WO 03/ 066841 PCT/ AUO3/ 00111 VI RAL VARI ANTS W TH ALTERED SUSCEPTI BI LI TY TO
NUCLEGCSI DE ANALOGS AND USES THEREOF BACKGROUND OF THE | NVENTION 5 FI ELD
OF THE | NwiBNdBloe8s4The present invention relates generally tr@TvAumsloomari ants
exhi biting reduced sensitivity to particular agents and/or reduced
interactivity with inmmunol ogi cal reagents. Mre particularly, the present
invention is directed to hepatitis B virus (HBV) variants exhibiting 10
conplete or partial resistance to nucl eosi de anal ogs and/ or reduced

| Nt eRARAY WANIANFWIZA ARPERED SURCHPTEBISHTY PONEOIROSHSE ANAROGEIAND USES
reduced sensitivity to these anti bogj.es The present invention further
contenpl ates assays for detecting su,JR@¥p%l 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 screen for agents capable of inhibiting infection, replication
and/ or rel BACKIGRQUND QF THICENVIENITI®ONTHE PRI OR ART 20 Bi bl i ographic
details of the publications referred to by author in this specification are
collected at the end of the description. The reference to any prior art in
this Sp3§iﬁhﬁ?ﬁi6ﬁ1ﬁﬁzﬂ@§EN shoul d not be taken as, an acknow edgnent
or any foormof suggestion that that prior art forns part of the common 25
general know edge in any country. Specific nutations in an am no acid
sequence are represented herein as " Xaal nXaa2'. where.,. i L.gi.na
ani no acid sﬁ’l}éﬁf? BRYeBHen Alpig ig81ﬁe,ra§' foswtr evqngl\év{g ﬁglbﬁﬁﬁ%%?dug%%p glaélltgitg
the nutant ApR®raekshts THRYADRERMEA! infitactX¥@y wiBY iRSnindRoditil epabaits.eMare
single letter 30 (i.e. "X ) code. The am no acid residues for Hepatitis B
virus DNA pmktjowdarls thepresenhinvbettaadis directed trehepetiiisBerimgs (HBYDivAdants exHRItRg: j f

Tyr Met 1()6‘S pcoﬁlquetg Yol\r/DIQrtigleireg%ta\l/l%)e Qg’ /n%%ﬁa%éllae %ﬂfo@@aﬁﬁ%@ ]Ijegiuceﬂzinteractivity with

antibodies to viral surface components including reduced sensitivity to these antibodies.

The present invention further contemplates assays for detecting such viral variants, which
assays are useful in monitoring anti-viral therapeutic regimens and in developing new or
modified vaccines directed against viral agents and in particular HBV variants. The present
15 invention also contemplates the use of the viral variants to screen for agents capable of

inhibiting inféction, replication and/or release of the virus.
DESCRIPTION OF THE PRIOR ART

20 Bibliographic details of the publications referred to by author in this specification are

collected at the end of the description.

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 ‘Xaa;nXaay’ where
Xaa; is the original amino acid residue before mutation, n is the residue number and Xaa,
is the mutant amino acid. The abbreviation ‘Xaa’ 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 residue methionine in the motif Tyr Met Asp Asp (YMDD) being



resi due nunber 204 (Stuyver et al., Hepatology 33: 751-757, 2001). The

am no acid residues for hepatitis B virus surface antigen are nunber

accor di ngwoe3Messder et al. (J. Gen. Virol. 74: 341-1348, pC393)03/0611The term
nucl eosi de anal ogs has been used in reference to both nucl eoti de and

nucl eosi de anal ogs. Hepatitis B virus (HBV) can cause debilitating di sease
conditions and can lead to acute |liver failure. HBV is a DNA virus which
replicates via an RNA internediate and utilizes 10 reverse transcription
inits replication strategy (Summers and2vason, Cel|l 29: 403-415, 1982).

The HBV genone is of a conplex nature having a partially doubl e-stranded
DNA structure with overl appi ng open readi ng franes encodi ng surface, core,

pol yner ase rgidheXnuabées04 $®mwanal &% Hapdiblogpf33t We1HBY, @énbneHesamino acid
represented in Figure 1. The polynerase consists of four functional

regi ons, t hesiduss fonhepasitistivirus smfacespican arg ayEPeaqcrEhag fo Noudg e (1)

and ri bonugl ea BQIA§ REY | ymer ase gene of HBV overl aps the envel ope
gene, mut at Bn lr?%‘l the@:% %$3??@ dormai n of the polynerase can affect the

am no aci d sequence of the envel ope protein and vice versa. In particular,
t he genetic sequence for the neutralization domain of HBV known 20 as the
‘a' det ér nilhgrerm wrgleosidesaplngs fagbees dred e ToipiSRge tokpth 8&4{3 PR BEIFOSIAF no
acids 99 ﬂgl é569 actually overlaps the major catalytic regions of the
viral polyreraSé 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-yvjral. agents. EX | es of nucl eosi de
anal ogs curtfepatitiy B wesngHB ¥ caly calise dﬁé%"}tﬁgo‘g??as%lﬁﬂmﬁg&so?r&f c%téﬁ‘%i ?‘?—'ﬂﬁ)ﬁe
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Antiviral %Ygfr??a eém}?%\é??%g%ﬁg;gg@gg@?h ?%’élg?tegﬁlrau%ggﬁé ﬁgﬁﬁﬁépat olll%é?eszz
219A, 108P4;reMpsentradscaption dn itVireplicatimpatrategys (RumiBérs- @dSMasarg ey 29: 403-415,
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genes. The complex nature of the HBV genome is represented in Figure 1. The polymerase
consists of four functional regions, the terminal protein (TP), spacer, reverse transcriptase

15  (rt) and ribonuclease (RNAse). -

The polymerase gene of HBV overlaps the envelope gene, mutations in the catalytic
domain of the polymerase can affect the amino acid sequence of the envelope protein and
vice versa. In particular, the genetic sequence for the neutralization domain of HBV kinown
20 as the ‘a’ determinant, which is found within the HBsAg and located between amino acids
99 and 169, actually overlaps the major catalytic regions of the viral polymerase protein

and in particular domains A and B.

The presence of an HBV DNA polymerase has led to the proposition that nucleoside
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, 4ntiviral 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



-3 clinical trials include the pyriamdines Entricitabine,

((-)-(3-L-2"-3" -dideoxy-5-fluoro-3'- thiacydidine; FTC), the 5-fluoro

deri vati vwooB/0&B@ and C evudi ne (1-(2-fluoro-5-nmethyl- PCT/AU03/00111
(3-L-arabino-furanosyl) uracil; L-FMAU), a thym dine anal og. Like 3TC,
these are pyrimdine derivatives with an unnatural "L"- configuration.
Several purine derivatives 5 have also progressed to clinical trials; they
i ncl ude Entecavir (BMs-200,475; ETV), a carbocyclic deoxyguanosi ne anal og,
di am nopuri ne di oxol ane (DAPD), an oral 'p?O-dr ug for dioxol ane guani ne
((-)-(3-D2-am nopurine di oxol ane; DXG and Adefovir dipivoxil, an oral
prodrug for the acyclic deoxyadenosi ne nmonophosphate nucl eosi de anal og

Adef ovi r ( Llinidahasnd ensthdeie haxyetidinéd Emaddnbiie, (FMEA)-2’-30dMboxys5-flubes -
agents are highly effective in inhibiting HBV DNA synthesis, there is the
pgt ential ftbiacydidine; BRE).the arfluore flemiiive of Ses gad Glevuding Gn@-fluorendanethyir al
chenot her a |.n tients on pr LW, t her. resks C

mut at i ons. JL-eefiabrasoiy: it TARET, O AR g R ARG Thestetiay v
+/ - 1t L180Ny i@ OdBRRGHAdsUi Bh Uheghriafirall 416”- IonBEh B a8 eral tfiking NEerivativel
accordance W th that proposed by Stuyver et al., 2001, supra. Only LMW has
been app¥ oveuefalso pograsged tis tlinibalomials; HBY inehdet EnacaviraBMEdA0Re 705 V), a

ticularl 0t i nhi b f i cati '
PR he- ser £Rg10cYERy grPoap e el sl enpine SRy Rt ARAFEE LR k" o
transpl ant agy a{be)QﬁI)gulail,ﬁnie r(hi)Jw-blmnjﬂoEaﬁne BlYRoEME! DREH)SandLANeOVIR AfifiesaRy

seens unlikely to be able to"control HBV replication 20 in the |onger term
This i s becauseleprdyender dhe Lidyelie sleokgatenetinaimenaphosibotes suetsosidg rapslog

i nevi table rjn ot hera nd single ther is generally inadequate to
result in fg&?fjaY@@B@P&H@Yﬁ'@a@éw&%ﬂﬁ%‘%ﬁ@ﬁ%m ent inhibitor of HBV
replicagpon. ETV is an orally available cyclopentyl 25 deoxyguanosine

anal og W th activity against hepadnaviruses and herpesviruses. Preclinical
st udi es i ndWhastetheseasgdBRVareshighlyi effective ot gﬂllbltlngliﬂﬁ‘{/)d?Néf syahesisn there jarihe

and cel |l -based .. assays (Il nnai no ., Antimcrobiol Agent. . m 44

1441- 1448, Dol K dpst mgfprts °?m I “pese ?Pn%g%’tg eRe Ao SRR Ry

1998; Yamnﬁkﬁat%hts%n ’preﬁﬂﬁgéa‘ ENPDItRdraf\IREY resistance mutations are selected in the rt
domain within the polymerase at rtM2041/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 appfoved for use against chronic HBV infection. Lamivudine is a
particularly potent inhibitor of HBV replication 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 hepadnaviruses 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 (Colonno et al., JID 184: 1236-45 2001; Genovesi et al.,
Antimicrobiol Agent Chem 42: 3209-3217, 1998). A four week dose-escalation frial



Chem 43: 190-193, 1999). ETV has al so denonstrated efficacy against WHY in
30 chronically-infected woodchucks (Col onno et al., JID 184: 1236-45 2001,
Genovesi WO 0alo66841 Ant i m crobi ol Agent Chem 42: 3209- 3217, PC393)03/0M11 our
week dose-escal ation trial WO 03/066841 PCT/ AU0O3/ 00111 -4 indicated that
ETV was well-tolerated and resulted in a 2.5 loglo nean reduction in
virema at the highest dose tested (1 ng/daily). LMW resistance nutations
were reported to confer cross-resistance to ETV in vitro, although
entecavir was still capable of inhibiti ng4vi ral replication at higher
doses; these data are sonmewhat surprising considering that ETV is not 5 an
L- nucl eosi de. ETV has been used successfully to treat patients with the LW
resistant ii@Vamdtialh BaVswadNwetisleiatddeant Fasulted irsa 15tlogy haah ceductian iheemmia

descri bed. Nucl eosi de anal og t her be adm ni stered as nobnhot era or
conbi nat i ordtthehighest dpfreteste \ﬁbmﬁ/‘%‘%} &I%Nﬂegg@p%mgwgpgbyewp to conter

adm ni stered, The ?oOE Q’emaﬂfrj namd i en@E%a@ﬂ‘ Stas Rl BleSIrehRBittdy viral

conbi nati on" W t'h Qﬁ&l |V|ra such as Interferon or hepatitis B
i nmunog! ObLHep]i\ca(tlbiBlaG)ugha'ﬂm)“s&s itlsesa dnigede Mnévdmmsmrpmsmgcbwéardg -thatfdl é s not

anti body-resistant variants of HBV. The r |d i d icatiQ Iea
al tered { hetbbaytelepside. &%@%L% ysgd 6%??@@ ‘??% %@é‘ﬁyﬁbé{# ;%%
-5 SUMVARY 1§hv T, le 1 are used
in the subj 7By IE%SJEI%QEC atg?%ﬁb%%%ﬁ@é?%%@ g{lxéujg{q %b;ég db%gg%@w ATI ON
(-)-

DESCRI PTION 3TC (LW); (3-2'- deoxy 3'-thiacytidine ADV adefovir DAPD
di-am nopur Il{}gclgém eOr!maaTog th%é%ydrlng};( 8 Hmngsl{ered as monotherapy or combination therapy
where two or more nucleoside analogs may be administered. The nucleoside analogs may
10 also be administered in combination with.other antiviral agents such as interferon or

hepatitis B immunoglobulin (HBIG).

There is a need to identify nucleoside- and/or antibody-resistant variants of HBV. The

rapid identification can lead to altered therapeutic protocols being pursued.



ETV entecavir FAMfanticlovir FTC entricitabine HBIG hepatitis B

i nmunogl obul in HBsAg hepatitis B surface antigen HBV hepatitis B virus

LW | am wouwsness4PVEA adefovir RNAse ri bonucl ease rt revecIauosanderi pt ase
YMDD Tyr Met Asp Asp-a notif in the polynmerase protein; where the Mt
residue is designated residue nunber 204 of the reverse transcriptase
Throughout this specification, unless the context requires otherw se, the
word "conprise", 10 or variations such as "conprises" or "conprising",
will be understood to inply the inclusiod-of a stated el enent or integer
or group of elenents or integers but not the exclusion of any other

el ement or integer or group of elenents or integers. WO 03/066841

PCT/ AU03/ O0¢IyMM A RVCOFOTHE ENVENTIONCI d sequences are referred to by a
sequence identifier nunber (SEQ 1D NO ). The SEQ ID NGs: correspond
nunerically to the sequence identifiers <400>1, <400>2, etc. A sequence
listing is provided after .the clajns. 5 The positions of nucl eotide and
amino acid @brqyﬁ%thna@ﬁﬁmqql@&“ag!ﬁ ]nﬁreﬂé?ij;‘%ﬁ%ﬁlik’ﬂ%ctﬁ? caf@Rot ypes B, C or
F where the nethionine residue in the YMDD notif of the DNA pol ynerase was
desi gnat ed position 550 (see Australian Patent No. 734831). The nucleotide
and amnd acid positions given in the WA®Idhil specification are based on a
new nomnmencl ature where the nethioni rﬁ esidue is YMDD is position 204 and
is referred to as 10 rtM204 where rt I?é’e‘éfﬁt’%(b‘brevi ation for "reverse
transcri ptase".

T 3TC | (IMVY; (O)-p-2-deoxy-3-thiacyfidine
ADV | adefovir
DAPD diaminopurine dioxolane
DXG dioxolane guanine
ETV entecavir
FAM famciclovir
FTC ~ emtricitabine
HBIG hepatitis B immunoglobulin
HBsAg hepatitis B surface antigen
HBV hepatitis B virus
LMV lamividuine
PMEA | adefovir
RNAse ribonuclease
rt reverse transcriptase
YMDD Tyr Met Asp Asp-a motif in the polymerase protein; where the
Met residue is designated resi@ue 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.



I n accordance with the present invention, HBV resistant variants were
identified in a patient (patient A) with chronic hepatitis B treated with
bot h LM wod3Bdés4and a |iver transplant patient (patient PBI/Atogatied with
ETV that had been previously treated with a 15 nunber of nucl eosi de agents

i ncluding LMV. In conbination therapy, accordance with the present

i nvention, resistant variants of HBV were identified, followng LMW and ETV
treatment, with mutations in the HBV DNA pol yneri se gene which reduce the
sensitivity of HBV to these nucl eosi de afal ogs. Corresponding mutations in
the surface antigen also occur. The identification of these HBV variants
is inportant for the devel opnent of assays 20 to nonitor LMW and/or ETV

resi stance amdledtidd &8l fhiwOGEid Rqeindey arduefbees iodsy anajuegee idbeaifrpaunber (SEQ
regimes and_to _screen for_agents which are useful as alternative
t her apeut i cID ¥ant She PR HRTHYs: sayresnond auarprically iethapeananse ddedifiersorn00>1,

patient A ipukey feféngtgeglggicgli%gﬁjsrﬁro‘gwi b W14k 169T + rt VI 73L + rtL180M

+ rt M204V i s denpnstrat educed sensitivity to ETV in functional
assays. 25 The detection of such HBV variants is particularly inmportant in

t he managenent of . therapeutic protocol s including the selection of

appr opri at e [Ag@psEoRGL muycletids gndyaping ¢gid syytafppns tl?»@fi AsEedromeRrclaiuge fos
of the pres i t PO, IS i o) ; }

devel opnent SRy CoBr EpwBERTE R ERich e Bkinutlin, HPRUPID B e DN
nucl eosi de polgineease Tives adesignaiednpositidthéi0atsee Auvstrabidn f Ratemt &bol sT34881). The

treatnent protoco] or, select, an appropriate treatnent_ pr.otocol
accor di ngl ynuwt%/a@é@@nﬂo P/ DRSHISNe g1EY in the igeent spretficatipn @fcbased o8 R new

i nvention, LAGEEAGHR where fhd ﬁ%ﬁh‘?&i%é’re@i’&ué %’K‘g}%%%ﬁ ;ér;‘gér/sit’f&l{ Q@‘p&l‘rd SRS 118 @

nucl eotide nutation in a gene encoding a ase resulting in at

| east orl® arniMi®4achate gdslan Rliobrevistidosfor frtevesn tansttiptaselel et i on to t he DNA

pol ymerase and 5 which exhi bits decreased sensitivity to ETV and/ or LW and
optionally other nucl eoside analogs. Preferably, the DNA pol ynerase

exhi bi ts regueedh:efRei Wil ithy ptQel MveRiond BV EYstadh SaNAlté Shtbe HRVHERAMAI S €S
a nutation in an overlapping open reading frame in its
patient (patient A) with chronic hepatitis B treated with both LMV and ETV and a liver
transplant patient (patient B) treated with ETV that had been previously treated with a
15 number of nucleoside agents including LMV. In combination therapy, accordance with the
present invention, resistant variants of HBV were identified, following LMV and ETV
treatment, with mutations in the HBV DNA polymerase gene which reduce the sensitivity
of HBV to these nucleoside analogs. Corresponding mutations in the surface antigen also
occur. The identification of these HBV variants is important for the development of assays
20 to monitor LMV and/or ETV resistance and/or resistance to other nucleoside analog
therapeutic regimes and to screen for agents which are useful as alternative therapeutic
agents. The mutations detected in the HBV isolated from patient A in key functional
domains namely the rtI169T + rtV173L + rtL.180M + 1tM204V is demonstrated to have
reduced sensitivity to ETV in functional assays.
25 _
The detection of such HBV variants is particularly important in the management of
therapeutic protocols including the selection of appropriate agents for treating HBV
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.



genone in a region defined by one or nore of domains F and A through E of
HBV DNA pol ynerase. 10 The present invention further contenplates a nethod
for det erwDmBngsthe potential for an HBV to exhibit redueet/Admaeitiivity to
ETV and/or LMW or optionally other nucl eoside anal ogs by isolating DNA or
correspondi ng nRNA fromthe HBV and screening for a nutation in the

nucl eoti de 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 pT?)xi mal thereto of the DNA

pol ymerase and associated with resistance or decreased sensitivity to ETV
and/ or LW. The presence of such a nutation is an indication of the

| i kel i hood of resistance to said entecavir and/or LW. Preferably, the HBV
vari ant exhibits reduced sensitivity to ETV, .or_both ETV an 0 The
present i nVane 2gRechios dhe PEsPdedventiBm R piore is @é‘%?f)‘ieastPanl ’e?og‘é&ilqwﬁﬁ pigtant
resistant t . . i.onal.l her, I i I otan
HBV surfaceé?)(];[lnri‘%il F%ﬁéﬁg% glreno Iélﬁ\%f) ?gﬁta v %IF Q(glﬁgeac]g% ﬁglﬁ{&g?éggérui va ?lvzg

f or m t her eotagdronetniabewid additen)i substantioramatl/ondeethon totle PhEl palymerise adndy

acceptable carriers.and/or diluents. Y anqQt her. _aspect .of the. 25 present

i nvelrcl)ti on pWB‘\‘f‘h(%]%‘%&S @@ewgtsﬁ%slté‘flﬁ’r f@rﬁﬁYiaﬁ @ﬁ%ﬁﬂ@gi pignal rOthR/’é‘F‘#%’[JgHBV
s | ) . ; ) ol

conpri si ng a,,ie Ppgfélqﬁgg‘gﬁ@ﬁjw& ﬂo%‘gerg%g_@x}ﬁﬁ@s‘)%dﬂge@s R YTBIFSGr and

resulting in at east am no "acl Ition, substitution an r
del eti on t oETVieThiNAarpait RV asmpaset amuthtion éa se cvedapping epeanyreadng fivmerid/itsr

LMWV and optionally other cl epsi de anal o in.th fact.ure
nedi canent $EPMHE 2 reswe&@#eﬁfg}éﬂa? gt mﬁf%gﬁgﬁrﬁ%f@ %@Hﬁgﬁgppgl} E Oé%b%?d%NASO
i nfection. 3066841 PCT/ AUO3/ 00111 -8 The present invention also

contenpl ates a nethod for determ ning whether an HBV strain exhibits
reducedlBensitivity to a nucl eosi de anal og by isolating DNA or

ﬁa(r:{ ggf ioggi @lg%%n%\l@ if‘{rﬁ%gl]afl %En}ll_é?\éog%glp?ﬁéseg ?nietr}%df 2F d‘é‘ternnl{ltrf’f‘rtig:,Ti e pioEc]enttiQFfor an
HBV to exhibit reduced sensitivity to ETV and/or LMV or optionally other nucleoside
analogs by isolating DNA or corresponding mRNA from the HBV and screening for a
mutation in the nucleotide sequence encoding HBV DNA polymerase resulting in at least
15 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 the DNA polymerase and associated with
resistance or decreased sensitivity to ETV and/or LMV. The presence of such a mutation is
an indication of the likelihood of resistance to said entecavir and/or LMV. Preferably, the
HBYV variant exhibits reduced sensitivify to ETV, or both ETV and LMV.
20
The present invention also provides a composition comprising a variant HBV resistant to
ETV and/or LMV and optionally other nucleoside analogs or an HBV surface antigen from
the variant HBV or a recombinant or derivative form thereof or its chemical equivalent and
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.



t he DNA pol ynerase wherein the presence of the followi ng nutations in the
spacer region 5 and the rt region: spacerL97l, spacerK115R, spacerH116L,
spacer L128P,030p@eer S137G,  spacer R139G spacer F142S, rt Y52HT/At0BMdi1]

rt AA7V, rtY124H, rtH 26R, rtS135Y, rtl169T, rtVv1i73L, rtLI 80M rtM04V,

rt A21S, rtA38E, rtF122L, rtTlI 28N, rtQL30P, rtT184G rtS2021, rtH248N,

rt Y252L or conbi nations thereof or an equival ent one or nore other
mutation is indicative of a variant which_exhibits a decreased sensitivity
to ETV 10 and/or LW and optionally ot hef “nucl eosi de anal 0gs. The subj ect
met hod may al so be practiced by screening for a nutation in the nucleotide
sequence encodi ng the DNA pol ynerase wherein the presence of the foll ow ng
mut ati ons Tl presenBimention slsaicontefiptabes armethedifendetermiif® Whethe/ad 3BV strain

rtLI 80OM rtTl 84G rtS2021,. .15 rtM04Y or, conbi nati.ons.th f .
equi val ent SRDIsTeABsed FOREVITNTP £ Neieosids al}gﬁlﬁ %ll?c{i%m@f Bﬁ‘&;é’? i%éﬂ?ghﬂ’i‘fi@ﬁ

exhibits a ﬂﬂﬂjﬁ? ﬁ%ﬁfjfl{%efg%gftﬁngl' %YeehﬁlgEf Y adReth@6n kMheaRtllcofBé sQRRhY er%ﬁﬁl%

nucl eosi de anal ogs. e noted that nutants rtV173L, rtLlI 80OM an
rt M204V corthe £)hgotyaneradeantesein2ie psidice of §rehllowBaonutanadns\B3a/spacer region

ti | i Austr.al i P t No. 31 i i
et Yo Aot Db N [ 00, S SRIMP pocersiat,
nutation | %gﬁgth[ﬂﬁgd;fg})h&%ﬁmy%?§4H,e Raedi Ng ANy eAvebmme HNSR, WASI Y

t he presenc low ng nutations in the PréSl, 25 PreS2 and S 8enes
(changes i nittlB8T.ovdfl73ppirtlg 808, ertMR04V ant31iSpt 6438 E, ey b2 Lar @T 128N, c#8480F.n

Stoov, | STIBRACE Frabel rrds R gy 2T Sk Sl an il DR AR

s1208T, Pregher A8BRonHS ?ﬁic%%f PradentRedith shBRKa &REcidd sadsiikly, toSWIV4F

or conbi nations thereof or an equivalent one or nore other nmutation is

i ndi cat Qe aid/cx LMV andtopiibnally @bereiglepsitle anplogser eased sensitivity to ETV
and/ or LW and optionally other nucleoside analogs. WO 03/066841

PCT/ AU03/ 00111 -9 Preferably, the variants are in isolated form such that

they have umglemdpae n¥dthdEaRYy aMdEbe practiced by screening for a mutation in the nucleotide
sequence encoding the DNA polymerase wherein the presence of the following mutations

in the B or C domain of the rt region: rtI169T, rtV173L, rtL180M, rtT184G, rtS202],

15 1tM204V or combinations thereof or an equivalent one or more other mutations is
indicative of a variant which exhibits a decreased sensitivity to ETV and/or LMV and

optionally other nucleoside analogs.

It should be noted that mutants rtV173L, rtL180M and rtM204V correspond to mutants
20 V519L, L526M, M550V and M550V, respectively in Australian Patent No. 734831 (using

an earlier nomenclature system).

Still a further methodology comprises écreening for a mutation in the nucleotide sequence
encoding the envelope genes wherein the presence of the following mutations in the PreS1,
25 PreS2 and S genes (changes in the overlapping reverse transcriptase region are indicated in
parenthesis): PreS1N114D, PreS1 T115S, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V,
sT118A, sF161L (= rt1169T), sE164D (= rtV173L), sI195M (= rtM204V), sI208T, PreS1
E86Q, PreS1 N91K, PreS2 P41H, sQ30K, sP120T, sL176V, sV194F or combinations
thereof or an equivalent one or more other mutation is indicative of a variant which
30 exhibits a decreased sensitivity to ETV and/or LMV and optionally other nucleoside

analogs.



purification step away fromnaturally occurring body fluid. Alternatively,
the variants may be maintained in isolated body fluid or may be in DNA
form Thewprog®eistl i nvention also 5 contenpl ates infecti ouCrAwendar cl ones
conprising the genone or parts thereof froma variant HBV. The detection
of HBV or its conponents in cells, cell lysates, cultured supernatant
fluid and bodily fluid nmay be by any conveni ent neans including any nucleic
aci d- based detection neans, for exanple, gy nucl eic acid hybridization
techni ques or via one or nore polynerase’chain reactions (PCRs). The term
"bodily fluid" includes any fluid 10 derived fromthe bl ood, |ynph, tissue
or organ systens including serum whole blood, biopsy and biopsy fluid,
organ explants and organ suspensi on such as Iiver suspensi ons. The

i nvention further enconpasses t he use di f rnats of the
nucl ei ¢ acilgetemplpdh Eé’@@&lﬂtﬁ&ﬁe He 49 eq }? ‘i‘FY%éY%/b‘H rg%@%{ea?te%t h

pol ymor phi ?%ﬁi?ﬁ: b2 step ?@Qﬂ% Hatﬁfaﬁ? %@&Imhg Bgﬁ}h ﬂﬁfﬂl mﬁ@ﬁﬁmasn f8Fkints may

singl e-str ain p sm15 , anplification and m smatch
det ecti on (W\ﬂﬁ)l],ﬂt&l]ﬂ&(bmﬂpﬂa'&dd)ody dhtd br mysb@qué)NA fopol ‘ljh@pms@ltah\@nﬁon also

reaction (IRS— verse se chain reaction (iPCR erse
transcri Dt i OREHR é‘ﬁ%i‘ Eglo(’:lﬁéﬁ(ﬁ ‘%ILE%C‘§ il CP@Pnﬁéﬁi‘tﬁe SHOMYE L 8 %ﬁgere ?ff’é??e
hybri di zatippihs H?\? e@ﬂ@'dgfé@nmo@ B¢ Radd lcsﬁhbaﬁénys ﬂ«?%&ﬂﬂ dell pyﬁlﬁég | futtured
speci fic nucleoti or nucl eoti de sequences. O her forns of det ecti on

i ncl ude Norsupematant fitis, an8chodigrfhvibimay e lzmrx?@mnseqa@nmaemg Jinginding @dy nucleic
procedures su SA, V\ést n bl ot I, mmun

particul ar |%91<ﬁ£'%9ﬁ§ ‘F{Q@E% RS, ’égan?ﬁg‘e’ aﬁ'éctlu?lg aﬁﬁ?‘@(ﬁﬁﬁz@ﬁgﬂ?‘?ﬁ]ﬂgﬁ% ot ¥g
for i mobil iz nitire ﬂeﬁ%fér%‘étchﬁiﬁ're&'hoﬁi (g Pricdtermesb dlyetuide iR fide® By fluid
systens. Anot her aSpéct of present invention is directed to a variant

HBV con®i sdetnlg'edi feoum fthe blopd, Mplgémsmoi argaarsyaleinsongledmgseeganvaol blrod

single or ti m Nojag d subst | n addition an a
CrUncat | on UORELOPEIRAE Preel Skl prsaf ShpepdPn A B 19 Sip et &
and wher ei nTNinBkiRORYheEaRbAIpAskes thd ke drefisreRCRsSy fodhdat dfythe namrefoa@ed
antigen exhibits an altered i munol ogical profile relative to said HBV

vari ant. Oresed tdstastion pnedris) enqlwélngud@stnatwmcfmgwntdm@htlgplmprph@m r@&FLE)ng
L, ML U o i HFRC AT O8RS i,
where ths vV@SOP)L arhﬁl‘tﬁcta‘ﬁloﬁeinﬁCﬁlfsﬁlafc&f détyctﬁ)nn@ﬂ‘/fﬂ),sirdﬁ’s@é?@ddog:peﬁtnteh&quence
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, Western blot and
immunohistochemistry. 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 immunological 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



WD 03/ 066841 PCT/ AUO3/ 00111 -10 HBV DNA pol ynerase. The variant HBV of
this aspect of the invention nay also conprise a nucl eotide sequence
conpri si Nyoa3measgl e or multiple nucl eotide substitution, PagdNUtoBemn1and/ or
del etion conpared to a pre-treatnent HBV. 5 The present invention extends
to an isolated HBsAg or a reconbinant formthereof or derivative or

chem cal equival ent thereof corresponding to the variant HBV. Generally,
the HBsAg or its reconbinant or derivatiye formor its chem cal equival ent
conprises an amno acid sequence with algi‘ngl e or multiple amno acid
substitution, addition and/or deletion or a truncation conpared to an
HBsAg froma reference HBV and wherein an 10 anti body directed to a
reference HBW eBNiAbipbBmestase! thicethriantnHBY ogff ddé aspeat i dfetheoinaentidBymayaslsyi ng
said variant HBsAg. In aone enbodinent, .the altered i m'ITJI’lO| i.cal r%rti | e
conpri ses &OFPHSRBiBKleOHIE FeAUEhee POYPEENS @ REle ioF AR Wﬁ)‘%’ © |SBRAITHOL

present inyept. i ' @%r' Rt hegEentification and isolation
of vari ant \éﬁ{i)']%mﬂrilg&/éh@;lgﬁdéf@éq eé(gtogﬁa%r%a ?ty of nmutations and exhibit two
or nore characteristics selected fromdecreased or reduced sensitivity to
one or nore nucl eoside anal ogs, a reduced.leyel and/or functjonal activity
of hepatd t idepreseahinvgaton @F‘%Qdﬁ gﬂﬁ’ééﬁoﬁat %r}%%ﬁgear 8rre8?rﬂé]|n€ﬁ“ts%mni %ﬁO% &Y

i munol ogi ¢al.. ] el it bR ket SoficBridédodafngRE thdBMriahlHBY. Geferally, the

i dentifi Ca@?ﬁ&ﬂ%&&g@%ﬁg&;ﬁ%ﬁ@ Wi teh tﬁege IJrcr)ut-fz:lj%i onal patterns is i .rr%ortant
inter aliaHRByAg be itdevedmpimamt o2 Gerdfatiae Sagns dr ditsd chemaical HRWI vederit snpreprigasl an

assays to screen for agents, which are useful in treating and/ gt...oreventing
i nfecti ons 3BYQ REdescgy r_}cgn\ygh AndiPrgr %tmﬁﬁpﬁﬁnwgﬁcﬁ&b%ﬂ%@% ragélflﬁ% and/ot
devel opmentyeioaldr&f ﬁ%ﬁdaﬁfsn :cﬁizﬁo@féﬁqb' & ABIABEForh f rof@BRG ABVHRM iwhbRSt Ans.

Accordi ngly, one aspect o present invention is directed to an isol ated
HBV varitantanfiBodyodipeciesli tn g rafepdnge BV pxlobithaciléased tempnelagicdrisofilgde an HBV

correlate with at least. t haract eri sti ¢cs sel ect f ] resi e
to one or BI¥MELAY ovépﬁﬁt%%@g@ ) oL 0&3{?8 etg‘el aggeg?cf zﬁgﬁgélofggcﬁic?) ?%ﬂgl
activity ofeohepatd 4 deduich idMhd Aty 10 hekifaliz8 HOdaRONBAlT ogated  or

ot herwi se inpaired I munol ogi cal interactivity. 30 Another aspect of the

present invention contenplates an isolated HBV variant conpri sing

The present invention is predicated in part on the identification and isolation of variants of
15 HBYV that have a plurality of mutatioﬁs 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
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
20 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.

Accordingly, one aspect of the present invention is directed to an isolated HBV variant
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) a
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



a plurality of nucleotide nutations that correlate with (a) resistance to
one or nore WO 03/066841 PCT/ AU03/00111 -11 nucl eoside anal ogs, (b) a
reduced |woaB/oesdl or functional activity of hepatitis B ePamtAwgenmgiitand (c)
a reduced, abrogated or otherw se inpaired i munol ogical interactivity. Yet
anot her aspect of the present invention provides an isolated HBV vari ant
conprising a 5 plurality of nucleotide nutations selected fromtwo or nore
of (a) a nucleotide mutationin a gene encodi ng a DNA pol ynerase resulting
in at least one amino acid addition, suBdtitution and/or deletion to said
DNA pol ynerase wherein said variant exhibits decreased sensitivity to ETV
and/or LMW/ and optionally other nucleoside analogs, (b) a nucleotide
TO,I'[ at i ;)n : rhuialeggﬂe aﬁ;?l@gﬂi(lapa aedueﬁhhleivbli sdPrefuactiongeactivityiof Mpatit'mrﬁcrainﬁgfi?mnal
control el enment of sai ene erein said putation. r i.h a reduced
Level  and/ gmnd (e\aednendarbrastted pt %hBWWIWaHS%WQO%wéﬁ&%W Y- or (¢) a
nucl eotide nmutation in a gene encoding a hepatitis B polypeptide resulting
in at |east one ami no acid addition, - substitution and/or deletion to said
pol ypept i dey#tinether especiost, thabfes@ahm&nnon ptavetesias ésolatad HIB\S variant compnsmg a

i mrunol ogi cal |nteract|V|ty 15 Anaqt her _as ect of th t,
cont enpl td%lw@ I'Fifb‘?ﬁfw hfe grtaions § C%{?f{g ; O QRATRYF © g)@ﬁlr‘%i?‘{% eOtlﬂgver']’t” ‘“‘yn

activity to, %{C&E{ng@??ﬁ@y %@gﬁ&eﬂl@@ %élﬂtlﬁé)nﬁtaft Ughst COHBP bin$hd Gcid@addition,

replicati on’ ectiv unt of the genone fromthe HBV contai ned
ina plas muﬁsmemmramm ddletion termid DNAgpelyindrase| Whergint haldaV@@br%hhh@t

cont act th be /
agent 1o DelerpsraboTsiaN ity g RRUBEHVEY fbY ogloR o DTSR clRmet Gl the
suf ficient %%%rohag RSP ik %pééngaérﬁodlﬁé glr E@ﬁtlgg r]ptel EntipRfl Ltﬁn1(1‘;16§ traB§tgiptibnal

assenbl e an rel ease virus or virus-l| particles If resistant to said
agents; landcontxbb elmmnemflsagi ghiee wéhletesn S@lél mutaygatrésllbrlncﬂlrﬁdﬁcé dayd randiaint

fluid
ot ¢ he i rieciordl pbiiB o SAT HeReisl & iBieefontRo ot phelfl hlify e 2l ©f
assenbl ed aﬁgégﬁl Q%ﬂaﬁh?aﬁ e}%lhﬂ%phb@ RELERNGE & 1éke cdgendninol Bcid addition,

preferred e the plasnmd vector in a bacul ovirus vector and t he
met hod substltutlon 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—d;tection 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



conprises generating a genetic construct conprising a replication
conpetent-effective anmount of the genie fromthe HBV contained in or fused
to an anowoto3oéesal bacul ovirus genone effective to infect PceIA®3@0NdLt hen
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 tine and under conditions sufficient for the HBV to replicate,
express genetic WO 03/066841 PCT/ AU03/00111 -12 sequences and/or assenble
and/or release virus or virus-like partié?es if resistant to said agent
and then subjecting the cells, cell |lysates or culture supernatant fluid to
viral- or viral-conponent-detection neans to determ ne whether or not the
virus has gepleh€atad/or Budniss 3ad/ogetledseovinmtoervinls-likediaticles Hawrkibteot tnshidr
been rel eased in the presence of the .5 agent. In an alternative .

embodi ment agemendethie qubissiie thescellorsllalyssies 8T CWHEF fyBeeai@pl fluid; fQeviral- or
conprising_an, Lnfecti y t he i [~
conpet ent ngf?1 ]f'(ge%{lﬁ?/neehglrfr%a%%%sﬂlg%st ﬁa?ﬁqglgﬁggi n eg%e?ieogﬁg YHt!tl_%,gl ‘g‘gﬁgﬁ‘é riegﬁdsatgglbl y
i nt egr at ed ckpiegsed giedetlOnmetial audos agseinbletli and/os (bebn asledsed indhe piesércedbitthe
2.2.15 or AD, contacting the cells with the agent to be tested, culturing
the cel|> @80t time and under conditions sufficient for the HBV to
replicate, express genetic sequences and/ or assenble and/or rel ease virus
or virus- like particles if resistant to the agent and then subjecting the
cell's, cel llnlagssiteesative @nbddiment, sheperettailacimprises geherating al condinuous cell line

vi ral - conponent - det ecti on, neans tq, determ ne et or not..15 the viru
has repli C&P@@PS@%p?’Uegéf%ﬁlo&érF@PY(,Ofntg?.egeflgmeaﬂ%\ﬁﬁrﬁggs%l repli P ot éeﬁl%
rel eased 'e?fre]{:i{i\%n &é}?ﬁﬁnﬁﬁzh%aﬁ Fﬁ?d 38feBlious! ABAN gBAdIRE RAkia¥R, aitestedBito sdile

present inve so contenplate a nethod for detecting an agent which
exhi bi t ) i rhhfhivons ek ding sty as utamot HB\teg db Ridel e Ay cantagtmg/ihercglls path the

pol ynmer ase assay.. The HBV pol yneras ctivity can be exam ned usin

est abl i shed2gisByke feeishy pul “@Ptﬁsw.eﬁs ottt fime 5 WagleR n%ﬁ'8%§‘ﬁ§?1.en4€‘i‘4t}1?

1005-1013, I-ﬁ@@%% r@ﬂlﬁ@@i Slpréds-genet{daRgE A0 d/ @ s Smblé @& or Foleat® 9Bs orMVigusHBY
eaw y

pol ynerase may d-type or reference HBV pol ynerase or nutant HBV
pol yner ase like particles if resistant to the agent and then subjecting the cells, cell lysates or culture

supernatant fluid to viral- or viral-component-detection means to determine whether or not
15 the virus has replicated, expressed genetic material and/or assembled and/or been released

in the presence of the agent.

In an alternative 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 recombinant viral components such as polymerases or envelope genes PreS1,

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



25 In connection wth these nethods, the plasm d vector may include genes
encodi ng part or all of other viral vectors such as bacul ovirus vectors or
adenovi r wowaot@srs (see Ren and Nassal, J. Virol. 75(3): PCIOMM0Y0A6] 2001).
The identification of viral variants enables the production of vaccines
conprising 30 particular reconbinant viral conmponents such as pol ynerases
or envel ope genes PreSl, PreS2, S encoding for L, M S proteins as well as
t herapeuti c vacci nes conprising WO 03/ 066841 PCT/ AU0O3/ 00111 -13 defective
HBV vari ants. Rational drug design may alldo be enployed to identify or
generate therapeutic nol ecul es capable of interacting with a pol ynerase or
or envel ope genes PreSl, PreS2, S encoding for L, M S proteins or other
conponent qfefdctiee HBYY Guddnts. dRaigmahﬂyu@Idssiglhanw dlsagh@sammoyﬁdt tntideatify DrA
sumary of sequence identifiers use hro hout th subiect speC|f|ca{|o

i s provi decenerateriigrapeytic mapgcples CfpR 3 tfm%t‘é’d] h OBIYYEHE I Yr Frvelope

SEQUENCE | 2
ST PR nen S BB AABm 0) 2

(TTA3 5 prdrogyméy Mo hévepdingmosti¢ pdidijal. 7 prl rrer (0s2) 8 primer SEQ2 9
pri mer T5TA2 10 forward prinmer PCl

A summary of sequence identifiers used throughout the subject specification is provided in

Table 2.
TABLE 2
10 Summary of sequence identifiers
' SEQUENCEIDNO: | ~ DESCRIPTION |
| 1 ] region F of HBV DNA polymerase (Foﬁnula D
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 (OS2)
8 primer SEQ2
9 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)




11 reverse prinmer PC2 12 HBV-specific nol ecul e beacon priner 13-18 TR1
(Figure 4) 19-24 Pol Trans of TR1L (Figure 5) 25-30 HBsAg Trans of TRl

(Fi gure 6Wo03med8ue- ETV (Figure 8) 32 On-ETV (Figure 8) 3PCPrAoBOMI1{ Fi gure
9) WO 03/066841 PCT/ AU03/00111 -14 SEQUENCE | D NO DESCRI PTION 34 On-ETV
(Figure 9) -35 Pre-ETV (Figure 10) 36 Post-ETV (Figure 10) WO 03/066841
PCT/ AU03/ 00111 -15 BRIEF DESCRI PTION OF THE FIGURES Figure 1 is a

di agrammatic representati on showi ng the partially double stranded DNA HBV
genonme showi ng the overl appi ng open readilﬁg frames encodi ng surface (S),
core 5 (O, polynerase (P) and X gene. Figure 2 is graphical
representation of Patient A's clinical history including therapy reginen,
HBV DNA viral ISEQUENCBIBNOe transam nase (ALDESERHMEIONO Figure 3 is|a
di agrammmatilc representation of the chem cal structure of entecavir—Figure
4 is a representation34howi ng comparison of théOMHBYVnEFegwer) de sequence
encodi ng t he—catatytigregronof —the potymeras i entiat_sanpt as
fromPatient A during LW nonot herapy or LW/ g%e?ggg :Firku?:ég i nation
therapy. 1% Figure 5 Bg a representation show Pat-Bavp@iggenopf the deduced
am no aci d [sequence of




the catalytic region of the pol ynerase gene in sequential sanples from
Patient A during LM nonotherapy or LMV/ entecavir conbination therapy. 20
Fi gure 6 Wo 0a/06@8pr esent ati on showi ng conpari son of the detaradioamdno acid
sequence of the envel ope gene in sequential sanples from Patient A during
LMW nonot herapy or LM/ entecavir conbination therapy. Figure 7 is a

di agrammatic representation of a conputer systemfor determning the 25
pot ency value (PA) of a variant HBV. Figure 8 is a representati on show ng
conpari son of the HBV nucl eotide seq'uencés'encodi ng the catalytic region of
t he pol ynerase gene in sequential sanples fromPatient B during LW

nonot herapy (prior to ETV) and on ETV therapy. 30 WO 03/ 066841

PCT/ AU03/ OBRIEF PESCRIPTITIONOFSTHEM@GERESRt at i on showi ng conpari son of the
deduced am no acid sequence of the catalytic region of the polynmerase gene
in sequential sanples fromPatient B during LM nonotherapy (prior to ETV)
and on ETVihgledpys 2 Suifiihfil QeprdsdidtRR! SO 0P BMUIBEbIE RIS

t he deduce m no aci equence e envel ope gene i'n sequential sanples
from Pat i eBW gitomeghbWingiheaivedeppng Open osading frEmey engedingnsuEioe t(Rbregpy .
Figure 11 is a graphic representation of HBV DNA replicative

i nt er redi afed Pﬁgﬂ’ﬁ?@dgbndeg(geaﬁanti tative PCR relative to the no drug
control for both wild type virus and the HBV encoding the nmutations at
rtl1169T+rt V173L+rt L180M+rt M204V. WO 03/ 066841 PCT/ AUO3/ 00111 -17 DETAILED
DESCRI PTI OFigifre TREs RREMERABp @O ovENT BatidqiieAfsr eliwipal higipentindwding therapy

predi cated in par e .identification and isolatil of . nucl eosi de
anal og r esSSEH éﬁmﬁ?’s‘“ﬁg?‘ﬁé\?@&fﬁ% F@SW@3§en®hﬁg?ve 4tients with ETV
or LMW or 5 ETV and LW and optionally other nucleoside analogs. In

particular, ETV, or ETV and . ) _
10 Figure 3 is a diagrammatic representation of the chemical structure of entecavir.

Figure 4 is a representation showing comparison of the HBV mnucleotide sequence
encoding the catalytic region of the polymerase gene in sequential samples from Patient A
during LMV monotherapy or LM V/entecavir combination therapy.

15 '
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 LM V/entecavir combination therapy.

20 Figure 6 is a representation showing comparison of the deduced amino acid sequence of
the envelope gene 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 (Pa) of a variant HBV.

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

30



LMW/ treated patients gave rise to variants of HBV exhibiting decreased or
reduced sensitivity to ETV and/or LMV. Reference herein to "decreased" or
"reduced"wpr3pedsat i on to sensitivity to ETV and/ or LW i mCrudms/oand
enconpasses a conplete or substantial resistance to the nucl eosi de anal og
as well as partial resistance and includes a replication 10 rate or
replication efficiency (yield phenotype) which is nore than a wild-type in
the presence of a nucleoside analog. In one aspect, this is conveniently
measured by an increase in viral |oad td% level sinilar or greater than
pre-treatnment |evels. Accordingly, one aspect of the present invention is
directed to an isolated HBV variant 15 wherein said variant conprises a
nucl eot i de Fighed 9 &a iréprésegiion shewidigngnepaldth othleydvdnaseamins weid sequenveat!

| east one amno acid addition, substitution and/or del?tion to . sqéd DNA
pol yrer ase tha@aiahvtic apgion £if dhe aplyaerase,asnein seqisniial sapmles dram hafiept, Biqyripgy
and/ or LW i i gs. 20 Preferably, the

decr eased ggﬂ?ﬁﬁ?@#ﬁéa#iﬁrﬁ&?gggggghggﬁEi&?ﬁ%%bgbth ETV and LW. 1In
addition to a nutation in the gene encodi ng DNA pol ynerase, due to the
overl apping . nature of the HBV genqne (Figure , coryespondi mut at i on
may al so® ocdighre H isierepirspalion Sievigs P%P%PFQ%@% “ﬁ@{]a@ﬁlgsﬁﬁggeﬂ&%ﬂetqfng
in reduced | (YA o i : i i

and | mmune BSPPIREE' Akl Rhycnia) SR, Bohiaicha ARREL IS MASIRAPY RPRUAS

i mmunol ogi d&I'Vy ssigenEEVitherapywi ral surface conponent generally includes the
absence of immunol ogical nenory to recogni ze or substantially recogni ze the
viral surface conponent. The present invention extends, therefore, to an
HBV var| ?”FFigm ] fs'ar%‘%%ﬂ@ﬁ &gﬁ@&ﬂta%i%ﬁ SEHBY DA SepREM iR g R ebids aBd g Byced
interactivity of an | nol ogi cal 30 reagent to HBsSAg wherein the variant

i s sel et edjuiantitafie¢ PO rgdatisE\toathd nor drughéontroinfir imth onldotyps etpwe ranidahe HBV

treatment. The.term "sequential’ 1n i,S . r ETV WD 03/ 066841
PCT/ AUD3/ OFEAGnE S TREHGRIH Y@V%W‘}olr%iwii g@%ﬁg@%@ "ETV or mul tiple
sequential adm nistrations of each of ETV and LW or LW and ETV. A viral

variant may, therefore, carry nmutation only in the DNA pol ynerase or both
in the




5 DNA pol ynerase and the HBsAg. The term"nutation” is to be read inits
broadest context and includes nultiple nutations. The present invention
extends twoasfedsati on and any domain of the HBV DNA pol ymecaseosandii n
particular regions F and A through E provided said nutation | eads to
decreased 10 sensitivity to LM and/or ETV. Region F of the HBV DNA

pol ynerase is defined by the amno acid sequence set forth in Formula I
[SEQ ID NO 1] below: FORMULA | 15 L,B1,B2,DLWG P, C B3, B4, H G B5, H B6, I,
R B7, P, R T, P, B8, R V, B9, G G Vi7-

F,L,V,D,K,N P,H N T,B10, E, S, B11, L, 512, V,DF,S,QF, S R G B13,B14,B 15, V,

SS WP K F AV, P N L B16'S L T, N L L, S wherein: 20 Bl is
L, or R or pERAISED PESERIFPTION OPTHE PREFERRED ENMBOIHMENIS B5

is E, or KKorQ B6is H or R or N B7is l,orT B8is AorS B9 is T or

30 B10 is A, or T,orS Bll is R orT WO 03/ 066841 PCT/ AUO3/ 00111 -19- B12

is V,orGBl3 is S, or |, ar . .JS..
The present 1nvent1on%s predlca{edl\llh %211'\{ onl%fllé1 1de§1t1£11_éat1%§1 a%d 1solat{_c|>’noorf nucleoside

analog resistant variants of HBV following treatment of patients with ETV or LMV or

5 ETV and LMV and optionally other nucleoside analogs. In particular, ETV, or ETV and
LMV treated patients gave rise to variants of HBV exhibiting decreased or reduced
sensitivity to ETV and/or LMV. Reference herein to “decreased” or “reduced” in relation

to sensitivity to ETV and/or LMV includes and encompasses a complete or substantial
resistance to the nucleoside analog as well as partial resistance and includes a replication

10 rate or replication efficiency (yield phenotype) which is more than a wild-type in the
presence of a nucleoside analog. In one aspect, this is conveniently measured by an

increase in viral load to a level similar or greater than pre-treatment levels.

Accordingly, one aspect of the present invention is directed to an isolated HBV variant
15 wherein said variant comprises a nucleotide mutation in a gene encoding a DNA
polymerase resulting in at least one amino acid addition, substitution and/or deletion to
said DNA polymerase and wherein said variant exhibits decreased sensitivity to ETV

and/or LMV and optionally other nucleoside analogs.
20 Preferably, the decreased sensitivity is in respect of ETV, or both ETV and LMV.

In addition to a mutation in the gene encoding DNA polymerase, due to the overlapping
nature of the HBV genome (Figure 1), a corresponding mutation may also occur in the
gene encoding the surface antigen (HBsAg) resulting in reduced interactivity of
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

R



Bl5 is R or H or K, or Q 5 Bl16 is Q or P; and wherein S* is designated
as amno acid 74. In this specification, reference is particularly nade to
t he consewoados@gi ons of the DNA 10 pol ynerase as defi ne@Cimawonaiins A to
E. Regions Ato E are defined by the am no acid sequence set forth in
Formula Il [SEQ ID NG 2] below (and in Australian Patent No. 734831):
FORMULA Il 15SZ LSWLSLDVSAAFYHZPLHPAAMPHLL Z3
GSSGL Z4 RY V A RLSSZ5SZ26Z7XNZ8QZ9 QXXXZ11LH212213CSR214LYVSL215LLY
Z16TZ17GZ18KLHLZ19Z20HPI Z21LGFRKZ22PMaZ2 SPFLLAQF T S A | Z24 725 Z26
Z27 Z28 RAF Z29 HC zZ30 Z31 F z32 Y ™ DD Z33 VL G A zZ34 z35 z31 20 Zz37
H Z38 E Z39 L 740 Z41 742 743 Z44 745 Z46 L L 247 Z48 G| HL NP zZ49 KT K
R WG Y SENWB@IW&W EMV fol&wed by BV oarmwtipkecseduentizl almistrations of s |

P; is Z5is Tor N Z6is Ror NN W
03/ 066841 pea*mf%“é)’@@émozgﬁgﬁn@% l: Z8is Nor Yor H Z9 is H or
Y;

A viral variant may, therefore, carry mutation only in the DNA polymerase or both in the
5 DNA polymerase and the HBsAg. The term “mutation” is to be read in its broadest context

and includes multiple mutations.

The present invention extends to a mutation and any domain of the HBV DNA polymerase
and in particular regions F and A through E provided said mutation leads to decreased

10  sensitivity to LMV and/or ETV. Region F of the HBV DNA polymerase is defined by the
amino acid sequence set forth in Formula I [SEQ ID NO:1] below :

FORMULA I
15 L: Bl: B29 D: W: Ga Pa C: B3: B49 H} Ga BS: H: B6: Ia Ra B7: P: R) T: P: B8: R: V) B93 Ga Ga V:

F: L: V: D: Kn Na P’ H: Na T: B10> E: S: Bll: L: B12: Va D: F: S: Q: F: S: Ra Gs B 13- B 14, B
15 V: Sa W7 Pa K: F: A: V9 P: Na L; B16: ‘S: L: T9 N: L: L) S*

wherein:
20
B: isL,orR,orl
B, isE,orD
B3 isT,orD,orA,orN,orY
B4 isE,orD

25 Bs isE,orK, or Q
Bs isH, or R, or N,

B, isLorT
Bs isA,orS
Bg isTorR

30 By isA,orT,orS
By 1sR,orT



Z10is Gor R 5 Z11is Dor NN Zl12 is Dor Ny Z13 is Sor Y, Zl14 is N
or Q Z15 is L or M 10 Z16 isKorQ Z17 is Yor F, Z18 is Ror W Z19
is Y or LwWOo3a&sus S or A; 15 Z21 is | or V;, Z22 is | or PCI/AUA28011$ V or
_G Z24 is Cor L; Z25is Aor S; 20 Z26 is Vor M Z27 is Vor T, Z28
is Ror C Z29is For P, Z30is Lor V; 256 7Z31is Aor V, Z32is S or
A, Z33isVor Lor M Z34is Kor R Z35is Sor T, 30 Z36 is Vor G

Z37 is Qor E 19

B isV,orG
Bz isS,orLorT,orN,orV
By isT,orS,orH,orY
Bis isR,orH,orK,orQ
5 By isQ,orP;

and wherein S* is designated as amino acid 74.

In this specification, reference is particularly made to the conserved regions of the DNA

10 polymerase as defined by domains A to E. Regions A to E are defined by the amino acid
sequence set forth in Formula IT [SEQ ID NO:2] below (and in Australian Patent No.
734831):

FORMULA 11
15
SZILSWLSLDVSAAFYHZ,PLHPAAMPHLLZ;GSSGLZ,RYVA
RLSSZssz6Z7XNZgQ29Z10XXXZ11LH212213CSRZMLYVSLleLLY
Z16 TZ17GZsKLHL Z190 Zpo HP1Z)3 LGFRKZpPMGZys GLSPFLLAQF
TSAIZZ4ZZSZZGZz7Z28RAFZ29HCZ30231FZ32YM*DDZ33VLGAZ34Z35236
20 Z37HZsgBZsoL Z40Za1 Zag Z43 Z4a Z45 Zag LL Z47 Zig GTHL NP Zg KTKRWGY

SLNFMGYZyIG
wherein:

25 X is any amino acid;
Z1 is N or D;
Zy islorP;
Z3 islorV;
Z4 is S or D;

30 Zs is TorN;
Zs isRorN;



WD 03/ 066841 PCT/ AUO3/00111 -21- Z38 is L or Sor R Z39is Sor F, Z40
is For Y, Z4l1is Tor A 52742 is Aor S; Z43 is Vor |; Z44 is T or C
ZA5 is NwD03o66sdd6 is F or V; 10 Z47 is S or D, Z48 is [PCOrAUM3/001449 is N
or @Q Z50is Vor I; and M is amino acid 204; 15 and wherein the first S
is designated as amino acid 75. Preferably, the nutation results in an
altered am no acid sequence in any one or nore of domains F and A through
E or regions proximl thereto of the HBV pol ymerase. 20 Anot her aspect
of the present invention provides an HBv2Uari ant conprising a nutation in
an overl appi ng open reading frame in its genone wherein said nutation is in
a region defined by one or nore of domains F and A through E of HBV DNA
pol ynerase Zand isWNerrdj n sai d variant exhibits decreased sensitivity to ETV
and/ or LMW _and opt.i onal | 25 ot her nucl eoside analogs. In a rel ated
enbodi nent Zst hed®Ni% Yopolli ded an HBV variant conprising a mutation in the
nucl eot i dezsgeqquﬁeorqncodi ng a DNA pol ynerase resulting in an amno acid
addi ti on, ’

Z19 isGorR;

5 Zy isDorN;
Ziy isDorN;
Z13 isSorYy;
Z14 is N or Q;

Zis isLorM;
10 Zis i1sKorQ;
Z17 isYorF,
Zig isRorW,;
Z19 isYorL;

Zao isSorA;
15 Zn isTorV;
72 islorL;
Zr3 isVorG;
Zoa isCorL;
Zys isAorS;
20 Zys isVorM;
Z>7 isVorT;

Zog isRorC;
Zao isF or P;
Zy isLorV;

25  Zst iIsAorV;
Zsp isSorA,;
Zs3 isVorLorM;
Z34 isKorR;
Zss isSorT;
30 Zss isVorG;
Z3; isQorE;



substitution and/or deletion in said DNA pol ynerase in one or nore am no
acids as set 30 forth in Fornulae | [SEQ ID NO 1] and/or Il [SEQ ID NO 2]:
WO 03/ 06680D13P@GBAAU03/ 00111 -22 FORMIULA | L, Bl, B2, D, WCTQAUR00ITI B3,

B4, H G B5 H B6, |, R B7, P, R T, P, B8, R V, B9, G G V, F L, V,
Db K, N P, H N T,Bl10,E S Bit,L,B12,V,D,F, S QF, S R GB13,B14,B 5 15, V,
S, WP K F A V, P N L, Bl6, S, L, T, N, L, L, S* wherein: Bl is L,
or Rorl 10 B2 is E,orDB3 is T, or Db or A, or N, or Y B4 is E, or DB5
is E, or KKorQ B6 is H or R or N, 152B7 is l,orT B8is AborS B9 is T
or RB10is A or T,orS Bllis RorT 20 B12is V, or GB13 is S, or I, or
T, or N or V Bl4is T, or S, or HorYB15 is R or H or KorQ Bl16 is Q
or P; 25 amds WOi9B/oWG86aR&RE, PCT/ AUO3/ 00111
Z39 isSorF;
Zio isForY;
Z4 isTorA,
5 Zg isAorS;
Z43 isVorl;
Zyw 1sTorC;
Zss isNorS;
Zas isForV,
10 Zy isSorD;
748 isLorV;
Z4o isNorQ;
Zso isVorl; and
M is amino acid 204;
15
and wherein the first S is designated as amino acid 75.
Preferably, the mutation results in an altered amino acid sequence in any one or more of
domains F and A through E or regions proximal thereto of the HBV DNA polymerase.
20
Another aspect of the present invention provides an HBV variant comprising a mutation in
an overlapping open reading 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]:



-23 FORMULA Il SZI LSW.SLDVSAAFYHZ2PLHPAAMPHLLZ3GSSG.Z4RYVA
RLSSZ5SZ6Z7XNZ8QZ9Z10XXXZ11LHZ12Z13CSRZ14LYVSLZ15LLY 5
Z16TZ17GMBHBIEBRIDZ20HPI Z21LGFRKZ22PM3Z23GA.SPFLLAQF T S ARCI/AARD4/0@AD Z26
727 728 RAF Z29 HC zZ30 Z31 F z32 Y " DD zZ33 VL GA Z34 7235 7236 Z37 H
Z38 E Z39 L Z40 Z41 742 743 Z44 745 746 L L z47 248 G| HL NP zZz49 KT KR
WG Y SLNFMGYZ501 G 10 wherein: X is any amno acid; ZI is Nor D Z2 is |
or P, 15 Z3 is | or V;, Z4is Sor D Z5 isTorN, Z6is Ror N, Z7 is N
or I; 20 Z8 is Nor Yor H 79 is Hor-%-710is Gor R 711 is Dor N,
Z12 is Dor N, 25 Z13is Sor Y; Zl4is Nor Q Zi5is L or M Z16
iskKorQ Z17 is Yor F, 30 Z18 is Ror W

FORMULA1

L: Bl: B27 D: W: Gn Pa Ca B3: B45 Ha Ga BS: H: B6: I: Ra B79 P: Ra T: P: BS: R) Va B9> Ga Gp V>
F: L, V, Dp K; Np P, H; N, T; BlO: E, S; B115 L: B129 Va D7 F: S: Q: F: S: Ra G: B 13, B 14, B
5 155 V, S9 Wa P: K: Fa AD V: Pa N, L> B167 S: L) T: Na L: L’ S*

wherein:

B;: isL,orR,orl
10 B, isE,orD
B; isT,orD,or A,orN,orY
B4 isE,orD
Bs isE,orK,orQ
Bs isH,orR, or N,
15 By isLorT

Bg isA,orS
By isTorR
By isA,orT,orS
B isR,orT

20 By, 1sV,orG
Bis isS,orLorT,orN,orV
Bis isT,orS,orH,orY
Bis isR,orH,orK, orQ
Bis isQ,orP;

25

and



Z19 isYorL; WO 03/066841 PCT/ AU0O3/00111 -24- Z20is Sor A Z21 is | or V;
222 is |

or M
or T;

T or

G

or L; Z23 is Vor G 52724 is Cor L; Z25is Aor S§ Z26 is V

Z2Woiog/o868er T; Z28 is Ror C 10 Z29 is F or P, 28@/Aw®3koan V;

Z31 is Aor V; Z32is Sor A Z33 is Vor Lor M 15 7Z34 isKorR Z35 is S
Z36 is Vor G Z37is Qor E;, Z38is Lo Sor R 20 Z39 is S or
F: Z40 is For Y; Z41 is T or A, Z42 is Aor S Z43 is Vor |; 25 744 is

10

15

20

25

30

-23 -

FORMULA II

SZ,LSWLSLDVSAAFYHZPLHPAAMPHLLZ;GSSGLZ,RYVA
RLSSZsSZsZ; XNZsQZo Z1o X XXZ1 LHZ1,Z3CSRZy LYVSLZ;sLLY
Z16 TZ17GZisKLHL Z19ZoHPI1Zy LGFRKZpPMGZ3GLSPFLLAQF
TSAIZZ4225225Z27Z28RAF229HCZ30231FZ32YM*DDZ33VLGAZ34235236
Z37 HZss B Zao L Zao Za1 Zag Za3 Zaa Z4s Zag LL Zag Zig GTHLNP Zy KTKR WG Y
SLNFMGYZs1G

wherein:
X is any amino acid;
Z4 is N or D;
7 islorP;
. 723 islorV,
Z4 isSorD;
Zs is TorN;
Zs isRorN;
Z; isNorl
Zs isNorY or H;
Zo isHorY;
Zio 1sGorR;
711 isDorN;
Z12 isDorN;
Z13 isSorY;
Zis 1sNorQ;
Zis isLorM;
Z16 isKorQ;
Zy7 isYorF;

Zigs isRorW;
Zio isYorL;



ZA5 is Nor S; Z46 is F or V, Z47 isSorD, Z48 is L or V; 30 Z49 is N or
Q 250 is Vor |I; and WO 03/066841 PCT/ AU0O3/00111 -25- M is amno acid
204; and wbasmses45* in Formula | is designated as am no a®cd/Atb3aodit he
first Sin Formula Il is designated as anmno acid 75; 5 and wherein said
vari ant exhibits decreased sensitivity to ETV and/or LTV and optionally

ot her nucl eosi de anal ogs. Preferably, the decreased sensitivity is to ETV,
or both LMV and/or ETV. 10 Another preferred aspect of the present

i nvention contenplates an HBV variant conAprising a nutation in the

nucl eoti de sequence encoding HBsAg resulting in an amno acid addition,
substitution and/or deletion in said HBsAg in a region corresponding to the
am no aci dzggquengerdet forth in Formulae | and Il wherein said variant
exhi bits decreased sensitivity to ETV and/or LW and optionally other

nucl eosi de Zanal é459T ¥5 More particularly, the present invention provides a
variant HB Zcom?sri&i]gg a surface antigen having an am no acid seqguence
with a sing of multiple amino acid substitution, addition and/or

del eti on o01Z,a tihgWaeatG;on conpared to a surface antigen froma reference or
wld type HBV and wherein an anti body generated to the reference or wild
type sur¥ades 2ol%ﬁtqr§én exhi bits reduced capacity for neutralizing said HBV
vari ant, 5%9 val haptg.sel ected by exposure of a subject to ETV and/or LW
i n conbi nation or seqlential therapy. The term "conbi nation therapy" neans
t hat both ERY andVidvMare co-adm nistered in

Zy7 isVorT;
Zs 1sRorC;
10 Zy isForP;
Zy isLorV;
Z31 isAorV,
Z32 isSorA;
Z33 isVorL orM;
15 Zszs isKorR;
735 isSorT;
Zys isVorG;
Z3; isQorE;
Zsg isLorSorR;
20 Zyy isSorF;
Zy isForY;
Z41 isTorA,
Zyp 1SAorS;
Z43 isVorl;
25 Zsu isTorC;
Zss isNorS;
Zss isForV;
Zyg i8S orD;
ym isLorV;
30 Zg isNorQ;
Zsy isVorl; and



the sane conposition or sinultaneously in separate conpositions. The term
"sequential 25 therapy" neans that the two agents are adm nistered within
seconds, wDmawems41 hours, days or weeks of each other and PoT&UOBEE110r der .
Sequenti al therapy al so enconpasses conpleting a therapeutic course with
one or other of ETV or LMW and then conpleting a second therapeutic course
with the other of ETV or LMV. 30 Accordingly, another aspect of the present
i nvention contenplates an HBV vari ant czgpri sing a surface antigen having
an amno acid sequence with a single or frulti ple WO 03/066841

PCT/ AU03/ 00111 -26 am no acid substitution, addition and/or deletion or
truncation conpared to the pretreatnent HBV and wherein the surface
antigen of M'he vedmhimotactd®04exhi bits an altered immunol ogical profile
conpared to the pretreatnent HBV where the said the variant HBV is

sel ected for by a nucl eoside anal og of the HBV DNA pol ynerase, said variant
sel ected  GuRYneRPSH ierGina #¥MIEhald aERirRIHE74 b/itioTirS I Fétir0OIIGS
sequenti al t erapy. In a related ermbodi ment, the present invention provides
an HBV var idagignatahgyr drsinogeid 75pucl eoti de sequence conprising a single or

mul tiple nucleotide substitution, addition and/or deletion conpared to the
pretreatsrrent HBV and which HBV variant has a surface 10 antigen exhibiting
an al tered g}, i1 9418 Rhari Bt Axh{1ts GRAR AR ettt etolE BV lafalof /T hldVoptichally
variant selected by exposure of a subject to ETV and/or LMV_in conbination
or sequentilar mublepsigy an#logs. drefsraply.tthe deereasgdtsensitiwty s tosBI Yt e by KMich

t hat they hag/e %ergone at least one 15 purification step away from
natural ly && BFﬁE g body fluid. Alternatively, the variants may be

mai ntained in isolated body fluid or nay be in DNA form The present

invention al so contenplates infectious nolecul ar clones_conprising the
genone W pemtherptefemed aspegmidhe prasanhnveriBw conignMatepdn EBY Merlgnt eQ@pfising

i nvention proviages i sol ated conponent s f WA - ugh: 3.yt
not |imted &t gbI%?aet Qaglﬁﬁé - CRELGT S{Iér)logra;lﬁ ] %ﬁséa%?%sﬁg#gg a?n%lglrrllt i on
provi des angi$ighabhesttitiBoNdaoraddlewenmh saatHBOAgIH hetepddn correspondiag itoether
chem cal equivalent thereof, said HBsAg being froma variant m%v sel ectgd
by exposur emino acid sequence set forth in Formulae I and IT wherein said variant exhibits decrease
sensitivity to ETV and/or LMV and optionally other nucleoside analogs.
15 |
More particularly, the present invention provides a variant HBV comprising a surface
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

20 antigen exhibits reduced capacity for neutralizing said HBV variant, said variant selected

by exposure of a subject to ETV and/or LMV in combination or sequential therapy.

The term “combination therapy” means that both ETV and LMV are co-administered in
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
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treatment may occur_ in rel ant at

|
O e e ke B e S

\%Bg@?tdb%ggﬁ ooBARAS %é'\%x%ﬂeéiﬁleaﬁ HBWVSand \EﬁichQ’IBVQJailﬁhﬂstl Dfurfilce
ehtgere dxhibitiat | annalterad mwlmmrpﬁlewv@m@ tontheuretrentacer HRYs e
gsZJd variant selected by exposure of a subject to ETV and/or LMV in combination or

sequential therapy.

Preferably, the variants are in isolated form such that they have undergone at least one
puriﬁcation step away from naturally occurring body fluid. Alternatively, the variants may
be maintained in isolated body fluid or may be in DNA form. The present invention also
contemplates infectious molecular clones comprising the genome or parts thereof from a
variant HBV. Furthermore, the present invention provides isolated components from the
variant HBVs such as but not limited to an isolated HBsAg. Accordingly, the present
invention provides an isolated HBsAg or a recombinant form thereof or derivative or
chemical equivalent thereof, said HBsAg being from a variant HBV selected by exposure

of a subject to ETV and/or LMV in combination or sequential therapy.

More particularly, yet another aspect of the present invention is directed to an isolated
variant HBsAg or a recombinant or derivative 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.

obtainable at |evels greater than pre- treatnent

to a reference HBV exhibits no or

Ci#fYations in



20 spacerK115R, spacerH116L, spacerL128F, spacer S137G spacer R139G
spacer F142S, rtY54H, rtL91l, rtA97V, rtY124H, rtH 26R, rtS135Y, rtll 69T,
rt VI 73L, wOlL3®6dsu1 rt M204V, rtA21S, rtA38E, rtF122L, rt Tl P8M/AUBQBOP,
rtTl 84G rtS2021, rtH248N, rtY252L or conbinations thereof or an

equi val ent one or nore other nmutation is indicative of a variant wherein
said variant exhibits a decreased sensitivity to ETV and/or LW and 25
optional Iy other nucl eoside analogs. It should be noted that the

nonencl ature systemfor amno acid posrﬁbns i s based on the nethionine
residues in the YMDD notif being designated codon rtM204. This nunbering
systemis different to that in Australian Patent No. 734831 where the

et hi oni ne Bves infbie gjamduftaﬂy{ PvﬂDprséntme\crttimnrprbmdepcahymiafaée’agelﬂieHBﬁég or a
desi gnat ed codon 5

In this reg rtviv L180
cor r espond IQC@HMWSPngeHIY?J@Wf(&HHa}WB% I3 é’gﬁ‘é‘tcﬁ vat Mepﬂ%%o?tdz\gﬁ?rglﬁ B ent
No. 734831. " f h BPhlHE Toftipaked
bet ween two E%g}%c%ﬂ)tga ?@@%ﬁg %‘%&%Gf%%?PJECT?{Ae{%%qO&% -28 Term %%I
protei n andufi®y aéid esetjners owitlp hasiegle ot npultplecasing resid embsamtlmo pédifign fapd/of he

functional reglons and no ot her speC|f function h S be esi or
this redi ofeletior o8 BHEGANGN GRPaTSdy al}rlrﬁlgasélgsﬁo%‘c?:ﬁ? ’feﬁ“’%%@%?o gg‘é}@%g% 2éuch
as in one Qf ﬁ%fﬁf‘tﬁﬁg dirdd AR 2eferddBs ABBVPaHibifUh@ or NMetidded Onsutratieing s

foll ows: Pre S1 T115S, PreS2 F22L, 5 PreS2 V39A, PreS2 P52L
sL89V, s ThiBty to A6HBYV s&EtfdDsaid vaeisn] HE$A2@85111d3HBSAg tegwomr 2 Biriagh HBV

PreS2 P41H, P120T, sL1 F o t
caui val ent SOREOQHEFRBhe! St g 75 | I oL 0 b F Saelens?l

said varig F@;ghl bits a decreased sensitivity to ETV and/or LMW and
optionally ot nucl eosi de anal ogs. The nutations in gene encodi ng HBsAg
at sFlé6fld, sE164D, or 10 sl195M also result in nutation in the in the

pol ymer ase tl 169T rtvV rt NPO4V .r e :
corres pondlprq’iﬁfgﬁﬁé BRHRDS {3 1%%{.}/ Dﬁ‘f* PRiymeFasg d%ﬁ&& %Iisa\ﬁggcgeélicgf]lh;%m patients
spacer K115Ryi415 RAPE ki dflace SORGAnL: IOV, andR2 AV F1 Gédtmea arefeRbBH Ghe treatment
spacer F142S, rt Y54H rtL91l, rtA97V, rtY124H, i~tHL26R, rtS135Y, J1ﬂ§69T
rtV173L,  rihidl8@NETY tavbothVETViaad/os LMY Aggembmation or sequential gherapy: @1@ side
reTiaagG r ta%aztl%% treatment may occur in relation to a transplantation procedure (e.g. bone marrow

15 transplantation (BMT) or OLT) or following treatment of patients diagnosed with hepatitis.

Following selection of variants, viral loads are obtainable at levels greater than pre-

treatment levels.

Preferred mutations in the HBV DNA polymerase include one or more of spacerL97I],
20 spacerK115R, spacerH116L, spacerL128F, spacerS137G, spacerR139G, spacerF142S,
tY54H, rtL91L, rtA97V, rtY124H, rtHI126R, rtS135Y, rtI169T, rtV173L, rtL180M,
rtM204V, rtA21S, rA38E, rtF122L, rtT128N, rtQ130P, rtT184G, 1tS2021, rtH248N,
1tY252L 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
25 optionally other nucleoside analogs. It should be noted that the nomenclature system for
amino acid positions is based on the methionine residues 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, rtL180M and rtM204V correspond to
30 V5191, L526M and M550V, respectively, in Australian Patent No. 734831. The term
“SPACER” means a region that has been designated between two functional regions:



15 rtH248N, rtY252L or conbinations thereof or an equival ent one or nore
other nutation is indicative of a variant wherein said variant exhibits a
decr easedwoanmbdsivity to ETV and/or LM and optionally otgratesoiBosi de
anal ogs. The identification of the variants of the present invention
pernmts the generation of a range 20 of assays to detect such variants.
The detection of such variants may be inportant in identifying resistant
variants to determne the appropriate fo §1of chenot herapy and/or to

noni tor vaccination protocols, or develop” new or nodified vaccine
preparations. Still another aspect of the present invention contenplates a
met hod for determning the 25 potential for an HBV to exhibit reduced
sensi ti vi t YetnginH Ploirdiml relde tansoriptasm &l providehiae corraet| felsingior tiealuggiionakaj d

met hod i, Si i sol ati , . . . . '
St ooni ng. Fegiom R PO RCERUUR QU6 TG SCHBHEE o AL TGt e ERpe AR
pol yner as en'{u?a?fbhg : ne%/lgb Blcuk §R Shvedspe %i%@ SuchCdstin o drirhétel (TTPreSig IFRt$ D and

and_/or addition I n one or nore o onmains F and A through E or a
regi on pro¥iBwalg. Phrioatap midtasaisdarbis fBows| BeBi A 4BhPrash (Tdilg%e@eﬁ? tp2L,

resi stance_or_ d ased, s it t TV a r 6

PCT/ AUD3/ 08152 5393, %ﬁ%%?% %Pép?%_sgeﬂkg&%fs TR DRSS 0T presi

i ndi cati onggfnt peedil K@k P P41 AS5eBARCEPIINT, SWIA6ETVVaMH ok dolinations
Preferably, the assay detects one or nore of the follow ng nutations in_ the

spacer r egilereof®r andhuivalehtone ormgiecihergpaiedon Bandicatiecafraiargpt wherein said
spacer H116L, .spacer.L128F, spacerS 137 S r r £ H
rtLoll, rt XeFHapt ?M%M dF‘EfEﬂ‘SﬁgFéenP’%‘%%s ﬁﬁf@é@?&m%@ﬁﬁﬂa&ﬁé ’
rtM204V, riAdLSidd bARBEs. Thd hArktionstihl 28N, efido@r3OABsAgt 4l 8#1G1Ly tsB262D, or
rt H248N, rtY252L or conbi nati ons thereof or an equivalent Q or [
RN A

gt her it asT166M siusonttisslatinvesutstion inatheaiit thenpelymerasa gpng aithl
ecreased sitivity to ETV . pt.i.Qn t her i de
anal ogs. AE@&Q?&;_ngfi’,ecg%%Yhg)rthegs%%gegé%dl%%?@%%nP{a&ngéeérl# i ignlEHE?r ggglgéehg gg
met hod for sGelargrrni pacerkinesHe spaRHBMISt sRicorl 42BF pispacerSRICEd spaeaR i39G, t y
to a nucl eosi de anal og, said nethod cor{('pri si ng_isol atsi gg DNAI()%r
cor r espondispageriidASt riarddEairtl HiB\tAREY s & é@ﬂﬂnggﬂ@ﬁRart 133Y, 1til69T, rtV173L,
rtL180M, rtM204V, 1tA21S, rtA38E, rtF122L, rtT128N, rtQ130P, rtT184G, rtS202l,
15 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

LMYV and optionally other nucleoside analogs.

The identification of the variants of the present invention permits the generation of a range
20 of assays to detect such variants. The detection of such variants may be important in
identifying resistant variants to determine the appropriate form of chemotherapy 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
25 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 FIBV 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

30 polymerase and associated with resistance or decreased sensitivity to ETV and/or LMV



15 mutation in the nucl eotide sequence encodi ng the DNA pol ynerase wherein
the presence of the followng nutations in the spacer region and the rt
regi on: swyawant@il, spacerKl15R, spacerHl16L, spacer L128PCTsy1#60013137G,
spacer R139G, spacer F142S, rtY54H, rtL91l, rtA97V, rtY124H, rtH 26R,
rtS135Y, rtl169T, rtVI73L, rtLI80M rtM04V, rtA21S, rtA38E, rtFl 22L,

rtTI 28N, rtQ 30P, rtTl84G rtS2021, rtH248N, 20 rtY252L or conbi nations

t hereof or an equival ent one or nore ot h(éé mutation is indicative of a
vari ant wherein said variant exhibits a“décreased sensitivity to ETV and/or
LMWV and optionally other nucl eosi de anal ogs. The preferred nutations in
the reverse transcriptase are rtl1169T, rtVI73L, rtL180M 25 rtTl 84G
rtS2021, rtiRO4Y ties presdios ndsidns ntutrioed$ an nnChcatlequ\Ihd: blselihond of resiiansede her
mutation is jndicative of a variant wherein said variant exhibits a
decreased $aiFTY endpr EMV-ETV and/or LMW and optional Iy other nucl eoside
anal ogs. Accordingly, another aspect of the present invention contenpl ates
a method for 30 determ ning whether an HBV strain exhibits reduced

sensi tivi t Preferably)uhd essy deteasaine@r maraiod thefllowing mutitivngdn theoipaedr FgSioNA

or corr espon NRNA .from s HBV a 03/0 PCT/ Q

screeni my g)oé%?ﬁ.l‘it Le5io spﬁcﬂ%Inﬁﬁ?Ffér il g\‘g ?@&E{gﬁigﬁe?@fﬁﬂﬁ%&i hgg%ﬁﬁlﬂ%o
pol ymer ase &\éé‘i—‘R gigh ! @ﬁao@ff*ﬁ@@c%@&l h@tmq?i | gony, Ny a4IoN $tH1I26RNert®1 357, C
domai n of t e rt redio rti 1697, rt'Vl 73L, rtL180M rtTI 84% rtS2021

rt M204V or rdd69T,nelildnk, riidBeMt TOVI284, é@f@lﬁall‘éﬁ:ﬁg%rﬂ@@ﬂmﬂ? 28N etQ130P,
t at wh
e o AR, Stgha KR S R

anal ogs. ThgpgehRedioaNisOindidBYverof bSyvARAPORARMNEE $ad O\thﬁt egkiblts |y glatressed
cul tured supernatant fluid and bodily fluid may be by any conveni ent means

i ncl udi WYy aseysitivity i BT ¥eahdobhYEd and optimally pthsnnpaegside aglogexanpl e, by
nucl eic acid hybridization techniques or via one or nore polynerase chain
reactions (PCRs). The term"bodily fluid" includes any fluid derived from

the bl ood, Ay¥Rlinglli 850BerO4sp&dtIFthé Pedsentsintéitiod irodiicee npthud ddreddibranining
Pl opsy and whether an HBV strain exhibits reduced sensitivity to a nucleoside analog, said method
comprising isolating DNA or corresponding mRNA from said HBV and screening for a

15 mutation in the nucleotide sequence encoding the DNA polymerase wherein the presence

of the following mutations in the spacer region and the rt region: spacerL97I,

spacerK115R, spacerH116L, spacerL128F, spacerS137G, spacerR139G, spacerF142S,

rtY54H, rtL91I, rtA97V, rtY124H, rtH126R, rtS135Y, rtI169T, rtV173L, rtL180M,

rtM204V, 1tA21S, rtA38E, rtF122L, rtT128N, rtQ130P, rtT184G, rtS2021, rtH248N,

20 1tY252L 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 nucleoside analogs.

The preferred mutations in the reverse transcriptase are rtI169T, rtV173L, rtL180M,
25 1tT184G, rtS2021, rtM204V 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 nucleoside analogs.

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

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



bi opsy fluid, organ explants and organ suspension such as liver
suspensions. The invention further enconpasses the use of different assay
formats oWogajogksmucl ei c aci d-based detection 15 nmeans, i n@COHNUeg/00111
restriction fragnent |ength polynmorphism (RFLP), anplified fragment |ength
pol ymor phi sm (AFLP), single-strand chain pol ymor phi sm (SSCP), anplification
and m smatch detection (AMD), interspersed repetitive sequence polymerise
chain reaction (IRS-PCR), inverse poly ase chain reaction (i PCR) and
reverse transcription polynerase chain?SQéction (RT-PCR), anobngst others.
O her forns of detection include 20 Northern blots, Southern blots, PCR
sequenci ng, antibody procedures such as ELI SA, Western bl ot and

i mJunohi st geleemhgtfoy.a Anpatidn dultler hyclestideu seqaeaesy ehenstingidke A pelij@arase

and conponents required for_ | i 1.ized oliganucl eptide= or. .

ol i gopept i dehekeEBitEy Bﬁse@@t@&h?ﬂ ?11?%“{/‘95 dhgati lﬁt}fge g*gP’E gc‘éﬂrﬁ?’lpf f o i feston:
nucl ef ¢ acifl fe Gy A1 SUSHERN, ¥ 180G, ey R0B GPhAY trZtidifationg GhérteIUG: ai N

t hi s technique, froman HBV sanpl’e is anplified using a biotin or

ot her |i garduivalbet ede primer othegematmnelsanflishiéveedf anyarianf gderein said variant -

d i gonucl eotjdes inmmobilized.t. i.d h_a ' I .
011900 R e e o P BRSSP e
nucl ei ¢ aciagﬁlfogfggnent s are identified via biotin 30 or the |igand.

the

General ly, abel ed prinmer is specific for a particular nucl eotide
variation to be detected. Anplification occurs only if the variation to be

detected i resent . WO 03/ 066841 .PCT/, AUQ3/.0 1. = s
of the revzl}@ef%fﬂf’? ggé’?o‘ﬁ IES%Oé’gipoélﬁﬁtsé?lce Pe eﬁr%%%%%ag%%%%%?{‘ }feﬁlgﬁ%%{eﬁs@%t
i nvention. JatgeiiynguidBal ety bgaéﬂyoﬂoﬂv@ni%ﬁ! Imeatd tndledihg apgr tnicleit arcidibased
useful . 5 Anothei aspect of the present invention contenplates a nethod
for detHEt idetection axpens, foxxapiple biyimicless doichhigpridizafiondehpiqups PbVigrPIRIRY TRFe
generating a,genetic constr.uct r-si ol P4 Bt =1 ive
10 anmount (ﬂ"lﬁﬂ@aﬁem r?'arcéﬂjilst MV&@% E%g?ne%ﬂl})nﬁgl pﬁggﬁn@%p%é@tﬁgg %n {lhen
transf ecti Ngom the blood, lymph, tissue or organ systems including serum, whole blood, biopsy and
biopsy fluid, organ explants and organ suspension such as liver suspensions. The invention
further encompasses the use of different assay formats of said nucleic acid-based detection
15 means, including restriction fragment length polymorphism (RFLP), amplified fragment
length polymorphism (AFLP), single-strand chain polymorphism (SSCP), amplification
and mismatch detection (AMD), interspersed repetitive sequence polymerase chain
reaction (IRS-PCR), inverse polymerase chain reaction (iPCR) and reverse transcription
polymerase chain reaction (RT-PCR), amongst others. Other forms of detection include
20 Northern blots, Southern blots, PCR sequencing, antibody procedures such as ELISA,
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



said cells wth said construct; contacting the cells, before, during and/or
after transfection, with the agent to be tested; 15 culturing the cells
for a tinwoandéasmder conditions sufficient for the HBV toPCTaiioBoatie,
express genetic sequences and/ or assenble and/or rel ease virus or
virus-like particles if resistant to said agents; and 20 then subjecting
the cells, cell lysates or culture supernatant fluid to viral- or

viral - conponent -detecti on neans to determ ne whether or not the virus has
replicated, expressed genetic mat eri al ~4hd/ or assenbl ed and/ or been

rel eased in the presence of the agent. 25 In a preferred enbodi nent, the
pl asm d vector may include genes encoding part or all of oher viral
vectors suGh asnPasitisfitheifeverse agbridivationsaséBemmdaaitl aldamsainpasdedby tupnesgnt and
the nethod conprises: generating a genetic construct conprising a
replicati ofovsgipet ent -ef fective 30 anount of the genome fromthe HBV
contained in or fused to an amobunt of a bacul ovirus WO 03/ 066841

PCT/ AU03/ 00111 -32 genone or adenovirus genone effective to infect cells
and then i Me&tingHBVIreblicatidsinvdellltultsriidpatiostariyasefulcont acti ng the cel | s,
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 replic S i g ? s n i t
R L P e R
subj ect i ng villieh edibiss inhibitbryl actiatty o or HBM byur e supernatant fluid to viral -
or viral-conponent-detection neans to determ ne whether or not the virus
has repli cat ed,

generating a genetic construct comprising a replication competent-effective
10 amount of the genome from the HBV contained in a plasmid vector and then transfecting

said cells with said construct;

contacting the cells, before, during and/or after transfection, with the agent to

be tested;
15
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
20 then 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 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



expressed genetic material and/or assenbled and/or been rel eased in the
presence of the agent. 15 In an alternative enbodi nent, the nethod
conpri seswogafessat i ng a continuous cell |ine conprising amCTrm{@evious copy
of the genonme of the HBV in a replication conpetent effective anmount such
that said infectious HBV 20 genoine is stably integrated into said
continuous cell line such as but not Iimted to 2.2.15 or AD;, contacting
the cells with the agent to be tested; 25 culturing the cells for a tine
and under conditions sufficient for the-PBV to replicate, express genetic
sequences and/or assenble and/or release virus or virus-like particles if
resistant to the agent; and then subjecting the cells, cell |ysates or
cul ture supgiidiaé aptdédowirds genothe affective to 3fevi ccils-andnthem enfect gt sant calls wiglans
to determ ne whether or not the virus has replicated, WO 03/066841
PCT/ AU03/ 0@did ronstBBtiexpr essed genetic material and/or assenbl ed and/or been
rel eased in the presence of the agent. As indicated above, variants nmay
al so be detected with reference to the HBsAg (s gene) 5 and Presl, Pres2
envel op genes. Prefentaethgiibatilgiefire duting and@ander ndbaive, vith the agmt do be
PreS1 N114D, PreSi T115S, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V,
sT118A, 5 tgsi®l|, sE164D, sl 195M sl 208T PreSl1 E86Q PreSl N91K, PreS2
P41H, s@OK, sP120T, sL176V, sV194F. 10 Accordingly, another aspect of the
present invention contenplates a nethod for determ ning whether an HBV
strain exhibits redulteths tesicls \fot ¥ tine andruadee esnditionn siffigient &uithe FE3YIda
conprising isolating DNA or, correspond;jfg MRNA froH% sai d HBV. and scr%{ni ng
for a mut afrFRiiFaten SXBESST gERGtist eguenaes RAfoE assrudle AGY4on & SleAtre Bk Of dtiRE ke
wherein t .QWing nutations in the PreS 1, PreS2 and
HBsAg: Pr e%ﬁ%&&ﬁ?ﬁ%ﬁﬁtaﬂi td Q&ad Lé%h {’% .

10

then 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 the
agent.
15

In an alternative embodiment, the method comprises:

generating a continuous cell line comprising an infectious copy of the genome
of the HBV in a replication competent effective amount such that said infectious HBV
20 genome is stably integrated into said continuous cell line such as but not limited to 2.2.15

or AD;
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 supernatant fluid to viral- or

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



15 PreS1 T1 15S, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V, sT118A, sF161L,
sE164D, sl 195M sI208T PreS1l E86Q PreSl NI1K, PreS2 P41H, s@O0K, sP120T,
sL176V, wObIAkesar combi nations thereof or an equival ent @ca/Adr3nure ot her
nmutation is indicative of a variant wherein said variant exhibits a
decreased sensitivity to ETV and/or LW and optionally other nucl eoside
anal ogs. 20 The present invention is predicated in part on the
identification and isolation of variants HBV t hat have a plurality of
nut ati ons and exhibit two or nore charac?’grl stics selected from decreased
or reduced sensitivity to one or nore nucl eosi de anal ogs, a reduced |evel
and/ or functional activity of hepatitis B e antigen, or a reduced,

abr ogat ed ekpieidearashetic Rfatdriapand/eraisamiiled| angdior dleeir ntlesed tin ¥he presenseAfithe t o
wi | d-type HBV Thus, the identification of HBV variants with these

mut ati onal 2@t erns is inportant inter alia for the devel opment 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 ot her HBV

i sol at es ang faicateti ibodgwelriapiyanty alfo bbtdetenadlm@l refenenpreto the R SEs 29Ms)

managi ng HBV_i_nfecti ons 0 WO [ AU03/.00111 I

one aspect 28f Prewd, Bregg & HYﬁ?mg%‘]‘ﬁsi P qtg&qngdn Sé?gaff‘%g}cﬁheg%% %il/cgrglognt
conpri si ng p. @l N P! Pre flsfl ﬂl{%hePEésd@mt HdRNE39 NAPreS FSRL AKEIIV,IIT14BA| gast
two characteristics selected from (a) resi stance to one or_ nore nucl eosi de

anal ogs, (B16aL, sEteH2dsTIOFM, SRQFT0PreShdi86ehaPreattNG1Ky FseShedath (SB0B. e
anti gen, c).a_r brogated 5 or otherw se inpaired i mmunol ogi cal
interacti VISP§7 31;0«%11‘2&\? Sg}j];%gt of the present invention contenpl ates an

i solated HBV variant conprising a plurality of nucleotide nmutati ons t hat

correlate with (a) resistance to one or nore nucl eoside anal 0gs, fl
reducedl0 evidcortinglys dnothet i aspett aftthei pipsert Hwgalion jcontsmplaias | {ahet ° 0'%nd

() Soor oS %, ST SR Tt PRI g
variant congid sleffddcomprising isolating DNA or corresponding mRNA from said HBV and
screening for a mutation in the nucleotide sequence encoding the envelope genes wherein
the presence of the following mutations in the PreS1, PreS2 and HBsAg: PreS1 N114D,
15 PreS1 T1158S, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V, sT118A, sF161L, sE164D,
sI195M, sI208T PreS1 E86Q, PreS1 N91K, PreS2 P41H, sQ30K, sP120T, sL176V,
sV194F 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 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.
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plurality of nucleotide nutations selected fromtwo or nore of (a) a

nucl eotide nmutation in a gene encoding a DNA pol ynerase resulting in at

| east onewarmdfessaci d addi tion, 15 substitution and/ or del @CirovuoBooai d DNA
pol ymerase wherein said variant exhibits decreased sensitivity to ETV
and/or LMW and optionally other nucleoside analogs, (b) a nucleotide
mutation in a gene encoding a hepatitis B e antigen or in a transcriptional
control elenment of said gene wherein saig mutation results in a reduced

| evel and/or functional activity of said hepatitis B e antigen, or (c) a
nucl eotide nutation in a gene 20 encoding a hepatitis B pol ypeptide
resulting in at |east one amino acid addition, substitution and/or

del eti on t Acsaidthgdnl oteesspedefithe pheseridnvesjonaisrdigated so on igelated ilBY varaghi r s
its inmunol ogical interactivity. The detection of am no. acid, vari.ants

DNA pol ymefSRri§iag cBnPEﬁ’iﬁﬂgﬁt P@ %I‘??ﬁ‘ﬂ?i WRATOBS t%its @&egalteén‘é’ hig tlg%‘& atrh%no
aci d_sequenfifaaamils CRITHOAR () RBMahte tJMNSH iR HidcROSide ShaNES, (b) 2
represent the variations shown in various databases for active pathogenic

HBV st r ai nalucsthienel and/diBvhotimnalactivitp nbhépstis Bre autiigen o) windedy ehypgated
what is represented, then such an isolate.is considered a putative HBV
vari ant Sha@F AGeERSe pRaited BRNNOSISHIITAEVAY:  vity. 30 WO 03/ 066841

PCT/ AU03/ 00111 -35 The present invention further contenplates agents which
inhibit ETV and/or LMW resistant HBV variants. Such agents will be
parti cul ar |Anotisehspect 6f therpgeseat mventat qpntemistes @Tigokited/ BB VL vayiagheeprising

optionally other. nucl eosi de anal pgs i,S, cont | ated \by i i ni.Ci he
agents may 2RV eo(dgﬁe ptPBttag ag%d:grrgfﬁ%%{hpf%t%eflﬁ%%%%% cglec %%oégl
mol ecul es. Nabiidd afIOE!B) SFifesll 18Gel @ Fondiiondn detigity 51 hegitish Basdntigen,
m croorgani sns is also contenplated as a useful potential source of masking

agent s.10Thend ég)erreduavdyativegated rarherwise impeisebimmpnalpgicdl dptgraghvisy.
pharmaceutical conposition and nay be adm nistered sequentially or
simul taneously with the nucl eosi de anal og. 10 Accordi ngly, another aspect

of the presgRbntiMelipbadf gRBresmt aivestich provideslal Bolatel MBM vigiant comprising a
plurality of nucleotide mutations selected 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) 2

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.
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an agent which exhibits inhibitory activity to an HBV, exhibiting

resi stance or decreased sensitivity to ETV and/or LM, said nethod

conpri si YO 0g@6msrAt i Ng a genetic construct conprising a r@priAaasioant
conpetent-effective 15 anount of the genome fromsaid HBV contained in a
plasm d vector and then transfecting said cells with said construct;
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 re%?fcate, express geneti c sequences
and/ or assenbl e and/or release virus or virus-like particles if resistant
to said agent; and 25 subjecting the cells, cell lysates or culture

super nat antrhé | ptegbnt dnvértiah- fidther wonampntamqmgaﬁs -vlleitle cinhit Eﬁ%gmd@r LMV
det erm ne whether_or not the virus h

a li.cat ess
mat er | aI afﬁilsttﬁﬁlt ARV veriands apRphoReeBls ?lrl%q gl a%{l uts‘#gf(ﬁrlﬁg% Ei@ﬁfltdby
agent . eppresSent
i nventi on pr owglg(%Il Lli@{ é&@&é QP&#HHZCOE %Igh%ér%é%sg&ebﬁt%ﬁé Sag)egé(tﬂ %agésa R
i nhi bi t or y chgitiavi tThet ggeats HBY, bexXDNAI bi RNAesr sprtatamcemus derc ne»a-pecaelnaceous

sen5|t|V|ty to ETV and/or LW, said nethod. co si ng [ at
genet i ¢ ScofBuRigek TeleERles| AFturak éﬁ?‘? 4t PSR nlas efrpgbg‘?q@tﬁ agntml%f

the genonef; 51% sﬂls F\élsﬁ%h?én{]ﬁﬁe# Hs 9ruséi’thﬁ&eﬁ@al%@uﬁ@@f%asﬁfngaagents The
bacul ovi rus ective to ect cells and then infecting said cel
with said agems maytb;a mmomm fony s an thecfetth of apbhmraseutihat compestiiyroandaneype
infection, with th e tested uIt ring said cells for a tinme
and under AEWYNSIFE §e<§{§p§1§li§(%qﬁ1mp ;meppléylv_}g(l) ?Buﬁlj% (?ec 98 express genetic
sequences and/or assenble and/or release virus or virus- i ke particles if

resistant to said agent; and
10 Accordingly, another aspect of the present invention contemplates a method for detecting

an agent which exhibits inhibitory activity to an HBV, exhibiting resistance or decreased
sensitivity to ETV and/or LMYV, said method comprising:

generating a genetic construct comprising a replication competent-effective
15 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;
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.



15 subjecting the cells, cell lysates or culture supernatant fluid to
viral- or viral- conponent-detection neans to determ ne whether or not the
vi rus haswoaplosasat ed, expressed genetic nmaterial and/ or @&sTatobed1and/ or
been rel eased in the presence of said agent. 20 Still another aspect of the
present invention provides a nethod for detecting an agent which exhibits
inhibitory activity to an HBV, exhibiting resistance or decreased
sensitivity to ETV and/or LMW, said nmethod conprising: generating a
genetic construct conprising a repli catrég conpetent-effective 25 anount
of the genone fromsaid HBV contained in or fused to an anount of a

bacul ovirus genone effective to infect cells and then infecting said cells
with said seiliSiriotesr; aspestt@fcthengeseat thveeatids prdvedesr  mafhod iy detettiog aaf agant
infection, with the agent to be tested: 30 WD.03/066841 PCT/ AUO3/ 00.

-37 cul t ur Micheshipisanhibitor; a‘ﬂ"ﬁ’ﬁ%*‘%ﬁ@‘ﬁ PR O TR DS lgﬁyt he

HBV to re%E‘fr‘%’ta‘iﬂ(d/cﬁ)LW§a1§%%ddccoﬁ§ﬂﬂ ces and/or assenble and/or rel ease

virus or virus-| parficles if nt to said agent; and 5 subjecting
the cells, cell lysates or culture supernatant fI uid to viral- or viral-
conponent - detecti on neans .t o det er m ne whet her. t he virus egécgt}ﬁective

repl i cated, expresse®ngatiag pee ’cce('roinétimcéﬁamBFSl&g ?erﬁﬂlll 08, £qmBPFt
rel eased i r&nfotﬂlﬁt Jgf g@ﬁcﬁﬂg f’rogﬂaéaijq A8SN¢ontd? ﬁ&f ﬁrcﬁ‘tﬂlééd tb AR atiBMnO6NObRuld/irus

stably integrate e cC genone. 0O Wil st the bacul ovirus vector
is a parti @ehant yffetprud ifectichBs prdiben uﬁeaﬁlﬁlgtsaﬁé ceHewithtsaidi oeustfiction, t he
subj ect invention extends to a range of other vectors such as but not
limted to adenoviral vectors. 15 The present invention further extends to
cell lines carrying %ﬁ?a%ﬁﬁ% Eﬁ@@éll&ﬁéﬁ)re?@ﬂﬁﬁ% shdY8r afddrlinfRbtién, Rt thengedt tan
HBV genone or adgene or par a gene therefrom

10 Dbe 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

15

subjecting the cells, cell Iysates 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.

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;
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The present invention also provides for the use of the subject HBV variants
to screen for anti-viral agents. These anti-viral agents inhibit the

vi rus. Thwotoatsasdi nhi bit" includes 20 antagoni zing or ot REMM®EOpINeventi ng
infection, replication, assenbly and/or release or any internedi ate step.
Preferred anti-viral agents include nucl eoside anal ogs, however, the
present invention extends to non-nucl eosi de nol ecules. In addition,

rational drug design is also contenplated to identify or generate chemi cal
25 nol ecul es which either mmc a nucl eoside or which interact with a
particul ar nucl eoti de sequence or a particular nucl eotide. Conbinatori al
chem stry and two hybrid screening are sone of a nunber of techniques

whi ch can be enpl oyedultaringl®id tdlls fooh ¢inte aid rider aq:mhlmcms sufficiefit dginibst HBV

agents. 30 In one exanple, the crystal ructu nerase. or _th

surface antd grplicats, @Q@@Stgﬁne‘fﬂ‘aﬁqq&ﬁ%eﬁ WE;QE ?‘ﬁsﬁm‘i’ﬁe& ‘grhlgx?aé%lw%l)regwsehke

likely to 'Q}t%[eggfrfe‘é‘l'sfaptt&esﬁldr hpﬁﬁd of the WD 03/066841 PCT/ AU0O3/00111 -38
or an

nol ecul e require uncti or antigenicity. Such agents may be
useful as inhibitors of polyrrerase activity and/ or may alter an epitope on

the surface antigen. Several the HB oI ner a h en. iral.
pr epar eé due to the Supiest atg.ﬂa?/caﬁ lﬁgsart%vgrcg ﬁ%@aﬁ%fgglaY?yg%Eﬂvr?l
et al. Bﬁﬁéﬂtﬁe QlFeYB& replicated, expressed
I nter vir ol ng)}ﬁﬁ%e(x%zlggewgré?%érﬁto‘%%%%mnﬁ%ghe& al ., Hepat ol op 27( 6)p
1670- 1677, gtR&f)matétial mﬂdnla&enmladtwdmvewdﬁm@géh%mswe é%l d pgents he
rational drug desi gn of new agents effective agai nst HBV encodi ng the
resistant mutations as well as wld type virus. The rational drug that'
desi gned Mgy ApLRAKRATRY GndRMIid b ?'1ﬁ8g1€fedaﬁtojtﬂe ealisSpévgnant i vi r al agent
ec

such as the agent used in the sel ion of the HBV encoding the nutations
associ at®ed wth resistance. Vi ruses or clones expressing HBV genom c

mat eri al the nut ati o al.so

antiviral SUBMHSTerbEIBOvE honet Aret o HERE b BE PRl UL B brepem
an i nhi bi tq{wéﬁ?wﬁ #&d ¥ub; %&qﬁ@éntloﬁ%xteWs foeétaﬁgéiﬂf otlﬂBIVVGCTdﬁe speteasntt nohlisvited on
extends, therefore, to corrp05| tions of the inhibitors. The inhibitors may

al so be i n tbhderfoyiml wictast i bodi es or genetic nol ecul es such

15 The present invention further extends to cell lines carrying genetic constructs comprising

all or a portion of an HBV genome or a gene or part of a gene therefrom.

The present invention also provides for the use of the subject HBV variants to screen for
anti-viral agents. These anti-viral agents inhibit the virus. The term “inhibit” includes
20 antagonizing or otherwise preventing infection, replication, assembly and/or release or any
intermediate step. Preferred anti-viral agents include nucleoside 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



as ribozynmes, antisense nol ecul es and/or sense nol ecul es for co-suppression
or the induction of RNAi. Reference to RNAI includes reference to si RNA
20 The t ewm03ooedsppsi tion” includes a "pharnaceutical conp@sirtAwa/o011The
inhibitor is referred to below as an "active ingredient” or "active
conpound” and may be selected fromthe list of inhibitors given above. 25
The conposition may include an antigenic conponent of the HBV, a defective
HBV variant or an agent identified throygh natural product screening or
rational drug design (including conmbinat®orial chem stry). Pharmaceutically
acceptable carriers and/or diluents include any and all solvents, 30

di spersion nedia, coatings, antibacterial and antifungal agents, isotonic
and absor pmommedeqayedn@r fgetivs andidr arttigenicke. SuThageste oy boushiuhesinhibiies
agents for f %rnaceutlcal active 03/ 066841 PCT/A%D /qpl%l -39

subst ances©f ROIEETask AGRLY; ndion may after g epitgpe OR My Wriage alligele oy ent i onal
nmedi a or agent is inconpatible mnth the active ingredient, use thereof in
the therapeutic conpositions is contenplated. Supplenentarz active,

i ngr edi ent Sevaal mbdes lné thm&ﬂﬁécpowlw%m avet brsn wopgied idue dpghe simijgaity with

pharnac uti cal oSl ma o) co e ge cu h a
vect or ca}fFé(S?SS Brg}? @Pﬁd'ﬂjtvs ‘ﬁ a/nz/E Zt hm}@ct%ﬁﬁc@rgi e%)%zli
nucl ei c aCBgrtﬁab?EHézeetQ@P%ér%ro%yQD@O@) 897302 A9PRT ANdn @10} Bap@oloahi2ia)or .
The vector or exa be viral’ vector. 10 Pharmaceutical forms

suitabl e f d)670 -h§ % t1ABB) Tllnsenwdeéﬂ ofiithe SIBY inodyraerascoesn eonsedi fohtheiafienal drygt er

soluble)adstelle e or the Q A | e
i ect abl odeuh o PaNstERRE Sriet v e e RERARE RS rBIRGRT s o REIPL:
manuf act ur &iRNGps VLA IheARHonM Fudat ¥ BSRIEE thaydid baskd bher moditfiratioradf atg
action of mcroorgani sms such as bacteria and fungi ., The carrier

sol ventlOor exfisting autivirad dgenh svopgs ths sgent pead @%hﬁﬁ@lécu%?%ﬁhe IéWaﬁ%Pg ngd 3

| yol (f
e T AL RS,
proper fl uieflidding e niRatiths Ml d180be used to screen for new antiviral agents.

The above methods are particularly useful in identifying an inhibitor of a ETV- and/or
15 LMV-resistant HBV. The present invention extends, therefore, to compositions of the
inhibitors. The inhibitors may also be in the form of antibodies or genetic molecules such
as ribozymes, antisense molecules and/or sense molecules for co-suppression or the

induction of RNAi. Reference to RNAI includes reference to siRNA.
20 The term “composition” includes a “pharmaceutical composition”.

The inhibitor 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



for exanple, by the use of superfactants. The preventions of the action of
m croorgani sns can be brought about by various anti-bacterial and

anti - f ungalb cagessts, for exanple, parabens, chlorobutanol pCghdamslgtisor bic
acid, thirnerosal and the like. In many cases, it 20 will be preferable to
i nclude isotonic agents, for exanple, sugars or sodiumchloride. Prol onged
absorption of the injectable conpositions can be brought about by the use
in the conpositions of agents del aying sorption, for exanple, alum nium
nonostearate and gelatin. 25 Sterile infectable solutions are prepared by
i ncorporating the active conpounds in the required anmount in the
appropriate solvent with the active ingredient and optionally other active
i ngr edi ent sutssancexisi weltkndvat imnthedirbExtept tiesofat astaayidonyentional wediaonagent is
appropriate neans . of steriljzation. In the case q erile po rs: for. the
prepar at i ofcePPatile; W@ﬁitﬁ? St Preredigty, %o ,reozulptthﬁlst erﬁ%?lﬁlgap SO%SEIOLQ 18
preparati ogg, V§®%ﬂ N ihdiedibhieeesr Gl e Jpotppediad Gue whe ch
yield a po&%ﬂgrgﬁlg%ég&giétl %g{ﬁeﬁgi g%@gllﬁés} any additionally d?sb?red

i ngr edi ent coMPoiB666841 PCT/ AU0O3/ 00111 -40 Wien the active ingredient is
suitably protected, it may be orally adm nistered, for exanple, with an
inert difluent or with an assim | able edible carrier, or it may be encl osed
in hard or 1$0fdh.ghelehti@! RhipdsitisR Shdyeals® combprib@ geticCROREESS Sukhi 28 @ vector
tablets. For oral 5 therapeutic admnistration, the active_ ingredjent qay
be i ncor porcatabit of ttanstectingiasgat seliwhera desdvector cawios gmyclsic Jcig@elscplesapable
tabl ets, bugcal tablets, troches,. .capsu ] X] I ups,
waf ers and Of FRCQIIEAD @B@ch%%%sfi]?}f@ﬁ - gﬁ‘?jv%cﬁééﬂp%%}é? Pohs E%E’ng@rg}ﬁ’%%% at

| east 1% by weight of active conmpound. The percentage of the conpositions

and preparations nmay, of course, b varied and nay convenientlﬁ¥be ?etmeen
about 5L0t 0 Phbouacestion dermshaitabledhr inestale upremghide sterHe agnenya Solfions fykese
conmpound in_such rapeut i c f ! {.S o

Ui Fabl e dOERIaoPS) B8 ISP B pEBOShEAR Reh Bt R b fetate

accor di ng tglutiBes. I BSNbe btavieninidentharcenditiopaofohasofatined amhstoragk addsae beni t

formcontains between about 0.1 g and 200 ng of active conpound. .
Al t er nat i v@reservsd againsithe sontaminating action of microorganisms such as bacteria and fungi.

The carrier can be a solvent or dilution medium comprising, for example, water, ethanol,
15 polyol (for example, glycerol, propylene glycol and liquid polyethylene glycol, and the
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, aluminium 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 ingredients 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 preparation include vacuum drying and the freeze-drying

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

ingredient.



i nclude fromabout 1g to about 1000 ng and from about 10 g to about 500 ng.
These 15 dosages nay be per individual or per kg body weight.

Adm ni st reDiod6asay be per hour, day, week, nonth or year PCThaioBabiiet s,
troches, pills, capsules and the |like may al so contain the conponents as
listed hereafter. A binder such as gum acacia, corn starch or gel atin;
exci pients such as 20 dical cium phosphate; a disintegrating agent such as
corn starch, potato starch, alginic acid and the like; a lubricant such as
magnesi um st earate; and a sweetening agéﬁ “such as sucrose, |actose or
saccharin may be added or a flavouring agent such as peppermnt, oil of

w ntergreen or cherry flavouring. Wen the dosage unit formis a capsule,
it my contain, in addition to materials of the above type, a liquid

carrier. Various other nmaterials ma e 2 resent as coat,in .or.to
ot her wi se nWBeE yhe H@tlﬁ'n%gr?[&?mf Br FHIYV?PPX ﬁ@ﬁﬁ‘gg‘ggﬁ ey ﬁ’.e %@ﬁly %ﬁ@‘?’ﬁﬁ%%é’ for
tabl ets, pg}ﬁlhlépfr%[ WHARSULES dTRMNRE wiRkEssWhildb1S Blbleatmiguanit noty Bédtlostd

syrup or may contain the active conmpound, sucrose as a_sweetening
agent, met hiylhaaddr sofiopldlpgelatie tapsige, poregemanttiov eamprgssgleinim dabdets.| Booardlng.

phar macet 1AM dE A S A S eI 35 PR ptneharh BlsR s Salt®

enpl oyed. | R.Addht kG of ilﬁg_eﬁ‘iﬁblé ¥BleROPRJUNEL RIS, Fodhda capREled, REkias, 8Gspehsibas,
sustalned-refease preparafions and fornul ati ons. WO 03/ 066841

PCT/ AU03/ 0Gifups, wafersfmdshelikel Sablovenpediéonsrand eneparatioan shad eenttinsf leagk eads

to an isol ated .HBs omthe HBY, variants rein d |

particul ar ﬁ?’ W‘?lgg fﬁ?%&&ﬁ?%ﬂ%ﬁr |¥Bﬁ pg}:g@ﬁ%eegp tiﬁ “PBE g%ﬁgfrié %Ptﬂ?rg oéﬁ)?nr? ant’
form t her eqfr BfirsHes L¥Add ¥R Phy eH@fEnfently Be Wetpdeatibotn® iegiout B0% dfSthe atedghtS
surface conponent’ and, nore Eartlcular i sol ated surface antigen qr its

! Y., | .0
r econbi Hantaf thefenit. Eei ameouat of ameivie campewd inasush teraneaticalbf wrefyl goppesitions is

devel opnment_of bi.ol ogi.cal ,conpositions sugh i . | at | . Yet
anot her as et (it ¢ R LREET RO SReBILE FAEAE EoRBouBbif rhefiticle
variant  10,.EBYide69i tht RisehtOntdntioantlé prephPdl santlatopt drahdbdage ahhdornneohtemsi de
anal ogs or an HBV surface antigen fromsaid variant HBV or a_reconbi nant

or deri vat ibetwéenr abauted.bqig end j208 mg of active compound. Alternative dosage amounts
include from about 1 pg to about 1000 mg and from about 10 pg 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
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 such 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 compoﬁnd, sucrose as a sweetening agent, methyl and
propyiparabens 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.



chem cal equival ent and one or nore pharmaceutically acceptable carriers
and/or diluents. As indicated above, antibodies nay be generated to the
mut ant HBVOag®eiss1 and used for 15 passive or direct vacci maTiAan3agai nst
infection by these viruses. The anti bodies my be generated in humans or
non- human animals. In the case of the latter, the non-human antibodi es may
need to be dei muni zed or nore specifically humani zed prior to use.

Dei mmuni zed may include, for exanple, grafting conplinentarity determ ning
regions (CDRs) fromthe variable region4bf a nmurine or non-human ani na
anti-HBV anti body 20 onto a human consensus fragnment anti body bindi ng (Fab)
pol ypeptide. Alternatively, amno acids defining epitopes in the variable
region of the antibody may be mutated so that the epitopes are no | onger

recogni zed by the human MHC 11 conpl ex. Insofar as .ribo , tisen r
co- suppr es&iserigdaoavy, the presediipyeniign éFW@H‘,?S tPrﬁnslS‘?lgteé %@%@H?ﬁ%ﬁﬁf

ai ned at pQst- r 4oL} ¥ i 2D ; AN stLered
or a conpl ggﬁ%%érrr%ér}?gll dr?g&ﬁ%gi ﬁ%?@g;ﬁ%hg%ﬁ%a eg\nal 53“‘?%@%%23??% Aggor HBV
MRNA nmay  beecemibireye dorndl thersuf lor nddrivativee 1 nepmidel | eyuirajeot dherdof. nfle isolated
pharmaceutical conpositions. 30 V[)ﬂ3/06684 PCT AU03£00111% -42 1n i
anot her SenB¥doserRmPanset gpdsape PHYEHIYNSPIALY; SE2ce aBREh §T {5 "CYRREETh i on
compri ST NG @VALkaRt thtiedl RQuitBRAG. Afe luschdl O ShET BYRIGd 0BF SbRgical
variant HBV or a reconblinant "or derivative formthereof 'or its chemcal
equi val ent comp&Gatiensadutly as vdccane foilBvilatsonssed, it is first attenuated. The

bi ol ogi cal conposition according to this aspect of the present invention
generally further conprises one or nore pharnaceutically acceptable

carriers argg Q{mtﬁéﬂ &Eﬁ)@&tsof b SrdveRl R9bERN $1O7R6S h loRiPosiEYn COMPikiag aHRsRat O
li ke nmol ecule fromone HBV variant 10 or the conpoSition may be a cocktai
of HBsAds &IBV redidtant t8 IFFGtanilios 1M V| dndeontionalby pthst nheleeaide Qf arpipRv

o e opch ot Ty F VAR Y B VoS G erfFO rotiHhreof Bt

conposi ti of
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.
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The present invention is further directed to the use of defective HBV
variants in the 15 manufacture of therapeutic vaccines to vaccinate

i ndi vi duaWwe oageismst i nfecti on by HBV strains having a pafPCireaioanoiil

nucl eoti de sequence or encoding a particular polynmerase or surface antigen
or L, Mor S proteins. In one enbodi nent, for exanple, an HBV vari ant may
be identified having a particular 20 nutation in its polynerase conferring
resi stance or decreased sensitivity to a nucl eoside analog. This variant
may then be nutated to render it defecti4%; i.e. attenuated or unable to
cause infection. Such a defective, nucl eoside anal og-resistant virus may
then be used as a therapeutic vaccine against virulent viruses having the
sanme mut at Phariother t EmBOdi¥RE, age. p2&edihdnsabipecprovidesnti bhl@i@énd@np@slﬂmn s
for assays for variant HBV resistant to ETV and/ or %ﬁﬁﬁ it for
exanpl e, coomptising hearietddRY 9 PRSP MiH PIRIFAR @mée %ﬁpgpgéﬁlon
t echnol ogy_or n I g£9§$ tion technlques
particularf?’H@gpgflgggégﬁY%%?ﬁg@&g (% Féé%@%?g 1%gnponents required for
i mmobi i zed oligonucl eotide- or ollgopeptlde medi at ed detection systens

30 WO 03/066841 PCT/ AU03/ 00111, -43 Sti qﬁ.%r as ct of hh
i nventi én EsneiehpliberEBY Wé%sﬁ‘é)dtlﬁé’FStcPétF’é‘i‘E}Wﬂ} § M‘égl SOBRPF Pnﬁgcfor Ae KBV

to exhibit 4ed sg)ggt o%nﬁllcxié 'n%l]e oht t fvEdtor?! QfallkrMﬁu‘ﬂ{ero@BmQ{i@és' Yonet Ber more

nucl eosi de "aha sa od conprising 1solating DNA or correspondi ng
MRNA from B@mﬁwHBMaHﬁdb&$aﬁknmngﬂﬁamﬂarmhmawlon in the nucl eotide sequence
encodi ng HBV DNA 5 polynerase resulting in at | east one am no acid
substitution, deletion and/or addition in any one or nore of domains F and

A through B0, cﬁo%lgﬁicg El@%h%? doRGIrRE PIFRA SéH 1tk hWectl6 IioNe bRs BBANdariant
f dcre

associ ated w't S|sta ce or sed sensitivity to ETV and/or LW
wher ei Nt her ghieesanesitoh may be a cm:ltta)ﬂ o6 RIBsd garor iLn M oatS pratedts emliékq MRECHEYod

O L)1 158 G e 0 S AP o 51 e

the composition comprises an HBV.

The present invention is further directed to the use of defective HBV variants 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 HBYV 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.
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therapeutic protocol. Such an assessnent is suitably facilitated with the
assi stance of a conputer programmed with software, which inter alia adds

i ndex valwew3(éass) for at |east two features associated WCTRAWbBEONMLT al
variants to provide a potency value (PA) 15 corresponding to the resistance
or sensitivity of a viral variant to.a particular chenmcal conpound or

i mmunol ogi cal agent. The Ivs can be selected from(a) the ability to
exhibit resistance for reduced sensitivity to a particular conpound or

I mmunol ogi cal agent; (b) an altered DNA%DD ynmerase fromw | d-type HBV; (c)
an altered surface antigen fromwld- type HBV; or (d) norbidity or
recovery potential of a patient. Thus, in accordance with the 20 present

i nventi on, StiVSanb@ier Skisdat foéalidlpmemrlﬂvesmon edniempieteme migtkod fxroddttranisingrihge

par i cu o anabl £ ol RS Jrsgrentrapemn seBhpl MF afodinaty o
I n anot her 330661 :FL‘R?% ih\f(fﬁfe'tm u?fress O?&l%giDmHé&fes?élggﬁ%m&%

for 25 assessing usef a viral varian i ol ogi cal
sanpl e comp#id STBY aﬁmrefemng fhetanntatiomin the mysiotige isequencd encodingt HBVng{Pocol

Vst o Jat PPBESHa A G b SRR PRIt TR Lo GrIPar v Qg

bi ol ogi cal [ [ 0
From vio 08Tbebr R bAoA ti“%%@ﬁ?“fﬁe@%"??‘?”?ﬁ?‘éﬂiﬁﬁ.@ﬁ@mm

resi st ance pbhymerasdumddasseviated iwitlt yesistanee padb¢rcmedrsen%@wﬁotmETUr and/or LMV

I mmunol ogi cal agent; (b) a al.tere 0 rase fro t C
an al tered WF@%&I@ Efﬁéeinﬁﬁﬁ “?aaloflﬁ)gnpiw aligp Ofitjhe( g%&e rlr%)og'oéﬁ)%&%%ée to(©)
recovery pQbLamhahn@br evpRat | ent (e) altered replication capacity

(i ncreased or decreased); (2) code that adds said Ivs to provide a sum
(igrrespklihdl ng to a Pv for said viral wvariants or biological sanples; and

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 variants 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 particular 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 biological 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
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(3) a conputer readable nmediumthat stores the codes. In a rel ated aspect,
the invention extends to a conputer for assessing the likely useful ness of
a viral wapicatesar bi ol ogi cal sanple conprising sane i n aPSEby@en)11nher ei n
said conmputer 15 conprises: (1) a nmachi ne-readabl e data storage nedi um
conprising a data storage material encoded w th machi ne-readabl e dat a,
wherei n sai d machi ne-readabl e data corrpri se lvs for at least two features
associated with said viral variant or ﬂ ogi cal sanmple; 20 wherein said
features are selected from (a) the abitTty to exhibit resistance for
reduced sensitivity to a particular conmpound or imunol ogi cal agent; (b)
an altered DNA polynerase fromw |l d-type HBV; 25 (c) an altered surface
antigen from w (g)-t ypige BNty ab exhibit mesidiardiet fororedumdovmsytwpm tnti partigplan
patient; (e) altered repli catl on ca acl %anl ncreased or decreased); (2) a
wor ki ng menory for stcempﬁ@n ‘Pfslfq%’co g Lorocessi ng sai d

machi ne- r eadabl g@&g g(@lg -45 (3) a

central - process?b un|t coug?qlgyo aﬁf{\%}g@ﬁng rrg%ojgrﬂ;/ and to said nachine-
readabl e data s{®r agenmtdiedBurficranipecfemiwidd- smed{BMcm ne readable data to

provide a sumof said |vs correspondin for sai d conmpound(s); and
5 (4) ar out put (Par d\%rgldétﬁ&ﬁf“?ﬁ?v 1§ Po a]cqca)f 'orocessing unit, for
receiving said ¥re8 ¢O5HcAlio Eapabl 1ﬁdre&€ﬂ@9§&r@é@ ter systemls

cont enpl at ed by@)he égel:seengmlf n\}oentallp(%n%c{ i ncl udes aemg?locessor in

el ectrical communication with both a nenory and at | east one i nput/output

devi ce, such as a_ .term h a s st.emn i ncl ud d,
to 10 perséfal @8%@?%?21%5@351(@ i ¥1d8r @#‘ FRY ’mé% r%%gss)légirlh%}a?
a general pur po%nmpggp%%ca@g%gg @Rpgocessor or a speci aI i zed processor
executing prograns |ocatedn menory. The prograns nmay be placed in

RAM frort a storage device, such as a disk

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
Tys for at least two features associated with said viral variant or biological sample;

20 wherein said features are 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;
25 (©) an altered 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
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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
syst ens VWOrog/0dds4t he processor and nenory reside in diffePemAypbyeaiical
entities but which are in electrical comunication by neans of a network.
For exanple, a conmputer system having the overall characteristics set
forth in Figure 7 may be useful in the practice of the instant invention.
More specifically, Figure 7 is a schematzi;_g1 representation of a typical
conmputer work station having in electri'©al conmunication (100) with one
anot her via, for exanple, an 20 internal bus or external network, a
processor (101), a RAM (102), a ROM (103), a termnal (104), and _
optional | y(3n exteentalprétassiagamitesdupled tbomaidewarkihg menaty sidt toesai CIaRORE- or

magnetic tape (105). The present .invention i.s further. descrj,bed he
fo?l owi ng ngn- frq@ﬂ%‘qlﬁgatﬁ)@%ﬁg@g?dlm PHEEEAE WEB@? 6??%&1116%9%23 E%@@H_E I
Over | appi ng genggﬁncgfsgfgl% J%ﬁ&ﬁﬁ?qﬂ@g@moggﬂg@gm%uml ;bﬁd represented in

Figure 1. The gene encodi ng pol ymerase (P), overlaps the viral
envel ope genes, Pre-Sl1 and Pre-S2, and partially overlaps the X and core

(C genes. The HBV envel gpe conpri,ses.small. mddl e and.|l arge . urface
antigens. fhe | Q]F@%tpk}?]&rg%'ﬂreﬁﬁﬁﬁﬂgﬁa@%e% gﬁppgsamtgdmgtsfo(rﬁ%c%ﬁ%@ga\ég ? dce
antigen (HBsAg) and is enclosed by the S gene sequence. The Pre-Sl1 and

Pre-S2 gene sequences encode the other envel ope conponents. 10 EXAMPLE 2
Pati ent andunjregeatmbont sfeatal putpose ¢anputassyyieny is siodtermlaiedby Hhecpressif gnvention

12 S LT S0, B, OB SRR L A B P
(Figure 2) i Theuipdt 1&Ate, Audipss HBSAhal OSichi &ystRdnantihcliifs bupasidtilingited, to
Followng the inftiation of LM/ treatnent the HBV DNA |evels fell to 8
pg/ Ml 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 piaced 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 useful 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 vig, 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 diskette, CD ROM, or

magnetic tape (105).

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



over 54 days of therapy. The HBV DNA levels remained | ow until day 199 when
there was a relapse in replication such that HBV DNA | evel s reached 1826
pg/ m . BywDaw/0@%11t he 20 serum ALT peaked at 741 1U 1. TheCHBWBBKMI1NAS
sequenced and LW resistant virus was detected. The patient was then
enrolled on Day 382 (24 July 2000) into a blinded ETV plus LW clinical
trial. HBV DNA | evels only decreased to 33 pg/m and the ALT decreased to
167 11U L by day 784. The patient was started on open |abel ETV plus LW.
However, both HBV DNA I evel s and ALT conf?nued to rise and the HBV DNA was
25 sequenced at day 894 (Figure 2). Patient B ls a liver transplant

patient. This patient has been treated with a nunber of nucleoside anal ogs
including ganciclovir, fanticlovir LEXAM®PLETY. The patient was treated
with LM/ prior to ETV. The patient is currently TV treatnent. During
ETV 30 treatnment the HBV DNA |eQém@wuﬁn&£emwmwaE§£ oless than 5 pg/m. At
532 days ETV treatment, that corresponds to 3857 days post transplant,
there was a rise in the HBV DNA WD 03/ 066841 PCT/ AU03/00111 -47 levels to
993 pg/ M . THeeoveBMPNA gbnamt ffiFEB € dspbmesantedf inr Figere thZhagees prending/ DNA

sequenci ng. EXAMPLE 3 5 tection Qf Viral Markeps atifi f
anti gen X HBShg)crassedat ioﬁ’%aPB @eanﬁgwe{ane&@f% gﬁ'ﬁ%@él %%ZSZ? hS ;P%'t?llglsly B
core anti ge iy ; i i pal |
avai | bl o D A ) B I e e To
Hepatitis E{j]ywsatfa&\lérrx]ﬂi@nal Theviarge pedsiurepesenigsaetasdupeashijip riBY zarfags
assay according to the nmanhufacturer’ irections Lge br i t
1.0 gene seiEgn 910 e, cncias B9 8, S0 et R ed LAl PR ke
cut-o or, t ' }eBod onémal specinmens was 0.7 106
copies/m g?(ﬂgﬁg&péél?%ié,ﬁ%/ﬁgigg@ﬂeﬁgﬂe&gﬁlﬁg{l&gﬁ , Alron J din Pathol 104:
537-46,100995] . 15 ‘

EXAMPLE 2

Patient and Treatment

Patient A is a 44 year old male with chronic 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 LMYV 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/m! and the ALT
decreased to 167 IU/ L by day 784. The patient was started on open label ETV plus LMV.
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 HBV 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



EXAMPLE 4 Sequencing of HB V DNA HBV DNA was extracted from 100l of serum
collected at 6 different tinme points (Figure 20 2) as described previously
by Aye etwalo3/oéeds4tepat ol . 26: 1148-53, 1997. O i gonucl eot iPEFAUMEIE1

synt hesi zed by CGeneworks, Adel aide, Australia. Anplification of the HBV

pol ymer ase gene has been described by Aye et al., 1997, supra. The specific
anplified products were purified using PCR purification colums from MO 25
Bl O Laboratories Inc (La Jolla, CA) and %rect | y sequenced using Big Dye
term nator Cycle sequencing Ready ReactTon Kit (Perkin El nmer, Cetus

Norwal k, CT). The PCR prinmers were used as sequencing priners, OS1 5 - GCC
TCA TTT TGI GGG TCA CCA TA -3' (nt 1408-1430) [SEQ ID NO 3], TTA3 5' - AAA
TTC GCA GTevElgGoAddS pgAnl il BBV IAS) F6mQMHiD shiBpledjvas Ivther chRr&iared Tas
AGC CCT CAG GCT, 30 3'(nt1676-1696) [SEQ ID NO 5], TTA4 5 -GAA AAT TGG
TAA CAG CCHqusnqipg. WO 03/ 066841 PCT/ AUO3/ 00111 -48 2615-2632) [SEQ I D NO
6], OS2 5° TCT CTG ACA TAC TTT CCA AT 3' (nt 2798- 2817) [SEQID NO 7], to
sequence the internal regions of the PCR products. EXAMPLE 5 5 Anal ysis of
HBV DNA Patient A: The LMW resistant EXAMPLIhS at rtL180M and rt M204V were

detected by sequencing by day 9 (Jable..3),. ring the blinded phase of
entecavi’r and LMW/ treatnent, t?ﬁetﬁé’i"&tﬂfﬁﬁr‘%{#‘f?’ 73L was al so detected. A
uni que nutation in the B Domain 10 at rtll 69T was detected in conbination
with the two other B domain nutations at rtL180M and rtV173L as well as

the nut at i Slepatitis BVROeRte antidee CIBONR) mepaitisuBbe rantigent(Fd¥eAghn pefirdBeh abges
were al so detected in the poly a and .Ln overd appi e e
(Tabl e 4, hPlba&‘tUés%4,°°Se aesy &%%éé &R?caﬁ‘é g]lin dg I\%@f e‘kjg%np%%\réggg@ouaﬁg
reference $gQURRGERy alLiRMEAtRuAMdasiE @OYER [UBbRLRSS NdrG Chsagwe|IL, A A).
consensus sequence from pretreatment = 15 sanples to deternine uni que _
changesl0 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 HHBV viremia in clinical

specimens was 0.7 x 10° copies/ml or 2.5 pg/ml, [Hendricks DA, et al., Am J Clin Pathol

104: 537-46, 1995].

15
EXAMPLE 4

Sequencing of HBV DNA

HBV DNA was extracted from 100ul 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], IM 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



Patient B: The sanple at 532 days ETV treatnent was sequenced and was
conpared to sanples prior to ETV treatnent (Figures 8, 9 and 10) Several
pol ymer aswOomedsspbns were detected in this sanple includiPeg/Atodadis)

rt A38E, rtY54H, rtN76D, rtL9ll, rtFl 22L, 20 rtY124H, rtTlI 28N, rtQ 30P,
rtL180M rtT184G rtS2021, rtM04V, rtH248N, rtY252L. At the start of ETV
treatnent the patient had been on LW treatnent and the nutations at

rt LBOM and M204V were detected (Figures 2 9 and 10). The LW nutations
(rtL180M and rtM204V) were detected dufl ETV treatnent even in the
absence of the LMV selection pressure and these nmut ati ons may al so
contribute to ETV resistance. At the tinme 25 of the virol ogical

br eakt hr ough1 9065 SEQE NG 61@82 6dTATt GTGoREAVBAE FTTICCHAESh(ntad/Bwel |
as the nutations |isted above.

he tions S wer.e corrpar ed to
reference 28EQUSEED NG é&é?ﬂ”&?cet?&@l%tm eé’é’ﬂ%?b%’gtsp%ﬁ{gogg as a
consensus sequence from pretreatnent sanples to detern ne uni que changes.
30 Patient B is HBeAg negative and the HBV isolated fromthis patient
encoded a mutation in the precore gEXAMPIE896A that results in a stop

codon in the precore protein WO 03/ 06684 3/00111 -49
precor e8St op. Mutations in othe W@gf%&fﬁﬁm genore that included the
precore nutation at GL896A may affect the replication fitness of HBV and

the sensitivity to antiviral agents in conbination with the nutation in
the pol ynerPaﬂentgAnéEheSLWWEﬂlEaIﬁ intatipns ot aAdBOM endrtMAPEE avere detastask Bhce

The sensitivity/resj st i HBV nt.s e e ned
invitro uéF‘H&ncﬁnch pr Q@’\W%ge\, b utgu @‘H]éled pglg gé(;u e%¥éc5v1\£’f{%1ldy];m
the resist %ﬁﬁné}{t Otilb lnfithtfon ot QtVOUBLIvahIdNddidrged. & hﬁqu@gmﬁmmiha& B Tiotnain
EXAMPLE 7 culture 15 Sf21 insect cells were mintained, in

suppl entnt adnn@a“aw de’u@é@i inrpettibinatibn meithethe tee pihes Belomadn piuiations af §1.180M
heat -inacti Vgtr?\g 1’;3{[ as we asnt%esertgt%rg q Rﬁ&oﬁ'@'-m 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 rtA218, rtA38E, rtY54H, rtN76D, rtL91l, rtF122L,
20 rtY124H, rtT128N, rtQ130P, rtL180M, rtT184G, rtS2021, rtM204V, rtH248N, rtY252L.
At the start of ETV treatment the patient had been on LMV treatment and the mutations at
tL80M and M204V were detected (Figures 8, 9 and 10). The LMV mutations (rtL180M
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



Gai thersburg, MD) in humdified incubator at 28 Cwth CQ2. Hep&X cells
were maintained in mninml essential medium supplenented with 10% v/v
heat - i nacwbDwabmes4f et al bovine serum (MEM FBS). HepQ& cel [P€T@arg/ogrown in
hum di fied 37C i ncubators at 5% 20 v/v CO2. EXAMPLE 8 Preparation of
HBV/ bacul ovirus. transfer vector with specific point nutations 25 The
reconbi nant HBV/ bacul ovirus systemused for antiviral testing has been
previ ously described (Delaney et al., An%i m crob Agents Chenot her 45(6):
1705- 1013, 2001). In brief, the recombi fant transfer vector was created by
excising a fragnment containing the 1.3x HBV genone construct and cl oni ng
it into the multiple cloning region of a bacul ovirus vector pBlueBac4.5
(1 nvi t r ogeprecCRW2dsch. KijatioRpiimtotiart meioondn whe qenematthe ygluded dhgprecore

di rect ed nut agenesi ' the_co rcial kits accos gi
manuf act ur ER4E 1°§1p%tc§1 gé@& 38?% af@%fﬁﬂ@ﬁ“%ﬁ%?sgg%aw&% &Ié@ %8%Sétr%lltyn St
encodi ng t B ¢iey Gh&fs mo%i%ﬁﬁ%tm/rﬁk&ﬁfﬁﬁlﬁelpolﬁfheratsé ri ptase

mut at i ons rtI1169 + rtVv1/3L + rtLI 80M + rt M204V. The nucl eoti de sequence
of the plasm d and the point nutations generated by site directed

mut agenesi s were confirnmed by sequengi ipg the ABI Prism Big Dye
Ter m natoor Cycl e Sequenci ng Ready R@ng‘wt according to the

nmanuf act urer's specificati ong iFehkhlysis of Eltb®Rvir vesistamicdNor wal k, CT) . EXAVPLE
9 Generation of reconbi nant bacul oviruses containing the 1.3 HBV construct
10 Purified reconbinant transfer vector and |inear AcMNPV bacul ovirus DNA

-t fect into Sf21 I YS| { | : I j
From | nvi t Agareaensance Rt \ferRell WE coATRCr AT ihe

ant viruses were 1S

pl aque ass gy oRfimei IBVIEhchildQiri® NPhé Grodednrtes fori Msilysing itha sesivtarser predilofis
reconbi nant' viruses were arE)I ified fromisolated plaques by infecting
100- nm i sloetlined irsthe foldewing Exgmplas 7DMA was extracted from anplified viruses
15 using standard procedures. Purified viral DNA was digested with
restriction enzynes and

EXAMPLE 7
‘Cell culture

15 Sf21 insect cells were maintained in supplemented Grace’s insect medium further
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). HepG?2 cells were grown in humidified 37°C incubators at 5%

20 /v CO,.

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 et 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
HBV genome construct and cloning it into the multiple cloning region of a baculovirus
vector pBlueBac4.5 (Invitrogen, Carlébad, 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



then fractionated by el ectrophoresis in a 1% v/v agarose gel. Southern
blotting was perforned to determ ne which virus isolates contained the

i ntact 1.8OHBVWeasenstruct. A Boehringer Mannhei m Random PPCraUBDBA1Label i ng
kit (Indianapolis, IN) was used to generate [P32]-radiol abel ed probes. A
full-1ength doubl e-stranded HBV genone was used 20 as a tenplate for all
radi ol abel ed probes. Viral DNA sequence was confirmed by PCR anplification
of the polynmerase catalytic region using_the sense priner 5 -GCC TCA TTT
TGI GGG TCA CCA TA-3" [SEQ I D NO 3], (nUé eotide 1408 to 1430 according to
HBV CGenebank Accessi on nunber M8454) and the antisense prinmer 5 -TCT CTG
ACA TAC TTT CCA AT-3' [SEQ ID NO 6] (nucleotides 2817 to 2798 according to
HBV Genebamknbipse ansiationnuiibeT MBSHEWRL FhetlAd0Mowi HYIHMVrethe wiseleotide

utilized for the sgquencing of _internal reqgions 5 - T AT -
CAA- 3' [SEeyquenmﬁj%e(rﬂa%m Fddbe P%&%‘!’fi%%g %?88%?%% %%%é%?%ﬁ%\“g%ﬁg
Accessi on GUIDELNEBANY BitbntingTfingThe AM BEInOBlg COYe AedlinkGEQT Y
NG 9] (nucleoti 8eé,1 17935-91851 gcggrdilﬁgto HBV CGenebank Accessi on nun%er
MB8454) . \\SeRhOiHESRAadICREALI0B /100 kedording ] totkamppm fagupy's pwesifications (Perkin
bacul ovi rus_anpljficatio purification Bacul oviruses were anplified by
i nfecti _r?g. %&?gﬁﬁ?ﬁﬁﬁ\?%ﬂq&ﬁﬁa ~of Sf21 cells in log phase at 5 a
multiplicity of infection (moi) of 0.5 pfu/cell. Infections were allowed to

proceed until a majority of the cells in the flasks showed visible signs
of infection (four to five days). VEXAWPLEPe concentrated frominfected

Sf21 nmedium by gentrifugation,at 000 .x and . i fi 20- 60%
W v sucrose gr adfgigie T“F?@@”W?ggc@%vénfslgﬁ ?ogjﬁ%lgaﬁl}heé%% #’gg{’ gt in Sf21
cells by end-point dilution. An aliquot of each high titer stock was 10
used for DNA extraction. The pol ynerase gene was anplified an equenced to
conf i r MO t Parificé seeneebingntt tansirt eecHiry @ gm%ﬁ%@ﬁg}g ibactHavirys &e ¢o-

EXAMPLE 11| nf€cly 9o ¥p f@ﬁfézusﬁlegl {8 BAABEEHTRICABN kit HonY TENRESHS(CMIsbad,

bacul ovi r udf
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 TCATTT
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 M38454).



15 Hep& cells were seeded at approxi mately 20-40% confl uency and then were
grown for 16-24 hours before infection. On the day of infection,
triplicatwopBasasst of cells were trypsinized, and vi abl e ®€TlAvvaobEal was
determ ned with a henocytoneter using Trypan blue exclusion. Average cell
counts were cal culated and used to determ ne the volume of 20 high-titer
viral stock necessary to infect cells at the indicated noi. Hep& cells
were washed one tine with serumfree MEMto renove traces of serum

Bacul ovirus was diluted into MEM withoat!serumto achieve the appropriate
moi using volunes of 1.0, 0.5, and 0.25 m to infect 100-mm 60 mn, and
35-mm di shes, respectively. Baculovirus was adsorbed to Hep& cells for
one hour at 37C with gentle rocki ng BXAMPLE 6 nutes to 25 ensure that the
i nocul umwas evenly distributed. The, inoculumwas then.aspirated and Hep&
cell's were washed two t”i’%é’“%"tlﬁwﬁf%‘s"ﬁﬁé’t’?’@kﬁﬁﬁtf"é’r‘%}]%’ﬁ]’]?‘?@oﬁnd refed
MEMFBS wth or wthout various concentrations of agents. WO 03/ 066841
PCT/ AU03/ 00111 -52 EXAMPLE 12 Analysis of secreted HBV antigen Detection
of hepati t iBacBevantds yeme dnphfe) byvafeqtiog fsuspeasion pulturds of $il sebsisdps ahase ab

M roper oL c FIEUTE | ARASSISRN % AR RLSIESaR SRt i
col | ect ed, ll}gcgtgﬁtﬁf' Jruge et Ciiﬁ3 {R08a8ks hBwEE VRSle GRdns Widih fedebA i(four tté dVef @iysrd

to clean t and stored at 20C until analysis. HBeAg values are
expr essed akiribod wewsfcoposittatadefrerornfeotied SKRldingdivgabippanirifagpiéonat 3 KW x g and

appropriatel y..s hat . r adiQi nassay results.were bel positive. tr.ol
val ues for Puﬁéeﬁgﬁ’ﬂﬁg}fﬁp\@L@E}isw t%‘gquSng@ﬁleP t?%glfe?m%?s r&edpsl i%ca?élzivellgP
i nter medi at@sdrpliddRY it OrR RME tHyCénﬂg)o‘iﬁrcﬁlultiSQJ Ah etlqhistasn dable hipht et eeolk evas
fraction of Hep cells lysed in . 5% w' v NP-40. toplasmc extracts were

adj ust eth t aisadfarfNAl exitachion. aFhe polymerase gene was amplified and sequenced to confirm

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

EXAMPLE 11
Infection of HepG?2 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-tifer 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 every 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.



unprotected DNA was renoved by an incubation to 500 g/m Proteinase K for
1.5 hours at 37C. HBV DNA in the sanples were then extracted using
comer ci aWODBWeasxt racti on kits such as Q agen (DNA extra®Cira)o3/oe11i n- house
met hods usi ng sequential phenol and 20 chl orof orm extractions, and the
nucl eic acids were recovered by ethanol precipitation. Nucleic acids were
resuspended in 50 | /1 TE (10 nmol /1 Tris, 1 nmol /|

et hyl enedi am netetraacetic acid), normaljzed by OD260, and digested with
100 g/ RNase (Boehringer Mannhei m Ih%ﬁ'anapol is, IN) for one hour at 37
C before analysis by real-tinme PCR or el ectrophoresis and Southern
blotting. After southern blot analysis a 25 Bi oRad GS-670 i magi ng
densitometer and the Mol ecul ar Anal y/eXAMBLBAZe (Bi oRad, Hecul es
California) was used to analyze suitable e lyres‘ of Southern bl ots.
Densitonetry data was fitted doepsgio F?cé'etﬁéz‘@fr 8elgise curves using the
Tabl eCurve 2D software package from Jandel Scientific. Logistic dose
response equations were used to calculate 1C50 and |1 C90 val ues and

co- ef fi ci eMeectibn \Ar hephiitin Be3antisen OFTRXSGH 4daPORTiAwWNR) by radicimmgneagsayperd 14

Real -tinme PCR For. th | -ti PCR b d HBV. .
ext rac!t éd mi@fﬁp%'elq gﬁéyﬁg 1@%%}’ n%%i‘%] (ﬁ%sﬁéﬁ%g%ﬂmgﬂnn :A%\éﬁﬂ\lﬁg@%gtro dihg
to the an&g&&tﬁg@{éu%'p%% WEEdi R Strorh PPEEN Bt dolibsled) Tenteigadnyt 6,000 g

Primers an eacon were designed for conserved nucleic acjd
sequences W kdrhove belluparedebris, ttamsdermedoto clhan Hibesgabsteradoat 276 oty apglysis.
detect a 216-nucl eoti de produc Eiqure 1). Anmplifi,cat.jion OR: in
o 50-1'r o RIS VS BrecDarE] A A ErPorbya st AL sl el R

Bi osyst ens ' . 10 dfehmudadd MS! wer@. Yelpwoposiifveeedirop rvaioes foer

L, forwar d’af)é:éa?r%?[?ly%%}th%%&%GGAGGA&Aa AGGTTA‘X%' [ SEQ IOIIS) NG 10]) and reverse
pri mer,10PCHBEAS. GGCAAAAACGAGAGTAACTC3' [SEQ ID NGO 11]), 0.4 pnol of the

HBV- speci fic nol ecul ar beacon per ulL,
(5" FAM CGCGTCCTACTGT TCAAGCCTCCAAGCTGT

EXAMPLE 13

Detection of intracellular replicative intermediates

15 HBV 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 mmol/l 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 50 ul /1 TE (10 mmoll Tis, 1 mmol/l
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 southern blot analysis a

25 BioRad GS-670 imaging densitometer and the Molecular Analyst software (BioRad,
Hecules California) was used to analyze suitable exposures of Southern 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 ICso and ICqg values and co-efficients of variation.

30



GACGCG- DABCYL- 3" [SEQ I D NO 12]; where FAM represents fluorophore 6 15
car boxyfl uorescein and DABCYL, 4-di nmethylam nophenyl azobenzoic acid, a
guenchi ngwoaohnesssphore) and 1. 25U of Anpli Tag Gol d DNA polPgmextasmeo1ll
(Perkin-Elmer). PCR was perfornmed using the ABI PRI SM 7700

spectrofl uoronetric thernocycler (Applied Biosystens). The PCR program
consisted of an initial cycle (95C for 10 mnutes) followed by 45
anplification cycles (94C for 15 sees, 50C for 30 sees, 72C for 30 sees).
20 The instrunent detected and recorded the fl uorescence spectrum of each
reaction tube during the annealing phase. An external standard was
constructed by ligation of a 1.3 kB wild-type HBV plasmd (genotype D)
into the pBlueBac plasnm d vector (HdEXAMPIDEdﬂcaI Center, Hershey, PA). 25
Quantification of the DNA concentrat l%gﬁ pl asm d was determ ned by
spectrophotonetry. Duplicates of ser d dilutions of the plasmd
ranging from 108 copies/m to 100 copi es/m were included in each run in
order to generate a standard curve. The copy nunber in each experi nental
reacti on wasr getenpiimeP(R basddeassay &iri BRVoHBVNONdewas extrackadeSom) 20 ykph

(CT). WD 03/066841 PCT/ AU03/00111 -54 EXANVPLE ETV t t.s ET
r esuspeAdegerim stieg ithe Qldesp, DA (M’é‘% &t ageny Ifﬂgl'? tll?eaﬁla‘n rre,nd%s}%wyoﬁ/sas

r epeat ed i@fﬁéﬁﬁ A gﬁfd@ﬁ‘é’“% { Bt fhd MadicdiaF BRich Wohg dBsIhc0efer

prepared d as nee usrn iquots of 3TC. In experinments in
whi ch ETV témeiveniuciés dcid tsd:cp]teﬂcbsamthm thei prad:ora rdosuain o, theigBY gename Jer e

W Th TBY baveRBumdGea s DRgaIcrbe By iy |t A e e e & O
cells were Sp@@ gpc %19&81% %IR ElT(y T\%\gmgﬂ’ Bﬁﬁ‘epr'(%phéH BRYyhansl| mster Gityl 0

|nfect|on OVI rus |n IOI’l s also carried out in rredlum
cont ai nigng AR, 3.8nehMC LS, W@ﬂepﬁﬁﬂedffdfaeh?hpﬂmdr uperc gt afarivagl BEivher, PCl

mrediatel % %}%&G@T&eﬁféﬁhﬂe [é}?(f)e(ﬁt)' oAt “asi fdeRE OSEa eSpcn
(5’GGCAAAAACGAGAGTAACTC3’ [SEQ ID NO:1 1]), 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-

15 carboxyfluorescein and DABCYL, 4-dimethylaminophenylazobenzoic acid, a quenching
chromophore) and 1.25U of AmpliTag Gold DNA polymerase (Perkin-Elmer). PCR was

performed using the ABI PRISM 7700 spectrofluorometric thermocycler (Applied

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/ml 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 (Cr).



EXAMPLE 16 15 Antiviral testing perforned with wild-type and

HBV/ bacul ovi rus encoding rtlIL69T + rtvl 73L + rtL180M + rt M204V The

gr aphi calwemalogesiss of the dose effect of ETV on wild-typePdBA@agotine
quadrupl e nutant HBV are shown in Figure 11 using the quantitative
real-time PCRresults relative 20 to wild type virus grown in the absence
of ETV (0 METV). ETV had the nost pronounced effect on wld-type HBV
replication as denonstrated by the reductjon in HBV replicative

i nternedi ated detected by quantitative at all ETV concentrations
tested. In contrast, there was reduced sensitivity to ETV by the

reconbi nant HBV encodi ng the quadruple mutant (rtll 69T + rtV173L + rtLI 80M
+ rt M204V) especially at concentrat EXXAMPAEED to 0.5 M ETV. EXAMPLE 17
ETV 30 ETV (fornmerly BMsS-200475 oré§%346é%%5 is a potent inhibitor of HBV
replication. ETV is an cycl opentyl xtﬁﬁ‘ff B ne anal og that has bio-oral
avai l abl e properties with activity WO 03/066841 PCT/ AU0O3/ 00111 -55 agai nst
hepadnavi ruses and her pesviruses. The structure of ETV is shown in Figure 3
and its SEmMVhesi sesuspetidatin SterlebwatBi, sdiquoted.candafrozenBitodPYC tvaoidagaenied j t |
7. 127-132, 1997). Preclinical studi.es indicat at entecavir.is i ghly
pot ent Pnhfieeaieg agd thaping Al e Ane -Medimeanfayyg aé"éaéﬁertaf%n%ql%ase%eg%@,
1997, supra. Si T lyg : : RBRak tre@mzht wad 888ates Wfen.
ETV Wwas fof |ﬁ3e?f5§ea§§‘??tgé’§ STE Ao dBhays 189 SO %};gt?es. Those skilled in the
art will appslegifestiont HAtpGhecellnventsi expated cloi Bed indeatech doscentratient ¢foEd v o

variations_and _nodifications ot.he n those ecifically. | i's
to be undefBmsdatcly AR lﬂlﬁeé“% H’t WE?F&HEQH%' ﬁf?Xpseﬁlghe kaﬁﬂgzﬁ%ﬁs&gﬁeh{
modi 1 cat Qg pF0e L td £ Rkl Gorifibiydesy Ald nelrs tphfor b HBY Healoviras,
conposi tions and tonpounds referred to or indicated in this specifi c%{i on,

i ndi vi dwal infeaions HIBVebiduleiins irfadicntyasaleb edriied ontgnmagdivnsopminpg Ef

more of Salcgllss Ezv%?es rg{edfﬁe?shu&%afum containing ETV immediately after completion of the

infection and washing procedures.

EXAMPLE 16
15 Antiviral testing performed with wild-type and HBV/baculovirus encoding
rtIL69T + rtvl73L + rtL180M + rtM204V

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 to wild type virus grown in the absence of ETV (0 uM 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 (1tI169T + rtV173L + rtL180M + rtM204V) especially at concentrations
25 upto 0.5 yM 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
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against hepadnaviruses and herpesviruses. The structure of ETV is shown in Figure 3 and

its synthesis is described by Bisacchi et al. (Bioorg. Med. Chem. Lit. 7: 127-132, 1997).

Preclinical studies indicate that entecavir is a highly potent inhibitor of HBV in enzyme-

and cell-based assays (Innaimo et al., 1997, supra; Siefer et al., 1998, supra; Yamanaka et
5 al, 1999, supra. ETV was formerly described as BMS-200475 and SQ-34676.

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.
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B2 i skorD; WD 03/066841 PCT/ AU03/00111 -60- B3 is Tor D or A or Nor Y, B4
is Eor D B5 isEorKorQ B6 isHorRorN, B7 is | or T, B8 is Aor S; B9 is
T or R, BYOmésuiTorS;, Bll is Ror T; Bl2 isVorG Bl13 isP8ToNUB/0GINIT or N
or V; Bl4is Tor Sor Hor Y; Bl5is Ror Hor Kor Q Bl6 is Qor P
and wherein S* is designated as amno acid 74. 6. The isolated HBV vari ant
of Claim1 wherein said variant conprises a nutation in any one of donains
A through E thereby conferring an altersd-am no acid sequence to the
sequence set forth in Fornmula Il (SEQ ID NO 2): FORMILA 11

SZI LSW.SLDVSAAFYHZ2 PLHPAAMPHL L Z3GSSGALZ4RYVA
RLSSZ5SZ26Z7XNZ8QZ9Z10XXXZ11LHZ127Z13CSRZ14LYVSLZ15LLY
ZlGTZl?G@g&pﬁZlQZZOHPI Z21L GFRKZ22PM&Z23CGLSPFLLAQFT S A | Z24 725 Z26 Z27
Z28 R A C Z30 Z31 F z32 Y V¥ DD Z33 VL GA zZ34 735 7Z36 Z37
HZ38EZ391L.24024172427243244Z457461LL.Z247248G HLNPZA9KTKRWGYSLN  FMGYZ501 G

1. An isolated HBV variant wherein said variant comprises a nucleoside mutation
in a gene encoding a DNA polymerase resulting in at least one amino acid addition,
substitution and/or deletion to said DNA polymerase and wherein said variant exhibits

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

2. The isolated HBV variant of Claim 1 wherein said variant exhibits decreased
sensitivity to ETV.
3. The isolated HBV variant of Claim 1 wherein said variant exhibits decreased

sensitivity to both ETV and LMV.

4. The isolated HBV variant of any one of Claims 1 to 3 wherein said variant

exhibits reduced interactivity to an immunological reagent specific to HBsAg.

5. The isolated HBV variant of Claim 1 wherein said variant comprises a mutation
in domain F of the HBV DNA polymerase thereby conferring an altered amino acid
sequence to the sequence set forth in Formula I (SEQ ID NO:1):

FORMULAI
La Bl: BZ: D: W: Gs Pa C: B3; B4: H: G: B53 H: B69 Ia R) B79 P: RJ Ta P: Bga Ra Vs B9: Ga Ga V:
F: L: V: D: Ka Na P: H: N: T) BlO> E) S: Bll: L: B12: VJ D: F; S: Q: F; S: R: Ga B139 B14: B159 Va
S: W9 Pa K; F: A9 Vn P: N: L: B169 S: L) Ta Na L) L: S#

wherein:

B isLorRorl;
B, isEorD;



WD 03/ 066841 PCT/ AUO3/ 00111 -61- wherein: X is any amno acid; Zl is N or
Db Z2is | or P, Z3is |l or V; Z4is Sor Db Z5is Tor N Z6is R or
N Z7 iswBodf6dss1 728 is Nor Yor H Z9 is Hor Y; Z10 i C&AI03mM111711 i s
Dor N Z12 is Dor N, Z13is Sor Y, Z14 isNorQ Zl5is Lor M Z16 is
Ko Q@ Zi17 is Yor F, Z18 is Ror W Z19 isYorL; Z20is S or A Z21
isl or V: Z22is |l or L; Z23is Vor G Z24 is Cor L;

- 60 -

Bs isTorDorAorNorY;
Bs isEor D;

Bs isEorKorQ;

Bs isHorRorN;

B~ isTorT;

Bs isAorS;

By isTorR;

By isAorTorS;
B; isRorT;

B, isVorG;

Byz isSorlorTorNorV;
By isTorSorHorY;
Bis isRorHorK or Q;
Bis isQorP;

and wherein S* is designated as amino acid 74.

6. The isolated HBV variant of Claim 1 wherein said variant comprises a mutation
in any one of domains A through E thereby conferring an altered amino acid sequence to the

sequence set forth in Formula II (SEQ ID NO:2):
FORMULA II

SZILSWLSLDVSAAFYHZPLHPAAMPHLLZ;GSSGLZ,RYVA
RLSSZsSZsZ7 XNZsQZo Z10 X XXZ 31 LHZ12Zi3CSRZy LYVSLZ;sLLY
Z16TZ17GZ1s KLHL Z19Z))HPIZ;) LGFRKZ;PMGZy3GLSPFLLAQFT
S AT Zss Zos Zog Zo7 Zos R AF Zyo HC Z30 Z31 F Zsn YM D D Z33 VL G A Zayg Zss Zss Z7
HZssEZ3g L Zag Zay Zuz Zaz Zas Zas Zas LL Zs7Zygs GITHL NP Zpg K TKRWGYSLN
FMGYZy1IG



Z25 is Aor S Z26isVor M Z27 is Vor T, W 03/066841 PCT/ AUO3/ 00111
-62- Z28 is Ror C Z29 is For P, Z30is Lor V, Z31is Aor V. Z32is
Sor A 2A0mm6é84pr L or M Z34 is Kor R Z35 is S or TPCTAI®3M0611Y or G
Z37 is Qor E, Z38is Lor Sor R Z39is Sor F, Z40is For Y, Z41is T

or A, Z42 is Aor S; Z43 is Vor |; Z44 is Tor C Z45is Nor S, 746
is For V, Z47 is Sor D, Z48 is L or V; Z49 is Nor Q Z50 is V or I;
and -61 -

wherein:

X is any amino acid;

74 is Nor D;

Zs isIorP;

Z3 islorV,;

Zy isSorD;

Zs isTorN;

Zs isRorN;

Z7 isNorl;

Zg isNorY or H;

Zo isHorY;

Z1o isGorR;
Z11 isDorN;
Z12 isDorN;
Z13 isSorY;
Z1s isNorQ;
Zis 1sLorM;
Zis  isKorQ;
Z17 isYorF;
713 isRor W;
VAT isYorL;
Zyo isSorA;
71 islorV;
Zy» islorL;
Zys isVorG;
Zoa isCorl,;
Zys isAorS;
Zo6 is V or M;
Zy; isVorT;



M is amno acid 204; and wherein the first Sis designated as am no acid
75. 7. The isolated HBV variant of Claim5 or 6 wherein said variant
further cwopsioesst an altered HBsAg. WO 03/ 066841 PCT/ AUORCOXIDY 001163 8.
The isolated HBV variant of Claim5 or 6 or 7 wherein said variant exhibits
reduced interactivity to an i munol ogi cal reagent specific to HBsAg. 9. An
i sol ated HBV variant conprising a nutation in the nucl eotide sequence
encodi ng HBsAg resulting in an am no acézl-addition, substitution and/or
deletion in said HBsAg in a region corresponding to the am no acid
sequence set forth in SEQID NG| or SEQ ID NO 2 and wherein said vari ant
exhi bits decreased sensitivity to ETV and/or LM/ and optionally other
nucl eosi dz? an % .- 10. The isolated HBV variant of Claim9 wherein said
vari ant é%hi bits detreased sensitivity to ETV. 11. The isol ated HBV
vari ant o,y G dsmo@Pywherein said variant exhibits decreased sensitivity to
both ETV and LMV. 12. The isolated HBV variant of Claim9 wherein an
ant i body ngeciIFL@Yf\Gr a wld- type HBsAg exhibits a reduced capacity to
neutralizge said,\HBX,variant and wherein said HBV variant is selected by
exposure ‘8 a subject to ETV and LMV in combination or sequential therapy.
13. The 49l atief orlBY variant of Claiml1 or 9 conprising a nutation in the
HBV DNA pol ynerase se| ected from spacerL971, spacerK115R, spacer HL16L,
spacer L128F, ~ 18 NQ0dr 1M G spacer RL39G, spacer F142S, rtY54H, rtLoll,
rt A97V, r23leégch;rg?126R, rtS135Y, rtl169T, rtVI73L, rtL180M -rtMO04V,
rtA21S, rtA38E, ttFI22L, rtTl 28N, rtQL30P, rtTlI84G rtS2021, rtH248N,
rt Y252L dfssa deBtrfdati on thereof or an equivalent nutation. 14. The
i sol at ed i—iBV vigrvj(%né_ of Claiml1l or 9 or 13 conprising a nutation selected
36 >

Za7 isQor E;
733 isLorSorR;
Z39 isSorF;
Z40 isForY;
Za isTorA;

Za isAorS;
Z43 isVorl

Zaa isTor C;
Z4s isNorS;
Zss isForV;
Zy  isSorD;
743 isLorV,;
Z49 is N or Q;

Zso is VorI; and

M is amino acid 204;

and wherein the first S is designated as amino acid 75.

7. The isolated HBV variant of Claim 5 or 6 wherein said variant further comprises

an altered HBsAg.



from PreS1 N114D, PreSl T115S, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V,
ST118A, s161L, sE164D, sl 195M sl208T PreSi E86Q PreSl NI91K, PreS2 P41H,
sQBOK, sPuD@F/0668M 03/ 066841 PCT/ AU03/ 00111 -64 sL176V, sYCINU06/001a1

conbi nati on thereof or an equivalent nutation. 15. The isolated HBV vari ant
of Caiml or 9 or 13 conprising a nutation selected fromsF161L, sE164D
and sl 195M or a conbi nati on thereof or an equivalent -nutation. 16. The

i solated HBV variant of Claim1 or 9 or6eid3 conprising a nutation selected
fromrtll 69T, rtV 73L, rtL180M rtT184G rtS2021 and rt M204V or a

conbi nati on thereof or an equivalent nutation. 17. A nethod for

determ ning the potential for an HBV to exhibit reduced sensitivity to ETV
and/or L or op n , ng
a0l ati g DA o T8 P4 RSO vRHR SF K 318! G807 SRk RGBS

mut ation rb(ﬂude&@nteﬂatd@‘i'lﬁpﬁolﬁanﬁlﬁﬂmwgﬁx&l sngadisperi B MR pol yner ase resul ting
in at |l east one amno acid substitution, deI etion and/or addition in any

one or nore of domains F and A t hrough E or regi on proximal thereto of
sai d DNA pol yner ?dg?( Arblt Wol P §1ﬁ%'ashﬁﬂ£tﬁ)nofn H4RCchi@sQle sequence
sen5|t|V|tyto ETV an wherein h resence of such a nmutation is an

i ndi cat i amceding HBsAd k&hltimcqu sz amml afidnddition, sbstutdy aad,ﬁbt deletiptv.in 38d The
nmet hod of _Claim 17 wherein th tion screened for i %%ﬁ&p
spacer LO7IBsA$ HE & F4eiams ROITESHY Flgﬁq c amiga @ Lﬁeﬁ%‘?ﬂceéﬁ or

R1
U196y, T IRGTO v FApeil alg f il te*ﬁkié%ﬁé&e%?%fﬁ%ﬁt@ﬁi?s%“’ T

rt T128N, antd@pHORyI1yrdtidr8dicieositi&Sanidgs. rt H248N, rt Y252L or a conbi nation
t hereof or an equivalent nmutation. 19. A nethod for determ ning whether an
HBV strain exhibits reduced sensitivity to a nucleoside anal og, said

met hod coppri si ngryeSRbRAtdIMNIBMNGurRint ‘6@ ITSEP 9N herein"BNAvhR 41N exBivitd ddBéasad

screening for a nutation in the nucleotide sequence encodi ng the DNA

pol yner asensitieiteiolETWie presence of the follow ng nutations in the spacer
region and the rt region: spacerlL97l, spacerKl15R, spacerH116L,
spacer LI 28F, spacer S137G, spacer R139G

11. The isolated HBV variant of ‘Claim 9 wherein said variant exhibits decreased

sensitivity to both ETV and LMV.

12. The isolated HBV variant of Claim 9 wherein an antibody specific for a wild-
type HBsAg exhibits a reduced capacity to neutralize said HBV variant and wherein said
HBV variant is selected by exposure of a subject to ETV and LMV in combination or

sequential therapy.

13. The isolated HBV variant of Claim 1 or 9 comprising a mutation in the HBV
DNA polymerase selected from spacerL97I, spacerK115R, spacerH116L, spacerL128F,
spacerS137G, spacerR139G, spacerF142S, rtY54H, rtL91L, rtA97V, rtY124H, rtH126R,
rtS135Y, rtl169T, rtV173L, rtL180M, rtM204V, rtA21S, rtA38E, rtF122L, rtT128N,
rtQ130P, rtT184G, rtS2021, rtH248N, rtY252L or a combination thereof or an equivalent

mutation.

14. The isolated HBV variant of Claim 1 or 9 or 13 comprising a mutation 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,



spacer F142S, rtY54H, AL91l, rtA97V, rtY124H, rtH126R, rtS135Y, rtll 69T,
rtvi7z3L, WO 03/066841 PCT/ AU03/00111 -65 rtLI80M rtMO04V, rtA21S, rt A38E,
rt F122L, wOD3A&edN41 rt Q 30P, rtT184G rtS2021, rtH248N, rt ¥EFAU06M00111

conbi nati ons thereof or an equival ent one or nore other nutation is
indicative of a variant wherein said variant exhibits a decreased
sensitivity to ETV and/or LMW and optionally other nucl eosi de anal ogs. 20.
The nmethod of O aim 19 wherein the nutat4on screened for is selected from
rtl1169T, rtVvi73, rtLI8OM rtTlI84G rtS2021 and rt M204V or a conbination

t hereof or an equivalent nutation. 21. A nethod for determ ni ng whet her an
HBV strain exhibits reduced sensitivi ty to a nucl eoside analog, said

et hod cagRy o 86163003 oA Gher 65063 RAAGLRGL RMAGAT om sai d HBY and

screeni ng a nutation 1n the nuc eot sequence encodlng t he DNA

pol yner ase mhereln the presence of the followng nutations in the B or C
domain of the rt _region: rt]169T, rt 173 rt LI 80M rtTl84G . rt S20

rt M204V ok conbi s isplated F83 ¥ grarignt of, El‘%?l Wnt> CHTBPIETIGH P ceted

mutation dﬂr(ﬁn 'sp%lia%EY@4I95n@sﬁ %Ig[qﬂ'ta cmr?itlgn%?érgoﬂ@rah%ﬂﬁtval%ﬁﬂh@ﬂaﬁ% a

decreased sensitivity t /or LW and optionally  other nucl eoside
anal ogs. 22. A nethod for detectlng an agent which exhibits inhibitory

activity to an H i ng .resistanc decreased .sensitivity.to ETV
Bndlor LN aai o M nateddBY MR ORR Lo e BT § put i Flecfed
conpri si NGy g {1eG8T, GAY1 31, %ereMe ntrighGeashyn anarfmm@wfor bNAnBAAIRE thérean
said HBV contained in a plasm d vector and then transfecting said cells

Wit h sai dorearegtivatent mutatioact i ng said cells, before, during and/or after
transfection, with the agent to be tested; culturing said cells for a tine
and under conditions sufficient for the HBV to replicate, express genetic

sequencesjand/ or R$SaRR Br a8 ARl g%nﬁatlrfblﬁaIPHBW' towsxhlviteeduded sehsttivasy i f

resistant to said agent; and WO 03/ 841 PCT/ AU03/ 00111
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 resistanqe to said ETV and/or LMV.

18. The method of Claim 17 wherein the mutation screened for is selected from
spacerL971, spacerK115R, spacerH116L, spacerL128F, spacerS137G, spacerR139G,
spacerF142S, rtY54H, rtL91L, rtA97V, rtY124H, rtH126R, rtS135Y, rtl169T, rtV173L,
rtL180M, rtM204V, rtA21S, rtA38E, rtF122L, rtT128N, rtQ130P, rtT184G, rtS202I,
rtH248N, rtY252L or a combination thereof or an equivalent mutation.

19. A method for determining whether an HBV strain exhibits reduced sensitivity to
a nucleoside analog, said method comprising isolating DNA or corresponding mRNA from
said HBV and screening for a mutation in the nucleotide sequence encoding the DNA
polymerase wherein the presence of the following mutations in the spacer region and the rt
region: spacerL.971, spacerK115R, spacerH116L, spacerL128F, spacerS137G, spacerR139G,
spacerF142S, rtY54H, rtL91I, tA97V, rtY124H, rtH126R, rtS135Y, rill69T, rtV173L,



-66 subjecting the cells, cell lysates or culture supernatant fluid to
viral- or viral- conponent-detection neans to determ ne whether or not the
vi rus haswoeplossat ed, expressed genetic nmaterial and/ or ®s€IatBediiand/ or
been rel eased in the presence of said agent. 23. A nethod for detecting an
agent which exhibits inhibitory activity to an HBV, exhibiting resistance
or decreased sensitivity to ETV and/or LM/, said nmethod conprising:
generating a genetic construct conprisipg-a replication conpetent-effective
anount of the genome fromsaid HBV contained in or fused to an anount of a
bacul ovirus genonme effective to infect cells and then infecting said cells
with said construct; contacting said cells, before, during and/or after

fect b t ed. I i i I
et Ot M, FARPE S s DyS gffinty RS PRISPES 8L ASBIE,
sequencestRNEN it EEDENe eondtiditivns tedresise an équawnt\dnetosmdrk ethepanithidres i f

resistant to said agent; and subjecting the cells, cell tysat es or culture
super nat apdicativg of a yanant ayhergip sgidr variant srbiten deersrssd Sepvitiviba § and/or

determn [ eplicated, expressed genetlc
naterlalq; %?ﬁ)ggéﬁgﬂggg g%bgﬂgggﬁé %Ieased in the presence of said
agent. 24. A nethod for detecting an agent which exhibits inhibitory

act|V|ty to an HBY, exhibiting resistance or decreased nS]tI |ty o ETV
and/ or LMY; sai d st method sfprlatn g w %@@H’eﬂ& WHE‘“SHQS@W@P?‘@ Wotisteragied fom _
compr i st 1 Borf SRY L PAIHIBORPIIPPISARY, 1ROOSE Lid/ ANBRYNS: £bohiBfalSN BiERedri RS al d
HBV conta|ne i'n or use o an anount acu ovirus genone effective
t o i nf ecteqaialent mnchtiohen i nfecting said cells with said construct; WO
03/ 066841 PCT/ AU03/00111 -67 contacting said cells, before, during and/ or
after infection, with the agent to be tested; culturing said cells for a
time and jgynder C%ﬁ{ d%lnﬁr aé'tfeifﬂhifd léétﬂér aﬁlrﬁBV%\&aﬁPexlﬁlﬁ%l reGfle8 1se§§iﬂi)\51%5t$;)
geneti c sequences an assenbl e "and/ or release virus or virus-|

a nucleoside analog, sa1d method comprising isolating DNA or corresponding mRNA from

said HBV and screening for a mutation in the nucleotide sequence encoding the DNA
polymerase wherein the presence of the following mutations in the B or C domain of the rt
region: rtI169T, rtV173L, rtL180M, rtT184G, rtS2021, rtM204V 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 nucleoside analogs.

22. 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
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 HBYV to
replicate, express genetic sequences and/or assemble and/or release virus or virus-like

particles if resistant to said agent; and



particles if resistant to said agent; and subjecting the cells, cel

| ysates or culture supernatant fluid to viral- or viral-
conponentwoaBmedston nmeans to det erm ne whet her or not thePeiTrAI®3feg1
replicated, expressed genetic material and/or assenbl ed and/or been

rel eased in the presence of said agent. 25. The nmethod of Cains 22 or 23
or 24 wherein the HBV genone is stably integrated into the cells' genone.
26. A vaccine conprising an antigenic cegponent of the HBV variant of any
one of Cains 1 to 16 or an anti body thereto. 27. The vaccine of C aim 26

wherein the antigenic conponent is an HBsAg or PreS1 or PreS2. 28. The

vaccine of Claim26 wherein the antigenic conponent is a defective HBV

variant. 29. The vaccine of Claim26 conprising an anti body to HBsAg or
PreS 1 or PreS2. 30. A conputer product for assessing the likely

gsef ul ness of a \subjttivaticacdllspeell bisales @ caltusasupbmatantrfiuid tngirslaroe viot-
eterm ning an appropriate therapeytic_ protocol jn a ubj ect, said praoduct
conpri si PMPARFEIIctRstion mesesondgianyng hetherer I%QE)'&‘?: odes ;ﬁ%%eﬂiﬁ??@‘i’\ﬁégreg%ed

| nput IV:ﬁeﬁlgﬁC %%tehﬁ?ﬁ{d/ér%sefrﬁﬁédjﬁrﬁﬁoﬂ%%ﬂ?él@és@&j H‘Wh% greséﬁde%f\ébirdaalgeﬁtgent s or

bi ol ogi c Sanple conprising sane, wherein sal atures are selected
from (f) the ability to exhibit resistance for reduced sensitivity to a

parti cul ar. conmpound o ol ogi cal agent.. (g)..an.al.iered ol se
fromwil _d?‘3_t-ype HB‘\/;met{‘q’f; %&qq@g% ag tf‘é{]t@@h _ei‘%i“ib&é H_%YI{’%WVQCEHN@X ﬂ&b@‘y \> or
(1) morbi gl robREAUEEYARALED Lofkini0fy b BEVIANbr LMY, Ald Refid coRbliGAE! on
capacity (increased or decreased); 22) code that adds said Ivs to provide a
sum corresponding to a Pv for said
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.

24, A method for detecting an agent which exhibits inhibitory activity to an HBYV,

exhibiting resistance or decreased sensitivity to ETV and/or LMV, 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;



viral variants or biological sanples; and (3) a conputer readable nedi um
that stores the codes. 31. A conputer for assessing the |ikely useful ness
of a virawowans@mt or biol ogical sanple conprising sane POCTA®Ab)ECE,
wherein said conputer conprises: (1) a nmachi ne-readabl e data storage nedi um
conprising a data storage material encoded w th nmachi ne-readabl e dat a,
wherein said machi ne- readable data conprise Ivs for at | east two features
associated with said viral variant or-g7ol ogical sanple; wherein said
features are selected from (a) the ability to exhibit resistance for
reduced sensitivity to a particular conmpound or imunol ogi cal agent; (b)
an altered DNA polynerase fromw |l d-type HBV; (c) an altered surface

antigen fromw |l y t fle@
pati ont: w0 03/ 0BeEHCE Bl bt ity or el BRGHERY WL BD WS B |
(increaseest@d; decreased); (2) a working nenory for storing instructions for

processi ng said nmachi ne- readable data; (3) a central -processing unit
coupled to said working nenory and to said machine-readabl e data storage

medi um for pr Oc%ﬁfchﬂlgg %@H%eﬁ?%}' Dme" AR Fc?‘ﬁﬁg%rgosu@ﬁﬁﬁtdﬁr e U ofiosai d

I vs correspondi ng for Ssaid conmpound( 4) an output hardware
coupl ed treplécated axpfﬁsﬁ agenpm@(se@mnn@ amd/br, afsembie ard/or mgleagavuPwr Baus-like

conposition_ conpri si gent cgpable of directly or indirectly
i nhi bi ti MR§rtEes I %?HH@Paned in any one of Clainms 1 to 16, said

conposition further conpr|5|ng one or nore pharmaceutically acceptable
carriers and/or diluents. _ . '
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.

25. The method of Claims 22 or 23 or 24 wherein the HBV genome is stably

integrated into the cells’ genome.

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

Claims 1 to 16 or an antibody thereto.

217. The vaccine of Claim 26 wherein the antigenic component is an HBsAg or PreS1

or PreS2.

28. The vaccine of Claim 26 wherein the antigenic component is a defective HBV
variant.

29. The vaccine of Claim 26 comprising an antibody to HBsAg or PreS1 or PreS2.
30. 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:



33. The conposition of Claim32 wherein the agent is a reconbinant protein
from said HBV variant. 34. The conposition of Caim 33 wherein the
reconbi nawWo opfoedsei n is HBsAg or PreSl or PreS2. 35. The eorpamspvian of
Claim 32 wherein the agent is capable of inhibiting an HBV vari ant

pol ynerase. 36. The conposition of Claim35 wherein the agent is identified
by natural product screening or rational drug design. 37. The conposition
of Claim 32 wherein the agent is a defeegive HBV variant. WO 03/ 066841

PCT/ AU03/ 00111 -70 38. The conposition of Claim 32 wherein the agent is an
antibody directed to an HBV conpound. 39. The conposition of C aim 32
wherein the agent is a ribozyne, antisense nolecule or sense nol ecule

relative to an Hl%i’s 9ENGde 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 from:

® the ability to exhibit resistance for reduced sensitivity to a
particular compound or immunological agent;

(2) an altered DNA polymerase from wild-type HBV;

(h) an altered surface antigen from wild-type HBV; or

) morbidity or recovery potential of a patient;

) 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
3 a computer readable medium that stores the codes.

31. A computer for assessing the likely usefulness of a viral variant or biological

sample comprising same in a subject, wherein said computer comprises:

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

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

readable data;

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

4) an output hardware coupled to said central processing unit, for receiving

said Pv.

32. A composition comprising an agent capable of directly or indirectly inhibiting an
HBYV variant as defined in any one of Claims 1 to 16, said composition further comprising

one or more pharmaceutically acceptable carriers and/or diluents.

33. The composition of Claim 32 wherein the agent is a recombinant protein from
said HBV variant.
34. The composition of Claim 33 wherein the recombinant protein is HBsAg or

PreS1 or PreS2.

35. The composition of Claim 32 wherein the agent is capable of inhibiting an HBV
variant polymerase. A
36. The composition of Claim 35 wherein the agent is identified by natural product

screening or rational drug design.

37. The composition of Claim 32 wherein the agent is a defective HBV variant.
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38. The composition of Claim 32 wherein the agent is an antibody directed to an
HBV compound.
39. The composition of Claim 32 wherein the agent is a ribozyme, antisense

molecule or sense molecule relative to an HBV gene.



