What can genetic studies do for PSC?
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Why is PSC an important disease?

Diagnosis 2007 (%) 2006 (%)
Acute liver failure 8.8 11.3
Alcoholic liver cirrhosis 7.4 11.7
Biliary atresia 3.3 4.8
Budd-Chiari 0.4 2.0
Hepatocellular carcinoma 9.6 8.1
Other Malignancies 4.4 3.6
Post-hepatitis B cirrhosis 1.1 1.6
Post-hepatitis C cirrhosis 12.5 12.1
Metabolic liver disease 5.5 3.6
Missing diagnosis 1.1 2.4
Other liver disease 8.5 8.1
PBC 6.3 9.3
PSC 18.4 13.3
AlH 5.5 3.2
Cryptogenic cirrhosis 7.4 4.8
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Data from the Nordic Liver Transplant Registry

9002
2002

Diagnosis
— AH
—— PBC

PSC



Risk factors in PSC
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Causal variants versus genetic markers
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Causal variants versus genetic markers
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Topics of presentation

Genetic influence on PSC susceptibility
Genetic influence on particular
characteristics of PSC (e.g. bile duct
cancer, IBD, autoimmunity etc.)

Genetic influence on disease progression



Topics of presentation

Genetic influence on PSC susceptibility
Genetic influence on particular
characteristics of PSC (e.g. bile duct
cancer, IBD, autoimmunity etc.)

Genetic influence on disease progression



HLA genes in PSC susceptibility

Extended class | Class | Class Il Class Il Centromeric

1982-83: HLA-B8 and DR3 (Schrumpf et al., Chapman et al.)

O-VH
g-VH

V-V1H
saupjolkg

VN pue
S8UO)SIH
si0)dasal
Aioyoey|0

Key notions:

1991: Dual association of DR2 and DR3 (Donaldson et al.)

1999: Cross-European study substantiates DR3, DR2, DR6 and DR4 (Spurkland et al.)

2001: MICA*008/5.1 (Norris et al., Wiencke et al.)



What does "HLA associated” mean?

Possibility 1:
HLA class | HLA class I
(e.g. HLA-BS) (e.g. DR3)
POSSIblIIty 2: | Class | \ Class llI Class Il | Centromeric
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Likely scenario: multiple HLA risk factors

: Complement ,
I Class | region | I gene cluster Class Il region

 HLA-B/MICA * C4 vs. SKIV2L » Autoantigens?
» Cambridge  Kiel/ABI » Several
collaboration collaboration collaborators
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What about the rest of the genome?

Genome-wide association studies

500.000-1.000.000 genetic markers

Patients Healthy



500.000 markers in PSC GWAS
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How important is actually the HLA in PSC?

Q-Q Plot of GWAS data with HLA Q-Q Plot of GWAS data without HLA
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Independent verification of findings

Ethnicity

Norwegian 298 289
Dutch 365 85
Belgian 352 137

Swedish 359 132



New PSC gene on chromosome 13

P-value 1.00E-04
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New PSC gene (GPC): unknown function

cytoplasm

m heparane sulphate proteoglycan

m high expression in liver+colon

m fine-tuning of cell-to-cell signalling ?
m further studies needed



New UC gene (IL10): well-known function
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m IL10 knockout mice: colitis
m IL10 delivery: ameliorates colitis
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Problem of genetics — statistical power

Power of PSC study

Odds ratio
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Type 1 diabetes genes

Odds ratio for the T1D susceptibility allele
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Does weak mean unimportant?
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Topics of presentation

Genetic influence on particular
characteristics of PSC (e.g. bile duct
cancer, IBD, autoimmunity etc.)



Cancer surveillance by natural killer cells

Normal
situation

Cancer



Protection by high-cytotoxicity NKG2D variants
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Topics of presentation

Genetic influence on PSC susceptibility
Genetic influence on particular
characteristics of PSC (e.g. bile duct
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Genetic influence on disease progression



Genetic modifiers of PSC progression

Genetic factors

Genetic factors

”Susceptibility genes”

“Modifier genes”
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Adaption to accumulation of toxic bile acids

Liver cell in cholestasis:
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PXR/SXR regulates adaptive mechanisms

The nuclear receptor PXR is a lithocholic acid sensor
that protects against liver toxicity

Jeff L. Staudinger**, Bryan Goodwin*, Stacey A. Jones*, Diane Hawkins-Brown?, Kathleen I. MacKenzie$, Anne LaTourT,
Yaping Liul, Curtis D. Klaassenl, Kathleen K. Brown**, John Reinhard$, Timothy M. Willson't, Beverly H. KollerT,
and Steven A. Kliewer***

An essential role for nuclear receptors SXR/PXR in
detoxification of cholestatic bile acids

Wen Xie*, Anna Radominska-Pandya*, Yanhong Shi*, Cynthia M. Simon*, Michael C. Nelson*, Erwin S. Ong*,
David J. Waxman?*, and Ronald M. Evans*%7

Nuclear receptors constitutive androstane receptor
and pregnane X receptor ameliorate cholestatic
liver injury

Catherine A. M. Stedman**, Christopher Liddle*t, Sally A. Coulter**, Junichiro Sonoda®, Jacqueline G. A. Alvarez*,
David D. Moore$, Ronald M. Evans?, and Michael Downes*T



Genetic variants of SXR/PXR influence survival
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SXR is activated by drugs, not only bile acids

Endogenous Exogenous
ligand ligand
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Summary: Prospects of genetics

m ldentification of biological systems as a basis for
further studies of these systems (even weak
effects may yield important insight — multi-center
and multi-national collaborations are required).

m Disease susceptibility: Understanding PSC.
m Development of cancer: Prevent and treat?
m Disease progression: Delay liver cirrhosis?

m Genetic testing? Problem: Specificity.
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Limitations of genetics

Penetrance

.High[y unusual for
common diseases

Mendelian
disease

Most variants

identified by
GWA studies

Hard to identify
genetically

Allele
frequency

0.001

0.01 0.1

Very rare Rare Uncommon Common

McCarthy et al, Nat Rev Genet 2008
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