O

MOLECULAR
VIROLOGY
HEIDELBERG

Medical Faculty Heidelberg

Hepatitis C virus: from bench to bedside

Ralf Bartenschlager

Heidelberg University




—QQ Hepatitis C

Cofactors (EtOH, obesity, age, sex)
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\ decades years
persistent HCV liver cirrhosis hepatocellular carcinoma
(~70%) (10 - 20%) (1 - 5% per year)

* ~25% of all HCC cases
* ~250% of LTx
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OO HCV prevalence and distribution of genotypes

® ~130 — 170 mio chronically infected individuals worldwide
® ~5 mio in Europe

® Germany:
® ~500,000 in Germany
® ~5,000 newly diagnosed infections ¥
HCV GENOTYPE | |
DISTRIBUTION BY NORTH
CONTINENT AMERICA AHEHIL‘.I Elll-'lllFE IFHII}.I. AUSTRALIA

Nature, 474, S6, 2011
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SOURCES: THE US CENTER FORDISEASE CONTROLAMD PREVENTIOM, HERATITIS CVIRUS DATABASE PROJECT
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OQ Hepatitis C virus particle properties
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1Wiesner et al., J Lipid Res 2008; 2Brugger et al., PNAS 2006; 3Merz, Long et al., JBC 2010
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—QO HCV genome organization
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Bartenschlager et al., NRM 2013
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—OO HCV replication cycle

LDLr
EGFr
NPC1L1

web @

Bartenschlager et al., NRM 2013
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—OO HCV replication cycle

LDLr
EGFr
NPC1L1

Romero-Brey et al., Plos Path 2012

Bartenschlager et al., NRM 2013
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QO HCV replication cycle: Basic parameters

Implications for

HCV-specific antiviral therapy:

High elimination rate should be possible
when using efficient inhibitors
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QO Viral targets for therapy of chronic hepatitis C

NS3/4A protease

Cleavage of viral polyprotein

Inhibition of IFN system

|

Protease inhibitors (...previr)
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—QO HCV NS3 protease

® chymotrypsin-like enzyme
® requires viral cofactor (NS4A)
® low substrate specificity

® flat , shallow substrate binding pocket

’rotease
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QO Development of HCV-specific protease inhibitors

P6-P5-P4-P3-P2-P1--P1'-P2'-P3'-P4’

P6-P5-P4-P3-P2-P1 P1'-P2-P3-P4

Pg- Pg Deletion: 150-600-fold decrease
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Ingallinella et al., Biochemistry 1998
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Impact of NS3 protease inhibitors
on HCV replication cycle

Inhibition
polyprotein
processing
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QQ (Cross) resistance against NS3/4A protease inhibitors

Rapid selection for resistance with 1st generation Pls

Higher resistance barrier with 2nd/3rd generation Pls

Yet:

combination therapy
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QO Viral targets for therapy of chronic hepatitis C

NS5A

RNA replication
Assembly of HCV particles

I

NS5A inhibitors (...asvir)
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QO Highly potent NS5A inhibitors

What is the mode-of-action?
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—OO Properties of NS5A

P b ® RNA-binding phosphoprotein
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’ Tellinghuisen 2004, 2005, 2008; Neddermann 2004; Appel 2005, 2008; Moradpour
Bartenschlager et al., NRM 2013

2005; Liang 2007; Hanoulle 2009; Hwang 2010; Verdegem 2011; Lim 2012
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Impact of NS5A inhibitors

QO on HCV replication cycle

Inhibition
web formation

Inhibition
=8, Virus assembly
/] — rapid kinetics
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Bartenschlager et al., NRM 2013
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Prevalence of natural NS5A-inhibitor
QO resistance variants in DAA-naive patients

always

combination therapy
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High antiviral activity of NS5A inhibitors

QO and clinical implications

DCV (phase |); single dose

Extremely rapid reduction
of virus production

|

Reduced number
of virus variants
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Gao et al., Nature 2010
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QO Viral targets for therapy of chronic hepatitis C

NS5B RdRp

RNA-dependent RNA polymerase

|

NS5B inhibitors (...buvir)
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Impact of NS5B polymerase inhibitors

QO on HCV replication cycle

Inhibition
RNA
amplification

Bartenschlager et al., NRM 2013
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Nucleosidic and non-nucleosidic

_OO NS5B-specific drugs

Non-nucleosidic Inhibitors
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Benzimidazole derivative Thiophene derivative Dasabuvir

Nucleosidic Inhibitors
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PSI-7977 (Sofosbuvir) INX-189 2'-C-methyl cytidine
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QO Properties of Sofosbuvir

O
\j fast

nucleotidyl and
nucleoside diphosphate
kinases

nucleotide monophosphate

2'-deoxy-2'-a-fluoro-B-C-
methyluridine-5'-triphosphate

cellular
enzymes

fast

O
Y sofbsbuvir (a prodrug)

http://len.wikipedia.org/wiki/Sofosbuvir
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QO Positions of resistance mutations in NS5B

A — E = Resistance positions with NNIs S282 = Resistance against NIs

RNA binding groove

Sofosbuvir

Bartenschlager et al., NRM 2013
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OO Factors of antiviral therapy success

Mutation rate/d 10e-5

Virus production/d 10el2
Variants/d 10el2

| Persistence reservoir No
Antiviral potency (very) high
Genetic barrier low to very high
Replication fithess very low to very
high
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