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

COOPERATI ON TREATY (PCT) (19) World Intellectual Properl%Sayiguber280fon
I nternational Bureau (43) International Publication Date 20 Septenber 2001

(20. 09. 200Gk o1/6736d (51) International Patent Cassification7; AOK 671027,
Cl 2N 9164, 7100. A61K 49/ 00 PCT/CAB1/00350

iIIiI(IIIIIIIIIIIlFIIIQ:}%_ﬁ\iéHRI;JéIth!!~IIVIIII11I1I11111IIIII~IIi X11i | hi
(10) International Pu ANBAIWDIOD B $54SAERBIBLBesi gnat ed St at es
(national): AE, AG ﬁl@m BB, BG_BR, BY;

BZ, CA, CH, CN. CO, CR, cu,t &A1 Upi ik ﬁéﬁ%éﬂlﬂ% INFEGEION, GE, GH GV

V/ (21) International Application Nunber. PCTI CAOI/00350 HR, HU, ID, IL," 1IN,
IS, JP, KE, KG KP, KR, KZ, LC, LK, -(22) International Filing Date: 16

March 2001 (16.03.2001) (25) Filgps ek 26) Publication Language:
(30) Priority Data: English English %ﬁ%ﬁﬁgc’ 7 March 2000 (17.03.2000)

US (71)° Appl i caFesprasent myedtionrelatespeseraBNG RN J¥oiifeBiousMischGAl CA] ; 492

Ronni ng St A bertg T6R 1B7 (CA). TYRRELL, -D., Lorne

[ CA/ CA] ; 1%3?5‘%5?55 meri‘q‘%%ﬂ\f8f V”%d’ﬁg’f?ﬁﬁ?ﬁ Al berta T5R 5P6 (CA). MERCER, Davi d,
F. [CA/CA]; 4209 11115 80th Avenue, Ednonton, Alberta T6G OR4 (CA). (74)
Agents: ROBINSQN, J., Christopher at al.; Fetherston- haugh & Co., Box

11560, 650 West Georgia StrecdtACKSROUND OF2EB INWanmoamuver, British Col unbi a
V6B 4N8 (CA - URimdnTiver disekscatsld b%e ﬁé%htig/gc eré’s (I!\I/(I}IV) Ma/\s/ enl\l/éged 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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t ransgeni®®st plgpoent eFHyg JAcCIRgs cgapiesygan nafhecasibhe ¢ ransgene

provi des éﬁhed%mbwéﬂabﬁfmﬁnﬂmwase tape plasm nogen activator in the
liver. The invention also features nethods for identifyi ng candi dat e

t her apeutic agbvﬁmhe lmsgseveragmm significant advances have been made in the
10 development of animal models for hepatitis B virus. However despite their similar

-

_soundmg names, human hepatttl; B virus (HBV) and human hepatitis C virus (HCV) are
| completely different viruses, and tﬁus fesearch regarding HBV i;lfection can not be |

readily extrapolated to HCV infection. Both viruses are referred to as “hepatitis™ viruses

prim;-nrily because HBV and HCV infect and replicate in the liver. Aside from this, HBV

15  and HCV are no more alike than are HIV and EBV, which each affect _the immnt'le
system. In fact, HBV and HCV are so different that they are not even member of the

_same bhyibgeneﬁc family. HBYV is a member of the hepadmﬁms family with a'genome
of double-stranded DNA, whereas HCV is a member of the flavivirus family, which is
based on a single positive-stranded RNA genome.

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

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

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

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

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

| Ito et al. J. Gen. Virol. 7__7:1043 (1995)). The viral titers of patients infected with HCV
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progeny virions (Fournier et al. J Gen Virol 79( Pt 10):2367-74 (1998)). The

development of a satisfactory in vivo model is required in order to provide a more
clinically relevant means for assaying candidate thempeutic agents. The extremely
20  narrow host range of HBV and HCV has made it very difficult to develop animal models.
Current animal models of HBV and HCV either do not involve the normal course of
infection, requi;e the use of previously infected human liver cells, or both (see, e.g., U.S.
Pat. Nos. 5,709,843; 5,652,373; 5,804,160; 5,849,288; 5,858,328; and 5,866,757;
describing a chimeric mouse model for HBV infection by transplantmg HBV-infected
25  human liver cells under the mouse kidney capsule; WO 99/16307 and Galun et al. J.
Infect. Dis. 172:25-30 (1995), describing transplantation of HCV-infected human
: hepatocytes into liver of immunodeficient mice; Bronowicki et al. Hepatology 28:211-8
(1998), describing intraperitoneal injection of HCV-infected hematopoietic cells into
SCID mice; and Lerta ef al. Hepatology 28(4P12):498A (1998), describing mice
30  transgenic for the HCV genome). Infection by human HBYV is fairly well mimicked by
- infection of woodchucks with woodchuck hepatitis virus (WHV) and by infection of
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Sept enbedssatiifddi with accelerated hepatocyte death. Later work with this transgenic animal

20 demonstrated that individual hepatocytes that spontaneously deleted the transgene

acquired a significant survival and replicative advantage, resulting in repopulation of the
liver with these nontransgenic cells Sandgren 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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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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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
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product i on sereegingpardidaty agentelogactivinislaghieding a decrepseds diodilipidsnthieon

addr esses thi U RY.OE _THE |.NVENTI The esent. i nventi on
features a %éﬁoﬁéﬁﬁﬁgﬁﬁ %%ﬁaglad{%rgfqeﬂg%?@%? ﬁegp{optﬁ? PItHF@Pﬁ on by
human hepattetnsggiic opgi fueggistosedd teCtkedr! tird bgpRot dTeRSnvbhtfonCatd r us (HCV) .
15 The nodel js, based_on a non-human, irnnmunoconpron sed transgeni c ani nal

havi ng a haahzingihecient pEthecandidate age upen seramiappR MY bpROrgicBY | des f or

expressi on r ki ' . i r.in the liver. The

I nvention a‘?éegaip ga(%tgérc g§1§ rgr%? L%gfs}o@ ?ﬁ@@%ﬁ@%@%@&@%ﬁqﬁgﬁ%ﬁg@ W@#%%boé'ut I C
agents, e. ghatisdemtasedmlitivg tanlével 62dpoBa00 piidytoagadidst agbi\dinifigedtioan. 20 A
primary obj.ect of .the jnvention is to provide a_non-human ani mal nodel that
i s susceptiPBces feic (b@%t%&e%ga%mﬁmc&wa%%o%mﬁa- route of

infection. An adyankegeh Mpebitt th ik HehiSod, Rithe fbérb‘?owﬁﬂé oAby Provi des

the first instance of an"aninmal that Is susCeptibl'e to Infection by HCV
vi a t he noravaluatingtieerddxicify eftan agent, thednethod ¢draprigisgmthe steps bcone

chronical ly,, consi.stent| and ably infected at. viral titers that 25 can
be equat ed 1B UF ngPicfué‘ﬁgat? AEFHER § P&Wﬂ%‘f@meﬁf ﬁf’qsgﬁﬁﬁfrf‘?é’ﬁe Rflant age

of the inveglidréin tlheshdshﬁ%%/ﬂm@imtih ﬁﬂmﬁ&néﬂaﬁ%ﬂbim afPH BmpHdReRs, W had £Ui €
obt ai ni ng or hand| i nrg HCV-infected cells. Thus the invention avoids the
need to obtgsnpmiapyimesraied pphygnelprbide enpedingd urnkinase-tpeariasngnogen cul t ure and

ot SRR AGAR BRAE LAt Lo RE L RS R AL 0 o
mouse host sucli that the palypbptideneBxfressad i hast Movid kver CEIEYhnd *BeRelH the REstan
| munode i CiIS onI:[nbzyggrogsn ?091]‘ %hnei pcolyr;]ou%?e%ﬁggvaing %) ﬁasq'Leurt]r?arlge heggtgg;tiess énigaﬂ%d 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

5b



pol ynucl eoti de encodi ng a uroki nase-type plasm nogen activator pal ypepti de,
wherein the polynucleotide is operatively linked to a fi;"r%%?ré]?er%géﬁ t hat

t he pol ypeptide is expressed in host' nouse liver cells, and wherein the
host is honpbzygous for the polynucleotide; and a chineric |iver conprising
human hepat Boywwslebeigntahousd having a geporse coroptisihg e polynwtiestalereniotingih at i on of

the chinerig use host with hunan HCV, results in HCV jnfection of the
nouse host .UIPEB Seétgg%ﬁfgslgwggqa ]fvaEOHBO]ﬁP@%tBﬁtW FR‘?B‘rfFFBﬂfyP“ poiideds pr ovi ded a
met hod of  gepdbiig liflebdao @promBbiet sichaRa IR PlypEpHas i plesiddflif piRle Whdh human

hepatitis Cvirus (HCV), the method conprising: inplanting human
hepat ocyt escsllaard whereimiha hostanheropayseus for iketsansaine; ansls chivesic livervi ng a

genome conp I I i de codi ng a,uroki,nase:-type,.pl asm nogen
activat o perHEhe Rt RHE A RO BB YRR R kRt S nkea 1o
a pronot er, ciimetic ioase Wil hpahy PEP fodeltd i HEYRRRGEbfithe ROGse Hol ffut tHever
cells and wh§rein t he host is honozygous for the polynucleotide; and

i nocul at i ngfssiedipise i ¢hsrastamaad Pepiodppiaoneetnt deastgbent 1€ vinel eapiegénl of nouse
host conprigihpg @ human-nouse chineric liver and having a human HCV
infection is produced. In a third aspect of the present invention, there is
provi ded a chi melmiadenthraspesgefihe prasersanyension fepslispecvided dseef aehimagicdi scl osed
in the second aspect of the_ inventjon. ]Jn a fourth aspect of the present

i nvention t‘ﬁaéﬁsﬁeﬁﬁ%mﬁPW‘HEﬂlf%?t%‘f’ﬁbhu%ﬁn i‘@l‘ﬂlf‘ﬁ "ﬂ’@‘slﬁﬁ&ﬁ CABIBHENEI s C virus
(HQV), the net hog, apRRiddsfidient, ReHLALS bk avi é‘?ého‘fﬂ@/ hineric
transgeni ¢ nouse host di sél osed%igg the fi rstvnkl(;érJ hird cogg)ﬁfglg agf t he

i nventi on; poiyhuckotide emydingrreurolei@sef typaplasainogéreattivdton pstypémidepwhergin human

HCV repli cat.i Nt host. In.a.fifth aspect of.th resent .invention
there is pftigsgglgau%eoﬁ@[eﬁ%apefrgu}vel}rs pked i ﬁaf‘gﬂ%ﬁ %’ﬁbihai{}%ﬂ"im%?d%’éu vity
agai nst a hapadseidiapbbtanak livgedells! 4ha wikkd the KRMRHof Rl ostheps of

adm ni steri n? a candi date agent to the chineric transgenic nouse host

di scl osed iRplymsiepideanda chisperis livsp eempiting hempmbenstdcyies engrdftechite/zi ng t he

effect of t i . . ' i on; rel dec ein
g e e (R e G T
t ransgeni ¢ mmlsen HES indectipa of theSapisebstr 2004 rel ative to infectious |oad

in the chinmeric transgenjc m)usF host prior to candi date _agent
adni ni stration 18 3givenitiaseechpt hepreserbynyeatipg theye sre Hdedsgpserof a

chimeric transgenic mouse host produced by the method disclosed in the second

aspect of the invention.
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In a sixth aspect of the present invention there is provided a nethod for
screeni ng candi date agents for activity in achieving a de¥aptamheri2ZR04] ood.
li pids, the method conprising the steps of: administering a candidate
agent t owdner/gvBsareri ¢ transgeni ¢ nouse host discl osed i npichrcAo/dise Or

third aspect of the invention; and analyzing the effect of the candidate

agent upon ser 0 4. ] 0. (el tection.of a |level of
2poB 100 ol | ol gt ot eRe R Elgle and AEhTH AR o WishorBime

rel ati ve dppamni te\thdseqiersaposkilléinpké at upon readitg tridetailg oNtheathithal hédeRt | On

i ndi cates the candi date agent has actjvity in decreasing blood lipids, In a
sevent h Z9gdesthegs afpts uss assagre My describgd balover ¢ i s provi ded a method for®
evaluating liver toxicity of an agent, the nethod conprising the steps of:’
adm ni stering, a candi date -agent to a chinmeric inmunodeficient transgenic
nmous e Sho BRIEF RsrarmoN beTHHBRAWENGS) deficient in functional syngeneic B and

T |l ynphocytes,_.b), ha ‘ om_cally inte ed pol ynycl egt.i de encodi ng-a
ur oki nase-t _ypeF 15@%@&%@%@@?@9@?’%#&#@@&?@ UCHRAR EGoPIET Serum a
pol ynucl Qg obér (HRE frPiHittals i Ale bPndt cBPHBYR AlRUFA he pol ypepti de

I s expressed in host nouse liver Cells, erein the hos I s honpzygous
for the pol yndtgseArUearephotogiaphsief Hisinehentiesd atalpsis eShmar cfitnedsth ik mousehe

host 1iver; al yzi ng the.effect of.th di dat t liver,
fonct i on e g 2 I edpB o B Seiomotaobabg e T REn AR | on o
advenge abheirdbiaRfdiHonlozy&us Mﬁnﬁbﬂ@ﬁ&emghﬂifwllﬁfpém&t&&iime. fkajg ve to

an untreated chineric nmouse host or relative to liver function or
hi st-ol ogys dlavopowes R&Edeetiondram 8 transpdanited oz gows mowkecshiosdng & legmgent i s

toxic to liwver_.cells. In an eighth. aspect -of t.:he present ipnventjon here -
o b ovi BREoEfiftns Pobrsdiiy S B deried e dirRRihe S I MdDn
human he gadvr bordE s¥itions of Hoide and PifRiah FivEidresRBVAY UM RihGh&BlindOWRE aVh0S €
genone conprises a pol ynuc| eotide encodi ng a urokinase-type plasm nogen

act i vat oEninypge bepatecytedntibedy, demenstyaing thedmanobistocheminal pitvicgdure olearly t 0 a

pro er : YReRLI [ d. in se.liver.cells and
V\hepggl n - %‘eﬁ%})‘é{m itcgﬁ%j\g}lrglgd);g:us{e gfrfs tlﬁ%‘eip%{s?}}a% %%Y?r&-g‘;gﬁé‘%d"%l SERRIRLY ¢ 1 ver
conpri si ogndplumedd Hoeerygen: liver, Sigvias b @0dil bOheall§ BepdtvBics JMAGTSsihg

i nocul ati on of, the chineric nouse with human HCV results in HCV i nfection
of the fETRRdingisgus,; kg Eis goonsesptiverechnmagupynasipined forhumarhepatocyte

pr v 9l Rt o HEPRRIe m&%gﬁ@&&%ﬁﬁ%@%ﬁa&@ Cvirus

(HCV) conpr ept enber
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.



I mrmunodefi ci ent nouse having a genone conprising a pol ynucl eotide encodi ng
a uroki nase-type plasmi nogen activator pol ypeptide, whier¥sptenahss 2004

pol ynucl eotide is operably linked to a pronoter such that the pol ypeptide
I s express¥oorm7aswuse |liver cells and wherein the host is paqugy@aeits for
the transgene; and a chineric |liver conprising human hepat ocytes engrafted

i nt [ i . ' ' | ' t,he . i i ith h HCV
osul tarin Hov it bEE R BRRY s Hdsfn Blor bitSiing lhogHend AR et 1o
char act-er inashiig recipidite hemivygbusat/-) 6eldmanypss (04 i the 478 0Pl §andFendf

serum 1In_a tenth aspect of the present invention there is provi d%d use of
a chi mer i &A rigmegaihumipsiaadard S - nongrarsplanigdimotse wemimH(@pgative cent®Ii r us®

(HCV) conpri si jg, Q. I.GJ q ni-C S avi a nome
conprising a %‘y’%g&geg? i%gg‘@%lﬁcqo m%?i %Jf[%%?ﬁggﬁﬁi%%ﬁ?%&gﬁm

act i va$ or ipbividpalfitonseysaisgeiosed cirtcles) mmbmp&ecmesg Bt Yeduke | | nked to
a pronoter such that I%\éhaﬁgol gleptide is _expressed in host nouse |iver

cel I's, and®Rimciampkes; Medigtirenddings ags shefwm forfgth gmups. pol ynuel eot i de; and a

chinmeric liver peomRE LSR8 Héb?ﬁ i@rﬁﬂgr@lﬁe i se .host
liver; wherein ig?\ocu'l' tron o ?ﬁg hiﬂnﬁegl ¢ nouse: osotq’e{/m&%%rﬁ&'ﬁgwe?lﬁv
resul ts i postiinoculationtin bomodygbietransgendc frafttrecipionts afied itv@ildtionaGREACVOT t he
present iR jon there iE rovided a use of a_ chingeric transgenic nouse

t
host _pr od e im s, Bat s seRressats seriphfiters Sioghen ndispduat gof regipient.
[ } On. T : - d ot her
i nveni@on. 5c fig. %Rﬁ@ﬂ?ﬁdto@@ﬂﬂo%éﬂﬁ%ﬁéﬁstg%n%%ﬁg%ﬁ@g@%gggar Ce);t e'[o

obj ects, advantages, and features of the I n eco
t hose perBaned oziir)lstranl RN A (ewerpanel oy thesackitabde 1Tik revetsaittassonbtas@ RN mal
nodel an t hods, of, i.ts.use.as more fully described below._. . 5 BRIEF
DESCRI P11 ERREEHER b aREP R PIRES. LoterieSBiions (A sronghriy sresonil (1)
product i Osanipled B ridinfet dSBFdAdns R MRbE, @EprédeBindida) ing or not
carrying _therﬂAi b- uPA '_transgenen%i gs. %]A%Fépgre pﬁg{‘%‘gﬁgﬁﬁ% l%sgt ochemi cal
anal ysi s i§latedfeam dheiliviers ofiien praezygeus thice awhich werg tragshlintedoandakerpover H&E
secti . g ki ken froma,. 10 nontranspl anted honozygous
oSl Qi Tt kS B Rt ot et

Al b-uPA lTver, showng unrto > 2B is alow
pover HiMmoneahsplantéd, adhidfected B HetditbBEoROMREYLALA niRiS focRlBRWWAM BCYAT g€
nodul e of _t.issue conpressi ng surroundi ng host-derived |iver parenchynma.
Figs. 2C Cyhpmzygous transplanted mouse, not inoculated with HCV; D, serum taken from an
infected human; E, standard DNA ladder; F, binding of labeled probe to target DNA
sequences generated from (+) strand (upper panel) or (-) strand (lower panel) viral RNA;

20 G, mouse liver RNA (10 pg) doped with serum RNA from an HCV =positive human; H,

mouse liver RNA (10 pg) doped with 10° copies radioinert antisense (upper) or sense
(lower) riboprobe; 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 protection asséy. Control lanes are as designated above; mouse 10 was analyzed



show control sections of nouse and human |iver respectively, both
i munostained with an anti-human hepatocyte antibody, de¥fpisebeacledy t he,
i mmunohi st ocheni cal procedure clearly 15 stains human cells, but not nurine

cells. F“g)og,ﬁ3545 a high power H&E stained section of tr@mﬁqhggo
honmozygote liver, show ng a nodul e of healthy hepat ocyt es conpressing

surroundi n i Ss s a.con ec ive ,section i mmunQs ned for
. he s by 2 e mdind. 1 ey S RBHOTATE o S 1 b Ped of
human cell's, Wi 1 ACaraUn BOROSH ﬁaﬁmgpiﬁlﬂﬁi obhiGthemital ASalRd & . 20
Fig. 3is a gra1 h |IIustrat| ng pro uction of al bumn f?om hurra%{hepatocyte
grafts (donwoll(ig.dd)sid HEV intacteddFigpil BB) Bveyaeeticns gsinpentaiti-HEX t r ansgene.
Fig. 4is a. stern bl ot .of HA production in an Al b-uPA-positive recipient
post- tr P t show ng sust ai ned-signal intensity. HA - human al bum n

standgrd (50ngg;s. {08 a ph PE%F&Wéf&ﬁﬂloﬂtvéﬁe&@[ BOWhsemem Fig. 5 is a
phot ograph of a V‘estern b showi ng detection of human al bum n (HA)

produced dhmmm&Mum,etmmm;tc@mnl anen?ér Hmmm/sensn (lemerh)-and senpn Bomint

al bur n SR honAahir A ntnt e 3N HOTRL S st S0 BeBRyBeatits o) i o

6 is a ph-%l_{égﬁﬁﬂ)ﬁ of a Sout hern bl ot for determ nati on of Al b-uPA zygosity
30 fromgenomc DNA, a TIE ratio of -2 is characteristic of hem zygous
m ce, while honbzygotes have aratio of -4, 6 17 Septenber 2004 WO

01167%54 PCT/ CACL/ 00330, 5! CZIP‘P% gﬁgﬁ{mﬁ Redéstern blot show ng
| ong- term HA production'in transp ant  reciprents em Zygous (+/-) or

honbzygous - ( +/Beforethe present iivention it davHbR) ¢t is td¥e unddiusmhthat isthvensioandar d;
M5 - nontranspl ant ed nmpuse serum (negative control) Fig.. 8 is a graph

showi ng ds Belrlimited topagioutr memodengrmwlﬁé‘&ﬂﬂw%r%etspws I EY2,
i ndi vi dugl,, hopmz yap. én?éékéfrﬂze& {@ggaﬂm Mo ﬂ% Qagyslt(lggﬁgt&b%d es)

reci pi ent” nouse’ serum sanmples.” Medl an hes are or both
gr oups. unEéxgtooﬂ tha thee teguiaglbgys tewdihagin lssfontjxeqmrpnse blflibs%ng ipagticalapver t he

flrst 4 7 Qcul atiop .in hg ous ‘trans raft recipients
af t erls &%ﬁ{mﬂtﬁpﬁyﬁeﬂo (e 45 b R ST HAeORE $4 18 BFBptesont &

seri aI ti W3 W?g% ded Q&inRi ent. 10 Fig. 10Ais a

phot ogr ap s 0{5 geIél ow ng-d tectﬂfpgirll of (+) strand RNA (upper panel) or

(-) strand RNNVlémwmngeaxﬁehl)lemptdmiadDEuam@mtaﬁdﬁhamhwertvcmngwlnlp,t ase RNA
PCR pr ot g?]ﬁ}e Fn 0 randfﬁ%elg‘lﬂglllc ri essﬁ’ie %terlegfys&lgm%s ans_ | (SA t hr ough

J) are c
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
exeluded'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 .



sanpl es and nunber designations (1 through 10). represent i ndividual RNA
sanples isolated fromthe livers of ten hompbzygous ni cl SimtpbsrePed
transpl anted and then 15 inocul ated with HCV-infected hunman serum A,
W | d-t ypewipsigrgds nouse, nontranspl anted, noni nfected; B, ggiﬁgé%gﬁgs
transpl anted nmouse inoculated with HCV; C, honpzygous trah use,
not inocul ated @ntﬂl HCV; D, serum t aken f,éé)m an infected human; E,

st andard DREPSAO5E ,Odﬁ’ndo‘fl?*ﬁﬂﬁéafﬂ‘“qvé eSLabedy /olb publiratigpsaentipprd hewsuences
gener ated 4k @fFo nel.).yiral
B 20 G oot AR by HTBhc DR clore and flscbt A Sl Fardial
HCV- posi t i meonnastien with whinhutbepiblicatiomNée ¢it€@l pg) doped with 106 copi es

R (10 0) dondbiirie oA H «ls iR en g B'EE hetendeh Hatns she ghguigyoms
anti sersse '@, oMed", HEEA" iidIRIPIRRAE rofdrents hﬁesym@%m@%yléﬂgé@%ws%&eﬁ%ﬁgme

mouse |iver RNA, all subsequent steps identical except rtron o
Fig. 1 OB TBusaforprample, referapae teta liver aeltl| ipelndes arplyralityoef sushdivehedisgiciph of a

gel of a di LR wSeS | es I «of rsel ected animals using.the

t her most ag#g i I%ﬁ %\r/dé’r?@e raar%%%i ﬁl"é@?‘ﬁ%ﬁ s moladoleio )it nﬁ’_’gpl“@?“ and nunber
desi gnat i cminals snd dyeivaRi® tRGed koot to HAe siilled inlfle Gril sndsPfaphoar aph of a
gel showi ng detection of (+) strand HCV 30 RNA(upper panel), (-) strand HCV
RNA (i ddl e par@f pubjicatiensaiscppserilarein @T\ﬁﬂo‘p@ﬂe@)ﬁlﬁﬁ)r&iadbcbsmb@dm on

assay.jgCo : | e. .mouse 10 was analyzed 7 17
Septe%er%%%?%%%%@g%ﬁ E’M@'Sﬁ%@%@&ﬁ@mﬁoﬁﬁgo _etq\ﬁsﬁﬂd. Letter
and nunbemduiésiogtiat thersesantdntémiondsmotantitled i gitedhte@ich pibldition b vard 11B
are phot o?#alghs shaw ng i_mmunpohi st ochem cal anal ysis oF control " (Fig. 11A)
and Hov i RfRReravenEpey Furihsy, the dales efpubligation providedimay e ditfesovt fomtticbody. 5
Fig. 12 i scalpheioabakePihith i % QB 100 in serumof a
chinmeric Al b/ %A, transﬁgnt e nlferrfr:alé ?gﬁé&gggﬁtﬁﬁé%n sg&um (lanel) and
serumfrom -Al b/uPA a non-transpl-anted animal (lane 3) served as positive
and negat LV ontrols, respectively. 10 15 DETAI LED DESCRI PTI-ON OF

PREF ERRED DS EnT s - '

“Chimgric” as-used herein (e.g., “chimeric animal” or “chimeric liver”) is meant to

describe an organ or animal comprisir._lg xenogeneic tissues or cells. Of particular interest
is a chimeric animal, wherein the animal is chimeric due to the presence of human
hepatocytes engrafied in the animal’s liver.

20 - By “immunocompromised” is meant that the animal can not mouﬁt a complete or
significant immune response against the xenogeneic tissue or cells, e.g., any immune |
response of the host animal is such that itis 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



Before the present invention is described, it is to be understood that this
invention is not limted to particular nethodol ogy, prlotPémaber2@p4 |ines,
ani mal species or genera, constructs, and reagents described, as such may,
of cours .1t is also to be wunderstood that the termnol sed
her ei n igw?§@&¥%% pur pose of describing particul ar enbodﬁﬂ%ﬂ?gﬂaﬁﬁé, and
Is not intended to be limting, since the scope of the present invention

Wil be |¢%ample cBRrYOstoy cmbeyanppermesliveithedost ppiaral agcording to wethods Wik | s
i ded, ot ]+ t, 'y ' ' the.tenth of
Pr vt et o O AL s SR R VR Bl shOeb Bl ERL 1 O

bet ween tfigerglopois mutleit a4ie in thefoins oDin éxXpadssidaRgastiet @S Fosheprdducidd ¥ °
di scl osed. Each 20 smal | er range between any stated value or intervening

val ue i n ¥f atkapdkiin rgeseirganimal) opa heterolegaus aueleici agidshatawon épsemione i n t hat

stated r [ Lt | i X | ower
i £ 9 of Miiniof sREHTERARE oY rbhfls b AccREE ) bt ech@BxitBRn 6B %0r Ple
i n the rgngéuctiondf adkiiockengetradvgesic aninixd)., nei ther or both limts are
included in the snaller ranges is also enconpassed wthin the invention,
subj ect to any“s’ﬁ@g’n‘i‘f‘?"éa‘i’ﬁ%@%%E’Hé’éF’FtF%Iquﬁsqu@l%P&#@cﬂeﬁ‘aﬁﬁb. Wher e

t he stat E&ﬁ!’gé FiurfE® > bt excl udi ng

ei t her ‘Ofr@%%lgﬁﬂgfi. t oscegfl ncl ugg)gﬂ??%??t;geg%, grl-eléd(l))lﬁl} %@Pﬁfg?gﬁgﬁ _

i nvent i orexphdsfies is wiekienmbileairtinsignifeant.aTtansganivirmek-oanshimalseah bé i ¢ t er s
used herein have the sa meani ng. as._commonl y under st oqd by one, of

or i 1) y CORIFISE f HCEHREYEPHS e RRPEEY 4 TATEET 5o, 913 BATEPYOWBRE Yt 96 hough any
met hods a.a@tef@éne.wr@iq%mu@r la8 lasd¥ heRliH 148 ithidcl DnlilRAS 1&6@1&5&@%}]&@ rein can
be used inthe practice or testing of the present i-nvention, the 8 17
Sept enberalzGion BOUBITAGESSRE REATHEAD 8HO0 IG=Xpmples exprdurce thxomimaldo aat eri al s -

are now described. Al publicatio ntioned herein are incorporated

ner el n by PERER I SR Ber s Al D RGeS el FEAESEA PERES er | al s
i N connegkédibimition atecirgeh etk g&gt CRI thé Erelok@Ysterh], ofditer REHBAKS t hat
as used herein .and in the appende ¢l aims, the singular forns .5 "a",
"and'lS ardirectingthe target géne pliterpton pasinatadlyt s unl ess the context clearly

di ctates ot herw,se. , .Thus, for exanple, .reference to "a.liver cell"

'nol udos & pi dF aRFeg-By ok Bt eEhe Mt ad i8R E bl ol eboiteBon human
ani mal " iradi degtdraed efrasRnl(e.gQ M rédsed Biciudiap cbtopRNor duttdibddexpidsion)
equi val ents thereof known to those skilled in the art, and so forth. The

publ i cat icfBdargptgenesagl, bicingiogduetian ofiap additianal gppy of the targeteene, @r BY:| osur e
prior to . L I . Lcaton. ' ereinis
to be co r?g?ﬂrodlt}gtgﬁ étgéelét%{éga ggﬁﬁto%f/ sécfﬁgm% tﬁ&%wa&q& &ihah &) exphpeggbﬁ" & eﬂt

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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adm ssion that the present invention is not entitled to antedate such
publ ication by virtue of prior invention. Further, thel% 2004
publication provided may be different fromthe actual publication dates

whi ch may W@ gfledssy be i ndependently confirmed. 15 Definitions "Chineric" as
used herein (e.g., "chineric animal" or "chimeric liver") PST{#4}po36Q

descri be ag organ or . njjjglal caonpri.sin xenoR%;nei c tissues or cells. O

parti cul ar ¥ persesanismited fortptertionshy HEV. Komexanplestherapmitivagertsofthe mer i ¢
due to themnReRaRng ERRIAC rafted in the animal's liver.
20 By "i mhogonpr%}lﬁ‘i;glg(!#m?ssm%eantﬂ't%g@&trﬁg’ AAPTSF SRR 2ssasiated with

conpl et e oYwral dnfgeticn, sudhin partivubae H@&ponse agai nst the xenogeneic tissue or
cells, e.g., a | mmunpe . respopse, of the host animal s such that it is
ineffective in & %P 8Ht Scfsageh Tty Spreirefers iq physivally diseratepmitans gene”
I's used heduiteblead ufiRs§dl B FanBhah en .25.0r is about
to be artificially. i nsg%g%ﬁ?ﬁﬂéﬁﬂr@%enom%ﬁgvr}l@m@ﬁ’ Sﬁ,h"ﬂgrt icularly a
manmal i an ©8IAMBE a pradetermiped guangity ofbBagetit(s) dm sy anbont3oifERint to frodRAMe & NON

h ani gl | : .. havi . non- end i e.,
et er of ogged TR i asSo BY ithuh etaites Al Fo b adiiieat haiepounslical enrent
in a porti Dhe Qfecification thothe howd ali iodaBh ﬁﬂﬁétoglﬁreiﬂg%&?{ ﬁl§elﬂﬁ%F,fS%ik1idg§?.§’oP’g'ngus

(i. e., in the genom c sequence of nost. or S Ccée
nucl ei c adid Varety ofifagtensdeauding, dut hos ngeassarily Himited te e paricaageemtc ani mal s

by gengti. AUl At O for..9 17 t epber 2004 WO 01/ 67854
PCT/ ng 1/ 0 eg)%g%t}ce%h‘egﬁ% rbf/: %ghl%\fe]deﬁ@?ﬂ% 19s @sseeiatedaviibeachani nal

accor di ng compomtdindke hedt! known in the art. A "transgene" is neant to
refer to such t@tﬁer ol q'gous nucleic acid, e g., heterologous nucleic acid
in the form of S5 Bs¥msh " dieating’ @nd the like aré used thhreimpo@tnetalipmeant a
"knock-i ng I: Lk r l,ogous. nug) ei g acid_that upon

i nserti on'og' Wi t ?ﬁégglr&dg'gj ace%ll'?gig a?%/?fgé@sg’é?é" F@%%‘I ?ge i%ecén&g ease in
target genprwpbxiactisi terms &f cgmplefaly or proalyCireRMtal 2 Aiselddr %?IﬁH{o'xln thkRgFIeENi ¢
ani maig . A—ég#rnock a gene nmeans_an alteration in the sequence of

“=out " of
the gene ,mp)éggﬁﬁgappgpcdnmsgggga@@ PrifoEmlesn coE forediseasgand/grene,
pr ef er abl ydverelefebdtribaiB Rt ﬂférlﬁsea&?.( p!ﬁ‘?e%ﬁhﬁﬂsl" é%%}ég g@%;?céo%%%ngrgegmm

insignificant.  Transgenic knock-out anina
het er ozy geiasdirense i omamatal pattioutpely ajenmn, and inchaleRz(4) preveltipake aidbasel a
target gepe. y m%%k-.out sb as u%ed h]garel_iegi al g&) I ncl ude condi ti onal
knock- out s, | QEGHLINE 10 2 subjec which may be predispos to the disease but has not yet been

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

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

.Overview
.. The present invention is based on the development of a murine animal model for
hepatitis C virus (HCV). The murine animal model generally involves transplantation of
25 human hepatocytes into the liver of a iransgenic mouse at an appropriate stage of the
llxost’srdevelopment, preferably shortly after birth of the host. -Without being held to
.:::Fheory,- 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 introdpced.xenogénic (human) célls; 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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alteration of the target gene can occur upon, for exanple, exposure of the
animal to a substance that pronptes target gene alter ak’i Ssptember 289t i on
of an enzyne that pronotes reconbination at the target gene site (e.g.,

Cre in tQRRysiEsds0x system), or other method for 15 direct ipggddrobzooet
gene alteration postnatally A "knock-in" of a target gene neans an

| terati i hgst. cel | hat . lts i | t d i . g.,
nor e ase B AR R oBo T SR raetig pLYeRR RerrdeoRoRfe B TR gener
€. 9., by infhSGHMEipHROpriite @fe 20ME hiMcytCRBRYy6le dnBQt AREAB] St thdhosPy

operatively inserting a regulatory sequence that _Elr ovi des for enhanced:
expr essi cnimdl’saieveippmentdo prviseforiopg-tam sundvalpfpitheyjarge numbestand/ora .

t rausgeni,cs can conprise a hetero ous knock-in of the target gene or a
horm_zygo@ék?ﬁfﬁ%%’r_ 05:"“%3?57&6&&5@&%". "Knock-ins" also enconpass |
condi i onal  kmeak eb&‘iofﬁ%iﬁ&ﬁ@iﬁkhb‘wleﬂ@dﬁ&ﬁ%pﬂe&ﬂm@f&nibﬂﬁrtﬂe%ﬁﬁﬂquence
and a regul atory sequence(s) are connected in such a way as to permt gene

expr essi @uOvifiesra nameprapale best fonuse Ant medeleaf HOY ipfection that eapdainfrciednal

activator, prot ei ns r. . . .
"operati Vgl? ﬁ‘é’éﬂ"%‘ﬁ%‘ ?tggfr;g:ger#%&%,%}?%ﬁ%@{#@%?@%@gﬁ@éﬁgm%aép 88t is
posi't i onethigdiReestith@invetionds patodatyionuetantifir ude irehe Sevelopmenitiofantn and
transl ation of the introduced, nucleotide sequence of interest. The term

"t her apewirabagegisn Furthermore; die anipdlimoded phihs myenliny dagy nat gequiregbguse of; ot e n
'l | | ; _ i d _ -
ﬁtr)l eigl Z,pg?-l.[gl gcggy_me, %nl%fgg'?he i’ ?jglg,agﬁse@J In_t ﬁg%?r eat %H?&g éogﬁgl gease or

condi t i Offronhgman dorors/@rinfeoting the hman hegatubiytes in Lirdridap imphatatisf04 WO
01/ 67854 PCT/ CAOL/ 00350  but .not neces%%‘i Ly l.imted tq ipfection HCV. .
For exanple, tAfepriinaly the mysafienfegfurssieelumencipt af AesPubed FRVEH R t hat

i nhi bit, I , - rel ISR GliAd R il cti on,:'
and in pg??%éﬁstP gacthgir{%} "unllt‘.11 osa eﬂ?%ﬁ as Il}éébeaé(y%%el?thqﬁﬁfers to
physi cal llivetipfamrishaumonshsromfised ithwubindinksd urikinasy trivsgeygebedning sutpledns
e.g.. ani.nmls,. usually hunmans ac, ni contai ning a predet.erm ned
((quagtISt y agﬂ_‘“ﬁﬂ@?‘i‘tu‘{‘gﬁmf’u ﬁf%ﬁﬂu %ﬁ?&@"ﬁ%@:%ﬁfwlﬁ:aﬂﬁgén?%éﬁeiﬁ‘s{*‘iﬂed ef f ect
in aSSOCih@I#M\ﬁ' AeBas IEAGHH A2 hbohtRior BRAMR ofinfateidhs bgar ri er or

vehi cl e. € specitications for the novel unit dosage forns of the present
i nvent i orhepatbtrophéqeainobiaipathogen.i ety of factors including, but not

necessarily limted Lo, the rticul ar. agent enpl oyed and the effect to
be achi eved, éﬂlﬂq‘f‘?@&%ﬁ’]ﬂ%@%ﬁﬁﬁﬁ% ngxgod-&dg c)ld with each conpound in the

host .

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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The terns "treatnent", "treating” and the like are used herein to 8eneral|y
mean- obtaining a deS| red pharmacol ogi ¢ and/or physi ol o Septenthes £004rhe
effect may be prophylactic in terns of conpletely or partially preventing
a di seaseww ongrept om t hereof 15 and/or may be therapeutic p@riRbifos a
partial or conplete cure for a disease and/or adverse effect attributable

to the di i .cove treatnent,. of a
di sease i ﬁ joed o fr_g ﬂ%‘?@ﬁ’éﬂ?@r ?ﬁg&g%ﬁ]‘r’?gn { %‘g§1°tf‘%esiﬁpg(/ent ing the
di sease fhmunedaopuhesﬂmgs CiB- wmmm; cmmwomgh,m@ﬁg Ui di sease

but has n et -been di.agnosed as haV|ng it; (b) i nhi’biting the di sease,
i.e., arr angmakraayys sithermalsior fempalec) 20 rel i evi ng the disease, i.e.,®
causi ng regresm}mg;g é]_.ﬁ ' 2% Hgﬂerw ew The present invention is based
on the devel oprreTit sl B nodel for hepatitis C virus (HCV).

The nubine ani e notaikbbve einchast iyimiahis@referablyrimaambesthpbiniiedof 25 human
hepatocytes into the lLiver of a transgenic npuse at an appropriate stage of
the  host EMRI0GmRREHed manEnalfaaosts SHAblq pr Hmplantation and hvingithe fesired

W t hout b%ﬂﬁngﬁ{ g{ay@gﬂ%lesgﬁ%gﬁvél%1 ghg%ygkgg%t of the nodel is

due at least in part to the tollow ng ost’ havi ng an

i munodef mmnocmmo@nﬁmaisrm bagmmmgﬁnmmnﬂeahpmaﬁlaﬁﬁnal@ﬁy ifgt r oduced

xenogeni ¢ ur ‘o%d”ﬁ’ﬁi %r?g t he use of a t@%gsgem c anipal that contains a

30. transgene’ SEFtienof ope ArEgre @upeuatds (a4, Syglemepnkand gtherapethedsor esent

in the) hQROZNERH S fedhe In ERREAD%e RHAY timilus to

hepat ocyte growth 11 17 Se%tenber62004 moﬁ%l%ggg&%%@ﬁ%gw and

cel l ul ar e@mplgteonﬂnmdesmr)semamnsldhcmmmﬁc trssa@bleceﬂistn@ﬁpmpalaﬁmyérﬁ into

t he host L f n.appropriate.ti n the te ]ife cycle and at

an early § %&Ed?&%ah% @5““2%%&“‘ @ge%@l%ﬁﬁ?ﬁ?ﬁ M?ﬁs HES AN | ong-term

sur vi val mmmdb@%ma&ﬂ%@emmahuﬁhoa%&ﬁmﬁﬁn gmmas cells
e presen

in the host, 5 To the best of the inventors’ w edge,
i nvent i on@BF-celhantigep secepionse Alse afingrsest arenmmppcmremmétanﬁnm thethave a -

nodel § s0f , t hr ough, t he .nor.mal route of
i nf ecltsloon § ﬂﬂ&rggyﬁéﬁgtd%%g{esr%ﬁg&gg to é‘@é@% sfrEse: PFIBB?ﬂSé’lf bR . This:
aspect of deténtabilefomotiorahTicslly) B deills Ldndrdammlllﬁllbi'mﬂj cdlRreldffe fohdrgl.

devel opnment of _anti.- viral agents. Furthernore, the anjnmal nodel of the

i nventi on doesChRAMSWintersst ‘HE nyjegthat haye aé‘P@OZYEOEé matation b therseiddootsyt es,
thus avoidiiagcidheThansy fﬁﬂﬁugﬁ id JiE &% attﬁdj\\v/vf'dtx ﬁﬁgﬁcléécg "?b%ﬂ“ﬁr*%ﬂ}%? 4 matn donor s

or infecting the human hepatocytes | ro prio
Accor di ndtipaselcataiytic subunitranfl @edvents S T20 mbmmmnatmnaﬁnﬁﬁiunegoﬂuﬂﬁﬂiddbﬂdelﬁbove as

wel |
20 receptor genes. Animals homozygous for the scid mutation lack funct:onally recombined

(

J

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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as a nmethod of producing a chinmeric animal by transplanti ng human
hepatocytes into the |iver of an immnocorrprom sed, al buvaptenben RBeKH

ur oki nase transgene-bearing aninal.-In 15 addition the invention features
et hods Qg the chineric animal nodel described herei ng

met hods of |dgeg%| fying agents for treatnent of infections ﬂl%/r’é&q}Oth

hepat. Otl’O&hl c_ m crobi al fﬁit ogen. The invention will _now be described. in
nmor e det a laSSIZ@d-F‘RS lasg d] a‘%’rﬁ’éﬂﬁ@sﬁ %ﬁpwamerealbé%ﬂawﬁ 1D and CHAnan,

I mmunocongy O e [, ver of

ur oki nase- ty noéceir%%gct Saﬁré%%’gepfg 036%% Eruma epat ocyt es
can be emgpapbe astﬁﬂrad rmwdtaaméﬂ)DExﬂmpidaS(ﬁB‘ankmmmmmBm? scidfagn whi ch

t he ani ma| m)del f, th& |nvenu} on can be based inc]ude, but_are._ not 25

necessari nwny, dranggeniemics; pts a"rﬁ‘aﬂ%ﬁ%%@’%ﬁ ichj gs,
pri ”atﬁs’la@ﬁ‘g.?ﬁ:ﬂﬁba}h'ééﬁsarld“l‘QélEcﬁx@"?@thﬁBEy ggpaég%yo#e%gmeéﬁsﬁﬁg e.the genus

Rodenti a, pr y a nouse In a prefer? st ani mal
i s an i mimosorpmpronsies misusdudesitamaRNG-an; HsdiamRNipmwi;sed nouse

t ransgeni a tivator e, preferably
an immnoﬁ?fi’fgﬂ”#@ﬁ Héﬁi‘%ya@ml’& iﬁ%@ﬁeﬁéﬁéﬂ%ﬁ%ﬁ? Wes for

| i ver - spegidd/Saiduft @' WAG/MBRAEmE~. an Al b-uPA transgene, see, e.g.,
Heckel et al Cell 62:447 (1990%). M ce suitable for use in the present

i nvention can w WO 01/ 67854 PCT/ CA01/ 00350 produced
fromgagny of a ya round st.ra | ncl udi n but,.,not. necessarily
oY of 2 ARGk died bt %1‘% a"éﬂﬁ%‘? © RvRiqn ¥ als as Kngek- 1 129,

etc. The trdiﬁ@ém@ﬂi- Bsaireﬁﬁm oTrdkihdIeiypges) iﬁnﬂﬁo{eer&heato& @PA)0TRBRs oM sed
background 5 As noted. above, the host aninmal is preferably

i nn}JnocorqsnhnﬁIsm the framagenscs tsy HibrulbA) traessens. i Wmmwsgaamdmﬁm
A ernat |98 f?”?fﬁ@%ééﬁ”@eéﬁ% G il SR GL SARRE T Bl 0 0

gener at ecﬂatnkﬁiglseqmmﬁambwﬂthc&moﬁageﬂdmecmret aPCRINE2E44 725611990 r at i on of
one or. nore conpounds g gﬁ; ﬁ{ﬂ? osporl n) and ot her nethods 10 wel] known
in tHE arlandgEn geHcal 66:24%56 M9 De Sl Y&ﬂ%l%ﬁnwon%meréhan

conpl ete e 0
par 11 oul AR Bl R S o B be bﬁﬁpﬁ%ﬁe o G T T T
geneti c deinsgene kdaalts ineslothhisiniult @rhepatoeyted thhtycainy itadd also regiltiin o highNA

rearrangenent. at the_ |l oci encodi i.mmunogl obul i ns
gei mu'ahepat?c) concentrat?on o u%okmase wl%ch ?n turn processes hepatocyte growth

factor to its active form within the liver. Without being held to theory, viable allogeneic

20 or xenogeneic cells introduced at an appropriate time in the development of an Alb-uPA
transgenic animal are stimulated to replicate in this environment. The donor cells thus
grow to “replace” the endogenous hepatocytes that die as a result of the lethal insult of the
transgene. '

25 _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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and T-cell antigen receptors. Also of interest are .immunoconprom sed
animal s that have 15 one or nore genetic defects that |EaSkptanber 2004
significantly decreased nunbers of or no . detectable functional T cells,
B cells, gnsloiadkasral killer (NK) cells relative to nornal. {_JHC%{{ iLcul ar

I nterest are mce that have a honobzygous nutation at the sB 50
(scid/scid). E e scid putati.on is associated with a deficiency in

DNA- dependffe gw&t)fég Periqgds REERE (g ainHquad Bitingam) and fhavsdes epquireinius

r econbi nat jonh 0 SR WARY-1 B C or_genes. Aninmals
honpzygou sﬂ)‘?@?m?% teH sci %9%}%?? ?g%h@gg ﬁt-g*'%ﬁ%:eltpfl%%%{egyﬁfé%ﬁg iR H"'“Aﬁy

i munog| obimportastrthiat The isblaticrepreptdure getemdinglatdistorage Frdﬁﬁ:i)iﬁ'rﬁ“tb in both T
and B cell__.l.inea es..éq'LEe.stc d/scid nmytation i s available or may be bred
‘nto a nurBEFTHE VR isEmia OlewE cesslek gt landdowo ghe Ik (g, serlly

(out br &) , jedathihn BOUBAE mid > Bomih, mfé%ﬁlﬁ@kstﬁg%%%ou%%@m#ﬁ{o%o&%r%@yﬁ jpon can

al so take advantage of animals havingthe atron ( ichis
associ at eduigimize golddsaemia that thay resylNEYmeedragaleld. cgenemily- ldspthan aban @ @i ment |

Tesul 11 o HeRAIIFES A s DB 4 215, 36 o FiRbO PR BE D G EIRETp onse t o
al | ogenei G @ having&dfteReibfe faflogenOhoriat %ﬂﬁﬁrﬁmé%ﬂrjéeﬁggﬁﬁlgg%%a p{gg.lﬁieaugm

Gt her exenp ’ary I mmunoconprom Sed host that "are val ncl ude
30 t r ansgdiseasenfres). M@@@d@f@méswdmﬁmex;mswcﬁhmtmatﬁmmﬁ&ﬁzbunct i-on
assocCiygt ego% o5 RAG - and/or RAG 2 (e.g., comercially available TIMm

RAG 2 "t ransgeni c?‘, to lack 13 17 Septenber 2004 WO 01/ 67854 PCT/ CAO / 00350

G ass | and/ or TGk &ver tissud\de baiss@@ed hRcBanicAorCANMRIchY lopra¥at habl e C1D
and C2D  Tansgeni ¢ strains); or to |ack exprig?si on: of the B;::r?%gék

pr ot 0- onc SEPsEslonpfunglatells, enfismentsyofietactdwingn hepatietisps may be ased. EOD

sci d/ sci d; Lhdlscid, , . I, hr: Nl H 3 bg/nu/xid and META
nu/ nu. Tr 3@%%@%&%?@%%@%‘? ]laglorlgt%gg%éjln? depar t\ﬁﬂ’legwfguqnfck functi onal
B cel | s anollabenmk parfikion (Ryaf ehelnbizyig Oel Bibs13:00 i(md))ﬂfoub@eﬁfﬁug@wd

+;

| mmunggconpronised rats include HsdHan: RNU- nu; HsdHan: RNU-r nu
HodHans NZRERTHAE i85 Hiepaleeies FAYy then benyrifiad bufiltering thronghia staindesswicel

Saligey
WAG HanHsg;, dda B dtnsidlt |.c [essi of. ur okj nase 10 As
di scussed a lee%?’dltq\@@ﬁéﬁ?ﬁrreri C 3 r‘nif?rsé% %?‘ﬁ ?ﬁtgcmﬁj\%gﬂo& ﬁq@“?%%yaéﬂ‘?{noc k-in"
t ansgeni cmiethiodefipieasching fop hepiatayicd 2aebé Used, Bbd FHoRRABRRe acivaalcet (UPA). In
one enbodi nent, the trans gene is the Al b-uPA transgene, which conprises a

nuri ne al STHRS: PARHRS,BAENEY Brd separationeelptriation within g spwrifugal figjdresgi Bre,  and
the 3' u nﬁﬁﬁ R§dRh§6h AR for implantation generally comprises at least about 50-75%
20 hcpaxbbytes, usually at least about 80-99% hepatocytes, generally with vi'ability 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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fl anki ng sequences of the grow h hornone gene (Heckel et al. Cell 62:447-56
(1990); 15 Sandgren et al. Cell 66:245-56 (1991)). Pr eflérSfmeyihehaO%| mal. is
honobzygous, rather than heterozygous; for the urokinase-type pl asm nogen
activat thansgene. The Alb-uPA transgene results in a ll.@f %j) sult to
hepat ocytes that carry it, and also results in a high |oca |ntrahepat|c)

concentration_ of urokinase, which in rn_praocesses. hepatocyte grow h

fact or tmwwm&_bﬂlﬁé R‘tﬁﬁq’&ﬂﬁsm"gﬁ @S held to theory,

vi abl e al | oge I Lopriate tinme
e g e/ﬁea&%h 6f R !dofior H&Eﬁ%ﬁ@ﬂt@ﬁew

in the devel oprrent 0 transgeni c animal are ated to
replicat ammumbmmpmm&sedﬁusmay bd epaitnbio the ploguctinnsof agnhuncnaiixferepl ace" ‘t he
endogenous he tqgilt es that..die as a result.of the Ieéﬁ |nsu .t of the

tr ansgené"’P er i DTAR HepRiocyfs Sytisien fyrepggr dhe CO¥Tt abl e for
Trans S aB?écPEﬂe t&ﬂmohmtueﬁx&&épm@baﬂmgémha@s@poﬁ& \IRaRor HEthBoSt

ani ma sol ated from hunman liver tisSue by any conveni ent nethod-known

in the ampathogen. nTlgemyd:le pattivaidnintae wm«pﬂme@cyate@om/pasbogen@mmm byue (e.g.,
obt ai ned ,wi t hi.n h of deat or, fr ue fresh

U souo. 1 ety adiir ﬁﬂ%ﬁ“‘ﬁ%%ér%o & ”“F R}hﬁﬁeegc%ui 30
used are nicﬁﬁ@j‘iﬂemds{b‘ﬁ'l&éaﬂ? 1dsk tifhn, ] Val D02 Wedl@ ift aE@ Whé bpﬁmam doRshky/

obt ai ned humen |iver tissue. Human hepatocytes that are placed in a defined

cryopr esé0ays old, msléssa:hwayr ai!@unmelwe@p@’ elepethapopaboprs ¢/ dagsidor

. Shanetoaget. 5 ine SrmpPaBitn o Brrgror b Fabidimiohs wrilie of “Sror ec

hepat ocycagiedloit BstveEhbout 8-1051ays sad 15ydayt; BPajd. aﬂie»hhdéwffdﬁ&rdnﬁﬂhﬁttdaﬁn
procedure and handling and storage protocol serve to mnimze warm

i scheni a bearifens toyabait Ja18 days of agsl to gainf flexibility while mpiptaining.gepd regiliser al |y 5,

| ess tha DI e t. 20m n to about
40 mn) ?ﬁﬁ?ugbmﬁgrl%@%}ggﬁcg?gﬁ@umq Jfgl[agﬁie{%lﬁt?&smm%??ﬂgg#{fﬁ%storage (e.qg.,
gener al | yompfsisisé beérdreaid oxtesslidchitical miostalityl agsdchasd Mmﬂe@bﬂtly trahspidntdtion2 hrs) .

I n one enbodi nent, the human tissue |s nor mal e.g., having no detectable

pat hdYenéie.rdieda e smalbsiza ofi the goimals) AR %ﬂ&m»forawam@}gwmwlﬂ

di sease Hsrd lhtaﬁijj nor e

t han aboE%E EF 11ﬁﬁﬂ’%l)fr,r‘férlllu \ggﬁhﬁ_ﬁﬂhﬁ rééplﬂgéﬁe ca(% Ee g. ssocCl at e

mechani cidfluened the saguess ardaixtent bbemprafithehe ofithesloppeinmiacellf). Funhemnarel | s, or
fragnments, of intact_ human hepatlc ti ssue y be u?ﬂr%’ In.a  pr ferred
enbodi meHming pEtransplantation isalsy @H%@P%ﬁ“é"& QR ne

col | a0engss Rl W@&ﬁhﬁ&maﬂe,%wm gemy@pg&d%%m fol I oved

by .| ow spee ‘
20  recipient is more than about 6 weeks old (Rhim ez al. (1994) Science 263:1149-52; about

10-12 weeks for homozygotes).

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

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

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

30 ofrelative low infectivitjr and/or low replicative capacity, the chimeric animal can be
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15 centrifugation. Hepatocytes can then be purified by filtering through a
stainl ess steel mesh (e.g., 100 pm), followed by densikhSegteatheeAp04
centrifugation. Alternati vel y, other methods for enriching for hepatocytes
can be usevbopsms4 fluorescence activated cell sorting, paapidAgedsBgnetic
bead separation, elutriation within a centrifugal field etc The " T1 nal

suspensi on; f n.ge raI | ses ast about 50 75%
20 hepat ocy Eﬂe&%%ﬂ&?hﬁégsfmg‘b E)M'W/gﬁéﬁﬁ?% 0%%\"5? y with
viability pystitraugdant, andbha}eb@stbhﬂﬁbs)ﬂm&fw&@ls os@-%%nsﬂl&tano'[ her embodi nent,

the cells to be_transpl anted are human stem ceI I's or hepatocyte precursor
cel I's which, folt ng ﬂi‘%!ﬁ%’ﬂl hast davelops hwmen eimerign within telive shchthat

devel op or HLenaro u tible t o
i nfecti on. ﬂl@r?fef)c%fé %61?%‘2&5% iC e%? | e 'verg?ﬁe %3 gﬁﬁabggﬁﬁg)_{g’r%oﬁ”
obt ai ned fgcnerdillymhuutbm%tbmdrmefd and mby Bebpivhioaditodn%l of glotess Biee NOt only

a source f st.em.ce recons Ltytigon of, h atocytes but also for
reconstltu‘f 116 pri ?WH %(  tpnsplgated henpigryeas forat Blasbd.

91(6): 196 5364 g\ngg&( 01/ 00350
Trgn)spl an?saetzléfgg\gig?é%-%rmn ]ag{ae?g(%%t es or&%qﬁ ul %gﬁgﬁ@gg{@‘ﬁ?%( sts The
timng of 24‘]E'G¢]ﬂﬂlllmlﬂclm)mﬂls of mptepamtionay bém;pmﬁlthehfaegan oftthe hd?dft Chﬁjri]lﬁﬁenl c,

t t t .
ver . S B TR v b aﬁm&qgﬁﬁe%ﬁ@émﬁ?qq%w@; to render
t he cmmerhe@adotruﬂﬁc PathyS&ARlvin| ahdsCrah gt BAHEPR Pgaﬁxﬁe gﬂg&&i&f at hogen

S

and to support replication of the pathogen. e particularly true
wher e t he Pensadios uppmthe nptrtoftbepethogen; chwoically infebtedichindric tstd/caii bk ow

replicati L ale H V\hereth ani nal rine (e.g., a nouse),
the host (g ﬁlf‘grﬁlg"&’d "P%Qr?elisomé‘é%hst ob CxamAle, Where e BeBiORG ral | y
about 7 tq:athb@eldﬁ)HCUJ mecnﬁndrﬂmmaﬂlmom@%fon%ﬁ Witedted bri HCW@% than or
about 5 to s.old or 10 younger), the tine of transplantati®h. In

general , t‘*}E’DE ¥ P‘&Fﬁ)@ﬂﬂm@ﬂﬁﬂéﬁ%‘fﬁéﬁcy infegtior fod a@anocbef weleast gontis 8- 10

g?ﬁ gss%%‘e@éénto gain ?P%xm&]%ft%%apm%ﬁ%érﬁﬁg ‘gb‘&,ﬂ ,Og ?Jgtkcs) about

Wt hout ber npré)@hdiniag belfexthy lifdspan dfithe lrgt.of transpl antation indicated
herein is a coE@ﬁom se‘f vveen excess technical nortality associated with

very early tra P’Hﬁltlai‘ e yifeqted host cag he csigblished sheh thatg} issimiflantthheani nal s)

and the t iRl b of BrihiR C éfésm% r,of cell
divisions in theoreC| pI eefllthiﬁila%}e?&; at ?)é(:%rhl%%? ?é%gg%‘gm

i nf | uence animal saycappert infectizmtaé a level ofdiogm alidmmﬂ’tor%oﬁhm“d@ﬂwut hohgmicel | s).
Furt h%rmr

articles/ml serum, generally from about 10° to about 10’ viral particles/ml serum.
The viral load of the infected host over time is substantially consistent, chronic,
_ and stable, e.g., the number of viral particles that can be isolated from the infected.
untreated host’s serum does not radically fluctuate between weekly sampling periods, .
e.g., an HCV-infected host of the invention that contains a high 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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timng of transplantation is also inportant since the stinmulus for |iver
cell repopul ation provided by the transgene dim ni shes wepmberg0bnd i s
generally depleted after the 20 recipient is nore than about 6 weeks ol d
(Rhim et \9601/&7]3%94) Sci ence 263:1149-52; about 10-12 wee /Eh01/00350
honobzygotes). The human hepatocytes (or other suitable cell, e.qg.,

hepat ocyts Erecursor or stem cell) can be transplanteéd using any suitable
met hod kn - rt. Preferably, the human hepatocytes are injected

i ntraspl eni cal {ie ciim@ri¢ atiflaPof the inveh@éd Qi bRIs6d irfa PRy oﬁémé%%ﬁ:%u' _
engraftment can be nonitored by conventional nethods, e.g., by exam ning

t he | evel sssays. Fornexanple,@ny opea viriaty opcandulatesagientstshepentsdtof causimg ore. 9., huhan

| bumi.n..( HA h | pha; | antit in. The chiperig. host b
Coed T oy SO aters fEpRs: St o5 B stk Avpectins S Blorbiph e ©°" 0
pat hogen, theRip&fticPBnts 3af bél 8érBened B HdtiniSkAioh RS cISMELie Bhitnal XRer € the

animal is to be infected with a hepatotrophic agent 30 of relative | ow

i nf ect i vi aspessing Al effastiof theseiagents yporcAigation of the pegrefiedaman eglisrdlhecan be 16
17 Septenfer. 2004 W\ o) . -i | 1 wit hi f our
o oix woditefigampiaddiof i narholrip 80 peloc 1B Sl Eiralidads ToBeicy

post - t r angyihvapéells Anciudiay sinall asolestd therpies fsrahe weskenPoLliver Gadsddrasifor | N
general, the animal _ host devel ops human chinerismwithin its |iver such

that t hethgsreamgntefanymon liyerspeeific uman disgases.nmgemeral. asy cospoundean ey om at

| eastyaboyt..-20% | Uorat ﬁ[%-[g I t 9 A RbEIP] and. may be
opt i n%oiledéh %'@%@Pégoregﬁﬁ e cHi he@éfggggl ﬁé{%‘%’%lgg mal n‘EEngsﬁa(and W th

f unct i onaimgotamsmtAive drdpgfat camyérasn be fird scileemeat for Hesrabricitphete.anfener al | y
at | east about 5 weeks, npre usually at L‘f st about. 12 weeks to 24 weeks,.

up to 8 rBAEef e mysnion. JKunchigy obthe spemBed hwmpan fiyerseHs san beassessed as Chi neriic

animal s ¢ [ | &ﬁﬁn . 'QerHﬂ:t ( _ :

parti cul ar ‘f/ a fgg)‘ﬁéé%%?’gyra%p | Cé]%gt %ggn avl ng %&%ﬁ% (ﬂre%l 1éaell i'mied to

pri mat es, inphe hdstsdram). yinfunyrtnver cElbpmndie ngsessedrbyt dseaynaftlivee spegifid dénzymed hogen,
chronjically infec chi neric.hosts,.can be pumintaineq.for a period of
weeka5t o Hgi 78 HAET S3UEP AmiTRaREeRRE: REFIGEROpMIG b en i's HCV,
the chi MejshéssRlls T8 evidBcdGGRIMRY fo Hudiln RIS i the TiRer. Sl sHbkt!askhyd tb Gsdds -

chronically infected) and nmdintain an active HCV infection for a period of
at | east lispotoxicity t8n heeiker fupstienal] histologidabasbothbout 14 weeks to about 20

k , t t . ..and f, he i
of t he host.  TABe PREFERE oTap R inifee B ohisan ol pEe RlmPE cabbSyon
that it iysedidiibmdify bahdidi® agéhisdhat] RdxBhplainhibitas peslchtimBttion ®%, exanpl e,

where the pathogen is HCV, the host ) .
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  hepatotrophic'agents. '

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

other immunotherapeutic agents; endogenous factors present in eukaryotic or prokaryotic

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

screening assays for agents that have a low toxicity for human cells.
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ani mal can support infection at a | evel of from about 103 or about 104 to
about 106 viral 20 particles/m serum generally from abovaptera®r2804bout
107 viral particles/m serum The viral |oad of the infected host over tine
i s subst amtg @ld7gsaconsi stent, chronic, and stable, e.g., th f

viral particles that can be isolated fromthe infected. unﬁ@éﬁg@?ﬁgst' S

ca an hove i nF AR phele SPMHRLS GRS SheT AL a5t SR el e of
MOV viral aigapieiidlehaes, prRferdbly Shalb Sigd SombohidsHav A TPbRGub HEehbePOS! L Ve
n y |

for HCV, infection at ~subsequent sanpling tines and genera as the sane
or si ni| ar MeFgthan 4G and less taayabays 24500 Haltonse Candidofe agents opmprisefusttivinbe

post 1 nf oo PRaf bR EP aiboklinliBlion RG-St piicinahy Bfowrabondiog. not
f 1 uct uat e. andagipically inchude asieast bh emneAEEBEHIERdréyT bhearsé:gé Stoupf préfefa;dﬂ;di date

reasonab

antiviral agent, 30 .g#,ﬁ_the viral titer is chronic an
consi st ent® ia?t&'ﬁc’@-e‘g? nab efsanicyberonps7 Fhe cadidataagontost; Gmpesai ng

Assays TheoehdlRedn 3 héBlochic o ﬁslg&r{lyypgp&aﬁc %P@?@f%ﬁrﬁsgﬁﬁ?@ ety of

ot her screéning assays; For exanp a va e agents
suspect ed substitatediwith are or ane of thebbovg functivhpbgrotpsli CRMsERite AfeniiRid algs t he

appropri atg aptagonjsts._a bl ocking 5 therapeutic agents, can be screened
by adni ni Jppad ?‘8&‘_‘& C.'Pﬁé“_lr&]ﬁ? e Bt agt l%tfdt@ssn@@gﬁgmh@@e_rsf@w of these
agent SLup aidst ol p@inct Mrith Rl BERBVISAetihlz? anal 4% SRLHRIGORD! ™

model of the 1nvention can“also be used to screen confpounds P8 ¥oxi ci ty
to liver db¢reef including small nolecule therapies for the treatnent of

|'i ver disorder org{agr the treat t of .an ~non |iver.specific human
di seases. In ge%%f’élfl Jate agents A b 238 e%@%ﬁﬁ@?@r@“%gébMQ% its
toxicity tsgnthetiesr mirhBoontpdinddX FEP kampV, Alunddrb @ nedns ak Mlﬂ%l&%}%ﬁ&d&?? lve

t herapy for cancer can be first screened for [iver toxicity In the ani mal

nodel of A& dirpetechsynshesispfasvidovaristy ofeganigrampeunds and hidmalemlese! | s can be

d b 9. .. b £SS| l evel s, of _human
o bumin. kludlEe LB i Rotulscl ofi BcRRR R, o gnpenties, Alemgivale: cel | s
can be asdibasied obyatambeymsiuntd Mahe fPRGbasteARE RIS, SELMAREALT

ﬁdni.a;&&ﬁm‘
-al ani ne am notarﬁhsf erase), .in cor&| unction with hi st}’o[ ogi cal assessnent for
evi dence 8F¢ 3Vajlahls of padilinpraduced Aditionslly, matusal or syntbetinally pasiuesdslitrariess ses

liver toXigdtdm: gr%gﬂ?- o Jd; d"gmgj | St ycal . or hoth.,lIn one

- embodi ment  of %ar tdlpcgl ar | rlll%Jeres{ ot e“gﬁ%‘?%@g@dg}, Pﬁ‘ﬁ%“%‘ﬁ%nt i on can

be used bwcheieiksl hyanssandimigtte 1Bed r rodiatconfbitiatenambkRiesi RoWht Or prevent

i nf ecp} on EXE . : L S :
pharimacological 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 replication of, or disease synptons caused by a hepat ot rophi c pat hogen
(e.g., bacteria, virus, parasite, especially a hepat ot ¥opiptankar 2084 such as
HCV). Al though the exanples provided herein generally involve the use of
chimeric. murine hosts with a single hepatotrophic pathogen, the invention

can al soWROEEH to identify a single candidate agent or FETEAROHN of
candi dat e agents having activity against infection by two or nore 25

hepat ot r oqgentcanderadminisEraddo dattCYgafecied animajrofithe inventior land thesymat titet i c,

naturally curring,. o reconbi nant| uced nol ecul es (e. mal | -
ol ecul e offfc ] dimled- S prsBeney RTPRN GHPRG stnled rompith MyBeint | body
fragment Syirff tébr of tHe MMM R i@ freRBRAL HRY/drTOHBbAYO], Bftrea@l B Voinfected =

| mrunot her apeuti c agents; endogenous factors present in eukaryotic or

pr okar yotdrgmsi) Ingeneral, @ dgtectabls|apd sienifihagt dagreass inasinal titer of andingectede | i ke) ) ;

oL ) 5 Carbohd i e bR otk SRS RN ISR oMl B e
PCT/ CAQ / 50 Candi date agents enconpass nunerous chem.cal cl asses,

t hough typically they are organic nolecul es, preferably small organic
conpounds havi g candidiaiengeaicande glmingstereddi any mannes desiied apd/osapprepTiaithout

2,500 daltons. .Cangdj CORRI | S&; H%“O old 1 ary for
structuratfora%{v __ a%g%é%tﬁgg%%% °e| ns&%%?’%‘?cu é‘r P@%‘y:_rgéjggﬁe‘%gﬁgiﬁﬁg, 5 and
t ypi cal | Yagesicdati @ adininistasd byrinjesiiore(e.« Ahiajeytion ydvaously Gntraaudealayly, gr oup,
preferably at least two of .the funct]onal chem cal groups. The candi date

agentl® ofsubeptensapsly @ diregily inte theissupin which thedss ertis 49 be aahigved), and/ or
TRt i C | | fdtie oty e of th
Sbove T R 8k b7 BATBIEF aNrbbiG s, ottty iR DY cbidel Ui Byl O the

bi ool ecussber of dnishialsgeceinihg wadying amownts dned: copeguitdatieis, of skecedndidattegentf at t y 10
acids, steroids, purines, p fr)ém di nes, derjvatives, structural anal ogs or

combi nat ({93 no agepkigran. ageot thabanpzoashes ipRer gt of Hie amapntidat ar j et y
of sourcegn bR alirdfsdcl ' ant A ek ' Sp&f{g s, For
exanpl e, q%ﬂkg?%us nesélr?g&gfﬁgyg\élgﬁabl e ;%Pn?agﬁfd]%l%aég‘%%b i rec‘?e‘: synt hesi s of
a w d§ valiffetyt fofmulagons andeontps UTbsagents dan berpdminstersd sibBly orchmbié ng

expressi on of .randonj zed ol igonucleotides.and ,oli eptides. A ternatively,
b ar T eSO FARbEBHA IS0 R T ORI s ABRErAE b |l ant - and

ani mal - ©hhdiiafion 8F Sgct¥thhyPRistlt o a kAReikte difeeguced. Additional Iy, natural
or synthetically produced libraries and conpounds are readily nodified

t hrough converfibeantvitcofthe candidastggint pan bapssespedivtrenticel of s Forand may be
used to %&2:9131%? Where Ii%)é Q%E itta isI i.'nPcrc%Eilm% ia fi(e%%%n‘oplﬁd 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 pharnmacol ogi cal agents may be subjected to directed or random chem cal
nmodi fications, such as acylation, alkylation, esterifildataptmber 2004
am dification, etc. to produce structural analogs. Screening of Candidate

Ant i - HCV A@fiileSsdqn one enbodi ment, the ani mal nodel of the,d | S
used to identify agents 25 that aneliorate synptons caus2‘:1&‘%g‘\{}?’drggﬁ3

hepatitis, and r.e .speci.ficall )y. HCV. infection and/or to nore directly
affect a ﬁ&?ﬁﬂ@‘gﬁ)l?lg q’rﬂ’@ﬁ%‘ﬁ‘# 5?1‘1‘06‘%/3 HWM?%%SWHBHW pth theragy. Ajtemptively vi r al

| nf ecti on, ordREAGASE, e KAt 11V &6 biBpiedinddh WRL RTSTR hybrtittado Gefiftled Of

viral propagation. In general, the candi date agent | 0 the
ani mal nodeldempnstratedirestiy any gualitating or lguardititive tafterafionsie tixoamodabeviegent *
assessed rel ative. t.0..a contr ol . Q. 0 r.el at.j.ve to an uni nfected ani nal,
relative (RgTUiGles, WATIR s Seerions; ‘%ﬁﬁf’%ﬂ"éﬁft‘_gdn o‘hﬁheglb‘ﬁﬁ?m known
anti- HGV efnfierd li\(e@cﬂmninbd-hﬁﬁﬂo%édl hhaghd disafectfodl @R ity daiSed date 19
17 Septenber 2004 WO 01/ 67854 PCT/ CA01/ 00350 agent can be ac?m nistered to
an HCV-i nfagélted ani nal of the invention, and the viral .titer of the
treated ani mal & Ipideasur ed by RT-PCR of serum sanples) conpared to
Cral tit eddded Atend i i
the viral tite mal prior to treatnent and/or to i control,
untreat ed HCV- iThkeoinpturiidihaRing thé\d@ReEpitirmacdlsiat abyanarse Sinthisfegant
decrease iin viral titer of an infected 5 animal following treatnent with a
candi dat e B g@Rysiolegically acseptalle sammighio ahashior freatment. yTheftherapewtigagents Mg

candi dgt e g#ﬁm-' . i ' I red. _and/ or

appr ogrgi a'tbggl or&glgfiirﬁsae?%q%? 0? {ﬁg& sgg%’%l?’ tlgﬁ%g]rﬁggrgt%%l t&@%}%t“@“ﬁ%??% resul t.
For  exanplimtrapetienealydimiatsscukeie by mhslatim, agniDepeidiigthdavthe Riadsdriopn (€. g.
by inject i.otg]adléntravenousl y, .intramyscul arly, 10 subcutaneously, or directly
into the #fERdyenen, higcompopnds may be foamykated f avarigly of ways HTkacsabentratiom| | y, or
by any ot ' SRR _ | | w |l involve a
nunber of Bgﬂ:i Fgﬁ‘%gség?vi ngﬁ‘ﬁ%‘?%&gﬁ%ﬁﬁ%%@é&c@%@g itons of the

candi dat e Odgtxwt.%f r om no agent to an anount of agent that approaches an
upper,Limt of _fhe, amount, that can be delivered successfully t.o the

ani ma % and ¢ pharmacRutigal OPmROFtgRs ¢abe prmted ip varians fomms, pustyas

for mul at | gRsmREdaBIEN!ils, sTBiSsROMEA, Sapsdls, 3spRAIbRY ShivkeRushdWamofisan. be
conbi ned Ln conbi nati'ons of two or nore, especi alTy where adm nistration of
a conbi nBharencetticaigradesorganic pebwfganicreagiessandfagiddiuents sifitablet for dfabarsict i vity

f th ' b d.i y f 'S... For, | e,
aher ot ho a0 AR el wle TRASTBERorb Epliitind W hensiiayatve g HOV

~ compounds. Diluents known to the art include aqueous media, vegetable and animal oils

20  and fats. Stabilizing agents, wetting and emulsifying Agents, salts for varying the
osmotic pressure or buffers for securing an adequate pH value, and skin penetration
enhancers can be used as auxiliary agents.

Vaccine Development

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

protective immune response that inhibits infection by and/or intrahepatic replication of a
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20 etc.), the effect of the agent can be assessed by exam ning serum
sanpl es for the presence of the pathogen (e.g., titer, K l7&spiember 2604 titer)
or markers associated with the presence of the pathogen (e.g., a
pathogenﬁﬁaﬁﬁkgég protein or encoding nucleic acid, etc.) gughidadesye and
guantitative nmethods for detecting and assessing the presence and severity
of viral infection are well known in the art. gn one enbodi.nment, the

activi t y . &epaiatrephispathogsn ag., 2 pupreRial, viggleen pagsidcpathoeen areiaryg visdla ni ni ng

serum sanpl | OFrdnirS ' ' | (e .g.,
o by RTPpReAL 5 HC MG TRl Blaphite vREREEREE ool bl

agai nst Vitl?x@hgﬁﬁ}‘o@i@idnfﬂfpﬁﬁﬁeng?ﬁﬂ?ﬁﬁ@idﬁyuﬁ)e)gniateﬁmgedﬁc uc::ti\&arrpl es for 't hg
presence of viral nucleic aci e.d., HCV RNA). For exanple, HCV RNA can be
det ect ed UETRGItY(eg: 2atizffpY dnmugoglobalin, andthe BkB). 556 nol ynerase chain

reactign  ( RT- P%{l et ds bl = Rﬁﬁxﬂ:ﬁ #NA (bDNA) assay,

det ectlg)o-n of néga 7 el s@rﬁéaﬁr%g&ﬁﬁ&ﬁﬁnﬁgn’rep |cg{?é|%&‘{ﬁﬁtg%rnedi ate of HCV) by
RT- PCR, oimfmguesnprogised chiimerit akihbal iscechmsbmtedaBing/ fSemtmples steR0G1S)0O

01/ 67854. PCT/ CAQL /00350 tatj o Lft.in the viral genope ("guasispecies
evol uti onpfnﬂh%%%ﬁ%%@“&%‘ﬁﬁ%@/@g@’ bIBPd F?F%ﬁhﬁ'gleﬁﬁ,mpt"ﬁ’éc ?(1‘3@{ %f i ver may
be bi opsi %ﬂ)&?gﬂtaraﬂe cRli Hfl%a‘ﬁ%gﬁi/ﬁrﬂrgﬁaé’fdr‘iﬁmﬁfaﬁﬂiﬁﬁﬂﬁﬂ sybtemd8MRNSlimat ©
directly any qualitative or quantitative alterations in the amunt of viral
parti cl es Methbilsfor isshating hewan busunede]ie anditdconstipution ofitheboinune systenmef host

can be_euthanized 5 and the |jver exam ned histol agically for signs of
" f ec8 on A HEMGROGRFTISGH Bameb & 2 e R0AS BYSRH R e PSR 18 WHe
conpounds kh@wh Rtk B8 (S84 £ CNaMRAS RIS OB FGaé. Nl vhd \ScisDe3@8)7 4728t er ed

in a physiologically acceptabl e carrier to a host for treatnent. The
t her apeut 28). dgemnt smhoagimtot, te huthanimgmae cells are abtained dropm tie samgsionoras | v,

topically arenterally e.qg,.subcut.aneou l.nt r.aperi t.oneal .

e s L iedRFgAR napatprafe i i BROROERIT i iR B Er (8 SRRismbpcigpent

i Nt roduct pRMunidAGmeRME eLiltFe Hsdiedfifts The kdsescdofdig ¥ink@ibils Well Wayem id he
concentration of therapeutically active conpound in the fornulation my

vary 13 onthelrotie.go by inicapenijoneal injectipRe phar maceut i cal conpositions can be
prepared in vagious ferns Jas.. O - My PR
suppositories, g&’&ﬁw ﬁ°§ﬁﬂ§ﬁ§%§’§§?§%, sga v‘ﬁ‘? s%g‘%%ﬁo%%5§§8$ {i%sém]:leq(e.

Phar naceusb@al 18 ERAE thHercgaditae Olccirneds administérsd td theshimndiceminal piivsts sui t abl e
for oral and. topical use can be used to make up conpositions_ containing

the t her apwgelation with thahepatotrephippathemen. dhe gendidatg Merdpais geprallY ¢ i ncl ude
agueous %ﬁﬂﬂé’r@@ﬁ} Sl%krﬁlix?gnzgsiﬁélk BBtus ?é.é.,sintraperitoncal or intramuscular injection,

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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20 and fats. Stabilizing agents, wetting and emul sifying Agents, salts for
varying the osmotic pressure or buffers for securing. aff Zptegber 0¢H val ue,
and skin penetration enhancers can ‘be used as auxiliary agents. Vaccine
Devel opreglp gifeigsgsome nodi fications, the ani mal nodel of tlb@lEbA ShkiPen can
al so be used to 25 screen candi date vaccines for their abil o prevent
or anel i orﬁ glnf ection by a hepatotrophic pathogen. In general a
"vaccine gent that, followng -admnistration, facilitates the host
in nmounting an RSP0 RRinBY e ral,

cel lul ar, gr htyﬁsggglf‘;ﬁgel lul ar i mﬁg@&%@%ﬁ%gﬁgﬁfe&a{qeﬁgﬁ&%m

i nhi bi t i orfo 8fose d¢ssubedbabopg wilhbe madlhmﬁreagmﬂhsbrdmardhshﬂed s goni S

pr ophy! actTERERAA B oY sReIAeRiGH T kbl chiinanie dah Broeetih
i nhi bi 5s ipiéferably@hrditically MiBéted, Mitha IRPAbIrEpKie Bkért MdddARe@hs ﬁs&&cé&oxﬁept enber
2004 W101/ 67854 PCT/ CAO / 00350 hepat ot rophi ¢ pat hogen, e.g., a mcrobial,

viral, or Yhshidr agent pan broigelated pBhis usaolthe 9hlaaem|craaimal pé:mmgmuoa ig., HCV.

Al oof ro de tection through
pr gw Si on?’gﬁfcpasg?l\%%mlt‘gﬁéﬁgﬁ a'%piéé.pl 54}' ?%uonr eegfﬁ Vlr %ﬁl%ﬁ&ogsgtrp% "
| muni ty ( Gugan sx&!jédtoi“l@\dﬂfﬂimhmlﬂitﬁﬂ&i ms&fulaﬂﬁuhﬁﬁtﬂelﬁﬁﬂﬂ)ge@cdﬁoimﬁaﬁﬁbom ment

of the inventi t he i mune system of the inmunoconpromn sed chineric
ani mal is 6401%‘{‘%{%@“8%3 efghe pahogsn dnpine, (e oWt indrothsaltimsiosiml bl ood

nmonon @ﬁ]ﬂ} RS hau%‘e? | cel s ot her

sui tag?e ce gc“(:) lsi]ﬁman )gl’l mﬁlqhg%[rtgo\ﬁ%g@or a@cgﬁ% #Hﬂ? g‘[“@?ﬁ in the

ani mal . bidibaldeledamce;i eso| Iaigengalirehinienicanimaias ixﬁ;c@lﬁtédﬁﬁ&pﬁhé‘iddléﬂéd on of the
I mune sysﬁgm of 10 an i nmmunoconpromni sed animal, e.g., a nouse with an

human i nBRBOSSPIY AR aRProPRAE Fouig {fefo b3 ‘ﬁ“?YF@OH-?’tm‘(%'éSC“JéI gntramatqmpd, or
335: 256- 581 a&lﬁsﬁuuaéﬂ éﬁ&%@% routd ¥ ﬁ%@g@] u%égzsPcoﬁQm &n‘lh

enbodi nent,; t unman ‘i ne S are rom the sane as t he
human hepmm&mcmm humat disegseo ddiet ﬂnmaﬂbgemestaﬁhshwmfechbuefﬂwl n one
ced into the hast according

nbodj | t d
'?o ?re odé% ﬂ{‘]?g%ﬁaglah %%tsﬁgcéﬁ%f%g oS ’ﬁtpia%ﬁS@F? glnve plicafioact i on.

Scr eeni Ngof 1AE patfogn! Hi&tpaihs éﬁ%?sbﬁ&d'ﬁnﬁﬁi&bfétéd% ERELHiA] ods
descri bed above %gr?’s tg?t 8 t he candi dat e vagm ngﬁlﬁs&g%m ni 5eﬁr]ed to the

chineric Wmatﬂmlﬂbod(@g - isolation famit @ blogd:samphs fioephverf eraphi ¢ pat hogen. The

candi dat e vacci.ne i.s _ge eraIIy adm ni.stere provi di n a single bol us

(eg., mtrapeﬁF‘-t—gﬂ{g%ﬁﬁm% %ﬂ"inﬁp F?ﬁ“@gf?%?ll g (t:‘éqc"“rse"f

ad M ni st r @ihgmeis ofliver dideastdfiiabufiiah AF b0 hmpld) WHRYE e thléﬁ? Sufférs TRRFa RPgst er -
20 disease of unknown origin or where diagnosis without culturing of the pathogen is not

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

patient sample.
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i mruni zations. The induction of an inmune response can be assessed by
exanmining B and T cell responses that are specific forl%Jrptamhergefd
according to nethods well known in -the art. The i muni zed animal is then
chal | engge Miehikqt he hepatotrophic pathogen; normally severglcioligbdzpzed
animals are challenged with -increasing titers of the 25 pathogen: The

I mmuni zed ani nal s and non- |nnun|de control .animals are then observed for

devel opnent ofSCregRing , %?HW“%CWGW%@%B@WC(@TQ ,
by asses gifMolibgnd I'a'uBEJIe g{era??ﬂgﬁg G B RHdHA 5%59 Fop Sx HPR huiGRAL OCyt e

function paraneters as ove etc. aCCI ne candidates that

provide ﬂlepatec)sesg)htémmbb}tbldmrcefaqmuem (etgnfpmmtannoma:ﬂie biapsinpepnrbeaet! or* a
significant decrease. in the_ s erl_ﬁéﬁof di sease that 30 results '

post - chalt® B eceaths ioRyring Fhimpgic muyme 09%39111&5&?0@%& 2004 WO

01/ 67§54 %%f o Ptich Sss6h nl of the.
I nventi or? that are varﬁﬁgﬁg pon OPH?n addFt | or? tH@? Ht?)%g}ﬂ es cr| bed above
will be smdpﬁmh@ppahmeuuoagdm mcﬂtmsedsyh@qtmmﬂtmmuysﬁmamt § eadi ng of

th f th b
 nf ebt cqOERRTRaD SO bRy histhe dhertet 6 SeHnat piBkBts SHRRE aten,
and usedmﬁeﬁﬁw&aetm@gmmﬁma ATt RPaiohd ﬁ&ﬁaho'gréﬁs use. of the

chinmeric animal of the invention iIs parti cuI arly use where, for exanple,
i sol at i onomplemet&armmﬁtmmusmi-@p%hepmmahmmmampbj ect or is

di ffEﬁ“” to Qbtain i.n ue ngs; he paﬁlh%glen .canno: adi.| y

cultared in vEES A e st %‘

broth cub$ dEgpstdnh féﬂbvmltgumapm&rﬁamaa@leslcﬁdaaﬁ ch@hfsﬂgﬂﬁlc Ivasautte pat hoge n

that may affects its pathogenicity and/or clinical relevance, etc. In i

gener al , (inpludingicamtiovasealrhdisedss. Athsrogclaress wtbmpmnery ogusmféumlmqkogen by

an appro rLout faQt ra t oneal ,
o ar S ko el vor R M MBI e bR Rl et o RS

cor rel at gsCaalih (Rés (1993) Nahure Bemt&)mog)nmim cuﬁetauaianetdues;enfga levelsAf ter
the at hogen establishes infection of the 15 human hepat ocyte and after

fie ’é’ﬁt degriby, Hipomsetein (DL aud pheresgleresistias Haen walized a*‘prwe@i ecade

at ho en e =18 , by an
Bopr opr | Bl BLUGHCR:). Biachgn 42 3 T AOE)), TIE i decfoll BBl Cerpl®! Y %)
Li ver di écmﬁ? ligoproteds (WLDIhia thé cinailatoryesyisten b;cwmabﬁa chﬁphﬁeekwsroft he course

of diagnosis of liver disease in a _human,,K For exa where the patient
suffers t%tlﬁna ipyojwipg mtfﬁgsea%ﬁmsfmﬁm agd .ag?m”@rﬂsmng IpoRpiRies s

wi thout  giibiiiielepdr. ¢odel)f ABbBRAGENY St AL ElroBiddittandveaBRiEsS (BEECt ed Of

containi hg t causati ve agent C rromthe
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 Lipid Res. 34: 185-1 (1993); Sniderman et al. - ;
.- Arterioscler. Thromb. 13: 629-636 (1993); Yao et al. Biochim. Biophys. Acta. 1212:152-
‘ 166 (1994); Davis et al. . (1996) In “Biochemistry of Lipids, Lipoproteins-and
25 Membranes” (D.E. Vance and J.E. Vance eds.) pp. 473-493, Elsevier, Amsterdam;
" Innerarity et al., J, Biol. Chem. 271: 2353-2356 (1996)). '
| Apolipoprotein (apo) B is a 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
cafdibVasctﬂar disease has been identified (Sniderman et al., Proc. Natl. Acad. Sci. USA
30 77 604-608'(1980)). Regression of corbnary artery disease has been observed in men
aggressively treated with lipid lowering drugs that also cause a decrease in plasma apo B
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patient (e.g., fromthe patient's serumor froma liver biopsy). The sanple
can be enriched for the suspected agent, fractionated,l7arep e
processed to provide it in an admnirstrable form and adm nistered to the
chineric @ diRlsse’Ne chimeric animal can 25 then be eval uai,ﬁg/(‘lAg”@Ug%ss t he
effect of admnistration of the sanple upon the engrafted uman -

hepat ocytes. The effect upan the human h!eé)at ocﬁﬁgs can be accompli shed by,
for examsPEWD &dllolV; Brglahded 443 nkeP o8 (599Qb  Thussthessiiea pesiive itle chi neri c
ani mal , e. é#}rﬁ el fy: SRAY; ezl gﬁg tpcytes, '
and/or to é’?%té%saea%gtgﬁgg n |tr?l°tﬂﬂgglg%$%al slgtfétrcglgncegg.g., t g(?;t ect the
presence obnthimihglipoptdteins in piasyha and tha trivadprog of afierosalerbsisroApb Bk fegd s ‘can

al so be examn ned .hi st ol ogi cal | o determne the effect of the patient
sanpl e. 2:8%?@&%%@%@@6%6@%%@%2@ b’ﬁ@ﬁﬁ@ﬁ@?@ﬂ%@s’g&lm ng using
atieng s : ' ' ; : [ :
patient sainl&side M@ chdl¥ESbi mﬁ&eﬂrﬁ%éﬁm&%ﬁiﬁﬁg%iﬂaﬁﬁﬂ%@ gagslla s

di agnosi s and rational e therapy designed on

exanpl e, upenant hethe irdayasslap ianspoetchnd yedsptopaeditedaupaltel amdtdelieery of

per cut anequ eedl e hiopsy) .canpe.used to.prqoduce the chineric murine
Rost - T SEBRTH GRS GRPPRATISGL THS Ibarenec e Ao Btitis sest p SRIES L SBons,
hepat ot Fojﬁbhﬁme%ib?%ﬂﬁ dndipRedessifig bhSichn) Hisitd to (RS RRARLbABE BiRlulABgN' S
susceptibility.to t er%&gutlc agents, and to assess the potential toxicity
of the palipepretien levelpaTbisyattes prapesy atndarhies itgaglevatiegdn temus pfiastbatosderosian be
desi gngd facilitate tailoring of therapies nost effective against an

I ndi v?@ua%&ge@%hﬁ i c hepatotrophic pathogen _conplenent (e.g., against one
or more infectTag fheRiéRipo @S il atdMagsns Apo BI0Sespeaehiaghd Mil-legnt s t hat
reduce blood-Ilipids, The invention can al so be adapted as a system for

eval uat i OBFOHFin FERtANINgA536 eingacids yu ip thewwclasive fascyyathssized irdumandiver

va e o Yo 5 | f
heart at { ELle) CRAIRNM 81594393 R 1000 RS0 Bl S DO bRl OL08 D
for near | yf HRLfand bentains tifd domain reuiad fod dntéfaotion kRS Jpopivteit pedfesd wil01- 809) .
(LB 14 natbaiL 8 Fregpter Gequbenis0Onuteia) daigBanrase BURL ORI RSIEd Br ovn ot
al . Ann.  BeyeinddleGAlE ?&vf%%ion%?ﬁ@%@ﬁé%@és a Mehﬁ?igf#%dﬁ‘éﬁ% u@i&@ Ghy | oW

density | i"poprotein In the circulatory sys y Vvir a conpl ex
seri es of thercby gbnavates anvildr vistigchathierogenscclpopagtein referatido aoLp(a) pCadwastd

1 ot ds: - LindRpenebah 08 Eirat a2t flaShys Mootk ol 57 Bloiiee. cds)
pp495-51.62715h§@9/4.2329§qi9§a;§ Thidrh Ah RS tind SEdiGhAl AL Mbaé thelighldtt €d into

S, 35 :
the bl ood-streamvia an intricate secretory pathway (G bbons, Biochem I,
certain species, synthesize apo B48. In humans, apo B48 circulates in association with

chylomicrons and 'éhylomjcron remanants, and these particles, by virtue of their content of
apo E are cleared by a distinct receptor referred to as the LDL-receptor related protein
(Herz et al. Curr.-Opin. Lipidol 6: 97-103 (1995). ) ‘
In humans, current evidence indicates that susceptibility to atherosclerosis is most
25  likely due to unfavorable combiﬂations of mutations affecting genes in several.pathways,
| but our knowledge about which genes are involved is limited (Ross, 1993, supra). Due to .
the ability to introduce or mutate genes, the mouse has become the most common
experimentat animal model for atherosclerosis research. Wildtype mice on a chow diet do
not get-atherosclefosis. Three ways to induce atherosclerosis in mice are: diet-induced
30 (Paigen et al,, Proc. Natl, Acad. Sci. USA 84: 3763-3767 (1987)), apo E deficiency-
induced‘ (Piedrahita et al., Proc. Natl. Acad. Sci. USA. 89: 4471-4475 (1992); Plump et al.,
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268: 1-13 (1990); Dixon et al. J. Lipid Res. 34: 185-1 (71993); Sni der man et
al. Arterioscler. Thronb. 13: 629-636 (1993); Yao et al7 Bipswithani20048i ophys.
Acta. 1212:152- 166 (1994); Davis et al. . (1996) In "Biochem stry of

Li pids, eins and 25 Menbranes” (D.E. Vance and J. g~ S.) pp.
473-493,Wg6s)12€7?§é‘r, Ansterdami Inn --rarity et al., J. Bi Eﬁl‘%&g@?ﬁ 71:
2353- 2356 (1996@. Apol i poprotein (apo) B is a nmajor apoprotein of VLDL
and, 15 (R Tspa-a50 iaspbihans t alpscience 280 ALh 8O DMAREdD I egRPPEV el 5 of

apo B in 4 F ' i | @k~ el h | denti fied
(S dor araReEi®, s Tl ofAL., CELH 482 98, 83, 50550y, Myt ifat o))"

Regr essi dransdenicanoduls yxpaessiap hurian gass itasdveddn lipopoeasiy a@tabolism have )
aggr essi vel ated with lipid | owerin s, that al so cause_a decrease

d
in pl asmdi tmr@zm&*-ﬁ% quﬁwﬁ%%mwm%mw own et

al ., A ooic hidr sePdn lini cz‘nll%gﬁ?nh h . 1 | ive |ink

am)ngg\lt h??géo etlllon osfeazaa%ng rgfr%?t he |1 velra,t ﬁzdgﬁgfééﬁt%ggﬁﬁéat I on of

apo B- cdemanstratel the ferpratior phathemsqidreiciesiansl Forexamplegitheathepdsclerotic

at her oscl er 0si.s. o, Bis a. large | ycoprotein, th i s paranpunt in the

ssont y IEHRTS i e BrleBriegimice btbeen A ARG =5 Pl et eI Kol ost of o

of bot h qsgdany tRE%iBHSAREAREBoPiNdbBzrebdforrddhé ﬁﬁﬂ;gr&ﬂ%aﬁvé 533%4 MRfeEd ant 1n
d uptake an eliv

the intravascular transport and receptor-nediate ery of
di sti nct msuse medels of hthprepelenosis ars bEing wsed b idantify gohesaphicBmddify spans a range

of functigns, . fromthe. orpt.i gn and. processi of di.etary.lipids to the
Fequfr 1 BPeEEIgrosR ReHp B 1 oh Pk FHoPRGE oo Hrpisspor 1y

~under | i es itsThe b aRdelbfithl presdpt invedrOma TikeR e Serb P a8 B afiRtal Riodet Y. Two
forns of apo B exist in mamuals. Apo B100 represents the full-length :

pr ot ei n &uvartipidgmia spbartheraselersisdandes teaisedie idsntify sandidatongants nt hesi zed
i nhuman }j oun i rcul at an. 825 4- 1594 990) ).. 0 B100 is the
maj or pr-ia%“ﬁﬁ%a%‘%()"z?ﬁ s ? %délgltng%(‘ljﬁn{ %3%1&3%2%%%@#3' qsﬁ@}ﬁcﬂéﬁwl%ui red for

i nt er act trestmeht) ob irbtréatpg RlicH disdasaegl, by WwérthgBlobd Bpilf)l ShaBestsefunt YOuNg,
1990, supra).. In addition, Apo B10Q contains an _unpaired.. cysteine

r esi Hue, fram e shimesis, uapgenioanimal medelof de mvensipa handemonstntedithon wi t h

apo( a) aB{Is e, . g" ﬁ:.Iei I nLc. Ll rptein,
referred oe'%g %f%é’)“&?@fp 1\%&6 Q&Jﬁ& r oc.ﬂﬁgﬁ&“&c%g?’eg#%e@%
2130- 2134dn {nifiithht etddiégic ficr ivthealevelopmentdiof huméh atheroselérbtic 282ar28299
(1996)). .The small intestine of all mammals, as well as the liver of 20
certain Uiseaspcssreeningdiragents that affeet apoB1 0P feyels (rithergramtsiativelyos u| ates in
associ at a5z ' iy oW %M ‘ : -
parti cl eg'%%éyv%p? tc %gyécl)’?éqtoﬁgl r cg%?le nt do dhifud ﬁ%&ﬂbﬁl 1eREl¢ ald S
20 provide therapy for disease in humans. The positive control for such screening assays can

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

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

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

and the like). | |
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apo E are cleared by a distinct receptor referred to as the LDL-receptor
related protein (Herz. et al. Curr. - Qpin. Lipidol 6:17%zptkddet2086). |n
humans, current evidence. indicates that susceptibility to atherosclerosis
is nost Wb didhgsy due to. unfavorable conbinations of nut@tdeRsdkdecti ng
genes in several pathways, but our know edge about which genes are
involved is |imted (Ross, 1993, supta -Due to the ability to introduce
or nutate genes, the nouse has beco reEsm)st comon experinental ani nal
model for at hemns eIRmaRg SxakipRBarciut PN S8 2406 phovide @BsSofchiitiadi &inl HiQne NOt
get atherosclerosis. Three ways to induce at Reroscl erosis in“mce are:

di et - i ndué@avithe ¢ouaplefe disglosure and @eserptionof howao ankkeBoid usé & piesent3763- 3767

1987 d (Piedrahita et -al . P Acad.
(1967 ). o154 5P sgbOFSE RELARA i e Bl et bt 0
01/ 67854 RVEAGADddrARIBEy Mednded th refiénbhdt th ARparimeitaBdo®lardhll or he bRKCE 258:

468-471 (1992)), and LDL receptor- deficiency induced (Ishibashi et~ al., J.
Qin. | nvexerngnts pgegupek R@géﬁye bepp adaig erietre aqcamgﬂnﬂoemgoﬂos

expressin SathSu F%ﬁ][_g‘vai ncr easi ngly
served asﬂmﬂb‘tfl?ﬂsé&m] ?Ign nf)y g%ﬁﬁ"é%‘%@c@ E%BFH‘%{“W?% and 5

pat hol ogi deviativms skadibe hdcpimiedfoef Uhless indicated oftichnisa) fits a?d”'ﬁhdsfb ySeai g2l

i nst ances h nstrated. the formati on of atherosclerotic I esions. For

v
exanpl e, Pﬂ&‘:‘é{]@ﬁ@? Eﬁsé%shtevemgé@@%ﬂqrﬁv%mmmwms have been
vel | phar eglidrhdee oﬁw?é{t&%&%ﬁ%&@n | esions in their sites of

gr essi

predllectlon and pr on to the roproliferative stage. These npuse
nodel s of atherosclerosis are being used-to identify genes whi ch nmodi fy 10

at her oscl SIS etl bi.l i and i n the devel opnent of antiatherogenic
t her api es=+ SR L L JEansgemieMics nyention can |i kewi se serve as
an ani nal modero é&ht&@ﬁﬂ&m&&%g&l@ﬂﬁu%ﬁﬂb%ﬁ%h a1 tiSsue k€ used

to identify candl date agents having activity in reducing the fisk of such

di seases letergzygous & the transgene (HmpindEgN (/b iRl@i 4l Y Tor Jackson Tesbiabayyuch

s st e, Wi s R 6 L SC AT bl e oo et "Che
presences@idbémmaa&ﬁcmm m B BifeSagh Mﬁsbhb&kﬂ%&%%ﬁsm been

establ i shed as_  an |g‘dportant og| o fact or in the devel opment of human
at her osclheigstrait wesde @rhomﬂﬁasmﬁwﬁhgqﬂmﬁﬁ;gemefmtﬁsemﬂlgﬂt apoB100

| evel tif
ag\e/ﬁtz 'Eh g%sr?ﬂmh% \tg% (9‘8%I p1 ﬁ“%lt gﬁf%ﬁgyé(héz‘foﬁ%?g% ?Relr a%y for
di sease mnomrmﬂmmﬂ@maﬁmbueﬂgmwmaléwarte@ﬂ@ﬁl & SthRRid aﬂvagfeam%d%ﬁn be

huma se um a d w th non- trans&rant ed hormzygous Al b/ uPA -nouse serum
Ser Vi each plate using a mouse IgG stan d (Cappel). "Leakiness" of the SCID-beige trait

was defined as >1% of normal serum IsG (Bosma et al. Ann. Rev. Immun. 9:323 (1991));

LI)

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

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

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

colony was evolved to completely homozygous. Animals were housed in virus/a;itigen—
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as the negative control. Methods for detection of apoB 100 are well known
in-the art.-. Generally, the assay involves detection lgfSeptamher 2004 of
ant i body- apoB 100 conpl exes follow ng contacting a 25 biological sanple
fromthe animal (e.g.-, blood, serum plasma, and the like) with an

"anti bodV({'HéFP 5§pe0| fically- b| nds apoB100. Detection of f 0190359
ant i body- apoBl oo conpl exes can be acconplished in a variety of ways

(e.g., Wiseeomiitibrst andiwerelohret foildnAccordamtetvinéh ilhielgm)deliﬂffs cstabbstpt yiler 2004 WO

ot e Y A SRR B e
and_descolftbin it 6 mﬁasf%emeeﬁs mb‘éﬁ@mﬁﬁalwarﬁeboe gnd are ot

i ntended”to scope of what the inventors regard e|r 5
i nvent i on nor }h;mnthepgﬁmmesdhdednsplant%pnmnvbmvnﬂnppm i'mnnhts bel ow are

'l , f,0 de t
cour Sy st s &bt HRgule b e Biiteremsh $tids HRRE., SepBamE Pl ot )
but  soe jjgxNaLid@BI cnf) bbtafed Afllapateionay wensperfusdd Witk ecea&s@e%fgifrta@r

Unl ess indicated otherwi se, parts are parts by weight, nolecular weight is
wei ght a?BBagemMge,émde . Promirens perfusiig vesselgwigracaanulaied @adithiegr ade,

and pressure is_at. or. e b- uPA
Tr ansgenP e PRfusgs o i r@ivﬁﬁl%ﬁﬁw@‘gﬁg‘: FoERR L Rl 1% huan
tissue gEMIKIL 205 @M CHELE S0EM BIEPES) pHI 16) dontdimigs 03 8(is/Adl Diberase CI

TgN( Al bl Pl au) 144Bri (The Jackson Laboratory)) 15 were crossed with aninmals

from@ ccollaperase(BresimgeaM (}%Bé@r@éﬂﬁ Sergery V1 TA%€1998):Svegkeniggely ( Taconi ¢

F h

Crarc wadfgh Qe né%%ﬁ'@??ﬂ iRy WerRARAE AR8RR 105 S sl n?®
| t d

o ot hogelpuifedbpaniy Ekth&he%dérsfél&lﬁ%gﬁ?ﬁgﬁréaﬁ L L S e 0 ehng

froma sﬁ%ﬂ&rcﬁ winuies, andeyrshed|tvope EUCE‘&@H HBaS prigstofyspengivondeBelga-st andar d

(Cape! ) el o SE S conily shiMioR ORRRR) B Bl gt Bom LA ~120 O

wi thiser Hﬂsbﬁnﬁtah@ﬁ.ebéll ahRitLaddWisbilit)t Were cORFANELEY R I Iue é&ch%ﬁﬁfbrﬁf& ep,
animal s carrying the Al b-uPA transgene were identified by PCR anal ysis of

genoni ¢ ©Nrensiantations finah Gability wagroupaelES80%si ng two 18-ner priners that

(3ackson LaboPasl 84neiey HiaR Hefeysod 15t s s1B AR R0 Tt

for the Alb-uPA transgene were crossed, and 7 day-old progeny were transplanted with 1

.—

x 10° freshly isolated viable human hepatocytes. Transplantation was accomplished by
20  intrasplenic injection. Intrasplenically injected hepatocytes rapidly translocate to the fiver
via the portal venous system and engraﬁ into the parenchyma surrounding terminal portal _
venules (Ponder et al. Proc. Natl. Acad. Sci. USA 88:1217 (1991); Gupta et al.
T ransplantanan 50:472 (1990)) Since the mortahty assoc1ated with mtrasplemc '
inj ecnon is mlmmal the spleen was selected as the optnnal site for mplantahon
25 'Accordmgly, oﬁ'spnng (5—1 7 days old) were anesthetized with Halothane/Oz, and a small
left ﬂank lIlClSlOIl was made Under operatmg magmﬁcatlon, 1 x 10° viable hepatocytes
were m_] ected into thie mfenor splemc pole thh a 27g buiterfly injection set (Becton-
' chkmson), and a smgle sterile titanium clip was placcd across the m]ectlon site for
hemostams The spleen was returned to the abdomen, and the flank incision was closed in
30 -two layers '
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t he honobzygous Al b/uPA trait has been previously associated with a high
perinatal nortality rate secondary to bl eedi ng conpli cal7 Sapterared 2004 er
failure (Heckel at al. Cell 62:447 (1990)), we found that in our

sci d/ bg/ Al i mal colony neonatal nortality was approximtely 30% The
col ony pro\\bll glﬁﬁlgggm mal s was devel oped initially with 30 He Té?‘b‘&'?)/]
breeders, but with noderate neonatal nortality in honobzygous mi ce, the

col ony was evol $ige the presivetien of afbuainds smenelnsiveriropdrty afepatooytse(Clement

/ 854 0
Condi t [ ons ¥l BlpdibioRg Ris98 RRfsaz Wlthelld ek ke Mg Jds (9P Pdeition
est abl i shedf ynanfathunGaHA) arsefioh 3ahpleoby AlédiRe ugﬁhﬁoﬁré&aﬁanoﬂﬂd W&étém' .

experlmant descri be Hereln were perforned with approval fromt

Uni ver si t yEIBWnﬁl‘”f?é ErRloxsd Anan pgicator of grafieetl fenctiony piespammycremﬁdly

t ransplant gij 1553@1111 | ver

Al berta Faculpft?é;1 Bﬁh%‘glb%’lﬁ% E%%?%ﬁgg‘ﬁél/%% pE%tg{Rgﬁpqéétg%L&?tw FFE‘W]S liver
tissue ( 15ﬂ1%aﬁm') Adiques némoase deﬁnﬁ(m Sy Ut BT vWiSEe S Whti-BuinG® aTbaith

Ca/ My-free cgn @I ni &g mM Na2EDTA. Prom nent perfusing vessels were

cannul at eomﬁ’llﬂﬂ’ owsafésﬁe?fsagw sk antigenrppibosly Oﬂmmexeemcméul ating
50 HEPES H
Sy Cont arinad i AR Elagaibs? M BT, SR Gaort MR NG e

(Ryan et aheates:ﬁorgﬁan;uumat 98 ((ih ST buife gbmaindis B M dMobhreits]] se %aféd by13 29

(1976) tes e filtered fhrough 100 pm stainless steel fesh
puri f |129d Eﬁgﬁgﬁg GEWWWF@@‘&MWWPMWEHHMQ Westertlloty/ L

2 i) ot St St teion POSRES CMGE Pl BohBELERLALESS, Prior 1o

suspensi on i n Bel zer- sconsin so fon t OC for
short - t er iWiey; Mewe Y;wk,d991)ovd152tumpsao1cmtmingcmsec@ai Ant-BarAis ambRehiyi abi ity

f d b I to t | ant at f I
i abi 11 ¢y Hreionh A A T St Canifised 0 miar snfhagFsonbzy gous
for the S%?m«lﬁhtmgoﬂj@é&; gg&gg;% Oﬁh%sm%eUgrﬁﬁH apgoene were

crossed and 7 day-old progeny were transplante X 106 freshly
i sol afléd @h%ﬂ‘éﬂlneﬁmﬁrh@pms@lfmkwemn&ﬁrargnﬂdmnms acconpl i shed by 20

i ntraspl eni c | ras Ien i.njected_h patocytes rapidly -
transl ocat e to #%{}%?'gmé 'b%‘f"k %/e’ teddittgrmatesnt o t he

parenchym&mn@mwrwndeﬁffmgﬁﬁcaﬁﬂﬁ&ﬁieﬂ/m&&nﬁﬁﬂﬂ: @5 kt Proc. Natl.
Acad. Sci. JUSA 88:1217 (1991); Cupta et aL Transplantatio ':55’0 472

(1990)). Sihseqephgenaipe amqlrsys @ygaéed Geteall Hatpositiveaaspile nardied theAlbedBAon i s
I Ni |, | t | t at 25
,chr:]grgi ng%@ﬁ@f' Spri ng @8 %F%%]ﬁm@%‘l’”m@lﬁs‘%ﬁ' ef’é‘é‘ﬁf% %%g‘?}{eﬁ gne/ 02,

and a2@malllear 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 paraffin. Sections 5u thick were stamed
30 with hematoxylin and eosin (H&E) in standard fashion. Selected sections were treated
with an f:ndogenous avidin/biotin blocking kit (Zymed Laboratories, Inc.) and
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left flank incision was made. Under operating nagnification, 1 x 106 viable
hepatocytes were injected into the inferior splenic pdﬁegepmtﬁrao@?g
butterfly injection set (Becton- Dickinson), and a single sterile titanium

clip was,placed across the injection site for henostasis e en was
returneé"&??/???é“abdorren and the flank incision was cl oseﬁcp#‘%@&{sg%

| ayers. 28 17 Septenber 2004 WO. 01/ 67854 PCT/ CAO /00350 Since the

pr oduct i émmyfmostaipgdwithi asmenpclona! anti h@@bﬁ@myte(ﬁnhheﬁbamgeé 20C ement et

et e aoBER: TR Yos A, B e Sner Sl HiBhobdiiepdor® (199

| mmnoprwmt@d,gghﬁ d Western  blotting was enpl oyed as an indicator ‘of
graft cell function ecipient mce were initially 5 sanpled by jugular
venous punct urldezesufts ave she‘ensnbwesﬂ%ﬂm@nﬂnalaﬁmgmmem erval s

an- et - RUIRER i B Ring AR N kB Bl d AR Rty sy

ant i gen- 2alls) sy saasek exsmyp figrougtiowe thei Hoat ebrat two Wémstpbﬁt-tﬁ:ﬁgamps e
(Boehringer-Mannheim. |Inmunoprecipitates were heated for 5 mnutes at 98C

in. SDS &ompeEsinganeshmated 24 eofalbhepaiasyies At frur weshsths perpenspseof

vec: oo n BpbifLe Sl alis BRI ABOPE AR 3 06 MIBGATIERN b BrbdDGR) 20

Pr ot ocol sndividhahsestioneg The (ndirfaey betie'an Momian addidhse oudls waR distihetpwitR. 10. 7)
5o C6oa5 GhbunAR EEL CSIPANEAD e STONAPS BAring e RS RO on) Ugat e
(Pi erce) hi@asn @éﬂ%‘rﬁéﬁ?or A gngxpilg%?%ééauﬁ’a@véiépédﬁﬁﬁsbimeﬁﬁ&ﬁﬂé reagents

(Pierce) were use ectron. A strong HA signa
denonst ralthﬂxghlpotthmaésumtnrbs were rtotably pbsent foimlthe tegemarstogz nodulesi Thisi ng the

presence of sjgnif.icant nunbers of fungction h C

subsequefAtt W@“&ﬁéﬁ%"??@a? 'HB?“@?TFV%A”@BEF %e\}g %/?ﬁ'lﬁﬁﬁfs carried
the Al b- HBﬁal ARSAFSEndMIBAERPaL ed agvetiet 81 CeNakius (fov1))HAnegs e al so
negative for the transgene. 20 C ear ands were Jdetected as early as two

week$5 posedulesaweniil somtamsiottileatict wmnda@ehalrprequmoensﬂa; 9‘1me would week

ti mepoin orous S|on of rimary..cell . grafts (Fig.
) e ok pedEet s eBl R rRRN olPe PoMORRBE IR B o Phe' b P
liver was suf Ainglysielof h@ms héﬁﬂoeye g?mmﬂlcﬁeﬂaﬁ'%ﬁlﬁ’érch&ehﬁﬂibﬁseﬂﬁﬁsa@s

prollferatlon and that there was the. potential to support the

est abl i sWeerisedfo pﬁﬂgat@éherhummdmgtﬂext@emfge ops chigaericmpicer bhe fist asaold and
ti mat d d
col | o 1 BREhBE e milsohEPHAGRT R Ayt B seRAATIEIIT: LK BREpN-dert ve

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 niouse 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 cheﬁﬁlmninescent 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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recipient livers were obtained, at various tinmes after transplantation and
i munostained with a nmonoclonal antibody specific. fodf7 Smptenbendp@t ocytes.
Segnents of nouse liver were fixed i-n 10% formalin and enbedded in
paraffin.. ' 5u thick were stained 30 with hematoxylin_and eosin
(H&E) in sﬁﬁ%&aﬁg"sfashi on. Selected sections were treated PHT{GAOYAO3S0

endogenous avidi n/bi otin blocking kit (Zymed Laboratories, Inc.) and 29 17
Sept ember. 2004 "!vbELI%&mpﬂ@u@%M/@mlatemwmmwetntiahﬂm"ﬁom onal

anti - human,he A ' (%ﬁrp ; i, ). Ut i ~ohound, apnti body was
det ect ed usi nga"%a{éy'gﬁ%@&é efisrtive ’%H@eﬁig%?ﬁ%w%%g?%%ﬁk?@%@nex) The
resul ts arevesdipitn AferfaghingsthdAtaffardd MmdipMdss di@ed dppiepriably i AMEBERE, 5
clusters of cel lﬁ étai ning positive with the anti human hepat ocyte anti body

(darkly st%fiRéap dyincuhatetor ¢ hows abB Ty fifics prashing reeangdaoy antibedy inked td i ver
at two sweeltRpRP$i30bY 4 %1 LSLOG: ' -3% 0Of nal |

hepat ocyt es. %?%?ggr(&vn\ggis t%bgg%grﬁh e o?“gg%dé‘??%@g‘iféthé‘f{ﬁiaﬁg%cmeg had

i ncr eased, washing; TB)MDrsobste: was fided, ahd tieerehaionl stapped arEmaia byfadditiesi vi dual
sections. The | face tween hu and nouse cells was distinct, with 10
cords of Wﬁéﬁ%ﬁﬁ?ﬁﬂWﬁﬁrﬂﬁﬁH@Sﬁrmﬁm Ve Hias Mettgdsingc hy na.

| ndi vi dualtarasRang elit w8 ubtb eetutite SR vatiear ance and devel oped
sinusoi dal architecture, although portal triad structures were notably

absent from t hélhedgelabelom shywsshikaesdts obirised wih tah asdager vat i on. was not
unexpect egr—stnece—huranyderived nqdﬂ-l-ee—m&rke&mi-—eﬁ-—d—m.—expansi on
of indivifual hepat ocyt es XE8REr n et DPTBLOT gg. 245 (1dJISA Theke 15
nodul es wbuld MQ“SEi n_no BApsplant- : a i ‘C!II!EH @M!E .} such
structur e%&(ﬁ@@_ﬂoj&t%i ved |and ther2288re nargilnal i zed4ar.ound

proliferating human tisfleveeksal ysi s of huvaf hepatog¢yte grigst funckion.
Two di ff ejCfRP (HOMO) basgdvagksays |were useggd o evalu e Theggu -

hepat ocyt Egraft TN OUT jGR§JIRI 1 C 1]l CE. TNesd] TSt ass TS5, d ot assay
maasur! ng d T d6UU|l. APE LS BRaciveine, ?33033%1@ FS=—am—Ttr>r s )
measuri ng Ha PHa— R+ v ps HA—(hABSSSCCIANE ¢ one | ed at 6
and 12 _Tha-got. Kl.deadscay was perfdeaded by Idil uting
2 | of sag OMOindapaveels 0. 40 [1  of retidci ng buffer andlheat for 5 nmin

at 100 degrees (standarlli2 wekkown dnounts o382 hunan al bum n 4 bl ank nouse
serum. A VAOND)YT BAedeks ON WAs bl ot t eghgont 0 25 NI T OCeR4 uT ose prenbr ane
and al I owed to dry for PwWiis Ne MENDT ang nas SOakgd 1N d Tr ansf er
Sol uti on AﬁPtﬁEﬁﬁO}ﬂ&v&e'é m—btotked thi.9§.% FBST—fpr—t heHe—
S 12 weeks undetectable 1 L
AmLM (Hetero) 6 weeks - , 200 14
12 weeks " undetectable 2

10
HOMO indicates animal is homozygous for the transgene; HETERO indicates the animal
is hetérozygous for the transgene. Both assays show in general the trends are the same,
showing a much higher production of human-derived proteins in the hoinoiygofe for the
. uPA frans gelie éombafed with the heterozygotes. | -
Is  Conclusion. This example demonstrates successful 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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menbr ane was washed, and nonocl onal anti body applied to reduced human
al bumin at. 1: 5000 for 2 hours. After washi ng, 17 September 2004
hor ser adi sh- per oxi dase-streptavidin-at 1:10000 was applied for 1 hour ,
fol | owed w¥ oYyemsbd N9 and devel oping with ECL-PLUS 30 chem lgdRes
solution. The nenbrane is then read using a phosphoi mager. (1e standard

curve was_plotted usin tandards.and_use this curve to, cal.cul ate sarrpl e
val ues. 3B ch&eﬁ%ﬂlfé? iSpuse AR %W@W%Q%m?ﬁ

per f or med [ body at
1: 1000 ovg?l}r?ivgﬁt%fc‘ Jl;%&%f dlgd?lh ‘ﬁ'ﬁlsckl lﬁE W|th T ST, rﬁhﬁe l())ls,l ?I(:}r

over ni ght seMEsA@lehelagndnmum mmmvmmpimlgacthMeMpﬂatepri at'el y
in mlk buf wer.e applied and. i tefor at RT. After.

washi ng, BW&aPYF‘Smlu gtiqn , g ’%6€8ﬁ59($@|uted in mik
buffery was apﬁ’{vb%&ﬁlﬁy h&&é&ﬁ&ﬁﬁafs%er@sé&ﬁﬁ&&i 24 Wifeks b iftolo Sis, TB'VD

substrate was added, and the reaction stopped at S. m nutes I t1on
1 M H2SO4andTthe rmmg\mmdawemfonéﬂcdmwwkb’uatwmlﬂ Snmmesamakesplm t ed usi ng

st andar ds_and cal.cul ate.s ue The bl e bel ow
Shona t hesbicta Yt Rinia ek hoifiroye 2d MR tEnd 08 Wedeh BIGR T 2F o
ELI SA t 1 age anfdAl gggm«y 12
weeks1717. 17%l ?R%Wﬂ/\geks ggg%mggb\%gtswf%l?%ﬁ HEE

( HOVD) we escsuretand Yista$aan DA v.2.2@ imagingiodioidcadMAM O, mesfzm 12
week 51%8 2 4&ugn}t1ﬁca on AAFEKS %9&5 3 %rfw'a eet;i'S us(?n7 glgﬂﬁmageEleb gr%?(Nanonal

Institute of Health) and normalized to a 50 ng HA standard present on each biot. .
‘Again, initial graft prohferauon was seen only in the 4 ammals which carned the
transgene. In these animals, HA signals remained near maximat to 8 weeks at which
point two distinct patterns of graft functlon emerged (Fig. 3 Mouse 3, open square,
15  Mouse 4, closed mangle, Mouse 5, open clrcle, Mouse 6, closed cn'cle) _ )
Inthree animals graft function began to slowly decline, with extinction of the HA
signal at 10, 15 or 16 weeks. In contrast, the fourth transgenic animal (mouse no. 6)
showed maximal HA nmducﬁon at all measul'ed timepoints (Figs. 3 and 4 ), indicating
stable engrafiment of human hepatocytes. Sustained graft function repeatedly occurred in
20  approximately 25 % of animals carrying the transgene. The prollferaﬁve signal for the :
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 the transplanted mice supported the HBV infection of
the HBV-mfected, transplanted cells serum samples from all transplanted rmce were
| 25 screened for hepatms 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 plaie analysis performed using a Dynatech
MRX microplate spectrophotorneter (Dynex). Both positive and negative human serum

controls, as well as negative murine serum controls were included in assays.
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12 weeksundetectable. i AmLM Het ero)weeks20014. 12 weeksundet ect abl e2 HOMO
i ndi'cates animal is honmozygous for the transgene; HETERG Sapthineker 8604 he
animal is' heterozygous for the transgene. Both assays show in general

the. trenes.ewesishe sane, showi ng a nuch higher producti opcptaoiioozse
human- derived proteins in the hormzygote for the uPA transgene conpared

with the heter | e denmponstrates successful
transpl ant at i Oﬁfﬁ’%@%\ﬁé “im nunoc%rﬁripf%zﬁ Sglgéga \ gﬁ%‘ﬁ? &D%ﬁWe with
hunan hepmmtsemgeamrp 04-02)5 dBesrbink @ALS, positdvEhRnbA e6mEd19fangé £5R096.t ed
Human Hepaé&g*ef To determine the long-termoutcone of initial successful
engraftnen e“”b‘isol iferation, a second litter of 8 aninmals was °
transplanted in simlar fashion. The 31 17 Sept enber 2004 WD 01/ 67854

PCT/ CAO1/ 00350 hepatocytes available for use at the time of this,

experi fentTable b Aimlwm&tefummaﬂcepmf hepatitis Bhinfeveien folldwiap in@neadntatn o
hepatitis B vi rtkﬁ-g%\]: ﬁé ent exhi b| ted both a. positive serum HBsAg

| evel s and™fEdA é’é@% ACHES-cat | ng a chronic carrier state

wi thout dctrve prral repri cmon L)aw S, Lé@PPos{-TrXﬁgp? FI997) )} S
Two randg “%e ddbuBAani L C
anal ysis,rmgn , ni ng- an mals V\'e g“n#o,ng\/Vélﬁ atiaé“élﬁly i he & a%ls.

' 0 ~be ' t he

Serum sar Western as—dederi-bed—a
HA bands

LJ—(J

ot -sqllﬁtmn |md |<£ gB_; : e fand
band denditdnetiry (Umax Astbgent 1p0084 sicdl@ier| ad Vi st a®02n DA VND. 2.2
i magi ng qof Bwarje (UWAX Cofftansienenpnd.04CA) 0.00_Quaogi {i cag.osn of Hagppeaks
was -perf gr mgd ysi nge NI HI | mRggieds 6D/ 5ab Soigyere ¢t onad,oknst T of :
Heal t h), fand normatfzed(t g Stland pLEsent—oncach—biet—~Agai n,
initial glalgt IUJI ;-%Cla li‘f":la%\:s"lvfégts C')_‘u‘@inn :.'-'tthe w' “1”‘&' ‘Ah' thLLLEd
the trar nih CIeIstept Ifﬁrlél nQiI‘ pr3n13n91 néa?s naxi I'T'§|44{O 8
weeks at ﬁmp@mﬂﬂm ND naet done:t” gd¢ve@rtaﬂpresswaﬁtahsm'bexm ged (Fig.
3: Mouse 3mitHpen square; 15 Mouse 4, closed triangle; Muse 5 open circle;
Mouse 6, &aqﬂcbmsmb@d{mﬁmagmm;&sgraft function began to slowy
decli®@, wth extinction of the HA “signal at 10, 15 .or 16 weeks. In

contrast, -the hgexidited] @RGORAIB-uRAI dEBAti e ROLS @-2')%1c§ixad SRRIRGHPHRIRE HA

production at all neasured tinmepoints (F| gs. 4), indi cat| ng stable

engr af t melvelsrnd thekree Epnsgeniy animalssyig: mansient gna&fﬁmcrtmcshpmd oelyspomdioy
occurred hfi'mmal 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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20 approximately 25% of animals carrying the transgene. The proliferative
signal for the : transplanted hepatocytes is |ikely degevitmbesdOber al b
expression of the transgene, and is- reduced as host-derived hepatocytes
spont an ‘ lete the transgene. In order to assess whelhaisolbfise
transpl ant edxsgn ce supported the HBV infection of the HBV- F?\f ect/gﬁ,

transplanted cells, serumsanples fromaJl transplanted m ce re. 25
screened Ya5ACIR EY4R PRAENAgOIOgiCHRRRINGSHIPEES IO 48ERG552P Mmpﬁqqt%wn@%% ch

ELI SA. Al j ] s (20 1) were tested for presence of HBsAg using a
sandwi ch ﬂﬁ@@?@ ﬁ? rofile HosAg; ADI Diagnostics) with plate analysis
per formed usi Nphigekanigle dok defBMstratasrtbat ameandppetoryphivisplnted iftdynex) . Bot h
positive and negative hupan serum controls, .as. well as negative nurine
ser um corfBigese, enifamiss e suppaR HIR Y virgbreplicalion enher 2004 WD 01/ 67854
PCT/ CAQI / 00350 The results are summarized in Table. 1. Negative human and

nmouse serum controls range from 0. 04-0. 05 absorbance units; positive human
control s Exungde 81 EsiabliSfindPaAfarylldGVHnfecon units. Key: HA.- hunman al buni n;

ND - not done;_HBsAg | evel s- expressed. as .absor ban units. | es
Dosi t1ve for I Rbesh SbpieRn BHERGRTLOr < CMASe Bpn ot Sbog BBV (Al b upa
negat i Ve, repficuion i thelthfierttiflout SRR I fscBuaninel &l £mdad o HEBY. N1 e

transgeni ¢ ani na h- transient graft function showed only sporadic
m ni mal i Howewsdbe vast differoneekbetwedPHBNoamd BEYV disrussedabove@@ackgrownd® wi t h-t he

attern of yst ai ned ft functjon se .no.,.6) demonst,srat | ear |y
gl evated WWZH?E Q{I?K"‘a‘fq"‘?‘i 6%0 %%8‘1’%&&%@%@5“ | ﬂma%)lr ‘b‘?&iptrg]cr easg
after 8 VigekstibR 1o EICY Rifeotdhthioupilh Botnd rb@B @€ ifbction®s A idtiveddusi N activel y

i nfected human controls. The aprupt increase was suggestive of - restorati@n
of acti verapsmigsionypt thatthi chimerig liver¢auldrsunportan aclye jnépstisminpl es of serum

taken from¢this. ani mal 210 r by PCR for
the. pr es SRRk aftos e of s % Hedlor B S adifiafimBA: Ao By, D
subj ect edbficell RfaRms/for HICVIMYhée p@fipdrativedilcoass witi B¥Yngplirhils fmdeisand thedi t i ons
previously described (Tipples et al, Hepatol ogy 24:714 (1996)). Al

anal yiSes rgpgatedfaitares ¢ vl HGY animalmedels indjcatehat ang cap s BPRs ver e

strongly exggg&é%@% PV REHEVE SRS SanYtettipt Has EMAe ¢S8R0 G piftRW iV Thi S

result was
~ 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 -ﬁans;ient graft function and again one animal demonstrated HA levels at maximal
intensity over all measured t_imepdints. All three samples taken from the animal with
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interest in that despite not actively replicating wwthin its human donor,
the virus was 25 reactivated within the i munodefi ci entl7hptanmbendd@4 Thi s
reactivation nmay have been-the result of inadequate antiviral immunity,

simlar t,?,ovmgtmg",s observed in chronic HBV Table 1. Anal ysﬂ’élf!@Lﬂﬁdﬁgébm
mar kers of hepatitis B infection follow ng transplantation o mce wth

HBV-i nf ect ed .huppn hepat ocyt es. b- uPA HAHBsSA Leve]| Post-Transpl ant
MouseGenot® mzﬁ%ﬁm@@%ﬁm%ﬁ@%e@w levels m serum

1. - Absent ; HORRAL ‘pﬁgm SZANR .
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5+Tr ansi emtedk)RT-RER\DalyisOdadii fofnlyRegativt fonulinkd igdi8. fbRths AIBHBA441 ) 33

17 Septenmber 2004 01/ 67854 PCT/ CA0O1/ 00350 carrjers given pharacol ogic

i munosuppFt p%ﬂr%(;%%q}ymwﬂwén@ﬁqéﬁg%ﬁ%ﬂﬂ? e eneqAS Gyt 40: 568

(1997) 3. ThinmlwarecBatvelisr HEVORNA! BlePdsdibidity Wﬁoﬁmﬁm%ﬁaﬂﬁﬂz pl ant ed
on _

into chimeric, transgenic mce can_sus)p_ort HBV viral replicat .
Exanpl e 3themeverith anintah griginating fornoxsiduat wired Grontiihe innguliosis rehotec This

duct i f hi ner i nal .t hat. HBY licatipon in th
i mer 1 o AT sfihss e cofEtubiBa gy Bis SR B acyoped it 2 et pever
the vast ?h%sﬁ!ﬁhﬁiﬁ&%n&@b%ﬁs piRidrectionOé plbsdgrtsesh by BIC\BRfkgoRYNd) 10

nmeant tha ere coul d,be no reasonabl e expectation that the aninal nodel

woul d be 3d4sckbti bP & Ko vidow'mlfeaeri on t hrough a normal nute of infection

(e.g.ypintrave . 1.8 . ' ' hyer suppor t

(09 10, 0t | v RASorkd AAPAARARD debfishdihe Loty bFIRE SEmD b3/ MPA
transgenic mouse to generate and sustain a chimeric human liver for prolonged and

perhaps indefinite periods of time after transplantation of human hepatocytes. These
chimeric organs can be infected de novo with HCV-positive human serum, and can
support long-term replication (e.g., for a period of weeks or months as opposed to a few

15  days) of human-specific hepatotrophic viruses at levels that can be equated to clinical

| levels in humans. HCV viral parﬁcles can be detected in serum, blood, or other blood-

derived ﬁaction by standard techniques, which techniques can be automated to facilitaie
more rapid screening. For example, the samples from the HCV-infection host canbe
diluted with known noninfected serum (e.g., about two to four fold dilution), to provide a

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

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

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

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

30  changes‘in viral titers were due to a candidate therapeutic or to normal fluctuations in titer
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particularly in view of the failure. of others to devel op HCV ani mal nodel s
and the rarity of cell systens for HCV. The conparati Vg Sspbogss 2084 h HBV
ani mal s nodels and the sinply 15 repeated failures-of others with HCV.
ani mal rgg‘?e _}%gl cate that one cannot extrapolate fromHBV. to HCV. Thus,
an attenpto Y% de to establish a primary HCV i nf ect i on PEA/GARA0F
chinmeric livers using virally-infected human serum Seven |itternmates were
t r anspl ambedenin ﬂ'iedmpsﬂuioda}gérhmprﬁehnmmhhepmtmodalﬁwavm fhisma
pati ent ser ?I ogi cal | y-negative for both HCV and HBV infection. After 20
confirm AP ‘t?ﬁlum graft function in 517 animals at 6 weeks post

transpl ant, - alph aifhheryMY Be bs@ e iREntond kavRTgs) tis\é tHe fsBRpsikopf humen
serum obt ai ned from an unrel ated HCV- positive donor. The HCV-positive:

st at us ononwmmgmmlermmnblem HC%mfeqmg byianermal roE0fRNA by PCR,

nocuf at B ThpSiofil ietBeg PRI RulEl. Ghn BF thed B BuorndSiuIBICT, 02° s

taken fr&ifbﬁi ﬁﬂ/ﬁﬂ edmavlﬁa@hoh%mﬂa% tmsbsdrva:mﬁunsx,amG and
"7 weeks post- inf ec ion) were analyzed for the presence of HCV RNA by
RT- PCR ahepyaduged regwlgrly taad retish Aﬁ%ﬂ tangigl mnbars and RaH gHow investigetpedy |

accordin th sy i |¥3‘Q nontranspl anted m ce
served ag'rﬁ‘%yk éhﬁ%@% %ﬁﬁ{lgﬁ’%l ve anirals with good initial
engraftment, four showed the pattern of 30 transient graft function and

again one ani mal denonstrated HA | evels at maxinmal intensity over all
nmeasl ed Exampled: HGQV Infectionofahlb dﬁ’m taken_fromthe animal- with 34 17.

Sept ember 20%&2%@%@832 %@gm 903 dn g Siahdsd d@iﬁ%ﬁE&a‘E@E{MﬂeS”‘ as

reflected by persistert human a s I'n serum were rongly
posi ti veafigfal Hodeliithe mNehtioprcan sippoitirgplivatort o HCHL weekly intervals to 36 "

weeks. RT-PCR analysis_was, uniformly negative for aninmals negative for the
Al b- uPA tranwﬂ y transiently expressed the HA marker for the
transgene. Els‘(w?eé ngé‘m lge possibility of

t he positi veAzlng@lgwsHll s | n severrtt ani mal "ori‘ginating from

resi tual vi rchWlopmeﬂt@f smdt/ﬂ]lb—uﬁﬂtsﬁramenhumals vﬂ’drchou@damrpims/anugmfﬁ'@ the
concl usi on hat t n devel oped at 2

Cr anopl aReuinc S e b mcoduies Safhant pufeiS sxebited b7 B Shandian ve 1o

i nfecti Oeoaﬁcﬂ&nﬁm&al@ﬁre (%9913 )8 &p ﬂ&»‘ét ic bhifi BkperidnftiohQuastibtaite fres Of

experinments establishes the capaC| ty of t he SCI D- bei ge/ Al b-uPA. transgenic
mouse t othgdimversity efhdlberia Animal WelfareEpmaitiegran | i ver for prol onged and

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¢-scid-
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 euthamzed. -
' Isolation and purification of human hepatocytes. Ethicdl 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®) were obtained from regions of hepatic resection specimens
30  which would hermally' be discarded after pathologic examination; the majority of

-ope_ratiorts were performed for intrahepatic malignancies.
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perhaps indefinite periods of tinme after transplantation of human

hepat ocytes. These chineric organs can be infected de IWdhaptamticn 2004

HCV- positi ve human serum and can support long-termreplication (e.g., for
a period okoveeigss or nonths as opposed to a few 15 days) ofpchmneReCI fic
hepat ot rophic viruses at levels that can be equated to clinical levels in

humans. HCV vir Ll d.in seru bl opod,. or, ot.her bl ood
derived fracti o%h%@'g]élpgﬁ%@%ﬁ%gﬁéggﬁ%}l@ﬁt%ggﬁﬁeﬁfégﬁg@gﬁngguﬂﬁ?({mat ed
to facil ity sandani worstg chllageraenbagd pbifiisieik¢Seplet MdthwisTPbBS 18120183t he
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ag;a;:ei In Fsting Ir_-s-qa§|%@%ﬁ%&%ﬁ%ﬂﬁ%[ﬁ%&%ﬁ%ﬂmﬁ%%%ger{,]g?li'ﬁsw!%rgl i cate i on

of HCVS n wishedmliduspdndedin Belra T WoslitongDuPéy atd)° 0ol Siibri-leffi dRkagehan about
4 weeks,. generally |onger than about 12 weeks, e.,g., about 3 nonths to 6
nont hs or FAATE trapspignkatipny Celh soyunisandrvighility vere ronfiamed by themeryigmeter dndigs
over exte L J | - | may be necessary for
adequat e drug. %glg\%gflggﬁe@n@ﬂfgggﬁi%yggrr%%?a?%g&éffect of adm ni stration of

i nterferon-a ([Erasplantatioh pf huwrhat hepatwoytes bRecipianta (8-14 dibldp@e@py, S
general ly only detectab I n_humans after about 12 weeks of therapy. In an
ani mal m&@ﬁ‘tgmﬁéL"&@MOEF@WQ&%%ar%?ﬂ“ileéﬁaelﬁlwwrbwmadq-émﬁys or weeks
and/ ongexpliatifs maPRiRstcnt $Rt109 ' LEfLGULT  or

| mpossi bl e th}g pl%t egﬁiﬁne ol'ﬁf 318 c{?giﬁghggﬁgﬁﬁ%ﬁl ‘?‘gﬁ léjht%}%)glltg\eﬂ}r%gn%{l}é; %pgéﬂéé

candi dat e pofeewdlipe @7g buttarily injectionsét (Abbatt)evith ansinglesterile eitariim thp pepednber
2004 WO 01/67854.RPCI/ CAQ .0Q350 i nherent .in the ani.mal npdel. The present .
i nvent i on JFTOSv IR &YCH ggfor TOsAVS;i °ﬂ?e§wﬂ§FﬂaF@H?mgﬁh%ﬁ%P?§‘°Po t he
best of t kfoseditARbQiyers.know edge, this is the first report of a

non-primate ani nal nodel that is susceptible to HCV infection by a nor mal
route of 5 inf&etdction off HA inmpyise serum|byiineainpprecipitetionand Western Wetn  be

| nf ectF on Mefe PEPRE0 AN ety el st BR Bl toae B8R ar 1y
and rel i aligind)Ang whtsdedbintiBddy ioiées cAltdtodiviith Yoted\GLAPUARE bBRIsOr S to

directly explore strategies for inhibiting viral replication in vivo. 10
Exanpl e 4 {BegingerrMannhsimo fUnsiep radraing condifions; immmbpaenipitstest were eepakatedhov e

can cupport PSP GRnl R FERT e lfte. MReBtUT el bpadd wbinfal "V OM O

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

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

_, digested with PvulI, size ﬁ'actionated. on 0,7% agarose gel, transferred to Hybond-N+
-membrane (Aﬁashm-Life Science), and hybridized to a [**P] — labeled prdbe from the

final intron of the uPA gene (positions 7312-7920, GenBank accé.s'sim;_ M17922). ‘A band

- 25 of2.88kbwas .derived-_ﬁom uPA u'énsgcncs (T) and a 2.53 kb band from endogenous
uPA genes (E); hybridization was quantified with a Fuji phosphoimager and Image Gauge
 Software, . ‘ _

| Immunohistochemistry. Mouse liver biopsies weré fixed in 10% formalin and
~ embedded in paraffin. Sections 5u thick were stained with hemafoxylin and eosin (H&E)

30 in standard fashion. Selected sections were treated with an endogeﬁous avidiﬁfbiotin

blocking kit (Zymed Laboratories, INC.) and immunostained with a monoclonal anti-
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The. follow ng Methods and Materials were used in this exanple. 15

Devel opnent of scid/ Al b-uPA strain. Aninmals were housed7iSeptember 2004
virus/anti gen free conditions, and cared for in accordance with the
gui del i tah! i shed by the Canadian Council on Animal PEEr1AERT) -
Appr oval or an| mal experinentation was obtained from the Un| verS| ty of

TN ALb AEEY hepty e SHEODRURABE: é@ﬁ%@&@m&%@@ EPGe dbiEy

honozygo abich B8dRasasci d- bgN7, Taconic Farns),
and proggf\ey g??%/)lﬂhdg’etcl?gg‘%Bg-uPAot ansgene we?e identified by PCR

anal ysi s of g®rmeindobblat essay fortquantitation ofZHA Pod _MbasS@pbksﬁmoumaorat ori es
t echni cal suppor.t) Thr o ackcr CJ d |t red to
hormzygoé‘i"?‘?1 #D %ﬁmcl‘li’r"é?ﬁgg? ﬁf?ﬁ&éﬁgl‘wh‘r Befds %%&?Fb%‘%@?ng a
sandw wetd Bibtted ted il gﬁx%a%e Htb Pnﬁy%eﬂulﬁ %mfiefm&m}an%@w.f@sbg&mrm; hani zed.

| sol at | on an lon o epat ocytes. Ethical approval for use'
of  humabufitss bloekaiasitio BVl B&-T ween raat] Ipecpartdas 'Westerndflotal bert a Facul ty of

Medi ci ne search Ethics Board; i.nfor ent. was obt ai al |
hepat ocy CoSRINBIREsceE HahMRAIRed vl A S TOH Pioruiagef ol S R nche
obt ai ned %{vgg}e?g&ﬂ%%aa{bmgpat lc resection speci rrens 30 whi ch woul d
normal | y carded after- pathol ogi c exam nat [ on the maj ority of

oper at i ons weQuantiativy analysis@f positivestons seseru@e Quandiefvenber

nepal®oy PREY gEsi W negmas ﬁﬂﬁ%?@@ﬂ&@tﬂsﬁﬁﬁﬁ%@gﬁé%t A
col I agenpgsrdaSAM (Eﬁﬁlfoﬂﬁ)'no ﬁﬁ,%ﬁﬁdﬁﬁbh&é@aﬁﬁ&lﬂan Bictiler fok Didéks8Conirdl976) :
Ryan et al.. Surge_r 113: 48-54 (1993)) usi ng 0.38 ng/ nL Li berase -Cl

(Boehr i n{Winmpegn bd, Gapaa).c Annlysis was perfermadson serumsamplepusing theat i on,

el R AR Y yTORRF At R RS o IR 0,

wer e confdstriikbnby hennocyt onet er and trypan blue exclusion; final
viability was_routinely >80% Transpl ant ation of human hepat ocytes.
Recipfents (5 f dﬁﬁhwm rithgeyeEsay  and a

snmal || emck_ mmn t?_'ﬂn D& gth Ei%ﬂ%ﬂ&&h&%&b@n 1 x.

106 vi abre—trepatocytes—were |njected |nto eri-or splenic pole with
a 279 buhivfitid beruinmsingt TRIZOEAGiHADBRL).) RT*RGR waas perfoineedsistngd e ‘ti tanium clip

Bnd'the FemRRRREThatorciigas e RAA PLJORE (Perkin Hinen Becrifhgh® " °F! 2°°¢
manufacturer’s instructions. Positive-strand RNA was detected with an antisense (5'-

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

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

' membrane (Amersham Pharmacia Biotech) and hybridized with an o-"?P-labelled DNA
probe for HCV 5° NCR at 42°C ovemnight.- '
| Detection of negatwe—stranded HCV RNA by RNase protection assay. Total RNA
was isolated from mouse liver using Tnzol Reagent (GIBCO/BRL) and from HCV-
30 infected hufnan serum using QIAamp Viral RNA Mini Kit (Qiagen), each according to
| manufacturer’s ptotocol. Extracted RNA was probed with 32P-labeled, gel-purified
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Detection of HA in nmouse serum by inrnunoprecipi tation and Western blot. 15
Mouse serum (20 |) was incubated with nonocl onal anti - Hﬂmqﬂm%@‘d one
HSA-9, Sigma) and antigen anti body conpl exes collected with protein

G agar oseypeassss (Boehri nger - Mannhei rn) . Under reducing co Il ons
|mrunopreC|Bg]?t ates were separated by SDS-PACGE and transfe &Léép.?léoofsso
nitrocel lul pse. \estern blots vvereq%ggfared using a biotinylated

monoc| onaRitssase fhopEqhe; (Qﬁfﬂiﬂ%f&f’kﬁ sanse gjbgaeppe (datection 0§( ) spmdyi di n 20

HRP conj ugal/g: ?gmg ?ﬁ}%ﬁgnt substrate (Pierce) for signal detection:
Det er mi-nati1 on of "zygosi € Al b-uPA transgene. Muse DNA (3ug) was

di gested with PimhzldeSn.mdsr aThre@piatnill @nsQuddmagiesReDRE in yifdnsferred to
Hybond- N+ nenbr.ane_ ( Anersham Life Science and hybridized to a [32P] --
| abel ed plawwErptemnek tHmcated BV RNA- HCYP e epnstugtoniginally develapeg- 7920,

CenBank agg ved fr uPA
transggnes (n qélg%aw%%%%@gﬁ(nﬁ&%gdﬁ{(?rg%ﬁ%@%geéﬁ%ﬁﬁgmgﬁﬁ%& (%p

hybri di zafeshrsenan ohﬂmdﬁomﬁ@\l—inlﬂec@ed—hthbn@l(@hﬁﬂnez)msag#w andl Biovisn Gauge

Sof t war e. m s Lver biopsies were fixed in 10%
formalin a@ﬁéﬁﬁém&ﬁm&ﬁ ﬁt &@Fé@%ﬁﬁﬂ#&@%t@@mﬁﬁm th
hemat oxyl } %M? ctions were
treated wt an en Sgé’ﬁ’iﬁs@‘é”ﬁ I'n %? de&%% %t%&%ﬁ%ﬁﬁ atories,

| NC.) andResmruam)smdﬂ?(éﬂar\ﬂomnaTﬁamﬁdemwdh gonitledTdelpfinte Ps&IW&y 52004 WO

vounchin FEAGTCREACTEARARHIC R el Lidho Ha0m imeract on

System ( @@Wﬁ&ﬁoﬂé&tlﬁ ao@Phorith bf ?@(f ?V aridbor l?lat;cftﬁ 01 cONA

productlon Sanpl es of nouse serum wer e |ncu mn at 100C
in 401 rememlongmmm@mMnIhQHCh(pmﬂdi)éSOMCR, lbﬁmMMigCIJIEI,ZOOIuMbEate onto

t |1yl d t ff bl ocked
I th°Son HHeR ey BboSitdSR e AP DR S Bkt AR Bhmet e cence was
quanti fi e@GA&L'm:@céK@@A@GAMWCAtm@r&@@@t@ﬁk’r@e&&d&ﬁeﬂ ed on

each bl ot. QJantltatlve anal ysi's of positive strand HCV RNA I n nouse serum

Quantht at‘MLéquQ@W 3723 V(SES INOpb faad#eﬁUTanDNAdm&ymml on by the
Al berta P b bl Ed t Al bert Canada),
or "the. cASRHORMBRLY, B Stk olded Atiinrp Base YAFT G, SHHF £ 62 thada)

Anal ysi s ﬁ'@meﬂewﬁﬁ)aﬂﬁéﬂ 9o the EUi RS aiB S85] Sitds T pBeescii 0ES+ (S‘%{ag&iér HCV
Moni t or Sﬁi)st em (Roche Di agnostics) according to rranuf acturers

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 ’..pﬁme_r). Both
25  orientations of the 245 bp product were TA-cloned into pCR2.1 TOPO using a
commercially available TOPO TA Cloning kit (Invitrogen) to generate pCR
2.1/NCRsense and pCR 2.1/ NCRantisense plasmids. All clones were confirmed by DNA
sequencing (University of Alberta DNA Core Fac111ty) |
| _ Preparatzon of szoprobes and Truncated HCV RNA T ranscripts. Rlboprobes '
30  were prepared by in vitro transcription using T7 RNA polymerase (Promega) according to
' the manufacturer’s instructions, in the presence of [32_P]UTP. For detection of (+) strand
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instructions. 15 Detection of negative-stranded HCV RNA by thernostable
rTth reverse transcriptase RNA PCR Total RNA was i solldtSsgteinben2dfuse

| i ver biopsies or infected human serumusing TRI ZOL (G bco BRL). RT-PCR
was performed using a thennostable rTth reverse transcrlgt ase RNA_PCR kit
(Perki n W98 4ccording to manufacturer's instructions. PRYEARIES  and
RNA was detected wth an antisense (5 20 CTCGCAAGCCCCTATCAGG 3' (SEQ ID
NO 1)) BHCVWBN/A G 3ayantiscasestibeprobesvastranscrived deom Kpn I digested pCR 2.1/

gfanmﬁﬁsﬁﬁﬁ%gﬂégg%éﬁﬁﬁé r%gefls; it '%\%ﬁ%%ﬂ'}e ot her

primer t V’l?i;@ﬁ@q-b? £ddi@dtion o Blackif AirRRriAdd TR RetidIMdugOdi Ng 1 egi‘on
(NCR) ang1 ﬁ%&ecte to 35 gyc(l:&ids Onat B9:1\1"5:[Cllﬁ’for 3051:I GGCcfor 45s and 70C for

90s, fol (AMODQ WEBMsédio g&ncmmwntnbﬁﬁrmeafo d@nommmaﬁwgf | oaded onto

520t 97050 ggﬁ?%gﬁgswf@gi@v;gmaﬁwﬁ* st 38 a0t BESHRRS PBoe 1 o

HCV 5° NQ ?} @tuml@%édse/@nﬁﬁenéma&wg%s@ahmﬂeﬁhma RNA by
eCtron assay. To

RNase pr ot tal RNA was isolated from nouse |iver using
Tri zol WB@WW&S@&WW@W@MG@IWW BERNA usi ng

Aanp Vi K di.ng. t f act
o ot ocol PoBErat: AttoRaly, eIk PR TBRbh bl R IO AR 00 °0°
Sept enbefragdfifed Rkl TS S PhefA(ProfRs). antma&ﬁ@&aﬁscﬁpﬁwﬁecﬁdﬂt ection of

(+) strand), sense rlboE)ro e (detection of () strand), and/or P-actin
ant i ¥enswerd bbﬁpﬂébé'f"c fo !a'yﬂdby we#tment with RNagerfree DiNasel (R@1dNase: uct s wer e

DD ol sl hob gl S By B A s RO 1 HeV

serine PR&AtBaI6bes Wérd breBidfiatet i B vblua®s bf sisblutesthianal fier aidthd 0.6m
HCV-infected patients (Chom:zynskl et-al. Anal Biochem 162, 156-159 (1987))

was denaveimes af 7.5 3 amsrongim péetate Dlateariin pfhrdiodnerkia vilge raassaled RNAsY o |
reactiong ol | r Genetic
Resoulrces%gl"%%éwd%%éprﬁn&%%{%a{%??ég B ol RO e N s was
5 115 TCIGEGTEIAIGAGIGEEORART mwm&e&g@magpmqnedmgan PCR
g :0 m%pﬁ-%%%?%%%?%ﬁﬂ%qﬂ'@ﬁn PSR AR R o Rt My a2,
200 M of p?lgmaﬂﬁféxéﬁ ORMHTEFOM H8a bid %Qﬂ%‘ﬁ&da@)éOManAl@ﬁH.' mer and

5' pri mer

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

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

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

30 pdsitivc animals carried Alb-uPA whereas the remainder did not.
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GGAATTCGCGACGACGATGACAAGCCACCCATTACGGCGTATGCCCAGCAGA 15 CAAGGGECCTCTT 3
.(SEQ ID NO:4)), and 2.5 U Tag DNA pol ynmerase (G BCO Brrgptermtss 2804 pri ner
added an ent eroki nase cl eavage site, -and the entire 623 bp fragnent was

cloned i niwo bfiskc0 R and Sal 1 sites of pBluescript KS+ at agene,
PEHRALPASRE Sy <o

PDI). The'remaining two plasm ds were constructed using a

obtain a 20 r an .of. the hi Iy conserved 5' noncoding region (NCR) of
HCV RNA from pg%ﬂ’ 4‘ alsy somg et greimgnts m@t@@nomm -

8738-8743 ﬁ]ﬁ%&}@%p te used
was| OO nga%%\/&-%ﬁ)?ﬁ?‘lcwg% &pgﬁ,éﬁgﬁ%%& %‘F gﬁ% w .(SEQ I D
NO 5) (5' represagtativenssule’are Bo@AGT E&MMKM %m@we(‘eﬁﬁﬁgd ey of N
NO 6) (3 t at f the 245 b roduct were

TA- cl) E)nedhlglaﬁogy%%ﬁfmfsefdbf)ﬁﬂ%g:?g&a‘% & nr%’v‘s’?(‘l‘(‘f’iﬂeﬂsl%l}e et ‘P%@gesmu:@htr Altel oni ng

kit (15vi nmgﬁﬂageh@wﬁ@fbereat Osiagh [32?] 14&%@1%895&% deﬂdecPfESin?tUé spense
(Universi

pl asm ds. cl ones were confirmed by sequenci ng y of

Al berta mue&&enﬁd@nr»gqn;q andendegenges uﬂA wefe dijtingpisbiide by ribufhen bist ed HCV
RNA T db { tion
iot ng. 17 S pad 8 SRANIER, AR SRR e Reosin b Femarn

i nst ruct |amfy(Flg)6) hGenuntis DN ardlysi &ﬂ:&)&mﬂ%%&bﬁ&ﬁﬁ; (stistainbd and 39
17 Sept enpber 2004 WO 01167854, PCT/ CA01/ 00350 HCV RNA § nt anti sense

ri boprob W?%WW@@W@W or g@'s%é‘dle}:ﬂ@Rﬂ@SnbsetMMaihng@m and

for (10 Stffdhs We nse riboprobe was transcribed fromSall digested
HCVPf i x/ KS+. Il—:lor defgrgc%'ﬁ?)% of {3-actin, linearized pTRI-Actin-Muse

(AVBI ON) was u“s:emmmoge:fembas ﬁoﬁ&ﬂnsp‘.lmmxbmﬁ otemegqmamédl@ig%
specificit ? strand-specific detection of RNA, radioinert sense and
antisensé“}r&flgﬁﬂ Bﬁ’é‘?"mﬁgimﬁgéﬂ%@ Edrhik ‘B’FW‘@F‘F?S Within ngduts, _ _
sensel antﬁeﬁga@e%ﬁaghgg&tﬁ&gel E&’MS‘!’I"EM%HQ@ B(&*ﬁ%,asvpos digested with

Sal | prior to inm Vvitro transcription usi yIert se.
Addi t i on&llnpunmsum’, WSermBs Wemehviopsy sumalidr, ﬁﬁhvaiuoaa‘tdi tytoplatrh @nd

transgrib si nerise. ( Pronega) . in vitro transcription

reac'f1 ?on?ﬁ%o%“gl 11Tq) X’?f’é“ % °§t?18§4$ﬁSHPn§/mthaRNase free

DNasel ( RghoblsasiantiRhaimadpatb&ite Al gab%h Hg,gg re gel
at %&e Bl wﬁich:ﬂtgns b oo tat :

purified and radioinert H ri bopr obes wer
vol unes &nthasknsl sybetantiad cressrisiaction with aetitraplnd holoayemsusafiouke Bivid, ammnl um

acetat . il GO drt¥aeO mhAHh BLAGLS wid ciéarrl)rr oF lgurmaar}lsgrggllg,%gcp R[\(ﬁgg outward into

and ¢ compr&ssmg surrounding murine-derived tissues. While the large human nodules

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

HCV Infection

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

from HCV-infected human donors. Non-infected human hepatocyteé were transplanted
25  into 27 offspring from héterozygous crosseé, and at 6 weeks after transplantation all mice
were inoculated intfavenously + intrapéritOneally with 0.25 mi of human serum obtained
- from one of two unrelated HCV-positive donors (viral genotypes 1a and 6a). Selected
- serum samples between 3 and 40 weeks after inoculation were analyzed for the presence
of positive-stranded HCV RNA by RT-PCR; 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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was eval uated by el ectrophoresis through a 1% agarose gel. RNA sa Ies wer e
15 denatured and hybridi zed overni ght' at 42C, and RNas¥ Stpiresher 3804va
performed using an RNase protection.assay kit (AMBION RPA Il Kit).

Product s ol ved on a 5% polyacrylanm de gel containing 8 Murea and
exposed t%gﬂgﬁég“s X-Omat AR film Production of Transgenic AQl{gp3so
Transplantation of Human Hepatocytes M ce carrying Al b-uPA were crossed

wi th ani bl X rinfectiorCofhdniozygiud-nige Withdwgaan HOY and t hrough sel ecti ve
backcrosses bred the scid.trait to hormzygosMy In initial experinents,

honozygous—acid—am mats car Tyt g M& WPA tTarrsgene T e —Zygous

f ashi on werAdbaPAssed, anihitlal HAer . 0 dayﬁé?éﬂqggtgg. (\fﬁfje t ranspl aht ed
i ntraspl enIGbﬁbiyyieWI th 0.8igdal x 10 _."-' hly is &S _

hepat ocyt e Huban—s semSEMaTaaTalL 1edhasm ' el ST hepas tes,

was enpl oyed-as an |$1d| Mens? of 05 graft fun®on. In a p| | ot study of 36
transpl ant &;/-a strontp HStwingnal d46.%4-5 weeks @BEI-transplant was

denonstrat eéd+ n the 4$er Bong 19 B8Sfpi ents. HAMfnds were detected as early
as two meélwsaﬁmh}sthaﬂmspig&rWe&klﬂAls@abmﬁeemumep@ﬁmﬁly over the 4-6 week
t i mepoi nt s-rsplg;g@mtvmge nfty@dtés @apﬁmst@e b@,l—j(lgskﬁ)waﬁlsu@ded genotype anal ysi s

reveal ed t haj (ﬁd)dl \%{H s tcg%@@,ﬂa hSsdii tbétd AI b- uPA wher eas
the remai 0 CAOT700350

Despite initi aI I y strong HA si gnal s, sone graft reC| pi ents had extinction
of signal at A;Hr&mrld—tﬂpe contedds hadvho bﬂdmcsae:tfdﬁﬂakgdaﬂ@notmnrmdm strong

signal s beyo 30 week ative resul re.s own I n Flg 7. As
t hese -graf% ﬁ@ﬂtgt@ﬁf?%t@‘?% ﬂiy’mw %F@kl&@de tiafly sweng HAy,

di ver genggniif vt ﬁ‘xfogrééiww Y& sx@ﬁalm@nélﬁzsd{}e} tiftle 16 W GRSHidyY g@%& daﬁ’#?mﬁ'o? uPA

transgene was test | abel ed probe de rom the final-
i ntron onme)mm@emmmnommnmmmm eiialeowr dindtiplagui shabl e

%esg;;g%bl ot H@%és' S %d‘lfl the SI 2 ratlo ngﬁg“b@# ed to determ ne

confi rmdezh&eha@agme&wmﬁmﬁéﬁ@mﬁa&h@sog%dwmm atxha@fur were

honozygous for Al b-uPA, whereas the subset with failin graft 10 function

wer e henHEMBYS. byseamm RE-PCR apalygiec Quantiati vV BIY isercrevenlaskyigdt e

oY EA ¢ YR O 4 T SO SR M bl B o 0
hi st ol ogingethddhuaRiERSudcasshil ifbdidns iwkre estiblizHed!wit Holis geidtypenbeviealcel | s were

obviously snaller, with vacuol ated C¥r opl asm and
moculum and duration of infection ranged from 10-21 weeks in this initial cohort of four

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 quantttatlve HA ana1y31s and/or sacrificed

_ for immunohistochemical analysis. Results of this experiment are shown in Fig. 8.
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15 pykuotic nuclei. To delineate human cells, we imuniostained sections
with a nonoclonal anti-human hepatocyte antibody whi chH7iS¢ptenthsr y0&4 ai ned
control hurman liver but had no substantial cross-reaction with
non-t r ansphalesgd, homozygous nouse liver. This dennnstratﬁ? hat t he
nodul es were clearly of human origin, expanding outward i QﬁméW§m”°
conpressing surroundi ng nurine-derived tissues. Wiile the | arge human

nodul es 20 coniileiemigygoun gndiagmazyequsanimalsinigpily hadsimilacAzighabor t al
s e by . : f
o of onged THARBRR B s ey aks H0Rkr aRfdntl BecaleanpBlRE L ML 12 walsTRRCS ©

HCOV- i nf ecsizdaibimniomelymousmicwerd nbscthesah briénolepgiiady hisem@ae t r anspl dnt ed
25 into 27 offspri from het erozygous crosses, and at 6 weeks after

t r anspl anCRIZEEOLES tF1% %) e Rapdam likersaetions drony homosipeus and hemirygonper i t oneal | y
Wi th 0525 o ’ ' &5,&@ f .
HCV- posi til"é\?ep lgiésn%irdgﬁ #?‘gﬁ%tg%g%%ggef a a c?ﬂ %‘g’?ﬁ w&%@%ﬁ#@ﬁ kaglzlaer%lc}‘r’1l1ths"f’irrpI es
bet ween 3umnocidital apthsmah hepatoayecantihvdyto estinmtetha pywent réglacentent gff esence  of
positive-stranded HCV. RNA by RT-PCR, results of the experine are .

hlipen Gabug  TheGr PO MEIGoRRaniE A Ao HRe 0 PRI Ha

e
summar i zeB! egﬁer
det ect abi fétiplotFindiddEWite Bich BillsHcbARANESlbREaBtiall oo (9 1 17
Sept enber 2004 D OL /67854 PCT/ @%350 el PSPA K rodld,
honozy gousechenad lixen arediammorronslabimabi I distinict eoiiadl, exanGnaticn of multiple

Toar 1 Koo a2 sl Altn BigecRY oty Forpiens R T LEVAEAGT O R 1A
si gnal at edpraferdnt! ire%agérnmeﬁ&wiestsugg&t Q‘@absvﬁxﬁahﬁwaﬁﬁgée)ﬁl%t@ﬂﬂ wi | d-type nby

Kruskal Wallis test O. _0’1- vs h otes and w | d-type by arson Chi -square
test Al Baghiude pyddwgton pihumanhepatecyas engraliment for hompatgoys Alt-uBAinct i on and

were pergsl: t Qﬁ% ' ﬁ[% zygous animals had initially
strong HA- ée?l%négﬁl 3@%&0%?%%5%% Y% (t)esl;ﬁﬁggl‘gnal intensity over tinme to a
medi an graft dBy ahusplantihg iffo the progeny of heterozygous crosses, successful infections

15  were established in 4/27 mice, all homozygotes. This success rate would make the model
too cumbersome for routine use. As a result of the quantitative advantage in graft sizé
ascribed to homc;zygous' nﬁce, the breeding colony was shifted towai'ds exclusive
production of homozygous Alb-uPA mice. Using the dot-blot assay described above to
screen early for high-level hepatocyte engraftment (HA levels >250ug/ml), ~75% of

20 HCV-inoculated animals developed persistent viral titers >3 x 10 copies)ﬁl, with many
>10° copies/ml. The remainder of the viral studies were performed in homozygous

recipieats.

Confirmation of lqng-term persistence of HCV )
7 Long-te_rm persisteﬁce 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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weeks; (+) stranded HCV RNA was not detected in any of these aninmals over
multiple timepoints. In sharp contrast, all four aninel’sSeptmbrygdis for-

t he Al b- uPA transgene denonstrat ed sust ai ned human. chimerism (medi an
30.5 vveek(%/ and were positive for . HCV RNA by serum RT- PCR anal

Quant i t aWQBUERRS RNA anal ysis revealed viral 10 levels raﬁ'&T@“ﬁ’r‘]%{’l 4
X.103 to 1.4 x 106 RNA copies/m, well within the range of infected
humans. Su&geafidrihoduldtidnt iInohe mmmimgatra&ibﬂembuebrwﬂmamwo@eﬂsaby@ess of viral
i nocul um and duration of infection ranged from 10-21 weeks in this initial
cohort ofweeksfl.¢raingded-3-foldlcy | nfection of Aninmals Hompbzygous or Heni zygous

for the Al b-uR CVERRAS
persistently (Pﬁﬁ 0% %ﬁégﬁgsﬂ%ﬁ%éz&%ggdﬁam na ﬁg&%wﬁ&ect abl e
i n hem zyigoveks alé ihyquddtionsh fad ahiw;ls (cnedeath gfierddoddsampling): UPigoinitiaHCV

replication_at detectable levels as a tesult of dimnished initjal
engr aP t maHE impigrseaoupled iy parsisteRsbehigh yirableyels #13 ifogsigtentwith yirgl;

dot - bl ot q:gy‘/g %FH{H&I R fifri f@t and,
phosphorl gl ng 1[%@1 nore actur at guant | f&ma uc13|ﬁ{(;eﬁl Autsee‘r’ms

t ranspl aﬂnfemgdmm a]xﬁﬁctcsrydlar&sﬁrm@dﬂahmﬁhﬁ hdp opices).r The wtadiserghe  hunman
donor into | e 15 .hanozygots a got es om

sel ected "é‘ﬁf’%’é‘ﬁ ee ﬁ%’é‘@q’f}? quag %ff?"am Pﬁa%l%ﬁﬁj' y
sacri fi ceplreddr AITGRBRAREROGHRIACEGN” GRE ot fsemi ment

are shown in Fig. 8. 42 17 Septenber 2004 V\D 01/ 7854 PCT/ 01/ 00350 Wil e
hemi iqgowa'ahhdd,hmlygop[wrang theloscurrince ef vival epdicatfon. | ar HA si gnal

i ntensities, 6 weeks e i chot oy Pecane pparent nd. by 10-12
weeks HA si g%‘Z%P%‘??&%& g‘ﬁ%rwg‘e vrrgp”’”“g@ﬁ%gg %(?Pd‘ﬁggm tude,”
hi gher t hgtBrmdapii; 2eeetios of &) Stran@ HCRRNID Within4Be h$&%h§ﬁtﬁtefsb%ﬂflaf’”02ygous

and hem zygous 5 recipients sacrificed at selected points after

t r anspl amerlication. \JEy vedhestha sisk affa@@ pasitive zesultpi gafosh el alaﬂtrplﬂlguﬂﬁ%ﬁﬂ@'pat ocyte

ssuo.” PPN SrodlopRaf PR BTE v e bR espmaBloedld o o

e‘i’lﬁm or- bl ot
fi ndi$9s techhiqiedruman cel | s occupyl ng substantial ‘portions (>50% of cross-.

sectional liver area in honozygous animals. In distinct contrast

exami nat i‘on oﬁxghyhpmpmopeg@é’é @Wﬂ@ﬂ@%@&ﬁdﬁﬂ%@?@%@%&d&ﬂ%m pi ent's
reveal ed ER;P{.I? i H}E‘i e

st udi es s e‘ﬁﬂ"‘ﬂ van age E)% tthtraEﬁQﬁE?u e 1z;iaggiduratlon

of human vd‘eewdschabelﬂeﬁngt aSetmﬁast offliver tiswte Wﬁaiﬂbcbbylm partial -

hepatectomy at 2-5 weeks post-inoculation in six animals and 12-13 weeks in the

20  remaining two. o

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. ‘ ' R '

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-



reci pients conpared to their heterozygous counterparts. By transplanting
into the progeny of heterozygous crosses, successful i nf/éipienrter 2064 wer e
established in 4/27 mce, all honbzygotes. This success rate would nake the
nmodel toowg\WiREsgone for routine use. As a result of the q%anéitative
advantage in graft size ascribed to honbzygous mce, the ) ﬂW@ﬁ‘,’ol ony
was shifted towayds exclusive production of honmobzygous Al b-uPA mce. Using
t he dot - bfRSE! e i3 WHe-tseatrpbmouse; seniraasplpgted. qronknfegied; Bisla :
hepat ocyt ngﬂ% cn ARl 0% .of 20 HCV-i nocul at ed

ani mal s dgf\glt%:ag%%gg per }aé?érﬁ&%?k@lc tltg'(r“?' gg‘géqﬁof%:ogfﬁzggfﬁtfa"ﬁﬁlﬁw%ny
>106 copi wensd, notihecuiatedaivitid HC VD istseruni taken Sotttireiafareidempednt griged in

honozygou ecipients. nfirmatjon of |ong termpersistence of HCV
Long-t er rﬁ%‘f@ﬁ%@‘fe&f PFesFis i”t"é‘?‘@ ¢flabrlbprebe © target PARA Fequercedngoi ng
actives 2&snRfdd {3 'HBAB'QS 1] ds(% ' | ' ver,
one m ghté_easca?%dbﬁé&ﬁgaﬁgg%dr@?g%ence ?gﬁzﬁﬂ(;a\{/n\;er VI%}FH@H&%@%I%%%& r than
true inf eltvdr&NAGD pgdbpatwitoserumMNA fromas HiGpositiod humes) BisAbsener e

i nocul at | 0 of infected humap serum, (genotype 3a; 2.95 x 106
viral mﬁ%ﬁ%@t&ﬁ AR o reS Ca o BEr ARscBReAtePdM o Ferse (Pwse of 7.38 x
105 RNA cipesbe; FaSHdsS 1i04 ' ' 1ahe ' i 30 3/5
reci pi ents, p?%rﬁal i ters',1 |r§%§égggﬁ§dﬂ%g%ﬂgg cﬁ%v%%‘{o%eﬁdﬁgs\?g}lpéﬁge initial
i nocul um Bapel ongntisgnsglowenpane)2iioprohs) His iiRPEobes hARTdIGADMItAA8 g mesks af t er

i noc ti Cohih the remaining 2 recjpients, titers.increased nodestly over 5
e e B BB ol SERSE R 1"
has been lemsvepressel uhdigd@AHYbprobe Fardek Wil dxBEctd RAINS lekddferithn tRAN: 62N Mal S

(one death after bl ood sanpl |'ngc%l]i The initial 5 riSe i'n titers coupled with
per si st erfOrgsRonding Fagments piasgotecthy hybrigization rastheirnargets e Repligation of thel

replicati r . t r, artifact..ln.further study, a sixth
chineric %sggﬁév%ﬁ/;ésm cl‘%ﬂ%%%d}{\%yfﬁafﬁuaéaayg%?’ﬂﬁ Ir’\?f'hrogr i noculum (1.35 x 103
RNA copi es) . Higl0BtiRiwske teenits/offaadinition Gerdds ahlydR Ol Seladtb@ hnitidfsq&idgOn wWas
nmeasuyr.ed 1€t 1.33 x,106 copies, a_1000-fold increase. A nonpraqductive

*i nt dracthohermastable iTgh reverse Banssriptase RNA PCR pmtpen). Both Gagad (1) stranded r a

oal, | ot TNNlake (RABIJIv02 By ARGHEECHE e Loty P! FALAD Y S @

positive-stranded RNA virus replicating a ne 1'vVe-'s
i nt er mediRNA wadeotatstdctd imfnoge S witlangh HOVas¥An warlibi andvss donfiehedRRS I t Ut €S
pr oof of

(Lanford néu[lg@!i ﬁ’%{ z%ngﬁra%s;,r Ql}yr@g'g%:gtg _o}' Qgteét{o?lli)f %I—) gtglzlnfl %—I(E)\? %I%A{u%pgrepsagéﬁ,s(-)
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; mouée_ 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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614 (1994)); (=) strand analysis was perfornmed using two separate but

conpl ementary 15 techni ques. Ei ght hompzygous graft reci7pbepiansber36e4il at ed
with 5 x 105 copies of viral RNA fromfreshly obtai ned human serum were
confirmeg to e (+) strand HCV RNA at 3-4 weeks post i at |

Sanpl es P‘fli’%}g‘%{‘ ti ssue were obtained by 50% parti al hepgﬁg@h{?%g? 2-5
weeks post-inoculation in six animals and 12-13 weeks in the 20 remai ning
two. Analspaties.fGentyol seasions famHontengRlaned wevsedivesdlid potshowaey evisticon by an

i ndepende I ra | 0 T, [ :

transcri @?%Q?M‘%@ot 'cg'?beard st‘%l:}gérl s%%?#?ﬁogn%%s@@ len'&r:céesdul ts,
shown i n gricg¢Fig. 1K) showelarcaoof hepawdyte Brining edichivere sipdilar irecytéplasndpl | cat i ve
i ntermedi ate (negative-stranded viral RNA) within the 25 livers 'of

t r anspl argranplargppedrace de sontyod kuman septions. dltheughat a slightl edyced SRSt i ons (A
t hr ough b s ©14 IHndd : :rﬂw%s%ﬁ' '?‘1 SRk fagy nunber
desi g%at ﬁ%tﬁéagfﬁﬁg%@gﬁ&\f%?é repl)éagggnt gi%ndi vi dua eﬁ%&aggﬁpl es I1sOlated from
t he | i vernsfeof livgilan Hepawzyigowithin the chihiecib liver &f 4 transpiahted tAdbluRAdnousen

i nocul ated with HCV-infected hunman serum 30 Fig. 10 A shows detection of
(+) strand RN&%H&BEpaneI) or (-) strand RNA (lower panel) by -

t hernost abl e r. - t: d gg@g, ' 44 17
Sept enber 200}11-{7%‘ %e%}‘%iie;%ﬁh%%ﬁ C%%?ygggggh@%pecisﬁi%}lg%&%f%&ge '

wi | d- t ypef aegdtivelstramdesid HC VRN A awithih elrtiinedic liversisamptetiati2-5Bvécks posthet er ozygous

t ranspl ant'ed nmouse, i nocul ate i th .HCV; i S, a. honmo ous l.ant ed
m)us'ZB n6T09W51 éﬁ“’ﬁkjﬁtﬁwﬁg@%‘ﬁmg‘g I 2 E&W@é‘ﬁﬁ'ﬁﬁv‘? ##?L@gg%ﬁunan; E
is a st andemtnddifed AAPRImisen BRIV S BRIdeit WleRe2 9TaflARBLEskicH, Obe to target

DNA sequences 5 generated from (+) strand (upper 'panel%ﬁjor -) strand
(1 ovner panetipondingito AMAImabrates efpimd replicgteon within theoliver; ispeenldbeh ser um RNA

froman HCV-positive humgn: HI.sS use liver 10t 0) -doped W th 106
copi es r§ﬁ??ﬁ9?£tpibefﬁpﬁll§g’ﬁ§’g n(%%&f%’%‘fmss% 'eSWR%I@eMm‘%O—E&(%%g | is nouse
liver RNAxplhfh WhPithe{ORaendistdedlfibiesiries in Adéctions (/6 aaiffds sattiphdat 2@anel ) or
antisense (|l ower panel) riboprobe; J is riboprobes hybridized wwth 10 pg

nous &5 10 week$rathprthan later{ OB sampledtat 4243 Jvaekion thaken insombinatignfhesesiataof

RNase, Fra nts. in. thi ! Yol ' r'?g&;g -ﬁ@gfovv), W th
expect ed W%ﬁgﬁ%@yﬁ?pggpe%ﬁﬁglgﬁtﬁ%gﬁ%?m%&?ﬁe’g%%%%g ragrrgl%t S protected
by hybri gifeeidnds chienic) @¥l6st révedily,the Mephtondiave dernbnstiated An@xingd meode] 65

clearly seen in 519 ani mal s_assayed by this nethod. ) ;
the invention based upon a chimeric, Alb/uPA transgenic mouse having a functional -

. human hepatocyte graft (as determined by detection of high albumin serum levels at 35
20 weeks post-transplant (greater than about 800 units by dot blot)) and high titer HCV in .
serumn-at 35 weeks post-transplant ( 1.7 x 10° copies/ml).
Serial passage of HCV infection

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

passage recipient had viral titers of 3.42 x 10° copies/ml. If one assumes the null
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Fig 10B shows the results of a dilution series analysis of selected aninals
using 15 the thernostable rTth reverse transcriptase RNA $2pRngreo6@bl . Both
(+) and (-) stranded RNA are detectable over 2-3 log dilutions. In this
experi nenwaolezss4(-) stranded viral RNA was not detected |p&’ri&l6§@03§0

al though it was seen earlier and was confirned later in nultiple RPA

S rana: HolRRETRHigh oo B SE bt he it B G R

prot ect i onhﬁ@ema@ys@gereehﬂm wioldhaye rdcefded ~6000 toied GG Fom M itl@al gnat ed
above; noyse. 10 was Ir%zed only’ b?/ the RPA nmethod. Thi s assay
corr el at ed™9gum (hé éﬂ@v@ sppiesx &8 dlutignx I*IQGHFm?WW&@Qméemthe (-)

strand in < [ 5QIA use ely due

to.-the revéuced @ghgf)t?%lg?(%ﬁg%g%sﬁée%Sﬁ%sé@gg@g? mmoﬁ?) I'S '%%%‘élml@‘ig’r?ﬁl ysi s.
25 T6 cowduid havedean received fromfthébiNginal Hintan! inoad@ina ISeftn FORISRis!sbA6RAS |

sections of liver  taken from hom)ﬂ_ggous m ce whi ch had been transpl anted

wi t h- hureRasfagrrespiant G0uhvasinegulat @me*fce@dchmnﬂlpmwnwmbor@wfm serum

o the.vi Parealsheg At Y SolcRids RS0l BRI, adpiaihb il ar

cytopl as mmﬂpmmﬁmﬁhay\lhhhf:&beém&mhs&ﬁte&ﬁﬁv ranﬁgali nefidinpe? MighRiafte30
(Fig. I 1A). Areas of fibrosis and portal triad structures did not stain

posi ti ve fiee segrations,of pRssagey JHISIFESHIEFIOR ifom BRMAR a MoUse Ssmahst -t ai n

;F))cc);_} tclgi} ﬁ@?ﬁ%@gﬁng.%ﬁ?"ﬁ % yonﬁrmg"?ﬁ?’%ﬁ%ﬁ%ﬁ?&@&h i vers

did not shffctidnyparicdence at all of staining (not shown). Experimental
sections taken _fromtransplanted and infected m ceﬂéFl g. 11B) showed areas

of hepatocyte 'ﬂl% ﬁﬁ@%‘%ﬁ%ﬁ'@t@ hemegyepns sgidddb-adhi !ulceg\rlﬁmhhramc

U Ri i ng. iy B 68 oo TRRARE B IR A o S S once

that HCV rbphsationuat plinitaifyerelevimt miters,heg ateomphlle oﬂuhhsnmﬁﬂgethﬁhmeﬁdxﬂol i ver of
atra - Al b- uPA use ncl usj on., These separate and
i ndep de?it?‘F’;F F’?‘b?"l‘ﬁ?d W'g? ceHpns hays berr established with yiral gegptypes la,

negati ve- FISBﬁ'&ﬁ@@a,'iﬁiﬁmeﬁtﬂékﬁﬁegﬂw&&édﬁfgvéﬁmﬂ?‘ﬁ mgre% weeks post

10 i nocul ati on. EXperi s wth sequential weekly analysrs uantitative
RT- PCR (Fstgxdam capemencisl asstysd Iﬁ}m@qygdsw de\lbruﬂnfos csiiicuhmtsutcmssfdt weeks 2-4

after inoc tion cor.r.e ondln rates of. viral re i on
o Rt ERbRO of PRAEEREO, 00 by Beife BOORy S5es e PIERS P et
amunt s Oéarl@'s):reﬁﬁlﬁg o gﬁﬁ\ﬁlﬁcﬁion%t Biot ndils, 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, inchuding anaesthetic inductionAand 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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explain why the (-) strand is detectable earlier in infections (516 ani mals
sanpled at 2-5 15 weeks) rather than later (0/2 sanpl ed7aiepiemtes 20Reks) .
Taken in conbination, these data conclusively support active viral
replication in this animl nodel. Furthernore, HCV infection is chroni C.
Most recBRPYE8¥he inventors have dermpnstrated an ani mal AGdEFABOBFhe

i nvention based upon a chineric, Al Db/uPA transgenic nouse having a

f unct i ondExanimierbn Huerzatumbitical qomﬁhlotodaselb@s sourcaeftely fotdrapsplamgationft  hi gh

al bumi n serum] evel s at 35 20 weeks post-transpl ant eater. t han about -800
ot Dy S Gor Hrahs surmmh iR, Ran sy el i arfren 4o S BlufBbke: | 18y

post -t r angRk ¥ abfliy ?o kg@géa&%b%ﬁmapmeﬁ@%lﬁ asRASFAMRpAbcYIey/giveh gt | on *

After confilrm ng rep | Cation, serial passage of HC,\/lnfectlon from nmouse to
nmouse waspraperenqnbmtloﬁpéeﬁnm and somuli. Fuman stoneslishasobeenshgwnio 105 vir al

mouse . adiars e sl BPpDuS i hnfERec ARSH NODSER BIEALEE 45 105 ©
copi es/ M BhagalekaR y@sfméafmﬁ(zt)lfms -20U997). BREt: et aPPAS: Narl QBadA LS| es) was
ri

I nocul ated intrape oneal | into a second naive chineric nouse, which

devel opec94l(lﬂ)é5|3§0-<5f(12977)51&1‘0§hﬂ13@é91 Sgt Med 21332988 £K296)+ With regards Fcat i on.

.Serumfromthis firs assage r hen.l I

1.75 x fﬁ’f”@ﬂﬁul%o%%'ﬁ aﬁ?%aléﬁidﬁc ?"&"%au Vgtte ﬂp"“ r Hﬁ%g‘gp cﬁ%& i ve
weeks af t]ﬂ.baﬂog@ggh@gtd)@ eﬁamtghsagond passage recipient had viral titers of
3.42 x 106 .copies/nm . one assunes the null 46 17 Septenber 2004 WO

01/ 64854 PCT/- @onméblooﬁymnnbgmyce ﬁéqtem&wsa dawepdiiondhey hae bssrur but

rat her th itial J -I‘eCI pi ent
woul d hav& ?‘b&‘éﬁyf}% 'g%gﬁﬂdg%gwé‘!é%gﬁ%?’#%éﬁ lﬂﬁae i n&ltﬁ P&%I hocur um (4.7%
X 105 Vi raido i@ B6reXeddify abailakilé.OBedauds mhelllhuﬁedaﬂaﬂabﬂﬁgmfﬁgsmmasmr um °

vol unme -10001); the second: gassage reci i}ent ad 576X nore rr(lfeégur-ed viral
RNA t han 23 aHetats SRHiFe of BERAR BERAIRGYEFSHY e"ﬁ‘&ﬁﬁ‘ﬁ“‘i %l um  Serum

fromthi %ﬂﬁm |

addi ti onﬁ%ﬁ@e%@g%ﬁ o om &g%gggﬁgﬁtk eve %ge HCV [ nf ections
(t hi n8- pSCIDgs:/ AtbouRy lﬁiﬁesnawhmlﬂe tategemergie indo mighle huﬁmnilﬁparbqetcﬁsm ssi on has
Gonor at | SHBSICEHs Sxyaroun have s RSITEE, BAFFD A AT HBHEES. mouse -+ 10
mouse - . HMEemhinkh BY&0 IR aﬁ&ihtan,rtﬁekawwa rélophlif th%ﬂﬁﬂ@&%te%&‘@f&mdum ion

of fully Intectious particles.” These experinents establish that honpzygous
sci d/ Al b-S(ID.bg /cklbwiPamichi meri ¢ human |ivers can be infected de novo with

HCV- posi ti ve }Mgtgrrllalggﬁ&lmeﬂisoﬁgport HCV

20 Following the protocol described herein, SCID.bg / Alb-uPa mice are transplanted
with human hepatocytes at 10 —14 days of age. Instead of human kepatocytes, 5 million
‘human cord blood monocytes (source of stem cells) are transplanted via intrasplenic
~ injection. The protocol of testing mouse sera for the presence of human albumin via-dot
* blot at four weeks post-transplant is followed as described herein.
25 - Inaddition, to determine whether the immune system has also been repopulated, a
- peripheral blood sniéar is performed at 4 weeks of age to look for the presence of
lymphocytes. At eight weeks, the serum is tested _for the presence of human IgG via
ELISA and the presence ot: CD4+ and CD8+ cells with FACS analysis. If these cells are
present, to determiine the functionality of the cells, PHA stimulation will be performed. -
30
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replication at clinically relevant titers, and are capable of transmtting
this infection to 15 other chineric mice. Successful .inf/deptessr B8% been
established with viral genotypes 1la, -1b, 3a and. 6a, with rapid increases
in viral RLiAke[s to levels easily detectable by standapd conmerci al
assays. Honozygosity of Alb-uPAis critical to successful PETCAB PSR ent of
viral infection, and Efy usi n&‘hormzygot es as recipients, coupled with
early scr Me &t Iﬂ:ﬁe eronAlp Zb)xrm%m $aidfpP A ddicy dnfectediith HECt i ons are

routinely 20 esfgblic L amd 2D | nimals. Th

transplantation pr 0%%&‘3%&%?{%@{‘%%&%10%%#é‘g%‘%gf@g?fe%fﬂrﬂﬁ@ﬁ'{c\énd

t echni cal adtivity of cdmdidate cheantiserapetiticsn Sypkrderorn alphe-Rbl 6 pwanRasl o eti-EICV

i nduction and.re gver time ﬁEn kes 5-6 mnutes per. animal. Wile access
tlf'f?@‘

to human HEFEEBCy RS U engt[I;I od mice o dheinverfon yighrsspabinant yi el ds
f rom hepatigtyeor APhRS WBresie BY si %@&&%ﬁﬁ%@%ﬁé-&@ $. viable
us ce S a OWs or

human cells.. The ability to cryopfeserve surp
efficient utilMzthodpand Mstevielsl as transportation to centers wi thout hunman

ti ssue access. Wiile . success rates have be | ower after transplanting
cryopr eser ved r&&l—’-‘&ﬁ%@%@?&@%ﬁ?ﬁ?d?@?@&@“%ﬁP@HPBMIY%_t’é‘@’ee- bl ot .
hybr i di zatdbfindPSom! thO¥REatnR thédA using EéAtRub R i h%{ﬁ%lla@é&ég%ﬁgb th
success in_viral infection in approxinmately 50% of - an mal s”w t of 30

bl ot >250 i Beelninger MangheimhoHomaeygote SAID/MPA 86¢xt welsdrangflamed\ Wit D.5X854

PCT/ 1/ Q0850 . H nbilical d. hl ood l f
cel l SC& 9 or O@ r g°nls'§f3‘§wa%5§ R mﬂgﬂ ?Wgoc P:”%ﬁf‘#ﬁ%&f‘ﬁ?@?ﬂcm}?ﬁ YEO E}gq(?lg are
proven to Axet wedksippsttemispladt iiyod ek v ambiskdylell fbrOnfRASISIRYEAY O

hemat opoi etic cells as well as hepatocytes given the proper ‘cornbination of
condi t | onSOBFATIROUTIAG 2 ARARHIANYE dpt kel dssayh Bemonsttng >200ug/ hbefHAhe

ability t ﬁ%ﬁ L ekl s .0 NODLSCID mce (see, e.g.,
Bhati a et qﬁr‘?'@@—'é@p 8%%36%%15@%5%8&%%& égb%d;fgb%sﬁxge@imﬁﬁ' Proc Nad. Acad
Sci USA  94( 10HGWB2ffedtioni 0B wedka posthehbmarti mitk weeinjdvbsdl idfrimarit 37
(1996@. Wth regards to_ liver repopul ation, however, clinical: studi es have
used 49 emvith 30 ghof seymufiem aHCY pesitve liver tlaasplang batisnt.@enstype 3r Jhe sematt e

liver. 10 r b S ' emgcells..In addition,

t hey havedljjgg%per{g#i gBF]yéE cr y%%?lg%é{rd\(}gﬁ%aa;g&ﬁgte e%ﬁ“@&"ﬁ?ﬁf"@eﬁﬁé rved
post - t hawsertindemanstrated [HOW RNA leveBof 21361X 105 TE/mE adlil O Gaidtakic: wiaecause
of the |imted ai a?]ia)llty f fresh liver tissue, "an_alternate source of
human hepﬁ?’&‘meg ot VHE"%Z‘@??WOW‘@%U%W%E%MHQSE@ uswigtes nodel

of the i nyeBid AMpliddla IOV Mbhifc? versidh 92 RoEhd Biakhddiag anted into our
20 Interferon administration: The mice were divided into 3 treatment groups: group 1
= controls (ﬁ=5), group 2 =IFN 135 [U/g/d (n=1), group 3 = 1350 IU/g/d (n=2).
Treatment was started 2 weeks after HCV inoculation. The IFN (or an equivalent volume

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

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

Animals received human ﬁepatocyte transplants and, éfter coﬁﬁnnation of

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

30 studies revealed the greatest absolute rise in HCV copies. Interferon thérapy was begun at
baseiine. in 3 animals at dosages of 135 (n=1), or 1350 (n=2) lIU/gram_body weight/day‘

49



15 SCID. bg/ Al b-uPa m ce nay be able to regenerate into viable human

hepat ocyt es. Subsequent |y, they woul d have the pot entli7ajeptenbsngb@t t and
develop a chinmeric nouse/ human liver. In addition, the cells would

repopul ate the i mune systemof our SC D .bg / A b-uPa mce. -Mterials.
and Met h&RI¥G8Hs| | owi ng the protocol described herein, SEHERPIPORO0L. yupa
mce are transplanted w th human hepatocytes at 10 -14 days of age.

| nst ead offor Boweks biEfomtoentt $&ek 2 isHIAV tire b RERACRmt dnd bHimterfrvowthetapy, ( sour ce

of stemce]ls re.transplanted via intrasplenic .injectiaqn, T t I
e e
Four weeksopmefal LEEH?&B{])?}?Pubﬁc ﬁealhpamlb@ﬁadsfﬁﬁmebmrmﬁﬂea andd | n addition,

to determ ne whet her t nmune system has al so been repopul ated, a

per i pher antepspersdd sithdumizg serumfsompias from glinjealanabysesagdsseysensilvityds t he
presence hocyt es. AL -ei ght. eks he,serumis tested,f

preserce @iﬁrﬂ} appraxately %Ef‘g%h gﬁﬁ?ﬂgyﬁ&‘e&ﬁﬁe@@m grwxéﬁathé%hfe@; |'s
Wit h FACSephR ("Eiifdicdts thbegRnefiVafuelr € present, to determ ne the

functionality of the cells, PHA stimulation will be perforned. 30 48 17
Sept enber 2004 WO 01/ 67854 PCT/ CAOL/ 00350 Exanple 6: Interferon Al pha-2b

Tr eat ment. k- Ci P. MW th . : I del s of the
i nvent i o'nTaé’Ech 'bé%é@?%@%‘* gm%“%wfﬁwﬁﬂ%@ﬁé E‘Jﬁaﬁﬁgt e '
chenot herapeufregfmehint er fieron al pha-2b i s HROWinleqRITPERpNt 1 - HCV  activity}
Thus, triceatmenti_of HCOV/-infected nmice of the tpnuenfron with reconbinant 5

i nterferfon al pha-2b wil||Basshinet in a si gnW#‘i‘-lg&nt decr eas¢ Wegktdhe | evel s o

HCV RNA. Vettrods—and— et er ety A matsy 5o , hepatocyt —sotated
from pi ec%%tﬁré’? hunan 1 vier A8 e - obt ai h&d™ t he opef ?tbq)ﬁBE?heat er s
usi ng cdnitdgaePus perf usijondMoER col I agenpggx{dger ase HI i 4xq6hsi nger
Mannhei i Honozygote SQI D/ uPA mce wereltransplanted wigh 0 5 X 10 106 tlo
1.0 X 1(&dnteeth human hdpa@d6Fbes via ink LAsHERi ¢ inj ec{iBH0ES 10- 15 dayls
of age. At—A—mweeksS—PoStIL; Famt—bto 0 : T @SSV e 1T0 THYRT
al bumi n ol concent r atfi OTIIED : M ce
denonst rlatdga@i >200ug/ nl jof 24lfEe Wer-e consy eBfigist 0 have aJyusgeggt ul graft

and usedfor this experijment HCV infection: At _8 weeks posttranspl ant
m ce wer|d35Hj/ght ed intrd@edilBheal |y 15 WoxED | of sey dbxifBin a HCV

PoOsSI tiv lbbdﬁj’/g}dr ansprat tl'gjxi‘bEg:nt ; gcuut yﬁﬁ. 3—The ac\i’ tH ND
1350I07g/d = - 3.3x10E4 ND ' " ‘ND

10 Four of five control untréated mice demonstrate rising titres of HCV over this time
period, while 1 shows stable levels. All 3 treated animals demonstrated decreasing viral
titres with the 2 at higher dose demonstrating viral clearance (ND = not detected).

Example 7: Passive Immunity to Hepatitis B Infection with administration of HBlg
15~ The HCV ‘model described herein is based on the preseﬂée-bf a chinieric |
" mouse/human liver in an iﬂlniunoconipromised' animal, as a’ Spemﬁc examplé, the
" SCID.bg / Alb-uPa mouse. This model not only supports a replicating hepatitis C virus,
but has also suppdrts a hepatitis B infection as well, Becase there are 1io currently no
proven vacciniations for hepatitis C, HBV-infected mice are used to test the validity of the
20 animal modelAin'test'ing' vaccinations. There are currently both passive and active |

immunizations available for HBV.
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was stored at -70 degrees Celsius and thawed out at time of inoculation.
The patient serum denpnstrated HCV RNA | evel s of 2.56 I 3pemhgtgf04 All HCV
guantitation was performed by the Provincial Laboratory at the University
of Al bertg,dipsesig! using the Cobas Anplicor HCV Mnitor version 2.0
(Roche Diagnostics). 20 Interferon administration: The ni c&CGI&A914035P ded
into 3 treatnment groups: group | controls (n=5), group 2 = IFN 135 U g/d
(n--1), gr‘oup":He?atl%g“Illﬂmlugﬁgioblrﬁﬂﬁ'mlg)ﬁseaiemdpped/msiwbamm td theeeks after

HCV i nocukat ion. The LEN (or.an.equivalent volune., of .norma| saline) was

i nj ect ed Ih%\g#g{rg Bl%“%ﬁ%%%é%ﬁ‘l s 8%’35".""@#’688“%@856?%%%‘@ EE}EQ pdom Hov RNA
| evel s angogjtiaé intf-HBS dondrsa (The TRableallt isfhith 88& BRIHBArepdriifont M o '
treatment, .and 25 2 and 4 weeks after treatnent had stopped. Animals

recei ved KHW&# Saiing: by lanitedapplivability baeruse af Lepartialhf ¢ffertive Snshoft half-
tisfact af 1 . { - t -assay for huna | bumin of >
36. 0° Uiy 1 SRS oA R AR g HRSARE S bl BB Bte 01 o

genot ype Prdve€dio Bamsefillne values are viral copies/m nmouse serumfrom 2

weeks post HCV_ipjection, when prior 30 studies reveal ed the greatest

absol ute rise %EW%OWHBQWWWWWWdeﬁm%mdiIhe in 3
animal s a i 10 - < am -wei ght./ day 49
17 Sept entay S8R0 SB TR RVbR B s s of P pOR R Behin . ek
2 is HCV Bipositivbpatithts>(Fonaequently, if has mediceéd themmorbitigyriy bothvdie pafveaithet i s 2
weeks,after.t apy. assa by the Roche Anplicor_ kit run by the

Provi hei apaq_egggéag%qs%?%a Y‘E%ﬁh}?‘?“%‘f"sﬁldﬂ_é% the @Qﬁﬁﬂ“@;@@ﬁépgﬁﬁl i nded and
i nt er sper g@igkplt, hTIRLERAL 3 Ve Ghd 80586 iAMntRRR: i
sensitivity is 5 600l U/?ri %gfrﬂngggrmo}lxc?émy%el y %t%%%gébl ra copibéfgié?n‘%él The
resul ts aHSsandhedyititret Hest TedglleestBk elyposure, thdidnrinidtratioresf HBEg kaspoarentedval ue) .

Table 3. Affec f. |E n nfection in the Animal Model of the
I nventi on: M%?M%@gwcﬁﬁ% Basel i ne' week 2week 4. Control 2. 7xI OE3
2. 5x| OE46. 6x| O arfnal théde? oftht YniopdadHetustd MV Rekhe de0Bbhabh: HElLES

1. 7xI OE5 . 9x10E5. Control .7.5x10E5 2.1x10E6 1.5x10E6 Cont rol.1.2x10E6
>2x 1086 1copIpHioglemonstrate the usefuiness of the animal model in vaccine development, a

proven immunoprophylactic vaccine available for HBV is used. Through injections of
hepatitis B immunoglobulin (HBIg), the SCID.bg / Alb-uPa mice will obtain passive
immunity to a subsequent inoculation of hepatitis B, thus preventing and active viral

. infection. | ,

20 As emphasized above, HBV and HCV are not comparable 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. ' "

Materiais and Methods

. Following the protocol described in the Examples above, SCID.bg / ALB-uPa
mice are tranSpIanted 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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135113/ g/ d 2. 2x10E5 3. 6xl OE4 4.5x10E4 13501 U g/d 1.8x10E3 NDND 13501U7g/ d
3.3x| OE4 NDND 10 Four of five control untreated mice ddrforedtenthea2p9&ing
titres of HCV over this-tine period, while 1 shows stable levels. Al 3
treated ani mals denonstrated decreasing viral titres with the 2 at hi gher
dose demBRMPBAHFng viral clearance (ND = not detected). EXRSH{SIAG1A035b55si ve
| munity to Hepatitis B Infection' with adm nistration of HBI 15 The HCV
model descri by e Adicight wetkesuige the nﬁcqﬁlbﬁeﬁbmdfeeatpvﬁmmi grompuse/ hunman

I he SCID. bg |
Al b upe Tote A g eon Bamaatia R PR ARERE R AT I Fopelient ¢

virus, RibivBa @é@go}‘lﬂgﬂﬁﬂtsﬁhﬁe hepatitis B"inf ect ion as well. Because’
there are no current y no proven vaccinations for hepatitis C,

HBV- i nf ected Bage adbntcsetbmocu!wdmﬁiemﬂamqﬁhlghbﬂ’etw s@umni mal nodel in
testl Q{PCCI natlgq(i ThnSre are currently both passive and active
j5pRe HBV. 50 17 Septenber 2004 WO 01/ 67854

PCT / CA01/ 00358,y tRRatH bﬁmgntlalw 8biitd rhtﬁ H&@ﬂtemcaddev@md passi ve

vaccine to the " hepati B surface antigen i s devel oped by collecting
and .pool tcnglpmblepomﬁvemanﬂﬂmtmaueltamﬂ&lzmkgaom day. tfol ra¢e aesul t i s
ahlghtltreéa(g - HBs ar.ation.. In the clinical setting, it has limted
appllcab )mﬁ%ﬂcfnfally effective 2) short half 5 life and 3)

i nt erferﬁamymelm SFFSBIg) SeriniBaitiplad ard-EbrEiMed for HBV Gitrbaat R, 9 6 8t0ons, it
has proven to be useful. In liver transplantation, HBIg imunoprophyl axis

i s viGel andieueskn posidiR Miinfction. Hepatitin & mrfaes @tb@ﬁriy iscassayed opday d ®riche
recurre L. tis B positive patients.
Oonsequ&%??é?@?cﬁaggﬁégggi%g{%gﬁm&%ggb{}y%n Iloth t he gr aft andpt he 10

patient. Patients are treated with a |large bol us dose during the anhepatic
stage of the transpl f3_tnt Tr eat rrent |s contl nuled for one year and t he dosage
AX a3 a BN ( O -"- = .-? M i

t he admgg i&ﬁ&%g@;@é E@ has pr event ed the transnission of HBV in 80% of

cases. the invention can be used in vaccine
devesopnent . ‘R aimdlinoeds) of the itreentiomprstidentacvatiableitselfto study unfant he - ani mal

Toar! ab oo g o oRE e adayfhontFoes I BRBAS A BB kB
| munogl gRudlchRyib bRl HvBEceiCt i BoidmMhdredbiifiteewith hhtofiYodl Periiesi Ve

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 presentittg 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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I munity to a subsequent inoculation of hepatitis B, thus preventing and
active viral infection. 20 As enphasi zed above, HBV ard Sdpigmhee20@s
conpar abl e vi ruses. However, since'there is currently no passive

I mmunot hegapygyey | able for HCV, the use of HBV and the &APPB%%@GS an
initial screen to show that an i munot herapeutic known to be ctive
agai nst HBV infection is effective.in.the anigal nodel &vaiit;;he .dinvention

provi des .- FUPRSIEICE 2H¢/QETUDURS SHPPFSSHON it qRgIeXhBIPSTers el et sAfEe o

val uabl e sgqig@ninite; ik PeHornRid wigk? &ﬁé&ﬁlﬁrhfﬁ' BLHAGE T BEE;EH
Met hods Fol | owi ng tlhg p?ot ocvg)l félgglcri bed i'n the{?Eggprr%ngs a oﬁﬁté%{b%.c%g /

ALB- uPa ntmsksetppin inawsptulhtretd svantindugsponshagsinsbuytogensasliopbndid AREys of ‘age.
F k t- .t | , th ] d. d bl ot, for. h

o bun e THgEHRi EE B eeh e oB ol GRa T ARRE Spudtsat) en svumppbpy
exper i nent @dll pi6Rferdtion hésaPe Bh @idtaame 2010 hed/ O\ O kine 824 dHTh/ NP sipCmbaM: 01 Al

ei ght weeks of age, the mce allotted into the experinmental group receive
a hi gh dos@ intiaqedias produgtianyis exarhiged.ob adgitigny indhysk gyltwnd celes Ttchlk cont r ol

group recgkyve:a lnhecti f. [ sal.ine. 1. Al mce are inacul ated
o o' 100 LY i AREE A Bl PO Rbu S tonly dBiecxpGimedls &8 el els)
1-14: Expediimesbake fishion ol tdlBavitihebdover2d Hdniingiean ¢arisl@send (e 5Bl 9 _
(conparable to that in liver transplant patients) of 0.12cc/kg once a day.

Cont rol i bh8d2d 6 wesks posidefeehonnd RBME s recprstityjon) enderpminebfonthsiry t he
f f ectygof : e ' | 416, 8,10
(130 :rc1dl 01)2 H\%@eogge %ﬁ% A I'n ‘Z‘%?? “géthm& %’g’? ﬁ#ﬁ%ﬁggye&%ﬁﬁag%t&yaf gacgssayed

on day 1 pimepoihy séiBMt bveralliiminuneirespshse gai be cirebitghvitheRislopdst - i nf ecti on.
Exanpl e 8: Use of | ne Recopstituted HCV Animal -Model to Anal yze the
| rmune  Respongtiopg %\Vﬂ%ﬁf‘g’é{ Figulys; Treedl respoRsss agaiael kngvncRBsaryddiEY on
provides gryalsadis ildpes hidL i B vitrBTHH S SHBATAR | { of
aut ol ogouzp I vser cee}#sep{:%gogjctﬁeﬁ WIaJ'El”I HBVwor‘ Hg\i? e m ceéogrg%i%ﬁ% human
l i ver cel I\arus doadlis timemonsse eeparasents. USiedlady t B celistand isghtesi 4p ée sahventize addl ood

mononucl ear . cel.l s (P , .2-3.x 107 cel | s/nmoyse), to provide nodel system

of | HEY it Ry écFeHe‘Pf%'Z‘anh So@@?&%&@p grained foreyiabine * can

then be USgMetion as well as overall Ig production in culture upon polyclonal stimulation. '
Uninfected, PBMC reconstituted mice are used as controls. The overali T and B cell

competencies in ongoing HCV infections can also be evaluated.
A | Alternatively, mice are challenged in vivo with promiscuous HCV and non-HCV
20  Th epitopes at various times after infection and PBMCs reconstitution followed by
examination of those peptide reactive T cells by cytokine production, activation marker
- expression and proliferation. Again, in these in vivo challenge experiments, overall T 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.

53



20 in the follow ng exenplary ways. The' experinents' described bel ow can
provide insights into the critical role of various congor@imbes200hmune -
system e.g:, antigen presenting cells, certain cytokines and T cells, and
mechani s gigash yi ng the i munonodul ation in chronic hepaf;d.lt{_.im ogg ect | on.
These studies can provide the foundation for design and investigatlon

novel 25 strategies and novel vaccine candi dates for the | munot herapy of
chroni c hep'ati@%hnes.ag d rppunoregiylatory mdwe&mmq\hmanﬂsmw@smn&h t he

del.
mouse model. Sy Gk Rhbfilcil SR ofVRfiSLs c c,}&treat nt o#%ac):'ﬁroni-gif#ep&eitis

chenot herapeutlc and/or 1 nmunot her apeut |

i nf ect'i onsera s/ddlleettd fromhict ifedtedwitk HCS padieeonstituten dithABMQs iand chr oni ¢ HCV
infection 30 H% i nf ect ed ce, which are transplanted wi th huyman |iver

cel | s andSX4ougs el sy ¢ Spesyto ﬁP‘E&'T"t‘J@'&ﬁ?s MreXpesmen s PePrEed|in gt o

over al 4 iﬂﬁ@%ﬁ?ﬂmﬁ&t&&ﬁ%%@ﬁheg%cm&% O@ﬁ%sa ve"qued

conpet ence a | mTune suppression’ i n context
i nf ect i onwith contrel novdnfested buticymine rgrenstintrddniche On thpdthedltandy | ynph node T

O oo Ead Rt pLEBRe cyianes s Tl At h;ftoﬁr;b%wﬁ@##%%b&%" oo o
tetanus tﬁife% as@%&%h%@&m&m@&e ‘Eﬂﬂi&é@kﬁ&'e@ﬂtﬁen?eﬁ&lt on

proliferatio cul ture cytokine secretron in the
cul ture sbpé,r'h aetllamponae to promacmNSlH@f apd ooariCVH pcptwdesmwelicasl polynlcmdljl tion,

I n t uI tur ed.c ce activat.i on rker exam by flow
cyto “é‘i?g%*' ‘?‘f@m @W&ﬂnﬁ@&” ? "? yF‘gg'ﬂf’on so T

cells WI Iﬁm&&cﬂoﬁ%ﬁ%ﬂo&ﬂﬂmﬂ%@%vﬁﬁat&@ﬁhﬁe&afeumerﬁﬁfeam orlafttr 81
weeks post infection and PBMCs reconstitution) "and examned for their 10

r esponse time sy ZB owakhsdn mmee). Imihe &t vitroexperdmentsHbwrale pfiaddibomiof eerafiso
eval uat ed_at,..each | so that overall imune response can be
correl at e(ﬁ?}ﬂ'?f‘ ’W’Vrlfs{gﬁgggcah ‘BEW th polyclonal stinulus, T cell

responses agai AfifigdapRudenSidEas V@ﬂdﬁ@/celﬁrpckﬁﬁ%n@m{nf&ﬁbhﬁﬂﬁ‘é are

exam ned in VITI’O and tnelr STI ul atlon correl ates W|tn vVitusS Toad in tinme

cour & experi ni i -w“-- time and 15

cul tured Wthcﬂ?er%ﬁlsgﬂl%lewdgnc%‘? Steét%' c’OIGecP%n " etc. and

exam ned f or ne Secre Pon in

culture Ldmdnﬁabelbﬁ:ﬁa@dnlshhpﬁﬂedl madendﬂﬁcmbﬂgmqs) &Bmm@tga&hﬁtut ed mce
are used as contraols. The overall T_and .13 cell corrpetenm es. i n_ongoi ng
HOV i nf ectimfiatorsaf CRT pellsdq induse efficient imupwaity. Therefops, sxamination AP Cenged

in vivo Wh&idiiR %ﬁgﬂq}fﬁ(ﬁﬂﬂf@?ﬁn ORI to understand immune response against
20 -HCV-infection.
- From the HCV infected PBL reconstituted mice, monocytes are isolated from.
" spleens or blood and cultured with GM-CSF and IL-4 to generate immature DCs. ‘These

D

immature DCs are matured in presence of y-IFN, o-IFN, LPS or 0-CD40 and examined
for the expression: of DC activation markers by flow cytometry, IL.-12 production in'the
25  supematant and ability to stimulate allogeneic T cells & HCV promiscuous Th epitope
presentation to autologous T cells. These experiments are performed in a time course -
_manner, and progression in change in DC function examined as a factor of time and HCV
. virus load."
© In additional expériments, mice carrymg HCYV infection and reconstituted with-
30  human PBMCs are injected with in vitro activated mature DCs and examined for T cell

responses and virus load.
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20 The pitopes at various tinmes after infection and PBMCs reconstitution
fol | owed by examination of those peptide reactive T cdllSepiynbey28¥4 ne
production, activation marker expression and proliferation. Again, in

these in woaehked | enge experinents, overall T cell respo I
correlated with vi rus | oad, tine f_rom infection etc. T cel ?&%&)@é}iﬁ?\%& from

t he uni mmuni zeq_but .| ne-reconst it ut e(ill nd F | nfected mce. are,

eval uat ed for Zo ovErart iSO .'-- 2 . gpHepes in HG Y jntection
cel | /activati ofin filherout SiadistporsiapTaRAd cyotdki¢ el %eﬁ*ﬁgreﬁgénsg onic
reconstituted mce. In_alternate experinents, nornmal hunan are _
pol ycl onafi§V &xested indivddyals, @ pambgref prasmisatous Thant Qb ¢iiddpes fibmct ed mi c€ and

i ned j T ) . . Following th
ot o cBiscP cURG b0 hall o I PR iabine M St 3R 1 o
etc., Aareplfisxeus edmm@vztiﬁreahm&;dimﬁlé)iH@@@«f&p@ba&ﬁﬁ&aﬁei)ﬂg”d?ﬂgr Oblsfr ved
er ce S

T cell res 'onai d(if ects. . Additionally, we wll exam ne” whet

under go aﬂgtb‘f §i°§1 GeBAnssn Henliis natsuffttient fo clepr theyims ifexion@nd/bt 67854.

PCT/ CAOL/ : Wt i , ecules in.chronic

hepat i'tis%@??%gg’ygg%?meﬁ n org{ér “é%élgé?nu%gt?ﬁé’ F&aBPS ar i ous

cyt oki nesinnypieatomstrategjes (us Hsied belof) ating knows pidmissusi ! THesldacrt £mf8peE ce

i nf ected ¥vi.t3 HCV and reconstituted wi.th PBMCs and examine for |I° vs. 2 type
cyt oki nes™ P SHERE BNMYRAIESPORSESe LNFER eSS c¥alpaled &rigenctation o6 CTLapd

cour sy ”amgeéll%&ﬁégﬁeﬁfﬁnﬁﬁf&%ﬂgnggngﬁ?ﬁHCWo%ﬁ%%e‘ér seﬁ oad, and

conpared wth control -non-in I mung r econ On the

ot her - hanmodelspethusbaased to deterr@ing theappyopdkienrsdulsticn of TH and CTE tdsPbnsed - 4,

IL-10 and I L.:..12 are inject ar . abrogated (by injecting anti-cytokine

anti bodi etg)pr?‘ﬁd?%gémmacé@mﬁ?ﬁgyﬂﬂfeﬂ‘%fect on virus load, T cell response

to promi scuousinirMizitidn Mtk AiEYerR @BlId MR TxARintRih c@xﬁe%fﬁyﬁh%ﬂfa&e 10 stimlus
, de

eval uated, Additionally, progression in cytoidne swtc ects in
cyt oki ne forpulatons; ¢-5.4 lippsontesimodifierl dntigew peptides, ey alipidated peplidesj tainy af t er

' ot O"hilvafe b kiR il Ol sfanS o2 PRSP ettonded Wi 1 o ¢ o
the T celdntigaspDNemedidel igRRNRERER]TT caadditive ﬂ(&&ﬁi’ﬁtﬁﬁnﬁ%‘%ﬂ%&i , )e in

chronic H i nf égtions and_ 15 -nodul ati on of DC function rovi

pr ot ect i VELF pgRded iy gadthetiker ¢ is sone evidence to suggest that in
chroni ¢ HCV i WeleRyE DBRNStc RS8R bl G oG8k function i s. i npai red. The
dendritic cell ity dt4RRic DAL bt Frofiffeg SR i CENRC IO o | s t o

i nduce ef fi ci etroctimabhard rion-striber4 bavteins €X@BVNaidiOvof DC  function in
contgyt of HCV. infection is essential to understand inmmune response
agai 1%t 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__agy to g_enerate protective
immunity. In c_i_;dgg to determine novel T cell epitoﬁes on HCV po_lj@rotcin, initial in

25 silico studies dre’performed to identify putative Th a.nd CTL‘ epitopes from conscr_véd
structural as well as‘; functional viral proteins. These identified épitOpes are then modified
and eavluated in the reconstituted animal model of the inventioh fbr their ability to
génerate strong T cell responses, indicating fhat they are immunotherapeutic vaccine
candidates. . '
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20 HCV infection. Fromthe HCV infected PBL reconstituted m ce, nonocytes
are isolated from spleens or blood and cultured w th GWEsRmhed2004 4 t o
generate immture DCs. These inmmature DCs are matured in presence of
y-1FN, a-1FN, LPS ora-CD40 and-exam ned for the expression of

DC- act i vIMQ &67834 kers by flow cytometry, |L-12 producti on RGT/CAM/0D%0
supernatant and ability to stinulate allogeneic T cells & HCV prom scuous

Th epitope ' prEagiMAloh OF chRbmed Hepsufic Anpr8idhss (2hABSEHAED VhdciRB LA ar €
performed in aTime course . nmanner, and progression rn change rtn DC

f unct i on .examismall mejecplesl replieatiop@pd/oy indyee immunomedulation: | onal

experiments, g‘ﬁzgaa’%zfig#ﬁ"ﬁfﬁs ntgc nthgn.‘m' eg%% o ctI-fbV?’o hurran

PBMCs are inj TR ur e examnhed for T

cel | resp@Rssh, anusés th&ebdiﬁﬂtut&ﬂanlﬁaﬁﬁbﬁﬁ 159 e inGQdiodEd %ﬁﬁﬁa&ﬁﬁ viral
PCT/ CAOL/ 00350 | mruni zation o f prom scyous human_hel per and CTL epitopes
in HCY i rﬁhweﬁsﬁs thattake pvieatage of u germbinptomet anfigerhased dheagnien audisenall cel |

CTL
|(or om) S(rzﬁ ?Wﬁ)&{'g@%c r@%ﬁé@%ﬁdﬂ%aﬁgﬁ%xﬁl@ E@%Lave been

i dent.i fi eeblicauou 4dnid¢or if ilg@RAdmodulatiad. Tombindtidablthatprvideefigtivecurs in the

HCV i nfected individuals. However parently this..ang ral T cell
responseswprﬁssomfwrgsmlc%twﬂfqrmlcp ‘Féf&r‘dqq’i’@f’@l‘-‘ﬁlﬂgﬁ(ﬂ\?é@{g‘ft ‘and/ or

repl i-cat bghqnd R oAdniel 2RROR %ﬁ;fﬁd:astg%t%@m&&@% dvRugugidiat e

various inmunization strategi es usi ng known prom scuous
Th ab@l Ctombipatimpwith cytokines (sueh as Ioarilipusoneal f[b@.{)mlsmdeﬂﬁcxmtce are

eval uated for, eneratlon Th cell responses after
i runi zaRBRNIY fp SPRPEESS é?£°mg45§'ﬁl9gé’6‘o°9%°”eval uated. The animal nodel can;
thus be used to determ ne the appropriate nodul ation of Th and CTL )

responses to provide imunity against HCV infection. |Immunization with
ant i gens Ezamplt 9ddsecofdhe model fpneMMtbntof@mstfpcmmmnul ations, e.g.,

| i i fied. ant] eny; d d tain 15
ad wvants. andAssissRisR sbeEnaPa HIONEE s S drple ot e R0t o endr 1 11 c
cel | $5 | gk o drbsiSibhi BORE fr@h"ﬁyﬂ&@raﬁieﬁﬂa.' TB#éras bbRsthe st the adans i ve

therapy with antigen specific T | s expanded in vitro; and the |ike.

| nmunogemtodekaf the inygnfiandiniserepripg tf@reagep@ tharbaye scsivity iagaips pyperipidenia pved
from sty uo%tséJ 151%1'1& oﬁjal A r\:o%%r Eﬂ&lﬁé ?or h%m%%p%sB fHO WHQSVUS%E' go Eggct production
- 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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20 An alternative hypothesis for the failure to resol ve ongoi ng HCV
infection in HCV chronic. carriers focuses on evi dencel t¥edtenmber 2R CTL
responses agai nst these epitopes are actually not able to suppress virus
replicati % ar virus infected cells, and 1imune responses. agai nst
ot her epi?@%gﬂﬁé‘érninants are-necessary to generate proteé??ﬂ%“"@ﬁ%ﬁnity.-
In order to determ ne novel T cell epitopes on HCV polyprotein, initial in
25 silico studiWhilathe presentipyensignthes berardepdriped wiiditrefeeerith tathe spifiepi t opes

from cons . wel |, as f.unciion Lral proteins. These:

i denti fi e?%"g’?%%%&e‘%“%?eéit st HnaeRiooli ) SheRaBey it e aRBiSnnis | 1 o od
ani mal - nodhhngek nidyehel matenin equivalents Aeiybelibitinitéd HWthoMIRRBEFLE fkf BRG,S Cel |
responses, |ndicating that they are |nmunotherapeutic vaccine candi dat es.

55 17 Septseliiand sepe ofibeaayasigs4 ipaiiitonomagy s8di fications ey bemafe todeptned

t her apeut i i o cCl and.__snal | nol ecul es t hat

i nhi bi ts via?pa| r g%?lﬁ%ég{b?loﬁggﬂgﬁgﬁgpﬁ u@e&ﬁﬁnﬁ'ﬁb hdRRaT RETGH S%el’r?ﬁ P3piSr oach

t akes i nt ¢heahjedtires spiritand tstspei ofthengresens poaston. AIERIcBHEdifiGYiohshect | on, and
uses the reco tiLute .animal nmopdel of the invention to identify anti-viral
therapeutP@?“Eﬁé? £ Biiun the Scope of theplaims appendadherste- of ant i gen- based

t herapi es and snall nol ecul e-based therapy, where there small nol ecul e has
activity in inhibition of viral replication and/or in inmunonodul ation.
Conbi nations that provide effective suppression of virus replication or
virus clearance are identified using HCV infected, inmune reconstituted
ani mal s as descri bed above. Vaccine candi dates are evaluated in 10
conmbination with cytol dnes (such as IL-2 or |liposomal IL-2) to provide
efficient inmmunity to suppress and/or clear HCV infection. Exanple 9 Use
of the nodel for evaluation of therapies for hyperlipidemia As discussed
above, Apo B 100 is an art accepted marker for risk of 15 artherosclerosis
that results fromhyperlipidema. In order to assess the use of the nouse
nodel of the invention in screening for- agents that_ have activity agai nst
hyperlipi dem a, a nouse nonocl onal antibody specific for human Apo B 100
was used to detect production of hunman apo B100 production by the
engrafted human cells. Serum sanples were collected froma chineric Al b/uPA
transpl anted animal and froma Al b/uPA non 20 transpl anted ani nal (negative
control). Human serum served as a positive control. The serumwas anal yzed
by Western bl ot using an anti-Apo B100 anti body according to nethods well
known in the art. : ' '

|
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25 As showing in Fig. 12 while antibody binding to Apo B 100 was not
detected in the non-transplanted control ani mal (| ane 13)Septembiebdd4 bi ndi ng
was detected in both the hunman serum positive control (lane 1) and the
chimeric Al b/uPA transplanted aninmal ane 2). These data show that Al b/ uPA
nmouse liver with sustained human chinmerism secretes human apo B 100. This
observation indicates that the A b/ ulgk Amyge nodel can provide a basis for
devel opnment of selective treatnents that decrease the anmount of apo B100
fromthe liver and, .as.a consequence, decrease_the risk of cardiovascul ar
di sease and 30- & Ghieeric fransgemie mowes boss énfectedith humap hepasisis o (HEV)
01/ 67854 %g;l;(p- /00350 Wiile the present invention has been described wth
reference to'the“specific enbodinents thereof, it should be understood by
t hose skilled ianimhemadefididmttranagénitimoustiange Sgememekemprigiagand equi val ents
may be substitufed wi thout departing fromthe trye spirit and scope of the
nvent | on PoPRUGISaAS ‘Eﬂ‘f?glﬁﬁﬁ;}“ e&%ﬁ&anlmnﬂw %@V%ﬁ@olmpggaﬁher@nahe
parti cul ara$ i: QT i1ah; hiol t Ss
Crep or ot L PN SERARbbRT R (R the Dol R ROE SppisRe
i nvent i on.in hpst neansk limerdietls, vad whemsimthe hostis bnaezygous b the pdlymddntidscmde of
the cl ai ns appended hereto. 57 .17 Seﬁ%ﬁgé%?r 004 CbA 1. Achineric
transgeni c moudeTBEHC Y SQPRESIHE PR, HePAcCTease e FeEsY Lver;
conpr i si NGvheddin ifBUREER bi Ge@Afmerld 1AGTES Y05 GHIPHSRa BN @ltsd8 B CoNnpri si ng
a polynucl eoti de encodi ng a uroki nase-type plasm nogen acti vator
pol ypept i defeciigieeidhemonge hasb| ynucl eotide is operatively linked to a
pronoter such that the pol ypeptide is expressed in host nouse liver cells,
and wherein the host is honozygous for the pol ynucleotide; and a chineric
| iver conpri si iy Theokimehie patude v o1 e af WaeteinHuenaiiep Stotytsd cdnisti@ife at
wherein inoculation of the chineric nouse_host with human HCV results in
HCV i nf edtasbibost 29 %t hgprlectrsan thexhimede E¥iter i ¢ nouse host of claim 1,
wherei n human hepatocytes constitute at |east about 20% of hepatocytes in
the chineric liver. :

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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3. The chineric nouse host of claiml1, wherein the human hepatocytes are
functional for at |east about 15 weeks. 4. The chi nmeri cl¥aptembes20046f cl ai m
1, wherein the host is infected with human hepatitis C virus foll ow ng
hepat ocyte engraftnment. 5. The chineric nouse host of claim4, wherein the
infected host is characterized by production of at |east about 103 viral
particl es/ nL of9 $be ohimesic nTvee bt wé elaom dowbereingbe heost inmainodeficianheisei n t he

i nfected i_nt.ad .consistently detectable HCV infection for a period
of at Ieaggﬁéfg%e%ghﬂﬁt.an%e chimeric nmouse host of claim1, wherein the

the pronoter is a nouse albumn pronoter. 8. The chineric nouse host of
claim1l, wherein the jmmnodeficiency is a result of a genetic defect in

i munogl obul i n 18n4 metbed of preduing? chjEsec taasgeaiegeonsa hostdnfested St lamrar 2004

9. The chi ! gf@‘?j f ! %u rein the host imunodeficiency is
caused by hgﬁétgﬁéf%‘?sg e} ﬂ%dn&hg&rrgefré% " producing a chineric transgenic
mouse host i nf émpleiting himimibeatock aitb ah SmuocdnsprOkS),, trank geni®inbogk

| anti ng human hepat ocytes i.nto an i nmunqconpromn sed,

conprising: |

t r ansgeni 81059{}2313 HFEPIRLOTMRY SRS gorbiuciealivs ssrdige 2 WRNINAsEEYRSt i de encodi ng
a urokina TSRS mw i } : i ;

pol ynucl e?ﬁsde I sen(%lf)er ative yP ﬁﬁim}ﬁm&%%@%?gﬁ ls\gﬁ%ﬁ¥ﬂ%§]ﬂ$%deto 2

pol ypept i geomsterepelethakttic polypesidenpegeedsed Brhoseimbesedivdr vdlsranid wieksn thehost

is homzy&%uts Lor t he €9| ¥tnucl eOtidﬁ;ﬂ 'ama i nocul ating the host with human
HOV:  wher SiORE 18 hempryeops forihg polsmicleoided®dhost conpri sing a human- mouse
chimeric [|ivenfngthtirg\thdbsBwith MBmMabECY:Nf ection is produced. 11. A
chimeric transgeni ¢ nouse host produced by the nethod of claim10. 12. A

met hod of cul t ovhergin pGhrerisdpasgenicmenss hogscommmiging & hananemhvet dhamenid si ng:
adm ni st erj TR .chiperic transgeni ¢ nouse host of claim1 or
10; and isﬁgglg I'ng &M?ﬁo@?ﬁnisﬁ%%%sg host foll owi ng human HCV
replication in the host. 13. A nmethod for screening candi date agents for

activity against a hepatotrophi,c pathogen, the nethod conprising the steps
of : 11. A chimeric transgenic mouse host produced by the method of claim 10.

12. A method of culturing human hepatitis C virus (HCV), the method comprising:

administering human HCV to the chimeric transgenic mouse host of claim 1 or 10;
and

isolating human HCV from the infected host following human HCV replication in
the host.

13. A method for screening candidate agents for activity against a hepatotrophic
pathogen, the method comprising the steps of:

administering a candidate agent to the chimeric transgenic mouse host of claim 1
or 10; and |

analyzing the effect of the candidate agent upon HCV infection;

wherein a decrease in infectious load of the human HCV relative to an untreated
chimeric transgenic mouse host or relative to infectious load in the chimeric transgenic
mouse host prior to candidate agent administration is indicative of anti-HCV activity of

the agent.
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adm nistering a candi date agent to the chimeric transgeni ¢ nouse host of
claim1 or 10; and analyzing the effect of the candi dat’eSepigsrher 3poh HCV
infection; wherein a decrease in infectious |oad of the human HCV rel ative
to an untreated chineric transgenic nouse host or relative to infectious
load in the chineric transgenic nouse host prior to candi date agent
admini stration 1% Tilﬂme@w@i(\%@la@ﬂ 13nwheneimmhe etndidats agsint istadminigiered progtal 7
Sept enber . . d of claim 13, wherein the candi date agent is
adm ni sterlé%gg?ll}é%thiﬁgﬁmﬁﬁ@&i on with human HCV. 15. The nmethod of claim
14, wherein the chinmeric transgenic nouse host further conprises a
reconstituted inmune Séstem and the candi date agent is a candi date vaccine

for active i muhotlhemgdipd of glaimpHd, whenssithe chigesic ansgenigapuseostfarther

i rmunot her L s ?ﬁlm e I Bﬁgy - b NGk agrent

t hereof 17. The frae?c%o 1o téc}: al %Egl ,S %ael}dztiﬂélkt e%%%?e%ca%dr@gg%gﬁl&c nouse
host f urt Her actvenmpmiveethempyeconsti tuted i mune system and t he candi date
agent is candidate vaccine for therapeutic vaccination. 18. The net hod of
claim 13, wherein the chineric transgenic nouse host further conprises a

reconstituted imgrraenentlirctnd 1thensepdhe %ﬁuﬁ&ﬁ&t&pélﬁicgiﬁgnt is an anti-HCV.

i munot her apeutic agent. 19. A nethod for screéning can ate agents for
activity iantihedy endll-kindfeg fragmentitherebf. ood | i pi ds, the nethod conpri sing
the steps of. administering a candidate agent to the chineric transgenic
nouse host of claiml1l or 10; and analyzing the effect of the candi date

agent upon ser U, IaeteiNA JficR@AMNA! Rhérein hé ehifichic AralcfflhOse Bbstauttgye!  of
apoB 100 foll owi ng candi date agent adm nistration that is decreased

rel ative tOmprisesrecepstifieBimmungyyistsm ansl the priditateagegbistcandidstavaccing foon

i ndi cat es andi agent has activity in decreasing blood |ipids. 20.
A net hod ftg%lggﬁugﬁ%lr}g{:‘ﬁ%ﬁﬁ ver toxicity of an agent, the nethod conprising
the steps of: admi nistering a candidate agent to a chineric

i mmunodefi ci ent_ transgeni.c npuse_ host, wherein the host is a) deficient in
f uncti onal syngléwérﬁ% ﬁ“@ﬁd’fﬁ’lai“?r*ﬁh\%??@st}w BlyimeHg transgenic mouse host further

comprises a reconstituted immune system and the candidate agent is an

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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a genom cally integrated pol ynucl eoti de encodi ng a uroki nase-type

pl asmi nogen activator 60 17 Septenber 2004 pol ypepti de, 1 whaptesitber 2Ae4d

pol ynucl eotide is operably |linked to a pronoter such that the polypeptide
is expressed in host nouse |iver cells, and wherein the host is honbzygous
for the polynucl eotide, and c) has human hepat ocytes engrafted into the
host | i verpolypeptidm aihgraimthephbynatieetide isbpemblydimked thea proawéentsucipthat thever

function i Ver hi erein.a decrease,in.liver function or
never se amobymsh e STbRain W Bl HBrraghe BT Soplin P Rbald RGP R i ve 1o
an unt r-eatfegthe poivRiuéleotde sl £tk htdhal Btdcytestefglalfid@ intd tHRAosOlived and
hi stol ogy prior to candi date agent adm nistration indicates the agent is
toxic to |iver asalypsg thecffest efihgspndidate agpnguperclives dignction o liper tistelogy
infection with vﬂ%ﬂ ara% bdelih Sivér fui{&tfdﬁsor.(aﬁ%e gl?é?ﬁfénsih'mfe ﬁgtopatholo in
i mrunodefi ci ent ‘nbuse Whose genone conprisesS a po ynucleo{l e encoéYng a
ur oki nase-thypeatad sstelgiyeno an thiraital chimeyPmpuscitost vhelativa td lieer function or
pol ynucl eqt.i de i s .operabl, i nked tqQ a prompter such that the pol ypeptide
i s expresdBHologY BY ‘Qcﬁ%l‘i‘}é?teé%?qté StRHOR drdicaterdhe agant Fsstoﬁﬁr‘iﬁklﬁ{diﬁﬁs-f or
t he pol ynucl eotide; and a chineric liver conprising human hepat ocytes
engrafted into nouse liver; wherein inoculation of the chineric nouse with
human HCV r esul2ls Al ahithi@it trainsgen¢ inonsodustdpéibhoto sefectith, witln bumhik hegratits C

claim 21, wherein the pronoter is an al bumn pronoter.

t ransgenic nn:(ﬁﬁvgrfﬁ )
23. The chi&M PEBIFPE cl ai m 21, wherein the hunan hepatocytes do not

contai n det ect alligmtia¥deRdiat rﬁdﬁs@ﬂﬂf)g%ﬂsﬂﬂé cbiiphibR JPIKFRIcdoKBE encétling
chimeric transgeni c nouse infected with human hepatitis C virus (HC,\%)

conpri si ngrokinasertiprpiasninegemctingospolipaptide. sheyeindhepdpmsidosida is eperably

pol ynucl eqt. i i [ oki - e.plasm nogen agiivator
pol ypepti gé’?g%oefgﬁ%ﬁ%# %g’u%p ?ﬁﬁ% E?@?ﬂg}e’(ﬁ 7 gxpggsgggmovﬁe Wgﬁc‘?ﬂ% aﬁdpr onot er
such that vhteeipthepspisindmozggdris f6cths pdlyhicledtidegadd ver cells and wherein

the host is honobzygous for the transgene; and a chineric |iver conprising
human hepat ocy ta<SIBeRG hfer SampHEiBe hnwae hepajegyiesgngraftediye BoHes ligaD4 wher ei n

| nocul at | on of viiieeif Bid¥Rfain BPHS ALY MR ESEY el My nf ect i on

of the nouse suc at the infected nouse I's characterize y production of
at 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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| east about 104 viral copies/nL of serum 25. The chineric transgeni c nouse
of claim24, wherein the infected nouse is characteri zléoswnﬁ?ﬁég%‘fi on of
at | east about 105 viral copies/nL of serum 26. Use of a chineric
transgeni ¢ nmouse host infected with human hepatitis C virus (HCV)

conprising: an i munodeficient, transgenic nouse having a genone conprising
a pol ynucl eot iwierein supgilagon of thelchivesres moyss vithdlumandgeN reetlisvatisrv

| . . oot i ! el v | .
P oot or  AniepttF S U s R T B BRG PR bY BBV cel 1
and wher eilgast Bisoun 081 viks chsiswmy gfysrubQr t he pol ynucl eotide; 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. i nfection qf . . i j t of
i m 6. vior o Tho ClTRHE BatiRhic fduse U Bafth 24 WonGln T bReTIBSUUSE
hepat ocyt ehaiantetibel ey produdtionldfweleast 2BoutUge vindl dopizsedll oBgeinemnouse host  of

cl aim 26, wherein the human hepatocytes are functional for at |east about
15 weeks. 29. Use of the chinmeric nouse host of claim 26, wherein the host

is infected w t26. Uselobachispat irahspehic\thauds hbalihfovked oithepaiadip&itRUviRad nent .
30. Use of the) chineric nouse host of claim?29, wherein the I nfected host
is char adB&Y)A98PBYNSr oducti on of at | east about 103 viral particles/nL of

serum 31. Use aﬂfirrﬁﬁlﬁloﬁéﬂi ;j%gggaﬁgﬁggggwr}gﬁ%%gtg%%%o?i%gﬁgian t he infected

host mai ntai ns consi st ent cta a-period of at
| east 15 webksicle6@delehcSdipt @nibelindeayp3ilasninegarf actihatorpolppeptide, whegeinigst  of

cl ai m 26, erejn.the pro er. js,a nouse al bumn, promoter. . 33. Use of
Cho' ohi medobElseud IS cPerghvely ikedd < Rpapisr AuciBatdnf P espcyl is Sxprosset T
| ynphocyt g8 hbst roulse b ceflf, sRd SRRRY Eaedﬂ,&ﬁghoinez}gmym@ bhiib@tde; Tare! |

receptor gene rearrangenent. 34. The chineric nouse host of claim 26,
wher ei n t he hogtchimenihibde cowpesiog himan bepasenytas\engragied intorntoass ost [igs; Use of

2O rer | G NSRS Rolf B8 ARk hIMMGER i LS LRl i 10 63 17

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.

62



WO 01/ 67854 SEQUENCE LI STI NG <110> Kneteman, Norman M _Tyrrell, D. Lorne
Mercer, David. F.. <120> Chimeric Ani mal Mdel Suscept il ¥pienbangheh
Hepatitis C Virus Infection <130>48990-96 <150>09/528, 120 <151>. 2000-03- 17
<160>6 <170> Fast SEQ for Wndows Version 4.0 <210> 1 <211> 19 <212> DNA
<213> Artificial Sequence <220> <223> Prinmer <400> 1 ctcgcaagcc cctatcagg
<210> 2 <211> 321Us«ofithe cibiysrie 2agise hostiof cleina 26 Ssbpremndke p@ader 1<228usPr i mer
<400> 2 gaaagcgt ct a ccatggcg t <210> 3 <211> 32 <212> DNA .<213>
Artificial® ERER'E>20>" " <223> Pri mer

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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<400> 3 tctctgtcga ctcactgggg cactgctggt 99 <210> 4

<211> 65 <212> DNA

<213> Artificial Sequence PCT/CAO /00350 19 21 32 1/2 .17 Scpismelpr@fbkr 2004

WO 01/ 67$54 <220>

acgacgat

<211> 24%9%%2’%

gaaagcgt ct agccatggcg ttag <210> 6
Sequence <220>

<110>

<120>

<130>

<150

<151>

<160>
7<170>
«210>
<211>
<212>
<213>

<220>
<223>

<400>

<223> Prinmer PCT/ CACL/ 00350

<213> Artificial Sequence

<211> 25
.<223> Prinmer <400>- 6

SEQUENCE LISTING

Kneteman, Norman M.
Tyrrell, D. Lorne
Mercer, David F.

Chimeric Animal Model Susceptible to
Human Hepatitis C Virus Infection

48990-96

09/528,120
20600-03-17

&

FastSEQ for Windows Version 4.0
1

19

DNA

Artificial Sequence

Primer

1

ctegeaagee cctatcagg

<210>
<211>
<212>
<213>

«<220>
<223>

<400)

2

21

DNA,

Artificial Sequence

Primer

2

gaaagcgtot ageccatggeg t

<210>
«211>
<212>
. <213>

<2203
-<223>

<400>

3

32

DNA

Artificial Sequence

Primer

3

- tckctgtaoga ctecactgggg cactgctggt gg

- <210
<211>
<212>

| <213

4

€5

DNA

Artificial Sequence

/2

accc attacggcgt atgcccagca gacaaagggc 60

<400> 4 ggaattcgcg

ctctt 65 <210> 5
. <220> <22 BCHEANA039,00> 5
<212> DNA <213> Artificial

19

21

32



ggcact cgca agcaccctat caggc 24 25 2/2
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