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Part 1:
What is hepatitis?



What is hepatitis?

Inflammation of the liver...
Function of the liver:

Production of bile - helps carry away waste and break down fats in the small
intestine during digestion

* Production of hormones
e Balancing and production of glucose as needed

Hepatic vein

Portal vein

Hepatic
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What is hepatitis?

Inflammation of the liver...
Function of the liver:

* Production of bile - helps carry away waste and break down fats in the small
intestine during digestion

* Production of hormones

e Balancing and production of glucose as needed

Hepatic vein

e Regulation of blood levels of amino acids
e Processing of hemoglobin for distribution of its iron content - the liver stores

Portal vein iron

’ e Stores vitamins — Liver is nature's multivitamin
Hepatic

artery
Common

Gallbladder  Dile duct



What is hepatitis?

Inflammation of the liver...
Function of the liver:

* Production of bile - helps carry away waste and break down fats in the small
intestine during digestion

* Production of hormones

e Balancing and production of glucose as needed

Hepatic vein

e Regulation of blood levels of amino acids
e Processing of hemoglobin for distribution of its iron content - the liver stores

Portal vein iron

2 e Stores vitamins — Liver is nature's multivitamin
Hepatic

artery
Common e Clearing the blood of drugs and other toxic substances

Gallbladder il duct « Decomposition of red blood cells
e Clearance of bilirubin



What is hepatitis?

Inflammation of the liver... — often caused by viral infection

W, P

Loss of Fever Fatigue Headache
appetite
Jaundice Grey stool Amdominal Dark urine

pain



What is hepatitis?

Chronic injury * Genetic polymorphisms

* Viral infection *» Epigenetic marks

* Alcohol * Cofactors (such as

* NASH obesity and alcohol)

* Autoimmune disorders

* Cholestatic disorders Liver

* Metabolic diseases l transplant
A

- o Liver failure
/7 5-50 years * Portal
7/ : . hypertension

.

v:l‘)_igrupiteaia;éhitectarei
* Loss of function
* Aberrant hepatocyte

. Inﬁammatory damage .
* Matrix deposition
Normal *» Parenchymal cell death

Early

liver * Angiogenesis fibrosis regeneration Cirrhosis
Resolution Regression
: - Hepatocellular
* Removal of underlying cause S L R
) * Anti-fbrotic drug or cell therapy

- Fibrosis = fibrous connective tissues, that occur as a reparative response to liver injury or damage
— Cirrhosis = scarring that damages the liver and interferes with its functioning; is a result of persistent liver
damage over many years



The alphabet of hepatitis viruses

Hepatitis A —,,acute”

Hepatitis B — ,,bad“

Hepatitis C —,,chronic or cure”
Ill

Hepatitis D — ,,devi

Hepatitis E — ,,emerging”



Types of viral hepatitis?

Table 1. Properties of human hepatitis viruses.

Hepatitis A to E: Are they all relatives? (no...)

HAV HBV HCV HDV HEV
Virus family, genus Picornaviridae, Hepadnaviridae, Flaviviridae, Unassigned, Deltavirus Hepeviridae,
Hepatovirus Orthohepadnavirus Hepacivirus Orthohepevirus

Genome type

Approx. genome
length (nt)

Virion diameter (nm)
Envelope

Course of infection
Predominant

transmission routes
Cellular receptor

Positive-sense
linear ssRNA

7,500

27-32
No/quasi-
enveloped
Acute®’

Mainly faecal-oral,
parenteral
Unknown®®

Circular, partially
dsDNA (full length
negative-sense, partial
positive-sense),
replication via reverse
transcription

3,200

42
Yes

Acute/chronic
(children 30-90%;
adults <5%)°?
Vertical, parenteral,
sexual

NTCP, heparan sulfate
proteoglycans®’“®

Positive-sense linear
ssRNA

9,600

55-65
Yes

Acute/chronic
(80-85%)%

Parenteral
CD81, SR-B1, LDL

receptor, claudin-1,
occludine®®-"!

Viroid-like, negative-sense
circular ssRNA

1,700

36-43
Yes

Acute/chronic
(>80% if superinfection)®*
Parenteral, sexual

NTCP, heparan sulfate
proteoglycans®’-?

Positive-sense linear
ssRNA

7,200

30-34
No/quasi-enveloped

Acute/chronic (<1%)%°
Faecal-oral, food-

borne, parenteral
Unknown

dsDNA, double-stranded DNA; nt, nucleotide; NTCP, sodium taurocholate co-transporting polypeptide; ssRNA, single-stranded RNA.

Rasche et al. 2019
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Question #1

Hepatitis is...

a) metabolic disease
b)inflammation of the liver
c))often caused by viruses
d) Liver cancer
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Part 2:
What is hepatitis C?

- Inflammation of the liver caused by the hepatitis C virus



Discovery and History of Hepatitis C Virus

1990

Chimpanzee model

2021
2014 Cure rates above 90%

Subgenomic replicon Second generation

DAAs
HCV
1989 cee-  HOV
Official discovery eradication
of HCV
2000 2020
1991 peg-IFN-a approved 2011 Nobel Prize
IFN-a approved First DAAs-approved THE NOBEL PRIZE
Non_primate hepacivirus IN PHYSIOLOGY OR MEDICINE 2020 CE
discovered

Harvey J. Michael Charles M.
Alter Houghton Rice

“for the discovery of Hepatitis C virus”

THE NOBEL ASSEMBLY AT KAROLINSKA INSTITUTET 12



Hepatitis C Virus Prevalence and Transmission

@
Remaining high infection
58m
HCV-positive
L Adapted from WHO, Global Hepatitis Report 2017, WHO 2022

Progression of HCV Infection

For every 100 infections

75-85 Develop chronic infection

60-70 Develop cHronic liver disease

T—— e

5-20 Develop cirrhosis over 20-30 years

Increasing Time

U"{‘S;}WH Injection drug use
o T~~~ 60%
Other (hemodialysis; /
health care work; ——_
perinatal)
5%

Transfusion ~

(before screening) Blood-borne
10“7‘?’0 ° °
transmission!
Sexual F___'
15%

Normal Liver 20-25 years 25-30 years

Chronic
Hepatitis

Cirrhosis

T

HCV Infection

HCC HCC = Hepatocellular calcinoma
ESLD ESLD = End-stage liver disease

Death
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What is the Hepatitis C Virus?

Family: Flaviviridae Lipo-
protein
Genus: Hepacivirus

Species: Hepatitis C Virus
(7 Genotypen)

o~

o~ S ———HCVRNA

-

Diameter: 50-60 nm

Genome: (+) RNA, ~9.6 kb membrane




HCV host tropism

Family:

Genus:

Species:

Diameter:

Genome:

Flavivriace
Hepacivirus ‘,.H
Hepatitis C Virus g

(7 Genotypen) RL
>0-60 nm o

(+) RNA, ~9.6 kb

BoHV/N !l R

Baechleinetal. 20715 BHV/L

BHV/K
GBVB/B Quanetal. 2013

Quan et al. 20

EqHV/A
Kapooretal 2011

2013 peinhardt et al. 1967

GHV/D
Laucket al. 2013

of

BHV/K
Quanetal. 2013

BHV/M
Quan et al. 2013

HCV/C
Chooetal. 1989

16



HCV animal models

Chimpanzees

Liver chimeric mice

Healthy mouse liver
(Immunodeficient mice)

- uPA activity (PXB)
- NTBC withdrawal (FRG)
- Ganciclovir treatment (TK-NOG!

Damaged mouse
liver

3

Human hepatocytes

Humanized liver

BoHV/N ™

Baechleinetal. 2015

RHV/E
Kapooretal. 2013

RHV/F
Drexler etal. 2013

RHV/G
Firth etal. 2014

RHV/H
Firthetal. 2014 que=""

RHV/I
Drexleretal. 2013

A —,

RHV/)
Drexleretal. 2013

2

EqHV/A

Kapooretal 2011

BHV/L GBVB/B
Quanetal. 2013 peinhardt et al. 1967

GHV/D
Laucket al. 2013

HCV/C
Chooetal. 1989

BHV/K
Quanetal. 2013

of

BHV/K
Quanetal. 2013

BHV/M
Quan et al. 2013
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HCV attachment and entry

D
‘!H'cv bindingto |

- Time and space defined process

% ! 8 \ - Low-affinity binding of HCV to two host receptors
R O, »e @ ' . el il (LDLR = low density lipoprotein receptors, HSPG

(heparin sulfate proteoglycans)

—> This triggers the HCV outer E1/E2 heterodimer
membrane protein to bind to the scavenger
receptor B1 (SRB1) and the tetraspanin protein
CD81

- Interaction between E2 and CD81 then activates
signal transduction through epidermal growth factor
receptor (EGFR), HRAS and RHO GTPases

- These signaling events create a wave in the lipid
membrane, propelling the HCV particle to a tight
junction between hepatocytes

18



HCV attachment and entry

€))

A~ - CD81 interacts with claudin-1 (CLDN1), which

initiates inward folding of viral particles and

{ % hepatocyte cell membrane
2 ONIC ag @ OB A
T — | e - HEV gets engulfed into the endosome, which is
SRS R, S\ covered by a clathrin cage
E'Gf;li\s.signalling Noa! 2

""" Tight
junction

Nature Reviews | Microbiology
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HCV attachment and entry

©)
HCV binding to
surface receptors

: "J *ﬁ'

N/ 2
- WS A} ateral movement
- D ) oiX of HCV-CD81
N S o320 %< ;1 400 el R o
0 =0 = )
A E WO~ @RAY : . R »
HSPG LDLR  SRB1 CD81 rlx \% (I

EGFR signalling S
via RAS W

\ . I q :
- N H
©O) /\ B | &
| Low-pH-mediated fusion I :{CLDNFCDM CLDN1 o=
L=C aenationdl L | interaction > o |Tight
.H- junction

pa ™

[ Clathrin-mediated
| endocytosis
@

Nature Reviews | Microbiology

— CD81 interacts with claudin-1 (CLDN1), which
initiates inward folding of viral particles and
hepatocyte cell membrane

- HEV gets engulfed into the endosome, which is
covered by a clathrin cage

—> Clathrin cage disperses upon entry

— Acidic pH within the endosome triggers fusion
between viral and host membrane

- HCV RNA is released into the cytosol for translation
and replication

20



Genome of Hepatitis C Virus

Structural proteins

Nonstructural proteins

VvV

192 384 74
C E1 E2 p7
l (L X ] ° 00000 0000 00 l | t
Capsid Envelope Viroporin and Serine protease
glycoproteins assembly factor and helicase,
assembly factor
: \
\V4 q-termlnal Fleavagg of core by Autoprotease and
signal peptide peptidase assembly factor
{/ Signal peptidase cleavage site
¥V NS2-NS3 protease cleavage site
{/ NS3-NS4A protease cleavage site

Replication clomplex

| L S | L

NS3 protease Regulator of RNA-dependent
co-factor replication and RNA polymerase

viral assembly

\/
Organizer of replication
complex and membranous web

Scheel & Rice 2013
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HCV replication, assembly and release

ER lumen and secretory pathway

NS2 NS4B DGAT1
R‘H o 3333333333333333
T e ELLLR

Wi

Cytosol

NS3/4A

High density
HCV precursor

NS5A

NSSB

Nascent LD

Replication complex

Membranous web

Cytosolic LD

2 i SN

Low density mature HCV Mature VLDL
J Q

Luminal LD

\
ipoprotein
m precursor

AR AR

ApoB lipidation

LD-associated proteins
(e.g. ADRP)
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Question #2

Hepatitis C viruses...

a) Contains a negative sense RNA genome

b)Enter cells through clathrin-mediated endocytosis
c))Encode a RdRp and viral proteases on their genomes
d) Replicate in the nucleus of host cells

23



How to treat chronic HCV

Sustained virological response rate (%)

100 — 84-97 98-99
68-75
75 |
54-56
50 - 31-47
19-30
254 6-19
0 I I | I I I |
o > S S ™ 2 g
) Q é( Q /Q‘_b & 3" v\’x&%o‘\% OVQ’\«Q
\(\e@ Qe\(&@ {5‘- @ V\& NS beé‘ v
S S & < < \(—} & ®o &
g & ] S £ &
N ] ?‘0 @Q‘
Na

Manns & Maasoumy. Nat. Rev. Gastro & Hepatol. 2022

- Multiple virus structures can be targeted

Lipoproteins

(7) Release
4 i NS5A inhibitors
3\ Golgi (mode l?:i actlon)'
tu not know
f (2) Entry apparatus

v/ (3) Fusion w‘ag'ﬁgo
Ad Nucleus Qs
.-’k / /,ﬂ,‘_n‘/‘/

X & /?;,f,,é (5) Replication

(9 \. ¢« Endoplasmic

T
'anslalio,, reticulum

WL
YOD0T
N /; ; :}/\/ : NS5B polymerase
Telaprevur inhibitors
NS3/4A protease Bocepr evir
inhibitors Simeprevir

Faldaprevir
Pantaprevir

Ritonavir

Alavian et al. 2016, Bertino et al. 2015
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How to treat chronic HCV

I 5 , I
5'NIR '—M E2 l J NS2  Protease Helicase

.

"

" Structural Proteins

p7

Non-Structural Proteins

NS3  NS4A

HCV Polyprotein Cleavage

NS34/A Protease Inhibitors (-Previr

Telaprevir
Boceprevir
Simeprevir
Asunaprevir
Danoprevir
Paritaprevir

Vaniprevir
Sovaprevir
Grazoprevir
ACH-2684
Narlaprevir
Vedroprevir

Alavian et al. 2016, Bertino et al. 2015

Daclatasvir
Ledipasvir
Ombitasvir
Velpatasvir
ACH-2928
ACH-3102

NSSA Inhibitors (-Asvil

PPI-668
PPl-461
GSK2336805
Samatasvir
Elbasvir
BMS-824393

NS4B | NSSA  NSSB

NSSB Polymerase Inhibitors (-Buvir

NIs
Sofosbuvir
Mericitabine
VX-135
Valopicitabin

3'NIR

NNIs
Dasabuvir
BMS-791325
GS 9669
VX-222
Fillbuvir
Setrobuvir
Nesbuvir
Tegobuvir

Hepatitis C Virus

Medication Classes
Direct-Acting Antivirals (DAA’s)

[ " P

NS5 i.e. pibrentasvir,
Inhibitors velpatasvir

NS5 i i.e. sofosbuvir,
Inhibitors dasabuvir

Treatment based on factors including genotype,
previous treatment, and cirrhosis

Treatment-naive patients take combo of DAA’s for
8-12 weeks

- Suffix can give a hint on target structure

25



Viral diversity and its implication for treatment success

10-2 .
@ Viroids
10-3 ¢
10-4
@ 10-5 + ]
S 40-6 . SSDNAQ)
g viruses
':;: 10-7 ;
g 10-8 | dsDNA _ Higher
. viruses Bacteria eukaryotes
°
10-10.. Lower ‘
10-11 | eukaryotes

102 103 104 105 106 107 108 109 1010
Genome size



Viral diversity and its implication for treatment success

3k 29
B s | 3a
66 ?d “‘l -
68'__ & 6f, 1 ?‘ép 5a
6b‘ 1
69 é . 4a =
6me 4d
6je o
L :1
6i 2 » b
6h,. = .
6n = ° 1c
6l & L
ok 13
e
N /RIRA 1b
wse 2k 2a
2b 26
0.1

1b

HCV variability

>30% variability between genotypes
e ~20% variability between subtypes
e error prone RNA replication

(1 Mutation per genome)

* high replication rates: 102 new particles/day

- Increases chance of acquiring resistance mutations

or to evade immune responses
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Current HCV challenges

Limited access to DAAs in developing nations where the disease

burden is greatest Only 1in 5 patients diagnosed

70000 17

60000 A

Limited surveillance in developing nations

50000 A
40 000
30000 A

Majority of chronically infected patients are undiagnosed

20000 A

Number of persons (in thousands)

10000 4

Re-infection is possible after DAA cure o

No prophylactic vaccine available

7\

20% of
HCV-infected
aware of disease

Infected Diagnosed

Limited treatment efficacy

Liver pathology & increased tumor risk

Re-infection after clearance possible

29



Barriers to an HCV vaccine: viral genetic variability

O oo e * HCV can be divided into 8 distinct genotypes

4% * 35% difference between genotypes - High error rate of the viral NS5B
TR polymerase

* HCV evolves with an infected patient as a "quasispecies’— 1-5% variability

B % e * Envelope proteins E1 and E2 are the most variable regions, and heavily
glycosylated

3 hypervariable regions within E2

TMD HVR1 HVR2 igVR TMD
[ [ || || | | £2
100 £ g ® © @ S &P

=)

100

HCV RNA

Amino acid
similarity
o o =
o [3.]

S [N ) ) o N N [N ) o o
o v o o8 W N & & & &P N
E1E2 residue

—

r

<> 6T20_18

il

100

rﬂm

* HCV is a lipo-viral particle: a chimera of both viral and host proteins

<> GT7a_QCe9
0.1

30
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A human challenge model (CHIM) to assess HCV vaccine candidates?

Blood draw for:
1. Safety bloods
2. Immune assessment

i) HCV specific T cells and Abs
ii) Multiparametric flow cytometry

Inclusion criteria:

Blood Draw

(YYYYY
b

Planned human challenge studies

* Leading HCV vaccine candidates will be assessed in
human challenge studies

Blood draw for: ?FNA

T ety Hocde  After confirmation of T-cell and antibody priming,
Al ?““‘? ? | ? ? volunteers will be inoculated with HCV

B e sy SRR

[ Follow up Duration |

Slon o ; * Protective effects of vaccines assessed
il Il —;: Priming of HCV > :
T cell immune responses §§ E
2 i : e Any volunteers who develop chronic HCV due to
53 | . : . .
‘%\ Je g W o ool suboptimal immunizations will be cured by DAAs at the
- \ A | e———— end of the study
W Hev B el re‘;,?é‘;fi'on i P Hov Tcell
immune responses : memory responses
| | A Ethical & practical concerns
, Week 16 HCVintavenous ) ’ * Informed consent — financial incentive to volunteers
[ HCV vaccine ] (depending on vaccine schedule)  inoculation Week 1-3 Week 3-32

b o
» @

Week after Vaccination

Week after HCV Innoculation

Barnes et al. Hepatology. 2022 e Uniformity of HCV inoculum across donors

* Epigenetic changes from HCV infection increase chances

of developing liver cancer, even after DAA cure
31



Revision #1

HCV as an example of Research success
* But why does it remain a problem?

How is the particle and the genome organized?
Replication cycle — focus on entry
HCV transmission (blood borne, risk groups?)

Course of infection? Timeframe and damage?

32



Part 3:
What is hepatitis E?

- Inflammation of the liver caused by the hepatitis E virus



Discovery and History of Hepatitis E Virus

HEV

Waterborne non-A, Molecular
non-B hepatitis characterization "{
I I
1980 1990 1999
1983 1997
I
Virus - m
discovery

Mikhail Balayan
Drank a pooled filtrate of patient stool samples with yoghurt

e
RBV treatment
~= 0

2010 2012
2009 2011 2014

PNY Ravbit | ¢ d Camel

First vaccine

Quasi-enveloped
particles

34



HEV transmission

HEPATITIS PROBLEM

Many get infected with hepatitis E, and a few
get very sick. How can the virus be stopped?

By Kai Kupferschmidt

Developing worId!’

drinking con
of contaminated water

irrigation

&/ wild and
run-off farm animals

blood transfusions/
organ transplantation,
vertical transmission

Developed world!

el o

4R p
9

human and farm animal
sewage

sumption
of contaminated food

7 |

blood, organs, vertical

Current Opinion in Virology
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HEV transmission

EUROPE'S NEW
HEPATITIS PROBLEM

Many get infected with hepatitis E, and a few
get very sick. How can the virus be stopped?

By Kai Kupferschmidt

SPIEGEL ONLINE spieceLm Q

= Menu | Politik Meinung 12t Panorama Sport Kultur Netzwelt Wissenschaft mehrv
WIRTSCHAFT Schlagzeilen | Wetter | DAX12.641,21 | TV-Programm | Abc
Hepatitis-E-Nachweis

Lidl ruft Meeresalgen-Salat zuriick

In der Pack des M I Salats "Wak " von Lidl sind Hepatitis-E-Viren gefunden worden. Der
Discounter rat dringend vom Verzehr ab, da dadurch sct Leb iind ausgelost den ké

Tapas

Wakame

"Wakame Salat" des Herstellers Heiploeg

Freitag, 18.05.2018 15:23 Uhr Drucken Nutzungsrechte Feedback Kommentieren

Wegen einer moglichen Belastung mit Hepatitis-E-Viren ruft Lidl den Meeresalgen-
Salat "Wakame" des niederlandischen Herstellers Heiploeg zurtick.

Die Viren, die schwere Leberentzindungen auslosen kénnten, seien bei der
Untersuchung einer Packung des Produkts nachgewiesen worden, teilte der
Discounter mit. Kunden sollten den Salat nicht essen. Er kann in allen Filialen von
Lidl Deutschland zurtickgegeben werden. Der Kaufpreis wird auch ohne Vorlage des
Kassenbons erstattet.
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HEV in Germany

Abb. 6.25.1:
Ubermittelte Hepatitis-E-Erkrankungen nach Meldejahr, Deutschland, 2001 bis 2019

4.000

3.500

3.000

2.500

2.000

1.500

1.000

500

0

Anzahl der Erkrankungen

il

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Meldejahr
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HEV in Germany

* almost 420,000 new infections — most of
them unnoticed

* Approx. 4,000 severe HEV infections

* 1:500-1:1,250 blood products HEV RNA
positive

38



Hepatitis E Virus (HEV) — an underestimated infectious disease

s I’ 3 - 7.\‘
AN ‘
lgggAN . . Mepingitis,
SPLANT jaundice vomiting Neuraligic amyotropy,
[ ) FoR TRAN (yellowing of the skin and Guillain-Barre syndrome
~ 2 0 NI I o - i sklera of the eyes
cases of acute infections/year
nausea "
Glomerulonephritis

~3.5K

deaths/year

World Health Organization, 2023

elevated levels of
ALT/AST, bilirubin, ALP,
and GGT

fibrosis,
steatosis,
chirrosis
Ioss of appetite
Pankreatitis

dlscolored stool Myocarditis

abdominal pain
P dark urine

Thyroiditis

No causation so far, but correlation!!! 39



Extrahepatic manifestations: HEV neurotropism

-
r 8 »
..
\.. . . 3
., ¥ . B
‘ N ! -
N . -
& ’ L ] ' .

HEV ORF2



Question #3

Hepatitis E is transmitted...

a) Via contaminated water in developed countries

b)Via contaminated food products in developed countries
c))Via contaminated water in developing countries

d) Via contaminated food in developing countries

41



Clinical course of HEV infection

4 : Healthy liver

chronic liver

/fibrosis/steotasis

| chirrosis hepatocellular carcinoma

&
‘ HEV infection “‘

f )

asymptomatic acute hepatitis E
l I
clearance ( : 1

- anorexia chronic hepatitis E
- nausea l

Tirmiti - vomiting

self-limiting _ abdominal pain

- jaundice - fulminant hepatitis

progression of chronic HEV infection

—> Similar pattern for chronic HEV or HCV infection, but

- fever - liver cirrosis
- flu-like symptoms

immunocompetent patients immunocompromised patients

different time spans:
- HCV: ~20-30y vs. HEV: ~10y

—> HDV: most severe viral hepatitis — a few years
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HEV GT1 in pregnant women

Effects on mother

* Higher risk of disease during
hepatitis E outbreaks

* Higher risk for developing
symptomatic disease with HEV
infection

* Higher risk of severe disease and
acute liver failure

* These are seen primarily with
genotype 1 HEV and not with
genotype 3 or4

* HEV genotype 1 appears to
replicate more efficiently in
maternal-fetal interface tissue
than the genotype 3 virus

Effects on fetus

* Increased risk of complications
during pregnancy
* Miscarriage
* Intrauterine death
* Premature delivery

* Increased risk of neonatal
complications

* Neonatal hepatitis

* Acute liver failure
Neonatal death
Low birth weight
Small for gestational age
Still birth

Aggrawal et al. 2021
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Lab parameters during HEV infection

Relative levels

Relative levels

Acute HEV infection (immune competent patient)

HEV-specific CD8+T-cells ~| — Fecal, HEV, RNA
— IgM

ALT — IgA
— lgG

1 1 1 1 T 1T 1T 1T 1T 1T 17T T T T T T 1
01 2 3 45678 910MN121314 1516 1718 18 20

Incubation Icteric Covalescence

(4-6 weeks) (4-5 weeks)

Chronic HEV infection (HEV RNA (x anti-HEV) 23 months)

Reduced immune
suppression —‘

— No HEV
clerance (70%)

ALT |
| clearance (30%)

- Incubation period 15-60 days

- Increase in ALT (Alanine Aminotransferase) liver

enzymes indicate liver inflammation
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What is HEV?

Hepeviridae, Orthohepevirus
~ 34 nm in diameter

(+) ssRNA (7,2 kb)
Quasienveloped

No HEV-specific direct acting antivirals
available

vaccine only in China and Pakistan

HEV-capsids

Quasi-enveloped
HEV virion

Quasi-envelope [
HEV-ORF3
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Genomic organization of HEV

. | ' ORF4
-E ORF1 '____ (genotype 1 only) RdRp
Q
e [ Met I Y I PCFP I HVR I X I Hel I RdRp ]—I-
. Processing?
i e,
Full-length RNA  DOsome . ~7.2kb
5’”'% - A3
carp ()
v Antizenze RNA P I
3r 5I
<]
c JR
5 © caro (D)
L )
Subgenomic RNA S‘ME% ST ALY
Ribosome .
L.

3 ORFs (GT1 4 ORFs)

ORF1 replication machinery
ORF2 capsid

ORF3 unknown/viroporin

Protei

,EE:ORFIEI S iMI P D
pORF3 D
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HEV replication cycle

- Enveloped in blood
- promotes immune evasion

@ @ Mon-enveloped HEV: highly eHEV @

HEV efficient, distinct entry

m mechanism from eHEV Hepatocyte Dyna mi||1 []
Receptor(s) Golgi ]
and/or entry @ apparatus Clathrin @
factor(s)?

Endoplasmic @
reticulum
|

% 4;:. Uncoatlng
H b 1-—--

Nucleus 5, pORF3 Lipid Ir,' *,
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Question #4

Hepatitis E is ...

a))A singe-stranded RNA virus with a 7.2kb genome

b)A quasi-enveloped virus

c))Consists mainly of 3 open reading frames (ORFs)

d) enveloped in the bile and non-enveloped in the blood of infected
patients
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HEV Genotypes

* 8 genotypes

* Genotypes1+2
humane infections

* Genotypes3+4
zoonotic infections

191em pajeurweIne?)

© Reported or known
route of transmission

© Transmission
to humans

© Natural host
O Genotype
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HEV Genotypes - distribution

HEV genotype
HEV1 and HEV2
HEV1 and HEV3

m HEV3

m HEV3 and HEV4

W HEV4
Unknown

- Link between HEV

GT distribution and
transmission mode
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Cell culture models for HEV

Replicon system

_[

ORF1 H Gluc [ orRF2 |-

Easy reporter read-out

High-throughput

Less authentic — only replication, no virus
production

Application:
Drug screenings

Full length

— ORF1 H  ORrF2/3 |

Immunehisto staining
More labor intensive
Production of authentic virus particles

Application:
Study whole virus replication cycle
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Host vs. virus targeting

targeting the host

5%
l'(,

cytokines
(peg-IFNa)
@
®

inhibition of
cellular kinases

/‘/..; B &
W/
N /S
manipulation__—\
of
endocytosis
manipula- N’
tion of
nucleotide
synthesis w
(MMF) SARK
nucleoside _ /\ \
analoga 200 Q00!
(Ribavirin) QQQmQD:g

’

A

manipulation of
virus-host
interactions
(CP11)

~ inhibition of
translation
(Silvestrol)

\

IFN: Interferon

targeting the virus

co /\

inhibitors { ©
~ \
[ \
\ /
©
";!/
© )
helicase
inhibitors \.\Q‘,Qw
polymerase : //\
inhibitors and /\ 2000000 ( )
nucleoside ™ 200 0000
analoga 0.0 0
(Ribavirin,
Sofosbuvir,
2°CMC, GPC-N114,
NITD0O08) K >

—

protease
inhibitors
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How to treat chronic HEV

No HEV-specific antiviral available

IFN-alpha
Activation of the immune system -
Not applicable for transplant patients (graft rejection)

Severe side effects (vomiting, nausea etc.)

e5 Transporter

Th1 — Th2

Off-label Ribavirin (RBV)
Broad spectrum antiviral
Guanosine analog that causes hypermutation

Not applicable for patients with impaired renal function
teratogenic

80% sustained virological response

TNF-a
IFN-y

1. Immune clearance

Sofosbuvir
Reproposed HCV drug — inhibits viral polymerase
Limited efficacy due to resistance mutations

Hepatocyte

IMPDH

> - IMP ———> GMP—> GTP

2. IMPDH-Inhibition

(P) Nucleus

OO0 ——=1sas T

- EARERB) . . Assembly of
\:\_’ ! defective
\ ! - AAANT viral particles
capping of VWY ——— v — @
A viral RNA o ‘ : Virus RNA WW
B - ©
: 6. RNA mutagenesis :
| :
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Viral diversity and its implication for treatment success

acute infection

% self limiting

@ HEV beneficial HEV benéeficial
mutations RBV mutations
monotherapy

iR %
SVR \(\F RBV treatment%;_-"""r
failure

/\ /\

86 aa
8 aa HVR-derived

RdRp-derived /
\fC_ K1398R

D1384G /

EV genome modifications im
RBV treatment failure patienty

VAR v

A723V Y1320H K1383N* G1634R*

J

Todt et al. 2016

Current Opinion in Virology

Resistance associated mutations occur in
patients with chronic HEV and RBV treatment
- often in the polymerase
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Antiviral drug discovery

o [ peg-IFN-a
§ [ MPA |
S [ Ribavirin
( Lysimachia m. |
§ ( cP11)
g ( Silvestrol
X ( IFN-A-3]
( Liriope p.|
( Isocotoin |
( Brequinar|
< [ homoharringtonin]|
g ( Erlotinib
& | K11777)
[ Y1KI |
( halogenated/amidino]
rocaglates

eHEV

Cytokines
|« peg-IFN-a

Attachement o [FN-A1-3 Plasmamembrane

EGFR antagonists
* Erlotinib

HSP90 inhibitor
« isocotoin

Src-family kinase inhibitor
* Y1KI

Cathepsin inhibitors
* K11777

Uncoating

viral RNA

IMPDH inhibitor

*MPA

«RBV

nucleotide synthesis inhibit.
* Brequinar

translation elongation inhibit.
«homoharringtonine

———— > Assembly ——|

TSG101 inhibit.
* CP11

Genome replication

elF4A inhibitors
esilvestrol
eamidino-rocaglates
*halogenated rocaglates

CEIE LN ¢

Viral protein production

Release A
blood feces

adapted from Frericks N.*, KIohn M.*, Lange F.* et al., Antiviral Res., 2024
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Question #5

Similar to HCV, HEV...

a) Causes acute, but no chronic infections
b)) Causes inflammation of the liver

c) Can progress to hepatocellular carcinoma
d) Has a wide host tropism
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Revision #2

e Particle and genome structure (translation products, subgenomic RNA etc.)
* Replication cycle: What goes in —what goes out?

e Genotypes, transmission and types of disease / tropism
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Summary

1. Hepatitis

Function of the liver
Causes and symptoms of hepatitis

Disease progression

2. Hepatitis C virus

Prevalence and Transmission
Genome structure, replication and life cycle
Antiviral drug development and HCV treatment strategies

Remaining challenges

3. Hepatitis E virus

Prevalence and Transmission
Genome structure, replication and life cycle
Antiviral drug development and HEV treatment strategies

Remaining challenges
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