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Nobel	Prize	in	Medicine	
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Hepa99s	B	in	the	United	States	(1966	–	2000)		

Lamivudine		Adefovir		 Entecavir		Telbivudine	
Tenofovir		

disoproxil	fumarate		
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HBV	therapies:	past	and	present	

-	Interferons	
-	NUCs	
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Challenges	in	the	HBV	field	

~257	million	people	are	chronically	infected	
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<2 %
2-7 %
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Clinical	picture:	
-  Lifelong	treatment	
-  Incomplete	HCC	preven9on	
-  Ongoing	transmission	in	resource-

poor	regions	

Challenges	in	the	HBV	field	

Poor	funding	due	to:		
-  Effec9ve	HBV	vaccine	
-  Potent	HBV	an9virals		
-  HCV	in	the	spotlight	

Geraldine	A.	O’Hara	et	al.	PloS	Negl	Trop	Dis	(2017)	

2000s	 2011	 2013	 2014	 2015	 2016	

The	HCV	success	story:	Role	model	for	an	HBV	cure?	

PEG-IFN	
Ribavirin	

Boceprevir,	Telaprevir	
(Protease	inhibitors)	

70%	SVR	when	combined	with	IFN	

Sovaldi/Sofosbuvir	
(Polymerase	inhibitor)	

Harvoni	(Ledipasvir+Sofosbuvir)	
Single	pill	–	combina9on	

>90%	SVR	

Technivie	&	Daklinza	
Harder	to	treat	genotypes	3	and	4	can	

now	be	cured	up	to	100%	SVR	

Zepa9er		
&	Epclusa	

(pangenotypic)	

The	breakthrough:	NTCP	as	a	receptor	for	HBV	
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HepG2-NTCP	(clone	7)	

Yan	et	al.	eLife	(2012)	
Ni	et	al.,	Gastroenterology	(2014)	
Michailidis	et	al.	Sci	Rep	(2017)	

The	search	for	new	HBV	therapies	and	a	func9onal	cure		

-  NUCs	block	RT	but	do	not	eradicate	the	cccDNA	
	
-  New	targets	include	entry,	capsid,	RNase	H,	

cccDNA…	

-  Immunotherapies	

Challenges	in	HBV	research	

Poor	in	vitro	systems	
-  High	9ters	required	for	efficient	infec9on		
-  No	virus	spread/cannot	recapitulate	the	complete	viral	life	cycle	
-  Hepatoma	cells	have	impaired	innate	immune	func9ons	-	not	ideal	

for	virus-host	interac9ons	
-  More	physiological	systems	are	based	on	cryopreserved	primary	

human	hepatocytes	(PHH)	
• 	Donor-to-donor	variability	
• 	Non-renewable	
• 	Cannot	be	gene9cally	modified									
• 	Expensive								

	
	
Lack	of	molecular	tools	
-  cccDNA	detec9on	methods	
-  Lack	of	reporter	virus	
	
Limita8ons	in	animal	models	
-  Restric9ons	on	chimpanzee	infec9ons	
-  Immunocompromised	mouse	models	
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Model	systems	for	HBV:	towards	more	relevant	systems	

Hepatoma	cells	 Liver-chimeric	
mice	

Primary	human	
hepatocytes	

Model	systems	for	HBV:	towards	more	relevant	systems	

Hepatoma	cells	

The	magic	of	PEG:	HBV	infec9on	in	HepG2-NTCP	cells	

Gripon	et	al.,	Virology	(1993)	-	PHH	
Michailidis	et	al.	Sci	Rep	(2017)	
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Uninfected	 HBV	 HBV+PEG	 HBV+PEG+MyrB	

S9ll	room	for	improvement…	

No	virus	spread	
High	8ters	for	infec8on	

X	

HepG2-NTCP	does	produce	infec9ous	HBV	

…but	there	is	no	spread	 Michailidis	et	al.	Sci	Rep	(2017)	
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HepG2-NTCP	

Untreated	 +	MyrB	

The	magic	of	PEG:	Con9nuous	addi9on,	HBV	spread!	

Michailidis	et	al.	Sci	Rep	(2017)	HBcAg	
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HBV producing
HepDE19-GFP

HepG2-NTCP

=

HepDE19-GFP
+

HepG2-NTCP

HBcAg+ due to spread

Donor	cells	
(GFP	tagged)	

Acceptor	cells	
(HepG2-NTCP)	

HBcAg	
staining	

Co-cultures	prove	HBV	spread	from	donor	to	acceptor	cells	

Without	PEG	

With	PEG	

GFP	(donor)	 HBcAg	 Merged	

+

HBV producing
HepDE19-GFP

HepG2-NTCP

=

HepDE19-GFP
+

HepG2-NTCP

HBcAg+ due to spread

Donor	cells	
(GFP	tagged)	

Acceptor	cells	
(HepG2-NTCP)	

HBcAg	
staining	

Co-cultures	prove	HBV	spread	from	donor	to	acceptor	cells	

Finally,	the	complete	HBV	life	cycle	in	cell	culture	

•  IFN	treatment	can	cure	HBV	

HBV	and	IFN:	Possible	Clue	to	a	Cure?	
•  HBV	is	considered	a	stealth	virus	that	does	not	induce	IFN	

IFN	induc9on	and	effectors	(ISGs)	 An9viral	ISG	screens	
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+	PEG	

What	about	HBV?	

ISG20		
(mul9ple	
intracellular	steps)	

Control	

X	

Tetherin	
(virus	release)	

ISG20		
(mul9ple	
intracellular	steps)	
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An9-HBV	ISG	screens:	In	progress	

Transduce	with	
len9-ISG	library	

Day	 -2	 0	 1	

Wash/±PEG	

7	 13	

Fix	 Fix	

CMV	 ISG	 EMCV	
IRES	 RFP	

HBV+MyrB	 HBV	

An9-HBV	ISG	screens:	In	progress	

DAPI	DAPI	

RFP	

HBcAg	

Total	number	of	cells	

Transduced	cells	

HBcAg	posi9ve	cells	

Non-transduced	 Transduced	

Model	systems	for	HBV:	towards	more	relevant	systems	

Hepatoma	cells	

From	discovery	to	valida8on…	

Primary	human	
hepatocytes	
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Limita9ons	of	primary	hepatocyte	cultures	

-  Donor-to-donor	variability		

-  Limited	availability	for	each	donor	

-  Difficult	to	maintain	in	culture	

-  Cannot	be	expanded	in	culture	

-  Difficult	to	manipulate	gene9cally	

…but	remain	the	gold	standard	for	HBV	studies	

Primary	human	hepatocytes:	not	all	donors	are	the	same	

HBsAg	

Scalable	for	high-throughput	screens	

HBcAg		DAPI	

96-well	plate	

384-well	plate	

Model	systems	for	HBV:	towards	more	relevant	systems	

Hepatoma	cells	
Primary	human	
hepatocytes	 Liver-chimeric	

mice	

Human	liver	chimeric	mice	support	HBV	infec9on	

Human	albumin	 HBV	viremia	

Primary	human	hepatocytes	can	be	expanded	in	mice	and	
used	in	long	term	in	vitro	cultures	

6-week	culture	of	mouse-passaged	
hepatocytes	

Human	albumin	
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Patient specific 
iPSCs 

Skin Biopsy 
Liver Biopsy 

Blood collection 

Modified iPSCs 
Genetic 

manipulation 

Reprogramming 

Self-renewal 

Muscle cells Blood cells Neurons Intestinal cells Pancreatic  islet 
cells 

Liver cells 

Differentiation 

Stem	cell-derived	models	for	studying	viral	infec9on	and																																																																																																								
pathogenesis		

Applica9ons	.	.	.	

apical 

basolateral 

transwell  
differentiation Polarized	iHLCs	

activation Stellate	cells	

Complex	systems	

Con9nuous	PEG	treatment	facilitates	HBV	
spread	in	HepG2-NTCP	cells	

	

HBV	spread	system	can	be	efficiently	
applied	in	an9viral	screens	

	

Primary	human	hepatocytes	can	be	
modified	in	vitro	and	expanded	in	liver	
chimeric	mice	

Summary	1	

Stem	cell	derived	hepatocytes	(HLCs)	offer	
a	poten9al	tool	for	gene9c	studies	and	
pa9ent	derived	systems	

	

Polarized	HLCs	are	a	suitable	system	for	
HEV	biology		

	

Stem	cells	can	be	used	to	generate	
mul9ple	cell	types	(HLCs,	iStellates)		

Summary	2	
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