RONAK VIRUS iLiSKiSi
=
HCV PATOGENEZI
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tnum plani

HCV genom organizasyonu,
Viral replikasyon asamalari,
Dogal bagisik yanit,

Adaptif bagisik yanit,
Bagisik yanittan kacis,
Patogenez







Hepatit A ve hepatit B icin serolojik testlerin
gelistirildigi 1970’lerde, transfuzyon iligkili

hepatitlerin onemli bir kismina bir bagka
etkenin yol actigi fark edilmis ve non-A non-B
(NANB) hepatit terimi kullaniimaya
baslanmisgtir.




Tohoku J. exp. Med., 1972, 108, 99-100

Short Report

Seroepidemiological Studies of Transfusion-
associated Hepatitis

4 AkIrRA Tarepa* Kaxeo Kikucar* Rvorcrr SHiracHI, TAKUSEI
UmeENAT and Naxao IsHIDA

Surgical Department of National Sendai Hospital* and Department
of Bacteriology, Tohokw University School of Medicine, Sendai

Avustralya antijeni negatif kan
transfuzyonu sonrasinda 8 hastada
gelisen hepatit tablosu...



Full Text (PDF)

Non-B Hepatitis in Japanese Recipients of
Blood Transfusions: Clinical and Serologic
Studies after the Introduction of
Laboratory Screening of Donor Blood for
Hepatitis B Surface Antigen

J Infect Dis. (1979) 139(5): 511-518

1082 Japon hastada transfuzyon sonrasi
hepatit, donor kanlarinda HBsAg taranmaya
baslandiktan sonra

“hepatit tip B” %0.9,

“‘non-A non-B hepatit” %10.7
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HEPATITIS "C" ANTIGEN IN NON-A, NON-B POST-
TRANSFUSION HEPATITIS

Ryoichi Shirachi® ® ©, Akira Tateda®  ©, Hiroyuki Shiraishi® ® €, Kaneo Kikuchi® €, Nakao Ishida® P ©
= Department of Microbiclogy, Miyagi Prefectural Institute of Public Health, Sendai, Japan
° Surgical Clinic of National Sendai Hospital, United Kingdom

€ Department of Bacteniology, Tohoku University School of Medicine, Sendai, Japan

NANB hepatiti olan hastalarin serumunda yeni
bir “hepatit spesifik antijen” tanimlaniyor
“hepatit C antijeni” terimi oneriliyor.



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

Qui-LiMm CHoO, GEORGE Kuo, AMY J. WEINER, LAcYy R. OVERBY,
DaNiEL W, BMDI EY, MILHAEL HouGgHTON

A random-primed complementary DNA library was constructed from plasma containing
the uncharacterized non-A, non-B hepatitis (NANBH) agent and screened with serum
from a patient diagnosed with NANBH. A complementary DNA clone was isolated that
was shown to encode an antigen associated specifically with NANBH infections. This
clone is not derived from host DNA but from an RNA molecule present in NANBH
infections that consists of at least 10,000 nucleotides and that is positive-stranded with
respect to the encoded NANBH antigen. These data indicate that this clone is derived
from the genome of the NANBH agent and are consistent with the agent being similar to
the togaviridae or flaviviridae. This molecular approach should be of great value in the
isolation and characterization of other unidentified infectious agents.

Viral genomun klonlanmasi...




Virion ozellikleri ve
siniflandirma

e ——

|
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HCV yaklasik 55 nm ¢apinda sferik, zarfli,

Flaviviridae ailesinden bir RNA virusudur.



s\ genom organizasyonu
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HCV genomu yaklasik 9.6 kb uzunlugunda
' pozitif polariteli, tek iplikcikli RNA molekiliddir,

- Buyuk bir acik okuma cercevesi (ORF),
yaklasik 3010 aminoasitten olusan tek bir
buyuk poliproteini kodlar.



He\/ . genom organizasyonu

E2 P7NS2|  NS3  4ANS4B  NS5A | NSSB

° “ *Cys“Ser Helicase * * “ = RdRP
Prot Prot 93741
3011|

Buyuk ORF’nin, her iki ucunda (5’ ve 3') Iyi
korunmus, translasyon olmayan bolgeler
(UTR) vardir. Bu bolgeler translasyon ve RNA
replikasyonunda gorev alirlar



5" UTR

ol

- Yaklasik 341 nukleotid uzunlugunda,
- Ust Uste binen iki ayr fonksiyonel bolgesi
- vardir
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Sequences in the 5" Nontranslated Region of Hepatitis C Virus
Required for RNA Replication
PETER FRIEBE, VOLKER LOHMANN, NICOLE KRIEGER, ano RALF BARTENSCHLAGER*
Institute for Virology, Johannes-Gutenberg University Mainz, 55131 Mainz, Germany

Received 3 May 2001/Accepted 18 September 2001

Sequences in the 5" and 3’ termini of plus-strand RNA viruses harbor cis-acting elements important for
efficient translation and replication. In case of the hepatitis C virus (HCV), a plus-strand RNA virus of the
family Flaviviridae, a 341-nucleotide-long nontranslated region (NTR) is located at the 5' end of the genome.
This sequence contains an internal ribosome entry site (IRES) that is located downstream of an about
40-nucleotide-long sequence of unknown function. By using our recently developed HCV replicon system, we
mapped and characterized the sequences in the 5 NTR required for RNA replication. We show that deletions
introduced into the 5’ terminal 40 nucleotides abolished RNA replication but only moderately affected trans-
lation. By generating a series of replicons with HCV-poliovirus (PV) chimeric 5" NTRs, we could show that the
first 125 nucleotides of the HCV genome are essential and sufficient for RNA replication. However, the
efficiency could be tremendously increased upon the addition of the complete HCV 5" NTR. These data show
that (i) sequences upstream of the HCV IRES are essential for RNA replication, (ii) the first 125 nucleotides
of the HCV 5" NTR are sufficient for RNA replication, but such replicon molecules are severely impaired for
multiplication, and (iii) high-level HCV replication requires sequences located within the IRES. These data
provide the first identification of signals in the 5" NTR of HCV RNA essential for replication of this virus.

Birinci bolge 125 nukleotid uzunlugundadir
ve viral replikasyon icin gereklidir,

Muhtemelen RNA'nin viral replikaz
tarafindan taninmasini saglar.
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The Pathway of HCV IRES-Mediated
Translation Initiation

Geoff A. Otto' and Joseph D. Puglisi®* IRES initiation demonstrated that the IRES assembles

'Department of Microbiology and Immunology on purified 40S subunits devoid of initiation factors (Pes-
?Department of Structural Biology tova et al., 1998). The IRES-40S binary complex forms
Stanford University School of Medicine near the AUG codon; addition of only elF3 and ternary

Stanford, California 94305 complex docks the AUG in the ribosomal start site and
yields a 48S-like (48S*) complex without elF4F during

SUTR ' jlk segmentin Ustiine binen 300 niikleotidlik

oo Ikinci segment “internal ribozomal entry site
res | (IRES)” olarak davranir ve viral ORF’nin
translasyonunu baslatir.
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The Pathway of HCV IRES-Mediated
Translation Initiation

IRES*40S

HCV IRES 40S 40S

HCV IRES herhangi bir translasyon baslatici
faktore gerek duymaksizin, dogrudan 40S
ribozomal subunite baglanma yetenegindedir.
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The Pathway of HCV IRES-Mediated
Translation Initiation

m_

IRES

5'UTR RNA ile 40S subunit kompleksi, HCV
translasyon baslatici kodon ile iliskiye gecer.

HCV, proteinlerinin translasyonunu kendine
0zgu bir mekanizma ile baslatmaktadir.
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3" RNA Elements in Hepatitis C Virus Re]glication: Kissing Partners
and Long Poly(U)
Shihyun You and Charles M. Rice*

Center for the Study of Hepatitis C, Laboratory of Virology and Infectious Disease, The Rockefeller University,
1230 York Avenue, New York, New York 10065
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The hepatitis C virus (HCV) genomic RNA possesses conserved structural elements that are essential for its
replication. The 3’ nontranslated region (NTR) contains several of these elements: a variable region, the
poly(U/UC) tract, and a highly conserved 3" X tail, consisting of stem-loop 1 (SL1), SL2, and SL3. Studies of
drug-selected, cell culture-adapted subgenomic replicons have indicated that an RNA element within the NS5B
coding region, SBSL3.2, forms a functional kissing-loop tertiary structure with part of the 3" NTR, 3’ SL2.
Recent advances now allow the efficient propagation of unadapted HCV genomes in the context of a complete
infectious life cycle (HCV cell culture [HCVec]). Using this system, we determine that the Kissing-loop
interaction between 5BSL3.2 and 3" SL2 is required for replication in the genotype 2a HCVce context.
Remarkably, the overall integrity of the SBSL3 cruciform is not an absolute requirement for the Kissing-loop
interaction, suggesting a model in which frans-acting factor(s) that stabilize this interaction may interact

3' UTR ucu, terminasyon kodonundan sonra
gelen kismen degisken 30-60 nukleotidlik bir
segment ile bunu izleyen oldukca degisken

50-100 nukleotidlik polyU/UC segmenti,



Innate immunity induced by composition-dependent RIG-I
recognition of Hepatitis C virus RNA

Takeshi189ito1, David M. 0wen1’2, Fuguo Jiang3, Joseph Marcotrigiano3, and Michael
Gale Jr. '

"University of Washington School of Medicine, Department of Immunology Seattle, WA
98195-7650

2Department of Microbiology, UT Southwestern Medical Center, Dallas, TX 75235-9048

3Department of Chemistry and Chemical Biology, Rutgers University, Piscataway, NJ 08854,
USA

PolyU/UC segmentinin HCV'nin temel “patojen
iliskili molekuler yap1 (PAMP)"s1 oldugu
gosterilmistir.

Bu yapl, “insan sitoplazmik yapi tanima
reseptoru (PRR)” RIG-1 tarafindan taninir.
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Kissing-Loop Interaction in the 3" End of the Hepatitis C Virus
Genome Essential for RNA Replication

2 : 2 . . 2 = &
Peter Friebe,' Julien Boudet,” Jean-Pierre Simorre,” and Ralf Bartcnschlagcr' !
Department of Molecular Virology, University of Heidelberg, Heidelberg, Germany,' and Institut de Biologie

Structurale Jean-Pierre Ebel, Grenoble, France®
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The hepatitis C virus (HCV) is a positive-strand RNA virus belonging to the Flaviviridae. Its genome carries
at either end highly conserved nontranslated regions (NTRs) containing cis-acting RNA elements that are
crucial for replication. In this study, we identified a novel RNA element within the NS5B coding sequence that
is indispensable for replication. By using secondary structure prediction and nuclear magnetic resonance
spectroscopy, we found that this RNA element, designated SBSL3.2 by analogy to a recent report (S. You, D. D.

PolyU/UC segmentinin sonunda ise iyi
korunmus 98 baz sekansi (3'-X bolgesi) vardir.
3’ terminalindeki 98 baz sekansi HCV

genomundakien iyl korunmus segmenttir.
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Kissing-Loop Interaction in the 3" End of the Hepatitis C Virus
Genome Essential for RNA Replication
Peter Friebe,! Julien Boudet.”? Jean-Pierre Simorre.” and Ralf Bartcnschlagcr‘*

Department of Molecular Virology, University of Heidelberg, Heidelberg, Germany,' and Institut de Biologie
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5'=(pi_fuc [e)__3 //] 5B 3

In vitro galismalar ile 3'-X bolgesiile NS5B'yi
kodlayan bolge arasindaki iliskinin viral RNA
replikasyonu icin kesinlikle gerekli oldugu
gosterilmistir.




3UTR

 E2 P7NS2]  NS3  4ANS4B  NS5A | NS5B

* “Cys“Ser Helicase* * . RdRP
Prot Prot 93741
3011|

- 9.0 kb ORF, translasyonla eszamanli yuruyen
bir islemle “en az” 10 proteine ayrilan buyuk bir
poliprotein kodlar.




ARF HVR1 -----------------------------------------

Core E1| E2 p7iNs2/ NS3  4ANS4B NS5A | NS5B
. * *Cys“Ser Helicase * * “ “ RdRP

nt 342 Prot Prot 9374
aaf 3011

3 “yapisal” protein
nukleokapsid proteini, core (C)
Iki zarf proteini E1 ve E2

viral RNA replikasyonu icin elzem olmayan

‘ancak virion uretimi igin gerekli olan iki protein
p7 ve NS2

5 “yapisal olmayan”, viral RNA replikaz

kompleksini olusturan protein
NS3, NS4A, NS4B, NS5A, NS5B
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ARF :

Core| E1 s 821 . NS3 4ANS4B  NS5A | NS5B
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nt 342 Prot Prot 0374
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Poliproteinin islenmesi hem hucresel hem de
-viral proteazlarla gergeklesir.

Sinyal peptidaz, poliproteini C/E1, E1/E2,
-~ E2/p7 ve p7/NS2 bilesenlerinden keser.




INs2|  NS3  4ANS4B  NS5A | NS5B

‘Cys1Ser Helicase * * . - RdRP

Prot] Prot 9374
3011

Olusan NS2/NS3 proteini bir sistein proteazdir
ve NS2/NS3 bileskesini keser.




c33 4100
c20(

| Ns3  |a
~Ser' Helicase
Prot

NS3 proteininde ise diger yapisal olmayan
proteinleri ayiran serin proteaz aktivitesi vardir

'NS3 proteaz aktivitesinin ekspresyonu NS4A
proteini ile bir kompleks olusumunu gerektirir.
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Expression and Identification of Hepatitis C Virus Polyprotein
Cleavage Products
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Core E1| E2 p7INS2/ NS3  4ANS4B NS5A | NS5B
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Prot Prot 9374
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HCV poliproteininin amino terminalindeki 191
aa uzunlugundaki segmenti, yeni olusan
poliproteinden sinyal peptidaz aktivitesi ile

~ ayrilir ve RNA baglama aktivitesine sahip
nukleokapsid proteini olusur.



yapisal proteinler / C

3
iy -
"

Ardindan, endoplasmik retikulum
membraninda sinyal peptid peptidaz aktivitesi
ile matur nukleokapsid proteini 171 aa
uzunluga indirilir ve hucre sitoplazmasina
salinir.

Nukleokapsid proteini immunojeniktir ve
infekte bireylerin serumlarinda hem

nukleokapsid proteini hem de buna karsi
antikorlar saptanabilir.




Nukleo
aktivite

degisik

transkripsiyonu,
- Apoptosisin supresyonu / induksiyonu,
- Fare embriyo fibroblastlarinin

transformasyonu

- HBV replikasyonunun supresyonu,

Kapsid proteini ile iligkili biyolojik
er arasinda,

-Hucre dongusu regulasyonunda
Ikler,

-Hucresel proto-onkogenlerin




sdal proteinler / C

Nukleokapsid proteininin HCV'ye karsi gelisen
immun yaniti da etkiledigi,
- MHC sinif | ekspresyonunu arttirarak
NK hucre inhibisyonuna yol actiqi,
- T hucre proliferasyonunu inhibe ettigi,

- TNF reseptor ailesine ait hucresel
reseptorler ile etkilestigi



fapisal proteinler E1 ve

ARF HVR1 e

Core E1| E2 P7NS2/  NS3  4ANS4B  NS5A | NS5B
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HCV poliproteininin sinyal peptidaz aktivitesi
lle 383 ve 746. aminoasit residulerinden
kesilmesi ile E1 ve E2 proteinleri olusur.



(@pisal proteinler E1 ve E2

HVR1
E1| E2

Bu proteinler ER’a sekrete edilir ve “tip 1
membran proteinleri” olarak, hidrofobik C

terminal araciligiyla, membrana bagli kalirlar.
. T

4

E1 ve E2 proteinleri yogun bigimde glikozile,
tum kitlesinin yaklasik %50’si seker yapisinda
olan proteinlerdir.
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Biogenesis of hepatitis C virus envelope glycoproteins

Anne Op De Beeck, Laurence Cocquerel and Jean Dubuisson
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Iki major zarf proteini
nonkovalent heterodimerik
kompleks bigciminde

iliskidedir.

folding of E1 helped by E2

noncovalent heterodimer
(T 1/2 of assembly = 120 min)



Hepatitis C Virus: Detection of Intracellular Virus Particles
by Electron Microscopy

YoHKO K. SHIMIZU,! STEPHEN M. FEINSTONE,”> MICHINORI KOHARA,” ROBERT H. PURCELL,"
AND HIROSHI YOSHIKURA'
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‘ HCV hiicre kultirlerin

kompartmanindadir.

Bu durum, diger Flavivirus ailesi uyelerinde
oldugu gibi, HCV partikullerinin intrasitoplazmik
vezikullerde bir araya geldigini ve sekretuvar
yolla salindigini dusundurmektedir.




i ve notralizan antikor
aticre iliskili, glikozile NS-1



episal proteinler E1 ve E2

B«

4

JESCES V.

E2 proteininin amino terminaline yakin ucunda
yaklasik 30 aa residusunden olusan oldukca

degisken bir bolge vardir (hypervariable region
1 HVR-1)

Bu bolge zarf proteinlerinin genetik olarak en
degisken bolgesidir ve viriyonun yuzeyinde

polipeptid bir loop bigiminde bulundugu
dusunulmektedir.
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Humoral Immune Response to Hypervariable Region 1 of the
Putative Envelope Glycoprotein (gp70) of Hepatitis C Virus
NOBUYUKI KATO,' HITOMI SEKIYA,' YUKO OOTSUYAMA,' TAKAHIDE NAKAZAWA,'
MAKOTO HIJIKATA,' SHOWGO OHKOSHI,? anp KUNITADA SHIMOTOHNO'*

Virology Division, National Cancer Center Research Institute, 5-1-1, Tsukiji, Chuo-ku, Tokyo 104,
and Third Department of Internal Medicine, School of Medicine, Niigata University,
1-757 Asahimachi, Niigata City 951,% Japan

HVR-1 uzerinde bir ya da daha fazla sayida
notralizasyon epitopu vardir ve bu bolge akut
ve kronik infeksiyonlarda immun yanittan
kacisl saglayan mutasyonlarin oldugu
bolgedir.
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Acute Hepatitis C Virus Structural Gene Sequences as Predictors of
Persistent Viremia: Hypervariable Region 1 as a Decoy
STUART C. RAY,"' YU-MING WANG,? OLIVER. LAEYENDECKER,' JOHN R. TICEHURST *#
STEPHEN A. VILLANO,! axp DAVID L. THOMAS'*

Depariments of Medicine' and Pathology,” Johns Hopkins University School of Medicine, Baltimore, and Center for Devices and
Radiological Health, U.S. Food and Drug Adminisiration, Rockville,* Marand, and Department of Infectious Diseases,
Southwest Hospital, Third Military Medical University, Chongging, Peoples’ Republic of China®

HVR-1 bolgesinin infeksiyon sirasinda
immunolojik bir “yanhs hedef” fonksiyonu
gordugu, zarf icindeki korunmus yapilari
maskeledigi / sakladigi dusunulmektedir.
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Genetic Drift in Hypervariable Region 1 of the Viral Genome
in Persistent Hepatitis C Virus Infectionf
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Infekte bireylerde, o bireydeki viriisiin HVR-1
sekanslarina karsi antikorlar saptanabillir.

Bu antikorlarin varliginin quasispecies
olusumuna etki etmesi, HVR-1 sekansi daha
az reaktif olan varyantlarin secilmesi so6z

konusudur.



Hepatitis C virus lacking the hypervariable region 1
of the second envelope protein is infectious and
causes acute resolving or persistent infection

in chimpanzees

Xavier Forns*, Robert Thimme?, Sugantha Govindarajan®, Suzanne U. Emerson$, Robert H. Purcell*, Francis V. Chisari®,
and Jens Bukh*7

*Hepatitis Viruses Section and 5Molecular Hepatitis Section, Laboratory of Infectious Diseasas, Mational Institute of Allergy and Infectious Diseases, National
Institutes of Health, Bethesda, MD 20892; *Division of Experimental Pathology, Department of Molecular and Experimental Medicine, The Scripps
Research Institute, La Jolla, CA 92037; and *Liver Research Laboratory, Rancho Los Amigos Medical Center, Downey, CA 90242

Bu bolgenin delesyonu, virusun sempanzeleri
infekte etme yetenegini etkilememektedir.
Dolayisiyla virusun hucreye girmesi ya da
salinimi i¢in kritik oneme sahip olmadigi
soylenebilir.
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E2 proteininin karboksil ucu yakininda sinyal
peptidaz aktivitesi ile gerceklesen kesilme, p7
‘ (6nceden NS2A) proteinini olusturur.
~ Kucuk, 63 aminoasitten olusan, hidrofobik
polipeptid, voltaj ayarli bir iyon kanal
olusturma kapasitesine sahiptir.




/. ve NS2 proteinleri
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'NS2 (onceden NS2B) proteini membran iligkili
dimerik bir sistein proteazdir, NS2 NS3
~ bileskesinden kesilmeyi saglar.
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Hepatitis C Virus p7 and NS2 Proteins Are Essential for Production
of Infectious Virus"

Christopher T. Jones, Catherine L. Murray, Dawnnica K. Eastman,}
Jodie Tassello, and Charles M. Rice*
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P7INS2|
A ..Cys A
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Bu iki proteinin viral partikullerin bir araya
gelmesinden onceki evrede, viriyon
morfogenezinde gerekli oldugu
dusunulmektedir ancak viral RNA replikasyonu
iIcin gerekli degildirler.



fepisal olmayan proteinler

| NS3 4ANS4B  NS5A | NS5B
“Ser' Helicase * * - . RdARP

Prot 9374
3011

Poliprotein uzerinde NS3’ten NS5B’ye kadar
siralanmis olan proteinler RNA replikasyonu

" Icin gereklidir.
- Replikasyon sitoplazmada membran iligkili

replikaz kompleksinde gercgeklesir.




yapisal'olmayan proteinler
NS3

*Ser' Helicase"

Prot -

Amino terminalinde serin proteaz aktivitesi,
karboksi terminalinde RNA helikaz ile NTPaz
aktivitesine sahiptir.

' Tamamen aktive olmus NS3 proteaz aktivitesi
‘icin NS3 ile NS4A proteinlerinin nonkovalen
iligkisi gereKir.
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Hepatitis C Virus NS3 Serine Proteinase: trans-Cleavage
Requirements and Processing Kinetics
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Department of Molecular Microbiology, Washington University School of Medicine, St. Louis, Missouri 63110-1093

. NS3  HANS4B
“Ser' Helicase
Prot

NS3 serin proteaz trans pozisyonunda aktiftir,
cinko bagimlidir ve NS3/NS4A, NS4A/NS4B,
NS4B/NS5A ve NS5A/NSSB bileskelerindeki

kesilmeyi gerceklestirir.



e Imayan proteinler
NS3

|

T .
Karboksi terminalindeki 465 aminoasit NTPaz

ve RNA helikaz aktivitelerine sahiptir ve viral
genomun replikasyonu sirasinda olusan

- dupleks RNA molekulunun ¢ozulmesini saglar.



P

NS3

NS3 proteaz aktivitesinin,
- “interferon regulatuvar faktor 3
(IRF3)’un aktive olmasini bloke ederek

IFN aracili yanitla etkilestiqi,

- HCV’nin spesifik olmayan dogal
antiviral yanittan kagmasini sagladigi



‘fapwau, mayan proteinler

NS3 proteazin kofaktoru olarak gorev yapar.
Amino terminal segmenti, NS3/4A kompleksini

iIntraselluler membranlara baglar.

Ayni zamanda NS4A, replikaz kompleksinin
Kritik bir parcasi olarak NSSA ile de iliskilidir.
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Nonstructural Protein Precursor NS4A/B from Hepatitis C Virus
Alters Function and Ultrastructure of Host Secretory Apparatus

Kouacou V. Konan,' Thomas H. Giddings, Jr..> Masanori Ikeda,® Kui Li,’
Stanley M. Lemon,” and Karla Kirkegaard'*

Department of Microbiology and Immunology, Stanford University School of Medicine, Stanford, Califomia’;
Department of Molecular, Cellular and Developmental Biology, University of Colorado, Boulder, Colorado’;
------------ and Department of Microbiology and Immunology, The University of Texas

Medical Branch at Galveston, Galveston, Texas®

NS4B hidrofobik, membran iligkili bir
proteindir. ER membran modifikasyonlarini
sagladigl ve normal ER-Golgi sekretuvar

yollari inhibe ettigi dusunulmektedir.



. Imayan proteinler
NSS5A

NS5A membrana bagli, RNA baglayan bir
fosfoproteindir ve RNA replikasyonunda rol
~ aldigi dusunulmektedir ancak fonksiyonu tam

1 olarak aydinlatilamamistir.



Comparison of Full-length Sequences of Interferon-sensitive and Resistant
Hepatitis C Virus 1b
Sensitivity to Interferon is Conferred by Amino Acid Substitutions in the NS5A Region

Nobuyuki Enomoto,* Ikuo Sakuma,* Yasuhiro Asahina,* Masayuki Kurosaki,* Takeshi Murakami,* Chikara Yamamoto,*
Namiki lzumi,® Fumiaki Marumo,* and Chifumi Sato**

*Second Department of Internal Medicine and *Division of Health Science, Faculty of Medicine, Tokyo Medical and Dental University,
Tokyo 113, Japan; and *Department of Internal Medicine, Musashino Red Cross Hospital, Tokyo 180, Japan

NSS5A karboksi terminalinde 2154-2383.
kodonlardaki mutasyonlar ile interferona yanit
arasinda iligki gosterilmis ve bu bolge

“interferon sensitivity determining region”
olarak adlandiriimistir.

ISDR
237-276

2209-2248
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Evidence That Hepatitis C Virus Resistance to Interferon Is Mediated through Repression
of the PKR Protein Kinase by the Nonstructural 5A Protein

MICHAEL J. GALE JR.” MARCUS J. KORTH,T NORINA M. TANG,” SENG-LAI TAN,* DEBORAH A. HOPKINS. 1
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NS5A proteininin, protein kinaz R (PKR)'yi
iInaktive etmesi, interferonun hem antiviral
hem de antiproliferatif etkilerini azaltabilir.



sdllolmayan proteinler
NS5B

NS5B, RNA bagimli RNA polimeraz

aktivitesine sahip, replikaz kompleksinin
~ katalitik parcasidir.
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6 — Viral partikullerin hucreden cikisi



Nucleocapsid

Viral envelope
with E1 and E2

blood vessel

hepatocyte

Viri]s'i]n hucreye girmesinde birden fazla
saylda spesifik, hucre yuzey reseptor
molekulleri rol oynar.
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- LDL reseptoru,
- CD81,

- SR-B1,
Claudin-1




Hepatitis C virus and other Flaviviridae viruses enter
cells via low density lipoprotein receptor

Vincent Agnello*'*, Gyorgy Abel*, Mutasim Elfahal*, Glenn B. Knight*, and Qing-Xiu Zhang*

*| ahey Clinic Medical Center, Department of Laboratory Medicine, Burlington, MA 01805; and *Edith Nourse Rogers Memorial Veterans Affairs Hospital,

Badford, MA 01730

Edited by Robert J. Lefkowitz, Duke University Medical Center, Durham, NC, and approved August 24, 1999 (received for review November 25, 1998)

Endocytosis of the Flaviviridae viruses, hepatitis C virus, GB virus
C/hepatitis G virus, and bovine viral diarrheal virus (BVDV) was
shown to be mediated by low density lipoprotein (LDL) receptors
on cultured cells by several lines of evidence: by the demonstration
that endocytosis of these virus correlated with LDL receptor activ-
ity. by complete inhibition of detectable endocytosis by anti-LDL
receptor antibody, by inhibition with anti-apolipoprotein E and
-apolipoprotein B antibodies, by chemical methods abrogating
lipoprotein/LDL receptor interactions, and by inhibition with the
endocytosis inhibitor phenylarsine oxide. Confirmatory evidence
was provided by the lack of detectable LDL receptor on cells known
to be resistant to BVDV infection. Endocytosis via the LDL receptor
was shown to be mediated by complexing of the virus to very low
density lipoprotein or LDL but not high density lipoprotein. Studies

gosterilmistir.

Flaviviridae ailesi viruslerinin endositozunun
LDL reseptoru araciligiyla gercgeklestirildigi

Purified Ie(G 2a mouse monoclonal anti-1LDL receptor antibody (C7
clone) was obtained from Oncogene Scientific Producis (Cam-
bridee, MA). Anti-bovine viral diarrhea virus (BVDV) envelope
antibody bovine serum, «49, was provided by Marc 5. Collett { Viro
Pharma, Malvern, PA). Mouse monoclonal 1gG 2a anti-CD-16,
anti-CD-19, and anti-transferrin (CD71) were purchased from
Immunotech (Hialeah, FL). Anti-p was purchased from Jackson
ImmunoResearch. Anti-apolipoprotein (aapo) E and aapo A-l
were purchased from Cortex Pharmaceuticals (San Leandro, CA);
aapo B was purchased from Sigma. Purified mouse monoclonal
[gG wapo E (1D7), aapo A-1 (3G10), and eapo B (4G3) were
purchased from the University of Ottawa Heart Institute. F{ab')s,
an antibody fragment with two antigen-combining sites, prepara-
tions of mouse IgG were prepared by treating the mouse mono-

[ IR A |




Nucleocapsid

LDL Viral envelope

with E1 and E2

1. Adsorption

blood vessel

RN

GAG
SR-BI g hepatocyte

Hucre yuzeyindeki LDL
reseptorune tutunmayla baslar
ve eszamanli olarak viral
glikoproteinler, hucresel
glikozaminoglikanlarla iligkiye
gecer.



Nucleocapsid

Viral envelope
with E1 and E2

blood vessel

hepatocyte

cinccedsic - BU paglangig basamagini SR-
B1 ve CD81 ile olan temas izler

{ 2ensoctosis  ArdINdan virusun siki bileskeye
transferi ve Claudin-1 (CLDN1)
7 ve Occludin (OCLN) ile iligkinin
7« viriyonun “clathrin aracili
endositozu’nu indukledigi
S B dusunulmektedir.

early endosome

hepatocyte

A
H+



Tutunma, penetrasyon
ve hucresel bir
endosomla hucre icine
. girisin ardindan, lokal
>, pH degisiklikleri, zarf E1
) O veE2 glikoproteinlerinin
Jan  arsen  kONformasyonunu
R @w+ degistirir ve endosomal
” membranla flzyon
gerceklesir.

hepatocyte

cytoplasm




FlUzyonu “uncoating”
izler, viral RNA
sitoplazmaya salinir.

4. Uncoating
— L3P Hov ssRNA

. Viral poliproteinin
" translasyonu icin mMRNA
fonksiyonu gorur.

early endosome

hepatocyte

cytoplasm




4. Uncoating

5. Translation , . ':":-:.': }'._'.: oo .'.': S
and RNA + % “*° e
replication

/ nucleus \,
4 \

~ Viral translasyon granullu ER'da olur ve
poliprotein translasyonla eszamanli olarak
proteolitik aktiviteye maruz kalir.

. o (i
- ®
rough ER




4. Uncoating

g
Nukleokapsid protelnl sinyal peptld peptidaz
lle karboksi terminalindeki sinyal sekansindan

ayrildiktan sonra sitoplazmada kalir,

E1 ve E2 ER lumenine sekrete edilir ve
burada membrana bagli olarak kalirlarken
yogun bicimde glikozile edilirler,

NS3, NS4A, NS4B, NS5A ve NS5B’den

olusan replikaz kompleksi sitoplazmada,
ER’dan koken alan membranoz girintilerde

b u I unur. Kupfer B. Short Guide to Hepatitis
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Kissing-Loop Interaction in the 3" End of the Hepatitis C Virus
Genome Essential for RNA Replication
Peter Friebe.! Julien Boudet,” Jean-Pierre Simorre.” and Ralf Bartcnschlagcr'*

Department of Molecular Virology, University of Heidelberg, Heidelberg, Germany,' and Institut de Biologie
Structurale Jean-Pierre Ebel, Grenoble, France®
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Viral replikasyon icin kilit enzim NS5B,
HCV’nin RNA bagimli RNA polimerazi (RdRp)

Replikai kompleksi genomik RNA'nin 3’
‘ucunda yer alan spesifik yapilari ve sekanslari
tanir.




Positive strand
S'- Genomic RNA

RdRp, kalip gorevi
gorecek RNA molekuline
baglandiktan sonra,
negatif polariteli RNA
sentezlenir,

Negative-strand synthesi 3

.

Positive-strand synthesis

' 5

Positive-strand progeny RNAs {

Ardindan, negatif
polariteli RNA kalip gorevi
gorur ve ¢cok sayida

pozitif polariteli RNA
molekulu sentezlenir.

-3

252222



Vezikuler sekretuvar
yolakla salinir.

Viral proteinler,

glikoproteinler ve 4 Uneoating V|
‘genomk HCVRNA ~ —» T Lvnon
sentezi sonrasi, bu i \
komponentler ER'da, N T
infeksiydz viriyonun CandRNA LGSR
y y replication L pr iy, -..:,; :.'... N ¢6. Assembl

olusumu icin bir araya
gelir ve paketlenir,

::% : .roughgﬁ' and packaging

1L
/ nucleus

4 )
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Sequence Analysis of the Hepatitis C Virus Genome Recovered
from Serum, Liver, and Peripheral Blood Mononuclear
Cells of Infected Chimpanzees

YOHKO K. SHIMIZU,"** HIROKO IGARASHI,> TAKAYOSHI KANEMATU,? KENJI FUJIIWARA®
DORIS C. WONG,* ROBERT H. PURCELL,* anp HIROSHI YOSHIKURA?

Departments of Hepatitis Virology (SKBB)' and Bacteriology,” Faculty of Medicine, University of Tokyo, Tokyo 113,
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Laboratory of Infectious Diseases, National Institute of Allergy and Infectious Diseases,

National Institutes of Health, Bethesda, Maryland 20892*

Replikasyon hepatositlerde negatif polariteli
Intermediate uzerinden gergeklesmesine
karsin, buna ek olarak virusun periferal
mononukleer hucrelerde ve kemik iliginde de
replike olabildigini gosteren veriler vardir.






bagisik yanit

- Tip | interferonlar,
- NK hucrelert,

- NKT hucreleri,
- Dendritik hucreler,



sal bagisik yanit

Dogal bagisik yanit, infeksiyonun baslangic
evresinde kontrolu ve izleyecek olan adaptif
Immun yanitin aktivasyonu igin son derece

onemlidir.



PAMPs
Pathogen-associated molecular patterns

(Patojen iligkili molekuler kaliplar)

Prokaryotik yasam bigcimlerinde ve viruslerde
var olan ve konakta olmayan, patojene ozgu
tekrarlayan ve ozgun molekuler yapilar




Innate immunity induced by composition-dependent RIG-I
recognition of Hepatitis C virus RNA

Takeshi183ito1, David M. Owen1.2, Fuguo Jiang3, Joseph Marcotrigiano3, and Michael
Gale Jr. '

"University of Washington School of Medicine, Department of Immunology Seattle, WA
98195-7650

2Department of Microbiology, UT Southwestern Medical Center, Dallas, TX 75235-9048

3Department of Chemistry and Chemical Biology, Rutgers University, Piscataway, NJ 08854,
USA

PIyU/UC segmentinin HCV'nin temel “patojen
iliskili molekuler yap1 (PAMP)"s1 oldugu
gosterilmistir.




PRRs
Pattern recognition receptors

(Kalip tanimlayici reseptorler)

Immiin hiicrelerde invazyon yapan patojene ait
- "PAMP”leri taniyan reseptorler.




HARE

- Toll-like reseptorler (TLRs)

- Nukleotid oligomerizasyon domain
(NODLR)

- Retinoik asit inducible gen-1 benzeri
helikazlar (RHLSs)

- C tip lektin reseptorleri

Bu reseptorler dogal bagisik yaniti baslatir ve
adaptif bagisik yaniti regule ederler.



Dogal bagisik yanit

- Hepatitis C

map 4~ @D @
NN AANAANANY A Jak-STAT
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Antiviral konak yaniti ile hucrede ve komsu
" hucrelerde etkin bir antiviral durumun/dengenin
qgeligmesi esas olarak tip | interferonlarin (IFN)

NS3/4A —

oynadlgl role baglhdir.

I
L N € 1PN signaliing |

IFN-stimulated genes:

d s expressi;N l OAS, IRF-7, PKR, ISG56, and so on
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bIFN Bproductlon




Konak yaniti, viruse ait
“Patojen iligkili molekuler
kalip (PAMP)™larin, konak
hucredeki spesifik
reseptorlerce taninmasi ile

. tetiklenir

Hepatositlerde,
“Toll-like receptor (TLR-3)”
“retinoic-acid inducible gene | (RIG-I)”
dsRNA molekulunu tanir.




Konak yaniti, viruse ait

T “Patojen iligkili molekiler
cicaci g kalip (PAMP)™larin, konak

@ . fﬁ@ hucredeki spesifik

N3/ —| reseptorlerce taninmasi ile

tetiklenir.

- TLR’Ierin dsRNA molekulunu baglamasiyla,
TRIF araci molekulu uzerinden, latent hucresel
transkripsiyon faktorleri (IRF-3) aktive olur.

- RIG-1'in aktivasyonuyla NF-kB yolagindan
IRF-3 aktivasyonu gerceklesir.



Hepatitis C

- - -
| » NANANYS \
a IRF-3 activation

: Vi'ral PAM?: AN
nucleic acid; protein [

P IRF-3 nukleusa transloke olur

: ve once infekte hucreden
e g IFN-B salinimini,




. Hepatitis C
pa—ad_,  virus

i} < IFN-c/B

BO-O ¢ IFN signalling
: Jak-STAT
a |RF-3 activation tl

Viral PAMP: WW

nucleic acid; protein :
/ \ JAK-STAT
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IFN-B ise IFN -a/f3 reseptoru aracihigiyla Jak-STAT
yolaginin aktivasyonu ve ISG ekspresyonunu tetikler.



ISG driinleri

2'-5' oligoadenilat sentetaz,
viral RNA molekullerini yikar,

Protein kinaz R,

viral protein sentezini azaltir ve hucre ici
RNA yikimi,

p53 aktivitesi
Apoptozu indukler,

IRF-7,
IFN-a ekspresyonunu artirarak pozitif
dongu yaratir; IFN uretimi ve etkisini 11
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Jogal bagisik yanit

x
&

Interferon tip 1 (a ve B), ISG araciligiyla,

- Infekte hucrelerde protein sentezini
azaltir,

- Mx proteinleri ve 2'-5' OAS Uzerinden
viral replikasyonu azaltir,

- APC MHC gen ekspresyonunu ve
iImmunproteasome aktivitesini artirir,

- NK ve dendritik hucre aktivitesini artirir,

- Apoptozun aktivasyonu ile hucre
olUmunu indukler.
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DNA Microarray Analysis of Chimpanzee Liver during Acute
Resolving Hepatitis C Virus Infection
CATHERINE B. BIGGER,' KATHLEEN M. BRASKY.? anp ROBERT E. LANFORD'*

Department of Virology and Immunology' and Department of Laboratory Animal Medicine,” Southwest Regional
Primate Research Cenier, Southwest Foundation for Biomedical Research, San Antonio, Texas 78227

Y .
IFN-a’ya ve izleyen sitokinlere yanit veren
hepatositler, viral replikasyona uygun olmayan
bir duruma ulasmakta ve virusun replikasyon
alanini kisitlamaktadir,

Akut infeksiyon sirasinda gelisen kuvvetli
IFN-a/B yaniti, vireminin sonlanmasi ile iliskili.






Dogal bagisik yanit

NK Cells Cause Liver Injury and Facilitate the Induction of
T Cell-Mediated Immunity to a Viral Liver Infection®

Zhang-Xu Liu, Sugantha Govindarajan, Shigefumi Okamoto, and Gunther Dennert”

NK cells are a relatively rare cell population in peripheral lymphoid organs but are abundant in the liver, raising questions as to
their function in immune responses to infections of this organ. To investigate this, cell-mediated immunity to viral liver infection
induced by a type 5, replication-defective, adenovirus was examined. It is shown that NK cells in the absence of T cells cause
hepatocyte apoptosis in virus-infected livers associated with an increase in liver enzymes in the serum. Concomitantly, NK cells
induce production of IFN-y, inhibitable by their elimination before infection. NK cells are shown to be necessary for optimal
priming of virus-specific T cells, assessed by delayed-type hypersensitivity response and CTL activity, consistent with their ability
to secrete IEN-vy. The conclusion is drawn that NK cells mediate two important functions in the liver: they induce cell death in the
infected organ and concomitantly stimulate the induction of T cell-mediated immunity by release of IEN-y. The Journal of
Immunology, 2000, 164: 6480—-6486.

NK hucreleri karacigerde ¢cok sayida bulunur ve
interferon-y ve diger sitokinlerin tretimi
araciligiyla hucresel immmun yaniti baslatirlar.
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NK hucreleri, IFN ve ISG araciligiyla aktive
olur ve IFN-y uretirler,

IFN-y non-sitolitik mekanizmalarla HCV
replikasyonunu inhibe eder,

DC maturasyonunda rol alirlar.



DCs,
Myeloid DC (MDC)

Plasmasitoid DC (PDC)
Monosit kokenli (moDC)

DCs TLRs eksprese eder.

Dendritik hucreler (DC)
viral antijenleri igsleyerek
diger immun hucrelere

sunarlar.




TLR ligasyonu ve NK etkisiyle matur hale
gelen DCs lenfoid dokuya gider ve 1L-12,
“TNF-a, IFN-a, IL-10 gibi sitokinlerle efektor

hucreleri stimule ederler.
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DCs, dogal ve adaptif immun yanit arasinda
KOpru gorevi gordur,

‘CD8 T lenfositlere Ag sunar, Ag spesifik immin
yaniti tetiklerler.
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DC kokenli sitokinler, T helper hucrelerin
polarizasyonu agisindan belirleyicidir.

EZ’.“;:: N\

Nalve T hucrelerinin tip 1 T helper hucrelere
maturasyonunda goreyv alirlar.

e‘*@dﬁ !V.

CD4* T cells

i Lymphoid
tissue

Blood DC



Th1 sitokin!

IFN-y, TGF-p, IL-2

- Hucresel bagisik yanit
- - Sitotoksik CD8 T lenfosit

Cyiokines are the hormonal messengers responsible
for most of the biological effects in the immune system,
such as cell medialed immunity and allergic type
responses. Although they are numerous, cytokines can
be functionally divided into two groups: those that are
proinflammatory  and those that are essentially
anti-inflammatory but that promote allergic responses.
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Science commentary: Thl and Th2 responses: what are {hr;-j.'?

lular response in utero). The fetus can switch on an
immune response early in pregnancy. and because
pregnancy is chiefly a Th2 situation, babies tend to be
borm with Th2 biased immune responses, These can be
switched off rapidly postnatally under the influence of
microbiological exposure or can be enhanced by early
exposure o allerpens, It is also hypothesised that those

Th2 sitokinler

IL-4, 5,6, 10,13

- Antikor stimulasyonu
- B lenfositler

Kroniklesme




Ag sunulmus CTL'ler karacigere gideek virusle
infekte hucreleri ortadan kaldirirlar.
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-Hepatositlerde, TLR-3 ve RIG-|, dsRNA'yi tanir
RF-3 araC|I|g‘jyI tip I IFN (a/B) yaniti
SG araciligiyla, PKR, 2-5" OAS, p53 aktivitesi

FN ve ISG araciligiyla NK aktivasyonu
. e

IFN-y

DCs matu rasyonu

Ag sunuUMU ve adaptif yanitin devreye girmesi
.

Th1 CD4 ve CDS8 lenfosit yaniti

Primed CTL ler infekte hiicreler yok eder.






Acute Hepatitis C Virus Infection: Diagnosis, Pathogenesis,
Treatment

Florin Alexandru Caruntu’?, Loredana Bened
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HCV spesifik antikorlar, htcresel immun
yanittan sonra ortaya cikar.




Humoral Immune Response in Acute Hepatitis C
Virus Infection

Dale M. Netski,' Tim Mosbruger,' Erik Depla,® Geert Maertens,® Stuart C. Ray,'* Robert G. Hamilton,'?
Stacy Roundtree,' David L. Thomas,'? Jane McKeating,” and Andrea Cox'*

Departments of 'Medicine, “Epidemiology, *Clinical Immunology, and “Oncology, Johns Hopkins Medical Institutions, Baltimore, Maryland;
*University of Birmingham, Birmingham, United Kingdom; and ®Innogenetics NV, Gent, Belgium

L e TS .
- NS3 bolgesine karsi gelisen anti c-33,
- C anti 22c / antikapsid antikorlari,
- NS4 spesifik antikorlar,

- E1 ve E2 antikorlari

HCV zarf glikoproteinlerine karsi antikorlar,
- yapisal olmayan proteinlere karsi gelisen
antikorlardan daha gec¢ ve daha dusuk
titrelerde ortaya cikarlar.
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Asian J Transfus Sci. 2014 Jan-Jun; 8(1): 19-25. PMCID: PMC3943138
doi: 10.4103/0973-6247.126683

Hepatitis C virus: Screening, diagnosis, and interpretation of laboratory
assays

Ekta Gupta, Meenu Bajpai, and Aashish Choudhary

The different generations of immunoassays for anti-HCV

Core E1/E2/INS1 NS4
1* generation e — ¢100-3 (recombinant)
2" generation c22-3 — C200, HC-31
3" generation — c100-3, 5-1-1p




;\;Lae tif bagisik yanit
' Humoral

AntiHCV antikorlarinin notralizasyon yetenegi
tartismalidir ve koruyucu etkisi
kanitlanmamistir.

HCV spesifik antikorlarin gelisimi, iyilesme ile
korelasyon gdstermez. Immiin kompetan
bireyler neredeyse istisnasiz antikor yaniti
gelistirmelerine karsin, cogunda infeksiyon
kroniklesitr.
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Neutralizing antibody response during acute and
chronic hepatitis C virus infection

C. Logvinoff*, M. E. Major®, D. Oldach?, S. Heyward®, A. Talal$, P. Balfe", S. M. Feinstone®, H. Alter, C. M. Rice*,

and J. A. McKeating*-**

*Center for the Study of Hepatitis C, The Rockefeller University, 1230 York Avenue, New York, NY 10021; 'Laboratory of Hepatitis Viruses, Division of Viral
Products, Center for Biologics Evaluation and Research, Food and Drug Administration, Bethesda, MD 20892; *Institute for Human Virology, University of
Maryland School of Medicine, Baltimore, MD 21201; $Department of Medicine and Center for the Study of Hepatitis C, Weill Medical College of Cornell

University, New York, NY 10021; "™Division of Infectious Diseases, Columbia University, New York, NY 10032; and /Department of Transfusion Medicine,
Clinical Center, National Institutes of Health, Bethesda, MD 20892

Notralizan antikor yanitt HCV viremisinin
sonlandirilmasi icin mutlak gerekli degildir.

Konjenital agamaglobulinemisi olan
hastalarda iyilesme bildiriimistir.




Adaptif bagisik yanit
. Humoral

Sonug olarak, humoral immun yanit,
bazi HCV varyantlarini notralize edebilir,
hastaligin ciddiyetini ve rekurrensini
azaltabilir,

Ancak, \/ireminin ortadan kaldiriimasi i¢in
yeterli olmadigi gibi, sart da degqildir.



Akut infeksiyonun sonlandirilmasi icin, dogal
bagisik yanit ile CD4-CD8 T hucre

aktivasyonunu iceren adaptif bagisik yanitlarin
koordine aktivasyonu ve virus spesifik immun
yanitin gelismesi gereklidir.




CONCISE REVIEYY IN MECHANISMS OF DISEASE

Kinetics of the Imnmune Response During HBV and
HCV Infection

Antonio Bertoletti' and Carlo Ferrari

HB ve HCV infeksiyonunun kontrolunde esas
sorumlu mekanizma, etkin ve surekli bir
hucresel iImmun yanit gelistirme yetenegidir.

Bu yanitin yetersiz olmasi kroniklesme ile
sonuclanir.




CONCISE REVIEYY IN MECHANISMS OF DISEASE

Kinetics of the Imnmune Response During HBV and
HCV Infection

Antonio Bertoletti' and Carlo Ferrari

HCV infeksiyonlarinin kendiliginden iyilestigi
olgularda, multispesifik CD4 ve CD8 T lenfosit

yaniti ile Th-1 tipi sitokin profili oldugu
gosterilmistir.




Different Clinical Behaviors of Acute Hepatitis C Virus Infection Are Associated
with Different Vigor of the Anti-viral Cell-mediated Immune Response

Gabriele Missale,” Roberto Bertoni,” Vincenzo Lamonaca,” Antonietta Valli," Marco Massari,* Cristina Mori,”*

Maria Grazia Rumi,? Michael Houghton,' Franco Fiaccadori,* Carlo Ferrari*

*Cattedra Malattie Infettive, Universita di Parma, e Divisione Malattie Infettive e Immunopatologia Virale, Azienda Ospedaliera di
Parma, 43100, Parma; ' Divisione Malattie Infettive, Azienda Ospedaliera di Reggio Emilia, 42100, Reggio Emilia; *Cattedra di Medicina
Interna, Universita di Milano, I.R.C.C.S. Ospedale Policlinico, 20122 Milano, Italy;'Chiron Corporation, Emeryville, California 94608-2916

Erken, kuvvetli, poliklonal ve birden cok viral
epitopa karsi multispesifik CD4 ve CD8 yaniti,
viral temizlenme ile iligkilidir.




Different Clinical Behaviors of Acute Hepatitis C Virus Infection Are Associated
with Different Vigor of the Anti-viral Cell-mediated Immune Response

Gabriele Missale,” Roberto Bertoni,” Vincenzo Lamonaca,” Antonietta Valli,” Marco Massari,* Cristina Mori,”*

Maria Grazia Rumi,® Michael Houghton,' Franco Fiaccadori,* Carlo Ferrari*

*Cattedra Malattie Infettive, Universita di Parma, e Divisione Malattie Infettive e Immunopatologia Virale, Azienda Ospedaliera di
Parma, 43100, Parma; ' Divisione Malattie Infettive, Azienda Ospedaliera di Reggio Emilia, 42100, Reggio Emilia; *Cattedra di Medicina
Interna, Universita di Milano, I.R.C.C.S. Ospedale Policlinico, 20122 Milano, Italy;'Chiron Corporation, Emeryville, California 94608-2916

—_—

Periferik kanda ve karacigerde daha kuvvetli
poliklonal sitotoksik T lenfosit (CTL) yanit
-daha dusuk HCV RNA duzeyleri ile koreledir.

Persistan infeksiyonu olan hastalarda periferik
kanda CD4 T lenfosit yanitinin, CD8 lenfosit
yanitina gore daha az oldugu bildirilmistir.




Determinants of Viral Clearance and Persistence during
Acute Hepatitis C Virus Infection

Robert Thimme,' David Oldach,” Kyong-Mi Chang,':”
Carola Steiger,' Stuart C. Ray,* and Francis V. Chisari'

Delici kesici alet yaralanmasi sonrasi akut
hepatit C gelisen 5 saglik calisani haftalik
olarak izlenmis...




Determinants of Viral Clearance and Persistence during
Acute Hepatitis C Virus Infection

Robert Thimme,' David Oldach,? Kyong-Mi Chang,’
| Carola Steiger,' Stuart C. Ray,* and Francis V. Chisari’
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Viral and immunological determinants of hepatitis C
virus clearance, persistence, and disease
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Viral and immunological determinants of hepatitis C
virus clearance, persistence, and disease

Robert Thimme**, Jens Bukh*, Hans Christlan Spangenberg*, Stefan Wieland*, Janell Pemberton*, Carola Stelger*,
Sugantha Govindarajan®, Robert H. Purcell*, and Francls V. Chisar|*?
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Determinants of Viral Clearance and Persistence during
Acute Hepatitis C Virus Infection

Robert Thimme,' David Oldach,? Kyong-Mi Chang,"
Carola Steiger,' Stuart C. Ray,* and FrancisV. Chlsm‘

Karaciger hastallg‘jlnln patogenezive HCV'nin
kontrolunde T hucre yanitlar kritik rol oynar.

HCV iInfeksiyonu erken, siddetli ve kalici CD4
ve CD8 yaniti varliginda kontrol edilebilir.




Viral and immunological determinants of hepatitis C

virus clearance, persistence, and disease

Robert Thimme**, Jens Bukh*, Hans Christlan Spangenberg*, Stefan Wieland*, Janell Pemberton*, Carola Stelger*,
Sugantha Govindarajan®, Robert H. Purcell*, and Francis V. Chisar|*"

HCV infeksiyonunun akut kontrolu, guclu

intrahepatik CD4 ve CD8 T hucre yaniti ile
iliskilidir.
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Hepatitin baslangici CD8 T hucre yanitiyla
eszamanlidir.

Temas sonrasi 1-2. haftada serumda HCV RNA
- saptanabilir,
ALT yukselmesi 2-8. haftada
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Hucresel immun yanit 7-8. hafta,
humoral immun yanit 7-12. haftada belirir.




Genellikle asemptomatik olmakla birlikte,
halsizlik, istahsizlik, bulanti, sag ust kadran
agrisi, idrarda koyulasma ve ardindan sariliga
yol acabillir.
.
Klinik semptomlar, ozellikle sarilik gelisen
hastalarda infeksiyonun kroniklesmesi daha
nadirdir ve bu durum daha siddetli bir immun
yanitla koreledir.
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Intermitant viremi ve rebound, baslangictaki
etkin immun yanittan kacis anlamina gelebilir.
Persistans? lyilesme?

Exposure
acute infection)

60-85%

Resolved Persistent




Spesifik antikorlarin ve hucresel bagisik
yanitin varligina karsin HCV persistansi hangi
mekanizmalarla gelismektedir??




The New England Journal of Medicine

CLINICAL OUTCOMES AFTER HEPATITIS C INFECTION FROM CONTAMINATED
ANTI-D IMMUNE GLOBULIN

ELizaBETH KENNY-WALSH, M.D., FOR THE IRISH HEPATOLOGY RESEARCH GROUP*

Konak faktorlerinin kritik oldugunu
dusunduren klinik ve epidemiyolojik ipuclari
vardir.

Viral persistansta konagin rolu, ozellikle ortak
kaynak kokenli salginlar sonrasinda dikkat
cekicidir; aynit HCV inokulumu ile infekte olan
- bireylerin kimisi iyilesirken, kimisi kronik
olarak infekte kalir.




Kinetics of the Immune Response During HBV and
HCV Infection

Antonio Bertoletti! and Carlo Ferrari

The innate immune system has a role not only in protecting the host during the initial period
of virus infection, but also in shaping the nature of the adaptive immune response. In this
review, we follow the kinetics of the virologic and immunologic events occurring from the
time of hepatitis B virus (HBV) and hepatitis C virus (HCV) infection. We primarily discuss
how the early events after infection might influence the development of the adaptive immune
response in these 2 important viral infections and how new strategies for more efficient

preventive and therapeutic vaccines can be derived from this knowledge. (HEPATOLOGY 2003;
38:4-13.)

Karsilasmadan sonraki ilk birkac hafta icinde
konak immun yaniti ile HCV arasindaki iligki,
infeksiyonun izleyecegi seyir konusunda

belirleyicidir.



. |
Kinetics of the Immune Response During HBV and
HCV Infection

Antonio Bertoletti! and Carlo Ferrari

The innate immune system has a role not only in protecting the host during the initial period
of virus infection, but also in shaping the nature of the adaptive immune response. In this
review, we follow the kinetics of the virologic and immunologic events occurring from the
time of hepatitis B virus (HBV) and hepatitis C virus (HCV) infection. We primarily discuss
how the early events after infection might influence the development of the adaptive immune
response in these 2 important viral infections and how new strategies for more efficient

preventive and therapeutic vaccines can be derived from this knowledge. (HEPATOLOGY 2003;
38:4-13.)

Viral replikasyona karsin hucresel immun
yanitin 7-8 hafta, humoral yanitin 7-12 hafta
gecikmesi,

HCV immun yaniti baskiliyor mu?



1k yanittan kacis

IFN o/ induksiyonu ve ISG
transkripsiyonunun stimulasyonuna ragmen,
olgularin %70’inde surecin kroniklesmesi,

HCV'nin tip | IFN sinyalizasyonu ile
etkilestigini dusundurmektedir.



IRF 3 (Interferon regulatuvar faktor)
latent bir sitoplazmik transkripsiyon faktorudur

-
- | 2

nukleusa gecerek interferon beta
_ transkripsiyonunu indukler

! §

..
IFN o L

TLR 3
RIG-1

Sitokin ve

kemokin yaniti



dsRNA bagimli protein kinaz R (PKR)
hucresel bir protein kinazdir

a

virusle infekte hucrelerde protein
sentezini azaltir

»



1k yanittan kacis

HCV zarf proteini E2'nin NK hucre yuzeyine

baglanarak aktivasyonlarini engelledigi ve
IFN gama sekresyonu ve NK hucre sitotoksik

aktivitesini bloke ettigi gosterilmistir.



NK Cells Cause Liver Injury and Facilitate the Induction of
T Cell-Mediated Immunity to a Viral Liver Infection®

Zhang-Xu Liu, Sugantha Govindarajan, Shigefumi Okamoto, and Gunther Dennert’

NK cells are a relatively rare cell population in peripheral lymphoid organs but are abundant in the liver, raising questions as to
their function in immune responses to infections of this organ. To investigate this, cell-mediated immunity to viral liver infection
induced by a type 5, replication-defective, adenovirus was examined. It is shown that NK cells in the absence of T cells cause
hepatocyte apoptosis in virus-infected livers associated with an increase in liver enzymes in the serum. Concomitantly, NK cells
induce production of IFN-y, inhibitable by their elimination before infection. NK cells are shown to be necessary for optimal
priming of virus-specific T cells, assessed by delayed-type hypersensitivity response and CTL activity, consistent with their ability
to secrete IEN-vy. The conclusion is drawn that NK cells mediate two important functions in the liver: they induce cell death in the
infected organ and concomitantly stimulate the induction of T cell-mediated immunity by release of IEN-y. The Journal of
Immunology, 2000, 164: 6480-6486.




Bagisik yanittan kacis

HCV core prteinindeki belirli sekanslar,
makrofajlar ve T lenfositlerdeki kompleman
reseptorlerine baglanarak

Makrofajlardan IL-12 salinimi azalir,

3

T lenfosit proliferasyonu azalir,

1 2

IL-2 ve IFN-a uretimi azalir.



C proteininin Fas-aracili apoptozu inhibe ettigi,

o

C proteininin DC fonksiyonlarini etkiledigi,

sitokin sekresyonlarini azalttigi,



igistk yanittan kacis

NSS5A proteininin IL8 ekspresyonu ile IFN
etkisinin inhibisyonu



bdgplsikyanittan kacis

Zarfin yuksek randa glikozile olmasi, antikor
aracili notralizasyona karsi koruyucu olabilir.

Zarf proteininin HVR-1 bolgesi, immunolojik
bir yanlis hedef olarak davranir ve iyi

korunmus bir alan olan reseptor baglayan
ligandi antikor atagindan korur.

HCV sekans varyasyonu, yeni bir
guasispecies varyanti olusturarak, varolan
hucresel ve humoral immun yanitin etkisiz
kalmasina yol acabillir.



Genetik cesitlilik

Viral kinetik matematiksel modelleri ile
virionlarin yari omru ~ 2.5 saat
kronik infekte bireylerde 1072 virion/glin

- Virion dongusunun yuksek olmasi,
- RdRp’nin “proofreading aktivitesi’nin olmamasi
- Pek cok genomik bolgenin nukleotid

- degisikliklerine toleransi,



JourmaL oF VirRoLoGY, May 1992, p. 3225-3229 Vol. 66, No. 5
D022-538X/92/053225-05802.00/0
Copyright @ 1992, American Society for Microbiology

Hepatitis C Virus (HCV) Circulates as a Population of Different
but Closely Related Genomes: Quasispecies Nature
of HCV Genome Distribution

MARIA MARTELL," JUAN I. ESTEBAN,'* JOSEP QUER,' JOAN GENESCA,' AMY WEINER,*
RAFAEL ESTEBAN,! JAUME GUARDIA,' ano JORDI GOMEZ!

Liver Unit, Department of Medicine, Hospital General Universitari Vall d'Hebron,
08035 Barcelona, Spain,' and Chiron Corporation,
Emeryville, California 94608-2916°

HCV, infekte bireylerde, birbirine ¢ok yakin
olmakla birlikte farkli genetik sekanslari olan
viral populasyonlar “quasispecies” biciminde
bulunur.




REVIEWS

Quasispecies in viral persistence and
pathogenesis of hepatitis C virus

Xavier Forns, Robert H. Purcell and Jens Bukh

Bir quasispecies populasyonunda mutasyonun
fiksasyonu, bu mutasyonun “viral fitness”i nasil
etkiledigiyle; fonksiyonel protein/RNA yapilarina,
virus replikasyon kapasitesine, konak-virus
lligkisine etkisi ile iligkilidir.



REVIEWS

Quasispecies in viral persistence and
pathogenesis of hepatitis C virus

Xavier Forns, Robert H. Purcell and Jens Bukh

E2 proteininin HVR-1 segmentinde spontan
mutasyonlar, var olan notralizan antikorlarin viral
zarfa baglanmasini azaltarak konakta cogalma
q olasiligini arttirirken, viral replikasyonu
etkilemezler.

Dolayisiyla, kandan elde edilen quasispecies
varyantlari, virusun cogalmasi ve secici gucler
arasindaki dengeyi yansitir.

Forns X. Trends Microbiol 1999



Quasispecies

Genetik diversity / cesitlilik
tek bir kan ornegindeki varyantlar
arasinda nukleotid farkliliklarinin sayisi

Genetik complexity / karmasiklik
tek bir bireydeki farkli varyantlarin sayisi



JouRMAaL OF VIROLOGY, June 2007, p. 65136522 Vol. 81, No. 12

0022-5338X/07/S08.00+0  doi:10.1128TVLI2276-06
Copyright @ 2007, American Society for Microbiology. All Rights Reserved.

Progression of Fibrosis during Chronic Hepntltls C Is Associated
with Rapid Virus Evolution”

Xiao-Hong Wang,'” Dale M. Netski," Jacquie Astambmskl Shruti H. Mchta Michael S. Torbenson,”
David L. Thomas,"* and Stuart C. Ravl *

Departments of Medicine," Pathology,” and Oncology,” Johns Hopkins University School of Medicine, Baltimore, Maryland;
Department of Epidemiology, Johns Hopkins School of Hygiene and Public Health, Baltimore, Marvland”; and
Southwest Hospital, Third Military Medical University, Chongging, Peoples Republic of China 4000387

Klinik korelasyon??

HVR1'de yuksek genetik cesitlilik, akut HCV
iInfeksiyonu sonrasi viral persistans ile iliskili...

Genetik karmasikligin hastaligin yayginligi ve
iInfeksiyonun suresi ile iligkili oldugu...



guasispecies varyasyonlari persistansin tek
nedeni degildir,

Aktif olmakla birlikte tamamen etkin olmayan
immun yanit nedeniyle infeksiyonun
persistans kazanmasi sonucu ortaya ciktigi
soylenebillir.




saglsikiyanittan kacis
NS3/4A, TLR-3 ve RIG-I inhibisyonu
NS5A, PKR inhibisyonu

onksiyonlarini etkiler
yonu ile IFN inhibisyonu

;7 tarafindan direkt infekte edilmesi
Tu¥dmsulerin olusumu

E2 araciligiyla DC aktivasyg
S

C, makrofajlardan |
C, NK hucreg
NS52




a

agisik yanittan kacis
Akut infeksiyonun kontrol edilememesi ve

kroniklesmesi durumunda, adaptif immun

yanitta progresif bir azalma izlentir.
e .

T lenfositlerin viral antijenlere uzamis
maruziyeti,

Viral gen urunlerinin yarattigi
1 immunsupresyon,

DC fonksiyonlarinin bozulmasi



sagisikiyanittan kacis

Akut infeksiyonun kontrol edilememesi ve
kroniklesmesi durumunda, adaptif immun

yanitta progresif bir azalma izlentir.
. .

Dolasimda ve intrahepatik CD4 ve CDS8
T lenfosit sayilari azalir,

Virus spesifik antikor uretimi azalir,
.

CD8 T lenfosit fonksiyonlari defektif hale
gelir, efektor sitokin yaniti veremezler, IFN-y
uretimi bozulur, prolifere olamazlar.




Acute
infection

- High antigen
- T cell activation (CD89",
CD25" PD-1M etc.)
- High inflammation

Effector

Functional exhaustion

Chronic ‘ (Fonksiyonel tukenme)
infection

Functional
Exhaustion



atogenez

HCV infeksiyonu bagisik yanitla etkileserek
kroniklesiyor.

Hastalik tablosu?



Persistan HCV infeksiyonunun major patolojik
sonucu, zaman iginde siroza ilerleyebilen,
hepatik fibrozis gelisimidir.

HCV SITOPATIK DEGILDIR

| Virus iliskili hepatosit hasari, konak immun
yanitl tarafindan olusturulmaktadir.




Hepatositlerdeki HCV infeksiyonu hucre
olumune yol agmaz.

Belirgin hepatosit hasari olmaksizin kronik
HCV replikasyonu gorulebilir.

Kronik HCV infeksiyonu olan hastalarda
immunsupresyon, HCV RNA duzeylerinde
yukselme ve karaciger fonksiyonlarinda

duzelme ile iligkili bulunmustur.




Acute Hepatitis C Virus Infection: Diagnosis, Pathogenesis,
Treatment

Florin Alexandru Carann’?, Loredana Benea®

1) *Carol Davila” University of Medicine and Pharmacy, and Infectious Diseases Institute “Prof. Dr. Matei Bals”. 2)
Infectious Diseases Institute “*Prof. Dr. Matei Bals™ Bucharest

Viral hepatit patogenezinde immun sistem
nem infeksiyonun kontrolu ve iyilesmeye

nem de kronik infeksiyon ve siroz gelisimine
Katkida bulunur.




(hinical Science (2007) 112, 141—I55 (Prnted in Great Britain)  dor:10.1042/(520060171
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Immunopathogenesis in hepatitis
C virus cirrhosis

Ulrich SPENGLER and Jacob NATTERMANN

Department of Internal Mediane |, University of Bonn, Sigmund-Freud-Strasse 25, Bonn, Germany

Kronik hepatit C patogenezindekitemel surec,
immun aracil inflamatuvar hasardir.

HCV spesifik CTL, perforin, Fas/Fas ligand ve
TNF yolaklari uzerinden etkin bir oldurme
gerceklestirirler.
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MINIREVIEW

Stealth and Cunning: Hepatitis B and Hepatitis C Viruses
Stefan F. Wieland and Francis V. Chisari*®

Department of Molecular and Experimental Medicine, The Scripps Research Institute,
La Jolla, Califomia

CTL aracili 6ldurme icin, infekte hucre ile
CTL arasinda fiziksel temas olmasi gerekir.

Kronik hepatitlerde infekte hepatosit sayisinin
10""e ulasmasi nedeniyle, CTL'in tim infekte
hucreleri ortadan kaldirmasina olanak yoktur.
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MINIREVIEW

Stealth and Cunning: Hepatitis B and Hepatitis C Viruses
Stefan F. Wieland and Francis V. Chisari*

Department of Molecular and Experimental Medicine, The Scripps Research Institute,
La Jolla, Califomia

Viral hepatit seyrindeki karaciger hasari CD8
T lenfosit yanitinin sitopatik aktivitesine bagli
olmakla birlikte, viral temizlenme icin daha

etkin bir CTL yanitina ihtiyag vardir.



Journal of
Hepatology

Journal of Hepatology 38 (2003) S38-S53

www.elsevier.com/locate/jhep

Liver fibrosis — from bench to bedside

Scott L. Friedman™

Division of Liver Diseases, P.Q. Box 1123, Mount Sinai School of Medicine, 1425 Madison Ave. Room 1170F, New York, NY 10029, USA

Kronik hepatit seyrinde gorulen hepatik
fibrozis, suregiden karaciger hasarina karsi
gelisen tipik bir yara iyilesmesi surecidir.



Journal of

Hepatology

Journal of Hepatology 38 (2003) S38-S53

www.elsevier.com/locate/jhep

Liver fibrosis — from bench to bedside

Scott L. Friedman™

Division of Liver Diseases, P.Q. Box 1123, Mount Sinai School of Medicine, 1425 Madison Ave. Room 1170F, New York, NY 10029, USA

Karaciger fibrozisi, hepatositler ve sinusoidal
endotelyum arasindaki subendotelyal
bosluktaki ekstraselluler matrikste, kollajen ve
diger proteinlerin birikimi ve ortadan
kaldiriilmasinin soz konusu oldugu, dinamik
ve kompleks bir surecin net sonucudur.



‘ Normal karacigerde hepatosit kordonlari,
pencereli endotelyal duvar ile cevrilmistir.

Hepatik stellat hucreleri Disse araliginda,

Kupffer hucreleri intrasinusoidal yerlesimlidir.



CDS8 ve CD4 lenfositler,
Sitokinler,
Kemokinler,

!

Ml Stellat hiicre
aktivasyonu




Progressive Liver Injury in Chronic Hepatitis C Infection
Correlates With Increased Intrahepatic Expression of
Th1-Associated Cytokines

JOHN NAPOLL' G. ALEX BISHOP,'! PETER H. MCGUINNESS,' DOROTHY M. PAINTER,> AND GEOFFREY W. MCCAUGHAN'

Yuksek intrahepatik IFN-y ve IL-2 duzeyler,
portal inflamasyon ve fibrozisle korele
bulunmustur.




Stellat hucre
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Immunopathogenesis in hepatitis
C virus cirrhosis

Ulrich SPENGLER and Jacob NATTERMANN

Department of Internal Medicine |, University of Bonn, Sigmund-Freud-Strasse 25, Bonn, Germany
e .
Ekstraseluler matriks genisledikge organ
mimarisi degisir ve normal karaciger fizyolojisi

bozulur.
.

Histolojik olarak kronik hepatit C interface
- hepatit, koprulesme nekrozu, portosentral ve
portoportal fibroz septalarla seyreden

nekroinflamatuar surecle karakterizedir.




Sonuc

Dogal ve adaptifimmun yanit HCV
iInfeksiyonunun kontrolunu saglayabilir,
.
HCV, tum immun yaniti etkisiz kilabilen

mekanizmalara sahiptir,

lyilesme ya da kronik infeksiyon
bu iki gucun arasindaki iliskinin bir sonucudur.






