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Cholestatic-Liver Diseases - Introduction
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Disease of Civilization
*Obesity
*Diabetes

disease

*Chronic liver disease
*Heart disease

*Metabolic syndrome
*Other nutritional disorders

Cholestatic Liver Diseases
*Biliary atresia
*Progressive familial
intrahepatic cholestasis
*Alagille syndrome
*Primary biliary cirrhosis
*Primary sclerosing
cholangitis
*Cholangiocarcinoma
*Drug induced cholestasis
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Do erirm . . .
Functions of Bile Acids

*Glucose metabolism
*Lipid metabolism
*Cholesterol metabolism
*Energy expenditure
*Control of gut microbiota
*Xenobiotic metabolism




Bile acid transport system

Tauro and L
glyco-conj.BAs l ight junction

e grzz conj

(free, con. Bile . Econj j.

Sec. conj. licul - con;. |

Portal uptake — . fcggjf.‘; car;z;f IIS:(J ar Torson) kel
Conjugated BAs
¢ I Tight junction

K Noor, | Physiol., 2015 /




Portal uptake -

Tauro and

Conjugated BAs

egcoconj.BA

Bile acid transport system

BAs

(free, conj. Bile
Sec.conj. canalicular
Terconj.) efflux

I Tight junction

- Systemic efflux

Noor, | Physiol., 2015 /




Human specific cell models




Why human models ?

In-vivo animal models
differ from humans in: In-vivo

*Bile acid composition

*Iransporters activities

*Milder phenotypes

*Effect on nuclear receptors

*Immune and inflammatory response

*CYP 450 system for metabolism and clearance
*Gut microbiota

*Mechanisms of parenchyma injury (necrosis vs.

apoptosis)

Common in-vitro models
. usually 2D

*Monocultures

*Very often rodent primary cells

*Cell lines

Human in vivo-like models are needed !
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In vitro 3D cultivation systems for liver

Single cells

A ggregates

Alginate Bioreactor 3D cultivation of primary hepatocytes

encapsulation etc (Charité, Berlin; Gerlach et al., Mueller et al.)
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Cell Suspension  Microtissue

3D organotypic cultures of
primary hepatocytes

Spinner flask cultures

( Insphero technology, Zurich)

(Carrondo and Alves Al
’ . . . vetex scaffold
Hepatology, 2011 IBET, Portu al) Mueller et al., Bioeng Biomed Sci 2011 ——

Gunness et al, Tox Sci., 2013
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Human 3D in-vitro models
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4 ™
Human 3D in-vitro models

Primary human hepatocytes
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HepaRG spheroids express important bile acid

transporters and they can be induced
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4 ™
Disruption of bile canaliculi network

Effects of chlorpromazine on 3D structure

0 uM CPZ b 100 uM CPZ

50 pm
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Drug induced cholestasis

14 days
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Mechanism of cell death: apoptosis
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Enabling Technologies &

Human disease pathways-based approaches

Advanced human in-vitro

hepatic cultures (primary
Human liver cells, patient-specific iPSC
derived hepatic cultures in 3D)

High content imaging
High throughput screening

Multilevel omics
(GWAS, molecular biomarkers)

Evidence-based
biology

* Diagnosis

* Prognosis

* New targets

* Choice of
therapeutics

Novel therapy options/personalized therapy




Metabolome: the Rosetta Stone

l, Response initiation

l Response driver

‘L Metabolite response

. [ Metaolomic

/ Possible responses \
Epigenetics

Environment

\

Environment

PhenotypeJ
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In vitro Metabolomics in pathway research

App]ication domains

»  Screening
» Mode of action (MoA)

>  Biomarker identification

™~
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Metabolome analysis-biochemical networks

it - 1 - L. — e
# e | ] Beenn i R T &) :-¢T4 .- . . .8
[ b 1 Yy e ¥ phommnogiecn gl | L ——a
i S gl 8 8 b-aie pa Ll B i } u‘ [ ]
5 U 'S BERE] @ — g +
i & a SRERT O B g ) L Y .t T S l .
- Y — et el gt - | e g ‘—I —, ==y | % ’
—a ‘. 8 * | :--li-""'—Ii B - i D T I I 4
— — ] 11t e 4 _Q | 1|_ LY. i Tt
' »- . G I L K .E : e o % i [ - et Ul e
i o Lan IR 2 ot - * T —Ii—'-:"
PU et e A L e
-uu-.u...-.. ! " - .,,:_.uu' : Eﬁm L~ LIS ci'.. ——t—t | f}T‘.&« : »
[ ; 1 -— ’ . . -——a—a—a-i4 T — o S | 1
e He e
(T * (@ s a4 | Llg Control
LI —: . [+ —r0 8 ] !‘
. - | £ B R 4 (-]
1l : & 1 e : l:':.w:v-*- i l.."!..
FERE et e ] e il
T | [ [T — |
pragmesd @ 8 @ mive w&"n'-:f:,- o | P . 1;{ |- a
5 . m [ 2
B e . g : moare(l L od g
- 1 1 = M [ . £
; biver e e IG)
i s L
= - . R N ‘
* L ] [ BN L]
= e« ()™ - (ora) et
——— ) » " . » -l-l::'l‘ s
ol [rem — Fnpdeae @ ! :'F';_
. ] L
= i
|
.

-
=" wwnE bt

A

g
i
&6

cycle

(

L I R e K

A

e N T e

)y =

S +__..'_-lt =
—

EEET T brmtan

Umpmdn o ppans Ormsmssbabim e
By conerIns e iy T AR Dt




e

-

2D culture

3D spheroid culture
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Glucose uptake
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Adverse outcome pathway

Drug induced cholestasis

— PPARa — \
BSEP Bile salt LA
e - —_— . — insulin
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Systems approach within a disease-pathway framework

Systems information

Initial molecular ¢ : ' Cellular effects

Adaptive response | | Adverse effects Cholangitis TALT
Insulin resistance T AST
T FXR Bile acid accumulation || NASH T1-GT
NAFLD 7T Bilirubin
T CYP 450 Inflammation Jaundice
Cholestasis Pruritis
1 CYP7A1 Cytotoxicity Hepatic cirrhosis/
\ fibrosis
| Liver failure
& ¥ € A A g
Novel targets for therapy Diagnosis and symptomatic/palliative therapy
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Opportunities and Challenges




Gene Editing technology

Mutant iPSC @
:  Genediting %@ cortected IPSC

ZFN
TALENS

CRISPR/Cas9

Disease model
Research and screening/

Inherited disease patient




Microfluidic Systems
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Prediction of dose and pathway related effects in humans

Reverse dosimetry and metabolome analysis m Control

Low exposure

High exposure
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4 ™
Towards human in vivo computational models

Intracellular Multicellular Diffusion/ T ranspo PBPK model
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v One ODE system in each cell v Agent-based mechanical model v Absorption, distribution,
v Cell to cell variability v" Blood flow metabolism and excretion by
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Microbiome
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Innovations® &

*The gut microbiome=> the forgotten organ !
*Microbiome modifies the epigenome

*Bile acid signalling plays a role in health and disease

*Bile acids as therapeutic agents
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Perspectives: towards evidence based
science and personalized medicine

Clinical l ' In vitro

*Omics
*Biomarkers
*Human specific
mechanisms
*Diagnosis and

prognosis

*Based on genetic
background
‘Therapy

k rnonitoring

observations
/ monitoring

Evidence
based
personalized
therapy

mechanistic
investigations

Target
identification

‘ I & validation

Advanced 3D Models

*PHH
*iPSC derived cells

from patients

*Huge clinical data

available
*Omics

*Biomarkers

\
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