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Liver: a peculiar immunologic organ
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Autoimmune liver diseases

Primary target of immune-mediated injury

CHOLANGIOCYTE HEPATOCYTE
| N - )
Primary biliary cholangitis
Autoimmune
hepatitis
| | — Overlap
Primary sclerosing cholangitis syndrome Y

Invernizzi et al. Semin Liver Dis 2007
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September 2015 - Position paper

“Changing Nomenclature for PBC:
From ‘cirrhosis’ to ‘cholangitis’”

Hepatology. 2015 Sep 15.

Gut. 2015 Sep 14.

Gastroenterology. 2015 Sep 15.

J Hepatol. 2015 Sep 10.

Clin Gastroenterol Hepatol. 2015 Sep 16.

Am J Gastroenterol. 2015 Sep 29.

Dig Liver Dis. 2015 Sep 23.

Clin Res Hepatol Gastroenterol. 2015 Oct;39(5):e57-9.

PRIMARY BILIARY CHOLANGITIS



Outline

?

Genetics
/environment

Networks

Female/male

Target organ

Novel biomarkers

Novel drugs



Outline

?

Genetics
/environment

Networks

Female/male

Target organ

Novel biomarkers

Novel drugs



Etiopathogenesis of PBC

Autoimmunity

|
GENETIC ENVIRONMENTAL
FACTORS FACTORS




Environmental factors

GENETIC
FACTORS

ENVIRONMENTAL
FACTORS

Geo-epidemiology of PBC
prevalence

Local clustering
Risk factors
Experimental evidence for a

role of xenobiotics,
Infectious agents



Environmental factors

Epigenetics

GENETIC ENVIRONMENTAL
FACTORS FACTORS

Epigenetics... alterations that result in changes in gene expression that do not
involve changes in the DNA sequence
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Methylation level
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CD40L gene promoter methylation in PBC

PBC patients with high IgM levels show

lower levels of CD40L promoter methylation
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DNA methylation of X chromosome in PBC

PBMC from PBC (n=30) and controls (n=30)

CD8, CD4, CD14

/\

Genomic DNA RNA

Study of the methylation status of Expression of selected genes
differentially expressed X-linked genes

MeDIP-chip assay
PBC (n=10) healthy controls (n=10)

Bisulfite sequencing (validation)
PBC (n=20) healthy controls (n=20)

Lleo et al. Clinical Epigenetics 2015



DNA methylation

of X chromosome in PBC
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Genetic factors

Familial clustering (high
risk for PBC development

within a family)

High concordance rate of

PBC in monozygotic twins

GENETIC ENVIRONMENTAL
FACTORS FACTORS

Sex chromosomes defects

Polymorphisms associated

with susceptibility and

progression



Genetic factors in PBC
PBC concordance rate in twins

MZ Twins
5 out of 8 pairs concordant for PBC (CR 0.63)

DZ Twins
No pair [out of 9] concordant for PBC (CR 0)

Selmi et al. Gastroenterology 2004



X chromosome monosomy

In autoimmune diseases

Monosomy X

(%0)
PBC (n=100) 52+ 1.7
Scleroderma (n=44) 6.2 &= 0.26
Al thyroiditis (n=44) 4.3 £ 0.26
Chronic Hep C (n=50) 3.2x 15
Healthy (n=73) 2.9 £ 0.20

Invernizzi et al. Lancet 2004
Invernizzi et al. J Immunol 2005



Y chromosome loss in male PBC
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Sex chromosomes defects in PBC

Enhanced X monosomy (female)
Preferential X chromosome loss (female)
Increased Y chromosome loss (male)

Haploinsufficiency that unmasks PBC susceptibility genes

Invernizzi et al. Lancet 2004
Invernizzi et al. J Immunol 2005
Miozzo et al. Hepatology 2007
Svyryd et al. Autoimmun Rev 2012
Lleo et al. J Autoimmunity 2013



Genetic factors

GENETIC ENVIRONMENTAL
FACTORS FACTORS

 Polymorphisms associated

with susceptibility and

progression



HLA story in PBC

Pre GWAS 2008 GWAS
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HLA story in PBC

Pre GWAS 2008 GWAS
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HLA polymorphisms in Italian PBC
Monocentric Study

| IAN PBC Controls Pc Odds Ratio (95% C.I.)
(n=186) (n=558)
(%) (%)
DRB1*08 6.7 5.3 N.S. - -
DRB1*11 10.7 27.6 0.000 0.3 0.2-0.5

Invernizzi et al. J Hepatol 2003



HLA story in PBC

Pre GWAS 2008 GWAS
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2003 2008
Monocentric Multicentric
study Study
Italy ltaly

PBC = 186 PBC = 664
HC = 558 HC = 1992



HLA polymorphisms in Italian PBC
Multicenter Study

HLA PBC Controls Pc Odds Ratio (95% C.I.)
(n=664) (n=1992)
(%) (%)
DRB1*08 7.2 2.3 0.000 3.3 2.4-4.5
DRB1*11 13.6 30.0 0.000 0.4 0.3-0.4
DRB1*13 8.6 11.2 0.000 0.7 0.3-0.9

Invernizzi et al. Hepatology 2008



HLA story in PBC

Pre GWAS 2008 GWAS
i _ | —
\ \ V
2003 2008 2010

Monocentric Multicentric GWAS

study Study

Italy Italy Italy
USA
Canada

PBC = 186 PBC = 664 PBC =993

HC = 558 HC = 1992 HC = 2483



Genome-wide association study in PBC

Risk variants:
HLA

IL12A

i IL12RB2

IRF5
IKZF3/ORMDL
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Liu & Invernizzi Nature Genetics 2010



HLA story in PBC

Pre GWAS 2008 GWAS
i _ 1 —
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2003 2008 2010 2012

Monocentric Multicentric GWAS HLA-Dense array

study Study

Italy Italy Italy Italy
USA
Canada

PBC =186 PBC = 664 PBC =993 PBC =676

HC = 558 HC = 1992 HC = 2483 HC = 1440



HLA associations in PBC
Dense array approach

D Controlled for
HLA-DPB1

676 Italian PBC
VS.

1440 controls

-Log10 p value

Controlled for Controlled for
HLA-DRB1 , HLA-DRB1 & DPB1

Results:

]
=
[
>
o}
o
=
o)
o
-

DRB1 (*08, *11)
Controlled for

DRB1*08, 11, 14 D F) B 1

-Log10 p value

TNF  DRA DOAIDPAT
I |
CB  DRBI DOBIDPB!
—
32 33 30 31 R 3

Chromosome 6 position (Mb) Chromosome 6 position (Mb) Invernizzi et al. Genes Immun 2012




HLA story in PBC

Pre GWAS 2008 GWAS
i _ 1 —
\ \ ¥ ¥
2003 2008 2010 2012
Monocentric Multicentric GWAS HLA-Dense array
study Study
Italy Italy Italy Italy
USA
Canada
PBC =186 PBC = 664 PBC =993 PBC =676
HC = 558 HC = 1992 HC = 2483 HC = 2483

Increasing study size




HLA / genetic story in PBC

Pre GWAS 2008 GWAS
i

¥ v v v

2003 2008 2010 2012
Monocentric Multicentric GWAS HLA-Dense array
study Study
Italy Italy Italy Italy

USA
Canada
PBC =186 PBC = 664 PBC =993 PBC =676

HC = 558 HC = 1992 HC = 2483 HC = 1440




Immunochip analyses in PBC

3 independent populations genotyped by the Immunochip...

Novel risk locus:

Canada

United States

Italy

1126 cases
4433 controls (wtccc)

620 cases

671 controls

680 cases

627 controls

4332 controls (wtccc)
131,908 markers

659 controls
138,386 markers

I ‘ I
Quality Control
Markers retained if: Subjects removed if:
«Call rate > 95% =< 95% of markers called
«0 discrepant alleles in 41 replicates (US/ltaly) *Unexpected gender found
«HWE > 1 x 10% (in controls) *Unexpected relationship found
MAF > 0.01 *Population stratification deviation
A A
Canada United States Italy
981 cases 592 cases 643 cases

603 controls
115,542 markers

*Retain markers present in all 3 populations

*Remove markers where MAF difference between US and

Canada controls is p<0.001 {Chi-square tests)

'

Association study of 109,812 Markers passing QC
{(Meta analysis of 2216 PBC cases and 5594 controls)

TNFSF11 gene at 13914
(RANKL)

PBC = 2426
Controls =5731

Juran, Hirschfield, Invernizzi Hum Mol Genet 2012



International GWAS meta-analysis in PBC
Discovery and validation cohorts

Discovery Discovery Validation  Validation
Country
Cases Controls Cases Controls

Canada 480 3,701 903 834
ltaly 449 940 300 618
United Kingdom 1,816 5,161 1,792 2,515
Unlte-d States of ) ) 291 594
America

Total 2,745 9,802 3,716 4,261

PBC = 6461

Six novel risk loci:

20912.1, 2936.3, 4p16.3, 5q21.1
5933.3, 6g23.3

Controls = 14.063

Cordell et al. Nat Commun 2015



PBC “gene” list 2017

Increasing study size

—

Pre-GWAS 2009 2010 2011 2012
Gene Loci Canada ltaly- UK Japan
USA Canada
USA
HLA Yes Yes Yes Yes Yes
IL12A - Yes Yes Yes -
IL12RB2 - Yes Yes Yes . #
IRF5/TNPO3 - Yes Yes Yes -
ORMDL3/IK - Yes - Yes Yes #
ZF3
MMEL1 - Yes - Yes - #
SPIB - Yes Yes Yes -
DENND1B i i Yes Yes i #
CTLA-4 Yes - - -
STAT4 - Yes - Yes -
CD80 : : : Yes Yes #
NFKB1 - - - Yes -
IL7R - - - Yes Yes
CXCR5 - - - Yes -
TNFRSF1A - - - Yes -
TNFSF1 - - - - Yes

POU2AF1 - - - - Yes



nﬁm;g hopes for big data

Technology is allowing researchers to generate vast amounts of information about tumours.
The next step is to use this genomic data to transform patient care.



Pathogenesis of PBC

. 2 } | Bacterial antigens
———

| [

Apoptosis

estruction of Clearance of
small BECs

apoptotic BECs

IL-17
_ 21

IL-22

TNFa

00 O
o l\./lacrophages

Exacerbation of autoimmune
inflammation; mobilization of
neutrophils and cytokine
production by epithelial cells;
tight junction integrity;
angiogenesis

Lleo & Invernizzi. J Hepatol 2012



Precision drugs (weapons)

PRECISION DRUGS

FXR

PPAR

ASBT

Anti-IL 12
Anti-CXCL10
Anti-CD20
Anti-CD40L
Anti-NOX 1 & 4



Anti-IL12 for PBC

IL12
Genetic defect
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Liu, Invernizzi, et al. Nature Genetics 2010



Anti-IL12 for PBC

IL12
Genetic defect

Anti-IL12
Clinical trial

Ustekinumab (CENTOCOR-J&J)
2 O HA
0, Ay e Randomized, Double Blind Study
1 6/ y I Histology: Portal Inflammation, 7 month endpoint may be possible I
14 g Composite endpoint: Clinical events, doubling bilirubin

Histology: Portal Inflammation and Fibrosis

-log ¢ p value

1 2 3 4 5 6
" chromosome 2?1

7 8 9 101

Liu, Invernizzi, et al. Nature Genetics 2010

13 15

Clinical Endpoint Death/Transplant
A
| 4 \r 1
1 2 3 4 5 6 7 8
1 1 1 1 1 1 1
1 1 1 1 1 1 1 1

Transplant »
B Death] »

7 1921 X
16 182022

Hirschfield, et al. Hepatology 2016
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Networking story in PBC
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PI’s of the Global PBC Study Group (2012) S

/
Henk van Buuren, Rotterdam representing South of the Netherlana@/
Gideon M. Hirschfield, Birmingham, UK
Harry L.A. Janssen, Toronto, Canada
Pietro Invernizzi, Milan, Italy
Andrew L. Mason, Edmonton, Canada
Cyriel Y. Ponsioen, Amsterdam representing North of the Netherlands
Annarosa Floreani, Padova, Italy
Christophe Corpechot, Paris, France
Marlyn J. Mayo, Texas, USA
Pier M. Battezzati, Milan, Italy
Albert Parés, Barcelona, Spain
Frederik Nevens, Leuven, Belgium
Andrew K. Burroughs* & Douglas, London, UK
Kris V. Kowdley, Seattle, USA

Keith Lindor & Nicholas LaRusso, Rochester& Arizona, USA



Continuous growth

2015

2014
1st publication HCC
Surrogate endpointGUT
Gastroenterolo

2014

New presentations
2013 n=4845in database

1st presentations
15 centers in 8 countries

2012

1st official meeting
n=3377 identified
Data collection

2011

1st prep meeting

2"d publication

&

SN &
2015 |
3rd publication /"

Globe score
Gastroenterology

2016

n=6253 in database

2015

6th investigator meeting
1 new submission

6 ongoing projects

3-9 new centers



CLINICAL—BILIARY

Gastroenierology 2014;147:1338-1349

Levels of Alkaline Phosphatase and Bilirubin Are Surrogate

End Points of Outcomes of Patients With Primary Biliary

Cirrhosis: An International Follow-up Study

Total number of patients included
from all cohorts

n=6191

Uncertain diagnosis

Missing laboratory data

n=23 n=286
Unknown UDCA start date Short follow-up (<6 morths)
andfor last follow-up date
n=679
n=268

Concomitant liver disease
n=90

Patients eligible for current

n=4845

study

100

80

Overal Group

®

v din

\x&ew%
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STUDY (gz@
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Lammers et al.
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Gastroenterology 2014



Global PBC projects

* Surrogate markers

- HCC

¢ Globe Score

« Age and gender effects

» Poise endpoint

« Dynamic prediction model
« Decompensation

* Young Age

« Liver transplantation

6108,

2

STUDY ®

Gastroenterology 2014
Gut 2015
submitted, oral AASLD, poster EASL

manuscript in preparation, poster
EASL

with the UK-PBC group
manuscript in preparation, poster
EASL

analysis ongoing

data collection running, poster EASL
data collection running

data collection running

« ... PBC and pregnancy, MELD & optimal timing for
transplantation, PBC North-South gradient,

PBC-specific autoantibodies



Networking story in PBC

2011 2012
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Predictors of response to UDCA
Sex & Age

. Proportion of patients who did not meet the
N —2353 criteria for response to UDCA after a minimum
of 2 years treatment because of the ALT/AST
Gender differences in the age-related likelihood criterion (2 ULN) related to their age at

of achieving UDCA response criteria diagnosis
1.0- -
2 0.9- g 089 »
3 2 0.74
T 08 2 0.6 .-
S g7 - Ef *
= =
£ 06 £ 0¥ e
] 2 0.2
& 0.5 £ 041 r = 0.95, P < .0001
a 0.04— . . . T :
0.4-— T T v T 1 €30 3140 4150 5160 6170 >70
<30 31-40 41-50 51-60 6170 >70 Age at diagnosis
Age at presentation n= 10 50 72 53 31 &

Femalen= 19 112 266 366 176 49
Malen= O 3 25 36 34 7

Carbone M et al. Gastroenterology 2013



Predictors of LT-free survival

n=3165 n=4119

Fitted lines derived from the best fitting Cubic spline ,\\\ww%\

multivariable fractional polynomial model UK-PBC _ (DR
UK-PBC cohort function @/
GLOBE cohort

Thresholds (xULN) for alkaline
phosphatase levels

At one year follow-up*

or death
&

r = [=2] [
h 1 1 L

Albumin x LLN

Hazard ratio for liver

transplantation

T

5

1 2 3 4
Threshalds (xULN) for bilirubin levels

Carbone M, et al. Hepatology 2016

Lammers et al.
Gastroenterology 2015



Networking story in PBC

2011 2012 2016-17
11

Q&,GLOB,Q
@ UKSPBC ERN-RARE LIVER
Wee@ falian PG European Reference

Network

SW|ss PBC

Austro-
German PBC
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Geoepidemiology of PBC 1

Area Vear Patients | Prevalence Incidence Age Sex

(No.) (per min) (per min/yr) | (years) (M:F)

Europe 1984 569 23 54 54 1:10
Sweden 1985 111 151 13.3 55 1:6
Newcastle, UK 1989 347 154 19 58 1:9
Ontario, Canada 1990 225 22 3.3 59 1:13
Victoria, Australia 1995 84 19 - - 1:11
Estonia 1995 69 27 2.3 - 1:22
Newcastle, UK 1997 160 240 22 66 1:10
Norway 1998 21 146 16 - 1:9
Minnesota, USA 2000 46 402 27 - 1:8
Newcastle, UK 2001 770 251 31 - 1:10
Victoria, Australia 2004 249 51 - 61 1:9
Japan 2005 9761 78 - - 1:9
Canada 2009 137 227 30 53 1:5

Podda & Invernizzi. J Autoimmun 2013



Lombardia population
Inhabitants (about 10.000.000)

SEX Number Percentage
Female 2.073 69,8

Male 897 30,2
Totale 2.970 100,0

M:F PBC RATIO=1:2

Carbone et al. Scientific Report 2016



Lombardia population
Inhabitants (about 10.000.000)

Denmark population

Inhabitants (about 5.500.000)

NORWAY

RRRRRRRR

«Skagen

SWEDEN

e a5 g’
o S : cordi
SEX Number Percentage SEX Number Percentage
Female 2.073 69,8 Female 584 80,9
Male 897 30,2 Male 138 19,1
Totale 2.970 100,0 Totale 722 100,0

M:F PBC RATIO=1:2

M:F PBC RATIO=1:4

Carbone et al. Scientific Report 2016




Lombardia population
Inhabitants (about 10.000.000)

Denmark population
Inhabitants (about 5.500.000)

NORWAY
«Skagen

SWEDEN

RRRRRRRR

RO I
, e R : sar
SEX Number Percentage SEX Number Percentage
Female 2.073 69,8 Female 584 80,9
Male 897 30,2 Male 138 19,1
Totale 2.970 100,0 Totale 722 100,0

M:F PBC RATIO=1:2

M:F PBC RATIO=1:4

Carbone et al. Scientific Report 2016




Outline

?

Genetics
/environment

Networks
Female/male

Target organ

Novel biomarkers

Novel drugs



Target organ of autoimmune
aggression in PBC

Cholangiocytes




Mitochondrial PDC-E2 autoantigen of PBC
localizes to apoptotic blebs of human
Intrahepatic biliary epithelial cells

HIBEC Hela Human keratinocytes

Untreated
cells

Apoptotic
cells

Lleo A et al. Hepatology 2009



Apoptotic blebs of human cholangiocytes
stimulate macrophages

A.PBC B. Healthy Controls
IL6 IL-10 A w10
w000 L :W'
- ' HeLe i o
§ o0 1 Gl i 0 - ._,
. 1000 " 1 .
1600 2 v . | - 5
ggr oo o : - Wh; e \ AVA O Coﬂmn;ﬁ- AVA NG c«mw;a AN 10 cu\w;b;o
GM-CSF MIP-1b IL12 (p40) SM-LOF il IL:12 (p40)
000, o . " 0 50000+
; - 40000
i :::.;] . mj
E
. K | 100, ' 13 -
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Lleo A et al. Hepatology 2010



Shotgun proteomics:
ldentification of unique protein profiles of
apoptotic blebs of cholangiocytes

IS

Protein Gene Description
CPN1 CPN1 Carboxypeptidase N catalytic chain
ITIH2 ITIH2 Inter-alpha (Globulin) inhibitor H2

C9 C9 Complement component C9
FGG FGG Fibrinogen gamma chain
FGA FGA Fibrinogen alpha chain

SERPINF2 SERPINF2 Alpha-2-antiplasmin
APOC2 APOC2  Apolipoprotein C-Il
DRG1 DRG1 Developmentally-regulated GTP-binding protein 1

Lleo A et al. Hepatology 2014
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Journal of

Hepatology

EL..SE\-'IE,R Journal of Hepatology 51 (2008 237-267

www, chevier com/flocatefjhep

EASL Clinical Practice Guidelines:
Management of cholestatic liver diseases

European Association for the Study of the Liver”

DIAGNOSIS OF PBC — Recommendations

» A diagnosis of PBC can be made with confidence in adult patients with otherwise
unexplained elevation of AP and presence of AMA (> 1:40) and/or AMA type M2

» A liver biopsy is needed for the diagnosis of PBC in the absence of PBC specific
antibodies. A liver biopsy may also be helpful in the presence of disproportionally
elevated serum transaminases and/or serum IgG levels to identify additional or
alternative processes

» AMA-positive individuals with normal serum liver tests should be followed with annual
reassessment of biochemical markers of cholestasis



Natural history models in PBC

* More widespread resort to laboratory examinations led
to PBC being diagnosed with increasing frequency
during the earliest disease stages, when patients are
asymptomatic and have not yet entered a phase of
progressive bilirubin or Mayo score elevation

* New prognostic indicators are needed for asymptomatic
patients



Prognostic role of AMA in PBC
Liver fallure-free survival

AMA negative

AMA positive
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Years since presentation

No. of patients still at risk

Invernizzi et al. Hepatology 1997



PBC-specific ANA

Rim like Nuclear-dot

Nuclear pore : .
complex (NPC) ' . .'Sp100 and PML
gp210 and p62 - '

Invernizzi et al. Semin Liver Dis 2005



Clinical and biochemical features of PBC patients
according to anti-NPCs status

Age (years)
Asymptomatic patients
Cirrhosis

Major complications
Mayo score

Total Bilirubin (mg/dL)
Albumin (g/dL)

IgG (mg/dL)

IgA (mg/dL)

NEGATIVE POSITIVE

(n=125) (n =46)
59+11 61+12

67 (54%) 13 (28%)

62 (50%) 36 (78%)

10 (8%) 13 (28%)
5.0£1.0 5.811.1
1.0+£1.1 2.2+3.7
4.4£0.6 4.0£0.5

1,736£538 1,921+673

3501191 4781294

Invernizzi et al. J Hepatol 2001



Prognostic role of anti-NPC in PBC
Mortality rate

m—_—_—_—_—_——— — -
All patients Wilh tolal bilirubin £1 maldL Wih ftotal bilirubin =1 mghl

Antl-NPC positive

Anti-NPC positive

P <0.0001 | Bli-NPC posilive

Wesierska-Gadek et al. Hepatology 2006
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* Recognise different disease phenotype and risk
profiles

* Timely (early) treatment

* Second-line therapies



* Recognise different disease phenotype and risk
profiles

* Timely (early) treatment

* Second-line therapies



PBC is an heterogeneous disease

Premature
ductopenic

PBC-AIH
overlap



Disease sub-phenotypes in PBC

Overlap PBC+AIH Premature ductopenic variant

| Veggér FP et al. Gut 2001
Fé}St progressor (TDR & IH) Slow progressor (SSc)

ﬁl \'( . Tl A TN ’ T T

0.9
0.8

0.7

0.6 I
0.5
04

0.3 —— PBC alone
0.2 e PBC-SSc
0.1

0.0 | | | |
0 5 10 15 20

Proportion of patients surviving

A Time from diagnosis (years)

Carbone M et al. Lancet Gastro & Hepatol 2018 Rigamonti et al. Gut 2006




Predictors of response to UDCA

Patients who met the Paris | criteria of
response categorized according to their age

Percentage of patients

1001

504

25+

0-

n=

Chi square = 55.6, P <.0001

<30 3140 41-50 51-60 61-70 >70

19

Sex and Age (N=2353)

Gender differences in the age-related

Proportion of patients who did not meet the criteria for likelihood of achieving UDCA response criteria

response to UDCA after a minimum of 2 years treatment
because of the ALT/AST criterion (2 ULN) related to their
age at diagnosis

Age at diagnosis

115

191

402 207 57

1.0+
4 " Female
c 08 o £ 09
2 0.7+ 0
. =
8 0.6 g 08
5 0.5 Y=
B ° 0.7
EM- E Male
E :3 E 0.6- Diagnostic delay = 5 years
a v ol
£ 011 = 0,95, P <0001 e 0 ,
5 o
0.0 T I . . . 04
<0 M40 4150 5160 6170 >70 = : ' J ' 1
Age at diagnosis <30 3140 41-50 51-60 61-70 >70

N1 s0 72 53 o 6 Age at presentation

Femalen= 19 112 266 366 176 49
Malen= 0 3 25 ¥k M4 7

Carbone M, et al. Gastroenterology 2013



* Recognise different disease phenotypes and risk
profiles

* Timely (early) treatment

* Integrated care pathway



Response-guided approach

YES
Continue UDCA  <—

UDCA (13-15 mg/kg)

!

Biochemical response

20-40% 1 NO

Add second-line therapy

Elastography
Gp-210

UK-PBC risk score
Globe score
Biopsy?

FXR agonists
OCA

PPAR-ligands GR-ligands
Bezafibrates Budesonide




The more you wait,
the lower is the response!

N=2703

Predicted Response Probability

0.25-

0 1 2 3 4
Treatment time-lag (years)

Carbone M, Nardi A et al. Lancet Gastro & Hepatol 2018



EARLY risk stratification

alian PBC Predictors of UDCA response (n=2703)

Study Group

UDCA response score (URS)

-1
=077+ 0.60x( Tsmg) = 273X In(ALPyiqg)

8 ; +035% In(T4i04) +0.03xage - 0.15x(treatment time lag)
ALP i Age
—0.56 XAALP
External Calibration Belt
Ap 2 2
o
2
03- g
o £ 8
% AUC: 0.829 (0.789-0.870) E
1] o ;
z 2
;; o}
ALT g AALP J/ T e ew
& 3 Sq4” [ NEVER NEVER
2 2 T T T T T T
& T T T T T T 00 02 04 06 08 10

/
=
3
=
2
=
S

Specificity Predicted Response Probability

00
Delta ALP (xULN)

Carbone M, Nardi A et al. Lancet Gastro & Hepatol 2018



Response-guided approach

YES
Continue UDCA  <—

UDCA (13-15 mg/kg)

!

Biochemical response

20-40% 1 NO

Add second-line therapy

Elastography
Gp-210

UK-PBC risk score
Globe score
Biopsy?

FXR agonists
OCA

PPAR-ligands GR-ligands
Bezafibrates Budesonide




Baseline risk-guided approach

YES
Continue UDCA  <«—

UDCA (13-15 mg/kg)

!

Biochemical response | UK-PBC risk scor

Globe score

20-40% 1 NO

Biopsy?

Add second-line therapy

FXR agonists
OCA

PPAR-ligands
Bezafibrates

GR-ligands
Budesonide




* Recognise different disease phenotype and
risk profiles

* Timely (early) treatment

* Second-line therapies



PBC is an heterogeneous disease

Premature
ductopenic
variant

Fast-
progres
DCA non-

response

PBC-AIH
overlap




PBC story

1851

Cholestasis associated with UDCA approval Nomenclature change
autoantibodies
1997 2015
1949 1958 2016
1987
Name PBC Obeticholic acid
1965 PDC-E2 cloning approval
First PBC report AMA detected (30-40% patients)
by IIF

«Second PBC research meeting» J Autoimmun 2019;105:102328



Obeticholic acid

Bile Acid cOH Lipid
Metabolism Metabolism
Downregulates hepatic

| fatty acid biosynthesis
| and VLDL formation

Controls bile acid l

biosynthesis, disposal and
transport

Anti-inflammatory & anti-
fibrotic effects in the liver,
intestine and kidney

Insulin signaling &
sensitivity and hepatic
gluconeogenesis



Obeticholic acid (Poise trial)
Biochemical response

60- EE Placebo (n=73)
* mm Titrated OCA (n=70)
B 10 mg OCA (n=73)
40-
Responders (%)
20-
0_
6 months 12 months
Primary Endpoint:

Proportion of subjects achieving ALP <1.67 x ULN with bilirubin £ ULN
and 2156% reduction in ALP

Nevens F et al. NEJM 2017



Obeticholic acid

Biochemical response (Open-Label Extension)

100
807
S
~ 57 58
g 601 53 53 >0 > &, 55 96 55 s 51
S 46 46 49
c
S 39 40 40
@ 407
)
2
207
0

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Months

=

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
193 192 187 186 185 182 175 177 170 171 163 164 163 163 155 140 127

Months (OCA Baseline)

n= 192 187 186 185 182 175 177 170 171 163 164 163 163 154 140 127
500 . &7
=
= =
(@) 4
é 400 = Ao coccoooccoccodlgroccoacoocanoccaaconce ULN
< 300 9 c 15
cQ
o S 2
0, 200 ALP 9 = 10f
2 1.67x ULN S =
- o
= -
& 1o ULN g )
|_

0 3 6 9 1215 18 21 24 27 30 33 36 39 42 45 48
n= 193 192 187 186 185 182 175 177 170 171 163 164 163 163 155 140 127

Months (OCA Baseline)

Trauner M et al, Lancet Gastroenterol Hepatol 2019



OCA adverse effects and caveats

Pruritus
« Common, dose related
80
68
Cholesterol changes 70
« Decrease in HDL cholesterol 60 56
50
Potential risk of chronic increase 40 38
in FGF19 30
 |ncrease risk of HCC in mouse 20
models 10
10
- F : L
Warning in decompensated Placebo OCA5-10 mg OCA 10 mg
cirrhosis* M Pruritus M D/C due to pruritus

*FDA Post-Marketing Letter reporting 19 deaths, 8 with reported causes (7 cases of Child B or C cirrhosis and receiving 5 mg daily;
8 additional cases reported serious liver injury without death (3 cases with Child B or C cirrhosis and receiving 5 mg daily

Nevens F et al. NEJM 2017



Pathogenesis of PBC

| Xenobiotics | ~ ‘ 8 ‘
' 2 ‘ Bacterial antigens -
g .~

1)

s

Apoptosis

Clearance of
apoptotic BECs

A estruction of
small BECs

(CpG)

oC O
o lglacrophages

Exacerbation of autoimmune
inflammation; mobilization of
neutrophils and cytokine
production by epithelial cells;
tight junction integrity;
angiogenesis

Lleo & Invernizzi. J Hepatol 2012



Immune system and cholangiocytes:
a puzzling affair in PBC

INMATE IMMUNE ' ADAPTIVE IMMUNE
SYSTEM SYSTEM

| Exhausted IL-12/1L-23

. @ e @ -

ﬁ* ..mm dty
|

Recruitment
Cytotoxicity |

A OG0 | :. Proinflammatory
abdy | > citokines

Chemotaxis
Activation
Degranulation

Ronca V et al. Journal Leukocyte Biology 2020;108:659-671



Cl-

C
F
T
R

secretin

BAH

HCO,
H

,0

BA

-

CO, + H,0 e
Cl-

acethylcholine

Schematic representation of
cholangiocyte bicarbonate
secretion regulated by secretin
and acetylcholine.

Bicarbonate-rich bile leads to
production of deprotonated
bile acids, which

cannot invade cells in the
absence of transporters. In
contrast, bicarbonate-poor bile
leads to impaired
deprotonation of the bile acids,
which can invade
cholangiocytes promoting
apoptosis.

«Second PBC research meeting» J Autoimmun 2019;105:102328



Immuno-pathogenesis of PBC / ideal therapies

Fibrosis / ductopenia

Cirrhosis
Immune- Anti-
modulatory &  cholestatic
drugs drugs

WL

Immune-mediated cholangitis

i-fibrotic drugs

>

Time



Cholestasis

Altered energy source and

anti- or pro-bacterial effects Altered bile acid pool

Cytotoxycity
Altered

metabolism and
immunogenicity

. i Synthesis regulation, modifiiation

Anti- or pro-bacterial effects, energy source

«Second PBC research meeting» J Autoimmun 2019;105:102328



NOVEL DRUGS FOR PBC

e

Immunomodulants:
-JAK inhibitor: Baricitinib

Antifibrotic:
-Anti Nox 1-4: GKT831

Modulation of bile acids:

-FXR agonists (Tropifexor, EDP-305)

-FGF19 analogues (NGM282)

-PPAR agonists (Bezafibrate, Seladelpar, Elafib

ranor)

Gerussi A et al. Ann Hepatol 2020;19:5-16.



FXR agonists



Obeticholic acid

Bile Acid cOH Lipid
Metabolism Metabolism
Downregulates hepatic

| fatty acid biosynthesis
| and VLDL formation

Controls bile acid l

biosynthesis, disposal and
transport

Anti-inflammatory & anti-
fibrotic effects in the liver,
intestine and kidney

Insulin signaling &
sensitivity and hepatic
gluconeogenesis



Tropifexor
Non-bile acid FXR agonist
Phase 2 study (CLIN452X2201)

*  Tropifexor improved cholestasis and fibrosis in preclinical trials

*  Treatment with 30-90 ug tropifexor for 4 weeks
Significant dose-dependent reduction in GGT (primary endpoint), AP, ALT and AST over time

No discontinuations due to itch and no incidence of severe itch

Absolute GGT Absolute ALT
300 100
. 250 _
= <
S 200 =)
O 150 - 5
O <
S 100 §
: 5 = 20
0 T T T T t T 0 T T T T t T
0 7 14 21 28 56 84 0 7 14 21 28 56 84
— Time (days) » Time (days)
=@=—Tropifexor30 ugqd === Tropifexor 60 g qd Tropifexor90 uyg qd == Placebo qd === Treatment period

*p<0.05, 'p<0.01, ¥p<0.001 vs. placebo
Schramm C, et al. ILC 2018, #L.BO-007



PPAR agonists



Use of PPAR agonists (fibrates) in PBC

/
INF-kB

1

IL-1, IL-6
COX2

|

PGE E2 |

Th2

1

PPARa

{

ApoAI\

/ FIBRATES

\ O- OX|dat|onT

enzymes

ICAM-| l

VCAM1 LTB4 |

\\

Ig profuction

lAutoimmunity

Anti-
inflammation

~

MDR3

!

Biliary phospholipid
secretion

1

Inactivation of hydrophobic
bile acids

|

Protection of BECs

Dohmen et al. (modified) WJG 2004



2= N M

Nakai
Kunhara
Kanda
Akbar
Kita
Hazzan
Honda
Lens

Reig

Hosonuma
Ohira
Walker
Liberopoulus
Levy
Cheung
Hegade

2000
2000
2002
2005
2006
2010
2013
2014
2015

2015
2002
2009
2010
2011
2015
2016

Japan
Japan
Japan
Japan
Japan
Israel
Japan
Spain
Spain

Japan
Japan
UK
Greece
USA
Canada
UK

12
11
10
22
8
19
30
48

12
7
16
6
20
46
23

12
6
12
6
4-12

12
38

96

3-4

12
11
21

ALPALT, GGT, IgM
ALP, ALT, GGT, IgM
ALP
ALP, ALT, GGT, IgM, Chol
ALP,GGT
ALP, GGT
ALP, GGT, ALT, Chol, TG, IgM
ALP, GGT, ALT, Chol TG

ALP, GGT, ALT, Chol, TG,
pruritus

ALP, Mayo Risk Score
ALP, GGT IgM
ALP, IgM
ALP, GGT
ALP. AST, IgM, IL-1, IL-6
ALP
ALP, Not UK-PBC score



Bezofibrate (Bezurso trial)

2-year multicenter, double-blind, randomized, placebo-
controlled trial of bezafibrate (400 mg/d) + UDCA

Premature termination Premature termination
N=4 N=2
7, )
Pl T Pl Pl
Inadequate ooe oo Neas
biochemical Randomization
feSSC[’)’gE to N=100 MO m3 M6 M9 M12 m15 m18 mM21 M24

(Paris-2 criteria) -

UDCA 13-15 mg/Kg/d

Premature termination
N=2

Corpechot et al NEJM 2018



Figure 2.

=== PLACEBO

=== BEZAFIBRATE

A. Alkaline Phosphatase B. Total Bilirubin
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Corpechot et al NEJM 2018



Seladelpar
Selective PPAR-0 agonist

Final results of an international phase 2 study

= Seladelpar is a potent PPARd
agonist that improved
cholestasis markers in PBC

PBC patients with inadequate
response/intolerance to UDCA

v

= To evaluate Fhe efficacy, safety, . ALP ZJTQ;UXSSCNC”te”a
and tolerability of seladelpar e ALT and AST <3 x ULN
during 1-year, Phase 2, open- - Total bilirubin <2 mg/dL
label, uncontrolled
dose-finding study in PBC Oral seladelpar
patients with an inadequate l
response or intolerance to v v v
UDCA 2 mg QD* 5 mg QDT 10 mg QD

= Primary endpoint: % change (n=11) (n=49) (n=52)

in ALP at 1 year

= Composite endpoint: ALP  112/119 patients evaluated for efficacy
<1.67 x ULN; 215% decrease
in ALP: total bilirubin <ULN

At 1 year, no patients remained on 2 mg*
After 1 year, patients could enter a long-term study

TAfter 12 weeks, doses could be increased up to 10 mg based on biochemical response

Cynthia Levy et al FRI133 EASL 2020



Mean (SD) values

5/10 mg (n=49)

Seladelpar
Selective PPAR-0 agonist

Final results of an international phase 2 study

10 mg (n=52)

% female 95
Age, years 57
Duration of PBC, years 10 (7)
UDCA dose, mg/kg/day 15 (4)

Baseline laboratory values

ALP (U/L)

Seladelpar 100+
I 510 mg

80+ 69%
604 53%

% of patients with
composite endpoint

Baseline 1 Year Baseline 1 Year 0-

ALP, U/L 353 301
Total bilirubin, mg/dL 0.76 0.83
GGT, U/L 244 239
ALT, U/L 46 46

Laboratory parameters at 1 year
ALP: | 41% in 5/10 mg and ¥ 45% in 10 mg; total
bilirubin: stable; GGT: { 34% in 5/10 mg and ¥ 32%
in 10 mg groups;ALT: 4 31% in both groups

 ALP normalized in 14% in 5/10 mg and 33% in 10 mg groups

*  93% with moderate to severe pruritus in the 10 mg group experienced improvement
in itch (VAS decrease 220 mm). SAEs in 14 patients were unrelated to the drug

Seladelpar resulted in a substantial and sustained biochemical response with a
good tolerability and safety profile

Cynthia Levy et al FRI133 EASL 2020




Selective PPAR a/d agonist
Elafibranor

A randomized placebo-controlled trial of elafibranor in patients
with primary biliary cholangitis and incomplete response to UDCA

Phase II: Elafibranor, a dual PPARa/3 agonist, for patients with
PBC and inadequate control on UDCA

< UDCA treatment >
Placebo (n = 15) | Washout |
S(ﬂezegg)g Elafibranor 80 mg (n = 15) | Washout |

Washout

Elafibranor 120 mg (n = 15)

12 weeks treatment period

Main inclusion criteria: End End
alkaline phosphatase of of
>1.67 ULN treatment study

Primary endpoints: % reduction in ALP

at week 12 vs. baseline Secondary endpoints

Response rate Significant

©- Elafibranor 80 mg [ Placebo effects on:
® -l Elafibranor 120 mg [ Elafibranor 80 mg * GGT .
2_ 204 - Placebo A Elafibranor 120 mg * 5'-nucleotidase
©° .
S E 1009 e e HSCRP
22 0 28 Favorable
® 1: 2 70 effects on
s -204 £ 60 « | pruritus (VAS)
5= 2 50
o 8 10
58 407 ® 30
Se 20
8 -60- 10
o
=

T T T T
Baseline W2 W4 w8 W12 EOS

N 14 14 14 14 7 o
15 15 15 15 8 S T§§‘§ 3

A 12-week course of elafibranor treatment is associated with a clinically Schattenberg IM et al.
meaningful improvement of circulating ALP levels and other disease markers

in patients with PBC and inadequate response to UDCA. J Hepatol, 2021 Jun;74(6):1344-1354.




vy

Biochemical response rate

ap

Selective dual PPAR-a/y agonist 1 F A
Saroglitazar

B0 <
50
40 4
30 4

Biochemical response (%)

101

0 0 0

Wk 4 Wk B Wk 12 Wk 16
O 4mg W 2mg Il Flacsho

Study ID Phase Country Patient population Comparator No. patients®

EPICS-I Phase I USA Primary biliary cholangitis Placebo 37

6 weeks 16 weeks Safety follow-up
Screening phase Double-blind treatment after 4 weeks

ALP change at week 16

UDCA + saroglitazar 4 mg -163 U/L, SE = 25.1, p <0.001
Treatment with UDCA 4 weeks 2 weeks UDCA + saroglitazar 2 mg -156 U/L, SE = 24 4, p <0.001 4 weeks
for 212 months & stable - - -
dose for 23 months
UDCA + placebo -21 UL, SE=289
V1 V2 V3 V7 V8
Screening visit Randomization visit End of treatment End of study

Improvement in ALP level at week 16

J Hepatol. 2021




Selective dual PPAR-a/y agonist
Saroglitazar

 Itis a potent and predominant PPARa agonist with moderate

PPARY agonistic activity

9 Dec 2020

FDA has granted FAST TRACK DESINATION
to SAROGLITIZAR for PBC

Soon international phase 3 study



GR-Ligand



Budesonide

* Randomized, double-blind, placebo-controlled trial (NCT00746486)

Phase 3 trial

*  Primary objective: efficacy, safety and tolerability of UDCA + BUD vs. UDCA + placebo

* 62 patients randomized and treated (ITT population) with 36 months of treatment with
UDCA (12-16 mg/kg body weight/day) with or without BUD (3 mg tid*)

Improved liver histology®

100 -
p=0.225

a
o
!

42,5

B
o
L

Patients (%)

29,4

20 -

Placebo (n=22) BUD (n=40)

Improved liver function

Mean change from Placebo BUD
baseline (SD) (GEL )] (n=22)
ALT (U/L) ~0.16 (46.8) -12.1(30.2)
AP (U/L) -8.9 (176.94) -94.5 (166.3)
Total bilirubin (mg/dL) 0.59 (2.2) —-0.02 (0.4)

*  Pruritus: 15% (6/40) in BUD group and 31.8%
in placebo group (7/22)

* SAEs: 10in BUD group and 7 in

placebo group

CONCLUSION: Budesonide add-on therapy in patients with PBC, and insufficient response to UDCA, did not
associate with improvement in liver histology; improvements in biochemical markers of disease activity were

demonstrated in secondary analyses.

J Hepatol 2020






Pathogenesis of PBC

| Xenobiotics | ~ ‘ 8 ‘
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Apoptosis

Clearance of
apoptotic BECs

A estruction of
small BECs

(CpG)

oC O
o lglacrophages

Exacerbation of autoimmune
inflammation; mobilization of
neutrophils and cytokine
production by epithelial cells;
tight junction integrity;
angiogenesis

Lleo & Invernizzi. J Hepatol 2012



Precision drugs (weapons)

PRECISION DRUGS

FXR

PPAR

ASBT

Anti-IL 12
Anti-CXCL10
Anti-CD20
Anti-CD40L
Anti-NOX 1 & 4
JAK inhibitor



Anti-IL12 for PBC

IL12
Genetic defect

N\
A\Y

2 IL12A IKZF3/ORMDL3 -
SPIB
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S

T2 3 4 5 6 7 8 9 101N 13 15 17 1921 X
L chromosome ? 14 16 18202

Liu, Invernizzi, et al. Nature Genetics 2010




Anti-IL12 for PBC

IL12
Genetic defect

Anti-IL12
Clinical trial

Ustekinumab (CENTOCOR-J&J)

2 oHA
20

&
16

1

-log o P value

1 2 3 45 6 78 91011 13 15 17 192 X
" chromosome 14 16 18202

Liu, Invernizzi, et al. Nature Genetics 2010

Randomized, Double Blind Study

[ Histology: Portal Ir ti 7 month endpoint may be ibl ]

Composite endpoint: Clinical events, doubling bilirubin
Histology: Portal Inflammation and Fibrosis

Clinical Endpoint Death/Transplant
A A
r W 1
0 1 2 3 4 5 6 7 8
| 1 1 1 1 1 1 1 |
I I 1 I 1 1 I I I
Enroliment
Transplant »
T =)

Hirschfield, et al. Hepatology 2016



Anti-IL 12 for PBC

Serum ALP concentration (U/L})

1200 =

oo

1000 =

900

800 4

700 4

600 4

500

400 |K.£ Yy

Reduction in ALP

v 90 mg s.c. weeks 0,4, and 8 to 20 wks

v' Median ALP 12% at 6 months
Qrarnrnees o
.c-‘--

Hirschfield GH et al, Hepatology 2015




Anti-CXCL10 for PBC

PIANO Study design

PBC patients with
incomplete NI-0801 10 mg/kg, 6 doses, every other week; N=40
response to UDCA

bbb

Screening Treatment and Safety follow-up period
(3 weeks) efficacy assessments (3 months)
(13 weeks)

An open label single arm study to investigate the safety and efficacy of multiple

administrations of NI-0801, a fully human anti-CXCL10 monoclonal antibody in
PBC patients with an incomplete response to UDCA.

Invernizzi et al Hep Commun 2018;2:492-503



NADPH oxidases (NOX) inhibitors
Setanaxib

P67 [ a0
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NADPH oxidases (NOX) inhibitors in PBC

Setanaxib
Trial design (phase 2)

Baseline Week 6 (interim efficacy analysis) Week 24

Placebo

I
GKT831 400mg once a day
I

GKT831 400mg twice a day

ClinicalTrials.gov Identifier: NCT03226067 AASLD 2019 (Poster 1283)



NADPH oxidases (NOX) inhibitors in PBC

Setanaxib
Reductions in GGT at Week 6

Primary endpoint: percent change in GGT Absolute change in GGT over time

0

-5 ]
-10 \\\ 7
1 \

-12%

-20 \ +
-40 |

N

of |

-20 - :

Percent change from Baseline
-
(0] ]
Absolute change in GGT (U/L)

p<0.01 |
Mean + SEM Mean + SEM

0 1 2 3 4 5 6 0 1 2 3 4 5
Treatment duration (week) Treatment duration (week)

—o— Placebo (n=31) == GKT831 400mg OD (n=31) ——e— GKT831 400mg BID (n=30)



NADPH oxidases (NOX) inhibitors in PBC

Setanaxib
Reductions in GGT and ALP at Week 24

15 - 0 2 6 12 18 24
= a 5.
O 1
o " = 0,6 0,5
c 5 c
& o- g ¢
g &
-: -5 T E -5
Q (&)
= 10 - -
c
(7] 5 '10
O -15 1 p=0.3 O
2 ) e 2.5
c -18,7 19 -
S 2 2 -18,6 p<0.002 400mg BID vs o 20 163 14,6
S .30 - p<0.01 placebo over 24 weeks S - <0 601 p<0.001 400mg BID vs
0 2 6 12 18 24 p<v.
placebo over 24 weeks
Treatment duration (weeks) Treatment duration (weeks)

ClinicalTrials.gov Identifier: NCT03226067 Manuscript submitted



NADPH oxidases (NOX) inhibitors in PBC

Setanaxib
(At Week 6)
Percent change in FIB-4 score Percent change in APRI score
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At weeks 12 & 24, assessments of liver fibrosis include Pro-C3 and the ELF score
Transient elastography (Fibroscan®) performed at week 24

ClinicalTrials.gov Identifier: NCT03226067 AASLD 2019 (Poster 1283)



NADPH oxidases (NOX) inhibitors in PBC
Setanaxib
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Additive beneficial effects of fibrates combined with OCA in
the treatment of high-risk PBC

Obeticholic Acid Fibrates

Serum Alkaline Phosphatases in
Difficult-to-Treat PBC Patients

Cholestasis &
Inflammation
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UDCA 2ndLine 3rdLine

PBC THERAPY

Soret et al, Am J Gastroenterol 2021



Additive beneficial effects of fibrates combined with OCA in
the treatment of high-risk PBC

50 patients
From 16 centers
and 7 countries:
-France
-Belgium
-Germany

-Italy

-UK

-Spain

-USA
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E3 1 (OCA first; n=24)
ES 2 (Fibrates first; n=26)
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Soret et al, Am J Gastroenterol 2021
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Cholangiocyte organoids can repair bile ducts after
transplantation in the human liver
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Mouse

Humans
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arigin. Taken together, these results establish
that chalangiocytes from different regions of

raises the possibility that our results may not
transiste between species. To address these

the biliary tree are i e ible, and they
suggest that extrahepatic aells can be used to
repmir acute intrahepmtic duct injury.

Cdl transplantation experiments in mowse
models are extremely usefil bit are not al-

we ped a model for odl-hased

in humans utilizing ex vivo ongan
perfusion (20). Ex vivo NMP was devdopad
10 improve ongan preservation and reduce

ways p of s a9.
Furthermare, the mouse liver

ment is different from that of humans, which

Fig. 4 Cholangiocyte oganoids
@graft h 2 human feer recehing
NMP and improve bile properties.
A xd B) Schamaic representation ol
e lechrigue for oganad injection (A)
ad phdograph of e NP circuil
wed (B). 8D, bile duct; HA, hepatic
artery. PV, portel veir IVC, inferior vens
ey L er. P, pump; O, cxygerstar;
PACS, packed rd cels. (C) Fow
revesing deence of BFP
cels in the perisde (D) lrerno-
urmoence mesing the engafiment
d RP galbladder organoicks with up-
reguision of infahepdic maders
(S0X4) 2nd loss of galiblsdder mukers
(SOX17). Scele bars. S0 pen. () Ongan-
dd ijection improves bie pH and
dokres. ***P < 0001 n =3 NMP
ers Each messasement & repee-
serted by 3 different dda poil, and
ech agen & represeriied by 2 different
spnbd.

i injury by ci
warm blood through liver grafis
before jon. Notsbly, the biliary
tree i particularly ible 1 isdaemi

which results in duct damage (22, 23). Low
bile pH (<7.5) during NMP i used as a pre-
dictor of this type of cholangiopathy (29).

To the th o £ our
cells ©r repairing human bile ducts RFP-
expressing gallbladder organoils were in-
jected in the intrshepatic ducts of deased
Tumen trnsplant donor livers (n= ) with abile
pH <75 at the start of the experiment, which

Sampaziotis et al Science 22 February, 2021
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