WO 03/ 000872 PCT/ US02/ 19929 PRODUCTI ON OF | NFECTI OUS HEPADNAVI RUS

PARTI CLES CONTAI NI NG FOAMY RETROVI RUS ENVELOPE PROTEI NS AND METHODS OF

USI NG THBvVBAE00832 Thi s application clains the benefit of BCHUSPro2SI onal
Application No. 60/299,906, filed June 21, 2001, the contents of which are
i ncorporated herein by reference. 10 Throughout this application, various
publications are referenced by author and date within the text. Full
citations fRRODHETEONUOFI INFEOUSOUAYHBRADNAVIRUESPRATIAl. BhabeNTraaiweat t he
end of the repery fEECIRTITRIFEIGHEY pRYECRR heeici I Hr Ad TNBat@R S,
patent applications and 15 publicationgagkted herein, whether supra or
infrag are hereby incorporated by reference in their entirety. The

di sclosures, of these publications in their entireties are hereby

i ncor por atiEke byaplet bprhteni ntbaihes el i baredhti nobr d8r Sto Prowve sfiginayl
descri be Adie1 séat £o0f nbhesarboas okBows itiadt hese 20 skbbbed ther el ras, f
the date of the inventjon describ c{?and, cl ai}{rréfd herei n. Background of the
| nvent i or Hé?ﬁ‘?l'épzl“f%ajﬁl%‘ﬁr%r%%it TSR Ry (REEERG S particl es can be
produced by the transient expression of nolecular clones of full-length
HBV ' ' hepat ocyt I es and_s ral hepataona,.cell 1ines.
Vi ru%g;grftﬁcﬁj N%#%duce s|Qn taﬁllpgﬂn%%\lé)r%’r esé’r?%?égwt e %%%llﬁ éa(i::tliogll?s vitrions
(Dane parfsigesy)ced HRV- i#iftdrred anddidatdualvs tdid t rdier itebdct i vity Fuds
been demnstd@i s i n rohi Mpanzeesyubni obt ypakel ymayBYdoar tigles pradyeed in
such in vjtro ce|l f stens do no%) qE)roductlvels?/gln_ ect hepatic cell lines

mai nt ai N RHPRE TR g2 HepB2 Fd sPE. Thes dRsfAibiGanion immediately

preceding the claims. All patents, patent applications and

15 publications cited herein, whether supra or infra, are hereby
incorporated by reference in their entirety. The disclosures
of these publications 1in their entireties are hereby
incorporated by reference into this application in order to
more fully describe the state of the art as known to those

20 skilled therein as of the date of the invention described and

claimed herein.

Background of the Invention

HBV replication

25
Hepatitig B wvirus (HBV) particles can be produced by the
transient expression of molecular clones of full-length HBV
DNA in primary hepatocyte cultures and several hepatoma cell
lines. Virus particles produced in this manner resemble the
30 infectious virions (Dane particles) of HBV-infected

individuals and their infectivity has been demonstrated in
chimpanzees. Unfortunately, HBV.particles produced in such in
vitro cell systems do not productively infect hepatic cell
lines maintained in vitro (e.g. HepG2 cells). This limitation
35 has restricted the study of HBV replication and the

development of antiviral drugs.
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35 has restricted the study of HBV replication and the devel opnent of
antiviral drugs. 1 SUBSTITUTE SHEET (RULE 26) WO 03/ 000872 PCT/ US02/ 19929
Sim | arl ywotoawoasnabl i ity to infect target host cells w tRCHRS02/pEee i Cl es
generated with HBV resistance test vectors is an obstacle in the

devel opnent two_cell _d susceptibilit assay. for HBY_as described
b & R ehta Ry e e o ngh AT BBt BRot b R RRRE! PORE: Sotdt e g
and may r@tettlehe gealkserneel ofvitundiBwnaksHBYaneeeptants orctbessut § ace of
avai | abl ]g.serp%;' cel [ g p [ t her i.hl,

expl anat iebons a%/% glgekh%r eragzﬁr?tlgém%ﬁlg &gsﬁr 2%"2% gg%%) Bgﬁgsg;%}estceﬁ%ti%ﬁgéﬁcy

i dentifi etEsayw Ywat HRY aesidesgrifest eftore, S arkapernsNand SndtRods 7t o Thrisduce

hepadsaviguscipardd cliegeeapanl ei8f hdf ectisadreRat | angelhatd i Nese1dwmi ntajned
invitro. Wiat is also_desired ire means and nethods to produce

hepadnaviFREEHaT t | 2F es TWRCEHCREN bEBYseF PR TOndiet Bty SHEEREEI bidfi ty
and resi ganCkalbbst hegatiicr alellf | 1hess, asgdaysugandgenosypporanaly sichadsi ng

a host a [ a ell in vitro syste umary of the
I nventi o%%%@%o?%ﬁ%éfqﬁkfgn?s.htgyéo%eéa& Ego!?egﬁ%tel%v@ﬁ? {T}é}%§t 5e§re \J/Cioge(S
met hod f drag eeproefucheon biehepbidyi rus particles capable of infecting

hepatipc cell lines maintained in vitro. 25 A further object of the
invention_is to provide a method of using infectious hepadnavirus

particl e coRdIASdE Ty SIRCRRTDi | 7§ FRETFeSTE ditlehPest FAg PFSING <
two cell lsysdddmaviAnotbartdblest capabbe bAveAfeenihg heppeovi dela mEtked of

30 using]%£g§§gigg§ hﬁpaQQ%%k£us %Etiggesa 89 ggf%eérlare means and
methods to produce hepadnavirus particles which can be used to

15 conduct drug susceptibility and resistance testing, viral
fitness assays, and genotypic analysis using a host and target

cell, i.e. a two cell in vitro system.

Summary of the Invention

20
Accordingly it is an object of the invention to provide a
method for the production of hepadnavirus particles

capable of infecting hepatic cell lines maintained in vitro.

25 A further object of the invention 1s to provide a method of
using infectious hepadnavirus particles to conduct drug

susceptibility and resistance testing using a two cell system.

Another object of the invention is to provide a method of
30 wusing infectious hepadnavirus particles to conduct in
vitro drug susceptibility and resistance testing wherein a

detectable signal is produced to measure infectivity.

A further object of the invention is to provide in vitro drug
35 susceptibility and resistance testing as described above

using the infectious hepadnavirus particles comprising

2
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vitro dru
signal is

g susceptibility and resistance testing wherein a detectable
produced to neasure infectivity. A further object of the

i nvent i orwD93#0008pz ovi de in vitro drug 35 susceptibility ad/useyi®eance
testing as descri bed above wusing the infectious hepadnavirus particles

conprisin
patient-d
invitro
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i nvention
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i nfectiou

g ip2 SUBSTI.TUTE SHEET (RULE 26) WD 03/000872 PCT/ US02/ 19929 a
r

FEGCLEgHERTVER f FFEMERtobj ect of the invention is to provide an

met hod of using infectious hepadnavirus particles to determ ne

QN £aRAGIt yo%gggeagife gcg,eg f bgw?%gtgfﬁ;ggg tgae;%]gg%&gf aQPiget of Lhe

is to provid met hod ron In a

Feshaki oF cwrifmer sinfreistus denasing siompo ek tvikd ot | thi determine
a1 it8raepl iepliary Faeseaandnet heh phiseel3 Ry be achieved by
nt  invention by: producing a hepadnavirus virion that is
S in vitro which conprises: (a) introducing into a cell 15 (i) a

5

hepadnavi Ves gemaherexiiBssi aif velks ofnagdt {on) 18 teamrovield QVindish®nver ope

expressi o
f ragnment

, QL. \Whi i . | ei id di t | t
N L T .

t her eby piregdsitmgcenepadnavar ussannduwns colprehsi ngnhiblieast zepadgmentusf a

f oamy; 20
i nfectiou
| ndi cat or
Or gani zat
the | nven
15
20
25
30
35

yeb4s cgrvelhope protein, wherein the hepadnavirus virions are
s invitro. Brief Description of the Drawings 25 Figure 1- HBV

Gene Viral Vector Figure 2- HBV Resistance Test Vector Figure 3-

Thesef HBY aedhdrV ERyekepe Ruptebss adRibetal |ed Deseripiéoanef
Eh%gntion by : producing a hepadnavirus virion that is
infectious in vitro which comprises: (a)introducing into a cell
(i) a hepadnavirus genome expression vector and (ii) a foamy
retrovirus envelope expression vector which comprises a
nucleic acid encoding at least a fragment of a foamy wvirus
envelope protein, and (b) culturing the cell thereby producing
hepadnavirus virions comprising at least a fragment of a foamy
virus envelope protein, wherein the hepadnavirus virions are

infectious in wvitro.
Brief Description of the Drawings

Figure 1- HBV Indicator Gene Viral Vector
Figure 2~ HBV Resistance Test Vector

Figure 3- Organization of HBV and HFV Envelope Proteins

Detailed Description of the Invention

This invention provides: a method for producing a

hepadnavirus virion that is infectious in vitro which
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This invention provides: a nmethod for producing a 35 hepadnavirus virion
that is infectious in vitro which 3 SUBSTI TUTE SHEET (RULE 26) WD

03/ 000872WB@3/HWBO2/ 19929 conprises: (a) introducing intoPaTAsh/1929 a
hepadnavi rus genone expression vector and (ii) a foany 5 retrovirus

envel ope ex reggion vect or which conprises a nucleic acid encoding at | east
a fragneﬁfd%r%i?%any virus envel ope protein; and (b) culturing the cell

t her eby produci ng hepadnavirus 10 virions conprising at |east a fragment

of a foany vir envel.QRg, PRt ei . ergin hepadnavi rus virjons. ar
infectious in g?%ro. A furthé%}e o pﬁeﬁ%, f%gginvg%?ioﬁ% r§§%ﬁ%%£?%€g5§ove
15 et hod wher@FPTRe hePRIFRSSIUS geNGFEExpr ed8fon vétior lacks famy

nucl esc aci d ensoebRdrds hepadaayvheUscpYeLaRen Prekebr AHiWH Rmprises
enbodi nent, the |nvEnt|on(§$§V|des t he above 20 nethod, wherein the

hepadnavi rus genBHETELSr EESiDnVERTHrS EonprSadts &t IFESEneHefte TIVH a
hepadnavi rus geitone esed bopedotoiomit heagd oup consi sting of: a wood chuck
hepatitis virus (WHV) genone, a ground squirrel hepatitis (GSHV) virus
genone, a duck hepatitis B virus (DHBV) 25 genone, a snow goose hepatitis
virus (SGHV) gehoneEuldiriang hipdgn Repat i therdyi rusrquBYg gdismmsinaAifaa her

enbodpnment, theitnvest cerpRievhgest heaabove rrBbhedr Wergi robhe virus
hepadnavi rus geno expressi ogn vector 30 onpélse% a gene froma human
hepatitis B vi%‘égf?w RIS ATREFERRY f@rﬁoo PREATPAVERES n(Eht PR are

provi des the abhotectedhodin wherei n t he hepadnavi rus genonme expression
vector further
A further embodiment, the invention provides the above
15 method wherein the hepadnavirus genome expression vector
lacks a nucleic acid encoding a hepadnavirus envelope
protein.

A further embodiment, the invention provides the above
20 method, wherein the hepadnavirus genome expression vector
comprises at least one gene from a hepadnavirus genome
selected from the group consisting of: a wood chuck
hepatitis virus (WHV) genome, a ground squirrel hepatitis
(GSHV) +virus genome, a duck hepatitis B virus (DHBV)
25 genome, a snow goose hepatitis virus (SGHV) genome, and a

human hepatitis B virus (HBV) genome.

A further embodiment, the invention provides the above
method, wherein the hepadnavirus genome expression vector

30 comprises a gene from a human hepatitis B virus (HBV) genome.

A further embodiment, the invention provides the above method,
wherein the hepadnavirus genome expression vector further
comprises an exogenous regulatory element.

35

A further embodiment, the invention provides the above method,
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conprises an exogenous regulatory elenent. 35 A further enbodi nent, the

i nvention provides the above nethod, 4 SUBSTITUTE SHEET (RULE 26) WO

03/ 000872WB@3/HWBO2/ 19929 wherei n the exogenous regul at or pCalsSiBM92¢ s a
human cyt onegal ovi rus i mredi ate-early gene pronot er/ enhancer (CW- [E). 5
A further ﬁgpggn the_i nvention rov:L es the afove met hod, wherein the
foamy retTovlrus enveer opEXERTFELST onTGEREBFO ¥ onpt ISP at  EastPa FrHERRRNt
of a genecYtronegalouhyuwi rimsnedjerioereselecuedef ronohbee gy ethasoasi stankg- of :
a siman fpay virus (SFV) genone, a feline foany virus (FFV) genone, a 10
bovi ne foany virus (BFV) genone, a sea lion foany virus (SLFV) genone, a
hanpster foany virus (HaFV) genome, and a human foany virus (HFV) genomne.

A furshera erbodhaenembbBemeRYENthAN ipRAVIEdes Eﬂ%v%@é‘ée R hothve kMgt ein
t he gene elglcodes a env?ﬁ) e protein or a fra grﬁri thereof., A further
embodi ment <1 Rie" |n Bt i ag‘l’ovﬂffersrcf‘ﬁjer%ov%n PRBd, SHRECSERFhe THMRE
retrovi rL@oremveSepea@(pleastoa 2tagreatior ofonpryses drgenea ofocamfyr agineund of
a gene fr bu u F en t her dl nent, the

i nventi oné)%%%{}l d%?iteh ol\E/]}e[&{rl g (?\Q erggﬁs%}% ngﬁzor %ﬁﬁ lPFn fo%m%f

t he gene Y+%6%f a Sz@fhu@@@il%nyawf@l%ll(lﬁF\é%g@ﬁonér@ﬁcodEEVﬁ hegfgmrse)enva
envehope b@enee pf@ﬂf::ﬁﬁp@fug fieagmegtnbher eaf scA fllibtnh%a%@b%ﬂwlt STHERE)

i nventi on provides the ab([% t hod, vvherel n thF cell is manmmal | an cel |l .
30 A furtHerBrbodt fE | FORAY i o poviHBEV! heo

foamy virus (HFV) genome.

and a human

A further embodiment, the invention provides the above method,
15 wherein the gene encodes an envelope protein or a fragment
thereof .

A further embodiment, the i1nvention provides the above
method, wherein the foamy retrovirus envelope expression
20 vector comprises a gene or a fragment of a gene from a human

foamy virus (HFV) genome.

A further embodiment, the dinvention provides the above
method, wherein the gene or the fragment of the gene from a
25 human foamy virus (HFV) genome encodes the gpl30env envelope

gene product or a fragment thereof.

A further embodiment, the invention provides the above
method, wherein the cell is a mammalian cell.

30
A further embodiment, the invention provides the above

method, wherein the cell is an avian cell.

A  further embodiment, the invention provides the above

35 method, wherein the avian cell avian hepacyte.
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met hod, wherein the cell is an avian cell. A further enbodi nent, the

i nvention provides the above 35 nethod, wherein the avian cell avian
hepacyt e.wb 038UB3T| TUTE SHEET ( RULE 26) WD 03/ 000872 PCT/ BETA/Sa99P29 A
further enbodi ment, the invention provides the above nethod, wherein the
manmal i an, cel| | h n.cell. A further., enrhbadi nent, the. invention

provi des Z’E\’"hejl':% %@%ﬁ 58%?%%%?]&%&& T he  hUHRn Col P59 e msRRH c
ki dney ceéthod, fuheheinenbedinamne]isheceéhVenti anhpnani deslt he above

nmet hod, wherein the manmalian cell is a 293 cell. 10 A further enbodi nent,
the invention provides the above nethod, wherein the human cell is a human
hepat oma &el FUTaeir t EPORHBYEF ment , thhe FAEHIIVGh RESMIGES t fdeab@kovels
net hod, whetibd, t heidiwian brpatemcebélls ian HepGhaee! bnbfvaRic Huli a8} |
In anotheéeffbodinent, the invention provides a hepadnavirus virion that
is infectious in vitro which 20 conprises at |east a fragnent of a foany
retrovirus envel ope protein. In another enbodi nent, the invention provides
a hepadnavi plisedlsi ofsbhierelal fhe apadnaydis o 1l hie 25 digol aheds. I n
anot her enbodi nent, the invention provides a hepadnavirus Virion wherein

t he foanym¢%¥?@viW@%r?énsﬁh%cméﬁmﬁfb®¥t%@1brb%pa 3%hsFeting of: a siman
foamyovirus (SFV), a feline foany virus 30 (FFV), a bovine foany virus

gsm’ f g‘ ea@t!rulf neJ]; (()al %ﬁgé{#gnt,( SLF\er’le a ihna{r nst':[ieorn f Opai' viv ersus t(h|_elaF\Qb’ovaend a

method, wherein the human cell is a human hepatoma cell.

A further embodiment, the invention provides the above

15 method, wherein the human hepatoma cell is an HepG2 cell or an

Huh7 cell.
In another embodiment, the invention provides a
hepadnavirus virion that 1is infectious in wvitro which

20 comprises at least a fragment of a foamy retrovirus envelope

protein.
In another embodiment, the invention provides a
hepadnavirus virion wherein the hepadnavirus virion is

25 isolated.

In another embodiment, the invention provides a hepadnavirus
virion wherein the foamy retrovirus is selected from the group
consisting of: a siman foamy virus (SFV), a feline foamy virus

30 (FFV), a Dbovine foamy virus (BFV), a sea lion foamy virus
(SLFV), a hampster foamy virus (HaFV), and a human foamy virus
(HFV) .

In another embodiment, the invention provides a hepadnavirus
35 virion wherein the hepadnavirus virion comprises a chimeric

envelope protein which consists essentially of (i) a hepatitis

6
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I n anot her enbodi nent, the invention provides a hepadnavirus 35 virion
wherei n the hepadnavirus virion conprises a chinmeric envelope protein
whi ch corwpIBmosssentially of (i) a hepatitis 6 SUBSTI TUPETRNEETINRULE 26)
WO 03/ 000872 PCT/ US02/ 19929 B virus envel ope protein domain and (ii) a

f oany vir#s ~Eeny | ope giotein domai n. In another, enpodi nent,_the invention
provi des a hepadnavi?is OB viRT O Wher& T tthe Héhadnayi r s ita™Bh fUrtdier
conpri sessavehoped epcotzein demhamed from a subject infected by a

hepadnavi rus. | n another enbodi nent, the invention provides a hepadnavirus
10 virion wherein the nucleic acid isolated fromthe subject infected by
hepadnavi¥s 28REBEEs earedidgiand + r BRS c FnyEAaSA N PRatidrs  enbetarmsy i

i nvensi ony pr Divih degedre REPRBBAVEEHSIN ¥1 Ok Whagion t herbepadnavig8sedS a

furtherconprjses an i.,ndicato ucgl eic acid. In another enhodinent, the
inventioﬁgg? VT des % IIlSSEﬁg?gsiH%“F%e Rep Flus virEGhe0 PR 2

anot her emgodimenizusg he i nvention provides a cell conprising the
hepadnavirus virion, wherein the cell is a 10 mammlian cell. |n another
enbodi ment, the invention provides a cell 25 conprising the hepadnavirus
virion, wher@npthre maradinanicel thei dnyepgdogelnrovifiemot hdeperyediimm
the hoventieiowr dHdes A ¢dkl neoMPIEsSiNGd heshepadaavitys WHd oRyupAReiei n
the mammal i an ' ﬁg ﬁgll és a, human cg%l. I n anot her enbodi ment, the
i nvent i onllb’f%?/t?%% B AEPRFANTBIDLT STRP IR FepAETES rvs2 P rT DAt 2Rerein the
human cell is a human kidney cell.
In another embodiment, the invention provides a
hepadnavirus virion wherein the hepadnavirus

15 furthercomprises an indicator nucleic acid.

In another embodiment, the invention ©provides a cell

compriging the hepadnavirug virion.

20 In another embodiment, the invention provides a cell
comprising the hepadnavirus virion, wherein the cell is a 10

mammalian cell.

In another embodiment, the invention provides a cell
25 comprising the hepadnavirus virion, wherein the mammalian cell
is a 293 cell.

In another embodiment, the invention provides a cell
comprising the hepadnavirus virion, wherein the mammalian '

30 cell is a human cell.

In another embodiment, the invention provides a cell
comprising the hepadnavirus virion, wherein the human cell is
a human kidney cell.

35

In another embodiment, the invention provides a cell
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35 In anot her enbodi ment, the invention provides a cell 7 SUBSTI TUTE
SHEET (RULE 26) WD 03/000872 PCT/ US02/ 19929 conprising the hepadnavirus
virion, viwerodiossthe human cell is a human hepatonma cel | . PCa/Gsov19vey
enbodi nent, the invention provides a nethod for 5 determ ning

susceptibjlity. ap, anti - hepadnavi rus _drug ich, conprises: (a i
introduciJr:]JfgIh %%%Qégf?PEt Sgﬁﬁ_a(FfHE ﬁ&ﬁé&ﬁav&%ﬁgedgn%mﬁ J&BFﬁhé?%Hlve%%or;
10 (ii) aanuehenchepitdomacodilhg at | east a fragment of a foamny retrovirus
envel ope protein, and (iii) an indicator nucleic acid; 15 (b) culturing the
first cel] fromstep (a) s as to produce hepadnavirus virions; (c)

adni xi ng tRe AFRFFavPREEMNIEREns PROJIEFENEA OFt eprovhiesi tth mesbedndieel | |
wher eisn tdecafini?@ bepadpavihustdr geri snpL@senthapsldhtneJd rtusahhi OF

t he secong ce{l or with the first and second cell, (d) neasuring the
anount of %%?e%%%%re signal produced by the indicator nucleic acid in the
second 25 cel | (awheietnofheingointood fdetrectablé:signal produced is

dependent upon hepadhavi Lug. ¥k 5L 90 1, 0f i % o] l; and (e)
conparing the annun? gf sigﬁ % ngaéﬁPgdggébgge%LF% Sségﬁm?gﬁggké anount
signal measured in the absence of the drug, wherein a decrease in the

anount of signal neasyredrrithe pasenaeefiddeadr vgakadhcat@¥ment of
susceptibility to the_drug and wherein no change in ,signal neasured or an
i ncrease in the annﬁnfo%pg retrovirus envelope protein, “and

(iii) an indicator nucleic acid;

15 (b) culturing the first cell from step (a) so as to

produce hepadnavirug virions;

(c) admixing the hepadnavirus virions produced in step
(b) with a second cell, wherein the anti-
20 hepadnavirus drug is present with the first cell or

the second cell, or with the first and second cell,

(d) measuring the amount of detectable signal

produced by the indicator nucleic acid in the second

25 cell, wherein the amount of detectable signal
produced is dependent upon hepadnavirus virion

infection of the second cell; and

(e) comparing the amount of signal measured in step (d)

30 with the amount signal measured in the absence of
the drug, wherein a decrease in the amount of signal

measured in the presence of the drug indicates
susceptibility to the drug and wherein no change in

signal measured or an increase in the amount of

35 signal measured in the ©presence of the drug

indicates resistance to the drug.
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35 signal neasured in the presence of the drug indicates resistance to the
drug. 8 SUBSTI TUTE SHEET (RULE 26) WD 03/000872 PCT/ US02/19929 | n anot her
enbodi menwp oBloeosTnvent i on provi des the above nethod for aeTarso/mony
susceptibility, wherein the hepadnavirus genome expression vector of step

(a) furthep QHgEhbicfe%n@od'l'rh% %' C 3¢ qél%&ft\i%(iilt ]Il?(ra | iFatyent . af Sgrt% e’?lﬁh%d

with 5 hepadnavirus. | n anot enbo nventlon prOV|
above met®bd ﬁ@FQ@Qﬁ&%ﬁgnrﬁf%ﬁﬁﬂ%ﬁhilﬁﬂYiy,Whﬁé@enn the ndoimidnaatidgs

deri ved fg@lﬁmepaéxpﬁéssﬂéﬁct@@lcwﬁhcﬁep%@%v' (H$ 18ucPRRLI SeSnati heast, a
fragnment of ﬂ human h%PatltIS B Vh%?ﬁb %?ne I n anot her e odlnent

the i nventPFoneprovities t hashh%Ge d 7 or PAELERE ni MRS pt Pbi |71§A
wher ei5n thepgénavisuan 15 HBV P gene, an HCV C gene, an HBV X gene or an
HBV S gene. In another enbodi ment, the invention provides the above nethod

for determ ning susceptibility, wherein the nucleic acid derived froma
patient iFReARACHET h sepadiiesitus efbedesnv@otieverseovidascrilpt assota

anot her enbedbaeNtor t e ddvantien %h%\éb@%&b&h%t%bovﬁhegéﬁﬂo%ﬁé” nuclei
deternlnln%%$u5ﬁﬁgﬁlblllt wherein the second ell 1s a mamal i an céﬁ?.
e

25 I'n anot 4 |%veﬂ??b%n%roépéé§tﬁﬁe ¥Wdie hanaswfierus

det erLi nia:rgn}_snsse@tl bitl i past wher efradientsecond acehlimbs amepwicar igel Iz 30
| n anot heg g? % &he invention provides the above netho for
deternlnlng susce Plty, wherein the avian cell avian hepacyte.

In another embodiment, the invention provides the above
method for determining susceptibility, wherein the gene is an

15 HBV P gene, an HCV C gene, an HBV X gene or an HBV S gene.

In another embodiment, the dinvention provides the above
method for determining susceptibility, wherein the nucleic
acid derived from a patient infected with hepadnavirus encodes

20 reverge transcriptase.

In another embodiment, the invention provides the above
method for determining susceptibility, wherein the second
cell is a mammalian cell.

25
In another embodiment, the invention provides the above
method for determining susceptibility,, wherein the second

cell is an avian cell.

30 In another embodiment, the invention provides the above method

for determining susceptibility, wherein the avian cell avian

hepacyte.
In another embodiment, the invention provides the above
35 method for determining susceptibility, wherein the

mammalian cell is a human cell.
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I n anot her enbodi nent, the invention provides the above 35 nethod for
determ ning susceptibility, wherein the manmalian cell is a human cell. 9
SUBSTI TUNEOSBIREDB7Z RULE 26) WO 03/ 000872 PCT/ US02/ 19929 | nPamaiSaz19929
enbodi nent, the invention provides the above nethod for determ ning
suscepti bil it wherein.the human cell is,a human_enbryoni ¢ ki dney cell.
5 In anot hfeﬂr %Iﬁ%%hlﬂe%ﬁo?ﬁ%eﬁl%ﬂ/e ?oﬁnﬁ?%g?%spfﬂglgﬁﬁvéﬁen‘@f’ﬁgﬁ figic hod
det er m ni fpwudeeprnbningy susltepsilbifliey , namtedicaaim cehé hsman233 el is kbn
anot her emRedieiL-tdig d NvedPn-Provi des the above nmethod 10 for
determ ning susceptibility, wherein the human cell is a human hepat ona
cell. In another enbodi nent, the invention provides the above nethod for
det er nkni M suseaMdbi | éhyodivheie) N the huraen: 15, hepatonaesel Lhis aper&
cell or an 'T:I h7.cell . In an tp:er enhodi nent, the ijg%/,en,ti on provides the
above nefii$d'Ior def®F ni ni 1§ "SHEEEF i | i tSPSHHRIF R N1 He f o%RgTe LBt r S¥r us
i s sel ect egnimredimatrhecgirlouips corgdstdaldgl .of : a siman 20 foany virus (SFV), a
feline foany virus (FFV), a bovine foany virus (BFV), a sea lion foany
virus (SLEV), a hanpster foany virus (HaFV), and a human foany virus
(HFV) . | n Bharhesmdeeditent het havenreohl pr oprdesde et apogkovesmaehhdd
for deter Mgy ngesishent hBi |dudbeptigyiaiit e, nuek 8k ¢ rracigh iy step1( s (L)
encodes a_gpl30env envel o protein. In another enbodi nent, the invention
provi des aébg\?é’a%ﬁ“}?od"pe%fjm determ ning susceptibility, wherein the
nucleic acid of 30 step (a) (i) encodes a chineric envel ope protein which
consi sts essentjally j hepatitis B virus envel ope protein _donmain
and (ii) gtq#ozaﬁly&v}%e%s eerﬁ%/%cg%%ee&p’r o'?cgl?en T e provedSs PLAS®! dpove
method for determining susceptibility, wherein the human

15 hepatoma cell is an HepG2 cell or an Huh7 cell.

In another embodiment, the invention provides the above

method for determining susceptibility, wherein the foamy

retrovirus 1s selected from the group consisting of: a siman
20 foamy virus (SFV), a feline foamy virus (FFV), a bovine
foamy virus (BFV), a sea lion foamy virus (SLFV), a hampster

foamy virus (HaFV), and a human foamy virus (HFV).

In another embodiment, the invention provides the above
25 method for determining susceptibility, wherein the nucleic

acid of step (a) (1) encodes a gpl30env envelope protein.

In another embodiment, the invention provides the above method
for determining susceptibility, wherein the nucleic acid of
30 step (a) (i) encodes a chimeric envelope protein which
consists 10 essentially of (i) a hepatitis B wvirus envelope

protein domain and (ii) a foamy virus envelope protein domain.

In another embodiment, thé invention provides the above method
35 for determining susceptibility, wherein the second cell

expresses on its surface a protein which binds human foamy

10
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I n anot her enbodi nent, the invention provides the above method 35 for
determ ning susceptibility, wherein the second cell expresses on its
surface awprosweism2 whi ch bi nds human foany 10 SUBSTI TUTE SHERR0Y/RYLE 26) WO
03/ 000872 PCT/ US02/ 19929 virus envel ope protein. In a further enbodi nent
the invention prOV|2es a_method for determning replication capacity of a
hepadnavi Y 48"fr 6f’&n°P5 PRPEEt8d patient conprising: (a) introducing into a
first cell: (i) a hepadnaV|rus genome expression vector; 10 (ii) a nucleic

acid encodin a. foa retrovir, envelo protein,
and (|||?ha%1?£%£ %r%ﬁ%c eﬁgn%0|31 © 182765 %ﬁptﬁFtﬁr%%ﬁ% RefF $¥551 ¥ so
as to pro@@é@rmhépagnaw¢plﬁﬁam1¢MMn¢aga§ptadnDﬁlng th@aﬂapadnam:rﬁsomlra@ns

produced ifAfesten HBYivhtncansecandycell, 20 (d) neasuring the amount of
det ect abl e signal produced by the |nd|cator nucleic acid in the second

cell, wherein the anmount of detectable signal produced is dependent upon
hepadnavi r us VKaiOnihﬁfedﬁbQﬁgOintheaSQQQQﬂ eehlh; 25 (e) normalizing the
measur enent of stepé%g) t he normalized neasurenent of

step (e) wth the si gﬁaﬁi?l?fgégggreldg%ﬂ(@ﬂest%ﬁ@rfﬁ’fli)ﬂr?fﬁﬁﬁor% (d)

are carried out with a control ref erence hepadnavirus, wherein an |ncrease

in shgnal conpared {9;)the Gantd Lpdic E i reple,
capacity and a dec&eése |n S|gﬁu% neasu%e dﬁﬁ a%géeﬁ%%%hegcgn%%ﬁ
of a foamy  retrovirus envelope protein, and

(iii) an indicator nucleic acid;

15 (b) culturing the cell from (a) so as to produce

hepadnavirus virions;

(¢) admixing the hepadnavirus virions produced in
step (b) with a second cell,

20
(d) measuring the amount of detectable sgignal produced
by the indicator nucleic acid in the second cell, wherein
the amount of detectable sgignal produced i1g dependent
upon hepadnavirus virion infection of the second cell;

25

(e) normalizing the measurement of step (d) ; and

(f) comparing the normalized measurement of step (e)
with the amount signal measured when steps (a) through
30 (d) are carried out with a control reference
hepadnavirus, wherein an increase in signal compared to
the control indicates an increased replication capacity
and a decrease in signal measured compared to the control
indicates a decreased replication capacity of the

35 hepadnavirus from the infected patient.

11
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i ndi cates a decreased replication capacity of the 35 hepadnavirus fromthe
infected patient. 11 SUBSTI TUTE SHEET (RULE 26) WO 03/000872

PCT/ US02/w093290d8m2 a furt her enbodi ment the invention provipdegsaz/mwehod for
determ ning susceptibility for an anti-hepadnavirus drug which conprises:

5 (a) introduci into a_cell.: (i hepadnavi,r us genone expression vector;
(ii) a nu%ﬁeiac Jg%%h%ﬁcgﬂ\%ﬁ&l&egi%a@?e aEFF’SBE%HP é?%ovédfeogdn? ethed rer
envel ope Pebeenhningdstcepiiipidn tiyndiozater amicl-diepaattizdii rd)deu twiki g
the cell fr@pystep.(a) ; 15 (c) contacting the cell with the

anti - hepadnavirus drug; (d) measuring the anmount of detectabl e signal
produced by the indicator nucleic acid in the cell; and 20 (e) conparing

t he amount of $ggnaliﬁg@@gﬁ@gagniﬁtgpa(ggllmjth t he anmount signal neasured
in the absence of t dr ug, erein,a decrease in the anount of signal

e
measured in the prZ%énceaofhFHQdH?ﬁQrFﬁd9€89@§ SHBEEFPILBI VEFLPE: the drug
and wherein no change in signal neasured or an 25 increase in the anount of

signal measured in the,pres .of _t rug J.ndi cates resistance to th
drug. In a further ggg%di%eﬁpgﬁﬁégiﬁ&eﬁtigﬁggﬁg'i %s%fﬁﬁﬁéﬁ% a?ﬁﬁ%%d?g
wherei n the hepadna%i fa3Mjer6ECEkpresshvalopet probein30astep (a) further
conpripses a nucleic acid derived froma patient infected with

hepadnavirus. In a furt?er enbQdi ment the_invention provides the above
met hod, wherein the httl efR ZRFHCBEPFVBHCEESM &Cpaiient 35 infected with
hepadnavi rus conprises at |east a fragnent of a

(b) culturing the cell from step (a);
15 (c) contacting the cell with the anti-hepadnavirus drug;

(d) measuring the amount of detectable signal produced

by the indicator nucleic acid in the cell; and

20 (e) comparing the amount of signal measured in step (d)
with the amount sgignal measured in the absence of the
drug, wherein a decrease in the amount of signal measured
in the presence of the drug indicates susceptibility to
the drug and wherein no change in signal measured or an

25 increase in the amount of signal measured in the presence

of the drug indicates resistance to the drug.

In a further embodiment the invention provides the above
method, wherein the hepadnavirus genome expression vector of
30 step (a) further comprises a nucleic acid derived from a

patient infected with hepadnavirus.

In a further embodiment the invention provides the above
method, wherein the nucleic acid derived from a patient
35 infected with hepadnavirus comprises at least a fragment of a

human hepatitis B virus (HBV) gene.

12
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human hepatitis B virus (HBV) gene. 12 SUBSTI TUTE SHEET (RULE 26) WD

03/ 000872 PCT/US02/ 19929 In a further enbodi nent the invention provides the
above newbed/oooshierein the gene is an HBV P gene or an HBYCTUsene929 n a
further enbodi ment the invention provides the above 5 nethod, nethod for
identifyi a_mutation in hepadnavi rus  nucleic acid that confers
resista%cggtoaan ﬁ??gﬁeﬁﬁﬁﬁﬁgﬁ?%%t dFifg WRVERtdGHpr PEe¥ides) Shyuetiovy

t he hepadmnavheds whelkeiin abedgpniodst an fB@vusegehet Be ant unlrepadaawi rus
drug; (b)measuring susceptibility of the hepadnavirus sequenced in step
(a) to the drug according to the nethod of claim&50; 15 (c) exposing the
hepadnavi fiis #0 ¥Wetlpng eseredinent préducényedbdroaspronitbe stiscepilhdoid ity

of the hepedpayi mésH t herdrvEi¥Bassed 4 Nystar 16R) 51:204( Fc%odxpaq;' ng. the
sequence detﬁrnined.i steé)r gé% mﬁ?ﬁHfﬁg seghencé of fﬁeéhg%g nawr'J.Lu]%;LgS

fol | owi ng™"t 818xﬁé:slﬁ£ L1t FRTERLE WS &9 a8 eiiddmnddnavirus
mut at i on dnugrhehhepadoapirt gssnucl eic acid that confers resistance to the

anti - hepadnavirus drug. 25 In a further enbodi nent the invention provides
t he above nethod, wherein nmeasuring step (b) conprises measuring

suscepti bility(al tkauesgddwavi the sdémppedted imisstrepela)c toifherior to

anti 1hepadnavi f 4 QEUghésgﬁgiahéﬁQdﬁ&bgréésé¥u 30 In a preferred embodi ment
of the invention, the invention ~provides a method for the producti on of

i nfectious Human
(b) measuring susceptibility of the hepadnavirus

sequenced in step (a) to the drug according to the
method of claim 50;

15
(c¢) exposing the hepadnavirus to the drug so as to
produce a decrease in the susceptibility of the

hepadnavirus to the drug measured in step (b);

20 (d) comparing the sequence determined in step
(a) with the sequence of the  hepadnavirus following
the exposure to the drug of step (¢) so as to identify a
mutation in the hepadnavirus nucleic acid that confers
resistance to the anti-hepadnavirus drug.
25
In a further embodiment the invention provides the above
method, wherein measuring step (b) comprises measuring
susceptibility of the hepadnavirus sequenced in step (a)
to the anti-hepadnavirus drug using a two cell assay.
30
In a preferred embodiment of the invention, the invention
provides a method for the production of infectious Human
Hepatitis B Virus (HBV) particles by pseudotyping HBV virions
using envelope proteins derived from the Human Foamy Virus
35 (HFV) .

13
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Hepatitis B Virus (HBV) particles by pseudotyping HBV virions using
envel ope proteins derived fromthe Human Foany Virus 35 (HFV). 13
SUBSTI TUNEOSBIBEIB7Y RULE 26) WO 03/ 000872 PCT/ US02/ 19929 | n Pgatusazioober
enbodi ment of the invention, a method is provided for the production of

i nfectious_HBV particles by seudot ypi ng usi ng,chi meri c envel ope proteins
deri ved f?om s%ec‘% ?%h?ﬁncﬁwkg%cgllmedﬁaio%s ?‘et hilEBYCARE HFY dfsefepe 15
prot ei ns. PFaviHed ef@oditmntpr@cﬁud:heoﬁlnwéntinfled:tli:d:usleHl?h/e paodiet en ]@Jv
ot her var Vi VI Ly n ot ns or
chi mer i o Boual 0oParaY o et (o (TR e IBE  bEBReRaE: onar Yot
hepadnavi FH%CéﬁaChuﬁHﬂcFéﬁﬁﬁlw fogainay e petfp‘-r otHzB\hs al@(ar&ﬂ\és &)‘fve)]tdsm
hepadmavi puseseihgcl ude, but are not restricted to, woodchuck hepatitis
virus (WHV), ground squirrel hepatitis (GSHV), duck hepatitis B virus
(DHBV), snow goose hepatitis virus (SGHV), and other |ess-well 15

docunent efuhehadnawmbpdsesnicsobdt etef Homenation rlmi&m&i%, th@&a&@@i@t&cﬁﬂ%f
birds. O t tlon includ roductlon

hepadnavi ?ﬁéggnggg%gﬁ\gla?lieggdkgg lrﬂg% 5 lnrgusmenﬁ\rllel opeY é@rﬁrsoteéqrvr%l?ﬁe
chi meri c Rhveeépe ﬁrrot@ﬁﬁée@eﬁrl ee@reirbpm spectiefins fiﬁfuciverhalfrdmrrmms::oﬂ‘lc

hepadmavi fuscendnyar i g8saohber of oam sy d-He-shvel gpe rR,)[n%Ir?' dxanpl .68, of
ot her foa ruses al so referred I:t)o as spumaviruses) 1 ncl u but are
not restg‘:ﬁ/‘é?i,x‘apﬁf o PTOSRIES f kRt %sorfsm)helr eh?ﬁedfléawuﬁﬁﬁusl@ﬂl{q?a;\/)

bovi ne fo}amny \ameumwl:v)e,stseatledortct Lampodthusk( Idpduitiandvhaast emrfoany
virus ( gtl h ggl nient s, of . the ntion_ i.nclude the production of
HBV or ot er ?/arl 0 s epadna arl)ﬁlst_e:LS ééﬂ’\?) Buck hepatlhus B virus
(DHBV) , snow goose hepatitis virus (SGHV), and other less-well
15 documented hepadnaviruses igsolated from «cats, rodentsg,

marsupials and birds.

Other embodiments of the invention include the production of
hepadnaviruses using various other foamy virus envelope
20 proteins or chimeric envelope proteins derived from specific

functional domains of hepadnavirus and various other foamy

virus envelope proteins. Examples of other foamy viruses
(also referred to as spumaviruses) include, but are not
restricted to, simian foamy virus (SFV), feline foamy virus
25 (FFV) , bovine foamy virus (BFV), sea lion foamy virus (SLFV),

and hamster foamy virus (HaFV).

Other embodiments of the invention include the
production of HBV or other various hepadnaviruses
30 using retrovirus envelope proteins or chimeric envelope

proteins derived from sgpecific functional domains of
hepadnavirus and retrovirug virus envelope proteins. Examples

of other retroviruses include, but are not restricted to:

35 (1) Type B retroviruses (mouse mammary tumor virus) ;

14
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30 using retrovirus envel ope proteins or chinmeric envel ope proteins derived
fromspecific functional domains of hepadnavirus and retrovirus virus
envel ope woaBmIs32 Exanpl es of other retroviruses incl udeCThisn2/a9e9 not
restricted to: 35 (i) Type B retroviruses (nouse manmary tunor virus); 14
SUBSTI TUTE SHEET. ( R : 03/ 72 PCT/ US02/ 19929 (i) NManmal i an,
C-type retrovigﬁéésq%§@§§%6%$2 ﬁugggg Fggggggguv%gusf%%%&{%ﬁﬁﬁﬁ Hur'the
| eukeni a vi ruslegidpbn vapes) eakphparebigsmukéhendeuggkém & iviusus,gislyr oup
B); 5 (iii) Aviga _E@qﬁﬁ@r@é'@i'%ﬁ)@Sfé?iﬁQVléM§§[§i£S%'P%Q}Jpéub@ro@éEB) D) ;
(iv) Type D retroviruses (Nhson-bflzer monkey virus, siman retfovifus 1
and 2); 10 (v) Human T cell |eukem viruses (type | and Il) and bovine
| eukeri a virus{i{¥) )ateati yarouses/ (uwesis npebodef teseacysybgusupype 1 15
and 2, equinelinfﬁféion anem a virus, maedi/visna virus) ; (vii) Fish
retroviruses (WalT’eye pit ké | eukemi a and sarconmm viruses, snakehead fish
retrovirus); 20 (viii) Drosophila retrovirus (gypsy). O her enbodi nents of
the invention {nef udgpde productdpi-pies hepadnaviguses, usiaENVElORg;,
proteins derived fromother 25 various envel oped viruses or chineric
envel ope prot ¥ HRIYerFSeHOY+6NF she? i ¢) functi onal domains of the envel ope
pr ot eions of hepadnavi ruses and ot her various envel oped viruses. Exanples
f‘;t gf“hrelrjsgg"e} fgﬁ?ﬁ@‘&ig?e%a’l‘f“ ElkehiClHdg AUt R8N0 restrigied Lo,
bovine leukemia virus;

(vi) Lentiviruses (human immunodeficiency virus type 1
15 and 2, equine infectious anemia virus, maedi/visna

virus) ;

(vii) Fish retroviruses (walleye pike 1leukemia and

sarcoma viruses, snakehead fish retrovirus) ;
20

(viii) Drosophila retrovirus (gypsy) .

Other embodiments of the invention include the production of
hepadnaviruges using envelope proteins dexrived £from other
25 various enveloped viruses or chimeric envelope proteins
derived from specific functional domains of the envelope
proteing of Thepadnaviruses and other various enveloped
viruses. Examples of other enveloped enveloped viruses
include, but are not restricted to, togaviruses, flaviviruses,
30 coronaviruses, rhabdoviruses, filoviruses, paramyxoviruses,
orthoviruses, bunyaviruses, arenaviruses, herpesviruses,

poxviruses, iridovirusesand rotaviruses.

In another embodiment, the invention provides a method for
35 measuring the replication of HBV, and the replication of

various other hepadnaviruses.
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30 coronaviruses, rhabdoviruses, filoviruses, paranmyxoviruses,

ort hovi ruses, bunyaviruses, arenaviruses, herpesviruses, poxviruses,

i ridoviruaesasrot avi ruses. | n anot her enbodi ment, the i ®eaEAiSODMRY ovi des
a method for 35 measuring the replication of HBV, and the replication of

vari ous o |ru es. BSTI TUTE, SHEET (RU 3/.000872
PCT/ USOZ/%IS %ﬁﬁl%%o RS rmes‘r[%l © t hEVPRVERE] ‘prrlé\%sde & PBr
neasuringm@heuguegeWMQM$u$96p¢1bEm&Gydoﬁthﬁﬂfh&@adoahemugﬁgmdnhvﬁt@§eéhat
i nhi bi t HBY revesse transciipase, Hrd E@@ersgve&?gng&@y?sg' B asg8q Ot L e

hepadnavi r uses. In anot her erbodi ent, the i nvention ovrdes a et Hod
for identfY§¥HY EﬁﬁpﬁﬁH#BFaﬁﬁﬂlPfoﬁéhernhﬁbﬁ@6ﬁ§l§ﬂsﬁsv reverse

transcri ptase, and the reverse transcriptases of other hepadnaviruses. 10
The means. and ng hods measuring HBV.replication of the present

i nvent i on' ¢aR’h §’pl?%%0?ﬁm?%% i dehts f FERERDROBE PrvsvEies mhi BEESPS oforBY
repI|caUlﬂ@thfMunggndwnandyotlmddﬂtldnalcﬁﬁﬁh%atefﬁakﬁanBVIMéHErse

vent] onC oE oY dee A Rt nad T or T deRr Fyig ST O T The PV i

i nvention provi de T dentit ying nu
t hat alte?eﬁ¢@ﬁa§H§%§9FrblI|ty of HBV to reverse transcriptase inhibitors.
20 The neans and methods of the present i nvention for identifying

nmut ations_that alter s scegi (4 to reverse transcrlptase. i nhibitors

can be adapt ed P50t AR Y MSATEERDNEBY | A@RIdIGRE 1Bt CRotthe

limted toresecPONAfwemBatdon,can rben applied to the identification of
novel inhibitors of HBV replication including, but not limited

to, cccDNA formation, virion assembly, and egress from the
15 cell.

In another embodiment, the invention provides a method for
identifying mutations in the HBV P gene that alter the
susceptibility of HBV to reverse transcriptase inhibitors.
20

The means and methods of the present invention for identifying
mutations that alter susceptibility to reverse transcriptase
inhibitors can be adapted to other steps in HBV replication,
including, but not limited to, c¢ceDNA formation, virion

25 assembly and egress from the cell.

In another embodiment, the invention provides a method for
identifying mutations in the HBV P gene that alter the
reblicative capacity, or "fitness" of HBV.
30

The means and methods of the present invention for identifying
HBV P gene mutations that alter, replicative capacity can be
applied to the identification of mutations in other HBV genes
(core (C) , surface (8) , and transactivanion (X) ) that alter

35 HBV replicative capacity.
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25 assenbly and egress fromthe cell. In another enbodi nent, the invention
provides a nethod for identifying nutations in the HBV P gene that alter
t he replwoasiovs7zapacity, or "fitness" of HBV. 30 The ne&e3/ton19vet? hods of
the present invention for identifying HBV P gene nutations that alter,
replicative capacity capn he applied tg the identification of mutations in
ot her HB\F%eﬁé?t%{e%rEmgeglf“eg rf atS'ée(S)'W?HEFant RISV afi OACENPY) fHat
alter 3udBWr eplasatanenteapaci tHBV 16:ru§UBSTd dafitE ISHERT, ( RILEy@6de WR he
03/ 00087 / L n. anpet her. enbodi nent . the.i nventi provi des a
met hod fga}f%\/fs} nagfn%’g%%?%%%%tggo*g%vn%ﬁﬁ%s sh%%%%%?%i‘?’%ife}f/ llf”g{?‘gui de the
antiviral treatnment of individuals infected wth HBV. 5 In another
enbodisment, Ghe dHMENELBBaRRENEdes & mehhad lior E;a.—%m—;{%@plal CRAlLNE4Capact ty
measurenents to guide the treatment of individuals faililng anti-HBV drug
treat ment'STHE ERBLUTABAYS GRPERECYr BSBAVTEIGBREI 6A ke dgchibey &damEmery
usi ng envef opedprddesns feilied dnom ARV oarygreteéQyhénts. to to produce
pseudot yped hepadnavirus virions. Foamy virus (Spumavirus) replication 15
The replication pathways of hepadnaviruses (which includes HBV) and
retroviruBes arembpriimantien ¢hat-heot brpaekage ravergeimoni erkengtii KNG ang
utilhge NEYPAgChBNSEL! P&éE@'ﬁ@T Bel9vegeRELat e,a éggark/e srandad. (ds) PNA
that serves as the tenplate for transcription of viral genes in infected
cel |'s. 20-FoaFPWFRsRICLAPEPP@f ePadna vl ads sPifHhoRY uses) conprise an
atypical genus within the retrovirus group in that several aspects of
their replication pat hgva are distinct,fromthat of all other retrovirus
gener a. Vi.:="Yl LS Lo DU LTUS replication

15 The replication pathways of hepadnaviruses (which includes
HBV) and retroviruses are similar in that both package a
genomic length RNA and utilize reverse transcriptase (RT) to
generate a double stranded (ds) DNA that serves as the
template for transcription of wviral genes in infected cells.

20 Foamy viruses (also referred to as spumaviruses) comprise an
atypical genus within the retrovirus group in that several
aspects of their replication pathway are distinct from that of
all other retrovirus genera. Notably, these unusual aspects of
the foamy virus vreplication closely resemble features of

25 hepdnavirus replication, including HBV, and could reflect a
common evolutionary 1link Dbetween hepadnaviruses and foamy
viruses. Foamy viruses have been reported to infect a variety
of cell types from a variety of mammalian and avian species,
suggesting that foamy virus receptors represent ubiquitously

30 expressed cell surface proteins.

Similarities Between Hepadnavirus and Foamy Virus Replication

35 Both hepadnaviruses and retroviruses utilize RT during

replication. During hepadnavirus replication, the conversion
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the foanmy virus replication closely resenble features of 25 hepdnavirus
replication, including HBV, and could reflect a conmon evolutionary |ink
bet ween hwpadiensiz uses and foany viruses. Foamny viruses Rarashres29 eported
to infect a variety of cell types froma variety of mammalian and avi an

speci es, ggesti t_f Vi rus receptors repres ubi qui tously 30
expr essed o?él ?&r%%%r% ggg}é Sgrr?inldggit ]é%_%‘;é]ﬁeﬁje% %&%‘acﬁﬁﬁaﬁ%l%%dto
Foany Vir @uRds i ehrpoAed35ysBoimi heplanawy r BSes akreth rplaowi rnusksrait ivhirag RT
during r hGatian. j-Nn e avj r ' | t version.l7
SUBSTI TUT SIlHE?T é%;eu?léwéé%,) H\?\% g%/g go\éjser%tzisspc%%u%%éfg@zg %?rgﬁga%gé%l&”ﬁgl e
st randed E@W%'W%%mi%c%W af] &hst e genan S EaINA by RT

t akes pl ace before virus particles enter new host cells. Conversely,
during rethe%vi r.us %ﬁlii cation..this st %p occuria{%fter the virus entry

step. 5 Racent st udre8S PRdi cAPS TRt urtidte aPPldffier hown OHPEE oviPaYss,
an esti matted rr0rirS%%es, f eanyevi inst@dr tlicclles  obntEbamgerndmiue | pagthcdebl e

stranded [QINA (¥l ve (A998 " | | ication- way
Di stinct fr or% Tﬁlat%tegf%mllocf R}et r ovl:' r%%@%%f%{%e naé/l\l%rp elg"% Sac!ll'ehcglg%?’
1579- 1582;" BaparetFogny {igwm)Rep Heafet e ariRathvey Hibethl Foanframr Tsatendne

is DNA", Rétr¥vighuised): addSBebdthhvirhiRelkhi s g QUR-Of opetr QLVEHE#-S_L%SBZ; Yu

significant. amounts of reverse transcription occurs before virus particles
i nf ect nev‘?/tcc&q?s, (tslt?L?fsg)r'engF?Hdﬁﬂf% @‘EF?FI)' et uma | FrHEp afhaws rgenome is
replicati ®A"} ndJneWiyalnf th:e?LZS&i-l]ngjbat h rheqtaidn agr?idsu%eéf andrrevievkedses
produce | aige . ' 0 ein. _Faor .hepadnaviruses this is
the C prot é%ﬁll?r%%?l%f Eﬁ‘]cé?%t{/sﬁr%éeggY%£§% i ﬁgﬁﬁﬁgglpﬁgo&g pol Vpr ot g??‘lore
Consistingamuaﬂﬁﬁﬁqﬁpkqﬁulnfect new cells, thus resembling the RT step

15 in hepadnavirus replication.

In newly infected cells, both hepadnaviruses and retroviruses
produce large amounts of viral core protein. For
hepadnaviruses this is the C protein and for retroviruses it
20 includes the Gag polyprotein consisting of domains that
comprise the matrix (MA), capsid (CA) and nucleocapsid (NC)
proteins. In hepadnaviruses and foamy viruses the core
proteins transiently localize within the nucleus. The de novo
synthesized core proteins (Gag polyprotein) of all other known
25 retroviruses are restricted to the cytoplasm of infected
cells. The NC domain of all retrovirugs Gag polyproteins,
except the foamy viruses, contains a highly conserved
cysteine-histidine (Cys-His) motif that plays an essential zrole
in the binding of NC to retrovirus genomic RNA and packaging.
30 Berkowitz, R. et al. 1996. RNA packaging. Curr. Top.
Microbiol. Immunol. 214:177-218. The NC domain of foamy wvirus
Gag polyproteins lack the Cys-His motiff but contains several
regions rich in glycine and arginine (Gly-Arg). Schliephake,
A.W. , et al. 1994. Nuclear localzation of foamy virus Gag
35 precursor protein. J. Virol. 68:4946-4954. Yu, S.F., et al.

1996. The carboxyl terminus of the human foamy virus Gag
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conprise the matrix (MA), capsid (CA) and nucl eocapsid (NC) proteins. In
hepadnavi ruses and foany viruses the core proteins transiently |localize
wi t hin t hwormaobwsas. The de novo synthesized core protei n®CITESY2/19929

pol yprotein) of all other known 25 retroviruses are restricted to the
cytopl as f.Lnfec cells. The n, of all retrovirus Gag

pol ypr ot 2%9 gte exc%or%dcafjf‘n%s f Sgﬁﬁr\%)rbtlﬁse%umfceo]rﬁ aPfidda %‘ﬁﬁ’r%ﬁ cé‘ﬁéer%‘é‘éllear
cyst ei ne- hrgnsﬁoné(qi@mlaliig)s motli.f tHatolpl ay :@Rssssemd .al gl e of N these
bi ndi ng o} NC-LQ r@,ggovgﬁ ge m B%? d - packagi R et
al . 1996 ackagi ng ?r g Eu c%b%? %mr%%%lreaﬁliiﬂ#ﬁ%t %he
NC donmi nS&gne anﬁ%%%@u@aﬁlrym%m oekass| sskisthe i0ysthes mpadiabitus

cont aisns e@y@rab pﬁ:‘@ﬁb@_&% bingh dri2 alive1Re NG 1af8 RS- (@Y - AW in grNa
Schl i ephake 1994. Nu%l ear | ocal zatl on of foamy virus g 35

precur sor %?%‘E"%Fﬂg Jam{/ POFLlees: dossldgssion O Ehe of Broteigogiatipen,
car boxyl Ternehuslof 9t hurted- f@adyDMAFh$n6agg é&tSUBSEIeEUEEl Sb {RAE

26) WD 0340 P / t bl ] d
bi ndi ng ahd R ear ELransHert -WBaahe oS E i FF LA po36 60 e e

these rehePhiCaRECBhowWA- t O/ Fumict | &rf §§3£ “P2éilear Nakeedl i zHt i on99:s; grighe
Anal Q@ouSsa & yn MR- f@&hf slogslist di the H%\g&@ﬂéygw% S£008 (GRIOtSns, and

are likely to pla rtant roles in ackagi ng and nucl ear
{5

| ocal i zat nr(‘?ﬂqu 7ot BFRIRRPTSN encﬁps%ai'd{on 1399 PRNAUCEAYe viral

DNA- bi ndipgsat:ivmsteandn maespastymumsﬁs VbiitS neapsidk proteknasaempdel. for
their rol\gfréf Végu%logegﬁgatlon . Virol. 66:5232-5241. Nassal, M 1992,
The 10 argrnine-rich donain of the hepatitis B virus core protein is

requi red for pergenone encapsidation and productive viral positive-strand

DNA synt hesis but 19t filfowd r%%t%%%%%%%%s,J'exggﬁgl'tﬁé:4ﬂégﬁfjjékruses,
express their pol genes (RT and integrase (IN) proteins) as

Gag-Pol polyproteins. Jacksg, T. 1990. Translational
suppression in gene expression in retroviruses and
retrotransposons, p. 93-124. In R. Wanstrom and P.K.

20  Vogt (ed.), Retroviruses: strategies of replication.
Springer-Verlag, Berlin, Germany . In contrast, foamy

viruses express their Pol polyproteing separately £from QCag

polyproteins, resembling Pol expression in the hepadnaviruses

Yu, S.F., et al., 1996. Human foamy virus replication —
25 a pathway distinct from that of retroviruses and
hepadnaviruses. Science 271:1579-1582. Lochelt, M. , et

al. 1991. Construction of an infectious DNA clone of the full-
length human spumaretrovirus genome and mutagenesis of the bel
1 gene. Virology 184:43-54. , Yu, S.F., et al. 1996.

30 Productive persistent infection of hematopoietic cells by
human foamy virus. J. Virol. 70:1250-1254.

Retrovirus particle formation occurs exclusively within the
cytoplasm, but may vary in precise location depending on the
35 specific wvirus. All known retroviruses, except the foamy

viruses, bud from the cell surface and thus acquire their
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15 Al of the known retroviruses, except the foamy viruses, express their
pol genes (RT and integrase (IN) proteins) as Gag-Pol polyproteins. Jacks,
T. 1990. woansbmr: onal suppression in gene expression inPCatusoyioeses and
retrotransposons, p. 93-124. In R Wanstrom and P. K. 20 Vogt (ed.),

Ret rovi ruses: stratfgies of . r i cation ringer-Verlag, Berlin, Germany.

epli S
In cont radttSF ogHy S TTPFLEEERER Feggof“héihre @glas | s & EE3F % r om
Gag pol yprioh efosnyr esenbeengnBoheprpnassiroseisn bilde fhepadiay igndes a S c

S.F., et aly; : a i repl i.gat.i_on at h di_stinct
fromthat o 1?%3?}9@“(? 322} Jaé)\dm{%%p%gg}g&?fgustg%lrgc?%gn%le %1&%@%? T5g2*on
Lochel t, e ikEragelluder mephsprgcePprastmanti nfbet logs ebNAsy e lefint he

full- sl engif BURBN SRUNRECLABNT{ HSsIENANE Al N QLENesi s 9f at-he h8lge1l,
gene. Vi rolfgy 184: 43- Sg. , YruL, S.F., et al. 1996. 30 Productive persistent
i nf ect i or°of* hRFRPGPBFELY c B Fsoﬁgerhﬁﬁﬁﬁof’éﬁweﬁ PES. epsIY sihed from
70: 1250- 11254 . cRefr eivals pavt i ¢l etf arinat i 998 OCTHES cex®lonsi-telryniwiaihi g ¥he
cytopl as Yo reci l.ocation_ depending on.the 35 specific
R e R A R e e T R R S A
surface amfi®isntcydirve tiwiectino tySUBBTIILTEY SEEFT 7(-RELE V6) WOFO3/ GG0872

PCT/ Yg02/4P929 1 4 er renvelape genbrgne Jnem the plasmpimephpans. | Rpern
contrast, both foany viruses and hepadnaviruses bud fromthe endopl asmc

reti cul urfRERRAnd LHERTSSac it r et RERr dnpdiYope” Hewbr aky f roting hed new

i ntracel |ghatt Mesbt adeacoapar reniroThest att e8-emys expl ain 5 why both the
hepadnavi ruses and the spumaviruses are largely cell associated, while
other retroviruses are easily shed from the cell Zeraba, M , et al. 1998.
The car bdkgider rbnabnd3Gyimgpmairi@f fdoenduhem Poahy heprdsa@agusesc @rsbr

is requi r&d-fOiruses concentrate specific envelope proteins within a
specific host cell membrane compartment, that serves as the
source of virus envelope membrane. In the case of
hepadnaviruses these are the three-surface proteins encoded by
the S gene (large, middle and small S) and for retroviruses

20 they are the surface (SU) and transmembrane (TM) proteins
encoded by the envelope (env) gene. Both hepadnavirus S
proteins and foamy virus TM proteins are reported to contain
gorting motife that localize these proteins within the ER
membrane compartment Goepfer, P.A., et al. 1997. A sorting

25 motif localizes  the foamy virus glycoprotein to  the
endoplasmic reticulum. J. Virol. 71:778-784, T. Kamimura et
al., and P. Roingeard, 1990. For many, 1if not all known
retroviruses, excluding the foamy viruses, env protein
expression ig dispensible for the egress of virions from the

30 cell (albeit env deficient particles are not infectious) . In
contrast, the egress of infectious foamy virus particles from
the cell is dependent on env gene expression (4 and 22).
Similarly, the assembly of infectious hepadnavirus virions is
dependent on the expression of S gene products, and wore

35 specifically budding requires appropriate expression of the

large S protein. Bruss & Ganum 1991 from table.
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efficient virus infectivity. Virology 247:7-13. Yu, S.F., et 10 al., 1993.
Anal ysis of the role of the bel and bet open reading frames of human foany
virus by weiagow7new quantitative assay. J. Virol. 67: 66P8TAGAA1992Y i or to,
and during virion formation both hepadnaviruses and 15 retroviruses
concentrate specific envelope proteins within a specific _host cell

menbr ane ERFpACETEHES t HARTI@r W¥s ERATheVisBEREe B vIIERRIBAVRFBES are
menbr ane. stndhezeasenofrabhepadnavi ruses these are the three-surface

protei ns encoded by the S gene (large, mddle and small S) and for
retroviruses 20 they are the surface (SU) and transnmenbrane (TM proteins
encoded bynt hdreenvebepecf etiip gemean Boepaliepagnaki misuS, pHBY eipws@md.dany

virus sTM prQheios ane Teponkedat o COMARde £aitide Miida-ddaldocal ize
these proterns wthin the ER nmenbrane conpartnent Goepfer, P. A, et al.
1997. A soREPABLBS mdhi fVisval Pulesnhe HRodhF 5A r LS ?gﬁﬁkotté’i A e then
endopl asmhgy I 8kl GldiMtod th¥ rsenlde 7d8- 484 apbrdtidny aHeY rakeptafd dh
Roi ngeard,. 1990. _For dr%ia&y ii&not EII l_fno re':éoovirusesu e ﬁ% ?i t he
foany vi R8s Cobiy PROFESr  PRpraebrenci s THTEPerkabie 5T na By! eLeSor
virions fvenyt her3(i céldst( akbbegé emd déki ccapdbbpar taftl esfactingt a wide

i nfecty o ; o] St . e Les iLnfectiQus . fo i ticles
from(itot hgé%:g ?{:?'sog.e%%%ge%%n%%'e%%l%e%g%éigr@fgsglﬁqgﬁ ?A}flear_l 2\2% .é&%liﬁ Y,
t he assenbtyackbiareeersdy REpadraerraslyi FrBACEsPraEBeRdent on the
expression of S gene products, and nore 35 specifically budding requires

e Al
f eat ures shahedrdnpd@amgovi visesn ard skepdgnavhd udesiddme . sthearimetht ion
Tabl%ﬁ%' describes the means and methods to exploit similarities
between the replication pathways of a hepadnavirus, such as

HBV and a foamy retrovirus, such as HFV in order to circumvent
obstacles that restrict hepadnavirus infection in cell culture

systems. In a preferred embodiment, HFV envelope proteins, or

20 chimeric envelope proteins containing specific functional
domains of the HBV and HFV envelope proteins, can be used to
generate HBV particles that are capable of using the human

foamy virus receptor to enter a wide variety of cell types.

25 As used herein, "hepadnavirus genome expression vector" refers
to a vector(s) that comprises at least a fragment of a of
hepadnavirus genome and is capable of transient transcription
of the hepadnavirus RNA and hepadnavirus protein production
following introduction into an appropriate cell line.

30 '

An "foamy retrovirus envelope expression vector" refers to a
vector that comprises at least a fragment of a foamy
retrovirus envelope gene and 1s capable of transiently
producing a foamy retrovirus envelope protein following

35 introduction into an appropriate cell line.
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In the case of the human hepatitis B virus, HBV particles 5 produced by
transient transfection of cultured cells are infectious in vivo, but not
in vitro.wohaowisozk to infection my be due to the absen®eTafSozn9g2o
appropriate HBV receptor on the cell surface. In contrast, human foany

virus (HE 1as ery broad,host range and is_capable of .infecting a w de

10 vari et op 161&%10%\%%8@11?&3%% terﬁﬁfst he® HEV PBEESELSr FadA %é“azf

ubi qui t ouslyhex préssedt tel | osur thAceuphot @i nredBYiand HEVesepkieati ad a

pat hways al..sim..ar. _feat i r t.to virion assenbly and
ﬂ#?ghféﬁfg_Br ﬂﬁ#%ﬁ?aﬁ%ﬁéﬁéﬁ%sgugg d%%%%%abf% 1 rh, % A

buddi ng. e I nvention ScCri e neans and nethod q%aexp ort &
si mi | ari t9eLChHePledidte Pphi drrisvrapathwafe ingt hepadriavitthss, csgeh s

HBV apd apNoasy Rel Q¥dddiSasSHah @siikd¥dh QN dabnbe Oy upentt ;s Obstacles
t hat restrplé?cﬁtf,o%e adnavirus infection in cell culture _systens. In a
preferred MUA HRE et} o pYdtidicns, Foet8aan nefie@bdmrel Gfe an

pr ot ei ns iooht@dtvmggspeciifd cciengt i erdli Iami genef wHieHHBMhasde HF¥eta-
envel ope i NS, = C b S o] ener.at e HBY particles.,that are. abl e
of using ﬁ%cﬁéuér.rgalnda$%hn§h\%i reitj%é r 38%& ovghjt%f en éjr%(ajgswiCi ec%/éaeﬁ%??/ gfl%?ig 4
types. 25 7nusédrhexanyle hepfaetanis usygehose (@xgr ebsiohl wecoor Renéfldres
to ajyectSiodial CQMY i 8% abah%?§t, achEAGHENtOf 1 @ Boa hepadnavifivsg,
genonme and is_capable _qf transient franscription_ of the hepadnavjrus RNA
and hepadiifiAdSR BréPeiRcprBUARPRAMSE ol IWSTy FhEPEAEERREN B HN and

appropri attes celdadtge,al30 ART' f 0g8¥er etwioMdt US @lieglape expoessipbrniectior "

refers tao a Vf cl;é)nrsfehi;iésecorrprplds&st.at l.east _a fraggent of

retrovir is eme ope ‘gene ahd i'S ca&éﬂ?lael of pFregﬁglrentlyeX%rPald%%?%Ofa f(?é]r’ry
retrovirund&meaiopegpret eirp fseldrewiedy P38 dimts cductebh Bnrbaan appteprisat e
cell 1Eingp 2l a§QB§EIaB{fL|'_:Y %ul(@l-gyzg)ssay, such as radioimmunoassay
(RID), or fluorescent activated cell sorting (FACS) ,
including, for example, growth factors, cytokines and cell
surface antigens (e.g. growth  hormone, I1-2 or CD4,
respectively). "Indicator gene" ig understood to also include
20 a selection gene, also referred to as a selectable marker.
Examples of suitable selectable markers for mammalian cells
are dihydrofolate reductase (DHFR) , thymidine kinase,
hygromycin, neomycin, zeocin or E. coli gpt. In the case of
the foregoing examples of indicator genes, the indicator gene
25 and the patient-derived segment are discrete, i.e. distinct
and separate genes. In some cases a patient-derived segment
may also be used as an indicator gene. In one such embodiment
in which the patient-derived segment corresponds to more than
one viral gene which is the target of an anti-viral, one of

30 said viral genes may also serve as the indicator gene.

The indicator nucleic acid or indicator gene may be
"functional”™ or "non-functional" as described in U.S. Patent
No. 6,242,187.

35

A 'hepadnavirus indicator vector” or '"indicator gene viral

22

SUBSTITUTE SHEET (RULE 26)



WO 03/ 000872 PCT/ US02/ 19929 An "indicator nucleic acid" refers to a nucleic
acid that weither directly or through a reaction gives rise to a
measur abl wOomB/00sv2 ceabl e aspect or detectable signal, e.gprca/usopiodr9 or

i ght of a nmeasurable wavelength or in the case of 5 DNA or RNA used as an

i ndi cator_ ha,nge r_generati of a ific DNA o structure.
Preferred %?(%rrpl egeg g T 9 rdi ]g]g‘%oyeﬁéﬁﬁ tgjatthec%“t%brl"‘f‘ R%ﬁ@‘zeﬁéﬁe Afhi tere
encodes betpadgalactsesigtasere t hadl an geneiwhitohlr e@@m@les sueti f esaseiedther
from forwa«@ﬁ@{gsepmqwnagl pa%&mfe (Lhe {1Lell e O REd 3 Q1 enll of ©

(the sea pansy) whi'c encodes alKalte oﬁho%ha hse,
green f1 fVescedee prBIA nCQHHalflﬁe Sé@teﬁl@ma@ﬁ?ed@ﬁ@nm cfreem@(;tmk for

chl or anpheitieghingcet ytheanshernase. hAgduhibonalsprefetned gxamel.es-Afe Al
i ndi cat or ]g%ne are secretgd E%Ot eins or cell surface protei ns 15 that are
S

readi |y neaslted By WBsay fi a8NPadFoPRRGRORSsayY (RS , hePadnriedsent
acti vat edbceithesas¢ i augd (FACShe éxptadénon 6OrckxaipliecagboWgbnéact ors,
cytokines and cell surface antigens (e.g. growth hornone, 11-2 or CD4,
respectively) . "Indicator gene" is understood to also include 20 a

sel ecti orf g&pRCkagindr Bpekr 6811d & d Satscteadl ¥' maekers té&xanpleds dfhat

sui t abl e &gl egly @b@t”&rﬂ%ﬁ{sﬁlérﬁf Qﬁﬁ?@éb%nc%lfl Sch&l RefhA¥AL o0kt Rnoms
reduct ase ]{q[])HEF m di ne ki nase nycin, neon%m n, zeocin or E

coli gpt. t%?Vljflﬁ% ?%Y%%%P%ge%&‘é%ﬁé%no’f’ei: e Eat or genes, t he
i ndi cat or gene 25 and the patient-derived segnment are discrete, i.e

di stinct >par L genes., Ln _saome S| atient-deriv errent may
al so be usegzdaxssgean ?%gl ca %r §ene ¥ oclﬁle sug%eoenb%%l r’r%lﬂ?lgL %E‘a%n T HE
pati ent - der |ﬁﬁe@n§segﬁﬁéﬁtowm%sp@n®l¢pﬁ norecdizrr  onel viarad  gemebile chofl s
t he i@rg%ngofﬁhﬁgn'h¥§£éﬁav99§80freﬁgléétgoﬁ'r@hcgen?%a%?y 3le39- R

the indicator_gene. _The indicator nuclelic acid i ndi cator gene may
pseuddtyped hepadnavirus virions have entered the cell via the
foamy retrovirus receptor. What is meant by "foamy retrovirus
pseudotyped hepadnavirus virions" are hepadnavirus virions
containing one or more proteins derived from a foamy

20 retrovirus.

As used herein, "patient-derived segment" encompasgses nucleic
acid segments derived from human and various animal species.
Such species include, but are not limited to chimpanzees,

25 horses, catties, cats and dogs.

Patient-derived segments can also be incorpcocrated into be
described vectors, such as the hepadnavirus expression vector
using any of geveral alternative cloning techniques. For
30 example, cloning via the introduction of class II restriction
sites into both the plasmid backbone and the patient-derived
segments or by wuracil DNA glycosylase primer cloning or a

method of recombination or seamless cloning.

35 The patient-derived segment may be obtained by any method of

molecular cloning or gene amplification, or modifications
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"functional"” or "non-functional" as described in U S. Patent No.

6, 242, 187. 35 A "hepadnavirus indicator vector" or "indicator gene viral
22 SUBSTWOUSROBHEET ( RULE 26) WD 03/ 000872 PCT/ US02/ 1992®CTEso2/o929 r ef er s
to a DNA vector that cont ains elenments of the hepadnavirus genome and an
i ndi cat or_gene h as E?‘ﬁ ml uci ferase and i s capable of transient

transcri p?l on° %F FSitiitts Fﬁ‘éuﬁflijﬁalasqc&%t §1F8gui ray
for 5 pac@%tfgq:ngbﬁﬂ bhéoRNAatntthehepddn@\ﬂ tthhs artiiens -ard iveid reMefst: to

transcriptd onlﬂg¥5?ﬁcgg_lA transcrint bg%%g@ ﬁ)t%g)adgg(\:/ r ug ceﬂl}éger ase and for

t he expression of the indicator gene packagi ng iy
cel | " refleerRagpayizes| ?%&?esfgo@an@%mt thcnsi exemeker esshon aof deree

hepadBaVIirhgslgﬁﬂ@éItﬁonandmé’@@M Fedn@Ni I Uss enveliope exU8ssion, yectons. g A
“target cell” or " %ﬁcelfﬂg refers to cells that exgress a foany
n

retrovir usenver Ip “P%c PHFEGFIUETSE  25CeRpPhr tﬁ%%eﬁéﬁné&ﬁ rus
repl i cat i omconperd oady attet rt@te r eadpsedafotyiped drepadnravuses Vihi Ofise hawer

ent ered the, gt b vi & ?,E TV hetroflhus neceplor, s Whal, g pant By .

"foany retrovirus pseu epadnavi tus viri ons epadna
virions R aichicRgnene dri ﬁfésﬁlrépéll@@ derissedchnome foapypo2dted at

retragir ushe Asnugedheangl Npr i Rats eﬁéeéerfb\fedf Segrent "SQBSHHP%»‘E%%?@”L&%\%L C

aci d segnent Slade“ ved from human and vari ous ani nal speci es. ecl es
i ncl ude, FE ot 9% mided 3 o"ChiFRPansBER, 295 MiotREs TeRAtT e§3f c 1%Afand
dogs. Patvwlentheter ¢ Vededegienins: 1eakAlmm b%amw@@tﬁt@ﬂmﬂt gibes descrdded

;Ffé?;:tlvégcj§%$%€g 2 %ﬁ%gﬁé;ruérﬁﬁ res%hﬂQiV%Ctotﬂu¥S£Q8a§er%Lc %Xﬁ{?'
The patient sequence acceptor sites may also be regions

15 designed to permit homologous recombination or complementary
annealing between the patient derived segment and the
hepadnavirus expression vector The patient sequence acceptor

sites and primers are designed to improve the representation

of patient-derived segments. Sets of vectors having designed

20 patient sequence acceptor sites provide representation of
patient-derived segments that would be underrepresented in one

vector alone.

As used herein, '"replication capacity" is defined herein is a
25 measure of how well the virus replicates. This may also be
referred to as viral fitness. In one embodiment, replication
capacity can be measured by evaluating the ability of the

virus to replicate in a single round of replication.

30 As used herein, "control resistance test vector" is defined as
a resistance test vector comprising a standard hepadnavirus

sequence (for example, HBVayw and an indicator gene.

As used herein, "normalizing" is defined as standardizing the
35 amount of the expression of indicator gene measured relative

to the number of viral particles giving rise to the expression
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30 exanple, cloning via the introduction of class Il restriction sites
into both the plasm d backbone and the patient-derived segnments or by
uraci | DN®XOgiBByems3y| ase primer cloning or a nethod of recaoehiusar/ion9 or
seanl ess cloning. 35 The patient-derived segnent nmay be obtai ned by any

net hod of cylay: cl.oni ng or ne anplification,.or di fi,cations 23
SUBSTI TUT g%h&#{“%f%tf% %903/9%%’68%3“_11’ / 1863718838 OPhde ftcaHired
i ntroduci by Pavidangsédeermeuadcepl olusifesasasactesttybadabealred, kgt e
ends of thenpat 68l vdehi Ved 6 e0BAt nkOoubeal OLT CUCEHLNLP L] ggﬁs‘sl{l‘r.]bgd

e
vectors, such as the hepadnavirus expression vector. For exanp
gene 5 anplification nethod such as PCR, restriction sites corresponding

to the patbPeatmsequencel aCeeptoirsSi t £ Cak HQmaREOr BYr & ed gkt he;88ds, of
the prine inthe P reaction. Simlarly, in a nolecular clonjng
fﬁlgé‘gg% DS o 81/|%§st PF@P?Eﬁ ‘SiTRS cHif e 1% st

met hod suc cl'oning,” s at
10 the endereint herepréihsr usedmbocibilist =oraideddnrd spuabtctPNAvSyIYIesi s,

or in a ngthed ﬁHEQs§§iEEEHEEé%§E?iErOEaRN%e cpaekher cloned or. uncl gned

DNA, said restriction sites can be ‘incorporated into the priners use % or
the_repajPl?%%ﬁ@?oﬁﬁl THEOBSL | BhEh s pidrichicsk ceprerdsiess nhy aldst then,
redi ans lé%ﬁfﬁag@ﬁﬂhma@ﬁfi@st %@nph@geusiers%%@@dﬁaéf@nkﬁbw%gm{ SRRAL it
anneal | ng t t he pati ent erjved s ment andlgtfe epaganavi r us
expr essi on’ é%%ii R BT T et E%q%%ﬁc%r g%%ﬁ%%Y skitted antt pF*ers are
designed to inprove the representation of patient-derived segnents. Sets
of vect oreohavig. desi 0ped:A0 pALLERL SRIURNCT-ACEERLAr Sihes Provide. o
represent a:[I on o pati ent - leri ved se rre_nts t at. WOou be uné(errepr esent ed
in one vkt¥dFlaroned Asstsdgtiereitpchniapiascartiorh capacieyl unddefstoed
hereiB iSi® the art (see Ausubel et ai., (1987) Current Protocols in
Molecular Biology, Wiley Interscience or Maniatis et al.,
(1992) in Molecular Cloning: A laboratory Manual, Cold Spring
Harbor Laboratory, N.Y.). Isolated plasmids, DNA sequences, or
synthesized oligonucleotides are cleaved, tailored, and
20 religated in the form desired. The sequences of all DNA
constructs incorporating synthetic DNA can be confirmed by DNA
sequence analysis (Sanger et al. (1977) Proc. Natl. Acad. Sci.
74, 5463-5467)

25 The development of a method to generate infectious pseudotyped
hepadnavirus virions having envelope proteins derived from a
foamy retrovirus enables the development of in vitro cell
based assays for hepadnaviruses, including but not limited to
drug susceptibility and resistance essays, viral fitness

30 assays, and genotypic assays to identify hepadnavirus

mutations which confer drug resistance.

The following examples are presented to further illustrate
and explain the invention and should not be taken as limiting
35 in any regard.
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25 neasure of how well the virus replicates. This may also be referred to
as viral fitness. In one enbodinent, replication capacity can be neasured
by eval uawprig/oodse2 ability of the virus to replicate in aPrsraghzieund of
replication. 30 As used herein, "control resistance test vector"” is defined
as a resistance test vector corrpr#%w ﬁftandard hepadnavi rus sequence
(for exanple, HBVayw and an indica 8@ e” As used herein, "normalizing"
is defined as standardi zing the 35 anpunt of the expression of indicator
gene neasurego tive, to the nurrber of, viral particles giving rise to the

expr essi on SHERS{ R 26) TWD W1t 08722 FRET? U027 29999 of
the indicator gene. For eb@ml\r%d ‘EQBﬂiah'uﬁéh' ﬂBain% fgagyured by dividing the

anount of luciferase activity neasured by t nber of viral particles
nmeasubed at the tinme of infection. 5 "Plasm ds" and "vectors" are

desi gnat by a g0l y. t d/, nunber .
starti ngeﬂﬁfl aés/m gkgw@er ei %%ggéi el tgh%%%%%gg(%l %ﬁ?}og@afg |9enerﬁ‘b|lna y BY
avai | abl ev1%hrnn Gieéstatet edrpldis,ofor l@ﬁﬁcbengomlﬁmm}ed0€lbmcamalumﬂ e

pl asni ds g a@ss,@agu\ehedpeemshleﬂeer 06gEUERSrekB %Q@I txleee 59 equ valent
plasmds o tho escrg&eﬂ are_known in the_ art and P agparent to

t he ordi a‘?‘?“l“f? Tid san.TRSCoRSEREct PR d?e‘i}P’féd%ecﬁ]ﬁ?‘élQﬁ rein
i Nnvenoi ordemmfﬂyes staedargirodéfatéon and residdxqidx@rt:trs;phm{ques e)aom@qu

wel | underst o dS: )bt Becatikses Augubely el a1 cp. (13870, CULr PfotchO'S

iolo 't 61 Science or ise
Mol ecul arcﬁb"ﬁl *ﬁ@atAambWW@nu%qr IV dispe¢hgon Hatber Eam@ﬂeﬁtsor}wv

NY.). |519$@é}$@031% ag dene DA 19€0KENESS. | 0&1}3\75W7'£Pféﬂ1§e%x@du&%ﬁl%ﬁotﬂﬂﬁs
are cl eaved | ored, and 2Q _rel eﬁ%t ed in the formdesired. The sequences

of all DNELRFhsERGEFsthRcGIdr &Y MR ihelid BRRCFARC BRI CBAFRr Fd@ HiFYDNA

15 receptor, thereby circumventing the normal HBV entry pathway,
which 1s thought to involve the HBV surface protein (S) and
an, as yet, unidentified host cell HBV receptor. It is widely
held that the inability of HBV to infect cultured cells is
likely to be due to a block (s) at the attachment and/or entry

20 steps. The means and methods for producing infectious HBV by
pseudotyping with HFV envelope proteins provided in this
example can be adapted to other hepadnaviruses, some of which
may serve asg useful animal models for HBV disease, for example
duck and woodchuck hepadnaviruses. Addition, the means and

25 methods for producing infectious HBV by pseudotyping with HFV
envelope proteins can be adapted to pseudotyping HBV and other
hepadnaviruses with the envelope proteins of other foamy
viruses (spumaviruses), retroviruses, and a variety of

enveloped viruses.

30
The system for the production of HBV particles pseudotyped
with HFV envelope proteins and the successful infection of
cultured cells involvesg the following components;

35 (i) HBV genome expresgsion vector: a DNA wvector that
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sequence anal ysis (Sanger et al. (1977) Proc. Natl. Acad. Sci. 74,
5463-5467) . 25 The devel opnent of a nethod to generate infectious
pseudot yp&o 03l0esarinavi rus virions havi ng envel ope protei ngcadarsoven2d rom a
foamy retrovirus enables the devel opnment of in vitro cell based assays for
hepadnavi ruses, including but not limted to ., drug susceptibility and
resi st ance°BRELFES v%%:?l fllg%%esgeg*@mﬁsséﬁé, ardl ggﬁB??b?c &&saysfasient
i dentify tepadoaiprisn it O IRNAWGED BBV prodetg residsicries. fWElowing
fol I owi ng; exanpl es; 3k € REESENL Eg 1.9 {»IL‘EEEQeEeﬂ' gg}léate and explain the

R a8 g

i nvention and should not be ta rmtrn 'h any regard. 25

SUBSTI TUTE SHEET (RULE 26) WD 03/000872 PCT/ US02/ 19929 EXAMPLE 1

Pseudet yping) Hepat i hiis cBr¥il WecHsirng -Emvel QRe R0t s «Jxrdvad Jrom Huran
Foany Vi rug 5C Thlg{ xangl e pr ovrlécges a means and net hods for generating HBV
virions t®at Hi%e §§a N3P fiEtt PHg PriheryCteldsRau t 68 apd firefly
est abl i shbdetBérabénemd hat exqsaiske t e receps Denf o iRy i dtaamy MEr usn
(HFV). T an nd th royid herei n_10 scribe the pr.ocedures for
i ncor por QE@"?T%S enggﬁopggiﬁraé \eéi ng%lentg’ tgtl?g]‘[ﬁéd%re r?élt%ﬁf ﬁl?\gp“‘e{ﬁc? heéeor

i nfecti orPatkagiget oEfel ket hBNAar énper nHSY| veifrdonidFV aingf edtdon, réveaxse
express HRGansEeept 058 B8R the aald ACL; ViR L ORS P, t

met hod enf er theﬂgttéll by . bi ndi_n an%%%tera%?% smﬁ%hﬂtﬁ%]ep%%\gﬁ%\%a%}eéce%t?%r,
t her eby c'?%u%%n??‘ﬂﬁe?%éoﬂoibﬁa hepindheryOpagBMy, which is thought to
involve the HBV surface protein (S) and an, as yet, unidentified host cell

HBv receptor My WAGLY 0ol &al 10 INallllty oF Y Lo il ectipae

comprises the HFV envelope gene and is capable of transiently

15 producing HFV envelope proteinsg following introduction into an
appropriate cell line.

(iv) Packaging host cell or first cell: cells that can support
transient expression of HBV genomic and HFV envelope

20 expression vectors.

(v) Target cell or second cell: cells that express the HFV

envelope receptor and are capable of supporting HBV

replication once HFV pseudotyped HBV virions have entered the
25 cell via the HFV receptor.

HBV genome expression vectors are capable of producing
HBV particles following their introduction into
packaging host cells. HBV gene expression can be regulated by
30 HBV regulatory elements, or by exogenous regulatory elements
derived from other sources, e.g. the human cytomegalovirus
immediate-early gene promoter/enhancer (CMV-IE). In a preferred
embodiment of this invention, expression of the HBV genome 1is
regulated by the CMV-IE promoter/enhancer. HBV genome expression
35 vectors may also contain an indicator gene, such as firefly

luciferase. In this case, the vectors are referred tcoc as "HBV
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likely to be due to a block (s) at the attachnent and/or entry 20 steps.
The nmeans and net hods for producing infectious HBV by pseudotyping with
HFV envelwpa3pomsrei ns provided in this exanple can be adapraor/omet her

hepadnavi r uses, sorre of which may serve as useful animal nodels for HBV

di sease, f{ duck and woadchyck hepadnaviruses. Addition, the
neans and 12%1 )%tath dge?1 “pré ucﬁ%orﬁf ecty oE‘grﬁB@eﬁVrﬁﬁéﬁd&%p AR PRV
envel ope @ee eVlv—salca\rﬁddBDJaIIaptﬂé@ tiodpsetidot ypnagoHBi dewl Dtdetsitive and
hepadnav'ééﬁ@éﬂi’@ﬂ@ h@%h@ﬂ!gho%frﬂégéﬁén? %tn er;f 1w yrugﬁs tappet o

(spumavi ruses), retroviruses a vari et envel oped Vi’r uses.
system f orethe’ bPOUBYETEN lélﬁeﬂB\“/OﬁarkM cYW%sEE@I@@?%@d inyjhadetHRveelmed mpe

Prﬂ eisns @émus;hemtuccm@inﬁ bﬁ‘a Qﬁidl@&t@ﬁc Send ub%@!dﬁ@lzlts I%VOEK[%élf&iﬁ‘ase

ol | owi ng_ conpanent s ression vector: a vect or

t hat gagi%g% %‘%ECI":%&( %@Lé %\/\6%}@%0687? F%@Z/We cBfprd ses
t he HBV g@mmbeandumé chpakv ereqflth"aam@nenHth Ladscatdqt | pmeofvibBY Rbcand
HBV pr ot %&5 PLOANEL Ot  OLL W ROt MW RODVCLL AL 19,8 ARRIORIIALE el

line. 5 (11) HBV indicator vector contains e
the HBV getiokrcigist aprifdicc a0 speencesicht ashei HBY| jndicridergsne a\nﬂdrals

capahloe ofedt@nshin IEE\& d pddprerebsane. §NA Fhge RNA,£ON 2 RgsbPeotase
signal s/el enents re he RNA i nto HBV virions and

packagi.n
PR Tt I g < T e L L A A R
and for irlrtéLL@eplpesstenh sémplee ihadboatwer d@eresehkit)vddit edwed opesistant

expr essi vector th L&anprises he HFV_envel ape _gene and
is capabl“'géltf(;a?'L ran5| en §r odS%:ﬁrnSeﬁFvsgr?\?éL}Cope progt elrnesSI’rSoIa?%vm ng

i nt roduct}anivustiaiean [3T , and molecular clones of HBV that possess defined
15 RT sequences that contain or 1lack drug resistance associated
mutations (M550V) .

The HFV envelope expression vector contains the HFV envelope gene
region and is used to produce the HFV envelope gene product
(gpl30env) . The gpl30env is a polyprotein that 1is cleaved in
20 the cytoplasmic membrane compartment by a cellular "furin-like"
protease to produce the mature envelope surface (gp80SU) and
transmembrane (gp48TM). Together, SU and TM function in host cell
recognition and entry of HFV. The introduction of HFV envelope
expression vectors along with HBV genome vectors into host
25 packaging cells results in the production of HBV virions bearing HFV
envelope proteins in the viral membrane (pseudotyped virus
particles) . Expression of HFV envelope in host packaging cells
can be regulated by a variety of regulatory elements including,
but not limited to the MV-IE promoter/enhancer, or the HFV
30 promoter/enhancer. In a preferred embodiment of this invention, the
HFV envelope expression vector is assembled by inserting the HFV

envelope gene region into an expression vector that contains the
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appropriate cell line. (iv) Packaging host cell or first cell: cells that
can support transient expression of HBV genom c and HFV envel ope 20
expressi owowaovsrs. (v) Target cell or second cell: cell spPchaiSopxpeess t he
HFV envel ope receptor and are capable of supporting HBV replication once
HFV pseudot yped HBV virions have entered the 25 cell via the HFV receptor.

HBV genon@Téexii gssimoheytetlensecar ée capalilxasof pprodumilng <dB¥1par tbebegite
foll ow n t@:i r introduction into packaging host cells. HBV gene

expressi o 5 ‘regul ated by 30 HBV regul atory el enents, or by exogenous
regul atory elenents derived fromother sources, e.g. the human

cytonegal ovirus, imedi ate-early gene pronoter/enhancer (CW-I1E) . In a

pr ef er r eF2EfABIRATehOSEf dHils |Iﬁ@/§éntlm§gud@xrﬁ ewden wiridiy HBY demome i

regul af ey NenCM 1 B oL SLLBIRANGEL o SBY AN0NP L XPLgRs) OBl 38 et o

may al so contal n an i ndicator gene uci ferase: m]?rfy?rh
case, thekidutorsehie (BFEII36d and MmaHBMepQHOHSUBﬁ'[UlEUREeﬁ@IEETH@EwLE ﬁﬁ% WO
03/ 000872, CT US02/ 19929 dic ene viral vectors" m)rerrg) eneral ly

as "indi cator- BEh ag/%l}%lh% t%‘? iSGleafFPYERE Predcdev R IEn<Gk i ve

and converv er@isermat@@;leam frov REasLAk NEdihewing eehivi iﬁtz%tiuéﬁi&?t ofCeirhp
followi ng infection by virus produced in host packaging 5 cells. The anount

of i ndi cqBOGeREPHESBLLE, VeSO |ad fEVasavedeppypXpTep? baucEsthPn Mdsget
cellsgis a direct neasure of a single round of HBV replication. HBV

i ndi cator gene viral vectors can be used to assenble HBV

"Resi st anba/deict nessllsesmawemmé @yimmeypl eaﬂilmag speaililc Mlﬁ\ésse@mdnc@ﬁreof

the HBV i ndelcc ener]x_/lar al .10 vgct or Wi t Ey ene se qctl‘r‘?é . _.P gene
reverse trpanscrl EL e AEBR)Y T v@&df Foma vart e? ‘Fp‘—’b ces.
Sour ces n?&)bludlng but not limited to HepG2 cells and Huh7 cells, (ref). The
ideal target cell expresses HFV receptor (g) on the cell surface and
15 supports HBV replication steps that are downstream of virus

attachment and entry.

To produce infectious HBV virus’ particles an HBV genome
expression vector plus an HFV envelope expression wvector is
introduced into host packaging cells. Several days later, HEFV

20 pseudotyped HBV particles produced by the host packaging
cells are harvested and used to inoculate target cells.
Several days after inoculation, the infectivity of target
cells is measured. The introduction of HBV genome expression
vector and HFV envelope expression vector DNAs into host
25 packaging cells can be performed by a variety of well-
established procedures including, but not Ilimited to
calcium-phosphate-DNA precipitation and electroporation.
Measuring the infectivity of target cells by HBV can be
performed by a variety of well-established procedures
30 including, but not limited to the detection of HBV antigens
(e.g. antibody based Western blot or ELISA detection), or HBV
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i ncl ude patient sanples harboring drug sensitive or drug resistant strains
of HBV (e.g. viruses sensitive or resistant to |amvudine, [3TC]), and
nol ecul arwoloses’nf HBV t hat possess defined 15 RT sequen®€3/usSazi9seont ai n

or lack drug I a6ksbaaceassociabed pdul akir0pes ( MapOYhe NG 1Y eBYElRDe,
expression vector contains the HFV envel ope gene region and i's uSed T0

produce the HFPlekvefesstigone product (gpl 30env). The gpl30env is a
polyprotein that is cleaved in 20 the cytopl asm c nenbrane conpartnment by a
cellular "furin-like" protease to produce the nmature envel ope surface

(gp80SU) &nd a t par§eendt arabpdpd8T) of Toget derinvBdtasd, TMHaungbiyongéhohest

cell LS endoenley 8L, 10 e Tauiofluctien of JEY cvelope

expressi o ‘vVectors al o

cel I's restddisldtied heopr oglust | av-of e HB - otidte@enRgaréAg HENe eyel 098nome
proteins in the viral menbrane (pseudotyped virus particles). Expression
of HFV env&Fghed n® hd8E1peassyi Hy-icaitrs” 9enn - bahredorat Packyoiny arekt yiof

regul at orymrelognentis | 86V UdbASne B0k ohi Hded t Oaﬁ{:tl'e V- hFV envelope

pronot er/ enhancer, or the HFV 30 pronoter/enhancer. I'n a preferred
enbodi merd¥RIfeIHIARN | Meehtironare héntHpdiasdveliope éwptessdkagiegt arelils by

assenhl e ..ns i h F |l ope gene region into an expressio
vector t St Caon o el Bh R TR R el L e S bhot 2o
PCT/ US02/1992% W -driegenenmicer henhasetr Nfeeq. tpiiS ctRehr apitl @scRbgahy |
1999 Cite _ Full Ref ackagi host cells include a_w de variety of
human or &% ﬁﬁ‘fﬁf’gﬁ%ﬁ géDDérI I24T1i7%g'éouirﬁcl ?ng%g?gﬁ%tc ULE; BREER 355 RdhaRted
ermbr yoni candifdepncahdl st kil 33) randabeinedn hepabonms: &eldis-16H8p Gne HIET)a
The ideal] packagi ng host _cell transiently produces |arge nunbers of HFV

pseudot ypedl FBFTFEEAs2RO| Folisrgat fed i e dddétrbr ®rryeBy asgshensetock of
eXPr essi afrw epkehadshdd VBNV &l APe 1 FXPEESSH OV eRbof MA%er cells. The

target host cell is HepG2 or Huh7. Infected cells are lysed 48-72
hours after infection and luciferase activity is measured in the
cell lysate. The amount of luciferase activity detected in infected
cells serves as a direct measure of a single round of HBV

20 replication.

EXAMPLE 2

Pseudotyping Hepatitis B Virus Using Chimeric Envelope Proteins

25 Derived from Human Foamy Virus and Hepatitis B Virus

This example provides a means and methods for generating HBV
virions that are capable of infecting primary cell cultures and
established cell lines that express the receptor for Human Foamy
Virus (HFV). The means and methods provided herein describe the
30 procedures for incorporating HBV/HFV chimeric envelope proteins into
the membrane of HBV and the infection of target cells that are

permissive for HFV infection, i.e. express HFV receptors on the
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SUBSTITUTE SHEET (RULE 26)



10 Target cells may include primary cells and cell lines, and nore
specifically primary hepatocytes and cell lines of hepatic origin,

i ncl udi ngwbuws/onst2 | i mted to Hep& cells and Huh7 cells, @ECafgso2/19ve9 i deal
target cell expresses HFV receptor (s) on the cell surface and 15 supports
HBV replication steps that are downstream of virus attachnent and entry.
To producesihfectizoes HBV virisnpastidices ay HBY getles® ertepr @ssi eB1yepior
pl us an EE. i i ntroduced intpo host packagi ng

FV | . [ t
el I's. SeVEKARTIayS FHrEraCiEY 70- s etrIotyhed rB ar FFEFEY BrERIEHCH)It he

host packegt ngpriedl Esvacather yashedy aAnghisiedi 4 HAREH ale 119686t £8L! Srv
Several days after inoculation, the infectivity of target cells is

measur ed. STHEA TRt PEREEL ol Sof 3BV GRnoRE eifiresytiskntibiedrhesid ¢FAL HBY
envel gpe LxRLRSS onrverd of; ANAS HAtP Lﬁr?e pfﬁ&gﬁﬂi@% G | Saral, bgnffect
e edure ut ot

performed by a variety of well- establish proc i ncl udi ng,
limted terltaukedi galphosphiikelyDNA preeciupi tat roblackl(=s| edt radposataohment

Me i i nf i Vi f t .l s by HBV b f db
vart ety aPir RN FEoheq BSOS $80 ThePhtr noE Ba ORBEOR nrven £5 ¢ he
det ect i omeinHBMchnidtdeds f£ée. grodartinbodyfdasessstrebn béaidoerpEhyShith

detecti o BV. .29 SUBSTI TL%’DE SHEET (RULE 26) VD 03/ 000872
PCT/ US02/ nTEFBFE Gei GRVREERS  FERTCRAS PCREY NoP% heétrRB5E8t , tQouPkB®H

bl ot 1det egdda@mkyithsds Prefer b@dwﬁﬂé’l@%%?rge&fe bBi §sbAYEMHARRL TB8eBVior
genome 5 _expression vector and the HFV envel ope expression vector are
regul at ed®y ¢Heeasov- ITorpearppée/ dadlaneet  waiichBY depefBavionees nsBased

| uci ferasg, i pgi caterngene. i hﬁﬁhgi op%%'@ghggt%%lc' drd otk 3ma e Vs
genone expression vector and the HFV envel ope

tor producing infectious HBV by pseudotyping with HBV/HFV

chimeric envelope proteins can be adapted to pseudotyping HBV

15 and other hepadnaviruses with chimeric envelope proteins derived

from other foamy viruses (spumaviruses), retroviruses, and a

variety of enveloped viruses.

The system for the production of HBV particles pseudotyped with
20 HBV/HFV chimeric envelope proteins and the successful infection

of cultured cells may involve the following components;

HBV genome expression vector: a DNA vector that contains the HBV
genome and is capable of transient transcription of HBV RNA and
25 HBV protein production following introduction into an

appropriate cell line,

HBV indicator gene viral vector: a DNA vector that contains

elements of the HBV genome and an indicator gene, such as
30 firefly luciferase and is capable of transient transcription
of an RNA. The RNA contains the gignals/elements required

for packaging of the RNA into HBV virions and for reverse
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expression vector are introduced into host packaging cells by 10
cal ci um phosphat e- DNA precipitation. Five to ten mcrograns of each vector
DNA prepawatmomsar e used. After transfectionr host packagiPag/usaz/dsencubat ed

for 24-72 hour |l ls .plus cultur dia are collected _and._frozen and
thawed to relegggﬁééﬁﬁEéiggogia¥%ﬁ §N£?%ﬁﬁﬁscfﬁ8tn%%iEPeiﬁgnééﬁgﬁ?FE@%ﬁ APy
filtered and t Hferftihd raajeesefeofmshthhdEaek @fendd HFV pseudot yped HBV for
i nfection of host target cells. The target host cell is Hep& or Huh7.
Infected cells are |ysed 48-72 hours after infection and |uciferase

activity hsvyEesULednibpithenveebbel YsahessThe ampunl . ofy | yed f erase. acfiyvity
detected in infected cells serves as a direct neasure of a single round of
HBV 20 repl i cEPTeminEXAMPIEIRePses detddsioh o dde patiBV/EFB Shinesridsiengelope
Chi meri c Envel Protei riyed E Mirus.an Ltis
988 Prgkeins o JedLLam SRy Eoagy ML ug andbepaty

B Virus This exanpl e provides a nmeans an or “gener ating

virions that arkimepbbl emfelonéeqtictgipsi nesloaehy ciHttudestand into an
est abl i shed Ceg|;£§n§§ttﬁﬁ 168xpress the receptor for Human Foany Virus
(HFV) . The meaffd and et KOds %¥5Vided herein describe the 30 procedures for
i ncorporating HBV/HFV chineric envel ope proteins into the nmenbrane of HBV
and the infection of target cells that are perm ssive for HFV infection,

i . e. Wxpr ebbp: 3P S9BSTPPOTE SSHEEFUPROEE 26yampient

03/ 00087 2 RS A4502( 1992BvCekhosils face. i1.i@n - e nethod
enter the égil by bindinggan% interagFﬁﬁgh¥$%%Qi%§£%§%#§§S§%¥8%$'thereby

circunventing the nornmal HBV entry pathway, which is thought to involve

t he HBV e proiei ) a s yet, unidentified host cell HBV 5
recept or.% ace Boglcediie t%glclst hndeha’l%na%cip PEY légeI—Wt%nY &ct TGPt ed
cells is |ikel gndo éhre duepisltiea bEockfsorat niyhaimt t aepesiti@nd/@iceentiny
steps. Based on thjs exanple, it is pbvious that the )

15 particles pseudotyped with the HBV/HFV chimeric envelope have

entered the cell via the HFV receptor.

HBV genome expression vectors are capable of producing HBV
particles following their introduction into packaging host cells.

HBV gene expression can be regulated by HBV regulatory

20 elements, or by exogenous regulatory elements derived £rom
other sources, e.g. the human cytomegalovirus immediate-early

gene promoter/enhancer (CMV-IE). In a preferred embodiment of

this invention, expression of the HBV genome is regulated by the

CMV-IE promoter/enhancer. HBV genome expression vectors may

25 also contain an indicator gene, such as firefly Iluciferase. In
this case, the vectors are referred to as "HBV indicator gene

viral vectors" (Figure 1) . The indicator gene provides a
sensitive and convenient wmechanism for measuring the
infectivity of host target cells following infection by

30 virus produced in host packaging cells. The amount of indicator
gene product, i.e. luciferase activity, produced in host target

cells d1s a direct measure of a gingle round of HBV
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means and net hods for producing infectious HBV by pseudotyping with

HBV/ HFV chi nmeri c envel ope proteins can be adapted to other 10
hepadnaviwoa8as008gpnme of which may serve as useful aninmal moadise2/ioes HBV

di sease, for exanphe:duckuBRd uRoHc uck hepadnaviidisesnBas ety g%d&t}a%r
exanple, it is also obvious t%at t he means and nethods for producin

i nf ecti ous HB¥By pgmbtymaﬁgomt h &BYV/ HB¢ chBeeri ccenvelsgpebpeot eilBBV can

be adapted tg { 1 d hepadnavi ruses t
envel ope pr ot’éﬁ% |é\3e CORIE R rUses f‘("s PUha V%@gsggrﬂxample

retroviruses3 &mdow) .vaBVeRgstbtenve) dpatesd ruw veTEInersyaﬁc@npi‘r@cﬂu&@& by
produ%tl on of H V Eal’tl cl esf#)%egg?t% ed with 0. HBV/ HFV chi neric envel ope
f

prot ei’ns and ‘the®SuteeSEFh! QUFCEuIFurdE EBV JREYSi AFBESESEMR
fol I owi ng corpenent sir MM agnonme EXRRSSI A/ ST A dA- w&mkpr}zé\hag!{ene
cont ai ns the HBV genorre and is capable of transient transcription o

RNA and 25 EBYIUSRGEE n (Br8ducki ofcrel | B P nt FENESEIlPE2BAt oSaauences)
appropriate gehlvblinerohBY LRdiical,onrdeRaYl L3 r¥§§tOéouf%é@“ﬁéﬁciﬁ%léégu
contains elenents of the HBV gendone and an 1 ndi cator gene

firefly | uciPatasatamaripd esapgabeoning r dnsg esensianser iqpt | drmuof raai St The
RNA tai ns gnals/ ments. required for ckagi ng of the into
FBY i ons gtﬁgg%ﬁé ré%/erlgée\? 3 %BS%WB?ESSHE%FDJ( 2’%) WBR63F 80087
PCT/ US02/ 19928mitudhscr i [Iiddn , obntiheoRAAul saNstohpk by iy HERMobysRsase
and for the e?gr eamwf t he mdgcat or g ne, HBV/ HFV chi neric envel ope
expr essi on vEEEGPE AT habat 5 COBRPAPN LY he? SR qHENEe S SO TR Yr a
HBV/ HFV chi magieceme] apeatgene amdoiys . capabl e of transiently producing the
HBV/ HFV chi neric envel ope proteins follow ng introduction into an
appropriate cell line,

15 The HFV gpl30env envelope is a polyprotein that is cleaved in

the cytoplasmic membrane compartment by a cellular "furin-like"
protease to produce the mature envelope surface (gp80SU) and
transmembrane (gp48TM). Together, SU and TM function in host cell
recognition and entry of HFV. The HBV PreSl/PreS2/S gene codes
20 for three different proteins depending on the promoter used. The
three proteins S, M and L contain identical C-terminii and
differ in the presence or absence of the PreSl and/or PreS2
domains (See Figure 3). The HBV/HFV chimeric envelope
expression vector contains sequences that encode a chimeric
25 protein which contains amino acids derived from the entire S
domain and additional PreSl and PreS2 sequences of the HBV virus
covalently linked to amino acids of the HFV SU (gp80) envelope
gene region. In a preferred embodiment of thig invention
the HBV/HFV chimeric envelope contains the HFV SU region
30 fused in frame to the entire HBV S and PreS2 and N-terminal
deleted PreSl sequences. In another preferred embodiment of
this invention the HBV/HFV chimeric envelope contains the

HFV SU region fused in frame to the entire HBV S and N-terminal
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10 Packagi ng host cells: cells that can support transient expression of
HBV genom ¢ and HFV envel ope expression vectors, Target host cells: cells
t hat exprwolsms7HFV envel ope receptor and are capabl e of peapsor/199egy HBV

replicati t'_ | es .pseudot yped wi th the HBV/ HFV chi neric
envel ope ﬁ%v%gggn{i‘gr esdltﬁg eq Fcevri“hlqaﬁe &?ﬁ?%@eﬁt"&s HERAYEHGie expresdi on
vectors aHBVx‘,HEYabbhlmérﬁ)bOdhﬁriemngB\éxp@éébiL@heS'eEQbiCO\.MsnglsIe}Eﬂe'tfo %roduce

introduct on into, packagi host cells._ HBV gene expression can
regul at ed ]Pﬁ HRY/FEdul § 6}“ r36 el enBRVE1OBE by eX%68€nous Pé‘@él@%ry The

el ements defiv@sefi®m oifher soifoes; e. gch:Ltntée.cll‘&urmn SWIOT dfé@s:l_on
er re

i mredi ate-early gene pronoter/enhancer (CW-1E) . In a pr

enbodiPmente@Forg hﬁéoﬁﬁvmﬁ%nHB%xEﬁéQQﬁoWe@fcotfﬁe B gerdoras i s Haggiﬂgantre;l by
the CW-LE pgompterAenhancer pr si gpyvectorn 120 2l so
contai n an indi cator g%nerﬁguc ﬂ@\s/p]%? uc:&?ergge %tl%l% s cas%rlrfgne

vectors aiiBV/BFE€rretiimeras " EABY1lopdi clar@u:egm\e iwi righe ve@ims" thdrhigittigs 1)
The |nd|(cator ene prow des a en;irtive and cgnvenl ent nmechani sm for

measuri ng Yhe PRV RS viey U5f W SFdt cel I's FEPFEREAGTI nfdct il A B0

virus pr O@i]hli’:rﬁérid&l hoshvedekagi ngLrQ6| | BostThe pHBUAEiAg |dKl LAt Or cagene pe
product, i.e IUC|ferase activity, produced in host target cells is a

di r ect nejé%%‘ﬂeaB? a dhgl @ r IFFASSY HEVE BOIGUBSTTYUTECSREET (RILEEET MO
03/ 000872, FPCTHYS02/ 199283 epl i €aLi ontBY, enQIm: SXRIASS ) vectars and/ or

HBV i ndi cator gene viral vectors can be used to assenble 1 THBV
Resi st ancBfYi pHensteadenhescers ox sklee FHgUr 8 Prawpteranpl én 3 hetoirrddy

Resi stancglé}% LEngssetestyectqrs are S by 5 I ec f| %, HBY
sequences 0 #ﬁ lﬁlﬁv genone expressi g%&%é? of " or %kheo %@\f l:cs}Pca or gene
viral vectmvelwppd HBYmgsIeiosegaences (€. gssénigbad r éver senteansayi pt ase
Sequ?L%CGSI)IBV/HFV chimeric envelope gene segquences into an

expression vector that contains the CMV-1E

promoter/enhancer (e.g. pCXAS, Petropoulos et al., 1999)

Packaging host cells may include a wide variety of human or
20 mammalian cell linesg including, but not limited to, human
embryonic kidney cells (HEK293) and human hepatoma cells
(HepG2, Huh7). The ideal packaging host cell transiently produces
large numbers of HBV virions pseudotyped with the HBV/HFV chimeric
envelope protein following the introduction of HBV genome expression

25 vector and HBV/HFV chimeric envelope expression vector DNAs.

Target host cells may include primary cells and cell lines, and more
specifically primary hepatocytes and cell lines of hepatic origin,
including but not limited to HepG2 cells and Huh7 cells. The ideal
30 target host cell expresses HFV receptor (s) on the cell surface and
supports HBV replication steps that are downstream of wvirus

attachment and entry.
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derived froma variety of other sources. Sources may include patient

sanpl es harboring drug sensitive or drug resistant 10 strains of HBV (e.g.
Vi ruses swoBtoose2z or resistant to |am vudine, [3TCl), anecmaisezi49a¢ cl ones
of HBV that possess defined RT sequences that contain or |ack drug

resi stance associated nutations (Mb50V). 15 The HFV gpl 30env envel ope is a

pol yprot eTa thabdusecl dafettioud herByt ailasm amityene conpartvefe
cellular "furin-like", protease to produce the ng%}yre envel ope surface
(gp80SU) and tFBhSHEMD anéfe(iéﬁﬁsTﬁ.uSTog?é} hefBVSH And “RMNeGHEt | BRVERCR®SE

cel | recognitéeprasgient ty¥cor HEY. i Theo BV PreS 4 Pres2/ éia_%}gé‘éj'trﬁfggéﬁg. for

three different proteins depending on the pronpter used.
proteins S, M afee¥atoriaish laéati cHBC- pepfillesargsewidtfmed nwihh the

presence or absgefegref HhePsieS . Andi oL Prese i.ns . (See FEigure,3). The
HEV/ HFV chi neric }énvel ope eexpr eessi orclj(‘g)veclit5 or ccc?(r?\i?al sscsh(gqug?l%tes B4 ]é:?éjé?\%ode
a chineric 25 geblei arahhetvestrdaiansd asedotacidscuertieyethrigeaminbhe estise S

domai n and addit.i | RreSl PreS2 sequences.of the HBV.virus
covalently Ii ni‘%ﬁ% am ﬁ% aaé%lr% S of " aglﬁ\j}qsuscg’ﬁp%r)feecﬁf\}éﬂl Be Chyeharost
region. In a peelksred ashodisentThel inhirsdhayint ioh mhheydRWeHRYpeREBRE: C
envel ope contains the HFV_SU region, 30 fused in frame to the entire HBV S

and PreS2 and YETEni ARF FHSIEFCdCPIER1c cEHCRS. THISRELPR VBFEter PRS
enbodioment of i4td shoswepidienihhe EBM HRM cm\rrfg%k@o%agl Bge_acwgﬁ%@ the

HFV SU region fused in frane to the entire HBV' S and N-tefm nal
SUBSTI TUTE SHEET { reRtgrhad 03/ase08yes PATCUSeRnd092at dedtet ddmbres twnd

Gy do S Siaspasmenss, Wi oY ST R | oo ey
product. The Nerswdust igre ofnkBWiHEYyChifiterargenveledpes ekpr 6885 onan be
performed by a variety of well-egtablished procedures

15 including, but not limited to the detection of HBV antigens
(e.g. antibody based Western blot or ELISA detection), or

HBV nucleic acids (e.g. PCR, RT-PCR, Northern blot, Southern

blot detection).

20 In a preferred embodiment of this invention, the HBV genome
expression vector and the HFV envelope expression vector are
regulated by the CMV-IE promoter/enhancer. The HBV genome
containg a luciferase indicator gene. The host packaging cell is
HEK293. The HBV genome expression vector and the HBV/HFV chimeric

25 envelope expression vector are introduced into host packaging
cells Dby calcilum-phosphate-DNA precipitation. Five to ten
micrograms of each vector DNA preparation are used. After
transfection, host packaging are incubated for 24-72 hours.
Cells plug culture media are collected and frozen and thawed to

30 release cell-associated virions. The media is centrifuged and
filtered and the filtrate serves as the stock of HBV particles

pseudotyped with the HBV/HFV chimeric envelope for infection of

SUBSTITUTE SHEET (RULE 26)



5 vectors along with HBV genone vectors into host packaging cells results
in the production of HBV virions bearing HBV/HFV chinmeric envel ope

prot ei ns wWo 0Bioeosv: ral nenbrane (pseudotyped virus parti CPETIUSOEXYRESSI ON
of HBV/HFV chineric envel ope in host packaging cells can be 10 regul ated
by a variety of regulatory elenents including, but not limted to the
CW- | E priost erdeenfeanceellor tiee HEVgptormigr / eshances elegehe BV iRin7.

pronoter._lp a preferred enbodi of this invention, the HBV/ HFV
chimeric I%ﬁ@%F%ﬁe Eﬁgiéssi—"ﬁﬁ VEXFS i 48242enBPRBS byt Her titHgdtien 5and

HBV/ HFV Chi0Bf & €2 £AVELODER] GLNE: SRIMANEES izﬁltehénce%p&?%élt%” ViRt Q] mcfd}?é
contains the CW-IE pronoter/enhancer (e XAS, Pefropoul os et

1999) . @’éc&&éjﬂﬁ@%@t ats-“éqq@%mtrﬁqqmie Jei”l dtegbedeplds hemmrsom2(n
mammalsi ang £el by lides, thd adi ng,,hut r{g]%d %ﬂeﬁ% rte%%h%ﬁ%%_rherrbr yoni ¢ ki dney

cells (HEK293) and hunman hepat o e ideal

packagi ng host cell transiently produces |arge nunbers of HBV virions
pseudotyped with the HBV/ HFV chineri ﬁ nve%ope protein follow ng the

i ntroduction of HBV genome expressio ctor and HBV/ HFV chineric

envel ope expression vector DNAs. Target host cells may include primnmary
cells and cell lines, and nore specifically prinmary hepatocytes and cell
lines of BeBRPAE or £§th, MeREUFKiTE bEBWot duud t e¢ussaRPP1Edks apsdHuh7

cell gy Thfdﬂﬁ-&aétl%gl @hgggtgoﬁv_&eél APLES56S HFV receptor (s) on the cell

surface an supports HBV replication steps that are downstream of virus
attachment and entry. 34 SUBSTI TUTE SHEET (RULE 26) V\D 03/ 000872

PCT/ US02/ 19929 To_produce infectjous HBV vir rtjcl an HBV genone
expr essi oh Vect SFaE‘Pg% 8?30}%{1)? %h‘i“"ﬁ%l?? o #v‘&‘?@ﬁé e%%cf‘“ﬁ??‘ t GG s
i ntroduced i nt eepostupackagi ﬂ@é‘&ﬂiﬂl&g HBV  drug  susceptibility  and
identifying new/additional inhibitors or HBV replication. This
example further provides the means and methods for measuring
15 the replicative capacity of HBV that exhibits reduced
susceptibility to reverse transcriptase inhibitors, or
drugs/compounds that target other steps in HBV replication. The
means and methods for measuring drug susceptibility and
replicative capacity can be adapted to other hepadnaviruses,
20 some of which may serve as useful animal models for HBV

disease, for example duck and woodchuck hepadnaviruses.

Drug susceptibility and replicative capacity testing are carried
out using the means and methods described in U.S. Patent
No. 6,242,187 and U.S. Serial No. 09/766,344, the contents of
25 which are hereby incorporated herein by reference. HBV drug
susceptibility and replication capacity testing are
performed using "HRV Resistance/Fitness test vectors", "HFV
envelope packaging vectors", T"packaging host cells" and
"target cells" as described.

30
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Several days later, HBV particles pseudotyped with the 5 HBV/ HFV chineric
envel ope produced by the host packaging cells are harvested and used to

i nocul at ewDaBges7host cells. Several days after inocul at iPOm/USOEIE929

i nfectivi Irgg of tar gi%ﬂf cells_is neasured. The introduction of HBV genone
expr essi on? @St o HBYRHEY CKiYhetReledeePopll @k pregdicsy vekt SHmBNASTLO0

into hostmaprek@agmaeoal hsneaniRe1RedLr Wed 9¥tal¥rﬂiﬂé?%¥:t00fhuman embryonic

wel | -establ i shed procedures including, but not [imte 0
cal ci um pRESpHAtEPRA (PEELPDI tand drvmand hebetbnapoeiat s ofHep®Rasititg the

infectivity.of t cells HB n per f d by_a variety of
wel | - est ableiashe p?%%%gﬁéeshgﬁti n%’:/?ﬁgl n‘gfubut‘éﬂ%?&?? m ¥%r To THE G el on
of HBVY arp$gehsypee. gHBdntilbadysbaldd cwdatrerthedl ahtoodidkd S deiFecdh omey or

HBV nucl ej.¢c_aci.d PCR, RT-PCR_ Norjhern blot, South bl
det ect | on)/ =S St I *AFBPEF o0 EnbGCHERt Gt hi SoFAzEnt RORE (9 FEV o

expressi oimybBede®r paitatrhe HEM envebope:EXpPnesskon #eet abrar espdegulatiad, by
the CW-I1E pronoter/enhancer. The HBV genone contains a |uciferase

i ndi cat orP Y TRPHSGY Yot 18t i del Hites  ¢EKpemmt itheoHmi g e gt uding
expr essi %hﬁ/9.&519rlﬁﬂfhﬂ:éd“ecd'iﬁ\gpﬂﬁvc%llilge:éhﬁbglﬁh@:"\’:_%ll‘_?geh%‘iﬁgr %a%%%&&\é%te%r

are introduced into host packaging cells by calcium phosphate-
precilfi t diosh. cH b ewi bl t @rar<c Yt areseptoradl) vent theDNALPr epafatieomnar e

used. Aft n tiLQn;. L _pac ing.are incubated for 24-72 haurs.
Cells pl u%gpcpucfj{tﬁr ?ﬁdkggé%ggg%? ecte é;n %far 0z&n" ar#djwtnﬁg\fgamt 0730 ‘rél'Ease
cel | - assoxiitatathenitr eoAsentige nedia is centrifuged and filtered and the
filtrate serves as the stock of HBV particles pseudotyped with the HBV/ HFV
chinmeric envelope for infection of 35 SUBSTI TUTE SHEET (RULE 26) WD

03/ 00087 2RCTRYSDAL 49821 thestks tedget veetdss Ehpréas geivhosdngel bnis Hep &2
or Huh7. capable of producing HBV particles following their
15 introduction into packaging host cells. HBV
Resistance/Fitness test vectors also contain a functional
indicator gene, such as firefly luciferase. The amount of
luciferase activity produced in target cells following
infection i1is a direct measure of HBV replication. HBV
20 Resistance/fitness test vectors are constructed with HBV P
gene sequences (encoding reverse transcriptase activity)
derived from a wvariety of sources. Sources may include
patients samples Tharboring drug sensitive or drug
registant strains of HBV (e.g. lamivudine) , and molecular
25 clones of HBV that possess defined RT sequences that

contain or lack drug resistance associated mutations

(M550V) .

To produce infectious HBV virus particles, packaging host cells,
30 such as HEK293, are co-transfected with HBV Resistance/Fitness
test wvector DNA plus HFV envelope packaging vector DNA

described above in Example 1 . The envelope packaging vector
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Infected cells are |ysed 48-72 hours after infection and |uciferase
activity is neasured in the cell lysate. The amount of luciferase activity
det ect ed wop 0Bfbmsct ed cells serves as a 5 direct nmeasure offCa/tsongloeo r ound

of HBV r jycaf ko h f measuring HBV dr.u

suscept i gﬂéittcyggngj aplg r ep{jlgcﬁ)trilg?%lcgg%ac}l?%\g/ ERVTT gpgf iqrnoets%”%" THPE&Xanpl e
provi des grHé TitansE cand enetripdds  faxAzcemvatel)y andorr ephodeeibl yeapasdping
HBV drug sr%stceptsi bility. and i den,tj,;l.f(]é/i ne,vv/]%gld%i onal inhibitors _or HBV
repl i cat Form-Ths CBRAMIHES UitFert I 0615"%%%1? AP AP P et RYd_1FoHFV
neasur i ngnie lidye: nepbteahsvepcapaciby /b vEBY) t hatheexihbid Seh @IS urv
susce%)ti bility to reverse transcriptase inhibitors, or drugs/conpounds

that 1 ar §&F TtHES strprl | FeBVAF8pPIredtrsa. brhdhardmft dericiag Hedscedls
measur i ng. @ Ugasyseerbl biLityaandisfephireat VergﬁBﬁé'&Ey?ﬁﬁ%Qf ng:%%%t ed to
u

ot her hepadnaviruses, 20 sonme of which may serve as use ani model's
for HBV ldif§eAseta¥xgrt ekanpl eeddck(embl woodehadkhhwpadyavitusesse Deliger

suscepti Bil ity replicati_ it y are_carried .out usi t he
means an%lylrret ho%sr‘]j%dlenesé(?ricg%é-lL %%S%%g%%lgéﬂ{e%?glﬁgg)& 2§§Yf§?§an8a@.ss. a%ggiral
No. 09/ 7688f344 idrhe tempent ssedfl25awhi dlysarde &edelydifearsper ateti-hearei bs by
r ef nce. _HBVY grug susceptibility and replication capacity testing are

perfornealei—iflurrla HBV Resi stance/ Fitness test vectors", "HFV envel ope

packagi ng vectors", "packaging host cells" and "target cells" as
described. 30 36 SUBSTI TUTE SHEET &EULE 26) WO 03/000872 PCT/ US02/ 19929
Packagi ng- oA CheyGiferade achivetyaftersiest Hundt omianmsaldedn scel |

lines including [fHaned didited tRAWPRNEMEYPRLE i vity, also referred
to as "replicative capacity" or "in vitro fitness", i.e. the

ability of the wvirus to complete a single round of

15 replication. Relative fitness is assessed by comparing the
amount of luciferase activity produced by a test virus (e.g.

RT sequences derived from a patient sample) to the amount of
luciferase activity produced by a well-characterized

reference virus derived from a molecular c¢lone of HBYV,

20 HBVayw. Viruses that are "less fit" than the reference
virus will produce less luciferase after infection of target

cells. Viruses that are "more f£it" than the reference virus

will produce more luciferase after infection of target cells.

Fitness measurements are expressed as a percent of the

25 reference virus, for example 25%, 50%, 75%, 100% or 125% of
reference.
Susceptibility to antiviral drugs (e.g. reverse transcriptase

inhibitors) 1s assessed by comparing the amount of luciferase
30 activity produced by a test virus (e.g. RT sequences derived from
a patient sample) in the presence of drug to the amount of

luciferase activity produced by the same test wvirus in the
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ki dney cells (HEK293) and human hepatoma cells (Hep&, Huh7). The i deal
packagi ng host cell will produce | arge nunbers of 5 pseudotyped HBV virions
f ol | owi ngwoOhe/0dasrr oducti on of an HBV "Resi stance/ Fit ness PCeaiSOvemedr " DNA.

Speci 11 catPy it T Sy SGhar AYERE SR8’ OECT AEToR MU cLeiyi i rus
i ncl udi ngcotedntret ibhei LedotdeHepGg@eibse andhHohdi el bsrvdderhgdeabntgi get

10 host cell will express HFV receptor (s) on the cell surface and support
HBV repl i%‘é?‘iﬂa?mt%t@%fﬁﬁﬁtl&ﬂﬂe doWrser BSHBELY FRRErRAESTEHt 2dnd BAPPY.

HBV Resi stapted i nessidt esleivee,0ns exprhesenkBY genes,and,at&,«.capall e, pf

produci ng HBV particles followi ng their 15 introduction into packaging
host el | SYUEEERESTast v énbibhesT0% estr WBEt Of svaren wpitighhien f wedkiroadl

i ndi cator.gene, ¢ has tEbE ef I S mpunt - of .1 uci feras
activity produced in target’ clLe%lﬁﬂse%%f’%%ﬁn ﬁ%epﬁq%?g%ﬁgo%f iQ%eSaif‘ afilrrél(sfsngggﬁr e
of HBV reptecatiereptHBM 20 tReskst dnug/ fwihkssod esindbdteds aye chast saad ed

wi th HBV ndgne se uengfsgégn ding reverse transcri tgs ﬁ?CtIVIty'

ntrat1on gr §&&89 rEe¥® S/C}f‘aﬂr@fjﬁa * e Sseglgl)lrﬁF“é%

derived froma variety 0O
har bor i ngrelffeigpreenst tiy emvaydt upgn Hrasi shent toker ates of tHBVeé&: Grirus will
| am vudi ne) and r,mjaecul r 25 clones of HBV that possess defined RT

sequemicesPt hASSePEAtarh P atRUr 8§ e’ stahke HssbBR atkaf SHENSEI onisTus -

(MB50V) . RELFQGUGE b €Eht OWsHR Viis dafibhe! %&@@%@%J&%@%ﬁf@&
30 such as HEK293, are co-transfected with HBV Resistance/Fitness test
vect or DN gt (5 UEFViddy dlcodahiddikas md e dtiohepNAIruge semidsett raiohe | trhan

Exanp € Ta. uHie SONBLOAS PALKAYIANN, Y eGLAL 1 £ 37 SURFEIMIE STREL (RHhE28) WO
case, the IC50 of the test virus will be higher than the IC50 of
15 the reference virus. Replication of test viruses that exhibit
increased susceptibility to a drug will be inhibited at a lower
drug concentration than a well-characterized drug sensitive
reference virus. In this case, the IC50 of the test virus will

be lower than the reference virus.

20

EXAMPLE 4
Methods for Identifying Genetic Mutations Associated with Changes

in HBV Drug Susceptibility And/or Replicative Capacity.

This example provides a means and method for identifying

25 mutations in reverse transcriptase that alter HBV drug
susceptibility and/or replication fitness. The means and

methods for identifying mutations that alter HBV drug
susceptibility and/or replication fitness can be adapted to

other steps 1in the HBV replication cycle, including, but

30 not limited to cccDNA formation, virus assembly, and virus

egress. This example also provides a means and method for
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nmust be capabl e of produci ng HFV envel ope proteins; gp80SU, gp48TM (for
exanpl e pCXAS-HFVenv) , or chineric envel ope proteins containing specific
functi onawvodameisns of HBV and HFV envel ope protei ns ( pCXRETHBVZ/HBYENV) .

The HFV pseudo . HBM. rti s.viral_ that e produced by the, host
packagi ng cel | ?ﬁagl‘réékgﬁrrl%egggd %ef\e/eéjFaltk@atysS%?cfjglci r anst et i B%aﬁﬁHlEE%ﬂet 0
infect target hosttdehk (leld oneeregt hawdeptibiqiegseadd ey r8y11ehedst Ny
cel | -associ ated vi ri.gns) Several days after infectjon, target cells are

lysed and | uci F&P3§& et VTS SO FShdesured. die- Habist toe Rhépfer ket

activity deteckpdcifict heevai-get €dra85ES; pi 854156 @S Al 1 8el dreasyr egof
"infectivity", also referred to as "re ﬁ)l cative capacity” or "in vitro

fitness", i.e. SHRECPRBPLLLYY ofnffervirensicat Evemptepacitsi aghe beouathpfeds
replication. Rekatiyg fdiness i5 agsgssed onpag| th mount. of

| uci ferase activity pr odluced by a tgs?—&vi rﬁ?%e. gs.%lll%% sé%ﬂ%ﬁ%eéi; déti vEY
from a patient rephptad)ione ihelwipgnthefC ahdckfenase activity produced by a
wel | -characterized reference virus derived froma nol ecul ar cl one of HBYV,
20 HBVayw. Viruses that are "less fit" than the reference virus wll

produce |BB8% Reeifeanass/ Afthessi nfeet vertokst argetcongellistedi BHSGesthabedr e
"rmrfzjt({it" han the reference vir w | | proguce nore |luciferase after

us | ( '
i nfection® ¥%fredf§PC€_ | 18, BxglGeds AESSTETEAELIRGSS ERFF c¥cE TS dgrpBrdent
of the 25c+&h epRGatYidaplel ObreXABRLS §§&§m§QQEO%5%he1Q@%@§%aﬁ5€?§igﬁess
reference. Susceptibility to antiviral drugs (e.g. reverse transcriptase
i nhi bi t or 8§5% sVeESEs Re@lby ebnparitigreRsfHmment tept| vettersasmoisernedihyty
produced by:a teste 'erdpsmﬁ@a%enggisgeq:%enggﬁtgﬁé' ng%cjlrfq@ am?@iﬂi A ,Sagp%e)
in the presence of drug to the amount of uciferase activity proé?uce y
t he sanme tegfted/i nos diud heus@8tibility and fitness assays to determine
15 accurately and quantitatively the drug susceptibility and relative
fitness compared to a well-characterized reference standard. In
another embodiment of the invention, the drug susceptibility and/or
fitness of the patient virus is compared to viruses collected from
the same patient at different time points, for example prior to
20 initiating therapy, before or after changeg in drug treatment, or
before or after changes in virologic (RNA copy number), immunologic
(CD4 T-cells), or clinical (Opportunistic infection) indicators of
disease progression. The results of patient samples can be further
examined for changes in reverse transcriptase activity associated

25 with the obsgerved changes in drug susceptibility and/or relative

fitness.

Reverse transcriptase activity of patient HBV samples

30 Reverse transcriptase activity can be measured by any number of
widely used assay ©procedures, including but not Ilimited
to homopolymeric extension (e.g. oligo dT:poly  rC) using

conventional or real time PCR based on molecular beacons
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SUBSTI TUTE SHEET (RULE 26) WO 03/000872 PCT/ US02/ 19929 absence of drug.
Viruses are tested over a broad range of drug concentrations in order to
gener at e WoliBlodds7on curves that enable accurate quantitatPiCarusot/19eug

activity ggféjpaqﬁ}é[ 0S 1999,  Typi,call drug acti.vi, IS .
repr esent gd as the con%%ﬁ?‘!regﬂ on of" 5 dr%ug?x?reléﬁ%eraes t & r;l'Pﬁl%}I}t gél-e. , apf
95-. of vPeusopaplogat ilo9e)r.ef eIneshe temaslinen®@ ,and C95onr espestdbyeliveg
Replicatign of test vi rusei that are, susceptible to a drug will be

i nhi bi t ed" By TRe sEME S ToREEREr at i OR-Bf he difg as"esweIed chargéperi zed

drug sensihameitdtefer eNCERVi rassdBVayWatrl N sbisciGase cpkhe 5C5Q 0% bhe,Lest
virus will 10 pe essentially the sane as the 1C50 of the reference virus.

Repl i cat i B b+ test 29FPEtd hatitdkhi Brerpstrddse Pl Bupedprrbasee y Inoome
drug W | | eRsod MUdY tad e anliaRerndr Ughéoﬁﬁﬁﬂﬁ{raé&?gv%w;‘of % he

i P RESTs
wel | -characterized drug sensitive reference virus. case, PThe T T50
of the te$tTryfras widuprdedityhethe hBRVt RE C5Avityl S e reference virws.

Repl i cati f test\i gs t exhibit _increased susceptibility to a
drug will @gégi nhi %ﬁ%é%@% ):1 I g\?\%}: &Gg BcentTHt i oﬁxﬁ?%%% a t© Yeverse
wel | - characamsqzigrt abeug ndgbstbiryeorr ebehence \AdHiszidan t hd:sugase, the 150

of trolg) test virus 'I(%l'. bqﬁl ov&?e;r than_the reference virus. 20 EXAMPLE 4
Met hods £8Pt F‘}‘IL\‘?? Y et T Mt at Ron8CALYbEY at 8d CRITPATeRahges HBVn BBV
Drug Susceptibitit yoAndiorudepl icatliae: £Lapatidny . tHa Ssexanpl eapreyt des 2

means and_pethod for identifying 25 nutations in reverse transcriptase
that altetHERFeug SidRept PBEITFSy andPsr sx@midleat PoAoLi t hessinThen hiaems

and et hods,-£,9¢, | eRLLEY LRI et i%e tior?'%ﬁ%HﬁyeQEMgnég%ge%f&éty

and/or replication fitness can be a r steps in
replication eafcke, chavbedi ig, vbabl80inot (RNAI tedyt ounbebNA fiommadlomic virus

assequy’(é@p Vlr%gcells), or clinical (opportunistic infection)

indicators of disease progression.
Genotypic Analysis of Patient HBV Samples

Resigtance/fitness test vector DNAs, either pools or individual

20 clones which make up the pools, are analyzed by any number
of widely practiced genotyping methods (e.g. nucleic acid
sequencing, differential probe hybridization,
oligonucleotide array hybridization) . In one embodiment

of the invention, patient HBV sample sequences are

25 determined using viral RNA purification, RT/PCR  and
dideoxynucleotide chain terminator sequencing. The sgequence

that is determined is compared to reference sequences

present in the database, or is compared to a sample from

the patient prior to initiation of therapy, if available. The

30 genotype is examined for sequences that are different from the
reference or pre-treatment sequence and correlated to the

observed change in drug susceptibility and/or replicative
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egress. This exanple also provides a neans and nethod for 39 SUBSTI TUTE
SHEET (RULE 26) WD 03/000872 PCT/ US02/ 19929 quantifying the affect that
speci fi c wewafem7trascri ptase mnutations have on drug sus®eptisbz/k4oey and/ or
replicative cqg?ggiy A means and nethod for quantifying the affect that
specfic reverse transcri ptase nutati ons have on drug 5 susceptibility
and/or replicative capacity can be adapted to nutations in other viral
genes invglved jn HBV . G&gLication including the C and X genes. HBV
Resi st ancef PPt Feds SRIPH o r 80d r BepdASRtdv e deaRs cAPpeRSis0 ofnFite
ref er encegitacta@mitanks Resi stance/fitness test vectors derived from
patient sanples or clones derived fromthe resistance/fitness test vector
pool s, or resistance/fitness test vectors engineered by site directed

nut agenesksndQ HentabysPeshti SrdRLL00S ’tdarc%ni%fééee%iitﬂ ?lillzjsrlrg%e in HBV

susceptibility and fithess assays to determ ne accurate
quantitativel ydrhg dregseemcidptliibivl i t yndhdr r el MeatfivMenes$icoapar edate a

wel | - char act erj rence standard. | n_another odi rent of the
i nventi on, theggggﬁggégceritﬁ%q85§u ﬁ%ﬁ%ﬂ re?ﬁ?ﬁ%%%?{ﬁyapﬁgspaﬁ?%ﬁn'“?FFﬂgsis
conpared to vituseainohbectled fopemiribe garBcpati et at dikigegntgdhdeic

points, for ex npke priaor to 20 initiating therapy,_ before or after changes
in drug treat nBREFIGPUTHef oFELdV S8 t ef TERang®s i%@L@T%@%@FEEFRN%iCOpfﬂUQ

nunberg , i mMungl88k6i1IED4 Fred | S)i OF CliiRh §AI L PPPOL RIS C irﬁgfc%gn)
indicators of disease progression. The results of patient sanples can be
further exan heecfraraghgngdonen andyersént reambinaiptas ewdidt | vthgrmgsodas ed
25 with the obsg

2o, {1 the oopgLyedchanges, 0, 0rug, SURSERLLP! Lty Apdler delatives ey
transcri ptase antlijurt ficansbe afeasuredudy moyabusher aek mwdelgudssedimssay
procedures, inELgdiPgsfsljéar{]coé/giitmetsgd test wvectors through any of the
15 widely known methods for site-directed mutagenesis. In one
embodiment of this invention the mega-primer PCR method for
site-directed mutagenesis is used. Resistance/fitness test
vectors containing a sgpecific mutation, or group of
mutations, 1s tested using the drug susceptibility and/or
20 fitness assays described in Example 3. The fitness of the
mutant virus is compared to that of the reference virus lacking
the specific mutation(s) . Observed changes in drug
susceptibility and/or fitness are attributed to the specific
mutations introduced into the resistance test vector. In a
25 related embodiment of the invention, resistance/fitness test
vectors containing site directed mutations in reverse
transcriptase that result in amino acid substitutions at
position 550 (M550V, M550I) are constructed and tested for
drug susceptibility and/or fitness. The fitness results enable
30 the correlation between specific reverse transcriptase amino
acid substituions and changes in drug susceptibility and/or

fitness.

42

SUBSTITUTE SHEET (RULE 26)



t o honopol ynmeric extension (e.g.
time PCR based on nol ecul ar
03/ 000872WwB@3HWBG2/ 19929
(Lie and Petropoul os,
transcri ptase activity i s neasured using
detects the 51 exonuclease 5 activity ass
pol ymer ases.

r eal

t he pati
(i.e.

i nhi bitors or

In one
ent

ot her

1996) .

drugs.

ol igo dT: poly
beacons

In 10 anot

s &

enbodi nent of the invention,
virus is conpared to the HBV RT activity of a reference virus
"w | dtype") that has not been exposed to reverse
antiviral

rC) using

virion ass

her

conventi onal
40 SUBSTI TUTE SHEET (RULE 26) WD
(reference Kraner?) or 5' exonuclP€eagsSoacwmeyity
I n one enbodi nent,

enbodi nent ,

or

oci ated rever

ntitative PCR assay that
d with thernostabl e DNA
the HBV RT activity of

transcri ptase
the HBV RT

activity is conpared the HBV RT activity of viruses collected fromthe

same pat
t her apy,
changes
clinical
Genot yp
DNAs, ei
anal yzed
nucl ei c
ol i gonuc
pati ent
purific
The sequ
pr esent

jent at

different tipge points

for exanple prior to initiating

before or after changes in drug treat
Fe2\ure ol ogi ¢ (TRRIS2LR{IE VIS THEG2mY Retromines

ent, .or before or after
BepaindGirysCD4Réleemice S) , Or

(opportunistﬁﬁ‘ _
Yirgkpelygsiase of PAGIBEEe HBV

Ve¢'B€ ect i on) |Révasecat.ors |

taTptriptesfkesi 3

Bevelisesease progressi on.
transcaptaski t ngss test vector

Sepsid/poleneresk
lespressiRe arr ay

by any nunbe(

[ her pool s or}individual
of widely

ng, differential .probe hy

Linkedt | di zat i offhdependenbne &

20 cl ones whi
bracti ced gen

ch make up t
ot ypi ng net

Irigepkindentt

bridi zati on,lal, 1996, T Lochelt et

B&. PO DICBaIGWIR
ekt 1498, Qlordan et

Bl 1ob& i nventi d

se

BV sanpl e seguences are 25 determ ned jusing viral |rvéwed in fineal
Gapsid PRTYPOR Y88 di deoxyniNd eoti de chdNm t er i nat gnessequenci ng.

nce that is! determned i$ conpared td reference sjequences
CeptifiBudleie 4blse, or is conmpared to a sgmple from  [SF Yu, K Edeimann,
Binding Motit |Cis-His Gly-Arg Gly-Arg et al, 1996
Basic DNA blnding SF Yu. K Edelmann'
domain in capsid  |No Yes lyes etal, 1996
Capsid nuclear AW Schliephake and
_loca!ization No Yes Yes A Rethwilm, 1994

S.F. Yu, DN Baldwin

Nucleic acid in _ et al 1996, S.F Yu,
mature virions ssRNA ssRNA, dsDNA dsDNA 1999

j . T. Kamimura et al.,
Virion Assembly ; ‘ Endoplasmic Endoplasmic 1981, P. Roingeard et
and Budding Plasma (cell) reticulum reticulum al., 1980
Env ER Retention | P.A. Goepfer et al,
"dilysjne motif’ No - |Yes Yes 1997
Virion |Envelope Envelope Envelope iBruss and Ganem
Assembly/Egress iindependent dependent dependent 11981

l
Intérnal Promoters !|No Yes Yes T. Lochelt et al, 1993

: WS Blair, 1994,

, . . Venkatesh et al ,
Transactivation iYes/No Yes Yes 1992 .
Intracellular reviewed in lineal
Recycling NG [Maybe Yes 1999

Ali references as listed in the paper. MINIREVIEW Foamy Viruses are Unconventional Retroviruses

M. L. Lineal, Journal of Virology 73 (3) p 1747 - 1755 (1999)
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the patient prior to initiation of therapy, if available. The 30 genotype
is exam ned for sequences that are different fromthe reference or
pre-treatwent/oemsgqience and correlated to the observed chaogaSomiaeug
susceptibility and/or replicative 41 SUBSTI TUTE SHEET (RULE 26) WO

03/ 000872 PCT/ US02/ 19929 capacity. Drug Susceptibility and Replicative

Fi t ness ARalfgsiemnads Site Directed Mutants 5 Genotypic changes that are
observed to correlate with changes in HBV drug susceptibility and/or
replicative fitness are evaluated by constructing resistance/fitness test

vectors contahBhB@dthe specjfig. sut ayhanean a defd nedzgepetic hackgrpund
derived froma_ well-characterized, drug 10 susceptible Vvirus (i.e.

"wil dtype") MtattdE dray e UrneBRporat eds alloneCaadlore s nFeombi Mativormmi t h
ot her it at| 0nSyabbh Alen s OOUONLLO NOHY] ALL e dNUG SYSEEPLIPILT 1Yo
and/or fitness of a virus. Miutations are introduced into he
resistance/fitfess20&st3Wect P31t hr ough any of the 15 widely known net hods
for site-directed nmutagenesis. In one enbodinent of this invention the
mega-primer PCR nethod for site-directed nutagenesis is used. Resistance/

fitness t2st RedtorE.containi ngaaylspeci fR cJnmut@t t@An, Or pgrovpr@fer, a.
mut ati ons, isE§§§%ed usi ng_the drug susceptibility and/or 20 fitness assays

described in Fe& 13 ThB-f i (eSS S SPREPORGYant YiYus iERSbar ed -t

that 1of the rebeeanee ) rus leskingy,thengpecidi cymdtiation(s, &hsarved
changes in drugf susceptibility and/or fitness are attributed to the
o

specific nuta?fokbHeedduded Iwrant fwamnsi ¥lance Tesllivecioread nHares
rel ated enbodi pgat 10k itd)es | NVENG L ONg o LESLSHANGRLTI T N8SS L5 + ¥BEL 0K, q |

containing site directed nutations in reverse
12: 1473-1483 (1996);

15 3. Allan, J.S. et al., Amplification Of Simian
Retroviral Sequences from Human Recipients Of Baboon

Liver Transplants, AIDS Research Human Retroviruses,

Vol. 14: 821-824 (1998);

20 4, Baldwin, D. et al, The Roles Of Pol and Env In The
Assembly Pathway of Human Foamy Virus, Journal of

Virology, Vol. 72: 3658-3665 (1998);

5. Baunuch, G. et al., Functional Analysis Of Human
25 Foamy Virus Accessory Reading Frames, Journal of

Virology, Vol. 67: 5411-5418 (1993);
6. Berkowitz, R. et al., RNA Packaging, Immunology, Vol.
214: 177-218 (199¢6);

30
7. Bieniasz, P.D. et al., A Comparative Study Of Higher
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transcriptase that result in amno acid substitutions at position 550
(Mb50V, Mb501) are constructed and tested for drug susceptibility and/or
fitness. Wbhasfotsness results enable 30 the correl ati on betragdarsozpmed fi c
reverse transcriptase am no acid substituions and changes in drug
susceptibility and/or fitness. 42 SUBSTI TUTE SHEET (RULE 26) WO 03/000872
PCT/ US02/ 19929Pr TABLte | FbameatLiresgEypi TCat 1 Rat hovi K usidwany rRet r o¥brusa
Hepadnavi rus ' Ref erence . Reverse (Reverse Jgeverse Vi ral_ pol ynerase
transcriptase TPanscr’ptaseCtPaNscriPrase’ & F2LYa240N Baidwi n et al 1996,
1 Jordan et Capsid/potynerase at, 1996, T Locheft et expression _ Linked
| ndependent | ndependent al 1996 reviewed in lineal Capsid processing !Yes
No No 1999: CapshdINuclerc MARFdidli-SF gnekimiefmany,siBi Adidigavr$f that
ICis-Hs Ay-Arge) Gpir etal 996 iC \ -bi ndi l. _SF .Edel mann,
domain in cap?gE deNo Pb\[}leﬂs%%es%gﬁmgg, 9‘%9%?6613% lnuc gg?e.lnAW(gé:j%Fgllgghark%
and |ocalizatToanNe r¥ast Mes ARdtvaiilon DIk irS. BL Yihe DNBalidwi n1Necd ei c

acid in let at;1996, S F Y\%V ng%grigvdg_ifgé%! Z;%&I@lggssRNA dsDNA dsDNA
i riron y En

11999 jT. Kami nura“et —al’., senb i c | Endopl asm ¢ 1981,
P. Roingeard et and Budding !Plasma (cell) reticulumreticulumal., 1990
9. Beck, W.S. et al., Cells Expressing the Human Foamy
10 Virus (HFV) Accessory Bet Protein Are Resistant To

Productive HFV Superinfection, Virology, Vol. 250:
194-204 (1998);

10. Bodem, J. et al., Characterization Of The Spliced pol
15 Transcript Is Located In gag Of Foamy Viruses, J.

virol., Vol. 70: 9024-9027 (1996);

11. Bodem, J. et al., Regulation Of Gene Expression By
Human Foamy Virus And Potentials Of Foamy Viral

20 Vectors, Stem Cells, Vol. 15: 141-147 (1997);

12. Bour, S. et al., The Envelope Glycoprotein Of Human
Immunodeficiency Virus Type 2 Enhances Viral Particle

Release: A Vpu-like Factor?, J. Virology Vol. 70:

25 820-829 (1996);
13. Brossard, S.R. et al., Characterization Of New Simian
Foamy Viruses From African Nonhuman Primates,

Virology, Vol. 273: 349-359 (1997);
30

14. Campbell, M. et al., The Simian Foamy Virus Type 1
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EnvER Retention IP. A Goepfert et at, "dily4ne notif' _( No Yes Yes 1997
Virion Envel ope Envel ope Envel ope 11Bruss and Ganem Assenbly/ Egress

l'i ndepenawotosgdesendent dependent 1991 Internal Pronoters PRo/Ofex199es | T.
Lochelt et at, 1993 W5 Blair, 1994, Vertkatesh et al, Transectivation
Yes/ No Yes Yes 11992 Intracellular j )reviewed in lineal Recycling NO
(Maybe !Yes 1199@nsAltipefenences Tasmrld s¢edviBotthe papes), M AliREW EWGoany
Viruses are Un&onventlonal Retr viruses IM L. Lineal, Journal of Virol ogy
73 (3) p 1747 SCi755 4 CDod)  FRNSUBSTY TUTESHEET YRULE26)73D (3000872
PCT/ US02/ 19929v i Refieygnceso 1. 760hCHEQ@7J36§555 \MAggyensel I, MA Epstein,
and P. difford, An Unusual Virus In Cultures FromA Hurran 5
Nasopharyngeal Carcinonma, J. Nat'l Cnacer Inst. Vol. 46: 299-307 (1971) ;
2. Alisg, Mg G r Pi man, B

Chei ngeson%popg)sm-ﬁ;%%ll%QL Wélgebeft atl ?Lgaﬁl %ﬁﬁ%élzz%logr ?@Me%/{% iy §Haget
McClure, No EvPdenc&ad @nt Sb@dwnToFcHumnVFiaamea/ ras IVrlr\NJde,spvead HBEN
Popul ati ons, A c n Retroviruses Vol. 12: 1473-1483 (1996);
15 3. Al an, %%&le%%z% P]A%Wfl cation O Siman Retroviral Sequences
from Human Reci pi ents O Baboon Liver Transplants, Al DS Research Human

Retroviru§g c f 14: 821-824 1993% 20 4. Bal dvmn D. et al, The Roles
Of Pot and’Env ? e Asentity Fat hwB§ tEC HUTE Foahy 16 riRE 108 uFRab of
10 Press, (1997);
17. Cordonnier, A. et al., Isclation Of Novel Human
Endogenous Retrovirus-like Elements With Foamy Virus-
Related pol Sequence, J. Virology, Vol. 69: 5890-5897
15 (1995) ;

18. Enders, J. et al., Propogation In Tissue Culture of
Cytopathogenic Agents From Patients With Measles,
Proc. Soc. Biol. Med., Vol. 86: 277-287 (1954);

20
18. Enssle, J. et al., Carboxy-terminal Cleavage Of The
Human Foamy Virus gag Precursor Molecule Is An
Essential Step In The Viral Life Cycle, J. Virology,
Vol. 71: 7312-7317 (1997);
25
20. Enssle, J. et al., Foamy Virus Reverse Transcriptase
Is Expressed Independently From The gag Protein,
Proc. Natl. Acad. Sci., USA, Vol. 93: 4137-4141
(1996) ;
30

21. Ertwein, 0. et al., Sequences In pol Are Required For
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Virol ogy, Vol. 72: 3658-3665 (1998); 5. Baunuch, G et al., Functional

Anal ysis OF Human 25 Foany Virus Accessory Reading Frames, Journal of

Vi r ol ogy, wua@B/00®72 5411-5418 (1993); 6. Berkowitz, R et @ICT/USRMMI29

Packagi ng, |nmunol ogy, Vol. 214: 177-218 (1996); 30 7. Bieniasz, P.D. et
al., A Conparative Study O H gher 44 SUBSTI TUTE SHEET (RULE 26) WO

03/ 000872 PCT/ U862/si83929 OPri HatenFoayany r usesusl Nndaxidg deNew W rusy From

A Corilla, Vigology, Vol. 207 217-228 (1995); 8. Blair, WS. et al.,
Geneti ¢ Anal ysi{férlogrcﬂ%'t el°that 2’5 Qﬁeoﬁgﬁjaﬁ E8H? Vi rus Bel -1 Protein
Contains A Transcription Activation Domain O The Acidic Cass, J.

Virol., Vol. 68:; 3803-3808 (1994); 9. Beck, WS. et al., Cells Expressing
the Human?Foanyis£0air ud -( HEY) HecesSoryniBelV iPHst ePArAie 1ResF strantt ko,

Produgtive HFVySuparidf ectygn, VYur.ology, Vels 25Qqg,194-204 (1998) ; 10.
Bodem J. et al., Characterization O 'I%e %p?i ?:e%ggcgl’ 15 Transcript Is
Located In gag O Foany Viruses, J. wvirol., Vol. 70: 9024-9027 (1996); 11.

Bodem J.,et al. gul aty O ne Expression_By _Human Foany Virus And
Pot ent i al %gd E(l)élr%]% |raIEi'%2]D’ Veg%l%rg?v tem’cel f's, %P.up15:8%41- ¥@?1p(%1%7);
12. Bour, S. eRealrovilthes&nyellopeaddiycopaotieinud¥ blumar i diapnedati-Girency
Virus Type 2 hances I rticle Release: A Vpu-like Factor?, J.
Vi rol ogy Vol . E\%? 25 géz%éi?ﬁgg( ié@@)z;) 13. Brossard, S.R et al.,
Characterization O New Sim an
24. Flugel, R.M. et al., Nucleotide Sequence Analysis Of
The env Gene And Its Flanking Regions Of The Human
Spumaretrovirus Reveals Two Novel Genes, Embo J.,

Vol. 6: 2077-2084 (1984);

15
25. Ganemn, D., Hepadnaviridae: The Virus And Their
Replication, Fields Biology, (1996);
26. Giron, M.L. et al., An Evolutionary Conservecsplice
20 Generates A Secreted Env-Bet Fusion Protein Durin
Human Foamy Virus Infection, J. Virol., Vol. 72:
49506-4910 (1998);
27. Giron, M.L. et al., Expression And Maturation Of
25 Human Foamy Virus gag Precursorcr
PolypeptidesPloypeptides, J. Virol., Vol. 71: 1635-
1639 (1997);
28. Goepfert, P.A. et al., A sorting motif localizes the
30 foamy virus glycoprotein to the endoplasmic

reticulum. J. Virol., Vol. 71: 778-784 (1997);
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Foany Viruses From African Nonhuman Primates, Virology, Vol. 273: 349-359
(1997); 30 14. Canpbell, M et al., The Sim an Foany Virus Type 1 45
SUBSTI TUNEODBHREIB7Z RULE 26) WO 03/ 000872 PCT/ US02/ 19929 Tramdawsoz/poeonal
Transactivator (Tas) Binds And Activates An Enhancer Elenent in the gag
Gene, J. Virology, Vol. 70: 6847-6855 (1996); 5 15. Canpbell, M et al.,
Characterization O The Internal Pronoter O Sim an Foarry Vi ruses, J.
Virol., Vo -4820 994 1 Coffin, J.M et al., Retrowruses
Col d Spri né Harﬁﬁor ’ 1 Prgcsséf(w PR % Lihr §onmierhahe SCra | éf&aéWon
O Novel HurranVlEmldaog@a\@uanlaetm@w paedd ikes El gmrerdey W t/h aany \‘/bfLUS 15

Rel at ed pot Segg%gc Vi r ol ogy Vol . 69: 5890-5897 15 (1995) 18.

Ender s, Igr%‘lp‘logé%?%ﬁ Fn Tissue Culture of Cytopathogenic Agents
From I%atlents Wth Measles, Proc. Soc. Biol. Med., Vol. 86: 277-287
(1954); 20 19. Enssle, J. et al., Carboxy-term nal Cleavage O The Human
Foany Viras- ga@albrt@éw SBr BBl @dul e R@AAnanEsleMHainStLepj lacTheivieal iife

Cycle, J. Viro] o] 2-7 199 25 20. En

Foany Virus Revgg LF?%%’ISEI‘I Jf%g% zp érgssf)écc? deﬁ‘erfﬁ%ﬁ?hy flf?%m%gﬁ?elﬁag

Protein, ProcroNetl .ercadruScmepJUSﬁati/oh.. 93: Wl3d1414V01(1986) 5232-
5241. (1992);

10
31. He, F. et al., The human foamy virus Bel-1
transcription factor is a sequence-specific DNA
binding protein. J. Virol., Vol. 70: 3902-3908.
(1996) ;
15
32. Heinkelein, M. et al., Characterization of a cis-
acting sequence 1in the pol region required to
transfer human foamy virus vectors. J. Virol., Vol.
72: 6307-6314 (1998);
20
33. Herchenroder, 0. et al., Isolation, cloning, and
sequencing of simian foamy viruses from chimpanzees
(SFVcpz): high homology to human foamy virus (HEV).
Virology, Vol. 201: 187-199 (1994);
25
34. Herchenroder, O. et al., Infectious proviral clones
of chimpanzee foamy virus (SPVcpz) generated by long
PCR <reveal <close functional relatedness to human
foamy wvirus. Virology, Vol. 214: 685-689 (1995);
30
35. Herniou, E, et al., Retroviral diversity and
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30 21. Ertwein, O et al., Sequences In pol Are Required For 46

SUBSTI TUTE SHEET (RULE 26) WO 03/000872 PCT/ US02/ 19929 Transfer OF Human
Foany Vi rei® oBasmsd2 Vectors, J. Virology, Vol. 72: 5510-55P6€T(UR098)929 22.
Fischer, N et al., Foany Virus Particle Formation, 5 J. Virol., Vol. 72:
1610-1615 (1998); 23. Flugel, R M, Spumavirus: A Goup O Conplex
Retroviruses, JisAcgibwedohmmine DefitcdlensyeSyndrane,viMel . ,4: vE39- 759, .
(1992); 10 24. _El X al ., Nucl eotide Sequence Analysis OF The
env Gene And |£g° %?&?%%85?‘%3 O The Human Spumaretrovirus Reveals Two
Novel Cenes, Enbo J., Vol. 6: 2077-2084 (1984) ; 15 25. Ganem D.,
Hepadnavi ri dae;.  The Virus And Their Replication, Fields Biology, (1996);
26. G ron3°m LEodEsfhY, AP Buvol \th ordry CBhSer vBEISIGtdele 26 carerat esa nd
Secr etsed Env- Bet, 1 Eusd PN, Brot g [ uprnN r ection, .J,
Virol., Vol. 72?11}‘9%0%-55% n%%%gi;ev%%.ﬁeg?o%n%?}%trqgﬁtjjg E)%%Pgﬂs%s\flo%ui\nd
Mat uration OF P2y imfrarf Foayry Wirws.gad- Précupdor Vol. 72: 2177-2182
Pol ypept i desPl (M@@rét)i.des, J. Virol., Vol. 71: 1635- 1639 (1997); 28.
Goepfert, P.A ‘et "al’., A sorting notif localizes the 30 foany virus

gl ycoprotein to the endoplasmc reticulum J. Virol., Vol. 71: 778-784
(1997); 4;7. Hooks, J. et al., The foamy viruses. Bacteriol., Vol.

10 39: 169-185 (1975);

38. Hruska, J. F. et al., Biochemical properties of a

hamster syncytium-forming (“foamy”) wvirus. J. Natl.

Cancer Inst., Vol. 54: 604-605 (1975);

15
39. Jacks, T. et al., Translational suppression in gene
expression in retroviruses and retrotransposons, p.
93-124, In R Swanstrom and P.K. Vogt (ed.),
Retroviruses: strategics of replication. Springer-
20 Veriag, Berlin, Germany. (1990);
40. Johnson, R. H. et al., Isclations and scrology of
hovinc spumavirus. Aust. Vet. J., Vol. 60: 147
(1983);
25
41. Jordan I. et al., Expression of humna foamy virus

reverse transcriptase involves a spliced pol mRNA.

Virology, Vol. 224: 314-319 (1996);

30 42. Kang, Y. B. et al., Identification and cuntional
characterization of a high-affinity Bel-1 DNA Dbinding
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1. A fethod fowxpiesiicimgveathepadvavilius v r Foany hatetiroviimbe ctirouonea
vitro which cOUBISES: o a)eddly QUGN LPA ALY nldde A NEPAdnavitys,

genone
at least a fragment of a foamy virus envelope protein; and

(b) culturing the cell thereby producing hepadnavirus
virions comprising at least a fragment of a foamy virus

10 envelope protein, wherein the hepadnavirus virions are

infectious in vitro.

2. The method of claim 1, wherein the hepadnavirus genome
expression vector lacks a nucleic acid encoding a

hepadnavirus envelope protein.

15 3. The method of claim 1, wherein the hepadnavirus genome
expression vector comprises at least one gene from a
hepadnavirus genome selected from the group consisting of:
a wood chuck hepatitis virus (WHV) genome, a ground squirrel
hepatitis (GSHV; virus genome, a duck hepatitis B virus

20 (DHRV) genome, a snow goose hepatitis virus (SGHV) genome,

and a human hepatitis E virus (HBV) genome.
4, The method of claim 3, wherein the hepadnavirus genome
expression vector compriges a gene from a human hepatitis B

virus (HBV) genome.
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5 expression vector and (ii) a foany retrovirus envel ope expression vector
whi ch conprises a nucleic acid encoding at |east a fragnent of a foany

vi rus envwbopmorotein; and (b) culturing the cell therelrgTrsozivdrng
hepadnavirus virions conprising at |least a fragnment of a foamy virus 10
envel ope Pprot eThe wedhedn ohe dlepadnzayvi misreini oriee ahepadmfegtisougendne
vitro. 2. The ngt@ogsogncl aitm 1, V\hg]irei n the.hegadnavi rus 8enome

expr essi on vector: Tackd a’ Riciei BaSSd SREBELAGS a2 hEFIERAVTF LESRHGEPBDe
protein. 15 3.eldwentet hod of claim 1, wherein the hepadnavirus genone
expression vector conprises at | east one gene froma hepadnavirus genone
sel ected fromthe group consisting of: a wood chuck hepatitis virus (VWHV)
genome, aggro LLEE tEti i hepatitis
3 VT as 25°(DHBY) Taohae” & e onte Hensrrt r PElE Pl e S BB G
a hunén hepat iits & BEuwbn usyt{crByy lgenmise indedEte-rethpdyenfe oraidred/criaacet n

t he hepadnavi r@v one expression vector conprises a gene froma human
hepatitis B vi rung?HB\/) genonme. 25 58 SUBSTI TUTE SHEET (RULE 26) WO

03/ 000872 PCT/ US02/ 19929 5. . The nethod of claim3, wherein the

hepadnavi r us geﬁgrre expr. ession vector further conprises an exogenous

regul atory- el eREnt MeE2%heChetHRi™f Tl aRe5eithere? n ¢mExX Gldrus
regul atory el e@ﬁﬂélo%%éx%r@é%@dh EREBIRLAMLE HSs | Ma@te'ae?frr]a)émgﬁ?eof
pronot er/ enhancer ( -1'E). 7. The nethod of claim 1, wherein the foany
retrovirus endelSpe ekfpessi dravigcVérugogenioses sitlelcagdt faofr dwe rgroop

10 consisting of: a siman foamy virus (SFV) genome, a feline foamy
virus (FFV) genome, a bovine foamy virus (BFV) genome, a sea
lion foamy virus (SLFV) genome, a hampster foamy virus (HaFV)

genome, and a human foamy virus (HFV) genome.

8. The method of c¢laim 7, wherein the gene encodes an
15 envelope protein or a fragment thereof.
9. The method of claim 1, wherein the foamy retrovirus

envelope expression vector comprises a gene or a fragment of

a gene from a human foamy virus (HFV) genome.

10. The method of claim 9, wherein the gene or the fragment of the
20 gene from a human foamy virus (HFV) genome encodes the

gpl30env envelope gene product or a fragment thereof.

11. The method of claim 1, wherein the cell is a mammalian cell.

25 12. The method of c¢laim 1, wherein the cell is an avian cell.

13. The method of c¢laim 12, wherein the avian cell avian
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a gene froma foany virus genone selected fromthe group 10 consi sting of:
a siman foany virus (SFV) genone, a feline foanmy virus (FFV) genone, a
bovi ne foamp3viesas (BFV) genone, a sea |ion foany virus @PSBCREp2/geaoNe, a
hanpster foany virus (HaFV) genone, and a human foany virus (HFV) genone.
8. The nethod efpLlaém 7, wherein the gene encodes an 15 envel ope protein
or a fragnent thereof. 9. The nethod of claim1l, wherein the foany
retrovirus envel ope expression vector conprises a gene or a fragnent of a
gene fro hu Vi F t hod cl ai

wher ei n P%% gegggo& éif#gQ%€%§i¥% t eeﬁﬁ'ggﬁemtygﬁﬁgnhﬁﬁgi fBafty nhWF¥hs
(HFV) genone enebldes the gpl30env envel ope gene product or a fragnent
thereof. 11. The nethod of claiml1l, wherein the cell is a mammulian cell.
25 12. The method of claim1l, wherein the cell is an avian cell. 13. The
net hod of 18l ai Mh&2 metedeiof tdigiaviia) celdreavi amedhumdHBSHITURE SHER . LRULE
26) WD 03/000872 PCT/ USP2/19929 _hepacyte. 14. The nmethod of claim 11l

wher ePn t he mafREFYEHCcERN9% cglhuman “cel |. 15. The nethod of clai m 14,
wherein the human cell is a human 5 enbryonic kidney cell. 16. The net hod
of claim1ll, wherein the manmalian cell is a 293 cell. 17. The method of

cl ai m 14, 1oher @hg tigEhpdnaf eérimi Ela vhenein lbpamempatislr .cel( 18 &Thze3

nmet hod of Clal%i wherein the human hepatona cell is an HepQ& cell or an
Huh7 cel |. %epadnavirus virion that is infectious in vitro which
conprises at least a fragnent of a foany retrovirus

17. The method of claim 14, wherein the human cell is a human

hepatoma cell.

10 18. The method of claim 17, wherein the human hepatoma cell is an

HepG2 cell or an Huh7 cell.

19. A hepadnavirus virion that ig infectious in vitro which
comprises at least a fragment of a foamy retrovirus

envelope protein.

15 20. The hepadnavirus virion of claim 19, wherein the hepadnavirus

virion is isolated.

21. The hepadnavirus virion of claim 19, wherein the foamy
retrovirus is selected from the group consisting of: a siman

foamy virus (SFV), a feline foamy virus (FFV), a bovine foamy

20 virus (BFV), a sea lion foamy wvirus (SLFV), a hampster
foamy virus (HaFV), and a human foamy virus (HFV).
22. The hepadnavirus virion of claim 19, wherein the hepadnavirus

virion comprises a chimeric envelope protein whicn consists
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envel ope protein. 15 20. The hepadnavirus virion of claim 19, wherein the
hepadnavirus virion is isolated. 21. The hepadnavirus virion of claim 19,
wherein twe Boensy2 retrovirus is selected fromthe group ®Om4iSe2/199g9 of : a
siman foany vj : , feline f Mt us, (EREV) ... a { ne foa 20
virus (BFV), aéés%%ltl(j‘lég\gg/f ocgfnyq\h/? rﬁas ?%\glsa %arr‘};l\sé%uesr < ‘géé%}yevi tfrsgé(aﬁélFV)
, and a human foemn \erdis(iiHFY) foadP. viihes kepatnay ipraseiti doaairof cl ai m 19,
wherein the hepadnavirus virion conprises a chineric envel ope protein

whi cn consists 60 SUBSTI TUTE SHEET (RULE 26) WD 03/ 000872 PCT/ US02/ 19929
essenti al by. of Thd) hepdpatirhs SvB-M U enyehops RRLELA tKOMRIdy BN iy a
foamy virus envel ope protein domain, 23. The hepadnavirus virion of claim
19, wherein t h&1ThapRdiditiss SPFPBIEFUr Bhetuisrist | 868 isgdpeed fepa 2

i sol ated from gupbfesubinestrddfigetetdpyaepadnavirus. 24. The hepadnavirus
virion of claim23, wherein thé nucleic acid isolated fromthe subject

i nfected by hepadnavirus encodes a reverse transcriptase. 25. The
hepadnavi g4s virkh Ol Akl 195 - lietgl 81 Lhve Depagnaul £ Ushe 1 hlinelo o
conprises an indicator nuclerc acid. 26. ce conprisi ng the epa&haV|rus
virion of any omelefed| drow the sabPict 2hfctheddhl hepadhaiimuz6 enubds®ian
the cell is a @%@éi %%a%e”ri 288e The cell of claim 27, wherein the

manmal i an cel | “T$ a2 5 cpetlai . '29. The cell of claim27, wherein the
mammal i an cell is a human cell. 30. The cell of claim?29, wherein the

hurran CelES[S %hQ“EEBaﬁ%é%Q? s %grfggléf claim 19, wherein the hepadnavirus

10 further comprises an indicator nucleic acid.

26. A cell comprising the hepadnavirus virion of any one of claims

19 to 25.
27. The cell of claim 26, wherein the cell is a mammalian cell.
28. The cell of c¢laim 27, wherein the mammalian cell is a 293
15 cell.
29. The cell of claim 27, wherein the mammalian cell is a human
cell.
30. The cell of claim 29, wherein the human cell isg a human kidney
20 cell.

31. The cell of claim 29, wherein the human cell is a human

hepatoma cell.

32. A method for determining susceptibility for an anti-
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31. The cell of claim?29, wherein the human cell is a human hepatoma cell.
32. A nethod for determ ning susceptibility for an anti- 61 SUBSTI TUTE
SHEET ( RUkB 0269080 03/ 000872 PCT/ US02/ 19929 hepadnavi r us PATOIp0mAg9eh

conpri ses: () nbphaRsipichag ai-ilond & Lekofelds. (1) a hepadnavirus genone
expression vector; (ii) a nucleic acid encoding at least a 5 fragnent of
a foany retrovirus enl®l opetprdteiny ingnda(fifst aelindi cator nucl eic acid;
(b) culturing the first ce}ld, fro t a) so as to produce .hepadnavirus
virions; 10 (c) adnixing t & hareparﬂcﬁvg\?/ﬂi%ra&%}blﬁ’ri%%%o%? oduded T s t'EF OBy
with a second cell, whereifiihe antivchepadraviid usriafiris prtesardaa t s t he
first 5 cell or the secondeﬁcel |, or th_the first and second cell, 15 (d)
measuring the anount of det&EE&bive O%i GniPAMPBr bALCSH BV (e SLRBRcREBFeLN,
nucleic acid in the secongaell, wherein the anount of detectable signal
produced i s dependent upon hepadnavirus virion infection of the second
cell; and 20 (e) conparing‘¥he @ouitdigatgymicias@edin step (d) with
t he amount signal neasured in the absence of the drug, wherein a decrease
in the amount of signal neasured in the presence of the drug indicates
susceptibility to the(ldrugcahduniey éle Zirst chahgérom stgmalanesswed-or

an increase in the anount_of. si g?lal asured i,n,the presence of the
produce epadravirus vVirions;

10 (c) admixing the hepadnavirusg virions produced in
step (b) with a second cell, wherein the anti-
hepadnavirus drug is present with the first
cell or the second cell, or with the first and

second cell,

15 (d) measuring the amount of detectable signal
produced by the indicator nucleic acid in the
second cell, wherein the amount of detectable
signal produced ig dependent upon hepadnavirus

virion infection of the second cell; and

20 (e) comparing the amount of signal measured in step
(d) with tne amount signal measured in the absence
of the drug, wherein a decrease in the amount of
signal measured in the presence of the drug
indicates susceptibility to the drug and wherein

25 no change in signal measured or an increase in the
amount of signal measured in the presence of the

drug indicates resistance to the drug.
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drug indicates resistance to the drug. 62 SUBSTI TUTE SHEET (RULE 26) WD
03/ 000872 PCT/ US02/ 19929 33. The nmethod of claim 32, wherein the
hepadnaviw0o3gersonre expression vector of step (a) furthePCrarsprives a
nucleic gagid dgid vedif59M-g Ratdsgntsd nf . W h Vi ., 2.34. The
met hod of clai m 33, m%erein t he ﬁUclé%b gﬁ%ﬁgler%ggd?gﬁggﬁﬁgiﬁg?igﬁ ome
infected with bepadsaiom usecomprofestap l(edstturahéragpmptiedés aahwmieic
hepatitis E virus.(HBV. . 35. _The nethod claim 34, wherein the gene is
an HBV P gene, °“X% M\’é{ggﬁgﬂ 3npﬁgW% g]él-%ccj}regawlﬁé\ﬁ@o V1P -36. The
met hod of claim 34, wherein the nucleic acid derived froma patient

infected with hepadnavirus encodes reverse transcriptase. 37. The nethod
of cl & m%%;, wideeiTRIRs setofith el B3 swherebn nhhfmiiighcéel Rcdd. dpwdvedt hod

of claim 32, i c i.S.a AL I ' e of
cl ai m 32r mhergfﬁﬁt%ééég%éﬁﬁ gggfgéééeﬂ$%hhgggéyte.léﬁ? iﬁﬁégﬁgl%eggggg%%t
clai m 37, whereai firadreermmmmfalal anmer| hepat &t lrudnviresl (HBVY Igerihe et hod of

cl ai m 40, wherein the human cell is a human enbryonic kidney cell. 41. The
nmet hod of claim 37, wherein the mammalian cell is a 293 25 cell. 63

SUBSTI TUTES SHEEhe( RiFh@8) c V01 R35QQ0872 RGH US2/ 8929 i43.arThesrebhednal
claim 40, wherein the human cell is a human hepatona cell.

an HCV C gene, an HBV X gene or an HBV S gene.

10 36. The method of c¢laim 234, wherein the nucleic acid derived

from a patient infected with hepadnavirus encodes reverse

transcriptase.
37. The method of claim 32, wherein the second cell is a
15 mammalian cell
38. The method of claim 32, wherein the second cell is an avian
cell.
38. The method of claim 32, wherein the avian cell avian
hepacyte.
20  40. The method of claim 37, wherein the mammalian cell is a human
cell.
41. The method of claim 40, wherein the human cell is a human

embryonic kidney cell.

41, The method of claim 37, wherein the mammalian cell is a 293

25 cell.
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44. The nethod of claim43, wherein the human hepatoma cell is an HepQ&
cell or an Huh7 cell. 5 45. The nethod of claim 32, wherein the foany
retrovirusoios/oomset ected fromthe group consisting of: a swﬂﬂﬂﬁmyamm9virus

SF a lin (0] b ne fo r ea l'ion
#oax; V|r%§ kSﬁEE %gMgﬁﬁgE%%&Erg%Baﬁy 3%Fﬁ§ﬂ' 'H%oﬁwﬁ d éaﬁhnﬁﬁ ?o I

virus (HFV). lGed&tomEheeh®t hod of cl ai m 32, mhereln the nucleic acid of
step (a) (i) encodes a gpl30env envel ope protein. 47. The net hod of claim
32, wherein the nucleic acid of step (a) (i) encodes a chineric envel ope

protein waich msmettaodlefe%aemnl abl ywBerEih anBepahbhi ﬁeéaybﬁlgscéﬂyeisope
protein domain and i) a foany virus envel ope protein domain. 48.

net hod of cl ai ARHEP é#@ﬂnOFh§ﬂ§@€Hnéee%ll expresses on its surface a

protein which binds human foany virus envelope protein. 20 49. A nethod
for determining replication capacity of a hepadnavirus froman infected
pat i eft céﬁprisTh@ meghodntafoduliing 37t owhefeist thel Ifosfiy) wethepadnayi1us

genome expressiQn vectors (i) a nucleic acid.encoding at |east a fragment
of 25 a foany %ﬁtrgifusC%hth1 o Prot &Nt 68962g %B§?W?HT CSMEETLFELE

26) WD 03/ 00087@rRCT/ US02E19929 fohiy i iadsi NEFR] Ok Nusyehe @ohei (¥rus
culturing the ceII from(a) .so as to produce hepadnavirus virions; (c)

adni xi ng t he heBidnavidr §$2viltPBnEOBFBVEEES i [SldVap @b?amEﬁWﬁﬁlfoémgeEe%Mﬁ
cel I, (d) measum:pg)t hen@MPuRaAS ralgheci A qusgnal produced by

10

46. The method of claim 32, wherein the nucleic acid of step

(a) (i) encodes a gpl30env envelope protein.

47 . The method of claim 32, wherein the nucleic acid of step
(a) (i) encodes a chimeric envelope protein which consists
15 essentially or (i) a hepatitis B virus envelope protein

domain and (ii) a foamy virus envelope protein domain.

48, The method of claim 32, wherein the second cell expresses
on its surface a protein which binds human foamy virus

envelope protein.

20 49. A method for determining replication capacity of a

hepadnavirus from an infected patient comprising:

(a) dntroducing into a first cell:
(1) a hepadnavirus genome expression vector;

(ii) a nucleic acid encoding at least a fragment of

25 a foamy retrovirus envelope protein, and
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the indicator nucleic acid in the second cell, wherein the anmount of
det ect abl e signal produced is dependent upon hepadnavirus virion infection
of the I1Woswarsd2cell; (e) normalizing the measurenent ofPCIESp2/{Wr9 and
(f) conparing the normalized neasurenent of step (e) with the anount

si gnal measured when steps (a)_through (d) are carried out with a control
reference 15 hepadnalt¥ils awHedseRoamidieieaasidin signal conpared to the
control indicates an increased replication capacity and a decrease in
signal measured conpared to the control indicates a decreased replication
capacity of the(lWepagipbiiring f ridm t leelilnf dotced (20 pad emts. 530 Rnestised
for determ ning sus%%%ghgg,\lflit If_%ioan .anti - hepadnavirus drug which
conprises: (a) introducrng into & cetl: 65 SUBSTITUTE SHEET (RULE 26) WD
03/ 000872 PCT/ US02/19929 (i) a hepadnavirus genone expression vector; (ii)
a nucleic acid coding,at least .a fragnment of .a foa retrovirus enyel ope
5 protein, and ‘?r&i i )aaﬂl}FJrﬂﬂ o SRREPRY Tl i E-T1oP6) p%ii’ll‘iﬁ rfd“tﬁteegzek&?) P
fromstep (a); (c) cprraet LBGddhecqel!l with the anti-hepadnavirus drug; 10
(d) measuring the anmount of detect abl e si gnal produced by the indicator
nucleic acid in the cell; and 15 (e) conparing the amount of signal

measured in Stepy) measuring the amount of detectable signal produced by

the indicator nucleic acid in the second cell,
wherein the amount of detectable signal produced is
dependent upon hepadnavirus virion infection of the

10 second cell;

(e) normalizing the weasurement of step (d); and

(f) comparing the normalized measurement of step (e) with

the amount signal measured when steps (a) through (d)

are carried out with a control reference

15 hepadnavirus, wherein an increase in signal compared
to the control indicates an increased replication

capacity and a decrease in signal measured compared to

the control indicates a decreased replication
capacity of the hepadnavirus from the infected
20 patient.

50. A method for determining susceptibility for an  anti-

hepadnavirus drug which comprises:

(a) introducing into a cell:
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(d) with the anpunt signal neasured in the absence of the drug, wherein a
decrease in the anount of signal neasured in the presence of the drug

i ndi cat esweusoepsrti bility to the drug 20 and wherei n no chaagasonmi®egnal
measured or an increase in the anount of signal-neasured in the presence
of the drug indicates resistance to the drug. 25 51. The nethod of claim
50, wherein wherein the hepadnavirus genone expression vector of step (a)
further conprises a nucl éic aéi daBrINRE FHOmMIENPHE e FKPFREEEPBAVATEDY ;
hepadnavi rus. 52. The method of claim51, wherein the nucleic acid derived
66 SUBSTI TUTE SHEET (RULE 26) WD 03/000872 PCT/US02/19929 from a patient
i nfected with hepadnaviru$itonpri sescieikeastcida feragdemyg ofata Hursst a
hepatitis B virus (HBV) gene. 53. The nethod of claimb52, ,wherein the gene
is an HBV P gene or an ﬁa%WS%Ee.c§554? A Yt Rod F%%rPHéﬁPnyw%&y ope
mut atison in a hepadnavirusrobgghei gnaci d that confers resistance to an
anti - hepadnavirus drug which conprises: (a) sequencing_the hepadnavirus
nucleic acid prior to usétdt) tHB HRAEICRepRdmaTI®LS ¥FLE! 10 (b) neasuring
susceptibility of the hepadnavirus sequenced in step (a) to the drug
according to the nmethod of claimb50; (c) exposing the hepadnavirus to the
drug so as Lo prodlice awddordagetha ¢dkl sirsoeptiebi (ajy of the 15
hepadnavirus to the drug nmeasured in step (b); (d) conparing the sequence
determ ned in step

(c) contacting the cell with the anti-hepadnavirus

drug;
10

(d) measuring the amount of detectable signal produced
by the indicator nucleic acid in the cell; and
15 (e) comparing the amount of signal measured in step
(d) with the amount signal meagured in the
absence of the drug, wherein a decrease in the
amount of signal measured in the presence of
the drug indicates susceptibility to the drug
20 and wherein no change in signal measured or an
increase in the amount of signal-measured in
the presence of the drug indicates resistance

to the drug.

25 51. The method of claim 50, wherein wherein the hepadnavirus
genome expression vector of gtep (a) further comprises a
nucleic acid derived from a patient infected with

hepadnavirus.

52. The method of claim 51, wherein the nucleic acid derived

66

SUBSTITUTE SHEET (RULE 26)



(a) with the sequence of the hepadnavirus follow ng the exposure to the
drug of step (c) so as to identify a nutation in the 20 hepadnavirus
nucl ei ¢ awDM3LbWT2 confers resistance to the anti-hepadnaPCrussoziraesge 55.
The net hod of claimb54, wherein neasuring step (b) conprises measuring
susceptibility of the hepadnavirus sequenced in step (a) to the

anti - hepadnavi r dsofir Hgpa2ferac dardepgd tvl dtheepBiheod Afs CopbMid2s £7 least
SUBSTI TUTE SHEET (RULE 26) i
a fragment’ of a human hepatitis B virus (HBV) gene.

53. The method of claim 52, wherein the gene is an HBV P gene or

an HBV C gene.

5 54, A method for identifying a mutation in a hepadnavirus
nucleic acid that confers resistance to an anti-hepadnavirus
drug which comprises:

(a) sequencing the hepadnavirus nucleic acid
prior to use of the anti-hepadnavirus drug;
10 (b) measuring susceptibility of the hepadnavirus

sequenced in step (a) to the drug according to
the method of claim 50;

(¢) exposing the hepadnavirus to the drug so ag 1o
produce a decrease in the susceptibility of the

15 hepadnavirus to the drug measured in step (b);

(d) comparing the sequence determined in step

(a) with the sequence of the hepadnavirus

following the exposure to the drug of step

(¢) so as to identify a mutation in the

20 hepadnavirus nucleic acid that confers

resistance to the anti-hepadnavirus drug.
55. The method of claim 54, wherein measuring step (b)
comprises measuring susceptibility of the hepadnavirus

sequenced in step (a) to the anti-hepadnavirus drug

25 according to the method of claim 32.
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