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The present invention provides compounds useful in the treatment and prophylaxis of

infection in animal species by Hepatitis B virus (HBV). The present invention further

10 provides methods for diagnosing infection by HBV or other disease conditions and agents

useful in diagnostic protocols. The present invention further contemplates methods for

monitoring disease states in humans and other animal species including animal models and

providing an indication of the susceptibility of a subject for infection by HBV or

development of other diseased states.

15
DESCRIPTION OF THE PRIOR ART
Bibliographic details of the publications referred to in this specification are also collected
at the end of the description.

20

Reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that this prior art forms part of the common

general knowledge in any country.

25 Hepatitis B virus (HBV) causes debilitating disease conditions and can lead to acute liver
failure. HBV is a DNA virus which replicates via an RNA intermediate and utilizes reverse
transcription in its replication strategy. The HBV genome is of a complex nature having a
partially double-stranded DNA structure with overlapping open reading frames encoding
surface, pre-core, core, polymerase and X genes.

30




-2- The HBV pre-core/core genes contain tw in-framne start codons that
control the synthesis of HBcAg (encoded by core gene) and HBeAg (encoded
by pre-core gene) that have a co- termnal Ntermnis. In fact, the
pre-core gene encodes two forns of the sanme protein: the HBeAg
extracellular formand the P22 or P25 intracellular fornms hereby referred
to as P22. 5 The pre-core gene expression products are referred to as
HBeAg/ P22. The extracellular proteins ape targets for imune nedi ated
viral clearance nmechanisns. In relation to precore protein, translation is
initiated fromthe first AUG of this ORF giving rise to a 25kD pol ypepti de
with the preC region encodi ng a signal peptide. The signal 10 peptide

functions t he precur t
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protein
generate a 15-17kD soluble protein which is ultimately secreted into the serum and

measured as HBeAg, but some is also incorporated into the outer cell membrane.

15 HBeAg/P22 is not required for productive viral replication.

HBcAg is a 21kD phosphoprotein whose synthesis is initiated from the second in-frame
initiation codon and is translated from the shorter of the genomic transcripts. The HBcAg
is the major protein component of the nucleocapsid. The C-terminal domain is highly basic

20 and possesses a non-sequence specific nucleic acid binding domain.

The basal core promoter [BCP] (nucleotides 1744 to 1804), residing in the overlapping X
open reading frame region (X-ORF), controls transcription of both pre-core and core
regions and directs the synthesis of two mRNAs, the pre-core mRNA and the

25 pre-genomic/C mRNA. The pre-core mRNA encodes HBeAg/P22 and the pre-genomic/C
mRNA encodes the core protein. The DNA polymerase acts as the pre-genomic RNA
(pgRNA) the template for reverse transcription.

The two major groups of mutations which affect HBeAg/P22 synthesis are pre-core protein
30 mutations (G1896A) and mutations in the basal core promoter (BCP) at nucleotide 1762



30 nutations (GL896A) and nutations in the basal core pronoter (BCP) at

nucl eotide 1762 -3- and nucl eotide 1764, all resulting in dimnished
production of HBeAg/ P22 and a resultant increased host imune response

al though this may be transient in sone patients and does not have a clear
correlation with nore aggressive liver disease in patients who are not

I mmunosuppressed. Pre-core nutations frequently occur at a simlar tine and
are often 5 related to core gene nutatigns/deletions. There is a

rel ati onship between the pre-core stop nutati on and HBV genot ypes.

Nucl eotide 1896 is a guanosine (G and is found within the RNA structura
el enment, epsilon, which is involved in encapsidation. This is base paired
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Europe), nucleotide 1858 is a C, In this genotype, both a mutation at nucleotide 1896 (G to

A) and nucleotide 1858 (C to T) would be required to stabilize the stem-loop structure.

15 Without a compensatory mutation at nucleotide 1858 in genotype A HBYV, impz{ired base
pairing results when C-1858 tries to pair with a A-1896, which destabilizes the stem-loop
structure of the packaging signal. Without a stable epsilon for packaging, decreased
encapsidation and consequently decreased replication may occur resulting in a replication-
deficient virus. Thus, pre-core stop codon mutations may be less frequent in genotype A

20 because of the requirement for two mutational events. In contrast, HBV sequences in more
than 70% of chronic HBV carriers from Asia, Africa, the Mediterranean basin or the
Middle East already contain a T at nucleotide 1858. Thus, only a single mutation at
nucleotide 1896 is required to yield a pre-core mutant with stable stem-loop pairing. This
higher frequency of pre-core stop mutant HBV in patients harboring these other genotypes

25 (genotypes B, C, D and E) where nucleotide 1858 is a T, is a reflection of the requirement
of only a single mutation (G1896A) needed to ‘cause a stop codon and a stable stem-loop
structure for epsilon (Hunt et al, Hepatology. 31(5):1037-44, 1994; Lok et al, Proc Natl
Acad Sci US A4.91(9):4077-81, 1994).




of only a single nmutation (GL896A) needed to' cause a stop codon and a
stable stemloop structure for epsilon (Hunt et al, Hepatol ogy.
31(5):1037-44, 1994; Lok et al, Proc Natl AcadSci USA. 91(9):4077-81,

1994). -4- Mutations in the BCP, especially at nucleotide 1762 and

nucl eotide 1764, resulting in T-1762 and/or A-1764, have been detected in
a variety of patients with persistent infection, fulmnant hepatitis, as
wel | as in i Mmunosuppressed patients. Thg-double nutation at T-1762 and
A-1764 is associated with a decrease in HBeAg/ P22 (but not di sappearance) 5
and an increase in viral load (Gunther et al, Adv Virus Res. 52:25-137,
1999; Hunt et al, 1994 supra). In general, this pattern of pre-core change
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protein sequences of HBV from patients in the HBeAg-positive immune tolerant phase

contain none or very few amino acid changes suggesting that less immune pressure may

15 result in less clinically evident mutations. The prevalence of HbcAg and HBeAg amino

acid changes is very similar to that of pre-C defects and is seen during multiple stages of

chronic infection. However, once patients enter the immune reactivation (clearance) phase,

the mean rate of HbcAg and HBcAg amino acid changes increase by more than five-fold,

clustering onto 36 hot-spot positions possibly influenced by the immune pressure and

20 subsequent virus “selection”. These hot-spot positions have been linked to major cytotoxic

T lymphocyte (CTL) [amino-acid 18-30] and T-helper (Tn) cell [amino-acid 50-70]

regions, and two B-cell [HBc/el and HBc/e2] epitopes at amino-acid residues 75-90 and
120-140 respectively (Gunther et al, 1999 supra).

25 To understand the special populations with chronic HBV infection one must understand
the natural history of HBV infection. With up to 30% of patients with chronic HBV
infection developing cirrhosis and or liver cancer, the course of HBV must be defined
individually for each patient being evaluated for clinical trials or treatment. HBeAg

negative chronic hepatitis currently represents the predominant form of chronic hepatitis




25 To understand the special populations with chronic HBV infection one
must understand the natural history of HBV infection. Wth up to 30% of
patients with chronic HBV infection developing cirrhosis and or liver
cancer, the course of HBV nust be defined individually for each patient

bei ng eval uated for clinical trials or treatnment. HBeAg negative chronic
hepatitis currently represents the predom nant form of chronic hepatitis
-5- due to HBV in several parts of the wetld where non genotype A infection
is conmon eg., Africa, Asia, Mddle-East, Mediteranean Basin and South
Anerica. The inportant spontaneous seroconversion from HBeAg to anti - HBeAg
anti bodies (and a 5 conconnitant decrease in HBV DNA | evel s) occurs in 1
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year). 10 Chronic HBV infection is defined as the persistence of HBsAg for
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persistent HBV infection with vertical transm ssion. The inbal ance of

Th1/ Th2 r ebpob¥ager peahot es suppressi on of HBeAg- HBcAg-specific CD8+ T-cell
responses and Thl effector cells by production of anti- inflamuatory

cyt oki nes such as IL-4 and IL-10 (Ferrari et al, J Immunol. 145:3442-9, 20

1990; 14 | iGHrosic HBV iAftBHoss itndefined/ab tiehpepiistahce & IQBSA@de)r AORCthER Isudhl&ltﬁs

92: 6847-51, 1995) There are al so other nechani sns_that may cause

general i 2 B ¥persistence) may hy due tosthsstablenrtuzs ofrovalgntly glesed c\ﬁﬁ‘ﬂﬁ' (@WI?MA& HBV
I nfection ;RRCANS 6 InsaRRd5§RallyPprivileged sites and/or HBV-specific immune suppression. It

is believed that HBeAg plays a role in HBV persistence by depleting HBeAg- and HBcAg-
specific Thl CD4+ T-cells via FAS-mediated apoptosis (Milich et al, J Immunol

15 160:2013-21, 1998). HBeAg crosses the placenta and, therefore, may establish tolerance to
HBV in newbomns, increasing the frequency of persistent HBV infection with vertical
transmission. The imbalance of Th1/Th2 responses promotes suppression of HBeAg-
HBcAg-specific CD8+ T-cell responses and Thl effector cells by production of anti-
inflammatory cytokines such as IL-4 and IL-10 (Ferrari et al, J Immunol. 145:3442-9,

20 1990; Milich ef al, 1998 supra, Milich et al, Proc Natl Acad Sci U S A. 92:6847-51, 1995).
There are also other mechanisms that may cause a generalized CD4+ T-cell
hyporesponsiveness in individuals with chronic HBV infection because responses to
mitogens are decreased when compared to HBV-negative controls and increased after
HBYV viral load is reduced with anti-HBV therapy (Boni et al, J Clin Invest. 102:968-75,

25 1998). This T-cell “hyporesponsiveness” may arise from decreased function in HBV
infected Dendritic cells, which have reduced IFN-y, TFN-a and IL-12 production and
hence reduced stimulation of CD8+ T-cell responses (Beckebaum et al, Immunology.
109:487-95, 2003).



m t ogens are decreased when conpared to HBV-negative controls and increased
after HBV viral load is reduced with antl-HBV therapy (Boni et al, J Cin
| nvest. 102:968-75, 25 1998). This T-cell "hyporesponsiveness" nay arise
from decreased function in HBV infected Dendritic cells, which have
reduced IFN-y, TFN-a and IL-12 production and hence reduced stinmulation of
CD8+ T-cell responses (Beckebaum et al, |mrunology. 109:487-95, 2003). -6-
Overall, there is a reduction in functiofal HBV-specific CD4+ and CD3+

T-cell in persistent HBV infection when conpared with individuals who
successfully clear infection. In individuals with persistent HBV
I nfection, the HBV-speci fic CD8+ T-cell response Is significantly
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limting the extent of the infection. 20 Host nobnocytes and macrophages
play a keﬂlmgleéahﬁ’lmﬂ@eaﬂ }y65-d2pHP9:Mainitenal, ¢0PQ&upag)-t hey secrete
pro-inflammtory cytokines, such as IL-1, TNF-a, IL-6, IL- 12 and IL-18
t hat have

The host virus relationship is a dynamic process in which many viruses such as HBV

attempt to maximize their invisibility while the host attempts to prevent and eradicate

15 infection. Initially, a virus must bind and enter a target cell and migrate to the appropriate
cellular compartment in order to replicate and infect other cells. Infected cells may be
triggered by the virus to produce cyokines (e.g. TNF-o and IFN-y) that inhibit one or more
stages of the viral replication cycle, thereby limiting the extent of the infection.

20 Host monocytes and macrophages play a key role in the early response to the virus as they
secrete pro-inflammatory cytokines, such as IL-1, TNF-a, IL-6, IL-12 and IL-18 that have
indirect and direct effects on the infection. They can recruit further monocytes, natural
killer (NK) cells and T-cells to perform functions and they can also help switch to the
appropriate Th function to help eradicate the virus.

25
Innate immunity to microbial pathogens, leading to the production of these pro-
inflammatory cytokines, occurs as a result of the activation of Toll Like Receptors {TLRs).
TLRs have been identified as a major class of pattern-recognition receptors. The role of
TLRs involving bacterial products, e.g. endotoxin and peptidoglycan has recently been

30 clarified (Akashi ef al., J Immunol. 164: 3471-3475, 2000; Takeuchi et al., Immunity, 11:




indirect and direct effects on the infection. They can recruit further
nonocytes, natural killer (NK) cells and T-cells to performfunctions and
they can also help switch to the appropriate Th function to help eradicate
the virus. 25 Innate immunity to mcrobial pathogens, |eading to the
productian of these pro- inflammtory cytokines, occurs as a result of the
activation of Toll Like Receptors (TLRs). TLRs have been identified as a
maj or class of pattern-recognition recepyors. The role of TLRs involving
bacterial products, e.g. endotoxin and peptidoglycan has recently been 30
clarified (Akashi et al., J Imunol. 164: 3471-3475, 2000; Takeuchi et al.,
| munity, 11: -7- 443-451, 1999; Tapping et at, J Inmmunol. 165: 5780-5787,
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MyD88 (and ,rel.ated jrot eins several .pLot.ej l\Rases (including | RAK-1,
p38 NMAP lé'lkgﬂ%gmiﬁ@oohyﬁg;ﬁhﬁﬁlw; E%Egg'a}ﬁh&’t gafr anscription factor NF- KB
(Figurgg 7). Activation of NF-xB |eads to the expression of a variety of

pro-inflanmatory nediators (e.g. TNF(X,, . L _
Stimulation of TLRs by their ligands initiates the activation of complex networks of

intracellular signal transduction pathways to coordinate the ensuing inflammatory
response. Important components of these signalling networks are the adaptor protein
MyD88 (and related proteins), several protein kinases (including IRAK-1, p38 MAP

15 kinase and IxB kinase), TRAF6 and the transcription factor NF-kB (Figure 7). Activation
of NF-xB leads to the expression of a variety of pro-inflammatory mediators (e.g. TNFa,
IL-1, IL-6 and MCP-1) (Akira, S. J Biol Chem 278, 38105-8; 2003; Barton, G. M. &
Medzhitov, R. Science 300, 1524-5 2003; Beutler, B., et al., J Leukoc Biol 74, 479-85;
2003). TLR3 and TLR4 are also capable of signalling via MyD88-independent pathways,

20 involving the adaptor molecules TRIF (for TLR3 and 4) and TRAM (for TLR4) Lien, E. &
Golenbock, D. T. Nat Immunol 4, 1162-4, 2003.

The signals induced upon TLR activation in turn control the activation of the specific
immune response. There is evidence that the specific immune system only responds to a

25 pathogen after it has been recognized and processed by the innate immune system. T-cell
receptors require co-stimulatory molecules, such as CD80 and CD86, to be expressed on
the surface of the antigen-presenting cell in association with the peptide-MHC complex in
order for activation to occur. The expression of these co-stimulatory molecules is
controlled in part by TLRs (Pasare, C. & Medzhitov, R. Curr Opin Immunol 135, 677-82,

30 2003). They are also important in activating B-cells to produce fheumatoid factors
(Leadbetter, E. A. et al. Nature 416, 603-7 2002).




IL-1, IL-6 and MCP-1) (Akira, S. J Biol Chem 278, 38105-8; 2003; Barton, G
M & Medzhitov, R Science 300, 1524-5 2003; Beutler, B., et al., J Leukoc
Bi ol 74, 479-85; 2003). TLR3 and TLR4 are al so capable of signalling via
MyD88- i ndependent pat hways, 20 involving the adaptor nolecules TRIF (for
TLR3 and 4) and TRAM (for TLR4) Lien, E. & Colenbock, D. T. Nat | mmunol 4,
1162-4, 2003. The signals induced upon TLR activation in turn control the
activation of the specific immune respofise. There is evidence that the
specific i mmune systemonly responds to a 25 pathogen after it has been
recogni zed and processed by the innate i nmune system T-cell receptors
require co-stinmulatory nol ecules, such as CD80 and CD86, to be expressed on
the surface of the antigen-presenting cell in association with the

pepti de- MHC conplex in order for activation to occur. The expression of

t hese co- Sfheraisatneed toinhestigheshé fole oppithegehanedicatgbddwibyeglildtion(PIIRseandC. &
Medzhitov, R rr qgin | mmunol 15, 677-82, .30 2003). T&g{ are al so

i mpor t ant P ASYEIOR aehanisms to spmbat inTeciion by assigtiog the Wngtedmaiunity sy§ieBadbet t er
E. A et al. Nature 416, 603-7 2002). -8- There is a need to investigate
the rol e of pathogen-nedi cated down-regul ation of TLRs and to devel op
mechani snms to conbat infection by assisting the innate imunity system E6
-9- SUWARY OF THE | NVENTI ON Thr oughout this specification, unless the
context requires otherw se, the word "conprise", or variations such as
"conprises" or "conprising", will be understood to inply the 5 inclusion
of a stated elenent or integer or group of elenents or integers but not the
excl usion of any other elenment or integer or group of elenments or integers.
The present invention identifies cell surface markers whose expression or
activity are nodified by the presence or absence of an HBV-specificed-
effector nolecule. It is




10 proposed that the cell surface markers are involved in innate inmunity
and HBV-directed nol ecul es specifically nodul ate the level or activity of
these markers. The cell surface markers and the HBV-specified effector

nol ecul es are, therefore, useful therapeutic and/or diagnostic targets. In
particular, the present invention identifies a nodulation of Toll-Iike
receptors (TLRs) in the presence of a HBV-specified antigen and hence both
the antigen 15 and-.-the TLRs are useful tferapeutic and di agnostic markers
for HBV infection and to nonitor treatnent protocols. In an even nore
particul ar enbodi nent, the HBV-specified effector nolecule is pre-core
protein such as the intracellular form P22 or P25 or a secreted form

t hereof s @s) el WSG nol ecul es are referred to herein
as " HBeAWIQRF;E M@WI preferred enbodi nent of the
present invention, it is identified that TLRs and in particular TLR-2 and

TLR-4 are differentially affected by the presence or absence of HBeAg/ P22
on or in |Threughvet ths $pekifirationy unfese diei comtelxy régBires ptharwise, dhe woud feompriseBof .
A mutant form of. HBV i.ncl ydes the, prescore.nut,ant. and/ or, t he .BCP. apt .
The 25 pr ¥ CRPBRE SUFH, a8 REBTRES Gocr QRER b r L BF cBers oAt TRy Wers,
and i n parhiiasibArof a SattdeRidnt! bRiftegdt & gﬁgrﬁf leentd S iitegdedy BEE foff e
therapeutic or prophylactic agents Tncluding vaccines to treat or help
prevent i rexelusionofisny piber elemept errintegersy gnew off cleraents avintagerst ar gets to
determ ne whether a subject is or has been infected by HBV or whether the
subject is predisposed to or has a persistent infection or has another

di sease 3n1eCpnlredé1ﬁiiﬁVemiod iﬁallitiﬁlﬁl ¢edle surfve amarkiefsi whbseoexpresib@ndo betiiityakre
managenent tgql. -10- In particu]ar, infecti by HBV results in X
down- r egul‘ﬂ?dlgﬁd oy e PskRce, Af @hsese ial; A A3 V-PHaitipet clierton mplgeuigslt is

I nfect 1(9 n rﬁ%{g&gzﬂ"gﬁ#%&ﬁ\s@ﬁﬁﬁg nfhtkels RESinGOIvEd T {rdiHe ibftnitlitySank HIBW=directed

regul ati o
molecules specifically modulate the level or activity of these markers. The cell surface

markers and the HBV-specified effector molecules are, therefore, useful therapeutic and/or
diagnostic targets. In particular, the present invention identifies a modulation of Toll-like
receptors (TLRs) in the presence of a HBV-specified antigen and hence both the antigen

15 and the TLRs are useful therapeutic and diagnostic markers for HBV infection and to
monitor treatment protocols. In an even more particular embodiment, the HBV-specified
effecfor molecule is pre-core protein such as the intracellular form P22 or P25 or a secreted
form thereof such as HBeAg. Collect'i\'rely, these molecules are referred to herein as
"HBeAg/P22".

20
In accordance with a preferred embodiment of the present invention, it is identified that
TLRs and in particular TLR-2 and TLR-4 are differentially affected by the presence or
absence of HBeAg/P22 on or in liver cells following infection by HBV or a mutant form
thereof. A mutant form of HBV includes the pre-core mutant and/or the BCP mutant. The

25 pre-core protein (P22) or a secreted form thereof (HIBeAg) and TLRs, and in particular,
TLR-2 and TLR-4, are, therefore, useful targets for therapeutic or prophylactic agents
including vaccines to treat or help prevent infection by HBV. They are also useful
diagnostic targets to determine whether a subject is or has been infected by HBV or
“whether the subject is predisposed to or has a persistent infection or has another disease

30 condition and can be used as a clinical or epidemiological management tool.




The present invention provides, therefore, therapeutic and/or prophylactic
agents capable of nodulating |evels of an HBV-specified effector.nol ecule
such as HBeAg/ P22 and/or a TLR, such as TLR-2 and TLR-4. An HBV-specified
ef fector nol ecul e includes any nol ecule which up-regul ates or

down-regul ates (i.e. nodulates) a TLR such as TLR-2 or 10 TLR-4. In HBY,
for exanple, the effector nolecule is HBeAg/ P22. The present invention
further provides a nethod for detectinglQhe presence of infection by HBV
or a disease condition or a predisposition thereto, said nethod conprising
determ ning the presence or absence of an HBV-specified effector nolecule
whi ch 15 nodul ates the I evel of TLR signalling wherein the presence or
absence of the effector nolecule or an elevated or reduced | evel of the
TLR or a conponent within the TLR signalling pathway is indicative of

i nf ect i on IhapatiRMle) inféttion 8sHBMEreshltain dosweegilatibn ofl the IR scwhidhtfhcilitatys
predisposhgig& thereto. 20 The present | tion further provides nethods
for di agndB¢ igRtioRdIRcessreiafecsion; by amufagh HRY suchigsia pre-corfomyfant gsseks thip-or

| evel s of \VA f hi.ed effector nol ecul e which nodul ates |evels of a
TLR or degégﬁyﬁﬁHg%ﬁgsgﬁg'of TLRs such as TLR-2 and/or TLR-4 on |liver
cells. 25 The present invention also provides nethods for diagnosis or

assessnent_.of infection b HBV etermning th res e.and/ or | eyels
o e TOVIE kit StyeBfon broyitas, Mbesivts, timRente bl L pRBRPEES Bl canable

si gnal | i NgfQfodRitRpTevilN8f kit W Va-spdciflddRirfarns OIene 8tdSas HBeABP22i A lai NY
pat hway such as TLR-2 and/or TLR-4 and NFu(3 on liver cells. 30 The present

i nvent i on Wdht siebl ast TER-2 tand TR,  ime HEDEspecifieth affectar melequie ergléiﬁeg anyd -
and or o SAISEHE BRI ek S REl e G mbBSRETE S ICH AR R or

pr edi sppsitliroa. 16 HBV, foeesinisle thecffettoraheletula deHBeAg/MRect i on. This aspect

of the present invention particularly extends to the treatnent and
di agnosi s of HBV infection and distinguishing between infection by an HBV

Wi th OF  The present invention further provides a method for detecting the presence of infection by
HBV or a disease condition or a predisposition thereto, said method comprising
determining the presence or absence of an HBV-specified effector molecule which

15 modulates the level of TLR signalling wherein the presence or absence of the effector
molecule or an elevated or reduced level of the TLR or a component within the TLR
signalling pathway is indicative of infection by HBV or the presence of an associated

disease condition or predisposition thereto.

20 The present invention further provides methods .for diagnosis or assessment of infection by
a HBV by the presence and/or levels of the HBV-specified effector molecule which
modulates levels of a TLR or determining levels of TLRs such as TLR-2 and/or TLR-4 on

liver cells.

25 The present invention also provides methods for diagnosis or assessment of infection by
HBV by determining the presence and/or levels of the HBV-specified effector molecule
which modulates levels of TLR signalling or determining levels of TLRs and components
of the signalling pathway such as 'I:LR-Z and/or TLR-4 and NFkp on liver cells.

30 The present invention contemplates, therefore, therapeutic and diagnostic agents and




5 wthout a pre-core nutation. The present invention al so provides a nethod
of treating a subject infected wwth HBV or having a disease condition or
having a predisposition thereto, said nmethod conprising admnistering to
sai d subject an effective anount of an agent including a vaccine which 10
down-regul ates the level of intracellular or extracellular pre-core
expressi on product or up- or down-regulates the level of a TLR The present
invention further provides a nethod forjpanitoring a response to therapy as
wel |l as determining the efficacy of a therapeutic reginmen. 15 In addition,
the present invention contenplates a nethod for nonitoring a response to a
t herapeutic protocol directed against infection by HBV or devel opnent of a

di dit.. i d.net hod det i 0l the | | 5 tivit
of a HBv- SBBOPitHs COPPHNDE Sams uSElH A Y Shesaty PR IE anier gifhngds o'
wher ei Nt iRfeBliGEBYFBObr 2 Bk thedéoflona préligiokitioh@s, dipeasistbrepor Alearic\At ed
or reduced | evel of the TLR or a conponent within the TLR signalling

pat hway i dnfeation; skhiy @speet pf thec presant iyvention partoplarly, @dendsctogthe dreated @ndt ed

T N T
BRI EF BESGRtHOM &precbord biutdtictlRES Figure 1 is a graphical representation

showing levels of TLR-2 and TLR-4 in HBV w ldtype infected cells conpared
to pre-core nutant HBV infected cells. A baculovirus 5 system was

enpl oyed. 4 Firvinfo ] rEREADAYratdafiy 8AYeROinNfaY&] Sith HBVRr2
and TLR-4 @r?g;ﬁ%%n \1/1\} I gt yrgéﬁ?%?ecteesd cells. cor_rpairil%d tgj pre-core nutant HBV
i nfect ed dmving. a dissaseutanditions or bgeingra predispositiory sheretor kaid Oethod .comprising
administering to said subject an effective amount of an agent including a vaccine which
10 down-regulates the level of intracellular or extraceliular pre-core expression product or up-

or down-regulates the level ofa TLR.

The present invention further provides a method for monitoring a response to therapy as
well as determining the efficacy of a therapeutic regimen.
15
In addition, the present invention contemplates a method for monitoring a response to a
therapeutic protocol directed against infection by HBV or development of a disease
condition said method comprising determining the level or activity of a HBV-specified
effector molecule which modulates TLR signalling wherein the presence or absence of the
20 effector molecule or an elevated or reduced level of the TLR or a component within the
TLR signalling pathway is indicative of infection by HBV or the presence of an associated

disease condition or predisposition thereto.

Preferred mammals are humans. Animal models are also contemplated by the present

25 invention.



10 Figure 3 is a graphical representation of levels of TLR2 on liver cells.
Top Panel: Single cell suspension flow cytonetry histograns of hepatocyte
TLR2 and TLR4 from hepatic biopsies of an exanple patient with steatosis
(dashed line), patient with chronic HBV (shaded) and isotype control
(dotted line). This denponstrates the TLR2 down-regul ation on 15 the surface
of the hepatocytes in a patient with chroninc HBV as conpared to an

i ndividual with the normal |iver biopsyl2lower Panels: Peripheral bl ood
and hepatic biopsies fromthree patients with with HBeAg- positive HBV
infection, five patients wth HBeAg-negative HBV infection and five 20
steatosis controls(C) were exam ned. Peripheral blood (bl ood) was anal ysed

for TLR2 an! i, tiyve i ver biopsy tissue was
separ at edaﬁmhﬁs&ﬁéxi% E)'c: S ﬁéﬁﬂ%n on the flow cytoneter.
Kupffer cells and Hepatocytes were then gated and TLR2 and TLR4 were

nmeasured. The geonetric nean fl uorescence was expressed as a ratio to that
of an i sotFigaere dnisr olgrapiticdb adpresehitiodastwwisg fevelenf dlLRe2 andcTaRge in HBVR

25 Mean and.,standard deviations fromthe indivi |. experinents. are shown.
potor ok WIYBSHeed SFlE oraeL e Brpie PR ST, g Sarkipnis
gr aphi cal %%ﬁp@glélﬁ]tﬂb?éu_of the change in TLR2, TLR4 and TNF-a | evel s.

Hepari ni sed whol e bl ood was stinulated for 20 hours with varyi ng doses of
HBV virus 30 and TLR2 levels (B) and TLR4 (A) were neasured on CDl14

positive nocytes. . The. .~ 13- | C f p S a
Patio to THBRrGR Bp WEGL el R on oA, Ve B G2, dRETERE) ARV,
change i n vilRypPaitedted CRlly epnpaed e pieheord Nutanti KBVt infectadpelsat R aculovirus
measured by ELI SA. The nean, and standard devi ations of 5 individual
exper i mentSysepowpgempleyehwithdABmeiar e shown. The results for TLR2 were
signifigant with a 5 p<0.02, as was the TNF results with a p<0.02. Figure 5
is a graphical represenation of changes in TLR levels and in TNF-a | evel s.
Figure 3 is a graphical representation of levels of TLR2 on liver cells. Top Panel: Single

cell suspension flow cytometry histograms of hepatocyte TLR2 and TLR4 from hepatic
biopsies of an example patient with steatosis (dashed line), patient with chronic HBV
(shaded) and isotype con&ol (dotted line). This demonstrates the TLR2 down-regulation on
15 the surface of the hepatocytes in a patient with chroninc HBV as compared to an individual

with the normal liver biopsy.

Lower Panels: Peripheral blood and hepatic biopsies from three patients with with HBeAg-
positive HBV infection, five patients with HBeAg-negative HBV infection and five
20 steatosis controls(C) were examined. Peripheral blood (blood) was analysed for TLR2 and
TLR4 on CD14 positive monocytes. Liver biopsy tissue was separated into a single cell
suspension and run on the flow cytometer. Kupffer cells and Hepatocytes were then gated
and TLR2 and TLR4 were measured. The geometric mean fluorescence was expressed as a
ratio to that of an isotype control antibody. The data is presented as % change in TLR.
25 Mean and standard deviations from the individual experiments are shown. Asterisk

indicate p values <0.05 compared with controls.

Figure 4 is a graphical representation of the change in TLR2, TLR4 and TNF-a levels.
Heparinised whole blood was stimulated for 20 hours with varying doses of HBV virus
30 and TLR2 levels (B) and TLR4 (A) were measured on CD14 positive monocytes. The




Hepari ni sed whol e bl ood was stinulated for 20 hours with medium (C), wld
type I x 107 virus particles of HBV (W), Hepatitis B Surface antigen
(sAg), HBV. Pre-core protein 10 (PC) and HBV Core protein (Co). TLR2 and
TLR4 | evel s were neasured on CD14 positive nbnocytes (upper panel). The
geonetric nean fluorescence was expressed as a ratio to that of an isotype
control antibody. The bottom panel represents the TNF-a in the supernatant
as neasured by ELISA for the stinulatiang.-denonstrated aove. In addtion two
di fferent genotypes of HBV (A and D) are denponstrated. The data are
presented as % 15 change in TLR The nean and standard deviation of 5

I ndi vi dual experinents from different donors are shown. Asterisk indicate

| 0,05 i th trols. _Fi ] ]
Pepr esont EEPBRULY SR e acs et axbisrefd S adfid o Yl 8P Hh Rirvpe sopp!
pre-core (Rgbod AHeQiata {sPre Eeﬁll a‘%‘%@ﬁ&nﬁi}%ﬂptﬁnﬂr{dﬁ@ﬁ@sﬁ@d {he TRF-& fnun

20 on the flow'cytoneter ‘and TLR2 and was neasured. The geonetric nean
f | uor escertbe supesnataniras seeagured by ELISAo The meantand standarndsdsviaions fi § irdividual

i bod . I o in. Tk
ot t om parePeIBERE o ¢t Shft ot PoWRC TS fesftls i TLICGel ghtthant Wi o
(QPCR) . 5 Thi<®.0® 8s ek fRrTeE rdstlts®kh\wgld0.qd. at e using the Assays- On- Denand

Gene Expression Products (Applied Biosystens) and an ABI 25 Prism 7900HT
Sequence Detection System (Applied Biosystens). The relative anounts of

PCR product. wer g de ) ' e . | .

arount of TigTG 8, 9B BHFRREE st didoa®of HRRECH 1L 1oV B AGEE 1080,
(2- del t adgliépathised wiRtOBlROA S sHBMINET fir @0 icuss vdithahedianC)ewild ggrel-at@’d by
site-directed nutagenesis and co-transfection, .using 5 1.% genorre I en%t h

wi | dtype (Wims nagicleseod) HBY (WEhdiepgtitipB Syrfacsangigen FS-6RJ& protex

Strat agen eyl C fph gﬁgﬁgg -
t ransdggegpicﬂ)ngr gﬁVQI&# 31‘115%\% tj%% Wagn %%gls?%%g?%gﬁ?dH%@CDm
bacul ovi r ysosaiveanomadytésfuppdrtpanel). The gedmetric (mhéan) fludredsngse was expresseil rag 2

units (PFU) per cell. Fetal calf, seru ree MEM was then used make a
single ceIIﬂ“@&%ﬁ@h@f%,‘”ﬁ@!’@&“@t%“@% ’l%l};sbqtqog},\pane represents "ﬁe T&%““ 1n the

supernatant as measured by ELISA for the stimulations demonstrated aove. In addtion two
different genotypes of HBV (A and D) are demponstrated. The data are presented as %
15 change in TLR. The mean and standard deviation of 5 individual experiments from

different donors are shown. Asterisk indicate p values <0.05 compared with controls.

Figure 6 is a graphical representation showing change in TLR and TNF levels. Mock
infected (M), pre-core (PC) and core (C) baculovirus constructs in HepG2 cells were run
20 on the flow cytometer and TLR2 and TLR4 was measured. The geometric mean
fluorescence was expressed as a ratio to that of an isotype control antibody (top panel).
The data are presented as % change in TLR. The bottom panel represents the same cells
subjected to TagMan Real time PCR (QPCR). This was performed in 384-well plate using
the Assays-On-Demand Gene Expression ‘Products (Applied Biosystems) and an ABI
25 Prism 7900HT Sequence Detection System (Applied Biosystems). The relative amounts of
PCR product were determined using the comparative Ct method, where the amount of
target DNA was normalised to 18s and relative to the mock cDNA (2-deltadeltaCT).
Recombinant HBV baculovirus constructs were generated by site-directed mutagenesis and
co-transfection, using a 1.3 genome length wildtype (WT) HBV template (genotype D,
30 subtype ayw) (Invitrogen, Stratagene, CA), as previously described. HepG2 cells were then

\



cytonetry. Data represents the nmean and standard devi ation of three
experinments. Asterisk 5 indicate p values <0.05 conpared wth controls as
determ ned by the non-paranmetric Mann Wiitney-U test. Figure 7 is a
digramatic representation of the TLR signalling pathway. -15- DETAILED .
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invention is
predicated in part on the determ nation that infection by an HBV which
produces a pre-core protein or a secret-dd-formthereof such as HBeAg
results in 5 reduced levels of TLR-2 and TLR-4 in liver cells (including
hepat ocytes and Kupffer cells) and PBMCs (including peripheral nDnocytes)
whereas infection by an HBV carrying a pre-core nutation and/or

mutation r f BPB?%H

nodul at e gés‘?%%é P%@é&% Wn%?df qiblgr?n 0 /%Sglr}gco @dnﬁ #ﬁﬁ

det er m nednblyiplitiey dfBufertion '(M()i)doﬁlo‘ ﬁaqwrfonningamlite (PP pparaeh. Eutdtcalfrsemn-a
secreted f t her eof ch as . HBeA presence, sence. or el s of
pre-core pf?"d‘tw&”a%ﬂ?é’c tp make 3 F‘ﬁgke §E§H‘fn%ignl-@%b Mé?rsﬁ
TLR-2 and ¢ &Pﬁ H}@m& ‘tl{bcxhhé}ﬂaﬂstﬁﬁtafd’déﬁaudﬂfofﬂhﬁe%Slbé‘mﬁéﬂﬁ.%sﬁer&‘k a
secreted f rmt ereof uch as HBeAg provide a diagnostic Tndicator of HBV

i nf ect i on indicathg \ta}kpe <6f0SHRMpazads Wity cotteols ax dederntnedby themoaediaggmttic Mannt o
or persi st‘gﬂﬁp ¢ HBV i nfection. Additionally, pre-core protein or a
secreted f Pher®lf 15 such as HBeAg, TLR-2 and TLR-4 becone therapeutic
targets for agents including vaccines which nodul ate pre-core protein or a
secreted formthereof such as HBeAg or TLR-2 and/or TLR-4 |levels or
conponent Figare his adigragmagin aenresegtation Rhey. T sigpalling gpwayot ein or a
secreted formthereof such as HBeAg is hereinafter referred to as 20
"pre-core protein/ HBeAg". The present invention extends to HBV variants
carrying a pre- core nutatin such as a truncation, point or null nutation,
and also the HBV variants with a BCP nutation(s) that down regul ate
transcription of the HBV precore gene. The present invention provides,

t herefore, agents which nodul ate | evels of pre-core




25 protein/ HBeAg and/or TLRs and in particular TLR-2 and/or TLR-4, or
conponents of the TLR signalling pathway, diagnostic agents to determ ne
the |l evels of pre-core protein/HBeAg and/or TLR-2 and/or TLR-4 and/or
conponents of the TLR signalling pathway and nethods for the treatnent
and/ or prophylaxis of infection including developnent of a vaccine for HBV
i nfection. 30 -16- The present invention further contenplates a nethod for
nonitoring a response to a therapeutic potocol as well as a neans for
determning the efficacy of a therapeutic reginen. In particular, the
present invention provides a clinical or epidenological managenent tool
for infection and devel opnent of other disease conditions in aninals

vermits o IEXANLER BESCRIRTION VI THE RREFERED ﬁmﬁéhﬁﬁbéﬁblﬁér

pre-core protein/HBeAg or a virus which does not (ie., prcore and/or
mut ant) based on the TLR | evel s or conponents of the TLR signal ling
pat hway. I1TheApresentlinvghtion isngredisated tin pért bh ehq)dfﬂmlinatimmu infection by eamdilBVes a

thod f t th f f H ' .
Condi ¢ i on Sk BEYRES pOP ePiaOIRGR 6F 3 SeEiieh 1oRD, WHFOE W PLFIEAOEBHIR 1 ng
the presengguRd ISRKICELRR A1 1'@44919 ﬁ%lf de‘ﬁﬁl (ﬁ&ﬁlﬁﬁigq{epat@WQM@Kﬂfﬂ&Qellss)

nodul ates the level or activit determning the | eve

a(r:]t i V} ]E y mdthﬂf’F(lTniuénamp altmen@mes)mlmaﬁ infestipn &y cancHBY caying@e of
LR
Lore}ofogeﬂ‘ﬂ%%«%fe 'in %ﬁglagg/tof% ofnu tﬁ’]neg 'fl{é H%& \ﬂ:nl'e%ﬁ%bog 'g aélgol:{élg'

an associ adnddngy slee aodubitel TLROSIg®iliny. Gl Sheduldtionrof levedd GfWLRZDaﬁcDTLR-4 is
particular, the present_inventjon provides a _nethod for detecting the

presence dleterminedcby the BB Vi-snecified £ifrcios meleeunditeicare Brotein or acvestsias farmn
theretpy SabdofRicHA HBeAg. The presence, absence or levels of pre-core protein or a secreted

form thereof such as HBeAg or levels of TLR-2 and TLR-4 and/or the function or activity

of pre-core protein or a secreted form thereof such as HBeAg provide a diagndstic

J.)

indicator of HBV infection or the type of HBV causing the infection or a predisposition to
or persistence of HBV infection. Additionally, pre-core protein or a secreted form thereof
15 such as HBeAg, TLR-2 and TLR-4 become therapeutic targets for agents including
vaccines which modulate pre-core protein or a secreted form thereof such as HBeAg or

TLR-2 and/or TLR-4 levels or components of the TLR signalling pathway.

The pre-core protein or a secreted form thereof such as HBeAg is hereinafter referred to as
20 "pre-core protein/HBeAg". The present invention extends to HBV variants carrying a pre-
core mutatin such as a truncation, point or null mutation, and also the HBV variants with a
BCP mutation(s) that down regulate transcription of the HBV precore gene.
The present invention provides, therefore, agents which modulate levels of pre-core
25 protein/HBeAg and/or TLRs and in particular TLR-2 and/or TLR-4, or components of the
TLR signalling pathway, diagnostic agents to determine the levels of pre-core
protein/fHBeAg and/or TLR-2 and/or TLR-4 and/or components of the TLR signalling
pathway and methods for the treatment and/or prophylaxis of infection including
development of a vaccine for HBV infection.
30




conprising determ ning the presence or absence of an HBV-specified effector
nol ecul e which nodul ates the | evel of TLR signalling wherein the presence
or absence of the effector nolecule or an el evated or reduced |evel of the
TLR or a conponent within the 25 TLR signalling pathway is indicative of
infection by HBV or the presence of an associ ated disease condition or
predi sposition thereto. Furthernore, antother aspect of the present

i nvention contenplates a nethod for det-d@tsing the presence of infection by
HBV or a disease condition or a predisposition thereto, said 30 nethod
conprising determ ning the presence or absence of an HBV-specified effector
-17- nol ecul e which nodul ates the level or activity of a TLR or determ ning

t he | evel I Vil f th r h ther eof. n of
the TLR si hsaPREs “abshutbn Bl shcRlpkies 2TRLAGS OF wiHieorkle £RNPRARIIS 22,
ol ecul e aherapeuticeprotoedl as wetldus admesnsefor odeteriining Lthe @fficackoabh aherapeutic
conponent s of th(i TLR signalling pathway, thereof is indicative 5 of

i nf ecti on "BgMeAe InpRArtiFulan cthe  prEsant Snyention RrAVides o8 Al Ofs &PidsmiRlegissl or
predi spos 'rﬁérﬁ?%ﬁ\gﬂr RbP for Miesdnch a?xﬁb&%l?igﬂxfen%f bifer %E]s%ﬁfé‘ Eorldiysst fn0£l1irr1]als
provi des a nethod for nonitoring a response to a therapeutic protoco

di rect éd ayel asmamnfadscdridan pagticlay homanievel opnent of a di sease 10 condition
said nethod conprising determning the level or activity of a HBV-specified
effector nolecule or the level or activity of a TLR or a honol og t her eof
wherein t hghe presneReRnfibn FARECHerRits td QisBhétRs BétweB @6 UnfecBbn A LS HIBYd Or
reduced |l evel of the TLR or a 'honol og thereof, conponents of the TLR

si gnal | i ngvigeh prasdpcessa ipmn@atprot@uuSHBreRgeqrta wiruphyvhich depy mnt (iheprgergssandéy of

anot hor - adisgh pgtof ke R e 138 1e1e Rk SRbopBAG o e 1R SeBoiceaby L1 g

subject) infected with HBV or having a disease condition or having a

predi sposition_thereto, said  nmethod conprising admnisteri ntg to said
subj ect arr@Prdingly,eneamperfiolshe areser dnyentigr copiemplates a method for detecting the

presence of infection by HBV or a disease condition or a predisposition thereto, said

method comprising determining the presence or absence of an HBV-specified effector
molecule which modulates the level or activity of a TLR or determining the level or
15 activity of the TLR or a homolog thereof wherein the presence or absence of the effector
molecule or an elevated or reduced level of the TLR or a homolog thereof is indicative of
infection by the HBV or the presence of an associated disease condition or predisposition

thereto.

20 In particular, the present invention provides a method for detecting the presence of
infection by HBV or a disease condition or a predisposition thereto, said method
comprising determining the presence or absence of an HBV-specified effector molecule
which modulates the level of TLR signalling wherein the presence or absence of the
effector molecule or an elevated or reduced level of the TLR or a component within the

25 TLR signalling pathway is indicative of infection by HBV or the presence of an associated

disease condition or predisposition thereto.

Furthermore, antother aspect of the present invention contemplates a method for detecting
the presence of infection by HBV or a disease condition or a predisposition thereto, said

30 method comprising determining the presence or absence of an HBV-specified effector




a vacci ne whi ch down-regul ates pre-core protein/HBeAg or up- or
down-regul ates the 20 |level of a TLR or conponents of the signalling

pat hway. Before describing the present invention in detail, it is to be
understood that unless otherw se indicated, the subject invention is not
“limted to specific formulations of conponents, manufacturing nethods,
dosage reginens, or the like, as such may vary. It is 25 also to be
understood that the term nol ogy used hergin is for the purpose of
describing particular enbodinments only and is not intended to be limting.
It nmust be noted that, as used in the subject specification, the singular
fornms "a", and "the" include plural aspects unless the context
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to pepti deﬁeseﬂ% XP?&%Eﬁ&etﬁ' tﬁ@gff&ft&t rﬁbfééul@%r\ﬁﬁ ievgt%d eF ?&Hcgd level of the TLR or

a homolog thereof, components of the TLR signalling pathway is indicative of infection by
HBV or the presence of an associated disease condition or predisposition thereto.

15 “
Still yet another aspect of the present invention is directed to method of treating a subject
infected with HBV or having a disease condition or having a predisposition thereto, said
method comprising administering to said subject an effective amount of an agent including
a vaccine which down-regulates pre-core protein/fHBeAg or up- or down-regulates the

20 level of a TLR or components of the signalling pathway.
\

Before describing the present invention in detail, it is to be understood that unless

otherwise indicated, the subject invention is not limited to specific formulations of

components, manufacturing methods, dosage- regimens, or the like, as such may vary. It is

25 also to be understood that the terminology used herein is for the purpose of describing
" particular embodiments only and is not intended to be limiting.

It must be noted that, as used in the subject specification, the singular forms “a”, “an” and

“the” include plural aspects unless the context clearly dictates otherwise. Thus, for

30 example, reference to a “compound” includes a single compound, as well as two or more




nol ecul es such as RNA, DNA and chem cal anal ogs thereof. Reference to a
"peptide", "polypeptide" or "protein" includes nolecules with a

pol ysaccharide or |ipopol ysaccharide 20 conponent. The term "antagonist” is
an exanpl e of a conmpound, active agent, pharnacologically active agent,
medi canment, active and drug which down-regul ates the |evel of pre-core
prot ei n/ HBeAg or ot her pathogen-specific effector nolecule or which
down-regul ates a TLR An "agoni se" or "jql#t-entiator” up-regulates the |evels
of pre-core protein/HBeAg or a TLR, such as TLR-2 or TLR-4. 25 The present
I nvention extends to a vaccine and to conbi nbati ons of conpounds or agents
such as an agoni st or antagonists of TLR-2 and/or 4 and a nucl eosi de anal og

or antl-pr khody: n ks :
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i nvent i on noRtaetipd agenss; aﬁdﬂ%ﬁfrﬂf. e, corrpounds useful in nodulating |evels of
pre-core protein/HBeAg or a TLR such as TLR-2 and/or TLR-4 or potentiating
general or specific TLR signaling. The conpounds have an effect on

reduci ng st r eari | h
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Ref erence to a "conpound", "active agent”, "pharnacol ogically active

agent" "medi cament”, "active" and "drug" includes conbinations of two or
nore acti VEife RHAS“@m &ﬁidama%ﬁﬁmagént’m“ ﬁwﬁmﬁabglcﬁlﬂﬁhai\}%’ 4gBaAY“AEdiogents Or
potenti at or of TLR or TLR S|dqnal I ng. "conbi nation" al so includes

nul ti - par t“astivey and “drugioarp ase mprm@am bereimo refonie 8ichewiralprippoundcthat
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phar n'&D@Uthﬁﬁhamﬁ&{all‘yﬁﬁcde@t&laﬁ amb(b]ﬂaﬁhal:"oldgﬁcalﬂyeacmﬂeeingredients of those active
agents specifically mentioned herein including but not limited to salts, esters, amides,

prodrugs, active metabolites, analogs and the like. When the terms “compound”, “active

agent”, “pharmacologically active agent”, “medicament”, “active” and “drug” are used,

then it is to be understood that this includes the active agent per se as well as

15 pharmaceutically acceptable, pharmacologically active salts, esters, amides, prodrugs,

metabolites, analogs, etc. The term “compound” is not to be construed as a chemical
compound only but extends to peptides, polypeptides and proteins as well as genetic
molecules such as RNA, DNA and chemical analogs thereof. Reference to a “peptide”,
“polypeptide” or “protein” includes molecules with a polysaccharide or lipopolysaccharide

20 component. The term “antagonist” is an example of a compound, active agent,
pharmacologically active agent, medicament, active and drug which down-regulates the
level of pre-core protein/HBeAg or other pathogen-specific effector molecule or which
down-regulates a TLR. An "agonist" or "potentiator” up-regulates the levels of pre-core
protein/HBeAg or a TLR, such as TLR-2 or TLR-4.

25 '
The present invention extends to a vaccine and to combinbations of compounds or agents
such as an agonist or antagonists of TLR-2 and/or 4 and a nucleoside analog or anti-pre-
core/HBeAg antibody, or antiviral cytokines ( eg., IFN-cc., IFN-y, IL-2, TNF-c<) or other
immunomodulatory agents.

30




protei n/HBeAg or a TLR and one or nore anti-mcrobial or anti-viral agents.
The ternms 15 "nodul ating” or its derivatives, such as "nodul ate" or

"nodul ation", are used to describe up- or down-regulation. The terns
"effective anount” and "therapeutically effective anount” of an agent as
used herein mean a sufficient amount of the agent to provide the desired
therapeutic or 20 physiological effect. Furthernore, an "effective

HBeAg- nodul ati ng or TLR-nodul ati ng amouwt9’- of an agent is a sufficient
anount of the agent to directly or indirectly up- or down-regulate the
function of pre-core protein/HBeAg or up- or down-regulate a specific TLR
such a TLR-2 or TLR-4 or to potentiate TLR signaling. This may be
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mat eri al rAdnixrd tgaethen prics te dispensatiaybj ect al ong with the sel ected active
agent wi thout 10 causing any or a substantial adverse reaction. Carriers
may i nclude excipients and ot her

For example, a multi-part pharmaceutical pack may have a modulator of pre-core

protein/HBeAg or a TLR and one or more anti-microbial or anti-viral agents. The terms
15 “modulating” or its derivatives, such as “modulate” or “modulation”, are used to describe

up- or down-regulation.

The terms “effective amount” and “therapeutically effective amount” of an agent as used
herein mean a sufficient amount of the agent to provide tl;e desired therapeutic or
20 physiological effect, Furthermore, an “effective HBeAg-modulating or TLR-modulating
amount” of an agent is a sufficient amount of the agent to directly or indirectly up- or
down-regulate the function of pre-core protein/HBeAg or up- or down-regulate a specific
TLR such a TLR-2 or TLR-4 or to potentiate TLR signaling. This may be accomplished,
for example, by the agents acting as an antagonist of pre-core protein/HBeAg or an agonist
25 (i.e. a potentiator) of the TLR or its signaling components such as agents which are or
mimic components of the TLR signaling pathway, by agents which induce the TLR
signaling pathway via other cellular receptors or by the agents antagonizing inhibitors of
TLR signaling components. Undesirable effects, e.g. side effects, are sometimes
manifested along with the desired therapeutic effect; hence, a practitioner balances the

30 potential benefits against the potential risks in determining what is an appropriate




additives such as diluents, detergents, coloring agents, wetting or
emul si fying agents, pH buffering agents, preservatives, and the |like. A
pharmaceutical conposition nay al so be described depending on the
formul ati on as a vaccine conposition. 15 Simlarly, a "pharmacol ogically
acceptabl e" salt, ester, emde, prodrug or derivative of a conmpound as
provided herein is a salt, ester, amde, prodrug or derivative that this
not biologically or otherw se undesiral®e. The terns "treating" and
"treatnment” as used herein refer to reduction in severity and/or 20
frequency of synptons of infection or disease, elimnation of synptons
and/ or underlying cause, prevention of the occurrence of synptons of
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is an infection, nore particularly, a viral infection and, even nore
particularly, -21- infection by HBV. Thus, for exanple, the subject nethod
of "treat igg¥paraéduBichlly'hédep@Ble” icRfrRe! &HRIpieHt oM difheit RFAPANS pharhaderditd t O
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t her app)t icaudif@ah$ of csubstantialcddearst deactivnl Ogsiets may include excipients and other

additives such as diluents, detergents, coloring agents, wetting or emulsifying agents, pH
buffering agents, preservatives, and the like. A pharmaceutical composition may also be

described depending on the formulation as a vaccine composition.

15 Similarly, a “pharmacologically acceptable” salt, ester, emide, prodrug or derivative of a
compound as provided herein is a salt, ester, amide, prodrug or derivative that this not

biologically or otherwise undesirable.

The terms “treating” and “treatment” as used herein refer to reduction in severity and/or
20 frequency of symptoms of infection or disease, elimination of symptoms and/or underlying
cause, prevention of the occurrence of symptoms of infection and/or their underlying cause
and improvement or remediation of damage. Collateral damage, for example, following
viral infection may be liver damage such as cirrhosis or hepatocellular carcinoma of the
liver.
25
“Treating” a patient may involve prevention of infection or other disease condition or
adverse physiological event in a susceptible individual as well as treatment of a clinically
symptomatic individual by inhibiting an infection or other disease condition or
downstream condition such as liver damage or cancer. Generally, such a condition or

30 disorder is an infection, more particularly, 2 viral infection and, even more particularly,




I mmunol ogi cal agents. Particularly inportant variants are pre-core and/or
BCP mutants of HBV. 10 "Patient" as used herein refers to an ani mal,
preferably a mammal and nore preferably human who can benefit fromthe
pharmaceuti cal fornul ations and nethods of the present invention. There is
no limtation on the type of aninmal that could benefit fromthe presently
descri bed pharnmaceutical fornulations and nethods. A patient regardl ess of
whet her a 15 hunman or non-hunman ani nal Jpy- be referred to as an individual,
subj ect, animal, host or recipient. The conpounds and met hods of the
present invention have applications in human nedicine, veterinary nedicine
as well as in general, donestic or wild aninmal husbandry. 20 The conpounds
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This is ”Q{onaitfoﬁ%ﬂl:égm htd the conpound interacts with an 25
extracel | ul'ar receptor. anpl es of agents include chem cal agents and

anti bodies which interact with pre-core protein/HBeAg or the TLR or

genetic ul es j ch odyl at pLe-car.e . expressi on i ndi cat ed .above,
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provi de a inwmnoligieal agenss. Rayticudar)yoimpomianvariantbeire pra-cers tanddor BEPhmbtantsnafl ude
sheep, co pi gs, goats, horses and donkeys. Non-rmammalian ani mals such
as avi an \sl,%% fes (such as

10

“Patient” as used herein refers to an animal, preferably a mammal and more preferably
human who can benefit from the pharmaceutical formulations and methods of the present
invention. There is no limitation on the type of animal that could benefit from the presently
described pharmaceutical formulations and methods. A patient regardless of whether a
15  human or non-human animal may be referred to as an individual, subject, animal, host or
recipient. The compounds and methods of the present invention have applications in
human medicine, veterinary medicine as well as in general, domestic or wild animal

husbandry.

20 The compounds of the present invention may be large or small molecules, nucleic acid
molecules (including antisense or sense molecules), peptides, polypeptides or proteins or
hybrid molecules such as RNAi- or siRNA-complexes (including RISC complexes and
Dicer complexes), ribozymes or DNAzymes. The compounds may need to be modified so
as to facilitate entry into a cell. This is not a requirement if the compound interacts with an

25 extracellular receptor. Examples of agents include chemical agents and antibodies which
interact with pre-core protein/HBeAg or the TLR or genetic molecules which modulates

pre-core expression.

As indicated above, the preferred animals are humans.
30




5 ducks), zebrafish, anphibians (including cane toads) and Drosophil a

speci es such as Drosophila nelanogaster are al so contenpl ated. The present
i nvention provides, therefore, agents which nodul ate (e.g agoni ze or

ant agoni ze) pre-core protein/HBeAg or nodul ate (i.e. potentiate or activate
or antagoni ze) 10 TLRs such as TLR-2 and/or TLR-4. The present invention
contenpl ates net hods of screening for such agents conprising, for exanple,
contacting a candidate drug with pre-cor2 protei n/ HBeAg or a TLR such as
TLR- 2 or TLR-4 or a part thereof. The pre-core protein/ HBeAg or TLR

nol ecule is referred to 15 herein as a "target" or "target nolecule". The
screeni ng procedure includes assaying (i) for the presence of a conplex
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the drug H¥OS 'é’s’f"’e(ﬂf'og%{fgﬁmc%ﬁb%‘ HERPIASSY: i nhibit the target which is
useful, for exanple, in finding nodul ators 25 of pre-core protein/ HBeAg or
nodul ators_of a TLR required for the treatment or prothI axis of HBV
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WO 84/ IB56M)Rs siich af TYL.Rs2? aad’dr TLR¥gge nunbers of -23- different small peptide

test conmpounds are synthesized on a solid substrate, such as plastic pins
or sone other surface. The peptide test compounds are reacted with a target

and The present invention contemplates methods of screening for such agents comprising, for

C

exarnpie, contacting a candidate drug with pre-core protein/HBeAg or a TLR such as TLR-
2 or TLR-4 or a part thereof. The pre-core protein/HBeAg or TLR molecule is referred to

15 herein as a “target” or “target molecule”. The screening procedure includes assaying (i) for
the presence of a complex between the drug and the target, or (ii} an alteration in the
expression levels of nucleic acid molecules encoding the target. One form of assay
involves competitive binding assays. In such competitive binding assays, the target is
typically labeled. Free target is separated from any putative complex and the amount of

20 free (i.e. uncomplexed) label is a measure of the binding of the agent being tested to target
molecule. One may also measure the amount of bound, rather than free, target. It is also
possible to label the compound rather than the target and to measure the amount of
compound binding to target in the presence and in the absence of the drug being tested.
Such compounds may inhibit the target which is useful, for example, in finding modulators

25 of pre-core protein/HBeAg or modulators of a TLR required for the treatment or
prophylaxis of HBV infection.

Another technique for drug screening provides high throughput screening for compounds
having suitable binding affinity to a target and is described in detail in Geysen
30 (International Patent Publication No. WO 84/03564). Briefly stated, large numbers of




washed. Bound target nolecule is then detected by nethods well known in the
art. This nethod may be adapted for screening for non-peptide, chenical
entities. This aspect, 5 therefore, extends to conbinatorial approaches to
screening for target nodul ators of pre- core protein/HBeAg or of TLRs such
as TLR-2 or TLR-4. Purified target can be coated directly onto plates for
use in the aforenentioned drug screening techniques. However,
non-neutralizing antibodies to the targex3-my also be used 10 to

i mobilize the target on the. solid phase. Antibodies specific for pre-core
protei n/ HBeAg may al so be useful as inhibitors of pre-core protein/HBeAg. '
The present invention al so contenplates the use of conpetitive drug
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(e.g. mce, rats, guinea pigs, rabbits) and conpanion animals (e.g. dogs,
cats). Generally, antibody based 25 assays are conducted in vitro on cell
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pre-core protein/HBeAg or TLR antibody is regarded, therefore, as a

pat hogeni PrefgidBeAgmpstalippenseRl as mbabitans phprg-corqrotpin/biBedgat i nventi on

extends to dei muni zed forns of the antibodies for use in pathogenic -24-

The present invention also contemplates the use of competitive drug screening assays in
which neutralizing antibodies capable of specifically binding the target compete with a test
15 compound for binding to the target or fragments thereof. In this manner, the antibodies can
be used to detect the presence of any peptide which shares one or more antigenic

determinants of the target.

Antibodies to pre-core protein/HBeAg or a TLR may be polyclonal or monoclonal
20 although monoclonal antibodies are preferred. Antibodies may be prepared by any of a
number of means. For the detection of pre-core protein/HBeAg or a TLR, antibodies are
generally but not necessarily derived from non-human animals such as primates, livestock
animals (e.g. sheep, cows, pigs, goats, horses), laboratory test animals (e.g. mice, rats,
guinea pigs, rabbits) and companion animals (e.g. dogs, cats). Generally, antibody based
25 assays are conducted in vitro on cell or tissue biopsies. However, if an antibody is suitably
deimmunized or, in the case of human use, humanized, then the antibody can be labeled
with, for example, a nuclear tag, administered to a subject and the site of nuclear label
accumulation determined by radiological techniques. The pre-core protein/fHBeAg or TLR
antibody is regarded, therefore, as a pathogenic marker targeting agent. Accordingly, the

30 present invention extends to deimmunized forms of the antibodies for use in pathogenic




target imaging in human and non- human subjects. This is described further
bel ow. For the generation of antibodies to pre-core protein/HBeAg or a TLR
the nolecule is required to be extracted froma biol ogi cal sanple whet her
this be fromanimal including 5 human tissue or fromcell culture if
produced by reconbi nant means. Generally, nonocytes and hepatocytes are a
conveni ent source. The pre-core protein/ HBeAg or TLR can be separated from
t he bi ol ogi cal sanple by any suitable nedns. For exanple, the separation
may take advantage of any one or nore of pre-core protein/HBeAg's or TLR s
surface charge properties, size, density, biological activity and its
affinity for another entity 10 (e.g. another protein or chem cal conpound
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active site e pre- core prdotein/HBeAg or TLR, which are exposed to
t he ani malchremstogtapby (aig.adnion exbbatgecehiromatography, cation exchange chromatography),

electrophoresis (e.g. polyacrylamide gel electrophoresis, isoelectric focussing), size

15 separation (e.g., gel filtration, ultra-filtration) and affinity-mediated separation (e.g.
immunoaffinity separation including, but not limited to, magnetic bead separation such as
Dynabead (trademark) separation, immunochromatography, immuno-precipitation).
Choice of the separation technique(s) employed may depend on the biological activity or
physical properties of the pre-core protein/HBeAg or particular TLR sought or from which

20 tissues it is obtained.

Preferably, the separation of pre-core protein/HBeAg or the TLR from the biological fluid
preserves conformational epitopes present on the kinase and, thus, suitably avoids
techniques that cause denaturation of the molecule. Persons of skill in the art will
25 recognize the importance of maintaining or mimicking as close as possible physiological
conditions peculiar to pre-core protein/HBeAg or the TLR (e.g. the biological sample from
which it is obtained) to ensure that the antigenic determinants or active site/s on the pre-
core protein/HBeAg or TLR, which are exposed to the animal, are structurally identical to
that of the native molecule. ‘This ensures the raising of appropriate antibodies in the

30 immunized animal that would recognize the native molecule.



that of the native nolecule. This ensures the raising of appropriate

anti bodies in the 30 imunized animl that would recognize the native

nol ecul e. -25- I mmuni zati on and subsequent production of nonocl onal

anti bodi es can be carried out wusing standard protocols as for exanple
described in Kohler and MIstein, Nature. 256: 495-499, 1975; Kohler and
MIlstein, Eur. J. Immunol. 6(7): 511-519, 1976), Coligan et al. 5 ("Current
Protocol s in I mmunol ogy, John Wley & Sd@%- Inc., 1991-1997) and Toyama et
at (Monocl onal Anti body, Experinment Manual ", published by Kodansha
Scientific, 1987. Essentially, an animal is inmmunized with an pre-core
protein/HBeAg or a TLR or a sanple conprising an pre-core protein/HBeAg or
a TLR by standard nmethods to produce antibody-producing cells,
particularly anti body-producing somatic cells (e.g. B 10 | ynphocytes).
These cel |Immatizdtionnari siteeguend produstion ofi monovionall aatibodies t&1 be carried out
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Where a fragment of pre-core protein/HBeAg or TLR is used to generate antibodies, it may
need to first be associated with a carrier. By “carrier” is meant any substance of typically
15 high molecular weight to which a non- or poorly immunogenic substance (e.g. a hapten) is

naturally or artificially linked to enhance its immunogenicity.

Immortalization of antibody-producing cells may be carried out using methods which are
well-known in the art. For example, the immortalization may be achieved by the
20 transformation method using Epstein-Barr virus (EBV) (Kozbor ef al, Methods in
Enzymology. 121: 140, 1986). In a preferred embodiment, antibody-producing cells are
immortalized using the cell fusion method (described in Coligan et al., 1991-1997, supra),
which is widely employed for the production of monoclonal antibodies. In this method,
somatic antibody-producing cells with the potential to produce antibodies, particularly B
25 cells, are fused with a myeloma cell line. These somatic cells may be derived from the
Iymph nodes, spleens and peripheral blood of primed animals, preferably rodent animals
such as mice and rats. Mice spleen cells are particularly useful. It would be possible,

however, to use rat, rabbit, sheep or goat cells, or cells from other animal species instead.




such as mce and rats. Mce spleen cells are particularly useful. It would
be possible, however, to use rat, rabbit, sheep or goat cells, or cells
fromother animal species instead. -26- Specialized nyeloma cell |ines have
been devel oped from | ynphocytic tunors for use in hybridoma-producing
fusion procedures (Kohler and MIstein,' 1976, supra; Shulman et at,
Nature. 276: 269-270, 1978; Volk et at, J. Virol. 42(1): 220-227, 1982).
These cell lines have been devel oped f-@6-at | east three reasons. The first
is to facilitate the selection of 5 fused hybridomas from unfused and
simlarly indefinitely self-propagating nyeloma cells. Usually, this is
acconpl i shed by using nyel omas with enzyne deficiencies that render them
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suitability and efficiency for fusion.

Many myeloma cell lines may be used for the production of fused cell hybrids, including,

15 eg P3X63-Ag8, P3X63-AG8.653, P3/NS1-Agd-1 (NS-1), Sp2/0-Agl4 and
§194/5.XX0.Bu.1. The P3X63-Ag8 and NS-1 cell lines have been described by K&hler
and Milstein (1976, supra). Shulman et al. (1978, supra) developed the Sp2/0-Agl4
myeloma line. The $194/5.XX0.Bu.1 line was reported by Trowbridge (J. Exp. Med.
148¢1): 313-323, 1978). |

20
Methods for generating hybrids of antibody-producing spleen or lymph node cells and
myeloma cells usually involve mixing somatic cells with myeloma cells in a 10:1
proportion (although the proportion may vary from about 20:1 to about 1:1), respectively,
in the presence of an agent or agents (chemical, viral or electrical) that promotes the fusion

25 of cell membranes. Fusion methods have been described (Kohler and Milstein, 1975,
supra;, Kohler and Milstein, 1976, supra; Gefter et al., Somatic Cell Genet. 3: 231-236,
1977; Voik et al., 1982, supra). The fusion-promoting agents used by those investigators
were Sendai virus and polyethylene glycol (PEG).




25 of cell menbranes. Fusion nethods have been descri bed (Kohler and

Ml stein, 1975, supra; Kohler and MIstein, 1976, supra; Cefter et al.,
Somatic Cell Genet. 3: 231-236, 1977; Volk et at, 1982, supra). The
fusion-pronoting agents used by those investigators were Sendai virus and
pol yet hyl ene gl ycol (PEG. -27- Because fusion procedures produce viable
hybrids at very |low frequency (e.g. when spleens are used as a source of
somatic cells, only one hybrid is obtaipgd for roughly every 1x105 spleen
cells), it is preferable to have a neans of selecting the fused cell
hybrids from the remaining unfused cells, particularly the unfused nyel oma
cells. A neans of detecting 5 the desired anti body-produci ng hybri domas
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which the fused cell hybrids survive due to the HPRT-positive genotype of the spleen cells.

The use of myeloma cells with different genetic deficiencies (drug sensitivities, etc.) that

15 can be selected against in media supporting the growth of genotypically competent hybrids

is also possible.

Several weeks are required to selectively culture the fused cell hybrids. Early in this time
period, it is necessary to identify those hybrids which produce the desired antibody, so that

20 they may subsequently be cloned and propagated. Generally, around 10% of the hybrids
obtained produce the desired antibody, although a range of from about 1 to about 30% is
not uncommon. The detection of antibody-producing hybrids can be achieved by any one
of several standard assay methods, including enzyme-linked immunoassay and
radioimmunoassay techniques as, for example, described in Kennet et al. (Monocional

25 Antibodies and Hybridomas: A New Dimension in Biological Analyses, pp 376-384,
Plenum Press, New York, 1980) and by FACS analysis (O’Reilly et al., Biotechniques. 25:
824-830, 1998).

Once the desired fused cell hybrids have been selected and cloned into individual

30 antibody-producing cell lines, each cell line may be propagated in either of two standard




of several standard assay nethods, including enzynme-I|inked i munoassay and
radi oi nmunoassay techni ques as, for exanple, described in Kennet et al.
(Monocl onal 25 Anti bodi es and Hybri dormas: A New Di nension in Biol ogi ca
Anal yses, pp 376-384, Plenum Press, New York, 1980) and by FACS anal ysis
(OReilly et al., Biotechniques. 25: 824-830, 1998). Once the desired
fused cell hybrids have been sel ected and cloned into individual 30

ant i body- produci ng cell lines, each cel-I28l-i ne may be propagated in either
of two standard -28- ways. A suspension of the hybridoma cells can be
Injected into a histoconpatible animal. The injected animal will then

devel op tunors that secrete the specific nonoclonal antibody produced by
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recogni zing the target pre-core prote| n/ HBeAg or TLR but which does not

recogni ze ﬂ%nceflqn}teg 8.9ee{e§t%8 'f6r0 éc?ﬁ&gf eféécgﬁf@r;g%ey?& or AL ?Rg'or & anfaﬂr od

in vitro or nj ec
producH} ol intmstaf}d aﬂWSuﬁt}lbifehﬁnm&mdeteﬁdon anédns 0 Foe sexaihiples ecelinlindyo dare bear e

pre-core protein/ HBeAg- or TLR-specific. This ans that t 20 ant bodi es
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from analyzed by enzyme-linked immunosorbent assay (ELISA), indirect ﬂuorescent antibody

technique, or the like. The cell line(s) producing a monoclonal antibody capable of
recognizing the target pre-core protein/HBeAg or TLR but which does not recognize non-

15 target epitopes are identified and then directly cultured in vitro or injected into a
histocompatible animal to form tumors and to produce, collect and purify the required
antibodies.

These antibodies are pre-core protein/HBeAg- or TLR-specific. This means that the
20 antibodies are capable of distinguishing a particular pre-core protein/HBeAg or TLR from
other molecules. More broad spectrum antibodies may be used provided that they do not

cross-react with molecules in a normal cell.

Where the monoclonal antibody is destined for use as a therapeutic agent such as to inhibit
25 pre-core protein/HHBeAg, then, it will need to be deimmunized with respect to the host into
which it will be introduced (e.g. a human). The deimmunization process may take any of a
number of forms including the preparation of chimeric antibodies which have the same or
similar specificity as the monoclonal antibodies prepared according to the present
invention. Chimeric antibodies are antibodies whose light and heavy chain genes have

30 been constructed, typically by genetic engineering, from immunoglobulin variable and




ot her nol ecul es. Mdre broad spectrum anti bodi es may be used provi ded t hat
they do not cross-react with nolecules in a normal cell. Were the

nonocl onal antibody is destined for use as a therapeutic agent such as to
inhibit 25 pre-core protein/HBeAg, then, it will need to be dei munized
with respect to the host into which it will be introduced (e.g.. a human).
The dei mmuni zation process may take any of a nunber of forns including the
preparation of chineric antibodi es whi clpghave the sanme or simlar
specificity as the nonocl onal antibodi es prepared according to the present

I nvention. Chineric antibodies are anti bodi es whose |ight and heavy chain
genes have 30 been constructed, typically by genetic engineering, from
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| denti cal nce, a part umanl zed a except possi
CDRs, ar e the human antibody providing the framework is typically referred to as the “acceptor”.

Constant regions need not be present, but if they are, they must be substantially identical to
15 human immunoglobulin constant regions, i.e. at least about 85-90%, preferably about 95%
or more identical. Hence, all parts of a humanized antibody, except possibly the CDRs, are
substantially identical to corresponding parts of natural human immunoglobulin sequences.
Thus, a “humanized antibody” is an antibody comprising a humanized light chain and a
humanized heavy chain immunoglobulin. A donor antibody is said to be “humanized”, by
20 the process of “humanization”, because the resultant humnanized antibody is expected to
bind to the same antigen as the donor antibody that provides the CDRs. Reference herein
to “humanized” includes reference to an antibody deimmunized to a particular host, in this

case, a human host.

25 It will be understood that the deimmunized antibodies may have additional conservative
amino acid substitutions which have substantially no effect on antigen binding or other
immunoglobulin functions. Exemplary conservative substitutions may be made according
to Table 1. |




substantially identical to corresponding parts of natural human

I mmunogl obul i n sequences. Thus, a "humani zed anti body"” is an. anti body
conprising a humani zed |ight chain and a humani zed heavy chain

i mmunogl obul in. A donor antibody is said to be "humani zed", by 20 the
process of "humani zation", because the resultant humani zed anti body is
expected to bind to the sane antigen as the donor antibody that provides
the CDRs. Reference herein to "humani zgg'- i ncl udes reference to an

anti body dei nmuni zed to a particular host, in this case, a human host. 25
It wll be understood that the dei muni zed anti bodi es may have additi onal
conservative amno acid substitutions which have substantially no effect
on antigen binding or other innunoglggghhf functions. Exenpl ary
conservative substitutions nay be nad cco}ding to Table 1. -30- TABLE 1
ORI G NAL RESI DUE EXEMPLARY SUBSTI TUTIONS Ala Ser Arg Lys Asn G@n, His

Asp Gu Cys—Ser—Ga.Aspn—Gu Asp Gy-Pro Hs Asn.Gn1le Loy _Val
Lou He, VAl -Lys QRIGINAL RESIDUE " .| ~EXEMPLARY SUBSTITUTIONS |

Ala Ser

Arg Lys )

Asn Gln, His

Asp Glu

Cys Ser

Gin Asn

Glu Asp

Gly Pro

His Asn, Gin

Ile Leu, Val

Leu Ile, Val

Lys Arg, Gin, Glu

Met Leu, Ile

Phe Met, Leu, Tyr

Ser Thr

Thr Ser

Trp Tyr

Tyr Trp, Phe

Val ' Ile, Leu

Exemplary methods which may be employed to produce deimmunized antibodies

5 according to the present invention are described, for example, in Richmann et a/., 1988,
supra;, European Patent No. 0 239 400; U.S. Patent No. 6,056,957, U.S. Patent No.
6,180,370, U.S. Patent No. 6,180,377.

Thus, in one embodiment, the present invention contemplates a deimmunized antibody

10 molecule having specificity for an epitope recognized by a monoclonal antibody to pre-




Met Lou, Ile Phe Met, Lou, Tyr Ser Thr Thr Ser Trp Tyr Tyr Trp, Phe
Val Ile, Lou Exenplary nethods whi ch may be enpl oyed to produce dei nmuni zed
anti bodies 5 according to the present invention are described, for
exanple, in Richmann et al., 1988, supra; European Patent No. 0 239 400;
U S. Patent No. 6,056,957, U S. Patent No. 6,180,370, U S. Patent No.

6, 180, 377. Thus, in one enbodi nent, the present invention contenplates a
dei nmuni zed anti body 10 nol ecul e havi n@gispecificity for an epitope

recogni zed by a nonocl onal antibody to pre -31- core protein/HBeAg wherein
at | east one of the CDRs of the variable domain of said deinmunized

anti body is derived fromthe said nonocl onal antibody to said pre-core

Gt rmunt ™ B pSe AE WDictri SRR AR\ 3 At GRS e e YRBADS il B saig
anal og t hedepfifnubizeth dd&%oﬂ@ﬁé defivddo froh tlmhsdldﬂ&naﬁﬁcldiﬁd)anubodyotd)%ld pre-core

dei mmuni zed. This aspect of the present invention involves manl puI ati,on of
the franevPeiBBeds apd she m%m@mqmm- REVEH P35t b the

extends ! QfbAnkRIRIA, 46 pkiald #65 RimbiRogeh ﬁﬁbr%'i‘h‘nﬁ@é’fh‘ifeo?%m 3l

still retarn's |C|ty pre-core prot HBeAg ternms "nmutant” or
"derivali vasWhlcrhahelalmtﬂmdyes mrberﬂmammmdx acid substitutions, additions
and/or deletions. 15

This aspect of the present invention involves manipulation of the framework region of a

non-human antibody.

10 The present invention extends to mutanfs and derivatives of the subject antibodies but

which still retain specificity for pre-core protein/HBeAg.

The terms “mutant” or “derivatives” includes one or more amino acid substitutions,
additions and/or deletions,
15
As used herein, the term “CDR” includes CDR structural loops which covers to-the three
light chain and the three heavy chain regions in the variable portion of an antibody
framework region which bridge B strands on the binding portion of the molecule. These
loops have characteristic canonical structures (Chothia et al., J. Mol. Biol. 196: 901, 1987,
20 Chothiaet al, J Mol Biol. 227: 799, 1992).

By “framework region” is meant region of an immunoglobulin light or heavy chain
variable region, which is interrupted by three hypervariable regions, also called CDRs. The
extent of the framework region and CDRs have been precisely defined (see, for example,
25 Kabat er al, “Sequences of Proteins of Immunological Interest”, U.S. Department of
Health and Human Sciences, 1983). The sequences of the framework regions of different
light or heavy chains are relatively conserved within a species. As used herein, a “human
framework region” is a framework region that is substantially identical (about 85% or
more, usually 90-95% or more) to the framework region of a naturally occurring human

30 immunoglobulin, The framework region of an antibody, that is the combined framework




As used herein, the term"CDR"' includes CDR structural |oops which covers
to the three |ight chain and the three heavy chain regions in the variable
portion of an anti body franmework regi on which bridge (3 strands on the

bi ndi ng portion of the nolecule. These |oops have characteristic canonical
structures (Chothia et al., J. Mdl. Biol. 196: 901, 1987; 20 Chothia et
al., J. Mol. Biol. 227: 799, 1992). By "framework region" is nmeant region
of an i mmunogl obulin light or heavy chai3@- variable region, which is
interrupted by three hypervariable regions, also called CDRs. The extent
of the framework regi on and CDRs have been precisely defined (see, for
exanpl e, 25 Kabat et al., "Sequences of Proteins of | mmunol ogical
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are encode “variable regi gene at t H2-t erm nus (about™ 110
amino acids) and a k or A constant region gene at the COOH-terminus. Full-length

immunoglobulin “heavy chains” (about 50 Kd or 446 amino acids), are similarly encoded
15 by a variable region gene (about 116 amino acids) and one of the other aforementioned

constant region genes, e.g. y (encoding about 330 amino acids).

The term “immunoglobulin” or “antibody” is used herein to refer to a protein consisting of
one or more polypeptides substantially encoded by immunoglobulin genes. The recognized
20 immunoglobulin genes include the k. A, o. ¥ (IgG), 1gGa, IgGs, IgGs), 6. € and p constant
region genes, as well as the myriad immunoglobulin variable region genes. One form of
immunoglobulin constitutes the basic structural unit of an antibody. This form is a tetramer
and consists of two identical pairé of immunoglobulin chains, each pair having one light
and one heavy chain. In each pair, the light and heavy chain variable regions are together
25 responsible for binding to an antigen, and the constant regions are responsible for the
antibody effector functions. In addition to antibodies, immunoglobulins may exist in a

variety of other forms including, for example, Fv, Fab, Fab’ and (Fab’)..

The present invention also contemplates the use and generation of fragments of

30 monoclonal antibodies produced by the method of the present invention including, for




am no acids) and a K or k constant region gene at the COOHterm nus.

Ful | -1 ength imunogl obulin "heavy chai ns" (about 50 Kd or 446 am no
acids), are simlarly encoded 15 by a variabl e region gene (about 116 am no
acids) and one of the other aforenentioned constant region genes, e.g. y
(encodi ng about 330 am no acids). The term "i mmunogl obulin” or "antibody"
I's used herein to refer to a protein consisting of one or nore

pol ypepti des substantially encoded by i-88unogl obulin genes. The recogni zed
20 i mmunogl obulin genes include the K 7., a. y (1gG, 1g&, 19gG3, 1gHA),

8. s and constant region genes, as well as the nyriad i munogl obulin

vari abl e region genes. One formof immunogl obulin constitutes the basic
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regions are together 25 responsible for binding to an antigen, and the
constant regions are responsible for the antibody effector functions. In
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a three dimensional structure similar to that of the antigen binding site of 2 whole antibody
from which the Fv fragment is derived. Linkers having the desired properties may be
15 obtained by the method disclosed in U.S. Patent No 4,946,778, However, in some cases a
linker is absent. ScFvs may be prepared, for example, in accordance with methods outlined
in Krebber et al. J. Immunol. Methods. 201(1): 35-55, 1997. Alternatively, they may be
prepared by methods described in U.S. Patent No 5,091,513, European Patent No 239,400
or the articles by Winter and Milstein (Nature. 349: 293, 1991) and Pliickthun ef al. (In

20 Antibody engineering: A practical approach, 203-252, 1996).

Alternatively, the synthetic stabilized Fv fragment comprises a disulphide stabilized Fv
(dsFv) in which cysteine residues are introduced into the Vg and V; domains such that in
the fully folded Fv molecule the two residues will form a disulphide bond there between.

25 Suitable methods of producing dsFv are described, for example, in (Glockshuber ef al,,
Biochem. 29: 1363-1367, 1990; Reiter et al.,, J. Biol. Chem. 269: 18327-18331, 1994;
Reiter ef al., Biochem. 33: 5451-5459, 1994; Reiter et al., Cancer Res. 54: 2714-2718,
1994; Webber et al., Mol. Immunol. 32: 249-258, 1995).

.....




Sui tabl e peptide linkers for joining the VH and VL donains are those which
allow the VH and VL domains to fold into a single polypeptide chain having
an antigen binding site with a three dinensional structure simlar to that
of the antigen binding site of a whole antibody fromwhich the Fv fragnent
I's derived. Linkers having the desired properties nmay be 15 obtai ned by the
met hod disclosed in U S. Patent No 4,946, 778. However, in sone cases a

| inker is absent. ScFvs nay be prepared34f-or exanple, in accordance with
nmet hods outlined in Krebber et at J. Imunol. Methods. 201(1): 35-55,

1997. Alternatively, they may be prepared by nethods described in U S
Patent No 5, 091, 513, European Patent No 239,400 or the articles by Wnter
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5 Alternative e synthetic or rec I nant ant1gen-

conpri $@ aCH3 domabwoafithe Immundiglsbtﬂngnoldculmlfbnekaamle,rchsdmmﬂ lin UeS. sBatnmNmf
whol e ant :£€:g7l , Wwhich encode in a single chain the essent ial el enents of
a whole a @%S/l Sui tably, the m ni body

In an alternate embodiment, the synthetic or recombinant antigen binding molecule may
comprise non-immunoglobulin derived, protein frameworks. For example, reference may
15 be made to (Ku & Schutz, Proc. Natl. Acad. Sci. USA. 92: 6552-6556, 1995} which
discloses a four-helix bundle protein cytochrome b562 having two loops randomized to

create CDRs, which have been selected for antigen binding.

The synthetic or recombinant antigen-binding molecule may be multivalent (i.e. having

20 more than one antigen binding site). Such multivalent molecules may be specific for one or
more antigens. Multivalent molecules of this type may be prepared by dimerization of two
antibody fragments through a cysteinyl-containing peptide as, for example disclosed by
(Adams ef al., Cancer Res. 53: 4026-4034, 1993; Cumber et al., J Immunol. 149: 120-
126, 1992). Alternatively, dimerization may be facilitated by fusion of the antibody

25 fragments to amphiphilic helices that naturally dimerize (Pliinckthun, Biochem 31: 1579-
1584, 1992) or by use of domains (such as leucine zippers jun and fos) that preferentially
heterodimerize (Kostelny et al, J Immunol. 148: 1547-1553, 1992). Muitivalent
antibodies are useful, for example, in detecting different forms of TLRs such as TLR-2 and
TLR-4,

30




I's conprised of the VH and VL donmains of a native antibody fused to the

hi nge region and 10 CH3 domai n of the i nmunogl obulin nolecule as, for
exanple, disclosed in U S. Patent No 5,837,821. In an alternate

enbodi ment, the synthetic or reconbi nant antigen bindi ng nol ecul e may
conprise non-inmunogl obulin derived, protein framewrks. For exanple,
reference may 15 be nade to (Ku & Schutz, Proc. Natl. Acad. Sct. USA 92:
6552- 6556, 1995) which discloses a four-3%el i x bundl e protein cytochrone
b562 having two | oops random zed to create CDRs, which have been sel ected
for antigen binding. The synthetic or reconbi nant anti gen-bi ndi ng nol ecul e
may be nultivalent (i.e. having 20 nore than one antigen binding site).

Such mul tiyal e
i 01 val ent il Bagat sdifed B oppeREE ookt sh ot pra TR pA i BlIRS or,
anti body fTERnrRtvisy bhievelhis a dhigfiicillpyhedified Hipmdgf pmpddrdprc&tan&mmgmﬁw e
d| sclosed,llQL (Adans et at, Cancer Res. 53: 4026-4034, 1993; Cunber et at,
. I munol TLR49: 120- 126, 1992). Alternatively, dinerization my be
faC| litated by fusion of the antibody 25 fragnments to anphiphilic helices
that naturally dinerize (Pliinckthun, Biochem 31: 1579- 1584, 1992) or by
use of Hornai atklltﬁ(sumnamuhémcmé)ezseﬂqnmdsmh tidpb r  arftagon etbleagomzeathe/
het er odi mar{ ( Kost el n)é at 1547-1553, 1992).
Ml t i val erPteraghipp hatyese ‘é°‘:ﬁ§59t ?rﬁ in detecting different
forms of TLRs such as TLR-2 and TLR-4. 30 -35- Yet another useful source
of conpounds useful in nodulating pre-core protein/HBeAg or TLR activity
or levels Asal@g%%mmmoyommdeicehs I(¢.gakigangs ofrpre-coreepiotedn/EiBeAgBeng TR ) he
TLR 5 In yn c be s C p nize
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10 incorporating of unnatural amino acids and/or their derivatives during peptlde, polypeptide

or protein synthesis and the use of crosslinkers and other methods which impose

conformational constraints on the proteinaceous molecule or their analogs.

Examples of side chain modifications contemplated by the present invention include
15 modifications of amino groups such as by reductive alkylation by reaction with an
aldehyde followed by reduction with NaBHj; amidination with methyiacetimidate;
acylation with acetic anhydride; carbamoylation of amino groups with cyanate;
trinitrobenzylation of amino groups with 2, 4, 6-trinitrobenzene sulphonic acid (TNBS);
acylation of amino groups with succinic anhydride and tetrahydrophthalic anhydride; and
20 pyridoxylation of lysine with pyridoxal-5-phosphate followed by reduction with NaBH,.

The guanidine group of arginine residues may be modified by the formation of
heterocyclic condensation products with reagents such as 2,3-butanedione, phenylglyoxal
and glyoxal. '

25
The carboxyl group may be modified by carbodiimide activation via O-acylisourea

formation followed by subsequent derivitization, for example, to a corresponding amide.

Sulphydryl groups may be modified by methods such as carboxymethylation with

30 iodoacetic acid or iodoacetamide; performic acid oxidation to cysteic acid; formation of a




Anal ogs of proteinaceous nol ecules (e.g. ligands of pre-core protein/ HBeAg
or a TLR) contenplated herein include but are not limted to nodification
to side chains, 10 incorporating of unnatural am no acids and/or their
derivatives during peptide, polypeptide or protein synthesis and the use of
crosslinkers and ot her nethods which inpose conformational constraints on
t he proteinaceous nol ecule or their anal ogs. Exanples of side chain

nodi fications contenpl ated by the preseq364 nvention include 15

nodi fications of am no groups such as by reductive al kylation by reaction
with an al dehyde followed by reduction with NaBH4; am dination wth

nmet hyl acetim date; acylation with acetic anhydride; carbanoyl ation of

am no gro i £ ; ffait . at.i : ] : Y 4,
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phenyl gl yoxal —and gl yoxal. 25 The carboxyl group nmay be nodified by

car bodi % mi alkelwetnH;at i on via 0-acylisourea formation followed by subsequent
derivitization, for exanple, to a correspondi ng am de. Sul phydryl groups
may be nodified by nmethods such as carboxynet hylation with 30 iodoacetic
acid or i orgpophai é8idues’ iy be agiodified dsy,i dor t exAnpleci oxidgich  with magd on
of a -36- m xed di sul phides wi,th gther .thiol coppoun reaction wth,

mel ei mi de, bregrosiceinaRideaR 2lkylation ot Hierindels Jing: Witbé-mréﬁwwotfeamshrpweof
- chi or ot U R Tifbertt ENIREAUPAE LI TRRE 3145 b altered by niraton with
2- chl ot®etetranifredethizhe topfoem @l 3-nitebtyrbiine derivative.i al s; car banoyl ation with
cyanate at 5 al kaline pH.
Modification of the imidazole ring of a histidine residue may be accomplished by
alkylation with iodoacetic acid derivatives or N-carbethoxylation with
diethylpyrocarbonate.
15
Examples of incorporating unnatural amino acids and derivatives during peptide synthesis
include, but are not limited to, use of norleucine, 4-amino butyric acid, 4-amino-3-
hydroxy-5-phenylpentanoic acid, 6-aminohexanoic acid, t-butylglycine, norvaline,
phenylglycine, orm:thine, sarcosine, 4-amino-3-hydroxy-6-methylheptanoic acid, 2-thienyl
20 alanine and/or D-isomers of amino acids. A list of unnatural amino acid, contemplated

herein is shown in Table 2.




Trypt ophan residues may be nodified by, for exanple, oxidation with N

br onmosucci nim de or al kylation of the indole ring with

2- hydr oxy-5-ni trobenzyl brom de or sul phenyl halides. Tyrosine residues on
the other hand, may be altered by nitration with 10 tetranitronmethane to
forma 3-nitrotyrosine derivative. Mdification of the imdazole ring of a
hi stidi ne residue nay be acconplished by alkylation with iodoacetic acid
derivatives or N-carbethoxylation with.sgi.ethyl pyrocarbonate. 15 Exanpl es
of incorporating unnatural am no acids and derivatives during peptide
synthesis include, but are not limted to, use of norleucine, 4-amno
butyric acid, 4-am no-3- hydroxy-5-phenyl pentanoi c acid, 6-am nohexanoic
acid, t-butylglycine, norvaline, phenylglycine, ornithine, sarcosine,

4- am no- 3- hydr oxy- 6- net hyl hept anoi ¢ aTABLE2t hi enyl 20 al ani ne and/ or
D-isoners of amno acids. A list of unnatural ,am. no g¢id, contenplated
herein is shown in Tabl e 2Codesfornapraonyensighalamiio ¢Qds conventional ani no
acids 5 Non-conventional Code Non-conventional Code am no acid amno acid
a-am nobutyric acid Abu L-N-nethylalanine Nmmla 10

a- am nos a- net hyl butyrate Mgabu L- N-net hyl argi nine Nmarg am nocycl opr opane-
Cpro L- N medhwvdmepasmli ne NmagThdecar box Wanl-éonheedtiotal hyl asparti c @odd Nrasp
am noi sobufyihb Gei@ci d Al b L-N-net hyl cyst gifio Migys am nonor bonyl - Norb

L- N- et hyl gl utam ne Nngln

a-aminobutyric acid Abu L-N-methylalanine Nmala
10 o-amino-a-methylbutyrate Mgabu L-N-methylarginine Nmarg
aminocyclopropane- Cpro L-N-methylasparagine Nmasn
carboxylate L-N-methylaspartic acid Nmasp
aminoisobutyric acid Aib L-N-methylcysteine Nmgcys
aminonorbornyl- Norb L-N-methylgiutamine " Nmgln
15 carboxylate L-N-methylglutamic acid Nmglu
cyclohexylalanine Chexa L-Nmethylhistidine Nmbhis
cyclopentylalanine Cpen L-N-methylisolleucine Nmile
D-alanine Dal L-N-methylleucine Nmleu
D-arginine Darg L-N-methyllysine Nmlys
20 D-aspartic acid Dasp L-N-methylmethionine Nmmet
D-cysteine Dcys L-N-methylnorleucine Nmnle
D-glutamine Dgln L-N-methylnorvaline Nmnva
D-glutamic acid Dglu L-N-methylornithine Nmorn
D-histidine Dhis L-N-methylphenylalanine Nmphe
25 D-isoleucine Dile L-N-methylproline Nmpro
D-leucine Dleu L-N-methylserine Nmser
D-lysine Dlys L-N-methylthreonine Nmthr
D-methionine Dmet L-N-methyltryptophan Nmirp
D-omithine Dom 'L-N-methyltyrosine Nmtyr
30 D-phenylalanine Dphe L-N-methylvaline Nmval
D-proline Dpro L-N-methylethylglycine  Nmetg

D-serine Dser L-N-methyl-t-butylglycine Nmtbug



15 carboxyl ate L-N-nethylglutam c acid Nnglu cycl ohexyl al ani ne Chexa

L- Nnet hyl hi stidi ne Nrhis cycl opentyl al ani ne Cpen L-N-nethyli sol | euci ne
Nmile D-alanine Dal L-N-nethylleucine NMeu D arginine Darg :
L-N-nmet hyl l ysine Nmys 20 D-aspartic acid Dasp L-N nethyl met hi oni ne Nmmet
D-cysteine Dcys L-N-nethyl norleucine Nmle D glutam ne Dgln

L- N-nmet hyl norvaline Nomva D-glutamc acid Dglu L-N-nethyl om thine Nhorn
D hi stidine Dhis L-Nnethyl phenyl al ani ré88Nnphe 25 D-isol eucine Dile
L-N-nethyl proline Nnpro D-leucine D eu L-Nnethyleerine Nnser D-lysine
Dlys L-N-nethylthreonine Nnthr D-nethionine Dret L-N-nethyltryptophan
Nmtrp D-ornithine DomL-Nnmethyltyrosine Nmtyr 30 D-phenylal ani ne Dphe
L- N-net hyl val i ne Nnval D-proline Dpro L-N-rnethylethylglycine Nretg

D-serine mhw—ﬁmwmmmmm%
Non- convent.i onal am no am no eoni ne Dt hr

L- nor | euci %nmnve&) I?asllpt ophana%q%p L-no \PEE’I ?%é’e%f’éml[}tyrom ne DtCWl

a- et hyl - #WABAEGbut yrate Maib D val i n@™ARY. et hyl - y- ani nobut yr at e
Mgabu

D-threonine Dthr L-norleucine Nle
D-tryptophan Dtrp L-norvaline Nva
D-tyrosine Dtyr o-methyl-aminoisobutyrate Maib
D-valine Dval o-methyl-y-aminobutyrate Mgabu
10 D-a-methylalanine Dmala o-methylcyclohexylalanine Mchexa
D-a-methylarginine Dmarg o-methyleylcopentylalanine Mcpen
D—a-methylaspéragine Dmasn o-methyl-a-napthylalanine Manap
D-a-methylaspartate Dmasp o-methylpenicillamine Mpen
D-a-methylcysteine Dmcys N-{4-aminobutyl)glycine Nglu
15 D-a-methylglutamine Dmgin N-{2-aminoethyl)glycine Naeg
D-a-methylhistidine Dmhis N-(3-aminopropyl)glycine Norn
D-a-methylisoleucine Dmile N-amino-a-methylbutyrate Nmaabu
D-a-methylleucine Dmleu a-napthylalanine Anap
D-o-methyllysine Dmlys N-benzylglycine Nphe
20 D-a-methylmethionine Dmmet N-(2-carbamylethyl)glycine Ngin
D-a-methylornithine Dmorn N-{carbamylmethyl)glycine Nasn
D-a-methyiphenylalanine = Dmphe N-(2-carboxyethyl)glycine Nglu
D-a-methylproline Dmpro N-(carboxymethybglycine Nasp
D-oa-methylserine Dmser N-cyclobutylglycine Ncbut
25 D-oa-methylthreonine Dmthr N-cycloheptylglycine Nchep
D-o-methyltryptophan Dmtrp N-cyclohexylglycine Nchex
| D-a-methyltyrosine Dmty N-cyclodecylglycine Ncdec
D-o-methylvaline Dmval N-cylcododecylglycine Ncdod
D-N-methylalanine Dnmala N-cyclooctylglycine . Ncoct
30 D-N-methylarginine Dnmarg N-cyclopropylglycine Ncpro

D-N-methylasparagine Dnmasn N-cycloundecyiglycine Ncund




10 D a-net hyl al ani ne Dmal a a- net hyl cycl ohexyl al ani ne Mchexa

D- a- net hyl ar gi ni ne Dmarg a- net hyl cyl copentyl al ani ne Mcpen

D a- net hyl aspar agi ne Dnasn a- net hyl - a- napt hyl al ani ne Manap

D a- nmet hyl aspartate Dmasp a- met hyl peni cill am ne Mpen D-a-nethyl cysteine
Dncys N-(4-am nobutyl)glycine Nglu 15 D a-net hyl gl utam ne Dnygl n

N- (2-am noet hyl ) gl yci ne Naeg D a-nethyl histidine Dnmhis

N- ( 3-am nopropyl ) gl yci ne Norn D a-net hidgsol eucine Dm | e

N- am no- a- met hyl but yrate Nnaabu D a-nethyl | euci ne Dl eu a- napt hyl al ani ne
Anap D-a-nethyllysine DmMys N benzyl glycine Nphe 20 D- a- net hyl nmet hi oni ne
Dmret N-(2-carbanyl ethyl)glycine Ngln D a-nethylornithine Dnorn

N- (car banyl net hyl ) gl yci ne Nasn D- a-net hyl phenyl al ani ne Dnphe

N-(2-carb et hyl ) gl yci ne Ngl a- met hyl prol i ne ro

N (car box%’ﬁ?ﬁ?ﬁéﬁ?fﬁne Naspr‘d%:at- met hqu“g?qwsw N-cycl obut $P%8F yci ne
Ncbut 25 B3HPHE¢y| t hr eoni ne Dnthr N cy&@BRRAHGI gl yci ne Nchep

D- a- net hyl j . '

tryptophan Datrp N cyclohexylglycine-Nohex— .. D-a-pethyltyrosin
Dnty N s ' Ncd - met i; _ :
y §ygb?€.%'elﬁ{ﬂ%s\ﬁ‘;ghél\lt§dod eq me kagldxmnm@)&ycme Nbhm

N-cyl codode D- N- et hyl al ani ne’ Dnima cycl ooctyl gl yci ne
Ncoct 30 [DfN-methyj¢ystegneni ne DridmmoysN- cyd¥-GhBalipicoyipropyd)ghicimeo  Nbhe

D- N- et hyl ar agi.ne, Dnmasn N-cycl.oundecyl gl yci.ne Ncund .- 39-
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D-N-methylhistidine Dnmbhis N-(hydroxyethyl))glycine Nser
10 D-N-methylisoleucine Dnmile N-(imidazolylethyl))glycine Nhis
D-N-methylleucine Dnmleu N-(3-indolylyethyl)glycine Nhtrp
D-N-methyllysine Dnmlys N-methyl-y-aminobutyrate Nmgabu
N-methylcyclohexylalanine Nmchexa D-N-methylmethionine Dnmmet
D-N-methylomithine Dnmomn N-methylcyclopentylalanine Nmcpen
15 N-methylglycine Nala D-N-methylphenylalanine Dnmphe
N-methylaminoisobutyrate Nmaib D-N-methylproline Dnmpro
N-(1-methylpropyl)glycine Nile D-N-methylserine Dnmser
N-(2-methylpropylglycine Nleu D-N-methylthreonine Damthr
D-N-methyltryptophan Dnmtrp N-(1-methylethyl)glycine Nval
20 D-N-methyltyrosine Dnmtyr N-methyla-napthylalanine Nmanap
D-N-methylvaline Dnmval N-methylpenicillamine Nmpen
y-aminobutyric acid Gabu N-(p-hydroxyphenyl)glycine Nhtyr
L-t-butylglycine Thug N-(thiomethyl)glycine Ncys
L-ethylglycine Etg penicillamine Pen
25 L-homophenylalanine Hphe L-c-methylalanine Mala
L-a-methylarginine Marg L-a-methylasparagine Masn
L-o-methylaspartate Masp L-c-methyl-z-butylglycine Mtbug
L-a-methylcysteine Mcys L-methylethylglycine Metg
L-o-methylglutamine Mgin L-a-methylglutamate Mglu
30 L-o-methylhistidine Mhis L-a-methylhomophenylalanine Mhphe

L-o-methylisoleucine Mile N-(2-methylthioethyl)glycine Nmet




D- N- et hyl cyst ei ne Dnntys N- (3, 3-di phenyl propyl ) gl yci ne Nbhe

D- N- net hyl gl utam ne Dnngl n N-( 3- guani di nopropyl ) glycine Narg

D- N-net hyl gl ut amat e Dnngl u N-( 1- hydr oxyet hyl ) gl yci ne Nt hr

D- N- et hyl hi stidi ne Dnnmhis N (hydroxyethyl))glycine Nser 10

D- N-net hyl i sol eucine Dnmle N-(imdazolylethyl))glycine Nhis

D- N-net hyl | euci ne Dnml eu N-(3-indolylyethyl)glycine Nhtrp DN nethyllysine
Dnm ys N-net hyl-y-am nobut yrate Nngabu - 40-net hyl cycl ohexyl al ani ne Nnthexa
D- N- et hyl met hi oni ne Dnmmet  D- N- net hyl omi t hi ne Dnnor n

N- et hyl cycl opentyl al ani ne Nntpen 15 N-net hyl gl yci ne Nal a

D- N- net hyl phenyl al ani ne Dnnphe N-net hyl am noi sobutyrate Nmai b

D-N-net hyl proline Dnnpro N-(1-nethyl propyl)glycine Nile D N nethylserine
Dnnser WWWWWWWW

D- N- et hyl to mrp 1- met hyl Nval

D- N net hyllftlﬂ}‘i/g ﬂ‘ﬁggﬁﬁ'ﬂ] ‘?ﬂ?l a- napﬁ{[ﬁd %‘%‘8{ ¥“%“ailnanap D N- m$9%1 val i ne

Dnnval N- ARRYRHENI ci | | ani ne Nnpen r| c acid Gabu

N ( p- hyﬁir axyphenyl)glycine Nhtyr |-t-butyl nl ycine Thug

N- (t hi onet ys L- IegC|n i1l am ne Pen :
L- hom)phen%l\sg%l {h&%\lgﬂﬁl e L-a- rﬁkﬂyl al ani ng %@g L- éz; nmet hyl ar gi nlﬁgsl\/arg
L- a- net hyllammeﬁglmﬁhim:m L- avimet hyl as [iaat-metthylmdpucme Mnle

Lamathyl-t bu i ne M by L-a- et h teln Mcys
L- et hyl et ‘%’lf?%‘}/ﬂﬁw hyl g &té 1hige 5 et hyl gl M Mat e
I\/glu 30 L- M?g a- metthylf @p(? fhel al ani ne Mhp
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10 L-o-methylserine Mser L—a-methylthreonme Mthr
L-o-methyltryptophan Mtrp L-a-methyltyrosine Mtyr
L-o-methylvaline Mval L-N-methylhomophenylalanine Nmhphe
N-(N-(2,2-diphenylethyl)  Nnbhm N-{(N-(3,3-diphenylpropyl) Nnbhe
carbamylmethyl)glycine carbamylmethyl)glycine

15 1-carboxy-1-(2,2-diphenyl- Nmbc

ethylamino)cyclopropane

Crosslinkers can be used, for example, to stabilize 3D conformations, using homo-
20 bifunctional crosslinkers such as the bifunctional imido esters having (CHzy), spacer groups
with n=1 to n=6, glutaraldehyde, N-hydroxysuccinimide esters and hetero-bifunctional
reagents which usually contain an amino-reactive moiety such as N-hydroxysuccinimide
and another group specific-reactive moiety such as maleimido or dithio moiety (SH) or
carbodiimide (COOH). In addition, peptides can be conformationally constrained by, for
25 example, incorporation of C, and N ,-methylamino acids, introduction of double bonds
between C, and Cp atoms of amino acids and the formation of cyclic peptides or analogs
by introducing covalent bonds such as forming an amide bond between the N and C

termini, between two side chains or between a side chain and the N or C terminus.

30 Accordingly, one aspect of the present invention contemplates any compound which binds
or otherwise interacts with pre-core protein/HBeAg or a TLR, such as TLR-2 or TLR-4, or

a component of a TLR signaling pathway resulting in modulation of pre-core




-40- Non-conventional Code Non-conventional Code amno acid amno acid 5
L-a-nmethyl |l eucine Meu L-a-nethyllysine Mys L-a-nethyl nethioni ne Mret

L- a- met hyl nor| euci ne Ml e L-a-nethyl norvaline Mva L-a-nmnethyl ornithine Mom
L- a- met hyl phenyl al ani ne Mphe L-a-nethyl proline Mpro 10 L-a-nethyl serine
Mser L-a-nethylthreonine Mhr L-a-nethyltryptophan Mrp L-a-nethyltyrosine
Myr L-a-nethylvaline Mal L-N nethyl honophenyl al ani ne Nmhphe

N-(N- (2, 2-di phenyl ethyl) Nnbhm N- (N- (3,.31di phenyl propyl) Nnbhe

car banyl net hyl ) gl yci ne car banyl met hyl ) gl ycine 15 1 -carboxy- |

- (2, 2-di phenyl - Nmbc et hyl am no)cycl opropane Crosslinkers can be used,

for exanple, to stabilize 3D confornmations, using hono 20 bifuncti onal
crosslinkers, s gs tg‘ilﬁ fLinct ional imdo esters having (CH2),, spacer
groups wiRREHLFPEGE A Lleve!s PLpt¥itye, N hydroxysucci ni i de esters and
het er o- bi functional reagents which usually contain an am no-reactive

moi ety such as N-hydroxysuccini mde_ and another group specific-reactive
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present invention contenplat@&s any conpoun
(Johnson et al., “Peptide Turn Mimetics™ in Biotechnology and Pharmacy, Pezzuto et al.,

Eds., Chapman and Hall, New York, 1993). The underlying rationale behind the use of

10 peptide mimetics is that the peptide backbone of proteins exists chiefly to orient amino
acid side chains in such a way as to facilitate molecular interactions such as those of
antibody and antigen, enzyme and substrate or scaffolding proteins. A peptide mimetic is
designed to permit molecular interactions similar to the natural molecule. Peptide or non-
peptide mimetics may be useful, for example, to competitively inhibit or otherwise bind to

15 pre-core protein/HBeAg or to activate a TLR or TLR pathway. Preferred TLRs in this
instance are TLR-2 and TLR-4.

Again, the compounds of the present invention may be selected to interact with a target
alone or single or multiple compounds may be used to affect multiple targets. For example,
20 multipie targets may include an pre-core protein/fHBeAg and the pathogen itself. For
example, one useful therapeutic combination would be an antgonist of pre-core

protein/HBeAg and a nucleoside analog and/or antiviral cytokine

The target or fragment employed in screening assays may either be free in solution, affixed
25 to a solid support, or borne on a cell surface. One method of drug screening utilizes
eukaryotic or prokaryotic host cells which are stably transformed with recombinant
polynucleotides expressing the pre-core protein/fHBeAg or TLR or fragment, preferably in
competitive binding assays. Such cells, either in viable or fixed form, can be used for
standard binding assays. One may measure, for example, the formation of complexes

30 between an pre-core protein/HBeAg or 2 TLR or fragment and the agent being tested, or




or otherwise interacts with pre-core protein/HBeAg or a TLR, such as TLR-2
or TLR-4, or a conponent of a TLR signaling pathway resulting in
nodul ati on of pre-core -41- protein/HBeAg or TLR |l evels or activity.

Anot her useful group of conpounds is a minetic. The ternms "peptide
mnetic", "target mnetic" or "mnetic" are intended to refer to a

subst ance which has sone chemcal 5 simlarity to the target but which

ant agoni zes or agonizes or mmcs the t-af2get. The target in this case nay
be a ligand of pre-core protein/HBeAg or of the TLR A peptide mnetic may
be a peptide-containing nolecule that mmcs elenments of protein secondary
structure (Johnson et at, "Peptide Turn Mnetics" in Biotechnol ogy and

Phar macy, t d %ﬁpr@&] l), 93) .rd
under | yi ngéigg‘[ﬁr%ﬁ}é ed%té?ﬁ r%g Wechuse .0 %ﬂ%eg? [ lc‘iecar}ﬁﬁ%%%%wf%?t%)atp r%_Egre
pepti de bawaiehrHBeAgmrat HiRor Gagment aldi eligandtis ailed @ninterférad withchydthsiagent
chains in such a y as to facilitate nol ecular interactions such as those
of anti bch?}ﬂgatﬁﬁe ntigen, enzynme and substrate or scaffolding proteins. A
peptide mnetic is designed to permt nolecular interactions simlar to
the natural nolecule. Peptide or non- peptide mnetics may be useful, for
exanpl 6 t4 sulstanet iidsntified as amddulator oftarget filnstion ion geneoactisity maychs @ peptide

protein/HBeAg or t. activate.-a TLR.,or, T t hway. Preferred T, in this
ot ance. dFdrpOIepBte Hinibe: NohpgeidS “smel sblesatieny ars, pReR BFvERlcY AVert  on
may be selygf gkhrinacduticql @es. A\edo?diﬁ%w,aﬁ Gfitnetia|oP REinGE of tHeWuBst@iceN(phiticalaely
conpounds nmay be used to affect nultiple targets. For exanple, 20 nultiple

targets ndfapertidedmaybeiesigned for pharmacentigBbs- and t he pat hogen itsel f. For
exanpl e, one useful therapeutic conbination would be an antgoni st of
pre-core protein/HBeAg and a nucl eosi de anal og and/or antiviral cytokine
The t ar@etTHher desigainpesft misngrice yed phammcewizalln getiksayspomny iea kivewn bpprbadtetol n
solution, affixed 25 to a solid port, or horne on a cell. surface. One
met hod of thF develenmaig ioﬁgh%rfnapwgggf's@ﬁ@é?%t ieeQOFmBME&Qr Fisimichb s desdisble
which are 2Dk 4t ebApaRt W diftichR P ERPIRME to synthesize or where it is unsuitable

for a particular method of administration, e.g. peptides are unsuitable active agents for oral

compositions as they tend to he quickly degraded by proteases in the alimentary canal.
15 Mimetic design, synthesis and testing is generally used to avoid randomly screening large

numbers of molecules for a target property.

There are several steps commonly taken in the design of a mimetic from a compound
having a given target property. First, the particular parts of the compound that are critical
20 and/or important in determining the target property are determined. In the case of a
peptide, this can be done by systematically varying the amino acid residues in the peptide,
e.g. by substituting each residue in turn. Alanine scans of peptides are commonly used to
refine such peptide motifs. These parts or residues constituting the active region of the
compound are known as its “pharmacophore”.
25
Once the pharmacophore has been found, its structure is modeled according to its physical
properties, e.g. stereochemistry, bonding, size and/or charge, using data from a range of
sources, €.g. spectroscopic techniques, x-ray diffraction data and NMR. Computational

analysis, similarity mapping (which models the charge and/or volume of a pharmacophore,

\




pol ynucl eoti des expressing the pre-core protein/HBeAg or TLR or fragnent,
preferably in conpetitive binding assays. Such cells, either in viable or
fixed form can be used for standard binding assays. One may neasure, for
exanple, the formation of conplexes 30 between an pre-core protein/HBeAg or
a TLR or fragnent and the agent being tested, or -42- exam ne the degree to
whi ch the formation of a conpl ex between an pre-core protein/HBeAg or a
TLR or fragment and a ligand is aided or43interfered with by the agent

being tested. 5 A substance identified as a nodul ator of target function or
gene activity nmay be a peptide or non-peptide in nature. Non-peptide
"smal| nol ecul es"” are often preferred for many in vivo pharmaceuti cal

2o I A i ol ol AR O A g

m metics tpoéesphar maceutically active conpound is a known approach to the
devel opnent of pharnaceuticals based on a "l ead" conpound. This m ght be
desirable where the active conpound is difficult or expensive to

synt hesi Ze,Ql vt & this ak?{dégﬁ,%é ﬁa?éc@din{e%ioflal%ﬁ%ﬁé’bﬁ{n %‘Fi&%?ﬁ%riwe‘&g

admy ni stration, e.g. pe es are unsultable active age

conposi i i cws HERtandytheie figands dre nopdeleld! Thid egn &d edpdsiallyrusebd ydere thetpre-core
alinmentary_ can 5 M i c, desi synt.hesi s d testi .S _geper.al

ised 1o o BPITLRSARS ot BaPr e Heatdd Vifet Fermarhid Hatie ST PR s
property. pbddl Qoahke aeetRntbf IRISAR HO HeTIRh Yoft thk Ghimdlict Modéfifig Wan He ased Rt i C
froma conmpound _having a_given target property. First, the partijcular
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t he targetcogh%gl%{i&y are determned. In the case of a peptide, this can be
done by systeraticdlly varying the amino acid residues in the peptide,

e.g. bysubstituting each residue in turn. Al anine scans of peptides are
comonly used t moti fs.. These parts or_ residues
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" phar macoplighfacophore can be grafted. The template molecule and the chemical groups grafted

onto it can conveniently be selected so that the mimetic is easy to synthesize, is likely to be
pharmacologically acceptable, and does not degrade in vivo, while retaining the biological

15 activity of the lead compound. Alternatively, where the mimetic is peptide-based, further
stability can be achieved by cyclizing the peptide, increasing its rigidity. The mimetic or |
mimetics found by this approach can then be screened to see whether they have the target
property, or to what extent they exhibit it. Further optimization or modification can then be
carried out to arrive at one or more final mimetics for i vivo or clinical testing.

20
The goal of rational drug design is to produce structural analogs of biologically active
polypeptides of interest or of small molecules with which they interact (e.g. agonists,
antagonists, inhibitors or enhancers) in order to fashion drugs which are, for example,
more active or stable forms of the polypepfide, or which, e.g. enhance or interfere with the

25 function of a polypeptide in vivo. See, e.g. Hodgson (Bio/Technology. 9: 19-21, 1991). In
one approach, one first determines the three-dimensional structure of an pre-core
protein/HBeAg or a TLR ligand by x-ray crystallography, by computer modeling or most
typically, by a combination of approaches. Useful information regarding the structure of an
pre-core protein/fHBeAg or a TLR ligand may also be gained by modeling based on the

30 structure of homologous proteins. An example of rational drug design is the development




25 Once the pharnmacophore has been found, its structure is nodel ed
according to its physical properties, e.g. stereochem stry, bonding, size
and/ or charge, using data froma range of sources, e.g. spectroscopic
techni ques, x-ray diffraction data and NVR Conputational analysis,
simlarity mapping (which nodels the charge and/or volune of a

phar macophore, -43- rather than the bondi ng between atons) and ot her

techni ques can be used in this nodeling44process. In a variant of this
approach, the three-dinensional structure of an pre-core protein/HBeAg 5
or a TLR and their ligands are nodel ed. This can be especially useful where
the pre-core protein/HBeAg or TLR and/or their |igands change conformation
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easy to synthesize, is |iKely to be pharnacologically acceptable,” and does
not deg? achnalyzed intbis mimnree ta datermingthe timportand regjonsof thepeptidevi ty of the | ead
conmpound. Alternatively, where the mnetic is peptide-based, further
stability can be achieved by cyclizing the peptide, increasing its

rigidity. Iiealse pedsitte &F isolitd @i preScor® proteiRBIA S spREIOACTLR APedifie Antilody
screened to see whether they have the target property, or to what extent

they exhi stch as byrthe methodglsserihed abpvnt apd thepde selvatts 6rystab atregtens. Ineorinciple) ed
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anal og¥0 ofis bpaskibf ¢albypasscprotein crystallography altogether by generating anti-idiotypic

antibodies (anti-ids} to a functional, pharmacologically active antibody. As a mirror image

of a mirror image, the binding site of the anti-ids would be expected to be an analog of the

original receptor. The anti-id could then be used to identify and isolate peptides from banks

of chemically or biologically produced banks of peptides. Selected peptides would then act

{5 as the pharmacophore.

The present invention extends to a genetic approach to up-regulating or down-regulating
expression of a gene encoding a pre-core protein/HBeAg or a TLR, such as TLR-2 or
TLR-4. Generally, it is more convenient to use genetic means to induce gene silencing
20 such as pre- or post-transcriptional gene silencing and hence it is more appropriate or
convenient to silence the pre-core gene of HBV or its equivalent in another pathogen.
However, the general techniques can be used to up-regulate expression such as by

increasing gene copy numbers or antagonizing inhibitors of gene expression.

25 The terms “nucleic acids”, “nucleotide” and “polynucleotide” include RNA, cDNA,
genomic DNA, synthetic forms and mixed 'polymers, both sense and antisense strands, and
may be chemically or biochemically, modified or may contain non-natural or derivatized
nucleotide bases, as will be readily appreciated by those skilled in the art. Such
modifications include, for example, labels, methylation, substitution of one or more of the

30 naturally occurring nucleotides with an analog (such as the morpholine ring),




pol ypeptides of interest or of small nolecules with which they interact
(e.g. agonists, antagonists, inhibitors or enhancers) in order to fashion
drugs which are, for exanple, nore active or stable forns of the

pol ypeptide, or which, e.g. enhance or interfere with the 25 function of a
pol ypeptide in vivo. See, e.g. Hodgson (Bio/ Technology. 9: 19-21, 1991). In
one approach, one first determ nes the three-di nensional structure of an
pre-core protein/HBeAg or a TLR |igand48- x-ray crystallography, by
conput er nmodeling or nost typically, by a conbination of approaches.

Useful information regarding the structure of an pre-core protein/HBeAg or
a TLR ligand nay al so be gai ned by nodeling based on the 30 structure of
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active antibody. As a mrror image of a mrror image, the binding site of
t he anti-i’Bgles\%ﬁ‘l d be expected to be an anal og of the original receptor.
The anjg-id could then be used to identify and isol ate peptides from banks
of chem cally or biologically produced banks of peptides. Selected peptides
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construct within a cell interferes with pre-core protein/HBeAg gene transcription and/or

translation. Furthermore, co-suppression and mechanisms to induce RNAi such as using
15 short interfering RNA (siRNA) or ONA-derived RNAi (ddRNAi) may also be employed.
Hence, antisense or sense molecules may be directly administered. In this latter
embodiment, the antisense or sense molecules may also be formulated in a composition
and then administered by any number of means to target cells or administered via an
expression construct.
20
A variation on antisense and sense molecules involves the use of morpholinos, which are
oligonucleotides composed of morpholine nucleotide derivatives and phiosphorodiamidate
linkages (for example, Summerton and Weller, Antisense and Nucleic Acid Drug
Development. 7: 187-195, 1997). Such compounds are injected into embryos and the effect

25 of interference with mRNA is observed.

In one embodiment, the present invention employs compounds such as oligonucleotides
and similar species for use in modulating the function or effect of nucleic acid molecules
such as those encoding a pre-core protein/HHIBeAg, i.e. the oligonucleotides induce pre-

30 transcriptional or post-transcriptional gene silencing. This is accomplished by providing




TLR-4. Cenerally, it is nore convenient to use genetic neans to induce gene
silencing 20 such as pre- or post-transcriptional gene silencing and hence
it is nore appropriate or convenient to silence the pre-core gene of HBV
or its equivalent in another pathogen. However, the general techniques can
be used to up-regul ate expression such as by increasing gene copy nunbers
or antagoni zing inhibitors of gene expression. 25 The terns "nucleic

aci ds", "nucl eotide" and "pol ynucl eoti detd 4 ncl ude RNA, cDNA, genom c DNA,
synthetic fornms and m xed polyners, both sense and anti sense strands, and
may be chemcally or biochemcally. nodified or may contain non-natural or
derivatized nucleotide bases, as wll be readily appreciated by those
skilled i t b
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ExpresH) on of such an antisense construct within a cell interferes with
pre-core Qprotein/ HBeA ng transg on. apd/ or ransl. at | rt hernore,
B0 suppr .38 b Al SLHI: et  HRUSRioR ot (e Frbring of Complementry

strands of oligomeric compounds. In the present invention, the preferred mechanism of

-

pairing involves hydrogen bonding, which may be Watson-Crick, Hoogsteen or reversed
Hoogsteen hydrogen bonding, between complementary nucleoside or nucleotide bases
15 (nucleobases) of the strands of oligomeric compounds, For example, adenine and thymine
‘are complementary nucleobases which pair through the formation of hydrogen bonds.

Hybridization can occur under varying circumstances.

An antisense or RNAi compound is specifically hybridizable when binding of the
20 compound to the target nucleic acid interferes with the normal function of the target
nucleic acid to cause a loss of activity, and there is a sufficient degree of complementarity
to avoid non-specific binding of the antisense compound to non-target nucleic acid
sequences under conditions in which specific binding is desired, i.e. under physiological
conditions in the case of in vivo assays or therapeutic treatment, and under conditions in

25 which assays are performed in the case of in vitro assays.

“Complementary” as used herein,.refers to the capacity for precise pairing between two
nucleobases of an oligomeric compound. For example, if a nucleobase at a certain position
of an oligonucleotide (an oligomeric compound), is capable of hydrogen bonding with a

30 nucleobase at a certain position of a target nucleic acid, said target nucleic acid being a




15 short interfering RNA (si RNA) or ONA-derived RNAI (ddRNAi ) nmay al so be
enpl oyed. Hence, antisense or sense nolecules may be directly
admnistered. In this latter enbodinent, the antisense or sense nol ecul es
may al so be fornmulated in a conposition and then adm nistered by any
nunber of means to target cells or adm nistered via an expression
construct. 20 A variation on antisense and sense nol ecul es invol ves the use
of norpholinos, which are oligonucl eot.igfes conposed of norpholine

nucl eoti de derivatives and phosphorodi am date |inkages (for exanple,
Summerton and Weller, Antisense and Nucleic Acid Drug Devel opnent. 7:
187-195, 1997). Such conpounds are injected into enbryos and the effect 25
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The hybri di atlon of .a cgrrpound of the subject invention with its target

nucleic a taregtanelele peidy ot erred to as  "anti sense” or may be part of a
conpl exgwi th d| cer such as a RISC. 10

In the context of the subject invention, the term “oligomeric compound” refers to a
polymer or oligomer comprising a plurality of monomeric units. In the context of this
invention, the term “oligonucleotide” refers to an oligomer or polymer of ribonucleic acid
(RNA) or deoxyribonucleic acid (DNA) or mimetic-s, chimeras, analogs and homologs
15 thereof. This term includes oligonucleotides composed of naturally occurring nucleobases,
sugars and covalent internucleoside (backbone) linkages as well as oligonucleotides having
non-naturally occurring portions which function similarly. Such modified or substituted
oligonucleotides are often preferred over native forms because of desirable properties such
as, for example, enhanced cellular uptake, enhanced affinity for a target nucleic acid and

20 increased stability in the presence of nucleases.

While oligonucleotides are a preferred form of the compounds of this invention, the
present invention comprehends other families of compounds as well, including but not
limited to oligonucleotide analogs and mimetics such as those herein described.
25

The open reading frame (ORF) or “coding region” which is known in the art to refer to the
region between the translation initiation codon and the translation termination codon, is a
region which may be effectively targeted. Within the context of the present invention, one
region is the intragenic region encompassing the translation initiation or termination codon

30 of the open reading frame (ORF) of a gene.




In the context of this invention, "hybridization" nmeans the pairing of
conplenentary strands of oligoneric conpounds. In the present invention,
the preferred mechani smof pairing involves hydrogen bondi ng, which may be
Wat son- Cri ck, Hoogsteen or reversed Hoogsteen hydrogen bondi ng, between
conpl enment ary nucl eosi de or nucl eoti de bases 15 (nucl eobases) of the
strands of oligoneric conpounds. For exanple, adenine and thymne are
conpl enment ary nucl eobases which pair thr48sgh the formati on of hydrogen
bonds. Hybridization can occur under varying circunstances. An antisense
or RNAI conpound is specifically hybridizable when binding of the 20
conpound to the target nucleic acid interferes with the normal function of
the target nucleic acid to cause a loss of activity, and there is a
sufficient degree of conplenentarity to avoid non-specific binding of the
anti sense Q©theptanged régionpinchale glid 5 humim’slateﬂabgﬁons{&ﬁ,ﬁml); &aown dm thecan et tafans

I n which specific, bi desjr nde I ol ogi ndi tions
in the cad@ '8¢ PP %%g@é@% lBrd“Tﬁ F"é?ﬁ’l?f‘l ‘LEJO Fé%?rﬂ%ﬁ?tm“a aeqogon,
condi ti Onsthh§‘1ncﬁ§l &keoaaésayaﬁme%ﬁ t8Y SRchridiht BendARA ifftiatibn Fbcicfnoofan

assays. ementary” as used herein, refers to the capacity preci se
pai rings bemen (Dmonn&pﬂnéuigaae@emideanomlﬂlgcg\me), candoﬂpoahdmtrlausla'@damgi@, i f

a nucl eob cert. f I

compound) CrUTRxJabne B i Jh FoiseR mefitpdoRiot AR HEUA Thebe 3 Blkstiob SR B
posi tion Qimﬂlah@ﬁ Q@ﬁnﬁﬁﬁérﬁ ic6d@f;i #hd Hits inbb it nﬁbl@dtﬁie@ REWEEND teN Gramslatibir
DNA, RNA, or oligonucl eotide nmol ecul e, then the posj tion of hydrogen

bondi ng beempisation pedas snsopuend-ef M@IIQM fon sorrashgading nuclaotidescpry th% gene).

consi der Eﬂm ogbl\i%pamg Rl GHRN Sﬁa‘g&}ﬂ,;%% b ¥ d é&%éﬁﬁé ?é%ﬁclu@ﬁ ﬁtgg td hféh

further or ol'igonuc cul'e’are “conpl enen
ot her whers’ansstfresidueof trRURBAA ofa & G'Sh eriphuspliate fiakage. dhe 3’ rcap regloh of an

L e
\(,:\A(;Irrglheﬁ”(raﬁt arit y over&gJ ;?Es(‘;‘altlﬁ{nfe%’fr{cg% tﬂ’g&rtﬁgsoéap%ﬁ%se pairing or
As is known in the art, a nucleoside is a base-sugar combination. The base portion of the
15 nucleoside is normally a heterocyclic base. The two most common classes of such
heterocyclic bases are the purines and the pyrimidines. Nucleotides are nucleosides that
further include a phosphate group covalently linked to the sugar portion of the nucieoside.
For those nucleosides that include a pentofuranosyl sugar, the phosphate group can be
linked to either the 2°, 3’ or 5° hydroxyl moiety of the sugar. In forming oligonucleotides,
20 the phosphate groups covalently link adjacent nucleosides to one another to form a linear
polymeric compound. In tumn, the respective ends of this linear polymeric compound can
be further joined to form a circular compound, however, linear compounds are generaily
preferred. In addition, linear compounds may have internal nucleobase complementarity
and may, therefore, fold in a manner as to produce a fully or partially double-stranded
25 compound. Within oligonucleotides, the phosphate groups are commonly referred to as
forming the internucleoside backbone of the oligonucleotide. The normal linkage or
backbone of RNA and DNA is a 3° to 5° phosphodiester linkage.

Specific examples of preferred antisense or RNAi compounds useful in this invention

30 include oligonucleotides containing modified backbones or non-natural internucleoside




of nucl eobases such that stable and specific binding occurs between the

ol i gonucl eotide and a target nucleic acid. 10 In the context of the

subj ect invention, the term"oligoneric conmpound” refers to a polyner or
ol i gonmer conprising a plurality of nmononeric units. In the context of this
i nvention, the term"oligonucleotide" refers to an oligonmer or polyner of
ri bonucleic acid (RNA) or deoxyribonucleic acid (DNA) or mnetics,

chi meras, anal ogs and honol ogs 15 thered®.- This term i ncl udes

ol i gonucl eoti des conposed of naturally occurring nucl eobases, sugars and
coval ent internucl eosi de (backbone) |inkages as well as oligonucl eotides
havi ng non-naturally occurring portions which function simlarly. Such
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not limted to oligonucleotide analogs and mnetics such as those herein
descri bed.inetmitlvesidp backboae caryalte bereonsdRid torbe aligdnurdeassdgs.on” which is
known in the art to refer to the region between the translation initiation
codon and the translation termnation codon, is a region which may be

ef f ect i velptefertdombdifiedV sligdhutlestided Baskboned cbhiRinhe % phoiphvAiRt b théiein
regiron 1s the int rageni c regi on enconpassi ng t he tra_nsl atiron Initliation or
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> cap si tp%o?ﬂﬂn&t@s? t rp ggyl)h%g'aim?i atieQ 't iix?éhilcﬁggco%qgm%o an phosphoramidate  and
aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoaikylphosphotriesters, selenophosphates and boranophosphates having normal 3°-5°
linkages, 2°-5° linked analogs of these, and those having inverted polarity wherein one or
15 more internucleotide linkages is a 3” to 3°, 5° to 5’ or 2’ to 2’ linkage. Preferred
oligonucleotides having inverted polarity comprise a single 3’ to 3’ linkage at the 3’-most
internucleotide linkage i.e. a single inverted nucleoside residue which may be abasic (the
nuclecbase is missing or has a hydroxyl group in place thereof). Various salts, mixed salis
and free acid forms are also included. '
20
The antisense or RNAI oligonucleotides may be administered by any convenient means

including by inhalation, local or systemic means.

In an alternative embodiment, genetic constructs including DNA vaccines are used to

25 generate antisense or ddRNAi molecules in vivo.

Following identification of an agent which interacts with pre-core protein/fHBeAg or
modulates a TLR or TLR pathway, it may be manufactured and/or used in a preparation,
ie. ,in the manufacture or formulation or a composition such as a medicament,

30 pharmaceutical composition or drug. These may be administered to individuals in a




5 nRNA (or correspondi ng nucl eoti des on the gene), and the 3' untransl ated
region (3 UTR), known in the art to refer to the portion of an nRNA in the
3" direction fromthe translation term nation codon, and thus including
nucl eoti des between the translation term nation codon and 3' end of an
MRNA (or correspondi ng nucl eotides on the gene). The 5 cap site of an
MRNA conpri ses an N7-net hyl ated guanosi ne residue joined to the 10 5' - nost
residue of the nRNA via a 5 -5 triphos8tete |inkage. The 5 cap region of
an nRNA is considered to include the 5 cap structure itself as well as
the first 50 nucleotides adjacent to the cap site. It is also preferred to
target the 5 cap region. As is known in the art, a nucleoside is a
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manner as to produce a fully or partially doubl e-stranded 25 conpound.
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invention with a pharmaceutically acceptable excipient, vehicle or carrier, and optionally
other ingredients. Where multiple compositions are provided, then such compositions may
15 be given simultaneously or sequentially. Sequential administration includes-administration
within nanoseconds, seconds, minutes, hours or days. Preferably, sequential administration

is within seconds or minutes.

Multi-part including two-art pharmaceutical compositions or‘packs are also contemplated

20 comprising multiple components such as those which interact with pre-core
protein/HBeAg activity or levels and which modulates a TLR such as TLR-2 or TLR-4
together. Further anti-pathogen agents may also be included such as nucleoside analogs.
Such multi-part pharmaceutical compositions or packs may maintain different agents or

- groups of agents separately. These are either dispensed separately or admixed prior to

25 being dispensed.

Accordingly, another aspect of the present invention contemplates a method for the
treatment or prophylaxis of an infection or other disease condition in a subject, said
method comprising administering to said subject an effective amount of a compound as

30 described herein or a composition comprising same.



i nclude those that retain a phosphorus atomin the backbone and those that
do not have a phosphorus atomin the backbone. For the purposes of this
specification, and as sonetinmes referenced in the art, nodified

ol i gonucl eotides that do not have a phosphorus atomin their 5

i nt er nucl eosi de. backbone can al so be considered to be oligonucl eosi des.
Preferred nodified oligonucl eotide backbones contai ning a phosphorus atom
therein include, for exanple, phosphor.gihi oates, chiral phosphorothioates,
phosphor odi t hi oates, phosphotriesters, am noal kyl phosphotri esters, nethyl
and ot her al kyl phosphonates 10 including 3'-al kyl ene phosphonat es,

5' - al kyl ene phosphonates and chiral phosphonates, phosphinates,
phosphor am dat es i ncluding 3'-am no phosphoram date and

am noal kyl phosphor am dat es, thi onophosphoram dat es,
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bor anophosphat es” havi ng normal 3'-5" |inkages, 2'-5' |inked anal ogs of
t hese, andmp¥¥s @tmbb%ggq*mlgehﬂmfawhf?ﬁﬁbtﬁr@m@ﬁ@ opavipg spegies such as a
internuclqﬂikde linkages is a 3" to 3, 5 to 5 or 2" to 2" linkage.
Preferred " 0l'i gonucl eoti des havi ng inverted polarity conprise a single 3
to 3" I§nkage at the 3'-nost internucleotide |inkage i.e. a single

i nverted n Ie05|de resl ue whig abasic (the nucle base is m S|'ng
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i ndi vi dual §
recombmatlon and for extrachromosomal maintenance are known in the art and any

suitable vector may be used. Methods for introducing DNA into cells such as
15 electroporation calcium phosphate co-precipitation and viral transduction are known in the

art. This aspect of the present invention extends to constructs which encode ddRNAt.

Gene transfer systems known in the art may be useful in the practice of genetic
manipulation. These include viral and non-viral transfer methods. A number of viruses
20 have been used as gene transfer vectors or as the basis for preparing gene transfer vectors,
including papovaviruses (e.g. SV40, Madzak et al., J. Gen. Virol. 73: 1533-1536, 1992),
adenovirus (Berkner, Curr. Top. Microbiol. Immunol. 158: 39-66, 1992; Berkner et al.,
BioTechniques 6; 616-629, 1988; Gorziglia and Kapikian, J. Virol. 66: 4407-4412, 1992;
Quantin et al., Proc. Natl. Acad. Sci. USA 89: 2581-2584, 1992; Rosenfeld ef al., Cell 68:
25 143-155, 1992; Wilkinson et al., Nucleic Acids Res. 20: 2233-2239, 1992; Stratford-
Perricaudet et al., Hum. Gene Ther. 1: 241-256, 1990; Schneider et al., Nature Genetics
18: 180-183, 1998), vaccinia virus (Moss, Curr. Top. Microbiol. Immunol. 158: 25-38,
1992; Moss, Proc. Natl. Acad, Sci. USA 93: 11341-11348, 1996), adeno-associated virus
(Muzyczka, Curr. Top. Microbiol. Immunol. 158: 97-129, 1992; Ohi et al., Gene 89: 279-
30 282, 1990; Russell and Hirata, Nature Genetics 18: 323-328, 1998), herpesviruses




-50- nethod of treatment or prophylaxis of inection. Alternatively, they
may be incorporated into a patch or slow rel ease capsule or inplant. Thus,
the present invention extends, therefore, to a pharmaceutical conposition,
5 nmedi canent, drug or other conposition including a patch or slow rel ease
formul ation conprising a nodul ator of pre-core protein/HBeAg or TLR
activity or gene expression or the activity or gene expression of a
conponent of the TLR signaling pathway.-not her aspect of the present

i nvention contenplates a nethod conprising admnistration 10 of such a
conposition to a subject such as for treatnment or prophylaxis of an

I nfection or other disease condition. Furthernore, the present invention
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toget her. Further anti at hogen gents may al so be i ncluded such

nucl eosi defGir33PbP397, Hb muneg [Maler, Owar dap.eMigrebiol. dommpo). t45§n51-2ﬂr 1992k s
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15 Non-viral gene transfer methods are known in the art such as chemical techniques
including calcium phosphate co—precipitatjon, mechanical techniques, for example,
microinjection, membrane fusion-mediated transfer via liposomes and direct DNA uptake
and receptor-mediated DNA transfer. Viral-mediated gene transfer can be combined with
direct in vivo gene transfer using liposome delivery, allowing one to direct the viralvectors

20 to particular cells. Alternatively, the retroviral vector producer cell line can be injected into
particular tissue. Injection of producer cells would then provide a continuous source of

vector particles.

In an approach which combines biological and physical gene transfer methods, plasmid
25 DNA of any size is combined with a polylysine-conjugated antibody specific to the

adenovirus hexon protein and the resulting complex is bound to an adenovirus vector. The

trimolecular complex is then used to infect cells. The adenovirus vector permits efficient

binding, internalization and degradation of the endosome before the coupled DNA is

damaged. For other techniques for the delivery of adenovirus based vectors, see U.S.
30 Patent No. 5,691,198.




30 described herein or a conposition conprising sane. -51- Preferably, the
subject is a mammal such as a human or an ani mal nodel system such as a
nouse, rat, rabbit, guinea pig, hanmster, zebrafish or anphibian or avian
species such as a duck. 5 This nethod al so includes providing a wild-type
or mutant target gene function to a cell. This is particularly useful when
generating an animal nodel. Alternatively, it may be part of a gene

t herapy approach. A target gene or a panrg.of the gene nay be introduced
into the cell in a vector such that the gene renmains extrachronosomal. In
such a situation, the gene 10 will be expressed by the cell fromthe
extrachronosonal |ocation. If a gene portion is introduced and expressed
in a cell carrying a mutant target allele, the gene portion should encode
a part of the target protein. Vectors for introduction of genes both for
reconbi natﬂi?&oﬁféﬂ)lﬁwco%@é)&@ haPTBERRbwitd B SapabRefai&lidi@irecintvigy gene and
any suitable vector may be used. Methods for introducing DNA into cells
such as 15rassentWhileimstanderd ipesome nserasaions dhegens teaasier pEaceEss aap-specilie.

transduct i . N ' fi: t ' elg
oxtends. t AORAREE A0 Bpiabe € cxrilision by bERE0n G in iOPHERSRL, GFYERIAIEN
t he arts5 neyllbwingsiecd inisiru ministestionce of genetic mani pul ation. These

i nclude viral and non-viral transfer nethods. A nunber of viruses 20 have
been used as gene transfer vectors or as the basis for preparing gene
transfer I ' | hU ; Maglz ; .arCen.
Vi ror | Craif TheTpRiyiRotl RicRRE G ik S aniBnft pofticlobREZ 3K £ fibBLymd o

| munol . THSAz@8e,68pression  willeprkduse the setse or Bntisensé polynudedjdesiraidz9me 1988;

CGorziglia Kapi ki an,, J.. Viral, 66: 4407-4412, 1992: anti.n l .

pr o, “net 1DNAZEE. ShL in B ot shpissdian Gogt ot ik et BONP Prodft tes.
25 143t 53ynih87sd. W hddine® o @k pdlynublestid slofd #fo ﬁie?exgl%@sioﬂ 2econ Axdvecid92;
Stratford- Perricaudet et at, Hum Gene Ther. 1: 241-256, 1990; Schnej der
et at, Natalgoe cortpiasi @ promoter functional in eukaryotic cells. The cloned polynucleotide

sequence is under control of this promoter. Suitable eukaryotic promoters include those
- described above. The expression vector may also include sequences, such as selectable
markers and other sequences described herein.
15
Celis which carry mutant target genes (e.g. pre-core protein/HBeAg or TLR-2 or TLR-4)

can be used as model systems to study the effects of infection or other disease condition.

The compounds, agents, medicaments, nucleic acid molecules and other target antagonists

20 or agonists of the present invention can be formulated in pharmaceutical compositions
which are prepared according to conventional pharmaceutical compounding techniques.
See, for example, Remington’s Pharmaceutical Sciences, 18™ Ed. (1990, Mack Publishing,
Company, Easton, PA, U.S.A)). The composition may contain the active agent or
pharmaceutically acceptable salts of the active agent. These compositions may comprise,

25 in addition to one of the active substances, a pharmaceutically acceptable excipient, carrier,
buffer, stabilizer or other materials well known in the art. Such materials should be non-
toxic and should not interfere with the efficacy of the active ingredient. The carrier may
take a wide variety of forms depending on the form of preparation desired for
administration, e.g. topical, intravenous, oral, intrathecal, epineural or parenteral.
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18: 180-183, 1998), vaccinia virus (Mss, Curr. Top. Mcrobial. Imunol.
158: 25-38, 1992; Mdss, Proc. Natl. Acad. Sci. USA 93: 11341-11348, 1996),
adeno- associ ated virus (Mizyczka, Curr. Top. Mcrobial. |nmunol. 158:
97-129, 1992; Ohi et at, Gene 89: 279 30 282, 1990; Russell and Hirata,

Nat ure Genetics 18: 323-328, 1998), herpesviruses -52- including HSV and
EBV ( Margol skee, Curr. Top., Mcrobiol. Imunol. 158: 67-95, 1992; Johnson
et at, J. Virol. 66: 2952-2965, 1992; K34k et at, Hum GCene Ther. 3: 11-19,
1992; Breakefield and CGeller, MIl. Neurobiol. 1: 339-371, 1987; Freese et
at, Biochem Pharmacol. 40: 2189-2199, 1990; Fink et at, Ann. Rev.
Neurosci. 19: 265-287, 1996), 5 Ientiviruses (Nal dini et at, Science 272:

263- 267, .S S

Bi ot echnol ogg))r 1a§h£%gtr§[&cg1?qle9 gf eel?et)f{?%{d}égeg 1(‘)l %oﬁdalﬂr%qlqﬁgl ﬁr&(}aratlo Syay
and Tem n,subblas cdpsules, Hilg) tabléts, Vo%ngeS@OM sumhmomouf emuBional In, prépangoI
66: 3391-3397, 1992], nuri M | l.er, Curr,. To M cr obi ol nol
1- 24, 1992ﬁe Gompesivs Hatoraq mﬂsagec&rrn, agy A thy. lﬁnéllplzwac%@sl m%wg@agt at
Mol . Cell. 4 7 a | t r

401- 407, 19 519}e|\c/1| fuch? 48 g(tZlS byartifle] Sder, SR cO8L %§25£°°h%’5388p5and & dgents

[ Shi mad$ ereseryatiyes, Qoloring| acgﬁas;r. su@ndlmgagemmd thedike inthe erse of orat Jiquid
Virol. 64:_ 2416- Page. et at. .J. W.r 4. 5270-5276, 199
BuGhS  hac HEFPRRIFTS RO i s xaf bl ppGensicts, b8 andDliui gl ot Bhrerd Rikties
Non-viral (aoRes! §1$3.E§ ailuéHié, fg@ﬁﬁuaﬂr@ ageAdMubicdnse bitiderss disintegraGiiagend and
techni ques | ncl udi ng cal ci um phosphate co-precipitation, nechanical

t echni questhe fike insherpeseof ongl %qhsh WERAERHARS (Suphsy ol exampleopowesas, apshlesrandsf er
via i pos‘%ﬁf@%g?rﬁ'ec% 6t th?g‘féa%h? &nuﬁ‘s%n&ﬁcﬁi}fe ar[H?E’elr;ﬁh@E' %}‘@seh{ RS LGk

Vi ral - nedi gene rans can be"co ned I'VO geie

transf &g uslvagtagdousserak ddeige vaiy forml,| mv\whg:homamhdl plmtnat:mcah cati¢schrr s
20 to particul a[y cells. l_t ernatively e retroviral vector L?}ducer cel |
c¥

line can HRYVigHsyceraployed. df desiged; hhe&srm%)r & SUBarcApied OF GAtCHS- °B?t8@1 ¥ standand ¢
woul d t henegiRiedeTHe E&%'a@%%%nﬁfpsﬁfatedvﬁ%ﬂe P YfableCloSassage through the

gastrointestinal tract while at the same time allowing for passage across the blood brain

barrier. See for example, International Patent Publication No. WO 96/11698.
15
For parenteral administration, the compound may dissolved in a pharmaceutical carrier and
administered as either a solution of a suspension. Illustrative of suitable carriers are water,
saline, dextrose solutions, fructose solutions, ethanol, or oils of animal, vegetative or
synthetic origin. The carrier may also contain other ingredients, for example, preservatives,
20 suspending agents, solubilizing agents, buffers and the like. When the compounds are

being administered intrathecally, they may also be dissolved in cerebrospinal fluid.

The active agent is preferably administered in a therapeutically effective amount. The
actual amount administered and the rate and time-course of administration will depend on
25 the nature and severity of the condition being treated. Prescription of treatment, e.g.
decisions on dosage, timing, etc. is within the responsibility of general practitioners or
specialists and typically takes account of the disorder to be treated, the condition of the
individual patient, the site of delivery, the method of administration and other factors
known to practitioners. Examples of techniques and protocols can be found in Remington’s

30 Pharmaceutical Sciences, supra.




I n an approach whi ch conbi nes bi ol ogi cal and physi cal gene transfer

nmet hods, plasmd 25 DNA of any size is conbined with a

pol yl ysi ne-conj ugat ed anti body specific to the adenovirus hexon protein
and the resulting conplex is bound to an adenovirus vector. The
trinolecular conplex is then used to infect cells. The adenovirus vector
permts efficient binding, internalization and degradation of the endosone
before the coupled DNA is danaged. For-sgher techniques for the delivery
of adenovirus based vectors, see U S. 30 Patent No. 5,691,198. -53-

Li posonme/ DNA conpl exes have been shown to be capable of nediating direct in
vivo gene transfer. Wiile in standard |iposone preparations the gene
transfer process is non-specific, localized in vivo uptake and expression
have been reported in tunor deposits, for exanple, 5 following direct in
Si It u adlm rmagmaﬁdeby;.taﬂgétim@mefupﬁamﬂ@ botsedao delivatake mtﬁe[algenmcé:&rspéaﬁmw

pol ynucl eoti de or a ribozyme or yne, expression will produce, the, sense
or anti senOFePBINIDLS Ygellgly dhe %%Azt%asuw sysma&w@. asniidodien, of Rl sReSHiCext ,
eXpr essi ONiElas of Shedificl tubRic A oIt ThrRAAY hky BE dESirablE B vaSifly &f"

addition to the polynucleotide cloned Into The expression vector,
vect or 5 al sasons,g. @i if theaagent isoiraccdptatdy topnabr ifrit siokbt gthetwise squire takhbighlaoned

pol ynucl eoti de sequen i s under .control of this pr ter. Suitable
eukar yot i CPPEHYL! &qulﬁ(gpﬁt&gﬂt’t%sgebe @i%@rqngeé&heatﬁ{ﬁ; Fa e expression vect or
may al so i nclude sequences, such as selectable markers and ot her sequences

descri bed herein. 15 Cells which carry nutant tar(ggt genes (e.g. pre-core
pr ot ei n/ HBasgad of Fdmimsteningritrse pgerdn direslyu shey eonldrbe orodiged dorghe target walh. t he
effects of_jnfecti L. di difjon. o {s,
rect cament b Rk Pufveior FobE s SERERE s bt Y coll DRSS SIRET GRiend 355 &
agoni s16 ofestiitedpineteit PatenteNo. §)550,000 kedf Intemdtivheld Patent Rablicacion tNesa [ WO

compost Lt ol Sip Mo BoSPUS DT WS diiosith b Heeh e
WO 96/40871, WO 96/40959 and WO 97/12635. The vector could be targeted to the target
cells. The cell based delivery system is designed to be implanted in a patient’s body at the
desired target site and contains a coding sequence for the target agent. Alternatively, the

15 agent could be administered in a precursor form for conversion to the active form by an
activating agent produced in, or targeted to, the cells to be treated. See, for example,
European Patent Application No. 0 425 731A and International Patent Publication No. WO

90/07936.

20 The present invention further contemplates diagnostic protocols such as to determine the
presence or absence of infection or other disease condition, whether an infection has
become chronic, the susceptibility of a subject to infection and/or the efficacy of a

therapeutic protocol.

25 Immunological based pre-core protein/HBeAg or TLR detection protocols may take a
variety of forms. For example, a plurality of antibodies may be immobilized in an array
each with different specificities to particular pre-core protein/liBeAg or TLRs or
monocytes or hepatocytes comprising pre-core protein/HBeAg or TLRs. Cells from a
biopsy are then brought into contact with the antibody array and a diagnosis may be made

30 as to the level and type of pre-core protein/HBeAg or TLRs elevated or down-regulated on




See, for exanple, Rem ngton's Pharmaceutical Sciences, 18 h Ed. (1990, Mack
Publ i shing, Conpany, Easton, PA, U S A). The conposition may contain the
active agent or pharnaceutically acceptable salts of the active agent.
These conpositions may conprise, 25 in addition to one of the active

subst ances, a pharmaceutically acceptable excipient, carrier, buffer,
stabilizer or other materials well known in the art. Such materials should
be non- toxic and should not interfere-@6t-h the efficacy of the active
ingredient. The carrier nay take a wide variety of forns depending on the
formof preparation desired for admnistration, e.g. topical, intravenous,
oral, intrathecal, epineural or parenteral. 30 -54- For oral
adninistrqﬁqgﬂwckﬂg conpounds can be formulated into solid or liquid
preparations such as capsules, pills, tablets, |ozenges, powdlers,
suspensions or enulsions. In preparing the conpositions in oral dosage
form any t he usual phatnaceuti cal di a be , enmpl , ch a for
el o ek ogs Gurpentions psays mag acLoe pondbBier de gy SIS A, ek et o5
col oring agenRks, iMMAREHEEPRatRICMatysis IR lubleSeenbe ahalySiaSinMtindthemisuyaui d
preparations (such as, for exanpl€, suspensions, elixirS and solutions); or
carri ers samelysisor F&GH stadwsis. sugars, diluents, granul ating agents,

| ubricants, binders, disintegrating agents and the like in the case of
oral solid preparations (such as, for exanple, powders, capsules and

tabl ets). BecaeRnOiintdifion paSAids) thekefore,star ahéthed dfaldericingnih capgmedcor
represent the_nopst 10 advant ageous oral dosage unit form in which case

sol i d pharnraieEdHBeAR og arldiReprcelcompsisingsamie,pr &iagmsyl yariant oaggwaéws therpplot s

may be su - e : LG G0al: f iqve
nont - can e ConpleB R Lanfo S tfHod) 4R FagnichE O HiBive HidedtCiid
gast r ol (nt adktdcrial the dovel ofiial eomplex kempeisingt sank astiposlyi aigl ther HBeAgageThRrass
the blood prain barrier, See for exanple, .International Patent, Publication
No. WD 96/S1agRast, vagantgr %&W@%‘feetﬁsﬁeéﬁﬁmfgé i ol copEsly a‘fbﬁma“?fﬁ@ 1oy

di ssol ved dfhQpROEIBREMEHEHA LA TILIR s Mafkative of the presence or absence of infection

or other disease condition.

15 Preferably, the TLR is TLR-2 and/or TLR-4.

As discussed above, any suitable technique for determining formation of the complex may
be used. For example, an antibody according to the invention, having a reporter molecule
associated therewith, may be utilized in immunoassays. Such immunoassays include but
20 are not limited to radioimmunoassays (RIAs), enzyme-linked immunosorbent assays
(ELISAs) and immunochromatographic techniques (ICTs), Western blotting which are
well known to those of skill in the art. For example, reference may be made to Coligan et
al., 1991-1997, supra which discloses a variety of immunoassays which may be used in
accordance with the present invention. Immunoassays may include competitive assays. It
25 will be understood that the present invention encompasses qualitative and quantitative

immunoassays.

Suitable immunoassay techniques are described, for example, in U.S. Patent Nos.
4,016,043, 4,424,279 and 4,018,653. These include both single-site and two-site assays of

30 the non-competitive types, as well as the traditional competitive binding assays. These




adm nistered as either a solution of a suspension. Illustrative of suitable
carriers are water, saline, dextrose solutions, fructose solutions,

et hanol, or oils of aninmal, vegetative or synthetic origin. The carrier
may al so contain other ingredients, for exanple, preservatives, 20
suspendi ng agents, solubilizing agents, buffers and the |ike. Wen the
conpounds are being adm nistered intrathecally, they may al so be dissol ved
in cerebrospinal fluid. The active agents7i.s preferably adm nistered in a

t herapeutically effective anmobunt. The actual anmpunt adm nistered and the
rate and tine-course of admnistration will depend on 25 the nature and
severity of the condition being treated. Prescription of treatnent e.g.
deci si ons on _do

' |
R e L B AT e
to be treaﬂﬁ@bntfgaeupmcua&é E%@TLth?aﬂdgﬁiehtdiéﬁofpatlent the site of

delivery, the nethod of adm nistration and other factors known to
practitioners. Exanples of techniques and protocols can be found in

Rem ngt o' gy 30, PAALIGECI 60k PP RIRASor WP TA the BiisedihGIRBH! Xehimber of

targeting apies nay use i'ver the active agen
speci f i 3 alvayiatibms sfahéseiassalyy peist, all oﬁedhic,h dwuttémied:*.@beénctomlgssadﬂg thygteaam
such as anti bodi eéﬁﬁﬁ cel l sp cjfic ands 0 ecific nyclei

mol ecul es. m‘l“d’r"@ét Yrel) af¥Pig Scbrinast - an glaprlgd gatigenebinding oofe § greh; ¢
the agent jg ﬁﬁib\s@ in?menhhéd bﬁ avmhc&ueitfa% WheP he! GPIE & bORsiggh a

dosage or |t woul d not o erw se le to enter the target cells.
| nst ead ofbraught nmstoentangmtheth@bagdrrneledmlpeAﬁbw seitable periddiofiecyhaticuctd ai n
the target cel [ SUfh as . described above or 1.8

cel | basedgaf; Qfe??egi)@‘é‘ﬁ'i‘ i rﬁ%‘gvt%%a P8 |aBe‘H1tﬂ YJRREIEER, pmplExy, ano

5, 550, 1P0 Afgden-Bind bieBdk, dﬁﬂhﬁ ta sEedHd ddibb Hic tYheditibed IbbelMBwith a
94/ 25503, WD 95/ 01203, WD 95/ 054 2. WD 96/ 02 8 WD 96/ 026 6 WD 96/ 40871

VO 96/ 40959p<am m@egﬂp Tapbie of produeiag & defesiakle wignabisyther added and: incubajed,
Cel 3 TSl Al 5 e TP SRRABGHRS St Aol
for the t %ﬂbbdﬁ@&ﬁj‘! unﬁdaheﬂr‘mhﬁebiell {6, watled away and the presence of the antigen is
determined by observation of a signal produced by the reporter molecule. The results may
15 Dbe either qualitative, by simple observation of the visible signal, or may be quantitated by
comparing with a control sample containing known amounts of antigen. Variations on the
forward assay include a simultaneous assay, in which both sample and labeled antibody are
added simultaneously to the bound antibody. These techniques are well known to those
skilled in the art, including minor variations as will be readily apparent.
20
In the typical forward assay, a first antibody having specificity for the antigen or antigenic
parts thereof is either covalently or passively bound to a solid surface. The solid surface is
typically glass or a polymer, the most commonly used polymers being cellulose,
polyacrylamide, nylon, polystyrene, polyvinyl chloride or polypropylene. The solid
25 supports may be in the form of tubes, beads, discs of microplates, or any other surface
suitable for conducting an immunoassay. The binding processes are well known in the art
and generally consist of cross-linking covalently binding or physically adsorbing, the
polymer-antibody complex is washed in preparation for the test sample. An aliquot of the
sample to be tested is then added to the solid phase complex and incubated for a period of

30 time sufficient and under suitable conditions to allow binding of any antigen present to the




15 agent could be adm nistered in a precursor formfor conversion to the
active formby an activating agent produced in, or targeted to, the cells
to be treated. See, for exanple, European Patent Application No. 0 425
731A and International Patent Publication No. WO 90/07936. 20 The present

I nvention further contenplates diagnostic protocols such as to determ ne
the presence or absence of infection or other disease condition, whether
an infection has becone chronic, the s8ceptibility of a subject to
infection and/or the efficacy of a therapeutic protocol. 25 I nmmunol ogi cal
based pre-core protein/HBeAg or TLR detection protocols may take a variety
of fornms. For exanple, a plurality of antibodies nmay be immbilized in an
array each.:w It L 1ClLdes Lok

ot ot o1 eSS EHIRORLE e BERGoh BeblolN bR bty BRFIGE € washed and
prot ei n/ Hikeidg and ihcksatedCatiths a fseeonidaantibodp specifie fohanpdrtion gifitthe mhtigan Mhect
with the antibody, array and a di agnosi s e made 30.as he, | evel and
type of prsgcensk @itihogy clias, gaperaly gr Tepopier &%i&yfgfee@se?law whereul s 456d.t9.

or in the Ring R iR 1 ARABHRITHR! aHfouRE of RBEIKGE hitbotkyCh
as by ELI A‘;ﬁk%/t‘zst,l%?n glgg{ %ﬁ%g @%@%ﬁ%nopregﬁi tat@%bn a?la ySI' S,

i mrunofd udhatdimdsees determisedhy themssusiatsiricponter maleculs,|iy prapovionpligIhaambynti s.
The present. ipventio r,ov.i des,...t efore, .a nmethod of detecting in a
pre-core 05%3%%”9%5/&5“&“&@&‘%@@% teﬁ"l“%%pri sing same or fragnent,
variant or derivative thereof conprising contacting the sanple with an
anti body or fragnment or derivative thereof and 10 detecting the level of a

conpl ex ccahpalternaiiyesaetiod invobiss ymmebilizing thpanigainthebiglogiqal saynlaand theni ant
deri vatjye.. of '

or der Vet Sl TR Sgh P GERL o ORI MGy UL R E YT

absencH) ofa fepbgat mokculer Depéiriingl bn ekies emommtddft target and the strength of the reporter

molecule signal, a bound antigen may be detectable by direct labelling with the antibody.

Alternatively, a second labeled antibody, specific to the first antibody is exposed to the
target-first antibody complex to form a target-first antibody-second antibody tertiary
complex. The complex is detected by the signal emitted by the reporter molecule.

15

From the foregoing, it-will be-appreciated. that-the reporter molecule_associated with-the ...

antigen-binding molecule may include the following:-

(a) direct attachment of the reporter molecule to the antibody;
20
{b) indirect attachment of the reporter molecule to the antibody; i.e., attachment of the
reporter molecule to another assay reagent which subsequently binds to the

antibody; and
25 (o) attachment to a subsequent reaction product of the antibody.

The reporter molecule may be selected from a group including a chromogen, a catalyst, an

enzyme, a fluorochrome, a chemiluminescent molecule, a paramagnetic ion, a lanthanide

ion such as Europium (Eu), a radioisotope including other nuclear tags and a direct visual
36 label.




15 Preferably, the TLRis TLR- 2 and/or TLR-4. As discussed above, any
suitabl e technique for determning formation of the conplex may be used.
For exanple, an antibody according to the invention, having a reporter
nol ecul e associated therewith, may be utilized in i munoassays. Such

| rmuneassays include but 20 are not limted to radioi munoassays (Rl As),
enzyne- | i nked i mmunosor bent assays (ELI SAs) and i nmunochr omat ogr aphi c
techni ques (I CTs), Western blotting whicggare well known to those of skil
in the art. For exanple, reference nay be nade to Coligan et at,
1991-1997, supra which discloses a variety of imunoassays which may be
used in accordance with the present invention. |Inmunoassays nay i nclude
conpetitive assays. It 25 will be understood that the present .i nvention
enconpasses qualitative and quantitative i mmunoassays. Suitable

| mrunoass ay the €d¥eiof d lsredt \sith fabel, he€imal Ge neadeitlacolloldalimStallRpérentin-tesllic
4,016, 043, 4,424,279 and 4, 018, 653. These i nclude both single-site and

two-site dASESle Bve Berticlee an GAZYIRAEE #iSubSEAte, \ARIganic PRbMerg3 lptx particle, a
traditi 0“61330986{9% éf%%lb@%;ﬁ% : e@ﬁ. ;B%g&ﬁlqﬁbfﬁﬁm i §iRe | NCl ude

direct binaging of a labe etoatarget antigen.
The antjgen in this case is the TLR or a fragnment thereof. Two-site assays

are particuylarly fagvoured for use.in.the present invention. A nunper 5
Var i 6t 1 oneA ReE TIbeR S cpeyiBR bR forgeeldh EROsTeplR Uil b ged m U
enconpass ahikhy NREUN. eS8, 241, T/SN, 89300(Rahe U3, 4,849, 933 Yli@le dn2yyes dseFaisay.
an unl abel’ed anti gen- bi nding’ nol ecul  such as an unl abel ed anti bod
mpgﬂ\;rase,nt 0

i mobi | i zdd the peesew] indersiohsinelade alkatine phosphateses hotsetnslisheperexidass;

contact w t ound, nol ecul. ter a suitabl riod of ti for
S bt oa hPaleRREET s i TR nideleln g EhE e motiih ey cle
conpl exg 3&?19%1‘385 m&? bé %Eécﬂﬁ@né%ﬂlﬂ 'cBﬂlbiH&'hSﬁ With a s%ubﬁ@aizxnﬁ tﬁﬁCiQﬁfjscﬂ’tﬂidnbOdy
specific to the antigen, |abeled with a reporter nol écul e capabl e of

produci ng a detectable signal is then added and i ncubated, allow ng tine

suffici entSlIlt% ttl]uorocﬁ)rgf%é 191%111%];, gtrﬂoz{reh ot fl%nigd ?0, f?uorgsc%mb@%oc%nagee&'ﬂ%?el ed

tetramethylrhodamine isothiocyanate (TRITC), R-Phycoerythrin (RPE), and Texas Red.
Other exemplary fluorochromes include those discussed by International Patent

15 Publication No. WO 93/06121. Reference also may be made to the fluorochromes
described in U.S. Patent Nos. 5,573,909 and 5,326,692. Alternatively, reference may be
made to the fluorochromes described in U.S. Patent Nos, 5,227,487, 5,274,113, 5,405,973,
5,433,896, 5,442,045, 5,451,663, 5,453,517, 5,459,276, 5,516,864, 5,648,270 and
5,723,218.

20
In the case of an enzyme immunoassay, an enzyme is conjugated to the second antibody,
generally by means of glutaraldehyde or periodate. As will be readily recognized, however,
a wide variety of different conjugation techniques exist which are readily available to the
skilled artisan., The substrates to be used with the specific enzymes are generally chosen

25 for the production of, u;;on hydrolysis by the corresponding enzyme, a detectable colour
change. Examples of suitable enzymes include those described supra. It is also possible to
employ fluorogenic substrates, which yield a fluorescent product rather than the
chromogenic substrates noted above. In all cases, the enzyme-labeled antibody is added to
the first antibody-antigen complex, allowed to bind, and then the excess reagent washed

30 away. A solution containing the appropriate substrate is then added to the complex of




anti body. Any unreacted material is washed away and the presence of the
antigen is determ ned by observation of a signal produced by the reporter
nol ecul e. The results nay 15 be either qualitative, by sinple observation
of the visible signal, or may be quantitated by conparing with a control
sanpl e cont ai ni ng known anounts of antigen. Variations on the forward
assay include a sinultaneous assay, in which both sanple and | abel ed

anti body are added simultaneously to tlé® bound anti body. These techni ques
are well known to those skilled in the art, including mnor variations as
will be readily apparent. 20 In the typical forward assay, a first antibody
havi ng specificity for the antigen or antigenic parts thereof is either

coval ently, 1SSk el 0 ' . b f |
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ce: Ful osel,antibodi)y,ﬁgiwsdg?@iqﬁiglétaﬁyé @isual sigya] gﬂﬂﬂe magolbqflﬁrﬂ)e&fcpiahgra'wzle g@ﬁa:jl[y

pol ypropyl ene. e sol.i supports, nay in the rm of tubes, beads,

di scs of rﬁPE?t&mLﬁfoé'&“’E?ﬂlyaFR/B’dﬁ Rerindigaioce the amop ef Fniteer GHHER MR presant

| MMUN0ass gy thelfigndle.Ndi ng processes are well known in the art and generally
consi st of cross-1linking coval ently binding or physically adsorbing, the
pol ynmer§-anti body conplex is washed in preparation for the test sanple. An

al i quot of, the anple to be tested ig th added to.the solj hase .

R O A R VS O R S
condi ti onseykdpiah! @D Bclimisally adliplaEts BittRais Wwithdub Qitedfs i biashe

Fol l ow ng the incubation period, the antigen-antibody conplex is washed and

dri ed and depesityat Whewn acHvaied dwo Hipminatioro ayiths fight fof ca fparticalasoweydengsh, thee
tigen. ' h | i at ed
her o 1 h TNorpCHGRRTATH ey B3 RE Heh efbrkPTRAcHle IECH GRTRRE A o

t he anl( gahe mblecalepdsilowdd babehBsioandf e ight tahad chamGRrists cORiver visudly by
t he associ ated reporter nolecul e, roporti of ,antigen

bound t o tdsiEctoBHhia gt sriFwecanic The mﬁsﬁn&fq%gieﬁtégﬁb&em@%g}emb%@
| mobi |1 219 Rl GnABbdydsitigeR chiipleR AR Wadthing JFPE ufibSurid YeBgent, the remaining
tertiary complex is then exposed to light of an appropriate wavelength. The fluorescence

observed indicates the presence of the antigen of interest. Immunofluorometric assays

15 (IFMA) are well established in the art and are particularly useful for the present method.
However, other reporter molecules, such as radioisotope, chemiluminescent or

bioluminescent molecules may also be employed.

Monoclonal antibodies to a pre-core protein/HBeAg or TLR may also be used in ELISA-
20 mediated detection of the TLR. This may be undertaken in any number of ways such as
immobilizing anti-pre-core protein/HBeAg or anti-TLR antibodies to a solid support and
contacting these with liver cells. Labeled anti-pre-core protein/HBeAg or anti-TLR
antibodies are then used to detect immobilized pre-core protein/HBeAg or TLR.
Alternatively, antibodies to other liver cell surface markers are used. This assay may be
25 varied in any number of ways and all variations are encompassed by the present invention.
This approach enables rapid detection and quantitation of pre-core protein/HBeAg or TLR

levels.

The subject antibodies are also useful in in situ hybridization analysis such as of biopsy

30 material. Such analysis enables the rapid diagnosis of levels of pre-core protein/HBeAg or




exposing the inmmmobilized antigen to specific antibody that may or may not
be | abeled with 10 a reporter nol ecul e. Depending on the anmpbunt of target
and the strength of the reporter nolecule signal, a bound antigen may be
detectable by direct labelling with the antibody. Alternatively, a second
| abel ed anti body, specific to the first antibody is exposed to the
target-first antibody conplex to forma target-first anti body-second

anti body tertiary conplex. The conpl ex- §is- detected by the signal emtted
by the reporter nolecule. 15 Fromthe

foregoing,itw || -be-appreci at edt hatt hereporternol ecul e-associ ated-with
the------ anti gen-bi ndi ng nol ecule may include the follow ng: (a) direct

at t achnment r er ecule to the antibody; 20 (b) indirect

at t achnment S%‘#@"P?@*@#‘?&P“m@m e to the antibody; i.e., attachnment of
the reporter nolecule to another assay reagent which subsequently binds to
the anti bod%(; and 25 (c) attachnent to_a subsequent reaction product of

t he anti bddfsferatly the disenestic pssaydsbasedap FACS ar e Western blotprocedusep i ncl udi ng
a chronogen, a catal yst, an enzyne, a fluorochrome, a chem | um nescent

nol ecul e, a paramagnetic ion, a |lanthanide ion such as Europium (Eu34), a
r adi oi sbt dpeanothérueimbgdintdner theualetland fargdetactibm compeistés deteutidg tBO lbwdbedf

-59- In the case af a djrect visual .l.abel,.use may be made a col | qj dal
retal 11c GRPONOMaRA PAIL Of fepaliiiteoridd aPesditis 1 B Sore ool oha TLR
substr at e, EgfleRIdHedY sacR Q| poiRiucledtid@dy bedetdrmifed Wing dnyORRABle t BeFor
vesi cl e cont'aining a signal” produci ng” substance and thé like. 5 A large

nunber of examphesa bbeledifodyrfugleotide eneodingparmrecorenprotain/EBeAg of IERovey ben
Sui i abl o GHUZRRE Bt Ao pieketin SN Bl o @R om: B rdienry,
phosphpg asenudléit Keidsitait Bomote dabfal ik Weiliz€d 85 6oncert with oligonucleotide primers
corresponding to sense and antisense sequences of a polynucleotide encoding the kinase, or
flanking sequences thereof, in a nucleic acid amplification reaction such as RT PCR. A
variety of automated solid-phase detection techniques are also appropriate. For example, a
very large scale immobilized primer arrays (VLSIPS (trademark)) are used for the
15 detection of nucleic acids as, for example, described by Fodor et al. (Science. 251: 767-
777, 1991) and Kaza! ef al. (Nature Medicine. 2: 753-759, 1996). The above Vgenetic
techniques are well known to persons skilled in the art.

For example, for a pre-core protein/HBeAg or TLR encoding RNA transcript, RNA is
20 isolated from a cellular sample suspected of containing pre-core protein/HBeAg or TLR
RNA. RNA can be isolated by methods known in the art, e.g. using TRIZOL (trademark)
reagent (GIBCO-BRL/Life Technologies, Gaithersburg, Md.). Oligo-dT, or random-
sequence oligonucleotides, as well as seugence-specific oligonucleotides can be employed
as a primer in a reverse transcriptase reaction to prepare first-strand cDNAs from the
25 isolated RNA. Resultant first-strand cDNAs are then amplified with sequence-specific

oligonucleotides in PCR reactions to yield an amplified product.

“Polymerase chain reaction” or “PCR” refers to a procedure or technique in which
amounts of a preselected fragment of nucleic acid, RNA and/or DNA, are amplified as
30 described in U.S. Patent No. 4,683,195. Reference to "PCR" includes multiplexing PCR.




0- gal act osi dase, gl ucose oxidase, |ysozynme, nal ate dehydrogenase and the

| i ke. The 10 enzynes nay be used alone or in conbination with a second
enzyme that is in solution. Suitable fluorochronmes include, but are not
limted to, fluorescein isothiocyanate (FITC), tetranethylrhodam ne

| sot hi ocyanate (TRITC), R-Phycoerythrin (RPE), and Texas Red. O her

exenpl ary fluorochrones include those discussed by International Patent 15
Publ i cati on No. WO 93/06121. Reference -&2s0 nay be made to the
fluorochrones described in U S. Patent Nos. 5,573,909 and 5, 326, 692.
Alternatively, reference may be nmade to the fluorochrones described in

U S. Patent Nos. 5,227,487, 5,274,113, 5,405,975, 5,433,896, 5,442, 045,

S5, 451, 663,(}3&139&5%; S¢quenge Infdrmmdfon From! theSbilis of %SN%?& 3qugeést7gﬁ béyshd 70 I N
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whion vt erSYa 1980, Mol ApAaREE et etifls Bl Vit HRPRELHE FCR IS, e
not ed abowugigohiicledtides aseS'priniees”e hayitig- caldehed anéle®idly sequendéie dvliepeint e

first antibody-antigen conplex, allowed to bi rg)g and then the excess

reagent weESREIVehseghayces are dediced fram glignments of relateg Hepp Or Arfey SFENENReS | s
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core protein/HBeAg or TLR.

To detect the amplified product, the reaction mixture is typically subjected to agarose gel

15 electrophoresis or other convenient separation technique and the relative presence of the
pre-core protein/HBeAg or TLR specific amplified DNA detected. For example, pre-core
protein/HBeAg or TLR amplified DNA may be detected using Southemn hybridization with
a specific oligonucleotide probe or comparing is electrophoretic mobility with DNA
standards of known molecular weight. Isolation, purification and characterization of the

20 amplified pre-core protein/HBeAg or TLR DNA may be accomplished by excising or
eluting the fragment from the gel (for example, see references Lawn et al., Nucleic Acids
Res. 2: 6103, 1981; Goeddel et al., Nucleic cids Res. 8: 4057-1980), cloning the amplified
product into a cloning site of a suitable vector, such as the pCRII vector (Invitrogen),
sequencing the cloned insert and comparing the DNA sequence to the known sequence of

25 pre-core protein/HBeAg or TLR. The relative amounts of pre-core protein/HHBeAg or TLR
mRNA and ¢cDNA cah then be determined.

Real-time PCR is particularly useful in determining transcriptional levels of PCR genes.
Determination of transcriptional activity also includes a measure of potential translational
30 activity based on available mRNA transcripts. Real-time PCR as well as other PCR




5. Alternately, fluorescent conmpounds, such as fluorescein, rhodam ne and
the | ant hani de, europium (EU), nay be chemcally coupled to anti bodies
wi thout altering their binding capacity. Wen activated by illum nation
with light of a particular wavel ength, the fluorochrone-I|abeled antibody
adsorbs the light energy, inducing a state to excitability in 10 the

nol ecul e, followed by em ssion of the light at a characteristic col our
visually detectable with a light mcre$8epe. The fluorescent-| abel ed
antibody is allowed to bind to the first antibody-antigen conplex. After
washi ng of f the unbound reagent, the remaining tertiary conplex is then
exposed to |ight of an appropriate wavel ength. The fluorescence observed

i ndi t th ¢ t G
hosaye 15 RPRAREERFCS Fufbed AnRRl G TP dettqtoR P FOR bRBHAhLINERG MR Kipding
useful f oroftDNeA ikdieg fluskiphogs, ﬂlHG\’/\emEJnucleadeeadjaeqnohnelralntihaimiﬂ ekigopsohes as
radi oi sot ope, chem | um nescent_ or ﬂ{ nescent ,nol.ecul IgaX al Srﬁlﬁbe
enpl oyed. amdribe selfrfiuorsseing sumRlisons apisiics At eplr tHBEi,a: PERFaSCal so
be used in,EhLaf £fr e é&rﬂ%%%&agﬁéﬁﬁﬁ w&u&ﬁ M@s ReR 30¢8)-S1298Y1308, 2002;

under taken 1N any nu way's i rmobi | i zi ng anti-pre-core

prot ei r§ HBW Alkent/, Bidcher| Rodrifixiodigys 15(6):al 8el3%d 2§dems ghal.obftadeali K-
these wit héaj‘l 92{) ells. Labeled anti-pre-core protein/ HBeAg or anti-TLR
ant i bodi ef0afk 20REn used to detect inmobilized pre-core protein/HBeAg or
TLR. Alternatively, antibodies to other liver cell surface markers are
used. This assay may be 25 varied in any nunber of ways and all variations
are encom)’ﬂvsprtsmt mmmtmmﬁé'menmq‘éd@s BPﬂe arTAySs 2p¢YpF @50 cbipsppredlor, g‘:[f
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as of o opsr¥senBhveRid is E}iartloﬁwi?lj/ I&Bﬁilyls ichnﬂf}mi:g‘ esnditivnsrelchl resulign dei dovari-

| evel s of pre-core protein/ HB such as TLR-2 and TLR-4.
prBeAg trar?scrlpts orre ?atton of TL?( gene transcnp S.

In an additional method, extracellular cytokines produced or blocked as a direct or indirect

" result of TLR signalling may be screened. Examples of suitable cytokines includes
15 TNF-a, IFN-o, IEN-B and IFN-y. Conveniently, three cytokines are screened in serum,
whole blood, urine or other body fluid. Even levels of extracellular or intracellular HBeAg

may be measured.

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




Preferably, the diagnostic assay is based on FACS or a Western bl ot
procedure. 5 In another enbodi nent, the nethod for detection conprises
detecting the | evel of expression in a cell of a polynucleotide encoding a
pre-core protein/HBeAg or a TLR  Expression of such a pol ynucl eoti de may
be determ ned using any suitable technique. For exanple, a |abeled
pol ynucl epti de encoding a pre-core protein/HBeAg or TLR may be utilized as
a probe in a Northern blot of an RNA extédact obtained fromthe cell.
Preferably, 10 a nucleic acid extract fromthe animal is utilized in
concert with oligonucleotide prinmers corresponding to sense and anti sense
sequences of a pol ynucl eoti de encodi ng the kinase, or flanking sequences
thereof, in a nucleic acid anplifi @m ion such as RT PCR A
vari ety of automated solid-phase de echni ques are al so appropriate.
For exanple, a very |argepashRnditep TUREAPTLIRY 1eddls 2ys (VLS| PS
(trademark)) are used for the 15 detection of nucleic acids as, for
exanpl e, described by Fodor et at (Science. 251: 767- 777, 1991) and Kazal
et at (Naw%%edi cine. 2: 753-759, 1996). The above genetic t echni ques
are wel | 0o persons skilled in the art. For exanple, for a pre-core
protei g HBeAg or TLR encoding RNA transcript, RNAis 20 isolated froma
cel lul ar | e suspected of containing pre-core protein/HBeAg or TLR RNA
RNA can beHnE&“ﬁ‘EQH nfestedddapGdown in the art, e.g. using TR ZOL
(trademar B@hf‘ T i i
A i go-dT, lﬁ"a'rp df@%%e‘gg&%e .L%%ﬁu}: eot %@9 ﬁgg V\% ?lté%éblﬂ{lﬁm 8 rdock
seugence- dpedotires difecjed ot egrovdefor canlape pelmpltoylmﬂvesang aandr st:mmgt foraflow
reverse transcriptase reaction to ar st-strand.c m the 25
ol at e 1UREL SORE HETF viect Festivaf dOLBRIIONA SXERRICTLAIRG HiocRGsp pins ki
sequenpge- s( eﬁ) fbllo%ﬁ%mewngmchg&g sb&lﬁgﬁohﬁactl ons to yield an anplified
product. "Polynerase chain reaction" or "PCR' refers to a procedure or
technique in which anpbunts of a preselected fragnent of nucleic acid, RNA
and/ or % ar@ amplified as 30 described in U S. Patent No. 4,683, 195.
Ref er ence t'8 EFeINCl udes mul t i pl exi ng PCR -62-

Cell surface staining was performed on HepG2 cells using TLR2-FITC (TL2.1;

eBioscience} and TLR4-PE (HTAI125; eBioscience) antibodies. Appropriate isotype
15 controls were used. Dead cells were gated out based on their scatter profile. Experiemnts

were carried out on a FACSCalibur flow cytometer (BD). A total of 10000 cells were

acquired for each sample. Data was analysed using FlowJo software (Tree Star Inc.).

Relative fluorescence intensity was determined by subtracting the geometric mean

fluorescence intensity of the mock infected cells from the wildtype or precore mutant
20 infected cells.

QPCR
Total RNA was reversed transcribed using random hexamers prior to real time PCR
analysis of the cDNA. PCR was performed in triplicate using TagMan Universal PCR
25 Master Mix and Assays-On-Demand Gene Expression Assay probes and primers (Applied
Biosystems) in a final 10ul volume. Signal detection was via ABI Prism 7700 sequence
detection system programmed to 50°C, 2 min; 95°C 10 min; 40 cycles of 95°C, 15 sec;
60°C, 1 min. The threshold cycle (Cr), values of each gene were compared with the Cr
value of 18S (ACT ) and relative expression units (REU) calculated for each sample.
30 Hence, REU= 2*Cy(gene of interest)-C+(18S)= 2"ACt




General |y, sequence information fromthe ends of the region of interest or
beyond is enployed to design oligonucleotide prinmers. These priners wll
be identical or simlar in sequence to opposite strands of the tenplate to
be anplified. PCR can be used to anplify specific RNA sequences and cDNA
transcribed fromtotal cellular RNA See generally 5 Mullis et al. (Quant.
Biol. 51: 263, 1987; Erlich, eds., PCR Technol ogy, Stockton Press, NY,
1989). Thus, anplification of specific-6fcl eic acid sequences by PCR relies
upon ol igonucl eotides or "prinmers" having conserved nucl eoti de sequences
wherein the conserved sequences are deduced fromalignnents of rel ated
gene or protein sequences, e.g. a sequence conparison of mammalian TLR
genes. For exanple, one prinmer is 10 prepared which is predicted to anneal
to the antisense strand and another priner prepared which is predicted to
anneal to Rdsaltsense strand of a cDNA nol ecul e which encodes a pre- core
protein/HBeAg or TLR To detect the anplified product, the reaction m xture
is typically subjected to agarose gel 15 el ectrophoresis or other

conveni entm%emta:e%hsﬁﬁfm e 16:?6 3 fasd 8 TabicVS NeQSRNACTIOR2 LA TIRAafOr ©
protei n/ HBeAg or TLR speC|f c anpli DNA det ected. For exanple, pre-core
pr ot ei i Heerpared iM B Vwild Wpedemmwprmuuat HBMeuifastddaglisout her n

hybri di zation with a specific oligonucleotide probe or conparing is

el ectrophoretic nobility with DNA standards of known nol ecul ar wei ght.

| sol ation, purification and charact erTAijm of the 20 anplified pre-core
protein/HBeAg or TLR DNA nay be acconplished by excising or eluting the

f ragment fro%ﬂﬂﬂé? 09&TRZ or exanpl e, see referen®®d Lawn et at, Nucleic

Aci ds ReSample 6103, GeOmean RuRsesgate et at, Nucl &FeOMERTHEIUGRESSENG: 4057- 1980),
cloning tHanfegtpl i fied prod®%t intd-08 cloning site 0?78 suitabbe vector,
such as tHeinfiedRlI | vector (98Vitrogen), sequencing th85cloned insert and
conpar i ngmepMabin sequenceB. b t he 10AkAAN sequefce of 28%pre-cckd 0
pr ot ei n/ HEOAYQPIOITLR. The §& ati ve anounts of pre-cof-@4protein/HBeAg or |LK
MRNA and oBMMAHP t hen be 862 er mi nddl4 Real -ti e PCR 84lparticdtdrly usef @l

i n det er nimockMPILGOMscri pt i®5&Al | evel s of PCR genes. 7.31

wtMOI10 9.85 -1.15 -1.03 10.4 3.46 1.21
wtMOI1Gic 11 6.94
wtMOI100 10.3 0 -0.14 10.5 1.69 0.29
wtMOI'100ic 10.3 8.81
pcMOI10 8.81 -0.69 -0.57 8.23 -0.03 -2.28
pcMOI10ic 9.5 8.26
pcMOI100 10.3 0.2 0.06 11.5 3 1.6

pcMOI100ic 10.1 8.5




Determ nation of transcriptional activity also includes a neasure of
potential translational 30 activity based on avail able nmRNA transcripts.
Real -tinme PCR as well as other PCR -63- procedures use a nunber of

chem stries for detection of PCR product including the binding of DNA

bi ndi ng fl uorophores, the 5 endonucl ease, adjacent Liner and hairpin

ol i goprobes and the self-fluorescing anplicons. These chem stries and

real -tinme PCR in general are discussed,66-0r exanple, in Mackay et al.

Nucl eic Acids Res. 30(6): 1292-1305, 2002; 5 Walker, J. Biochem Mol.
Toxi col ogy. 15(3): 121-127, 2001; Lewis et al., J. Pathol. 195:

66- 71, 2001. The present invention further provides gene arrays and/or gene
chi ps and/ or RNAse protection to S%ﬁwﬁ}ﬂf he up- or down-regul ati on of
MRNA transcripts. This aspect of the present invention is particularly
useful in identifying hapaired TLR etpreisioendiironic HBY idfevtionof HBeAg
transcripts or regulation of TLR gene transcripts. In an additional nethod,
extracel | ul ar cytoki nes produced or blocked as a direct or indirect result
of TLR si gpgfdend may be screened. Exanpl es of suitable cytokines includes
15 TNF-a, IFN-a, IFN-(3 and IFN-y. Conveniently, three cytokines are
screenedl in serum whole blood, urine or other body fluid. Even |evels of
extracellq#ar ﬁr i ntracel lular HBeAg may be neasured. The present

i nventi on T UM ¥er descri bed by the followi ng non-limting Exanples. -64-

FXANPLE 1 S\fﬁgLﬂaﬁﬂﬁfﬂér bpsldsRReraRribhitdd be epatientyBliloCHE: THRYe Rafdibiauédl
nfected Hep Hep& cells were infected with HBV 1:3 wldtype, HBV 1:
Precore matahle pgientsatiending a specialist liver outpatient clinic of a university teaching hospital.
They had normal or mildly elevated transaminases (average ALT 87.8 U/L (N<45);
10 average AST 32.2 U/L (N<45). Ishak modified histological activity index scores varied
between 1/18- 7/18, with disease stages between 1/6-3/6. Four of the five patients were
HBeAg positive and had ongoing viral replication (HBV DNA 200-1.1 x10* copies/ml
median 1500 copies/ml). Biopsies were placed in RPMI-1640 {Gibco-BRL) for transport
to the laboratory where single cell suspensions were performed. Half of the biopsy
15 (1.5x8mm) was subjected to either a wire mesh or glass homogensizer with a loose pistol
in order to separate about 6 x 10* hepatocytes mixed with other cells. No collagenase or
DNAse was used in this process in order to prevent receptor damage. This single cell
suspension was then stained with appropriate antibodies and analysed by flow cytometry
(see below).
20
Hepatitis B Virus Reagents and In Vitro Model Cell Culture Systems

Cell cultures

The human hepatoblastoma cell line HepG2 was maintained in Minimum Essential
25 Medium, (MEM; Invitrogen/Gibco) supplemented with penicillin and streptomycin, L-

Glutamine and 10% v/v heat inactivated foetal calf serum (FCS) (Invitrogen). All cell

lines were passaged weekly, and maintained at 37°C in 5% v/v CO,, with media changed

every three days.




bacul ovirus infected and grown for 7 days prior to harvesting and staining
for flow cytonetry. Sone cells were reserved for total RNA extraction
using the RNeasy mini kit 10 (Q agen) follow ng the nmanufacturers
speci-fications. Flow Cytonetry Cell surface staining was perfornmed on Hep&
cells using TLR2-FI TC (TL2.1; eBioscience) and TLR4- PE (HTA125;

eBi osci ence) antibodies. Appropriate isotype 15 controls were used. Dead
cells were gated out based on their scatgyer profile. Experiemnts were
carried out on a FACSCalibur flow cytoneter (BD). A total of 10000 cells
were acquired for each sanple. Data was anal ysed using Fl owJo software
(Tree Star Inc.). Relative fluorescence intensity was determned by

el s fr o e PR BB Th i M e PhEEReCY e By it o

RNA was rf{@%o%%lRLrGﬂﬁﬁrIlsiaﬁQ NY) Q@pplanensd Rethalos hedttihaitivard TGS, morw/nFrCR
anal ysis of the cDNA. PCR was perforned_in _triplicate using Taql\/an

Uni ver sal FP@QIIQEGVHB@éQOWI%IéfRPt%B@?§ bsomRed Gene Expression Assay
probes and priners (Applied Biosystens) in a final 101 volune. Signal
detection was via ABI Prism 7700 sequence detection system programed to
50C, 2 i MheYhhahthapatomatéelichind BECHRIS Gledss HBsAg b€, form wif 22 nbin @articles

t hreshol d cycl e (CT),.values of _each gene ared wt | ue
of 18S (A®HS ogﬁam}tm with vecaéw&ﬁ{eé@mﬂtsumot@e criEeying St (Alkeadziier o
sanple. 3Q W%Wé’ﬂﬁ@% f Thggeecreﬁ§ e Tﬂ%%ﬁmﬂﬁé%d'lﬁ%ﬁﬁﬁﬂlt S
The resul ts re sh I'gures 1 and and able 3. Levels of TLR2 and
TLR4 are 19%RCHandedd not mmmtmcduumaqmmlwt MyieapdasmaHie) fnoimetheed
cells. TA Eer:-i;can Type Culture Collection (ATCC: CTL —8024). Cell cuiture supernatant from

10 PLC/PRF/5 cells was collected 5 days after seeding and contained high levels of HBsAg (>

1 ug/ml) as demonstrated by enzyme immunoassay (IMX: Abbott Laboratories, North

Chicago,ILL).

Hepatitis B Virus production by Transient transfection

15 Recombinant HBVwas generated by transfecting HepG2 celis with an infectious cDNA
clone of HBV using Fugene 6 reagent (Roche, IN) (Chen et al, Hepatology 27(1):27-35,
2003) and after five days the cell culture supernatant was harvested. The supernatant
containing secreted virus was collected, pooled and centrifuged to pellet cell debris. HBV
was then concentrated by ultracentrifugation of the supernatant using the SW28 rotor

20 (Beckman) through a 20% sucrose cushion (20% w/v sucrose, ImM EDTA, 30mM Tris
pH7.4, 150mM NaCl) for 16 hours at 25,000 rpm, at 12°C.

To quantitate the virus in the pelleted material, a 20ul aliquot of concentrated HBV was
extracted for DNA using the MagNA Pure (Trade Mark) extraction system according to

25 the manufacturer’s instructions. HBV DNA was then quantitated in the Light-Cycler
(Roche) using the ARTUS real time PCR kit with the titre expressed in viral genome
copies/ml according to manufacturer’s specifications. The sample was also tested for
HBsAg and HBeAg by standard enzyme immunoassays (IMX: Abbott Laboratories, North
Chicago, ILL).

30




30/ 04/ 2004 TLR2 TLR4 Sanpl e Geonean Fl uoresence CGeonean Fl uorescence
uninfect 8.83 -1.08 9.79 1.84 wuninfectic 9.91 7.95 nockMJ 10 8.64 -0.12 0
9.49 2.25 0 nockMI10ic 8.76 7.24 nockMJ 100 8.69 0.14 0 8.71 1.4 O
nmockMJ 1 00ic 8.55 7.31 wMJ 10 9.85 -1.15 -1.03 10.4 3.46 1.21 wMIIQc
11 6.94 wwMJ 100 10.3 0 -0.14 10.5 1.69 0.29 wMJ 100ic 10.3 8.81 pcMJ 10
8.81 -0.69 -0.57 8.23 -0.03 -2.28 pcMJI1Gc 9.5 8.26 pcMJ 100 10.3 0.2
0.06 11.5 3 1.6 pcMI 10O c 10.1 8.5 -6658 EXAMPLE 2 | npaired TLR expression
in chronic BV infection Patients 5 Liver biopsy Single pass liver

bi opsies were perforned on 5 patients with CHB. These were clinically
stable patients attending a specialist liver outpatient clinic of a

Lo YRR Al PRI, o I XSS,
| shak nodiHiaked dells twiklo gigbtaindacibleveéxpressimieof theddBY pmeérecand core protein were
produced by cloning the HBV core or precore genes from genotype D ¢cDNA (Chen 2003
Supra) into the tetracycline responsive expression system (pTRE-2; Clontech, Palo Alto,
5 CA). The establishment and characterisation of these three cell lines PC47 (Precore
producing), C4B (Core producing) and Parent (control cell line) has been published in
detail (Locamini et al., J Clin Virol. 32:113-21, 2005). Cell culture supernatant was
collected after day 10 of culture in the presence (repressed protein expression) or absence
(induced protein expression) of tetracycline.
10
Recombinant HBYV baculovirus transduced cells
Recombinant HBV baculovirus constructs were generated by site-directed mutagenesis and
co-transfection, using a 1.3 genome length wildtype (WT) HBV template (genotype D,
subtype ayw) (Invitrogen, Stratagene, CA), as previously described (Chen 2003 Supra).
15 HepG2 cells were then transduced in parallel with control, WT, and precore mutant
recombinant HBV baculovirus at a multiplicity of infection (MOI) of 50 plaque forming
units (PFU) per cell (22, 23). Cell culture media was changed on days 1, 3, and 5 post-

transduction and cells harvested on day 7.

20 In Vitro HBV stimulation of whole blood cultures
Five hundred microlitres of whole lithium-heparin blood was diluted with 500ul RPMI-
1640 supplemented with antibiotics and 5% v/v heat-inactivated fetal bovine serum and
incubated at 37°C with gentle rotation in tightly capped 5ml polystyrene tubes (Becton
Dickinson, San Jose, CA). Cells were stimulated with HBV wildtype 1.5 (Genotype A) at

25 concentrations of 1, 10 and 50x10° viral genome copies per ml, 1pg/ml lamivudine, cell
supernatant from PLC/PRF/5 cells (HBsAg) or supernatant from HBV precore (pC47:
HBeAg-positive) or core protein (C4B) producing cell lines as well as appropriate control
cell lines. After 20 hours, culture supernatants were collected and stored at -20°C until
cytokine analysis. The remaining cells were stained for flow cytometry.

30




between 1/18- 7/18, with di sease stages between 1/6-3/6. Four of the five
patients were HBeAg positive and had ongoing viral replication (HBV DNA
200-1.1 x108 copies/mM median 1500 copies/m). Biopsies were placed in
RPM -1640 (G bco-BRL) for transport to the |aboratory where single cell
suspensi ons were perforned. Half of the biopsy 15 (1.5x8nm was subjected
to either a wire nesh or glass honogensizer with a | oose pistol in order
to separate about 6 x 104 hepatocytes mig9ed with other cells. No

col | agenase or DNAse was used in this process in order to prevent receptor
damage. This single cell suspension was then stained with appropriate
anti bodi es and anal ysed by flow cytonetry (see below). 20 Hepatitis B

Vi rus Reagﬁ[; Ep@.ln Vitro Model Cell Culture Systens Cell cultures The
human hepato %% ﬁé cell Iine Hep& was mai ntained in M ninum Essenti al

25 Medi umTiiiEMuad ficabir80 89 cGHRAOELISIORLAETOELA W (BRBR! ickirsbn A Jose,

streptonycin, L- G utamne and 10% v/v heat inactivated foetal calf serum
(FCS) (I MGA) aggerding il the ewinhfacturertssspecificativms sSepsitivity of Ithe, ELISA was $pglinhed at
37Cin 5%v/v C2, with nedia changed every three days. -67- Human

hepat oma ( Huh- 7) ceI | s were mai ntained in Dul becco's nodified Eagle nmedi um
(G bco-BRLFIoWw Gytgmbksyand, NY) supplenmented with 10% heat-inactivated FCS,
100 UmM penicillin G and 100 U m streptonycin (G bco-BRL). 5 The human
hepat oma cell line PLC/PRF/5 rel ease HBsAg in the formof 22 urn particles
predom na ional filaments into the cell culture supernatant
(Al exande;&l}%’ CWF Ds%%:’g Med J 54(23):973-974, 1978). These cells are
grown and Qi surfiicaathining NEMpdfohnedl&%ﬁ@& eetldsudpersins pedded &ohBMe p'EhenmsI |

i ne wa bt ai ned co rrafre m the_. Arerican Type
Ol oot orlNER PSESY Slne. Gbbh Perch (MoBh: Bavion daiskier S Tobhec &) tRS Frre

10 (TL2.1; eBioscience, San Diego, CA) and TLR4-PE (HTAIZS, eBioscience, San Diego,
CA). Appropriate isotype controls were used. Cells were gated according to the amount of
CD14 surface expression; CD14 high or CD14 low. This correlated with their scatter
profile. CD14 high cells (hepatocytes) were much larger and more granular than CD14 low
cells (Kupffer celis).

15
Patient blood

Cell surface staining was performed on fresh lithium-heparin blood using CD14-PerCP
(Mo¢P9; Becton Dickinson, San Jose, CA), TLR2-FITC (TL2.1; eBioscience, San Diego,
CA) and TLR4-PE (HTA125; eBioscience, San Diego, CA) as described previously
20 (Riordan et al., Hepatology 37:1154-64, 2003) Appropriate isotype controls were used.
Based on their scatter profile, monocytes were gated picking up the lymphocyte tail on a
FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA). A total of 8000 CD14+
monocytes were acquired for each sample. Data was analysed using FlowJo software (Tree
Star Inc., Ashland, OR). Relative fluorescence intensity was determined as a ratio of the
25 geometric mean fluorescence intensity of the sample over its isotype matched control.

Results expressed as % change of TLR.

Whole Blood Cultures
Cell surface staining was performed on whole blood cultures using CD14-PerCP (M¢P9;
30 Becton Dickinson, San Jose, CA), TLR2-FITC (TL2.1; eBioscience, San Diego, CA) and




10 PLC/PRF/5 cells was collected 5 days after seeding and contai ned high

| evel s of HBsAg (> 1 ug/m) as denonstrated by enzyme i munoassay (I MX
Abbott Laboratories, North Chicago,lLL). Hepatitis B Virus production by
Transi ent transfection 15 Reconbi nant HBWas generated by transfecting
Hep& cells with an infectious cDNA clone of HBV using Fugene 6 reagent
(Roche, IN (Chen et al, Hepatology 27(1):27-35, 2003) and after five days
the cell culture supernatant was harvest®d The supernatant containing
secreted virus was col |l ected, pooled and centrifuged to pellet cell debris.
HBV was then concentrated by ultracentrifugation of the supernatant using
the SW28 rotor 20 (Becknman) through a 20% sucrose cushion (20% w v sucr ose,

To quant | (Ao PReUITARE; SBiofd A, Nalr thiep cAJ. ABHEChrRle B0 ol Bbre'2C
concent r atused HBidedvan theix beatiet prbfilgmdddéytes iwege pited mwg ﬂuthe lyrhphotstdvimilk)
wns. Chen_ qhTACE Gl Hote oviPgeter SREFOR DRSERES S0 Toser PA)ARTIOE 4000 e

PCR ki t V"'Gﬁl!ﬁ-h?n&dotc?ﬁs YL e fifled ForV bdchl s:ﬂﬂﬂ@”ﬁat&cﬁr@fee% seaqs:sm Fﬂﬁvfoo
manuf acturer's specifications.” The sanple was al so teste sAg and

gEeAg by stofimdre (ree Stamdng. ndshlands OR)s g&larux& ﬂnpmcmcaaug%wMasabteanqdms
| LL
hon Sou 12alip of the dpmeiemBRE ARSrEs ARtk PitDpPUng sAnBlo " RE e robhe inahe®

protei n WajolitroR réldtive th the stimulged HrePdiBM stipidated cBARSIOREsIRNKRPrdsécdn %
genotype D cDNA (Chen 2003 Supra) into the tetracycline responsive

expr essi orfhayea B ALBSTRE- 2; Gl ontech, Palo Alto, 5 CA). The establishnent

and characterisation of these three cell |ines PC47 (Precore producing),

C4AB (Core producing) and Parent (control cell line) has been published in
10 Human hepatoma cell lines

To optimize cell condition and receptor integrity for subsequent flow cytometry, all the
human liver cell line monolayers were washed in Hank’s balanced salt solution (calcium,
magnesium-free) 5 times, before incubating in Versene solution (0.02% w/v EDTA.4Na
mixed 1:1 with Hanks balanced salt solution) to detach the cell monolayer. Serum-free
15 MEM was then used to make a single cell suspension, before staining for flow cytometry.
Cells were then stained with TLR2-FITC (TL2.1; eBioscience, San Diego, CA) and TLR4-
APC (HTA125; eBioscience, San Diego, CA) immediately after cell harvest at room
temperature. Cells were fixed with PBS plus 1% v/v formalin and run immediately after
staining.
20
Quantitative PCR
RNA was isolated from cell lines using the RNeasy MiniKit (Qiagen) according to the
manufacturers specifications. RNA was eluted from the column into 50ul of nuclease free
water and stored at -70°C. The concentration of RNA was estimated
25 spectrophotometrically at OD 260nm.

cDNA was synthesized from lug of RNA using random hexamers. The ¢cDNA samples

were stored at —70°C.




detail (Locamini et at, J din Virrl. 32:113-21, 2005). Cell culture
supernatant was collected after day 10 of culture in the presence
(repressed protein expression) or absence (induced protein expression) of
tetracycline. 10 Reconbi nant HB V bacul ovirus transduced cel |l s Reconbi nant
HBV bacul ovirus constructs were generated by site-directed nutagenesis and
co-transfection, using a 1.3 genone length wldtype (W) HBV tenpl ate
(genotype D, subtype ayw) (lnvitrogen,-B+atagene, CA), as previously
descri bed (Chen 2003 Supra). 15 Hep& cells were then transduced in
parallel with control, W, and precore nutant reconbinant HBV bacul ovirus
at a nultiplicity of infection (MJ) of 50 plaque formng wunits (PFU) per

T anstiuct | SAMANRe it PRCAIRERT WIF pedOB0 H0-GRY plstuspind R fRafifEbi

whol e bl ooDemuhd Gems Expression BfcldcRi (@rpphed Bissysfenw) alnd drt (ABIUPTH SR PZO00MT
bl ood was |Iute with 5001 RPM - 1640 sup plerﬁgted with antibiotics and 5%
v/ v heat-i elgetion §¥St?}8\ﬂmgll§%3mwaﬁ'as Uslative agounts of G perdivet e

rotati on [ a‘%ﬁﬁ SR8

Jose, & S \/ver‘:!gl st ﬂﬂ@ate g{éﬁhﬂﬁBV V\é*?ﬁﬁpéeﬁ%c@??& 1% S[ﬁ“ﬂla‘t%“gS
concent 5at noumahsefd 10,188 Gibaswind RNA Gnd relativego tiemodogDNA (22 )J g/ m

| am vudi ne, cell supernatant from PLC/ PRF/ 5 cells (HBsAg) or super nat ant
from HBV precore (PC47: HBeAg-positive) or core protein (C4B) producing
cell linesgagquauel | as appropriate control cell lines. After 20 hours,

cul ture supernatants were collected and stored at -20C until cytokine
anal ysis. The remaining cells were stained for flow cytonetry. 30 -69-

INF- 2 EL| Sp TN 5P allPASHHR Lol SAAPHGr BohiegalibRof LS A St (Becton

Di cki nson
10 Peripheral blood and hepatocytes were examined from liver biopsies from four patients

with HBeAg-positive CH-B, three patients with HBeAg-negative CH-B and five steatosis
controls. The hepatocytes from these liver biopsies were separated into single cell
suspensions as described in the Methods section and two separate CD14+ve populations of
cells were gated by flow cytometry as seen in Figure 3. In these two populations, {one

15 which represented hepatocytes and one which represented Kupffer cells), TLR2 and TLR4
were measured (Figures 4 and 5). TL.LR2 was also detected on hepatocytes and moreover,
its level of expression was downregulated on hepatocytes from HBeAg positive CHB as
compared to HBeAg negative CHB and steatosis patients (Figure 5). This downregulation
of TLR2 confirms the previous demonstration in peripheral blood was also apparent on

20 both hepatocytes and Kupffer cells of HBV infected patients (Figure 5) (Visvanathan ef al,
GUT 52:130, 2003). The level of TLR4 expression did not differ significantly between the
three groups.

Baculovirus Constructs in HepG2 cells

25 In order to investigate further the interaction of the precore protein and the TLR pathway
observed clinically we used the recombinant HBV baculovirus transduction system of
HepG2 cells was used in vitro. HepG2 cells were transduced in paraliel with control, wild
type or precore mutant recombinant HBV baculovirus and after 7 days were processed and

stained for expression of TLR2 and TLR4 by flow cytometry as outlined previously
30 (Figure4).




CA) according to the manufacturer's specifications. Sensitivity of the

ELI SA was 8pg/m. 5 Flow Cytonetry Liver cell suspension Cell surface
staining was perforned on liver cell suspensions derived fromthe
patients's |iver biopsy using CDl4-PerCP (MbP9; Becton Dickinson, San
Jose, CA), TLR2-FITC 10 (TL2.1; eBioscience, San D ego, CA) and TLR4-PE
(HTA125; eBioscience, San Diego, CA). Appropriate isotype controls were
used. Cells were gated according to the-Awunt of CD14 surface expression;
CD14 high or CD14 low. This correlated with their scatter profile. CDl4

hi gh cells (hepatocytes) were much | arger and nore granul ar than CD14 | ow
cells (Kupffer cells). 15 Patient blood Cell surface staining was perforned

¢ h Lt hi : : ) " .
San Jose, | T trIAERALAR vied R ROQRTINE KA CRna Mgty Si6E S GRIAT Y, o
(HTA125; eaBalosme &iRetheSavel Df egRINAGH) TER2,JEER 3, TER4 (tvay iransstipt PAtiapts) QLRIN et
t, Hepat ol 7:1154-64, 2003 ropriate, i sotype controls were used.
Based on (g ANECG: (gt it booitgrBedhorgstea o DRz oo TR was

I hocvt ; ) . AN
Tose. Oy RRer o gt Bt B SschisRAoRKb UGy ARERL M BrEthlI MR petll)
Dat a was ahahgsmdlLR.i ng Fl owJo software (Tree Star Inc., Ashland, OR).

Rel ative fluorescence intensity was determned as a ratio of the 25
geonetric nean fluorescence intensity of the sanple over its isotype

h d .0, v i .
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Cultures | f surface stai ning was perforne ood cul tures

usi ng CD14HBsAGPEEREPe); rasdBedtep(d edllsneadrsigfisantiysioereasey, leTelRaf ALR2 in
(TL2. 1; e%o?r?p%'rig@nc %o v%ﬁﬂyp% Gids (ﬁﬁ)&Agpp%siﬁve) transduced HepG2 cells. The level of

10 TLR4 expression did not alter significantly between the three groups. These results were

confirmed on repeated experimentation.

The relative amounts of PCR product for each transcript is shown in Figure 6 (lower panel)
and was determined using the comparative Cy method where the amount of target DNA
15 was normalised to 188 rRNA and relative to the mock CDNA as outlined in the methods.
This data represents the mean and standard error of three separate experiments. The
striking feature is the upregulation of TLR2 mRNA with the precore mutant (HBeAg-
negative) transduced cells compared to the profound downregulation of the transcript in
the wild-type HBeAg-positive transduced cells, both with respect to the control cells.
20 Recombinant HBV baculovirus transduced cells also resulted in a downregulation of
TLR3, TLR4 and TLR9 irrespective of HBeAg status (Figure 6). Most importantly the
corresponding diminished production of TNF-o. at both the message (Figure 6) and

protein levels is a functional correlate of the reduction in TLR2.

25  Stimulation of whole blood with HBV and its components.
We next examined the in vitro stimulation of whole blood with varying dilutions of HBV
and its individual antigenic components. After 20 hours of incubation the blood was
analysed for expression of TLR2 and TLR4 on CDI14 positive monocytes by flow
cytometry (Figure 5). In addition the supernatants were harvested from these stimulations
30 and TNF-a was measured by ELISA (Figure 6). Exposure of CD14+ cells to HBV




-70- TLR4-PE (HTA125; eBioscience, San Diego, CA). Appropriate isotype
controls were wused. Based on their scatter profile, nonocytes were gated
pi cking up the |ynphocyte tail on a FACSCalibur flow cytoneter (Becton

D cki nson, San Jose, CA). Atotal of 8000 CD14+ nonocytes were acquired
for each sanple. Data were anal ysed using Flowlo 5 software (Tree Star

Inc., Ashland, OR). Relative fluorescence intensity was determned as a
rati o of the geonetric nean fluorescencd3i-ntensity of the sanple over its

i sotype matched control, relative to the unstinulated or Parent stinul ated
control. Results expressed in % change in TLRs. 10 Human hepat oma cell
lines To optimze cell condition and receptor integrity for subsequent flow

cytonetry, . i . | rld Ohﬂ)i r .| | Py K's
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(Q agen) according to the manufacturers specifications. RNA was el uted
fromthe colum into 50ul of nuclease free water and stored at -70C. The
concentration of RNA was estimated 25 spectrophotonetrically at OD 260nm
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10  variations and modifications other than those specifically described. It is to be understood

that the invention includes all such variations and modifications. The invention also
includes all of the steps, features, compositions and compounds referred to or indicated in
this specification, individually or collectively, and any and all combinations of any two or

more of said steps or features.




were stored at -70C. -71- TagMan Real tinme PCR (QPCR) was perforned in
384-wel | plates using the Assays-On- Demand Gene Expression Products
(Applied Biosystens) and an ABlI Prism 7900HT Sequence Detection System
(Applied Biosystens). The relative anmounts of PCR product were determ ned
using the conmparative & nethod, where the anobunt of target DNA was 5
normal i sed to 18s ri bosomal RNA and relative to the nock cDNA

(2del t adei nCT) Results Peripheral bl ood4and Hepatic cells show sinm | ar
downr egul ati on of TLR2 10 Peri pheral bl ood and hepat ocytes were exam ned
fromliver biopsies fromfour patients wth HBeAg-positive CH B, three
patients with HBeAg-negative CH B and five steatosis controls. The

hepat ocyt {ver biopsies were separated into single cell
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suspensi o in the Methods section and two separate CDl4+ve
popul ations of <cells were gated by flow cytonetry as seen in Figure 3. In
these two popul ations, (one 15 which represented hepatocytes and one which

repr esent eﬁ@f‘%@ol&gbké)qiﬂ'f@%]%ﬂdt‘%ﬁldﬁﬁrfod?as”red (Figures 4 and 5).
e orf
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expressi on, was downr.equl at n atocyt L positive CHB as
conpar ed {b&sﬂ'ﬁegg% 1@3%—@”52@'%?’5’3%’6‘?&5 BZ%E%( Figure 5). This
downregul atiq of TLR2 cgnfi rms the previous denonstration in peripheral

bl ood was lefadeetighnEr Bnel gh Nayursof 16, 0824 ROPELAdamy ex@ht CancereRess 581 4PRSy
infected patjents (Figure 5) (Visvanathan et al, GUT 52:130, 2003). The
| evel of TLR4 4Ry B3 on did not differ significantly between the three
groups. Bacul ovirus Constructs in Hep& cells 25 In order to investigate
further thakdshi @cdclimmundl. 16 38783a78 2000t ei n and the TLR pat hway

observed clinically we used the reconbi nant HBV bacul ovirus transduction

system of AHBDG2 Bl Chenps78)38105-8 2008r 0. Hep&2 cells were transduced in
parallel with control, wld
Alexander et al, S. Afr Med J 54(23):973-974, 1978
Baltimore, J. Virol. 54: 401-407, 1985
Bandyopadhyay and Temin; Mol. Cell. Biol. 4: 749-754, 1984
‘Barton, G. M. & Medzhitov, R. Science 300, 1524-5, 2003
Beutler, B., et al., J Leukoc Biol 74, 479-85; 2003
Beckebaum et al, Immunology. 109; 487-495, 2003
Berglund et al., Biotechnology. 11: 916-920, 1993
Berkner et al., BioTechnigues. 6; 616-629, 1988
Berkner, Curr. Top. Microbiol. Immunol. 158: 39-66, 1992
Bieback et al., J Virol. 76: 8729-8736, 2002
Boni et al, J Clin Invest. 102:968-75, 1998
Breakefield anc_l Geller, Mol. Neurobiol. 1:339-371, 1987
Buchschacher and Panganiban, J. Virol 66: 2731-2739, 1982
Chen et al, Hepatology 27(1):27-35, 2003

Chothia et al., J Mol. Biol. 196: 901, 1987




type or precore mutant reconbi nant HBV bacul ovirus and after 7 days were
processed and stained for expression of TLR2 and TLR4 by flow cytonetry as
outlined previously 30 (Figure 4). 72 The transduced cells were al so
processed for RNA extraction in order to quantitated, by real tinme PCR the
| evel of nRNA of TLR2, TLR3, TLR4 (two transcript variants) TLRO and TNF-a
(Figure 6). The geonetric nmean fluorescence of TLR2 and TLR4 was expressed
as aratio to that of the isotype contr-dgl5s-anti body and the data presented
as percent 5 change in TLR The results of these flow cytonteric
experinments established that the precore nutant virus (HBeAg-negative)
transduced Hep@& cells had significantly increased levels of TLR2 in
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W next exam ned the in vitro stinulation of whole blood with varying
dilutions of HBV and its individual antigenic conponents. After 20 hours
of incubation the blood was anal ysed for expression of TLR2 and TLR4 on
CD14 positive nonocytes by flow cytometry (Figure 5). In addition the
supernatants were harvested fromthese stimnmulations 30 and TNF-a was
measured by ELISA (Figure 6). Exposure of CD14+ cells to HBV -73- resulted
in prom nent suppression of TLR2 but noet76FLR4 further confirmng the
clinical data obtained in patients with chronic HBeAg-positive HBV
infection. TNF-a suppression paralleled the decrenment in TLR2 indicating
that there was a functional correlation of the decreased TLR in these

stinulati %laﬁ's)ﬁﬂeeﬁ‘bﬂeﬁtﬁrol-r 29??—996? 10651 ein stinmulation also 5
a .08 2% ;

denonstrate simlar para suppgression of TNF-a that has been shown
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signalling wherein the presence or absence of the effector molecule or an elevated
or reduced level of the TLR or a component within the TLR signalling pathway is
indicative of infection by HBV or the presence of an associated disease condition

or predisposition thereto.

2. The method of Claim 1 wherein pre-core expression product is an intracellular
form.

3. The method of Claim 1 wherein the pre-core expression product is an
extracellular form.

4. The method of Claim 1 or 2 or 3 wherein the TLR is TLR-2 or a homolog thereof.

5. The method of Claim 1 or 4 wherein the level of TLR signalling is determined by
the level of TLR or TLR-2 which in turn is determined by the amount of mRNA

encoding same.
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A nmet hod for detecting the presence of infection by HBV or a disease
condition or a predisposition thereto, said nethod conprising determ ning

t he presence ahsen of an., HBV- cified ef tor I | e which
odul at o8t e FeBRIGAT Fim £PHEN PR ErlRE B elidiisritbtnce of
the effector nolecule of an Ieya(%ed .or reduced level of the TLR or a
conmponent Wi t?ﬁH‘ieSPWBPT‘E{‘%C%‘?Y 15i ﬂ\ﬂb@“eipgotelpﬁ?ﬁeﬁati ve of infection by
HBV or the presence of an associ ated di sease condition or predisposition
thereto. 2. The nmethod of Claim1l wherein pre-core expression product is an
intracellular form 3. The nmethod of Claim1l wherein the pre-core
expressi &n pr Admethod Jormmoniteringag etspahsgr tof o therapguticT protonsl dodcted aghingtm 1 or 2
or 3 wherein the TLRis TLR-2 or a honolog thereof. 5. The nmethod of Caim
1 or 4 wher ei infdckion be\HBV of ddtcRpmephal & disgase Toniditien mid acktiod cotdpeisingvel of
TLR or TLR-2 which in turn is determ ned by the amount of nRNA

determining the level or activity of a HBV-specified effector molecule which

modulates TLR signalling wherein the presence or absence of the effector

molecule or an elevated or reduced level of the TLR or a component within the

TLR signalling pathway is indicative of infection by HBV or the presence of an

associated disease condition or predisposition thereto.
8. The method of Claim 7 wherein the HBV is a pre-core and/or BCP mutant.

9. The method of Claim 8 wherein the HBV-specified effector molecule is an

intracellular or extracellular pre-core expression product.
10.  The method of Claim 7 wherein the TLR is TLR-2 or a homolog thereof.
11.  The method of Claim 7 or 10 wherein the level of TLR signalling is determined

by the level of TLR or TLR-2 which in turn is determined by the amount of

mRNA encoding same.




encodi ng sane. -81- 6. The nethod of Claim4 wherein the |evel of

intracel lular or extracellular pre-core expression product or TLR is

determ ned at the protein level. 7. A nethod for nonitoring a response to a
t herapeutic protocol directed against infection by HBV or devel opnent of a
di sease condition said nethod conprising determining the |evel or activity
of a HBV-specified effector nol ecul e-8aich nodul ates TLR signalling
wherein the presence or absence of the effector nolecule or an el evated or
reduced |l evel of the TLR or a conponent within the TLR signalling pathway

reduced |e the TLR or a com ling pa
bonai e oidoy TR lelloBcde Ol ¥herdh Tyl 6P SRl P, xBRAIIRDRS, O Ppac
HBV i - d/ B f. . h t hod .of d aj wher.ei th
LBV Sl 1 odod FEBESIoN syt it TIR o omelfs fiFetaras detcmrngl oy be Brateine,

pre-core expression product. 10. The nmethod of Claim7 wherein the TLR is
TLR-2 or a ho]r?BFiog thereof. 11. The nethod of Cdaim7 or 10 wherein the

| evel of TLR signalling is determned by the level of TLR or TLR-2 which
inturn is determ ned by the anount of nRNA encoding sanme. -82- 12. The
met hod of Claim 10 wherein the level of intracellular or extracellular pre
core expi®ssi Use prfoducagent iffdRling honmpotiog wvhiek eddwn-sgdirtesr thendavehtoft he
protein level. 13. Use of an agent including a vaccine which

down-r egul at emitradedlulae ve bxtedcel hilad pracetel dxprssion pedictas @bl of dowrpregulates e
expressi on product or up- or down-regulates the level of a TLRin the

mangf tas:t ure OfhedevBRdf § MR the nalffabiARSMEMediRimB\n thoi@thianfyBw di sease
condl ti on.

infection or a disease condition.

14.  Use of Claim 13 wherein the HBV is a pre-core and/or BCP mutant.

15.  Use of Claim 13 wherein the HBV-specified effector molecule is an intracellular

or extracellular pre-core expression product.

16.  Use of Claim 13 wherein the TLR is TLR-2 or a homolog thereof.

17.  Use of Claim 13 or 16 wherein the level of intracellular or extracellular pre-core

expression product or TLR is determined by the amount of mRNA encoding same.

18.  Use of Claim 13 or 16 wherein the level of intracellular or extracellular pre-core

expression product or TLR is determined at the protein level.




14. Use of Claim 13 wherein the HBV is a pre-core and/or BCP nutant. 15.
Use of Caim 13 wherein the HBV-specified effector nolecule is an
intracellular or extracellular pre-core expression product. 16. Use of
Claim 13 wherein the TLRis TLR-2 or a honolog thereof. 17. Use of Caim 13
or 16 wherein the level of intracellular or extracellular pre-core
expression product or TLR is determ r&d by the anobunt of nRNA encoding
same. 18. Use of Claim13 or 16 wherein the level of intracellular or
extracel | ul ar pre core expression product or TLR is determ ned at the

protein veI ceuti cal osition or vac use in
Preat ngtmr edtarass el -GPRiTRRC ek B B esPie SrifR By En Vi,
thereto, said ositi.on co in nmodul at.or of jntracel.lular or
extracelIularagFgB?dF@dgyﬁﬁEgg ﬁm &ﬂﬁﬁd@ﬂﬁﬁﬁSm&ﬁ?ﬁﬁﬁ&PP9cﬁmﬁﬁﬂﬂg§For of a
TLR or a honnlog t hereof and _gne or nore _pharmaceutically acceptable
carriers and/Bedelaiorefi antracellular or extracellular pre-core expression produc

optionally a modulator of a TLR or a homolog thereof and one or more

pharmaceutically acceptable carriers and/or diluents.




