-852.

Lin, R.; Zhou, L.; Zhang, J.; Wang, B. Abnormal intestinal permeability and microbiota in patients
with autoimmune hepatitis. Int. J. Clin. Exp. Pathol. 2015, 8, 5153-5160.

Wei, Y.; Li, Y.; Yan, L.; Sun, C.; Miao, Q.; Wang, Q.; Xiao, X.; Lian, M.; Li, B.; Chen, Y.; et al.
Alterations of gut microbiome in autoimmune hepatitis. Gut 2020, 69, 569-577.

Goeser, F.; Munch, P.; Lesker, T.R.; Lutz, P.L.; Kramer, B.; Kaczmarek, D.J.; Finnemann, C.;
Nischalke, H.D.; Geffers, R.; Parcina, M.; et al. Neither black nor white: Do altered intestinal
microbiota reflect chronic liver disease severity? Gut 2020.

Weli, Y.; Zeng, B.; Chen, J.; Cui, G.; Lu, C.; Wu, W.; Yang, J.; Wei, H.; Xue, R.; Bai, L.; et al.
Enterogenous bacterial glycolipids are required for the generation of natural killer T cells mediated
liver injury. Sci. Rep. 2016, 6, 36365.

Pinzani, M.; Rosselli, M.; Zuckermann, M. Liver cirrhosis. Best Pract. Res. Clin. Gastroenterol.
2011, 25, 281-290.

Tandon, P.; Garcia-Tsao, G. Bacterial Infections, Sepsis, and Multiorgan Failure in Cirrhosis.
Semin. Liver Dis. 2008, 28, 026-042.

Fukui, H.; Tsujita, S.; Matsumoto, M.; Kitano, H.; Hoppou, K.; Morimura, M.; Takaya, A.; Okamoto,
S.; Tsujii, T.; Bode, C. Endotoxemia in chronic hepatitis and cirrhosis: Epiphenomenon or of
pathological relevence? In Gut and the Liver; Blum, H., Bode, C., Bode, J.C., Sartor, R.B., Eds.;
Kluwer Academic Publishers: Dordrecht, The Netherlands, 1998; pp. 251-262.

Lin, R.S.; Lee, FY.; Lee, S.D.; Tsai, Y.T.; Lin, H.C.; Lu, R.H.; Hsu, W.C.; Huang, C.C.; Wang, S.S,;
Lo, K.J. Endotoxemia in patients with chronic liver diseases: Relationship to severity of liver
diseases, presence of esophageal varices, and hyperdynamic circulation. J. Hepatol. 1995, 22,
165-172.

Bajaj, S.; Heuman, D.M.; Hylemon, P.B.; Sanyal, A.J.; White, M.B.; Monteith, P.; Noble, N.A.;
Unser, A.B.; Daita, K.; Fisher, A.R.; et al. The cirrhosis dysbiosis ratio defines changes in the gut
microbiome associated with cirrhosis and its complications. J. Hepatol. 2014, 60, 940-947.

https://encyclopedia.pub/entry/12020 12/15



Intestinal Permeability and Liver Cirrhosis | Encyclopedia.pub

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Such, J.; Francés, R.; Mufioz, C.; Zapater, P.; Casellas, J.A.; Cifuentes, A.; Rodriguez-Valera, F.;
Pascual, S.; Sola-Vera, J.; Carnicer, F.; et al. Detection and identification of bacterial DNA in
patients with cirrhosis and culture-negative, nonneutrocytic ascites. Hepatology 2002, 36, 135—
141.

Bellot, P.; Garcia-Pagéan, J.C.; Francés, R.; Gonzalez-Abraldes, J.; Navasa, M.; Pérez-Mateo, M.;
Such, J.; Bosch, J. Bacterial DNA translocation is associated with systemic circulatory
abnormalities and intrahepatic endothelial dysfunction in patients with cirrhosis. Hepatology 2010,
52, 2044-2052.

Aldersley, M.A.; Howdle, P.D. Intestinal permeability and liver disease. Eur. J. Gastroenterol.
Hepatol. 1999, 11, 401-404.

Thalheimer, U.; Triantos, C.K.; Samonakis, D.N.; Patch, D.; Burroughs, A.K. Infection,
coagulation, and variceal bleeding in cirrhosis. Gut 2005, 54, 556-563.

Lumsden, A.B.; Henderson, J.M.; Kutner, M.H. Endotoxin levels measured by a chromogenic
assay in portal, hepatic and peripheral venous blood in patients with cirrhosis. Hepatology 1988,
8, 232-236.

Chiva, M.; Guarner, C.; Peralta, C.; Llovet, T.; GOmez, G.; Soriano, G.; Balanzg, J. Intestinal
mucosal oxidative damage and bacterial translocation in cirrhotic rats. Eur. J. Gastroenterol.
Hepatol. 2003, 15, 145-150.

Clements, W.D.B.; Erwin, P.; McCaigue, M.D.; Halliday, I.; Barclay, G.R.; Rowlands, B.J.
Conclusive evidence of endotoxaemia in biliary obstruction. Gut 1998, 42, 293-299.

Wiest, R.; Das, S.; Cadelina, G.; Garcia-Tsao, G.; Milstien, S.; Groszmann, R.J. Bacterial
translocation in cirrhotic rats stimulates eNOS-derived NO production and impairs mesenteric
vascular contractility. J. Clin. Investig. 1999, 104, 1223-1233.

Tazi, K.A.; Moreau, R.; Hervé, P.; Dauvergne, A.; Cazals-Hatem, D.; Bert, F.; Poirel, O.; Rabiller,
A.; Lebrec, D. Norfloxacin Reduces Aortic NO Synthases and Proinflammatory Cytokine Up-
Regulation in Cirrhotic Rats: Role of Akt Signaling. Gastroenterology 2005, 129, 303-314.

Kim, B.l.; Kim, H.J.; Park, J.H.; Park, D.I.; Cho, Y.K.; Sohn, C.I.; Jeon, W.K.; Kim, D.J.; Kim, H.S.
Increased intestinal permeability as a predictor of bacterial infections in patients with
decompensated liver cirrhosis and hemorrhage. J. Gastroenterol. Hepatol. 2010, 26, 550-557.

Fukui, H.; Matsumoto, M.; Tsujita, S.; Takaya, A.; Kojima, H.; Matsumura, M.; Tsujii, T. Plasma
endotoxin concentration and endo-toxin binding capacity of plasma acute phase proteins in
cirrhotics with variceal bleeding: An analysis by new methods. J. Gastroenterol. Hepatol. 1994, 9,
582-586.

Aguirre Valadez, J.M.; Rivera-Espinosa, L.; Méndez-Guerrero, O.; Chavez-Pacheco, J.L.; Garcia
Juérez, |.; Torre, A. Intestinal per-meability in a patient with liver cirrhosis. Ther. Clin. Risk Manag.

https://encyclopedia.pub/entry/12020 13/15



Intestinal Permeability and Liver Cirrhosis | Encyclopedia.pub

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

2016, 12, 1729-1748.

Hou, M.-C.; Lin, H.-C.; Liu, T.-T.; Kuo, B.l.-T.; Lee, F.-Y.; Chang, F.-Y.; Lee, S.-D. Antibiotic
prophylaxis after endoscopic therapy prevents rebleeding in acute variceal hemorrhage: A
randomized trial. Hepatology 2004, 39, 746—753.

Bernard, B.; Grange, J.D.; Khac, E.N.; Amiot, X.; Opolon, P.; Poynard, T. Antibiotic prophylaxis for
the prevention of bacterial infec-tions in cirrhotic patients with gastrointestinal bleeding: A meta-
analysis. Hepatology 1999, 29, 1655-1661.

Fasullo, M.; Rau, P.; Liu, D.Q.; Holzwanger, E.; Mathew, J.P.; Guilarte-Walker, Y.; Szabo, G.
Proton pump inhibitors increase the se-verity of hepatic encephalopathy in cirrhotic patients.
World J. Hepatol. 2019, 11, 522-530.

Kang, D.J.; Betrapally, N.; Ghosh, S.A.; Sartor, R.B.; Hylemon, P.B.P.B.; Gillevet, P.M.P.M.;
Sanyal, A.J.A.J.; Heuman, D.M.D.M.; Carl, D.; Zhou, H.; et al. Gut microbiota drive the
development of neuroinflammatory response in cirrhosis in mice. Hepatology 2016, 64, 1232—
1248.

Luo, M.; Guo, J.-Y.; Cao, W.-K. Inflammation: A novel target of current therapies for hepatic
encephalopathy in liver cirrhosis. World J. Gastroenterol. 2015, 21, 11815-11824.

Jayakumar, A.R.; Rao, K.V.R.; Norenberg, M.D. Neuroinflammation in Hepatic Encephalopathy:
Mechanistic Aspects. J. Clin. Exp. Hepatol. 2015, 5, S21-S28.

Bajaj, J.S.; Ridlon, J.M.; Hylemon, P.B.; Thacker, L.R.; Heuman, D.M.; Smith, S.; Sikaroodi, M.;
Gillevet, P.M. Linkage of gut microbiome with cognition in hepatic encephalopathy. Am. J. Physiol.
Liver Physiol. 2012, 302, G168—-G175.

Bajaj, J.S.; Hylemon, P.B.; Ridlon, J.M.; Heuman, D.M.; Daita, K.; White, M.B.; Monteith, P.;
Noble, N.A.; Sikaroodi, M.; Gillevet, P.M. Colonic mucosal microbiome differs from stool
microbiome in cirrhosis and hepatic encephalopathy and is linked to cognition and inflammation.
Am. J. Physiol. Liver Physiol. 2012, 303, G675-G685.

Bajaj, J.S. Review article: Potential mechanisms of action of rifaximin in the management of
hepatic encephalopathy and other complications of cirrhosis. Aliment. Pharmacol. Ther. 2015, 43,
11-26.

Dapito, D.H.; Mencin, A.; Gwak, G.Y.; Pradere, J.P.; Jang, M.K.; Mederacke, |.; Caviglia, J.M.;
Khiabanian, H.; Adeyemi, A.; Bataller, R.; et al. Promotion of hepatocellular carcinoma by the
intestinal microbiota and TLR4. Cancer Cell 2012, 21, 504-516.

Yu, L.X.; Schwabe, R.F. The gut microbiome and liver cancer: Mechanisms and clinical
translation. Nat. Rev. Gastroenterol. Hepatol. 2017, 14, 527-539.

https://encyclopedia.pub/entry/12020 14/15



Intestinal Permeability and Liver Cirrhosis | Encyclopedia.pub

84. Fukui, H. Improve gut microbiome: A new horizon of cancer therapy. Hepatobiliary Surg. Nutr.
2017, 6, 424-428.

85. Gupta, H.; Youn, G.S.; Shin, M.J.; Suk, K.T. Role of Gut Microbiota in Hepatocarcinogenesis.
Microorganisms 2019, 7, 121.

86. Adolph, T.E.; Grander, C.; Moschen, A.R.; Tilg, H. Liver—Microbiome Axis in Health and Disease.
Trends Immunol. 2018, 39, 712-723.
Retrieved from https://encyclopedia.pub/entry/history/show/28349

https://encyclopedia.pub/entry/12020 15/15



