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Alcoholic liver disease (ALD) is a consequence of excessive alcohol use. According to many studies, alcohol
represents a significant socioeconomic and health risk factor in population. According to data from the World
Health Organization, there are about 75 million people who have alcohol disorders, and it is well known that its use
leads to serious health problems. ALD is a multimodality spectrum that includes alcoholic fatty liver disease (AFL)
and alcoholic steatohepatitis (ASH), consequently leading to liver fibrosis and cirrhosis. In addition, the rapid
progression of alcoholic liver disease can lead to alcoholic hepatitis (AH). Alcohol metabolism produces toxic
metabolites that lead to tissue and organ damage through an inflammatory cascade that includes numerous
cytokines, chemokines, and reactive oxygen species (ROS). In the process of inflammation, mediators are cells of
the immune system, but also resident cells of the liver, such as hepatocytes, hepatic stellate cells, and Kupffer
cells. These cells are activated by exogenous and endogenous antigens, which are called pathogen and damage-
associated molecular patterns (PAMPs, DAMPS). Both are recognized by Toll-like receptors (TLRs), which
activation triggers the inflammatory pathways. It has been proven that intestinal dysbiosis and disturbed integrity of
the intestinal barrier perform a role in the promotion of inflammatory liver damage. These phenomena are also
found in chronic excessive use of alcohol. The intestinal microbiota has an important role in maintaining the
homeostasis of the organism, and its role in the treatment of ALD has been widely investigated. Prebiotics,
probiotics, postbiotics, and symbiotics represent therapeutic interventions that can have a significant effect on the

prevention and treatment of ALD.

alcohol inflammation microbiota alcoholic hepatitis

| 1. Alcohol Metabolism

Alcohol metabolism takes place mostly in the liver [, It begins under the influence of alcohol dehydrogenase, and
in the presence of oxygen and coenzyme NADPH. In this way, a highly reactive and toxic metabolite called
acetaldehyde is formed . The reaction of acetaldehyde synthesis takes place in the cytosol of hepatocytes, and it
is further metabolized under the influence of acetaldehyde dehydrogenase in the mitochondria to acetate. The well-
known cytochrome P450 2E1, or CYP2E1, which is located in the endoplasmic reticulum and mitochondria,
participates in alcohol metabolism 2. |ts activation by chronic alcohol use leads to the formation of reactive

oxygen species (ROS). This is how the so-called alcohol-induced inflammation occurs. Evidence for this is that
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inhibition of CYP2E1 by chlormethiazole improves ALD and reduces the carcinogenic effect of acetaldehyde in
experimental animals B4, |n addition, the so-called microsomal ethanol-oxidizing system (MEOS) was defined and
discovered in the middle of the last century by C. S. Lieber and L. M. DeCarli &, Chronic excessive use of alcohol
leads to the acceleration of alcohol metabolism via MEOS, precipitating the formation of toxic metabolites and
faster tissue and organ damage 2. Acetaldehyde is toxic and carcinogenic and leads to structural and functional

damage to cell organelles 8.

They further lead to changes in the structure of protein molecules, lipid peroxidation, and damage to DNA
molecules &l |n addition, they can lead to post-translational modifications, such as methylation, phosphorylation,
and acetylation. Accumulation of ROS subsequently change macromolecules causing the occurrence and

progression of already existing liver damage [&l.

2. Pathogen-Associated Molecular Patterns (PAMPS),
Damage-Associated Molecular Patterns (DAMPs), Toll-like
Receptors (TLRs), and Inflammation

Drinking triggers inflammation through two types of molecules called pathogen-associated molecular patterns
(PAMPs) and damage-associated molecular patterns (DAMPs) 219 Both are recognized by pattern-recognition
receptors (PRRs), and thus, the inflammatory cascade begins. The most famous of this group of receptors are Toll-
like receptors (TLRs), of which there are several classes. They can recognize both exogenous and endogenous

pathogens and are expressed by both immune and liver parenchymal cells (111,

PAMPs are products of microorganisms that reach the liver via the lymphatic system and portal circulation. In the
case of Gram-negative bacteria, it is lipopolysaccharide (LPS), which has been proven to be one of the best
stimulators of TLRs 2. In the case of chronic excessive use of alcohol, the permeability of the intestinal barrier
increases, and the translocation of intestinal microbiota products takes place more easily into the lymph flow and
portal circulation 231, In this way, PAMPs reach the liver, where they activate Kupffer cells, which then activate
infiltrating monocytes, stellate, and other cells. As a result of these activities, cytokines and chemokines that
characterize the inflammatory response are produced. PAMPs most often through TLR4 cause NF-kB activation
and the release of CC-chemokine ligand 2 (CCL2) and IL-8, which then cause infiltration of the liver by
macrophages and neutrophils 2. In addition, TNF and IL-6 are released, which also have a pro-inflammatory
effect. Their increased concentration is measured in acute AH and is associated with a worse outcome 12, On the
other hand, in the absence of infection, so-called sterile inflammation occurs, and it is characterized by integrity
damage and death of cells (141 On this occasion, DAMPs are released, most commonly ATP, adenosine, DNA, uric
acid, heparin sulfate fragments, and others. Alcohol by its direct toxic effect promotes cell death in various ways,
predominantly by activating the mitochondrial apoptotic program and damaging the endoplasmic reticulum 22l This

phenomenon is most pronounced in AH 8],

After the activation of TLRs, the post-translational processing of the pro-forms of cytokines and the release of their

active forms occurs, e.g., IL-8 which has already been discussed and IL-1(3. IL-1 acts through the TLR4 receptor
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by activating NF-kp as previously reported (13, |ts active form is released only after the activation of a complex
called the inflammasome 7. Inflammasome is a multiprotein complex that belongs to the innate immune response
and activates caspase-1, the effect of which, among other things, creates the active form of IL-1p from the inactive
one W8] This cytokine has a pro-inflammatory effect, autocrinely increasing its concentration and stimulating the
release of TNF. This process increases the sensitivity of hepatocytes to apoptotic factors 2229, Research has
shown that by blocking the receptor for IL-1B, the regeneration of hepatocytes is stimulated 7. Additionally, IL-1p
promotes liver fibrosis by activating hepatic stellate cells via matrix metallopeptidase 9 (MMP9) 21, This form of the
inflammasome, which involves the activation of caspase-1, is called the canonical inflammasome. Non-canonical
inflammasome includes the CASP4/11-GSDMD complex, which activation causes cell death through lysis 2211231 ¢
is very important in infection-induced cell death with the consequent release of DAMPs and the initiation of an
inflammatory response. This reaction can be so intense that it triggers systemic inflammatory response syndrome
(SIRS), which can be seen in the rapid progression of ASH to AH. This often happens in infections caused by
Gram-negative bacteria when LPS activates the CASP4/11-GSDMD pathway, the activity of proteolytic enzymes is
triggered inside hepatocytes, then the release of DAMPs and pro-inflammatory cytokines. If hepatic macrophages

and stellate cells succumb to cell lysis, systemic dissemination of endotoxin occurs with the development of SIRS
and sepsis [2[22]123],

3. What Is the Role of Intestinal Microbiota in the Mentioned
Processes?

In the gastrointestinal tract, there are more than a trillion microorganisms, primarily bacteria, but also viruses, fungi,
protozoa, and archaea. They participate in digestion, metabolism of various substances, and endogenous
production of alcohol, but also in host immunity 24, Endogenous production of alcohol by bacteria of intestinal
microbiota implies a fermentation process that takes place independently of the exogenous introduction of alcohol.
This has been proven, for example, in an obese mouse model 22, The endogenous production of alcohol has been
proven by measuring the level of alcohol in the blood of people who have not consumed it in a certain period.
Bacteria in anaerobic conditions switch to a mixed-acid fermentation pathway, and the main product of this
pathway is alcohol (28], Alcohol produced in this way is also metabolized by alcohol dehydrogenase, which is most
active in the liver and gastrointestinal tract (27, It is interesting that Zhu et al., showed that the level of endogenous
alcohol in the blood is higher in obese patients with proven non-alcoholic steatohepatitis than in obese patients

who do not have it. These results are explained by differences in the composition of the microbiota 22,

The connection between the intestine and the liver is bilateral: microorganisms and their products reach the liver
through the lymph flow and portal blood flow, and on the other hand, the bile produced in the liver through the
biliary tract is secreted into the intestine. Alcohol consumption causes changes in the composition of the intestinal
microbiota, making it less diverse, reducing the number of bacteria that have a beneficial effect on health, and
increasing the number of those that can have a harmful effect. This refers primarily to Gram-negative bacteria 28],
In addition, chronic excessive use of alcohol increases the possibility of overgrowth of Candida species 2. The

intestinal barrier is the first point of defense of the organism against the penetration of pathogenic microorganisms
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and their products into circulation BY. It possesses components of the innate and acquired immune system, such
as neutrophils, secretory immunoglobulins, and T lymphocytes. Its integrity is impaired in alcoholics 2. According
to some data, more than half of alcoholics have proven intestinal barrier dysfunction and intestinal dysbiosis B4,
This increases the possibility of translocation of products of microorganisms, but also of live bacteria, into the
systemic circulation, which will reach the liver. This phenomenon increases the possibility of ALD B, Increased
permeability of the intestinal barrier, or the so-called “leaking gut”, is caused by the effect of alcohol on the tight

junctions that are connected to the intestinal epithelial cells 22,

The intestinal microbiota is very diverse, and its composition differs depending on the part of the digestive tract and
the number of bacteria it contains. For example, the colon has the richest microbiota 2. Two main families of
bacteria make up the intestinal microbiota, namely Firmicutes, as a representative of Gram-positive bacteria, and
Bacteroidetes, which belong to Gram-negative bacteria 2435, The share of these two families in the composition
of the intestinal microbiota is individual and differs in many conditions (28l Apart from the two mentioned, several
smaller families contribute to the diversity of the intestinal microbiome. Less than 0.1% of the microbiome consists
of potentially pathogenic bacteria, such as Escherichia coli, Campylobacter jejuni, and Bacteroides fragilis. It has
been proven that intestinal dysbiosis can perform a role in the development of inflammatory bowel diseases (IBD),

autoimmune and metabolic disorders, and so on [BZ1(38],

In ALD, the existence of small intestinal bacterial overgrowth (SIBO) and a decrease in the number of bacteria from
Lactobacillus species have been proven [EJH9  They produce bactericidal substances that maintain the
homeostasis of the intestinal microbiota and prevent the reproduction of pathogenic bacteria, such as Salmonella
and Shigella species. Short-chain fatty acids (SCFAs), which include butyrate, acetate, and propionate, are
produced as products of their metabolism. The role of SCFAs is to maintain the integrity of the intestinal barrier,

and, in addition, they are a source of energy for intestinal epithelial cells and have an immunological role 411[421[43]

The interaction between the intestine and the liver is bilateral. Bile acid is important in the pathogenesis of liver
diseases, in which intestinal dysbiosis also performs a significant role. Bile acids perform a role in fat emulsion 441,
In addition, they are signaling molecules that bind to G protein-coupled receptors and regulate lipid and glucose
metabolism. In hepatocytes, primary bile acids are conjugated, which allows them to be reabsorbed at the level of
the terminal ileum. A smaller part is not a subject to this recirculation, and, in the distal parts of the intestine, are
converted into secondary bile acids under the influence of bacteria through the processes of hydroxylation and
esterification 24, Additionally, bile acids affect the composition of intestinal microbiota. Clostridium, Lactobacillus,
Bifidobacterium, and others have an enzyme that deconjugates primary bile acids and enables their excretion
through the digestive tract. Bile acids can have a protective role, i.e., prevent intestinal barrier dysfunction and
maintain gut eubiosis. Secondary bile acids are more toxic to intestinal and hepatic cells, and studies have shown
that their concentration is elevated in the feces and serum of alcoholics 48l Intestinal epithelial cells and
hepatocytes express the farnesoid X receptor (FXR) that recognizes the mentioned acids. Upon binding and
activation of the receptor, the endocrine hormone fibroblast growth factor (FGF 19) is released, which inhibits the

de novo synthesis of bile acids. However, when there is intestinal dysbiosis, the level of FGF 19 decreases, and an
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increase in bile acid synthesis occurs, thus secondary toxic bile acids are produced in a higher percentage than

primary ones 48],

4. Therapeutic Interventions in Alcoholic Liver Disease (ALD)
Involving the Microbiota

Given the importance of gut microbiota homeostasis in the pathogenesis of ALD, therapeutic options targeting it
seems promising. It has been proven that the use of prebiotics, probiotics, postbiotics, and symbiotics can lead to

the improvement of chronic liver diseases, ALD, and liver cirrhosis among others 47,

Probiotics are a group of non-pathogenic microorganisms whose role is to modulate and maintain homeostasis of
the intestinal microbiota. They can reduce inflammation in the case of alcohol-induced liver inflammation and
prevent “leaky gut”. For example, this is demonstrated using #BCL3 which includes Bifidobacterium breve, B.
infantis, B. longum, L. acidophilus, L. paracasei, L. bulgaricus, L. plantarum, and Streptococcus thermophilus 28149
B9, prebiotics are food ingredients that are not digestible and help intestinal peristalsis and stimulate the growth of
certain bacteria. Some studies have shown that prebiotics repair alcohol-induced liver damage in a mouse model

by reducing bacterial overgrowth. Postbiotics or microbe-derived metabolites can also be used in the treatment of
ALD (491511,

Fecal microbiota transplantation (FMT) involves the transplantation of part of the microbiota of a healthy person to
a person suffering from certain diseases. For example, the role of FMT in patients with AH and liver cirrhosis was
investigated and satisfactory results were obtained. In a study conducted by Bajaj et al., 20 patients with liver
cirrhosis of the most common viral etiology (predominantly HCV) with or without data on chronic alcohol use were
included. The patient received a single FMT enema with or without antibiotics. It was concluded that FMT is a safe
and well-tolerated procedure, it increases the diversity of intestinal microbiota and the number of beneficial
bacteria. Patients who had FMT had significantly lower chance of developing AH 52, Another study followed the 1-
year survival of patients with AH who had FMT, where as many as 87.5% of patients who had FMT survived one

year, compared to 33.5% of patients who were controls 53,

A promising approach in the treatment of ALD is also an attempt to rehabilitate the previously disturbed
homeostasis of bile acid metabolism, which was proven in the mouse model of ethanol-induced liver damage.
Return of homeostasis using a non-tumorigenic variant of FGF19 improves intestinal barrier function and reduces
liver damage. Obeticholic acid (OCA) is an FXR agonist and has been proven to prevent intestinal vascular barrier
disorders, which is why it has a potential place in the treatment of nonalcoholic fatty liver disease (NAFLD), while
there is still insufficient data for ALD [B4155],

References

1. Lieber, C.S. Metabolic effects of acetaldehyde. Biochem. Soc. Trans. 1988, 16, 241-247.

https://encyclopedia.pub/entry/43583 5/10



Alcohol, Inflammation, and Microbiota in Alcoholic Liver Disease | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

. Lieber, C.S.; Rubin, E.; DeCarli, L.M. Hepatic microsomal ethanol oxidizing system (MEOS):

Differentiation from alcohol dehydrogenase and NADPH oxidase. Biochem. Biophys. Res.
Commun. 1970, 40, 858-865.

. Gouillon, Z.; Lucas, D.; Li, J.; Hagbjork, A.L.; French, B.A.; Fu, P.; Fang, C.; Ingelman-Sundberg,

M.; Donohue, T.M., Jr.; French, S.W. Inhibition of ethanol-induced liver disease in the intragastric
feeding rat model by chlormethiazole. Proc. Soc. Exp. Biol. Med. 2000, 224, 302—-308.

. Ye, Q.; Lian, F.; Chavez, P.R.G.; Chung, J.; Ling, W.; Qin, H.; Seitz, H.K.; Wang, X. Cytochrome

P450 2E1 inhibition prevents hepatic carcinogenesis induced by diethylnitrosamine in alcohol-fed
rats. Hepatobiliary Surg. Nutr. 2012, 1, 5-18.

. Lieber, C.; DeCarli, L.M. Ethanol oxidation by hepatic microsomes: Adaptive increase after

ethanol feeding. Science 1968, 162, 917-918.

. Seitz, H.K.; Mueller, S. Alcoholic liver disease. Clin. Hepatol. 2010, 2, 1111-1151.

. Neuman, M. Cytokines- Central Factors in Alcoholic Liver. Alcohol Res. Health 2003, 27, 307—-

316.

. Lieber, C.S.; DeCarli, L.M. Hepatotoxicity of ethanol. J. Hepatol. 1991, 12, 394-401.

. Gao, B.; Ahmad, M.F.; Nagy, L.E.; Tsukamoto, H. Inflammatory pathways in alcoholic

steatohepatitis. J. Hepatol. 2019, 70, 249-259.

Glaser, T.; Baiocchi, L.; Zhou, T.; Francis, H.; Lenci, I.; Grassi, G.; Kennedy, L.; Liangpunsakul, S.;
Glaser, S.; Alpini, G.; et al. Pro-inflammatory signalling and gut-liver axis in non-alcoholic and
alcoholic steatohepatitis: Differences and similarities along the path. J. Cell. Mol. Med. 2020, 24,
5955-5965.

Sharifnia, T.; Antoun, J.; Verriere, T.G.; Suarez, G.; Wattacheril, J.; Wilson, K.T.; Peek, R.M., Jr,;
Abumrad, N.N.; Flynn, C.R. Hepatic TLR4 signaling in obese NAFLD. Am. J. Physiol.
Gastrointest. Liver Physiol. 2015, 309, G270-G278.

Schwabe, R.F.; Seki, E.; Brenner, D.A. Toll-like receptor signaling in the liver. Gastroenterology
2006, 130, 1886-1900.

Pone, E.J. Analysis by Flow Cytometry of B-Cell Activation and Antibody Responses Induced by
Toll-like Receptors. Methods Mol. Biol. 2016, 1390, 229-248.

Thurman, R.G., Il. Alcoholic liver injury involves activation of Kupffer cells by endotoxin. Am. J.
Physiol. 1998, 275, G605-G611.

Wang, S.; Pacher, P.; De Lisle, R.C.; Huang, H.; Ding, W.X.A. Mechanistic review of cell death in
alcohol-induced liver injury. Alcohol. Clin. Exp. Res. 2016, 40, 1215-1223.

https://encyclopedia.pub/entry/43583 6/10



Alcohol, Inflammation, and Microbiota in Alcoholic Liver Disease | Encyclopedia.pub

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Roh, Y.S.; Zhang, B.; Loomba, R.; Seki, E. TLR2 and TLR9 contribute to alcohol-mediated liver
injury through induction of CXCL1 and neutrophil infiltration. Am. J. Physiol. Gastrointest. Liver
Physiol. 2015, 309, G30-G41.

Petrasek, J.; Bala, S.; Csak, T.; Lippai, D.; Kodys, K.; Menashy, V.; Barrieau, M.; Min, S.Y.; Kurt-
Jones, E.A.; Szabo, G. IL-1 receptor antagonist ameliorates inflammasome-dependent alcoholic
steatohepatitis in mice. J. Clin. Investig. 2012, 122, 3476—-34809.

Iracheta-Vellve, A.; Petrasek, J.; Satishchandran, A.; Gyongyosi, B.; Saha, B.; Kodys, K;
Fitzgerald, K.A.; Kurt-Jones, E.A.; Szabo, G. Inhibition of sterile danger signals, uric acid and ATP,
prevents inflammasome activation and protects from alcoholic steatohepatitis in mice. J. Hepatol.
2015, 63, 1147-1155.

Petrasek, J.; Iracheta-Vellve, A.; Saha, B.; Satishchandran, A.; Kodys, K.; Fitzgerald, K.A.; Kurt-
Jones, E.A.; Szabo, G. Metabolic danger signals, uric acid and ATP, mediate inflammatory cross-
talk between hepatocytes and immune cells in alcoholic liver disease. J. Leukoc. Biol. 2015, 98,
249-256.

Iracheta-Vellve, A.; Petrasek, J.; Gyogyosi, B.; Bala, S.; Csak, T.; Kodys, K.; Szabo, G.
Interleukin-1 inhibition facilitates recovery from liver injury and promotes regeneration of
hepatocytes in alcoholic hepatitis in mice. Liver Int. 2017, 37, 968-973.

Han, Y.P.; Yan, C.; Zhou, L.; Qin, L.; Tsukamoto, H. A matrix metalloproteinase-9 activation
cascade by hepatic stellate cells in trans-differentiation in the three-dimensional extracellular
matrix. J. Biol. Chem. 2007, 282, 12928-12939.

Khanova, E.; Wu, R.; Wang, W.; Yan, R.; Chen, Y.; French, S.W.; Llorente, C.; Pan, S.Q.; Yang,
Q.; Li, Y.; et al. Pyroptosis by caspasell/4-gasdermin-D pathway in alcoholic hepatitis in mice
and patients. Hepatology 2017, 67, 1737-1753.

Shi, J.; Zhao, Y.; Wang, K.; Shi, X.; Wang, Y.; Huang, H.; Zhuang, Y.; Cai, T.; Wang, F.; Shao, F.
Cleavage of GSDMD by inflammatory caspases determines pyroptotic cell death. Nature 2015,
526, 660—665.

Turnbaugh, P.J.; Ley, R.E.; Hamady, M.; Fraser-Liggett, C.M.; Knight, R.; Gordon, J.I. The human
microbiome project. Nature 2007, 449, 804-810.

Cope, K.; Rishy, T.; Diehl, A.M. Increased gastrointestinal ethanol production in obese mice:
Implications for fatty liver disease pathogenesis. Gastroenterology 2000, 119, 1340-1347.

Lu, J.; Wang, Y.; Xu, M.; Fei, Q.; Gu, Y.; Luo, Y.; Wu, H. Efficient biosynthesis of 3-
hydroxypropionic acid from ethanol in metabolically engineered Escherichia coli. Bioresour.
Technol. 2022, 363, 127907.

Zhu, L.; Baker, S.S.; Gill, C.; Liu, W.; Alkhouri, R.; Baker, R.D.; Gill, S.R. Characterization of gut
microbiomes in nonalcoholic steatohepatitis (NASH) patients: A connection between endogenous

https://encyclopedia.pub/entry/43583 7/10



Alcohol, Inflammation, and Microbiota in Alcoholic Liver Disease | Encyclopedia.pub

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

alcohol and NASH. Hepatology 2013, 57, 601-609.

Duan, Y.; Llorente, C.; Lang, S.; Brandl, K.; Chu, H.; Jiang, L.; White, R.C.; Clarke, T.H.; Nguyen,
K.; Torralba, M.; et al. Bacteriophage targeting of gut bacterium attenuates alcoholic liver disease.
Nature 2019, 575, 505-511.

Lang, S.; Duan, Y.; Liu, J.; Torralba, M.G.; Kuelbs, C.; Ventura-Cots, M.; Abraldes, J.G.; Bosques-
Padilla, F.; Verna, E.C.; Brown, R.S., Jr.; et al. Intestinal fungal dysbiosis and systemic immune
response to fungi in patients with alcoholic hepatitis. Hepatology 2020, 71, 522-538.

Lang, S.; Schnabl, B. Microbiota and Fatty Liver Disease—The Known, the Unknown, and the
Future. Cell Host Microbe 2020, 28, 233-244.

Leclercq, S.; Matamoros, S.; Cani, P.D.; Neyrinck, A.M.; Jamar, F.; Starkel, P.; Windey, K.;
Tremaroli, V.; Backhed, F.; Verbeke, K.; et al. Intestinal permeability, gut-bacterial dysbiosis, and
behavioral markers of alcohol-dependence severity. Proc. Natl. Acad. Sci. USA 2014, 111,
E4485-E4493.

Wang, L.; Fouts, D.E.; Starkel, P.; Hartmann, P.; Chen, P.; Llorente, C.; DePew, J.; Moncera, K.;
Ho, S.B.; Brenner, D.A.; et al. Intestinal REG3 lectins protect against alcoholic steatohepatitis by
reducing mucosa-associated microbiota and preventing bacterial translocation. Cell Host Microbe
2016, 19, 227-239.

Jandhyala, S.M.; Talukdar, R.; Subramanyam, C.; Vuyyuru, H.; Sasikala, M.; Nageshwar Reddy,
D. Role of the normal gut microbiota. World J. Gastroenterol. 2015, 21, 8787-8803.

Eckburg, P.B.; Bik, E.M.; Bernstein, C.N.; Purdom, E.; Dethlefsen, L.; Sargent, M.; Gill, S.R;
Nelson, K.E.; Relman, D.A. Diversity of the human intestinal microbial flora. Science 2005, 308,
1635-1638.

Ley, R.E.; Backhed, F.; Turnbaugh, P.; Lozupone, C.A.; Knight, R.D.; Gordon, J.l. Obesity alters
gut microbial ecology. Proc. Natl. Acad. Sci. USA 2005, 102, 11070-11075.

Ley, R.E.; Turnbaugh, P.J.; Klein, S.; Gordon, J.l. Microbial ecology: Human gut microbes
associated with obesity. Nature 2006, 444, 1022-1023.

Wilodarska, M.; Kostic, A.D.; Xavier, R.J. An integrative view of microbiome-host interactions in
inflammatory bowel diseases. Cell Host Microbe 2015, 17, 577-591.

Gerard, P. Gut microbiota and obesity. Cell Mol. Life Sci. 2016, 73, 147-162.

Bode, C.; Kolepke, R.; Schafer, K.; Bode, J.C. Breath hydrogen excretion in patients with
alcoholic liver disease—Evidence of small intestinal bacterial overgrowth. Z. Gastroenterol. 1993,
31, 3-7.

Yan, A.W.; Fouts, D.E.; Brandl, J.; Starkel, P.; Torralba, M.; Schott, E.; Tsukamoto, H.; Nelson,
K.E.; Brenner, D.A.; Schnabl, B. Enteric dysbiosis associated with a mouse model of alcoholic

https://encyclopedia.pub/entry/43583 8/10



Alcohol, Inflammation, and Microbiota in Alcoholic Liver Disease | Encyclopedia.pub

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

liver disease. Hepatology 2011, 53, 96-105.

Candela, M.; Perna, F.; Carnevali, P.; Vitali, B.; Ciati, R.; Gionchetti, P.; Rizzello, F.; Campieri, M.;
Brigidi, P. Interaction of probiotic Lactobacillus and Bifidobacterium strains with human intestinal
epithelial cells: Adhesion properties, competition against enteropathogens and modulation of IL-8
production. Int. J. Food Microbiol. 2008, 125, 286—292.

Sanna, S.; van Zuydam, N.R.; Mahajan, A.; Kurilshikov, A.; Vich Vila, A.; Vosa, U.; Mujagic, Z.;
Masclee, A.A.M.; Jonkers, D.; Oosting, M.; et al. Causal relationships among the gut microbiome,
short-chain fatty acids and metabolic diseases. Nat. Genet. 2019, 51, 600—-605.

Chen, P.; Torralba, M.; Tan, J.; Embree, M.; Zengler, K.; Starkel, P.; van Pijkeren, J.P.; DePew, J.;
Loomba, R.; Ho, S.B.; et al. Supplementation of saturated long-chain fatty acids maintains
intestinal eubiosis and reduces ethanol-induced liver injury in mice. Gastroenterology 2015, 148,
203-214.e216.

Wabhlstro, M.A.; Sayin, S.; Marschall, H.U.; Backhed, F. Intestinal crosstalk between bile acids and
microbiota and its impact on host metabolism. Cell Metab. 2016, 24, 41-50.

Molinero, N.; Ruiz, L.; Sanchez, B.; Margolles, A.; Delgado, S. Intestinal bacteria interplay with
bile and cholesterol metabolism: Implications on host physiology. Front. Physiol. 2019, 10, 185.

Inagaki, T.; Moschetta, A.; Lee, Y.K.; Peng, L.; Zhao, G.; Downes, M.; Yu, R.T.; Shelton, J.M.;
Richardson, J.A.; Repa, J.J.; et al. Regulation of antibacterial defense in the small intestine by the
nuclear bile acid receptor. Proc. Natl. Acad. Sci. USA 2006, 103, 3920-3925.

Park, J.W.; Kim, S.E.; Lee, N.Y.; Kim, J.H.; Jung, J.H.; Jang, M.K.; Park, S.H.; Lee, M.S.; Kim,
D.J.; Kim, H.S.; et al. Role of Microbiota-Derived Metabolites in Alcoholic and Non-Alcoholic Fatty
Liver Diseases. Int. J. Mol. Sci. 2021, 23, 426.

Fuller, R. Probiotics in man and animals. J. Appl. Bacteriol. 1989, 66, 365—-378.

Forsyth, C.B.; Farhadi, A.; Jakate, S.M.; Tang, Y.; Shaikh, M.; Keshavarzian, A. Lactobacillus GG
treatment ameliorates alcohol-induced intestinal oxidative stress, gut leakiness, and liver injury in
a rat model of alcoholic steatohepatitis. Alcohol 2009, 43, 163-172.

Chang, B.; Sang, L.; Wang, Y.; Tong, J.; Zhang, D.; Wang, B. The protective effect of VSL#3 on
intestinal permeability in a rat model of alcoholic intestinal injury. BMC Gastroenterol. 2013, 13,
151.

Mimee, M.; Citorik, R.J.; Lu, T.K. Microbiome therapeutics—Advances and challenges. Adv. Drug
Deliv. Rev. 2016, 105, 44-54.

Bajaj, J.S.; Salzman, N.H.; Acharya, C.; Sterling, R.K.; White, M.B.; Gavis, E.A.; Fagan, A.;
Hayward, M.; Holtz, M.L.; Matherly, S.; et al. Fecal microbial transplant capsules are safe in

https://encyclopedia.pub/entry/43583 9/10



Alcohol, Inflammation, and Microbiota in Alcoholic Liver Disease | Encyclopedia.pub

53.

54.

55.

hepatic encephalopathy: A phase 1, randomized, placebo-controlled trial. Hepatology 2019, 70,
1690-1703.

Philips, C.A.; Pande, A.; Shasthry, S.M.; Jamwal, K.D.; Khillan, V.; Chandel, S.S.; Kumar, G.;
Sharma, M.K.; Maiwall, R.; Jindal, A.; et al. Healthy donor fecal microbiota transplantation in
steroid-ineligible severe alcoholic hepatitis: A pilot study. Clin. Gastroenterol. Hepatol. 2017, 15,
600-602.

Mouries, J.; Brescia, P.; Silvestri, A.; Spadoni, I.; Sorribas, M.; Wiest, R.; Mileti, E.; Galbiati, M.;
Invernizzi, P.; Adorini, L.; et al. Microbiota-driven gut vascular barrier disruption is a prerequisite
for non-alcoholic steatohepatitis development. J. Hepatol. 2019, 71, 1216-1228.

Younossi, Z.M.; Ratziu, V.; Loomba, R.; Rinella, M.; Anstee, Q.M.; Goodman, Z.; Bedossa, P.;
Geier, A.; Beckebaum, S.; Newsome, P.N.; et al. Obeticholic acid for the treatment of non-
alcoholic steatohepatitis: Interim analysis from a multicentre, randomised, placebo-controlled
phase 3 trial. Lancet 2020, 394, 2184-2196.

Retrieved from https://encyclopedia.pub/entry/history/show/99641

https://encyclopedia.pub/entry/43583 10/10



