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HEPATI TIS C VIRUS | NFECTION FIELD OF THE I NVENTION 5 The present invention
rel ates generally to the field of infectious disease, particularly to
nmodel s f ewo mivg7884 pat hogens. BACKGROUND OF THE | NVENTI ON Heoewawabi/amsso di sease
caused by the hepatitis C virus (HCV) has energed over the 10 past decade

communi ty. B uci dat | SHINERIE S RERREL PSR, TR, f’efe{*eii “sci ence
244, 359-361 1989 it HCV,
presently it ig est?pat e:j tﬁgﬂﬁﬁﬁgﬁ%?%}g%@gg%ﬂe@ﬁg i nfected
(Sarbah, et al. Cell 62, 447-456 (1990)). HCV is the nobst conmon type of

chronic viral hepatitis with an estinated preval ence of 1-2 %in 15
devel oped countries. Chroni c HEELpgpafHRINSEN®B@ES to |iver cirrhosis in at

| east 25% of ffected patients and after develo nt. of .cirrhosis it is
est i ed that eoﬁﬁie%lé‘p?’lﬂogrrela@éﬁﬁ?qﬁ?}h’atocﬁlé‘?/f\éﬁgBglq FUPUS dSL5E. pati ents each
year. |In NefidlarABmdRIsHEMvika pathog@Rt |y the nost common indication for

liver transplantation. Currently antiviral therapy w th conbination
interferon and ribavirin is effective 20 in selected patients, but many

either fail to respond or tcﬂ&'&%{j&g%rqﬁglm%p& underscoring a need for
or

i nprovenent. Sustained response rates i'nterferon nonotherapy range
from 20-25% vilirhgh Ewsridiseade calset g tRyepatifinC ivirue (HEVPRaddiflergéd Haytdel N has
shown sustai ned response rates. of up to 40% Nthou%h newer antiviral
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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 combination interferon and ribavirin is effective
20  in selected patients, but many either fail to respond or tolerate therapy poorly,
underscoring a need for improvement. Sustained response rates for interferon
monotherapy range from 20-25%, while combination therapy with interferon and
ribavirin has shown sustained response rates of up to 40%. Although newer antiviral
drugs targeting different parts of the viral genome are under development, 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 1s suitable for
large scale antiviral testing.
The lack of a reproducible small animal model for HCV infection has further
limited the investigation of various immune factors contributing to the disease, as well as
30  vaccine candidates for the immunotherapy of chronic HCV infections. In the case of

HCYV infection, a number of reports have demonstrated the presence of Th1 -> Th2 switch



fromthe HCV infected individuals. On the other hand, non-virem c HCV

i nfected patients have been found to stinulate strong Thl response to

mul ti pl e HCV antigens even many years after infections, suggesting that
control wbdid@Wsaeplicati on may depend on 5 effective Thl mcrCcxatdosse (Cranp
et al. GQut 44:424-429 (1999)). Resolution of these questions to provide a

better u i : { ot ! i.ght as to
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t he deve ective vaccines and therapies, can not be easily
reached Wiomhthe GV smfedtabindivatviatsal Omihd ether Buel; nomeirgastHE¥vnfeatedyear s,

For " hepapfisr hEvg PP CORGHAPBRINBSSpte BAL Rearmsg b P Gy MF Rg s farbe.
human hepah Yias Bridt ih 88t ddsB)pgadtitg MR Bnt A RAHIAV feplicationtfiay ddpMid &4 e

conpletely different viruses, and thus research regarding HBV infection can
not b& eHedive Théxattivabioh €@t & aHCw 4442414284198 HResplutiseof tete referred to
as "hepatiti.s" viruses imaril ecause. HBV and i d replicate
in the | {YSHOISAC ipa%“&i %Hﬁeﬁﬁ(ﬁerﬁé}fﬁﬁ%ogﬁ ' \]}n%FeeSpAr_%%gg ﬁ%ﬁ?@ﬁi@uf han are

H'V and EBMht hioahe @deibpaichest effddtvd vatuines arihtapies, lcan hachie eakiBY and HCV are
so different that they are not even nenber of the sane phyl ogenetic
fam|y. FBhqdsvizhawpppwfablsanimeal medpddnavirus family with a genone of

doubl e- strand [%'1\1'@! A mg fhapiyhus famly,
which is basg)geon aéﬁ?ﬁ%ﬁa@?g@%ﬁ@%@ﬁan Eeeé%{sﬁ& ggno%. 9{5 HBV and HCV
al so1di f tHeveldpmenhef animalf recdels/fok YiepdtiiV B wrdse $®wentre deéspaa sheitsmilam

equi val ent dose of HBV, as evjdenced Qy the differences.in a sition
rates i nSHEEHETIMmes,Jumaghspyitissy é‘lmsr{é%‘{)e@fiihé%‘afl prus & Vg HBEE | ons

occur i neZq 80040k rEBNr vinRBL 2k ket AeR U ardih EKBIVRRcEon W Ad bECY
infections occur in only 3-10% of HCV- contani nated needl estick events.
These obsedimtitopslasdggdliV infedtiodCBoitls vialsesiaretrébened tocrs? Bepasitis” virgses | ess

infectious th HBV i rqgical, ijn. North,Arer,. . . 75(6):.1047-56
(1995)). pwg’ﬁﬁc s’ﬁ‘??‘é‘iﬁgr%g’&?qcimfdﬁe?#ﬁc 'termrt%%mfir'eﬁélnd[es%?%pn?i_é%\;cat i on
as wed |  asd HOVE € no Wor@hlikeQRsh 46 HINGnd IHBSE WiEh eddBYffea tEapaminge of
replicating in less differentiated systens (e.g., Hep& cells, Sells et

al . Procsysim| In fagialfB Vaid HUJEArgsp diffesn( thaghsy arenat evsammemler oBthepcy
replicat| n@ F‘ o] h C qu-y . tes
(see, e. %:Ja.%?e ﬁﬁ%@gﬁﬁa ) QGEI#V{GZJE%E&B%f%%{l?}??W% eg'\lltlntr?l%% h‘?ﬁ ers of
pat i ent sof ddubtd @tindéd DNHCWhereWOHTY & 48hemRebf CRAGIVOAES Bamily, 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
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equivalent dose of HBV, as evidenced by the differences in acquisition rates in hospital
personnel after needlestick injuries. HBV infections occur in 2-40% of HBV-
contaminated needlestick events, while HCV infections occur in only 3-10% of HCV-
contaminated needlestick events. These observations suggest that HCV is about three to
25  four times less infectious than HBV (Shapiro Surgical Clin North Amer. 75(6):1047-56
(1995)). ‘
HBYV and HCV differ greatly in their requirements for replication as well as in the
viral load during infection. HBV is capable of replicating in less differentiated systems
(e.g., HepG2 cells, Sells et al. Proc. Natl. Acad. Sci. USA 84:1005 (1987)). In contrast,
30 HCV replication may depend upon the presence of nontransformed hepatocytes (see, e.g.,

Ito et al. J. Gen. Virol. 77:1043 (1995)). The viral titers of patients infected with HCV



are generally |ower than those of HBV-infected patients. Patients infected
with HBV have |evels ranging from 105 to 109 particles per nlL, conpared to
102 to 107 particles per nL in HCV infections. These differences in viral
titer ne}OW&6TRI® at |east in part to the relative clear Z5dEAROEE00f viral
particles. In addition, the number of viral copies per cell 5 is also very

low in HeM geﬂéx@ﬂ%ﬂ&ﬂer(tﬁargthosegﬁmﬁ'\ahﬂfyctécﬁﬁz&whﬂarPaﬁEhtEmﬁ:oeai \pﬁhiH(BéJ | (Dhillon
et al. Histopathol ogy 26:297-309 (1995)). This conbinati | ow viral

titers ahavdlevels ransingrrar 197 tedP E%’B?lé%PeﬁéTFL comparddnd 0t e d B"‘%‘Flﬁﬁp?ﬁ cant
number O‘int*‘#'ﬁ@vﬁﬁ%%&%&y‘rﬁ{s 3 Psem'dﬁfa?ﬁ{e?%g%@ dRE QeSS BPpaH touyse for the
on to éven fecte

i nfecti rn serum l'imted host range of human
HBV and halame dHG@varea satpy afirerd] mrodﬂherintaﬂditiion, th¢ Quinher afevrel eypmsmperedll in vitro

and in 0 nodel s of__infection, Hunmans _a anzees ar onl
ani mfsvgi\}é%m B?S"ié“t]érl U h‘ﬂB&?& lrJﬁEB‘ErSp}S%S ﬁ\?ﬂéﬁ Cocz?heisf?ﬁ%\% e@i‘ﬁloélneﬁytree

shrews arg O Bﬂlbﬁﬂﬂ'@ﬂ HeW (il @ite@é ardd lowVi 1 0l 0gy
244: 513- 5011%H%‘gtﬁ8)§ﬁogg%g?¥ ?ér)%h??g)‘r)m elntc i nfecti gn of 1tree shre&g with HCV).

Human HBMumbérd ofi vmfaéortples ot mdans tirah A Sigmfmant;mlm@r |0ﬁh1¢1u1ift hﬁP@tOGEf@é e.g.,
Sureau Arch. Virol . 3-14 (1993 L t 13; 422-6
(1991)). “Hé\)’%é“t?é‘e%‘drpé%‘? édI’P%f‘lr#r iafet nﬁ Fonbe g ﬁtre%s 5 ‘Jﬁﬁ%n

hepat ocytes; hQugMBied hhmaxs‘g%ldfﬁuﬂgnﬂmvmatnmcvm eived peobledfaticii ogeny
virions (Four nier et al. Gen Virol 79( Pt 10):2367- 74 c§1998)) The

devell@pnﬂmdeaﬂoamsmtqfsﬁ a@tOcﬂnsi i meﬁéelﬁﬁﬁmfeqt@nr shansand shigpezees o provi de

a nore C| I evan ans O
agents. ﬁg“f} glrbfgt\(/)v hrajl\ﬁﬁlggdt]?g %@tﬁ%g hﬁ‘gf Eggss maﬁe it very
difficul Tshr"er d@vsals@pnmralfaﬁhfewaemh huiei HEN (XéiRienal. dengy§44)‘51348lﬁ)’ and HCV

either do not involve the normal course of _inf ectlé? @ e use of
previ ous(AP98hirenortieg Wenstant infsrapn ebireeshreyys Wik (e “I%a-“gﬁﬁ niepiy;

>, 709, 84:13solagéd6rﬁ§na§171§ver §e1ﬁ% C&lg% s%? 84g91_%%§au /?rc%5§rr§lzgﬁ3 ?4"((1953 366, 757;

descri bi ng I Meric nouse I nfection by transp anting
HBV- i fif eChm@erdiSo BWBHe;bdtUlegy tRHLB6 (lmmp) tH(éV rhmjbmll@pimz;i t¢ apsu ipemanD
99/ 16307 and Gal un et al . _Infect. 172: (198% d SCI’I bi ng
transpl afugreo }blfnaﬂdi\?l’i‘tﬁ?%%% BeMRHEReRe Cﬂ’érﬁiﬁtn(%?{pé’grt ﬂ?ﬁ Rofysyep ©

| TUNOdeLl LA BhE BrouBENIM Ol Ao bERALI 9N (RGP IR (1998)

descri bi raperl toneal 1 njection of HCV-infected hematopoietic cells
into SCHareﬁnpm}:nt ahalsdtisfacwnetn avo mkg &t whwigsd IZS’(IdI@ttQ))I’MQEA 04198)

a1 ol 1 SN T ERRD T S GBI MROBALR e TR B ek
hepabh ti Far¥d USst el oY HEAN ndPMCVHa8 Gldde ik Wby difficult to develop animal models.
Current animal models of HBV and HCV either do not involve the normal course of
infection, require 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 transplanting HBV-infected
25  human liver cells under the mouse kidney capsule; WO 99/16307 and Galun ez 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 et al. Hepatology 28(4Pt2):498A (1998), describing mice
30 transgenic for the HCV genome). Infection by human HBV is fairly well mimicked by

infection of woodchucks with woodchuck hepatitis virus (WHV) and by infection of



WO 01/ 67854 PCT/ CAOL/ 00350 Peking ducks with duck hepatitis virus (DHV).

VWHV- i nf ect ed woodchucks and DHV- infected ducks have been successfully used

to identify drugs effective against human HBV infection of humans.

However , WR®14AE# ogous ani mal nodel of infection has been PGTEeM{%338d f or

human HCV. 5 In the absence of a practical non-human host, the nost

desi r abl Pelauy dmdks MEtheduck Wepsticis bua(DHVWEWHV -atfecrad woodidckshat DHV-owed f or

i nfection of human |iver cells_through. the ormaéf rout e .of infection,
aleddentity Arign el
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Unfortunately, el opnent of mcé having chineric livers with human
hepat ocyidestifiadsfoeptmim EC?Vo 10 HBV or HCV infection, and sustaining viral

replication d, virion oduction at clinicall rel.eyant ust aj nabl e
| evels has p?]g\}gﬁa}?ﬁ?n%q %Fga‘i’?ﬁ?lt@rn?hw hfolsﬁa?hf %?S‘QSﬂﬁégeﬁB%%ﬁf?@l
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ur oki nasme geviopinéltt of hlie Haehigrchimadc livees withomean pépaniies suscesibld fong in t he
targeting of urokinase production to the liver and pr oducingg a profoundly
C

hypofd br HRY g #aY dnisetigne andryfsining nisy) dppdicaen andsygrie produetionzé cliniedlyc at ed
ith t 0 . 1 i | i mal
20" dermor 172t SRLERR REA fastE N nohfle alflel, Thi Bl o e RO o T e

t r ansgenmeansplantation Hasamevegniety dawly sdnmvétwath mamy olespiciesat i ve advant age,
resulting in rep&%ul ation of P;Fl%e liver with these nontransgenic cells

Sandgren et aim ordgriesily neqmg 4ipg digpysierssrd hypy T SIBOHEs proved

anmenabl eydQoddi ARt h abuilih-AbkMakE oyp é)%nﬁx%éﬁﬁ abH PR Astrcf @05 GPA) Gvali Ce
(Rhimet al” Science 263:1149-52 °(1994)). The Al b-uPA transgeni ¢ 25 nouse

was i sodevelopedaskEher ub €@//t63:497 SOUE RN Sandgeani angl. CTef/ip6r248-36i(V819)-wi t h r at

hepat ocyt.es imet al.. Prqc. Natl. Acad. Sci. USA 92'4942-6 (1995)) or
Nongchustie fh‘i’g@t‘ghﬁ?ﬁni ipeldramutipe ‘érlogmﬁ?eo%‘i“eﬂé‘ T.A‘}‘%%°é‘ .Ofl%fct " USA 95:310-5
(1998) . irowRSrombRe SesulttRMA HRPERRtise YRliBkihhid pro@udtion @ tht&Redatdy from the
devel opment of an ani mal nodel susceptible to HCV infection. Production of

nouse havpduring xpiedyadli kypefibmrqgeasmictstayim Bus Haeigaes WarsHereiouad tabfe Rodenti a
o A GA Ba b St EBEERT PRFpG odl 2 Tove
20  demonstrated that individual hepatocytes that spontaneously deleted the transgene
acquired a significant survival and replicative advantage, resulting in repopulation of the
liver with these nontransgenic cells Sandgren ez al., (1991), supra). The Alb-uPA
transgenic mouse has proved amenable to transplantation with liver cells from non-
transgenic mice (Rhim et al. Science 263:1149-52 (1994)). The Alb-uPA transgenic
25  mouse was also successfully used to produce mice having chimeric livers with rat
hepatocytes (Rhim et al. Proc. Natl. Acad. Sci. USA 92:4942-6 (1995)) or woodchuck
hepatocytes (Petersen et al. Proc. Natl. Acad. Sci. USA 95:310-5 (1998). However, these
developments were still a long step away from the development of an animal model
susceptible 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 a mouse having a xenogeneic transplant from an animal of a different



4 WD 01/67854 PCT/ CA01/ 00350 famly, e.g., a human, nuch | ess would one
expect that a high degree of chinerismcould be acconplished, or that such
chinmeric animals mght support HCV infection. For exanple, hepatocyte
growth fWE&WBH7§HMG) is the nost potent stinulus of hepat RGYEAWWRIner ation
in vivo; in conparing sequence data, nouse HG- was shown to have 98.5% 5
am no acifamigguenckuhannuel Yessivtduld ate d4Eeet tanal highl deg®® of ehamerismivanidn  HGF

(Liu et al. Biochjmet Biophys. Acta 1216;:299-303 3L).. There were no
guar ant e aﬁ‘fom@lﬁE%LQE tha ﬂ@gé CTIE JUBYS THE tﬁ‘épﬁoftel%é%?%%e)cgmh Eﬁ%{n- nouse
liver Ch'e%ﬁ?ie? SGRRY e R G thFactSHYERRINGs ARG hoentiibtuikddf Hapstomits h vi r al

c

production a inicall'y relevant Ievels. The 10 present iInvention
addr essesegenemtipr sbtiemin SuhvpaRe seFueTsEdstvENEE BGFHas grosgdathayq it on

f eat .non- i mal. nodel t i i bl i iop b
o ShegateR FapHEesabTE ar T aPe SR SRR R thihan ERFELEE P
15 The mogedoimsmRAsePrin@a NPN6heYRAn3 V\%mmotlﬁﬁwmfélﬁeglatrmbsgeni ¢ ani nal

havi ng a hunman- nouse chineric T1ver, ere the transgene provides for
expr essi oncagbs. a ur oki nase- type plasm nogen activator in the liver. The

invention alsq.features, neth for. 1dentifwi : i §§%§ apeutic
agents, e.g.,qgggﬁf%n %bﬁﬁ%agﬁ #eﬁ%%Pngk@%%%¥b%gag?%§%&1 tB?ﬁ?ection. 20 A
prinmary Qbidaedinfktibh®ith HEVh@Withs/itaDpriodaatiot @t elimeidlytralermt devietsal Thepdel t hat
is susceptible to infection by human HCV via the normal route of

i nf edfi opresppt inrpEAR agdresses tePPRA¥ENt i on is that the animal nodel provides
the first instance of an aninmal that is susceptible to infection by HCV
via the normal route of infection, and further that can becone
chronically, consistently, arsdmiaoF THElowEROO®t viral titers that 25 can

of the i nvent /1A PSR NP BPBABE OO i ST drodsp bt s Boee f5S T equi re-
oo oy ke i s haniian cormeion e
i nfedf hilimamodsd pehased/ores npmyhyingn gMNBINGER RO BIRE A PEEENCADINEJBEIE 2
human-mouse chimeric liver, where the transgene provides for expression of a urokinase-
type plasminogen activator in the liver. The invention also features methods for
identifying candidate therapeutic agents, e.g., agents having antiviral activity against
HCYV infection.
20 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 is susceptible to infection by HCV via the normal route of infection, and
further that can become chronically, consistently, and stably infected at viral titers that
25  can be 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.



These and ot her objects, advantages, and features of the invention wll
becone apparent to those persons skilled in the art upon reading the
details of the animal nodel and nethods of its use as nore fully described
bel ow. SWERISESSHESCRI PTION OF THE DRAWNGS Fig. 1 is a V\e"s"ETé?fh‘"Hf‘/’éi“ of
human al bum n (HA) production in recipient serum sanples over tine in

ani mal s car r yiThgsedndrodiier objetty) adyatithges Mot fabtAres oéitiegevemtibn ggll b2dentF- ar e

phot ogr aphs of hi stochem cal_ analysis of human chineri i n_npus livers.
Fig. 2A 1EPEOTENMesErSeaEkdlsdes B aat_rupeaﬁ?aﬁwg %H%tgﬁi PL1eF 2meLROfelom & 10
nont r ans phaileatds SFRLY IO tndit Rl sdripé@belowoW ng uni form cel | ul ar
architecture. Fig. 2B is a |low power H&E section froma transpl anted
honbzygous nouse, showing a |large nodule of tissue conpressing surroundi ng
host - der iy iver rench .Flgs. 2C and 2D show control sections of
rrousegan@lﬁ%r;lﬁ cﬁp\;g)%gpe@gﬁg%wp , both inmmunostained with an anti-hunman
hepat ocyt e antriqdy a Wisrenslok 3f huifart A1eurhiEIR) brsduetibie i aipidpt Se@dur e
clearly 15 stains human cells, but not nurine cells. Fig. 2E is a high
power H&EAmEplgs pedt tigrecinjapimal§ carfyingherpios paradns g g8 etransgeie showi ng a
nodul e of healthy, hepat f g i i.gsue. Fi is a
consecutive slgﬁc%li %% Im%ﬁ%it?%aﬁ%?%#ﬁs?&%%ﬁ? g%%ggglﬁgjakgﬁ?#%esﬁfhs %l%mgng

t he dar kéiveo@ig. @Atie alew powpr H&EGeaionhufitantralehduse liwert thkdohioraar r oundi ng
parenchyma being of nmurine origin, 20 Fig. 3 i,gqa grafl)at; iIlustrati,ng
prodh€t | BANEMSRRRGHIAmPRXEhd AR h&yeR Shayriae grsgrrsceliplar grepgecting) Fig 2Bn f our
reci pi ents, LAr SN LB CecoR TR IrhADRYRAGonTPeoud nichsé HEWIRINafleot of HA
production i n an Al b-uPA-positive recipient post- transplant show ng

sust ai nedodilgnftissuata@ngiessyng ifroundinghostalebved ves parederyang. 30pg RC a8dAD -

nont ranspl anted nouse serum control. 25 Fig. 5 is.a,photograph.of. . a Western
bl ot ShoRFCOREL GRS S THLHe R ABARTIFer CEIRF o5 LA POt an

hepat ocybg$ hjifak REpIRSyte dnki¥6d s dbSeREaaRe IHRRMARMBhistodRénicAIURbcddufelearly
Wld-type (-); transgénic (+) recipients. HA - human al bum n standard,

nont # ans plais hethameelise betarotmugine gellsi \Fiés. @5his pligh pawey HE&E sigingd sersiongf aph of a
T7E rati SuspaiRREE LG Bhhe FhRAE S ANRRS biokiocls b RBIRET Gt
have a r alrrcundfng-tdsued ) 2Flik @ E8hstcitvE/s€A(dn/ i@ hdstained for human hepatocyte

antigen, showing the darker nodule to be comprised of human cells, with the surrounding

%z

parenchyma being of murine origin.

20 Fig. 3 is a graph illustrating production of albumin from human hepatocyte grafts
(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-
transplant showing sustained signal intensity. HA - human albumin standard (50ng); Con
- nontransplanted mouse serum control.

25 Fig. 5 is a photograph of a Western blot showing detection of human albumin (HA)
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).

Fig. 6 is a photograph of a Southern blot for determination of A/b-uPA zygosity

30  from genomic DNA; a T/E ratio of ~2 is characteristic of hemizygous mice, while

homozygotes have a ratio of ~4.



Fig. 7 is a photograph of a Western blot showi ng |ong-term HA production in
transpl ant recipients hem zygous (+/-) or honozygous (+/+) for the Al b-uPA
transgene. HA - hunman al bum n standard; MS - nontranspl ant ed nouse serum
(negati vWOBKF$El ). Fig. 8 is a graph showi ng a vertical PERat %t of
quantified HA production from5 individual honbzygous (closed circles) or

hem zygous (Oﬂqgmfslm{oe@g)raplmapwemmmmowﬁgnm mﬁ{mrodwawran trend
| ines are shown for both groups s a graph show n rls serum HCV

RNA t i t efanspiaay reeineents esiizygors (i &éét@sgorﬁe@fg%bﬁﬂ itRsrAlpw
Lransgenjq ok Aldy IBGHA SRk ML bRRRU IBER ot &nﬁ%eng@&hﬁg ghuma“

serum I'ne represents Seri al' roman 1 ndividual g
reci pi ent. 10Figi §is dlgraph siwwangh etrtigalapiitarplotofigplangficidlAgrebrctot from of (+)

trand RNA er I d. RNA I th t abl
PT RS eversbliby BrreeREpre Gl et ATBiaets R el MeaPIEP: or i mor <.
Let ter dg%?d:ﬂ@%bl?ﬂrlgfggﬁh}?{eﬁa’ﬂﬂes]a}e HoRERRbEE dgm@@rml es and nunber

desi gnat i ons represent individual RNA sanples isolated from
the livers ofFlge%shograplygwmngm&egmtmniﬁ@ﬁrléNArtampl\f%rrth@ﬁrsaﬁd’ waekm 15

i nocul ated wi th HCV-infected human s ont r.ol use,

nont r ansPASHIRPEYAtQRIR Homesy & St@“ﬁ‘?&‘t"ﬁ%@ffé@d%m? ?tgﬂé%%)cgr# rr@u%gvl nocul at ed
Wi t h HCVipfecfed HUHERZ¥ARY SEdch s pépaéteRd sBRAISRers A imiagidubBgtaMirddipibieV, D,
serumtaken froman infected human; E, standard DNA | adder; F, binding of

| abel®ed pr obeFigol @ isgperhomigraphsat ehsheavipe Artpetiond i+ byiapd RN (RReF (upper

panel ) or an | R4S 10
doped WR%QQSF%'{:?@@R\?W&%%&V %I?Illloes rﬁ}qreﬁm m)usis%gb‘alyé\?lglr\I NA((logz;)
doped wi P@R%@&o@cﬂmlﬁﬁstﬂaﬁlﬁm}sﬁcnﬁrﬂnrﬁml Eeunaeleélgpmem} (mnhrswsla ard ¢l )

ri boprobe; [, nouse liver (10 é))ed with 106 c es radi oi nert sense

(upper pAwlgs ape n&ﬂtblel’s‘éﬁﬁ%ateqr@\ﬂk Fhfﬁ%ﬁbl TERTBSPE B‘Slé”d BPPdBes
hybri di Zg(g\a%@dtfgn}ﬁl rs@'ﬂ@%dxﬁq‘é?&m@%’ce W chss’v'él'é &QH t<§lt a@ﬂ%hénd enti cal

except Ion o isa 25 dluti series analysis. Fig.
10B i5s ainphinited wahHOV-iafegred hmhaxasmlmhum,(mldse'pﬁ esntxmmoylset,s of sel ected
animals using_the ther m)s';laﬁl e rTth revers&l&t r.anscri

t
pr ot ocolnonEféPstPé"rm%flmBOWHf;?ﬁ@ dELTOREP PO AR iAptedfaouss g@’tedﬁ” 1&115 10A. Fig.

10 Cis %S@Engﬁlaﬁte@ﬁlou%"ﬁw 1ﬂ9¢1ﬂ§t€@ﬁi‘iﬂhqmv D{ setur k@A Grotiah 30
RNA(upper panel -) strand RNA (m anei) or (3-actin RNA (| ower

panel ) binfeckNameapr Bt ﬁmdam@blésla@der@rhmdmg Dé eledprwba & @egst Bkt ed above;
ouse 1ose\cllvlafesncgsngae!n%ra?ed from (+) strand (upper panel) or (-) strand (lower panel) viral RNA;
20 G, mouse liver RNA (10 pg) doped with serum RNA from an HCV-positive human; H,
mouse liver RNA (10 pg) doped with 10° copies radioinert antisense (upper) or sense
(lower) riboprobe; I, mouse liver RNA (10 png) 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 of RNase. Fig. 10B is a
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 panel), (-) strand HCV RNA (middle panel) or $-actin RNA (lower panel) by

RNase protection assay. Control lanes are as designated above; mouse 10 was analyzed



WO 01/ 67854 PCT/ CAO /00350 only by the RPA nethod. Letter and nunber
designations are the sane as in Fig. 1 QA Figs. 1 1A and 11B are

phot ogr aphs show ng i mrunohi st ochem cal analysis of control (Fig. | A
and HCV W&rde8® (Fig. 11B) |iver sections using ant antiB¢RGAEHSbody. 5
Fig. 12 is a photograph of a Western blot to detect Apo B 100 in serumof a

chi meri ¢ MPHERAREA aR&IIANERE AR IniRber deR{p@aildns arki@RaBe asim Kip aoa. 1) and
serum from™ Al b/ uPA a non-transpl anted anjmal (lane 3) served as positive

and negative dogtdbAgnd 11 Baprphotegsinhs showing Tamupphisiogempipsl| 3oy e OPREFERRED
EMBODI ME f ' ti ' : ép&q%aﬂttan{-'_ﬁé\@ be
understocl;cg§?ﬁ§(??%ﬁilé???]%ﬁ'?ﬁgﬁe&e?g?%b%%lh&{g%%?{é parti cul zlir nmet hodol ogy,
prot ocol santibédy. |ines, aninmal species or genera, constructs, and reagents
descri bed, as such may, of course, var [ under st ood t hat

5 y . Jt.is als .be
the t&rm nol odye-udds2mbpiegrsph ef ¢ Wes{eﬁég]ﬁh%é@t gf"’%éb@r“? BTG %b&rti cul ar 15
embodi ne ' | 4 by, hREdubd\@aneSl) RRE sdrii@ fmope of
t he presgh?nafyn%%é%ﬁf@msql%t%deﬁgﬁgﬂ?%g%n??nlggg%he a per)lded clainms. Were a
range of AlbluPasa hen-pamspiadéed animali(enehoeredas gosifiag afiy eonirelsi ng val ue,
to the tenth of .the unit of the lower limt unless the context clearly
di ctates rﬁstpﬁ‘éti‘(ﬁl%e, bet ween the upper and lower |imts of that range is
al so specifically disclosed. Each 20 snall er range between any stated val ue

or intervening value in a stated range and any other stated or intervening
val ud0in that stated PEIJEDIRESEREDPP S FEREFRARERIEMEAEMENfent i on.  The upper

and | oner. lim et r%fthé[ hr%sse%t isnr\yg‘rlltlo%ris Elé’%’égﬁid Y td &gc?o!atthéf tlgg iriv%ﬁéi eq or
excluded in the ?ang , and each range ére elther, neither or both limts
are i ncl yggst limited tb agitalak efethodbiggs, protoedis,aet tinesypams: dpavidsor gerelne

i nvention, subject to any specifically 25 excluded |jmt in the stated

t
range. V\V?QFWFFea%Q@?&f@tsr%ﬁ@'@eﬁnﬁlsﬂ%@a&fg%]‘“&o‘faﬁ” g 3lse to!bi‘a’n’i ts, ranges
excl udi ngmgiﬁtﬁ']}agé gp‘% tek#%ﬁﬁxgxg%lo%}hﬁs%ﬂ neRG #%Idthle E[Hpt(ﬁe &f &es@ivif pifbuiged in the

i nvention. otherw se, all tec ni cal and scientific terns
used 15er enbolianventd dry, and ienareatanded tabe tontng: syicetidsceneqddhdgresene of

ordinary skill in the art to whjch this 30 invention belongs. Although any
net hods éﬁ’\‘(fnﬂﬁ’t‘&'?]ilg?g‘mé‘iehlofﬂé(rby& e%‘lfﬁf‘éféllcéﬁfnsto t hose described herein can

be used in theypiagthfR Phaleshipheidld, ft heulieseydt thittaeminkVenidd ealud

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.
The upper and lower limits of these smaller ranges may independently be included or
excluded in the range, and each range where either, neither or both limits are included In
the smaller ranges is also encompassed within the invention, subject to any specifically
25  excluded limit 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



WO 01/ 67854 PCT/ CAOL/ 00350 preferred nmethods and materials are now

descri bed. Al publications nentioned herein are incorporated herein by
reference to disclose and describe the nmethods and/or materials in
connect i wo aMetds4Whi ch the publications are cited. It nustpdeCa@i®ssot hat as

used herein and in the appended clainms, the singular forms 5 "a", "and",
and "t he", ipel HAemBHYLAR mAehift SR pwisEIsedt NI SN EXdInsch&mioh¥d Rirshat es
ot herw SGP. Thus, for exanple, reference to "a liver cell" includes a

pl ur al i t yaroincempotatddiheesin by rdferencrto dissiase emtdescmbe’ thh enatieadslandenmateriaial

i ncludes .reference to %20% ﬁr ‘?ﬁre .non- hum%n ani mal s and equi val ents

t her eof WRASHMCEEOR WHE ¥hsh; the BUPHRUORE SIS 2nd so forth. The publicati ons
di scussed her gj u@ e nbted\thAad usd 1Rkdin bad intthehgpedi @988, theRirigalar F@ms10 t he
filing date of the present application. Nothing herein is to be construed

as and ad#l.$eidSnandnshe " inpdudsy pigmhreferants palessthe somiet claatly dicdefes othemtiedat e
such publigcatio i w PEL Q. b i . of

ubl i a1 OfRpr e relee & PR ke RGOl hen i L 88 30
whi ch nmayefaefce to0'theeonAidepenaenill’ ynohaies referenke td DnOef mord ncnbuiidzhi meri c” as
used herein (e.g., "chineric animal"™ or "chiperic liver") is nmeant to
descri be W%? @&F%fva&ﬁfsrfﬁ‘?ree%lﬁﬁ’f"fnstpﬁbosiéﬁgﬁ%‘ﬂet;‘.ﬁ agty 3§’§1§stf)8§‘ cells. O
particular i ntﬁ@ﬁﬁﬂlica¥i§ i SdUs R HefeiR BePRbvid MBIy ForltiMGr &REIBRIre boriBi Meri ¢
due to the presence o %uman hepat ocytes engrafted in the animal's |iver.
20 By 0" i rwufiliigpdyte ofiths prsernit spplanon.t Nathingteranistalbecanstnstd aseunt a conpl et e
or significant j ne response agai nst. t he xenogenej ¢ tissue, or. cells,

o g - Sy TGRS FRCTAFS e RO SaUEh PR PP by girie

i nef f ect ig¢gribMin{&@itRat FeAnGS hk gtk bapsicandBstoviaed by b laefféreititoth fRNSgene”
is used herein to describe genetic material which has been 25 or is about

to be ar tacfuplpublirationriotes mwdich mepnedddo e trsiepengently eantaiclan, particularly a
manmal i an cell of a living animal. By "transgenic aninmal" is nmeant a
non- human ani nmal, usually a mammal, having a non-endogenous (i.e.,
het enel ogmifisjtioasicl ei ¢ aci d sequence present as an extrachronosonmal el enment
in a portion of its cells or stably integrated into its germline 30 DNA
(i.e., in the “gBimsaricc asbwddsran (g medtmgic agmalopr fehimere fixsr”) ingi@pdPogous
nucl ei c i g s intr ' : [ ' i mal s
oy henet Heldhne o ot iog%ﬂgxgpcc#rgér?m%élfenggér{gé ti8GesYr cSHE OF pAASAGThErRD

is a chimeric animal, wherein the animal is chimeric due to the presence of human

hepatocytes engrafted in the animal’s liver.

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 about to 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 a mammal, having a
non-endogenous (i.e., heterologous) nucleic acid sequence present as an
extrachromosomal element in a portion of its cells or stably integrated into its germ line

30 DNA (i.e, 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



WO 01/ 67854 PCT/ CAOL/ 00350 exanple, enbryos or enbryonic stemcells of the
host animal according to nethods well known in the art. A "transgene" is
meant to refer to such heterol ogous nucleic acid, e.g., heterol ogous

nucl ei ¢ woi d/6rssat he form of an expression construct (e.g.PCT/OAOYG9350
production of a "knock-in" transgenic animal) or a heterol ogous nucleic
aci d thatgy ?ﬂ: BB/ bPEMBryWhic Ricth eerus%@lt&%@t arRmbPIcO6dirgan endtigsiihell i N a
decr ease |n arget "gene expression (e.g., fo production of a "knock-out™
t r ansgeni knommiimglie)art. A “kansgknalus theaft tareferrte sn@ah@erahgam wickaiq aid.ieg-ot he
sequence of the gene that decrease, of fun t ar get
gene, pr & eqr%tlﬁg?}gs‘ﬂlﬁlr‘?“t #id mttE? gfé'tn éjélﬁémprgﬁsﬁ?re% sn|St(§‘r11Ct|(esg u% ?é;%rg %ﬁtnggor

i nsi gni f'cﬁ%nﬁmoé[(r AN $ARYeaickRRRA) UL hadtbIBabes mlei®cid that OpGT inSeticn

het erozygous knock-out of a target gene, or a honobzygous knock-out of a
tar getS gefighin oRpdiadenby tasget gena rsaistie pEpFreascdd AT BRE ISERRCXPETREIOR (B afor
knock-out s, .where teratl get gene can occur upon, for

exanpl e, ex%uocgﬁngfa?krt 1;30 qpan?é?ﬁpsuﬁlgubstance that pronotes target gene
alteration, lMrlﬁfﬂdkiduﬂ'rbfafgeﬁélneﬂﬂsymlﬁefmbnm thiest@snce efthepeneahaton at t he
target gene site (e.g the Cre-lox systenm), .or other nethod for 15
di rect i ngesuls in aﬂgé@asaeﬁ@nav%?%tbr tﬂggeﬁ(gglgeng{eﬁrpk}ly S}B\Chﬁbﬁb@t&e F80Cof a target

gene neang, 51% ts%ﬁgt'eptgblleg ?1 %(ﬂ?ﬁ gﬁ@li‘rags‘ag@ﬁ%ga@fmt anfisib Es den al tered

expressron , I ncrease ng ectopic) or decreased expression)
of a 1t0ar gmtnpgleme heterogygousyknbek-owdattarger gehe,am adodiozygovalknedpgutef at he t ar get

gene, operajivel ,nsertrn a re n t hat rovrdes for
enhanced é%/gﬁtr@& g{‘\" k-0 éﬁl Qf)u%ﬂ(% h@? '¥dl ‘Pfg‘??% % ctutsgé*ﬂ‘ "Knock-in"
transgeni ggr£i8h oFﬂh@ﬁﬁr?@tegeﬁe bat @Jcﬁlzﬁ’;gﬁuﬁ)r ekﬁﬁﬁllé é)dpoﬁfre bh@etadin@ito gene or a

honmbzygous knock-in of a target gene. "Knock-ins" also enconpass
condi t i orsabstive ¢hat uprrsnotwarg@p@@mltyrarlpm@e@oducgomém enziaie teat pRMAEjuence

d I
opr ossi A OHGRIRE LRaF oot 128t S Fis @ttt TegaR Bt uchy) D oe AAngPER! | o°ne

acti viat 0rduréwﬁgeﬂhe%gargen@ﬁlwﬂshdnq)otsmatan?guI atory sequence(s). By
“operatively inserted” is meant that a nucleotide sequence of interest is

posi ti oned adeacékaam QEd eégqtaén%@qaer@e@h@m?nmm celt genquethdt i on and
franslatig ttuean Willcq LREQBHEED. IALERL (AR RROUA @Dcﬁfdetﬂatea%asm?&&? term

"t her apeutic eln re ers to an ecul e protein or

30 smal | dmltagui gene @A) hpieodudiah of ampdditichal aas;ty dfable/targen gerse nstey nol ecul e,
ri bozyme, and the like, useful in the treat HL gl sease or.condition,
e.g., a |qp§@1t1v%15mﬁeft}n(gra regllt\leqo%q.eﬁgence that prov1 or 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)
are connected in such a way as to permit gene expression when the appropriate molecules

25  (e.g., transcriptional activator proteins) are bound to the regulatory sequence(s).

By "operatively inserted” is meant that a nucleotide sequence of interest is
positioned adjacent a nucleotide sequence that directs transcription and translation of the
introduced nucleotide sequence of interest.

The term “therapeutic agent” as used herein refers to any molecule, e.g., protein or

30  small molecule, pharmaceutical compound, antibody, antisense molecule, ribozyme, and

the like, useful in the treatment of a disease or condition, e.g., a liver condition, including,

10



10 WO 01/ 67854 PCT/ CAOL/ 00350 but not necessarily limted to infection by
HCV. For exanple, therapeutic agents of the invention include nolecul es
that inhibit, aneliorate, or relieve synptons associated with viral

i nfecti owpoamsdssun particular HCV. The term "unit dosage framtAa@asossed
herein refers to physically discrete units 5 suitable as unitary dosages
for subj ot Hira i 3

pr edet erﬁrﬁlg(f I%ﬁ%rsiztlrlﬂ? mm%hz%lelﬁé%‘%lb%;n an gﬁ%ﬁxﬁ ﬂ@gﬂ%ﬁ%ﬁegﬁ:%&%p@é uce the
desi red efhventtn invhalksodeatldsomtwitiitit, ameharats oetelicgabymptams essbabled wdihl uent ,
carrier or yﬁgig Theflr?g@g[ipéh tions for the novel unit dosage forns of
the preseMel IIRFERE B BP on a variety of factors including, but
not necessari Iheltéri 486 doSagetfben’ PANséLHrain ra@eytb phsiBAIR Ayeéle amigs t he ef f ect
to be achieved, and the phar nmacodynam cs_associ ated with each conpound in
t he hést Surt%%e STy dosegasiferaubjecisy(e. g aanimpls, apehllyhamanyeeaghaniised herein to
gener al | obt | nin r naco { i o iC

ef fect. ¥R nfl%gea Pha ete lCHleda(ﬂ)rophf ﬂ% ?nt%§ %Pgrusn?o‘?f?gleg{ &t g(fu oregpartl ally

preventi Ialgsﬂ:bd(ﬁf&em&s@haﬁyﬂﬁ'ﬁtﬁm;ﬁqﬁﬁﬁ@@ﬁtlfhﬁy&ﬂ&bbﬁﬂbldﬁ}%h@cirh@f@'p%hiclec in
terms of a part| al or conplete cure for a disease and/or, adverse effect

at tri but abteesPegitiepiongiferdhgrovet yribdasaghiorma of theauesqal gy wnties el depgng

treat nent, , et ﬂ&épﬁ%q i ncl udes:
(a) pr eventl ngg‘iy I seélllscghd??%m Oégﬁ:{%?{%fgﬂf%&%bgou% glrtnaly be

pr edil8 posegldyed tihe thdi ediearste bbathitas, mdtthypharbmemrlyndmagrasweﬂteﬂswﬁa&achg it;
(b) inhibiting the sease i.e., arresting its devel opnent; or (c) 20

rel i evi nGOTARURS; i@ dhehos ., causing regression of the disease. O/ervi ew
The present i %@Wﬁn@”trbﬁm@ﬁ’tﬁ e@reﬁ’t‘fhgt' R&d %waieq,@aﬁ@h Héf'el@tor@éhbﬂaﬁ nodel
for hepatitis Cvirus (HCV). The nurine ani mal nodel general?’y [ nvoI ves

t ranspl anbtatriega désireg shmwogue pad/ocmﬁmlogw offedie The vffqrct ofaydet r ansgeni c

nouse at _an, appr. rlate ta f st ) eve f erabl ¥y shortly
orter bi PRANRREOR hBuor Ry oburiRhre ford ¥ A FRER s Bet LAY e
devel 9pnend/oohay be tHeaghehtid i6 € @k ph@RASbr ddinglate tcutefot HaiséRL bAYONY: 1) use
of a host haV|ngpan i munodefi ci ent background, thus avoiding inmune

dest r uct PEYSTSEHICEatMtAbEo Xasderars. ¢ TreninaRY ag Bsqdderchy covess aydregment
transgen,g, aﬂbﬁ,@kn Qﬁgﬁﬁﬁgﬁd&% St a%ﬁ?ﬁ&u&e@ gﬂ g?éﬂ)eﬂﬁ’é hk'df&?g% to an

al bum n pronoter, w pr ese Int honozy stat t he
provi di n@oanocmngmgng apotbjetntwkﬁcthmmj'bISpﬁedlsbmdtt@dmtchsegxed)m has not yet been

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

hepatitis C virus (HCV). The murine animal model generally involves transplantation of
25  human hepatocytes into the liver of a transgenic 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 introduced xenogenic (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

11



11 WO 01/ 67854 PCT/ CA01/ 00350 and cellular division; and, 3) introduction
of viable human hepatocytes into the host aninmal at an appropriate tine in
the hepatocyte life cycle and at an early stage of the host animal's

devel opreat01685hr ovi de for | ong-term survival of either [PATEAHENErs
and/or a high percentage of human cells in the host. 5 To the best of the
i nvent or gnd &Rdr @dagon;tde, Priesaiiktibmyevitblo hufen hegueodytes Sttothetst pr ovi des a
non-primate host for use as a nodel of HCV infection that can ge i nfected

t hr ough eRigahetaveapPropUiRte thire infhehenatasytediig cyclpgng #an£oEN sigge of the host

i ntraperit. . ' . LSe. : | ' | icularly
| mpor ¢ ane gt Bialide SOl RERREhRl of b MEE b ARery S bR e

t he ani maighpeetehtagé of Menamaetinin the hdsies not require the use of 10

pre-infected human hepatocytes, .t hus avoiding the handlin f .infected

ti ssue isol at &8 thef‘?%ﬁ?ﬁi] eEFBF?o#Eowgg%f}?&rgﬁ?ﬁpwgﬁf%‘rﬁ%&ﬁg‘ﬁ%ttlgbeyt es in
vitro prgﬁf ideQ a! Gﬁgﬁﬁﬁa{t‘é 5&0 for vAS £ Hbad oY HAWe irlfMRRAlthARak Baindsces a chimeric
ani mal a8 describe above, as well as a nethod of producing a chineric

ani mal  byhrougirthp hemal nopté afafeckiop b HC mErayenoys phigtrapgrijaieabmogipation).

i mmunocongr.om sed,. .al bum n Linked . urokinase transgene [l iLjgal . In
15 addi 1S FRECHOS BT OHOP AR P o %“‘of%r b 1%3*‘1‘% %egg%ﬁ%n%g‘r"?fc%gﬁi mal

nodel  desgal egts henRhdhmotd) Blellimg niglehotibe afvehti@nddds oti@qaigethe asé of
treatment of infections by a hepatotrophic m.crobjal pathogen. The

i nvem®i opreninfdcteddnntsa hgpaieeytese thus aveiding thpdhanrling obigiqqgtrditispyn 189lp€d The host

ani mal | ner al a. non | 1 : i an

r casedop Bt iogs IR php RASRRRELR 58 R TR RS, e vat or
(UuPA) and in Asbiralhghutiemeenat Rayites chanerireariingr asfdesdibad dbowel at welhed.
Exenpl ary non-human ani nral s upon which the ani mal, nodel of the inyention
can be basemethod o @eoduping aghangfistanina Wé@@é@é?ql}%/hqm% CRHOENES TS rats,

gui nea pigs. T h&h || AnkBR LR ina8 arlsBéne-bdakife atifhal B
enbodi nek?%%fﬁl ost %Orﬁﬁg@pﬁeg’mégﬁ?ﬁgﬁ%enus Rodent is_g, epr ef e%ab‘y';1 a nouse.
| n alpr ehéditiedthe itvaeiion fiaturésracthodst ofamingdhe ¢lemaric ammahowdelgleseribséd nouse,

preferably . an | nmunoc rom sed .nouse transgeni .0 r oki nase-type

pl asmi no§eHtaC ‘i?léﬂgo‘f“et?’(’ )lfler}’r&’l&g 6geézlise{05gfs%m§f}??tﬁﬂffﬁ§%rg romi sed nouse
conpri si fehaottdpBRtSERRSHidIpathodéh Provi des for Iiver-specific production of
uPA (e.g., an RI b- uPA transgene, see, e.g., Heckel et al Cell 62:447

(1990)). M ceTheinvghtien Widknaysbe descrivas ipmeagedetailnventi on can be

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 based include, but are not

25  necessarily limited to, mice, rats, guinea pigs, hamsters, sheep, pigs, primates, and the
like. In one embodiment, the host animal is of the genus Rodentia, preferably a mouse.
In a preferred embodiment, the host animal is an immunocompromised mouse, preferably
an immunocompromised mouse transgenic for urokinase-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 present invention can be

12



12 WD 01/ 67854 PCT/ CA01/ 00350 produced fromany of a variety of background
strains including, but not necessarily Ilimted to, the strains C B-17,

C3H, BALB/c, C57131/6, AKR, BA, B10, 129, etc. The host aninmal may be
ei t her M¥PSET85¢ emal e. | munoconpr omi sed background 5 As Hdtef148%e, the
host animal is preferably immunoconprom sed. | mmunoconprom sed manmal i an
host s suptalate fkah ahypf avdrty ofbaakgrohad straind ihaudieg) ue dot navassadlyi ncapaci ty

are available. Aternpatiyel t haugh | e ef ed,, oconpr om sed
ani mal s é&ﬁteﬁéo’@&%WHFéan#%Wﬁwﬁéi&B@tlgﬂp’ MIAS BJW%GF’C' &npl e,
adm ni st hggtiagﬁ%a@bag@g cfherR4IE oF RIARPUNds (e.g., cyclosporin) and ot her

n [ n

nmet hods 10 we wn In the art. I'n general, the imunoconprom sed host
can not nount Immunonepipedmeisedrbackgraued ponse agai nst t he xenogeneic tissue or

cells, O particulagr interest are .aninmals that are inmunoconprom sed due
Lo a denet| o GSRBER bhvR Hedos TEmALS Bir PR BRAMPS AP OIS go ger mi i ne DNA
r ear r ang @fiRthodmpréfist@flam@iltad hbés suMROB! Rklhdtifon MAthalmghd dedftéd gen

receptors. Also of interest are inmunoconprom sed animals that have 15 one

Or nore JeMERG ECHELEe ire ayaidabld. ehlinatyely, giough teshprefertfdcr eased nunbers of or
no dete | e functi : cel : gill cells
rel ati ve%{'%g?]%cro Wé??lﬁlé)d%iérrn llsé:gi? g? g? Mt %‘r%lg? méﬁngxﬂanﬂ géaﬂé(ﬁ%t avagglé}(’%nozygous

mut at i onegdmplfiadsbiistrdtion v$ ond SiCheYeshppundsiie gs ey clospotia) ammhotha makatsi at ed
with a deficiency in DNA-dependent protein Kkjnase catalytic subunit and
pr evéht s wobhknpwe shibe aEt ibgererli theimpyneasmpremisadhast €31 ROUIPYERept or genes.
Ani mal s ggﬁg %Hg] | I . G| Ll ulaf Rk ned

i mmunogl g |éréqan n'%‘?gcsg{)#%rag%&el%ttg%r&%%%g%l%ﬁsgh% I:% t(fir g@gef?&é{ enté}?értl both T
and B cehie animaiethgese inimansminthremisdd dut ®td ganetlisdefeaithalbdseitom amay be bred

into a nunper of different neti ¢ backgroynds,. e.qg,., CB.17, |
(out bred)ntTJg 0 U, E@P@F”’%S‘Fégﬁé,remgeﬁﬁﬁ at E{fg?clfii@‘?dl%%ﬁm lqﬁﬁﬁt! on can
al so tak%uﬁﬁ-‘éé‘l'i‘&ﬁﬂg%n@éce%ks@&l?o BaM ekt Tafé%nﬁ&ﬁln%_@orﬁéromiie@ténﬁﬂalé Ba) havehi ch i's

associated with a natural killer (NK) cell deficiency. In one enbodinent,
m celar eopy duere getrtividatectsahdt iedde ta siguifinantytdeorsased dumbersgy obap ge nut at i on,

ai T ogenertease SRRTRTieat & RS P R K Ry Ryt BBt onm.

Q her exenpl apypirfitMAGERPRT SEingiee tHAOBiveladinoaygous maseidd it tivid ablse i ncl ude
30 transgenic mce genetically engineered to |ack the reconbinase_ function
associ at %gldﬁctdh The scid mutation is associated with a deficiency in 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 functionally 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 having the beige
25  mutation (bg), which is associated with a natural killer (NK) cell deficiency. In one
embodiment, mice are produced having both the scid mutation and the bg beige mutation,
resulting in an animal that does not mount an effective immune response to allogeneic or
xenogeneic cells or tissues introduced to the organisms.
Other exemplary immunocompromised 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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RAG i and/or RAG 2 (e.g., commercially available TIMM RAG 2 transgenic),
to lack 13 WO 01/67854 PCT/ CAOL/ 00350 Cass | and/or Cass Il MAC
antigens (e.g., the cormmercially available C1D and C2D transgenic

strai ns)WOM/6184| ack expression of the Bcl-2 proto-oncogeifd/CaR1H8350ni ce
that nmay be useful as recipients are NOD scid/scid; SGB scid/scid, bh/bh;
CB. 17 sciClA®iT;and/dt Bia3s DQVIHT aitigeran(d. glVEeicommertiallf neaibhlerC D an¢ €2Dr at s and
pigs are available which 5 | ack functional B cells and é cells tgue to a

honozy goJENEBESICFFRINSh oF fp larlecrpressiog of the BRI lepedy QM FitMfhncl ude
HsdHan: : : Y e : U = NG rnu/ +;
LB i e s S R B0 s e L B

Tr ansgeniNIHeX p /s dando¥ ETnoi/ma s Bradgens ndics cats 3ad pigs evecavailiide whidver i ¢

ani mal. of the invention i | so .a "knock-in" .ransgeni expr essi on of
ok Sacdaqe Sacvalh eal and Teel® o s B o SRESAE RuBe CRBRERE M

t r ans gengpinfunbBéingYolistdAatt LRNERENAHaMRNG- 160 HAAHSRRNU-MM/kNe al bumi n
enhancer/pronoter, the nurine uPA gene codi Q&Iregl on, and the 3

unt r ans| HsdHanNENYrawk sd5las D aew+ ok E Wikanfssoin; hEWfHaetHybma/ tHeckel et
al. Cell &&ﬁé%ﬁéﬁ%ﬁ%)\%ﬁé@gﬁg%gg et al. Cell 66:245-56 (1991)).

Preferably zygous, rather than heterozygous, for the

ur oki nase-t yparilsaaiit BogeRioadfiuvsldimise t ransgene. The Al b-uPA transgene
results in a ethal insult to hepatocytes that carry it, gnd%%l,s,p results
in alfigh | odddisuped aheysathemedircainlalisingsntiondkiiaaekneekil®h in turn

processe ke j L I i thidet he |iver.
W t hout Egﬁ%ﬂf@?%&&é&[s ‘%ﬁﬂg?ﬁr Vi gﬁryggg}%sglane glfl %&gvg&gr(ﬂ?()eo’holgedr%gi c cells

i nt r oduc ethbatinamt,apprrapgematie e Atb-uPA tasgdey whisproemprisés amushdhalb@ain

donor - el PETEHEOMGIGyiHE BARE B e PR AsGeHBUES AR PR fhat di e as
a resul t pbrihbeedrhhd M&th{onhpﬁe %énléi‘H&g&[‘@t-al.Z@eﬂ 6244156101 990);HuMan

lork
Hepat ocyt es and her 0Oel I's Suitable Tor Transplantation Human hepatocytes
for tlfansphdgremed @nCelh6@245186 (O ) aRraferably dhearime] isthemorygaws, tathenihan i ver

ti ssue by any convenient nethod known. in th rt. In genera the human
hepat ocyg’&er‘?yﬁ%o%_e o[rltlbeslﬁoﬁralgsgdgpe( @?ﬁflﬂno%eﬁ]t%g?@ar msﬁf%' @ue r/gl_bb death), or
freshly ffapZRfe rdshisSine 16@alinsulf to8%Patbéyi&UBaticafy &) adhalsaBdstiltGinnadgtat  or

bel ow about 0C). ldeally, the cells 30 used are recently isolated (i.e.,

wi t hi n 2 leas! éniehgpatic) ternentratiosiiyirekinase.ich il progesses hepatocyte growth

factor to its active form 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  Isolation 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

14



ti ssue. Human hepatocytes that are placed in a defined cryopreservation
media may be 14 WO 01/ 67854 PCT/ CA01/ 00350 stored for |ong periods of
time (e.g., inliquid nitrogen) and thawed as required, thus permtting
t he developimngs4of banks of stored hepatocytes. In generatGT/Caov®3zosual |y
inportant that the isolation procedure and handling and storage protocol
serve to WelPen XY ] hing j ow to the
liver (e.%@eagéepr%é?%*\%&g ofg}s?lgla%"%éﬁlqg{)ugut 35&?13%6?%%8% Fl%elluggcgfdgsabl y | ess
t han abougserRittihg tHealeablopmemt®f bimks ofstwradchepationytas. za genérdl, itschsmnaila t hat nmay

result fromstorage (e.g., generally le t hap about 12 hr usual ly | ess
t han aboufPPTARt 'ﬁ% ﬂi‘é kp&fion B’ﬁ’cﬁ)‘{’l’ée Mﬁ'@%?‘}cpitﬂr@gﬁ OﬁO{]ﬁengng is nornal,
e. 9., havihigmpe wekasiRRiSoPBiiRaekation 6f PRbd 8w iRNBlep@ys. andeRilst Ol 0y,

and essentially disease-free). Usual I%/ the period of warmischem a
exposur e less that atmot 30 thmte Glvwint pref@rabllesothan pbaus SOmirHe abpwtedO miny andtocan be

di ssoci at ed.nechapnj .cal | r. enz .cal Ly to provi | f

si ngl e cefmizgFo légﬁﬂﬁ? @1351?133( \#{S@IE © usrtrgarﬁg%%ﬁ%’t%eggrg}lgéeﬁiﬂl%ggﬁjetqggg’d. In a
pr ef er r ed,saAMRPREIMBAE abdul@ hb @PRRRE Yinehe@ftbold idnal tBe hirhaideaBmothaisue by
routi ne coll'agenase perfusion (Ryan et al. Meth. Cell Biol. 13:29 (1976))
fol | owned 4, haymaspedeectsble prihogens garnadin mespalosymddigelagy. ek csentiallyi f i ed
by filterjing thrqu inl cel . f ed by
densi ty- OV RArSREe areRly HEpPH SRSt SirfElscholiE B utkip ndorEhnon Bop 4

enri chi ngsofamukepat ocytes can be used, e.g., fluorescence activated cell
sorting, panning, nagnetic bead s,ePar ation, 6@ utriation within a

centrifugal f iE}edi"eé 1sue pipbe dipsogiated aerbARCYlY QfBayRaicallyin BRYYE Bon
general | ysg S bh 3¢ Sindle dBaSE H%ts Bimfzes ﬁgﬁﬁ%&ﬁ&ﬁﬁ@géﬁl@ thay e ‘ﬁ@%ﬂl Mnat | east

about 80- epat ocytes, generally wth viability by trypan ue

excl usi ormprefrrédemb8dithent, thedrpitheyrteseard cdiateshirom tdegorteskiesbyt outies t r anspl ant ed
are human stemcells or _hepat t regursaqr, . ich . follow ng

Lr anspl arfeLEFgR PEBSEALRRELE &k Sl Bief 4 29 Godh ﬁ@f’gfd BY IEPRRE at

i nt 0 1RUMRR,HERALBEY HRPatSHR&SRh ih ®etpRriHeY bl WieahE BRough hifledtdepeci fic

enbodi ment, the human stémcells are obtained from human bl ood cord cells.
Human bl ongthdegd 16@ kg, fatlewedby density-grasiant centfifigatiere A léeshativebeothst i t ut i on

O TP SR o P g S50 ISOD Oh R LTRS84 (00

sorting, panning, magnetic bead separation, elutriation within a centrifugal field, ezc. The

final suspension used for implantation generally comprises at least about 50-75%
20  hepatocytes, usually at least about 80-99% hepatocytes, generally with viability by trypan
blue exclusion of 80 - 99%,

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

25  specific embodiment, the human stem cells 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 et al. Blood.

91(6):1966-76 (1998)).
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WO 01/ 67854 PCT/ CA01/ 00350 Transplantation of Human Hepatocytes or O her
Suitable Cells into Hosts The timng of the introduction of the donor
hepat ocytes into the transgenic, inmunoconpron sed host nmay be inportant
to the produemsson of a chineric liver populated with a RGHSE19P3SAuman
hepat ocytes sufficient to render the chineric liver 5 susceptible to

i nf ect i orrlépRNMERALOHLARA HepRBtfiegaOhadStinbrRuUEHB ito Hastsi cat i on of the
pat hogen.” Thi S_nmay be Fartl cularly true where the hetggttlot rophi.c pat hogen

exhi bits | ow Thetiaang of the mirpdustion ¢fithe dyior dspatesytesdpiadhq Eangeemecy) . wiere

t he ani i i (8.4 g ibs of - t han 10
days to%%ﬁ@lﬁ%ﬁ%{;ﬁ hg%tdn 2glpl%l Egl %mz;%g}getﬂ@&%cgbﬁfoggg%}{seylgllfg?lsor | ess t han
or about popeiatséekth(d memberloé hambmhepamryebeufficnt to réndgathe chimerorlived younger ),

at the tinme of transgplantation. In_general, t t ranspl ant ati IS
pr ef eP abISysCepilf f Png&a\kﬁ@ﬁ"% paghoggn 8%€§° %Raoigepﬁﬁ%ono‘g%ege. The

Wi ndow fffsatyhbgﬁ?sm@ﬁ;ay%%amfeﬁlamm%e%e;eqhaﬁépath%ﬁm pAgtseRExAbe b gai n

flexibilit | e mai ht ai ni ng good resul ts. out being held to theory,

the tim mgfecivityrand&plemreplicaroni raigh (g cdCNer Wherg the gnigeahiy BriiR(etgataveen

excess technicgl .nortali associ.at.ed w,th very ea g tation 15
(i.e., dEPUse: fgdogHsf eab%?és@?‘“tlﬁgaﬁsntpr%a‘f%e}s 4heF% %i%&l?énnngaqg'galrbgﬁtaﬁoml
replicat igQapd b1LdUSss théh & abolithie MR @ e. AEssGRAd ordibviitsd ©Bddys oldér reci pi ent
liver that occur before transplant nmay influence the success and extent of

engr dPt mynungst), atrthe dowes tianspdantation) k) genpgh thesransplantation s nagferply

transpl ant ati.on SQ 1 Mpopt.ant, Si;RC ti |

r epopul atcln&?do tr%e\%/‘lv g‘ien %SV{T?EQ d%%aaﬁléégn(%y%?% i sl'[gg?” Iégc{vﬁf%ridﬁal}gﬁ%ﬂrig% S

gener al | pedepdet eslatfut er18tdags 2lageas paih dlekibility mivile mdiaminatpogtodGesnteks ol d
(Rhimet al. $19_94 Sci ence 263; 1.149-52;%‘?b0u,t J10-12 weeks for

hormozy got¥éighout beiag helddn threpa thsdimieg of gansplantauog indicgledhqrginisag o

hepat ocy i SobARSRkAN dartiip iripRRMLSHI t abl e
met hod ktﬁgr\ﬁanoﬁj%g%ﬁéemg%?ﬁ %ﬁ%&?ﬂ%}?@ﬁgg ﬁur?an hepatrgci/l?%s a?e ir%j ected

i ntraspl ¢nd. cdilelty theesngpl], sizendfohe dvémilsf @rdi the tigelferinexipwel eplicdivestnabist ul

engraftment can be nopitored by. conventi onal t hod e.q. exam ni ng
the | evel(%g-ofhem‘}ffg’ﬁr ?{]Vilr‘i;‘é‘ﬁ%’%l 1 tge et ﬂ‘geri tﬁg&%gurﬁjgg re g‘@?ﬁ’%t &%., human
serum al byffecd HAkuQesd WHARR Al HMdzrafditht bf B abior nlRnEBIlE Fufthdiffole, can be

used for experinmentation (e.g., for infection with a heI)at ot r ophi c
pat hogen finting stir@splastatidi talso impgeantsince the stimwthesfos liverais ecpopplatien t he

imal i i.nf d wi.th.a h I [ I
ot oot vPrS R Ratsera i gt AR o Rk R R AL VO e 16

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
cell) can be transplanted using any suitable method known in the art. Preferably, the
human hepatocytes are injected intrasplenically, e.g., into the inferior splenic pole.

25 Successful engraftment can be monitored by conventional methods, e.g., by
examining the levels 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
experimentation (e.g., for infection with a hepatotrophic pathogen, to screen candidate
agents, etc.) when suitable. Where the animal is to be infected with a hepatotrophic agent

30 ofrelative low infectivity and/or low replicative capacity, the chimeric animal can be
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WO 01/ 67854 PCT/ CAO /00350 inoculated within about four to six weeks
post-transplant, generally at about six weeks post-transplant, and may be
as early as three weeks post-transplant. In general, the animal host

devel opsWRUMH#MEhi merismwithin its liver such that the HeVEaWRRY of
liver cells that are human liver cells are fromat |east about 20%to 50%

5 gener al inyciadiedivitAaber 60 4o0aix Wl@,po@tﬂfhn@ﬁyntbgemfﬁliyr‘dt abshtisix VW&ks or nor e.
The chinmeric animal can be maintained with functi op transpl ant ed
hepat ocytROSt-frapsplant, (aBd gray b @¢ e3rhy as Bk Sveclgernst- HRPsplaRt- | east about 5 weeks,

more usual ly af cge&ﬁ&lt Il%%ﬁﬁal%%stvﬁ%@ﬁlﬁps:]ﬂama?zﬂch\f\ﬁ@ﬂfs?m whithirf 8 BverRikiHhRat0r nore,

and nmay be up t |fespan of t ost. Chineric aninmals can be

i nfect ed the pércaltmpﬂtln’bmtﬂibm}mt pwtﬁwgmmv(eecaj;ls ,ard-fmt)l at jzasttabout 2004 tp M40
hepat ot hi th host
arti cul SesreHG AES 0SB bR TReor R e EP e P EPRoguR,

chroni cal dpymimpdf ﬁﬁ&ﬁpcaﬁme MRihGinB@ $/it fERNoRS! trafBy1itted H@ﬁtcfc@fes Joeldagtd of
weeks to nonths. For exanple, where the hepatotrophic at hogen is HCV, the

chi meri ¢ seMerwlweakargeherabiyret letat @bmrséwe;pkss mhese peupllviat leagi@poytel 2Gveeks to

ot Toast AburtoayS updils SR Ut G 66 b KR tst i G By ChiseCl °20”

weeks or fimnsls cmpbetmfe%twuztnﬂ%hmedfﬁ)phmrpaﬂngm (eandIORY, pagtiduturlytzhe | i f espan
of the host. The viral |oad of the infected host can be establ i shed such

that 0t |hepatorpphie patogandavigigiadios| ighge wﬂ%dwwuw%%aafﬁfi#aﬂy B@AtSexanpl e,
wher e the:?éb%hﬁﬁﬁg%ﬁ?ﬂ g itire 1{} pa%% kaxgﬂ@fegtéew ewﬁ&e‘staaﬂef at a

| evel rom a out viral 20 partic
serum gensinhalrdey fiﬁﬂa}fﬁrﬂb@lﬁtveémotrmrmlhmﬂor tﬂa}nplle r\alherp&rethepmeebpmc serum The

viral load of th cted host. over tine tanti al l i stent,
chroni c, P08 e%tsgﬁ¢ écblme“f:ﬁ@“ﬂ‘ﬂﬁﬁ% e°8fn Qé’llc At eEtF%é"y ?‘ﬁg‘?&é‘éﬁ 'be

i sol at ed Jh&&ﬁaaﬁlp%ﬂeaw%aqnalntuﬁtgn%h%inh%ﬁlfe%uéﬁfdfrz@&9@& oP8t ledsedboueb | ¥
fluctuate between weekly sanpling periods, e.g., an HCV-infected host of

t he ildvenvéeln gteha‘allyzmtrimt ai@ualhwhkmmbemt 20twaaky/oninprg, up B phout BT Weeksper nl
of serumat a first a% t'hn% tine ¢t§ Fo§itive for HCV infection at
subsequer AR MRYRCAREIE AiFgahet B PO has the same or similar high |evel
of HCV parti ciiRSimBloadbf @F iSREtedhosR 0&EbS éstddlichdduEls tHaoft id Simelat @hhé shed in
the host, generally within about 2 to 4 weeks post-infection. In general,

t he vi r alvifablpad of art indectadfhemnand Fep sxampie svhest the ppihegersis 61G ¥dbe hesty and so
allows AR ATER by eI £ 5t oﬁﬁg@%b&%eoﬁm&uvn6@%@9&%? vithl € 9.

t he viral ronrc an reasona 'y consi st ent
20  particles/ml serum, generally from about 10° to about 10’ viral particles/ml serum.

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

25  particles per mL of serum at a first sampling time is positive for HCV infection at
subsequent sampling times and generally has the same or similar high level of HCV
particles 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 e.g., the viral titer is chronic and reasonably consistent.
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WO 01/ 67854 PCT/ CAOL/ 00350 Screening Assays The chineric animal of the

i nvention can be used in a variety of other screening assays. For exanple,
any of a variety of candi date agents suspected of causing or contributing
t o hepat W® ©i63¥dse, as wel | as the appropriate antagoni stBCHRAMMSKi ng 5

t herapeutic agents, can be screened by adm nistration to the chineric

ani mal argtrecab$eSsshyyd the effect of these agents upon function of the
engrafted human cells, The chingeric anlng?BnDdel of. the invention can al so

be used to scridEshERFsARMa o dhe nysationcpn be gsad;ig @vagiehy 1of oMeRTwiNgg snal |
nol ecul e a SF QAlisih t he

T eat rentoaysoryy aakiife bl { ARG °ﬁ‘8§#§%"ﬁ§?§“§§§%§&q&% SanarR any
conpound coattiboeng Imr}ammdlséase e wedl a8 iz ap@rcwnatesarmmmtStapdlb@CMer cel | s.

For exanp eval uati on f an ortant e, t herapy for.cancer can be
first scrhgﬁ%‘ﬂ“%geqt? & ‘?%BE?CEF wia?‘fnt%séf ﬁh‘llhe SHgRELC 2BF3R8d i nvent i on.

Functi on QfesdiheRRefa JrakksBupafs ﬁﬂo‘ﬁ%n&ﬁ)h'o? tliéaéhgbfftedihﬁﬁﬁﬁeéilsasfhedeSCrl bed
above (e.g., by assessing |levels of human serum al bum n, or al pha-1
antitr ypsﬂmnencrarmmel therdsl of ée imyentiomfanr alsa e used & sce@mlcgmpahnd@efoa@é@gx ed by
assay of ver eci.-fi.c enz

ani not raﬁg 18 °§§§) inglpditg ﬁ?ﬁngfo?%;ﬁgv&h?rﬁé E?got? e(L)'t p;i éﬁ\%n i ogggggislﬁ%?s prfer
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hepat ot r omisﬂeI:oftxaé hﬁ@ﬁtmor( @@ctlorbaﬁheengaﬁed/hmnm liygacelds das be esqw@d atly a

hepat ot r o viru as h the e | es rqvi ded herein
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candi date agent or a co tail of candidate agents having activity against
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meant to include synt heti c,. .naturall feur conbi Iy pr oduced
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t hat have™a
20  replication 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 generally involve the use of chimeric murine hosts with a single
hepatotrophic pathogen, the invention can also be used to identify a single candidate agent
or a cocktail of candidate agents having activity against infection by two or more

25  hepatotrophic agents.

“Candidate agents™ is meant to include synthetic, naturally occurring, or
recombinantly produced molecules (e.g., small molecule; drugs; peptides; antibodies
(including antigen-binding antibody fragments, e.g., to provide for passive immunity) or
other immunotherapeutic agents; endogenous factors present in eukaryotic or prokaryotic

30 cells (e.g., polypeptides, plant extracts, and the like)); etc.). Of particular interest are

screening assays for agents that have a low toxicity for human cells.
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18 WO 01/ 67854 PCT/ CAOL/ 00350 Candi date agents enconpass nunerous chem cal
cl asses, though typically they are organic nol ecul es, preferably small

or gani ¢ conpounds havi ng a nol ecul ar weight of nore than 50 and | ess than
about 2,WO®1#38¥ons. Candi date agents conprise functionalPCHEdUI93Necessary
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a wi de vaeychical cafbonroghelierocrdipptueitrss andfop kiemstie O PelyaronBti fEICHEEHg

[ f dom zed ol i tddes N 1 d t tively,
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t hr oubth casirise FETQdFa PUBTRS nPIE EIAINEH ST VATV e HUCHT 2 AR PESIICOMBHIREOSand nay be
used to p%lggg e conbinatorial libraries. Known 20 pharnacol ogi cal agents
may be subjected to directed or random chem cal nodifications, such as
acyl ati on, al k@hmalidae agenstaee obithiaed from,a witdediafietyatf isourcesahduding lipravdsice

structural _anal ogs. Screeni f Candj date Anti-HCV Agents I.n on
enbodi menttheHe Oéﬁ?tﬂ‘ﬁfc%ﬁ%’lnggf fqrﬁéarflﬂ ePPYRYS Seyese %’c?ﬁia@g A, rﬁ@‘ﬁ)élbe nts

25 that agml{iQealeyRmeRt HBwkR Y8y BY ordahR colpBahdstdnd bicdlediise _
specifically by H I nfection andyor to nore directly affect a pathogenic

mechalfi sninciudingexpresson pfigndamiag] oligenyclieotideniahd pligdpepliddsniAdiemiabrelydecr ease
viral replicatiqgn, or. otherw se.disru the. cycle.aof .viral. pfopagation. In
general , p]flﬁgn%sa Ageleompa silgthﬁfm%?aé:?e ?’@nqatlféj l%lnrtlfnn%fm%%eeﬁrags t he

i nvent i onare atdlablReorebddeigtpfodited. NEdGaaIg2EAuRDENynaRE e85 g odiRbdLibraEied O a
control (e.g., 30 relative to an uninfected aninmal, relative to an

HCV- i nf ecanddomporads are eagdidyimapified shyougjeeanventional chemical, physical and

biochemical means, and may be used to produce combinatorial 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.

Screening of Candidate Anti-HCV Agents

In one embodiment, the animal model of the invention is used to identify agents
25  that ameliorate symptoms caused by viral hepatitis, and more specifically by HCV
infection and/or to more directly affect a pathogenic mechanism of the infecting virus,
e.g., inhibit viral infection, decrease viral replication, or otherwise disrupt the cycle of
viral propagation. In general, the candidate agent is administered to the animal model of
the invention, and the effects of the candidate agent assessed relative to a control (e.g.,
30 relative to an uninfected animal, relative to an HCV-infected animal treated with an agent

having a known anti-HCV effect (e.g., IL-2a), and the like). For example, the candidate
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havi ng a known anti-HCV effect (e.g., IL-2a), and the |ike). For exanple,
the candidate 19 WO 01/67854 PCT/ CAO /00350 agent can be adm nistered to
an HCV-infected aninmal of the invention, and the viral titer of the
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20 etc.) nubdiRr 6f dnfiahis @dcetving: Wﬁﬂg @it An@&&REEEAioRY 0 £tha Fhritidge SEmUM
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activity of an agent against 25 HCV infectio @B be asses ed by exam ning
ser um sarfpmbined MFPRbinations oF 5% 1 PALS: ppecipthe Whese admpnigiragion o \?l rus (e.g.,

HCV by R—Ebﬁ)lg%an&% 6fd en!s'?nﬁéﬂ@%tﬁﬁ'h a%gﬁ {shBREfectt he activity of an agent
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20  etc.), the effect of the agent can be assessed by examining serum samples for the presence

of the pathogen (e.g., titer, as in viral titer) or markers associated with the presence of the
pathogen (e.g., a pathogen-specific protein or encoding nucleic acid, efc.) Qualitative and
quantitative methods for detecting and assessing the presence and severity of viral
infection are well known in the art. In one embodiment, the activity of an agent against
25 HCV infection can be assessed by examining serum samples and/or tissue sections for the
presence of a virus (e.g., HCV by RT-PCR, etc.). In another embodiment, the activity of
an agent against viral infection can be assessed by examining serum samples for the
presence of viral nucleic acid (e.g., HCV RNA). For example, HCV RNA can be
detected using, for example, reverse transcriptase polymerase chain reaction (RT-PCR),
30 competitive RT-PCR or branched-DNA (bDNA) assay, detection of negative-strand RNA
(the replicative intermediate of HCV) by RT-PCR, or sequencing of viral RNA to detect
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30 conpetitive RT-PCR or branched-DNA (bDNA) assay, detection of
negative-strand RNA (the replicative intermediate of HCV) by RT-PCR or
sequencing of viral RNA to detect 20 WO 01/67854 PCT/ CAO1/ 00350
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t he ther i ncl ude

aqueous qnlgtg&b%h&\%hé’f g.gﬁt gysglﬁléﬁghl rr%:llH Qgtll?rgezﬁg%g ¥g$%&893b| [ ?lr(%fg agents,

wetting ambcﬁwérsltﬁqmomg)oagmmy be&irﬁmlam}rin\aanayiényg)fms Ehenmdcentmtiessure or
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can be uSddherpeyticall D’la&ﬁ“ff‘ ogEpuad inthe @é’?éﬁl%'p‘f?%

nmodi fi catg pigo wt.&e ani nal nodel of the i nvention can al so be used to 25
screen candl date vaccines for their ability to prevent or aneliorate

i nf edti on by él“helphpataoeutmpmcxmnmttimogem belmergae%madanoes fW@émuphaHS is an agent

that, follo |strat|on facilitates ng an i nmune
response gé@l\é\lﬁﬁﬁgtfibll% gfrsblgleosnﬁaia% 86)&}#68 fH%PeﬂﬂﬁBﬁ» gqves ] t 1905 &t arcp Eh hﬂe.
hunor al / %hﬁﬁﬁc@tﬁtlda[@ﬂdﬂ@o{gﬁﬁﬁ%ﬂ Sfor@ini Cdan@ds 6@flor diluents suitable for oral and

topical use can be used to make up compositions containing the therapeutically-active

compounds. Diluents known to the art include 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 can 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, cellular, or humoral/cellular immune response elicited can
facilitate inhibition of infection by the pathogen against which the vaccine is developed.
30  Of particular interest in the present invention are prophylactic vaccines that elicit a

protective immune response that inhibits infection by and/or intrahepatic replication of a
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facilitate inhibition of infection by the pathogen agai nst which the
vaccine is developed. 30 O particular interest in the present invention
are prophylactic vaccines that elicit a protective i mune resgonse t hat

i nhi bi t sSWH&834on by and/or intrahepatic replication of BCT/SA083%/ 67854
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function
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 specific for the antigen according to methods well known in
the art. The immunized animal is then challenged with the hepatotrophic pathogen;
normally several immunized animals are challenged with increasing titers of the

25 pathogen. The immunized animals and non-immunized control animals are then observed
for development of infection, and the severity of infection assessed (e.g., by assessing the
titer of the pathogen present, examining human hepatocyte function parameters as
described above, etc.). Vaccine candidates that provide for a significant decrease in
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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descri bed above, etc.). Vaccine candi dates that provide for a significant
decrease in infection by the pathogen and/or a significant decrease in the
severity of disease that 30 results post-challenge are identified as viable
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20 disease of unknown origin or where diagnosis without culturing of the pathogen is not

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 suspected agent, fractionated, or otherwise processed to provide it in an
administrable form, and administered to the chimeric animal. The 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 human hepatocytes can be accomplished by, for
example, isolation and examination of serum samples from the chimeric animal, e.g., to
assess function of the engrafted human hepatocytes, and/or to detect a pathogen in the
animal’s serum, e.g., to detect the presence of HCV or other microbial pathogen). The
30  human hepatocytes can also be examined histologically to determine the effect of the

patient sample.
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i nvol vi n@n |1%.§-@ ‘X’e%ﬁa "Yorrgri’élfiéﬁltllﬁ?te]lyllﬁfedgg‘&ﬁﬁ 33;56‘53“ %f%@*egﬁm ty

| i popr ot
Li popr ot g Q%agélgk %ém)r a gjgw?g ? %if']é.%?g&ogt/ gblgﬁ@%&eéit{%laﬁr%&ééggislg&eggs 495-516,

El seV$ er oStomedﬁnemPlipnﬁrsthmr(kDLArand etheiaisglerovls Dhs béep readized fardevantlaletddes bl ood

t [ [ i ' Bi J., 268: 1-13
FLSEa 45 BRETESLLIE AT BT o 5

Art 1 U S1€ a h

11 3k D (1, LS sl B B oo

Li pi ds, maptmsonmlwsg am@ozsemmmées of (1deand/empéot9maamog lipemeteingds. ) pp.

473-493, @El ﬁeVIbe? 1 (@B(:SB il %glhemlaryerfaﬂllpltﬁ, ﬁpoprote’ms md%ﬁgxkbra%%e,%.g.?l

2353- 235
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, Biochem. J.,
268: 1-13 (1990); Dixon et al. J. Lipid Res. 34: 185-1 (1993); Sniderman et al.
Arterioscler. Thromb. 13: 629-636 (1993); Yao et al. Biochim. Biophys. Acta. 1212:152-
166 (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 major apoprotein of VLDL and, is the sole apoprotein
of LDL. A relationship between high levels of apo B in plasma and the risk of
cardiovascular disease has been identified (Sniderman et al., Proc. Natl. Acad. Sci. USA

30 77:604-608 (1980)). Regression of coronary 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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1990, suURkdin cbﬁ‘taﬁ‘ﬂ@ 4938minp ecils élele gk alubie fotmypticsiedd irChysiamiliver
resi due, at position 4326, which nmedi ates a covalent interaction with

apo(a) armfounginsularige 8er Bx7dsl SRAGEIN)- Anot Hi0s HierBRgHBINGR FOSHBY ei n,
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550, 21387 EREYRoReias i detifhegquited foryPpidfor mis Ao et S,

(1996}) . HIEDE Medeptot (¥ @sig, N¥O0Fuat). Inadditibs, ApsB i) torsans meudpared of 20

certain species, synthesize apo B48. In humans1 aﬁmms ci rcul tesdl n
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20  certain species, synthesize apo B48. In humans, apo B48 circulates in association with
chylomicrons and chylomicron remnants, 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 combinations 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
experimental animal model for atherosclerosis research. Wildtype mice on a chow diet do
not get atherosclerosis. 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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20  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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was edcﬁlﬁlgﬁéﬂ%azf‘}%ﬂfﬁw i§ 8t IOIeRT #MeEPISTICquant i fi cation of total serum|gG
using a sandwi ch ELI SA techni que to detect nouse I1gG according to nethods
well known in the art. Quantification of 1gG was cal cul ated froma

st andar dEganipie 1 pPeydacténh ai IBQPasbhngeeaicMicsi ng a nouse | gG st andar d
(Cappel ). "Leaki ness" of the SCID-beige trait s defined as >1% of nor nal
serum | gG ( Bosfrgcrsratgpn AA‘PTH_SAﬁ@WgCPWﬁg‘PHSG ?ISr%”(’ )tfssueaﬁTFﬁsafrgc‘W th serum
1 gG | eve i i nPEEH 448t AckEGPLatRPEH)S
carryi nghéﬁgg%égf EAF}’I&E% Ebaﬁﬁgégrteen(\é@i\kggg}li%%éf?fg ﬂégﬁ%y@%%g anal ysi s d(;)E?B)genorri c
DNA BxXt r weteedoskedwith animdld D@siadsbh-1048GD-berge li8age (stpim Gbriy/GhmsTagnpl i fy a

151 bp pro t_from. the, 3" UTR of .t he transge onstrugt ckson
Labor at o?qg'g@%éﬁweﬁﬁsagﬂgpg?T??ygN‘ 'hgh‘éﬂ’fgfl?ﬁgn%o%? OUSSAMSAPA trait has
been preydigughiy wassra !t@h&goi/ygbﬁtyaaszﬂﬂTmrﬂ adlifismoh @ kdtyl seAleIggpcondary

to bl eeding conplications and liver failure (Heckel et al. Cell
using a sandwich ELISA technique to detect mouse IgG according to methods well

known in the art. Quantification of IgG was calculated from a standard curve prepared on

20  each plate using a mouse IgG standard (Cappel). "Leakiness" of the SCID-beige trait
was defined as >1% of normal serum IgG (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 transgene were identified by PCR analysis of genomic DNA
extracted from tail biopsies, using two 18-mer primers that amplify a 151 bp product from

25  the 3’ UTR of the transgene construct (Jackson Laboratories technical support). Although
the homozygous Alb/uPA trait has been previously associated with a high perinatal
mortality rate secondary to bleeding complications and liver failure (Heckel et al. Cell
62:447 (1990)), we found that in our scid/bg/Alb-uPA animal colony neonatal mortality
was approximately 30%. The colony providing animals was developed initially with

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

colony was evolved to completely homozygous. Animals were housed in virus/antigen-
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Acad. Scio. trdd§plaf8tid Fhal idaldy; wasuptignedy >80%. Transpl antation 50: 472
(1990)). Since the nortality associated wt h,{janérﬁ?s I _enié: injection is

mini mal, the BypiieheXpsEmsais ANBYs ROmORKEYH {qTiiRg ST BaK 8Rd RFIFIOAMINE | on. 25
Accor din L | ; SedQhist 7 WBY-6id &dr& RehsplahlbaElpt hane/ 02,
and a snm Ix{hellefgf"tﬁﬂﬂram%&?en%%ggﬁ Was mag%.r U?éggéngperati nsglanagni fication, 1
X 106 vi abd%fréshlyasalated @fble human hepatocytes. Transplantation was accomplished by

20 intrasplenic injection. Intrasplenically injected hepatocytes rapidly translocate to the liver
via the portal venous system and engraft into the parenchyma surrounding terminal portal
venules (Ponder et al. Proc. Natl. Acad. Sci. USA 88:1217 (1991); Gupta et al.
Transplantation 50:472 (1990)). Since the mortality associated with intrasplenic
injection is minimal, the spleen was selected as the optimal site for implantation.

25  Accordingly, offspring (5-17 days old) were anesthetized with Halothane/O,, and a small
left flank incision was made. Under operating magnification, 1 x 10° viable hepatocytes
were injected into the inferior splenic pole with a 27g butterfly injection set (Becton-
Dickinson), and a single sterile titanium clip was placed across the injection site for
hemostasis. The spleen was returned to the abdomen, and the flank incision was closed in

30 two layers.
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ti mepQqi nt ' %O(g(?éll ' [onmary cell grafts (Fig.
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cells, formalin fixed, paraffin enbedded sections of
transgene, whereas all the animals negative for HA were also negative for the transgene.

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 begin rapid proliferation, and that
there was the potential to support the establishment of long-term human grafts.

25 To confirm proliferation and estimate the extent of replacement of murine
parenchyma with human-derived cells, formalin fixed, paraffin embedded sections of
recipient livers were obtained at various times after transplantation and immunostained
with a monoclonal antibody specific for human hepatocytes. Segments of mouse liver
were fixed in 10% formalin and embedded in paraffin. Sections 5u thick were stained

30  with hematoxylin and eosin (H&E) in standard fashion. Selected sections were treated

with an endogenous avidin/biotin blocking kit (Zymed Laboratories, Inc.) and
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recipient livers were obtained at various tines after transplantation and
i mmunostained wth a nonoclonal antibody specific for human hepat ocytes.
Segnents of nouse liver were fixed in 10%formalin and enbedded in

par af f i nwoSestdsens 5u thi ck were stained 30 with henmat oxyHICANMOBOSI N
(H&E) in standard fashion. Selected sections were treated wth an
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nodul es ap cellypaintaingg aglormal gppgargice gp FYFé‘I’HeQIS“’b‘F g% s: such
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proliferating man tissue. Analysis ‘'of human hepatocyte graft function.
Two di f f dateenbbssevation vas edt wesperted, siecechumsarddariyed nafules are thearesnlinain

nep ey Aol S R G oIk cTER A gy e °5

measysi NgoduBRRoddRBARh xﬁmlletcrump&dadéth%T)precm@r SElRPsuth BumBlee waakiyed at 6
and 12 weeks cgost transplant. The dot blot assay was performed by diluting

2 | of sheappu-dsrived mddapr@fqrmn@rgmhﬁqd argpng @r@@}&rﬁt@lg&uﬁf@rﬂsa% heat for 5 mn
at 100 degrees. ( i ), J f b k nouse
serum). A 2] vordme—of—s ngr‘{tggq@i} l;K}hstroc}gzi‘:e flg menbr ane
and al | oweek fised ds )évilﬁﬁteil&l{ﬁnmnh'EbﬁocmeT‘gfaﬁﬂlﬂ owashif@ek adcd. The first assay is

a dot blot assay measuring human serum albumin; the second assay is an ELISA assay
20  measuring human alpha-1 antitrypsin (hAAT). The same mice were assayed at 6 and 12
weeks post transplant.

The dot blot assay was performed by diluting 2 pl 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 mouse serum). A 2ul 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 chemiluminescent solution. The membrane is then read using a phosphoimager. The

standard curve was plotted using standards and use this curve to calculate sample values.
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Western Transfer Solution for 10 mn, and then bl ocked with 3% TBST for 1
hour. The nenbrane was washed, and nonocl onal anti body applied to reduced
human al bum n at 1:5000 for 2 hours. After washing,

hor ser adingjo1p@ssaxi dase-streptavi din at 1: 10000 was appl i pdr/cani/dosbour ,
foll owed by washi ng and devel oping with ECL-PLUS 30 chem | um nescent
solution. The el ' ' & A SF andar d
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the standggds,and SATRBSse 61 2 OGS 200D Allel WheliNg, isBeoRiidy aRtbdd§Ninked Ry €
applied and incubate for 2 hours at RT. After washing, sSecondary anti body

| i nked t GIBP lARP380 (dilvgaDin(miilk buféat) Was applird bud fnenbatgdaior 3 hputs atiREnd\fiencubat ed

for 2 hours. at fter  washi T substrate add and. .1 he
reaction %?Sgﬂ’;?eiﬁgiﬂg SUBRIALF %% aﬁigg%\&%? M:e)&%ac 'SF S pm%%%&gu%%gyﬁﬁcgyégms read
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used to cal cul ate sanple val ues. The table bel ow shows the results obtained

with eactstansgrgy and\guis prgge nseddy cepdite sEPRIE vajsise transpl ant /m hunan

?:—Igl\J/g) n6/ \Teeﬁgﬁ%gg%ﬁglow)éﬁ% rgg'ﬁé%&é%él\‘fiﬁ%ﬁ%iﬁeg1Zné§ec.0fa§re 0.7

we
12 weeks [dead dead 3f [MAge@wed 6 weekPOISBLOM 12 weeks FHASAD 3P (HOVD)
6 weeks 608 4Rjoukd Weeksirafspi@fr 8f @B/ HRERO banEeks' (B8mi AAPR) Wweeks
undet ect & HOMHM (TRLEKS) © Weeks 200,84 244
12 weeks 1717 173
C{RP (HOMO) 6 weeks 385 86
12 weeks 594 74
CfRM (HOMO) 6 weeks undetectable 0.7
12 weeks dead dead
BfLM (HOMO) 6 weeks 154 17
12 weeks 382 40
BmLP (HOMO) 6 weeks 608 45
12 weeks 767 96
AfRP (HETERQO) 16 weeks’ 99 7
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 heterozygous for the transgene. Both assays show in general the trends are the same,
showing a much higher production of human-derived proteins in the homozygote for the
uPA transgene compared with the heterozygotes.

15 Conclusion. This example demonstrates successful transplantation of the

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

Example 2: Persistence 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 weeks undetectable 2 10 HOMO i ndi cates animal is honbzygous for the
transgene; HETERO indicates the aninmal is heterozygous for the transgene.
Bot h assays show in general the trends are the same, showi ng a nuch higher
product i B9 Wf67$fdnan- deri ved proteins in the honmozygote fofCHRA0/QPHH
transgene conpared with the heterozygotes. 15 Conclusion. This exanple

denonst r afeBatos e fasihble o RB aPha fiRidf@ils epdriitent verasbtdnsipiraapadentsci d/ bg/
Al b-uPA mi ce wth human hepatocytes. Exanple 2: Persistence and

Prol i f er avh@wass clEapicspmred ofhapahtisB yiusc Vheratirat eduRitedionth 3 PRSIUSng-t er m
out cone of | nitd al . ne. 4. 20: pr,ok.i I second
Pt ar oreegled iesAe IS CARH L EABHE] HERDNAD thdi ElnRladhlcn Bl et

01/ 67854 WiHCAMeOARADEplibeipa i Davik,efoua Mddald| 20:866 (1998)at the tinme of this

experinment were obtained froma, patient who was a chronic carrier . of
opat 1 o B vi THA TR RGBT BRSO B paekt 1o st e,

l'evel s a | L 1Y ovl it GREK 1D SnBrvaldl BRhim SRhpIEER et at e

wi t hout g%fiﬁg%%ﬁa}/rg?ggep |acat?on Z0[‘)){{516[\91?213t Sogth. Med. J 90:8%6 (?L997)). 5
Two r andombjected teBiestrmablonas desumied abas; afid the dAbantis\ieoak Vestern blotst ol ogi ¢
anal ysis, an he remai ni .6 i mls were follo t Kl.y k&t erval s.
Ser um sarﬂi‘la@ég?/gé‘fséng TNA8F éﬁaﬁgsds 2 _%fléerFiS?s%Eleg&%a%\e%&%gl%%g and the
HA bands {EG{ Y&EURESCRA DiASy. 1 Qe akfrigad faioTWN ABICo i Treiiohs C2Of t war e and
band densitonetry (Umax Astra 1200 scanner and VistaScan DA v.1.2. 2

i magilfy sQiannidicaionlfEdA oegks wap perfermed using NIEbIn@gg G fat safiware Gratiqaalpeaks
was perfarnmed usi | H | nage,.1..60/ fat i titute of
Heal t h), qﬁ%ﬁ"ﬁ@?%&g]it@e%m{%o aagﬁdﬁtaa n&ﬁégg@QSS%%gg% ?ﬁc}ég@' bl ot. Agai n,
initial graft Ag,iihieikiedra®prodisrat@ewadstey only ih ke Aardamalyedtichwbdrded thar ri ed
the transgene. In these animals, HA signals remai ried nea[( rraxligﬁl to 8
weeks at HamsgaRe. Poihgse angpals; Biisigmalsggmaiapd,aeas magimalio 8 WReks #nviifer ged (Fi g.

Nbuse 6. Fd R e o o e (e, O e s oy
decl i1se, Mbude 4 xlobattriangled¥iotdess, bifen SiaeydMowse 61Clpsclixingle).16 weeks. | n
comr oSt he LANLLL, L AISSER. a0 (IBURRaRRy s SORIGE IRHAIBL 14,
enar fn; te g%;fgrxllapét TouR: NERBNQC YA shiraSiU HeFbn@rtraiisatiic bhiftl (1RSuseepes) edl y
showed maximal HA production at all measured timepoints (Figs. 3 and 4 ), indicating
stable engraftment of human hepatocytes. Sustained graft function repeatedly occurred in
20  approximately 25% of animals carrying the transgene. The proliferative signal for the
transplanted hepatocytes is likely dependent on overall expression of the transgene, and is
reduced as host-derived hepatocytes spontaneously delete the transgene.
In order to assess whether the transplanted mice supported the HBV infection of
the HBV-infected, transplanted cells, serum samples from all transplanted mice were
25  screened for hepatitis B surface antigen (HBsAg) production by sandwich ELISA.
Aliquots of serum (20 pl) were tested for presence of HBsAg using a sandwich ELISA kit
(Heprofile HbsAg; ADI Diagnostics) with plate analysis performed using a Dynatech

MRX microplate spectrophotometer (Dynex). Both positive and negative 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 dependent on overall
expression of the transgene, and is reduced as host-derived hepatocytes
spont aneW@MP784| et e the transgene. In order to assess WEGETHen01(§a50
transpl anted m ce supported the HBV infection of the HBV-infected,
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serum.co re.included i.n as 01/.67854 /00350 The
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0.30- 0.40 _absorbance units.. 5 Table 1 Anr-\l\lcl s of serum markers of

hepatitils B i nf %B flol | dWhng transpl HBsAmkevst Postilranspiant _HRV- i nflect ed
human he;M@@@y 4 uBxpresidiBs Ag wlevel 8Wpst -10vdns | ddtwkvbusel@whot lype
Expressijlon 6 wk WKk Paermk 16 wk Pattern 1 - Absent ND 0.04 0.04 0.04

ND 2 - |Absgent] O. 04 0. 03 MNBséht02 |NDND3 + d.nansi eog 0. 0400403 0. ORDO. 05 ND
4 + Transient [0.12.0.04 UARLQ- 04 Ny S[ + dganshght [0. 04 of. 03 NP, 04 ND 6

5
+ Per si gtent—06-13 31318t T8T—3A4—* s homag gt b - not
d - *HBsAg | n\lnl o Yy Ji%%?l?nze QIQJO r h nﬁﬁg Tt ‘I-O§ + Cn 'anr\ naci :)i \L f
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<\

HBV DNA [hy 4PCR anatysi 4 TTamyient ey beld el 0-8hnf r B07( Al b- %A negarNe Inos.
1-2) ni de Mad Jundet ect ablTeansBmng | [0hdel &5 @A { h&D hiee 9-Lansgeni ¥Dani|mal s

®

with transieent| graft fUnekiseenshowed zon| y.590r adli &’ 3.78" 3.447
Key: HA - human albumin; ND - not done; *HBsAg levels expressed as absorbance
units.

Samples positive for HBV DNA by PCR analysis.
10
As expected, control (Alb-uPA negative, nos. 1-2) mice had undetectable HBsAg

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 actively infected human controls. The abrupt increase was suggestive of
restoration of active viral replication.

To confirm active replication samples of serum taken from this animal at §, 10, 12

and 16 weeks were analyzed by PCR for the presence of HBV DNA. DNA isolated from

20 12.5 pl of mouse serum were subjected to PCR using HBV-specific primers and
amplification conditions previously 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). This result was of special
interest in that despite not actively replicating within its human donor, the virus was

25  reactivated within the immunodeficient murine host. This reactivation may have been the

result of inadequate antiviral immunity, similar to what is observed in chronic HBV
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m ni mal increases during weeks 6-12. However, the transgenic nouse wth the
pattern of sustained graft function (nouse no. 6) denonstrated clearly

el evated levels at all tine 15 points neasured, with an abrupt increase
after 8 WOdS7856 persist well within the range of HBsAg ﬂCeTv‘g‘P%l 903%act i vel y
i nfected human controls. The abrupt increase was suggestive of restoration
of acti vecatiidrapiveg phiraaicologic ilimuacsubpressian bftarergaptinspltnteiors@ephdserof serum
taken fromthis animal_at 8, 10, 12 and 16 weeks were anal yzed by PCR for
the presetc@uictO3BIBRR)- DNA isol ated from 20 12.5 gl of nouse serum were
subj ected to R I ondi tions
previ ously desltczﬂ\lrﬁlsg g}% er?ggdg‘g&g“fa{ae tt%h%%%%f%%ﬁoc%fﬁ@%ﬂﬂé%égg%& Al

anal yses airmeriq@ahsgeniednica cdl suppexd HBAS kirdreplaiatiof.our serum sanpl es were
strongly positive for the presence of viral DNA (data not shown). This
resul t* was of special interest in that despite not actively replicating

Wi thin it Jiies. deiblishitd By $ECWasfedior €act i vated within the

i munodefTcrent morine host. This reactivation nmay have been the result of
i nadequat e antThei suagesi abmaqumyrodwmnlqiracbunwva%mmg ?fssépmfﬁ chroni ¢ HBV

33 WD 01/ 67854 PCT, 350 carrierns qi i

i mrunosup) lécsagf’%ﬂlé‘?mg'rme&cd%%us? PamS ﬂ?ghr?t% :égﬁle rrau 'ltn%gFPOfa Gut 40: 568
(1997)). ﬁ&w@ee&aamsediﬁw@cmsanrmwnur}mv hmedtlehmeBgﬁkgmtmd)anspl ant ed
into chineric, transgenic mce can supgegrt HBV vi r al I icatio

Exanplle 3neansthabthersrgondfl i navigaspnpirly expaoidion et ﬁ?eal%ﬂaélé’é 198
productiop 0 E)tﬂle(%gTWE cﬁx'ah%bu%kpfﬁ%ﬁﬁﬁ)ﬁﬁﬁé HR¥tion &0, 1ﬁ§£\}eﬂﬂu§ n the
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woul d be Pagfifadahtinyrey Pg&ﬂ%\}luﬁ?é‘gﬁ?f%ﬁ’ ‘??YFE’!B}&?% % af"ﬁ’f ection
(€.9., injfe @f‘s‘?«%ﬁs for R, ml"ﬁé&d?ﬁﬁarﬁfve%hé’éeﬁ Qﬁh@mmhﬁlslm&%ls &fdthel support

an active H ection, particularly in view of the failure of others to
develldp HENeate fafliresrofiethers amﬂi HE¥ anamal myodebsfindiette thay oneean fop pimpdy/. The

conparative succ mal s del s_and.the e i-l ures of
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from HBV jhectiliaVin rhitd Svithtdhirér SRRk s Wase WiBAE -inecedttablansbrutm. pri mary HCV

Seven littermates were transplanted at 7 days of age with human hepatocytes

isolated from a patient serologically-negative for both HCV and HBV infection. After
20  confirming 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
positive for HCV RNA by PCR, with viral titers of 1 x 10’ copies per ml serum. Thus,
each mouse was inoculated with approximately 2.5 x 10° viral particles. Serum samples
25  taken from all seven mice at 11, 12 and 13 weeks post-transplant (5, 6 and 7 weeks post-
infection) were analyzed for the presence of HCV RNA by RT-PCR analysis using the
Cobas Amplicor system (Roche Diagnostics), according to the manufacturer’s
instructions. Two nontransplanted mice served as mock-infected controls.
Of the five animals with good initial engraftment, four showed the pattern of
30 transient graft function and again one animal demonstrated HA levels at maximal

intensity over all measured timepoints. All three samples taken from the animal with
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infection in mce with chinmeric livers using virally-infected human serum
Seven littermates were transplanted at 7 days of age wi th human hepat ocytes
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nouse to generate and sustain a chinmeric human |liver for prol d and
per haps ilevglsfin Apmany dAC ¥ darabparticlggcagrhegdetactedia sermy 5&%3@%’@%8% -

hepat ocytdgﬁvedﬁ?&ﬁen of ABLH fecRAGANS ARA tp&micglfege&p& AU PtWatiltate

HCV- posi t1ve human serum an support long-termreplication (e.g., for
a per i od nafre yapik&reaningo rtoh sxamsple phosaatpl¢sofrem fieH CY -idéegtipn bost keambm- speci fi c

hepat ot r %Phrl]tieg \Qgghrléjnsc)%v% nac»tninlfgis\t/ee ssen;[nt] et. g ,C ﬁ)nou?gvoeg%{[lreglcf gllu(%ljoinﬂitg grlovide a

20  sample volume adequate for use in an automated machine, and provide signal strengths in

the assays indistinguishable from random human samples.
Long-term replication of HCV in the model of the invention (e.g., for a period

longer than about 4 weeks, generally longer than about 12 weeks, e.g., about 3 months to
6 months or more) allows for the use of the model in the testing of 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-a2b), an anti-
HCV therapy, is generally only detectable 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 production, it would be difficult 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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| evel s in humans. HCV viral particles can be detected in serum blood, or
ot her bl ood- derived fraction by standard techni ques, which techni ques can
be automated to facilitate nore rapid screening. For exanple, the sanples
from t hewld@vrssisect i on host can be diluted with known norimé€ser@dsoiser um
(e.g., about two to four fold dilution), to provide a 20 sanpl e vol une
adequat e. Sepln: el : i i &hfengths in
R R D S S L R W
replicatpebleai. HCV in the nodel of the invention (e.g., for a period

| than about 4 weeks, LIy |onger t b 2 e g.,
abott 3 mont n LBV areHaSSEP oy STREREe e L8 5% FRE hddel | n ¢ he
testing H&}-gﬁﬂgé ABUEL 5 PHEEH seRepil RASCY infeciiBn byiin6infesitedr My be

r a

necessary dequat e drug devel opnent. For exanple, the effect of
admi nd st mdigdtion. he modelris elimpally relssanti(e gl aarl Be infactadfyraomra@bioutetf anti- HCV

t herapy, .i.s general ly only.det ble in humans s of

t her apy. qf?Ft’%QTFnQr‘WqunsrPﬁgséﬁqeqt ﬁgﬁ\?&{g‘?g{lﬁgﬁﬁ\%i@ g}%t Er’@%f‘lg? g#?%%g?sgf&%nl y a
few daysb@{)ro\d@&lﬁsre@ﬂﬁfiyo&n@i@ﬂa’@iytiﬁduﬂs&ﬁlﬁﬂﬁhﬁﬁ&i’d, aivd wall alpove divektigarors it woul d
be difficult or inpossible to determne if 30 changes in viral titers were
due to adicentivicsploes strataginsdon inbibying arahepheation P dat i ons in titer 35 WO
01/ 67854 PCT/ CAO /00350 inherent in the animal nodel. The present

i nvention provides a nodel that avoids this problem In sumary, to the

best 1®f Ek@nploveHOV InfektimwfedpaPAMic is the first report of a
non-pri mate ani mal_ nodel that 1's suscept iélgdeﬁ to HCV .infecti OH a nor mal

b
route of 5 i nh’é&si%‘@npﬁ%g‘%‘éféla_bi’%e Ui AP f“?}éqré?/gﬂp%sér.a& t atc%‘h be
i nfect edaxmﬁaﬁmpgél%?ltheriﬁ%rﬁio fean’§ Sxﬁtﬁépﬁﬁaticﬁi& Bgopports persistent HCV

infection simlar to that observ umans), can be produced regularly
and reliably MetlodbstidMaieadalsnunbers, and will allow investigators to

directly explore_strategi es for inhibbiting viral .replication in vivo. 10
Exanpl e 4: HC&;q @Wﬂq%ﬁeg’mmlﬂﬁﬁn S YT el iR _E??%Fﬁﬁ(i%, the work above
was expanded Hiydibyer: Of (EIANSLP Alsainh nitbe weadhomkd mﬁls/@lftiﬁérhﬁeé nvention
can support r fcation o ods and Materials The fol | ow ng Mt hods

and Mat ecomditiongend carsddot in acedrdanss avithl the guidelmey estahlishad by thedcangdian b- uPA
train. i mal j [ i.gen- it , d
o o RUPBLRARR E I At L AL p O SR

the University of Alberta Animal Welfare Committee.
Hemizygous Alb-uPA mice (strain TgN(Alb1Plau)144Br, The Jackson

20  Laboratory) were crossed with homozygous scid-bg mice (strain C.b-17/GbmsTac-scid-
bgN7, Taconic Farms), and progeny carrying the Alb-uPA transgene were identified by
PCR analysis of genomic DNA 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 euthanized.

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; informed consent was obtained from all hepatocyte donors. Segments of

human liver tissue (15-20 cm®) were obtained from regions of hepatic resection specimens
30 which would normally be discarded after pathologic examination; the majority of

operations were performed for intrahepatic malignancies.
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Council on Animal Care (1993). Approval for aninmal experinmentation was
obtained from the University of Alberta Animal Welfare Committee.

Hem zygous Al b-uPA mice (strain TgN(Alb | Plau)144Bri, The Jackson 20

Labor at oM 0@$¥ crossed with honpbzygous scid-bg nmice (stPal/fgA01/00350

C. b-17/ GonsTac-sci d- bgN7, Taconic Farns), and progeny carrying the Al b-uPA
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resection speci nens 30 which would normally be discarded after pathol ogic

exam nat itopan blue exaljivon;tfinab¥iabidipewas foutiselweBe%per f or med for intrahepatic

mal i gnanci es. .36 01/ 67854 PCT/ CAOL/ 00350 . After  r.api i ng of

resect ed speci%ﬁ‘éﬁ%{)jﬁ%@%q?@‘gy{ie%o 5?%18§5&1%1%8?§Sf(g38‘9 ¥ st andard
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(1976); Ryan et al. Surgery 113:48-54 (1993)) using 0.38 ng/nL Liberase C

( BoeHPi ngeeraNaanaghifyation, { id 0C yiableenaieeytpeyergarieecd mite the Ip{FFPT $REES on,

cells werg;5 ) d ! i lM{lz A Dy P 0C for

short-te rpr(r)11 esvflll{)i?gagzg b‘%?ﬁg%’? Hﬁ%%{agggts(lpﬁ%gﬁtﬁaﬁ 5 ?%tgg(lzlg Sﬁ?{slgg n gB @?aggcli lity

wer e confackodethe yjehiDiiy f@mehristasind The splpanwid replaeedcandshofiankf incislonvi abi | i ty

was routinely >80% Transplantation of human hepatocytes. Recipients (5-14

days ol d)clages B t"gda¥shet i zed with hal ot hane/ 02, and a small left flank

i nci sion was RdRiokBERN jh G AR balints, iFRARbEHitafbh arld WedlShh Mb@b! €

hepatocytes were trnjected into tne TNferror sptenic pole wth a 27g

but t a5f | WMoéuse eating@0 st wisAhdudtated, witti mhnaeclsiahegpte Hat atibbay (Cloae HSM-2I i p

pl aced agross the injection site for Sis.. gg sg% en.was repl aced
] f

henpst
and the PSR a0AQniggRntippdseInplrxes ellpcisrbydh PIQIGIR (28RO i n mouse

serum by éhﬂéﬂﬂ?l%&r-ﬁﬁhme‘hﬁf. | ORdRREHNVE St BhAitiBhO immbRopYUPRatEEW IR sepatkd  Was
i ncubated w t h nonocl onal anti-HA anti body (C one HSA-9, _
by SDS-PAGE and transferred to nitrocellulose. Western blots were prepared using a

biotinylated monoclonal anti-HA antibody (Clone HSA-11, Sigma), with a streptavidin-
20  HRP conjugate and chemiluminescent substrate (Pierce) for signal detection.

Determination of zygosity of the Alb-uPA transgene. Mouse DNA (3ug) was

digested with Pvull, size fractionated on 0.7% agarose gel, transferred to Hybond-N+
membrane (Amersham Life Science), and hybridized to a [*?P] — labeled probe from the
final intron of the uPA gene (positions 7312-7920, GenBank accession M17922). A band

25  of2.88 kb was derived from uPA transgenes (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 were fixed in 10% formalin and

embedded in paraffin. Sections 5u thick were stained with hematoxylin and eosin (H&E)
30 instandard 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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Sigma) and antigen-anti body conpl exes collected with protein G agarose
beads (Boehringer-Mannheim. Under reducing conditions, inmunoprecipitates
were separated by SDS-PACE and transferred to nitrocellul ose. Western

bl ot s weW@ 0i68834red using a biotinyl ated nonocl onal ant i EHECAKYQ0Bdy
(Cdone HSA- 11, Sigma), with a streptavidin 20 HRP conjugate and

chem | urrhﬁ@a@ﬁéﬁat& tiBbdy (DAKROCER0 ﬁﬂﬁtl@)gbt&inddﬁtlbmiy wus. detdoeddarsirignat i on of

zygosity of the Al b-uPA transgene. Muse 3ug) was digested with
Pvul I, sF%WPE&HSBW&I@H‘U@H@EGC?‘%‘§§§P@s@“@%ﬁn€x}ransferred to Hybond- N+
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| munohi SLAGNGISLN With YOUAS- TG, Bl BREIEE WY &idrh KRG | 1 10% formal i n and
embedded 1n paraffin. Sections 5 thick were stained with hematoxylin and
eosi n (H&E)zmllmlnemest@wdaq@nflﬁghumgaS@D&M pHospboinpagas figor @standaaded with an
endogenous_avi di n/ bi ot i {OCkI ng kit (Zymed Laboratories, INC. ) and

| mmunost SENGHIREEA 08 AEhYEk onal anti- 37 WO 01/67854 PCT/ CAOL/ 00350 hurman

hepat ocyt e antubeditikERsis b B6sitvd ditah@ BJCV RO th abhidciedin vQsardigittet ed
usi ng{p t he Super Sensitive Tmrmunodeteciton System (Bi oGenex l(#) Protein
0

dot t B4S6 anplysiy weppanformed indrlinded fashigp by dea Atherta Sxpn o ef serum
(2pl) we 5 2pl

al i quot sﬁsglcmn%%agﬁéﬁgﬂoggni %IB;CE? a(hné%ge ﬂotﬁ ggllrlﬁ({l%g&}t nggseggﬁrC&g‘q}remr anes
wer e soakWehnipegt Manibied, dauidaﬁrmhyﬂgwadpwmea%meaﬁaﬂmks wing the epar ed as
Western bl ots, Chem | um nescence was q antified usﬁﬂﬁg G?M
phosphoi Frabas-AmplieanHC ¥ Monater aystesy(Roch E)bé%%’toé%csbﬁccé TPAnuieSIuIsES; t ati ve
anal ysi s; Qf. . Rpsktive strand HCV RNA in nmouse serum Quanti tatl ve 10 HCV
anal ysis was perforned in blinded fashion by the Al berta Provincial
Labot&t ory of Defutidn of ﬂdgaﬂntd%tr(aﬁdbdirﬁ@&rRNAlblyethermostabhaamrevgnsethe Canadi an

Center for Di.seas 0] " i toba Anal was
per f or m%ﬁ%&gﬁﬁéﬁ—e?"@g Eﬁs‘gbl%a nN%’Pf o erg{g?sﬁ%ﬂf ‘P%“rcte yst em
(Roche Dhadiosdring ShindCIHard NGibQ BRINMRTPOREewSs pdrivtined atingas -

thermostable rTth reverse transcriptase RNA PCR kit (Perkin Elmer) according 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
transcriptionl4. Strand-specific cDNA was amplified by adding the other primer to target
a 240-base pair (bp) region of the 5’ non-coding region (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 products were loaded onto a 2% agarose gel, transferred to Hybond-N+ nylon
membrane (Amersham Pharmacia Biotech) and hybridized with an a->2P-labelled DNA
probe for HCV 5’ NCR at 42°C overnight.

Detection of negative-stranded HCV RNA by RNase protection assay. Total RNA
was isolated from mouse liver using Trizol Reagent (GIBCO/BRL) and from HCV-

30 infected human serum using QIAamp Viral RNA Mini Kit (Qiagen), each according to
manufacturer’s protocol. Extracted RNA was probed with 32P-labeled, gel-purified
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15 Detection of negative-stranded HCV RNA by thernostable rTth reverse
transcriptase RNA PCR Total RNA was isolated fromnouse |iver biopsies or
infected human serumusing TRI ZOL (G bco BRL). RT-PCR was performed using
a therwetabtssar Tt h reverse transcriptase RNA PCR kit ( PertkdanifEosser )
according to manuf actur er's instructions. Positive-strand RNA was detected

with an %ﬂt‘iéeﬁ e (apce %‘?@%@éﬁ%%bﬁobé ?EQC{IQI N sjﬂ)a}xdpr i mer and

negative-stra sense GGCGT-3' (SEQ TD NG 2))
pri mer f@nd/me&acmeantisemesﬂ)bpmbeonl 4. Strand-specific cDNA was anplified by

addi ng the ot ner tot 40- base pair f the 5
nonI cgdi ng reé’?%ﬁ”‘(h@%‘”‘éﬁd @Hgf@@f@ @W%t%vgﬁeé’éep(aﬁ%)f@ gﬁr’] gOS SGC f or
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were | oa to a 2% agarose gel, transferred to | on nenbrane
( Arer Shain &haammleap@mmmlemfd{(wbcmmh preteingse. hT@m RNAampepantsefrorad DNA

probe for, HCV 5 er.ni ght .. Det t|on ne st randed HCV
RNA by Rﬁﬁgbseﬁ?rﬁtogl@frfegrfroé%ggﬁy mf%“tt%qus( L alteé ﬂ?{ i o)r/ﬁﬁlﬁtc)}hse li ver
using Tr ugphsael@gqu)ﬂvma&ad A0§d fop M hiaY BNA BfrledsROv43pEBons&l um usi ng
Q Aamp Viral RNA M Kit (Q agen), each according to manufacturer's

pr ot ocol in £x8 ph@mmmmwpm&@umrtrnvesmmmtw (Mpdecufpn Gepetied 38 WO

01/ 67854 PCT/ 0, nse..ribo e +), strand),
sense ri BOPEHE ?d@tég?ri%)ﬁn sl?‘ )antﬁe?%e@ %udg%?ep%[r%&r&s%{ ngsa'%ntl sense

ri bope ochﬂmgAmGr@GchmE@cwmc 30@35@ MDNG: 3\ pripegpar ed for
invitro transcription of truncated Pfix/ KS+ is a_construct

ori gi nal PQR@@M%{@@@edmwta&wlumwfﬂe? “é%?ﬁf&%%lw Sulefitee fingl cHA ser i ne
f f
Dot ent o epiS BB o ARPRRSSLIEATAY RSN RIS BINIEE, NG, (' ect e

denat ur edachtde8@ifonnclbosideatripnddAateyhs hds o3 wamepend Hpmedr (’'n a 20 pl
reaction volume with AW supe Ve etic
Resour caS A TREEN B8 CHAToAR S aR AR PR T LR R8s ves
5' 195 TCFGTGISENIEASTD 3.5 (SFR DRANRIRheto primer) . PCR
was perforned in a total volume of 100 1 and contained 2 1 of the final
cDNA r e GIB@OVBRINt (e 5” gOmanadiied sn kigerokpids8cladvags Sitayindk e, en&r6552|31‘14pl\/gd 2,

gogr :VI rrg]; ﬁﬂegrgglbt vgaesoclc}/ned 1ntcr>] 'ﬂ? | fcoosAId a6ndt§al ghs?tgg Qfa };[flhescnpt IQM ?gtra%aé%r I ’n‘er and

PDI).

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’ primer). 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 Facility).
Preparation of Riboprobes and Truncated HCV RNA Transcripts. Riboprobes
30  were prepared by in vitro transcription using T7 RNA polymerase (Promega) according to

the manufacturer’s instructions, in the presence of [**PJUTP. For detection of (+) strand
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GGAATTCGCGACGACGATGACAAGGCACCCATTACGGCGTATGCCCAGCAGA 15 CAAGGGGECCTCTT- 3
(SEQ 1D NO4)), and 2.5 U Taq DNA polynerase (A BCOBRL). The 5" priner
added an enteroki nase cl eavage site, and the entire 623 bp fragnment was
cl oned iwomistessaEco RL and Sal 1 sites of pBluescript KSPQIBta@i@sone,
PDI). The remaining two plasm ds were constructed using a PCR strategy to
obtain a gl « i ; I & } CR) of
o/ R RN SE et Ensd R e AR Fal el rOREAL Bge et eR A,
8738- 874BI(Rbf8skEn}e anddRr ¢) stpmdem b36-neseaseasbophbecvasirapiribed dronehgl at e used
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primer). 8@%@0@% h?éattatgleﬁé?iegf3021|ﬁ?dgﬁ§o$h9 T @dhstrdRsBeclficig) sined i nto
pCR2.1 TOPO using a comrercially available TOPO TA C oning Kit

(1 nvi 5 r ogremyi-specifiedetection gFEFTV RNA N@Heinag eensa dne @Risense/ riORENeE vsens e

lasm ds., All cl onges. r onfi d DNA ! i . i it f
R bor't o BRAPEBRES A e BN RS gt Mt s Ean e e MR R ot 2 hov rna
Transcri pics/PARROP AP 8RestOd WRhSaPT SR t6 th Wito andription UsiARIORVAI on using T7

RNA pol ynmerase (Promega) accordi ng to the manufacturer's instructions, in
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ri bopy ob@emaiShdul ansreCifbRevéd Wnir&ament vitlgRNhedrddVRAseX (KQ+ DNese, det ect i on of

3-actin, _linearized pTRI - Actin-Mouse (AMBI ON) was uged tEa?ir qer}gégé(e a 304

nt ri bopPEmELATET J AMat 375 e Lapeled nbenroRes syeresed g figd andradiqine ction of

HCV RNA, L0l - - i ] red.
%@ﬁﬁgﬁ@g@?lgﬂﬂc@Qﬁt‘h%ﬁ"&ﬁm&b?@ﬁb@&%& R8I aﬁér%@%ﬁg QpA

Briefly, ntisense were digested with Kpn_
HCVPf i x/ #Sumessf 15 b sthemnivim iceBa¢. Intqgrityoof radioinertvin vity transaskad BNA®N usi ng

T7 RNA pol rase. Additjonally, HCVRfi x/ KS+ i nearized with Eco Rl

and 1 vIe ST Sl R TEn S oS RSO NS Al | i Vit 10
transer i gdaRifed £RAUHVbANed OvaMBight dt 2Nand RNREEdgestopwest geyfolmhedidi®@Nin Wi t h
RNase-free DNasel (RQL DNase, Pro}%\rr}glggi)I for 30 mn at 37C. Label ed

ri bopr obBNasgegreteefédn gseas kit @uMEBAQNT HaD+ Praduets migte raselypd ebas “er e
precipt tgglsgcryvrarglpdezg'chovn?elliHirﬂE% I\(;Ifurgabasn%l e%)gseg ttJ'ﬁB&’;Lk RibGh ARHIRY O-5

Production of Transgenic 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 homozygosity. In initial
experiments, homozygous scid animals carrying the Alb-uPA transgene in hemizygous
fashion were crossed, and litters 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 transplants, 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
weeks post-transplant and increased in intensity over the 4-6 week timepoints suggesting
graft expansion (Fig. 5). Blinded genotype analysis revealed that all strongly HA-

30 positive animals carried Alb-uPA whereas the remainder did not.
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vol unes of 7.5 M amoni um acetate. Integrity of radioinert in vitro
transcri bed RNAs was eval uated by el ectrophoresis through a 1% agar ose
gel . RNA sanples were 15 denatured and hybri di zed overni ght at 42C, and
RNase diweatiicessawas perfornmed using an RNase protecti on Bssaxoikiosso( AVBI ON
RPA 11l Kit). Products were resolved on a 5% polyacryl am de gel containing
8 Murea and gxpasedilify, {RABKASEIRE, sORcldrdfMecii@iitdd &Bnionldransgeni ¢ M ce
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fashi on H@E‘ér@zf%’oﬁ§ &@6khes ARG diviigeRdeSn %fafﬂsxﬁ:%v_ﬁléh‘.é 104 sl OUBRYsiNESBhE AgRSPl ant ed
intrasplenically with 0.5-1 x 10 reshly isol ated viable human

hepat®cytlys trapdgeeswantesadi HsingrddBLe thbeled pradievisriyedffomiha Antapzaneiyt es, was
enpl oyed,as,an i ndicat or of 5 ar ti: il of 36

Cr anept ae SPACkend HaESleRle @ spdfecipit,ind Wafodiflheul e B Purilt it

denonst r ataBdis| d the sighalumidEouldbé aseidpd detesnintithebgpostyvetnke taisgateed as early
as two weeks post-transplant and increased in intensity over the 4-6 week
ti mepoi MrEYdHigg 6kt Genpmig PN¥A apalymneqnbirmegthyt ammalsglemopsiiptie sutigiged anal ysi s
reveal e t I A o YiEA A Bs ShE @bkl ieRAmher eas

t he rerrgltll n erengllta!gn?letgg %gl%n%’%%sggém PCT/ CA%PJ/SOOBSO tgggga?g%igﬁ?ti ally
strory Hanstiggnadrs hemtaygowgt af t reci pi ents had extinction of signal at around
14 weeks, while a second subset maintain strong signal s beyond 30 weeks;
represent at i aF’ngﬂiotnsor}é?célo%gﬁﬂl tf%SﬁF’&F&ﬂO%gzxgﬂ%s‘ V6 ra?f’?al?‘g%/’f%?i ents were
progeny ngdulela%?ﬁéﬁ%&g@@%.n&{/ﬁea%e@piéah@ordllﬂ@rsg@aﬁ@s.l wighiehbdgey, vi val as the
result of zygosity of the b 5 UPA transgene was tested. Using a [32P] -

| abel ed lppatoeytd eytopkasmfand mu¢lpicappeared hisiplogeallymormaldan gpmrageive, transgeni c

and endogenous uPA were di st.i ngui shabl e by .Sout.hern bl |l vsi g, and the
si gnal rs_glﬁ%mi‘%ﬁﬁsuﬁse “g’fﬁe eﬁl?)“%éet oZorv%ﬁuﬁgfs[ aélerzﬁos\l’atcﬁg%%ﬁtcﬁggg § 1>zgllna%léene
array ( Fyinof nucfe@NT0ideliddNf mmddnyRils veomirinvsailedatetivnk Maihsa denonst rati ng

sust ai ne human engraft nment were honozygous for Al b-uPA, whereas the
subset inerpciqi) aniighyypars hepatpgyte gpidhqdyiviieh Bitensely sipnsdconlmagiVeh of

sect | Onjl%d(t hodh E&g&gh@g&@%&%ﬂp&m@sﬁ{ayl%lana&x&a&@@ogv@ﬁgﬁse fedul es of

hepat ocytes arrange I cal cor e structures. I n nodul es,
This demonstrated that the nodules were clearly of human origin, expanding outward into

and compressing surrounding murine-derived tissues. While the large human nodules
20  contained healthy hepatocytes, all biliary tract and portal structures appeared 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 hepatocytes were transplanted
25  into 27 offspring from heterozygous crosses, and at 6 weeks after transplantation all mice
were inoculated intravenously = intraperitoneally with 0.25 ml of human serum obtained
from one of two unrelated HCV-positive donors (viral genotypes 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; results 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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hepat ocyt e cytopl asm and nucl ei appeared hi stologically normal in contrast

to surrounding tissues, where cells were obviously smaller, with

vacuol ated cytoplasm and 15 pyknotic nuclei. To delineate human cells, we
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sumari zed in 30 Tabl e 2. Graft duration was deflned as the period of HA
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01/ 67854 PCT/ CAOl/ 0 Table 2. Infection of honbzygous mce with human

HCV Al b- pde#istently negatiHAfvEHT A RN aHt:m(ze/gomw)emmls Ba¢matialstrang & HCV RNA

) 5 St r.on 5 0/1 s+ 4
St org soEsts pibhrosiesgiyety rshaPSa il g aiae [Ra PR RIS ik
ti mepoi nfveddd! i) sRaicdICY RNA QI ﬁb’tgietd%ﬁedaﬂdny\bfﬂﬁeiey@ﬁnﬂy oVérUﬁMﬁbl-eVW lis
test $ p<0. 001 vs heni zygotes and w |l d-type by Pearson Chi-square test All

8 wi | d- t {peraintst Fosharmeentiagl, &l foye aeimads hamnzygeys fgr ReAlbyuRé& raseedsd wer e

demonstrated sustained human chimerism (median 30.5 weeks) and were positive for
HCV RNA by serum RT-PCR analysis. Quantitative HCV RNA analysis revealed viral

10 levels ranging from 1.4 x 10° to 1.4 x 10° RNA copies/ml, well within the range of
infected humans. Successful infections were established with both genotypes of viral
inoculum and duration of infection ranged from 10-21 weeks in this initial cohort of four
animals.

HCV Infection of Animals Homozygous or Hemizygous for the Alb-uPA

15  Transgene
While positive-stranded HCV RNA was persistently demonstrable in homozygous

animals, HCV RNA was undetectable in hemizygotes. We hypothesized that
hemizygotes fail to support HCV replication at detectable levels as a result of diminished
initial engraftment and earlier graft loss. To test this hypothesis, a protein dot-blot assay
20  was developed using chemiluminescence and phosphorimaging to more accurately
quantify HA production. After transplanting 1 x 10° cryopreserved human hepatocytes
from a single human donor into 21 recipients (15 homozygotes and 6 hemizygotes),
randomly selected animals were sampled for quantitative HA analysis and/or sacrificed

for immunohistochemical analysis. Results of this experiment are shown in Fig. 8.
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persi stently negative for HCV RNA. Hem zygous animals had initially strong
HA 5 signals, but progressively lost signal intensity over tine to a nedi an
graft duration of 15.5 weeks; (+) stranded HCV RNA was not detected in any
of thesewayirsedssa over nultiple tinepoints. In sharp contr@scaoialoBso our

ani mal s honozygous for the Al b-uPA transgene denonstrated sustained human
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area in hormzy ouS & nt rast exam nation of nultiple
production of homozygous Alb uPA mice. Using the dot-blot assay described above to

screen early for high-level hepatocyte engraftment (HA levels >250pug/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
recipients.

Confirmation of long-term persistence of HCV

Long-term persistence of viral titers in humans is the result of 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 250l of infected human serum
(genotype 3a; 2.95 x 10° viral RNA copies/ml); each animal received therefore an
inoculum of 7.38 x 10° RNA copies. Results of this experiment are shown in Fig. 9. In

30  3/5 recipients, viral titers increased by 16-, 27- and 36-fold over the initial inoculum by 5

43



10 sections of tissue from heterozygous recipients revealed only m ninmal

evi dence of human engraftnent. Together, these studies suggest a
substanti al advantage in both the magnitude and duration of hunan
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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.) using a thermostable rTth reverse transcriptase RNA PCR
protocol and strand-specific primers. The results, shown in Figs. 10A-10C, confirmed the
production of the HCV replicative intermediate (negative-stranded viral RNA) within the

25  livers of transplanted and infected homozygous A/b-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 of ten
homozygous mice which were transplanted and then inoculated with HCV-infected
human serum.

30 Fig. 10 A shows detection of (+) strand RNA (upper panel) or (-) strand RNA
(lower panel) by thermostable rTth reverse transcriptase RNA PCR protocol with strand-
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10 viral l|oad, strongly supporting the occurrence of viral replication. HCV
is a positive-stranded RNA virus replicating through a negative-stranded

i ntermedi ate; detection of (-) strand HCV RNA within the liver constitutes
proof ofwowneptsseati on. To reduce the risk of fal se positiRE/C&HODINS
(Lanford et al. Virology 202: 606- 614 (1994)), (-) strand anal ysis was
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multiple RPA analyses. The results of detection of (+) strand HCV 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 localization of HCV within transplanted mouse livers, sections of liver
taken from homozygous 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 appearance, with exclusion of staining from the nuclei

30  (Fig. 11A). Areas of fibrosis and portal triad structures did not stain positive for NS3-
NS4. Although the majority of hepatocytes did stain positively, there were areas of
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panel ) or antisense (lower panel) riboprobe; J is riboprobes hybridized
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20  weeks post-transplant (greater than about 800 units by dot blot)) and high titer HCV in
serum at 35 weeks post-transplant ( 1.7 x 10° copies/ml).

Serial passage of HCV infection

After confirming replication, serial passage of HCV infection from mouse to
mouse was attempted. Fresh serum from a human donor (250ul; 4.75 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
mouse, which developed titers of 1.75 x 10* copies/m] at four weeks after inoculation.
Serum from this first-passage recipient was then inoculated (100ul; ~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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These separate and i ndependent|y-perforned assays clearly denonstrate
presence of negative-stranded HCV RNA within chineric |ivers sanpl ed at
2-5 weeks post 10 inoculation. Experinments with sequential week| anaI ys| S
by quant WO{6/&4RT-PCR (Fig 9) denonstrated a rapid riseP¢HC P@‘(I}/
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viral replybéstdiothantdplicationhieed mdter:c:urtbht sithen tHedinbial hengpeicbaduth petsests,
paral | el ed by maxi mal anpunts of_ (-) strand expl ai n

why the (hiy saqopdrigssage FRetrae Rtonld haxp recerved 8 %%?E?S&Eé“rt‘%g‘%méh? i sanpl ed
at 2-5 13, ﬁﬁﬁé 5'1@5 vird12Bp 1|e§";(?r8 dl%gﬁamd &thtidh, ddorhhgWBAISE kerurthaken in
conbi nat| on, ata’ conclusi vel y support active viral replication in
this ani rmlurﬂiﬂ)dHIOOpBut}tehewmdmssagﬁ:émpnm bad PUOX noremezsuiad, vilebBNA beent | vy,

t he inventors have denonstrated an anjinal nodel, of , the.inv nt| on,based
Lpan 8" CHTaH have Bee P el A A e R e SR PBATE Seitan

hepat ocyt % RECuRYa B8 /6 Adikidial RGO mMDBoth B Sa6MM | evel s
at 35 20 %Sesgés pdé?rﬁt(ﬂglnjsa%ﬁaln 8gr eater t hanlatgloutl 800 eunl ts by dot blot))
and hi gh snbieqnedf@\davalopahﬂcm 1&fecﬁ®5\&ﬁ‘eﬂdqu§wb-rtqllan@§,| cmantlt@tlomendm

copi es/ m Serl al f HCV infect] fter . .con catl on,
seri al m‘ﬁ%‘&% 3 diren fl?}ﬂ‘i"ﬁ%ﬁ{fg 7 a“%%%%“’()&& a%?’é%elgg Fresh
serum f “?139 é‘ gﬁé’?ﬁﬂm@%?ﬁﬁssﬁ%%5qlhas tfané@igsiohGRonY htudbn BNAougd—CRABIRS) Was

i nocul ate ﬁtraperltonea y into a naive chinmeric nouse; at four weeks

af t erl0i nagatsat> amusy rapadsertts bethsepliengoriofge ACM0 genooysi 2o /oroductien offuilstken from
this nouse (1251; -2.19 x 105 RNA copies) was inoculated intraperitoneally
into a sdBsHPUSRATEISh meri ¢ nouse, which devel oped titers of 1.75 x 104
copi es/m at fqute %@hﬁxeﬁt%aabﬁsmﬁdéhaﬁlbg%ous SEaUTbfuPANmidB vt dhiéripassage
reci pient was then inocul ated X 103 RNA 30 copies) into a

thi rd nailweac Hivemsrdas beinfeased NndeWth/\kl@Wsp%ﬂt!‘@rhmém isBPPort iiECY second-

passage re i.ent had ters e assunes
the nul | riﬁg %Qﬂt cé‘?ﬁ%ﬁ ﬁ%f'/aé&btf/so %%pot%QS| S Q%‘%S{h?elg elhté% E|aon does
not  Q&cUloti bhilddrid@hicé. hSudcBistill ahfedtione Ravdiget lestablshed iwsthiral gdnosypes 1a,

second- passage reci pi ent woul d have received -6000 cq q%stpOf virus fromthe
initial lbndcandon pathrapid incoesses ip ypralcRNAdiess tq layelgicpeily, dsfeclable B0 di | ut | on,
assumi ng e }I{r;(% i Nz PASPRAS LRGP ent had 576X
nor e rreasfjggg ﬁv?’ a%%ﬂ'gef%b%%l%gggl g%% érj((:acel ved fcr om t he ori gi nal

human i nestdblishmeBesivirdl infeotioni mddyasing-hopawysgtes aecripicats cq@did)witas

i nocul ated into two additional iV
early screening of graft func'plon by 3ot b?ot 165\1515 IQIETQ/ 1n¥ec¥1mc;lns 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 in our laboratory 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 approximately 50% of animals with dot

30  blot>250 units at time of inoculation.
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subsequent |y devel oped HCV infections (third-passage recipients;
quantitation pending). Serial transm ssion has thus far been denonstrated
in 7 animals including 2 aninmals after three generations of passage. This
t ransm swiowi/efgs@m human -* nouse - nouse -+ 10 nouse -f nNOUREAsIPBBSENt s
both replication of the HCV genone and production of fully- infectious
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Successf iRve He @B, P EIFRIGIEL DIBYORNPUGEYS & YR 6 PRI GEIRBEY 5B a, 1D,
3a and quagr EombiARich ¢ MOhERSESarld stivh1R FNENA dedrh QEI%s Heve bedeifowaasi | y
detectabl’'e by standard commercial assays. Honpbzygosity of Al b-uPA is
critiGal have theebiissfoukpomdatatiicihematappiest colisig NG 1Bige (85 Hy usi ng

honozygot es .as_ r.eci.pi ent ) 40 o.ear r J fo.graff function
by dot _bIEGRiARly IR FReYsoaRal 28 o) SRl b SRl Re PRl 1 1 75k
of all i RAE 38265 AMYITR| [SarochBRe b ANFR Med AU 2 PIBAIFITC@AR6)e Wihjuégasds tbasi ¢

m crosurgi cal equi pment and technical skills. In our hands a transplant,

i ncl udi ndivenmpepuiatonchewenes iciinisabsiedipshayg apsd stem qell trapgplantssingedialist es per
ani mal . Xl\?{))ltebla(%cesst to rrlllén%nl.‘pepat ocytes may be limting for sone

i nvest i gt B Y HBARCAFRIEF oM Tepat ocyt e isol ations in our |aboratory
aver age 2-3 2¥umahQBrd/biabl & didcieddues! df stemldedls.abi ddditjort, thegipopbeser ve
surplus cells allows for efficient _utilization ranzsportati on

C as Il as
to cent ereliafiy ¢ipoRresenvedring celd idegiy sgres pgst-tBgw e atneﬁoé%g]ﬁa@ been
| ower af tgr r;%[p,l: ' i r ARALQCHLBSHili R SIS BRéMsud hese
recipi entagsovfnﬁ'{% ot ?%Itdg?gﬁéli[)a%%gi%%ﬁ%%qﬁ%s al | owed flcl)ir%;’rt heisr effi (S:Iilent use
in HCV shuttermste soircé oShonasispatocytes slouldrifeasefubm the deystoroxdniat diey 50% of

animal s with dot. 30 pl ot >250 its at ti of inocul ation. 47 WO 01/ 67854
PCT/ CAOlPG%%(‘J“OdEk%fr?E? E“’S’?‘t‘%m‘r‘? s cP o%%?e&lsgﬁafi?gané%cr PO source of

cel | §5f Orsdlbﬁ%fﬂllbﬂﬁia%keﬁla&1®ﬁtab% tﬁUég’eﬁaiate|ihtb6vﬁaaﬂ¢lmﬁnathmfbc§rtee.m cells are
e

proven to be uri potent . y ave the ability to reg_ene_rate into
henat opoiSebsequerlyl thepsvomdd havashdepentiad (o engraji andrdevelep 2§ABRRIIC conbi nati on of

conditions and stipuli. H n stem.cell i . t he
ability E%WFE/SBIBHP {Ar‘tt’jeé' ihﬁ%yﬁ%ﬁ%ep%’:ll@ﬁoél?dc%??pgd#%WB&%@e&?\sﬁge, e.g.,
Bhati a ets@b.bg) Axupleeicd 86(4): 619-24 (1997); Bhatia et al Proc Natl Acad
Sci US A

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 hepatocytes, 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 In addition, to determine whether the immune system has also been repopulated, a
peripheral blood smear 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 of CD4+ and CD8+ cells with FACS analysis. If these cells are
present, to determine the functionality of the cells, PHA stimulation will be performed.

30
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94(10):5320-5 (1997); Larochelle et al. Nat Med 2(12):1329-37 (1996). Wth
regards to |iver repopul ation, however, clinical studies have used stem
cell transplants in pediatric hepatoblastonas to regenerate liver. 10
Hurmman cowd doleogsd i s a rich source of stemcells. |n additPoncatimgschave
been reliably cryopreserved and cell integrity is preserved post-thaw.
Humen corgl Q06 jrierfd@ls RITRAD oAt cheRA dduidy dhikablfeereBoaatzevof the
limted avartaprtTty of fTesit fTVer tissue, an aiternate source of human
hepat ocyt es WAlhedIG¥ ausedl models of e ideantion pareby ussfl to bereernfor puti-Héddel of t he

i nvention. .The hu cord blood cells transplanted .into our 15 .

SO/ D, bo! ACBYERA S ea=fRypeanPatEs Peialt BpA e R bR drdthirCy
hepat ocytRavity. SHRseaeRRbhbf HATenfeaed thidtfehd ineedhariti Rrohbingmgr af t and
develop a chineric nouse/human liver. In addition, the cells would

r epopdl atirterferoniaipharid wiloeani igfa sigmificagiqoragee in the ksvelp@f HEOEeRNMt eri al s and
Met hods 20 Folhl/lea%gg ﬁtlgat%ﬁg,ocol descri bed herein, SCID.bg / Al b-uPa m ce
are transpl ant ‘hepat ocytes at 10 -14 days of age. Instead of
human hepat oc\yAfisalsd Hiintdni Hepatobyieswere dgothtdl fol pieves ofinasar o tiemeof stem

cells) are transplanted via intrasplenic injectjon. The protogql of
testing AbtRReddEm thegperating Hreates HUBS 6PtYASPEAIUSIOR HIsollagenase Uibgrasst f our
weeks po &Rk AN antiih P! HOMBH, 3% SIOE0IP Rl ORLRIHnsdanbd valdld kon. Lo
determ ngh\’/\/&ét e lst e |m1ru5r)1e sys%’eg% has al so bcéen repof}ﬁl ated, a

peri pher di0°  bOX Bifgfeesh hsmpe hémtavptts ata idtraspleng: infectigreatt 19-1 Dddys obrget he
presence of | hocytes. At ejght weeks, the serumis tested for the
presence Yt ‘ﬁ?}%ffé_ oTt'dé“Wslﬁm b%?ﬂ asé“ﬁ‘”’?ﬂ%d?ff@?gﬁ%rehw '#m’gi‘r{gI‘At),DB+ cells
W th FACS ahalrisdrbusidd a §RERLHGE b1 BsayPMBE Abmohifrablel SRODUIANT HEHA
functionality of the cells, PHA stinulation will be performed. 30 48 WO
01/ 67854 vreGT¢@ATEIQ08 bave Fugagishil graftand apddeiop MINERPSHIRBL. Tr eat ment | n

Sci d/ uPA M ce f e d W H The H i na| . . i ion can
be used to scm%%ght‘%twsgg%%%%gfﬁ%aeﬁgﬁ?gg{'%mg lél?r%ﬁ%ﬂet%ge tics.

| nt enker et ANt 2brubSiréh QWIC Y okbiave liddtithankidht pagéntVadnytypEBUThe sérgat ment  of
HCV-infected mce of the invention wth reconbinant 5 interferon al pha-2b

wi || resotas sionedeatsi7g dpgreesdrrlsideenddthawed ontahme of Elosulgiiophemaent Met hods
and Materlal Siconstrated HCV RNA levels of 2.56 X 10° TU/ml. All HCV quantitation 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 (n=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

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 hepatocyte transplants and, after confirmation of
satisfactory engraftment by serum dot-blot assay for human albumin of > 250 units, were
injected with 100ul IP of serum from a human carrier of genotype 3 HCV. Baseline
values are viral copies/ml mouse serum from 2 weeks post HCV injection, when prior

30  studies revealed the greatest absolute rise in HCV copies. Interferon therapy was begun at

baseline in 3 animals at dosages of 135 (n=1), or 1350 (n=2) IU/gram body weight/day
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results are shown in the Table 3

10

Four of five control untreated mice demonstrate rising titres of HCV over this time

period, while 1 shows stable levels. All 3 treated animals demonstrated decreasing viral

titres with the 2 at higher dose demonstrating viral clearance (ND = not detected).

Example 7: Passive Immunity to Hepatitis B Infection with administration of HBIg

15

The HCV model described herein is based on the presence of a chimeric

mouse/human liver in an immunocompromised animal, as a specific example, the

SCID.bg / Alb-uPa mouse. This model not only supports a replicating hepatitis C virus,

but has also supports a hepatitis B infection as well. Because there are no currently no

proven vaccinations for hepatitis C, HBV-infected mice are used to test the validity of the

20

immunizations available for HBV.

50

animal model in testing vaccinations. There are currently both passive and active



bel ow ("E" indicates the exponent value). Table 3. Affect of |FN upon HCV
Infection in the Animal Mdel of the Invention Treatnent HCV titre
(RT-PCR) Baseline week 2 week 4 Control 2.7x 10E3 2.5x | OE4 6.6x | OE3
Control ®0l/d78AE4 7.5x | OE5 1.4x 10E6 Control 1.6x | OBST/£AGNIISOES . 9x
10E5 Control 7.5x 10E5 2.1 x| CE6 1.5x | OE6 Control 1.2x 10E6 >2x 10E6

1.7x 10E6 1351U g/ ) 0 1.8x | OE3 ND
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det ect edlhmc@%@fﬁpkeit Ras lPxﬁﬁ%éé)‘f)hl:m'bts&’au%@of‘lﬁ)ﬁ?a}tﬁéllysefﬁcﬂlw BGhbR@RaMd t h

adm ni stration HBI g HCV nbdel described herein is based on the
pr esefice liff ara Bomntan’enes withdorgela$tingammvinitgr Howealer, imeemiacsiirptiensi s &es ani mal |
as a specific ﬁ’( gﬁ%ﬁﬁ the SC D .bg / A b-uPa nouse. This nodel not only
suppor t sSPRVFRH e y hepatitis Cvirus, but has also supports a

hepatitis B i pf BedricRfss &tmnlmaﬁi% SRoprbisHyRaxdd 18 Wiel§ wEddedidl agcdped. it oven
vacci nations for hepatitis C, HB |nfect£%{mce are gsed to te?fbthe

val i di t yhafshowa tosigaifionntly redued the recumende iwefe P4 EE \hpest #i#BsPlan: &t hepatis

currently bath t \: r 50 WO
01/ 67854 AR CABETOSeo PRl Puas PRl SR ORRGB R bpAS el antie PO G
passiye paesi. nBatteﬁtstdi\etr&&&aMth adarke belos dacse danhg g&aranhb;hatncsta(geméimped by
col l ecting and pooling the plasna from positive an The

final re&ansplang ?ireﬁmt {5 qonnygdt Pt ey epr FHRALPHES 1 %t%rw&led ylt mﬂ
setting, F-T;Btsgnﬁﬁ?dg ?g {RPA1L ! %?QJIF Q'urQEfﬁ Hc'ﬁﬁm?sftragxgn eI ahdhr&fcheat i ve 2)

short ha I nter vvlth ong l'asting i mmunity. However, in
certain gdietttsmtmos®n oiftHB‘I\am 803t ofemses 0 be useful. In liver transplantation,
HBI g I mmunopr ?’BQ | .a>;i1 rsnoidgl ovfmt}(ljeelln enl'fl%g(gar? Qe use% %cei\:grie c{etvelopment. Asa
15  control to demonstrate the usefulness of the animal model in vaccine development, a

proven immunoprophylactic vaccine available for HBV is used. Through injections of

hepatitis B immunogiobulin (HBIg), the SCID.bg / Alb-uPa mice will obtain passive

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

infection.
20 As emphasized above, HBV and HCV are not comparable viruses. However,

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 effective in the animal model of the invention provides

further evidence that the animal model in fact provides for a valuable screening tool for
25  passive immunotherapy.

Materials and Methods
Following the protocol described in the Examples above, SCID.bg / ALB-uPa

mice are transplanted with human 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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has shown to significantly reduce the recurrence rate of HBV
post-transplant in hepatitis B positive patients. Consequently, it has
reduced the norbidity in both the graft and the 10 patient. Patients are

t r eat ed wotolvemsk ar ge bol us dose during the anhepatic stageTofAdine3so
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provi de r i Br egy for a
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Met hi@ds 4l 1I2C»\Melagp<bdﬂe{BW tifestion. ¢epatitidR duifave tahebddyaspisegedadioday, 1 B@irD. bg /
ALB- uPa mce are transplanted.with human, hepat ocytes at 10-14 days of age.
Four wedRdIRY&roculatign and agan atieight jeeks paskt %‘:g‘f’ﬁd by dot blot for human

al bum n. Those animals with a 30 strong signal are then chosen for
experinmental use. 51 WD 01/67854 PCT/ CAOL/ 00350 Day 0: At eight weeks of
age, theBxample &l Us¢ ofithrmteR dchestantoé HGR Anahaldiede) ta doalyveths Immghedose

i ntranmuscul ar i.nj n of HBIg (1cc/kg) where as the control group
recei ve 2SPRpS mal saline. Day 1: All nice are inoculated with
100 45 of hi 9hl"He'ahﬁﬁal'fiﬁ)\ﬂeﬁ@ﬂ'tﬂmnv@nﬁérﬂﬁrbaﬂ%h{/zﬁlﬁﬂﬂé tdoegtlidyoRimarPay 1- 14:
Experinental mce are treated with a nmai ntenance dose of HBI conpar abl e
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are

mice carrying human liver cells can be immune-reconstituted with autologous peripheral

blood mononuclear cells (PBMCs, 2-3 x 107 cells/mouse), to provide a model system of

HBYV and HCV infection to perform the following studies. This model can then be used
20  inthe following exemplary ways.

The experiments described below can provide insights into the critical role of
various components of immune system, e.g., antigen presenting cells, certain cytokines
and T cells, and mechanisms underlying the immunomodulation in chronic hepatitis
infection. These studies can provide the foundation for design and investigation of novel

25  strategies and novel vaccine candidates for the immunotherapy of chronic hepatitis virus
infections. These studies will also establish the mouse model system as preclinical model
for the evaluation of future 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 transplanted with human liver cells and

reconstituted with autologous PBMCs, are used to evaluate overall immune cell
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continued on normal saline injections. To assay the effect of HBIg, serum
sanples are obtained for HBV titres at 2, 4, 6, 8, 10 10 and 12 weeks
post-HBV infection. Hepatitis B surface antibody is assayed on day 1 prior
to HBV iWOOW6ES#on and again at ei ght weeks post-infectidﬁﬂ“@%&ﬂﬁ%@ 8: Use
of I nmmune Reconstituted HCV Animal Model to Analyze the I mmune Response in
HCV | nf eclohfpRtehe ddaforanink sitedsionflin thtettrof grdgressivp HON defsctny &l tiabl e t ool
to study human inmune responses in context of autologous |iver cells

i nf ect ed amursh smBy iperfaoved Where spieals o5 AYRDR ARflenlifgls arg ORiAIngd fre@ the Aigse

i mmune-re tit.ut.ed. w j [ r cells
(Poves, " ISR Gl ultuRb AN SesPEE L AERR miR A AITRIRRELEET 1o 1o

i nf ect i orprémispedusaepitbpesf(elgl, oshmg tetoidiRSDREpestides del) aaevallned el used 20

in the foll ow r}g exenpl ary ways. Tt;e exg)eri.rrents descr.i bed bel ow ca
provi de i9¥8iPgHticralipR Eﬁsﬁfﬁeﬁ‘ép? RafulEse %?k‘n‘?/_sﬁ‘feé‘tf?g B B’rﬁfbl {SYPgRat ne
system Sordntracefittactila 2 SN RIn&e Th SddiG6H iRt sE ViIRieGss, Boell T cel |'s, and

t
mechani sms underlyi'ng the inmmunonodul ation in chronic hepatitis infection.
These st udiieationanarkere aredexainfredfby ftatatyitometor Thikss experananty ¢ pedorgedion of

novel 25 strategies .and nqvel v i ne candi.dat es for | t her apy of
chroni c HePHE FR ?@Wﬁ% Sc’iorn‘i‘e éfvlal'ﬁﬁg.rec?ﬁ%g hgﬂfﬂ‘.%s??w Olr&gztilegg%;gt abl i sh the
nmouse Model §3YberEeRSpadt BFtdtidhGal PEMIES recétinitios) sdxdxaniinedrfopfhefrut ur e
chenot her apeuti ¢ and/ or inmunot herapeutic treatnent of chronic hepatitis

i nf ecttOi orrsspoBseato patyichmabstinnHias statetheboves P&s erggadisdlioavabatef &t e8P oni ¢ Hov

infection. 30 .HCV j\nfected. m ce i r | & i human | i ver
cel I's and™¢B¥8nY }htaL?veeégl\i/j\ﬁ RURUE 83%%*‘2‘ b%§k@ﬁ§egr@%§guds"‘l? %)&1’eval uat e

overal | i muneaiegs WithDoWoidhh! Girlds, PCEl CAPhARS ApdinstkonpeceneeveddiZ%r | nmune
suppression in context of progressjve HCV infection. A tine  course study

i s perf orifREISEHBIECHET eRIioPeHIC EFFHPRCH BUEr T aE‘éS?eér sEmulasnEORERRIc P’Vdﬁﬁ the mce
and set i.n L1y I F=lan i Ale JHhe R vhd

a1 | ogenei M I M e e R e DAORE

pept ildes @iltare)l vattepatyadnsd BedilByimiliSe.ge LPS pu-@iD4lestatand exasmay forichitoking sane
cul tures, cytokine secretion in the cul tlure supeﬁngitng t. ar . ntracel |l ul ar
product i c§credoastslhaseverall lgdapduchan 1n IUFROn AQIAS SHRYPLON T g |

activati of,;HRL K8 SRS EHRTIVRRINRY afd R84 6YERMBIS Yihe BR8RE BXREB cOENt S are

performed 1n
competencies in ongoing HCV infections can also be evaluated.

Alternatively, mice are challenged in vivo with promiscuous HCV and non-HCV

20  Th epitopes at various times after infection and PBMCs reconstitution followed by
examination of those peptide reactive T cells by cytokine production, activation marker
expression and proliferation. Again, in these in vivo challenge experiments, overall T cell
responses are correlated with virus load, time from infection etc. T cells obtained from
the unimmunized but immune-reconstituted and HCV infected mice 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  examined 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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a tinme course fashion, so T cells will be recovered frommce at various
times (e.g., 1,4,8,12,16 weeks post infection and PBMCs reconstitution)
and exam ned for their 10 response to polyclonal stimuli as stated above.
HCV vi r u¥Qy4d834s al so eval uated at each tinme point, so PRECASVMRE |

I mune response can be correlated with virus |load. Al ong wi th polycl onal
stinulus, T cefjtokingpaiisasnmgainitork nmisrubesiis elirveit hdeifitispimsirsectons. hel per
epi topes are examned in vitro ang their erU| at i n C rrg_t(?\ées with virus

load in time cHASE tlRgFERInGHSIQle 0 ""f'ﬁ‘quércD’SP é@PF Var {RIGCURN, ¢ he
same ti Meseand chfte dc?é& ﬁ'&kﬁ%cé"fnrféatdaqizlﬂpﬁ@%dae&ﬁls{mﬁdvmtﬂ PBMTs®knd LPS, a- CD40
etc. and exam ne cytokine secretion as well as overall |g production
i n cul t urexampmnfopdlvgc3 typatytskines pravalance. Tbmerekemle@hts rBIverfperesiata t ut ed

mce are used as contr ver al | t enci es |
ongoi ?? HEDP FOHREAYIFE ?%%Qr‘frelfji %lﬁn%’?/rgldﬂ%foéldw Jﬁlﬁaé}r e Slq\r/r%f Ecom ar e
chal | enge»dmh Bonol AoMvirt Bctd Butiimemas secbladitand niie - Glcthe oa&rﬁhn@pl topes at
various tines after infection and PBMCs reconstitution followed by

exam nat i wedahinattdser Jiype P)d@km@sae gi, Ve-2Ty-8EN] B.-hyILcif o Thel 2t @au@qwdcm
activati on mar express | on. . Al n vivo
chal | eng€ é ﬁﬁ(ﬁ%w%&‘%\?&bﬁﬁ" @g{ﬂfocil?s s (%lﬁ%ee%llcé:’%ga (E:h(ﬁljr efetc?(grg‘%\ll—mdst h virus

| oad, ti n[ead rogBlll rBéRakd LHréhiscuols CEIV SmDﬁ)cSrﬁHmdpéphﬂas astwell aspoiyaleriated but
i mrune-reconstituted and HCV i nfect ed mce are evaluated for 25 overall

CcD4/ A rtimubes evigiyetedp Asditionally. pregressioarin vytokine syiteh. dstectsin sptoks| es and
d
compare r_ﬁ’f‘é{l&tlgg 'op %ﬁtlﬁgdul?ﬁbm%z{t%%ﬁﬁ%dﬁﬁ emrﬁgct 011 %r érear leﬂéé

experi me huna onal’l'y sti mJ ate
presence tafe fier,2-3 monthsi@Vmidenf Batheth wiroexperinentg thavett dfaddaioy orﬁocmilmt i on of

T cell respgnses. Foll ow ng {hese experinments, phosphorylation of various
TCR nol ecﬁYFQ%%nes(%ZW"rFBB]PqTE%{ IRPISES:. . are 30 examined to deternine the

bi ochem cal tgﬁeﬁfgﬁ@g%r&%ﬁg URAiTiCRI, HESPARER €V tiffectidddinki onal | Yo

we wll exam CEr S undergo apoptosis upon stinurarfon. 53
01/ 67854 PCT/ @A0dW1&B35H DCunckémepravide protactive HQMBOM ecules in

chronic hepatifis virus il fect i ons. F@ ﬂr £xamn e the role of
vari ous cyt oki M&E $5HRE e‘i1 §EC 1o suggEstpRy I f 88‘&%9 et oél 1?&“8’31% ‘ected from
m ce i nf efch@gidediNfubidénad thppeanshé aéﬁcmﬂxcwenb(w@y@se aBchoskgdteite for 1 vs. 2

type cytokines preval ence. These e@perl nments are perfornmed in a 5 tine
cour se” metirraraters of 64 Riedlsdy indkiawlipicotineniaty- wiherefprerexaningion@ddC and

compar ed o.th {5 QBMER!of BV Hoh PeeRbhish MR oL SGRE Y5l s ¢

ot her
20 HCV infection.

From the HCV infected PBL reconstituted mice, monocytes are isolated from

spleens or blood and cuitured with GM-CSF and IL-4 to generate immature DCs. These
immature DCs are matured in presence of y-IFN, a-IFN, LPS or a-CD40 and examined
for the expression of DC activation markers by flow cytometry, IL-12 production in the
25  supernatant 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 experiments, mice carrying HCV 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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predom nant 1 or 2 type cytokines, e.g., IL-2, y-IFN, IL-4, IL-10 and IL-12
are injected or abrogated (by injecting anti-cytokine antibodies) in these
mce and their effect on virus load, T cell response to prom scuous HCV
and non- WOW1ipegidi des as wel |l as pol yclonal 10 stinulus evedTaaed03so
Additionally, progression in cytokine switch, defects in cytokine
production or phhghiza iR BbinRBuo R HamaM Akket £ CTIREike iyHaM igfectitd €Ct i on
or after a longer tIime (I.e., 2-3 nontns in mce). ITnthe in Vitro
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infection in humans, dendritic cell function is inpaired. The dendritic
cel | s5 ( Dogpingreccutsen gssHC ¥ grispted individyalst dpwevsr, apparently Big ongofng i nduce
efficient_] i r.et ; } i . | En.cont ext of
v i i onpgh el beop B} 86 s BB BRIcRl iyt BIECHOR B Be 2™ 25 1o
i nf ecti oreplibativm tIhe alial nidderdfabe MBEntioman bt ubed odtvaluate variousocyt es are
isolated from spleens or blood and cultured with GW CSF IL-4 to
gener at eIRHAEIHAR sHetcgicpasdisted W??Pa*?)uwglgﬁégwarpéorﬂﬁe'e&"é -49339’33%98%

y- 1 FN, 2y iEBhicelshon@ imAnfr AIp R, CRThie dre dv@luafell ForS0eRERASH BFCPL ahE
activati ooln lr}r{'lxalcreker sgor?/ Tl ow cytonetry, IL-elz p?Odl_J(():tl on in the 25

supet®at Fhrelhrdpaises after immusization. Aingardlleb ganeload 15 evaluateds, THEWnpradni scuous
Th epitope, presentation to autologous T.cells.. These_.ex rents are

per f or meg"ofiﬂ C&“tﬁ? cSth @é%teﬁ@m‘féﬁgape?ﬁ%f) eo‘&?é%lgﬁl%rhom ?ﬁg@ég?ﬁsﬂoﬁes
functi onteawde amafitPadadtst BIC\OInfédtioR. and HCV  virus |oad. In additional
experiments, mce carrying HCV infection and reconstituted with 30 human
PBMCs are i nj bemerizgfianhwithantigenpcandd be/eagunedein soatetif parFudataini ned for T
cell re i T oad... 854 . 1 Q0350Q. ni zati on
o prom CROBREOHG S firek e by kiR alin e Bl et R e ot
studi®s #djpwaints 4 cTtokardfosiiilaticnsias adjucaits ol ddjuncts; dapivitiseslls loadddrwith ¢~ HCV
i nfected individuals, a nunber of prom scuous tgh and,%TL .epitopes _from
conser ve#iiegns: SN A madiatedgpauzations: derrll adpriave thergpy with aatiggeerity Tt hat Th
and CTL e'?lslt%%éemd@@irpﬁ%f&ditﬂe fike HCV infected individuals. However,

apparentfy S ongoi ng
Immunogenicity of synthetic peptides (or modified lipopeptides) derived from

structural and non-structural proteins of HBV and HCV

20 An alternative hypothesis for the failure to resolve ongoing HCV infection in
HCYV chronic carriers focuses on evidence that Th and CTL responses against these
epitopes are actually not able to suppress virus replication or clear virus infected cells, and
immune responses against other epitope determinants are necessary to generate protective
immunity. In order to determine novel T cell epitopes on HCV polyprotein, initial in

25  silico studies are performed to identify putative Th and CTL epitopes from conserved
structural as well as functional viral proteins. These identified epitopes are then modified
and eavluated in the reconstituted animal model of the invention for their ability to
generate strong T cell responses, indicating that they are immunotherapeutic vaccine

candidates.
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natural T cell response in itself is not sufficient to clear the virus
infection and/or replication. The ani mal nodel of the invention can be
used to evaluate various inmunization strategies (as |listed bel ow) using
known preo amagads Th and CTL epitopes to induce strong ipOm/Oacr@sgonses.
The m ce are evaluated for generation of CIL and 10 Th cell responses after

| mruni zat i on. Elx&aﬁf%{l@lll b?&om%hé&ﬁe}agé\gici ??gﬁ)\éa{%?}a{g% en-jt;g&d%.bﬁés anHEdel can

t hus be used

responses t o smabwioleEuienthmithjbiavzalmeplicki@w andfedndusn immwmlém with
anti gens coul be exa d in cont ex particul ate ns, e.g.,
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al t er nat ké&cﬁﬁd?ﬁnﬁﬂﬁhﬁuﬁm{mdﬂ‘ﬂ&hﬂﬁidnuI(Rnﬁhindiﬁﬁ@thﬁﬁp@ﬂglﬁlelf@ctﬁi@\/ infection in
HCV chronic carriers focuses on evidence that Th andr&lj_.[ & Fo&aes agai nst
these eSHRRSPEIONS ¥Irugteplratipn 06t rubslearereesipideRaicd AsimgsH - dpRiceteti on or
clear Vi b uhDfR6hdRietE@hithals3R desdribBY Bovee VAOURE Sardfitt 3 Ste axahfazedqm t ope
determ nants are necessary to generate protective I1munity. In order to
det el @i neombinetionwitk kytokinet Gpels asoil.-HOMipsbmpl Id+-2)i tn provide éfficienh 25 silico
studies are perforned to ide tlgl%,f\p utative Th and CTL epitopes from
conserve o pRiess,nd(gr|clear RE%S8Ral viral proteins. These
identified epitopes are then nodified and evvliuated in the reconstituted
ani mal nodel of the invention for their ability to generate strong T cell
r espons e Examplgidddsei af ghe madel foregyatuagion pfitharapiee fordewpenlipideaszi ne  candi dat es.
55 WD 01/ 6785 PCT/ 003 m na C rapeuti c
approaches (a E@HSSB L B%Pﬁé 155 d‘"eacce dm%fm&gﬁqu% at i nhibit viral

repl igat hﬁnbra@wrwls thackeeiatsi from RPFeRpiierhia0 Mn ordBhicsasadsp @ash of dieasousat o
consideration the i mune response in chronic HCV infection, and uses the

reconst i Medekpidhy ingentionde scremning ©riagenthabhave goi Hrmeayt Byperlimidgmip, a 5
ther apeut s dﬁm c]l(fnaakgnt Cg?%e?:glgsf& h gg W?'%S %%datgtde%pﬁng

t her api es an ed t ere there sma
acti vi t yof urharhapoi B i00rproductibti &iy the engrafted human cells. Serum samples were

nDIecuIe has

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 (lane 1) and the chimeric Alb/uPA transplanted animal
(lane 2). These data show that Alb/uPA mouse liver with sustained human chimerism
secretes human apo B100. This observation indicates that the Alb/uPA mouse model can
provide a basis for development of selective treatments that decrease the amount of apo
B100 from the liver and, as a consequence, decrease the risk of cardiovascular disease and

30 stroke via atherosclerosis.
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replication and/or in inmmunonodul ati on. Conbi nations that provide effective
suppression of virus replication or virus clearance are identified using
HCV infected, immune reconstituted aninmals as described above. Vaccine
candi date® mresseval uated in 10 conbination with cytoki nescl/eneinoasy | L-2 or
| i posomal 1L-2) to provide efficient immunity to suppress and/or clear HCV
i nfection t ices for
hyperl|p|denliﬁBkghgPé%%ggég&ﬁﬁﬁgﬁﬂ%kpB&%ng%g&#ghg%%gg?oégiéﬁgg mar ker for
ri sk of Embadintearsahekef, dsheult Ibalundc&smd)d by fhoserskiljqukn| thpartithat waridus or der to

assess the use of the nouse del the i.nvention in scre ni n or agents
that havShages gy e mar aad ewgag?r}t% ‘B?&Bﬁf stithied iiiont dEpBtng fom tﬁ%{%ody

specific sfn?iri aWERPe HPRe BiviHBo\eR: ddaR@nt Iﬁaﬂﬁﬁlg&'fﬁcﬁ’t’i&fd Wedyl K mad¥ftoRUARN apo
B100 production by the engrafted human cells. Serum sanples were collected

from & chipasicubr sistioPAnatenslsgimepastipnad lmﬂﬂler aragesss prACEsSAlSp/ QPEPHdn 20

transpl a ani mal . (negative.contrao ru S positive
control . rll“l%cg”ecél@F Gmmgé?ﬂ’f:% pﬁffew)ém eenrlrclmbfAﬁ suﬁgmr?ggﬁéc%gg |-§Apo B 100
ant i body ige€Rad PYwithin tHEEIHPE 5 WRlclaiks appented hdteroart . As showing in Fig. 12
whi l e anti body binding to Apo B 100 was not detected in the

non-transplanted control animal (lane 3), antibody binding was detected in
both the 25 human serum positive control (lane 1) and the chineric Al b/ uPA
transpl anted animal (lane 2). These data show that Al b/uPA nouse |iver with
sust ai ned human chinerism secretes human apo B 100. This observation

i ndi cates that the Al b/uPA nouse nodel can provide a basis for devel opnent
of selective treatnments that decrease the anount of apo B 100 fromthe
liver and, as a consequence, decrease the risk of cardiovascul ar di sease
and 30 stroke via atherosclerosis. 56 WO 01/ 67854 PCT/ CAO1/ 00350 While
the present invention has been described with reference to the specific
enbodi ments thereof, it should be understood by those skilled in the art
that various changes may be nmade and equi val ents nay be substituted

W t hout departing fromthe true spirit and scope of the invention. In
addition, many nodifications may be nmade to adapt 5 a particular situation,
material, conposition of matter, process, process step or steps, to the
objective, spirit and scope of the present invention. Al such

nodi fications are intended to be within the scope of the clains appended
her et o.
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57 WD 01/ 67854 PCT/ CA01/ 00350 CLAIMS That which is clained is: 1. A
chinmeric nurine host infected with human hepatitis C virus (HCV) 5
conprising: an inmmunodeficient murine host deficient in functional

syngenei wobiangs4aT | ynphocytes; a genonmically integrated pCEROSEEVR50 t he
transgene providing for expression of a urokinase-type plasm nogen
activator polypeptide in host nuri n§L el cells; and 10 a chinmeric liver
conpri sing human hepatocytes engrafted into nmurine host liver; wherein

i nocul at Tas volfich bseclgified®s:i ¢ nurine host with human HCV results in HCV
infection of the murine host. 2. The chinmeric nurine host of claim]1l,
wher ei n human hepatocytes constitute at 15 | east about 20% of hepatocytes

in the chineric A iNMBkric Arurifb fod iHREd &itH AR HBPMHis @ viedsaHOW), Wherein the
human hepatocytes are functional for at |east about 15 weeks. 20 4. The
chi me§ i ccompisnirg:host of claim 1, wherein the host is infected with human
hepatitis C virus. 5. The chineric i.ne.hest ..o | .ai m.4 ein the

i nfected host a?ém@ﬁﬁ?%%ltcgﬁ UGIC RSt %n%%c]leung Illglrrllc’% rtaé yqaglglggsl Baaglgﬁi 103 vi ral
parti cl es/nighoefteserum 25 6. The chinmeric nurine host of claim4, wherein
the infected host mmintains consistently detectable HCV infection for a
period of at kaseamicsllyjsgsesatedrtranpgenecthe HEPFECADFQVHENS B CXRFESSAnR T 1,

wher ei n . i . . 1/ 67854

T cac POSSESE g PARIRANA Mol poly Bepudidn HoAMRERAN PN O7F0

t ransgene conpkchisesicdivetcdmatsirdchusenuepatecgacagrafedmtoimmeinglosttiver,pr onot er
operably linked to a nmurijine  uroki nasg-twﬁbﬁ)l asm en act'& or. 5 9. The
chi mer i c Whgierhi@osgationygf the chipperc mpRaE 8PS| ! ‘H’é‘ﬁ%ggﬁﬁi}ﬂtﬁﬁlg nd T

infection of the murine host.

2. The chimeric murine host of claim 1, wherein human hepatocytes constitute at

15  least about 20% of hepatocytes in the chimeric liver.

3. The chimeric murine host of claim 1, wherein the human hepatocytes are

functional for at least about 15 weeks.

20 4. The chimeric murine host of claim 1, wherein the host is infected with human

hepatitis C virus.

5. The chimeric murine host of claim 4, wherein the infected host is characterized
by production of at least about 10° viral particles/mL of serum.
25

6. The chimeric murine host of claim 4, wherein the infected host maintains

consistently detectable HCV infection for a period of at least 15 weeks.

7. The chimeric murine host of claim 1, wherein the host is homozygous for the

30 transgene.
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| ynphocytes is a result of a genetic defect in inmmunoglobulin and T cell
receptor gene rearrangenent. 10. The chineric murine host of claiml,
wherein the host imrunodeficiency is 10 caused by a scid nutation. 11. A
met hod o¥Opre@sci ng a chineric nmurine host infected wthPREGRWIAESEtItis C
virus (HCV), the nethod conprising: inplanting human hepatocytes into an

| nmunoconpr orgl Sl%gchhﬁé}ﬂﬁxﬁﬁx%&hdw&fid‘ﬂﬁm L SvHeRSH thewh@E@Ine cofprisesri ne host s
i mmunodeficient due to |ack of functional syngeneic B and T |ynphocytes as

a resul tuctkotidegenetrice eueidag mimnd alpumiogirersaler pearly Tinked to 3@t or  gene
rearran e(ggnt, and wherein t etrrruri ne host is honobzygous for a genomcally
i nt egr atEAFPERRFISIPRE VAU Y ene provi ding for expression of a

ur oki nase-type plasm nogen activator polypeptide in host nurine liver
cells; and 20 inocul ating the host with human hi meric

HCV,. wherein a
nuri Ae host Qerfheicsimeyicanpineeipshef Glae bﬂwg’elqe{?&ﬁﬁnﬁ'nﬂlé]ﬁ%fng a human

HCV infecti 1S - is ' ' daprad th
ot hod TR (5 REYEB s adific el TREARRIOhR ST, oAl REMETRTL Cvi rus

(HCV), trbgramgéhed. conprising: adm nistering human HCV to the chineric
murine host of claim1 or 11; and isolating human HCV fromthe infected
host following a period sufficient for 30 human HCV replication in the

host. 59 WO Q¥ &7,83finRGt bbb/ HOORAQ laithd:, whetdai e thobtdmnagioaefdiagytandi dat e

agents for activity agal nst a hepatotrophic pathogen, the nethod

conppi sicagsetibbg astepsulfion.adm ni stering a candi date agent to the chineric
murine host of claiml or 11; and analyzing the effect of the candi date
agent upon HCV infection; 5 wherein a decrease in infectious |oad of the
human HCV r eljat iA/gethddd prodhisiadh eBimeethin@rirethosLintaeeedhoitit hunar ledpatiiisve t o
infectious load in the chinmeric murine host prior to candidate agent
admi ni stG wiriso®lG\9), theanethed camptsingat i - HCV activity of the agent. 15. The

method of cl allringla]ﬁtd'mg WIGES Lé})a{olaﬁteg g Mﬂﬁﬁuﬁ&%ﬂbr&ﬁis@@, Bt he e 1 or to
15  host, wherein the murine host is immunodeficient due to lack of functional syngeneic B
and T lymphocytes as a result of a genetic defect in immunoglobulin and T cell receptor
gene rearrangement, and wherein the murine host is homozygous for a genomically
integrated transgene, the transgene providing for expression of a urokinase-type
plasminogen activator polypeptide in host murine liver cells; and
20 inoculating the host with human HCV;
wherein a chimeric murine host comprising a human-murine chimeric liver and

having a human HCV infection is produced.

12. A chimeric murine host produced by the method of claim 11.

25
13. A method of culturing human hepatitis C virus (HCV), the method

comprising:
administering human HCV to the chimeric murine host of claim 1 or 11; and

isolating human HCV from the infected host following a period sufficient for

30  human HCV replication in the host.
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10 infection with human HCV. 16. The nethod of claim 15, wherein the
chinmeric host further conprises a reconstituted i mune system and the
candi date agent is a candidate vaccine for active immunot herag

The met hB® B78Hai m 15, wherein the i mmunot herapeutic ageftT/F4 14}935<9nt| - Hov
anti body or HCV-binding fragnment thereof. 18. The nethod of claim 14,

wher ei n t he chén®rmethbd &ir stmextihgmmld)dqwi@as far R0 vity egaisdtiathepadtropiaine
system and t he candi Eﬁ% ent s candtt date vaccine for therapeutic

vacci nat iPathoserg theppethed. Féﬁepﬁ‘idf wherein the chineric host further

conprises a LepfRsthddd &ﬂdidmeug@nt&meeamﬁa% hbEnsROd bflahin 28eNt; dng an

I mrunot her apeuti ¢ agent. A nmet hod for screening candi dat’e agent s
for activity inalpghg élmetﬂ@ctwfdmwa@é@ete agentiyipon HAV mfeﬁlont he met hod

conprising the.steps,of adm terin C nd|d imeric
nur i né host of T&fe HF‘?‘rflicr%ﬁse ea?ﬁaus lﬁ?ﬁcgf’ﬁ%egg fuﬁe ef tve ta‘th"é e(?gendl dat e
agent UPQRin%Lic lixmrﬁiéQBstl&Qelhh@ﬂaﬁﬂfeethdus 1644 ﬁ:i\ﬂldllﬁxﬁzﬁéﬂmﬂﬁa' h6AEH6HR350
wherein a detection of a |level of apoB 100 follow ng candi date agent

adni ni st candidate ageat adminisgraioneisdedicative of pyteHCY %’t!VéWé’lft}t?fagﬁBbB 100 prior to
candi date agent administration indicates the candidate agent has activity
in decreasing blood lipids. 5 21. A nethod for evaluating liver toxicity of
an agent, thelfeThometodpf ckimd4f Weereinttbpeandidateagantis sdremingedpoartdi dat e
agent to. a chineric immunodeficient transgenic nurine host, wherein the
host 19s afectionvathemanHE¥nct i onal syngeneic B and T | ynphocytes, b) has a
genom cal ly integrated transgene, the transgene providing for expressi on of
a urokinase- 10 type plasm nogen activator pol ypeptide in host rmurine liver
cells, and c) lﬁa§h¢1nn|¢dmdlwéplatrmd§t\ebereingha¢lthedri¢ host further berspriges ver ; and

anal yzing the effect of t n date nt_ .up iver
ot of ogfecoies e e PGt b8 R et PR on T
liver hi shenasthehpgy in the treated host relative to an untreated chineric

rruri?se host or relative to liver function

17. The method of claim 15, wherein the immunotherapeutic agent is an anti-

HCV antibody or HCV-binding fragment thereof.

18. The method of claim 14, wherein the chimeric host further comprises a
20  reconstituted immune system and the candidate agent is candidate vaccine for therapeutic

vaccination.

19. The method of claim 14, wherein the chimeric host further comprises a
reconstituted immune system and the candidate agent is an immunotherapeutic agent.
25
20. 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 murine host of claim 1 or 11; and

analyzing the effect of the candidate agent upon serum apoB100 lipoprotein;
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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.

21. A method for evaluating liver toxicity of an agent, the method comprising the
steps of:

administering a candidate agent to a chimeric immunodeficient transgenic murine
host, wherein the host is a) deficient in functional syngeneic B and T lymphocytes, b) has
a genomically integrated transgene, the transgene providing for expression of a urokinase-
type plasminogen activator polypeptide in host murine liver cells, and c) has human
hepatocytes engrafted 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 murine host or relative to liver function
or histology prior to candidate agent administration indicates the agent is toxic to liver

cells.
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