COMVBI NATI ON THERAPI ES W TH L- FMAU FOR THE TREATMENT
OF HEPATITIS B VIRUS I NFECTI ON This application clains
priority to U S.S. N 60/396,117, filed on July 15,
2002. FIELD OF THE I NVENTI ON The present invention
descri bes nethods and conpositions for. the treatnent
or prophylaxis of a hepatitis B virus (HBV) infection
in a host that includes the admnistration of an
effective amount of L FMAU, FTC and interferon
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The number of humans infected with HBV has reached epidemic levels. Aftera
~ two to six month incubation period in which the host is unaware of the infection, HBV
infection can lead to acute hepatitis and liver damage, which results in abdominal pain,
jaupdice, and elevated blood levels of certain enzymes. HBV can cause fulminant
hepatitis, a rapidly progressive, often fatal form of the disease in which massive sections
of the liver are destroyed. Patients tjrpically recover from acute viral hepatitis. In some
patients, however, high levels of viral antigen persist in the blood for an exten_de_d, or
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Interferon alpha

A manufactured form of interferon is used to treat hepatitis B. This treatment
involves the administration of interferon by injection for about four months.

Not all patients respond to ij.zterferon,' and sometimes retreatment is necessary. In
clinical studies, only 45% of patients who were treated for hepatitis B with A (Interferon
élpha—Zb, .rec_ombinant, Schering Corporation) for Injection had no evidence of the
hepatitis B virus in their blood over time. In addition, most patients have difficulty
tolerating interferon treatment, which causes severe flu-like symptoms, weight loss, and
lack of energy and stamina. - -



(NRTI'), which work by bl ocki ng production of the
reverse transcriptase enzyne that H 'V and |18V need
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treatment of hepatitis B virus infection. Although 3TC
efficiently inhibits REV replication, the slow
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adefovir dipivoxil for the treatnent of chronic
hepatitis B. HEPSERATM is the tradenane for adefovir
di pi voxil, a diester prodrug of adefovir. Adefovir is
an acyclic nucleotide anal ogue of adenosine
nonophosphate that inhibits the hepatitis B virus
(HBV) DNA pol ynerase by conpeting with the natural
substrate deoxyadenosi ne triphosphate and by causing
Brpdoindipivoxibéepsean on after its incorporation into
viral DNA. The chem cal nanme of adefovir dipivoxil is
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assays and tissue culture experinents), as well as in
experinentally infected animal nodels of hepatitis B
i nfection, such as in ducks (Aguesse-Gernon, S., S. H
Liu, et al. Antitmcrob. Agents Chenother. 1998, 42,
369-376; Seigneres, B., C. Pichoud, et at., 2000) and
woodchucks. In the woodchuck nodel, L-FMAU was shown
to decrease rapidly the nunber of infected
IhEMadbcytes (zZhu, Y., T. Yamanoto, et al. J. Virol.
2001, 75, 311-22). Yung Chi Cheng, Chung K. Chu and

ot hek-FMAW siéevuém) rrépeﬂeﬂft lasdthet p((i’mmﬁ%@&&idate for the treatment of
uran t
sCheptd B Ok ke BUCRLDO0H PSS R e s

a%SﬁIﬁ Eds&seumcmxerexwmmtﬂ, ras ¥@@4as ﬁ&apéﬁn&ntaﬂahﬂattedl\lﬁxﬂmal

5.80 d
n?ﬁ?gr&n | ona Pat en%ga‘éfl écf guesseq{' % ﬁ’ @% et al.
Agtipiorgdo cAgensp (Chemathdro s ﬁaﬁéﬁwﬁ?ﬁp@bﬂgmmt iBorC I\EjnhoMDet al.,
Zm m%o&hﬁcﬁé 03L thel MBAUDEL Blodel, 1. FMAU vias s%own to decrease

-fl uoro-f3-L. ar abi nof ur anos
rip LB B Pt TS PoRETHA (% Y- o SamREsS, atel yeFiros. 2001,
75, I‘.’EflE—Q:E)L Qtﬁlig ChinCiRhé, Thosy K./ (Hu@hd BHER fiks? rePordha 102 (RAEy-

@L Lﬂy t he body to nodul ate the inmmune system
AR oy B (- FMATD: s syprsonastvis lxasoes

h@ﬁuﬁsnB eiki€ b Epdhie Bai'rW‘ix?.E i o, ab&hﬂxsd 'PE&?V fq]gsf @ygh t%za

rr.eron onega an | nter eron au

5 Pﬁ’@?f TS RE T A A S B pybligheid ps

WO 95205951C ntermiohal Patbiit @OSlichits! N6l WO PR OYIAL diibsesChe SRl
t he nol ecul e.

ans.,,t nc i f
2 AN ol EESimnipul e 0 YAy By e srmento
hepmiitis\deltn infetixmb.er on al pha-2a, interferon al pha-2b,
pegyl ated interferon al pha-2a, pegylated interferon
Ingdrfenens2b ROFERON(r)-A (interferon al pha-2a, Roche),
PEGASYS(r) (pegyl ated interferon al pha- 2a, Roche),
| NT R@fardnAis(4 proedd aiadnnakpbaby the GdpenhiM@iulate the immune

| lated Ingerf
S/SPRRALSE) Bl sy o ol oFF Heuncie 8! eErea e,
interroRaphd. (nmfemnfbemwﬁ¢rpmm mteffeyonl arbezt Mthi@terferon tau.
TufePOLEFEEN 3Ll WLRE LELAR) Voo, YhOPHEpRRERR

Human Genonme Sci ences, I n ér eron
Peﬂ%ﬂopi 9 Sthey B rrakasce thewabdity ef themelecylnat ur aI hurran
mul ti-subtype | FN-al pha, Genetrol, Inc.). 5 Qher
t y pB¥ansesiof theripterfesen dlphe iclagteof intprfeseris@nabrile strieron alpha-2a,

intbARdr6 fﬁ}}flﬁ?g,? oER rtledlb Medfetdal Q%ha—ﬁz? ggfélreg L%%‘i—%%eoﬁﬁﬁazb
RQP@E&N% ron alpha-2a, Roche), PEGASYS® (pegylated mterferon alpha-
2a, Roche), INTRON@A (Interferon alpha-2b, Schering Corporation), PEG-INTRON®
(pegylaged Interferon  alpha-2b, Schering Corporation), consensus interferon,
INFERGEN (interfe_ron alphacon-1) by InterMune, OMNIFERON (natural interferon) by
Viragen, ALBUFERON by Human Genome Sciences, Oral Interferon Alpha by
Amarillo Biosciences, and SuperFeron (patural human multi-subtype IEN-alpha,

Genetrol, Inc.).




Bi oMedi ci ne, interferon ganma-Ib by |InterMine, and
HuFeron (human | FN-beta, GCenetrol, Inc.). Conbination
Therapy In order to better control viral replication
and del ay the energence of virus- resistant nutants,
it is critical to develop antiviral strategi es based
on conbination therapy (Zoulim F. 2001. Antivir.
Chem Chenother. 12(Suppl. 1):131-142), which may
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Treatments for hepatitis B infection are also described in Lok and McMahon,
AASLD Practice Guidelines, pp. 1225-1241 (2001), including treatment with interferons.
Eastern woodchucks chronically infected with the woodchuck hepatitis virus (WHV)
were used as a model of HBV infection to study the antiviral effect of 1-(2-fluoro-5-
methyl-p-L-arabinofuranosyl)-uracit (IL-FMAU) and WHYV surface antigen vaccine. The
humoral and ceilular immunity associated with the combination of L-FMAU and vaccine



76(11):5305-5314 (2002)). Jacquard et al. published a
study of the multidrug treatnment of chronic hepatitis
B using L-FMAU and FTC, along with adenovirus
delivery of reconbinant interferon ganma. (Jacquard
et al., “Evaluation and Conbi nati on of C evudi ne and
Brtricitabine wth Adenovirus Medi ated Delivery of
Interferon Gamma in the Wodchuck Model of GBV
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al phpat RibBEdieh ¥, WO 98/23285 discloses a method for the treatment or
prophylaxis of hepatitis B virus infections in a human or animal patient which comprises

_administering to the patient effective or prophylactic amounts of penciclovir (or a

~ bioprecursor thereof such as fameiclovir) and alpha-interferon.



7 U S. Patent No. 5,990,093 and International Patent
Publ i cati on Nos. WO 95/07086 and WD 96/ 40164,
assigned to Enory University, disclose nmethods to
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t 0 ThB&diteS the treatment of chronic hepatitis B requires long-term administration
of nucleoside analogs to clear infected hepatocytes, which encourages the development




In addition, the treatnent of chronic hepatitis B
requires long-term adm nistration of nucl eoside
anal ogs to clear infected hepatocytes, which

encour ages the devel opnment 8 of drug resistant vira
strains. Due to the selection of drug resistant

mut ants, new strategies of treatnment for chronic
hepatitis B are required. Therefore, it is another
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interferon alpha. Iu another embodiment, the interferon alpha is selected from the group,
including, but not limited to: interferon alpha-2a, interferon alpha-2b, pegylated
interferon alpha-2a, pegylated interferon alpha-2b ROFERON®-A (interferon alpha-2a,
Roche), PEGASYS® (pegylated interferon alpha-2a, Roche), INTRON®A (Interferon
alpha-2b, Schering Corporation), PEG-INTRON® (pegylated Interferon alpha-2b,
- Schering Corporation), consensus interferon, INFERGEN (interferon alphacon-1) by '
InterMune, OMNIFERON (npatural interferon) by Viragen, ALBUFERON by Human




I nter Mune, OWNI FERON (natural interferon) by Viragen,
ALBUFERON by Human 9 CGenone Sciences, Oral Interferon
Al pha by Amarill o Biosciences, and SuperFeron

(natural human mul ti-subtype | FN-al pha, Genetrol,
Inc.). In an alternate enbodinent, the interferon is
interferon gamma. I n yet another enbodi nent, the
interferon is interferon beta, interferon onega or
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or its pharmaceuticaily acceptable salt or prodrug, wherein

R is H, alkyl, . acyl, phosphate, including monophosphate, diphosphate or
triphosphate or a stabilized phosphate moiety, including a phospholipid, or an ether—hpld,
optionally in a pharmaceutically acceptable carrier or diluent,

in combination and/or alternation with a p-L-nucleoside of the formula:
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or its pharmaceutically acceptable salt or prodrug,
wherein R is H, alkyl, aryl, acyl, phosphate,

i ncl udi ng nmonophosphate, di phosphate or triphosphate
or a stabilized phosphate noiety, including a
phospholipid, or an ether-lipid, R2 and R3 are

i ndependent |y hydrogen, al kyl or cycl oal kyl (such as
cycl opropyl), optionally in a pharmaceutically
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Figure 2 is an illustration of a non-limting
schematic of treatnent reginmes of 1-
(2-fluoro-5-nethyl-(3-L-arabinosyl) uracil (L-FMAU),
and O- 2- hydr oxynet hyl - 5- ( 5-
fluorocytosin-1-yl)-1, 3-oxat hi ol ane (FTC), with or

W t hout injections of an adenovirus vector for
expressi ng woodchuck interferon gamma (Ad | FN) or an
adenovi r us vec Boer DEsCaedsK 08T BenrEd uor escent
Protein (Ad GFP), given to representative woodchucks.
Figure 3 shows four graphs depicting the anount of
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%‘146%%1{5 whélﬁfﬁ@at doggs (@fshiefpderayBup clprEnr f5Rrewing axpodolmk
m@ff%ﬂ%ﬁmﬁ:ﬁ (Ae g0 haehvsIndiva ihe oBinodl 854 86l 18881 KMSsy.

| he data are cribed in nore detail in Exanple
ﬁ*nfiﬁftg‘g?’@s cfmount;of it Pﬁlﬁ stmd DRWis shqvig messared by arﬁipgensws

poliinietdse 430 (B Pdpasinl)hy desdribed v alample B, fieea bididssud®. Vi 1 us

(W3V) over tine (days) before and after injection of

WO O ipfariC i Shontst five xap@lP dgpicting the AARDROVOL virsl DAL (Odpich/il) of
een F esce Prot n ( P
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I's a copy ©

detail in
agaiptimer hheslatt @%ﬁ%}bﬁmﬁ@ﬁﬁeﬁélmm%nd in liver
bloEﬁP of woodchucks infected with woodchuck
hep8igrs 3 i thyeer graphs\jaipting; GiR dfpouet of YighDINA ropistal) of
w&a@a&mesﬁanﬁsl\/}s&n@wmyovér BAS (ddyt) BEbk ADd GBS infebtIM of
&ﬁgpchuc %led wth the
w ucks wi plu of adenovirus  vector for expressing Green Fluorescent
Protein (Ad GFP) (top two graphs) or an untreated control (bottom graph). Arrows

indicate time of inoculation and time of biopsy. On the left Y axes, amount of viral plus

strand DNA is shown, measured by endogenous polymerase assay (EPA, dpm/ml) as
described in Example 3, plotted against time. The data are described in more detail in
Example 5. ' A
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conpl ete adenovirus vector for expressing woodchuck
interferon gamma (Ad | FN GFP), adenovirus vector for
expressing Green Fluorescent Protein (Ad GFP), or not
treated. Bottom blots are of covalently closed
circular viral formof DNA (CCC) DNA. Nunbers bel ow
the graphs denonstrate the ratio of DNA at D5/ M1 in
percent. Figure 7 shows graphs of viral concentration
( copfigarerfl i a gppywd selstieuciioth eplieing visal DA fonwbin divabiapipe

of dRYRhudiy Eﬁf&gedawﬂl @B%cﬁﬁuckr @iﬁl‘ﬁ Blydl 2% § Pnonth
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adbAGANS veg:ﬁﬁ %‘?111 &%’gssi'gﬁl ngf)({g:n x S g}fero I(Ad qg Eélécﬁ-lﬁ%d in

treated wt I'cant
Eyeanplet.i Bre resmlis/voreplitzinedmpige fos blgt assayadf’gvrgp%m&xamplp LY

concentration (copies/nil) of woodchuck hepatitis B

vi r Jdgure 8shewsrasapheiefMirpl dopceakptign faopiatmbl ofwparahuck bepatitis

BORAEdvBLHmb Nafpi P AR fid aFRP cbRRUle lo? aniﬁ@!sewﬁﬁ’tuﬁéc’ﬂ@ﬂ of

usi ng dot bl ot assays described in Exanpl e i gure
a‘%PBO"‘%‘S 118 é“rg‘?‘afﬁﬁglgdf""%‘ihl‘%l‘l inferferer SEBHA @@/Iﬂ‘) OIG"PB“"V‘I“S
vawﬁ aﬁmxpﬂéssh@p@u:ﬂ msor&cenv Pfotin QAEGFR)i 8 ReHRNS) Eidipid g

fter t eat ni ma t, .
ssilh Vi PoBSRAYS dor OBt Hvavsdhstied i apomle 3 Gone)
: warddhﬁk@&da;mlmﬁbhy‘t@ﬁy]on@h@ﬁe& Aousighifietit @&iatenlin yirgmid., 3-
oxat hi ol ane, Entriva; entricitabine (FEC), with or
Wi t Hdgitre Drig 2 gtaplo ofSviaf coacenadhon Qaopies/ail) of @@bdhudkGiepatitis B
. ' dchl prerferan asur d
i RGPl B 61 Wit Db AR ol & TORNR
wdrg Ob@naiwmsﬂowotmswnb@mﬁmlﬁ yzing vi ral DNA
found in liver biopsies of woodchucks infected with
woo &igwre 10 e fadei graphs BE vical doad((Wohids/ml) efiwopdeluek hepatigy Bt o
t
il S0 ity cuftbe sha TR i B i PR LA PR
, Lﬁﬁbl&t)%!) vipgih (LFMALD] angr &ZWﬁe;mlthy( B(3-fhuproeiosrind yL,3-
ordinffdnk, Eduf M dmicitabine (FTC), with or without injections of an adenovirus
vector for expressing woodchuck interferon gamma (IFN), measured using real-time

PCR as described in Example 3.

Figure 11 is a copy of southern blots analyzing viral DNA found in liver biopsies
of woodchucks infected with woodchuck bepatitis B virus (WHV), taken just prior to
therapy (T0), at 1 month into treatment (M1) and at two months into treatment (M2)
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0- 2- hydr oxynet hyl - 5- (5-fl uorocytosin-1-yl)-1, 3-oxathio
| ane, Entriva; entricitabine (FTC), adenovirus vector
for expressing woodchuck interferon gamma (Ad 11N)
adenovirus vector for expressing G een Fluorescent
Protein (Ad GFP), or no treatnment Bottom blots are of
covalently closed circular viral form of DNA (CCC
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belovr tHelgkaphls ddibhnkttald thebikd\§ INATLIDS/MAin B&lcahElENOVi T US

vector for expressing woodchuck interferon ganma

(1 FNpigurenth 6@t ms d 1{3&1119%3 LebR o@fwo‘éélcfhu& hai&@ns B vius
|nd|cates sa es ta prlor to

WD SRR i spetenfin dow irootieriml forh of DR EGHINA in
axﬁﬁd]s Méeatgdd iwG@t @%2—&@3@5-%&5{%%@&0&9!@ umamt (LSFMAU}, Op-2-

eat ure 13a rah |CI|n t.he. percent
Sk S0a - Saiciarey cifspiae S
on:m/aieﬁmﬂ;y vecko sfacbxﬁmsmglmddhuﬂeinteffabmgmﬁmm GhdiatilNA

[ ni nal s treat.e
i ey o 0t ot s ot i t, ey, il
sagpdks Tde® at 1 month into tteatment and M2 mdlcates samples taken at two months
L et hyl - 5- (5-fl uorocyt osin-1-yl)-1, 3-oxat hi ol ane
" '%rﬁitrlva entricitabine (FTC), indicating the

d ep lIﬁé‘l{I‘g Ny30%re a%{;)ﬂ§ K}/i:p-[c(an% gﬁg g&é@% é)g fitck! lzegiglﬂlsj B! Shrus

es ta

or'to ther
(Vﬁim il JRI3A tapd gevaispily, clesed civgular rvenalcfam of BHApICGEST) tl%\%m
arfthall \WRatedWith hs(zlfﬁb&—iﬁx&@ﬂmﬂ&mbm&kﬂ lﬁfa%ﬂj(ﬁ ghRPPS-

depi cting the percent of woodchuck hepatitis B virus

hydpgpnyseetiy Sy S-Byqrecyigen- &a%rwwlwﬁ@wve| qRtgifitabing (7P
mﬁﬁiﬂﬂggﬁe R E6OEE0)imBNAY iid@icaRs) :sdiiﬁ:ile% tikeR g’slfsﬁﬂ'lo\\/ltd {hcrapy, M1
LN ectl ons enoylLrus vector L eX ess
(GRS PR £ GPo e Benoeop A M SARE Gl et
mbhs iatoreg@ening Green Fl uorescent Protein (Ad G-P), or

untreated. TO indi cates sanples taken just prior to
t heFage I are mmaﬁqﬁcusgmm pacent af(@bodil:hud( bepaith B niros

@ﬁ@f\' di,cat es
non QH%E:BnI?% Fea oh %10 ﬁlﬂcrue 1 ar B f?gﬁ%&‘cﬁh{
- anithgs aentadnithahjestiohd of nmvumy vendar ifericpregsiog Maodchucksmmn

gaﬁ&nad& R &*eé.bm&pp; ofprosithl Bfech ﬁﬁ%mtpm%u? i),

fhuotro-5-neth L- arabi nosy ur acl
or(q_nlIszW(U) TO indicates . samples taken just prior to therapy, M1 indicates samples

talled 28 - TNAENR )flytg%mﬁlant?anﬁgﬁ?li hlRARE ¥dutdstaten Yt hiolmiths into

treatment.

J._

Figure 15 are graphs depicting the amount of inflammatory activity (Metavir
score) as described in Example 2, after treatment with with 1-(2-fluoro-5-methyl-B-L-
arabinosyl)  uracit (L-FMAU), f-2-hydroxymethyl-5-(5-fluorocytosin-1-yl)-1,3-
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14 oxat hi ol ane, Entriva; entricitabine (FTC

i njections of adenovirus vector for expressing
woodchuck interferon gamma (Ad | FN), adenovirus vector
for expressing Geen Fluorescent Protein (Ad GFP), or
untreated controls. DETAILED DESCRI PTI ON OF THE

I NVENTI ON L- FMAU admi ni stered i n conbi nati on and/ or

al.t ion with ETC n .combi pati on and/ or
oS e, R e SEaBRoviSs YRG T Ergsssios
woeddohark ointerfatoe r famrman(AJ AR 4demwirtle Yectdd Plor ieRPredsthgr Gfeyn

i heattls B,virus. In one
Fﬂé’%ﬁ%gu rre%flﬁla?dne Y Erter oﬁ rf'%d adm nistered in the form

of a protein, typlcally directly into the vein or
artery. In an alternate enbodinent of the invention,

the interfer [ ' dlntheformof a
nucl ei ¢ aci dBETgene or gene e‘&%ﬁ\’”‘%’é’r eof that is
expressed by the host The interferon nucleic acid can
re nak or via ector,  usin
t ec%ﬁ% FEHORRCS o Rt " relepadaE PO TG prd i
cogabinati¢mang/op rlefmtioreditleabintiferns suclt ieintederbn Hpka @fisterfdien

| e OW'free ir, o osite
a‘hn-ﬁgﬁgnan r?%?rsagﬁt‘ﬂ?a 0rmr r n’é’ d“‘i‘r‘f‘:’nt In one
enftedimeft] HE€ lalndemd_iﬁ Atdingstezed imcibp ﬁmxieuftal gtotem typiaally (ﬁﬁ%y
m%&?@ o 8%&; ef asafang seerem%& %%ﬁt & die mPnagq” ¥ RIS is

I'n apre erred enbo nmunono
admigigiered fp fhe form ghe nvehiyo@mdreswe of lgend fragent ﬂmreof that is

. cxbx@&sﬁdi bpERMoY, PRS mt&@r&@ﬂ&h&é’ acid @%yﬂeaﬁeﬁgen%dﬁn Jde oPWia a

In _another enbodi nent, e interferon alphais

"e'st@‘T BisEebpiqyen ko tg thosmof qrataary, ohilh in, thapst not limted
interferon al pha-2a, interferon al pha-2

peg{ﬂ aprgtgrph prehopiEieply the | BJETS 4nd the d VAV ag 4tma§‘r90@r%??
ofahamhapp%htemﬁsﬁﬁ%ﬁbmA Tal DRk k&&e@%ﬁh&ﬁ:ﬁ&x P91 and

SYS( r | a fer on a 2a oche) ,
’-"S@d\i‘( ! E‘?ﬂﬁ&% F‘f&* r#i?'{I pﬁfﬁ 2 5h! 399 Roeet thejr opposii¢ B-D-
en{fgiopesat i on), PEG | NTRON(r) (pegylated Interferon

al pha-2b, Schering Corporation), consensus

inter ﬁqxteﬁmedldﬂfﬁm @ﬁmhmmi:emﬁmﬂabxpisa@omeﬂ):mby In one

e s Rl TR B Sonttl € B Shrion b o

“angthay l@glb@a}unmmtm Mﬂdﬁ@l alpbi mbstpd ﬁmi ﬂ&mexpl,:mclum:lg rtmt ucutal
linfeB8 MdionSH hyRe ldt&PéﬁaJ Qi;sﬂa.zbee%g@a@& it od fal

al ternate enbo nt erf ni1s Interfeéeron

pegylatedn . inferfespat abh%r%eﬂé‘iﬂ@ém@rént (interfegoni ntlalmfibr oRotls),
PEGAKEE ate@%t&fcrdnrhﬁlﬁﬁfﬁfl@&héb SNoA b ﬁ L.k Qfphd 38
In anot her _ enbodi nent t elnter eron al als
‘Schering  Corporation), PEG-INTRON® (pegylated Interferon alpha—Zb Schering
. Corporation), consensus interferon, INFERGEN (interferon alphacon-1) by InterMune,
OMNIFERON (m_atural interferon) by Viragen, ALBUFERON by Human Genome
Sciences, Oral Interferon Alpha by Amarillo Biosciences, and SupesFeron (natural
human multi-subtype IFN-alpha, Genetrol, Tnc). Jn an alternate embodiment, the

interferon is interferon gamma. In yet another embodiment, the interferon is interferon

' beta, interferon omega or interferon tau. In another embodiment, the interferon alpha is
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15 selected fromthe group, including, but not limted
to: REBIF (interferon beta-la) by Ares-Serono, Orega
Interferon by Bi oMedicine, interferon gamm-|b by

I nterMune, and HuFeron (human | FN-beta, Genetrol,

Inc.). Alternatively, conpositions and nethods for the
treatment and/or prophylaxis of an HBV infection in a
host, preferably a mammal, and even nore preferably a

sekpgtod firom the gropp,dusletting, bonmotilsiing taRBBIF Sinerferoy bal-1a) by

f I f ;

ARSSERh, Cin @i it 7 BN, RRSEAR ol 16 by BEUE,
ﬂ@&ﬁfﬂﬁﬁGwﬂ%@HWEEwwﬁ@WébhﬁRlis H, al kyl, aryI acyl ,
phosphat e, includi ng nonophosphate, dlphosphate or

tri gﬁﬁfé@pmtyecqmpoah@ﬁ abi pictheds iphts persment aad/ent prophylaxis of

anl ﬁﬁvliﬁfb&ﬂn & PHR® Bﬁ@érﬁlﬁf{ Qmaﬂﬁnafl Qm? LRG" Jré loflrably a human,

optionally in a_pharnmaceut] cal acc e carrier or

arg Profided comngisiag Adpiiteriag alaﬁfavceve fmava ﬁga Bdrnvglepsidegof the

fofndrd:- nucl eoside of the formula: NR2ZR3 tNOOR OS
or its pharmaceutically acceptable salt or prodrug,
wherein R1L is H, alkylg aryl, acyl, phosphate,

i ncl udi ng nonophosphat d| osphate or triphosphate
or a stabilized phOHN at 3ety, including a
phosphol i pid, or he -I|p|d 16 R2 and R3 are

i ndependent |y hydr enn“al kyl or cycloal kyl (such as
cycl opropyl), optionalfly in a gparmaceutically

acceptable carrier F o

10)51
or its pharmaceutically acceptable salt or prodrug, wherein

R is II, alkyl, aryl, acyl, phosphate, including monophosphate, diphosphate or
triphosphate or a stabilized phosphate moiety, including a phospholipid, or an ether-lipid,

optionally in a pharmaceutically acceptable carrier or diluent,
in combination and/or alternation with a B-L-nucleoside of the formula:
NR*R?

SN
I

N0

N

or its pharmaceutically aéc'eptable salt or prodrug, wherein

R! is H, alkyl, aryl, acyl, phosphate, including monophosphate, diphosphate or
- triphosphate or a stabilized phosphate moiety, including a phospholipid, or an ether-lipid,
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in conmbination and/or alternation wth an

i mmunonodul at or, such as a TH cytokine, and in
particular an interferon, such as an interferon

descri bed herein. In one enbodi nent of the invention,
the interferon is delivered in the formof a protein.
In an alternate enbodi nent, the interferon is
dellvered in the formof a nucleic acid, gene or gene
Rf raady e nere titispendsngly dydmgert, haékyprootcmlmlkyl ({suoh &is pryeloproplar
é\dmg%ﬁrggﬁmg;cwdcg F%% gvention, the interferon

délivered int a nucleic acid, gene or

@&Qﬁmfaﬁ aﬁ&&%%ﬁ%m%ﬂ%&ﬁﬁon%ﬂhlh%ﬁ schl & 2 THI cytokine,

qcconplis ed wth a viral vector or via
a!eﬂem pytpular an integfereas sarh asd interipron) dessribrstbicsin. t h e r apy, an
ef fective dosage of each agent is admnistered

ser iInjopsemboeimeatef the invensioh.ribg intsrferon ésr defiyeredeingthacform of a

pRIA YR Sn ﬂ&rﬂa%ng{odﬁ%@ the 36 RSh 18 UQivEEN IS ERREH 2 nucleic
t.oget her. The osa%es wi || depend_on such factors as

aci, SERe T iEens, Tasmen At eXnrgstrs thegrcteie Iu9e Pirdsklar sepbodiment of
the peds€lt fif¥Bntioa t8s ﬁt@fercﬁag BelflEdg irfhe W&l of aSnuefeltaicidf Ak @k S

known to hose in the a s to, be noted
T A S0 Ao e SPELP S mP g b HEd S8 i v
“mked’ldelive@ndi tion to be alleviated. It is to be further
understood that for any particular subject, specific
dOSd@&eﬁﬁj,l mﬁmg #Aeshatah eﬂmbﬁ&nséf&uﬁ\d m;eagadq;medcechgau 513
to the dual ed
adiliRere R RERAL WAl cDRplE YefiP HRTRE B0kes oF B srposy
ageuip e:nwdmmm@retihge&dm Thic losagets imdlh depbnd dussudioippios s abserption,
iSRS, Bhanil! 3R S 009368, FPUARSSAN R LOHAA chF

the sci ent| terature and SI cl ans
kipande Gaeef slﬁﬁmﬁh@mm% fisetg b@ﬁot@lmtdmase wb@agfél ﬂaqw'ga@swﬁb r
the %&@ﬁw%@ R QU ondE BE LBk, REk & 1 ffiRr RhRRtJoA YDA fdrny

ublic |literature or can be identifi d usi ng known
Paﬁ'i“&lf‘é sHbjesls specifip dewegitsgimgas ?“&r‘?ﬁ@“lﬁsaﬁkp @ beradipstederyepiime
_ aodaaing eﬁl the a&hidame néedddd R piofssiddal jldgh@hd BF tthd PRrsdme
rm.a

k used_herein, un|less otherw
SESrR pisvaig he Summeih S Coppons HHemAleah
suuablasguskgeeangmdam ;o;mcsﬁamrndamﬁcditerstm andain Yhel Biglsiciaatinoh

LIPS e SR B REEE 58 e

he@fip @F@lso @ﬁ@@lﬁs pulgbic diteyrdtyre jos ogar hppt;iéu,uf e/ elingpimopy Ipxocmurqsl

e e

cycl ohexyl net hyl , 3- 17 met hyl pentyl,

2, 2-di net hyl butyl, and 2,3-dinethy|buty|. The term

i nc oth substituted and unsubstituted al kyl
Lgrosﬁgﬁﬁwgieties wi th which the al kyl- group can be

The term “alkyl”, as used herein, unless otherwise specified, refers to a saturated
straight, branched, or cyclic, primary, secondary or terfiary hydrocarbon of typically C;
to Cyo, and specifically includes methyl, trifluoromethyl, CCls, CECl,, CE,Cl, ethyl,
CHyCF,, CF,CF;, propyl, isopropyl, cyclopropyl, butyl, isobutyl, r-butyl, pentyl,
cyclopentyl, isopentyl, neopentyl, hexyl, isdhexyl, cyclohexyl, cyclohexylmefﬁyl, 3-
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substituted are selected fromthe group consisting of
hal ogen (fluoro, chloro, brono or io0do), hydroxyl,

am no, al kyl am no, aryl am no, al koxy, aryloxy, nitro,
cyan, sulfonic acid, sulfate, phosphonic acid,
phosphat e, or phosphonate, either unprotected, or
protected as necessary, as known to those skilled in
the art, for exanple, as taught in Geene, et al.
nmthylpentyl \Z2-Gmothplbuiyl @dgadidisneSyloutybsi he Jain indtllasy baind

s ST YOS B,

sphffiwied 2o spleptad Fem Shrogrpyp) @ﬂswﬂpépfeh?éoae@ (@ormhlpm, bI4mo or

i&dR), Lhﬁ(&b@qi éﬁlﬁ@'&ﬂ@fmﬂy AERER, alE(S hﬁﬁ? rlﬁ’l{‘H ' ging » suffonic
clic (for exa cyclo ropy

3 ’ﬁc ‘H‘%Fen g’hEﬁBP‘PP“'s &ﬂé»t Phaspily: 2R Pho Eﬂ?éﬁt |q1tmreunmm or

phitdcRd 35 nQkRiayVasSIBowR @€ itbbCatiled it thd bR fdr Rxduiils as taught in

(g I|ca ion,  when al k A IS @ SU|tabIe nnletg | owner
otecghive Lr l ps # (K L.l ! ?'y“ Spwé?colld

Eﬂd@%ﬂ%ﬂsh&d@ﬂmmﬁbﬁ&ﬂm@nﬂhwma unsubstltuted al kyl or
| ower al kyl is preferred. The term"aryl", as used

her iha teraritbwanileds aoﬁdeehmm,amsm@s biheshise pcHTe8, réfers to a
I h o] pht h and, preferab hen
cghe eF%$%ﬁ%lﬁﬁ%& %?ﬁmguBrﬁgﬁﬂF%H’ﬁn&' CYRYS %%i?
cyrlipepi slkylTgreum incladig dofh eibstitdvel sudbsibubstithed founk.h tmm
r t roy OnSJSt
Oﬁgnﬁglso 511‘ tﬁ%irlgslﬁk %Og’bv?i{g]rm I g a s&fgﬁb © ﬁmﬁ?'bi?y ?r
ke lf*‘ron6 | aSimilerly. avhenastis oot Woﬁilwl ds yl evitable nnbiep,

uﬁ%ﬁ@sﬁﬁwd%ﬂk&f&rﬂv&xﬁﬁﬁ% skdsat e, phosphoni ¢ aci d,
phosphat e; or phosphonate ei t her unprotected, or

pr Ot196 tfl a1, DRSS anmléé 0 sibesg rétvsgé&gnﬁ

e art, for exanp as tau In G'eene,

eeyleert Raphthyly 6‘E§1pl§"ﬁ3‘ﬁ el c ‘ﬁtﬂh@frl“ées mfmbwmeq/mdnd
uﬁm&mtesms Edfhd b@ﬁgroﬂpg&li be B itu@H WitklB&! or ﬂi&é ﬁllbéuéso

I d whi h
<o RR e st Gusiuns of pingen Soers colors e i) Ay
ar%]ina mllhaw;md o) rarflgdﬁahd) Cztﬂﬁixbtyhlyhﬁ}lf, L@ﬁ‘@ rcyalﬂ:l gyﬁomc:g héi@ W&e&y |
in ne ar.a i ncl udj en

ooBSpHE A FRnER iR, b pPorolfe st e o
nqmeqmy Ias btwingn aihdsg/slslwdsm ibe att,eldr ematnplenssl tmghmn((he@e, et b,
P;g‘er:tzve @'ra mjér argJ'S .51?;4 Itﬂ]!n'%nley %d .‘%]Js tﬁ%f( gﬁ Eﬁ gﬁ

onyl

sulfonat est uch as al or ara

i nc
tri gﬁ%?ﬁﬂ qgﬁest er, i ttl%g:t%’fyhz qu%%%ﬁlet y B Pgyffasbonyl
m@}%@f Flle&ﬁféﬁgf@@] E)SF‘IGGWQF ﬁ@ﬁl P@yﬂlﬂlt,l BQHICQ@:L gr cychc a]kyl or lower

anely, bRyt inbibdNg Sithoky ey, aﬁ*«ﬁ m&lug%g &kk ufyll\éééi.
groups in the esters optimlly conprise
as ghepgpymetb arl irlyling phoayl ondgpntly substiaed widh laﬂhoga@ gqg &% 6lp
Bri 6 MU, @6 O, hiiyN 6N er &) BPANdxyRitShate ésford QMR as aflK! aralkyl
sulphonyl including metbanesulfonyl, the mono, di or triphosphate ester, trityl or
monomethoxytrityl, substitated benzyl, trialkylsilyl (e.g. dimethyl—t-butylsiljl) or
diphenylmethylsilyl. Ayl groups in the esters optimally comprise a phenyl group. ‘The
term “lower acyl” refers to an acyl group in which the non-carbonyl moiety is lower

" alkyl.
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18 The tern "substantially pure fornf is used
throughout the specification to describe a conpound
whi ch i-ncl udes approxi mately 90% or greater,
alternatively at least 95% 96% 97% 98% or 99% or
nore of a single enantioner of that conpound. \Wen a
nucl eosi de of a particular configuration (Dor L) is
referred to in this specification, it is presuned

t hat THehemn Usiteasdalle fus: fekaT nd steelr dtbuplivus tHasipadifidagdd yo

ure form The.term.' i muno or," as.used her.ein,
B A Spout i ictioe SPROPRI A Slare? a8l
95%1 3684, IWTer WG4, loy 98% or meierof @ sihgle aimuiioman pLthitesppoasd . When
- L.t ng. .fim&F | at or.s_inel ude. .
aW‘fYT‘MS%{: necgi,g?an E'fc‘%“"g Rk ge?(?g?ﬁ lg?l}'seﬁpgﬁﬁcagon’ 1Lis
Piesrmedftiat the nucleosideisiafiniaiteied iresubsiantinlopurd fiotver f er on- a2a,
interferon-alb, interferon-0, interferon-y, consensus
! ni em;eeéran:imﬂaﬂhﬂoamle@rﬁ RS HRFHH) ﬁ:f&@ v clﬁs&ﬁsidne or cytokine
i nt erferaqn-a,. anyl ocyt e macrophage cal ony-. .
e Seghlfish iy diilves o G iR e ITtng cxamgles
of intmembmodalatord hclulieTHAL Erakines, mad in y@rdeok:, iddieron] HiRrferon-a,
i n dulator.is iLnterferon, .a even re
ol BOIRR L ot oo e Cip i e B By copgensus
intesfernpegylettdingrfemn pepyiatebinletiéan-o.qaramdocyte eedrbphbgercolony-
LS i r ' t. 4L n. icafe, .inc i
i Aol Dibhblh, iasichis” G0uARIGEES ©\ il
empodipen, themmynomaqelaienis intesfronpmd exanmydreprefaraplyinterfsfontin e
viral genonme, whose replication or function can be
al t diheéeripyhesh atgnd buritgefon to heoigallsbeotmilterlvien coganisifihe
inf @HIER, R8SVire REE dphiCA, et CLoR s Wfll SHRAY £ rdferalif o S
h all t of the vira g d

transfected wth all or part | nome an
hogmanppliemativelaihe hegi) cap be grirying a arti of the Hirad ggenome, whose

refitiARAGZERSbN 8H0he WKERA By tHeomPBills Sthd BleseaPildnéAL | ARS

of the esent invention the host is a human patient
ek st PP i ittt fels gmdierod il g oot the vira
gehome ust aniasls it lpetitdla, pitiidai (pektidg bhimpheecespifiSRfibns, In

invention. ..l ].. Pharmaceuticall. ceptabl e Salts and
is? Sl cpieehione B IR aRE, et 56 0B, A ot Bt
Veleringtyozpplicationse inncegtnie istitkfions) rwebar, fraslearyoanticipated by theo
pr&gﬁt%%hml e nontoxic acid or base salts, .

adm nistration of the conmpound as a pharmaceutically
acceptabl e salt nay be appropriate. Exanples of
pharmaceutically acceptable salts are organic acid
addition salts formed with acids, which forma
physi ol ogi cal acceptabl e anion, for exanple; tosylate,

acetate, citrate, 19 nalonate,

met hanesul f onat e, :
Ly oy ?“tg:ﬂ'i’éﬂs??ﬁ?‘é'?le Bults 2pd PEodrygy or bat e,

.a-ketoglutarate and a-

In cases where any of the compounds as disclosed herein are sufficiently basic or
acidic to form stable nontoxic acid or base salts, administration of the compound as a
pharmaceutically acceptable salt may be appropriate. Examples of pharmaceutically
acceptable salts are organic acid addition salts formed with acids, which form a
physialogical acceptable anion, for example, tosylate, methanesulfonate, acetate, citrate,
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gl ycer ophosphate. Suitable inorganic salts may al so be
formed, including, sulfate, nitrate, bicarbonate and
carbonate salts. Pharmaceutically acceptable salts nay
be obtai ned using standard procedures well known in
the art, for exanple by reacting a sufficiently basic
conpound such as an amne wth a suitable acid
affordln a phyS|oIog|caII accept abl e ani on. Al kal
Allex SiTpiPe. suoaty pevbadi kasesiutrethi ang  or
g@]ckxﬁiﬂi a@ar SiitabBt iBbrgdnficOkal€ )Sﬁ’s@:ph& b€ frnbd! Pherfitl! Suifke,
y

carbo&g ic acids can al so be nmade. Pharnaceutlcal

niteee prapmate spdertogate siltesf or 1o a conpound that is
met apol i zed, = for exanple hydrolyzed or oxidized, in

t he HgERacPRicplly frcenblec el SN hotbtaingd using stepdard procedures

vell\k86Wrt Rlthe ziB{ Pdr%ﬁém;ﬂé(@f@icﬁ g thﬁilﬁﬂfv Bgsﬁ: doRpbutd Such as an

conmpoynds .t QP% i ol glcall bi|l e protecting
BPBUHE B ighlp delget Ytarr@pfa'alf PRien- c Bkl st
(f@er @dampgs soﬂiilmL (pessnE 1o liklfin)t Hraklksiae cah Gaetalli(®e @xample

nated dea te hydr oxyl at ed,
cdéﬁa roxy gfeﬁﬂmﬁ?g?gfg%g%”m%%hydrolyzed al kyl at ed,

gggLosp or yPgﬁgé“?%%g?%ﬁ%ﬁ%yﬁﬁgg%éf?ﬁ%gﬁgﬂﬂﬂ%ﬂ%hggmﬂ

f@tearmple dpdrolyzed| oy oxiglized i ﬂiallﬁststa lfdrm ther comytbend bk prcsent
iGN © Arypl HLRRAIIRE Bl Rhlcal SEERAAR Godl ROK ARRLRY

or gani ¢ ‘bases a
lohide profogting enenpsl b ifugetional snostic hf as acpwt aspounh aPlxddmgs

m%ﬁdé é{fﬁpo@ﬁd& ahde O l?ca({xidibe&% Sé%g#ﬁgtg?gicﬁﬁhﬁ H E}ﬁ@t\%ﬁlamd,

neS| um anon numer ous

aghpro Piatrdrded fohgdrolyzegallcased denthertateds acyltstl sleacylated,

phdﬁyﬂbﬁlldt&ﬂ d?bﬂo&ﬁhbryﬁ&ﬁ&@ Prodaddl thy hdiRé c@ffou¥d. t )z‘hauQJce@c[caly
oI|z ound that exhihbhits such

a%‘f‘c‘lf 0s¢ gt domprYagacertisally Iopatrbledpasanic om
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attached to the nucleosides of the present invention, or Lipophilic preparations, include
WO 89/02733, WO 90/060555, WO 91/16920, WO 91/18914, WO 93/00910, WO -
94/26273, WO 96/15132, EP 0 350 287, EP 939170544, and W0 91/19721.

Nonlimiting examples of nucleotide prodmgs are described in the following
references: Ho, D.H.W. (1973) Cancer Res. 33, 2816-2820; Holy, A. (1993) Isopolar
phosphorous-modified nucleotide analogues,” In: De Clercq (Bd.), Advances in Antiviral
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independently or in combination in a pharmaceutically acceptable carrier or diluent. The

active materials can be administered by any appropriate route, for example, orally,
parenterally, enterally, intravenously, intradermally, subcutanecusly, topically, nasa]ly,

' rectally, in liquid, or solid form.

The active compounds are included in the pharmaceutically acceptable carrier or

diluent in an amount sufficient to deliver fo a patient a therapeutically effective amount
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solutions in saline, enploying benzyl al cohol or other

sui tiabine epbedisentabievasmoreadi Sl fiitive Borponndt @& @repﬁed w1th

Labili fluor ar.oons. and/.or
AP Bl Rl bbb e PR el s S
corftrofieslc redgadey fcaumiamw tlmlle;ling nnltlm fugt migb- emap&ptmdt dliveg,
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non-1nit ng excil prent,

a?ﬁ%% eolyabydrides, pelyglyqelie ﬂ@d,gfpl}ag@r, |pd§0r§@te%frr% angfpolylactic acid.
Mo YERRRiof by S0k ?omm%&@ vall 6 @9&&:& t@&o&rsﬂiue@ﬁfhe art.

_ L nperatures, but |iquefy and/or dissolve in
Themptgtalscay plsq ba Hiziner é%lg'@eff’ﬁ]é‘/ @‘?‘% §iza Comsrpéon nb 0 d i ment ,
one or nore of the active conpounds are prepared Mﬁth
car riRasemal | syspefgipns pcliding liposemesotaissteh do JgkFiad cellsapity
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ady e SCgﬁ@e ! %L %F%t‘%’g%a gTIeSQC; %;:Ic nging to meatl]?otdg kl?or\]zm to those skilled
in the art, for example, as described in U.S. Patent No. 4,522,811 (which is incorporated

herein by reference in its entirety). For example, liposome formulations may be prepared

' by dissolving appropriate lipid(s) (such as stearoyl phosphatidyl ethanclamine, stearoyl
phosphatidyl choline, arachadoyl phosphatidyl choline, and cholesterol) in an inorganic
solvent that is then evaporated, leaving behind a thin film of dried lipid en the surface of

-the contajiner. An aqueous solution of the active compound or its monophosphate,
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systens. Bi odegradabl e, bioconpatible polynmers can be
used, such as ethylene vinyl acetate, polyanhydrides,
pol ygl ycolic acid, collagen, polyorthoesters and

pol yl actic acid. Methods for preparation of such
formul ations will be apparent to those skilled in the
art. The materials can al so be obtained commercially
from Al za Corporation. Liposomal suspensions
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esent invention r?% reduci ng the abolis
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()._

Another aspect of the present invention is using in vivo gene therapy methods to
deliver immunomodulators in combination and/or alternation with two or more anti-
HBYV agents, with different methods of action and/or synergistic effects, to treat HBV.
- Gene therapy methods relate to the introduction of mcleic acid (DNA, RNA, and
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the severity of the condition. to be alleviated. It is
to be further understood that for any particular

subj ect, specific dosage regi nens and schedul es shoul d
be adjusted over tinme according to the individua

need and the professional judgnent of the person

adm ni stering or supervising the admnistration of the
conposi tions. Exanples of suitable dosage ranges can
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enslﬁe.f,natl{éﬂég'?ﬁ%’sgﬁ éﬂ% ; I;]erhle %E[;QEL, ‘8 1 plg $ ysxdmgﬂ?lp' {s space occupied by

‘the plasma of the circulation and the lymph fluid of the lymphatic channels. They may

be conveniently delivered by injection into the tissues comprising these cells. They are
preferably delivered to and expressed jin persistent, non-dividing cells which are
differentiated, although delivery and expression may be achieved in non-differentiated or
less completely differentiated cells, such as, for example, stem cells of blood or skin
fibroblasts.
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constructs can be delivered in a pharmaceutically

acceptable liquid or aqueous carrier. The pol ypepti de

construct can be delivered to the interstitial space
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-immunomodulator include, but are not limited to, primary cells, such as primary

nucleated blood cells, such as lenkocytes, granulocytes, monocytes, macrophages,
Iymphocytes (including T-lymphocytes and B—lmphocytes), totipotent stem cells, and -
tumor iefiltrating lymphocytes (TIL cells); bone marrow celis; endothelial cells;
epithelial cells; keratinocytes; stem cells; hepatocytes, including hepatocyte precursor
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The engi neered cells which express and preferably
secrete the i munonodul ator can be introduced into
the patient systemically, e.g., in the circulation, or
intraperitoneally. Alternatively, the cells can be
incorporated into a matrix and inplanted in the body,
e.g., genetically engineered endothelial cells can be
i npl anted as part of a |ynphatic or vascular graft.
(el diepaiosyten inphding hepatndite rsaursr cells; fitwoiBastsPabsendiigmal cells;

e300k mapilolield 648 & Wison, USS. pat. Mo

5, 460, 959). en the cells to be administered are

non- auggl r < ihle . | s n
P AR EBRB falls M RBRl b st R Ve &0
iypctign At 2 fhsereie pleyueipiiien tAlismativelyp e cellrmayde celspbatse not
akdtla shépric s, bRAMGELIEBLR the cells
ﬁ%y be f%trggg%ed in an encaggﬁﬁgge ?%%ﬁ?ﬁﬁich, whi |l e

al | owtaRginbdar celip nﬁ?cﬁbaﬁélﬁ, @ fex BROoReRL Sredibcb i) &hﬁBV by
ce ow

N diate extra [ ul ar. environnment, does not a
Pl “"‘%Pﬁi?&f&@sd suck py Rloqd celipthptdarsher eaotsg fromea prtiont and
elxpantcheain Sy Rikre, MinfedHdlaviph0 prficl6ssihn laSookdide WIBYthd BrelechPRGHGET

contalning a

Lth the infectiousg viral particles .
"é'r’ﬁb?t:"] "é’u"%‘”a%?iﬂ%“, éPf:@ﬁfo?“ o ntTbe Gells gy be expanded in

nempereisfiroor efter arnsdidtioh WaMDE! ifdcBbusi viGl publes Vehta@ing RO
rimar nucl eat ed

j. ] t primary, cells. such a :
i Rl oo B0 Db A3 Lt asapon nectin
inie fe ppticat therferasfopled gdls will pyodph at themofiofuddistdh BE patient's
b&hkynphocytes and B-I nphocytes), totipotent stem
célls, and tunor infiltrating |ynphocytes (TIL,

cel | pe.; r el el cel.lLs: .
epi trﬁﬂecl gleg &slé%%;agﬁgggﬁl %%éhftn%%‘%ﬁ%etdece Sc%?‘iléc;auy comprises
thyessaeaesy fos gn impatqrgidviaton dphtache dspeeprisesaty se@@ncethbis;
dHERAP MRy chHafdey Bl t I 3

fi b?obl ast s?r emsse_nglﬁ mal” . c%le?g%g &ntg{c,%tﬁﬁe [ a%eﬁcgémlj%d;by

(S9HTeE qellsy AR lsociaripde sequencs bt dierapaduced kellsgebdest a

thenyedte effedt gat ﬁdvoﬁlﬁ-noﬁora_ﬁﬁﬂ& fabve, Silch &9 a E@ﬁ@ reﬁ&)ﬁn& '2.%1&&* S
eutic at such site. Alternatively,

funct i th ¢
fafﬁ’ggséé‘?fq’s@?iﬁ%%&e {Ef Pephlia, (The pene Gy encqds prseqr avprg prodpcts
hayfrgdhekipeutii eﬁ‘ec;tsT . zmahaﬁm sﬁajbiegmfeu BiGlut16P acdids 1@:f11&1¥ oS st
Il eq.cC : seq, I
etk O ARSI ety RS BRES I Tt ). heons ety b
-Eprene--intetfirgns), sTedll meseptdroprdteine lahd Fe hateplonviar heggnbaiamged
) et Jrpeiny

OB o AIAAIAS, Wbl S B
inelpdresspesghat nrificeells tritagel 1§ enisinttheetiody oowkiich thecells would
not rﬂﬂ&ﬁﬁﬁpd'%%Emﬂlereﬁp SndGle posSifla. ﬂﬁ utg‘ﬁ g)‘?lrlﬁeregel{'y thefABCHRE "

before or after transduction wt ectious*vira

PpperYes @t Bat sitgn Fafienspe. thiaed cells such as TIL cells can be modified, for

- example, by introducing a Fab portion of a monoclonal antibody into the cells, thereby

enabling the cells to recognize a chosen antigen.

It is typical but not required to deliver the nucleic acid to the cell using a carrier
known as a "vector.” The most common types of vectors used in gene therapy are

viruses. Scientists use viruses because they have a unique ability to enter a cell's DNA.
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desired genes. Thus, the procedure is perfornmed in
such a manner that upon injection into the patient,
the transformed cells will produce an i nmunonodul at or
in the patient's body. The gene or nucleic acid
carried by the transduced cells specifically conprises
the sequence for an imunonodul ator, but can be al so
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t that site. For exanple,

€l 1s can be nodified, for exanple by introducing a
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Adenoviral Vectors

Any of the adenoviral vectors can be used to transfect cells and/or cell lines to
express and/or secrete an immunomodulator. Adenoviruses are non-enveloped viruses
_ containing a linear double stranded DNA genome. While there are over 40 serotype
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| aboratory and are then returned to the patient This
type of gene therapy is called ex vivo, which neans
"outside the body." The gene is transferred into the
patient's cells while the cells are outside the
patient's body. In other studies, vectors or |iposones
(fatty particles) are used to deliver the desired
gene to cells in the patient's body. This form of
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Pedersen, E. and Crystal R. G. (1997). Human Gene Therapy 8: 37-44.). Thereafter, an
MHC class 1 restricted immune response occurs, using CD8+ CTLs to eliminate virus
mfcctcd cells and CD4+ cells to secrete IFN-alpha which results in anti-adenoviral
antibody (Yang, Y. and Wilson, J. M. (1995). Journal of Immmunology 155: 2564-

2569.). Alteration of the adenoviral vector can remove some CTL epitopes, however the
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and a late transcript, which codes for structural
proteins. Progenitor vectors have either the El or E3
gene inactivated, with the m ssing gene being supplied
intrans either by a helper virus, plasmd or
integrated into a hel per cell genonme (human fetal
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ronoter 1n
cellular promoterlenhancers e.g. the myosin light chain 1 promoter (Shi, Q., Wang, Y.

and Worton, R. (1997). Human Gene Therapy 8: 403-410.) and the smooth muscle cell
SM22a promoter (Kim, S., Lin, H., et al. (1997). Journal of Clinical Investigation 100:
1006-1014.), or by direct delivery to a Jocal area (Rome, J. J., Shayani, V., et al. (1994).
Human Gene Therapy 3. 1249-1258.). Uptake of the adenovirus particle has been shown
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Zabner, J., et al. (1997). Journal of Virology 71:
2408-2416.) and persisting anti body prevents
subsequent adm nistration of the vector. Approaches to
avoi d the inmmune response involving transient

I mmunosupr essive therapies have been successful in
prol ongi ng transgene expressi on and achi evi ng
secondary gene transfer (Jooss, K, Yang, Y. and
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wild type genome is a single stranded DNA molecule, consisting of two genes; rep,

coding for proteins which control viral replication, structural gene expression and
integration into the host genome, and cap, which codes for capsid structural proteins. At
either end of the genome is a 145 bp terminal repeat {TR), containing a promoter.
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adenovirus with a cellular receptor or receptors,

whi ch include the VHC class | nolecule (Hong, S. S,

Karayan, L., et al. (1997). EMBO Journal 16:
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34 \Wen used as a vector, the rep and cap genes are
replaced by the transgene and its associ ated

regul atory sequences. The total length of the insert
cannot greatly exceed 4.7 kb, the length of the wld
type genone (Smth, A E. (1995). Annual Revi ew of

M crobi ol ogy 49: 807-838.). Production of the

reconbi nant vector requires that rep and cap are
fugheninsatipation. Theim bas bagromptipiaptHo kaegeh partiquiar gell iypes other than

Ot 3ctbfdefiversl D, 112a, E4 and VA RNA fromthe

adenovi rus genone). The conventional nethod is to

cot manskGGiar! MR aRh@sEsed %L@orﬁ %sci e Qf tﬁ%qw o,

anot her for rep and cap, into s in
5,881y ivhich @ssherebys Kipcorprratel by G@&rﬁgce Lcan bfhdls@h dipuding
ARVPER); pmro}mcto@idasm TREQEY Lﬁﬂ p@%%@&%&z pEmR%w

er sore, OM/yld
oA e M g RS AL s b K et
adenovirus and wld type AAV. One of the reasons for
the lowyield is the inhibitory effect of the rep gene

rod ﬁ; on adenovirus replication (Vincent, K A
IOVEENEC%, T. and Wadsworth, S. C. (1997). Journal of
V'rology 71: 1897-1905.). Mre recent protocols
r emég cdlthe wtievmel vecws @b osed @l tragdere selRrutd/osellrlaps to

x?&@( %%St ‘5% ¢ %UF&%}%@]&P}K' ’Rcbévimge'ﬁ 28%2 g f%g}% g@el’ope%‘
weﬂsjcggtam@ga singly S@%{Qi’@%‘-‘éﬁmleﬁhlasmhd gingme hEonriugma‘eqnon,us
th@bikA gerdohe! 1§‘fe$&§é @Jﬂsc ibdd ﬁa%ublgs ded l&%ch te%étes into

Burda J. F. son, J. unen
therhyst ggygme iy mrmws protqnﬁ t'lh@ V% s@w@e ipAppiosimatchidkiaay
cod@tiRrat Wabt tnR8 kednek:Hh @ Wodin@ féH cofeARSOIRY), B3l (@od&g & Rverse

r ov d to tail, concataners, once
et o G S 5t s ks vLimE G AQAGH ] e genome
arcsf Roﬁgl edhminal Eepea&s @TRs)RusRE| focludd pidmofet/Ofthdncer Jepiing aﬁnﬁof

rola 436. Lnterest in AAV vector as
SOREEn” dte l\feé e| i gfai% egr%’tt diton JE°5 MRSHEREs JEND
DﬂiﬁmwwhxwmﬂEMAﬂgﬁﬂmﬂRHWaﬁm&mﬁmmﬂa&mvgmm Gbmenmmﬁmaﬁer

0 | e
ool pSBR a0, LAY e, S IR Moot nogk9C8,
_ pr%flﬂ?ﬁltm efgvectors Bipse {iEirentayed. lRetrqwruses o8 glso Kranséonnateﬂs by
t t
R e e R T
thestiTRn eroly SFWE’W&E f) HEGIOK SUppIEsSer I - é"beg’«vsnt,afﬁ@wﬁéﬁsamoeal

mitspehdiis( BoMELExtreRelyOare MR, st odchr, witln Rlrovidaded %fd vsed as
- Nature Genetics 16: 270-275.) has been reported, wth
e'}"!3’?"?31onged expressi on when the transgene is not
derjved froma different species. Neutralising
ant REBTLVSCtPR areApt Eegsendy sy upen thwp@ewatawe Igyfgmia
virdO@do-RILIV) PUIestES kn 4rAcEdphicSirhd tipable 6f infebithg\tB&inuseells,

engbtiltgft; v%c%vp dgvrei%pn:%gnetrin mouse models, and human cells, enabling human

treatment. The viral génes (gag, pol and env) are replaced with the transgene of interest
-and expressed on plasmids in the packaging cell line. Because the non-essential genes
_lack the packaging sequence (psi) they are not included in the virion particle. To prevent
- recombination resulting in replication competent retroviruses, all regions of homology
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activity. It is possibly due to the sinplicity of the
viral capsid, that the i mune response is so nuted.
As AAV antibodies will be present in the human

popul ation this will require 35 further

i nvestigation. There has been no attenpt to target
particular cell types other than by |ocalised vector

delivery. In particular, the adeno-associated vectors
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retroviruses are used as vectors. Retroviral vectors
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J. D. and Lemocine, N. R. (1996). Trends in Genetics 12: 400-404.). By replacing a
portion of the env gene with 150 codons from the erythropoietin protein (EPQ),
Kasahara et al. (Kasahara, N., Dozy, A. M. and Kan, Y. W. (1994). Science 266: 1374-
1376.) were able to target EPO receptor beating cells with high affinity. Coupling an
antibody to the viral particle with affinity for a second cell specific antibody via a
streptovadin bridge, improves viral uptake, but internalisation tends to lead to viral
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and expressed on plasmds in the packaging cell |ine.
Because the non-essential genes |ack the packagi ng
sequence (psi) they are not included in the virion
particle. To prevent reconbination resulting in
replication conpetent retroviruses, all regions of
honol ogy 36 with the vector backbone shoul d be
renoved and the non- essential genes should be
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packaging cell lines have separate plasmids for a pseudotype env gene, a transgene
construct, and a packaging construct supplying the struél:m*al and regulatory genes in
trans (Naldini, L., Blmer, U., et al. (1996). Science 272: 263-267.). Early results using

marker genes have been promising, showing prolonged in vivo expression in muscle,
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J. D. and Lempine, N. R (1996). Trends in Genetics
12: 400-404.). By replacing a portion of the env gene
with 150 codon fromthe erythropoietin protein (EPO,
Kasahara et at. (Kasahara, N., Dozy, AL M and Kan, Y.
W (1994). Science 266: 1374- 1376.) were able to
target EPO receptor bearing cells wth high affi nity.
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pmm;MSNQLHBdndpEB-Nayafelwei treating the recipient

~cells wth an adeno-associ ated vector (discussed
bel ow) expressing the cellular receptor for
retroviral envel ope protein. A requirenent for

Hegpes SimpleaVirdl Wedgys at i on and expression of viral genes
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refasd bypthel immuge system. Though the latent virus is transcriptionally almost silent,
it does possess neurone specific promoters that are capable of functioning during latency.

Antibodies to HSV-1 are common in the human population, however complications due
to herpes infection, such as encephalitis, are very rare.
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can direct tunoricidal effects (Odfield, EE H and
Ram Z. (1995). Human Gene Therapy 6:55-85.;
Abdel - Whab, Z., wWltz, C, et al. (1997). Cancer 80:
401-412.). Lentiviruses are a subclass of retroviruses
that are able to infect both proliferating and
non-proliferating ceIIs They are considerably nore
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the National Academy of Sciences USA 93: 11319-11320.) and may prove useful for

vector transgene expression.

‘Two basic approaches have been used for production of HSV-1 veciors, namely
amplicons and recombinant HSV-1 viruses. Amplicons are bacterially produced
plasmids containing col E1 ori (an Escherishia coli origin of replication), OriS (the HSV-
1 origin of replication), HSV-1 Vpackaging sequence, the transgene under control of an
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1) is a human neurotropic virus, consequently interest
has |l argely focused on using HSV- 1 as a vector for
gene transfer to the nervous system The wild type
HSV-1 virus is able to infect neurones and either
proceed into a lytic life cycle or persist as an
intranuclear episone in a latent state. Latently
i.nfected neurones function normally and are not
ipwpdde-eadly ppomdier aiudmnlect@}esmmr (Forodh I feGbsbeind, Mi Dus
deﬁcrt A qpéﬁrﬁegél%roﬁ %. #M?f%l p;%%e %rl c& me ’Natzor‘ial 8?6%%8? Qj%%%ﬁcsés

neurone S IC pro ters t t"are capa
-kt rigwliepndh rgnstectagh int  gplh !;nEt eonfalNogla belpsr

vﬁ@mmempa@ataﬂeesemrmmmaﬁ %wd&omwmsggg kiR Rkd QRS

due to herpes infection, such as ence are

repalatony; spmes mé@nﬁfh Both; theyhelpeg ﬁ%@nnhgonacqnm vigRh wrx@es are
delivea detle Bbiﬁleﬁp | M&H h'@:exﬁfam%ﬁ:%mkﬁcluagh% sl@fn%ant Mﬂs Héiiv&ij e

S, hort erned an
SGoRFlgE i i o Al 195 dgir of
VEemMEhb&@m@nEL)and IRS). At the non-1inker end of the

uni que regions are termnal repeats (TRL and TRS).
TherRecantdnanp virase8 hre gade sep(iddiitg @eficient By, défdtios kof , onb. the

wihodile bt (e TSNS e o, A afey o

pathagenioandears dipdet wdnsgem: expressisrin ibmmhde theyt drel Foic t@RBones

il AR (RO 2 AR, SRAE L ORY Br BBt i Wt dirly”
of @‘Wﬁsdﬁéﬁ 93 .11819-11320.)4 dxletipe of\e mamberFf rilomeBatear{yl §96s) .
subSiiaty B&%@Wt&gm@ﬂy%@ REQOLRYY of e\‘})?esm@g ﬁ‘ox%{)goet% mgt??auld

mai n classes of HSV-1 genes ha been i
bensilepacd i e Wildrhser et ‘é%EF | hesEprgmogrsohay) b‘g@fn'@s in dizacting
lobdtefi ghebkesgi@nes and late (L or ganma) genes.
Fol l owi ng infection in susceptible cells, lytic

r ep|Reﬂﬁh&th:oh&u61ﬁgﬁJuﬁhﬁ AreDdnlyAabld ﬁﬂ}%ﬁﬁ@t& ¥ LAnRLHI taked

enc e transcrl tion. a te unent
PREH G gpes%a@[w ratipgand sypply aPﬂB“ﬁ‘ﬁﬁ‘Fé‘HIP&t“é’m@&ﬂ%‘ for
a giedl @lsfididnByD), MERds inbIGR BymidGRXihaseOukeR M/ )., Nhgble, RIRE,

td vat fagtor I o
eargi%gé%égdl@%gneéT?yaggﬁegz %ggg'lgéﬁggf}dTONEEME
redpgtzbee Girimdm, 6 MabChdseriMared aJD[\lAIQT)e munmtaem ThdragyesS: JBSES
20888 hle! B B nelibuibMieCALLY AISIREANY, RO0AR,10 .
e entire cycre ress han

structural protelns
(1950 Labgrerorydtregsyaaron7% 6300483 in cel | death. The

nol ecul ar events |leading to the establishnment of

| at ency have not been fully determ ned. Cene
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Vira] vectors all induce an immunological response to some degree and may have

safety risks (such as insertional mutagenesis and toxicity problems). Further, their
capacity is limited and large scale production may be difficult to achieve. Therefore, in
one embodiment of the invention, non-viral methods of gene transfer are used, which
may require only a small number of proteins, have a virtually infinite capacity, have no

Jinfectious -or mutagenic capability and large scale production is possible using
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are transcribed in the opposite direction to the IE
gene | CPO. LATs have a role in HSV- 1 reactivation

fromlatency (Steiner, |I., Spivack, |I. G, et al.
(1989). EMBO Journal 8: 505-511.) and the
establishment of latency (Sawtell, N. M and Thonpson,

R L. (1992). Journal of Virology 66: 2157-2169.).
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‘ Joumal af Virology 72 1491-1496.). By using a highly conserved gene Ulmer et al.

(Ulmer, J. B., Donnelly, 1. 1., et al. (1993). Science 254: 1745-1749.) were able to
immunize mice against two serologically distinct infiuenza virus strains. In most cases
however, DNA vaccines have not been shown to be better than the existing vaccines
(Macklin, M. D., McCabe, D., et al. (1998). Journal of Virology 72: 1491-1496.). The
actual type of immune response ¢an be controlled by cotransformation of a gene coding
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a viral deficiency. Mitants include thym di ne kinase
(During, M J., Naegele, J. R, Owlley, K L. and
Geller, A L (1994). Sci ence 266: 1399-1403.),
ri bonucl ease reductase (Kramm C. M, Chase, M, et
al . (1997). Human Gene Therapy 8: 2057- 2068.), |
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_ The immunomodulator may also be delivered in liposeme formulations (such as
those taught in Felgner P. L. et al. (1995) Ann. NY Acad. Sci. 772:126-139 and Abdallah
B. et al. (1995) Biol. Cell 85(1):1-7) which can be prepared by methods well known to
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of up to six nonths. The sinplicity of this method,
and sustai ned expression has led to the devel opnent
of DNA vacci nes. Conpared to conventional attenuated
and protein based vaccines, they are unaffected by
pre-existing immunity e.g. due to materna
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i i al HBH RRBELE BlobAll Pdteld) | cbs&CHaragipavs b
b‘%%?%@%?ﬁfd%e,ﬂ% AR T A ey
brinping7the plaseid) g thel nuslens SRR F byl ?ﬁ\?és’t%ﬁ’f’? 74 8eY
64802):551Q4n) , repair of pancreatic insulin function

(Goldfine. 1. D., German, M S., Tseng, H, et al.

( 19Mdiecubia b hjBodiis QoRdd 30 lpR@in & synthddS1igahde o whiahd DNA

stinmul atjon of cqllateral blood,. vessel devel opnent .
bipdiR S| b beda aiiehgt T e IRl i 5 TopGrg ) by Beli Vit
teblaligiio tto rylosk Nfee Jipb@dies. 0 NTatEeting GiretG0d ijcludExgsiabglycapmoteif

he e oduct.. i n I j: SSHE 1 C e
YRR xR Mr eloher By S Prbbarhe Lo BBohC Pl IRLANE o Y
Nusoiabbeident o Sicnies HESA (BBuIEr259), rakfeaning(WiG.C. FRaWilepn, -
: V] i s P . g 4.1998 e @87,

Mg 6.Rr, B8Ry Sbbhal of piologa nenlP° 208 HeBB1E7)
péiBkend igA @krkol, K, Baetzel, C¥- 2 DayiaGo®) (1988 dourerd 0f Fifnisnl
nééx%jﬁé%g- azh: %%g&dagrma NERANERE IRBH] P RAYBInSE BUE) YEBG).

such as the poly and transcription termnation .
Hepaileqycdd: (a8l Dk Ceansggne expression tends to be transient and is limited by
endosome/lysosomal degradation. '

Mustrative and nonlimiting examples of the present invention are provided

below. These examples are not intended to limit the scope of the invention.



Sawdey, M, et al. (1996). Human Gene Merapy 7:
1205-1217.) will also inprove transgene expression.
For the naked pol ypeptide injection, an effective
dosage amobunt of DNA or RNA w Il be in the range of
from about 0.05 g/ kg body wei ght to about 50 ng/kg
body weight. Preferably the dosage will be from about
0. 005 nmg/ kg to about 20 ng/ kg and nore preferably
from about 0.05 ng/ kg t oEXAMPLES no/ kg. O course, as
the artisan of ordinary skill will appreciate, this
TROSBAR 2l las Wad herélf £:0 bt @ ey toltke fbilGHne Site of
injection. The appropriate and effective dosage of
APIRYN ei ¢ aci d ggenRitevesdiledpRadid woddéhtieiRreion @iy
those of ordinary skill in the art and nmay depend on
AdREP condi t i on Ailenavijud veetat ethoatwloddbieick ncafemn@hmma gene
adm nistration. The route of admnistration is by the
CERaPd¥t er al  r oGlowalestly closedeir@ar virplform offNA nt er sti ti al
space of tissues, or other parenteral routes may al so
DN@ used, such Dsgxyribpiglsicatidon of an aer osol

rrmul ati on particul arl r deljvery to.lungs or
l:'I[{Tponchi al  ti gsfh’@gd&ﬁr%bi G atﬁﬁ%’ﬁﬁjﬁﬁ?ﬁb‘lﬁanes of the
giPse. In additd ong naked polypeptide constructs can
e delivered t6 arteriesraurt ng angi opl asty by the
gs@t heter used 'ePagﬁgﬁvlﬁgocedure. The i mmunonodul at or
may. al so be delfvered in |iposone fornulations (such
IFRS those taughdedrgh Feigner P. L. et al. (1995) Ann.
NYAcad Sci. 772:126-139 and Abdallah B. et al. (1995)
L-Bvalu Cel | 85(@14)-fiheré)s-nakthydis, Canbipefuprappihediney net hods
wel | known to 43 those skilled in the art. Liposones
MBM2 | i pi d bi | Mathsl @t egppiwely, atef thabtgirmingaf tequaongst
fluid. DNA wi Il spontaneously associate to the
P& er nal sur f edtifepsting Sk YPrglear Anbgs8ones  (by virtue of
Rt N U i
e(1994) . Jour n?,la ocf Bi.ol ogi cal Chem stry 269: 2550-
561.). In vi -rguJBmfl%g %o of certain cell lines nmay
rfe transfect eg\edﬁycr&g&%glq{eﬁg a small anmount of an
ot herw se

~anionic lipid in an cationic |iposone the
rIDNA can be i pegfcR@maiissheliie® the internal surface of
~the liposone, thus protecting it fromenzymatic
RTlegradati on. Re¥eps[Tpenedripddn 1996, cited in Alio, S. F.
(1997). Biochem cal Pharmacology 54: 9-13.). To
TUN | it at e upteakinal detxQnidietiddtrdnsiamse(TdTsmedigped dUTP nick-

targeting protej . een included in |iposones,
e.g. anti-mglgdnl%élg%%&(ybmﬂg, C., and Huang, L.

wk¥987) . Procegsdhfgs @lpatifias Matd onal Acadeny of
Sci ences USA 84:. 7851- '}J855.) transferrin
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(Stavridis, J. C., Deliconstantinos, G, et al.
(1986). Experinmental Cell Research 164: 568-572.),
and the Sendai virus or its F protein (Dzau, J. V.,
Mann, M J, Morishita, it. and Kaneda, Y. (1996).
Proceedi ngs of the National Acadeny of Sciences USA
93: 11421-11425.). The Sendai virus additionally
allows the plasm d DNA to escape from the endosone
into the cytoplasm thuExampdé i ng degradati on. The
inclusion of a DNA binding protein (28 kDa high
mobility group 1 protein) enhances transcription by
AHW"H{{FW%WW%%’H#WFQO the nucl eus (Dzau et al,
1997 AmJ Cardiol. 1997 Nov 6;80(9A):331-391).

I\/bI el gksetal PDFIgatae sdnmnissdtatfomfwipg opretiorol previoysiy deseribed

nds 1,0 bi h b g
vy G A CE § PR Haeh® AR B0, FE By p0m2)
Sps:ufwgﬂ)s Lth-FECE Wastle]cctwd iggesritpeealthgSém/g. | | posones.

Targeting proteins include asialoglycoprotein
( Wagine rexpeiment€o ugiem, LWMA W oiten erompgund  avasl  Biministejed| by

- %4 énton(a,&9%@{us§.gﬁ&c§%de@g&g&§ontc{a&nb&iaw oo et%p qﬁ&met of

Pences ransferrin
Heparelagy, 2091, 33| 254560 andizhn ecal. Zhu e ggB)Viroh 3091y 20 i) 1
ogical Chem stry. 264: 16985-16987.), polyneric
(Ferkol, T., Kaetzel, C. S. and Davis, P. B
(1993) Journal of C inical Investigation 92:
2394-2400.) and adenovirus (Madon, J. and Blum H E
ALh996) . Hepatol ogy 24: 474-481.). Transgene
expression tends to be transient and is limted by

d /1 I da [
mon R e s rpred? S R B b s B et o
ﬂ@w@wmuﬁaﬂ(fbmhﬁnﬁséﬂhesEnﬂmmxnmeSKmyefnmﬂJnﬁnuandbémud1n
| t .th f ot
hmIB%nl.seVEh aﬂgs B. ggﬁ :H%&Higg l?aQ'e slﬁ)%n%&ta‘gﬁﬂr‘gﬁn?l poy tiF“le

iat ons B use
rdligble fwiusgin tiedstidy NE Aeve nwhosléts ana@g% partientgslyds &irmg of antiviral
&ﬁgﬁy&&m terferon gamma Ad RFP Adenovirus vector
out woodchuck interferon ganma gene CCC DNA

a |
Deo )a(fl\r@e{f% %Je%%ﬁldw&adglﬁllu:i;r%ﬁ{ yrhc;tﬂ mJan)er Qﬁpr%alﬁl}'%ne year

l el c acl
obage| aa@) Plyomcaelz RIS nfected. wiertsed B 19 SFPIrEls i THe teagpat
pRBIR whlcyRHER6E Rbm PP tEDRMRY 2000pat i tis B Virus
When adenovirus was injected, blood samples were collected daily during the ten
days after the adenovirus injection and twice a week thereafter. These samples were
further evaluated for viral markers as described below.

Interferon gene delivery system (Dr. Nassal, Freiburg, Germany)

The adenovirus vector was obtained according to procedures described by He et
al. (He, T. C., et al. Proc Natl Acad Sci U.S.A. 1998, 93, 2509-14). The adenovirus
vectors were rteplication defective due to deletions in the Bl and E3 region. A

recombinant cassette with a coding cassette for the pre-IFN gamma gene (aa 1-143)
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|FN I nterferon L-FMAU 1-(2-fl uoro-5-nethyl-0,

L- ar abi nof uranosyl )thymne M, M Mnth 1 or 2,
respectively, after the beginning of the treatnent
PCNA Proliferating Cell Nuclear Antigen PCR Pol ynerase
chain reaction Pfu Plaque form ng unit RFP Red
fluorescent protein Rl Replication internediates RT
Reverse Transcription TUNEL term nal

mﬂl%%)id le&gglks@w yﬂo%@g\%t\;/&{?%agﬁﬁmk gé@dita@h_adugﬂ\'lgﬁé mﬁak
en abel 1 ng assay, | Y CK, S I LU
SRk noter s PR IR RS BYETE B ER P Do e B rme
adiCORb AL hucPTFN fahfmapRcinaibiviefficadyrvat edeskall Uy pratergorfrom VSV

. protocal preyiqusly i bed by Cullen et al.
m?"@fﬁ“l(gﬁ‘eé&o‘g‘i ne ﬁﬁ{l?{?ﬁqﬁgy Agents Chenother. 1997, 41,
207632082 waon 861 L o LS Ao BS st Gl sod as

i nt ?%f)é?’?% 6%3%‘%?@ g‘{n %?%.%e:-[in experl.?r_en_ts usi ?1
cdnteBlVARKent¥inal gt weg adminisieied by intrayeBeps|jyiection to targel the
it { L aRElRla St EelRBib of3E10N ERIKID A iphulRimal,
h{gg'sg??gégg)hgg&%gu et al. (Peek et 0aI . Hepat oltpogy
dibg@iin phsphacbuiisny sing EBT: et al . (zhu et al. J. Virol.
2001, 75, 311-22) (10 nflg) Aninuzls The woodchuck
hepatitis B virus infection nodel represents a useful
nmodel for the eval uat iE‘,}Em-Fleam ivirals since it
mmcs the history of viral infection observed in
humans with chronic hepatitis B. Several studies have
Esdynnien bi1akMAUHs-BATCRlAdiBNel is reliable for use in
the study of new nucl eoside anal ogs, particularly in
ter rﬁ%h‘i’ée aobdbnbR! (MaShd: GRRYr) 28 ety lidfec TRt EWHV
capt'i e- pom Woo chucks (Marnotta nonax) of__ - X
wassuhised framyNosthenspraPildige (Sogth Blreruth Mot c T Yyoogiyeks
weld e BGhi My WE e d bS8 e Qledifs) iV hivaexgeti@ntsnent s.  The

t r eat nent

Both B-LFIC (30 mgkg) and L-FMAU (10 mglkg) were administrated

in&aperitoneally. Daily injections were performed during the first week, followed by

injections every other day for the next 7 weeks.

A new recombinant cassetts of the woodchuck interferon gamma (IFN) gene
under the cdn&ol of a CMV promoter, which was associated with an eRFPauc gene
reporter under the control of a SV40 promoter was inserted in the original E1 region of
the adenoviral vector (Ad IFN). The same adenovirus vector containing pSV40-
controlled eGFPnuc alone was used as control (AdGFP) (provided by Dr. Michael

Nassal, University of Freiburg, Germany).

For these experiments, intravenous iﬁjections of recombinant adenoviral vector
expressing woodchuck interferon gamma were performed twice (at week 4 and week 8)
with 3x10' pfa per animal. The viral inoculation was validated in a previous study
presented at the HBV méeting held in Amherst, MA, USA, August 2001 (see Figure 2).

During therapy, blood samples were collected every two days, and every day for
five days after each injection of Ad IFN. After drug withdrawal, blood samples were
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protocols were perfornmed fromJuly to Decenber 2000.
When adenovirus was injected, blood sanples were
collected daily during the ten days after the
adenovirus injection and twice a week thereafter.
These sanples were further evaluated for viral
mar kers as described below. Interferon gene delivery
system (Dr. Nassal, Freiburg, Germany) The adenovirus-
cobeted revamswcobaya i driraldogl ebgancro tilerqase) dedl viie . wkek aud, ideol
x%}/c H%‘OS'!T (He, T. C., et al. Proc Nat! Acad Sci
g2 998 95 2509- 14) The adenovirus vectors
were replication defective due to deletions in the El
and E3 region. A reconbinarnt cassette with a coding
cassette for the pre-| FExgagle® gene (aa 1-143) 46
under control of a CW pronoter associated with eCFP
ene reporter under the control of SV40 pronoter was
tHeERPREd in the original El region (454-3500) (Figure
1). The active woodchuck | FN gamma producti on
ef fi &agyalvlhrsr mepxgswm ghestiyrmpd maapimmnfyrummt\@héral auesthesia

| .

sl B0 by Rrol Wadt ARG e fmBl e, WE8 ST bond0 Gl
m.&térawsle(wﬂas 'I‘he ontreadent hdaemwwra lmadfeé tdearssafmeq:aeh adenovrrus
:@QJEBE' A Pﬁg%@ edh shildfib wa&g& at -B-8Gh bRALA

lver vectors were m ni stered at conc nt ratl ons

raft was16red do Fewedip pdupmbrdded] in pasafiin &or fiver phigislosataad

iRl BaReheS 2lThB Glad FRR) wa$ROPLE 1% offiahUREbQR: R/lr electron
LFMAW/ 3-L- ETC + | FN Ei ght een woodchucks ( Mar not a

THEFRSSRYY, SW&P.%M% ARSI UPRFITIRR Wajerlsg performed
dptigGhasgd from Northeastern Wldlife (South Plynouth,
N.Y.) The woodchucks were chronically infected and
were used for in vivo experinents. Both a-L-FTC (30

ng/ kg) and L-FMAU (10 ng/ kg) were adm ni strated
Anglysisqf évtiaenndaviraj DNBayrthesisnj ect i ons wer e performed
during the first week, followed by injections every
ot hefrsla atfcaﬁxat DRAMTR4 infectt® @Sdchivkh O\ ERGOBY b@d time of

ca sette he wQodchu S'ﬁ%'t%[ ene

AR e gt o roi g 5o A o TR tlb e
héawamplas ecdrev\mv:klechm s, cong dforeisolatizp Cof t tetal viredl INA. lisfter

r o e s

PR oo, el REBRR e o BRSILY) Solab Wesipipogy
affth the othoe foa dwtation. plisonymrettio rbowdrondlenitiy glosSuin@lar (CCC) viral
DNA {after SDS-KCI precipita_tion of protein bound DNA, phenol-chloroform extraction
followed by ethanol precipitation). To nonmalize the amount of DAN in each sample
used for Southern blot analysis, DNA concentration was determined by UV

..|

densitometric asalysis and compared with previously quantified DNA  after
electrophoresis through agarose gel. Five micrograms of nucleic acids corresponding to
total DNA or CCC DNA preparations were then subjected to electrophoresis through 1.2
% agarose gels, alkalin transfer by blotting to nylon membrane, and viral DNA was
detected by a specific hybridization as described above. o



controll ed eG-Pnuc al one was used as control (AdGFP)
(provided by Dr. Mchael Nassal, University of
Frei burg, Germany). For these experinments, intravenous
i njections of reconbi nant adenoviral vector
expr essi ng woodchuck interferon gamma were performnmed
twice (at week 4 and week 8) wth 3x1010 pfu per
ani mal . The viral inoculation was validated in a
| FUSer&istibgy presented at the HBV neeting held in
erst, MA, USA, August 2001 (see Figure 2). During
t he rmmtahnkﬁmdx tivexdinphetssweedioonivire shined witle hgmatplircenyis;
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aﬁéésé?lr fok Qtebtb§Y, Qfﬂbftu{a;rgohfeh%& %eﬂiﬂ&éyﬁgdyts%%ﬂ qﬁ@h&gﬁ%@ﬂu%)

nmont hs after drug w thdrawal
cﬁﬁn‘?"i‘?’eat nment biopsies were nade 4 days after each

ot onae B Plogy akrapacor peyr e ey e FeoSRpTRe RE P g
wm&oﬁimeMe i btk rgmbs nf aﬁ:ﬂaleﬂiaeﬁdmbm Ad ¥ af AldrGHPovector
1.ea{ ast part was

ver st ol .o
#‘1[ tg’gﬁ'f’ Vrlrﬁyt éff’ °We ?ngrune LdemdE i cr oscopy
st U‘i}ﬁn{u 39 Mﬁ&d ﬁérf&?&é@&? ﬁ?éerAr%J ?/Qécugﬁ(sa@tﬁ%d' (3 ¥8S
or ned ur al ysi s

al so per surgery
injestiona e 5 post Wmtwwthsg/ pehielgnal apth t WHNe praibpdy, vhoved 2

s@ﬁlﬁ:aﬁlf b hLEME ReniMp BRicRMEK S pBStE X WaRbiadkaA37lR@AS4. e

l'iver biopsy. After honogenization in 10nmM
Trls HCl (pH 7.5), 10 mM EDTA, the liver sanples were
divided in two parts, one for isolation of total viral
DNA (after proteinase iRamplgekt i on, phenol - chl orof orm
extraction followed by ethanol precipitation) and the
otlr}%rf{,%rn .1solation of non-protein bound coval ently
M‘f% CTeUl ar (CCC) viral DNA (after SDS-KCQ

preci pitation of protein bound DNA, phenol-chloroform
—QS&E-%&&%D 1 n followed by ethanol precipitation). To

T O SN 2 B SEET SRR R e
(WHEVEDMNANeWHDY DM, was extracted from serum using HighPure PCR template
DNA extraction kit (Roche daignostics), and samples corresponding to SOpL of serum
were spotted on membranes (Biodyne B, 0.45 pM, Merck Eurolab) with serial dilutions
of a WHV DNA standard. After fixation procedure, filters were hybridized with p
labeled full-length WHV DNA probe. A comparative analysis of phospholmager scans
{Amersham Pharmacia Biotech) was performed with the ImageQuant software. The
detection limit of the assay was 6.107 copies/mlL (200 pg/mL).

Endogenous Polymerase Assay (EPA)
The effect of Ad IEN on the synthesis of viral plus strand DNA. was determined

using WHV particles in an endogenons polymerase assay (EPA). For comparison, the
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densitometric analysis and conpared with previously
guantified DNA after el ectrophoresis through agarose
gel. Five mcrograns of nucleic acids corresponding to
total DNA or CCC DNA preparations were then subjected
to el ectrophoresis through 1.2 9% agarose gels,

al kalin transfer by blotting to nylon nenbrane, and
viral DNA was detected by a specific hybridization as

D denrendsati DB ovedsmenage ihabits iphosphonjofoprgic dqids(PBAbvggs used as

cohtfil Rl eﬂd@eﬁf(ﬁg gl)l&ﬁi&ﬁsegbm@%oﬁésﬁéﬂg ostﬁg&lgﬂﬁ%s  Viral %lus
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st ai ned nmat oxy I N-eosl nN- safrran
'Iﬁ}ﬁ‘dD@%a‘Fh %ﬁeméﬁe §°491ERE el siredyeDN: o pweciged
Dmae %Iyﬁﬁﬁéhé? acti Vg r»ﬁh%' a%sasra@ i qamn!gl SopR0ogk sa%)lauyt ﬂﬁiﬂe@vﬁlal

| apmat | on of

it A1t Bata o ncion bubs (ToFEH .sb&i‘é?%a& Mo . DB
GOGNE INF40 A% ef heRFRSUSOEH IDynMIP AGidile (HYRIATY] HCEE QTP

adoRERR P G el a%%f%mgﬁéd L

Haptzalt iaf. dHadtz O et hlepma O)S‘iioe.:gglyﬁ@l;lae{lal%almh Bnefly, enzyme

J |l Li
e 08 PEGnGaR0 o0 57 L 3 s Bherl TR R PR DB
(Whetmen)c @rnlpaqmm@y iwashod bl tiphinnprsetaf acahﬁ%allscotﬂmmon of *H-
?ﬁg%ﬁ%&il bl 13 BodtRed &Enhél}MH ﬁuﬁ@e dpe limit of

mmatory activity was observ e unfreated
dc%ﬂom@sﬂmw&ka@pﬁpln’gist udi es perforned on Iliver
bi opsy sections obtained prior to injection and D5
post injection with a polyclonal anti WHV anti body,
A [ ﬁa t decrease of the nunber of
FHrected repatocytes i n woodchucks A37 and A36.

a f t Bl.ot
vvas assesslé& % lﬁ%%twe{eagﬂﬁ\r}ig%d%)t eCFaSﬂH deééte&‘(yg)&\ig?}eligt
hyYridizatidng jrenl Birg PGB teqlipidvys DR, utilizyd OMA S S-ge Xdandid teg dul.
Hepdi 853y RHH! @zuﬁ% Lkéaﬁi REdFRRER o 30 dé?é\iAas fow as 10

extraction kit oche dai gnosti cs

copigsrof é%wﬁ?‘ﬁd)% @@zefaqe» wepmpicte b @abrﬁwf @aen@ﬁ el time
PCRB/H ruaéaea% deabpﬂmtEDﬁA &1&5 607 M@ﬁiséﬁnﬁéb@ b%l&h) Wrkesame

a st andar.d.

d | ut
WY Pa s Lton boih b dot i Soh gl etk 768 i BSB
asshyalog mdblﬁqj;dsmlve Bgiple pANdDNRniRE QR titadveCRAMAITRE 4R limit

of GRS tae RGP AT NIV Rimififne | fmgecuant sof tvre.
Th q>relixm'nary results of kinetics of the viral clearance and rebound in 3
woodchucks, analyzed by real time PCR, are presented in Figure 10. Viral titer was -
shown to reach a low value of 0.320 pg/ml, representing an average of 9x10% cop;eslml
This technique could also be applied to further animal samples to determine the efficacy

of B-L-FTC alone or in combination with immunomodulators, such as Ad IFN.
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detection limt of the assay was 6.107 copies/nL (200
pg/ mL) . Endogenous Pol ynerase Assay (EPA) The effect
of Ad IFN on the synthesis of viral plus strand DNA
was determ ned using WHV particles in an endogenous
pol ymer ase assay (EPA). For conparison, the 49 DNA
dependent DNA pol yneri se inhibitor, phosphonoformc
acid (PFA) was used as control. The endogenous
pol ynmeri se activity coExsspgefds to the conpletion of
viral plus strand DNA in mature particles containing
rel axed circul ar DNA. WHV associ ated DNA pol ynerase
Inogulniarfesfendi€sayed by nixing 50L of partially
purified viral particles with 25L of reaction buffer
(Tr T -defimibO el pitiviFalefliMylihd 4@kiduce\NbEl @le aGDotifal NEAGH

50, S- rea I§ alnin 7
iyl g g A8l AR sERRAT o pstyebs 82T
(A@@skygg(ﬂsé@)@mb@ﬂﬂopﬁéé%@dd‘b@(bn bed by Hantz et al.

(Hantz 0, et al. 1992 Virpl ogy. Sep;190(1):193-200).
Br i ‘B¢l Bighegirfitrerh inopulie (3- Yh spiwb iududesh @ sked vt ofvial fgd: 3
hoW&Ver ail @%ﬁ@@&&m &5 ﬁw{cﬁﬁyl fbﬁ(!?st @j@8sn (WHVEDRA did drop

beiyeRIDR 95 4 COIa HOPAH) BB fe LTt YA omoe] PO

ng/Bg ed@p@ﬂvd; @-&osm pECintéuildoh maudaa a G@nbithdecreddd Groknl T0 rg/nalf

, det ectl X/ ‘?’Eﬁ"tﬁﬂlto E\assaﬁ}]\/\/ﬁ) e%f @wﬁa@wﬁgﬁa sllgutdgeﬂt

virmiaﬂedrﬁ@e{ﬂmlréiﬂ) be easily detected by Dot bl ot
hybri di zation, real tinme PCR techniques were utilized
(see for e.g. Dandri et al. Hepatology 2000, 32,
139-46). Real tine PCﬁ haslb en known to detect as few
as 10 copies of human Therefore, to conplete
the analysis of virema, real tine PCR was used to

EFL Gy iR ok OB sIFcr 6PRE B3 EN vekdPO PY(mM ). The

sane I DNA st andar d vvas used for both the got bl ot

PO Foolie AT o BIRATL | A £ PRI AP e PO e

cbzi[ﬂslete |AGMIEN Yector. t A cofird @t@ptcpmnng of twoswordthuoks (39, 1250)
g,a!a* gﬁi Blne Ra% B0 c}]rdeo%wo%d&ﬁ Jk F‘ﬂ"?é"’% wlkreatdde

arance an alyzed
(Flwesémdﬁ){ me PCR, are presented in Figure 10. V| raI ’

titer was__shown to reach a _| ow val ue of 0.320
r epdisett TYesisd SERUPyansient gy HY A0 derggapg vas of

of § REA aﬁmeﬂac@g$ flom 45 @/ (Pl Rl ABD£bi 76 e 20 @gzmr@d A42
from%r(ﬁo g agte} a%gxmwr;n?s Jug]c%agtf:u:fl ! &ﬁ% DNA results were also assessed
by EPA (Figures 4 and 5). Southern Blot Hybridization of intrahepatic WHV DNA
showed a marked decrease of the viral DNA {from 16 to 76%, except A42) as well as
CCC DNA levels (from 2 to 76%) (Figure 6).
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of P-L -FTC alone or in conbination with

i mmunonodul at ors, such as Ad I|FN. 50 Exanple 5

Inoculumtiter determ nation To deternine the

antiviral efficacy and tol erance of the adenovira

vector inoculum 4 animals received intravenous

Ad-1 FN i njection at concentrations of 3.107 (A33),

3x109 (A30) and 3x10 " pfu (A32 and A34). The hi ghest

titered i nocul um (3. 10kx@mbpr7i nduced a marked drop of

viral load, however all 2 aninmals died at day 2 and

day 5 post injection (WHV DNA did drop between DO and
Evgbugrion of §dMAY adfdrf 447 ng/ M to 70 ng/ni and from 1067

ng/m to 265 ng(m respectively). The 3x109 pin

I NORetultN shoktdC &d signifit A Sinkibitiof] €6 eR&®ial whidh 7Pasn géddited

to_ap Xi mat 3! tm for. 6 s.. The | ownest
sep BRI B ist " (2 ko of il ef lton of g FOE Dot assay
(6d6Ceopias'ml) (il altyanimald yreatdidiar il £T6, EFMAIA ayd 4 URY (Figure 7).
uap | tahr al_ ef f the Ad,l
iy B0 Blrch 8, A0 0% (B adSysiels Gk gl Ay Y atone
shpwergiostedifigant O@iafidn in yiremih Figwenpamdt® Ad | FN vector. A
control group consisting of two woodchucks (A39, A40)
r ec drep@ynt3indrgd gedyclige of it Jog-pag, aerpaskablyapgido n & iremia

deWRRes i) deicAtbl 16V81$ (LM /BB! B ess (dRnOtteas tfo IrdksOafier tH
the Ad 1FN treated group, a transient WHV DNA decrease

PLEHEPYin 3 of 5 treated animals (A35 from 46
/ 1 0 ng/mM; 7. d A42
FF oiang i, 8 <R coay i XA PRl e o R G,
suppiseddfannatigususizths af Soe fulloeimg edthdibwyal P Acdtihegu Fathednaa d
) _ aBh . e h y
T
two FopdrhrgsfAS2 o pt) A atyd with (IMAGRS-L-ETC DNA) IEN ater still
ok B 1T 8 el 3 @i ror g i) T EVal Ut or

of L-FMAU and 1. Resul ts showed a significant

I NhREuitd SofibindidnOidr@py\HIC i URBubREUIRASH shaRe Oiplibddl Y
si@#@%&%% {))fgxgge%g%/ ﬁa’veld(g\\rléammgg %f t5 Il(e)gil: Idcrgréaseo Iﬂﬂ%ﬁ tt‘%: twlecokrz]:). of 7
This decrease is significant compared to results obtained with B-L-FTC and L-FMAU
alone. In previous studies, viral tilers in serum dropped about 56 and 1,000 fold

respectively in the same time frame. This observation indicates that the antiviral activity
of B-L-FIC and L-FMAU was improved when combined together with an
immunomodulator. Moreover, this antiviral effect was prolonged over time with a
delayed viral rebound.  Viremia remained undetectable in dot blot assay
(<6.107c0pies/m1) in serum samples of two animals (A49 and AS52) 6 to 7 months after
drug withdrawal. This profonged effect is consistent with decreases in CCC DNA levels
(-69% and -75% respectively). The delay in the rebound of viral replication fbllowing
the cessation of therapy may reflect the time required to re-establish CCC DNA pools
through reinfection of new hepatocytes and/or reamplification of existing intracellular
pools of CCC DNA in infected cells.
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(6.10 copies/m) in all animals treated by 13-L-FTC,

L- FMAU, and Ad 1FN (Figure 7). However, controls

(untreated, Ad GFP) or woodchucks treated with Ad IFN

al one showed no significant variation in.virem a

(Figures 8 and 9). Treatnent induced reduction of

viral load was remarkably rapid. Virema decreased to

undet ectable levels (<6.107/mM) in | ess than one to
Intrelepais &l ANAer the Dbeginning of the therapy. Viren a

inthe animals treated with P-L-ETC _L-F , .and

| FNSoushegn flog analygis, pb &labeppisy Vigel LYY s@gswgﬂfﬁsdeaﬂronﬁ@%%
chinthed RUhdIBvOM bl iote-AvRlic WHY fephdadBinintertadiates efanwere genetalip

viral |oad i.n treated i.nal s di ot ,retu .
coptisty w i PR & e G S b dtese
wdsAb2rea th WADY-LIHTEALFWIAR tribatdd- groviph), with-82 tFT% degredseAu]th FN

re.still. un d e eve
ol of boigpie W DR SRR nREL 17 he R dovels
(Fignessdp yndil 3).h Wile CERMOhDasisted o thedivenas Niamd ¥g; efhar WY
DA WG A e rlSf R GeRla i BTG, | €vel (average of 5
]l%ogl n (51ecrease w thin two vvegﬂlg'). Thi s decrease is

Si gmofréoeé}néce PRRK e aIoGedudSityt2. 1O 198 e DINAUR-LFECC

and L- FMAU alone. |In prevjous studies, viral tij
bithprapser UHOWEEH e BYBYPR o WY ferbeyiop oﬁ’yd\i‘#@ég&ﬁél y
adhdinitABorS REEdt i fofowlel B Bhe JiRirdc® BSRIMRDItD VirRhGCC DN, as

t hat thgy antiviral activity of (3-L-FTC and LFMAU was
depiopyaGa By MBS RIATNER- t oget her with an

i onodul at or.. . Mor gover i YA :

or oEBERGuPage HESERER! wut & CoE B Bseorble b78
649% 1 7 % respegtivels (Kigeketldst abl e i n dot bl ot assay

(<6.107copies/nil) in serumsanples of two ani g&%s

( AdGompetedugiullen ot gl (Cullametisk Aggrpigrob- Agert Clhismadlr oty #1-
”?;?;Jéﬁ%ﬁf‘ eﬂﬁ.le@h@ Etfa%gg/wra. mg,gpg/ﬁ; 1_1) Hﬂd_tPlaelfj& al. @asiea al.n

evels (-69% - J €SP ve

Hepailagy P00, H 2 Fe B o Lo g PR e L frg
sigifecafte8 6l feco fRephatiapiiteimgiates Hitcamtedtihrendeterabls lbyrk ined

to re-estaplish .DNA I thro ' f
Sy Ry R Bt B Roqeh s 0 Ot T
CCODNICeVdldeptined poo msclobow@G@: Miva rpliciting Bifie Castbinaton o

: A 81§Mi gt%@gﬁ-@w 48% &l dSesie Of 98% f
Bli‘h%gg’é Icvira (Fi gur{gL ?f;)(% enonstr at ed *
the BRAgemicatipnitermiedivied)s This effet coalddp des to tarytivieheffeetaf fi5n
LAY G ﬁﬁ%k@xﬁ&nsﬁﬁé@bﬁﬁé@%@hl PBeckC BS g Bilbgy Wobth 33,

virema patterns. A nmarKed decrease_in the |evel of
254766% |wh@[s];zw§9 A8 Beesieg 10-fold decrease in CCC DNA). However, after 8109
months of a treatment with a single dmg, L-FMAU, drug resistant strains of WHV
emerged (Zhou, T., et al. J. Viron. 2000, 74, 11754-63). L-FMAU in combination to B-
L-FTC may avoid emergence of drug resistant strains and allow long-term. treatment that

could deplete the residual pool of CCC DNA.
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was observed in both p-L-FTC, L-FMAU treated groups,
wWth 82 to 93% decrease in the |Ilevel of intrahepatic
viral DNA internedi ates conpared to the pretreatnent

of levels (Figures 12 and 13). \Wile CCC DNA
persisted in the liver at M and M2, other WHV DNA
replicative internedi ates decreased dranmatically.

Mor eover, CCC DNA was al so reduced by 24 to 47% during
L- FMAU/ D- L- FPC bi t her aBgamplofever, the inhibition of
V\Hv replication by L-FMAU D-L-FPC adm ni stration was

ot fol I y cl earance of intrahepatic viral
"9%&8 gé}’ﬂ#fjr’%rat ed by sout hern bl ot anal ysis.
I—Iowex(]gﬁI n untre d t
i ncrease eor\‘?sélg %‘r@eﬁo %ﬁdgﬁ?#?&?eﬁg%%‘?féwl
izl fgldl(élCJM)IA lelymthe m:m@m dnd RO % teskctive(yGioiniparad @i+ 48%
6k tdaer. 1997, 41, 2076-2082),
féﬂuh et a?pA‘iéﬁﬁg‘t"ﬁp)EF&Hg"ﬁ&ro| 2001, 75, 311-22) and
Peek et al. (Peek et al. Hepatology 2001, 33, 254-66)
results, j-L-FFC conbined with IFN and L- FMAU have a
significant antiviral eEsmgled Replicative

i nternedi at es decreased to undetectable levels in the
one nonth after the beginning of the treatnent.

LJ'I ver
VPR Cf hepgrocKas &rapsdystion Bptke reco GHRPOViTB T decl i ned

at a nuch lower rate than replicative DNA. Conbi nation
of T@deiEmige dreduinbéivifbemdwcyiesdaferkdby nddnoGas, inNAmd@ining

oy - .
it oBbitecfy R8P SlfecRla gt Grebl ub ool SRl G was
pepfarmgq-r Moweyer.eHrorestenet ebsetved-wagnet| sperifiq hin couggmred with

LN LR B N R 1 e ol b A

PiBKREase in COC DNA). However, after 8 to 9 nonths of
a treatnent with a single drug, L-FMAU, drug resistant
strains of WHV energed (thou, T., et al. J. Viron.
2000, 74, 11754-63). L-jsMhlhidd@ conbination to 0- L-FTC
may avoi d enmergence of drug resistant strains and
allow long-termtreatnment that could deplete the
Histdoghazdmipwioh of CCC DNA. 53 Exanple 8 |Intrahepatic
VWHV DNA synthesis. Unlike the results with the

Comﬂxﬁﬁhia% o el@PYbiophfl deElin@! @Ngidhil fteaalie ch.otratal
vi ral CCC DNA levels in the |iver (+44% and -6%

?"é‘%‘ﬁ’é‘e’l éw f&t‘ﬁ%ﬁsr%ﬁwm iy, Tobpulgr - Tegieny| inpikg, Liyer- Adhll
wobdeh@kooithe flobyg téedlbith Ad IFN showed increased inflammatory activity

(Figure 15). Maximal inflammatory activity in Metavir score was observed in six
- biopsies in this group. In comparison, the group treated with L-FMAU and -L-FT'C did
ot show similar profiles. Only three of the six woodchucks in this group showed an
increase of the inflammatory activity. In control groups, Metavir score was stable over
time, even in the group treated with Ad IFN alone.
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Exanpl e 9 Eval uation of hepatocytes transduction by
t he reconbi nant adenovirus vector To determ ne the
nunber of hepatocytes infected by adenovirus,
i mmunostaining wth comrercial antibody directed
agai nst the G een Fluorescent Protein (GFP) was
perfornmed. However, fluorescence observed was not
speci fic when conpared with controls, and nay have
‘been due to natural fl uBxaegdelice of hepat ocytes or
perhaps biliary pignments. Exanple 10 Hi stol ogy
afiogn Exam nation of |iver biopsy sections of
V%H#g”?W%ated with 0-L-FrC conbination therapy
reveal ed inflanmation with | obular lesions in the
| i veYiremtd |couldoird eimlizkd ugihg tikee dofr biap assap dboe WHY t PNAdand

L N e Y T

Was 1PBEAEMRH of PinkiiXto RIcARFMES DINA. &ltlasie @frOiH Beruh Mnder PCR
conparison, the g rousytreated with L-FMAU and.(3-LF17C

cppdijionshould fe Wadefertablg by ghe Sph hletassayyyigpmispnder %%0710%68@1%
PR adae) GHSDNA thifst Se ghabkzpd Bho Y& Hias Poer@as:saclai as*s&ye In

RS v i ot e o SR oot g

specifibpddders FN al one. 54 Exanple 11 Analysis of vireinia
Virem a could be anal yzed using the dot bl ot assay for
VWHV DNA and quantified with a phosphoi mager until

virema returns to pret#eatvgﬁimyalues. [f elimnation
of virus is to be confi extracted from serum
under PCR conditions should be undetectable by the
A%s:s%%aﬁe%ﬁﬁé/vtﬂa‘fbmr}}rﬁhe%der 6.107 copies/nl).

Furt hernore, the nust be anal yzed by a real tine
PCR l.er) t hese ex l.es
F onl Y HteRe e ken.h monlis P SoeR Shie RS B
santhemdlot heidizhtion tp nhatgre tkbepafe! virallINAAmathgssi s of

i ntrahepatic viral DNA synthesis Liver sections of the
a biopsy taken at 5 nonths post treatnent were

anal yzed by

Example 13

WHYV polymerase gene sequencing

Genome sequence from circulating virions could be analyzed after PCR
amplification of the PreS and the RT regions, to determine whether or mot escape

mutants had been selected by one of the antiviral protocols.

WHYV DNA was amplified by PCR from serum collected either at the end of the
treatment period or at the best point before the animal death. DNA from serum was
. amplified for 35 cycles (94°C for 1 min; 50°C for 1 min, and 72°C for 1 min) with Taq
polymerase and a specific primer pair (5’~-AGATTGGTTGGTGCACTTCT-3
(nucleotidt_es 385 to 403) and 5’-A'I‘1‘Gf1fC_AGTGCCCAACA-3" (nucleotides 1468 to
1461), corresponding to the B and C domains of the reverse transcriptase gene, with
reference to preyiously published sequences. To confirm that no viral DNA is present,
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sout hern bl ot hybridization to analyze intrahepatic
viral DNA synthesis. Exanple 13 WHV pol ynerase gene
sequenci ng Genonme sequence fromcirculating virions
coul d be anal yzed after PCR anplification of the PreS
and the RT regions, to determ ne whether or not escape
mut ants had been sel ected by one of the antivira
protocols. WHV DNA was anplified by PCR from serum
anafighr Ipsoteghinhdshiesd fot nestrbPER i fupleh Eound rodtmegaiive igdis e

t t . pgi n
o Sl i bR b o

519 1528 4l -CRRAATE AHACH- a(a‘ldeﬁﬁ'ile?ﬁ%?’rtﬁgénand
a specific prinmer pair (5 - AEATTGEWTGEWGCACITCT 3
(nucl eotides 385 to 403) and 5' - ATTGTCAGTGCCCAACA- 3'
(nucl eotides 1468 to %mlgorrespondlng to the B
and C domai ns of the rever e transcriptase gene, with
reference to previously published sequences. To

Ex&mmbtionrof ivainitachotdielly eRtfor micpsepent , 55 anot her
prinmer pair was used for nested PCR in sanples found

to Eﬁ?{‘%&?s? s¥§1oh§‘wtnja%xf:ﬁ Ensi% d'sﬁﬂﬂg téﬁ%n@érm 190 @Rt dodftm

speci nucleotldes
ca@dylate F1C Zpk Y T e PR AR AU A s e ol
m&ﬁugée%t bt Foad rake) 208 Wit beEéiﬁlWédewitﬂ U ARIRRbL Qo

[1ver mtochondria by electron mcr 0 Li ver y
igBPPY HOOR, 1@ TioxHl THRCOIORE IOACY 81 Aol ipn Rt

thepddli Um cacodyl ate HCI (pH 7.4), dehydrated in graded
et hanol, and enbedded with nethanolic wuranyl acetate
and lead citrate, and will be analyzed with a
transm ssion el ectron nlcroscope 1200EX to rul e out
ni tochrondrial toxicit¥*¥PPleR2 conbination 0-L-17TC
t herapy. Exanple 15 Visualisation of the GFP or RFP

wﬂﬁﬁ?ggggﬁ éﬁ?&#ﬁﬁ i nfected by the adenovirus vect or

nonitored by direct observation of a

f hi ck d f f d i
S BroRMESY of EURFHEE W OF JUEBRP R S RSl BPRATd b

dJIf:dtH)%iﬁauo:E)bﬁmpﬂi\&-rﬂJ&omcmr&ﬂuck deparaffinized liver tissue sections by

confocal microscopy using appropriate filters.

Example 16

Evaluation of the number of WHV-infected hepatocytes

The number of VAW infected cells could be monitored by immunostaining for
surface and capsid proteins. To do this, five-micrometers-thick deparaffinized liver
tissue sections were imcubated overnight with rabbit serum containing polyclonal
antibody directed against the WHYV core or pre-S proteins. The sections were thereafter
incubation with a biotinylated goat anti-rabbit immunoglobulin G. The antigen-antibody

complex was revealed using streptadivin-horseradish peroxidase. Quantification of the
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Eval uation of the nunber of WHV-infected hepatocytes

The nunber of VHWinfected cells could be nonitored by

i mrunostai ning for surface and capsid proteins. To do

this, five-mcronmeters-thick deparaffinized liver

ti ssue sections were incubated overnight with rabbit

serum cont ai ni ng pol yclonal antibody directed agai nst

the WHY core or pre-S proteins. The sections were
nupgber efdpfeeied heprieqyisaerpossing ital proline wasnpifomed inpgaresentative
ared3 oF mb 8Risécabggmunogl obul in G The anti gen-anti body

conpl ex, was reveal ed usi ng streptadi vin-horseradi sh

per oxi dase. Quantification of the 56 nunber of

i nfected hepat ocytes expressing viral proteins was

perfornmed in represent Eximpleldreas of the |iver

sections. Exanple 17 Analysis of hepatocytes turnover

of hepat ocytes undergoi ng apoptosis could
émﬁgfggﬁ%ﬂ@ﬁnbé ﬁ@ the TUNEL (term na

deoxynucl eoti dyl transferase-nedi ated dUTP ni ck

end Thapartengfj hepatsytlapendéigeipg apogtogs fould baywlplefmainedasiag thend
TERRL. (tSmixthl Seoxgrddicotidhi ﬁaﬂsfer%ﬂﬁ&fatea@ﬁ Qick 517&4&13&311;56

nunber of hepa togétes hat progress in the cell cle

methqdd&es: Ttk Bt e Guria A By 19 Rdruh 6ancar - Hg- %56’

THeGMAber b h@acoayct@ It 518grbR 3 BE SN 88 FitbARBulth Rk SliiadpCe
toits Eéﬁ%ﬁéNgd enbodi nents. Variations and

Inypmostaini f the invention, will be obvious to
t hoTkis Sisichbiadchai Beeh leescabdd wittd ﬁféi’dn&e tofxarwgakdagenﬁamﬁieh@ d
i nvention. i ntended.t.hat aI

i B O gt 5 A AR RO B ek R e Py

from tbh|fmrcgdmg dodpbdesdriptibn of theinesatibonlt xﬁﬁiteﬁ‘dgellthﬁall bhdiksel S

‘m%%%B 5§§¥ﬁ%?ma ﬂd%%%gﬁkﬁ&g%ﬂgl&nfﬁﬁqﬁg |t|s B
virus conprising adnmnistering in conblnatlon or
alternation an effective anount of: A-L-FTC, L-FMAU

and interferon;
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or their pharmaceutically acceptable salts or

prodrugs, independently optionally in

pharmaceutically acceptable carriers. 2. The method of

claim1, wherein the (3-L-FTCis in substantially pure

form 3. The nethod of claim1, wherein the D-LFTC is

at least 90% by weight of the fi-L-isonmer. 4. The

method of claim1l, wherein the a-L-FTCis at |east 95

% by weight of the P-L-isoner. 5. The method of )

claim1, wherein the i nfleAXM$oONn i s selected fromthe

group consisting of interferon al pha, pegyl ated

interferon al pha, interferon al pha-2a, interferon
Wantihelaimpd ispegy| ated i nterferon al pha-2a, pegyl at ed

interferon al pha-2b ROFERON(r)-A (interferon :

al pha-2a), PEGASYS(r) (pegylated interferon al pha-2a),

1NTRON( r4 methpd for e frestaantar plephylsis of PRaanNffResd with
hepRAE Y @S thnlpRtis {RLiRGedid IR Bortiatioh S AEMSI A 30 BRI Bve

interferon gamma, interferon tau, interferon onega,
Aehsus interferon, |NFERGEN (interferon

al pggepre;1), OMNI FERON (natural interferon), REBIF

(intecferon beta-1a), onega interferon, ora

intlgﬁéggﬁmﬁlpha, i nterferon ganma-| b, SuperFeron

( nafinmreron; human nul ti - subt ype | FN-al pha), and HuFer on

(hu JEN-beta).. 58 6...The method of .clajmb5, wherein:

{ ho Otk et 3eBobig B SE e ooty onp Y o
in phaonaceticalljeeraptabletcheieisnt er f eron is i nterferon gamm.

8. The nmethod of claim5, wherein the interferon is

interferon beta. 9. The use of a conbination of

p- 12FTC, The netiiodof cdaimd 1, Wherein fhe BIlFTC i51in subgintially pure
folphar maceutically acceptable salts or prodrugs,

i ndependently optionally in pharnmaceutically

acceptable carriers in the treatnent of a host

i nf eCt edrndidethol 6N l1] Wheiein ¥k BUSFTAR ot 11369045 8y QLightlci M

9,.Wherein the fl-L-FTCis in substantially pure form
they LIPSt use of claim 9, wherein the 0-1-FTC is at

| east 90% by wei ght of the

4. The method of claim 1, wherein the f-L-FTC is at least 95% by weight of
the f-L-isomer.

5. The method of claim 1, wherein the interferon is selected from the group
consisting of interferon alpha, pegylated interferon alpha, interferon alpha-2a, interferon
alpha-2b, pegylated interferon alpha-2a, pegylated interferon alpha-2b ROFERON®-A
(interferon alpha-2a), PEGASYS® (pegylated interferon alpha-2a), INTRON®A
(Interferon alpha-2b), PEG-INTRON® (pegylated Interferon alpha-2b), interferon beta,
interferon gamma, interferon tau, interferon omega, consensus interferon, INFERGEN
(interferon alphacon-1), OMNIFERON (nafural interferon), REBIF (interferon beta-1a),
omega interferon, oral interferon alpha, interferon gamma-1b, SuperFeron (natural
buman multi-subtype IFN-alpha), and HuFeron (human IFN-beta).
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(i-Lisoner. 12. The use of claim9, wherein the fl-L
-FTC is at |east 95% by weight of the (3-Lrisoner.
13. The use of claim9, wherein the interferon is
selected fromthe group consisting of interferon

al pha, pegylated interferon al pha, interferon

al pha-2a, interferon alpha-2b, pegylated interferon

?!ﬁ?@rng%ﬁm%%ﬁﬁﬁed |nt§rferon a&gha 2b ROF Pa(r) A

interferon al pha-2a), INTRON(r)A (Interferon

21 pite_ 2ot b S bR T nEF v Bt

interferon tau, interferon onega, consensus

intesfer lLnterfe . n-

OVNIE ER&%%%%E%? c(é"thf‘te“?‘é% ‘L“Q‘Efé‘a lgﬁ%?fr%’toélr{%%'r on

beta-l1a), onega interferon, oral interferon al pha,

i nt &y f er o BAFPohBinaRer Feron (natural  human

mul ti-subtype | FN-al pha), and HuFeron (human

| FNeFES:. ~ 14. The use of claim 13, wherein the

i nt qQLf@AONadgs | nterferon alpha. 59 --- - ------

----- 15. The use of claim 13, wherein the |nterferon

i s iM%y on ganma. 16. The use of claim 13, wherein
oft thékx phainREdEEMR ab@ptable Sl 6 RGInke tittlepenPshag Spifdally in

pharmaceuticaily acceptable carriers in the treatment of a host infected with hepatitis B

virus.
10.  Theuse of claim 9, wherein the §-I-FT'C is in substantially pure form.

11.  The use of claim 9, wherein the f-L-FTC is at least 90% by weight of the
B-Lisomer.

12. ‘ The use of claim 9, wherein the B-L-FTC is at least 95% by weight of the

B-L-isomer.

13.  The use of claim 9, wherein the interferon is selected from the group
consisting of interferon alpha, pegylated interferon alpha, interferon alpha-2a, interferon
_' alpha-2b, pegylated interferon alpha-2a, pegylated interferon alpha-2b ROFERON®-A
(interferon alpha-2a), PEGASYS® (pegylated interferon alpha-2a), INTRON®A
(Interferon alphé-Zb), PEG-INTRON® (pegylated Interferon alpha-2b), interferon beta,
interferon gamma, interferon tau, intexferon omega, consensus interferon, INFERGEN
(intexrferon alphacon-1), OMNIFERON (natural interferon), REBIF (interferon beta-1a),
-omega interferon, oral interferon alpha, interferon gamma-1b, SuperFeron (natural
t_mman mulé-subtype IFN-alpha), and HuFeron (human IFN-beta).

14,  The use of claim 13, wherein the interferon is interferon alpha.
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15.

16.

The use of claim 13, whetein the interferon is interferon gamma.

The use of claim 13, wherein the interferon is interferon beta,



