|  METHODS AND COVPOUNDS FOR ALTERI NG THE LOAD OF HEPATITIS VIRUS 5
[ 0001] The present invention relates to a nethod for altering the

| oad of a Hepatitis virus present in ajhost organismthat is.

i nfected with such virus. This nethod conprises the nodul ati on of
the conplex formation of a heterogeneous nuclear ribonucl eoprotein
(hnRP) K METHODE AND GOMBOUNDSEOR Al FERING THBLOAD OR
on the Hepatitis virus genone. HEPATIEIES MIRURKe i nvention relates to
nmet hods of 10 identifying conpounds that are able to nodul ate said
conpl ex formation. The present invention also relates to conpounds
that are able to achieve such nodul ati on, such as nucleic acid
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relates to the use of such conpounds tfor the diagnosis of” Hepatitis
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failure; Hebatdisiinfebidgatitis progressing to cirrhosis; cirrhosis with
active Hepatitis at risk for variceal bleeding, ascites, and
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risk for transmtting Hepatitis rus; chronic Hepatitis w
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nore severe disease and higher fatality rate (Cooksl

Gast r oent 8xdgy. Mpatthpn 409 pdiliepl people Fouliwidg are Zlbyqniceﬁ}k/l&faiﬂé%m& by sthe
virus is pRoLREHRLAE BaEA URoletin PASmMITRY: b@gﬁg Bir fe ﬁépaﬁﬁgc virus (HCV)
(for respective reviews see Ching LL et al., Lancer 362(9401), 2003, 2089-2094;
Poynard, T et al., Lancet 362(9401), 2003, 2095-2100). As a comparison, the number of
25 people infected with human immunodeficiency virus (HIV) is estimated to be 60
million. Chronic Hepatitis is associated with seﬁ;jus complications such as: liver failure;
chronic Hepatitis progressing to cirrhosis; cirrhosis with active Hepatitis at risk for
variceal ‘bleeding, ascites, and hepatocellular carcinoma; chronic Hepatitis with high
viremia at risk for transmitting Hepatitis virus; chronic Hepatitis with extrahepatic
30 éomplications. Hepatitis C is the major cause 6f liver transplantation in Europe and the -
USA. Hepatitis A does not cause chronic disease, however evidence suggests that acute
Hepatitis A superimposed on chronic liver disease can result in a more severe disease
and higher fatality rate (Cooksley G, J Gastroenterol Hepatol. 19 (Suppl 1), 2004, 817-
20). The Hepatitis D virus is an incomplete virus that has HBV infection as a




prerequisite. Superinfection with Hepatitis D often causes
progression fromacute Hepatitis to liver cirrhosis (Bean P, Amdin
Lab. 21 (5), 2002, 25-27). Wile the patitis E virus can cause an
acute, self-limted, icteric hepatitis (Wang L, Zhuang H, World J
Gastroenterol. 10 (15), 2004, 2157-2162), Hepatitis G virus infection
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treatnent of HBV, Lam vudi ne and Adefovir; both of them are
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inhibiting the viral enzyme nucl eoside reverse transcriptase. As side
ef fects, thayeremn isZnswnde besuikabda faghe treattriset of hath vimees| kgerfagon o is a

aci dosi's (for eneral . oyerview see .Roche B, Sanuel D i.ver
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there is currently only one drug, called R bavirin,
attaching a polyethylene glycol molecule, such as a large, branched, 40-kD polymer.

[0005] Two additional drugs are currently available for treatment of HBYV,
Lamivudine and Adefovir; both of them are nucleoside analogues. As such, they block
25  viral amplification by inhibiting the viral enzyme nucleoside reverse transcriptase. As
side effects, they can cause serious damage to the liver and lactic acidosis (for a general
overview see Roche B, Sémuel D, Liver Transpl. 10 Suppl, 2004, S74), renal toxic side
effects have also been reported. A major drawback is the occurrence of resistant variants
of HBV containing a mutation in nucleoside reverse transcriptase. Both drugs are
30  generally used in combination with interferon (Marcéﬂin P et al., N Engl J Med 351
(12), 2004, 1206—1217). Other compounds based on a similar mechanism of action have

gone through phase 2 trials.




in addition to interferon a available, also being a nucl eosi de
analogue. It is generally wused in conbination with interferon as
well. The precise nechanismof its therapeutic action is still not
fully understood. It is generally thought to inhibit viral RNA
synthesis 5 indirectly through a decrease in |evels of intracellular
guanosi ne tri pl¥¥gheetr¢agmeyt ¢fyHCV thérbiis furently ositt enendregzophed Rilagirin,

effect on,HCV..replication is h ver, spall (Reichard et .al .,
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30 been hanpered bﬁ the fact_ that HCV froma single isolate cannot be
defined by a sIH§BESudyacisawhisrrefarahbi baspd ompaplatailer orderstapdinigaeft the

sequesncesy, chosel y .r d - Thi s vH.NersS| S
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for repli tgcgte?igﬁp §o\xgﬁ&ogg1 about CV? H%% Ps a D%IA virus of tﬁe gepadnav?rus fan?ily,
which replicates via an RNA intermediate. The genome of Hepatitis B Virus is a 3.2
kilobase circular partially double-stranded DNA containing four overlapping genes,
25  three promoter and two enhancer regions. Either of the two differentially regulated
enhancers is able to enhance activity of all three promoters (Su H, Yee JK, Proc Natl

Acad Sci U S A 89 (7), 1992, 2708-2712).

[0009] HCV is a RNA virus of the flavivirus family. Its single-stranded 10

kilobase genome contains a single gene. Further investigations of this genome have

30  been hampered by the fact that HCV from a single isolate cannot be defined by a single
sequence but rather by a population of variant sequences closely related to each other.

This diversity corresponds to genetically distinct groups or genotypes (Martéll et al.,
Nucleic Acids Research 32 (11), 2004, e 90). There are indications that the 3'




regul atory regions (Yi M Lenon SM J Virol. 77 (6), 2003,
3557-3568). [0010] The Hepatitis D virus is an inconplete virus
(Bean, supra), and the Hepatitis E virpys (HEV) is an unclassified,
smal |, single-stranded non-envel oped RNA 5 virus with a 7.2 kil obase
genone (Wang & Zhuang, supra). The Hepatitis Gvirus is an envel oped
RNA vi r usnémtapsigted gregion tchatafsawaitly isignala ehdt cané lesseftiel| fas repReationads, well as

appar ont | ey SRS Mol oR g L17gE 72190 AR 2t MG ot v cul ar

DNA genone, but are not well characterized (H no, supra). 10 [001]1]
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able to regul ate RNA synthesis of Hepatitis viruses. It has _been
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been identified to be able to increase the activity of enhancer 1|1

region of @B¥-in vitro, their exact role, if any, remins however to
be identified (Cai YN et al., Cell Res. 13 (6), 2003, 451-8). 20
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invention is thus based, on the, findjng that het er ogen s .nugl ear
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[0015] Thrs finding is in particular surprising since hnRNP K has so

far been unimosoyvEpme trapsdriptian tfacterscofol{kR i F.HINF heHNESb.ddbEf sind| CHEBP
Hepatitis, C virus Lmlarlvi.to .30 mapy ot.her gel,l ul ar. conpo .
(reren Ty et TaepBigh Eh it S sl B BN o Gunpbe S ERTRORRY on
Ware CF, (il thEaexblttablebiftiny) fmanglhodder 3MR20dentified X84) YNTdQlL. 5Cell Res.
consequences of this binding have been specul ated to affect the known
cel lul'ar 13 {fet9Bnd5f)-hnRNP K in cells of the human body and thus to
be responsible for sonme of the conditions caused by Hepatitis

i nf ec20 on (Lai [00W2] Waceedibklyetitals. an Saod) of the present invention to offer an

alternative method of altering the load of Hepatitis virus in a host organism based on an

action different from the use of nucleoside analogues or interferon.

[0013] This object is solved by modulating the formation of such complex

- among others by the methods as described in the independent claims.

25 [0014] The present invention is thus based on the finding that a Heterogeneous
nuclear ribonucleoprotein (hnRNP) K or a functional fragment thereof is able to form a

complex with a regulatory region on the viral genome.

[0015] This finding is in particular surprising since hnRNP K has so far been

discovered to bind to a component of the nucleocapsid of Hepatitis C virus, similarly to

30  many other cellular components (Hsieh TY et al., J Biol Chem. 273 (28), 1998, 17651-
- 17659; Lai MM, Ware CF, Curr Top Microbiol Immunol 242, 2000, 117-134). The




[0016] HNRNP K is known to exist in formof different variants, which
arise by 5 alternative splicing (Dejgaard Ket al., J M. Biol. 236
(1), 1994, 33-48) and has a diverse set of functions. It acts as a
shuttling protein, binds to various cellular factors, and acts as a
transcription factor (Bonmsztyk K, Deni senko 0, Ostrowski J, Bioessays
26 (6), L0B4qued2®- 688hisShiadmgAhate hten s@ehlatddesy affdct( Be, kAGHSB, cellular
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si ngl e-stranded DNA has been identifi as conprising KH dormain 3

Br addock DT Jd 21 (1 .200 3476:.3485: Backe, P t
At T otk kM dls Rooafr ) it Formot it vasighss, Whish a5y
[0017]5 Th@lteaﬁm@dspgf:mgqme][gahﬂdnn dthe, fronpmt Ban 16 01}]?19@@,”’%:3-28) gid Ras a
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virus (HBV), .duck Hepatitis B_ virus, heron Hepatitis B virus, sheld
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a hepadnayj ruys, i particul ar human Hepatitis B virus. [0018] The
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refers to nuc hat differs in its nucleotide
sequence, when red to . a coryesponding known sequence._ The

di ff erence can[(ﬁ’g?iD msted 03@%{‘11@&1%5 tge gﬁﬂ?ﬁﬁ? phibefomAleet 3 HRRNBK
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differs igrourhd squitreloHagdilis B qir@BCitumMh Blep £RIFTR vatls (HBV)K ey Hepatitis B
correspondj ng_ sequence.. The difference can for_ instance be due to a
pol ynor phYi&y, heroR fAepstitiy B viges sheld mpeyesHepatidis i3 Visus sapw fgooge Slepatitis B

substjg Ut ARSRoEEL&IE : o} it L Q) ' i
and/or C-term rc1)al kaéd?{@gﬁ%s%%ﬁ%étdgg?e?%%s?%ghéﬁat u|rﬂ Iﬁéﬁg%ﬁ%@%}%\l_
the corr esipoy) dranguncldchadganios] 6 vaos B, segiuenae Hepdtitar Gatiiuse(HCV). A
splicing, preferred embodiment of the invention comprises the use of a hepadnavirus, in

particular human Hepatitis B virus.

[0018] The corresponding Hepatitis virus may be a variant of a wild type or a

25  known Hepatitis virus. In this connection the term “variant” refers to any form of a
nucleic acid that differs in its nucleotide sequence, when compared to a corresponding
known sequence. The difference can for instance be due to a polymorphism, mutations
of single nucleotides, substitutions, deletions or insertions (of continuous stretches), N-

and/or C-terminal additions introduced into the natural sequence.

30 [0019] Similarly the hnRNP K protein may be a variant of a wild type or a
known hnRNP K protein. The term “variant” refers in this connection to any form of a

protein that differs in its amino acid sequence, when compared to a known




5 posttransl ati onal nodifications as well as conjugations to organic
nol ecul es of the corresponding peptide. [0020] In this respect it
shoul d be understood that the term"a patitis virus" or "a hnRNP K
protein” is neant to include such variants. [0021] The term
"regulatory region” refers to any part of the Hepatitis genone 10
that is alkbmesponding wedqusnes. diher diffocece hen éxpinstesdieoe due &npl pdiymaphism, .
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fragment has at |least 80 % nost_preferably at |east 95 % sequence
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al i gnnment a bépadnadmisiin paclidils elglamem Bépasitis Bams. hnRNP K variant with
an am no acid sequence in question, wherein the percentage figure
refers to the L.gu ' Of . & C
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bi nd to ats Hepatitia virewgirelkrahi s s fuactomlfragmentoontsing a Kaomodogt dophagn, in

enough to y I on i | e _netho t he.cas
of a hepa%%gslﬁﬁgﬁta&%aﬁ%? i g%ndﬁf%%% ?‘m %ﬁ%’%ag%aa%nf nélgnat%%ﬁ %ﬁ’gb % ]ﬁgdﬁ%eg
enhanzer by arcegipotnd inSechndkyy thatiith camplen dbimpaih Witlhg Vafint of aalHbgatitie

be nodul at ed by C und in_such a 5 way _that jts conplex formation
with a valfhs e%??ih gNHYKSliﬁth %agmr«%t BT daveat loasl ¢QyPa sequence identity

with the corresponding amino acid sequence of a naturally existing variant of hnRNP K.

In preferred embodiments, a respective fragment has at least 80 %, most preferably at
least 95 % sequence identity with the corresponding amino acid sequence of a known
25  variant of haRNP K. The term “sequence identity” refers to the percentage of pair-wise
identical residues obtained after a homology alignment of an amino acid sequence of a
known hnRNP K variant with an amino acid sequence in question, wherein the

percentage figure refers to the number of residues in the longer of the two sequences.

[0023] Where a method of the invention is used as an in vitro method, it may
30 also comprise the use of a functional fragment of a Hepatitis_virus. This term shall refer
to a nucleic acid molecule that forms part of the respective Hepatitis virus. Three similar

criterja as for a functional fragment of a hnRNP K protein shall define such nucleic acid




such a fragnment nmay have at |east 60 % sequence identity with the
correspondi ng nucleic acid sequence of a naturally existing variant
of a respective Hepatitis virus. In preferred enbodi nents, such a
fragnent has at |least 75 % nost preferably at |east 90 % sequence
identity with the correspondi ng nucl eic acid sequence of a known
vari ant ofnolecul® fragpmttHivstlyHe paebleite birid wsandThen taccamplee githrecenRNP K

identity" refers to e percenta f ir-, wi.se id I C si,dues
obt ai ned BT Wt e g eRt T he et B hieRRte stRRlERhad a8 i,
known var pfRthephdrvires RefhétitRatigRahERt Srefer whihfhs ahe RUEAREL [Pkdotbn.
sequence in egestion wher ei n th%perggntgﬁ%cfigu?e Er:efers to ?ﬁgn
* nunber of Seewstlkywsich; afunpiionabfagmenstis ablado basodelairdrioes compoynddn spchmhe

pot ont al 150 Ef BE ko RS e AL ol O AVURRER AR oIS aftBeq. e,

i nvent i ongsich asiedmest thaysieive aiilegt B0t Yo sequercet identityi rwpidts ehd torresponding

I dentifying_aqr selecting conpounds that are able to nodul ate the
conpl ex  f BRGEE agid ssausnse Af & naRrplly weiping wirisnheloe sesprgsiyeiHapativy viges. In
the potent.l r ' | i pf RBY heved
by hel p o?lte g%(f F%ﬁgﬁﬂ%g %r%%nagﬁé%%% glés ?‘%gg fﬁk’pgl?otesggrgnt S Iggt 1%%{] 055
t r ansgeni sequacderidentiey with thosdrreapgaiinGnudey atidsequenssd ane Bndyen Tardift af a
mam’ral'an or invertebrate species, Exanples of mammals that may  be

i nfect®d EsRecH Ve Bepatifisiiyselhefemp ssapence ientifpaictsrs tofhgpergentpgdof pag-
or ang- ut ag, I i,N ?g;#]% ' =

oedi pus), zlis eqn%?n\en%%eﬂte%g?&a%ﬁ ﬁ%ﬂn%cf‘]a 8C§@| %ﬁlrr%lt 0 H?{)){;QI& (?girg:églg%?%%eme
| oad of aofHepabivhi wriant of airespentivenHepdted Viost wit ananghedd soid gquence in
nmodul ating the fqrmation of aforenmentioned. conplex can. be perforned
"My ar i o oot B orahes S EHARSTER 1S CRD et P He b e G bt
transcri piHe@go Qéqueficdshe functional |evel by changing the activation
state of the respective hnRNP K protein. A nodul ation on the |evel
of transcripti ‘ rs the angoun f hnRNP K pr.esent in.cel]l of
Che nGat or panfOARLAEF ERUSTRONREARIG TR e ep i B (BrHE (A o he
Hepat i t i spai@ntitllyUsRSted Ib¥ 4 HeSatiia Vi@ ! WihkreSh fietHddRE tAO1Rentidiods used as a
typically an optinal |evel of the respective hnRNP K protein exjists
for each aesaie Bethad fadbe parpasepigdentiiying\or selsctingznompopady thet 4re able to

o el SLi . by . . . > .
Th s opt FoEHARUbOPolplel SARIdbh belddels HR8HE RErbll 2l BN Yitul e
rﬁ_sul toi gp(aeﬂtmlve' f ﬂ% hc];sﬂh@amemecrﬁd i ; tberfg imife’lcgéd n—?ﬁpbé adflt)ié\tﬁd.bﬂiblpmﬁaq!ﬂié%m
this tendency c e found in figure .. These observations nma

es pec#oa! IVE’@% %H@é%&?ﬂ@&nwawe i%%sgfﬁi%tec%‘ﬂi?ﬁa‘gib@ﬁgorﬁﬁéﬁﬁ ay f%r
expr essi ops@néh bd oW iahieafihn blem%lsrteb%at'érlléﬂéﬂiéﬂ EQnfles bPBrafdAls that may

conpl ex formation on the functional |evel can conprise alterations of

t he conpobreinfect@l afe a i, 8 angrsexa squiarclia bonsttmtaewéeichnds ani arhng-hian, a
f C_)r matl Onwgéc)ﬂ}; ngnlgecj)f?g lcﬁi)ﬁipaﬁ‘zé?:f g a%:rla&i%d(saguinus oedipus), a marmoset or a human.

[0025] A method for altering the load of a Hepatitis virus in an infected host

25  organism by modulating the formation of aforementioned complex can be performed in
various ways. Generally this modulation can occur on the level of transcription or on the
functional level by changing the activation state of the respecfive hnRNP X protein. A
modulation on the level of transcription alters the amount of hnRNP K present in cells

of the host organism and thus available for the complex formation with Hepatitis

30 viruses. In this context it should be noted that typically an optimal level of the
respective hnRNP K protein exists for cach amount of a load of a Hepatitis virus that
results in a maximal stimulation of Hepatitis virus replication. Deviating from this

optimal level to both higher and lower amounts will usually result in a lower




enbodi nent for achieving such and other nodul ati ons wi th consequent
effects on the said conplex formation conprises adm nistering a
conpound. [0026] The conpound used to dul ate the said conpl ex
formati on can be of any nature. It nmay for instance be isolated from
a biological or non-biological source or 10 chemcally or

bi ot echnokugincethény of vardlisplicatiéna il eemipr oSthishtendmpp wat be downd i fidvoait
being i mal | .. or gani c, nol ecul i oacti ve pol such
as pol ypepts dBse PERvacE ARy pmtRearEb i FOPGRc: VEhgORPaTE foth
wi th i muaeghrlohd Bt i expredtdn @S the FincBbhAORYVE eOhéiRSatioNEE the said
enbodi ment of such a conpound is a nucleic acid nolecule, in

parti cul aporapleRsEmstiomqn the funstipeal 1owed p@@ﬁomnnwaalteiramnapf the copipepents

a Spie eI r (

nol ecu e gf{h(e C)O%D%X &E‘ C?%ﬂ%ﬂé&e%%ﬁ%é %ﬂ%ﬁ%‘a% J;ert‘ctgLF §9§%62g}pr%%ed
use of snembodinicet fog rabﬂ@vﬁ%&cﬁl&ﬁ beiepp®dalation with colistgedat @BM8ELs on the
specific genes It makes use of gene silencing or gene suppression

t hrough RMad cmﬂeﬁeneﬁeewmweﬁ adyistpivg e eempandt he
posttranscriptional |evel and involves nRNA 20 degradation. RNA

interference rfO26F dheSompothd UodrtofRsdiddate S daBtompiek 6ditibARan be of
genone. Si RNA nol ecul es nedi ate the degradation of their

conpl enend®f Wmelt 532y fas tstaner oivolsted: fam sitiiagigrl o nanthiplogipileoutes pre
| |
?%Irrgc : TE% egﬂg%m@%&&@y@? &Hcg@% HJlllés‘sefg]f ar ge"{aéic? %g%(g?%g’ without

conpl enenbany lﬁht%dse,emﬂlsoﬂghmc dlsculdsest Hibaztive golyitrs; shetpgspdlgpeptides?S

| oss of eg}presm on of the respectla/e gene (for .an overvi ew see Sioud
M  Net hod©T Npftancgiigmunggiobul tadipg projeipy BtepERImeRoBREke fctienk h

a si RNA fgrqj ﬁuﬁb‘&t&ﬁ:@.to %9& B 4 &ﬁﬁ%@cﬁg%‘a\i{g&lt&g agig%&@aﬂéfﬁ?

nol ecul e of to 35 nuc e nor e
nucl eot i dpmicﬁanczm RNRN# }BNlAemuleesleawhefeohg mrtmmm shaptes.cn §eingelmer®

suppr byt .no 0.l stoc a .sequence-nonspeci fic
nt or for offe Pisﬁ’ﬁ QP PR i RN (MR NAY pslesule g1 §15B15) interfering
InhlbltlOR}Q{@H@@&\Hﬁ@E&h@tIOH This technol ogy has been applied for
t her apeuti cal uses |nvoIV|ng viruses, such as the inhibition of

(). 388'20”585 oSl s BB a2t P IREP

ol ecul esspk a €fdst B MBRRCEseR 0D gefle Gl I&@F géf:le rﬁaﬂﬁfe%@ﬁﬁb
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encodi ng hnRNP roteins. The use of siRNA is also a present

pr ef er r edingrERNCAERNALL rwhicthpenursat the p@frttrarrsene&qméé@rﬁbmdomvwﬁmwkm
[ 002810 A”@%;E?Janﬁﬁaﬁﬁl’rﬁ 18 er e%ggpx%ﬁ]}g%nl@ ead %]?uel - Cﬁﬁrﬁs&l h@ﬁé %'r&ects the

conpl ex matron IS a nolecu s a ange _
phosphor ygmohmn SsR]ﬁAumoIeﬁulee dediaty theSdepeatiatioe of sheit torppieikeataiyaRNA by

rot ei ns. ounds that_ are known to affect the
P assoc1a on of 1%6 31RILITR with a mul%ple enzyme complex to form what 1s called the

RNA-induced silencing Complex (RISC). The siRNA becomes part of RISC and is

targeted to the complementary RNA species which is then cleaved. This leads to the

25  loss of expression of the respective gene (for an overview see Sioud M, Methods Mol
Biol. 252, 2004, 1-8). A preferred embodiment of such a siRNA for the current
mvention comprises an in vitro synthesized molecule of 10 to 35 nucleotides, more
preferably 15 to 25 nucleotides. Such siRNA molecules are long enough to cause gene
suppression but not so long as to cause a sequence-nonspecific interferon respense

30  which in turn would result in a global inhibition of mRNA translation. This technology

' has been applied for therapeutical uses involving viruses, such as the inhibition of
expression of the HIV-1 DNA (Lee NS et al., Nature Biotechnology 20 (5) 2002, 500-

505). In an embodiment of the present invention siRNA molecules are used to induce a




phosphoryl ati on status of proteins are broad-spectrum ki nase

i nhibitors, serine/threonine kinase inhibitors, tyrosine kinase

i nhibitors, tyrosine phosphoryl ation sté' mul ators or tyrosine
phosphat ase i nhibitors. [0029] A preferred selection of a conpound
that is able to change the 10 phosphorylation status of cellular
conponent degradationod miRN AmaléculdsenceiingbnRINP &/ prosiinse ThephaesqilsiRyAag alem
of cellular _proteins. Thi el ection is.based.on the.inventj

i ndi ng. t RRESCRGHERFE SROPREE 5L B RAHER Gh L EXPesion of GHO% Ko
residues in the cell has an effect on the efficiency of the conplex
formati on of hHRYB] Knpthet examsplwidfha sompguidansedytormgdwate thé said complex

Hepatitis.virus. .This effect be duye t o _both t

bhbaphor yFTFER isAaRolfel Het 15 Able ncctats HiciosmanaRS: Rap cieflar

and a ghapgfpsifentshp ﬂa@ﬁé@&@kétwh@.rExa@mtdﬂcxsm?Buﬁmlﬁma& ]B’fo%rﬁtip%%fec{lfﬁ@
y

use of a conpound that changes the phosphorylation status o _
tyrosi ne pleaspheralation statis of pfdteinsaneepasspeetrarh inasginbiviiots, pazine/trorine
met hod of,. alteri.ng the conpl.ex fo tion between hnRNP. K. pr.of ein
and o r eghiReORPRE JSSE it BRERPLT SRRt GuRRNEy REaHaLg o
nodul at i n@r@dﬁlﬁb%&isﬁlﬁat@s@ﬁﬂﬁlﬁit&i a variant of 20 hnRNP K in the cell.
[0030] O the above nentioned conpound groups a suitable conmpound
identified and in_the present invention y..be.selected .from
Lyrost ne- ki nasiOt2BhA Brged sEEflny o E s oGPE R i AP B niEner 40y
avai | abl eplsdsphorgfatibil lsRRASI deBular Edthpéeizats i@%smptﬂﬂétﬂpéﬁﬂiem%?ec of tyrosine
qui nol i nes, 2-phenyl am nﬁz%rl m di nes, flavonoids, benzo 25 qui noids,
ani nosal i BYaspk@glagion of pellydas groteingiiins salectigndrhaspden the isvaytive\inding that
9618738, f.er s Glied therein, Ao0r ex I f
Chei 1 expbrrerhiie pudhfiod BLER SORROEERR BUE) ChaPh R fo?
of tyr photikeiefiiciaics 83 dompled Fohmation of HARNRK 528eins Akithl 4 Fébul Aoy kbdidn

AGL 2043,?'% rphostin 46 _and pethyl 2,5- di hydroxyci nnanmat e. .
Qui nazol i gfgpéﬂ%m%éﬁ%@éﬂoﬁm@s@%@e Bpbathsoeimnee f ithg phaspheryisgon

| apat {1 Dyt Gyl FONAISRERsRALEs bP rbn%’_ﬁ%&ﬁ%égﬁg?ga gl?a[nlé;]&e‘&e iﬁﬂ‘acellglnar

exanple for a quainoline is 5-ne qui nol 1 ne,
- exanpl e f aeangityPof hpiRWR Kamdtasy Themsdiofie domponmt thai thangesathe plessphaylation

fl avonoi ds_are_.geni.stein, or .querceti n exanpl e .far a _benzoqui noi.d’
s her bi n/EA CAOTERIE RS 1Y £ T tndhsrslotp A1 odim et E A AROL oF
A, and anaexmgRhe cb@pleR forhiatibs Betveen R ERATRRNSbteid Ad®ed répuiat@région on
conpounds _ may conprise a receptor tyrosine Kinase inhibitor such as
the tyrphsthlepagts giras iganonag by pamERs 9 ceedulatingdbe potal amowysofne Viianh 98

i nhi b or]Fm 97 or the tyrphostin AG 592, a tyrosine

phosp q)ry ati orlﬁaﬁslttli{!r:h?gtor such as aurin tricarboxylic acid or a

tyrosi ne 5 phosphat ase i nhi bitor such as sodi um pervanadate or
i soxazol e car bg@gp} Of gggabove mentioned compound groups a suitable compound

identified and used in the present invention may be selected from tyrosine kinase

inhibitors, a large number of which are commercially available such as tyrphostins,
quinazolines, qﬁinoxalines, quinolines, 2-phenylaminopyrimidines, flavonoids, benzo-
25 quinoids, aminosalicylates or stilbenes (which are described in e.g. WO 9618738, WO
03035621 and references cited therein, for an example of their experimental -
identification see e. g. US 6,740,665). Examples of tyrphostins are AG213, AG490, AG
879, AG 1295, AG 1478, AG 1517, AGL 2043, tyrphostin 46 and methyl 2,5-
dihydroxycinnamate. Quinazolines are for instance PD153035, PD 156273, geﬁt:ini‘b or
30  lapatinib; quinoxalines are for example PD153035 or ZD1839. An example for a
quinoline is 5-methyl-5H-indolo[2,3-B]quinoline, an example for a 2-
phenylaminopyrimidine is imatinib, examples for flavonoids are genistein or quercetin,

an example for a benzoquineid is herbimycin A, an example for an aminosalicylate is




[ 0031] A further exanple of such a conmpound nodul ating the tyrosine
phosphoryl ati on of hnRNP K proteins is an agoni st, or antagonist for
a cell surface nolecule that is able ég I nduce the regul ation of a
tyrosi ne ki nase or tyrosine phosphata Exanpl es of such cel |
surface nol ecul es are receptor tyrosine kinases, 10 nenbrane

r ecept or slarehdustis 9Qehadtat @xiniplesbng skibeasis picdatanhély Otlesd duitatidd edrBpdunds
coupled receptors, the signal, transduction of which are

i nt er connBEY SAMEFSH 278E9RIRT, RIS IGfiRaSE ABhibitgr Bish 38 the faRlostin egbstatin, an

phosphat a ( |
D003 1258 T By BeafE xfhepley B2p e Bha® i BbTIE R WARLESAR e Bipiditin AG

ki nases t hg2,a@ tsrosineiphdsphatylativm dtinatlatbhsych e yudd hmarbdmhdn atiher bityrdsing
of hnRNP Kh r][uclel aci d, nol ecuI es 15 and theaggg % n 01‘ hnRNP K
( st r ows kPBOFPLASR inhibjpr guch R $qdiin peryanagate or sk yicHGHE:
9044-9049; Mandal Met al ., JBiol Chem 276 (13), 2001 9699- 9704).
hnRNP K i s f uft03&} rorfartkerowramplebef pshdsmmoyipaumﬂ rhm‘dlﬂaturg (liejtgrasinel

Ket al., J. |, Biol. 1), 1994, 33- 48 es_ for
receptor P Sag/blﬁwpr?;sfé}%ﬁ%é %‘E@B’bﬂ%?ﬂfﬂﬁ?‘mé r@esﬁ 9% Gebsurface
growt h T agfofenled a8 GEPIAE b Ofndﬁc’iey Tﬂlﬁf %)@ilﬁdn of rt%rﬁt R %?Jis@r of ‘t'ﬁ%me

necrosis factor, 20 a receptor aema In act or,
r ecept or phISphatasen Bxahplesrof sach e:cHe mltfaca‘ ooleciiles k¢ ngceptor eyxeplna rklﬁaees
' a, receptor, for an int

| | f
?gcggf@r ! EJSFH gfﬁ?%?rﬁs"%%b AERERIlTdsIne Kinase aath g‘?ﬁ;r El}apmtem coupled

gr anul ocyReprB&! ﬂiéf&i’éﬁl M saidtionSdf vl?'ﬁﬂ:liiﬁﬂerlﬁteﬁf?ﬁﬁﬁé&ed with %Qﬁ%?é' releflatifg
transformng growth factor, or a receptor for an epi der nal

gr owt h- f abwﬁme(lemﬁes a@@@howb@@wds@ ag-& krdWhettad., ﬁwéerssé‘ot HearmsbBl (B

to 25 pho or t y esi.dues vario ote and to be
t hensel vez I%Q?‘t% oﬁr2 ég {c aﬂfyuyvtlt%efegﬁrac rrgc‘?ﬁ | qs?s tﬂﬁeé? are

possess auﬁidﬁhbﬁ thed fhéﬁina& s€fecteboth thBdiadindVlf hafiNPp lf@jai&mcle]_c acld glitsuled
Bi ochem cal ci ences 17 10133 1992, 374-378, for_the EGF receptor see

e.g. Fannig REXPIERaRTt &QQFFIGQ’P]S#J & al.6Procolet, AsgrsSeghd 9RHL0),
t t t
Lhe abi | T0Io 044,208 MBIEORK AL s bIbl . SRINISX 200D Y704, SHRE 18
and t he nsduttbdrinone hiowmioiea;lﬁlolsphqryla{eﬁﬁﬁQ]vo&t)m@ﬁ:ﬂﬂ{ etale b ddbhil.nBint 286
h t. tei, nol ecul e that b S
Co'a ol oot Vi 35148 CERRLG 13 aSocpRlr HrOrB SRS s e R o Belet
regul at i oflerBled ardwWhIBdHE a keRBER f& erftFoDBicAa, a?i’t@é;ﬂbﬁfo@%ﬁno@é@fﬂéis%t@ﬁ

such 11 proteinaceous bi ndi ng. nol ecul es ar e I mmunogl obul i ns or
f r agriéht s2 eerepBor tspkapmiaipkibiterafaeionm recprspy fumni atertsron, aereceptor for

Ush 56, 1800 e a0 Y A REMEREL S Eaf foior b Rl fr g gt o

prot ei n, tebq;toﬂﬁd)mrﬁbmhlhst(gpdiwﬂ-l fgetbatal me@mraﬁss @(grﬁhﬁdyiel-rﬁwaﬂ)halge cblanmn
Apol i poprot ein. D rycodel es  nat ural | i gand- bi ndi ng sites
that can PEWHEHRS ; aéEPrsg Prrptort ]%ﬁ’éj‘ % rigng growth factor, or a receptor for an

epidermal growth-factor (EGF). Such receptors are known to possess the ability to
25 phosphorylate tyrosine residues of various proteins and to be themselves able to regulate
further factors inside the cell that possess a similar effect (see e.g. Pazin MJ, Williams
LT, Trends in Biochemical Sciences 17 (10), 1992, 374-378, for the EGF receptor see
e.g. Janmaat ML, Giaccone G, Oncologist 8 (6), 2003, 576-586). The terms “agonist”
and “antagonist” in this contexf therefore refer to the ability of the cell surface molecule

30  to produce such effects and the modulation of this ability.

[0032] A preferred embodiment of such an agonist or antagonist is a
proteinaceous molecule that binds to a molecule on the cell surface, which is able to

induce the regulation of a tyrosine kinase or tyrosine phosphatase. Examples of such




sel ected small protein regions known as haptens. Exanples of other
pr ot ei naceous binding nol ecul es are the so-call ed gl ubodies (see WO
96/ 23879), proteins based on the ankyrin scaffold _
(Hryni ewi cz- Jankowska A et al., Folia Iliglstochem Cyt obi ol . 40, 2002,
239-249) or crystalline scaffold (W 01/04144, DE 199 32688) and the
pr ot ei ns prbfinkescus heding moBiceles are inmidriglobRbnognfrégmends th2R0f) or muteins

167-187. [0033] | bul, i f f for j
cnown 1 o BE9 ShAITBIGE of i Jopcin BEag NG OEHEM BeLS et aln it 268
(see Coet gbadEdc£tUS 96, 1b9OTUROR- 16O} LipoRdtids]duch2Q Wb bifid AR Frofeb ehe

Ret al., Jinmunol. 165 (9), 2000, 4950-4956 for two exanples), as
whi ch t heluma engiiteophib e gelatiraserabsociatedr dippcdlseehengn  Gphbporsateist Il o

15 Pathol col. Res. 6 (3),+:20 63-.174) .. Thi I ' t
i mTuﬁ;)%FO%IHF(?Cér)IZ%mdP:f@%StI@gzlal_bgo?flggf%s%é@f it ¢ Bidﬁﬂfﬁiﬁﬁtétéﬁeye%z,
supra). Exétpddesm 51e ) r .
frggment s, Fv fragrreﬁr:t S, g%dghf@e- cr‘:gii ﬂsﬂ?rﬁ%mﬁ@é ° ?gglﬁ:i\%) ,%r%iélgat‘)odi es

or domai nbiafigmeelpeles(@pihe spTalied gnbodiay (seri W22 IMairotems based)on the

2003, 48 ) j . I n t 0..1 he, person, ski,h! in
the art. SRS %hgfgﬁﬁon\t{éedggégfﬁ(ﬁw\gﬁ%é?& &géfo i g, @V%lf’r 4\b\j ?h
the abi | i230-D40)t e cpetalitne sdsifoldedWiOn (il fiet124.t DEO199t32688) and the proteins

i mmunogl obul i ns, t hat act as an ant agoni st or agonist. For this

pur po®, ¢gsgdgddn Skesrambpol-dacagniprids W £67t&%r di ng t 0 Kohl er and
MIlstein (Nature 256, 1975, 495-497) as well as evolutionary nethods
such as phage 03B} Riym(i¥ebdtitginOdr ﬁé?ﬁﬁntﬁﬁler@frdre fopiinstiearianeal o Be
(5), 2003, 544-550) with i munogl obulin fragnents maﬁabe used. 25
[0034] Fopotewintly shisefderaepiorsntaganisis oy agenigh (see Sivstrl Fd st dlaymivenelded.
in form b u | hyrayd C '

Vari ous s 2008560 SHTRATR & b Bl P10 RO AR o

- conpoundsgxaorplesicdsewhichchely hatecalud dsen asudt @i theragy dsdeac.geCohenb®A fal.,

sequence yari ants.. 00 oo hat, nodyl at es sai d conpl ex

f or naﬁon?‘%féﬂ? i i Q0o f@o%- §H§ alsp PPRisS O FemHaoelpfuloR dirpged
or gani sm it EMBGE feB&pi&oT0eME0 HYRY: ke, as NEshebRd PRILBSAbRAY
or non-parenterally (enterall y%. In a preferred embodi ment for

adm ni st eipgnagiotalindragaientstdne Fapihgnoents,dy tasmants simgltet¢haineFyy fragments

bl ood and Ijiver, for 12 instance by admnistering a preparatiqn_ of
Lhe. compolifimofiabadies drdemaybtmbinesiys BHolby! of slnaren Shoreeirami 650 03

Cor it ons S er Vi aPBRul G 5Pent pilsnislhe af Kindld Birdie
ar e 20 ecinitaiy repardithitusisonels alithin th@&‘abilﬁ?f JThEFer®in HBEPIAthE QRS0 l0Btain

adm nistration by inhal ation are aerosol 5 m xtures or sprays. |f the
host or gafiBWRAEioaIipe deathach afft 2 2¥agRigheF stEPLiskakn 8s grurpose, classical
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as well as evolutionary methods such as phage display (Brekke OH, Loset GA, Curr

Opin Pharmacol. 3 (5), 2003, 544-550) with immunoglobulin fragments may be used.

25 [0034] For some embodiments of the invention, compounds may be used in
form of a library. Examples of such libraries are collections of various small organic
molecules, chemically synthesized as model compounds, or nucleic acid molecules

containing a large number of sequence variants.

{0035] A compound that modulates said complex formation can be administered
30 by any suitable means. If the host organism is a mammal, the compound may be
administered parenterally or non-parenterally (enterally). In a preferred embodiment for

administering to a mammal, the application ensures a delivery to blood and liver, for




m croorganism In case of the m croorganismbeing a single cell, the
| atter formof admnistration may possibly be perfornmed in

conbi nation with a techni que that m)diléi es the mcroorganism Such a
techni que nay conprise el ectroporation"or a 10 perneabilisation of
the cell menbrane. [0036] The nethod of the invention for altering
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an i mmunogl obpgoBs} TH heMRASH BRERenfBY O hiterdtly Metbi® et aOleplltis virus
indirect detection. An exanple of an indirect detection is the
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.PM M chabmknidth, oderViar period of time can be performed by several means. Such a

measurement may be performed at one or several time points after the infection with the
Hepatitis virus. The detection method may comprise an amplification of the signal
caused by the Hepatitis virus, such as a polymerase chain reaction (PCR) or the use of
25 the Biotin—streptavidin system, for example in form of a conjugation to an
immunoglobulin. The measurement may rely on a direct or an indirect detection. An
example of an indirect detection is the measurement of cellular effects, such as the
measurement of cell viability or cellular replication. An example of a direct
measurement is the use of an immunoglobulin, which may be conjugated to a label. In
30  case of the host organism being a microorganism, an intracellular immunoglobulin may
be used (Visintin M et al., J Immunol Methods 290 (1-2), 2004, 135-153). It should

however be noted that the measurement of the amount of virus particles formed in a




77 (2), 2003, 970-979), fluorescence correlation spectroscopy (Wi ner
OH et al., Digestion 61 (2), 2000,84-89) or a nodified formof these
techniques. A final step may 10 be reqﬂgred,' conprising for instance
hybri di zation to a | abelled internal be and exposure to a film

or visualisation and quantification by stai ning and conparison to
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sequence. Carriers
Diagnostics) or Digene Hybrid Capture Il HBV DNA. Test (Digene).
[0039] Where the method of the invention for altering the load. of a Hepatitis.
virus present in a host organism is used in-vivo for the purpose of identifying
25  compounds that are able to modulate the complex formation between hnRNP K and
HBYV, an advantageous embodiment of this method comprises additionally the

comparison of obtained results with those of one or more control measurements.

[0040] Such a control measurement may comprise any condition that varies

from the main measurement itself. Preferably it may comprise conditions of the method

30  under which for example no viral amplification occurs or under which a complex
formation between any or a certain huRNP K protein and any or a certain Hepatitis

virus cannot occur or cannot be modulated. In particular it may comprise the use of a

compound that does not modulate the complex formation of a hnRNP K protein or a




| evel s of serum HBV DNA predom nantly have a guanine (G nucleotide
at this position. Simlarly, HBV fragnments containing an adeni ne at
position 1752 showed a 10 S|gn|f|cantl hi gher binding affinity for
hnRNP K protein than those with a guanlﬁ while for such fragnments
contai ning thym ne or cytosine no conplex formation could be

det ect ed. filbctiond] eagient) Heraaf iwith theemBaddendl regslatoan répgorf onnkk Hepatitis B
figures 5 and 18. [0042] In other embodinents of the invention the
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particular the human Hepatitis C virus, have been found to be |ess

cel | |i nedepeied Fxampiesdibystating these findings g bedennsiin AizueesiSrandHe. ar t

woul d usually expect (Zhu Qet al., J Virol. 77 (17), 2003,
9204-9210; ackrmMeptyadhan@mbodinsnte bfi hBantarss hihag@bstRorddanat akogy
39 30 (3), .2004, 835-838). It has  been_observed that these viruses
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prot ei n ostazdard feethedsal SuchafrsinBion opelbpds meryf epmpsisanene arheore cell
| |
nuc 2%(?, aﬁl'ogl 91%}9 @%ﬂhﬁ% aSquf Pat%g]gﬁf\éﬂ T&tﬁ?%%r %lec&ﬁééﬂaﬁ’&? 0{ r%£%1gg&%%lon
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one or nﬁ?lmlc(éle{all,)m@lt@&nos&e{d)rmmw}fbmra)t ning a hnRNP K protein or

a functional fragnment 7
[0043] A preferred embodiment of such a microorganism is a cell derived from

liver tissue, for example, but not limited to, a hepatocellular or a hepatoblastoma cell
line. Examples for such cells are, but not limited to, HepG2, Hep3B, HCCM,
25 PLC/PRF/5, Sk-Hep-1, Snul82, HuH-6 or HuH-7. With the respect to a suitable cell
line it should be noted that nucleic acid molecules of Hepatitis viruses, and in particular
the human Hepatitis C virus, have been found to be less cell line and species selective
'than a person skilled in the art would usually expect (Zhu Q et al., J Virol. 77 (17),
2003, 9204-9210; acknowledged and confirmed in Bartenschlager R, Hepatology 39
30 (3), 2004, 835-838). It has been observed that these viruses are able to adapt to a
particular host cell environment, an effect that was speculated to be facilitated by the
existence of swarms of sequence variants due to the high error rate of the viral replicase

(Zhu et al., supra).




t hereof and/or HBV or a functional fragment thereof. O her exanples
are the use of enriched, purified or isolated hnRNP K proteins or
functional fragnments thereof and 10 enriched, purified or isolated
HBV, functional fragnents thereof or ndél eic acid nol ecul es derived
therefromin a suitable agqueous solution. The term "enriched" neans
that hnRNP K pramue]j Asfuether aisddianm! offar @emed s thh eleadfici0A i ial déhoand
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chr omat ogegpitkd, ddedr isSHAAPARNIPK Brodbihd bl FalctiBRall Fagdibnts thereof and
el ectrophoretic techni que, such as preparative capillary

el ect tQphemishied, prnfied or astletednHP ; ofvpeticel thegnwotsbiheagof oor oficlsicrididr

nmet hods. [0045] Thi.s odi nent of t.he invention onprising the
exposur e BRI AR IRRRIRRR A Sl Sa RS Setpity 15R TR Spighed cans
functi onathaf hERINBTK pokéhe6f fundBdnal BdEmBRIS thef&If dofdthtute Qi i GBIy HigHet
Hepatitis virus generated. In a preféerred enbodi nent the nethod
conpri sesfrac iheipss Projeintmrescpl wrbe ellsl aasolvting ohtpteresi dhan in tigyedhls or
measur ene . ] |y o] I C 0 )

phot omet ol fiom B3 ARG Tk Y aeRELE DREP L sp iRk R e
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detection thod is fluorescence _correl a%i n spectrosc_ol% (tTho son
NL et al , "CHNAURSIPRN 3 PRER LUgRIEN. Examplsy of ofiomepmmigagipiment arc filtration
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(Steen H, Jensen ON, Mass Spectrom Rev. 21 (3), 2002, 163-182). The
use of phosrtaiie tthalequldr] weight cema, pregigitaznnt bsieg qrrgane \wobitchts Omprinynium
respectivel for an.overviewsee: R ppe RA et at, t hads |. Biol.
160 2001 S 2 PGSBS Fewelof Bimbiiest b eBtamalCEAS iRuicPbctor
radi ot®gi edme geleflEytmd, ich Sehedd domABERAPES affiltyepaiitatod, ®iyd@phobic
t her nodynam ¢ detection nethod is isothermal_ titration calorinetry
(1 TC, f or ingeragipayshramatagaphy/ar hydsoehebiaphssse indugtion) chronypgaply. Mgother
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“may include additional separation techniques such as el ectrophoresis
or HPLC.

[0045] This embodiment of the invention, comprising the exposure of a haRNP
25 K protein and a Hepatitis virus or a functional fragment thereof, may, but need not rely
on an amount of Hepatitis virus generated. In a preferred embodiment the method
comprises a measurement of the biomolecular binding itself, Such measurements may
for instance rely on spectroscopic, photochemical, photometric, fluorometric,
radiological, enzymatic or thermodynamic means, or on cellular effects. An example for
30  a spectroscopic detection method is fluorescence correlation spectroscopy (Thompson
NL et al, Curr Opin Struct Biol. 12 (5), 2002, 634-641). A photochemical method is for
instance photochemical cross-linking (Steen H, Jensen ON, Mass Spectrom Rev. 21 (3),
2002, 163-182). The use of photoactive, fluorescent, radioactive or enzymatic labels
respectively (for an overview see: Rippe RA et al., Methods Mol Biol. 160, 2001, 459-




In detail, exanples for the use of a | abel conprise a conpound as a
probe or an i mmunoglobulin wth an attached enzyne, the reaction
catal ysed by which leads to a detectable signal. An exanple of a
met hod using a radi oactive | abel and aiéeparation by 10

el ectrophoresis is an el ectrophoretic nobility shift assay. [0046]

Based on 4799 atd Belinfided fotohbldenehic TRIBERnic Q’Bdﬁﬁzgﬂiaﬁ End"BiAin4tid detection

position 1752 of the HBV sequence is correlated to rai sed | evel s of
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(see al so |gure as been shown to nvo Inv

replicati Imndet{r.lﬂ),oeb&;tnplfesgfmetha ust laf'sd iabieb sombesec hoatnmmund aa 4 ptdbel @ngt h
replication HBV nstruct. vai |l abl e ATCC cl o pBR325 pper)
Cont ai ns. BERSSDIGH v the Bitdved 557 waeIdhe FAERR CHAY heﬁ%é&&f foa
anplify t 1S &ﬁ&g)‘] | de

usi ng the&?%{tie@%a Ec%lll?léxél%?@ 0???11 215 S%%%Fae agfgﬁfll%ﬁ%igagg aVI %ﬁ&ﬂ) en
Readi HYy FelestrphorEhie iy apdledtmipheretic obdity khid assayt ai ned t he pronot er
(1600-1900) at its 5 end and the term nation region (1600- 1900) at
its 3 end. Th

Viral transcri %’? ?@RE%SE&I&%JH? %'lnd@‘lggﬂmﬁ%é gir'tcg%&e‘:?%fuh%deﬁh{ﬁﬁj&éty ocat ed
out si de th7é2p«ﬁi\/thep1i{BNDS®1menqeoiSS®]rrelatghtce r8sadelovels ofschendiB CaDNy, the
coexpr essi K and HBV ntcro S 1.4 kb

[ raghent EOUERGYPBIN FE FOP 51 & MACPe IRRSSCRIAGE e G itk S LaRles 2
or vari anford 116 lo® BROuitidn uhhg g‘r@ﬂ[q@ tigfingX@logsSsi on vector 17
pcDNA 3. {Iﬁ%@?ﬁ%é@n) Cloggs of hnRNéé variants 2 and 3 had been

cor ?;spﬁnééﬁr‘lwb@at% o= B e e RGBS B e R 005
for vari ahiting eai€pBs.r espectively, except that the cloned sequences

contained a thymne instead of a cytosine at nucleotide 5 position
501. The hnRNP K expression constructs were co-transfected into Hep&

cells Ogﬂ?‘;ﬁﬁ Iq;bll Eﬁ(_ﬁ €’tive clone of HBV to
determine t efE\flgeclt?Hg]’t QI#P onR%e replicative efficiency of the-

HBV construct. [0051] Figure 4 shows a stinulatory effect of hnRNP K
on tH® anpl i fi@848]afigate 1 schematically illustrates the location of the enhancer II region

on the Hepatitis B virus just upstream of the core promoter. This region (see also figure

6) has been shown to be involved in viral replication.

[0049] Figure 2 illustrates the cloning of a full-length replication HBV

construct. An available ATCC clone in pBR325 (upper) contains an EcoRI site at both

25  ends. Primers Wére designed to amplify two fragments: 1-1900 and 1600-3215. A
subsequent ligation using the internal EcoRI site (1/3215) ensured continuous viral
Open Reading Frames. The replicative clone thus contained the promoter (1600-1900)

at its 5’ end and the termination region (1600-1900) at its 3” end. The construct was
cloned into the Nrul site of pcDNA3.1. Viral transcription is under its own promoter, as

30 Nrulis located outside the pCMV promoter.

[0050] Figure 3 depicts schematically the coexpression of hnRNP K and HBV
In a microorganism: a 1.4 kb RT-PCR fragment coding for the full-length hnRNP K

gene of either variant 2 or variant 3 was cloned into the mammalian expression vector



HBV in a reconbi nant mcroorganism(figure 3). Hep& cells were
transfected with 10 full-length infectious replicative HBV, hnRNPK
and pcDNA3.1. Cells were harvested at 48 p.t. followed by genom c DNA
extraction and HBV DNA viral |oad was lfeasured. "+" and "++"
indicates 3 g and 6 g of plasm d transfected DNA respectively.
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product s. Pe&aen #El. dine NRRNEdk Gapression caysippqtewere rigansieried defrpiapeid. cells

0053] Fi f i
KBV, Tho Ceget PR SRl R R AR R or iR S HABRRRe Lo IRRL TheReE,

t 0 a changethereplévatlsclficicaey ofthe HBN DMAtuet. i nf ect ed donors i s nmarked.
The m ni num sequence for enhancer activity has been previously

defined at nuc ' 71 : I .
NCBI accessi on hﬁ?k&%&%g#ﬁ‘?g@ 58151%&%%% ilé'g%/%tgﬁ% é’g U[mé E‘@Bgﬁﬁ&%ﬁg?\ g
\\; et ' al . HBV Vi aakcontindB )micid9ghnisnd (1g388).; ?Iéihfaa Chlls ir?iefegtrziﬂ%ﬁec&d with
iro 64 _(9), 1990, .,4281- 4287). Variants of this enhancer ve

ot evi Bis! {Abieaath RGP HASREIBY TR 1286 PePAVS T FIREVETF Pegrered
(Uhida T : W] 0 : ‘I?@@) 0 fioadt
early pubf“?%gt 'gnfs grfe%’(t}%yolg%@eﬂﬁ&t ol\?ﬁeexgr%%abgn%?o tthga??apNéﬁd s
accessi onmsasuagt] “430 ahdiS+Heindattess3 i jghtahy 6 g €| Hadnhid etrasifisetddnDNA
[0054] Figure 7 schematically illustrates the generation of three HBV
const r uct EsPeEXEYng guanosi ne, thymidine and cytidine instead of
adenine at position 1752. Site 18 directed mutagenesis was carried
out on nucl eot [M&2[LFigaire 15 tihestateh athae distihctr egiregatiof 1heb2den high24ad low
1752T, and 1752C d anplified fragnents were inserfed upstr of
the S0 Prmutéiey indn BHR T UEL 10 e #5528 Suclp i Rastiop o ar Dta of
[0055] Fi gidre@rBsdRRingTNA REqlBY&! BorR u¥PiRSEI0M: 3969 W thy HBV DA fiter
used for control” 5 neasurenents that express HBV variants or

f r agnent slevileradgfaticetatans mlustratedbastotal diff §Qepatientst wern edlatednandaDNA was
nuct eot! I8oRRS bR NeA R B RLASAION | SUEhSofPER" LRGN re owricicg
| uci f er as€ &t i Vi y of " ce s expressing a Ve ]} rrsing enhancer
'l (nucl eaid skguerpes idire@hstold8frh ehel BBAtit fof MBhrodtae Radsals dthe sequences
NC003977), a siman virus 40 (Sv40) pronoter, and the Luciferase
gene 1&ee% ¢d andonaged- The correspondi ng val ues are

[0053] Figure 6 renders the sequence of the enhancer II region of HBV. The

position of the point mutation identified as being related to a change in levels of serum

HBV DNA in infected donors is marked. The minimum sequence for enhancer éctivity

has been previously defined at nucleotide 1687-1805 of the HBV genome as published

25  at NCBI accession No NC 003977 (Yee JK, Science 246, 1989, 658-661; Wang Y et
al.,, J Virol. 64 (8), 1990, 3977-3981; Yuh CH, Ting LP, J Virol. 64 (9), 1990, 4281
4287). Variants of this enhancer have previously been linked with lower replication

rates of HBV in vivo (Uchida T et al., Microbiol Immunol 38, 1994, 281-285). Some of

the early publications do not refer to the sequence of the said NCBI accession No and

30  thus deviate slightly in nucleotide counting.

[0054] Figure 7 schematically illustrates the generation of three HBV constructs
bearing guanosine, thymidine and cytidine instead of adenine at position 1752. Site-



10 shown in the third colum ("A") and conpared to val ues of cells
expressing vectors conprising enhancer Il w th guanine, thym ne or
cytosine at position 1752 ("G', "T", ﬁgd "C'"). Constructs which do
not contain adenine at position 1752 onPy mininally to weakly
enhance the SV 40 pronoter when linked to it in cis resulting in

| ower | eveirsctaf mutdpehésty A€ cexiRdeafi N nade@RIRPETSQdint he adhhefdRaNL edgion
containing 1752A. The first_colum 15 represents |uciferase activit

of an i nt @At p6RG V&2 and I 5120)\vipd emphifige Sngments mexs ivsertpd upsern A
SV40 pro %?déﬁ : ting in optinal
| uci fer aggl%g}gr sgl?lgtr??fﬁest co Eﬁ?cﬁ@&i‘:&éﬁﬂl&rgg@hd colum ("-")
depicts lLuciferase _activity of the internal_ negative cgontrol, where

a cloning of tH953LEieyre Bdepict thelevels A mepressiongityity Wecellyugpd for control

pronoter - ' n | . d i

D0 doro,  PoahARE BRNGoR: MEY] Miod Gy “RURGEL SR BT RimailAE, 2380
"PP5" i n dififerdnit dome pdenifiepicleatide plositvbn a752. dexpraseidn flevads fremrafiected by
hepat ocel ] ul_ar carci.nomas, were used. HCCM and PLC/ PRF/ 5 cont aj ne
copi es of {uﬂf%fa%taé“@‘#gi gg CRH SRS AnkFqt F@B@mgaﬁah@@@yilp?quckgv@e

been obt ﬂ%mﬂoﬁsrﬁ% @@HF LN BcdlsiBh NPRYE 9@39*7'?%{@its;ﬁfé&a§mfétriﬁﬁt4ﬁe’l@V4U?V

genone integration. Cells were transiently trans
r espect i verogmtanimanihe Lutiferedeqrees (fed esdiple PHeREy). THS 2k raspondidSdlies aka

each ansfectiopn, 3.9 O VA, was .transfected. together with.1 f

contr ] *7HgRG ey e dicPlararol ADUAN HAPGBE e 38 o cRprestiivector
fol l oned &ympighd BA1RSEerae With uanRBattydiise Hﬁéﬁtbﬁh@éja@ﬁosﬁﬂn&ﬁs\l%“(}*l' ‘gt
units (RLU) determned with a |lum noneter. Results ‘of the luciferase
assay wera&d fS)nEbnstagtstwhith o met edntaifn adbning at positain 15452i anly miniovtly &6

(arbitrarjly.set, at 100% . .30 [0056] Fj.gur.e 9 .depicts..the amn ci

auencos vaids Ehdtes HRSS 40 Sromaten Rhat kiR eR Rhluhe S BRERBvBRsh,,
vari ant s kifeaiiNEdfedsioans arlpa Ao S dihandiy RBEHi{e0T 750 ITB i stlcoldnn
and 3 are NM 002140, NM 031262, and NM 031263 respectively). Variant

3 and!¥ ar fenpsents dygifeese petiviteqt arpmigrnal Hosttive sanirely Baze § VAN cogtping
not in thei cegl i (o] j i s
Vari ant 270 FS; SHGbEReP R BARGGr R TRETRE ERuthyl S optimal
regi on i nlucdepse exwossion {fhre abben, 4. The svwond apluant §:-") dapudts ilunjferase a

frame shift. .Conse ntly its extre C-terminus differs . fromthe

ot her £ worSI e A ey eco D ARt A hayE Beiad StuiShed
on 5 funcgf &ﬂﬂkh@ﬁVﬂ@bﬁﬁ?&&-lQ@i%%@&%&B Sut Watha!th@BiteinbQUethert] 1HdMRed O
illustrates the natural I¥ existing variations in formof single

Inucl e%hﬁ i déonsoFgurotifeieshes l(ll‘smﬁsblen , PRE/PRFSeabbrejdated aTiRP HrirNe faure), |
tabre 1 SPRtigp] A HCEOE T el BB i e PRAR A1 SEHEN TR il

7 and 14 HQCM add @LOMRE/SbaainedRypies of the integrated HBV genome, while HepG2
and Sk-Hep-1 have been obtained from patients with no history of HBV infection and

~ HBV genome integration. Cells were transiently transfected with the respectivé
25  enhancer II clones-(1752A, 1752@G, 1752T and 1752C). In each transfection, 3 ug of
DNA \iras transfected together with 1 pg of confrol / promoter luciferase DNA,
harvested at 48 h p.t., and followed by luciferase activity analysis measured as relative

light units (RLU) determined with a luminometer. Results of the luciferase assay were

normalized to the level of the internal positive control (arbitrarily set at 100%).

30 [0056] Figure 9 depicts the amino acid sequences and the corresponding
encoding cDNA sequences of the known variants of hnRNP K (Genebank Accession
numbers for variants 1, 2 and 3 are NM 002140, NM 031262, and NM_031263
respectively). Variant 3 and variant 1 differ in their 5’untranslated regions (UTRs) and



10 changes in conparison to the published sequence of hnRNP K (all
variant 3, conpare figure 9) and are therefore not |isted. A novel
SNP at nt252 was identified that involves a GAT change (subjects 9
and 10), but is non-synonynous. A del etlon was observed in 2

di fferent sanples (subjects 11 and 12) in which a 15 base deletion
was found notisit thelpgibodagnT€iods) Betddorhp BRE BxdiipleiOBiveR. Vhridd2 cdHtdins a
ATGATTATTCCTATG SEQ ID 15 NO ]f) [0058] Figure 11 summarizes the
so far i dégletien of @%ﬁg?%atn@meéétq dBe cpding regiphils sempAgos)tojthe ofher two

hnRNP K (Mo iLd A . in_fiqus
10, onps TR a1 a2 AR R CORERHLR AT i fe
(www. enserfinim dlieg pthan dviCahrars.dsd drase somfdrhtivd wodiShNHaverbear peichéddn

fromthe 20 dbSNP, and both have not been validated. Furthernore a
nunber  of %Wé’nﬁﬁhgfﬁémeﬁ ?W&ﬁ%ﬁ%fttﬁ’ﬂ"?%@‘?t%n (UTR) and intronic regions
are reported in the public databases, but none have been validated
(results not shieis] Figude39) illbitgitesetht hadeglie esistitp eartipheiroform 6bsifgle
dependency of the two onponents .on the_conpl ex formation between
variants &Pclﬁﬁﬁgppqwﬁ@ "(WHS) in, ey SR YRk ot bt FRRDF KEvil DRpgt

used for tHaRSTRmh | BN nbha HRYuYEGR! wid El%he{;] %ﬁﬁ%ﬁgﬁ%&&‘ W Lists all

dependent manner up to a certain point wt concentration,
with no sdapfified cleamiges. DA isamples diofif sbfrotses, 6o ¥ wad b4 vat § didtrot 2omtaid a8y

As trol, th t) L. tor ) es .not. have
oy e B occhiieet HocTmpipn 5 e by Shedisodo e 1o BRENE R (Eh Vet Aopace

base di ff efgptoyfmem i PRI pcTat ﬂ;@%l j £3énti
to 80% redggfe%j )HBV [ScaN%gﬂ\)a\;/Flde}ﬁngorlmar edﬂ% g@ tS e 1%225%%%#?%&&?%%%0%8

i ndi cat i ng GoTl dwege(dubjecteb aof 18BYut Bmoheshormymoubled delelieh eas observed in
i ncreasin age of _hn K is ab to augnent .the_replication. .
ef fici encg %%%FFESW% SHPicets ]\}a‘iu?Jaﬁ%)sl.n é L bpse delstioncyas found just

transf ect egstdatlofl ik IKHFBEh R @RI108 84 hva25BY.: %TQTJ@PTA’H@%’?‘AT@ %%W
1752AT and 20 1752AC with increasing dosage (50, 250.and 1250 ngf/ni)

of hnkNP KQdpi ant 2 (v2) or variant 3 (v3) as indicated. Cells were
harvested at 48 post transfection followed by genom c DNA extraction

and HBV DNA vi [gd58] wﬁd.;wamn%aﬁwa@aedoythee%b-thidé’ﬁ%ied E‘i@gﬂéfﬁﬁﬂé&i&%

were perforned in duplicates; standard deviations are shown. 5 [0060]

Fi gure 13ralysepriisas @NPs) frethedpBitFekrgeng.rlp siddision vg theaabitainrssrerytsphRme
K. hnRNP: K } eikRg phoryl a hNoVi (Relga eteal . - J,
Mbl . Bi ol .1‘1(2%%“?1)1?’ %,‘Bsﬁétsme%i %egﬁeng%é RS b B
and DNA nmoWeewdnsanblargbend f((rdlml c&ltﬂflsdsy Qrte tprbgsmg w%ér%trép:umegf ﬁ‘omgténe
tyrosjne residue trowski J et al., Proc, Ma Aca ci US A .
({6) ,5@00ﬁggﬁgﬂ?‘g%)havw%ebwr@dﬁ@dr Utheraore, Aeiynbes 0% SNFsgn the

untranslated region (UTR) and intronic regions are reported in the public databases, but

none have been validated (results not shown).

[0059] Figure 12 depicts an example of a dose dependency of the two

components on the complex formation between variants of hnRNP K and HBV. With a

25  constant amount of HBV DNA used for transfection the HBV viral titer increases in a
dose dependent manner up to a certain point with hnRNP K concentration, with no
significant functional difference between variants 2 and 3. As a confrol, the empty
expression vector pcDNA 3.1 does not have any effect on the HBV viral titer. HBV
variants, which contain a base different from adenine at nucleotide position 1752, have

30 68 to 80% reduced HBV DNA when compared to the 1752A variant (left), indicating a
lowered levgl of HBV replication. Nevertheless increasing dosage of hnRNP K is able

to augment the replication efficiency of the three other variants. HepG2 cells were co-

transfected with full-length replicative HBV clones, 17524, 1752AG, 1752AT and



10 potential relevance to the conplex formation with HBV (marked,

Y72, Y449 and Y458) as they are located in the K honol ogy (KH)

domai ns. These regi ons have been identified as being involved in the
interaction of hnRNP K proteins mﬁth,n@@leic acids. [0061] Figure 13

Billustrates site-directed nmutagenesis on tyrosine residues (Y to
F). Tyr osum&cﬁﬁtﬁ%@edsﬁlglﬁdségeqa@l 450 a3d405@ hHenl ﬁéﬁnﬁ@ﬂﬂﬁ wikasdd tuh ed
by 15 phenylal ani ne (F),” which cannot be phosphoryl ated. Arrows

i ndi cat e véreant GcB) en sndoctat&tdq &etlorvae |h@m¢stn@ abid mosiatrm&cum ifelloveadeby

bei ng exchan e |n t ct tant s 0 ... 0062]
B gure 1aoaRane o Sobtrion wit el RRA o of Bihuitpa b gtdfyinie PER
conmpound fThatfeafidwert Pafeiad e delicahkeseianid &ivia@bnhaRMbwh.pr ot ei ns.
Instead of 20 altering the degree of phosphoryl ation by rreans of a

by it § ng  nOBPPLERHER TS B ARIEH) B oyl dobEe f YRS UES R R
cor r esponEnRINP tK8s BeR g FhodpHepfReENA vina(Deﬁgdaﬁpm vehly J Wbbigs. 236 513

phosphoryl ation at thé corresponding sites. i.e. residues Y72,

and Y458 1$P4H3-Rnkhedinding oahoRKR 8. toHspE2 R krd WA molecules can be
C L e A S SRR BRSO e R

1752A W t HeddhScielli® ¥, oX 165 3001 95084-0049)p TG @rolme&@mﬂld%%r@%f Particular
control. The HBV viral titer increases by about 2.5fold wh

cot r aHf epetertiahrelevapss todhe complex fommRAPK W Y (aisded, Y%ﬂéﬂl@ anﬁéfrﬂSS)
cotransf egt %E\r’]%h G\S?t'éﬁ apt 3 kK Slégy ’(k?@”&&nﬁils f?ésé %gloﬁs %vé‘ RENPK
eny

containing a ani'ne |nste rosine at cert
posi t i onsidestfed dsdieingsiniolval antle Miersdtionad hARNEAU prdeidBWith ntekictacider .
These data show that residues Y449 and Y458 in KH 3 domain may be

These data she :
dont i 1ied as BOPUGPRE LTB Dhar TG diceRa il RRelt B nAHBM esiturs (Y
(Br addockiaDF).efyaisine £580:0 2 1KHLY) end202, 3 HeiGiddas biinghebAtiues By

The' ki aeS Rt Rl ik SAnor LN PR et e SECAR iedd Ghigns ofthe

i ndi cat escdri@borldigy GRTRI 8%db,onARhI ;99 bt WRGRNHARNY 1§ Bnth kﬂévrelsﬁecuve
affected by t e pho}/g{joryl ation of hnRNP K. These data may al so

reflect ceptaaisMyitd ences in conplex formati on between variants 2
and 3 5 of hnRNP K with HBV. [0063] Figure 15 depicts an exanple for

an identificatjogg2ofigafe At de R[gaERa hodIRes! bt that ah BOAUhist&S bihe
conpl ex formation between hnRNP K and HBV. A panel of different

ant i - EGFReqmRAvRE dhabaltern dhe degyien, of whesplarylatien daRBW KDpexieins tingisad whs
col | 3pd ARGk SAL 9898 orYRoMHHALERH bY ¥Ghs S8l cdrhfbili, SRS ordAfod14R?

specific tyrosine residues was prevented by mutating them to phenylalanine (see figure

13 B). This would correspond to the use of a compound that selectively inhibits

phosphorylation at the corresponding sites, i.e. residues Y72, Y449 and Y458 in KH

domains KH 1 and KH 3. HepG2 cells were co-transfected with HBV replicative clone

25 1752A and the respective mutants. “-” indicates co-transfection of HBV replicative

clone 1752A with the empty expression vector pcDNA. 3.1, s'erving as a control. The

HBYV wviral titer increases by about 2.5fold when cotransfected with variant 2 of

hoRNPK and by about twofold when cotransfected with variant 3. Several mutants of

variant 2 of hnRNPK containing a phenylalanine instead of a tyrosine at certain

30 pesitions (see figures 17 A and B) showed a reduced HBV viral titer. These data show

that residues Y449 and Y458 in KH 3 domain mey be important in the i’egulation of

hoRNP K, a region previously identified as being responsible for binding to single-

stranded DNA (Braddock DT et al., EMBO J 21 (13), 2002, 3476;3485; Backe PH et



10 that had been transfected with the HBV 1752A replicative construct
(see figure 2). 4 g of plasm d DNA was transfected using

Li pof ectam ne 2000. The panel of anti-EG-R i nmunogl obulins were
added at 6 h post-transfection as the £b1 1 owi ng concentrations: Abl
(AnaSpec, Cat # 29615): 11 g; Ab 2 (Research Di agnostics, Cat # RDI -
EG-RabS) : a12 Ut Trystlilodr (D?s%@arﬁﬁa%ga\gsmo@& Uy 2004248447430 TIRGHBEARN of
2.3 ng and 15 Ab 4 §S| ma, Cat # 4) gaccordln to

nmanuf act UHBNs viralelog dhese on@ahq:xse@nrefqpllqd;é@té% thet theneomplskofumatian

wer e adde t My

Cells Wer}gI tﬁé?%g%@gqgtmﬁﬁ{,poﬁ%angf ec %hglag&ng)m%msmese
ext r act eddanchaynibasufl@d cérdin dB¥raticeain dc@:@ﬂex fom@atdn bdi®een variants 2 and 3
i mmunogl obul i ns %QVbZ) was able to reduce HBV viral titers in both
cel I 19 nedf {ihHBM hreefol d. This indicates that this 20

i mmunogl obulin is able to inhibit signal transduction of the EGF
receptor that [0083|sFigare t15edgpives phosxyinpld @t dinRISRtAcaioat o s anti-BHFR

Figure 16 depicts the selection of small interfering RNA (si RNA for
the nodumgneagieiuliafhat sendylasss th%wmphezsﬁorg@@%bﬁt“ﬁfﬁmw aEeY- A

shown in re-1 - G ip: x%@g n we, c
fromthr e%ingp tér éhf{er%én act urlgr S g%ﬁg@%cgg%ﬁar Ilgec%)%?%he
A"), Q agbinghdstios) wes &llatednuhdResdéd gotwo differane h&‘a‘e:) cell Hifee, HepG;Z and Huh7
sequence of si RNA nol ecul es_of Source B (Q age

GCAGUKUUCheidmd Asentrapsieted withdhe BBV T2d @@qfeﬁélﬁé é%ﬁ&%‘cb@%ﬁé’cfé &)-fritdn

Pl et Pabf ﬁ%%l%ﬁﬁ??ﬁés O 0S S TRl 0y ehe Dot apti- R

16). The meaondlsedivenee: idded30 6Sopbs1&raasﬁaa$o gldﬁﬂ&Mﬁthh((rSEQ
ID NO 4),_ which was enerated fromtar %t sequence
TACGATGAMABETATARITeFATEF SEGIOBING | 54 2Ab i dRewaiche Diggaestics.ofrat 6“8@1110

Sour EQT%rﬁﬁfiéﬁb%o?léé% bRt koAt (el PR R S5

gener g edAbrOMias Jeit 5R90HPGE, GG EANEAG e ORIt R NS Frédh

This target sequence corresponds to nucl eotide positions 1029 to 1049
(" Tar get @iqutes of |ugmumeglobuin§ wae @d@bd%@tldepazst@@quh@@ to enhance blocking

o ST LR R TR T e o

posi ti on Mh8dsufedTir gV éknral batli One Z)@):})ae Einﬁﬂ:hdglobLﬁlﬁslgﬁfBZﬁwaésﬂﬂchﬁuce
AGGACGUGCACAGCCCUUAUTT ,«(SEQ I D NO. 10) was_genera rom . targ
sequence ABXGHAEGHEA @ﬁﬁ%&@%‘éﬂ@rﬂ@m&ﬂﬁegﬁo ¢y thig drdientes fhat this

posi tjpn @éﬁuﬂdﬁl@oﬁﬁn (i Iﬁ@ 98 intAbit bl%ﬂé.l' tgems&'lﬁ‘)non [OQMGEIIQ%%I YifatdERE 36 S

an exanple of a nodul ation of the~conplex formation

the phosphorylation hnRNP K proteins.
[0064] Figure 16 depicts the selection of small interfering RNA (siRNA) for the
meodulation of the complex formation between hnRNP K and HBV, shown in figure 17.
siRNA duplexes against hnRNP K were purchased from three different manufacturers,
25  Dharmacon (SmartPool, “source A”), Qiagen (“source B”) and Proligo (“source C”).
The first sequence of siRNA molecules of Source B (Qiagen) was
GCAGUAUUCUGGAAAGUUU (SEQ ID NO: 2). This sequence was generated from
the target sequence AAGCAGTATTCTGGAAAGTTT (SEQ ID NO: 3) at nucleotide
positions 1366 to 1386 (designated “Target 2” in figure 16). The second sequence for
30 S\ource B was VCGAUGAAACCUAUGAUUAU (SEQ ID NO: 4), which was generated
from target sequence TACGATGAAACCTATGATTAT (SEQ ID NO: 5) at nucleotide
positions 688 to 708 (“Target 17 in fig. 16). The first sequence of siRNA molecules of
Source C (Pfoligo)* was CUUGGGACUCUGCAAUAGATT (SEQ ID NO: 6),



10 between hnRNP K and HBV by neans of small interfering RNA (si RNA).
(I, top) Hep& cells were co-transfected with 1752A full-length
replicative HBV clone either wth or g[ﬁthout hnRNP K si RNA (2 g, see
figure 16). Non-targeting ("Non-T") an lamn A/C ("Lam n") si RNAs
were used as controls. hnRNP K expression was neasured 48 hours

after si Rpthetdt@nSoaCtar@h sediitfcd WATTTGGGRUTOCTGCAAIASRTEEQOD MD: 7).
transfected cells and cells transfected with non-targeting si RNA
Wi te col bRdargeesnauencstcopesnoads ¢ npeeptideqrosigions tH2HE1 P Targeh3 Alrc

si RNA. Co i n ﬁll%f}' i Vv
and hnRNP}ﬁErTis?Rﬁﬁ? %%&%Eg@%g%ﬁﬁ%&a % agjé%, : CE(?Q [ go; .@?W(Enﬂggﬁe)
HBV vi r al NOoak), wess gpnardtdd &boed tdrgetr sgendend ABCRATATTAAGGCTCECICECG T2 d
as in (1) .- ROLL O am.n A/ C expressi on was sured fromre
% 11 MR N b @“ﬁﬁrpﬁé.’iﬂf)%ég%t(of%é@ Y PoRErDY. st ot
cel | s Theohendl ASGACOUBEACAGHRIMERENARr) 15200! 26y wil 2BSkaAE] from
errors of the nean are shown. HnRNP K evel s as’ neasured by
guant i t at taveet rsequente A ASGHGRTGCACGAGCOTTAT (RHEQ MEr &k 119 hai micleotide
reaction (RI-P indicate a,.30 %reduction relative to the
non-transé%@@%ﬁ%ﬁﬁ%&gﬁt?a% &i lrég si RNA and |amin A/ C si RNA
controls. HBV viral |oad were 25 correspondi ngly decreased by 50 %
usi ng si RNAs f [0@sthEBiguiad? demcts aB eaadple, of whnbdulatginRNAke Egnopiex formation

S et PR B S e SR AR
HBV DNA and,@2 keiiNRete QJ-@hRE ddwiR 17528 HHRRhRHP tpficatNMRIB Y dlonddiiter

Assay (EMSA). 28-ner ol igonucleotide probes were designed to contain
30 ei t her witheor Wi8RAt bnRWP 3R GRNAI(Batg, dee figtde 16).nNowitargetoigeSNoa&h and

f the adj, pst L. . ENMBA f i ng. HepG2
ol ear oA (i HRRERE SRS FaE pisetl o prinbehuBi b Shrdbion B
NO 12): LaResedlsd hofis BRQOERRA SRR AMNOTLE Jrst Ald %Mmﬂs%ﬁ%g&t&r%n&

Probe 3 (SEQ ID NO 14): Lanes 9 to 12; Probe 4 (SEQ ID NO "
G 752)3 Lumstectd rdlsignd Reblh tansfegtedpmitbesor tamgedings stRGY. e 38iiteg columns

concentragi ( 5.0,,.0. nd.O0. f n- specific

conpetit o}rel) %%%ﬁoc%u? 5%%?3%&?4 g"é?“&{é?}d%a]ala% éi@ts?%lg&/ .C% %Wnss G the right
conpet i t ofepiddénti Gells n@H-tudiefbcted withi MBYeaidBnRNRAKNGRBIA (Ao MdpsaicbhCB:
proteins to the_ | abel edéﬁr obes. DNA-protein conplexes mgrate at a.5

di f f er ent QgseRd"t FraHEe)k 6. IRIRohBYurieal loag Way feanfatethhypreak time PCR in
t her ef or ecena%ﬁgge&éd BYin & Wr@dﬁoﬁ@ E%Hjﬁ%{/efk&ﬁf@élbﬁ b nfdaQifed REmHBY-

DNA probe. Veritication e presence RNP K as the secon
conpaent tilng RThE8CRo Matiex weasnnaulabieefuont 00y Ybfer penftansieded gellsaThe results

oY B e AT 45l IR 55 U B AP

si ze usi ngRINYE 1vER4s Ric@fifed BY Qtntitative real-time reverse transcription polymerase

chain reaction (RT-PCR) indicate a 30 % reduction relative to the non-transfected cells,

non-targeting siIRNA and lamin A/C siRNA controls. HBV wviral load were

25  correspondingly decreased by 50 % using siRNAs from manufacturers B and C, while
siRNAs from manufacturer A achieved a 15 % reduction.

[0066] Figure 18 shows an in-vitro measurement of the complex formation
between fragments of HBV DNA and a hnRNP K protein in an Electrophoretic
Mobility Shift Assay (EMSA). 28-mer oligonucleotide probes were designed to contain

30  cither the 1752A or 1752G nucleotide with control probes taken from the adjacent |
upstream sequence. EMSA was performed using HepG2 nuclear extracts with the four
respective probes. Probe 1 (SEQ ID NO: 12): Lanes 1 to 4; Probe 2 (SEQ ID NO: 13,
A'™%): Lanes 5 to 8; Probe 3 (SEQ ID NO: 14): Lanes 9 to 12; Probe 4 (SEQ ID NO:



10 4, lanes 13 to 16). Densitonetric analysis of the bands indicated
that the protein detected by Probe 2 was about 300 % hi gher than
that detected by Probe 4, suggesting that the 1752A probe has a

hi gher binding affinity for hnRNP K. [%67] Figure 19 shows the
identification of the conplex formation between HBV and a cellul ar
protein. 14 @ 78§ Mied ¢Rko P5OERINseL¥F hbks cOlthiak MRFeaking BoheRERdtionkd(0.0
cells were allowed to bind onto 5 ng DynabeadsR M 280

st rept avi 4g-6} pgi 1 Lggod ¥kl Scie)i dawnispedifie cpmpegdac BN oR[poly-(dapoly-

rati o of zspecifi etitor. pol d] -dC) . .Unbound pratein
wor & vasrie b apeiyfia “THE corirlier il B fstid ) ines e, B B
3 to 10 npdsparee proe@bi ol R b¥RET j{;rlaﬁes, ReNndBteid tolpiexea ivigthte Q¥ta
at constant voltage (50 V) overnight. First di-nensional isoelectric

f ocusihg didisrepbsriesd thandeeiINA anddpeilesi BmdingnfdmRNG Kiie tierederp andigatestbson

or ot i n_sEat o5 Pifef gy TRY PRV ISR e rfenge of

al so revepdrdP Khad thepesdndl conifodt@i iR thPedibplaR RaRketite@iently B0 lpedbinddd by
wei ght of approxi mately 56 kDa. [0068] Figure 20 shows the

i dent i fi c#ft sshysisrassheve & fighrad O grdil K. wasstetqotadusingshe } 42 probp irgbe
were core J I . tULer !

et ruct | S SRDIEHRIALE AR BLEBe BuP L AL 152G, prppe Brobe
| odoalet ady Hecand @i pis Drdsitérhétric tangsisnof thet batds i iadicnssd thEptheasrotein
obtai ned by nmeans of Natrix-Assisted Laser Desorption/lonization.
mass spectsteriehy Prabri2ovss abowh et cebigher thaw thap defettad by Frehiefh Shegerbng
carried | ) ﬂﬁﬁ@ fob BYERIBY gusi ng LG/ M5/ M5 30
anal ysi s%ﬁ%%:ﬁ?%&%‘?%%%?ﬁ@g?rﬁgﬁser vifglles. con’). Results of the

21 obtai ned an sequenced peptides are illustrated. Seqguence

al i gnment's of &’H@E%gﬂﬁ‘al?)rs pWs dhe wgatifieation Hfghe KemplG ipraatnmebetgen
hnRNP K ' re st h S t . an S
protein %&ﬁe g ﬁg%fﬁ%{]ﬁ{?@{l&?( K gr%]f?ﬁellﬁﬁéé} %5%%[ %‘g%gﬁs ..Eaglj%ér’aeﬁ ﬁ&) G2
depi ct5 tdéudlsawereo aowed steqbirdcentf 5t ey KivmabedidaRNREK28@r staptasidiisbvtin-

al so figure 9) and the yespective gl ons covered by tryptic pepildes
(boxes) a%¥% ﬁ%laottﬂfs VAR PERSPRGSRS f’-r‘i_s@/wim%a. nsnﬂmﬁ@n%ﬂ%bﬁ:
Vari ati ony@f; HRECEXORSRRH GroRinsdwkR Wased OfuthBHEIP IRNERY SvebIGLRAT and
Ri bonucl eopr ot ei n° ( hnRNP) 10 [0070] Unless stated otherw se,

est abl i shieadwietol 1&emt pilé tnth newinedi hemobifjen drystripsnBehptistionewes carded
I[Eggré] s Heguq"zat Cc%glgtgnt\/\@({lﬁgg Ltljlﬁ %egvelnrlllgﬁt(.) rﬁiarlsg Ei%:ne%é}o% %s%el%ctlr}lg (%IOI:&S%:% was
20 followed by second dimensional vertical separation on SDS-PAGE (10%). The

estimated molecular weight of the specific protein spots detected by silver staining
(arrow) 1s indicated.e. It also revealed that specific protein spots appeared at a molecular

weight of approximately 56 kDa.

[0068] Figure 20 shows the identification of the cellular protein. Specific

25  protein spots were cored out and destained according to manufacturer’s instructions,

following which the gel plug was alkylated with iodoacetamide and digested with

trypsin. A tryptic mass map was obtained by means of Matrix-Assisted Laser

Desorption/Ionization mass spectroscopy (MALDI). Sequence query of peptide

fragments was carried out in Proteomic Research Services, Inc by using LC/MS/MS

30  analysis (http://www..proteomicresearchservices.com/). Results of the 21 obtained and

sequenced peptides are illustrated. Sequence alignments of the 56 kDa protein revealed

high homology scores to hnRNP K proteins. Furthermore the molecular mass of the
analysed protein matched that of hnRNP K proteins.



medi um (I nvitrogen) and supplenented with 10% foetal bovine serum
(Cytosystens) at 37 Cin humdified 5% CO2. 15 [0072] Al PCR
products were generated using the Expand High Fidelity PCR System
(Roche). PCR products were purified usifig the Q aquick PCR
purification kit (Q agen). Ligation were done using the T4 DNA

Li gase (I nvitr ame9) Fighie2Casictdehe anbRs f4{dT8&udkcObA g kh&wn hnRNPK
manuf acturers' instructions. [0073] Total RNA was isolated from HepG
with the Ry (seetalgoQfiiggeny) and the cespeitivg tesionh eowernd fhac tryptia peptides

instructi "vghiant 2t "variant 3" clones were
construct g%xﬁg%%}g?ﬁﬁr%’%@ﬁeﬁ%%%gfﬁ% -PCR fragnment coding for
the respective hnRNP K protein. The sequences of the obtained clones
corresponded to _Cenebank accession nunbers NMD31262, and NM 031263
for vati aRAMPEA® 3 respectively, except that the cloned sequences
contained a thym ne instead of a cytosine 25 at nucl eotide position
501. The EzeRple 1:a¥atidiom df-thie HaptredioRORafvasigne of ketewnoenenus madlear nt o
EcoR I - and Xho |-digested RncDNA 3.1 separately. Coning primers for
"vari ant 22ROINRCICOPEIIEHLARAREIAATTCAATATGCAAACTGAACAG 3' (SEQ I D NO
16) and 5'- CTAGTCCTCGAGTTAGAAAAACTTTCCAGA-3' (SEQ ID NGO 17), and
cloning priners for "variant 3" were .

5' - TAMMAGGAAT TIBXD AT A AeIEEaAeAEsS, esBBli{BEQell DulNide ahd yecainant genetic
5' - CTTGCACTCGAGTTAGAATCCTTCAACATCY3' (SEQ ID NO 19). [0074] A

ful | -1 engf§thodpMieEaistde cl one of HBV 1752A was constructed using a
HBV genone- cont-ai ni ng pBR325 plasm d (ATCC, USA) as a tenpl ate.
Prinmers wer e'h2m07dpslbg@@cteﬂ© vearP | duftyret viea %dnia%&ermﬁlbecboﬂﬁﬁﬁdﬁﬁd' ](Ejaglc?;s
1600- 3215. The region 1600-1900 contain e core pronoter and the
over | appi AGIFRHERPE) &Hg ﬁ@ﬂ%rﬁa%t%ﬁﬂthé@%ﬁe@w?@ge sqrusg(Cyfosystems) at

Vi r ol ogy 3’16@&31%@1&@&45" ¥, In-frame ligation of the two fragments
using the internal EcoR | (1/3215) ensured continuous viral open

oeul g et HUTRE AR ROF podticfs et epotototusing, s ExeRid, Pl g Fiogliy PCR
under itsg L%ﬁnRRQBEH).ePCR%IBJR%]tQ\‘gVHreI Cpﬁlﬁiﬁea UsihgOt ﬁigfﬂ&@?cﬁ'\ﬂﬁdﬂéaﬁon kit

pr onot er é@gen WN et al ., . stroenterol. 2000, 1098?. The
1752AG, 1Ggm)ahigatiqsowee dogk usingrihe F4rIBNA| bigasedndirogrg. Ruetagsols were

construct [y faor the 1752A The first fragnent, 1600 -
3215 was g?ﬁogrﬁleg%%%@?ggo p%%ﬁagﬁéerﬁﬁ%%% pl asnm d and cloned 10
into pcDNA 3.1. The 1752 1752T and 1752C nutations were each
generated sepHi0gBEIgtal RNAevasy jselatgd: FgmehlerEy witle tioy Fd¥eash kifgeiagen)
site-ghre . ' [t e ULNEL G fan
ver: 1ibat PsarfY \EE SRR hberd FRALERE MRS GRALRD G “ORRal S

‘ clones were constructed by cloning the obtained 1.4-kb RT-PCR fragment coding for

the respective hnRNP K protein. The sequences of the obtained clones corresponded to
Genebank accession numbers NM 031262, and NM 031263 for variants 2 and 3
respectively, except that the cloned sequences contained a thymine instead of a cytosine

25  at nucleotide position 501. The EcoR I- and Xho I-digested PCR fragments were cloned
into EcoR I- and Xho I-digested pcDNA 3.1 separately. Cloning primers for “variant 2”
were S'-TAAAAGGAATTCAATATGCAAACTGAACAG-3’ (SEQ ID NO: 16) and
5’-CTAGTCCTCGAGTTAGAAAAACTTTCCAGA—3’(SEQ ID NO: 17), and cloning
primers for “variant 3” were S'-TAAAAGGAATTCAATATGCAAACTGAACAG-3’

30 (SEQID NO: 18) and 5’-CTTGCACTCGAGTTAGAATCCTTCAACATC-3’(SEQ ID
NO: 19).

[0074] A full-length replica_tive clone of HBV 1752A was constructed using a
HBV genome-containing pBR325 plasmid (ATCC, USA) as a template. Primers were



fragnent 3215 (al so position 1) - 1900 was then obtained from

HBV- pBR325 and cl oned downstreamof the first fragnment in pcDNA 3. 1.
15 [0075] Hep&2 cells were plated at an average density of 1 x 106
cells per well in 35-mmtissue culturé>di shes and transfected W th
Li pof ectam ne 2000 (Invitrogen) according to manufacturer's

instructi @é&ﬁgneéirtbei&lphfy%wwﬁ 8@t SoPNAY Webe- 3E§§dr}£é3Eeg1@:ﬁQBoo 1900

transfection m x, and added dérgpvm se onto the cel After 1 ncubation
for 48 h eantaged the com@r@ebﬂesaudetheosuwpqxgémmpphan mzmﬂo:n mgm/\@delsﬁy

genomi ¢ t tio i as For cont Lol
experi nmen gt gl)cé’eII%rOCZO‘%'«a é?é%?gh?&% el °f£%@g%%§5ﬁﬁ tSt]ilsmg
vect or . Eiﬁﬁ!i‘ﬁalfH%BRq (\1\59@5)@&@&:& aoﬂﬁmbuWitrﬁ%pepﬁfdaefnglﬂwawaa&dr@sloﬁar infb8
h at 37 C,. cells were harvested foll owed by genom c DNA extraction

with the Briyl sitg in reBNASad, resubing/iny e replicativg eppgudie Virahrasigrpdpy

a1 BB S SR e 4BY 60 AT i o

| nst r umenty Epglh%a AURRHokmErESH;2000,00008). AR BISOAG, I NSIADHA® 1A52AChe
enpty expression vector pcDNA 3.1 did not have any effect on the HBV

viral tit@dl-length replicative chogesviniere pmxstrunt@ﬂtahs\es@ib@dlfpr ﬂ@slﬂﬂA |'lﬂleaﬁ13?t

G oni 11 cantegeals SRA PR SR ol P B e P aPRtes e 7 i HERR

pl asma (ihtd pbtbm ml $ﬁe cgkbes, tineeT had. 1hesen Iﬁﬁtaﬁtﬁise%@demt endrfed

plasmd (+). 2: Quanti fication of Expression Levels of HBV

variants %?@ﬁltaéﬁlhllﬁdh%t ﬁ?ﬁs@a%ﬁfﬂf@f &t Quicknneni sile-directed cnelsgengsis kit

oo 11or st KOGLAeiie e e SERRIAR AP B i, 8 won

Dul becco' Ragmealitfi2ed (ERgl@siionel)i 1m0 rwdst meg%)amﬁnﬂomuHBN@memand

with 10% foetal bovine (Cytosystens) at 37 Cin humdified 5
5% C02 [0@?@@4@% @éog&g@ﬁw Pdrase plasnmid with a

siman virus 40 enhancer and pronoter, and pG.3 -Pronpter, an
enhanker | ess Li#075leHeas&2 pélhsmreiplatddl’atan aserageadenmty ol 40 Oﬁ)cmqieewell in

upstream fromthe LUCI fer e re obt ed.from Pr

Pl asmi d ptiamerRt FURTE(LSHES e feAsir s, WihpHep fretigteh 200 dApitrogen)
funct i onadccdflinttol meMufehans istrubtidi. BEE 82 I8 Dk verSEéd! BY
NO 20, 5'- CGCGTCAACGACCGACCTTGAGG 3! LucR (SEQ ID NO 21,

5' - GCA GreempdenianTmaradzidehdopndse3nio th@mpﬂ?o Jifteg ingBhatinacior 4% h@te37

Va1 7 oo T ool e alSaRso b eite iR BroRit VA S E Rkl
pG3-Fr OnmbaDNeéEIyeKﬂt (Qagemhit Pait control experiments, cells were transfected Wlth the

empty expression vector. Experiments were done in duplicates. After incubation for 48

h at 37 °C, cells were harvested followed by genomic DNA extraction with the DNeasy

Kit (Qiagen). HBV viral titer loads were meﬁsured by real-time PCR using the RealArt

HBV LC PCR Kit (Artus GmbH) according to manufacturer’s instructions in the
25  LightCycler Instrument (Roche Diagnostics GmbH).

[0076] As shown in figure 4, the empty expression vector pcDNA 3.1 did not
have any effect on the HBV viral titer when coinfected with HBV, neither did it result
in any HBV detection when coinfected with hnRNPK. HBV DNA viral loads were
significantly higher in cells that had been transfected with 6 pg of plasmid (++) than in

30 cells that had been transfected with 3 pg plasmid (+).

Example 2: Quantification of Expression Levels of HBV variants containing a Base

different from Adenine at Nucleotide Position 1752



15 constructs were constructed using the Gene Editor Site-Directed in
vitro Mutagenesis System (Pronmega) to introduce the HBV Enhancer |1
mut ati ons at nucl eotide position 1752 %as illustrated in figure 7).
The first nutation was nutating nucl eo2Pde Ato G (pG.3Promo / §,
the second was with nucleotide Ato T (pG3Prono / T), and lastly
with nucleotide Ato C (pG&3Prono / C). The sequences of the three

mut ant 20 oI| 3¢ Kﬁ%ﬁ
N 22), S SoR W Al (SEQM;!I AL 2%%5 PREYSD SRETbRand

SRS wﬁf?ﬁﬁ TARLSY S SEQE e M ady's uxplat Hased. m@bw(mmgm)
u V, l
o oni o Qb5 SRR 1690801 bRBR S SRR AR R b i

RNA ex$ragtgedof.r om HepG 2 cells. 25 The EcoR |- and Xho |-digested
PCR fragment was cloned into EcoR |- and Xho |- di gested peDNA3. 1.

The cl oning pr re, 5 . T TAT CAGS ( SE
ID NO 25) andl[@%f@%e @%@ﬁ%@ﬁ% “"%A %‘}
The 1752Genhahé@%hd dr6ndtéd 26d A B-Fremetch ah%hbzfc%ﬂbééi& f@:@ﬁ‘épms%ﬁﬁ with a
constructed as described for the 30 1752A. The first fragnment, 1600 -

3215 was #inrian vigs aﬁOnp@nm’ﬁ@srrmSIbreaIHBKvorme215101‘@@5 rgede,andreconioed ifrom

DNA 3. 1, The 1 d, 1752C nut
Cepar at el LD AT REn aw“*a“f‘teeﬁb “ﬁ@,@v@ﬁ%@ﬁf@w@
nut agegiesisit Kof éiblanddrageng) - P@un@ gl pEnWRS Dedre (SEQ VEY | Nogapponstof
the constructs. 27 The second fragnment 3215 (al so positi on 1) 1900
was then GEHGECRECAASIEABUCASSEPEAGKIID) m&mwém 301 Ra, 5

first fra@@ﬁﬂ@r&é@%ﬁ%ﬁ@@ﬁbﬁﬁc’réﬁzf %8&1&38\/\5% f%—!{ﬂﬁf filcfeoride

pl ated at am average density o
pl at es anﬂomicans]fé%ttedsm (feeGinee BRI Tiey 1:{1@@@01%&&@39&% VoSG ] ﬂ@gl II—

5 the manfact rer'.s instruction riefly, of plasm d DNA we

o1 Ut ed 1 gobd Ao dialel ot o MRl L e B S DGER 1 reper a giher Mtant
reagefy %Hs&ﬁct?%&%r@'c&&ﬂ%@ WireWh€ Gend ‘Ehithh &5 eqﬁfé&adf ?%m&l esis
After-45 mn incubation at roomterrperature t transfection xture

was addedSytepuPzenaga) tv inhredee the HWAi Enhaneer 61 ﬁmtauoﬁ@ aPpuddentiflk peosition 3

hours pos ns ectiaon. fresh dium was added. After

eubat | ok TolhInEsiel s 5558 A" BhE helinbialod B UG Adflidr Ade P
wi th phos @J@Iﬂ’r&ﬂf)ﬂ@)e&e%@édnﬂ%as(&ﬂ? niidYed¥riel A t2T (pCGiBKekmo AT afMastly
NaZ2HPO4, and 1.4 nmM KH2PO4). After genom c_DNA extraction with the

DNeasy Ki Withqregheatide fpfp : raBLEPIoE0 |/ oflis The reeqwanssty o8 dthe thragg mugant
Hybr i g, Ca&&%t{n%cl'ebudé@\(@é“sQWGGR@@R%)GI%E@&?‘TM% %880 D NO: 22),

manuf act ure Instructions
5’-GGGGGAGGAGTTTAGGTTAAA-3> (SEQ ID NO: 23), and 5-
GGGGGAGGAGCTTAGGTTAAA-3’ (SEQ ID NO: 24) respectively. Constructs were
séquenced for verification. HnRNP K. clone was constructed by cloning a 1.4-kb RT-
PCR fragment coding for the hnRNP K from total RNA extracted from HepG 2 cells.
25  The EcoR I- and Xho I-digested PCR fragment was cloned into EcoR I- and Xho I-
digested pcDNA3.1. The cloning primers were 5—
TAAAAGGAATTCAATATGCAAACTGAACAG-3’ (SEQ ID NO: 25) and 5'-
CTAGTCCTCGAGTTAGAAAAACTTTCCAGA—3’ (SEQ ID NO: 26). The 1752G,
1752T and 1752C full-length replicative clones were constructed as described for the
30  1752A. The first fragment, 1600 —~ 3215 was first obtained from the HBV-pBR323
plasmid and cloned into pcDNA 3.1. The 1752G, 1752T and 1752C mutations were
each generated scparately in the first fragment by the Quick-Change site-directed

mutagenesis kit (Stratagene). Sequencing was done for verification of the constructs.



15 [0080] For the luciferase assays, 3 g of plasm d DNA together with
1 g of control/pronoter |uciferase plasm d-DNA were used for each
transfection mx and after incubation for 48 h at 37 C, cells were
harvested with Cell Culture Lysis Reagéht (Promega, 25 nmM
Tris-phosphate ph 7.8, 2 mM DIT, 2 nM 1, 2-di am nocycl ohexane-

N, N N, N Tﬁ@%é@ﬁﬁeﬁ-dg&ﬁ{ 62151&13(/3 BJJéiﬁ&{ @j ~ ool wid then a&&pl@i@hﬁo%@ HBef
cell lysates were 20 dispensed into a | um noneter tube,” which is
subsequenpBi331 awkbdonadtdo wastTeaomef the ditst Gragngni ineePNeY 3.0Pr onega) . The
reading was initiated by injecting 100 | of Luciferase Assay Reagent

(Pronega) int ORLOTO|79] FoteanstedGdd, DeRS KeRCH1hih laY aNVaer IRAGHRE 0AS xf B abliy e
light units (RLU). Relative luciferase activity was expressed as fold

“i ncr ease puravelliadowell pliateh end tramsdectshate GenePentsiGene Bharepit) retordipg to

Ut b e Bet RS sl Tins: PUBER'3 wecer RiRREY DiarwaE sl L3R
resul ts i gt QWL BiNer SANRIER WiREEAOPSIRG e8B!, wHicHBR{A1s6 8bdrsdilhied

express the HBV variant wth adenine at nucleotide position 1752
(set at 100 %thnserap Feé tmeditnr dAfterofimin inathationBat veom damperaiurd the

anot her nucl eot.ide at position 1752 ("G', "T", and_ ."C' in figure §
2ehi eved HEITRHOR dRBrE i edirn o aiie hgoo o mih wete SBPT ot
30 in thecdrmgnert. BeivatsSpdet trhvkEédtidh 38h agdvi ki hadium ReAeaddad. aa fdrSAcubation
illustrate that the point nutation found in the enhancer Il region

by t hE0 cuforeidth endeiCothe qells guere h&yvedted ard rissegrivith phospheteftafferedrsatihe

var ant s ContavNe. &7 aasek . A LRRRRRB, A AR RECR e 83 Gore
Posi ti on HXGP ek@dctibh WiftOthe NBSAL, S0R :@??aegg@g@ﬂ\f Lt En e??daé_d§ Wé Eneasured

f
cultured in conplete Dul becco' s nod agle's 5 nedium

(1 nvi t r ogesing tedivdmd TaptmsaledBM Ph A apey (igene) boswirdiag $e thermanufacturer’s
(Cyt osystl%g%)1 Bk 37 Cin humdified 5% CQ2. They were plated at an
aver age densﬁy &f 1 x 106 cells per well in 35-nmtissue culture

di shes. Co-transfection with a full length 1752A replicative clone -
of HBV (see exH@BPkFa)the duditesaseassays, I PEE Wawnd DM A togpthen wite 11752

clone, or_a.respective .1752C,cl on ee _exa e 2),. and either of the
RN S e A S e P R SRR
(see exanﬁb@bqlibn%ﬁ 4Re{ hosTed aslls %ﬁé:hbxb@ﬂed iexaapeatre f?sﬁs Reagent
control experinent, the enpty expression vector pcDNA 3.1 was used

i nstead offrempgiRRP Mekii-plnsplaic obAst, 2usM DA dmMnb2ishamipacycinhexge-
e SR A BERICH) % BRI Bl R P Sl S,

r eal -1¢ MedikdRsédint'@ Huinetinfeyd! 1@be, kphikM$d sub¥BqifentlRptdeed Bitd GMPghéC20/20

GoH) using the Real Art HBV LC PCR Kit (Artus H) according to

manuf act uligreometas (Rramegain The Agading wias tiwitiated Hey iaPetiog 180 uli afdruciferase

~Assay Reagent (Promega) into the tube. Luciferase activity was measured as relative

light units (RLU). Relative luciferase activity was expressed as fold increase over vector

without the Enhancer element. To control for variations in transfection efficiency,

25  experiments were performed in triplicates and repeated at least three times. For

comparison results in figure 8 were normalized to the level of HepG2 cells that express

the HBV variant with adenine at nucleotide position 1752 (set at 100 % in top left, third

column, “A”). HBV variants with another nucleotide at position 1752 (“G”, “T”, and

“C” in figure 8) achieved a much lower enhancement of the SV 40 promoter as reflected

30 in the lower levels of luciferase activity. These data also illustrate that the point

mutation found in the enhancer II region by the current inveritors (figure 5) has a

significant effect on the transcriptional efficiency of enhancer II.



increased in a dose dependent manner with hnRNP K concentration, wth
no significant functional difference between variants 2 and 3 (Fig.
12). The enpty expression vector pcDNA 3.1, used as a control, did
not have any effect on the HBV viral ti8er. HBV 20 variants
containing a base different from adenine at nucl eotide position 1752
had 68 t OpxBfplh3:alecRIIBYaR Mt WIS MISAIRBAE differbherrdfoRAeBROS T UCt ,
indicating a IoWwere evel o repricatlon 0. , _al though

hi gh dosaicleptithe) Riufition JAS? foi 1 Meggnrementsie replication
efficiency of the three constructs. As can furthernore be seen in
figure 12, the dose dependency of hnRNP K and HBV on their conpl ex
formation tendmogh) hepGealls &ARebEl RAORHHINE ISR EURbESed Eagle's
increase in replication efficiency can be chi eved. These data al so
provi de t reduef (Invitbgen) end deppdendtrtiet withd 0¥infpetat bodndiserem (Gpiopystems) at

Phat are’ SheGihpifid V8 Qi pan et Baveranaraof RBgo alar

of the Degipei0fsBhAsRAGkY balroMiiales WANEarS RO Ol [105Rhel P54

mutants of hnRNP K variants 2 and 3, differing at Y72, Y449 an

Y458, wherepligafiverckined{hiB 6 (sce eximpletl hch raspeaiifenkER 6. cldtes peaspectioe 1752T
tyrosi ne residues _were nged to phenyl al ani,ne,to m.mc t

et ect " of CIOBMIS e TP oe RIS B BrgRle 2t Bt it RIRNP K
prot eims. ed#bRMnScoRRIGA fir FYarhe RY lodl“afiRe 3b sdetadmple DYWASHOMEBA Bs
generated using the Quick-Change site-directed nutagenesis kit

( St r at agefesrribest Mexample WviHog atoppolhwyRRIPmKN; therdnay cRpressien versaringRIN/A"

cl ones as,t I . one faor verdfi Lon of

conot r ut 21 Bt fiseogf BHERSE £8ur ¥l opfuct il bl B 8 ey
I D NO 273C, &iswadrel hatiesied folswed/ 2 genoitDONET cAfti 6\ ithTthe HBdasEEGt
AGT GIT-3' ;. 2. YMutF2 (SEQ ID NO 28): Reverse priner _for Y72F 5'-

GAC TGA Afdiagent HBY xiral tignleate weosrnipasured bywgtlting 8E8 fhadighigycler
For wa ' e Tr (R

i W PR B Mg e oAbl S e Rele iRy R A s
CTG CAG 10nbAl #kdrdBIGtor @@nBfactubers’Y MstrE&icnSEAs | iediGied 3fhe: HB3 wiraldtiter

i f Y458F (f 2) .5' -AGI GI TTT TCT A, AAG. TTT-3;

b ' Wit Fompiatsip mise dephachsbihecvish RARNITC oosoradifion, it Sgniaih
GAA AAA Cfuhctiédal Aibfer&0 Heibeon Ghiiadts:2 4nd 3(%%%.': i’%&&@ﬁ@eﬂn presdion vector
Forward priner for Y458F (for v3) 5'-AGI G AAG CAG TTT GCA GAT GIT

GAA- 3 ; 8peDNAt 8 pssE@s| pepptyol,3diy: noRdges sey eHegirannie HBY wnd diter( £57V

v3) 5 TCC . . TT-3' 83].: I
13) 520 ST S LG PR TR T S L PR S
respect i veo frutedntesl HRVADNHAr whercamaraiw the 7520 sbeeticty mdddatibB¥ lowered

licati | '
replicati i{agelcofoﬁ%v replication (Fig. 12), although high dosage of hnRNP K was able to

augment the replication efficiency of the three constructs. As can furthermore be seen in

h's
.....

figure 12, the dose dependency of hnRNP K and HBV on their complex formation tends
25  to reach a maximum, above which no further increase in replication efficiency can be
achieved. These data also provide the definitive evidence that the inventors have
mapped precisely the virus element as well as the partner host component that are

needed to drive HBV replication.

30 Example 4: Modulation of the Degree of Phosphorvlation of hnRNP K Proteins

[0082] Five mutants of hnRNP K variants 2 and 3, differing at Y72, Y449 and
Y458, where generated by site-directed mutagenesis. Respective tyrosine residues were

exchaﬁgéd to phenylalanine to mimic the effect of compounds that block phosphory-



1752A with the enpty expression vector pcDNA 3.1. [0084] HBV viral
titer | oads were neasured by real-tine PCR using the Real Art 20 HBV
LC PCR Kit (Artus GrH) according to manufacturer's instructions in
the LightCycler Instrunment (Roche Diaghostics GrbH). The kit

cont ai ns reagents and enzymes for anplification of a 120-bp region

of the HB § C
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(see fi guﬂéhelﬁ)r verRBNS of Whd Qoﬁ%fsaMﬁﬁudmﬁnﬂ?éﬁsaﬁéeﬁ Rbrevay Flvs2 1.
of hnRNPK t he increase of HBV | oad was | ower. These data indicate

that the ¥OABFELSEQIDNO: @A) Deuweshpimaner R ZidS HERC GG RIAGA tGAC B T

ts kit s AOERC QRremiel S tvey BT3P Wes er BRIGE adint Br Cx &
figure l4pAdTeseAnesuldsGarerafloAa AGIC $ETMRSS. YRRIFTY @@Nd@@
and Y458 in KH 3 domain may be inportant in t’he re‘gul ation of hnRNP

K whi ch t Remvasd pamsr fqrﬁ@@ﬁr%@ﬁ@t&lﬁﬁ GSIA o W TG a3l QG A adpHe

5: Modul a f L I I

of the hubRRoSPa NG P St TR e AGTrEgTa BAe
conpl 81 e DulAAeeOCTGTIECI ;e YRaghe (SEQEDI NDI {1)NFérdwaediSfithepfod Y458F (for
supplemented with 5 10% f oet al _bovi ne_ser um_{%t osystems at - 37 in

hum di fi e¥2)s8/ &P CTOAHF Wl IIT ECE FEANAALCTRE-35i0t PIMIHB @E@Jﬂ?@iﬁ

li cat
DA v 3 2 RPOH pEhector VASEE [bF8) TR OB Ry chr tecBloRRN G
hat 37 C @Tfaitel. YMulF? (SEQrD NG:i 33[CFRviannpriagh dbeVi458F (fsed)S-ATER

1o SRS M o F S EERRL v
rai sefk ag §1tf09Y3r¥g’lt‘ p%% D) 5 REDA YR ¢9CT £R00EE T8¢ R AETHYEPERNE
phosphory ated site of 1016 of human EGFR (this sequence i's

dent I t I

a5 an opi t opoloRF ARG Bl Yo Abiseierof gt B8 GoTsraB60nS AL AN e
buffered gelikdRcivHhutkhts. A08 RN 'cBﬁpﬁseQQg@-EéJﬁ%chﬂﬁQ@ I—I@V%@plﬂfaﬁvé/\@l%ne
used for each cell assay as shown in Flg 15 15. Ab 2 (Research

Di agnost i 524w gheresnNg expysyionCeactor p abS) is a sheep

anti - EGFR i mmunogl obul i n rai sed agai nst reconbi nant human EGFR
(partial cyt omo8siB VOGrR iiPer 0bads Gt indadusd Hereal-tife PCROusity ﬂl\emmr@
exon 15-18). The i munogl obulin is supplied as 200 g 1gG in 200Q
Tris-#0 BN FQpPGR &it ég{IB%G%H) @afoadingeto manufaghpraRgsingegtiong in etaeh

cel | assaﬁrghﬁ‘%rci;er(]ﬁgﬁ‘lﬁﬁ&ﬁhﬂgcﬁg rﬂﬁéﬂo%ﬁcs %bH). The kit contains reagents and
enzymes for amplification of a 120-bp region of the HBV genome and for parallel

detection of the specific amplification products; furthermore it contains a heterologous
internal control for identification of possible PCR inhibition. HBV viral loads increased

25 Dby about 2.5fold and twofold when cotransfected with wild-type variant 2 or 3 of
hnRNPX respectively (see figure 14). However, with several of the mutants of variant 2
of hnRNPK the increase of HBV load was lower. These data indicate that the complex
formation between hnRNP K and HBV is affected by the phosphorylation of hnRNP K,
especially by a phosphorylation in its KH 3 domain, where residues Y449 and Y458 are

30  located (see figure 14). These results therefore also suggest that residues Y449 and
Y458 in KH 3 domain may be important in the regulation of hnRNP K which then alters
the upregulation of HBV viral load.



20 # RDI -EGFRCabr X) is a rabbit inmmunogl obulin raised agai nst a
synthetic peptide from amno acid position 1168 to 1181
(NH2-CGS-L-D-NP-D-Y-QQ D F-F-P-K-E- COOH), mapping to a region near
t he carboxy-term nus which is identicaBO0in human, nouse and rat
EGFR. The ami no term nal cysteine was synthesi zed to facilitate _
carrier . RERRP ISl

phosphory Ruifiple M MtRARGH bt 15 é mﬁ%ﬂ% observed
agai nst erbB-2, erbB-3 or erbB-4. The imunoglobulin is supplied as
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but not the bi I munogl oburin IS su as a
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(pH 7.5). &%ﬁl 31 was used for each cell assay. Fresh aliquotes

of inmu no%ﬂo(@b nincykation derdel abd7 A4 a yang) of different it ECHIR mumenoglobylins
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DNeasyo Ki 4nti-EQFRI@hbspHIEdECHid) apolidléelt hRAdDbBuEn TRigEd ragﬁinﬁ}’a synthetic
real -time PCR using the Real Art 5 HBV LC P Kit (Artu

accor di ngP¥Pydaspruesrendingfo dheityrosing phospherylated site of p%@t@@n@{%GFR (this

| nst
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for mat i onepibwetinityNReKrévbit IEBY1(Gee it Q@Jp@hb‘éphdt&bmﬂﬂer&agalﬁle ngYDETI
cell lines). Ab 2 (Research D agnostics, Cat # RDl - EGFRabS) ced

HBV vi r al cantaiing 0003% Rrastnk0k 812 mg/nbwasayseddoleeacha:ﬁﬂtasﬂay@s @h@wn imédse
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hnRNP K pari-BGRR. imxamphebilin Matied atag@insto fredbM¥NoS Bymeh REGFR15(part1al

[ 0088] si RNA dupl exes aga| nst _hnRNP K were purchased from Dharnaco
( Smar t PooPyoPletigefraaia ¥ S, m@i’fh%vwfeaem fadFet tei eg Apd9). Te

i1l ust rat@gﬂ r gﬂﬁnﬁ 0
AAGCAGTA Mﬁ% %’%%’clj%ﬁ% %lb lgg?? nucl ggﬁﬁ e pogl1 t(?%r?é) OOSA)
1386, " Tadodim 22ide.10.43 @EuEwiShsedrior &h%l%@@éﬂé@%ﬁ%‘&gﬁo@ﬁ@ Uat
NO 5 nucl eoti de 805| tions 688 to 708
20  # RDI-EGFRCabrX) is a rabbit immunoglobulin raised against a synthetic peptide from
amino acid position 1168 to 1181 (NH2-C-S-L-D-N-P-D-Y-Q-Q-D-F-F-P-K-E-

COOH), mapping to a region near the carboxy-terminus which is identical in human,

mouse and rat EGFR. The amino terminal cysteine was synthesized to facilitate carrier
coupling. Recognition of EGFR is independent of the phosphorylation status at tyrosine .
25  1173. No reaction was observed against erbB-2, erbB-3 or erbB-4. The immunoglobulin
is supplied as 250 pl sterile filtered neat sera with approximately 85 mg/ml protein
concenfration. 46 pg/ul was used for each cell assay. Ab 4 (Sigma, St. Louis, MO,
USA, Cat # A204) is a sheep immunoglobulin raised against a 20 amino acid fusion
protein of the human EGFR as the immunogen. This sequence is proximal to the
30 phosphorylation region (mear the N-terminal sequence). The immunoglobulin
recognizes the internal domain of the receptor molecule and will block the -
phosphorylation but not the binding of EGF. The immunoglobulin is supplied as a 1.3
mg/ml sterile-filtered solution in 0.15 M phosphate buffered saline (pH 7.5). 0.1 ug/pl



"Target 1" in Fig. 16) for Source B (Q agen). The respective si RNA
sequences were GCAGUAUUCUGGAAAGUUU (SEQ ID NGO 2) and
CGAUGAAACCUAUGAUUAU (SEQ ID NO. 4). The first target sequence used
for of Source C (Proligo) was AACTTGGEACTCTGCAATAGA (SEQ ID NO 7),
the 25 respective si RNA sequence was CUUGGGACUCUGCAAUAGATT (SEQ I D

NO 6). Hab &sé@foﬁ%ﬁckﬁ@é]lﬂ@s@&ﬁ P&whrﬁig)a@m%f LRmRHE41601ind SveRO 8ddddOA D4 h
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(Roche) wphdspiorylatios haRNP AHOGHEIST ACGACGGECATGGT -3' (SEQ ID 10 NO  35)
and 5' - GATCGAAGCTCCCGACTCATG -3' (SEQ ID NGO 36). For Lamn A/C
detection, real-tine reverse transcription (RT-PCR) reactions were

perf%gdwﬁlhg& s:tnh@dﬁaﬁsnmnmfldb@mgd p& i gers (5" -

CCCT - ) , an -
TGCCTTCCACACCAGGTCGGT -3', SEQ ID NO 38) described by Lelliott et
at, 2002 (Jour of, inic Endocri,n 87, 72 734 ol ut e
TS quanti {at 1 oflOBH HRANAJuBERE RREF: BRGT iy et ML s Db

W th in vign@tPobl)alpeh had F%Mgobyrm%le&%d%%ei\/ﬁ&s%@ﬁlﬁ%&afea iy 'ﬁg’hﬁe 16

transcri pt| on system (Pronega). The concentration of purif

transcri b RNAcspasd @aW@%MG&@%WWGAMTTTa(SEQI lﬂaé\@@hﬁ
(I'nvitrog | ut i jtr. nsgk i hed

pr epar ed ll%%’)l tﬁ? gtls‘ﬁfu ;lal negtf)da a\éar e%s \%n ‘?n fllggurggﬁf {ér:IRN&nd
| evel 20 of THMMG@FH Gadqwen ($5Q IVN0e | R toukRotide pbtions 688 to 708,

non-transy ea%t gtdl”cgll I|<‘1§ 16 ¥ ort %Elgc%tll% re&asglexISNé[\‘he rgspectlve siRNA sequences were
GCAGUAUUCUGGAAAGUUU (SEQ ID NO: 2) and
CGAUGAAACCUAUGAUUAU (SEQ ID NO: 4). The first target sequence used for of

Source C (Proligo) was AACTTGGGACTCTGCAATAGA (SEQ ID NO: 7), the

25 respective siRNA sequence was CUUGGGACUCUGCAAUAGATT (SEQ ID NO: 6).

This target sequence corresponds to nucleotide positions 1029 to 1049 (“Target 3” in

Fig. 16). The second target sequence used for of Source C was
AAGAATATTAAGGCTCTCTCCGT (SEQ ID NO: 9) at nucleotide position 187

- (“Target 1 in Fig, 16). The respective siRNA sequence was

30 GAAUAUUAAGGCUCUCCGUTT (SEQ ID NO: 8). The third Source C sequence
AGGACGUGCACAGCCUUAUTT (SEQ ID NO: 10) was generated from target
sequence AAAGGACGTGCACAGCCTTAT at nucleotide position 655 to 675 (“Target

2” in Fig. 16, SEQ ID NO: 11). HepG2 cells were co-transfected in 24-wells tissﬁe



lamin A/C si RNA controls. Qagen and Proligo siRNAs (B, Cin figure
17) reduced HBV viral |oads by 50% whereas the Dharnmacon si RNAs (A)
| onered HBV | evels by 15% [0089] This difference in effectiveness
of si RNA between the three sources on 325 the replication of HBV is
likely to be due, to the different target regions that were selected

(see Ti QUERAD latdsONRY AT mgdbt IEWDNAB%%%P%h@m‘)eYﬁJﬁHE@g% ddiR, see

compl ex fornation betweenm hnRNP K and FBV and hence HBV replicati on.
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th 1
ot 039500 e obRRLAN o WELEAT (RRREl HRAT S EAINY WTRINHAR KR,
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% ce
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di al yg S1w&!écr‘e&?6ed€3§,1 5@% 1 R1a0E Q0 Thhbi- hﬁ&f&%e&@&lsr inba@aLan aRNkS a0
rpmfor 20 mn. Nuclear extracts were then al |quoted and stored at

-70 C. Prleman A/ConRNAL ectiotsn Qlegen and Proligo siRNAs (B, C in figure 17) reduced
HBYV viral loads by 50%, whereas the Dharmacon siRNAs (A) lowered HBV levels by

15%.

[0089] This difference in effectiveness of siRNA between the three sources on |

25  the replication of HBV is likely to be due to the different target regions.thaf were
selected (see figure 16). However, all three siRNAs apparently affect the complex
formation between hnRNP K and HBV and hence HBV replication. Lamin A/C mRNA
levels measured by real-time RT-PCR in HepG2 cells transfected with lamin siRNA
showed a 45% reduction relative to the non-transfected cells, while non-targeting

30  siRNA and hnRNP K siRNAs had no effect on the lamin A/C mRNA levels. Therefore
lamin expression is apparently not affected by siRNA that has been selected for the
modulation of the complex formation between hnRNP K and HBV. These data again
also confirm that hnRNP K play a critical role in the process of HBV replication.



gquantitated with the Protein Assay kit (Bio-Rad Laboratories) using
acetyl ated bovine serumalbumn as a standard. [0092] HBV- hnRNP K
i nteraction was anal ysed by a nethod that is known to 25 persons
skilled in the art as an "el ectrophorefc mobility shift assay" or

"EMSA". Binding reaction procedures were performed at 37 C for 20
mn in 20gka 4 'Mecﬂﬂﬁ@ﬁh@&t@ﬂ&ﬁ@ﬂ'oﬂmﬁﬂﬂ ahld HBY in3¢rd™M NaCl , 1
nmM EDTA an contal nr ng g o nuclear extracts, 0.1

- 0.2 g of non-specific conpetitor DNA pon (dI dC (Arrersham
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Nucl ear protein extracts were ob omthe uman

car ci noma78¢l0.2 MM EDIRHGES tmM m&gwoml\mwlg D5anWigDEE) 25%t GliycarolMahth
ice-cold buffer A (0.15 M NaCd, 10 nM HEPES, pH 7.4), and incubation

on ice fofreatsd with sother 5 Oxstrakes gf Axunpa bredgeriter. Cell srepeasions, e then
(0,531 S6i95ca A0INLEERERy. hulM 20 MIGIEq Qo adealhl 10D & 1R ol

7.4). After centrifugation a
was was herbtaiivae Nuiclehr fetirfsenasBeanded bg utsmﬁlﬁsgado@em} QO@fpm der 40 tin 200

m of bu C[0.45 M Na HEPES ith

i nhi bi torgé %%ﬁﬂﬁme%ﬁbwg 3990150?1)(' brserasb? Phonges o S0t Bret fdeemM
for 15 m prprkhygens | @2 agif abiran 26%1\/9‘1%&21 Y20 ‘ﬁﬁﬂtKCf ‘@@tth‘Nibl 25%
13,000 rpm for m n. The supernatant was §aved for DNA-bi ndi ng

glycerol, 0.5 mM DTT, 0.5 mM phenylmethylsulfonyl fluoride (PMSF)] at 4 °C. After
20  dialysis, nuclear exfracts were clarified by centrifl.lgat'ion at 13,000 rpm for 20 min.
Nuclear extracts were then aliquoted and stored at -70 °C. Protein concentration was
quantitated with the Protein Assay kit (Bio—Rad Laboratories) using acetylated bovine

serum albumin as a standard.

[0092] HBV-hnRNP K interaction was analysed by a method that is known to

25 persons skilled in the art as an “electrophoretic mobility shift assay” or “EMSA.
Binding reaction procedures were performed at 37 °C for 20 min in 20 pl reaction

. mixtures (10 mM Tris-HCl pH 7.5, 50 mM NaCl, 1 mM EDTA and 1 mM DTT)
containing 10 pg of HepG2 nuclear extracts, 0.1 - 0.2 pg of non-specific competitor
DNA poly (dI-dC) (Amersham Pharmacia Biotech, USA) and 32P- dATP end-labelled

30 probe (1 x 10* to 1 x 105 cpm). Free DNA and DNA-protein complexes were resolved

on 6 % nondenaturing polyacrylamide gels. Gels were dried under vacuum at 80 °C for
1 h before exposure to X-ray film (Biomax, Kodak) at -80 °C. The sequences of the



25 proteins assay. Annealing of double-stranded ol igonucl eotides
probes was done using 100 ml of deionised MIIi Q water containing 1
nmol e each of anti-sense probe and sense probe which were | abel ed
with biotin at the 3' end, and 5 end, f‘espectl vely. digonucleotide
m xture sol utions were heated at 95 C for mn and cooled slowy to
. room tem%%u&ﬁouﬂquﬂo%@r ﬁﬁfcle'&ﬁd@r % §%§ \éﬁeuﬁ?daﬁddﬁ eqved® dBoBs i hed
before 30 dal et a et al ) em 271, 1996, 13537).
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bufferspH 3 - 10, 1.0 ng of DIT). The m xture was m xed briefly by
vortexing and centrifuged at 13,000 rpmfor 10 min. The supernat ant
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Bi o- Rad Lﬁ@ﬁf(ﬁ]t. Gk @30 iRfire was incubated for 15 min with .gentle agitation followed by

centrifugation at 13,000 rpm for 5 min. The supernatant was saved for DNA-binding

25  proteins assay. Annealing of double-stranded oligonucleoﬁdes probes was done using
100 m] of deionised Milli Q water containing 1 nmole each of anti-sense probe and
sense probe which were labeled with biotin at the 3’ end, and 5° end, respectively.
Oligonucleotide mixture solutions were heated at 95 °C for 5 min and cooled slowly to
room temperature. DNA-interacting proteins were captured as described before

30 (Gadaleta D et al., J. Biol. Chem. 271, 1996,13537). Briefly, the oligonucleotides
mixture with SEQ ID NO: 14 and SEQ ID NO: 15 (depicted in figure 19), was
incubated with 5 mg Dynabeads® M-280 streptavidin (Dynal Biotech) at room
temperature for 15 min in binding and washing buffer (5 mM Tris-HCI, 0.5 mM EDTA,
1.0 M NaCl, pH 7.5). The magnetic beads were then washed with binding and washing



carried out using 10%gels at a constant voltage of 150 V for 6 - 8 h
at 15 C. Silver 25 staining of the gels (SilverQuest Silver Staining
Kit, Invitrogen) denonstrated positive_ _enrichnent of a specific
DNA- bi ndi ng protein conpared with the %%n-specific bi ndi ng control

ol i gonucl eoti de probe (see figure 19). It also revealed that specific
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region on a hepatitis virus, for instance the enhancer |1l of HBVY, is
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vector using standard techniques. In a first step, GST and GST- hnRAP

K vect or sbtamM 1gn dfage amgunt bromophenol blue, pH 8.8), followed by second incubation
with the same buffer for 30 min with iodoacetamide (375 mg / 15 ml) instead of DTT. .
Second dimensional vertical SDS-PAGE (Protein I XL, Bio-Rad Laboratories) was
carried out using 10% gels at a constant voltage of 150 V for 6 - 8 h at 15 °C. Silver

25  staining of the gels (SilverQuest Silver Staining Kit, Invitrogen) demonstrated Iiositive

enrichment of a specific DNA-binding protein compared with the non-specific binding

control oligonucleotide probe (see figure 19). It also revealed that specific protein spots
appeared at a molecular weight of approximately 56 kDa.

[0094] Specific protein spots were cored out and destained according to

30 manufacturer’s instructions, following which the gel plug was dried, soaked in
ammonium bicarbonate solution and reduced with DTT. Alkylation was performed
using iodoacetamide. Samples were digested with trypsin at 37 °C overnight on a

ProGest workstation. Formic acid was added to stop the reaction. Peptides were purified



25 into DHba, grown to an optical density at 595 nmof 0.5 and
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regul at or yassefitbmanstysad hegsein matdhied tray of huRNPK pseteing.e the enhancer ||
of HBV, is known to the person skllled in the art as a "Chromatin

i munopr eci pitation (ChlP) assay" or "ChlP assay". [0098] HepQ& :
cell's ar eEkimpRf®chitdysid 4dd Ohandfibridnl ofithe CoRIEK foeﬁiahaﬁu:ieweeeﬁl one

15 as described in _exanple 1 and cells harvested at_48 n

post - t r anBRBNE 15 and agegylatory Region on g s Migusdnpyifte er (20 mv
Tris-HC1 pH 8, 1nM EDTA, 1% Trrton X- 100 1% SDS 150 mM Nad and
1mM PMSF) and sonicated at 20% Duty for 30 sec, five to eight tines.
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| ncubat ed {u%thljége @ ’Prans-rtgrase ?(%lf) g‘rrtﬁe %Ets?étn Sr%(’cjémn%%tTe-}gnRNP K. GST-hnRNP K
may be constructed by cloning the full-length 1.4 kb hnRNP K into a GST vector using
standard techniques. In a first step, GST and GST-hnRNP K vectors are transformed

25 into DHS5a, grown to an optical density at 595 nm of 0.5 and induced for 2 h with 0.2

mM Isopropyl-B-D-thiogalactopyranoside. Recombinant proteins are then purified using
established chromatography techniques using Glutathione Sepharose High Performance,
pi‘epacked in GSTrap™ HP columns, according to the manufacturer’s instructions
{Amersham, Order No 17-5281-01). The eluate is dialyzed overnight against an aequous
30  buffer containing 10 mM phosphate (pH 7.5), 50 mM NaCl, 0.05% Tween, and 20%
glycerol. 10 pl of in vitro translation mix are incubated with 1.8 x 10 mol of
recombinant fusion protein in a final volume of 110 pl. After 3 h on ice, bound
complexes are purified by the addition of 25 pl of a 50% (vol/vol) slurry of Glutathione
Sepharose beads (Amersham, Order No 17-5279-01) in incubation buffer and mixed for



by a standard technique such as centrifugation in a table centrifuge,
whereafter the supernatant is transfered to new tubes. Anti-hnRNP K
i mmunogl obul i ns are added, whereafter the solution is incubated with
slight agitation overnight at 4C. Pre- 3équilibrated protein A beads

are added; followed by an incubation for 3 h. The beads are 30 washed
and bound 15NAG) 9BUL B ERTRLIGX Gastihd! Wit MrhiNin€hudtibR bulkef, [tRE begR M
Tris- d pH 7.5 10 nM EDTA, 0.5% SDSJ. DNA Is extracted using the

DNAeasy Kilgaded Ghtacrehdenarslicsst fori dhendrophoreticalphayds. Redivetregnits PGR shew at

described.in | es and 4 is . use u ' eth unt _of
oA ust g R SEREBRGEE S tngin hip PR Lo BRI K Syt SafahiR! mffner
t echni que vigfidaibhS b1 thiseidterdttioX JAPAISS bd répRsted by PaEprobal @x Snt@rewhich
detected in agarose g el using standard techni ques. [0099] The

i nvent $ on % wirpurenslated tik hindingdy GHeeghantasdl.ng aspects of the
invention and the appended clains. 5 [00100] In one aspect the
invention includes a nethod for altering the |oad of a Hepatitis
virus in gxhfple DU:00HIGHR hnd Oubaafivdtidh iFahé Coipléx F&@ARidnShdig eé©
nodul ation of _the conplex formation of a heterogeneous nuclear

ri bonucl e BpRNEKand avepniatory Regie add¢natitis vipus dnui

regul atory region on the Hepatitis virus genone. 10 [00101] In one
enbodi ment of this nethod the said virus is selected from the group
consi $0i ng of [0NYFEAHARRIer hedhod bflanalyeing dhtdeictibiapbitivets ZMRNPSK and a
ground squirrel Hepatitis virus, arctic ground_ squirrel Hepatitis B
virus, hufgyaiRgaegion en p hepatitipeviyusighoy instanek thessphanaer & of KBV i kogwndp

epat i 11 58 Urpdif s AEa 0RE B, RS bbieln ol ath BORTY vy o

15 virus, “GhIM dsyayifonkey Hepatitis B virus, orangutan Hepadnavirus, GB
virus B, and human Hepatitis C virus (HCV). [00102] In this method

the host organ '[lglgklg g@%(fiﬂ rcgﬁ@‘%ﬁ%aﬁﬁig&g&‘ wifhl the 9952@%@-[@1@#}1 épﬁ@a?i@@'glone

The mammal may cted fromt roup consisting a rat,
mouselS a sgdéscribéd inaexaamie érapd acliobauéatierkat 4hh postrigpnsfeation. Lalls@kd then

and & hurbied ToBYaRTFE oLt RETHS AR R ol BadRon FoThon ThnpRaps
formati on1s@mMeNaGICHIEMER] PYISFRaNns sehicabd &f 10 g HPBAlseaBieNh @dhta
vari ant of heterogeneous nucl ear ribonucleoprotein (hnRNP) K or: a

f unct i onafimep defrbnfgatirey isglonp at mesiogan (speqdofpy 3 minte remeYoerlulay debris.
corpl ox. 1 90 RAE SRESHLE Tl ks BRTBA PO FRsTR M BiRelFonese
20  (Roche, 20 mg/ml) is then added to samples to a final concentration of 1.5 pg/pl. After

an incubation at 42°C for 2 h and then at 65°C overnight, LiCl is added to a final
concenfration of 0.8 M. Immunoprecipitation dilution buffer (20 mM Tris-Cl pH 8, 1

mM EDTA, 1% Triton X-~100, 150 mM NaCl, protease inhibitors) is added to dilute the

extract. 1 ml extract is mixed with 40 pl protein A sepharose beads (Protein A

25  sepharose CL-4B, Amersham) and incubated for 15 min. The beads are then sedimented
by a standard technique such as centrifugation in a table céntriﬂage, whereafter the
supernatant is transfered to new tubes. Anti-hnRNP K immunoglobulins are added,
whereafter the solutibn is incubated with slight agitation ovemnight at 4°C. Pre-
equilibrated protein A beads are added, followed by an incubation for 3 h. The beads are

30  washed and bound immunoglobulin complexes eluted with elution buffer (25 mM Tris-
' Cl pH 7.5, 10 mM EDTA, 0.5% SDS). DNA is extracted using the DNAeasy Kit
(Qiagen) as described in example 1. Real-time PCR as described in examples 1 and 4 is

used to quantitate the amount of DNA using primers designed against the enhancer IT



thereof with the regulatory region on the Hepatitis virus genone.

[ 00105] In one enbodi nent of this nethod the regulatory region used
Is enhancer H of a hepadnavirus. The enhancer H region may conprise
positions 1554 to 1645 of the Hepatit?% B virus genone. 30 [00106]

I n one enbodi ment of the nmethod the virus is the human Hepatitis B
cvirus. [ORbAl Thiz tedRisRe Afus@hted i SxARIQd AR, Mkittve®an® Hedeteatd be
an in- vivo method for the identification of suitable conpounds that
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[00103] In this method the modulation of said complex formation can be
achieved by means of altering the total amount of a variant of heterogeneous nuclear
ribonucleoprotein (hnRNP) K or a functional fragment thereof in the cell. |

[00104] The method can further comprise administering a compound that

25 modulates the complex formation of a hnRNP K protein or a functional fragment
thereof with the regulatory region on the Hepatitis virus genome.

[00105] In one embodiment of this method the regulatory region used is
enhancer IT of a hepadnavirus, The enhancer II region may comprise positions 1554 to
1645 of the Hepatitis B virus genome.

30 [00106] In one embodiment of the method the virus is the human
Hepatitis B virus.

[00107] In one aspect of this embodiment of the method can be an in-
vivo method for the identification of suitable compounds that modulate said complex
formation.

35 [00108] In this aspect, the method may comprise administering a suitable

compound for modulating the complex formation of a hnRNP K or a functional
fragment thereof protein with the regulatory region on the Hepatitis virus genome. The
method may further comprise measuring the number of Hepatitis virus particles in the



[00112] In one enbodi ment the nucleic acid nolecules is a si-RNA

nol ecul e conprising the sequence of SEQID NO 2, SEQ ID NO 4, SEQ
IDNO 6, SEQIDNO 8 or SEQ ID NO 10. [00113] In one enbodl ment
of the method the interaction of a hnRNB K 25 protein or a
functional fragnent thereof with a regulatory region of the Hepatitis
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[00113] In one embodiment of the method the interaction of a hnRNP K
25  protein or a functional fragment thereof with a regulatory region of the Hepatitis virus is

modulated by a compound that modulates the phosphorylation status of cellular
components. In this embodiment the compound may alter the degree of phosphorylation

of 2 hnRNP K protein or a functional fragment thereof. The compound may
alternatively altes the intracellular quantity of hnRNP K proteins or functional

30  fragments thereof. The compound may be an agonist or antagonist for a molecule on the

 cell surface. In one such embodiment, the molecule on the cell surface is a receptor.

[00114] In one such embodiment, the receptor is a receptor tyrosine

kinase, a membrane receptor with associated tyrosine kinase activity, or a G protein
coupled receptor. The G coupled receptor can be a receptor for a platelet derived growth

35 factor, a receptor for erythropoietin, a receptor for tumor necrosis factor, a receptor for
leukaemia inhibitory factor, a receptor for an interferon, a receptor for insulin, a
receptor for an insulin-like growth factor, a receptor for an interleukin, a receptor for a
fibroblast growth factor, a receptor for a granulocyte-macrophage colony stimulating



(b) detecting the said conplex formation. [00118] In this method the
detection may be perforned by a suitable spectroscopic,

phot ochem cal, photonetric, fluoronetric, radiological, enzymatic or
t her nodynani ¢ nethod, or is based on céflular effects. The

phot ochem cal nethod may 20 conprises a cross-linking reaction.. The

spectrosc c net ho rlse the us e of fluoresce
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rece %S ﬁﬁoﬁ'ﬁ The meﬁlod of this aspect may comp%fse the use oflJ agc least two

nuclezc acid molecules comprising the enhancer II region of the Hepatitis B virus DNA
sequence, one of which does not contain adenine at position 1752 of the said sequence.

[00120] In one embodiment of this method the nucleic acid molecule not
containing adenine at position 1752 is used for a control measurement.

30 [00121] The method of the second aspect may be used the in-vitro
screening for potential compounds that are useful for treatment of Hepatitis infection
due to their inhibition of the complex formation of a hnRNP K protein or a functional
fragment thereof with a Hepatitis virus, comprising the simultaneous screening of
compound libraries on multiple-well microplates using automated work stations.

35 [00122] In this method the Hepatitis infection may be caused by HBV.

[00123] In this method a compound may be used that is selected from the
group consisting of aptamers, micro RNA molecules, small interfering RNA molecules,
compounds that modulate the absolute quantity of hnRNK proteins in a cell, compounds
that modulate the degree of phosphorylation of hnRNP K proteins, and agonists or



10 [00125] In a further aspect, the invention is directed to the use
of a conpound identified by an above-nenti oned nethod for the

manuf acture of a nedicanent for the treatnent of Hepatitis
infection, wherein the viral load is aftered via the nodul ation of
the conplex formation of a hnRNP K protein with a regulatory region
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tyrosi ne cellular kinase or phosphatase may be a mutein based on a polypeptide of the lipocalin
25  family, a glubody, an immunoglobulin or a protein based on the ankyrin or crystalline
scaffold, binding to a receptor tyrosine kinase, a membrane receptor with associated

tyrosine kinase activity, or a G protein coupled receptor.



ki nase, a nmenbrane receptor with associated tyrosine ki nase activity,
or a G protein coupled receptor. 20 3. The use of claim1l or 2,
wherei n the conpound nodul ates the conplex formation of a hnRNP K
protein or a functional fragment thered? with the regulatory region
on the Hepatitis virus genone. 4. The use of any of clains 1 to 3,
wherein the regyigkory region is enhancer Il of a hepadnavirus. 25
5. The use of claim4, wherein the enhancer |l region conprises
positions 1554 to 1645 of the Hepatitis B virus genone. 6. The use
of any of Whahisméaithed :5, wherein said virus is the human Hepatitis B
virus. 7. The use of claim®6, conprising adm nistering a suitable
conpound for nodul ating the conplex formation of a hnRNP K or a

functional fragnent thereof protein with 30 the regulatory regi on on
Lhe Heat It i STk a6t b énpngindaslectsd e e aoup st of DR Ehap oo
conpri st ng ”ﬁ@ﬁﬂrdl&gcﬁl&‘?sﬁblﬁf'ﬁfférfa{n HeRRIhdIbSu1M, EMEpRALE fiat £ qhBelhe
host organi sm over a period of ti ng 9. The use o? claim8 or claim
9, further caobpolot qugntityeibaRNEK piedeinbing cedlg corepaints thai mhdulhske of a

control neasurenent. .5 10..The e | ai m 10, .wher.ein the control
reasur ement  CAFRECCRLoRal AR BRAE A e oA PGS Ot aBiih G &
t he conpl ex f&[l@ﬁ%fh&“reéﬁpto?%@l 1R iﬁd@écﬁh@kéﬁula@i{m%f b WaGH A% Rse or

fragnment thereof with the regulatory region on the Hepatitis virus
genond) 11. Tiwesphsiasefforthammnu@ctusk ef 2 compdsiticaeionthetdiagnosic aSHepatitihe

human Hepati t.i virus,. .10 the requlatory region.is.enhancer and
wherei n Fhe cBREReH Thkn MEmampouRdhapRuBeler B9 R hie BRI Siblipd
HBV t hat. doesofild coilbafdimadensbNehsi NP ESprotediwith 43dmMtofi@gioh o She
sequence. 12. The use of any of claims 1 to 11, wherein the host

organi smis dienaBaBiraBEanomei.cr oor gani sm expressing a hnRNP K protein
or a functional fragnent thereof. 15 13. The use of claim 12, wherein

the m crogrgapi i - cel i g i L ; e
of ol ai m 15, rameioFcfisd @ h A KE Poci O bk lpide 3B endee LU
or a lhepat obhads ebia tcmidhcd thaeeguldiion Bie celdd axdfinadeair phdsphatadeeis einmttine

cell Iine is selected fromth r.oup .consi.sting.o Hep&2, B,
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any of cl ai MeyrdtelDhab@l otHRIaBkirt HecrGRAMhE Xeat I dTBiddd} 1Bfa 8Bt HAIEINK
kinase, a membrane receptor with associated tyrosine kinase activity, or a G

protein coupled receptor.

20 3. The use of claim 1 or 2, wherein the compound modulates the complex formation
of a hnRNP K protein or a functional fragment thereof with the regulatory region

on the Hepatitis virus genome.

4. The use of any of claims 1 to 3, wherein the regulatory region is enhancer IT of a

hepadnavirus.

25 5. The use of claim 4, wherein the enhancer II region comprises positions 1554 to

1645 of the Hepatitis B virus genome.
6. The use of any of claims 1 to 5, wherein said virus is the human Hepatitis B virus.

7. The use of claim 6, comprising administering a suitable compound for modulating
the complex formation of a hnRNP K or a functional fragment thereof protein with
30 the regulatory region on the Hepatitis virus genome.



protein or a functional fragnment thereof with the said regulatory
region of the Hepatitis virus is reduced by neans of a nucleic acid
nol ecul e. 17. The use of claim 16, whedgin the nucleic acid nolecul e
is RNA or DNA. 18. The use of claim 18, wherein the nucleic acid

nol ecul es,i s a t, a.mcro 25.RNA (nm.RNA) nol.ecu or..a smal |
"terfer: By FOe TR0t M et feansrte FrisRtiSe tsra Eiogr i HeP PR E n
the nucleic agd clﬁ@ilﬁﬁélhmofr:@nﬂnﬁév eA®d Cithe conprising the
sequence of SEQID NO 2, SEQID NO 4, SEQID NGO 6, SEQ ID NG 8 or
SEQ ID NO_ 10. 44 20..The use of a _conpound identified by a nethod
of alterifly tHeepssefcBimag anelmi% fther pemBPERNG host or gani sm i nf ect ed
W th said vi r&ﬁnopa%ﬁg%é‘ﬁ}t{!ﬂ& FeQUR WiTh ﬁx%s% bE, cc{ﬁ%gln%&éu?é}n&ft. the
conpl ex formation of a heterogeneous nucl ear ri bonucl eoprotein

(hnRNP) K or a functional fragnment thereof with a regulatory 5 region

on t heS Hept i Thesuseiof ukairy é Apwhereinttbe edntrdd heaseguébrttcomprisesghouseiof a
enhancer |1 of a hepadnavirus, said enhancer Il region.co i.sing.

-~ posi tions 1 SEPTERURA i3t does of o ‘%Eﬁql? pampley fforpatign bifad BRRNP g protein
manuf act ure of SBrapirhd g@é&ﬁﬁ ] I frdSititis vi

i nfection. 21.r A mgﬁgg%%;:g&ﬂﬂ%&?%?ﬁ %bh%b |agnéc’) irgégﬁi&g%lafgef@?gs vires

i nfection, thgenkme. conprising a 10 conpound sel ected fromthe group
consisting of aptamers, mcro RNA nolecules, snall interfering RNA

nol ecul es, . C ound hat, .nmogdul at he absol ut e. qguant i f hnRNP K
ot el e M alRaHHE of clsiR artepRete Hatuttars Hong bpan Hbpertls BV
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Hepatitis virus genone

The use of any of claims 1 to 11, wherein the host organism is a recombinant

microorganism expressing a hnRNP K protein or a functional fragment thereof.
15 13. Theuse of claim 12, wherein the microofganism is a cell derived from liver tissue.

14. The use of claim 13, wherein the cell is of or derived from a hepatocellular or a

hepatoblastoma cell line.

15. The use of claim 14, wherein the cell line is selected from the group consisting of
HepG2, Hep3B, HCCM, PLC/PRF/5, Sk-Hep-1, Snul82, HuH-6 and HuH-7.

20 16. ‘The use of any of claims 1 to 15, wherein the complex formation of the hnRNP K
- protein or a functional fragment thereof with the said regulatory region of the

Hepatitis virus is reduced by means of a nucleic acid molecule.
17. The use of claim 16, wherein the nucleic acid molecule is RNA or DNA.

18. The use of claim 18, wherein the nucleic acid molecules is an aptamer, a micro
25 RNA (miRNA) molecule or a small interfering RNA (si-RNA) molecule.

19. The use of claim 1_9, wherein the nucleic acid molecules is a si-RNA molecule
comprising the sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ
ID NO: 8 or SEQ ID NO: 10.
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20.

21.

44

The use of a compound identified by a method of altering the load of a Hepatitis
virus in a host organism infected with said virus, said method comprising the
modulation of the complex formation of a heterogeneous nuclear
ribonucleoprotein (hnRNP) K or a functional fragment thereof with a regulatory
region on the Hepatitis virus genome, wherein the regulatory region is enhancer II
of a hepadnavirus, said enhancer Il region comprising positions 1554 to 1645 of
the Hepatitis B virus genome, for the manufacture of a composition for the

diagnosis of Hepatitis infection.

A diagnostic kit for the diagnosis of Hepatitis infection, the kit comprising a
compound selected from the group consisting of aptamers, micro RNA molecules,
small interfering RNA molecules, compdunds that modulate the absolute quantity
of hnRINP K proteins in a cell, compounds that modulate the degree of
phosphorylation of hnRNP K ﬁroteins, and agonists or antagonists for a cell
surface receptor that is able to induce the regulation of a cellular kinase or
phosphatase, wherein the compound is able to alter the viral load is altered via the
modulation of the complex formation of a hnRINP K protein with a regulatory

region on the Hepatitis virus genome



