loAoyla — AtayovidLakol TTovTLKoL

lwavvnc KapakaolAtwtng



H wotopia Twv MOVTIKWY Epyactnpilov

1100 BC- avayvwplon S1adpopwv XpwUATWV
oTouc rovtikou¢ (Kiva)

1909- Ta tpwTta eVOOYALKA OTEAEXN

1962- [upvol ovTikol

1980- To mpwTo SLayovidLaKO TTOVTLKL

1989- To mpwTto knockout

1990s- 2UOTNOTO ETMOYOUEVNC
ekbpaonc/olyaong,

2002 mouse genome project



(Lot 0 TTOVTLIKOC OOV LOVTEAO TWV
avBpwrnivwv acBevelwv



['1aTi O TTOVTIKOG ;;

* 'Eva a1rd TA TTI0 KOVTIVA OTOV AVOPWITTO MOVTEAO—
OnAaoTIKO

* To 110 TTOAUTTAOKO-
ouvOouadlel CUOTAMATA OTTWC TO EVOOKPIVEG, VEUPIKO,
QVOOOAOYIKO

* ‘Eva a1rd Ta TTI0 HIKPA ONAAOCTIKA—
ew¢ 50 ypauuapia

* [pRyopn evnAIKiwon—
ATTOYOAQKTIOMOC 0€ 20 pEPEC
EvnAikiwon o€ 30 HEPEC

* Fpyopn avamrapaywyn —
OioTpoc KABE TEOTEPIC NEPEC
[[Evvnon pEXP! Kal 12 nIKpwV ava yEvva




“ToviSiwpatikn” Tou ImovTikou

* Human genome ~3 billion bp

* Mouse genome ~ 3 billion bp
* Méeyeboc yovidLwuatoc AAAWY YVWOTWV OPYOVLIOLWV-
LLOVTEAWV
— Muya (Drosophila) ~ 140 million bp (21-fold less)
— JkwAnkog (C. elegans) ~ 97 million bp (31-fold less)
— Zupec (Saccharomyces)™ 12 million bp (250-fold less)
— Baktnpua (E. coli) ~ 5 million bp (600-fold less)

99% TWV YoVIOiwV £Xouv avlpwTTivOo OJOAOYO



2UCTAMATA TTOU £XOUV
AVATTTUXOEl YUPW ATTO TOUG
TTOVTIKOUG

CEVETIKN TWV TTOVTIKWYV

Knockouts

Alayovidiaka

2UOTAMOTA I0TOEIDIKAG KAl EAEYXOMEVNG EKPPACNG

-

Y1troonnlnon avamapaywyng
KpuoouvTtripnon otrépuaTog/euppuwy

EuBpuoucTagopa
In vitro yovigotroinon

EpyaAcia

Mouse genome project
EuBpuikd BAAOTIKA KUTTOPO

2 UOTOIXIEC EKPPAOTNG YOVIDIWV
BIBAIOBRKEC YEVETIKWV TOTTWV O€ BaKTNPIOKA TEXVNTA Xpwuoowuata (BAC)




... KOl TO TTILO ONUAVTLKO OAwV epdavidouvv
aoBOEveLEC OUOLEC ME TIC OVOPWTTLVEC

Mapadeiypara MovréAwv aoBeveiwy O€ TTOVTIKOUG :

1) AilaBATng 1 (autodvoon acBévela) kal 2 (METABOAIKN aoBEveia)

2) ABnpookAnpwong (aug¢nuévn XoAnoTepOAN Kal €TTIKabnon ota
ayyeia)

3) Muik AuoTpogpia (veupouuikry aoBéveia)

4) Peupartosidng apbpitida (autodvoon acBéveia ?7?)

5) KuoTik lvwon (aoBéveia Tou TTveuuova)

6) EmAnyia (veupoloyikr) acBeveia



[EVETLKN TIOVTIKWV

> TIpoaBeon e€wyevwy yovidiwv (Siayovidiakad)
» Tpormotoinon evdoyevwy yovidiwv

Agpaipeon yovidiwv (knockout)

2. ToxXeupévn petaAhafoyéveon yovidiwyv

EAcyxouevn ékppaon yovidiwv (conditional)



AloyovidLaKkol TTovTLKOoL

ZUywro

[[OVIJOTTOIOUME TO WAPIO OTO
EPYOOTAPIO

Eicayoupe o€ autd 10 €mBupnTd DNA
ME MIKpORBEASVQ

To ¢€vo DNA evowpaTwveTal
OuVNOBWC O€ KATTOIO XPWHOCWHA

TpoTtrotroinon

/
Kras Kras FLAG-ZFP36
T I

MNapouacia Tou Mapouacia duo
dlayovidiou dlayovidiwv
Kras



[Movtikol e otoxevpevn adaipeon N
Tporornolnon yovidiou

TPOTTOTTOIOUME YEVETIKA BAACTIKA
KUTTOPO JECW OTOXEUMEVOU
avaouvOuaouoU TNG evOoyEVOUGS
TTEPIOXNG ME aVTiOTOIXN
TPOTTOTTIOINUEVI OTO EQYACTHPIO
To DNA TOU TTOVTIKOU £XEl

A) xdoel HEPOG VOGS yovidiou

B) TpotrotroinB¢i o€ pia Béo 3
) TP | n v n AAMNAGLOP®O L a)\)\(r;ﬁ(c)ytfép(po
(MeTOAAOYR) TpOTTOTIOINGN
[') atrokTAcel aAAnAouxiec TTou \ /
ETTITPETTOUV TNV UTTOOUVONKES TSC]_L/ +
Evéoyavég/

ATTWAEI HEPOUG EVOG YOVIBIoU yovidio Tscl



Experimental models —in vivo

Transgenic & knockout mice for studying viral pathogenesis

Mice with
new receptors

N\

P

Mice with complete
viral genomes

:

Mice expressing
individual viral genes

Study of virus infection and disease

Study of the host response to infection

/

\

“

™

Clonal T-cell
receptor

Immune mediator
deletion

Immune cell
deletion

Immune mediator
overproduction




CD155/PVR movTikoL Ko
rnoAlopueAitida

Movtikol pe
avBpwrivo utodoxea
TOU LoV TNC
TioAlopueAitidog
pUrtopolv va
HoAuvBouv

Mio amo Ti¢ oelpEC eykpiBnke armod tov MNaykoouLo
OpyavIopo UYELOC YLaL TOV TTIOLOTLKO EAEYXO
VEUpPOMOAUHaTIKOTNTAC TOU €UPoAiou Sabin



MEeAETWVTAG TOUC TTOPAYOVTES
MOAUCHOATIKOTNTOG

Growth in Effect on mice
cell culture

Aypiou Tumou s MOAUGCUOTLKO

MetaAAayn mou
oényet oe e | ,
TOPEUTIOSLON TNG @ 57\~ — > E¢aoBevnpevo
ovTypadnc Poor replication

MetaAAayn o€ e
yovisio mou - ,
TPOKAAEL TN i’&"“g Tw: > EgacBevnuevo

HOAUGHOTIKOTNTA

|

-_—

£ &1 =
Poor replication



HCV kot Stayovidlokol ovTLKol



Opyavwon Tou YovIOLWHOTOC TOU
HCV

a
IRES
ol i~ A
& .nn.ﬁj}}j rotease Helicase| | NS4B | NSSA |  NS5B
AUG A P NS3  NS4A
Stop
: 5" NTR vl Structural proteins ; Non-structural proteins ; 3"NTR :
AOULKEC Mn-60ULKEC
Structural proteins Nonstructural proteins

I l

WV VvV

Replication complex
|

1 192 384 47810
c E1 E2 p7 NS2
l [TX] - [ 1] aees S8 i
Capsid Envelope Viroporin and Serine protease MNS3 protease Regulator of RMA-dependent
glycoproteins assembly factor and helicase, co-factor replication and RNA polymerase
assembly factor viral assembly
- L Y
G'-terrmnal ‘cleauage of core by Autoprotease and Organizer of replication
signal peptide peptidase assembly factor complex and membranous web

d4<g

Signal peptidase cleavage site
MNS2-NS3 protease cleavage site
MNS3-NS4A protease cleavage site






MeBoboL xpnonc {wwv epyactnpilou
yla tn LeA€tn touv HCV

Viral adaptation Transgenic mice Xenotransplantation
®
- Hm- o
Gene expression fragment &'\' — x—’
Wild type HCV Transient Oviductal transfer of
adenoviral microinjected % Hepatocytes %} Hematopoietic
& delivery fertilized eggs 2 % stem cells
= ) ) )

- =g - — s - AR ——

In vitro adaptation
to murine entry factors

X ~

Human-immune
Mouse adapted HCV system chimeric

| y
s & _a Lo

= —n P

Wild type HCV

Wild type HCV protein Entry factor Human-liver Human-immune
transgenic transgenic chimeric system/human-liver
chimeric

MeA€tn tng avtypadng
TOU LoV KoL TNG
OVOOLOKIC OIOKPLONG

MeA€Tn TG
naBoloylag Tou Lov

MovTtéAa eAEyyoU
bapUAKWV



Alayovidlokol TTOVTLKOL LEAETNC TNC
LLKNC avTlypadnc



Alayovidlakot MNMovtikol tou
ekppalouv avOpwTLVEC TIPWTELVEC
vrtodoyeic tov HCV

e [porupnvikn eyxvon DNA pe yeVIKO
N NTATOELSLKO UTIOKLVNTH Ttou odnyel
NV Ekdpaon pLog avlpwrivng
NMPWTELVNG

HBV Mpwrteivn tou

YrnokivnTr ,
Albumin s avOpwrou

/ N

R-Bl, CLDN1 ko O



MoAuvon pe HCV yeveTika
eEQVOPWTILOUEVWYV TIOVTIKWV

* MapaAAnAn ekdppaon avBpwTIVWV MPWTEIVWV
niou Asttoupyouv wc urtodoxeic tov HCV (4
human entry factor mouse - 4hEF)

— MoAuvon pe HCV twv movtikwv 4hEF odniynoe os
UTTOTUTIWON TTIOAAQTTAQGLOO O TOU LoV

e Alootavpwon tou 4hEF pe TTOVTLKO TTOU TOU
AELTTEL EVOLC ONUOVTLKOC ONMATOOOTNC TNC
gyyevouc avooiac (STAT1")

— Emtuxng poAvvon pe HCV nou dunpkeoe 2 HNVEC.



[TovTtikol pe avBpwWTIlVO NTTOTLKO
EEVOUOOYEU UL

* [lovTlKoL pE avenapKeLa amoppyng Tou
LOOXEUMOTOC OTIO TO AVOOOTIOLNTIKO CUOTNUA

* MapaAAnAa vTtapén evoc UNXavIopoU
BavaTtou TwV NMOTOKUTTAPWYV TOU TIOVTLKOU

e Xopnynon avlpwrivwyv NMATOKUTTAPWV

* Avaouotoon Tou Nratoc pe uPnAn
TOCOOTWON aAvOpWTVWV NMATOKUTTAPWV



UPA-SCID

* [Movtikol tou untepekppalouv to yovidlo Tnc
oupoklvaonc (uPA) katw armo Tov uTtoKLYNTN
tnc AABoupivne udpilotavtol otadlakn NToTkn
OVETIAPKELA Tissue plastinogen

activator (tFA)
’ PLASMINOGEN
e Juvbvoopéctwyv T \ e
, Plasminogen activator «— Hgﬁilﬁrreinal d
riovtikwyv Alb- uPA mmfﬂ”@if&fﬁ/’ v
LLE TLIOVTLKOUC VEV- T Yy entplasrin

LKEVLEVNC OVOOO- \
avemnapkelog (SCID) \

’ ’ FIBRIN 2% FIBRIN DEGRADATION
e Avvatotnto poAuvvoncg
QIO KALVLIKA OTEAEXN

dio-macroglobulin




FRG

* Knockout yia fumarylacetoacetate hydrolase
(FAH") otopotdel Tov KotoBoALoUO TNCE
TUPOOLVNC KOL UTTEPCUCOWPEVOH TOELKWV
evoLApEOWV PHETABOALTWY TTOU 0dnyouV o€
Bavato ta nratokuTTAPA.

* JUVOUAOMOC LE TNV AVOOOOVETIAPKELDL AOYW
eAewpnc tou yovidiov avacuvdvaopou V(D))
ota B kat T Aepdokuttapa RAG2-/- kal tou
yovidiou tnc y-aAvaoidac tou utodoxea tnc IL-2
(IL-2Ry -/-).



Movtédo MeAEtng Qapudakwy in vivo

Daclatasvir and Telaprevir in vivo tests

Pu blmEd gov PubMed v

US National Library of Medicine
Mational Institutes of Health Advanced
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The human liver-uPA-SCID mouse: a model for the evaluation of antiviral compounds against
HBV and HCV.

Meuleman F'1, Leroux-Roels G.

# Author information

Abstract

The study of the hepatitis B virus (HBV) and the hepatitis C virus (HCV) has long been hampered by the lack of a suitable small animal
madel. Both viruses could only be studied in humans or in chimpanzees. Recently, a new chimeric mouse model was developed that
was permissive for HBY and HCV infection. In this model, uPA+/+-SCID mice, suffering from a fransgene-induced liver disease, are
transplanted early after birth with primary human hepatocytes. These human hepatocytes integrate in the parenchyma and
progressively repopulate the diseased mouse liver without losing their normal metabolic functions. Successfully transplanted mice can
then be infected with HBY and HCV. In this review, we describe the characteristics of this chimeric mouse model in more detail and give
an overview of how this model has already contributed to the development of new antiviral compounds for the treatment of viral
hepatitis.

PMID: 18708533 DOL 10.1016/.antiviral 2008.07. 008




