4 August 2006 VIRAL VARI ANTS W TH ALTERED SUSCEPTI BI LI TY TO NUCLECSI DE
ANALOGS AND USES THEREOF BACKGROUND OF THE I NVENTION 5 FIELD OF THE

| NVENTI ON The present invention relates generally to viral variants

exhi biting reduced sensitivity to particular agents and/or reduced
interactivity with i munol ogi cal reagents. Mre particularly4}hEﬁspﬁg%pnt
invention is directed to hepatitis B virus (HBV) variants exhibitin

conpl et ¥TRAL [VARTANIS WHIH:ABTERED SUSCEP BIBILITY PO MRIECSINEANAIRES 8ND USES
“interactivity with antibodies to virgfg ace conponents including
“reduced sensitivity to these antibodies. he present invention further
contenpl ates assays for detecting such viral variants, which assays are
useful in nmonitoring anti-viral therapeutic reginmens and in devel opi ng new
or nodified vaccines directed against viral agents and in particul ar HBV
variants. The_present 15 invention also contenplates the use of the viral
variants to sBACKGROUNNOF ZHEINVENTION biting infection, replication
and/ or release of the virus. DESCRI PTION OF THE PRI OR ART 20 Bi bl i ographic
details of the publications referred to by author in this specification are
col lected at ¥hg P68 19E INRAENIGOR | Ption. The reference to any prior art in
this specification 1s not, and should not be taken as, an acknow edgnent
or any form of suggestion that that prior art forns part of the common 25

general know e in,any country. S ificg tations.i.n an am.no agi d
sequence are fﬂ%?@?é‘ﬁﬂ‘@énm ‘?ﬁaﬁ%agfngraiya{"n yarighserxbibivmg, reduced; sesigyityyion o
am no acid reﬁd'rgém b t N3k : resu [ a |
“the nmutant am no aagi g.géﬂtrfeﬁgfgﬁrfee\%baegi %ﬁé’i‘&kggy ﬁn% e lgﬁﬁ'{ﬂ nggqeéﬁ gl\r“i(‘)ef

si ngl e | et t erpathculariye the prespntdunestionTis direntédto hegtitis Bodus (MB Vi) variadkspexchibiting B
virus DNA.pol ynergse are.  nunhered with the residue, nethioni,ne in the potif
Tyt Vet Al TG G it et o it Botide. aisiogs IS GoiAgs dISTASHVIBLR Py o1

et al., Hepat@ii9g¥esit vifat knrfach: corlprents ﬁﬂﬁdjﬁﬁ&é&&o&?&éﬁﬂﬁ?{gﬂ@% E:g{bogies. (3

hepatitis B virus surface antigen are nunber  accordl ng

Gen. Virol 74ThegpresenBingentivg S@fher Sonteraplates assaya doredeticting suchl vind virsmtshedichus ed
in reference f oth_nucl.eoti de.and .nucl eosi de, anal ogs., Hepatitis B virus
(P8, oon catsiesg by piblif Ripnfiil el bt Smentrid uiirelobisg ey o
liver failuremodiBM vaccieddifciet @Mﬂhg&ﬂ@éﬂd%gﬁﬁpﬁdmv vahidhts. he &ygﬁgdtat e
and utilizes 10 reverse transcription rn its replication strategy” (Sunmers
and Masonl5 Ccdpyentign alsg Fontegplatey dbg useTafsho-mival yariants to scredn for agentd capablatafr e
havi ng a part; ) i - St e structure with overl appi ng open
readi ng fram@é@gwomlé%g&wlﬁé?%?%‘ and X genes. The conpl ex
nature of the HBV genone is represented in Figure 1. The pol ynerase
consists of four functional regions, the termnal protein (TP), spacer,"
reverse tranRESGRIRTION OFSTHE PRIQRART bonucl ease (RNAse). The pol yrnerase
gene of HBV overlaps the envel ope gene, nmutations in the catalytic domain
of the polynerase can affect the am no acid sequence of the envel ope

protei n ad@ - Bibliepraphic detailsnofHthetpublidations fefieredapdy sutbaoimethizespificitlvn are
neutralization _donmain of H?%Sknown,ZO, as the "a" determnant, which is
found wi t hi n CHestede tp end of the dsscaptiofet ween ani no aci ds

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that that prior art forms part of the common
25 general knowledge in any country.

Specific mutations in an amino acid sequence are represented herein as ‘XaanXaa,’ where
Xaa is the original amino gcid residue before mutation, n is the residue number and Xaa,
is the mutant amino acid. The abbreviation ‘Xas’ may be the three letter or single letter
30 (i.e. ‘X’) code. The amino acid residues for Hepatitis B virus DNA polymerase are
numbered with the tesidue methionine in the motif Tyr Met Asp Asp (YMDD) being



99 and 169, actually overlaps the major catalytic regions of the viral

pol ynerase protein and in particular domains A and B. The presence of an
HBV DNA pol ynerase has led to the proposition that nucl eoside 25 anal ogs
could act as effective anti-viral agents. Exanples of nucl eosi de anal ogs
currently being tested are penciclovir and its oral form (FAM L@M&rﬁoe
Hodge, Antiviral Chem Chenother 4. 67-84, 1993; Boyd et al., &n rviral
Chem Chernot her. 32: 358-363, 1987; Kruge?r” et al., Hepatology 22: 219A,
1994; Main et al., J. Viral Hepatitis 3: 211-215, 1996]

Lam vadi ne[ (-)-p-2'-deoxy-3'-thiacytidine; (3TC or LIAV) [Severini et al.,
30 Anti 7ni cyQbha! mAgsat goﬁggﬁ]p&é}eér @9 HipdblogA 38, THA9ES7, R0d13t FThe eamiab . acid
New England J Med 333: 1657-1661, 1995]. New nucl eosi de anal oﬁs wWhi ?hzhﬁve
al ready pr ogsisssdort bephtitis g yirus Godacecaitigee fre DRMAPS acopeingato Narder ef al. (/.

pyriam di nes, Enfricitabin aasP- L-2' - 3' -di deoxy-5-fl uoro-3' -

t hi acydi di n%,‘g"'nlf’é?l;c 7f‘h€‘i]5-?ﬁi{lg?%3)deri vative of 3TC, and C evudine
(1-(2-fluoro-5-nmethyl- P-L-arabino-furanosyl) uracil; L-FMATJ), a thym dine
anal og. Like 3TC, these are pyrimdine derivatives with a&‘g gnat ral, " Ld
confi gur &t i The tSeveud¢osple inalogs das bean used usr#aﬂﬁac%d%‘aptfar%’g g %6“‘35‘“‘316081 ©
clinical trials; they include Entecavir (BMs-200,475; ETV), a carbocyclic
deoxyguanosl”‘%o%?nal og, diam nopurine di oxol ane (DAPD), an oral pro-drug

for di oxol ane guani ne ((+P-D-2-am nopurine di oxol ane; DXG and Adefovir

di pivoxil, an oral prodrug for the acyclic deoxyadengsi ne ncggt]os hat e
nucl eosi de Hephtitis BAdedso(HIB V] a1 phise Mﬂtmﬂe@lﬁwyépﬁ&rlpné&e iR sicuts

Wi | st these agents hi ef.f e L. Lnhiblti ; g
Uhere. i st nBvengurk HiFVAs f DarGhi b riich®E okl by RAEMoPaiB ModORifes
term antyigvi t@ler&hEIREARHGP its keplRation Blrate@n (Puramengaul Masbhe Call 2%k e403-415,
resistance nutations are selected in the rt donain th,gin t he, pol %ﬁ?\ﬁ&
at rt M204I f ¥982). The HR¥(genomisds 0B asample nadirg Sayingdr park liéoﬂblﬁgﬁﬁféﬁﬁ

tati is i d i th that .. . ,
IO, Sy SRt B SRR e K, St B n

Lam vudi ne isné, TREEbinplekaiahite BOERHB YV gehdthe by repfestiiied irePiguomi i Tie polymerase
reduces HBV'DNA titres in the sera of <chronically infected patients a,f}e‘r3

ort hot opi ¢ lebnsists of &nuplmetionel mgiquel thy terninalmrateit (F )y FRACET TBRASS

LMW nonat.her a ens unlikely to be able to control HBV replication 20 in
the | onger ﬂ@f%f%?@cr?s%@ég%' energence of LMV-resistant strains of BBV
seens al nost inevitabl e during nonotherapy and single therapy is generally

i nadequate to result in viral clearance per se. ETVis alsp a po entt .
i nhi bitor ofTheByolymptase sgenornt EBY p¥erlaps dha | anyelepsgcap B“’&anép'g‘nhl?l catglytic

deoxyguanosi ne ana W.th activit i NS o i tei d
her pesvi r us &9mas} Btﬁ’i%rﬂoégperaﬁ Vi) ec?%%iac'ﬁgg%tﬁf@:%ﬂ%{%@ge hi ghl?}ile I;3)1;())teeur11t"m

| nhi bi tor of, 'Jé%\érédmﬁcﬁﬁeﬁm,%@ Gelit shperst foptemeatralizninnmonetin af HBV kiown
Ant i m crobi oll Agent em 44: 14%11- 1448, 1997; Siefer et al Ant i m.cr obij 0l

Agent Cigdm 28 th&20detspaiant, g@llﬁt?h teforanwithiathe HBsAg e lopafsd betvigs AMIDeRgids
43: 190-193, 1999 ETV ha : | i ! ;
chr oni cal |y 9016 AbalE ey BE Fog a5 Feejor yRonisl oY atdprhein

Genovesi et @hin HAchiz: abRRim/A Agep: Chem 42: 3209-3217, 1998). A four week .
dose-escal at1 on PI’I al 4 August 2006 -4 indicated that ETV was

wel . 1-tolerated and resulted in a 2.5 loglo mean reduction in virema at
J; QSOP It ggef E, ﬂ%ﬁg@tpgnsc%egf {a }g(/dﬁﬁkyk)blylﬁl'\éyasgﬂsﬂe@% h8'Pr8hdstich YRt Saucleoside
25 analogs could act as effective anti-viral agents. Examples of nucleoside analogs currently
being tested are penciclovir and its oral form (FAM) [Vere Hodge, Antiviral Chem
Chemother 4: 67-84, 1993; Boyd et al., Antiviral Chem Chemother. 32: 358-363, 1987,
Kruger et al, Hepatology 22: 219A, 1994; Main et al., J. Viral Hepatitis 3: 211-215,
1996] Lamivudine[(-)-B-2'-deoxy-3'-thiacytidine; (3TC or LMV) [Severini et al,
30 Antimicrobial Agents Chemother 39: 1430-1435, 1995; Dienstag et al., New England J
Med 333: 1657-1661, 1995]. New nucleoside analogs which have already progressed to




cross-resistance to ETV in vitro, although entecavir was still capabl e of
inhibiting viral replication at higher doses; these data are sonmewhat
surprising considering that ETV is not 5 an L-nucl eoside. ETV has been used
successfully to treat patients with the LNWresistant HBV nutations. No
specific ETV resistant nutations had been described. Nucl eosi de,,ang{l 26

t herapy nay be adm ni stered as nonot herapys or conbi nation thera'@ wher e
two or nore nucl eosi de anal ogs may be adm ni stered. The nucl eosi de anal ogs
may 10 al so be adm nistered in conbination with -other antiviral agents

such as interf.eron pr. itis B d
tg i dent : fy%Fﬂiﬁ?letgé&d‘éwﬁgﬁz};‘%Pﬁ%wlﬁ%scﬁgﬁ%ﬁ?«g ar | an%g g@é&S%‘]&ﬁ,r@@e
rapi d i dent mhﬁaﬂ Afe0qof2sfiet thyl-
puPsued 2 %%us%dl% 5 Suﬁ/mf&déﬁh'&?ﬂ%&%hﬁ%c%ﬁg abbrgdwsat | g;&s;,me 4

defined i n Fdbkebinocafueancsgll unacit;h&-EMBBcta shpuidine anelog. BkFABLE, these are

Abb t ABBREVI AT|] . ON., 3TC (L +P-T- tid

Sdefovir | CRPEmIEmTRGRINCRATEN 8% REABIbAL 1 PERURRALOT SEYET PUERS SHRBINGA 1
FAM fancicl Xv‘e Isg } 0 e£§teﬁ't8'<}_ﬁag %alk‘%@yhﬁ&ﬁ&é tEﬁec%vmsgiU@W5L 'ET‘BFA@

hepatitis sur hepa Itfs B virus rni vi dui ne

adefovir chsecychbmuxy@amesmc araleg,sdaminmparine dicxetanyNDIARD), axmvralx@po Asm a

notif in the polyrrerase protein; where the Net residy d na
resi due nunfsrd lma!@ﬁ guanang (ukpd2 Wawepﬁlawaﬁ%r%g;ﬁﬂ@ ga?fg"“ ‘ﬁpl‘mm

speci fication, I es%ugh?m_ ghp%xicﬂceg%{ﬁae&ts&%r \‘Hoi%phé#ﬁd@%ﬂcl%ﬁa@réﬁﬁ)g[ .

10 or vari af"?o?‘fg conpri be under st ood

inply the Aﬂefow(ﬁr[pﬁ&smoﬁmhaﬂoﬁyemmmdmm pm;e)r or group of elenents or
i ntegers but not t excl usion of any other elenent or integer or group of
el ement 40or integers. 4 August 2006 -6 Nucl eotide and anino acid sequences

are referre a sequence. | LLi.ar: n ﬁEQ, heherE G ki
NOs : corresg@?‘]ﬁt% AEER I?g&cﬁh?’ﬁghé‘%&%elﬁggﬂﬁgﬁer‘é e@éﬁ%&lﬁeﬁg %ﬁoo 2,

etc. A sequpbeftidlifof tediitant ndtoNd GBI tb@indriedwring long téfmil'htﬁnpmﬂi thémothexapy.

nucl eoti de and am no acid nutations identified using nonencl at Lom

genot ypes BIn gatients opriodongpé LMY ihsFapy ckeyeorsstancs AytaRons, s ?qt?c{ oF the, &t
DNA domain within the polymerase at tM204L/V +/- rtL180M. The nomenclature used for the

15 polymerase mutations is in accordance with that proposed by Stuyver et al., 2001, supra.
Only LMV has been apprﬁved for use against chronic HBV infection. Lamivudine is a
particularly potent inhibitor of HBV reialication and reduces HBV DNA titres in the sera of
chronically infected patients after orthotopic liver transplantation (OLT) by inhibiting viral
DNA synthesis. LMV monotherapy seems unlikely to be able to control HBV replication

20 in the longer term. This is because emergence of LMV-resistant strains of HBV seems
almost inevitable during monotherapy and single therapy is generally inadequate to result

in viral clearance per se.

ETV is also a potent inhibitor of HBV replication. ETV is an orally available cyclopentyl
25 deoxyguanosine analog with activity against hepadnavﬁ*uses and herpesviruses. Preclinical
studies indicate that ETV is a highly potent inhibitor of HBV in enzyme- and cell-based
assays (Innaimo et al., Antimicrobiol Agent Chem 44: 1441-1448, 1997, Siefer et al.,
Antimicrobiol Agent Chem 28: 3200-3208, 1998; Yamanaka et al., Antimicrobiol Agent
Chem 43: 190-193, 1999). ETV has also demonstrated efficacy against WHV in
30 chronically-infected woodchucks (Colpnno et al,, JID 184: 1236-45 2001; Genovesi et al.,
Antimicrobiol Agent Chem 42: 3209-3217, 1998). A four week dose-escalation trial



pol ymer ase was desi gnated position 550 (see Australian Patent No. 734831).
The nucleotide and am no acid positions given in the present specification
are based on a new nonenclature where the nethionine residue is YMDD is
position 204 and is referred to as 10 rtN4204 where A is an abbreviation
for "reverse transcriptase". In accordance with the present iﬂ%ﬁﬁﬁ&ﬁ?bOGHBv
resistant variants were identified in a patient (patient A w chronic
hepatitis B treated with both LM and ETV and a liver transplant patient
(patient B) treated with ETV that had been previously treated with a 15
nunber of nucl eosi de agents including LM/_.4l.n conbi nati on therapy,
accordance with the present invention, resistant variants of HBV were
identified, following LMW and ETV treatnen~ with nmutations in the HBV DNA

pol ynmer ase gene L,ch uce_t ensj tivit of to these nucl egsi.de .
Pral ogs. - Cor R BEHEm A BTRNES whlSo REE itdigiufiedan ark Y Insho tneEh Feddtion B ifgduia
identificatia mﬂii{gﬁés@assﬁﬁ%euqui Bily) SLMW Riststdiice nitati i WEASLRRHERIND Rhfer
assays 20 to nonitor LMW and/or V rési stance and/ or resistance to other
nucl eosi de anessoesistanr pBIV & vigwi akoughdentecayureen stilbcapajde tof inlibitingavieal

useful as alternative .therapeutjc ents. The nmutations detected i he
FBV 1 ol at od TIGPHAE hHE! JHer: (S JRhACY PomE Bt FAREIHLE Sruiiieroe Azt EIY Boret.
rtV 73L 5 r tah 18ENE 1801 43VIEW inss BEDNRH IsabResthly b6t i6at Iga%ieﬁﬁ%t@ RSV bdo¥stdr?
ETV in functional assays. 25 The detection of  such HBV variants is

parti cul ar | yiBWpauations. Ne spheificdiiagmsistant niutatione hapbern despriedocol s

i ncluding the selection of appropriate agents for treating HBV infection.
The nethod of this aspect of the present invention is predicated in part on
moni toring thR1ébeide! B thetapy anSH bb a8hiiéteRR dsNEHERASEPYIRY doffbthdtint herapy
presence of a 30 nucl eoside anal og. The clinician is then able to nodify an
exi sting tr &dhenero pr orooe olclopsidesanabegs may he pdmopristencd. The ancleosidganrlogomay
accordingly.,4 Augyst .2006 .-7 e aspect, of, the,present .inventian

Cher ef ond ” lsS % SFSEIRL,in FenPReBi Mitgineh i aetmst Fufings daterferon or
nucl eoti de mypatisBirhudoSShALEIERIEINY @ DNA pol ynerase resulting in at

| east one am no acid addition, substitution and/or deletion to the DNA

pol ymerase and 5 which exhi bits decreased sensitivity to ETV and/or LW and
optionally her. nucl epsi d nal ogs..,Preferabl y, .the. ol yner

oxhi bi ts 1 edUREASSRASTY 1< 19eptify Buigosids- s :°d5f'ﬁﬁs‘§?g$“i el HRY, Thes
a nutation ipi@fcAMEEARING N RPRAIteRAThE Epdutid FRotbEolk bein %ﬁﬂ%& in aregion
defined by one or nore of domains F and A through E of é \V DNA pol yner ase.

10 The present invention further contenplates a nethod for determ ning the
potential for an HBV to exhibit reduced sensitivity to ETV and/ or LNW or,
optionally other nucl eoside analogs by isolating DNA or correspondi ng nRNA
fromthe HBV and screening for a nutation in the nucleotide sequence
encodi ng HBV DNA pol ynerase resulting in at |east 15 one am no acid
substitution, deletion and/or addition in any one or nore of domains F and
A through E or a region proxinmal thereto of the DNA pol ynerase and
associated with resistance or decreased sensitivity to ETV and/or LNW The
presence of such a nutation is an indication of the Iikelihood of
resistance to said entecavir and/or LW. Preferably, the HBV variant

exhi bits reduced sensitivity to ETV, or both ETV and LMW/. 20




The present
resistant to
BBV surface antigen from

form thereof or
acceptabl e carriers and/or diluents.
i nvention provides a use of the aforenentioned conposition or

invention also provides a conposition conprising a variant HBV

ETV and/or L

the variant HBV or
its chem cal

MW and optionally other
a reconbi nant or derivative
equi val ent and one or nore pharnaceutically
Yet anot her aspect of th

conprising a nucleotide nmutation in a gene encoding a DNA pol yner ase

resulting i

n at | east one

am no acid addition, substitution and/or

deletion to the DNA pol ynerase and a decgeased sensitivity to ETV and/or

LW and optional |y other
medi canment for the treatnent and/or prophylaxis of hepatitis B virus
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n

ucl eosi de analogs in the mnufacture of a
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hibits reduced sensitivity to a

RN

nucl eosi de anal ogs or an

\Y,

ention al so contenpl ates a net hod

nucl eosi de anal og by isolating DNA or corresponding nRNA fromthe ~W and

screening for a nutation in the nuclootide sequence encodi ng

t he DNA

pol yner ase THeibbidvidtions pefsediif Table I i€ ubsl inaké Abjealspédifiationn t he spacer

regl on ari

spacer LI 28F,
t Y124H,
rt A21S,
rtY252L or conbi nations therfsreviti®ix equi val ent
mutation is indicative of a variant which ex)-kibits a decreased

rt A97V,
rtl VUo4V,
rt H248N,
ot her

d the rt region:
spacer S1370,

rt AS8E

L LS T

spacer Kl 15R, spacer Hl 16L,

rtY54H, rtL911,
rtvi7z3L, rtLJ80K
rtTl 84G rtS2024

one or nore

spacer L97?1,
spacer R139Ci spacer F142S,

rt h\Wov,
rt QL30P,

sensitivity to ETV and/or LW and optl onal | y other nucl eoside anal ogs. The
subj ect netrh practited by SCI motatTom T the

nucl eoti de |- %je; \@%@Aﬂgﬁ@gd ng--t he DNA pol yn§§§§mﬁ t he presence of
the fol | owiing nuta@cons 1h the B or @ 1 Y082 dbd38,- A thRGy@dine r t 1 169T,
rtVvVi73L, rqL180K rtT184G {tS2021, riM04V or conbinations thereof or _an
equi val ent |one orABW®re other nutations is indiafowie of a variant which

exhibits a
nucl eosi de
AWA4V corr
Australian
a finther
sequence

mut at i ons i

5S, gr@éZ F22L

reverse trj

rl/ oF L I\Il/ and tianal L, Athar

rlnr-r a:u:nrl ennel
A~ A A A | EATAY] =AY R E=]

vttt ET\/ an
v L] LB >4 7T Vv

—oTrTarTTy oTITTOT

4”5’@1#@_ rt LI SOM and

anal offAPD ¢ shoul d be not ed thg
FSspond utants  VoI9L, L
Patentﬁ%g 7348

Ep=IL OV, Tespectivery |
31 (using an earlier noffenclature systen). Sti

pt hodo}E’pgy corrp

n the 2 "-‘_

i ses screeni ng for Eent&thﬁi'l on in the nucl eotid

br €52 andS genes (cfnmg?é%wrn the overlappl ng

=

PreS | TI FreS2 V39A, Pr eS2B 89V, sT118A, SFI 61
(- rt1169T), SE 6@ - - TLVI73L0),  S1195Mhdpanitis mmnog;gagﬁT, PreSl  E86(
PreSI N91K|_PreS2 P41H  s(ROY, sP120T, sl 76V sVl 94F or..conbi nations
t her eof or an egdBsAgent ohe or, rmre ot. ﬂxspatxtwt&silﬁmeimtrgﬂnﬁ cative of a
Vari ant V\A‘] \.lll exhi hrt =4 ‘u. CUI UMJUU JUTIJI l'.; a's 2’2 J I_I 'V u.llul UI LE\VAIVI alld
optionally|ot her%gl eosi de anal ogs. 4 Auguté‘?py@é?)g Vipef erabl y, the
variants afe fmi ated fprmsuch That They Lﬂﬂgrgone at teast one
purificatiopn_step away from naturally occurring bodv luid. Alternatively
the variants mayPMIA mai ntgined in isol ated bodydefdvit d or may be in DNA
form The } lop—also-5-contenpl ates—infectious nolecular clone
conprising{the geNéWe or parts thereof from aribgmygleaseé HBV. The detection
of HBV or [ts_conponents in cells, cell lysates, cultured
rt reverse transcriptase
YMDD Tyr Met Asp Asp-a motif in the polymerase protein; where the
Met residue is designated residue number 204 of the reverse
transcriptase
Throughout this specification, unless the context requires otherwise, the word “comprise”,
10 or variations such as “comprises” or “comprising”, will be understood to imply the

inclusion of a stated element or integer or group of elements or integers but not the

exclusion of any other element or integer or group of elements or integers.



supernatant fluid and bodily fluid may be by any conveni ent neans i ncl udi ng
any nucleic acid-based detection neans, for "anple, by nucleic acid
hybri di zati on techniques or via one or nore polynmerase chain reactions
(PCRs). The term"bodily fluid" includes any fluid 10 derived fromthe

bl ood, |ynph, tissue or organ systens including serum whole QUQ@RstZdHSODSy
and biopsy fluid, organ explants and organ suspensi on such as |iVver
suspensions. The invention further encorfpasses the use of different assay
formats of the nucleic acid- based detection neans, including restriction
fragnent | ength pol ynorphism (RFLP), anplified fragnent |ength

pol ynor phi hing | aBi i hegenke ided &R}l number (SE
anplificatﬁgﬁgéﬁgf%¥%§%§%ﬁ£§§%%ct|S%Q?A%%§?h¥ﬂPg?éper;%%1repetitive (SEQ
sequence [NODr Ese SEQRID N@s corespind REnmREiRp]lyitothe sequenky ndantifiersc /40031,
reaction (i PCR). and, reverse transcri.ptjo I rase chain reaction
(RT-PCR), &H¥lidseiCofiefdencRiyings prﬁvg‘?d 6‘?‘?&@? %% a techni que which is
particularly useful in identif~ring specific nucleotides or nucleotide
sequences. Ot her forms of detection include Northern blots, Southern blots,
20 PCR $eqilihe positionsaoi ruivbebyidp and edhine scid unbtatisnssidesitfiedasing momenblabire droan

component SEOGRSS erCr 8 ¥, he: ¢ uMLERRHLFRREOR fhe. YAIDD motr 6 (8" DRAT
ol i gopepti ﬁ@ygl%ﬂisét ﬁgs ?%%gﬁafeahgéﬁﬁéﬁrﬁo s%e%@ﬁa@aﬁp%]{teﬁ?f Nohe7 383 $£Nhe

i'nvention Irecte variant HBV conprising a surface 25 antigen
havi ng an awdlewidecind aneino acidepositions ivenriglthe present| spegification axe basedion a new

substitution, ddition and/or,.del eti on or uncatj on red to
surf ace anP‘?‘B@%??ﬁtP’@rf‘V]éﬂP cxogthioning resifup 4s @6@%\?"5&?&“\/@3@%&3 5#%?#%8%
generatgd ksl ArERS fotbvitlibs! fdrYARcRY TS GipdR] oen exhibits an

al tered i mmunol ogi cal profile relative to said BBV variant. One altered
profile includes a reduced capacity for neutralizing the HBV. Mre

rticul , the 30 surf ti ft i ant HBV exhi bit | .t d
P! 0g B Beq9RGIE vl PUsHoRlo vt TEB Ya (MRt AR ER AP0 BE e
BBV is sel §§Se§9 @mbg iflQleRR B aRileB Afeatdd (it bol® 1. MVAMELUETV2ARPa liveY

DNA pol yne e vafiant HBV of "this aspect of the invention may also
conpri se atrmsplanbpatient (petiem d3) teatpd mathnETY thahdkd teen mreviopsly treatédewithde

bstituti , dit] d/ .deleti d -t t { 5
The” br &3 erbithber amrelouss Bk ingrading LN TG ombmadntndaby AsrardHaRk s
t her eof OrBQ/reQ@iﬁ{%ﬂﬁﬁﬁ, AlsisEe Vafights GUIBY GRte idrgfified, flowaRPIMIWNEnd BTV

variant H nerally, the HBSAg or its reconbinant or derrvative form or
i ts cheni ctitatmeut, wathemtitationpini the HBY DA pedymeriage genpuwhich 1giduce thesengiiator

D T B P oL b B B AL
directed tgQ.ar rafcSHERARaREY of RO Fdtiddkd ﬁriggohﬂiﬁ‘i‘%i? 'tliégﬂéi)%lopﬁa&ft bfassaps an

HBV carrying said variant HBsAg. In one enbodinment, the altered
i MmuNolkOgi wamanitof UMV emtfmr FIA5 resistenbecsridior resistoreeatn bthey nuslevsider analog

th i ant HBV. A The, t i ti i i cat ed..i t { .
dont 11 caRFBREUHISHBFL ARbiD OFegh PRty PO e ARty o REFaRerS
of nutati OBtnt 2?&1& hidkibnd WRteQfed "' fhe CHBVA SHoRited Hont pasibRCACEH kbY Fthctional

decr eased sensitivity to one or nore nucl éosi de anal ogs, a
reduced | egshaingnarmely thontil69ha ri¥d73L i+ LOS0MepatVIR04V Bs aemonsiyaied tohave
reduced, abrogated qr, ogcﬁrvm,s i) 5i red i mmunol ogi cal interactivity,

rel ative tH&dyuss SHILY| .TYHHE‘;‘B‘WE?B i¥¥Pi fication of HBV variants with

t hese tational patterns is inportant inter alia for the devel opnent 20 of
assays to detect BBV variants and assays to screen for agents which are
usef ul in The datection afdduch HBAV eatiamtg is Nfaetiduilatys itmpotthais e Ve nsanagemeny/ of

OB e s gl BN of ok it i S frmy
infection. The method of this aspect of the present invention is predicated in part on

monitoring the development in a subjéct of an increased HBV load in the presence of a

30 nucleoside analog. The clinician is then able to modify an existing treatment protocol or

select an appropriate treatment protocol accordingly.



Accordingly, one aspect of the present invention is directed to an isolated
HBV variant 25 conprising a plurality of nucleotide nutations that
correlate with at least two characteristics selected from (a) resistance
to one or nore nucl eoside anal ogs, (b) a reduced | evel and/or functional
activity of hepatitis B e antigen, or (c) a reduced, abrogateq Llé 200

ot herwi se inpaired i nmunol ogical interactivity. 1 30 Another é%% c& P t he
present invention contenplates an isolated HL3V variant conprising a
plurality of nucleotide nutations that correlate with (a) resistance to one
or nore 4 August 2006 nucleoside analogs7-(b) a reduced | evel and/or
functional activity of hepatitis B e antigen, and (c) a reduced, abrogated
or otherw se inpaired inmunol ogical interactivity. Yet another aspect of

t he present invention provides an isolated H BV variant conprising a 5
plurality of nucleotide mutations selected fromtwo or nore of (a) a

hucl eot i de maY atiedn of Rhe proene iveaO6, therefdpblAspditectsd fs an rieslulet HB\/T vagisnt
| east one ami no acid addition, substitution and/or_deletion to sa

pol ymer ase ofmarising wuqleoad¢ mat@phmba gene @@eﬁ@asae@l%mlmmwsalt@ﬁvn at
o o 1B BRLHO08 ot 88418 bn HBLGARLE nBYR 4BRAon (B)in@ DIMCHAYAIHAE and

mut ati on IHG e antigen or riptional

10 contr®l ehigHRRAibAE d&@dedseﬂ%ﬁsmfﬁﬁi & HTVaaIﬂ./dﬂlIMNi and optmﬁanlg dﬂmermlromxsxded
| evel and/or functional activity of said hegatl tis B e antjgen, apg
ng

nucl eot i de awalogsi Brefenably, gbm@Nérmmnwg% eklipys ireduced Ssmlwébttp d%TYe%l

in at |east m ne t.] t ut

pol ypept i deEmiz ?g'?gv%g' g;‘Jiémor 0 hﬁelra\!t)i\lldsvg'izlallﬂﬂlq é%% e:g?%aﬁfﬂé)ﬁaﬁu@ i 3

i nmunol ogi Cg’éJnothlﬁraQ@giow deﬁned\ngtoheror asqpe of dorhainb & deAethfough\EanBV DNA
contenpl ates a method for detecting an agent which exhibits inhibitory
activity t@odyiueB¥.by generating a genetic construct conprising a

repli ca%gon conpet ent - ef fective anount of the genone fromthe BEV contai ned
ina plasmd vector and then transfecting said cells with said construct,

cont act i ng Thepresdnt Snvedtioh dhake, cotitehiplgens diathiod fdr afetdrmamiag dhd poientialnior flan
the agent to be tested, culturing the cells for a 'time and un

COS;ZII ti ons BBV tocexibit frgqluopﬂéze ;i ithte EFM ent/er L%r%s‘%?t’é’éﬁlélf iog"eé'ef&ﬂ?@??é’é’se
fest ot an: il P isBlarhe DRABP forkishiiauily Cabin{BeRIBY. G Forebning fox o

cul ture supgitadbaind tHd mudﬂedtﬂe \skdiinee emcodiﬂgaﬂBVcDNp\opelnymmeaesulnng maainbasto
det erm ne whether or not the virus, has replicated, expressed 5 enet

mat er i alS arrirecming seidoubgtitten. lelatior sndier é@@%ﬁn ThamHRNERTIRE ‘PH%
agent. In a tg{oﬁg.ﬁ g? ,f%g Eﬁmaﬂﬁ{& pi afmednmgaafém&é}a& B&Fuéswamsmth

vect or and es generati ng a genetl construct Conpr|S|ng

a repl i cat i refistandmet dwteastd ambitivity taBETVdndfr IMV. Thepresericearfistélea bBMation is
contained in or fused to an anount of a bacul ovirus, geno ffec%)erﬂgl ﬁ?lﬁ
i nfect cel I@@d@a@%ﬁfihﬁ]éléqlhhﬁgd ehresistasre o fid ﬁn@ﬁﬁvdf aHex #2¥t kg

30 the cell I f V"%q:n W e agent to be
t est ed, culﬁﬁyb‘%ﬁl%ﬁ %gu‘%'a%ggntlﬁ%t%a%m er cond |g'r'15 sufficient for
the HBVgo replicate, expr ess genetic -12- 4 August 2006 sequences and/or

assenbl e and/or release virus or virus-like particles if resi ta t.0 sald
agent and tHenpresat devantigniatie previdss 2 cemposition cemPHSNg @ Yagiapt gﬁiap FEsATE

fluid to vi t or
00,0 e A SR 0 i
and/ or beenthk ¢hgaf HIBV brighscdpibisaitee defivative form tgef or its chemirhl equivdlemteand
enbodi ment, the nmethod conprises generating a contjnuous _cell |ine
one or more pharmaceutically acceptable carriers and/or diluents. Yet another aspect of the
25 present invention provides a use of the aforementioned composition or a variant HBV
comprising a nucleotide mutation in a gene encoding a DNA polymerase resulting in at
least one amino acid addition, substitution and/or deletion to the DNA polymerase and a
decreased sensitivity to ETV and/or LMV and optionally other nucleoside analogs in the
manufacture of a medicament for the treatment and/or prophylaxis of hepatitis B virus

30 infection.



conprising an infectious copy of the. genonme of the HBV in a replication
conpetent effective anount such that said infectious HBV genone is stably
-integrated into said 10 continuous cell line such as but not limted to
2.2.15 or AD, contacting the cells with the agent to be tested, culturing
the cells for a time and under conditions sufficient for the 4'7&%§u§t%0_06

replicate, express genetic sequences and/or assenble and/or reledse virus
or virus- like particles if resistant tothe agent and then subjecting the
cells, cell lysates or culture supernatgnt fluid to viral - or

viral -conponent -detection neans to determ ne whether or not 15 the virus

has repli caltl;.gd, expressed genetic material and/or assenbl ed and/ or been
rel eased in%¢ H@S‘fiﬁ SERLen gFO terdemplatat a method fordetermining wehiethen sa HEBY: strainhe

present i nveghibigNredi&a ey : ' t I ch
exhibits inhibitory o Pﬁ*ﬁ“k"‘éﬁf*ﬂﬂg@%ﬁ?&%@ b e‘&ﬁéntﬁ%??‘% ¥ tcrgg‘gébfﬁ%g
pol yner ase BRIy fromhthe RN ol \sersenine forct inviation émthehmickntidé seplenks agoding

est abl i shed il l... Anti.m crab Agents.Chenot her. 46(4):
1005- 1013, 5%3%?@?‘3%"‘- ‘l‘es?a‘g T"“’,% ‘%epﬁ%ff’% °o°§31’.‘e ‘%@?&"% B gatonsdn taeepacer f?é}@n HBV
pol yner ase sl thisert aegior: bphoeple9 Ty spaeéril SR, Cspat¥Bi 1 D61, YspRERE E28¥, SpHier0376BY
pol ynerase. 25 |, nnecthcm#\n tng, tﬂgsl%&rrﬁéhod the plasm d vector nma
include genZ¥%E PnPIsE 4gy, Syl Qe ARTV,) ity r SUEL26R. a8S135Y,
bacul ovi r usHUEOTOHMIBOVAGENTML! Wa. 1566} et AE) AasFpdar) - ,
75(3): 1104-1116.2001). The ident i]f fﬁga%mgﬁ Vi rgsla’%ﬁ ant sﬁez%ab’f’ﬁsf? e
product i on BRIUe A THE4G 8RN 2L TtHE4ENS ot YR2Li onsambinaticusrithenenftorvar equivalent
conponent s shch : SV : ; Al reS2, ., S _encodi ng
for L, M S pr ot@ﬁ?mggm\%ﬁﬁzssﬁt er a?ﬁ%%@?‘ﬁ%@gﬁ%cﬁaﬁﬁd %’%&ﬁ%t
2006 -13 defElY pdoriBiandioptiomallyRéter ouci¢osiieagaldgsi gn nay al so be enpl oyed
to identify or generate therapeutic nolecules capable of interacting with
a polynmerase or or envel ope genes PreSl, PreS2, S encoding for L, M S

protei ns orTht fibfect arpmdaniy gifo bb eracBiéd tgugo!aeendfgums afBitaBb® th BRVRicleotide
entifiers used throughout

di agnostic Potentia@q%ﬁ ry of seqguence i ]

t he subj ect>*gP&EF £ °M§ Eage phereipotie presence A the follpaving mutatipne f

sequence i dignthe R &f € dorhaifFEUbL Y P \ hO f HBV

DNA pol yrner ase &or ITU|21 )y .2r egipoger%'hsdnAdtﬁgagg’ ?5&?&7 m%f %tnlg?ggépr(sggghul a

1y 3 ?88 an?aMzgh or) comblpatiags thareal ot wmqmmieg( %]:»M)or glope iotear gmaml 1is7

prinmer o dic St Jar : J¥Er r\ar ner -

Fever se. pri oo SpE S e hich PR, bicteed sl BB 6 BTV Blvor Ly ana
optionally other nucleoside analogs.

It should be noted that mutants rtV173L, riL180M and rtM204V correspond to mutants

VSI9L, L526M, M550V and M550V, rcép_cctivcly in Australian Patent No. 734831 (using .
an earlier nomenclature system).

Still a further methodology comprises screening for a mutation in the nuélcotidc sequence
encoding the envelope genes wherein the presence of the following mutations in the PreS1,
PreS2 and S genes (changes in the overlapping reverse transcriptase region ar¢ indicated in
parenthesis): PreSIN114D, PreS1 T1158, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL8SV,
sT118A, sF161L (= rtl169T), sE164D (= rtV173L), sI195M (= rtM204V), sI208T, PreS1
EB6Q, PreS1 N9IK, PreS2 P41H, sQ30K, sP120T, sL176V, sV194F or combinations
thereof or an equivalent one or more other mutation is indicative of a variant lwhich

exhibits a decreased sensitivity to ETV and/or LMV and optionally other nucleoside
analogs.



13-18 TRl (Figure 4) 19-24 Pol Trans of TRl (Figure 5) 25-30 HBsAg Trans
of TRI. (Figure 6) 31 Pre-ETV (Figure 8) 32 On-ETV (Figure 8) 3 Pre-ETV
(Figure 9) 4 August 2006 -14 SEQUENCE ID NO, DESCRI PTION 34 On-ETV
(Figure 9) 35 Pre-ETV (Figure 10) 36 Post-ETV (Figure 10) 4 August 2006
15 BRI EF DESCRI PTION OF THE FI GURES Figure | is a di agrarrrratingu ust 2006
representation show ng the partially doulsle stranded DNA HBV gemnorne
showi ng the overl appi ng open readi ng frames encodi ng surface (S), core 5
(©, polyrnerase (P) and X gene. Figure 2 is graphical representation of
Patient A's clinical history including therapy reginen, HBV DNA viral |oad
and al ani ne transam nase (ALT) levels. 10 Figure 3 is a diagrammtic

repr esent abiegitaliliy, tHeevalan a8linStslated Yoin Ghele M2 aRYy havdugdégode kf lébst one
representati on show ng conparison of the BBV nucl eotide sequence encoding

t he cat al yPls’tﬁqﬂ@gNSWP@f\’Vﬂﬁ’ m@am}ymu/gmequw fiddudtemmativ nﬁﬂeﬁ@rifan@rmay
Patient A ing L LW/ ent ' ination.t. . .15
Froure 5 1 2 Haifped W RARAEEERYaRH o olinp it FEBNA SR e hisRt R pR s

sequence Ofontédhiflatedtielfitus MERLEAr MonédCorRPHMNE RS LerlPNE of Paie BURLESS Rdm a
sanples from Patient A durin LW nonot herapy or LM/ entecavir conbination

19 ] ;
t herapy. 2varint ¥RV 6The detectipn cafelBAL boitsstommpargnisoimpesliss aslloysaths edameked

am no acid_seqguen o] e..enyel.ope gene in sequential sanples from .
Pat i ent A SRPHAEA Bt and SRUBLASATRS BTRY bt sBSCHEER oitsns St sbf Bygteic
Figure 7 igidbsdedHebebiBhirGeans Ploe tRihplel B? natleR &APYbAJIzaNSHE ePhhRfues or via
determning the 25 potency value (PA) of a variant HHMFigure 8 is a

r epr esent a@hiedt BoISHohgnerasrdrinsisactions (RERsBThe trsmehodily fhidlinebieles apy uidhg

Pati ont0p el AR g Biool 1BRRHTERAS B S50 BN HTRESARR Fhgly 3be.,
August 2008iopsylénd-bispse fidid, %r%mf SIYIBREBREOIAR subFositeh ARAPAT Iived Buspersidfs.

deduced ani no aci d sequence o t he cat aI%t.l c region of the pol ymarase_(%ene
i n sequent Tk inyemginteBirther anqoampasses t use oidifferanty 2ssony forontsf the nneleict aridTV)

d ET\V. th . Fi i tati | [ f
the deducet°ShiopRuier edif dndllolsd AeERGRIArGAbY O BaBty H-LenGRNRRL AELHS oo
from Pat i eghplifiedu fiagtheh{\Nerin Gid1phefphistd '(AFLPY,0 singletraad chiinEgdlyoiteplism.

15 (SSCP),.amph'ﬁcation and mismatch detection (AMID); interspersed repetitive sequence

polymerase chain reaction (IRS-PCR), inverse polymerase chain reaction (iPCR) and
reverse transcription polymerase chain reaction (RT-PCR), amongst others. Reverse
hybridization is a technique which is particularly useful in identifying specific nucleotides
or nucleotide sequences. Other forms of detection include Northern blots, Southern blots,
20 PCR sequencing, antibody procedures such as ELISA, Westem blot and
immunchistochemistry. A particularly useful assay includes the reagents and components

required for immobilized oligonucleotide- or oligopeptide-mediated detection systems.

Another aspect of the present invention is directed to a variant HBV comprising a surface
25 antigen having an amino acid sequence with a single or multiple amino acid substitution,
addition and/or deletion or a truncation compared to a surface antigen from a reference or
wild type HBV and wherein an antibody generated to the reference or wild type surface
antigen exhibits an altered immumological profile relative to said HBV variant. One altered
profile includes a reduced capacity for neutralizing the HBV. More particularly, the
30 surface antigen of the variant HBV exhibits an altered immunological profile compared to
a pre-treatment HBV where the variant HBV is selected for by a nucleoside analog of the



Figure 11 is a graphical representation of HBV DNA replicative

internmedi ates detected by 10 quantitative PCR relative to the no drug
control for both wild type virus and the HBV encoding the nmutations at
rt1169T+rtVl 73L+rt LI 80Owrt M204V. 4 August 2006 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The present i n\_/gﬁti on is predicated i ”4&%@5&%0&“
identification and isol ation of nucl edsFde analog resistant varrants of
HBV followi ng treatnment of patients with ETV or LWor 5 ETV and LW and
optionally other nucleoside analogs. In particular, ETV, or ETV and LMW
treated HBV @A pelymerisse The varranhHBVoof HBY aspeitbof ithe inesntionsmay oslso

reduced sensitivity to ETV and/or LW. Reference herein to.,decr ed" or

" r educed®Ompri§eed &PFISW“%c FRENCS FIPHESIRE & %‘1’5‘3 %&B@P@W?lﬁeﬁ‘%& sﬁﬁ.ﬁwn,

enconpasseich SN FGidH ot b ndi@RkEaIge 10 the nucl eoside anal og
Ia

as well as par resi stance and i1'ncludes a replication 10 rate or
replication efficiency (yield phenotype) which is nore than a wild-type in

t he resence of a nucl eosi de anal Qg. | e, aspect, this is conyvenigntly
msasugedTht;/ pEgsent PRI SXIRNGS foypn |1%5%%¥e$ 319@54%\9 12 &Cﬂﬂt‘]’&im%ﬁ%‘? ‘E"S?Ff’ﬁan
pre-trea . . Ace ' H@ﬁﬁ, iR SRS d y QRe i S
di rect edhé%%tlﬁé :Bis’(;&}lezxglgécé \l/éaﬁ?lhéﬁ?&%% glraggﬁgsﬂg?g var 1 ant (ggﬂr?g??%es a
nucl eot | HBsAgt &t itodedomtdnge oy derbative doan @xAts podnrivel agwivalest coinpygsésnamt

| east one ami nqQ_acid addition, iubsti t.utj on and/ or dgl ettg'.on t0...sai d, DNA
pol yrer a¥BingneridusequsmAe i3 Figle of TRXPlS Treingeeqid SUBg {% i 34ditiqn, apdforTy,
and/ or L ] : ' &Qﬁre f héfeint &€
decr easeg/éfglzdr}g?{)ﬁvwgg‘#‘gsyfﬁh?%%%ggﬁb g@%’%%%?ajbot Egl_é\)/l-%]\g aﬁw Iﬁm

addi tiponatitibody direeted ona refetches HBNeexnbitdimgtedbdimmuypologwabprofileta an HEY
overlapping, nature of t BV._genone ( Fi.gur ), cor.respondi.ng nutati on
may al sotBBERg spid ¥ %Mtgﬁﬁggnggcﬂnﬁge?ﬁ%&&wﬁaéﬁ g%ﬁ?‘géﬁ”&'ﬁ?@i%@? r%@ﬁ?i ng
in reduc | L Y | i gARks such as anti bodi es
and i mg@%@?é@%ﬂ%@é%ﬁﬁ%g@%%agﬁ%bi?:%b'vt e interactivity of

i mrunol ogi cal reagents to a viral surface conponent generally includes the

Tiral s he RIS FIHGRs PRAGASH 10 Rt crrDe FergHosiRReAaso e ef SFEARY 6F o
HBV vari iy e 'th{ré h!}ﬂuraﬂglﬁspﬁﬁ?ﬂiog.g Rl texhitid twd oEMbra RilaREtekiMichgdledta@tiuced

interactivity of an i'nmundl ogi ca reagent to HBsAg wherein the variant
i s sel ecfrerh dereaed bovidaged=Sedsitivity do onkr marehiuakeosida apalogecuirstiuced level

treatnment. The term "sequential".in this,respect ans ETV 4 .August 2006

F of Fowsdayon RPCRPIaL eRaTier ob HERetis B FaBiEeRupt fipEs ey AERisf Of Otherviise

admi ni st [ al kAR 0 i MV BE HEY Y Thils, thé dentifichifot
may, thep@dg{r&g, Caﬁnpmlg{]ﬁefégﬂg@%e%aﬁv?ﬁ%vhm ol ynerase or bo?tnh icn the 5
DNA pol yofHB3evaimits with HRségutadtionat pattertss tieapodarnit inter ndalfor theatevelopmest

broadest context and ingludes nultiple nutations. The present inv ion
ext oRls. o6 asEa i drioRt BRIV ) au FdniB1yS e SRR BRASHOY Manciare HHel
particul | i ?E}h% ' $A4/8r BRIV A8RS ah@ f
decreaseg&t&%%gg@idife%%ét%ﬁéw;b d o%g\éﬁhﬁ/ﬁgls?egi oﬂ F of the HBV DNA o

pol ymer agie deseldpiientsst ditgriatiee threndpeotiaciginesfpn ermagngtHB¥rinfections-or nul a |
[SEQID NGO 1] below FORMIULAI 15 L, Bl, B2, Db W G P, C, B3, B4, H G
B5, H B6, LR B7, P, R T, P, Bs, R V, B9, G G V, F L, V, D K N

5 15, ATy ong ot e oy ey SpecRp g eV Haial 14

25 comprising a plurality of nucleotide mutations that correlate with at least two

characteristics selected from (a) resistance to one or more nucleoside analogs, (b) 2
reduced level and/or functional activity of hepatitis B e antigen, or (c) a reduced, abrogated

or otherwise impaired immunological interactivity.

30 Another aspect of the present invention contemplates an isolated HBV variant comprising

a plurality of nucleotide mutations that correlate with (a) resistance to one or more



wherein: 20 Bl is L, or R or I B2is E or DB3is T, or D, or A or N,
or' Y BA4is E or D25 B5is E, or K, or Q B6is H or R or NN B7 is L
or TBBis A or S B9is Tor R30B10is A or T, or S Bllis R or T
-19- 4 August 2006 Bl12 is V, or G1313is S, or 1, or T, or N, or V Bl4
is T, or S, or Kor YB15is R or-H or K or Q 5 B16 is Q 4Qkq0st 208
V\/nereln S * is designated as amno acid 74. In this speC|f|cat|o§:'|J
reference is particularly nmade to the conserved regions of the DNA 10

pol ynerase as defined by domains Ato E. Regions Ato E are defined by the

Aust 7t Sa1epAREARARES. 6% k0 1AL iR Rnbtong ettt O hibE b "

Y H Z2 RBnd (&) FebudedVhibobhted br éhicfwite 1ﬂed&ﬁnﬁn¥1 ém%l nﬁeﬂa&xﬁt;ZS S 76 77
XNZg Q9 ZIOXX X Zil L H z12 713 C S R 714 L z15 Y 716 T 717 G

ZI KLHLZIQZZOHF’lZZlLGFRKZZZPMGZZSGLSPFLLAQF
5726 2 8 R A.FZ29HCZ30 FZ32Y, 33 VLG A 734 735 Z36
;oszéol Yo 4 SaeLagef ol o0 ISR B iits s TSGHe] Y iR nfiiin o,

Z4A9 KT ﬁrﬁil‘?/@nﬁcleghwmﬁﬁ% celvbied ebhy twolst ﬂfofeschsya ﬁwe&lcﬁcmdtatmzml s N
or D P, Z3is 1l or V; Z4is S or 30 Zs is Tor N Z6is R

or N 20gems poending 2000NA Zpolymendse rresultings msﬂtblewr pne apgng sacil additionz10 i s
Gor R substitution and/or deletion to said DNA polymerase wherein said variant exhibits
decreased sensitivity to ETV and/or LMV and optionally other nucleoside analogs, (b) a
nucleotide mutation in a’ gene encoding a hepatitis B ¢ antigen or in a transcriptional
10 control element of said gene wherein said mutation results in a reduced level and/or
functional activity of said hepatitis B e antigen, or (c) a nucleotide mutation in a gene
encoding -a hepatitis B polypeptide resdlting in at least one amino acid addition,
substitution and/or deletion to said polypeptide which reduces, abrogates or otherwise
impairs its immunological interactivity.
15
Another aspect of the present invention contemplates a method for detecting an agent
which exhibits inhibitory activity to an HBV by generating a genetic construct comprising
a replication competent-effective amount of the genome from the HBV contained in a
plasmid vector and then transfecting said cells with said construct, contacting the cells,
20 before, during and/or after transfection, with the agent to be tested, culturing the cells for a
time and under conditions sufficient for the HBV to replicate, express genetic sequences
and/or assemble and/or release virus or virus-like particles if resistant to said agents; and
the subjecting the cells, cell lysates or culture supernatant fluid to viral- or viral-
component-dgtection means to determine whether or not the virus has replicated, expressed
25  genetic material and/or assembled and/or been released in the presence of the agent. In a
preferred embodiment, the plasmid vector in a baculovirus vector and the method
comprises generating a genetic construct comprising a replication competent-effective
amount of the genome from the HBV contained in or fused to an amount of a baculovirus
genome effective to infect cells and then infecting said cells with said construct, contacting
30 the cells, before, during and/or after infection, with the agent to be tested, culturing the

cells for a time and under conditions sufficient for the HBV to replicate, express genetic



57, isDor N Zl12is Dor N, Z13is Sor Y, Zl14is Nor @ Z15
isLorM 10 Z16 is Kor Q Z17 isYorF, Z18 is Ror W Z19 isYorlL;, Z2Dis
Sor A 15 27221 is | or V, Z22is | or L; Z23 is Vor G Z24 is Cor L;
Z25 isAorS; 20 Z26 isVorM Z27 isVorT;, Z28 is Ror C Z29 is F or P
Z30 isLorV; 25 Z31 isAorV;, Z32 is So12A;, Z33is Vor L or Wfd@gé@ K or
R Z35is Sor T, 30 Z36is Vor G Z37 is Qor E 4 August S
Lor Sor R Z39 is Sor F, Z40is For Y; Z4l1lis Tor A 5 Z42 is A or
S, Z43 is. NV or |l Z44 is T or C. 745 is N.or .S. _Z46 is- F O o 10 747
s s or Sepnensfh andlor Eistmple hnfbr eleagf Yfrundr Vil 1R npfcled T desfilag o ST
aci d 2044gentl andrfigknViidie@tifgtthe cElld, Tell Jysatesdes balnat %ﬂpéﬁaﬁﬁi AQided &irdP.or
Preferably, the nmutation results in an altered am no acid sequence in_any
one or rra-cofmponent-detection means to determine whether or not the virus has replicated,
expressed genetic material and/or assembled and/or been released in the presence of the

5 agent.

In an altemative embodiment, the method comprises generating a continuous cell line
comprising an infectious copy of the genome 'of the HBV m a replication competent
effective amount such that said infectious HBV genome is stably integrated into said
10 continuous cell line such as but not limited to 2.2.15 or AD, contacting the cells with the
agent to be tested, culturing the cells for a time and under conditions sufficient for the
HBYV to replicate, express genetic sequences and/or assemble and/or release virus or virus-
like particles if resistant to the agent and then subjecting the cells, cell lysates or culture
supematant fluid to viral- or viral-comﬁonent-detection means to determine whether or not
15 the virus has replicated, expressed geneticll material and/or assembled and/or been released

in the presence of the agent.

In an altemative embodiment, the present invention also contemplate a method for
detecting an agent which exhibits inhibitory activity to an HBV polymerase in an in vitro

20 polymerase assay. The HBV polymerase activity can be examined using established assays
(Gaillard et al., Antimicrob Agents Chemother. 46(4): 1005-1013, 2002; Xiong et al,
Hepatology. 28(6): 1669-73, 1998). The HBV polymerase may be a wild-type or reference
HBYV polymerase or mutant HBV polymerase.

25 In connection with these methods, the plasmid vector may include genes encoding part or
all of other viral vectors such as baculovirus vectors or adenovirus vectors (see Ren and
Nassal, J. Virol. 75(3): 1104-1116, 2001).

The identification of viral variants .enables the production of vaccines comprising
30 particular recornbinant viral components such as polymerases or envelope genes PreS1,

PreS2, S encoding for L, M, S proteins as well as therapeutic vaccines comprising



domains F and A through E or regions proximal thereto of the HBV DNA

pol ynerase. 20 Anot her aspect of the present invention provides an HBV
variant conprising a nutation in an overl apping open reading frane in its
genonme wherein said mutation is’in a region defined by one or nore of
domains F and A through E of HBV DNA polynerase and wherein §ghﬂ%%?§4

exhi bits decreased sensitivity to ETV and] LMW and optionally 0

nucl eosi de anal ogs. In a rel ated enbodi ne 7 there is provided an HBV
variant conprising a nutation in the nucleotide sequence encodi ng a DNA
pol ynerase resulting in an amno acid addition, substitution and/or

del eti on i rdefertigte [i’IIBVpo'Ia.gimsagatibnal odmgoalesmr ;aynalso Bcietpl@edsti ided®ify airt h
in Formul ae | r%?%g \R} (f/or I—k Ef I D NO 2];:, 4 August 2006 -22
FORMULA | §ene BAPCRYIC ulgs capablg0f igeraqing yitipz P‘P-\}’HBE’SeIOT q, enyplopp,
E ;I' E g enky PPéSl a%eSEi S %cogmgsﬁrll_.é MG\é %@&eéﬁ% cg'%ilzlé?‘ cghig) ?gntc{;tﬁéﬁﬁyf %l%h

F,A V, P, MgMnaBmphsyedl,agﬁoanpotenuhL S* wherein: Bl is L, or R or

lOBZISSE or DB3is T, or Db or A, or NLb or Y B4 is E or DBSlsE or
K, or Q BGisH or R or N 15 B7is LorTBsis A or S B9 is Tor

_?,100ir SNA oK sumadd e%é%d'rcsi%&tig%f ,seggh@aél@ It%é ﬁg%fecgsl%»]c éaﬁ@ ﬁlroeé degclié

is Q or PTakk Zand 4 August 2006 -23 FORMULA 11 S Z, L SWLSLDVSAA

FYHZ2PLHPAAMPHLLZ3 GSSGLZ4 RYVA RLSSZ5 S 726 Z7
XNZB QZq Z10 X X X Zii L HZi2 27213 CSRZ14LYVSLZISLLY 5716
L BT S e LSRR L TS B S S P L
égngzmélmzwme- 4| 7427437447 ASUmbidrY 6F TeyRsch b MBHEHKEFKRVGY S L NF MGY
“iSEQUENCEIDNQ::. [ " DESGRIPTION" *
- | lA | | regwn F of HBV DNA polymerase (Formula |y
2 regions A to E of HBV DNA polymerase (Formula IT)
3 primer (OS1)
4 primer (TTA3
5 primer (JM)
6 primer (TTA4)
7 primer (0S2)
8 primer SEQ2
0 primer TTA2
10 forward primer PC1
11 reverse primer PC2
12 HBV-specific molecule beacon primer
13-18 TR1 (Figure 4)
19-24 Pol Trans of TR1 (Figure 5)
25-30 ‘ HBsAg Trans of TR1 (Figure 6)
31 , Pre-ETV (Figure 8)
32 On-ETV (Figure 8)
33 Pre-ETV (Figure 9)




10 wherein: x is any amno acid; ZI is Nor D Z2is | or P, 15 Z3 is |

or V; Z4is Sor Db Z5is Tor N Z6is RorN, Z7is Nor 1; 20 Zg is N
or Yor H Zgis Hor Y; Z10is Gor R zll is Dor N, Z12 is Dor N, 25
Z13 is Sor Y, Z14 isNorQ Z15 isLorM Z16 is Kor Q Z17 is Y or F;, 30
Z18 isRorW Z19 is Y or L; 4 August 2006 -24 Z20 is S or A;4A%gésti2°0§or
V: Z22 is | or L; Z23is Vor G 5 724 is Cor L; Z25is A or-sS; 26is
Vor M Z27is Vor T, Z28is Ror C 10 Z29 is For P, Z30 is L or V,
Z31 isAorV;, Z32 is Sor A, Z33 isVorLorM 15 Z34 isKorR, Z35is S or T,
Z36 is Vor G Z37 is Qor E Z38is L or Sor RR 20 Z39 is S or F;, Z40

is For Y, Z41 is T or A

<14 -

- SEQUENCEIDNO:. | . -~ " DESCRIPTION "
Y _ On-ETV (Figure 9)

35 Pre-ETV (Figure 10)

36 Post-ETV (Figure 10)




Z42 is Aor S; Z43 is Vor |; 25 7Z44 is Tor C Z45is Nor S, Z46 is F
or V; Z47 is Sor D Z4gis L or VI 30 Z49 is Nor Q Z50 is Vor |I; and
-25- 4 August 2006 M is amno acid 204; and wherein S* in Formula | is
designated as amino acid 74 and the first Sin Formula His designated as
amno acid 75; 5 and wherein said variant exhibits decreased Eﬁﬂgpétiz\bbﬁy to
ETV and/or LTV and optionally other nucl eoside anal ogs. Preferably, the
decreased sensitivity is to ETV, or both LMV and/or ETV. 10 Anot her
preferred aspect of the present invention contenplates an |-MW vari ant
conprising a nmutation in the nucl eotide- ¥®quence encodi ng HBsAg resul ting
in an amno acid addition, substitution and/or deletion in said HBSAg in a

region corresponding to the amno acid sequence set forth in Formnul ae |

and |f wherghig ﬁﬁ@ﬁjp@mN@piﬂqu@mgsed sensitivity to ETV and/or
y othe

LMW and optiona r nucl eosi de anal ogs. 15 More particularly, the
present invention provides a variant HBV conprising a surface antigen

e, a0, e B h SRS beRnBiiog e ind et P 2B 3ffieq, va
surface antjrgen éane Qlorwﬁflgrtﬂé‘%_@iclgiptpiﬂg bkrt ydagingBNamBd enbiigl BurfdtcaS)) brdy

generated to th erence"or w ype surface 20 antigen exhibits reduced
capaci t y5 f dC)mmlymedase (Fqnd X deridBV vari ant, said variant selected by
exposure of a subject to ETV and/or LW in conbination or sequenti al

t herapy. The term "conbi nati on therapy” nmeans that both ETV and LW are

co- admi ni Stﬁﬁﬁﬂ:hh”is E}%ﬁhﬁﬂﬂﬁa SIEROHOh | SINPMent| Ad! E18ROAUSENTY IndiGEAL 2herapy
conpositions?” The te "sequential 25 therapy" means that the two agents
are admi ni segimed, HBVWDNA eiralildsd and alatiae trahsminased sl develeeks of each

other and in either order. Sequential therapy al so enconpasses conpleting
a therapeutic course with one or other of ETV or LW and then conpleting a

second i@erﬁgtewz% fstaﬁgu%ﬁmﬂtfd}eﬁmerﬁaﬁwof%e EileYniesl sMurdof @flecdefior di ngl'y,

anot her aspecCt o resent invention contenplates an HBV vari ant
conprising a surface antigen having an amino acid sequence with a single or
mul tiple 4 August, 2006 26 ami no,aci.d substi.tution, addifion, a o]

del etion or ’ggﬂané"afﬁ GnIPERERAEGR 1 ShopiRe comparizan ok nbe a$°W§§éisW??ge
surface antdnggdin@khd &iRalvAE tepidn 6BMe PoinMrise dedh bafuRftiall AP fgh Fatient A
profile conpar edgto theyg{?e%?%at rren?éHBV_\/\hegdg the&rsai d the variant HBV is
sel ect ed f aluring IMNuobewshérdpy anBMi§ entecaviecapitanatimahemdpyr ner ase, said

vari ant fel ected 5 by exposure of a subject to ETV and/or LW in

conbi nal? on or sequenti al therapy.

Figure 5 is a representation showing comparison of the deduced amino acid sequence of
the catalytic region of the polymerase gene in sequential samples from Patient A during

LMV monotherapy or LMV/entecavir combination therapy.

20  Figure 6 is a representation showing comparison of the deduced amino acid sequence of
the envelope genme in sequential samples from Patient A during LMV monotherapy or

LMV/entecavir combination therapy.

Figure 7 is a diagrammatic representation of a computer system for determining the

25 potency value (P,) of a variant HBV.

Figure 8 is a representation showing comparison of the HBV nucleotide sequence
encoding the catalytic regioﬁ of the polymerase gene in sequential samples from Patient B
during LMV monotherapy (prior to ETV) and on ETV therapy.

30



In a rel ated enbodi nent, the present invention provides an HBV vari ant
conprising a nucleotide sequence conprising a single or nmultiple

nucl eoti de substitution, addition and/or deletion conpared to the
pretreatment HBY and which HBV variant has a surface 10 antigen exhibiting
an altered i nmunol ogi cal profile conpared to the pretreatnent 1 S6H
variant sel ected by exposure of a subject to ETV and/or LW in c I nation
or sequential therapy. Preferably, the variants are in isolated form such
that they have undergone at | east one i purification step away from
natural ly occurring body fluid. Alternatfvely, the variants may be

mai ntai ned in isolated body fluid or may be in DNA form The present
invention also contenplates infectious nolecul ar clones conprising the
genome orFigar¢ § i heepreserftation showing campati@y. ofthe tdeduoedraming Heidpesuenge of

[ ti i des i sol d ts f t he. i ant. HB - as. hut
B ek, ST SR e oo S 8 B B Ay
provi des m\{ﬁghgﬁggpﬁ@ﬁﬁ&@rgwymm%eﬁﬁ.m t hereof or derivative or
chem cal equival ent e

eof, sai'd HBsAg being Troma variant BBV sel ected
by exposure of a subject to ETV and/or LW in conbination or sequenti al
t her apy. re rticularly, yet another aspect,.,of,the present.jnventionis
i rectba Riguie T6its Shucentstio) ShoRiRe SATR: ob e RO BEGhe Ok
form t hergeknfMo Th S8duchfiali sialpRilirorh PEA&RAT SXa{1 NIV AicflotBeA (pFiot fos
reconbi nant or derTvative formor its chemcal equivalent exhibits an
al tered iBEMipatdon EAV thempyl e conpared to an HBsAg froma reference HBY,
said HBsAg being froma variant HBV sel ected by exposure of a subject to
ETV and/or LW in conbination or sequential therapy. 30 4 August 2006 -27
Even nor epiggid 1F14 @%ﬂaﬁhichﬂ% REERMn bMYBYDRA RPAViHRSnRANERIeadettciedbyant
HBsAg or a reconbi hant or Berlvatlve formthereof or a chem cal equival ent
t her eb® whentiative AIGR relBEvey tothd ne dreg consialdior both wildi tyre ivizis faswdnthe rHBVs
chem cal equi.val ent Tpr i ] j with a single or
nul tiple Egﬁ?%g&q @“ﬁﬂ%‘g’gf Pf‘ﬁﬁﬁgﬂmgmﬂgﬁ@@%%gr etion or a truncation
conpared- to an HBsAg froma reference HL3V and wherein a neutralisizg
anti body directed to a reference BBV exhibits no or reduced neutralising
activity to an HBV carrying said variant HBsAg, said BBsAg being froma
vari ant HBV sel ected by exposure of a subject to ETV and/or LMW in
conbi nation or sequential therapy. Preferred nutations in the HBV DNA
pol ynmerase include variants selected frompatients wth HBV recurrence
followi ng ETV and/or LW treatnment. Preferably, the treatnent involves ETV
or both ETV and/or LM/ in conbination or sequential therapy. Nucl eoside
anal og treatnent may occur in relation to a transplantation procedure (e.qg.
bone marrow transplantation (BMI) or OVI) or follow ng treatnent of
patients diagnosed with hepatitis: Follow ng selection of variants, viral
l'oads am obt ai nable at |levels greater than pre- treatnent |levels. Preferred
mut ati ons in the HBV DNA pol ynonse i nclude one or nore of spacerlL971,
spacer Kl 15R, spacer H 16L, spacerLl 28F, spacerS137G spacer R139G,
spaccr F142s, rtY54H, rtL911, rtA97V, rtY124H, rtH126R, rtS135Y, rt1169T,
r=Sov, rtvi73L, rtL180M rd4204V, rtA21S, rtA38E, rtF122L, rtTI 28N
rt QL30P, rtTI84G rtS2021, rtH248N, rtY252L or conbinations thereof or an
equi val ent one or nore other mutation is




i ndi cative of a variant wherein said variant exhibits a decreased
sensitivity to ETV and/or LMW and optionally other nucl eoside anal ogs. It
shoul d be noted that the nonenclature systemfor amno acid positions is
based on the nethionine residues in the YMDD notif being designated codon
r&vo4. This nunbering systemis different to that, in Australjrg\tag ﬁ%ggt
No. 734831 where the nethioul ne residue 1P7'ghe YMDD rotif withinothe

pol ymerase gene is designated codon 550. In this regard, rtV 1 73L, rtL |
80M and rt1VU04V correspond to V519L, L526M and M50V, respectively, in
Australian Patent No. 734831. The term "SPACER!' neans a region_that has
been desi gAELAREERDESCRIPIKONQF TWEM@@QE nal
protein and reverse transcriptase. It provides the correct folding for the
functional regions and no other specific function has been designated for
this regiong I Aaf " 3 : ] 3 e ch
a5 in one oine et pRARELER AR RS Tt MR ioh A MR R ST
foll ows: Praa8lbgNtdidthnt vahiafd of HAY Jollowagtréalinkbnt 6F pAen¥E394th PIe¥Sar LR lor
sL89V, s  T118A, 1611, sE1641), s1195M .s1208T PreSl E86Q _PreSl N9K

Pr eS2 PélH,EEYﬁefst,LWm*rPPtﬂnf w,therngf@aﬁfi%ﬁn%lea%ilﬂ aty Bdve ¥ fobV and

equi val ent r e afl i LS . Nok F VL 1:10f: L ant i
said vari ar&%gxﬁ%%ﬁg?sﬁ éﬁh{egcgaé‘{ggsé stgrr}fsa:n'?llﬂ\?l &y?ﬁv @%&lﬁé{r{%?odré@{fkﬁaaﬁmg&ﬂea
opti onal | y sehdiivitntec E€Vsamiizoralnlel Vo Referdhee naréiatto O'decreased@ oe “exlaced g relakibAg

at sF161L, sEI 64D, or sl1195M al.sq result in nmutation in the_in the )
pol ymense ¢@ rfsn%lﬁlwile@orﬁr‘{ wndrer LMY, includesand cacsapasssset pomplgig or substantial

correspondi i : j t,. Sk At
cpacer Ki | SR, (B8 ppERYsEC Etiob gy Wef depaftl] RodRanct ARPIE Dt o eplication
spacer HM2 Sater drvtephcatidnl efificiends(Ficld phehdshhe) which 26 Rporet haf S wikittypOTin the
rt Woov, rtV1i73L, rtLI8QM .rt M04V, rt A21S, rt A38E, rtFI22L, rtTI 28N,

rt QL30P, rPFasSAes of 14 BYgioesids applogafp onp\esBeat Biis dbeERKASHIHS MAREHESDYoR an
equi val ent iaheadlin PREFIRR IPE lovBIiAlilPE: bfatblhf id-&ufbnflcyae] ant wherein
said variant exhibits a decreased sensiTivity t ETV and/or LW and
optionally other nucl eosi de anal ogs. The identification of the variants of
t he present, i nvention permts_the generatiaon of a range of as o .
det oot - SucHFATIRIYOnd AEPRL PELRS BIFSGN LVROHOW A FHAFES YayPmpso B ynbariant
| dent i )4 NGyKpSh S§AD varaht Udhipriss QehLELIEdAHE WhRatRRP iR 'gthe LMY a DNA
chenot herapy and/or to nonitodr vaccination protocols, devel op "new or
nmodi fi ed vpoljrnerager meeltiagiinrat . ledst ioht amine heid i, sobstituéorp amed/enteletion to

invention contenplates a method for. determining the potential far an

o ehi bi t SPBCTINGH PODRRRTS, PR WISRE el EAt RAPR BTeABHLISPIP YRG0

nucl eosi de ;aRRk PEBY aﬁgiogtiﬁ . &%febﬁh@gndlé%l ating DNA or correspondi ng
n

MRNA from said W a creening for a nutation in the nucl eotide sequence
encodi ng HBY DNA pol ynerase resulting in at |east one am no acid

substitytiaqn, deletion and/ or addition in an e qr of dommins F and
A thro fefsm%Ly, %@e&ﬁeaa?fgﬁqnﬁmw'@fﬁwg@@eﬁ# SLETV @ﬁb&ﬁﬁ@%ﬁ%&and
associated with resistance or decreased sensitivity to ETV and/or LW 4
August 2006 -29 wherein the presence of such a nutation is an indication

of the |ikéhialiditidnad a matatibannehd genesancddiBg\DINAdpalymeidse, diectoethaluiverlapping

assay detects oneg or re of the follow ng nutafions in the spacer re itgn
and/ or thenﬂmﬂ"'eﬁ(f@?ﬁ ”ﬁ‘écﬁé?‘?.’@‘? ,Imebrwowmné%eamomw ?5%19?_‘-‘1%8%, ©
spaccr S13 7%&% g@%ﬁ&&@lﬁ%ﬁ suffdes Sinikén HBLAR) 4 Fosultidgd 1  rddhbS Minterdclivitg ot

rt HI26R, r
25 immunological reagents such as antibodies and immune cells to HBsAg. The reduction in

the interactivity of immunological reagents to a viral surface component generally includes
the absence of immunological memory to recognize or substantially recognize the viral
surface component. The present invention extends, therefore, to an HBV variant exhibiting
decreased sensitivity to ETV and/or LMV and reduced interactivity of an immunological
30 reagent to HBsAg wherein the variant is selected for following ETV and/or LMV

combination or sequential treatment. The term “sequential” in this respect means ETV



rt1169T, rtNUS0V, rtVv1i73L, ALISOM rtMO04V, rEA21S, rtA38E, rtF122L,

xt TI29N, rtQL30P, AT184G, rtS2021, AMON, rtY252L or conbi nations thereof
or an equivalent one or nore other nutation is indicative of a variant
wherein said variant exhibits a decreased sensitivity to ETV and/or LW
and optionally other uucleoside anal ogs. Accordingly, another 4a£ @%{/2&{ t he
present invention produces a nethod for 18et er mri i g .whether rain
exhi bits reduced sensitivity to a nucl eosi de anal og, sai d nethod

conprising isolating DNA or correspondi ng mRNA from sai dH13V and screeni ng
for a nukaldgwea by MV GUEMBOHISwSEEYETE otnaokiplgsdguentiiieadpaiistrationse of
wherein the presence - of the following nutations in the spacer region and
the rt regichrof Bjdend LYY or LAp¥end BTMR, spacer Hl 16L, spaccrL128F,

spacer S137G, spacer R139G, spacer F142S, rtY54H, rtL911, rtA97V, rtY1l24H,

rt HI26R, rtS135Y, rtl169T, rtNU5S0V, rtVvi73L, ALISOM ftNU04V, rtA21S,
rLA38E, riaRligd lvanaﬁthh@ Nheretdsh,3Mrry hihhtisd Gnly nSBODNA polidédse ot B(étﬁ 2h the
conbi nati ons thereof an equi val'ent one or nore other nutation

i ndi cabi vE)Nﬁ palyvxa:ra@rmld\kh@HESAgsEhﬁtevlar‘tmmﬂ@% H$ 19 besread i its b@@éﬁﬂ ‘context
sensitivit TV and/.or LtM‘/ and optionally other nucleoside analogs. Tlc
preferred J[ng[q 55 EUHPIE qIMANNS) se transcriptase are rtll 69T, rtVi73L,
rtL180M rtTI84G rt$2021, rtM04V or conbi nations thereof or an

equi val ent one or nore other nmutation is indicatjive of a variant wherein
sai d vari ahe pmsmtbnvmtmnmmagemnw@at@manduany dpmainpofithe F3 ) DNMpokyrgerase

optional | t her _nucl eosi de an r di

pPesent ﬁ'i’/‘grlﬂ PEHHC Bf?ﬁ aﬁr@f%ggcl?gfo\ﬁgé%’gaﬁﬁ]ﬁ{ﬂﬁﬁnq % ‘P“'fc"%ﬂg%‘
strai noex Qérﬁiﬁv?tyrtﬁiqq@danﬂ%"rsﬁi‘v VREgioh § of the/EIRA0 SN p@l’}@haﬁse is snﬁﬂedrbymw
conprising 1solating DNA or correspondi n% nRNA from said HBV and -30- 4

August Zoeﬁmcsméeequngca‘awtfcathﬂMtMHll[ﬁ D Nes1 eslowe sequence encodi ng

t he DNA pol ynerase wherein the presence of the following nmutations in the
B or Cdomain of the rt region: rtll69T, rtVv1i73L, AL180M rtTIl 84G

rtS2021, rtM04V or conbi nations thgE{UILAdN equival ent one or nore
other nutation is indicative of a variant wherein said variant 5 exhibits a
decreased sensitivity to ETV and/or LWand optionally other nucI eosi de

curtonga LuBerabal 1 6 G Bk Beliihy HEG gy BEER) SR &l B Voans

i ncl udi ngpanyynpcikeing, B, N,PRI, B9 Bletie®,, 00, DENS, QIBIS,eR,EBGpBQa;, Bys, B
nucl ei ¢ aci d hybfidi Zat'i on ‘t échni ques or via one or more pol ymer ase chain
reacti onsi% NCRs W, PTiKg R, &, ¥, Pmbbll,%la‘, Buldl, Nrlelludds any fluid derived from
the bl ood, |ynph, tissue or organ systens including serum whole blood,
-~ bi opsy and bi opsy fluid, organ explants and organ suspension such as |iver
‘suspensi o?ﬁl erelf€ invention further enconpasses the use of different assay
formats of sald nucleic acid-based detection 15 neans, including
restri2éti on fragnent | engt h pol ynor phi sm (RFLP), anplified fragment [|ength
pol ym)rph sm ( AF, % gI e-strand chai n pol ynorphi sm (SSCP), anplification
and m srra h d&t |%’rPr (CAND), interspersed repetitive sequence pol ynerase
chain ggtl o gl HFPHPCR), inverse polymerase chain reaction (i PCR) and
reverse transcription polynmerase chain reaction (RT-PCR), anbngst others.
QO her foris of idEf@add aiardf,udéf 20 Northern blots, Southern blots, PCR
sequenci n ant i 1y procedures such as ELI SA, Wstern bl ot and
i mrur r ohi st¥och ]9 A particularly useful assay includes the reagents
and copo nt slsr %FIS, or i mmobi |'i zed ol i gonucl eoti de- or

ate

ol i gopept i detecti on systens.
B(, 1s‘H orR, orN,
B, isLorT
Bg isA,orS
By isTorR

30 By isA,orT,orS
By isRyorT



25 One particularly useful nucleic acid detection systemi-s the reverse
hybri di zation technique. In this technique, DNA froman HBV sanple is
anplified using a biotin or other ligand-Iabeled prinmer to generate a

| abel ed anplificon. Aigonucleotides imobilized to a solid support such
as a nitrocellulose filmare then used to capture anplified b

hybri di zation. Specific nucleic; acid fradfents are identifi e%g&%ﬁo 6 n
30 or the ligand. Generally, the labeled primer is specific for a
particul ar nucl eotide variation to be detected. Anplification occurs only
if the variBij onidy deGdetected is present. There A August 2006 -31 are
many forms of the reverse hybridi zation assay and all are enconpassed by
t he presentBui nvisnt.iosd, oratasdY.iosy HBV replication in cell culture is

particul arly useful. Anpt h aspect of the present invention

cont enpl at eé“‘a nbgﬁmod £8F?188fg:ti ng an agent which exhibits inhibitory
activity topan Hﬁ\R,mf:H,gﬁr]gr@tQ ng a genetic construct conprising a
replication_conpetent-effective 10 anmount of the genone fromthe BBV

cont ai ned i Bisa pisdemrd;vector and then transfecting said cells with said
construct; contacting the cells, before, during and/or after transfection,
with the agent to 15 be tested; culturing the cells for a tinme and under
condi ti ons gdwhEkang* fsqfesi[gh@te&laymhgm dcepPfd.cate, express genetic sequences

and/ or assenbl e and/or relase virus or virus-like particles if resistant
to said agents; and 20 then subjecting the cells, cell lysates or culture

et o no viletibibeboltiot eTonce it PRuCREBRAR ofe SEhiruel BP e fiihe DNA
mat er i all0 anglipnenss eTibRskEB (ohale Atd B! RAs6As lé\“tot]i‘ﬁreod&ﬁﬁﬁﬁﬁz @k ablifio acid

agent. 25 In a preferred enbodiment, the plasmd vector nmay include genes
encodi ng pafequenceset forth ipformpla H) [SE {BrNOs2icbhelow (and uih cAiistradian Patent No.
adenovi rus .ﬁﬁ% and Nassal, 2001, supra) and the nethod conprises:
generating & genetic construct conprising a replication conpetent-effective
30 amount of the genone fromthe HBV contained in or fused to an anount of
a bacul ovirus 4 August 2006 -32 genone or adenovirus genone effective to
infect cells and then infecting sai d HARMUIAtHM sai d construct; contacting
the cells, before, during and/or after infection, with the agent to be 5
tested; culturing the cells for a time and under conditions sufficient for

the HBV to S EeplS BaLS L EXWILASA Fenel ZLP $69 PeAGEM R Q! ZAESSRIG € BRAOY A
rel ease virus or virus-like particles if resistant to said agent; and 10

t hen subj edt inySiZsd %efi X N &elQ Zs X EXdh1 b Zwrds SUPR Batla¥tV SILZg L B Y
viral - or [ - ~det egt i eryy ther_ ar. pot the
Virus has Zapi o EAR R A SR AP T Ko B G 2Bl in £ By
been rel easpg A NZ{I s PLEZRERROARDEH C Z30 Z51 F Z3s YM DD Z33 VL G A Z34 Zas Zsg
20 ZyHZuwEZ3oLZioZty Zar Zas Zaa Zas Zas LL Zn Zis GIHLN P Zg KTKRWGY

SLINFMGYZs IG
wherein:

25 X is any amino acid;
7, is N or D;
23 islorP;
Zs islorV;
Zy isSorD;

30 Zs isTorN;
Zs iIsRorN;



agent. 15 In an alternative enbodi nent, the method conprises: generating a

continuous cell line conprising an infectious copy of the genome of the
BBV in a replication conpetent effective anpbunt such that said infectious
HBV 20 genone is stably integrated into said continuous cell |ine such as

but not limted to 2.2.15 or AD;, contacting the cells with t@gu@?_ﬁ%oéo be
tested; 25 culturing the cells for a tinme znd under conditions s i clent
for the HI3V to replicate, express genetic sequences and/or assenble
and/or release virus or virus-like particles if resistant to the agent;
and then su%ect i.n}qI tge cells, cell lysates or culture supernatant fluid to
viral - or vi rat-¥onponent - det ecti on means to determn ne whether or not
the virus hag repiNcatede ¥ August 2006 -33 expressed genetic material
and/ or assenbl ed and/or been released in the presence of the agent. As

i ndi cated aeve, iwHrarat s may al so be detected with reference to the BBsAg
(s gene) 5.and Pr&s . Pres2 envel op genes. Preferred nutations in this
regard incl dde on®CH Bore of PreS | NL 14D, PreSl Tl 15S, PreS2 F22L,
PreS2 V3SA, 7Pr eSZs BRglN; sL89V, sTI 18A, s F161L, sE164D, s1195M sl|208T
PreS1 E86Q I5re81 NO1K, PreS2 P41H, s@@BOK, sP120T, sL176V, sV194F. 10
Accor di ngl y ZianotihPrord¥pect of the present invention contenplates a nethod
for determ ing.wgetgf;r an HBV strain exhibits reduced sensitivity to a
nucl eosi de &l od®® %8di*d net hod conprising isolating DNA or corresponding
MRNA from sgi d HEMNaiid); screening for a mutation in the nuclectide sequence
encodi ng the envel ope genes wherein the presence of the follow ng

mut ati ons i @it heiPLe8M; PreS2 and HBsAg: PreS | N1 14D, 15 PreSl T1 15S,
PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V, sTI18A, OA, sE164D, s1195M
s1208T PreSKieEsed “Fesl N91& PreS2 P41H, sQBO0K, sP120T, sLI 76V, sVI94F or
combi nati ong,J herggfogr, an equival ent one or nore other nutation is
indicative of a variant wherein said variant exhibits a decreased
sensitivityZyp E8RamdVWpr LMV and optionally other nucl eoside anal ogs. 20
The present jjnvention.s predicated in part on the identification and

i sol ati on ofWar i1%¥t°§10f HBV that have a plurality of nutations and
exhibit twozgr Mg gogharacteristics selected fromdecreased or reduced
sensitivity to one or nore nucl eosi de anal ogs, a reduced | evel and/or
functiond et i viitlow¥; hepatitis B e antigen, or a reduced, abrogated or
ot herwi se 25 i npai edIr_i nmmunol ogi cal interactivity, relative to wild-type
HBV. Thus, t¢Re id%ff?]i ication of HBV variants with these nutati onal
patterns isz,porigyr Gnter alia for the devel opnent of assays to detect
HBV vari ants and assays to screen for agents which are useful in treating
and/ or prev@atings Crkdgt i ons by those variants and/or other HBV isol ates
and for the devel opment of alternative therapeutic regimes for managi ng

| 1 BV i nf ect f®hs. B Qr}?;- 4 August 2006 Accordingly, one aspect of the
present Jonventi ops yordfr ected to an isolated BBV variant

Zn isVorT;
Zag isRorC;
Zy -isForP;
Zy isLorV,
25 Zy isAorV,

Zy; isSorA;
Zas3 isVorLorM,;
Zyy isKorR;

Zas isSorT,
30 Zx isVorG;
Za7 is Qor E;



conprising a plurality of nucleotide nutations that correlate with at | east
two characteristics selected from(a) resistance to one or nore nucl eosi de
anal ogs, (b) a reduced level and/or functional activity of hepatitis B e
antigen, or (c) a reduced, abrogated 5 or otherw se inpaired i mmunol ogi cal
interactivity. Another aspect of the present invention conte 2

i solated HBV variant conprising a plurality of nucleotide nutattons that
correlate with (a) resistance to one or nore nucl eoside anal ogs, (b) a
reduced | evel and/or f3anctional activity,pf hepatitis B e antigen, 10 and
(c) a reduced, abrogated or otherw se inpaired i munol ogical interactivity.
Yet anot her aspect of the present invention provides an isol ated HBV
variant conprising a _plurality of nucleotide nmutations selected fromtwo
or nore of £4) alsguelf%éff{éie mutation in a gene encodi ng a DNA pol yner ase
resulting ip at isgﬁ{tlz.one am no acid addition, 15 substitution and/or

del etion to ¥aid pol ynmerase wherein said variant exhibits decreased
sensitivityZ{po EEF @ndf or LMW and optionally ot her nucl eosi de anal ogs, (Db)
a nucleotide nmutation in a gene encoding a hepatitis B e antigen or in a
transcri pti%mal 1sdopft Aol el ement of said gene wherein said nmutation results
in a redyce& levelsy gng/or  filnctional -activity of said hepatitis B e
antigen, or (Zc) ‘a'nucleotide nmutation in a gene 20 encoding a hepatitis B
pol ypepti de&Zpesukt™ agl;i n at | east one am no acid addition, substitution
and/or deletion tg said polypeptide which reduces, abrogates or otherw se

i mpai rs it<L4nmmiadi¥dical interactivity. The detection of amino acid

vari ants on4PNA PR yerase is conveniently acconplished by 25 reference to
the amino acifd sequence shown in Fornmulae | and H. The pol ynorphi sns shown
represent tZhe vdsFadriVgns shown in vari ous databases for active pathogenic
HBV Stf(fi . Where an HBV variant conprises an amno acid different to
what is e%ésedﬁ&ﬂrmt hen such an isolate is considered a putative BBV
vari ant ha\z"‘pg gpratyered DNA  polyrnerase activity. 30 4 August 2006 -35
The present Tnvention ’further contenplates agents which inhibit ETV and/or
LMW resistant HBW ma@j ants. Such agents will be particularly useMif |ong
termtreat Ent b% ETV a{jd/ or LWand/or optionally other nucl eoside anal ogs
i s contenpl4® ed BY ¥Hea®¢| i nician. The agents may be DNA or RNA or

pr ot ei nacceys org mghoogc@(?%@aceous 5 chem cal nol ecul es. Natural product
screeni ng such as fromplants, coral and mcroorganisns is also

contenplsat ed as a useful potential source of nmsking agents. The agents
may be in isglated formor.ip the formof a, pharnmaceutical conposition and
may be adﬁ‘P&iW @%@es@éiéﬁtdqeﬂgpﬁteﬁﬁséwﬁ?ﬁc édusly with the nucl eoside
anal og. 10 Accordi ngly, another aspect of the present invention

contenpl ates a nethod for detecting an agent which exhibits inhibitory
activity t Greferablyy theemhuidtiohiragits dsiantaAtend oiindeciEas@encesiantiytdné diymbee &TV
and/or LW said rpat ho‘g conprising: generating a genetic construct

conpri si ng I9MAMSE g A thropEnE o sraionsiareximal theretq of the B VIPNAmolyae@se fr om
said BBy contained in a plasmd vector and then transfecting said cells
with said construct; contacting said cells, before, during and/or after
transf ect i dmother bipechef thg prdsenttinvdigioh @sévédis 220HBV variant comprising a mutation in

an overlapping open reédjng frame in its genome wherein said mutation is in a region
defined by one or more of domains F and A through E of HBV DNA polymerase and
wherein said variant exhibits decreased sensitivity to ETV and/or LMV and optionally

25 other nucleoside analogs.

In a related embodiment, there is provided an HBV variant comprising a mutation in the

nucleotide sequence encoding a DNA polymerase resulting in an amino acid addition,

substitution and/or deletion in said DNA polymerase in one or more amino acids as set
30 forth in Formulae I [SEQ ID NO:1] and/or II {SEQ ID NO:2]:




culturing said cells for a time and under conditions sufficient for the BBV
to replicate, express genetic sequences and/or assenble and/or rel ease
virus or virus-like particles if resistant to said agent; and 25
subjecting the cells, cell lysates or culture supernatant fluid to viral -
or viral-conponent-detection neans to determ ne whether or n%ﬂ;r& t%ddeus
has replicated, expressed genetic material and/or assenbled a % een
rel eased in the presence of said agent. 4 August 2006 -36 Still another
aspect of the present invention provides _a nethod for detecting an agent
whi ch exhibits inhibitory activity to arf?4BV, exhibiting resistance or
decreased sensitivity to ETV and/or LMW/, said nethod conprising: 5
generating a genetic construct conprising a replication conpetent-effective
amount of the genone fromsaid HBV GdDRMUEA I n or fused to an anount of a
bacul ovirus genone effective to infect cells and then infecting said cells
with said construct; contacting said cells, before, during and/or after
infectiony; W tR t agept ~t Oyb e X I Ui BOPSRI far i me
and under Ld\gﬁﬁl?%’iﬂldﬁg’ gﬂ?f |C’c]|9%n 4 Pbre’ Fﬁ’?{’%vl’qtgoﬁ?r’ ng'{ th?’e],gs’g;yf ?géeg(e}ﬁ\e/:’i c
sequences RiGdAVD, 3¢ M1, ¥/70/ Bfo, EeS EBSLVBLUY, @, Fy ) Q5 FRS, Rp6&i; B 6] Bss,iB
resistant to said agent; and 15 subjecting the cells, cell lysates or
culturé sm{aéfarﬁa%srﬁ’s 1% XYo@ WodaBie s Lyl r M) L Bo¥ponent - det ecti on neans to
determ ne whether or not the virus has replicated, expressed genetic

mat eri al and/ or assenbl ed and/or been released in the presence of said
agent . 20w3ierdih: anot her aspect of the present invention provides a nethod
for detecting an agent which exhibits inhibitory activity to an HBYV,

exhi biting resistance or decreased sensitivity to ETV and/or LM/, said

nmet hod copgri siis?ﬂz od€Ng2ting a genetic construct conprising a replication
corrpetent-éffec I've " 25 "anobunt of the genone from said HBV contained in or
fused Wo B amiwBiodd a bacul ovirus genone effective to infect cells and
then infecting,said cells w_.th id construct; contacting said cells,
before, débi ng Bha?id?s A4t Nufiffection, with the agent to be tested; 30 4
August 20%@1 :}{ C&J%uri ng said cells for a tinme and under conditions
sufficient for ﬁ V to replicate, express genetic sequences and/ or
assenbl e @3d/ ois Epbriser @irus or virus-like particles if resistant to said
agent; and 5 subjecting the cells, cell lysates or culture supernatant
fluid to Beral JSHFOK/Rr%ﬂN’ conponent -det ecti on neans to determ ne whether or
not thg vig us Q@Poggaplicat ed, expressed genetic nmaterial and/or assenbl ed
and/ or A reledsed in the presence of said agent. Preferably, the HBV
genone i sBgt abliyALat®grated into the cells' genone. 10 V~liilst the

bacul ovirys vector is a particularly useful in the practice of the present
i nvent i onDBst hel%qélﬁ’jrgct i nvention extends to a range of other vectors such

as but nOtBul) g ﬁgor T,orS

By isRorT

20 By, 11sV,orG
Biz isS,orlorT,orN,orV
By isT,orS,orH,orY
Bis i1sR,orH,orK,orQ
Bys isQ,orP;

25

and



to adenoviral vectors. 15 The present invention further extends to cel

| ines carrying genetic constructs conprising all or a portion of an HBV
genonme or a gene or part of a gene therefrom The present invention also
provi des for the use of the subject H13V variants to screen for anti-viral
agents. These anti-viral agents inhibit the virus. The tern1ﬁ@gn%@h§b06

i ncludes 20 antagoni zing or otherw se preventing infection, replication,
assenbly and/or rel ease or any interne@gate step. Preferred anti-viral
agents include nucl eosi de anal ogs, however, the present invention extends
t o non-nucl eoside nol ecules. In addition, rational drug design is also
contenplated to identify or generarorRVI®AHE 25 nol ecul es which either

m m c a nucl eoside or which interact with a particular nucl eotide sequence
or a particular nucl eoti de. Conbi natorial chem stry and two hybrid

screeni n fgqq‘e E,ef u \ﬁhg;[ h 0

i denti fy W;{’g&{dﬁ% ' %gh {(0[5?% agfr:%gt‘fgyageitl‘(\zag%g%néo@%‘ g)?gr\r}tp
the crysgal s%tzststzlglze SON zmw@xex Of Zh IEHLAYs Z0e SRZigely VS wethmY
rationally design small chemi cal nolecules likely to interact w

regi ofis &fs T Be Gf&sKALHITngaﬁ Zadd® 1 ZmleGdi B K P £20/G LunB Te&r %rﬁl%or

anti geni i-nh 0

acti vi tyféﬁ%llgr? Mza%bfizsgﬁ%% u%%; g?? ?E’I’\Fi] lryﬂa/lzzgf% 3?5@2(&% \f’érgﬁ z?’?odel s
of the HZY WoLyper,asez) Pmeznezggl zwgga@n m.@@ 2,9 G 1d ISN'B ZarK KW Wh G 8
reverse transcriptase fromH V (Das et al J. Virol. 75(10): 4771-4779,
2001; BSritN(ﬂMr@l]iéZs(eItGal Int ervirol ogy 40(5-6): 337-342 1997; Allen et
al ., Hepatol ogy 27(6): 1670- 1677, 1998). The nodels of the HBV. poI yner ase
can be used for the rational drug design of new agents effective against
HBV gpcoghpgid-he resistant nutations as well as wld type virus. The
rational drug that is designed nay be based on a nodification of an 10

exi sting antiviral agent such as the agent used in the selection of the HBV
encodi ngyt he .nutati.ons associ ated with resistance. Viruses or clones
expressi fig HBY P& B 2t eri al  encodi ng the nutations may al so be used to
screen fg¥ ney R/ ral agents. The above methods are particularly useful
inidentifying an inhibitor of a ETV- and/or 15 LM-resistant HBV. The
present Zaventslor Bxt ends, therefore, to conpositions of the inhibitors.
The |19h| itors al so be in the formof antibodies or genetic nol ecul es
such Pi boﬁ}g@é” antisense nol ecul es and/or sense nol ecul es for
co-supprgssi oy ®brbhe induction of RNAi. Reference to RNA includes
reference to si RNA. 20 The term "conposition” includes a "pharnmaceuti cal
corrp05| tZs)n" lﬂ‘Beanhl bitor is referred to below as an "active ingredient”
or actl g}s and may be selected fromthe list of inhibitors given
above. The ition may include an antigeni c conponent of the HBV, a

' def ectlvg HBVISNQ,Hant or an agent identified through natural product

screening or rati onal dr ug design (including conbinatorial chemstry).

Phar 2fcedti caldyf Oa&f:elpﬁabl e carriers and/or diluents include any and all
sol vent s 30, dfé%g(,? sion nedia, coatings, antibacterial and antifungal
agents, izgoto d absorption delaying agents and the |ike. The use of
such nedizg angs @gem:s for pharmaceutical active -39- 4 August 2006
substances is well known in the art. Except insofar as any conventi onal
medi a orZa]genus]DsorN,nconpatl ble with the active ingredient, use thereof in
t he ther peutl co )ositions is contenplated. Supplenentary active

i ngredie be incorporated into the

25 213 is S or Y,
Ziys isNorQ
Zis isLorM;
Zis 1sKorQ;
Z7 isYorF

30 Z;z 1sRorW;
Ziy iYorL;



conpositions. 5 The pharmaceutical conposition nmay al so conprise genetic
nol ecul es such as a vector capable of transfecting target cells where the
vector carries a nucleic acid nolecule capable of encoding an aspartyl
protease inhibitor. The vector nmay, for exanple, be a viral vector. 10
Pharmaceutical forns suitable for injectable use include stepihﬁg&ﬂQG&ys
sol utions (where water sol uble) and sterg%e powders. for the
ext enpor aneous preparation of sterile inj- 4-able solutions. It nust be
stabl e under the conditions of manufacture and storage and nust be
preserved agai nst the contam nating action of mcroorgani sns such as
bacteria andyfungSorAhe carrier can be a solvent or dilution nmedium
conprising, for e | e, water, ethanol, 15 polyol (for exanple, glycerol,
propyl ene gZ@col“gﬁngiquid pol yet hyl ene glycol, and the |like), suitable
m Xt ures thg&pofi@mgqxegetable oils. The proper fluidity can be naintained,
for exanpl e, “by the use of superfactants. The preventions of the action of
m croor gani £ps  tsavi ob&s;br ought about by various anti-bacterial and
anti-fungal _agents, for exanple, parabens, chlorobutanol, phenol, sorbi6
aci d, th'rngﬂosaﬁ(aﬁﬁﬁéhe like. In many cases, it 20 will be preferable to
i nclude iso Snichiggggts, for exanple, sugars or sodium chloride.
Prol onged abSorption of the injectable conpositions can be brought about by
the use in Ehe ovipoMitions of agents del ayi ng absorption, for exanple,
al um ni um ngnosteqrate and gelatin. 25 Sterile injectable solutions are
prepar ed by“¥ncotpbChtrng the active conpounds in the required amount in
t he approprt%te s yeat with the active ingredient and optionally other
active ingredients as fequired, followed by filtered sterilization or other
appropril@t eZsggeans Fof Psterilization. In the case of sterile powders for the
preparation_of sterilg injectable solutions, suitable nethods of
pr epar at i onZ¥ncl Bde®Y¥euum dryi ng and the freeze-drying 30 techni que which
yield a po r o kve ingredient plus any additionally desired
ingredientvﬁﬁ Au§d§?&§%06 -40 When the active ingredient is suitably
protected, Zi nmasderArally adninistered, for exanple, with an inert
diluent or with an.,assim.lable edible carrier, or it may be enclosed in
hard or sof%gshepl GeLATM: capsule, or it may be compressed into tablets.
For orahs5 gherapguptg.adm nistration, the active ingredient may be
incorporated with excipients and used in the formof ingestible tablets,
buccal tabl®ss, isrohBs, capsules, elixirs, suspensions, syrups, wafers
and the likg. Such. conpositions and preparations should contain at |east 1
% by wei ght36of HcY PU&>conmpound. The percentage of the compositions and
preparation27nayht%g;Epourse, b varied and may conveniently be between
about 5 to about 80% of the weight 10 of the unit. The amount of active
conpound i nZguchistlher 3pelR;i cal | y useful conpositions is such that a
suitablﬁ dosage w é@@? -obtai ned. Preferred conpositions or preparations
accor di B t %t hels nt invention are prepared so that an oral dosage unit
form cont ai bgtpgep. about 0.1 gg and 200 ng of active conpound.
Al ternative dosage anblunts include fromabout 1 gg to about 1000 rug and
from about Z{ pgistborAput 500 ny. These 15 dosages may be per individual or
per kg body_weight, Adm nistration may be per hour, day, week, nonth or
year. The t&#l et $ APF8ches, pills, capsules and the |ike may al so contain
t he conponeg%s ag v bef.ed hereafter. A binder such as gum acacia, corn
starch or gelatin; exdcipients such as

25 Zy 18TorC;

Zys isNorS;
Zag isForV;
Zss  isSorD;
Zag isLorV;

30 Zyg isNorQ;

Zso i1sVorl;and



20 di cal ci um phosphate; a disintegrating agent such as com starch, potato
starch, alginic acid and the |like; a lubricant such as magnesi um st ear at e;
and a sweetening agent such as sucrose, |actose or saccharin nmay be added
or a flavouring agent such as peppermnt, oil of wntergreen or cherry
flavouring. When the dosage unit formis a capsule, it may contai i
addition to materials of the above typezsa liquid carrier. Va?ﬁ%@u’st %¢1d<;,é
materials may be 25 present as coatings or to otherw se nodify the physical
formof the dosage unit. For, instance, tablets, pills or capsules my be
coated with shellac, s ah. or both. A syrup or elixir may contain the
active c&ﬂpouﬂﬁﬁngﬁéﬁﬂgg 45 a sweetening agent, methyl and propyl parabens
as preservatives, a dye and a flavouring. O course, any material used in
prepari ng any dosage unit form should be pharmaceutically pure and )
subst ant i aaidlwhanein S30intFexingla histdesignatedias emmepicid, &dland thedudli § inhormle Hagt i ve
conpound&g%.naydbe inco&gggg;ed i nto sustained-rel ease preparati ons and

f or mul at i Gi&Na%C Ap GHLRe » .41 As stated above, the present invention
furtheg extends to an isolated HBsAg fromthe HBV variants herein

described. Mre particularly, the present invention provides an HBsAg or a
r econbi naamd Wimeremntsaal wotanb exhibits deareased sensitvatyite AT ¢ qudiealdM andheptamillThe

i sol ated f . d ticularly, isol d
antl gon R BTG RORe, PrBRPy atr aoarsed Sruie i B TneS SR NG
~in the deyglpmmnt of biological conpositions such as vaccine

formul ati ons. Yet another aspect of the present invention provides a ‘
conposition conprising a variant 10 HBV resistant to ETV and/or LW and

tiopall h |, eosi | i HBY, f ' f .said
vort o sty e BiE AResEt B PSR iveton Premitier aoRBY 4l hREkk)
equi val erd g en Qhe MRicRobifar ¥BEEHE | GRbUMgAHBSARaRLEItGR! inl 8f San@ing/ &id

diluents. As indicated above, antibodies may be generated to the nutant
H13V ageradditiong subsiifutian and/opaisktion inrsaifl FEisAg v 8i regtonoeorsasppnding itafthet i on

by th i, __Th i bodi. b dinh . -h
o . AN RES s gBehsR et BRAR FoPRiand and AT AR seld TR s JEREHTT o
be dei MMyghagfitPlo PPVanaRe MV GaH loytibrdIB btER hublebsite bRalgge.  Dei mmuni zed

may include, for exanple, grafting conplinentarity determ ning regions
(CDRs}3 fromthe variable region of a nurine or non-human ani mal anti-HBV

ti body ,20 ont f nt tib i.ndi ng. ( Fab
ol ypen: e RReat T G5 ihY oD, EVHEY Ay b AT b BT YEACS bl
region ofautjgal AihP A \aniRY abid J8dh@icedviftPa kitdle ol MBItHI hARRSacid Subkginitivnger
y

recogni zed the human MEC || conplex. Insofar as ribozyne, antisense or
co- suppr exddition anifexidelatiopror astinineation compased fea sutfidesantigen Fom 8 weferaneaof y

~ai med at post-tr ription.gene_silencing. or_ RNA may bhe. . adm nistered
or 5 com Tk BB s it Wk 51 e esdre o g refRRme oF B PR
MRNA PRy g &BrabREredtted saffabi ﬁ%ﬁhﬁﬁztﬁgxaiaqmm%ﬁaf,%ﬂdvarﬁhp selected

phar maceuti Cal conpositions.” 30 4 August 2006 -42 In another enbodi nent,

t he presdmexposuradf esubjectto dIY andsol MY inadombingbionior sequentidrtherapy.ng a
variant HBV or an HBsAg or L, Mor S proteins fromsaid variant HBV or a
reconbi nant or derivative formthereof or its chem cal equivalent. 5
Cener al | yphe! o™ c6B¥irafiok $8&tapyt mesns’ theEbotBIEEV UaHIM VTR dd-aindiistabd in
conposi tion according to .
the same composition or simultaneously in separate compositions. The term “sequential

25 therapy” means that the two agents are administered within seconds, minutes, hours, days
or weeks of each other and in either order. Sequential therapy also encompasses
completing a therapeutic course with one or other of ETV or LMV and then completing a
second therapeutic course with the other of ETV or LMV.

30 Accordingly, another aspect of the present invention contemplates an HBV variant

comprising a surface antigen having an amino acid sequence with a single or multiple



this aspect of the present invention generally further conprises one or
nore pharmaceutically acceptable carriers and/or diluents. The bi ol ogical
conposition may conprise HBsAg or |ike nolecule fromone HBV variant 10 or
the conposition may be a cocktail of HBsAgs or L, Mor S proteins or |ike
nol ecules froma range of ETV- and/or LM-resistant HBV varif.ts. ?bg&lar
i ncl usi ons apply where the conposition conprises an HBV. The Haust
invention is further directed to the use of defective HBV variants in the
15 manuf acture of therapeutic vaccines to vaccinate individuals against
infection by HBV strains having a parﬁﬁnneu nucl eoti de sequence or
encodi ng a particular polynerase or surface antigen or L, Mor S proteins.
I n one enbodi nent, for exanple, an HW variant may be identified having a
parti cul amina?Oadidit atbisditution, | ddditival \andioas deletbod edrr i thghcaen stansgedrio the
decr eased sensitivit¥ to a nucl eoside analog, _ This variant nﬁghthen q§

mut at ed Peeticaiarnt HBV gadarharea the swiacsantigmeiife srriantdBY ediublisysaltere

i nfecti ot i i i ! be
used as Furif3ioefat i chipultio BRYHRCARATVAhGE MY st S JFR: 1B
mut at i onid seldcié&l febyehadeosidbanbivg sfthe €IV IDNAolpneRxé, sadsvdriank sdlsctédr
assays for variant HBV resistant to ETV and/or LM. Such kits may, for
exanpPe, b¥&xpesure ehsyied dnEd Vi ang/ar pARY dn combmatinn o ssquepisldherapyr i di zat i on
technol ogy or reagents for immunol ogically based detection techniques. A
particularly useful assay includes the reagents and conponents required for
i mobi | i zed reltéd) embolifdntdthe Sresedt ip@Rtiph iplevided na BV eirket compsiyiBiedrs.
30 4 August. 2006 -43 Still another aspect of the present_ invention. .

cont enpl atdeotiderseansaces sompasment riingle 1a5emuliple Muckeptide subsgitppen,; gAdition pi t
reduced L f L\ L ) : I I
anal ogs, glgcg;s}daﬁé 1#}%86@8%3{”@%8 Llreg %e?n%ﬁ%?h%%r E%gﬁg%nd% Eglag (r}eom
sai d 16BVartigbnsexhitsitihg Ginf alteradl Muhathdslogicalnprofie compared itel¢hes pratrendeene HBW| ng
BBV DNA 5 polynerase resulting in at | east one am no acid substitution,

del et i ons&ifarasiant geleeted by expaRyre ke suicstolocEDY ansien AAY iarrembindisugh B
or a reggé?iﬁeﬂtﬁzg)iﬁ thereto of said DNA pol ynerase and associated with
resi stance" or reased sensitivity to ETV and/or LMW wherein the presence
of such a nutation is an indication of the |ikelihood of resistance to
said ETV_and/or LW. 10 An a,ss,essn%géo of a potenti El!@‘f/\/i ral variant is

i mpor t anPrefepble thec vamanty preatp wplgtedpliormar sich that thpk heve upferesropt leggfcpnen

o g arEeT et ekl A6 iy o ikiipd Sy PARE NARRRL I e PR By
| east t honfabithined $n asdaed body fluid dr hbe buiin BNA doimaNTSe pres@itduvahtion ghat ency

val ue (PA) 15 corresponding, to the resistgnce or sensitivity of z} vi ral
variant cQutemplates;ntachpus molscular clonshsempasige thegenune gr eans thyseat fromea | vs

sensi b vyt S8V Blichéindrbing Bhéckhnl Chufoh-Bliacs x4 06Bohlls TR B
al tered hinpEBVErsask aramnetliinitedo BBWSolite] HiBsAd.t Acanddimghf ahe pagsenhgen

fromw | d- t%/é)e HBY; or (d) rnmorbidity or recoyerz potential of a patient.
Thus 20i ninyeeem RFades ah isdieed dBsAs one Tesombinagh fomy dherep! oy dpuyale ffes

or ocessi piriRd YR AR taGE Sl IR f0fe SO ¥ TerinhHBY, ocfec SRy kbl

bi ol ogi caf a sutgedt i@ ETROMRY drSLMY inadbination or sequential therapy.

More particularly, yet another aspect of the presenf invention is directed to amn isolated
25 variant HBsAg or a recombinant or aeﬁvative form thereof or a chemical equivalent
thereof wherein said HBsAg or its recombinant or derivative form or its chemical
equivalent exhibits an altered immunological profile compared to an HBsAg from a
reference HBV, said HBsAg being from a variant HBV selected by exposure of a subject
to ETV and/or LMV in combination or sequential therapy.
30



Thus, in another aspect, the invention contenplates a conputer program
product for 25 assessing the |likely usefulness of a viral variant or

bi ol ogi cal sanpl e conprising sane for determ ning an appropriate

t herapeutic protocol in a subject, said product conprising: (1) .code that
receives as input Ivs,for at |least two features associ ated mnth 'f’dﬁeral
agents or biol ogi cal sanple conpri sing sane, wherein said feat ?
selected 30 from 4 August 2006 -44 (a) 4,he ability to exhibit resistance
for reduced sensitivity to a particular ¢dnpound or inmunol ogi cal agent;
(b) an altered DNA polynerase fromw |l d-type HBV; (c) an altered surface

antigen from norbidity or recovery potential of a
patient; (e) %%er e%ppeﬂgbﬁ“?a&lgt %ﬂ%ﬁ&iﬂ‘ﬂm Proviiss en liﬂlatgdacfﬂem;éd&sz\g 2 a
codel t hat addscoawmhgt \o? dhﬁvﬂfv@%ﬁﬁltﬁer%é%lcﬁrcrh&?&gﬂgﬁlﬂgal&ﬁt ﬁe@ég Y Sa' sohd
viral wvaria or bi ol ogi sampl es; and uter

medi um t hat g%%‘d@s gﬂ’%éﬂa-nt ﬁ;rgem‘éilﬂétﬁ é"qmasrpetstqhemﬁml |eqmemlbn106bxﬂpﬁ@§1(iﬁ to
a_conput er fmaaawanwemhlm < SRR ind el bR e S o

bi ol ogi cal sanple conprising sane Th a su
conpri ses: ( f}leHomat pi tiscatimdedshpraiatonars HBsAgefror i HRreRRIBY B aheRkPs

storage mate C hi nez r ead dat a, wherein sa| d

machi ne- readgll%j)‘lﬂléa'l éﬁ P ﬁg%\l\ﬁ%{“&lﬂ& a ggferegge ?@a‘gt"w g erureducedspatiatisingl

with said vi ﬂaiwtvetmaarl-lB%maﬂmﬁg@ﬂanharﬁ%IBHA % said DG ikl By LEALVERY 27
or

sel ected frorré g% t he abi | | _exhibit resistance

sensitivity Peecsed, by (expomLs of é‘ hép TV audioro LYEY dal coatbimitipn (d1) seqential
al-tered DNA fietapger ase fromw | d-type HBV 25 (c) an altered surface
antigen fromwi |l d-type HBV: or (d) norbi dity or recovery potential of a
patient; (e) altered replication capacity (increased or decreased); (2) a

wor | dng nmeno s.for sai
machi ng readéﬁiﬁ nﬁ adtnggrl Hﬁ Z&%ug’%ﬂ@% '31% ‘é)' eavquﬁisrsﬁfeﬁﬁﬁmwﬁ@tmm t
coupled to II enenfullpwad ETY ami/et TR P61y

gPum forsﬂgaggéﬁ‘mp%r g:.(#l; dabl e da%rg@ﬁgﬂtgrow dgl ?@ggnat&fﬁgal d
| vs corresponding To a E?a/"\'l g%d/ e’éﬂﬁ’%ﬂ §'fh°la9k15°9uf(nﬂl')ﬂl é)nrapmtlﬁumlcomde

har dwar e coujskieg tteatnsmt thayesebiitin EIAASEESh cggﬁg% sal d Pv.
Any gener al gnqual pose conputer systémis c a
present inventi I%&H@a’?g?u?@%@ammtefpnimts@dgmmm Hé}iahﬁﬂ"

with both a Following subéttish dfeRsibnen | ut.put dev such as
termnal. Such a s st em may |n%?udgml o |ét%n%t{quurb§ﬁ tgwegsog%teﬁéh%‘bﬁéﬁ‘

conput ers, Wortankleredis or  nai nf r ames. The processor may be a general
purpose processor or mnicroprocessor or a specialized processor executing
progranms | ocated in RAM nenory. The prograns may be placed in RAMfrom a
storage deviféderred mutationsnirdtheKHBYV DNA polymerase include one or more of spacerL.97I,

spacchIISR spacerH1 16L spacerL 128F, spacer§137G, spacerR139G spacert 1428,
nYS4H, rtlS1l, nA97V, rtY124H, rtHI26R, nS135Y, rll69T, tM250V, rtV173L, |
rtL180M, rtM204V, rtA21S, rtA3sE, rtFi 221, ntT128N, nQI30P, Tl 84G, nS202,
rtH248N, rtY252L or combinations thereof or an equivalent one or more other mutation is
indicative of a variant wherein said variant exhibits a decreased sensitivity to ETV and/or
LMV and optionally other nuclcoszdc analogs. It should be noted that the nomenclature
system for amino acid positions is based on the methionine residues i in the YMDD motif
being designated codon rtM204. This numbering system is different to that in Australian
Patent No. 734831 where the methionine residue in the YMDD motif within the
polymerase gene is designated codon 550, In this regard, rtV173L, rtL 180M and rtM204V
correspond to VS19L, L526M and M550V, respectively, in Australian Patent No. 734831.

The term “SPACER” means a region that has been designated between two functional



or pre-programmed ROM nenory. The RAM nenory in one enbodi nent is used both
for data storage and program execution. The conputer system al so enbraces
systens where 15 the processor and nenory reside in different physical
entities but which are in electrical comunication by neans of a network.
For exanple, a conputer system having the overall char acterlgkhﬁ ?
forth in Figure 7 may be useful in the practice of the instant ention.
More specifically, Figure 7 is a schemgtjgc representation of a typical
conputer work station having in electrical conmmunication (100) with one
anot her via, for exanple, an 20 internal bus or external network, a

1 t | d
ot onat |y SioR TRl bloloiE g Guoiet a1 ip BabEing bt oioBgioniy o
magnetic t aﬁxﬁctﬁo‘tﬁﬁ)'egtdi‘ismnﬂrmseﬂxbr spectit fi@btids hidibédacdes @ﬂlf@ﬁ%bh@bﬁ
foll ow ng ngQn- Ilm({%%gq Exaggl es. -46- 4 August 2006 MPLE | Over ap I ng

genome of HE-SrefREn Jay calgngecst Wﬂ@ergémse%@htaédnmemrgmr@ The
gene encodlmspl\hﬁresi ;&al mAgISFarﬁEmar o) ﬁb&o?tge PED PR
Pre-SI and Pre-S2, and partiall over st cor C genes.

BBV envel opkl 1c5§m§’|f¢3§e§2 eS2 N e, PreSid Eai:,gd,SQHB\s Juissce lHiLj gGELGAD, The

| ar ge prot t I t h ur ge SAQ)
and i s encl ooy oy L Rabsl E60, Ph otk PRS2 PUIE QS oAR0 IR PV
sequences esVWIOdE of hembinktams dierenif op en equiven phs or hordtidyRhidaon Rdhdiesiveand
Treat ment Pgtient e wth chyoni atiti

B
present ed 0 aDaas‘?aBA('iéerﬁ’ﬂls?ﬁl e%rt e%'g”Wldﬁ“F“éF STSUXIY R ﬁﬁ%oaﬂq{@rl@@gl@d
(>2000 pg/ rﬂﬁuoﬁﬂw vler 1RRIBIEAE afblOR. THY niutfRhTR perleBRBEIAL ?tBsAngtQFmLZ)
The’ patient HBsAg positive and_anti-BBe positive. Follow
initiation SEarlG%ﬁmr stisMalrm rcﬁlﬁbmmwmmm noésrmemas Bopgl 60T, 1@31373154
d f th V2 &@éﬁ FYpnzT. t

as a 5 04V e Vel O ﬁ%{m bﬁﬁx\‘fseve S reamh%g %@h agere

was arelapse I n rep i catl'on suc
By Day 241 sm@rwlsépmli\LTﬁRpeameMGI?upacemsthepad&slm wpsccﬁzetamced

352 (24 20PgDou) Fpa e AT B IARCR AR R sky RS, Ao

|OI evel7 g4on|T %rt‘dlélﬁl._eaﬁdaom 188200, gﬂwrsd ﬁm%lgﬁlzgp}%ﬂﬁfmdLﬁgli@&ﬁﬂsw b% ]
ay . | QS ted o ape us wever ot
HBV DNA Ied@@%ﬁﬁ%&a@%m}@? ‘g t?feﬂqﬂwwtﬂﬁé szg’réééfﬁénced
at day 894 ghimh€sH B @amatﬁatora%n&tlxﬂm&@ﬁa vhridd @%ﬂw&taae&f&@& sentitiviyR@t | ent

has been treated with a nunber of nucl eoside ogs i ncludl ng
ganci cl ovi ETY arierdiMYi qud optionaliy ofienmuciugsidpandlegst was treated with LW

prior to ETV. The patient is currently on ETV treatnent. During ETV 30
treatnent the HBV DNA | evel s were reduced to less than 5 pg/m . At 532 days
ETV tr eat ndstidentifigationef thesyavauts of the Sﬁﬁﬁtdmﬂhmmm &msgmhemﬁon bherapgyas a

riseinth Al- 4. Au ust 00 Ieve 93 m. The HBVDNA
fromthis ?5-%\%%{ & f"}?gr ﬁf S?ti b‘ifss"'gg ?R‘!gﬂlb‘ boumpariegt in
Det ecti on ddentfying rdyitaliEviiants to dctcmne the appropriate form of chemotberapy and/or to

monitor vaccination protocols, or develop new or modified vaccine preparations.

Still another aspect of the present invention contemplates a method for determining the
 potential for an HBV to exhibit reduced sensitivity to ETV and/or LMV or optionally other
nucleoside analogs, said method comprising isolating DNA or cdrrespondmg mRNA from
said HBV and screening for a mutation in the nucleotide sequence encoding HBV DNA
polymerase resulting in at least one amino acid substitution, deletion and/or addition in any
one or more of domains F and A through E or a region proximal thereto of said DNA
polymerase and associated with resistance or decreased semsitivity to ETV and/or LMV



Hepatitis B surface antigen (HBsAg), hepatitis B e antigen (HBeAg),
anti-HBe and hepatitis B core antigen (HBcAg) specific 1gG and I gmwere
measured using comrercially avail abl e i mmuunoassays (Abbott Laboratories,
North Chicago, IL, USA). 10 Hepatitis B viral DNA | evel s were neasured
using a capture hybridization assay according to the manuf act‘H&ﬁisfzoo
directions (Digene Hybrid Capture 11, Di gene Di agnostics Inc 1 swq | e,
ND). The manufacturers stated cut-off foragletecting HBV viremia in clinical
speci nens was 0.7 x.106 copies/m or 2.5 pg/m, [Hendricks DA, et al., An
J din Pathol 104: 537-46,1995]. 15 EXAMPLE4 Sequenci ng of HBV DNA HBV

DNA was extr ahb@ { | nts
(Figure 20 %;h agl %lgsf:ers%&g ;lgtrléei{/? 1(?)131{#{8?1 gﬂd ﬁ‘&fcﬁﬁoﬁ%f ‘ﬁ"%ﬁh Co1° tfr?é% Q%
1148- 53, 199%id BlVgodiec LMK.i des were synt heS| zed by Genevvor ks, Adel ai de,

Australia. Amplification of the HBV polymerase gene has been desCri bed by
Aye et al ., 1997, supra. The specific anplified products were purified

usi ng PCR puPrefdrdﬂyltbﬂaswj' deects bh@ b1 More &'ihB'fSﬂdwﬂBQhﬁlw{ohfﬁl 1heG ﬁée? d &
CA) and direct) 1-E‘?ellt_iuenced usi_n B| g % term nator Cycle seq u nci ng Ready

Reaction Kit r@?ﬁsﬂ’“@t 11|<5R€$I}3°°fﬁié6b£}aa¢qﬂ~12ﬂé’r, spagersd 376Ged

as sequenci NgapdrR MBS,

1408- 1430) [%Eg; sﬁﬁérﬁ@é%ﬂ@&ﬁ& Cr g @M’zf@gaﬁus)

[ SEQ | D NO E,Mtlﬂsm YT@;V@@@,T@GIM OBRMENG rat S, 30 BE, MA18Z6; #IB8IN, SEQ
I D NO 5], T 4. August .2006 -4

2615- 2632) [s ol Dmﬁ@mﬁ@@& ?&’% WR*?"%“”GHP“’ oo
2817) [ SEQ I@wN® mpie other smtptioncie mmeauvatazfrmarhnmw&n@‘md baiddeRxpbasguct s.
EXAVPLE5 5 A s _of. A The [ esi stant mut at i ons at
FLLLB0M and FERPORCTR AN fo P10 s N i epiiandly ey cpade pomtpgse 3)
During the bI I nded phase of entecavir and LM/ treatnent, the nutation at

rtVvi7z3L vvasdgl so..d tectﬁg A uni qﬂle mutation in the B Domaln 10 at rtl 69T
was det ect e bASERFY ¢f the PraseRs %Y%Pnlﬂmb‘ﬁwmmmdtfmdstemmmu

SOM and rt \iietleraf HBV staih ddhfbi@Ubickd @eﬁglgtﬁtg ga da{'d&ts'}{qp%n&f’g‘ner R

nunber of other  unique changes were al so Oﬁd I n

t Ee over | aprﬁoﬁ@ﬁéﬁﬁéﬂmgd@?é OT(CDabﬂvndl.ngﬁnB]NAeﬁ'om said’ ﬁBNf ﬁ%dhscﬁeﬁhg fonaque
changes wer rom.each o e seven

genot ypes A- :etg%é&ééo?ggsg!“gﬁcs gaﬁgﬁﬁg IP& ORI yRarEse Wherrin ‘Eisffé?mﬁr es
to determ ne)futheqﬁmilwhmﬁgﬂaamﬁfst e rthe &paaélﬂer@ﬂiﬂi)hﬁd athe SA2 rélAoe Spa¥erL971,

t r eat ment v\/a!\%ém ﬁﬁ“% ced agﬁ s co%ﬁ%‘% sanmpl es pri or to ETV treaf nent
(Figures 8 A 8) “BAF 5{&[3051?9 PHRSEES S, \ipreeTR WG csnagetf h42Shi s
sanpl e i ncl uthsag], r L St ASTRG G 12 g@é

rtY124H, rt&%g&({s rﬂ\%SOP rt Llsol\%{ﬁ%%lag “&?@23’2\&%5?% o gg@lﬁ
rtY252L. Y04, RARLS, r sASHBNIF 1224, ek i28% thBOBeetTlsmGLmszozl
treat ment anpgyi det ect ures 8,
9 and 10). The Eﬂl\/l\/ rrutalf?rrc:"?\)s E PE%PWW ’%e én?f@tgﬁéﬂ‘ |ﬁg
ETV tr eat neradientize of 5 V{nhmn aﬂlsmntmd)i'axiamemws Sddcpmbddotnsiticipste ETRREdbES e
mut at i ons ”?.W'aﬁc?o&&)“%ﬁ nucf%os;gvanafS' stance. At the tine

The preferred mutations in the reverse transcriptase are rtl169T, rfV173L, AL180M,
rtT184G, rtS202I, rtM204V or combinations thereof or an cquivalent one or more other
mutation is indicative of a variant wherein said variant exhibits a decreased sensitivity to
ETV and/or LMV and optionally other nucleoside analogs.

Accordingly, another aspect of the present invention contemplates a method for
determining whether an HBV strain exhibits reduced sengitivity to a nucleoside analog,

said method comprising isolating DNA or cdrrcsponding mRNA from said HBV and



25 of the virological break-through on ETV, the LW selected nutations were
still present as well as the nutations |isted above. Al the nutations

| isted were conpared to reference sequences fromeach of the seven
genotypes A-G as well as a consensus sequence from pretreatnent sanples to
det erm ne uni que changes. 30 Patient B is HBeAg negative and

i solated fromthis patient encoded a mdfation in the precorehggﬁgﬁ;étmﬁ
GLB96A that results in a stop codon in the precore protein -49- 4 August
2006 precoreWe8Stop. Mutations in other regions in the genone that

i ncl udedgthe iR §60hemuioat ino e hulk8RGA sequenas fepebdibfetheePNAC glolymerkid ness
of HBV and the sensitivity to antiviral agents in conbination with the

mut at i onwihereiththepariesamee af dhey &llowing ExtamEsin the B jor (o damalny ef tegit TegPBTavi r

resi stanc e Ltiwvi esi o fi ' tecavir
was exa ﬁéy}r ﬁia%#“o fﬁé%ﬁ@’ ﬁﬁ%‘ﬁ%f?ﬁ?ﬁmgﬁ og?%%{aﬂﬁseh%lf%dgeﬁu%e for
anal ysi ;g%gl@%ﬂteéﬁé bARGGe RtRdr ifttdton 0naishliveod 4 Ratidie Whérebwbald Faxianpl es
7-14. E Cell culture 15 Sf2l insect cells were naintained in,

suppl SmeatlebitGaadereased sensitivitsd ta BT Virandéar LV sindnentionglivi ather) gusleoside
heat -i nactivated fetal bovine serum (G bco BRL, Gaithersburg, M) in

humi di fi 8R98cubator at 28 Cwith C02. Hep& cells were maintained in

m ni mal essential nedi um suppl emrented with 10% v/v heat-inactivated fetal
bovi ne senan (MEM FBS). Hep&2 cells were grown in humdified 37*C X

‘i ncubat of&e detebtion 20 HBY 0CitE . cOMpYPILE 18 cpﬁss sl dysases, enltppd\auparatag dvids

transfer vectaqr h.specifi oint in..utati The in

v bacu i pady Sh SRR bagBy B ahed itk kiddlls ndtiibl *ghlRAMeld AN hased
deschpbegebRlAneinse fordxampt) bl HusleRPaof) Ebridishmebiatqus(di via oO6r HAS,
2001). In Dbrief, t he recoibi nant transfer vector was Ccreated by excisjng a

f r agment polynteaisaiahgint teactiomsx(PABY. Fhaderm Chodiby fuid” dnaludes ann dlud derve t he

mul ti pl e_cl oni reqgio f a bacul ovirus. .vect. U 4 | evd n,
Carl sbaafomhe St dsr o7 Gige Sufitls TEHRL s AT bl BSLY BBEC,
using t hBiog,Qj}THﬁ{d(} b?ganlest§5 é%ﬁrdiigdfiﬂsdﬁge_ﬂshﬁ 48R Wb ﬁ%ﬂﬂl@ﬁ@mi(ﬁﬁﬂh& invahti@ns
(Qui kChange,” Stratagene). A HBV reconbi nant encoding the reverse 4 August
2006 _5furtheansmmpassesdherusecnf] different assay formats of\serbnucleie aridgtased detesiay v,

by silbe GieEe decliRedsactos HaguRal e PSmouhi88 (Rer) Aohlfe #RELAL>C
Pri sm Bi %g%tﬁpgwgﬁr(fm@)? singROsANE] dhaiRpaliyndrgisin (BBCH)| aamplificaliory t o

t he manu er's specifications (Perkin 5 Elmer, Cetus Norwal Kk, ‘gl').
EXAVPL E9 andsamisnstého idetettion ddi¥D)a dnterspersed iepetitiee  SeAnearsi RRIYHIpksq  chain

bacul ovi FRCiPRRRSPER o EvERE peRan ety D etliod D ALY pelePEofotEnpiion,
" transf e%'gg}:ﬁbeﬁste dtafMdabitdrd (RPPTK CafdonbatbothereADhdr efoafi® iof alstectibn indadeer e

" isolated aque assay according to the manufacturer's instructions. A
seri @ oNorennblatgBoutiernddetsBER sequendingdantihodyi provesuses sk ELAYA,
Western blot and immunohistochemistry. A particularly useful assay includes the reagents

and components required for immobilized oligonucleotide- or oligopeptide-mediated

detection systems.

25 One particularly useful nucleic acid detection system is the reverse hybridization
technique. In this technique, DNA from an HBV sample is amplified using a biotin or
other ligand-labeled primer to generate a labeled amplificon. Oligonucleotides
immobilized to a solid support such as a nitrocellulose film are then used to capture
amplified DNA by hybridization. Specific nucleic acid fragments are identified via biotin

30 or the ligand. Generally, the labeled primer is specific for a particular nucleotide variation
to be detected. Amplification occurs only if the variation to be detected is present. There



infecting 100-m n dishes of Sf2l cells. Viral DNA was extracted from
anplified viruses 15 using standard procedures. Purified viral_ DNA was
digested with restriction enzynes and then fractionated by el ectrophoresis
in a 1%v/v agarose gel. Southern blotting was performed to determ ne

whi ch virus isolates contained the intact 1.3 BBV construct. f‘A ﬁ)q%b@ger
Mannhei m Random Pri me DNA Labeling kit andi anapolis, IN) was LSdaR S
generate [p32] -radiol abel ed probes. A fail-1ength doubl e- stranded BBV
genorne was used 20 as a tenplate for all radiol abel ed probes. Viral DNA
sequence was confirmed by PCR anplification of the polymerase catalytic

N3] (e B SRR s el a%eel amhgl S She R B R
MB8454) . anmekntibe. anti sense primer 5 -TCT CTG ACA TAC TTT CCA AT-3' [ SEQ I D

NG 6] (nucleotides 2817 to 2798 according to HBV Genebank 25 Accession
nunber MB8454). The following priners were utilized for the sequencing of

i nternal reqi GCT 7.3, [SEQ I D NO 8] (nucleotides
2345- 2362@%%"3‘5 %Vtr C@éégeﬁi% %}?‘SR@@@% fthber, M38454) and 5' - TTT
CTC AAA GGI GGA GAC AG 3' [SEQ ED NG 9] (nucleotides 1790-1810 according

to I-1BV GCenebank Accession nunber M8454). 4 August 2006 EXAMPLE 10
Pr epar at i V08¢ Aspestrafsthgrsesent davantian Leaismplates eanethod B Weteefing sosagest e

anphfi ed of Sf21 cells in |log phase at 5
a multinpl %* ’g’?ﬁuﬁ?“é’? g’e&?k’ﬂ? &#@SE ‘fu/ceII | nfecti ons were all owed

to proceed unt|I a mjority of the cells in the flasks showed visible
signs of infection (four to five days). Virions were concentrated from
i nfected Sf2l rredlgel?ﬁfbf}ﬂgsérﬂqiieﬂﬁg@!lﬁﬁwt aaonamsmmaﬂegh@amn tpmmpemmffehMmgh

quadr oy | Ambalt e B 3eHAP R BV Rk s PRRmIOkERbT o Benprapstering g

titer stoedgd\wﬁsﬁ:ﬁhlssid(toﬁqucE}NA extraction. The pol yrrerase gene was
anplified and sequenced to confirm the presence of the site-directed
nmut agenesi s as in Exanple 9 EXAMPLE 11 Infection of Hep& cells with

ot oxi mat el y 20, SORARTEY SEt BN guchie SO AT R, SO RS et o1

i nfecti onbe @stedhe day of infection, triplicate plates of cells were
trypsi1 i zed, and viable cell nunber was determ ned with a henocytoneter
usi ng *frypan bl ue excl usion. Average cell counts were cal cul ated and used

to determ ne the I i

bl ot M he | i il B c2fls Rt £ld Yade?'coRliRols REARRRE I 18 FrBVR

ser um f r erephiEdk; expressogenetic a!eQﬁen@‘és 28i/0MasBAIE Qvidlor elase vid bk eﬁirdsflil& MEM
wi t hout serumto achi eve the approprl ate noi using volunes of 1.0, O.

and 0. 25 patielgs iifegstantitosaidagerts; 8¢ 4 and 35-nm di shes, respectively.

Bacul ovirus was adsorbed to Hep&2 cells for one hour at 377 Cwith gentle
rocking every 15 mnutes to 25 ensure that the inoculum was evenly

di strigbuted. The ihencubjecting\itfe édle)célb Pisait F calitre sipREALAE Hufd W& hitalashed
two tines w.th phosphate-buffered sal ine and refed M FBS wth or wthout
various cHreempenerieiestionqaeans. tosdetgrmine wimter oropotptkenmus s replicated,

expressed genetic material and/or assembled and/or been released in the presence of the

agent.

25 In a preferred embodiment, the plasmid vector may include genes encoding part or all of
oher viral vectors such as baculovirus or adenovirus (Ren and Nassal, 2001, supra) and the

method comprises:

generating a genetic construct comprising a replication competent-effective

30 amount of the genome from the HBV contained in or fused to an amount of a baculovirus



Anal ysi s of secreted HBVandgen Detection of hepatitis Be antigen (BBeAg)
was performed by radioi rnmunoassay and 5 microparticle enzyne i mruroassay
usi ng kits purchased from Abbott Laboratories (Abbott Park, IL, USA).

Medi um from Hep& cells was col |l ected, centrifuged at 6,000 g to renobve
cellular debris, transferred to clean tubes, and stored at ZOAQL’PG&BE 6
anal ysis. HBeAg val ues are expressed af fold of positive controf. 8I um
sanples were diluted appropriately so $at radioi rmmunassay results were
bel ow positive control values for 10 HBeAg. EXAMPLE 13 Detection of
intracellular replicative internediates 15 BBV core particles were isol ated
from t he @yb@elc?dliefoVifBCidnomecd{fddip&io aefbétscelly smd then infe@igmard plls &ith
Cytoplasmc extracts were adjusted to 10 nmmol /I MCl2 and unprotected DNA
was reno\wseid aestawct ncubation to 500 g/n-d Proteinase K for 1.5 hours at
37*C. HBV DNA in the sanples were then extracted using conmercial DNA
extraction kits such as Q agen (DNA extraction) or in-house nethods using
sequential phenol coandtiag tkhtedlspbefors, dutingahd/onaftenindedtivn, mithl the @genti tdbener e
recovered by ethanol precipitation. Nucleic acids were resuspended M 50
pl /1 SEtestedmmol /1 Tris, 1 nmol/1 ethyl enedi ani netetraacetic acid),

normal i zed by 0OD260, and digested with 100 g/m RNase (Boehringer

Mannhei m | ndianapolis, IN) for one hour at 37 *C before anal ysis by

real -time PCR or @hﬁﬁié%m@élﬁsfos atishe Sadt wielen cohditibha suffidfent forsthat B Vntob| ot
analysis a 25 Bi oRad -670 i magi ng densi,togg)i%r &/m t he Mo] ecul ar. Ar]ﬁ(leyst
'sof t war e TEPiGHRAEXPrg36 BANEHC CEIUENEFS AR/ ondsse apg/on 11e95Fe VEUT PO
exposures_of ,So. g. jtonetry data was fitted to | ogistic dose
response Pcaﬁt??}gssﬁ%%?{tl{ght%g&ﬁggfrge&rﬂve 2D software package from Jandel
Scienipfic. Logistic dose response equations were used to calculate IC50

and |1 C90 val ues and co-efficients of variation. 30 4 August ‘fOé)? -.Saii
EXAVPLE 14 Real -themrsuliestinother ¢edlsy eall Disptis operltpesspe Wy QaRral iy

DNA was extka I ~ f ﬁ'ﬁ{iiﬂé“\aﬂé. Ao, katedd t
accordi nquag'cﬁﬁlﬁgﬁénﬁ%%g grrler{f[éaggitﬁs‘?ertuc I ons 65\ Iflqg‘rbH S%dgér?g?at ’
Ger many) . exprdss®T erNid atsHklead/@rassanbled andfoe bies irgirastdfiorthe porssnee efithe
mcleic acid sequences within the precore donmain of the HBV genone to

anpl i fy e#8#ndetect a 216-nucl eotide product (Figure 1). Anplification was
perfogpged in a 50-41 reaction mxture containing 1.0 Tagman buffer A
(Appl ied Bi osystens, Foster City, 10 CA), 3.0 MM Md, 0.4 pnol of each
priner pek 4l altefrative eghbpdinientt,, theElethddCoGREAAGAGATTAGGTTAA3' [ SEQ I D NO 10])
and reverse prinmer, PC2 (5" GGCAAAAACGAGAGTAACTC3' [SEQ ID NO 11]), 0.4
prnol of the HBWspecific nolecul ar beacon per uL,

(5" FAM CGCGTCCTACT AL % > : bptﬁ\{%éh%lﬁ
where FAM repr ese%ct%g;ﬁ%g%éhor e 6 ﬂ-m%:ea%r%b Xy or es%‘g}or?ggﬁg DABCYL, °
* 4- di met hydfomei HBVhRNY képtivaton ebmpaieht effective ceamduim guclke Hat nezjph infedticas HB V25U

of Anpli Tag CGold DNA pol ynerase (Perkin-El ner). PCR wa erfor i
the ABP PERmemery@tblpiatesraied ip éﬁ’étc‘rqnen‘ﬂ%rﬁ?bé&‘\f‘l e @A@BT ﬁqetohm:é%gq/@elﬁg ).
The PCR Py OgRHAM consisted of an initial cycle (95*C for 10 m nutes)

contacting the cells with the agent to be tested;

25 culturing the cells for a time and under conditions sufficient for the HBV to
replicate, express genetic sequences and/or assemble and/or release virus or virus-like

particles if resistant to the agent; and

then subjecting the cells, cell lysates or culture supematant fluid to viral- or

30 viral-component-detection means to determine whether or not the virus has replicated,



foll owed by 45 anplification cycles (94'C for 15 sees, 50'C for 30 sees,
720C for 30 sees). 20 The instrunent detected and recorded the fluorescence
spectrum of each reaction tube during the annealing phase. An external
standard was constructed by ligation of a 1.3 kB wild-type HL3V plasmd
(genotype D) into the pBlueBac plasmd vector (Hershey Medical 9‘50%@1006

Her shey, PA). 25 Quantification of the DNA concentration of ﬁ asm d
was determ ned by spectrophotonetry. Duplicates of serial 10- foI d dilutions
of the plasm d ranging from 10s copi esé al to 100 copies/m were included
in each rLmin order to generate a standard curve. The copy nunber in each
experinmental reaction was determ ned by interpolation of the derived
threshold cycle (CT). 4 August 2006 -54 EXAMPLELS ETVireal ments ETV was
r esuspendexpriessed tgenéticemateriat andii gsembted anddrilreonanleated- ROGE preseavoofl the
repeated 5 freezing and thawi ng of the drug. Medi um containing ETV was

pr epar ed 5%‘?Dlt'y as needed wusing fresh aliquots of 3TC. In experinents in
which ETV treatnent was initiated after viral infection, Hep& cells were
exposed to the indicated concentration of ETV imedi ately after infection
with HBV Badudioated abova, waemﬁemayeaismbmﬂeﬂecmdrvgitlpmihreaa& e ite HBsAlg (EBdne)

| to,HB | 0
ot ot Ponand B T bR R s R hrpigyred St SHGs 1R iR Teartd Holodh SRR IAPIS of
cont ai ni nyreET\Nlmﬂ prest M 13§ rBeseiredyf sznwb&”?d&swﬁzi RPS&HIV, STL184, s

i mredi atel%/ after co letion of the infection and wash i ng procedures.
EXAVPLE 1B14H., A1E1|664Dr asl198d1 isi8dr PosSte MY PreB 1 dNPIAe Bae&ﬂ%WllbhcanKr us

encodi ng 69T + rtLI 80M + HWM04V The graphi cal anal ysis of

t he dose %Eglrjgvl; gLolf 6%\&3%% | d-type HBV and the quadruple nutant HBV are

shown in Figure 11 using the quantitative real-tinme PCRresults relative
.20 to wild type virus grown in the absence of ETV (0 JAM ETV). ETV had the

most B onboenrdinzlst, f amathen awelctj nyplm BBesentaphwmatomo montenpdatenst raethdd bfort he
reductiong,i.n HBV r |cat te ve PCR at

t [ d b tit
all ETV c‘zﬁ{wgt‘fl s ﬁnreg%ﬂ{ ‘%a? ucegl 567 %gyi’%g&glﬁf’@ analogi ¢ y

to ETV bysaidendtesd @Hn?ﬁ%%ﬂ%{aﬁ? TNA%Dr Bresp Mﬁgwtﬁ%& shidt HIEAP Lind
rtvi73L + rtLI80OM + rt M204V) especially at concentrations 25 up to 0.5 VM

ETV. EXAMEreEng foppymuiorEinthenuclestis Sﬂ@mamgrﬂ@@nﬁdﬁﬁeﬁgenﬁ whqwne nt

hi bi t f _HBV. FTV
that has Brerrue Shte BUpEs mhtrbRe B e SEr ke i Hithe Pasbav g °
agai ns§ eResdmavss uses2 ndL PreBe SVIgAI F9852 PHEL SIB9G We1 94 dﬂmLSsﬁfﬁw in
Figure 3 and its sgnt hesis is described by Bisacchi et alL (Bioorg. Med.

Chem Li tsI195M, 2120832PrefoER6Q, Prefll INA1Kal PreS2dP4ld,i sQBaH; eP1205, sik76d4vi r

(i nai 1 e AP OF Torbidh e o o siliyfIREY O oiare Shpr Bitands e

al, 1999, ofsiirnt Wh¥elsail %Hﬁﬁ'e‘thﬂﬁ@ %rdelafedseﬂsseﬁkiﬁvﬁ?(iéﬁfr\a&%/&waﬁd

optionally other nucleoside analogs.
20

The present invention is predicated in part on the identification and isolation of variants of

HBV that have a plurality of mutations and exhibit two or more characteristics selected
from decreased or reduced sensitivity to one or more nucleoside analogs, a reduced level
and/or functional activity of hepatitis B e antigen, or a reduced, abrogated or otherwise

25 impaired immunological interactivity, relative to wild-type HBV, Thus, the identification
of HBV variants with these mutational patterns is important inter alia for the development
of assays to detect HBV variants and assays to screen for agents which are useful in
treating and/or preventing infections by those variants and/or other HBV isolates and for
the development of alternative therapeutic regimes for managing HBV infections.

30



Those skilled in the art will appreciate that the invention described
herein is susceptible to variations and nodifications other than those
specifically described. It is to be understood that the invention includes
all such variations and nodifications. The invention also 10 includes al

of the steps, features, conpositions and conpounds referred t ”ﬁr r%ﬂ
. . ! . . . ! . . . at ed
in this specification, individually or collectively, and anyga 8”% bs

conbi nati ons of any two or nore of said steps or features. 4 Augu

-56 > > VA 1IL 1 Cl4 «cl, 40. a, mCII4 N&MI o + + + + + +g+8532026rn
+ + + 40) 00U cq Mcq ~0oIn'av m48 C-lcl, CD8C C m80 9 i
gqdrzvi,4 "M10, W~ocq .-Uw-vwa ~400weqgq  Ammmne~r- r- wmw ON
4 August 2006 -57 1z p 09z 01z pow 04 4 August 2006 . -58 OGRAPHY
Allen et alccordieppt aleogspedt7gfsthe present yention dodirectad do gp ia?l?it,ed%ligjgjat’?ﬂﬁ“?zes

1148-53, 1997; B ' ‘. :
e Crisinar Lol OMENS 2 £ e ndbotide! TRANAC!RAY SRS with S4r Hast 1894
characteristics selected from (a) resistance to one or more nucieoside analogs, (b) a
reduced level and/or functional activity of hepatitis B e antigen, or (c) a reduced, abrogated

5 or otherwise impaired immunological interactivity.

Another aspect of the present invention contemplates an isolated HBV variant comprising
a plurality of nucleotide mutations that correlate with (a) resistance to one or more
nucleoside analogs, (b) a reduced level and/or functional activity of hepatitis B e antigen,

10  and (c) a reduced, abrogated or otherwise impaired immunological interactivity.

Yet another aspect of the present invention provides an isolated HBYV variant comprising a
plurality of nucleotide mutations selectéd from two or more of (a) a nucleotide mutation in
a gene encoding a DNA polymerase resulting in at least one amino acid addition,
15 substitution and/or deletion to said DNA polymerase wherein said variant exhibits
decreased sensitivity to ETV and/or LMV and optionally other nucleoside analogs, (b) a
nucleotide mutation in a gene encoding a hepatitis B e antigen or in a transcriptional
control element of said gene wherein said mutation results in a reduced level and/or
functional activity of said hepatitis B e antigen, or (c) a nucleotide mutation in a gene
20 encoding a hepatitis B polypeptide resulting in at least one amino acid addition,
substitution and/or deletion to said polypeptide which reduces, abrogates or otherwise

impairs its immunological interactivity.

The detection of amino acid variants of DNA polymerase is conveniently accomplished by
25  reference to the amino acid sequence shown in Formulae I and II. The polymorphisms
shown represent the variations shown in various databases for active pathogenic HBV
strains. Where an HBV variant comprises an amino acid different to what is represented,
then such an isolate is considered a putative HBV variant having an altered DNA
polymerase activity. ‘
30



Bi sacchi et al, (Bioorg. Med. Chem Lit. 7: 127-132, 1997; Boyd et al.,
Antiviral Chem Chenother. 32: 358-363, 1987; Colonno et al., JLD .184: 123
6-45 200 1; Das et al., J Vfrol. 75(10): 4771-4779, 200 1; Del aney et al.,
Antim crob Agents Chenother 45(6): 1705-1013, 2001; Dienstag et al., New
Engl and JMed 333: 1657-1661, 1995; Gaillard et al., Antinicro% Agﬁﬂ?%OB
Chenot her. 46(4): 1005-1013, 2002; Genovesi et al., Antimecr QP gent
Chem 42: 3209-3217, 1998; Hendricks DA, ef al., AmJ Cin Pathol 104:
537-46,1995; Irmainp et alL, Antim crobiolzfgent Chem 44: 1441-1448, 1997,
Kruger et al., Hepatology 22: 219A, 1994; Main et al., J. Viral Hepatitis
3: 211-215, 1996; Norder et al., J Gen. Vfrol. 74: 341-1348, 1993; Ren

and Nassal ,J. Virol. 75(.3):.1104-1116,.200 1; Severjnj et

Anti mi cr obi gﬁe RySHES Wé‘ﬁB‘%‘h@F‘ §6 CoRERIpI4feE3 gBents g hich byt %le”{\él and/or LMV
Ant i m cr obi gkisiAGe AR VESMAMS: z i ,

33: 751757 2001: Ve Sl e@%ﬁéncﬁ% 59" Eﬂ%é‘?éfﬁ?ff@%%fe eP‘SS’?%eS‘S‘é?’
Antiviral GREVh @ikéerolMEY and/@7ei8ibnallpIsher hydlamgiceanadgs isHepatmbigsd b8hs) :
1669- 73, 1998. .Ya aka et al., AW cr MI Agent. Chem 43: 190-193, 1999.
4 August 200Bi¢a5olly gegpls may bp LA 0% \PR/%F‘?‘S‘H‘PCW&‘E HOR-RTQfCPAPGORS
conpri ses achepida? Ofici@ulidt akl ' %H%O ' DhlBmP r

resulting in at |east 8[nt Zﬁlht%gala?ifbtgﬁcggggﬁei or, dég%s?? tuti oﬂhgﬁrﬁl gcr%‘f'al and
del eti on t cngxazONAnp s 3laecotemplatedwiser wieful prential acuraatof exdskingt agents. The

decreased sensitivity. t.o.ETY.and/ or and.optional ly . ot her, pucl eosid
anal ogs whetests I’?Web%ﬂtlﬁﬁlgtﬁxf?lﬂl PRt rﬁb?%rﬁ'i‘%@@c’?‘g%%@%s&?nf gslnay be
spacer L971,adaaigrEdd skéﬁ%ntﬁﬂﬂ%%ihmﬁ%@dusl)ﬁ@ﬁﬁ%{c'-ﬂt%fé:oside%ﬂ%gr S 137G spacerR

| 39G spacerF | 42S, rtY54 rtL91 1, rtA97V, rtYl 24H, -"rtH126R,

r1 S135Y, rtl169T, rt M50V, rtVi73L, rtLI80M rtMO0O4V, rtA21S, rtA38E,
rtF122L,, rt, I128 rt OP, rtT184G rtS202], .rt H248N, rt Y252 or_a )
conbi natd or{s‘(fcﬁg%%y 4 :gqo il aé@]e(ﬁ]-\?glﬁgrﬁreﬁ?fﬂ‘ieﬁﬂo%\nc?ﬂe’?]ﬁ@t%%meb@dt for detrrting
the HBV vaiiag8ht which@ShiilThhibRotyMéti¢tp 86 an HIEY, LhSbinE FLiAndeSor @ereased
rtviz3L, rt Lal.@:aS_OM or rtM04V. 2. "The itgol at ed_ _I-TBV valri gnt 103\1&5% m Ireas
wher ei n t heemuaty oET Y andYer DMWY, spisl ipetbpdicempysisgl ected fromrt| 169T,
rtvi7z3L, rtL180M rtT184G rtS2021, rtM04V and rt M50V or a conbination
thereof or an equivalent mutation. 3. An isolated HBV variant wherein said
variant comprises a nufkaeg dgefiticionfuct Bripridfids: RBEEMI I Andi A Rotive
mutation resulting in at |least one anmino acid addition, substitution

and/ or ldel @moynt eighe gerprae fromcsaid B Y eantaingd it e péismid aector sad then trassdectirig s
decreased sensiti Vi t.0 ETV and/or LW and optionally other nucleoside
anal ogs anf%gi% ﬁ?ﬁghry%lfiaﬁopgﬂw?’n the surface antigen is selected from PreSl
NI 14D, PreSI TI 155, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V,

contacting said cells, before, during and/or after transfection, with the agent
to be tested;
20
culturing said cells for a time and under conditions sufficient for the HBV
to replicate, express genetic sequences and/or assemble and/or release virus or virus-like

particles if resistant to said agent; and

25 subjecting the cells, cell lysates or culture supernatant fluid to viral- or
viral-component-detection means to determine whether or not the virus has replicated,
expressed genetic material and/or assembled and/or been released in the presence of said

agent.



ST118A, s161L, sE164D, s1195M s1208T PreSl1 E86Q PreSl NO91K, PreS2 P41H,
sS@OK, sPI 20T, sL176V, sV194F or a conbi nation thereof or an equival ent
mutation. 4. The isolated HBV variant of Claim3 wherein the nutation in
the surface antigen is selected fromsF 161 L, s | 64D and sl | 95Mor a
conbi nation thereof 4 August 2006 -60 or an equival ent nutatj}@n,.s20d6€

i solated HBV variant of Claiml or 2 or 3 or 4 wherein said van%

exhi bits decreased sensitivity to ETV. 6. The isolated HBV variant of Caim
| or 2 or 3 or 4 wherein said variant exmgits decreased sensitivity to
both ETV and LW. 7. The isolated HBV variant of any one of Clains | to 6
wherein said variant exhibits reduced interactivity to an i mTunoI ogi cal
reagent spec HBs A . lle isolated HBV.varian f mJl or 2
Whevein ao b anéer paechaf tie Biegea SR ELRN pOdER A Bekisd 7 Bingci, pery
HBV variant \ohicRRYLiBIE nﬂflbﬁr?'aﬁﬁvlgr tBQmWEﬁhﬁltﬁ@'r@sﬂtﬁﬁdeaﬁidecFe)ﬁEécpéeh&tlwty
reduced interactivity to an | ogi cal teagent specific to HBSAg. . An
i sol at ed HB\to\EAiV amd/ochbi/,isgidngethodedmpriiong:i n t he nucl eoti de sequence
encodi ng HBsAg resulting in an am no acid addition, substitution and/or
deletion in said HBsAg and wherein said variant exhibits decreased
sensitivigy to ETV an

wher ei n s%i d mutation @%galg&\{ggfgé}ge??gﬁsgggsé%ﬁ[ﬂ? E)‘Hﬂ‘I?(’:rgfewsj!ll g&nﬁﬁ@é@&%ﬁgv%
F22L, PreS2 ausmyf oPthe32n®52 frons &89 ¥B\S Tonta@ad uso_ﬁﬂllse,d Q:Eﬂlﬁdrﬂpunts:ﬂfhgfﬂblllovuus

or @ Cori ndEPOReEREN6ito gHIee pell Bt hen fRlorAm b lls S0 sl it o oy

variant of Claiml wherein the nutation is sel ected from sFl 61 L, sEl 64D
and sl|195M or a conbination thereof or an equival ent nutation. 12. The

i sol ated HBV vari ant ofon@ctingrsdid colls, befontyehuwing apdiod aftar indentioaxithiths agent to
decreaseﬂ) s;nii tivity to ETV. 13. The isolated HBV variant of Claim10 or |
| wherei € iant exhibits -61 - 4 August 2006 decreased sensitivity
to both ETV and LMV. 14. The isolated HBV variant of Claim10 or | |
wherein an anti body specific for a wld-type HBSAg exhibits a reduced
capacity to neutral i zeultaiing BB colls foanattinae dndvindericonditimng seffivient forsthe HBV

lected b f bj.ect t ETV d LMW t
equonti ol thETHRg s8prof SPHE SoosPoss AR, ssraP e R RS R P WiFuscike

to exhibit nLagiadf re3RRSt td did ¥gehf aidV and/ or. LMW or optionally other
nucl eosi de anal ogs, said netho conprising isolating DNA or corresponding

MRNA frod said HBV and screening for a nutation in the nucl eoti de sequence

encodi ng HBV DNA pol yner.ase r suI in n_.at e

substitution, deleti oﬁﬁﬂ:}n& %UYF?{G%W“SWEE Weﬁﬁ?@tg@(ﬁt&’?ﬁ{aﬁ orpvizaly
A through Ec@mﬁ&lérﬁ%eeu&i &éhﬁ&% dEtéﬁhﬁfe%Kche‘i%& dofNe virak ﬁH?fe%ﬁ@at@d‘qex ressed
associated wt resi stance or decreased sensitivity to ETV and/or F\:;V

wher ei n t he gpneticanaterigfand(or Assembladt antiorbeersredgasediol the presencesfofishid dgeik| | hood
of resistance to said ETV and/or LW wherein the nutation is selected from
spacer L971, spacerKIl 15R, spacerH 16L, spacerL128F,

20 Still another aspect of the present invention provides a method for detecting an agent
which exhibits inhibitory activity to an HBV, exhibiting resistance or decreased sensitivity
to ETV and/or LMV, said method comprising;

generating a genetic construct comprising a replication competent-effective
25 amount of the genome from said HBV contained in or fused to an amount of a baculovirus

genome effective to infect cells and then infecting said cells with said construct;

contacting said cells, before, during and/or after infection, with the agent to
be tested;
30



spacer S137G  spacer R139G, spacer F142S, rtY54H, rtL91l, rtA97V, rtY124H,

rt HLI26R, rtS] 35Y, rt1169T, rtM50V, rtV1i73L, rtL180M rtM204V, rtA21S,

rt A38E, rtF122L, rtT128N, rtQL30P, rtT184G rtS2021, rtH248N, rtY252L or a
conbi nation thereof or an equivalent nutation with the proviso that where
the HBV variant is resistant to LMW alone, then the nutati °n4'§ur§ﬂ.|9£]2(566\/ I
73L, rtL I 80Mor rtM04V. 16. The nethepd of Caim 15 LW wherei

mutation is selected fromrt1169T, riV173L, rtL180M rtT184G rtS2021

rt M04V and rt M250V or a conbi nation thereof or an equivalent nutation.

17. A nmethod for determ ning the potential for an HBV to exhibit reduced
sensitivity to ET\ewlhiingrsaid\ellsforoptimersaid undet benditiers| ssdE¢icnt fanticogBBVsai d

met hod conprising isolating DNA or corres nRNA from sai d. HBY., and
screeni rf§ rFB‘ﬂcaée exhtest BERFHCSCHPRICHE APRBE Pﬁ%ﬂ@%@@wﬁ@%ww@ LS {ikE ace

antigen irDghidtahtdb sdi8agint0 am no acid substitution, deletion and/or
addi ti or#ﬁaggnlg orlle orarsmlr eE %glmai ns F and A 4 August 2006 -62 through E
or a region proximl thereto of said surface antigen and associated with

resi stance or decreased sensi i Vi to ETV and/ or in.the presence
L n o ot e ribiesiing el el ol of e IeOpsTRRSR: i e Sirel Gr et

sai d ETV, fg@fy %ﬂt@/éérggg%&gr i Sgé}@ggg\é Fhb@er bﬁna%@ﬁ&@sdhisneﬁm&&a%xm%@

PreSl

PreS2 P5 2densliBidtesil AP osdsbirhblefEbfdlty bichIElvhsidintipreSincESE Gifnagdit. NI1K,
PreS2 P41H, sQBOK, sP120T, sL176V, sV194F or a conbi nati on thereof oran
equi val ent nmutation. 18. The nethod of Caim 17 wherein said nutation is

sel ect ey Lr o THOBY gSIHRAR ABMY HEAHM Biio M@ Aaiohn ¢ her eof or ‘an

equi val ent” nmut atl on. etecting an agent which exhibits
i nhi b@tory actl VI ty to an HBV, exhibiting resistance or decreased

sensitiv y nd/or LW wherein th HBV. .vari.ant c r S a nutation
in a DNA %@T‘@cf’%orf ot Eﬁ%@ﬂ@?‘feﬁﬂs‘ﬁab’é’ afggkp oésﬁ’felr"’igl T
spacerL

TAOTY, ]ﬂ’l@ a&%ﬁﬂ@? e RO I TS %‘5%%&’* e

rt M204V, toraﬂm&alwo@&sE, rtF122L rt TI28N, rtQL30P, rtTI84G rtS2021,
rt H248N, rtY252L or a conbination thereof or an equivalent nutation with
the proviso that where the HBV variant is resistant to LW al one, then the

mut aj § Onrﬁe's%ﬂ%&gnt fidwéntiod Hirther'ektentis &P BAIPlinéd é@‘gﬂﬂ/g St ChRbhads eomprisiagng:

generating a genetic construct conprising a repl |cat|on conpetent-effeéective
amount odll ¢repartion vfad HBW gariodoeniB\4 gemnoapart of 2 igene thiesadrdngd. vect or and t hen
transfecting said cells with said construct; contacting said cells,

before, during and/or after transfection, with the agent to be tested,

cul turi nﬁleslt?t'egen? GhventibRals éj’rbﬂﬁesaﬁﬂ th@ﬁfd’ oLAR GubieNABIUL b sit Lt er@én fo‘?e HBV

to replica express genetic sequences and/or ‘assenbl e and/ or rel ease
vi rus oranti-virel-dgekts. Thase nati-wfal ﬁgen&s nﬂnlahtthe oirgsi ’Hhagam “ingoieft™4 inmlegdes t

2006_ -63 subj ecti the cells sates Qr cu re sypernatant fluid
to viP al antagoniZinger 6 q@@fr‘ﬁﬂ%ﬁi’e@é‘ﬂé P r’f@ﬁ-lﬁm?’b 9&&%@%%&%@?% OT &Y ot
the VirugdAsqiafePhtts 2pfferred anti-viral agents include mucleoside analogs, however, the

present invention extends to non-nucleoside molecules.

In addition, rational drug design is also contemplated to identify or generate chemical
25 molecules which either mimic a nucleoside or which interact with a particular nucleotide
sequence or a particular nucleotide. Combinatorial chemistry and two hybrid screening are
some of a number of techniques which can be employed to identify potential therapeutic or

diagnostic agents.

30 In one example, the crystal structure of polymerase or the surface antigen is used to

rationally design small chemical molecules likely to interact with key regions of the



expressed genetic material and/or assenbled and/or been rel eased in the
presence of said agent, 20. A nethod for detecting an agent which exhibits
inhibitory activity to an HBV, exhibiting resistance or decreased
sensitivity to ETV and/or LMW wherein the HBV variant conprises a nutation
in a DNA polynerase sel ected from spacerL971, spacerKI 15R, sggﬁgr 'i"gﬁéé
spacer L128F, spacer S137G spacer R139G, 3gpacer F142S, rtY54H, T lﬁ,

rt A97V, rtY124H, rtH126R, rtS135Y, rtl 169T, rt M50V, rtV1i73L, rtLlI80M

rt 04V, rtA21S, rtA38E, rtF122L, rtT128N, rtQ 30P, rtT184G r-tS2021,

rt H248N, rtY252L ar cqonbi nat i t hereof, o n_ equi val ent ati W th
the provinglculeiggu '3 OpyBYL Q5 ARLERIGHY.- ég‘gl gﬁeg?ﬁmf%gﬁwrgﬁ %ﬁ”ﬂé’gﬂ’r‘%’% t he
mut at i on_, 4 . r t [a e hod conpri sing: -
gener ati%%ﬁ)éﬁgérr?g% %/(E’:thg nsﬁoﬁgildyc%tﬁgrl S Elodiead}irgtggy?rga;?i%ﬁlgg%npetent-effecti ve
anount of the genome fromsaid HBV contained in or fused to an anount of a

bacul ovi rus _gen ffective to infect cells and then infecting said.cells
with sai EHHSHP ?;O%ég‘?lt Y I ATBERE BaYS Beenpreppisd GH foh oS BRI FY LY

i nf ecki o Lt NEohO t ed; grculrt Ui ox i78).cabh £.4796  20ph me
and u%de%vg%%\df}#%ﬁg?agﬁf f‘."%:“. e}?? fgﬁt %g al-llBVJt t)%h?gp’lﬁ'ﬁdégt e, |7expr ess genetic
sequenc eBartindémenszss edtplgerairdlogy 4083-6$87+:342- 1997 pAllen etislk, | Hdpeitolpgy EV@es i f

resistant _to. said ent; and supjecting the cells, cell sates,or _cul ture
super nat K016 4989 e anodeis oeihpiﬁﬁ{’&ﬁlmﬁ@m bbb eI aa AT g
determn e I t | r hoated, I

ot or | al TS oy A Hpchi3 cfiebfiv bt 1B GROUERHAS e RICARARonOBR Sl o
agent . 4wAdgys vi2@0 @ he-radoril druk that fsodesigmed dedyebe basgpdam agexdifivdtionhof an
exhibits inhibitory activity tqQq an HBV, . exhibifing resis e or,.decreased
sensilPi viHSHERNEYah AGIR Sup hecaen uiedeiny By Selesfion f %ﬁ%ﬁf%@%ﬂ%@%n on
in a ) I : RAGS", R Rs oAk 61,
spacer Ll‘}‘@%f““gﬁé%g‘?ié%‘%ﬁﬁ g%é%@?%]lgga S E%Ze? %fﬁ@%%%éq VBRIt Lgﬂf%ﬁﬁ_

rt A97V, erc¥diddthe mukitRGRmaytaibIeNosed td &oB&eh, for héwR Abtiyiraltagemsl , rt L180M

rt 04V, rtA21S, rtA38E, rtF122L, rtT128N, rtQ 30P, rtTI84G rtS2021,

rt H248N, rtY252L or a conbi nation thereof or an equivalent nmutation with

t he prowi W, bAM iy I3 3ariBSinSt SNkt lFaRe. t he
mut at i onméga?l%t rf %%%ré Bgrttﬂf'@l}{rl E)"[I\shbgl'rT nrltlﬁ/%{%lj@,h%s% rrtg%dﬁomg a’(j:‘orrpriF']sli{cﬂ‘g!:n
genel &t | Dy\arqyestatt i MBYo rBiter present drperitiohnextendse hdrefatd, dn compusitéons- ef thect i ve
anmount of .t he gepone, fromsaid HBV,cqontained. in, o, fused t.o an anmount .of a
Pacul ovi BBHOGE DGR pea0 OF it i 068 St Rherie 8h S S PR IS FiFtC el | s
wi th sal gl EBINMUC tantBaRLAEbIdRaes Moot Clense HGLONEs B CbMMpARAIOA G iR/
infection, Wwth the agent to be tested; culturing said cefls for a tine
and undemduoctivti dfiRINAiL Refférencecto RN AL inchnded-Fference torstRINAcat e, express genetic

< sequences and/or assenble and/or release virus or virus-like particles if

resistant to said agent; and subjecting the cells, cell lysates or culture

supegpat 1 ML el - [ h%km : = ection neans to

det erig‘i n-gﬁg efél%lﬁggm ?Slﬁ%%al!tnﬁ%ﬁ\élsléfltg ag@ggﬁﬁgﬁggﬁgx'pressed genetic
mat eri al and/ or assenbl ed and/ or been released in the presence of said
agent. 22. The nethod of Clainms 19 gr 20.or 21 wherein the HBV genone is
stably The inhubitor is referred to below as an “active ingredient” or “active compound™ and may

be selected from the list of inhibitors given above.

25 The composition may include an antigenic component of the HBV, a defective HBV
variant or an agent identified through natural product screening or rational drug design
(including combinatorial chemistry).

Pharmaceutically acceptable carriers and/or diluents include any and all solvents,
30 dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption

delaying agents and the like. The use of such media and agents for pharmaceutical active



integrated into the cells' genone. 23. A vaccine conprising an antigenic
conponent of the HBV variant of any one of Clains | to 14 or an anti body
thereto. 4 August 2006 -65 24, The vaccine of C aim 23 wherein the
antigeni c conponent is an HBsAg or PreS | or PreS2. 25. The vaccine of
Claim 23 wherein the antigenic conponent is a defective HBV \%{L'?g%g{z@%ﬁ.
The vacci ne of Caim 23 conpri sing anqﬁgt_i body to HBsAg or Pre or PreS2.
27. A conputer product for assessing t | i kel y useful ness of a viral
variant or biological sanple conprising same for determ ning an
appropriate therapeutic protocol in a subject, said product conprising:
(1) codesubstancgsds evellelnaysl imibatart Wxceptansodar asl anyr eanvenonsd mader esageni tim

wi |l d-type HBV select.ed from spacgrl971, .spacerK.l 15R_spacerH I...16L
epacer | 1sempeiie SEE e o, BREEo e uRBRITR s heRpod BShpby e s
rLA97V,  edn¥ehifibted! ts%ﬁa%en&érfl%’ﬁe itgke@iSdts EdrVPedédV be fiAdbkpcthated’ tifthS e
rt M204V, rtA21S, rtA38E, rtF122L rtT128N, rtQL30P, rtT184G rt S2021,

rt H248N, camp@8insor a conbi nati on thereof or an equival ent nutation and
rtlngT, rtvi7z3L, rtL180M rtTl84G rtS2021 and rt M204V or a conbi nation
t heredf or an equivalent mutation; and (b) an altered surface antigen from

wi | d- typehéBiariRanicat compBRitidl amy! albd c&ﬁ%s&%@l&dc hblebufes subli 892 Frebtér
PreS2 V39A “PreS2 P52L, sL89V, sTl 18A, s 16I L, sEl 64D, sll 95M s1208T

PreS | ¢®a)e obtrassfepiinpKarget etz whetethes@gWK camies 20mcleid acid moleand gapiblsr a
conbi nation thereof or, an ui val.ent tation_an sF161L, sElI.64D and
511950 of Srep i AR antsw T pregise ias o feeidydpBhdon Sramieme 2 e 88 Rhgus
2006 (2) code that adds said Ivs to provide a sumcorresponding to a Pv
for said_ viral variants or biological sanples; and (3) a conputer readable

medi déh t Pharmaeasitiea! forvas suiiade foraineatablapast include steside @queang sohwions Kehgre

usef ul ne ' ri reDL0l 0Qi ¢ sample ¢ rishng.sane in a
aub) oot TaRErftl 4R st e Rl R QR ran R RS e SRR L
storage gubgliong) K QR bsistibleusli: ahs tedEehs dBhahifabtufNaRUa6apk tand must be
machi ne-r eadabl e data, wherein said machi ne- readable data conprise lvs for

at | eastPrewevadeagainst heaeonbrningting oftion efapigroorganismg suehant bagteris and§inghl

samle: PR Ao  SEAUET ol ShaSh el o EEH SRl
FTEGEE it 56w oapne ) LT GRS g T o

like), suitable mixtures thereof and vegetable oils. The proper fluidity can be maintained,

for example, by the use of superfactants. The preventions of the action of microorganisms

can be brought about by various anti-bacterial and anti-fungal agents, for example,

parabens, chlorobutanol, phenol, sorbic acid, thirmerosal and the like. In many cases, it

20 will be preferable to include isotonic agents, for example, sugars or sodium chloride.

Prolonged absorption of the injectable compositions can be brought about by the use in the

compositions of agents delaying absorption, for example, aluminjum monostearate and

gelatin.

25 Sterile injectable solutions are prepared by incorporating the active compounds in the
required amount in the appropriate solvent with the active ingredient and optionally other
active inpredients as required, followed by filtered sterilization or other appropriate means
of sterilization. In the case of sterile powders for the preparation of sterile injectable
solutions, suitable methods of ﬁreparation include vacuum drying and the freeze-drying

30 technique which yield a powder of active ingredient plus any additionally desired
ingredient.




rtvi73L, rtL180M rtM04V, rtA21S, rt A38E, rtF122L, rtT128N, rt QL30P,
rtT184G rtS2021, rtH248N, rtY252L or a conbination thereof or an

equi val ent mutation and rt1169T, rtV173L, rtLI 80M rtT184G rtS2021 and
rt MO4V or a conbination thereof or an equivalent nutation; and (b) an
altered surface antigen fromw |l d-type HBV sel ected from Pr%s I 1'1\|th ?J@?D
PreS | TI 15S, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V, s ﬁ\g&\, g L,
SE164D, sl|95M s1208T PreSI E86Q Pres~NI1K, PreS2 P41H, s@OK, sP120T,
sL176V, sV194F or a conbination thereof or an equival ent nutation and
SF161L, sE164D and s1195M or a conbi nation thereof or an equival ent

mut ati on; 4 August 2006 -67 (2) a working nmenory for storing instructions
for processing said machi ne- readabl e dat a; (3_}: a central - processin nit
coupl ed tWhenthe \astike igeisaient s sntably prategtedsdt mnae becaaliy| saergao?%rge

medi um f 0 S| - ' r - Qr QVi sai d
Vs cor r ISRIE RAREAT SeniftePGANAE an ERHORLE CROR Gitid) B in e el €
coupl ed tjg ki hregsti shtll pebtiascdpagiep o tit nidyr ber eaepressed w0 dalitets, FOr ofal
conposition conprising an anti-HBV agent which has selective activity

agai nst  dhempRrtiexaiupnistration. dae ey eciggrsdiang may be Incprposalgd gyith RRciRignts and
anti - HBV i Ff i ed-4si ' ' 1 f
Qai o | 5 Pt EHE0 bE L B uiF b Bt Y ot R R0, B 1E8 Sk MbpeiBfn
phar macewyngn| wifeecariphalkike. Siwhrooapositiods amd pieparatidss sliddld dhaincinbest 1%on

of Claim_29 V\!h1arei n the agent i s a reconbinant protein from said HBV

vari ant . by1werghieolastive spmpewnd {The nsrsantage o A compomationsandRIRRHEURSHIAY:N | s

HBsAg or r I . o1 i er e

hent | s AieBReb Shicd BxPmay Sond Mol ROSe L iyt d @ obP sUASELE et
conpoH) t i gMhe®iniCl BieranfAimibé aetive donepoagd i such themptatidatig usyfubabmpasitipnoguct
screening or rational drug design, 34. The conposition qf C aim29 wherein
t he agentSurl thatgersuitahlgedqspge (illi Beobtained, Rreferedogompesitions ofjueparations

ri . ot . b : HBY
conound 25 ing foMPpedelt el JF RARE LB U BRURE LER P08 b o
ant i senseéetécpCathcit 0.1 |HEAGE 2000 ARULE at@Vva tbinpoluad. aAltEIRtige ddsage Angusts

2006 SEQUENCE LI STI NG <110> Mel bourne Health (all states except US) Austin
and Repatin¢ludé¢ Gomahout dingteraboat 1300 mgtand ftomabentt 1y to about 500 mg. These

15 dosages may be per individual or per kg body weight. Administration may be per hour,

day, week, month or year.

The tablets, troches, pills, capsules and the like may also contain the components as listed

7 hereafter. A binder such as gum, acacia, corn starch or gelatin; excipients such as
20 dicalcium phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid
and the like; a lubricant sﬁch as magnesium stearate; and a sweetening agent such as
sucrose, lactose or saccharin may be added or a flavouring agent such as peppermint, oil of
wintergreen or cherry flavouring. When the dosage unit form is a capsuie, it may contain,

in addition to materials of the above type, a liquid carrier. Various other materials may be
25 present as coatings or to otherwise modify the physical form of the dosage unit. For.
instance, tablets, pills or capsules may be coated with shellac, sugar or both. A syrup or
elixir may contain the active compoimd, sucrose as a sweetening agent, methyl and
propylparabens as preservatives, a dye and a flavouring. Of course, any material used in
preparing any dosage unit form should be pharmaceutically pure and substantially non-

30 toxic in the amounts employed. In addition, the active compound(s) may be incorporated

into sustained-release preparations and formulations.



Sout hern Health (all states except US) Barthol omeusz, Angeline (us only)
Locarnini, Stephen (US only) Ayres, Anna (US only) Angus, Peter (US only)
Sievert, WIlliam (US only) <120> Viral Variants and uses thereof <130>
2609536/ EJH <140> Not yet available <141> 2003-02-07 <150> AU PS0370

<151> 2002-02-07 <150> AU PS1269 <151> 2002-03-21 <160> 3645}11593
Patentln version 3.1 <210> 1 <211> 76 <212> PRT <213> synthetFc <2'998>
<221> M SC FEATURE <222> (2)..(2) <223> X =L or Ror 1 <220> <221> M SC
FEATURE <222> (3)..(3) <223> X = E or D4;<220> <221> M SC FEATURE c~222>
(9) .. (9) <223> X =T or Dor Aor Nor Y <220> <221> M SC FEATURE <222>
(10)..(10) <223> X = E or D 4 August 2006 -2 <220> <221> M SC FEATURE
<222> (13)..(13) 4223> X = E or Kor Q <220> <221> M SC FEATURE <222>

(15)..(15)
' As stated above, the present invention further extends to an isolated HBsAg from the HBV

variants herein described. More particularly, the present invention provides an HBsAg or a
recombinant form thereof or derivative or chemical equivalent thereof The isolated
5 surface component and, more particularly, isolated surface amtigen or its recomibinant,
derivative or chemical equivalents ‘are useful in the development of biological

compositions such as vaccine formulations.

Yet another aspect of the present invention provides a composition comprising a variant
10 HBV resistant to ETV and/or LMV and optionally other nucleoside analogs or an HBV
surface antigen from said variant HBV or a recombinant or derivative form thereof or its

chemical equivalent and one or more pharmaceutically acceptable carriers and/or diluents.

As indicated above, antibodies may be generated to the mutant HBV agents and used for
15 passive or direct vaccination against infection by these viruses. The antibodies may be
generated in humans or non-human animals. In the case of the latter, the non-human
antibodies may need to be deimmunized or more specifically humanized prior to use.
Deimmunized may include, for example, grafting complimentarity determining regions
(CDRs) from the variable region of a murine or non-human animal anti-HBV antibody
20 onto a human consensus fragment antibody binding (Fab) polypeptide. Alternatively,
amino acids defining epitopes in the variable region of the antibody may be mutated so that

the epitopes are no longer recognized by the human MHC II complex.

Insofar as ribozyme, antisense or co-suppression ('RNAi) repression is concerned, this is

25 conveniently aimed at post-transcription gene silencing. DNA or RNA may be
administered or a complex comprising RNAi or a chemical analog thereof specific for
HBV mRNA may be employed.

All such molecules may be incorporated into pharmaceutical compositions.
30



<223> X = Hor Ror N <220> <221> M SC FEATURE <222> (IB)..(18) <223> X
=1 or T <220> <221> M SC FEATURE <222> (23)..(23) <223> X - Aor S
<220> <221> M SC FFATURE <222> (26)..(26) <223> X =T or R <220> <221>
M SC FEATURE <222> (40)..(40) <223> X = A or Tor S <220> <221> M SC
FEATURE <222> (43)..(43) <223> X =R or T <220> <221> M SC4F =R
<222> (45)..(45) <223> X =V or G <220> <221> M SC FEATURE éﬁ@k <8§3> X
=Sor | or Tor Nor V 4 August 2006 <220> <221> M SC- FEATURE <222>
(56)..(56) <223> X =T or Sor Hor Y <220» <221> M SC FEATURE <222>
(57). .(57) <223> X = Ror Hor Kor Q <220> <221> M SC FEATURE <222>
(69)..(69) <223> X = Qor P <220> <221> variant <222> (76) ..(76)

In another embodiment, the present invention provides a biological composition
comprising a variant HBV or an HBsAg or L, M or S proteins from said variant HBV or a

recombinant or derivative form thereof or its chemical equivalent.

5 Generally, if an HBV is used, it is first attenuated. The biological composition according to
this aspect of the present invention generally further comprises one or more

pharmaceutically acceptable carriers and/or diluents.

The biological composition may comprise HBsAg or like molecule from one HBV variant
10 or the composition may be a cocktail of HBsAgs or L, M or S proteins or like molecules
from a range of ETV- and/or LMV-resistant HBV variants. Similar inclusions apply where

the composition comprises an HBV.

The present invention is further directed to the use of defective HBV vanants in the
15 manufacture of therapeutic vaccines to vaccinate individuals against infection by HBV
strains having a particular nucleotide sequence or encoding a particular polymerase or

surface antigen or L, M or S proteins.

In one embodiment, for example, an HBV variant may be identified having a particular
20 mutation in its polymerase conferring resistance or decreased sensitivity to a nucleoside
analog. This variant may then be mutated to render it defective, i.e. attenuated or unable to
cause infection. Such a defective, nucleoside analog-resistant virus may then be used as a

therapeutic vaccine against virulent viruses having the same mutation in its polymerase.

25 The subject invention extends to kits for assays for variant HBV resistant to ETV and/or
LMYV. Such kits may, for example, contain the reagents from PCR or other nucleic acid
hybridization technology or reagents for immunologically based detection techniques. A
particularly useful assay includes the reagents and components required for immobilized
oligonucleotide- or oligopeptide-mediated detection systems.

30



<223> S is designated as amno acid 74 <400> 1 Lau Xaa Xaa Asp Trp Gy Pro
Cys Xaa Xaa Hs Ay Xaa Hs Xaa Ile 15 10is Arg Xaa Pro Arg Thr Pro Xaa
Arg Val Xaa Gy @y Val Phe Lau Val 20 25 30 Asp Lys Asn Pro Hi s Asn Thr
Xaa G u Ser Xaa Lau Xaa Val Asp Phe 35 40 45 Ser G n Phe Ser Arg Ay Xaa

Xaa Xaa Val Ser Trp Pro Lys Phe Ala so 55 60 Val Pro Asn Lagé@sﬁﬁ{%mg
Thr Asn Lau Lau Ser 6S 70 75 <210> 2 <211> 181 <212> PRT < synthetic

<220> <221> variant <222> (1) (1) 4 August 2006 -4 <223> S = amino acid
75 <220> <221> M SC FEATURE <222> (2) ..43(.2) <223> X = Nor D <220>
<221> M SC FEATURE <222> (17)..(17) <223> X =1 or P <220> <221> M SC
FEATURE <222> (29)..(29) <223> X - | or V <220> <221> M SC FEATURE

222 35). .35 223> X = or D <220> <221> M SC FEATURE A <222>
Caay (5a) S ot a8ed of b Bl By aiom fostrmEARSRmoLERs T et miging)he

potential for an HBV to exhibit reduced sensitivity to ETV and/or LMV or optionally other
nucleoside analogs, said method compﬁsing isolating DNA or corresponding mRNA. from
said HBV and screening for a mutation in the nucleotide sequence encoding HBV DNA
> polymerase resulting in at least one amino acid substitution, deletion and/or addition in any
one or more of domains F and A through E or a region proximal thereto of said DNA
polymerase and associated with resistance or decreased sensitivity to ETV and/or LMV
wherein the presence of such a mutation is an indication of the likelihood of resistance to
said ETV and/or LMV.
10
An assessment of a potential viral variant is important for selection of an appropriate
therapeutic protocol. Such an assessment is suitably facilitated with the assistance of a
computer programmed with software, which inter alia adds index values (Iys) for at least
two features associated with the viral vadants to provide a potency value (Pa)
15  corresponding to the resistance or sensitivity of a viral variant to a particular chemical
compound or immunological agent. The Iys can be selected from (a) the ability to exhibit
resistance for reduced sensitivity to a particular compound or immunological agent; (b) an
altered DNA polymerase from wild-type HBV; (c) an altered surface antigen from wild-
type HBV; or (d) morbidity or recovery potential of a patient. Thus, in accordance with the
20 present invention, Iys for such features are stored in a machine-readable storage medium,
which is capable of processing the data to provide a P, for a particulgr viral variant or a

biological specimen comprising same.

Thus, in another aspect, the invention contemplates a computer program product for
25  assessing the likely usefulness of a viral variant or biclogical sample comprising same for

determining an appropriate therapeutic protocol in a subject, said product comprising;

(1)  code that receives as input Iys for at least two features associated with said viral
agents or biological sample comprising same, wherein said features are selected
30 from:



<223> X = Ror N <220> <221> M SC FEATURE <222> (47)..(47) <223> X =N
or | <220> <221> M SC FEATURE <222> (48)..(48) <223> X = any amino acid
<220> <221> M SC FEATURE <222> (50)..(50) <223> X = Nor Yor H4 August
2006 -5 <220> <221> M SC-FEATURE <222> (52)..(52) <223> X H or

<220> <221> M SC FEATURE <222> (53)..(53) <223> X = G or &; ?8@1>
M SC FEATURE <222> (54)..(56) <223> X is any amrlo acid <2‘§0 < E > M SC
FEATURE <222> (57)..(57) <223> X = D or N <220> <221> M SC FEATURE

<222> (60)..(60) <223> X =D or N <220> 421> M SC FEATURE <222>
(61)..(61) <223> X= S or Y <220> <221> M SC FEATURE <222> (65)..(65)
<223> X = Nor Q <220> <221> M SC FEATURE

(a) the ability to exhibit resistance for reduced sensitivity to a particular
compound or immunological agent;
(b)  analtered DNA polymerase from wild-type HBV;
{c) an altered surface antigen from wild-type HBV; or
5 (d)  morbidity or recovery potential of a patient;

(e) altered replication capacity (increased or decreased);

(2)  code that adds said Iys to provide a sum corresponding to a Py for said viral
variants or biological samples; and

10

(3) a computer readable medium that stores the codes.

In a related aspect, the invention extends to a computer for assessing the likely usefulness
of a viral variant or biological sample comprising same in a subject, wherein said computer

15 comprises:

(1)  a machine-readable data storage medium comprising a data storage material
encoded with machine-readable data, wherein said machine-readable data comprise
Iys for at least two features associated with said viral variant or biological sample;

20 wherein said features are selected from;-

(@  the ability to exhibit resistance for reduced sensitivity to a particular
compound or immunological agent;
(b)  an altered DNA polymerase from wild-type HBV,
25 ~(¢)  analtered surface antigen from wild-type HBV; or
(d)  morbidity or recovery potential of a patient;

(e) altered replication capacity (increased or decreased);

(2)  a working memory for storing instructions for processing said machine-readable

30 data;



<222> (71)..(71) <223> X - L or M <220> <221> M SC FEATURE <222>
(75)..(75) <223> X = Kor Q4 August 2006 -6 <220> <221> M SC FEATURE
<222> (77)..~77) <223> X =Y or F <220> <221> M SC FEATURE <222>
(79)..(79) <223> X Ror W <220> <221> M SC FEATURE <222> (84)..(84)
<223> X - Y or L <220> <221> M SC FEATURE <222> (85)..(85) 45‘%66/52{5 = S
or A <220> <221> M SC FEATURE <222> (89)..(89) <223> X =1 or <8§0>
<221> M SC- FEATURE <222> (95)..(95) <223> X | or L <220> <221> M SC
FEATURE <222> (99)..(99) <223> X = V o144 <220> <221> M SC FEATURE
<222> (3.147..(114) <223> X = Cor L <220> <221> M SC FEATURE <222>
(1157..(115) ~223> X A or S 4 August 2006

(3)  a central-processing unit coupled to said working memory and to said machine-
readable data storage medium, for processing said machine readable data to provide

a sum of said Iys corresponding to a Py for said compound(s); and
5 (4)  anoutput hardware coupled to said central processing unit, for receiving said Py.

Any general or special purpose computer system is contemplated by the present invention
and includes a processor in electrical communication with both a memory and at least one
input/output device, such as a terminal. Such a systemm may include, but is not limited, to

10  personal computers, workstations or mainframes. The processor may be a general purpose
processor or microprocessor or a specialized processor executing programs located in
RAM memory. The programs may be ﬁlaced in RAM from a storage device, such as a disk
or pre-programmed ROM memory. The RAM memory in one embodiment is used both for
data storage and program execution. The computer system also embraces systems where

15 the processor and memory reside in different physical entities but which are in electrical
communication by means of a network. For example, a computer system having the overall
characteristics set forth in Figure 7 may be usefil in the practice of the instant invention.
More specifically, Figure 7 is a schematic representation of a typical computer work
station having in electrical communication (100) with one another via, for example, an

20 internal bus or external network, a processor (101), a RAM (102}, a ROM (103), a terminal
(104), and optionally an external storage device, for example, a diskétte, CD ROM, or
magnetic tape (105).

The present invention is further described by the following non-limiting Examples.



<220> <221> M SC FEATURE <222> <223> X = V or M <220> <221> M SC- FEATURE
<222> (117)..(117) <223> X =V or T <220> <221> M SC FEATURE <222>
(1187..(118) <223> X = Ror C <220> <221> M SC FEATURE <222>
(122T..(122) <223> X = F or P <220> <220 M SC FEATURE <222> (1257..(125)
<223> X L or V <220> <221> M SC FEATURE <222> (1267..(126) 42?%&&%076 A
or V <220> <221> M SC FEATURE <222> (487..(128) <223> X = A <220>
<221> variant <222> (130)..(130) <223> M= anino acid 204 <220> <221>
M SC- FEATURE <222> (133)..(133) <223> X =V or L or M <220> 4 August
2006 <221> M SC- FEATURE <222> (138)pxAWBLE 223> X = K or R <220> <221>
M SC FEATURE <222> (13.97. . (3.39) <223> X =Sor T

Overlapping genome of HBV

The overlapping genome of HBV is represented in Figure 1. The gene encoding DNA
5 polymerase (P), overlaps the viral envelope genes, Pre-S1 and Pre-S2, and partially
overlaps the X and core (C) genes. The HBV envelope comprises small, middle and large
HBYV surface antigens. The large protein component is referred to as the HBV surface
antigen (HBsAg) and is enclosed by the S gene sequence. The Pre-S1 and Pre-S2 gene
sequences encode the other envelope components.r
10
EXAMPLE 2

Patient and Treatment

Patient A is a 44 year old male with ch;onic hepatitis B presented on Day 0 (9 July 1999)
15 with raised serum HBV DNA levels (>2000 pg/ml) and was commenced on LMV
treatment immediately (Figure 2). The patient A was HBsAg positive and anti-HBe
positive. Following the initiation of LMV treatment the HBV DNA levels fell to 8 pg/ml
over 54 days of therapy. The HBV DNA levels remained low until day 199 when there was
a relapse in replication such that HBV DNA levels reached 1826 pg/ml. By Day 241 the
20 serum ALT peaked at 741 IU/L. The HBV DNA was sequenced and LMV resistant virus
was detected. The patient was then enrolled on Day 382 (24 July 2000) into a blinded ETV
plus LMV clinical trial. HBV DNA levels only decreased to 33 pg/ml and the ALT
decreased to 167 IU/ L by day 784. The patient was started on open label ETV plus IMV.
However, both HBV DNA levels and ALT continued to rise and the HBV DNA was
25 sequenced at day 894 (Figure 2).

Patient B Is a liver transplant patient. This patient has been treated with a number of

nucleoside analogs including ganciclovir, famciclovir LMV and ETV. The patient was
treated with LMV prior to ETV. The patient is currently on ETV treatment. During ETV
30 treatment the HBY DNA levels were reduced to less than 5 pg/ml. At 532 days ETV
treatment, that corresponds to 3857 days post transplant, there was a rise in the HBV DNA




<220> <221> M SC FEATURE <222> (140T..(140) <223> X - V or G <220> <221>
M SC FEATURE <222> (14:LT..(141) <223> X Q or E <220> <221> M SC FEATURE
<222> (1437..(3,43) <223> X = L or S or R <220> <221> M SC FEATURE <222>
(145T..(145) <223> X = S or F <220> <221> M SC FEATURE <222>
(147T..(3.47) <223> X = F or Y <220> <221> M SC FEATURE <2§§3 ust 2006
(148Y..(148) <223> X = T or A <220> <221> M SC FEATURE <2228Y9
(1497..(149) <223> X = A or S <220> <221> M SC- FEATURE 4 August 2006 -9
<222> (150) (15 0) <223> X = V or 1 <2293 <221> M SC FEATURE <222> <223>
X = T or C <220> <221> M SC FEATURE <222> (1527..(3.52) <223> X Nor S
<220> <221> M SC FEATURE <222> (1537..(153)

levels to 993 pg/ml. The HBV DNA from this sample was further characterized by

sequencing.

EXAMPLE 3
5  Detection of Viral Markers

Hepatitis B surface antigen (HBsAg), hepatitis B e antigen (HBeAg), anti-HBe and
hepatitis B core antigen (HBcAg) specific IgG and IgM were measured using
commercially available immunoaséays (Abbott Laboratories, North Chicago, IL, USA).
10  Hepatitis B viral DNA levels were measured using a capture hybridization assay according
to the manufacturer’s directions (Digene Hybrid Capture II, Digene Diagnostics Inc.,
Beltsville, MD). The manufacturers stated cut-off for detecting HBV viremia in clinical
specimens was 0.7 x 10° copies/ml or 2.5 pg/ml, [Hendricks DA, et al., 4m J Clin Pathol
104: 537-46, 1995].
15 ‘
EXAMPLE 4
Sequencing of HBV DNA

HBYV DNA was extracted from 100pul of serum collected at 6 different time points (Figure

20  2) as described previously by Aye et al., J Hepatol. 26: 1148-53, 1997, Oligonucleotides
were synthesized by Geneworks, Adelaide, Australia. Amplification of the HBV
polymerase gene has been described by Aye et al., 1997, supra.

The specific amplified products were purified using PCR purification columns from MO
25 BIO Laboratories Inc (La Jolla, CA) and directly sequenced using Big Dye terminator
Cycle sequencing Ready Reaction Kit (Perkin Elmer, Cetus Norwalk, CT). The PCR
primers were used as sequencing primers, OS1 5'- GCC TCA TTT TGT GGG TCA CCA
TA -3' (nt 1408-1430) [SEQ ID NO: 3], TTA3 5-AAA TTC GCA GTC CCC AAA -
3’(nt2128-2145) [SEQ ID NO: 4], JM 5’- TTG GGG TGG AGC CCT CAG GCT -
30 3°(nt1676-1696) [SEQ ID NO: 5}, TTA4 5° —-GAA AAT TGG TAA CAG CGG -3'(nt



<223> X = F or V <220> <221> M SC FEATURE <222> (1567..(156) <223> X =S
or D <220> <221> M SC FEATURE <222> (1577. . (157) <223> X =L or V
<220> <221> M SC FEATURE <222> (1647..(164) <223> X = Nor Q <220> <221>
M SC FEATURE <222> (1797. . (179) <223> X =V or | <400> 2 Ser Xaa Leu
Ser Trp Leu Ser Leu Asp Val Ser Ala Ala Phe Tyr Hs 1 5 10 i A&t J9o Leu
Hs Pro Ala Ala Met Pro H's Leu Leu Xaa Ay Ser Ser 20 25 30 A gust0 006
-10 Ay Leu Xaa Arg Tyr Val Ala Arg Leu48er Ser Xaa Ser Xaa Xaa Xaa 35 40
4S Asn Xaa G n Xaa Xaa Xaa Xaa Xaa Xaa Leu His Xaa Xaa Cys Ser Arg so 55
60 Xaa Leu Tyr Val Ser Leu Xaa Leu Leu Tyr Xaa Thr Xaa Gy Xaa Lys 65 70

75 80 Le ' i
cH-86iBU KRR a30H6s @82 5t e Xerd-ACATACTTTACEA T Xamt 79885
90 95 I\/E? gy %@g é@g Leu Se? Pro Phe Leu Leu Ala G n Phe Thr Seral Ala 100

105 110 | bel"¥4SEREm Nén 7Xaa siquense theAhterph eegions ofitse POR adid&a Phe Xaa
115 120 125 Tyr Met Asp Asp Xaa Val Leu Gy Ala Xaa Xaa Xaa Xaa. H s Xaa
G u 130 135 140 Xaa Leu Xaa Xaa Xaa Xaa Xaa Xaa Xaa Leu Leu Xaa Xaa Ay

Ile H's 145 150 155 160 Leu. Asn RrpAaXeerLEYSS Thr Lys Arg Trp Ay Tyr Ser
Leu Asn Phe Met 165 170 175 dy Tyr Xaa Ile Ay |ISO <218> 3IO y
5 Analysis of HBV DNA

Patient A: The LMV resistant mutations at rtLlSOM and rtM204V were detected by
sequencihg by day 199 (Table 3). During the blinded phase of entecavir and LMV
treatment, the mutation at rtV173L was also detected. A unique mutation in the B Domain
10  atrtI169T was detected in combination with the two other B domain mutations at rtL180M
and rtV173L as well as the mutation at rtM204V in the C domain. A number of other
unique changes were also detected in the polymerase and in the overlapping envelope gene
(Table 4, Figures 4, 5 and 6). These unique changes were compared to reference sequences
from each of the seven genotypes A-G as well as a consensus sequence from pretreatment

15 samples to determine unique changes.

Patient B: The sample at 532 days ETV treatment was sequenced and was compared to
samples prior to ETV treatment (Figures 8, 9 and 10) Several polymerase mutations were

. detected in this sample including rtA21$, tA38E, rtY54H, riN76D, rtL91l, rtF122L,
20 rtY124H, rtT128N, riQ130P, tL180M, rtT184G, rtS2021, rtM204V, rtH248N, rfY252L.
At the start of ETV treatment the patient had been on LMV treatment and the mutations at
rtL80M and M204V were detected (Figures 8, 9 and 10). The LMV mutations (rtL.180M

and rtM204V) were detected during ETV treatment even in the absence of the LMV
selection pressure and these mutations may also contribute to ETV resistance. At the time

25 of the virological breakthrough on ETV, the LMV selected mutations were still present as
well as the mutations listed above. All the mutations listed were compared to reference
sequences from each of the seven genotypes A-G as well as a consensus sequence from

pretreatment samples to determine unique changes.

30 Patient B is HBeAg negative and the HBV isolated from this patient encoded a mutation in

the precore gene at G1896A that results in a stop codon in the precore protein



<211> 23 <212> DNA <213> artificial sequence <220> <223> priner (OSl)
<400> 3 gcctcatttt gtgggtcacc ata 23 <210> 4 <211> 18 4 August 2006 <212>
DNA <213> artificial sequence <220> <223> priner (TTA3) <400> 4
aaattcgcag tccccaaa 18 <210> 5 <211> 21 <212> DNA <213> artifici aI

sequence <220> <223> primer (LTM <4QQ®.5 ttggggtgga gccct cg%g‘@
<210> 6 <211> IS <212> DNA <213> artificial sequence <220> < > pri rrer

(TTA4) <400> 6 gaaaattggt aacagc9g 18 <210> 7 <211> 20 <212> DNA <213>

artificial se 0>, <223> r| nmer, <400> Z Clt

actttccaaPrc’Eﬁr 91’8 1pgs 418 ot ?lﬁe:gl n< $38en0me; fhat jing @%%BE&OT&ZW
mutation at G1896A may affect the replication fitness of HBV and the sensitivity to

antiviral agents in cornbination with the mutation in the polymerase gene.

5 EXAMPLE 6

In vitro analysis of entecavir resistance

The sensitivity/resistance profile of HBV mutants to entecavir was examined in vitro using
recombinant HBV/baculovirus. The procedure for analysing the resistance profile is

10 outlined in the following Examples 7-14.

EXAMPLE 7
‘Cell culture

15 Sf21 insect cells were maintained in supplemented Grace’s insect medium fiuther
supplemented with 10% v/v heat-inactivated fetal bovine serum (Gibco BRL,
Gaithersburg, MD) in humidified incubator at 28 C with CO, HepG2 cells were
maintained in minimal essential medium supplemented with 10% v/v heat-inactivated fetal
bovine serum (MEM-FBS). HepG2 cells were grown in humidified 37°C incubators at 5%

20 vivCO;.

EXAMPLE 8

Preparation of HBV/baculovirus transfer vector with specific point mutations

25 The recombinant HBV/baculovirus system used for antiviral testing has been previously
described (Delaney ef al., Antimicrob Agents Chemother 45(6): 1705-1013, 2001). In brief,
the recombinant transfer vector was created by excising a fragment containing the 1.3x
HBYV genome construct and cloning it into the multiple cloning region of a baculovirus
vector pBlueBac4.5 (Invitrogen, Carlsbad, CA). Point mutations were created by site

30 directed mutagenesis using the commercial kits according to the manufacturers

specifications (QuikChange, Stratagene). A HBV recombinant encoding the reverse



<223> prinmer <400> 8 4 August 2006 tgcacgattc ctgctcaa 18 <210> 9 <211>
20 <212> DNA <213> artificial sequence <220> <223> primer <400> 9
tttctcaaag gtggagacag 20 <210> 10 <211> 18 <212> DNA <213> artifici aI_
sequence <220> <223> forward prinmer PClL <400> 10 gggaggagat taggttaa is

<210> 11 <211> 20 <212> DNA <213> artificial sequence <220>, dst Jopyer se
primer PC2 <400> 11 ggcaaaaacg agagtaactc 20 <210> 12 <211> %’5 <£P§? DNA
<213> artificial sequence <220> <223> HBV-specific nol ecul e beacon pri ner

<220> <221> m sc feature <222> (42).. (4g£ _<223> N = L <400> 12 cgcgtcctac
tgttcaagcc tccaagctgt gacgcgdabc yn 42 4 ngust 2006 -13 <210> 13 <211>
644 <212> DNA

transcriptase mutations rtIl69T + rtV173L + rtL180M + rtM204V. The nucleotide

sequence of the plasmid and the point mutations generated by site directed mutagenesis

were confirmed by sequencing usiﬁg the ABI Prism Big Dye Terminator Cycle

Sequencing Ready Reaction Kit according to the manufacturer’s specifications (Perkin
5 Elmer, Cetus Norwalk, CT).

EXAMPLE ¢

Generation of recombinant baculoviruses containing the 1.3 HBV construct

10 Purified recombinant transfer vector and linear AcMNPV baculovirus DNA were co-
transfected into Sf21 cells using the BacNBlue transfection kit from Invitrogen (Carlsbad,
CA); recombinant viruses were isolated by plaque assay according to the manufacturer’s
instructions. A series of recombinant viruses were amplified from isolated plaques by
infecting 100-mm dishes of Sf21 cells, Viral DNA was extracted from amplified viruses

15  using standard procedures. Purified viral DNA was digested with restriction enzymes and
then fractionated by electrophoresis in a 1% v/v agarose gel. Southern blotting was
performed to determine which virus isolates contained the intact 1.3 HBV construct. A
Boehringer Mannheim Random Prime- DNA Labeling kit (Indianapolis, IN) was used to
generate [P**]-radiolabeled probes. A full-length double-stranded HBV genome was used

20  as a template for all radiolabeled probes. Viral DNA sequence was confirmed by PCR
amplification of the polymerase catalytic region using the sense primer 5°-GCC TCA TTT
TGT GGG TCA CCA TA-3” [SEQ ID NO:3], (nucleotide 1408 to 1430 according to HBV
Genebank Accession number M38454) and the antisense primer 5°-TCT CTG ACA TAC
TTT CCA AT-3’ [SEQ ID NO:6] (nucleotides 2817 to 2798 according to HBV Genebank

25 Accession number M38454). The following primers were utilized for the sequencing of
internal regions 5’- TGC ACG ATT CCT GCT CAA-3’ [SEQ ID NO:8] (nucleotides
2345-2362 according to HBV Genebank Accession number M38454) and 5°-TTT CTC
AAA GGT GGA GAC AG-3’ [SEQ ID NO:9] (nucleotides 1790-1810 according to HBV
Genebank Accession number M3 8454):



<212> TR2 <220> <221> mi sc feature <222> (61.97..(620) <223> N - any
nucl eoti de <220> <221> msc feature <222> (6247..(624) <223> N = any
nucl eoti de <220> <221> m sc feature <222> (6317..(631) <223> N = any
nucl eoti de <400> 13 ccctcccgtt ctccaacttg tcctggttat cgctggatgt gtctgecggceg
ttttatcata 60 ttcctcttca tcctgctgct atgcctcatc ttcttgttgg ttﬁ@&@h&&%oe
ctatcaaggt 120 atgttgcccg tctgtcctct aattccagga tcttcaacca ccagfgcggg
accatgcaga 180 acctgcacga ctactqctca aggaacctct atgtatccct cctgttgetg
taccaaacct 240 tcggacggaa attgcacctg tattsgccatc ccatcatctt gggctttcgg
aaaattccta 300 tgggagtggg cctcagcccg tttctcatgg ctcagtttac tagygccatt
tgttcagtgg 360 ttcgtagggc tttcccccac tgtttggett ttagttatrt ggatgatgtg

gtattggggg 420 ccaagtctgt acagcaccttEgg%‘tgggJ?Ci ttaccgctgt taccaatttt
cttttgtctt 480 tgggtataca tttaaaccct aaagatgggg ttattcctta

aatttcatgg 540 gct at gt Ppépara@ad Biickivira® ahigificaRion 3R pRAKEMIAHAL Cat acag
aaaat caaag 600 aatgttttag gaaacttcnn gtgngcggga ntggaacaga tcca 644 <210>

14 .t2l1> 593 <212> DNA <213> TR3 <400> 14 4 August 2006 -14 ctgtcctcca

ctgctatgeo PRRRTRERP-S BhPhateoL AT hBuiRh BligEt of S ik By i ese =
cctctaat ¢ §agdapliityCofdaretics ¢ae6i)IFI0tparaill BBamns Gde BOwed BFPREEATHNL] a
gct caaggaa cctctatgta tccctecctgt tgctgtacca aaccttcgga 240 cggaaattge

acct gt at t ¢ BEHIEY Chthe selds inythpcflasks shgwed visibleigns J'af®(ggn Gurdgchve days).
Goccdl 15t SaAThALoh AN SEALE B CodhOEN] e 8800 ORTHIAS s

acctt gagt c purifidd tthoughChgR0BO%R Wi tdueidst t glididnt t Paded 80iuatweatdtfAdd in
accct aacaa aactaaaaga t ggttatt ccttaaattt, cat gggct at 540 gtcattggat
gttat gggtc %@&H’é&é@a‘ngﬁa &€H$ &Y ndpayl silition o4n 3bguot<afgsh hipghtiter stoghsvas

<212> D} yged for DNA extraction. The polymerase gene was amplified and sequenced to confirm

the presence of the site-directed mutagenesis as in Example 9

EXAMPLE 11
Infection of HepG2 cells with recombinant HBV expressing baculovirus
15
HepG2 cells were seeded at approximately 20-40% confluency and then were grown for
16-24 hours before infection. On the day of infection, triplicate plates of cells were
trypsinized, and viable cell number was determined with a hemocytometer using Trypan
blue exclusion. Average cell counts were calculated and used to determine the volume of
20 high-titer viral stock necessary to infect cells at the indicated moi. HepG2 cells were
washed one time with serum-free MEM to remove traces of serum. Baculovirus was
diluted into MEM without serum to achieve the appropriate moi using volumes of 1.0, 0.5,
and 0.25 ml to infect 100-mm, 60 mm, and 35-mm dishes, respectively. Baculovirus was
adsorbed to HepG2 cells for one hour at 37°C with gentle rocking eﬁrery 15 minutes to
25 ensure that the inoculum was evenly distributed. The inoculum was. then aspirated and
HepG2 cells were washed two times with phosphate-buffered saline and refed MEM-FBS

with or without various concentrations of agents.



<213> TR3 <400> 15 ctgtcctcca acttgtcctg gttatcgctg gatgtgtctg cggcgtttta
tcatattcct 60 cttcatcctg ctgctatgcc tcatcttctt gttggttctt ctggactatc
aaggtatgtt 120 gcccgtctgt cctctaattc caggatcttc aaccaccagc gcgggaccat
gcagaacctg 180 cacgactact gctcaaggaa cctctatgta tccctcctgt tgctgtacca
aaccttcgga 240 cggaaattgc acctgtattc ccatcccatc atcttggget ty 8
tcctatggga 300 gtgggcctca gececegtttcet catggctcag tttactagtg ccatttgttc
agtggttcgt 360 agggctttcc cccactgttt ggctttyagt tatgtggatg atgtggtatt
gggggccaag 420 tctgtacagc accttgagtc ccgptttacc getgttacca attttctttt
gtctttgggt 480 atacatttaa accctaacaa aactaaaaga tggggttatt ccttaaattt
catgggctat 540 gtcattggat gttatgggtc attgccacaa gatcacatca tacagaaaat

caaagaatgt 600 tttag 605 <210> 16 mﬁﬂi <212> DNA <213> TR4 4
August 2006 <400> 16 gtcctccaac ttgF( tgftcgct gga tgtgtctgcg

gcgttttatc atattcctct 60 tCak(;,gfygﬁtofgg‘;,@kgq@ppamiggﬁcttgt tggttcttct
ggact atcaa ggtatgttgc 120 ccgtcfgtcC tctaattcca ggatcttcaa ccaccagcgc
gggaccat gc agaacctgca 180 cgactactgc tcaaggaacc tctatgtatc cctcctgttg

ctgtaccaaa_ccttcggacg 240 .gaaattgcae, ctgtattccc atcecatcat . t
cggaaaat t J)@F%H%QEE‘FPQ‘W B%gi}gk,gf’ga@ﬁa‘&ét We%tpggfowagﬁg a F’“ﬁ’ﬁ‘?’%g%sé&c”‘“d
atttgttga AHFdE a&)z}ﬁ'ﬁa iﬁhﬂﬁhbaésﬁﬁcuﬁ%ﬁlaist phaded! Gast t ALBEH dgdogadries
gtggtattgg ggdccaagtc 420 tgtacagcac cttgagtccc tttttaccge tqttaccaat

tttctttt gt(Abbottdagt,dil, LA). Matisn feee Hep(Raeedla avescodlactad.tegiifyged at 6,960 g
ttaaatttca tgggctat

‘cagaaaat cdOFATRAE deﬁ%la%%%bﬁg,:%é% i ttof:‘g‘%ég g‘tlb%%'t %‘tﬁgg@?‘:ﬁg%ﬂgﬁ%%@g; %ﬁ@gil%

DNA - <213>1aRe viﬁ%@%rgexg}&gé&&aem tofGosftive Hontra], QUedigan sdripiel Giege iluted
gegttttatc atatrtcctct 60 'tcatcctget gctatgecctc atcttcttgt tggttcttct

ggact at cacappoipatatily go 120 radiogtwunassey trendiat wereabeout pesittem certErlc Byuec for
gggaccﬁggﬁgggacct gca 180 cgactactgc tcaaggaacc tctatgtatc cctcctgttg
ct gt accaa fcggacg 240 gaaattgcac ctgtattccc atcccatcat cttgggettt
cggaaaattc ctatgggakt 300 gggcctcagc ccgtttctca tggctcagtt tactagtgcc
atttgttcag tggttcgtag 360 ggctttcccc cactgtttgg ctttcagtta tgtggatgat

gt ggt att gg gggccaagtc 420 tgt acagcaEXAMBgEtEcc tttttaccgc tgttaccaat
tttcttttgt ctttgggtat 4 acat tt.aaac t aacaaga ¢t aaaagafg gggttattcc
ttaaatttca tgggctat gt 528?‘“6‘3f't0£¢'é((@‘ie”?‘§{’g’56€‘&2’1"8f’&ﬁ’d’é‘% 5%% tcacatcata
cagaaaat ca aagaatgttt 600

H

15 HBYV core particles were isolated from the cytoplasmic fraction of HepG2 cells lysed in
0.5% w/v NP-40. Cytoplasmic extracts were adjusted to 10 mmoll McCl12 and
unprotected DNA was removed by an incubation to 500 g/ml Proteinase K for 1.5 hours at
37°C. HBV DNA in the samples were then extracted using commercial DNA extraction
kits such as Qiagen (DNA extraction) or in-house methods using sequential phenol and

20 chloroform extractions, and the nucleic acids were recovered by ethanol precipitation.
Nucleic acids were resuspended in S0 pl /1 TE (10 mmoll Tris, 1 mmoll
ethylenediaminetetraacetic acid), normalized by OD260, and digested with 100 g/ml
RNase (Boehringer Mannheim, Indianapolis, IN) for one hour at 37 °C before analysis by
real-time PCR or electrophoresis and Southern blotting. After southem blot analysis a

25 BioRad GS-670 imaging densitometer and the Molecular Analyst software (BioRad,
Hecules California) was used to analyze suitable exposures of Southem blots.
Densitometry data was fitted to logistic dose response curves using the TableCurve 2D

software package from Jandel Scientific. Logistic dose response equations were used to

calculate ICs and ICg values and co-efficients of variation.
30




t aggaaa 607
<220> <221> m sc feature

<221> m sc
gggggccgcea
ccagt cagga
cat gcagt gg
gtatctccct
tcccatatcg
at caggattc
cctcacaat a
caccgt gt gt
t cct ccaact
catcctgctg
cgtctgtcct
gact act gct

feature
gncagat aca
aggcagcct a
aact ccacaa
gct ggt ggct
tcaatcttct
ct aggacccc
ccgcagagtc
cttggccaaa
tgtcctggtt
statgcctca
ctaattccag
caaggaacct

aacctt ngcc
cccegetgtce
ctttccacca
ccagtt cagg
cgaggat t gg
tgctcgtgtt
t agact cgtg
attcgcagtc
at cgct ggat
tcttcttgtt

gat cttcaac

ctatgtatcc

<210> 18 <211> 1028 4 August 2006
<222> (12)..
<222> (27)..

(12) <22

(27) <223> N - any nucl eoti de

-16 <212> DNA <213> TR6
3> N = any nucl eotide <220>
<400> 18

aggaatcctc cttcctgcat ctaccaatcg 60

tccacctttg agagactctc
aact ct gcaa gat cccaggg
aacagt aaac cotgttccga
ggacct t geg. ct gaacat gg
acaggcgggg tttttcttgt
gtggacttct ctcaattttc

ccc
gtg

09t Ul 6h@ FERt at caag

caccagcgcg ggaccat gca.
ctcctgttge tgtaccaaac

e £

atcctc
tgaggggcg@ %%%06
ctactgcctc 240
agaacat cac 300
t gacaagaat 360
t agggggaac 420
caacctcctg 480
tattcctctt 540
gtatgttgcc 600
gaacctgcac 660
cttcggacgg 720

t cact cac
#ittatca

catc ttg tcc tatg 780

#ied (353t %t tcﬂﬁ‘?gﬁﬁ ayes agxqc%%?ég@ 20Q pl of
Ot acagoane ‘Triaqcaiofe RIRaRh RAMABEKSE Mboldldy B AP BRFEGRRLE indiptions

catttaaacc (QIAﬁmmbH,aHﬂdgﬁ; @gnggtyt) drimek ahdaahbdlecdir BgE6H et desiPRdd for
attggatg 1028 <210> 19 <211> 181 4 Aygust 2006 -17 <212> PRT_<213> Pol

Trans of THONS Duglpie) gid; segueness a‘ﬂ%hm the precerndemay 96)the BBY>gsneme ity
am no aci d ;54935 ak@ detect a 216-nucleotide product (Figure 1). Amplification was performed in a

50-pd reaction mixture containing 1.0 Tagman buffer A (Applied Biosystems, Foster City,
CA), 3.0 mM MgCl, 0.4 pmol of each primer per pL, forward primer, PC1
(5’GGGAGGAGATTAGGTTAA3’ [SEQ ID NO:10]) and reverse primer, PC2
(5’GGCAAAAACGAGAGTAACTCS’ [SEQ ID NO:11]), 0.4 pmol of the HBV:specific
molecular beacon per ul, (5’FAM-CGCGTCCTACTGTTCAAGCCTCCAAGCTGT
GACGCG-DABCYL-3’ [SEQ ID NO:12]; where FAM represents fluorophore 6-
carboxyfluorescein and DABCYL, 4-dimethylaminophenylazobenzoic acid, a quenching
chromophore) and 1.25U of AmpliTaq Gold DNA polymerase (Perkin-Elmer). PCR was
performed using the ABI PRISM 7700 spectrofluorometric thermocycler (Applied

aaattgcacc

ggcct cagec l;tc'zgt %t&c é’(mfé]%gﬁﬁ

10

15

Biosystems). The PCR program consisted of an initial cycle (95°C for 10 minutes)
followed by 45 amplification cycles (94°C for 15 secs, 50°C for 30 secs, 72°C for 30 secs).
20  The instrument detected and recorded the fluorescence spectrum of each reaction tube

during the annealing phase.

An external standard was constructed by ligation of a 1.3 kB wild-type HBV plasmid
(genotype D) into the pBlueBac plasmid vector (Hershey Medical Center, Hershey, PA).
25 Quantification of the DNA concentration of the plasmid was determined by
spectrophotometry. Duplicates of serial 10-fold dilutions of the plasmid ranging from 10g
copies/m] to 100 copies/ml were included in each run in order to generate a standard curve.
The copy number in each experimental reaction was determined by interpolation of the

derived threshold cycle (Cy).



Ser Asn Leu Ser Trp Leu Ser Leu As p Val Ser Ala Ala Phe Tyr Hs 15 10 is
Ile Pro Leu Hs Pro Ala Ala Met Pro H's Leu Leu Val dy Ser Ser 20 25 30
Gy Leu Ser Arg Tyr Val Ala Arg Leu Ser Ser Asn Ser Arg Ile Phe 35 40 45
Asn Hs Adn Arg Gy Thr Met G n Asn Leu His Asp Tyr Cys Ser Arg so 55 60
Asn Leu Tyr Val Ser Leu Leu Leu Leu Tyr dn Thr Phe Ay Arg Ly

80 Leu Hs Leu. Tyr Ser Hs Pro lle Ilbe4 Leu Ay Phe Arg Lys I?eggé gg

95 Met Ay Val Gy Leu Ser Pro Phe Leu. Met A-la G n Phe Thr Ser Al a 100
105 110 Ile Cys Ser Val Val Arg Arg Ala Plie Pro H's Cys Leu Ala Phe Ser
115 120 125 Tyr Xaa Asp Asp Val Val Leu Gy Ala Lys Ser Val An H s Leu

A u 130 135 140 Ser Leu Phe Thr AEXAMPIBASAso Phe Leu Leu Ser Leu Qy

Ile Hs 145 1SO 1SS 160 Leu Asn L Thr Lys Arg Trp Ay Tyr S
Leu Asn Phe Met 165 170 175 4 AuguE?Q'f%’g””@‘ ady Tzr Valg ||2 G§ >1/81Der

<210> 20 <211> 187 <212> PRT <213> Pol Trans of TR2 <400> 20 Leu Ser Ser
Asn Leu Ser Trp Leu Ser Leu Asp Val Ser Ala Ala Phe 1 IDis Tyr Hs Ile
Pro Leu HiBV Rvas wbaspéhdedvizt stétile \Hitsr, labiqueted, andl frazen 200-205C30 avsei repsptedy y

Leu Ser Arg Tyr Val Ala Arg Leu Ser r 35 40
H s Gh Argszigsanmthawie @tﬂe 1\’4?1590@%“’? ﬁ@@gvass%e%%e%gm geﬁigeésAg
teu Tyr \{%&g@%ﬂtﬁfq id! ot@‘FCL%' eF Srirfdrlts T WHEEE EBVY trefihehf whe 1ﬁﬁ1ateﬂr #fidrys
eu Hs Lée rSer*H's eLeuGyPheArgL5859095 IIePro
Met Gy Mdtal Gn¥ectiot, $8spGX eelPhewtreueiymsed\ta Glen ilieatathreongemration of ETV
immediately after infection with HBV. baculovirus. In experiments utilizing pretreatment
with ETV, cells were fed medium containing ETV 16 hours prior to HBV baculovirus
10 infection, HBV baculovirus infection was also carried out in medium containing ETV, and
cells were refed fresh medium containing ETV immediately after completion of the

infection and washing procedures.

EXAMPLE 16
15 Antiviral testing performed with wild-type and HBV/baculovirus encoding
rIL69T + revI73L + rtL180M + reM204V

The graphical analysis of the dose effect of ETV on wild-type HBV and the quadruple
mutant HBV are shown in Figure 11 ﬁsing the quantitative real-time PCR results relative
20 o wild type virus grown in the absence of ETV (0 pM ETV). ETV had the most
pronounced effect on wild-type HBV replication as demonstrated by the reduction in HBV
replicative intermediated detected by quantitative PCR at all ETV concentrations tested. In
contrast, there was reduced sensitivity to ETV by the recombinant HBV encoding the
quadruple mutant (tI169T + rtV173L + rtL180M + tM204V) especially at concentrations

25 upto 0.5 pM ETV.

EXAMPLE 17
ETV

30 ETV (formerly BMS-200475 or SQ-34676) is a potent inhibitor of HBYV replication. ETV

is an cyclopentyl deoxyguanosine analog that has bio-oral available properties with activity




Ser Ala Ile Cys Ser Val VvVal Arg Arg Ala Phe Pro Hs Cys Leu Ala 115 120
125 Rhe Ser Tyr Val Asp Asp Val Val Lau Gy Ala Lys Ser Val A n H's 130
135 140 Leu Qu Ser Leu Phe Thr Ala Val Thr Asn Phe Leu Leu Ser Leu Ay
145 150 155 160 Ile His Leu Asn Pro Asn Lys Thr Lys Arg Trp Gy Tyr Ser
Leu Asn 165 170 175 4 August 2006 -19 Phe Met Gy Tyr Val ”ﬁAgg%ﬁst%STyr
@y ser 180 185 <210> 21 <211> 185 <212> PRT <213> Pol Trans TR3
<400> 21 Leu Ser Ser Asn Leu Ser Trp Leu Ser Leu Asp Val Ser Ala Ala Phe 1
51015 Tyr Hs Ile Pro Leu Hs Pro Ala_Aka Met Pro H's Leu Leu Val Gy 20
25 30 Ser Ser Gy Leu Ser Arg Tyr Val Ala Arg Leu Ser Ser Asn Ser Arg 35
40 45 Ile Phe Asn HHs G n Arg Ay Thr Met A n Asn Leu His Asp Tyr Cys so

55 60 Ser Ar n Leu Tyr Val .Ser Leu L Leu Leu n. Thr P d 65

00 5 so retped Dopuapes S Fppesirioes o hs GrucliEe pf BTG SebyRiR L IRE b 3

85 90 95 | . : h t . 1 e
it?%ﬁftﬂeﬂ}%{ﬂ {fgsé’rﬂy&i ber s\?}gﬁﬂ e?‘%{l.A 690/&? Me‘d?'(t‘hgﬁéLé!r 2. gy bhe; g,

100 10-9 110 e Cys Val g A-la o0 Hs Cys Le
Ala 115 12PrethficalPitediSeindigate Yk efiepavis p a/highljapotertuinkibjtoAlod HBE ibenzwat-

An His 130 135,140 .Leu Ju Ser L Thr Al_a Val Th Ph
Ser Lou G yandhopl4ised §558y8 Bpnanio st idls 1087, SHEr: BRegTact et § S8 Ry ¥ Snpageles o
Ay Tyr §erai;q@898§bg}é%11\7%ﬁémi’er ShibeBMSHO0RRS hBSQR676yr Val e
Ay Cys Tyr 1807 1a8 '<210> 22 <211> 184

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and modifications. The invention also
10 includes all of the steps, features, compositions and compounds referred to or indicated in
this specification, individually or collectively, and any and all combinations of any two or

more of said steps or features.



<212> PRT <213> Pol Trans of TR4 <400> 22 Ser Ser Asn Leu Ser Trp Leu Ser
Leu Asp Val Ser Ala Ala Phe Tyr 1 5 10is Hs Ile Pro Leu Hs Pro Ala Ala
Met Pro His Leu Leu Val Ay Ser 20 25 30 Ser Ay Leu Ser Arg Tyr Val A a
Arg Leu Ser Ser Asn Ser Arg Ile 35 40 45 Phe Asn Hs Gn Arg Ay Thr Mt
A@n Asn Leu H's Asp Tyr Cys Ser so 55 60 Arg Asn Leu Tyr Val, %g[l Leypgleu
Leu Leu Tyr A n Thr Phe Ay Arg 65 70 75 80 Lys Leu His Leu ‘F\y ger S
Prolle lle Leu Ay Phe Arg Lys Ile 85 90 95 Pro Met Ay Val Ay Leu Ser
Pro Phe Leu Met Ala G n Phe Thr Ser 100 1056110 Ala Ile Cys Ser Val Val
Arg Arg Ala Phe Pro H's Cys Leu Ala Phe 115 120 125 Ser Tyr Val Asp Asp
Val Val Leu Ay Ala Lys Ser Val da H's Leu 130 135 140 du Ser Leu Phe

Thr Al a Val oThr /an, Phe leu ley Ser leu Gy |[le 145 150 155 160 His Leu
Asn Pro Asnglys THr [Lyis|Afgl Trp ¢ }sT)r Ser lel Jasnf Phe 65 [£701 175 4
August 2006% -21|Eet] Gy Typ MVal [E]% @ &(ys [3yr(E 180 f210> §3 4211> 184
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50 55 60 Arg Asn Leu Tyr Val Ser Leu Leu. Leu Leu Tyr Gdn Thr Phe Ay Arg
65 70 75 80 Lys Leu His Leu. Tyr Ser Hs Prolle lIle Leuu Ay Phe Arg Lys
lle 85 90 95 Pro Met Ay Xaa Ay Leu Ser Pro Phe Leu Met Ala @ n Phe Thr
Ser 100 105 110 Ala Ile Cys Ser Val val Arg Arg Ala Phe Pro H s Cys Leu
Ala Phe 115 120 125 Ser Tyr Val Asp Asp Val Val Leu Ay A a4k¥(;® ﬁezfoogal
Gn Hs Leu 130 135 140 du Ser Leu. Phe Thr Ala Val Thr Asn

Ser Leu Gy Ile 145 150 155 160 4 Aug@dt 2006 -22 His Leu Asa Pro a Lys
Thr Lys Arg Trp Gy Tyr Ser Leu Asn Phe 165 170 175 Met Gy Tyr V£Slle
Ay Cys Tyr 180 <210> 24 <211> 326 <212> PRT <213> Pol Trans of T

<220> <221> m sc feature <222> (168T..(168) <223> X = any am no ac8d
<400> 24 Ile Tyr Gn Ser Pro Val Arg Lys Ala Ala Tyr Pro Ala Val SerEThr 1
510 is Phe Ay Arg leu Ser Ser Ser y Hs Ala Val du ley H's As§ Phe

20 25 30 Pro Asn| Ser (Al a Arg|Ser SI Gl<y Glu Gly Pro Val Ser Prg) Cys
35 40 45 Trp T = Qg Sek 2 r Asp Tyr (Qyssleu
so 55 60 Ser EB@I...%%Q % % & ro Oys Ala [G# His
65 70 75 80 G yEESUSIR 9 ;" | 183 o Ala Arg ValgThr
Gy 85 90 95 @& ;= heg%ﬁj al P %g- Pro H| s Asn Thr Ala |d§ Ser
Arg 100 105 11§ Mal - \Mal - Adp he-Se |S§Arg
Val Ser 115 1 4 Audqust 2006 By 0 A
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-23 Trp Pro Lys Phe A-l1a Val Pro Asn Lau G n Ser Lau Thr Asn Lau Lau 130
135 140 Ser Ser ASn Lau Ser Trp Lau Ser Lau Asp Val Ser Ala Ala Phe Tyr
145 150 155 160 His Ile Pro Lau Hs Pro Ala Xaa Met Pro H s Lau Leu Val
Gy Ser 165 . 170 175 Ser Ay Lau Ser Arg Tyr Val Ala Arg Lau Ser Ser Asn
Ser Arg Ile 180 185 190 Phe Asn Hs G n Arg Ay Thr Met Gn @?\n llj%;?ﬁ#s
Asp Tyr Cys Ser 195 200 205 Arg Asn Lau Tyr Val Ser Lau Lau e yr
G@n Thr Phe Ay Arg 210 215 220 Lys Lau His Lau Tyr Ser Hs Pro lle lle
Lau Gy Phe Arg Lys Thr 225 230 235 1 2468-Pro Met Gy Lau Gy Lau Ser Pro
Phe Lau Met Ala A n Phe Thr Ser 245 250 255 Ala Ile Cys Ser Val Val Arg
Arg Ala Phe Pro H's Cys Lau Ala Phe 260 265 270 Ser Tyr Val Asp Asp Val

Val Lau Ay Ala Lys Ser Val A n H's Lau 275 280 285 du Ser Leu Phe Thr
Ala Val ThBYBDIOGRAPHYU Ser Lau Gy Ile 290 295 300 H's Lau Asn Pro
Asn Lys Thr Lys Arg Trp Ay Tyr Ser Lau Asn Phe 305 310 315 320 Val Qy
Tyr Val Ile Gy 325 <210> 25 <211> 161 <212> PRT 4 August 2006 -24 <213>

HBsAg Trans of TRl _<220> <221> misc feature <222> (3.13.T. . (3.11) <223>
X = any aningtre Hampeleg250h Wicl67datWBe  <222> (1297..(129) <223> X -

oy e, 85 ghOPmeAROLyt: i Biaofy Oy T MO Tp el ors Loy mg wg
Val Leu LeBartholomeusz et al., Intervirology 40(5-6): 337-342 1997,
Bisacchi et al, (Bioorg. Med. Chem. Lit. 7: 127-132, 1997,
Boyd et al., Antiviral Chem Chemother. 32: 358-363, 1987,
Colonno et al., JID 184: 1236-45 2001,
Das et al., J. Virol, 75(10): 4771-4779, 2001;
Delaney et al., Antimicrob Agents Chemother 45(6): 1705-1013, 2001,
Dienstag et al., New England J Med 333: 1657-1661, 1995,
Gaillard et al., Antimicrob Agents Chemother. 46(4): 1005-1013, 2002;
Genovesi et al., Antimicrobiol Agent Chem 42: 3209-3217, 1998;
Hendricks DA, et al., Am J Clin Pathol 104: 537-46, 1995;
Innaimo et al., Antimicrobiol Agent Chem 44: 1441-1448, 1997,
Kruger et al., Hepatology 22: 219A, 1994,
Main et'al., J. Viral Hepatitis 3: 211-215, 1996,
Norder et al., J. Gen. Virol. 74: 341-1348,1993;
Ren and Nassal, J. Virol. 75(3): 1104-1116, 2001;
Severini et al., Antimicrobial Agents Chemother 39: 1430-1435, 1995;
Siefer et al., Antimicrobiol Agent Chem 28: 3200-3208, 1998;
Stuyver et al., Hepatology 33: 751-757, 2001,
Summers and Mason, Cell 29: 403-415, 1982;
Vere Hodge, Antiviral Chem Chemother 4: 67-84, 1993;
Xiong et al., Hepatology. 28(6): 1669-73, 1998,
Yamanaka et al., Antimicrobiol Agent Chem 43: 190-193, 1999.



20 25 30 Asp Tyr An Gy Met Leu Pro Val Cys Pro Leu Ile Pro Gy Ser Ser
35 40 45 Thr Thr Ser Ala Gy Pro Cys Arg Thr Cs Thr Thr Thr Ala An dy
50 55 60 Thr Ser Met Tyr Pro Ser Cys Cys Cys Thr Lys Pro Ser Asp Gy Asn
65 70 75 so Cys Thr Cys Ile Pro lle Pro Ser Ser Trp Ala Phe Gy Lys Phe
Leu 85 90 95 Trp Gu Trp Ala Ser Ala Arg Phe Ser Trp Leu Ser45,1%&||§t%eé<aa
Pro 100 105 110 Phe Val A n Trp Phe Val Gy Leu Ser Pro Thr Va rp Leu
Leu Val 115 120 125 Xaa Trp Met Met Trp.Jyr Trp Gy Pro Ser Leu Tyr Ser
Thr Leu Ser 130 135 140 Pro Phe Leu Pro tél Leu Pro Il e Phe Phe Cys Leu
Trp, Val Tyr Ile 145 150 155 160 4 August 2006 -25 Asn <210> 26 <211>
162 <212> ET <213> HBsAg Trans of TR2 <220> <221> misc feature <222>
(1137..(11 AR ¥ - any amno acid <400> 26 Cys Pro Pro Thr Cys Pro Gy
Tyr Arg Trp Met Cys Leu Arg Arg Phe 1 5 10 is Ile Ile Phe Leu. Phe lle

Leu Leu Leu Cys Leu. Ile Phe Leu Leu Val 20 25 30 Leu Leu Asp Tyr A n Qy

Met Leu Prol.Val CysAwisoldtslHB\ev&iat GhyreiB&idQariint S6fpE8ss alfiicle fdeﬁta&[ﬁi
Gy Pro Cys Arg Thr. Cys Thr Thr Thr Ala so 55 60 Gn @y Thr Ser t Tyr
Pro Ser Cys Cys, Cyshthgene engodingse DA ppolygerage Tesulog @ 5t lean d@esarfiino 4k

A5 Ser Aa g pacasonysBofAidiomdRY aioPY S5 B BE R BdhBendl

Gn Trp Phe Val G yaidexarBet exhibitsTHecrasbd Jerpithety to BBV b3/t MV and optionally
other nucleoside analogs wherein the mutation in the DNA polymerase is
selected from spacerL97I, spacerK115R, spacerH!116L, spacerL.128F,
spacerS137G, spacch139G,- spacerF142S, rtY54H, rtL911, A97V, rtY124H,
rtH126R, rtS135Y, rtl169T, nM250V, rtVI73L, rtL180M, rtM204V, rtA218S,
ntA38E, rtF122L, rtT128N, nQ130P, riT184G, rtS2021, rtH248N, Y2521 or a
combination thereof or an equivalent mutation with the proviso that where the

HBV variant is resistant to LMV alone, then the mutation is not rtv173L,
rtL180M or tM204V.

2. The isolated HBV variant of Claim 1 wherein the mutation in the DNA
polymerase is selected from rtI169T, rtV173L, rtL180M, ntT184G, nS2021,
rtM204V and rtM250V or a combination thereof or an equivalent mutation.

3. An isolated HBV variant wherein said variant comprises a nucleoside mutation
in a gene encoding a surface mutation resulting in at least one amino acid
addition, substitution and/or deletion to said surface antigen and wherein said
variant exhibits decreased sensitivity to ETV and/or LMV and optionally other
nucleoside analogs wherein the mutation in the surface antigen is selected from
PreS1 N114D, PreS1 T115S, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V,
sT118A, s161L, sE164D, sI195M, sI208T PreS1 E86Q, PreS1 N91K, PreS2
P41H, sQ30K, sP120T, sL176V, sVI194F or a combination thereof or an

equivalent mutation.

4. The isolated HBV variant of Claim 3 wherein the mutation in the surface

antigen is selected from sF161L, sE164D and s1195M or a combination thereof



r Val Met Trp Met Met Trp Tyr Trp Gy Pro Ser Leu Tyr Ser Thr 130 135
féelo, " Leu Ser Ilgro Phe Leu IlgroyLeu Leu Pro Il e Phe Phe Cys Leu Trp, Val 4
August 2006 -26 145 150 155 160 Tyr Ile <210> 27 <211> 162 <212> PRT
<213> HBSA9 Trans of TR3 <220> <221> nisc feature <222> (3-297..(12.9)
<223> X = any amino acid <400> 27 Cys Pro Pro Thr Cys Pro d y4Rﬁ@u§r 08" P
Met Cys Lau Arg ArS Phe 1 5 10 is Ile Ile Phe Lau Phe Ile Lau Eau Lau Cys
Lau Ile Phe Lau Lau Val 20 25 30 Lau Lau Asp Tyr G n Gy Mt Lau Pro Val
Cys Pro Lau Ile Pro Ay 35 40 45 Ser Ser®0rhr Thr Ser Ala Ay Pro Qys Arg
Thr Cys Thr Thr Thr Ala so 55 60 dn Ay Thr Ser Met Tyr Pro Ser Cys Cys
Cys Thr Lys Pro Ser Asp 65 70 75 80 dvy Asn Cys Thr Cys Ile Pro Ille Pro
Ser Ser Trp Al a Pher@hyeqluivale8bmA€iti9h. Phe Lau Trp Qu Trp Ala Ser Ala Arg
Phe Ser Trp Leu Ser Lau Lau 100 105 110 Val Pro Phe Val @ n Trp Phe Val
Gy Lau Ser Pro Thr Val Trp Lau 115 120 125 Xaa Val Met Trp Met Met Trp

- Ser
Tyr Trp G ys5.Pro SerrHealdothydd A&V 1B %/ 14 ust 42006 . -2/ Leu.
P¥o Phg Leﬁ5 Pro Leu LeuOPr(<)j I'Te Pﬁelaréﬁ(g ?a?nLeglrﬁzr @u%aﬁr 1‘2fgerf'§03%§5va{'éﬁ)t
Tyr Ile <210> 28 <zhibits d6areased 5@witPRRY ta EIB3& H13sAg Trans of TR4 <400> 28
Pro Pro Thr Cys Pro Ay Tyr Arg Trp Met Cys Leu Arg Arg Phe Ile _

6. The isolated HBV variant of Claim 1 or 2 or 3 or 4 wherein said variant

exhibits decreased sensitivity to both ETV and LMV,

7. The isolated HBV variant of any one of Claims 1 to 6 wherein said variant

exhibits reduced interactivity to an immunological reagent specific to HBsAg.

8. The isolated HBV variant of Claim 1 or 2 wherein said variant further
comprises an altered HBsAg.

9. The 1solated HBV variant of any one of Claims 1 to 8 wherein said variant

exhibits reduced interactivity to an immunological reagent specific to HBsAg.

10. An isolated HBV variant comprising a mutation in the nucleotide sequence
encoding HBsAg resulting in an amino acid addition, substitution and/or deletion in said
HBsAg and wherein said variant exhibits decreased sensitivity to ETV and/or LMV and
optionally other nucleoside analogs, wherein said mutation is selected from PreS1 N1 14D,
PreS1 T1158, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V, sT118A, s161L, sE164D,
st195M, sI208T PreS1 E86Q, PreS1 NSIK, PreS2 P41H, sQ30K, sP120T, sL176V,

sV194F or a combination thereof or an equivalent mutation.

11. The isolated HBV variant of Claim 1 wherein the mutation is selected from

SF161L, sE164D and s1195M or a combination thereof or an equivalent mutation.

12  The isolated HBV variant of Claim 10 or 11 wherein said variant exhibits

decreased sensitivity to ETV.

13. The isolated HBV variant of Claim 10 or 11 wherein said variant exhibits



1510is |Ile Phe Leu Phe Ile Leu Leu Leu Cys Lau Ile Phe Leu Leu Val Leu
20 25 30 Leu Asp Tyr An dy Met Leu Pro Val Cys Pro Leu Ile Pro @y Ser
35 40 45 Ser Thr Thr Ser Ala Gy Pro Cys Arg Thr Cys Thr Thr Thr Ala A n
50 55 60 dvy Thr Ser Met Tyr Pro Ser Cys Cys Cys Thr Lys Pro Ser Asp Gy
65 70 75 so Asn Cys Thr Cys Ile Pro Ile Pro Ser Ser Trp Al a fgﬁ %&ob S
Phe 85 90 95 Leu Trp Qu Trp Ala Ser Ala Arg Phe Ser Trp Leu P

Val 100 105 110 Pro Phe Val @n Trp Phe Val Ay Leu Ser Pro Thr Val Trp
Leu Ser 115 120 125 Val Met Trp Met Met6irp Tyr Trp Ay Pro Ser Leu Tyr
Ser Thr Leu 130 135 140 Ser Pro Phe Leu Pro Leu Leu Pro Il e Phe Phe Cys
Leu Trp Val Tyr 145 1SO 155 160 4 August 2006 -28 Ile <210> 29 <211>

161 <212> RRieas@il@nsiHBEAQp BotdBI Wand BSV.<220> <221> misc feature <222>
<223> X = any amino acid <400> 29 Pro Pro Thr Cys Pro Gy Tyr Axg Trp Met
Cys Leu Arg Arg Phe Ile 1 10 is |Ile Phe Leu Phe Ile Leu Leu Leu Cys Leu.

|l'e Phe Leuj4eu Va'TﬁeeigoﬁQd%?B@Q/ Yarigftor i Y0 ogé ) e}(enl&\;g 0 OeV | 59/1%

Pro Leu Ile Pro Ay Ser
Cys Thr Th rwrNh—ﬁyp&l HBG g exlslblt55 r&DJced]cypéElitw tSeeuthdiize yid IFI’BQ’ ﬁ&fan@ﬁd WYsrefsy S

hr L 75 80 As . Thr s lle Prolle Pro Ser
-Srei Tﬁ) Al & gnengs‘%rL"‘{}g‘SFsﬁg“@g RGeS UIE & 3%56%8 rpand EMBA in pprbinatorPpie
Ser Trp Lewe%ntlhpmellagy' Val 100 105 110

15, A method for determining the potential for an HBV to exhibit reduced
sensitivity to ETV and/or LMV or optionally other nucleoside analogs, said method
comprising isolating DNA or corresponding mRNA from said HBV and screening for a
mutation in the nucleotide sequence encoding HBV DNA polymerase resulting in at least
one amino acid substitution, deletion and/or addition in any one or more of domains F and
A through E or a region proximal thereto of said DNA polymerase and associated with
resistance or decreased sensitivity to ETV and/or LMV wherein the presence of such a
mutation is an indication of the likelihood of resistance to said ETV and/or LMV wherein
the mutation is selected from spacerL97], spacerK115R, spacerH116L, spacerL128F,
spacerS137G, spacerR139G, spacerF142S, rtYS4H, rtL91I, rtAS7V, rtY124H, rtH126R,
rtS135Y, rtll69T, rtM250V, rtVi73L, rtL180M, rtM204V, rtA21S, rtA38E, rtF122L,
rtT128N, rtQ130P, ntT184G, rtS2021, rtH248N, rtY252L or a combination thereof or an
equivalent mutation with the proviso that where the HBV variant is resistant to LMV
alone, then the mutation is not rtV173L, rtL180M or rtM204V.,

16. The method of Claim 15 LMV wherein the mutation is selected from rtl169T,
rtV173L, rtL180M, riT184G, rtS2021 rtM204V and rtM250V or a combination thereof or

an equivaient mutation.

17. A method for determining the potential for an HBV to exhibit reduced
sensitivity to ETV and/or LMV or optionally other nucleoside analogs, said method
comprising isolating DNA or corresponding mRNA from said HBV and screening for a
mutation in the nucleotide sequence encoding HBV surface antigen resulting in at least one

amino acid substitution, deletion and/or addition in any one or more of domains F and A



Pro Phe Val Gn Trp Phe Val Gy Leu Ser Pro Thr Val Trp Leu Ser 115 120
125 Val Met Trp Met Met Trp Tyr Trp Ay Pro Ser Leu Tyr Ser Thr Leu 130
135 140 Ser Pro Phe Leu Pro Leu Leu Pro Il e Phe Phe Cys Len Trp Val Tyr 4
August 2006 -29 145 150 155 160 1Ile <210> 30 <211> 305 <212> PRT <213>
HBsAg Trans of TR6 <220> <221> misc feature <222> (168T. A@ﬁhst@8§> X
= any amno acid <400> 30 Ser Thr Asn Arg G n Ser Ay Arg Gln

Leu Ser Pro Pro 1 5 10 is Leu Arg Asp Ser Hs Pro Gn Ala Met Gn Trp Asn
Ser Thr Thr Phe 20 25 30 His Gn Thr LetbZ@ n Asp Pro Arg Val Arg Ay Leu
Tyr Leu Pro Ala 35 40 45 dy Ay Ser Ser Ser Ay Thr Val Asn Pro Val Pro
Thr Thr Ala Ser so 55 60 Pro Ille Ser Ser Ile Phe Ser Arg Ile Ay Asp Leu

Al a Leu Asnhidegh B5r78 rzgioaoprosamalAmBrekd f T4 8#fadd Yndi !n?dJ obiatd Wil
Leu Val Leu G.n Al a §5 90 Phe Phe Leu Leu Thr grkg a%] “%lfh

Pro G a Ser®1¥tP%sy derarisq SETT&tD”tSe'P EFY ﬂndﬁ)rWVngeteeu tht;preﬁ&g&e Ix:elfhsuaé)ar
Thr Th Asn, Ser I e
Es% Hi ; Se;m¥?g019é?ng§$1catﬁﬁof%gi%zgﬁll%g %f %Jgus ook ]g;r g LPBﬁX “Y&"rre’@ys
Pro Gy Tyitheamytaiaqn Nb&ele@s@d frem Weﬁlgf] gMthePztsB T\géngﬁ{sfég@lﬂ%esb'@dgﬁue
e Leu Leu
rep Tyr G B SRV S 168 sty L. BEBSAIS S1ioRR pizosd hreSLRS6QRBrena Y
Ser Thr ThiréSr PAIRR sGKPEP15S s %V IV IME oF Y coltWinalh tﬁ‘ereoﬁ)r an equivalent

mutation.

18. The method of Claim 17 wherein said mutation is selected from sF161L,

sE164D and sI195M or a combination thereof or an equivalent mutation.

19. A method for detecting an agent which exhibits inhibitory activity to an HBV,
exhibiting resistance or decreased sensitivity to ETV and/or LMV wherein the HRV
variant comprises a mutation in a DNA polymerase selected from spacerL97I,
spacerK115R, spacerH116L, spacerL128F, spacerS137G, spacerR139G, spacerF1428S,
tY54H, rtL911, rtA97V, rtY124H, rtHI26R, riS135Y, rtl169T, rtM250V, rtVi73L,
rtL180M, rntM204V, rtA21S, ntA38E, rtF122L, rtT128N, rtQI30P, rtT184G, rtS202I,
rtH248N, rtY252L or a combination thereof or an equivalent mutation with the DProviso
that where the HBV variant is resistant to LMV alone, then the mutation is not rtV173L,
rtL180M or rtM204V, said method comprising;

generating a genetic construct comprising a replication competent-effective

amount of the genome from said HBV contained in a plasmid vector and then transfecting

said cells with said construct;

contacting said cells, before, during and/or after transfection, with the agent to
be tested;

culturing said cells for a time and under conditions sufficient for the HBV to

replicate, express genetic sequences and/or assemble and/or release virus or virus-like

particles if resistant to said agent; and



195
Ay
Lys
Ser
Thr Val
Ser Leu
Phe Phe
<212> DNA
cccecctgcetg
at at cgt caa
at at ggagaa
tcttgttgac
attttctagg
act caccaac
ttatcatatt
at caaggt at
cat gccgaac
ccaaaccttc
aattcctatg
ttcagtggtt
att gggggcc
tttgtctctg
ttttatgggc
aat caaagaa

200
210
Leu
Leu

205 dy Thr Ser
215 220 Asn Cys Thr
225 230 235 240 Leu Trp Asp Trp Ala Ser Ala Arg Phe Ser Trp Leu
Leu Val
Trp Leu Ser
Tyr
Cys Leu Trp Val

Met Tyr
Cys Ile Pro Ile Pro Ser

Pro Ser Cys Cys Cys Thr Lys Pro Ser Asp
Ser Trp Ala Phe Ay

245 250 255 Pro Phe Val A n Trp Phe Val Gy Leu Ser Pro
260 265 270 Val

Met Trp Met Met Trp Tyr I, 0]
Leu 275 280 285 Ser Plroo Phe Leu Pro Leuzfgjg%?lzc?B |l e
Tyr 290 295 300 Ile 305 <210> 31 <211> 945
<213> pre ETV <400> 31 gccatadBct tccaccaaac tctgcaagnt
gtggctccag ttccggaaca 60 (gtaaaccctg ttccgactac tgcctctcac
tcttctcgag gattggggac 120 4 August 2006 -31 cctgcgctga
cat cacatca ggattcctag gaccccttct cgtgttacag 180 gcgqggtttt

aagaat cct c .acaat accgm agagt ctaga ctcgtggtgg 240 acttctctca
gggaaccaéEbJGﬁthgg‘SEtCFB&gf@Hg&%‘tstQ}‘ Yt sereezatgCluidee voshar viral-
eh Qbe UGt t g t gt 60 .ct cqtt.
ccflg%ﬁlg? E::tect gctntgl;%?lgt ﬁgggﬁe%g{"gt ¥ (ﬁ%:tt%? lgtchgg % 20‘“%1? tclgaggg?i'?atw’
gxprgssed gebeticghetetiel aal/o1t asegbRt andio deer aleasd8tn RUFREIROA said
ttgcacgact cctgctcaag gaacctctat gtatccctcc 540 tgttgctgta
6%%@ggaaat tgcacctgta ttcacatccc atcatcctgg 600 - gctttcggaa
ggagt gggcc t cagcccgtt tctcatggct cagtttasta 660 gtgccatttg
cgtagqgctt tcccccactg tttggectttc agttatgtgg 720 atgat gt ggt
adgt ct gt Acmethod fart degertipg ancagent Whiah eghibit ihiFiddty actaigt td 4ICHBYV,
t.atacatt. tgaaccctaa caaaacaaag ag t 840 actccctaaa
PRBMRE Y GAR0PE EfeGRceoRaee GARTIeAer I8V Fheindbnainy
vgidnt t egRgisRacht afigifont 3ACA PAPA PILATrAR igl%é@dl%gqgasti%&e’rtc)ﬁ'}"*

Ser Thr

<213> on ETV <400> 32 tgcctcattt tgt[glggtcac catattcttg gdaaca

ctacagcatg
gtt ggat cca

RigeEddaRc spacerti 1 tloasrasgriclddF c spatesS LAFAL, t spacerR 188 Gacspace il 428,
ASEHCAERAL 1897V, nY124H, nHI26R, nS135Y, rtl169T, rtM250V, rVI73L,

rtL180M, rtM204V, rtA21S, rtA38E, rtF122L, rtT128N, rtQ130P, rtT184G, rtS202L,
rtH248N, rtY252L or a combination thereof or an equivalent mutation with the proviso
that where the HBV variant is resistant to LMV alone, then the mutation is not rtVI173L,
rtL.180M or rtM204V, said method comprising:

generating a genetic construct comprising a replication competent-effective
amount of the genome from said HBV contained in or fused to an amount of a baculovirus

genome effective to infect cells and then infecting said cells with said construct;

contacting said cells, before, during and/or after infection, with the agent to be
tested,

culturing said cells for a time and under conditions sufficient for the HBV to
replicate, express genetic sequences and/or assemble and/or release virus or virus-like

particles if resistant to said agent; and

subjecting the cells, cell lysates or culture supernatant fluid to viral- or viral-
component-detection means to determine whether or not the virus has replicated, expressed

genetic material and/or assembled and/or been released in the presence of said agent.



caaacaccgc
acaaggt agg
ggt ggagccc
ccaccaat cg
at cct caggc
gt ggct ccag
tcttctcgag
gaccccttct

aaat ccagat
agct ggagca
t caggct cag
ccagt cagga
gcagt ggaaa
tt ccggaaca

gat t ggggac
cgtgttacag

t gggacttca
ttcgggctgg
ggcat act ac
cggcagcct a
cccacaacct
gt aaaccctg
cctgcgcet ga

at cccaacaa
gtttcacccc
aaactttgcc
ccececgetgtc
t ccaccaaac
ttccgact ac
at at ggagaa

ggacacct gg
accgcacgga
agcaaagccg
tccacctttg
t gt gcaagct
t gcct ct cac
cat cacat ca

gcggggtttt tcttgttgek- aagaatccta

ccagacgcca 180
ggccttttgg 240
cctcctgeect 300
agagacactc 360
ccacct

at at cg?c%é’g“%% 06
ggattcctag 540
acaat accga 600 4

August 2006 -32 agagtctaga ctcgtggtgg acttctctca attttctagg gggaaccacc
gtgtgtcttg 660 gccaaaattc gcagtcccca acctccaatc actcaccaac ctcctgtcct

ccgacttgtc 2120  ct gyatabfordg@aiiad gh a8y GaBEOEthibitAnhiRiRH aGRiG ! SAEY,
ctgctgc?at lggtt %ﬁtctggact atcaaggt?ﬁ gttgcccgt

7§8y.$cctcatctt cttgttgg bt _

t gt cct ct aa EAPIUNE EESIIYKE cOrc fedease éé“?gﬁlé}cg?d%ﬁv g%tgggcgh?\é whag?gcgpgcﬁt:mv
t gct ; .coctec gctgta

'f chgcf S? g véggm 1%? c cgﬁg'% %P%&? gcgngga g%ﬁ'qt c%"gé'ge%?é‘f t %Fg C&"tfg fg glsgifﬁ%@ﬂ’

tcagecegtt spAROK!ER,c spagent 1 1689t pbgaL 28R, 0§261SU 76, tspABFRINIIG, CHRBFIGHS,

t tttatgtgg. atgatgtggt att gcc aagt ct gt ac

ngoatottga ot GatEt bV acooligl {dHiaaR: Hdrvt IgPetord sNa dbATIL,
t t t tL-at-agg g
ATMERI o TR Rl ) Ly R R G L e Ko
<222> (9) NMHZYASN, «O252L)0r-a gnmbimation thareof or<2r2@q’ui€£l2ﬂt>?nma$i@nf@@ﬁ gﬁzeggrﬁ%gb
= i i, 2 221> eature <

BIRE  AELR e Ce
Al a Xaa SettLRBOMMSNDO4 VT id-BetheH Rompriging0 1 S

Phe Arg Asn Ser Lys Pro Cys
Ser Asp Tyr Cys Leu Ser His Ile Val 20 25730 4 August 2006 -33 Asn Leu Leu
GQu Asp Trp Ay Pro Cys Ala Qu Tyr Ay Qu H's H's

generating a genetic construct comprising a replication competent-effective
amount of the genome from said HBV contained in or fused to an amount of a baculovirus

genome effective to infect cells and then infecting said cells with said construct;

contacting said cells, before, during and/or after infection, with the agent to be
tested;

culturing said cells for a time and under conditions sufficient for the HBV ito
replicate, express genetic sequences and/or assemble and/or release virus or virus-like

particles if resistant to said agent; and

subjecting the cells, cell lysates or cuiture supernatant fluid to viral- or viral-
component-detection means to determine whether .or not the virus has replicated, expressed
genetic material and/or assembled and/or been released in the presence of said agent.
22. The method of Claims 19 or 20 or 21 wherein the HBV genome is stably

integrated into the cells’ genome.

23. A vaccine comprising an antigenic component of the HBV variant of any one

of Claims 1 to 14 or an antibody thereto.



35 40 45 Ile Arg lle Pro Arg Thr Pro Ser Arg Val Thr Ay Ay Val Phe Leu
50 55 60 Val Asp Lys Asn Pro His Asn Thr Xaa A u Ser Arg Leu Val Val Asp
65 70 75 80 Phe Ser A n Phe Ser Arg Ay Asn H's Arg Val Ser Trp Pro Lys
Phe 85 90 95 Ala Val Pro Asn Leu G n Ser Leu Thr Asn Leu Leu Ser Ser Asp
Leu 100 105 110 Thr Trp, Leu Ser Leu Asp Val Ser Ala Al a Pheﬂéw ugﬁfo |l e
Pro Leu 115 120 125 Hi's Pro Ala Ala Met Pro H's Leu Leu Val >9 e er
Gy Leu Ser 130 135 140 Arg Tyr Val Ala Arg Leu Ser Ser AsXl Ser Arg lle
Leu Asn His G n 145 150 155 160 His G y®Asn Met Pro Asn Leu His Asp Ser
Cys Ser Arg Asn Leu Tyr .165 170 175 Val Ser Leu Leu Leu Leu Tyr @ n Thr
Phe Ay Arg Lys Leu H's Leu 180 185 190 Tyr Ser His Pro lle Ile Leu Ay
Phe Arg Lys24. e Prollhevadine vEClaihoB3 20RréiNFhe Ghijgdnitl cGapoidn® iOhe HBLA Mt
Ala A n Phe,Xaa S resﬁda Ile Cys Ser 210 215 220 Val Val Arg Arg Al a Phe
Pro His Oy %TCSZS’EF Phe Ser Tyr Val Asp 225 230 235 240 Asp Val Val Leu
Gy Ala Lys Ser Val A n Hs Leu Qu Ser Leu Phe 245 250 255 4 August 2006
-34 Thr Ala Val Thr Asn Phe Leu Leu Ser Leu Gy Ile H's Leu Asn Pro 260
265 270 As#-Lys Thihd yascimepf THpim® Y whereibthre dndigeris mofipendriztis @ldgfetiive WAV
275 2BO 285 Ile Gl‘yar29€ <210> 34 <211> 251 <212> PRT <213> on ETV
<400> 34 G u Asp Trp dY pPro Cys Ala Qu Tyr Ay Gu Hs Hs Ile Arg Ile
510 is Pro Arg Thr Pro Ser Arg Val Thr Ay Ay Val Phe Leu Val Asp Lys 20

25 30 Asn Pro His Asn Thr Qu Gu Ser Arg Leu Val Val Asp Phe Ser G n
26. The vaccine of Claim 23 comprising an antibody to HBsAg or PreS1 or PreS2.

27. A computer product for assessing the likely usefulness of a viral variant or
biological sample comprising same for determining an appropriate therapeutic protocol in

a subject, said product comprising:
(1) code that receives as input Iys:

(a) an altered DNA polymerase from wild-type HBV selected from
spacerL97],  spacerK115R, spacerH116L, spacerL128F,
spacerS137G, spacerR139G, spacerF1428, rtYS4H, nrl9ll,
rtA97V, nY124H, rtHI126R, rtS135Y, rtI169T, rtM250V,
rtV173L, ntL180M, rtM204V, rtA21S, rA38E, rtF122L,
rtTI28N, rtQ130P, rtT184G, rtS2021, rtH248N, rtY252L or a
combination thereof or an equivalent mutation and rtI169T,
ntVi73L, rtL180M, rtT184G, rtS2021 and rtM204V or a
combination thereof or an equivalent mutation; and

(b)  an altered surface antigen from wild-type HBV selected from
PreS1 N114D, PreS1 T1158, PreS2 F22L, PreS2 V39A, PreS2
PS2L, sL89V, sT118A, s161L, sE164D, sI195M, sI208T PreS1
E86Q, PreS1 N91K, PreS2 P41H, sQ30K, sP120T, sL176V,
sV194F or a combination thereof or an equivalent mutation and
sF161L, sE164D and sI195M or a combination thereof or an

equivalent mutation;




35 40 45 Phe ser Arg Ay Asn H's Arg Val Ser Trp Pro Lys Phe Ala Val Pro
so 55 60 Asn Leu A n Ser Leu Thr Asn Leu Leu Ser Ser Asp Leu Ser Trp Leu
65 70 75 so Ser Leu Asp Val Ser Ala Ala Phe Tyr Hs Ile Pro Leu His Pro
Ala 85 90 95 Ala Met Pro His Leu Leu Val Ay Ser Ser Ay Leu Ser Arg Tyr
Val 100 105 110 Ala Arg Leu Ser Ser Asn Ser Arg lle Leu Asn fi %@tﬁobts
@y Asn 115 120 125 Met Pro Asn Leu His Asp Ser Cys Ser Arg Leu T

Val Ser Leu 130 135 140 -35- 4 August 2006 Leu Leu LeU Tyr G n Thr Phe Ay
Arg Lys Leu His Leu Tyr Ser His 145 150 "85 160 Pro Ile Ile Leu Ay Phe
Arg Lys Ile Pro Mt Ay Val Ay Leu Ser 165 170 175 Pro Phe Len Met Al a
G@n Phe Ay Ser Ala lle Cys Ser Vval val Arg 180 185 190, Arg Ala Phe Pro

H's Cys Leu Al a Phd2) | e coye thdahddﬂksqadiB;p Wakowldd a 198 3R@spHdingli8 Y I ForAhA
Lys Sq,er Val Gdn Hs Leu d Phe, Thr Al a Val Op%15 220 Ighr Asn

Phe Leu Leu Ser Lau G y"f’lagvﬁagtsﬁﬁg’l%%wﬁr%mm AN Thr 225 230 235 240
Lys Arg Trp Ay Tyr Ser Leu Asn Phe Met Ay 245 250 <210> 35 <211> 110
<212> PRT <213> pre ETV <220> <221> nisc feature <222> (8)..(8) <223> X
= any amino acid £220>a<computeniedalbleaadien tii dres(tfi@}odel72) <223> X any
amno acid <400> 35 Thr Phe H's G n Thr Leu. Gn Xaa Pro Pro Ala Ay Gy
Ser Ser Ser 15 10is dy Thr Val Asn Pro Val Pro Thr Thr Ala Ser Hs Ile

Ser Ser 11@820 25 30computer for assessing the likely usefulness of a viral variant or biological

sample comprising same in a subject, wherein said computer comprises:

(1) a machine-readable data storage medium comprising a data storage
material encoded with machine-readable data, wherein said machine-
readable data comprise Iys for at least two features associated with said
viral variant or biological sample; wherein said features are selected

from:-

(a) an altered DNA polymerase from wild-type HBV selected from
spacerL971,  spacerK1I15R, spacerH116L, spacerL128F,
spacerS137G, spacerR139G, spacerF142S, rtYS4H, rtL9ll,
rtA97V, rtY124H, rtHI126R, rtS135Y, rtl169T, rtM250V,
rtV173L, rtL180M, rtM204V, rtA21S, rtA38E, rF122L,
rtT128N, ntQ130P, rtT184G, rtS2021, rtH248N, rtY252L or a
combination thereof or an equivalent mutation and rtI169T,
ntV173L, rtL180M, rtT184G, rtS2021 and rtM204V or a
combination thereof or an equivalent mutation; and

(b)  an altered surface antigen from wild-type HBV selected from
PreS1 N114D, PreS1 T115S, PreS2 F22L, PreS2 V39A, PreS2
P52L, sL89V, sT118A, s161L, sE164D, sI195M, sI208T PreS|]
E86Q, PreS1 N9IK, PreS2 P41H, sQ30K, sP120T, sL176V,
sV194F or a combination thereof or an equivalent mutation and
sF161L, sE164D and sI195M or a combination thereof or an

equivalent mutation;




4 August 2006 -36 Phe Ser Arg Ile Ay Asp Pro Ala Lau Asn Met Qu Asn lle

Thr
Lau
Thr.
Asn
Thr
Met
Al a
Asp
Lau
Cys
80

95

105
Thr
Thr
Ser
Arg
Val
Trp

Ser
Lau
Ser
Ser

100 105 110 <210> 36 <211> 226 <212> PRT <213> post E

Au

35 40 45 Gy Phe Lau Gy Pro Lau Lau Val Lau G-Ln Ala Gy Phe Phe
50 55 60 Thr Arg Ile Lau Thr Ile Pro Xaa Ser Lau Asp Ser Trp Trp
65 70 75 so Lau Asn Phe Lau Ay Gy Thr Thr Val Cys Lau Gy dn
A@n 65 90 95 Ser Pro Thr Ser Asn His Ser Pro Thr Ser I ro
408,559 5
Asn Ile Thr Ser Gy Phe Lau Ay Pro Lau Lau Val Lau Adn 1 5 10 15
Phe Phe Lau Lau Thr Arg Ile Lau Thf-1l1e Pro LYB Ser Lau 20 25 30
Trp Trp Thr Ser Lau Asn Phe Lau Ay Gy Thr Thr Val Cys 35 40 45
Gn Asn Ser An Ser Pro Thr Ser Asn H's Ser Pro Thr Ser 50 55 60
Pro Thr Cys(2Pro @Gvprking memgriTfay sMrtngQustrdcaionAfy pho@ shE sail PablingS
Il e Phe Lau Phe || bkg# Lau Lau Cys Lau Ile Phe Lau Lau Val 85 90
Lau Asp Tyr G n féa‘?a a%3u Pro Val Cys Pro Lau Ile Pro Gy 100
4 August 2006 -37 Ser Ser Thr Thr Ser Thr @y Thr Cys Arg Thr Cys
Pro Ala 115 120 125 Gn dy Thr Ser Met Tyr Pro Ser C s Cys Cys
Pro Ser Asp3130 alg@trakproc@singienit Gupldthto @jé worlinPrerhdry ddidotoSard
Ala Phe Ay Lys éLC§ I_%O 5dISO Phe L%E Trp. Gu Trp Ala Ser Ala
Ser Trp Leu Ser T&U"al aqgtie” datposiorpge medipmplor progessifle egid nraghingh e

Leu Ser Pro Thr r¥adablerdatd @Wbrovi8®a 388 oF3Qid36¢ cdthaMedi
Trp Gy Pro Ser Lot Tyr Ser e 162 g agLenditing Pe Piioitela
compound(s); and

(4)  an output hardware coupled to said central processing unit, for

receiving said Py,

29. A composition comprising an anti-HBV agent which has selective activity
against an HBV exhibiting reduced sensitivity to ETV and/or LMV said anti-HBV agent
identified using an HBV variant as defined in any one of Claims 1 to 14, said composition

further comprising one or more pharmaceutically acceptable carriers and/or diluents.

30. The composition of Claim 29 wherein the agent is a recombinant protein from
said HBV variant.

31, The composition of Claim 30 wherein the recombinant protein is HBsAg or
PreS1 or PreS2.

32. The composition of Claim 29 wherein the agent is capable of inhibiting an HBV

variant polymerase.

33. The composition of Claim 32 wherein the agent is identified by natural product

screening or rational drug design.

34. The composition of Claim 29 wherein the agent is a defective HBV variant.




Leu Ser Pro Phe Leu Pro Leu Leu Pro Il e Phe Phe Cys Leu Trp Val 210 215 220

Tyr Ile 225
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35. The composition of Claim 29 wherein the agent is an antibody directed to an HBV

compound.

36. The composition of Claim 29 wherein the agent is a ribozyme, antisense molecule or

sense molecule relative to an HBV gene.




