COMBI NATI ON THERAPI ES W TH L- FMAU FOR THE TREATMENT
OF HEPATITIS B VIRUS | NFECTI ON Thi s appli cation
clainms priority to U S.S. N 60/396,117, filed on July
15, 2002. FIELD OF THE | NVENTI ON The present

i nvention describes nethods and conpositions for the
treatnment or prophylaxis of a hepatitis B virus (HBV)
infection in a host that includes the adm nistration
of an effective anmount of L-FMAIJ, FTC and interferon
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remains a major public health problem worldwide with 400 million chronic carriers.
“These infeotod patients are exposed fo a risk of developing liver ciuhosis and
hepatocellular carcinoma (Lee, W. M. 1997, N. Engl. J. Med. 337:1733-1745).
Carrently, there are believed to be approximately 1.25 million chronic hepatitis B
carriers fust in the United States, with 200,000 peopie newly infected each year by
contact with blood or body flnids. '

Hepatitis B virus (HBV™) is second cnly to tobaceo as 2 cause of husman cancer.
The mechanism by which EIBY induces cancer is woknown, although it is postulated that
it | may direcily trigger tumor dcvel_opman;[, or indirectly trigger tumor ﬂevelopment
through chronic ipﬂammziﬁon, cithosis and cell regeneration associated with the
infection.

The number of humans infected with BBV has reached epidemic levels. After a
" two to six month incubation. period in which the host §s unaware of the ffection, HBV
infection can léad to acate hepatitis and liver damage, which results in abdominal pain,
jaundice, and elevated bleod levels of certain enzymes. HBV can cause falminant
hepatitis, a rapidly progressive, often fatal form of the disease in which massive sections
of the liver are destroyed. Patients typically recover from acute viral hepatitis. In soine
. patients, however, high Ievels of viral antigen persist in tﬁe blood for an extended, or -
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Tnterferon alpha 7

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

Not all patients respond fo mterff:ron, and somefimes retreatment is necessary. In
clinical studies, onlty 45% of patients who wexe freated for hepatitis B with A (luterferon
aipha-2b, recombmant, Schering Corporation) for Injection bad no evidence of the

hepatitis B virns in their blood over time. In addifion, most patients bave difficalty
tolerating interferon treatinest, which caunses severs flu-tike symptoms, weight loss, and
lack of energy and stamina. | ' ‘ o



Company FDA Status Intron A (interferon a-2b)
i nterferon Schering-Pl ough FDA-approved 3TC
(1 am vadi ne; Epivir-1111V) nucl eosi de anal ogue

3TC

The (-)-cnantiomer of BCH-189 (2',3*-dideoxy-3"-thiacytidine), also known as
3TC (Bpivir, lamivadine) js an antiviral drug that is active against both HIV and HBV.
Tt belongs to the class of drugs called nucleoside analog reverse transcriptase iohibitors
(NRTI), which work by blocking prodaction of the reverse transcriptase enzyme that
HIV and HBV need in order to replicate. 3TC was originally developed for the
treatment of HIV, however, researchers discavered that 3TC also works against the
hepafitis B virus. Jo December 1998, the U.S. Food ad Drug Administration (FDA)
approved Epivir HBY for the treatment of hepatitis B virus infection. ‘

- Although 3TC officiently inhibits HBV replication, the slow kintics of viral
climination duing 3FC therapy (Nowak, M., S. Bonhoeffer, et al. 1996. Proc. Natl.
Acad. Sci. USA 93:4398-4402) and the spontaneous viral genome variabifity lead to the
cumergence o_f drug-Tesistant amtants which carry mutations affecting the reverse
transcriptase (RT) domain (Mason, W. S, J. Cullen, et al. 1998. Virology 245:18-32.
Nafa, S., S. Ahmed, et al 2000. Hepatology 32:1078-1088; Melegari, M., P. P.
Scaglioni, and J. R. Wands. 1998 Hepatology 2F: 628-633.; Seigneres, B., C. Pichoud, et
al. 2000. J. Infect. Dis. 181: 1221—1233) Approximately 50% of treafed patients develop
viral resistance after 3 years of treatment with 3TC (Leung, N. W., C. L. Lai, et al. 2001.
Hepatology 33:1527-1532). Resistance to nucleoside amalogs is associated with
substifutions in the nucleic aéui sequence of the polymerase geue causing chauges in the
amino acid sequence of the HBV RT, notably in the YMDD motif within the catalytic
site. The most common polymerase variant is the stL180M-plus-M204V cha;agc
(according to the tecent genotype-independent nomenclature for HBV drug-resistant
variants) (Stuyifer, L. I, 8. A Locarnini, et al. 2001. Hepaz‘alqu 33:751-757) that
associ_aies' a mutation in the catalytic site (rtM204V) witha compenéatory mutation in the
B domain of the RT («(L180M) which provides a higher replication capacity to the
* catalytic site variant (Allen, M. I, M. Deslawmders, et al. 1998. Hepatology 27:1670-
1677.- Chayema, K., Y. Suzuki, cs al, 1998. Hepatology 27:1711-1716. Melegari, M., P.
P. Scaghom, and J. R. Wands. 1998. Hepatology 27:628-633. Ono, S, K., N. Kato, et al.
2001. J. Ciin. Investig. 107:449-455, Seigu»eres,B S, Aguesse—Germcm, etal. 2{}01 £
Heparol. 34:114-122). ‘
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formof interferon is used to treat hepatitis B. This
treatnent involves the administration of interferon
by injection for about four nonths.

Adefovir dipivoxil (Hepsera)

On September 20, 2002, the U.S. Food and Drug Administration approved
adefovir dipivoxil for the treatment of chronic hepatitis B. HEPSERA™ js the
tradename for adefovir dipivoxil, .2 diester prodrug of adefovir, Adefovir is an acyclic
nucleotide analogue of adevosine monophosphate that inhibits the hepatitis B virus
(HBV) DNA polymerase by competing with the natural sabstrate deoxyadenosine
triphosphate and by causing DNA. chain termination after its incorporation into viral
DNA. The chemical name of adefovir dipivoxil is 942
[bis[(pivaloyloxy)methoxylphosphinylJmethoxy]-ethyl]ladenine. Adefovir s
phosphorylated to the active metabolite, adefovir dipbosphate, by celluiar kinases. See,
for example, US. Patent Nos. 5641763 and 5,142,051, entitled, N-
phosphonylmethoxyalkyl derivatives of pyrimidine and purine bases and a ﬂ:erapeﬁtical
c_ompositidn therefrom with antiviral activity.

-)-FIC
N B-L-FTC ¢(f-2-hydroxymethyl-5-(5-fiuorocytosin-1-yl)-1,3-oxathiolane,
Emiriva; emh‘icitaﬁiﬁe) is approved for the treatment of HIV and ément{y in human
clinical trials for the treatment of hepatitis B viras infection. The compound show strong
activity against hepatitis B virus in duck models (Aguesse-Germon, S., S-H, Liv, eral.
- Antimicrob. Agents Chemother. 1998,_ 42, 369-376; Seignéres, B., C. Pichoud, er al. |
2000) and woodchucks. Tn 2 woodchuck model of HBV, FTC was found to uhibit viral
replication but not mducc viral clearance. (Culler, J. M., S. L. Smith, et al. Anfimicrob.
Ageris Ckmotker 1997 41, 2076-2082; Korba, B. B., R. F. Schinazi, P., et al.
Antimicrob. Agents Chemaother, 2000, 44, 1757-60).

NH,
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Adm ni stration approved adefovir dipivoxil for the
treatnment of chronic hepatitis B HEPSERATM i s the
tradenarne for adefovir dipivndl, a diesnr prodrug of
adefovir. Adefovir. is an acyclic nucl eotide anal ogue
of adenosi ne nonophosphate that inhibits the
hepatitis B virus (BEV) DNA pol ynense by conpeting
~With the natural substrate deoxyadeztosine
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The effects of certain pyrimidine and purine nucleoside combinaﬁons in the duck
hepatitis B virus fnfection model were evaluated by Seigneres et ‘al., Amtimicrobial
Agents and Chemotherapy, 47(6):1842-1852 (2003). Combinations of amdoxovir
(DAPD), emtricitabine {(-}-FTC) and clevadine (L-FMAU) have an enhanced antiviral
effect. |

Treatments for hepatitis B infection are also described in Lok and McMahos,
AASLD Practice Guidelines, pp. 1225-1241 (2001), including treatment with interferons.
Rastern woodchucks chronically infectsd with the woodchuck hepatitis virns (WHV)
were used as a model of HBV infection fo study the antiviral effect of 1-(2-tluoro-5+
methyl-B-L-arabinofuranosyl)-uracit (L-FMAU) and WHV surface antigen vaccine. The
humoral and cellular immunity assocratad with th&?-_ combination of L-FMA and vaccine
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i nfection based on in vitro nodels of BEV infection
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“antiviral strategies based on conbi nation therapy

(Zoulim F. 2001. Antivir. Chem Chenzot her.

12(Suppl . 1):131-142), which nay al so prevent the

- selection of cross-resistant nutants, as was shown

W th human i nmunodefi ci ency virus (Choma Y. K, M S

Pasch, et al. 1993. Nature 361:650-654; Snyder, S.,

. D. Z. D Argenio, et al. 2000. Anthnicrob. Agents
_Chenot her. 44:1051- 1058.Villaherraosa, it L., et al.

.1997. Biochem stry 36:13723-13231). A few studies

have focused on exam nation of the antiviral effect

of the conbi nati on of polynerase inhibitors for the.

t herapy of chroni c hepadnavirus infection, using
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[1-D-1, 3-di oxol ane nucl eosi de, such as DAPD.
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synergistically effective anount of a
P-D- 1, 3-di oxol ane nucl eosi de, such as DAPD and PNMEA
PCP Pahl : | eaden No WO 98/ 23285 di scl oses a nethod for
"the treatnent or prophylaxis of hepatitis B virus
infections in a human or -ani mal patient which
conprises adm nistering to the patient effective or




US. Patent No. 5,990,093 and International Patent
Publ i cati on Nos. WD 95/07086 and WD 96140164,
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of drug resi set nt viral straMs. Due to the
sel ection of drug-resistant nmutants, new strategies
of treatnment for chronic hepatitis B are required.
Therefore, it is another object of the present
invention to provide conpositions andraethons for the
treatnment of human patients or other hosts infected
with It is another obj ect of the present invention to
QR | bin28% BRESS Egllﬁdﬁg,
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the mk&:fcr%nd' i &%ﬂbg&ﬂﬁn,% ﬂp%&ﬁcraérﬁl%ﬁﬁ@ht Ofe Mhibderdd is
eron, such as hatelfercui alpha |nterferon
ccdgquarmwfms SWIPRSr PO Fﬂt‘%ff‘?‘é}“a%* i 1 AtheR s odgdimey e
inteclERAL bdilctdFldth 't probsf ;RGBS BRGH: lukiesr S: REBIN @ikitiash
the use of a conbrnation or alternatjion of 13-L-
beta-{a) fyphses-Seran, (fPmegaciisrerop by (Biglipdicny, miresn samm (}:’
TntorAahe RE AN o hinfad TENCB00 Gegsol, Ibeglependent | y -

optionally in pharmaCeutically. acceptable carriers in-

ot 'Jﬁ:e% R % St%;s andrﬁdagl&ﬁ{f&(rjmc ﬁ?ﬁmﬁﬁ eRl/orgdphylaxis of
‘ axl s a 0 I Nt ec epa
an BV pifgSio in 3408 B0 o b P gl o human

are pRoRHIbA Hat ib&lk: GE aainmmmsﬂ Ftan effeci@> dmouftiE,a PL-EdNdsidaol

- _interferon; or their pharmaceutically acceptable :

the fopples or prodrugs i ndependently optionally in
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treatnent or prophylagis of a host _°

orits phannaceuhca]ly acccptable. salt or prodrug, wherein

R is H, alkyl, aryl, acyl, phosphate, including monophosphate, drphosphaste or
triphosphate or a stabihzed phosphate moiety, mcludmg a phospholipid, or an ether—hpld,
optlonally in a pharmaceutically acoeptable: carrier or dﬂusnt, :

in combination and/or alternation with a B-L-nucleoside of the formula:

NRR;
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infected with hepatitis B virus. |In one enbodi nment,
the interferon is administered in the farmof a _
protein, typically directly into the vein or artery. -
I'n an alternate enbodi mrent of the intention, the
intefferan is admnistered in the formof a nacleic
acid, 'gene or gene fragnent thereat that is
expressed by the host The interferon mte acid can be
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or alternatively, can be delivered via a vecbar,
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OH-or—ts—pharmaceutical I'y—acceptabl e saftt—or
proving, wherein Ris H, alkyl, aryl, acyl,
phosphat e, incl udi ng nonophosphate, &phosphate or

tri phospham or a stabilized phosphate noiety,
i'ncluding a phospholipid, or an ether-Ilipid,
optionally in a pharmaceutically acceptable carrier
or diluent, in conbination and/or alternation with a
p- L- nucl eoside of the formula: NR2R3 or its
pharnaceut i cal | priesSpheRbRosHE FGiRp0di a& wher ein

Fignfe 1 is an illustration of a non-limifing example of an adenoviral vector
comprising woudchack interferon gamma svitzble for delivery. Coding regions are
depicied and defined.

Figure 2 is an illustration of a nop-Himiting schematic of treatment regimes of 1-
(2-fleoro-5-methyl-B-L-arabinosyl) uracil (L-FMAY), and p-2-hydroxymethy:5-(3-
finorocytosin-1-yl)-1,3-oxathiolane (FTC), with or withont injections of an adenovires
vector fér expressing woodchuck interferon gamma (Ad IFN) or an adenovirus vector
expressing Green Fluorescent Protein (Ad GEP), given to representative woodchacks.

Figure 3 shows four graphs depicting the amotnt of viral DNA. (copies/ml) of
woodchuck hepatitis B. viras (WHV) over time (days) before and afier injection of
woodchucks with different doses (pfu) of adenovirus vector for expressing woodchuck
interforon pamma (Ad TFN). Amows indicate time of inoculation and time of biopsy.
On the Ieft Y axes, amount of viral plus strand DNA. is-shpwn, measured by endogenous
polymerase assay (EPA, dpm/m) as described in Bxample 3, plotted against time.

' Figure 4 shows five giaphs depicting the amount of viral DNA' (copiesiml) of
woodchuck hepatitis B virus (WHV) over time {(days) before and after injection of
woodchucks with 3x10° pfu of the complete adepoviras vector for expressing
woodchack interferon gamma (Ad TN GFP). Arrows indicate time of inoculation and
time of biopsy. On the left Y axes, amount of viral plus strand DNA is sﬁown, measured
by eﬁdogenous polymerase agsay (HPA, dpminil} as described in Fxample 3, plotied
against time. The data are described in mote detail in Example 5.

Figure 5 is three graphs depicting the amount of viral DNA (copies/ml) of
woodchuck hepatitis B virus (WHV) over time (days) before and after injection of
woodchmcks with 3x10° pfu of adenovirus vector for eXpressing Green Pluorescent
Protein (Ad GFP) (top two graphs) or an untreated control (bottom graph). Arrows
indicate tims 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, dpowml) as
described in Example 3, plotied against fime. ‘The data ate described in more dotail in
Fxaumplo 5. R : ‘ _ )
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Rl is H atkyr;—aryt;—acyt; ~phosphate, i'ncludi ng
nmonophosphat e, di phosphate or tti phosphate or a
shabi | i 7ed phosphate noiety, including a
phosphol i pid, or an ether-lipid, R2 and, R3 are

i ndependent |y hydrogen, al kyl or cycloal kyl (such as
cycl opropyl), optionally in a pharnmaceutically
acceptable carrier in conbination and/or alternation
wi th an i mmunonodul ator, such as a M cytokine, and
in pn@hnnmkabqgnfmmmanbbmenﬂwgmchﬂégﬂhﬁmmM¥bw#@ﬂ@ﬁs

$I50% L.0&Y ; n»oitﬁh&shpaﬂ& zgepmgmm cwi#? ot arf Sben

elirvere rotein n an

eferames: b ﬁverrﬁtpostﬁféﬂ?nrﬂ)@rﬁ':@r pdohuck BSCEAFIHE?
dohSlef Qe Afus aed@df%%ﬁes@@g whod@@ilent@f-rp@aRmA (AAJHE GEP),

t hat expres es the |?E nodul at or b 0,
W‘b"‘u‘fﬂé‘f’r aﬁor?sﬁefler ero(‘% ?%F%tigffl‘%}efe
B&tﬁmfbﬁitd’ﬁr@cﬁf covalently closed circular viral form of DNA (CCC) DNA. Numbcts

below the graphs demonstrate the ratio of DNA at D5/M-! in percent.

Figure 7 shows graphs of viral concentration (copies/ml) of woodchck hepafitis
B virus over time (days) during and after treatment of animals with I-(2-fluoro-5-
methyl-f-L-arabinosyl) uracil (L-FMAU), and B-2-rydroxymethyl-5-(5-flucrocytosin-1-
31)-1,3-0xathiolane, Emtriva; cmticitabine (FTC), with or without injections of an
adenoviras vecﬁ for expressing woodehuck interferon gamma (Ad IFN) as described in
" Example 6. 'The resnlis were obtained using dot blot assays described in Example 3.

Figure 8 shows graphs of viral concentration {copies/ml) of woodehuck hepatitis
B vinis over time (days) during and afier treatment of animals with injections of
adenovirus vector for expressing woedchuck interferon gamma (Ajd IEN) ar adencvirus
vector for expressing Green Floorescent Protein (Ad GFP) as described in Example 6.
The results were obtained using dot blot assays described in Example 3. Contrel
. woodchucks treated with Ad IPN alone showed o sxgmﬁcant variation in vmsfmlm

Figure 9 is a graph of viral concentraﬂon {copies/ml) of woodchnck hepatitis B
virns over time (days) in an nnizeated animal as described in Example 0. ‘The results
were obtained using dot blot assays desctibed in Example 3. o

- Wigure 10 is three graphs of viral load {copies/ml} of woodchuck hepatms B

* vitus over time (days) during and after treatment of animals witk 1-2-fluoro-5-methyl- -B-

- L-arabinosyl) uracil (I-FMAU), and B-2-hydroxymethyl-5-(5-fiuorocytosin-1-y1)-1,3-
oxathiolane, Emtriva; emfricitabine (FTC), with er without injections of an adenovirus
vector for cxpréssing woodchuék interferon gamma (IFN), measu_:'ed using real-time
PCR as described in Example 3. '

Fignre 11 is acopy of southern blots analyzing viral DNA found in liver biopsies
" of woodchucks infected with woodchuck hepatitis B virus (WHV), taken just prior to
therapy (T0), at 1 month into treatment (M1) and at two months fto treatment M2y
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anuctercacid, gene or gene fragment thereof either
"naked" or via a vector. In. general, during
alternation therapy, an effective dosage of each
agent is adm nistered serially, whereas in

conmbi nation therapy, effective dosages of two or nom
agents are adm nistered together. The dosages w ||
depend CM such actors as absorption,

bi o-di stribution, netabolismand excretion rates for
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enoviral vector conprising woodchuck
MWﬁ@ﬂm@ﬁon ganma suitable for delivery. delng

i IR, 15 0t Sepgho 4, TP ol Pl = v

manDNE\e@n rase@naﬁd[y dlesed circular viral form of DNA (CCC) DNA in
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expres uc

\??“P’E%% tgrmoa W%'%?F[{hea een alﬁe(%rseﬁ&:ég%%wn%@n
ﬁhﬂMQMﬂu@mdmﬁFP) given to representative woodchucks.
Figure 3 shows four graphs depicting the amount_of.

© Vi r aFigBiNAL{ @mpgmﬂhé daicting teopperepuelicvavdeiuel bapatity &y jvirgss
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ﬁgure 15 ate gmﬁphs depicting the amount of inflammatory activity (Metavir 7
scorc) as described in Example 2, after treatwient with with 1-(2-Suoro-5-methyl-p-L-
- argbinosyl). uracil (L-FMAU),  B-2-hydroxymethyl-5-(5-fluorocytosin-1-y1)-1,3-
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Figure ,4 shows five graphs depicting the anmount of
viral DNA (copies/m) of woodchuck hepatitis B virus
(VWRY) over tinme (days) before and after injection of
woodchucks with 3x109 pfu of the -conpl ete adenovirus
vector for expressing woodchuck interferon ganma (Ad
I FN OF?).. Arrows indicate tinme of inoculation and
time of biopsy. On the left Y axes, anount of vira
pl us strand DNA i s shown, neasured by endog gnous
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oxat hi ol ane, Fntdva; entricitabine (F It), injections
of adenovirus vector for expressing woodchuck
interferon gamma (Ad MN), adenovirus vector for
expressing G een Fluorescent Protein (Ad GFP), or
untreated controls. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON - L-FMAU admi ni stered in conbination

andfor alternation with FTC and in conbi nati on and/or,

alternation wth an interferon, such as interferon
aa phé Rrard intlgpeddentn hyleozem abyber deloalkyipewdhors oplepapy).
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gamma. I n yet another enbodinent the interferon is
interferon beta, interferon onega or interferon tau.
In anot her enbodi ment the interferon alpha is

1 Definitions’

;.

The term “alkyl”, as used herein, unless otherwise specified, refers to a.saturated
 siraight, branched, or cyclic, primary, secondary or terfiaty hydrocarbon of typically Cy
to Cio, and specifically includes methyl, frifluoromethyl, CCls, CFCL, CE,CY, ethyl,
CHpCFs, CFCFs, propyl, isopropyl, cyclopropyl, butyl, isobutyl, #butyl, pemyi
cyclopentyl, isopentyl, neopentyl, hexyl, isohexyl, cyclohexyl, cyclohexylmethyl, 3-
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""""""""""""""""""" —setected- fronrthemgroupffrnt1Udrng"uut not—Iimrted
to: REBIF (interferon beta-la) by Ares-Serono, Omrega
Interferon by Bio/vledicine, interferon gamma-|b by
InterMune, and Il nPeron (human 1FN-beta, Genetrol
Inc.). ~ Alternatively, conpositions and nethods
for the treatnent and/or prophylaxis of an HBV
infection in a host, preferably a mammal, and even
nore preferably a human, are provided conprising
ackehiylpeig i e 2 2RigmeliyTtatyl, ki Y/'Ed'mmmlof e term includes both

f f
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RGI0Y BRG] alnfo, AkPRASD Ia&n@raﬂﬁdk?v R%Q&Q &it:6, QhooPsutfonic

t abi hat t

BB N DIPLSTT el SPREREL fop PhOeDMBHP orisier poppfecid, o
phﬂmn&aeuumgqlhykmmmepﬂmbh@ﬂmmﬁﬂmemnﬁma&mhuan&gmymnl
QPR DA BBV Gl B AL k%%tﬂ;mmgy RGeS 380P

Edition, 1991 he;reby mccrporated by seference.

 The term “Jower alkyl”, as used herein, and imless otherwise speciﬁeﬂ. refers o a

C; to Cs saturated steaight, branched, or if appropdate, a cyclic (for exarnple,

cyclopropyl) alkyl group, including both substituted and unsabstitnted forms. Unless

otherwise specifically stated in this application, when afkyl is a suitable moiety, lower

alld is preforred.  Similady, when alkyl or lower alkyl is a’ suitable molety,
nasubstituted alkyl or lower alkyl is prefemed. .

The term “aryl”, as used herein, and uzless otherwise specified, refers to phenyl,
biphenyl, or naphthyl, and preferably phenyl. The term includes bothi substiouted and
unsubstituted moieties. The aryl group can be substituted with one or more moicties
selecied from, the group consisting of balogen {fluore, chloro, bromo or jodo), hydroxyl,
ammo, alkylammc, arylamino, alkoxy, aryloxy, mlm, cyano, sulfonic acid, sulate,
phosphomc acid, phosphate, or phosphonate, either umprotected, or protecied as
necessary, as known to those skilled in the art, for exarnple, as taught in Greene. et al.,

 Protective Groups in Organic Synfhesis, John Wiley and Sous, Second Edition, 1991.

The term “acyl” refers to a carboxylic acid ester in which the non-carbonyl

_ mowty of the ester group is selected from straight, brauched, or eyclic alkyl or lower
akkyl, alkoxyalkyl including methoxymethyl, aralkyl mcludmg benzyl, aryloxyalkyl such
as pheroxymethyl, aryl including phenyl optmnally substmﬂbd with halogen (e.g. F, C,

" Brorl), G to Cy allcyl or C; to Cy alkoxy, sulfonate esters such as alkyl or aralky[
sulphonyl mcludmg methanesulfonyl, the mono, & or triphosphate ester, trtyl or
mouomeﬂwxymwl substimied benzyl, iriatkylsilyl (e z. dlmbthyl-t-buty]sllyl} or
diphenylmethylsilyl. Aryl 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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or--i-t-s—phar-raceuti-eal--y—aceeptabl-e-sal-t—er-predruvg——mm—————
wherein 121 is H, alkyl, aryl, acyl, phosphate,

i ncl udi ng nonophosphat e, 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 pharnaceutically

acceptable carrier in conbination and/or alternation

W th-gp LAMuaaRaMly a5 ot GNuds tRokhb Y tfkifgon AN

in particular an interferon, such as an interferon
ey sagpayad whigh includes approximately 90% or greater, altematively at least

95%, 96%, 97%, 98%, or 99% or more of a gingle epantiomer of that compound. When
a nucleostde of a particular conﬁgurauon (P or L) is referred to in this specification, it is
presumed that the nucleoside is administered in substaniialiy pure form., '

The term “immunomodalator,” as used herein, refers to a chemokine or cytokine

that regulates either directly or indirecly an immune response. Non-limiting examples

of immunomodulators include TH1 eytokines, and in pazticular, interferon, interferon-c,

purified interferon-, interferon-o2a, interferon-o2b, interferon-, inteiferon-y, consénsas

interferon, pegylated interferon, pegylated interferon-a, granulocyté macrophage c'olonya'

stimulating factor, -intedeukin, inferlevkin2, and interdeukin-12. T a preferred
embodiment, the jmmunomodulator is interferon, and even more preferably interferon-y.

The term “host,” as used herein, refers to a unicellular or multicellular organism

in which. the virus can icpiieata, including cell lines and animals, and preferably a

human. Alternatively, the host can be carrying a parﬁ of the viral genome, whose

replication or function can be altered by the compounds of the present invention. The

term host specifically refets to infected cells, cells transfected with all or part of the viral

. genome and animals, in particalar, primates @ncluding chirpanzeos) and humans. In

most animal applications of the present invention, the host is a human patient

Veterinary applications, in certain indications, however, are cleatly anﬁciﬁated by the
present invention.

I  Pharmacentically Acceptable Salts and Prodrugs

In cases where any of the componnds as disclosed herein are sufficiently basic or
acidic to form stable nontoxic acid or base salts, administration of the compound as a
pharmacentically acceptable salt may be appropriate. Examples of pharmacentically
acceptable salts are organic acid addition salts formed with acids, which form a
physiological acceptable anion, for example, tosylate, methasesulfonate, ,acgtabé, citmate,
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In one enbodi nent of the invention, the interferonis
delivered in the formof a protein. In an alternate
enbodi nent, the interferon is delivered in the form
of a nucleic acid, gene or gene fragnent that
expresses the protein. In one particul ar enbodi nent
of the present invention, the interferon is delivered
in the formof a nucleic acid, gene or gene fragnent
thereof, and the delivery is aqcconpllshed with a
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The—-term"acyl-*—refers-to-a carboxyticacrdester-in
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T TGene Therapy. —Another aspectof the present
invention is using in vivo gene therapy nethods to
del i ver inmunonodul ators in conbinati on and/ or
alternation with two or nore antil EBV agents, with

di fferent nethods of action and/or synergistic
effects, to treat BEV. Gene therapy nethods relate to
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hi a further enbodi nent of the invention, cells that
are genetically engineered to express the
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vivo. Such cells may be obtained fromthe patient CT
an MEM conpati bl e donor and can include, but are not
limted to fibroblasts, bone marrow cells, bl ood
cells (e.g., |lynphocytes), adipocytes, mnuscle cells,.
endothel jal ceJls etc. The cells are genetically

engi ng’earll@%“? FrRACtest o he gy epticeorels etmre spmiticallis ergiregerio
. teapressttheOituBaoniddRae O SniSREERGE @ RGP SR HRSuB be

the.] ul at or alterngtively, by

(PR EATTRIBS 3 8 ye SR R0 o S ibods, s
Virdted o fibrpldastsi bare greaee ctllve blopdirdls gan dyiptioey tds)) @dip@l s,
GRIBEEBIMs OdnabtheRASILL L Ofhe ' ding.. but.
not ‘ggii‘rlr}is %%et - t%g&%lglglsp%]%c%?g%?né%y &gg%%ddg Y Aces
AGK “‘BN&? B3t eduss e gofiag saweace epelypePtidss of the
s i SBANG T aR ll vR 5, B RS
L 0 0] a. on constl tuti ve or
indupF%Fgm%ggﬁ%ﬁé?m ?eﬁ%%ﬁ%f’ FERREn TPt tion ppesgaes.
Fistvtiae N ok disited jop s wieowt, plasmidsp resthdsa YAY's, S@EEDINAD.
TaeopagiACRIRGhS el maNUsEh LUREESE sl RLELANAR! oy be

ecrete-tﬁﬁalnnunonodulator can be 1 ntroduce
PREIp B e SO nFic | FHPNE AEPRstpiive her dndpelle apporer o
propleghehikarte atiiore inmunomodliiter Hpieksiot] dhd pidi@felebsrdnan

| t into a matrix and iplanted . in the

)ﬁ%g?% A e o Bl B ORI rStoncat P
aupluprd iptp e arfienidytemniqally. te-go fn the ¢iseniptvay dr tnaporissaatiy)| ar
graft, (See, for exanple, Anderson et al. U S. Pat.

No  sleggivalpghe gally cauie ingpmporaged/ittosiomtin i@, impladtedNo . the
ﬁmﬁGQ&QQQ%?mFyem@m$hﬁamkmﬁﬁ£2%h§c&P?Pg?ﬁQEhPFE&Q?ﬁ%

on-.aut ol o ol non- conpatibl’e ce , ey
Raphallo 0 Rl £ (e oL EPREEV IR fin USeBR oA 545:
apf Mouispr &Wilson, Ui Pl dNee 5. 4@e5a).  of .a host i nmune
response agai nst the introduced cells. For exanple,

t he Bapn Ge gelly o be ddminissaertad nomantiogeusom penECRBmpaibIn
colf, ey bkl Bee adbhitiOMbd) Gsih el MG NBRABEL WS ATRONS N kS
d\é\é*eﬁh t he .i trh!'fr‘nadi ate ext r%cweefll ul ar envi regn‘ﬁ‘g%?,g‘g‘é’&@?‘

Rt PRPT Y2 CAY TP SoBuss it the ingodyesdrcalisoBoriozasuplep fhe
CﬂhGMHdsmmmﬂumhhasw&hsmmmdﬁmnvaﬂhﬂmMamh&mQ&h&%m&E@%
oﬁQMmggﬁhgqﬁﬁqﬂgqﬁmghkge‘p%dhﬂéect'ous vﬁral ticles
,cog&ginin a nuclerc acid, geném““ﬁ%ﬁe‘??gﬂﬁéhﬁ'mm
nipdpcedtelis Grbe rerenissd iy dhediogimmpucessisténmrunonodul at or .
incl.ude, but_are not - limted to, prinmary cells,.such
as d#’g%?"y wHic tehmay bs| ‘eweiuest pih deyinfecies Vadkooiclees,
cqpraing @ayElES aciDRAE Vi §6ne HRALAPRAEE For Y RRAGH S an

N udi ng T-1 hoc-ytes and 13- nphocytes), -
i itk B e R e e SR i priary
. myclerish dzlgﬂ_:ie@m(, Bhth gelenkeyted) _cgmunsazlhf_sp ‘MOQ};&'ine? _:maqoptlxages,
IyRpaRLRe -@ﬁﬁﬁg $Sor € al .c wkeratjnocyles;
,_y??em elhjls; gir;iaytﬁlg% i es%}ﬁi %%ﬂh&%ﬁgsfﬁoeuﬁa ‘55&‘7‘%“ »and
HPE égnph@@‘qss;&ﬂhéﬁléﬁ)?ob%emwn ettis prrigthelial cells;
epftbqlial oliytierapiicReid; SOk ©BY; hepatdcld, alhast ﬁémga@&?@g{,; ha
| cells; nesothelial cells; and parenchymal” cells.”
In one enbodi nent, the cells my be targeted to a-
specific site, whereby the cells function as a
therapeutic at such site? Alternatively, the cells
may be cells that are not targeted to a specific
site, and such cells function as a systemc
t herapeuti c. '

O




Transduced cel | s may~be used;for exanmple—tmthe
treatnment of 1113V by introducing to host cells, such

as blood cells that have been renoved froma patient

and expanded in culture, infectious viral particles

in accordance with the present invention which

contain genes that encode an i munonodrdator. The

cell s can be expanded in nunber before or after

transduction with the infectious viral particles
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There are many vectors known in the art. Any-known
vector can be used in the present invention. In a
preferred enbodi nent of the present invention, the
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37



“Naked DNA or~nucl & ¢ acids can be UsSed t06 deliver
the i m ni nonodul ator to the host. It can be
delivered, for exanple, in the formof a plasm d can
be directly injected into nuscle cells (WIff, I. A,
Mal one, It. W, WIllians, P., Chong, W, Acsadi, G,
hut A. and Feigner P. L. (1990). Science 247:
1465-1468.) or attached to gold particles that are
bonbarded into the tissue (Cheng, L., flegel hoffer,
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. Reviews in Imunol ogy 17: 139- 154.). O her uses for
- naked DNA i ncl ude cancer 38mm nopot enti ati on
(di scussed below, Corn M, Tighe, FL, Lee. 31, -
_ Dudler, J" et al. (1997). -The Journal of -Laboratory
| nvest i gation 159: 4999-5004.), repair of pancreatic
. insulin function (Gldfine. L D., (Jerman, M- S., ‘

-Tseng, H., et al. (1997). Nature Biotechnol ogy 15:
1378-1382.), and stinulation of collateral blood
vessel devel opnent (Takeshita, S., Tsurund, Y., et-
al. (1996). Laboratory Investigation 75: 487-501.).
Expressi on of the gene product in nuscle tissue can




those skilled in the art. Liposones are |lipid Way=
entrapping a fraction of aqueous fluid. DNA wll

spont aneousl y associate to the external surface of
cationic |iposones (by virtue of its charge) and
these |iposonmes will interact with the cell nenbrane
(Feigner, J. H, "Kumar, H, et al. (1994). Journal
of Bi ol ogi cal C7m’n stry 269: 2550256.1.). In vitro up
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Ad REPAdenovirus vector w thout woodchuck interferon
gamma gene CCC DNACoval ently dosed circul ar viral
form of DNA DNADeoxyri bonucl ei c acid

FTC5-fluoro-1- (2R, 58)-L3-oxathio -5-ylicytosine

Cl FPG een fluorescent protein HBVHepatitis B Virus
Interferon L-FMAUL- (2-flucco-5-nethyl-fi,

L- ar abi nof ur anosyl ) t hym ne

The viral geoome is a linear dogble stranded DNA molecuie of 152 kb. There arc
two unique zegions, long and short (fermed UL and US) which are linked in either
orientation by internal repcat sequences (IRY. and IRS). At the non-linker end of the
unique Tegions are terminal repeats (TRL apd TRS). There are up to 81 genes (Marconi,
P., Krisky, D., et al. (1996). Proceedings of the National Acadenty of Sciences USA 93:
11319-11320.), of which about half are not essential for growth in cell culture. Omce
these non essential genes have been deloted, 40-56 kb of foreign DNA can be

accormmodated within the virus (Glorioso, J. C., DeLuca, N. A, and Fink, D. J (1995).
Anmual Review of Microbiology 49: 675-710.). Three main classes of HSV-1 genes have
been identified, namely the immediate-earty (I or alpha) gencs, early (E or beta) genes
and Jate (L or gamma) genes. '

Following infection in susceptible cells, Iytic replication is regulated by a
temporally co-ordinated sequence of gene transcription. Vmwo65 (a tegament structural
protein) activates the immediate early genes (IPO, ICP4, ICP22, ICP27 and ICP477) that
are transactivating factors allowing the production of early genes. The early gemes
encode gencs for nucleotide metabolism and DNA replication. Late genes are activated
by the early genes and code for structural proteins. The entire cycle takes less than 16h
and invariably results in cell death.

‘ The molecular events leading fo the establishmment of latency have not been fully
determined. ~ Gene expression during latency is driven by the latency associated
transcripts (L.ATs) located in the IRL region of the genome. Two L.ATs (2.0 and 1.5kb)
are transcribed in the opposite direction to the T gene ICP0. LATS have a role in HSV-
.1 reactivation from latency (Steiuer, L, Spivack, 1. G, et al. (1989). EMBO Jourral 8:
'505-511.) and the establishment of latency (Sawiell, N. M. and Thompson, R. L. (1992).
Journal of Virology 66: 2157-2169.). Two latency active promoters that drive expression

of the LATs have been identified (Marconi, P., Kisky, D., et al.. (1996). Proceedings of
the National Academty of Sciences USA 93: 11319-11320.) and may prove useful for
vestor tl'ansgcne. expresmon

Two bas1c approaches have been used for production of HSV-1 vectors, namely
amplicons and recombinant HSV-1 virnses. Amplicons are bacterially produced
plasmids containing col E1 ori {an Escherishia coli origin of replication), OxiS (the HSV-

- 1 origin of replication), HSV-1 .?ack:a,ging sequence, the transgene under control of an
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M, M2Month 1 or 2, respectively, after the beginning
of the treatnment PCNAProliferating Cell Nuclear

Ant i gen PCRPol ynerase chain reaction PinPl aque

form ng unit RFPRed fluorescent protein Rl Replication
i nternmedi ates RTReverse Transcription |11 NHLterm nal
deoxynt el eoti dyl transferase (TM medl at ed dUTP ni ck-

‘jmmediate-early promoter and a selectable marker (Pederoff, H. ., Geschwind, M. D.,.
Geller, A. L and Kessler, 1. A. (1992). Proceedings of the National Academy of Sciences
USA 89: 1636-1640.). The amplicon is transfected info a cel! line contaiming a helper
virus (a temperature sensitive mutant) which provides all the missing structral and

' regulatory petes in trans. Both the helper and amplicon containing viral particles are

- delivered to the recipient. More recent amplicons include an Bpsteiﬁ-Barr virus derived

sequence for plasmid episomal maintenance (W:mg, 5. and Vos, L (1996) Journa of

Virology 70: 84228430, ).

Recomhmant viruses are made rephnahon deﬁcxent by deleﬁon of one the
mmedaate—early gones e.g. ICr4, wtuch is provided in trans. Though they are less
pathogenic and can direct transgene expression in brain tissue, , they are toxic to neurones .
in culture (Marconi, P., Rrisky, D., et aL. (1996). Proceedings of the National Academy
of Sciences USA 93: 11319-11320.). Deletion of a pumber of immodiato-carly genes
substantially reduces cytotoxicity and also allows expression from promoters that would
be silenced i in the wild type latént virus. These prometers may be of use in dtrectmg

long term. gene expressmn.

Replication-conditional muiants are only’ able to teplicate in certain cell lines.
Permissive cell lings arc all proliferating and supply a cellular enzyme to complement for
a vifal deficiency. Mutants include thymidine kinase (During, M. I, Naegele, 1. K.,
| OMalley, K. L. and Geller, A. L (1994). Science 266: 1399-1403), ribonucleaso
reductase (Kramm, C. M., Chase, M., et al, (1997). Human Gene Therapy §: 2057-
2068.), UTPase, or the nenrovirulence factor g34.5 (Kesari, S., Randazzo, B. P., et al.
{1995). Laboratory Investigation 73: 636-648.). l

Non-viral Vectors

Viral vectors all induce an immanological response fo some degree and may have

safety risks (such as insertional mutagenesis and toxicity problems). Further, their

capacity is limited and laxge scale production may be difficulf to achieve. Therefors, in
-one cmbodiment of the invention, non-viral methods of gene transfer are used, which

may require only & small number of proteins, have a virtually infinite capacity, have no

infectious -or mutagenic capability and laxge scale production is possible using
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end | abel i ng assay VWESTWodchuck Hepatitis B Virus
Exanple 1 Admi nistration of L-FMAU and ig-L-FTC

In general, p-L-FIt was adnm nistrated follow ng a
protocol previously described by Cullen et al.
(Cullen et al. Antimcrob. Agents Chenother. 1997,

41, 2076-2082). Specifically, 13-L-PTC was injected

intraperlioneally at 30ng/kg. I n experinents
using L-PNI AU, the conmpound was admi ni stered by
ot PdRBEa ﬁeaaelaés AUa ik e deihods ofibonaviraldNe minsfen fapnly:

k et ek et al. Hepato/ogy
?%ﬂ@hhggwmﬁé %ﬁ%“?ﬁ& a%al (Thu et at. .1.
¥#§3&b 2001, 75 311 22) (10 ng/kg). Ani7,1111V
A uck hepatitis B virus |nfect|on nodel

repr esents ortﬁggy Immg@ée oo ldher %é%ﬁ&iduﬁmﬁfr to the

-antiviral's since m mcs the history o vi ral

vl e CBSAet <RI i B P AR P e dresihpertd
Bto x§%¥1@ Lals @loltlizes., I.nﬁxtﬁe mmmwnm ?.hClena W oabsadip@e|

by (1) s o B i
&El‘dar& Bdﬁﬂﬁrdey into the tissus {Cheng, L., Ziegethoffer, P. R. and Yang, N

(1993). Proceedings of the National Academy of Sciences of the U.SA. 90: 44554459.)

" The terms "naked" mecleic acid, DNA or RNA refer to sequences that are free from any
delivery vehicle that act to assist, promote, or facilitate entry info the cell, including viral
sequénccs, viral particles, liposome formulations, lipofectin or precipitating agents and
the like. Though not very efficient, this can result in profonged low Ievel expression in
vivo. Unlike ather gene therapies techniques, one major advantage of introducing naked
;1ucleic acid scquenbes mio ta:gét cells is the trausﬁory nature of the immunomodulator
: syn:heéis in the cells. Studies have shown that non-replicating DINA. sequences can be
introduced into cells o provide production of the desired immmnomodulator for periods
of up to six months. The simplicity of this method, and sustained expression has led to
the. development of DNA vaccines. Camparcd to conventional attenuated and protein
based vaccines, they ate ‘unaffected by pre-existing jmnmunity e.g. due to matemnal
anlibodies, relatively cheap, and can deliver a m:mber of pathogen antigens on a single
plasmid (Manickan, E., Kawém, X. L, and Rouse, B. T. (1997). Crifical Reviews in
Enmunology 17: 139-154.). DNA vaccines are being developed for those pathogens
where thete is no existing vaccine e.g. FIV (Lekutis, C., Shiver, J. W., Lin, M. A, and
" Letvin, L. N. (1997). The Journal of Ennunology 158: 4471-4477) or the cuwent
vaccine n;at Tully offective e.g. influenza (Macklin, M. D., McCabe, D., et al. (1998).
" Journal of Virology T2: 1491-1496)). By using a highly conserved gone Ulmer et aL
(Ulmer, 1. B., Donnelly, 3. I. et al (1993). Science 254: 1745-1749.) were able to
jmmaunize mice against twa serologicalty distinet influenza virus strains. In most cases
however, DNA vaccines have nof 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 inmune response can be controlled by cotransfonmation of a gee coding
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Twel ve captive-born woodchucks (ltarnzotta nortax) of
approxi mately one year of age and chronically WBEV

i nfected were used for in vivo experinents. The
treatnment protocols were perfornmed fromJuly to
Decenber 2000. When adenovirus was injected,

bl ood sanples were collected daily during the ten
days after the adenovirus injection and twi ce a vveek
thereafter. These sanples were further eval uated f

- fuiithepdppropriatayekins Ceec stUt.IE Co (199 -drerglolt dehi ™

SN Y4 BB AR bt B G s rictn,
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transgene expression. -

For the naked polype-ptide injection, an effective dosage amownt of DNA or RNA
will be in the range of from about 0.05 g/kg body weight to about 50 mg/kg body weight. '
Preferably the dosage will be from about 0.005 mglkg to aboat 20 mghkg and more
preforably from about 0.05 me/kg to about 5 me/ke. Of course, as the artisan of ordinary
skill will appreciats, this dosage will vary according o the tissue sife of injection. The
' al-)pr'opriate and effective dosage of nucleic acid sequence can readily be determived by

those of ordinary skill in the art and may depend on the condition being treated and the
route of administration. The route of administration isby the parenteral voute of injection
jnto the interstitial space of tissues,-or other patenteral Toutes may also be used, such as,
snhalaion of an aerosol formmiation particwlarly for delivery to hungs or bronchial
tissues, throat or mucous membranes of the pose. In addition, naked polypeptide
constructs can be delivered to arteries’ dlmng angloplasty by the catbeter used in the
V-pmcedure. '
. ‘The immunomodulator may also be delivered in Hposcene formulations (sach as
fhose tanght in Felgner P. L. et al. (1995) Ann. NY Acad. Sci. T12:126-139 aud Abdallah
B. et al. (1995) Biol. Cell 85(1):1-7) which can be prepared by methods well known to
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Eval uation of &VAU + flI-L-FTC + Ad I FN Ei ght een
woodchucks (Marniota nonax), experinentally infected
with WHY were purchased from Northeastern Wldlife
(South Plynmouth, N.Y.) The woodchucks were
chronically Infected and were used for in vivo

experi nents. Both 13-L-FTC (30 rag/kg) and
L-FMAU (10 ng/ kg) were admi ni strated
intraperitoneally. Daily injections were perfornmed
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after each_ in ectlon ﬁi é¥ L from
gﬁAab 1342 h&lpag %o |4 ows 2 Bt Hd DNA to escape
the endosome into the cytop]asm, thus avoiding degradal:lon The mclusao:u of a DNA
‘binding protein (28 kDa high mobility group 1 protein) 4enhances transcription by
bringing the plasmid into the nuclens (Dzau et al, 1997 Am J Cardiol. 1997 Nov

6:80(9A):331-39%).

Molecular conjugates consist of protein or synthetic ligands to which a DNA
binding agent has been attached. Delivery to the cell can be improved by using similar
techrniques to those for ﬁposbﬁ&c. - Targeting proteins include asialoglycoprotein
(Wagner, E., Cotter, M., Foisner, R. and Bimsdel, M. L. (1991). Proceedings of the
National Academy of Sciences USA 88: 4255-4259,), transferrin (W, C. H., Wilson, J.
M. and Wu,, G. Y. (1989). Journal of Biological Chemistry. 264: 16985-16987),
polymeric TgA (Rerkol, T., Kastzel, C. S. and Davis, P. B. (1993). Journal of Clinical
Invesﬁgatﬁbri 92: 2394-2400.) and adenoviros (Madon, J. and Blum, . B (19906).
Hepatology 24: 474-481,). Transgepe expression tends to be transient and is limited by
endosome/lysosomal degradation, :

Tlustrative and nonlimiting examples of the present invention are provided
below. These examples are not intended to Hmit the scope of the Inveation.



coll ected every two days until viral Toad began to
i ncrease, then once a week and, then tw ce a nonth.
Exanple 3 Liver biopsy Surgi cal Iiver biopsy
was perfornmed after |aparatony under general
anesthesia prier to therapy (TO, tw ce during
treatnent (ML, M2) and 4 nonths after drug w thdrawal
(MB). The on-treatnent biopsies were nade 4 days
after each aderrovirus injection. A part of each
sanpl e was stored at - SOEXAm®PLESral DNA anal ysis.
Anot her part was fixed in formalin and enbedded in
ey adbrbvimiohons niedl Ugein e steadt agyfedtn the folowingst ni ni ng The
| ast part was fixed in 1% osm.umtetroxide for
BB ron m cr oskopirusteadyexpiFEing miodvick iptedeEe BEEEb I C
liver exam nation was al so _perforned during sur%ery.
MBI/ si s of i rdeBerapmYerier Vitow] wooghuekn ] ene
hepatic viral NA forominfected dchucks was
é‘%éﬁ& ed at t‘jﬁoégf[fﬁé:og"fdcfr‘fvaér ?Oénﬁg?\.ﬁ\ﬁ fter
HeAogeni zat i ofyd R A 0Meitabig- HOl (pH 7.5), 10 nM EDTA,
‘the liver sanples were divided in tw parts, one for
¥reol ati on of tDwake- LRS- DibxAasiiesyipyoibaa Re, K
di gesti on, phenol -chl orof orm extracti on fol |l owed by
@thanol preci gitatiinorjcertprbicdithe ot her for isol ation of
non-protein bound covalently close circular (CCQC
BBYal DNA (af tRep8B8-Y&F. precipitation of protein
und DNA. , plr;tFen‘%?- chl orof orm extraction fol |l owed by
t'hanol preci Y n). To normalize the anmount of
gn each sapleoMSelod@h, SRR RlmARal YSi S,
DNA concentration was determned by IN densitonetric .
Mnakysi s and qasRar ek, whdebtively e Chisheyintinigustl thef tre@itheBNA
after electrophoresis through agarose gel. Five .
BN ogr ans  of Hieliféreting Calt Nudeag dnttgespondi ng to t ot al
DNA or . CCC DNA Pr'epar ations_were then subjected to

EfRect r ophor esiEoBsMat ¥ agar ose gels, allcalin

%ansfer by blfggqéépg .tg?rﬁtyl on nmenbrane, and viral DNA

s detected by spectfic hybridization as described
@ove.  Anal ySied slbredch ol St Ol 0gy

'\RI Replication intenn;diatgs N
R Reverse Tra@@ﬁon |
TONEL . terminal deoxynucleotidyltransferase (TdT}-mediated dUTP nick-
end labeling assay - '
WHV _ B Woodchuck Hepatitis B Vims
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Formi i n-fi xed Tiver biopsy tissue sections were
stained with hematoxylirt-eosinsafran (HES) stain and
exam ned under a light m croscope. The degree of
hepat ocyte necrosis (acidophilic bodies), the |evel

of inflammati on of the portal tract and the

i utral obul ar space, and the fibrosis stage were sem
gquantitatively assessed by using the Metavir score
(Fl epat ot ogy. 199420(1 Pt 1):15-20). Liver biopsy
sections were al so asseéuplefior steatosis, ductular
proliferation, hepatocyte dysplasia, and

at ocel | argci r . Li ver hi stol ogy
gg’g’ﬁ‘f"ﬁ ﬂ%@éﬂc%ﬂg%ns of acute exacerbation of
hepatitis that were conparable in both roug f . 4
ani melp geoewh B LoFTEy ey (plgpinaa PRSPl R

iy cshidnnde [0 0@k @ll'eyalﬂ&rtﬁkﬂ&rtlry ApBss ﬂb&amrelﬂﬁ?gt_ﬂ, 13676-2082).
ntreate mal .. .. . S st udi es

%@%@Lﬁbﬁ%wﬁ%ﬁ?ﬁ%ﬁ%ﬁ’g@% ained prior to

injection and, D5 po A €CLIL O | oL y&henal

ant i CLV\EFWE% nltsbcl)l(gl‘fe/‘% S%ﬁ%%\&/eﬂg é\hes?cén\r%oHacg’ﬁatQ g‘é%r Sace of

- irlweperitomtzb ndngistratipre aft aeepupraieiion dgrerbed by Pagkatt oh (Raek eias7

' ?féﬂml / A5 208X 34TREL66} af Bl 1S (784 o0k, UEVEGA 2008, 7RI 301-225AY

ernfa was assessed by quantitative detection of
7 huck hepatitis B virus (WED) DNA. VWHV DNA was
extracted from serum using Hi ghPure PCR tenpl ate DNA
extraction kit (Roche daig. nostics), and sanples
%8” spondi ng to 50pL of serum were spotted on
anes (Eliod3nme B, 0.45 phf, Merck Eurolab) with
serial dilutions of a VEN DNA standard Aft

. r '
£ 1 T8 opicBRct deRais 1 irts SRS Qi (RFT<Ae 2L PHLIZ
Ia@t}lgmgﬁdﬁ u¥ histibvingQ f]aa-,lcwmm $ hivlsy. of Airgicinfeationtabseered in

nal ysi, .pho ' er S HOEI :
%V’B’T“é (‘ivﬁtsg cé)%@g%g? or%fnalga%vr\’ﬁl f %ﬂcl%hrhéwl( mage%{\]a_nt so% %igs :
Tekigblel Bt eetin e sthdymifmew fucldegidecesalogs. Mg forpp pf adyinh |
gg@gyglg{tggﬁgiw_ Endogenous Pol yraerase Assay (EPA)

Twelve capﬁve—bom woodchncks (Marmorta monuc) of approximately one year

of age and chronically WHYV infected wers used for in vivo experiments. The treatment
protocols were performed from July te December 2000.

When adenovirus was imjected, blood samples were collected daily during the ten
ddys after the adenovirus injection and twice a week thereafter. These samples were
- further evaluated for viral markers as described bolow.

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

The adenovitus vector was obtained according to procedures desciibed by He et
al. (He, T. C., et al. Proc Natl Acad Sci U.S.A. 1998, 95, 2509-14). " 'The ademovirus
vectors were replication defective due to deletions in the Bl and B3 region. A
recombinant cassette with a coding cassette for the pre-IEN gamma. Zene {aa 1-143)
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The effect of "Ad TFN 6rithe synthésis of viral pl'us
. strand DNA was determ ned using WIV particles in an
endogenous pol ynerase assay (EPA). For conparison,
the DNA dependent DNA pol ynerase inhibitor,
phosphortofonnic acid (PEA) was used as.controL The
endogenous pol ynense activity corresponds to the
conpl etion of viral plus strand DNA in mature
particles containing relaxed circular DNA. WIV

ARSQOhiR 6k G RQ{oYeFEJsébﬁa&:d G e TNt Jend\Begoras saigeit cbsytrol

P B L BBl HhFSi 530 P 58

Mied webQeHiSo TAN gy GOduinch offisiRg GraPasBeepd by protection fromn VSV
D= 1mer i‘gﬁﬂg emepnt ai ning: (i) dATP, dCTP,
3&% (0?%{)%% eac % g’%d 311-dr1P (0.17uM . enzyne
assayfe m{eead&%ﬁéc&f RBhiRs: 61B5GE pbUA-dIFP Matsatceasaised as
aI ant z et. al. 1992 Vir

Rl sy S el P RiedPBrtdo
hmlr Theavectos pxatet mm:mmnog# e 1¢'jtp Pel0g plo/animal,
g&{]\ggt gﬁ“i #_y washed by trichl oroacetic
acl ncor porat| o of 311- dl1 IP was neasured in
a Beckman LS 6000SC scintillation counter. The limt

of detection of this assay was 1,000 cpudi aL. Real
time PCR assay (Light d&apelef In cases where
viraI titers-were too low to be easily detected by

| ot I(pmr b33N g2l tune PCR techniques vere
zetgrr sedgo?-e g. Dandrl et al. Hepatol ogy 2000

32 139 46) ne. PCR h beJen k
as f &ghigen Teodgaﬁ*‘e B R ? mﬂgl)'ﬁer e? ore to
wasplelased e Hodeyseis Wiilify (SoahPa*monféaN Yo frbe PeRhpgs

. .use%gm a@ﬁﬁ%&gd %P%Q&Imﬁ%@pl es/m (200

e sane V DNA standard was used for both
the gofm photrcaEd meak hmr@ﬁﬂfa(ma;@cgm@&aﬂmay@t@n
Dot blot |V.e Sa QJ followed b
B Eersy- vlé"qt’ L m ed1d %céh ? gefwek(’:t(? on o
mjw@anmﬂy@dmﬂmf@&ew7@emest pL. Prelimnary
results of kinetics of the V|ral cle rance an

r ebodneeY FreambigBieaTEke Mo Fardrwl &Re
fd8r e e&ﬁat &Oh t'mvl progotére whidh wa&/amkaﬁeﬂm@ranvwl’mhm

tor each FERESSER] j
X0 ‘5’%‘1?} %9 1}%9&&%%58 tecﬁlnl que coulfg&glllglg
the admomeédfeqt@ &A@rmur bR sl adanarieE SECroC BB RTYE0-

tdagaehid e Rrdk wHG B! QMR QAAGEP) Qﬂﬂh&eﬂaﬁy Db Michabl

I mmunonodul at ors, such as Ad IFN. Exanpl e
Nassal, UmVCISlty of Freiburg, Germany).

 For these experiments, intravenous rﬁjeciions of recombinant adenoviral vector

expréssing woodchuck interferon gamma were perfoxm&d twice (at week 4 and week 8)

with 3x10' pfe per ammal The viral inoculation was validated in a previous study
presented at the HBV meeting held in Amberst, 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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fnocutum titer determnation To determine The
antiviral efficacy and tol erance of the adenovira
vector inoculunz 4 aninmals received intravenous
Ad-1 PN injection at concentrations of 3.107 (A33),
3x109 (A30) and 3x10" pin (A32 and A34). The
hi ghest titered inoculum (3.10" pia) induced a nmarked
drop of viral |oad, however all 2 animals died at day
2 and day 5 post injection (WHY DNA did drop between
Loliard cdaytwofdigamtihviral oahheiad o ingent, thep i@ angderind than
6 nenj. to 265 nenl respectively). The
i

uirroculturt induced a transient decrease
fron170 mend to approximately 30 ughal for 6 days.
The [ owest inoculumdid not induce a significant
virenia decrease (Figur&mplEanple 6 Efficacy study:.
-evaluation of the antiviral effect of the Ad | NV
X%ptgg Fi ve woodchucks (A35, A36, A37, ASS,
. ff P&tei ved 3x109 pin of the conplete Ad | FFI

vector. A control ro co of two woodchucks
(R0 i F biegty o S P AP o gy hess
gﬂdrmnmmwgodmhuakmxmﬁﬁgtmﬂ&mmmmnenmbdmxFugnﬂmsdwramg
L I TlMg—IY
&&d%%%r%%%e vvas 0 sglyvb% géq %%%pda eate arﬁ%
(s r & et of cuelyffapgle waesw ﬁgm for gizat NAoppalygs. ¢ Huofipr
i has aﬁﬁdeﬂlZfJn&am i Eﬁbe@dd&gﬂnbﬁrafﬁﬁtfﬁf m&eaﬁmﬂgyw
i_nocul ation._ MEST DNA %%?% ﬁgre al s q
BRI 05 TV T PaY Wos Bt By V6 PRI RSP 390t PO
infiérbsabpEadly CTONR NINA Ashawschpi livarekandnadior weadw pofforinhd

vi.%lSur \ (from 16 to 76% except A42) as well as CCC
ef's (from2 to 769 (Figure 6).

Analysis of intrahepatic viral DNA synthesis

Intrahepatic viral DNA from infected woodchucks was extracted at the time of
Tiver biopsy. After homogenization in 10mM Tris-HCl (pH 7.5), 10 mM EDTA, the
Jiver saraples were divided in two paits, one for isolation of total viral DNA. (afier
proteinase K digestion, phenol-chloroform extraction followed by ethanol precipitation)
and the other for isolation of noﬁ—proteig bound covalently close circular (éCC) viral
DNA fafter SDS-KCl precipitation of protein bound DNA, phenol-chioroform extraction
followed by ethanol precipitation). To nommalize the amount of DAN in each samgple
used for Southem blot amalysis, DNA concentraion was determined by UV’
densitometric analysis and compared with previously quantified DNA.  after
electrophoresis through agarose gel. Five micrograms of nucleic acids corresponding o
total DNA. or CCC DNA preparations were then subjected to electrophoresis ﬂlrough'lz
% agarose gels, alkalin transfer by blotting to nylon membrape, and viral DNA was
detected by a specific hybridization as described above. o



Exanpl e 7 Evaltuation of "C-FVAU and TT-L-FTC

Results showed a significant inhibition of virem a
-whi ch was reduced approximately by 4 to 5 log units,
down to the limt of detection of the Dot blot assay
(6.107 copies/nml) in all animals treated by
[1-1.--FTC, L-FiVIACT, and Ad IFN (Figure 7).
However, controls (untreated, Ad G P) or woodchucks
treated with Ad I FN al one showed no significant
ViRizisBlof - hiflotlyf €M @ (Fi gures 8 and- 9).

Treatment induced reth don.of viral |oad was re

ar k alFoymatiafixall. 1iver Wegry dssaeoerioaswede sionedrvd@themitarylirecosin-

I <p10 . : t r
lofRE @sﬁ; sBihCed Wil 23 %@1@9@9&%& Opnb - L6 lﬁ&’aheﬁ

nni ng ot ) . Viroma in't

aprav | (eidoplilie bedigahtthe brvel o Tadlammatiopnof the pgrey
][i;ﬁzﬂi%bl | bl UpaSs) _raitaf edas $i6dsi ﬁige%feisaﬂisquhlﬁiwtr': &fa@éssadh ib;ml;g the.

OWi ng, W rawal re nt. . rthernore e
Metayf S geprit SRl e G RA, govel Pop e e 8
pesextadefat sreisis] éncelles prolifemtiod, depatewt dphlasipoanddepitoralioks
ARRand A49) treated with L-FMAU, P-L-FTC.-and Ad TN
were still under detectable |level at week 28 (6

WDPT‘:) %&ﬁﬁiﬁt&ﬁg}ﬁd’xﬂﬁiﬂﬁ&!ﬁ&ﬁﬁé&&i@s of acute exaddetfitin o 'h@ﬁﬁtisl that
conbi nation therapy . w.t n_i mt mout,adyl.at or a
D BRI i o o il Forsvy ARE Bt GBI
walcenibigeflapfmabory ayjritydes veasel inite bireatedunivadeks) . This -
decrease is significant conpared to results obtained
Wi t h bpopaosipiging pgpdies pefaragd on Byee biopsy fortisgs Gh@ine; REgF &%
Yhee@dn {dat ﬁ:lf %ét%ﬁﬁfoﬂ_%&rﬂﬁﬂ@dmfﬂ})%ﬂ v&ﬁfT afboti ) hbvied |
respectijve i.n t S tj,ne ne. S.0 r on
e S A SR R e
L-FNI AU was i nproved when conbi ned together with an

i mrunonodul ator. Moreover, this antiviral effect was

prol onged over tinme w tExamplel ayed viral rebound.
Virem a remai ned undetectable in dot bl ot assay

<6. 107copiesim ) in serum sanples of -.two ani nmal s
%NZ’@“ 1"(flre%‘o“Z) 6 to 7 nonths after drug withdrawal .
This prol onged effect is consistent with decreases in

evels (-69% and -75% respectively). The

del ay..in. the rebopnd of. v eplicati owi.na
e Saelin S s SRt Tl ki f1oil fepuilB' ik
(WYl PH4. (Y MBS tveab ek tesbrod D@ Browm ooy HighRyre fh template
b@h%&&hbxpﬁt &ioc&etﬂiﬁhssﬁ@éj,%a/ beipleR DsHeBfondif@ MR 0lT. bC@kubOn

-~ of existing intracellular gool _of in._ . '
WP ottt oncayopteanes (Bigdyen B O i, Vg Epyopb) wich sl ittions

of a WHV DNA standard. After fixation procedure, filiers were bybridized with *P
Isbeled full-length WHV DNA probe. A compé:ative analysis of phosphofmager scans
(Amersham Pharmiacia Bioteck) was performed with the YmageQuant software. The

~ detection limit of the assay was 6.10"' copiesfml. (200 pg/mL). '

' Endogenous Polymerase Assay (EPA)

The effect of Ad IFIN on the synthesis of viral plus strand DINA. was defermined
using WHV particles in an endogenons polymerase assay (BPA). For comparison, the
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Sout hern blot analysis of 1atahepatic viral DNA
(figure 11) denonstrated changes in the | evels of
intrainmpatic WHY replication internaedi ates that were
generally consistent with virem a patterns. A marked
decrease in the level of viral DNA synthesis was '
observed in both 13-L-Flt, L-FMAU treated groups,
with 82 to 93% decrease in the |level of intrahepatic
viral. DNA internedi ates_conpared to_the pretreatnent

- YA fiepondens QN polyreesesq hibifer. phpsphoggioqric Pinwas used as
daﬁfoﬁ Ik eﬁhogdaoﬁs@elyhemractaﬁty Mtreagfbddsl‘t@ the BérRRstiombl Sra[Pud

ERLAYEH Mook e L A55L 5E58, At

DA .pm@masmwﬁm wis. SEEGDIY menawoﬂm@mmauy pihyified viral
phxg BEPiAd 200 e ML Bl gﬁ@kbpgo pkn%NM:Pz;bmm ﬁm?l

m ni st ratl on was not ol he cCl earance

B 8o Brpercaptoctizpol d%ma%’ma’éﬁ‘%n Prdglde AP, dGTP
(ﬂmut. Behy b PRUTEN@IY SR - enzyme assdyflower @érfdﬂﬁsdlﬁtdéﬂ:ﬁbﬂi)y

e A L e

:@amaawad itcgba@d| dt §WCelor &lhouré @ fpetiedetn GIV/C it ghisciltsts.
Lt@é&h@@ ash&?%] mciibmagé&Z%ZQ%Z)ﬂm@&m%P3ﬂ-

&F‘D 22) and Peek et
d wepe@%m@@ naP Beplfn@aa‘r% § z@e@hﬁ%cwgﬂ gy Limit of
déteioh bfShis sy wizk 1,000epEined with MN and 1, - PMAU have a
significant antiviral effect. Replicative

i nternmedi ates decreased to undetectable |levels in the
i ver one m)nt h after the begi nning of the treatnent.
Real Upp RER assey Qishidrladr al t epati e CCC DNA | evel s

d I d t

cifrﬁﬁ%ﬁ %wsfw”r‘a‘l‘:%ﬂ&?f;wéal % A fER o
TROdizaNg %e0Muhy MCBUBclniqesc wem seiipfd G8%ddrore. tIPp@d@MA al.
fkﬁﬁmgg%deo@z u&ﬁ% MRE AR PR phbbein @hdvalh a6k la6l sdiEasdie

fiviral effect of the L-FMAU al one as it. was
c@&%ﬁﬁ%?@é’ BYApdlgeion to spmplpia fie 2palysiy of Virpig4e0 98y
P2R ks ud to A&kt GETV DNAObAdW G’ &fpm@/hﬁ (200 @ghfl). f Whedsame
i t?}@if’s‘?m' I CCC %c)t both Qe %mt %Ftl%égas&oygt &g Of

B si ngl e ra
agseys o Pafriiot yoaltafp ol pryyided siemiay fg@@tw(ﬂm gnsult. Thhe loster Fmit J

oMeheBfhn 0P8 hemddhwash? Tt B3esut- FMAU i n conbi nation to -

PL- FTC may avoi d energence of drug resistant strains
and Pedlitntidtyl wgagt 67 Rindtice adfmhat vikh @featame| shddepbwtieint e

whERh 2 b BN 1,5 L1 0 P are Sidesenidd s BduSe 0. Viral titer was -
shown to reach a low value of 0.320 pg/nl, representing an average of 9x10400pzcslml
This techrique counld also be applied to further animal samples to detesmine the efficacy

| of ﬁ-L—PTC alone or in cdmbinaﬁon with immenomodulators, such as Ad IEN.
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S “I'ntrohepatit WAV DNA synthesis:. Unti ke the
results with the conbination therapy, Ad | FN al one
did net affect total viral and CCC DNA |levels in the
liver (+44% and -696 respectively conpared to + 43%
for total DNA of Ad OFF group) (figure 15). Exanple 9
Eval uation ifhepatocytes transduction by the
reconbi nant adenovi rus vect or To determ ne the
nunber of hepatocytes infected by adenovirus,

i mrunost ai ning with coBnemgeal anti body directed

~agai nst the Green Fluorescent Protein ((3FP) was

per f or med. However, fluorescence observed was not
ﬁ?ﬁ@??ﬁ?é SfE@%Bnpared with controls, and may have

been due to natural fluorescence of he atocyt hs or

per Hegpdetizinisie athey amivigrlesfisacy Red ipiprence (f Hpe péngpl vector

XA, nésﬂngms received lﬁdameaa AANOR ﬁa@éﬂn'at VkoRth@RS ¥t 3.10°

p- L- FTC conbi nati on

§%§¥§§§3¥§%§%ﬁ@@ ﬁ¥ ﬁ%@?ﬁ%ﬁ wi th | obul ar IeS|ons in
fﬁ\gelr#-hﬁ\ﬁlsg%o ﬁéi I ncr eased I nﬁaﬁrﬁm“r‘g.%{ %&g%&t ‘f&\g/ﬁ?Ny

however all 2 animals died af day 2 and day 5 post mgcclmn {WHV DNA 4id dmp |
between DO and day of deafl: from 147 ng/ml to 70 ng/ml and from 1067 ng/ml to 265
ng/m} respedtively). The 3x10° pfu irocobum inducéd a fransient decrease from 70 ngfml
to approximately 30 ng/mi for 6 days. The lowest inoculum did not induce a significant
viremia decrease (Figure 3). '

Example 6

Efficacy study: evaluation of the antiviral eﬁect of the Ad IEN vector

Five woodchucks (A35, A36, A37, A38, A42) received 3x10° pfu of the
complete Ad IRN vector. A control group consisting of two woodchucks (A39, A40)
received 3x10° pfit of the Ad GFP vector, and: one woodehuck (A41) was untreated
(Figures 4204 5). .

In the Ad IFN treated group, a transient WHY DNA decrease was observed in 3
of 5 treated animals (A35 from 46 ng/ml to 20 ng/nl; A37 from 76 to 20 ng/ml and AdZ
from 20 to 5 ng/ml) after adenovirus inocalation. WHV 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 10 76%, except Ad2} as well as
CCC DNA levels (from 2 to 76%) (Figure 6). :
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T T(Fgure ISy T Maxi mEl” |nT|annutory activity in Metavir
score was observed in six biopsies in this group. In
conparison, the group treated with L-FMKU and P-L-FTC
did not show simlar 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 tinme, even in the group treated
with Ad | FN al one. Exanple 11 Analysis of virenm a
Virem a could be anal yresmpisZng t he dot bl ot assay
for VHY DNA and quantified with a phosphoi mager until
virema returns to retreatnent val ues. | f

Bt L EHAE R £44% s to be confirmed, DNA

extracted from serum under PCR COﬂdltIOﬂS shoul d be
undeRewhsnshaweya tfapifigat pibitiom sof ayireinjd rvevdhg wag deduced
&pée%@gmg Q55 91 nnlehl bDR IR Bmit b Gl JFWRIDR Blot assa
naj real tine PCRF%EQ%%hﬁgiclen#gg
@Hlsoriesa i A ermpliaetaby it Wt eq

H@mwM%m&ﬂakamhmmﬁ,@NAﬂﬂsuﬂgwspﬁmﬂéuﬁam&mmﬁmmeNzmmc

sxlg.m?zcan van mvg-gmla%éaﬂ‘eéf&ﬁbj ¢ viral DNA

~ Treatment induced reduction of viral load was remarkably rapid. Viremia
decreased 1o undetectable levels (<6.10%ml) i less than one to two weeks after the
beginning of the therapy. ' |

Viremia in (he animals troated with B-LFTC, L-FMAU, and Ad IFN remained

supprassed for various lengths of time following withdrawal of treatment. Farthermore,
the viral load in ireated animals did not refum to prefreattnent levels. Viremia level of -
two wooddhucks (A52 and A49) treated with L-FMAT, B-L-FIC, and Ad JFN were still
under defecﬁble level'at week 28 (6 ﬁmnths after drag withdeawal).

. Results of combination therapy with an’ immunomodalator showed a rapid and

significant decrease of viremia level (average of 5 logip decrease within two weeks).

. 'This decrease is sigaificant compared to results cbtained with $-L-FTC and L-FMAU

" alone. In previous studies, viral fiters in serum dropped about 56 and 1,000 fold
respectively in the same time frame. This cbservation indikmtes_ that the antivixal activity -

of B-LFIC 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 undeteotable in dot blot assay

(<6.10copies/mi) in serum samples of two animals (A49 and A52) 6 to 7 months aftes

' dreg withdrawal. This prolonged effect is consistent with decreases in CCC DNA levels

(-69% and -75% rospectively). The delay in the rebonnd of viral replication following
the cossation of therapy may reflect the time required to ro-establis CCC DNA pools

through reinfection of new hepatocytes and/or reamplification of existing intracellular

pools of OCC DNA in infected cells. |
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ti-ver~sections—of —the a bropsy taken—at 5 nmonths post
treatnent were anal yzed by sout hern bl ot '
hybri di zati on to anal yze intrahepatic viral DNA

synt hesis. Exanple 13 VEEN pol ynerase gene sequenci ng
Gertonme sequence fromcirculating tons could he

anal yzed after PCR anplification of the PreS and the
RT regions, to determ ne whether or not escape

nmut ant s had been sel ected by one of the antiviral
IprademtioC€C DNA. VEENT DNA was anplified by PCR.from

serum col | ected, either at the 0 he
 per i Yythem et gplysi gL o f@?m anlbrr%%lto eat
cmgesfzﬁ GRSk uﬂhmﬂspaﬁamm teplitaficprint@Bedispes| teat w19 s@eply 1
0 f Qe b %%?keﬁ%&’xéa@:rm the v bf Vit BNA dfhehesis

;%;Obrreras%g?% a sgem I C prlmsr pal%g%éﬂﬂ{%ﬂﬁj}b’?;ﬁ
1ARfoH %m&s c()iﬁ#ﬁida@ tilieCiearedidtd of devels
1461 rr
(F"’&Pé’?ﬁ CO es@ghlhé@%{&‘g d\ﬂ‘?‘ﬁg‘ﬂ erenlcgﬁfgier%

mﬂﬁwpmsmmub&h -'-an--‘u--z-m . To confirmthat no
viral DNA is present, 55 anot her rjmer

us e dMpropven SECAINDER fixp redarg|by e Ibﬁﬁﬁé‘ﬁ’gﬁ%
Huﬂe e Thduater, @ldnainBiionras! WHVC adplication ﬁjﬁ@:cEMﬁUﬂ-ﬂ-ﬁTC

aJMMé&“'%ﬁ% BIEIE

Rdystrated by southern blot analysis.

However in untreated woodchuck, total or CCC DNA increased over tine by +
64% and +77% respectively (Figure 14).

Compared to Cullen et al. (Cullen et; al. Angimicrob. Agenis Chemother. 1997, 41,
2076—?)082), Zhu et ab. (Zhu et al. J. Virol. 2001, 75, 311-22} and Peck et al. (Peck et al.
Hepatology 2001, 33, 254-66) results, B-L-FIC combined with TEN and L-FMAU havea
sippificant antiviral effect. Replicative intermediates decreased to undetectable levels in
Ftherliver one.month after the beginning of the treatment. In conirast, the infrahepatic
CCC DNA levels decined at & much lower rate than replicative DNA, Combination of
B-LETC and LFMAU decreased viral CCC DNA 40% (versus a decrease of 98% for
the DNA replication intermediates). This effect conld be due to the antiviral effect of the
L-FMAU alone as it was demonsfraied by Peek, et al. (Peek etal. Hepatology 2001, 33,
254-66), who showed an average 10-fold decrease in CCC DNA). However, after 8 to 9
months of a treatment with a single dmg, L-EMAU, drug resistant siraiis of WHV
emerged (Zhou, T., et al. J. Viron. 2000, 74, 11754-63). L-FMAU in combination to f-
L-FTC may avoid emergesce of dmg resistant stratns and allow long-term treatment that
could deplete the residnal pool of CCC DNA. '
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Exanpte 14 Exam nmatiomof ~tTver mtochondria by

el ectron m croscopy Li ver bi opsy sections were
fixed in 1% osmumteiroxide in 150 nM sodi um

cacodyl ate HC1 (pH 7.4), dehydrated in graded

et hanol, and enbedded wi th nethauolic uranyl acetate
and lead citrate, and will be analyzed wth a

transni ssion el ectron mcroscope 1200EX to rul e out
raitochrondrial toxicity of the conbination P-L-FTC
t herapy. Exanple 15 Vi s¥atmgé#i on of the GFP or REP
The nunber of cells infected by t he adenovirus vector

ul.d be ored by direct observation of a
fIVgEWFE YHHiFck deparaffirtized liver tissue
secti f ugt
i P R T TS
Vil 304 £66 B rﬁww@@@% and -6% respecﬁvely compared to + 43%

for total DNA of Ad GFP group) (Figare 15).

- Example 9

Evaluaziqn of hepatocytes transduction by the recombinant adenovirus vector

To determine the sumber of hepatocytes infected by adenovirus, immunostaining
with commercial antibody directed against the Green Fluorescent Protein (GFP) was
-7 ‘perfothaed However, fleorescence observed was not s;}eci.ﬁc- when compared with
controls, and may have been due to natural fluorescence of hepatocytas or perhaps biliary

pigments.

Example 10
Histology examination

- Hxamination of liver bmpsy sections of animals treated with B-L-FIC

: comhmauon therapy revealed inflammation with lobular lesions in the lver. All

woodchucks of the group freated with Ad IFN showed incressed inflammatory activity,

(Figure 15). Maximal inflammatory activify in Metavir score was observed in six

- biopsies in this group. In comparison, the group treated with L-FMAU and 8-L-FTC did

ot show similar profiles. Only thiee of the six woodchucks in this group showed an

increase of the inflammatory activity. In control groups, Metavir score was stable over
time, even 111 the group freated with Ad YEN alone. '



T Thne numper of VITCVimfected celsTcouldbewonitored T T T
by i mmunostaining for surface and capsid proteins. To
do this, five-mcronmeters-thick deparaffm zed |iver
ti ssue sections were incubated overnight with rabbit
serum cont ai ni ng pol ycl onal anti body directed agai nst
the yaw core or pre-S proteins. The sections were
thereafter incubation with a biabayl ated goat
anti-rabbit imunoglobulin G The antigen-anti body
conpl ex was reveal ed usEsrgmsé¢tlept adi vi n- hor ser adi sh
peroxi dase. Quantification of the nunber of infected
h ni.tes .expressing viral proteins was perforned in
ﬁ@%ﬁ@%@ﬁ?ﬁ?fve areas of the |liver sections. Exanple
17 Anal ysis of hepatocytes turnover The nunber

of hefieminc yeud ba rraelyei wigs disofetodpis asmufa WEY DNA and
AinBhdivied piSpRGmiddLunli Ekia(é@ni pateA8ax viue! eot i dyl

transferase-nedi ated cliflP nick end-|abeling) method
( Ker rif elinifatibh of Wit isitebe cdfimed HNGUaxiractsd HmRemdOnd&r BER

bondBRGEELE: uﬁ%@bgy b W5t BAEREY (Abmd] %g&t g.‘id’tcﬁﬁe&nﬁlﬁt

progress Int mtosis coul

Fathsrpare &y YA mﬁﬁﬁmﬂwﬁr’mg rﬂﬁbrmfrt%@ght Cyclerypjsey. In
IRWARAMEM, e faDaRPCe 86ihbdRA aMptdd féekBY aBB&ich DNAL Bing
preferred enbodi nents. Variations and nodifications
SFFRETY ent i on, will be obvious to those skilled in
the art fromthe foregoing detailed description of
the invention_ It is intended that all of these

vari ations and nodlflcaEnmnman i ncluded within'the
scope of this invention.

Analysis ofmtmhepaizc viral DNA synthesis

Liver sections of the a biopsy taken at 5 months posf: treatment were analyzed by
- sonthern blot hybridization to analyze mtmhepatxc viral DNA synthesis.

Example 13

WHV polymnerase gepe sequencing

Genome sequence from circulating vidons could be analyzéd, after PCR
amplification of fhe PreS and the RT regions, to deteromine whether or aot 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 2 specific primer pair (5"-AGATIGGTTGGTGCACTTCT:3

(nucleotldes 385 %0 403) and 5’-A'I'I’G’I'CAGTGCCCAACA~3 (ucleotides 1468 to

1461) corresponding fo the B and C domains of the reverse transcriptase gene, with
. reference to previously published sequences. To confirm. that no viral DNA is present, -
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CLAI VS I7"The use of —a combination or
alternation of fl-L-FTC, L-FMAU, and interferon; or
their pharmaceutically acceptable salts or prodrugs,
i ndependently optionally in pharmaceutically
acceptable carriers in the manufacture of a

medi canent for treatnment or prophylaxis of a host
infected with hepatitis B virus. 2. The use of claim
1, wherein thel3-L-FTCis in substantially pure form
aBotheT pmergeir e/ks whdfonseied AHR ineeiampleh@mﬂlmbfr:m@s ingfpe first

A% BPHARY SR s I RA T ATCTERBREGTTT-3 (nucleotides

510 to 528) and 5’-CCCAAATCAAGAAAAACAGAACA-3’ (nucleotides 953 fo 931).-

Example 14 .

Examinarion of liver mitochondria by electron microscopy

Liver biopsy sections were fixed in 1% osmium tetroxide in 150 mM sodium
cacodylate HCI (pH 7.4), dehydrated in graded ethanol, and embedded with methanolic
wanyl acetate and lead citrate, and will be énalyzed with a trawsmission electron
roicroscope 1200EX to rule out mitochrondrial toxicity of the combipation B-I-FIC

- therapy.

Example 15
Visualisation of the GFP or REP
“The number of cells infected by the adenovims vector could be monitored by

direct observation of a five-micrometers-thick deparaffinized liver tissue soctions by
confocal microscopy using appropriate filters.

Example 16

Evaluation of the number of WHV-infected hepatocytes

The number of VAW infecied cells could be monitored by immunostaining for
surface and capsid proteins. To do this, five-micrometers-thick deparaffinized liver
tissne sections were imcubated overnight with rabbit serum containing polyclonal
antibody directed against the WHV core or pre-S proteins.” The sections were thereafter
incubation with 2 biotinylated goat anti-rabbit immunoglobulin G. The anfigen-antibody
complex was revealed using étreptadivin-horseradish peroxidase. Quantification of ﬁm
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T4 Theuse of ctaim Iywhereinthe 13-L-FTC s at

| east 95% by wei ght of the 13-L-isoner. 5. The
use of claim1l1, wherein the interferon is selected
fromthe group consisting of interferon al pha,

pegyl ated interferon al pha, interferon al pha-2a,
interferon al pha-2b, pegylated interferon al pha-2a,
pegyl ated i nterferon al pha-2b, interferon beta, _
interferon gamma, interferon tau, interferon onega,
rothseefdnfer tgdepaiof s grpresking Braf mvieins wis piriowoed i repyssnizhive
s QF BB R sechidAt er f eron beta-la, oral interferon

al pha, interferon gamm-1|b, natural human

mul ti-subtype | FN-al pha, and human M\ bet a. - 6.
The use of claim5, wherein the interferon is

i nterferon al pha. Theﬁﬁ§§?%ﬂ7clain15,-mherein t he
interferon is interferon gamma. The use of claimb5,

XRBLES heinhenf.eron is interferon beta. 9. A
conbiﬁg?%oﬁwﬁr alfernation of 13-L-FTC, L-FMAU; and

. The number of hepatdeytes undergoing apoplosis could be detenmined using the
TUNEL (tetminal decxynucleotidy} transferase-mediated dUTP nick end-Jabeting)
" method (Kerr, J.ER., Wyllie, A.H. and Cuirie, A.R. 1972 Br. J, Cancer 26:239-257).
* The mmber of hepatacytes that progress in the cofl cycle mitosis could be determined by
fmunostaining for PCNA.

This invention has been described with reference to its preferred embodiments.
Variations and modifications of the invenfion, will be obvious to those skilled in the art
from the foregoing detailed description of the invention It is intended that all of these
variations and modifications be included within the scope of this invention. |
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interferon; O their pharmaceutically acceptable
salts or. prodrugs, independently optionally in
pharnaceutlcally acceptable carriers for use in the
treatment ‘or prophylaxis og %%EB? infected with
hepatitis B virus. conbi nati on or
alternation of claim9, wherein the 13-L-FTCis in

subst anti al l%ﬁ pure form 11, The conbination or
dl-t er FAeitsnOlF cambinaian onghigrstian phe 13-L-FTC i s at
ﬁﬁxpogbby wei ght of the 13-L-isoner. 12. The

rrbl nation or alternation of claim9, wherein the
I3FMAT.Grids at | east 95% by wei ght of the
LI-L-isoner. 13. The conbination or alternation
dﬁmﬂﬁﬁﬂh19 wherein the interferon is selected from

or theit W?&Hﬂcﬁlﬁ%ﬁ%@%ﬂ?&gsﬂs or ?f{ﬁl‘fﬁg&pﬁlﬂeﬁrx@éﬁb REGHhIR fd

eron interferon a , I nterferon
pharmzakytivatl Iax;ceptagl)el catrizts imthe miamuituat plheamadicamen fbaireaiment or -
terf on, b i.nterf.eron beta, interferon
ProPhy&é ]@-T%F%Ed’ﬂzl‘t bapatifi} By on onmega, consensus
|nterfer on, interferon al phacon-1, natural
interferon, interferon beta-la, oral i-nterferon
4l pha The mseoffabaion] ,germreiniths p-hak U i intsubstantially pure form.

mul ti-subtype | FN-al pha, and human | FN-beta.
14. The conbination-or alternation of claim13,

wher eimhe Liof dMigd 1, Gﬂﬁ:&‘emf’chd ;miLeFT@ iSO I@Mm/ by Welght of the

B-L-isomer.

4. The use of claim 1, wherein the B—L—FTC is at least 95% by weight of the

p-L-isomer.

: '5. The use 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, interferon beta,
interferon gamma, interferon tau, interferon omega, consensus interféron, interferon
alphacon-1, natural interferon, interferon beta-1a, oral interferoﬁ alpha, interferon gamma-1b,
natural human multi-subtype IFN-alpha, and human IFN-beta. '

6. The use of claim 5, wherein the interferon is interferon alpha.
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15. The combi nation or alternation of claim13,
wherein the interferon is interferon gamm. 16.
The conbi nati on or alternation of claim 13, wherein
the interferon.s_interferan | NATI ON

THERAHIbEgspimlpim %I\Wi@r ’éf—é@Asr TOSHRBATI TI S

B VI RUS | NFECTI ON Abstract L-FMAU adm nistered in

conmbi nation and/or alternation with FTC and in

gonbi Mk iusdofodahos, veleran tat inenfevant ik ingerféron betier on,
~such as interferon alpha or interféeron gama provides

superior therapy in humans agai nst hepatitis B virus.

9. A combination or alternation of -

B-L-FTC;

L-FMAU; and

interferon;
or their pharmaceutically acceptable salts or prodrugs, independently optionally in
pharmaceutically acceptable carriers for use in the treatment or prophylaxis of a host infected

with hepatitis B virus.

10.  The combination or alternation of claim 9, wherein the B-L-FTCis in

substantially pure form.

11.  The combmatlon or altematlon of claim 9, wherein the B- L-FTC is at least
90% by weight of the f-L-isomer.

12.  The combination or alternation of claim 9 wherein the B—L FTC isat least
95% by weight of the p-L-isomer. '

13.  The combination or aliernation 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 , interferon
beta, interferon gamma, interferon tau, interferon omega, consensus interferon, interferon
alphacon-1, natural interferon, interferon beta-1a, oral interferon alpba, interferon gamma-1b,
. natural human multi-subtype IFN-alpha, and human IFN-beta.

‘ 14. The combination or alternation of claim 13, wherein the interferon is
interferon alpha.

15. The combination or alternation of claim 13, wherein the interferon is

interferon gamma.

16. "The combination or alternation of claim 13, wherein the interferon is

. interferon beta.
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No suitable figure

COMBINATION THERAPIES WITH L-FMAU FOR THE TREATMENT OF HEPATITISB

VIRUS INFECTION
Abstract

L-FMAU administered in combination and/or altemation with FTC and in combination
and/or alternation with an interferon, such as interferon alpha or interferon gamma
provides superior therapy in humans against hepatitis B virus.

No suitable figure
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