1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuely Joyiny

1duosnuely Joyiny

. HHS Public Access

U,
&
‘m

-/é. Author manuscript

Alcohol Clin Exp Res. Author manuscript; availablein PMC 2016 May 01.

Published in final edited form as:
Alcohol Clin Exp Res. 2015 May ; 39(5): 763—775. doi:10.1111/acer.12704.

Alcoholic liver disease: The gut microbiome and liver crosstalk

Phillipp Hartmann, M.D.}, Caroline T. Seebauerl, and Bernd Schnabl, M.D.1.2*
1Department of Medicine, University of California San Diego, La Jolla, CA

2Department of Medicine, VA San Diego Healthcare System, San Diego, CA

Abstract

Alcoholicliver diseaseisaleading cause of morbidity and mortality worldwide. Alcoholic fatty liver
disease can progress to steatohepatitis, acoholic hepatitis, fibrosis, and cirrhosis. Patients with
alcohol abuse show quantitative and qualitative changes in the composition of the intestinal
microbiome. Furthermore, patientswith a coholicliver disease haveincreased intestinal permeability
and elevated systemic levels of gut-derived microbial products. Maintaining eubiosis, stabilizing the
mucosal gut barrier or preventing cellular responsesto microbial products protect from experimental
alcoholicliver disease. Therefore, intestinal dysbiosisand pathol ogical bacterial translocation appear
fundamental for the pathogenesis of acohoalic liver disease. This review highlights causes for
intestinal dyshiosisand pathological bacterial translocation, their relationship and consequences for
alcoholic liver disease. We also discuss how the liver affects the intestinal microbiota.
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Introduction

Alcohol-related liver cirrhosis was responsible for 0.9% of all global deaths and 47.9% of all
liver cirrhosis-attributable deathsin 2010 (Hartmann et al ., 2012, Rehm et al ., 2013). Alcoholic
liver disease (ALD) encompasses fatty liver, or hepatic steatosis, and the more serious entities
alcoholic steatohepatitis, alcoholic hepatitis, fibrosis, cirrhosis, and liver cancer (Gao and
Bataller, 2011). Already 50 years ago, Lieber et al. showed that alcohol-induced hepatic
steatosisresolves within several weeks of abstinence (Lieber et al., 1965). In case of continued
consumption of acohol, fatty liver can progress to fibrosis and cirrhosis which can lead to
portal hypertension or liver failure (Gao and Bataller, 2011, Liu, 2014). 10% of heavy drinkers
will develop alcohalic liver cirrhosis (Levene and Goldin, 2012, Liu, 2014). Alcoholics and
subjects with alcohalic liver cirrhosis display higher levels of bacterial productsin their blood
than healthy humans (Parlesak et al., 2000, Bgjgj et a., 2014c). In addition, bacterial infections
caused by pathological bacterial translocation increase the mortality in cirrhotic patients
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tremendously. 30% of these patients expire within one month, another 30% die by one year
(Arvaniti et al., 2010).

Thisreview provides an overview of causes for intestinal dyshiosis and describes changesin
the intestinal microbiome during alcoholic liver disease. We will further discuss the
relationship between dysbiosis and the onset of pathological bacterial trans ocation, aswell as
their contribution to ALD in animals and humans.

1. Intestinal dysbiosis

Theintestine harbors a diverse community of bacteria. Microbial members of this community
arebeneficial for host metabolism and digestion, thereby creating asymbiotic relationship with
the host. Intestinal dysbiosisis defined as an imbalance of the different microbial entitiesin
theintestinewith adisruption of symbiosis (McLoughlin and Mills, 2011). Intestinal dysbhiosis
can present as quantitative (intestinal bacterial overgrowth) and qualitative changesin the
intestinal microbiota. It has been associated with ALD both in experimental animal models
and patients (Kirpich et a., 2008, Mutlu et al., 2009, Chen et a., 2011, Yan et a., 2011, Mutlu
et a., 2012, Hartmann et a., 2013, Leclercq et a., 2014, Chen et al., 2015).

1.1. Intestinal bacterial overgrowth in alcoholic liver disease

Chronic acohol ingestion leadsto small and largeintestinal bacterial overgrowth and dyshiosis
in animals and humans (Bode et a., 1984, Casafont Morencos et a., 1996, Yan et a., 2011,
Hartmann et al., 2013). Intestinal bacterial overgrowth is defined as increased numbers of
bacteriain the intestine, in animals most commonly evidenced by quantitative polymerase
chain reaction (QPCR) using universal 16S ribosomal RNA bacteria primer setsin cecal
samples; alternatively conventional culturing techniques of small and large intestinal contents
or fecal samples can be used aswell (Adachi et al., 1995, Yan et al., 2011, Hartmann et al .,
2013). In humans, it is classically defined as at least 10° cultured colony forming units of
bacteriaper ml from jejunal aspirates (Kerlin and Wong, 1988, Bauer et al., 2000, Simren and
Stotzer, 2006). The increase of both aerobic and anaerobic bacteria was most pronounced in
the proximal small intestine following intragastric feeding of acohol in mice (Yan et a.,
2011). Large intestinal bacterial overgrowth develops as early as one week after intragastric
alcohol feeding (Hartmann et a ., 2013), and isalso present in end-stage liver diseasein rodents
(Guarner et a., 1997, Sanchez et al., 2005). Similarly, subjects with moderate al cohol
consumption aswell as patients with alcohalic liver cirrhosis display small intestinal bacterial
overgrowth (Casafont Morencos et al., 1996, Gabbard et al., 2014). Small intestinal bacterial
overgrowth correlates well with the severity of the alcohalic cirrhosis (Casafont Morencos et
al., 1996). Probiotics are live, non-pathogeni c microorganisms promoting the growth of other
beneficial microorganisms(Hartmannetal., 2012, Ciceniaetal ., 2014). Intriguingly, probiotics
V SL#3 decrease small intestinal bacterial overgrowth in cirrhotic patients (Luniaet al.,
2014). Thisfinding isimportant since small intestinal bacterial overgrowth has been shown to
be arisk factor for the occurrence of hepatic encephal opathy besides the Child-Pugh-Score
itself (Luniaet a., 2014). Interestingly, selective intestinal decontamination with antibiotics
as prevention and intervention can abrogate large intestinal bacterial overgrowth and alleviate
subsequent liver damage in rodents (Adachi et al., 1995, Chen et ., 2014). However, a
randomized, double-blind, placebo-controlled clinical trial in patients with alcohalic liver
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disease (27 with cirrhosis, 23 without cirrhosis) using the non-absorbable, broad-spectrum
antibiotic Paromomycin did not show an improvement in liver damage relative to placebo
treated patients (Bodeet a ., 1997). Since endotoxin was not reduced after 4 weeksof treatment,
the antimicrobial treatment might not have effectively reduced intestinal bacterial overgrowth,
or the treatment length was not long enough. Another possible explanation could be that
antibiotics induce dyshiosis (Cho et a., 2012) and possible pathogenic bacteria have been
selected by the treatment with Paromomycin. There are indications that broad spectrum
antibiotic treatment alone might decrease the expression of intestinal tight junction proteins
(Cresci et a., 2013). Taken together, chronic alcohol abuseresultsin small and largeintestinal
bacterial overgrowth that (at least in rodents) represents an attractive target for therapy.

1.2. Qualitative changes in the microbiome

The microbiome consists of several phylawhich comprise classes that encompass orders.
Orders consist of anumber of families that finally comprise certain genera and species of
bacteria (see Table 1, 2, and Supplementary Table 1). Gram staining can help to distinguish
different phyla from each other: Firmicutes and Actinobacteria are generally Gram-positive,
while Proteobacteria, Fusobacteria and Bacteroidetes are usually Gram-negative. However,
members of the Firmicutes-class Negativicutes for example are, as the name implies, Gram-
negative (Vesth et al., 2013). Therefore, more advanced technologies (e.g. deep
pyrosequencing of bacterial 16S rRNA) are used to track microbial changes occurring in the
intestine in alcoholic liver disease, as described below.

1.2.1. Qualitative changes in the microbiome in animals following chronic
alcohol feeding—Although only a small number of enteric bacteria can be cultured using
conventional culturing techniques (Gill et al., 2006, Yan et a., 2011, Hartmann et al., 2013),
recent advances such as Length Heterogeneity PCR (LH-PCR) (Mutlu et al., 2009) and deep
pyrosequencing of bacterial 16SrRNA (Yan et a., 2011, Chen et al., 2015) helped to explore
the gut microbiome further. Alcohol administration for 10 weeks results in colonic dysbiosis
in rats, which can be prevented by probiotic and prebiotic feeding (Mutlu et a., 2009). In mice
ethanol feeding reduces the phylum Firmicutes (Yan et al., 2011, Bull-Otterson et al., 2013)
and the genus Lactobacillus spp. within the phylum Firmicutes (Yan et a., 2011, Hartmann et
al., 2013) (Table 1). Enterococcus spp., also belonging to Firmicutes, increases after alcohol
administration (Yan et al., 2011, Campos Canesso et al ., 2014). Thereisevidencethat alcohol -
treated mice show higher intestinal levels of Verrucomicrobia and one of their genera
Akkermansia muciniphila, Actinobacteriawith their genus Corynebacterium spp., and
Proteobacteria and their genus Alcaligenes spp. (Yan et al., 2011, Bull-Otterson et al., 2013,
Hartmann et al., 2013). Several studiesin rodents (Yan et a., 2011, Bull-Otterson et al.,
2013) and humans (Loguercio et a., 2005, Lata et al., 2007, Kirpich et al., 2008, Dhiman et
al., 2014) demonstrate that supplementation with probiotic bacteria alleviates ALD and liver
cirrhosisin general. Interestingly, administration of probiotic Lactobacillus rhamnosus GG
during the last two weeks of a six week alcohol feeding experiment to mice reversed the
aforementioned microbial findings so that Actinobacteria and Corynebacterium spp., and
Proteobacteria and Alcaligenes spp., aswell as Firmicutes and their genera Lactobacillus spp.
and Ruminococcaceae Incertae Sedisincreased significantly relative to mice fed alcohol alone
(Bull-Otterson et a ., 2013). Supplementation with saturated fatty acids preventsal coholicliver
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injury by restoring levels of Bacteroidetes, Firmicutes and Lactobacillus rhamnosus and spp.
in the intestine of mice (Chen et al., 2015). Prebiotics, as complex carbohydrates that cannot

be digested by the host but can specifically serve “good” bacteria as an energy source, reduce
small intestinal bacterial overgrowth and ameliorate experimental alcoholic liver diseasein an
intragastric feeding model of ethanol (Yan et al., 2011).

1.2.2. Intestinal dysbiosis in alcoholics—Quantitative and qualitative changesin the
intestinal microbiota occur in subjects with moderate alcohol consumption, alcoholics and
alcohalic cirrhotics (Bajgj et al., 2014c, Gabbard et a., 2014, Leclercq et al., 2014). The term
cirrhosis dyshiosisratio, or CDR (Bajg et al., 2014c), was proposed to reflect the changes of
“good” vs. “bad” bacteria occurring in the intestine of cirrhotic patients. This ratio consists of
the amount of the beneficial autochthonous bacteria L achnospiraceae, Ruminococcaceae and
the Clostridiales Family X1V Incertae Sedis divided by the amount of the potentially
pathogenic taxa Enterobacteriaceae and Bacteroidaceae. It is postulated the lower the CDR,
the more advanced is the cirrhosis (Bgjg et al., 2014c). The Lachnospiraceae (Chen et dl.,
2011, Bajqj et al., 2012b, Bajqgj et al., 2014c), the Ruminococcaceae (Bajg) et a., 2012b,
Kakiyamaet al., 2013, Bajgj et al., 2014c), the Clostridiales Family XIV Incertae Sedis (Bajgj
et a., 2012b, Bajgj et al., 2014c) are typically found at lower intestinal levelsin subjects with
at least partly alcohol-related liver cirrhosis, whereas Enterobacteriaceae (Chen et al., 2011,
Bajg et al., 2012b, Kakiyamaet al ., 2013, Bajgj et al., 2014c) including their prominent genus
Escherichiacoli (Liuet a., 2004) arefound at higher levels (Table 2 and Supplementary Table
1). The Bacteroidaceae family showed atrend toward expansion in cirrhotic patients in some
reports (Kakiyamaet a ., 2013, Bajgj et a., 2014c). Other studies showed a decreased
abundance of Bacteroidaceaein patientswith liver cirrhosis, in particular inalcoholic cirrhotics
(Chenetal., 2011, Mutlu et al., 2012, Kakiyamaet al., 2014). The CDR islowest in acoholic
cirrhotic patients compared with cirrhotic subjects of another etiology; similarly, endotoxemia
is higher and correlates with the expanding Gram-negative Enterobacteriaceae in these
alcoholic patients (Bajgj et al., 2014c). Interestingly, administration of Lactobacillus
rhamnosus GG to cirrhotic patients for four weeks resulted in an increase in Lachnospiraceae
and the Clostridiales Family X1V Incertae Sedis, and a decrease in Enterobacteriaceae with an
associated reduction of endotoxemia and serum TNF-alphalevels (Bajg et al., 2014b).
Clostridium spp. (Zhao et al., 2004, Bajgj et al., 2012a) as well as Enterococcaceae (Bajgj et
al., 2014c) and their genus Enterococcus spp. (Zhao et a., 2004, Chen et a., 2011, Bajaj et a.,
2012a) are found at greater quantities in the stools and colonic biopsy samples from cirrhotic
patients. Fecal analysisin these patients also demonstrated a higher abundance of
Fusobacteriaceae (Chen et al., 2011, Bajg et al., 2012b), Staphylococcaceae (Bajgj et dl.,
2014c) and their genus Saphylococcus spp. (Liu et al., 2004). As mentioned above, a coholics
exhibit reduced numbers of the beneficial Lactobacillus spp. (Kirpich et a., 2008), and,
similarly to cirrhaotics, show lower fecal amounts of Bifidobacterium spp. (Zhao et al., 2004,
Kirpich et a., 2008, Leclercq et ., 2014). Administration of probiotic Lactobacillus spp. and
Bifidobacterium spp. to alcoholics increased levels of intestinal Lactobacillus spp. and
Bifidobacterium spp., and improved liver enzymes (Kirpich et a., 2008). Likewise, mixtures
of pre- and probiotics, or synbiotics (Cocktail 2000; Medipharm, Kagerod, Sweden; including
Lactobacillus spp.), reduced amounts of Saphylococcus spp., Fusobacterium spp., E. coali,
increased the abundance of Lactobacillusspp., andimproved liver functionin cirrhotic subjects
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(partly dueto alcohol) (Liu et a., 2004). Intriguingly, although some microbial changes were
non-reversible such as a reduced amount of Faecalibacterium prausnitzi, alcohol abstinence
aloneresulted in a partial restoration of eubiosis. Suppressed levels of Bifidobacterium spp.,
Lactobacillus spp., and Ruminococcaceae recovered in alcohol dependent patients (Leclercq
et al., 2014). These findings were associated with lower scores of depression, anxiety, and
craving after 3 weeks of abstinence aswell asasignificantly improved intestinal permeability
(Leclercq et al., 2014). The abundance of Veillonellaceae (Chen et a., 2011, Kakiyamaet al.,
2013, Kakiyamaet a., 2014) and their genus Megasphera spp. (Leclercq et al., 2014) isgreater
in stools of alcoholicsand cirrhotic patients compared with healthy subjects. On the other hand,
treatment with Rifaximin causes areduction of the Gram-negative V eillonellaceae and reduces
endotoxemiain partially alcohol-induced cirrhotic subjects (Bajgj et a., 2013).
Streptococcaceae seem to expand in patients with liver cirrhosis related to HBV and alcohol
(Chen et al., 2011) which gets exacerbated after treatment with proton-pump inhibitors (PPI)
(Bajgj et al., 20144). The reduction of fecal levels of Lachnospiraceae and Ruminococcaceae
worsens after PPl treatment, too (Bajgj et al., 20144). Taken together, dysbiosis occurs after
chronic alcohol administration and iscommonly associated with adecreasein “ good” bacteria.
“Good” commensalssuch asLactobacillusspp. diminish, and possible pathogenic, in thissense
“bad” bacteria such as Enterobacteriaceae increase. Preventing dyshiosis or restoring eubiosis
(e.g. by supplementing prabiotics, prebiotics or synbiotics) appears avalid strategy for
treatment of alcoholicliver disease. Noneof theintestinal bacteriathat areinduced after chronic
alcohol administration was causatively linked to the onset or progression of alcohalic liver
disease.

2. Factors contributing to intestinal dysbiosis after chronic alcohol

consumption

How can we explain intestinal changes in the microbiota following chronic a cohol
consumption? A number of factors might contribute to al cohol-associated dysbiotic changes
(Figure 1).

Environmental factors

Genetics

Environmental factors such as dietary habits, medications or xenobiotics are among the
strongest determinants affecting the composition of the intestinal microbiome. For example, a
western diet changes the gut microbiome dramatically (Ley et a., 2006). Alcohol and obesity
synergistically worsen liver disease in experimental animal models and humans (Loomba et
al., 2009, Xu et a., 2011). Whether microbiome changes contribute to this synergistic effect
on steatohepatitis is not known. In addition, to what extent ethanol is used or produced by
intestinal bacteria directly following chronic alcohol administration is also not known.

Fatty liver disease developsin the majority of patients with chronic alcohol abuse, while
fibrosisand cirrhosisoccur in 40-60% of a coholics (O’ Sheaet al ., 2010). Genetic determinants
are thought to contribute to the risk of developing progressive alcohalic liver disease. Women
are more susceptible to alcohol-induced liver disease than men (Sato et al., 2001).
Polymorphisms in cytochrome P4502E1 (CY P2E1) and a cohol-dehydrogenase-3 (ADH-3)
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genes arerisk factors for developing liver disease among acoholics (Monzoni et a., 2001).
Furthermore, variations in patatin-like phospholipase domain-containing protein 3 (PNPLA3)
affect therisk of developing alcoholic liver cirrhosis aswell (Tian et al., 2010). It is not clear
whether genetic variants contribute to alcoholic liver disease by affecting the composition of
theintestinal microbiota. Host geneticsin general can influence the composition of the human
gut microbiome, which subsequently can impact host metabolism (Goodrich et al., 2014).
Further studies are needed to elucidate the impact of genetics on microbiotaand ALD.

Intestinal dysmotility

Ethanol reduces the intestinal motility that might lead to a proliferation of luminal bacteria.
Social drinkersdemonstrate an increased orocecal transit timerelativeto teetotal ers; alcoholics
exhibit an even longer orocecal transit time than socia drinkers (Addolorato et al., 1997).
Similarly, cirrhotic patients exhibit small intestinal bacterial overgrowth with a prolonged
transit time (Gupta et a., 2010). Cisapride as a prokinetic agent improves small intestinal
motility, and, interestingly, inhibits bacterial proliferation in subjects with liver cirrhosis
(Madrid et al., 2001). To which degree impaired intestinal motility contributes to alcoholic
liver disease, is not known.

Increased gastric pH

Ethanol either has no impact on gastric acid release or even increases it in non-alcoholic
subjects (Chari et al., 1993). Alcoholics, however, exhibit hypochlorhydria, or the state of
reduced gastric acid production (Dinoso et a., 1972, Chari et a., 1993). This might be due to
their significantly altered gastric histology with higher rates of superficial and atrophic gastritis
(Dinoso et al., 1972, Chari et a., 1993). Hypochlorhydriais associated with small intestinal
bacterial overgrowthin cirrhotic patients (Shindo et al., 1993). It isnot known whether ethanol -
induced hypochlorhydria alters the progression of alcoholic liver disease.

Altered bile flow

Chronic alcohol abuse leads to higher total bile acid levelsin the stool (Kakiyamaet al.,
2014). However, once the a coholic patient develops cirrhosis, the fecal amount of total bile
acids decreases significantly (Kakiyamaet al., 2014). This might be due to the diminished bile
secretion into the intestine observed in cirrhotics (Raedsch et al., 1983). The major receptor
for bile acidsinintestinal cells, the nuclear receptor Farnesoid X Receptor (FXR), influences
several antimicrobials, amongst them angiogenin 1 and RNAse family member 4. A reduction
of these bactericidal proteins was linked to small intestinal bacterial overgrowth in mice
(Inagaki et al., 2006). Remarkably, oral administration of bile acids to cirrhotic rats abolished
the small intestinal bacterial overgrowth (Lorenzo-Zunigaet a., 2003). Therefore, adecreased
bile flow in subjectswith liver cirrhosis (Raedsch et al., 1983) could contribute to quantitative
microbiome changes.

Altered immune response

Chronic alcohol consumption has profound effects on the host immune system. Host
bactericidal moleculesarecentral effectorsof theintestinal innateimmune system contributing
to the composition of the intestinal microbiome. Antimicrobial molecules are secreted by
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Paneth cells and intestinal epithelial cells. Two of these antimicrobials, Regenerating islet
derived (Reg)-3b and Reg3g, were suppressed in murine and human small intestine after
alcohol feeding and chronic ethanol abuse, respectively (Yan et a., 2011, Hartmann et al .,
2013). Theintestinal mucus layer serves as ameans of protection in the gut, and its thickness
increasesin alcoholics (Hartmann et al., 2013). Whether a cohol-induced effects on the host
immune system have either direct or indirect effects on the composition of the intestinal
microbiome is an areathat deservesto be studied in more detail.

Although all of these factors are affected by chronic alcohol consumption, more mechanistic
studies are required to identify, whether these determinants and associated changes in the gut
microbiomeindeed impact alcoholic liver disease. Similarly, it isalso not clear to what extent
changesin liver function contributeto dysbiosis. Carefully designed future studiesare required
to determine whether pre-cirrhotic alcoholic liver disease affects the composition of the
intestinal microbiome.

3. Consequences of intestinal dysbiosis in alcoholic liver disease

3.1. Pathological bacterial translocation

Pathological bacterial translocation is defined as the passage of viable bacteria or microbial
products from the gastrointestinal tract to mesenteric lymph nodes or other extraintestinal
organs (Berg and Garlington, 1979). The contribution of bacteriato liver diseaseisemphasized
by an experiment where small intestinal bacterial overgrowth was experimentally induced
which aone resulted in bacterial translocation and subsequent liver injury (Lichtman et al.,
1990). Inversely, selective intestinal decontamination with antibiotics can reduce pathol ogical
bacterial translocation and endotoxemia, and ameliorate hepatic damage in rodents (Adachi et
al., 1995, Chen et d., 2014).

Bacterial translocation isinitiated when the intestinal epithelium is damaged and the intestine
becomes more permeable (Parlesak et al., 2000, Purohit et al., 2008). What mechanisms are
involved in the pathogenesis of that increased intestinal permeability? The ethanol metabolite
acetal dehyde but not ethanol itself increases the permeability of Caco-2 cell monolayers (Rao,
1998). Furthermore, alcohol feeding to ratsleadsto acuteinjury of the colonic epithelial barrier
via acetaldehyde, the metabolite of ethanol generated by gut bacteria, and an associated
activation of mast cells (Ferrier et a., 2006). In addition, intestinal Cyp2E1 appearsto play a
rolein alcohol-induced intestinal oxidative stress and intestinal permeability (Abdelmegeed et
al., 2013). Takentogether, possibly alcohol and its metabolite acetal dehyde directly causetight
junction disruption.

Intestinal inflammation isanother mediator of intestinal barrier dysfunction. Pro-inflammatory
mediators such as |L-1-beta or TNF-alphaare increased in the small intestine of mice after
ethanol feeding (Fleming et al., 2001). Lamina propria monocytes and macrophages appear to
be the source for increased cytokine production. These cells increase TNF-alpha production
inthesmall intestine of miceandinthe duodenum of humansafter chronic a cohol consumption
(Chen et al., 2014). Intestinal inflammation precedes the onset of alcohol-induced increased
intestinal permeability in mice (Chen et al., 2014). Most importantly, alcohol-associated
dyshiosistriggersthislocal intestinal inflammatory response. Thiswas demonstrated by using
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non-absorbabl e antibiotics, which reduce large intestinal bacterial overgrowth, intestinal
inflammation and intestinal permeability. This evidently links intestinal dyshiosiswith gut
barrier dysfunction, although the triggering microbial metabolite or product is currently not
known. TNF-receptor 1 mutant mice are protected from intestinal barrier dysfunction and
alcoholic liver disease. Reactivation of TNF-receptor 1 onintestinal epithelial cellsresultedin
increased intestinal permesability and liver diseasethat issimilar to wild type mice after a cohol
feeding, suggesting that enteric TNF-receptor 1 promotes intestinal barrier dysfunction and
mediates ALD (Chen et a., 2014). Mice lacking myosin-light chain kinase (MLCK), a
intracellular downstream target of TNF-receptor 1 in intestinal epithelial cells, show partial
protection from intestinal barrier dysfunction and ALD (Chen et al., 2014), suggesting that
other intracellular signaling molecules are involved to mediate tight junction disruption
downstream of the TNF-receptor 1. Inducible nitric oxide synthases (iINOS) could be a
candidate, because intestinal INOS expression is dependent on TNF-receptor 1 on enterocytes
after chronic alcohol feeding (Chen et al., 2014). iNOS expression correlates with barrier
function disruption in differentiated Caco-2 cells (Banan et a., 1999). Furthermore, an iINOS
inhibitor attenuated alcohol-induced gut permeability, endotoxemia, and liver injury (Tang et
al., 2009). Whether iNOS (possibly as genetic variant) affects the composition of the gut
microbiota, is currently not known, but deserves future investigation.

Interestingly, not al patients with alcohol dependence show increased intestinal permeability.
The group of alcoholics with increased gut permeability also had an altered composition and
activity of the gut microbiota such as lower amounts of Bifidobacterium spp., Clostridiales
Family X1V Incertae Sedis, and Ruminococcaceae when compared with healthy controls.
Levels of these bacteria were not changed in a coholics with alow intestinal permeability
(Leclercqet a., 2014). Thisraisesthe question whether other factorsthan dysbiosisinduce gut
permeability. Thereareindicationsthat host geneticsinfluencethe composition of theintestinal
microbiome and the host metabolism (Goodrich et al., 2014). This might be involved in
inducing gut permeability associated with ALD aswell.

Asaconsequence of increased intestinal permeability, pathological bacterial translocation can
occur and plasmalevelsof gut-derived microbial productsincrease. Lipopolysaccharide (LPS),
or endotoxin, isacritical component of the outer membrane of Gram-negative bacteria (Fadl
et al., 2005). Many studies have shown that alcohol administration correlates with plasma
endotoxin levelsin animal models (Nanji et al., 1993, Adachi et al., 1995, Tamai et .,
2000). Elevationsin plasma L PS can be observed during early stages of ALD (Parlesak et al.,
2000) as well as during advanced stages of cirrhosis (Bajgj et a., 2014c). The degree of liver
injury correlates with endotoxemiain patients with liver cirrhosis (Lin et al., 1995), and is
higher in alcoholic cirrhosis compared with other etiologies (Bajgj et a., 2014c). Additionally,
peptidoglycan, the major cell wall component in Gram-positive bacteria, is elevated in rat
plasma after acute alcohol administration (Tabata et al., 2002).

We recently used a genetic mouse model with an enhanced intestinal innate immune response
and with resistance to alcohol-induced large intestinal bacterial overgrowth (Hartmann et al.,
2013). Despite more permeabl e intestines due to the mechanical absence of mucin-2 (Muc2),
Muc2-deficient mice had decreased plasma L PS levels and were consequently protected from
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acoholic liver disease (Hartmann et a., 2013). This suggests that failure of a physical barrier
can be compensated by controlling the luminal bacterial burden.

Theinnateimmune system has conserved pattern recognition receptors, e.g. Toll-like receptors
(TLRs), that recognize specific pathogen-associated molecular patterns (PAMPs) such asLPS,
peptidoglycan, or bacterial DNA (Akiraet al., 2006). The cellular receptor for LPSis TLR4
which plays an eminent role in the immune response to pathological bacterial translocation.
TLR4 mutant C3H/Hej mice and TL R4-knockout mice — although exhibiting a similar gut
permeability after alcohol feeding compared with wild-type mice— show less hepatic steatosis,
inflammation and cell death following ethanol feeding relative to wild type mice (Uesugi et
al., 2001, Hritz et al., 2008). Deficiency of its cellular co-receptor cluster of differentiation 14
(CD14) resultsin alleviated alcohol-induced liver injury (Yin et a., 2001). LPS binding to
TLRA4 initiates an intracellular downstream signaling cascade in immune cells and other liver
cells. Kupffer cells, amongst other cells, areimportant inthe pathogenesisof ALD. Inactivation
of these cellsviagadolinium chlorideinjections potently decreases ethanol-induced liver injury
(Adachi et al., 1994). Furthermore, hepatic stellate cells (HSCs) play a central rolein the
pathogenesis of liver fibrosis (Karaa et a., 2008). Oxidative stress mediated by ethanol and its
metabolite acetaldehyde sensitizes HSCs to activation by endotoxin, which resultsin liver
fibrosis after chronic ethanol feeding combined with LPS (Karaaet a., 2008). TLR4 signaling
in non-bone marrow-derived liver cellsincluding HSCsis required for liver steatosis,
inflammation, and afibrogenic response after chronic al cohol treatment HSCs (Inokuchi et al.,
2011). LPS induces apoptosisin hepatocytes, in particular in synergy with other hepatotoxic
agents (Kudo et al., 2009). For subsequent cellular eventsin the liver following pathological
bacterial translocation, we would like to refer to other in depth reviews (Seki and Schnabl,
2012, Szabo, 2015).

Interestingly, we recently showed that certain aspects of the commensal microbiota might
protect against chronic liver disease. In the absence of the microbiota, liver injury and fibrosis
induced by oral administration of thioacetamide or intraperitoneal injections of carbon
tetrachloride is more pronounced in germ-free mice compared with conventional mice
(Mazagovaet d., 2014). Strikingly, hepatocytes were more susceptible to toxin-induced cell
death in the absence of the microbiota or when lacking innate immune signaling (Mazagova
et al., 2014). Future studies need to determine whether a cohol-induced hepatocyte death is
similarly exacerbated in the abbsence of themicrobiota. Furthermore, it will becrucial toidentify
microbia products or metabolites with cytoprotective properties.

3.2. Changes in intestinal metabolites

Metabolomic studies can determine intestinal metabolites that will reflect functional changes
of the intestinal microbiota. Chronic ethanol administration to rats over 8 weeks resultsin a
reduction of almost all amino acidsincluding all three branched-chain amino acids (leucine,
isoleucine, valine), perturbations of the steroid, lipid and carnitine metabolism (Xie et al.,
2013b), aswell asthe bile acid metabolism (Xie et al., 2013a) in the intestine. Certain
metabolites belonging to alcohols, alkanes, and benzenes (such as 1-nonanol, hexane, and
styrene, respectively) could only be detected in the feces of alcohol dependent subjects but not
in healthy controls. In contrast, other volatile organic compounds such as 2-methyl-1-butanal,

Alcohol Clin Exp Res. Author manuscript; availablein PMC 2016 May 01.
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methyl-cyclopentane, and methanethiol were detectable in the feces of healthy humans but
non-detectable in alcohol dependent patients (Leclercq et al., 2014).

Short-chain fatty acids (SCFAS) are bacterial fermentation products, and dyshiosismight cause
differencesin intestinal fermentation. And indeed, intestinal levels of SCFAs are lower after
ethanol administration except for level s of acetic acid, which increases as metabolite of ethanol
(Xieet al., 2013b). Supplementation of the SCFA butyrate improved the intestinal barrier
function following acute, short-term or chronic alcohol exposure in mice, but liver injury was
reduced only if ethanol was administered acute or short-term (Cresci et a., 2014).

Furthermore, ethanol directly decreasesthe biosynthesis of saturated L CFAsby gut microbiota
as shown by metagenomics analysis. As a consequence, intestinal amounts of saturated long-
chain fatty acids (LCFAS) diminish after alcohol feeding (Chen et a., 2015). Since
Lactobacillus spp. are able to utilize saturated LCFAsin vivo and in culture for growth, lower
levels of saturated LCFASs (Chen et al., 2015) could explain suppressed amounts of
Lactobacillus spp. following chronic alcohol feeding (Kirpich et a., 2008, Yan et al., 2011,
Hartmann et al., 2013, Leclercq et a., 2014). Administration of LCFASs to alcohol-fed mice
increased levels of Lactobacillus spp., reduced intestinal inflammation, improved intestinal
barrier function (Chen et al., 2015), and reduced alcoholic liver disease (Nanji et al., 1995,
Nanji et al., 1997, Ronis et al., 2004, You et al., 2005, Kirpich et al., 2012, Zhong et al .,
2013, Chenet d., 2015). Additionally, supernatant of Lactobacillus spp. al one has been shown
to improve epithelial barrier function in vitro (Ciceniaet a., 2014, Chen et al., 2015). Thus,
microbial products or metabolites together with reduced amounts of Lactobacillus trigger
intestinal inflammation, barrier dysfunction and liver disease following chronic alcohol
feeding. Thisis agood example of how a connection between the microbial metabolome and
host has been established. Although the taxonomic composition of the alcohol-associated gut
microbiome has been characterized and has advanced our knowledge, we are just starting to
understand the functional consequences of dyshiosis. Future studies are required to establish
urgently needed links between microbial metabolites and the host that either confer protection
against disease or mediate disease.

3.3. Bile acid metabolism

Bile acids are important communicators between the liver and the intestine. Conjugated bile
acids are secreted from the hepatic biliary system into the duodenum, are modified in the
intestine by bacteria and return to the liver via the enterohepatic circulation. As described
earlier, patients with liver cirrhosis exhibit areduced bile flow (Raedsch et al., 1983). Bile
acids induce antimicrobial molecules by activating FXR in intestinal epithelial cells (Inagaki
et a., 2006), therefore areduced bile flow might contribute to intestinal bacterial overgrowth.
Further evidence of the interplay between the intestinal microbiome and the bile acid
metabolism is given by acohol feeding experimentsin rodents: Ethanol administration to rats
results in decreased taurine-conjugated bile acids in liver and intestine, while levels of
unconjugated and glycine-conjugated bile acids increase (Xie et al., 2013a). This could be
partly explained by intestinal bacterial overgrowth because patients with gastrointestinal
bacterial overgrowth exhibit an increased deconjugation of bile acids (Theisen et al., 2000).
Patients with chronic a cohol abuse show higher total bile acids, higher lithocholic acid and
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deoxycholic acid, higher secondary bile acidsand ahigher secondary-to-primary bileacid ratio
inthestool (Kakiyamaet a., 2014). However, oncethe patient developscirrhosis (in particular
if advanced), the fecal amount of total bile acids decreases significantly and serum levels of
conjugated bileacidsincrease (Kakiyamaet al ., 2013, Kakiyamaet a ., 2014). Both phenomena
might be due to the diminished bile acid secretion into the intestine observed in cirrhotics
(Raedsch et al., 1983). Further studies are needed to clarify theinterplay of gut microbiotaand
bile acidsin ALD to better understand the pathogenesis and to develop novel pharmaceutical
agentsto amelioratethetreatment of patientswith chronic alcohol abuse. Thiswill better define
how the liver communicates to the intestine, since this crosstalk is bidirectional.

Consequences of intestinal dysbiosis that are relevant to the pathogenesis of alcoholic liver
disease are illustrated and summarized in Figure 2.

Conclusion

Chronic alcohol consumption resultsin small and large intestinal bacterial overgrowth and
changes in the taxonomic composition of the intestinal microbiome. Factors that shape the
alcohol -associated microbiome are largely unknown. Ethanol and/or acetaldehyde could
contribute to a dysfunction of the mucosal barrier by disrupting epithelial tight junctions.
Recently, intestinal inflammation has been causatively linked to increased intestinal
permeability. Intestinal inflammation precedes heightened gut permeability, and intestinal
decontamination preventsintestinal inflammation and increased intestinal permeability. Which
products or metabolites from the dysbiotic microbiotainitiate intestinal inflammation requires
further studies. Pathological bacterial translocation appears to be the only currently known
pathogenic factor linking intestinal dyshiosis to progression of alcoholic liver disease. Given
excellent examples of how metagenomic or metabol omic factors affect the progression of other
liver diseases such as non-alcoholic fatty liver disease and steatohepatitis (NAFLD/NASH)
(Schnabl and Brenner, 2014, Boursier and Diehl, 2015), it is unlikely that an increased gut
permeability istheonly critical intestinal component for progression of alcohalic liver disease.
We have recently discovered metabolites, i.e. saturated long-chain fatty acids, whose reduced
intestinal concentrations contribute to alcohol-associated dyshiosis and affect acohalic liver
disease (Chen et al., 2015). Identification of other pathwayslinking the microbiotato alcoholic
liver disease is challenging, but could be akey for a better understanding of the gut-liver axis
and for designing interventional trials.
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Figure 1. Contributing factorsto intestinal dysbiosis after chronic alcohol consumption
Chronic alcohol administration results in a quantitative increase of intestinal bacteriaand a

gualitative change in the bacterial composition of the microbiota. Several factors might
contribute to alcohol-associated dysbiotic changes in the intestine.

Alcohol Clin Exp Res. Author manuscript; availablein PMC 2016 May 01.



1duosnuey Joyiny 1duosnuey Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Hartmann et . Page 20

Dysbiosis
AL e%?y LCFAV o
Qe ] Y
',—’ EtOH /,I\./c o
—_——

‘,\ . f.O% o

Lactobacillus Lactobacillus Microbial products
Intestine “ _ Il
a | ; ; £ :‘.\
Tight © ~Tight

junction \ EtOH / j!Jnctlon
Acetal- disrupted
dehyde MLCK

TNFR1

R A
Lamina propria \J .

©Se__-7

Inflammatory cells

TNFa

Portal vein

Figure2. Consequencesof intestinal dysbiosisrelevant tothe pathogenesisof alcoholicliver disease
Chronic alcohol consumption leads to intestinal bacterial overgrowth and dysbiosis.

M etabol omic changes such aslower bacterial synthesisof long-chain fatty acids (L CFA) result
in smaller amounts of ‘good’ bacteria, e.g. Lactobacillus spp. Y et unknown microbial
metabolites or products cause intestinal inflammation. While anti-inflammatory properties of
intestinal lactobacilli suppressintestinal inflammation during health, reduced amounts of
lactobacilli associated with chronic alcohol administration are not any longer able to maintain
intestinal homeostasis. Inflammatory cells of the intestinal lamina propria are activated and
secrete tumor necrosis factor (TNF)-alpha. TNF-alphathen bindsto its receptor TNFR1 on
enterocytes, which resultsin a disruption of tight junctions, partly mediated via myosin-light
chain kinase (ML CK). Ethanol and its metabolite acetaldehyde might contribute to a
dysfunction of the gut barrier. Microbial products can therefore trans ocate from the intestinal
lumen to the portal venous blood. Translocated microbial products activate hepatic stellate
cells and Kupffer cells, and damage hepatocytes. This synergizes with a direct hepatotoxic
effect of alcohol and its metabolites to cause progression of acoholic liver disease.

Alcohol Clin Exp Res. Author manuscript; availablein PMC 2016 May 01.



Page 21

Hartmann et al.

so|duwres
wnoa) YOd awn

(ST02) -[ea1 2A e IUeNh Sy
sanfes| 00 ‘BurousnbasoiAd 1 dds sn|j1oegoioe TSaMOIY  pEREUSSPoRMERE)  SeW -oddns
pUe uayD aueb vIRITLES snsouLey g Jease||19e0010e Safe||19eqo1oe loeg | selploRiceg  |oUeLRVEpY IR Buipnjout
wnoa) YOd dull pppPow
(ST02) -[ea1 aA e IUenb Syd4  asnow yousid4
sanfes| 00 ‘BurousnbasoiAd 1 dds sn|j1oegoioe Tsemolwll4  pareJnesun Ylim pay -ojoweNs |
pue usyo aweb VN4 S9T snsouurey g 8ea0e||19eqo1oe ] Soe||1%eq010e] 11119eg |selploieideg  [oueyl SADLIORI0S| ousefenu|
(¥102) so1w ul /2 Aep
sanbes| (00 so|dwes uoabuiq o
pue ossaue) j003s jo Bunyno 8290200000.J01U7 (2-G=u) pay +p/ Jo}BIP
sodued anIRIENd | "dds snoooooeiug | @eavele1eqOIBIIT | s3pe|[19eq010e ] SO R LRITRGO RIS 1111929 eLieldegeLwes) SSINDILIIH BLSITRA0S10.]  [OUeYIS 'SADLORO0S|  pinbl| joueyq
7 *dds seueBifea |y (4
J SIpas seeou| 1Teleloeqoslold  'SA 8=U) snsoulrey
| "dds sn||1oeqoioe] Jeadeual ed|y 9eaded3020uiwny SafeLBp(oYMINg SoeIPLISOID eleIIeqosloideeg J semnoiwig ‘g7 +p9} [oUeye
7 dds wn1e1EgeUAID geade || 19e001Je ] Jeade1B1JeqRuUAI0D S9e||13e0010e ] S3 eIeoALIoU 1D Y BIPLISO[D 1]]10eg BLIBIJeqounoY 1 eleIIRgOU DY 'SA P34 [oueylq
J "dds sauebifeoy
J "dds winnoeqo| v
SIpas Se1eou|
| "dds ogRoy
J "dds sn|j1oeqoioe
J "dds snooooo ey
| dds el
‘ose|plleH geaseusbifes|y deadeyo L pdisAig Spom
(€102) ‘dds e|pJeuue 290200000U ILUNY Jeade||19egoide | saeLeploydIng saeyo Ly pdisAig eLRITRqOSI0IdeRg BIYO L A SAIT Jeueioeqosiod 9 Jojaow
sanBes (|00 8|dwes |001S "dds soplo e1oede fed 96308000000 JeaJe 1191S| ] Sease| B10NS.d SORIPLISOID elpHISo[D TsamnoiuI »Ip pinbi]
puUe uos,eNnO BuiousnbasoiAd ‘dds saplo.e10eg geadepeuowolAydiod Sa[e||19ego1de ] e ||10eg 1|119eg 1 saleploseiceg (8 'sAg=u) pa} 111eDeq
-ling awab VN4 S9T | "dds wneioegeuliod Jeadep (0.e10ed Seade s1JeqeuiioD S3[eploeioeg saeeoALou DY elplosideq elLelIeqou oY leueizeqouny  [OUeYd SAJLORI0S| -1
SPOM
(€T02) T 104 ppow
sanfes |00 so|duwres (G'sn  asnow youal4
pue  wnoed ¥Odewn J/ ejydiunnu esueLL Y € pue ‘6 SA /=U) Py -ojowens |
uveweH -jeal anieIuend ‘dds sn||10eqoloe] Jea2e 0.0 ILI0JN.LB A\ S8l ||13e001de ] S3[eIgO.OILIodNLB A S3[e||198C010e JeIOJOILOINIBA 1[|IJeg  BIGOIIILUOINIIB A SIINOIWIIH  [OURYIS SADLIORI0S| osefenu|
89021000 ILU0ONLB A S9[RIGODILLIOONLB A e1g0Jo1WLodNIB A Jeigooiwoonie A
| @eageyonopdsAig safeyoLopdsAig elyoopdsAg Jeueoeqosiold
/ ejiyduionuw e sueLL oy 8290200000108.11S J2932201S0U0JNS |
4 "dds snoooo010e]
so|duwes “dds 20js0U0Ne Ssyeam
wnaaD ¥Od awn ‘dds snoooooped € Jo} ppow
(TT02) -[eai aneluenb ‘dds sn||1oegoioe asnou youe i
sanbea| (00 ‘BurousnbasolAd J "dds snoooo0 eug 1 3ea0e||10eq010e | 1|119eg 1 sanoiwl I (€ sng=u) pay -ojJowens |
pue ue A awsb VN4 S9T | -dds sspio.eioeg 823020000081U7 SeadepioeIsed 1 safe||19eqol0e ] seeploseldeq leiploseeg |sopplolieg  [oURYR 'SADLIORI0S| ousefenu)
90Ue PPy ABojopoy®e N s9109ds sNUBD Anwreq BPIO sse|D wnjAud uosiredwo) uopuo)d

©101¢0 01 paredl|du |

Author Manuscript

Author Manuscript

S[eWIUe Ul 8SeasIp JBAI| 921|040 e RIS LIBdXS U1IM Pa]eIoosse Bl0Igoo Il [eunsajul ul ssbueyd

T 3lqel

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; availablein PMC 2016 May 01.



Page 22

Hartmann et al.

(L-2=u)
"Jesmolg Awouoxe ] (1gDN) uoirew.ou| ABojouyosiolg Jo) Jews) feuoienSYd FEEHEBTepdn sem Awouoxe |
UM pa} joueys
J rdds snjjoegore "/ UOT}HIPUOD 0} AR G UOIIPUOD U1 3589138p “4 '/ UOIIPUOD 01 DA P g UoRIpuod ureSB¥RINA I g uo§ibded SRRAIBRL0D Jo uosiedwod v
J snsouwrey g Seade||19eqoide] v uorp 8«_m___mu_,w%ounm_mn_ P ’ Pt uol 1oed p1gLowp %mmw_u_ome%&m_ .ﬁ:?uﬂ _o:mc_@._ d )
SHEIM
€ lojspioe
K} porinies
10 parRINfes
-un Jo
20Ue PPy ABojopoype N s9109dssNUBSD Ajureq RPIO sse|D wnjAyd uosiredwo) uonpuod

©101g0 01w pares!|du |

Author Manuscript

Author Manuscript

Author Manus

cript Author Manuscript

Alcohol Clin Exp Res. Author manuscript; availablein PMC 2016 May 01.



Page 23

Hartmann et al.

-[ea19AE}IUEND | ddsenneg | sipes depeoul AIX Ajiwed umsiusied o ybiy yrmsiuered
pue ‘BuousnbasolAd 1 -dds wnip1soD 1sipas aeneou| |1X Ajiweq S3epeuowous pS saINoInRBaN Juspuadap Jspuadap [10Yod |y
bow[a auab YNYIS9T 1 dds wnleloeqoplig e30e1p IS0 [ Seade Lisideqoplilg S3[eIp1IS0[D ssfelisideqoplilg BIpLISO[D elisideqou oy S9N LIS eLiB1Jeqou oy [oyoo | (5T=U) ApeoH
sered (g=u)
onoylIp  asnce |0Yyod[e aAnde
(vy10e) oljoyooe  yimsiuered ooy
sanbes| (00 a|dwes j001s 'sAnsweIred 21j10Yyo9|Y (G=u)
pue BuiousnbasolAd J @eaze|puo||BA 210y siuaired onoylio
eurAbey  aueb YNM! SOT 1 8esdeplopeg SofepeUOLLIOLB S Sa[eploselted SAINDIAIEBRN EplossIeg SOOI SIPPIORIRE  O1I0YOOUON 91joyodfeuoN

seied

onoyln

| @eadepeuowo eH Jljoyooe
| seadeelzeqoeg 'SAD1|0Yod e (0T=01j04y02 e 10U
(OyT02)  Auoajdwes |001S ‘" 8880e20000U IWLNY Aplos ueyl ‘e7=o1j10yooe AJuo)
sanbes| (00 BuiouenbasoiAd 1 geadge.idsouyde] So[e||11dsoueadQ S8 e 1e1deqoeIug elRIIRCRWIWED ©11917270910.1d Jyjo siuered sjuaIred 2oy
pue fefegq aush YN S9T 1 s1pes sewsou| AIX Ajiued SIRIPUISO|D elpHIsoD SOl anoyiD (Gz=u) AureeH

1321000 ILIodNIB A
| eleioeqosloideuuies

TelpusolD soljoyoofe

10eq  ©[g0JoIWOodN.LIB A B181Ieq0910id 2110105Ap

Jeueegqobulyds S9N I4 'SASJ1|0Yod e

Telploreg seleploseieg  onoigsApuoN

SIS0y

oYM

Soljoyoofe

1 geadeploselieg sofeploeldeq e|ploeideg sojpploeldeg SA AYyesH
(6T=) ssoyup
fsdoiq seied UM SI1|0Y09 |
(cT02)  fesoonwi plowbis anoyp (6z=U) ssoyui0
sanbes| (00 BuiouenbasoiAd JIj0Yyode 1IN0 -YHM SI1|0Y0d |
pue npniAl aueb VNI S9T T aeageploseioeg Saeploeiteg eiploBioeq sejploeeg 'SA AuyfesH (87=U) AurreoH

sonoiqoid

yrmsiueired

Jljoyoofe

'sAsonoigo.d

| "dds snjjioegooe noIm

| "dds snooooo eiug siuaired

| "dds wnieioeqoplyig 8eade| | 1Jeqo]Je 7] 8883e20000.8)US Sesdeleleqopliig S9e||19eqoide ] seelelzeqoplyig 1[119eg el1jeqounoy S8INd |4 eli81Jeqouoy dlj0yoo|v
(8002) so|dwes 1 "dds snj|oegoioe] sjuered (99=)
sanbes| (00 j003s Jo Buunyno ‘dds sno2020 /83 Jljoyooe syuaired 9110402 |
pue yoidiry aneInUend 1 -dds wnieieqopiig Se30e| | 19eqolJe 7 e30820000.8)U7 Sesdelelreqoplilg S9e||19eqoide ] soelelxeqopliig 1[119eg ela1jeqounoy SN BLiB1Jeqounoy 'SA Ay esH (=) AuyeaH
90Ue PPy ABojopoy®e N s9109ds sNUBD Ajiureq RpPIO sse|D wnjAud uosiredwo) asessig

©101¢0 101 paredl|dul |

Author Manuscript

TalceL Arewe|ddns 88s 1si| | N} 10} ‘UONIB S — SUELUNY U1 8SE3SIP JOAI| 91/0Y0d e UM paledosse el0iqodiw feunsajul ul ssbueyd

Author Manuscript

c¢?9lqel

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; availablein PMC 2016 May 01.



Page 24

Hartmann et al.

"\ UONIPUOD 01 8AIRR I g UOIIPUOD U18Sesioep 1 'y UONIPUCO 01 8AIRR I g UOTIPUOD Ul8sesloul | :g UoIIpUoD SA \/ UORIPUCD JO oS Ledwod v

lesmoug Awouoxe ] (1gDN) uoirewou| ABojouyssiolg Joy ,ews) feuoieN ayi Busn parepdn sem Awouoxe |

aouaBuIsge
[oyooe
-1s0d 'sA -aud
Ainge -swied
feunsalul ybiy
1 -dds ejuewsp(oH unmsiuered
| 'dds snj|ioeqojoe] 1 aeageyolnpdisAig soeyoLIpdsAIZ SORIPLISOID ewppdsAigepusoD uspusdap
| "dds wnipioeqopyig | S290800000U ILINY SE338||1eC0iTe | Se3de LRIJRoP I S9[e||1Jeqoide] ssfelieideqoplyig 1]115eg elie1oeqoundy SN0 4 BLieIJeqou Ny [oyoo|v
Anjigeswed
| "dds eseeydseto N funsaiul ybiy (ApAnosdsal
"dds wnnueJb1joparns yrmsiueired ‘SeIpnis eloiq
"dds snaoooou Ny Juspuadep  -0.0IW 10} Pash alom
T 1zusnesd A des0e|pUo|IBA [04oo[e 'SA /109 Woym Jo no
(¥102) a|dures dds se10eq|||19s0 1 9e90e30000U ILINY JeaJel(dso| 1950 Aige ewsed ‘v Jo ‘gg=u) Ajige
sanfea| |00 1001S HOd awn J "dds ealoqg | aeage.idsouyoe] eunsalul Mo|  -ewed feunsaul Mo|
20Ue PPy ABojopoype N s9109dssNUBSD Ajiureq RPIO sse|D wnjAyd uosiredwo) asessiq

©101g0 01w pares!|du |

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Alcohol Clin Exp Res. Author manuscript; availablein PMC 2016 May 01.



