17 Septenber 2004 (12) | NTERNATI ONAL APPLI CATI ON PUBLI. SHED UNDER THE PATENT

COOPERATI ON TREATY (PCT) (19) World Intellectual Propert%Sayigapsr280ton
I nternational Bureau (43) International Publication Date 20 Septenber 2001

20. 09. 200 & national Patent C assification7: AOK 671027,
(CI 2N 9164, @?B’SE%%% ATIPH PUBLISHER UNDER THE RATENT CQ@FRRATIQNREATVPCT)
01/67854 Al (81) Desi gnat ed States (national): AE, AG AL, AM AT, AU,

AZBABB Y: BZ, CA CH ON. OQ CR, CUg® DE, DK, DM Dz, EE, ES, Fl, GB,
ég’?"gad “‘Fﬂ:ﬁ‘ﬂg"ﬂ’ﬁ'ﬁ‘%ﬁ)ﬁa’f‘?”é‘ﬁﬁl f5ll .Ej;,?
HR HU al ByseauF - kG KM

AT T

Filing Date 16 March 2001 16 03. 2001)#38) Filing Language: "(26)

bl "a“’ i BPate i ty Data: Engl i &0 IRamaiiepal Bdliegen NaQbd7
A Ji?mg%pr. R A IS Ay e

Nor man, ™M—CACA—492—Renntrg—St+eet—Edronton—Alberta - T6R 1B7 (CA)

TYRRELL <51)|:5"temwv%a @as@qmn’lzlmmnﬂyr oy VeignatdiSani @) A H AGT AL, ARRTRS
(CA). NERCEREN $odvig, 1.. WCA/ CAl; 4209 11115ABBABBARGAREY: B2 THON. CAICRETY, a

T6G ORM(ngtem(th&) A g‘gm@ B\%%@bmﬂsso Chr %%Eﬁw IZS EF, ES, FIFGH, ﬁ@r(ﬁ@%ﬂm
h h & Co., B "58 st orgra Str %«@E{%W
it s Lt%rm% SG, SI'S

Briti sl"r(mllummnamﬁgﬁm 4 &3grch 200R(16 650014 T, L

AN
p ,...f

VX, P 5 TJ'IMTRTI"IZ,UAUGUSUZ,VNYUZAZW
{25) Filing Language: English .
v o .. (84) Designated States (regional): ARIPO patent (GH, GM,
(26) Publication Language: Englisn KE,liS. MW, MZ, (srlefgf)sz, TZ, ch? EHW)( Eurasian
o patent (AM, AZ, BY, KG, KZ, MD, RU, T4, TM), European
(30) Priority Data: YT ¥h oo
: patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,

'171) Applicants 2nd CG, C1, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

(72) Inventors: KNETEMAN, Norman, M. [CA/CAY 492 i
Ronning Street, Edmonton, Alberta T6R 1B7 (CA). Yublished:

TYRRELL, D., Lerne [CA/CA); 121 Lauder Drive, — With international search report

Edmonton, Alberta T5R 5P6 (CA). MERCER, David, . — before the expiration of the time limit Jor amending the
[CA/CAY; #209 11115 80th Avenue, Edmonton, Alberta claims and to be republished in the event of receipt of
T6G OR4 (CA). amendments

e .
(74) Agents: ROBINSON, J., Christopher et al.; Fetherston-  For two-letfer codes and other abbreviations, refer 1o the "Guid-
haugh & Co., Box 11560, 650 West Georgia Street, Suite  ance Notes on Codes and Abbreviations” appearing at the begin-
2200, Vancouver, British Columbia V6B 4N8 (CA). ning of each regular issue of the PCT Gazeite.

= . .
(54) Title: CHIMERIC ANIMAL MODEL SUSCEPTIBLE TO HUMAN HEPATITIS C VIRUS INFECTION

T 00 O

(57) Abstract:  The present invention features
a non-human animal model that is susceptible

= 7

v to infection by human hepatotrophic pathogens,
e §6 Iv-"'pv\w.-_g.__,__ particularly human hepatitis C virus (HCV). The
< g5 7 T _ model is based on a non-human, immunicompromised
<t e e 2 N /" -~ xenogenei¢ transgenic animal having a human-mouse
W £ 4 ;e B \ chimeric liver, where the transgene provides for
o < 3 \/__,...._,_ 8 expression of a urokinase-tape plasminogen activator
~—~ = i in the liver. The invention also features methods for
____\.i a 2] identifying candidate therapeutic agents, e.g., agents
— L 1 having antiviral activity against HCV infection.
=) 2 o —
® S T2 46 & 10 12 12 16
3 Weeks-Post-lnoculation




MZ, NO, Nz, PL, PT, RO RU, SD, SE, SG SI, SK, SL, TJ, TM TR TT TZ, UA
UG WS, UZ VN YU ZA ZW. (84) Designated States (reglbhentsmbeaR0pd pat ent
(GH GM KE, LS, MW Mz, SD, SL, SZ,- TZ, UG M Eurasian patent (AM AZ,

BY, KG KavobDssgl, T, TM, European patent (AT, BE, CH, CY. DE DK, ES,
FI. FR @B, GR IF., IT, LU M, N., PT, SE, TR), OAPI pat®nyCAliposs —cr

CG d, CM GA G\ NE, SN, TD, TG . Published: - wth

i nternational search%ﬁ%&ﬂ%M%LaﬁUS@EﬂTﬁhEi me linmt for
anmending the clains | d.in the event of receipt of
anendment s For tm-lﬁmiﬁﬁg%aﬂggmsmgﬂmg to the

"@ui d- ance Notes on Codes and Abbrevi ati ons"appeari ngat the begi n- ning of
each regul ar issue of the PCT Gazette. (54) Title: CH MERI C ANl VAL MODEL

SUSCEPTI BLE TO HUVAN HEPATI TI S GepMl INF&E \'Ql M'l .n0246 8
10 12 14 16 WeeksPost - nocul atan (57 stract: The present invention

features a nonlhapresentinventionrotitds gehernily ® thel SeldpifiidfeetiodsAideRfecCt | On by
human hep : ' ens articularly human hepatitis Cvirus (HCV).
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transgeni ¢ ani mal having a human-nouse chineric liver, where the

transgene provides for expression of a urokinase-tape plasm nogen
activator in the liver. The BARKGROUWD oxlTsS Diresnmumes net hods for

i dent i fying cangifaled HRLARGH.S oA ﬁesp’atigé Vitus e(n:'%g has emerged over the
10  past decade as one of the most difficult challenges facing the worlduride medical
‘community. Elucidation of the viral sequence in 1989 (Choo, et al. Science 244, 359-361
(1989)) initiated the era of concerted study of HCV; presently it is estimated that up to
175,000,000 people are infected (Sarbah, et al. Cell 62, 447-456 (1990)). HCV is the
‘most common type of chronic viral-hepatitis with an estixﬁated prevalence of 1-2 % in
15 developed countries. Chronic HCV hepatitis leads to liver cirrhosis in at least 25% of
affected patients and after development of cirrhosis it is estimated that hepatocellular
carcinoma develops in 1-4 % of patients each year. In North America HCV is currently
the most common indication for liver transplantation.
Currently antiviral therapy with Combinaﬁdt; interferon and ribavirin is effective
20  inselected patients, but many either fail to respond or tolerate therapy poorly,
underscoring a need for improvement. Sustained response rates for interferon
monbtherapy range from 20-25%, while combination therapy with interferon and
ribaVirighas shown éustajned response rates of up to 40%. Although newer antiviral
: drugs'targetiﬁg diﬁ'erent parts of the viral genome are under dcvélb’prnent, progress has
25  been s;‘verely hampered by the lack of a robust cost-effective animal model of HCV. The
- only natural hosts for HCV are humans and chimpanzees, neither of which is suitable for
large scale antiviral testing. |
" The lack of 2 reproducible small animal model for HCV infection has further
limited the invgsﬁgatibn 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

HCV infection, a number of reports have demonstrated the presence of Thl - Th2 switch
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- same phylogenetic family. HBV is a member of the hepadnav_irus family with a-genome
of double-stranded DNA, whereas HCV is a member of the flavivirus family, which is

based on a single positive-stranded RNA genome.

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

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

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

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

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

| Ito et al. J. Gen. Virol. 7__7:1043 (1995)). The viral titers of patients infected with HCV



WO 01/ 67854 PCT/ CAO1 /00350 and HCV antigens specific CD4+ and CD8+ T
cells ininvitro studies on T cells isolated from thel Hexpternbes20e4

i ndividuals. On the other hand, non-virenmic HCV infected patients have
been founwaai/e?s4rul ate strong Thl response to nultiple HedrAbi/@gRes even
many years after infections, suggesting that control. of HCV replication may

d d ' ' t al. Gut.44:.424- 1999)).
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whi ch eac must bemfeqthbandmmdwmgsms émthd infectan to Bl be dodctelWithiserom,

Lt o e RSB Sl P

doubl ggst. wukeeloph&emmﬁm@sanw%/ VS mddE8 BPRfectibn ! Bmd amly,
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al so di f f &re theonlyeanimats susceritibletty hupayHBY infstion;n heman, ehinpdmzecsaind tree
equi val en of . HBV. |dencdb fer esm ition
rgt es in %ogg’?% Suses pglgﬁﬁr AR %hﬁ%%%ﬁﬁ"g@é-‘?ﬁi ’0814%53?:? i@t i ons

occur in myw@ond@mmmama@sﬂﬁe@ewmm Ht:qum HBVI&

i nfections occur in only 3-10% of HCV- contam nat éd needl estic event S.
These obs#plaid lnmaandines eefls in praifre{see, iesg.. Syoaan Arbh. gGralos: aa4f(¢g93);| nmes | ess

I nfeciq4 o I rt,h Aner 1047- 56
I(1995% "Ealbbat 8y%d}(§9‘?"?‘5’53” B ‘ic/ﬁs’ﬁ”?h q‘l?ePé‘?PSﬁ‘Pé e B‘B’F‘iﬂafat i on
as wel | a&ﬂmestdfemmahlhai:atod)mﬂhdiw‘vbﬁﬂlcld&ﬁ@ﬁd h&%uppdﬁ'ﬂﬁe gu&%ﬁaﬁ’lo
replicating in less differentjated sy cells, SeIIs et

al . Proc. PIRgeny vinppgdroupierigny. & Gen Hig! 12(@1%23‘5(3%74:61998)35&11830 HCV

replicati Pﬁp% y@% ﬁﬁ]ﬁ R@ at ocytes
(see, e. g&)f'[,q(e cﬂ? i &n%v@ iTO Pﬁ; Qg&]%rf%@%ﬁm Fal titers of
patients ¢li1ﬁ<mt]yedewxit mekiiMoP askdyifiepindidarrthetffbhitic agents. The extremely

20  narrow host range of HBV and HCV has made it very difficult to develop animal models.

Current animal models of HBV and HCV either do not involve the normal course of
infection, 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 transplantmg HBV-infected
25  human liver cells under the mouse kidney capsule; WO 99/16307 and Galun et al. J.
Infect. Dis. 172:25-30 (1995), describing transplantation of HCV-infected human
: hepatocytes into liver of immunodeficient mice; Bronowicki et al. Hepatology 28:211-8
(1998), describing intraperitoneal injection of HCV-infected hematopoietic cells into
SCID mice; and Lerta ef al. Hepatology 28(4P12):498A (1998), describing mice
30 transgenic for the HCV genome). Infection by humman HBV is fairly well mimicked by
- infection of woodchucks with woodchuck hepatitis virus (WHV) and by infection of



WO 01/ 67854 PCTI CAO /00350 are generally |lower than thgse of HBV-infected
patients. Patients infected with HBV have |evels ran91 n%epF‘?IBlPﬁfj?@@4t o 109
particles per nL, conpared to 102 to Wparticles per nL in HCV infections.
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within s ny |i%} host range of human HBV and human HCV has proved
pr obl erraﬁegghedgﬁg evel opment of in vitro and in vivo nodel s of

i nfecsi on. - Hulbthe abafcedl ApradttabsorrlemidBostthy nRRi ddirahls Usiedioake t o human
HBV i nfection; hunman, chi anzees, and tree shrews are susgggti ble for
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been repqrted to infect pri cultures, of human hepat ocyte however,
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cl i ni cal tejevant, sus&mnhablnalavds harprossenayo mpbﬁnm&aﬂhetﬂeﬁmbg@eﬁgws The

extrenely 20 nar, host ra HBV -and _HCV ha de it very difficult to
devel op é?'HSH’&P g oV eé.l’FFygﬁ? Ii’ etﬁﬂ&é?’?nﬁf’gﬁ@e and HCV either do not
i nvolve the. nﬁrd?&ér tGQMEl? Redthatal bIREGRE 'd%rde'i’sezﬂiﬂ ﬁﬁoﬁ%ﬁn&%ﬁeﬁi%%ﬂ%@”y y

i nfected human liver cells, or both (see, 709, 843;
5, 652, BMWﬁIm@bu@mmwcmmdeﬁpﬂﬁﬁmﬁw (AlldeRA)y whs ng a

hunl? | ; GaRtopEd (EecEen el Rl Sz g S Yelde B B s B PR30 M BTR Gl o e
al- J. Tﬁémumptraasﬁ&ﬂe?maﬁd&% xﬁ&ﬁaémmkﬂﬁwgedy Widet hRRSRIAYrald On of

HCV-i nfect ed human epatocytes into liver i munodeficient m ce;
Br onowi mbmmmwompmmwﬂmm@sof@b@asye ppduetiandd tle livereager i t oneal

et o rnS AR R Bl A IoRRRkSlsp GS sty Mas 88 S FLABGen o Tor
the HCV gengitd) with nicesibraRA hbyatbiyt@eaticB\atkswbiki withl (i Hic Glichi by

I nfection of woodchucks with woodchuck hepatitis virus VWHV) and by
i nf &% i giememstatedrthaisdividyal hepatpeytes that spontaneously deleted the transgene

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

production of 2 mouse having a xenogeneic transplant from an animal of a different
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hypof ilbr i pegengientisn addessddthis provtemgene was al so found to be - associated
with accel erat ed hepatocyte death. Later work_with this transgenic animal
20 denonstrat-ed that individual hepatocytes t hat spont aneously del eted the
transgene acquired a signifi Eﬂ A ' plicative advant age, '
resulting in repopul ati on of ? iﬁdﬁrﬂwlﬁe’gﬁﬂé& nontransgeni c cells
Sandgren et al The pfh@&iinvenmmr Eeprurcstamot-iimitn anishslafiodse Mt i8HdeptibRI0 Pr oved
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woodchuck hum&palouwhaser(mee,rwhﬂe ﬂte tadnsgdﬂeqnowﬂatfbr exprentichoof.a wiildnsb- 3 1 0-5

(1998). t hese . devel were stil | ong st ep; avvay fromthe
devel opme F”Woﬁ?ﬂﬁva%lfe s@ﬁlpﬁff”ém? 0 gsthadds forpy oduct i on of
mouse havjdagtifingRAMIARS terdpeahs R ¢ b!, ARMOnARRY ART e Rodentia
famly is_not nearl y as dld?pél cul ore%nexpect ed as producttP,o%a'ﬁ]'%l a nouse

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

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

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

‘human hepatocytes in vitro.
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(Liu et alSTEMGERARseeRic BAysniest Mfecied with hupygy heppsitis {59iy9 (HGWer e were no
guar ant ees gf rﬁmﬁjl?%géﬁ il | C -jrouse
liver chi rrerénl?suscepti ble to Clclﬁ’r%%{?g&ﬁ% eg%%%rﬁléﬁeétger{ﬂ%%n W R vi ral
product i on palymicieotide bhopdmel aenrakinasdectypé plastiitne gerd fctivaes polypeptidenvheasin
addresses this problem .SUMVARY. O THE | NVENTI ON The present invention
features a SRQﬁE}H'SHO@?iI %‘@&Cﬁ G Pé’r‘%’ﬂ%t&’é%\chﬁliwé%iedm_ YREPEEE Son by
human hepat gk Qe i HOst O NRer Rt Al iRirdi% tﬁe&f@f\ishﬁ%&g%dﬁ £6r thET uS (HCV) .

15 The nodel is based on a non-human, irnnmunoconprom séd transgeni c ani nal
havi ng a hupaiyrusletide;cind awhimerid Neer compesing himpan hepatreytes segpiiedindes f or

expressi on of rol dnase-. type. pl aspi.nogen activator_ i he |] . The
Chvent ton angubest ek VARESin R BF IRt ot e it s BESL ¢
agent s, e. gresulade MCSV havdiieg offtid Mbeiselhoact i Vity against HCV infection. 20 A

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

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

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

of the inveynd ' [ d ~ Aanj ] quire
bt ai i ng. A PaelioRds BRegedHOLIAR By RS ROLA IR ol faf e Bholt il
need to obtthe nolyepclewviptieepdratomly-iikednd e pravothy serh tHatrtbe polyperttidedul t ure and

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

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

HCYV infection is produced.

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

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

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

load of the human HCV relative to an untreated chimeric transgenic mouse host or

S5a



pol ynucl eoti de encodi ng a uroki nase-type plasm nogen activator_ pol ypepti de,
wherein the polynucleotide is operatively linked to a b]’%%?‘@?e@@ﬁﬁ t hat

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

the chineric e host w th.hyuman  HC sults in HCV infection of the
nouse host .a%eﬂpéj{ﬁg@éﬁﬁtbondéb%dd?a%gf of ﬁ@fﬁé\géﬂfv%’ﬁ\; - there is provided a
met hod of  produgiagxth a§tci®Y thé pids@N $ORALI6N tHERVE $rd\eddd 4 RE@EL & Wi th human
hepatitis C virus (HCV), the nethod conprising: inplanting human

hepat ocyt esscrasnggsandijstnaaadoiosroliNityod achieviag sgleacaserin biwdHipids, thevi ng a

genonme co L] . nucl eot.i de. .encodi n roki nase-type .pl asm nogen
acti vator BarObd e Peri R s ot REinBRGRE R PRt Aer LB e pleel U1 e
to a pronotiemsgeichotidttiost dieclofaliy ARt thitd agHepr FIBEHVERidNO8kd mouse | i ver
cells and wherejn the_host is honobzygous for the E&Iﬁ/nucl eotide; and

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

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

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

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

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

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

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

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

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

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

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

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

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

t hi rd aspecinminadaficierivaense dayingagenamabymprgng hpolyhiicledtidefentdingandi dat e

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

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

i st or 1 pasie bR teo R ARERea hidGp OB TG TR BobebioToflbdtni o

nmouse host , chimbi¢ gionsd With howhn HE Westlied inHEVtinfebtidioiahe fdate SYRURNE B
and T | yrrph_ogyt es, b) has a genomcally integrated pglynucleotide

encodi ng- a HSkEdMBQIse isherasteaizad Ay geucien ohaidesst @@P&ﬁbp‘ﬂﬁah@,mmk@fn t he
pol ynucl eotide i s operably linked to a pronoter such that the polypeptide
is expressed In host nouse liver cells, and wherein the host is honpbzygous
for the pol ynucllecttenth aspmtofihe pasedtunemtibe ferotpreddaehgeafhetinidico t he

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

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

toxic to liyer cellis..in an eighth aspect of the present inveption, there
o b ov ded e PefifigFiride’ AlbrEba BuRRReE beot Bt 85 noheBfieR "  n
human hepatdxptessdd imihostsmédseViver GMBHNASIHRGein ik Ro¥IdHRHREY IR Tor theOUSE Wwhose
genone conprises_a polynucl eotide encoding a urokinase-type plasn nogen
activat or pRolyBelsolide andpshuneiiclwer comprsing hepen bevatqeytes gagrafied/intd nked to a

ronoter s ' j I iver | s and
\R/ner ein th(Laﬁ:l ﬁ%%?’ %Ftsﬁﬁgn@%%%%g& %ﬁo%ﬁgﬁfé%ﬁ%ﬂ%drggés{é&g? tt{iﬁi}ih'ém% ric liver
conpri si ng resulmnin BEPaideyioaof drghalse@dst. nt 0 nouse |iver; wherein

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

provi ded a | j : 1 i e istis C virus
DT 980 RS tinsebliB RRASTRGS: BRIBEIY e ol difbi W 1S8R
aspect of the invention.
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I nrmunodefi ci ent nouse having a genone conprising a pol ynucl eotide encodi ng
a urokinase-type plasminogen activator polypeptide, webaptembes@004

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

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

char act erdppaginioy thesegenohoskilbéd intthd sasponreading tHe4ewils af tHeORiASs) Hbddedf

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

act i vat orBRie¥ Ppsqritmiey onings BRAWMNAse pol ynucl eotide is operatively linked

to a pronoter such. that th ol.ypeptide is__expressed . in haost nouse |iver
cells, and whdr&kis _h@_e-ﬁay&%f bres Braylff%nfrﬁﬁuwammmwsm& and a
chi meri ¢ ghinpRs ogmea%mewmge%&%%wm-WQ uiaﬂgggnﬁmuse host

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

oot pr ol Fif) 2B S IarRby LR Seuch o ronfel Sousilre kp Bomgh e oo
i nvendi omon@snspianSatio oud QAU PR 104/, éﬁéﬁﬂg%}%&%@m{kﬁ%&ﬁ&ﬁﬁé asig.rﬁa ot her

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

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

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

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

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

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

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

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

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

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

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

homozygotes have a ratio of ~4.



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

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

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

surrounding ti nse |ve se stai ned for
hunan hepat ocyt%zéj e7alrﬁtalpglgtn %Eg h?&gr‘fg‘*‘ B%aﬂ?é'fm% g’d’lﬁ%mf %EWF Bed of
human cel lsnsplirititedipients bembtypetisg/-) MElcne ¥om (bfo’#)']ﬂr @é AFBJ&P)@ ?:aﬁkf% g n. 20

Fig. 3 |s}ﬁ§(graph illustrati ng,rproductlon of al bum n from human "hepat ocyte
grafts agalhugyin stangag (TRYRISA gemnme(nﬁgamve aéfrol). :

transgene. Figg duct i e an ositive
reci pi ent post - l%re;?lg%g sa \%nty‘%}négjs‘{géeﬁ{o “%Pﬁﬁ“ﬁl‘ﬁr%w&f’? °“I@ hunan
al buni § stmtividual hopf2pgius (Gosed elrcl&@)mrﬁﬁﬂﬁ@igaﬁé @,gen OlRdIEs) récRiishtngsusé r ol . 25

Fig. 5|sa%26to%ﬁ\gﬂj:)f a stern Dl ot shovmng detection of human al bum n

(HA) pr oY DG&?’F@EOW foriboregIoRps. i vers ¢sanpl es represent
v dual._m ol 9 4 bilph ¥R kil QRBIREARAN RSB BB YR e fluen

al bum n st andar nt rans nouse serum (negatl Fig.
6 i s a phpostiparplation zmh@nozgdgeum-dﬂsgﬂmd graft dedigients aﬂéﬂlﬁdﬁblﬁxiuoﬁlvﬁtﬂﬁévzyg%l ty

30 from geno DNA; a TIE ratio of -2 is characteristic of hen1zygous

i ce. iy FRSSE R st B eaevra%qn&sapﬂmw@owarg@mmm cxipive.

01167854 PCT/ EHOLORGSS Photbirph rd et Sndblink ABIRARh A+ ol ,?@pjg; showi ng
ran Zygous

| ong-term HA production in splant recfpients
honozy gouBaneky/or(-)fseand RNA dawerpayel) bthsymostable T4h revetse mnsombtwak_mﬂst andar d;

NB - | d. | 8 h
o no- P CRTRbRR St RS SEE MRRSOF btk B8 Aot b cpith Dl
i ndi vi duasantpdesaddiutbet ﬁés%ﬁﬂoxﬁl(ﬂfﬂhﬁﬁélxm:&?r@&eﬁv&ﬁ}ﬁdﬁ W%&,# pitseS)

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

groups. _ispiated f@mﬁhﬁ‘dﬁ’e@r p@@mg@man@mummmﬂm over the

firstysd- 708 n ust enic graft

r eci pllfelntlé1 a er inocuyggifeg%ﬁl\sﬁhﬁﬁn fvégf ?fﬁﬁﬂi WF%em Each |ine

repr esentmnaans;pa:imed,hemfei:feaﬂnmtéwgigwﬁmis?m@&tmd@em%ﬁ%d with fIC¢; 10A is
a phot og:@ph of a gel show ng detection.of strand RNA (upper panel) or

-) st r arky IRWOZYEOFanspiaaed meyse, potdpegatedwith HEY; Peosenms taken fransar i pt ase
RNA PCR l?f fcﬁ%a\%ﬁhstﬁmﬁﬁggdepf b%dlﬁ?&fslabel‘le proﬁe 9 1 g%pﬁ}\ll ons (A

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

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

[1]

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

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

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

30 RNA(upper paiel), (-) strand HCV RNA (middie panel) or B-actin RNA (lower panel) by
- RNase protecnon assay Control lanes are as designated above; mouse 10 was analyzed



sanpl es and nunber designations (1 through 10). represent individual
sanples isolated fromthe livers of ten homozygous ni ce Spterberapet
transplanted and then 15 inocul ated - with HCV-infected human serum A,
W | d-typvo 606%EQ! - nouse, nontranspl anted, noninfected; p@ryp/dafiRbEs6YIJous
transpl anted nouse inoculated with HCV; C, honbzygous transplanted nouse,
not inocul ated with HCV, D, serumtaken.from.an infected human; E,

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

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

radi oi nertﬁgn i sense (upper) or sense (lower) riboprobe; I, mouse |iver
RNA (10 &P Bé)éd with 106 copies radioinert sense (upper panel) or
antisgnse (| ovwsp, 28R phofozlpR 6PR Westbrn bick RPEGBE Apa B0 ifliséfch ¥64 h 10 g
mouse |iver RNA’~ all subsequent steps identical except addition of RNase.

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

Pher nost AbbaiP4 &het el el pinia Uit SR G S Rp BB pdpetiv Yobie, ang
number  desiegivdly.ons are the same as in Fig. 10A. Fig. 10 Cis a photograph
of a gel show ng detection of (+) strand HCV 30 RNA(upper panel), (-)
strand HCV RNA (niddle panel) or J3-actin RNA (|l ower panel) by RNase

protegti on assay. Co | _ ove. . mouse 10 was

anal ?g’ed 7 17 Septe%%%hfbm@w&gq@ only by the RPA

met hod. Lett erBeford theipiesunt theentivnds desotbed, 6t isiebs anderasod thafthip inden@n  Fi gs.

1 1A and 1 i B, are photographs show ng i mmunghij st ocheni cal, anal ysi s of -
0 e - ols; es, I i

control (FRef limifedt M%%V’q Hhodelogy Rrimpgols;jcef)lines, Asimal spegiesAreciging ant

ant i~ HOV cofithicROM reddrhfdesditbelt SasdAPALO S ARAT vty i3 BB Phot Lo det ect

Apo B 106° " Seftim o rmeric trahspfanted aninal (lane 2).
Hurmman s e nmderstolod tiat he temmnidology usead herzin isAbbibe Plpmsa ofiddscabing ipanticaldr ani mal

I 3 d | i, d I ve. I's, ' ively. 10 1
(L5, coobimet ol i b SN Ll B b SRR k10 18
. invention will be limited only by the appended claims.

RNA

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

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

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

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

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

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

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



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

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

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

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

used rei Q@@ed | Ly understood hy one of

or di ngrgy St{l;bl | ﬁ#&%@?&?%cgﬁoﬁﬁyéﬂ%ﬁf%ﬂé%ﬁ%ﬁo _ AMA| t hough any
met hods  amdmissioe thattie pséseid iavertiondsinoneatited totatddarsRck BaBTid8E b ¢lRn can
be used in_.the practic r testing of the present invention, the 8 17 :
Sept enber °5BBYF 5596 'éﬁwnﬁbﬂﬁﬂt@xeﬁy%s@mmr@wm By pediffersntfm thet er i al s

are now desslaRbai6h balibhic BhdydRRa 1R LihrALG, | ncor por at ed
herein by ref ep‘r%ence to géljsccose an Eaéscirn:a e fi@)ﬁ% 0 gﬁ'and'/ or materials
in connection with which the publications are cited: It nust be noted that
as us h in and in the appended clains, the singular forns -5 "a",
“and” ?9an§£.’—w@ include plural referents unless the context clearly

di ctates ot her vgifiericTiBed ﬁ&&m?(é.%ﬂpl:ﬁmeﬁ@faﬁi?ﬁi‘@& 4Bimérid e ﬁ%éant to
includes a plurality of :such liver cells an reference to € non human
ani mal " i descibRan rgtneeraminal compnisingrxeneogenein disstes wanellsa rO fpdrticdadnterest

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

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

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

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



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

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

par t i cul a¢Xampieembryosios epberniestem calls pthe boyt apimal ageesding tavaetheds well neri ¢
due to t. e of « 4 t | nipal s liver.
20 By i nARAER eSO e RRRARF B R bRk BB ol o2,
conpl et e sterobigai iidtedd keid tanthedorne sPana@ragidh kohsthld (et fofthe produtticis ue ‘or
cells, e.qg., i mune response of the host animal is such that it is '

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

manmal i anproéidtioniof a “khockrentatrhuseknic Byimid). ansgeni ¢ ani mal-" i-.s nmeant a non
human ani mal, usually a

S / a npnmal, having a .non-endogenous (i.e.
het er ol ogous) AUEIKOULEP s@&m%g'&r@mn laéhﬁwquwpiéhﬁ&mﬂ:ahm

el enent i Lo Qf el I Voo bf ' | germline
50" DN (1" beHla ® of o of rclirgS! e ek BhBG Aol Bhofe b DF 1 1
Het er ol ogompsession issimieteciatile dransigrificaht.c €chnsgenic krivek-gat miliaBeawbe such
transgeni c anj-ma&ls b gen tic, manipulation of, for 9 17 Sep enbefr 2004 WO
01/ 67854 EFrisAn helerpy (OBt ofiA TTEsh 8cts, oiabamereRuskAsRk OBl 9te of t he

host -ani ’E\lgféﬁgéhg.r"itﬁ&kldﬁté‘,’%& hesithergh hiso KOMMR doRdiidRaldnbek-Auts WiRpS 9€ne” i s |

meant to refer to such heterologous nucleic acid, e.g., heterologous

nucl ei c adferation of the thrgetgent cam oeoup Npas iforexempls, exprisureef ghe anfroal to he
producti on, .of "knock-in" transgeni c animal). or .a heterologous. nucleic
Ded"t hadabpgire i apehere Brgt e Ay Rugfediohor i gEnpin it etple " o' o
decr ease regbrifhARMN z&ﬁ[&&a@éﬁ%&&%&t@ {e.£.8Ctb in thOCre-RxQFsteh), O oftfer Rethd ik - out ™
transgenl ¢ animal). A-"knock-=out' of a gene neans an alterati.on in the
sequdAce difecting:thg targetigene alteraden postiatplly. decr ease of function of the target

Pnat ani 1 oant & Baint s eRbdhe HRAR R RERE R o A BRI, ©

het er 0zy gesifits i Sledfedepréssion (b.gf, iRiresged finclGding ebtOpiRY ditibdfeakdliGiire8dibn)of a

o oo s tammel tine, o.g, by inttodustion of an additional copy of the serget gens, or by
operatively inserting a regulatory sequence that provides for enhanced expression of an’

20  endogenous copy of the target gene. "Knock-in" transgenics can comprise a heterozygous
knock-in of the target gene or a homozygous knock-in of a target gene. "Knock-ins" also
encompass conditional knock-ins.

By "operably linked" is meant that a DNA sequence and a regulatory sequence(s) N
are connected in such a way as to permit gene expression when the appropriate molecules

25 (e.g., tran'scxiﬁtiénal activator prdteins) are bound to the regulatory sequence(s).

| By "operatively inserted” is meant that a nucleotide sequence of interest is
- positioned adjacent. a nucleotide seqienice that directs transcription and translation of the
- introduced nucleotide sequence of interest. 7
. The term “therapeutic agent” as used herein refersto any molecule, e.g; , protein or
30 small moleculé; pharmaceutical compound, antibody, antisense molecule, ribozyme, and

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

alteration |n a host

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

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

operatively inserting a regul atory sequence™

expr essi on“bﬁlnafnﬁtlﬁoamitdu@amoMPWy of ‘the” target gene. Knock in'
trausgenics c corr I;‘I S a he{0 Qﬁ%&eﬁ knock-in of the target gene or a
honmozygous knoc kﬁ@&(‘cf%“o rhysisalledisantoawis

condi t isonaduitubie @k uhifsy %?5 LoYs de urﬂa{%%t/ a sequence
and a regul atory sequence e a'?g co*rgecte I'n sugm eaa?% permit gene
expr essi orFORIHNE h@ﬁﬂp@ﬂgpﬁﬂ awnnp?]ﬁgam@ in b arqeur. sufﬂciaﬁ?ﬁ})cﬂrbﬂﬁde%@'

act i vat or ar e o the re ory sequence(s

"operative yﬂécﬁésfger%% S?"éﬁt?aétﬂ “lmfm?fegﬂ??ﬁ d5tsniabieditnents samier Oll\rﬂheqlfest i s

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

"t her apeutdi@ vagiehtof %@mm@tmtm@f-ﬂesmlyhnnnegttcrmihaqmﬁ@,laragmt, protein
or 3 sn@{ﬂp und, antibody, antisense
nol eche %%eﬁ&k%nﬁg frh I%gﬁééve%a@éftﬁggm ?we'at%moclatﬂd withigachase or

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

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

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

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

i nvent i onofg dlﬁeaaepemmmmml,@mmaety;a hiinahp ehd irchides:| @) pRYenthigthd isease
necessari I articul ar nt 10 _enpl oyed a the effect to
be achi eved, a%&‘fﬁgénﬁﬁ‘é@ Lﬁl%prﬁ‘ggﬁﬁﬁf%fbemsﬁﬁeb&@?swhﬁ@M| n the

host . - diagnosed as having it; (b) inhibiting the disease, i.e., arresting its development or (c)

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

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

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

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

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

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

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

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

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

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

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

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

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

devel opment of anti- viral agents. Furthernore, the ani mal nodel of the
i nvent i orhepietsophis micgehialipathopen.use of 10 pre-infected human hepatocytes,
t hus avoi di ng.the hapdli of . infected tissue isolated from human donors
or infecting ﬂﬁ%%vﬁﬁﬁwwﬂ'g’b‘ﬁYB%&sgéb%dfn\ﬁwge or to inplantation.
Accordingly the invention features a chinmeric aninmal as descri bed above, as
wel | _ :

20 Host Animals

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

an increased production in the liver of urokinase-type plasminogen activator (uPA) and in
which human hepatocytes can be engrafted and maintained. Exemplary non-human
animals upon which the animal model of the invention can be baéed include, but are not
25  necessarily limited to, mice, rats, guinea pigs, hamsters, sheep, pigs, primates, and the
hkc In one'embbdiment,— the host animal is of the genus Rodentia, preferably a mouse.
Ina preferred embodiment, the host animal is an immunocompromised mouse, preferably
| an immuno‘coﬁ:promised mouse transgenic for urbkinase-type plasminogen activator
(uPA), more preferably an immunocompromised mouse comprising a transgene that
30  provides for liver-specific production of uPA (e.g., an Alb-uPA transgene, see, e.g.,
- Heckel et al Cell 62:447 (1990)). Mice suitable for use in the presenf invention can be
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as a nmethod of producing a chinmeric animal by transplanti ng human
hepatocytes into the liver of an i munoconproni sed , al7vaptamber ReH

ur oki nase transgene-bearing aninmal. In 15 addition the invention features
met hods oWwuéiergsst he chineric animal nodel described her EIbe/bﬂﬁbaﬁgd’lg

nmet hods of identifying agents for treatnent of infections-b

hepatotro I ntion ow be des ribed in
nmore det ai&fﬁ) Eg ﬁf)ﬁﬁnirﬂf ﬁa%&%%?bﬁé@‘fc’dgﬁl %%lf's “‘gb%eP IQ%B?Wf%unan
i munocondimitédstockheramaind CIBay7,rCRH, BALBR] €5F180/6) BRI BA a8y J, @29 he linger of

ur oki nase -tsépe pl asm nq&gn activator (uPA). and in whi ch Human
hepat ocyté@ eRaleqy fopalat ai ned” Exenpl ary non-hunan ani nal s

upon whi ch the l:o iseQbad I}ntzllventlon can be based include, but are.

not 25 necessa rats, guinea pigs, hamsters, sheep,

pi gs, Pri mat es Asated dbove, Iﬂneklmst mmhﬁmiyﬁﬁﬂimomrbﬁﬁgedam mal is of the

genus Rod ntia, prefera use. referred enbodi nent, the host

a1 o E LB SiAraatanpests sulitla Br Gmplpntaben s hesiraitbe desredd

mouse tramemcaﬁclwwﬁvaﬂﬁetman%mmﬁgﬁ g&g fjor  (uPA) -, nore
ran

preferably an i munoconprom sed nouse conpri Sing gene that 30
provi des mmunommglpscdammh@dﬂwtgmatadﬁuﬁmﬁmmcom peterdlapictd by, fansgene, .

see, ckel .et | 62 447 Mce suitable for use in the
pr esent |ﬁv"‘érHel % e‘??%‘%!’l"“?%ﬂg cyglpspprinyanshothermnethods / 00350
produs®d {wellend®H iPthedrty 34 | @ﬁeyal% hﬁﬁi@&&i}ﬂ but not
necessarily limted to, Ee st ralens C.B-1 %ﬁﬂlﬁfﬂ}?&%gl AKR,
BA -B 10, cqrggletegmnmwm@pomggalmmmHQynduenssm hmclln‘.a()épmitlcflhﬂﬁﬂt&est

[ O the host anjnal is

| nmunoco und 5 As. not,ed, above,
pref er abrgl%%gwﬁﬁﬁg@gp SRR OIRTRRE ﬁ‘géﬂmr%%ﬁns%fddefﬁ%msahsw s suitable
for inpl aiabititpt mﬂérgb%wﬂﬂmdmﬁA%&kﬁ@@meﬂt'mﬁﬁ%dl RESRIAL r&ﬁi:n oYl | abl e.

Al ternative 4% though ess preferred, inmunoconprom se s can be
el

gener at ed3% aqtigen AesepiopetAlse ofintarest sTedmunocompeminet apimsalsithat kaveat | on

of o Org ; he ods 10 well
knovmnsl n t art @Pﬂéﬁ'@;ﬁ%%e%gltgati%agfdméﬁ%é% e%sgénwgg?rsg ATA%t nount ‘a
conpl et e d&tcnm:ée fumstiemab € cells Bslls, dnd nafird $ERL (INK) LB YEa8Te ©HUdrmal.
partlcul ar |nt8¥_est are animal s that are i nmunoconpron sed due to a

genetic def ect Of PIticylerdplerest 218 mige thathaye pibegogygoys mutagiongé thel scidd ooA
rearrang eEEialscid). ThesciPhbitabbh RsBeid oA AR ldgﬁé‘léﬂc%n DNA-dependent protein

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

()

20  receptor genes. Animals homozygous for the scid mutation lack funct:onally 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 dlfferent
genetic backgrounds e.g., CB.17, ICR (outbred), C3H, BALB/c, C57B 1/6 AKR,. BA

- B10, 129, etc. The invention can also take advantage of animals ﬁamg the beige

25  mutation (bg); which is associated with a natural killer (NK) cell deficiency. none

embodiment, mice are produced having both the scid fnu_tation and the bg beige mutation,

-Tesulting in an animal that does not mount an effective immune response to allogeneic or-

Xenogeneic ccllé or tissues introduced to the organisms. .
Other exemplary_'immunocompromiscd host that are presently available include

30  transgenic mice genetically engineered to lack the recombinase function associated with
RAG-1 and/or RAG-2 (e.g., commercially available TIM™ RAG-2 transgenic), to lack :
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and T-cell antigen receptors. Also of interest are imunoconprom sed
animal s that have 15 one or nore genetic defects that |¥awptangber 2004 :
significantly decreased -nunbers of or no . detectable functional T cells,
B cel I's, yapgdadural killer (NK) cells relative to nornal 'chg:szqfohgsﬁu' ar
interest are mce that have a honbzygous nutation at the sci ocus

The scid rmutation.is assotgi ated wiith a deficiency in

(scid/scid). . C
DA e orittass T i Cinss TEMRLC Sntigeps (o e compmeraiallyaale CHILAMIED

reconbi nagon, ..l %a-"b'% I ﬁﬂ%— : ey r &I&%h r i mal s
honozygous ?mgt: e sCi nggltcg? %ﬂﬁ&fac t%%?tégﬁog? |°§ c%r%t?lﬁlg%&em
I znmunogl maybé nsefidrad rdcigialts ac@HEPtscid/sgkl) SGBasvil/tdididheble CB1 T ediéht; i n both T

and B cel]___lineages. The scid/scid nutation is available of may be bred
into a nutfEs3 b@?n“g‘f-‘flfa%‘l é’fﬁTAa ABt ff@nsaﬁp&@%na& and pjes aregvailablg phich

(out bred) e gt'(ﬁﬁi-ﬁl dells 5?7’1?’091&61'%%5}10&6@%3}%& # n%@rﬂfe Cﬁgﬁ-g'eﬁw ention

can al so take vantage of aninals having 1 mutati 6n (bg)
whi ch i s svowicamprbmis¢drats inclode HédHant RNU-mu MsdHaeRNUEafi' i ency. | n one

enbodi ne I C e produced. havi ng, b e.scid ion_gnd §he bg

bei ge w{ﬁfﬁ%mfgguﬁf#ﬁ&%Wngm’ %%W%SE%W@ feffective
I Mune r egRAYSRNLIN-Al RAWARGPHMHsd-pa@A0genei ¢ - cells or tissues.introduced
to the organisms. Q her exenplary i mmunoconpr om sed host that are

present’|y avai Trafsgenic guprassion Furokinasegeni ¢ i ce genetical ly engi neered to
| ack e reconpi pase functiagn associ at.ed, wi.th. G -1 and/ gr G2 (e.g.,
commerci al | y %%\‘?}Fcé’ﬁfeél ag"ﬁ"?v#}ﬁ m%}‘eth? venyon s al%nf Bept enber
2004 WO ' ki Eeh@bfbr Bpkedsital of Qebkdihs 1 ealacfivass(uPA)MiFost | gens

(e.g., the commercially avail abl e D and CZD_ TransgenicC strains); or to .

| ack exprasmhaidipensithe ransgene is thy Hloolh ewsgare, whitheeornprises amaurineraliyinip usef dl

as recinpi ' L.d; L SC] | .bh: . 17 scid/ hr;

N 3 by ApeRb ST R RE P pet oy Held, dua it ! Wegiitued i ¢

avai | abl eflamkinghequehessiofthegbvthiedimione gene(Hrokel br 88 el 62uL17L56 @9DO)OZYgous
di sruption int noconprom sed rats i nclude HsdHan: RNU- nu;

he CD3F-gene. | nmu [ .

Hs dHAA: RItgnAgren & al. %&E&M&Zﬂﬂ%))- HsefeerhlyNbrignimal is horygyagns-isaherhan
LEW Han z t o - - + r qeni
expr essr@%%&?%ﬁ%%@@%ﬁ@%%&%%%%g{ % eflgre?ﬁ%ggﬁpﬁn‘gl of the
i Invent | Onransgenk saulds ml@(*iemk}mmﬂt totlﬁﬁﬂgejggﬁg.m’cﬁyﬁt,%ﬁdiatsﬁ resfulusﬁmkh@seht ype
pl asm nogen activator (uPA)..In one . enbodipent, the trans gene is the
A b- uPA 39%11 Ggizzhepatip) iceweeé?ﬂm %fégolan%ﬁuwhﬁgeuam m%esseﬁhang@wep%wﬁt er,
the mur i GgcRA i SBEveCBHth Witk Hver. AWitnbiDeihg heli'td BBSYy A RH1eHHgencic

20 or xenogeneic cells introduced at an appropriate time in the development of an Alb-uPA

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

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

- Human hepatocytes for transplantation into the host animals are isolated from
human liver tissue by any convenient method known in the art. -In-general, the human
- hepatocytes may be fresh tissue (e.g., obtained within hours of death), or freshly frozen
tissue (e.g., fresh tissue frozen and maintained at or below about 0°C). Ideally, the cells
30  used are recently isolated (i.e., within 2 to 4 hours) from freshly obtained human liver

tissue. Human hepatocytes that are placed in a defined cryopreservation media may be
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fl anki ng sequences of the growth hornone gene (Heckel et al. Cell 62:447-56
(1990); .15 Sandgren et al. Cell 66:245-56 (1991)). Pr efeSepitdmbarR804ni mal

i s honpbzygous, rather than heterozygous; for the urokinase-type

pl asm nogeyy fGd7k4at or transgene. The Al b-uPA transgene r ts in_a

| ethal insult to hepatocytes that carry it, and al so resuﬁé—g)cr“ﬁ”@gﬁq gh

| ocal (int rahg\%{’at ic) concentration, of urokinase, which in turn processes
hepat ocyt eSIFEBNHonE Berads of e (&g-qiny liapad pigiogem) and; thawsskas requined, this hout

bei ng hel dydiiih | 11Q! ' r npgenei c.cel | s .i ntroduced
at an app?%prila.ga{e?dﬁgg*ﬁa%ﬁgf lled\;%?’ggt%rritg,\f%it Pg)g '%’-g%eﬁ 3R ¢ ani mal
are sti mul impedtastahatehé isolatien procedursarsirhandingirmd stofige pebtdtel see@d oS t hus  ‘grow
to "replace: .the enda nousf-ge atocytes that die as a result of the |ethal

i nsul t of TfEmZe g qsehemia isEoying cisplipn of blopd fawiie ths ey (es, ceaamallyy her

Cel I's Sui tiaf tBad Mout S HEPoAVk RSP a5 Yo r é njation
into the host aninals are isol a’tpg%re?ar m urrana?clm\%r tlégdégﬁtt@qgaiﬁ 8
conveni entminimize doMrischamiathatimaymesult fromstagegefeat., gdnamllipisanttian ABRALTQGY! €S

be fresh .ti . tair i thi I f death), or f hl
oy 00 1 Saluly 5 ot S PR e B Brbaend Bt e ke Smomion: bout
0C) . | dealdgy, havii rdettadf priRpes, ﬁoxi:?.ﬂﬁi‘ﬁiol‘pﬂo?&&ﬁt:ﬁ%&ﬂg é’ana\”e%sgﬁﬁ]:tl]% to 4

hours) fromfreshly obtained human |iver tissue.” Human tocytes at are
pl aced i n disegwerfiendd Usuallygheperiodaf iwarm risslieniarenpolsere isindt Tndse faambeut 20004 WO
01/ 6784 RGTLCAQL /00350 stored for long periods of tine (e.g., inliquid
nitrogen) "an iwed as required, thus permtting the devel opnent of banks
of stored hepatheYivestisshdchiDR@istboiatbd meshatSsidly of enbyRAIhAP o frbAle k Ne

I sol ation procedure and handling and storage protocol serveto mnimze
war m i schépipsnsion olipgle cdlsserdrasmentsof hntaethuimambepatic tissud inap be geedg In a

general ly ere%} ) LN, preferabl y l.ess than about
20min to ggegu 615 ﬂﬁ%%é?%%%n& Y?IE rgﬁeggoqét%fi (9%["%8?1%%9’5}/‘{"}1?&"[’0‘1‘%? result f rom
storage ( eolipgenase perfadiby(Rylar esall berth. @ollWioll 2300 ,(191@)%11&%&—3)?15»&-&}%@(1 about ..
| hr gg Zchrs . 'Ln aone enbodi nent.,, the hunan tissue is nornal,. e.qg.,

n

havi ng? no Rt REeEM). dispatasyise ran thepbspurifiad tiofileringobyough d steiniessistegly, and

essenti al |, ' - t . L od.of warm.jschen a exposure is
not nore %ﬁ%@égg’out iﬂ@’ ?(%;ng% %%h%%{%'sé q‘%?‘f AT e RS tr&ée&i‘ﬂvgﬁ’ ‘?}ﬁ"srgoci at ed

mechani cainethods foreancthg fahbpatdcytaaicay belBsed, o 1 TROAGEGR: Mivaleagke cells, or

fragments of intact human hepatic tjssue may be used. In a preferred

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

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

blue exclusion of 80 - 99%,

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

25  specific cmbo'din;ent, the human stem, celis are obtained from human blood cord cells.
Human blood cord cells are not only a source for stem cell reconstitution of hepatocytes,
but also for reconstitution of the immune system (see, e.g., Verstegen ef al. Blood.
91(6):1966-76 (1998)).
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15 centrifugati on. Hepatocytes can then be purified by filtering through a
stainl ess steel mesh (e.g., 100 pm), followed by densilt/\Segteaics 3004 :
centrifugation. Alternatively, other nmethods for enriching for hepatocytes
can be 165859+ fluorescence activated cell sorting, peppifPeossponetic
bead separation, elutriation within a centrifugal field, etc. The final
suspension used for ingplantation generally conprlses al |east about 50-75%
20 hepat odgpspantaion. ; ‘ generally with

viabi [ty DY UfiRfingtlei FYGHNELRBY B dBRorn Moyt int B BihsgeiibOd nent, the

¥,

¥REHn eyt (
cells to be transpla uman stem ce or” hepatocyte precursor
cel | s -whiimmurocéhprointised hoatwepy heimpdrtnt forthe prodectinmsif aahimeric liveri ver , .

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

obt ai ged sp%&ﬁﬁau E@ﬁ:f@&dbﬁ%y%q{e?at‘é&bﬁlﬁc pathibgdindli SspperrbifcalibSofthe not only

a source r-stemcell reConstitution of hepatocytes, but also for

reconst i tpattiogen.cFhis eayi berpartizulayiyt o wiswe thediepatotraphic pashegen sxhibits Rivood.

91(6):1966;76 .(19 . 15.17..Sept enber 4 01/ 67854 .PCT/.CAQO /00350

Tr anspl aﬁ%?ﬂ&'@%%%%?’b‘%&ﬂszgg' Efa& F}gﬁ)ﬁgiﬁﬁ P& B8 (%02 Host s

The tim ngnfab), Eﬁéqldsﬂisli@&uﬂésgmflotda?s ﬂfl‘?&elﬁi}ﬁ%@@@ﬁ& S?ﬁxhﬁlhﬂaﬁoﬁl?ﬂd ansge ,
ant to the i

i mmunoconprom sed host nay be inpor production of a chinmeric

liver . 10clays eldeer Igks thamorabepbeneswedi(frenlepvihar orghoatS /7 daxsiaddor t o render
t he imeric live susceptibl e.to,.i nfection totr | at hogen
and ?@ SJBW?;’ FtetE}Fi %?@Wgﬁlmyﬁ%@' E)%% 1. c?ﬁ@?&gﬁa@%ﬁg %‘3%?& grl y "?r ue
wher et h@arrfeaRat Bitveaihlsoup 810G atiKls diyk of h@y Theliaasdw Yor tyansplehiQan | oW

replication rates (e.g., HCV) . Wiere the aninal_is marine (e.g., a
nouse), bravidensd to sbowidal8 days efaga thgaimftexibility wiylomgiatagng goodgesuliind

opti mall Qut .7 . d:.. O k . week (i.e.,

| ess t haﬁi@ouggglagﬁlgldt%%}e%%%gﬁggﬁf yo.mgﬂehr@?mgt?&p %lrg&tqlgﬁe .of

t ranspl agbmpiodiise bétweemexcass teétifical hronaityassaidtahwith varyehey aahgplantaioni ed out
bet ween about 8-10 days .and, 15 days_of age. The wi ndow for transpl ant. can

be wl¥en&ie-+ Gredp tha smalhuzepfithe ammals) ardithe ime for gaxisnal replicafiye sBmplus t aj ni ng
) . DAY o | ot
goo resg&.%.zme.nw&blépgf céffadl&gloﬂ? krptgggﬁ\c&tel&&r%r Wo&%#%g%ﬁ%?@ yn ation

i ndi cate rein 1s a conpromse be n excess techni t
associ at @efluentdthe eigtesdrdyextehtob@igtaftradnit ofithe don(s henan «dile). tFurtheenaeagpl | si ze
of the animals). and the tine for nmaximal, replicatiye stinmulus. (e.g , the
nunber ofiNHBE p}» Ensplantatien jsalsoimnopiantsinaethe siyaviug ﬁ&veﬁv&llﬁwwén
L1 anSp! ABov ty! i LideRe di Grts ARt §erdly RPRIAIARPIhe OF -the
donor huﬂgon ce Hylst?; Gr her mor e, ’ g & é

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 theart, Preferably, the
- human hepatocytes are injected intrasplenically, e.g., into the inferior splenic pole.
25 Successfil engrafiment can be monitored by conventional methods, e.g., by
' . examining the lﬁeh'of human liver-specific proteins in the host serum, e.g., human
serum albumin (HA),or human alpha-1 antitrypsin. The chimeric host can be used for
éxperimentation (e.g., for infection with a hepatotrophic pathogen, to screen candidate
agents, efc.) when suitable. Where the animal is to be infected with a hepatotrophic agent

30 ofrelative low infectivitjr and/or low replicative capacity, the chimeric animal can be
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timng of transplantation is also inportant since the stimulus for |iver
cel |- repopul ation provided by the transgene dinini sheslAeplEmherB004nd i s
generally depleted after the 20 recipient is nore than about 6 weeks old
(Rhimet a0o(/67884) Science 263:1149-52; about 10-12 weekpefia01/00350
honobzygot es). The hunman hepat ocytes (or other suitable cell, e.qg.,

hepat ocyt e, I : cell an t ranspl ant.ed using.any suitable
met hod knOVnV%r c:&%%d?ﬁg]}lgé‘f&%fmerggb & qqfiggm?‘fﬂ%ﬂﬁ gﬁ‘é%%]fyo%t gutsigwgeksn ect ed

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

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

serum al by . | sin.. The chimerjc host can be
used for - g’?ﬁ?ﬁ@%‘% a ]i“%g @?&g@t&?@@@%ﬁ?gg JE%)lln a5 fpm.at ﬁe&tﬁgg{%&f&%,

pat hogeh, genesllyaboutciifitodil? or mge) ki mey be dptirhiesd @HIEBE Bord\hRfee t he
animal is ta be infected with a hepatotrophic agent 30 of relative | ow

i nfect i vi t JRAH? BFmabern hegprintame] i fpnctiony] transplagted henatesyissifondt lesah be 16
17 Sent enbaetd M AL AP RaR Ok eck b DA Rl 13 ledlBRy 1OV

to six weeks post-transplant, generall I X We
post - t r ansfA weeks, umtd §waynthe cemoraandmawbie iy wahelifdsparnsfihe héANChindHe | N

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

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

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

particularly a 10 hepatotrophic pathogen having a host range
pri mat es, PERmGally infectod)andupaintainpa getivg G Vipfsetiorhior a aetodof atfleashahopts hogen,

chronijgal |Weel & ' | S aint ai ned for eri od of
weeks to nontHE, rl%or&' %dir%géﬂé}f&t%ere ﬁﬁgb (ﬂlg%gtw(ﬁ’? bPHP e ‘fpdforéﬁgtn"q weslsy  the
chi neri c animuoat, andmalydedorthe lifespanafithe/hdsaf ected with HCV (e. g.,

chronically infected) and maintain an active HCV infection for a period of
at | east about ew&%fmﬁﬁ@?t%h‘?t%ﬂn'heeﬂé@bh%éﬁtmhlthaﬁﬂéa@mulatQMt 20

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

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

D]

1=

_ and stable, e.g., the number of viral particles that can be isolated from the infected.
untreated host’s serum does not radically fluctuate between weekly sampling periods, .
e.g., an HCV-infected host of the invention that contains a high ﬂuinbér of HCV viral
25  particles per mL of serum at a first sampling time is positive for HCV infection at
subsequent samplmg times and generally has the same or stmilar high level of HCV
particies per mL of serum, once stable infection is established in the host, generally within
about 2 to 4 weeks post-infection. In general, the viral load of the infected host does not
fluctuate radically and so allows assessment of the effect of a candidate antiviral agent,
.30 eg., the viral titer is chronic and reasonably cdnsistent.
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ani mal can support infection at a | evel of from about 103 or about 104 to
about 106 viral 20 particles/m serum generally fromldbsitems2@t about
107 viral particles/m serum The viral |oad of the infected host over

time is sygelgasd ally consistent, chronic,. and stable, e.gey #nber of
viral particles that can be isolated fromthe infected. untreate&]g ost

serum doeé not. ‘rgdi cally fluctuate between weekly sanmpl i ng peri ods,
e.g., an host of the invention that contains a high nunber of

HCV viral " 25 p?ﬁéétﬁin@ﬁcﬂﬁﬁm%ftﬁénﬁr@ﬁﬁ'&ﬁc%hb@ dskd ﬁia@ﬁf@}bﬂ&h&i:féﬁeeh& posi tive
for HCV, infection at subsequent sanpling tinmes and generally has t he

same or sassa:}'saﬁoheﬁgﬂmpla\mYOB&VH@W opeandidstecngeptssuspectefl ﬁsmmg ance stable
i nfection i es.tal dlntheh t eneraII t hi. 2 to 4 weeks
Dot o1 nf cetifiing fo hEmBE discaser 5 it a5 tof Bimoay pilabonids abd BBt oce mot

fluct unt ethefa@dmféad 2526l bé Scredled Wy aanfHfisERAlo We dHiReAE biiedal @hd @ candi date
antiviral agent, e.g., the viral titer is chronic and reasonably

consi st enassessing the @qﬁ@ﬁtb@qe agews upwn fugérestheenzrapa hwogsedissdbeeni ng

Assays Th I.] ni f. W

ot her scr@gﬁ‘iﬂﬂg&n&@’%dﬁ%ﬁg’%mi%ﬁﬁ*l@&?ﬁu’ggﬁ%%ggm S’&im %@ﬁ:ﬁl ﬁg%%gents
suspect edtodfveredlis] inGiuding sl nidléuld therapies faithe ueatﬂieaeasﬁverassowré orffer t he
appropri ate antagoni sts ‘and bl ocking 5 therapeutlc aients can be screened

by adni m@pﬂaﬁ@m@nt eiany men biMerpesific human disgasgs. RFYCREwpeRREean bt t hese
agent g UG b @by Blark HE (SAGKAD 1RE: BMEPROE Bl e KV GRMTEE L ani mal

nodel” of nvention can a be use 0 Screern c¢onpoun or tOXICIty

to liver mqiohﬁntpumﬁvudier@ysfhﬁédncmﬂaﬁmulfmttsheéﬁﬂ fos liv@rtokioity i thetanitindl of
| i ver disorders or. for the trea %rrent of Ecflny non liver specific human
di seases. mpfel getheinyention FunsHisn ghthe cagraf h%a'&élﬁ?frﬁegf m’ep assesedptiate its

toxicity [ ‘éﬁ%ﬁggr'l& kL tive
t her apy f%ergcﬁﬁgﬁg{g?&%gﬁs’gg I rst isggér%grﬁe \r/hér tOXI c %F%ﬂ ﬁg‘malﬁl mal

nmodel of inttke hosysamamp rinjury teclives celts canfbe assegsedHyemsdy ofdiver speeificaizymecan be
assessed as, . descr d above by .assessi n l evel s of hupan serum

al bun"n%n %@%ﬁem(éf’g Fﬁ%ﬁ?&’ﬁ’t&’# f%?—:) ché‘fl-“g’& ‘gqﬂf‘ﬁ{"‘? liver cells
can be asaessRehtR AxRAve KFinjury & uERBCICl fn (RBZXEE Sin bRo#taskhiR 16 354eE (ALT

-al anine am notransferase), 1n conjunction wth histol ogicdl assessment for
evi dence lifer taxjaityyan be bithea furctbnal, hlstotomcal,lovboth In short, assays to asses

| t ty b t her, f i st ol qgi bot h.
enbodi ment - oA eRGoftenaparittier SR e BamnA e of Heigvention it B0 can
be used ysed tdieéﬁdmmmdwh shahe tm,efa& %xén'i}ﬁé,mﬁibit dPpAdRheinfécfidh Byl or prevent

i nfection by,
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'génexﬂly involve the use of chimeric muriﬁe hosts with a single
hepé.toﬁﬁphic pathogen, the invention can also be used to identify a single candidate agent
ora cOcktgil of candidate agents having activity against infection by two or more
25  hepatotrophicagents. '
e “Candidate agents” is meant to include synthetic, naturally occurring, or
' recombinantly produced molecules (e.g., small molecule; drugs; peptides; antibodies
. (in'cluding antigen-binding antibody fragments, e.g., to provide for passive immunity) or
other immunotherapeutic agents; endogenous factors present in eukaryotic or prokaryotic
30 _'cell'é (e.g., polypeptides, plant extracts, and the like)); ezc.). Of particular interest are

screening assays for agents that have a low toxicity for human cells.
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20 replication of, or disease synptons caused by a hepatotrophic pathogen
(e.g:, bacteria, virus, parasite, especially a hepat otYopmpenkar2084 such as
HCV). Al though the exanples provided herein generally involve the use of
chineric wmgemesdaosts with a single hepatotrophic pathogen ' tion
can also be used to identify a single candi date agent or gcg‘}gg(()k/gdéﬁé‘of

candi dat e agent g _having activity against infectjon by two _or nore 25
hepat ot r ophi ¢’ agé‘rlﬁé‘f"f’gg‘i?g%ea‘f’aﬁ%”;f B cﬂgm’rF@jaﬁf‘SSF thatigh Syrically theyeare ¢
natural |y ogaticihdleculéy, prefepstdy fnaabighyic RoAPEGEL HRE gl%c Er\geiﬁ%tstgﬁl !

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

' th ¥l ; factors. _in epkaryot i
prokaryor | £ority R PL S BTAEREN HAE PR, FREThat bR boniel e )
etc.). IX amrtypicallyinchuit ar lesst aﬁmm&mmm@mbﬁciﬁxﬁ%g%ﬁmmﬁave a

| ow toxicity for hupan cells, 18 . 17 Septenber 2004 WO'0
PCT/ CAQ / 03¢5t ™eefdhe Smetionst cheaniea] gmpas The gradidate agemimefien conlpass es,

t hough typiveftdi% Aan ef erabl v _snal rgani c
conmpounds ﬁg:v I'ng @%@@%@*&&%ﬁﬂ%gﬂhﬁ%@% S ?ggl?rg%ampg 5&““?‘??%?\ about
2,500 dal tswhstituedvditdatesr ageanbthe abm:rei_faﬁctfdmbgrbﬁ%i@lcmw@eagg&sggd y for
structural_interactjon wt roteins, particularly hydrogen bonding, 5 and
typically ﬁ"H%ﬁI‘ %fB%“%’P‘? %l‘%ﬁmﬁﬁ%guw B%S?ﬂ,tozhm%éylsmhau@esb@nyl group,
pref er@bl Yacidd! stbr@al! pdrhiRs, Yyri | S5 Q The candi date
agent s ofteh 'c%r’rpri s% cycli cal %:éz’;?%(i)‘}naﬂg?é sﬁgt_ero%%/%%sc&g: Plll}g{aﬁ?’éss and/ or
aromat i c dherpefl yaromatic .structures substituted with one or nore of the

above function [ . _Candi dat ent are.also. found anmong
bi ool ecul e incﬁ“ﬁb“.%%“?geﬂtﬁffeﬁ@?“%%ﬁqﬂéﬁﬂ?vﬁ%w §‘§F°Q§;E@H‘élﬂgbg@ﬂe$afty 10
aci ds, st eyihec ofishirARmpdMAidsTFd: BSuple dRhtStd MEss ﬁéﬁﬁ%ﬁié?&r np9s or

conmbi nations thereof - Candidate agents are obtalne roma wde variety
of sour cesnd direied symthesisiod pivade vrrietyyofidigatic compouatds mad bivomplenuids. . For

exanplse, : avai l.abl e for random. and djregted synthesis of
W oSy o PTRRY BB il B GhucHorigRE il olisbuertides; AlraitvR:

expr essi oiibafries afittiial EsnpoahiQiaRbe fopRtdfiasteARNd filgh glﬁ%ﬁdjﬁﬂi%lalbextracts
Al'ternatively, libraries of natural conpounds in the formof bacterial,
fungal , pPErfvalizhle anreadily Brreyegd Addisiopally; aatusa|os spethetically Ipyoducatliiweres

Addi ti ona P | i braries .and conpounds
are readi %dﬁ%%@gghﬁeﬁ%ﬁg@%év@ﬁﬂ%ﬁgf)ﬂ‘gﬁ%@ﬁg%la embﬁ% & ?lt\fﬂfaq éﬁ‘g ™ _

bi ocheni cblochemics], meand, meyndyehbeursedito profucecivarbinatoxdlilibadries] Knovhbr ari es.
Known ' '

20  pharmacological agents may be subjected to directed or random chemical modifications,
such as acylation, alkylation, esterification, amidification, etc. to produce structural
analogs, |

Screenihg of Candidale Anti-HCV Agents

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

i nfection,_decrease.viral replicati.qQn t herw se di.srupt -the cycle of
Viral pr REBERRERT Sifpal s SfmeRiea By R RCRAGHUR S PE PP S, o (e
ani mal - mogel sk of iHteaieHor ¥ treataiedt 4ddforeb h e6htFol Ointleled SRPLiHR4Ea agent”

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

rel ative amjmaln Ihi@endral, a deiedtableiamd isignificantdpciaseninairabiiten of athiafdcted a known

17" Sept erfmasob i s e Ea e a0 tndiglun SEaGe et ERTC L o
an HCV-i ¢ed animal of the invention, and the viral .ti.ter of the

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

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

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

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

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

ani ndb) , diffetemefprriviationseand@butesr Thodgentsean he admimstered sidglyforicambe

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

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

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

-

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

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

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

(the replicative intermediate of HCV) by RT-PCR, or sequencing of viral RNA to detect
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20 etc.), the effect of the agent can be assessed by exam ning serum

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

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

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

et oot o (ErIes ighH Gasiolediont ol ot n pltion e 1SF s coibarizy; n
reacti@n (mm@m}cxaﬁae&%ﬂﬁ%iﬂl??ﬂﬁigﬁ@ c@n%ﬁmg;%%%‘ﬁfsay,

e
detection of negative-strand e replicative int CV) by
RT- PCR, orag&quenci ng of viral RNA to detect 20 17 Septenber 200 WD
01/ 67854. PCT/ !4£§%§gmsrrut ation/shift in the viral genone ("quasi species
evol ution") w t —Al ternatively or in addition, the host liver may
be bi opsi ed andherofpbindShatiaR they/dusired giinnadblaEed] Q6tRE miPbésimmnatrdl
directly any gualitative or quantjtative alterations in the amunt of viral
particl es WPHY%OIP%QJW&S gatriepfo alrashfor freagnent: The therapeutiongentsmwanost

can bgpeutRanikis ; L§d unds _havi ng t he

desired p%g?mco'iﬁﬁgg?b%%%&??%; éé%]@%ﬁﬁ%%l%&%egﬁg%@% -S‘ég?}‘xfﬁ’&%b%gi cally
accept abl énteaperifoaeallyyintrabasetilatigy byt inkathtim) kre. Deperidify @@ithe madg@pFs may 10
be adm nistered.in a variet wa orally, topically, parenterally e.g.

of
subcut anedtfqdyction, the comp gy be

: ; ,ﬁ"ﬁ%&%éﬁﬁf&%’ﬁ ways. | Feagonesntrationst ¢
Dependi ng of eﬁﬁlﬁll%rco\i}@yuh@%tﬁgmu%nnq& M@H{Lﬁ& Jrey be

formul ated I n variety of S. e concentr elflapeut ically

active cofdelMowi%.the fornulation may vary from about 0.1-100 wt.% 15 The

phar eutical . conposi tions can be prepared in variqus forns, .such as
granufes, 'tabl ZF‘E?B”QFFWPCWF‘PB& %’g‘%e@ﬁ?&[ﬂdé%fa%‘?}?ﬁ-%sé%assal ves,
| otions agAmbhias, hbIKS, pill£IAPIBRREHLS, ea%kulef,@&%e&{i&ﬁpwvanoga&&% EHgATriers

and/or diluents suitable for oral and topical use can be used to nake up

conposi t | Bharmeeentishirgrady aranic beinerganici cemiersandéiriditeents suiablenfls oralirdduent s
fate, s abHoeEihs e e Bl o R o S rng AU REsTaiTe varyi ng
t he ~ compounds. Dil_uents 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
ﬁenl;_-ancers can be used as auxiliary agents.

Vaccine Development

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

protective immune response that inhibits infection by and/or intrahepatic replication of a
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osnotic pressure or buffers for securing an adequate pH val ue, and skin
penetration enhancers can be used as auxiliary agents.lNsptamber 28| opment
Wth sonme nodifications, the animl -nodel of the invention can also be used
to 25 scr_‘g@qngﬁﬁgi date vaccines for their ability to pr eVE}‘ET/EAo]?Jﬁ%ni orate
infection Dy a hepatotrophic pathogen. In general, a "vaccine” 1s an agent
that, followng admnistration, faciljtates the host in m)u‘ﬂti ngv&zﬂ i mmune
r esponse . gp3takerhitRathogeR S HIIgRRRIAn Viratnor namsYicpatheger, Rarticularky 4

hunor al / cel ) I | L Ci Gy kRLLREL 0N of -

i nf ect i-oh?’gi;p%?%% “Far Hog’eﬁg)g?%gﬁe&\ﬁfgﬂgﬁgﬁe Vg&?ﬁ%&%ﬁ?@g@?ﬁ%@%ﬁ glg of
part i cul athrofglep@sisionofphsiveimamnity onrapidly opregulatedppegifiy hatdel ¢ vacci nes’
that elicit a. protectiyve inmune respons(g tg_gt i nhibits infection by and/or
i nt r ahepatfEuniieigoAntidiC Y impunaglobulin. aadihsdikeb 004 * \W101/ 67854

PCT/ /00350 : i ) Lal, viral, or

par agqﬂ Cc pat h%gﬁ?&%ﬂ;&r@g&l}ﬁgﬂeﬁ&g?@a eﬁ%!gt %%@n, Eéﬂg‘b HCV. Al so of

i nterest ahmuhbemapemised chiaert ammahisi re¢onptimteddsing; fdresztmple, stetnroeilgh

provi sion of passive inmmunity o i dl.y. untegul at.eq specific tive
P y( eegphera Mqodesponitial ol GHM R, bisr R e eataporerd pfficor ©
embodi menfupl slilBie AHE B i Bt for SRR infolifhe syHEMIAGN BRI, Sed
chinmeric animal 1's reconstituted using, for exanple, stemcells,

per i pher alMethodsifommotating heman nahiise ¢eliBMBt jeconstivuttbroafithe ratnise systammodbpoi et ¢

cells, or other suitable,cells of human qrigi,n to .provide for a human

" rnund s 28 SHFROGORPOiSH mal £ 8 HUOUE M BB EHERE SYRARAE WElh | s and
reconst i t whbwR iPfhe A Esede BB NRafyS3 B0 5556k Braf) NaiTUoRE BEpISH o5ds): pavizerl ,
e.g.,- a nouse wth an human i mune systemare well . known in the art (see,

e.g., Nat@fp I33me embodiient, fhedwmanimmunpcells are gbiained$mnothezamedononas 25) . | n
one enbodi,nent, the hunan i e cells are oht.ained frqomthe sa donor as
Che hunan i Ruac Rt T B podht don T S REE frebd, i ol BB L] o
ermbodi Menihe hunf iHHTRB cENT R Riid@hded ifth hd st Asbasdiflg tdinethbiewln khowadeor di ng
to nethods well known in 15 the art, e.g., by intraperitoneal. injection.

Scr eehf ngtifect, a:g., &Y finoapenitoncad éieatoni s simi | ar 't o 'screeni ng net hods

descri bed above. |l n short ~candi ' N 1101 to the
chi meric ani maP” '"6%Potr&“bﬁ?ﬁglvgﬁ'%enﬁ%ﬁﬁﬁﬁﬁgﬁg%nep@ P%ﬁl%ﬁ%gﬁ%a hogen.  The
candi dat eal@&C ith shor thgaRdiddte Yacciidis Admintsterad fythe chimeicn@imalsprivglte bol us
(eg., intraperitoneal or intranuscular injectjon, 20 topical
adni ni st r iocelationwith the heaptrirpphie pathogsn) The sandid@e vaspinsia seherillY e booster -
e ;&gh&@&maf B ploVEliG 4 SR hoRB (4 ST HRG ASRAN St 3 REIASReA6E PY

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

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

30 results post-challenge are identified as viable vaccines.
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and T cell responses that are specific for the antigen according to nethods
well known in the art. The inmmunized animal is then chHal3cpteger éP@h t he
hepat ot rophi ¢ pat hogen; normally seveia | inmunized aninmals are chall enged
W th -incpgadijeagset i ters of the 25 pathogen. The inmmuni zed @@Mfﬁ%ﬁoo?%d

non-i mmuni zed control animals are then observed for devel opnent o

i nfection,.and . the severity, of infection assessed (e.g. , by assessing the
titer of- tgﬁgggifﬁogen present, - examni ng human hepatocyte function
paranmeters as wke%ftheeﬁmﬁb@u&ima%m.mv\éaﬁsaﬂﬁt&%ﬂqﬁ%rg%gwa}.ﬁp e for
a significant decrease in infection by the pathogen and/or a signitficant
decr ease itpthosedescruibed abpve willibsrsadily appatenB© the srdinazily slsiled htsiremmm are *
identified as viable vaccines. .22 17 Sept.enper. 2004 WO Q1/ 67854 PCT/ CAO |-
) 00350 0 MestingedRe Brofal SaePiRRaridel rof ep PR SRR GhEnseic imal g b Peted hat ar e
var i at 50ngpréfaably@hrdricaligiftited) with HePAoRopias aEéMeshddROY Ss Mduredorheadi | ¥
apparent to-the ordinarily skilled artisan upon reading of the present
speci f i catVhich theagent gambys isdlatedhe This usa0f the ghimepic apimallof thetheentiod is 5

pr ef er abl | ' ‘ it . he otrophic agent, and used as a
sour ce fr%’%ﬁ@@k déyg%%%fgg If:eg‘?’mgie@ }lgsbcl) é’? ed. eﬁ?@gﬁgé‘?mﬁ%s?’??@% Pet i c

ani mal of hiuhen subjenor Briffisulofr dbtait irpiisesil ugbitils; MePathogbPEarRisCBE etdily

i sol ation of %(E_e pat ho?en reclgi res biopsy froma human subject or 7i s

di ffi cul t Stlgrebiino; cilyang of the pashegen in vino (s reawth i dnotbrculiwesinli | y

cul tuggd | L : r - | | LT .g... growh in

br ot hligul 'F ﬁlpiéécgééﬂ;s%ﬁﬂ%t‘dg h{l%ﬁg&}h %ﬁzﬂ?@eﬁﬁg@ s%l{jabﬁ‘égﬁfaln& ?@q%ﬁmf%éa%&{?‘imgen
that may elifiea relevdnse;pat. Hagemdralj thy chintbtioranithalli ikulaRdevigN@e isokitéd | N
general, the chineric ani.mal is inoculated with the isolated pathogen by
an appr opPHHPEER LY ANAPPOPKate Ilte (g by ABERYRAOUS, ARt aRYRsRlar. drtraperitanagleet t oneal

| g dhh; il : ' ' hat best
Cor ol at eor iy piREAGeldibR) 6] FRulG Riafelo i Ron LHIRE il et

. CAfter
t he pat horpate efdnfbliorsindsman tiseaseo Aflef thielpathbfern esmblishepiafeetyh 66theand af t er

- i Cj t t of ioe h d to all [ i ti f th
B hobbn huifin BRRHReS ank b 4R ncRA At S Bsacpot ) RO EpERR by an
appr opri agfhepithetn( &_e@)aﬁh_?%eﬁlqk ﬁbiawa_ﬁax@man}yc%a%ﬁﬁeﬂu ﬁmzi %&1 iver, etc.).
S. h e us [

Li ver disease di agnosi he chineric animal can al so n the course
of di agneppreprigie methed (af-siselateon from a lovslsaniple, frexmliydreetc)her e t he pati ent

W thout cul t ur Pt Shess agneB 86 e AR B fod b selil i Boct ed of
T om L he Bt ont e Sor o o [ aarPhd oers MeMAcHE sufla) eoila o=t
- 20 cs.)iscase of unknown origin or where diagnosis withoutpcu%mﬁng of the th)hogen 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 -suspe.cted agent, ﬁactionat¢¢ or otherwise processed to provide it in an
administrable form, and édminis_tergd to the chimeric animal. Thc chimeric animal can
25_ then be evaluated to assess the effect of administration of the sample upon the engrafted
. human hepatocytes. The effect upon the hﬁman hepatocytes can be accomplished by, for
examp‘le, isolation and examination of serum samples from the chimeric animal, e.g., to
assess function of the engrafted human hepatocytes, and/or to detect ﬁpathogén in the
animal’s serum, e.g., to detect the presence of HCV or other microbial pathogen). The
30 humén hepatocytes can also be examjﬁed histologically to determine the effect of thé

patient sample.

23



enriched for the suspected agent, fractionated, or otherw se processed to
provide it in an administrable form and adm nistered ¥oSaptrsmtesi2ie4 i c
animal . The chinmeric animal can 25 then be evaluated to assess the effect

of adm nj&fgiaiQn of the sanple upon the engrafted h“mnpﬁﬁ"ﬁo‘?ﬁ)ﬂsﬁs . The
ef fect upon the human hepatocytes can be acconplished by, for exanple,

I sol ati on and exam natjon qQf serum sanples fromthe chineric animal, e.g.,
to assess fumIse yeingpatient sampples The FFsUMR A headaptsd & pRovids ffet ect a
pat hogen g4 l-npaly : i - PIRSE foddy Or

ot her m-éﬁ%%?%ﬁa%at %‘F\ R%&Eﬁ%ﬁﬁ ﬁ%ocy%@ﬁéﬁrﬁ SO lg’hexam' ned

hi st ol ogibepdtbgytésambiieihat by biepsyhef agfatient (e@f, petratanadusaredls biqpse) candelided °
Sept enber 2004 WD Ol/ 67854 PCT/ CAQ./.00350 Screening using patient sanples.-
The | nvem%ﬂu‘afathegﬁwelméh%s FRgRFTg SEe hog'cgaﬂa%w%ﬁetq ational e

t her agy ‘3935&@'8%&1?%3%“3{;19% 'Pxﬁle Oi%]f%ﬁngﬁfé ﬁﬁcﬁ?&s@éﬁﬁ@ﬁﬁhﬁlzg@n

hepat ocytes o ops’ patient (e.g., perc neous heedle

bi opsy) esaseeptibilityad therapeptio dgangs, aidtocdssess thecpatentiah toxfuitytof tikhpatients nmer i c

murine hgst can then be used.fo 5 eval uate the, hepat ottaphi c, pat.hogen

't ot | ngeRHEEVIERP diih e Thys{Be FYERBGL e deebabi BrLIS HGTREE apeut i

agents, apfadiQ Ae et Rk ihdividuaes %&iﬁ&{epht'&&o?ﬁ& F%Bgé‘n hepat ocyt es
0

to such therapy. Thus the"invention can be designed aciTitate tailoring
of ther appwplemsst (eef. f against/ang axgadre infeeting hepatotraphit pathegans).f i ¢ hepat ot r ophi ¢

at hogen compl enent .(e. ., ,.agai,nst, one .o e.infecting.hepat pt hi c
Bat hggens). Tgﬁg% REEIts 1l :-'-- £ n&é’ﬁ ulb"ieBg‘&'-' I?ﬁ‘%ﬁlﬁ’se*?‘% a‘ﬁﬂ{ggp |
i nvent i Ols & §yktabh Fot NElAGRDS RSbtentinl fhefapidsOThiMbn athetddaledofi vasculet enti al

t herapi es of” human atherosclerotic vascular_  (including cardiovascul ar)
di sease. (inglnding sardiowgsqudar) disease. Pihexpgoleresizisdhgprimanrcause offerrt afiank st r oke

in the tern Wl d ul tiat i " . for a hal f...t he
o tari ¢ 90 kel e wBREm ey B3R Ty Bl RIS e P
cor rel at pQatadh (Rew (9BH Naftire 362:18910809) 0 W, paditiveichirelati PP betMeen Righlldle)s and

at heroscl erosi.s has been realized for several decades (Brown et al. Ann.
Rev. 1Bi oehlew density lipgproteim(LDLg@uq pthergspleyasishas pgaproplizesh oryeyerabdecadesnsi t y

Rev. 13 oBFeftdensiy Ipapmormiga( e boe yombiposdensi
of " T eacline & B Mrk AL BidthbfiL {2295 b TN PR RN Al o ATRAE Y ot e

anong | i gapitplipopreteif fVIb) imghetirallatofy1986 bynvitfde of b estnplek werdds dfi pi ds;
Li poprotei ng and Menbranes"., (D.E 20 X‘%gge and J. E, Vance eds.) .pp495
-516, E| Saghions iryalwng bydiolnsess ad Gansieraf ipidsand apenspteis qmang 1PORWISIRY o t he

R L et e R
al . 20 Vance and J.E. Vance eds.) pp495-516, Elsevier Science Publishers, Amsterdam). VLDL.
is secreted into the blood stream via an intricate secretory pathway (Gibbons, Biockem. J.,
. 268: 1-13 (1990); Dixon et al. J szpid Res. 34: 185-1 (1993); Sniderman er al. - ;
.- Arterioscler. Thromb. 13: 629-636 (1993); Yao et al. Biochim. Biophys. Acta. 1212:152-
‘ 1166 (1994); Davis et al. . (1996) In “Biochemistry of Lipids, Lipoproteins-and
25 Membranes” (D.E. Vance and J.E. Vance eds.) pp. 473-493, Elsevier, Amsterdam;
" Innerarity et al., J, Biol. Chem. 271: 2353-2356 (1996)). '
, | _ Apolipoprotein (apo) B is a m'ajor apoprotein of VLDL and, is the sole apoprotein
 of LDL. A relationship between high levels of 2po B in plasma and the risk of
cafdibVascMar disease has been identified (Sniderman et al., Proc. Natl. Acad. Sci. USA
30 77 604-608'(1980)). Regression of corbnary artery disease has been observed in men

[4.1Y

aggressively treated with lipid lowering drugs that also cause a decrease in plasma apo B
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Arterioscler. Thronb . 13: 629-636 (1993); Yao et al Biochini. Biophys.
Acta. 1212:152- 166 (1994); Davis et al. . (1996) |n "Biloentambst 2§0bf
Li pids, Lipoproteins and 25 Menbranes" (D.E. Vance and J.E. Vance eds.) pp.

473- 493, BlofYd 4y Ansterdam Inn --rarity et al., J. Bio 1
2353- 2356 '%96%‘. Apol i poprotein (apo) B is a major apop?g?glﬁ{%q;gl{/LDL
and, is the sole aggprotei n of LDL . A relationship hetween high |evels of
apo B in SPESRCEhaN gl Medop23 B84} ahhug; thewdea pagtivelink | denti fi ed
(Sni der an%ﬂmﬁét@é secreRbf 6f a;maé-lﬁ' ot idGive gise ﬁﬁtggm?eﬁira@ 46@3%@ #1980)) '

Regression of “coronary artery di sease ee served I n

aggr essi vebptainfrgplipeproteink inl pipsmla hodvbe invidettc¢igRathdradclaabsin ApoiBds aladger edse

in plasm 0 B 24 17, Septenber 2004 WD 01/67854 PCT/ CAO./ Q0350 (Brown et

al ., N. ESGfcoprptei gt ispammoimgin §a agsemglyj gnd spefgiion oflipids, jinclydimg,si ¢ j ve | i nk

anong khe y$a6sdide 3 SholéRGoFof B tilehRy bk idogddds BERCHH 1 RARECRITBES 0N Of

apo B- containing lipoproteins in plasm and™t

at her osc| enpsrtant in‘the iBravascalar transport agid yesptooneidintedgitakesandaielivayof i n t he
assenbly and. secreti.on of Lipi .including 5 triglyceride and, chol esterol
of botn o RBnars TG o MaoRerte Rt impbriane e B smaps cisies Sl MpE a1 o
t he intr agaarmb absorpiinsd pro8sing Bﬁﬁeﬁaﬂfﬁﬁsﬁto%@éguﬁﬁaﬁﬁf&ﬂﬁﬂ&%@ very of

di stinct classes of | |%§§rote| ns The inportance of apo B thus spans a range
of funct i bpeproti¢n lekels.n ump@rtyandbr;gﬂ:so&sl@mg:e@m teging ofiathetosgérdsis t 0 t he
regul ation s?épt}%glﬁtgm ating lipoprotien levels. This latter property

under I'T es®1 vVance in terms of atherosclerosis 10 susceptibility. Two

forms of apo BT@wifbimg 6F dporBT@tist inARSnEAISOAPE B 66 fspr&ehtdehd fllliehggmot h
protein containing. 4536 am no acids and is the exclusive formsynthesized

i nhunan | PXp&gin containing 4580 aaingagidhamts thexalusive formmoywthesizeqgirdummEndives t he

Maj Or proge| .c?ﬁég' ; 3 C | . |0 T e f or
interacti Qﬁ& of” thi sﬁa{'%g%rlgtq%ilrl?%rgggga éq’\[ﬁﬁ@égﬁ%e‘gﬁm‘]@é%“g%ﬁ%ﬁ% oung,
1990EJI supoBl.DL ahd cetaling S'Ehgrdomnﬂm' rdiﬂ:ﬂﬁdh o oo ixktesatiso xﬁdfl this hipopdtein spacics W’i_meh
resi , at sition 4 , i ch nmediates .a covalent interacti.on wt
apo( a;jse an&le LﬁﬁeF"@ﬁiﬁOﬁ@%ﬁn&t EQ0 516071 ﬁbrh‘dﬁélf‘f’mp"a?m epEngan wpdisedt e n,

referred ¢ B89, af Seitiau s, wilchmdd i%&g% b i
2130- 2134 ’-%‘1%%’4';”; Nﬁéo@nlc(&ywet i e B@%ﬁ?%@‘rﬁ origHish 4900 3
(1996)) . thbeby gehdratenaresheraistintt athérogamimiipaprotein, mfdrtedas as hp(d) (Cadlowadt 20
certain spegjes, synthesize apo. : apo B48 circulgtes in
e SR P L, by o BUER e 249, o) i Bl
par ti cl es2710y8¥84-5899q1 994) | TheeQRdIEResie ofiMinimAnR, & Gal 80mBYivar o Sti nct
receptor referred to as the LDL-receptor related protein
20  certain species, synthesize apo B48. In humans, apo B48 circulates in association with
chylomicrons and 'éhylomjcron remanants, and these particles, by virtue of their content of
apo E are cleared by a distinct receptor referred to as the LDL-receptor related protein
(Herz et al. Curr.-Opin. Lipidol 6: 97-103 (1995). ) ‘
In humans, current evidence indicates that susceptibility to atherosclerosis is most
25  likely due to unfavorable 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
experimentat 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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(Herz. et al. Curr. - Qpin. Lipidol 6: 97-103 (1995). In humans, current
evi dence. indicates that susceptibility to atheroscl er d<iSeptesmbesgp04 25
|l i kely due to. unfavorabl e conbinations of nutations affecting genes in
several |, Wa¥sy but our know edge about which genes ar S
Iim'ted o@s ys:SL4993 supra) -Due to the ability to mtrggﬁcﬁé%or&’(rgrﬂtate
genes, nouse becone the nost. conmon %‘ﬁe“ ment al ani mal nodel for

at her oscl o8l 343 égégﬂf%ﬂ)s Z&W-T‘%IFWQSWF’E,‘@ 208 H5HOM14P 8D, ard LDotecgptor-

th |
o 05 st BT ERH PRSI, TEmilf
(1987)), tmpsg@cdncﬁdats exprassing lhdﬂﬂﬂ@exﬁd@lmvb‘l@ddﬁh dipeprosdin mefAbolism Navd . Ac ad.

Sci. USA. 89:,4471-4475 (199 Plu 25 17 Se terrber 2004 ' WO
01/ 67854 NS S B Eb Piepalizggo &%WL FrefigPath negmal aml ence
258: 468 pbbidei i sl libidprbAEEBhbe s L%‘ﬁfak&ihﬁﬂfﬂlsbmciﬁ&aﬁdéﬂ hpashi et

a1 n” I nvest 883-893 (1993 us murine transgenic nodels
expr essi dgmonstatedybe dsmiativm biahigrosdlérpbplesions. nFmreaxainpleL theakieyesclerstic' easi ngl y

erved a mal, | pl.i an npdel s where_the ectra both nornmal and 5
et hol 0g SR AP BSHF FTRITEE Bt B el EreGr s o Y Teskeno ‘E‘Weral
| NSt ancegesiiéen th@&rmeas&rﬁecﬁi&uaﬁlﬁﬁ;%gﬁ&slmo%e ﬁth?f&?&%ﬁ(zé’étb For

exanpl e, the atherosclerotic Iesions in apo E-deficient mce have een
vel | chamowsemodels of aﬁhdrosﬂ@pmse@drmmdnaﬁenmﬁsgwmmmlfy sites of

D el g B RSBl Pas G e BR B b et BB issc oo Ty 10
- at her oscl er osiThe ahists® Biodbl dfithe/ @Mthﬂeﬁm&ﬁ!ﬂtbﬁm&%% af Bhihil BREAOENi ¢

therapi es. The animal nodel of the present invention can |ikew se serve a$

an ani mefordypedlipidenyia Wﬁerqﬁpmxmaam\@n&etun@dmdmfmmdm&m be used

o sases s AR 5 TR 0
di seasestréguignt) obih tréutizipisich dibcaodk (kb bﬁﬂ&werﬁig-lﬂﬁo@ﬁ 98! SmdsPoflsehtim t he
gr; e invention has dermnstrat ed the

chimeric tranz%em ¢ ani nal nodel

pr esthceftom thp mmﬁntwa@mmahmﬂ o ds inwintion handemonstratedites has been
establ i Sﬁ:geg% of 3 Hullh! ﬂﬁéote% hPAFPI0C ShRGLRS diechib%ag%%%ﬁ%@# huran

at her.osc I C vascu sea screeni ng OI’ agen

apoB100 hmmﬂ:ﬁtaﬁ&eﬁdl@gw maﬁtm t}atdevdbymemt of umlah thcrogeleoticaseuker ve to
i dentify_agents that can nodul a | pid levels and thus 20 provide

bl ood
t her apy $i5Fasg; screqaing;for aggnts taat 3&%@ aﬁggoqu Ip¥els (pitherquanBtativelyPrscr eeni ng
assays ¢ ali Serwg&ps&%ﬁ&%@xﬂﬁy Ocﬁﬂfh?é ﬂl%&ﬂpim%y&ﬂiﬁuéd b/ uPA

nmouse se ng as the negative contr
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 speciﬁcauy-binds apoB100. Detection of formation of antibody-apoB100

complexes can be accomplished in a variety of ways (e 2., Western blot, dot blot, RIA,

and the like).
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Met hods for detection of apoB 100 are well known in-the art.-. Generally,
the assay involves detection of formation of anti body-ldpsBteriBr 80| exes
foll owing contacting a 25 biological sanple fromthe animal (e.g.-, blood,
serum plwefegsad the like) with an 'antibody that specigd©ahdyoeends
apoB100. Detection of formation of antibody-a poBl oo conplexes can be
acconplished in a variety of ways (g. .. Western blot, dot blot, RIA and
the like). 26 17 Septenber 2004 WO fﬂwﬁ4 PCT/ CAO 1/00350 EXALF,s The
fol I owi ng exanmhe SolRin@ebtamiplistabe it fgteh dotas | in@yHichl p@({h ki Il
inthe art with-a corrpl%te' i scl o%ﬁr_"e and gggiédr‘?%?lgﬁég‘&h%gw to ma eéand
use the préIaHra cammpletsdisslesure aad deseripiion af howrtd enkkeant usé thetphesestcope of ‘what

the inventQLs,.re ei,[. 5. dnyention nor e -t hey intended, t.0

repr esent &&%attl&f’ %@‘i %)? %é'f %nltﬁr#gﬁ?dstol}@f’g * 3@ eaﬂi}lw%g [ﬁeﬁﬁvﬁ%‘? TR A PeiE Nt s

per f or Sredinvehtiar gt afetey heatdedRdepre@nehstthe eﬁgaﬁﬁ@ﬁybéﬂsﬁ% L1ESPBE bm?o
nunbers used ,(e.gsl.wa'rmunts -tenperature, etc.) but sone experinental errors

and devi gfResmentSRSHoEME Fé’é%%@ﬁfwen&aﬂemmggemmmﬁwsmm se, parts
are parts Walp's laht . .ght aver | ecul ar wei ght,
t enper at ul_rle P%gk%aéggp%ég&%g %%n{t@gregdﬁmgh%gﬁf eslglj'fgggllegpoﬁg[bdr near
at mospher deviationa sidubd Be adeommiedfor.0Unleés iAliioated AthEr@izs geiiis ard\p A6 blovagaer at e
an Al b-uPA Larca@? eni c, noyse tolerant to human tissue grafts, mce
het er ozyBQECRGF e tF@EéWC@QIW%WWMFWBHMCGQThe Jackson
Labor g or gdatigrdda AR e $ r%gr%gggg .s froma C. b-17/SCl D bei ge

17 - bg

| i neage (strain C.b- nsTac sci " (Taconi ¢ Farms), honpzygous).
Through a series of backcrosses, the SCUD>-. beige trait was bred to
honozygosjity gs.confirnmed by quantificatjon of total serumlgG using a
sandw ch B Y Rt AR eMIYG according to nethods wel |

known in the aré gedekdéhn AltCiA Gnsgbnié Hﬁﬁ%l&&h%hﬂﬁﬁﬂg&ﬁ%’%@é dard
curve prepared on 20 each plate using a nouse |gG standarc appe
" Leaki nedhetergtygonefosteirdpegene (strain TeN(Wés! Platdf 4413d (e JatksonfLaboratmi))ser um

| gG sni.a et al. Ann.. .| npyn, .,9; 1991)):, . aniqml i.th serum | gG
I gvel(1§O agg%g cf%ﬁ%d‘gﬁfﬁwgﬁép@l g%yr{?gé%’%m %85%,3‘? @‘E"é‘ﬁtﬁﬂ?ﬁ%‘%&%ar lrin ng
the Al b- UBA-b#NNCTRGTC Paink), 3R Edusr ThroldER: ARk ¥BbakefosANARSEIBNA
extracted fromtail biopsies, using two 18-nmer priners that anplify a 151

bp pr odudieige it wasbredie ipmogygRsiy as ¢rafirmad by anantifisation aftotal seruinsigh
Labor at or | OF 4 h hompzygous ,Al.Lb/ . yPA trait
has been pr %\/‘% %&gﬁ%: B%SI%%{?% e%h%oﬁg‘eg? %ﬁ’d’ﬁe ?)%E F‘f‘%ﬁf& o mettiods well
known in the art. Quantification of IgG was calculated from a standard curve prepared on
20  each plate using a mouse 1gG standard (Cappel). "Leakiness” of the SCIIj-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 trériégene were identified by PCR ané.lysi; of genomic DNA
extracted from tail biopsigs_, -usiﬁ‘g.two 18-mer pnmers that amplify a 151 bp product from

25 the3’ UTR of the t_r.eiﬁsgene construct (J ackédﬁ Laboratories technical Sugpon). Although
thé _ﬁomozygou_s Aiﬁ/uPA tra1t has been previously as_é_ociated with a high perinatal
mortai_ity rate secondary to bléeding-comjilic_af_i_ons and liver failure (Hecl'cel etal Cell
62:447 (1990)), we found that in our scid/bg/Alb-uPA animal colony neonatal mortality
was approximately 30%. The co_lony providing ammals was developcii im'tiaily with

30 heterozygous bi'eeders, but with Iinodei'até. neonatal mortaiity in hdmdzygous mice, the

colony was evolved to completely homozygous. Animals were housed in virus/a;itigen—
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nortality rate secondary. to bl eeding conplications and liver failure
(Heckel at al. Cell 62:447 (1990)), we found.that in lguepteseicd208¢d Al b- uPA
ani mal col ony neonatal nortality was approxi mately 30% The col ony

provi di na, ani mal s was developed initially with 30 heterozygous breeders,
but wi t "WYY E¥e neonatal nortali ty in honbzygous m ce, £ ’%I"BW“\A@S

evol ved to conpl etely honozygous. Aninmals were housed in virus/antigen 27
17 Sept efize codfifichs)rddér6 tared fBYAR/aCADIARe 3FMh the geidelingi dstablished Apcherer e

cared for_in,_ accordance, with the j.del.i nes estahlished b e . Canadi an
Counci | SR EPned s Angsbrarei P Al Rl St droctie HRRERE n ver o
perfor ”Eg-a%ﬁn&d vﬁﬁ?%%\‘&}al froR b DN A DY Anth A WL iRarb Coihindie | f ar e
Committee. Human hepdtocytes for transplantation were obtained wth
approval fr onmbuanhepitogaessior yrawsplastdtiontvereablained with dgpcival fremRes ear ch

Et hi cs Board. .Se t f | tissue . -2 obt aj,ned at

apar ot ot verRpe APl PhMedieinecR e ey Hoskd o ermeht & A 0. 5
Na2EDTA 1ipe0fie1’s- 200ty Sbtathed @6 RBhidIMEY SerdpnfiséPwRE icRNhId t’ss;MSé-héé ue was
perfused for 30 mnutes with recirculating carrier solution (35 nM NaCl,

3.5 M RBS coptabiing).CaddNa,EDR). Pepiwnt pprjisng yesselnwaratangulated andrthent

Dot 55 e TR OB ARSI Bl I B 45 ), 119 8
1993) ; . . . 13 . i wer e
filterediNIKEIONS HN CHOLS SemM SEPES, pH 7.6)@mtainiay 0i38! e/nily L Meass £y - or adi ent

centrifugation (Percoll, densi.té 1.04 g/m; Sigma) at 400 P for 5 m nutes,
and Wsheeflagaase (Beeringer-Manphaig @m%ﬂl-&miﬁf% 61993)% Relenet el Uni versity

of W sconsi |yt j t )y at SRRl L+ l.er m.storage, prior to 15

Fr anspl st G0 2L 2528 CHARY Hiustish Merd Htkrd kb T DA SRS e i e ¢
excl usi Oﬂleﬁli,ip_ﬁﬁﬁedByﬂérﬁﬂﬁ-@}ﬁﬂézﬂfcéﬁﬁﬁngaﬁﬂﬁl@étécﬁigidkﬁsﬁ% NeSgayiSiged)at >80% In
initial experinents, animls honozygous for the SCID tralt and heterozygous

for the oA mingtes andavashed twico Bsisercold B IS grgr t9)suspansiga iy Bolaere

| apt ed wi . x 106, freshly i.sol at-ed vi h h
Tr anepl ahEErbY of SscabeB Ao IRuoAS B G thetlicrn iR AR T OV ©°
| nt resspl gﬁs?ﬁhfaﬁon.i CeR el ARDALKITH Werelconfitthdd by s R 1dshnlpRr | | Ver

via the al_venous system and engraft into the parenchyma surroundi ng
t er ni nal togmansplantetien fas! vigtibintwes wutingly >BP%e. Nat|. Acad. Sci. USA 88: 1217

(1991); Cuptayet.al_ . Transpl [ : e Nce. the-nortality
associ ated wi F‘rmtﬁa'k?’fp etlg_ﬂ %ﬂ&?iﬁjhgcgﬂig%‘ﬁ%? 0#&%%%[%),%%%316#&%% S
sel ect edforthd AB-wHXA triigeisd Werelcedssedphd M idayiokdprogbny’were ttinhsthited @ithapr i ng

(5-17 days ol d) were anesthetized with Halothane/02, and a small . -left
flank in€dq] solpted viablgiyunandipaieytsy; HEgRlantation Was accompliged byab| e

hepajgpc Yinfi3splenic injection. Intrasplenically injected hepatocytes rapidly translocate to the liver

via the portal venous system and engraft into the pareﬁéhyma surrounding terminat portal
venules (Ponder et al. Proc. Natl. Acad, Sci. USA 88:1217 (1991); Guptaetal.
T rahspl&ni;zﬁaﬁ 50:472 (1990)). Since fhé':mbi'talilty associated with iﬂfrasplenié -
injection is mlmmal, the‘.sjiléen was selected as the 'optin'ia"l:sité for implantation.
25 Accordingly, ohépﬁng (5-17 days old) were anesthetized with Haloihgnelqg, and a small
left ﬂank iﬁdision was made. Under .6peraﬁ'1'1g méigiﬁﬁcétion, 1x IOGV.Viable hepatocytes
were inj ected into t'iic.ihfeﬁ;')r splenic ﬁolé with a 27g buiterfly injection set (Becton- |
: Dickihébﬂ),r 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. . - o
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were injected into the inferior splenic pole .wth a 27g butterfly

i njection set (Becton- Dickinson), and a single steril elt$aptamhan2604 p was
pl aced across the injection site for.- henbstasis . The spleen was returned
to the ab_c\gggQﬁ.(R%pd the flank incision was closed in 30 two Iaﬁfrs. 28 17
Sept enber ) 01/ 67854 PCT/ CAO /00350 Since the productd Y3 buni n
is an exclusive_property of hepatocytes (Cenment et al, Hepatology 4:373
(1984); Gunsal aSinge B‘ﬁlp.m%‘ﬂ‘m alpanigiinen Schsiverggmny, oftepatorytes(Cleherttuman

al bum n ( [ i i r eci.pjd at..on and Western
bl otti ng wasal'egjff?%é%@/ iéagkﬁ%ﬁgﬁlg?%?%fa @V"éﬁei@%‘gf"‘ff éﬂ{% agh%)ﬁgﬁcﬂ?% nt

m ce were offunianldltyeniin (HAP irebridy shrifled BY sel€ihive SmbMbEhretBitaliod M WIREKS ~
post-transpl ant, and at weekly intervals thereafter. Aliquots of nouse

serum (20 PPURSVEsCHPIYSE atatndicaton obgraft call fimetian.b Besipienhmviescivena nitigihyt i body

= el e an % e
Wt prot o Rt S e lod bulhe Alb\Ebke PO IRy e m PeRbL Bl
heat ed f orthEreafterutAdiguats oPRiGusensenB@ M) vere iBOEHaRId IR 2 arki-Nashat Bibaily €i t ol |

separated by 10 SPS-pol yacryl ani de gel el ectrophoresis and transferred to
nitrocel | u?‘é%‘&?"“?&'{“_g?ﬁlﬂ’ &-ﬁ% Ward afskantigen-antihtsly compi¢neswete Col i gan

t al. Cu itk OLRE o . ' . Yor k. 1997), vol. 2,
chap. 8. 10" S URNAE Blokin O ogiRoeR th o matr st Bl mracibilies iy
(C one HSAeated forS mimjes ab9§°CgatSBE buffdicoiithinigs0.2 Ve dihiotRENol, ﬁ:garated by
streptavi %I—ﬁ; conj u at? (Pierce) was enployed as the secondary, and 15
chem 17U B a‘i’«‘é'ﬁ'ﬁ’é?%tgf ?‘ﬁ’@ﬂ%’@)’es\ﬁéﬂ‘é“ﬂ%ﬁfmﬂip ndtrepelinloget ¥astepmblol st rong
HA S anal v prgiren i il flhibd PCOREND: AL Clhrlent PROSBLEN! Billidd sl Mt es.

i ndi cating the presence of significant nunbers o unction ; .
hepat ocyt dWileyshity dprie 109 Pendlt 3, hap.rial O/F) witeeyeabmbarithhiman hibihiosi ti ve

For TiA werbousFeBt B e Clons A 17 Sleriay eriusaies Ehiatin sedbparemonohe.
det ect ed amefaviliii-IRP k¥ {fﬁereé}%ast&n?mhaagtthe s\%&rp‘aﬁp ahfjcrease in

intensity over the 4-6 week tirnepoints, “suggesting vidorous expansion of
t he pAPnachereidyrninesgentireagentsi(Bierce) wetthsedfdristpiahdesectiodi cat ed that, the

m croenvi ronnent_w.t hi.n .t he Al h- uPA i,ver, was suffjcient, to stinulate:
human hepat ocy eSgNP% ﬂ&ﬂﬁ’f‘i r3p ?8“8%@& the 5P 3&@%@@13{“&@4@%& he.
potenti al ifdicasitippRrireseh® of sigabidaai WRMerOdf fRANEEIR tddyfkl S- 25 To

confirmprgliferation and estinmate the extent of replacenen of nurine

par enchy m“8gequsnherRatyPe analysicrey ealedthat all BApasitivie naiinaly earsikd ithe Albadtided

sections %nsgfe LRI by er iped. at various Lines after

transpl ant atlolﬁegjglri} Inﬁtﬁég%&ggﬁagpé%r%tvﬁe alsonegaéilve %qrrzﬁetransgcne.
20  Clear HA bands were detected as early as two weeks post-transplant, with an increase in

intensity over the 4-6 week timepoints, suggesting vigorous expansion of the primary cell
~ grafts (Fig. 1). These findings indicated that the microenvironment within the Alb-uPA
| liver was sufficient to stimulate human hepatocytes to begiﬁ rapid proliferation, and that
there was the potential to support the establishment of long-term hlﬁnan grafts.
25 ~ To '_cofiﬁ'm; proliferation and estimate thé exteht of replé,cement 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 2 monoclonal antibody specific for human hepatocytes. Segments of mouse liver
were fixed in 10% formalin and embedded in paratfin. Sections Su thick were stained
30  with hematoxylin and eosin (H&E) in standard fashion. Selected sections were treatéd
with an f:ndogenous avidin/biotin blocking kit (Zymed Laboratories, Inc.) and |
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with a nonocl onal anti body specific. for human hepatocytes. Segnents of
mouse liver were fixed in 10%formalin and embedded i i7f#ptenttien20®ect i ons
5u thick were stained 30 with hematoxylin and eosin (H&E) in standard

f ashi on. cted sections were treated w th an endogeno vidin/biotin
bl ocki ng ﬁ%f‘% grred Laboratories, Inc.) and 29 17 Septerrbg‘ﬁ'”gﬁﬁﬂb‘{%ié3

01/ 67854 PCT/ CAOl/ 00350 immunostained wth a nonoclonal anti-hunman

hepat ocytimmumpsthindg withad@noriangl alt!i‘h!@mmht)lﬁammb&ﬂd}r M@v&@ﬂd et ect ed

ar e Showd OB bRt Sevad SHATRLTR (R S P aNERRlteio 01 LSt or

of cell s sykmt agxytive with the anti human hepatocyte antibody (darkly
stained cells) were scattered uniform throu hout the host liver at two
weeks post -t r Ahepemis are showp in Eigyepsad- sgaxm&theetransmgat ocytes. At

f our e | C

cover léﬁ"fs% ‘}%% %?@%&I e%%*%‘%’ Sé'g%% a&g%%{%gl” CUJI seeéjt i ons.
The lnt ekél@é)@vdﬂ@&da&eﬂ&dlﬁmmmoﬁgimﬂmiohshmat s tvedks ipostvirdnbplatt, cor ds  of
human cel |l s extending into_the surroundi ng rrurl ne &ar enchyma. | nd| vi dual

human ceCPEPRERSaRpstEvated Z3rnef albkapatac SEresntagaef dal

architec r from
t he rege e£r§ ?%tgiﬂ%% es {HEI:I édl:b‘?"ﬂﬂe@%(§E‘t‘)b%erva ?%%ﬂ%%ﬁé?%%gg%g%d

si nce hu umﬁwdeﬂllsm:mpmhé mserﬁce btteeen hambh and mookocdls wax distinctpwithf

I ndi yi dual at ocyt ( Sand ren et al . |1 68:2 91) These 15
noduf®s &erds B’HH%F?E“?S dhe gyrauR Ewpaﬁ“&m’% é‘ﬂ‘%’i such .
structur ﬁﬁmmﬁ tamta &%Wa@geﬁ%éﬁarﬁaaﬁemﬁ&bmi itk und

proliferating human tissue. Analysis of human hepatocyte graft function.
Two diff elthntgh@rtarmladmnbmswym notahly abetirom the mgamdiratingmdniesn This
hepat ocyte graft i.n our chineric m.ce. The first ass ot bI ot assay
Tonsur | UL PP 28 PO RRCRPecTado s B B derbip O mietasonttll

measur i ”&oﬁﬂr@cﬂaﬁdﬂﬁhﬁ&@ﬂhﬂﬁc}s&%bﬁd (B¥dgren EhSL. %%8%5?19%5)9 mgf,ayed at 6
and 12 ~weeks post transplant. The dot bl ot assay was perforned by diluting

2 | b soodiles would cantdinrmg Liletductay egdowhﬂemm cpll; seah simgturesavouldr 5 nin

at 100 d ds.=known_ ano nts o Ibu n. bl ank nouse
oo oy, BB efie R R PR Rlotnd hroyitaREs Rl " P o0k TouSe
and al | owed tﬁnﬂwswhmk&mﬁtoc}ﬁegmmmﬁaﬂ oo diffaeackehin-bi%dlaesals Tr ansf er
Solution for TO mn, and then blocked Wih 3% TBST for 1 hour. The

menbr aneWeresised ih evaluate the hummsdicpataryta grafbisopr shimarisanice, Thrifitsbassayivan

al b “_m n 2bot 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 ul of sample or standard into 40 pl
of reducing buffer and heat for 5 min at 100 degrees (standards = known amounts of
' human albumin in blank ﬁiouse serum). A 2pl volume of solution was blotted onto
25 Nitrocellulose membrane and allowed to dry for 15 min. The membrane was soaked in
Western Transfer Solution for 10 min, and then blocked with 3% TBST for 1 hour. The
membrane was washed, and ‘monoclonal antibody applied to reduced human albumin at
1:5000 for 2 hours. After washing, horseradish—peroxidase-streptavidin at 1:10000 was
applied for 1 hour, followed by washing and developing with ECL-PLUS
30 cheﬁﬁlmninescént solution. ‘. The membrane is then read using a phosphoimager. The

' sﬁandard curve was plotted using standards and use this curve to calculate sample values.
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1: 5000 for 2 hours. After washing, horseradi sh-peroxidase- streptavidin at
1: 10000 was applied for 1 hour, followed by washing and Sptesttep2fi@f wi t h
ECL- PLUS 30 chenil umi nescent solution. The nenbrane is then read using a

phosphoi n standard curve was plotted using standards and use this
curve to ca; @Id?é?‘g sanpl e val ues. 30 17 Septenber 2004 WO BEAEASHA0350

PCT/ CAOI / 00350 The ELI SA was performed by coating plates with polyclonal
goat - anti-hAAThe BRlSA Sy performed dyGoating platgh withpediriongl gomb darttiehAB| ocki ng
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sanpl es, di
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1: 300 (diluted ip mlk buffer) vvasggﬁ[gi ed and incubated for 2 hours at RT.
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m nut ess bygrpgdi i id\ﬂ]h% 4450 n. t andard
curve \?/as pl 09% Eg@gs(?lﬁge&stan E%?)ﬁﬁ%aﬁhﬁ%ﬁﬁcggﬁggfﬁ?oh% Ia(tfgra%egarrpl e
val ues. Thweashiitg, ¥BIEDcubsitatawas dided, and thesrcatiionl seqpedit Smamed byaadiion 10

MouseAge pQst.-, L ELI SA trapspl ant (ppj,nf] human™ | bum nm AA
Df RP( mﬁéﬂﬁé@;ﬁe%tw& s nsn. ardbisdeicapee T asaone ek s 594. 74

f RM (HOVDtialssuacle s LatL 88 %o Lok mplopiiaad KLVDVDiecks 15417 12
weeks38240 nLPOMOneeks60845 12 Weeks76798 Af RPTEROneeks' 997 12

weeksundet ect abfhe table below shows the results obtained with each assay.

Agepost- | - DOT BLOT - ELISA.
Mouse transplant | (pg/ml human albumin) (ug/ml AAT)
DIRP (HOMO) {6 weeks 2283 - 244 .
P 12 weeks = e YY) - - 173
ICIRP (HOMO) 6 weeks i 385 86
12 weeks 594 74
CIRM (HOMO) 6weeks | undetectable 0.7
' 12weeks - ). . - . dead L .- ~dead
fLM (HOMO) 6 weeks 154 ' 17
I 12 weeks 382 R 40
- BmLP (HOMO) 6 weeks 608 ' - 45
- 12 weeks 767 . 96
AfRP (HETERQ) 6 weeks® 99 7
S 12 weeks undetectable 1
'JAmI.M (Hetero) 6 weeks , 200 14
12 weeks - undetectable 2
10 B
HOMO indicates animal is homozygous for the transgene; HETERO indicates the animal
is heterozygous for the transgéne. 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 successfil transplantation of the

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

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

20 proliferation, a second litter of 8 animals was transplanted in similar fashion. The
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AnlLM Het er 0) weeks20014. 12 weeksundet ect abl e2 HOMO i ndi cates ani mal is
honbzygous for the transgene; HETERO i ndicates the ani rdlSeptembendd@t ozygous
for the transgene . Both assays show in general the. trends are the sane,

show ng Jy@Wfkrsh) gher production of human-derived protei NgcricAdifosso
honozygote for thé uPA transgene conpared with the heterozygot es. 15

Concl usi o This exa denonstrates_ successful transpla tat i on of the

i ni nunocoﬁm&"mﬁ"&ﬁ for wig/at Medipent BSOS S8 AOH ol A E%“enExanpl e
2: Persis I r
determ'ne&?ﬁﬁgﬁg{ﬁ%ﬁ%ﬁt@gﬁgﬁgg%ﬁﬁt&l g?lbgucces b1t engraﬁ%rrent and 20 -
prolifer aSémm HBsAgcleveld ahd n@ﬁvmﬁermiBWMvm&camgm@renEeaknenstsiem | ar*
fashi on. 31 17 Septenber o1/ 4 / 0. 0350 hepat.ocytes
avai | abl eWF put acve,yirgl fep Wﬁél V’csh i é‘%ﬁ‘g? 25% &&%bbt ai ned from a
patienf Who Wi, Rarfd¥nflP Qe AdifhlsWerd SRALEL &t 4Rvelic Yot histBR

exhi bited both a. positive serum HBsAg |evels and negative Serum HB\/ DNA

i ndi cat i nquhthe benining deanimals wsteafolowed atwegklyaoterwals. \Seroin samplds oeeré on

Coori 1 coabigt t%“&?&%%iﬂ??ﬁ* > Qs b, apd MR HRGEE HoB VERA TR 0 i el S

were foll elanngxyaéﬁwmsaﬁ&madmhﬁﬁna@f @mBHRERL L BFbSt 0.

West ern bl ot as descrl bed above _and the HA bands from Western blots
quantufue&caumrmgdwnﬂg%aam‘yiasz warginggoftvarci((BdAX deprs Framat, GAJ. Urrax Astra

2005 Sk MASkDSSPR Pl b ATREOAR FES SRR

1. 60/fat mﬁﬁwmdarm laﬁ@ﬂénﬂau@édwatmﬁgmﬂd%umpmdtmemlumed to a 50 rrg
HA standard present, on each bl ot. Again, |n|t|alehgraft prg*lﬁlferatlon was :

seen only in tAgain, nitishemad preliferationwas sgenoply in hicamisd thni mal s,

HA si gnal X I stinct
patte?ns éo‘?kgraf ?Sﬁ]uegg orl%EéiﬂIrﬁE\(Eé En%%gﬁe%buse gﬂ osg‘g%é%qh%eﬂ 15 Mouse
4, cl osecbdmumgﬁstmcf\ﬁm&msﬁf gfumednCHnﬁ:rgé\t(F@36Momb@3,afbeﬂlsqadre,) “I'n three

ani mals af t functlon begMg to_slowy decline, with extinction of the HA
si gndP at 995341506?‘131 ‘-‘SQ%OE%FIF‘%%t oY &, flosid ¢iraledansgeni ¢ ani nal

(pouse no. ©) oY ule AR uidhof pBAHTS LRI deci, RESHE R bFBROIA
Sust ai nedsigpahbtt 10f UHhot Eﬁ)wwlspénbexdi-a;st, tedfountle transgedio aaimnltﬁmionﬁm 36) 25% of
ANt MRl € Qb Ml A SRRl at il Sneaifred fifieplints Tris ™ Gnd 4 §indilSrini
stable engrafiment of human hepatocytes. Sustained graft function repeatedly occurred in
20  approximately 25 % of animals carrying the transgene. The proﬁferaﬁve signal for thé :

“)

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

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

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

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

controls, as well as negative murine serum controls were included in assays.
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transpl anted hepatocytes is |likely dependent on overall expression of the
transgene, and is reduced as host-derived hepatocytes Kptaptamkesd804 del et e
the transgene. In order to assess whether the transplanted m ce supported

the HBV | mieetdresa of the HBV-infected, transplanted cell spc-;_s,gm?)mggdrpl es
fromall transplanted mice were 25 screened for hepatitis B surface

antigen (HBsAg) | uots.of serum (20 I) were
tested for pr esence%%ﬁ SAJ us?%%vgﬁgeaﬁdk‘g@ﬁwéh%ﬁ“ ‘? oflﬁ%ﬁ“b‘ﬁ | e HbsAg;
ADI  Di agnosintroks)rangetftonp0.84-9.05nbkrbinke Pt Positide i cSntRMOANPS Fom\FB0-

m croplate E@ectrophotorreter (Dynex). Both positive and negative human
serum cor-fOpRsorbaEce . a5 negative murine serum controls were included in
assays. 32 17 Septenber 2004 .WO. 01/67854 PCTI CAQ /00350 The results are
summari zed in Table. 1. Negative human and nouse serum controls range from
0. 04- 0.505 Edbbot.bAnapsisiof seayn maskers ofhepatitkB indsetion fslloving erahspdhtRioabe0. 40

absor bance. . uni. human al bum n; ND - not done; HBsAg | evels

expressed mice %@}%{zr&%@%ﬁﬂp@gﬁ PYHERs positive for HBV- DNA by PCR

anal ysis.] 10 expected, goiro (/—\I b- =) Q T mTe
i JEQ S ei’?ostpﬂﬁn

had. undetq@ | ng tm sgeie S—YEHEI—
transi ent g? SEQYe lc?% nl wgcpora | me 'IZ(WIEas i np
V\Beks 6 ] IDyC II € ITUU\Jb vv. t T u.-he 'L‘gf + Dl" I"I ﬁ'F QIIQi’ al ned

graft funet |1nn ( ApUSe--nNg.— Absent oot ted $9% 4 gﬁoﬂll =vat@84| evie] sSNBx | |
time 15 foifdts jreasured] wAbsenan hbP@At i 0%aseNdI t ¢r 80.0Reks| t oNPer sji st
wel | within3thg range of Triasidgt | pvelog ijn'cee3 ivedpsi pf echesl hunanmypont]rol s.
The -abrupt igncrlease was | syagerhi VB 012 "eyef [ T@p7 © acéblie gy '
replicatifons TG cOnf T ag] repr L egtilor FEsoo mrtakerFroemthi s
ani mal at “5 G 12+ atd i?né‘égm gbg L 0\31 ‘ 88+ e—.%ggence of
HBV DNA. LDNB i dol atedf | obErsistnt ol 50413 af 0 qu%@umﬁr@ sublj e tlo
PCR usi n&eYHW - Byraa glbwmin; NR r gotglene;alRsigilevels enpresomtias atworbapresvi ous| y
descri bed“{lm’r pples et -al. - Hepatol ogy 24:714 (1996)). Al analyses were
per f or med Smnpjbspudweffasfm‘émNAlbmeﬂnagersum sanpl es were straongly

positil@e for the presence of viral-DNA (data not shown). This result was of

spec i al ) | Nt er AS expedtet/Wntrd AANb- WP ARHRfzath’] hd4C 1 2) HEBE héPlddiectibidiBshkS human
onor, the virus was
levels and the three transgenic animals with transient graft funetion showed only sporadic

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

result of inadequate antiviral immunity, similar to what is observed in chronic HBV
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25 reactivated within the i mmunodeficient nurine host. This reactivation
may have been the resul't of inadequate antiviral inmuni’tSeptesiber P804 to what
i s observed in chronic HBV Table 1. - Analysis of serum markers of hepatitis

B inf ect?m %ggow ng transplantation of mce wth HBV-i pert.gdefdgan
hepat ocytes UPAHAHBSA Level Post-Transpl ant MouseGenot ypekExpression 6

wk8wk10 wk12 wkl1l6 wk Pattern 1.-Absent NDO. 040. 04. 0. 04N

2- Absent 0S0A®S GERPELETNEPIOLE BRAINSFHRPIEID, 2655 OHisD ERRIFURIPR SFeatict. 120. 04
T0.070.0 gD(/\E d-?ﬁkstl?ﬂ .04 0.03ND..0.04ND ' 6 +Persistent0.13

0.133.181 ’ : 17 Septenmber 2004 WO 01/67854 PCT1CA01/ 00350
carriers gi verrrh;phﬁe[ﬂi@lemm@WOMnmahuﬂmmﬂiwmoaﬁbewmpbnmdMQnspI ant dtion
(Terrault et .al. Cut, 40;568 1997)1_@3 Thlﬁ-ﬁ{ﬂ’ﬁ Ie t hus denonstrates that
human M?WEWF&?\‘%&PPPH B8 ansgeni ¢ mce can support
HBV wiral replication: 5 Exanple 3: Establishing Primary HCV Infection The
success above in production of a chinmeric aninmal that supports HBV .

repli catiExmhpieBhEstah]istngrhmsféCULIgﬁmﬁos the use of the aninmal as a nodel

of HBV. t he vast .di fferernc et ween Hil nd H ussed above
(Background) lﬁl if peqduc %Hﬁféﬂ'ﬁimﬁﬂ ?’é’i’%"%ﬁ?ﬁ Vuvgtlon t hat
the ani mﬂﬂ ﬁaﬁsﬁ ik GicHaEe R ﬂyr@tﬁ@uﬂéfaftha&ﬁﬁialmmaawm nor mal

nut e of ect lon (e.g., Intravenous transm ssion) or that the chineric
liver. codiolws\wp,ptbe vashdifferericosbataeen HBYcanddACV diseusiadibaye (Backgrowusd of t he
fail Lir © ?Eha?{hseret u&ic? e rlloo %asonabf%rgxprrgcltanondtﬁat thand' { fhodS'w thd be

susceptible to I-ICV infection through a normal route of infection (e.g., intravenous
transmlssmn) or that the chimeric liver could support an active HCV infection, '
partlcularly in view of the failure of others to develop HCV animal models and the ranty
of cell systems for HCV. The comparative success with HBV animals models and the
15  repeated failures of others with HCV animal models indicate that one can not stmply
extrapolate from HBV to HCV. Thus, an attempt was made to establish a primary HCV
~ infection in mice with chimeric livers using virally-infected human serum.
Seven littermates were transplanted at 7 days of age with human hepatacytes
isolated from a patient serologically-negative for both HCV and HBV infection. After
20 -confinning initial graft function in 5/7 animals at 6 weeks post-transplant, all mice were
inoculated intravenously with 0.25 mL of human serum obtained from an unrelated HCV-
positive donor. The HCV-positive status of the human serum donor was confirmed
. po’sitive for HCV RNA by PCR, with viral titers of 1 x 10’ copies per ml serum. ‘Thus,
each m‘duse was inoculated with api)r'oximate_‘ly 2.5 x 10° viral parficles. Serum samples
25 taken from all séven mice at 11, 12 and 13 weeks post-transplant (5, 6 and 7 weeks post-
o iﬁféctibn) were analyzed for the préence of HCV RNA by RT-PCR analysis using the
~ Cobas Amplicor system (Roche Diagnostics), according to the manufacturer’s . -
iﬁstrucﬁohs Two nonu-ansﬁlanted mice served as mock-infected controls.
- Ofthe five animals with good initial engraftment, four showed the pattern of
30 -transwnt graft function and again one animal demonstrated HA levels at maximal
mtens_lt}; over all measured t_:u:uepomts. All three samples taken from the animal with
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of cell systens for HCV. The conparative success with HBV ani mals nodel s
and the sinply 15 repeated failures of others with HCOL7 Septertier 300kl s

i ndiccate that one cannot extrapolate- fromHBV to HCV. Thus, an attenpt was
made to eglahlshssd @ primary HCV infection in mice with Chﬁf‘ﬁﬁj\&/doké’oers
using virally-infected human serum Seven littermates were transplanted at

7 days of age wifh human hepatocyte I solated froma patient

ser ol ogi cévﬁwgﬂeéwghmsm 3% Fetiegsed iy @ersisEspt A alogmin Iayelsta sepm
confirm N@arddehd i [ @ﬂgm j : . :
transpl-an?{&ﬂﬁdﬂ%i%gé %%efgii‘lﬁg?u@gﬁégni nt rgt\%no gsllt?/&evﬁa@ E’)ﬁa ?5%%9‘?115_]% 3?1uman
ser um obt aveaksl RT-RGRyanalysisow st wiiforily- ngget ve fov enigmbxnegatiedforBy-AloaPAi ve

status of ,the huma er,um donor was c i d ,positive for H NA by PCR,
o © asgens OF Bt Gy Batsieraly tbesd the B Bk s ntgine Atfhon vas
i nocul gt egdnitialswaitHegaiverbEHT VZRNAX the PR ssibiliey oftRE bbﬁﬁ&smmml es 25

taken fromall seven'mice at 11,12 and 13 weeks post-transplant (5, 6 and.
' 7 weeks pheseventhprimal ongingiingsfrom a¢sjduativirey fohethg imwuhweisotrhigy. Bhis by

RT- PCR .anal ysi,s_usi ng .t he .Cobas Anplicor,, syste 0C i agpostjcs),
accor di ng%’f%“ﬁ‘%é“%? F‘fc‘ioaflgfmgﬁmlt ﬁ‘g? W%ﬁéev?%g‘%ﬂ#gg?ﬁﬁ%&ﬂ%h m ce
served as trifplantdtionche d00aRke pdst-infedtionD R propuatiiy MPctiviHIAY Bgadoh i ti al
engrafnnent, fqur showed the pattern of 30 transient graft function and
agai n oneldm Wl b8#dfs virigneel sepimevel s at naxi mal  intensity over all

measuged ti nepsint.s.. 1 ; kral 34 17
Sept egger 2004%%1}?@;%@& (ﬁ'/ti% %%gﬁﬁéggg@lﬁzgﬁ%ggﬁgﬂﬁ%%ﬁl m as
ref | ect edirijsgade sicise i gehsiamand|shstaint dhintedichimars Bved for pislofgaiandngl y
positive for HCV.RNA and persistently positive_ at weekly intervals to 36
weeks. RTPGoEgRsipdaiindte peripds of timentier 9%%’8’5\'4% of rmgp hepatacylrsgdhesge for t he

Al b- uPA Eﬂiﬁﬁgg Ea&ﬁ'ﬁhfeﬁiéhﬂe%%‘%ﬁtﬁﬁ(’f\gﬁ%ﬁ%@gm% %e{?gnb"%xsds ker Tor the

transgene.. ani mal's were negative I bility of
t he posi t suppoiRlorgciems ireplizhton (e.g.,tifvea paiceinifiweehs ominonths g8 opiosetiofarfem

residyal yirus.fromthe_igoculumis renote.. This xanpl e supporis the
concl i o Yﬁh%&h%wgﬂﬁﬁ@@aﬁ%%@m&ﬁﬁ s thet org B e&b@scﬁlmcaf

transpl a ' 2 i sl ' I : i ive HCV
i ecti onoags Alhdihs IOV U AR b B8 UEAbied i <RPRORY oh BudPolel, 1€
exper i nendesived fratfiomsbyestandand teclpagies,ywhith técbni§akandic geioaldted tB facilitateans geni ¢

nouse to generat,e and sustain a,chineri umap | r. for prol onged and

o b TS RD Satng o hor Ssfmpie the ainpfes MOl they G Hnte oot GHache

hepat ocytdifited B &nown noninfected serum (e.g., about two to four fold dilution), to provide a
20  sample volume adequate for use in an automated machine, and provide signal strengths in

the assays indistinguishable from random human samples.
Long-term replication of HCV in thé model of the invention (e.g., for a period
longer than about 4 weeks, generally longer than about 12 weeks, e.g., about 3 moﬁths to
6 months or more) allows for the use of the model in the testing 6f drugs over extended
25 periods of time, which period may be necessary for adequate drug-development. For
example, the effect of administration of interferon-a. (particularly interferon-o2b), an anti-
HCV therapy, is generally only detéctable in humans after about 12 weeks of therapy. In
an animal model that sustained viral replication for only a few days or weeks and/or
exhibited inconsistent viral pfoduction, it would be difficuit or impossible to determine if

30  changes‘in viral titers were due to a candidate therapeutic or to normal fluctuations in titer
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chinmeric organs can be infected de novo with HCV-positive human serum and
can support long-termreplication (e.g., for a period IgfSepgmitsr 3004hont hs
as opposed to-a few 15 days) of human-specific hepatotrophic viruses at

| evel s t% C&g Pe equated to clinical Ilevels in humans. HCV viral
particles™ 2HOB¥ detected in serum bl ood, or other bl oodPCd&ANARH action
by standard techni ques, which techniques can be automated to facilitate
nor e | apimhesent eethi agimatarodelk &hgipsgsentiovention peyvidesamoded thaCeveids 8ds | on host
can be dilyted with known noninfected serum (e.g., about two to four fold
di | uti onPPY¥®provi de a 20 sanpl e vol ume adequate for use in an autonated
machi ne, and [} Qithdi8ryS tihd best oF the Mkciford’ knoW iRz RIS the TibSlehH@ uf s habl €
fromrandom human sanples. Long-term replication of HCV in the nodel of the
i nvent i onog-grigate armng&npd;ql thatiis sugnenuble tnhHE Vaimdeetion bvagiosmal spateefal |y | onger

t han about. 12 ks se-about S 3 it h . [ I |l ows for
the be Sirectea” s BiodRh R cin@Aiieiotap e Pl e N EnfimdT3oRb o oas”or
tinfe, WiifektidCiidsppos ResitenFECW infettivn saaieuo that dbsivedRMRAINMRE 84n  FOr
exanpl e, the effect of admnistration of interferon-a (particularly

i nt er f er bepemivyed rggularly jand phigbhyHa supsjantiabnugabesy, and will gllgwdsyestigatprsdoj n-

il roire raes SR B R B BRI TP e S

i nconsistent viral production, it would be difficult or inpossible to
determne if 30 changes.in viral titers were due to a candi date :
t her HpeuExample 4 HGW Infertion ofAlhIRANCE n titer 35 17 Septenber 2004 WO

01/ 67854 PCTlg,léﬁi %g@ﬂﬁ e %ﬁ L %ipgm& S rdads! HF'”R . invention
provi des a node 4 & Aol ds}5 [ Sw‘f)’?% em in sumsréiny?:g 0 %ﬁg‘?g}gst of the
i nvent or animtah giskdeldtgalie nhestionsah beppbitrsilicatigmoof HOV.a” non-pri mate ani mal  ~

nodel that is_susceptible to HCV infection by a nornmal route of 5
i nfection. ThMetkadsand Materialy ) | y relevant (e.g., can be infected by a

normal route el [ 4 Q&hﬁl‘d%?iﬁfstvﬁ: PeLalis iEH 4@ infection simlar
to that. obser?/{e'%fdlﬂr%%’r%%s;, can e proéucgg regu%’ér eand reliably in
substanti al nebelosment nd seidAlb-aP Acivaing Aasmalyavere bowsed inlvirew'antygeexfieor €
strategies for inhibiting. viral repljcatian .in-vivo. 10 EX l e 4:. HCV
it ot | ofoHSRs A sAT BEin e e Bt Etaelines et Risted by e Cadadi i
further pPguReIE Ahindl €atd @093 AppRIValTok aRiRAE bxyStrintdhPation WPAL dbAin&PRom UPPOT t
replication of HCV. Methods and Materials The. foll ow ng Methods and
Mat er i al theWdnmiversityeof AlberthAgimpl Welfaze Committee.
* Hemizygous Alb-uPA mice (strain TgN(Alb1Plau)144Bri, The Jackson
20  Laboratory) were crossed with homozygous scid-bg mice (strain C.b-1 7/GbmsTa¢-é'cid—
bgN7, Taconic Farms), and progeny carrying the Alb-uPA transgene were identified by

PCR analysis of geriomic i)NA extracted from tail biopsies (J ackson Laboratories

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

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

-ope_rations were performed for intrahepatic malignancies.
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15 Devel opnment of scid/ Al b-uPA strain. Animals were housed in
virus/antigen-free conditions, and cared for in accor ddrptemtecn 206k

gui del i nes established by the Canadi an Council on Animal Care (1993).
Approval fwoossissal experimentation was obtained from thephjcQifbdsy Of
Al berta. Animal Welfare Conmttee. Hem zygous Al b-uPA mce (strain

TgN( Albl PI 14

nombzygous. sei dong A8 Lopbferaitered shRRER, RlpkoclfEh Sefd RERRG sl plifed, )
and progenly mda;d m-stqfcolmgmu%asted pefeganSeplen Mermtcefa B9 Ng20BE8R
anal ysis oégge)? DNA extracted fromtail biopsies (Jackson

Labor at or i gﬁﬁh‘?‘é&ls‘%ﬁbéﬁ )"8 S4tHBIgrnEbkemesal AdberaseClsci d trait was

bred to hg ] [ f..tot serow 119G
using a soneiaManoin) 80l oERiboRle Btikds AR BB ARGSL R FEEC et ¢
eut hanisz edwashtd adxuspsndediih B&lﬁ&rfUWollﬁiﬁmQDuth’fﬁﬁt 07C fof SHort-@fm sfelrdpiecl
approval for use' of human .tissue was obtained fromthe University of

Al berta FRUAT{STeAsPiERfien. nGCIhE@Eﬁ?WWEIWd@YB%@HCﬂ by hemedriomstenandvas
obt ai ned f%@i&eeﬁ&ﬂﬁhﬁ; w%m&,@asgﬁ t>§? -human liver tissue
°c r

(15-20 cm re obtalne romregi ons o esection speci mens 30
whi ch woul d norFradsplantationiof mansiehepatocetes. phédimbmg(ﬁleuﬁysdﬂd)wai& t he

majority of er ns erforme i ntrahepatic all gnanC| es. 36 17
Sept enber ‘RWS? tﬁé‘?@%"?‘é;’ @ﬂ@ﬁ“@g@é‘rg fapk ingpsiqnawasymadss | WRler of resect ed
col | agonasEopRgAEKAERINCI R 1025|:B R ARG hapy et inid BRTRHeol 4GR1 EF.

Ryan et aIpOIG @itl gé?g/blltmﬂﬁﬁljﬁmm@ S&S(A)Jbott)swng aBirfe sterilettitiriiinn clip plackd

(Boehri nger- M col | agepnase rfusate After purification,
cell's wer é'w‘oo t&@ﬁ‘&ﬁ@é‘ﬁ&? IPE%W}%P eRJperdiand ﬂ(“tﬁ%f‘?s‘&? oC for
short - terrﬁ&&@m&%}a}% or to. transplantation. Cell counts and viability

were confirned by hennocytoneter and trypan bl ue exclusion; final
vi abi | i ty was RetpctioppfHAGDmouge mwmmmmdh%’@m@mes

vl | 1Fot M98 R tED uf oo S e 3RS Bl kA RS heoes Bsalln °1

106 Vi abl i &h@ﬁtﬁ@ﬁ—dﬁﬁb&iﬁd&xﬁﬁéﬁdwﬂ&&dtﬁﬁlﬁxﬁfeﬁ{w afRb®Bids Ppole with a
279 butterfly injection set (Abbott), with a single sterlle titaniumclip

placed aéPBephsingeraMpnpheie). dindsr redugiog cendionsaisiunopiesipipitesoveromeparaipl aced

and the f | 2 ction of I.n _nouse

serum by lb? rﬁ%ng a%%‘rge‘@?p. %%%Oa M%@%g%/ Bftg?pentl&s 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 detecﬁon.—
. Determination of zygosity of the Alb-uPA transgene. Mouse DNA (3ug) was

_, digested with PvulI, size fractionated on 0.7% agarose gel, transferred to Hybond-N+
-membrane (Aﬁashm-Life Science), and hybridized to a [**P] — labeled prdbe from the
final intron of the uPA gene (positions 7312-7920, GenBank accé.s'sim;_ M17922). ‘A band
- 25 of2.88kbwas .derived-_ﬁom uPA u'énsgcncs (T) and a 2.53 kb band from endogenous
uPA genes (E); hybridization was quantified with a Fuji phosphoimager and Image Gauge
 Software, _ . ‘ _
| Immunohistochemistry. Mouse liver biopsies weré fixed in 10% formalin and

| embedded in paraffin. Sections 5yt thick were stained with hematoxylin and eosin (H&E)
30 in standard fashion. Selected sections were treated with an endogenous avidin/biotin
blocking kit (Zymed Laboratories, INC.) and immunostained with a monoclonal anti-
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15 Mouse serum (20 |) was incubated with nonoclonal anti-HA anti body
(Cone HSA-9, Sigma) and antigen antibody conpl exes da@|Septendur Ah
protein G agarose beads (Boehringer- Mannheirn). Under reducing

condit|0ﬁ§1 Grgggunopreci pitates were separated by SDS-PA 1*?6](11 Johpsferred
to nitroceq Pose Western blots were prepared using a bIgCE;tI nyllat eg

nonocl onal anti-HA anti body d ne HSA- 11, w.th a str avidin 20
HRP conj GyBes hepatp d@é‘f‘?%)tg @ﬁé}t@@m"&ﬁ dg‘ie@'i‘?gﬁsldﬁt ection:
Determn ene Mouse DNA (3ug) was -

di gested%vé%{ﬂ’ E’vﬁ@@% Sl ze ??t%éc}i r#gt ed on 0 7% agar ose gel, transferred to
Hybond- N+ neMando(—Mmhsafnr quantigatii d&i&p;o@cdohvﬁamdiezeﬂma [ 32P]° - -
| abel ed probe fromthe | intro th 0Si 7312 7920,
GenBank &E@EKEHD ﬁvmm%wf far 5 v 3260@"{31?4@35] R@“aagef’&ﬁ%: HifvaBa
transgengrrd dibud i thiph a@?’oxﬁ? ofAREI{Ib QN ISAGOLER B hes WEA saseaﬁm(n%hsfer

hybridi zat1 on was qu led wmth a Fuji phosphoi rnager and I mage Gauge
Sof t war e buffesyhilookedswitic B¢ BBS-Tween,Mod pecparedaas Wesipmidatswere fixed in 10%

formalin_and, enbedded in thick were stained with
henat oxy HEIESRanae VRRS E‘i)a“ %W&?Wﬁh&% ﬁ%%@é@?l ons were
treated wyhB pipaRAGRGaRAPHRL.avi di n/ biotin bl ocki ng kit (Zymed Laboratories,

INC.) and i nostained wth a nonoclonal anti 37 17 Septenber 2004 WO
01/ 67854 PCT/ Quendtita@asmalyisisrod positipastoand HCV SN Alin ayousepgaan. (uotigtivet i on) ;

ggg? g dy wasswgq(rat Z%ﬁdﬁusblﬂﬁ%{ltf%ﬁgogﬁe%?ﬁﬁs t ve lei;’g#nl?c)) tecttl on

pr oduct I ©0blicHSMhE dRfon PRV A Berts CCAHRS) by tHeTaBadiak ujaaieeﬂxfmsea'ée cbﬂuat 100C
in 401 reduci ng buffer, and 2l allquots S were blotted in triplicate ontg

ni t r ocel (Winipeg, ManiobaySanadahe Anglysis wes aridermad on semam sgmplss psing thep| ocked

\émugﬂt?:??‘?ﬁfxﬁéﬁ%“% bimg Stgnrﬁr&ﬂg qj?lg SBE l%gﬁlg‘d)curve prepa(rae\dvazn

each bl oinsteftionki t ati ve anal ysi s -of p05|t|ve strand HCV RNA i n nouse serum

Quantitative 10 HCV anal ysis was, performed in bI [ nded fashl on by the
Al betl a Provi Betegtion afineeatve-siragded BV RNAby thermes ¥er t a; Canada)

or the Canadian. Geashck O ma@eﬁa‘ ﬁro:ﬁ\ﬁ(ﬂﬁlsfﬁgo m&@snét ¢gnada) .

Anal ysi s—was—pertofmed—on serum sanples using t bas” Anplicor HCV

Moni t or -hisskeser@iResing TRIZQENGibasBREY.CRTRCR) was perfomdedatsinga s

nstruct 1th%%ostable rTth reverse transcriptase RNA PCR kit (Perkin Elmer) according to
manufacturer’s instructions. Positive-strand RNA was detected with an antisense -

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

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

' membrane (Amersham Pharmacia Biotech) and hybridized with an o-"?P-labelled DNA
probe for HCV 5° NCR at 42°C ovemnight.- '
| Detection of negatwe—stranded HCV RNA by RNase protection assay. Total RNA
was isolated from mouse liver using Tnzol Reagent (GIBCO/BRL) and from HCV-
30 infected hufnan serum using QIAamp Viral RNA Mini Kit (Qiagen), each according to
| manufacturer’s ptotocol. Extracted RNA was probed with 32P-labeled, gel-purified
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15 Detection of negativc -stranded HCV RNA by thernostable rTth reverse
transcri ptase RNA PCR Total RNA was isol ated from nousld Japtesibeb289ki es or
infected human serumusing TRIZOL (G bco BRL). RT-PCR was perfornmed using
a thennoghahlssess’ Tth reverse transcriptase RNA PCR kit (Pe(éﬁﬁn El mer)
according to manuf acturer s instructions. Positive-strand AT et ect ed

with an antisense (5 CTCGCAAGCCCCTATCAGG: 3 §SEQIDNO 1)) prinmer and
negat i ve- SEHSARE BRaPEObs (ditﬁ‘l‘f%"é‘ of 6+ @stmnaof()sﬁ@nﬂb NO: 2))

primer fo I nl 4 . Strand-specific cDNA was anplified by
addi ng th%nﬁﬁaé%?&n{g?&t%g{bt‘)g}dbg a 240-base pair (bp) region of the 5'

non- codi ng ' r eqPiBnGdNCEYstaRe. Sﬂhteplaﬁﬂlddbﬁﬁuﬁyﬁﬂeﬁ’ﬁpreﬁc@ﬁgnf Hiro30s, " 66C
for 45s and 70C .for_ 90s, foI | owed OC for 5 mnutes.'. 25 Reaction
product s WERsSTIPfiomekimmsaE aﬁ@é’é”ﬁgéﬁisﬂi%ﬁyﬁewt@@gweuy Hertsdopgd N+

(r;gl 02P§ Irr:gptflﬁq% Wﬁ@eﬂ@w&‘@@%ﬁ%ﬁov hﬂ] e %&%@t I on of

neg?t i vg fitshosedenl obﬁﬂe&ﬁbnbﬁ%tqﬁmtentsl(@homemy%&“fﬁl ﬂbzgz%ahdfﬂﬁs
I sol ate Lver riz Re gent G B BRL an rom HCV 30
i nf ect ed ﬁuéﬁ?g]ﬁggg%#%plwcéﬁéﬁ N& synthgsisgeasperfogned

“Vabel ed. "ot R ol ghe JiRASEY %é %f@ﬁtﬁ*’?ﬁ%ﬁ‘ﬁ? Eiedbosso

aPt i senseResdames)odt d2(Clfer 80 tmmian Thé axﬁﬁﬁ)ﬂﬂﬁdl%ﬁhcie&tgrmmermﬁ\gﬁgso( det ecti on
P
Thr el epTar R ACLCAAGO AT EaT B G (o DGR raeean of

t runcat edptioV BY¥ArfoldedRh Ia%éﬁromﬁ? 3 g@;ﬁﬁi At donBlibd DY Aﬁfhé’ﬁtfaﬁa R%ﬁ.A >1n

our lab for. expression studies o serine protelnase
prepar ed Tepesionfmistive, 20mM Trix-HICh i 8 A H0HEVL Kitil £l aﬂ/tmg(‘l:lerme uMopNTZy nsKi

t-al. Anal h 156- 8 denat u t 95C for 5
cDNA syt St FRAESieteasidh Taptisphate 05 AVLSE pBRes ard SBrites @AM super |
reverse tGemwm@eadd&teml@tc&we&c(ﬁ@@mltee@c@tmé@ct%e@ﬂe@ n. The

anti sense olloonucleotlde_ rimer used was

TCTCHET 034)) (a8dd.g ﬁ Tdig@m’x ;(olﬁhq:raserrer ). PCR vvas

performe ) vol.,une nd cont i ned the %
reaction /%ﬁigontﬁ\# a& “ﬂ&‘%"%? a}W "Ki‘i a“ 2, 200
M of eacﬂmmnxwas amhmemomrahatmpmés%f 1%% ngacﬁgae and

5' priner 141351) GGAATT CGOGACGACGATGACAAGGCACCCATTA

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
componerits 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 ’..ptime_r). Both
25  orientations of the 245 bp product were TA-cloned into pCR2.1 TOPO using a
commercially available TOPO TA Cloning kit (Invitrogen) to generate pCR
2.1/NCRsense and pCR 2.1/ NCRantisense plasmids. All clones were confirmed by DNA
sequencing (University of Alberta DNA Core Fac111ty) |
| _ Preparatzon of szoprobes and Truncated HCV RNA T ranscripts. Rlboprobes '
30  were prepared by in vitro transcription using T7 RNA polymerase (Promega) according to
' the manufacturer’s instructions, in the presence of [32_P]UTP. For detection of (+) strand
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15 CAAGGEEECCTCTT 3" . (SEQ ID NG 4)), and 2.5 U Taq DNA pol ynerase :
(GBCABRL). The 5 primer added an enteroki nase cl eavddeSepiermber 20@# t he -
entire 623 bp fragnent was cloned into the Eco Rl and Sal 1 sites of

pBl uescr | pt KS+ (Strat agene, PDI). The remaining two plasm ds wer
construcY‘P g a PCR strategy to obtain a 20 region o?q’ﬁéoff%”ﬁ(fy
conserved 5' noncodl ng region (NCR) of HCV RNA from pCVv- H/7C (Masayuki et
al . J. PHEIV RNAASEG-BantitdBde Sdoprgitd8aarahscrivtd $rm KprCRigesed pb&2.3 were as

e bl TR Sl 5O AE T  FSR R 5,

GGCACT HEVPHIRAEFordetéctioR of ' fhkhrized pYRIDREIn-MORES 25~ ° |
orientati gig@# the 245 bg peroduct \?Ve A-cloned into pCR2.1 TOPO using a

commer ci GAMBION) ivrazhised th@eaerdik 203 0it m@pomotae (Todemonsimate) specificyenér at e pCR

0y DR Seansements dennnerateVNA R SRE 250 a0t TR SO SR o at | on
-Of Ri boargg F‘e?ai%&dBHeﬂﬁ}cﬁﬁl@ﬂliﬂ@h%Iﬂ%ﬁﬁw&E& gl QRILIOSST A ver e

pr epar ed Vitro tfanscription usi ng T7 RNA pol ynmerase (_Pronega)
accor di nHA\PiK8+ wasdigested mith Sal { pgor toan vistedranseription usingsSEhBNAof [ 32P] UTP

/00350 HEVIRRES ﬁéé@%hefa%{q‘i%%g@@t e?ﬁl e e REFEBYIRY o con

di gestedu&gansecﬂésing\lﬁf%mtma Pf) Wit ihdke transeRBtict realise 11 bopr obe
was transcri bed from Sal | d| ested HCVPfi x/ KS +. For detection of

{3-atdi nwerﬁ hh‘au'latéﬁcpfpﬂpwﬁtb]’ treamentewith RNgsecfipe Rasel{RQ11Nasemer at e a 304

nt rlbop tion of
v R PR 0P TR A7 BEEN D bbbk eBHhRRaRE G RedCAT LO" O
Briefly, RBQRﬁb&;JrN@ waegﬁeipaateusmﬁzs voRifres dfmsmdemaﬂdn af{pnaddirgg6l5
HCVPf i x/ KS+ was _di gested with Sal prior tq.in vitro transcription using

T7 RNA mlpy%pf Bé& M amnamqnium apqtate. h@mty of rdipinegkig WWEAWEE%FI Eco R1
and in vj glﬁyf" S ) All in vitro
transcn%ﬁon reac Bgﬁ% &\%g]?g]rxﬁ Our/opagg%g%%él é%lﬁ%gaﬁ eatnent with

i bopr obeq. ere s ”W@P “”W"“mﬁ“%’g“%a?‘?ﬁ“‘fﬁﬂf‘“&;?e |
preci pi t BNase Prifee madsay; kit @&Bﬁgﬁ&{}@ E’r"ﬁw s5Ee KPPt ok

vol umes geg&@&gﬁ&%@gebw a anjd xpOEddte Kkiak KUORIADRR! filf) vntro

transcri eva te y el ectrophoresis through a 1% agarose
gel . RNA sanpPeguetimneof Transgcmc Mice and Transpiantation of Human Hepatocytes :
Mice carrying Alb-uPA were crossed with animals from a C.b-17/scid-bg lineage,

20  and through selective backcrosses bred the scid trait to homozyg‘oéity. In initial

experiments, homozygous scid animals carrying the Alb-uPA transgene in hemizygous

fashion were crossed, andllit'teris of 4-12 day-old progeny were transplanted

intrasplenically with 0.5-1 x 10° freshly isolated viable human hepatocytes. ‘Human

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

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

30 pdsitivc animals carried Alb-uPA whereas the remainder did not.
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15 denatured and hybridi zed overnight' at 42C, and RNase di %estion was
performed using an RNase protection assay kit (AVBI ON RPAapfambsgr 2004 -
Products were resolved on a 5% polyacrylam de gel containing 8 Murea and
exposed t Qudlorigdsso<- Omat AR film Production of Transgenic

Transpl antati on of Human Hepatocytes Mce carrying A b-uP%:"a@f‘gﬂgq:’a%sed
with animals from.a .C b-17/scid-bg |ineage, _20 and through selective
backcr osses br ?&sﬂlﬁe‘n@é}l}ﬁ strong; Iﬁhlsgﬂnﬁlé’rf&ﬁg%%ﬁ fegipigns ad extiactienpksignabnt s,
honbzygousgs a6kl PANvERAsSwhilt 4 Jecheh SubSet Alaha ek L ZYAOUS
fashion were crossed, and litters of _4--12@5%§&%“%§§§‘§§2°ﬁ§°%£5@”t3¥’§n5p| ant ed
i nt raspl effpseseigtivereatts@rashbwmin Fip7.f Aetiebe/graf odcipients wiedbproghunam | )
hepat ocyt £5 Hurroah‘ al :pungngl, .vproduc':.ed cl usi Vel[ﬂ%/ by-1iuni an hepatocytes,
was enpi oy ed CALEAR TSt _8’r CHECOB SHLTVIV RS themsult of zyggsinoe! the ddly of 36
transp aniBA tAnsdehonds dired] UL aTPPH-= RbdRE pRobRAetived FORRhERhal i%86h of
denonstrated_in the serumof 19 recipients. HA bands were detect ed as early
as two WERIPA geas: transgenigindrendegraonidiieweredlistingiishahle by ySamtiesrn bloe 4- 6 week

reveal ed TELBIR GRSieniedid s BRR AT, Siichine the ooty ol FmistBe wnor as
t he remai ayr(Fif. 6).nGénordio DNA &edlisisdvfimmeDthad¥Riddls @Z&éﬁstratﬁg%%geé 00350
a

Despite initially strong HA signals, sonme graft recipients d extinction
of si gnal uman engFftment wersdomozygonsifer Albglds heraab thersulrsdt with fadibggrafong

si gnglgs bﬁg&mﬁ"‘gg}g\p{g‘g@g}%‘}srepresent ative results are shown in Fig 7. As

these graft reciprents e progeny of heterpzygous crosses, the

di ver gence i n Eyzafihatioarofisectionsfioiiansplaied hadfiozz g6@diveds refeadidiflafed- 5 UPA
transgene. tested. Using a, [32p] - |abeled probe _derived fromthe final

i ntron of“°\$ﬁ§°g apepies W%Eﬁgg‘bwpﬁ%ﬂi%ﬂﬁﬂ@ﬁﬁﬁ% Withinadulesi st i ngui shabl e

by Sout h ‘ i i . . d det er i
he oy gna PuBtat cy@pru shd nudkl dpbtifedtifiBRbichy hinbll oo™, | 2 SO0 T e

the zygosity of the transgene Fi g.
conf i r negurhendiegfissuess wherrarls weteiobgionsly smaliegiwith vanulaed epbpEERander €
honozygous, f ar Al b-uRA,, whereas the, subset with failing graft . 10 function
vv.ere% em@%% s’?m%}(a Hgﬂeﬁﬁ%ﬂﬁm’gégﬁ YRdmrrtsiRnehesstiant WithRonozygote
livers rexacRgal @ﬁ%ﬁ%ﬁt@éﬂ@&nﬂbeﬂﬁ%ﬁfcﬁtiﬁé?&y AT cél{hfch!‘ﬂb:&’i‘iiv&or d-like
structures. Wthin nodul es, hepatocyte cytoplasm and nuclel appeared

hi st ol ogibukhad nosbptantial grosereeetion withnomstransplangtidigniozggmsanowse diver. cel | s wer e

ol | noat A eeicBhey ik e SRl e ARRo BRI Aisty, heafioe Sufvard s '°

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

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

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

immunoprecipitation/Western blot procedure.
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monocl onal anti-hunman hepat ocyte anti body which i ntensel7y stai ned control
human liver but had no substantial cross-reaction w th7n¥ptembengpdant ed:
honbzygous nouse liver. This denonstrated that the nodul es were clearly of
human origjn.. andi ng outward into and conpressing surroundin

nur i ne-déﬂ)ggﬁﬁ?’{)ssues Wil e the | arge human nodul es 20 c%‘ﬁ’f’ﬁi‘ﬂ’g‘lpf’ﬁ’ealthy
hepatocytes, all biliary tract and portal structures appeared to be host-
deri ved. Tdo¥ 2. dafectiomof Mimdzygaisdeine withfhyman 36¥ed human engraftment, mnice
were infected with serum from HCV-infected human donors. Non-infected

human hep : ozygous
crosses, amkibaPA6 weeks IafttabHAt r a0spl an | nocul ated *

i nt ravenous}enotypel nt?apeslgﬁalneal PR m obt ai ned
from one ¢ nrel-at-edHOV-pod VEFSEA donc genotypes la-and 6a).

Sel ected sérum sanpdes Neekeen # and 40 week&@fter i nocul ation were

anal yzed fdr/-t he prebencHrongf podiStS ve- st randd¥lHCV RNA by RT- PCR, results
of the expetfitent ar4 sStromgi zed 30i$130 Tabl e A/4iG aft duration was defined
as the per *@d8 afimbll Indasiigihitdd A Bignal aniwesk Smiepoinesdlpnf West ern bl ot
procedure. T%<M015@h&ﬂhﬁgotwmm/pe%mm&£ﬁ01 /00350 Table 2.

I nfection @f,d P00 Wdisrep pl@{soqi@hf_-mtl aI HAIVEdl an G aft
CGenot ypen X

15St rong15s. 50/ 15 +/ +4Stron930 5' 4/ 4t * 3/8 animals had a single weak HA
signal at 5 waAHI8 wildatyes cohtrals hyd nd epd&@@fmﬂalgaﬁlfumgmhmdmedew | d-type by

Kruskal Wal]is test . ot nd V\A | d-t arson Chi -square
test All PS"SW"PGY{‘%@VE%YH%\?M aﬁ)hqddg{qﬂﬁys pag HA unct i on and
were s pegishst, %tbabgf@a%ly‘r&t& alhiﬁvnﬁ%veﬁﬁmeztxqqm@pg@cﬁrﬁi%ﬂ driklsi al ly

strong HA®5 signal but “progressively | ost signal 1nt ity over time to a
medi an gwsfks; Gﬂmm@dmwiﬁwmeﬂmec@e@msmymmemmmmh det ect ed

in any OL_mt hese ilr_{” . gon%as F}" ! Ial%ma]s homozygous for the Alb-uPA transgene

demonslrated sustamed human ch:mensm (medxan 30.5 weeks) and were posmve for _
HCV RNA by serum RT-PCR analyms Quantitative HCV RNA analysis revealed vnal

10 levels ranging ﬁ‘om 14x 10J to 1.4 x 10° RNA copies/ml, well within the range of
. infected humans. Successf;_d infections were established with both genotypes of viral | |

inoculum and duration of infection ranged from 10-21 weeks_ in this initial cohort of fo_ur
animals. .
HCV Infectlon of Animals Homozygous or Hemzzygous for the Alb—uPA

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

_ for immunohistochemical analysis. Results of this experiment are shown in Fig. 8.
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ti mepoints. In sharp contrast, all four animals honozygous for the Al b-uPA
transgene denonstrated sustained human. chimerism ( nedi/apBmsr deéks) and
were positive for . HCV RNA by serum RT-PCR anal ysis. Quantitative HCV RNA
anal ysi s ~viral 10 levels ranging from 1.4 x.103 t 4 x 106 RNA
copi es/ m“?ﬁﬁl é%\?vithi n the range of infected humans. Succ'g%'éf:ﬁ?”q"?ﬁ“ections
were established with both genotypes of viral _ inoculum and duration of

i nf ecti on rangdthifehsmizygony agglgmozygousanimplsiinifially beshsimilaAfsignal ani mal s.

‘I?&/n!sggﬁggﬂt%ﬁ%’ l@ﬁ%ﬁ&!’%‘é@%‘ﬁéﬁf “ﬁi@vﬁ%@%ﬁ’g’%&i %lgdsliygﬁ{' ﬁﬁ“&éﬁ%ﬁ%g r5abl ein
honozy gousignais imnidraozyigols N weas moretive ai ekl of maghiaide hjghet g Ve )

hypot hesi zed. t hat _henj zygotes  fail to sungrt HCV replication at :

det ect abl .W%?tﬁs@(:ég-as_)r é&lﬂ ‘{mBY"f_ch?H%F'ﬁ?@H PROENERHS M8 and earlier
graft 5 oS fecipléind &hifib{i & sBMARH PodishicPrPiBlafidtol WearlltihuARBied vih 445

devel oped using chem | um nescehce and phoSphorimaging to nore accurately
quanti fy tHenprioehl eti-bomadhematodyteaantibbdinto estmbtedha Percentyeplacarhvetl human
hepat ocytes from a singl e human_ donor inta 21 recipjents_(15 honpzygots and
6 heni zygBHEas Dver il inman usspe Thege Ipmpppids eémg%!r‘fjﬂae‘iﬁ‘“ﬁﬁmmﬁﬁfqtﬁlﬁtive HA
anal ysi s agIev firkisds! with Rmah SE11S '%%ﬁﬂ-ﬁﬁ ! sul ts of
this experimnment _aressh_ovvn In Fig. 8.742 17 Sept nbeorrégg%%il%f%ﬁ67854

PCT/ CAO / ot liked aredimtiompegygons aninuhlsh omodistipeticomrastyetaninaticn afinhultiptad

oppar Tt el rsse R BieletoRNgons FentaiPuts VRS AP DAL SRR e R ¢ han
an order gifgrafeadit! Togethérgiede dutBes subet & ¥aItAsial Kivantae in Haangrm | i ver

sections from honobzygous and heni zygous 5 recipients sacrificed at sel ected
poi nts af Magnifude andivrmtion pimmesrhepataeiia engrafiment for hpmazygonsn dbi-wivl

anti - hun%cipg\%&h%&ﬁ%&dqgm&%yﬂ&%ﬁgge&q%O e percent replacenent of

murine live man t1ssue. i stochemi cal data confirned

the protein d®f triwksplanting thite g, proenh of Homrozggddscrowzed) Bydcagfifl ikrsdtibnt | al
portions \é>50% of cross- sectional liver area in honobzygous aninmals. In
ct '

di st BresaRlished indhmiseoAll bpmagigcres) dhivsusesss ranwobld makedbempdem
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 screen early for high-level hepatocyte engraftiment (HA levels >250ug/ml), ~75% of
20 HCV-inoculated animals developed persistent viral titers >3 x 10 copies)ﬁl, with many

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

Confirmation of long-term persistence of HCV

7 Long-te_rm persistence of viral titers in humans is the result 6f ongoing active
25  proliferation. In'immunocompromised chimeric animals, however, one might ascribe
HCV persistence -to slower viral elimination rather than true infection and replication.
Five homozygous graft recipients were inoculated with 250p! of infected human serum
(genotype 3a; 2.95 x 10° viral RNA copies/m1); each animal received therefore an |
inoculum of 7.38 x 10° RNA copies. Results of this experiment are sﬁov}n inFig. 9. In
30 3/5 récipients, viral titgrs increased by 16-, 27- and 36-fold over the initial inoculum by 5
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By transplanting into the progeny of heterozygous crosses, successful
infections 15 were established in 4/27 mice, all honozlﬂgﬁwtﬂsnbeirﬁﬂ% success
rate woul d make the nodel too cunbersome for routine use. As a result of
the quantitative advantage in graft size ascribed to honpz ous mce, the
br eedi ngWPHTFras shifted towards exclusive producti on"G%Wr‘r’BWQous

Al b-uPA mce. Using the dot-blot assay described above to screen early for
hi gh- | evaledkepitéraaydutatonginathe FamiiniaplA recpiehts tir2dhgleated moddafly 6¢er20
HCV-inocul at ed ani.mal s _devel oped persistent viral titers >3 x 104
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carryover artifact. In further study, a sixth chineric nouse was infected

wi th I a mueplicatnn. | ke l'egwfal:lﬁ il 95?@%?@&“@5 result@.amford etofdi ¥irplogy262:686-al seru m
. 6
1000-  of 8141040 LTS5kt B BhglFRae s B comlepeded 5P,

sust g§ N @echnig@es. i ncrease in 10 viral load, strongly supporting the .
occurrence of viral replication. HCV is a positive-stranded RNA virus

replicating tEight nmazymamﬁsmglpmﬁﬁdeawlqtmwhédql&eoplass@%wal&N%f 0)

?Ea(r:lﬁ(r:]g 'lt-l %q%méb%%e pomﬁl\lfgpér}gg‘u ['"Ef(lIt_é;%f(d%tfma%%‘\(ﬁ?%ﬂxgg?ﬂ;gz 606-

614 ( 1994ekks ftos) indbulatich. aSwahpied of ives tigwae nerewidained by S0%magepar at e but

conpl enent ar
i hepatgctomy at 2-5 weeks post-inoculation in six animals and 12-13 weeks in the

bty

20  remaining two.

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

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

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



15 techni ques. Eight honozygous graft recipients inoculated with 5 x 105
copies of viral RNA fromfreshly obtained hunman ser umiidieptepthef 260ded t o
have (+) strand HCV RNA at 3-4 weeks post inoculation. Sanples of liver
ti ssue wey@ gkt ned by 50% partial hepatectony at 2-5 wegks

post -i noculation in six animals and 12-13 weeks in the 20 FeHEAHYIE: wo.

Anal ysis for. (-).strand HCV RNA was Performed i n blinded fashion by an
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panel) or (-) strand (lower panel) viral > 1 s—nouse  |1ver RNA (10 g)
doped wi t99T§ERopdinRAsmeRA PEateatibyadiridizagion emthair taigets. Replieatiohiofithe RNA (10

jig) dop | ' r-adipi ner tisense (u r) or sense (|l ower)

ri boprobg;i,(:\ll'M 'S ’%r%%eegﬁ?g%?‘%%ﬁ)%‘%d&g“?&&S%E%ﬁw {rﬁﬁ'%gfs copi es radi oi nert
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strand HCV RNA (middle panel) or B-actin RNA (lower panel) by RNase protection

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

- Immunohistochemical analysis. . -

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

30 (Fig. 1 1A). Areas of fibrosis and porta] triad structures did not stain positive for N§3- |
NS4, Alt.hough the majority of hepatoéytes did stain positively, there were areas of
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15 the thernostable rTth reverse transcriptase RNA PCR protocol. Both (+)
and (-) stranded RNA are detectable over 2-3 |og dil utildnseptanmber 3084
experiment only, (-) stranded viral - RNA was not detected in nouse 5

al t hough seen earlier and was confirned later in

anal yses“)orw\éﬁssé‘sul ts of detection of (+) strand HCV RNA( %&%&@pﬁﬂ -
strand HCV RNA (m ddl e panel) or 3-actin: RNA (| ower panel) by RNase

pr ot ect i Gparme. {Sentrel sewion am nontEngplantedypouscdiversglid neh%lewan@ e&@e’erésu gnat ed

gg?\r/gl at %ﬁq%%gg@%eﬁxw%@%%ng eﬂ?ﬁtorm ng presence o"?e

strand i nnidé FigFpiB)showed ades efliepatopyie istairing ohfdhAvdre similas én cyfoplssntit keI y' due
to.-the reduced sensitivity of the RPA assay. | munohi stochem cal anal ysi s.
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of the viral polyprotein. Control sections of human |[|iver show a granul ar
cyt opl asmi ¢ a;f@&gﬁlﬂﬁe, with exclusion of staining fromthe nuclei. 30

(Fig. | TA). Q?%?éﬁg&mi ﬁdﬁg%%eﬂa%up ehehn&r AR8YsSdaNG  dehrRfisttitdpraincst i n

positive for jority of” hepafocytes did starn
posi.ti veloynegahmeeumded HC ¥ RN A fwitin d:Hinﬁapﬂlefmtseamﬁﬁdat N6 ks pes4

PCT/ Ol/ 00354, Cont r ol t nt I
did S0 dnrsatatiey” Bepdines wih Sepdenal Sekiy spsn ot BRGRHT e RER R, ai
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of hepatocCyte staining which were simlar in cytoplasmc gr anul ar
appear ancerrespooding to makimeal mateeof vicsh seplightidnouighin dhe liver] thistwould beduced

hat | Hoy <Bpted B Beyphialefi by A A AT (g Y RN S B Y ?SZ?eof
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I ndependent | y-perforned assays clearly denonstrate presence of

negai$veweekamatber thaylawud04%isampledak ﬂ%éﬁlv@ch)vé?akerswmwnzhsse\ﬂ@&s post

10 inocul ati.on. er “e I ﬂﬁ@‘é! ntitative
RT- PCR (I‘:'P'écmﬁ‘felﬁg&ﬁ?ﬁ % ol r?fség?sl n %dee?umtl er é weeks 2-4
af ter i neefdétein i® Bhronit) IM@ﬁ pasedumghé veruststRlve dahesstated\vunaaimaleygddetof i on
within the. liver; this woul d, be '%ected to be parall el ed. by, n[;;fl mal

anounts &€ mynmrbam@wmuwmm #P4 trapseenismousehayng a fyactionl st rand i s
det ect abl,g 835k fRbcytd gl (A Hind PN Pa AR o hiph T EHn Sbrufi Bvels at 35

20 weeks post-transplant (greater than about 800 units by dot blot)) and high titer HCV in .

serum at 35 weeks post-trahsplant ( 1.7 x 10° copies/ml).
Senal passage. of HCV infection

After conﬁmung replication, serial passage of HCV mfectlon from mouse to -
mouse was attempted. Fresh serum from a human donor (250yl; 4.75 x 105 viral RNA
25  copies) was moculated-m&apentoneally into a naive chimeric mouse; at four weeks after
inoculation, viral titers were 1.76 x 10° copies/ml. Serum taken from this mouse (125ul;
<2.19 x'10° RNA copies) was inoculated intraperitoneally into a second naive chimeric
nibus'e, which déveloped titers of 1.75 x 10* copies/m] at four weeks after inoculation.
Serum from this ﬁrst’-pa.iSSagc recipient was then inoculated (100pl; ~1.75 x 10° RNA
30  copies)into a third naive chimeric mouse. At five weeks after inoculation, this second-
| passage recipient had viral titers of 3.42 x 10° copies/ml. If one assumes the null
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15 weeks) rather than later (0/2 sanpled at 12-13 weeks). Taken in

conbi nati on, these data conclusively support active vil7aieptespier 8884 on in
this animal nodel. Furthernore, HCV "infection is chronic. Mst recently,
the invenwayadrssse denonstrated an ani mal nodel of the i npeRidQpobased
upon a chineric, A'b/uPA transgenic nouse having a functional hunman

hepat ocyt 1 ' A tection pof. hi al bum n serum | evel s
35 20 qyBpEelis AP I B oo RAF AR & sl BuBm el Bl o1 )
and hi gh tthiseéconfyabsage feeipient alouBbhave edceived S6000 865iBd G¥itirus Frofn the HRal
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into a sedayashesripient (l0xbyWas inpailated mfgivenadditienal paige miceebethalf whoms x 104
ies/m f -1 A0€ k . Q f this first -
"ot pr ent “asea il ERIATC AR bl B bassael S e abialon pedinad o

third nai Seristhranemissiorbasthus Air bbéry dervasitated i #raninfgl§ cRIdiHY D adilihB ag@cond-

passage recipient had viral titers of 3.42 x 106 copies/m. |If one assunes
the nul | Hgedgensebionnpknassagoq T tonsmission foarhemen »o®Yse —hpovsenesi s t hat

repligati es. : ' . t | &b al . huma I nocul um. persi st s,
this ggc o%g’-u %%%%ggéer e I%%Trnttas n mé%ﬁlgﬁgogvoﬁ%%g@owg p(ggcﬁ.‘cﬁgn Bﬂ"@ﬁ us
fromthe idfeddoas particles.ul um (4. 75 x 105 viral copies x 1:8 dilution x 1:10

di lution, assupging nouse serum_ volume -10001); the second: passage
reci pi ent- had Shex exprrenertaestablish that bemegygous srid@padAdmice vathnbimenicecei ved

fromthe geioi péiqm{lf AGul I i - pass reci pi ent
(301) V\IaSHI nocg?éeﬁe I'n oéa'%%eg d???%ﬁgq:{[r%gﬁé)ér@g%g% 0 So‘fp"m
subsequentedplicadioneat clxdcallyGeleivait eitdrs,and afe dupable pd SangeitipohRiigfbton to :
gquantjtation pending). _Seri fransm ssi gn has thus far been .denonstrated
in 7 in&‘?‘?f ‘%H‘BF%’%F& Sugeessinl wiechprs have begn esfahished Wohyrat eesaymeyta, Thi s
transm ssignakh@sh, RWilPApid iHBUSRs | : ] esents
both repli ca?i orimé’f t he 1I—ICV genolr?eﬂgyﬁgé%éggeﬁ%% %ﬁé%%#lg@%élﬁﬁ#e tious

parti cl esstarilasbeonemercial assayss Haedyeosity afslbiRdnizgrgivalstosacatssfilb- uPA ni ce

with chinegi hu liners,.can i nfected de novo w th HCV-pqQsi.tive human
serum su ﬁfhrllﬁ‘,{;%?m?)lﬂ‘%ﬁtﬁ?‘b ﬁ“‘gsy Bf’P%F‘E’ﬁ‘PFX/ng%ﬁ A Fegiprepts, ‘é’?“gfégél‘ﬁ’a‘ are
capabl e Ofarfys3Refihf; bf BaftifiMictionbyat blPadAlysis, HCV infections are routinely

20  established in ~75% of all inoculated animals.

The transplantation procedure requires basic microsurgical equipment and

technical skills. In our hands a transplant, including anaesthetic induction and recovery

time, takes 5-6 minutes per animal. While access to human hepatocytes may be limiting

for some investigators, the yields from hepatocyte isolations _inouf .laborato_ry average 2-3
25 x 10® viable human cells. . The ability to cryopreserve surplus cells allows for efficient

utilization, as well as transportation to centers without human tissue access. While

- success rates have been lower after transplanting cryopreserved hepatocytes, prescreening
these recipients with dot-blot hybridization has allowed for their efficient use in HCV
studies, with success in viral infection in appro:ﬁimately 50% of animals with dot

30 blot>250 units at time of inoculation.
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15 other chineric mce. Successful infections have been established with
viral genotypes 1a, |b, 3a and. 6a, with rapid increases yaptaplrea20fNA
titers to levels easily-detectable by standard comrercial assays.
Honozygosity of Alb-uPA is critical to successful establishnent of viral
i nfecti oWO I8y using homozygotes as recipients, coupl eFH ¢80, y
screening of graft function by dot blot analysis, HCV infections are
rout i nel yEx2fnpde § aHuisinennbitical ¢668bhibodédllsian smuteanfaglls for igansplantatzon
transpl antati on procedur.e requj res basic,.m crosur iFaI equj {Tei.il and
Lechni cal ski I1R4he quireg fiterprd humen sifmseln e pryen f PRglusnaist! v dbel

I nduct i 0y RR ghe HARY 8 Yegehdri® intbHeRmtcpofetiticBll SvdIPis hepitobfts givbh iR access
to human hepatocytes may be limting for sone investigators, the yields
f r om hepgtropgricembimtion pHeanditions and stinuha Baman steay eglis havgbeen shownde vi abl e

human _cells. .. The.ability to cryopreserve K . for
ef fi cPent@VELHq a?’??ﬁ’l %W?Oé‘éla‘fé% f{g‘gatppcgﬁ%cp%eil?émlﬁgh% E‘H?%g&%‘%hout human
tissue agsipsim-er W7IESp MedCIBE6H:619L86(1987) B etlaDPRic it BEad SATSPHlMant i ng
cryopreserved hepatocytes, prescreeni tr‘?ed t hese reci {)i ents with dot-blot.

[

hybri di zZ4(09):3328-5419%bartochelleret ak. Nat Medi2h): 133837 (1936 Wothxsgawds tayi t h
success i,n viral .infection in.approxinate % of ani nal 1§ D 30

bl ot >250 UVghFPEPYIRLiGn, Bawgyen ﬂ&@a@?&%ﬁ%&ﬁ%@ﬁ%ﬁ iosPigts h %‘%%%67854
PCT / CAO i{cB035Msthrash) @gSierdte fegt. unbi | i cal cord bl ood cells as source of
cells for transplantation in the current literature, human stemcells are

provdf to be - Hhimar enyd blnodinavich sowrce pestemicplls: nwadditiondhey have hegn o

hemat opoi eti.c cells a . LYel i.nation of
condi ¢ oreisuESppefed B ool BRI BREEReP b e Trufh RS HAREET, o1 ©
abi lity tasofiedntbrtréadilyeavaRimé opetaid of the litmited avABIIHCbDiestckvef siswie, €. g. -
Bhatia et al. JExp Med 186(4):619-24 (199%); egpatiac?t al Proc d. Acad
Sci USA anpltempptesoprse of hymary hepategygesiould b psefiyl in the deyelgpmentat the o9 37
(1996). W th Jof ekl er | Q@f*ﬂsg ki3 ~studi es have
used ste%?llﬁggggg%k%\%céhél{% ’{)%eg?%a# g‘%ﬁg’ﬁgt‘l‘ obl ast 1rfﬂg%séd{ﬂci)t%%Jél(‘f:-jenerate
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i
human hepat ocytes woul d be useful 1n- the devel opnent of the animal nodel
of the i BAMbgMAIbRURR higean cord bl ood cells transplanted into our 15
SCI D. bg/ Al b-uRg m.ce e able to regenerate into viable human
hepat ocyt es. ﬁatcnacls an%e&ods

20 Following the protocol described herein, SCID.bg / Alb-uPa mice are transplanted

with human hepatocytes at 10 —14 days of age. Instead of human kepatocytes, 5 million
‘human cord blood monocytes (source of stem cells) are transplanted via intrasplenic
~ injection. The protocol of testing mouse sera for the presence of human albumin via-dot
* blot at four weeks post-transplant is followed as described herein.
25 - Inaddition, to determine whether the immune system has also been repopulated, a
- peripheral blood sniéar is performed at 4 weeks of age to look for the presence of
lymphocytes. At eight weeks, the serum is tested for the presence of human 1gG via
ELISA and the presence ot: CD4+ and CD8+ cells with FACS analysis. If these cells are
present, to determiine the functionality of the cells, PHA stimulation will be performed. -
30
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Subsequently, they would have the potential to engraft and develo

chimeric nouse/human liver. In addition, the cells V\Ddﬂ(ﬁqugg(ﬂde t he
i mmune system of our SCID.bg / A b-uPa mce. -Materials. and Methods 20
Fol I owi ngw ey, ‘p,%%)‘{]ocol descri bed herein, SCID.bg / A b-uPa_mce are
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with FACS analysis. If these c s are present
functional ity dJ¥iethods sl MateriBdA stinulation will be performed. 30 48 17

Sept ember 2004 WD 01/ 67854 PCT/ CAOL/ 0035 nple 6. |nterferon Al pha-2b
Treatment In Sﬁ@b\ ??WE’@Y‘@%IWWP??? OmftpieoR Ot Brman) W%S'G@es of the
i nvent i on dhaAindiEfsHaRe 65&:&&@&&&&%;1 Béntin %ﬁk%h%hoéolﬁ Lferase .
chenot herapeutics..Interferon al pha- b 'S have antlI - ~activity.
Thus, tre h@ger—llﬁﬂnnhﬁl@&,t Hdmmtetﬁcmﬂld% mienwemsiransplanted sitid. H ANt 5

t ' t. d the |evel s of
e 1 0D kDN 2 eithh sl R A ipeRtan et 1013 Ja¥s Of P8l at ed
f rom pi ece&meélds@%&-&au\tﬁamtmmlﬁas M@bﬁlﬁﬁsﬁ ee%am&mﬁhm)heat er

usi ng conti nuous perfusion with coll agenase (Liberase Boehr’i nger

Mannhei m commmwng Sapantitatixe ﬁptd&otveéw Mlaﬂémmﬂnwmmﬁ ofHA 106 to
1.0 X 106 D:’*P@ﬂ nl o ectlon at 10- 15 days
of age. K; %8 weeks pos Pﬁ%%}sé% hﬁe%sfgr e%Jﬁlanassayed for human
al bumi n (HA)  FHCW emfeetintni ooctamekg pastquamaﬂt,ahicwveé@injdem;nﬁﬁmenehdlfe

dennnsératlng >200ug/ ml _ of were considered to have a successful® graft
and uded fatt i%@féiwﬁ%mﬂcﬁwmm biver tigpsplant patispbcaenotyps 8t Tha sgrimint

mce weregl el | %g%r | of, ser from a HoV
positive | |a\%§?’ tr angg?ié ¢J[1|Qg%€rld Mgae% %/u\é%ltlgnggalgog%l?ta?ﬁ P g at -70
degr ees Osmmwmmv RNA ddvelsiofi2.56TX 107aTMh Bt ADMCVagaiktidi W as

performed by the Provincial Laboratory at the University of Alberta Hospital using the

Cobas Amplicor HCV Monitor version 2.0 (Roche Diagnostics).

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

of normal saline} was inj jected IM for 15 consecutive days. Blood was drawn to assay for E
HCV RNA lcvels and graft function at the start of treatment, at the end of treatment, and
25 2 and 4 weeks after treatment had stoppcd
Ammals received human hepatocyte transpiants and, after conﬁnnatlon of
satisfactory engmﬂ:ment by serum dot-blot assay for human albumin of > 250 upits, were
m_]ected with IOOp,I IP of serum from a human carner of genotype 3 HCV. Baselme
values are viral copies/ml mouse serum from 2 weeks post HCV m_;ecuon, when prior
30 studles revealed the greatest absolute rise in HCV copies. Interferon therapy was begun at
baseime. in 3 animals at dosages of 135 (n=1), or 1350 (n=2) IU/gram body weight/day
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f Al bert

es were hlinded

pYeeh 2 ni cal anal y ek 4assay

e
nd

ool t 5 AP Bhown i n g AP S bl ow ke TRt cat eo 1 §E-BUBBhent val udk-
Tabl e 3.] Ndi@et. of TFN jupnsnoB®V | nf ecti ppskioge Ani mal | Yogqbge! the h
| nventidn_Treatnment HCOV tlitre (RT-PCR) Bakeline' week 2ueelk 4 Control2. 7xl 0E3
2. 5xI CEﬂ &'CBMOE]E::» ,C£ont ra ! lzﬁiiiﬁl}@Ei_z E)xl 0E157&1055| OE6 COQt r‘?"m;-E?XLOFEW
~2x 1086 |CMIFOES 135119/ P AVB 2x 10ES 3. RTOIF%Y, 5x10E4 | 1om0B6 -
Control 1.2x10E6 -~ >2x10E6 - 1.7x10E6
135T0/g/d 2.3x10E5 3.6x10E4 4.5x10E4
1350IU/g/d 1.8x10E3 ND ND
13501U/g/d 3.3x10E4 ND ‘ND
10 Four of five control untréated mice demonstrate rising titres of HCV over this time
penod while 1 shows stable levels All 3 treated animals demonstrated decreasmg viral
titres thh the 2 at h1gher dose demonsiratmg viral clearance (ND : ot detected) '
Example 7 Passwe Immumty to Hepatltls B Infectlon with admmlstratmn of I-IBIg
15~ The HCV model described herein is based on the presence of a chxmenc
mouse/human liver in an 1mmunocomprormsed ammal, asa Spemﬁc example, the
" SCID.bg / Alb-uPa mouse. This model not only supports a replicating hepatitis C virus,
but has also supperts a hepatitis B infection as well, Becatise there are rio currently no
proven vaccmatlons for hepatms C, HBV—mfected mice are used to test the validity of the
20 ammal model in testing vaccinations. There are currently both passive and active

mmumzanons available for HBV.
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13501 U / g/ dl. 8x10E3 NDND 13501U7g/d 3. 3x|I OE4 NDND 10 Four of five control
untreated nmice denonstrate rising titres of HCV over t hi7sSepiamibep@f9bd,
while 1 shows stable levels. Al 3 treated ani nals denonstrated decreasing
viral titge® ugy’g(p the 2 at higher dose denonstrating viral clearance (ND =
not detect ed?.' ‘Exanmpl e 7: Passive Imunity to' fl'atitis BPEA@OH0wi th
adm ni stration _of HBI 15 The HCV nodel described herein is based on the
presence of a dHpats B Immyseginbutin(HBIgkis aideveloped passive vaiectoitseed ani mal |

as a" spegifi.¢: I he SCLD. by | b-uPa  nouse...This del, not only
supports %eéiet%ﬂs :ﬁé%ﬁga%%peg't ﬁtl? é%’véﬂ{?ﬂj g\lg FOH%%PS ﬁﬁ‘i popling é‘ﬁ ng‘i“? fop -

hepat i ti s pBsitiné aied-IHIBs dors I The ARArRNILIsta1BEEHAE Snf\PH P SRAoh. TR thePT OVEN
vacci nations, for hepatitis C, HBV-infected mce are used to test the

val i di ty GHnicplsesingesthaslimitestrnplicsbilityderavge of bpardalhosféectivdy shortmlf-

currentl y » ' .] |, zations avail abl.e for HBV. 50 . 17
Sept enber h;%%@ m‘#@%@@%ﬂ%m ﬁpﬁvzftvfe{” cheglamﬁﬁﬁg%g%q nn

(HBI g) i spovidrweboysefulpassi ve vaccine to the hepatitis B surface antigen.
It is devel opeglg%/ .col l ecting and pooling the plasma from positive anti-

HBs donors. Th&! RY§E&yans tion; HBlg wpmunaprephylayis is vgelymeedhandaaceepted. (Ih t he
oo i iy PP , Al
o foct | ve 5y P to Snftantly URINARRGRE b bY FIN PR Srflpidnt Rl ¥

i mmuni t y. Beugye patignts. démsequenty, titisssiredieed the tharbidigriabeth the ghet awdehe)l . i n
1t hald SrERE P ieniars et wil ok SO e dire hompsgasicorageRte. |
Feduced 1 po pant | TeBBRAL b coRin S BRIk b B e lbcage SUMGMER ofhe G 05
treat ed wHBH antibagydirenBost peadidesetickiexpomyre, tiee ainhiajsabiion of HBig ks prévented

t ranspl ag%'eg}flﬁﬁé%ﬂ%fﬁﬁﬁgﬁ%%{‘%d for one year and the dosage is

determn € a "titre. Post needle-stick exposure, the

admi ni st r at i onTiY anifBhUmbEs oPhe iRhAsh cdrd e k@ RS RiUvabpkBY. 1A} H£0% Of

cases._The animal nodel of the invention can be used in vaccine
devel Bpnespntroptle demonstrate theugefuingssf thanimal modeldn waestfing developofent, he ani nal

nodel in j.:ne ; . | rophyl.actic.vaccine

avai | abl HHPEc BERAREREARRER, yecBine BUAKBIL b BERP BB TR i 6 St

i mmunog| diephtitis B kitghogibhdinFHBDL), thel SCIDb g PAIbIRLmMel willidbiadh PasdRSSi Ve

Il munity to a,subseqguent ipocul ation of hepatitis B, thus preventing and
active vilpmpunity to a subsequent inoculation of hepatitis B, thus preventing and active viral

_ infection.

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

25  passive immunotherapy. ' o

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

30  strong signal are then chosen for experimental use.
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infection. 20 As enphasi zed above, HBV and HCV are not conparable viruses.
However, since there is currently no passive i nmunot he/aispteainsr PE¥ e f of
HCV, the use of HBY and the HBIg provides an initial screen to show that
an i nmunot her apeutic known to be effective against HBV infection is
effecti VEO WS4 ani mal nodel of the invention provides FPGHGEIEN gence
that the animal nodel in fact provides for a val uable screening tool for
25 passi ve i nDapdhataight wieeltsarfiage sthe micevitottod inté-diel expénimyenthlegrpumt ocol

descri bed i. | es abave, . SO | ant ed
W th hurfEreHe B P A ggsion of ML (107 Kal ™ Rire g B 8pol PR S Manc

the m ceredéiQe b Bfjétidn/Y ndRhalRhBe. f Or human album n. Those animals wth d 30
strong signal afe then chosen for experinental use. 51 17 Septenber 2004 WO

01/ 67854 PCT/Dal7 mtaﬁﬁ:ewnﬁculmedeﬂglhltootme«fsmai timg BBV berumi ce al | ot ted
|nt05§he exper. rreta.l r? receive a-high dose intranuscular injection of
HBI g (| e cont rol group receive a injection of normal

sal i ne. Day 1Daf\U14”‘E€x$e1%h€nthﬁﬁfdé'a@é feht¥d with A @thikteRdncbied JAHBR HBV serum
5 (intraperitoneal injection). Day 1-14: Experinental mce are treated with

a mai nt esamperabilsse that ir-idvey m@sxﬂwpaaamt@ af§. 12perkg ionce 3 dasr  Conived plicarare
patients 0, 12cc/ k day.. Control mce are. continued on nornal
sal i ne |‘)rﬂ“§5“tl mm‘?g aggxgélyeﬂp effect of HBlg, serum sanples, are

obt ai nedrd gésay ¥ elffebt (YHBlg, Seruth safpled atdobtdifediftn HEPV viBeksat ZDGSG, tinli

infection. HepatitisB sur ace anti ody is assayed on day 1 prior to HBV

i nockd atansnl Zawecka gastrfBY infegtion. i enatitip Bsqurfaey aitibiody is assavieg oa day 1-psier of

E%gﬁsﬁ%mﬁ@@c%n%%éﬁ% rraFJBrrb Fﬂ&f tﬂg :mgtel on provides a;

val uabl e tool to study human inmune responses in context of- autol ogous
liver cells infected with HBV or _HCV The mce carryl n hurran I |ver cells
can be iBrample B-kiseef stita Animal Mog o

cells ( |1 s/ m)use) topr owdearmdel system of HBV and
HCV i JeipBnsed AV oty e follow ng studies. This nodel can then be used
20 |1r5 the f ol Thevdnigalenedsd bfithe inegrsion provides a valuable tool to study buman < -

-‘immune responses in context of autologous liver celis infected with HBV or HCV. The

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

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

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

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

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

reconstitited with autologous PBMCs, are used to evaluate overall immune cell
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The' experi nents descri bed bel ow can provide insights into the critical role
of various conponents of inmune system e.g:, antigen lgrepembeng0del | s,
certain cytokines and T cells, and mechani snms underlying the

I munonmodwadsiddgsd N chronic hepatitis infection. These stygdigs fefsfr ovi de
the foundation for design and investigation of novel 25 strategies and
novel vacci ne candi d@ es for the i mmunot heraﬁ%/ of chronig, hepatitis, virus

i nf ect i onsCOMREEC 2Rd{QF TAMyRG FUPRTESYOR W SORE N RrRgresYRECYoaEscua, of diies s
precli ni catoupRthdy if ﬂérf&lﬁ%dWré'?ﬁlélﬁ@pPMpﬁtﬂéH\?TQ:@ﬁ?%r&ﬁfaﬁ%tﬁdlﬁﬂféWch

I mmunot-her apeutic ‘treatnment of chronic hepatitis infections. Evaluation of
t he i Mmuneandsspumuirawdo oultiug te ¢xamingresgonsmigaindOvitogénscaliogenci@ APHSY '

infected njce. whi e t | ant .t l.iver cel | d
econst it RRTIPH Dhpoiashirs b oapt Pl e  Seasufabt by Frune
cel | 525 17cehqnbRebfion408¢. YO baké SaHurBCE{eRRL S0 i TRPANRNE SipBRdfaat

i mmune suppression in context of progressive HCV infection. A time course
study is peringraeHulannreduction ieaxamised.| pradhitiondia these siilturededisoBtcallned from

the mce t L0 L0 VLT r Xa ne response agal nst., . :
nitogens, A Pﬁoglnrgi&g e% o orﬁ’.(;dn%g ggﬁ‘gﬁgoﬁ%ugp?%sﬁe%p? 8{15 arteé’%%ﬂ'ﬁgedtlﬁxoi d,
PADRE pepta @6 cese Jashiof, VRtelRiveill beytrecbvered Slom Piceldt bafidisitmesqg.gay. | n the
sanme cul tures, cytokine secretion in the culture supernatant or -

i ntracel | ul:%8.1gx16dviecks ppstinfectionandBMOp regamstitytion) andexamined foutherr ed cel | s,
T cel ly4 act.i ' . ) by Al These

Exper ey euneied boRUIGEE SiBAe o€ KA B6leD MY HERASTIEUO eval Uiy cach |,
r ecover ed. timopoint, ée tlait ovaill bnhuhe reeponse cah be cohiethidl With Huyloeks post

i nfection and PBMCs r. 'consciéltagti_on and exanm ned for their 10 response to
pol ycl onal st i rMPRe Bathqoly srgvelus.hespllresnoasss ggainstdngwa sopseared HEY at

each ti n?ﬂmseﬁom#%gﬁpg%fo@gml kRl BV S SR ARG SN RncRHLhtatad Wth

virus |oad. Al ong onal stinmulus, T cell responses agai hst known
conser ved vy loadrip filrecneutss ekpdrppents pSimlady, B celsexaisolaeal 4t thevsatneaingsahdt hei r

stinulation correlates with vyirus load jp ti course experiments. .

S 1 41 y Sl o B el g LB erGTHO G ond sasbimed ey kg
pol ycl onalseerfigitdd wall AsBle llg- oducﬁgﬁfnﬁﬂ ﬁ?%lycm g for
cytokine secretion as we overal | Tg producti'on in culturé upon

pol ycl onalUnitfectad, RBME. recdpstitutealomise areRBRCay eomirolst iThetoweraltiTandB eclised as

controls. The overall T aanpjglafcell cogi%)eéenciles. j N ongoi ng HCV _
i nf ect i onSOFRFFCHFIEHIPRERNE Y dfiecUqus Sphaipe DR PR e are. challenged in
vivo wi th promAgspiiveOMicNfe BRdchied in aﬂiomﬂﬂﬁb%ﬁ%ﬁéuﬁtmvadhh%ﬁﬁ-ﬂdms

y

after infection and PBMCs reconstitution foll owe :
20  Th epitopes at various times after infection and PBMCs reconstitution followed by

et

R

examination of those peptide reactive T cells by cytokine production, activation marker
- expression and proliferation. Again, in these in vivo challenge experiments, overall T ccﬂ
- responses are correlated with virus load, time from infection etc. T cells obtained from
the unimmunized but irmnune-reconstimted and HCV infected miéc are evaluated for
25  overall CD4/CDS8 ratios, MHC molecules, and other T cell/activation molecules and
- compared with uninfected but immune reconstituted mice. In alternate experiments,
normal human PBMCs are polyclonally stimulated in the presence of sera from HCV
~ infected mice and examined for any modulation of T cell responses. Following these
experiments, phosphorylation of various TCR molecules, Ca2+ mobilization etc., are
30 exainined to determine the biochemical basis of any observed T cell response defects.

Additionally, we will examine whether T cells undergo apoptosis upon stimulation.
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exam nation of those peptide reactive T cells by cytokine production,
activation marker expression and proliferation. Again,l7 Y¢ptoness 200¢ vi va-

chal | enge experinents, overall T cell responses are correlated with virus
| oad, tiRpohipfsinfection etc. T cells obtained from the ggm ' but

i mune-reconstifuted and HCV i nfected m ce are eval uated for oveﬁgl I
CD41 CD8 ratios, IMHC nol ecul es, other T cell/activation, nol ecul es and

and

conpared with Ytones apdjimmpnqgred mpolscides in ohronighepatitis wirng infections
experinments, | _ . t] i
presence of segswot%we%@ﬁnggeéﬁéﬁﬂgx@heﬁleW%@ gg\:;y -‘r]rgtéjgth%gt I on of

T cel | . r essranssadlected fomvwnite infertabwitlk M2V andrécenstinned plithABMCsand of vari‘ous
TCR nol ecul es, -;t:aZ+ bilizatjon etc., are 30 exam ned to deternine. the
bi ocheni cEfAIHRE {Qr 15¢s. 4 f(pe cyiokiney Bryvatenss: | IhesgrpcEaegisrascpeiommgd i onal |y,

we wild e Hehi& o JWN g i RS Rlal i 3 17
Septenberﬁ%glgg&sv%@f)l/ 6%%&“5@%?8%&%%%&25 an%mnmhd?]%ir gul at ory
mol ecul eswith cohtralmioo-ihfep@d buti immwine weconstitetetlinnics.. Onlthe othekieharntlp exani ne t he

rol e of various cyjokjnes (type 1 v: ) CV [.nfectjon sera is -

col | ect edPHeABRHIIRELOT 4 hRece %ﬁ'gH@éﬁiﬂ]g&eﬂﬂﬂs '”llﬁf‘%‘hﬁwl% Areppigeted o8
exam ne f ; L KIKRARS I , ' Sifs©

per f or rr'ed&irrﬁé%t&g(bﬁnr‘gewc uér}ﬁsiec?lf?wanner H??%J?’?%?@%@%ﬁﬁ%ﬁ% -EJJCt lon with
HCV vi r uslord Al celbesponserppapramiiscusis HES and obn-RETV papiades esiwiell i2s polycional

B N N

i nj ect i NgrafkdtidaYr AeirBodiliticaQat @eatudted RS HiatdlyF SRR LRSI &r Bk 84bngep Vi rus

| oad, T cell response to promi scuous HCV and non- HCV peptides as well as
pol ycl onaime (.61 3-froiomshsdn miee)t buthe Advitroiexpetiments gheiple oEadshitiomotgarigimine ™

swtch, defects in.c | he roduction or their nodul ation, are eval uated
i mredi at eﬁ%glﬂﬁséf’v{”r#%gﬁ?ﬁﬁclb%s%ﬂsgﬁ' a longer tine (| .€., 2-3 nonths in
mce). | n the AftsntprésehthidicliSRithdntid &dls! 0CS) Bfchesilé HOWinéctiofs hdd N
cytokines in vitro to the I CelT responses. Antigen presenting cerls
dendrldt i c - cel |'medyation ofDE Fing previiie protedtive smpme rasgonsegdul at i'on of DC
function to pr.gvi t Lve i S ete.i s. Sone evi dence to
suggest that iﬁ%%ﬁgﬁﬁge%ﬁcg?gﬁago%ﬁﬁﬁﬁﬁg%?@; R Unction is
i mpai r ed.dehbfiticlegltifuhétich i€ @hpLired DTHY dériditichelleISCs)at tidtmost pbteut at or s of
CD4+ T cells to induce efficient immunity. Therefore, exam nation_of DC

funct i on SmWgatsef CRA+ Fieshs tp iduce eifisient imngyrity. i Bherelore, sramisationiof BRune
res pohs € fedidish cogtgxﬂé%é@i:ﬁ“&&iioﬁ'?s essential to understand immune response against
- 20 HCVinfection. - : e
- From the HCV infected PBL reconstituted mice, monocytes are isolated from.

" spleens or blood and cultured with GM-CSF and IL-4 to generate immature DCs. ‘These
immature DCs are matured in presence of y-IFN, o-IFN, LPS or 0-CD40 and examined
for the expression: of DC activation markers by flow cytometry, IL.-12 production in'the

25  supematant and ability to stimulate allogeneic T cells & HCV promiscuous Th epitope
presentation to autologous T cells. These experiments are performed in a time course -

_manner, and progression in change in DC function examined as a factor of time and HCV

. virus load."
© In additional expériments, mice carrymg HCYV infection and reconstituted with-
30  human PBMCs are injected with in vitro activated mature DCs and examined for T cell

responses and virus load.
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Fromthe HCV infected PBL reconstituted m ce, nonocytes are isolated from
spl eens or blood and cultured with GWCSF and 1L-4 to dereptmber ghed ure
DCs. These immture DCs are matured in presence of-1FN, a-1FN, LPS ora-

CD40 and- ex@pikvesk for the expression of DC-activation mar w
cytometry, 1L-12 production in the 25 supernatant and abi | ilf’t%;r?ﬁ:t@\bso{’;ls | ate
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reconst i t Gty infeqted indiyidnalsna nyupharef aramiseyous ThdndiGTL epitopes fromact i vat ed

Sept enber SO0 EACT et B BRIER Fhefiatiniion B sChTE Cuous

human Bel pemisgebc@blin ¢ HOVEsfettad Mdividunle Gbwaver dppattiRy 9H§oﬁédiﬁg/es
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i ndi vi duafral I gehEesponse iy jtsnl is apnsficient 49 glearrthe vrs infetiokrandioc onser ved

regi on of o haverphesn. i Lﬁ% ol Lt jest | that Th and CTL 5
prim ng o{:é(?urs_ i nqihhgﬁ] | ﬁ%le{:ﬁt e J|W5r%1cflﬁ|6\i/1|c it §§’ \ﬁé’@pé‘gt,e ViPP%tently this

. 0Ngoi ng -Immauizgtionktratekies (adisted delow) using &khbwh prataiscesifs I THCARMTTT, Epifdpear the
virus infecti,on and/or replicatiogn. The aninal nodel of the invention can

be used t & BYURCTHPRE PUPHRAFESRORTSN iThe MesAre evalnetgdl dor generatipr pEGThandw) .
usi NQ1kNOYR cHll REHSHEHEer FimERGatiohl 1§ PiraRRS Siryd Bal 3 999 i myne
responses. The&ﬁ% ce ar ereval uate flgﬁa%gﬁératj_@ﬂao eg‘ng%%ﬁn%&cel I
r espons esmaflelean thusha useslitp deternbine fieerapbiophiatehodidatiorask TisarRMOTL ads86nsed e
ani mal del .can thus be.u t.0o.det ermi ne the appropriate nodul ati on of
Th and C'ﬁ&pf%vsl%% Lo &HM%I ty against HCV infection.
| nmuni zat i on VirirhurARitiofl With MERE BEIdDS JhABRA ih onfteﬂtdﬁ?anf&‘hla?@r ticulate
fornul ations, e.g., |iposomes nodified antigen peptides, e.g., |ipidated
pept i des;forBiletions, e.g5 linefomesimmedifiediantigen peptuics,or gnlipitited peptideagertuimnt S or
adj u S; Yy d wth antigens: DI di ated i.nmunj_zati ons;
T celnfst acjo@t'l've #%g?g%g\?ﬁnﬁﬁgﬁﬁgeﬂ]@ﬂ%i F‘g’uhﬁtg\&éﬁg%f)& aded With r 5. and
the |i ke.antigensnDiineditted hmajtiabiiais] T cOleBldpiRe thepipyRith hh€sky pPQRERT | des)
derived. from Séru_ctural and _non-structure?lmprot eri’ ns of ?—%\I}égﬁﬂ H%/ 20 An
al t er nat %4 FA3BYedE e c gpd thedikeai | ure to resol ve ongoing HCV infection in
Immunogenicity of synthetic peptides {or modified lipopeptides) derived from

structural and non-slructural proteins of HBV and HCV

20 , An alternative hypothesis for the failure to resolve ongoing HCV infection in
- HCV chronic carriers focuses on evidence that Th and CTL responses against these
_epitop_es are actuaily not able to suppress v1rus replication or clear virus infected cells, and
immune responses against other epitope determinants are-necess__a;y to g_enerate protective
immunity. In c_i_;dgg to determine novel T cell epitopes on HCV po_lj@rotcin, initial in
25 silico studies dre’performed to identify putative Th a.nd CTL‘ epitopes from conscr_véd
structural as well as‘; functional viral proteins. These identified épitOpes are then modified
and eavluated in the reconstituted animal model of the inventioh fbr their ability to
génerate strong T cell responses, indicating fhat they are immunotherapeutic vaccine
candidates. . '
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HCV chronic. carriers focuses on evidence that Th and CIL responses agai nst
these epitopes are actually not able to suppress virusl7rSsplander 2604 or
clear virus infected cells, and inmmune responses. agai nst other epitope
determ nants are-necessary to generate protective imunity.- In order to
det er m NWOBVGIBS4T cel | epit opes on HCV pol yprotein, initi #CV@A@BIID] i con
studies a e. perforned to identify putative Th and CTL epitopes from

conserved, st !Eiﬁhﬁ&iaﬁbn%ﬁ'béﬁﬁsﬁnbdﬁﬁeri aﬁ&' chid {aati amsseaoﬁcm&baﬁ&
identified epiTopes are

ani mal nodel" ¢fma lmolgm}@wtbatanhlbmvmah@phcmlanﬁ/@r msluc@mnummodmamm T cel

responses, indheatin t 1 aL e andi dat es.
55 17 Septenb %t%ffg]?%éﬂmﬁ%ﬁt%%?usb i aémn%ﬁ!{?%hﬁg CEY)nbl ned

t her apeutpifeciaeitbises Mid refohstifit@ranbalinggsl of i intetitioh toideaR ) Abi-ifit

I nhi bit viral repl i cation and/or induce i nmunonmodul ation. . This Eproach

t akesSi ntherapsuticsibatiakeadvaniage ﬁ%ﬁ@b@%@@ﬂﬂ%ﬁﬁﬁl@% Mf lion, and

uses the tds nti-viral
t her apeut’ cg&?ia%%g%gaﬁw?ntg%g%?ﬁ co %%\éﬁ%{r’ﬁ% %Pﬁgdénd fggrgfé‘d
t her api eseplieaticinaid/or irdhenubmedalatsh. t Cembipytionstthatgrovids effanimk| nol ecul e has

activity in.inhibition of viral _replication and/or | ation.
Conbi nat SBRRIESSIPRO ﬁmm@%@é&w clegryre asidmbidied Wlﬁﬁmw i'on or

virus cl Bl eaRgd t ut ed
ani mal s as gegcr%‘&éﬁtggove VaCCI ne ca%?%g?%gh%%gngval U%t%é:gﬂl n 1‘6i

conbil@at icombiatitn with clythkims (smh las H&ZIdrhi)ommdl pa) eorpdovide-ePcied provi de

efficient -~ inpunity to suppr cl ear "HCV i nf ecti on. Exanple 9 Use
of the WBH@%FO%%E C@ °§ % or hyperlipidenia As discussed
above, Apo B 100 is an art accepted marker for risk of 15 art heroscl erosi s

that results fromhyperlipidema. In order to assess the use of the nouse
nmodel of Exhmapleidse ofdhe mogsldbeemhmjioil@fﬂamﬁﬁorhmerhmdmt i vity against

hyperli pi dem-g, @ nobysg nonoc antlbo ecifi r _human o B 100
TaeC el + o s dioutipt afiate ARS HIDO: Al AR PR RRFALIR 8h byt o
engr g4 t egrthdbRMEr6ss that reS@Es oA & XFéﬁﬁuﬁﬁﬁ:ﬁ IﬁQJrJiéi‘Qb@EkeHiﬁHhé’e &fhthéRiouse Al b/ UPA

transpl anted ani mal and from a b/ uPA non 20 transpl anted ani mal  (negative
cont r ol ) modelnfiheiaventiondn gengening forngentsithas havsractiyity agaiest hyperlipidamiz, anal yzed

by Véstepn lOt clﬁ%?anatl ntsbcc%@ fo%%%ma%%po@fbﬁ %%&é@t&'@et&&pr%&@&ds wel |

known i n™
of human apo B100 production by the engrafted human cells. Serum sampies were

collected from a chimeric Alb/uPA transplanted animal and from a Alb/uPA non-
20 transplanted animal (negative control). Human serum served as a positive control. The
serum was analyzed by Western blot using an anti-Apo B100 antibody according to
‘methods well known in the art. ‘
" As showing in Fig. 12 while antibody binding to Apo B100 was not detected in

the non-transplanted control animal (lane 3), antibody binding was detected in both the
25 _human serum posmve control (lane 1) and the chlmenc 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
- pfovide 4 basis for development of selective treatments that decrease the amouit of apo -
: BIOQ ‘from the liver and, as a consequence, decrease the risk o.f cardiovascular disease and

30 Astroke via atherosclerosis.
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As showing in Fig. 12 while anti body binding to Apo B 100 was not detected
in the non-transplanted control animal (lane 3), anti bodSepbingker 2§04vas
detected in both the human serum positive control (lane 1) and the
chinmeric ehpébg%?glwansplanted animal ane 2). These data show that Al b/ uPA
nouse |iver W th sustained human chimerism secretes human 53 G04@0850 Thi s
observation indicates that the A b/uPA nouse nodel can provide a basis for
devel opnent of Wailetheipresentigueniionthss berntdeseribed add refeeermetutiie spécifkpo  B100

fromthe |jver. -£on uence,  decrease the.risk of cardi ovascul ar

di sease ang o qughqsr %’%ﬁm\g ilg&gf‘l ﬁereousn?f”goggi 4 .Eiﬁ%s S&'ﬁ"'@é‘bﬁ’@ REdPatyEEAuSAD

01/ 67854 REThgeADlayHR3h4H:\MH lequiviien® nefBlsubditsd WpRohRRpReRR MAsHkiRgd Wi th
reference to, the specific enbodinents thereof, it should bé understood by
t hose ski ISPEH apdsqope of e inventiona I #iditions many atodifiratiohsemay bemadeltoegiaptv al ent s
may begsu i W1 ho OGS, fhe true spirit and scope of the
i nvent iso n l&%ﬁd&gﬁg;{%fﬁﬂ #r‘%tr?g g%%#‘??%é r{%’% 1i:04 r'écees ORI ePS 510,

par ti cul athesoljemivespiritrant acopel of thopmpseat nvartiodl ATREIcBmodfiQERAS arePr OCESS
step or steps, ,to, the objective, spirit and scope of the present

i nventi on.mtgﬁ‘ché?ll?ﬁ“ﬂ'g‘m ‘BF é‘éﬂﬂe&%@%ﬁl@msiaﬁl’@ﬁ‘ﬂ‘ébe@@- be within the scope of
the cl aims appended hereto. 57 17 Septenber 2004 CLAIMS 1. A chineric
transgeni ¢ nouse host infected with human hepatitis C virus (HCV)
conprising: an immnodeficient, transgenic nouse having a genone conpri sing
a pol ynucl eoti de encodi ng a uroki nase-type plasm nogen acti vator

pol ypeptide, wherein the polynucleotide is operatively linked to a
pronot er such that the pol ypeptide is expressed in host nmouse liver cells,
and wherein the host is honpbzygous for the polynucleotide; and a chineric

| i ver conprising human hepatocytes engrafted i nto nouse host |iver;

wherein inocul ation of the chinmeric nouse host with human HCV results in
HCV infection of the nouse host. 2. The chineric nouse host of claiml,
wher ei n human hepat ocytes constitute at- |east about 20% of hepatocytes in
the chinmeric liver. 3. The chinmeric nouse host of claim1, wherein the
human hepatocytes are R : :
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functional for at |east about 15 weeks. 4. The chineric nouse host of claim
1, wherein the host is infected with human hepatitis GAleptesnteolR0@ti ng
hepat ocyte engraftnent. 5. The chinmeric nouse host of claim4, wherein the
i nfected host is characterized by production of at |east about 103 viral
particles/nm of serum 6. The chinmeric nouse host of claim4, wherein the

i nfected host mmintains consistentl ydeiyst able HCV infection for a period
of at |east 15 weeks. 7. The chineric nouse host of claim1, wherein the
the pronoter is a nmpuse albumin pronoter, 8. The chineric nouse host of
claimi, whereiln# $hemprgiiasgens masse host infactedwith humgn hapajisis & visusdBCSOt i n

i nmunogl OQHH})ﬁsﬁ.d T cell receptor gene rearrangenent. 58 17 Septenber 2004
9. The chineric use host of claiml, wherein the host imunodeficiency is
caused by a sciad inmiabdeficient randgenid modsediavigadgenomg campkikibgri ¢ t ransgeni c
nmouse host |nfected with human. hepatitis C virus (HCV), the nethad

conpri si ng)PHW%% WOM%Wﬂ% 633&@%@%?8?%“%%??%&)@?&%%%@? the

t ransgeni : { : Y i codi ng
U oft e oot ol o i 0 (e R R sl

pol ynucl edn hoss niqise fzeratells,@ing wherdie thethostas hpmornygoes forsepolymatedtide; and

pol ypeptide is expressed in hast use.liver cells_and wherei e . host

i s homozygous fSTIEHE EY) I yHTRTEE gﬁrg?nQ?Rf\ch,;,'geg&pgv@ﬁﬁglth%%ﬂos%ﬁm hunan
HCV; wher aitibréin GliiciRFibE of thd REBRH G oHIRE T8t haRAPHTY 26l i Mren- mouse
chimeric liver and having a human HCV infection is produced. 11. A

chi neri c tinfEpdeeefithe mousehasbst produced by the method of claim10. 12. A
met hod of culturing human hepatitis C virus (HCV), the nethod conprising:
adm ni stering human HCV to the chineric transgeni c nouse host of claim1l or

10; and i sol at i2znghbdherricdukes Bost b elaim l eehedintostanfiebhtovdtagedndtimre 41CV
replicati gn i%ut he host. 13. A nethod fof. screening candi date agents for
activity atpstpRout 20%atidepatowiasiie thephimegeiver he net hod conprising the steps
of : adm nistering a candi date agent to the chineric transgenic nouse host
of claim1l :

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

functional for at least about 15 weeks.

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

hepatitis C virus following hepatocyte engrafiment.

5. The chimeric mouse host of claim 4, wherein the infected host is characterized

by production of at least about 10° viral particles/mL of serum.

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

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

7. The chimeric mouse host of claim 1, wherein the the promoter is a mouse

albumin promoter.

8. The chimeric mouse host of claim 1, wherein the immunodeficiency is a result

of a genetic defect in immunoglobulin and T cell receptor gene rearrangement.
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or 10; and analyzing the effect of the candi date agent upon HCV infection;
wherein a decrease in infectious |oad of the human HCV kiebeptémizer2604n
untreated chineric transgenic nouse host or relative to infectious load in
the chinmeric transgenic nouse host prior to candi date agent adm nistration
is indicative of anti-HCV activity of the agent. 59 17 Septenber 2004 14.
The net hod of & dherchimerigieaues hogt loé cletmdi whereindhehost immadodaficimey &d pri or
to infect] it -HCV. 15. The nethod of claim 14, wherein the
chinmeric tr%%gé%ﬁﬁ% ﬁgﬁéggﬁost further conprises a reconstituted inmune
system and the candi date agent is a candi date vaccine for active

i mmunot herapy. 16. The nethod of claim 14, wherein the inmunotherapeutic

agent is an anthl. fevethethed pradyeing a elime fransagnicragise hostineied withhumene
met hod of h%bﬁit@ég%r?ét’@ﬁ;@,Hletxﬁgthffc].i]b%ﬁéfrinsqn .ransgeni ¢ nouse host further

conprises a recons immune sy id the candi date agent is

candi dat e vacciimelahting htihen hepatdclytes wete ah iratnuasconiffomidse, thispenic mbugd ai m 13,
wher ei n t&g@hi meric transgenic nouse host further caonprises a

reconst i t dPEAVIRBAREISTECAMPE NS pRe IR IdR ercadias @ wekinage-type

| munot herangih dden A0k {8 Wiarkid A bk 534 iARabS for
activity ip?;d%achi%\r/li ng aorc}%g}?ggtsle’i n tl) og&’%ﬁn%?%gt?&t]ﬁgﬂ%?ﬁ%glconpr?‘si ng
t he st eps podmotarsireli haethe pglypemaieds eigiressedjartiost motdedivehcelisrand vitreseis geni ¢
mouse hos and anﬁéyzi ng the effect of the candidate

f.claim1 10;
agent upohmgtelﬁﬁﬂl?fgg%ui%ﬂﬁ?ﬁ]ﬁ?‘ﬁ‘ﬂ%’lﬁ "@herein a detection of a |evel of

apoB 100 fol | ovhdiailian dhddaisewdl diinagd®dwi stration that is decreased
relative to a |l evel of apoB 100 prior to candidate agent admi nistration

i ndi cates t he végrrin a shunerigdransgrnic mownseiosicomprigingralunamgmblissodhinend ds.  20.
A met hod f V. ' [V, oxicity of . an.agent, the nethod conprising
t he stepéwgf &gﬂ&%ﬁ% Js%#nlg&y@}a%ﬁﬁ%’rﬂ%tpéo%u@%'t to a chineric

i mmunodefi ci ent transgeni c nouse host, wherein the host is a) deficient in
functi onal synglenei c.B and T | ynphocytes, h) has _a genom cally integrated
pol ynucl eot i de léntSHimeIGranssRiiyaoBse haskpiaduesd hydhe methediof stayn 0.

12. A method of culturing human hepatitis C virus (HCV), the method comprising:

administering human HCV to the chimeric transgenic mouse host of claim 1 or 10;
and

isolating human HCV from the infected host following human HCV replication in
the host.

13. A method for screening candidate agents for activity against a hepatotrophic
pathogen, the method comprising the steps of:

administering a candidate agent to the chimeric transgenic mouse host of claim 1
or 10; and |

analyzing the effect of the candidate agent upon HCV infection;

wherein a decrease in infectious load of the human HCV relative to an untreated
chimeric transgenic mouse host or relative to infectious load in the chimeric transgenic
mouse host prior to candidate agent administration is indicative of anti-HCV activity of

the agent.
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60 17 Septenber 2004 pol ypeptide, wherein the polynucleotide is operably
linked to a prompter such that the polypeptide is exprsSwicmber36€4 nouse
liver cells, and wherein the host is honbzygous for the pol ynucl eoti de,
and c) has human hepatocytes engrafted into the host liver; and anal yzing
the effect of the candi date agent upon_ liver function or |iver histology
wher ei n a decr ekfs dhe methode! claiindBi whetsin the gendidatengest istadovnisteradiprier to

hi st opat hal,aa¥ i Qi &ﬁ\:\&ed host relative to an untreated chineric nouse
host or relatlve %8%ﬁﬁ9ér unction or histology prior to candi date agent

adm nistration indicates the agent is toxic to liver cells. 21. A chineric
transgeni ¢ nouse susceptible to infection with human hepatitis C virus

(HCV) conpri si ng- Tapmeted M glamdiewhersi e chimssie tigarasic onssiostdyrther
pol ynucl e haﬁ b g i b Y& 1) ti Va .
polypeptigg, s%?%ﬁ%b@%gﬁ%% ynﬁ% %%??%e |gggggggﬁ$§§ﬂT?%fgﬁ&kgkga%?%%nter
such t hat fbhectiveliympembibdepiys expressed in nouse liver cells and wherein the
host is honmozygous for the pol ynucleotide; and a chinmeric liver conprising
human hepat ocytes engrafted into nouse liver; wherein inoculation of the

chimeric.mouse M, trhe RisoRR dﬁ@)ﬁirhqayl h&ehnhé'ﬁ}ﬁnuhaﬁqa%%&fa agtentti?& ARUERY 22

The chineric transgeni c nouse of claim 21, wherein e pronoter 1s an

al bumi n prasttbedy or 2GV-bihding fiagmentdhereofe of cl ai m 21, wherein the human
hepat ocytes do not contain detectable HCV prior to engraftment in the
nmouse liver. 24. A chimeric transgenic nouse infected with human hepatitis

Cvirus (HCQV) 10mMhE hietted of 3ith MRLWAERT b hiinete hlsdeaid HSusd hBSTRARer
conprising a polynucl eotide encoding a urokinase-type plasm nogen

acti vat or Go8IRAseIR Tegenstiffied BnRuntysisal andube exndiduée agest ispandipaty vhdineddrt o a

pr onot er ; | ypeptide is expressed in nouse liver «cells and
wher ei n tﬁggﬁgégﬁﬁgéﬁﬁﬁggygous for the transgene; and a chineric |iver

conpri sing human hepatocytes engrafted into nouse liver; 61 17 Septenber
2004 wherein in c¥¥atiagﬂof ggg chiperjc nmouse with hupan HCV results in
HCV infection hEeodod claiel 3¢ wheretrbe phimegic dqnsasisanouse drstiurha i zed

by productdogihridbs feconfiitd Maatte sy9nYViddidhe EMUER Menfls an€r UM

immunotherapeutic agent.

19. A method for screening candidate agents for activity in achieving a decrease in
blood lipids, the method comprising the steps of:

administering a candidate agent to the chimeric transgenic mouse host of claim 1
or 10; and

analyzing the effect of the candidate agent upon serum apoB100 lipoprotein;
wherein a detection of a level of apoB100 following candidate agent administration that is
decreased relative to a level of apoB100 prior to candidate agent administration indicates

the candidate agent has activity in decreasing blood lipids.

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

administering a candidate agent to a chimeric immunodeficient transgenic mouse
host, wherein the host is a) deficient in functional syngeneic B and T lymphocytes, b) has

a genomically integrated polynucleotide encoding a urokinase-type plasminogen activator
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25. The chineric transgeni c nouse of claim 24, wherein the infected nouse
is characterized by production of at |east about 105 Vi’rpteehr@ddi of
serum 26. Use of a chineric transgenic nouse host infected with hunman
hepatitis C virus (HCV) conprising: an i munodeficient, transgenic nouse
havi ng a genone conprising a polynucleotide encodi ng a uroki nase-type

pl asm nog@elwsptidewderainthe pehmudeotiddis operablyHinkedts aproviotatsiclethatthe

post - mous olrRR e B AR me vl Rl oF PRE O paltds hipSefiae et '
pol ynucl edbt the poBdclotedy] BRI ¢)hak hufbn BegaiidysdsREgAAER b eRAHBEeSan@Ngr af t ed

i nto nouse host |jver; wherein inoculation of the chinmeric nmuse host with
human HCV r esulandlypimgitescffachpbtbe capdidate agrat pperslivas danctiop pr liverdigielogyie

chi meric nouse . Qf ' 2 i 0 . i e at

| east about 200%}%? élﬂggggﬂg%ftq}égl @Frn%ﬁé&c%ia@g%%al%?%ggﬁ lﬁﬁ’sﬁ&%&g%ﬁ&t‘)gggn

chi neri ¢ nhwseattbbdst edlatdlead mlﬂﬁt;reambcrklﬁﬂnarié h@ukum?ohﬁmitfﬁwﬁm- fiugdtien orh
functional . for at .| east out 15 weeks. 29. Use of the chineric nouse host
of claim zhés,t‘)]\ﬂﬁléf”éf"htotcﬁ%‘%aﬁﬁ geend afmpstration gadisates{heageng isgaxicty §ver oglis.us

foll owi ng hepatocyte engraftnent. 30. Use of the chineric nouse host of
claim?29, wherein the infected host is characterized by production of at

| east about 1021vArchimgar trinsges¢ mousd susesptible 18 infetism with hineaw hépatitis € nouse
host of cl a@g@& wherei.n the infected host maintains consistently

det ect abl €7 NP SEPPEHM80r a period of at |east 15 weeks. 62 17 September

2004 32. Use ofgntift@nmBiémidt nitis ¥ hb@sdenBine CbRibAkedt potificRbAds BRoRIM@Dt er
is a nouse albumn pronoter . 33. Use of the chineric nouse host of claim

26, wher eivokinasedips plrewiaggsnacBvatatipotypepjfidphwlesyeindhg polynucientiide issiperabljenet i ¢

defect inyj 0, ' T.cel] r ptor gene. rearrangenent. 34. The
chi mori o AR REBBR 3 Rlacinb Bolyob iRt R SRTin AR IBRTRIRE, " s
caused by vehese¢in thahdsaisibomoz@gous Esietho polgmadledtile] end r ansgeni ¢ nouse host
produced by the nethod_ of claim10. 63 17 Septenber 2004 WO 01/ 67854

a chomeric liver comprising human hepatocytes engrafted into mouse itver;

wherein inoculation of the chimeric mouse with human HCV results in HCV

infection of the mouse.

22. The chimeric transgenic mouse of claim 21, wherein the promoter is an

albumin promoter.

23. The chimeric mouse of claim 21, wherein the human hepatocytes do not

contain detectable HCV prior to engraftment in the mouse liver.

24. A chimeric transgenic mouse infected with human hepatitis C virus (HCV)
comprising:

an immunodeficient mouse having a genome comprising a polynucleotide
encoding a urokinase-type plasminogen activator polypeptide, wherein the polynucleotide
is operably linked to a promoter such that the polypeptide is expressed in mouse liver
cells and wherein the host is homozygous for the transgene; and

a chimeric liver comprising human hepatocytes engrafted into mouse liver;
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SEQUENCE LI STI NG <110> Kneterman, Norman M Tyrrell, D. Lorne Mercer,
David. F.. <120> Chineric Animal Mdel Susceptible to HuraRienspadddis C
Virus Infection <130>48990-96 <150>09/528, 120 <151>. 2000-03-17 <160>6 <170>
Fast SEQ for Wndows Version 4.0 <210> 1 <211> 19 <212> DNA <213>
Artificial Sequence <220> <223> Priner <400> 1 ctcgcaagcc cctatcagg <210>
2 <211> 21 <iescipipcaliigs ofitheichin¢rit meesgvachmadSV readBsin BGVier <400>

2090 5RO SRS stk 1o gk imBAed indiRe isGfidee e by rodicddnl of'at ' @
least about 10* viral copies/mL of serum.

25. The chimeric transgenic mouse of claim 24, wherein the infected mouse is

characterized by production of at least about 10° viral copies/mL of serum.

26. Use of a chimeric transgenic mouse host infected with human hepatitis C virus
(HCV) comprising:

an immunodeficient, transgenic mouse having a genome comprising a
polynucleotide encoding a urokinase-type plasminogen activator polypeptide, wherein the
polynucleotide is operatively linked to a promoter such that the polypeptide is expressed
in host mouse liver cells, and wherein the host is homozygous for the polynucleotide; and

a chimeric liver comprising human hepatocytes engrafted into mouse host liver;
wherein inocuiation of the chimeric mouse host with human HCV results in HCV

infection of the mouse host.

27. Use of the chimeric mouse host of claim 26, wherein human hepatocytes

constitute at least about 20% of hepatocytes in the chimeric liver.

28. Use of the chimeric mouse host of claim 26, wherein the human hepatocytes

are functional for at least about 15 weeks.

29. Use of the chimeric mouse host of claim 26, wherein the host is infected with

human hepatitis C virus following hepatocyte engraftment.

30. Use of the chimeric mouse host of claim 29, wherein the infected host is

characterized by production of at least about 10° viral particles/mL of serum.

31. Use of the chimeric mouse host of claim 29, wherein the infected host

maintains consistently detectable HCV infection for a period of at least 15 weeks.
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tctctgtcga ctcactgggg cactgctggt 99 <210> 4 <211> 65 <212> DNA <213>
Artificial Sequence PCT/CAO /00350 19 21 32 1/2 . .17 Seprdiaweher 2604 Wo
01/ 67$54 <220> <223> Priner PCT/ CAOL/ 00350 <400> 4 ggaattcgcg acgacgat ga
caaggcaccc attacggcgt atgcccagca gacaaagggc 60 «ctctt 65 <210> 5 <211> 24
<212> DNA <213> Artificial Sequence .<220> <223> Primer <400> 5 gaaagcgtct
agccat ggcg tt ag2<Pgdof the chipetis nkfise host 2F cIBiwA 262 BereiArths priouiokdr iSemouse e

<220> '<2a %ﬁlhlgrplmnrg&er<'400>- 6 ggcactcgca agcaccctat caggc

33. Use of the chimeric mouse host of claim 26, wherein the deficiency in B and T
lymphocytes is a result of a genetic defect in immunoglobulin and T cell receptor gene

rearrangement.

34. The chimeric mouse host of claim 26, wherein the host immunodeficiency is

caused by a scid mutation.

35. Use of a chimeric transgenic mouse host produced by the method of claim 10.
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<120>

<130>
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<160>
7<170>
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1

19

DNA

Artificial Sequence

Primer

1

ctegeaagee cctatcagg 19

<210>
<211>
<212>
<213>

«<220>
<223>

<400)

gaaagcgtot ageccatggeg t

<210>
«211>
<212>
. <213>

<2203
-<223>

<400>

2

21

DNA,

Artificial Sequence

Primer

2
21

3

32

DNA

Artificial Sequence

Primer

3

- tckctgtaoga ctecactgggg cactgctggt gg ' : 32

- <210
<211
<212
<213>

4

€5

DNA

Artificial Sequence
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<220>
‘223> Primer

<400> 4
ggaattcgcyg acgacgatga caaggcacce attacggegt atgcccagca gacaaggggce 60

‘ctctt 65

<210> 5

«211> 24

<212> DNA

<213> Artificial Segquence

220>
<223> Primer

<400> 5
gaaagcgtct agccatggcg ttag - ' 24

«210> 6

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> -6 ‘
ggeactegea agcaccciat cagge : 25
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