Hepatitis C Virus Variants Field of the Invention The present
invention relates to hepatitis C virus (HCV) variants. Background of
the I nvention Hepatitis C virus (HCV) infects nore than 170
mllion pedf?&WBYEHW de and is the | eading cause of chPER{US2006/044363
hepatitis, which can ultimately lead to end-stage liver cirrhosis and
hepat ocel | ul ar carci noma. The standard treatnent for HCV infection is
currently pegylated interferon al pha (Peg-1FN) in conbination with
ribavirin (RBV). The goal of Hiepathsr@iirusYariantd i mi nate viral

i nfection by obtaining a sustained viral response (SVR) as defined by
havi ng undetEecldafkle BEARI¢R i n t he bl ood after 6 nonths of antiviral
treatnent. Unfortunately, the current treatnent is not effective in
about 50% of subjTiepesenttitvegdorotelates ta hematitls Cvrus (e Veraimts are
significant. Thus, new antiviral targets and inproved treatnent
strategies eEze:kgHamdd)f(tmmemgdmy, J. M, and J. G MHutchi son,

2004, Hepatitis C Devel opnment of new drugs and clinical trials:
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part be due to genotypic differences in sensitivity to t he protease

i nhi bi tor. Tiretmenpisdiot efftotivain deut 2% obsubjacty Wit esELyRe  handree Heor
fidelity of ™

Tutati ons t hérf%eﬁtsgpeskf { @aﬁ? Tlg.fs 1%?&/ LRl JQrg@tE,) aﬂ@ﬁl&'}%‘ib&f&%@n&fts ategics

di versity arae ﬂwdbdl(Hamhotsi@ hé\fiaand i< CMGHu’cQ]lsson 2@4}/39}?%1’0@@ .

Virol. 85:3 ee t,0,.Whi i e
pr ot ease reég%vﬁﬁog%]ﬁ%?qgw t'h %S %nglci} i %l%el?lg i géﬁgﬁgsean\éﬁi tlfrﬂi% g{#]iz%ngrb ftag he
bi ndi ng of QﬂASDDihEbztti@ifs singlertqblc léﬂlﬁfﬁn’encebxdlﬁlchg@mb,lHejm;uamé%@/ﬁmér ]atZD% of

I t {
Dot ent i al  prateaiEoR e g S gl S0P adreran: taraediverh Rl FRER
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with remarkable sequence variation presents potential problems of emerging drug



I n anot her aspect, this invention provides isolated NOV variants. An
i sol ated HCV variant may conprise a pol ynucl eoti de encodi ng an NOV
NS3 protease, wherein at |east one codon of the pol ynucl eotide that
cor r espondsv@ 3003038 on sel ected from the group consi sti METHS20BHHFHS
36, 41, 43, 54, 148, 155, and 156 of a?wi | d-type NOV pol ynucl eoti de
is mutated such that it encodes an amno acid different fromthe
. amno acid encoded by the corresponding codon of the wild-type HCV
pol ynucl eot i meistarituh éx subjdstrdiaated trdthaitiving themapyntlndaed phrog ragistanes hods
and conpositjions, invaolvin he HEV. varlant s - ; thod is
provi ded to ‘?gﬁlé%ﬁ]?lylr%] d(%%p%}hcﬁ&s \étp ?og%?%e ?n%ﬂ)ll%?{’ IS%%W%:CaHe%ﬁggf an
HCV vari ant @fhrkére et #lv,2004,0Fop. HIC @led. 131 -4 dedg teviztant swtatibwsdtagel by

an HCV variant of the invention.. . .ln another ct, this.,.
Cnventi on pordece Shout BHOsEion i tie e PRSHIE oL LY PiyteResmRigYors

pr ot eases. P(Vm\/(x]n %ﬂél?ﬁeds,mim_ dgésafem&l:dm;anmﬁﬁfaﬁsg i@amamwlfb ?ep?itig
sequence in jch the anino. agi. e o) i,on selecte
fromthe grcoupeoivsEne Pf%fsmr;%lcbzf@,rs?ﬁﬁ5@3@@5%@3’@? ﬁ?sczl- 156 of a

wi | d-type HQEONSIIPBEIRAS S, icbaidnfde hevitro réink B emamt bOhapatith @virgach
correspondi ng position of the w | d-t% e HCV NS3 protease. The wld

type HCV NSZepropieteses whipiesniir 38 86 Hcitipeyer) g#yEs Biicge) | D
NG 2 or a pg@g@%@&@ I m&HEs @S éfgig./@ﬁ@ﬁpm;fmgfwe% 1384 AMaR,

acids of SE e Isolate N53 protease nmay conprise a
bi ol ogi cal | yAstohicxob. Agetite Ghemothera dr@2G0-@fTreari, ORL, KO3 dn vitemsptectionpr

exanple, the i.s t.ed : . i nal 5,
Too 15, 20, 36 gy By ot iR L TRRE R pRRkasy BB RGO R ML 4,
i sol at ed HC\achiblsipe mmipeids mhititpr.dl Yol WEB&abe79n MiBans ofsistand to, thsuch as
for exanple an NS4A .prot.ei represente t.he 5 1 no, aci ds
of SEQ I D N tensg b Bl ﬁi%\]/hﬁg%beﬁg?‘@% ?Fét%“ﬁiﬁég%é%g"’:?na%%npl ex
formed by tebhenv/agy anthiSHA weé aat & mbatieds HIESygteteolserda imiha NSHor
exanpl e as described in U S. Patent Nos. 3,127 and 6, 211

. 6, 6 , 338.
I'n a furtherre@8petin the Rrofeass Glagiege fitesr &Y%@égé‘??l%%‘ﬁ BRI 58t ¢ to

an HCV pr ot e33R 1R dtil @it BBLiHANA 15636 BBdsLBQEhint THRMati @S Q84thet Bofny ROV
NS3 protease conprising an"am no acid sequence in which the am no

acid at at |%4end BAENZHSI hrvralsafgen domm0s develmar Wp ouBriiondss 6
sel ect ed fro@l%@@/ﬂ%?@ﬂ%b@tk%a.f: 36, 41, 43, 54, 148, 155, and

156 of a wl ype profe is different fromthe am no acid

at each cor 1 espongi g pasi (e Bl tGe i AckRR 0N NER RICYERS tter

Further enbodi nen I'nvention provi . s and conpositions
i nvol vi ng anviemts thy@hibitatestsredn tiugooyotodr thdrepiesandrin dovelopfeg new viral

exanpl e, a diagnostic.kit conpri.sing an.antibody of the invention,

and a phar na%gglfei”ilﬁﬁ; e%%%&ig?{}?%#Psﬁseclgﬁ%{éflgfr%esan anti body of the"

i nvention and a pharpmceutically acceptable carrier are provided.

I n anot her ag‘ﬂﬁ%‘gfy?%ﬁpﬁVMi on provides a nucl eotide probe or

primer capable of, hybridi zing under stringent. dit.l.on ucleic

aci d sequence of %ﬁ%ﬁ&ﬁé‘;@ﬂﬁé@ﬁﬁwrﬁgn@f&?@% I’lﬁggé’ﬁlfl%mgsri.%n‘iﬁerqu%d;r
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the kit is uggfbgin, e.g., determ ning whether an HCV variant or an

HCV NS3 protease of the invention is present in a sanple. In a

further aspect, thighe biheh iHiPRviRN pHRRIIEA ORI RCYPsauakstie dr ug

resistance or sensitivity to a protease inhibitor of an HCV infection

in a pati entencStiogamHEBt N6 pmisese ariielpgiealysictiecanaig hewspbroyi cal

sanple from.t.h j ' I i Qb1 S6deRa L NERY
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pr ot ease t hasnecodur fheesoraspands mocodon 86,3é i 1661480 1 fhiot h3 G tlee wid-hipe

HCV polynucleotide that is mutated such that it encodes an amino acid different



10 Brief Description of the Drawings Figure 1 illustrates a
phyl ogenetic anal ysis of baseline sequences of the N term nal 543

nucl eot i desw8f200t7|}ﬂ§'925\183 protein fromuntreated genotype %cﬁ%%ﬁlﬂﬁ&d
g

subj ect s. Ure 2 shows the basgline | Coos of Tela
(VX-950) for genotype la and | b protease variants. Figure 3
illustrates the grouping of subjects based on viral response to VX-

950. Fi.aure 4 (in.col or u rizes viral, respons

correspondi n’kgrg?léhmlg? ia?)lﬁe %cid%%lr%%{sﬂg%ﬁ 8%’9% 1BS g%dgﬁso?gjﬁz‘yﬁnépﬁp ¢ HCC%OS
and fold Cha}b’tlgﬁ'llfcteafiﬂé. HEherveil Btypa EIC \Opaipincpetiiemsy taiprisefa iCMéotiof

prot ease single resist tants o VX-950. Fi gur

enzymatic | cﬁ@éenaﬁai’§%ﬁﬁﬁﬁ?@ﬁ@é aPP’SWP@F@W@?%%%@*@E‘%&@Bg‘ﬁ%g&)ﬁSr ai n
of HCV-H of picplofaserdEPIreNDes| Skanaf B8 Hil-ife MEVORdymitl@tiemdy
shows the inverse correlati on between resistance to VX-95

0 and
fitness.  comprisgapuclgotideiseanepentaal it pdeast 6Qher T 8976 Baep: PR f1%61 ease
i nhi bitors: %,ggeg@,@@%, B &%h&%éntical to the 5 S%B%E@opsﬂb IBNGOAtRS polifon

| ocation of varrations in the rot ease according to
structural sthemgpbs. Figure 10 outlines the nethods for

phenot ypi ¢ analysis of HCV viral variants. Figure 11 shows that V36
substitutions corheertdipgmbedialenisehe sohtedd1E pubxnudgyide cpyiprises BZ0o8¢OWS

X- t t f i : i t
b oo Bl VAR A P10 PRS0 R4 3oL
V36M var i ant ddenn@ encodet Vi, Iroswrthimveadbordmsints tecedanshcodes M, L, Ar§lire 15

shows the V36A variant in da/b with |owl evel resistance and worse
fitness. . Fi dgurcertdif emhodimetiaghd/B6BteddiCépolynneciéatide wptpribesa-codare|

resi stance and worse fitness,.. FEiqure 17 IS_J!EQ)NS t he. V3 ,.6L riant with
no resist anccé’,mWﬂngﬂlgit%c Cﬁ)gc? lrogﬁg W‘ﬁd'éﬁp? polmugso df’l’émé%seocogéﬂl i nes

t he met hods ddet nph@pedey®i Ih @fanyksendRiendCMe \cbdal envaddsaht s. Fi gure 19
shows that R155 substitutions confer |owlevel resistance to VX- 950.

Figure 20 shows tlagepfih apibsdifdfifs the isofatddCRbolybicl@ide @binprismtacaden
corresponding to codon 43 of the wild-type HCV polynucleotide, and the codon

does not encode F. In certain embodiments, the codon encodes S.

In certain embodiments, the isolated HCV polynucleotide comprises a codon
corresponding to codon 54 of the wild-type HCV polynucleotide, and the codon

does not encode T. In certain embodiments, the codon encodes S or A.

In certain embodiments, the isolated HCV polynucleotide comprises a codon
corresponding to codon 148 of the wild-type HCV polynucleotide, and the codon

does not encode G. In certain embodiments, the codon encodes E.

In certain embodiments, the isolated HCV polynucleotide comprises a codon
corresponding to codon 155 of the wild-type HCV polynucleotide, and the codon
does not encode R. In certain embodiments, the codon encodes K, M, 8, T, G, I, or
L.

In certain embodiments, the isolated HCV polynucleotide comprises a codon
corresponding to codon 156 of the wild-type HCV polynucleotide, and the codon

does not encode A. In certain embodiments, the codon encodes S, T, V, or L.



Figure 21 shows the conputer nodel of VX-950 binding to the RL55K

vari ant protease. Fi gure 22 shows that V36 or T54 substl tut| ons
confer IO\N-\(L@ S)A stance to VX-950. Fi gure 23 shows
conput er gfos 950 bi nding to the V36M vari ant propfcé%’lgsezm(’m“““*”

Figure 24 shows that the V36M and R155K substitutions are additive in
conferring resistance to VX-950. Figure 25 shows results of

structural studies: (A) Sup 0 ructur of the
Lys155 vari ant a(rall% GF&@%,&F@QS qugg &9 Paf@%%#’é’?gﬁg‘éle Oﬁlpflﬁesgwo
conpl ex wi t heddags i&&la%n%@pdnaq& Qliy twbtRdéR salkasd froReRS gfup la@ﬁdisnhg of:
w ld-type (in blue are

an R155K variant (ih re rotea
Shown ae1 1 niaonsiie 47683 el B525% g2l it AgILaPR A BYMEICoRdS. Fodnd
stick nodel &é&@éé@ong éreLdaﬁlH@H 56 tHR eRher CbaoR B dedah At d 4 RD@NErehi
bl ue and oxxgens in red E)per position of side chains of Ares,

Aspl168 and gmzlg% qrping ﬁ@dﬁlp@ieﬂ p é1eNsBepanding podanat ﬂéﬁWé«érbfpééfB%‘ﬁdu ng

Lys155, Asp t he
R155K vari a? %ro 8@2%11?02 %@Qe%gpsﬁggd andﬁﬁl&rsni% tﬁa?lrcgl% %Egv\ﬁ%Péri]’Jn
Li quori ce nnct&iespcmdlngstomté)nﬂ%gﬁ?o& ‘Mlﬂd tye BUV plelylytwéeqblﬂg,t@dﬁ@ cotibre

Argl23 and Aspl .

2007/ 059221Pﬁ??gég’%‘?gﬂé‘gﬁt‘“ﬁ9%%@‘8?18@&%“%%0 59 2090 1y
lines. Al nidresgerdmgans eodml hsed therwili- mgemigalnmi(epgdeysmdm@rc@don encodes

Fi gure 26 shgws,c ut atj onal. a Go-c X of telaprevir

i th ¢ he HOVRRBA: SRRl G s T Db B Pl PR SRR 868 or
I n all threecdiRgRInGingitbebatdi 15 drir wild-pé ydlgncMotidRlanB e doBpn aricolRls
55T (C) variant proteases, telaprevir Is shown i.n a stick diagram

colored in ITght bl ue with nltrogens in blue and oxygens in red. The

active site residues (H ss' g and Ser139) are shown as %Wﬁ%/
sticks. The ArglJ3 carieinsubedimenissihairaleted HEY gplyracieqtide sampriges l e

residue 155 gjgggs tﬁQ@doﬁebﬁmﬁ% OyLiflrek Bodkl Isé?%ted-rﬂ?@mltﬂegérlé{?p Qans-EBﬁé-éﬁ
side-chain remains in ext ended conformati on nuki (g m ni mal

contacts wi twdph@@ﬂlg‘ﬁaéﬁ) 68, 18, apst 166iof 2 wild-type By ip&ypipleofidensnd hat
the VX-950 e 't}ﬁ'gﬁg_ébtdoﬁf% éﬁﬂﬁed’ gtfch ant éacL %fr@'xq}élfela' H)d/on§ %ﬁ'&)‘d@é e\ﬁeanlﬁlﬁo

1FN- al pha. ows that 50 resistant replicon
variants r enmdwdlfmtehlyﬁ giarib¢ fmine atid eRiddad by the.correspondifg gmicel A Sheswiddvs
t hat VX-950 conﬁiﬁg,atl on 1i g. apy suppressed energence of viral

resi stance anBe BrVRHYBEISPPRA% ~ br eakt hr ough during dosi ng.

Figure 30 provid oln s.re e rSity
and resi stance nﬁ%é?#ﬂﬂ§m%ognmnsﬁﬁ§ %&gfﬂgﬁﬁﬁng&%D ecgnﬁ%%%éﬁ#sns
of viral var ¢cﬂ6ﬁ§cdh%§jb@idﬁ@&6 cb@nkiC¥, 41;@3 Sask!s| m:tﬂ hhd 056 of nwlldipeg
previ ous studies.

nmechani sns ofCYi é)[nu\glgpil%lagé &égﬁﬁggg g’?e?}nﬁ%é %t@%}égfgﬁ%ﬁlgrt e

i ncl udi ng pr&ibRHscANdd Rre8sahci8 e iom the armEb @i @neotled LR | Zes
certain conclusions based on the present studies., Detailed

Descri pti on ehrespradingcerden ohthe wild-typpéCY pekyandl etidfent i on relates to
HCV variants. In particular, HCV variants that exhibit resistance to
a protease inhi bllllcflﬂl'tlaﬁf@n}bpdlmféi@dthlsm&‘@ﬁ@? provideymaihe dnndrouyposiHans

conposi ti ons; g&gﬁg tﬁ(?\] ﬁ;ﬁ@ngtéq%/?n‘ﬁ? o ﬁ]@tn?\renﬂ-cf}fe F’Q?.teﬁzﬁ‘ﬂﬁleafﬂldex resgion

conp05|t|ons ying viral variants, including
vari ants of @mteh@dmﬁ@@ﬁﬂ@HWﬁﬁ@EﬁﬂﬁZ@@@ﬁMdm Sm@h expuession eystem

Vi ruses, evaluatl and id n 0

devel opi ng ahd B’B %aﬁeﬁtﬁr ﬁlﬁé T}p/D t@%hgé/v ucf/élggg %gzﬁje)(’: qioa

The present pfﬁmetbﬁIeﬂm)prSvﬁa&Qdihmtcﬂllaﬁnﬂ@ctddﬂaﬁmifmmﬁﬁ m’rtmnaahlced wzthd

t he extent of sequence di ve{sm%/ﬁpvmth n gﬁ H_1Dro ease 8ma| n of an
HCV i sol at edhp Pe5iP A Emitivelys ML HPETspIaR sys nho F HIVERHoR 'F P&fed OBAY gy
VX04- 950- 10 1y, rigy &’i‘é}?aﬁﬁ&hﬁlﬂo tefg YR$IEOA -pE6TEIR FeNi6teBlndl @5/ B ldaneided @
VX-950 in vivo was then nonitored by sequence anal ysis of the




The present invention also provides isolated HCV variants, isol ated
vari ant HCV NS3 proteases, and isolated pol ynucl eoti de that encodes a
vari ant HCV. NS3 Prot ease. The term "isol ated" generally nea

separat ed and ¥ %¢eovered from a conpgnent of natural @WN%WW%f
a subject virus, protease, or polynucleotide. In certain

enbodi nents, a variant HCV protease may be a variant HCV NS3 pr ot ease

that conprise ana no id_sequence in wWhich the am no_.aci.d

one or nore Bgs]ra't‘tfﬂ&f O'ﬁr%%ﬁgéﬁﬁ]%‘h‘éﬂr%vm&gl te E@Olo%ﬁas eﬁ%nbe%é%ﬁs% 156
of a wild-typgediidd. hiS31paptease is(are) different fromthe amno acid
at each corresponding position of the wild-type HCV NS3 protease. The

wild type HCV NS3nphethecssediBlis GRRBlidnSfoRbesdisdlned B Wy Raise Pedisslite$EQ
ID NO 2 or a Eortlon t hereof . such as for exanple the flrst 181 ami no

aci ds of SEGIEP wadenst masheomnsise ap@dnwéwhﬂssn%ﬁ%@géﬁcw FEHpFPse a
bi ol ogi cal | ywl@é%&h‘é?le@&%@@o&ﬂh offmmhae&mrthdﬂ@&w@an&rt@t&a&@ for

exanpl e, the isolated 3 prot'ease may not havé the N-term nal 5,

10, 15, 20, @tyctegﬁrommle gn@lp @ﬂSlatslga)ﬁ‘n aedonsiberd . dB, BEDAP.0 5/ 156 of a
Exarrpl es of 3&]’6 é@ﬁ@ﬁ% 'ISOIIﬂ&taL%H Sﬁgﬁttﬁétllpé}l%oé’és a}{ d’ ;ﬂ}l&ld

positions of a protease are shown 1 n Tables 1-4. The
Tabl es, Fi gudféfsreniafhmin ticbarEixa apitl escdded by theab:s@sppndmg d@icmaarf theugiidbpa

obt ai ned wi t ar i ant 3, prot.eases '

conpared to ﬁg\’/ ngeﬁ@é. %@thgrre bé)ggléegxts of t y&eﬁ{cwg gr%g;srﬁaﬁgdsaa%d

Bi ol ogi cal | ycoaglobiviend inagiviiatibe HCthmgsmeexamphm mtho&i@:prbﬁaed to
protease of the invention are al vided. B nschl ager .et al ..
(1994, J. Vildgwiysc CpEpoRH B g5 “ﬁ’é@&ﬁ?%ﬁ“ Q/%a%ég P’E‘%}Gﬁ‘gﬁ%eén@ Py
NS3 pr ot ei ns, ofl1q8 pR¥ama et 1§Lh%cﬁ@b bh BICOfarint €tAR fi@kntibnor 23

resi dues abol i shed cl eavage at NS4B/5A site, but no effect on other

cl eave sites SublIﬁ%@vﬁeﬁ&p&ﬁ&hi&%&eﬂﬁ&ilﬁaﬁawﬁg@lmdHscvpﬂ@deaﬁel@e deletion -

of N-terminal 39 residues abolished cleavage at NS4B/ 5A and NS5A/ 5B
sites and deparéiadaty HRY WEhpigicasceade ispkaed ey N piRteasanay ongreise an

Failla et al,;(1933 ’seciﬂxe%ﬁ%é 15%19«91\’&@ gmm%zdéﬂ az Zt)le%? 8&5 [\}bsd%ﬁﬂmts@ﬁéte& f8m

del eti on of ?\Tterm na resi dues of rotei n-had no
effect on t hibe MSBpprutisugelas L4y, tlﬁ% 1@&@&%%%@&%#@8@% or

(nor mal T eaVaBieedt difler? spm b S ot HeRBf bl SRR

the del eti onypé HEV NE3rbreadasd Il liccsildityps HOSSNES prbtdase may ompme@nwmmo

t N83 t
![ Rgc le\éepr ot & %qg%%g ﬁgﬁﬁ Ibﬂﬁoféﬁ alglogiog I%er%ﬂtl égcl} aeq‘af & pﬁe t%e 9%‘5‘?%8 pf
conpl et el y i faiab bygs HSSEQIDMNERS E The isolated EHPV BESI p@aeaysm@rmr@m a

provi ded, for exanple, to make the v pr ot easges

i nvention. Anolegispibsastiys aa3le @W{rwn‘f ?#ﬁ“ﬁ%%{?% Srpleats obﬁ”%@? 3]?6 t hat
conpri ses  an; beq Rty Rig8 Betkdsd a9 ot e kR 551, t a3, 35, 40,
prokaryotic or eukaryoti¢ vectors (e.g., expressi on vect ors)

conpri sing afb, P8 poinprgists @6BEQADMP:2 nucl ei ¢ acid, " used
i nterchangeably herein) of the invention can be i ntroduced into a

sui tabl e host celAn isplatad BEWMNFrireteese mayidg ipdude an Ne4h splaptan s
transfection, for St Ghe Qrpglgﬁk'q?l 3 egi‘fp Cdsbibd by &H?J&t Efb%xnto%;ds of SEQ ID

pol ynucl eot i de 1% oper 0 one nore expression control
el ements (e.y0O;2.i4m tsbb.tedéﬂi@‘drNSirpromasegr@tbed protein cohmplexdermasiv

genone) . For qduct e i ntaln :
condi tions sﬁ&?ﬂ%@#&?}x&?&p&ég‘? %‘rﬁ% ﬁtegse‘gja %%l}%geﬁ%ga%gfsscrlbad%ler,
sui tabl e mediyas. gg@@dlﬁ@ﬁ%&ﬂlﬂﬂiﬂﬁ@ﬂmﬁﬁrl ate salts, growh factors,
antibiotic, nutritional supplenents, etc.), vvhereby t he encoded

pol ypept ijde :j/s prIﬁ(iliFﬂﬂerdaJsﬁechIﬁis i‘IfﬁdntlohhﬁmedE]&Qﬁ%ﬂtilfﬂ@tspédﬁi@?_mn&mv
recovered and/or 1sol ate romthe host, ce I au .
- will be apprl@@’iea%eétfﬂﬁ%‘é?f’eﬂt}?é %\13? Fﬁ‘?ﬁ’og} T3 oeFaer Fo it Eﬁé@ﬁ%ﬁ@é@@

comprising an amino acid sequence in which the amino acid at at least one position



19 of a known anti body, or by peptide synthesis. Such variants
include, for exanple, deletions from and/or insertions into and/or
substitutions of, residues within the amno acid sequences of the
known anti b%% ﬁowﬂ?&?”conbl nati on of del etion, insertion, BfdUS2006/044363
substitution is made to arrive at the final construct, provided that
the final construct possesses the desired characteristics. The am no
aci d changes al so may alter post-trans| ational processes. of the

anti body, sui"#\e ciedl Tron g 2Ry DL RBSIFiNgdT 3% i85 p4:i16% P @}‘%/]éés%flad‘t’ll%n
sites. ﬁ@VﬁQﬂ%ﬁo@é&sé ﬂ%ff&&ﬁ'ﬁdﬁ?ﬁ&%&hdﬁ%ﬂ%@lﬂé&%}%l g wel !

astherapeutlca |1 cations In certain enbodi nents an an
t he inventi oppﬂtsmlﬂﬂeheléri typh EIGIANSS protense.i Bsticeembedimpts gf @@elmenﬁon

di scl osure ¢ Iy
vari ant Hov RS NRESs b AR REoDt pUBRRNGE ATV BRAS: Aty Brine
applicati onsmsretttimnaEmC@datnpkaoathaggos&lndtltwnmgnngg {reargibody bbhile inpeonwst r y,
and quoresce Ce actlv na) rch
pur poses. X d“aHTéBrCS 1cag% rﬁa’ c{smoﬁéco P sir}g a?l angb?%gpogﬁlé dﬁwgntgfog%gg ?

i ncorporati ophaﬁﬁacaaﬁctamraccmptaemﬂamararetmevlam| body. In one enbodi nent,
the label is a detectable marker, e.g., incorporation of a

radi ol abel ed am ra aacte: e@peca,tthiamhmﬁﬁm lﬁrowdethucttepﬂé pebebr phimed nyl

m)ietiesthat can he.detected by .m Vld tretaV|d|n
Contai g aCPRdD PUSEER e icer ErE e Ssons et 4T b B o
det ect ed by gpWifeRhnuskotd drrﬂhdﬁebémﬁnrrsﬁﬂﬂwal@mbodlﬂlem@@mermﬁdmwl nment,
the | abel or marker can be therapeutic, a drug conjugate_ or

toxin. Vari oRFEVHBIKEQEs Bid GORMORitiAgS %@W@&q RyeRe QFRry EBnTSreiend ar e
known in thegagl @ng d@?exn&ﬁqyéaﬂpnmloeémq{me%ﬂ@ ih@ntBR kyReRbdLes

include, but are not limted to, | ow'ng: radi oi sot opes or
radi onucl i deand(the kt is ug¢ful in4ee., i@mmsleg whgthyr argféﬁf&f varippf or'ap flCY Di§3

1311), flI uor%ﬁf&ﬁ@oﬂt@%ﬁbﬁmﬁﬁl re:seﬁ e Saﬁlggdam ne, | ant hani de

—

phosphor s) Zymatic horséradi sh peroxi dase,
bet a- gal act osi da )
chem | um nescent Sﬁnnrf{%g%a egé?mn@lk’ggkh%%v? redet g?ﬁeﬁ%a‘atmcﬁ dru%ptl de

epi t opes r ecegnhaectr bynsiiviig toadatsase mpd:mbeqsf aneI@V infeetinniine patigper

ggimrai ﬁgq uggf?%b b eg@g‘l%a%cgﬁ%{s‘é Ocroélg%fﬂ%;]a qélé 1ﬁaﬂ ggmgfé Fﬁ)&? th (ra#/ g no

chel ates, toxdtiast 234 ehal@@ing®i Hbt&ﬁmﬁintg@meﬂ}er ﬂlamhpleeympﬁmaaﬁmmc&md
gramC|d|n D, ethldlumbrgmde tine,, mtomycin, oposi.de

Lenoposi de, VIAURE ¥ It NoT RISKESE PALCOTEBREinGTAno %916? g i Which the

daunor ubi ci nymidh yd %%Xea%ﬂ&ﬂe%@ﬁlﬂn di1en&y fréth &1@@5&1{ QRisting bHBEMICET),
actinonycin D, 1-dehydrotestosterone @%l ucocorticoids, procaine,

tetracai ne, ¥4 dl%dﬁﬁbeﬂﬂd 19Pobawido s e BAYBIaazetds dilenes fiom the amino
propr anol ol , B ld'}%@ﬁé@é LEQfe. e Sonme
enbodi nent s, a %H%E%gatta%ﬂ) ?Jl Elbgg%gcér arns of vj]ﬁrlr ous<3 | engths to
reduce potenpmahsesnlebmrdmrhbr‘é}i&éo or anotherlprptmptrémmtoaspects kits for
use in detecting the presence of an HCV viral, a variant HCV N83

pol ynucl eot i de, oAlsapmaidedita mde)ho@fqytgealggameaanmt@t depigrang & tepsipeutivan

var Lant MoV B Bro B iR ARl e ARRGIRRY bRl SERARNE"S ©

ancill ary re#ggrdsBtantd (bl‘éﬂehﬁtnflqrtodq:frﬁeiseﬁ@l‘tﬁlfw opthe petiae and detemmnqngex
bet ween the anti body_and the arlant ggotease or a ﬁgrtlonqthere

Al t er nat i vel e regipaet for ¢ ﬁ?ﬂdlﬁ’&éh THE SSRYPC YrSeRBIviSs Horgxample,

i nvention, Sy@hAeddahke 15015re&361!efﬂéf déadled il irsthuged Winkiftvidy wAd hratdhsdHCV
NS3 pol ynucl eotide of the invention under stringent conditions. A
pr obe or prllﬂ‘rbkblf@fsuﬁlhés Vo2900-i 098 opHpraseihes spmapns pp RS ingy banclpded
that can be g fﬁg @ﬂg&@e&tﬁﬁ%@%&an%r%@?ﬁﬁﬁﬁcﬁ n{e'ﬂt %@%ﬁethcﬁ' &S QRtdrée! V.

such kits may non-PCR b diagnostic kits
any combination of determining the sequence (e.g., genotypmg) of an HCV NS3



20050059606; 20030207861; 20020147139; 20050143439; 20050059606;
20050107304; 20050090450; 20040147483; 20040142876; 20040077600;
20040018986; 20030236242; 20030216325; 20030207861; U.S. Patent Nos.
6, 962, 932; W0 QwW7/03922t 6,911, 428; 6, 846, 802; 6, 838, 475. AKIIVUSPI6AH4363
agents may al so include, but are not Ifmted to, imunonodul atory
agents, such as al pha-, beta-, and gamma-interferons, pegylated
derivatized interferon-al pha conpounds, and thynosin; other
anti-viral ageteass insheopatiast, détbanining the sersitistitydd a@roteasd inhéitsir ofien HeV

NS3. NSaA. | i Pisrer Tk phicBt e b AR IR e e B

cycl e, incl ueithgpdtiehi’ e HEH sarthe phénptppirgseayi tendabiiddors in 4 odli-fred systemof

internal ribposome entry: broad-spectrumvirtal .i nhibitors, .such_ a

| NAPDH 1 nhi biFttorts Ve IV teed S g o-opsg STilga ¢ 8; BghodidsS or
6,498, 178, O6vigddfdblon obréBildatibhZissa). 97/ 40028, WO 98/ 40381, WO

00/ 56331, and nycophenolic acid and derivatives thereof, and

i nﬁLUdi ng, but f Nak ahbt]fcﬁ'bﬁ %@edt,gthis’)ﬁm‘kﬁﬁon ﬁffiﬁ&éﬁnetﬁﬂdﬂ }ﬁ)t" idg%ﬁ@ﬂ@l)a; candidate
combi nati ons of any of the abgve.. See al so W rkland_et al ., .
Ant i mi cr obi a‘Fon&’O}&ﬂgf%i@éﬁln@kﬁggjﬁgﬁg&%ﬁm&J’,at"ﬂ‘.t'wgB‘gl9(‘?6@‘8;‘ R §oprEie
Pat. No. 6, 543vidR8 a shi@id iakdceahith MefCivhii QR 51 G enwen6h MY KdYing the
"Peg-Intron" neans PEG Intron(r), peginteferon alfa-2b, available

from Sober i ngpility b Breaendrate kampPudit Fhibifing an acfipy ghhe RN gariant in ﬂ_le
ntron- ALl iRl Aol ARAANBRAIHEPYSidnt Ry $EBLLRE HoRT PRARH, ON,
Keni | wort h, I\ ., ribavirin® nmeans ribavirin ° .

(1- bet a- D- r i $voh as eglomryplastid-samples, Fhe seinpleohéecd odtboddaY derias gy 28| e
from | CN Phar maceut,i cal I ; C'VE§ I i AL he
Mer ck | ndex ?bce W%ﬁ@%%‘ﬁ%@%&%ﬁ% ?I on; ?%P tggé)}aé%ﬁt%gﬁggda@ﬂ% ebftic
Rebet ol (r) fwdnfe8ctepticate, atdfopbemineaeigask@ni | worth, N. J., or as
Copeguse from Hof f mann-La Roche, Nutley, N. J.; "Pagasys" neans
Pegasys(r), peg-iAh@niterebn sadtfam@hodmay tahbree Hodidng ar¢mdicRoBNe,

Nutl ey, N J.; "Roferon:; ans Rof eron(.r)., reconbj nant .i.nt erf

al pha- 2a ava?ql%}sglgf@giﬁ%o&?ﬁﬁﬁgtéi O%g‘fﬁ M ?%‘%/C,?e% S %tr%%@g? "
means Ber of ogffikatel cAESOTRT RRibLIVERPREABH Q5 AR 24THCTA HSRO B! S4:4B6 3sA B
al pha-2 avail abl e from Boehringer Ingel hei m Pharmaceutical, Inc.,

Ri dgefiel d, Conn. An&ueHdifnde hethad ﬁﬂf bérhsibelpr@nding n RatawdlCHINSa
interferons such as Sum feron avail ab

) e from Sum t ono, H\%@pa@%

Vel | f er on( r ) profeasectriyesiion PrhaPiotcash APsiekn, and Jlproeniag svhper B5M- Yt d. |
Great Britaiqfy i@re@hedd ¥ Bie PlesBRbWE A bailididcdiRbEQROREY
made by | nt eirQ %ﬁ%ﬁ%&%?&gﬁé@;@eﬁ%ﬁavaf?;gl e fr_orrfL Pur du(é rederick Co.,
CT. ThESB pratedsé mdder the preteagssubeeai May b i inelinpsed Bk oTof a
famly of highl Les- e, i tend SBeRdet
viralrepl | i SRR S BRSTLAR, ARSEHCVNG, R el Suld ind fotc
response, sugibsiase iy éefies odl-Gephaiem, frexdnploa rirstian moxtuferindndiag oh

gamma. .The r dex, ent 5015, . Twel ft.h L AdQN, i 0 one
Smbodi ment oF oSS pPELET M ARAO o Ehe | rY v Spproflisehs Bad

al pha- i nt er f RN@DproAGE AlbnNBolt QI eRMehRibee MIOS PRt Na 61258;55R camtlisach a
conbi nation of the present _invention ytjlizes npatur

|  al .
i nterferon 2sionmpalpqigsicor by included iferl=fira grsexs %%Waﬁﬁfqa%ﬁggsfe P RUL-

present invention utilizes natural %ff% gha i nt erferdg%BZb. n ﬁ?Ot her
embodi ment, the thdrEhEsIPRaRERTBR fobfvaltatng & cEadata POTRRAA {0 n
utilizes recqphigantycl ﬂﬁ‘@ctio@tiﬁﬁE@tﬁe@f‘mﬁﬁir@fudgﬂqtrddﬁcﬁigh vefet tvedprising
enbodi nent, the I'nterferon is pegylated al pha interferon 2a or 2b.

| nterferons smHCéZb@Céym@iBOtlﬁéoﬁgé gaprtion; 304 AR isiralos gegieicodiag ap fRdicgier
(interferon-al | 1047 : Redal At (8haBegasys,
(d) Rofer on,m(t&(@a?ﬁ%%rgg%%r?, %%S)ﬂg%%)%g?&gjri%ﬁ{rﬁ gt&ep%ﬁ({‘éec{fg%ca( h)aconsensus
al pha i nt er f esrappuad ahd abthe abseoca ditpecandidate complewddir y Park, Calif, (i)




(2000). WD 2007/ 059221PCT/ US2006/ 044363 25 O her

non- i mmunonodul atory or i mmunonodul atory conpounds may be used in
combi nation with a conpound of this invention including, but no
limted to,YPAYLE2hecified in VE)02/1§369 which is |ndﬁ%6%?gﬁ@ﬁmms
herein by reference (see, e.g., page 2 lines 9-22 and page 274,
line 4 to page 276, line 11, whi ch |s i ncorporated herein by
reference inits entjret oun s tha e the

synt hesi s of int é?‘?"é}i‘eéﬁsﬁéﬁt QféﬁnFénvf’ TAYIEF R/ é?‘?gﬁ nyen 1Wf'tierferon

Cyt oki ne Resoon@a%uncﬁéapzabbf taGlinieie abkfity@IT&/ 30050 Adaist g0y, Ngoubl e
stranded RNA, alone or in conbination with tobra cin and Im)?w nod

(3M Phar mactietees &y cxasrienan HGY NEhprotease thabb%SrP&@@ne registangtp YA-950.
(2000)).  such%B&D @ﬁ}pgga%ﬁmg@%cmawﬁpo%d & hale HBYodAYE, HCV'

antiviral activity in but are not mted to, Ribavirin (ICN

Phar maceut | clgyise ponsasting a5 HCVHIBS prosesshiof the tvhytinnoviéna sendidatd bi t or s
VX- 497 f FRAL.
EYounosm % %ﬁogﬁff‘%{d%%gayﬂ%tsé |£‘3r%h‘l3_’i ver %g(ss{ezgls]%ﬂggel %@ngzﬁ%ggg)) ;

LY217896 (U183 RateasaNdThe4ndBs, hH831s¢ Guhmist the, steps ofiin. silichodsliog ebi al

Bonr oyt m e HAPs o fa frifduba 3ol BV 9% G t8 Srtamyinsd. o

ena- nt hr enéyyl meRGROXIAsh SndAi L), aRd Byl griasd d/or Geldlinb@epmbodiad that may
di met hy1- 9- (4- met hyl - pi 2|n1yI|mno)
1,2, 3, 4, 4a, 9’3%31}@&‘“8%??{/\%}56) - henant hr ene-1 carboxyl i ¢ acid net hyl

est er - hydrochl ori 1- (2-Chl or en 3-( henyl - et ea
(U.S. Pat. ﬁ%zﬁrpf@zﬁfd is a met 0@@?%?&1& a&&i&&gj@@?ﬂ %ﬁ@a?%f@%él%
adm ni strat Irﬁ&h&@éorﬁﬁi@eé ArRERREg E@ﬂh@ﬁh’t‘i&ﬁa pR@mkduliedllyt &aghte dfiodnbe
references cited below, or are well-known in the_ art_ as discl osed,

for exanpl e,ofiagegondmy qqaspaw thayraarsawraife aetigty 9h Y %s95th elhe secondary

Phar macol ogi f | .
e, | NoG au TP R aFRRTEBEHS (gt Bl Gt cbMbiafE Aag e e
the refer encls sccm@drytdwmpemnﬂ may repknal IX\r%iOym therpdionl’ Ch DY regimen
exhibits HCVantlvraI actlv Y i

agai nst a drtﬁmp ?lglsll STaRt ntenaP; For% Q@}QQL% eogér}%’lr#el%%he?{e:%#ﬁg&}ﬁc
phar maceut i Q-aglh;en;aVKeﬂﬂol iy edministendd tofthd rdienteagaipafiadthe aompeundds er m ned

usi ng techni gues, t hat own to.the sl.cil tisan. Note,
for exanple, %E@W@tlﬂregtto epaﬁ%{ ég%ﬁmgi% ° AR L #ﬁg far nacol ogi cal
,\B/Eélr ZW(-) ];_“ ;I'lher apelﬁ%&% Rrg %Gr 1s|ezldl tqud;%’p gaentblg%ga‘%mpouﬁd flz;t?esc'ti’\.re in

2007/ 059221 Redd cldeSR Q6N Odd3fdtedf a3tidify. Bitthnéthel hmef ecsrﬁpms:.bwlmﬁ@la

therein. Thus, the appropriate fornul ations, dose(s

dosi ng regi ribres diensipahmadet ghabTRY Ig%pqggeagedgflﬂpeymaglt@pﬁgﬁgatﬂ@yng or

routine met hadsiino 2 compolil8. TRERLRIH n SR @&ﬁﬂrﬁe@vﬁl@&ﬁﬂlg‘%{ $iBEb, in
t her api es of t he gpr esent 1 nvention can be provided to a cell or

cell's, or tovigofadten ipeivd.che gbilitytaf dhe dompeeiship ind tgaimeraeiuyiticthe| v
acceptabl e fGhI AN ALLHOy aﬁk%ﬁewg&ﬁéﬁh@aes@g&@pgymady,

formul ati ons~ contai ni ng an one therapeutic agent
assortment ofongiongd eanalgmbit tlwrmttmm of qul IéCH@&iStprbmminaiarm@r a variant

R dl t
Form an ant | RNt PRI L O T TS ACHT s iy igf SR 132956
phar maceut i cialal jtl1aeeeptabbsed avsayl Blid meRod may furthér bxea‘l@ﬁzaltludpmcluﬂe

ot her i mmunonodul at ors_and. i nununostinul ants that can, ed.ip the
met hods of t#eapReEideapil 1IW@rﬁeﬁlgﬁeda?reseguﬁegﬁ?ﬁlﬁ"i}mg@%nsﬁ’&bﬁcgsﬁaﬂ cﬁﬁ?rhde:
AA- 2G ada”g;ﬂfaycleﬁ%k g Fﬁ% pﬁ% Hd@* reﬂ%ﬂ%bﬂﬁ%eﬂﬁ%ﬂ@é 8y nleAZ@mgam uvant
Al l i ance; uvant s, adj uvants, Vaxcel; g){Jyuvax rﬂ%el asphi n-11;

Al DS t her apyreplrmtm@ af amHGY] vaginuid e Iopgniion PREHERY TERLCOR N fhsdRvention.
Anginlyc; anticellular factors, Yeda; Anticort; antigastrin-17



WO 20071059221PCT/ US2006/ 044363 30 cycl osporin, and cl onet hi azol e.

For preferred dosage forns of ritonavir, see U. S. Pat. No. 6,037,157,
and the docunents cited therein: U S. Pat. No. 5,484,801, U S.

appl i cat i onY&&P70xE2! 08/ 402, 690, and | pternational Appl iR B O3
95/ 07696 and WD 95/09614). Met hods for neasuring the ability of
a conmpound to inhibit cytochrone P50 nonooxygenase activity are known
(see U.S. Pat. No. 6,037,157 and Yun, et al. Dru r#?\/Et aboli.sm &

Di sposi tion, vol .Aupihergspechpffhisgmveptioeypvides meth‘)‘% HorBatneor s,

| munosti mul Léﬂﬁﬁngqqé%ﬁ%iﬁ&%@aﬁﬁyﬁ{)g%al sanp1d)@r & MR ARG 19BbrhBBr apy

met hods of the present invention can be adm ni'stered_ in_anmounts | ower
than those cesmizawnt.ofze mpthod may spwprisedhe dsppefisoatacting Bp biolegicah pasme.| s

typically adap'ﬂgu eﬂ{cﬁﬁ%xgg?&w@u%%n{ x?ﬁh%&ﬁﬁd{ﬁﬁtof%c bR Bed hans

in an amount of fromal nits/person three tines per week to
about 10.ti nesipdeid identiftddisr swathbddeseribddrhessiper week (Sinon et al .,
Hepat ol ogy 25: 445-448 (1997)). In the nethods and conpositions of
the present invent figther adpest of dlsie inyemiobgravides laenatadyior teatingamEbout

0. 1x106 unit.siperson three tine [ . . .

uni t s/ per sonmfeﬁﬁl%nemtal Prfaggntpé[ﬁj e\/\nlleezao;%%n%/\r@%é%léé)aea;%glg%er%gg?nﬁ%%oﬂ?m5. 5 x10
6 uni t s/ per sgharrhdeeetcally e shepaeutivabk effartiad ambwts ok 4 06mpmiridsdpeifisdby a
three tines pe , .nost preferably from abgut x106_units/ person
three tines ‘5@50%25@56 f"d’eﬁmfﬁ"(k"?? %i%@%‘ﬂ?%’é’?ﬁ‘@&’s@ﬂ&teﬁ?‘ggvﬁiﬁg%mper
week. Due to the enhanced hepatitis,. C‘\ﬁi rus antiviral effectiveness
of i nunonodul at JHONG ATRAGhESHE YPHIOPLeldies B REP S IV LIV & he

presence of Hh@iddGVad®ld Mt RbREERSEUNTOIRlitiag & doth stdigpelh@sidlencoded
i nvention, reduced amunts of these i nmmunonodul ators/i nunost idrrul ants
can be enpl oyidympshingreeadable daaivhersin hsdeeching readabls dpieicgrrrise index

cont enpl at ed, QK &t 1eabtTroFEdtires 46418 IR aeNRANELANNERAbToEicS! Sﬁg}éie!’ us

antiviral effectiveness of the present HCV serine protease_ inhibitors

in the preschedeastres aransteaisd fioat: ¢) the abilind tmeikbi resiniAngn oy redusediced

amounts of these . I.Ne, 0r0f ease iz R &ﬁ]@'i gdgin
t he net hods Sgﬁsé ?g%ézbﬁﬁegsﬁs}%%‘?é@p%ﬂ‘a edB c&‘%éié% u%ﬁg re u@édgd
anmount s can saeuesie¢ ®rwhiok thetaminoadid et basticne positorodeldeégiaftan iks gBoup r us

titers in infected patjent der.goi r apy....ni r.Led
out by, for GRIMBESE Horh ShiAg v R 1 Sary hoes T i ikt 8
sl O]E -bl ot dcﬂifeﬂ@hmom e MlinbPeRdtzeedoh qugondarg m;l)giti@s'ﬁaaﬁfﬂfeanm tyngdCP«ICV
surface or aother antigens. Patients can be siml ar itor uring
conbi nat i on NPEPREFSS HIGYRIGY PHECHeRy @@Pflﬂé’fﬂrpﬁ'i“}é’ég@rgoc{j\ﬁhmeg '

2007/ 0592213@1&&@3&9@&%@@@&6%@bﬂﬁ&ﬁhie@}&‘ﬂéH@Wﬁ@i&nﬂer ein and ot her

conpounds having anti - activity, for exanple nucl eosi de and/ or

hucl eoti de.anti - Vi kalheRa8RLSr thPntakieh PloRRict DercttRRTObRIHIGCA proleddses
of each when used 1 n conbination. I n the nmet hods of conbjnation

therapy di sco¥emurines &t #n HgYcindstd patiost. ‘Ruoneibed gy sampyise otaining a
conpounds, o | P el . RS, hinan
anount int h%rr@agr%g’%‘sp léskrlllga!’nsﬁ g{%e& t?l% {(%1 tggﬂ%%g%e%yg osgtr?/ﬁ (?jtggmg %n% out g%m@
ny/ per son/ daas HPVeleeass! fyont atdrasaB,oids 50, 000ag0peT08on meray HCo/ wisigns framo

ng/ person/ day; nor.e preferabl r LS0R4d t
200 ny/ persca)%? aaé??]e-eE%lne%ﬁPge’ %ﬁwfgfgggaa%ﬁ %@?ﬁ%"%@? d 20 mj%/at }é%%ug%n gy
to about 150seq@npebBanHdayproteast fims bt lpase?,@0af0, )L 00,200h80¢ @angeredfCY¥ r om
about 1 ng/ pe_r,sonéida¥ té about 50 ng/ person/ day. Doses of
conpounds  caAipRs EIRH RpRERMPl- 2 patient in a single dose or in
proportionate doses. In the |atter case 0sS unit conpositions can
contain such anoJRCEHR e@ﬁﬁﬂ?&pﬁ@?%%&? %ﬁ"%ggo F?E;Pé’f?fgﬂ? aydlléqvf?y
dose. Milti plg, deSBS oPBE sclidYedidBe BbAE WINEE BASRsE aitink alchdaivxoshse
shoul d this be desired by the person _prescribing the dru

. ! ug. . The
regi men for Iresgeinggbadisanise plaseesamyesEe Phignshirprbs PAtsRt ubiscird {h

such profiling at two or more different time points.




)

In an alternate enbodi nent, the nmethods of this invention
additionally conprise the step of admnistering to said patient an
anti-viral agent preferably an anti-HCV agent. Such anti-viral agents
i ncl ude, bU¥Oa¥W&¥3l | inited to, inmmunonodul atory agent SCTAHEH6H&I363
al pha-, beta-, and ganina-interferons,®pegyl ated derivatized

i nterferon-al pha compounds, and thynosin; other anti-viral agents,
such as ribavirin and amantadi ne; other inhibitors of hepatitis C

pr ot eases ( NBAefN¥Scrijjfor 60tedBHaR2dd3CT/ US2006/ 044363 35 inhibitors and
NS3- NS4A inhibitors); inhibitors of other targets in the HCV life
cycl e, incl udi ng FighredaBestated apbylpperctsenalysis dibaestise sqaupidsh phihe Nof

internal riboso try; oad:-s trum VA I Lnhiihi 1 as

| MPDH i nhi bi FHP%EI(% d{uygrquéeﬁggthg%%&rﬁglp 4%3@#%%8%‘%@%1 gl scl osed
in U S Pat.inlRied2uBedts 876, nycophenolic acid and derivatives
thereof); or conbinations of any of the above. Such addi tional
agent may be admm'{g&t:@rsadwt hebaseling 5T ot T ehproyar (V3695Q) fei gegbypelds age
form conprising both a conmpound of this invention and an additi onal
antiviral aguihlb DpiEase¥af'#R®l y t he additional agent may be

adm ni stered separately fromthe conpound of this inventjo ar t
of a nultiple dos%@‘éfef%plﬁtr%éli‘eegrﬂupg% %ré&h]&?tf %%Sr?alon g@rtesl?osse BV
adm ni steredgqyior to, together with or follow ng a conposition
conprising a conmpound of this invention. In yet anot her

enbodi ment the prﬁ%&f&m VA ERAmBARY vSiSedonRs bogespbndingtometatiomg a
bi ol ogi cal substance intended for adm nistration to a patient

conpri si ng thatesisep of contacting. said biological substance with a
pharmaceutically acceptabl e conposition conprising a.,conpound of this

i nvention. Such bFightsdi Swivs sngyatakindess IWdPidabangs fFom e THGTEIP? gyo8R°
to, blood an ] S nts B GtEd AL S,

subpopul at i oﬁ%&gaﬁquﬁ]ﬁggmgé)??goﬁg%aﬁggmlgi&fg%&%{r%ans such as ki dney,
liver, heart, lung, etec. E%’rﬁ"a@i ; LR Bh &ittefad1iae paittde
thereof, and ot he?lg]flﬁ%uf?g@"gg e |gf1€;s§€%nﬁ{?% gﬂ%ati ent such ag

sal i ne, dext nastein ef HCV-H of prateses diubis r?@“@ﬂ?@ﬂﬁé@%ﬁ?b\%i%ﬁnt t he

i nvention provides nethods of treating nmaterials that may potentjally
come into cont act Figuteh7 showisrthesingdrse eoetekatipy befwisgn HSioReq tpéj gﬁé@@i@d
serine protease necessary for its |life cycle. This nmethod conpri ses
the step of Wfhcting said material with a compound according to the
invention. Such naterials jinclud u i1 a0 . Sur.gkgal

i nstrunments and ggwggﬁlsqr%%s&ﬁ%%c% ri; %@tt(@u@g{rqtp gétgar?%iﬁglgsrl%éshtsg? S:”Sbl ood
col | ecti on app@patiwgesi.and materials; and invasive devices, such as
shunts, stents, etc. I n anot her enbodi nent, the conpounds of
this invention nmayidae 9gRErass thaheatdnafVX-060 saraions i thoHOYeprotease
isolation of a virally encaded. serine protease. This nethod conprises
the steps of 2pROBUPEING S EYFPGERd of this invention attached to a
solid support; contacting said solid.s ort. wwth a .sa t ai ni ng
a viral serine pr&teEstd oHess t%wa'?m@%ﬁﬁ&%&?’%&&%‘émé8f§b§’r‘§%2ase to
bind to said goljd support; and WO 2007/059221PCT/ US2006/ 044363 36
eluting said serine protease fromsaid solid support. Preferably, the
viral serine prot e | B HARkQEht B slstibstintRhdIemfdrdowildieNSSispanct ©ASE-
More particularly, Tt Is a mutant HCV NS3 protease that is resistant
to treatnent 9. VX-905 and/ or BILN 2061 as descri bed herein.

Exenpl ary such proteases includes those described herein as having
nutant (i.e., non¥igurel12 ghneys K-oayi uereal Bro¥P e yadad §rolopse. 43 54,
148, 155, and/or 156 of a protein of SEQ ID NO 2. Exenpl.ifj.c bi on
The di scl osure nowWipee hg shyerscshatV3p deeseetimsks dirpgt CRPtF“Ftr{ggl Yr%?gg readily

understood by reference to the follow ng exanples, which are included
merely for purposdigwé 1# shamstthaVBoH veriawtdr Gap Withdpudews! ggtance and

betier fitness.




39 followed by gentle rocking at 4 C for 30 mn. Cell |lysates were
centrifuged at 16,000x g to renove insoluble material. Each
supernatant_was applied to a 0.25 int bed volune of TALON net
affinity re‘gpﬁoo(@%oﬁi osci ences, Palo Al.to, CA) equili braBthcS‘IScZQ)OGQWF%r
A in di sposabl e pol ypropyl ene col urms Bi orad, Hercules, CA). The

| ysate/resin slurries were rocked at 4 C for 30 mn. The | ysates were
drained fromthe colum and the resin washed w.th 3- qL vol unes_ of
Buf fer A Two al i jawedsehovwstheM368aarsntdn Cig/path 1BW( 8YF! smstaoeeand pH
8.0]; 1 M Nagorseﬁh@ivol /vol] glycerol; 300 nmMimdazole; 5

M 3- mer capt oet hanol; 0.1% Cctyl f3- DgI ucopyranosi de; 2 fig/nL
Leupeptin; 1 gof NfigkeGd sh@wéthtegfsr@t;Paﬁa%tlﬁt@m“/ﬂl)lom&m HafthintOuRl Ut €
protein bound to tHe col um, the two fractions were pool ed, divided
into smal | aWP@QﬁH@SFand stored at -80 C. The concentration of the
eluted protein was determ ned usi.ng a Coonmassi e protein assay

(Bi orad, Hercul esFig@a)l7gbewt @p Vg oLyarias wiimeresstancer khich iy alipuniedns
with a bovi ngyserum al bunmin standard. Purity of the protease was
estimated using 1D | mage Anal ysis Software (Kodak Rochester, NY)
fromprotein sa

(SDS- PAGE) st ai ﬁ lﬁﬁﬁ!f’\égg S g‘{r@{s"gg g‘ﬂ%f“ue B ?%%ag’gcg HCv viral
CA) . Exanpl evﬁzaﬁtszynatl c Assay for the HCV N33 Serine Protease Domain
In vitro protease activity was assayed as published (7) in 96-well

m crotiter pl atesFigGonP ngoviNEBaC3REF)subititttione tdnfalo§36ved nabisBine 2081
protease inhibjtors. BILN 2061 is a HCV NS3-4A protease inhibitor

di scovered b oehringher | ngel heim Laval, Quebec, Canada. Briefly,

A S?Tgo\;\%ff;:]z BvE R bt BBty ﬁﬁ?@]; A i) " ”I
15 mn bt 30'C THETPALCPPER AR PRt Rl Vg b iy BRI T

RETS1 (Anaspegishhgote®®n Jose, CA), an internally quenched

-fluorogeni c depsi peptide substrate, and incubated at 30 C. Product
rel ease was noni tEig&ed 20 ghowdhat Vid4 exTidtsabitiontioat cAGer low-lave] resists¢ mN
at 500 nm in Tecan SpectraFluorPlus plate reader. Data were fitted
with a si rrpl¥ o equation: Y = Vo/ (1+(X/1C50)). Exarrple 6 K ,1

Det erm nation of HCV NS3 Serine Proteas

Substrate kineti CFIE'éﬁegl?’ré}(l@?’% ?@Wf@"t‘@?‘fﬁl [&&:’é}ipﬁ? R{té? XéﬁMy
quenched fl uggo Gadepsi pepti de substrate, RET-Si (Ac-

DED( EDANS) EEaAbuy CO0IASK. (DABCYL)-NH2 (SEQ ID NO 71) (Taliani et
S., (1996) Anal. BipchefhowBidhe VEENGAY R1FSREERSEUINAS alRlditRE Hbat ed
with 5 uMco-factor peptide KK4A (KKGSWIVGRI VLSEK (SEQ ID NG 8))
(Landro et aponfm(m@@?l)stam)teﬁéwwry 36(31), 9340-9348) in 50 mM HEPES
(pH 7.8), 100 mM NaCl, 20% gl ycerol, 5 mMdithiothreitol at 25C for
10 mn and at 30CFigee 23 chewsresaisef seuctumigindigss (AhSeposirpsibipnohhe X-
addi tion of tss m 1§5 )
and i ncubat e%gsm(i%hh%it g&%ng ot ? sgf/&{/ %%@%é%t%@déﬁ-éﬁm@
reaction wascmgﬂérchﬁhiﬂhWSMeccaMtcm @he G aﬂﬁl paces dOBoth rthefwwd}t}qnaafmtl c

acid (TFA). Reacti.on arated on a r ver

mcr OE)OI’ e) hi gﬁe)ﬁé‘ﬂfﬂlﬁ'%%g qqaa iP‘}éFFﬁ?eéé a%ﬂ‘f}m@% sl?‘lgé?f'bcﬁr\?r}é;(
Jupi ter 51. 1iGidi3Rea &qtﬁ@itmanﬂaﬁ@ stfckdnéieMAr 5 Whit ¢ iquesise hablqdys'S)
40C. The flowrate was 0.2 nmumn, -with H2010. 19%90FA

ol v and
acet oni t ri | e¥&h RUEOEMSAN PRisIana AKYSSPS Ingeq., @éupﬁfp%’il%?(ts %ﬁ@é&} as
follows: 5% 130% ‘”'a}é Ao B ﬁl‘f@éwﬂld%\el\%@/&ﬁl Qi % spbotRRpodRiVer 15

mm then 40% 1 %so vet over 3 mnisocratic, followed

by 100%t o 5% °} Aaspt mn@ArandanS&mﬁa@tnT@reml@qwﬁ@d{kﬁSK The

TP Tl 0E L P A AV oo

the Arg'>® of the wild-type protease. The Arg' and Asp'® res1dues of the wild-



Exanpl e 10 Patients with HCV RNA Rebound During Dosing There
were 13 patients who initially responded to VX-950 with a greater
than 2 logio drop in HCV RNA, but eventually began to rebound while
still bei ng"A&¥Wa@8>% Rt h VX-950. OF these 13 patients, 6 BSTAS2PP6{0HS63
450 my gq8h dose group, 1 was in the 798 ng q8h dose group, and 6 were
in the 1250 ng gl2h dose group. Conpl ete sequence analysis is

avail able for 11 of these patients at Day 14 (Table 1). WO

2007/ 059221 FgT% WISRGE64T0 4438 3s4lin Ainps. ohll nHgenspag ¢aloned imblge and oxygens
significant ii ngf ease in nutations at position 36. At position 36, the
w | d-type valiné was nutated to an al ani ne (V36A) in genotype |Ib

atients (nean 6Q% 0 0. I r | anl
ot hi oni e (v3eM Eue a8 St tidioBlnd s Db UG a Bl A BT BEn
The absence thé HZ3IGNSB pratedst ipeaihdini ascokripke] witldaeNS6A thiacioegin alldhesat  of

" subt ype. 10 e Bl A S ol T PE A A e ge

in either sublaypeirlidshewnliha sfidk diigram colorgl iy tighichlad with aitidgeds i Glue\360)

bati ont s, bUBVERISH A e GRRYY T SGUBRE DI Trivse - BAY PEne s S s s

patients, : e’ n

nutation at dyerd. tT 3 A AL A @RS bReoldRedin pakd) ivilEle(ddhdiA) 156 RRIaN
9 0 ; . 24) .

35% range 8% 6799 and |ess frequently tols%\ serine (T549)

I nt er est i ngl §paintiheolRtAddR VeI athcgasi 't PohY 36idanshein remgipeiathe exigded

Genot ype | 5 e o b B e i e To

ei ther lysine (RYj 29%hé\f‘ﬁtﬁ%hé‘?ﬁﬁbﬁ%@taﬁtrf&ﬁﬁo@Qgﬂan'ﬁsat'éﬂﬁinzfaﬁ/? 999 ,

Tot hi oni ne. (R1964 i BR-gPei ne (RL550). The obser vt i on that th

met hi oni ne , - i ne : e observation a ese

mutations at R155 is restricted to subtype la patients is again

li kely due to theigeqdBskemnthatithe VX-Hictdgaitderlishmmgéantsrempmngale| i ne

inthe lb pasteise 1S, v[g‘gjgvtilﬁna si ngl e nucl eotide change in |la patients.

In foll ow up P18 Prom t hi s group, wild-type virus began to

re-energe, but all nmutgations,s L] gh
at different frec# %%r(?}zgé? %‘%%ﬂé‘%tf‘?%???/ c%@n%‘%&ng@?r%g %uﬁéeé?@%efgég[:@@fj
fitness. No defusienogaushirpreasdatel aedithrabgtedfrong dokiegt | me poi nt  at

whi ch rebound was first observed for each 'patient, so it is not
clear if other mRiigireG0Provides spneasnioieardghmling Y Hspduendd diPasiteartds
with Pl at eaued HCV RNA. Response During Dosing In the next group
(n=8), pati eftIEEPECIPUAYEE t o VX-950 initially, but their HCV RNA
response stabilized and did not continue to.decline, alithough

i ncrease in HCV éﬁﬁ”r\ﬁgi swpE@rLzes e MeChapISms OB‘éﬂfzﬁé{ ﬁ]ilasfﬁ?/\EFléaF%egtf’ @50
ng gq8h dose GhRHR inKibHek Sadiindeevitk dgigdh dose group, and 4 were in
the 1250 nmg ql 2h dose group. Analysis is conplete for 5 of these

patients at Day Isgfudabloiihbs coillsidad legirimedRy@baRadEma offviralivatimtat
position 156 from an al anine to_either .valine (A156V) or threonine

(AL56T), andresistencs tafieyprtrapginhibitgrsdaciidiee pariossg)d IGpsentiyEeti ne (Al
561). The A156V/ T nutation was seen at a very high frequency. .in 3 of
the patients in tHigge 3)epoorzesousin P@fﬂ%@:@éﬁ%@@&é@f&%ﬁnﬁ%ﬁﬁs-
(100%, and no other nutation was seen in these patients. The other 2
patients (02Be@ileghPescriupn oftheloyanfian, A156T and 30% A156V nut ant
virus, respectively, but these patients also had mutations at other

posi tions (47% V3B wesenting@tiorRIGHPCOTIEY varients. dapareyiag HEB oarrain
for patient " i ] piREL 4o, oo al so
had a sim| atﬂig?%(}qbﬁter%ggmg%tt%? Iéott%a(%%{sﬂhfmf‘%%/grg?t [l)og?fdg %bﬁp?%élé@%j[e

fol | ow up timethpdd atdssontpheitionstrelatedito tie FOY ivediants. TG mgtkodslapdst

conpletely r &%lgjj%% %n? éﬁﬁ]‘ﬁ%ﬁ&é@ﬁhﬂﬁ%ﬁﬁ%\ghrtrle}ﬁ%s %clu\ﬁ I{gg\,?an%trs %F e i ons

at positions 0 serine position 156



The genotypi c anal yses perfornmed here allowed a detail ed exam nation
of the reI atlve proportion of different resistant nutants within each
patient. getter understand the | evel of phenotypic resistance

conferred £ ral mi xtures, expl,oratory anal yses \fgérftégz%ﬂé43f3t)
obtain an aver age phenotype for each patl ent. The percent of virions
with a given single or double nmutation was multiplied by the average

fol d change me 1C50 for tha i,ven nut, ant (Table 3), d.then
b1 vl nos v ot e ar At Pt e Ve | sopoemiameiderdeniss

di vided by 1&@)op tlﬁnzﬁx?)ﬁﬂgrapéhtfcbﬁgél@@Kilrﬂq’l’lfééﬂbngf Table 1. The nean

val ue for the rebound group of patients was 27 at Day 14 (range 6-70)
and 15 at fol | oWy prdsaiidBventidPis ba?ém%nrmmwﬁétmstfcﬁara&teﬁz@ﬂ t8é a@sht of
group of patients was 272 at DagT (range "26-466) and 32 at

fol I ow up (re&fgacadiversity withia the B3 graesse eemaaof ants Vi kelpted diom %ed to
decl i ne had b£ange ese
very preli mﬁg@@gnﬁé (?ngta?%lr?‘;baﬁhai ?g&%&%@aﬁ@ﬁa bg%iéeoaw@ﬁgg 1g?ance
in all group?ﬁooﬁrrwazqnem@fsfed%ﬂlqeﬁey&%(em vitrewasaben wosiored by madence 14
to fol I ow Upe)n’aly ofﬁle:p%t%h%& Nlé@»eééﬁpﬁeg O%qﬂ t@%uﬂjgtﬁs gﬁéfgiflgfag? §P&O%m %wﬂlo

| onger present "for se I on of IStant viri 5

t hat the reb‘éKrﬁSOng‘hbow#upmaMpbn%s Thwdleer bthedl?eméDsla;m‘aﬁeeﬁlesmdnﬁe
than the patients that atea ed. An sis,correl ating. .

phar e okt net B ek et bEENEE are o BB I P ipa iodat vy
Exanpl e 16 I-_\misriﬂﬁﬁtaﬂﬂdiirytﬁb $laoha BR&irsihavit of WHIL9H0L s mutationsAbeidier
inportant aspect of these viral variants.in additi

o their
resi st ance £ inceeaped 1 fhe nogylajionpboyp pprgline Wﬁtfﬁé‘roxﬁlfff‘a?& teﬁelémsf

single and dey@h® nfidtRNE SBYASsCHLEsttRde (halbes Ady takBeoBdERLW €
i vi dual | peewEe g ool e pottosiAY Talgedle heY FeHiad OKBeERER ¢
et on | VRS SYihaTAQ bRty a6 Pl 15 T
(A156V/ T, 3m;eSﬂnWy¢al4va@am], efhlczbzmo)lvexl d%Mﬁ@\yﬁwmmsﬁmm Ny 6.8 HCV
Fl(;lf\l g;[N_ 3Ipt ?%)yi%g Edo ua?%irgl% é#?%e&%%gté%}ﬁm@ﬁ@% %Ot I ggrf%l) ag Iarélt?] g ag/ sis
of plasma HGhayRMeer geemelldlsdayasf dbetngraithnéR-d459 withen ﬁnmhat;C@BﬁﬁmTtaqlmn

LI CV assa nd ecta |l e | evel 5 of HCV. RNA r 0 ered,t
UL s i CENE BUOTHonGa R RHATSS G SO ant i P B Pt ©
A156' //T) atclaiegbay @icke i uplo $0/89 diffaynt 4#ionY0AL156V/ Td14 (non) or

foll owup (Day 21, %A156V/ Td2i (non) was taken fromthe sequence

anal ysi s desgevbeslamabeweRErBIFRh ) icleddis and Petdaésd of net increase in
pl asma HCV viral load (N VL) for each HCV variant and the whol e

popul ation of HC¢he @retsaﬁ iRt SfRprloRidedTECVN ATt UR] papidul & ¥mbafinehts, an
dosi ng (Day 14 to 21) was determ ned. For exanpl e: NVL(A156V/T

3201) v14zficmlaewlrp1u 598 p9lymiploptige poqueme,that ee%@@ an\RFCY BiRisase, With
3201) = V14Zlg{wh Elﬁln%tlvfiggy al-%rofeas\.é]qﬂﬁfﬁlté Qb ?e 3@ @é]-*)'arilaﬁﬁH Bleag@gh

HCV vari ant was normal i zed hat of whol e pl asma populati on
in each pat iseelt as X&M0- usecstw;lmam@n}peﬂm efns FOW coppuising A

Fol o of net Tenepasalietagiehid | Radtple ntudten ot ol IREY O30

pati ents werpottdse withowvealtee desirable dengjiidatyco nwerteasd inhibhitogsand in particular

Logi of %\VLok155 01A__and t ver a viar

det er mi ned fefrgﬁ’?ﬁ]a‘i‘qngs .Pé%?aée lpg'ﬁe%?qfﬂstﬁg?gﬁ fL‘;H?IIL%P ‘Wﬁ%’%??ﬁb s then
cal cul at ed: ﬂfbtb:ib@%felfs% aIAHCﬁﬁbeEammmi m@mammslmga( denbifiens to ANORMEr ) .
This relative fitness score vvas(%p W th {}Eremstane | evel of
each rmut ant .inbBit&@Rn PAtiepigyrab mﬁ?"? ﬂi‘ﬁﬂ"&ﬁf‘? P%Omeé@w ¢ than

w | d-type and, in general, using this an \¥S|s there is an inverse
correlation bet weeiiseqd bsiedls a5 gy hsrag OF 21 $rGPRPRAOT BvhPe

example, genotypes 1-6.



Exanpl e 19 Study Results Results from enzymatic assays and
structural studies are presented here, in addition to the discussions
above for certain variants of the invention. 1)Substitutions at
Argils of t"he24{&8%tt ease confer | ow|evel resistance Bd/{RP%UH[HEGA ¢
in HCV replicon cells To deterri'ne whet her the observed
substitutions of Ares of the HCV NS3 protease domain are sufficient
to confer resistance to telaprevir (VX 950)2, several substitutions at

NS3 resi due 155 (4Rrsskhenins s “Nepouateaseyioysip “HRPS TP 1gptease SHETS iite

i ntroduced i % 8ok b PhRHE YheSedP BRIV sErik ERbia Bk AP i ¢
( Conl mADE) . %?gmﬂ%hrgp??cgﬁ )éhel l's weresgeneﬂrgjgt ed forﬁ%ach of

t hese vari antxemplenan Na8 iprejeash er becthe NE2 peaiein 8§ reRgsemedinthejrstiodd
different resi: di gftﬁl[ N, gJAmE b cat) i I The
aver age 48- héﬁlgggm\glg %H%ei‘ tec?ag?evi'r(qgn X ’g"qvﬂi‘%%-dt“%‘é‘hﬂel edl#l e1\§3i con
Conl - MADE cehbsassasn Oe 4 Pboteif. a8 eProshted iy thi firs 181 pmhiol agidsiof BBR IDhan
what had be et.erm.ned previ.ously . 3 I - A
replicon CeﬁQg%}}{ehl@é-aW$g?1§&ag@8¥t 15(()£soar§ge&% %%L%%Sggggﬁgﬁl% i
(25, 41) . TwotheaitOAnANSBLRDtedes dadiniss be BRI BBKNS4 RbEFTcomplexc suckeasahe
observed in a phase. b jrjal aof telaprevi o) verage 48-h
tel aprevir | 16xs feser ?‘l ’@%S ?Bﬁe”@.ﬁg§ 61%%4@%%£%%2%qa‘§%%§%ﬁrmﬁ§%7
PM for 1US5Tactidiy SmEMk Hesponrds doviey of aft HOW NEGrbelnd bnep@tisethereof in
respectively, conpared to the w| d-type Conl-mADE repl.i cons%.é abl
1). Simlar Geprsmsesr phseacarfion Nyt Prelginospd I%S}Farﬁyv%“&c BHERY (et n

HCV repliconsgisha éfé?t@fnaisﬁ!!hrh@ 182851888 rebRYENEH BAPthe YAk 5RABoakid
Arg155: R155S, R1551, RI55M or R1550; Table |. These 4 variants were

found at nucteqhepepf SEQADEWOLZ, uswaly fRneiims TS ¢ po-fareortiar HpiaY Protsspuad | b

1 o7 th 0 21 TR N GRblERd Al SO bRl ERR LB oEen
(RL55M), andNS4&rotéin Peferk 1d MGRDSEOS an WA prajein tess peinids thedV$Ad, 1- |

24-, 5.5-, and .\W0.2007/059221PCTL US2 1044363 52 7.4-fold,
respﬁ:ti yeljy?roiteﬂjﬁﬁl&ftl%ne??siiolt" f&f’&%"{ 811?@5520#%3\%% (Tabl e I)l. Thfse tl
resul ts indicate .that supstitutipns o [
(5251 ol d) roai St AERE Tepiishaly pefigebipeadted yafiiup il bl
i ndependent geviNgs phabaaindisslped polgmictbtiddiaistosddstautacian SV a3,

whi ch include a positive char resjdue (Lys), hydr ophi | i.c. residue
(Thr or Ser )Pl’oﬁaﬁytirﬂ’ﬁﬁ?fﬁbﬁﬁﬁ?tg‘gfﬁﬂga X%a%ﬁgﬁ%ﬁ‘tf‘?a@;m&e (B@fe&&[eonf hat
lacks a side héht GBh¥oiral Eﬁ‘ﬁk&rﬂem@%ﬁ?%&t%ﬂu&@r&%ad@?&i polhanekrotid. HCV
Repl i con Oel? ssays Variants Replicon 1050 of telaprevir (p,M Fold

change W d-type §..488n tnfod@&nk. Dvarfin2iE¥rdibasd nadbhelBrafiadHOVRISIS T
9.60 0.87 20 2 R155S1.97 1 0..21 4.10.4 R1551 11.7 1 2.5 24.0 1 5.2
R155M 2. 68 1protease that comprises an amino acid sequence in which the amino acid(s) at one or

more positions from positions 36, 41, 43, 54, 148, 155, or 156 of a wild-type HCV
NS3 protease is(are) different from the amino acid at each corresponding position of
the wild-type HCV NS3 protease. The wild type HCV NS3 protease may comprise
an amino acid sequence of SEQ ID NO:2 or a portion thereof such as for example
the first 181 amino acids of SEQ ID NO:2. The isolated HCV NS3 protease may
comprise a biologically active analog or fragment of an HCV NS3 protease, for
example, the isolated HCV NS3 protease may not have the WN-terminal 5, 10, 15, 20,
30, 35, 40, 45, or 48 amino acids of SEQ ID NO:2,

Examples of amino acid substitutions or mutations at various positions of a

variant HCV NS3 protease are shown in Tables 1-4. The Tables, Figures, and
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T7 RNA runoff transcripts fromthe corresponding high effici enc% Conl
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prot ease donain (Rjelestcglieagtivy frgmentaes elslognel & wisahBEY N3 Braisss ofed
from HCV sa i i o] i i kd.. e
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NS3 serine protease domain proteins containin 4 ,
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(Table Il). In contrast, the average Ki (app,1h) values of telaprevir
wer e about Itemgiptld Sior gRagsiduss raspliedmn 8 3 prgipia gt paRiipl gratensy apigier
for the Rl | e lod/ 8 NYBATR Qd NG4B/8RLReOBET ved
in the phasgﬁg‘g&??&gﬁgf@g ‘é%rBé\ii‘ih? ok one. RL555 and Ri55] o of
t he ni nor ArdgldinwéNHamisalodgesidend résnltechia atcompletady inacipreald83 piotaags. al |

showed 22-f ol n 6- f i.ncr s.in K , .
respectivel ﬁn(aé%ré%%nga 0? g’g Ee.r“{na]gla@%% I?Lllc?-stc’%(éﬁf)gr% rgt)glass\eéad() #g?ﬂ ) ﬂilff S\ISS
These dat a ipidiefindl® rfehidfed Subsdmplatclydnsctiot NS gidiéased. t h di fferent am no
acids, including a conservative substitution of another positively
charged residue (Bxpsdssiofi psttinhssare proxiddédbeasegles enaaltd the tyriind HCV
telaprevir. Table Ig Denonstrgitwilon of . Resi st ance in, HCV_NS3 .Pr ot ease
Enzyne AssayR0weqses PLe SVRREGHh W BHPression SYLRM Fiay Hgy U desT e Riragh veetor

Wld-type (ngE2coBipBdd oh HEV33lvhudleotide 3f REMDBMnGiATHuidbBProldrdiickt 1 5
R155T (n=5) 0. 38 f 0.18 8.7 1 4.2 R155S (n=3), 0.97.1 0.70 22 1 1
eukaryotic vectors (e.g., expression vectors) comprising an HCV polynucleotide (or

“nucleic acid,” used interchangeably herein) of the invention can be introduced into”
a suitable bost cell by an appropriate method (e.g., transformation, transfection,
electroporation, infection), such that the polynucleotide is operably linked to one or
more expression control elements (e.g,, in the vector or integrated into the host cell
genome): For production, host cells can be maintained under condifions suitable for
expression (e.g., in the presence of inducer, suitable media supplemented with
appropriate salts, growth factors, antibiotic, nuiritional supplements, etc.), whereby
the encoded polypeptide is produced. If desired, the encoded protein can be
recovered and/or isolated (e.g., from the host cells or medium). It will be
appreciated that the method of production encompasses expression in a host cell of a

transgenic animal (see e.g., WO 92/03918). An expression system may be based on
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compound is a compound prepared through rational drug design and derived from



IFN-a (U m) Fold change Ribavirin (uM Fold change Wl d-type 11.6
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i ndependent gxP@hy PR RbindOkh £ BanadRstElRt FN4Fbaestlditradhitigdi ng t he

| G50 of a given variant by that of the wld-type HCV rep‘%\é’c n.
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nut ations t haky ARY rQURY 96 détbrmlidediayfy 10htittos iifgoryétilbghlsh R di: NMR
sensitivity of down to about 5% of the popul ation can he jdentified.

In subj ects wedupseersppclyiquss. Repaidag desigpalepnay b cmihiesd Wit &t i onal
patterns wer sﬁgﬁﬁ%}gﬁgmd!o@ ld -sche&%lte\elzmﬁilfl% UPpeﬁn%Hleﬁfé}espdfé}ﬁil’anlH@JscRNA

rebounded during t osing period -t'ype virus was al nbst

conpl et el y rimbib#ordrupyargetpire Sestedrveth sommonndssirae perabinptagalditiiicst i on at

positian 36, .54, or 155 at 0 tainine th

2007/ 059221 PWRT%%B%‘FB& X%Egﬁde%gd fto Aela%\ﬁ’tﬁ%ug}ﬁiat%gses containing the |
structures of many different chemical compounds. The computer can select those

compounds that are most likely to interact with the variant HCV NS3 proteases, and
such identified compound can be tested in assays (e.g., viral or enzymatic assays)

suitable for evaluating protease inhibitors.

In certain embodiments, the identified compound is formulated into a
composition comprising the compound and a pharmaceutically acceptable carrier,
adjuvant or vehicle. Preferably the composition contains the compound in an
amount effective to reduce the activity of an HCV NS3 serine protease. Even more
preferably the composition is formulated for administration to a patient. The
compositions also may comprise an additional agent selected from an
immunomodulatory agent; an anti-viral agent; a second inhibitor of HCV proteése;
an inhibitor of another target in the HCV life cycle; a cytochrome P-450 inhibitor; or
combinations thereof. The various compositions are described in greater details
below.

In another aspect, the present invention provides antibodies that are specific

to an HCV protease, in particular, an HCV NS3 protease with one or more amino

acids altered as compared to a wild type HCV NS3 protease. The term “antibody” is



57 V36A nmutation was found in genotype |b subjects, whereas a V36A/ M
or R155K/ T was seen in the genotype |a subjects. Some variants al so
contai ned g _double nutation at positions 36 and 155 in | a subjects. A
T54A nut at i 'OR2WEE¥2%en in both |a and b subtypes. The AT Q44363
positions 36 and 54 appear to be nut ua’lly excl usive as they were
rarely found together in the sane genone. A second group of subjects
had an initial HCV RNA decline that |eveled off at the end of the

14- day dosi néfep&r the groagess sense any weeificallyraeneredvithau imitatien, ¥t ai ned a -
mut ati on at i id g | .ani t Omifkti : . 56V)
or threoni neIIiJl AfESdél'(ia' & @ﬁ(ihfseg’ t@&n%nﬁg?%ﬁéﬁiﬁg%@%gg%ﬁ}a@ %@gsl ous| y
been shown tantiledies (5. Misperific @nilppdidgefopnes oo at shstWixe Boaqt eptitodiesSomre
subj ects harhor i i .

it at on ot Baet S Pt AbRe by 8RR, AORLAIN SR At My, I1e

cl ones wer e expfiesswohgihdlit’eémthdes ovarictyhuifbirtdtenllpyelafed fioGinsTharae mer e
no significant differences in the enzyne |1 C50 val ues of the baseline
pr ot eases de?eicefé%rﬂ?’rag oélflq’sferent subj ect isolates within a subtype.

However, the 1C5Q.,values.of the mutant proteases jndicate varyi
degrees of decr ea?é]gilbg@ngflwmti VWOIETRBE &ﬁﬁﬁn gﬁ?@\}nkﬁm%ﬁo‘f% Brelf%glfqg
gr gup of SUbﬂllﬁ@lf(lj’r%leﬁibﬁl’lidilﬁglﬁdvl at'i@blde&g:icimtmdﬁmggdiﬁub@}t. r@caﬁ@&f 'r']sﬂﬂaﬂl(ﬂfdd?d,
and sone reached | ev the limt_of detection of the current
assay (10 | ?&“}"’.mstbﬁ‘g“‘%olp%qu‘é? iﬁﬁaP )bfm‘i%‘hgfil@l%t%ﬁlagPdlﬁiirh%gc?&B\E\‘fﬁ“’ﬁg
assay (>100 403t al NProtdih &hg S SAYRN0S7-Ued251995); aMBld-@hLarfiBbdy hese
subj ects at qDZgg)/ 14t,aof c?oéj ng% I—%\/\Ever, saa( Ie?tg%en 7 t(;“lo )f:lays
after the | auelegesayt mylispeificptibodipciorned fipm pniikasydireagntor al |
subjects. In the follow up_sanples fromthe first twy response
groups, resi stant SHgGehadhEv i scho andbady fsements copprisaae g%ﬂav%f
al | subj ect SqonFAWeNGh antilh dfPRNerEATR3e abfifind SEFHEOR g%mg}&éﬁ%@@@@t

position 156 was significantly decreased, as the wld-type | as
t he nut ati onghait Ppefeiablyothe3® rotypeatidsdyrier comprsss ea:gbfpbptugrlmhmti on.
The proporti,on of .vi{40n i i &R%i j . i
relatively c]%ertl‘g(fegr% gﬂiﬂﬁa@?(ﬂ&?@ﬁg&%&%ﬁﬁ g Ti%%ﬁ pa? Eﬂé%gl%g?%%%{%g%l%due
to fitness diof hivigenbidinge Foee feview 030F ¢ sdePlidkeéhalis fhe Phatnadelogy of

sel ective pressure., |t appear ap, viruses wth mitation .
bos: ti one SevoRFIo} ATERRSTalobonkewabitp RRa Mlasre. . BiribetVaiae oo 1
reasonabl y fNéWYWﬂ@qgaag,@]Q(;ge,ss_due 156 nmutants are quite unfit in

t he absence of drug. Fromthese data, there seens to be an inverse

correl ation betwegR ttfe“diflesOfefdre® StaAnesbadidgditntsiwites® dnéigen-
different single nutants. The data derived fromthe group, of ;kBUbj ects

with a pl at datdipgsissayhish fiegmengronyiae 02ovy19er @ssbissroandydlss RNA
i ndi cated t Q%nh&frédttls BQ@t—?ﬁaiﬁ’Hr%bE%ﬁlaﬁne@Lﬁ glﬁ&%%aﬁggolg?éﬁﬁg Shdif (V-

producing a given clinical response. Thus, e clinic response
cannot, itseVEk). Binesinga Bnkenéhatsder shoriig allow phivgy between thadgp gemaing pn

dosi ng and 1 ERiis I IR ERRGRT R Bl Lo i BOmAlE D

at fol | ow upancthesélsireshdofreatobtd anticawbinding sitese Dishaivs eraasatbedmeorat

positions 36.and 34, and 3_0of i ] har bored few at ihans but
were nostly %ﬁygb%‘ﬂ%ﬁl’é‘}?{%@}g ﬁgﬁpép?@x?@hg gﬁn‘é’)ﬁoﬁg}gﬁnﬁﬁm%}n atrﬂ'
variants, ifAgdyScivese, pU:agent448 (1Bey). 14, this result suggests 't hat
with an optimal response to VX-950, it nay be possible to avoid

clinical resistangeamboly agHiat BeLaRYHOV fratchditanddst ddveloped fromher
antiviral conpounds such as Peg-|1FN. Opt] m zi ng dosi ng _regi nens may
extend t hi s FOEPAREROYFEAMG @R EY NMumseemofor gagmplp fhyough molegyjar
summary, thegguksauits phiddi ﬁf?ﬁi@aﬁoﬂ?hbﬁdﬁﬁorﬂﬂé.‘ TD4HEA0IE ResefibdPm950 i n
this study can result in the selectfion of different mutations in the
NS3 pr ot eas enwaniresparbjnangantipdy sgaitst thediCY dEB gretnine Amine paigd seqpence

variants of are prepared by introducing appropriate nucleotide changes into the DNA




G Mgliaccio. 2003. In vitro selection and characterization of
hepatitis C virus serine protease variants resistant to an
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2007/ 05922 0{823%%6/ 044363 61 Table 1. Mutations in tHHETHSGO06/044363
Protease Al one or in Conbination Found®After Dosing with VX-950

Subj ect Group Subj 1D VX-950 Dose CGeno - type Ain VIi %Single ' %

Doubl e ' Average Phenotyped Time Pointb V36 T54 R155 Al156
of a known antibody, or by peptide synthesis, Such variants include, for example,

deletions from, and/or insertions into and/or substitutions of, residues within the
amino acid sequences of the known antibody. Any combination of deletion,
insertion, and substitution is made to arrive at the final construct, provided that the
final construct possesses the desired characteristics. The amino acid changes also
may alter post-translational processes of the antibody, such as changing the number

or position of glycosylation sites.

An antibody of the invention may have diagnostic as well as therapeutic
applications. In certain embodiments, an antibody of the invention is labeled. The
various antibodies of the present disclosure can be used to detect or measure the
expression of a variant HCV NS3 protease, and therefore, they are also useful in
applications such as cell sorting and imaging (e.g., flow cytometry, and fluorescence
activated cell sorting), for diagnostic or research purposes. As used herein, the
terms “label” or “labeled” refers to incorporation of another molecule in the
antibody. In one embodiment, the label is a detectable marker, e.g., incorporation of
a radiolabeled amino acid or attachment to a polyi)eptide of biotinyl moieties that
can be detected by marked avidin (e.g., streptavidin containing a fluorescent marker
or enzymatic activity that can be detected by optical or colorimetric methods). In
another embodiment, the label or marker can be therapeutic, e.g., a drug conjugate
or toxin. Various methods of labeling polypeptides and glycoproteins are known in
the art and may be used. Examples of labels for polypeptides include, but are not
limited to, the following: radioisotopes or radionuclides (e.g., *H, *C, N, *’s, *°y,
®Te, Mn, 2], '), fluorescent labels (e.g., FITC, rhodamine, lanthanide
phosphors), enzymatic labels (e.g., horseradish peroxidase, beta-galactosidase,
luciferase, alkaline phosphatase), chemiluminescent markers, biotinyl groups,
predetermined polypeptide epitopes recognized by a secondary reporter (e.g.,
leucine zipper pair sequences, binding sites for secondary antibodies, metal binding
domains, epitope tags), magnetic agents, such as gadolinium chelates, toxins such as
pertussis toxin, taxol, cytochalasin B, gramicidin D, ethidium bromide, emetine,
mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicin, doxorubicin,
daunorubicin, dihydroxy.anthracin dione, mitoxantrone, mithramyecin, actinomyein

D, 1-dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine,
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propranolol, and puromycin and analogs or homologs thereof. In some
embodiments, labels are attached by spacer arms of various lengths to reduce

potential steric hindrance.

In certain aspects, kits for use in detecting the presence of an HCV viral, a
variant HCV NS3 polynucleotide, or a variant HCV protease in a biological sample
can also be prepared. Such kits may include an antibody that recognizes a variant
HCV NS3 protease of the invention, as well as one or more ancillary reagents
suitable for detecting the presence of a complex between the antibody and the
variant protease or a portion thereof. Alternatively, such kits may include a probe or
primer of the invention, such a probe or primer can hybridize with a variant HCV
NS3 polynucleotide of the invention under stringent conditions. A probe or primer
of the invention may be suitable for PCR or RT-PCR that can be employed to detect
a subject of interest. Alternatively, such kits may be based on PCR or non-PCR
based HCV diagnostic kits available commercially, e.g., Roche Cobas Amplicor
system and Bayer Versant system, inclﬁding RNA 3.0 assay (bDNA) and RNA
Qualitative Assay (TMA). The AMPLICOR HCV MONITOR® Test, v2.0 is an in
vitro nucleic acid amplification test for the quantification of HCV RNA in human
serum or plasma. The VERSANT® HCV RNA 3.0 Assay (bDNA) is a viral load
assay that has been proven to reliably detect a 2 log10 drop. The VERSANT® HCV
RNA Qualitative Assay is based on state-of-the-art Transcription-Mediated
Amplification (TMA) technology.

Pharmaceutical Compositions and Formulations

Another aspect of the invention ﬁrovides pharmaceutical compositions or
formulations including a compound of the invention, for example, a secondary
compound that is identified as being able to rescue the activity of VX-950, or a
compound that is identified as effective against an HCV variant (¢.g., capable of
reducing replication of the viral variant) and/or a variant HCV NS3 protease (e.g.,

capable of reducing the enzymatic activity of the variant protease).

Another aspect of the invention provides uses of a compound of the
invention in the manufacture of a medicament, such as a medicament for treating an

HCV infection in a patient.
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Another aspect of the invention provides methods for treating an HCV
infection in a patient. Such methods generally comprise administering to the patient
a pharmaceutically or therapeutically effective amount of a compound of the
invention alone or in combination (sequentially or contemporaneously) with another
anti-viral agent. “Effective amount” of a compound or agent generally refers to
those amounts effective to reproducibly reduce HCV NS3 protease expression or
activity, HCV production, replication, or virulence, HCV infection, or produce an
amelioration or alleviation of one or more of the symptoms of HCV infection in
comparison to the levels of these parameters in the absence of such a compound or

agent.

In another aspect, the methods and compositions of this invention include a
proteage inhibitor (e.g., VX-950} and another anti-viral agent, preferably an anti-
HCV agent. Combination therapy targeting HCV is also described in U.S. Patent
Nos. 6,924,270; 6,849,254.

Another anti-viral agent may also be a protease inhibitor, particularly an

~ HCV protease inhibitor. HCV protease inhibitors known in the art include VX-950
(Figure 8), BILN 2061 (Figure 8, see also PCT Publication No. WO 00/59929; U.S.
Pat. No. 6,608,027), compound 1 (13), Inhibitors A, B, and C (PCT Publication No,
WO 04/039970). Potential HCV protease inhibitors have also been described in
PCT and U.S. patent application publication Nos. WO 97/43310, US 20020016294,
WO 01/81325, WO 02/08198, WO 01/77113, WO 02/08187, WO 02/08256, WO
02/08244, WO 03/006490, WO 01/74768, WO 99/50230, WO 98/17679, WO
02/48157, US 20020177725, WO 02/060926, US 20030008828, WO 02/48116, WO
01/64678, WO 01/07407, WO 98/46630, WO 00/59929, WO 99/07733, WO
00/09588, US 20020016442, WO 00/09543, WO 99/07734, US 20020032175, US
20050080017, WO 98/22496, WO 02/079234, WO 00/31129, WO 99/38388, WO
99/64442, WO 2004072243, and WO 02/18369, and U.S. Patent Nos. 6,018,020;
6,265,380, 6,608,027; 5,866,684; M. Llinas-Brunet ot al., Bioolrg. Med. Chem, Lett.,
8, pp. 1713-18 (1998); W. Han et al., Bioorg. Med. Chem. Lett., 10, 711-13 (2000);
R. Dunsdon et al., Bioorg. Med. Chem. Lett., 10, pp. 1571-79 (2000); M. Llinas-
Brunet et al., Bioorg. Med. Chem. Lett., 10, pp. 2267-70 (2000); and S. LaPlante et
al., Bioorg. Med. Chem. Lett., 10, pp. 2271-74 (2000). A number of NS3 protease
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inhibitors have also been developed by Schering Corp., Schering A.G., and other
companies, and they are described in U.S. patent application publication Nos.
20050249702; 20050153900, 20050245458; 20050222047; 20050209164
20050197301, 20050176648; 20050164921; 20050119168; 20050085425;
20050059606; 20030207861; 20020147139; 20050143439; 20050059606;
20050107304; 20050090450; 20040147483; 20040142876, 20040077600;
20040018986; 20030236242; 20030216325; 20030207861; U.S. Patent Nos.
6,962,932; 6,914,122; 6,911,428, 6,846,802; 6,838,475.

Anti-viral agents may also include, but are not limited to,
immunomodulatory agents, such as alpha-, beta-, and gamma-interferons, pegylated
derivatized interferon-alpha compounds, and thymosin; other anti-viral agents, such
as ribavirin, amantadine, and telbivudine; other inhibitors of hepatitis C proteases
(NS2-N83 inhibitors and NS3-NS4A inhibitors); inhibitors of other targets in the
HCYV life cycle, including helicase and polymerase inhibitors; inhibitors of internal
ribosome entry; broad-spectrum viral inhibitors, such as IMPDH inhibitors (e.g.,
compounds of U.S. Pat. Nos. 5,807,876, 6,498,178, 6,344,465, 6,054,472, WO
97/40028, WO 98/40381, WO 00/56331, and mycophenolic acid and derivatives
thereof, and including, but not limited to VX-497, VX-148, and/or VX-944); or
combinations of any of the above. See also W. Markland et al., Antimicrobial &
Antiviral Chemotherapy, 44, p. 859 (2000) and U.S. Pat. No. 6,541,496.

The following definitions are used herein:

“Peg-Intron” means PEG-Intton®, peginteferon alfa-2b, available from
Schering Corporation, Kenilworth, N.J.; “Intron” means Intron-A®, interferon
alpha-2b available from Schering Corporation, Kenilworth, N.J.; “ribavirin™ means

ribavirin (1-beta-D-ribofuranosyl-1H-- 1,2,4-triazole-3 -carboxamide, available from
ICN Pharmaceuticals, Inc., Costa Mesa, Calif,; described in the Merck Index, entry
8365, Twelfth Edition; also available as Rebetol® from Schering Corporation,
Kenilworth, N.J., or as Copegus® from Hoffiann-La Roche, Nutley, N.J.;

" “Pagasys” means Pegasys®, peg-interferon alfa-2a available Hoffinann-La Roche,
Nutley, N.I.; “Roferon” means Roferon®, recombinant interferon alpha-2a available

from Hoffmann-La Roche, Nutley, N.J.; “Berofor” means Berofor®, interferon
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alpha-2 available from Boehringer Ingelheim Pharmaceutical, Inc., Ridgefield,
Conn.; Sumiferon®, a purified blend of natural alpha interferons such as Sumiferon
available from Sumitomo, Japan; Wellferon®, interferon alpha nl available from
Glaxo Wellcome Ltd., Great Britain; Alferon®, a mixture of natural alpha
interferons made by Interferon Sciences, and available from Purdue Frederick Co.,
CT.

The term “interferon™ as used herein means a member of a family of highly
homologous species-specific proteins that inhibit viral replication and cellular
proliferation, and modulate immune response, such as interferon alpha, interferon

. beta, or interferon gamma. The Merck Index, entry 5015, Twelfth Edition.

- According to one embodiment of the present invention, the interferon is alpha-
interferon. According to another embodiment, a therapeutic combination of the
present invention utilizes natural alpha interferon 2a. Alternatively, the therapeutic
combination of the present invention utilizes natural alpha interferon 2b. In another
e:ﬁbodiment, the therapeutic combination of the present invention utilizes
recombinant alpha interferon 2a or 2b. In yet another embodiment, the interferon is
pegylated alpha interferon 2a or 2b. Interferons suitable for the present invention
include: (a) Intron (interferon-alpha 2B, Schéring Plough), (B) Peg-Intron, (c)
Pegasys, (d) Roferon, () Berofor, (f) Sumiferon, (g) Wellferon, (h) consensus alpha
interferon available from Amgen, Inc., Newbury Park, Calif., (i} Alferon; (j)
Viraferon®; (k) Infergen®. |

A protease inhibitor can be administered orally, whereas Interferon is not
typically administered orally. Nevertheless, nothing herein limits the methods or
combinations of this invention to any specific dosage forms or regime. Thus, each
component of a combination according to this invention may be administered

separately, together, sequentially or simultaneously, or in any combination thereof,

In one embodiment, the protease inhibitor and interferon are administered in
separate dosage forms. In one embodiment, any additional agent is
administered as part of a single dosage form with the protease inhibitor or as a
separate dosage form. As this invention involves a combination of compounds

and/or agents, the specific amounts of each compound or agent may be dependent on
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the specific amounts of each other compound in the combination. Dosages of
interferon are typically measured in IU (e.g., about 4 million U to about 12 million

IU).

Accordingly, agents (whether acting as an immunomodulatory agent or
otherwise) that may be used in combination with a compound of this invention
include, but are not limited to, interferon-alpha 2B (Intron A, Schering Plough);
Rebatron (Schering Plough, Inteferon-alpha 2B+Ribavirin); pegylated interferon
alpha (Reddy, K. R. et al. “Efficacy and Safety of Pegylated (40-kd) interferon
alpha-2a compared with interferon alpha-2a in noncirrhotic patients with chronic
hepatitis C,” Hepatology, 33, pp. 433-438 (2001); consensus interferon (Kao, I. H.,
et al., “Efficacy of Consensus Interferon in the Treatment of Chronic Hepatitis,” J.
Gastroenterol. Hepatol. 15, pp. 1418-1423 (2000), interferon-alpha 2A (Roferon A;
Roche), lymphoblastoid or “natural” interferon; interferon tau (Clayette, P. et al.,
“IFN-tau, A New Interferon Type I with Antiretroviral activity,” Pathol. Biol. (Paris)
47, pp. 553-559 (1999); interleukin 2 (Davis, G.L. et al., “Future Options for the
Management of Hepatitis C,” Seminars in Liver Disease, 19, pp. 103-112 (1999);
Interleukin 6 (Davis, G.L. et al., supra; interleukin 12 (Davis, G.L. et al., supra;
Ribavirin; and compounds that enhance the development of type 1 helper T cell
response (Davis, G.L., et al., supra. Interferons may ameliorate viral infections by
exerting direct antiviral effects and/or by modifying the immune response to
infection. The antiviral effects of interferons are often mediated through inhibition
of viral penetration or uncoating, synthesis of viral RNA, translation of viral

proteins, and/or viral assembly and release.

Compounds that stimulate the synthesis of interferon in cells (Tazulakhova,
E. B. et al., “Russian Experience in Screening, analysis, and Clinical Application of
Novel Interferon Inducers,” J. Interferon Cytokine Res., 21 pp. 65-73) include, but
are not limited to, double stranded RNA, alone or in combination with tobramycin,
and Imiquimod (3M Pharmaceuticals; Sauder, D. N., “hnmunomodulatory and
Pharmacologic Properties of Imiquimod,” J. Am. Acad, Dermatol., 43 pp. S6-11
(2000).
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Other non-immunomodulatory or immunomodulatory compounds may be
used in combination with a compound of this invention including, but not limited to,
those specified in WO 02/18369, which is incorporated herein by reference (sce,
e.g., page 273, lines 9-22 and page 274, line 4 to page 276, line 11, which is

incorporated herein by reference in its entirety).

Compounds that stimulate the synthesis of interferon in cells (Tazulakhova et
al., J, Interferon Cytokine Res. 21, 65-73)) include, but are not limited to, double
stranded RNA, alone or in combination with tobramycin and Imiquimod (3M
Pharmaceuticals) (Sauder, J. Am. Arad. Dermatol. 43, S6-11 (2000)).

Other compounds known to have, or that may have, HCV antiviral activity
include, but are not limited to, Ribavirin (ICN Pharmaceuticals); inosine 5’-
monophosphate dehydrogenase inhibitors (VX—497 formula provided herein);
amantadine and rimanta&ine (Younossi et al., In Seminars in Liver Disease 19, 95-
102 (1999)); LY217896 (U.S. Pat. No. 4,835,168) (Colacino, et al., Antimicrobial
Agents & Chemotherapy 34, 2156-2163 (1990)); and 9-Hydroxyimino-6-methoxy-
1 4a-dimethyl1,2,3,4,42,9,10,10a-octahydro-phena- nthrene-1-carboxylic acid
methyl ester; 6-Methoxy-1,4a dimethyl-9-(4-methyl-piperazin-1-ylimino)-
1,2,3,4,42,9,10,10a-octahydro-p- henanthrene-1carboxylic acid methyl ester-
hydrochloride; 1-(2-Chloro-phenyl)-3-(2,2-Biphenyl-ethyl)-urea (U.S. Pat. No.
6,127,422).

Formulations, doses, and routes of administration for the foregoing
molecules are either taught in the references cited below, or are well-known in the
art as disclosed, for example, in F. G. Hayden, in Goodman & Gilman’s The
Pharmacological Basis of Therapeutics, Ninth Edition, Hardman et al., Eds.,
McGraw-Hill, New York (1996), Chapter 50, pp. 1191-1223, and the references
cited therein. Alternatively, once 2 compound that exhibits HCV antiviral activity,
particularly antiviral activity against a drug-resistant strain of HCV, has been
identified, a pharmaceutically effective amount of that compound can be determined
using techniques that are well-known to the skilled artisan. Note, for example,
Benet et al., in Goodman & Gilman’s The Pharmacological Basis of Therapeutics,
Ninth Edition, Hardman et al., Eds., McGraw-Hill, New York (1996), Chapter 1, pp.
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3-27, and the references cited therein. Thus, the appropriate formulations, dose(s)
range, and dosing regimens, of such a compound can be easily determined by

routine methods.

The compositions related to combination therapies of the present invention
can be provided to a cell or cells, or to a human patient, either in separate
pharmaceutically acceptable formulations administered simultaneously or
sequentially, formulations containing more than one therapeutic agent, or by an
assortment of single agent and multiple agent formulations. Regardless of the route
of administration, these drug combinations form an anti-HCV effective amount of

components of the pharmaceutically acceptable formulations.

“A large number of other immunomodulaters and immunostimulants that can
be used in the methods of the present invention are currently available and include:
AA-2G; adamantylamide dipeptide; adenosine deaminase, Enzon adjuvant, Alliance;
adjuvants, Ribi; adjuvants, Vaxcel; Adjuvax; agelasphin-11; AIDS therapy, Chiron;
algal glucan, SRT; alganunulin, Anutech; Anginlyc; anticellular factors, Yeda;
Anticort; antigastrin-17 immunogen, Ap; antigen delivery system, Vac; antigen
formulation, IDBC; antiGnRH immunogen, Aphton; Antiherpin; Arbidol; azarole;
Bay-q-8939; Bay-r-1005; BCH-1393; Betafectin; Biostim; BL-001; BL-009;
Broncostat; Cantastim; CDRI-84-246; cefodizime; chemokine inhibitors, ICOS;
CMYV peptides, City of Hope; CN-5888; cytokine-releasing agent, St; DHEAS,
Paradigm; DISC TA-HSV; J07B; I01A; 101Z; ditiocarb sodium; ECA-10-142; ELS-
1; endotoxin, Novartis; FCE-20696; FCE-24089; FCE-24578; FLT-3 ligand,
Immunex; FR-900483; FR-900494; FR-901235; FTS-Zn; G-proteins, Cadus;
gludapein; glutaurine; glycophosphopeptical; GM-2; GM-53; GMDP; growth factor
vaccine, EntreM; H-BIG, NABT; H-CIG, NABI; HAB-439; Helicobacter pylori
vaccine; herpes-specific immuné factor; HIV therapy, United Biomed;
HyperGAM+CF; ImmuMax; Immun BCG; immune therapy, Connective;
immunomodulator, Evans; immunomodulators, Novacell; imreg-1; imreg-2;
Indomune; inosine prancbex; interferon, Dong-A (alpha2); interferon, Genentech
(gamma); interferon, Novartis (alpha); interleukin-12, Genetics Ins; interleukin-15,
Immunex; intetfeukin-16, Research Cor; ISCAR-1; JOO5X; L-644257;
licomarasminic acid; LipoTher; LK-409, LK-410; LP-2307; LT (R1926); LW-
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50020; MAF, Shionogi; MDP derivatives, Merck; met-enkephalin, TNL;
methylfurylbutyrolactones; MIMP; mirimostim; mixed bacterial vaccine, Tem, MM-
1; moniliastat; MPLA, Ribi; MS-705; murabutide; marabutide, Vacsyn; muramyl
dipeptide derivative; muramy! peptide derivatives myelopid; -563; NACOS-6; NH-
765; NISV, Proteus; NPT-16416; NT-002; PA-485; PEFA-814; peptides, Scios;
peptidoglycan, Pliva; Perthon, Advanced Plant; PGM derivative, Pliva;
Pharmaprojects No. 1099; No. 1426; No. 1549; No. 1585; No. 1607; No. 1710; No.
1779; No. 2002; No. 2060; No. 2795; No. 3088; No. 3111; No. 3345; No. 3467; No.
3668; No. 3998; No. 3999; No. 4089; No. 4188; No. 4451; No. 4500; No. 4689; No.
4833; No. 494; No. 5217; No. 530; pidotimod,; pimelautide; pinafide; PMD-589;
podophyliotoxin, Conpharm; POL-509; poly-ICLC; poly-ICLC, Yamasa Shoyu;
PolyA-PolyU; Polysaccharide A; protein A, Berlux Bioscience; PS34WO0;
Pseudomonas MADbs, Teijin; Psomaglobin; PTL-78419; Pyrexol; pyriferone;
Retrogen; Retropep; RG-003; Rhinostat; rifamaxil; RM-06; Rollin; romurtide; RU-
40555; RU-41821; Rubella antibodies, ResCo; §:27649; SB-73; SDZ-280-636;
SDZ-MRI953; SK&F-107647; SL04; SL0S5; SM-4333; Solutein; SRI-62-834; SRL-
172; ST-S7Q; ST-789; staphage lysate; Stimulon; suppressin; T-150R1; T-LCEF;
tabilautide; temurtide; Theradigm-HBV; Theradigm-HBV; Theradigm-HSV; THF,
Pharm & Upjohn; THF, Yeda; thymalfasin; thymic hormone fractions; thymocartin;
thymolymphotropin; thymopentin; thymopentin analogues; thymopentin, Peptech;
thymosin fraction 5, Alpha; thymostimulin; thymotrinan; TMD-232; TO-115;
transfer factor, Viragen; tuftsin, Selavo; ubenimex; Ulsastat; ANGG-; CD-4+;
Collag+; COLSF+, COM+; DA-A+; GAST-; GF-TH+; GP-120-; IF+; IF-A+; IF-A-
2+ [F-Br; B-Gr; IF-G-1B+; IL-2+; IL-12+; IL-15+; IM+; LHRH-; LIPCOR+L

[ YM.-B+: LYM-NK+; LYM-T+; OPE; PEP+; PHG-MA+; RNA-SYN-; SY-CW-;
TH-A-I+; TH-5+; TNF+; UN. '

Representative nucleoside and nucleotide compounds useful in the present
iavention include, but are not limited to: (+)-cis-5-fluore- 1-[2-(hydroxymethyl)-
[1,3-oxathiolan-5yl]cytosine; (-)-2°- deoxy~3’ -thiocytidine-5’-triphospbate 3TC); (-
)-cis-5-fluoro-1- [2(hydroxy-methyl)-[1,3- oxath101an~5 yllcytosine (FTC); (-)2°, 3’
dideoxy-3’-thiacytidine[(-)-SddC]; 1-(2°-deoxy-2’-fluoro-beta-D- arablnofuranosyl)
5-iodocytosine (FIAC); 1-(2’-deoxy-Z’-ﬂuoro-beta-D-arabinoﬁ.lranosyl)-ﬁ-
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iodocytosine triphosphate (FIACTP); 1-(2’-deoxy-2’-fluoro-beta-D-
arabinofuranosyl)-5-m- ethyluracil (FMAU); 1-beta-D-ribofuranosyl-1,2,4-triazole-
3-carboxamide; 2°,3’-dideoxy-3’-fluoro-5-methyl-dexocytidine (FddMeCyt); 2°,3°-
dideoxy-3’-chloro-5-methyl-dexocytidine (ClddMeCyt); 2°,3°-dideoxy-3’-aming-3-
methyl-dexocytidine (AddMeCyt); 2°,3’-dideoxy-3’-fluoro-5-methyl-cytidine
(FddMeCyt); 2°,3’-dideoxy-3’-chloro-5-methyl-cytidine (ClddMeCyt); 2°,3°-
dideoxy-3’-amino-5-methyl-cytidine (AddMeCyt); 27,3’-dideoxy-3°-
fluorothymidine (FddThd); 2°,3’-dideoxy-beta-L-5-fluoroc- ytidine (beta-L-FddC)
2’,3’-dideoxy-beta-L-5-thiacytidine; 2°,3’-dideoxy-beta-L-5-cytidine (beta-L-ddC);
9-(1,3-dihydroxy-2-propoxym- ethyl) guanine; 2’-deoxy-3’-thia-5-fluorocytosine;
3’-amino-5-methyl-dexoc- ytidine (AddMeCyt); 2-amino-1,9-[(2-hydroxymethyl-1-
(hydroxymethy!) ethoxylmethyl]-6H-purin-6-one (gancyclovir); 2-[2-(2-amino-9H-
purin-9y)et- hyl)-1,3-propandil diacetate(famciclovir); 2-amino-1,9-dihydro-9-[(2-
hydro- xy-ethoxy) methyl]6H-purin-6-one (acyclovir); 9-(4-hydroxy-3-
hydroxymethyl- ~but-1-yl) guanine (penciclovir); 9-(4-hydroxy-3-hydroxymethyl-
but-1-y1)-6- -deoxy-guanine diacetate(famciclovir); 3’-azido-3’-deoxythymidine
(AZT); 3’-chloro-5-methyl-dexocytidine (ClddMeCyt); 9-(2-phosphonyl-
methoxyethyl- }-2°,6’-diaminopurine-2’, 3’-dideoxyriboside; 9-(2-
phosphonylmethoxyethyl)- adenine (PMEA); acyclovir triphosphate (ACVTP); D-
carbocyclic-2’-deoxyguan- osine (CdG); dideoxy-cytidine; dideoxy-cytosine (ddC);
dideoxy-guanine (ddG); dideoxy-inosine (ddI); E—S-(2-br0mt)viny1)—2’-‘deoxyuridine
triphosphate; fluoro-arabinofuranosyl-iodouracil; 1-(2’-deoxy-2’-fluoro-1- -beta-D-
arabinofuranosyl)-5-iodo-uracil (FIAU); stavudine; 9-beta-D-arabinofuranosyl-9H-
purine-6-amine monohydrate (Ara-A}; 9-beta-D-arabinofuranosyl-9H-purine-6-
amine-5’-monophosphate monohydrate (Ara-AMP); 2-deoxy-3°-thia-5-

fluorocytidine; 2°,3’-dideoxy-guanine; and 2°,3’-dideoxy-guanosine.

Synthetic methods for the preparation of nucleosides and nucleotides useful
in the present invention are well known in the art as disclosed in Acta Biochim Pol.,
43, 25-36 (1996); Swed. Nucleosides Nucleotides 15, 361-378 (1996); Synthesis 12,
1465-1479 (1995); Carbohyd. Chem. 27, 242-276 (1995); Chena Nucleosides
Nucleotides 3, 421-535 (1994); Ann. Reports in Med. Chena, Academic Press; and
Exp. Opin. Invest. Drugs 4, 95-115 (1995).
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The chemical reactions described in the references cited above are generally
disclosed in terms of their broadest application to the preparation of the compounds
of this invention. Occasionally, the reactions may not be applicable as described to
each compound included within the scope of compounds disclosed herein. The
compounds for which this occurs will be readily recognized by those skilled in the
art. Tn all such cases, either the reactions can be successfully performed by
conventional modifications known to those skilled in the art, e.g., by appropriate |
protection of interfering groups, by changing to alternative conventional reagents, by
routine modification of reaction conditions, and the like, or other reactions disclosed
herein or otherwise conventional will be applicable to the preparation of the
corresponding compounds of this invention. In all preparative methods, all starting

materials are known or readily preparable from known starting materials.

While nucleoside analogs are generally employed as anti-viral agents as is,
nucleotides (nucleoside phosphates) sometimes have to be converted to nucleosides
in order to facilitate their transport across cell membranes. An example of a
chemically modified nucleotide capable of entering cells is S-1-3-hydroxy-2-
phosphonylmethoxypropy! cytosine (HPMPC, Gilead Sciences). Nuclsoside and
nucleotide compounds used in this invention that are acids can form salts. Examples

include salts with alkali metals or allaline earth metals, such as sodium, potassium,

- caleium, or magnesium, or with organic bases or basic quaternary ammonium salts.

The skilled artisan may also chose to administer a cytochrome P450
monooxygenase inhibitor. Such inhibitors may be useful in increasing liver
concentrations and/or increasing blood levels of compounds that are inhibited by
cytochrome P450. For an embodiment of this invention that involves a CYP
inhibitor, any CYP inhibitor that improves the pharmacokinetics of the relevant
NS3/4A protease may be included in a composition and/or used in a methoﬁ of this
invention. These CYP inhibitors include, but are not limited to, ritonavir (WO
94/14436), ketoconazole, trolea;ndomycin,‘4~methy1pyrazole, cyclosporin,
clomethiazole, cimetidine, itraconazole, fluconazole, miconazole, fluvoxamine,
fluoxetine, nefazodone, sertraline, indinavir, nelfinavir, amprenavir, fosamprenavir,
saquinavir, lopinavir, delavirdine, erythromyein, VX-944, and VX-497. Preferred

CYP inhibitors include ritonavir, ketoconazole, troleandomyecin, 4-methylpyrazole,
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cyclosporin, and clomethiazole. For preferred dosage forms of ritonavir, see U.S.
Pat. No. 6,037,157, and the documents cited therein: U.S. Pat. No. 5,484,801, U.S.
application Ser. No. 08/402,690, and International Applications WO 95/07696 and
WO 95/09614).

Methods for measuring the ability of a compound to inhibit cytochrome P50
monooxygenase activity are known (see U.S. Pat. No. 6,037,157 and Yun, et al.
Drug Metabolism & Disposition, vol. 21, pp. 403-407 (1993).

Immunomodulators, immunostimulants and other agents useful in the
combination therapy methods of the present invention can be administered in
amounts lower than those conventional in the art. For example, interferon aipha is
typically administered to huntans for the treatment of HCV infections in an amount
of from about 1x10° units/person three times per week to about 10.times.106
units/person three times per week (Simon et al., Hepatology 25: 445-448 (1997)). In
the methods and compositions of the present invention, this dose can be in the range
of from about 0.1x10 ® units/person three times per week to about 7.5 x10°
units/person three times per week; more preferably from about 0.5 x10 6
units/person three times per week to about 5 x10 ® units/person three times per
week; most preferably from about 1 x10 6 units/person three times per week to
about 3 x10° units/person three times per week, Due to the enhanced hepatitis C
virus antiviral effectiveness of immunomeodulators, irmunostimulants or other anti-
HCV agent in the presence of the HCV serine protease inhibitors of the present
invention, reduced amounts of these immuniomodulators/immunostimulants can be
employed in the treatment methods and compositions contemplated herein.
Similarly, due to the enhanced hepatitis C virus antiviral effectiveness of the present
HCYV serine protease inhibitors in the presence of immunomodulators and
immunostimulants, reduced amounts of these HCV serine protease inhibitors can be
employed in the methods and compositions contemplated herein. Such reduced
amounts can be determined by routine monitoring of hepatitis C virus titers in
infected patients undergoing therapy. This can be carried out by, for example,
monitoring HCV RNA in patients’ serum by slot-blot, dot-blot, oxr RT-PCR
techniques, or by measurement of HCV surface or other antigens, Patients can be

similarly monitored during combination therapy employing the HCV serine protease
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inhibitors disclosed herein and other compounds having anti-HCV activity, for
example nucleoside and/or nucleotide anti-viral agents, to determine the lowest

effective doses of each when used in combination.

In the methods of combination therapy disclosed herein, nucleoside or
nucleotide antiviral compounds, or mixfures thereof, can be administered to humans
in an amount in the range of from about 0.1 mg/person/day to about 500
mg/person/day; preferably from about 10 mg/person/day to about 300
mg/person/day; more preferablﬁ from about 25 mg/person/day to about 200
mg/person/day; even more preferably from about 50 mg/person/day to about 150
mg/person/day; and most preferably in the range of from about 1 mg/person/day to
about 50 mg/person/day. |

Doses of compounds can be administered to a patient in a single dose or in
proportionate doses. In the latter case, dosage unit compositions can contain such
amounts of submultiples thereof to make up the daily dose. Multiple doses per day
can also increase the total daily dose should this be desired by the person prescribing

the drug.

The regimen for treating a patient suffering from a HICV infection with the
compounds and/or compositions of the present invention is selected in accordance
with a variety of factors, including the age, weight, sex, diet, and medical condition
of the patient, the severity of the infection, the route of administration,
pharmacological considerations such as the activity, efficacy, pharmacokinetic, and
toxicology profiles of the particular compounds employed, and whether a drug
delivery system is utilized. Administration of the drug combinations disclosed
herein should generally be continued over a period of several weeks to several
months or years until virus titers reach acceptable levels, indicating that infection
has been controlled or eradicated. Patients undergoing freatment with the drug
combinations disclosed herein can be routinely monitored by measuring hepatitis
viral RNA in patients’ serum by slot-blot, dot-blot, or RT-PCR techniques, or by
measurement of hepatitis C viral antigens, such as surface antigens, in serum to
determine the effectiveness of therapy. Continuous analysis of the data obtained by

these methods permits modification of the treatment regimen during therapy so that
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optimal amounts of each component in the combination are administered, and so that
the duration of treatment can be determined as well. Thus, the treatment
regimen/dosing schedule can be rationally modified over the course of therapy so
that the lowest amounts of each of the antiviral compounds used in combination
which together exhibit satisfactory anti-hepatitis C virus effectiveness are
administered, and so that administration of such antiviral compounds in combination

is continued only so long as is necessary to successfully treat the infection.

The present invention encompasses the use of the HCV serine protease
inhibitors disclosed herein in various combinations with the foregoing and similar
types of compounds having anti-HCV activity to treat or prevent HCV infections in
patieﬁts, particularly those patients that have HCV infections that have developed
resistance to treatment by VX-950 and other standard protease inhibitors. For
example, one or more HCV serine protease inhibitors can be used in combination
with: one or more interferons or interferon derivatives having anti-HCV activity; one
or more non-interferon compounds having anti-HCV activity; or one or more
interferons or interferon derivatives having' anti-HCV activity and one or more non-
interferon compounds having anti-HCV activity. When used in combination to treat
or prevent HCV infection in a human patient, any of the presently disclosed HCV
serine protease inhibitors and foregoing compounds having anti-HCV activity can be
present in a pharmaceutically or anti-HCV effective amount, By virtue of their
additive or synergistic effects, when used in the combinations described above, each
can also be present in a subclinical pharmaceutically effective or anti-HCV effective
amount, i.e., an amount that, if used alone, provides reduced pharmaceutical
effectiveness in completely inhibiting or reducing the accumulation of HCV virions
and/or reducing or ameliorating conditions or symptoms associated with HCV
infection or pathogenesis in patients corpared to such HCV serine protease
inhibitors and compounds having anti-HCV activity when used in pharmaceutically
effective amounts. In addition, the present invention encompasses the use of
combinations of HCV serine protease inhibitors and compounds having anti-HCV
activity as described above to treat or prevent HCV infections, where one or more 6f

these inhibitors or compounds is present in a pharmaceutically effective amount, and
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the other(s) is(are) present in a subclinical pharmaceutically-effective or anti-HCV
effective amount(s) owing to their additive or synergistic effects. As used herein,
the term “additive effect” describes the combined effect of two (or more)
pharmaceutically active agents that is equal to the sum of the effect of each agent
given alone. A “synergistic effect” is one in which the combined effect of two (or
more) pharmaceutically active agents is greater than the sum of the effect of each

agent given alone.

Upon improvement of a patient’s condition, a maintenance dose of a
compound, composition or combination of this invention may be administered, if
necessary, Subsequently, the dosage or frequency of administration, or both, may be
reduced, as a function of the symptoms, to a level at which the improved condition ié
retained when the symptoms have been alleviated to the desired level, treatment
should cease. Patients may, however, require intermittent treatment on a long-term

basis upon any recurrence of disease symptoms.

A specific dosaée and treatment regimen for any particular patient will
depend upoh a variety of factors, including the aétivity of the specific compound
employed, the age, body weight, general health, sex, diet, time of administration,
rate of excretion, drug combination, and the judgment of the treating physician and
the severity of the particular disease being treated. The amount of active ingredients
will also depend upon the particular described compound and the presence or

absence and the nature of the additional anti-viral agent in the composition.

Accordingly, the agents of the present application useful for therapeutic
treatment can be administered alone, in a composition with a suitable
pharmaceutical carrier, or in combination with other therapeutic agents. An
effective amount of the agents to be administered can be determined on a case-by-
case basis. Factors to be considered usually include age, body weight, stage of the
condition, other disease conditions, duration of the treatment, and the response to the
initial treatment. Typically, the agents are prepared as an injectable, either as a
liquid solution or suspension. However, solid forms suitable for solution in, or
suspension in, liquid vehicles prior to injection can also be prepared. The agent can

also be formulated into an enteric-coated tablet or gel capsule according to known
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methods in the art. The agents of the present application may be administered in any
way which is medically acceptable which may depend on the identity of the agent
and/or on the disease condition or injury being treated. Possible administration
routes include injections, by parenteral routes such as intravascular, intravenous,
intraepidural or others, as well as oral, nasal, ophthalmic, rectal, topical, or
pulmonary, e.g., by inhalation, aerosolization or nebulization. The agents may also
be directly applied to tissue surfaces, e.g., during surgery. Sustained release
administration is also specifically included in the application, by such means as

depot injections, transdermal patches, or erodible implants.

According to another embodiment, the invention provides a method for
treating a patient infected with or preventing infection by a virus characterized by a
virally encoded serine protease that is necessary for the life cycle of the virus by
administering to said patient a pharmaceutically acceptable composition of this
invention, Preferably, the methods of this invention are used to treat a patient
suffering from a HCV infection. Such treatment may completely eradicate the viral
infection or reduce the severity thereof. More preferably, the patient is a human

being.

The term “treating” includes prophylactic (e.g., preventing) and/or
therapeutic treatments. The term “prophylactic or therapeutic” treatment is art-
recognized and includes administration to the host of one or more of the subject
compositions. Ifit is administered prior to clinical manifestation of the unwanted
condition (e.g., disease or other unwanted state of the host animal) then the
treatment is prophylactic, (i.e., it protects the host against developing the unwanted
condition), whereas if it is administered after manifestation of the unwanted
condition, the treatment is therapeutic, (i.e., it is intended to diminish, ameliorate, or
stabilize the existing unwanted condition or side effects thereof).

In an alternate embodiment, the methods of this invention additionaily
comprise the step of administering to said patient an anti-viral agent preferably an
anti-TICV agent. Such anti-viral agents include, but are not limited to,
immunomodulatory agents, such as alpha-, beta-, and gamma-interferons, pegylated
derivatized interferon-alpha compounds, and thymosin; other anti-viral agents, such

as ribavirin and amantadine; other inhibitors of hepatitis C proteases (NS2-NS3
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inhibitors and NS3-NS4A inhibitors); inhibitors of other targets in the HCV life
cycle, inciuding helicase and polymerase inhibitors; inhibitors of internal ribosome
entry; broad-spectrum viral inhibitors, such as IMPDH inhibitors (e.g., VX-497 and -
other IMPDH inhibitors disclosed in U.S. Pat. No. 5,807,876, mycophenolic acid

and derivatives thereof); or combinations of any of the above.

Such additional agent may be administered to said patient as part of a single
dosage form comprising both a compound of this invention and an additional anti-
viral agent. Alternatively the additional agent may be administered separately from
the compound of this invention, as part of a multiple dosage form, wherein said
additional agent is administered prior to, together with or following a composition

comprising a compound of this invention,

In yet another embodiment the present invention provides a method of pre-
treating a biological suBstance intended for administration to a patient comprising
the step of contacting said biological substance with a pharmaceutically acceptable
composition comprising a compound of this invention. Such biological substances
include, but are not limited to, blood and components thereof such as plasma,
platelets, subpopulations of blood cells and the like; organs such as kidney, liver,
heart, lung, etc; sperm and ova; bone marrow and components thereof, and other

fluids to be infused into a patient such as saline, dextrose, etc.

According to another embodiment the invention provides methods of treating
materials that may potentially come into contact with a virus characterized by a
virally encoded serine protease necessary for its life cycle. This method comprises
the step of contacting said material with a compound according to the invention.
Such materials include, but are not limited to, surgical instruments and garments;
laboratory instruments and garments; blood collection apparatuses and materials;

and invasive devices, such as shunts, stenfs, etc.

In another embodiment, the compounds of this invention may be used as
laboratory tools to aid in the isolation of a virally encoded serine protease. This’
method comprises the steps of providing a compound of this invention attached to a
solid support; contacting said solid support with a sample containing a viral serine

protease under conditions that cause said protease to bind to said solid support; and
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eluting said serine protease from said solid support. Preferably, the viral serine

protease isolated by this method is HCV NS3 protease. More particularly, itis a

mutant HCV NS3 protease that is resistant to treatment by VX-905 and/or BILN

2061 as described herein. Exemplary such proteases includes those described herein

as having mutant (i.e., non-wild-type) residues at positions 36, 41, 43, 54, 148, 155,
“and/or 156 of a protein of SEQ ID NO:2.

Exemplification

The disclosure now being generally described, it will be more readily
understood by reference to the following exampies, which are included merely for
purposes of illustration of certain aspects and embodiments of the present disclosure,

and are not intended to limit the disclosure.
Example ]  Patient Population and Study Design

Thirty four patients infected with genotype 1 HCV who were enrolled in a
phase 1b randomized, blinded, dose-escalation clinical trial for VX-950 (Study
VX04-950-101) were subjects of the study. All patients were between 18 and 65
years of age, had baseline HCV RNA [evels of at least 10° IU/mL, and were
hepatitis B virus (HBV) and HIV negative. Patients were divided into 3 groups
receiving 450 {q8h), 750 (q8h), or 1250 (q12h) mg VX-950 for 14 consecutive days,
with 2 placebo patients in each dosing group. Four milliliter (mL) blood samples
were collected from study patients at 3 time points: the day before dosing (baseline
samples), at day 14 of dosing or end of treatment (ETR sample), and 7 to 10 days
after the last dose of study drug (follow-up sample). Blood was collecied by
venipuncture of a forearm vein into tubes containing EDTA (K») anticoagulant.
Plasma was separated by 10 min centrifugation, frozen, and stored at —80 °C for less |

than 6 months. Virions were isolated from this plasma for sequence analysis.

Example 2 Amplification and Sequencing of the HCV NS3 Protease from Patient

Plasma

Sequence analysis of HCV was done by semi-nested reverse-transcriptase
polymerase chain reaction (RT-PCR) amplification of a HCV RNA fragment
containing the full 534 base pair (bp) NS3 serine protease region from plasma virus.

The virions were lysed under denaturing conditions, and the HCV RNA was isolated
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using a standard commercial silica-gel membrane-binding method (QIAamp Viral
RNA Minikit; Qiagen, Valencia, CA). A complementary DNA (cDNA) fragment
containing the NS3 serine protease region was synthesized from viral RNA and
amplified using a commercial 1-step reverse transcriptase PCR (Superscript I
RNase H-Reverse Transcriptase with High Fidelity Platinum Taq DNA Polymerase;
Invitrogen Corp, Carlsbad, CA). A 912 bp coding region of NS3 was amplified
using primers flanking the NS3 region (NS3-1b-1s: GGCGTGTGGGGACATCATC
(SEQ ID NO: 3)); and NS3-1b-3a: GGTGGAGTACGTGATGGGGC (SEQ ID
NO: 4)). Two rounds of nest PCR were performed for each sample at a final
concentration of 0.5 M primer (Invitrogen Custom Primers), 0.2 mM dNTPs
(Invitrogen Corp), 1.2 mM MgSQys, and 34.8 units of RNA guard (Porcine RNase
Inhibitor, Amersham Biosciences) in 1x proprietary reaction buffer. Reaction
mixtures were initially incubated for a 30 min reverse transcription reaction at 47 °C
followed by a 3 min denaturation step at 94 °C and then 30 cycles of 94 °C for 30
sec, 51 °C for 30 sec, and 68 °C for 45 sec. The first PCR product was diluted 1:10
and used in another sermi-nested reaction using 1.25 units of AccuPrime Pfx DNA
polymerase, 0.5 pM primer (NS3-1b-15s and NS3-1b-4a;
CATATACGCTCCAAAGCCCA (SEQ ID NO: 5)), 0.3 mM dNTPs, | mM
MgSQ,, and 1x reaction buffer. The DNA products from the outer PCR were
denatured for 3 min at 94 °C and amplified with 30 cycles of 94 °C for 30s, 33 °C
for 30s, and 68 °C for 30s. The DNA from this PCR was then separated on a 1%
agarose gel, and the appropriately sized product (830 bp) was purified using the
QlAquick Gel Extraction Kit (Qiagen). Isolated DNA was then cloned using the
Zero Blunt TOPO PCR Cloning Kit (Invitrogen Corp). Cloning plates were sent to

SeqWright (Houston, TX) where 96 clones were amplified and sequenced per

patient per time point.
Example 3 Sequence Alignment and Phylogenetic Analysis

Sequences were aligned and analyzed for mutations using the software
Mutational Surveyor (SoftGenetics, State College, PA). The N-terminal 543
nucleotides (181 amino acids) of NS3 protease were analyzed. A consensus
sequence for each patient was developed from an average of 84 baseline sequences,

and an average of 81 sequences were obtained for each patient at Day 14 and at

37
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follow-up (7 to 10 days after the last dose of study drug). Phylogenetic trees were
made using PHYLIP (Felsenstein, J. 1993. PHYLIP (Phylogeny Inference Package)
version 3.5¢. Distributed by the author. Department of Genetics, University of
Washington, Seattle, WA) Dnadist and Quick Tree
(http://www.hcv.lanl.gov/contentrhev-db, accessed June 2005).

Example 4 Expression and Purification of Recombinant NS3 Protease Proteins

A DNA frefgmcnt encoding Met'-Ser'®! of the HCV NS3 protease was
amplified from selected plasmid clones of patient isolates using oligonucleotides
specific for each HCV variant. The DNA fragment was cloned into the Escherichia
coli expression plasmid pBEV11 leading to a 181-residue HCV NS3 protease
domain followed by a C-terminal hexa-histidine tag (SEQ ID NO: 6). Recombinant
6X-His-tagged (SEQ ID NO: 6)NS3 proteases were then expressed in E. coli using
a leaky expression method as previously published (4). Five to seven isolated
colonies of E. coli BL21(DE3) freshly transformed with the NS3 protease
expression plasmids were used to inoculate a 5 mL LB medium with 100 pg/mL
carbenicillin. These seed cultures were incubated at 37 °C with shaking (250 rpm)
until reaching an ODgyo between 0.3 and 1, then used to inoculate 50 mL 4xTY broth
(32 g/L tryptone, 20 g/L, yeast extract, 5 g/L NaCl) containing 100 pg/mL
carbenicillin in 250 mL Brlem;leyer flasks at an initial ODgy of ~0.010. The
expression cultures were incubated for 24 hours at ambient temperature (~25 °C)
with shaking at 250 rpm. The cells were harvested by centrifugation at 3000x g for
30 min, the pellets were rapidly frozen in an —80 °C ethanol bath and stored at ~80

°C unti! the protease was purified.

Recombinant proteases were purified from £. coli using a modification of a
published method (7). Frozen cell pellets were thawed and re-suspended in 6.8 mL
of cold Buffer A (50 mM N-2-Hydroxyethyl piperizine-" -ethanesulfonic acid
[YIEPES, pH 8.0]; 1 M NaCl; 10% [vol/vol] glycerol; 5 mM imidazole; 5 mM B-
mercaptoethanol; 0.1% Octyl B-D-glucopyranoside [Sigma, Saint Louis, MOJ; 2
we/mL Leupeptin [Sigma, Saint Louis, MOJ; 1 pg/mL E-64 [Sigma, Saint Louis,
MQ]J; 2 pg/mL Pepstatin A [Sigma, Saint Louis, MO3). The cells were lysed by the
addition of 0.8 mL 10X BugBuster reagent (Novogen/EMD Biosciences, Madison,
WI) and 8 pL. of 1000X Benzonuclease (Novogen/EMD Biosciences, Madison, W)
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followed by gentle rocking at 4 °C for 30 min. Cell lysates were centrifuged at
16,000x g to remove insoluble material. Each supernatant was applied to a 0.25 mL
bed volume of TALON metal affinity resin (BD Biosciences, Palo Alto, CA)
equilibrated to Buffer A in disposable polypropylene columns (Biorad, Hercules,
CA). The lysate/resin slurries were rocked at 4 °C for 30 min. The lysates were
drained from the column and the resin washed with 3-5 mL volumes of Buffer A.
Two aliquots (0.25 mL each) of Buffer B (50 mM HEPES [pH 8.0]; 1 M NaCl; 25%
[vol/vol] glycerol; 300 mM imidazole; 5 mM B-mercaptoethanol; 0.1% Octyl 3-D-
glucopyranoside; 2 ng/mL Leupeptin; 1 pg/ml E-64; 2 pg/ml Pepstatin A]) were
used to elute protein bound to the column, the two fractions were pooled, divided
into small aliquots and stored at —80 °C. The conceniration of the eluted protein was
determined using a Coomassie protein assay (Biorad, Hercules, CA) according to the
manufacturers instructions with a bovine serum albumin standard. Purity of the
protease was estimated using 1D Image Analysis Software (Kodak, Rochester, NY)
from protein samples resolved on denaturing acrylamide gels (SDS-PAGE) stained

with Biosafe Coomassie Blue (Biorad, Hercules, CA).
Example 5 Enzymatic Assay for the HCV NS3 Serine Protease Domain

In vitro protease activity was assayed as published (7) in 96-well microtiter
plates (Corning NBS 3990) with both VX-950 and BILN 2061 protease inhibitors.
BILN 2061 is a HCV NS3+4A protease inhibitor discovered by Boehringher
Ingelheim, Laval, Quebec, Canada. Briefly, protease was incubated with 5 UM co-
factor KK4A at 25 °C for 10 min and at 30 °C for 10 min. Protease inhibitor (VX-
950 or BILN 2061), serially diluted in DMSO, was added and incubated for an
additional 15 min at 30 °C. The reaction was initiated by the addition of 5 pM RET-
S1 (Anaspec Inc. San Jose, CA), an internally quenched fluorogenic depsipeptide
substrate, and incubated at 30 °C, Product release was monitored for 20 min
(excitation at 360 nm and emission at 500 nm) in a Tecan SpectraFluorPlus plate

reader, Data were fitted with a simple ICsg equation: Y = V/(1+(X/ICsp)).
‘Example 6 K, Determination of HCV NS3 Serine Protease Domain proteins

Substrate kinetic parameters were determined with an internally quenched

fluorogenic depsipeptide substrate, RET-S1 (Ac-



6.80 3112 450 |b ETR ad nd ad ad ad rid ad FU3 6 0000 0.83
2207 750 | b

DED(EDANS)EEaAbuw{COO]ASK (DABCYL)-NH2 (SEQ ID NO: 7)) (Taliani
et al., (1996) Anal. Biochem. 240(1), 60-67). Protease was pre-incubated with-5 uM
co-factor peptide KK4A (KKGSVVIVGRIVLSGK (SEQ ID NO: 8)) (Landro et al,,
(1997) Biochemistry 36(31), 9340-9348) in 50 mM HEPES (pH 7.8), 100 mM
NaCl, 20% glycerol, 5 mM dithiothreito} at 25 °C for 10 min and at 30 °C for 10
min. The reaction was initiated by the addition of the RET-S1 substrate (Anaspec
Incorporated, San Jose, CA) and incubated for 10 min at 30 °C. Total assay volume
was 100 pL.. The reaction was quenched by the addition of 25 pL. 10%
trifluoroacetic acid (TFA). Reaction products were separated on a reverse phase
microbore high performance liquid chromatography column (Penomenex Jupiter 5 p
C18 300 A column, 150 x 2.0 mm), which was heated to 40°C. The flow rate was
0.2 mVmin, with H20/0.1%TFA (solvent A) and acetonitrile/0.1% TFA (solvent B).
A linear gradient was used as follows: 5% to 30% solvent B over 1 min, 30% to
40% solvent B over 15 min, then 40% to 100% solvent B over | min, 3 min
isocratic, followed by 100% to 5% B in 1 min, and equilibration at 5% B for 10 min.
The DABCYL-peptide product was detected at 500 nm and typically eluted around

17 min. K was determined by fitting the data to the Michaelis-Menten equation

with GraphPrism software.

Example 7 Determination of Telaprevir (VX-950) Kitapp,1ny 0f the HCV NS3

Serine Protease Domain Variants

Sensitivity of the NS3 protease domain variants to telaprevir was determined
in 96-well microtiter plates (Corning NBS 3990; Comning, NY) as published
previously (Lin et al.,, (2004) J. Biol. Chem. 279(17), 17508-17514). Briefly, the
NS3 protease domain was pre-incubated with 5 pM KK4A peptide in 50 mM
HEPES (pH 7.8), 100 mM NaCl, 20% glycerol, 5 mM dithiothreitol at 25°C for 10
min and at 30°C for 10 min. Telaprevir, serially diluted in DMSO, was added to the
protease mixture and incubated for an additional 60 min at 30 °C. The reaction was
started by the addition of 5 pM RET-S1 substrate and incubated at 30 °C. Product
release was monitored for 20 min (excitation at 360 nm and emission at 500 nm) in a
Tecan SpectraFluorPlus plate reader (Tecan US, Durham, NC), Total assay volume

was 100 pl. Protease concentration was chosen such that 10-20% of the substrate
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was turned over during the course of the assay. To calculate apparent inhibition
constant (Kigpp, 1) values, data were fit to the integrated form of Morrison’s
equation for tight binding inhibition (38) using the GraphPrism software. Steady-
state assays showed that the wild type enzyme and all R155K/T/I/S variants had a
Km for RET-S1 that was higher than the limit of detection (100 pM). Thus, the Iy
was set to 100 uM for calculating Kipp,1ny values, Inhibitor studies were carried out
at a substrate concentration (5 pM) thai is significantly below the Xy Therefore,
the deviation between the true K, and the K., used in calculations should have a

negligible effect in the calculation of Kigapp,in).
Example 8  Sequence Analysis of Baseline Samples

The consensus sequence for each patient’s HCV population was derived
from an average of 84 independent plasmid clones contzﬁning HCV cDNA.
Phylogenetic analysis c?f the consensus sequences indicated that sequences were
patient specific (Figure 1). The average intra-patient amino acid quasispecies
complexity (Shannon entropy) and diversity (Hamming distance) were low (0.332 &
0.109 and 0.421 £ 0,195, respectively), and no correlation of quasispecies
heterogeneity with HCV RNA plasma concentration at baseline was observed. The
inter-patient amino acid diversity (individual consensus compared to genotype 1a or
1b consensus sequence of the patients in this trial) was 1.3% for genotype 1a and 2%
for genotype 1b. Structural modeling analysis predicted that amino acid differences
observed between consensus sequences of all patients within a subtype would have

little or no impact on VX-950 binding.

Patient-specific protease clones were then expressed and tested for inhibition
by VX-950. In agreement with the modeling observation, there were no significant
differences in the enzymatic ICsq values of these proteases derived from different
patient isolates within a specific subtype. However, the average ICsq for genotype
1b patients was slightly higher than for genotype la patients (Figure 2). This
finding is consistent with previous ir vitro results measuring the K; value for HCV-
H (1a) and HCV Conl (1b) (7). Modeling analysis of 1a versus 1b genotypes
suggested that the key difference that may affect the inhibitor/substrate binding is at

the residue position 132, whereas other differences are located outside the binding
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pocket. The Val'* side-chain of the genotype 1b protease makes only one van der
Waals contact with the P3 terbutyl-glycine group of VX-950, while the lle'* side-
chain of the genotype la protease makes 2 contacts. This structural difference in
interactions is consistent with the experimental data that shows a lower enzyme ICsg
of VX-950 with the genotype la proteases compared to the genotype 1b proteases.
Although there is a slight difference between subtypes, both subtypes are still clearly
sensitive to VX-950. In conclusion, despite the observed sequence diversity in the
HCV NS3 serine protease, genotype 1 patients are expected fo be responsive to
treatment with the protease inhibitor VX-950. The clinical data supports this finding

as no significant difference in viral response to VX-950 was observed.
Example 9 Genotypic Data: Sequence Analysis of ETR and Follow-up Samples

The HCV NS3 protease sequences at end of treatment (ETR) were compared
to the consensus sequences at baseline for each patient to identify potential
resistance mutations. An average of 80 sequences was obtained for each ETR
sample, and the percent of variants at each of 181 positions was calculated. Initially,

_an increase in frequency of 5% or greater at any single amino acid position of the
ETR sample compared to the baseline was considered to be a potential resistance
mutation. The 5% cut off value was used because this was the lower level of
sensitivity of our sequencing protocol, based on the number of clones analyzed and
the error rate of the PCR. Changes at sites that were polymorphic at baseline were
not considered resistance mutations. Changes at sites which were only present at |
end of dosing and that were observed in multiple patients were considered potential

resistance mutations and these were then analyzed in all the patients.

For analysis, patients were split into groups based on viral load (plasma
HICV RNA levels) response to VX-950. Patients were grouped into “initial
responders” or “continued responders” in the viral dynamic analysis. In viral
sequence analysis, the “initial responder” group was further divided into two groups
based on the increase in plasma HCV RNA after the initial decline. Patients who
had less than a 0.75 log)o increase from the lowest measured HCV RNA level to end
of dosing (Day 14) were categorized as patients with an HCV RNA “plateau”.
Those who had greater than a 0.75 logo increase in plasma HCV RNA were



FU 25 20 0 0 0 0 3.17 3205 750 la ETR nd ad ad nd ad ad nd FU

WO 2007/059221 PCT/US2006/044363
43

categorized as patients with HCV RNA “rebound”. Normal fluctuation in HCV
RNA in an untreated patient is about 0.5 log, and these groupings were based on
antiviral response as well as viral mutational pattern. There were 2 patients for
whom these categories were inconsistent between the 2 types of analyses. Patient
12308 had an increase of 0.05 log)g from nadir to end of dosing (Day 14) and was
categorized as “platean” for the sequence analysis, while for the viral dynamic
analysis 12308 was placed in the “continued responders” group. Patient 3112 had
undetectable plasma HCV RNA (<10 IU/ml) at Day 11, but detectable plasma HCV
RNA of 35 IU/ml at end of dosing (Day 14). This increase in HCV RNA caused the
patient to be placed in “initial responders” group for viral dynamic analysis;
however, in the sequence analysis the level of HCV RNA remained undetectable by
the sequencing assay and the patient was therefore grouped into the “continued

responders”™ group.

Sequence analysis grouped patients by: no response (placebo); decline
followed by rebound during dosing (rebound); decline followed by plateau during
dosing (plateau); and continued decline throughout dosing (continued responders)
(Figure 3). Additionally, within these groups, patients were analyzed by dose group
and genotype subgroup (la or 1b). Lastly, mutations were analyzed in follow-up
samples collected 7 to 10 days after withdrawal of VX-950 to monitor the
persistence of any mutations as well as any shift from baseline variants. An average
of 81 clones were analyzed for each follow-up samiple. Complete sequence analysis
is available for 28 of the patients, and analysis of the remaining 6 patients is
currently in progress. Amnalysis is ongoing for 2 patients with rebound, 3 with
plateau, and 1 with continued decline. In the first group of placebo patients (n=6),

there were no significant changes from baseline at any position in any patient.
Example 10 Patients with HCV RNA Rebound During Dosing

. There were 13 patients who initially responded to VX-950 with a greater
than 2 loge drop in HCV RNA, but eventually began to rebound while still being
dosed with VX-950. Of these 13 patients, 6 were in the 450 mg g8h dose group, 1
was in the 750 mg q8h dose group, and 6 were in the 1250 mg g12h dose group.
Complete sequence analysis is available for 11 of these patients at Day 14 (Table 1).
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All of these patients had a significant increase in mutations at position 36. At
position 36, the wild-type valine was mutated to an alanine (V36A) in genotype 1b
patients (mean 60%, range 31%—86%) and to either an alanine or a methionine
(V36M) in genotype la patients (mean 62%, range 18%—-90%). The absence of
V36M in subtype 1b is likely due to the requirement of 2 nucleotide substitutions in
subtype 1b versus only a single change in subtype 1a. The V36A mutation requires
a sigle nucleotide change in either subtype 1a or 1b. Mutation {o glycine at
position 36 (V36G) was also seen in genotype 1b patients and to a leucine (V36L) in
la patients, but at a much lower frequency. Three patients also had a mutation at
position 54 from a threonine to an alanine (T54A) (mean 35%, range 8%—67%)'an'd
less frequently to a serine (T54S). Interestingly, the mutations at positions 36 and
54 appear to be mutually exclusive. Additionally, all patients in this group who
were genotype 1a contained a mutation at position 155 from an arginine to efther
lysine (R155K) or threonine (R155T) (mean 60%, range 22%-99%), and less
frequently to isoleucine (R155I), serine (R155S), methionine (R155M), or glycine
(R155G). The observation that these mutations at R155 is restricted to subtype 1a
patients is again likely due to the requirement for 2 nucleotide changes from baseline
in the 1b patients versus a single nucleotide change in 1a patients. In follow-up
samples from this group, wild-type virus began to re-emerge, but all mutations seen
at ETR were still present, although at different frequencies potentially due to
differences in viral fitness. No sequencing samples are available for the time point
at which rebound was first observed for each ‘patient, so it is not clear if other

mutations were present earlier.
Example 11 Patients with Plateaued HCV RNA Response During Dosing

In the next group (n=38), patients responded to VX-950 initially, but their -
HCV RNA response stabilized and did not continue to decline, although no increase
in HCV RNA was seen. Two of these patients were in the 450 mg q8h dose groui),
2 were in the 750 mg g8h dose group, and 4 were in the 1250 mg q12h dose group.
Analysis is complete for 5 of these patients at Day 14 (Table 1). All patients
developed a mutation at position 156 from an alanine to either valine (A156V) or
threonine (A156T), and very infrequently to a serine (A156S) or isoleucine (A1561).
The A156V/T mutation was seen at a very high frequency in 3 of the patients in this
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and 36% R155K/T for patient 02104; 68% T54A for patient 12308). One patient
from the rebound group, 02102, also had a similar frequency of mutations (11%) at
position 156. At follow-up time points, the mutation at position 156 was almost
completely replaced by either wild-type virus or virus with mutations at positions
36, 54, and/or 155. A change to serine at position 156 (A156S) was the dominant
mutation seen during in vifro resistance studies of VX-950 (7). The A156V/T
mutations were also identified as cross-resistant to both VX-950 and BILN 2061 in
an in vitro study (7).

Example 12 Patients with Continued Response During Dosing

The remaining 7 patients responded to VX-950 with a continuous decline in
HCV RNA levels throughout the 14-day dosing period. Five of these patients were
in the 750 mg q8h dose group and 2 were in the 450 mg q8h dose group. These
patients had very low levels of HCV RNA at Day 14 (64 IU/mL to undetectable
(<10 IU/mL)}, and sequencing data could not be obtained at this time point.
However, HCV ¢cDNA was successfully amplified from the follow-up sanmiples for
these patients, and analysis is complete for 6 of these 7 patients (Table 1). Tl_le
genotype 1a patient (03205) who bad reached undetectable levels by Day 14 had 3
mutations, V36A/M (67%), T54A (11%), and R155K/T (26%), at the follow-up
time point. Two genotype 1b patients had the V36A (21% and 25%) and T54A
mutations (54% and 20%), and another two 1b patients had only low levels of the
V36A (3% and 9%) and the T54A (6% and 1%) mutations at follow up. In the last
1b patient who had undetectable HCV RNA levels at Day 14 (<10 IU/mL), no

mutations were detected at follow up.
Example 13 Frequency of Double Mutations

Frequency of double mutations that were found in patients were also
analyzed. The mutations at position 36 were found in combination with mutations at
both positions 155 (36/155 double mutation) and 156 (36/156 double mutation).
Only genotype la patients had the 36/155 double mutation, which was seen in all
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eight 1a patients analyzed in the rebound group (mean 27.6%, range 10%—77%) and
in one of two la patients in the plateau group (9%) at Day 14 ETR. The 36/156
double mutation was much less frequent, and found in 3 patients in the rebound
group (3%, range 1%—5%) and in 2 patients in the plateau group (1% and 4%) at
Day 14 ETR. Double mutations were also found in the follow-up samples at a
similar frequency for 36/155 but at a lower frequency for 36/156 as compared with
the ETR samples. For the group of patients that continued to decline, only 1 patient
had the 36/155 double mutation, which was present at 5%.

The frequency of mutations found either alone or in combination is shown in
Figure 4. A summary of the resistance patterns is shown in Figure 5, which depicts

the average percent of mutated amino acids for each patient group.
Example 14 Phenotypic Data: Enzymatic 1Csy Analysis of Resistance Mutations

Since an average of 82 independent sequencing clones were subjected to
genotypic analysis, there was a mixture of virions in each patient, as shown in Tabie
1. The enzyme ICso of all mutants seen in the above sequence analysis (V36A/M/G,
T54A/8, R155K/T/M/G/S, and A156T/V/S) as well as any observed combinations
of these mutations found in vivo were determined in at least 2 different patient-
specific genetic backgrounds, The baseline ICsq for all patients within a genotype
were similar, as reported in Example 6. Enzyme ICspvalues of resistant proteases
are reported as fold change compared to the genotype 1a HCV-H reference strain.

The ICsq of this reference strain was found to be 64 nM in this enzyme assay.

Figuré 5 shows the enzyime ICsq values and the fold change over the
reference strain for single mutants., The values that are similar for any amino acid
change at a given position are grouped together in boxes in this figure. A single
mutation at position 36 confers low levels of resistance to VX-950, The V36A/M/L
mutations show about a 1.5- to | 10-fold increase in enzyme ICsq, regardless of the
specific amino acid change. The substitution at position 54 from a threonine to a
serine (T54S) does not significantly increa_se ICsp. However the T54A mufation
gives about a 10-fold increase in enzyme ICsp. The substitution at position 155 also
confers fairly low levels of resistance (about a 5- to 15-fold increase in ICsp), for any
of the changes from an arginine to a threonine (R155T), lysine (R155K), methionine
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(R155M), or serine (R1558). The mutation at position 156 from an alanine to a
valine (A156V), threonine (A1567T), or isoleucine (A156I) confers high levels of
resistance (about a 400~ to 500-fold increase in enzyme ICsg). Interestingly, the
A1568 mutation is much less resistant to VX-950 (only a 22-fold increase in ICsg)
than the other amino acid changes at this position, which is consistent with the in

vitro resistance studies (6, 7).

Figure 6 shows the actual enzyme ICsp values as well as the fold change over
the reference strain for double mutants. Double mutations at these positions give
higher levels of resistance than any single mutation. A mutation at position 36
combined with either a mutation at position 155 or 156 gives about an additional 10-
fold increase in resistance over the respective single mutants. Table 2 lists the actual
ICsp values for all mutants tested against both VX-950 as well as another HCV
protease inhibitor, BILN 2061. The mutations at positions 36 and 54 affect
susceptibility to VX-950 much more than BILN 2061, whereas the mutation at
residue 155 confers much higher levels of resistance to BILN 2061. The mutations
at position 156 as well as the double mutations all confer high levels of resistance
against both inhibitors. However, the A156S mutant is more resistant to VX-950,
which has been shown previously in vifro (7). Table 3 shows the mean and standard
deviation values of the enzyme ICsg and fold change over the reference strain of all

mutations at a given position.
Example 15 Average Phenotypes for Each Patient

The genotypic analyses performed here allowed a detailed examination of
the relative proportion of aifferent resistant mutants within each patient. To better
understand the level of phenotypic resistance conferred by these viral mixtures,
exploratory analyses were done to obtain an average phenotype for each patient.
The percent of virions with a given single or double mutation was multiplied by the
average fold change in enzyme ICsq for that given mutant (Table 3), and then all
values were added for each patient. The relative number (value divided by 100) is
shown in the last column of Table 1. The mean value for the rebound group of
patients was 27 at Day 14 (range 6-70) and 15 at follow-up (range 3-29). The mean
value for the plateaﬁ group of patients was 272 at Day 14 (range 26-466) and 32 at
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follow-up (range 1-126). The last group of patients that continued to decline had a
mean value of 4 at follow-up (range 0~10). From these very preliminary
calculations, it scems that the level of resistance in all groups of patients declines
after the last dose (from Day 14 to follow-up), which is not unexpected, as the drug
pressure is no longer present for selection of resistant virions. It also appears that
the rebound group of patients has lower levels of resistance than the patients that
plateaued. An analysis correlating pharmacokinetic data with resistance patterns is

currently underway.
Example 16  Fitness Analysis of Resistance Mutations

Another important aspect of these virai variants in addition to their resistance
profile is the level of fitness. The viral fitness of single and double mutants was
calculated (Table 4). The absolute number of infectious units (IU/mL) of each HCV
variant in an individual patient at a given time point was determined. For example,
the absolute number of infectious units of variants with the A156V/T mutation in
Patient 03201 at Day 14 was calculated as: VLqi4 a156v/t, 3201) = VLd14 (whole, 3201) X %
A156V/Tq14 201y, Total HCV RNA at either end-of-dosing (Day 14, VLais (whote,
sz201) or follow-up (Day 21, VLaz1 (whole, 3201)) Was taken from the analysis of plasma
HCV RNA levels, as determined by the Roche COBAS Tagman HCV assay.
Undetectable levels of HCV RNA were considered to be 5 IU/mL. The percentage
of each individual variant group (e.g., A156V/T) at either end-of-dosing (Day 14,
%A156V/Ta14 3201y} or follow-up (Day 21, %A156V/Taz1 (3201)) was taken from the
sequence analysis described above (Table 1). Next, the fold of net increase in
plasma HCV viral load (NVL) for each HCV variant and the whole population of
HCV in the plasma in the individual patient after dosing (Day 14 to Day 21) was

determined. For example:
NVLaisevrr, 3201y = VLaai a1s6vrr, 3201y / VLaia arsevrr, 3201)
NVLwnote, 3201 = VL2t ¢whole, 3201) / V1ed14 (whole, 3201)

The NVL of each HCV variant was normalized to that of the whole plasma
HCV population in each patient: %NVELaisevr, 3200 = NVL(a1s56vrT, 3201) { NVL(ghole,

3201).
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The normalized fold of net increase in viral load of each HCV variant in
individual patients were then converted into logg-converted values:
Logio[ %NVLa1ssvrr, 3201)], and the average value for a variant was determined from
all patients. The fitness of the HCV mutant was then calculated; Fitness for
A156V/T mutation = 10 Logfimess, A1sevir). This relative fitness score was analyzed
with the resistance level of cach mutant, As shown in Figure 7, all mutants were
less fit than wild-type and, in general, using this analysis there is an inverse
correlation between fitness and resistance of single mutants. The double mutant
36/155, however, has a significant increase in resistance with less impact on fitness.
This may be due to interactioq of the mutations compensating for the loss of fitness,

while still conferring resistance.
Example 17 X-ray structure of the R155K variant protease

Purified R155K variant of the HCV-H strain protease domain, in a complex
with an NS4 A peptide co-factor (Kim et al., (1996) Cell 87(2), 343-355), ata
conceniration of 8.0 mg/ml was used for crystallization trials. The protein crystals
were grown over a reservoir liquid of 0.1 M MES (pH 6.2}, 1.4 M NaCl, 0.3 M
KH,PO4, and 10 mM B-mercaptoethanol. Singlé crystals were obtained in the
hanging droplets after equilibrating over two days. A single crystal with dimensions
of 0.15 x 0.15 x 0.35 mm was transferred into cryo-protectant solution of mother
liquid with 25% glycerol added shortly prior to Be flush-cooled to 100K in nitrogen
gas stream. The diffraction images were collected using a CCD4 image plate
instrument mounted on an ALS beam line 5,01. Data at 2.5-A resolution was
indexed aﬁd integrated using HKL (2000, HKL Ihcmporated, Charlottesville, VA)
and CCP4 software. The crystals belong to space group R32 with unit cell
dimensions of a=225.31 A, b=225.31 &, ¢=75.66 A, «=90.00", B=90.00" and
y=120.00°. There are 5% of data assigned for testing free R-factor in the later
refinements. The crystals of the R155K variant studied here have an identical
crystallographic lattice to that of the wild-type protease NS3-4A published
previously (Kim et al., supra). The published NS3-4A protease domain (PDB code:
1AIR) was used to perform the initial rigid-body and positional refinement of the
model. The difference in the side chains of residue 155 was confirmed to be a Lys

instead of Arg in the electron density map. The protein molecule was visually
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inspected against the electron density map using QUANTA programs. Further
inclusion of solvent molecules in the refinement and individual B-factor refinement
at a resolution range of 20.0 to 2.5 A reduced the R-factor and free R-factor to
22.0% and 24.7%, respectively. Residues included in the refined model range from
amino acids 1 to 181 of the NS3 protease domain and residues 21 to 39 of the NS4A

cofactor for crystallographic independent molecule and two Zn metal ions.
Example 18  Computational Modeling

Telaprevir was modeled into the active site of the R155K variant NS3
protease domain using the X-ray crystal structure of the R155K variant apo-enzyme
in a complex with an NS4A cofactor peptide, following the procedure described
previously (Lin et al., supra). The ketoamide group of telaprevir was modeled to

13% side-chain with a si-face attachment. This

form a covalent adduct with the Ser
binding mode was observed for analogous ketoamide inhibitors { Perni et al., (2004)
Bioorg. Med. Chem. Lett. 14(6), 1441-1446) and ketoacid inhibitors ( Di Marco et
al., (2000} J. Biol. Chem. 275(10), 7152-7157.). The main-chain of the inhibitor
was overlaid with the analogous main-chain of these ketoamide and ketoacid
inhibitors such that the telaprevir main-chain makes all the following backbone
hydrogen bonds: P1 NH with Lys'> carbonyl, P3 carbonyl with Ala'>’ NH, P3 NH

199 In this binding mode,

with Ala'®? carbonyl, and P4 cap carbonyl with NH of Cys
the P2 group of telaprevir was placed in the S2 pocket without any need to move the
Lys" side-chain. The +butyl angi the cyclohexyl groups of telaprevir were placed in
the 83 and S4 pockets, 1'espectivély. The inhibitor was energy minimized in two
stages. In the first stage, only the inhibitor and the side-chain atoms of Arg'®,
Lys™® and Asp'®® of the protease were allowed to move during energy minimization
for 1000 steps. In the second stage, all the side-chain atoms of the protease were
allowed to move along with the inhibitor for 1000 additional steps. This modeled
structure closely mimics the telaprevir model in the active site of the wild-type NS3
protease described previously (Lin et al., supra). No significant shifts in the
positions of Lys'>® side-chain or the other acfive residue side-chains were observed.
The same procedure was repeated for docking telaprevir into the active site of the
R155T variant of the NS3 protease domain. However, the enzyme structure in this

case is not the X-ray crystal structure, but a model built using the R155K variant
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crystal structure. The Lys' residue was replaced with Thr side-chain and was
minimized by holding all the atoms of the enzyme fixed except for the Thr'>® side-

chain. In this model, the hydroxyl group of the Thr'*

side-chain forms a hydrogen
bond with the side-chain of Asp®'. All modeling and minimization procedures were
carried out using the QUANTA molecular modeling software (Accelrys

Incorporated, San Diego, CA).
Example 19 Study Results

Results from enzymatic assays and structural studies are presented here, in

addition to the discussions above for certain variants of the invention.

1) Substitutions at Arg® of the NS3 protease confer low-level
resistance to telaprevir in HCV replicon cells

To determine whether the observed substitutions of Arg"® of the HCV NS3
protease domain are sufficient to confer resistance to telaprevir (VX—950), several
substitutions at NS3 residue 155 (R155K, R155T, R1558, R155], R155M, or
R155G) were introduced into a high-efficiency subgenomic replicon plasmid (Conl-
mADE). Stable HCYV replicon cells were generated for each of these variants,
indicating that replacement of NS3 Arg'®® with & different residue did not abolish
HCYV RNA replication in cells. The average 48-h ICsg value of telaprevir in the
wild-type HCV replicon Conl-mADE cells was 0.485 £+ 0.108 pM, which is slightly

‘ higher than what had been determined previously (0.354 pM) in Conl-based HCV
replicon cells with a different set of adaptive mutations (24-2) (25,41). Two major
Arg"’ variants, R155K and R155T, which were observed in a phase 1b trial of
telaprevir alone, had average 48-h telaprevir ICsp values of 3.59 £ 0.28 pM for
R155K and 9.60 = 0.87 M for R155T. This corresponds to a 7.4- or 20-fold
increase, respectively, compared to the -wild-type Conl-mADE replicons (Table I).
Similar decreases in sensitivity to telaprevir were observed in HCV replicon cells
containing the other four minor variants at Alrg155 : R1558, R1551, R155M, or
R155G; Table I. These 4 variants were found at much lower frequency than
R155K/T in the telaprevir phase 1b trial. The replicon 48-h ICsq values for these
four variants were 1,97 £0.21 pM (R155S8), 11.7 £2.5 pM (R1551), 2.68 = 0.21 pM
(R155M), and 3.58 & 0.24 uM (R155G), which corresponds to a 4.1~, 24-, 5.5-, and
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7.4-fold, respectively, loss of sensitivity to telaprevir (Table I). These results
indicate that substitutions of N83 Arg'®® led to low-level (<25-fold) resistance to

telaprevir in HCV replicon cells, independent of the physical properties of the

substituted residue, which include a positive charged residue (Lys), a hydrophilic

residue (Thr or Ser), a hydrophobic residue (Ile or Met), or a residue that lacks a side

chain (Gly).
Table L. Demonstration of Resistance in HCV Replicon Cell assays
Replicon ICsp of
Variants telaprevir (WM} Fold change
Wild-type 0.485 %+ 0.108 1.0£02
RI155K 3.59+0.28 7.4+ 0.6
R155T 5.60+£0,87 202
R1558 1.97 £0.21 4,104
R1551 11.7£25 24052
R155M 2.68 £0.21 5.5+04
R1355G 3.58+0.24 7.4+£0.5

The stable wild-type (mADE) and variant HCV sub-genomic replicon cell lines were

generated using the T7 RNA runoff transcripts from the corresponding high efficiency Conl

replicon plasmids. The average ICsy values and SD of telaprevir were determined for the

HCYV replicon cell lines in the 43-h assay in three independent experiments. Fold change

was determined by dividing the ICsp of a given variant by that of the wild-type HCV

- replicon.

2) Substitutions at Arg'®® of the HCV NS3 protease resultedina

decreased sensitivity to telaprevir in enzyme assavs

To confirm whether substitutions at Arg’*® in the HCV NS3 protease domain

are sufficient to cause a loss of sensitivity to telaprevir at the enzyme level, Arg

155

was replaced with Lys, Thr, Ser, or Ile in an NS3 protease domain (genotype 1a)

from which the sequences were derived from HCV samples in a patient prior to

dosing with telaprevir. The NS3 serine protease domain proteing

containing R155K,

R155T, R1558, or R1551 mutations were expressed in . ¢olf and purified prior to

determination of enzynie sensitivity to telaprevir. Resistance to telaprevir was
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defined by the fold-change in Kigapp, 1), Which is the apparent K; measured after a 1-h

pre-incubation with telaprevir.

A comparison of the sensitivity of telaprevir for the wild-type HCV protease
domain co-complexed with the KK4A cofactor peptide versus variants with
substitutions at Arg'® is shown in Table II. The average Ki(app,1ny value of telaprevir
against the wild-type genotype 1a patient NS3 protease domain complexed with the
KXK4A peptide was 0.044 = 0.033 uM (Table II). In contrast, the average Kigpp, ih
values of telaprevir were about 11-fold higher for the R155K protease and 9-fold
higher for the R155T protease (Table II), the two major variants observed in the
phase 1b trial of telaprevir alone. R1558 and R155I, two of the minor Arg'>
variants observed in the telaprevir phase 1b trial, showed 22-fold and 16-fold
increases in Kjqpp, 1y values, respectively, compared to that of wild-type protease
(Table IT). These data indicate that substitutions of Arg'*® with different amino
acids, including a conservative substitution of another positively chargéd residue

(Lys), results in a decreased sensitivity to telaprevir.

Table II. Demeonstration of Resistance in HCV NS3 Protease Enzyme Assays

Variants Kigap, 11y of telaprevir (uM) Fold change

Wild-type (n=5) 0.044 % 0.033 1.0+08
RI55K (n=4) 0.49 % 0,22 115
R155T (n=5) 038+0.18 8.7+4.2

- RI55S (n=3) 0.97 £ 0.70 . 22%16
R155I (n=3) 0.71 £ 0335 16+ 8

The average Kigp,, 11y values and SD of telaprevir were determined for the purified wild-type
and for four variant HCV NS3 serine protease domains using the KK4A cofactor peptide
and the FRET substrate in three to five independent experiments. Fold change was

determined by dividing the Kjqp,1n) of a given variant by that of the wild-type protease.

3) X-ray structure of the R155K HCV NS3 protease

193 with another residue, including a

To understand why substitution of Arg
positively charged amino acid (Lys), results in a loss of sensitivity to telaprevir, the

X-ray crystal structure of the R155K NS3 protease was determined. The R155K
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mutation was engineered into a T7-tag fused HCV-H protease construct that had
previously been used to determinate the structure of the wild-type protease co-
complexed with NS4A cofactor peptide. The ensemble structure of the R155K
protease domain co-complexed with NS4A cofactor peptide, with a resolution of 2.5
A, is very similar to that of wild-type HCV-H strain protease complex described
previously (Kim et al., supra). Briefly, one molecule of NS3 protease domain
(residues 1 to 181) and one molecule of the co-factor NS4A (residues 21 fo 39) form
the globular entity, which, in turn, forms the homodimer with another globular entity
in the asymmetrical unit. One globular unit of the Lys'> variant protease in
complex with the NS4A cofactor was superimposed with the wild-type Arg]5 3 co-
complex. Because the rms deviation of Ca; atoms was only 0.314 A, there is little

difference in structure of these two proteases.

A close-up view of the side chains of NS3 protease residues 123, 168 and
155 in the S2 and S4 pockets is shown in Figure 25(B). The overall shift of residue

153} is small as evidenced by the distance between

155 side-chain (Lys'5 3 versus Arg
the C§ of residue 155 and the CP of the Asp®', one of the catalytic triad residues:
4.26 A for Lys'® and 4.24 A for Arg'>. In the R155K protease, the distance
between the terminal amine (Nz) of Lys™ and the CB of Asp® is 3.5 A, and the
distance between the C8 of Lys'®® and the Cp of Asp® is 3.6 A. In the wild-type
protease, the NH1 and Nz of Arg'® are 5.6 A and 5.3 A, respectively, away from the
CB of its Asp®’. Thus, the terminal amine group of Lys'* in the R155K protease is
closer to the carboxyl group of Asp®! than the comparative terminal azide group of
Arg". In contrast, the distance between Nz of Lys' and the carboxyl atom Os2 of
Asp'® s 5.8 A in the R155K protease compared to 3.2 A between the corresponding
pair of the terminal NH2 of Arg'® and the Os2 of Asp'® in the wild-type protease.
Thus, the terminal amine group of Lys'*® in the R155K protease is further away

%8 than the comparative terminal azide group of

from the carboxyl group of Asp
Arg'®®. Therefore, substitution of Arg with Lys at residue 155 alters the shape of the
S2 binding pocket such that the positive charge at the Nz atom of Lys™* can not be

neutralized by the adjacent side-chain of Asp'®® as is the case of the wild-type Arg'>

and Asp]68 pair,
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4) Mechanism of resistance of R155K or R155T variant to telaprevir

A structural model of the interactions between telaprevir and NS3 protease
has previously been described (e.g., Lin et al., supra). In a model of the co-complex
of telaprevir with the R155K enzyme, the same interactions were maintained except
for differences at the side-chain of residue 155. In the wild-type protease structure,
the Arg'® side-chain bends over the bicyclic P2 group of telaprevir to make several
direct van der Waals contacts, and provides a hydrophobic environment for the P2
group of telaprevir (Figure 26(A)). However, the Lys'> side-chain of the R155K
enzyme has an extended conformation and makes only one or two direct contacts
with the P2 group, thus leaving the P2 group of telaprevir more exposed io the
solvent (Figure 26(B)). This observation is consistent with the R155K enzyme
being less sensitive to telaprevir, as shown with in vitro enzyme assays. Ttis
reasonable to assume that the R155M variant will have an extended conformation of
Met'*® side-chain, and therefore similarly fewer interactions with the P2 group of

telaprevir, consistent with observed decrease in binding of the inhibitor.

To understand the mechanism of binding of telaprevir to variants with
residues with shorter side-chains at position 155, the model of R155T variant
enzyme complexed with telaprevir was used. It is obvious from the model that
Thr'*® side-chain is too short to provide a hydrophobic cover for the P2 group of the
inhibitor (Figure 26(C)). Other shorter side-chains like Ile, Ser and Gly are similar |
or even shorter in size and are expected to lose interactions with the P2 group and

have a decreased binding affinity to the telaprevir.

5) HCV variant replicons with substitutions at Arg'*® of the NS3

protease remain fully sensitive to IFN-q

‘Whether the telaprevir-resistant variant replicon cells with substitution at
NS3 residue 155 remain sensitive to IFN-o or ribavirin was also determined. As
shown in Table III, the ICsq of either IFN-q or ribavirin remained virtually the same
for HCV replicon cells containing R155K, R155T, or R155M mutations compared
to the wild-type replicon cells. These results suggest that combination with IFN-o
with or without ribavirin could be a potential therapeutic strategy to suppress the

emergence of HCV variants with substitutions at NS3 protease residue 155.
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Table III. Lack of Resistance to Other Anti-HCV Agents in HCV Replicon Cells
Variants Replicon ICs

IFN-o. (U/ml) Fold change  Ribavirin (uM)  Fold change

Wild-type 11.6£1.1 1.0£0.1 58+ 18 1.0£0.3
RIS5K 152+£123 13+£1.1 3717 0603
RI55T 48+33 0.4+03 32138 06203
R155M 49x1.0 04401 3645 0.7%0.1

The stable wild-type and variant HCV sub-genomic replicon cell lines were generated using
the T7 RNA runoff transcripts from the corresponding high efficiency Conl replicon
plasmids. The average ICs, values and SD of IFN-u and ribavirin were determined for the
HCY replicon cell lines in the 48-h assay in three independent experiments. Fold change
was determined by dividing the ICs; of a given variant by that of the wild-type HCV

replicon,

Example 20  Summary of the Study Results

One study was to monitor the possible emergence of drug resistant mutations
to VX-950 monotherapy by sequence analysis of the HCV protease NS3-4A region
in subjects with genotype 1 hepatitis C who were dosed with VX-950 for 14 days.
Traditionally, resistance genotyping has been done by population-based sequencing,
which detects the dominant sequence in the plasma virus. Any sequences that
constitute less than 20% of the viral population will not be detected by this method.
Because drug-resistance mutations may take longer than 14 days to accumulate to
this measurable level, a new method was developed to detect minor populations of
variants. Sequences were obtained from about 80-85 individual viral clones per
subject per time point, so that resistant mutations that may emerge in 14 days of
dosing with VX-950 with a sensitivity of down to about 5% of the population can be
identified.

In subjects grouped by viral response to VX-950, distinct mutational patterns
were observed. In the first group of subjects whose HCV RNA rebounded during
the dosing period, wild-type virus was almost completely replaced by 1 of 3 viral

variants containing a mutation at position 36, 54, or 155 at ETR and follow up. A



0.6 (0.3) - 0.5 (0.1) RI55K 7.4 (0.6) 11 6.2 (4.9) 10 355 (213) >300
62.8 120 RI55T 19.8 (1.8) 8.7 10.2 (2.4) -- 645 (173) 72 9.2 -- RI1555

4.1 (0.4) 22 1.8 (0.6) -- 592 (124) >310 8.0 (0. 2)
WO 2007/059221 PCT/US2006/0443063
37

V36A mutation was found in genotype 1b subjects, whereas a V36A/M or R155K/T
was seen in the genotype la subjects. Some variants also contained a double o
mutation at positions 36 and 155 in 1a subjects. A T54A mutation was seen in both
la and 1b subtypes. The mutations at positions 36 and 54 appear to be mutually
exclusive as they were rarely found together in the same genome. A second group
of subjects had an initial HCV RNA decline that leveled off at the end of the 14-day
dosing period. These subjects harbored virus that contained a mutation at position
156 from an alanine fo either a valine (A156V) or threonine (A156T). This mutation
at position 156 has previously been shown to develop in vitro in the presence of VX-
950 (6, 7). Some subjects harbored a few variants that also contained a double

mutation at positions 36 and 156.

Subject-specific protease clones were expressed and tested for inhibition by
VX-950. There were no significant differences in the‘ enzyme ICsq values of the
baseline proteases derived from different subject isolates within a subtype.
However, the IC50 values of the mutant proteases indicate varying degrees of
decreased sensitivity to VX- 950. HCV RNA in the last group of subjects continued
to decline throughout the dosing period, and some reached levels below the limit of
detection of the current assay (10 IU/mL). Due to the limit of sensitivity of our
sequencing assay (>100 IU/mL), no viral sequence data are available for these
subjects at Day 14 of dosiné However, samples taken 7 to 10 days after the last
dose of VX-950 were successfully sequenced for all subjects. In the follow-up
samples from the first two response groups, resistant mutations were found to persist
in the plasma of all subjects. However, in many cases, the frequency of mutation at
position 156 was significantly decreased, as the wild-type as well as the mutations at
position 36 or 54 began to increase in proportion. The proportion of virions with a
mutation at position 155 remained relatively constant. These shifts in mutation
patterns are likely due to fitness differences between variants in the absence of drug
selective pressure. It appears that viruses with mutation at positions 36, 54, or 155,
although less fit than wild-type, are still reasonably fit, whereas the residue 156
mutants are quite unfit in the absence of drug. From these data, there seems to be an
inverse correlation between the level of resistance and the fitness for different single

mutants. The data derived from the group of subjects with a plateau in plasma HCV
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RINA indicated the influences of virologic resistance and fitness in producing a
given clinical response. Thus, the clinical response cannot, itself, indicate the

underlying virology,

Analysis of the last group of subjects who had continued HCV RNA decline
during dosing and reached low levels of HCV RINA reveals that virus present at
follow-up consisted of mostly low level resistance mutations at positions 36 and 54,
and 3 of the subjects harbored few mutations but were mostly or completely wild-
type. Although it is unknown what variants, if any, were present at Day 14, this
result suggests that with an optimal response to VX-950, it may be possible to avoid
clinical resistance with monotherapy or by the addition of other antiviral compounds
such as Peg-IFN. Optimizing dosing regimens may extend this response to a greater

number of patients.

In summary, these resulis indicate that the dosing regimen of VX-950 in this
study can result in the selection of different mutations in the NS3 protease with
varying levels of drug resistance. Increased concentrations of VX-950 are expected
to prevent emergence of virus with low level resistance (at positions 36, 54, and
155). The remaining high level resistant virus (at position 156) may be overcome
through different reatment options, including combination therapy. Higher drug
concentrations may inhibit viral replication more completely, causing a steeper slope
of initjal decline; thus reducing the chance that resistant mutations will be selected
and cause clinical resistance. The addition of Peg-IFN to VX-950 treatment may
enhance immune-mediated clearance of the virus, and the effectiveness of immune-
mediated clearance should not be affected by the presence of resistant variants.
Although the mutation at position 156 confers high levels of resistance, it appears to
come with significant fitness costs, as measured by its relative rate of replication in
the absence of VX-950, There is increasing evidence that antiviral drug resistance is
associated with impaired viral fitness, which can translate into a clinical benefit (1-3,
9). Resistant virus replicating at such a low level may not accumulate compensatory
fitness mutations immediately, allowing the host immune system or other dimgs,

such as Peg-1FN, to clear the remaining virus.
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N53 protease am no acid sequence of SEQID NO 2. 68 4. An isolated
Hepatitis C Virus (HCV) pol ynucl eotide conprising a nucleic acid
sequence encoding a proteolytically active HCV NS3 protease having an
encoded am no acid sequence that is at |east 60%identical to the

am no aci d sequence encoded by the region of the nucleic acid
sequence of SEQ ID NGO !, from nucleotide position 1 through

nucl eoti de position 543, wherein the nucleic acid sequence has at

| east one codon alteration, said codon alteration being at the codon
posi tion corresponding to codon position.155 of SEQ ID NO 1, said
codon alteration resulting in a codon encoding an am no acid sel ected
fromthe group consisting of |ysine, threonine, serine, isoleucine,
nmet hi oni ne, |eucine and glycine at the am no acid position
corresponding to position 155 of the HCV NS3 protease am no acid
sequence of SEQID NO 2. 5. An isolated Hepatitis C Virus (HCV)

pol ynucl'eoti de conprising a nucleic acid sequence encodi ng a
proteolytically active HCV NS3 protease having an encoded am no acid
sequence that is at | east 60%identical to the am no acid sequence
encoded by the region of the nucleic acid sequence of SEQ ID NO I,
from nucl eotide position 1 through nucl eotide position 543, wherein
the nucleic acid sequence has at |east one codon alteration, said
codon alteration being at the codon position corresponding to codon
position 156 of SEQ ID NO!, said codon alteration resulting in a
codon encodi ng an isol eucine at the am no acid position correspondi ng
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<120> HEPATI TI'S C VI RUS VARl ANTS <130> VPI/05-01 PCT <140>

PCT/ U52006/ 044363 <141> 2006-11-13 <150> 60/ 854, 598 <151> 2006- 10-25
<150> 60/ 735,577 <151> 2005-11-11 <160> 8 <170> Patentln Ver. 3.3
<210> 1 <2Me200049822D12> DNA <213> Hepatitis C virus <4007452006/044363
gcgcctatta cggcectactc ccaacagacg cgagd@ctac ttggctgcat catcactagc 60

ct cacaggcc gggacaggaa ccaggtcgag ggggaggtcc aagtggtctc caccgcaaca 120
caatctttcc tggcgacctg

Table 3. Mean 1Csy values for VX-950 of Different Amino Acid Mutations at
the Same Position

ICsu Icsu Fold Fold
mean SD change change
Mutation [nM] [nM] mean SD
V3eM/L/A 227 106 3.5 1.7
T548 120 1.9
TS54A 749 12
R155K/M/S/T 437 204 6.8 3.2
Al3568 1400 22
AlS6TIVI 29800 18730 466 293
V3I6M/A, RISSK/T 2924 1116 46 17
V36M, A156T >50000 >781

Table 4. Fitness of Viral Mutants

Fold Reduction in Fitness Fitness

Viral Mutation Fitness Relative to Wild-type (wild-type set to 100)
None {wild-type) 4.17 - 100
V36AM 2.82 -1.48 68
R155K/T + V36AM 2.0 -2.09 48
T54A 1.86 -2.24 45
RI155K/T 1.58 -2.64 38
AlS6V/T 0.1 -41.70 2.4




cgtcaatggc gtgtgttgga ctgtctatca tggtgccgge 180 tcaaagaccc ttgccggecce
aaagggccca atcacccaaa tgtacaccaa tgtggaccag 240 gacctcgtcg gct ggcaagce
gccccccggg gecgegttcct tgacaccatg cacctgecgge 300 agctcggacc tttacttggt

cacgaggcat Weeayatgren tt ccggtgcg ccggc%gggc 360 gacagcad§J/ggengdéetsact

ctcccccagg cccgtctcct acttgaaggg 6
Table 5 Summary of Resistance of Mutant HCV Proteases
VX-950 SCH 503034 BILN 2061 ITMN-191
Replicon Enzyme Replicon Enzyme Replicon Enzyme Replicon Enzyme
Viral Variant Assay” Assay” Assay Assay Assay Assay Assay Assay
V36M 7.0 (L.6) 5.8 2.7(0.9) 4.4 1.4(0.9) 0.6 2.1 1.9
V36A 74(2.2) - 3.2 (0.9) - L7 (L) - 1.5 -
VieG 11.2 (0.4) - 24(0.3) - 1.1 - 1.7 -
V36L 2.2(0.4) 2.2 1.1 (0.3) - 1.5 - 0.9
T54A 63017 - 32 (LD - 0.9 (0.2} - 1.0 -~
V3I6A+TS4A 20.1(2.9) - 4.5(0.2) - 0.6 (0.3) - 0.5 (0.1) -
RISSK 7.4 (0.6) It 6.2 (4.9) 10 355(213) >300 62.3 120
R1s5T 19.8 (1.8) 3.7 10.2 (2.4) - 645 (173) 72 9.2 -
R1558 4.1 (0.4 22 1.8 (0.6} - 592 (124) >310 8.0(0.2) -
R1551 24.05.2) 16 6.6 (2.1) - 36.5 (9.5} 56 1.3(0.2) -
R155M 5.5 (0.4) - 2.5 (0.3) - 422(2.1) - - -
R155G 7.4 (0.5) - 2.8 (0.6) 821 (208) - 18.7 (3.0) -
V36A+R155K -40 - 8.3{0.7) - 757 (99) - 316 (191)
V36A+R155T >62 - 21.9(6.6) - 835 (91) - 33.0 -
V36M+R155K ~63 74 11.3 (5.5) 39 791 (343) >250 263 (155) 220
V3I6MH+R155T >62 - 21.3(2.6) - 1160 (110) -- 66.7 -
V36M+AL56T >62 - >37 - 1986 -- 12.0 (2.0} -
{1104)
Al568 -- 50 - 37 -~ 9.7 10
Al56T - 410 - 310 - >310 12
V170A 2.6 (0.6} 3.3(0.6) 1.8(0.3) 27
RI109K 0.8 (0.2) 0.8 (0.2) 1.2 (0.4) 27




ctcttcgggc 420 ggtccactgc tctgcccctc ggggcacgcet

gt gggcat ct ttcgggctge
cgtgtgcacc 480 cgaggggttg cgaaggcggt ggactttgta cccgtcgagt ct atgggaagc
cactatgcgg 540 tccccggtct tcacggacaa ctcgtcccct ccggecgtac cgcagacatt

ccaggt ggcc WOB¥APPEhcacy cccct act tagegge /
gt at gcagcc 660 caagggt at a 99 g ggcaag agcact adyg v geugEEEyC

Incorporation by Reference

All publications and patents mentioned herein are hereby incorporated by
reference in their entirety as if each individual publication or patent was specifically

and individually indicated to be incorporated by reference.

While specific embodiments of the subject disclosure have been discussed,
the above specification is illustrative and not restrictive. Many variations of the
disclosure will become apparent to those skilled in the art upon review of this
specification and the claims below. The full scope of the disclosure should be
determined by reference to the claims, along with their full scope of equivalents, and

the specification, along with such variations



aggtgcttgt cctgaacccg tccgtcgeccg ccaccctagg tttcggggeg 720 tatatgtcta
aggcacat gg tat cgaccct aacat cagaa ccggggt aag gaccat cacc 780 acgggt gccc
ccatcacgta ctccacctat ggcaagtttc ttgccgacgg tggttgctct 840 gggggcgcect
at gacat cat aat at gt gat gagt gccact caactgactc gaccactatc 900 ctgggcatcg

gcacagt cct ggaccaagcg gagacggctg 67
We claim:
1. An isolated Hepatitis C Virus (HCV) polynucleotide comprising a nucleic acid sequence

encoding a proteolytically active IHICV NS3 protease having an encoded amino acid sequence
that is at least 60% identical to the amino acid sequence encoded by the region of the nucleic
acid sequence of SEQ ID NO:1, from nucleotide position 1 through nucleotide position 543,
wherein the nucleic acid sequence has at least one codon alteration, said codon alteration being at
the codon position corresponding to codon position 54 of SEQ ID NO:1, said codon alteration
resulting in a codon encoding an amino acid different than threonine or alanine at the amino acid
position corresponding to position 54 of the HCV NS3 protease amino acid sequence of SEQ ID
NO:2.

2. An isolated Hepatitis C Virus (HCV) polynucleotide comprising a nucleic acid sequence
encoding a proteolytically active HCV NS3 protease having an encoded amino acid sequence
that is at least 60% identical to the amino acid sequence encoded by the region of the nucleic
acid sequence of SEQ ID NO:1, from nucleotide position 1 through nucleotide position 543,
wherein the nucleic acid sequence has at least one codon alteration, said codon alteration being at
the codon position corresponding to position 54, said codon alteration resulting in a nucleic acid
encoding a serine at the amino acid position corresponding to position 54 of the HCV NS3

protease amino acid sequence set forth as SEQ ID NO:2.

3. An isolated Hepatitis C Virus (HCV) polynucleotide comprising a nucleic acid sequence
encoding a proteolytically active HCV NS3 protease having an encoded amino acid sequence
that is at least 60% identical to the amino acid sequence encoded by the region of the nucleic |
acid sequence of SEQ ID NO:1, from nucleotide position 1 through nucleotide position 543,
wherein the nucleic acid sequence has at least one codon alteration, said codon alteration being at
the codon position corresponding to codon position 36 of SEQ ID NO:1, the codon alteration
resulting in a codon encoding methionine or glycine at the amino acid position corresponding to

position 36 of the HCV NS3 protease amino acid sequence of SEQ ID NO:2.



gagcgcgact cgtcgtgctc 960 gccaccgcta cgcctccggg at cggtcacc gtgccacatc
caaacat cga ggaggtggct 1020 ctgtccagca ctggagaaat ccccttttat
ggcaaagcca tccccatcga gaccat caag 1080 cgccgcgaag 99999Saggc
acctcatttt ctgccattcc aagaagaaat gtgatgagct 1140

68

4, An isolated Hepatitis C Virus (HCV) polynucleotide comprising a nucleic acid sequence
encoding a proteolytically active HCV NS3 protease having an encoded amino acid sequence
that is at least 60% identical to the amino acid sequence encoded by the region of the nucleic
acid sequence of SEQ ID NO:1, from nucleotide position 1 through nucleotide position 543,
wherein the nucleic acid sequence has at least one codon alteration, said codon alteration being at
the codon position corresponding to codon position 155 of SEQ ID NO:1, said codon alteration
resulting in a codon encoding an amino acid seiected from the group consisting of lysine,
threonine, serine, isoleucine, methionine, leucine and glycine at the amino acid position

corresponding to position 155 of the HCV NS3 protease amino acid sequence of SEQ ID NO:2.

5. An isolated Hepatitis C Virus (HCV) polynucleotide comprising a nucleic acid sequence
encoding a proteolytically active HCV NS3 protease having an encoded amino acid sequence
that is at least 60% identical to the amino acid sequence encoded by the region of the nucleic
acid sequence of SEQ ID NO:I, from nucleotide position 1 through nucleotide position 543,
wherein the nucleic acid sequence has at least one codon alteration, said codon alteration being at
the codon position corresponding to codon position 156 of SEQ ID NO:1, said clodon alteration
resulting in a codon encoding an isoleucine at the amino acid position corresponding to position

156 of the HICV NS3 protease amino acid sequence of SEQ ID NO:2.

6. The polynucleotide of any one of claims 1 and 2-5, wherein said nucleic acid has at least
90% sequence identity with the region of the nucleic acid sequence of SEQ ID NO:1 from

nucleotide position 1 through nucleotide position 543,

7. The polynucleotide of any one of claims 1 and 2-5, wherein said nucleic acid has at least
95% sequence identity with the region of the nucleic acid sequence of SEQ ID NO:1 from

nucleotide position 1 through nucleotide position 543.

8. The isolated HCV polynucleotide of claim 1, wherein the nucleic acid has at least one
additional codon alteration at a codon position selected from the group consisting of codon

positions corresponding to codon positions 36, 155 and 156 of SEQ 1D NO:1, and combinations



ctgtccggcc tcggactcaa tgctgtagca tattaccggg gccttgatgt atccgtcata
1200 ccaactagcg gagacgtcat tgtcgtagca acggacgctc taatgacggg
ctttaccggc 1260 gatttcgact cagtgatcga ctgcaataca tgtgtcaccc
agacagtcga cttcagcctg 1320 gacccgacct tcaccattga gacgacgacc

gt gccacaag acgcggtgtc acgctcgcag 1380 cggéyaggca ggact ggt ag
gggcaggatg

thereof,

9. The isolated HCV polynucleotide of claim 3, wherein the nucleic acid has at least one
additional codon aiteration at a codon position selected from the group consisting of codon
positions corresponding to codon positions 155 and 156 of SEQ ID NO:1, and combinations

thereof.

10.  The isolated HCV polynucleotide of claim 4, wherein the nucleic acid has at least one
additional codon aiteration at a codon position selected from the group consisting of codon
positions corresponding to codon positions 36 and 156 of SEQ ID NO:1, and combinations

thereof.

I1. The isolated HCV polynucleotide of claim 5, wherein the nucieic acid sequence has at
least one additional codon alteration at a codon position selected from the group of codon
positions consisting of codon positions corresponding to codon positions 36,54 and 155 of SEQ

ID NO:1, or combinations thereof.

12. An expression system comprising the HCV polynucleotide of any one of claims 1 and 2-
5.

13.  An expression system comprising a vector comprising the HCV polynucleotide of any

one of claims 1 and 2-5 operably linked to a promoter.

14. A host cell transfected, transformed, or transduced with the vector of claim 13.

[5.  The expression system of claim 12 that is an mRNA display system.

16.  Anisolated Hepatitis C Virus (HCV) polynucleotide, comprising a nucleic acid sequence
encoding a HCV NS3 protease capable of binding to either a VX-950 protease inhibitor or a

BILN 2061 protease inhibitor in the presence of HCV NS4A peptide cofactor and having at least

60% sequence identity with the amino acid sequence encoded by the region of the nucleic acid



ggcatttaca ggtttgtgac tccaggagaa 1440 cggccctcgg gcatgttcga
ttcctcggtt ctgtgcgagt gctatgacgc gggctgtget 1500 tggtacgagce

t cacgcccgcec cgagacctca gttaggttgc aaacacacca 1560 gggcttacct
gggttgcccg tctgccagga ccatctggag ttct ggga%;l gcgtctttac aggcctcacc

sequence of SEQ ID NO:1, from nucleotide position 1 through nucleotide position 543, wherein
the nucleic acid sequence has at least one codon alteration at a codon position selected from the
group of codon positions corresponding to codon positions 36, 54, 155 and 156 of SEQ ID NO:1,
and

(i) wherein said codon alteration at the codon position corresponding to codon position
36 of SEQ ID NO:1, if it is the only codon alteration at a position corresponding to
one of the codon positions 36, 54, 155 and 156, results in a codon encoding
methionine or glycine,

(i) (ii) wherein said codon alteration at the codon position corresponding to codon
position 54 of SEQ ID NO:1, if it is the only codon alteration at a position
corresponding to one of the codon positions 36, 54, 155 and 156, results in a codon
encoding a serine,

(i) (i) wherein said codon alteration at the position corresponding to codon position 155
of SEQ ID NO:1, if it is the only codon alteration at a position corresponding to one
of the codon positions 36, 54, 155 and 156, resuits in a codon encoding an amino acid
selected from the group consisting lysine, threonine, serine, isoleucine, methionine,
leucine and glycine, and

(iv)  (iv) wherein said codon alteration at the position corresponding to codon position 156
of SEQ ID NO:1, if it is the only codon alteration at a position corresponding to one

of the codon positions 36, 54, 155 and 156, results in a codon encoding isoleucine.

17.  The isolated Hepatitis C Virus (HCV) polynucleotide of claim 16 wherein the nucleic
acid sequence comprises a first codon alteration, said codon alteration being at the codon
position corresponding to position 36 of SEQ ID NO:1, said codon alteration resulting in a codon
encoding methionine or glycine, and that further comprises at least an additional codon alteration
at one or more codon positions selected from the group of codon positions corresponding to

codon positions 54, 155 and 156.

18.  The isolated Hepatitis C Virus (HCV) polynucleotide of claim 16, wherein the nucleic
acid sequence comprises a first codon alteration, said codon alteration being at the codon

position corresponding to position 155 in the nucleic acid sequence of SEQ ID NO:1, said codon



1620 cacatagacg cccatttctt gtcccagact aagcaggcag gagacaactt
cccctacctg 1680 gtagcatacc aggctacggt gtgcgccagg gctcaggctc
cacctccatc gtgggaccaa 1740 atgtggaagt gtctcatacg gctaaagcct
acgctgcacg ggccaacgcc cctgctgtat 1800 aggctgggag ccgttcaaaa
cgaggttact accacacacc ccataaccaa atacatcafp 1860 2/6

alteration resulting in a codon encoding an amino acid selected from the group consisting lysine,
threonine, serine, isoleucine, methionine, leucine and glycine, and that further comprises at least
an additional codon alteration at one or more codon positions selected from the group of codon

positions corresponding to codon positions 36, 54 and 156.

19.  Anisolated Hepatitis C Virus (HCV) variant comprising a nucleic acid encoding a
proteolytically active HCV NS3 protease having an encoded amino acid sequence that is at least
60% identical to the amino acid sequence encoded by the region of the nucleic acid sequence of
SEQ ID NO:1, from nucleotide position 1 through nucleotide position 543, wherein the nucleic
acid has at least one codon alteration, said codon alteration being at the codon position
corresponding to coden position 36 of SEQ ID NO:1, said codon alteration resulting in a codon
encoding methionine or glycine at the amino acid position corresponding to position 36 of the

HCV NS3 protease amino acid sequence of SEQ ID NO:2.

20.  An isolated Hepatitis C Virus (HCV) variant comprising a nucleic acid encoding a
proteolytically active HCV NS3 protease having an encoded amino acid sequence that is at least
60% identical to the amino acid sequence encoded by the region of the nucleic acid sequence of
SEQ ID NO:1, from nucleotide position I through nucleotide position 543, wherein the nucleic
acid sequence has at least one codon alteration at the codon position corresponding to codon
position 54 of SEQ ID NO:1, wherein said codon alteration results in a codon encoding an amino
acid different than threonine or alanine at the amino acid position corresponding to position 54 of

the HCV NS3 protease amino acid sequence SEQ ID NO:2.

21.  Anisolated Hepatitis C Virus (HCV) variant comprising a nucleic acid encoding a
proteoiytically active HCV NS3 protease having an encoded amino acid sequence that is at least
60% identical to the amino acid sequence encoded by the region of the nucleic acid sequence of
SEQ ID NO:1, from nucleotide position 1 through nucleotide position 543, wherein the nucleic
acid has at least one codon alteration, said codon alteration being at the codon position
corresponding to codon position 155 of SEQ ID NO:1, said codon alteration resulting in a codon
encoding an amino acid selected from the group consisting of lysine, threonine, serine,

isoleucine, methionine, leucine and glycine at the amino acid position corresponding to position



gcat gcat gt cggctgacct ggaggtcgtg acgagcacct gggtgctggt aggcggagtc
1920 ctagcagctc tggccgcgta ttgcctgaca acaggcagcg tggtcattagt
gggcaggatc 1980 atcttgtccg gaaagccggc catcattccc gacagggaag
tcctttaccg ggagttcgat 2040 gagat ggaag agtg};c 2055 <210> 2 <211>
685 <212> PRT <213> Hepatitis C virus 2

155 of the HCV NS3 protease amino acid sequence of SEQ ID NO:2.

22, Anisolated Hepatitis C Virus (HCV) variant comprising a nucleic acid encoding a
proteolytically active HCV NS3 protease having an encoded amino acid sequence that is at least
60% identical to the amino acid sequence encoded by the region of the nucleic acid sequence of
SEQ ID NO:1, from nucleotide position 1 through nucleotide position 543, wherein the nucleic
acid has at least one alteration, said codon alteration being at the codon position corresponding to
codon position 156 of SEQ ID NO:1, said codon alteration resulting in a codon encoding an
isoleucine at the amino acid position corresponding to position 156 of the HCV NS3 protease
amino acid sequence of SEQ ID NO:2.

23. The isolated HCV variant of claim 19, wherein the nucleic acid has at least one additional
codon alteration at a codon position selected from the group of codon positions consisting of
codon positions corresponding to codon positions 54, 155 and 156 of SEQ ID NO:1, and

combinations thereof.

24. The isolated HCV variant of claim 20, wherein the nucleic acid has at least one additional
codon alteration at a codon position selected from the group of codon positions consisting of
codon positions corresponding to codon positions 36, 155 and 156 of SEQ ID NO:1, and

combinations thereof.

25. The isolated HCV variant of claim 21, wherein the nucleic acid has at least one additional
codon alteration at a codon position selected from the group of codon positions consisting of
codon positions corresponding to codon positions 36, 54 and 156 of SEQ ID NO:1, and

combinations thereof.

26. The isolated HCV variant of claim 22, wherein the nucleic acid has at least one additional
codon alteration at a codon position selected from the group of codon positions consisting of
codon positions corresponding to codon positions 36, 54 and 155 of SEQ [D NO:1, and '

combinations thereof,
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<160> 8
<170>

210> 1

<211> 2055
<212> DNA
<21l3>

<400> 1

gegcectatta
ctcagcaggcce
caatctttce
tcaaagacce
gacctegteg
agcteggace
gacagecaggy
ggtccactge
cgaggggttg
tececeggtot
catctacacg
caagggtata
tatatgtcta
acgggtgeccc
gggggcgect
ctgggcatcg
gececaccgeta
ctgtccagca
9999g9gaggce
ctgtccggece
ccaactageg
gatttcgact
gaccegacct
cggcegaggea
cggcectegg
tggtacgagce
gggttgeceg
cacatagacg
gtagcatacc
atgtggaagt
aggctgggag

PatentIn Ver. 3

cggcectacte
gggacaggaa
tggegaccetg
ttgecggece
gctggcaage
tttacttggt
ggagcctact
tectgccecte
cgaaggeagt
tcacggacaa
cccctactgg
aggtgcttgt
aggcacatgg
ccatcacgta
atgacatcat
gcacagtect
cgcctacggy
ctggagaaat
accteatttt
tcggactcaa
gagacgtcat
cagtgatcga
tcaccattga
ggactggtag
gcatgttcga
tcacgecege
tetgecagga
cceatttett
aggctacggt
gtctcatacg
cecgttcaaaa

.3

Hepatitis C virus

ccaacagacg
ccaggtegag
cgtcaatgge
aaagggccca
gcceceoceggg
cacgaggcat
ctcececcagg
ggggcacgct
ggactttgta
ctcgtecect
tagcagcaag
cctgaacceg
tatcgaccce
ctccacctat
aatatgtgat
ggaccaagecg
atcggtcace
cccattttat
ctgegattec
tactgtagca
tgtegtagca
ctgcaataca
gacgacgace
gggcaggatg
ttecteggtt
cgagaccteca
ccatctggag
gteccagact
gtgegccagyg
gctaaagect
cgaggttact

cgaggcctac
ggggaggrcc
gtgtgttgga
atcacccaaa
gogegttect
gecgatgtcea
ccegteotect
gbgggecatct
ccegtegagt
cecggecgtac
agcactaagg
tcegtegecy
aacatcagaa
ggcaagttte
gagtgccact
gagacggetg
gtgccacatc
ggcaaageca
aagaagaaat
tattacéggg
acggacgctc
tgtgtcacec
gktgeocecacaag
ggcatttaca
ccgtgegagt
gttaggttgce
ttetgggaga
aagcaggeag
getcaggcte
acgctgeacy
accacacacc

ttggcectgeat
aagtggtckc
ctgtctatca
tgtacaccaa
tgacaccatg
ttecggtgeyg
acttgaaggyg
ttegggekge
ctatggaaac
cgcagacatt
tgceggetge
ccaccctagy
ccggggtaag
ttgecegacgg
caactgactc
gagcgegact
caaacatcga
tcecccatcga
gtgatgagcect
gccttgatgt
taatgacggyg
agacagtcga
acgcggtgec
ggtttgtgac
gctatgacge
gggcttacct
gcgtctttac
gagacaactt
cacctecceate
ggccaacgeo
ccataaccaa

catcactagc
caccgcaaca
tggtgcegge
tgtggaccag
cacctgegge
ccggeggggce
ctettogggce
cgtgtgecacc
cactatgcgg
ccaggtggec
gtatgcagcc
LLtcggageyg
gaccatecace
tggttgctet
gaccactatc
cgtegtgete
ggaggtggct
gaccatcaag
cgcegcgaag
atccgtcata
ctttaccgygce
cttcageetg
acgctcgeag
tccaggagaa
gggctgtyget
aaacacacca
aggcctcacc
ccecctacchyg
gtgggaccaa
cctgetgtat
atacatcatg

690
120
180
240
300
360
420
480
540
600
660
720
780
B840
9S00
960
102¢
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
18640



465470475480 Arg Pro Ser Gy Met Phe Asp Ser Ser Val Leu Cys G u Cys
Tyr- Asp 485490495 Ala Ay Cys Ala Trp Tyr Gn Leu Thr Pro Ala G n Thr
Ser Val Arg 500505510 Len Arg Ala Tyr Leu Asn Thr Pro Gy Len Pro Val
Cys G n Asp H s 515520525 Len G n Phe Trp Gu Ser Val Phe Thr Ay Len
Thr Hs Ile Asp Ala 530535540 4/6 His Phe Leu Ser Gn Thr Lys Gn
Ala Ay Asp Asn Phe Pro Tyr Len 54555055556% Val Ala Tyr Gn Ala Thr
Val Cys Ala Arg Ala Gn Ala Pro Pro Pro 565 ?0575 Ser Trp Asp in Met
Trp Lys Cys Len ‘élqaég%wﬂ Eearcgapst Peawgiducy laesrdo805 JybStddicSadghysafrco1sbhr
Pro Len Len Tyr @tigif g c?ﬁgéz VEICCEY3R2 ASTEICGHIF9 BY3BR060599¢ad g 19Fhr
Thr H's Pro Ile % §§ S D TTP8 MBI A 6" GYS BT SEF 61 e15698 M a2 %8 p
Len du Val Val er T%r Trp Val Len Val Ay dy Val 625630635%)056
Leu Ala Ala Leu Ala Ala Tyr Cys Len Thr Thr Ay Ser Val Val Ile
645650655 Val A¥#*Ard lle Ile Len Set Ay Lys Pro Ala lle Ile Pro Asp
Arg 660665670 G IfiYaliteu Tyr Arg G u Phe Asp Qu Met Gu Gn Oys
675680685 <210> 3:525d3ac18¢ ¢ virue

<400> 2
Ala Pro Ile Thr Rla Tyr Ser Gln Glan Thr Arg Gly Leu Leu Gly Cys
1 5 10 15

Ile Ile Thr Ser Leu Thr Gly Arg Asp Arg Asn Gln Val Glu Gly Glu
20 25 30

Val Gln Val Val Ser Thr Ala Thr Gln Ser Phe Leu Ala Thr Cys Val
35 40 45

Asn Gly Val Cys Trp Thr Val Tyr His Gly Ala Gly Ser Lys Thr Leu
50 55 60

Ala Gly Pro Lys Gly Pro Ile Thr Gln Met Tyr Thr Asn Val Asp Gln
65 70 75 80

Asp Leu Val Gly Trp Gln Ala Pro Pro Gly Ala Arg Ser Leu Thr Pro
85 90 95

Cys Thr Cys Gly Ser Ser Asp Leu Tyr Leu Val Thr Arg His Ala Asp
106 105 110

Val Ile Pro Val Arg Arg Arg Gly Asp Ser Arg Gly Ser Leu Leu Ser
115 120 125

Pro Arg Pro Val Ser Tyr Leu Lys Gly Ser Ser Gly Gly Pro Leu Leu
130 135 140

Cys Pro Ser Gly His Ala Val Gly Ile Phe Arg Ala Ala Val Cys Thr
145 150 158 160

Arg Gly Val Ala Lys Ala Val Asp ‘Phe Val Pro Val Glu Ser Met Glu
LE5 170 175

Thr Thr Met Arg Ser Pro Val Phe Thr Asp Asn Ser Ser Pro Pro Ala
180 185 190

Val Pro Gln Thr Phe Gln Val Ala His Leu His Ala Pro Thr Gly Ser
195 200 205

Gly Lys Ser Thr Lys Val Pro Ala Ala Tyr Ala Ala Gln Gly Tyr Lys
210 215 220

Val Leu Val Leu Asn Pro Ser Val Ala Ala Thr Leu Gly Phe Gly Ala
225 230 235 240



<212> DNA <213> Artificial Sequence <220> <223> Descri ption of
Artificial Sequence: Synthetic prinmer <400> 3 ggcgtgtggg gacatcatcl9
<210> 4 <211> 20 <212> DNA <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic prinmer <400> 4
ggt ggagt ac gt gat ggggc20 <210> 5 <211> 20 <212> DNA <213> Artificial
Sequence 5/6 <220> <223> Description of Aryificial Sequence:
Synthetic prinmer <400> 5 catatacgct ccaaagccca <210> 6 <211> 6 <212>
PRT <213> ArtifieirdlctSEquendaa<be By 2e3se Des et pid éys 6hr Akt ivhi ci al
Sequence: Synthetic 6x Hi s t4g <400> 6 His Pfs Hs Hs H €H s 1

Arg Thr Ile Thr Thr Gly Ala Pro Ile Thr Tyr Ser Thr Tyr Gly Lys

260 265 270

Phe Leu Ala Asp Gly Gly Cys Ser Gly Gly Ala Tyr Asp Ile Ile Ile
275 280 285

Cys Asp Glu Cys His Ser Thr Asp Ser Thr Thr Ile Leu Gly Ile Gly
290 295 300

Thr Val Leu Asp Gln Ala Glu Thr Ala Gly Ala Arg Leu Val Val Leu

305 ’ 310 315 320

Ala Thr Ala Thr Pro Pro Gly Ser Val Thr Val Pro His Pro Asn Ile
325 330 335

Glu Glu Val Ala Leu Ser Ser Thr Gly Glu Ile Pro Phe Tyr Gly Lys
340 345 350

Ala Ile Pro Ile Glu Thr Ile Lys Gly Gly Arg His Leu Ile Phe Cys
355 360 385

His Ser Lys Lys Lys Cys Asp Glu Leu Ala Ala Lys Leu Ser Gly Leu
370 375 380

Gly Leu Asn Ala Val Ala Tyr Tyr Arg Gly Leu Asp Val Ser Val Ile
385 380 395 400

Pro Thr Ser Gly Asp Val Ile Val Val ala Thr Asp Ala Leu Met Thr
405 410 415

Gly Phe Thr Gly Asp Phe Asp Ser Val Ile Bsp Cys Asn Thr Cys Val
420 425 430

Thr Gln Thr Val Asp Phe Ser Leu Asp Pro Thr Phe Thr Ile Glu Thr
435 440 445

Thr Thr Val Pro Gln Asp Ala Val Ser Arg Ser Gln Arg Arg Gly Arg
450 455 460

Thr Gly Arg Gly Arg Met Gly Ile Tyr Arg Phe Val Thr Pro Gly Glu
465 470 475 480

Arg Pro Ser Gly Met Phe Asp Ser Ser Val Leu Cys Glu Cys Tyr Asp
485 490 495

Ala Gly Cys Ala Trp Tyr Glu Leu Thr Pro Ala Glu Thr Ser Val Arg
500 505 510

Leu Arg Ala Tyr Leu Asn Thr Pro Gly Leu Pro Val Cys Gln Asp His
515 520 525

Leu Glu Phe Trp Glu Ser Val Phe Thr Gly Leu Thr His Ile Asp Ala
530 535 540



<210> <211> <212> <213> <220> 5 7 9 PRT Artificial

Description of Artificial

MOD_RES <222> (3) <223> ( FOAMVS) <220>
4/6
His Phe Leu Ser Gln Thr Lys Gln Ala Gly Asp Asn Phe
545 550 555
Val Ala Tyr Gln Ala Thr Val Cys Ala Arg Ala Gln Ala
565 570
Ser Trp Asp Gln Met Trp Lys Cys Leu Ile Arg Leu Lys
580 585
His Gly Pro Thr Pro Leu Leu Tyr Arg Leu Gly Ala Val
595 600 605
Val Thr Thr Thr His Pro Ile Thr Lys Tyr Ile Met Ala
610 615 620
Ala Asp Leu Glu Val Val Thr Ser Thr Trp Val Leu Val
625 630 635
Leu Ala Ala Leu Ala Ala Tyr Cys Leu Thr Thr Gly Ser
645 650
Val Gly Arg Ile Ile Leu Ser Gly Lys Pro Ala Ile Ile
660 665
Glu Val Leu Tyr Arg Glu Phe Asp Glu Met Glu Glu Cys
675 680 685
«210> 3
<211> 19
<212> DNA
<213> Artificial Seguence
<220>
«223> Description of Artificial Sequence: Synthetic
primer
<400> 3
ggcgtgtggg gacatcatc
<210> 4
<211> 20
<212> DNA
«213> Artificial Sequence
<220>
<223> Description of artificial Sequence: Synthetic
pPrimer
<400> 4

pepti de Sequence:

ggtggagtac gtgatggggc

<210 5
<211> 209
<212> DNA

<213> Artificial Sequence

Sequence

Pro

Pro

Dro

550

Gln

Cys

Gly

val

Pro
670

Synt hetic <220>

Tyr

Pro

575

Thr

Asn

Met

Gly

Val

655

Asp

<223>

Leu

560

Pro

Leu

Glu

Ser

val

640

Ile

Arg

<221>

19

20



<221> MOD_RES
<221> MOD_RES

<222> (6) <223> al pha- Abu psi [co00)

<222> (9)  <223> ( DAHCXL)

5/86
<220>
<223> Description of Artificial Sequence:
primer
<400> 5

catatacgct ccaaagccea

<210> 6

<211l> 6

<212> PRT

<213> Artifiecial Sequence

<2205

<223> Description of Artificial Sequence:

His tag

<400> €&
Hig His His His His His
1 5

<210> 7

<211l> 9

«212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Seguence:

peptide

<220>

<221> MOD_RES
<222> (3)
<223> (EDANS}

<220>
«221l> MOD_RES
<222> (6)

<223> alpha-Abu psilC0Q]

<220>

<221> MOD_RES
<2225 (9)
<223> {DABCYL)

<400> 7
Asp Glu Asp Glu Glu Xaa Ala Sex Lys
1 5

<210> 8

<211> 16

<212> PRT

<213>» Artificial Sequence

<400> 7

Synthetic

Synthetic 6éx

Synthetic

<220>

20



Asp Gu Asp Gu GQu Xaa Ala Ser Lys 15 <210> 8 <211> 16 <212> PRT
<213> Artificial Sequence 6/6 <220> <223> Description of Artificial
Sequence: Synthetic peptide <400> 8 Lys Lys Ay Ser Val Val Ile Val
Gy Arg Ile vVal Leu Ser Gy Lys 151015

6/6
<220>
<223> Description of Artificial Sequence: Synthetic
peptide
<400> 8

Lys Lys Gly Ser Val Val Ile Val Gly Arg Ile Val Leu Ser Gly Lys
1 5 10 15



