9 Decenber 2005 WO 03/000372 PCT/ US02/19929 PRODUCTI ON OF | NFECTI QUS
HEPADNAVI RUS PARTI CLES CONTAI NI NG FOAMY RETROVI RUS ENVELCPBeeRobet 2MB5AND
METHODS OF USI NG THE SAME This application clains the benefit of U S

Provi sional Application No. 60/299,906, filed June 21, 2001, the contents
of which areokmmerporated herein by reference 10 Thr oughoBE T{URH19929
application, various publications are referenced by author and date within

the text- Full citations for these publications may be found |isted

al phabetically at the end of the speC|f|cat|on |mTed| ately grecedl ng the
clains. A | BROPAEIBION D AENEFHTTOR GRE _;.@'s &r ei n,
whet her RI IVIE g i F

entirety. The di sclosures of these pu|$|AlM(Eatl ons in thelr entireties are
herebys i ncorporated by reference into this application in order to nore
fully describe the state of t art a knvvn t hosge ski n as
of the daqrréllocsf P IR on gé'lslcrl bé enéeltfgﬁtrre her%gisn Eggglrggﬁgﬁgllof

t he Invenmuyildaﬁ\iqremcvca@@&ﬁ%@%paﬁll@@ Bwg r 9, (PBY).. phhei erascasR be
produced by tv\hﬁcl{ rAnsi el SReesl an-af nmplecukaregtones of full-length
HBV DNA in prinmary hepatocyte cultures and several hepatoma cell [ines.
Virus particles produced in this manner resemble the 30 infectious virions
( Daneipar titdrsihaft HBVHinf echedlitativhdual saahous heigulilifeedctionst y has

Do deMoNAlIAISEAd (SN TRANEECo LB QLEUNALELN: o HBhDANIG 00 b Ddiagd |1
such in Vi=t¥o ¢éi é;%tens uctlve y 1 nfect thatlc cell lines
mai nt ai ned:dtRiviard ( b@gec@q@—)maﬁ%@ﬁ i neat ioh 3F /RS r ediFitefed
t he study é)jpﬂ@égfcpill%at Len and the sevelppnepecofi antio r dhrdligsely

preceding the <laims. A1l 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 in their entireties are hereby
incorpbrated 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 1_:he Invention

HBV replication

25
Hepatitis B wvirus (HBV) particles can be produced by the
transient expression of molecular clones of full-length HEV
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 t;he

development of antiviral drugs.
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a . SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WO 03/000872 PCT/ US02/ 19929
Simlarly, the inablility to infect target host cells w th9li@d¢embar2005l es

generated wi'th HBV resi stance test vectors is an obstacle in the

.devel opnment of a two cell drug susceptibility assay for HBV as descri bed

in U S. Patvenizolgsz 6, 242,187. This 5 block to infection isPGigtsaangey st ood

and may reflect the absence of functional HBV receptors on the surface of

avai |l abl e he ic.cel]. linpes, f hough data s orti t her 0ssi.bl

expl anat i d%%‘eﬂg%héeeﬁh%r Je%%ﬂﬁdmﬁﬁeg?—lﬁfl %%tegt{)"%? 8 rhq??gcs Vet no"flstbheéLﬁB’v
identifiedatfidhat ic=raesiteed,wliher 8RBT eyeaistamanstant metdiowss t 6spraoduce
hepadnavi rugspacil cles 6aPable: BhnbRLCE N0 hRPaldin Callg | sy i Nl alned
invitro.. at I's also desired are nmeans an nmet hods to produce ,
hepadnavi ragswar £9E| BBVwWAECHeear 1beduded &-& 15 3¢SRdude drugd Sus’dept iBHs ty .
and resi stgngekt asd i Agfeviciah f&tness assaysroadd genhotyi cranakysi slusi ng
a host and target in vitro s

cell . i.e. atw [ ] i ste Su f. the
| nvention 29° %%rdf’ﬁgl §uf1fzgilgn3ri1 OEIJ%S’C'[ l(‘)afcepﬁgllsnvérl?‘ti :)Prlllet orgglﬁ:o%cc?e F
met hod f oravhelppbdudepeniof dedgadhinvés usapaheieh edateapatsinersfinanfedisng
hepatic Ce%:&séiﬂfé g&gm&ageggngnha?ter Beedb Ardidnther 10 esty ofetdifror (s)

inventionls to provide a nethod of _using infectious hepadnavirus
particl es $®° coRbuRet dPRR R¥epti®i1ity and resistance testing using a
two cald system Another object of the invention is to provide a nmethod of

30 using !»@ﬂggt ii%U%esfaer%%d“%.-\ﬂ%lue%&ag“ éssmggngogﬁa%eitgﬁo\ést i A ce
suscepti bi 'ty and resistdnce testi ng erern a etectable signal Is
produced teeppdsaveriafperiiriss Pepaptherl obpBeetHIo thRPdhventebh +57%D

provide i npyitfQi€Edg in vitro. What is also desired are 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

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 vitroi

25 A further object of the invention is 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 infectivityf

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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35 susceptibility and resistance testing as described above using the
i nfectious hepadnavirus particles conprising 2 SUBSTI TUTE SHiEcémbRXPID526) 9
Decenber 2005 a patient-derived segnent. A further object of the invention
is to provide an in vitro nethod of using infectious hepadnavirus
particles to determne replication capacity for patient's hepadnavirus.
Yet anot her object of the invention is to provide a nethod of identifying

a mutation in a;henadpavisss,ahi chgngonfers resistance to a conpound which
i nhibits hepadnavirus repllcatlon These and ot her objects may be achieved

by the present invention by: producing a hepadnavirus virion that is
infectious in VAt gorswdcholeirgy i@estia)imtemaduai ng vt proviael lan(idn a

hepadnavirus gepa, GSSSIAN NGO 0L (01) -8, JRATL e poVLILs onvel ope

expressi on vecto ri ses’a nuc aci g enco

fragment of a f’éf%myﬁie\ﬁeﬁfﬂién@nvel opéelﬁﬁdo-‘taéllﬁn aﬁ@Pc‘{%T)thulftoﬁrl RgtieRt’ Scell

t hereby producimgpdepadpayj rus virions conprising at |east a fragnent of a
f oamy virus envel ope protein, wherein the hepadnavirus virions are
infectious in vitro. In another aspect the present invention provides a
hepadnavi r us viteitomaitdidieri sobjdaect pHushen nviemtiwhi cls tonpriosédeata | east a

fragment of a fn%%%drgkr%(éx{ﬂ{%yﬁewé' QB P e_l.rﬂe 'Hlap%é‘l%@?fu?%@h the

present invention prOV|des a cell ™ conprising t hepadnavi rus_ virion
descri bed her eiftPERRS andEReFE A fect TPhe For eSEMOUN ent P oil pr ¥ tiLsa net hod
for determ ni ngiepa@nepinds Irep¥iéoticaan anti - hepadnavirus drug which
conprises: (a) introducing into a first cell:(i).a hepadnavirus genone

expression vector; (ii) a
These and other objects may be achieved by the present

invention 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 virus'envelope protein, and (b} culturing the
cell thereby producing hepadnavirus virions comprising at
least a fragment of a foamy wvirus envelope prbtein,

wherein the hepadnavirus virions are infectious in vitro.

In ancther aspect the present invention provides a
hepadnavirus virion that is infectious in vitro which
comprises at least a fragment of a foamy retrovirus

envelope protein.

In another aspect the present invention provides a cell

comprising the hepadnavirus virion described herein.

In ancther aspect the present invention provides a method
for determining susceptibility for an anti-hepadnavirus
drug which comprises: (a) introducing inte a first

cell: (i) .a hepadnavirus genome expression vector; ({(ii) a



3 9 Decenber 2005 nucleic acid encoding at |east a fragnment of a foany
retrovirus envel ope protein, and (iii) an indicator nucl ei9De@nber 2005
culturing the first cell fromstep (a) so as to produce hepadnavirus
virions; (c) adm xing the hepadnavirus virions produced in step (b) with a
second cell, wherein the anti-hepadnavirus drug is present with the first
cell or the secondedel lgciar awddiiinbe &t r s¢astnda Seagméeniceblt, A dfoameasuri ng

t he amount of i pr d by e indicatqr i cidin
the second cel t%\%/ﬁg?{é?n ?Srh%rlg) eungg(g‘fceel et eg%lgbl épg%)gnéal% g§§%§%%° i's
dependent upon HeEP&dRadrtds B i BHtuELegt Fon foist eldedsnd eedn ; (&nd (e)

conparing the amuy o psidnral Hpagusedin sitapned) (Wt Aakhe apout signal
neasured in the absence of the dru%ir gner in a ecr?aie .i.n the anmpunt of
si gnal measur ed* T PREBFesBHEE S HEREUCH ughi RGFRafRs EhEtept PETITGy to
t he drug and wheléi-nwherethahige antisihgpatinareiasiyr ebugr ianprasesaseitim t he

amount of  si gnale rBasyredii Not e PresenGecof1 ! he- dryg ikRdi 6L ES ang
resistance to the drug. In yet another aspect the present invention

provides a met¥s@® For S@kt-er dhi MFABVPEPEat Fih CHpHEFt yolof d8terbpdhavi rus
froman infect edgpali gntoduesyr it Nghe (ahditatsOdugengid Nkoi@ finr sthecel | :
(1) a hepadnavifyg genons . eypLessi opeyectarac(id) acpuclshe agl g, gncoding
at least a-fragment of "a‘foany reétrovirus envel ope protein, an .a(lll) an
i ndi cat or nucl &ife94erd; 1gbyerendant nporhdepafinavizusmvia)iosoiageeiviqr oduce
hepadnavi rus vigd ogse (@hondddeting ddie hepadBayhfisy Viche OnsoRheduged in
step (b) wth a second cell, (dI)1 measurlag t he anpunt of detectahle
si gnal produced P2 he™FHNESt of * nuti®®i ¢ (Gti 15 £he BOIRE c&t9m@dnher ei n
the amount of dekrectredl én Shgnabs@raedudedities diegendérteipoa Hepesiayirus
virron . 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

signal measured in the presence of the drug indicates

resistance to the drug.

In yet another aspect the present invention provides a
method for determining replication <capacity of a
hepadnavirus from an infected patient comprising: (a)
introducing into a first cell: (i) a hepadnavirus genome
exXpression wvector; (1i}) a nucleic acid encoding at least
a  fragment of a foamy retrovirus envelope protein, and
(iii) an indicator nucleic acid; (b) culturing the cell
from ({(a) so as to produce hepadnavirus wvirions; (c)
admixing the hepadnavirus wvirions produced in step (b)
with a second cell, {d} 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 wvirion
infection of the second cell; (e} normalizing the

measurement of step {(d):; and (f) comparing the normalized

3a



infection of the second cell; (e) normalizing the neasurenent of step (d);
and (f) conparing the nornmalized 3a 9 Decenber 2005 neasur @mstenbler 30 (e)
wi th the amount signal measured when steps (a) through (d) are carried out
with a control reference hepadnavirus, wherein an increase in signal
conpared to the control indicates an increased replication capacity and a
decrease in signal neasured conpared to the control indicates a decreased
replication capacity of. the hepadnavir fromthe infecte atient. In yet
anot her aspect %aesuﬁrlélg%%to?ms/g%i é?l) p"r“’%@f de¥ aamoﬁl&thcf'ng%? %%?%'f’rrﬁdni ng
suscepti bility #hom afennt (a) Hépadahvidusany vgrwhed howonpithsescofagol

introducing int@&reaeb! ndpalindvQRAANANLFLIS, OGRONE LXRLESSIONsYGLd0r; (i)
a nucleic acid encoding at |least a fragnent, of, a foamy retrovirus

envel ope prot ei FP™FREY(1 159 affndiCHGPT nuttEi@LEEi d;21 b) 1B6FEFShg t he
cell from step fepLicit)on compacitiyngandieacekkbratid thesaghal hepashmead r us

drug; (d) ”Easé!{rdp%%ghﬁo Uy %%09‘9&1?&*&{%%% 3 goaley %d%%gﬁii@éf%ﬂ}f .
i ndicator nucleic acid in the cel , and ](e conparing the mount” of si gnal
measured in st FRREIEW oh Ghte haRpdrRVirgisgAEPT niess dréacter 8¢ 18BSence of the
drug, wherein a decrease in the anount of signal neasured in the presence

of the drug indjcates susceptibi Ii'%:y %10 t he drug.and _wherein .no change in
si gnal measur ed brYan PHPEEsETFRCT HECafFTRE b 187 GhE ChesUrEESi 1f t he
presence of thenabhed £ndi catesrmiasngt anueceprittididyugfotn anf uatthier aspect

the present inugntiqn,proviges @,higi?tmrfi%restd?mimr%au@i taldpn, in a

i
hepadnavirus nucleic acid that confers resistance to an antl- hepadnavirus

drug whi ch conpidldés: (i ad RIMATEAFLAYS t FRAOMSe FEBARYT YUS VEGEPSBI ¢ (i & pri or
to use of the anidleibepadaavindddifdgugit (bJasteasurrAgm&Uscept iabi fodny of the

retrovirus envelope protein, and (iii)}) an indicator
nucleic acid; (b) culturing the cell from step (a); {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 (e) comparing the
amount of signal measured in step {d) 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 signal-measured in the presence of the drug

indicates resistance to the drug.

In a further aspect the present invention provides 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; (b) measuring susceptibility of the
hepadnavirus sequenced in step (a) to the drug according
to the method described hereiﬁ; (c}exposing the
hepadnavirus to the drug so as to produce a decrease in

the susceptibility of the hepadnavirus to the drug

3b




hepadnavi rus sequenced in step (a) to the drug according to the nethod
descri bed herein; (c)exposing the hepadnavirus to the dru@ Basceabet 2005
produce a decrease in the susceptibility of the hepadnavirus to the drug
3b 9 Decenber 2005 neasured in step (b); (d) conparing the sequence
determined in step (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
hepadnavi r us cleic.aci.d th co I's resistance.to the anti-

nepadnavi rus dri Ueter ‘BescrrBLI GR of 1Tb rAeTeOr ghFe ToTRERF®

| ndi cat or Gene dAbegmiyedt ofn Fi gige 2(alHBWIRds| $hanceequsnca/ecedr Rigure 3-
Organi zati on ofhdfRMnaddrFVednvrliage tReotkeppsulet @ | egk Desey | pf | ol the
| nvention This Lﬂvention provji des:. a method for produgin a _hepadnavi rus
virion that is 1Hfet?i8fis i V7o Whith ™t bt 3665 \BG3PHHHE72

PCT/ US02/ 19929 nuddendpri gesd (E)at ntaeadecsngresistanceel kto(i rha hepaidnavi r us
genone expresshgﬂmﬁﬁggﬁfugqgmgli) a foany 5 retrovirus. envel ope
expressi on vector ch conpri'ses a nucleic acid encoding at | east a
fragnent of a foany virus envelope protein; and (b) culturing the cel

t her eby produciBrgelepagndyicius oflGhe DransngoNpri sing at | east a fragnent
of a foany virus envel ope protein, wherein the hepadnavirus virions are
infectious in vitro. A further enbodi nent, the invention provides the
above 15 net hdtigulrer &+ rHEvh@nhépadioa\demngs Vijenbmecexpr essi on vector | acks a
nucl ei ¢ acid encodi ng a hepadnavirus envel ope

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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protein. A further enbodi nent, the invention provides the above 20 nethod,
wherei n t he hepadnavi rus genone expressi on vector conpri sed Deiceinbars2003ne
gene froma hepadnavirus genone selected fromthe group consisting of. a
wood chuck hepatitis virus (WHV) genone, a ground squirrel hepatitis
(GSHV) vir¥ oA, a duck hepatitis B virus (DHBV) 25 gdNdnEso2a®ighow
goose hepatitis virus (SGHV) genone, and a hunman hepatitis B virus (HBVY)
genone. A fyntheteenmbodi ment, the invention provides the above nethod,
wherei n t he hepadnavi rus genonme expression vector 30 conprises a gene from
a human hepatitis B virus (HBV) genone. A further enbodi nent, the invention
provi des the abtwe nethodduciher ei intde hRepadaayirusi)genane U EsS}H 0N

vector further i ses__an_exogenous_regul at or | ement,. 35 A furt her
embodi nent , theg‘%&r)l%%ti one}]%]orloevslSdngsl,rl t hevgﬁg?/]é rret%bcg, g‘%éEJE‘SSTI TUTE SHEEY

(RULE 26) 9 Deckrifervioos \\O103]Q008 7 REH SR/ 1892%r wheriain ddwerises

exogenous regulat any1el ementid Sededus €ytagegalovi éﬂq:e Fate-
gene pronoter/enhances %%é‘{s IE)C& 5 A uarlther errbgdi rTlEén{:{ﬁn t eg]lE nven]%’a‘i{)rﬁr?y

provi des the aboVe'Freth $thé™oany retrovirus envel ope
expression vector conprises at |least a fragnent of a gene froma foany

virus genone sglyec fr h ro onsisting of: .a sinman fo Virus
(SFV) _genone, a&#)e.l itcﬁlgtfuég%# V?Pgs %@% @318%8#.%, }griﬂu%%)r\l/ ngl ﬁ‘p(?%{r%yyav\filr%ss
( BFV) §enone, &SR ofiOTBERGiVEr 85 (SBFVY) 2 (errgmrenta diinpstiermiyoamrus

_virus (HaFV) gepampangracByrmn vAoamn VERES Hdf\n08nene. vA-fyhthel o
enbodi nent, the | 1V ¢ n.tC|) on provides the above nethod, 15 wherein the gene
encodes an envejrrb%e%plr Stei M of G r agnent

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 abt least one gene from a hepadnavirus genome
selected from the group consisting of: a wood chuck
hepatitis wvirus (WHV) gencme, a ground squirrel hepatitis
(GSHV) wvirus genome, a duck hepatitié B wvirus (DHBV)
25 _ genome, a show 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 requlatory element.

35 .

2 further embodiment, the invention provides the above method, .

L]

4
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thereof. A further enbodi ment, the invention provides the above nethod,
wherein the foany retrovirus envel ope expression 20 vect or 9dzenibee2005 gene
or a fragment of a gene froma human foany virus (HFV) genone. A further
enbodi ment, the invention provides the above nethod, wherein the gene or

t he fragnemtio afeoedtie gene froma 25 human foany virus (HFV)PEEBEIBIBACOdeS

t he gpl 30env envel ope gene product or a fragnent thereof. A further

enbodi nent h%?glé jon ch|d%s the" abf £ ?_ erejn t he cg a
mamal i an ce ur t her “enbodi ments - ?\O¥%veﬁ |oﬁ provides % he %ﬁ%@e
met hod, whéwépwegﬁécﬁékus|sl@mﬁd%ﬁﬁﬂTaﬁﬂJY' @@ﬁartﬁnﬂmqaﬂmﬂmmham¢erthéCMV-
invention pgevides the above 35 nethod, wherein the avian cell avian
hepacyte. 11 - SUBSTI TUTE SHEET ( RULE 26) 9 Decenber 2005 WO 03/ 000872

PCT/ U502/ 19929 A further enbodinment, the invention provides the above

net hod, 5 whér éumthiee paimelimantcetbhel snashtufan pebhidéefﬂhéh3boe@bmdtn®@t

t he i nvent Vi t \Y; t II

hunman enbr§§%%§&E %%% lyﬁﬁﬁyy;%ﬁﬁ%#?ag%ﬁhx%ﬁ?%éﬁﬂgtké? nven |on E%OVIdeS

the above CREPKGESSWET ef A2 Fhe ndiveticart cef | 2 aie0o8rem| B, CHRUY f Uk THS!

enbodi ment gehBeel MLARIdA PFaMh deBet @&o@@ov&)néﬁﬂ% wher ai ns g he

cell is a hunan h mﬁéﬁﬂge- A fqgtf ! %plnent theugﬂ%ention rovi des

t he above - mﬁ%reln'the HUTTER E%epéigﬁh CEFrei ' Heﬁ@@og Fl Br

an  HuHY cbDV;anfaﬁth@irEﬁbéHFﬁbng¢n©Me,|ﬂveﬁa|bmonrﬁoaufsvarus (SLFV)
genome, a hampster foamy virus ({HaFV) genrnome, and a human

foamy virus (HFV) genocome.

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 invention provides the above
method, wherein the foamy retrovirus envelope expression
20 vector cowprises a gene or a fragment of a gene from a human

foamy virus (HFV) genome.

A  further embodiment, the invention provides the above
method, wherein the gene or the fragment of the gene from a
25 human foamy virus (HFV) genome encodes the gpl3lenv envelope

gene product or a fragment therect.

A further ewmbodiment, ‘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 embodiwment, the invention provides the above
35 method, wherein the avian cell avian hepacyte.
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hepadnavirus virion that is infectious in.vitro which 20 conprises at | east
a fragnment of a foany retrovirus envel ope protein. |n anoBh¥ceeeoddfent ,
t he i nvention provides a hepadnavirus virion wherein the hepadnavirus
virion is 25 isolated. In another enbodi nent, the invention provides a
hepadnavi rwe o3meos72on wherein the foany retrovirus is sel e®Cadshr/ones he
group consisting of: a sinman foany virus (SFV) a feline foany virus 30
(FFV), a bovi f.oany EV), a sea l.ion_foany VI {S R\

hanpst er Pigarr% rtheq‘ blgtg?)‘%“m i a hinan %8‘§enyn vitusd™ ‘tﬁz :tn\Qano Ove
enbodlnentm6¢hmﬁ1rﬂhﬁﬁqnﬂ1qhammamﬁﬁhiamepaddauﬁrashussnvpﬁﬂ A wherein the
hepadnaV|rus V|r|on conprlses a chimeric envel ope protein which consists
essenti al | g%%%%%%é SUBST TUTE SHEET %RULE 26) M/O 0310 (1872 9
Decenber o8 ryi ru§ 8nvé}"8ﬁ’étb? t P 99 .
f oany Eirumetmmwﬁlwherpinteﬂnadbuman.cbﬂlann$her]ﬁnmnﬂiamhtyonhe uﬂmhnmnon
provi des a bepadnavirus 5 virion wherein the hepadnavirus virion further
conprises a nucleic acid isolated froma subject infected by a

hepadnavi rus. I n another enbodi nent, the invention provides a hepadnavirus
10 virion Mhefﬁt[héxhe i EimendGi d i gakat eﬁvéﬁ@ﬂbﬁhepmﬂai@@é i eclirerby
hepadnavi rus_en %g a reyerse tra crlpt e.. agﬁt er enbodi nent, the

i nventi on B ovide erﬂﬁﬂ) aViFUuE Vit &7 lrseln Répadnavirus 15

furtheéfconprises an indicator nuclelc acid. In another enbodi nent, the

i nvention proMid88.,2 CelHoqiGRMRYI Si Ngpkhe; eRAANANT riSoViddON.-c1R0 ldbove
anot her enbodi ment, the invention provides a cel
method, whereln 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 is 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 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 a hepadnavirus
35 virion wherein the hepadnavirus virion comprises a chimeric

envelope protein'which'consists essentially of (i} a hepﬁtitis-

6
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conprising the hepadnavirus virion, wherein the cell is a 10 manmmali an
cell. In another enbodi ment, the invention provides a cel |9 D&sembeni2iosi ng
t he hepadnavirus virion, wherein the manmalian cell is a 293 cell. In
anot her enbodi ment, the invention provides a cell conprising the
hepadnavi rwe msiosison, wherein the mammalian ' 30 cell is @drdmanive | . 35
I n anot her enbodi nent, the invention provides a cell conprising the
hepadnavi rys virion, mhefein thetpunan_ceIL is human ki dney cell.. In
anot her enbod/ heht, The THRenttioh provi“G&s& c%??. Eik%%ﬂﬁ' SHEET (ROLE
26) 9 Deceabesl@idSoA0 @31 COO8V2: PCT/ US02/ 19929 conprising the
hepadnavi rus virion, wherein the human cell is a human hepatoma cell. In
anot her enbodi nent, the _invention provides a nethod for 5 ggésr 'nLng
suscept i bi FRt FPPERSEr iCTHRRI I adnahe rb%"%ﬁlbjgo%%ﬂv‘-g%ﬁpﬁi .a‘{p Mk

i ntroduci ngitHbe alfdresitn cehk: Hépadnahepadnavirisn genombeeX pressibreyect or
10 (i1i) a nucleig aci ncogi I afra ] f r oVi_f us
envel ope p?%?%?%? a%ﬁgffii?ggﬁgfﬁ ic%?%% nJ%Ie?gEg%Fg;i%?éﬁj culf%%iné{the
first cel | h¢padratepifa) so as to produce hepadnavirus virions; (c)
adm xi ng the hepadnavirus virions produced in step (b) with a second cell,

wherein the anti 0 hepadnavirus drug i.s present with._the first cell. or
the second'BePPOtHFTwi qé%?%ﬁ%%tt%%dlggg%ﬁﬁg%ePF?vﬁgefdf MEAStT g T e

anountloof déteotablitersiignakhe nucleic acid iscolated from the subject

infected by hepadnavirus encodes a reverse Lranscriptase.

In another embodiment, the invention provides a
hepadnavirus virion wherein the hepadnavirus

15 furthercomprises an indicator nucleic acid.

In ancther embodiment, the invention  provides a cell

comprising the hepadnavirus virion.

20 In another embodiment, the invention provides a cell
comprising the hepadnavirus virion, wherein the c¢ell 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 ancther embodiment, the invention provides a cell
) 3
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produced by the indicator nucleic acid in the second cell, wherein the
anount of detectable signal produced is dependent upon hepdmecambeu200h ri on
i nfectiron of the. second cell; and conparing the anmount of signal neasured

in step (d) 30 with the anpbunt signal neasured in the absence of the drug,
wherein a Srea@ed2in the anmount of signal neasured in thEprasesee of the
drug indicates susceptibility to the drug and wherein no change in signal

measured or #BGLEeASH I A the of 35 sigpal measured in the presence
of the drug ?néica es Fegfggaﬁ%gggggtﬁél ?ﬂg.g%%§§¥?T g$@%ﬁ'?%&fE 8) 9
Decenber 2605 1@R0B£BBO872 PETLUS02/ 19929 I n anot her enbodi nent, the

i nvention provides the above nethod for determ ning susceptibility,

wher ei n the_hepadnavirus ena expressi on vector of step (a) further
Ja"chnnay C’%&F‘F\g@d f APEPFERE iINHECES 55w hosl  for

conprises &" N eIe a&id
hepadnavi r dsterninpoghensesbodbrihty fhe anventiehepsdwidesud heérabhoveich
met hod for -dghek Bigi.ng susceptibility, wherein the nucleic acid derived
froma patien inSected wi_t h_hepadnavirus 10 conprises at |east a fragment
of a human hepatfti s*BETORRGEPEB Cyehel LYSE difvthier enbodi nent, the

i nvention provides the)abavRepagh&othud ofeighe dR g iS945 GRRAHH | 1 Ly,
wherein the gene is an 15 HBV P gene, an HCV C gene, an HBV X gene or an
HBV S gene. In another enbodinment, the invention provides the above nethod
for det®rm ni ng suscépit bpl ntagledkersiid eheoddcibeisd lesist derivaghdnonoh

patient infected with PeRAGNAVELEYS: BHEALES 1AL NEMHSE t LARSCri ptase. In
anot her enbodi ment, the invention provides the above nethod for

determ ning susceptibility, wherein the second
(iii) an indicator nucleic acid;

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

produce hepadnavirus virions;

() 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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cell is a manmalian cell. 25 In another enbodi ment, the invention provides
t he above nethod for determ ning susceptibility,, wherein9tlezesben2qD5 cel
is an avian cell. 30 In another enbodi nent, the invention provides the
above nmethod for determ ning susceptibility, wherein the avian cell avian
hepacyte. Wwooamaisteer enmbodi ment, the invention provides tReTalsei®92935

nmet hod for determ ning susceptibility, wherein the manmalian cell is a

human cel | 0.0 SUBSTLIMTE: SHEET (RULE, 26) 9. Posenper, 2005, WB B/ 000872

PCT/USCQ/l%%ZQ I'n anoth ment,  the Tnvention provides the a

met hod f ofCHet 8PFFATRE1IBHscEPELBRLbYLitywhemarietiRe Rliwan hegadheyigus
human enbryenbeeki dasyeseldn SelRcanobhersepbodidrenturtheri nveti its 2
provi des the above _nethod,for the%ninin% suscqg}%bilit A m@ﬁre'n t he
manmal i an SAFTETE 2598 cefT5 %Y anbt®Br enbdtioents, tHerTHVEhti on pr&vi des
t he abdve hephddaviBu$or determning susceptibility, wherein the human cel
is a human hepatoma cell. I n another enbodi nent, the invention provides

t he above _nethod for determ ning susceptibility, wherein _ the human_ 15
hepat oma c&Pl FECERFHeFEPEEHNESr an Hih7 WGt iR aRePHefSRnboi méhCY et he
i nventi on peoNbdestdie dahevreintmtyhogudespitateridwni nghewscapt tibs | inileic
wherein the fga etrovirus i s selected fr.omthe group.consi sty Qf . a
oiman 20 195t VEFEATPRAVETSR | & PRRSER, Rl PR DS S

vi rus JOBFWomnprsees| i 8k f éapytvi Pus EESERYNL achanpst dumabioamEpP@tits s( HEFV) ,
and a humep; £ @aEYj I 48nk HFV) .

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

15 HRV P gene, an HCV C gene, an HBV X gene or an HBV 5 gene.

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

20 reverse 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 phe‘_
mammalian cell is a human cell.

(L]
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I n anot her enbodi nent, the invention provides the above 25 nethod for
determ ning susceptibility, wherein the nucleic acid of sp&ecémper2005
encodes a gpl 3oenv envel ope protein. In another enbodi ment, the invention
provi des the above nmethod for determ ning susceptibility, wherein the
nucl ei ¢ acwa wfoo®@02 st ep (a) (i) encodes a chineric envel oFETPIHERM Whi ch
consists 10 essentially of ('i) a hepatitis B virus envel ope protein
domai n and [ nveIo rotei donai. I n,ano

enbodi ment , f%h%n?%%%ﬁ?¥%%$&#§%ides}t e a o&@‘ﬁb?ﬁqyl +6F ﬁ'fgﬁmqﬁﬁﬂ?j
susceptibilf@¥ dﬁﬁ@?@ﬂﬁlﬂﬁeS@éeeeéleeﬂﬂtExpre@eeelenthﬁsISWEﬁaoeeb&pmetein
whi ch bi ndshhtmRnedioamh ik0 1SUBRH HdiE SHEET (RULE 26) 9 Decenber 2005 WO
03/ 000872 PCT/ US02/19929 virus envelope protein In a further enbodi nent"
the invention provides a nmethod for determning replication capacity of a
hepadna¥wi r usnf raneirer 5 ¢wibetimdhipat ient cionpritdiong: pia)idetsr otte NgLicieo a
first cell:ndijo@ hepagpavi raatgemﬂgngxpreeﬁls% LEBLOE £y 10 LhbkennuEhel ©
acid encoding at_| east a fragnen 0 Frovitus’ énve ope protein
and (iii) arAmRRlER e lhuciseik 286 ¢=1l-15 (b) culturing the cell from (a)
so as to produce hepadnaV|rus virions; 20 (c) adniX|ng the hepadnavi rus

virions praoduced a second .cel |, uri the a nt
of detect agf% %lil% a rp‘?r%a%(%e'%jer\mdynt e Thdi'tatdr Biad] éiie@ 5 i=d alb%"’tehe‘eé:gg’
cel |, WRerefor t:iheeamuntlgofsvctetewn@blletyigm&ierieu@du!dmi hsmdepemjdnt:ts U|aon
hepadnaVIrLﬁhﬂgﬂlﬁgbdﬂyﬁgﬂaéyl of the second cell;

;

|

;

i

In another embodiment, the invention provides the above %

method for determining susceptibility, wherein the human :

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

|

In ancother embodiment, the invention provides the above |
method  for determining gsusceptibility, wherein the foamy

retrovirus is selected from the group consisting of: a siman

20  foamy virus (SFV), a feline foamy wvirus (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} (i) 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 virus envelope

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

In another embodiment, the 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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25 (e) normalizing the neasurenent of step (d) ; and (f) conparing the
normal i zed nmeasurenent of step (e) wth the anount signal 9i¥sembed20dten
steps (a) through 30 (d) are carried out with a control reference

hepadnavi rus, wherein an increase in signal conpared to the contro

i ndi cat es wo op/mms@ased replication capacity and a decrea®€Tiusoxivgrral
measured conpared to the control indicates a decreased replication
capacity of  the T%£ adnavirus fromthe infected patient. 11 SUBSTI TUTE
SHEET (RULEIS%§ P %Ig%é?r%@?v\o 03/ 000872 PCT/ US02/ 19929 In a further
enbodi nent the- invention provides a nethod for determning susceptibility

for an antt hepagdnaut,u eﬂégglMQAQhthgoqE%%%eioé5éva3ég§°9“ﬁeE%@f“é%r

cell: (i) hepadnavi rus genone expression vect nucl éI'c "ac

encodi ng a@e‘F%’é@%ﬂhﬂ%r agflong $RRRL Fet P§VI¥U§19§iﬁﬁé196@éU|§r of&Pm, and
10 (iiis) aini&chsatede nued etdGmaei fhing:b) culturing the cell fromstep (a);
15 (c) contacting the cell with the anti-hepadnavirus drug; (d) neasuring
t he amount of detectable signal produced by the indicator nucleic acid in
the cell; and 202X e)iwonpirdng tihecappdntrsef csildnal neasured in step (d)

W th the amount signal, nﬁésq{&gadﬂhxll%sabﬁ%@l%%em e esdhiig, vuherein a
decrease in the amount of signal nmeasured” in the presence of the drug

i ndi cates susceptibility to the drug and wherein no change in signal
measuri@d or an 25 incitpse nnclhecarmud «afcsiignplatreasdsedal Fréb@epresence

of a foamy retrovirus envelope protein, and
{iii) an indicatoxr nucleic acid;

15 (b} culturing the c¢cell from (a) s0 as to produce

hepadnavirus viriocns;

(¢) admixing the hepadnavirus viriong produced in

step (b) with a second ceil,

20 '
(d) 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 second cell;

25

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

(£) comparing the hormalized. 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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of the drug indicates resistance to the drug. In a further enbodi nent the

i nvention provides the above nethod, wherein the hepadnavimhDesegdrop@)5
expression vector of 30 step (a) further conprises a nucleic acid derived
froma patient infected with hepadnavirus. In a further enbodi nent the

i nvention PY@UW/@8¥2t he above nethod, wherein the nucl eic BCrdseemnpwed from
a patient 35 infected with hepadnavirus conprises at |east a.fragnent of a

human hepaty.t i ( . 1.2 SUBSTI TUTE SHEET (RULE 26) 9
Decenber 26%% %[?0%?%%%87 %é?%%%%@ff@@Zénvﬁlg Pt th&Y WemSodi nBRERPHe for

i nvention ﬁe&ﬁr&@éllﬁlﬁe FERP L IPitRsd, feherei rrithe lygneénayiansREBY'WB geAenor
an HBV C gemepdiked:further enbodi nent the invention provides the above 5
met hod, method for identifying a nutation in a hepadnavirus nucleic acid

t hat confers resi stance to an anti-hepadnavirus drug which conprises: (a)
sequencng t he Hepadnavitmesiupdopbeiotackhdcepaier to 10 use of the

anti - hepadnavi rus dr (b),me KAY+ eptihility of the hepadnavirus
sequenced in step (agggo tﬁe g%ﬁéaggcggggngg%gh?heXPl ?%I%HOYQ%W%fn150 15

(c) exposing the hepadnavirus to the drug so as to produce a decrease in

the susceptibility of(ithe ahaﬂ&d@awlb&idt@ananguatnﬁéﬁéEeQ EQ g&%ﬂt(gk
20 (d) conparing the s%g%%gc g§ggrn1ned |nlst a).wth quence of
t he hepadnavi r us folﬁomnng Re"8%poshr 8*Y 5 PRE BFUg=HR- s%%% (c) so as to

identi¥y a nutation in the hepadnaV|rus nucl eic acid that confers
resistance to the antiihepadnayiidstdiUucicic acid;

(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 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

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 hgpatitis B virus (HBV} gene.

12
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25 30 In a further enbodi nent the invention provides the above nethod,

‘wherein nmeasuring step (b) conprises measuring susceptibi BiDeceoibet 205

hepadnavi rus sequenced in step (a) to the anti-hepadnavirus drug using a
two cell assay. In a preferred enbodi nent of the invention,' the invention
provi des aydgidvagh2f or the production of infectious Human PERPaRIILIE B Virus
(HBV) particles by pseudotypi ng HBV vi ri ons using envel ope proteins
derived fromthe Human Foany Virus 35 (HFV). e 13 SUBST] TUTE SHEET (RULE
26) 9 Decelfber® 2685 TABT037P00BTRPETIUSO2HIF6261PR yRECGHGt her™ EnmbBlPKENt

of the inueniiah, whamiikodhes gpheviidednf aRVt hegprieduct montEBY ¢ nfect i ous HBV
parti-cles by pseudotyping using chinmeric envel ope proteins derived from
speci fic functional domains of the HBV and HFV envel ope 5 proteins.

Further enbodisnedusthert herbagention tilirel ddeenhéopr oeieTidee oftheot Repve

vari oug hepadpayi rM@@ﬁmU&b&g mgmﬁ al S a€A¥El ORE aPheLRAS vOkus
chimeric e@%ﬁ E elgs deri v fro ecific 10 functi.ona onmai.ns of
- hepadnavi® fd ghmy U 'i)ad'é:epr'b? eftRs 2 a5 PEST6F 1ot Rer

hepadnavi rdises whncdhidesmprbstesar e not rest ricted to, woodchuck hepatitis
virus (WAV), ground squirrel hepatitis (GSHV), duck hepatitis B virus
(DHBV) ., snow goose hepatitis virus (S , and ot her_less-well 15
docunent ed hepaflavPaseRCiRD| at b f r]%)%’ avinusd dntelel GrapSipi BF$°8NE°

bi rdszoQ her enhadidentis ehtihedpavenkiiens aehysde the production of

{(b)measuring susceptibility of the hepadnavirus
sequenced in step (a) to the drug according to the
method of claim S0;

15
(c) expesing 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 (3} comparing the sequence determined in step
{(a) with the sequence of the hepadnavirusg 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 meagsuring 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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hepadnavi ruses using various other foany virus envel ope 20 proteins or
chineric envel ope proteins derived fromspecific functi onaDedemberZ06f
hepadnavi rus and various other foany virus envel ope proteins. Exanples of
other foany viruses (also referred to as spumaviruses) include, but are
not restrmMaX®@@04832 sim an foany virus (SFV), feline foanmpmiuiesi® (FFV)
bovi ne foany virus (BFV) , sea Iion foany virus (SLFV) , and hanster

f [ e di roducti on of HBV using retrovirus
o?a%ev: L\ljgrrl{ .Hggyl) nc&%ﬁ%)f rg%“% lé‘feﬁl r 55r| Hepadifaitusés T3thpdnvieto e
rotei ns or PERViged fom ﬁh%rpm@m@mpeoprMawWSl vierly f pamcs peeisf i16,

functi onal p@@ﬁ][ﬁbﬂ?p@'ﬁg h@@ﬁej@a\@hrl%rq@d éﬁﬁyéfa;?é uﬁjoydgetﬁt en}ﬁtgkgg prp’gel ns.

Exanpl es at her trovirus ncl ude, but restric
Type B ret rgw Fas8s (@]ﬁ%bgéc’ﬁﬁ%‘#?fm?%r i r 8 HBVSUBSE TUTE WE\EGHQ:RULE
26) 9 Decebbete2085 WO 03/ 000872 PCT1US02/ 19929

Further embodiments of the invention include the production of
other various hepadnaviruses, using human foamy virus envelope
proteins or chimeric envelope proteins derived from specific
10 functional domains of . hepadnavirus and human foamy wvirus
envelope proteins. Examples of other hepadnaviruses include,
but are not restricted to, woodchuck hepatitis virus (WHV),
ground squirrel hepatitis (GSHV), duck hepatitis B8 wvirus
(DHBV)., snow goose hepatitis virus (SGHV), and other less-well
15 documented hepadnaviruses isolated from cats, rodents,

marsupials and birds.

Other embodiments of the invention include the production of
hepadnaviruses wusing 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 wvirus {(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 specific functional domains of
hepadnavirus and retrovirus 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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(i1i1) Manmalian C-type retroviruses (ecotropic nmurine |eukem a virus,
anphotropi ¢ nurine | eukenia virus, gibbon ape | eukem a vi 8 Decefmber 2005

| eukem a virus, subgroup B); 5 (iii) Avian sarcoma/leukosis retroviruses
(subgroups A, B/E, D) ; (iv) Type D retroviruses (Mason-Pfizer nonkey
virus, siwbamoes@tyovirus 1 and 2); 10 (v) Human T cel |l | eokesiz/mbruses
(type I and Il) and bovine | eukem a virus; (vi) Lentiviruses (human

i mmunodefi ci enc ii\/i rug nter 1 1 ]é_tand 2, q:ui ne inf ect(i ou anem a_virus,
maedi /visria Vit Js) : E{V|Elpj)e T sh rettoviTuses © " Pnal ey s  prke | Eiikénta
...... and. . . . . .leukeygia omerud  uBiEdio teekeh gad inies B eugemowi vashs . 2@ibboni )
Drosophi | 'a ret ragyd rus; dgyins Yir@t Net 18 AROLIRBLS 2 0% 1 HR8, | Ayentd9n ancl ude
t he production of hepadnaviruses using envel ope proteins derived from

ot her 25 various envel oped viruses or chineric envel ope proteins derived
from speci fic funct) onalarddemaicsagi ehiteseBvekopevipustsi hsulefroups
hepadnavi r uses ﬁn%ﬁ hq_g} various envel oped viruses. Exanples of other
envel oped envel oped Viruses include, but are not restricted to,

t ogavi ruses, flaviviruses, 30 coronaviruses, rhabdoviruses, filoviruses,
par anyxovi r uses(iv)or thgd r usesetPURY aykEYS € fiia S5:8 NV S Enoni@RPe sy e es,
poxviruses, iridovirusesand .rotavi rllj_%gg I'n anot her enbodi nent, the

i nvention provisd]é%‘l 4 fet hod fof° 35 %uri ng the replication of HBV, and
the ré@lication of various other hepadnaviruses. 15 SUBSTI TUTE SHEET ( RULE

26) 9 Decenber QQO5HWQ593LPOQQZ¥ Hgiﬁ&gﬂglégggges (type I and II) and

bovine leukemia virus;

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

f
§
?
;
|
e

sarcoma viruses, snakehead fish retrovirus);
20

{viii) Drosophila retrovirus {(gypsy) .

Other embodiments of the invention include the production ot
hepadnaviruses using envelope proteins derived from other
25 various enveloped viruses or chimeric envelope proteins
derived from specific functional dJdomains of the envelope
proteins 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.

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

various other hepadnaviruses.

15
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I n anot her enbodi nent, the invention provides a nethod for neasuring the
susceptibility of HBV and ot her hepadnaviruses to drugs tB&@ecembeb2005HBV
reverse transcriptase, and the reverse transcriptases of other

hepadnavi ruses. 5 I n anot her enbodi nent, the invention provides a nethod
for ident WG/439gesiew and/ or additional inhibitors of HBV rRigyge19929
transcriptase, and the reverse transcriptases of other hepadnaviruses. 10
The neans d theds i ng V replication of.the _present

i nvention gghzggfappli%ﬁg?o t%e jdeﬁ%% i Cation of Shove e%nﬁiﬁ#§§F§iofO¥Bv
repl i cati oRSPABFUBPNG DUt P ihitiddr ©5, HBECBNA fottrat | bapadiaidnuses
assenbly, and egugss fxam tikginhs cebl. tovapad hergrbodigiente, they tne

invention proyides.a method for identifyin tations in the HBV P gene

t hat aIterEfﬁérssUEE%%?FET?F?§e%fOgERF?%g}Qé&§%§§W%%%ﬁﬁﬁﬂ ptase inhibitors.
20 The Teans and net hods of the present invention for identifying

mut ati ons thats @Rl SUICERIId Ity 5@ 1 : iptase inhibjtors
can be adagéeglénggher steps_ I n HB&jhe§ﬁ¥§%?$5%{é£ﬁ%% udi ng, %ﬁhéﬁnﬁbl
linited to  CREBNATRSr e o#Pd{7F i 6Adis8orade i ki regr efs HBVonrehersel | .
I n anot her teahediipntset he andvertieon peoyides arBBEROU Qs deyti fying,

mut ati ons %gpéggabgghg%ggne that alter the replicative capacity, or

"fitness" e means and net hods of the present invention for
i dentif%ing HBV P gene nutations that alter, replicative capacity can be
appl i ed t orhbe redent | f#hgati-onopl M at 'm@Q_téuﬁ.’@n@t hes; Fﬁéfpﬂfagémﬁ(?%rf%@ :

surface (S and transactivanion ( .) ) _that alter 35 HBV replicative
resent invention c¢an be ‘applied to the identification of

capacity. novel inhibitors of HBV replication including, but not limited
to, cecDNA formation, virion assembly, and egress from the
15 cell.
In another embodiment, the invention provides a mwethod 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 replicatioh,
including, but not limited to, cccDNA 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
reﬁlicative 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) , suxface (8) , and transactivanion (X) ) that alter
35 HBV replicative capacity.

(4]
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16 SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WO-03/000872 PCT/ US42/ 19929

I n anot her enbodi nent, the invention provides a nethod for9 Desember 2005
measur enents of HBV drug susceptibility to guide the antiviral treatnent

of individuals infected with HBV. 5 In another enbodi nent, the invention
provi des ayagridoe2for using replicative capacity neasur eR€RUEIA18929ui de t he
treatnent of individuals failing anti--HBV drug treatnment. The enbodi nents
of the present invention are achieved hy 10,using envel ope pr hei S- .
derived fA&m anebey regﬁoé\h“%e%'toth?olﬁ?’%ﬁ&@npég@d’dt ped*hépadnavi rus
Vi ri.ons_ FRAMoVi ks Sram@vi $ US fr ebv catrugn <hbs e teigliitgat Fon Ppaitdenaike of
hepadnavi r uses . i ¢ch includes t i jgmilar in that
bot h pack lé’l&\égngﬁleggfngﬁgt ﬁfRﬁg}%ﬁgggﬁ%g@%%ﬁ%é@%ﬁa@s@ri pt ase (RT)
to generate a double stranded (ds) DNA that serves as the tenplate for

tr ?nscghptfnona%tﬁéf alorBRREMent | Nfget adveaklisn 30 -Foiates Var ﬁ@slc(cm sor
referred to as spumaviryses) conprise an _at cal genu ip.t

retrovi rU§W§qpﬂ‘lﬂ%v§e\?@§0ltérsBE@FEJTSF\ZBE& &Or %BF?‘%Q%?‘%n%S?EWE?tar e
di stinct fgromddiati deklsalflzidtiner anetir B8V dsugepeeatndiot abl y, these unusual
aspects of the foany virus replication closely resenble features of 25
hepdnavirus replication, including HBV, and could reflect a onmon

evol uti on&@he | i rikised RSt he pAdnEYE r B¥E§°RAd FHHRF <A rﬁ§§s.aq§bja‘??§?6\{/i Piises
have bgen J&Ref taf 10 et <8 neardeativedofEreal | at yfesnfr omearearivesy ob
mammal i an and “avi an speci es, suggesti.ng that foa irus receptors
represent Qi FHRABEE Seé’ﬁ}%gk’ﬁ)teésg‘g&agg Flgﬁ?fggﬁg%?%f eins. Sinmlarities
Bet ween Hepadnavirus and Foany Virus Replication 35 Both hepadnaviruses and

retrovirusgs, WtiJize REQUEHNAG L ERkidatheRonDuri ng hepadnavi rus
replication, The conversion 17

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 digtinct from that of
all other retrovirus genera. Notably, these unusual aspects of
the foamy virus replication ciogsely resemble features of

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

30 expressed cell surface proteins.

gimilarities Between Hepadnaviyus and Foamy Virus Replication

35 Both hepadnaviruses and retroviruses utilize RT during.

replication; During hepadnavirus replication, the conversion

17
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SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WO 03/000872 PCT/ US02119929 of a
packaged single stranded pre-genonmc RNA transcript to doglbeeesbeazaisd
genom ¢ DNA by RT takes place before virus particles enter new host cells.
Conversely, during retrovirus replication, this step occurs after the

Vi rus ent ryostems7Recent studies indicate that unlike all ygtihen2/kaeown
retroviruses, an estinmated 10-15a of foarry virus particles contain genomc

| engt h doubl.e stran e et al 96), "Human Foany Virus
Repl i cat i on- fg ?Dapﬁwa BNA?WL{L? r%?ﬁﬁ*ﬁ%?d oPrng%P?‘?ﬁl %n%/%bscrlpt to

‘Hepadnavi r geegle Sétrem@eQYQenbﬁtig I882; b¥u Rlet takes (ELESQ) ,befntdengeEhat
the Human %%@@ic\{erglserg@élomﬂshow%elﬂs V&:&gbexz&%e téﬁrlrﬁg“}etkevti@ S

group of reétroviruses i cant anmounts of rever rans ion oCEurs
before vi FG® ﬁ&rattulanes S Fe St eReRCEBIF s L Rtist e sERBIF NPt hie ER—'IeJ%t ep 15
in hepaglnavirus replication. | n new y infected cel I s, both hepadnaw ruses

and retrovig] pr.odyce_| ar. unts,_of viral te| For
hepadnavi rusés%%t%hl s‘éf‘)ggfﬁe C prd‘t m?: Elg?%r S rugi 45 nckuges
the Gag polPrevérmsesnsi 8L rﬁf‘fdﬁﬂad:@rﬂal h8-that ofcofipainge \tahelsrrapaurxlél&/lé}s

capsi d (CALcaRé iiU¢2ReARS 11¢ rnghi) doﬂb%els%anhedh@ﬁﬁdre?w LYSES a“qlégﬁ
Vi ruses thQ core 1q_pl’ otei.ns transientl | ocalize wth t he nucl eus

nova synt hE5"28d FOFFE pricts ﬁsep(lﬁg?‘tﬂBPyﬁr BPEPW?YOF’léFFHSFhéFO’Rn€Rﬁt29f
retrovid us@stareirests ciretl Hepa@naa@wwéﬁsm gtientected - cﬂ’l@-lﬁ'&hze N&u
domai n of | _ret rqVvig. Ga LypLOt-el NS hefo Vi ruses

cont ai ns aélthl éihl q\ggﬁsléﬁaﬂvegjvagﬁés{l?e trl;gi t d| negay Oﬁlmg) Plf ?ﬁg?épﬁﬁys
an essent i &N2f ol 6 VirPhe BPndiR§OoLZNE t oIneth@w gysugendniretRANALandes,

packagi ng. s3@nB§El§a\Mtt ZmBnt@l Al radf9Ge R%aq@gé&asgmgm C%écul@p before
M cr obi ol . Irrrrun 214: 177-218. The NC of foa vViru

pol ypr ot ei NS Pﬁcl?atlﬁé S SES TS bR s 5 Ring etgki‘%ngTr?EﬁPi n
gl yci n5 andnahgpridne v @ug- Aeg);m&:hebnephake,

In newly infected cells, both hepadnaviruses and retroviruses
produce large  amounts of viral core protein. For
hepadnaviruses this is the C protein and for retrovirusesg it
20 includes the Gag polyprotein consisting of domains that
comprise the matrxix (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 retrovirus Gag polyproteins,
except the foamy viruses, containg a ‘highly conserved
cysteine-histidine (Cys-His) motif that plays an essential role
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,
AW. , et al. 1994. Nuclear localzation of foamy wvirus Gag
35 precursor protein. J. Virol. 68:4946-4954. Yu, §.F., et al.

1996. The carboxyl terminus of the human Ffoamy virus Gag
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AW | et al. 1994. Nuclear |ocal zation of foany virus Gag 35 precursor
protein. J. Virol. 68:4946-4954. Yu, S.F., et al. 1996. The Deaedbsy2005
term nus of the human foamny virus Gag 18 SUBSTI TUTE SHEET (RULE 26) 9
Decenber 2005 WO 113/000872 PCTI US02/ 19929 protein contains separable

nucl ei ¢ acivg Bisw@rng and nucl ear transport domains. J. Viecaluse2/19929

70: 8255- 8262. One of these regions was. shown to function as a nucl ear

| ocal i zati on lgnal Anal ogous A y-Arg nptifs exist in_the hepadnaw rus 5

core (C prBF‘éF’ﬁ% AP PE TS KRTRAEP bt a?uFFrﬁéFt LG oPERIT I RRRD patkkRATg
and nucl eatrbnspbizat donadhst hesC proteln Habttopss-8R62 et ‘ale 1c9192 t HNA

and DNA- bi DQ?EQHQC%&“&%&& hepatd {13 . O%\fv' rus c @égi rot 1 0., 8 nodel

for their es ' in vir replication. i F6l . ssamrf\/l
1992, The i@ga@érnuw31qqﬂv9do%1/ni\§9 tmuf@atsmss B i tt}g cl@ﬁr}_@acﬂnem:ewﬁ is

required f ebr@er(ge@@aee@ﬁga@ﬁadat:eaomlﬁ@@y pf@dy%y vgnyd)f@fint pasidd vy stfand
DNA synt hesis. but_not for virus a 66:4107-4116. 15 Al

of t he knoRRCFBRI B9 ASoueleitnt LORBIFBARYOT Fisadie —ExBEeLe [theiattiat
genes (RT @nd enht edrase 5@l NRNp-otegich S)Nash i fEagx ol cipiotitpreat eimsheg@cksis T.
1990. Transl I r n ge r o] ruses, fad
retrotrans%ogéinlgfga ca%HEB ?‘% B ngrﬁ?&(;%?an P. %‘égf) %[J}%VS! E%Sv

Ret r ovi ruségpléﬁ%%%r es! of Vllé‘ﬁlll cafPoh232 spPthgetiagsdlag, BeriLPﬂ GeFlrrany .

I n contor aS&rgiﬂthﬁé!—rﬂd:Hi uaeﬁaeﬁpbes&ﬂeh&tdpa?gm&pl ypr eneugs sepal %_iﬁbtyeifr[ om

Gag pol ypr gt e| ns.,. s expression .i adn viruses
S Por orS SRR (Ot ur Tt o R P Larl i 280n HARHR YR stk
from t hat pbsnewgvﬂme@ aﬁa Syeppdasdw rugesnot Sﬁoen@felzm.aﬁ&mﬂ%z J.

Lochel't, Miyoft c@la1d99dy,Lonstruction of-an infectious DNA cl one of the
full- : :

15 All of the known retroviruses, except the foamy viruses,
express their pol genes (RT and integrase (IN} proteins) as
Gag-Pol polyproteins. Jacks, 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 feplication.
Springer-Verlayg, Berlin, Germany . In contrast, foamy
viruseg express their Pol polyproteins separately £from Gag

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 271:1575-1582. 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. Viroclogy 184:43-54. , Yu, S8.F., et al. 1996.

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

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

viruses, bud from the cell surface and thus acquire their

L
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| engt h human spumaretrovirus genone and nutagenesis of the bel .1 gene.
Virology 184:43-54. , Yu, S.F., et al. 1996. 30 Producti ve Dpeesbst20t

i nfection-of hematopoietic cells by human foany virus. J. Viral.

70: 1250-1254. Retrovirus particle formati on occurs: exclusively within the

cyt opl asmyw®ulddgy vary in precise |ocation depending on phevshyspecific
virus. Al known retroviruses, except the foany viruses, bud fromthe cell

surface and thus acquire their 19 SUBSTI TUTE SHEET ( RULE 26) 9 Decenber
2005 WO OWBWVP%WH%W JHEr R SLGFRNERBPERESH r ofh CRECERESma

menbr ane. Hothc @uamdstvirdeeid fropmepddniisaswaed bepadraw rthsesnbdod]lbeam:t he

endopl asm_¢ . .r et.i cul (ER) -and t hus_acquire t.hei -ope rane_from
the int raéreeitlllﬁu&rumne r)ang)lgor?%élrs t rfaecrﬁu.*q‘lahe&feajtqt eérnﬁ%ni;&%? pﬁngﬁg%m\?\h§r88t h
t he hepadidd ridescaidulive gmmdncusescaréTeatgelfe dekteasssri atedainhil e

ot her et Wi rHses BhE 8@phlhashed sbeomnd henselbudel Ahdsedl are Bt adbe1 998,
The carboxy-term nal, p36"' d ma]: n of the human foany virus Ggg pE}e ursor is
required St @FHEGEEYi MIS S ARGV iTSFE Wi YFGGy 2287 SPS13Y YHSISTES™ et
10 al ., 1993 bl ysésalbd,the role: o&lt hesbel Zhd betrbopsn teredding oBFines
of human f 3% ;vi IHE%Q% thtat] cadd.

67:6618- 6@% . Pr i%#s%lg%/ anc u??%gyvr??g% !fg%él %?%ﬁéﬁg%(hl%egag[ﬁg%ﬁuggg and
15 r et r oviefiddesieadncerivat éNEBEELT L EY enValrepeIpr Gtidi:ds 1i-t Mt aSsPeci £fc
host tel | gyenbr @apezconpaiiyené, dhathserMes asft hehe s@HICEaAl S open
envel ope nenbr.ane. ln the caze f hepaggavi ruses these are the

t hr ee- sur fF&CE Pt eF " Ehcoded Bﬁ}‘m%e Y&he (HHEFGe, “Ki ddtE%hd 3maft"s)
and for retreoriiteseye?@schey ar.e Vithelsubf7aéélrf SEh24and transnmenbrane (TM
proteins encoded by the envel ope (env) gene. Both hepadnavirus S proteins

and foamy virus TMproteins are reported to contain sorting notifs that
| ocal i ze tERESE ﬁrcbt G WFhng vhRsipr formation both hepadnaviruses and

15 retroviruses concentrate specific envelope proteins within a
specifié host c¢ell 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
sorting motifs 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, if not all known
retroviruses, excluding the foamy viruses, env protein
expression is 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 fhe expression of S gene products, and more

35 specifically budding requires appropriate expression of the

‘large 8 protein. Bruss & Ganum 1991 from table.

20
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menbr ane conpartnment CGoepfer, P.A, et al. 1997. A sorting 25 mot i f

| ocalizes the foany virus glycoprotein to the endoplasm comeicesbetZ005].
Virol. 71:778-784, T. Kaminura et al., and P. Roingeard, 1990. For nmany,
if not all known retroviruses, excluding the foany viruses, env protein

expr essi onyigsysAhdper si bl e for the egress of virions from tdg/ 3020809
(al beit env deficient particles are not infectious) . In contrast, the

egress of infectious foany virus particles from the cell is dependent on
env gene eXpeessitmuifed andap@) . bySifvidmar | yirusrs agsdntiapagRavateeeFosTe

hepadnavi r ug %L $i 908 kg vdgpengent on the expression of S gene products,
and nmore 35 specifically budding requires appropriate expression of the

|l arge S protein. Bruss & Ganum 1991 fromtable. 20 SUBSTI TUTE SHEET ( RULE
26) 9 Decemhert12005as¥0 HB/ 6%87&211:%@'/ hJ&ﬁ:QtiL@QQQ BThmfeatuﬁI@ST shear el bys
foanmy viruses .and ;hepadnayi r rigzedJn Tabke lg lo.1he case of
t he hur#a gggfﬁcﬁ S gy v?%%%gf‘%% par es pro duced br transi ent
transfecti énfoftéansudiad eid.s kitte 1of eeltll BhETPRn Vingo PIasc gt IRESARIOR

The bl ock tQyi HeeChiONeoMhebenishian do éﬁea@bepp@ep@ﬁaae appr Qparde@ite;ﬂ—lah
receptor on the ell surface, In contrast R n&,g?yus Eﬂgs a
very broad EREs Cerldngdt S5 LApEBTE BT n]?%%?]ilng e 10 vari ety of Ccell
| i nes. Thi sesygdestsdt hatstt heatdfy reecepisr qapeblse szfubilqﬁﬁctm y2exptessed
cel | fa%%gﬁéegeb@ cHRY QQQEEFVTﬁgglbﬁ@%é@ﬂspgﬁﬂﬂayﬁehﬁyﬁ BEVEFBbr Shay | ar

features ect to_virion asse %i/ din The invention 15
descri bes 'EOI@eanﬁéﬁﬁuaﬁﬁuﬁéﬁhééﬁr?%s%@p‘l: t %‘FWEF%%H’ YWt ween t he
replication pathways of a hepadnaw rus, such as HBV and a foany

retrovi rus uch a i er to_circunven es:Lhat, restei el
hepadnavi r G5 ?III‘J(?FT:IerP clé:IaI *cu tpuﬁ "¢y 56 g?%@-gh ferred enbodi ment,
HFV envelo&&tmror@$m5¢t(nto virion assembly‘ and. buddlng' The invention

15 describes the means and methods to exploit similarities
between the replicatien 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 prcteins, 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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20 chineric envel ope proteins containing specific functional domains of
the HBV and HFV envel ope proteins, can be used to gener at @ Oddgmbar 2005 es
that are capable of using the hunman foamy virus receptor to enter a w de
variety of cell types. 25 As used herein, "hepadnavirus genonme expression
vector" rewerismnodsm a vector(s) that conprises at |east a fcagmemnivoof a of
hepadnavi rus genonme and is capable of transient transcription of the
hepadnavi rus RNA .and hepadnavirus _pratein rodu tion Iow

i ntroduct i%dh i ARG &ATEGpropriate BEEA" iR 13 oé‘?‘?ﬁ leéf:r O%TJF%S that
envel ope exiprtessi chimectior " awef ertsrdugyla a/eoiaarcttﬂma:t compsi sedsat lkeasta a
fragment ofcfi[oame Lft mwlegébﬁlavg's eoene ahllseapable,of tLapsiently
produci ng a foany retrovirus enve protein wing 35 introduction
into an arﬁﬁ]di‘ﬁl‘aifeléélhlt ‘95 re. m@&s'saﬁsﬁ*?TWEEéﬂEEtrh(RQLerze;t)h@ PeEentsdr
2005 VO Q300887 2NRCT 30241 9929 i AR i ckhdi-Cat Aihatdfd el Gehdrat £HLrsrt @ a

nucl eic acid that ei |y rough action rise to. a
neasur abl €77¢ (?céa'\%l e aspggT%x oFgﬁ%F ctabl ef}]é P% EC? eq{ slecs'ol or of™
light of amiiasabl@ewayeberndieh or cnlmhéa@:@s@&}fe SWM oenRNAcEsédtas an

i ndi cator &, change Hgenenat QR Ofefe SRECH I&%@rl&lﬁféﬁyét tglecher
Preferred exanpl es of an _indicator gene is the coil Iac% gene
f

encodes betRMgafaEt 65PARLE, FREHWESyenE it h “elﬁ%oaége’%% Fas‘?@%%lﬁer
from 1bor @mrﬂdlﬁmsPho(ttm Ssspyr abassy) he dha efd.y) coiti ReplhdA a déhe enitfiatim s

(the sea pans th l'i_.phoA gene which i phatase,
green fl uoresc%?ee p?% 1_188 rPciPos%n ac‘lcb %er?a?e&%%%%s;%\lk}eﬁ%h n%):it’p))&e)ﬁ Eiss
chloranphéﬁﬁtolba@@@@yﬁﬂrangﬁﬁragﬁﬂuﬁddwﬁﬂ@ﬁal 9?@@@¢$ed<€%%ﬁﬁﬁ%2?ﬁﬂ1QQ¥

i ndi cat or gens,arersad-efed pr @H@hﬂ?;oﬁélce'ﬁléﬁgﬁaé‘cﬁ PeabRpbneslS éhat a1 e

readi | neasured by assay, such as r i munoassa
y lnéacatogvgeneyare secrete protelns or c%ll surface proteins

15 that are readily measured by assay, such as radioimmuncassay

(RID), or fluorescent activated cell sorting {(FACS),
including, for example, growth factors, cytokines and cell
surface antigens (e.g. growth  hormone, I1-2 or Ch4,
respectively). "Indicator gene" is understood to also include

20 a selection gene, also referred to as a selectable marker.
Examples of suitable selectable wmarkers 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
" fynctional® or "non-functional" as described in U.S. Patent
No. 6,242,187.

35 '

A thepadnavirus indicator vector” or "indicator gemne viral

2
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(RIA), or fluorescent activated cell sorting (FAGS), including, for
exanple, gromh factors, cytokines and cell surface anti gebecémber20§650w h
hormone, 1:1-2 or CD4, respectively) . "Indicator gene" is understood to
al so include 20 a selection gene, also referred to as a sel ectabl e marker.
Exanpl es ofosyuinbi@ll e sel ectabl e markers for mammal i an cel IrET/tEBNE19929

di hydrofol ate reductase (DHFR), thym dine kinase, hygronycin, neonycin,
zeocin or E. coli In the case of “the foregoi ng exanpl es of indicator

genes, t heV§hePEat bgf‘%ﬁﬁet% 2 NPT eht2der PREAIREBgeRTCRFE Gifs &ttt e,
i - di stinepadaad sepagenergenasd ba sondicases gepatl i enteldeakvef rsegrent

may al so bfugfﬁgrséeagpdndigatc%r 29908 oL N 9NRLSUED ahOdlIEN. (i i cfy, the

pati ent-derived segmne corres one V|r gene ch1s
the targetR¥. a‘ﬁh%ntRN&n r@@m@h%gofth%o sHPeR 16 rel eefeHes mﬂt@lw séidfe as

tpe i ndj caﬁg@&k ey S5 dhe mﬂl Cat OF h Oped e Ak dfﬂflcbr&dlaﬁﬁi ogo@emrdfegé be
unct|ona

or "non-functj as _described i ahent
6, 242, 187. “FHEPIHRV s ?%dl@%\“?orR%ct oTARGrT iR d| totr eger%éeR/ac?‘véafV%S
SUBSTI TUTEpcSl—jEEé’14§&JLaEac26ﬁo:9 Der errtyere 2005 WD @3e0088712a2PCT/ Ysar/ 19929
vector"” refers to a DNA vector that contains elenents of the hepadnavirus
genone and an indicator gene, such as firefly |UCIf erase and i s capable
of transi éht "PRrakRSIIHtReRtoFean" RRNA"THRELRRALEONERITRES f@ 2 cell that

si gnahs/ el eagnksppeadi t&@rf@_rentpa@zk@gimﬁ &ﬂEtRNAHdﬁa@nfa@fﬁaﬁﬁﬁa\@éruﬁnic
virions andé rever Se transcrly jon of reeSSlO tvran%grl pt by the
hepadnavi rus %% asleowh]ﬂmfor t epexpr ssion 0 ehe i 'hdi cat or gene, A
"packagi ng host ceII or "first cell" refers to a cell that 10 can support

transi ent gxprosalon.of1d hg-hepadpayi tus19enafees ard doany dipld Qigksss
envelope expr essi on vectors.
a foamy retrovirus envelope receptor and are capable of

15 supporting hepadnavirus replication once foamy retrovirus
pseudotyped hepadnavirus virions have entered the cell via the
foamy retrovirus receptor. What is meant by "foamy retrovirus
pseudotyped hepadnavirus virions" are hepadnavirus virxions
containing one or more proteins derived from a foamy

20 retrovirus.

As used herein, Upatient-derived segment" encompasses 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 incorporated intc be
described vectors, such as the hepadnavirus expression vector
using any of several alternative cloning technigues. For
30 example, cloning via the introduction of class II restriction
sites into both the plasmid backbone and the patient-derived
segments or by uracil DNA glycosylase primer cloning or a

method of recombination or seamless cloning.

35  The patient4derived segment may be obtained by any method of‘

molecular cloning or gene amplification, or modifications
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A "target cell"” or "second cell"” refers to cells that express a foany
retrovirus envel ope receptor and are capable of 15 support Dipcheperd2Déi r us
replication once foany retrovirus pseudotyped hepadnavirus virions have
entered the cell via the foamy retrovirus receptor. Wiat is neant by

“foany retygvkiss7: Pseudot yped hepadnavirus virions" are hepackaaydobdls
virions containing one or mor e proteins derived froma foany 20

retrovirus. As used herein, "patient-derived segnent” enconpasses nucleic
aci d segnebbereRti vEY f 1o PMBHAN BT ARREUS HMONGS SPEETRECT SHERSspetd es

i ncl ude, ba@s@fgoé@tbéwm egtt@héhéﬂ@gnéﬁe@he 2ot Do 8E8er LAt d | £ mGat S and
dogs. Patigent- deE %% :t?rééorporqt ed int gﬂ‘f?‘e descr.i bed
vectors, sduch &&°F u’ﬁ8§ Pru ?xp $Ei o Vect 6 - dsirng ! of*Ssevietal
alternati v@p&@mwgmechﬁmuesswﬁnr 36cexanpl Eprcl emanglei a time a gene

i ntroduct i 9p, pf £ £LASSoh | TRSEEIST T Qycrsi t g3 | nbegbot hrgaélp&@md hackhone

and the patient-derived segments or by uracil DNA glycosyl ase priner
cloning orCATHERPRIGET L oHHF nREFIRNEr SSEHANESS a&lf&ﬁm% sEtqhecan be
pat i ent =dethvethsegnedt amy the obhainesk by hanyphehdpd afzedmliecutvs chami ng

Pecombor - o0TE 055 0U0RTS TR U 71 0035 T HE eSSl i St RYC At B
sequence aeREbt elogiings, aid Jesekrbedipel owtest Tdwne bﬂd§1¥ﬁ0@@§at6d at

pati enf- de&hé/eenagg@&nttﬂeo pPEnd FY QGG efot ko rkhe odeseddrd é@%@ SeDiddIch
as the he ad avi yus ression ve For exanple, in a gene

c
anpl i ficat Yt et Hod h &5 ﬁcﬁ}‘eFé%"E‘r i 45N o8 t BELTEEFE B&hdl‘?ﬁa 5% he
pati ent - seqjuericer actepedr osi hes:loaadb@NAl Nearigonatsed iatt itdhe sdnds efart Hee

primers USﬁE’cé Eﬁ)él@tgchinq:ga 1§!nQ1r£ atloka 14,2 PRLecHlar;,clonl fg get hod
such as onl ng, sal restr ction sites can be Inco orate at
T e patlent seguence acceptor sites may also be reglons

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 patieht—derived segments. Sets of vectors having designed

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

vector alone.

As used hexein, "replication capacity" is defined herein is a
25 measure of how well the wvirus 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.
Az 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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10 the ends of the priners used for first or second strand cDNA synthesis,
or in a nethod such as priner-repair of DNA  whet her cloné®ezembeci@ied
DNA, said restriction sites can be incorporated into the primers used for
the repair reaction. The patient sequence acceptor sites may al so be

regi ons 15ydesh@eed to permt honol ogous reconbi nati on or pcompbevent ary
anneal i ng between the patient derived segnent and the hepadnavirus
expressi on_ vector Q%ﬂggtlent sequence accept or Ees and primers. are

desi gned tF i NPT ov® PepPERENt AT oA=2BP LFat P@Pﬁ“a eFRTLAn sdGnBrPSUTSEt s
of vector§nhaﬂlmgﬂxm$|ghedaﬂ@umatoénnuseqaease accéptor setesrpdobviydehe

represent algn oo RALL AN arniied SedROLy LBaLawout fbe: Undetepsesent ed

in one vector alone ereln re I'i cation capacit I's defined
herein is a 25 nmeasure of how wel |l the Vi rus repllcates ThIS may al so be
referrad toplasswvidal Binnessscddy @neaeabwlémiatécﬁpbycad | QBwegapagdd y pcan

be. neasur b e aluat n the abiljt vVirus tor chat
single rouj:ﬁgL C%l r&e/p ca I g% 30 aﬂ?sé}usl)e/d R e’ls " J(i;%){nt rgﬁarr edi%t &n asmtlggt
vector" i shalefimedras eidhegs| gt isdsty vemulaf@bﬁrpr bebhgchy starddedle

hepadnavi rdjs a&%ﬂ&'@é‘&@rié@éd axanl e.o.HRMay W and, ant hpdiCateor, (gene 1 143,1sed
herein, "nornalj is defined as standardizing the 35 ampunt_ of the

expr essi orP G5 r29eMEd NSl etr bt 3RS e OB R nbet™ o AR ACR
parti aloes qqudvqnanseplasmhesexpreﬂﬁxnm 24 SUBSId TEFE SHekh ((RULEh26)Rr@

Decenber 03/0 2. PCT/.US 199. t . For
exanpl e, %%%ﬁ&¥99a3%6%gﬁﬁaﬁ%§g&5eg%%bggﬁgng 1&8 thggﬁgu%%tg$£$Uciferase
activity measured by the nunber of viraI particles nmeasured at the tinme of

infection.cénhsRhasidds” andnyadicys ale Wasighated By @ﬁl@%r £ASRAA
f ol | owed | etters and/ or nunbers. startlnﬁ ghasng selQermdéggg%Od
eit her %é’racﬁlacfnr vy a%FﬁBF?aCth%l F%‘ané@é‘??aﬁf g are w

in 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 Laboratoxry, N.Y.). Isclated plasmids, DNA sequences, or
gsynthesized 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, 5483-5467)

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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on an unrestricted basis, or can be constructed fromavailable plasmds in
accord with published procedures. In addition, 10 equi val eftDgokebeat 25t o

t hose described are known in the art and will be apparent to the
ordinarily skilled artisan. Construction of the vectors of the invention
enpl oys st amdarodos7hi gati on and restriction techni ques whi chCEUS 20Kl
understood 15 in the art  (see Ausubel et ai., (1987) Current Protocols in

Mol ecul ar Biology, Wley Interscie iatis et al., (1992) in
Mol ecul ar C oning: A |laboratory Nhgﬁg%ﬁg%%gg Spring Harbor Laboratory,

N.Y.). Isolated plasnids DNA sequences or synthesized oligonucl eotides

are cleaved, tailore and | N the f.ormdesired. Th uences
of all DNA co]%%?ru%'f%pmrﬁ:o ag'i’r%‘g" %/r#%é’tsgj mg el}é’pc?oﬁf"f’?'ﬁé& by DNA
sequence anal ysi s (Sanger ggrgbed(iggﬁ)ﬂﬁﬁgﬁ rdRL) . vAe@ed. Sci. 74,
5463-5467). . 25 The devel opnent of a nmethod to generate infectious

pseudotyped hepadnavirus virions having envel ope proteins derived froma

foamy retreuiEus gRaphes tre%l@e\éelaomedﬁs afnd ﬂnéﬂﬂcfd?s cehqt &@éﬁéjtﬁ%éaﬁﬁvf or
hepadnaV|ruses én%%¥&FQ%fbut no I|m
al

% drug susce§t|b| |t¥ i
resi st ance” &858y ?tﬁ@?? a}% At YeROLTRFY £&ddystrotures
identify hepddaaVabmssha@taelbn$1mbschhabnéeprdeﬂgthesretapt@r Hbe Human

fol Lowi g #XaApI SB1A6E PARAN! diid RULUCTdd | YRiidke  80d,ealkal ot D,

i nvention an t'aken as I'n any
SUBSTITRUTESSHEETRE RULES2 6 )PP Fcbefser 2085 vecegpeeengpc @\Usoemeb@ge

EXAMPLE | PsebdohypifgoHepat nbin®BnM 1dfs dist nghdEmied operHroia nst bDersyved

from Human F?fnythaEUare permissive for HFV infection, i.e. express HFV

receptors on the cell surface. HBV wvirions produced by the
method‘ enter the cell by binding and interacting with the HFV

15 receptor, thereby circumventing the normal HBV entry pathway,
which is thought to involve the HBV surface protein (S) and

an, as yet, unidentified host cell HBV receptor. It is widely
held that the dinability of HBV to infect cultured cells is
likely to be due to a block (s) at the attachment and/or entry

20 steps. The wmeans 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 as 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 involves the following components;

35 (1) HBV genome _expression vector: a DNA vector that
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Thi s exanpl e provides a neans and nethods for generating HBV virions that
are capable of infecting primary cell cultures and establ 9 fleeembel3006i nes
that express the receptor for Human Foany Virus (HFV). The nmeans and

met hods provi ded herein 10 describe the procedures for incorporating HFV
envel ope WoaB#Ms32 i nto the nmenbrane of HBV and the i nfecthidvisod/iway get
cells that are perm ssive for HFV infection, i.e. express HFV receptors on
t he cell %yacesengV i,/ll ri S/ produced b%/% met hod inter he cel |

bi ndi ng and TRt eract i Hgwi tF 1 h&FIRF5 F%eptdr, “PREPEGY & cu"rﬁlae‘?ﬁjreﬁg-the
nor mal HBWGEansyr bat hewayef WAVCRNAS afldoWint e deivoleodihet HBY Sur facaig
protei n ( SinandaudloRsi¥el . inidanildial hash gekl HBY 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 attachnment and/or entry 20 steps. The neans
and netshodséi f br HBY odndi egt b nf-eettous i—iBthoyvecp&ﬁudﬂia/tpicf@qwiﬁ\s HEMeoted ope
proteins previded t hi a e n dapt ed to ot her adnavi ruses,
sonme of Wm{)% tq%ayi{ggr eesmaosﬁsae%jsg}%1 %r%l ng’l%l% g% HB\?é: g = tul
exanpl e dlgkiERERS®odERuUcks heprakdei r@:fseé?raAéélﬁrlFortralt%Cmrandf25’:111

met hods f ogNgr odugé NgrrAf e@@m@yﬁnw\/ﬂb& p§ fy RNt Mt HRV, snvel opg-

proteins can be adapt e otypin and, ot her he adnaV| ruses wth
the envel ope” ot ne fgf %ﬁ l’%ﬁb ‘%l Tees ('SP rtfes)Lo% et oAt iRses,

and a l¥ar i etansfrimniel ap’édtheraﬁes Lr3fsFhépsybyemhto HEvh eodqiryodkiittsieo mraf
HBV partictes m@@g&gﬁo&q M V e eins and the successful
i i ture cecf ¢ ves %a%%gcl FJ{)%

i nfection of cul S 1 nvo W g conponents; 35 (i) HBV
genome expression vector: a DNA vector that 26 SUBSTI TUTE SHEET (RULE 26) 9

Decenber 2006i MO 810QQ8E2 T/ US2EE8928  vector: a DNA vector that

comprises the HFV envelope gene and is capable of transiently

15 producing HFV envelope proteins following introduction into an

appropriate cell line.

{iv) Packaging hogt cell or first cell: cells that can support
transient expression o©f 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 wvia 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
. Qerived 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 is
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 to as "“"HBV-

i)
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conprises the HBV genone and is capable of transient transcription of HBV
RNA and HBV protein production follow ng introduction int8 Decemper2005 at e
cell line.-5 (ii) HBV indicator vector: a DNA vector that contains elenents
of the HBV genone and an indicator gene, such as firefly luciferase and is
capabl e of wig@nsesent transcription of an RNA The RNA conp@irosiziitwes

signal s/elenents required for packaging of the RNA into HBV virions and
for reverse %0 transcrlgti an of the RNA transcrip the HBV pal ynerase

and for tRBESPrUssiBi of " tRe iR C&for Pen®rRi SF?‘XWV%W‘%I opgdicator
expr essi ongeeet virah BNAaect.0Thihdnhdi conpr | e thevHieésery eleapét geaeannd

I's capabl egh L8RS epelnahdpr adyci IIQ(? %‘ J.rf\gnvlle,bgpé e%ttg.lv%s_ fald OW?FS%F

|ntroduct|on|nto an appr op rlate ce aln% OS ce
first cell Se¢ef| SOLhariadn Wigeoier tvarnsiam wte%%i ot ofiopBV pgetisaicg and

HFV env&l opell20 @xpr essb@ic Veﬁt Qufrﬁiuﬁ%br-rajegﬁ gebdu@l, secend 1gellrerg8k!l s
t hat expregs. { t he HFV en vel pe, ﬁﬁ%e qgﬁggare capa | e of sup ortln HBV
Vir

replication oncletllr-iF\/ppselllJ%% yped hiVe %enl Jelfeecéf:tﬁlg ’éﬁ“céﬁ Vi a.

the HFV reé&épgde. reBv gehoi exgnldssiconny eddor sndieaatrapaiene virgpr osutbng

HBV partickas £0!L0u NG t heldnipt E@dueké%ﬂéﬁc%/f&%ﬁﬁégl EQSBO%&CE&%S piBY
gene expre?%lgﬁ‘Tl can be requl ated by 30 HBV re%éj atory el enents

exogenous ST yoRE BV, (F@HP@%%PET rem %e@%oﬁ?@é@t% gere hé‘lﬁiﬂmn
cyt onelal ovectsr whrte BN eg@sy | gecgeneepr 0804 er b eghed Cetvei @MWt rdicripkAsa

prefered enbadl o0l LB 5 LOVEnL 0N, oXRresshan o bhe LBY genore s

regul at ed ronot er/ enhancer ONE expression vB& ors
may al so cdhtHide aetindf cﬁ@fﬁ?lec‘j’eﬁélrb@%mﬁi agufy ps@m:,tmeu@rf alage repasthng

case, the yeeiis ase reherrqd b0 agirhBVsG 24nsUBBH TWIE SHEEIS{RUWLE 26)

lamivudine, [3TC}), and moclecular clones of HBV that possess defined

15 RT sequences that contain or lack drug resistance associated
mutations (M550V) .

The HFV envelope expression vector contains the HFV envelope gene
region and is wused to produce the HFV envelope gené product
{gp130env). The gpl3lenv is a polyprotein that is 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 CMV-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

B
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9 Decenber 2005 \VO 03/000872 PCT/US02/ 19929 i ndi cator gene viral vectors”
or nore generally as "indicator gene viral vectors". The Bimgiceaber 2@Ene
provi des a sensitive and convenient mechani smfor neasuring the
infectivity of target cells following infection by virus produced in host
packagi ng o 69hdogz2 The anount of indicator gene product, pceushuppierase
activity, produced in target cells is .a direct neasure of a single round
of HBV replication. HBV indicator gene-viral vectors can be used to
assenbl e HRNV-TBepi-ehanGoLihiness (kegl Meeinr Ferbypoulepl ati ay. speedd i cigdBY
sequences of the HBV indicator gene viral 10 vector with HBV gene sequences
(e.g. P geitdlrB9Erse transcriptase sequences) derived froma variety of
ot her sources. Sources nmay include patient sanples harboring drug
sensitive or drug resistant strains of HBV (e.g. viruses sensitive or

resi st ant Rarkacamoyudigie, ch3TX] pavandigisidec uk arigitongat BTEYHBYE t haaBosdess

defined 151?%?3@%56@%? 2588l GOALALN, Ok BGK: OF 10 (eS8l ARGR-2SSRG ARG

mut ati ons envel ope €expression vector contains t
envel ope denmmey egildn afibkRe3 usad tlompmodupettire ¢ seneb6pe Gend -priduuct

(gpl30env), . The |.30env is polyprotein that is ¢leaved i 0 the
cytoplasn1%@%éiﬂ#%%ﬁ?ﬂggﬁbngﬁeﬁFi%ygﬁagﬁf?Tgi% B ?ﬁQQ% i"Ke' e %?% gggecF%
produce t hegryraigeadeaygt@pearsur facensgp8oSidwiagd tHer ahsiredbrahe: ( 9F488EY) .
Together, SU and TM function in host cell recognition and entry f _HFV.
The i nt r oRRECRENEBPL R BhVEICEPE 2B el SFOIE\EEt 678 5P BhY™ Wt H enone
vectong into host 25 packaging cells results in the production of HBV
virions bearing HFV envel ope proteins in the viral nenbrane (pseudotyped
virus parfanckss) . cabisr augi dacoideHANFIERTE| 6661% nabstebackdgtng 308! I Scan
be regul at - |G ;@l&'@ Ly ghenents jinebudingepabitt &dtgin,
limted tdggﬁgxiﬁﬁyﬁé‘%%%ﬁ%%eﬁ enﬁh%ger, or the HEV 30 proﬁ%?er/enhancer.
In a pref etndthdentyodiurentt ofintiked toviEpRorelithendHEvhenselspe (ExPresdFon
vector 1s fﬁégin%gggegnEélﬂsg£é£é1 egh§F¢%§éceptor {s) on the cell surface and
15 supports HBV replication steps that are downstream of wvirus

attachment and entry.

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

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 variéty of well-
established procedures including, but not limited to
calcium-phosphate-DNA precipitation and electroporation.
Measuring the infectivity of target cells by HBV can be
performed by a variety of well-established prpcedures

30 ' inciudiing, but not limited to the detection of HBV antigens .
(e.g. antibody based Western blot or ELISA detection), or HBV
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envel ope gene region into an expression vector that contains the P 28
SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WO 03/000872 PEDdd86bed 2GR0
CW- 1 E pronoter/ enhancer (e.g. pCXAS, Petropoulos et al., 1999 Cite Full
Ref). Packagi ng host cells may include a wide variety of human or 5
mamral i an &a é3/dovgres i ncl uding, but not limted to, human sobuy@nbeski dney

cell s (HEK293) mllgggargﬁggat@@-ceﬁdé (1'{"??%, Hﬁg@hegpeb%igggglﬁﬁg%%lé%gi ng

host cell transiently produces |arge nunber psSeudo

virions follow fdghéetentioducti on of HBV genome expression vector and HFV
envel ope expression vector DNAs. 10 Target cells may include primary cells
and cell lines, and nore specifically primary hepatocytes and cell |ines
of hepati cIorigi mrefenceddiengobitemrot offi nthid tiaviepidh,cekhs amlr Hohfome

cells, re . . ] deal rget, cel | resses HFV receptor on the cell
surf;ceg an%){%gg%ﬁ%ﬂér S%Clt‘lé% ?délﬁ)jl itg% i%ﬁest%%’se Frat %ff%r%c%?é"gf AU FFfus

attachnment ragdlaenedy. bifo pirodune/4TH eqlricaids e HBVnNAdidis- partieC| essvan jdBYme
genone exgég‘?s:iton vector _plus an HFV envel ope expression vector is _
i ntroduced PRt host 3&8%55???& CAPE ey EFRE- day: PAterpagipgipg cell is
pseudot ypeHEKRE .partd CHES ReASC eaiesthen heskrBacka N@heCalivd @h€elope
harvested and used to inoculate target_cells. Several days after

i nocul at i oW PTRESTM e SVPEY TFe t aRGEIUCEd) | Hhs heskupaakagimg | aeleiubyi on

of HB\ @enese:BxPEasSSHRt-YRE [9FcARde HRLEN¥ELOPS, & 635400, YRSt {3% PhAs
into host 25 gacka ing cells can be perforned by a variety o% wel [ -

est abl i shel®proE ¥ SRFIAdPRg 2T Butsecho P Lk ki trmhafection, host packaging
cal ci um phosphal enDNEy prgchplfatigns and. ele hatl i ring &
infectivity of target cells by HBV %éﬁgs %%é%%%%gék‘%gnegl\%{grg?%tg 0 c@%a
wel | - est abw%h@@z&poggdut]@@ved to release cell-associated virions. The media

is centrifuged and filtered and the filtrate serves as the stock of
15 HFV pseudotyped HBV for infection of host target 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 Feoamy 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 infectionrof target cells that are

permissive for HFV infection, i.e. express HFV receptors on the
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30 including, but not limted to the detection of HBV antigens (e.qg.

anti body based Western blot or ELISA detection), or HBV 29 CeldBGbET20U5
SHEET (RULE 26) 9 Decenber 2005 WO 03/000872 PCT/ US02/ 19929 nucleic acids
(e.g. PCR, RT-PCR, Northern blot, southern blot detection). In a preferred
enbodi ment wef o3théss2 i nvention, the HBV genone 5 expressiorrcuacihonysand t he
HFV envel ope expression vector are regulated by the CW-I1E
pronot er/ enhancer. The HBV genone contains a |luciferase indicator gene.
The host paekagsmgfeel.| HBY vESDonsTheotiBYe@anpMhexRtass| amatecter cand phe
HFV envel ope _expressi.on vector are introduced into host packagi ng cells by
10 cat ci un¥phd s aﬁ&éi??p‘i”ttg?i 5. JEY VBRI BN ?rl?*“ttre(‘%é]’r Sﬁ:g‘:‘br‘i‘%eé%éﬁg

vect or DNA:pe epafrlll emvaeatugedat ider Jiiamstacthengnhoss packagi oge ate
incubated for 24-72 hours. Cells plus culture nedia are collected _and
frozen andSthhded PEOFelRade’ céPH Rvochat ¥8Cvi HPoftithed nbafla cpgl HBV

cent i faigedoand | ter ofh andichlie ALl ahe SOLVaRaASI AP of oy OLoLanEE.
pseudotyped HBV for infection of host target cells. The target host cerfl
is Hep& ofuHulEd cRféet 88 Edidly spebiyder] 4B-gdlasbiss =f tidre iatftéshinent and

l UC! fer aseaﬁ&}‘éf’!ér}{:ric}jrs SEE -.urE_%%e!dnothh'QE«Q{ +1¥]§«;a,t %:t E@e o%@gﬂg Qflat the
| uci ferase activity detected in mfecte%i ce‘Tl S serves as a direct neasure
of a si ngl @epesnndfmyBYds 200y aplddgat poninfeXaVPLE EBWPdoudeeyiitneiHepatthi s
B Virus Usj j '-g EQ el Pr ot ein 25 Derived fr Human . Foa Vi.rus
and Hepati%zlﬁg/ %{é |é§{ e%g‘?r?poggprgglgtej’snsa r?eagnsggndg%gﬁtr?ggs tfaor Kt
gener at® nghtPdnavirusers, tdhat af ewltcapablagy ebriafectigsgupr anbial celdeleuEdur es

and establ.ished cell lines that express the receptor for Human Foa
U rus NV TS s S PRI oA A oREF BT ditPge T REeg0 Pheed
procedur eschorhiincexpapbt | nor HBY/ &E36 chbabsue eivel ofpe peaiei a5d 1 nkohodde
menbrane of. HBV and the inf efcti on of target cells that are
for producing infectlous HBVS 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 éénponents;

HBV genome expregsion 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 gqene 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 signals/elements required

for packaging of the RNA into HBV virions and for reverse.

L3

31

- SUBSTITUTE SHEET (RULE 26)




perm ssive for HFV infection, i.e. express HFV receptors on the 30

SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WO 0310410872 PEDEIEMBEIHBEO
cell surface. HBV virions produced by the nmethod enter the cell by binding
and interacting with the HFV receptor, thereby circunventing the nornal
HBV entry watobwaog72 which is thought to involve the HBV surcaasoprotei n (S)
and an, as yet,tqgagent'fied:ﬁqﬁ%a%%JI HBV 5 receptor. 1t is wdely held
that the inabil FES ST BBVR &F if et CuFFaRed et PX Fe | FeiRplegebesdd o a
bl ock(s) at thefat teharpiesHne 6f &R ixdSd-eps-geBased on this exanple, it
is obvious that the neans and nethods for producing infectious HBV by
pseudotyping with HBV/HFV chineric envel ope proteins can be adapted to

ot her 10 hgpadmeyi EHERSy S O0MRyOfo Wi SR MRV SBI MR @8 USef Ubnani BB, S
for HBV disease, for exanple duck and woodchuck hepadnaviruses. Base on
this exanpl e, ifoHS1EFsEhB8bFEGRIERatCofhed nEans® dAY/ BV helimetisr eprotird ng

i nfectious HBV S ot ¥pi i L h HB : i I o] pr } can
be adapted to p%ée%ego%/%i %é I%%a%%é ar?g‘ gﬂﬁéglﬁgg%ﬁgﬁgﬁggggw&% c%‘ﬁ)e}&ﬁ]c
envel ope pr ot ei iRy e@nvelann ophefeirganfol riwingesintgpdneviausés)y an
retroviruses, -Mari .envel oped 'viruses. The systemfor the
producti on of ﬁ%&ﬁ%ﬁ%@%ﬁgéybg%ﬁﬁbtyped with 20 HBV/HFV chineric envel ope
proteins and the successful infection of cultured cells may involve the

f ol | owi.ng [,Lponents; ;HBY gengrne ex ssign.vector: a _DNA vector that
contaﬁ%@ t#%?#%ﬁ#xﬁmﬂo%%£§%d£¥%l€apaﬁg%f%f ?@%ﬁsfﬁ f?%ﬁ?%Fip%FSﬂsb?g$Bv
RNA and 25ehBvoguiohetfi prwdisicmdn &odl BWW rgrveldge0 didetds@ioh Mc@+ahs,
appropriate cell line, HBV indicator rerie viral vector: a DNA vector that
contains elenents of the HBV genone and an indicator gene, such as 30
firefly | ughf@smasenand dg1gapabl s’ Ohat rapse88t the anser bRt Rpe AlecaPeHNA.
The RNA contains the signals_/elenents required for Eackaging of the RNA
into HBV viri omhngreorcapabepseef supporting HBV replication once HBV

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 c¢an be regulated by HBV regulatory

20 elements, or by exogenous regulatory elements derived from
othexr sources, e.g. the human cytomegalovirus immediate-early
gene promcter/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 expfession vectors may'

25 also contain an indicator gene, such as firefly luciferase. In

this case, the vectors are referred to as M"HBV indicator gene

viral vectors® '(Figure 1) . The indicator gene provides a
sensitive and convenient mechanism 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

4
cells is a direct measure of a single round of HBV
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31 SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WO 03/000872 PC T/ US02/ 19929
transcription of the RNA transcript by the HBV pol ynerase amicefnber 2008
expression of the indicator gene, HBV/IzFV chineric envel ope expression
vector: a DNA vector that 3 contains the sequences coding for a HBV/ HFV
chimeric egu@hkmpe0ene and is capabl e of transiently prodecrmgeieoHBYV/ HFV

chinmeric envel g rotein I i introductio to & appr opgi ate cel |
line, 10 Packagg? i s?ncéfl{\}s):g}eceo se%r SSgan sucpq:ﬁgrgt ;tlrgjnlm ent ex(g%te55| on
of HBV genom geaad HRfzANnvekepeswexpr essi orbevectised, Tar getshesbleel |'YIBY

cells that express . the HEV envel qpe receptor . and are. capable_of ting
BV replcat | R A T s SERSTOty A | HChe B PG e |

envel ope haves eatiewpd tve eedistdrelecidRde rtﬂémpt\@ctoHBVagen@?fmiL@qﬂ' @gsi on
vectors are capabl e, of gﬁr)odum ng, HBV particles follow

i ntrodutti on FAPOZHEEK agPHY- HSs T EVe FREVSNEREY Yerd eXpr @%FBﬂecﬁﬁp’ﬁ sion

regul ated by KBVipegehaioryn2¢ ehamBatsy @én@yvﬂ@gafwﬁoﬁ egrAtEBnY gene
el enents derived from other sources, e.g. the human cytonegal ovi rus

i medi at e- ear FEIUGBARES pr %Y er /RnifERCer TETRISE E) CTANFH 1pEEFEr r SR EHISH ment
of this inventoneacxpressi on-plcy he: iV aenonechs. rsgulaleduly the G-I E

pronot er/ enhancer. HEV genome expression vectors may 25 also contain an
i ndi cat or gen@atsa@h égmpil?—éf Ik)y‘lr éilflgréiﬁ?g Isenstifiiyec aze, dFHe vesivrdtare

referr to ag, HBY.ingi vraloveetgrse ki g e Lhiscdhie to

i ndi cat or gene pr oVvi des a sen5|t ve an convenl ent nmechani sm for measuring
the infecti wltaguwﬁd:hmst Bachet el |woleolulew ngonstecti 6BWDYIBE WIRRSSS

produced in host.pac ng cells. The f di or ene prodyct
i.e. lucifer asgtfég? %qu , ﬁueélcgesd i n os(fLm{aal%lge £ EL % idsru iTect measur e
of a single reupdcbitddBiutations (M550V).

15 The HFV gpl3Oenv envelope is a polyprotein that is cleaved in
the cytoplasmic membrane compartment by a cellular "furin-like®
protease to produce the mature envelope surface (gp8asy) 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
‘expres.sion 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 this 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
thie 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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32 SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WO 03/000872 PCTI US02/ 19929
replication. HBV genone expression vectors and/ or HBV i ndi 8&lecembget(fsvi r al
vectors can be used to assenble "HBV Resistance fitness test vectors'.'
(see Figure 2 and Exanple 3 below). HBV Resistance/fitness test vectors

are produggd ohyoedrr epl aci ng speci fic HBV sequences of thep¢iBVsganmre
expression. vector _or the HBV indicator gene viral vector with HBV gene
sequences {-qfeP FERE!lr el s iEmIR] ptasetedqleRtés)FeYEFFFad frofta

vari ety ofyf A8k SOUESic SONA8BMRYp-ackide vBaELENE sSaBRhesharbari-ag
drug sensitive or drug resistant 10 strains of HBV (e.g. viruses sensitive
or resistdrte t GBVYBRY vu@limerijc3TC] ) erdrdorsl| ecul 8F1€] onesPHPIMBY: t hafhe

possess defd.ned, RE sequepces Lhab sent ai i, Qr. lack dryg.nesist io
associ at e %Irsut at |éo%—r!1£s(,3 ( MB50V) . %5 Er}ﬁe HEV Gpl 30er NERLS A ® 551 0n

that i§ cleavedd eleie wytopHEY nigsrwerbramg orenpartaentdsy a pekkabang
furin-li kceeuggg%g%gfgéo pLoduge ggjg%@%ﬁf 38¥e! aRe . Segggtsﬁg(e lgpég%gand

t ransnmenbrane Toget her, nction in
recogni t i dipwfHFent elyindrid-V.eried oBV BreSkifs eS24h S gene cionds 2@erfcamntehr ee

different proteins depending on the. pronoter used. The .three_pr [ , M
and L cont Sr?‘fcﬁﬁa %Cgl ‘&Jt‘gsf mi BT SRR i £ f er i%xpﬁgsﬁ%glslengg o?é?gg%r\i‘e
of the PreSlindicor PeseS2logomai s ( Shesti gupecBpgiige dBUHFV cdm mer be
envel gpe expressign vector contains se uencei#hat eEc-ode a chi ggr i,c 25

prot et wWHiTH i %i nS¥ani®ho Wit Wer PYed=PRORFPRE ENEFFETS 1HSMEFA"End

addi ti onalp,Rr eght and Rr@3R sequenees @fivihe pBMnwidtGenttonahent | yrlinked to
am no acids of the HFV SU (gp80) envel ope %ene region. In a preferred
enbodi mentEBf PEPEOFeVARERIICSX het HBUEHEYVC R RO Sivel opR BomE&irs iere

HFV SU reglgn, 8Qdittsed iy frape;do theepthpg, HBY §andisy a8 ardhimeric
N-term nal deleted PreSI sequences. In another preferred enbodinent of
envelope expression vector is assembled by inserting the

15 HBV/HFV chimeric envelope gene seguences 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 lines 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 DS .

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

attachment and entry.

' SUBSTITUTE SHEET (RULE 26)

30env envel ope’is a pol yprotein.




this invention the HBV/HFV chineric envel ope contains the HFV SU regi on
fused in frane to the entire HBY S and N-term nal. G 33 SUB®Ecéuber ZBET
(RULE 26) 9 Decenber 2005 WD 03/000872 PCT/ US02/ 19929 deleted PreSl and
C-terminal deleted PreS2 sequences- The HBV/ HFV chineric envel ope

expr essi onwbqﬁ;ﬂg{mj s used to produce the HBV/ HFV chi neri ecensel/op® gene
product. The introduction of HBV/ HFV chineric envel ope expression 5
vectors along with HBV genone vectors into host packaging cells results in

the production,ebshBY Vihkens;Bearingy HBWEEV chidmeiniLs envel opsr prRiehRs
in the viral nmenbrane (pseudotyped virus particles). Expression of HBV/ HFV

chimeric envel opEPYRSHEZt pEeRERT ngPtet | satanBE/ G0V r eGhHATEL by RV et y
of regulatory elLegpads A NCldiNg. ;s buyle ol Lhmihed host hag%ﬂf% cells.

pronot er/ enhancer, or_the HFV pronoter/enhancer or the promoter. In
a preferred enBedéweht dalyst histényelBlonpat e lHBY/ PFYdHIRE cwikhyeilispe
expressi on vect fhy h$-ASIEIALed b&’v@f% !@%&Q&é% BV/ VLG ”%%bﬁagjél\%
envel ope gene sequences Into an expression vector that contains the -1 E
pronot er/ enhanceild eaxp IPEXAStefetndpozdcoscetingbulate 11909ptPackagraglhost

cells may include a w de_vari of. _hu Qar mepRl i cell_Jdi
i ncl udi ng, but g%Yelfar 1 ﬁ%ﬂstg%% tnah en %10%,(:2%%%3/ cée%QrSﬁ?Hlﬁgwggé%%td
human hepat ona eells if HepfEireHuhThe TherddlealopackagkVigodiost eepkession

transientl roduces |a n rs, of HBV virions pseudotyped with

HBV/ HFV ch?/rrgr i ‘é‘ec‘é‘?ﬁ/ef‘%%gg%\f%{f el "I OR TEVENES n‘%f%faﬁ?@#‘gn"‘a%%\ﬁg%none
expressi on 25 YgEd OhosdoddRMGHRY €dlileldat enrvealdafFerexpr @gsionvaeettor dNAS.
Target host cells_ may include priﬁmgrg cells d.cell lines, a_rld mpre
specifically prVfhtyeHeR A 6858 e PRAEVEETNT MPRe e hdpht i B9br ifgimes °
including but nggylbightgddPabertkacelbrscapd-dtih cebhs. Ehecim@atration.

Measuring the infectivity of target cells by HBV can be
'performed by a variety of well-established procedures

15 including, but not limited to the detection of HBV antigens
{e.g. antibody based Westernm 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 gendme
contains a luciferase indicator gene. The host packaging cell is
HEK293. The HBV genome expression vector and the HBV/HFV chimerxic

25 envelope expression vectof are introduced into host packaging
cells by calcium-phosphate-DNA precipitation. Five to ten
micrograms of eaéh vector DNA preparation are used. After
transfection, host packaging are incubated for 24-72 hours.
Cells plus 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
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supports HBV replication steps that are downstream of viru9 Degbinbael20®5t and
entry. ‘34 SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WD 03/000872

PCT/ U502/ 19929 To produce infectious HBV virus particles an HBV genone

expr essi onyweiods7pl us an HBV/ HFV chinmeric envel ope expr esSi@nN@ed or i S

i ntroduced into host packaging cells. Several days |ater, HBV particles
pseudotyped with the 5 HBV/ HFV chinmeric envel ope produced by the host
packagi ng heetl scarethareested mnd uﬁﬁ%ﬁ oOnbRecutate tar getpdiost-callis; .
Several days _after inoculation, the infectivity of target <cells is

measur ed- ﬁ‘éeFﬁFFiodﬁétc[ﬁﬁn BFC HBYY geforfed e%r d6816n  aféeor 1RfRFHBY HRvd

chi meric envel epes&xpsessi-on, vastids DA% 10, into host nackag %aacealréc%br?@“
be perforned by a variety of well-established procedures including, but
not |imte@%t dFucddicdipem prosipidre-donacsedciipi tiatfiest egh d<dllectseopesatdson

Measurifng whestpfRelidvid Y0t %ﬁﬁgg%r@l@ A%yﬁlléﬂg&%%q eiperformed by a

variety of well-established proce I'nc ut "not limted to the
detection of HBV antigens (e.g. antibody based Western blot or ELISA
detection), or HBV nucleic acids (e.Eg(APE&Q, RT- PCR, Northern bl ot,

re

Southern blot detection) . 20 In a p 8Ffed enbodi ment of this inventi on,

t he HBV genone expression vector and the HFV envel ope expression vector
CW- 1E pronot er/ enhancer. The HBV genone contains a.

are reQU|ﬁtﬁg-,2l§tth% [ 10Me

| uci f er ase T1diCESt or *§éne. ™PREVFINT palRYgi nd=e8I | FescpRRIGI1itRe HBRRd
genoNeL X PEEsEi @t MAL RIpadndyt e, HBY/ HiM,ghirnmpric 25 envel ope expression
vector are introduced into host packaging cells by cal cium phosphat e--DNA

precipitation. Five to ten mcrograns of each vector DNA preparation are

used. Afterpikr a.@%%ﬁlﬁﬁ_-é O'Brobféés packaging arg ipcubated.fo gcgﬁlfa't?ezl}h U

reproducibly measuring HBV drug susceptibility and
identifying new/additional inhibitors or HBV replication. This
example further provides the means and wethods for measuring
15 the replicative capacity of HBV that exhibits reduced .
susceptibility - to reverge 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 othexr hepadnaviruses,
20 some o©of which may serve as useful animal models for HEV

digease, for example duck and woodchuck hepadnaviruses.

Drug susceptibility and replicative capacity testing are carxied
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 "HBV Resistance/Fitness test vectors", "HFV
envelope - packaging vectors®, "paékaging host cells* and

A target cells" as described.
30
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Cells plus culture nmedia are collected and frozen and thawed to 30 rel ease
cell-associated virions. The nedia is centrifuged and fil bdezdnbed200tk
filtrate serves as the stock of HBV particles pseudotyped with the HBV/ HFV
chinmeric envel ope for infection of 35 SUBSTI TUTE SHEET (RULE 26) 9 Decenber
2005 WO OQRAGKZ: PCTI USO2/ 19929 host target cells. Theptanget/ivhost cell
is Hep& or Huh7. Infected cells are |ysed 48-72 hours after infection and
| uci f er asePagkpyiley iwsfeasated Mavt hedelde |§saide Theigwumt bEman or

| uci f erase aghivily dateetad. i ndint e I i Lact, sure
of a singl rg roétlmd of HBV rep?i cat}i%gg%E%\%gL@;%@tyﬁ%%ﬁ giruﬁﬁga%url n%ﬁL BV
drug suscelpidisy idallandHERROY)e pindc atinan bapacitay clvbr dlepda néss!7)}. Thiss
.exanpl e prqyides S nmet hads f.qr, accur.atel y.and repr.oduci bl.y
neasuri ng H%%ggr u%églg%ﬁlg ibiTity caeg et | PYPRG Rew 88Tt i n.“é“{‘ferb o

i nhi bi tor speeuddB\yyreep| Egat ivdnioddi €olbxaip) ethar tihet-optuovides oEheareams and
met hods fof_neasurin the replicative capacity of HBV that exhibits
reduced suSTEpt '%}cla%t":ééf%s? e\}:e%%éie Yraneri Eﬁ%se T ¢ BPEt d:re)&ris may
drugs/ conpouatisd4 hat-imargetedtiherasd epeiin HBV-4 ephh@aticer. Jhe i feangyand

met hods for peasurjng drug susceptibility and_replicative capacity can be
adapt ed t oPBLREY AT PRk GGs 00 56 4ot 8r Wi BROREY: SBF VEiias JSghGing

ani mal nodghs A6F HBM tdi sRASEpchOkEXANDhE MuUeK @d wadehyekal target
hepadnavi ruses. Drug susceptibili tﬁé and replicative capacity testing are
carri e obestusral! t el hertAsrestd it RBESPHES cfF beth i heu sl lpstghacengnd

6,242,187 ahtbdd-S. 36 | abpho-2 004766344, Lhe conkenhSnlc 2 Wbeh Bl

her eby i ncorporated herein by reference. HBV drug susceptibility and
replicati oRtlexpusinty ap8seiiy- are perfornmed using "HBV Resi stance/ Fitness
test vectors", "HFV envel ope packaging vectors", "packaging host cells"

HBV Resistance/Fitness test vectors express HBV genes aﬁd are
capable of producing HBV particles following  their

15 introduction into packaging host cells. HBV
Resistance/Fitness test vectors also contain a functiocnal
indicator gene, such as firefly luciferase. The amount of
luciferase activity produced in target cells following

infection is a direct measure of HBV replication. HBV

20 'Reéistance/fitness test vectors are con;tructed with HBV P
gene sequences (encoding reverse transcriptase activity)

derived from a variety of sources. Sources may include

patients samples harboring drug sensitive or drug
resistant strains of HBV {e.g. lamivudine)} , and molecular

25 clones‘ of HRV that ﬁossess 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 vector DNA plus HFV envelope packaging vector DNA

described above in Example 1 . The envelope packaging vector
&
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"target cells" as described. 30 36 and SUBSTI TUTE SHEET (RULE 26) 9
Decenber 2005 WO 03/000872 PCTI US| 12119929 Packagi ng host 9 @&ckmber3005

i nclude a wide variety of human or nmanmalian cell |ines including, but net
limted to human enbryonic kidney cells (HEK293) and human hepatona cells

(Hep&X2, Hulvhezobbwez2 i deal packaging host cell w Il producepdigu@eés dbers
of 5 pseudrgt%pe%eH%V virionscfollowng the introduction of an HBV
"Resi st ancel i t hess 1est et 0P OBRAI "Farfat FOST S | BT ARG 1NF hcPrdesy,

primary cejpssand cebt ldnemlangommsenspeetdical lyr primmhepategyles
and cell lines of hepatic origin, incl udirgcgq, but not limted to Hep& cells
and Huh7 &&F%SS RSPt ™M ing gRed Hostunahongl Hogeirés & THEDVr aadpHEN (s)

on the celdn&ldpeepadteissppeekatBYbyeRFvEeay) onTst egsyt f%teuée@ ynghk.eam
of virus attachnent and entry. HBV Resistance /Fitness test vettors

express HRAGeheSand s+ thababre BFopreadchrgthBVhpaEt Pelksgfotl owildg
their 15 iftd 0diagticant dant SePaskagdidig Noskeae! |t§rarl’e@é£%%in3tﬁﬂﬁe/\.@édqe%%
as

test vectors also contain a functional 1 ndicator gene, suc irefly
| uci f er asel2 e abdtieet ofostuciefldr akte Kot Fveese frivducesly | Antaeget tékks

f ol | ow ng 1+ nfyecitd | hr e of epld cation. HBY 20 i
Resi stance}ﬂi tlﬁéél_sésé){leﬂs %ggtloggggggggﬁstgagttggshthéﬁgflf\}a& g%il & sé§lishces
(encodi ng rehatiseon r ahstgEpt @sd lact #nét Yy sederdndedliic Dievavar ket yvdfy is
sourceg. SUULESgMY include patients sanples harboring drug sensitive or
drug resistant strains of HBV (e.g. |lamvudine) , and nol ecul ar 25 cl ones
of HBV that possess defined RT sequences that contain or |ack drug

reSiStanCeTﬁgSgﬁg&géﬂ%fnﬂﬁ@ﬁkgggse(Q@ggégty detected in the infected cells
ig used as a direct measure of "infectivity", 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.qg.

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

reference virus derived from a molecular clone of HBV,

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

will produce more luciferase after infection of target cells.

Fitness measgurements 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) 1is 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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To produce infectious HBV virus particles, packaging host cells, 30 such
as HEK293, are co--transfected wth HBV Resi stance /Fitnes9 Deesmbercz05r DNA
pl us -HFV envel ope packagi ng vector DNA described above in Exanple 1 . The
envel ope packagi ng vector' 37 SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WO
03/ 000872 REldsldmdkstz2/ 19929 nust be capabl e of produci ng Hp¢Tarseeiope

pr ot ei ns; %]%%OSU, %p48TM (faor exanpl e pCXAS- HFVenv) or _chineric_envel ope
protei ns cGREEPRPNGTsEESri ¢V IfURRTi Ghal LEBREE nSvelof 2 HBYOARdTRIENE ehvérdpe
proteins (REXASHHRVABRYeny) orddie ddF\Gpseudot ypad HBYRS chatticlase VERahid hat

are produced by the host packaging cells are harvested several days after
transf ecti Gi¥cERd as@ERol tahPac Pt drget aplostiteel (Peteeppuidecre/athawl ARY-

i ncrease t 'IIy@E’.caPJ}S/,r &}.8R51 19168t - 'ilés%b?é%&lt\’éé | oSy Seugralndays af tef
infection, target cells are |lysed and luciferase activity i1s 10 neasured.
The ano@int detgl geifres dcadhibily Tt ecredSt el e ruaf sepleidatéths raferosed
as a direc S f g ctivity:. o] dt “replicati
capacity" totro ngllgnkl‘\%lﬁ% (r)a(? il'?j %g’sste,éplte.%g.w%% Rrée%?ﬁ;gf%%& Ot? hgéﬁ? r\ﬁ%dtsggcggr{rp ete
a single reursd efisd¢Sptrdple catd on. Rehat iwe lf | bressnhsbrsskesded biecospasi ng
the amunt of JUcLierasgeactividy produced by 8 Leste YLlS s GuondBlive
sequences derived from a’patient Sanpie) 5t he BRBURT GF [Tt feraes
activity preducet:dyiausdaifigivar betteriszeske,r eher Bt0eo¥i rhes tebet | viadisf wdli a

nol ecul ar cl one of HBY, 2Q.HBVayw. Viruses are "less fit" than.the

ot or et 51 1 SRONICALEY odiie THEs Filci F5r abtihr D& 11t oREFSTERSFE £ RHGL
cells. Virwsesithalomrer " gese {itisddhathdrhedeber efea-auseds sudtdit ipiodige
nore luciferase_after _.infection of target cells. _Fitness neasurenents 'are
expressed &8 & ‘ﬁ’é%‘?ééfﬁtllofbet H& PP L& Pén Ce P4 BREE, AFBY 6?%%?%r?3@/8n SR
75% 100% a@r J2bhQfar-£8E8FERER. drug sensitive reference virus. In this

case, the I050 of the test virus will be higher than the IC30 of
15 the reference virus. Replication of test wviruses that exhibit
increased susceptibility to a drug will be inhibited at a lower
drug concentration than a well-characterized drug sengitive
reference virus. In this case, the IC50 of the test wvirus will

be lower than the reference virus.

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 identifyiﬁg

25 mutations in reverse transcriptase that alter HBV drug
Susceptibilitjr 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 in the HBV replication cycle, including, but

'3'0 not limited to cccDNA formation, virus assembly, and virus

+
egress. This example also provides a means and method for

o
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Susceptibility to antiviral drugs (e.g. reverse transcriptase inhibitors)
is assessed by conparing. the anount of |uciferase 30 acti giDacepbedaeed by
a test.virus (e.g. RT sequences derived from a patient sanple) in the
presence of drug to the anmpbunt of luciferase activity produced by the sane
test vi rus\%@ b&g7:38 SUBSTI TUTE SHEET (RULE 26) 9 DecenbelpczQRf:k¥¥s0

03/ 000872 IB 73U80211.992‘9 absence of drug. Viruses are tested over a broad
range of drug EBAREREYRS oble | AEeder that geReraf & i HRVBY$S ohresrviast 2dmt

enabl e accurat g, g8antit aphon Qi d&%\% 2%&%%& 1€ FI6lEPPQUA A%, oL Oﬁim%;@?%

"Typically, drug activity is repres e concentration
requi red to i nhFbpecEogs Zbrm%@ @tldvm@s;ad epiri cathbhlyief eieedffeot alSndtCSO

and | C95, respe%%;e }IL] §é‘t'91_na %Ls\élr ?dg@é are suscepél bl e

to a drug will |b|ted ythe same Tconcen ron of the drug as w

wel | -cHar acteri EBGCdPtlgbsbxtsy tmﬁé/ozr ezfe&ﬂemaﬁwer chstHB‘i/achahn biehisizoase]

the |1 C50 of thettest |rus V\A|| el_tlessentl af d'(] | C5Q_of
B

5 Tt ViTh engﬁg? e%ﬁ?’ ecfeasBy

the reference vifus.™ ep |cat|on o?
susceptibility r#pliradiog, wddiubénd rdbebrteel &t geneBi gher drug concentrati on
than a well-characterized drug sensitive reference virus. In this case,

the 1C50 of the test virus will be higher than the 1C50 of 15 the reference

virus. RepimeaReeNsindegFhicmbssisesst habcexhi bite thed@aseddsuscepkbbbibidy
to adrug will be inhibited at a Iovver drug Q/pncentratlon than a

vel | - cHar atterissrelrasy Semsiie Lr Steieheecs/iitiaess Fagh ¥eeade Cerévedso

of the tesgrdth rpeidink! saRE14HOVWEF LhaRst Berieler RGe Md Uss:i d0.WRLE- 4
Met hods for identifying CGenetic Mutations Associated with Changes in HBV

Drug Suscept¥hi 1SAEPTAREPE?, FREp| 1REAEFIRCCAPEERTY . LR Fekanp| Igprevreesta

means and Q%@O%ll%rctbﬁe%uéé@éiﬂsm@ PYt AL RAS ol NHOVEFRE LILARSTHPt agke
that alter HBV drug

tested in dxrug susceptibility and fitness assays to determine
15 -accui’ately 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 dinitiating therapy, before or after changes in drug treatment, or
before or after changes in virologic (RNA copy number), immmnologic
(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 observed 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 wused assay procedures, including but not limited
to homopolymeric extension (e.qg. oligo dT:poly xC) using

conventicnal or real time ©PCR based on molecular beacons
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susceptibility and/or replication fitness. The neans and nethods for
identifying mutations that alter HBV drug susceptibility ambcember 2005
replication fitness can be adapted to other steps in the HBV replication
cycle, including, but 30 not limted to cccDNA formation, virus assenbly, a
nd virus g@8ssus72lhi s exanpl e al so provides a neans and getfsd/fer 39
SUBSTI TUTE, SHEET RULE.ZQ% 9 Decenber 2005 WO 03/000872 PCT| US02119929
quanti fyi nFTHEEFect FRAPSPeci fPE r everSEFLSRTS pPsse Vit af Fms e

on drug sussepipdilldsty apdépr repl beat bMSodGRRACI tY. vAC-IBANS afshJrthed for
quantifying the affect that specfic reverse transcriptase nutations have
on drug 5 SEHETEPt i KIUAEFTARERS: repCirdditVe cdfaci tYet@FPHe adspied t&

nut ati ons iRaethef ivkr al p@enesskayol vieshd N HEVectepl irgat i 05, LRghydi ng.d he
C and X genes, HBV Resistance/fithess test vectors are constructed as
descri Bed 23018HY r R BEREEGT nVWEREnpltéernofeadlst dW@e pPLYHESZSqSstITY etitcor s
derived f1aRARIER! FATRLCEnPlnClaNeS Rl lngd chr aRLLDELY o5t Shanceldidiess
test vector pools, or resistance/fitness test vectors engineered by site
direct ed nutrgenédsi sompagedt &ion tdgedis ARimactiordy, of & reStwzhda dnug

susceptibifjty andw%irL% e's,}asst?%/%clltiolgggt eégtneb%gnacg%&?éeeéy and | erse

guantitatively the uscep y and rel atrve ness conpared to a
wel | - char act&Erszagpteeteiehtelisiandar d-other anothervirdlodidmnts .of the In
i nvent,ion, _t drug .susce tti bi f.i t.ness of the

d

it r patient vir i's
compared t 3 VP Uses CoT I Eet e th‘reoﬁﬂ%?ﬂ;{é[ps Ghe Vst &t Cé’fnpa%?‘f?e#gﬁt H%:leeésr
poi nts, fodcekabple ¢pfi ariduze20 bbillkeatedg fhenamhe beknee opaafiéet changes
in drug treatment, or _before or after changes ip viral ogic (RNA copy.
number ), |‘§h%%% c TE% T-RENESy, orfW | ?‘?:‘5]?{'? q@ﬁ&PFuantiJc”%qff%%ﬂgon)
i ndi cat or stigdrafh SEBSEoRE OgF €55t ON. cllBfge8Sht Siral patkembnsanplrepirdhe

further exam ned for changes in reverse transcriptase activity associ ated
25 with the* oBsErvedheRdAged™ i K EPIRE <SUsc oA FTIRY PG Eor rBPHEPIRELC

15 (CDh4 T-cells), or clinical (opportunistic infection)

indicators of disease progression.
Genotypic Analysis of Patient HBV Samples

Resistance/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 -dnvention, ' patient HBV sample ' sequences are

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

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

ocbserved change in drug susceptibility and/or zreplicative:
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fitness. Reverse transcriptase activity of patient HBV sanples 30 Reverse
transcriptase activity can be neasured by any nunber of wp@ekymbseezogassay
procedures, including but not limted to honopolyneric extension (e.g.
oligo dT:poly rC) using conventional or real tine PCR based on nol ecul ar
beacons u 0 oSol$T TUTE SHEET (RULE 26) 9 Decenber 2005 WBCGE/s0D08H2

PCT/ US02/ 19929 é gé.ecalence Kraner?) or 5' exonucl ease activity (Lie and
Pet r opoul os, 19§ # 17" one enbodi ment, virion associated reverse
transcriptase activity is measured using a quantitative PCR assay that
detects the 5' ex onucl.ease 5 actjvity associated with thernostabl e DNA
pol yner ases=*¥n brﬁ'gepgﬂrEGZF'ﬁghtan@f ]%‘?%hr‘?ﬁ/@n‘f‘? ot e HBVARYS A8t P 5y t6f

t he patienbirydtdés Musagespared to the HBV RT activity of "a reference virus
(i.e. "wildtype") that has not been exposed to reverse transcriptase
inhibitors or other antiviral drugs. In 10 another enbodi ment, the HBV RT

activity i gegstiRAbethdliRsHBYAIRERCEEYL N0 o Vidiaese L Alikect g dLom t haysame
patient at different tinme points, for exanple prior to initiating therapy,
before or afterdE®angediSasrdibgliteat mewl/ oror bepbre@tiste af féEnedanges d n

virologic (RNA copyuduben), LoMUnAlaghG Looddnde flldiks Ofed | Bubilys
(opportunistic infection) “indicators of di sease progression. notypic
Anal ysi s of PatientaHB:SampessResiBtanaeithitinesson est dedtioed DS etEid her

pool S or indivigual .. 20,81 ones, whigh ngke, up the, pool s, are anal yzed fy any
nunber of w dely pr%c i Céd genonypl ng et hods (e. g nucleic aci-d
sequeridi ng, dif&esesptiiallepr otieubybr {idiezat | onildtppé gonumhiestione ari=gy be
hybri di zati on) inclror}pgggtggb gﬂl}gée n:[*;md/or in combination with othermutations
that are thought to modulate the drug susceptibility
and/or fitness of a virus. Mutations are introduced into
the resistance/fitness test wvectors through any of the
is widely known wmethods for site-directed mutagenesis. In one
embodiment of this invention the wmega-primer PCR method fox
site-directed mutagenesis is used. Resistance/fitness test
vectors containing a specific mutation, or group of
mutations, is 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 c¢ontaining site directed mutations in reverse
transcriptase  that result in amino acid substitutions at
position 550 (MS50V, 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.
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of the invention, patient HBV sanpl e sequences are 25 determ ned using

viral

sequences

RNA purification,
sequenci ng. The seguence

pr esent

t hat

i n the database,
patient pryghshRsiznitiation of therapy,
exam ned for sequences that are different fromthe

or
i f avai

| abl e.

RT/ PCR and di deoxynucl eoti de chai 8 Ceeembera20os
is determned is conpared to reference
is conpared to a sanple from
The p89rug@madype i s
ref erence or

t he

pre:-treatnent sequence and correlated to the. observed change in drug
susceptibility and/or replicative 41 SUBSHH¥TE SHEET (RULE 26) 9 Decenber

2005 WD 031000872 PCT/ US02/ 19929

Replicative Fitness Analysis of Site

capacity. Drug Susceptibility and

Directed Mutants 5 Genotypi ¢ changes

that are observed to correlate with changes in HBV drug susceptibility

and/ or replicative fitness are
resi stance/fitness test vectors

defined g

enetic

eval uated by constructing
containing the specific nutation on a

suscepti

and/or in
drug susc
into the
known net
i nventi on
used. Res
group of

fitness &

l e virus (i.

8.

Hepednakiousght

background derived froma well-characterized, drug 10
) 3. E'wi.ldt e")l Mitations npy be incorp
Feoimtsi nat i on ‘hiniee!Feteyinst BedmnBetraviias

orated al one

Referenodul at e { he

eptibility dReyese fitnessiReferse virus..
MVirglgplstngrgete/ f:11E64HasEest  viE@Nsenindase hr o U

Rigkrrse | ons 4
Ansgiptessf t h

re introduced
e 15 widely

t he nega- pr
iCopUHpa?ss
ERRIERIOPons,

ss test
itkinkedst ad Lsi

vect

hods for site-directed mutlagenesis. In
4ner PCR net h

d for site-
or s .cont ai ni
groeneadent yg

one enbodi
di r ect ed -nut
ng a specifi
ingeesidem |

RENTY. ON. Baldwirs
aigb 28| 1goiden et
gl. 1A96.att licghelt e |
9 8RR/ or 20

ssays descri
Capsid processing

Bed i n Exanpl

tYes

4 3. The fitn
No

ess of the
No

reviewed in lineal
1990,

Capsid Nucleic Acidi

SF Yu, K Edetmann,

Binding Motil iCis-His Gly-Arg Gly-Arg et'al, 1996
Basic DNA binding SF Yu, K Edetmann,
domsin in capsid  |No Yes IYes et al, 1996
Capsid nuclear AW Schliephake and
jocalization No Yes Yes A Rethwilm, 1994
[ S.F. Yu, DN Baidwin
Nucieic acid in : et al 1996, S.F Yu,
mature virions IssRNA ssRNA, dsDNA dsPDNA 1999
. T. Kamimura et al.,
Virion Assembly - Endoplasmic Endoplasmic 11981, P. Roingeard et
and Budding iPlasma (cell) reticulum {reticulum_ ial., 1990
Env'ER Retention {P.A. Goepferi et al,
~dilysine motif’ No - |Yes Yes 11997
Virion iEnveiope ) Envelope Envelope IBruss and Ganem
Assembly/Egress lindependent dependent dependent 11991
]
intérnal Promoters I!ND Yes Yes T. Lochelt et al, 1863
: . WS Blair, 1994,

) . . Venkatesh et al ,
Transactivation iYes/No Yes Yes 1992 .3
intraceliular reviewed in fineal
Recycling NG [Maybe Yes 1989

H

All references as listed in the paper. MINIREVIEW Foamy Viruses are Unconventional Retraviruses

IM. L. Lineal, Journal of Virology 73 (3} p 1747 - 1755 (1899)
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mutant virus is conpared to that of the reference virus |acking the

specific nutati

on (s) . (oserved changes in drug suscepti didecembanzios:

fitness are ‘attributed to the specific nutations 'introduced into the
resi stance test vector. In a 25 rel ated enbodi nent of the invention,
resi st anceyofdslod@ss test 30 vectors containing site directed/mebasonons in

reverse transcriptase that result in amno acid substitutions at position

550 (MB50V, Mb501) are constructed and tested for drug susceptibility
and/or fitpessreteadjtness results enable the correl ati on bet ween

specific reverse transcriptase am no acid substituions and changes in drug

susceptibility.

and/or fitness. 42 - SUBSTI TUTE SHEET (RULE 26) 9 Decenber

2005 WO 0340008£2 ,LABLE haﬁ@?!Uﬁ@%ﬁl9%§§n5§§39remTﬁﬂiC%@s@%Hﬁﬂvinﬁﬁfpﬁﬂy

Ret r ovi rusHepadnavi r usRef erence i Rever seRever seRever se

iral polynerise

"I ranscri pl aset FaAddraiyt as@hr dhiseripl ade i, Tyy CON-Bagdwifirasl &l Hoos, |

Jordan ¢t Caps

Li nkedl ndependent I n

ﬁ%g 3h¥ﬂ§§ §£§a e:%%%gmng;L9ChQ§£tF§n§g¥&%§§i9 st. Vol.

eperidental 1996 - teviewed In

" YesNoN01999. C4psi & Muci@i c(AeVdi SF Yu, K Edetmann, Binding Motif
'Cis-H s@y-Argd y-Arget'al, 1996 Basic DNA binding | SF Yu, K Edel mann,

domai-n in capsi

d NoYesYeset at. 1996 Capsi d nucl ear AW Schl i ephal ce and

| ocal i zati @n NoXésYesM.Ret ewiH.m T899%br, R.J. Pitman, D. Parker, A.

10
15 3.
20 4.
5.
25
6.
30
7.

Rethwilm, R. Cheingesongpopov, J.N. Webber, P.D.
Bieniasz, J. Bradley, and M.O. McClure, No Evidence
Of Antibody To Human Foamy Virus In Widespread Human
Populations, Aids Research Human Retroviruses Vol.

12: 1473-1483 (199%96);

Allan, J.S. et al., Amplification Of Simian
Retrcoviral Sequences from Human Recipients Of Baboon
Liver Transplants, AIDS Research Human Retroviruses,

Vol. 14: 821-824 (19%88);

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);

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

Virology, Vol. 67: 5411-5418 (1993);

Berkowitz, R. et al., RNA Packaging, Immunology, Vol.
214: 177-218 (199%86);

Bieniasz, P.D. et al., A Comparative Study Of Higher
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S.F. Yu, DN Baldwin Nucleic acid in,et at 1996, S.F Yu, mature virions
I SSRNASSRNA, dsDNAdsDNAh999 I T. Kamnura et al., Virion 9 December2005
Assenbl yEndopl asm cEndopl asm ¢1981, P. Roi ngeard et and Buddi ng ! Pl asna
(cell)reticulunreticuluml., 1990 Envi ER Retentionl P. A Coepfert et at,

"dilys' ne \?TgmlfmshNoYesYe51997 Virion )Envel opeEnvel opeEnvetapetBme ss and
Ganem Assenbl y/ Egress , i ndependent dependent dependent 1991 I nternal
Pronoters 1NoYesYes T. Lochelt et at, 1993 WS Blair, 1994, Verricatesh et

al . TransactivaiiOfatYesdNowesVes k92 | ahracelilkhyl axj neevi ewedsi neddémeal
Recycling No (MaybeYes 11999 Al'l relecences as |listed in the paper.
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25 30 57 SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WO 03/000872

PCT/ US02119929 What is clained is: 1. A nethod for produci a@ecamber 2005
hepadnavirus virion that is infectious in vitro which conprises: (a)
introducing into a cell (i) a hepadnavirus genone 5 expression vector and
(11) a foapy okedog@vi rus envel ope expressi on vector which gompkigesva

nucl eic acid encoding at |least a fragnent of a foany virus envel ope
protein; afbey By dafired iing the cell thereby producing hepadnavirus virions
conprising at least a fragnment of a foany virus 10 envel ope protein,
wherein the hepadnavirus virions are .infectious in vitro. 2. The nethod
of claim1l, wherein, Eﬂgdhefpadnaw LUs. genome ression vector |acks a

nucl ei ¢ aci'd enbodifg 2= Hepadh rfujs envel 8‘683 JEE  TBT3°2ThE Het HSd of
claim1, wherei Iinﬂfhethﬁj&admavitﬂs W€ BB NBom@XBEESSI ON vector conprises at

| east one’ gene froma hepadnavirus genone sel ected fromthe group.
consisting of: a wood chuck hepatitis virus (W-1V) genone, a ground
squirrel hepatigds {GSDAuMINGUSIGENORE, a1 ducl) hegatﬂerl:;a%ngvyg{lgs ArcDHBY)
genome, a snow goose hepatitis virus (SGH) genone, and human ghepatl tis
E viru§ (HBV) G&RERESQU THRE S8t el of( L&) aiam QOaWeﬂf@ltﬁOVhéUﬁep%Im‘@Pﬁus

genome expres r i t S s
(HBV) genone. %(g %%%%%%TF‘%‘%TQ%S‘&%C@(%%@%Q) [ﬁ%%%ereﬂ%g—& drting

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 c¢laim 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; wvirus genome, a duck hepatitis B virus

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

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

virus (HBV) gencme.
25
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WD (13/000872 PCT/US02/19929 5. The nethod of claim 3, wherein the
hepadnavi rus genone expression vector further conprises a9 Dexegbaqids
regulatory elenent. 6. The nmethod of claim5, wherein the exogenous

regul atory elenent 5 is a human cytonegal ovirus i medi ate-early gene
pronnter/gmgga&ﬁﬁn (CW-1F) 7. The nethod of claim1l, whepgeifss@ydoany
retrovirus vel Ope expression vector conprises at |least a fragnent of a
gene froma foamy Vhé%cgeagnecﬁa@nﬁclt;?d Jaf'e%m he rgr OH@%écha%%éé stdhgmaf : a
siman foany virus (SFV) genonme, a feline foany virus (FFV) genonme, a bovine
f oany virus (BRApupeséne, vacsen fhiwred camprisessal SEFYYeRFo megubatitanpst er
foany virus (Fqgg%eﬁ%enone, and a human foany virus (HFV) genone. 8. The
met hod of claim77, lerein the gene encodes an 15 envel ope protein or a

fragment thereof. 9. The method of claim1, wherein the foany retrovirus
envel ope expression vector. c rises, a gene . or a fragnment of a gene froma
human f oany- vi TR §EnGhe™ fo. ?ﬁﬂgﬁhgﬁ%de%ﬁg%¥§Fn?@?gﬁﬁ8F%i%ﬂFFE gene
or thed ragmentjzof tkgn 29cgenibioma iineakdoanyividas pHNegenbe-er
encodes the g¢gpl30env envel ope gene product or a fragment thereof. 11. The
met hod of cl ai H¥Xherein the cell is a mamualian cell. 25 12. The nethod
of claim1, wherein the cell is an avian cell. 13. The nethod of claim12,

wherein the avian cell avian 59 SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005
WO 03/ 000872 PCThe)Sopstlonbo dfepgépi® 14, THEIméRhobdf £PaPM FEETRHEFEP n

the mammalian Cghbeiéﬁgié&ﬁ?@%sﬁghlvecgék égﬁirggégogkcﬁeéﬁﬁ“d“f%ﬁgm@ﬁgrgfn
the human cell Ts a man
a gene from a foamy virus genome selected from the group
10 consisting of: a siman foamy virus (SFV) genome, a feline foamy
virus (FFV) genome, a bovine foawy 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

gpl3lenv envelope gehe product or a fragment thereof.

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

25 12. The method of claim 1, wherein the cell is an avian cell.

”13‘“ The method of claim 12, wherein the avian cell avian ,
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5 enbryonic kldney cell. 16. The nethod of claim 11, wherein the mammali an
cell is a 293 cell. 17. The method of claim 14, wherein the Detembec2dds i s a
human hepatona cell. 10 18. The nethod of claim 17, wherein the human
hepatoma cell is an Hep& cell or an Huh7 cell. 19. A hepadnavirus virion

that is '”ﬁ@ﬁf}(ﬁ§ invitro which conprises at |east a fraiRpi @k a foany
retrovirus ‘envelope protein. 15 20. The hepadnavirus virion of claim 19,

wherein the hep?%&% Lus virion is isolated. 21. The hepadnavirus virion of
claim19, wherei foany retrovirus is selected fromthe group
consisting of: a sinan foany virus (SFV), a feline foany virus (FFV), a
bovi ne foang 20 V|rus <£ sea lion foany virus (SLFV) a hanpster
foany virus?( HaEb§, "SHP C}“fuﬁéﬁl‘Fo]aery “\}ﬂ??%%n(@i}ﬁ\/)mam?%larﬂ'ﬁ%elﬁeﬁﬁdﬁavw

virion of clai m18,. wherein the hepadnavirus virion conprises a chineric
envel ope protein whicn consists. 60 SUBSTI TUTE SHEET (RULE 26) 9 Decenber
2005 WO 03/000872 PCT/ US02/19929 essentially of (i) a hepatitis B virus

envel ope prEL eI RndeRERGARE 1kl nd1h0afKebiHScRAVELRRE PEDL 6l H HOomRhd,
23. The hepadnavirus vision of claim19, wherein the hepadnavirus virion

furtheﬁSConprlSé@bEWﬂU@1§¥@m%mpéllsolated froma 5 subject infected by a
hepadnavi rus. 24. The hepadnavirus virion of claim23, wherein the nucleic
acid isolated fromthe subject infected by hepadnavirus encodes a reverse
transcri pt dse. ZHe Teshhépafnalvaiwsllyi mhenedf thaimueligherellh ihea 293
hepadnavi rus 10 rther conprises an indicator nucleic acid. 26. A cel
conprising the hepadnavirus virion of any one of clains

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 1is infectious in vitro which
comprises at least a fragment of a feoamy retrovirus

envelope protein.

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

virion is isolated.

21. The _hepaénavims virion of claim 19, wherein the Zfoamy
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 virus (SLFV), a hampster

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

22. The hepadnavirus virion of claim 19, wherein the hepadnavirus

virion comprises a chimeric envelope protein whicn consists
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19 to 25. 27. The cell of claim 26, wherein the cell is a mammalian cell.
28. The cell of claim 27, wherein the manmalian cell is a 2@&c@dbe2ioscel |
of cl.aim 27, wherein the manmalian cell is a human cell. 30. The cell of
claim?29, wherein the human cell is a human kidney 20 cell. 31. The cel

of clain1ggoﬁwmﬁk§gn the human cell is a human hepatoma getiusodidezeA nmet hod
for determning susceptjbility for an anti 61 SUBSTI TUTE nggj (RULE 26) 9
Decenber 2005 5ﬁﬁﬁ9Q§§£5308?§ hEpadadiPas il gBwhi chiSc oy $88:  Paytein

i ntroduci ng i nt@maifd esl ¢el) 'a REEHYSQ24-199%2R=(bpe Rrbepadnawdiius genome
expression vector; .(ii) a nucleic acid encoding at least a fragnment of a
foany retrovirus envelope protein, and (iii) an indicator nucleic acid;
(b) culturbng thge fiLslanesbud QM Shapr (Ahif018S dRrePh OdUC e hepadRaVLEUS
virions; 10 (c) adm Xing the hepadnavirus virions produced in step (b)
with a second celifriomhdretherhecamriisehepadnavieis aEig iisoprexentraifit B t he
first ell or . SEC I ] irst and second cell, 15 (d)
neasurﬁﬁg the,a%gﬁﬁ%ﬁbgﬁg%§§%ﬁg%ﬁ%1%?%%%%Pﬁ%%éduced by the indicator
nucleic acid in the second cell, wherein the anount of detectable signal

produced i34qep%ﬁgeﬂépéﬁﬁ%QiQﬁquE§¥hrg? claim 23, wherein the nucleic acid

isolated from the subject infected by hepadnavirus encodes a

reverse branscriptase.

25. The hepadnavirus virion of claim 19, wherein the hepadnavirus

i0 further comprises an indicator nucleic acid.

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

19 to 25.
27. The cell of claim 26, wherein the cell is a mammalian cell.
28. The cell of claim 27, wherein the wmammalian cell is a 293
15 cell.
29. The cell of claim 27, wherein the mammalian cell is a humen
cell.

30. The cell of claim 29, wherein the human cell is 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-

L
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virion infection of the second cell; and 20 (e) conparing the anount of
signal nmeasured in step 25 -(d) with the anpunt signal nea9WDezémber 2005
absence of the drug, wherein a decrease in the anmount of signal neasured
in the presence of the drug indicates susceptibility to the drug and
wherein nq¢hRge2i N signal measured or an increase in they/gemui of

signal measured.in_the presence he drug indicates resistance to the
drug. 62 SUBSTI TH¥ Ec”éﬂé’(éﬂ" Ezﬂt%“%b])ﬁ“g ﬂ&%r%é’r 2005 33. The nethod of claim
32, wherein the hepadnaa)rumtrqammﬁ@;enpbe53hﬂﬁtveﬁnnr of step (a) further
conprises a nucleic acid de ved %_on1a atlent infected with

hepadnavi rus. 34. The netho lof* cPEPRMBAVITIRr 59 Y e RUBFEPE i T Wi ved

froma patient infected Mnthlﬁwpaﬂnaﬂkﬂuﬁﬁ;C@@ﬁﬁ]SéﬁcaﬁthaS&ta feagreny of
a human_hepatitis E virus ene. 35. The nmethod cl ai m34; wherein the
gene is°an HBV P gene, an eﬁgngf anfPEW X4y 151S FPTB\PES geiecing: .
The nmethod of claim 34, whefigg n the nucleic acid derived froma patient
infected with hepadnavirus encodes reverse transcriptase. 37. The nethod
of claim 32, wherein the setod @8l |indicateammsicigaccarfdi38. The met hod of
claim 32, wherein the second cell is an avian cell. 39. The method of claim
32, mherein the avian cell is an avian hepacyte. 40. The nethod of claim
37, wherein the mamul i(eh cehltusirg tpeadireel €1l from step (a) so as to

produce hepadnavirus virions;

10 (<) admixing the hepadnavirus 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
gecond cell, wherein the amount of detectable
signal produced is 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 meaéured 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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41. The nethod of claim40, wherein the human cell is a human enbryonic

ki dney cell. 42. The nmethod of claim 37, wherein the nmanmakilsteabket 2006 a
293 cell. 63 9 Decenber 2005 WO 03/000872 PCT/ US02/ 19929 43. The net hod of
clai m 40, wherein the human cell is a human hepatoma cell. 44. The net hod
of claim 43, wherein the human hepatoma cell is an Hep& cell or an Huh7
cell. 5 45. The3uet et ofcitlaai mﬁzclwereizn hheréﬂarryhéehépaﬁﬂimﬂus
selected fromthe gr consi sting. 0 i_man an Vi r a feline
foamy virus (FFV), 3518\“ ne “f'BaRY %ﬁnr usve%ﬁﬁ\l)o a rs%%pl i g"ﬁ fo @ i us
(SLFV), a hanpster fmwwasusa (Harelc antt adhuiveed f bapy v rpsti@dEV) . 10

46. The nmethod of clajf324 V\é\@@{q{e%ahggv{y%_ei c acid of step (a) (i)
: e

encodes a gpl30env envel ope protei nmet hod of claim 32, wherein
the nucleic acid of step (a) (i) encodes a chineric envel ope protein which

consists 15 essgnti %leym%"thf:a) o# Nepaf %azngrpﬁké}irz %Ei’{%ehﬁgifﬁf’é Oéfid‘ domai n

and (ii) a foany virus envelope protéin claim 32,
wherein the second dekiveXpfrsses pamem’s sufdceel am,ttrkotleapadwhw:hui)l nds
human foany virus envelo e prote f A et hod for dzl[ E‘lpl ng
replication capacity“of & e%eapadﬁa?\?l r ﬁs F?glﬁ?ré% P B APaRt
conprising: (a) intEodueingHBW Ogand]jrst cell: (i) a hepadnaw rus genone
expression vector; (ii) a nucleic acid encoding at |east a fragnment of 25
a foany retrovirus envel ope protein, and 64 SUBSTI TUTE SHEET ( RULE 26)

35. The method claim 34, wherein the gene is an HBV P

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

36. The method of c¢laim 34, wherein the nucleic acid
derived from a patient infected with hepadnavirus

encodes reverse transcriptase.

37. The method of claim 32, wherein the second cell 1is a

mammalian cell.

38. The method of c¢laim 32, wherein the second cell is

an avian cell.

39. The method of claim 32, wherein the avian

cell is an avian hepacyte.

40. The method of c¢laim 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.

42. The method of c¢laim 37, wherein the mammalian cell

is a 293 cell.
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acid; (b) culturing the cell from(a) so as to produce hepaeambeti2005
virions; (¢) adm xi ng the hepadnavirus virions produced in step (b) 5 with
a second cell, (d) neasuring the anount of detectable signal produced by

t he i ndi cafy@rys/abehei ¢ acid in the second cell, wherein theramoynozof

det ect abl e si gna&il prodtjl_l d ifs dependent upon heﬁadnavi rus virion infection
of the 10%econdscdat c:’?e)c’ nGrFafm #0ng"PRES MR aLTF eBHE of e 5t ebS (@) Mumsghg
(f) conparing thegrnamemkized neasurenent of step (e) with the anpount

si gnal measured en steps (a) through (d) are carried out with a control
reference 15 hepadnavirus, wherein an increase in signal conpared 20 to the

control indicat egapdmereased:Len! isat|Qn-. qanag tardadecrease;ing
signal measured conpared to the control i1ndicates a decreased replication
capaci ty of the avepagfavieldsorramivhé d¢adflect ed patient. hepadnavirus drug
whi ch conprises: 50. A nethod for determ ning susceptibility for an anti
(a) introducing into a cell: 65 SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005.
WO 03/ GD082Z . PCTIIS0 218029 offi )clzile padnantieuss ngertenef expr esstrvivect ors 5
(i1) anucleic acild ncdodrj ng at, | east_a fragtment of a foany retrovitus
envel ope Selecte ro e group consisting of: &a slm oamy virus
(8FV}), a feline foamy wvirus (FFV), a bovine foamy virus
(BFV), a sea lion foamy virus (SLFV), a hampster foamy virus
(HaFV}, and a human foamy virus (HFV).
10
46 . The method of claim 32, wherein the nucleic acid of step

{a} (i) encodes a gpl3lenv envelope protein.

47 . The method of claim 32, wherein the nucleic acid of step
{a) (i) encodes a chimeric envelope protein which consists
15 egsentially or (i) a hepatitis B wvirus 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 replicatioﬁ capacity of a

hepadnavirus from an infected patient comprising:

{(a) introducing into a first cell:
(i) 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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:protein, and (iii) an indicator nucleic acid; (b) culturing the cell from

step (a); (c) contacting the cell with the anti-hepadnavirgDecémbe: 2008 15
20 (d) neasuring the anmount of detectable signal produced by the indicator
nucleic acid in the cell; and (e) conparing the anount of signal neasured

in step e oYhdokhat he anount signal neasured in the abserceusizibhe drug,
wherein a decrease in the anount of signal neasured in the presence of
the drug indicates susceptibility to the drug and wherein no change in
signal neasured or aniiihcreas&dagorhendepamtcisfi signal -measured in the
presence of the drug indicates resistance to the drug. 25 51. The nethod
of claim50, wherein wherein the hepadnavirus genone expression vector of
step (a) further(i:conpuilsesing nuwot eiceidci dmsr i Ved from aspatdenbrodifett ed
with hepadnavirus._gg. The, met hod. of claim 51, wherein the nucleic acid
derived 66 SUBSTI TUTESRMEET TRU'EI¥E}S'9 Decenber 2005 from a pati ent
infected with hepadnavirus conprises at |east a fragnent of a hunan
hepatitis B virus (HBV) ,gene. 53. The net hod Qf.clain1§ﬁFF$Cerein thqb?ene
' ta

is an HBV P geneSr a@f"HBVE i eBAna e nod Pof P i‘fig “a®hut'ati on
in a hgpadnavirus nyglgi£ Rehbdythat confers resistance to an anti -
hepadnavi rus drug whi ch conpri ses:
(d) measuring the amcunt 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 measurement 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 o 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 hepadnévirus from the infected
20 patient.

50. A method for determining susceptibility for an anti-

hepadnavirus drug which couprises:

(a) introducing into a cell: ' S
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hepadnavi rus drug; b) neasuring susceptibility of the hepadraembas2005
sequenced in step (a) to the drug according to the nmethod. of claim50;
(c) exposing the hepadnavirus to the drug so as to produce a decrease in
the suscepbighidostzy of the hepadnavirus to the drug neasecsdsimostep (b);
(d) comparing the sequence determned in step (a) wth the sequence of the
hepadnavirus followi ng the exposure to the drug of step (c) so as to
identify a nutation in the hepadnavirus nucleic acid that confers
resistance to the anti-hephdinagvi ipPadrayirss. geOueet KFRTEFSEPRI WESAL
wherei n neasuring step (b) conprises nmeasuring susceptibility of the
hepadnavi rus sequenced in step (a) to the anti-hepadnavirus drug
according to the nethod ofl{ichai m 321udieic acid encoding at least a

fragment of a foamy retrovirus envelope
5 ' protein, and

{iii} an indicator nucleic acid;
{b} culturing the cell from step (a);

() contacting the c¢ell with the anti-hepadnavirus

drg;
10

{d) measuring the amount of detectable signal produced
by the indicator nucleic acid in the cell; and
i5 (e} comparing the amount of signal measured in step
(d) 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
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 step (a) further comprises a
nucleic acid derived from a patient infected with

hepadnavirus.

52. The method of claim 51, wherein the nucleic acid derived
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53.

54.

55.

9 December 2005

from a patient infected with hepadnavirus comprises at

least a fragment of a human hepatitis B virus ({(HBV) gene.

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

or an HBV C gene.

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;

b) measuring susceptibility of the
hepadnavirus sequenced in step (a) to
the drug according to the method of
claim 50;

(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):

(d) comparing the sequence determined in

step (a) with the sequence of the
hepadnavirus following the exposure to
the drug of step {c) so as to identify
almutation in the hepadnavirus nucleic
acid that confers resistance to the

anti-hepadnavirus drug.

The method of c¢laim 54, wherein measuring step (b}

comprises measuring susceptibility of the hepadnavirus

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

according to the method of claim 32.
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