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MENTORS AND FRIENDS

HEPATOLOGY

MASTER'S PERSPECTIVE

The Road Not Taken or How | Learned to Love the
Liver: A Personal Perspective on Hepatitis History

Harvey ]. Alter
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WHAT HAVE WE LEARNED FROM THE HISTORY
OF VIRAL HEPATITIS RESEARCH ?

Hubert Blum




History of hepatitis —
From jaundice to HCV

Hepatoscopy




ALFRED M. PRINCE

THE POETRY OF LIFE

aruch . Bmber

IN SCIENCE




|. Epidemic hepatitis
(-3000 to 1900)

-3000
-420
+750

Sumerians (Jaundice...)

Greek Hippocrate — « icterus »

Middle Ages
Pope Zacharie St Boniface
-— isolation

Jaundice of camps

St Jean d’Acre (1799)
Paris (1870)

Sieges

—> prevention




|. Serum hepatitis
(1880-1945)

« Syringe » hepatitis
injections for syphilis

Post-vaccine hepatitis
1882 : anti-small pox: Lurman (Breme)
1937 . anti-vellow fever: Findlay
1942 : 28000 cases US navy |Zas

Serum and post transfusion hepatitis
(1945-1975)




Duality of hepatitis

1947 Mc Callum

 Hepatitis A epidemic

 Hepatitis B serum

1964 Krugman (Willow Brook School)

* Hepatitis A — oral (30-45d) « MS1 »

» Hepatitis B — parenteral (60-90d) « MS2 »







Baruch Blumberg

The discovery by Blumberg in 1964 of a new
antigen in the serum of an Australian aborigine
initiates a new era in the history of hepatitis.
Blumberg, an ethnologist, demonstrates that this
“Australian antigen” is a marker of hepatitis.

Nobel Prize in 1976 for the discovery of new mechanisms for the dissemination of
infectious diseases




Alfred PRINCE

(Neww YarkBloae Cantér)

1968

« Described the SH Ag in patients who developed a
post-transfusion hepatitis

» Confirmed
— The specificity of this Ag for hepatitis B
— The identity with Australia Ag










HBV Serologic Markers

Antigens Antibodies

e HBsAg (1965) e Anti-HBc total (1971)
e HBeAg (1972) e Anti-HBc-IgM

e Anti-HBe

e Anti-HBs

e ADN POL (1972)
e ADN (1974)




Tests / techniques

HBV/mL

Immunodiffusion (HBs/e Ag and Ab) 1010
Counter-electrophoresis (HBs/e Ag and Ab)\ 10°

RIA Ag/Ab
HBV DNA polymerase

ELISA (Ag/Ab)
DNA hybridization

PCR Real time




Cloning of HBV

P. TIOLLAIS/
F. GALIBERT




The Vaccine:

Plasmatic vaccines (1975-76)
— Ph. Maupas / institut Pasteur (F)
— M. Hilleman / MSD (USA)

Recombinant vaccines (1981)

— P. Tiollais / institut Pasteur
— W. Rutter/ Chiron/MSD




HBV PARTICLES

UNI
FREIBURG

Serum-derived vaccine: Szmuness W
et al. N Engl J Med 1980; 303: 833-841

Recombinant vaccine: Valenzuela P
et al. Nature 1982; 298:347-350




-

Discovered the first HBV vaccine in humans (1976)
Confirled the association between HBV and primitive liver cancer




IMPACT OF HBV VACCINATION IN
TAIWAN

* Incidence of HBs Ag :
- 1985 :9 %

-1995: 1%

* Réduction of HCC incidence and
almost disappearance in children










|HEPADNAVIRUSES

Orthohepadnavirus Avihepadnavirus

—_

N

HBV - Humans

WHYV - Woodchucks
GSHV- ground squirrel
TSHV — Tree squirrel
ASHBYV — Artic squirrel

DHBV - Duck
HHBV - Heron
SGHBV - Goose
STHBV - Stork

Old world monkeys :
- Gibbon (GiHBV)
- Gorilla (GoHBV)

- Orang-outang (OuHV) MiSSing

- Chimpanzee (ChHBV) I bl
New world monkeys : small available

- Woolly Monkey (WMHBV) monkey




Hepatology
Volume 58, Issue 5, November 2013, 1610-1620

Discovery of Naturally Occurring Transmissible Chronic
Hepatitis B Virus Infection Among Macaca fascicularis
From Mauritius Island

Tatiana Dupinay,'**** Tarik Gheit,>* Pierre Roques,(’"— Lucyna Cova,**? Philippe Chevallier-Queyron,*?*#®
Shin-i Tasahsu,” Roger Le Grand,®” Francois Simon,'® Geneviéve Cordier,'" Lahcen Wakrim,'?
Soumaya Benjelloun,'? Christian Trépo,"”>?® and Isabelle Chemin"*?>

* Editorial — Hepatology (November 2013)
Persistent Human Hepatitis B Virus Infection in Cynomolgus Monkeys: A Novel

Animal Model in The Search for a Cure?
J Bukh, R.E. Lanford, and R.H. Purcell

* Comment — Nature/middleeast (May 15, 2013)
Macaques-new animal models to test anti-HBV drugs and vaccines. B. Das



HBV protein expression in Macaques liver sections

HBCAg HBsAg

Negative
Control

Macaque
HBV +




HBV transmission from cynomolgus
to sylvanus Macaques







HEPATITIS VIRUSES DISCOVERY

HBV
Blumberg et al

HAV
Feinstone et al

HCV
Houghton et al

1963

1973

1977

HDV HEV
Rizzetto et al Balayan et al

1983

Serology

IEM
(stool)

Serology, IF
(liver)

Serology, IEM
(stool)

Cloning (liver)




HDV 37 th Birthday

Gwr, 1977, 1K, 997-1003

Immunofluorescence detection of new antigen- _
antibody system (&/anti-8) associated to hepatitis B
virus in liver and in serum of HBsAg carriers

M. RIZZETTO.) M. G. CANESE, 5. ARICOD, O. CRIVELLI, < TREPO, F. BONINO.
AND G. VERME
Fioem the Dopartmems of Gairroemivrolopy, Oapedole Afowrisissy Umbcrie I, Twri=s, [

’r
AMicroscopy Centre of the Facwlty of Afcdicine, University of Twris, ftaly, and INSERAM L

forw of Mypieney, Daiversity Cilosdy Brrmord, Lyon, Frasse

SUMMARY A pow antigen-antibody system associated with the hepatitis B virus and immuanologscally
distinct from the HB surface, core. and « syslems is reportod. The new antigen, termed &, was
detected by direct immunofluorcsocnce only in the liver cell nuclei of patients with HBsAg positive
chronic liver discase. At present. the intrahepatic expression of HBcAg and § antigen appears 1o be
mutually exclusive. Mo ultrastructural aspect corresponding to the & antigen could be identified
under the cloctron Microscope. & antibody was found in the serum of chronic HBsAg carners, with a
higher pecvalence in patients with liver damage. The nucloar fucrcwence patterns of HBcAg and
& antigen were similar: it is oaly possible to discriminate betweesn the two antigent by using the

respectne specific antisera

Whike studying liver beopsees foom  patents  who Sty

were seropositive Tor the hopatitis B surface antigen

{HBwAg) in direct immunofloornesoersoe, 1T wias meotegd FPREFARATION OF STANDAED FLUOEESCENT
that an antiserum agaimt the bhopatitis B <ore AR TILE N & T L= amTrous (8 AMTI=
antipen (HBcAgE), as well as staining spocrmens in SERUME, AGAINIT HMEBECAN (MEC ANMTISEELIME,

which core partiches <o 1 b dermormirated by the PSR S (T TN i bl AW R L A
choctron microasope (EMM), alo reacied with addi- AGAINET £ ANTIGENS (£, + ¢ ; ANTIATRELUM),
tional BMopaies which did not contain oore partcios STANDARD O ANTICGEN (O) AND MBCAE FOII-
(At chocton Mmooy ) and were regative with other TIWE LIVER ZUBSTEATES
reference antiscra agammt HBCAg A Auorcscocin aothyocianate (FITO) <onjugatcd
When the EMM core poaitive and oofe meopalive antscnam  agsanet Ay was preparcd from
specimens were tested with several HBsAg potsitive  Boheringwerke rabbit procipitating scrurn RBBOS
SErE, 1 SO0 bocarmne apparent  thet soeoss  sora (Rirsetio «F al, 197T6b). A FITCOC conjugstod anti-
reacted with cither one or the other liver subsirate: serurn agaimd « antigens (e, + ¢,) was preparcd
this suggested that there were two distinc Aoclear frown & human serum as pressounly dowribed ( Trepo
antpene Apecifcites ef af., 19TE)
The sdentification of this ow antigen and of s A FITC antimerum meorsoapocific agaimsty HBoAg

antibody as an Emrmunologscal system  indepencont and ot Monospecilic against & were proparcd froen
S Sdbdd Liseat FessTont aswosmated with the HEA ther Bood of o apparently healthy HBaAg carricrs;
virus s reported in thin communication. Provision both sera wort negalive when testod by the FRoums
ally, we propose &t it shaould b callked & and Waaler-Fost wohnsgues., The gamma  globubm
Fractiorm, molaied afer precipitatiomn witFi ™ oS00
s Attegws For oorresponderss . Dy 0. Roisedtes, Dhirerimeny ded mot contain suioantibodes (e indarect Dmsmena
£ Ganrcrsisroiogy. Onped Masmririsss Lmbsra F. Auoreswerce | L3, antibodies agaimt HBsaAg. -
o Twwntl 56, SOLES Twria, Baly antngers, oF ¢ antibodes

4 ATver congugation wath FITOC, the HBC antmsromm

T

Racwived for pablateos B Say 197



Hepatitis D {Delta) Virus

a antigen HE=sAg




MAJOR CHARACTERISTICS

- Unique agent
- Defective virus



HDV - the virion

HBc Ag PreS1/PreS2

=

DNA RNA
polymerase

. 42 nm . 37 nm

Hepatitis B virus Hepatitis D virus






HDV INHIBITS HBV REPLICATION

Anti-transcriptional effeg

Competition envelope

Cytokines (MxA ?)




1980s: Global Anti-HDV Prevalence In

HBsAg Carriers (15,000,000 Positive)
> / L 3,

e

fm?"h

Anti-HD(HBsAg (¥))[ ]? [ 0-5% [ ] 6-20% [T] 21-60% [ >60%




Epidemiology of HDV in Europe

L Endemic
—1In  immigrants




HEPATITIS VIRUSES DISCOVERY

AN

HBV
Blumberg et al

HAV
Feinstone et al

HDV
Rizzetto et al

HEV
Balayan et al

[ Hev \
Houghton et al ._

1963

1973

1977

1983

Serology

IEM
(stool)

Serology, IF
(liver)

Serology, IEM
(stool)

Cloning (liver)







The approach

1979 Tubule Forming Agent > Shimizu (NIH)

1985 D. Bradley (CDC)
- Togavirus
- Flavivirus
- HDV

1987 <50 nm filter

Post-transfusion NANB hepatitis 1980-
incidence 7% in France =2 10% USA







Dead End

1983 HDV like 2> Kamimura/Purcell
1984  Retrovirus - Seto/Gerety
1984 Spumavirus > Prince

1985-9 Non-A, non-B Ag/Ab systems
Shimizu & many others







The ascent

* 1st viral isolation
- without culture
- without electronic microscopy
- without serology

| |~ Direct molecular approach

Since then:

- HEV, HHVS
-TTV
- HGV




Discovery of the hepatitis Cvirus

RAYAAAS

The HCV discovery team
(from left to right; M. Houghton,

Q-L Choo, G. Kuo and D. Bradley

Isolation of a cDNA Clone Derived from a Blood-
Borne Non-A, Non-B Viral Hepatitis Genome

Qui-Lim CHoo, GEORGE Kuo, AMY J. WEINER, LACY R. OVERBY,
DanieL W. BRADLEY, MIcHAEL HouGHTON

MAMNBH
patients

!

Serum antibodies

Ultracentrifuge
MANBH-infectious
chimpanzee plasma

Pellet
Extract total
RNA+DNA
False Clone
\ positives 5-1-1 lln/CUba‘le

| Wi

Bacterial cDMNA libraries in ‘expression’ vector Agt11

i

Determine properties of clone 5-1-1

» Extra-chromosomal
+ Derived from RNA (~8600 nt) found only

in NANBH samples and distantly related to flaviviridae
+ Encodes protein that binds antibodies

found only in NANBH infections

J

|dentification of hepatitis C virus
(HCV)



Timeline | Milestones in hepatitis C virus (HCV) research

Description of
non-4A, non-B
hepatitis

1975 1989

1993

1996 1997

Identification
of HCV

First three-dimensional
structure of an HCV
protein (NS3 serine
protease)

1999

Interferon-o
and ribavirin
combination
therapy

Delineation of HCV First

genome organization infectious Replicon Production of

and polyprotein clone of HCV system recombinant infectious
processing constructed | | established | ||HCV in tissue culture

2003 2005

Proof-of-concept
clinical studies of an
HCV protease inhibitor

Functional HCV
pseudoparticles described




Temptative model of HCV
"Lipo-Viro-Particle”

A Francois PENIN & Patrice ANDRE

X3 & i tolf fusoniad /orco ase by off

VOL v W iG/ nuceotap sl adE ER ene opl
g ycdp o & nsi

Phospholipid monolayer

9 El and E2
Y / envelope

%8 glycoproteins
(" eirof EP
i he t ml  eir )

A popoproemi
afim® e olers
e4 pb )

Nucleocapsid
f penin@ibep. fr (Core protein and ss(+)RNA)



HISTORY OF
HEPATITIS

THERAPY







DELETERIOUS EFFECT OF PREDNISOLONE IN HBsAg-POSITIVE
CHRONIC ACTIVE HEPATITIS

Kur Cuun Lam, M,B., B.S., Camng Lune Lai, M.B., B.S,, R. P. Ng, M.B., B.S., CurisTiaNn TREPO, M.D),,
anp P. C. Wu, M.B., B.S.

THE NEW ENGLAND JOURNAL OF MEDICINE Feb. 12, 19
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Figure 5. Cumulative Rate of Complications in 51 Patients
with HBsAg-Positive Chronic Active Hepatitis Who Were Re-
ceiving Prednisolone (Solid Line) or Placebo (Dotted Line).

Figures above each line denote the numbers of patients re-
maining In the study. Prednisolone increased the rate of
complications (z = 1.6709, P<0.0001).

Figure 6. Actuarial Survival Rate in 51 Patients with HBsAg-
Positive Chronic Active Hepatitis Who Were Receiving Pred-
nisolone (Solid Line) or Placebo (Dotted Line).
Figures above each line represent numbers of patients re-
maining in the study. The survival rate was decreased by
prednisolone (z = 0.5171, P<0.01).




Chronic Hepatitis

1955 - From steroids to abstention

1976 — The Anti-Viral Era: “The Prophets”
= Aciclovir and herpes

1981 - Interferons
= Alpha
= Beta

2004 - PEG IFNs




Treatment with Oral Nucleos(t)ides

Vidarabine
Foscarnet
Ganciclovir

Lamivudine

Adefovir
Entecavir/Telbivudine
Tenofovir




gents

Evolutio of _ ____ BV A

Raymond SCHINAZI




HBV Treatment Landscape in 2012

L4 541

_ﬁﬁ;ﬂﬂ aflﬁ:i-Ea__ I

[ Lamivuding |

Entecavir |

" Interferon alfa-2b !

o

| Telbivudine |




SUSTAINED BENEFIT

Entecavir in HBeAg negative patients: Proportion of Patients with
HBV DNA <300 copies/mL

V027 ETV-901
@1007 0 93% 94% 919, 95%
< 9 83%
£ 807 z
ks g
- o= (1]
g 60 = é 59/0
|||6 ~—
: = é
O 40 o
t <
(o) i (7]
g 20°
a 4%
0 EODt Baseline Wk12 Wk24 Wk48 Wk72 Wk96 Wk 144
n= 93/99 4/99 56/95 79/95 84/90  72/77  67/74  54/57%

T EOD= end-of-dosing
¥ 10 patients who remained on treatment at the Week 144 of ETV-901 visit had missing PCR samples

Adapted from Shouval D, et al. 59th AASLD Meeting, Oct 31-Nov 4, 2008, San Francisco, USA. Poster 927. Hepatology. 2008;48(4, suppl):722A.



VIRAL LOAD PREDICTS OUTCOME

Entire Cohort (N = 3653)

144

12 Basaline HBY DNA Level, coples/mL
Q = 1 million
% . e 100,000-099,909
w 10 — 10,000-99,999
g 300-9,999
E ol < 300
m —1
3 8
u =
=
o 07
2
©
5 4
E
: -
Q

2._.

D_

| I I I | | | | | | | I I |

o 1+ 2 3 4 5 6 7 8 9 10 11 12 13
Year of Follow-up



Cumulative Risk for HCC

20
S
O -
o 15
- -
©
v HBsAg seroclearance at age = 50
» 10 -
-
)
b
]
2
S 97
=
=
o II HBsAg seroclearance at age < 50
0

0 12 24 36 48 60 72 84 96 108 120

Follow-up (month)
Age of HBsAg
seroclearance
< 50 151 124 102 87 71 56 47 37 21 15 10
No. of
patignts
atrisk 550 47 120 86 63 51 46 38 31 24 18 12

Yuen M-F. et al 2008. Gastroenterology;135:1192



Paradigm shift

1) Break of tolerance
= Disease

4>Therapy

2) Replication is the driving force of
complications




BEYOND VIROSUPPRESSION :

Can we achieve HBsAg clearance,

thereby preventing disease
progression and resistance?




PAN — Proof of Concept for Cure

Stopping
viral replication

’

Take over by the immune system

Controls the disease and the infection




HBV-RELAT ARTERITIS NODOSA

vidarabine |MrGu.,,

|| | | 19 ans

PALIE LR

60 Ig s
Anti Hbe

80 l l Anti Hbs
I

40 transaminases

20 +— | | | 74—
1jan  15jan 30jan 15 fev




Results from the PAN Treatment
According to Antiviral Protocol

Protocol Cure Anti HBe Anti HBs

Vidarabine - 1978 75% 45% 19%

(3 weeks)
+PE-cortc/sev

Interferon - 1976 80%

(6 months)
+PE+cortic/sev

Lamivudine - 1997 90%

25/3

11/14

Tenofovir - 2010 9/10




CHRONIC HEPATITIS C THERAPY




HCYV infection and global mortality risk

Mortalité cumulée (%)

20 9

18

The REVEAL HCV Cohort Study

23 820 adults, Taiwan
1095 anti-HCV positive ; 69.4% HCV-RNA detectable

== Anti-HCV Ab positive, HCV-RNA detectable
== Anti-HCV Ab positive, HCV-RNA undetectable

== Anti-HCV Ab negative

Hepatic causes

p<0,001 for intergroup comparison

p<0,001 for HCV-RNA detectable vs undetectable

2 4 6 8 10 12 14
Follow-up (years)

Lee MH et al. j nfect Dis 2012;206:469-477

Mortalité cumulée (%)

20 Extrahepatic causes 19,8%

18T p<0,001 for intergroup comparison
16 p<0,001 for HCV-RNA detectable vs undetectable

14
12,2%

7~ 11,0%

12

10

0o

)]

Follow-up (years)



SVR improves global survival

30

P <0,001

N
o

=1
o

All cause mortality (%)

o 1 2 3 4 5 6 7 8 9 10

Time (years)

Van der Meer AJ, et al. Japma 2012;308(24):2584-93. SVR : Sustained virological response



What is the Goal?

® Interferon-free combination therapy
® High barrier to antiviral resistance
® Once daily oral therapy

® Pan-genotypic antiviral activity

® Reasonable safety and minimal drug-drug
interactions




The Hurricane of HCV Drug Development

&?.\ Preclinical

@? Phase |

\0& l»mibuvir“’l‘VR
\o‘*’
‘60 Phase Il
00

v&v Phase Il

m’“aml Lov Filed

. Telaprevir (TVR)

‘ Boceprevir

ABT2F7
0 o .B?:;:ssb o OAl'spotivir(ALV)
OClemole.
o ITX5061

[ ) coformulation Polymerase inhibitors Status 11/2013 (selection)



Potential Evolution of HCV Therapy for GT 1

Small Molecules will be Added in an Effort to Inprove
SVR Rates

Estimated Estimated

: 60-70% 85-90%
Interferon

e ::'—""-_ .

Peg-Interferon
2 Estimated

& 85-90%

Ribavirin .
O — ‘&
Nucleoside ) e

polymerase
Inhibitor 6th Stage

- 1st Stage

Protease Inhibitor
2nd Stage

Other Direct
Antivirals 3rd Stage

b 5th Stage

All Oral Therapy 4th Stage 2011-2015







CONCLUSIONS
AND

PERSPECTIVES




HISTORY OF CHRONIC VIRAL HEPATITIS
Major Advances in 50 Years: 1960s - 2013

» Analytical tools

» Clinical aspects
» Epidemiology
» Natural Course
» Pathogenesis
» Diagnosis
» Therapy
» Prevention

HBV

» Virological aspects

» Structure and genetic organization
» Life cycle, incl. receptors

@alized hepatolog

HCV




« | Have a dream »
HCV

1. Predictive genetic tests
- fibrosis
- IFN response

- efficacy/tolerance of DAAs

2. Specific anti-HCV Ig

3. Prevention of HCC
- primary
- secondary




« | have a dream »
HBV

1) Chronic hepatitis B must become priority
research

2) We should aim at HBV CURE

3) Since most HBV infected people live in
ressource limited countries new
immunotherapic appraoaches including
therapeutic vaccine are needed

4) Availibility of a small primate macaque model
may be most helpful.

Yes we can !




We should have a dream,

Worldwide famous wizard

=

)

Marcellin P et al. Adefovir dipivoxil for the treatment of B e antigen-
positive chronic hepatitis B. N Engl J Med 2003; 348:808-16
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