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transgenic anlnal having a hunan- nDuse chineric liver, where the transgene

provides for expression of a urokinase-tape plasm nogen activator in the
liver. The invention al so fedARKSROWDIOFIRETDOVENTIGleNt | fyi ng candi dat e

t her apeut I ¢ agaRfifan fred diseAS b4 by the hepatitis C virus (HCV) has emerged over the
10  past decade as one of the most difficult challenges facing the worldwxde medical
‘community. Elucidation of the viral sequence in 1989 (Choo, et al. Science 244, 359-361
(1989)) initiated the era of concerted study of HCV; presently it is estimated that up to
175,000,000 people are infected (Sarbah, et al. Cell 62, 447-456 (1990)). HCV is the
‘most common type of chronic viral hepatitis with an estimated prevalence of 1-2% in
15 developed countries. Chronic HCV hepatitis leads to liver cirrhosis i in at least 25% of
affected patients and after development of cirrhosis it is estimated that hepatocellular
carcinoma develops in 1-4 % of patients each year. In North America HCV is currently
the most common indication for liver transplantation.
Currently antiviral therapy with Combinaﬁdt; interferon and ribavirin is effective
20  inselected patients, but many either fail to respond or tolerate therapy poorly,
underscoring a need for improvement. Sustained response rates for interferon
monbtherapy range from 20-25%, while combination therapy with interferon and
ribaVirighas shown éustajned response rates of up to 40%. Although newer antiviral
: drugs'targetiﬁg diﬁ'erent parts of the viral genome are under dcvélb’prnent, progress has
25  been severely hampered by the lack of a robust cost-effective animal model of HCV. The
- only natural hosts for HCV are humans and chimpanzees, neither of which is smtable for
large scale antiviral testing.
| " Thelack of a reproducible small animal model for HCV infection has further
limited the invgsﬁgatibn of various immune factors contributing to the disease, as well as
30 Yaccine candidates for the immunotherapy of chronic HCV infections. In the case of

HCV infection, a number of reports have demonstrated the presence of Thl - Th2 switch



havi ng antiviral activity against HCV infection. 17 Septenber 2004 WO
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- same phylogenetic family. HBV is a member of the hepadnav_irus family with a-genome
of double-stranded DNA, whereas HCV is a member of the flavivirus family, which is

based on a single positive-stranded RNA genome.

20 HBYV and HCV also differ in their infectivity. HCV is less infectious than an
equivalent dose of HBV, as evidenced by the differences in acquisition rates in hospital
personnel after needlestick i m]unes HBYV infections occur in 2-40% of HBV-

: contammated neediestick events, while HCV mfectlons occur in only 3-10% of HCV-
contammated needlestxck events. These observations suggest that HCV is about three to

25 four tlmes Tess mfectlous than HBV (Shapiro Surgical Clin North Amer. 75(6):1047-56
(1 995))

7 HBYV and HCV differ greatly in their reqmrements for replication as well as in the
~ viralJoad during infection. HBV is capabie of replicating in less differentiated systems
(e.g., I-F_:pGZ cells,. Sells et al. Proc. Natl. Acad. Sci. USA 84:1005 (1987)). In contrast,

30 HCV repli_catioh may depend upon the presence of nontransformed hepatocytes (see, e.g.,

| Ito et al. J. Gen. Virol. 7__7:1043 (1995)). The viral titers of patients infected with HCV
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inin vitro studies on T cells isolated fromthe HCV iht3Rnteabar@@04i dual s.
On the other hand, non-virem c HCV infected patients have been found to
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Sept enber clitfiéMly relevant means for assaying candidate therapeutic agents. The extremely
20  narrow host range of HBV and HCV has made it very difficult to develop animal models.
Current animal models of HBV and HCV either do not involve the normal course of
infection, requi;e the use of previously infected human liver cells, or both (see, e.g., U.S.
Pat. Nos. 5,709,843; 5,652,373; 5,804,160; 5,849,288; 5,858,328; and 5,866,757;
describing a chimeric mouse model for HBV infection by transplantmg HBV-infected
25  human liver cells under the mouse kidney capsule; WO 99/16307 and Galun et al. J.
Infect. Dis. 172:25-30 (1995), describing transplantation of HCV-infected human
: hepatocytes into liver of immunodeficient mice; Bronowicki et al. Hepatology 28:211-8
(1998), describing intraperitoneal injection of HCV-infected hematopoietic cells into
SCID mice; and Lerta ef al. Hepatology 28(4P12):498A (1998), describing mice
30 transgenic for the HCV genome). Infection by humman HBV is fairly well mimicked by
- infection of woodchucks with woodchuck hepatitis virus (WHV) and by infection of
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patients. Patients infected with HBV have | evels rangi Wgsqﬂtwe{@@%o 109
particles per nL, conpared to 102 to Wparticles per niL in HCV infections.

These di {fcediagas in viral titer may be due at least in Pt R1lobRo
rel ative clearance rates of viral particles.. In addition, _t(1e nunber of

ese. t nakeBye BBl pipied Uit (MR Wiy el padpendy 300 ¥
(1995)) . inkbdid Gukb hivd beeh s@tcedsBiliyMised ko idbﬁtﬁrymgsﬂ?ﬂf&w\re BRHHN @i Vi T @

copies per cell means that_ a significant nunber of human hepatocytes nust
be i nf ec BBV infertion of bumans. Howegeers vy analegdus paignal srodebofinfoctiorhasdtcent ed  °
within sep ny |i %} host range of human HBV and human HCV has proved
pr obl emﬁegﬁ}ﬁ%dﬁ‘fg e devel opment of in vitro and in vivo nodels of

i nf ecsi on. - HuIBhe ab&ficE bl ApradticabormemidBostthy nivai deirabls dsieel hidake t o human
HBV i nfection, human, chinpanzees, and tree shrews are susgggti ble for

i nf ect i ofoRldihe aflimeri¢ryymabmadel thag pliowed for irfectioe Hmnandiver ogl)thronglpor t i ng
Lo . " St
| o at eatie HbEREbAS P lntddof, ekt Wldisd kibhel SEBROIG il ingecliof |

i sol at ed hunan ee,

8: 3- 14 ( 488k inttivehauyiasdulationend dat chitlf atysporpohrdtic42f2ctéon| 19 dikmatdisV has
been repqrted to infect pripary. cultures, of human hepat ocytes; however,

the cel | eggvelopment ofprise havmeshipaers kv with hymagdiepatorytessusceptiblentai er et
al . o CeABY & CV Ihfeblio g%d i % ?@&ﬁo Bfid vEfHGn rﬂgﬁﬂﬁ aPliinfeatly

satisfactory in vivo no I's required 1 n order to provide a nore
cl i ni cal fejevant, sustainabbelavels hasrprowenao sigppleanatieda (The tfieht efxedogaerdiet s. The

extrenely 20 narrow host range of HBV -and HCV has made it very difficult to
devel op MP”‘%‘EI&‘%‘?‘”’"@.YFW@?W& etﬁﬂ&é?“?“ﬁf’g $and HCV ei t her do not-
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HCV-infected human hepatocytes into liver of inmunodeficient mce;
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of woodchucks w th woadchuck hepatitis virus (WHV) and by infection of 3 17
Septdnbedemnpgtgated that individual hepatocytes that spontaneously deleted the {ransgene

acquired a significant survival and replicative advantage, resulting in repopulation of the
liver with these nontransgenic cells Sandgren et al., (1991), supra). The Alb-uPA
.ﬁ'ansgenic mouse has proved amenable to transplantation with livgr celis from non-
ﬁansgcnic mice (Rhim et al. Science 263:1149-52 (1994)). The Alb-uPA transgenic
25 mouse was alsé- s'uc::essﬁllly used to produce mice having chimeric'ﬁvers with rat
hepatocytes (Rhim et al. Proc. Natl. Acad. Sci. USA 92:4942-6 (1995)) or woodchuck
' hepatqcyt'es (Petersen et al. Proc. Nail. Acad. Sci. USA 95:310-5 (1998). However, these
deve_ldpments were still a long step away from the development of an animal model
Quscepﬁble to HCV infection. Production of mouse having a xenogeneic transplant from
30 .another member of the Rodentia family is not nearly as difficult or unexpected as

production of 2 mouse having a xenogeneic transplant from an animal of a different
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hypof ilbr i pegengientisn addessddthis provtemgene was al so found to be - associated
with accel erat ed hepat ocyte death. Later work_with this transgenic ani mal
20 denonstrat-ed that individual hepatocytes t hat spont aneously del eted the
transgene acquired a signifi Eﬂ A ' plicative advant age, '
resulting in repopul ati on of ? iﬁdﬁrﬂwlﬁe’gﬁﬂé& nontransgeni c cells
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(1998). t hese . devel were stil | ong st ep; avvay fromthe
devel opme F”Woﬁ?ﬂﬁva%lfe s@ﬁlpﬁff”ém? 0 gsthadds forpy oduct i on of
mouse havjdagtifingRAMIARS terdpeahs R ¢ b!, ARMOnARRY ART e Rodentia
famly is_not nearl y as dld?pél cul ore%nexpect ed as producttP,o%a'ﬁ]'%l a nouse

havi ng a H&Yogésew transplant froman aninmal of a different 4 17 Septenber
2004 54 A primary object of the invention is to provide a non-human animal model that is
susceptible to infection by human HCV via the normal route of infection.

An advantage of the invention is that the animal model provides the first instance
of an animal that 1s susceptible to infection by HCV via the normal route of infection, and
_ further that can become chronically, consistently, and stabty infected at viral titers that

25  canbe equated to viral titers in HCV-infected humans.
Still another advantage of the invention is that production of the animal model
. does not require obtaining or handling HCV-infected cells. Thus the invention avoids the
need to obtain hepatocytes from HCV-infected human donors or to culture and infect

‘human hepatocytes in vitro.
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chinmeric animals m ght support HCV infection. For exanple, "hepatocyte
grow h factor (HGF) is the nbst potent stimulus of hepatocyte regeneration
in vivo;, in conpAcdodinggnincsieasptat af thepusenttibFenvios fihoispréddeipye 98. 5% 5
am no acid sequence honology with rat HG, and only 90.9% w th human HGF
(Liu et alSTEMGERFARsgEnigmavRg hoskinfacted with hugan hepatitis§58Tys (HEWr e were no
guar ant ees gf rﬁmﬁjl?%géﬁ il | C -jrouse
liver chi rrerénl?suscepti ble to Clclﬁ’r%%{?g&ﬁ% eg%%%rﬁléﬁeétger{ﬂ%%n W R vi ral
product i on palymicieotide bhopdmel aenrakinasdectypé plastiitne gerd fctivaes polypeptidenvheasin
addresses this problem .SUMVARY. O THE | NVENTI ON The present invention
features a SRQﬁE}H'SHO@?iI %‘@&Cﬁ G Pé’r‘%’ﬂ%t&’é%\chﬁliwé%iedm_ YREPEEE Son by
human hepat gk Qe i HOst O NRer Rt AU iRirdik tﬁé&%’f‘is%ﬂfb‘?zgédﬁ £6r thkr us (HCV).

15 The nodel is based on a non-human, irnnmunoconprom sed transgeni c ani nal
havi ng a hupsiynusletide;cind ashimerid leer compesing himar heppfeytesengrafivd tés f or

expressi on of uroki nase- .type pl.asm.nogen activatqr jn.the |i The
i nvention a g%gfhggﬁbﬁe&swslﬁ%?ﬂg&cu %IPH%?E@%W%BO‘&S&%FH%@W@? utic
agent s, e. gresulade MCSV havdiieg offtid Mbeiselhoact i Vity against HCV infection. 20 A

primary object of the invention is to provide a non-human ani mal nodel that
is susceptibl e I sepanskaspesi obihernuergnt ITntipndherp is provided 2 methad off

I nfection. ae. ' [ .] Lo b | mal.. el provides
the firet iMeRRERLARRE bl NN et d il Pk by Vv
via the nor@aV), tetmethdd corfymdding impRnting huthinkdpatdegics @6 ahecone

chronical ly, consistent,|l and stably infected at viral titers that 25 can
be equat ed FBPYAOCIPIANIELds ARSSRHGNGSE APY J2HIRRHENOME COMPLHBE Aer  advant age

of the inveynd ' el d ~ Aanj ] quire
obt ai ni ng ?%ﬁ%hﬁ@%%@%ﬁﬁ%@%ﬁ@? élaﬁ%%ggéﬁcéﬁ?%\?/g?ﬂyp %ﬁﬁig%ﬁg&ﬁt he
need to obtthe nolyepclewviptieepdratomly-iikednd e pravothy serh tHatrtbe polyperttidedul t ure and

i nfect human hepatocytes in vitro. 7_Sept er. 2004 Accordingly, in one
aspect of t%greﬁ??egiaslg%f’gﬁIﬂ%ﬁthiv%ceﬁlﬁé?‘gwﬂ:‘greﬁ’r@@?‘ggds OMPLHERBT OE%ler gnggeni c
nouse host poNReicatdsahl ifbedRAnS 8Raldst With GuMbh BV HilMrein GRARALRI NY an

i mmunodefici ent, transgenic nouse having a genonme conprising a
transgenic mouse host comprising a human-mouse chimeric liver and having a human

HCYV infection is produced.

In a third aspect of the present invention, there is provided a chimeric
transgenic mouse host produced by the method disclosed in the second aspect of the
invention.

In a fourth aspect of the present invention there is provided a method of
culturing human hepatitis C virus (HCV), the method comprising: administering
human HCV to the chimeric transgenic mouse host disclosed in the first or third
aspect of the invention; and isolating human HCV from the infected host following
human HCV replication in the host.

In a fifth aspect of the present invention there is provided a method for
screening candidate agents for activity against a hepatotrophic pathogen, the method
comprising the steps of: administering a candidate agent to the chimeric transgenic
mouse host disclosed in the first or third aspect of the invention; and analyzing the
effect of the candidate agent upon HCV infection; wherein a decrease in infectious

load of the human HCV relative to an untreated chimeric transgenic mouse host or
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pol ynucl eoti de encodi ng a uroki nase-type plasm nogen activator_ pol ypepti de,
wherein the polynucleotide is operatively linked to a b]’%%?‘@?e@@ﬁﬁ t hat

t he pol ypeptide is expressed in host nouse liver cells, and wherein the
host is honozygous for the polynucleotide; and a chineric |iver conprising
human hepatiskyive to infagtiahs lodd imthe chimmnisdrangsnid mvese; hostheiceite candiatd at i on of

the chinerig e host w th . human _ HC) sults in HCV infection of the
nouse host .agleﬂpéjﬁﬁyﬂjéﬁﬁtbondéb%dd?a%gf of ﬁ@fﬁé\géﬂfv%’ﬁ\; &5t here is provided a
method of  produgiangktB aSitchBY thé phdsl HRRALSH HRHSE phRsded Ie@bg % t h human

hepatitis Cvirus (HCV), the nmethod conprising: "inplanting human
hepat ocyt esscrasnggsandijstnaaadoiosretiNityod achicving gertrcasedn dbooddipidshthei ng a

genome co L . nucl eoti de.encodin .ur oki nase:type pl asm nogen
acti vat or %F@%@g?ﬁ%&%grsgepﬁ&t s 5?9%%?@@#%%@%’&3?%%@& linked to
a pronot er, tragdhid Matise Hvst PisdlyRARA kttefirtor (R¥PhesEest théintasionTRibse | i ver
cells and wherejn the_host is honobzygous for the E&Iﬁ/nucl eoti de; and

i nocul at i nganﬁh’éiqugﬁ ekt nf tharardiditvagetispen seramaenpREQT popretains geni ¢ mouse
host conpr | whdiéin cﬁg%ﬁ&? gpgﬁet%ﬁf& C?B‘Bﬁi&) to'll\ég)ir%%?%ggm%l a nt%ﬁ%?ﬁ%ﬁoﬁcv

infection is produc aspec rese inve there is
provi ded a thitiisrdedreased radatbgan adeveboSepoBA60 priooduwasdidiy aghe adkidiaehtidhscl osed

in the secand. aspect of .the invention, In a fourth aspect of the present
i nventi on tlﬂgﬁpﬁteg eﬁ@?ﬂéag%tﬂéiml%m dectrasingiiepditfeén hepatitis C virus
(HCV), the met hag JGRURNH Sipdst of TRk BivieRiSon, Wﬁiplrf@{dé@a [0l 24me

ric
transgeni ¢ nouse host disclosed ih the first aspect of ‘the
i nvent i on; <yablaiisplivariterjcibpuoten dgent, theanethbbcompréinedhe lsteps of:ol | owi ng  human

HCV replication in the host. In fif.th . aspect of. the present invention
there is pragwﬁé%“ag ﬁgﬁ{ﬁ%ﬁt? ggent g)c?' HumeHg lréaﬁ‘ﬁa?%ﬁcbe_négg‘i‘?@mfa Grouse 1955 t y
agai nst a hepaéiatioiit & dathiaeann fidedond shofneie BRHd BiyiEpHostes W Ags oF

adm ni stering a candi date agent to the chineric transdgenic ~nouse host
di scl osed ig¢hemically iegrated pplynuclgefplecncering-parakinasetynsmlasardogenal yzi ng t he

effect of t ' . {.nf-ection;: erei,n a_decrease in
i nfectious Jaﬁg%gp@iflgﬁgdﬁ&an%&]e%% rog%c%e{%ég? 5 Oé’ﬁfaﬁmﬁﬂ%‘&f‘é%aeﬁq%?ﬁ c
transgeni c soclithat the polypeptad i3 éxregte ibiedst 2004 K atllsy end Whirkfre®t hegts | oad

in the chi rregi c transgeni c nouse host prior to candidate agent
admi ni st r at's BAMPEYZORYTE She Relyiclegtide. andy) hastumanyhepptoeyies engapfied into

the host liver; and analyzing the effect of the candidate agent upon liver function or

liver histology wherein a decrease in liver function or adverse alteration in liver
histopathology in the treated host relative to an untreated chimeric mouse host or
relative to liver function or histology prior to candidate agent administration indicates
the agent is toxic to liver cells.

In an eighth aspect of the present invention, there is provided a chimeric
transgenic mouse susceptible to infection with human hepatitis C virus (HCV)
comprising: an immunodeficient mouse whose genome comprises a polynucleotide
encoding a urokinase-type plasminogen activator polypeptide, wherein the
polynucleotide is operably linked to a promoter such that the polypeptide is expressed
in mouse liver cells and wherein the host is homozygous for the polynucleotide; and
a chimeric liver comprising human hepatocytes engrafted into mouse liver; wherein
inoculation of the chimeric mouse with human HCV results in HCV infection of the
mouse.

In a minth aspect of the present invention, there is provided a chimeric

transgenic mouse infected with human hepatitis C virus (HCV) comprising: an
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In a sixth aspect of the present invention there is proviged a net hod for
screeni ng candi date agents for activity in achieving a Heesnterakeri2804) ood
i pids, the nethod conprising the steps of: adm nistering a candi date
agent to the chinmeric transgenic nouse host disclosed in the first or

t hi rd aspecinminadaficierivaense dayingagenamabymprgng hpolyhiicledtidefentdingandi dat e

2908 1001 EPSrIBE RraRoE B L AR AR oo herein h B P etdednsed <
rel ative t coperdbey Bhkedfto ARRENdLPsuRhitRAt thePpdiRptiddisCoxpaasd iafBuws fl&at i on

i ndi cates the candi date aggnt_ has activity 'in decreasing blood lipids. In a
sevent h aspedls apd whereinihe fesitis hemezigounior thectransgeneparsl/a chdmeric iwethod f or

aimi st or 1 st fi o R BRERea hidGp OB IR TR BobebioToflbdoni o

nmouse host , chimvere iolisd With homhn HE \Aesdled inHEVtinfetidriofahé fdate S¥RERRgec B and
T lynphocytes, b) has a_genomcally integrated pol ynugl eoti de encodi ng-a
ur oki nase- t JFSiedraQse iogrrctenized Dy pirdupinn i gagicabophkl ¢iinal eapies/mL of

pol ynucl eotide i s operably linked to a pronoter such that the polypeptide
is expressed In host nouse liver cells, and wherein the host is honpbzygous
for the pol ynucllecttenth aspmtofihe pasedtunemtibe ferotpreddaehgeafhetinidico t he

host |iver; and analyzing the effect of {he .candi.date agent upon |iver
function or™EEsAY mﬂi{%etllﬂ%taﬁlgec\fﬁ{e‘f”é]il ﬁmama GBS L yirps(HESD compepingn or
adverse al ter at'Eﬁﬂlﬂlﬁulddlfﬁéientbﬁﬁ{sgaﬁéﬁﬁ}u%ﬂaﬁﬁgﬁ Qéhotn{ ‘s?@si relative to

an untreated chineric nouse host or relative to liver nction or
hi st ol ogy prdlpruciestidaertiodaige wglkinaseayps plashinageroactivawi palypeptide/whargmnt i s

toxic to liyer cellis..in an eighth aspect of the present inveption, there
o b ov ded e PefifigFiride’ AlbrEba BuRRReE peot Bt 85 noheBfieR "  n
human hepatdxptessdd iihostsméiseViver GMBPNASIHGein ik Ro¥IsHRHRE €I R Tér tHBUSE Whose
genone conprises a pol ynucl eotide encoding a urokinase-type pl asni nogen
acti vat or pRolyBelsolide andashuneiic liwer compprsing hesen bevatosytsp engipfied inkmked to a
pronoter s I j I iver | s and
wher ei n th(Laﬁ:l ﬁ%%?’ %Ftsﬁﬁgn@%%%%g& %ﬁo%ﬁgﬁfé%ﬁ%ﬂ%drggés{é&g? tt{iﬁi}ih'ém% ric liver
conpri si ng resulmnin BEPaideyioaof drghalse@dst. nt 0 nouse |iver; wherein

i nocul ation of the chineric rmugiéwith human, HCV results in HCV infection
of the .nouse. IR 28 SlfvaRth agrestet thgpresprt Myabien thars isarevided 2 usecafa | s

provi ded a | j : 1 i e istis C virus
DT 980 RS tinsebliB RRASTRGS: BRIBEIY e ol difbi W 1S8R
aspect of the invention.
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I nrmunodefi ci ent nouse having a genone conprising a pol ynucl eotide encodi ng
a urokinase-type plasminogen activator pol ypeptide, whiér¥aptenbas 2004

pol ynucl eotide is operably linked to a pronoter such that the pol ypeptide
i s exprewaeoi/dm@sgaouse |iver cells and wherein the host | schargvazys for
the transgene; and a chineric liver conprising human hepat ocytes engrafted

I nto nouse |i : L. ' o Cly Lc mouse, Wth human HCV
results in H R é%ﬁ%%p%df'&?ﬁéh %ta%gs,%%kﬂ;ﬁgst&tﬁ%{m%}ﬂo 'dh%ﬁ’ge S

char act erdppaginioy thesegenohoskilbéd intthd sasponreading tHe4ewils af tHeORiASs) Hbddedf

serum In % tenth srgect of the present invention there is provided use of
a chi mer 304 methods of Ats use a3 ragrerfBlly deserieed Relowi t h human hepatitis C virus
(HCV) conprising: an inmunodeficient, transgenic nouse having a genone
conprising ‘a ,polynucl eoti-de encodi hg a uroki nase-type plasm nogen

act i vat orBRiet Ppsqrituiely onings BRAWMNAse pol ynucl eotide is operatively linked to

a pronoter su t.hat e peptide |s .e essed j n _host .nouse liver
cell's, and wher&i Ijs @heﬁgggba‘%é&ﬁﬂﬁ‘?ﬁ‘ﬁ%ﬂﬁg‘ é’g& RIREUCHOB 1Y FRFMEBISFME and a
chi meri ¢ ghinpRs ogmea%mewmge%&%%wm-WQ uiaﬂgggnﬁmuse host

liver; wherein inoculation of the chimerit use host wt uman. HCV _
resul ts i n HCFigm24elF am pbétogtaphsofilistothentical bnalgsis of unent chimefian tin pbusdhe

st - pr odilSa Fis 2413 % G sbeL AN SEuch PironRn! Souslyer bkgpioagh the. |
i nvendi omon@snspianao oud QB PR 10, GHRRihg REFH A LR 356hiEesE ﬁg.dzé’t her

obj ects, advantages, and features of the invention will becone apparent to
t hose peisdle pawériRGEisactiondram a tapsplantestitiomyy pous detse) showahg & legani mal

model and.net hods of its.use as nore full. scri bed, bel oy . BRLEF - -
DESCRI PTRCRRER! fisde ffpnit Bttt ed R penR A Hig 26 BN, ( ey
product i @Row Boritfsl isedtRnk oSMbINE and HiXRlak HvaMeSpebiivaly, UbiRMiRhSstARSd Witgp O not
carrying the Aib-uPA transgene Figs. 2A 2F are photographs of histochem cal

anal ysi s @@fi-himan hepaiogyts dy, demgagrating ther immumiohistahemcahpiooedupo vleariyHIE

sect jon : I Y el g nont r. pl anted honmpzygous
Al b-t A -%%ﬂﬁé&ﬁg\?mﬁ%gﬁﬁ%qtf ormce 'lr}:llé‘rﬁ;}rs%rﬂ}gég b ﬁlﬁ—is&?‘neg%ecﬁ‘%“‘gzl ow
pover H&fransplinted honiazyeote livar) sidwing & dofaebE HGUHS hepatedcsSdoayreding | ar ge

nodul e of tissue conpressing surroundi ng host-derived |iver parenchynma.
Fi gs. o CSHFpnding tissue. Fig. 2F i8S a consecutive section immunostained for human hepatocyte

antigen, showing the darker nodule to be comprised of human cells, with the surrounding
parenchyma being of murine origin.

20 Fig. 3 is a graph illustrating production of alburmin from human hepatocyte gmfrs

(1 x 10° cells) in four recipients carrying the Alb-uPA transgene.
Fig, 4 is a Western blot of HA production in an Alb-uPA-positive recipient post-
'transplatit showing sustained signal intensity. HA - human albumin standard (50ng); Con
- nbnh‘ansplantcd mouse serum control. - “ '

25 Fig. Sisa photogiaph of a Western blot showing detection of human albumin (HA)
V'produced from human hepatocytes in chimeric livers (samples represent individual mice).
Wild-type (-); transgenic (+) recipients. HA — human albumin standard; MS —

nontransplanted mouse serum (negative control). |
| F lg 6 is a photograph of a Southern blot for determination of 4/b-uPA zygosity

30 ﬁ'_oin genomic DNA; a T/E ratio of ~2 is characteristic of hemizygous mice, while

homozygotes have a ratio of ~4.



show control sections of nouse and human |iver respectively, both

i unostai ned with an anti-hunan hepatocyte antibody, de¥oHsheaelod t he

i mmunohi stochem cal procedure clearly 15 stains human cells, but not nurine
cells. FigvOoRE6T84a hi gh power H&E stai ned section of tram&@(ﬁlﬂﬁsﬂ
honozygote |iver, show ng a nodul e of heal t hy hepat ocyt es conpressing

surrounding ti nsecilt Lyve .se nost ai ned for
human hepat ocy'?zg%alﬁtalpgg%%ggh§®gr¥ges B%aﬂ?é'fm%g’d@q %@{ﬁ?ﬁi“i‘%ed of
human cel lsnsplirititedipients bembtypetisg/-) MElcne ¥om (bfo’#)']ﬂr tﬁéAmiﬁp)@%aesfq g n. 20

Fig. 3 |s}ﬁ§(graph illustrati ng,rproductlon of al bum n from human "hepat ocyte
grafts ‘%‘)m Fﬁn (Rosa gemime(negdtiva Bnttalans gehe.

Fig. 4|saV‘é I Al 03|t|ve eci pi ent’
post - transpl aﬁgs g&%’h meg |%c%§fn]p Pgﬂ“@egﬁﬁp ﬁ\’ﬁ’é’ﬁ bumi n
standafd @Elivighal lﬁmozygommbseanﬁpleemreﬂmlgaes @pemmaeu)}écqﬁlem%%lﬁé g. 5is a
phot ograph of a ﬁ rn._ bl ot show ng detection of human al bum n (HA)

produced f ‘fﬁi%‘@?ldé@e? arecshow fqréoth grapps. (sanpl es represent
I ndi vi dual h
i ndi vi dual m CF%F 91¥\¥1 h%ﬂ&mﬁﬁ)nsﬂ sgﬂﬁxgwm tre%C Ivgr n éia n\tvF%hs;J man

al bum n st andar nt rans nouse serum (negatl Fig.
6is a phpo&tguca;platmh zmh@nozgdgeum-dﬂsgﬂmd graft dedigients aﬂéﬂlﬁdﬁblﬁxiuoﬁlvﬁtﬂﬁévzyg%l ty

30 from geno DNA; aTI tlo of -2 1§ characterlstlc of hemzygous

mce, whi F’? q‘?fg]ﬁ‘b‘?% rF%FF?eé‘tso“Fﬂalzf‘e‘Bﬁ'PﬂW% geipient.

01167854 PCT/ CA@LNORISH photbirdph df d éel@hmﬁéﬁ%&%cﬁ‘f-ﬁfs ,?@pg} show ng
Zygous

| ong-term HA production in transplant recPpients
honozy goupaneh/orY(-)fstrand RNA4(lewerpanely bmﬁyzmmtabldﬂ‘th rcvhmmﬁn@hbm RN andar d;

Showi g aF SRTPPRE LR PG N i A PR PRS (A P Hrasmpapeol
i ndi vi duaﬁaﬁwmgﬁ%efﬁéﬁﬁﬁﬂoﬁ'(ﬂ%rﬁﬁéhHl)r&?r@&eﬁi’ﬁﬁiﬁdxﬁa? W%&,# pitseS)

recipi ent nmouse  serum sanples. Median trend lines are s bot h

groups. - _isplated fipm ghedivery p@@mg@man@mummmﬂm over the

fi t - t ft t
at t ort nondilid wATCVIREKeA ke schutt AR LN B bR R cpr esent s
serial titostrandplaied noninfbcied B MetgbBizbus lafifell mokie frloBuladBAviltSHeV:

phot ograph .of a gel showi ng detection of (+) strand RNA (upper panefl) or
(-) stran hepozyEeyranselaeed meyse, natinpatlaed with HOGV rRysenue takem frour ampt ase RNA

PCR Pr ot Gfifhroliriatha! £AREARAONA iadE K iting 6 b6 SREIRARIHNL 1 N7 ough

J) are con
sequences generated from (+) strand (upper panel) or (-) strand (lower panel) viral RNA;

20 G, mouse liver RNA (10 ug) doped with seram RNA from an HCV- =positive human; H

[1]

mouse liver RNA (10 pg) doped with 10° copies radioinert antisense (upper) or sense
(lower) nboprobe, 1, mouse liver RNA (10 pg) doped with10® copies radioinert sense
: (upper panel) or antisense (lower panel) riboprobe; J, riboprobes hybridized with 10.pg
mouse liver RNA, all subsequent steps identical except addition ohf RNase. Fig. 10Bisa
25 -dilution series analysis.

Fig. 10B is a photograph of a gel of a dilution series analysis of selected animals
using the thermostable rTth reverse transcriptase RNA PCR protocol. Letter and number
designations are the same as in Fig. 10A. |

Fig. 10 C is a photograph of a gel showing detection of (+) strand HCV

30 RNA(upper paiel), (-) strand HCV RNA (middie panel) or B-actin RNA (lower panel) by

- RNase protectlon assay Control lanes are as designated above; mouse 10 was analyzed



sanpl es and nunber designations (1 through 10). represent individual RNA
sanples isolated fromthe livers of ten homozygous ni ce Spterberapet
transplanted and then 15 inocul ated - with HCV-infected human serum A,

W | d-typeyesiése4 nouse, nontranspl anted, noninfected; BpdiftaiRdigous
transpl anted nouse inoculated with HCV; C, honbzygous transplanted nouse,
not inocul ated with HCV, D, serumtaken.from.an infected human; E,

ot andar o ALY RAPA elid HaRTATdROBL AR BRare et TR 108 quences
gener at ed fror@rigét)i_marnarldB(aa@%}wm |sho®¥nglimmidohiskhemye p viral
RNA;, 20 G nousé liver RNA (10 pg) doped with serum RNA from an _

HCV- posi tdomtroh@igirl;1 Ajland HElYsiafdcieddFigRNIBY liversgitions psidg ant antitHE Ve opi es  *

radi oi nertﬁgn i sense (upper) or sense (lower) riboprobe; I, mouse |iver
RNA (10 &P Bé)éd wi thl 06 copi es radioinert sense (upper panel) or

anti sense (| ovsp, PARE! photoeRARHER Westm Bick RPAABRAJHBIGGhZeAm b 10 g

mouse |iver RNA’~ all subsequent steps identical except addition of RNase.

Fi g. 1 ORhimgeric AIBuP A trapsplented aniinab(lane)y $lwnanrsierpum (lam: 1)sand sghvm fgmaph of a
gel of a gilytion serie al ysi,s, of | ect ed ani nmal usi ng t.h

t her most a%:b /éH; Are ﬂ%’&ﬁ@ag@rﬂgﬁgﬁ;ﬂaﬁ? %ﬁ%r%aslfe%nﬁ 8{@ Eﬁa.%vf g?‘ftgﬁs’ and nunber
desi gnat irgifec@ivedy.t he sane as in Fig. 10A. Fig. 10 Cis a photograph of a
gel show ng detection of (+) strand HCV 30 RNA(upper panel), (-) strand HCV
RNA (middl e panel) or J3-actin RNA (lower panel) by RNase protection

assay, Control lanes @re as (lesi _ 91!1@1113 _ s analyzed 7 17
Sept ér?ber 2004 WO 01/'6785 %Ff(,r/' yg%ig% onﬁﬁ%ﬁ% met hod. Letter
and nunber . deBefoaithOpsant mvettionisdescabed, it ist@be dnddfstoodihgSthisliaventiol 11B

are phot ographs, showi ng i munohi st ochem cal anal ysi-s of caontrol (Fig. 11A)-
and HCV iimpeldimited tojpgrticuipsmethodalogy,quetogels. Gell lings.anmal speciesar 2687/ body. 5.

Fig. 12 i F%’:B abh.iOfe-ai04S plot t in serumof a
chineric c§« u%g\, transp %ﬁ@#’a&ﬁi%{ln%g%?h%%&ﬁ’ Wit ﬁqgs)glt‘@%mwﬁ) anel) and
serum f r amderstood didétise tamiindlogyrageld hieteidisdor thelpu(fose of dgscabing pdrtalaposi ti ve
g 0L o oot ol o Sl b H iy, LR P O

. invention will be limited only by the appended claims.

=

Where a range of values is provided, it is understood that each intervening value,
to the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
between the upper and lower limits of that range is also specifically disclosed. Each .

20  smaller range between any stated value or intervening value in a stated range and any
other stated or intervening value in that stated range is encompassed within the invention.
Thie upper and lower limits of these smaller ranges may independently be included or
exéluded'in'the range, and each range where either, neither or both limits are included in 4
the smaller ranges is also encompassed within the invention, subject to any specifically

25  excluded limif in the stated range. Where the stated range includes one or both of the
limits, ranges excluding either or both of those included limits are also included in the
invention. : ‘ .

‘Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which this

30  invention belongs. Although any methods and materials similar or equivalent to those

described herein can be used in the practice or testing of the present invention, the .



Before the present invention is described, it is to be understood that this
invention is not linmited to particular methodol ogy, prbto@smaberd@b4 |ines,
ani mal species or genera, constructs, and reagents described, as such may,
of coursewd/dlidiesslt 1S also to be understood that the terqgi _ ed
herein is for the purpose of describing particular enbodi %ﬂ@%@ﬁ?aﬁ and
is not intended to be limting, since the scope of the present invention
will be IiPFieggd BWW%@“‘%%“”&%&@W fgsarihed. f&&@lﬁ'@lx%ﬂp%@enmw@pm i s
provi ded, irb ircBryeRARY IRF@R By rdTBen 620 tidlsB RNE AL e goth of
the unit of theqjléome_r Iim’%r unl ess the cont egét:éggf%gdr#ge%?@‘ioﬁcg%r %Etl Wi se,
bet ween t hia cagppesiiomwith wiedrthé pulilicsticrs arbaited: ange i's al so specifically *
di scl osed. Each, 20 smal | er. range hetween. any stated, value or intervening
value in a stapéﬁ‘“‘f’t ﬁé‘@legﬁ%atéﬁ e‘ﬂ?"ﬁ@?"g‘iﬁ‘t B2pe fif elatras ithgsingplardorms t hat
st at ed 5 anye, "asd"eAROTRASSDHW AL Foférbats uAMS the eamextTéjé‘arﬁch&fgzes S rwikOVer
ude

limts of these smaller ranges may independently be inc or exer uded
in the randBus, f5exanplp refrapee ih's ves celbdncludesia larality ofmich liventells amt e

I ncl uded i g S r L% : enco ssed within the invention,
subj ect toﬁgﬁéﬂgg;tge'é@e:‘dlo@éh Y g’%ﬁﬁé}c f%ﬁdgs f‘?r%%ﬁe‘?n&%ﬂ %P oF BYozg EW"P‘HWQ%. Waer e
the st at ecinimalgand egeivdlias thaeoflnobatth tiefse kifled i #k aft, adPRPPSHEXC! udi ng
either or both of those included limts are also included in the

i nvention. Unl d&¢ Puldicatiens disonasedihseein ageprovadadsolely fontbeis disclosurkiptiot tor s

used Rgrei Q@@ed ;?r%?e | | v_understood hy one of

ordi nary St{l;bl | r?%}ﬁé‘héa t'tng%cg.ﬁox?ﬁyéﬂ%{}r%%&%ﬁ%ﬁp _ AMA| t hough any
met hods amdmissioe thantiee psésent invertiondsitoteatifed toladtddaRsckl gaTidBBH bP iRl Can
be used in_.the practic r testing of the present invention, the 8 17 :
Sept enber °5BBYF 5596 @ﬁ@*ﬁ@%ﬁf@@@ﬁ@%d@?@ﬂ%@aﬁéﬁmﬂmmﬂmeri al's

are now desslaRai6h balibhic BhdydRRa 1R Lih-ALE, | ncor por at ed
herein by ref ep‘r%ence to géljsccose an Eaéscirn:a e fi@)ﬁ% 0 gﬁ'and'/ or materials
in connection with which the publications are cited: It nust be noted that
as us h in and in the appended clains, the singular forns -5 "a",
"and" ?9angﬁw I ncl ude plural referents unless the context clearly

di ctat es ot her ¥€Hmeric i Sed h3Ein ..,'Eﬁmeﬁefagihf‘dr@ $Bimérid Ve N
includes a plurality of such |i \%y%ngel l's an re?rer encgn‘%jﬁ&{)nlgﬁjﬁégﬁuﬂunan
ani mal " i descibRan rgtneeraminal compnisingrxeneogenein disstes wanellsa rO fpdrticdadnterest

equi val en of .. kno to those skilled.in the art, and_so forth. The
publ i cat i %)sﬁds gi éng:uss a%ﬁ@?’&?&*‘%‘@‘ﬂ?fhﬂﬁ%@%‘ﬁieéPf&hWFS%EPf lS‘Eﬁ“é’&:l osure
prior to héftdcires éngriffed ifl Betmbthaltvdpr esent appl | cat_i on. Nothing hereinis

to be construed as an e L -
20 - By “immunocompromised™ is meant that the animal can not mount a complete or

significant immune response against the xenogeneic tissue or cells, e.g., any immune |
response of the host animal is such that it.is ineffective in rejection of the transplanted
cells. © . ,
|  The term Atransgene” is used herein to describe genetic material which has been
25  oris aboutto be artificially inserted into the genome of a mammalian, particularly a
mammalian cell of a living animal.
By "transgenic animal” is meant a non-human animal, usually 2 mammal, having a
hon-endogenous (i.e., heterologous) nucleic acid sequence present as an |
-extrachromosomal element in a imrtion of its cells or stably integrated into its germ line
30 DNA (ie., in the genomic sequence of most or all of its cells). Heterologous nucleic acid

is introduced into the germ line of such transgenic animals by genetic manipulation of, for



adm ssion that the present invention is not entitled to antedate such
publication by virtue  of prior invention. Further, thel% 2004
publication provided may be different fromthe actual publication dates
whi ch ma 0 be independently confirmed. 15 Definiti "Chiperic" as
used her&&nﬁﬁ"g’#g‘e, "chinmeric animal™ or "chimeric I|i ver")%@’@)ﬂﬁgf'o

describe an organ or aninmal conprising xenogeneic tissues or cells. O

par t i cul a¢Xampieembryosios epberniestem calls pthe boyt apimal ageesding tavaetheds well neri ¢
due to t. e of « 4 t | nipal s liver.
20 By i nARAER eSO e ERRRE KBy R RRER IS o8 ol o8, |
conpl et e sterobigai iidtedd keid tanthedorne sPana@ragidh kohsthld (et fofthe produtticis ue ‘or
cells, e.qg., i mune response of the host animal is such that it is '

i nef f ect | Y ‘ﬂ%g%lléﬁé’&ﬁﬂw anippal) or 3 hsisTolegavg nugleiciagid Hrptdipoa insemicRansgene”
! - ; . . . ; 1Sgene
Lo b Sor t vitinde oBablid Sirdf DStk i &bt o0 A8 Bl @eon B, S0P

manmal i anpredidtioniof a “khockrentatrhmsgknic Byimidl). ansgeni ¢ ani mal * is nmeant a non
human ani mal, usually a

S / a npnmal, having a .non-endogenous (i.e.
het er ol ogous) AUEIKOULEP s@&m%g'&r@mmaéhwquwpimmﬂ%w el enent

In a portj i Sl drFintion & | L.} | Ihe 30 DNA
(i. e., iﬂﬁg{lﬁgﬁ Sg%%ﬁ%% dgequeﬁétggg#&%gﬁé’?ﬁrgﬁfdb?}# aﬁcpg&égéép)gﬁﬂet er ol ogous
nucl ei ¢ amipekssids is uridetedtablecbriindignifitant.g Eramsganivckmuck-outiimalrragbani ¢ ani mal s
by genetic mani ggll ation of, f]gr 9 f17 Sept enber 2004 WD Q1/ 67854

PCT/ GR01/EF5E° & RETHZXSow oG oLl aIATReY Biicc Ok Romeayerys iockgut of st ani mal
accor di NGalels Sk ITck&Iuts" 2 DS herdin bi3E itklide AndioRAIIBAE outs SwiraNt 10
refer to such heterologous nucleirc acid, e.g.; heterologous nucleic acid;
i n the fmiteration afthexprzetaxine can ocmir npent, frexgmpld, expastwe of theanimaldna of a '

"knock-in".tran nic animl) or het.erol ogous nuycleic acid that upon
nser t1 orfBHHRETH Prtmald: ekt este fiePioR Gundsstpot e St itranves
target gaBehiRitRRSIt Bl thireDgenelsRE (e.p! O Ith@Créfoxdystkiy & ofiet methb@RFIENI C
animal ). A-"knock-=out" of a gene nmeans an alteration in the sequence of
t he déne diteating the fargetgene alterdeen pastatadly. f uncti on of the target gene,

ferably JAhat t t ger ion.is.undet bl
Pt an 1 vant & kP8l o tardfHene fRCRARReoR it RS 581 Bihcidhar,
het er 0zy gesisits i aledfedertpreskion (b.a!, iRireBedncitding eOPRY MOt feakddQkisreasibn)of a

target gene. "Knock-outs" as used herein also include conditional
knock- outef 2 tgygetygene, e.g., by introduction of an additional copy of the target gene, or by

operatively inserting a regulatory sequence that provides for enhanced expression of an’
20  endogenous copy of the target gene. "Knock-in" transgenics can comprise a heterozygous
knock-in of the target gene or a homozygous knock-in of a target gene. "Knock-ins" also
encompass conditional knock-ins.
By "operably linked" is meant that a DNA sequence and a regulatory sequence(s) N
are connected in such a way as to permit gene expression when the appropriate molecules
25 (e.g., tran'scxiﬁtiénal activator prdteins) are bound to the regulatory sequence(s).
| By "operatively inserted” is meant that a nucleotide sequence of interest is
- positioned adjacent. a nucleotide seqienice that directs transcription and translation of the
- introduced nucleotide sequence of interest. 7
. The term “therapeutic agent” as used herein refersto any molecule, e.g; , protein or
30 small moleculé; pharmaceutical compound, antibody, antisense molecule, ribozyme, and

the like, useful in the treatment of a disease or condition, e.g., a liver condition, including,
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alteration of the target gene can occur upon, for exanple, exposure of the
animal to a substance that promptes target gene alt er ak’ dptembar 288ict i on
of an enzyne that pronotes reconbination at the target gene site (e.g.,
Cre in theyShPesiseu systen), or other met hod for 15 di rectlﬁgg‘t he target :
gene alteration postnatally A "knock-in" of a target gene 1A0L/R035
genagne that results in altered expression (e.qg.

alteration |n a host

i ncr eased P H't’ﬁe L’Bﬁ?‘b‘? ipfectithyeHS¥e @szmﬂﬂdh?rapmm::agems gﬂhe gene,
, b f the t

e.g., by | iakeibihiiate RblRReAAM fhAakn O8RS e Fhhns el .

operatively inserting a regul atory sequence™
expr essi on“bﬁlnafnﬁtlﬁoamitdu@amoMPWy of ‘the” target gene. Knock in'

trausgeni cs ca kLse,a heterozygou knock-in of the target gene or a
honozygous kno::LJrzIg %BB 8 &’ ﬁ‘g“seakﬁ%”&(‘icf%w rhysisalledisartoawss

condi t iSonaduitiiie ek uhity e%?& ects (e lm;a{%%t/ a sequence
and a regul atory sequence a'ir}g co*rgecte I'n sugm eaagultg? permt gene
expr essi orFORIHNE h@r%bwrmpwﬂ amnmob&gum@ in Zbarhewg sufﬂcieﬁﬂﬁ)cﬂrbﬂﬁdeqni@l

actlvat or ar e b the re ry sequence(s
"operative yﬁ)%(ﬁésfger%% S?cé {htt‘lﬂ%ﬂm °ﬂﬂ?ﬁ?é Yepiabl écgnetm@haoée i s

posi ti oned'I'hdﬁ&em&htl@nsflbﬁﬂheﬁMéﬂﬁnﬁﬂ&é?@ﬁﬁnfs%ﬁheﬁir&s%ﬁ# ﬁv&{u%ﬂ%? n and
transl ation of the _introduced nucl eofi de sequernce o eres term

"t her apeutdi@ vagiehtof %@mm@tmtm@f-ﬂesmlyhnnnegttcrmihaqmﬁ@,laragmt, protein
or 3 sn@{ﬂp und, antibody, antisense
nol eche %%eﬁ&k%nﬁg frh I%gﬁééve%a@éftﬁggwgﬁ 165 #eveciatad withipasBase or

conditi oncompgundmtheh(ﬁt condi tion, including, 10 17 Septenber 2004 WO
01/ 67854 PCT/ /00350 but not nec.essarl ly limted to infection by HCV.
For exarrpl e, t S55mst reatgigan: "dreating mad therliksraré usedibarsindezeneatig teas t hat

I nhi bit, ssoc te viral infection,
and in part i cuI a?aém&li}%ﬂa%@?‘ unl{ xoii i gﬂ%‘*@iﬂéﬂ*ﬁﬂ@f:eu h refers to
physi cal | pmhslacm i tomgt (ﬁ'coﬁnp]ﬂnly ablbaenalsr prsvénﬁhg 2 dDRARYE siBptont bRGE S

(e.g am S |1y humans), each unit containing a predeterm ned
quant|1 g%'ﬁ’f%%%‘ F%e'atﬁ’ 13 fmsof §Bﬁﬂ%?@wﬂn1@epﬂr§@nﬁedwmemtﬁm red ef fect

in assom@a‘te%ggewh@bg&g; B Gl |, yent. carrier or
vehicle. The specificati ons forét e nove unlg%)h%ggl T SO PRy Areaiment o s ont

i nvent i onofg dﬁeaaepemmmmml@mmaety;a hiinahp ehd irchides:| @) pRYenthigthd isease
necessari I articul a nt 10 _enpl oyed a the effect to
be achi eved, a%&‘fﬁgénﬁﬁ‘é@ Lﬁl%prﬁ‘ggﬁﬁﬁf%fbemsﬁﬁeb&@?swhﬁ@M| n the
host . - diagnosed as having it; (b) inhibiting the disease, i.e., arresting its development or (c)

. 20  relieving the disease, i.e., causing regression of the disease.

.Overview
.- The present invention is based on the development of a murine animal model for
hepanus C virus (HCV). The murine animal model generally involves transplantation of
25  human hepatocytes into the liver of a transgemc mouse at an appropriate stage of the
host’s development, preferably shortly after birth of the host. - Without being held to
: theory, success in the development of the model is due at least in part to the following: 1)
use of a host having an immunodeficient background, thus avoiding immune destruction
of mtrodoced.xenogemc (human) cells, 2) the use of a transgenic animal that contains a
30 transgene for urokinase linked to an albumin promoter, which is present in the

~ homozygous state, thereby providing an ongoing potent stimulus to hepatocyte growth
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The terns "treatnment”, "treating"” and the like are used herein to 8eneral|y
mean. obtaining a desired pharnmacol ogi ¢ and/ or physi ol dﬁiﬁﬁpmlé‘étzﬁ) 4he .
effect may be prophylactic in terns of conpletely or partially preventing
a di seasgqupPéiaydgpt om thereof 15 and/or may be therapeuti Cpicdin/spssel a
partial or conplete cure for a disease and/or adverse effect attributable

to the dis . "Treat th. d her.ej t t t f
di sease. 49 &eRHlpRAYISORRTY 3\ ippdtistion Al viahts hipes Heptotiues i ReRost o g ¢ he
di sease bR Pasaprogtttd fimdiStbhesitocstd Kid cyBhadR asleAROssst dfihd At di sease

but has not yet been " di agnosed as having it; (b) inhibiting the disease,
i .e., ar ranimalisyleveiopuentdd pmvidetfor lopg-tam sgvival ¢fcitheplargeumbeasand/oria e, |

causi ng reqressi on of..the di,sease. erview The present invention is based
on the dé*} %w%gc&fhgmﬁqﬁlﬁén%ih&% model for hepatitis Cvirus (HCOV).
The mgrine anitghhe 58 of the Bvehdrd’ ¥nbwikdpe, ele preadift phvantion Ferhefirst @mehuman
hepat ocytes into the liver of a transaeni C_nouse at an appropriate stage of

theh hoswmﬂdfogw@n&?ﬁw&rwamgm ehraf HC ¥ infeption W@qufln&cwsst. |
U L0 8l oS BB ot B SR e bR

i munodef Thik @8fecOifak@inoetiibn is paticularly hgigtantfornee dethe deedloprient@ff antit r oduced

xenogeni ¢ _(human) cells; 2) the use of a transgenic aninmal that contains a
30. trangifahegentsy Fyrthrmese dhe animalanedsi ghths imyseiqn deesmnt apquitgihe Bss of present

nepaticy e DSt i PaaptEh B oRiBite s Bt AR R i g '
cel | ul ar febiny hihamdordiior ifectiny the Huntn hepatdcytesai vizrdprivrrio mphintatiphes i nt o
an earl y st agAcsrRkTED HEGHeRkoR ANTS {BBIARE FOIBROOARO B RIG- or -

" tho nae mlSirrAiRRe M BRRLR, ATy fnsbhilinf IGEThaM Sl ool ©

in the hos ventors' present
i nvent i onivepef dnlimniunoedmpromised patnmindmked nokinase tmbsgeheobtaring ammmel. d8 a

del _of HCV infection that, | nf ..th t he . nor.nal t f
ot o8 oo e Tpyeniap FepEiRTeIR qrHRRRhs HiBiER AR chpda Ageoed Ty s °
aspect Ofefete iR indfholiSofiBédtirFitk 8bdnts forBehinfe of Rifecidfs by at he

devel opment of anti- viral agents. Furthernore, the ani mal nodel of the
i nvent i orhepietsophis micgehialipathopen.use of 10 pre-infected human hepatocytes,
t hus avoi di ng.the hapdli of . infected tissue isolated from human donors
or infecting ﬂﬁ?@“ﬁ%ﬁﬁ%ﬁﬂ%ﬁ‘f%&/?@g&?ﬁd’gin?% SAlor to i nplantation.
Accordingly the invention features a chinmeric aninmal as descri bed above, as
wel | _ :

20 Host Animals

The host animal is generally a non-human, immunocompromised mammal having

an increased production in the liver of urokinase-type plasminogen activator (uPA) and in
which human hepatocytes can be engrafted and maintained. Exemplary non-human
animals upon which the animal model of the invention can be baéed include, but are not
25  necessarily limited to, mice, rats, guinea pigs, hamsters, sheep, pigs, primates, and the
hkc In one'embbdiment,— the host animal is of the genus Rodentia, preferably a mouse.
Ina preferred embodiment, the host animal is an immunocompromised mouse, preferably
| an immuno‘coﬁ:promised mouse transgenic for urbkinase-type plasminogen activator
(uPA), more preferably an immunocompromised mouse comprising a transgene that
30  provides for liver-specific production of uPA (e.g., an Alb-uPA transgene, see, e.g.,
- Heckel et al Cell 62:447 (1990)). Mice suitable for use in the presenf invention can be
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as a nmethod of producing a chinmeric animal by transplanti ng human
hepatocytes into the liver of an i munoconpron sed, allguyepterihenees

ur oki nase transgene-bearing aninmal. In 15 addition the invention features
met hods ofwvauel/érgsa he chineric ani mal nodel described hereipeticAslstAEN9

met hods of identifying agents for treatnent of infections-by a '

hepat ot r oghy ) |2l pavention. will. now be described in
nmore det ai&fﬂ? Eg ﬁf‘)’gﬁnirﬂf %a%gﬁﬁgbﬁ-ggo%ﬁisﬁgpﬁl%ep Iy BeLeRIHIN uman,

| munoconyimitédstethesmaind CBav7,[CBH, BALBR| €5FIBY/6) ARRIBA, HY 0, 129 08 | peer  of

ur oki nase-type.plasm nogen activator. (uPA). and in which human hepat ocytes
can be en negalamey besitheranaier femalap| ary rion- human- ani mal s upon whi ch
the ani mal nodg] o oY RA K, be based include, but are. not 25
necessarily |im , , , i nea pigs, hansters, sheep, pigs,
primat®s, and tAseotdd dbeve, itine lnsearimiabidiprefatablytiiendA0ssmptoinil, i S of the genus

Rodenti a, ;preferably a use. ..In a preferred enbodi ment, the host ani nal

s an | miEEBRETERPERSd FRaliqhots SN n mplRIAURO R ingatc destreé

transgeni gmifin | - | ] | PA), nore preferably
e SHcRsicity 3R dviilhid ARELBRAR) Bflsh VAL Bleferted?

an i nunoconproni sed Trouse conpris ransgene O provides for
| i ver - spednmugogmpdowised anipfalaia be genprated froll immiRbcompaiaganinalsbg, foe. 0. .
|l e fqor use_in, the present

Heckel et _al |1, 62: 447 990)). M ce sui |
i nvent i oneﬁaéﬂpqeﬁ’eadﬂmﬁ%ggﬁ'}gﬁﬁ ‘gmgﬁdi?%“@é?/_aé-gﬁﬁﬂdmﬂ"%ﬂ obergpethedsoduced
frompany @felldnyahii€ihe aaf | | | : necessarily
limted to,e t he strains gp - 17, S‘%gﬁnﬁ%’f&ﬁdgﬁ?rbﬂg%gﬁs?gm&ﬂ?&%ka B 10, 129,
etc. The completedmmune responssageinstithe xermigenaie tissesrad aells.| Ofpaticakpintdrest ed
backgr oun neted. .above, the host, apnimal is, preferably .
i mrunocorr%re%r%ﬁiéaé%l&a?%m oS R dﬂﬁﬁﬁﬁnﬁ’i‘fz eqt that Inang o
i npl ant at imbiliant didigd GeinleneIONIA 105 rari BRIt m&qa&%ﬁé&d&ggihﬁnﬁﬁ’rﬁléb%ﬁh?-

ani

Al ternati ve{iﬁ, t hough less preferred, inmunoconprom se s can be
G o1t

gener at ed®® 1l pRHEGRA SRCSHIEE: chiso afiniarest atpimnfunocompramied aniuhts thiashavat i on of

one no, - , I L ot her _met hods. 10 wel | known
in tg{as arélse l n ge#g'?%lc (dg{e%tg *%a%g%%@%ﬂgggle?%@d@%%%?%%ﬂﬂt a- :
conpl et e deteniaide fomepaabe colls Bdls, 4he nifid GERe (K} bl Yelagve ©aldnhal. Of

parti cul ar int&_est, are animal s that ar.e_i nnunoconprom sed due to a

genetic def ect Ot PItiCHRIdBirest 36 mipe thathaye piboyopygoys mutaionge thel sciddoeiea
rearr ange@gialscid). ThesciPmbitabbf RUsBid oA AR ldgﬁé‘léﬂc%n DNA-dependent protein

kinase catalytic subunit and prevents VDJ recombination.in immunoglobulin and T-cell

20  receptor genes. Animals homozygous for the scid mutation lack functionzﬂly recombined
immunoglobulin and T-cell receptor genes and thus are deficient in both T and B cell
lineages.  The scid/scid mutation is available or may be bred into a number of different -
genetic backgrounds, e.g., CB.17, ICR (outbred), C3H, BALB/c, C57B1/6, AKR, BA,
- B10, 129, etc. The invention can also take advantage of animals l;aﬁng the beige
25  mutation (bg); which is associated with a natural killer (NK) cell deficiency. none
embodiment, mice are produced having both the scid fnu_tation and the bg beige mutation,
-Tesulting in an animal that does not mount an effective immune response to allogeneic or-
Xenogeneic ccllé or tissues introduced to the organisms. .
Other exemplary_'immunocompromiscd host that are presently available include
30  transgenic mice genetically engineered to lack the recombinase function associated with
RAG-1 and/or RAG-2 (e.g., commercially available TIM™ RAG-2 transgenic), to lack :
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and T-cell antigen receptors. Also of interest are i mmunoconprom sed
animal s that have 15 one or nore genetic defects that |¥awptangber 2004
significantly decreased -nunbers of or no . detectable functional T cell s

B cells, yiggudsgdural killer (NK) cells relative to nornal ., G ;05.4, gul ar
interest are mce that have a honpzygous nmutation at the sci GC ocu

(SCId/SCIngﬁ The scid nutation,is assotgl ated wi;th a deficiency |n
Gt 1

DNA- depen r&lﬁss L MH(antigens (4., the gwamqmlb)wagaw&k%mﬁﬁ

r econbi naﬁ.h% 9%18 mal s

honozygous Fihe sl q%a?gﬁ‘%@s ac f ﬁﬁléit-% na -I y c%g@@w%

i nunog! oinay bausefid af revipibnts areODrscigésoils SGiltscidiscid dhéblg €IB.17 egid/hi;n bot bt T

and B cel]___lineages scid/scid nutation is avai.l able or _nay. be bred

into a nufp&s b@?“%‘?f‘?%‘;{é’l% TA gRKt Lf@ﬂﬁ%r@&@%naésav@rggsaresvwblq%h

(out bred) paciCRIderi A B Gils Qﬁ?’ﬁcé‘ﬂs@ue%gh%oz% s}%ﬁmn% the &B@lz ﬁ@%{cﬁnt i on can
el ge 5

al so take advantage of animals having the nmut at1 on which is
associ at dmmmndwomprmmmmkndludﬁHSM)RNbﬂmuﬁHsdﬁamRNW-mw one enbodi nent,

m ce are Jradu t scj.d and e, nmut ati on,
resul ti ngﬁf‘ﬁgﬁw nﬁ‘ﬁ&f 5&%@6 +w6‘§#&fffﬁﬁg‘fl tﬁé/‘g{ﬁgﬂ%ﬁe‘%“@sponse to
al | ogenei w A/HanASNARCHA WAGALASH@mbMHSSUes i ntroduced to the organi sns.

Q her exenplary i rmunocorrprom sed host that are presently avail abl e include

30 transgenic USES 'mered to lack the reconbi nase function
assocji.ated wt and/or RAG—Z corme C|al ayai w£ TIMIm

RAG 2% 1 ansgerfbsc‘}' s g fhie chimeric ani RBLOT e 1 s Pﬁ@ﬁa'}fbAo/oosw
C ass | apdkgniclorstprbdsidfidEubdkin@etype(flashinogentich zﬂ"ﬁé' |IrYo§é/a| | abl e C1D

and C2D  Tansgenic strains); or to |ack expressmn of. the Bcl -
pr ot o- oncqsvymﬁianen@tthetramﬁgwxs AlbriBA peunsgeed, whi dscqmnqssemwwébm

sci d/SCI C [n /x d and I\/ETA
nu/ nu. Tr ansgenﬁr%h%é%éﬂhgm S ané%‘ag&é}lgﬁéﬁjﬁn‘%% V\huinc%-ﬁ““gmf%mk functi onal
B cells Mkiﬁg&&ideﬁcﬁuﬁ'ﬂidgﬁwﬂﬂmﬁmg@gﬁne(tﬂbémtet 8l Gell 62he 73BA99ex €.
Irmunocogrom sed rats include Hsd U- mu; HsdHan: RNU-r nul +;

giga eﬂrvs’d(—b!h_ﬁazﬁﬁﬁﬁl/%lm @wfpahbgae Apigaal Lﬂwmg gather: than

WAG Han nase 10 As
di scussIgglq?f;%\)'gg'lfL ﬁéﬁ {mrrg?llgsc% %@gﬁ%@n@éntl a%‘s‘\(li)ﬁ'gis‘kknock-i n"
tansgeni drdnsgene xgulesHi lothal insuldiol iepatecyipphapdansrit, mgaltoaesulwaﬁ ahighuPA) . In

one di rrent the trans ene js the Al p-uPA transgene, which conprises a
muri ne aﬁ F%?ﬁa rrokipase hich & oA PIcEses BeraeyiagPBl  and

the 3" wu %ﬁlﬁllﬁraﬁ’ﬁjveaﬂﬂn within the liver. Without being held to theory, viable allogeneic
20 or xenogeneic cells introduced at an appropriate time in the development of an Alb-uPA

transgenic animal are stimulated to replicate in this environment. The donor cells thus
grow to “replace” the endogenous hepatocytes that die as a result of the lethal insult of the
transgene. |

25 _Ié_olaﬁon of Human Hepatocytes and Other Cells Suitable for Transplantation:

- Human hepatocytes for transplantation into the host animals are isolated from

human liver tissue by any convenient method known in the art. -In-general, the human
- hepatocytes may be fresh tissue (e.g., obtained within hours of death), or freshly frozen
tissue (e.g., fresh tissue frozen and maintained at or below about 0°C). Ideally, the cells

30  used are recently isolated (i.e., within 2 to 4 hours) from freshly obtained human liver

tissue. Human hepatocytes that are placed in a defined cryopreservation media may be
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fl anki ng sequences of the growth hornone gene (Heckel et al. Cell 62:447-56
(1990); 15 Sandgren et al. Cell 66:245-56 (1991)). PreflrSdptembdn@08hi nal is
honobzygous, rather than heterozygous; for the urokinase-type plasm nogen
activat or w giaeeene. The Al b-uPA transgene results in a | | insult to
hepat ocytes that carry it, and also results in a high Iocgﬁp@ﬁﬂ{’&gﬁ%patic)
concentration qf .urokinase, which jn turn processes hef)at ocyte growh

factor to FPEdienlpugps {iime (68 Wdiqud pitogop) and, tha asgequared, thes t heory,
viablealllg)aﬁﬁg- h 121 AV ced a n-apprapriate tine
in the devel opne p@v@ﬁpﬁ?ﬁﬁ@s@@ﬁé@lﬁ&gﬁ@y@ﬁ%epgmg{ﬁilﬁﬁﬁgﬁgd to

repl i cat e impotantsthatrthé isolatienproccduee aditmndlie hed §tbrige p@itcdol édve toepl ace” ‘t he
endogenous_hepat ocyt es .t hat 'ﬂée, as a r.esuét of the lethal insult of the
transgene.mmé‘guie 15chemi follpwing cepsation el blaed faw tortheliveris.g seemarallsbl e f or
Tr ansplsantjatd r Hoaayt satﬂﬁﬂi’g@cﬂh bindo! . oSy, -

ani mal s ar e_éi_tgghl%l{deug??%ﬁhumn’q??fsgggrﬁl}gssue y a%y coﬁvagh@eér?pﬁ%\gg‘h%t&knovm
in the artminimiza coldrisnhemmja thitandyunesult frvestirags/(eas, gamyralle Idss #ah absw 30@r,( €. 9. ,

bt ai ned within h f th), or. freshly f t] 9., fresh
rsoue t r dobalbilest e pens hBEo st To.ah s eHHeD Ape ImRaHeye lseREnTel |3 30
used are regsamiing dosRiidek fathdgens, ﬁbﬁﬁ)ﬂm&o}&o‘io%%{dﬁﬁsedl&gggéggés%ﬁfange fined

obt ai ned human |iver tissue. Human hepatocytes that are p I'n a

cr yopr es erdisgeseciea)e Hisuallydhe prriotnf warBdgshemiveexpp@irt i¥\idtGior6 #RG4bout 20-

PCT/ CAg1/ Q%gﬁt%%ored for long periods of tinme (e.g., in liquid nitrogen)
and thawed as required, thus permtting the devel opnent of banks of stored
hepat ocytes. | The&iRer tissue da be HiseSdidbd nechaMQ A enkhialtichiifrd mekiak 5 on
procedure and handling and storage protocol sérve to mrimze warm

i schem a FBIPEBIPhEL -%ﬁg gtllsoor forementsd imtachhumanthepatic tissne ey be usededenal |y 5

| ess than b D ) vl esg than about 20m n to about
40 nin) aRg %o eﬁﬁr@nﬁﬂ?}eﬁggﬁgaﬁg e%egg‘fqﬁtgii%a?lé? SFUCOYTBING o1 age (e. g. ,
gener al | y gollagenast erfusitioRyail 2 4ir Meti SeHIBivl. 1328 (1975)) RUSWE by xoW-%ﬁeed 2 hrs).
I n one_enbodigent, the human tissue is_nornal, _e.g., having no detectable
pat hogfé ns Cepugaion. FisRgtosHiss ersythembe purifics hig@f,termﬂ%w astaidl¢sy steel

di sease-fy Lod IQ .M J schem a. ex ure i.s not nore

t han about _ge'él_’o @M,E&&fbg@ﬁ Ii’%Lhe [&\%' r!lfryil S5 5*3%%1%9@%@@3?1&%8&
mechani cainethods foreancthg fahbpatdcytaaicay belBsed, o 1 TROAGEGR: Mivaleagke cells, or
fragments of intact human hepatic tjssue may be used. In a preferred

enbodi mentorih PIRUBSIBRERFESDRA sepasyion: elytriatiomvithina centtfigal fisid.restit Thee
col | agenaggﬂgﬁgﬂeﬁbﬁﬂseﬁ@ﬁﬂlp%tﬁon %‘éﬁéﬁll}%&ljup%eglat et about'shsg) ) fol ! owed

by | ow sp
20 hepatocytes, usually at least about 80-99% hepatocytes, generally with viability by trypan

blue exclusion of 80 - 99%,

80

" In another embodiment, the cells to be transplanted are human stem cells or
hepatocyte preéﬁ:sor cells which, following transplantation into the host animal's liver,
develop or differentiate into human hepatocytes susceptible to HCV infection. In one

25  specific cmbo'din;ent, the human stem, celis are obtained from human blood cord cells.
Human blood cord cells are not only a source for stem cell reconstitution of hepatocytes,
but also for reconstitution of the immune system (see, e.g., Verstegen ef al. Blood.
91(6):1966-76 (1998)).
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15 centrifugati on. Hepatocytes can then be purified by filtering through a
stainl ess steel mesh (e.g., 100 pm), followed by densilt/\Segteaics 3004 :
centrifugation. Alternatively, other nmethods for enriching for hepatocytes
can be , ., fluorescence activated cell sorting, RapakfGeozsronetic
bead separailigsr?s,9 elutriation wthin a centrifugal field, etc. The final
suspension used for ingplantation generally conprlses al |east about 50-75%
20 hepat od§RPANALORL man hepatacyles gr e Shepat-obltesy generally with
viability by tyiuiffing of lifirSdiictibs bPihe FonSithepatdy h&.ﬁe%ﬁ%rmﬁnbodi ment,
the cells to b%ﬂétrangp?l ant eg are ﬂumaﬁ stemegel I%é&sor hepat ocyte precursor
cel | s -whiimmurbodthproinised ostmspy he irportant fortheptodectinmsif aghimeic liveri ver,  °

devel op or djfferentiate i nto hupan hepatogytes. susceptihl.e t.o, . HCV
ot eer T o popilted itins nabe ot PO BERH R TSR IO ot Phi i LVeE, o

obt ai ged sp%&ﬁﬁau E@ﬁ:f@&dbﬁ%y%q{e?at‘é&bﬁlﬁc pa Nenlllt9 SsbpeRreplfcalibPofthe NoOt only

a source for stemcell reConstitution of hepatocytées, ‘but also for

r econst i tpathiogen. oThis mwyi berparticudariyttore wiswe thediepatotraphiepathegen exhibits RBvood.
91(6):1966; 76 .(19 .15 .17.Sept enber 4 Q1/ 67854 .PCT/.CAQ1/ 00350
Transpl aﬁ%?ﬂ%’@%ﬁﬁwmﬁg?%%zggo hé%)gﬁ i]ﬂ%eaz_’élflgééiﬂugmf’ g"l‘%’ tosts The
timng ofpddie), HatHoREGEdNY 1QE thdne 0tRPOto NRBEsIA MES Snd BpEmAlREaBIuBNELHENI C,

i mmunoconprom sed host may be inportant to the production of a chineric

liver . 10clays eldeer Inks thamorabepbeneswedi(frenlepvihar orghoatS /7 daxsiaddor t o render
t he imeric live susceptibl e.to,.i nfection totr | at hogen
and ?@ SJBW?;’ FtetE}Fi %?@Wgﬁlmyﬁ%@' E)%% 1. c?ﬁ@?&gﬁa@%ﬁg %‘3%?& grl y "?r ue
where t h%méa%hmémsﬁﬂamsnm&shwimy@ of o, THE iallbw ifértramBslatcah OW

replication rates (e. H ere the aninmal is .marine (e.%.ﬁéma nmouse),,

g., HCV) ! Jbs.m
t he host besvidensdto gbous Is18 daxn of agetagain Rexjbiligyaxhily matptpening gep Wally <

about 7 .. 10. da w90 | . i ..., less than or
about - 5 :vglthlougg%léoifgi tgrtha%&r ,ﬁ%ﬁg@%@%@hﬁqnﬁé&gﬁﬁgﬁ?a gnt_ati on. In
gener al , chigrdniissibdrvesi atcesy tettiidul foptahty agsocted withl veryteatly trafsplantdiont 8- 10
days_and 15 days of age.. The wi ndow for transplant can _be w dened to about
7- 181y ay §i.-af dugde th | sizg ofdhe gpimals).anghthe REEKIRH genlisaive oy .

W thout pelNehetbihet 8 LdiRfkiont BRmE kil Givel fAFGR Rshadiggf ed
herein i conprom se between excess technical nortal ity associated with
very ear infiicheddhp lsaddesd andrextehbof éngeafimehi of the doher Innwdnl celE) Fupthetninere,ani mal s)
and the tinme for maxinmal replicative stinulus (e,qg., the nunber, of cell

di vi si on&ming efiEansplantation is 'qlﬁ‘q/@%f'orfﬁaftswegub? stisaylys for fiv |TEPAPUAYOR

1| YNGR 38 )6 B ndyble iR hosSHinP B Ak T Binchlly dFIcNAler BTN - el 15).

Furt her ndre, :
20  recipient is more than about 6 weeks old (Rhim ez al. (1994) Science 263:1149-52; about

10-12 weeks for homozygotes).

- The human hepatocytes (or other suitable cell, e.g., hepatocyte precursor or stem
R cell) can be transplanted using any suitable method known in theart, Preferably, the
- human hepatocytes are injected intrasplenically, e.g., into the inferior splenic pole.

25 Successfil engrafiment can be monitored by conventional methods, e.g., by

' . examining the lﬁeh'of human liver-specific proteins in the host serum, e.g., human
serum albumin (HA),or human alpha-1 antitrypsin. The chimeric host can be used for
éxperimentation (e.g., for infection with a hepatotrophic pathogen, to screen candidate
agents, efc.) when suitable. Where the animal is to be infected with a hepatotrophic agent

30 ofrelative low infectivitjr and/or low replicative capacity, the chimeric animal can be
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timng of transplantation is also inportant since the stimulus for |iver
cel |- repopul ation provided by the transgene dinini sheslAeplEmherB004nd i s
generally depleted after the 20 recipient is nore than about 6 weeks old
(Rhimet a0o(/67884) Science 263:1149-52; about 10-12 weekpefoia01/00350
honmozygot es). The human hepatocytes (or other suitable cell, e.g.,-

h . : |1 I d i ng. i t abl
et hod knotne et N Bt il o ST renBAC BBl By ebenthtmiaipoct od

i nt r aspl enpestittaysplentgand mi}t&dsfb@rlyﬁémdeaﬁec&@b@éﬁmnﬁﬁhﬂ; 25 Successf ul
engraftment can_be nonitored by conventional nethods, e.g., by exam ning

the | evel s of hifhgserai tas animakiiast devglogs buman chimerism wathin e liverjsueh hat  human

serum al by n . ' sine. The,chiner] 0s an be
used for - g’?ﬁ?ﬁ@%‘% a ]i“%g @?&g@t&?@@@%ﬁ?gg JE%)lln R frﬂma?? heg‘f)af’tb{}llgr%%go%

pat hogeh, genesatlyaboutctiitiiodd’e or morp ki mey be dpridiced wHIABE SordMRHee t he
animal is ta be infected with a hepatotrophic agent 30 of relative | ow

i nfect i vi t HEHY SRmRbeg e gpsipiined it functonyl transplanted henatecytesifondt leeah be 16
17 Sept embererdPRANQ Ot{an( 3P feadtGoirA%HL0 3 Bg%%ﬁ@!agieg\geal\(ﬁ”gﬁthﬂn wgelfﬁglfg four

to six weeks post-transplant, generally at a
post - t r ansfA weeks, umtd §waynthe cemoraandmawbie iy wahelifdsparnsfihe héANChindHe | N

I, t ' h vel ' ' ithinits |i h .
Jhat the TEPRR SRRt il s BRI roPR o tHoB 5 APV ettty aur ¢ 11 om at
| east 10O WHepddtopiic pAKDgenhadRIZSN Rt tin@DRHted 8 Prinat B/ﬁr%ulgﬂ;f ﬁté:agﬁl*g may be

optimzed to 90% or nore. The chineric animal _“can bé&" nmain Wt h
f unct i onalDeneadingupen the natweaeibg patbogeny cluonitaltysnfected chinddricimstssan pener al | y

T tos manmHteite YR Reriof A S B mu Sof Reamile adisar s PepHaTaRRe O mor | ¢
ani mal s cgnatiogen RIFECVetle vhinttrie 2hRRa & m&aﬁk%mﬁﬁiéﬁﬂg BlfedtEd Grith W‘?‘%‘a t
I m (6]

particularly a 10 hepatotrophic pathogen having a host range
pri mat es, SpEmGally infected)anduprintainga seiivg G Vipfsatiomter a aetiodof atfleashabopss hogen,

chronijgal |Weel & ' | S aint ai ned for eri od of
weeks to nontHE, rl%or&' %dir%géﬂé}f&t%ere ﬁﬁgb (ﬂlg%gtw(ﬁ’? bPHP e “ppﬁ’t%(?B%#T"g"'kﬂCV,

t he chi merr mone)ianéinayde foethe titespar sfthecladst.y | nfected with HCV (e.g.,
chronically infected) and maintain an active HCV infection for a period of
at | east about ew&%fmﬁﬁ@?t%h‘?t%ﬂn'heeﬂé@bh%éﬁtmhlthaﬁﬂéa@mulatQMt 20

weeks or RRLEL adl@fatnqnﬁg.%uthgrﬁg¥_ E‘Kél 3 . r, the |ifespan
of the host. The viral 1oad o W’? e |@%&@gﬁ%§ﬁﬂgﬁ%ﬁgﬁ§s‘§ 1 ¥ Bhed such
that it i enigiakiresuppert irfectioniat alevebafdrond alaout i 0f ercibedt 10 w@Ebour 0 ExaND! €,
wher €2b he pgr%cpeggﬁ gGI'IIJISn, lgg\;/éraﬁyhgonqgggut 10 to about 10’ viral particles/ml serum.

The viral load of the infected host over time is substantially consistent, chronic,

D]

1=

_ and stable, e.g., the number of viral particles that can be isolated from the infected.
untreated host’s serum does not radically fluctuate between weekly sampling periods, .
e.g., an HCV-infected host of the invention that contains a high ﬂuinbér of HCV viral
25  particles per mL of serum at a first sampling time is positive for HCV infection at
subsequent samplmg times and generally has the same or stmilar high level of HCV
particies per mL of serum, once stable infection is established in the host, generally within
about 2 to 4 weeks post-infection. In general, the viral load of the infected host does not
fluctuate radically and so allows assessment of the effect of a candidate antiviral agent,
.30 eg., the viral titer is chronic and reasonably cdnsistent.
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ani mal can support infection at a | evel of from about 103 or about 104 to
about 106 viral 20 particles/m serum generally from adowptengsr 2604bout -
107 viral particles/m 'serum The viral |oad of the infected host over tine

I s subst %ior,k.-jsg‘, consistent, chronic, and stable, e.g., tl‘@nﬂﬂﬁ@ﬁb’%@f

viral particles that can be isolated fromthe infected. untreated host's

serum doeé not. ‘rgdi cally fluctuate between weekly sanpling periods,
e.g., an host of the invention that contains a high nunber of

HCV viral 25 pepd éfilngsic Rfalef B inVeANER & 1R dsbd &if a $BRY bNGthks $8BecningPOSI Li ve
for HCV, infection at subsequent sanmpling tinmes and generally hasthe sane

or sim | aasshysgiFor exasiplefanyiGf/a vigiaty of taadidster agentsshspeetedof camsing ot abl e
infeetion is.established.in the hqgst ener al | i t hi. about. 2 to 4 weeks
oSt <1 it cRHETHHE 0 BEREF disPesey s Wit o5t BoRaY blapshie aBABRECPE doce not

f 1 uct uat ethefapelitiegbtsaaH bé Screéded Wy sdafimsEdRAlto We dHiReAE biiedal @hd @ candi date
antiviral agent, 30 e.g., the viral titer is chronic and reasonably

consi st eﬂﬁsesﬁinglhe @q@t%ﬁbfﬂe afg@mum fmetirestheengraiet hwoascelisc Teni ng f
other scr QUReHO BhirEL BIAITRE o b dioh REPALS BOpSlloREreli Ebtapbluhe Kbty 00

suspect edtodivet eulis] ingiuding sfall nidlévils therapies feHiht teatteftafever Afsoydird orffer t he

appropri ate antagoni sts ‘and bl ocking 5 therapeutic agents, can be screened
by adni ni $etegetment @Mﬁ@néﬁﬁrmwécamﬂlsm&-Ixss@gsigr?gym@pet%@anwf t hese

agentg UnQihit %a':@%&hm&ﬂ?:ﬁ&&ﬁ%&ﬁgr Bflof &l IeEUEIuSﬁdaﬂTE{AnC ani mal
nodel” of e rnvention can al'so”be use 0 screen compounds for toxicity
to liver iaglokant puttive diefapyForddncernan be lfiest sbreengd fos livartokisity in thetanindl of
liver disorders or for. the treatnent of Ecflny.non_ |l i-ver specific human
di seases. mpdel getheinyentign Funstion ohthe cagraBed hqman fyerrells ganbe asesedttiate its

di seases. Pl gy _ el & Btat o
ner apy. 1ot o Rl by apieoBHE IRLE of iyl i g ol APOIA bl o

t her apy I rst” screene ver toxicity int ani mal
nodel of inhke hosysemdm Nnjury teclives nelds cantbe assegsedftyemdsdyofdiver speeificcaizymecan be

assessed as, descrjped above (e.g.,.by.assessing |evel.s of hupan serum
al bunln%n,' %@%e%(‘&eiﬁﬁﬁmﬁ?&?“%“‘?fﬁr%ﬂewgiw %m‘ﬁhlﬁ}’{?sy: o liver cells
can be asgessftht By &ikave Hinjuby & tReCdelit fn GRINEE SinkRoitNadbilR 18 G5da (ALT

-al anine am notransferase), 1n conjunction wth histol ogicdl assessment for
evi dence lisfer toxjaitywan be bithen fanctbnal, histological,iovboth. | n short, assays to asses

liver toxicity can b I ther. functional , histolqgic r .both. In pne
- enbodi ment 91&“83‘_? ﬁ ﬁ%tpé%éﬂﬂwqm#ﬁﬁimﬂgﬁ%ﬂ%%ﬂ%@ﬁ%ﬁﬂ h can
bef Uf_ed &gdtdiﬁéﬁdfjr)éamd%ék%h@tm,%iéxénﬂﬁé,,inﬁm&&b?émhﬁnfédﬁbhbw or prevent
i nfection : ‘ '

20 repl¥mtion of, or disease symptoms caused by a hepatotrophic pathogen (e.g., bacteria,

/)

virus, parasite, especially a hepatotrophic virus such as HCV). Although the examples
provided herein'génexﬂly involve the use of chimeric muriﬁe hosts with a single
hepé.toﬁﬁphic pathogen, the invention can also be used to identify a single candidate agent
ora cOcktgil of candidate agents having activity against infection by two or more

25  hepatotrophic'agents. '

e “Candidate agents” is meant to include synthetic, naturally occurring, or
~ ' recombinantly produced molecules (e.g., small molecule; drugs; peptides; antibodies
. (in'cluding antigen-binding antibody fragments, e.g., to provide for passive immunity) or

other immunotherapeutic agents; endogenous factors present in eukaryotic or prokaryotic

30 _'cell'é (e.g., polypeptides, plant extracts, and the like)); ezc.). Of particular interest are

screening assays for agents that have a low toxicity for human cells.
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20 replication of, or disease synptons caused by a hepat otrophic pathogen
(e.g:, bacteria, virus, parasite, especially a hepat otYopmpankir2084 such as
HCV). Al though the exanples provided herein generally involve the use of
chimeric wmoéwgsdaosts with a single hepatotrophic pathogenPC§R§fiaM$@tion
can also be used to identify a single candi date agent or a cocktail of

candi dat e agent s, haui,ng activity against ipfectjaon by two or npre 25

hepat ot r ophi c agé‘%]@é?‘?g%%ﬁ“d?“ﬁ%éaség&?‘?ﬁ?“f‘iC < ﬁi]&aisﬁg:i%gﬂd@‘%‘ﬂlﬁt%ﬁfé,

natural |y o@ticidleculé prefestdyhMpbiohyic REAPHGEL HRL §fc Er\geiﬁhtsd}'al !
e Ag an

mol ecul e; drugs; peptides; antibodies (including antigen-bindi ti body
f r agment s, Mergthan 56 apd logs than ahaut 3568 deltorismEaniidale agents gomprise functional

or okar yot | £00h. bepRERrP unERIGRAod T YR Bt et bondingice)

etc.). ©Of pattypicallpinclude af lesst an bRines CBRIYLKYRHEABE cArBbx khafphave a
low toxicity for human _cells. 18 17 Septenber 2004 WO O /g%%zp ey '

PCT/ CAQ / 03¢5t ™eefdhe Smetionst cheanieal gmpss The grrdidate agemimefien conlpass es,

t hough typi AN ef erabl v snal rganic
conpounds Hanr ot e BBl di e BhoE SronliE o B ibr R ol "o
2,500 dal }@ﬁm@mm@rm@bﬁhe_amei_faﬁcﬁqmb?bﬁ?@l%angiwﬁgegggﬁsggd y5f or .
structural_interactjon wt roteins, particularly hydrogen bondi ng, and
typically fi-OH%‘i %@%’P‘Q %F{ééﬁ’cﬁ’l%gmdg’it Bm%?ﬂ,to:hpétlséwsa%han@esb@ﬁylg group,
pref TRl yacida! stbr@Rfs! puriRs, Hyrifindd! BEHVaRDES, sfilliflaf hal WP RFogAN I dat €

eterocycite stroerdr

agents often conprise cyclical carbon or. t s and/ or
aromat i c dherpefl yaromatic .structures substituted with one or nore of the

bove functi __Candi dat t e.al sq . found .
b1 ool ecul s | RCRTSAHEREeR AS RSP R d TGS Vsl oA s docinGing Hbeics of ty 10
aci ds, st eymthesc omishirARSmpdMAdsIFL Qﬁ‘inplgﬁﬂtﬂé&ﬁsvxﬁéansg}é Mi&ﬁl@korgg@do%? or

conmbi nations thereof - Candidate agents are obtained froma w vari ety
of sour cesnd direied symthesisiod pivade vrrietyyofidigatic compouatds mad bivomplenuids. . For

exanplse, : Iea avai l.abl e for random. and djregted synthesis of
a W delgvarl eéy %?x.or‘gg)%og;%gﬁ%@ g%?%ugﬁ%?@?}f@g?p ' %i‘?ﬂ‘&? )

expr essi oilibafries afiftital esiniun@OiUES Rpfnl cFdacRiel, AldgdD BRRE bl Q% tively,
libraries of natuyral conpounds in the formof bacterial, fungal, plant and

ani mal  exfFeAVELable prreadily pradyced o Addisignally ngrusel or symthetinally iporibéd libragiesur al
or synthetjgal il | ds are.readi | dified
t hrough co.nver#tlﬁ_y %lﬁgg Qg&g%ﬂé/élﬁftﬁ%%@{oggﬁ@gﬁ%mgﬁ%ccﬁmc hlp%ﬁg‘éﬂéf‘ggnd may be
used to pbwdbericaiauednsmidaniyte sedtogprodisce défibifintorial libraries. Known

20  pharmacological agents may be subjected to directed or random chemical modifications,

such as acylation, alkylation, esterification, amidification, etc. to produce structural

analogs,

Screenihg of Candidale Anti-HCV Agents

P In one k;mbodim_ént, the animal model of the invention isl-use&.fo idé_ntiff agents
25  that ameliorate symptoms caused by viral hepatitis, and more speciﬁcaily by HCV |
infection and/or to mqré Vdirectlly affect a pathbgenic mechanism of the iﬁfecﬁng v11'us,
e.g., inhibit viral infection, decrease viral replication, or otherwise disrupt the cycle of
viral propagation. In geﬁéral, the candidate agent is administered to the ammal model of
ltheinv,ention, and the effects of the candidate agén_t- zissesée_d relative to é. control (e.g.;
30  relative to an uninfected animal, relative to an HCV-infected animal treated with an _agent
having a known anti-HCV eﬂ'eq:t (e.g., II.-20t), and the like). For example, the Candidﬁte
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20 pharmacol ogi cal agents may be subjected to directed or random chemi cal
modi fi cations, such as acylation, alkylation, esterifildatdpdamber 2004
amdification, etc. to produce structural anal ogs. Screening of Candi date
Anti - HCV..Agents I n one enbodi nent, the aninmal nodel of the invention is
used to P47B34 agents 25 that anmeliorate synptons caus&&THAW0P3S0
hepatitis, and nore specifically by. HCV infection and/or to nore directly
af f ect a gnhogdeiadministesadi to andfCV Hinfected animiah gf the inpentions ayd theividal tiet  vi r al

i nfection,_decrease.viral replicati.qQn t herw se di.srupt -the cycle of
Viral pr REBERRERT Sifpal s Sfmefiea By RERCR GG SIS PHPP IS, o (e
ani mal - mogel sk of iteanifeHor ¥ tretfént R/ TS & ebirdlf uri2fted TN St AefgENt

assessed relative to a control (e.g., 30 relative to an uninfected ani mal,

rel ative amjmaln Ihi@endral, a deiedtableiamd isignificantdpciaseninairabiiten of athiafdcted a known
anti-HCV ef.fec e.q., L-2a)... and i | ke) . FOor. ex le the.capdi date 19
17" e it erfEmaAOBAvE trracr St £l a5 St S SRR BaL v B be ¢ o
an HCV-i ged animal of the invention, and the viral tiiter of the

treated animal (e.g., as measured by RT-PCR of serum sanples) conpared to
the virtal titeFhegfandidateagenfean hejagministered &y apemanner desiied @pd/pr anprenriste

unt r eat ed, HCV- i_nf & i o] - t @ct ah significant
decreasedqoﬁs%vfgf ofélgg’g&g%q{ﬁ% e%t% g%ﬁ%lirgcri” e ? §ﬁt'1”‘ow_ﬁ’%°8 rcélégan%tnt wth a
candi dat exgegtesah be admiditerdibydnjetticn{e.g) byainjeatién itrayerobslyiatragestulariyhe

candi date agent can be _adm pistered in any nanner desired and/or

appr dfr i subcutpnspusly) ordireptly mte the tagusin Wiichthgdesired alfertds to be abigveds resul t.
For -exa ' iraBld S ans & Y r h Bl ion (e.qg.,
by i nj e%@#’%ﬁ?’(g@ﬁi&s ej% I nt rarru'sigaﬁgarl 3’/@3%%‘%&%&%%@% ao.r directly
i nt 0 't he dunstRrief adimalsiredeitihg valgfig anowtd adtconeentratities cfthe emmdidiate agatal | y, or
by any ot her desirable neans. Nornmally, the in vivo,screen will involve a
nunber of(fram HeASST O ARGt 95?%@%%%9&%@%@%%9?% Fhpamphay e

candi dat &2 9¢Rbljvcrd QEARMAYIHnd Bl AR BuB0aveh/SHmdRRnpACES an
upper limt or the amount that can be"delivéred successfully 1.0 the

ani ndb) , diffetemefprriviationseand@butesr Thodgentsean he admimstered sidglyforicambe

formul ati ons,.and roujes,. The. agents can be. adm ni sfere i n or can be
conbi ned °Pﬂ3% Rompationstol; 05,01%@?&@%@@85%‘%%@?@0% ni stration of
a conbi %%%ﬁ@ﬁo?ﬂé‘éﬁﬁﬁ@ksﬁﬁ%%%yﬂe?ﬁ&éﬁ&tgi stic effect. The activity

of the candi date agent can be assessed in a variety of ways. For exanple,.

wher e the hostThemcwvity ofthe panslidaselagint parcberasprssest ingpiaristydtaygeloq e. g. , HCV,
example, where the host animal is infected with a hepatotrophic pathogen (e.g., HCV,

-

20 etc.), the effect of the agent can be assessed by examining serum samples for the pfcsence
of the pathogen (e.g., ﬁter, as in viral titer) or markers associated with the presence of the
pathogcn.(e.g., a pathogen-specific protein or encoding nucleic acid, ezc.) Qualitative and

_ quantitative methods for detecting and assessing therprcseﬁce and seveﬁiy of viral &
infection are well known in the art. In one embodiment, the :ictiﬁiy of an agent against
25  HCV infection can be assesséd by examining serum sampies’ and/or tissue sections for the
 presence of a virus (e.g., HCV by RT-PCR, efc.). In another embodiment, the activity of
an égent against viral infection can be assessed by examining serum samples for the
presence of viral mucleic acid (e.g., HCV RNA), For example, HCV RNA can be
detected 'usi'ng, for example, reverse transcriptase polymerase chain reaction (RT-PCR),

30 comﬁetitive RT-PCR or branched-DNA (bDNA) assay, dctcctioxi of negative-sh'and‘ RNA

(the replicative intermediate of HCV) by RT-PCR, or sequencing of viral RNA to detect

20



20 etc.), the effect of the agent can be assessed by exam ning serum

sanpl es for the presence _of the pathogen (e.g., titer, l7a¢piamber2@P4titer)
or markers associated with the presence of the pathogen (e.g., a

pat hogen- GRAfilghesy. Protein or encoding nucleic acid, etc.) fuglitaliye and
guantitative nethods for detecting and assessing the presence and severity
of viral infection_are well known_in the.art. |n one enbodi ment, the
activity JPuERon/gufn ﬁﬁa"i‘ genosae (CRuAsISREciessValNtion ) with thewpy.s Atemgtivelani ni ng
serum sanmbigs iR thd hos® HPerSRS) bOMSpdicd arddif sinPREFRE difd Lt 49-
HCV by RT-PCR, et c@) . I'n anot hg% (_anb%di ment, F'ltt"ﬁié(fqact i gﬁ% 0 %grl?g%%réun

agai nst vitpalemonstate diestly any iqualitativess quariitatiye attenatiogs is ¢haameanpf ¢isal f or t he

Retoctoq Farieyist BasieSellons Afuduvelioranbiiiot Se it i Sicutimigry
reacti én (RItRORer exﬁﬁn@&maﬁl%gﬂ?tﬁﬁﬁg%ﬁﬁfe&i@;ﬁpﬁgt%#&Ré\éﬁ)b ay,

detection of negative-strand replicati ernediate o CV) by
RT- PCR, orag&quenci ng of viral RNA to detect 20 17 Septenber 200 WD

01/ 67854. PCT/ % gmsrrut ation/shift in the viral genome ("quasi species
evol ution") w -r-(#i%a-ar%y—- Alternatively or in addition, the host |liver may

be bi opsi ed andherompbindSThatial thydusired Bldirinacbigiaéd QEAERE miPhdaimastsdat
directly any gqualitative or qlgant_i tative alterations in the anpunt of viral
par ti cl es HAPRYSiolpgisliacsertabls sarmepjo adiashfor treatinest: The therapeutiongentsmanost

can beggeu TA:] : : | ) [ .callv, for signs of
A eoton " agrEitered Earictf of W, o TR bEl BleRh Y slboylineBistc
conpounds ifteaperitpnedlly, iheavisedlaphssyninhalbioei, el Depending ypoidilie RRnagsrni st er ed
in a physi.ologically acceptable carrier tg a hgost for treatment. The

t her apeut -%@93@?&% ﬂ%‘/FE&W!PG maypsfosmalatsd ip g variety of ways. cFhepepsentighion | v,
topically BRfH R {718 @Hﬁ: LOL ' ly,

i nt ravascglfarl y?ﬁtg‘{/aﬁ# m‘%a(t%frg%?ﬁgﬁzﬁg peklaéplrllg{# B’l}%%ﬁérh%gﬁgﬂnner of

i nt roduct 0driCGwWE%conmpounds may be fornulated in a variety of Ways. The
concentration f fherapeutically..active conpound in the formuylation may
vary P#om'abou?ﬁﬁ?%’?ﬁfﬁp%?]ofémﬁg‘?ﬂ’ésﬁq Mi%&@%r{ﬁ@%ﬁ?% can be
prepared ighmVRE, ta18ts [l Buppsbri@S capSties) shdensidRDiAie3,; loﬁgiult ﬁzg the Jike.

supposi tories, capsules, suspensions,  salves, Ioﬁlons an
Phar mac euPh@maceptisaleradeprganic or inorganigaaiTisreandfor dilgentssifitbledfot omharsl sui t abl e

for oral i.cal u can be used ..o make.u onposi ti.o cont ai ni ng
the ther afel e B wit(le Shiks b stiosiicse Qufictha S B Rrat RDAREVE nel ude
aqueous Mesthpounde GB{ladMClaftih thémt ifdhide aqueous media, vegetable and animal oils

20  and fats. Stabilizing agents, wetting and emulsifying Agents, salts for varying the

osmotic pressure or buffers for securing an adequate pH value, and skin penetration
enhancers can be used as auxiliary agents.

Vaccine Development

- With some modiﬁcations, the animal model of the invention ca“n also be used to
25 - screen candidate vaccines for their ability to prevent or ameliorate infection by a
- hepatotrophic pathogen. In general, a “vaccine” is an agent that, following
‘administration, facilitates the host in mounting an immune response against the target
pathogen. The humoral, cellulaf, or _h_umo;"al/cell‘ulari immune response elicited can
facilitate inhibition of infection by the pathogen against which the vaccine is developed.
30 Of ﬁﬁcﬂu interest in the present invention are prophylactic vaccines that elicit a f

protective immune response that inhibits infection by and/or intrahepatic replication of a
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20 and fats. Stabilizing agents, wetting and enul sifying Agents, salts for
varying the osnotic pressure or buffers for securing af Segtenhst @0¢H val ue,
and skin penetration enhancers can-be used as auxiliary agents. Vaccine
Devel op VY sonme nodi fications, the animal nodel of then) 0N can
al so benrt}gze?é'YXGIg)ggéS screen candi date vaccines for their ab-ilfﬁlgﬂ%gdb%%ugvent
or aneliorate infection by a hepatotrophic pathogen. In general, a

"vacci ne" herataiophiepathogenie.g.s LGNl viral 4o Rerasiticpathogens partieylardy avinglh e host

i n nounti | e i = : Upor al-,
cel lul-ar ;'%g?hgﬁﬁ%%m1 ?‘Eﬁ%%? %?t?f'%uanagé{rhgs g"}\ﬁsc?agn?]g? %ﬂgan d?g%i i 1'.dg?e

i nhi bi ti omrohgli ploeislonai physivelimmuaith ogmpidigapregtlatedispecifibectivecci ne is  °
devel oped., 30 . O particular interest. i 2%{ he present invention are,

pr ophy| aciERHYE g @atiTHaY tpmugpglobulin,ang Redikek | mune response t hat

i nhi bi £s i nfect] biat; td, L | ' -a 21 17 Septenb
2004 VB101/ 67000 e rEpsHhAASER he kR SAIGERCAE © 0T 4 mtrobial,

viral, or ipfruasedmpomistd cijeeric paintal isukamisyrtutedvising, forpasmplpestemecetls,, HCV.

Al so of interest are therapeuti L.ne i C ovi de protectjon through
provi si onPS‘FPIE&%l??RPé‘ TORoHH chﬁs &%ﬁgayglﬂ\ﬁgﬁﬁa %{lﬁém%@ﬁﬁofq“&cﬂ tPe

| muni tY ( Gefdr suifiBld c‘eh@fﬁlﬁ%&wmrbﬂdc #79 Hulm! ihitfine systbf th TSadtmppdi ment
of the.invention, the 1 nmune system.of the inmunoconprom sed chineric

ani mal i s Methodsfor isolatidg heinayimmune eelia apd meconstitutianedf] the immpené systemabf bl ood

| ear .cel |'s (PBMCS), hlopd cord cells, t apoj et || th
Uit alf o BB RO H REAL £ oG 21 i R A RIREILTE R 1 1t he
ani mal . WeSWREBHE O (6304 A1 NBRrENEBRISE- MG Fdeh. Slcad ek TRNS3[R5)14720- of the

i mmune system of 10 an inmunoconproni sed animal, e..g., a nouse With an
human i m@fk leynt embadiment e hugmapimnivne cells axe pbigined from the saigtdgner as

335: 256-59; .Proc. tl. Acad. .Sci. .USA 9 5):.1472Q- 23). | n _on

enbodt nente RevSHARLInBY prodtom SR Siliert Bire b ozt feP8imtas ¢ he
human hepalediASmufing ckils drdRitrdaaskdGhto Phe Kist hdtordifi iPinkgiols well knbimene
enbodi ment, the human inmmune cel|ls are introduced into the hast according
t o methodthewet, .gk by imrdparitoneal injectigpt . e. g., by intraperitoneal injection.
Screening for gn ef.fegtive.y Lne.is. Sil i . S

descri bed abov prefﬂn%ﬁo&a{l:a_ffevﬁ% v%%#aelIag%%ﬁ%g%sé%r%eﬁﬁ%&g@%a%fiﬁé?% to the
chimeric ghgvenin BorQ thetc@ndid4te eadcidel i Bdministertd & ihe Rhin@dricaplitnal privrbogen. The
candi dat e_vaccine is generally adm nistered hy providing a sjngle bolus

(eg., intinggeletionyihthedieppiptropiicnetbossn. Thy candidaic varsinedpeergrally
admi ni St r 2k 8sterdl b pdbvidhill fhei batk 042, ink@hLrRYEL BY infafnBludlhfRcRARST €7 -

20 topical administration, or oral administration), followed by one or more booster

immunizations. ‘The induction of an immune response can be assessed by examining B
and T cell responses that are épeciﬁc for the antigen according to methods well known in
the art. The immunized animal is then challenged with the hepatotrophic pathoge;
normally sevetal immunized animals are challenged with increasing titers of the _
25  pathogen. The 1mmumzed animals and non-immunized control animals are ;hcn observed
| ~for developm’entr of infection, and the severity of Infection assessed (e.g., by assessing the
titer of the pathogen present, examining human.hepato'cyte function parameters as- -
described abbfé, etc.). Vaccine candidates that provide for a signiﬁéant decreasein
infection by the pathogen'and/or a significant decrease in the severity of disease that '

30 results post-challenge are identified as viable vaccines.
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| mruni zations. The induction of an imune response can be assessed by
exanmining B and T cell responses that are specific forl7tapteaher geo4
according to nethods well known in ‘the art. The imruni zed animal is then
chal | engegbgilghssishe hepat ot rophi ¢ pat hogen; nornmally sev im L zed
animal s are challenged with -increasing titers of the 25 g%?#{gﬁeln. ggﬂie

I nuni zed ﬁtﬂ' rral s and non-i muni zed control aninmals are then observed for
devel opme=—&+ fection, and the severity, of infection assessed (e.g. ,
by assessing. t hees bf{techiferit ARinRAbHAC BV RASS B3t areV1AMAMs %daﬁfz,ﬁ' tocyte
function paraneters as described above, etc.).ar\?accgﬂriie c ﬁ%?gg’[ es at
provi de f dp thesefepgitbedahove wiltbereadilyl appatent wahe orditmrily bdllphattegeupoand/ or* a
significant gdecrease in.the..severi of disease that 30 results '
oSt - chal IEHIRE T8 Bresfi PRREIRENEL ik Pamitis BF Rliions snimal o3 bt fiesteh004 W0

01/ 67854 e hefdbily ifsaed, Wil hephio@splt abaR, &0 (3Bd b2 ScPhod! NS,

i nvention that are variations upon or in addition to those described above

will be r&dch e apgnd cambe iselatede This ysaefithe ghigieric|apimal of ithsdnvention is r eadi ng of

t he prese A ' - .1 h hi neric ani.nmal.can_be

i nf ect ed, ?’Ef“%?@flg?‘g%?@*@%?’gﬁf%‘g %gnﬁéﬁ 40 eog,tﬁ?/\ﬁqﬁo%enﬁ%ua%eé JoBs% fremaent |
and used &aman subjéqt er fsrdifficuldiocdbtiil & BB anpantsbheigatlogbeeannbhSreli@ify Of the
chimeric anjmal of the invention is particularly useful where, for “exanple,

i sol at i onCBfureth Waeryurng elhe patlogsn dp ¥ira (e@m srowtindroth guteetor i | s
diffigglt 1.l : X .cannot be.readily
cul tu(rfgd F‘?\lﬂl&?{?‘tf%fsﬁ:%tﬁr%l n oﬁﬂﬁﬁﬁ D °hg§aetﬁ‘%bymﬁgﬁ%& /o FEEOgeRICHyY BUd/Rr i
brot h cul tlimieal o¢levamce; k. dnlgbneralgihe ehimericlanins is inceliaregesitt the iddRat@At hogen
that may affectg its Bat hogeni city and/or clinical relevance; etc. In
general , PH3EHR i APPEORFIAME FOYte (6 SrdYUNER SEOYS, ipTarpesclan [tarangritgpaalhioyen by

an appr opgs : | V. . LNty aperi foneal ,
or oral e Eninptiafo plbly) SIS0l fal B aGHRes Wi ARRRL
cor r el at eputd aflinfebttomiathumah diseaset Afief thephthopemwestablishesiafecdosophe. . After
the p hoﬁﬁ staplishes ipnfection of the Jf5. heglgran;n hepat ocytes,. and after

- sufticERE frtegypnd piter asudhcient amqunt of fime s passed do aliQyy replication

pat hogen, qtihenitad 18 nhthot f e AT A TAE, emiﬁ?f' ni mal by an
appropriate rr%t hod (e. phﬁ %?E%EPF&%# fromégﬁﬁcgggd sa%pclce,, r%afi ver, etc.).
Li ver di senpseprdicdy Qtﬂg%g-mh@amiimnhbkmdiaamme;Mnaﬁm,ére)used in the course

of diagnosis of |i.ver disease.{n.a human. For anpl e,, where the patient
suffers from aﬁ%@%&!@e?}?‘mﬁﬂﬁmﬁm%ﬂﬁwm PSS
Wi t hout cdibgraisd@ 1ioér dikasdiatahasan Fér exainphe wiekd ih&?nati%ﬁﬁﬁ‘&k Eront$REGL €d of

cont ai ni n(g ‘the causative agent can be isolated fromthe
20 sease of unknown origin or where diagnosis without culturing of the pathogen is not

C .

* definitive, a sample suspected of containing the causative agent can be isolated from the
patient (e.g., from the patient’s serum or from a liver biopsy). The sample can be
enriched for the -suspe.cted agent, ﬁactionat¢¢ or otherwise processed to provide it in an
administrable form, and édminis_tergd to the chimeric animal. Thc chimeric animal can
25_ then be evaluated to assess the effect of administration of the sample upon the engrafted
. human hepatocytes. The effect upon the hﬁman hepatocytes can be accomplished by, for
examp‘le, isolation and examination of serum samples from the chimeric animal, e.g., to
assess function of the engrafted human hepatocytes, and/or to detect ﬁpathogén in the
animal’s serum, e.g., to detect the presence of HCV or other microbial pathogen). The
30 humén hepatocytes can also be examjﬁed histologically to determine the effect of thé

patient sample.
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patient (e. g., fromthe patient's serumor froma liver biopsy). The sarrple
can be enriched for the suspected agent, fractionated,!7o¥eptinmzari0

processed to prow de it-in an admnistrable form and adm ni stered to the
chi meri c 4 Fhe chineric animal can 25 then be eval U%E‘i‘ﬂ:ﬁo?m@s%ﬁess t he
ef fect m n| stratlon of the sanple upon the engrafted

hepat ocyt es The effect upon the humgn hepatocytes can be accorrpl | shed by,

for exanple, 4 i 56 Inyendor ¢am asorks adapted inproNdeden neri ¢
ani mal , %msx& fnd ﬁ%ﬁ&ﬁogen ?tde:i%n&f o &?@M&ﬂlﬁs&’b&w@&g Bﬁ%‘e’t Mg, |

and/or to tect a pat animal s serum e
pr esence hepatbigtesabtaihddtyy bmpsymf agpatipait (Ia@gqmj‘cutziﬁhmﬂ&eﬂia iéopsipgatbeageds ‘can

al so be %ggﬂned hi st ol o0 |cae\%s Qlﬂggtglg{ﬁlm he the h%gtfgzegg%h()f t he ﬁgtient ‘
sanpl e. g@‘t‘ﬂf‘ PEFERS egcheaisad usi ng
patiegt g @&e%@%ﬁﬂfﬂﬁ@ hﬁB Slgngtﬁeepaﬁeﬁ:pteessttee ”r”ze for .

di agn05|s and rati onal e therap d on an’i1ndivi basis. For

ex arrplt e, shmmblhtglep ahevapentis agants amb th zbzeds Lthqqsyelgial toxjattyiod tite fatict’s -

ercu an e e.use 0 Lce hi NELi C nmurine
Do ey Such RRAY. AR BEHERE0n b8 BLBRRS: BT Rlofagb "
hepat Ot r %;ﬁes%&di%ﬁ%éhde%%&t’ AAndivfdua s gﬁé&lﬁc Iﬁ%ﬁ@ﬁ% fib gathBLdiPOEN’ S

susceptibility to therapeutic agents,. to assess he potential toxicity
of the psomplemegt (@mmermrs mihcnngs‘tmpﬁptronlhgpaﬁhheemhvent i on can be

desigped to facilita es. st effecti a t an
i ndi gﬁduel YERHng Jon Agk ' Lact %h g e'@)ﬂgﬁﬂ%al nst one
or nore wagfstéﬂaﬁoﬂmﬁaﬁmfmﬁammmsﬂfhﬂen &eleeﬁaemcfvaécuments that

reduce bl ood-|lipids. The invention can al so be adapted as a systemfor

eval uat i Opclyding sartiovassularhdisegse.c Atheroselarasis etﬂnemmtyetam of heay atiackr
(i ncl udi Ck&ar i QUASEULan Wl ﬁan%\s}gmtnét W{s(}é ﬁe%r "g'ﬂatf%e E%n%tﬁause of

heart at stroke i n tel'y 1's responsi bl e

for near yChalih (Rditﬁ (magwanw 3628078080 A(;E@aﬁ;e(cbﬁeﬁhom\aétween B@B levdfsl- 809) .
A p05|t|ve correlatio etween high levels 15 of | ow, den5| ty [ poprote| n

(LDLI5 ane@ @megchmn;ete@ (&) ised athergrlezqsis kag Wé‘i%ﬁd gek decagpsonn et

| . A I
TR e s e
series ofiensitedipbprofsn (V‘M)L)/inrtbe hiydﬂﬂb@smtenﬁbydvﬁﬂuahsﬁ edsmptexlseﬁhtsdﬁ‘ and

apoproteins.amng |.ipoproteins (Fieldi t al. (1996) In "Biochem stry of
Li pi ds; TRplgnsdRvnlvias iydroksen ardheanster of p ang We@qmoygépwtees eds.)

Itoﬁgggl gé leﬂnggeynbg:t%%hwp%%g@;gi?&% gﬂﬁ%‘;ﬂ%ons Bl oc g?n ! Int >
20  Vance and J.E. Vance eds.) pp495-516, Elsevier Science Publishers, Amsterdam). VLDL
is secreted into the blood stream via an intricate secretory pathway (Gibbons, Biockem. J.,
. 268: 1-13 (1990); Dixon et al. J L:jpid Res. 34: 185-1 (1993); Sniderman er al. - ;
.- Arterioscler. Thromb. 13: 629-636 (1993); Yao et al. Biochim. Biophys. Acta. 1212:152-
‘ 1166 (1994); Davis et al. . (1996) In “Biochemistry of Lipids, Lipoproteins-and
25 Membranes” (D.E. Vance and J.E. Vance eds.) pp. 473-493, Elsevier, Amsterdam;
" Innerarity et al., J, Biol. Chem. 271: 2353-2356 (1996)). '
, | _ Apolipoprotein (apo) B is a m'ajor apoprotein of VLDL and, is the sole apoprotein
 of LDL. A relationship between high levels of 2po B in plasma and the risk of
cafdieVasctﬂar disease has been identified (Sniderman et al., Proc. Natl. Acad. Sci. USA
30 77 604-608'(1980)). Regression of corbnary artery disease has been observed in men

aggressively treated with lipid lowering drugs that also cause a decrease in plasma apo B
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268: 1-13 (1990); Dixon et al. J. Lipid Res. 34: 185-1 (71993); Sni der man et
al. - Arterioscler. Thronb. 13: 629-636 (1993); Yao et a7 Bpteent004i ophys.
Acta. 1212:152- 166 (1994); Davis et -al. . (1996) In "Biochem stry of

Li pi ds, LiePRlesk Nns and 25 Menbranes"” (D.E. Vance and J.E .) pp-
473-493, Elsevier, Ansterdanmi Inn --rarity et al., J. Bi ord@gﬁ?& 1:

2353-2356 (1996)). ol i poprotein (apo) B is a_major apopraotein of VLDL
and, is tKBEgE aép@g%glef-éledoﬁ%d(ﬁgﬁ)sr(é?%q))-oﬂw thereds apasitive ik | evel s of

apo B in . ' : n{j MHI | n identified
(gni delrangﬁgﬁﬁgehﬁgfhﬁ??oﬂggdghgm 08 tggﬁc}gzﬁ;ﬁ%?ﬁ%g%%l%o))_

Regr essi omonthinfrgy ipvproteias ireplysmia ambthe ifvidenbe ef ntivdvseiaredds.i ApoBrisalarge  °
Pl 2 ma BGPTSR et S GERRAIL I 8GR DBNAGRTHO RS OIPBIS0  ( Br own of
al ., N5 Epgliveelide %@:c?ﬁ&%&oﬂ@ﬁ%ﬂﬁie@yg%m éndog%}ﬁgs ofi rﬁécﬁhtﬁmgﬂtﬁ)'rﬁ jve 1ink

anong the secretion of apo B fromthe [iver, anbi ent conc ation of
apo B- comnpéntdnt ip the puravescglan sranspopl zd meceptod-mddirtdduptaierand defivery of

at her oscl er asi s 0 is a. large. glycoprotein that is paramgunt in the
Seconbry SrRceassR RoBrRin: 0S pERne SAPS B (e Ans A rEe AR B0  or ol
of both difghPth¥ aBEpRACHAFIENESsiRE bBHiBtary Hpidslfd thé RJulafiBR o?cihﬁﬂaﬂhgppr tant 1n
the intravascul.ar transport and receptor-nedi at ed uptake and deli very of

di stinct &peproden lgvels.i @&gﬂ@t@epmeﬂmmﬂm@ﬂm@m i teomB of atherosgiemasis a r ange
of furin tiglpsg .hfiﬁom_the absorption and processing of dietary lipids to the
regul ati on ?p%l té"ul ating |lipoprotien levels. This |atter property
underlies its TobauRess4pd B efistin dhanghiler A6 BI0O fdpestits ShSRBALAM | i ty. Two
forms of apo B exist in_nmamyals. Apo B100 represents the full-length

protei n cBIPteR APHANINEZH6 aminmacids and ia ke orelusive farposynthesiaed by mmapdiveesi zed

i nhuman | j - b I ' ; . is the
maj or pro etlﬁ{r?gtglns |?ﬂ"e%' Bg%ﬁégﬁ'@g%ﬁ))é(ﬁ% %%@ggﬁgﬁ%% rﬁt@ggﬁzéﬁé % or

i nt er act i ofiLDL ahll icenthing ¢ doineiin rexpuired &8 intetabti 'oﬁoﬂthﬁlip@brdé&ﬁelﬁéc&svﬁﬂioung,
1990, _ supra).... I n addi.tion, o B100 contains, an_unpaired.. cystelne

[ esi dhi, e LD raceripr (bse, W%%eﬁlmhilaﬁa tgn.ARePB HH{t cantaias aeyningiedy ¢ h

D rir o sttt HeSe, AEREH AR BN A m b A\ RLOGAGAI it BREHGHE' ™
2%88;‘5 2134%9@%7%%&1&@Idisﬁ(t)xcﬂdthcro@eﬂcﬂﬁpﬂprotﬁhen\rﬂfﬁeﬁg‘:as %ﬂ@?ﬁﬂﬁﬁﬁi -
E:er t ai) 31 sﬂe%fé%n%aé’yﬁf?fg?ém%é%mhg@aﬁ@co klﬁélt"cf Bidli Ghers i n
associ at i o1 WR3du-2819!(PHIEY. Ofte SRl ﬁwﬁg@mﬂﬁa&ﬁm@%%n e 10EST

particles, by virtue of their content o ,
20  certain species, synthesize apo B48. In humans, apo B48 circulates in association with

chylomicrons and 'éhylomjcron remanants, and these particles, by virtue of their content of
apo E are cleared by a distinct receptor referred to as the LDL-receptor related protein
(Herz et al. Curr.-Opin. Lipidol 6: 97-103 (1995). ) ‘
In humans, current evidence indicates that susceptibility to atherosclerosis is most
25  likely due to unfavorable combiﬂations of mutations affecting genes in several.pathways,
| but our knowledge about which genes are involved is limited (Ross, 1993, supra). Due to .
the ability to introduce or mutate genes, the mouse has become the most common
experimentat animal model for atherosclerosis research. Wildtype mice on a chow diet do
not get-atherosclefosis. Three ways to induce atherosclerosis in mice are: diet-induced
30 (Paigen et al,, Proc. Natl, Acad. Sci. USA 84: 3763-3767 (1987)), apo E deficiency-
induced‘ (Piedrahita et al., Proc. Natl. Acad. Sci. USA. 89: 4471-4475 (1992); Plump et al.,
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apo E are cleared by a distinct receptor referred to as the LDL-receptor
related protein (Herz.-et al. Curr. - Opin. Lipidol 6:178piapadet2006). In
humans, current evidence. indicates-that susceptibility to atherosclerosis
I's nost .ywayelidA&l Yy due to. unfavorabl e conbinations of MubalicRsesdshecti ng
genes in several pathways, but our know edge about which genes are

involved |s limted %Ross, 1993, supra)._ -Due to the ability to introduce
or mut at EEfied 453 URSBEZHa8 Sie SHEMGERSS AR LRI SR8 D hEneeRPr-ani mal

model T OldeRERALARGhUhbalifi SEA! NI 1flol 9. B3£800010335 N MHuliilind0  NO
get at her oscl erosi s. nree ways to I nduce at heroscl efosrs 1n mce are:
di et - i nduransgedit rhdthdlgexpresting humakizenes itdadtved 1AdipOprofiin metdbAiifid hake’ 63- 3767

(1987)), .apo E deficiency-_induced (Piedrahita et al., Proc. Natl, Acad.
Sci. USAI %smgﬁ-rmﬁ@ -@f&%ﬁmﬁﬂ%ﬁsa 91‘9%%&&%%@@%@ VO

01/ 67854 LA ) : 'l?é'_’s?m 2) 1 | ence 258:
468- 4%1 ("%%42% ang LDL rgig ptt(i)lre?é%le | CI g%(%?’ %Jﬁ:}:léce S t?%cggﬁ?t‘féet al ., J.
Cdin. | ndeswnstied the fora@ifor 6O8B¢rpscldntic lesions. nEor dxamplegtheiathenasdirstic

expressing. hunan involved"m | ipoprotein . .mefabpli smha I ncreasingly
Served alSOHSIT AHFERHERI TSHEPS RarR Me e aeiSEEt: Anbihe) SRl HRRatand 5

pat hol 0giiG;dhdiRiheditsddf pridiclbPid Rookafiol® th ﬁy}c@mﬂ‘mév@sta SERes al

i nstances have denpnstrated. the formmtion of atherosclerotit |esions. For
exanpl e, mdwuse moHels of atheroselérosis aredieingsused taidentify gshesovisiok mudify have been

wel | ,characterd zed, and .f. resenbl e human esipons in their sites of

pr edpﬁecf1 sglﬁla)s%rsga}egggl,}ampdn?iﬁedcfvpgpwtoqf!apﬁ?tgﬁoggug 1% These npuse
~nmodel s of at hgheakini arids] 6fitke Preidh invetod dan TkeRide sirve 8988 aniiaf fhodadi fy 10
at heroscl erosis susceptibility and in the devel opment of antiatherogenic ¢

t her api e#&or hyperlipidemia anbhartiieraselerasis, prdesarhe used toridensiy cendidatkagonte serve as
an ani ma . .faQr erld pi-dem a .a t her Qscl er osi and can be used

to id_eht'#l?‘glmggénnd? ‘Hg éﬁéglgﬁtt%eon%a@sﬁﬁh glgﬁ%és (Itg 3g"iuﬁc$lg5’lpcg? Iﬁ?é’ ri sk of such
di seases tréginfént) ot iefredting Budh didaydsdelel, by 16weraig Bl6bd ligids)l fStﬁdf&ﬁtsieﬂﬂn' such

di seases (e.g.; by lowering blood |1 pi dzﬁ._ Study of serum I5 fromthe

chi nkt i cfromythe skigierie, mnsaeme sima] medeliad ¢hg invanitondis damonstmisddhe at ed t he

presence,, A . ] Bl | i e . has_ been

bt abi i spiagerce of bk BSRloRF iRl sl it el g BB Gl Ul
at her os cheimpdreanyeticlogie factod s thesievelopmestnif hgmbo athegrélestic Wascubdf ect apoB100
| evel s (ﬁiigt her quantitati veg‘%/?aor qualitatively) can serve to identify
agent s t HiaeaseSqToRpRg far 2gents S 2ffpetiagoB LQbiexels HEnttixely @ de t herapy for
di sease | hid ‘ | can be
U Sc BRATR0) cor BRI sball Rl cob ModhiC G0 PRI Bgnns PO

ser\3hg provide therapy for disease in humans. The positive control for such screening assays can

be human serum and, with non-transplanted homozygous Alb/uPA mouse serum serving
as the negative control. -
Methods for detection of apoB100 are well known in the art. Generally, the assay
involves detection of formation of antibody-apoB100 complexes following contacting a
25  biological sample from the animal (e.g., blood, serum, plasma, and the like) with an

 antibody that specifically binds apoB100. Detection of formation of antibody-apoB100

complexes can be accomplished in a variety of ways (e.g., Western blot, dot blot, RIA,

and the like). | |
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as the negative control. Methods for detection of apoB 100 are well known
in-the art.-. Generally, the assay involves detection lgfSeptambst 200 of

ant i body- apoB 100 conpl exes foll ow ng contacting a 25 biological sanple
fromthe wolgikhssae- 9. -, blood, serum plasm, and the "kq)cﬂtkh/eﬁﬂso

"anti body that specifically- b| nds apoBl100. Detection of formation of

ant i body- apoBl oo conpl exes can beEgcc {:%hl shed in a variety of ways
(e.g., Western blot, dot blot, RIA e like). 26 17 Septenber 2004 WO
01/67854 PCT/ CABS 818366 EMAMRGER: pul ] ) ds 9 s MR Sffordiusinfitn AL N 0
as to provide those of ordinary Skl|| in the art with-a conplete di sclosure
and descrPIEWQW»féﬁmm@iwdlséloﬁlﬁkémhﬂmcmntq{éomtemandmseﬂmlpocspmand ar e ‘not

i nt ended t he |n S-.re rd as r. 5 '
i nvent i oninglglrlﬁ%}itm%%g&l%?]ﬁ?egﬁﬁit(?% 8?°é’§e° twr}iaﬂ e’{‘ﬁ%’ TR P %‘rbel ow are
al | or5t hinvefiioh ndpapetheyBitinded@bRemoithattht expiriaiehileRArdAIS: the ofRSUr €
accuracy-Wth, respect to_ nunbers used (e.g. anounts, tenperature, "etc.)

but sone EsRsEmeRisTeEPmasd: Jiorishave kren made dnensyroascirage witgespecild f or |
unl | ht i
kel L S R T e Sk S e

and pr essdeviations shoubd bmmbumédmpﬁﬂcsmﬁmﬂbﬁ&rdnsefﬁmlaﬁé 21 fwbil; UPA
Transgeni c enerate an Al b-uPA transgeni c nouse tol erant to human

ce To.
ti ssue gr’é‘P[\égulaFﬁ”E t 3§ eaght PVRasdnglegular ee1ght slemperaiure 4s ingdegrees

TgN( | P Qbred y)) 15 were crossed with ani mals
fromAiad)C %&EB/SC g erl ge | ?%g%gmlag@%?%ﬂc b-17/ GbnsTac sci d- bgN7 (Taconic
Far nms) , hom)zygous) Through a series of - backcrosses, the SCUD-. beige
trait wa breq o M ; conflrd by quantlflcatlon of total
serumlg ° Pk EHRT U t 0 det ect nouse | gG accordi ng

to methods welto Wmmﬂ-ﬂ%&aﬁsge@ﬁﬁhkéﬂo%ﬁ@ha&dﬁ% ‘é%gaeffsa}n% & ated

froma standard curve prepared on 20 each plate using a np standard
(Cappel ) . heterezygone fos thejtansgene. mw@ébltﬁla&)ﬁMBnﬂhdﬁtbkmdmsrm%)of

ey PSR RBaB s ATus e rebd oier P Ga s DA ey ey

ani mal s s@aﬁbgwmgrab&ﬁcw% C MRhrdEIhes ée&'ﬁ%fﬁé&ém%spﬁ@s@m' ysis of

genomc DNAextracted fromtail |opS|es usmg two 18-ner priners that

anpl i fy. deigeraitwashsed othomogygosits as mﬁanedeRqoanttﬂtenom afitotp serumdgst r uct
(Jackson y3hal ahalh Er' 18K WHhsidhe RHRRY Woust I3¢ 2 ing to methods well

known in the art. Quantlﬁcatlon of IgG was calculated from a standard curve prepared on
20 each plate using a mouse IgG standard (Cappel). "Leakiness" of the SCID-belge trait
was defined as >1% of normal serum IsG (Bosma et al. Ann. Rev. Immun. 9:323 (1991));

animals with serum IgG levels above this cutoff were euthanised. At each step, animals
carrying the Alb;uPA trériégene were identified by PCR ano.lysis of genomic DNA
extracted from tail blOpSICS using two I8-mer pnmers that ampllfy a 151 bp product from

25 the 3 UTR of the transgene construct i ackson Laboratones technical support) Although
the homozygous Alb/uPA trait has been prevmusly associated with a hlgh perinatal
mortahty rate secondary to bleedmg complications and liver failure (Heckel et al. Cell
62:447 (1990)), we found that in our scid/b g/Alb—uPA amma.l colony neonatal mortality
was approximately 30%. The colony prov:dmg ammals was developcd mmaily with

30 heterozygous breeders, but with moderate neonatal mortality in homozygous mice, the

colony was evolved to completely homozygous. Animals were housed in virus/a;itigen—
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t he honpbzygous Al b/uPA trait has been previously associated with a high
perinatal nortality rate secondary to bl eedi ng conpli cédlt/iSspterahed 2004/ er
failure-(Heckel at al. Cell 62:447.(1990)), we found that in our

sci d/ bg/ Al b-uPA ani mal col ony neonatal nortality was appr OXI rratel 30% The
col ony pP&A3 ani mal's was devel oped initially with 30F U?%
breeders, but with noderate neonatal nortality in hom)zygous m ce, the

col ony vvzfteeemﬂmm srai wensphret dbryintacomdynpe weith the ignideEnessasablished byt then

e b SN O b R B e

establis? %}éscr& 3 ﬁaﬁuﬁewémgbrMbmAﬁﬁﬁﬁvV&%toﬁl&e@m mal *

experi me rein were per med with approval from
Uni ver SI ty of H&himrmpatmmcsdbrmmtBercvb@neﬂlmﬁwﬂpm fomtths f or

A bor ba Bty it ben Rt R EThoug, SreedSolhidren 11 ver

tissue ($i9eR 196@15%&&3 ssltaafedlaa ﬁx@idﬁ'g’w‘éﬁﬁérﬂgé&wﬁﬁﬁjc Wil Ch/Bs-0é d
Ca/ My-free PISBS cont ai n?l&ga m\/PNaZ EDTA. Prom nent peerf usi ng vessels were
cannul at 8BSaoutairieg 0.6 mel zﬁ@g'ﬁge?mmtpm vésaels wereganhulpted and theat i ng

7°%5)  conBamgs Petniskaleh iyl e RS ingopNelilon o BRENGER 3 el

(Ryan et mlf KGU2.99M Catl;, 46miM SRPES, Eag?eymtmﬁhgoswah@fmlcsibbm&gt 13: 29
(1976)). Hepatocytes were filtered thro 100&65tal nl ess steel . nesh,

pur i 19 edceliagerase [Bgm@saﬁMén@hq;@MRYMd § (1998krisglep enaloa g/ ni;

Si grma A e cold. HBSS prior to
suspens: et eisk i3 BN eC HopRlpni 48 @#%‘eé&rashoﬁﬁ( i 2efoc T or 7
short - teﬁi&zﬁtpaﬁﬁe&bjaaas&ylgeacﬁélﬂcéﬁﬁﬁ@aﬁaﬁ Ardrevl, dedity ICRHBHE ; BiEna)iadbi | | ty
were confirméd by trypan bl ue_excl usjon .Iprlor ~to transp antation; final

vi abi | i t $0@gforSoninutes] a,ndswlp@dtvwcmwsp ddiBEP Pﬁéhlos‘usmﬁmlﬂthbﬁbzygous
for the D trai.t,..and het roz o uPA, transgene were
crossed, 1Mo i 85&‘]8? (5‘51[5‘158 W%nt tgdn p{aﬁﬁéégteﬁ“tsﬁm?geg{%ﬁ% freshly

i sol g8 eduxﬂs@tahenhﬂweenbmﬁgmeﬁmyma@&ahﬂﬁﬁai pﬂwﬂ%m@;&m{dﬂw by 20
intrasplenic injection. Intrasplenically bgﬁect ed hepatocytes rapidly

t r ans| octetteansplantaton; ifipek viabifity wasroptinelyP80%aous syst em and engr aft into the

parenchyma s r:un N r (S% Nat | .
Acad. Sci . gE 3 ?#T%Qi%ﬁmfﬁ%tc’%zﬂ&%%? Pans pﬂgm adlhgne ﬁ
(1990)). fosmmﬁbtlﬂm tradspatd Wireascseed, anéd day-lold progeaswerniz@splanted @ithilon i s
mnimal, the spleen was_sel ected as the o¥t|mal site for inplantation. 25

Accor di n§I19 <isplpied viabledumepn hepatogytes,e Fensplaatation Wastecqmplished byt hane/ 02,
and g s nﬁh"asplemc injection. Intrasplenically injected hepatocytes rapidly translocate to the liver

via the portal venous system and engraﬁ into the parenchyma surrounding terminal portal
venules (Ponder et al. Proc. Natl. Acad. Sci. USA 88:1217 (1991); Gupta et al.
T ransplantanan 50:472 (1990)) Since the mortahty assoc1ated with mtrasplemc '
inj ecnon is mlmmal the spleen was selected as the optnnal site for mplantahon
25 'Accordmgly, offspmlg (5— 7 days old) were anesthetized with Halothane/Oz, and a small
left ﬂank lIlClSlOIl was made Under operatmg magmﬁcatlon, 1 x 10° viable hepatocytes
were m_] ected into thie mfenor splemc pole thh a 27g buiterfly injection set (Becton-
' chkmson), and a smgle sterile titanium clip was placcd across the m]ectlon site for
hemostams The spleen was returned to the abdomen, and the flank incision was closed in
30 -two layers '
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left flank incision was nade. Under operating magnification, 1 x 106 vi able
hepatocytes were injected into the inferior splenic pol7Sepninitrer 2004 g
butterfly . injection set (Becton- Dickinson), and a single sterile titanium
clip was _p\bagﬁ,g.,sgﬁross the injection site for henostasis. The spleen was
returned to the abdomen, and the flank incision was closed AGT/SeP{fRs0

| ayers. 28 17 Septenber 2004 WD 01/67854 PCT/ CAO /00350 Since the
production of abB&wihg predughioresialbrminds it enstusive mopamyfilepatooptes (Clemant et

al , Hepat olLogy zA4. : t . e. MedjcJ 148 (.11997)),
det ect i on L@?’ ﬁgprr‘gtél%ﬁf’ %%rgn31 ;11 9(8 ﬁ;élﬂrslﬁgse%ﬁ rlnazgaafﬁ‘fﬁ iggé’ Wyﬁe‘*segg ?7/)3’ defechon

i Munopr ecofhiunednialunan (HM it @i shthples bﬁwa@ﬁ;mhﬁuéﬁécigﬁa&h' : r of
graft-cell function. Recipient mce were initially sanpl ed by jugul ar

venous puntPiig s cppinyed avasingisator of graftisell functignd Recipisatitise were anitiallys

t her eafq er ‘ﬁHﬁ eggﬁﬁﬁmg i ated wth. .
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ant i gen- antheteaityr. AdiqpotenEmouss serun (Hilpivent iacubatddrvie 9% Shlhimad abase:
(Boehri nger-l\/aimh im. .| nopreci pi.tates were heated for 5 mnutes at 98C
in. SDS buRPRe ‘P&ﬁﬁfgﬁj_"ﬂ%%vﬁwsﬁw)hm anpigen-gutihodytcompisres Gere

SDS- pol ya isikdewhE : _gﬁ&gr 1. gno r to ni.trocel |l ul ose.
Vst gr nybrgféﬁ&ﬂér e pr gré’gér"g?% s?ﬁ%ﬁg%ﬁﬁfﬁﬁ%%ramﬁﬁ P r ent
Prot ocol s heatedl forfumimmtes at 9840 ieySDS\buffeY 0oitaink}A0) M WihiotiZeitdlNstparafed 1y 7)

. usi ng o2 nd] antj - human al bum n  nonocl onal anti body (C one HSA- "11;

si gma)!% oﬁﬁ%ﬂ? gﬁcrylamyfe(ﬁerﬁegg)ppﬁ@sﬁ,apgmfemgd tgmitsgneliploge.n WeRtercbinjsugat e
Pi , ] l pescent reagents
(Pierce) Wage BrEphRY ﬁpstﬁﬁiaf%lﬁﬁg?g‘g%% et 92@3 en?pﬁz{}]ﬁéclsl.%"fé} r{a’l’f’”wg"g)’ 9

(Pierce) were used for sig strong , .
denonst r at(S8leyyNew & oslgrl@oT)p ¥old2, chiap.BEhNasimth decoidddibh@gan albigiseat i ng t he

CubscquentiyRRany bty CHane Ay Smeheqapmcd it # Do PHATRAI A car i cdl
the Al b- UB&epthfiﬁﬂm%anﬁEé%&c@'&astﬁl%g:ﬁgghﬁe gé@&g%tl—})éc &eor HA were al so

negative for the transgéne. 20 Cear wer e d as early as two
weeks 1pos chemikpaipeseant reagents (Bisrdehwersased for signal denestiby. over the 4-6 week

ti ints, t] ' [ f th ' 1. ft Fig.
1) hese i nafrionk Rh HeBl A ReRoRinia ui st AR e b, LPA
liver was imtidating ttRfHrestRcesdfisiBuifRiatt KB SEMACRAYT BindChdpaftichtesaPi d

proliferation, and that there was the. otential to suppor t he
est abl i shiEFEdUsAt ZEHALYPE analysis reserlerd that all oftiveanimalscariet itheAlbkiRAn and

' I | > h) ith h -derived
ol 18, for AR Fbrfl ol BB e RIT Rlpafle B HA erfie otV rot dhaigiie. °°" ' °

20  Clear HA bands were detected as early as two weeks post-transplant, with an increase in

intensity over the 4-6 week timepoints, suggesting vigorous expansion of the primary cell
~ grafts (Fig. 1). These findings indicated that the microenvironment within the Alb-uPA
| liver was sufficient to stimulate human hepatocytes to begiﬁ rapid proliferation, and that
there was the potential to support the establishment of long-term hlﬁnan grafts.
25 - To confirm proliferation and estimate thé extént of replé,cement of murine
‘parenchyma with humﬁn-derived cells, formalin fixed, paraffin embedded sections of
recipient livers were obtained at various times after transplantation and immunostained
with 2 monoclonal antibody specific for human hepatocytes. Segments of mouse liver
were fixed in 10% formalin and embedded in paratfin. Sections Su thick were stained
30  with hematoxylin and eosin (H&E) in standard fashion. Selected sections were treatéd
with an f:ndogenous avidin/biotin blocking kit (Zymed Laboratories, Inc.) and |
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recipient livers were obtained, at various times after transplantation and
i nminostai ned with a nonocl onal anti body specific. fd7 Seniembend@st ocytes.
Segnents of nouse liver were fixed in 10%fornalin and enbedded in
paraffi ns 5u thick were stained 30 wi th hemat oxy in

( H&E) in g(ﬁ ?d fashi on. -Sel ected sections were treat edl"l:'gﬂlC H%oﬁg
endogenous avidin/biotin blocking kit (Zyned Laboratories, Inc.) and 29 17

Sept enbeimao9styied WitizesAnRBRAGAIINGOYS amwmmbadmwm k28 nonocl onal

anti - hu a nt.i bod Q. 1.2 ut bou nti body was
det ect oq Wepal bR FLBPL IR Ring e Sep B AP BB coner) " The
resul ts &yee briexfyi gur es- 2A- 2F In animals carrying the transgene, 5

clusters of cells staining positive with the anti human hepatocyte anti body
(darkly stai naauerese\ltsgs;eshemm&meéié&mﬂmfmlycm@@d@mme host |iver

ﬁgp;rgc\;/\t%gé&r?éﬁ}eg&a%@he v%%f@én age o0 he‘%%ié’l Ive- s |n| nd’asj rA‘ﬁlffds had

| ncr easedelld) @pE dageret Qi faEh1Yy throOghout tHe st bioRlat Bt weeke pastetengplant, ndi vi dual
sections. The interface between human and nouse cells was di st| nct, with 10

cords of chﬁﬂﬁnﬁéF pstimagted Zdvmef slhkepatagxtesuAf fansayasks thg prrventage ef chyma

I ndi vi du .CO Ef@: lﬂ@ij develen

si nusoi dglb ar chi "éléﬂ uérl%mgﬁ‘%%%g porga ??Q"SG%E’EC ures were not gbl y
absent fumliwtlbﬂseagmaeﬁ‘hémogfmeﬁedmnhihmandmouwc&blbmsdmanmS not

unex ect ed,, si:nce hunmn-derjved nodul es e the resul cl Qnal expansi on

i Hli vrerdsrf hupan eel eé?“ﬁ“@&ﬁ'éf@rﬂ%s”é’f"“& g APTINCHPTSE %QE‘f)Wd“&"hese 15 .

nodul es E’H{w ,ﬁ),;sg s such
structur Yeig&\}\hgﬁ %’}B@h ostamggrﬂfiﬂ% and er e?églr)e&irrsar g| | zeé&gjrr%)und

prol i f er althoughiportahtrad smeﬂwdqut@lpﬁbmutmmhh@mgmatmg;mdﬁlesf Whist i on.

Two di fferent, serum based ass wer e, used,to eval,uate the huna
nepat ocy FEEPEETVaAR BEs BatHISEocled,iBee IUpRH foreed rpdules Srehe ssERt ) o1 assay

Measur i NgjoRMERParkfin 6F ifdividihI tiep L:Beytés%ﬁm ﬁr@ﬁ%ﬁ M. CB1188:285 (558195 Tkse?0

measuring human al pha-1 antitrypsin (hAA he san® m ce were assayed at 6
and 12 wediles wodd contamplmmducmr@ndgthebﬂmrmmyeﬂmummmw diluting

of s rd.into 40..1 buf f nd heat for 5 mn
2 100 SBTRef oot ARIRpR et tubed Rbebg PSR tn AR o0 0T o T
serum . A 2d uahlys® ofhumah épatityiaira figicties, m%%ﬁ&emgeﬁﬁ%héddlae@@s menbr ane

and allowed to dry for I5 mn. Ihe nenbrane was_soaked in_ Western Transfer
Sol ut i onWersrusedtoreraluata the warendicpatRexie grafhingiy vhigrericapice. Fhefirst a3ay is

a dot blot assay measuring human serum albumin; the second assay is an ELISA assay

;?.0 measuring human alpha-1 antitrypsin (RAAT). The same mice were assayed at 6 and 12
weeks post transplant. ' ' '
| The dot blot assay was performed by diluting 2 ul of sample or standard into 40 pl
of reducing buffer and heat for 5 min at 100 degrees (standards = known amounts of
' human albumin in blank ﬁiouse serum). A 2pl volume of solution was blotted onto
25 Nitrocellulose membrane and allowed to dry for 15 min. The membrane was soaked in
Western Transfer Solution for 10 min, and then blocked with 3% TBST for 1 hour. The
membrane was washed, and ‘monoclonal antibody applied to reduced human albumin at
1:5000 for 2 hours. After washing, horseradish—peroxidase-streptavidin at 1:10000 was
applied for 1 hour, followed by washing and developing with ECL-PLUS
30 cheﬁﬁlmninescént solution. ‘. The membrane is then read using a phosphoimager. The

' sﬁandard curve was plotted using standards and use this curve to calculate sample values.

30



menbr ane was washed, and nonocl onal antibody applied to reduced hunman

al bumin at 1:5000 for 2 hours. After washing, 17 September 2004

hor ser adi sh- peroxi dase-streptavidin at 1:10000 was applied for 1 hour,
fol |l oned . g and devel oping with ECL-PLUS 30 chem | um nescent

sol ution. "The rren'ﬂrane is then read using a phosphoi mager. PFREAINSEYar d
curve was plotted usi ng standards and use this curve to cal cul ate sanple

val ues. 30 17 SEBeER “@evﬂﬁmedbﬁmmweiﬁﬁmymmm aitHBA Tas

D 000" oveEnBPht [oR) &iccht Wil X5 08 wiSiita s bsninilm., o

over ni ght . ovatight. vmﬁdmmhmgh&xestaﬂdddfﬂﬂimﬁﬂéhaﬂmh@& appbpribk uﬁﬁiﬂf&m‘érat ‘ely
in mlk buffer, ~were applied and incubate for 2 hours at . After

washi ng, sEEGHEBESA andtingie ﬂor%ﬂeeer%R% Hrfer atashing orgequdary angibodyrinked to
buf f WagR ﬂﬁgﬁg TBMD
Cheer s I%g(llj o (&gggdt e react éoppggd?lﬁcugltedmﬂﬁj&t %@ﬁgd%%[ef of

substrate was
1 M H2SO4. w&mgaﬂ'ﬁh@mhsﬁamﬂaﬁddéﬁ&nd the dastichptigipdd a1.4: mmm%yﬂhﬁhbﬁd usi ng

st andar ds sed to.cC uI ate sanpl e val ues. The tabl e bel ow
shows the &ggﬂ}ﬁ&bt Wiﬁ’a@%‘# 3 %W‘Q@RJWMEDOT BLOT
ELI SA t r angyiants GR@knE l:mQHEI?teto | Ridilafd S El P( HOMO) weeks2283244 12
weeks1717. 173 | RP HOMOmeeks38586 12 wee 594. 74 Cf RM

( HOMD) we ek s undekhgaable beldw/shiv®s Wastesultscbtednkebatitk Eadh@ssayweeks15417 12

weeks 3824 f—ntP—-Ovb-week; GCASg%%o%E V‘FCI'\:'?ﬁEQfGB'E BPTERO u'eekSEI?I%YA.' .
Mouse transplant | (ug/ml human albumin) (ug/ml AAT)
DIRP (HOMO) {6 weeks 2283 - 244 .
P 12 weeks - 1717 - - 173
CIRP (HOMO) 6 weeks 1 . . 385 86
12 weeks 594 74
CIRM (HOMO) 6weeks | undetectable 0.7
' 12weeks - ). . - . dead L .- ~dead
fLM (HOMO) 6 weeks 154 ' 17
I 12 weeks 382 il 40
- BmLP (HOMO) 6 weeks 608 ‘ - 45
- 12 weeks 767 . 96
AfRP (HETERQ) 16 weeks® 99 7
S 12 weeks undetectable 1
AmLM (Hetero) 6 weeks - , 200 14
12 weeks - undetectable 2
10 -
HOMO indicates animal is homozygous for the transgene; HETERO indicates the animal
is hetérozygous for the transgéne. Both assays show in general the trendé are the same,
showing a much hlgher producnon of human-derived proteins in the homozygote for the
: uPA transgene compared with the heterozygotes.
5 Conclusion. This example demonstrates successful n'ansplantaﬁon of the

immunocompromised, scid/bg/ Alb-uPA mice with human hepatocytes.

Example 2: P'_ersi'stehce and Proliferation of Engrafted Human Hepatocytes
‘To determine the long-term outcome of initial successful engraftment and

20 proliferation, a second litter of 8 animals was transplanted in similar fashion. The
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12 weeksundet ectable. i AnLM Het er o) weeks20014. 12 weeksundet ect abl e2 HOVO
i ndi cates ani mal is honozygous for the transgene; HETER® Septtimher @804 he
animal is' heterozygous for the transgene. Both assays show i n general

the. trer@soptmsi he same, showi ng a nuch higher producti @gr&fae1/00350
human-derived proteins in the hompzygote for the uPA transgene conpared

with the heterozygot, 5 Concl usi on, . Thi s exanpl e dem) trates successful

t r anspl anPeRAQstes Avaifable 1 thedims ehissyperineny ?09@-’5‘ BRTL BatieRf ¢
h h fted
uman nepgiheeydsath i er i3 nlg ¢ hmc%@?%&iekmﬁﬁéﬁétﬂa p‘af.sl ivagrafte

Human Hepat ocytes ng-term out cone | n|t|a successf ul
engraft nesﬂumd&s@lcvelp and ndgative sepumm HB'E &K dndicatingra cifroflic amirienktatenas *

PCT] Cho1/ DBeY FEYATERyEacpcterty S el DIBREISERL of this,

experigrent - mr?w@%ﬂioﬁﬂ?séléé@éﬂ ahiRafs R saciiifed'RS WedkB T NiStoloRfd dilysRf
hepatitis B virus. The patient exhibited both a. positive sérum HBsAg

| evel s anmm&gmwngérmmmemlowcmamckbgnm@ﬂﬁ (ﬁ'ﬁmmesampi@mza ate

Tuo randomyo-ce b et o acsfBved B and BHA PSS SRV PUFH of 001 ¢

anal'ysi s, quaifified ifing BABIiniYsi8 sivvATB afid Baiddehsitd Y2008t erval s.
Serum sarrpl es were subjected to. Western bl ot as descri bed above, and the

HA bands Scaonerwad VistaSdandsv. lﬁ%mm&@ﬂu@rqmgomﬁfmﬁ, @Aitware and
band .densit o taScan v.1.2.2
g5 <Ol chont A sl Ve ot vl RO Bt o0/ BR 35 e dalipeit o i
was - per f ofgRate TG, thd ARERliZed/d 50 nEHAtRRd(adcnbMRbachbist t Ut € Of

Heal th), and normatized to a 50 ng HA standardﬁgesent on each bl ot. Agai r.1,

initial graft @g@mm@absﬁaﬁmwgmg@wa@ﬁﬁep only ip dkg ri ed

f/\ggkst;?n@%&g% p0| F@%ﬁuﬂ%ﬁ?sﬁ%{ %gé%ﬁ%?ﬁgfung‘{| on émargég '(8Fi g.

3; Mouse ﬁamnmmmuapmmkﬁfmméhondnm@ﬂi (Fig. anMo@seB/,bamsqua:epen circle;
I\/buse 6, closed circlte). In three animals graft function began to slowy

decli ﬁe Mpuse ‘eﬁl"ﬁ?ﬂ:’é‘?aﬁﬁleoM°P‘FFes iqRen Sircle diouse 6; plosedcigic) g vveeks I n

contrast, the f, %E b
production at all neasur e% t rreggtlgh F.Qigg’%e and’ 4ﬂfé I ndi cat| ng stabl e
engr af t mesignabht 1y idor bé patisc fh emtraﬁ;ﬂjedomldtrgngémchmmll(mnusaameéb edly

occurred shnwed maximal HA productlon at all measured timepoints (Figs. 3 and 4 ), indicating
stable engrafiment of human hepatocytes. Sustained graft function repeatedly occurred in
20  approximately 25 % of animals carrying the transgene. The proliferative signal for thé :

transplanted hepatocytes is likely dependent on overall expression of the transgene, and is
reduced as host—derived hepatocytes spontaneously delete the trausgene.

In order to assess whether thc transplanted mice supported the HBV infection of
the HBV-mfectcd, transplanted cells serum samples from all transplanted rmce were

| 25 screencd for hcpatms B surface antigen (HHBsAg) production by sandwich ELISA.

Ahquots of serum (20 ul) were tested for presence of HBsAg using a sandwich ELISA kit
{(Heprofile HbsAg; ADI Diagnostics) with plaié analysis performed using a Dynatech
MRX microplate spectrophotoﬁleter (Dynex). Both positive and ﬁegative human serum

controls, as well as negative murine serum controls were included in assays.
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20 approxi mately 25% of animals carrying the transgene. The proliferative
signal for the : transplanted hepatocytes is |ikely delesrptanmbasa0oder al |
expression of the transgene, and is "~ reduced as host-derived hepatocytes

spont aneowsd p1/g1€d4et € the transgene. In order to assess WhepBgEablGusse
transpl anted m ce supported the HBV infection of the HBV-infecte

transpl anted c I ran a mce were 25
screened for- hggtgt [ %lﬁé acgéle{ln @?eﬁ ]%I “K&?‘R’ﬁ‘?‘a ‘gﬂo&ﬁemandm ch
ELI SA. Al i gmabk rmigeﬁ”ﬁmnmm-zmsl ghsovbire S Pdsitiof hidhes e6Reo19fanEBROG 0/50.N0 @
sandwi ch Eé] (? Ki_ t rof| |l e HbsAg; ADI Diagnostics) with plate analysis
perf'or,med 5 OQ’W MRX mi cropl ate spectrophotoneter (Dynex). Both
positive and negat ive hurran serum controls, as well as negative nurine
serumcontrols were included in assays. 32 17 Septenber 2004 WO 01/ 67854
PCT/ CAQ / 0001 TApalysisof stemnam:]&mfﬂnepat&dla infebdbh follolwinpe@aspiatativagn and

nouse serum_ co fro 04- 0. 05 absorbance units; positive human
control s r‘ﬁﬁﬁ@“‘%ﬁﬁ(ﬁ"@@e@g g%’éfoﬁ Wite. units. Key: HA - human al buri n;

ND - not jdone, HBSAg T eVels ggxpregsed as

positive fMBugélewPBy %lgyn T ﬁ"%\fﬁ g 'ng I
negative,( nos. [LG2pothpee técbl / ﬂl‘f/el s 14A¥E ¢ h

t ransgenife uiuula \ nl graf-t+—u UL' n g”e‘nd only—slporadic

mi ni mal i{pedeases dur g | mhﬁéE .04 | 1Q0¢ h-t he
pattern -gf__Zsusftai ned gf af Absembct | 0A.08noludk0hol B dénon@02at efd cNBar |y

el evated |l edel | at -al | {i Meandfenpo| N0H4Na00xd, 608 E’Lan @bs upt} i ngpeasie
after 8 Jeelgs tjo pefsi st wg-jng,eﬂ{t I §.1bhe r@@gio@‘m SAGY hEVETTS. rRpactf vel y

i nf ect ed {huan [contors ICTTE ggest of—restorati on
of acti ve v.g?a. rep{i €8 iim%s’%f 9'04"* ag 03, @1;. :at'(mg m.e@gLserum
taken from 15h| it i‘ﬁ'SlStpﬁt 170 1; q’dB\I\PP@Qf’ 'P éﬂﬁ vzed ,B\f”' CR for

t he preseﬁ% &AFEWMWNQOT@M@!?CJ HRsAglevelvexpressedis ahsombencer um wer e
subj ect edums PCR: using. HW specific prinmers and anplification conditions
previ ousl yquﬂwpdsMeGﬁfmvm&ﬁ)y@Cngmsol ogy 24:714 (1996)). Al

anal y3és were perforned in blinded fashion. "All four serum sanples were
strongly -posi ns%@pe‘c&ﬂ, doRGoR(AABAPAMeRAiv A, 1) nitEBiPuiRtectbIBsAZN S

result was of sgem al
levels and the three transgenic animals with transient graft function showed only sporadic

minimal increases during weeks 6-12. However, the transgenic mouse with the pattern of

sustained graft function (mouse no. 6) demonstrated clearly elevated levels at all time
15  points measured, with an abrupt increase after 8 weeks to persist well within the range of
HBsAg levels in actxvely infected human controls. The abrupt increase was suggestive of
restoration of active viral rephcatlon
.. To conﬁ:m active replication samples of serum taken from this animal at 8, 10, 12
andl 6 weeks were analyzed by PCR for the presence of HBV, DNA. DNA isolated from
20 125 pl of mouse serum were subjected to PCR using HBV-specific primers and
- amplification conditions ;Sreviqusly described (Tipples et al. Hepatology 24:714 (1996)).
All analyses were performed in blinded fashion. All four serum samples were strongly
positive for the presence of viral DNA (data not shown). ThlS result was of special
interest in that despite not actively replicating within its human donor, the virus wés
25  reactivated within the immunodeficient murine host. This feactivatioﬁ may have been the

result of inadequate antiviral immunity, similar to what is observed in chronic HBV
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interest in that despite not actively replicating within its human donor,
the virus was 25 reactivated within the irmunodeficientl7Rgpiesberd@@4 This
reactivation may have been the result of inadequate antiviral inmmunity,
simlar [ﬁ% i s observed in chronic HBV Table 1. Anal y$i-$,Qhis&s¢m
mar ker s %@ epasf‘itis B infection follow ng transpl antatio?by& n’1§ce wth
HBV-i nf ect ed hupnan hepatocytes. Al b-uPA HAHBSA Level Post-Transpl ant

Mbus e Ge n RYRUEEIER PEHFIRCBIORECITIUAGSHIPISS IR %Rrﬂﬁaﬁ?%m?ﬁﬂm‘m%ﬂ%“% et

1. -Absent_ll\fD% O4AND 2- Absent 0. 040. O3NDO. 02ND
3+Tr ansi ent ”gﬁf%@%%’ggmo O5ND 4+Tr ansi ent 0. 120. 04 T0. 070. 04ND

5+Tr ansi ent 0. Ohi elahiyile tifhs @édbnstrafiestRarismeindreptotRedirdBplaned td813. 441 °J 33
17 Septenmber 2004 WO 01/ 67854 PCT/ CA01/ Q0350 .carriers given pharnmacol ogic
immnosupﬁh"@ﬁ%‘i,mn%m&sg%svcpﬁ’aﬁ% Nt TBHCRM A raul t et al . Gut 40: 568
(1997)g) . This exanple thus denonstrates that human hepatocytes transpl anted
into chimeric, transgenic mce can support HBV viral replication. 5

Exanpl e 3ExdnailaB] Establishiiy Primary HCV Infection i on The success above in

production of g chineric aninal, that support.s HBV, . repli | in the
chimeric. rmUseﬁ’ﬁﬁﬁ'ﬁfﬁsfgb‘f"ﬁé“H “6?°Dt?é"“ T Wﬂ%&gﬁwﬁf% However ,
the vast ﬂbﬁ%ﬁ&ﬁﬁ}?&% cBfthdRSAEB Yupptitsth/us SFANS sfthaPROVRoddbes pwound) 10

meant that”there could be no reasonabl e expectation that the aninmal nodel
woul d. be Howeeptthdvast diffardees bitween BBV GN discussadgbovriiBackgromd)ect i on

éﬁ' gclpl L%%&%ﬂ%ﬁ c%o(rblj‘lcp gen}'l-os Pe%’orpabﬁ rexfagc%ﬁc}nqﬁatc tis Wnioidc\ell%oﬁ&) H‘!-, d support

susceptible to HCV infection through a normal route of infection (e.g., intravenous
transmission) or that the chimeric liver could support an active HCV infection, '
particularly in view of the failure of others to develop HCV animal models and the rarity
of cell systems for HCV. The comparative success with HBV animals models and the
15  repeated failures of others with HCV animal models indicate that one can not simply
extrapolate from HBV to HCV. Thus, an attempt was made to establish a primary HCV
~ infection in mice with chimeric livers using virally-infected human serum.
Seven littermates were transplanted at 7 days of age with human hepatacytes
isolated from a patient serologically-negative for both HCV and HBV infection. After
20 -confinning initial graft function in 5/7 animals at 6 weeks post-transplant, all mice were
inoculated intravenously with 0.25 mL of human serum obtained from an unrelated HCV-
positive donor. The HCV-positive status of the human serum donor was confirmed
. po’sitive for HCV RNA by PCR, with viral titers of 1 x 10’ copies per ml serum. ‘Thus,
each m‘duse was inoculated with api)r'oximate_‘ly 2.5 x 10° viral parficles. Serum samples
25 taken from all séven mice at 11, 12 and 13 weeks post-transplant (5, 6 and 7 weeks post-
| infection) were analyzed for the préence of HCV RNA by RT-PCR analysis using the
~ Cobas Amplicor system (Roche Diagnostics), according to the manufacturer’s . -
iﬁstrucﬁohs. Two nonu-ansﬁlanted mice served as mock-infected controls.
* Ofthe five animals with good initial engraftment, four showed the pattern of
30 -ﬁans;ient graft function and again one animal demonstrated HA levels at maximal
intensity over all measured t_imepdints. All three samples taken from the animal with
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particularly in view of the failure. of others to devel op HCV ani mal nodel s
and the rarity of cell systenms for HCV. The conpar ati V& Septesebes 2004 h HBV
animals nodels and the sinply 15 repeated failures of others with HCV.
ani mal @Ry eiehdldi cate that one cannot extrapol ate from HBy~£84 5063507 NUS,
an attenpt was made to establish a primary HCV infectionin mce w

d human serum_Seven littermates were

b I EE P AE P B LA
t r anspl antS&t¥ P m a
patient Sgppl &Hﬂngf} bsI\RABE HEY RIGA, B &ﬁ%n%ﬁgﬁ@é aié Of\ﬁe@lglgisi&grgg}?fté § 20

confirmng initi graft function in 7 ani
t r anspl anweekd. 'IRTHRGR wealysis wasouti fatmaly negtviee/fon eniglals negativedoPthe diib-aP Ahunmen

serum obtai ned fro n.unrel ated HCV- si.t.i ve dopor,. - The HCV-positive
stat us of TARECHE FLivaL Y, FraRisRl SREsted iRy HAIAkErr tie mapemerds Gna by POR

Wi th Vir alnipjalekeredegdive PECYORNAS tHRPosbiliBLs i pdditive RTPXH SiGRISH Was
i nocul ated with approximately 2.5 x 106 viral parfl'cl es. Serunmi sanples 25 .
t aken f r othesevente grimaldginatinglfrom Pesidial vizusvborsthp daculunpissehatat This, 6 and

7 k t - infectio . d_f f HGV. RNA b
RT- POR. an RIS SRRy Y ont15hiEn BRIRNE RitmeP b R SRS A wsbahts )
accor di ngtriskpldieativarafl 20 tvbeRs pést-infoctiony ipreptatidg\th A00E HOWS Hfebedt M ce

served as nock-infected controls. O the five animals with good initial
engr af t neh2 X ¥ori-8xdfedironanlsgriern of 30 transient graft function and

agai ny@ne ani : gqagﬁtgﬁ%ﬁg HA | ' nsit ver all
rreasu}gd ti rreggilnﬁgs. IPEAree séﬁ?“%&@i%@%@ﬁgegﬁa ‘A\L/lmg’tu%AS4 17
Sept enber traifi@dniv\@rdhibé fo/gbndrateGhd A6 2in At es¢e BiamBebr foHpreloafedmbi sm as
reflected by per i;t_ent .human, al bumn levels in_serum were strongly

posi tive P@Rans e psriersnf tiesaticr frpysplasdation af hymay benatqeyias: dhessl s to 36
weeks. RTHROR | wfar I7\LE i Ef[@% n jve for the
Al b- uPA %ransgg%eaﬁ?)#&t ﬁat %%Pﬁ{lrggyn‘svﬁlgnt g@i‘%‘?ﬁ?@’g 1 r@nl-éﬁ%’?ker for the
t r ansgenesuppdis Idhgsteemireplicstions(es. , fogmpérioel dfoveckCot ibiiths ddweppoeaitioifewt y  of
the ppsitive RI-PCR signals in he ,seventh aninmal qriginating from

resi diral @%%Pﬁ%ﬁp SRR P FD Edove fipLoan g sipfted s the
concl usi oy & il Wﬂmﬁﬁfﬁ&@t@h%%_@teéﬁﬂ itberdm, MBEK or BARE blood-

transpl antation and 20-weeks ‘post-infection, is propagating an active HCV
i nf ect i ondemived fragtion ty0Sandarditeéhniquied Swhich teshriqhiescanibautbfnatdd to fadlitates of

o e SoN B g, ED SRt Nors e Bk b g Sns0°" ©

diluted with known noninfected serum (e.g., about two to four fold dilution), to provide a

20  sample volume adequate for use in an automated machine, and provide siénal strengths in
the assays indistinguishable from random human samples.

Long-term replication of HCV in thé model of the invention (e.g., for a period

longer than about 4 weeks, generally longer than about 12 weeks, e.g., about 3 moﬁths to
6 months or more) allows for the use of the model in the testing 6f drugs over extended

25 periods of time, which period may be necessary for adequate drug-development. For
example, the effect of administration of interferon-a. (particularly interferon-o2b), an anti-
HCV therapy, is generally only detéctable in humans after about 12 weeks of therapy. In
an animal model that sustained viral replication for only a few days or weeks and/or
exhibited inconsistent viral pfoduction, it would be difficuit or impossible to determine if

30  changes‘in viral titers were due to a candidate therapeutic or to normal fluctuations in titer
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perhaps indefinite periods of tinme after transplantation of human

hepat ocytes. These chineric organs can be infected de IWdeptamtich2004

HCV- posi tive-human serum and can support long-termreplication (e.g., for
a peri Od%%@g‘f or nmonths as opposed to a few 15 days) of hunan‘-%secific
hepat ot r Op P uses at levels that can be equated to cl FRTEHPRel s in
humans. HCV viral particles can be detected in serum blood, or other blood
derived finhecdht imthb gnimad nubdell Thepnesenpineention prdvidesameodpl duat eveidbthisut omat ed
to facilitate nore rapid screening. For exanple, the sanples fromthe
HCV- i nf e®f9%0host can be diluted with known noninfected serum (e.g.,
about two to fiQkimhelydicihb Bbst BPthe ifivntid kn8Wledgd A IS MeFirviOlepo® opslequat e
for use in an automated machi ne, and.provide signal. strengths in the:

assays i nan-primatganinabnedd fhatisrsisesphible tnHE Vsindgsties by agiegmabromte efpl i cat i on

of HQ/ in the el the inventi e. i od. _l.onger .t han about
2 wecks. igliy 2t seRnie AT RG AR €%, S e & Bampt 9988 e 06
mont hs O[ﬂfﬂ&{dﬁ%aﬂ Juppertd pYsisth HOV ifbctidngimidaiab thal obs@vé®mt hunthney, cslf UgS
over extended 25 periods of tinme, which period may be necessary for

adequat ebe pragiuceioegnlarlyrand relibly Inéubﬁmnéf nymphersfapd will gllowdryestigatersttP on - of

I nterferqgn- arti f, . an. I - HCV,therapy, is
general | Mﬁﬁak&%@%ﬁphgﬁﬁ%@%@%@l}p%ﬁ% weeks of therapy. In an
ani mal nodel that sustained viral replication for only a few days or weeks

and/ or exhi bited inconsistent viral production, it would be difficult or-
i mpok&i bExampiedfs tHEWiInfection of3ulbrubAMice j n viral titers were-due to a

candi dat e t he |G QL @gﬁg[ ’ 'dqﬂ“ Sl ' Y ptenbér
2004 WO 01/ 67@%%@%6 ] |-n?1€é{%%%{pu|§&nét e %ﬂ?kg%‘%ﬁn%%é?%ﬁ' g present ¢
I nvent i oBnipfabwiodelofahainteltiohlean sigppoitdsplichtion of HGWM.€m in summary, to the -

best of the inventors' know edge, this is the first report of a
non- pri mat e aMethads gadiMaterigly |'s susceptible to HCV infection by a nornmal

route of 5 inﬁg}dm%%%wgq.wgg%@&@g ih ®hiSY¥hpike- 9., can be

I nfected by a nornal on, and supports persistent HCV
i nfet%i on si nDeeelopmerttiodscidddieuPAditrain. Animals)were housetl én pirod/emtigénsfogul ar | y

and reliably.in substantial nunbers, .and w.ll allow.inyestjgators to
it ot |y Qmlionsom el Bcrpaer ity bt mjdcindes Al e Chida 0 10
Exanpl e égufdidon Rhigtd C‘afbd(%%‘)! eppRAralMof Gnilal EXpeintontdtionSvast diRaitll foRbove
was expanded further to denonstrate that the ‘animal nopdel of the invention
can suppthetUnivgtibcef Albarto Anis@) Welfase Gongnitesd Mat eri al s
* Hemizygous Alb-uPA mice (strain TgN(Alb1Plau)144Bri, The Jackson
20  Laboratory) were crossed with homozygous scid-bg mice (strain C.b-1 7/GbmsTa¢-é'cid—
bgN7, Taconic Farms), and progeny carrying the Alb-uPA transgene were identified by
PCR analysis of geriomic i)NA extracted from tail biopsies (Jackson Laboratories

technical support). ‘Through backcrossing, the scid trait was bred to homozygosity as
 confirmed by quantification of total serum IgG using a sandwich ELISA. Animals with
25 . >1% of normal serum IgG were euthaniied.' o
' Isolation and purification of human hepatocytes. Ethical approval for use of

human tissue was obtained from the University of Alberta Faculty of Medicine Research
- Ethics Board; inforrhed Gonsent was cbtained from all hepatocyte donors. Segments of
: human liver tissue (15-20 cin®) weré obtained from regions of hepatic resection specimens
30  which would hdrmally' be discarded after pathologic examination; the majority of

-ope_rations were performed for intrahepatic malignancies.
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The. follow ng Methods and Materials were used in this exanple. 15

Devel opnent of scid/ Al b-uPA strain. Animals were housed7 $eptember 2004
virus/antigen-free conditions, and cared for in accordance with the
gui del i neswe9t/essé shed by the Canadian Council on Animal GarfeA ol R
Approval for aninmal experinentation was obtained from the University of

Al berta Ani nal . ) e, ' u b- UPA m ce train.
TgN(ALbl Pl au) 14&%‘{ r,gﬁ‘?ﬁggl@ci%%?c‘fg%@é’%g%t %?p%“%}&? Fetq -‘88’@&‘% al pprified |
honozy gousbpstartiahttwel-step {dllapaiase-baded pérEsiom(Brgtes Mddhods A BibAQRDYg3Far ns)

and progen%/ c&ryi ng the Al b-uPA transgene. were ident i.fied&tiy PCR
anal ysi s ofl?§ "ME‘M%&%W&Q%&%%%&WW-%@B@LMM Labor at or'i es

t echni cal _ a'_nm- [ e i d trait -bred to
honozygosi ﬁ/&%‘é&%% [ r'&nglzgg$g%§g%cﬁ$%€a§ | oa&lé?o‘?ﬁ%r&%cg%?rhvé?l?sg@ﬁsi ng a
sandwi Gh Bivhshéd andyuispeakied i BélzetSTW solftton (DaPsAtRAt (SETIURSHBGVR sRrapél hani zed.
| sol ation and purifjcation_of human hepatocytes. Ethical approval for use'

of human RHE4Eenpengten; Gelicounsnanddabilifyware renfirared hy hemoaytpricter ayd of
Medi ci ne | 'SEE:E? i t was obtained from all
hepat ocyt e ongﬁgex@elggg’n S %ﬁglh%%%qﬁgglg%??’ésue (15-20 cm were

obt ai ned from rEanspiaatatibn b€lmahachepategtes. ORedpients (B4 dags W) whrewoul d

normal |y be dj scarde ter pathol ogi ¢ .exam nation; the npjority of

oper at i gns"%i‘%‘zﬁ‘i}"f‘grh%{?@ap 2i m%%@gHFﬁg%HC&%ﬂmgjﬁ@éept enber
2004 MO 0%periiing nRETRCARY, P390 viahieliRbarbaRbd Wi Blibdith o P:é%;iﬁféﬁ&dsp?&%' rens,

hepatocytes werée isolated and purifie stan d two-s
col | agenageldnitied 2 pebittesflyinjécBeg setr(Abbothowith Gaingiditerile titfinA c8p placdd76) :

Ryan et al .. Syrgery., 113:48-54 (1993 usi ng 0.3 / Li berase Cl
(Boohr | ngdPoREABFIomS fetiorRaige the Blsmvas ssiacctanahe Bk irieen on
cel I's ver gidedasth@daysngl suspended in Bel zer-UWsol ution (DuPont) at OC for

short-termstorage- prior to. transplantation. Cell counts and viability
wer e conf i r ned Dgfecemablidiino frouse serwa bytimppmapistipiationcandsWesternfbilota |
|

i abi kit tinel 80T | ant at i i t
Reai piint MGEe bty OF | vt et dlod TR RTReRldp8l o A EPod¥ RoRTHS R0 &
smal | | ef Ei%h@&hd kidehi b EScoRIkes biIURIcd VARSI GlMparBig Bidscat i on, 1 X
P

106 vi abl e hepatocytes were injected into the inferior splenic. ~pole with
a 27g but (Beshripgerrylaunticn). dddet mdyeing pondijiens, nmimapresipitates were sértagatedim cl i p

pl aced a - ]! ' j t h si S, .The spl een,was repl aced
nd the  PhaPy HACE B S8Rl g o sfoinbrond Wers Bropiiba WS &

biotinylated monoclonal anti-HA antibody (Clone HSA-11, Sigma), with a streptavidin-

20  HRP conjugate and chemiluminescent substrate (Pierce) for signal detecﬁon.—
. Determination of zygosity of the Alb-uPA transgene. Mouse DNA (3ug) was

_, digested with PvulI, size ﬁ'actionated. on 0,7% agarose gel, transferred to Hybond-N+
-membrane (Aﬁashm-Life Science), and hybridized to a [**P] — labeled prdbe from the
final intron of the uPA gene (positions 7312-7920, GenBank accé.s'sim;_ M17922). ‘A band
- 25 of2.88kbwas .derived-_ﬁom uPA u'énsgcncs (T) and a 2.53 kb band from endogenous
uPA genes (E); hybridization was quantified with a Fuji phosphoimager and Image Gauge
 Software, . ‘ _
| Immunohistochemistry. Mouse liver biopsies weré fixed in 10% formalin and

| embedded in paraffin. Sections 5yt thick were stained with hematoxylin and eosin (H&E)
30 in standard fashion. Selected sections were treated with an endogenous avidin/biotin
blocking kit (Zymed Laboratories, INC.) and immunostained with a monoclonal anti-
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Detection of HA in nouse serum by inrnunoprecipitation and Western blot. 15
Mouse serum (20 |) was incubated with. monocl onal anti - HEX Septeintbed 04| one-
HSA-9, Signma) and antigen anti body- conpl exes collected with protein

G agaro (Boehri nger-Mannhei rn). Under reducing c ia3s
|mmnop?§(8q§|%?8§t es were separated by SDS— PAGE and transfgﬁééd“q 0

nitrocel L ul ose. Western_blots Si b|ot|n | at ed

onoo! on HmER Benaey i AHisBi (A On L 20D gen): BPuHSattagY Ios Ber @R BE0E di n 20

HRP con lels erce) for nal detection:
| S0 e Sl B BB SRR IBGENGT 0 € puce DA '

Det er m.nat | zygosity o ene. Mouse DNA (3ug) was
di gest ed wi t hPRteihidpt-blor esshy fortquantitttich ofi LA prédungianoSanplkes of moassferred to

PZIBZPS&“;%E&%B{)% Heubtodh BF SR AL O PrDi PR 8 PUFLaRaE2. 7020
GenBag f@; %%Kgég%omﬁnﬁgﬁgﬂlgés@fﬁcﬁﬁeﬁbr%§w@ﬁ@o¥% R RPA

t ransgenes rom endogenous UuPA genes (E);
hybri di zhuﬁmbmdthnﬂ%‘ﬁmTwebm adlﬁmparqdmwhﬂemﬁ@;er and | mage Gauge

Sof t war e, nohi st ochem str. Mause Si. es e fixe 10%
formal i n%ﬁgm‘l’é‘ﬂﬁmﬁ“’?ﬁ Pﬁﬂgsgitq\iﬁﬁg’%% lgassttadq Wi th

henmat oxyhﬁﬁeﬁp‘%a&g%@ﬁm@_ 30 in standard fashl on. Sel ected sections were
treated wth an endogenous avidin/biotin bI OCkI ng k| t (Zyned Labor atori es,

I NC.) and i MrQuentitaivecahalyisistof positive stirand pi{srang@ove \\O

bounth anflShAAVER VP TLRHGe Fp %% A POl AR 20
Syst em ( BuptiEneanth (Eiih&n) AR Ha hC fHad aausemhaaﬁua Wehied for Disétse Hhutrol

production: Sanples of nouse serum (2I) were incubated for 5 mn at 100C;

in 401 r éWinsiprg, Maniteba, Canailad| Analysis wias peformadeomsentm semples usingfecat e ont o
t | ked
T 12550 RS ol AU SARA R B o3RI ARt RO B Bt 071 o

quanti fi a@trdstiong. @ STORM phosph0| mager,. froma standard curve prepared on

each blot. Quantitative analysis of positive_ strand HCV. RNA in nouse serum

QJanistatlve Dctw Mwmmﬂ@%ﬂ@vm stable Flth Z&¥ersen by t he

Al berta Provi: a | Canada).,
L HBGLARNAAPER 258 Ishf re!a]e@&%g@ EHTRE psidd thfeds gg

or the Canadrameenter=tof seas nni peg, n| t oba, nada) .
Anal ysi shinasn geewhesing TRIZOEo(GibecsBRD).eRTROR gvak iperfotodiasinggwp| i cor HCV

N Or AL PTih severss iaaseripiass A P 1P el Hlthed Goboriimg to
manufacturer’s instructions. Positive-strand RNA was detected with an antisense (5’

20 CTCGCAAGCCCCTATCAGG-3’ (SEQ ID NO:1)) primer and negative-strand with a
sense (5’-GAAAGCGTCTAGCCATGGCGT-3’ (SEQ ID NO:2)) primer for reverse
transcription14. Strand-specific cDNA was amplified by adding the other primer to target
a 240-base pair (bp) region ofthe 5° non-coding région (NCR) and subjected to 35 cycles
at 95°C for 30s, 66°C for 45s and 70°C-for 90s, followed by 70°C for 5 minutes,

25  Reaction prodiicts were loaded onto a 2% agarose gel, transferred to Hybond-N+ nylon

' membrane (Amersham Pharmacia Biotech) and hybridized with an o-"?P-labelled DNA
probe for HCV 5° NCR at 42°C ovemnight.- '
| Detection of negatwe—stranded HCV RNA by RNase protection assay. Total RNA
was isolated from mouse liver using Tnzol Reagent (GIBCO/BRL) and from HCV-
30 infected hufnan serum using QIAamp Viral RNA Mini Kit (Qiagen), each according to
| manufacturer’s ptotocol. Extracted RNA was probed with 32P-labeled, gel-purified

[
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instructions. 15 Detection of negative-stranded HCV RNA by thernostable
rTth reverse transcriptase RNA PCR Total RNA was i solldtsptanben’fttise
liver bi opsi es or infected " human serumusing TRI ZOL (G bco BRL). RT-PCR
was perf yng a thennostable rTth reverse transcripf RNA_PCR ki t
(Perkin Efvrrer) accgrdl ng to manuf acturer S instructions. %@&f?\/@s@trand
RNA was detected wth an antisense (5 CTCGCAAGCCCCTATCAGG 3" (SEQ ID
NO 1)) pRritsspseRRpPrtsddeteeiomiaf fHhatand) S%psegém@be (detection of (-) strand),

(5" - %&A‘L%[ QID NG 2)) prinmer for reverse
transcri ptlo%r@ ran -specPéﬂgg cDNA was anplified by adding the other

primer to targ®asmid Téhsthane Piee plabnid dopgiriets Gerd figpdred PR BREI NG T €gi‘on
(NCR) and subj.ected to 35 cycles at 95C for 30s,' 66C for 45s and 70C for
90s, fol | SARMriByoyekirymsated BNA HCVPugR St s aeonstructoriginaliy develapeded ont o

2% A h
Phar o o by ey CORERI SRR oY R totbaE, TORIRNES S B98be 1 or
HCV 5' NCResit sedgfCobtaived ifigint HCDékmtedmtmﬁtslr(%a%m?}exs&téf andadtl BlodhdrNA by
RNase proié?eh 8qé§§§%\9§ Tot(& s Lsalate rom nmouse |iver using
Tri zol P Hefured W%éw@%smwwmﬁm@%g |

Aanp Vi ﬂﬁ. ggw
grot rJEOI {nzédxztracfe%é hlylﬁh%/\‘/éé‘qg?o sﬁ??&%% geqr@%?%f]% e£%8817
Sept errber R2@arcey)at @27(5568 90 okl Hﬁéﬁﬁﬁﬁ%&mﬁci&ﬁ&@;ﬁméw&m@d/ 2 4’ ItJDIet _e;:t i on of
+ and/or P-actin
i ot ??:rsi“ﬁﬁif@&b?&g&ﬁfqé%%@ﬁ@&@%Té&aﬁe SHO N3 mmqa{ S vere
pr epar ed BOR vl péltbiufed ihbABILYAIRE BF 100 i 'ﬁ)ﬁr ST VBN KSY 1S 2

construct origl nal 'y devel oped I'n ou Ies of HCV
serine prm@@mﬁd@aﬂ%ﬂs—ﬁﬂéﬁﬂismfmm Sammmmﬁ,eﬂmw&fom

e dona SPRAEE PR TASe R L B Pt S EPrmiey o o 20
react i on @ghmem@cGM@G&%A@M@ACM&@G@%GM@@E@G@G% I c
esources) at 42C for 90 m n. The antisense oligonucleotide priner used was
5' 1olﬁc1ézt@ﬁ@@@¢@xc‘rm@mwme 2.5 Belogi DNA@okmerasepr i mer).  PCR
SONA 1 cAGESOBREY P’ At Rlan erplgis Goivag Mmd e eifies oppy iz,
290 M of frapardt d@wﬁmﬁwmk @05 Rdand prh @ﬁé&@p@lué&m%tm (S%a&@bﬁ@ﬂ;r and
5' primer 151)51). |
The remaining two plasmids were constructed using a PCR strategy to obtain a -
20 region of the highly conserved 5° noncoding region (NCR) of HCV RNA from pCV-
H77C (Masayuki et al. J. Proc Nat Acad Sci USA 94, 8738-8743 (1994)). | PCR
components were as above except the template used was100 ng pCV-H77C and primers
were 5'~GAAAGCGTCTAGCCATGGCGTTAG-3’ (SEQ ID NO:5) (5° primer) and 5°-
GGCACTCGCAAGCACCCTATCAGGC-3” (SEQ ID NO:6)(3 ’..pﬁme_r). Both
25  orientations of the 245 bp product were TA-cloned into pCR2.1 TOPO using a
commercially available TOPO TA Cloning kit (Invitrogen) to generate pCR
2.1/NCRsense and pCR 2.1/ NCRantisense plasmids. All clones were confirmed by DNA
sequencing (University of Alberta DNA Core Fac111ty) |
| _ Preparatzon of szoprobes and Truncated HCV RNA T ranscripts. Rlboprobes '
30  were prepared by in vitro transcription using T7 RNA polymerase (Promega) according to
' the manufacturer’s instructions, in the presence of [32_P]UTP. For detection of (+) strand
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GGAAT TCGCGACGACGAT GACAAGGCACCCATTACGGCGTATGCCCAGCAGA 15 CAAGGGECCTCTT 3
.(SEQ ID NO 4)), and 2.5 U Taq DNA pol ynerase (G BCOlBReptenttiee284 pri ner
added an enteroki nase cl eavage site, and the entire 623 bp fragnment was
cloned into the Eco RI and Sal 1 sites of pBluescript KS+ Strat ene
PDI). THE¥&®H*ni ng two pl asnids were constructed using B 3‘[ egy to
obtain a 20 region of the highly conserved 5 noncoding regl on (NCR) of
HCV RNA HGWRNA/-a 3§34 aptitenss/miboprele wds trahscrived dronaKpad digeSed pUBA2. 04,

8738-874 94 ongnt (883 abave except .the.te ate used

ot 00 BT o RIS & Cabrbedst RO SRR AL s (380 1 b
NG 9) (S BV ARG mgmm% ot o
NOG%(% dlg%?l nmer Bot h 55 orientations of the 245 b% prodlljl(h:t wer e

TA- cl one (AMRBION) @3 utedOREnerateray3(4 nteibopwobe.i T ﬂymamataﬁpleeﬁfwﬁ TA C oni ng

ol st Ga SR PEHR SRR TV MR AL AR LTS CORTOBPOTEy of -

Al berta DiNg F@meehyt R2. DNROR s &skAaRtiseRde %&m&@e%&%ﬂmat ed HCV
RNA TranscrgJ Ri bopf obes 30 were prepared by in vitro transcription

usi ng T7W¢¢K§ﬁm@§w§@dm@g&aﬁlamman MWMGMIWm@éEIENér S

17 Sept e ROTestsE 4 A0H BTN, B P st ot el R Brdinsil 3( Moenee
ri bopr Obﬁ-aﬁﬁﬁbéd T3 ROA H619Mekian (Profhiess)s ABMinRAIR, BadscripfiiRaaticense and

for (-)strand, a 636-nt sense riboprobe was transcribed from Sall digested

HCOVPEQ X/ weete 1 I ati37°6clollewedby freatment with RNsgarfree DiNapst RQIPNasavbus e

(AMVBI-ON) s usgd .0

speci i cF TR )SE’ bm' &pgé"gﬁrags‘%gﬁbgﬁﬁ°ﬁ%ﬁ9ﬁﬁm%ﬂ’gﬁo. ne?{ sense agd
ant i sensRNA Hbsrsthaswere prcipithea vAftens vekimeBof ssblute ¢thitibl 4fibiCGRding 0.5 -
sensel anti sense_were digested with_Kpn_ | and.  HCVPfi x/ KS+ was digested with

Sal | prvelrmesof h5 M apmsaanivin geqtats: ety PWMW%F%W
Addi tion

tro
transcrigJed usi ng %@phxﬁésne%g gr?g‘lﬁeg ‘?g teég'r transcription
r eacty ondenkfuredared hybridimd oatmiﬁhﬁaﬁ‘ttﬁ“@mnﬂd{m@se mm«::ewas pnrfdmﬁdlasmghn ee
DNasel ( DNase, Pr.ome 3 Label ed r robes were gel
puri i ed P%HPB%ESFYM%\?F% ndbi0s Brpamsirut resplvadlaa e n 25
vol umes I M anmoni um
8 X%?gﬁln&ﬂef‘%te drfids ? iﬁﬂ@sﬁﬁ:@éaﬂj&pﬂ&d%kodwbd-@ﬁﬁtﬁkﬂhé

acet at e. |0|nert In vitro transcri bed
Production of Transgcmc Mice and Transplantation of Human Hepatocytes

Mice carrying Alb-uPA were crossed with animals from a C.b-17/scid-bg lineage,
20  and through selective backcrosses bred the scid trait to homozyg‘oéity. In initial
experiments, homozygous scid animals carrying the Alb-uPA transgene in hemizygous
fashion were crossed, andllit'teris of 4-12 day-old progeny were transplanted
intrasplenically with 0.5-1 x 10° freshly isolated viable human hepatocytes. ‘Human

albumin, produced exclusively by human hepatocytes; was employed as an indicator of
25  graft function. | _

In a pilot study of 36 tfans;ilaﬁts,’ a strong HA signal at 4-5 weeks post-transplant
was demonstrated in the serum of 19 recipients. HA bands were detected as early as two-
wesks post-trénsplant and increased in intensity over the 4-6 week timepoints suggesting
grait expansion (Fig. .5). ‘Blinded genotype analysis revealed that all strongly HA-

30 pdsitivc animals carried Alb-uPA whereas the remainder did not.
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was eval uated by el ectrophoresis through a 1% agarose gel. RNA san‘gl es were
15 denatured and hybridi zed overni ght' at 42C, and RNas¥ %ipgeshldardflhas
performed using an RNase protection assay kit (AMBION RPA 111 Kit).

Product s was @i/67850! ved on a 5% pol yacryl am de gel containj 8 urea and
exposed to Kodak X-Omat AR film Production of Transgenic kﬁ@g“g}l\&”ﬁ"

Transpl antati on of. Human Hepatocytes M ce carrying Al b-uPA were crossed
with ani mals fE)S‘ Iig lanaﬁy W@’&i@gwﬂﬂw@&&&mﬁ regt had exigrtienotsignal e
backcr 0ss gsarbiii 4 Wk Child 4 k& m&g ' | hra i el Lients,
honozygous aarci d animals carryi %\%&%ﬁg‘g%'b-u %%t%loél S ﬁje}glekgﬂ%ﬁggl% ts

f ashi on weapEesertatworgsultsrae showndn Figl. As th@saizyf odcibipte geryprogedy 6 anspl ant ed

i ntraspl eﬂétcal |y with Oiﬁi- %1 x 106. freshly. isol ated viabl e human

hepat ocyt €& BN R W;S’f&?ﬂfﬁ:‘@&“ﬁiﬂ @?‘\Félﬂ}e 55l of myigasivnekihe dyt es,

was enpl oyPal tRfsgRhe Wasliee@l OUsiif a [25] Jtabled bHiteldeAled flmaAn@khAtinSd gy of 36
e was

transplants, a strong HA signal at 4-5 we E’s post -transpl ant
denpnst r athedPAnganpdransgania ad endogaaeispiBAwere diftingaisbiableby Sasheeabied as early

- - POS - | ar ' d.in,int i | -the 4-6 k
£ mepoi it Sabpi ant ok SRg R bl B k1S FtFpind e bRl R g anal o <

reveal ed arhayt(Fig. b).sGewongit DNMaddlysdocontiinied ﬂ‘z;ﬂia’ﬁhﬁisﬁ@ﬁa&hﬁ%ﬁﬁ%&rﬂé{% er eas
t he remainder did not. 40 17 Septenber 2004 WO 01/ 67854 . PCT/ CAOI /00350

Despi te i Mimannetatuneng wereemozygens Jor AlbrP Ay witereas theispbsmtmathadinggrafhct i on
of sijgnal findtod 4.0eeks, while a second subset naintained strong
signal s beyonoﬁ%uﬂgm gmfepre_sent ative results are shown in Fig 7. As

these graft rdeiapmiration Wﬁom'ﬁgﬁmn@mtﬁbﬁﬁ%gsﬁuﬁe&r@m k%ag
- 5 uPA

di ver gence . ft survival as the result of zygosity of the
transgené‘o\%ﬁgsgé@@é‘@“@?ﬁ%}‘gﬁgﬁgﬁiw-mF E}E‘Fﬂﬂlcﬁ%f%ewagmn@ﬂw om the fi nal

intron thepﬁtbgytbl@ﬁogﬁlﬁﬁm& ﬁ@gﬁgﬁ%ﬁ&oﬁg{éﬁﬂm Hfﬁm\g%temdi sti ngui shabl e

by Southern blot " analysis, e slgna 0 cou e used to determ ne
t he zygosnmypungding tissues, wheryenlls wererohyiosly gmaligr, with vactiotatehNytapRik 3hée
confienmed that animels .denonstrati ng sustai ned . human engraftnent were
honolzlégo!?g&?%fc %ck:-l'u : gnglﬁ@a?ﬁg%;ﬂ'ﬁéﬂn“ﬂ??ﬁn?%ﬁwﬁ?\ﬂ%ﬂt 10 function
ver e hemmogolsnal datainaltispiodie BbbIPABIchIARLIAISRLARLA AABEYVEI e
livers reveal ed | arge nodules of hepatocytes arranged in typical Cord-Iike
st r uct ur &ythagymasufstausinl cess-reapiigrawisle peretransppted fonmegzouschaise divpear ed
hi st ol ogi QQIEHEE i ) Q urpoundi ng.ti ssues, where cells were
obvi ousl| ;Iﬁggn%eﬁ er, w%hﬁpt\lllggﬁ%‘{l%t%gg&ﬁr%f)ég » expanding outward into

and compressing surrounding murine-derived tissues. While the large human nodules

20 contained healthy hepatocytes, all biliary tract and portal structures appeafcd to be host-
derived.

HCV Infection

. With evidence of prolonged human engraftment, mice were infected with serum

from HCV-infected human donors. Non-infected human hepatocyteé were transplanted
25  into 27 offspring from héterozygous crosseé, and at 6 weeks after transplantation all mice
were inoculated intfavenously + intrapéritOneally with 0.25 mi of human serum obtained
- from one of two unrelated HCV-p_ositive donors (viral genotypies 1a and 6a). Selected
- serum samples between 3 and 40 weeks after inoculation were analyzed -for the presence
of positive-stranded HCV RNA by RT-PCR; resuits of the experiment are summarized in
30 Table 2. Graft duration was defined as the period of HA detectability by

immunoprecipitation/Western blot procedure.
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15 pykuotic nuclei. To delineate human cells, we inmmuniostained sections
with a monoclonal anti-human hepatocyte antlbody whi chl7 Sepéensher 20684 ai ned
control human |liver but had no substantial cross-reaction with
non-tran $ g honbzygous mouse liver. This denonstrated that the

Mo Bt

nodul es rly of human origin, expanding outward i nt%T/CARH00350
conpr essi ng surroundi ng nuri ne- derlved tissues. Wiile the | arge human
nodul es Jablechtlafention bifximdzygduspeico wyithdwyman HCKi | i ary tract and portal
structures appeared to be host- derived. HCV infection Wth evidence of

pr ol onged HOTET ey af t et 1T/ Sﬁﬂ{ ected wtirserum —fTom
e unma S]l{“n ét(kgs'\,,@gf(e t ranspl anht ed
_&’ crosse Egﬁ%}l s after '

HCV- i nf ect eXibfuBran donorImhal\HIAr |
25 into 27Ga‘ni)gpé| ng®

At aVenRoL ape oneal |y
from ond®f two unrel at ed

transpl ant-a 3 -ceWAe el B

with 0.25 n¥- of hume® se‘ﬂ@ﬁﬁ obt aloned

HCV- posi t i wd -donor s ' t&i r8ifongenot J§ds | a and 64Y15 Sel ected serum sanpl es
bet ween 3 anldr 40 weeks aSttomg | noB0Iti on wer e 44l yzed..f or the presence of
posi ti ve- sttt aashals@dd RNhglywEdk-FPAR gnabst 8 weelofimepsineoigr i nent are

sunmari zedH m@@lehanﬁygﬁﬁnuﬁm-%bwmmmms the period of HA

det ect abi | it ¥<dd001 vsHEHAS &@Iaﬂd{qﬂﬂl Ohé I p&ﬁgdhcﬁj_' af @gedure 41 17
Sept enber 7 '
honbzygous.m ce with hurran HCV Al b- uPAi ni ti aI HAlVEdI an G aft

Genot ypenSi gnallBuwii-type dafivolRhidd fdeviB&ide c(f\nmhkgraﬂ finctidhiaind vkt 8

L Rt i B SRR AP T 1

signal a ype Dby
Kruskal h sbui ernOQ 16&?51@11:95&@1153%% tiflielt% l%ﬁxllﬁ?{?:r gﬁﬂ% ! lorggyare

t est AII e con rol s"had no évi dence of function and
wer e pemclgt é*r)tstryndeégﬁthWAws hi@\deRpdted lﬂmpf@mse ammm‘s:rlcmﬂhplel tially
stron 5 but 0 SS|veI ost si ghal j ntensj ‘ovér'tine to a
e o ¢ YoBLOG ERS SN, ARy HolBle i ARNEh A NraB¥the

demonslrated sustamed human ch:mensm (medxan 30.5 weeks) and were posmve for _
HCV RNA by serum RT-PCR analyms Quantitative HCV RNA analysis revealed vnal
10 levels ranging ﬁ‘om 14x 10J to 1.4 x 10° RNA copies/ml, well within the range of
. infected humans. Successf;_d infections were established with both genotypes of viral |
inoculum and duration ef ihfection ranged from 10-21 weeks_ in this initial cohort of fo_er
animals. :
HCV Infectlon of Animals Homozygous or Hemzzygous for the Alb—uPA

-15 Transgene
While poéitive- stranded HCV RNA was persistently demonstrable in homozygous
animals, HCV RNA was undetectable in he:mzygotes We hypothesmed that .
‘ hemlzygotes fail to support HCYV replication at detectable levels as a result of diminished
_ mma.l engraﬁment and earher graﬁ loss. To test th15 hypothesis, 2 protem dot-blot assay
20  was developed usmg chemiluminescence and phosphonmagmg to more accurately
quantify HA productlon After transplantmg 1x 106 cryopreserved human hepatocytes
from a smgle human donor into 21 recipients (15 homozygotes and 6 hemxzygotes) .
randomly selected animals were sampled for quantltatlve HA ana1y31s and/or sacrificed

_ for immunohistochemical analysis. Results of this experiment are shown in Fig. 8.
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weeks; (+) stranded HCV RNA was not detected in any of these aninals over
multiple tinepoints. In sharp contrast, all four ani nmdl7sSentsmbey g f or

t he Al b-uPA transgene denonstrat ed sustai ned hunman. chinmerism (nedi an
30.5 wee ere positive for . HCV RNA by serum RT-P nal ysis.
Quant i taﬁéﬁﬁ sWERNA anal ysis reveal ed viral 10 |evels ran‘%ﬁé"?lr’%ﬁ?ol. 4
X.103 to 1.4 x_106 RNA copies/m, well within the range of infected
humans. SuccesdYhile hemrigygousand hamezysausammals duitigily hadsmilagAgignebs of viral
i nocul um | on %ggﬁﬁt g§r -Zlmeﬁjg in.,this initial
cohort -of ﬁ;%ﬁﬁg%yngﬁgp éek n ‘(éig)ttﬁ;rgﬁgg né?%%{]egt ﬂbdnbﬁ’zygg%g'eﬁl?s%m zygous
for the AkignaiPi hdrhoZpansmizeave¥imor: thas ki bider 6f mageide HigHeRiNAn Was )
per si stenél . denonstrabl e i n-hognmozygous _ anjmal s, HCV RNA was undet ectabl e

in hem zy BotoR(Fig-3Ht R@%#%waé‘f iong dromy heppewigons and hesnigygowsrt  HCOV
hem 2yg? - orar oy
replicea I%lﬁéntyﬁcﬁ.akapét%enng@ anéfaﬂ% frfﬁ%ﬂa&lﬁg{og é}am?%gygﬁug %gio% o
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sel ected animals were sanpled for quantitative HA analysis and/or

sacri fi cegpetioml liveraremin omseygovs apimaln almdistinct Rusuist, sxapfinstiuinofemyidpienent
o Sl iy B b AR e b Bt Sp g " ©
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weeks HA signals in hqnnzi}:/t?ous mce were nore than an order of magnitude -
hi gher t h@aswdepad deratien oifiugmandiepatpeiie ensrafiment focbemorygohs Ath-tozygous
and hem Zﬁégi? oY | fi el ected points after

transpl anta %gﬁ%&hﬁgf@%%geﬁggoﬁﬁﬁéﬁﬁa&%hOCl onal anti-human hepatocyte
anti body to esBy traispldnfing s dReprogenp bl heteRizigelfs crolded, Becckdsie infébtichs human
tissue, These | nohi stochem cal data confirnmed the protein- .dot- bl ot

fi ndilgs, Veie thinA/RY micss alh BomAgyeotass (e Sugresp site Monld maleabg medelcr oss-
secti onalygh b Hésd ]kl\tg{g% g ' i {'igp‘; .
exam nat i gn %[?B?rrg(ft?pqrgo .0 se%t%%gégkg?%s%dgﬂ %g% et .e‘?agtz?g}g‘%ﬁéglrzgci pi ents
r eveal ed aseribedrtd homakygous dices thedfreddingrrolemyowad shifted towhnigekéliasive t hese
st udi es suggest a.substanti vant age .i n_bot h_t he gni tude and duration
of hunan OGHROR rBSBReRar Al Bhon ditug oo RIa) Ssse deseribed above fo
screen early for high-level hepatocyte engraftment (HA levels >250ug/ml), ~75% of
20 HCV-inoculated animals developed persistent viral titers >3 x 10 copies)ml, with many

>10° copies/ml. The remainder of the viral studies were performed in homozygous
recipieats.

Confirmation of long-term persistence of HCV

7 Long-te_rm persistence of viral titers in humans is the result 6f ongoing active
25  proliferation. In'immunocompromised chimeric animals, however, one might ascribe
HCV persistence -to slower viral elimination rather than true infection and replication.
Five homozygous graft recipients were inoculated with 250p! of infected human serum
(genotype 3a; 2.95 x 10° viral RNA copies/m1); each animal received therefore an |
inoculum of 7.38 x 10° RNA copies. Results of this experiment are sﬁov}n inFig. 9. In
30 3/5 récipients, viral titgrs increased by 16-, 27- and 36-fold over the initial inoculum by 5
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reci pients conpared to their heterozygous counterparts transpl anti ng
into the progeny of heterozygous crosses, successful ﬂﬁe‘é@t@mﬂ@_@r wer e
established in 4/27 mce, all honbzygotes. This success rate would nake the
nodel too cunbersonme for routine use. As a result of the quantitative
advant ag®Q PRk t* si ze ascribed to honozygous nice, theFSTEAHAERol ony
was shifted towards exclusive production of honbzygous Al b-uPA m ce. Using

the dot - hi:&ks aiGanoditaon hetle adamising @ recipieste fiteegincieasedrmbdegtly besre
hepat ocyt e engraf t.ment (ngA | evel s >250g/ m ), -75% of 20 HCV-inocul at ed
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active 25 proliferation i nuMOC rom sed chineric anjmals ver,
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i nocul atg l\iMél %%?Sﬁ!nf I?ect tu?r%n selrzum S%t%ﬁgwggg%x 106
viral RNAnmdwst/hmmuct&anéileamraiahomdmm(i/éﬂxtlﬁ%RbﬁAom@mm Thetotalsemmof 7. 38 x
105 RNA cop esul | S eri ment i n Fi 9 n 30 3/5
reci pi ent"é"al ﬁ?‘l‘é"l %&Fﬁ@?@&g ag Jnepgired %71% % P31 %I?QRp'e‘TOIC{ he initial
i nocul umiyee 43 xﬁ% prRit @GP ShteRdn MBulilAd F&36nably: Mﬁggﬁ:@&mks af ter

inoculation; Tnthe remining 2 recipients titers increased nodestly over 5
week$0 ( 1 viral land) strofgly shpportiny theiongurozace of vivel replicatinmi. t | ve- st randed HCV RNA

has b fi dt d .1 ks aft t f |
(one deat - ar B4V 5 e Ssieng) RNATER FpioRfind RRigh 3Ry el %LSP;TW%
persi st enfitb¥nddial détdcAbn bﬁ«y!;tsanamdﬁ RMER IehithirSthe BRed dohititedipkdbref r al

replication rather than carryover artifact. In further study, a sixth

chi meri c repliggtionaako reﬂmeetb@@e af fahe@omnr@m (Leanfopd eql. Vngbgv@ﬁié%-ss x 103
RNA ! | 1 f
o0 ) BT Sl e ) GEUE g °

i ntgsacttécgﬁlqugpul d not reasonabl y sustain a 3- Iog | hcrease’ |n 10 viral
| oad, strongl gportl ng the occurrence of viral replication. HCVis a

positive-stra mf@wptfaﬁlngctﬂﬁ%wgh% HE gapiey of Gra BNAd

I nt er medi E s Eﬁ{ [ghl;ﬁ 408 I tutes

proof of ﬁ%ﬁ%g‘a&g [ on uce v?‘%e r 0 aI B-é-j]spom tfliggq{r%égﬁ%

( Lanf or d wekksidost iotwthtiety S’éiﬂplé@ﬁ' “liver tlssue were obtained by 50% partial ‘
hepatectomy at 2-5 weeks post-inoculation in six animals and 12-13 weeks in the

20  remaining two.

Analysis for (-) strand HCV RNA was performed in blinded fashion by an
independent laboratory (A.R.) usiﬁg a thermostable rTth reverse transcriptase RNA PCR
protocol and strand-specific primers. The results, shown in Figs: 10A-10C, ¢onfirmed the
pro&uction of the HCV replicative intermediate (negative-stranded viral RNA) within the

25 livers of transplantedand infected homozygous Alb-uPA mice. Letter designations (A
through J; specified below) in Figs. 10A-10C are control samples; number designations
(1 through 10) represent individual RNA samples isolated from the livers often "~~~
homozygous mice which were transplanted and then inoculated with HCV—mfected
human serum. ‘ ' ' I '

30 - Fig. 10 A shows detection of (+) strand RNA (upper panel) or(-) strand RNA
‘(lower panel) by thermostable 1Tth reverse transcriptase RNA PCR protocol with strand-



614 (1994)); (=) strand analysis was perfornmed using two separate but
conpl enentary 15 techni ques. Ei ght honpzygous graft redi’feptensber 20041 at ed
with 5 x 105 copies of viral RNA fromfreshly obtained human serum were
confirmedyhQaseg (+) strand HCV RNA at 3-4 - weeks post ingculation.
Sanmpl es of litver tissue were obtained by 50% parti al hepa‘f%%‘FﬁW“ﬁo 2-5
weeks post-i‘rshocuj ation,in six animals and 12-13 weeks in the 20 remnaini ng
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i nocul at | -infecte man ser.um 30 Fig. 10 A shows detection of
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DNA sequences 5 generated from (+) strand (upper pane strand

(1 oner pd9ErsPoptling frapments pratectedslybridization RNNeir 1@ e¢fs. Bepbicktinn phitheer um RNA
froman My | ] Hel liver ,RNA (1Q jig) doped with 106
copi es radi o%%’gdrr{‘éiaé%ﬁagg%%glﬁ%%er HI(%E’SSSa ﬁsgythll%Wé 091' ri boprobe; I is nouse
liver RNA (10 Fig 1B slpwadhe\ieshiidsT acdilition séiedi hieislof S618&86d hniARNusinganel ) or
anti(sﬁnse-( O\A/e({m&?nel ) riboprobe; J is riboprobes hybridized wwth 10 pg
s I510 e g le r]fh reverse wapperptass RYA POR proteenl. Begept) and () sirandedf

RNase. Frragag fide RS2l S undi g i b e‘ﬁi]%%row), W t h
expected | engths g%gg% er %Egﬁgﬁﬂ‘gﬁﬁb?’pﬂ‘éﬁ‘?}&g‘gﬁﬁ%& (?féa%{g"%gend[ S protected
by hybri ®&NAwasnotdetectediin moasg® aithouigh il wasdebn sarlitr drldewad €vfigaadltr i |
clearly %%ﬁﬁplle %Pilagna%rgés & results bof getggﬁoglmfs(ﬂn;t;ag?l%cv RNA(upper panel), (-)

strand HCV RNA (middle panel) or B-actin RNA (lower panel) by RNase protection

20  assay are shown in Fig. 10C. Control lanes are as designated above; mouse 10 was
analyzed only by the RPA method. This assay correlated with the above data 5/6 animals,
confirming presence of the (-) strand in 3/4. Failure to detect (-) stranded RNA in mouse
6 is likely due to the reduced sensitivity of the RPA assay. |

- Immunohistochemical analysis. . -

25 To confirm localizatim} of HCV within transplanted mouse livers, sections of liver
taken from homoiygous mice which had been transplanted with human hepatocytes and
then inoculated with HCV-infected human serum were immunostained with a monoclonal
-antibody against the NS3-NS4 'region of the viral polyprotein. Control sections of human
liver show a granular cytoplasmic éppearancc, with exclusion of staining from the nuclei

30 (Fig. 1 1A). Areas of fibrosis and porta] triad structures did not stain positive for N§3- |
NS4, Alt.hough the majority of hepatoéytes did stain positively, there were areas of
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Fig 10B shows the results of a dilution series analysis of selected aninmals
using 15 the thernostable rTth reverse transcriptase RNA $2pRmbey26@4] . Bot h
(+) and (-) stranded RNA are detectable over 2-3 log dilutions. In this
experi mept. on (-) stranded viral RNA was not detected i '
althoughu%qo\’;éégs“seen earlier and was confirnmed later in ﬁfﬁfﬁﬁgﬁgA

anal yses. The results of detection of (+) strand HCV RNA(upper panel), (-)
strand Hepameg Conterd isections Epyn npntrangpdanted mapselivemedid patipy Jy epadgace

protectiq say Aar ' ' I ; i gnat ed
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strand in 3/4. Failure to detect. (-) stranded RNA i:n nouse. 6 is |ikely due
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sections taken fromtransplanted and infected - mce (Fig. 11B) showed areas

of hepat cosrespondiagtd nyxinl cateswef vrad rgplication withipthplvesnthts wepldhel ar

appear ance_t ontrol .h n_sections | though at. a hahtly. reduced

st ai ni ng egpffcﬁ?cgtﬂg’letwlf Mt Sﬁ%?%%\%@c%m%dnﬁwowa&a evi dence
that HCV egpiam Whythé ()i i@ s detetubld wpiair 06 itfesions (376 nilrdats Liipledate-3 i ver of

a transpl ant ed- Al b- uPA nouse. Concl usion. These separate and .

i ndep&ndaveeks)rptber hamiater46/2 sgmpladat 1 2+1 3 peaebs thakeninnombipption, hese data

negat i ve- st randed HCV 14 R -l ve - eks post
107 nocu A et e il ROl dig dnt B ORT P E fheBhoft RCPEIS, POV
RT- PCR ( ifgctidh)is dhronits (M6t ectefitly,alé thventoss liane Wosstratedanianinal aiodebeks 2- 4
after inoculation, corresponding to maximal rates qof vi ra! repljcation

wi t hi n t fie invention hassdsungs @ driperc, SlpERAdmopgrmiemg G mal
amunt s glnon hephbgdnthd @rerifitivd b4 ictedBY of high albumin serum levels at 35

20 weeks post-transplant (greater than about 800 units by dot blot)) and high titer HCV in .
serum at 35 weeks post-trahsplant ( 1.7 x 10° copies/ml).

Serial passage of HCV infection

After confirming replication, serial passage of HCV infection f_l_'oni mouse to -
mouse was attempfed. Fresh serum from a human donor (250pl; 4.-7-5 x 10° viral RNA
25  copies) was inoculated intraperitoneally into a naive chimeric mouse; at four weeks after
inoculation, viral titers were 1.76 x 10° copies/ml. Serum taken from this mouse (125ul;
<2.19 x'10° RNA copies) was inoculated intraperitoneally into a second naive chimeric
nibus'e, which déveloped titers of 1.75 x 10* copies/m] at four weeks after inoculation.
Serum from this ﬁrst’-pa.iSSagc recipient was then inoculated (100pl; ~1.75 x 10° RNA
30 copies) into a third naive chimeric mouse. At five weeks after inoculation, this second-

passage recipient had viral titers of 3.42 x 10° copies/ml. If one assumes the null
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explain why the (-) strand is detectable earlier in infections (516 aninals
sanpl ed at 2-5 15 weeks) rather than later (0/2 sanpl ed7aieplembes20feks) .
Taken in conbination, these data conclusively support active viral
replicati wodew7sdai s ani mal nodel . Furthernmore, HCV infect |p@@,dAso /%Hsﬁ”' C.
Mbst recently, the'inventors have denonstrated an ani nal nodel 1!
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rather t hinfedtiobs partiblesan | nocul um persists, this second passage recipi ent
woul d have received -6000 copies of virus fromthe initial inoculum (4.75

x 105 viral cophes e@m ?Whélht%th@fim%ﬁqléfﬂbﬁfmcngﬂmemrum
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fromthi srephcammd—at plirisaiyereleeant piters)tand afH Japuble of naﬁsmm:@ﬂﬂsriﬁﬁcﬁdiao
addi tjonal ,nai.ve m ce, 0, om subs uent I y devel oped HCV infections
(thi rLgpag@ﬁrg@’?@E‘? mi%n °°"tﬁ§f{a“n'\lg? HP‘F%‘F‘P"S lishehwith virg} genepesiaon - has

thus far ppen J48BRRMH AbRGnBases HWIFRIRNA ﬁgérrggni ﬁ%@ emwﬁ{eémafetb three

generations of passage. This transm ssion uman - “nouse use --+ 10
nouse - . nsaslrd epruerial ssshys Hompdygesityl affAlbfuRAés drifidalfersocessfiid product i on

of fully inf 0 | es. se .experinments establish that hompzygous
oci df Al b- STRERmER o PRELnforER and Y e Rrpe et Foae PR S caouBedaBove i th
HCV- posi t éavi§ sbiebiig %ng‘dfﬂﬁxﬁd!ﬁﬂ%ytdol'@eft analysis, HCV infections are routinely

20  established in ~75% of all inoculated animals.

The transplantation procedure requires basic microsurgical equipment and

technical skills. In our hands a transplant, including anaesthetic induction and recovery
time, takes 5-6 minutes per animal. While access to human hepatocytes may be limiting
for some investigators, the yields from hepatocyte isolations _inouf .laborato_ry average 2-3

25 x 10® viable human cells. . The ability to cryopreserve surplus cells allows for efficient
utilization, as well as transportation to centers without human tissue access. While
success rates have been lower after transplanting cryopreserved hepatocytes, prescreening
these recipients with dot-blot hybridization has allowed for their efficient use in HCV
studies, with success in viral infection in appro:ﬁimately 50% of animals with dot

30 blot>250 units at time of inoculation.
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replication at clinically relevant titers, and are capable of transmtting
this infection to 15 other chineric mce. Successful i nf/cxpiasther B been
established with viral genotypes 1la, |b, 3a and. 6a, with rapid increases
inviral RNAtiters to levels easily detectable by standard commerci al
assays. PEWTIsity of Alb-uPAis critical to successful PCAStAB{"MHnent of
viral infection, and by using honbzygotes as recipients, coupled with
early scrlémngpianHumaaﬁnnthMbmdrb Qgchbhabswcmfedeuwﬁaﬁm!amaﬁ@m i ons are
routinely 20 established in -75%of all jnoculate
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(1996) . regar I'ver repopul ation, however nical. studi es have
used 1St erg@IE® HgIAnaanmhm&trﬁay be alﬂdto&tcgemath&@m?mbledmmmpatocyteﬁge nerate

liver. 10 Human cord bl oo& ri ch_sourc h cells. I.n addition,
they havaubssayenthl, they wonld be @EQPV@H”&H&I‘%&P’]‘? FYER 3 SUTETIS oser ved:
post - t hay, i a&‘ﬁfv& %a&tubﬁ, tha ko WAl réfephlateafil A §jstedR bfomrBecause

of the I|mt vallabltlhlty of fresh liver 'tissue, an alternate source of
human heRIbdhg /eslbwialmicke useful in the devel opnent of the aninmal nodel
of the invent iﬂn. .Jhe cpﬂr?hn cord blood cells transplanted into our -

‘Materials and Methods

20 Following the protocol described herein, SCID.bg / Alb-uPa mice are transplanted
with human hepatocytes at 10 —14 days of age. Instead of human kepatocytes, 5 million
‘human cord blood monocytes (source of stem cells) are transplanted via intrasplenic
~ injection. The protocol of testing mouse sera for the presence of human albumin via-dot
* blot at four weeks post-transplant is followed as described herein.
25 - Inaddition, to determine whether the immune system has also been repopulated, a
- peripheral blood sniéar is performed at 4 weeks of age to look for the presence of
lymphocytes. At eight weeks, the serum is tested _for the presence of human IgG via
ELISA and the presence ot: CD4+ and CD8+ cells with FACS analysis. If these cells are
present, to determiine the functionality of the cells, PHA stimulation will be performed. -
30
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15 SCID. bg/ Al b-uPa mce nay be able to regenerate into viable human

hepat ocyt es. Subsequent |y, they would have the potentl7a}eptantengp@tt and
develop a chinmeric nouse/ human liver. In addition, the cells would

r epopul at 6%67'qumne systemof our SCID.bg / A b-uPa mce, -Mterials.
and Met hods ol l owi ng the protocol described herein, SCFBT’E@‘“V"W?)-uPa

mce are transplanted w th human hepat oc%t es_at 10 -14 days of age.
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functionality of .the cells, PHA stinulation wll be perfornmed. 30 48 17

Sept enber 2004 MQ;WWP&N&WB‘MW‘@ PRy Riecss of Miraag byestisepha- 2b

Tr eat ment - dhfairsd i Lo . | f the
e e e e D oy Ao B o (b

i nvention can be used to screen for anti B |
chenot her e Boplutngen Mannksim) Hopleayzete SCIDeRAVmi¢cowbratemsplanted@ith (eEXi vity.

Thus, ‘ i nf ' f the | ii it h i nant 5

't or A0 oA RLLO% 10 R sh BhEEh Rerdr S Y ghiplelin nisat Ao ) SR O Pl s of

HCV RNA. At wesks pancirdvisplasit tbSd wAY irkie Bad dﬂ&#ﬁa fORAt A bGRinEID | Sol at ed
r

from pi eces of huyman _|iver tissue obtained omthe operating theater

usi ng- contCPREFBITatioNNSiNG? geangifative dof blefpssavs Mice fliermensrating >2008gaht o fgAr

Mannhei-m :AIEE%' ¢ Lanted with 0.5 X 10 106 to
1.0 X 106Wﬁgﬁéﬁ%ianan0§%a %{gﬁ es g‘?ﬁﬁf‘%@?ﬁf@%ﬁ%‘l’f’?ﬁ"?&i on at 10-15 days
of age. At 4 HEEWdinfpctivhn: tAthwpdka posthfaagdaniasicd Wardinfdtbdisiapetodeany human
al bum'? (HA&Fgs concentration using a quantitative dot blot assay. M’ e
dermond? r affithg OGS sgmmmiremm aACV\papigive byes igaspant patignsasnetype 3 c dbs serimgr af t

and used | £,4€) | : i | on, .. . weeks ttranspl ant,

mce wer e%fﬁé’g‘%ﬁ% ?ﬁ? ?%per |?1%lnea|dlt§££e%{sdu\?\ngttlhﬁ§8§ ﬂm%'ﬁaté‘gﬁ ei"f‘@?ﬂ%a HCV

posi tive keusrdentonssabtd HCYRNA ﬂﬁvalsgéﬁ.dﬁ?@msmlrﬁheﬂ @ICNTquantitation was
performed by the Provincial Laboratory at the University of Alberta Hospital using the

Cobas Amplicor HCV Monitor version 2.0 (Roche Diagnostics).

20 Interferon administration: The mice were divided into 3 treatment groups: group 1
= controls (ﬁ=5), group 2 =IFN 135 [U/g/d (n=1), group 3 = 1350 IU/g/d (n=2).
Treatment was started 2 weeks after HCV inoculation. The IFN (or an equivalent volume

of normal saline) was injected IM for 15 consecutive days. Blood was drawn to assay for E
HCV RNA levels and graft function at the start of treatment, at the .end of treatment, and

25 2 and 4 weeks after treatment had stopped. - |

Animals received human ﬁepatocyte transplants and, éfter coﬁﬁnnation of

satisfactory gngiafhx_:ent by serum dot-blot aé"say for human albumin of > 250 units, were
injected with IOQpI IP of serum from a human carrier of genotype 3 HCV. ‘Baseline
values are viral copies/ml mouse serurh from 2 xf.(ec;ks post HCV injection, whén pﬂor

30 studies revealed the greatest absolute rise in HCV copies. Interferon thérapy was begun at
baseiine. in 3 animals at dosages of 135 (n=1), or 1350 (n=2) lIU/gram_body weight/day‘
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was stored at -70 degrees Celsius and thawed out at tinme of inoculation.

The patient serum denpnstrated HCV RNA | evel s of 2.56 IX Sepmbgr gP04 Al | HCV
quantitation was performed by the Provincial Laboratory at the University
of Al berta Hospital using the Cobas Anplicor HCV Monitor version 2.0
(Roche DMQH¥YBI4cs). 20 Interferon administration: The ni EENAMARY; ded
into 3 treatnent groups: group | controls (n=5), group 2 = IFN 135 11U g/d
(n--1), gﬁ)oﬂwe’eks:oﬂjwﬂnd:ﬂﬂ/ Wesk QisPICV tiffe by REBRCRw snd vHinterferén thesdpy, af t er

HCV i | I FN | t | f | [ i
o cor od WG S d B weals iR Al 2sse i pwide KiFs AmpletRt phehy BE) o Ra
llevel s anglogfafal Law&biammz.é Beai 6¢ Albeftal S%Pr@were Blindeliagq end of. ‘

treatment, and 25 weeks after treatnent had stopped. Animals

recei ved intenspersee pathdwyptan semursapiplestfoona slinicalfanglyseso nidsryreensitivityfis

sati sfact ngr af t nent e .dot - bl gt ;assay for_ hupman al bum n
35 0° gt 1 QOB SR tacel 42RO N comeSint TR eeh P e 4R i B FPlect
genot ype pildW-¢"E"BaGeitesBe exdtht@Srafiey Vi ral copies/m nouse serum from 2
weeks post HCV injection, when prior 30 studies reveal ed the greatest

absolute rise in HCV copies. Interferon therapy was begun at baseline in 3

o s coki SRR Tpba e soPbon A PR bl MA LTt O 0%, 0,
2 is HC titreekiheldl- PCH at end of interf IOV tide@RIMCR) Whi l e week 4 is 2
weeks -afiter f'ﬁET‘"a_pT asslay _was hy fhe__Ro_c_h_e Appl i cor Kit run hy the

Provi ncifal Laboratory of| Buspliec Heal'th of Wd2rta. sanpl ¢vegrde bl inded and

I nt er spersegwtiromense anptes=f T cal dllo_.i) say

sensiti w‘?‘gﬁfP 5 6001 U nﬁwﬁgapr oxi nat e %‘5 i%534103. vi r al %ﬁlgg? The |
resul ts |arghown 1 n the 2lpliog43 bel ow (% Bxi1opsli cates theq mggaent val ue)
Table 3. Affect of |EN Upon HCV/ Infectio i nthe Aninmel. Mdel of the

| nvent i chGnt@ht ment HCV t ilt-@éOEQT- PCR) BakbfxHESweek 2week 9P61©Eﬁt roI 2. 7x1 OE3
2. 5X| $ U-A| .. WIILI | f 'A ) f\E4 75)\| ULCO WIIl I"'VULJ
T oxI OEd CEBPbES  comty JI75HI0BS Toes 5 13%%1@85“056 COTPEE Ly Toms

>2x10E6 [IcomrofEd 1.2x10E6 - = >2x10B6° 1.7x10E6
135TU/g/d . | 2.2x10E5 3.6x10E4 4.5x10E4
1350IU/g/d 1.8x10E3 ' ND ‘ ND
1350IU/g/ld -~ | 3.3x10E4 ND - - |ND
10 Four of five control untréated mice demonstrate rising titres of HCV over this time

penod while 1 shows stable Ievels All 3 treated animals demonstrated decreasmg viral
titres thh the 2 at hlgher dose demonsiratmg viral clearance (ND : ot detected) '

Example 7 Passwe Immumty to Hepatltls B Infectlon with admmlstratmn of I-IBIg

15~ The HCV model described herein is based on the presence of a chxmenc
" mouse/human liver in an 1mmunocomprormsed ammal, asa Spemﬁc example, the
" SCID.bg / Alb-uPa mouse. This model not only supports a replicating hepatitis C virus,
but has also supperts a hepatitis B infection as well, Becatise there are rio currently no
proven vaccmatlons for hepatms C, HBV—mfected mice are used to test the validity of the
20 ammal model in testing vaccinations. There are currently both passive and active

mmumzanons available for HBV.
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135113/ g/ d 2. 2x10E5 3. 6xl OE4 4.5x10E4 13501 U g/ d 1.8x10E3 NDND 13501U7g/ d
3.3xI OE4 NDND 10 Four of five control untreated mce dédifoveptanzhes 2090%i ng

titres of HCV over this tine period, while 1 shows stable levels. Al 3

treated aRjdgp,egeemonstrated decreasing viral titres with the 2 at higher
dose denonstrating viral clearance (ND = not detected). Ex&fp0t40358ssive
Imunity to Hepatitis B Infection'with adm nistration of HBI 15 The HCV
nmodel descri be@@éﬁ‘lﬂﬂlmglubeﬁewlm{lﬁﬁe)qsraebedopecbpasmvclvamatoﬂmuse/ human

Al b upe ok RERCR AT i (o B pPUSERE st oSl e Rlspme foms C

virus, byositiesan-SBSARBET ThedinaPRadl isiahigh 1iRé 86 HHS fepatfidn, Iﬁﬁﬁause
there are no, current]| proven vacci nations for hepatitis C,

HBV- i nf ec CHEcalssitingy %ﬁe&léaltﬂﬁpmbgabﬂntwé)emsc af t)ypastialbheffeztvar) shait hatfde| in

testin ass and act
oy Sat RO iRl U oG Y, PR SRR s
PCT/ CAO1/ pfidef to biegsefiilt i s B | nmunogl obul i n (HBI g) is a-devel oped passive

vaccine to the E%atltls B, surface antigen. i s devel oped by collecting
and pool i ng t hirhy mﬁsni%ﬁo Ismu%nnrq’phﬂgssmmdwus didcpepted- dbul t i s

a high ti | ﬁ‘:rErP. limted
appl i cabi Ihlﬁsfsya{g}elégglgﬁl partl Tellzy e ?rat ﬁ%\?bsﬁbra#@%}tfmgeﬂaﬁﬁﬁ and 3)
Ih nt erf er eB positive paimfglté% dﬁausl eglellmryrmrhasyeduded\ﬂwml orbiditydf both the giafika Hitﬁmhsi it
has usefu 1N v trans ation, HBI g inmmunoprophyl axis
e i By Pl Pl e ated with ¢ see lbudooe ougng Reanbapticgtazeatie ¢ ne
recurr encgaﬁsg;agt Of reliBMnPR | ent s
Consequent |y, it hras r edu?g%ﬁ{lﬁg?ﬁloc?%fygl tyhﬁﬁégégahé%sh%tgr a f‘%gﬁde

pati ent. Hisaothadysites. Pmac@&e -stickfexpoduzs, ¢fee aﬂmhmmtrdmeoﬂl{BIgﬂgpstﬁn@ea&hepat ic

stage of L | a I s continued for one year and the dosage
S determﬁlggrén%&ﬂ%lﬁ gﬁp 3@5%%@ titre. Post needle-stick exposure,

t he adnmi ni st rarlwamxﬁﬁl e of's ipfeBtONERrhe sBE il VABHY RILI0PmES:. AR\ i n 80% of
cases,_ The anjmal nodel of the invention can be used in vaccine

devel ’ospne‘mﬂtmh@ dg¢monsfrate theusefuingssonf tganimal modeldn vaesfing dmk)pnient he ani mal

del
avai | abl P57 ‘Eﬁé&)@%@@%’i‘@%ﬁr’%&g f?ﬁ@%jg%?@ Qﬂyﬁ? iNGRELISE
i munog| di@hmuslﬁﬂﬁhm)loglbhﬂm?qﬂlﬂlgbﬂlel SGIDbPAIbMPLmIdel Willdbtah PaRAssi ve

immunity to a subsequent inoculation of hepatitis B, thus preventing and active viral
. infection.

20 As emphasized above, HBV and HCV are not comparable vimseé. lHowever,
since there is currently no passive immunotherapy available for HCV, the use of HBV
and the HBIg provides an initial screen to show that an immunotherapeutic known to be
effective against HBV infection is eﬁ'éctive in the animal model of the invention provides
further evidence that the animal model in fact provides for a valuable screemng tool for

25  passive immunotherapy.

Materials and Methods ,
N Following the protocol described in the Examples above, SCID.bg / ALB-uPa
mice are transplanted with humar hepatocytes at 10-14 days of age. Four weeks post-
transplant, the mice are tested by dot blot for human albumin. Those animals with a

30  strong signal are then chosen for experimental use.
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I munity to a subsequent inoculation of hepatitis B, thus preventing and
active viral infection. 20 As enphasized above, HBV arld $apterthes? Q)‘? ‘
conpar abl e vi ruses. However, since there is currently no passive

I munot her a“r)é avai |l abl e for HCV, the use of HBY and the HBI‘-%@Er ovi des an
initial SOWEE¥o show that an i munotherapeutic known t oPBEFCAHPER | ve
against HBV infection is effective in the ani mal nodel of the invention
provi des . furDapf: dveighhwecksfiagebe méaallotted ittt therexperimepalgroges for a

val uabl e _scree t ool for SivV ter | s and

Vet hods. FERME AR dore MBtise oot BLaBTRUERSEE AR Pl Bnbe el b bg
ALB- UPa regdiG€a &j&etion T BBHA4ls§BnéM t h human hepatocytes at 10 14 days of ‘age.
Four weeks post- .transplant, the mce are tested by dot blot for human
al bumi n. ThosBPaphi Mmcmardnnaclﬂatedm@n@osﬂgwﬁughheefWAﬁSMmsen for

experg mept al use lﬁ‘eptenber 2004 WO 01/ 67854 PCT/ CAO /00350 Day 0: At
ei ght” we ice allotted into the experinental group receive

a high dose 'D&f WIHS 8fimbthEmideQite REatétPivlh & nebnikanc¥issesFHIIge control

group receive a injection of normal saline. Day 1: Al mice are inocul ated
with 100(cnmparah1egmhatmhvaﬂmadmmw§)u qftﬂrlétpefkg ooereaday. fentrol ovge arpay

1-14: erlmetal aﬁ aretreated with a mai ntenance-dose of HBIg
(corrpara t}gﬁspl ant patients) of 0.12cc/kg once a day.

Cont r ol 1@,g@aﬁﬂeefe@ﬂuﬂrmgds&ﬂm@ﬁmsas@ébtﬁﬁedturemvmssatzm 6539 the
effect of HBIg, serumsanples, are obtained for HBV titres at 2, 4, 6, 8,10

10 o 1amddekesks pest-HBV infertien.i Bepatitis Bayurferaantibody isassayisd opday i P§1°’éssayed
on day i ght weeks post-i.nfection.
Exanpl eltg%%g 3c§1a{fi§¥ualﬁ§ %ons%@%ﬁéa%ﬁfiﬁ%ﬁl Model to Analyze the

| mmune Response'in.HCV Infection 15 The ani mal nodel of the invention :
provi des_a val uabl e tool to_study human | nmune responses I n context of
aut ol ogdExample 8y Use pf kmnppe Reconstijuted HRY Apmapiodel fa / WQM% hunan
liver ceh r PR reconstituted with autol ogous peripheral blood
rmnonucl eal ﬁ%ﬁ?gﬁ:’ BMESS.3 x 107 cel | s/ mouse), to provide a nodel system
of 1BV and I-Théanilhdchodm of thepnvéxmmrptdmddsmlvlahmblegdslttudhﬂyhuﬁahs ‘model can

t he n be lumsme‘(ljne responses in‘ context of autologous liver cells infected with HBV or HCV. The

mice carrying human liver cells can be immune-reconstituted with autologous peripheral
blood mononuclear cells (PBMCs, 2-3 x 10 celis/mouse), to provide a model system of
HBV and HCV infection to perform the following studies. This model can then be used
20  in the following exemplary ways.
The experiments described below can provide insights into the critical role of -

. various componernts of immune system, e.g:, antigen presentilig cells, certain cytokines
and T cells, and mechanisms underlying the imminomodulation in chronic hepatitis- "~ *
mfectxon ‘These studxes can provide the foundation for design and mvestlgatlon of novel

25  strategies and novel vaccine candidates for the mmunoﬂterapy of chronic hepatitis virus
infections. These studies will also establish the mouse model system as preclinical model
for the evaluation of fitture chemotherapeutic and/or immunotherapeutic treatment of
chronic hepatitis infections.

._ Evaluation of the immune response and modulation in chronic HCV infection " -

30 . 'HCV infected mice, which are transpianted with human liver cells and

reconstitited with autologous PBMCs, are used to evaluate overall immune cell
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20 in the follow ng exenplary ways. The' experinents' described bel ow can
provide insights into the critical role of various corgoeiRmdes20¢4mune
system e.g:, antigen presenting cells, certain cytokines and T cells, and

nmechani smyg/sWgsayi Ng t he i mmunonodul ation in chronic hepapiticSobddkect i on.
These studi es can provide the foundation for design and investigation of

novel 25 strateqgi es.and novel vacci ne candi dates for d not her a of
Chr oni o hefSPRaEe g A ARl PBSSOR MBS QETaRrentTs HaY JBIoEumn A R | he
mouse modebougdSinidy i8 peitbfitdd vitiera bp1dRe 8f lyrdpBnolib'® cenéw%bgg{}g%ﬁ YhiBe

chenot her apeuti ¢ and/ or inmunot herapeutic treatment of- nic hepatitis

i nf ect i onsandBghibp it ino¥fretulttietd enammee respoponsgainsholitopensi aldgemeic APEsy oni ¢ HCV
infection _30.HCV infected mce, which ar spl.anted, wi t h hun iver
col | s and PR ThBBteoes (B4 oisbi ool BabRE Phas S soutipthy ¢

over al |5 i ngglifokRtdtiondsshy. BeleSERRCulRE cYBkind/sEcr&Rsh iREHE LiRdd Qﬁécvégmm

conpet ence and/ or i nmmune suppression in context of progressive

i nf ect i on. orAntraqeHulag praduetionti eyarised elnfaddinon, intthese coltiedcelisoT celfnph node T

cells are i ne he m , iRein vitro culture to exam ne
response a%Jaaib%% l'rgn ‘ Slécr'agﬁés?x a %‘gb gél;kg ciﬁ?;ég'y 8?‘8%%"'%‘8%‘8%“ eé’ﬁ&?%@s’n( e.g.,
tetanus t oxing coldREhiog ol Tiesllsabitl be rédoverd Boupin@t 20 Yarlows tildsl(e.g.,

proliferatjon assay. In the sanme cultures, cytokine secretion in the

‘ _
cul ture su’pé-ﬁd&tléﬁveekégostmfﬁam ang| PEMGS rrgorstitgien) sndeepmipedifor theiraddi t i on,

in th . , ' [ e .ned flow
oyt oneylsy TpSHEER ofycidnal bt ps sileh Ve, SFEVISloRa I Socfe Al By ' O
cel I s wi | |tihepsiat ey dae dvdrald immiuneresponsacarbescorielital with girus lodd 4, 8, 12, 16
weeks post infection. and PBI\/ET- reconst{i?&dution) and -exam ned for their 10
response to pol4OrsHith rolyclenal styaulus. o el reingpees agpigstkneya copigavaddiGY so

eval uat ed ' | aﬁ]ﬁéﬁ : ' : e

correl ate _v’\?tﬁﬁﬁ‘%}?sr'fﬁ?%%?"%ﬁ?% W t I’gl\gﬁ?%}%r% st rlr%ﬁ%%&%ﬁé%?ﬁmb
respons gs “varya lozgltin Itmmmrl]msa mxmmctllt&ﬂghmlpﬂwﬂ seils;nns isb!a::q;ieat ﬁmmr'maedmde y
exani in vitraq_.an ei [, stinmulation cqrrelates wi virus load. in tine
cours g%ex (5 frth p(g}'qsﬁqa;hgﬁh SB“E'SP -8 5‘? §5 ‘?"&4&){%‘6 agd exqraingd far cyjoldneang 15
cul tur e WebraitPARGLPRA verdh 15qhcbaittibiTH dultuf tpon doljSiony idat . and -

exam ned for cytokine secretion as we g production in
cul t ur e upémniscted, ABME] resmistitmteat mpa are tsad af copirets, TABMEerai@axtB telt ed i ce

are used as contr.ols. The all T and .13 cel conpet enci es. i n ongoi ng
HCV i nf ecp?ﬁ’ﬁgteﬂﬂfﬁ"gl%mﬁgﬁégl%éfwc?{fflﬁ?h%?‘f “ nice are. -chal | enged
in vivo with prawstnelysSmide\araokhlRAZd#eVivo with promiscuous HCV and non-HCV

20  Thepitopes at various times after infection and PBMCs reconstitution followed by

et

examination of those peptide reactive T cells by cytokine production, activation marker
- expression and proliferation. Again, in these in vivo challenge experiments, overall T ccﬂ
- responses are correlated with virus load, time from infection etc. T cells obtained from
the unimmunized but irmnune-reconstimted and HCV infected miéc are evaluated for
25  overall CD4/CDS8 ratios, MHC molecules, and other T cell/activation molecules and
- compared with uninfected but immune reconstituted mice. In alternate experiments,
normal human PBMCs are polyclonally stimulated in the presence of sera from HCV
~ infected mice and examined for any modulation of T cell responses. Following these
experiments, phosphorylation of various TCR molecules, Ca2+ mobilization etc., are
30 exainined to determine the biochemical basis of any observed T cell response defects.

Additionally, we will examine whether T cells undergo apoptosis upon stimulation.
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20 The pitopes at various tinmes after infection and PBMCs reconstltutlon
fol lowed by examination of those peptide reactive T celll3epEymhey2eRs
production, activation marker expression and proliferation. Again, | n

these i n.ywhde | enge experinents, overall T cell r espgRsg
correlated wwth virus load, tine frominfection etc. T cells éﬁ%‘lﬁ'ﬂed from

t he uni muni zed but i mmune-reconstituted and HCV infected mce are
eval uated for 'quiﬂn@sandmwmat%ml nghﬁmnnﬁamwﬁmnoms

cell/activatio %ﬁj
reconsti tuted %é@kﬁg | ernate exper| nts r na fsegb BB% larn?a

pol ycl onasdry isséalletted frerh mmaidfectq:ﬂaﬁhhlﬁ,v afd ﬂaeomstftutedmﬂﬁ\PBMﬁté;and ed nmice and
exam ned for .an m)du ation T cell responses. Follow-ng_these

exper i mentXamgE HIJHGy Fla’teucm 59’59?’?‘18‘6@ IRsEiments argperformsditn a2 at i on
etc., arehfR@ Byl ﬁt@c&‘?@ E%ﬁneﬁ:ﬂfﬂugﬂl&?w}f@*fmﬂ ir}]d(aaérﬁb%pféelferVEd

T cell response defects. |t|ona y, we w exam ne -whe
under go apithtcosirsl nopanfested butl isomiue rede@stifvite8anicenbartheolhdr. M@dD1/ 67854.

T T pRegmat o4 Pk arokints saadt 2 s TR i Toh et SR a e aractdor
cyt oki nesaﬂra%asd C@ﬂﬁ,m&) £8- Lysmer%.ﬁﬁ$aleé}mm%§é fribSafiQhie € Lwnsm ce

infected wt consTi tut w th'PBMCs and examne for- | vs. 2 type
cyt oki nesloaql,r'ﬁvdl msmmse remiseups HCM and nom-E1 Hé pf:mdusds wellas polynhmal

cours to oki ne r oduct i virus |qad, and
compalthq Sty SulEieh AL eBR 1 ermne Sk BEPRES on ' he
ot her hanstodudiodR Melambdulatidh, A eYRated iitkAiBRly SA& infebhorPor Aftek BNbngek - 4.
IL-10 and IL.; 12 are inject ed or abrogated (by injecting anti-cytokine

ant i bodi d#ne (ve.153 swnthsie miee) Ihibe in wirbeyperiments, the role ofatiditionef ¢eras pons e
to proms us HCV. an tides as well as polyclonal 10 stinulus

eval uat ea° ?St'f’(‘fﬁré”%ﬁ EF?&%@?&% in cytoidne switch, defects in

cytoki ne - proghgddn@resehtindiR1i§ (dEﬁdtli'di@édIE DC @ Sratie ACinods ae! v af ter
i nfection or aTTer a loner tlrre (|. 3 2-3 rmntﬁs N mce) ' the in

V|trc15exper| ] es invitroto

the T cell ‘ DCs) in
chroni ¢ HOV | ﬁ?@eﬁ‘%ﬁéﬁﬁa&lﬁ%@ %%ﬂ%%?%%ﬁ*gﬁ%ﬁ w%ee#%m i de

prot ect i Wientifftitiell fublSHsiiS fipairtde The uen&ﬂimeﬂy(mgﬂp@emmge&htt hat in
chronic HCV infection in humans, dendritic cell function is_ inpaired. The

dendri ti ctizlptersbEDAF gellsﬁ@um;gq efﬁste@hmgmnhumefoge, gxamginatiomrofBC s t o

cont oxt - dPhAG/ chfE ey Fgigh ﬂ%%*%ﬁ%“% é%“*?’%%p%ﬁ*

agai 126t HCV-infection.
- From the HCV infected PBL reconstituted mice, monocytes are isolated from.

" spleens or blood and cultured with GM-CSF and IL-4 to generate immature DCs. ‘These
immature DCs are matured in presence of y-IFN, o-IFN, LPS or 0-CD40 and examined
for the expression: of DC activation markers by flow cytometry, IL.-12 production in'the

25  supematant and ability to stimulate allogeneic T cells & HCV promiscuous Th epitope
presentation to autologous T cells. These experiments are performed in a time course -

_manner, and progression in change in DC function examined as a factor of time and HCV

. virus load."
© In additional expériments, mice carrymg HCYV infection and reconstituted with-
30  human PBMCs are injected with in vitro activated mature DCs and examined for T cell

responses and virus load.
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20 HCV infection. Fromthe HCV infected PBL reconstituted m ce, nonocytes
are isolated from spleens -or blood and cul tured with d¥EBrrifg2804 4 to
generate imuature DCs. These immture DCs are matured in presence of

y- I FN, a- Mdlp1/47#85 or a- CD40 and- exam ned for the expressio {
DC-activation nmarkers by flow cytometry, IL-12 production ?ﬁ?‘%:\énlﬂgsso :

supernatant andg_ability tg teruI ate allogeneic T cells & HCV proni scuous
Th epi t ope. p’r D “m—EFL@@LEELe GM SBUO (b nfectione
perforned in ali hilerdasistadies refBfiAgS Th 28 dylotAes T8l QOTLY: 9§in:j¢§.:£§‘c
function exam ned as a factor of time and HCV virus [0ad. I'n additional
exper i mentiCV ifedtedindividusls, mymberfof promiscusnd Thewd €3FL epitopds fibmh 30 hunfan

PBMCs - ar e ..hi -\ ' ' l.yat ed mature nd_.examned for T
col | r ospSameRel Eékidh buCT i ba oitBh pE e, Migewnpiginsratt L

PCT/ CADL/ pfiftfy dorutsiih 2at HOV imfeéted indiiael) USowevsR hpat epi t opes
in HCV i n%mg_nqeut%gggeié%iégu%_ég%rgi ng Tt@aﬁﬁ%ﬁﬁg?% c T cell
(CTL) res i np 1 AlgRR/4ng yirus Infectionrandior of

Pr om s CUOkS1ThioAN T bhin®R AP dhd AMARARER VEdd g el JHGY ave been
identified in vitro, suggesting that a?ﬁ[ﬁ -ge UACY8% urs in the
HCV i nf ecimmiunination strategies (dsdisted belowd psing &b prdthiscudiBAN 2 CTREMEGEs T cel |

response %?n Ltself is not sufficient to clear. the virus infection and/or

replicati r}?ldul“'l‘?étrg’f‘ﬁ Frepunaygsnonsas. The mick as evynated forgencration pHCELandat e
vari oup | THYAI AedidiRss a’é&_ﬁﬁﬁﬂﬁjﬁ&ﬁoﬁ?%.gﬁfﬂdvﬁ’ﬂ B4 is AN TR RIG™ SCUOUS

Th and CTL epitopes to induce strong | miine LeSponses. re
eval uat edmpdel cartiis be e todeteifhine ik appropriateahbddulstimostSFsar CEL responses

i nuni zatjQn, .kn. parallel, wvi oad is evaluated. The animal nodel can

t hus be uggéﬁo‘f' c'&'@?‘é‘?‘hﬁ%@?ﬁ%ﬁq'ate modul ation of Th and CTL

responses 1 0 Iuiduiidition Wil takiferd B e chdHirel i ESOR of fIEIMLIAEL 0D Wi L1
ormu

antigens coul d be exami ned, in context of particulate ations, e.g.,
| i posonesforpwlationseeigalipesgmes;pagdifiebantigen geptidespi.glalipidatpd ptptitiss; copint ai n 15

adj uwant ' ions as adjuvants or adj.uncts: .dendritic
cel 147 o A Anfe e Ll Bige il B aielon AR Sia fooEtic Slsdondediott 1 ve
ther apy wintlperBnDNyemesiaRa ishintniZatit) T Sele kRS Sheripyith Gt fipbifo i ke
| munogeni ¢city of synthetic peptides (or nodified 11 popepti eg) ‘derived

?%‘é?d%ﬂ‘*mﬁg‘ﬁl‘& ral proteins of HBV and HOV -
Immunogenicity of synthetic peptides {or modified lipopeptides) derived from

structural and non-slructural proteins of HBV and HCV

from str§

20 , An alternative hypothesis for the failure to resolve ongoing HCV infection in
- HCV chronic carriers focuses on evidence that Th and CTL responses against these
_epitop_es are actuaily not able to suppress v1rus replication or clear virus infected cells, and
immune responses against other epitope determinants are-necess__a;y to g_enerate protective
immunity. In c_i_;dgg to determine novel T cell epitopes on HCV po_lj@rotcin, initial in
25 silico studies dre’performed to identify putative Th a.nd CTL‘ epitopes from conscr_véd
structural as well as‘; functional viral proteins. These identified épitOpes are then modified
and eavluated in the reconstituted animal model of the inventioh fbr their ability to
génerate strong T cell responses, indicating fhat they are immunotherapeutic vaccine
candidates. . '
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20 An alternative hypothesis for the failure to resol ve ongoi ng HCV
infection in HCV chronic. carriers focuses on evi dencd7tSeptenitier 20@# CTL -
responses agai nst these epitopes are actually not able to suppress virus
replication or clear virus infected cells, and imune responses. agai nst
ot her epMPIG78%t er m nants are-necessary to generate prot SEIWQABI/003Guni ty. -
In order to determ ne novel T cell epitopes on HCV polyprotein, initial in
25 silico. st Ui @mimhtidn of 86thBIER thersbeufle BbprbachBe/taatibaPbakBd efckidfed kn@pi t Oopes
fromconserved  structural as .well _as functional viral protelns, These

i dentified epismaliasolegiles thatrinkibitivisabreplieationand/on indyce immuromedulationi t ut ed
ani mal nodel .the in tion for.their ability: e ng T cel
responses, i ndi dFPﬁﬁmﬁﬁng q%ﬁog?éxﬁﬁ%ﬂﬁ%.43'd%egP?%gggggﬁﬁgikﬁgandidates.

55 17 Sephfesti, andisks e QddBiifidt RihalGAGHE 0 &RGnteeioh Aeideafifyainticiridi ned

t herapeutic roaches anti en-based vaccines and.  small nol ecul es that
i nhi b#t herapeutiesthaidtake advapiaas of 2 rorgbwatiomed anbigerrbesed thsmapiespndsmglinr oach

t akes i nto. ' ' i ' i :Co: i i on, and

La6et hompolEAREhAEE kAR, M M haliRARRI A ifinibidon hiel | O 81
t her apeut¢plivatidibdnd/arke imatdembagatied. Combimbtinstthatprofidaeffeqyea- based

t herapi es and smal | . nol ecul e-based t herapy, .where . there, | | ecul e has
acti vi t y SPRPressiomfivirys replicatiqngr virus sleasance aie idgnifisd “Flﬁgmﬁﬁ£ I'ati on.

combl nat st RRbndHiiA dfinBld Ridcstifhet HBIE SPAdheYandidhttd ark Raluidd PN Of

i d
virus clearance are 1dentif usi ng ected, 1 nmune reconstituted
ani ni0 s aembmation tith cxtodkines (svah as He-2aahigosta a $1. %) ¢o prosidezfidentn 10

conmbi nati,on w th cytol dnes (suc ALl-2 or Fiposomal |L-2) to provide
effici.enfmnﬁum%mﬁ"%l’%s éiaé'q'ggﬁ ®ear HCV infection. Exanple 9 Use:

of the nodel for evaluation of therapies for hyperlipidema As discussed

above, Apo B 100 is an art accepted marker for risk of 15 artherosclerosis

t hat r es Example9ddscofiibe iriodeldfonewaludtionaf therapics for bgsglipidemiase of t he nouse
h

del f the i ti ' : I, f _ -t hat tivit [ t
nyper | § pi don A3 dpise ahovee ABE B0 apreBERpLed shatkes BFHGE SLimn Apo B 100
was s edaitRert@@sdis HaPryatsd fBdin h§perlipiRmia PR dRdé o REREEGE uSofltle fldgse

engrafted human cells. Serum sanples were collected froma chineric A b/uPA

transpl anodel ofthemvention ifsenseningfor agenpts that hae actixity peaingtdyperipidamiz pegat i ve
SR i AR e N S
known i nof R@n#i 4po B100 production by the engrafted human cells. Serum samples were
collected from a chimeric Alb/uPA transplanted animal and from a Alb/uPA non-
20 transplanted animal (negative control). Human serum served as a positive control. The
serum was analyzed by Western blot using an anti-Apo B100 antibody according to
‘methods well known in the art. ‘
" As showing in Fig. 12 while antibody binding to Apo B100 was not detected in
the non-transplanted control animal (lane 3), antibody binding was detected in both the
25 human serum positive control (Jane 1) and the chimeric Alb/PA transplanted animal
* (lane 2). These data show thaf Alb/iPA mouse liver with sustained human chimerism
 secretes human apo B100. This observation indicates that the Alb/uPA mouse model can

=t
-

- provide 4 basis for development of selective treatments that decrease the amouit of apo -
: BIOQ ‘from the liver and, as a consequence, decrease the risk of cardiovascular disease and

30 Astroke via atherosclerosis.
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25 As showing in Fig. 12 while antibody binding to Apo B 100 was not
detected in the non-transpl anted control aninal (|ane B)Sepigmbasd8Q4 bi ndi ng
was detected in both the hunman serum positive control (lane 1) and the
chinmeric ehpébg%?glwansplanted animal ane 2). These data show that Al b/ uPA
nmouse |iver W th sustained human chimerism secretes humanP&FE-ABA850 This
observation indicates that the A b/uPA nouse nodel can provide a basis for
devel opnent of Wailetheipresentigueniionthss berntdeseribed add refeeermetutiie spécifkpo  B100

fromthe |iuer.. -£0N uence, . decrease the.ti sk of. cardi ovascul ar
di sease aneyb%gﬁlq%qsr %’%ﬁ“@ilg&gﬁ ﬁereo‘lsn?FlgFoggi 4 .Eiﬁ%s S&'ﬁ%é‘bﬁ’@ﬁﬁé“’“i’@@ﬁ“ﬁ/\o
01/ 67854 RETAgeAGlayHRIR4H\MH lequivien® nefBelsubiitd WpRohRRpReRD MAsHkiRgd Wi th

reference to, the specific enbodinents thereof, it should bé understood by
t hose ski ISPEH apdsqope of e inventiona I #iditions many atodifiratiohsemay bemadeltoegiaptv al ent s
may begsu i W1 ho OGS, fhe true spirit and scope of the
i nvent iso n l&%ﬁd&gﬁg;{%fﬁﬂ #r‘%tr?g g%%#‘??%‘é r{%‘% 1i:04 r'écees ORI ePS 510,

par ti cul athesoljemivespiritrant acopel of thopmpseat nvartiodl ATREIcBmodfiQERAS arePr OCESS
step or steps, ,to, the objective, spirit and scope of the present

i nvention F“tgﬁ‘qedéﬁbﬁ“ﬂ'g‘m ‘BF é‘éﬂﬂe&%@%ﬁl@msiaﬁl’@ﬁ‘ﬂ‘ébe@@- be within the scope of
the cl aims appended hereto. 57 17 Septenber 2004 CLAIMS 1. A chineric
transgeni ¢ nouse host infected with human hepatitis C virus (HCV)
conprising: an immnodeficient, transgenic nouse having a genone conpri sing
a pol ynucl eoti de encodi ng a uroki nase-type plasm nogen acti vator

pol ypeptide, wherein the polynucleotide is operatively linked to a
pronot er such that the pol ypeptide is expressed in host nmouse liver cells,
and wherein the host is honpbzygous for the polynucleotide; and a chineric

| i ver conprising human hepatocytes engrafted i nto nouse host |iver;

wherein inocul ation of the chinmeric nouse host with human HCV results in
HCV infection of the nouse host. 2. The chineric nouse host of claiml,
wher ei n human hepat ocytes constitute at- |east about 20% of hepatocytes in
the chineric liver. :
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3. The chineric nouse host of claiml1, wherein the human hepatocytes are
functional for at |east about 15 weeks. 4. The chi neri d7rfisptenteo200bf cl ai m
1, wherein the host is infected with human hepatitis C virus foll ow ng
hepat ocyte engraftnent. 5. The chineric nouse host of claim4, wherein the
infected host is characterized by production of at |east about 103 viral
particles/nmL of serum 6. The chinericq Amsge host of claim4, wherein the

i nfected host maintains consistently detectable HCV infection for a period
of at |east 15 weeks. 7. The chineric nmpuse host of claim1, wherein the
the promoter id- A& GhiReHC rABEMF Roysohe Epfected with &ugan hepatisis foviss GES0 of
claim1i, ]ﬁ'{p Pot he imunodeficiency is a result of a genetic defect in

i mmunogl obulrn aﬁd T cell receptor gene rearrangenent. 58 17 Septenber 2004
9. The chi neri animnamoliefidient] trankgenio ﬂapusdiﬂuv‘ﬁ:igru genempesinptisimgrodef i ci ency is

caused by a sci tation. 10. A netho roduci ng a chi rrerl o transgenl o
mouse hostP e’g% Hcp ﬁ&ﬁl&ﬂﬂnﬁeﬁwﬁ sﬁnr%‘f%tgma Ypemée

conprisin q:rol}‘rﬂpﬂe@f'ﬂé BpLUARly RERRE BGYiERi0teR E&hatﬁatltHy%(H%

transgeni ¢ nouse host haV| ng a geno conprising a eotl g% encodi ng
a uroki nagehostmeousp lizenvclaged “dmtalwtlie@osqlehymepygodefmﬂnep@ymdéa@de and

I | eotid t I J.nked t t h th
bol Ypept  de | < ABaLate b ien Rriknsbl E SRy G fopei bost Heer nost

i's hormzygmselﬁmocmqoﬂam@uﬁin@ﬁwrﬂ@sea@@t WwilPRuhat HOV fefi@tsNR$ICW th hunan
HCV; wherein a chineric transgenic nouse host conprising a hunen-nouse

chi neric ipfegtion efithe moustPsh human HCV infection is produced. 11. A
chinmeric transgeni c nouse host produced by the nethod of claim10. 12. A
met hod of culturing human hepatitis C virus (HCV), the nmethod conpri sing:

admi ni stering mﬁ‘aaclﬂ@énbmdulseh@dnioﬁelraizﬁ 1;wammaahmnrmF§@cﬁe§éor@ﬁmcd @alm1l or
10; and igol at i r‘}g H)g HCV fram the infected host foll owm ng human HCV
repl i cati ¢FpStbouf 7ol depatqeytesan the iMoo ivecr eeni ng candi date agents for
activity agai nst a hepatotrophic pathogen, the nethod conprising the steps
of : :

3. The chimeric mouse host of claim 1, wherein the human hepatocytes are

functional for at least about 15 weeks.

4. The chimeric mouse host of claim 1, wherein the host is infected with human

hepatitis C virus following hepatocyte engrafiment.

5. The chimeric mouse host of claim 4, wherein the infected host is characterized

by production of at least about 10° viral particles/mL of serum.

6. The chimeric mouse host of claim 4, wherein the infected host maintains

consistently detectable HCV infection for a period of at least 15 weeks.

7. The chimeric mouse host of claim 1, wherein the the promoter is a mouse

albumin promoter.

8. The chimeric mouse host of claim 1, wherein the immunodeficiency is a result

of a genetic defect in immunoglobulin and T cell receptor gene rearrangement.
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adm ni stering a candi date agent to the chinmeric transgeni c nouse host of
claim1 or 10; and analyzing the effect of the candi dat7/eSepimmiter@poh HCV
infection; wherein a decrease in infectious |oad of the human HCV rel ative
to an untreated chineric transgenic nouse host or relative to infectious
load in the chinmeric transgenic nouse host prior to candidate agent

adm ni strat i on 9 $h¢ pkimesicinyaise hoghof plaiscV, wherein thy host immiveodafistancy 59 17
Sept enber o hod of claim 13, wherein the candi date agent is
adm ni stercélgé%éb&orscfd;ﬁu{;ﬁ%%cti on with human HCV. 15. The nmethod of claim
14, wherein the chinmeric transgenic nouse host further conprises a
reconstituted immune system and the candi date agent is a candi date vaccine
for active i nmlifefiBethedof preducinga phimisr tensgenigimeusg hogiirfeeted withchuman

i mmunot hen i i - . -anti body or HCV-bi ndi ng fragnment

t her eof 1‘}%}##}5(?%?%% % é}?eg}’%ﬁ%c résrugé]'n the chinmeric transgeni c nouse
host further dmplniisgBuaan Bepanslick iitedn irmmunecaysbaised tehnkfenicmodicdat e
agent is candi date vaccine faor, therapeutic¢c vaccginatiqgn. 18. The net hod of
claim 13, (ﬁ%ﬂwmg 3 SFECRKICAEIPTEINE AR bpEricetidrrnsading 2irekinasgdyre conpri ses a
reconst i t A ashih B e PASBIRAMAS MhehA Me i ively I

i nmunot he?}gpeuti C agént. 19. g met hgﬁﬁl?orqui)&gg%?ﬁ%e 1'83)R%?g\§1%11glé%dnt{)sa for
activity ipmometai, su¢inthatthd polypasileiinexpréssedlin iost meysetliver caltshind vdengim itei ng

the steps,of.. adm ni st eri a.candi date ggent to the chineric transgenic
nouse hosthOBtflsgP%‘Pﬂgqug(?rq}%ol,’(’lm?eé’%aiaﬁgng the effect of the candidate
agent upon ser yfidcaR@iBg HOhdst RRRMakah MCvwherein a detection of a |evel of
apoB 100 fol | owi ng candj date agent adm nistration that is decreased

relative to a Ivéeedin gfchupsiy t1anegepid mpusedosterdindising slynan-mansedhimene i on
i ndi cat es y; | . .acti Vi Ln decreasing blood Iipids. 20.
A net hod #g%pé}/dgﬁggﬁd%&%&ggbﬂg@%‘%vp(g?&%ﬁa'agent, the nmet hod conpri sing

the steps of: admi nistering a candidate agent to a chineric
i mrunodefi ci ent_ transgeni ¢ nouse host, wherein the haost is a) deficient in
functional syndén®icupeng{gansgenicingussastprogycad by the method of claim 10.

12. A method of culturing human hepatitis C virus (HCV), the method comprising:

administering human HCV to the chimeric transgenic mouse host of claim 1 or 10;
and

isolating human HCV from the infected host following human HCV replication in
the host.

13. A method for screening candidate agents for activity against a hepatotrophic
pathogen, the method comprising the steps of:

administering a candidate agent to the chimeric transgenic mouse host of claim 1
or 10; and |

analyzing the effect of the candidate agent upon HCV infection;

wherein a decrease in infectious load of the human HCV relative to an untreated
chimeric transgenic mouse host or relative to infectious load in the chimeric transgenic
mouse host prior to candidate agent administration is indicative of anti-HCV activity of

the agent.
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a genom cal ly integrated pol ynucl eoti de encodi ng a uroki nase-type

pl asmi nogen activator 60 17 Septenber 2004 pol ypepti de, liwrptesiber 2Aed

pol ynucl eotide is operably |linked to a pronoter such that the polypeptide
is expressed in host nouse |iver cells, and wherein the host is honbzygous
for the polynucl eotide, and c) has human hepat ocytes engrafted into the

host |iver; and4adhf methed ofgleimflBewhersin thy sanskidaté agenbisagministgredrprior tcer
function j: . i RN wherein a decrease in |liver function or

adver se aﬁ%%%g¥?gﬁﬁﬁh %#ver hi stopathology in the treated host relative to
an untreated chineric nouse host or relative to liver function or

hi st ol ogy prior, to candi date agent admnistration indicates the agent is

toxic to |iver Yeilhgmethpd of clapindy wherehe ghimesic wsnagenio metssthop furthey

i nfection i BUTRRAERALA fhute ”s‘;yﬂleﬁpﬁnd(tﬁ%d?& %ﬁat {g%:caﬁ date vaccine

i mrunodefi ci ent nouse ose geno conprises a po eoti de encoding a
ur oki nase-fbypativelimsminothgmpyact i vat or pol ypepti de, wherein the

pol ynucl eotide is operably linked to a pronoter such that the pol ypeptide
is expressed in nouse liver cells and wherein the host is honbzygous for
the pol ynucl eotjglehe aethod ocfmaﬁlfﬁrmg:wheféﬁ{memhhéﬂqaqpaﬁﬁﬂa@eﬁﬁpéﬁ MRS
engrafted into nouse liver; wherein inoculation of the Chineric nouse with
human HCV antibody er G VHading flagmentdheredf. t he nouse. 22. The chineric
transgeni ¢ nouse of claim 21, wherein the pronoter is an albumn pronoter.
23. The chinmeric nouse of claim 21, wherein the human hepatocytes do not
contai n det ect aiyl. héfadihdi Flaif 18NEhekin e thiferit Ren§RUFEAnbibBbst BtherA
chineric transgenic nouse infected with human hepatitis C virus (H

conpri si nFOmMPRSeHisaeRrEHyted BrmunIyseThand the candidatorgsntisepndidata yaceine for
polynuclegﬁgg lnﬁqggg%ﬁgma ur oki nase-type pl asm nogen acti vat or

pol ypepti de, erein € polynucleotide is operably Iinked to a pronoter
such that the pol ypeptide is expressed in nouse liver cells and wherein

t he host is honpzygous faor the transgene; and a chimeric |iver conprising
human hepat ocy{%s)fgﬁﬁ’regﬂié’éclaﬁ%l&%‘b’ &rein the ghimegle trapsgspistrasuse hostdarhsther ei n

| nocul at | ARnfist\erd BRI inRHR sy ehlardAR artifdd S8 Kgmi 0 HOV i nf ect i on

of the nmouse such that the I nfect nouse I's characterized by production of
at immunotherapeutic agent.

19. A method for screening candidate agents for activity in achieving a decrease in
blood lipids, the method comprising the steps of:

administering a candidate agent to the chimeric transgenic mouse host of claim 1
or 10; and

analyzing the effect of the candidate agent upon serum apoB100 lipoprotein;
wherein a detection of a level of apoB100 following candidate agent administration that is
decreased relative to a level of apoB100 prior to candidate agent administration indicates

the candidate agent has activity in decreasing blood lipids.

20. A method for evaluating liver toxicity of an agent, the method comprising the
steps of:

administering a candidate agent to a chimeric immunodeficient transgenic mouse
host, wherein the host is a) deficient in functional syngeneic B and T lymphocytes, b) has

a genomically integrated polynucleotide encoding a urokinase-type plasminogen activator
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| east about 104 viral copies/nL of serum 25. The chineric transgeni c nouse
of claim24, wherein the infected nouse is characteri ZEdSapernghesd(edi on of
at | east about 105 viral copies/nL of serum 26. Use of a chineric
transgeni c nouse host infected with human hepatitis C virus (HCV)
conprising: an imunodeficient, transgenic nouse having a genome conpri sing
a pol ynudloémeptll@ ewh@tﬁmﬂTQPalmﬂdhbﬁniﬁsléOpslpbl}’pllnksdrtqmg@mm‘tsuﬁaﬁm the

oromot o SROPSREs Bk DRMR RSP e cBEF e BsdortiBliERo bRy cory s

and wher eifor ﬂlb@ohmaélebt‘ideb@@@Mﬂ@ﬂﬁmﬁ@heﬁd&y%'eﬁ@%ﬁb@ﬁﬁéﬂﬁho@ﬂ@vo@ Adi meric
l'iver conprising human hﬁgﬂago&:&ﬂées engrafted into nouse host |iver;
CER

wher ei n i nocul #plyEIngthy cardiceie agenh uRen Giyer funstiea or Hosr higeloRy s | n
HCV infection of. LH% JABz& F?i% ﬁJﬁZnon ea[dQ%rs% Ql?er%tﬂinniﬁrl v%r ou?%g&%& jn

claim 26, wherein uman hepa cons eas

hepat ocyt aBe freatedikost helatbreitc ah unmate&camnbﬁemﬁsd et elhiehative co HvaiSendiiof lor of
claim 26, wherein the human hepat qQcy .are_functional for, at_|east about
15 weeks. Yologk prigk tocadigs Pﬁ%?”ftég'ﬁﬁ'&%t@“ﬁﬁéli digptesthe pernp & tovide Ever e host
Is infected wwth human hepatitis C virus foll ow ng hepatocyte engraftnent.
30. Use of the chineric nouse host of claim?29, wherein the infected host
is characteri zQédAb#lincrdxdimmts'gcnic ofoust susegpsiblectb auibctidiBwith hamapheptatios €5/ nL of
serum 31. ﬁée&a e chineric nouse host of claim?29, wherein the infected
host mai NEF ﬁgﬁanl??H%I y detectable HCV infection for a period of at

| east 15 weeks.animbhoSERisHT R use MBdsedsbnotds oRbrikdi& fdl‘j/ﬁﬂ%[doﬁd@&ib%ﬁm%%t of

claim 26, wherein the pronoter is a nouse al bumi n pronoter
the chi merrekingedEDeRIeIminpses astinutoBpolypratide.Whdreindes padimaucdsptide 1s3>mm11>137r

| ynphocyt netq noQ T cell
recept or gg’%é&"aa érr%?}é&]égrg’ﬁéhn@? %ﬁ%%gﬁﬁf %é’fﬁrgssﬁ%nurgo%ggweg?e ]élaﬁgm 26,
wher ei n t heheeis thd st Gdafoizggoei @y the polgaudestideyarat scid nutation. 35. Use of
a chinmeric transgeni ¢ nouse host %roduced by the nethod of claim10. 63 17
Sept ember 2004 2 chimeric liver comprising human hepatocytes engrafted into mouse liver;

wherein inoculation of the chimeric mouse with human HCV results in HCV

infection of the mouse.

22. The chimeric transgenic mouse of claim 21, wherein the promoter is an

albumin promoter.

23. The chimeric mouse of claim 21, wherein the human hepatocytes do not

contain detectable HCV prior to engraftment in the mouse liver.

24. A chimeric; transgenic mouse infected with human hepatitis C virus (HCV)
comprising:

an immunodeficient mouse having a genome comprising a polynucleotide
encoding a urokinase-type plasminogen activator polypeptide, wherein the polynucleotide
is operably linked to a promoter such that the polypeptide is expressed in mouse liver
cells and wherein the host is homozygous for the transgene; and

a chimeric liver comprising human hepatocytes engrafted into mouse liver;
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WO 01/ 67854 SEQUENCE LI STI NG <110> Kneteman, Norman M Tyrrell, D. Lorne
Mercer, David. F.. <120> Chineric Animal Mdel Susceptilbl¥eptanberdfeh

Hepatitis C Virus Infection <130>48990-96 <150>09/528, 120 <151>. 2000-03- 17
<160>6 <170> Fast SEQ for Wndows Version 4.0 <210> 1 <211> 19 <212> DNA
<213> Artificial Sequence <220> <223> Prinmer <400> 1 ctcgcaagcc cctatcagg
<210> 2 <211> whereirinoenlapotthe3himerid houseatittSaguanide Vagadts in HEA3> Pri ner

<400> 2 ¢ q&%@ﬁ&ﬁ §tiné g%%gé&%&% ;h%%%t%ﬁ%ea mOWRe 1§ chsfacterzad ﬁy %uétfozrllcﬁt

Artificial Sequence
least about 10* viral copies/mL of serum.

25. The chimeric transgenic mouse of claim 24, wherein the infected mouse is

characterized by production of at least about 10° viral copies/mL of serum.

26. Use of a chimeric transgenic mouse host infected with human hepatitis C virus
(HCV) comprising:

an immunodeficient, transgenic mouse having a genome comprising a
polynucleotide encoding a urokinase-type plasminogen activator polypeptide, wherein the
polynucleotide is operatively linked to a promoter such that the polypeptide is expressed
in host mouse liver cells, and wherein the host is homozygous for the polynucleotide; and

a chimeric liver comprising human hepatocytes engrafted into mouse host liver;
wherein inocuiation of the chimeric mouse host with human HCV results in HCV

infection of the mouse host.

27. Use of the chimeric mouse host of claim 26, wherein human hepatocytes

constitute at least about 20% of hepatocytes in the chimeric liver.

28. Use of the chimeric mouse host of claim 26, wherein the human hepatocytes

are functional for at least about 15 weeks.

29. Use of the chimeric mouse host of claim 26, wherein the host is infected with

human hepatitis C virus following hepatocyte engraftment.

30. Use of the chimeric mouse host of claim 29, wherein the infected host is

characterized by production of at least about 10° viral particles/mL of serum.

31. Use of the chimeric mouse host of claim 29, wherein the infected host

maintains consistently detectable HCV infection for a period of at least 15 weeks.
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<400> 3 tctctgtcga ctcactgggg cactgctggt 99 <210> 4 <211> 65 <212> DNA
<213> Artificial Sequence PCT/CAO /00350 19 21 32 1/2 .17 Septemahse @R&r 2004
WO 01/ 67%$54 <220> <223> Priner PCT/ CAOL/ 00350 <400> 4 ggaattcgcg
acgacgat ga caaggcaccc attacggcgt atgcccagca gacaaagggc 60 ctctt 65 <210> 5
<211> 24 <212> DNA <213> Artificial Sequence .<220> <223> Primer <400> 5
gaaagcgt ct agcdadt Yerof the ghymepit @rovge ha vf slaps 26 <phdsinthitpropb®es 19\ tiokisei al

Sequence <220> .<22£3> Primer <400>- 6
albumin promoter .

33. Use of the chimeric mouse host of claim 26, wherein the deficiency in B and T
lymphocytes is a result of a genetic defect in immunoglobulin and T cell receptor gene

rearrangement.

34. The chimeric mouse host of claim 26, wherein the host immunodeficiency is

caused by a scid mutation.

35. Use of a chimeric transgenic mouse host produced by the method of claim 10.

63



ggcact cgca agcaccctat caggc 24 25 2/2

WO 01/67854

<110>

<120>

<130>

<150

<151>

<160>
7<170>
«210>
<211>
<212>
<213>

<220>
<223>

<400>

Kneteman, Norman M.
Tyrrell, D. Lorne
Mercer, David F.

SEQUENCE LISTING

Chimeric Animal Model Susceptible to
Human Hepatitis C Virus Infection

48990-96

09/528,120
20600-03-17

a

FastSEQ for Windows Version 4.0

1

19

DNA

Artificial Sequence

Primer

1

ctegeaagee cctatcagg

<210>
<211>
<212>
<213>

«<220>
<223>

<400)

2

21

DNA,

Artificial Sequence

Primer

2

gaaagcgtot ageccatggeg t

<210>
«211>
<212>
. <213>

<2203
-<223>

<400>

3

32

DNA

Artificial Sequence

Primer

3

- tckctgtaoga ctecactgggg cactgctggt gg

- <210
<211
<212
<213>

4

€5

DNA

Artificial Sequence

/2

17 September 2004

PCT/CA01/00350

19

21

32



" 17 September 2004

WO 01/67854 PCT/CA01/60350

<220>
‘223> Primer

<400> 4
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