Gut Microbiome 2015
Huntington Beach, CA
September 28, 2015

Role of Gut Microbes in
Non-Alcoholic Fatty Liver Disease?
John K. DiBaise, MD
Mayo Clinic in Arizona
Professor of Medicine
Division of Gastroenterology and Hepatology
dibaise.john@mayo.edu

Learning objectives
General overview of
NAFLD
Role of gut microbiome
in NAFLD pathogenesis

Modifying the microbiome
to treat NAFLD
No relevant conflicts of interest or disclosures
Supported by NIH R01 DK090379-01

What is NAFLD?
• Deposition of fat within the liver in the absence of alcohol
or other secondary causes
• Hepatic manifestation of the metabolic syndrome (8590% are obese)
• Many secondary causes
–
–
–
–
–
–

Infection: Hepatitis C (genotype 3) , Reye’s Syndrome
Hereditary: Wilson’s disease
Drugs: amiodarone, tamoxifen, steroids, valproate, anti-retroviral agents
Toxins: organic solvents
Nutrition: TPN, jejunoileal bypass, rapid weight loss
Endocrine: Hypobetalipoproteinemia, Cushing’s

Major Subtypes of NAFLD
NAFL - Simple Steatosis

NASH

Worldwide Prevalence of NAFLD
•
•

Prevalence of NAFLD: 6-33% (Med 20%)
Prevalence of NASH 3-5%

23.4%
4.7% to 38.5%
30-46%

• Obese: 75% NAFLD and 19% NASH
• Morbidly Obese: 93% NAFLD and 26-49% NASH
• Diabetes: 49.5-87% NAFLD

AASLD Guidelines on NAFLD. Hepatology. 2012.

12.9-28.9%
23.4% 9.3% to 29%
15.8%
17.1%

Natural History of NAFLD

85%
Simple Steatosis

10-15%
Simple Steatosis
Younossi ZM. et al. Medicine. 2012.

NASH

Natural History of NASH
Annual
Incidence
2-3%

Overall
10-15%

NASH
Cirrhosis

Younossi ZM. et al. Medicine. 2012.

HCC

NAS Score (0-8):
Steatosis, lobular inflammation and ballooning
Fibrosis:
Stages 1-4

Predicting Outcomes of NAFLD
Risk of liver transplant

Risk of liver-related events

Retrospective analysis
of 619 patients with
NAFLD followed for
median 12 years

Angulo P. et al. Gastro. 2015.

Risk of mortality

Prevalence rates (%)

Most Common Cause of Chronic Liver
Disease in the US 1988 to 2008
• In comparison to other etiologies, NAFLD is the most
common cause of chronic liver disease
• Because of the increasing wave of obesity in children,
the disease burden from NAFLD will continue to increase

NHANES CYCLES
Younossi Z. et al. Clin Gastro Hep. 2011.

Most Common Reasons for Liver
Transplantation in the US in 2013

optn.transplant.hrsa.gov/

Pathogenesis of NAFLD
•

Incompletely understood

•

Environmental and genetic/epigenetic factors

•

‘Two-hit’ theory

–

Intrahepatic lipid accumulation; inflammatory

progression
–

Sequential progression from simple steatosis

to NASH to cirrhosis is unclear

•

‘Multiple hit’ hypotheses

–

Integrates obesity, insulin resistance, bile acid metabolism, lipotoxicity, autophagy, ER stress,
apoptosis, hepatic progenitor cell transformation and stellate cell activation

•

Interaction between the liver and the gut (‘gut-liver axis’)

–

Diseased liver has lessened ability to clear commensals (act as a ‘firewall’) when intestinal
permeability is weakened

Pathogenesis of NAFLD

Torres DM. et al. CGH. 2012.

Mechanisms Linking Gut Microbes to NAFLD
• Altered microbial composition and microbial
products
– Increased energy salvage and storage as fat
– Ethanol, choline, endotoxin/LPS

• Increased intestinal permeability and chronic low
grade inflammation
– Small bowel bacterial overgrowth

• Altered bile acid metabolism

Mechanisms Linking Gut Microbes to Obesity
Fermentation of
indigestible
polysaccharides

Absorption of
sugars and
SCFA
Regulation of
host genes to
promote fat
storage
Krajmalnik-Brown. et al. Nutr Clin Pract. 2012.

Gut Microbes Determine
Development of NAFLD in Mice
• Two groups of mice based on response to HFD
– ‘Responder’ – developed hyperglycemia and high levels of proinflammatory cytokines
– ‘Non-responder’ – did not

• Germ-free mice colonized with microbes from both
groups and fed HFD
– All became obese
– ‘Responder-receiver’ (RR) group developed fatty liver with higher
liver TGs and expression of genes involved in lipogenesis
Le Roy T, et al. Gut. 2013.

Gut Microbes Determine
Development of NAFLD in Mice
• Pyrosequencing revealed differences in gut microbes in RR vs. NRR
groups
– RR: Increased Firmicutes; Increased Barnsiella and Roseburia genera;
Increased Lachnospiraceae bacterium 609 and Barnesiella
intestinihominis
• Family that includes B. intest. (Porphyromonadaceae) increased in
inflammasome-deficient mice with hepatic steatosis and inflammation

– NRR: Increased Allobaculum genus; Increased Bacteroides vulgatus
(decreased in humans with diabetes)

• Suggests role of gut microbes in NAFLD independent of obesity
Le Roy T, et al. Gut 2013; Henao-Mejia J, et al. Nature. 2012; Wu X, et al. Curr Microbio. 2010.

GI Dysbiosis in Humans with NAFLD
Reference

Comparison (n)

Implicated Microbiota (Genus)

Healthy (30) vs. NAFLD (30)

 Lactobacillus, Robinsoniella,
Roseburia, Dorea
 Oscillibacter

Zhu et al. 2013

Healthy (16) vs. NASH (22) (peds)

 Prevotella, Escherichia
 Allistipes, Blautia,
Coprococcus, Eubacterium,
Oscillospora, Bifidobacterium

Zhu et al. 2013

Obese (25) vs. NASH (22) (peds)

 Escherichia

Mouzaki et al. 2013

Healthy (17) vs. NASH (22)

NS E. coli

Mouzaki et al. 2013

Steatosis (11) vs. NASH (22)

NS E. coli
 Clostridium coccoides

Raman et al. 2013

*Stool sample; pyrosequencing or qRT-PCR
Goal: Better understanding of pathogenesis and lead to biomarkers

GI Dysbiosis in Humans with NAFLD
• Reasons for discrepant results
– Small number of patients, differences in patient
characteristics, inadequately documented liver
disease, different methodologies

• What’s needed to further our understanding
– Larger, better characterized cohorts
– Well defined liver disease/histology
– Longitudinal follow-up

Small Intestinal Bacterial Overgrowth
(SIBO) in NAFLD
•

Higher prevalence of SIBO in NAFLD
– SIBO present in up to 50% of NASH patients
– Diagnosed by breath testing most commonly
– No difference in total bacterial counts in feces

•
•
•

Altered epithelial tight junctions, increased intestinal permeability and
elevated TNF levels in SIBO
SIBO and intestinal permeability correlate with severity of steatosis but not
inflammation or fibrosis
SIBO increases the amount of pathogen-associated molecular patterns
(PAMPs)
– Important for development of fatty liver

•

Role in NAFLD remains controversial

Mouzaki M, et al. Hepatology. 2013; Miele L, et al. Hepatology. 2009; Wigg AJ, et al. Gut. 2001; Sabate JM, et al. Obes Surg. 2008.

Fructose, SIBO and NAFLD
•

Dietary factors contribute to hepatic steatosis
–

•
•
•

Fructose implicated in pathogenesis of metabolic syndrome
Fructose consumption has increased dramatically over the last century (doubled over the last 30 yrs)
Similarities between fructose and ethanol
–

•

Promote de novo lipogenesis, inhibit B-oxidation, suppress hepatic lipid export, intrahepatic lipid accumulation

Fructose may contribute to SIBO and increased intestinal permeability
–

•

Fat/trans-fat, carbohydrate/fructose

Linked to endotoxemia and inflammatory cytokines

Daily fructose consumption associated with reduced steatosis but increased fibrosis severity in NAFLD
–

Conflicting evidence exists

Gut microbes may be a key link between fructose consumption, endotoxemia
and systemic/hepatic inflammation associated with the metabolic syndrome
Thuy S, et al. J Nutr. 2008; Spruss A, et al. J Nutr Biochem. 2009; Abdelmalek MF, et al. Hepatology. 2010; Johnston RD, et al. Gastroenterology. 2013.

Interactions of Gut Microbes are Mediated
by Metabolites and Other Microbial Products

Choline
Ethanol
Endotoxin
Phenols
Ammonia
Schnabl B, et al. Gastro. 2014.

Ethanol and Possible Role in NAFLD
• Five-fold increase in Escherichia (Proteobacteria) in obese
w/NASH vs. obese w/o NASH
– Corresponding increase in serum alcohol concentration

• Reaches the liver via portal venous system
– Increase ethanol metabolites (acetate and acetaldehyde)

• Leads to triglyceride accumulation in hepatocytes
• ? Act as a “2nd hit” in already fatty livers
– Via production of reactive oxygen species (ROS) and cytokines
– May initiate necroinflammatory changes

• Further studies needed
Zhu L, et al. Hepatology. 2013; Nair S, et al. AJG. 2001; Cope K, et al. Gastro. 2000; Hartmann P, et al. Front Physiol. 2012.

Choline and Possible Role in NAFLD
• Choline
– Phospholipid component of cell membrane and precursor of acetylcholine
– Promotes lipid transport from the liver and VLDL assembly
– Meat, dairy, fish, soy, nuts, whole grains

• Dietary choline deficiency has been linked to liver disease
– Rodent model of NASH

• High fat diets create a situation similar to choline deficiency
– Altered gut microbes convert dietary choline into toxic methylamines
reducing circulating phosphatidylcholine
• Increased trimethylamine-N-oxide induce liver inflammation and linked to ACVD

Blumberg H, et al. Science. 1941; Spencer MD, et al. Gastro. 2011; Tang WH, et al. NEJM. 2013; Jiang XC, et al. J Biol Chem. 2005.

LPS/Endotoxemia in NAFLD
• Higher levels reported in humans with NAFLD and NASH
– Via altered tight junctions and increased permeability
– Correlate with severity of liver disease in peds and adults

• Preclinical studies
– TLR4 (receptor for LPS) is necessary for fatty liver but not obesity in
mice
– Mice deficient in sensing pathogen-associated molecular patterns
(PAMPs) are resistant to NASH

• Results in intestinal insulin resistance and inflammation via
TLR- and inflammasome-mediated increase in proinflammatory cytokines
Alisi A, et al. JPGN. 2010; Farhadi A, et al. Liver Int. 2008; Rivera CA, et al. J Hepatol. 2007; Yang SQ, et al. PNAS. 1997.

Inflammasomes and NAFLD
• Cytoplasmic multiprotein complexes composed of
nucleotide-binding domain (NLRPs) and leucine-rich
repeat-containing proteins (Nlrp3, Nlrp6)
• Regulate variety of cellular responses to pathogens and
stress in multiple tissues and play role in the progression
of highly prevalent metabolic diseases
– Sensors of exogenous PAMPs or endogenous damageassociated molecular patterns (DAMPs) which induce ROS
production and activate inflammasomes
Regulate cleavage of precursors to inflammatory cytokines

Inflammasomes and NAFLD
• Loss of Nlrp3 and Nlrp6 inflammasomes in mice is
associated with GI dysbiosis and inflammation
– By enhancing portal influx of TLR4 and TLR9 ligands, which
increase TNF-

• Microbe translocation to GFM leads to increased LPS in
portal vein and inflammatory response in the liver
– Promotes progression of NAFL to NASH
– Phenotype can be transmitted by co-housing wild-type and
NASH-prone mice

• Role in humans needs further study
Henao-Mejia J, et al. Nature. 2012.

Microbial-induced Inflammation
May Lead to Metabolic Syndrome

Cani PD, et al. Diabetes. 2008; Abu-Shanab A, et al. Nat Rev Gastro Hep. 2010.

Summary of Effects of Gut Microbes
on Development of NAFLD

Arslan N. WJG. 2014.

Bile Acids Mediate Communication
Between the Liver and the Gut
• Absorption of lipids in
the small intestine
• Promote excretion of
cholesterol
• Antimicrobial actions
• Signaling molecules
outside the gut
– Ligands for FXR
and TGR5
– Impact lipid, glucose and
energy homeostasis

Intestine Communicates with Liver Via
Enterohepatic Circulation

3-5%
Chiang J, J Lipid Res. 2009.

Regulation of Enterohepatic Circulation

OST = organic solute transporter; FGFR14 = FGF receptor 14; SHP = small heterodimer partner;
FXR = farnesoid X receptor; FGF19 = fibroblast growth factor 19; RXR = retinoid X receptor;
ASBT = apical sodium-dependent bile acid transporter
Rao AS, et al. Gastroenterology. 2010.

Mechanisms Linking Bile Acids
and Gut Microbes
• Direct bacteriostatic effects
• Conjugated bile acids bind to FXR in intestinal epithelium
leading to production of antimicrobial proteins –
angiogenin 1 and ribonuclease family member 4
• Microbial modification of bile acids affects FXR and
TGR5 signaling – affect not only liver but other organs
– Dysbiosis
– SIBO leads to deconjugation of bile acids

• Therapeutic potential
– FXR agonist, TGR5 agonist

Intestinal Permeability (IP) in NASH
Cause or Effect?
• Meta-analysis suggests increased IP in NAFLD
– NAFLD vs. Healthy – OR 5.8; 95% CI 2.0-13.1
– NASH vs. Healthy – OR 7.2; 95% CI 2.3-22.1

• Diet-induced mouse model of NASH (methionine and choline
deficient)
– Develop liver disease by 6 days
– Increased IP and altered ZO-1 (tight jxn protein) not seen until day
10
– TNF does not seem to play major role in these changes

• IP seems to be an effect rather than cause of NASH
– Increased IP may still play important role in potentiating ongoing
liver inflammation/injury
Luther J, et al. Cell Mol Gastro Hep. 2015.

Therapeutic Approaches in NAFLD
• Lifestyle modification
– Diet, exercise

• Pharmacotherapy
• Bariatric/metabolic surgery
• Combination therapies
No single therapy has
proven optimal as of yet
Weight loss is the key to reversing NASH

Mazzella N et al. Clin Liv Dis. 2014; Perez Y, et al. Gastro. 2015; Lassailly G, et al. Gastro. 2015.

Gut Microbiome in Health and Disease

Potential Interventions Targeting
the Gut Microbiota
• Diet modification
– Alters microbiota, inflammatory markers and
intestinal permeability

• Antibiotics, Probiotics, Prebiotics
– Reduces endotoxemia, inflammatory markers and intestinal
permeability (depending upon age at time of exposure)

• Bile acids/derivatives
• Fecal microbiota transplantation
• Bariatric surgery

Probiotics in Humans with NAFLD
• RDBPCT in 44 children with biopsy-proven NAFLD
– VSL#3 for 4 months
– Steatosis (primary endpoint) – improved
– Effect may be mediated by GLP-1 (increase)

• Meta-analysis of 4 RCT involving 134 NAFLD/NASH
patients
– Probiotics reduce aminotransferase levels, total cholesterol,
TNF, and improve insulin resistance
– Limited by small sample size, single centers, variety of probiotics
used, lack of histologic endpoints
“Use of probiotics in NAFLD is not supported by high-quality clinical studies”
Alisi A, et al. APT. 2014; Ma YY, et al. World J Gastroenterol. 2013; Tarantino G, et al. Future Microbiol. 2015.

Prebiotics in Humans with NAFLD
• Pilot study of 7 patients with biopsy-proven NASH
• Placebo-controlled, crossover design with oligofructose 16 g/d
vs. maltodextrin (control) for 8 weeks
• Energy intake, body composition, liver steatosis and blood
parameters measured
• No effect on gut microbes measured
• OFS was well tolerated and decreased significantly serum
AST after 8 weeks and insulin level after 4 weeks
• No significant change in serum lipids or liver fat on ultrasound

Daubioul CA, et al. Eur J Clin Nutr. 2005.

Fecal Transplantation in Obese
Humans with Pre-diabetes
• 18 obese adult men with pre-diabetes
• Randomly assigned to fecal transplant
from lean donors or autotransplant
(control)
• No change in diet or activity
• After 6 weeks
– No change in weight
– Improved peripheral insulin sensitivity, trend toward improvement
in hepatic insulin sensitivity
Vrieze. et al. Gastroenterology. 2013.

Ursodeoxycholic Acid in NASH
• UDCA – secondary bile acid derivative produced by
intestinal bacteria
– Anti-apoptotic effects, lowers serum TNF-α concentrations, decreases
endoplasmic reticulum stress and improves hepatic insulin sensitivity

• Conflicting findings in studies in NASH
• Systematic review of UDCA
– 7 RCT of monotherapy from 2 to 24 months
– Limited quality of trials precluded meta-analysis
– Decreased liver tests in 5 studies and improved steatosis and fibrosis in 2
studies
– Improvement in metabolic markers in some studies
– Effects on gut microbes not assessed
Xiang Z, et al. BMC Gastroenterol. 2013.

Obeticholic Acid (OCA) in NASH
•

A derivative of chenodeoxycholic acid
– Farnesoid X receptor (FXR) agonist
– Decreases hepatic gluconeogenesis and improves insulin sensitivity

•
•

FLINT trial: Multicenter RDBPCT phase 2b trial assessing efficacy of OCA
25mg daily in 283 patients with NASH treated for 72 weeks
study halted early
– Interim analysis show study met its goal in improving NAS score >2 points (45%
vs. 21% improved histology)
– Improved LFTs
– Increased pruritus in OCA group (23% vs. 6%)
– Increased LDL and HOMA-IR, decreased HDL
– Did not assess changes in gut microbiota

Neuschwinder-Tetri BA, et al. Lancet. 2015.

Bariatric surgery
Gastric
band
(LAGB)

Sleeve
gastrectomy
(LVSG)

Gastric
bypass
(RYGB)

Biliopancreatic
diversion with
duodenal
switch
(BPD-DS)

Gut Microbiota after RYGB

Zhang H, et al. PNAS. 2009;106:2365-2370.

Future Directions
• Focus on well characterized humans with varying
degrees of NAFLD
• Determine a core microbiome (small bowel and colon) in
NAFLD and its role in the progression of disease
• Assess microbial gene expression, proteins and
metabolites
• Determine whether the course of NASH can be altered
by changes in gut microbiota
• Translate knowledge into effective therapeutics

Take-home Points
• Host and its microbiota have mutually beneficial
and cooperative interactions
• Current evidence suggests potential role of gut
microbiota in the development of NAFLD/NASH
• More work is needed to understand causal
relationship and potential therapeutic role of
modulating the microbiota

