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Microbiota and Gut-Liver Axis:
New Scope on Fibrotic Liver Disease

Tao Chen

1. Institue and Department of Infectious Disease, Tongji Hospital, Tongji
Medical College, Huazhong University of Science and Technology
2. Institute of Translational Immunology, University Medical Center of the

Johannes Gutenberg University Mainz



Actinobacteria
mm Corynebacterineae
mm Propionibacterineae
= Micrococcineae
mmm Other Actinobacteria
Bacteroidetes
mm Cyanobacteria

Firmicutes
mmm Other Firmicutes
w Staphylococcaceae

ww Proteobacteria

wm Divisions
contributing < 1%

Unclassified

‘eceee

l

000AARL

(Gb) Glabella

(Al) Alar crease — \

(Ea) External auditory canal

(Na) Nare —
(Mb) Manubrium -

(Ax) Axillary vauit

(Ac) Antecubital fossa

(V1) Volar forearm

(ld) Interdigital web space

(Hp) Hypothenar palm

(lc) Inguinal crease

(Um) Umbilicus

(Tw) Toe web space

Microbiota

7

Front

Back

Retroauricularecrease (Ra)

Occiput (Oe)

N
Back (Ba)
% — Buttock (Bt)
Gluteal crease (Gcoc)
Popliteal fossa (Pc)

—Plantar heel (Ph)

6005660



Gut Microbiota
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The Gut Microbiota and Host Health: A New Clinical Frontier
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Proposed Causes of Dysbiosis of The Microbiota

Host genetics Lifestyle Early colonization Medical practices
Mutations in Diet Birth inthospitals Vaccination use
NOD?2, IL23R, Stress ; Altered exposure Antibiotic
ATGI6L and IGRM to microbes Q—; p Hygiene
Dysbiosis
Disease Health
i T,l, T2 and T, 17 cells i TReg cells

June L. Round, et al. Nature Review Immunology. 2009



Gut — Liver AXxis in Fibrotic Liver DiIseases
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Beneficial Gut Bacteria Promote Homeostasis

Table 2 | Bacteria shown to be protective in inflammatory bowel disease

Bacterial strain
VSL#3*

Bifidobacteria lactis
Bifidobacteria infantis

Escherichia coli Nissle 1917
Lactobacillus rhamnosus GG

Lactobacillus salivarius

Lactobacillus reuteri

Lactobaeillus plantarum 299v
Lactobacillus fermentum
Lactobacillus casei

Bacteriodes thetaiptaomicron

Bacteriodes fragilis
YO-MIX Y109 FRO 1000*

Faecalibacterium prausnitzii

Meodel system

Human and
mouse

Rat
Mouse

Human and
mouse

Mouse and rat

Mouse

Mouse

Mouse
Rat
Rat
Rat

Mouse
Mouse

Mouse

Disease type or model

Pouchitis, ulcerative colitis and

TNBS-induced colitis
TMNBS5-induced colitis
Salmonella enterica-induced enteritis

Ulcerative colitis and DSS-induced
colitis

TMNBS5-induced colitis and
HLA-B27-associated colitis

TMNBS-induced colitis

IL-10-deficient mice

IL-10-deficient mice
TMNB5-indueed colitis
TMB5-induced colitis

5. enterica-induced enteritis

T cell transfer and TNBS-induced colitis

TMNBS5-induced colitis
TMNBS-induced colitis

Mechanism of disease suppression

Induction of IL-10- and TGFp-expressing T cells

Decreased levels of colonic TNFand iNOG5

Induction of TRHJ cells and inhibition of NF-KB activation

Decreased golenic inflammation induced by TLR2 and
TLR 4 activation

Induction of T__cells
Reg

Decreased colopicinflammation

Upregulationof NGF and decreased levels'ofIL-8 and
TNF in cell lines

Decreased levels of IFMY and IL-12p40
Decreased levels of colonic TNF and iNOS
Decreased levels of colonic cyclooxygenase 2

Decreased levels of IL-8 and TNF in colorectal
adenocarcinoma cell line

Production of CD4* T cell-derived IL-10
ND

Decreased levels of MF-kB, IL-8 and TNF and increased
IL-10 production

*A mixture of Lactobacillus spp. (Lactobacillus casei. Lactobacillus plantarum. Lactobacillus acidophilus and Lactobacillus delbrueckii subspecies bulgaricus). Bifidobacterium spp.
{Bifidobacterium longum, Bifidobacterium breve and Bifidobacterium infantis) and Streptococcus salivarius subspecies thermophilus. *A mixture of 5. thermophilus. L. acidophilus
and B. longum. D55, dextran sulphate sodium: IFNy. interferon-y: IL, interleukin; iNOS, inducible nitric oxide synthase: ND. not determined; NF-kB. nuclear factor-kB;
NGF nerve growth factor: TGFP, transforming growth factar-f: TLR. Toll-like receptor; TNBS. trinitrobenzene sulphonic acid: TNF tumour necrosis factor; TRH]' regulatory T.

June L. Round, et al. Nature Review Immunology. 2009



Model for Bacteroides Fragilis-mediated Protection
from Disease Induced by Helicobacter hepaticus
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Specific Microbiota Signature Highly Influenced
by the Western Diet

Obesity | Celiac Inflammatory | Irritable Allergic Type 2
disease bowel bowel INENES diabetes
diseases syndrome mellitus
Enhanced Firmicutes Gram- negative  Enterobacteriaceae; Vellonella; Staphylococcus. = B-

. Bacteroides Bacteroidetes Enterobacteria  aureus; Proteobacteria;
bacterial Provetella; Enterococci; ceae E coli; Bacteroides;
growth Escherichia coli = C difficile; Bifidobacteriu Parabacteroide

Escherichia coli; m S
Shigella flexneri; adolescentis;
Listeria spp Lactobacilli;
B fragilis
Reduced Bacteroides, = Gram-positive Firmicutes; Bifidobacteria Bifidobacteria Firmicutes;

: Bifidobacteri  Bifidobacteria Eubacterium Collinsella Clostridia;
bacterial a Clostridium rectale; aerofaciens; Bifidobacteria;
growth Staphylococc  histolyticum, Bacteroides fragilis; Coprococcus B vulgatus

us aureus C liteseburense, B vulgatus; eutactus; C
Faecalibacteriu  Ruminococcus cocleatum
m prausnitzii albus; R callidus;
R bromii; F
prausnitzii

Li JV, et al. Gut 2011;60:1214-23.
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Leaky Gut Hypothesis

Precirrhotic Liver
Diseases

Dysbiosis-induced
Intestinal Inflammation
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Cani PD, et al. Diabetes. 2007:56:1761 - 1772.

Teixeira TF, et al. Clin Nutr 2012:;31:735 - 740.
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Keshavarzian A, et al. Am J Gastroenterol 1994:89:2205 -
2211.
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Cascade of signals
following liver
injury

Antonella Pellicoro, et al. nature review
immunology. 2014, 14. 181-194
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Intestinal immunological defects in germ-free mice

Immunological defect

Development of small
intestine

Development of mesenteric
lymph nodes

CD8 Tecells
CD4* Tcells

CR4*CD25* I cells

Expression of angiogenin 4
Expression of REG3y
Production of secretory IgA

Levels of ATP

Expression of MHC class |
molecules

Expression of TLR9
Levels of IL-25

Site

Peyer’s patches

Lamina propria

Germinal centres

Isolated lymphoid follicles

Germinal centres

Intestinal epithelial
lymphocytes

Lamina propria
Mesenteric lymph nodes

Paneth cells
Paneth cells
B cells
Intestine

Intestinal epithelial cells

Intestinal epithelial cells

Intestinal epithelial cells

Phenotype in germ-free mice compared with
conventionally housed mice

Fewer and less cellular
Thinner and less cellular
Fewer plasma cells
Smaller and less cellular

Smallerless cellularand with fewer plasma cells
Fewer cells andwith redueed cytotoxicity

Fewer cells; décreased F 17 cells intheismall intestine
but increased THI? cellsin the colon

Reduced expression of FOXP3 and reduced suppressive
capacity
Reduced

Reduced
Reduced
Reduced
Reduced

Reduced
Reduced

FOXP3, forkhead box F3; IL-25, interleukin 25; REG3y; regenerating islet-derived 3y; T,17, T helper 17; TLR9, Toll-like receptor 9.

June L. Round, et al. Nature Review Immunology. 2009



Immunological dysregulation associated with
dysbiosis of the microbiota
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Healthy Dysbiosis
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Microbiota, Gut - Liver Axis, and Obesty Interaction

LPS via TLR4 activates
stellate cells

LFIAF->TLPL activity

T CLA
bioactive isomers

Polysaccharides
digestion and absorption

Tmonosaccharides=>
T ChREBP/SREBP-1c

Bile acids changes

Systemic inflammation
insulin resistance
hepatic fibrosis

1 FFA oxidation

» Obesity

T FFA uptake « Insulin resistance
e T2DM

T EPA and DHA,
| proinflammatory
cytokines

» Fatty liver disease
up to cirrhosis

T Hepatic lipogenesis

Bacteriostasis

Vajro P, et al. J Pediatr Gastroenterol Nutr. 2013;56(5):461-8



Modulation of The Microbiota as A Therapy in
Chronic Liver Disease

Antibiotics: polimixine B, tetracycline, and metronidazole

Probiotics: Lactobacillus bulgaricus, Streptococcus
thermophiles, Lactobacillus GG

Prebiotics: Lactulose
Symbiotics: Combinations of a probiotic with a prebiotic,

Faecal microbiota transplantation

Sajjad A, et al. Aliment Pharmacol Ther 2005;22:291-9.



Antibiotics

* Intestinal decontamination improves experimental
ALD as a preventive strategy and as an intervention.

e Nonabsorbable antibiotics have a beneficial effect on
toxic and cholestatic liver fibrosis and NASH.

Chen P, et al. Hepatology 2015;61:883 - 894. Douhara A, et al. Mol Med Rep. 2015;11:1693 - 1700.
Adachi Y, et al. Gastroenterology. 1995;108:218 - 224. Seki E, et al. Nat Med. 2007;13:1324 - 1332.



Summary

The gut microbiome influences both normal physiology and disease
susceptibilities through its collective metabolic activities and host interactions.

Dysbiosis affects intestinal homeostasis and causes the progression of liver
disease by triggering an increase in intestinal permeability.

Genetic factors (single nucleotide polymorphisms, gene copy numbers, etc.) are
involved in shaping the composition of the gut microbiota and modulating disease
susceptibility or resistance.

Given that germ-free mice are more susceptible to experimental liver fibrosis,
there might be hepatoprotective microbial metabolites.

The ultimate goal should be to design therapies that restore intestinal eubiosis
and homeostasis. This could be achieved by either targeting the microbiota or the
intestine of the host.



