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HCV NS3- NS4A PROTEASERESI STANCEMUTANTS BACKGROUND
Field of the Invention The present invention rel ates

W 00504258¢ ance mut ants of Hepatitis C virus NSBCHES2004/035839
pr ot ease. Background of the Related Art Infection by
hepatitis : |s a, co pel | i ng hunan
roons lE - ; t ‘ -h t an
agent for nost cases 0 non- non epa itis,
egtinated human ser o- pré@éﬁ%ﬁ% NBo, gl obal |y [A

berti et al., "Natural History of Hepatitis C " J.
%E{?ﬁ%;‘ eption (guppl. 1), pp. 17-24 (1999)]. Nearly
four mllionnd %‘%béﬂt ﬁ%hﬁoﬂ‘ﬁel’ t&eto r%&&r&%q%ﬁtgntg %?Hlejﬂét R virus
St ates al one Al ter et a em ol o
\NS%/HAH@p@%etls in the United States, Gastroenter oI
Adin. North Am, 23, pp. 437-455 (1994); M J. Alter
"Hepatitis C Virus Infection in the United States, " J.
Hepat ol ogy, 31., (Suppl. 1), pp. 88-91 (1999)]. Upon

fBadigrewpd sfithe Rélatd@Wi@nl y about 20% of i nfected
i ndi vi dual Z@?eve' % acute clinical hepatitis while
ot hers appe®fcchign by Sepriifis| opires GRIGY 0 aht coupeltingihuman medical

SHHEPRITBHOT ik RdcBEkiL A as t SHBR ool t/?oﬁnospg' Cte on-A, non-B
Prd Yo

however, the virus esta es a Chronic T i
theaatitie W\Sthstnsesflmatedémamasel[oﬁarewdm&@ﬂ 3% QbBalNaEAlffﬂbertl etal.,

bi ol
R BRL sty R e B 1 itnialo g3 Suaichy Do i Ha099)]

v B fohlamﬁo@ﬁﬂhﬁ@ﬁmg Rlay BE u’d@aé& i ﬂh% L&ted%tatéf aﬁ@ﬂel [M.J. Alter
Hepatitis, g).gw354 %’ . Thi's usual

i a]r Iher@ﬁ‘ﬂen&ﬁ 106 (yriead I;ﬁep@i‘qs lm/cﬂIQSTémﬁeﬂt}Sthiev GGastroenterol Clin.

CTAIEANE A B P35 (00870 Al aghal e P esnfselian te
[dited Stares,” T HEGRkA16ES 3C, mfh-lqgalspaggl 1Y 8g9yEar ci noma”
FEMS M cr obi ol ogy Revi ews . 2 1-220 1994) l.

Saito et. alpon filseBFobirkso GO BMZ abgﬁt%% Of nFecbted individuals

Associ at ed WI th the Devel opnent oOf Hepat ocel
dsvelpp estte climealdepatitis whileetbers Sppear hlSﬁtp d8veloppignificant outward

I b dly
SRS AP A0 R3St D0l S S
ehrontiy ifdctioh @t arﬂaﬁtsHGin&,@asm[@ Wﬁ@&?s‘Tﬁe N%{Lmr@&ﬁée%f
of 3010-3033 am no aci ds ) CGeneti c

QL.
&15%9 Fioppifis, aREMS Mégrebip gwﬁ{emevmk%am 2@1&2@1 {4994y D.

N %K%Cthgla &(I}k)b@%ehﬁ ecmjiihﬂ 0&&8 nt ep&ﬁtlf #eaﬂgﬁﬂﬁi h%patztls 6, pp.

Bé gttt (1099)].CThis rusml@&esme 15?%&1@%@@@5’@N&ﬁ%§rs‘éhﬁl liver
2 A ..Non-B He atlt " Proc. Natl. Acad.

gﬁanbrﬁatl% Avhi g%(;? moje severe disease states such as c11-rh051s and

hepatocellular carcinoma [M.C. Kew, “Hepatitis C and Hepatocellular Carcinoma”,

FEMS Microbiology Reviews, 14, pp. 211-220 (1994); 1. Saito et. al., “Hepatitis C

Virus Infection is Associated with the Development of Hepatocellular Carcinoma,”

Proc. Natl. Acad. Sci. USA, 87, pp. 6547-6549 (1990)]. Unfortunately, there are no

broadly effective treatments for the debilitating progression of chronic HCV.

The HCV genome encodes a polyprotein of 3010-3033 amino acids
[Q.L. Choo, et. al., “Genetic Organization and Diversity of the Hepatitis C Virus.”
Proc. Natl. Acad. Sci. USA, 88, pp. 2451-2455 (1991); N. Kato et al., “Molecular

Cloning of the Human Hepatitis C Virus Genome From Japanese Patients with Non-
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Takam zawa et. al., "Structure and Organi zati on of the
Hepatitis C Virus Genone |sol ated From Human

w@0050€2580 " J. Virol, 65, pp. 105-1 3 (1991)].PahesioV035839

nonstructural (NS) proteins2are presuned to provi de

o PPIL P05 HAON S QB AP SA G PPt 528 (1990); A

@El%rﬁ%\ﬁ ¢tCalC |‘§ﬁ"(1@ﬁ‘?e &fa @ﬂﬁnﬁ%&p&ﬁhﬂ—l@ 14Ris ¢ Virus Genome
Bart enschl agér et "Nonst ruct ur al Broteln

Isolatdddfratri Humaﬁ:()aﬁnam” Eréioele $5apisailDhd 1Ty Mo t"-lélerfé@é

?f%grfl{:tﬁ??é f(ﬁgh 5 %}‘/52 ¢ Pfaeté‘}ltneg bO P@g@gq'g%isger(tiag §%tjalytlﬁ\macmnery
Rrak@iiepBtatiodl The h@‘ﬁro?éiﬁsez[rb dativebydhrotcdBtidemalhdd oF the

Vi rus- Encoded Serine Protei nase: Determ nation o
pelyproteva $R- Butraschdager Po bl pi¥ansitpctayad Bvagé 3S?fttb%HeP%ﬁtls C

|
Vil el s e 2388 PRdlFHate Kebthpa for GRASRE b N4 and
Reuysonatesds, Q. ezamgm 9&3& 5844 (4993& IAO Grakcﬁt?et AR,
1385-1395 (1993 . NS3_is .a serine

praracierzation of ﬂ@d*lmﬁmﬁ; Fo\éwszdsﬁ SgepaProf¢igase; Pefqg@ination
Qﬁb%w ng'e en(ifent ifb k Conge SAQL 1 ARG 63 )21332 2843

arns a ‘serine protease
Q9oBY: i A.\Griakedi eprabe éE;qﬁSSSwnrald IpeitifientidreoNH epatigie AEY arte

PEbPUIHRICda8s Bindheth dndyohi oo opul fp- 1 < TFTPL foppet et al,
aﬁ?@‘i’s é‘gérﬁil% te&é@%e iR IS c kB g oF A0 atils ¢ Bigusiidigirotein”, T.

ypr ot el n have en shown to contain the serine
b’nmﬂeé’é@?dé@ﬂaﬂ %Zﬁ(lm]that processes all four
domnstrean1sites of the HCV polyprotein [C. Lin et
al ., "Hepaflht EFCVCNY proilNSEN S donéniky Darine psaease act1v1ty that
Trans Cl egvage Requi renents and ProcF%éi ng, Ki netics"
]D t

B’m"WSP%VHa profein ig genergtpdhe mangky } eRzymes,0d i3
gl Vikdi Ge Aogfchﬁéh 8fa lhﬁ%u#lall NR3AE 1 & NEMRCRRIENS3

resu s of viral cation and infectivity .
l(nes1dh¢srmﬁ z]é@§ of Ale,MraKpblypm:tm)/hzme babn shovieioatontairsthe serine

Vi rus ncode c activ s _and conser

P AN A SR N At R A oV

%Q@Eiﬁtélﬁ{(?r ERl dt @GR! FHBpdtitis\C VRus N$3- Se}’ﬂné Photeind<k: T%Qz{}feleavage
i's known that nutations in the eIIow ever

\KequusemmS mblregessingdeinetiosd, Iy Viiwal., 6Hfowe 814/4-8157 (1994)].

%gﬁ%ﬂﬁt?%fs Oﬁglhes(ia?algttlcﬁtrrlgp OE,E’LO e 1 mgﬁfne Q@e%—etrgsr gggﬂrloss of

VirkLigplication 284 infectRiglis ahiengaasqeNAl Al Kolkkialov et al., “Hepatitis C
Site-Specific Ceavages in the Viral _ Pol yprotel

PigE-enqqser enzysaatic aghyities ey coerved RNSg olgigis n (@9’@0)]
18 Mtéﬁ%@g&@%s%t% ?&S\ff]ﬁlg?%ﬂfcﬁ orPRSAGd 2 8ol 74: 2046-
cor actor, ,

processes non- st fuct urdl
ROS1 feiltisrkegivanhit mintatiordii Mlowdavertvnmus INH#3gdrotease decrease

E&g}t ﬁge%?lg]tty quhamdbelgg ’Ig{ne]'q 8l éj“pvgqlﬁ\gqéai@t the -qgr?niLe& ‘Domain of
Nonstructural Protein NS3 From Yellow Fever Virus is a Serine Protease Responsible
for Site-Specific Cleavages in the Viral Polyprotein”, Proc. Natl. Acad. Sci. USA, 87,
pp. 8898-8902 (1990)].

The HCV NS3 serine protease and its associated cofactor, NS4A,
processes the viral non-structural protein region into individual non-structural

proteins, including all of the viral enzymes [C. Failla, et al., ““An amino-terminal



domain of the hepatitis C virus NS3 protease is
essential for interaction with NS4A", J. Virol. 69,

WEPsAFBE 1777; Y. Tanji et al., "Hepatitits (PCT/US2004/035839
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VI rus- encoded nonstructural3 protein NS4A has versatile

nct.ions in viral protein processing" . Virol. 69,
gomazs i thedhgpatites C pigs N3 grotease as esspittia Iforrletgra@hom WithNS4A”,

heratdités gg 60U 7HSEAT RO % Gl N éla?\(ﬁs exn?tﬁn(g) ngl?]sgructural

active NS A serine proteihas
i protein NS4A has Vlﬂﬁsainile fufi@ionpin Vlfh'fﬁﬁ)téllﬁ%@&oess’iﬂg USVirol. 69, pp.

e gTi 6 bl by skl o tahmeg Q&ﬁﬁéﬁsq%pmtem
hiTgRR fbﬂﬁaﬁadﬁfah%ﬁwsx Qs SRR ALnBLLLBARG Yl in
g o arg pr o elrns. Y—ﬂ

is also involved in processin
prioads ¥ioh6Pbin. ¢33~ 4‘3&@]!; hnd istesdgntialvor eiralpeiication. This
S in man,

p ocessin al e ote anti vi raI gen
Pl SSRE Ao temalbieant o battcariciZbAb e e ewed! i ¢ al
infreutdefigefi@Sthdsspattyll
C;onsequerit |e cg&{j is S%n }Ia?ﬁtéal_égtg %lgetﬁkaéréisectﬁﬁlgbmd ﬁ‘g"gj&;ésmng of
dYisad praseips. grotpaspanlubitars, Whﬂ@/lth‘tut el eprcotmhu modzesslﬁg, are

NG SRS et DS S Gmmia e ot e

0543t s DR BHpeddchlly 206 O pis! @ns%e@% RAd %attl)é@we target
%ﬁra%la?@ WO 98/ 46630, WO 98/ 17679 and 97/ 43310,

digeqyely. pat ent 5, 990, 276, M Ll i nas- Brunet et
Bioorg. Med. Chem Lett., 8, pp. 1713-18 (1998);
W Han et a‘-’reveraBp@f@n@al HEW pratrasmintiibitars havdbeed HescHbed in the

1;%%9% [P?H?H[jga%%%\gcﬁﬁ %q\)/ioz 8?@% g’\@ﬂ%s[z%ge{?@ 68/05558 WO

-omsgs WEHO0/EetD, W©t9910773@,,wpp99/@?7@1 Wb@?ﬁé@@éo WOd
Pl ant e et al 7{9 Chem Lett. 10,
s Vet 7619 and O 43 Gulinitelniiates Pt 5890.LHG.

Bt 0040 IS AP 518 DA AR .
HRvongy M@la@hemﬂyetb,em; me1416 ﬂﬁm ]Dtinsa?n et %1: Pg?(g%dll\dﬁd Chem.
il 352L%l(%%‘%oﬁam%ﬁrgﬁééi%f%@%g MpEhegoAst. 10,
o s, g i iy L8, (5 1.7

i(ROQDT. &t ot Ehpiia hhweeersyhgthek iteaa t:omp@[mde fufomtd Bavelvhe A.
atltls C Vi Over vi ew of

%l{)rogﬁflte Rﬁ%ﬁlg%@hlée CERRfalip ggi’gés urth%@pre Atis @Bssﬂ@g ghap the HCV

(L8R ;md bevbing RRHint b aﬁbthem@aéc%pﬂabmﬁu vol vi ng
Therapi es for Hepatitis C " Eur. Gastroenterol .

T o e
fsgtnsfag’qcpr(yram;-IWVaﬂgeIHe patneatnmnts J‘he blabaﬁst}ibhsheﬂ]thelﬁpy for HCV
i éﬁs%%g e BlRba-base g aénty Hom. e, %ggsf 5131(1:5 Bave.
significant side effects [M. A. Walker et al., “Hepatitis C Virus: An Overview of
Current Approaches and Progress,” DDT, 4, pp. 518-29 (1999); D. Moradpour et al.,
“Current and Evolving Therapies for Hepatitis C,” Bur. J. Gastroenterol. Hepatol., 11
pp- 1199-1202 (1999); H. L. A. Janssen et al. “Suicide Associated with Alfa-
Interferon Therapy for Chronic Viral Hepatitis,” J. Hepatol., 21, pp. 241-243 (1994);
P.F. Renault et al., “Side Effects of Alpha Interferon,” Seminars in Liver Disease, 9,

b

pp. 273-277. (1989)] and induce long term remission in only a fraction (~25%) of
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pp. 273-277. (1989)] and induce long termrem ssion in
only a fraction (~ 25% of4 cases [O Wil and,

WO bovsesXser on Therapy in Chronic Hepatitis C ViPCBEUS2004/035839

Infection" , FEMS M crobi ol4 Rev., 14, pp. 279-288

(1994 The curr andard_of care, | at _

F3eR Et%?eWsﬂana# plﬁlgﬁr qaorb %ﬁmq %h{owwﬁnarlg%l&y\lweﬁfﬁggon

Fﬁw‘wcréﬁof%zsga,vﬁmd D8RI P04 ]isr};mﬁeﬁtsg@daﬁ@sf care,

patients infecté genot'ype whi ch counts for

PeOglartd irterfenorcalpbpit ¢oumlsnmqmavmlenb$\/1nm Id:ew@ghbeﬁo -50%

gl.gsl?a%té \gra[l ges&)nsrggéﬁla E%Q?H%&g ?n%?ted Nﬂ%é?a?type I%glcﬁ counts for

36‘% ofleﬁﬁ)'?nc ﬂ@%ﬁtli &98ents %ev@ﬁ)ﬁo§ c&intAts, ancNSO‘%'EWR i genotype
93-1499 (1998 reover, the ects

ﬂ@lr 3&I(€¥ﬂnfev1@d @ntl¢m$-@\G\Mch¢b§0n,@m1 ;Nu%r M » 339: 1485-

TRYE s bBE e BN el LSS S Ry s

P Et®RS,She PloSpectOP offeEts ciay-IDEV Uaeditids Rfadiniriceitsial
agents, particularly as anti-HCV agents. An

under st andirjgs, Yherbs\a £ R 81 RBFL B AN - W thefapidsher
progress towards effective HCV treatments. SUMVARY OF

aa@cumﬁmmmm ¢has iedybit HG VA NSFtriretsagee [Sacle sompounds may be

T R M R
hrés‘{sﬁ)iﬂé@ smitaAd *bed fikverRbd giemb@@ids @ﬂscﬁ\fmce’rtﬁ@dﬁents.
mut ant HCV NS3/4A proteases or a biologically active

anal ogs or fragnents thereof wherein the codon that
corresponds to codon 156 of the wild-type

pol ynucl eoti de a E“ﬁ 6RO PfRSpPonds to
codon 168 of the@% typ gl ynucI eotlﬁde ﬁs nmut at ed

such that i he %&%@1{[2@& n@)‘%ﬁ?g 8 Ak @ﬁh@@mﬁ%&n@sﬁﬁ I‘f’élf)q{lﬂ C virus

aspartic aci ary such nutations
Ue83¢4A padedser ei n t hroughout an include pol ynucl eoti des
in which the codon that corresponds to 156 of the

W | d-type oy it eteah bsRcBIEORREntNSIATOINES isylatedECVr
t hreoni ne, O her exenpl ar}i/(ﬁerrbom ments i ncl ude

pglmnejl@pt&pﬁ ithpt engadevmutant HEY NSidn pegteasgror a biologically active
lé Q%Jg ggﬂq%?s th(%% \&Hérre foiRa @9 on tﬂatcc%%gggo]nﬁg tcpéo&gﬂel 56 of the

ynu encodes an aspartic
@\hlﬂ Bt pol@zﬁucﬂeotﬂfe adtl@nitscodan ¢lay cmm&pomds ta coysrosénes the wild-

e ety ol e A g 15 e

g!%%(réfaaa Qfﬁa%sea by s &{11&1 nb $BRS&rBEa Bkietd tthcﬂlghB@c an

I'S enco po ynuc eoti de sequence of
Iummta polyﬁﬂc@tm@d 1;mvzlub1eﬂlc:|cdé01séxqt1mmp@mscb@| é§6 aﬁtha rmhbtype

OO R I I g e —
include polynucleotides in which the codon of the polynucleotide that corresponds to
codon 168 of the wild-type polynucleotide encodes an aspartic acid, glutamic acid, an
alanine, a glycine, or a tyrosine. Any combinations of the mutations at codon 156 and
168 are specifically contemplated. The wild-type HCV NS3/4A protease is well
known to those of skill in the art. It is encoded by a polynucleotide sequence of SEQ
ID NO:1. That polynucleotide sequence encodes an amino acid sequence of SEQ ID
NO:2.



fragnments thereof that are encoded by the
pol ynucl eoti des descri bed herein. Further the

WO poo8/#ison enconpasses vectors that conprise, POBUS2004/035839
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cells that have been transfoBrned or transfected with

such polynucleotldes and cell lines that co rise su
pol ynuc| eoddlspeeontquen!pisd bersingare SraRrmdyRspHAes 9% Olﬁg‘lgiﬂi%a"twe
iru ¢ 1|¥t§ Gl hde R c85éﬂ l?;,gthla %%f ﬁﬁebﬁd%%s&fb%e fkieRY Further
nes are routine d nvent i on techni ques
Keawrertiontehesapabessiectoks that donepraset host sallsahadhaidheen

vari ants that conprise t t

brortamies erdgesfeBie] Yt weh pap i v ke cg) Eisedbf 2aBizpse sueh
Qﬁfﬁﬂél Siles CRI@?% Q&rnﬁ@ﬁi?&ﬂssfbf‘ﬂlakfﬁ% sl Vé’&%?rk %bﬂ)@&lmg
r pro el ns elther a one or in conbination wth other
tostpols tdpspai @ﬁdmem enetrsutatwdaqoevmmmelrtpd:mws known to

her ei he |nve |on d for tec ng t he
cssien sl gn tradty SR ey Py A, ByroRi e o
gegmﬁ&lébﬁ&s %gﬁﬁ&lhy aeskﬁsed)ﬁe@&ﬁ%% #¢ pat BOIhy Prskaahidtion.
ribed her Typically, su nethods conpri se
obt ai ni ng [ R&etnl ither al
ol o " der SR BpbEnp Bt RRLAS Bl Sither alone
o ity combieatiorteith ather esrspesitiong antheompeoneats also are contemplated
reS|stance associ ated nmutation, such as one or nore of

Ehut ati ons descri bed herein (e g., one that encodes
serl ne, valine, or, a threonine a resi

cor r espondsihednyasion &"é‘ch%n%thﬂ‘} d@WEB’&% &egr@qeg?eaqﬁ rug-
3ciid t\eff(lf‘ a b%l b{ﬂ%algg h}]ﬁ'vSS}r%r detetting 'tHé%)ré@enée ofa

resi correspon ue 168 of
Vpoﬂﬂmblﬁpﬂdé—lﬂbﬁcﬁﬁﬁf Heteipr (lepmaléy siigh pethods t:omnnse@tammg or

polynucleot 0. cont em d |s a_net hods
d& e e R BRC Bt ST Al SR EF B R e AP T ot
'cI%Bﬁ :Snd %&Qséﬁﬁgc'{vﬁétﬁ&t a fé@ﬂ%ﬁb&hﬁ@cﬁ&ﬁ ln@@htidiy s@h as one
o oglca 'sanple fromthe HCV infected patient; and

emamrablfﬁ@ matetidrer deséribeg Iharsim (sgnpredthelomead sssorig valiee, or a

id encodin t ant NS3/. A

i pPaatihietud Lok AR A fasteh g i s
'Mhs afldnife, gyciﬁzee oP§tdsaitat faayslmga tBation@EeEids tarkiduEVes of the
i nfecti on. her aspects contenpl ate net hods of

avﬂd—@bale&ih@V\bﬁ%i/ﬁérpr@eH@ASrPF@@ﬂ@a thripolamiiclepideq
decreased sensitivity or susceptibility to VX-950
conpri si ng AlsaIcuatlemp@at@dusmhwhoﬁeofd&tmﬁvn&arsdlagnosmg whether

Rl S Al R PR gt

Wk fh1d 568 the PRIV trfSctéel MitieHts alBetAdatiieoviesaise e Hadhd sample
further aspects are directed_to nmethods for eval yatin

et ey nuelgicreifl gheadinga p)gtqnéﬁp\ﬁy§3gwdg@¢e@§§ &herein the pgresence
S efndslle }nlu\(antt B NSAL Bltotgalsé siMdit Qi JHRd ﬁaﬁ&ﬁt having a drug-

resistant HCV infection.

Other aspects contemplate methods of evaluating whether a HCV-
infected patient has a decreased sensitivity or susceptibility to VX-950 comprising
evaluating whether the patient has a Hepatitis C virus NS3/4A protease DNA having a
mutation at the codon that encodes residue 156 of wild-type Hepatitis C virus NS3/4A

protease.



i nhi bi tor conprising eval uating whether the patient
has a Hepatitis C virus NS3/4A protease DNA having a

wWOoianism at t he codon that encodes resi due 158CD18S2004/035839
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wi | d-type Hepatitis C viruss NS3/4A protease. The

invention further contenpl ates pethods for eval yatin

a candi dat 818 fugthar @specky M?@th?ﬂwﬁoﬁp‘?fg?d%‘%ﬁﬁﬁhﬁtw& whether a

eV UG, { | BkiRYit HiR9kd d@rat
A S i

inhiilitoa chunptising evaluating whéther thdpattens hasceHepatisin € virus NS3/4A

measur j he indicator .in the presence of.jnhi.bitor

B D haieg Acufigion sk fadgn BbeRain Sriyad sh ot Hja-ope
CRIPANE S ONSBLA Motehs@gai nst HCV by providing a

mut ant pr ot ease descri bed herein and a protease

substrate; Tﬁg Iﬂbl%f%éﬁ‘ ?H{}{éﬁ %&%%gﬁ\%g n’fgtlécmséfmc% |6ia t% cBhdidate

potential in ence of the substrate;
anpotenéadl BRIV thibitorreaguisinggutidimcingha WEctdr@ompfising a
proteaglytjc actjvity of th r ot ease. her . ct.s
PGS e Qe WP HG S GBS IPE A Gior nto a bost
ot Rtk 2K b MBIl CRALARE 1R AARABE IS PrsBRE of inhibitor
her'ei n ygassayl ng the activity of such protease in

ahé iraths ebseacoéf inhiitoonpound; assaying the activity of

the protease in the presence of conpound; conparing
t he resul t Otheranethbds sssagongeuhds foedctivityt dgainst HE3hice

BrOORE 6 TG Proigass Se B BT oAt S T CpHgting the
%?&?;%Q BAth DB ffa8Sorl fiAdnt B ENBPRHRE phetemdd dfTie Kibk@4te; and

e protease. Methods of identifying conpounds that

. avauati gortmeasesog thetinlibiioniof projeadytio actigBy of Hiearreiensea

NS3/ 4A protease has beconme resistant to VX-950 al so
are taught Othervilspedis plogideasdtbodantl igentifyiag e compound as an

LGS B e s semenneang the bl IS
ﬁ&t@%@%ﬁjtﬂerﬁbﬁé}ﬁe R BRERGH 0Rhd; A gy iR Attty &Eﬁe ﬁfo‘f‘e%@é‘in the

i‘fnvention takes advantage of the fact that” the =
tpineserah afensipomad; cotparihg the refultiiS®thepssyqusiormedingben

resol ved .,(see e.qg,, WD 98/1.134) .. Usj such_techni gyes
Ao GRERICR gL PSSk PRy B APk Rty as
JEAmTiRNResdiRE 8F iHRfcohlpBuh® mldsdaR thA2 HRS @Asual i &ifinhibitor of
invention is obtained; conpounds are designed or

dh¢ poteask-t o i nteract with the three-di nensional

structure of the nutant protease and the ability of

" the conpouidethodbofidentifymg compenadsttheti ardrablh éo soteghe activity

IS | yat.ed .(e. 7 throu | ecul ar. el :

SR isirae S A AHORAE o Bt s e L By Brospglso are
%alg%?y i MRh Mhe Rbistant ploBeabdis @Uh@ctbd Ath the B6BowdM; 8id the ability
NS37 4A protease. Such nodel s ray _

of the VX-950 to inhibit the activity of the protease is assessed in the presence of that

compound.

The present invention takes advantage of the fact that the three-
dimensional structure of NS3/4A protease has been resolved (see e.g., WO 98/11134).
Using such techniques and the teachings of the present invention a three dimensional
model of the resistant protease of the invention is obtained; compounds are designed
or selected to interact with the three-dimensional structure of the mutant protease and

the ability of the compound to bind to or interact with the protease is evaluated (e.g.,



10

15

20

25

30

- agaes

be obt ai ned through conputer-inpl enented nethods or
t hrough x-ray crystall ography. Such eval uati ons may be

wW@eoopassm Wi t h eval uati ons determ ned from w | BET/YRmM04/035839

prot ease. The conpound may be one identified froma

nbi natarial chemical _|ib or prepared through
i eushapoloeiy melsligs) Fremnlgmiivee dembuhndels atahesed on the
COTRADGal SruBnbOMaed MITIARET) bPUSYA SiBlchONAucfllifhels may

design and derived fromthe s

© exeoliriaed theorabdiompnites-implemdnteiethb édorthrongh mekaiy s

f ated into, a conpositiqn conpriSi t he conpound,
S By, ot RS vt ot v v aions Anfertained
Vﬁ&hﬁﬂ/iﬁi—t}aegf&éa%bj y the conposition contains the
conmpound in an anount effective to inhibit NS3/4A
serine prot itign .
s or mal at o RameLBla R Bl AR o7 oGPRAR A Amical

itprepasedathsmghestionahgrugslesign. Boelichipdarslenfb@ditients, the
sel ecteg.from an _i.nmmuno t%(lyquua or¥ a n antiviral

B LTS Ehewlophbia desieman derived from the

| tlchiré 6f VRLOSAY | | ! -
Yt ochy o P 450 1 b rp b, e KlTE: RS

Fevlatedinfie dscopipositien icamprising theoempenpt ané d phamidobticatly

t LVt .a Hepatitis . C 4 r ot ease .
el Ktk BinfalRohile Frvemi e oBbPrioproras e
vdonipositid in & 2RO Rctdre 16 HAIBIE NSBLIN sdritetppéibasdS BREh Sore
con{gg&lf&ltse nmet hods of treating an HCV infection in a

gaeie EPPIPSsiHen isfermuleted dor aduministretien forgpatient. IfBhe

- EhieRRtcRy A el PORHAY aP i ARIRT R Bt bt ng o

riguugionydatitdiCegémy acdritiviral ageat; pabi@@inkibTPF dHOY protease; an

RPN Bl ca oo oG et or

heuimhiioRdthefeki €s on detection of mutations described
and treating the patient with a conposition or therapy

di rected at . - resi.stant, . . O her.
addi ti onal Oattélg@g%%l e&o\[}?ﬁg ﬁrg{eﬂgéﬁsjg%lft eﬁﬁa%aﬁ%%g&e activity of
rackdepmititiy CHSA/¢ Aptratehseaioipiiisig the Ko bOetndaing MEdBin® brotease
magitca or IaboCLatory equi pnent, conprising the ste

S B RCOMRGURh Y (ardnastiona Fusthesnsaedss copsemnplate ragthods of
e . ) D dent idf i
RAELCHIN A RORR o Pl SRR B, St iRl to e
et ghend camppind aficompdsitioh. or | abor at ory equi prment

i s8 contam nated with a drag-resistant strain of HCV

as det er m raill aditiomdl 3gedto céthemprid1ettod of treating or reducing an

cif(tﬁr ntl nati.on described, herein _ |
Iniection in a patient comprising determining whether the patient has an HCV

infection that is resistant to therapy using a method described herein that relies on
detection of mutations described and treating the patient with a composition or

therapy directed at the treatment of drug-resistant HCV.

Other additional aspects teach methods of eliminating or reducing
HCYV contamination of a biological sample or medical or laboratory equipment,
comprising the step of contacting the biological sample or medical or laboratory
equipment with a compound identified as described herein. In still other

embodiments, the biological sample or medical or laboratory equipment is
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O her features and advantages of the invention wll
becone apparent fromthe follow ng detail ed

wa@le®snisvo on. It shoul d be understood, howeverPCT/081004/035839

the detail ed description ad the specific exanples
e .indica referred enbodi nents of the
{hea ‘31“5 ArPifignt AL H(FY @8 detsnigad aproyding to the

hﬁsﬁaéeoﬁ/@&ér@ﬂmﬁh@egﬁfoe@ﬂére{md' fications within the
spirit and scope of the invention will becone apparent

doscri ot or Sk 2R e AP ed &P Bl e apparent

f fodrh olve fodlovhimgdatajtedfdesarippiant Itahotildebeni@sRttod, however, that the
are i cI uded to further illustrate

‘Eegaéi@?@%%tf‘{ lﬂe %gﬁ? gseéﬁ?Cl 1 G¥AERIsh Whilsdndiggtingreierady be
bt RIim S 61 S 3R EnAY¥n da? : g{ﬁ%gg? W O?F@%sﬂj’aﬁgﬂ El%?rhﬁee%ause various

conbination with the descr ion o
gqb@@gefsmud orsoiidations withinghe s;!iﬂdaﬂtﬁrcepﬂ of thie giwredtidn wiH bédbme

bt o8 i o e BrHobdcsaRaianc 050, Two

co- conplex structures were solved and superi nposed
(VX-950 in blue and BILN 2061 in red). Three residues
shown in ball-and-stick (R123, R155 and D168) form

_salt bridges BRIERDESC] OF THLPRAWINGSt in

the VX-950 structure. Renoval of negative charge at

- D168 result C
consequent Fllshoel ngll{)) t(g%vﬁiﬁlgg' I“(Hnt I#wa!r%#e % Bi5¢ 3 55 @ecbfficagf’ﬁ fpd are
+ 2ugudesltd f!MhhﬁTthMateraspéIEs @ﬁ]ﬁé pokerttdswintiohl The inMent®n indy be

168 VX-950 st t dth
Bl ROl asibeeato Beidgbrines & wsrmipiipn ity e detiod

d
BB GASas RSB Py due 0 steric
t t BI.LN 2061
U o S e 0 B s B 0

|1mhﬂyJe¢r| G colm)di@des oﬁBIIA\I 5661 ami mx @50 (Tvao emyﬂlpl/axts&ucunes
bl ue

(“E%? %Ogﬁéi e p IFIHP?SQ VXA&’%O lalhl‘éﬁ/\%i $Hr1‘§2%ilalm redg | Tdwee
W& e SISV BY l?aﬂil Sl st §R§23j %gg%h& 6t8? ﬁ)rrfnrkglt%‘ﬁdges in the

nut at ed resi due. Fi gur on causes

" [BAEN 2861 Istrnetinreg baifnoPlirsthd (EX960 strectine. Reasdvalb e @ﬂﬁehﬁfarge at

B0 RS AR PPy S b e i

(ark@h2 of BILN @051 nEindtbhae thithSB&H b t
V950 (A) and Bl LN 2oay b gu?gésé’%%e%e#g%ngﬁfm?mmd

P 168 jn F}@O“XC%M sgruetiizg angrtbe Pd 6B trawthtiorodoXnoB&fect HEWinding.
Conl sub-genomic replicon cells were serially passed

in the pr e§me2nﬂlm&mmm aauses adossp fbdmtianauexbistiic clash
%th%(—%%%,lg o?wnﬁﬁﬁf\f ﬂ)%q I)ara'\}/fasttr%rc’éu?éssofav)g 950 (top-left, in blue)
or BILN 2061 (bottom-left, in red) with wild-type A156 highlighted in yellow.
Models of A156S mutation (in gray) with VX-950 (top-right, in blue) or BILN 2061

(bottom-right, in red). All allowed torsional angles were considered for the side-chain

of serine at the mutated residue.

Figure 3: A156V mutation causes a loss of binding of PIs due to steric
clash with either VX-950 or BILN 2061. Models of A156V mutation (in green) with
VX-950 (left, in blue) or BILN 2061 (right, in red).
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Met hods. Replicon cells were split and fresh I was
added to nmediumtw ce a week. The shadowed area

WO padso#tses the time period in which the repli ceer/Usioh$035839

had little or no overall griowth acconpani ed by a
concurrent _massive cell death. | ul

replicon cElguee 4tChemira) sauetirgs o g?{t}g%&? @HM ®)
filled arrows) duré;ma? the resi stance sel ection

extract ed Bigre heDRFImornpe bt repbest seig thay @W"R@@ VX-

%ﬁ? lgéVp(g 8 esq,‘l ﬁ')tlcc‘ Fe@ﬁg&ﬁ%ﬁs S\t %Q ?{naﬂ(&g}g&%{% X’rb glrg p?%steﬁ‘ée of
¥X19a64 ﬁ@fﬁaﬁh&g cbﬂ&n&aﬁdnesf VX@HOSt(IAQ anidegtribyp Memmalscmd
ceIIs at day 56_were determn nthe t and
g]gggn c(eg); wers ﬂl]‘l't éncg g aw twice a week.
Flégg Fﬁa‘ﬁgg/e& GhdaSndiPaks fhre F%‘i‘(zvhﬁé?l tﬁé k!ﬂh%@[@ éellslTQH little or
genom ¢ replicon cells were serrally passed
ho otérell rgrce;@thraceomparﬂecbbwa cmmurram m@swo ek deatht Total ofllular
Bl LN d bed
ROV P wRle @1%%&?’3313@% (e mgigs UPaEte aubyvtﬁggé‘ar&&&%‘&mg the
PR Eé%&ﬁm%&e&&actw ﬁnéh@mobw@audt aev&ﬁig&ﬁe HIG NS3
time period 1 n which replicon cells had |ittle or
Roinpeotahic wassstheracd olﬂ;faldlre@ﬂ}b@r adtet being stleglonpd e the TA

S T2 R s et APy ot

%;IfyS@ﬁfeH"&eté&ﬁh& ﬁrtﬁ@sta@dae@nmeuMa}e@)r acted and the
PCR product covering the HCV NS3 serine protease

was sequenged it b@{/el rhé&ft O I‘I(T’kr ﬁlb@ﬁ célI%'tH&t are resistant to
sub-cl oned into the TA vector. O val ues of BILN

- BIBN 24¢4i BTV Coal seb-gewonBe mphch@ colily wereyspdallyepaissedan the

,i’géslﬁ%ﬁ%f ég@gfnaéslcre%ﬂlggﬁog&er}nmn %l ﬁ%(&jﬁﬁ f?ﬂ?ésddescribed in

| pMAteas salMeidder RepHIneERS wertplipamal £ésh FISvasudded ’&Sméthum

cartoon based on its secondary structure in [|ight

gra
swicon weske Thelshastavsdsires iadishish Fhedmapeiad in s e gplicon cells

&Hvif georlno onléfa[ﬂ e%fo%ﬂg%ﬁ%b}n'ﬁlmﬁgg ﬂ’% h%oﬂ&i&e‘ﬂ%awl d;hc (%eﬁtrh. Total

20

25

30

ens col or red,
icBlhgmERINE. of Sepléconivalinat mhokeyme Qﬁlnﬂm@ﬁdlaatted bjn dirlad axsows)

s Dt oseioaan por aveied sratbar SR Bt ypng the
. %;CW%QQ& 8%948@ s gé@.@ﬁéed' Sheh @Yy %rrbr Q¥E b @ sdbb@bned into

ase no I n orange. ese si de-chains
aheTAivgbior. gKffeblvaAneterdeiLN%ﬂ agasst thd eeriza honythe wild type

triad, Serl 39, Hi s57, and. re sho a The
PEI0R chlot Pl S0 St Y BYNIEES NG ST W%Bam? sy @)

Syst ens, DeLano Sci ent|f| c LLC, San.Carlo ..
Cal i f or ni a,Figirs TaThesiadels ghprofease: 1@9@t0209§¥’1%3 FHifupigtein is

Sy RN Rk RN B B 68 it
reepilionanascebdlisantestizk(¥2-050 in ypasis edd BALNIZO6p i yeivrd voith

2
ggtﬁggpﬁé ?glp%#g bg)l?e g‘xs\//xgeng 15n0re3 ne(tjndI s?1 fur flllscl)rn S?ge Side-chains of key

residues are shown as sticks with different colors: Alal56 (green), Asp168 (orange),
and Argl123 (orange). The Argl55 side-chain of BILN 2061 :protease model is shown
in cyan and that of VX-950:protease model in orange. These side-chains are
highlighted with dot surfaces. The catalytic triad, Ser139, His57, and Asp81 are
shown in gray. (The figure was created by PyMOL Molecular Graphics Systems,
DeLano Scientific LLC, San Carlos, California, U.S.A. Copyright © 1998-2003).



BI LN 2061. Replicon cells were split, and fresh VX-950
and BI LN 2061 was added to nediumtw ce a week, as

wo pabsoesed by filled rectangl es and tri angl es, PCT/US2004/035839
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respectively. Total cellula® RNA of replicon cells at

day 32 durip: theoléesi stance sel ection was extracted
and the RT- E’%&Ee&- gitalonRmaent of Aeuhlereesiytant keplicens from VX-950-

PregisRatRpUeh &RYU Eﬁfﬁ&—% d—fé@fs’[aﬂt %?ﬁ%r%’ c;eZl{s iv‘gefr,]é %%m@i'p%%ad in

sub-cl oned into the TA vector.
aaipresendetnd 0%Smigém] G4 9XDEIF VESI St andtincrédsing @thcentrations of

RS A £ )R flish Bel e vults G g e b N a1 was added
PR B o e gl v

. abetrhesilulan BNSe pf replicor aslis @b day 3 dwinenth} resistdricedelection was

| Sl B9 Rle KT RCRERofia o SR EHEY NSoTRrbo bl ves

. stequenchiCYitiRNAircelsebr ¥Rs beRERnBIcRALd aftb @fe PA 48¢iBr. (B) Titration
0

i ncubation with BILN 2061. Figure 9. Devel opnent

- dubkEsPagpisstdhe seriesiA CORDPrresistant) Kfilkalgectangls) sittheseries C

(SIS SRAE Lo

c;;iw, RNAdevel Wanﬂbti‘éimﬁﬁﬂ aﬁlﬁlfja amrimbtl’ﬂ@l wah c\@n@d : 561 (Y NStration
0 61.. Replicon ¢ s were split, and fres )

B4 2] i Boaatands (il egsReRictid Wiraelchobe Rsries C
AROUNC KRR Qo LBl RafeOR Bk PRY 53 Y BIBNCANG gvag shown

daG VRN Aevehyas Heterreinied pfiarced b limmbhidon with BIKNr2061 ed
and the RT-PCR product covering the HCV NS3 serine

prot ease weigmedudboeibpeidnbef datiblefkisinorepabémride iBlpSnaI 2061-

- suh-cl oneld I nt t&f} TA vector. (B) Titration of VX-9
e

AGHAFALTCR HONSENS MBI R 200 1otssistipkrepEecnefls frere sesially passed in
Mee ?ﬁ@éﬂc@bf @.QSH@?%FGM? S &2 qu.g\gyg:z%géh@@g%%m\%gcgggemraﬁons

rectangl e) replicon cel'l's at
gHBIAN 246V. Replitevells waese spaiteomidi freatl VX960 and BSEK 2061 was
wi.th VX-950. Titration of BILN 2061

. .
DR el vaek ay tfloatre by Bl Gedmstey ad ingaeles,

a9 ] . _
ESROON. Rétal AAILRR RICR oPreptiObbl s of BAgs it 8 flkistance
SelsaioTHERS sxiaciedaatl theaB T IR prodnetctostrieg tha HABY INS3 serine

i ' i th BI.LN 2061, Fi 10, | t of
RORRN Rl bitler AR ¢rial Reifig autr e e iiA vector.
KIBY TiitiigR RO VIXC-95 @ pEAiag mh@@hle§B\/(/B!IEN%Bi-@é§is)fa1R§§ﬁﬁq rbflangle)

" the presence of 0.25ng/mM (418, and increasin

OB HRssripnD; (dawblgre BEPamEEcRINENR) peapdivon Fellsiat day 52 by VX-950
[ { . | L 061 ad
e T e
(€} Titragor of BAIN A0 rapaisst thesipes Bi (E&LN.zoBm@e@mei (fAle@@riangle)
i ndi cat.es_the tine period in which the replicon cells
ﬁ)ggjq seripy 2 (gQulﬁ%rmséqqg (open triangle) replicon cells at day 52 by BILN
2061 was shown HCV RNA level was determined after a 48-h incubation with BILN
2061. |

Figure 10. Development of double-resistant replicons from naive
replicon cells. HCV subgenomic replicon cells were serially passed in the presence of
0.25mg/ml G418, and increasing concentrations of VX-950 and BILN 2061.

Replicon cells were split, and fresh VX-950 and BILN 2061 was added to medium
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growt h acconpani ed by a concurrent massive cell death.
Total cellular RNA of replicon cells at various tine

W@i0aH0$2570 ndi cat ed by open arrows, during the PCT/US2004/035839

resi stance selection was edtracted and the RT-PCR

product covering, the NS3 serine_ protease was
R 0 e FalRd S glR e WBMAsis HepetioRke The boxed
| EPindAtel Aotk PeriodindMEish Ak rediii® ;

ThrT o6 o6 chat b oanfora relREnSEEHR KB ofho LG

i gTAwE1 2cspmippmigd hy 2 cTheirteht wlasdivenedl deathr cReaitcelitiar RNdeof
chai.n _of .Thr1 56 of. the. nutant e me and the P2 side.
Blbriend ALVPRne hrkapinty &l Gy Bertimvis, furieg e scsistance
aeRkasRal BXtEactsdl R1dahSRTIU baRKBC:dvefinY e 1RV N i
chain. The last (-60/180 cgnforqatioﬁg has tﬁgﬂﬂwnne

| REkE33e Wafesegyencet eighar Haectiieraafieo heing web-clomed imgo the TA vector.
repul sive to both the inhibitors. DESCRIPTION OF THE
PREFERRED ENBGRIIVENTS sthenmdiss béthe Thel 55 stiaetchilbyordfonations in

[ nt .1 nventors. that.. st.r.ai ns undergo particul ar
R g B W P A s Rd e s
QIMROMOST YWyRle JndAREP S siHB 8hAieYr flclighiBRor &%hﬁgtfa%. FI same
the therapeutic potential of those conpounds. In

phiee cerfognations stareralse sonsidererhor Bladit bodesshaim @t 1dsa€-60/180°)
iti. ' 3/ 4A t. e iiS.mutated in these
Ry S D 0P B Bl e o o

rtenibhitéidrs. esi st ant to protease inhibitor compounds.
These di scoveries may be exploited in the design of

therapies for the treatnment of HCV infection. n
speci fic enbodi nents, it has been determ ned that

O o nas BEsCeRIEON U 2 bR AR M
sequence of which is provided as S 1Z) s :
suscepti bl g; {4 yauh aétlsﬁﬁ‘itnﬁ&e— ngge%lﬁﬂlvgﬁ ofeth$ HET A4

| eads to resistance o er ap;[eutl C
undergo patticolar mptasiont eathe proshiidel dfeegainltRergst@itic compounds which

PRI BICY RoiRCes it ) B UReapeREspalaniei cbthese ayampunes. In
ipSrtitdlad bRBodithetsS RIQNHLUA C%%\/Iﬁl%%%ﬂﬁ% }%ﬁaﬁﬁ?cﬂﬁ g_ﬁlﬁ{gﬁm

relative position in the ypepti
RFease is mptatadi imdlese HAY reststioee inmitanis sitchdhdtohemodBrare

T I LRI

ekplened fetht eRRCOBerapies Fltahe frdtalchYSr MOT ihictfiod.n HCV
NS3/4A. 12 In view of the above findings, the Invention

provides a Iﬁ@éc%ﬂ&ﬂﬂ%ﬁ?, imgﬂ%.emyeﬂigiﬁgq gjtél? %ﬁﬁ}oga%ﬁd

fragnment or analog there erein cod 3
use6dé 3vild-type HGS NARMAh@he saqpedtierafnthic istphévdded as SEQ ID

hAV.ENLT On provi des DNA encodj hg a. NS3/ 4 .
AT B e O SN SR ha sy DY ince o
the HCV to therapeutic intervention by protease inhibitors. In one embodiment, it has

been shown that the wild-type codon 156, which in the wild-type HCV NS3/4A

encodes alanine is mutated to a codon which encodes serine at that relative position in
the HCV NS3/4A polypeptide. In another embodiment, the codon is mutated to a
codon which encodes valine at that relative position in the HCV NS3/4A polypeptide.

In yet another embodiment, threonine is encoded at that relative position in HCV
NS3/4A.



codon 156 of the DNA encodes a valine. Still a further
enbodi nent provi des a HCV DNA encodi ng a HCV NS3/4A

w@ewsease (or fragnent or anal og thereof) wher BCTUSHOQ0B5839
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156 of the DNA encodes a th2eonine. In still further

enbodi nents, it has heen deternined that in. certai
enbodi ment § VﬁW@fé%@?VSﬁnﬂ%sa%e Bentien RRVidse 6%&\? DNA

%%lrolﬁgfg] ayﬁ&"vi N?B/gf[& rgfegés’%irklgf‘ fragherit®t laHMBg HrPeoMHvhBrelrScodon 156

an alanine re ue Tn native/W ld-type HCV N
3f the DNIN@ntdies @ sedna  Ansthérembodimentod thisindentedn progides a HCV

d t. ' f tiveLw | d-t NS3| 4 :
AR Racoingct Bt Do AAdpliaes (5F SermeptdRbE Rt e
Wdcfiﬁ 153 JFBe DRIABIREes PvAIRSCISHE OfirtBert SHiIRRIiMNtRSVidelss HCV

ITe 1 ncertain enbodinments, it is contenpl ated that

DRNA ettt HEC NSSBAA. protepssios finguient goselogdharerlpihsrein
at _both t and .165 _positions, it is contenpl ated

£adan k%@ﬂﬁ?éﬁ&%@ﬂfsﬁ fHE%i ngl e nutations also are
part of the present invention.. Specifigc aspects of the
i nvention i éﬁlﬁﬁ@'}m&}n&&n@ﬁ@oﬁ iﬁﬁg%en m%g:ﬁiliat mn certain

%‘@BW% Q%I\{AO'HQ% gﬁ 6 19 bné ARl AGnk SRS RAfide, SEMSITHROHRE at

es a valine or a threonine and
cesithre 1568vIeic sdesmally as planing cesadriedn mativg/ wildityre BEVANS3/4A,
Anot her. embodi nent .of .t hi.s. i.nventiq IOV oy
SRR 5 e TRty WA ooh O sPlop L8 fufvid-type
@ B WAL WRkh iVRRHRIIY af asaRicl&asd efsidub és MAteaino adeding,
val i ne. Anot her enbodi nent of this invention provides

alane, DElycEvcwdi thrpsiemeiduesIVhile By riainsanbpdipghts, it is

fragne I '
D T
AkTDSS dnddl 65yisRivnE At istcbateBiyiutaf thahihs nunaentomainitise single
accordance wth the sequence SEQ I D NO. . DNA
ewaiensidsorase part oF thewssrenigRVRdPIhe derived from SEQ I D

NO. . The DNA may be derived by solid phase synthesis
or through Snscidietsispests ofithainyenion 1@9@@?%9: a%%am?émgs% HCV

Lie-directe t [
NGRS B ol PSR EE bl e By FUERGBaH 1 SEEL hPDNA
Qzﬁl@ocllbg agiahﬁé oPh tHrB@aéﬁﬁlzliqrﬁllﬁoﬁoﬁi ¢68 endoglds heaspartic dctdbor glutamic
shou e recogni zed that protein nuta .
dsith| Anaiher e.néo.qulraﬁrrr of his i aRtion Progies ﬁ%@? BREA Fnqading a HCV

X ¥ S .

(YA bl Gf faBHba Y oBAGL Bleon) R odo] 68 BPERIINA
CeBPdEs iatviatine 0 Anodich adbafimeht of thisvevention provydes e pC Y J8NA

o ol 20 FE e i B5R80J foon
'\ﬁs%/o %{bﬁ&%d@é 2 Abfiné, ¥ glficiag P AtyeEnanal og
t her eo d 156

conprising am no aci
The numbering system for the DNA of this invention is in accordance

with the sequence SEQ ID NO. 1. DNA according to this invention may be derived
from SEQ ID NO. 1. The DNA may be derived by solid phase synthesis or through

recombinant means. In specific embodiments, site-directed mutagenesis of the

sequence of SEQ ID NO:2 is particularly contemplated in order to generate one or

other of the mutants described herein.

Tt should be recognized that protein mutations may be complete (i.e.,

all or about all of the protein is converted to the mutant protein), partial, or absent )



of the protease, wherein amno acid 156 is serine.
Anot her enbodi nent of this invention provides a HCV

WONSBSH#5Pr ot ease protein (or fragnment or anal OBCT/US2004/035839
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t hereof) conprising amno d48id 156 of the protease,

wherein am no acid 156 is valine. Another efgb(idtﬁ?m ’
Gife- 11191 o5 abpwtaintBitigRe viieeafons, HESPIRRSHINCTIPEAG gk this mnvention

rotein . -,r@gggp‘{;- ] ih. conpri sing
E‘ ﬁghlgglg’%gifg‘é of t %@m@gg&t&%gg@éﬁﬁ am no acid 156
I's threonine. Another enbodi I: So,d ALL00:
provi des a ‘[/Dfﬂog]reg?%g@ﬂ%?ﬁfé?% u?‘(’)érnﬁ%g?ggg}%ggltde%? HCV
X 08 pEd1&Is6 B oteit GOPErhGEhet oRmales theted!)ipfnpoisirtghanino acid 156
prot eaSe, wherein amno acid 156 is valine or
tofi theqnipteascawbiergin #BinadcHl 106as F¥ espartic aci d or
glutam c aci d. Another enbodinent of this invention
provi des amictidrzmbodisevt NShisiavertvnaaEdey HHELWNSIHAA

fragnent or .anal og thereqgf) .c i Sie.:.am '

v Beve B o BE B Silp S Rk OB G A hoREL 1 SHEF he
QALRR! wRSBRIN®B el 156hE alivevent i on provi des a HCV
3/ 4A protease protein (or fragnment or anal og

thereof) Copyih&!dihoRth& oalﬁﬂiyi_niaéﬁi&fprbﬁaem BICRABIS3/4A

wherein amno acid 168 is al anine, glycine,_ or .
tprotesserpeoteifi(er Digmantcbrianalog thsredtheompiasngiamgorasid hosof the

i nvention may be nodj fied,using routine techni ques.

H3Peasea Prgfry?lﬂ’ém[ﬂﬁ% 1:#&35 gg?%lrn?es:e a nodificati gn for

attachi ng the to a sali.d.support. Th r [

conpr i sega Rt ?féﬁ?ﬁ%ﬂlmFﬂk’ég"lﬁHfVE‘é?o%@%@ﬁﬁ%%W
rof%ﬁ&ép?&%ﬁl @? ¢QbRheRCort RafoBitBerb oy BthbRéIngaMiNveacid1156 of the

onput readabl e form including, but not [imted to, .
aprotzasy wherein amttmizical L is iveline erthyeoning g adto scih hohisaspartic
daig\ba etz{pgsee e.g.,W98/11134). For certain uses,

"RRESPAfng to this i nvention nay be inserted
nc
S

I nt tor. An .t abl .ect . | d. '
Wt hi n {ne. Seee rodmen aeaeroni et ah JElEFcy

aﬁg3}ﬁﬁgﬂﬂteh& rB%i@(%ﬂg?%n@M@io@ﬁHére&‘) eMhpesingBddno acid 156

expressi on vector. her. enbodi'nent provides a viral
veftthe protéasw,eciiareinmmindacid 168 syvaliget ool or may
additionally conprise regul atory sequences such a \
pronot er, enhatheeembadithehisfithis atention proyilep addhy N3/ b

~ Bt ot (@ gk s Hen '(981218?@1%0 i p 18158 of the
T B RAUIEN iR eiR BARTadif 6 € Rfalanit¥) §1yRIdR; or tyrosine.

The DNA and the proteins according to this invention may be modified

using routine techniques. For examplé, the DNA may comprise a modification for
attaching the DNA to a solid support. The proteins may comprise a covalently-linked

marker compound.

The DNA or proteins according to this invention may be in computer
readable form, including, but not limited to, on computer readable carriers and/or

computer readable databases (see, e.g., WO 98/11134).

For certain uses, the DNA according to this invention may be inserted
into a vector. Any suitable vector would be included within the scope of this

invention. Suitable vectors are known in the art. One embodiment provides an
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codon 156 of the DNA encodes a serine; codon 156 of
t he DNA encodes a valine; codon 156 of the DNA encodes

w@2aok0esni ne; codon 156 of the DNA encodes a vRLT/IR2004/035839

a threonine and codon 168 d#hcodes an aspartic acid or
gl utam c aci d; ,codon 168 of the DNA encodes a vali ne;

o

COPETTSIPBE BTt AROtBRerahpdiment paavidesayird veetotioft VESBT BTay be

t i i i he. t

o o S aaBBhR) ARuprR Rl R R Gleh'affolibth

estbracsss ol tepuinetors diolyedendntimdiipend. provi des a vir al

vector. A vector nmay be a cloning tool or may

addi ti onal | kcaadipglysthis BgehtRinalio HOMHIeNs Ssctshptising a HCV
rg ters, enhancers and term nators or ]

STH %éelﬁgﬁeéﬁq Aoy fragmentyr agelog gherents wheyeine used in

any appropriate host cell. Host cells are known in the

art. Accor d¢adgny 56 phiths DNAamcodes asesne;pr ovi des a host

cell conmprising NS3/4A protease DNA wherein codon 156

of the DNA edondés ofithedNAencodmdanvalib§ of the DNA

encodes a valine; codon 156 of the DNA encodes a

t hreoni ne; addonsdbbthefDNAenthis@nBRegise@ val ine or a

t hreoni ne and codon 168 encodes an aspartic acid or

gl utam ¢ acdodon @96 6fthsGNAfentbifes INAIRNEOHE S RiePddddon 168

codon 168 of the DNA encodes an al ani ne; codon 168 o
tFECEINANRBHE 3cig of Blptdmpie acidhd/ or codon 168 of the DNA
encodes a tyrosi ne. Expression of the DNA woul d

provi de a hipdondes bf hedP¥Asinngdea apalihgase havi ng an Al
56 to serine mitation; an A 6 to valine nmutation; an
Al156 to thredonhéd ofithaDMA enesdedhbGlahiheyal | ne or
threonine and a D168 to glutamc acid nutation; a D 8

to valine ndehiledof theDNA eatais Aglyitcath@s; ald> 168
to glycine nutation; and/or a D 8 to tyrosine

mut ation. Alo@en R6OYF HEHNARNES]es alt|rB§Re.COMPr i Si ng DNA
or proteins according to this invention. The invention

al so provi d&%t&r%oﬁﬁﬁéﬁ%&oﬁ@%’ eiklggsign PR, AL ALY
to this invention or a protein accofding to Thi‘s
iembedithen panvddesampod vedtan sA vectpr inay b a chaiddNdobhidnay

pr ttei . HCV.vari ?nts, as  wel|l as the DNA and/ or

&dg’t lé?n’“%@y ST GTRYHFIB SrEeTioRY S0t A omAlerD enkianeerg|an

E%V%ﬁ?ﬁgﬁgﬂ?pggﬁdé}ﬁll%ﬁnl sighals. MTHEREN, dcBdrh Bhy BRREOPH Al Sppropriate
host cell. Ho%t cells are known in the art.

Accordingly, this invention also provides a host cell comprising
NS3/4A protease DNA wherein codon 156 of the DNA encodes a serine; codon 156
of the DNA encodes a valine; codon 156 of the DNA encodes a threonine; codon 156
of the DNA encodes a valine or a threonine and codon 168 encodes an aspartic acid or
glutamic acid; codon 168 of the DNA encodes a valine; codon 168 of the DNA
encodes an alanine; codon 168 of the DNA encodes a glycine; and/or codon 168 of
the DNA encodes a tyrosine. Expression of the DNA would provide a host cell
comprising a protease having an A156 to serine mutation; an A156 to valine
mutation; an A156 to threonine mutation; an A156 to valine or threonine and a2 D168

to glutamic acid mutation; a D168 to valine mutation; D168 to alanine mutation; a



Accordi ngly, another enbodi ment of this invention
provi des a nmethod detecting the presence of HCV in a

whembogseal sanpl e conprising detecting the prEGEOIS®I435839
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a DNA according to this inugntion. These net hods may

c I se the steps of obtalnlng (or extractin a DNA

o5 TR LSS hHFRE Y 4108: ST LObo BHmoagyn AT R ik cell
oﬁnésréfoﬁfp\'ilajﬂ% DR Bhottifls hlkordiio HRARNARS. encodes

seri ne her on 156 encodes a va I né, whet her

codon 155 of g ARLYILEL e P SHRRR bR 5

cadorliddf aidodesioadr appasinhiatcading to ﬂngiﬂ%ﬁ\tﬁﬂrﬁarﬂcdo%posmons
whet her codon _168 encodes a valine, or whether codon

1eBnRRgibs DINA fnd Rrofeins.g egC|ne or a tyrosine. In
certai n enbodi ments, the biological sanple containing
the HCV i s H@r\f varthntss wallﬁa NAreatl/on psotéige according to this

B‘%&gl%oy %sgé%cf lggn §Cé>gF as weqlg 1ézr?q?ﬂt§%ng ];pgrlélggate HCV
pthapleks) oner that the indivi dual is one in whomthe

HCV infection will likely be resistant or otherw se
refractory A@c&rﬂﬁl%ly@ﬁ@th&yerﬂfdaﬁrﬁ@iﬁ%f b i@eﬁ@&rﬁ?ro@d\égg method
such guidance, thé skilled artisan may nodif

t $réeching tes preprnce 9bHEM inrmbiplngicslisgmple complamng detecting the

L N T—

t repstE\dbedimiag (ori extractirig) @ DNA; Bl dyt@etining tORy ke S HUDNA; c)
require certain

%ﬁhods of th| s.invention na
HRTIRING ST SHCTIu Whss Totheds NAdcodas héshepdse a serine, whether
SRS O BB 0, AL,

(tér@mneP@lRethhyd:Hdodlliétehmﬂ)ss mh@oﬂlﬂ@the@hd@bd@ﬁMS encodes
this inventjon. Such t(iwanl ques are wel |. known t

t ARG acid 9 elitamigyasid, prhether codan RS ensedasy ‘fa#fn@ or whether
| i8R 68 R dRs IELIRARE, £ glrycﬁl@ Etd ebsHe. ﬁﬁ Cueh Eﬁgo&’iﬂlc?ng the

HCV infection by nonitoring f e nutations provi
heiploigival sampde p@gamtrmtheﬂﬁi\mst@mved §opr &memnimal that has been

t he. tient be t ed di Such
kiR Do e pesicp BESicig: Ny b peedy
adipdrdsHgalSABRuRe tRBMactifidnée that Blelindif{duat B%he ﬁﬁﬁﬁbﬁ)the HCY

fromthe HCV Infected patient; and b) eval uating
wn&cﬁem wilh dikgly berresistantor ethsowisarefeactarg Itcetrcatmcntoby protease

SHRETH0 1% AR ARECIGE S0 B o0 By or

ssmb;bt:t haﬁlmg)ﬁucﬁfanahﬁﬂﬂldiﬁ bW folf eBhip10 @ncrélsfﬂg tBE doRIITAEtStherapy of
coul d, be enp Zed by substituting the 156-al anine to

s@PYlﬁ@lgrﬁﬁi@éﬁqna thggapies upiag geerts towhigh e C¥estrajminfasting the
legﬁbp?r@g%glﬂgﬂtal ly, simlar methods could involve
i dent |

ITying t 56 to serine nmut ati on (or other
mutation | dl@fc]-: h'ods 09 this invention may require certain quantities of DNA to be

obtained. As would be recognized by skilled practitioners, the DNA would be
obtained and then amplified. Standard techniques (e.g., PCR, hybridization) may be
used to practice this invention. Such techniques are well known to those of skill in

the art.

Also provided by this invention are methods for treating or preventing

an HCV infection by monitoring for the mutations provided herein. If a resistance
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herei n) and other protease nutation. These nethods
woul d al |l involve, obtaining DNA anplifying the DNA,

w@nasaexser m ni ng the sequence of the DNA. Al soP@T/Us100€aB5839

by this invention are nethdéls for assessing the
effectiveness of protease inhibitor treatnent
P BB b AT nthesRhe PR F R Ggsiod apesraaly: dguch a

cothssi A bt ) (g S BTE S LA K. e

ptedls protbersemele) drama e G Wdh fricted petichteamidsi evglubiGve WEShdr the

p avi a tation at..co : wherein the
ISR Sl Yot piRGR cenPhaife B\ NI A Proicanf paving o
s@titatien atdodoh a66; ®hdreiAShBYtRRn Feults B Qistiiiioh o?' Qﬁﬂjne with
other nutations of this invention. The nethods of this

i S50t Sinilamethodscqulsdbe amnloxad biyf substityiing thedd 6ralammd ® serine

[ i eF enadm ni.st ered. pr.ot.ease
AR S Bk AR BESR RUhR A NP R emps
t domtd insolva ddemei Gring tler £BE6%0 RErifd mOASok (SlStB@ I Butation identified
treatment. These and ot her_ diagnostic techniques are

KR 74 qthet Papieasegmwation. gTheseimethagis woukBalhmyolys, obtaining
R s i TN ROt g BB e B P M 8T e
i Bt j | 4A prote DNA .hayi
oMt at 1 on SPOpldidedyitnledfeaitin 68 ReRpST 7 amesyig s
beffecteinescoftNS D4 A peotense ihyibAsr B@eREntDIah HSV ted8@patient.

cordingly, the patient my be treated with a therapy
fﬁ%ﬁg RIS LompRSE: Prodlestys dsumie e pplaena sarnple) fremtthe HCV

i S A gyt i

pnoeding BOONNSBAA prptearserbitvdhg @ muzdtionet 06dckbB6; Ghetoni the
of tt hese rﬁjt.ati ops.result .in a decreased sensitivity
SPHELLL IS SR 2 pstitpriqpeigdenmesyih s Stpalar Biethods may be

etritidi WP §vithQRe Sihat ﬁuv&ﬁbgs of this@fittriophn decreased

sensitivity or susceptibility to BILN 2061 (WO

00/ 59929; UY$6, 027, . ' jons,result.in

decr ease sense [ t‘ng?%sy&é%lsﬁgecgelg?%ﬁae:]ﬁtlteﬁééd&g 1%%}% Y {FRISGHIGe

anfaBs N2t thadday e beerhdaanistetdMICY 2btcastSiERDItbRI IMheye
er,or both compound coul d be eval uated

to.eith

et AY L Brachired kg Baionb hat symdergaingdteatiacnt o5 hag endeegone
Mehidn@n el ed

iy b deuor ond omer dRfodic (kEhid(Rs AERALERIN U (R o Us
t5ké1dé’§iagd%@48@c0%i).scover‘y of conpounds that are

active against the resistance mutants set forth

herei n. Acdiorcdidiggly tduessnibodandit rovidea\u iefiod foreivhRsting

far eva . a,candi date or _potential HCV inhibitor
eNgﬁBPf g%ﬁ@ intdcted pgluent comprises Hepatitis C virus NS3/4A protease DNA

having a mutation at codon 156. Such a patient is likely to be resistant to therapy by

an agent such as VX-950. Accordingly, the patient may be treated with a therapy that
uses a substitute for VX-950. Another embodiment provides a method for evaluating

whether a HCV infected patient comprises Hepatitis C virus NS3/4A protease DNA

having a mutation at codon 168.

Certain of these mutations result in a decreased sensitivity or
susceptibility to VX-950. Similarly, certain of mutations correlate with or result in

decreased sensitivity or susceptibility to BILN 2061 (WO 00/59929; US 6,608,027).



a) introducing a vector conprising DNA according to
this invention and an indi cator gene encodi ng an

WO pads0#50r | nto a host cell; b) culturing the POBUS2004/035839
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cell; and c) neasuring thelfndicator in the presence
(r)ré inhibitor and.in the absence of inhihitor. In this

thes Buitatons ESHt dnderaensa SeRsIIVMY oa qussaPibilitydp beeV¥r950 and
RSNt SRS AR Bk RO TBIL el ol B cqpoppp cou
aleg ewaluayedoagaomditg thidhs wrgatios.i By knayingriby iedistimcamutation

CRiBleFia ot FecCsn HahichbToEiReRREY bASOPER: & cand: dat o
or potential inhibitor in the presence of the
substrate; BefFPXapls, disbiveniionoHlovedhe fesign andéor discovery of
| Ot inbi® haPlreRERY SRl e ElilithdednBind 08 REFHERRE.

her “embodi ment  of thi's invention provides a met hod
to this i nvaRtTaRebidhretRy rhay BebLRoRRE g g fespaidar

obr gdiential HICARMibiter thigpadsence of the conpound; b)
assaying the activity of the protease in the presence
of conpoundy) andi@ogicifOHRBELAHAREITLONAL & ei‘-da?gptoatﬂfé
the results )Qf b). oSucclhéja met hoa I%g)l/ %?%rt herC cé rise:
dinveinmeand gniipdicaten geanetepcafingaminditatoy pego prhosiecedle i n

t he absence of the conpound; e) assaying the activity

cof the wil db} ype cphtairesthe host celiparpr esence of conpound;

and f conparing the results of d) and the results of
e). The date@ fromcidueing tieintietor GOtk présbed® dTenidbRby#@dn the

by, for exanple, conparing the results froma) and/or
b%/bsﬁli‘f-‘&ctfﬁ‘é“ ¥dylts of d) and/or e). Al so provided are

nmet hods conprii Si ng[: déﬂ assaying the activity of a

second NS3/ bedthedesipempoung may boaddsildn aggBong or more of
t%}@s Qtease, wherein amno acid 168 is valine, :
al'anine; glycine, or

Another embodiment of this invention provides a method for assaying

compounds for activity against HCV comprising:

a) providing a protease according to this invention and a protease

substrate;

b) contacting the protease with a candidate or potential inhibitor in the

presence of the substrate; and

d) evaluating or measuring the inhibition of proteolytic activity of

the protease.

Another embodiment of this invention provides a method for

identifying an inhibitor of a protease according to this invention comprising:
a) assaying the activity of the protease in the absence of the compound;

b) assaying the activity of the protease in the presence of compound;

and
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tyrosine in the absence of the conpound; e) assaying
the activity of the second protease in the presence of

w@eosporsdy and f conparing the results of d) aPdr/e$2004/035839

The nmethod may further conp8ise: g) assaying the

activity of a wild-type protease in the_absence of the
conpound; hy RERG é{)et rﬁg"hiicot 2 ?Iictthéff eulfg ofyp)- Sucpganethod may

PHetheA&SEnpriket he presence of conpound; i) conparing the
results of g) and the results of h). h a nore specific

enbodi nent > ] 1.ng .t r.esul t
froma) an d?%#g?}?ﬁ%ﬁlg qtC ﬁ@@%fsﬁﬁg'qugﬁeg%dpgﬁe %lﬁs,ence of the
acubipruntihe results fromg) and/or h). After viruses
beconme resistant to a drug, it is possible that the
virus coul de)fagsdyhver thﬁdbt@ﬁi%qcﬁﬁﬂe A8y RIFoaBEHANE presence of
susceptible to the drug. e way thi's occurs is

t FeReyRd: 3 virus coming into contact with a second

~drug. Accordingly, this invention also provides a

met hod for f)dempafiyg thg resulte opduardl theresuttoof @s dibe datacfrom these
b Vy t VX-.950, , wh ' NS3/ 4A t h
AL ol Pl s RS BB Bl cngtPeg g frecemiladiome)

. aandidra) bn@ dRtreass oldpsid/feg. herein with the conpound

of interest; b) assaying the ability of VX-950 to
nhi bt t heAneriliden 86 nidiBRLOLBASREO! 2). A SO

provided are simlar nmethods for rescuing the activity

of BI LN 2064 i s t r. of .

V%950 and BIEROIbe e A5 ahR, ArseP s Siaiak s anyrisipe

sspise acidd 68 ol ther reteateq mihensdin araR®, acids1 63iatvalit, alanineyglycine, or
be .treatabl e wi.th anot her drug. Therefore, nethods

?ﬁos}nﬁéﬂpﬁ%s%e@%ﬂmup at are active against the

drug resishgnt virus are very useful drug discovery

tool s, Met Hodssayeecdhe ety dhsseqend proteappin; thel proserisie @i

td%ﬁg}égﬂd-%(i screeni ng techni ques. Alternatively, the
invéntion al so provides nethods for carrying out

rational dr Lgn,techni S, i structura

i nformat i onf)l gglgg?m?gntge ﬁ@%@é‘%ﬂdﬁ ‘otrll ggg’gt@%%?)ﬂm
hengirige:(1 . €., that nutation of particular residues at
156 and/or 168 of the wild-type protein) as a basis

for the deshgBsa9fngahé ﬁ@th}'if&%f%@i‘i@%ﬁ,% g&@%&%gﬁ <ubsiRE B the

specifically, the present “i nventi Irst
icgewopRdes that HCV strains that are

h) assaying the activity of the wild-type protease in the presence of

compound;

1) comparing the results of g) and the results of h). In a more specific
embodiment, the method comprises comparing the results from a) and/or b) and the

results of d) and/or e); and/or the results from g) and/or h).

After viruses become resistant to a drug, it is possible that the virus
could further mutate and once again become susceptible to the drug. One way this
occurs is through the virus coming into contact with a second drug. Accordingly, this
invention also provides a method for identifying a compound able to rescue the

activity of VX-950, wherein a NS3/4A protease has become resistant to VX-950

comprising:



resistant to treatnent by protease inhibitors such as
VX-950 and BILN 206 . Rational drug design also may be

w@ooobiossdo Wit h a systemati c net hod of | ar ge- sceCEUS2004/035839
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screeni ng experiments wherd9potential protease

inhibitor drug targets are tested w th_conmpounds from
conbi nat or i B ORIAGHAS p gutankproteass desribgd glé@ngwthéheacompound of
f pgysgd approach, which uses information about the
structure of a drug receptor or one of its natural
l'igands to { I r ] 2. .- Th

t hr ee-di nen%ﬁ%%lﬁg%h%uagﬁ ﬁ?g%g?& %{rogﬁ%igﬁq%ga%%géty S the protease
def ®r tilseptousled greginfiarimethoad for sesaing Yhedotis/itslolf BILRPHY61

or nuclear nmagnetic resonance spectroscoépy. In the
pPEAARshesISHPEAUTARE andhr 26950 ek REFY 6 Idouhbtesistast mutants.
a HCV NS3/4A protease nmutant that contains one, other

or both of fnethgiaspestdn drusrepistahivinises ivthagthirayirusanay be

( . : . . '
L R -
Radtive aginstithgdig sedstadt Vs ARYyv R usBilllirig disebidiy @ols. Methods

' \?\x)j/‘st egrati c .met hod of | arge-scal e screeni ng experinents
‘erd

ssloteesin may bsrapplisd & high ispeghrpwsoigeriag deshaiques

A R R GOIRN ) Al Yt
séésigneelctanduies.absimgystrantokad ynfoongtivnesbopt thg FE0TE NS3/4%& proténse

PG PEERIRR o B b batopnls el ot | el ot the

t M&W%ﬁ abAds (@ t8e BRSEn b deRlcdvd ﬁroké%@frﬁ?&ito}l’é. tWore

the | A protease fr omthe drug-resistan
nenreaticallya il presant syehtionl fmithe firstitive nentifids that HOM streéns that are

I r ests fraom pr.ot.ease inhi hi S e

¢ RORLRL B ealri Gl By oF AR R ERER et s D AR L 20
contenpl ated that .the structure of VX- 950 or BILN .

2061 (see F @%&f@i dhngfesign alfodppyRe conltingd With 2 syiteraptis wethod
e ey S HUAE ol o iRBor g igets
t #re t¢stpdevitic compouwids Wxnos@nbisatogallibeatiesSt r uct ur es

derived from VX-950 that nore readily fit into, and

. interact w Ritidoabdtulgrdesigdiiie fivussdadppaiathioihick usdsaafoadation

%ﬂ esjidue 156 |s a vali ne, setr,i ne or. threonine .
aFROPbhe SEUCTHFPL Al LecPos PT o ofdfsdnfal Iggnds fojdenify or create

Ob i RleCrRed. drn thieeRBmER GO sﬂﬁé%& (L GRGHEin &Hibgidte%hﬁ%ned

that can be enployed agalnst the resistant strains o
HBiIng meihhilesuchhae Keraysrpstaiingaaphyor inncledranignetidBEbddce

t . ds .al ffecgti '
PIRHEES F He SRARR G i e e RGeS tanby
| NSBG profcadcattutadiiBat @€ @R, Sthet Hebddh E5@R Ikt YGR I P&idues
allow the skilled artisan to focus and narrow t he

sy el 63gnapinaw eeadidp bs idptemined nsing routine Xexqyearssalidgraphic
! ﬁ{dgo%“_[\ﬁﬁﬁl s%e&%s‘&‘?ﬂ‘;i ﬁghniques.

Rational drug design also may be combined with a systematic method

of large-scale screening experiments where potential protease inhibitor drug targets
are tested with compounds from combinatorial libraries. Armed with the information
provided herein, the skilled artisan may employ computer programs to search through
databases containing the structures of many different chemical compounds. The

computer can select those compounds that are most likely to interact with the HCV
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In particular enbodi nents, the structure of the
starting conpound has a structure of VX-950 (shown

wedosmsdsm structure B). Al though VX-950 is exep@l/U§1084035839
. any stereoisomer of 950 codbd be used, wth mxtures

of the D and L-jsqQners .at the n-pr | sid i,n

Bl meprees B the Grgdescar BT By iy Sompound
{ I baiBikRS! Ithe fEBis Febe¥ibad herein.

ML pA Rt oA e ashassepgho Bkt v

Structure ; -

Rati onal d u%e (51 Eeﬂsj%ﬁ&rﬁ}a%éﬁ%rs%g{#ﬁéﬁ %tg(rl Pkgﬁk{?%n%g?%yﬁvx

d56 HeRENT J063i(§ded@iguro ) haybenpedawd statiing strociursefrom which

A Ral R UGN B AT 11t TR i gaL S B paroteases
su%{?ﬁ{aflﬁleqﬁfé}a%gﬁﬁ %ﬁ'\/ 504G 18P 0sheiids HBEY &t forh V7 X-950
Shown i'n . e d h f

I gure ata shown in that figure shows
thinoreraadiy fiointn egdintemcicwih te three BirgensidnaHgvnckigs copated
protease results in |ack of restriction .of 5 :
es Eenibin Rose Ve st dusphe e Erghe 557 B Bk
D8ihe2 B Risfnic RcldneiloRSise Rl n8R pebtvakiiatibitd (18 ciusbe
%ot reégftjy?ilng%g by 116§ ir)1 the S{5/X-_n95_~r esolved =~ . .
stupligted ragaiastdhe tesisteB8Nrams ef HEM ingduchibereds p aptatiqngn the

| ading. bi ndi t udi ed V0
TRy s N b R AR AL
ARSY @Raing irl WBIRhithy/ HEYENES/Ahhsbichseie nat intatkidn Teapabirtgy of the
and/ or therapeutic efficacy in the mytants. Rati %nal h
oresgoidiasergientaiewghe shibled aisgriefoeHseldmapydhe feapoh as much as

BRI R B8 et SR R B D vl aped by

choosi ng | ecul es that .wer ' '

o o ot LR, PRkt QobHRpound s
rsG bt S8k VR-958) (S5 Bidwdyin b@iioe B)i Altheaglh VoiDisextmglified,
cells: Many recent drugs for the treatpent of H YV

iony stereadsrengref §50 rould he weed; tigh mixiphehing Dr 3 Laisegers at the
were identi.fied. i [ dr. [

AEPRRVERS HihEeihg R ELARE PR BBl B Fiwe A
\iepiths R deaRkesoiddneer e Thise a fiaturs el donpoupds diEStwictuk B (VX-
proteins and allows themto assenbl e properly. Another
VRI0) andhBikpctielg t hat was produced by | i gand- based

ratiohal design is Viagra(tn). This drug was

desi gnedto resenble cGW, a |i ga:ndf\\hat binds to

phosphodi est er ase. 3

Structure A
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G ven that techniques of rational drug design have

proven effective once the structure of the target of
w0 b@sade23g0 i s known, it is contenplated that thBCT/US2004/035839

di scoveries of the present 2invention, which reveal the
~ structures of the HCV NS3/4A protease that appear in

HCV strains that are resijstant to kpow HCV prot ease

in/}H' ors, it is cont I ~°?ﬁ%ze of skill in -

thé art||w |l be ablje to e ratfi onal dryg design to
i drugs,useffil for] the tlreat peit" of .
; (2
met hod for|li dentifyin
thi sZinvention ¢onprising: E
t hree di nensi prfal “apdel of the protease; B desillgni ng
or selecting a conppund; c) evaluating t abiIF}y of
t he conpound ind to or interact with the protease.
In such met hods;>~the three di nensional jodel is based
on the x-ray crystal structure (Figure 1 and Figure 2)
of NS3/4A protease. Methodg, Alfirdpgown for devel opi ng
nodel s fromcrystal structure by, for exanple,
comput er -i npl enent ed net hods nol ecul ar nodel i ng (see,
e.g.,US 6,162,613, W98/1 134, and/orWD 02/068933). A~
t hree di nensional nodel may al so be obtai ned by x-ray

crysﬁal | ogr aphy of a protlei n accordjs to this

[ kon. As is recogm in theyart, fa protein nmay
he
\\\\\‘

be crystallized in bsence of a

| ilgand o

Evaty und_to bi or

I nt eract

e.g., US 6 %
02/ 068933) .

After the conpound | ed, it
may be tested andard assays, or as|says provided
herein, to dete ne the conpounds effects of various
HCV proteases. Thus, given the teachings of the
present invention, it will be possible to perform
screening assays to identify protease inhibitors that
are effective against dru j nt HCV infections.
The present invention sho%ghgﬁgﬁggfug-resistance IS

cither oo HLEE AyElRS bRl ARl iRy el posiions
Nar thispasicewle k@pioducd derfvagvdsebdtesthBavmmMebendefiiligbratease
mutation _of Al 56 to serine, valine, or_threonine,
HHPYPISa ThecEX1a AUBFups o ths vld P HC AISaH-herotesy siitiehe

Oy xYs8tathe t}?e;fétg if GRWN'R Fighrl 18 THOYR&HOM 4E 815k AL sh&ws that

drug treatnent.
removal of negative charge at D168 of HCV NS3/4A protease results in lack of

restriction of R155 and consequent loss of stacking with the large P2 of BILN 2061
and increase in the cost of desolvation. R155 is not restricted by D168 in the VX-
950--resolved structure and the D168V mutation does not affect its binding. Such

mol ecul ar nodge

binding studies may readily be performed with derivatives elucidated through rational

drug design to identify agents that have a binding capacity and/or therapeutic efficacy

in the mutants.

Rational drug design has previously been used to identify Relenza,

which is used to treat influenza. Design leading to the discovery Relenza was



It is contenplated that conpositions that act as
i nhibitors of nutant HCV NS3/4A proteases that

W@ upnixse0 one or nore of the above-arti cul at edPETIUS10040085839

10

15

20

25

30

will be useful in therapeu2c enbodi nents for the
treatnment of HCV. The c ounds ) e t.hose, t hat have
Bevelonsd Sy sheesingmefseiiies ke wara %ﬁﬁ‘? %ff%ﬁ% LN
%Qlﬁa-muﬁﬂas@raevﬂ?srﬁr\ﬁﬁgceﬁreﬁﬂ?,ﬁ(&h%gﬁ r@dim@d'-tbl rO&st nelN'Dy fdited

Screeni ng assays to identify such conpounds,
@&nshs dﬁameuﬁwbszi crttis e My rE¢ans druige f@dh@@ﬁfémeﬂb@f I&Bémfecﬁons

2 ci}mpb P g-@ﬁlwlrth}é]]rs]? %r:extéé 1@&1&%“ gtt E‘a%?otrﬁfjdr(lg rdeééﬁ
fs&f‘eh?eg %%vhfcﬁ' thé’dfu%& wey@a@ﬂg&d HQﬁtdrﬁkftQﬁth 1B viral protdase, the

vivo nodel of HCVTinfection. The nutant proteases of
teheymethetsplitrmpibs yiebpiotainscamd allgws tham {0 AsAFR) blsrensely-
screeni ng assays may be set up to determni ne nutant HCV
NS3/ 4A pr otpemﬂmr a«alll-kndvm drag gt say prosinoeshby bgand-basedyational

used tq_ dete Wi A

aieﬁlgm&‘&lagﬁ 1BF aheotedBBarh ek CARL ARGy gt binds to
BsiHoRicBkia08. S agal nst the mutant HCV NS3/4A pr ot ease
onpared mnth the act|V|ty of the inhibitors

ag ai nst wil g@ Stiatindl &R ?%es@ﬂ BavdprokéyefBctive
st anc

t he candi da to inhibit The protease is

deice thel snﬁcmm/ofaha: targatiod thee drag sl lmovwniins ednigmplatadyhat the

NS3/ 4A t d t
A o0 APt B HES
%%%@ﬁa‘t%ﬁ Hle:R DS BITOE st@dind thet 48 ebistait o Butdds EONW @rdt@ase

term ned he protease may be an isol ated protein

niehibitarseit isrcawtqmmatcé it thoise gf $1<h]é in thelagitveill heradleionise sptional
h | | .
g g iotul dleiderl e T g Py i ned i n

t t th b f
candi dat Zesé%grcﬁﬂglangwmmsefhve@ﬁ“%a%eﬁ? fee Bl o o
Sl‘d?ﬁdeﬁﬁ%ed Joﬁllp'oﬁﬁd §ﬁ9&1v‘%rarg§m§t' rb@ﬁs&&ﬁﬁi@ﬁh\tdnﬁﬁn @bmphging:

prote contai ni ng sanpl'e and determ ne the protease

activity. AngeandldaheednuRRhaneeinret dechgases

t he proteas ty o sanp elsin ative of

t he candi dat.e, subst anc Vi esired inhibitory
activity. | C} ﬁ1§nm$c{;sglga%1 eenlﬁoqmgSsays t he
node|

conpound is ad ni.stere

period of t§rfya Hngﬁ1 \Pg}l}'%ﬁ thgé:ggjagg.nd {mbdnd 0§ interact with the

ahbgﬁkgtlon of the synptons associated with HCV -
fection are nonitored. Any inprovenent in one or

nmore of th eﬁlgs uel Eﬁgﬂﬂfbﬂ% ik ltlllre@&rﬁé?xgi aaltrhy&1 ¥ bdsB@on the x-ray

candi dat e substance being a useful agent. As used
heryetiahstiveturs @figure deandi Eigmne 23 0bdSaHdeprotaae r Methedg asg known for

?g[%v%wﬁg&%ga é1 g‘g\tg_tg ég%b)é&t a2 a IcgrercheE (i)&pf%{nented
methods molecular modeling (see, e.g., US 6,162,613, WO 98/11134, and/or WO
02/068933). A three dimensional model may also be obtained by x-ray
crystallography of a protein according to this invention. As is reco gnized in the art, a
protein may be crystallized in the presence of the absence of a ligand (suchasa

compound being evaluated).

Evaluating the ability of the compound to bind to, or interact with, the
protease is known in the art (see, e.g., US 6,162,613, WO 08/11134, and/or WO



the proteases are of the wld-type or the nutant
variety. Such an agent nay be a protein or fragnent

wo beseeas70 a snmall nol ecul e i nhibitor, or even BCTUS1004/¢35839
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acid nolecule. It nmay prove@3to be the case that the
u ha col ogi,.cal] conpounds w Il be_ .
mé@ﬁ”gg {fh‘g?vaiﬂr%ngﬁagfaﬁﬂ%ﬁ |%9' 78+ apedaculer medrdingy i the
| S BIun@i$ seMctddOW REPEERHEE in SMcdArd@S ysprBvi i
BI L 06110? ot her i nygliS bi toré,n di scusssggy%glé %S}(%&S%gw%dherem’
Rt detmmiinetthe gowpeingk effacts ol eariovstHOVilpyotessepar i sons
wi th known such inhibitors, but predictions relating
to the struChus giveh theaegubingyulf tlodpresenofnveiddn, it will be possible to

i nhi.bitors.. On the other_hand, one_may sinply acquire,
f PBHTPACTSTOSASTRYS Fe tdsniilydipieass, maikgprs thjage¢fifestive against drug

| febisht B8V Afdctishe PR ﬂr@éé%girfventﬁﬁgmwg ?h%? ﬁ?‘l%c—r,egfst]a}lgé {s3nduced
for useful drugs in an effort to "brute torce" the
i idheosefllCYtsireims diat heesf aimutatiop ow sittser rStdeelsicrng 168 of thetHCV

S Gk I BRSPS Ll ASTELELST o

eAi 5&ioartinwanlih€ of CKr8sHiné, ahdRr B wilStodf IH ’Risab %qia(iﬁ@,qllanine,

unr el at egl?y conmpounds for activity. Conbinatoria

afpsiBa ensltanis goidapwnlts e thedlG¥ deing resighnt to ol fréatmentf
potential drugs by the creation of second, third and
fourth geneltat ¢antencmated tirad sompbsitohsathatact asviahibitats of mutant

T R TR TN TN,

. CRITPed i ful 01 tHEPApetife EAbEHMBSLs 6 thy %e&tﬁféﬁté‘ialtlcqln ?F H¥fcompounds -
IS

known conpounds which are otherw se inactive.
praybe Bwse that havsrhsou derisned dp animdc the entiomelly XHSourBiea 2061,

S - ani 7 | gi | ant _sources, .. .

oS B 10 T DG DRI T ot B B g ity such
asaepoaddy shoandiddat sebsthade thiefipt bseneR e forltRkRMiddhkhical
usef ul . pharmaceuti cal agents. It will be understood t

t3CHVILY HeVigRat b e ested Honigerhility te resips ameliomteer ¢bemdse

. - . ' . f i cal : :
ohep bt LHGa O WERLAS RSN bEriCy pfgon
dfhet thetantprdicdsas of dgeinteritiongokdess profdasCaBitgaN Aes oftle: screening
t hose a untﬁ ef fe(fct ive to reﬁr oduci bl y produce an
ATEE HAYRT FhUR P ARG TRER HC 34%@8?@7@%? wtyiy gsing any
I T S AT e
awelered ambodinentsatHeewtivity ofithe intobitors ngaimst ¢heahutaheHCV NS3/4A

SFORREIR o p it B heeEy BB 0% Baont wilT et

Cosponastchdeat achi eve significant appropriate changes
in such a paraneter will be used. Significant changes

in activityng HMI‘R? OB R BRI bdtindR%o Elﬁx?ﬁ?ihtelﬁ%te?s%?s
represented by alterations in activity of at Feas

determined by obtaining a sample comprising a HCV NS3/4A protease; and
contacting the sample with the candidate substance. The HCV protease activity in the
presence and absence of the candidate substance is determined. The protease may be
an isolated protein, a membrane fraction comprising the isolated protein, or it may be
within a cell that expresses the protease. Thus, the protease activity is typically
determined in a protease-containing sample in the absence of the candidate substance.

One would then add the candidate substance to the same or a similar composition of

the protease-containing sample and determine the protease activity. Any candidate



about 30% 40% and nost preferably, by changes of at
| east about 50% w th higher values of course being

w@omsikdses The dom nant VX-950 resistant nut aneCT/BIH6H)35839
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15+

remai ns susceptible to BILEB¥2061. To confirm whet her
t he observed nutations at either Al.al 56 or. Aspl 68 ar
SHlrianes BRCUSOREIHSIRe Potess ALY 84 e Bmelpis é‘“o‘gcag’rve af s
' : [ ldrigkbREryRdtiagenesi s was used
? %%l}%attér g%gggéée%%ﬁ%{gi%%id%%ggallﬁﬁnut ati olngzt position 156
or 168 int ?n{}féqn%slodsc}ééﬁﬁgmg&rtﬁ%Q&ﬁﬁoﬂﬁ%h&ninistered to a
[ er tec

Site-specifi ¢ nutagenesis-i s anot ni que usef ul
ibdbhaiRBE paEgidriod oftintelmd i vandusglosdges,sadpnaileviation of the
used in the_ nethods_of .the. invention. - This .techni que.
sYBPloys aspasiated Wlthﬁicg\ﬁ Eredion 3¢ MORHOTsfy gﬂy;}mﬁc’vﬁm%n?m one or
%ﬁp ' ide SLARAR@AEIB ALtk BERISAReful
%&3@‘%&@%0 at |t%’ﬁ€ﬁ¢‘ﬁgﬂ%dz%hln?que further pr ovicdes g
mgardy ability to prepare and test sequence variants,
i ncorporating one or nore of the foregoing
consi der at i Nged byreimthe egtic|cagdidate sobstanse erafiers keaty elecule
sequence changes intq the . Site-specific |
et s Rosensialy pekas mn@hlbv@%q BV oprofatemiceardies gfphether
e f o fohifd-Qb HiivdfeRe GHeRaR agdlidlay be
tet%c%rgge%%ear%ﬁﬁﬁ%%gde%ggg?ﬂégﬂ#g desi -?éﬁ mut at i %n, _ ;g . .
wedtbinas femgaeht theteorita smatbmoleotle adjibitaner ¢vgn leaweicieasid

- il ol et e For v e bnteb G Phartat AR

Sofpoufts Witk @Ingidulas ihendb keicthiRilf gelbtea Ve bieeknown inhibitors
Typrcally, a primer of about to 25 nucl eoti des .i

( n .
| RYE Vi prategses isuelt k.2 WV ih9 Hber BILANAQS1 po ofhes iniitorpdiscussed

Rich o B riscfenl TR BLod) SoR SRR G iABAm such

- hagbRbisORR3eliMesHs Q6latifiado tRx btaicturk f bwgdt naolsiude of such

20

stranded and doubl e stranded form Typical vectors
uskibiiprsi n site-" - 26 directed nmutagenesis include
vectors such as the M phage. These phage vectors are .
commer ci al | 9n theadthertHapd aomg mayesimplisacqpie.dEavs vatipys Gpaymercial

known .to those skilled i,n . th rt. > :
oA BRSPS W Sl BN BRI s
nuth aoRNASfort 1Ybelle Bt tRaiRatifidiioatof pserhl donapesihés. r$areening
the gene of interest froma 5 phage to a pl ?srri d. In_. .
gefisaclalibrasies, dnelidins cembinatosighy genczated lieariey (G gpgpjide libraries),

B o T e

25

30

S~ of dou randed vector which

i eyrhpiiads Wirtabiivity. t Sombigueakappradessaspiend theamelyds tograpid

the desired protein. An oli onu%I eoti de. priper bearin
{ FeE o iRl AE REGFRAON S SRPRT apd fpurth generdfion
glgoﬁgg;?deuﬁg% m-gli]d(fgi (fq%kﬁ?% bhiSothfiSiscaag@ttk WbPolhie.

stran reparation,
Candidate compounds may include fragments or parts'of naturally-

occurring compounds or may be found as active combinations of known compounds
which are otherwise inactive. It is proposed that compounds isolated from natural
sources, such as animals, bacteria, fungi, plant sources, including leaves and bark, and
marine samples may be assayed as candidates for the presence of potentially useful

pharmaceutical agents. It will be understood that the pharmaceutical agents to be



taking into account the degree of m smatch when
sel ecting hybridization (annealing) conditions, and

waaivseersed to DNA pol ymeri zi ng enzynes such asPE&/USIIN4/035839
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| C%Ma@ 1r
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pol ynerase | Kl enow fragnmens, in order to conpl ete t he

synt he nmut at i on- heari strand. . Thus, .

- aesed end aish 8 il o e R i i EvEBiRonsipg man-
Ofmb@é dsxhpdu@Bs.mut at ed sequence and the second strand

bear s the desired nutation. This heterodupl ex vector

i's then usetzfQ: A

E. coli cells, 5&%3@1 gﬁ%'gbgt?lg %%%%% e%t%?ka?m ﬁgipcé]% tances are
r hosmdmnmunty effestive terepemiucibly prloducadnadlechtioadn grci@hibition of

O course, the ahove, descri approach
FHEYNS B e Coss PR Sn 00 S8 iR Oghe! BV, haestoa or
Ovingemte! MhibiorPORIZOV! ifdect ot 32 bH hm@Hb2Abn BF &?&ﬁﬁm of one or

species and as 20. such i1s not neant to be ting.
Therqnidbesimptome of HEHV aifeationdm CmmdtraiOBSO theﬂevels of these

of .achi evi n ta ene such ,as for, .exa
(A RARsth nBPsiiel STt SOGRED, ContifingR Rt B piSRBnifpnt
I appeseiite chaha@ah st fithfetcs Wiﬂ‘ baSsday 81, @i(ﬂdaﬁfr@:ﬁbﬁgest 19 activity
obt ai n sequence variants. The kinetic paraneters f

t #sl/qrRenressien wilhbe those thah @remrasmye@évyr@eraz@np rro@cemie of at least

A oI BT RGLE TR T e

pmiuesdﬁcmséhmhgpoww:iief rom HCV genotype la, no

“discernable difference in the kinetic parameters was
. Obser ved. T"IﬂhederﬁmﬁﬂWXSlS@%quﬁthnﬁfﬁﬁteAqB@S reRdRki 's{ﬂélﬁptlble to

whi ch Squ@Sts that the conservative vari atl ons in

epnfiam wepiheribe okssryed ansetjqrsat alﬂa‘-ﬂidklbl Ffoor Asp168
ept | eI%g% t t&ﬁf&@&&&%@g%@%&ﬁ?gﬁ? E{iﬂ?(ﬁ? rses%efc 1vely, site-

\ﬁ(re{éﬁeﬁ rﬂﬂltdg@leiuN“&@ ﬁiedl\bnﬁtr@(ﬁice eadhn@dividiangugRidatay pestich 156
e prot ease, and there were no

s‘?raltérgélt“ioé}é? Wﬁ’ PEgaselfiPmainences bet ween the two
W | d type proteases (Table 2).27 The kinetic

par amet er s Wic-gneeifcREtagaissis isanstifes techhiguAuSeal imibepreparation
h f the
T R TIR TS o -

- \efa9lb 0k spa&ﬁﬂ nﬂltﬁ]@dna@ia bhthe uhh&ly%l@@ﬁﬂ(th%c@dééttﬁ@&ﬁmo acid

which is 29-fold gher_ than that against the wild
t%?ﬁléenﬁ? Hab bgstérgF@dlfOWd’(ﬁFamtﬁ The t up figthesgrayidgs a ready

%reg RVhA% A ianf %n%mwttlpg \élﬁi:/ ggm\é@esof the

er t han that agai nst
pﬁomgeme:onsléemﬁbr(s]'bp Ilmro'd)lcmglmﬁe bicvoRNAldl @ik sedquehdechanges

[T MR .
SthoWeY of sPbUifil oliSortREtidd ?é?fileﬂ\éeg Iiha'i Bfcodle fid BNAeﬁﬁ%te'o‘f the

cat al(%/tl c efficiency of the S mutant and
desire

utation, as well as a sufficient number of adj acent nucleotides, to provide a
primer sequence of sufficient size and sequence complexity to form a stable duplex on
both sides of the deletion junction being traversed. Typically, a primer of about 17 to
25 nucleotides in length is preferred, with about 5 to 10 residues on both sides of the

junction of the sequence being altered.

The technique typically employs a bacteriophage vector that exists in

both a single stranded and double stranded form. Typical vectors useful in site-
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“-site-directed nutagenesis a%] e rep
15

| iSHER o6 eaiia bs;

- through for ex

wild type NS3 serine proteases. The |1 C50 val ue of
VX- 950 agai nst the ALl56S replicon cells was 4.65 mV

W(Mﬂosmzsgo 12 times higher than that agai nst theCTEZ004/035839

- type replicon cells (0.40 nd) (Table 3). The

dj.ff bet. he | C50 val yes of BILN,_2061
A R BRuB B dr YRRIpremeh Dol AP hyise TGP Pl vpatos ae

WMnEabiafy Wosi bR ardil 138 bR %Ene(ra_lgt’/{v‘éll ownl B thTEd Q{llled in the
Bl LN 2061 resi stant nutants D168A, renal
fant. | hovhle steguided plasmids\AisoF50 rotitimely ensyilo yeddn lsite direated

paraneters not affected t.he 168V nut ation nd
BRLARERS Y RRh SRS e e Pl iEnz Ter sedr ) imgrst s o

]Iﬁﬁ oy aplas@nl. | ndi cated by the conpari son of the kcat

and kcat/Km val ues of the wild type and the two nutant

N serine preteasss silabbacaid o

signi ficant %%f ect sof e%tﬁer SL%E%etslltlﬁ{&llon aétﬁb/gﬁﬁs%%btmmnga

vainglebisarded dector, bheneKingweltwe st)‘ﬁndé)bf&&lbubfﬁ&hiaﬁdeﬂ)vector which

R0 v St PN schvat B i e

%bﬁé’cﬁé‘otkfé%n’(@%eﬁ%g th8 Bbﬁfédqgutgﬁédlé ﬂeﬁce 2 S%@l&héﬂlﬁ

(Tabl e 2 These data indicate t at eit nmut ant
mrmaéq% d hil%prsmen isthen aeseaﬂ@d with dessinglesapded INA prégiatation,

e

E&ioh&ltizﬁﬁ lndasbjB&td fODMl %ﬂﬁheﬁﬂﬁg et yinadsisQEIS ask. Q}%‘lﬁfolymerase I
than .2 nmMin the assay tfer, as measured by the

 dplenen dinement isadentn commetm@awn&esmém mwﬂmn-bearm§trand

atRR, 4 RLERANGE id BhRed Qﬁeﬁé’id LR {nhap}{?rr-mutated

I seqmm:a and/ th&g;emlﬁh;&and; biéss tHeuieslde Iwa’&tlgﬁ n’@hﬁﬁle'drodﬁble‘}d vector
had, an | of 5.09 nmV agal nst _the D168V replicon
ﬁreg usmoctﬁachowerqpﬁaw opllagich phEscoi GHerand elges are

| %@E’c&ﬁtthéﬂlﬁ&u&ey@@orﬁﬁﬂhﬁt%&oﬁe&éaﬁné nst tﬁ&§39‘%}&8§% arrdBment.

| G50 of BILN 2061 vvas 86 nmM aga

. \r/n;lt 32; Lfe p\};{; %@‘65 Agai nsi‘@?%s&l%él% g9‘$ difd qea%fi mutagenes1s

riepbti the onlyahétiod Ei'ﬁ@neraﬁhg pAtati stk ﬁ@"ﬁ)’l mtﬁht‘it@r&é&éélsﬁaﬁes and as
are conpounds i d?ntlfl ed by the nmethods of this

Hifipg EB%@@%I invengen plsp contergplatss ogher.
e B e e R e R B
aisotpes cafihyeng ihe gond mnmwmmaga:mdageme,muo]s bd hyahexlimaine, to
C ri se the above conpounds and the use thereof. Such
&3’3@%‘?%@6‘&? VEIShe used to pre-treat invasive devices

to be mseL@W into a patlent to_treat biaql ogical
sanpl es qggetw g%qgnetﬁrlsl thf: &RET substrate for the wild type NS3
protease domains from genotype 1a and 1b were identical [Table 1A and 1B] under
our assay conditions. Although the NS4A peptide co-factor was from HCV genotype
1a, no discernable difference in the kinetic parameters was observed. This is
consistent with molecular modeling, which suggests that the conservative variations
in the central region of NS4A between genotypes 1a and 1b do not affect the
interaction between the NS4A core peptide and the NS3 protease domain. Ki values
of VX-950 and BILN 2061 were determined using genotypes 1a and 1b wild type
protease, and there were no statistically significant differences between the two wild

type proteases (Table 2).



adm nistration to a patient, and for direct
admnistration to a patient. In each case the

W@mﬁp/amsvo on will be used to inhibit HCV repliPal/Usw04/035839
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:'sﬁnlllyssuécapﬂlbldeo XS0 um sal ts al kali metal salts, such-
. as sodi um and potassiun1salts al kal i ne earth netal

and to |essen the risk of @7 the severity of HCV

'pPLSFé'eS”a EElaeic PaiAmcisorh ar FBEY b the A156S mutant
ﬁi@&faké WEi VituABCAE dANE 8 Wl thhé‘{ﬁld't{)ﬁ/eeﬁ%te‘a& agﬁ 1A and 1B).

rmaceutically acceptable salt thereof. Acc
apreY@rﬂléaﬁefﬁb@mf X050 e 2Comidoagathst dertiS68 emiutamt protease

vent i resent in
SFRBLPRCAE et B AEH Mg R PR 2>
aBaY 2est hadEl @ialie %ﬂﬂ th MM d48in8NIBe M 68 efEhtMhich Was 6- fold
pr.ot ease necessagé@ or the viral |life cycle, and

pigherdbanthptagaingt thecwild tpe prasease. I&nM)(Table 2).

pharmaceutically acceptable salts of the conpounds of
t hi s i'nvent T HENeRMA levelad thareph@ms:eﬂsnmusmingxhsAI%S

t | t d f
AP o AR e
Sedukitedt With ffige §iflilaP¥iAatid eMhBAS efﬁﬂé&@t&ftheajx% G'Saitnﬁtant and the

aspartate benzoat e, benzene sul fonate, bisulf

bm 1¢ tpedNS Tsaring peoteasesm Ry Ki%), va@mfh‘éx 9§9|atg@ma&tbe A1568
CHRLORCIR e DA R 118 HEERARS: nSRARE LA R B e
gﬂephmmﬂ@é@h@mM) (Tebley) frhé &Lffei’@mte ae@asteﬁ ,thd‘fﬂ}S@RQﬂIe@ of BILN

h och] o robrom de, hydroi odid
O ieethn 5% 4n A o e wild Sy pilisoe. (4 M) cells was not

I’Tﬁéﬁlﬁgﬁﬁl{t&g@g% , 2 napht hal enesu| fonate, nicotinate,
oxal ate, "panmpate, pecti nate persul fate, 3 phenyl

Cartrate,  tPROEpRE IR 0 B Sralu R A RO P semain

salts, suchT@ssubslrate WileAD PadRINLS verd i hifSete 8 BY e M 4V

..organi c- - 29 bases, such as dicycl ohexylam ne” salts,

25

30

'{ mﬁt@tlﬁwan@sgwechﬁmlmémnam@asgm(éesmm 18rfolb fordhel ®168AMutant
' aass 13%19%(%& gg the %?npa%s% Of tB (ﬁ%[)o?{ltg EC%}@%IP Vramt gga%w1ﬁfi type and

20

sﬂhe m@gmmmm;s deﬁmegroaédébﬂ% Blei1desnd my:hsaﬁlmgx By kignificant
et hyl ; propyl, .an | oride, brom des and

| Sirchkerthar sbRijution et AFRYSS vetschsaryed) prriheri valugi oft i950

Adque%:ﬁl))/l ﬂ%@re%la Fﬁ/el subst ttlﬁ‘&fg‘f vl gr &'rAﬁ‘fInQ fﬂ‘azl ‘Jp%gé 2B Gl position

St ea
br6Smesidied amai muuahtd&i pmteashekdaht g nad e;mlblsaddfy wpstoblem M BILN

e B e S St gl s
S R BN S LRSS
dappgndfude af esistance camuat b¢ deterntinedesin@nBELN 2061 was not soluble at
concentrations greater than 1.2 uM in the assay buffer, as measured by the absorbance
at 650 nm. The D168V or D168A mutation was also introduced into the wild type
HCYV replicon by site-directed mutagenesis and a stable replicon cell line carrying
either substitution was generated. BILN 2061 had an IC50 of 5.09 pM against the
D168V replicon cells, which is more than 1,300 times higher than against wild type

replicon cells (4 nM) (Table 3). The IC50 of BILN 2061 was 1.86 M against the
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sel ective biological properties. Such nodifications

are known in the art and include those which increase
hrebogiscal penetration into a given bi ol ogi caPCHYS10e41935839
(e.g., blood, lynphatic syg8em central nervous

i | ilability, | A ,
BT GER Hisrt EepTEPT- o S 30 GRS Ghoma A S0PBEE PENX- 25 against
Nk aPRRSHdaREwal e I‘é?l‘i&)nq,fell? yﬂb?é 3

n.
Phar maceuti cal | y acceptabl e ca rlerépthat may be used
in these co R j Jde, Jmted to
i on exchan gg?&;b?&%?ﬁ%ﬁlﬁ g ?szﬁlrl %e% aﬁg ?nérgsgelglfl g? &ee,nhrlgzcl: h’ ﬂ?erﬁ‘e"ho ds
sef thivipventionnehersindhe esmpoimdrs sefnhibitr bOFTICY DIFIEX protease.

sybst ances such as phosphates, glycine, sorbic acid,
pgle@?s@ﬁm%%ﬁﬁ@f e spneratpchibropahdier Expsnnie.tationad dpre design as
s@blsadefoveoetable fatty acids, water, salts or

el ectrol ytes, such as protanine sulfate, disodium

hydr ogen p P | um hydr ogen phosphat.e
sodi um chi tgr?]?eog?glgﬂorr]lcaqgﬁrﬁglfﬂe% %%ﬁ%?s%éqnsgklw}? Icglg’pnsé the above
necpesindsadd the ke thateef. Paihyosnipositions il hd @& to pre-treat invasive
cel L ul ose pbased substances, polyethylene ?I ycol

sTHIERICBE BeRyenina Ratient foyeat iplpgiselspmplesssuchas blpod, prior to
PRIYigLRYEGNS aggfa;t/ﬁégﬁ’f )ﬁlgc;] gﬂﬂfg{f’teafdg‘%lﬂﬁ Atk téi galﬁte%t. aIn each case the

pol yet hyl ene ccor
peaaimmsited vatibedisedtot inhibitedHCWimpal&iatiom asd of ledshi she risk of or the

inventi re rnmul ated for pharmaceuti cal .
asc?ﬁmﬁysc’??]a@brfé‘gﬁma mammal , preferably a hunan bei ng.
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Such pharmaceuti cal, conpositioons of the present .

i nventi on né&ot[%%f caehAdunsntaf ds GFvgntign proxiden e 6PEIPPSitiony
bucca |f%”&%@fné?ﬁ§£@59€%§*§ﬁﬁ?§%?§ﬁ¥§gg?@?éé%%?ﬁé The

t phanmiqeatienilyecatptatds sals thdrdoér Accordingltod @seferred embodiment, the

subcut anepu | nt ravenous, . i nt.ranuscul ar, intra
-GPReyRS denifipd thatsCRTARGA ith tinfvERQn i gfesent in an amount

| FFdcAl RO reabd e 3MEPREH tn 2 bdHf18bERI PPRlenfRfherein said virus

intracranial injection or infusion techniques.

Penepdasatsierine protcasongrssiary mshavieal didercyvls taad e pphemadceytically
Céq&ﬁ?venously. Sterile injectable forns of the

)—‘

P8RS of "this invention may be aqueous or

ol eagi nous suspensi on. . These spensions nmay be o .
f or mul at ed @Bﬁ vix ‘btl‘iagy F%‘i?ﬁ?ﬁ%gif@_gts Rﬁ@\momow of this invention
Usrb A1 th ARsE cSthB OGS o8 salfelabd S8 b&iA%om inorganic or

suspendi ng agents. The sterile injectabl®e preparation
naga$ sgddpandbasese rintlvdedimongmpich astl satts are the following: acetate,

) nsion.in a non.toxi arenteral | ccept abl e .
AR o4 i b B SRt FRARS Wi
buatrephe it camphe gl fhhie, 256 RPERRALNBIUNGIC SighlREnse] vent s
that nmay be enpl oyed are water, nger's solution and

i dodeersifate, ch@msgi/fpmtp,c@marate, glucoheptanoate, glycerophosphate,

hemisulfate, heptanoate, hexanoate, hydrochloride, hydrobromide, hydroiodide, 2
hydroxyethanesulfonate, lactate, maleate, methanesulfonate, 2 naphthalenesulfonate,
nicotinate, oxalate, pamoate, pectinate, persulfate, 3 phenyl propionate, picrate,
pivalate, propionate, succinate, tartrate, thiocyanate, tosylate and undecanoate. Base
salts include ammonium salts, alkali metal salts, such as sodium and potassium salts,

alkaline earth metal salts, such as calcium and magnesium salts, salts with organic
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. medi at

solution. | addition, sterile, fixed oils are
conventionally enpl oyed as a sol vent or suspendi ng

wore@s/ms7For this purpose, any bland fixed oi | PeEYS1964/035839
- -enpl oyed |nclud|ng synt het 22 nDno or di glycerides.

T t% é‘fq‘i\ﬁééﬁﬁfcg&ﬁ@a%ﬂo lees:arﬁﬁ ﬁi @gﬁéﬁ@gﬂ%}: 2(1:)1{(1I S%ﬁs with amino

| R RGLAPhEFeidfe, Hste) Ald¥Phorth, _ _
pharnaceutlca ly- acceptable olls, such as olive oil or

castor oil . ;
ver si ons. Tﬁ%égﬁgP 1$Mnﬁ F%ﬁ%h%Pﬁgﬁ%géﬁ %y %%ﬂmgzaTWﬁh
csowh agentsdad lowgr alkpl innlides; sindl asthéth@nethet, pﬁbp@n @nddnty] chloride,

S T SBIRTE R o5 s Al ot RS i
F%‘ﬁ%fé@%ﬂgb h¥ids SR Alle 1d er Cogﬁ%ﬁaﬂd%éagﬁ Afbrides,

enmul si'ons” and suspensi ons.
shroiatss and mdl@scztraﬂcyl H’aldesuspdﬁgrahmzy]mildqﬂ)hmthyl bromides and

e e T N

phar maceut i cal I y accgipt abl e soI id, liguid, or ot her

dosage f or mElSAMROUE lﬁélzaéélathedaontpﬁémseﬁ Fsmethds of this
.at Josa

5%%%0?%%? kg bg 51 e% g é}%g%e%@g pr e &eiétg&a%e%denhance

etontienbialugidal properies Sbdunodificatiprs grdltbyv i tgchhrt pad include

f..th t h bi t d bed
R e R S A e
Hsbd, 'lﬁg;&ﬁ%@tsyﬁémaéﬁnltr‘él ﬁe’%l/ousg?'ﬁt%hﬁ Uhérehsé ARltdvait®iity, i increase

di sease. Typically, ‘har maceut i cal
é@hﬁ}b@)‘ﬁw@ athew edmirtisteation by injectionnali¢r theatadisininsltadienthte of
%¥ Qout 1 to about 5 tines per day or
atternat i vely, as a continuous infusion. Such
adm ni strat. on can,. used a chraonic or acut

O Sen e Frgeea

therapy. T Y AEERREC F?’@reésot dripay lPFa‘Ese%@/ﬂ’&ée

: %Hiiio&@i@né"dﬂcﬁd% hut GRS Hdt BimifRLE bR E§cﬂaﬁ &5 QAR lum%num

si ngl e dosage formw |1 vary dependi ng upon the’

- tstasgate decithdn, shanpprotdins bieoh asdueapfseantnilhingin, duffarsubstances

a aration w ntain.fro out ..5%:t
(1B SnREEREY B, et a6 i hS%adhiah SRRy Bt & heigepitures
wTemaradd @dg%ta@ﬂﬂh V&‘; Acilig, %t@b%lis of @P4ctr6lyRR! OsH&:h 89 Ppotamine
active conpound en t he conp03|t|ons of this

- isHVatse dised lemrhydr%@n ahewhdtienpathsime hydroggrphwsplptafsodium

f n_and o
SRR HEG SR, BRERITRGE shdidall ShigE b A 1B gme.
etlilotdieased B‘qﬂmwmdesapdlyéﬁhgﬂead diyicbl @6dl1uﬁhgﬁfﬂox§iﬁ@ﬂiytbehﬁlose
prgmggb at dosage I? | s of between about 10 to 100%

dop, eret 28Iy hylangeely oxpeiepyIeae blockpotyarers, pelyethylene
%@%@%Hﬁa y adm ni stered in a nonot herapy regi nen.
phar maceuti cal conpositions of this invention may

be orally According to a preferred embodiment, the compositions of this

invention are formulated for pharmaceutical administration to a mammal, preferably a

human being.

Such pharmaceutical compositions of the present invention may be
administered orally, parenterally, by inhalation spray, topically, rectally, nasally,
buccally, vaginally or via an implanted reservoir. The term “parenteral” as used

herein includes subcutaneous, intravenous, intramuscular, intra articular, intra
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'DW%g&%?Wouéé BFipR.o hRESE FUTASREORTPay be

adm nistered in any orally acceptabl e dosage form
i ncluding, but not limted to, capsules, tablets,

wa@aeuwenws7euspensi ons or solutions h the case oPCT/EkI0684/635839

for oral use, carriers thaBbare commonly used include
| act ose .and, cor,n, t%%ggn Lubri cat.i ng agents, .such as
thgeal, 1y

ngREel intrasternglpingra frabepalyeiptalpsjond gudintragranty] injection
aghi sl B HrMues N PRAGAPSHHE cBﬁbHéitiH%eirgw'%dﬂidjé{&% rally or

i nclude | actoSe and dri éd cornstarch. en aqueous

. singpesouslys are required for oral use, the active

ingredient is conbined with enul sifying and suspendi ng

“agents. |f Sesile mfbctabér foahsnobtheebrmposidond dfakiginvi@tion may be

coloring agents may al.so be added. _Alternativeli, t he

edygccording
AL i L . . .

el Rfiow i 18 LU AP AR ffe o e AEffeina
agyspendmg dgeatss Uiteahdrde mpavtable preparatign meag iajsb deta stdrile injectable
is.solid at room.t egger ature but

I i qui t.. t al
+ SRt i daRER i & DR e W PCLY ok bfiecihEst raottsnt, for

T @la8@¥8ad N1 MDin 1V BhaARES I8hSnd RE |ab\%§ta%@é’%i&é§ zgﬁ%rsolvents

beeswax and POl yethyl ene glycols.” The pharnmaceutic
chabosy be employed pre waten Résger's solntgn andsigotoaic sodium chloride
agm.ni stered. t opi.call especi al | y when the. target of
STt TR R R, tiea SR 36 ooy b1 B8R pflgent o
bsusp@dirgamedipgl. | Faatthie furpobe; latig bRgd dixee a8 eSayHe dniisloPUE,

the skin, or the lower intestinal tract. Suitable

- t'opludine sypihstie momener diebycedden IKpitp peidarseah poelewasid ad its
It %?é&ld%rd%ﬁéaﬂes QFHXRF1 i ﬁlg'pg%Jar ldfq@%tgﬁeg, Q5 al{eq}edtural |
ne nay e cta

r intestinal tract ected Tna’re
spippmadeutically-accepiablei odls, {usk s alive/d) ontasion ofl, Gpedialdy & their

enema-formul ati on. Tgpi cal ly transdermal patches may |
Pyathyted vorsies. fﬁ?ﬁ? X isOluHaNs YaUsRFAsions pigy also contain a

- PRAL¥RSE UIdosB] diRREPESAik PRt %%athglﬂg%gﬂiew%?s@ or similar

sui tabl e ointment containing the activ |
sdispresitg dgants whish ereeunmonlymeedin the fenmdationef pharmaceutically

Carri.er.s for topical, admnistratigon of the c ounds
SHECERTS dheags DB RS ipiAnd SHerenpioRs- QHet gommony used
NduRRE@htsOduch ak TkeHs, BPhhiClnidi8r Ml fimeJeRl s BiBavailability

propyl ene_ gl ycol, pol yoxyet hyl ene, pdl yoxypropyl ene
@%’@‘Wﬂ‘?’h@h@%cq@mﬁgﬁm&d ¢ mnufactusd oEphaanpcestigally

C
REALREURRL Y SPIERRLEL AP TR 2R Bt o

cfonpohldot.s suspended or dissolved in one or nore
phar maceutical ly acceptable carriers. Suitable

carriers i nobgge level ofdeBydtabbhil.b £5hd Houll BEMBIkHddy

sorbi tan nonostearate, polysorbate 60, cetyl esters

vissighiceer day.yirefgrablihbstveen dwuy ) doad ehowtl 75 mg/kg body weight per
day of the protease inhibitor compounds described herein are useful in a monotherapy
for the prevention and treatment of antiviral, particularly anti-HCV mediated disease.
Typically, the pharmaceutical compositions of this invention will be administered
from about 1 to about 5 times per day or alternatively, as a continuous infusion. Such
administration can be used as a chronic or acute therapy. The amount of active
ingredient that may be combined with the carrier materials to produce a single dosage

form will vary depending upon the host treated and the particular mode of

administration. A typical preparation will contain from about 5% to about 95% active
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benzyl al cohol and water. For ophthal mc use, the
pharmaceutical conpositions may be formulated as

won@sosmszed suspensions in isotonic, p adjusteRCHUSIN4/E35839

- saline, or, preferably, as3solutions in isotonic, pH

e el S0 ont e o) Belebocto s

%%%ﬁ@géd{ﬁgdﬁmfor opht hal m ¢ uses, the pharnaceuti cal
composi t1ons may be formulated in an ointnment such as

petrol at umgn] gtﬁ%g@ggg}mhg of tlis ERERRSH donfifse A cotdbifation of a

i nvention nay a ni stered by nasal aerosol or

- copduaidi afidentified i m: asrpoiint¢ with this mvpn‘acpmargbbmomm mgdltlonal

]tth%ﬁ{pg]g’&? %)&J{g k oo \Ag?oé]g g{egzg)rrg)rgagg ];.lgff{l i lr'llgll a%ent should
éfe@@nt a@ma Y le‘%elsbﬁ"?aéweeﬁ Lsakal ©noe%hakd ﬁbﬁré }ﬁ’@feﬁably

servatlve absorption pronmoters to enhance
bemmm ababil Dite §0%fdfilor desagboormallyradmarisisraddn a monotherapy
conventional solubilizing or dispersing agents. Most
pr&f & red are pharmaceutical conpositions fornmul ated

f | ad trat ! t her. enbod
compos: 11 oG haETCEH Gt PO HRORSFR PO PP CELY

%Hﬁﬁﬂ?&érg Ellt!]bn b a fhtble RsgELfothliNc1adingBut nbl¥mited to,

nti-vi ra agent s i ncl ude, but are not
lchppsutes ptablets, aquennosmspensimsoy selytionss In $hecdnseof abletsyfor oral use,

st sntenpnet in e S AR O dptll, St Aggens

%ﬁcﬂ ést%ﬁélgrfeblﬂm AdRRb L ARo tfchityaldabd UBbmeal d@l&ﬂiﬁfstratlon ina
i nhi bitors of hepat itis C proteases (NS2-NS

|capﬂulﬁ foomsussfid mg@tmgmmdedmtmqa@ﬂ@ﬂe Pﬂlﬁlis@r‘tho rWhep aqueous

her -.t ar et [ he
Ruttensib 8 ity iortote, s Bo P BregleiCicidphbthod wipn
icRfuddi g drdyassurdi igets. MMﬂed@ Rerin swesteniak, flavoring or

~inhibitors, such as IMPDH i nhibitors (e.g., conpounds

splamereentsmay alsopsiadded.5 807, 876, 6, 498 178,

- 6,344,465, 6,054,472, WO 97/40028, WD 98/40381, WO

00/ 56331, aﬂ(@bmqﬁb/@bh drecptiaemansitical sampesifigus ¢fthis invention may

%?fearfﬁgé btg ' e\;&u di %Slppoglttone% fol f‘eﬂaﬁ gcﬂnﬁi%;r\%oé 9ﬁ1ese may be

¢S WatT ons 0
ﬁ nélhg ﬂle\é/geﬁfaﬁll{ll\ @Bﬂt@le Iain 1mbﬁsﬁﬁg Bﬁtcipneim whicKis sohd at
tivi r aI Chenot her ap (2000). and_U.

| Ha@@ﬁ@maersme bwélqumh%t fﬁféﬂﬂl tm%r@tua%mﬁhﬂe&rg Wal}lém‘j@e&he

val Ie as I cation' l1n
ﬁ&@tﬁﬁéﬂe@ywﬁans PEG I ntron(r), pegint ef eron
al fa-2b, available from

The pharmaceutical compositions of this invention may also be

heLs! nc (L1 tﬁe{ @rﬂ% n%ﬁgl’?n{af‘eﬁﬁfs 1h519dé ?(?OBB %QH%I tﬁeee)s?vax and

administered topically, especially when the target of treatment includes areas or
organs readily accessible by topical application, including diseases of the eye, the
skin, or the lower intestinal tract. Suitable topical formulations are readily prepared

for each of these areas or organs.

Topical application for the lower intestinal tract may be effected in a
rectal suppository formulation (see above) or in a suitable enema formulation.

Topically transdermal patches may also be used.
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,.beta-D-riboﬁuran

Schering Corporation, Kenilworth, NJ; "Intron" means
Intron-A(r), interferon alfa-2b avail able from

w®edveniasgo Cor poration, Kenilworth, NJ; "ribaviPCHUS2004/035839

means ribavirin (1- | ;2 _ o3 . -
osyl-|l.H1,2,4-triazol e- 3-car boxani de,
avai l abl e f %rrﬁowaiya@nhmem pharmacqytical CO@&@@{&IO%%}/ be
GArmdRslihhedititle bhenMacekial: Ere a‘ég{/iyongﬁy?é t §us%ended or
| abl® as Rebet r rom

)

Twel fth Edition; also availz . ol
Sliplyedgn Ooe pomard wiierke fatrions fon topitk] admirstrafiopedtis( r )

- h ley, NI. P ! .
RSTH T PE e o i Al
Hedtdolerig; Waittpehatuiiiblopylenbldlycol; 95@69?6"‘[%%{@1% gﬂyg)ﬁ%ropylene

Rof eron%r), reconmbi nant Interferon alfa- :
fGOSHROMBES FRHALY RS WR epd waiqut Adigrnapigely; tBe phiroracentizahs

' ' ) i.lable from, . . ;
SoRfip e BE R AR 4 By Blip 1 e YRhipine e gotive
CompBuenth sngpefded, oraliaulvid irenddranerepham@icenidali¢lapbdiable
i nt erfeEo_?aiﬁsuch as Sum feron avail able from Sum t dno,

JAPAHS- SFBATP yoclnde: Brtase ot limjerhtonmanaaall il berbitaom
Ghaxthelit, RN Rotbk 6&, p%;tgﬁéstgg %J&e%? é)%§1§7 r2)dc'c3§1‘dode:(:anol,

m xture of natura I nt erfetons
|beneylfadeadiol 8ol watees, and avail abl e from Pur due

> Frederick Co., CT. The term"interferon" as used

~herei n mearBoraphhatisic ueé, the pleinkyerdicalvotpoyitibasBlag BeUS
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- gEroringin e

ecies-specific proteins that inhibit viral _
BT yaleg o8 misanized saPBS OTsIB RSoremBmEbFliusstpleunling or

S ' Al pha, i f.eron. .
A 0550080 1690 TG BBRLBIA, o QLS RN

BOarsservaek fsuch Edienzyalkodimaocidonde. t Altangiven ok sptitial@fc uses,

the present. invention, the terferon is a-interferon.
B BRGSO a3 P gl eg e Biar ich as
GRirbiafahl on of the present invention utilizes nat _ural
al pha interferon 2a. Alternatively, the therapeutic

nmbi nati o f ' i Ytilizes natur
o pha | nt or TahaEicR RS Bhub I AR it ST paf it be
takdniziptered by msattieras] @rinkdlatidie uchsempodiny@re fepared
utili,ze efonbina ha interferon 2a or 2b.34 In

RIBEY h{i‘é Hethe Attt pasopicgbipymataggn and may
BleMbakdit £7bRABAs RPsafhe, pl%}gﬁg%érfz&?ﬁn‘l??%tﬁ ot 8P sfifdble

the present invention | ﬁ%? u
(Preseiatives Abserpioa P@noSctteranhandelboonyhilgbility) ﬂuorocarbonsf, and/or
Pﬁ%'rl Qﬁ‘;e%ﬁbxaag;:sgl\agﬁ%?r%yog’ﬁiis(p%%sin%oeftg%g’cosp’ (e) Berofor, (f)

eron,

Most preferred are pharmaceutical compositions formulated for oral

administration.

In another embodiment, the compositions of this invention additionally
comprise another anti-viral agent, preferably an anti-HCV agent. Such anti-viral
agents include, but are not limited to, immunomodulatory agents, such as a-, p-, and
y-interferons, pegylated derivatized interferoﬁ-cx compounds, and thymosin; other
anti-viral agents, such as ribavirin, amantadine, and telbivudine; other inhibitors of
hepatitis C proteases (NS2-NS3 inhibitors and NS3-NS4A inhibitors); inhibitors of
other targets in the HCV life cycle, including helicase and polymerase inhibitors;
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(h) consensus al pha interferon available from Amgen,
Inc., Newbury Park, CA, (i) Alferon; (j) Viraferon(r);

w@ kQoshadser gen(r). As is recogni zed by skill ed PCT/US2004/035839

practiti oners a protease i331hi bi tor woul d be

bl injstered orall Interfergn is no
DB o A LS o F o piop sRespm Hetldaaibitorms sichgs IMPDE

(Intron A, Schering Pl ough); Rebatron %{Brln

highiters e/ to%n‘lp@ﬁn&?dfhﬁﬂ&d?; agcgsolggl?ﬁ%t 8(%@7608 4b§“1§8 6,344,465,

i nventi on to any specif or s or
Thosd, 4%6M0&7ﬁ$ﬁm§nw(b98/éo3ﬁinﬁv Q&0I5683 h,cand Ihdyobghémhc acid and

SRS R RE R RV Fh 5 281 S, o v

e9ayirvefibindtidas Bf fiyesTike AVeDISEO R Maltk%fdee& an are
adm nlrstered |nsseﬁg?§?e dosage orsrrs I n one

epamichnel, & dnfivig Chmmtheramgewt pi 85942600)i amtl &7 8 dPaent
a single dosage formw th the protease
ﬁlbitér or as a separate dosage form As this

i nvention involyes.a L nat ounds
specific an@ﬁf’h{ llogfnge T ﬁi‘ﬁV“b Hels mlfs i§ferring to

Tﬂ"t@d@@ﬁﬂaﬁlbﬁle%%@ﬂﬁ@aﬁﬁm%ﬁ ﬁ)ﬁrtgea gorrpound in the

conbi nation. As recognized by skKilléd practitioners,

dosages of iipy %%{r 'O HsPEQ. Bﬁtg& %f%ﬁ?e‘tfﬁ)ﬁ did, ?B) aHIélgable from

(eg about ion TUto a
sberiug fgtperatage Kiesil ¢ otie Nie ' Irtohl n@amlnﬁtm-A@ interferon alfa-2b

AHBR R SR Rt in, Raier o SpRBAY s roavirin (1-

| eed-DAEbofiithhoR 18 HIOL 4- hﬁk&l@@ ééi‘boﬂamlﬁé fa@{u 184:0RacRP

’ #Tltaugweutlmléflm ofosth M@a srdeRpzad 1n|ﬂmf) Memg;adm edtry 8365,

S’ﬂ%&{i@ %:)d?[nqgé af‘s %Q%‘ 81@3? q{%}f@lﬁf&g §a%wn§:;(§)q{gora én %EGHIIWC?rth

- Qdlpa ﬁ@doﬂ@b@l i HoEfm@itmal PREcHEANTley) NYE 'BJdAf ‘r‘neans

patients with chronic hepatitis C (Hepatol ogy, 33,

A$5eN3B; p%@tf;fer%lo%@e%saygﬂam@ Bofiarapn-ladeshe Nitley, éﬂ
TRofrolt e EPRUEDnb ARy b AGLR A 2 Pyhilble fpm Hoffmann-

. HeyRaable, Nivficy, INJ; "Beskéﬂ)r'lﬂlzals(ﬁ&%m infﬁrﬁrdﬁrﬁﬂﬂm avdilaBledfom

: he), | hobl astoid or "na
TS ebiin Sot Akl sradpubiag). e ydgafgld, . Siimaferon®, a purified

a‘t{l:%:ﬂl}t/ c?ftqi;}turé d}ﬁkﬂ ‘h%éﬁ ns's l?‘%la %@1 5&}}% Bﬁﬂa‘gf&gﬁ‘% g%ltro%{o Japan;

- (Weldeyon®, nnterfbmmlalphaml(@aﬂalﬂe ﬁGﬁ_Glaab Wlellcomﬁm‘dr €reat Britain;

%%ﬁ%f&é@,réfl %ﬂ)été%?s%gva g@gle%g%tl %gfeg?%g %%alfltg I@;ﬁ;%erfer%%rgme%rcgs 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 a-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 embodiment, the therapeutic

combination of the present invention utilizes recombinant alpha interferon 2a or 2b.



Interleukin 6 (Davis et al. "Future Options for the
Managenent of Hepatitis C " 15 Seminars in Liver

woe@sass7d9, pp. 103-1 2 (1999); interleukin 1PCT/D8200£035839

10

15

G L. et al., "Future Options for the Managenent of
RNl SR L B e e
AU BT ot e REEof i€aldoc esponse (Davi o et
€ s oo ot o B EARREon Kenci piand 2 (1999)
the. i mmine (VAGBIE o nfection. The antiviral
effects of interferons are often nmedi ated through

- i nhi bition(@PeERIE penetration or uncoating,

synthesis of viral RNA, translation of viral proteins,
and/ or vir &) Befeembl y and rel ease. Conpounds t hat
stimulate the synthesis of interferon in cells 25.

( Tazul akhoYe),B&ofer, et al ., "Russian Experience in
Screeni ng, analysis, and Cinical Application of Novel

I nterferon (Hr8imaéred, . I nterferon Cytokine Res., 21

pp. 65-73) include, but are not limted to, double

st randed N@@vwﬁmm@mor in conmbination with tobranycin,
and | m qui nod (3M Pharnmaceuticals; Sauder, D.N.

" | mmunonmodyh ¢ s¥nsal dipRh it e eh eglibb Ry foparAhes, &ic., Newbury
I m qui nrod" ." Am Acad. Dermatol., 43 pp. S6-1 30
(P289@A, O her non-i munonodul at ory. or i nmunonodul at ory
conmpounds may be used in conbination with a conmpound

of this in®lfaonj ncl uding, but not limted to, those
specified in WO 02/ 18369, which is incorporated.herein

by ref erenqg) (issferdd®;e. g., page 273, |ines 9-22 and

page 274, line 4 to page 276, line , which is

i ncor por at eg) hge@eARby reference in its entirety).
Compounds that stinulate the synthesis of interferon

in cells ('Srg%é')rééﬁg%yz%d%ty sﬁ%}ed plactitiBh@s faitasyinbibitoewould be

Res. 21, 6 ) i’ncludé, but are not limted to
dmbkably bdminieteiRallya Toneferon is notdypipihaadugaisiredorally.

SRR Rt R MO Rl hion

. nechaiinsieghisieyention maytbeadmivisierad; sgpar

20

25

CARROUAES dk Mo dHa¥Eime0 THubAacirBympesat of{bdmbination
antiviral activity by virtue of non-i gtg}mom) ul at or

b EPECRICHAFITR ARY
ceu%i cal s); inosine 5 -nonophosphate

I P
SJI%‘HS}_ P%gc’é‘nqgirg"rnm bitors (VX-497 fornula provi ded
I N R A T

- LY#Ri6898 ed 14 Sparait &Eﬁ%éfoﬁﬁ5., b&he pBvidaatmpanyeddditional agent is

Antim crobi al " Agents Chenot herapy 34, 2156-2163
administered as part of a single dosage form with the protease inhibitor or as a

separaté dosage form. As this invention involves a combination of compounds, the
specific amounts of each compound may be dependent on the specific amounts of
each other compound in the combination. As recognized by skilled practitioners,

dosages of interferon are typically measured in IU (e.g., about 4 million TU to about

12 million IU).



(1990)); and
9- Hydr oxyi m no- 6- net hoxy- 1|, 4a-di net hyl | , 2, 3, 4, 4a, 9, 10,

wameoszmydr o- phenant hrene- 1-carboxylic aci d P&L/ig1004/035839
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ester; 6- I\/let hoxy-1, 4a di mehyl - 9- 0
4- et hyl - no)-1,2,3,4,4a,9, 10, 10a- oct
Sﬂhy dr o- phen2 E"E(ﬁ lé‘ﬁ]&b %%%‘B%&heﬂ%?r aeing asgpHypmunomodulatory agent or
e@th@ﬂ'\m&‘é L G e'tﬂ@d i comb1nat1o with a co nd of thlSl vention
P eTRDTYR Qs e

Chl'or o- eny
Faapbtdc, tart a@mon am)ted re'aa nntntfanoneamma 2 daton An schmtgezgomgh)

S S Mt 0 T B e
Vﬁblﬁa W KR, 604, "Hﬁic:ﬁﬁl ﬁl’d%k’é?? %F‘P%%}@ite@@‘iEHQQnte¥f€ror1] alpha-

F.G yden, in Goodman & G | man e Pharmacol o
Eias¢osmpsitedriish ipterfarpe slphniZatin neatiitrhetiv, patanis vith <Eh:r01ab hepatitis C

el Sl ¥ias PEPOPR Cob R apielHERaRpo. P, W,

AlBficavytoN\Goinyensd Bler fer 6O THIAY Meediiaht oDOHrbiE HeF"_M;S" 1.
antiviral _activi tgj parti cul arlg antiviral activity

a@é’it%me%f’ldﬁ?}&lcﬂe $Paht18s1423i (R0QY), mevferermalphe@A (Roferon A;
f " f nt.. of
4 SER LETPY .

adilENviet,| A Neovintdr ferdhEysKi Wite Gkn&fdtﬂos'&ll acNOIt?" Pa{tﬁél Biol. (Paris)

ARt Qe el 3 IoPapank el e Gaiionp o the

Fmﬁi@meﬁi oﬁllepauggi@ S %ﬁ% Ititel DiNGYY ‘f9f¢&> &6 962 (1999);

Chapter 1, pp 7, and e references Ci her

'Iimﬁgleuklhé (&awrscqb al dFetufoDpivrstiooihs Mangeqs)t of dfepetitia@d

RS HE RN PRt 196 ol o BRIyl ek et .

offutidre o@heﬁm& tHeMeRddeRitnEMMNHERLRE OV SI8RinkR i L?\%Jr IDiS¥ase, 19,
cells, or to a human patient, either in separate

mpaa%aéa(wa» wbmuemr@mompfognmhmnbmaumwmm@m of type
P one:
oL bl eHRleodt o3RO, Pl IR Ehe Pgpegpeng

asqmntlmemt Sdinﬁm@rls g L&t Dastasaand, spil03-Ah e (BBONt Interferons may

for nul ati ons Regar dl ess_of: the route of
Femaliorale vispliipfectignsdyeexgrting desbamiirabeféectsandlaaby modifying the

| q?frﬁuﬂé‘qgs %Bgee!{c‘)tlhfégtl&fm{’ﬁ%?n%\?rﬁf)&? %&ec{ylﬁtel%r’&nf 3]{'3 oeften mediated

- pnarnace

'y ‘acce & Tl at 1 ons

rihroiogh idfibicomef vmhpenmxdmloamﬁt@tm@,ckynﬂmm@ aﬁsiralrmNAnt S
t hat . can P sed in rods of the present

i FRASREPRA ‘é‘Ff’g PE‘?}FIP% T yiral sapnllyand relseude:  AA- 2G
adamant yl am de di pe?tl de; adenosi ne deam nase, Enzon

adj uvant, paveds thatiptimalatesthe swrﬁhesmatfjmﬁ@efmog in cells
Y‘Tﬁﬁﬁékl}o‘e‘glﬁﬁaéﬁll gl%}lﬁféﬁrﬁ efidnce Q?I‘eglﬁlgg,,élé Iysps %ncf) Clinical

gl ucan ganun I|n
a&uplmeﬂldmd)felﬂovfeﬂmﬁenfﬁon‘Iied:lmersAﬂitImtb?feton @?tbkﬁl@&le@l B1 $p. 65-73)

ant i del i very syste Vac; anti
1&&“ Ee %ut are nof hmﬂed 90 double strand%d A arlrcl)ne orin combm%tlon with
tobramycin, and Imiquimod (3M Pharmaceuticals; Sauder, D.N. "Immunomodulatory

and Pharmacologic Properties of Imiquimod" J. Am. Acad. Dermatol., 43 pp. S6-11
(2000).

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 (see,



formul ation, 1DBC, anti GhRH i nmunogen, Aphton;
Anti herpin; Arbidol; azarole; Bay-g-8939; Bay-r-1005;

wdas0853) Betafectin; Biostim BL-001; BL-009PCT/US2004/035839
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Broncostat; Cantastim CDRI3684 246; cefodi zi ne;

g AN A S @ggv?(ﬁﬁe%e%? ing 1 s
Par adﬁ%ﬁy%&@é‘s n.}gzgmm@ 101Z; ditiocarb

ELS-1; endo oxm Novartis;

FCE 20696; FCE- 2408 .
| mmunex; F&F%Eg t%EFS‘F%H%g?Z egﬁgﬁ%gf %5 \h}d t&i@é}%n %?ells
Crentiabhset «Laml llﬁter@fdmctaﬁﬁklne R@h lﬂlaﬁﬁ-ﬁﬁ)a include, but are not
al ycophosphopeptl cal ; %{ﬁqﬁt h: factodr
Vizwitsidrie, doghler sppded NS, alsmgpr mﬂOé}b@atmgrl

b
F}%&c ug&ogﬁ@rplﬁ%g%yfl erspﬁégxg Aﬁﬁg gbeérrhﬁtdmmrse 11 (2000)).

| mmuMax; n B n y |
i mmnomdu%%rrcogg?gﬂgg% tﬁg{#gglﬂr %E@S’qﬁgg gggv antivira
'aHﬁﬁgf 1; virtie 8@ néa-irhfAtasmbeulatonpsiccieninaniotiade, but are not limited

|nterferon Don pha2 terf
ooy irini DRSS B PR P Sng SOPRo PG (L DREnEs®

BB STV A R S} I Ptk Punoss

ag ull; InlSepoildie in Livike D@8asell®; 93-002 (9230 EYZL‘TBS(G:QQ SeRatent

N e e A o D
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’fm‘% W%ﬁ@ﬂ%ﬁﬁnﬁﬁ&B%étﬁbxytmfﬁldﬁhﬁeth RI2)3,4M49,10,10a-

’ast at mur abut i de

\. rm:l:allydtd plmnan&wryfi-cafqmahqamd npélp{l icgter; &eMpﬂ)@g(y\kAa dimethyl-9-

rrur a de, der t
H- R Bt SRR ARl PRy BB MG e
%ﬁﬂfo acﬁtﬁﬁ%ﬂ@@&te@g}d@@m&m@ i degiteamheryl)-B3a2,2-Biphenyl-
Pert hon, Advancéd Pl ant; PGM derivative, Pliva;

Rty raprad(Ue tRataud 6,126982)- No.  1426: No. 1549: No.. 1585:

“No. 1607; No. 1710; No. 1779; No. 2002; No. 2060 No.

2795: No. 3B&@mulMmns3iokds, aibrouds4s:administgatn: foxghe foregoing

: Zlggl%cu% are?ﬁgtgel. taaglt i &gﬁfe%mesj%% bemﬁv o} é%%ﬂo%%%]}l the art

%edeoii eiéxﬂi% infH. GEHayﬁelndm Gcﬁbdih@irﬂ S GilnRv> BRI;
| ot oxi n, np arm POL- 509;

; pbhmatl@glcadm@pfmeumm Nmtbgﬂy@n I!%Td}%%f‘é RhrEdfe

MRS, Qe ekt Tod ARS8 nf 339Y 00 SR IRIRAGEnces cited

pbh%fefi& r An@mat%eély Q8 2 cRebbankhat RGIKIAIIC Rantinoaltzatiyity,

rifamaxil; RM06; Rollin; romrurti.de;
Rorrtiogady angivsel petivity aepiet edrugresisiant %aﬁ@ﬁgé‘:’s%a%ﬁn

| S]az aéégﬂ %%%F ?el %%f%gw J&%&éf tlh%géﬁéproxﬁﬁ(?ﬁn be determined

ShsikS %chﬁihﬁéd%gmé yeitlaowstto the skifledsurpiane Suite; for example, Benet

'T-150R ;. T- LCEF;

et al., in Goodman & Gilman's The Pharmacological Basis of Therapeutics, Ninth
Edition, Hardman et al., Bds., McGraw-Hill, New York (1996), Chapter 1, pp. 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.



tabilautide; tenurtide; Theradi gm HBV; Theradi gm HBV;
Ther adi gm HSV; THF, Pharm & Upj ohn; THF, Yeda;

WO bopsasXsasi n; thyrri ¢ horaione fractions; thyrromr/USmp4/03ss39
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' '3g1iananw¢,

 Zpad e, NARSK. SLCHIONRE BRBR a0 Hlelipgbactsr pylopiguapcine

t hymol ynphot ropi n; thynopes?in; thynopentin anal ogues
AL e S T
f é’éﬁ 61" oellé/' di' @& & Bumtaﬁ fp'étﬁérﬁ elt@@f ﬁv%%%hfﬁﬁ%eu@%%c@éptable
Gﬁ)n’ﬂlaﬂia,tlo@amlsterbd: samulﬁnébu;slyl dF-séquzatially; f@mulbtterStontaining
LPRESDA Dag FRGRDEUESAoRL o b ABEBER D RRgent and huliple
R&ﬁ%n%ulaﬁ?ﬂn@ﬂegaﬂl‘bs@bf the rdife of adﬂiﬁ&s*fratlUﬁ' these dru

Repr esentative nucl eosi de and nucl eoti de conpound %
u@fénbmatiqmtfh@l pa arieHiCY nffecrttVIe@mquntd)ﬁmPonamts af thenot

S b prbyigag, 2 (Pyor oot )

-2'-d 3' -t hi t h t TC)
-Ci s- go? Yqualigl_e n}%{}i’s&‘ap 9&}6 rfgtnhlmp O%FI ?org ar(l 1nununost1%nulants
3thakednyeQlsad irPth¥ NS RIFAR rEs:EQ mvéntlc)n #te curdently available and

“di deoxy-S' -t hi acyti di nef &
- (zcludehu)=25;- W@lmadm@pw ﬁdﬂnsplsmndsym)nase Enzon adjuvant,

(MG GAETRF Sben ol dibvatn pagpephin-1 1 AIDS therapy
- Ghiraig atyal gﬁllcﬁlﬁ SR1} pleaspih cAG Tt ARbinlyc; anticellular factors, Yeda;

' ( - deoxy-2' -fl uorobet a- D-arabi nof uranosyl )

nfigark; Wﬁgﬂeﬁtﬂn-lz Fmgylogell, Pat aptigen dplteny ayrtenyd Vac; aptigen

4ok O LEMST e oo AN ol

; B&y-¢q- 8939;:1133:15@1‘})19053 B@Hl 160%;-Betafettiny Bioktxed3IL001 yBL-009;

-a]%q’ilﬁo% $ﬁm§tmqug§%ﬂ@4ﬁece(f%mhgmoklge inhibitors, ICOS; CMV

e

2DISGTAIES; HestyI0 BA ; BiFEpdifioomd hyditmy EICA-h@-142; ELS-1;

B LT L —

(PRIBOASF HRD094; BR-9b1 IS Hrshet; EGJgrotéinE r@aﬁﬁﬂél%a[f;?
2", 3 -di deoxz bet a- L- 5- cyti di ne eta ddQ)’
0

phopepiigak GMH2) G@/ﬂ}éﬁ] @¥DP; growth factor vaccine,

Shdrpdspbyidc dayime Mdtor, HIVhNGES) Wikl Biomed; MypetGAM-+CF;
nethyl] -6H purl n- 6- one %ancycl ovir) ;

ZIHFEUMQX CTdh prchtwg' iprgigwneiidulator, Evans;

fa*f’f?%“’ﬁ*%’éhx%m‘é% £ BED2: bdomung, ingsipr prapohicts
(mtﬁyfei‘mhj Do)lg-.AQ (alﬁlﬂaZbl,yldteoﬁeyoﬁ Geyehterhy(aRha); -ibtet fetony Nbvartis
gd? % e CI I Oé

o o ki) e isaehis s btsalenking)5, Impuingsigtegainn6,

|

?R@S'é?%mf (el st (P23 I Bimiras L ThIRG: 1409,
LI 21 PhoB-2RO LT (1%1 %XerWhSOOSQ’ MAR, Sﬁlcmn‘gﬂ OPDPidegvatives,
Merck; met-enkephalin, TNI; methylfurylbutyrolactones; MIMP; mirimostim; mixed

bacterial vaccine, Tem, MM-1; moniliastat; MPLA, Ribi; MS-705; murabutide;

marabutide, Vacsyn; muramyl dipeptide derivative; muramyl peptide derivatives

myelopid; -563; NACOS-6; NH-765; NISV, Proteus; NPT-16416; NT-002; PA-485;
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~ Nucl eotides 3

3' - di deoxyri bosi de; 9- (2-phosphonyl net hoxyet hyl)
adeni ne (PVEA) ; acyclovir triphosphate (ACVTP);

w@2@ankscycl i c- 2' - deoxyguanosi ne (CdG) ; PCT/US2004/035839

di deoxy-cyti di ne d| deoxy- 6§t osi ne (ddC) ;

(SEERRSATHARGRS SboetRealighuleah KV mephonhitiapodd Flar; PG

fcﬂdﬂﬁzﬁﬁv@%bh rmfaﬁh@feﬁx{s N&q@% Agh. '1426 N& 9XNo. . 1585; No. 1607;
2' -fluoro-1-beta r abi nof ur anosy O-ura

(NWAU)lO NQt BA7§Npez002; bt 2060; No. 2795 No 3088 No. 3111; No. 3345;

ﬂﬁ;z”ﬁf busRORY U RIY LB R %ébe NP 28Y. 4585351, No. 4500;

%m&sgnﬁo&@ N6: $4; My18pIm I abe:; ﬁ@&ﬁﬁa&lr Blautid
Ar a- AVP) ;  2- r:ndeoxy 3" -thia-5-fl uorocY w@tﬂ gutide; pimafide;

PMM%%‘%@DMﬂlﬁ@Xlraﬁ?@nphm POJi- ﬂ&my ygmaqoﬂuelcm Yamasa

R AT Rt R PR BArBert RGBT, P8R wor

i V\Bﬁehddmmvas MADb4$ magar Psasaglobial PFE S0 AGkéxdBl fi61Ttrthe;

lgl , 43, 25- 36 é1996 Swed. Nucl eosi dés Nucleoti des
18etrogsn; Retropen:ddg)003shinestal; gifamaxik G867 Boflug ogpurtide; RU-

Cays3ghyd.4 180! rmht?eﬁa g%@lgodgsg %J@@@ z%ggeﬁ% ﬂ“%m@jg% SDZ-

eports’i
CIIVI&M,S?»,AS:TQ&EMO%M 394, Shds ESM-4BGBJ Soluteiny SRI- 62&3493%172
reacti ons described in the

T o I M A S A oty

tigbiletiat; tEinﬁftfdebTﬁ’&Qcﬁ -BRR; Thalih - HBV; hﬁl&écﬁ@ﬁf}%y]%m:

of the corrpoun s of is invention (ccasiona

remi & hpjabay THE: Ybéa dhyhalfashi; ¢hyasic dhesnmneb&mbtmons sdhphocartin;

L.uded wit t h f
GRORBHR RS BBt dhihriEeR Srbmiecr D mpLSsin Bratechs
vhihodie fraeeh §,YAIpRS; qaﬁhaﬁﬂmhm h@sdrindd; Tved-230; frbeus transfer

art. In all such cases, either the reactions can

- dacter daragenytuliuns Slaned ubsnimerdlsestanANGBd iGD-dat Colﬂng+

S I n
g@?@ﬁ f%@igﬂpg)(ﬁ (Z%t’ @%S%f élkir:fer f@?.@B gtF +%: 'A+b9:'A'2+ IE-B+;
dR By IgG1B-a l[L-@r-nHL-l 2€; BOTsA¢ M9 DARH-E m@gﬂgmgl-m
and the

f d
OGRS LT, Bl B CRN SRS B b

cg@_\ggnqﬂN@mabNM Il be applicable to the preparation of
t he correspondl ng conpounds of this invention. In all

t t | k
br “Tonai 1y RPESAMR M B PR eriPas pa A e

\phédeat muﬁitmsnd&d@mat mesloanmug@fbe(a)l Li¢-2ARbRYIED - @y droxy-
antL; bla[? agents as is, nucleotides (nucleoside
Fephalek

Xy hien;- wddcyitesine; () -Belepwny elhiasytidige-5-triphospbate
32’?22 305D G0y o A A 15 bRE oI 89RBALkine (FTC); -

Dedi3f, |de¢bonw3l ~thidcyt dineH(paSdd]pf - (end@xwgfm&d-seta&-
SR B BRI B P OB SiLesiter
GRIRRUTTAS Séiﬁ)eéxggbﬂoéymsﬁlé YRR FDRETHE §- 851485k uoro-
beta-D- arabmofuranosyl) -5-methyluracil (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'-
amino-5-methyl-dexocytidine (AddMeCyt) ; 2', 3'-dideoxy-3'-fluoro-5-methyl-

cytidine (FddMeCyt); 2', 3'-dideoxy-3'-chloro-5-methyl-cytidine (ClddMeCyt); 2', 3'-
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include salts with alkali nmetals or alkaline earth
nmetal s, such as sodium potassium calcium or

wOor@aessmm or with organi ¢ bases or basic quaPE€r/ns2094/035839

ammoni um salts. The skilledartisan may al so chose to

adm ni st.er .a gytochrone. P450 oxygenpase inhibitor.

e By Sl A RS 21 SR s vBlorothymidine

CEAAERAY: at BOMdeyMeRL-1 L ' gl r Qfg; et -

cgﬁlpoun?:js thateare él%ﬂ%l %iﬂth 2%8%393%% Hﬁdg@ﬁsg. dlldfoxa?’nbetaL

ehoakitidine; 8% 3'tdiflepxyrhetarLi eytidinao(betasL-adCyP-i( ha-bihydroxy-2-
LAl bitor that i npr,ov t he phar okinetics

R T S NIRE AN T
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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 reco gnized by those
skilled in the art. In 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
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~the nethods of conbination therapy. di scl osed herein,
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aranonkygenaseishibitay eSush inhibiors sy begisefy IhBIcEarna dyet o

BRIl AP R s

R &kBroakd B450r om about 25 rrg/ person/day to about 200
ng/ per son/ day; even42 nore preferably from about 50

g/ per son/ dgyn ERbalitieht dOfisTEVEbA ‘i&{’a/dﬂ\aéé,a camd ixfWbitor, any CYP
preferably 1n the range of from about rrgwéer son/da
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the route
attonhaiis secatniver Statea Pateob® 6@7 dal’, and the documents cited therein:

" United States Patent 5,484,801, United States Application 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 US 6,037,157 and Yun, et
al. Drug Metabolism & Disposition, vol. 21, pp. 403-407 (1993).
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TR RSO D POB. ISR LTSV ST et g o
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SO R R AN R M Kl e
| imhébitormdisclgeat] ihertin amhythef confreupdsismivd yntidHEM asioity HOY
e
PERERTE Bk GRLACh WherAlbl il ofnihdiRmt | ve amount. By

virtue of their additive or synergistic effects, when

used in t h%%ﬁ%e%ds%@%orﬂﬁﬁﬁﬁé&ﬁ%aﬁ?%Ys%losgdiﬁg}eﬁljaﬂucleoside or

al so be
nucleotide antiviral compounds, or mixtures 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 preferably from about 25 mg/person/day to about 200 mg/person/day; even



present in a subclinical pharmaceutically effective or
anti-HCV effective anount, i.e., an anount that, if

was@d/oasone, provides reduced pharmaceutical PCT/US2004/035839

10

15

20 &

25

30

" condition is retai ned

ef fectiveness in conpletel y2inhibiting or reducing the

| ati f HCV s and/ or reducing o
BBt )i G 450 Ml Bt mos
"Wfér%% {RYa¥e JTHIMPIERES 'rﬁ%?&s&@ﬁ%f@ta%oﬁpm rdof/day.
such serine protease inhibftors conpoun
h t seuti cal
of T ecti vo. aporoydbibblaicka Be ol LB REE BREGY £ Bnklé dose

enciapasstendtdidosas dn die laterttiang dospe uﬁit cHﬁMoSﬁbhm@n contain
proLease i n |b|t0{s and conpounds haV|nP ant i - HCV
Y

ehprmopnts ot gulappltigley thaserldo make pp dhe dilyislose-dultiplodoses per
| yeGhi ARdSinchR tRe R ity {?%heﬁldttﬁﬁ%% %151%«%3% 6 Bolbn

corfpounds is present in armaceuti ca rve
apissaribingihe dirbge ot her (s) |s(are) present in a

.subclinical pharmaceutically-effective or anti-HCV

ef fective aWberdz{magn foniregiigoa pdtiht suefeblingifitin @HCV infection with
ner stl agfé;ects As used herein, the term

compesitionsaf theresssiivanionelestedin aqgerdance

(ﬁ[th Waﬁ}tymf%d?@}% eiﬂEl'uﬁﬁ |tHe A Wéf‘gh@%@ft(ﬁett Do m}a&wﬁ%ldﬁhmon of

to the sumof the et each ~agent’ gi v¥en a

) stJan origerdt the sexfefigeof uhs mfncmannthwhrom:th of Iadmnmttutmﬂ,oplﬁﬁhmﬂoglcal

o 0k RIS b ) AR5 e S

- aéﬂznepmﬁa@lar ESTRp AT BRbIYEd, AnB HHBR: 2 rELAdivelyP Y stefh is utilized,

mai_ nt enance dose of a corrpound composi tion or
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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

patients, particularly those patients that have HCV infections that have developed
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According to_anqgther enbodi nment the invention grov des

met hods of Upon improvement of a patient's condition, a mamtenance dose ofa

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 is
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.
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Sthevestl MbeyFaferabyltthdipdtienhis ahomtandietng. of any ot her
el emrent. Routine techniques that are known to skilled

practiti onempSnmérde dasslithentDhdehdtbadstdfitlsis ineatidbn additionally

. Such techni ques may be found in_ published docunenéﬁ\;,éblyan

Fampeisa iy stop eff adndinistering o pas Ralignt pRANERYHARRCBERIP
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 aNg44. i6iBitdRN intdbitorebf whiectargetseinttes BGV lifeotyclsomstudinghyelicase

reference. Exanples.ln ordeg. that, this inventio .
ORP PSR ST R L8 of B Btk >GPE BT A O o visl
tﬁﬁﬂiﬁgﬁ,g IR EP TS §niSiBhors 085NV XThe7 &l by MEPBHAAKbRSTS
are i1 ncluded to denonstrate certain preferred Lo
ediscldbeteintUnief Stites Pateih 300876 mysemhenelipecid 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. Alternativeiy 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.
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function well in the practi4ge of the invention, and
t hus can be con3|d red to conséltute preferred npdes
for its praftyg@not lm?rﬁé PiGFend pgmepﬁq)rhpqowglegpgnethod of

S;rk}gii{éatmg Bb dl&ﬁl&al%ﬁbsttﬁﬁe %t@l%%@tfopéc&ﬁﬁl%ﬁldﬁ&? 1P PAtREt Arfprising

t many changes can be nmade in the speci
et sttprod nmstavﬁng:dal@meloglosbmd»stadcawdh atphhhnambmmaﬁiyacceptable

A Séﬂke Ofti ) @g@%ﬁg{gfﬁc%@%&ggﬁnﬁ gn (e % E%%Hz)glceﬁ substances
- Gobmilie, Wikt i hd linfled 360 tiSod antt d@h’ﬁ)oﬁélﬁg R rSRAPSN J18kma,

resi dues Al al- Ser181 of the HCV NS3 protease (GenBank
aiBeBs, )sulvmulabtpaef picddodd, catisRrud thentikeen ergd@ysibras kidney, liver,

77neo/ NS3- 37wt. (re-na .S
R 5B BN amd YL RBRE AGOP s chihRRTE fiegor, and other
%ﬂudﬁlﬁf‘be ABked ﬁl_rﬁo abiflent 3ocH &XA0N¢, dergodensgr ted into
pBEVI 1 (S. Chanber, et al., personal commruni cati on)

. for expres SA@éerfngtt@ Endthdt dRELRBhET tHd Il edide Jr6¥iRb@kthods of
10 .

 EPBILYG o e PRI BRCEI S E el pPER SRt id grpmpries
1 nﬂhb atep@ﬁeontactilng.?samnbrneﬂdl wlasﬁxompémrﬁmmafdlﬁgetbltwﬂwéﬁtmﬁ Such

hexa-histidine tag in E. coli. Resistance nutations
aléeating materialHbet }EB palaptialiyecoms inta euhtast withrat Grustvharacterized by

HCV.Con_ 1 replicon was subcloned into TA cl onin

he
| vl@eﬁeaﬁls Hilctlxtéﬂ buarappt ihectie, surgicaHnsireneris amﬁ garments; lgoratory

e o En ot atep oA RE N BA P RAR S I RIS apg jyasive

RieBsteX dﬂGh/asﬁsIagnmesttenﬂsyetE’CR and a.579-br BsrG 1/BstX |
fragnment containing the nutated residue was sub-cl oned

. back into alrsgeedmbodniht, @k dpohhds 6PhisGaverloa$ybe used
cont aining three_ adaptive nut at i ons,

atHWONEGO@KbEt eiselaien giw virplly encoded sarimepratesse. This
8@. i Sl SREHENH Moy B8 TR coun B Ak i auipea to o

‘ mmzﬁppﬁ{cmﬂcﬁﬂmmhd&hpﬁdrt WltﬁCal ek coih&&mn@ R.viral serine

110-113 999{?& was. di gested with Sea. |l (New En&l and
B?fB?ea%fslan itiQnsdhat crise Sé@@raf@ﬁmo@lrrdetmsa@cﬁﬁh RIPRRAES and

I e .
ARl Prd Dkl 1ol i S61t0 ol RS R\ oo Pschine
rEnitsesse IBMetedé)ryphEuths HIEé NS3ANSAA pRidbaser Misre papicalarly, it is

t 7 |1 d st
Bb AL RIS EL pigliage Bl i teatansto Aot by V- gus spdror
MBIIAN 068D as Hedchibed Rerbvl BREAPISy SRA JrbRHseT iR those described

essenti al nmedi um ( DVEM con?al ni ng 10%fet al bovi ne
sh?ﬁW% l-'@g;lg Gt |(1@£p,| nom(-j\ml@{m]) tesidues at positions 156 and/or 168 of a

protein of SEQ ID NO:2.

As used herein, unless otherwise required, the term "comprise" and
variations thereof indicate the inclusion of the stated element, but not the exclusion of

any other element.

Routine techniques that are known to skilled practitioners may be used
to practice this invention. Such techniques may be found in published documents.

For example, standard recombinant DNA and molecular cloning techniques are well



cells were maintained in DMEM 10% FBS and 0. 25 ng per
m &418. During the course of generating of the HCV

waaiwsgesooi ¢ replicon stable cell 1ines, severBCT/US2004/035839

different patterns of adap#pve nutations wer e
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- added to ot

‘d"q?¢ 0 guﬁglg)ob 1580 AARR B2 A LA 08 PR 1.5, Patent

GLsBPAPd, 613'7 150, Q1 e Rhiedrk Bereby attbfporspd by @erfe&ﬁbé
co ohi'es were formed at a nuch higher efficiency than

tﬁ}iem?ﬂ |naI Conl replicon RNA. The resistance
I'ons identified in this study were introduced

into the p Rgg&ﬂd%hﬁ‘?&%ﬁf@éﬁ%ﬁ RhasSodd tﬁie following

site-direct mut agenesi rep icon cell Tines
WRERraRRaha teny skagplehere 5t fortanTbe ifgltcsvidg karsples amgrincluded

th | d BR3 th
i €omB Ao RICL T8 FEIOOESEai & B e in 3t TEgH e
Aéﬁé%géla? decf}ptﬁ%e StEhb1B iR b ik Bk t@&%\ﬁ%ﬁ% ldsclos¥d ftfe examples

repl’icon were maintained in M cont ai ni ng 10%

'f\eltnalh fitowi npresanummarcﬁ@ disGovzBedbypibe imventsr tefimgtiopwveH in the

gqrq%g rg:q q@zp?e%hgge }13 é@ngbdtcrogg%i%rg ) g%nsa%télpreferred modes for

'E Sit{ve BRI Reir 4hBsLof skAMRMBE art 8R6h1d NE Nighesl the Aresas disclosure,
dL l‘uted into a final concentration of 100, OOO cel |

wpraﬁatwhlat magy domgeetanche madeg thesnscificanhediments whi

f 9 | |
FNTIOCT TNTER ST
Zscoﬁ@gpmgmnﬁ@m 100% DVSO) were serially diluted into
cont ai ni ng 2%BS, 0.5% DMSO, with appropriate

~suppl enents (nmedia B). The final concentration of DMSO

was mai ntained at 0.5%throughout the dilution series.
Medi a on the reply Gafice! lcqrRikays bf Ph3ntigroved, and

. then media B.containing varfous concentrations of

conpounds é?ﬁkiﬁggnel\r/l% dh&dk Videglﬁ % Aﬂnﬁe?mggp%e ?IIC:@NS:;

2SS “Cépound ‘cont r ol _
WeroBeakd) OMB4690 eyRasisistained By PURCLGO thenHﬁébICanBrephcon

for 48 hours in a ti e culture in C
| Blasrai bomeo NS48 M TrmER B PR o hehim gy V.

ggg@ﬁﬁ V\l;lg‘} ?j]c%ﬂ; 5191? gr Q?:% 3 ngg Pla(f £l jsg@g?‘)l‘?lca)\?& ﬁfseM@@m‘f@ﬁBEﬁl 1(S.

eghsiabén erul., personal communication) for expression of the HCV proteins with a
C-terminal hexa-histidine tag in E. coli. Resistance mutations against the HCV
NS3+4A PI were introduced into this construct by PCR-based, site-directed
mutagenesis. To generate the HCV replicon containing the Pl-resistant mutations, a
1.2-kb Hind II/BstX I fragment derived from the HCV Con 1 replicon was sub-
cloned into a TA cloning vector, pCR2.1 (Tnvitrogen). The PI-resistant mutations in
the N'S3 serine protease domain were introduced into the pCR2.1 vector containing

the Hind II/BstX I HCV fragment by PCR, and a 579-bp BsrG I/BstX I fragment

containing the mutated residue was sub-cloned back into a second generation Conl
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Culture plates with treated replicon cell nonol ayers
were thawed, and a fixed anount of another RNA virus,

w@ o@k/0&s7Bovi ne Viral Diarrhea Virus (BVDV) waBCHUSmA4/035839

to cells in each well. RNA42xtraction reagents (such
as r.eagents. from RNeasy kjts) were add to the cells
D B o T PRk 20T B P ARRA R AR WADE (see

exd16@st B cBRARILCHI e bOSIARAT MR Manufacturer
Wi th ?mdi fci cation t(e) [ mlJr ove }}és%lrglcr:&?%gn efficiency and

consi stency. Finally, total cellular RNA including
HCV replicon RNA, was eluted and stored at -80 C until

further processj ) man,.real - tj RT- P

quantificati oﬁlﬂai\'s alflém@eqlﬂ?tl%omq}p?wc%g@lsof

specific pri s an r obe. e was for HCV and the

ot her was fjgﬂée é\’)ﬁf‘ﬁu%‘l'g"tnﬁfmﬁ@%}é% Plasng BRIV N ed
hirRith €SN SeRhb . ibERGH

ey cat Fon ofégg’?’ﬁp}ﬁqc?/@g%g?ls%%ﬁ ”E%idl%n A At 8o Plew
lgpd Biolabgh eFullriengthl HE¥isubrgenems kplaggeRNAks generated from

LR ks Y S B B P o

abNatelongmboe theStAPIHRMINAUR ik i RNARSnSaiRs RER

~plate. The percentage of inhibition or decrease of HCV

Flpetroppratedyinto Huh-d saioantsteble B rapliners celblinss verre gelected with

. ; I 0% of. .
LRI | 8 YRR 90 e SOOI 0L Uy @R g s
neediumg@®MEM) goataimin 0% Hetnl dvigs sy (BRBS)E dHCWV tkplicon stable
viability assay,. Il Titer 9649 AQueous One Sol ution
fretiingd ig

P VisFoiy Yo 0V pFBRegd V. 25mRe peioBhEdh.r at i on
at which 50% i nhi bition of HCV RNA | evel is observed)

‘and CC50 ( cBRdRithespwsa ofgengrting of te HeYimbigsnomic welivon

L o R SRR TR e

fotternpizas dimet eubstititions fri the QY GSadtiuvital Prétkins FxmioR werd:
Sel ectign of Pi-resistant replicon cells The HCV

t HCV
éBHPg%C{i Inje Hhserieinal PERSEA-T¢ ¥pNeo plasmig tyjesite-dizspied mpyfagenesis
3580, B SR AU
208DE, sWhee thed)7 ruprofE RN trariscapts dfon el S oy X1 268k ad pBR322-
B YR blasi s SHiotrobpraisghiniecyiv] sl wablgrapiigen coll
TDIHIes(WEE RIS o nhRh BBy @:ﬁ@fén@y)than(tﬁé’ Brig(hglol\l;grﬁg%glicon

"the starting concentration was 80" nM (80x

tHEA] Thgiredsancemutationsndentidied 2n thisindyl Refsaioducsojnto the

B S ROl SR uESELUED CeLLS ML e

rrepltdoctell fines Wetd@énbatedasinadle 7 easYips defived Bd%Seither wild
regardl ess the cell culture was split or not.

type pBR322-HCV-Neo-mADE or the ones with the resistance mutations.

Example 3: HCV Replicon Cell Assay Protocol

Cells containing hepatitis C virus (HCV) replicon were maintained in
DMEM containing 10% fetal bovine serum (FBS), 0.25 mg per ml of G418, with

appropriate supplements (media A).
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Exanpl e 5: ldentification of HCV Pi-resistance
mut ati ons During the selection of HCV Pi-resistant

wo epbioesmo cel |'s, cell pellets were coll ected eREr/YS1004re35839

the cell culture was split48Total cellular RNA was

"7k ong (B Py bl 8 Rldon o

Rae réth e@a tﬁ@@hﬁ&a%%a@ﬁﬂﬁﬂea k86 aWrahcdhcBkdtionfof 100,000
sﬁeC| I C |gonuc eotid

(:tﬂls-lféEﬁﬂIWlA'ﬂOmm'ﬁG(@ ul mE@llathmog)ac}anll of a 96-well tissue

@4@%%%;%%&?%%{{ Al Srepienbin Q@S}k‘egﬁg}f kﬁ&%ﬁtggﬁf#”ecﬂ tan
PR pur | 11 O s R p e BT D N v ety o

' @ﬁlgf%?alﬁlfn LRETESVo 5Y W%tﬂi ;t%%d)ﬁﬂﬁ’eé Ie'ﬁ%nfﬁﬁedia B).

serine p Ot ease dO rrng e sel ec 1 on
e iffnblegbntentration BT DRCSO pras duainteined ab).5t @eaugiout the dilution

- replicons fromseveral different culture tine points

WEIE- subj ected to sequence determination. To determne
the frequency of Pi-resistapt nutations, the

7- .
RT- PCR pr odviedia op thepertiqomycel rmanolaygwes iV ey amﬁgen media B
ﬁ&&m&?&aﬁoﬁg tcoﬁ%&ééti&% o?%lln oWl %Vajs agéécf-‘ dvieib B FitBokAny
vVect or

onin I'nvit ogen For each tine
pompbundrwhs adiled to nitherwelilsads rtmmﬂnmquati couk@dni es wer e50
i sol ated and the HCV NS3 protease coding region of the
purified plegRivitréoubasd Wﬁhlaempeuhd iR BMSO in media B for

Expression and purification_of th Serine. .
g8 doursr adistes el oshatenid 3%I r 8¢ Ehed’ﬁdgg ﬁgﬁt‘fg{i&% ipcypation,
emEY V%%?feﬁg{fédq cP{h%Hgﬁl?c%n qeﬂ%dﬁo&?f&t ‘@hsﬂw&ﬂleh Bﬁcé’\iwitﬂ PBS
type sequence or e resistance nutations

[2h6 Sidredat BIL‘EBMOIWBMA ezmaftionned into BL21/ DE3 pLysS

E. coli cells (Stratagene). Freshly transformed cells
were grown @iluid plaiel vﬁtlﬁkﬂatdmépmn(dailfmmoua@bmwemnhawe)d and

pl emented with 100 per m carbepicjllin apd 3
m}p rangAung fif @wébﬁémgw&tsé%?ﬁ Boting yfra 11}8}?&1’??/ Q’délfus tBVDY)
7
T e
aamitas kitgpw erenddathofthasdilsfimnrdivtely to 280d Gegradasiontod RNA.
g,[é}(%; w&g){ﬁé@t&t}tg&ogﬁgw ulrrll L at | 1 St%? Bfeég{%lgjsmodlﬁcation
f
]tg gmrrgﬁo&fé Pe%%héﬁo&@c%ﬁ%eﬂ@%n@é%ﬁﬁstbﬁby F ﬂ}algf 1dMfeRhlaARNA,
I’lﬂduﬂlylg }m‘@geplmpmhmmmutes pndl mm@ép&%’&m irthey popeessing.

(v/v) glycerol} and stirred for 30 mn. The |ysates
wer e honogeAiTagehat séabginge RT-ACGR hudndifizetion assay was set up with two

o eqothutdnes, Mook ot Ve COLU IR Br. s v
B8k x tractants from treated HCV replicon cells was added to the PCR
reactions for quantification of both HCV and BVDV RNA in the same PCR well.
Experimental failure was flagged and rejected based on the level of BVDV RNA in
each well. The level of HCV RNA in each well was calculated according to a
standard curve run in the same PCR plate. The percentage of inhibition or décrease of
HCV RNA level due to compound treatment was calculated using the DMSO or no
compound control as 0% of inhibition. The cytotoxicity of the compounds was

measured using a mitochondrial enzyme-based cell viability assay, CellTiter 96



to the supernatants to a final concentration of 5 nmv
along wwth 2 ml of Ni-NTA resin pre-equilibrated with

whedoseu2520 cont ai ni ng 5nM i m dazol e. The m xt ur BET/WE2084/035839

10

rocked for three hours and49vashed vvith 20 col umm

vol unes_of _buffer l.us 5mM i m Xt ur es

HriFofaieli Cefleobne At didagiay the Jon i apiration
ftfl@ﬁ%OQf mﬂﬂﬁtﬁcﬁf of BV llﬁ\lﬁ 1£M ez edeand the;, K@écéﬁﬁa’uon at

pro erns were eluted in buffer A containing 300
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onto a Hi -Lpad 16/ 60 Super,dex

Brrétl%fmrrf? B S0 o TP g O AP 75 fiing (SoftMax

%ptlons of the purified HCV proteins were pool ed and

red at -80 C. 51 Exanple 7: Enzymatic assays for the

HCV NS3 serine protease domain A HPLC Enzyne Assay

Prot ocol HPLC M crobore nethod for separation of 5AB

Eﬁ%ﬁc{ 3t Esl‘g?pz{jl}éﬁr E(é{eﬁﬁlcﬁﬁgﬁ@ g{/ reSésé:anwlpli on -cgllilsr s
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sntl ﬁfe‘%geéeﬁc@éf ®2OhS R ml (A 8Gnd Blokf1 @ iricr&RingMohEEGtion-bf VX-
cerol; 100mM NaCl Tot al assay VO

550 (rreiax AR O6R061 Spricg BURFI POty eCabb e BILN 2061

15es TR APREY Do ordeniloRBEVE-oChRtd fm. Pub Y 0x
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Example 5: Identification of HCV Pl-resistance mutations

During the selection of HCV Pl-resistant replicon cells, cell pellets
were collected every time the cell culture was split. Total cellular RﬁA was extracted
using the RNeasy mini-prep kit (Qiagen). A 1.7-kb long cDNA fragment
encomi)assing the HCV NS3 serine protease region was amplified with a pair of
HCV-specific oligonucleotides (5°-CCTTCTATCGCCTTCTTG-3’ (SEQ ID NO:3)
and 5’-CTTGATGGTCTCGATGG-3’ (SEQ ID NO:4)) using the Titan One-Step RT-
PCR kit (Roche Applied Science). The amplified products were purified using the
QIA-quick PCR purification kit (Qiagen). To monitor the émergence of the HCV PI-
related mutations in the HCV NS3 serine protease domain during the selection, the
purified 1.7-kb RT-PCR products of PI-treated replicons from several different
culture time points were subjected to sequence determination. To determine the
frequency of Pl-resistant mutations, the 1.7-kb RT-PCR products of HCV RNA of the
VX-950 or BILN 2061-resistant replicon cells were ligated into the TA cloning vector

pCR2.1 (Invitrogen). For each time point, multiple individual bacterial colonies were
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The reaction was i ncubated for 20 min at 30 C, and
then term nated by addition of 25 niL of 10% TFA. 120

workooalsxsoot s of the final reaction end productP@EES2004/035839

transferred to52 HPLC vial $0 The SMsY product was

separated f strate and KK4A b WD
PRt HORL NS S G R e e b oY P ATE PR R BNA was
igjtulegggd 1100 Degasser GL322A Binary punp G1312A
ut osanpl er GL313A Col um thernost at ed chanber GL316A
D ode array detector GL315A Col um: Phenonenex
\(])(L)IEI t48[_)3 g m'cron d 8 300 angstrorrs; 150x2 mm P/ O

- - BO. X A ] vol une:
100 nL Sol ve ﬂglﬁ g’fpga ?%‘fggﬁg.L%MA& ol vent B
HPLC grade acet On![-I(L‘V|NS3+seme%r'6i%ﬁsél'ﬂdjiﬁaﬁm n) %8 Fl ow
(m/mn) Max press. 0 5 0.2 400 12 60 0.2 400 13 100

0.2 400 16E11@190@th3 e4PRsshdn Sofdtrdctd @ thé IV N8B seffhdlprotease
Post-run time: 10 mn. B FRET Enzyne Assay Protaoco

Enmpima¢dntaisiog the wild typs seeuescerpnibe resistange RGNS (A48 6Dn

0166022 R R T bS5 s L Wl

- i Stahgale). yrenan elggdofhsDEN &€ gt 4t 62°C FRREBHI medium (Difco

Substrate Ac- DED(ED ANS) EEa Abuy
(Lzahmqes;\mplem@tqﬂm@] &%gjg P?’%ﬁﬂ é‘qﬂa@ﬁm éwgéép‘tﬁ RFrag

i(cﬁfioggégﬁe%ico?‘@ an JptRaPER Ry ¥PE.75 U0 M. GRARICHBH Wt TRAE IPTG

was performed for four hours at 24°C. Cell pastes were harvested by centrifugation

and flash frozen at —80°C prior to protein purification. All purification steps were

. performed at 4°C. For each of the HCV NS3 proteases, 100 g of cell paste was lysed

in 1.5 L of buffer A {50 mM HEPES (pH 8.0), 300 mM NaCl, 0.1 % n-octyl-3-D-
glucopyranoside, 5 mM B-mecaptoethanol, 10% (v/v) glycerol} and stirred for 30
min. The lysates were homogenized using a Microfluidizer (Microfluidics, Newton,
MA), followed by ultra—centnfugatlon at 54,000x g for 45 min. Imidazole was added
to the supernatants to a final concentration of 5 mM along with 2 ml of Ni-NTA resin
pre-equilibrated with buffer A containing 5 mM imidazole. The mixtures were
rocked for three hours and washed with 20 column volumes of buffer A plus 5 mM
imidazole. The mixtures were rocked for three hours and washed with 20 column
volumes of buffer A plus 5 mM imidazole. The HCV NS3 proteins were eluted in
buffer A containing 300 mM imidazole. The eluates were concentrated and loaded
onto a Hi-Load 16/60 Superdex 200 column, pre-equilibrated with buffer A. The
appropriate fractions of the purified HCV proteins were pooled and stored at -30°C.



96-well mcroliter plate format. The buffer was
conposed of 50 M HEPES (pH 7.8), 100 nM Nadl, 20 %

w@bkoosessig 5 mM DTT, and 25 nmM KK4A peptide  PCT/US2004/035839
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( KKGSWr VGRTVLSCK; SEQ I D RO 5). The KK4A peptide
represents the central region of the NS4A cof actor
from genotype with lysine residues added for i rrpr oved

solubility [Landro et al_. _Biochem stry
9340- 9348 (1997) }Example,7 e&f@?ymtlﬁragsayﬁﬁr@@ed by the

addition of the F%Eﬁﬂ@%éﬁﬁgﬁgﬁtggemﬁ,{%ggm n pre

i ncubation of the buffer corrpo nM of the

3 pr g{ ture. The reaction was
n'\‘lgnl toﬁ%g‘%’s?n éggggrjglg% using a Ml ecul ar Devices
fe@
run, respecél vel For det erm nation of substrate
ki netic par concentratl ons of the FRET peptide

T were varledfrom I nt er - mol ecul ar

quenchi ng W 2rghu- 161?135&817&(61 (aﬂi)haM%u-F%(Br@ér-Mﬁﬁ'@er-Tyr-COOH
substrate kinetic paranmeters, Kmand Vmax, were
det er mi ned Bystdckisplutignoha0 oAV & ABb(or lsenddntrhtie dfyour choice) was

TRy oM Blro i har 050 e b § HBGg re
?ﬁséywsdoe?ﬁéﬁaﬁga%@°mﬁaﬁﬁﬁ&w&%k%%°é1§°?&ga& B

used -as contro]) was added to the buffer. conponents
and enzyne E?t@hassméol}mpmaaﬂ 9@Lni n pre-incubation as

describhed_ahove  This mixture was incubated for_an

laddi tional min at rgom tenpefhtlire prior. to adonc. In assay

" lincubation with the |[FRET substrate for dnother 20 nmin
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20

- |aBuf8@ C. Seven to eijght conc@stsrations gf conpSeeabove

were assayed, and the resulting data were fitted to

thaM Riegs at ed formlof Morrispr™s equatifon for 250
bi nding inhibition [|[J.F. Morri son, Bi ochi m Bi ophys.

ACRApTEFSS Pp. 269-286 (1969) 5 sAT substrate and
inhibitor data were |fitted usi ng I\/ar rquar dt - Leven%erg

| Cbbl Ul VVI lII |\ | II"ClU I"I ST SUTT
gMSC?&' &ghfbgﬁvel oprrent of re? tance t o |VX- 95(;78% ﬁ%

( i HIII(‘Q AN mﬁﬁ| cfrllr\fllrﬂ\

on \ N Q
II \JCI I o V77X J U L\ILBAL CTTIeTT G
%MGN i cal candi date for thtls treatrrer%tsnM

reversille  covalent inhibitior of the HCV

3.0(—950_@_&
NS M S4B (IRKiaf) ot edse. Al t hotyh conpetiltive wi 2A HMe

peptide substrate i the active site, it exhibits

apparent non-conpetitive inhibition as a result of its
tight binding properties and tinme dependent inhibition
mechani sm (Theﬁatf% KRAAYDR'T, butbtNS3 were@dhdinedn digfribubeel 78 pL

HCV. Conl icon.cells with VX-950
ey ol o L0 Bl s of s e fenbiat ot 0 C for ~5-10 min.
2.5 pL of appropriate concentration of test compound was dissolved in

DMSO (DMSO only for control) and added to each well. This was incubated at room

temperature for 15 min.

The reaction was initiated by addition of 20 pL of 250 pM 5AB
substrate (25 pM concentration is equivalent or slightly lower than the Km for SAB).
The reaction was incubated for 20 min at 30 °C, and then terminated by addition of 25

nL of 10% TFA. 120 pL aliquots of the final reaction end product was transferred to
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wild-type replicon cells (Figure 5B, I1C50 curve).

Total cel | WiyenRAS HRT QMBS waRr ap1h @Rl | s at days 7,
21, and 56, were extracted and subjected to RT-PCR to

o 1 f t b oo+ e £
LIS SE 5 % /N PgStT1ohg oT— P

anplify th ' {99! -tF[Eg., PaMekL g APr ot ease
domai n. Th?%%pr 0&3@}39%\%%&@& K-sequenced to
< By (mi/ifin) | 7> MUK press.

t
h

cou!mmﬁfiml sphonsiblefoFth bserve edtretiron—th 0
2 no gr\i4p

l—\,\JPUI E=JL I ™ 4 I v T \Y’
¢l eoti de—and—am

sensitiity tolVx-950 2 The a 1no-aci
sequend@s of the wildO0ype prote82e fromlthe 400

origindl3 replidon cell€0are shown i n0SEQ I D_N 0

SEQ IDINO 2. Nd VX-95000 el at ed nut at D@n was qbser ve4d0

I'n the NS3 serijne protgase dorai n of orhe serijes A 400

M

r a1 %84S at day /7 when conpared to the wild type
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B FRET Enzyme Assay Protocol

Enzymatic activity was ‘determined using a modification of the assay
described by Taliani et al., [Taliani et al., Anal. Biochem., 240, pp. 60-67 (1996)]. An
internally quenched fluorogenic peptide (FRET substrate), Ac-
DED(EDANS)EEaAbuy[COOJASK (DABCYL)-NH2, was purchased from

AnaSpec Incorporated (San Jose, CA). The assay was run in a continuous mode in a
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VX-950 (Figure 4A, chemical structure) is a clinical candidate for
Hepatitis C treatment. VX-950 is a reversible, covalent inhibitor of the HCV NS3+4A.
serine protease. Although competitive with the peptide substrate in the active site, it
exhibits apparent non-competitive inhibition as a result of its tight binding properties
and time dependent inhibition mechanism (C.Gates and Y-P. Luong). Incubation of
the HCV Conl sub-genomic replicon cells with VX-950 resulted in a concentration-

dependent decline of the HCV RNA level, as measured by the real-time RT-PCR
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protease domain. The RT-PCR product was bulk-sequenced to identify the
position(s) of potential mutations that could be responsible for the observed reduction
in sensitivity to VX-950. The nucleotide and amino acid sequences of the wild-type
HCYV protease from the original replicon cells are shown in SEQ ID NO:1 and SEQ
ID NO:2. No VX-950 related mutation was observed in the NS3 serine protease

domain of the series A replicon cells at day 7 when compared to the wild type Conl

replicon cells cultured in the absence of VX-950.

At days 21 and 56 in series A, substitutions at Ala156 in the protease

domain was observed, suggesting that mutations at residue 156 might be critical for
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did not resume until day 21. BILN 2061 had an IC50 value of 1.0 to 1.8 pM against
the series B cells at day 59, which is 1,000 to 1,800-fold higher than the IC50 (1 nM)
against wild-type replicon cells (Figure 6B, IC50 curve).

No BILN 2061 related mutation was observed in the NS3 serine
protease domain at day 7. By day 24, a variety of substitutions were observed at

amino acid 168 of the N'S3 protein, suggesting that substitutions at residue 168 may
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eventually became undetectable in the presence of high concentration of HCV PI

(data not shown). Cells with low or no neomycin transferase protein proliferate at a
gradually decreasing rate and eventually die in the presence of G418. Replicon cells
with the major VX-950-resistant mutation, A156S, are expected to die in presence of

increasing concentrations of BILN 2061 since it has been shown to be susceptible to
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B. Development of Cross-Resistant HCV Replicons from BILN 2061-
Resistant Cells

The second selection scheme was to grow BILN 2061 -resistant
replicon cells in the presence of both BILN 2061 and VX-950. In this case, a BILN
2061-resistant replicon line [series B in C. Lin et al. J. Biol. Chem. 279, pp. 17508-
17514 (2004)] was serially passed in the presence of 0.25 mg/ml of G418, and slowly



10

. ithed
15

20

25

30

48 was sub-cloned into the TA vector and nultiple
cl ones were sequenced for both sanples, the day 21

waeamploe2sed t he series E replicon cells, which pemUbmesn035839

cul tured60 in the presences®f 3.5 rrMSVX 9:30 ?ni60 32
06 f , % qQr Qu
P eResTRERPERCAIGE o SSY id BEEY 306 Gerire b Baures)! or

aBHINI206 B WS dthriiv 'c@ﬂceﬁfratﬁh@%%l oM AT MBkhd A f%a’sl%é/lce‘f’@gtmn was

found in’ 35%or 16 out of 46 clones. For
s@afpiMe. Only e enmceritations ofV EH Wawerb @ee: (7ulMLﬂhdd4|uMI Replicon

BTG bl ST A0l B e lRAG TR Vier ot Be ciected

- Stalitié inl prbdeBe oﬂ\lﬁgh QohdeatrdticR ¥f LS50 tsl'ﬂﬁé Hey'Wave B&H‘%ﬂown to be

in 20% or 9 out of 44 clones. In either caSe, no ot

n%‘ts%ﬁpl'flb}?sto ilphibriien Q€Y %6850 He Ipn 6t dlak Bidb Ghiem. 2% ppolFiDS-

: t 5 @ Q]a %ﬁ%@%ﬁi‘gﬁg I\ ﬂfl %uq ¢l o?@%ﬁg'%ﬂ%&%mstaﬁt to both

CUKEREH0 anddﬂiNHBﬁlSdaﬁmqﬂmhﬁ ik ﬂid‘pr&@én@@@f @8H cBhdehird @ik of both
el(} stratlon and Confirmation of
%@@%ﬁ? R}!HPQW @ groxyth apthegepdicon celdshasborimsthen. tHrovever,

- GRBNTRLdefls e BERLS 16 \xpﬁ&lg%aﬁﬁsf@ry ;;IEQ) éqgelle'r&gno? gg)tcgfsr which

t he observed nutatio s at or

' ﬁ]@f lagied fur SoalayenBSimce 8@ giVE Né&?@ﬁ) ngajon ﬁetsuNéﬁ ﬁ’ﬁﬁo@ﬂhﬂ 5@%

9“%‘9?‘83@3@‘9 ﬁ@% ﬂlg:steﬁ??f Fei ?%F? e”%i'stﬁ@ 2@3&1&%@0 values

aff\m&so Rhndt B8 deiek:dinel Pt NSk EBSEm éu{‘wo fold higher than

Site-specific nutagenesis i s another technique use
@%P(ot@e?plalb@tag@nstdhe semies BUBIRN Q}ﬁ)ﬁb{r%simth)rdpﬂleomsells (Figure

B 3R R SRR b P e Tl R G ek Sy 52 were

(detmmlreﬂcto des 4 ]JIRI &fidhoindichtds ﬁl%q;blﬁ‘éhqg r&ﬂlﬁbn lc8]ld #Td4§ 58 Yemain
nodi fication). The technique further provides a

rré%ﬂﬁntéBﬁILNﬂ%é (Bieep9@- and test sequence variants,

i ncorporating one or nore of the foregoing

" consi der at i omal, ceBylar RiNZofraimi thgs&mae Doeelist daybe; lvelth bkal also

fi
SRR EOR DR 5o o 5067 A5 e angh, v
teleracte@amf subpRedd to R PR WelpHo) ﬂﬁ%&ﬁ%ﬁﬁ@@ﬁ %f%ﬂéfﬁm serine

encode the DNA sequence of the desired ation,
REptepasy slognainy f ThQ:R%rRCRq oredaet vods badl- amnncaduo |1@mtuf3déms

T I O M T B—

© gn desithtytid eomem@m RIS Agniaf ubbtitaebmoat tA1AVSY H8He protease domain

| | | mer of about to 25 nucleotides In
PR S hrerop Rty ahscAiFosst ool Sumisi baipatissb o the
b@dda SRRV 1b B p1ac Horf i
al t e? ed. Tlﬁjgtfyt ec ﬁrI]ﬂl qu eNtoglE}ll tc Al Q%e%pﬁﬁaj Spﬁg, olﬁh four proteolytic
[set inrthoHRageonstuttoral phu¢in esgisd that fre cleaved by the NS3+4A serine
protease. To delineate the identity and frequency of the substitutions, a 1.7-kb RT-
PCR product of the series A replicon cells at déy 32 was sub-cloned into the TA
vector and 14 individual colonies were subjected to sequencing. 12 clones had the
A156V substitution, while 1 clone had the A156T mutation. The 14th clone has two

mutations, A156S and D168V.



both a single stranded and doubl e stranded form
Typi cal vectors useful in site6l directed nutagenesis

w0 p@bses7vect ors such as the 3 phage. These phegEUS2004/035839

10

15

20

25°

30

vectorflare commercially awailable and their use is
enerally well known to {hos i.llled in_the t. .
%oub! Begelqanmeeﬂofp%@ﬁﬁl%f‘élsawjié{?é&“rpim’%Eﬁ";‘?‘ B’%ﬂe&“é’d‘“’“
in sykguglrected mut agenesi s, which elininates the

step O ransferring the gene of interest froma phage

10 a bl asmdou HedShelflies c?fﬁeﬁ'st‘ihéegﬁhﬁﬁoﬂ%@ PESinsId BCV

per f or med ai ni ng a single-stranded vector,
1, ekt VD 50for BILNS20GEN 6 gbweh drasikthBedsfor aenteal daps; tdoring

%gﬁgf‘{eﬁgﬁééghﬁ&?%%%ﬁﬁ ﬁﬁﬁ‘éﬁ@?{}%}&@gﬁ?gg& pp. 17508-
Q; %{Eﬁgolﬁﬁ{\{l}ﬁgh ts%galgﬁ 3}.&6{ %ﬂ?r p@b?gesﬁg@ﬁiég RGfarlt$eplicon cells and

_ , | 'y "prepared. rimer is then anneal ed
whhduriehedaiingl mnstesiatadexirephitonsr Eoaveati, 0g suctadalndgathmrglow-

account the d f m. tch | i . )
SoBAIBFShETOBi (ian QBT A ST TIaRS o Ero Ry Eplisa pgies C
%ﬂ%\ﬁe}@%eﬁ%b%. eRTYFRSILRUBL (RS cioss-ElstanBO@ioas,A156T and

ragment, in order to conplete the synthesis of
tATES 6Wy heyihane bleeadiy regissadria MaX-9 erigg fh)e@l‘e%é{:%@@x (segies B)

e R B SO BB PR Sb it Pl BBen hemes

' ‘l}gg%irﬁgvﬂy baak keWard Thé A15ET 6 AUSHV artatidmtover othet pretential cross-

>d to transformappropriate cells, such as E. co
aesistanceanetalionsn dhugrathiyd [seleetin scheme W3g pgr(f%rme% usimg the naive

SEQTRLAANT HEELPLS BRARING e abed sequence

f getrent course, the above descri bed approach
or site-diJrecte t agenesi s. .| t fﬁ@%
of generati ’h@a é‘?fﬁeﬁ\g 3 IVC 6%@#8‘? c%t dall{r#Spr 0 égggkél%vmeo-

SARGIERT. Adleds, B BEH. Ther0279YBANT7508- 15614 (2008 Ingere Fréally
present invention also contenpl ates other nethods of

awhscahin e preseagentd 28 mafuhobG4 Hrndeslah lBcropsiag pengnirations of

t.h in . i -

L 55O ARERaY SBE B O, 887 g ppltenton o
SENUSHICRa3AS LBNkE thehigHest cdacénmatibn Wis 98 @M.e5osBHAY 2061, the
mut ant, A156S, remai ns suscep

| csgi?n:]ing mmmtrmqnf Ve ORYEddhe SRl ORHAGT WA AL 5 Replicon
R AL BN o 5 20, v

wasl BERU2061 wapddded. Roplico onlls in Seies Ergrevsomnally foy phe first 10

e oo SO BT, Bt PR AP A6 e

;éegf% ggd%ﬁg ¥R B FRaWBS FoSeRH neabive tabtath vabl BBk ved between
days 10 and 21 (Figure 10). Normal growth did not resume until day 21. Total
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cultured in the absence of both HCV PIs. To delineate the identity and frequency of
the substitutions, a 1.7-kb RT-PCR product of the series E replicon cells at day 21 or
48 was sub-cloned into the TA vector and multiple clones were sequenced for both

samples. In the day 21 sample of the series E replicon cells, which had been cultured
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primer sequence of sufficient size and sequence complexity to form a stable duplex on
both sides of the deletion junction being traversed. Typically, a primer of about 17 to
25 nucleotides in length is preferred, with about 5 to 10 residues on both sides of the

junction of the sequence being altered.

The technique typically employs a bacteriophage vector that exists in

both a single stranded and double stranded form. Typical vectors useful in site-
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obtain sequence variants.

A. The dominant VX-950 resistant mutant, A156S, remains susceptible to
BILN 2061

To confirm whether the observed substitution of Alal56 with Ser are
sufficient to confer resistance against VX-950 but not BILN 2061, site-directed
mutagenesis was used to replace Alal56 with Ser in the wild type NS3 protease

domain.

The kinetic parameters for the FRET substrate for the wild type NS3

protease domains from genotype la and 1b were identical (Table 1) under our assay
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cross-resistance agai nst both VX-950 and BI LN 2061,
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with .either Val or Thr in the wild type NS3 ‘
The HCV RNA level in the replicon cells containing the A156S

substitution was similar to that of wild type replicon cells (data not shown), which is
consistent with the similar enzymatic catalytic efficiency of the A156S mutant and the
wild type NS3 serine proteases. The IC50 value of VX-950 against the A156S
replicon cells was 4.65 uM, which is 12 times higher than that against the wild type
replicon cells (0.40 pM) (Table 3). The difference between the IC50 values of BILN
2061 against the A156S (7 nM) and the wild type replicon (4 nM) cells was not
significant (Table 3).

B The major BILN 2061 resistant mutants, D168V and D168A, remain fally
susceptible to VX-950

To confirm whether the observed substitution of Asp168 with Val or
Ala are sufficient to confer resistance against BILN 2061 but not VX-950, site-
directed mutagenesis was used to replace Asp168 with either Val or Ala in the wild

type NS3 protease domain.

The substrate kinetic parameters were not affected by the D168V
mutation, and showed only minor changes (less than 10-fold) for the D168A mutant
as indicated by the comparison of the kcat and kcat/Km values of the wild type and
the two mutant NS3 serine proteases (Table 1). ‘Similarly, no significant effect of
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~ resistance in enzymatic assay Mutant Ki (mM) BILN 2061
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1.2 33 Table summary:. The Ki val ues of VX-950 and
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and three mutants (A156S, D168V, and D168A) of the genotype 1b, were expressed
and purified as described in Materials and Methods. The kcat and Km values of these
NS3 proteases were determined using the KK-NS4A core peptide and the FRET

substrate.
Table 1. enzymatic characterization of wild type or mutant HCV
NS3 sgrine proteases
HCV Protease Km (uM) Kcat (1) ' Kcat/Km (M's™)
Wt (1a) 1.3 1.2 8.97x 10°
Wt (1b) 1.1 1.0 9.47 x 10°
A156S (1b) 0.9 0.6 6.64x 10°
D168V (1b) 1.2 0.6 4.98x 10°
D168A (1b) 2.0 0.3 1.50x 10°
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transcripts from the corresponding high efficiency Conl replicon plasmids. The IC50
values of VX-950 and BILN 2061 were determined against the four HCV replicon

cell lines in the standard 48-hour assay.
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determined against the five purified HCV NS3 serine protease domains, including the

wild-type protease, as well as two mutants, A156T and A156V, using the KK-NS4A
peptide and the FRET substrate. The solubility of BILN 2061 in the reaction buffer
was limited at concentrations above 1.2 pM. No inhibition was observed for either

A156T or A156V mutant N'S3 protease in the presence of 1.2 pM BILN 2061.

The HCV RNA level in the replicon cells containing the A156T or

A156V substitution was lower than that of wild type replicon cells (data not shown),
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Therefore, substitution of Aspl68 with any am no acid,

ot herl than Example 12: Modeling - I

VX-950 and BILN 2061 were modeled into the active site of the NS3
serine protease domain using the structure of the full-length HCV NS3 protein
published by Yao et al,, [Yao., et al., Structure Fold Des., 7, pp. 1353-1363 (1999)]
(PDB code: 1CU1). The coordinates of the protease domain of the A segment in this
structure showed that the C-terminal strand of the NS3 protein binds in the substrate-
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A similar procedure was adopted for modeling VX-950 into the
protease active site. The inhibitor was modeled as a covalent adduct with si-face
attachment of the Ser139 side-chain to the keto carbonyl of the inhibitor. This
binding mode has been observed for analogous ketoamide inhibitors [Perni et al.,
Bioorg. Med. Chem. Lett. 14, in press (2004)] and ketoacid inhibitors [Di Marco et
al., J. Biol. Chem., 275, pp. 7152-7157 (2000)]. The main-chain of the inhibitor was
overlaid with the residues 626 to 631 of the NS3 C-terminal strand such that it made
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Alal56 is located on the E2 strand in the HCV NS3+4A protease
structure [R.A. Love at al, Cell 87, pp. 331-342 (1996)]. Several backbone atoms of
this strand (mainly the carbonyl of Argl55 and both the main-chain nitrogen and
carbonyl of Alal57) make hydrogen bonds with the backbone atoms of substrates or
substrate-based inhibitors. In our structural model of the VX-950:NS3 protease co-
complex (Figure 9), three hydrogen bonds are formed between P1 NH and Argl55
carbonyl, P3 carbonyl and Alal57 NH, and P3 NH and Alal57 carbonyl. The same
hydrogen bonds are also formed in the co-complex model of BILN 2061. The Alal56
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interaction between Argl 55 and Asp168. Second, an uncompensated and solvent-
exposed positive charge of Argl55 side-chain will seek a larger solvation shell, as
observed in the crystal structures of the apo-protease and the two protease:inhibitor
complexes that are available in the Protein Data Bank (code: 1DY8 and 1DY9) [S. Di
Marco et al., J. Biol. Chem., 275 pp. 7152-7157 (2000)]. These conformation of
Argl55 are in direct clash with the P2 quinoline group of BILN 2061 and destabilize
its binding. Therefore, substitution of Asp168 with any amino acid, other than
glutamate, will disrupt the salt-bridge interactions with Argl55 and result in reduction
of BILN 2061 binding. On the other hand, the conformation of Argl55 in the two
published crystal structures of the NS3 protease:inhibitor complex is similar to that in
our VX-950:protease complex model (color coded in orange in Figure 9). In addition,
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14 n S
e{ 75%%}17%%4? ?2@04)?' %e%melv%am con?orpma‘iioeiist were enerlgy-rreirniemiszed by
holding the conformation of the rest of the protein fixed. The inhibitors, VX-950 and
BILN 2061, were docked into these mutant enzyme active sites to elucidate the effect

of the mutations on inhibitor binding.

Of the three possible conformations of the Ser side chain at position
156 (Figure 11), the conformation with y; = 60° has the least number of unfavorable
contacts with VX-950 and BILN 2061. The other two conformers (with y; = 180° and
-60°) have multiple unfavorable contacts with both the inhibitors either at the P2 side
chain or P3 carbonyl group. In A156T or A156V mutation, the additional group at
the CP atom of the side chain is forced to occupy one of these two positions with y; =
180° or -60°, whiqh makes unfavorable interactions with the inhibitors. The three
possible conformations of Thr are shown schematically in Figure 11. In all cases, the
additional group has repulsive interaction with the inhibitor and/or enzyme backbone

atoms. By energy minimization, we found that —60/180° conformation has the least
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25. An isolated HCV variant conprising a
pol ynucl eotide according to any one of claims 1-14.

according to any of cl ai ms 745-23. 27. A conposition

conprising the nucleo i de ac o,_any one Qqf
bloamir, 11341969 BrohgBrBOBPYS it o iapr PLPRE EREmE fieny
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Plicoment Aadn*:octcal.r(g%&) Seigncod82,df03ell0di ms 15-21. 80 30. A
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Neubah, 76 UL %t 3B, (A998)S dxnot 885 HOcB3AHGY tipnavhias)m or
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b) codon 168 encodes a valine or codon 168 encodes an
al anine, a glycine, or atyrosine.81 3 . A nethod for
wa@ledosnomsme ng whet her an HCV infection in a patPEnUS1084/035839

drug-resi stant conprising: 7@) collecting a biol ogical
sanple fromthe HCV infected patient; and b)

eval uati ng whet her the pl ag}fﬁ% | e contains nucleic
acid encoding a nutant HCV NS3/4A protease, wherein
WMikatps €3aimed Isf sai d nut ant HCV NS3/4A protease is

i ndicative of said patient having a drug-resistant
i nfection. 136. Pheisoleted 3HCbpobmarleetids engpdingiaHGYiNP3/4A

| ei ' d t apt .
Ry 05 AR SaE AT g ot hoRGipE @R Eeorresponds o
LES PP Jific FMELiPpe pEIGEikdil6 Endbr BieicddbiMa\&s3teéponds to codon
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dbanf the vaild-typegohaueleetida is surtied pishdiatibdessdiotereogde gn alanine

) i |1 d-type HCV . , and/or an amno acid that is
ﬁL%%%?’%/q%Bmg&aaﬁﬁﬁéési due that corresponds to
residue 168 of wild-type HCV NS3/4A, is indicative
that said patient has a drug-resistant HCV infection.

37. The nethod of claim erei.n sai tation .
conpri ses the pr%é?@étegilscév \églryflﬁ@?m%f%l %ﬁgﬂgﬁ’ wherein the
t ' | ' | @UBAbMAL6 6Othe & &
R T R Sl S Il
TPogymielebtide amodesh seyineo any of clainms 35, 36 or 37
~wherein the HCV NS3/4A protease conprises the presence
of an aspartic acid, valine, alanine, glycine, or
tyrosine at the ami no acid residue that corresponds to
resi due 168 of wihdlkyped HOV WoBhdéleptidd efadam BSvheitie the
met hod of according to any of clains 35 36 or g{
wiedor bAsaitpolynuelestidedbatgorpmoainty. qadon LEG Lh ke s¥ilBRE e
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H° %Ler?hrii%?}co%ﬁgég%ﬂ%%fhe nutation results in a ‘
substitution of alanine with serine, valine or
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" of aspartic acid_at.resi 168 with.glutamc,aecid.8
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substitution of aspartic acid with al anine, glycine,
val i ne, or tyrosine.

5. The isolated HCV polynucleotide of claim 1, wherein the
codon of said polynucleotide that corresponds to codon 156 of the wild-type
polynucleotide encodes a valine or a threonine and the codon of said polynucleotide
that corresponds to codon 168 of the wild-type polynucleotide encodes an aspartic

acid or glutamic acid.

6. The isolated HCV polynucleotide of claim 1, wherein the
codon of said polynucleotide that corresponds to codon 168 of the wild-type

polynucleotide encodes a valine.



4 . A nethod for evaluating whether a HCV-infected
patient has a decreased sensitivity or susceptibility

WO 005H433® conpri sing eval uati ng whet her sai d Pel/Us2004/035839
has a Hepatitis C virus NS374A protease DNA having a
nmutation at _the codon_ that encodes residue 156 of
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protease inhibitor conprising eval uating vvhet her said
patient has a Hepatitis C virus NS3/4A protease DNA

havingarruatlo ntha eco es. resi due
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wherein"the nutation correlates with or results in
decreased sensitivity or susceptibility to BILN 2061.
44. The net hod accordi ng to any one of clainms 41-42,
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. one of clains 15-23 and a protease substrate; b)

~contacting the protease with a candidate or potenti al
~inhibitor in the presence of the substrate; and c)

eval uati ng e ur| t.h ion.of
cetivicy of e shopaRBudSgide MR efisdfnpisi ?%iﬂ%%lﬁﬁlde is
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11.  The polynucleotide of claim 9, wherein said polynucleotide is
characterized in that it comprises codons that correspond to codons 156 and 168 of the
HCV NS3/4A protease domain wherein the codon 156 encodes a valine or threonine

instead of an alanine and codon 168 encodes an aspartic acid or glutamic acid.

12. The polynucleotide of claim 9, the polynucleotide characterized
in that it comprises a codon that corresponds to codon 168 of the HCV NS3/4A

protease domain wherein the codon 168 encodes a valine.

13.  The polynucleotide of claim 9, wherein the polynucleotide is

characterized in that it comprises a codon that corresponds to codon 168 of the HCV



b) assaying the activity of the protease in the
presence of conpound; c) conparing the results of a)
wa@e@soks7e esul ts of b). 48. The nethod accor di PQI/US2004/035839

claim47 conprising: d) asgaying the activity of a

wi | d-type protease in the absence of the co ouqd: e)

AS3AA protespederaringyhepeip the wéowlég ERGAJES 7 SV GinpHPs

%essience of conpound; f ) conparing the results of d)
8*P%e results of e). 49. The nethod according to

clai m48 conprising conparing the results from a)

and/or b) and the results of d) and/or e).84 50. The

hod di | aj i q) | , .
o The apodhce. diesuEbod naRRito R Rr eyl O3 Pk witd-type
%ﬁ?@pﬁg@@é&ﬁaeﬁfa%%é@fenwsfsm 19ald:1second pr ot ease

conp an amno acid that corresponds to residue
168 of the wild-type protease, wherein said am no acid
is nutated to a valine, alanine, glycine, or tyrosine;

e) assaying.the activit ;61
presence oquCo ﬁal;al[egﬁéep)ﬁ%#%g’?&ﬁ%e%(ge&@zogﬁ)llélggqu by _
Gbti P Elaghent or griw) giﬁlljffudtiﬁﬁ aatlch qhgyebﬁcm?laﬁsmglﬁ) sequence in which
conprising: ¢) assaying the activity | -1

- phomemedacidyesifes Hb&‘érfe@e%ﬁon@h@ %ﬁﬁ&&’g‘dlf%tﬁ?n deis%‘&g %‘&V

, g}’f@/@%&é’&%@% i&{lottaﬂealééﬁﬁedfeéiﬁﬁ@m{z{/&t HFR6 abid rbhGudRBRENCE

conmpound, 1) conparing the results of g) and the )
rdsietgondofo dnino a2id THREICHINGIMA A prateatie ngnetanaispdrty acid residue.
conprising conparing the results froma) and/or b) and
the results of d) and/or e); and/or the results from
g) and/or h). 53. A nethod for identifying a conmpound

abl e to resgue the a6hicdHOV 0fS3¥44 Philcasepedteinior dragment or
NS3/ 4A protease has becone resistant to VX

: -950 |
coatogiofichgm 18) whorwireibe mipeacgyd Brebeereesherdsria Py idAyo of the
ovgﬁd—%p%lprrrgte%s%_isz \:;’almet, eréorﬁ?nec&rgeﬁfi@ d; ' :

17.  The isolated HCV NS3/4A protease ﬁrotein or fragment or
analog of claim 15, wherein the amino acid that corresponds to amino acid 156 of the
protease is serine, valine or threonine and amino acid 168 is aspartic acid or glutamic

acid.

18.  The isolated HCV NS3/4A protease protein or fragment or
analog of claim 15, wherein the amino acid that corresponds to amino acid 168 of the

wild-type protease is valine.

19.  Theisolated HCV NS3/4A protease protein or fragment or
analog of claim 15, wherein the amino acid that corresponds to amino acid 168 of the

wild-type protease is alanine, glycine, or tyrosine.

20.  The isolated HCV NS3/4A protease protein of claim 15,
wherein wild-type HCV NS3/4A protease has a sequence of SEQ ID NO:2.



b) assaying the ability of VX-950 to inhibit the
activity of the protease of a).85 . 54. A nethod for

WO desiXsyo ng a conpound effective agai nst a prPCEHESEH04/035839
according to any one of cla&bnms 15-23, conprising: a)
obtai ning a three di nensi onal nodel of the protease;
b) designing or selecting a compound; c) eval uating
the ability of the conmpound to bind to or interact
with the pr3l-easé ves®r camprising Hedodpusledtidgacoordihgiaany one of
Sﬁ_imhﬁggin the three di nensional nodel is based on
t%%n}(s- y crystal structure (Figure 1 and Figure 2) of
NS3/ 4A protease. 56. The method according to cl ai m 55,
wherei n t he nodel obtained by conputer-inplenented
nmet hods. 57, The method according t claim54, wherein

the three df%rensfdist celiggerll lise spmarisiag thypolyrnugleotide according

C, Qf the protein according to any one of
c a.k@h%g?g%aﬂﬁé. The nmet hod according to any one of

~clainms 54-57, wherein the evaluating is by nol ecul ar
nodel i ng. 59. The nethod according to any one of

clains 54-5 wher,ei e C ound, is _contacted with )
i typa oPt ongdosts ! s RiRen Bh caReTal Rh £5 edthy o daim
ope of clainms 54-59, wherein the conmpound is contacted
~wWth a protein according to any one of clains 15-19.

The nmet hod according to any one of clainms 54-60,
wherein the conmpound is contacted with a protein ,

accordi ng tg, any | ai =27 .. e ]
of any of C?%inBAgﬁﬁg%ﬁh%ﬁgpgﬁﬁggg@émggggﬁﬁ%%ﬂ}%ﬂgﬂﬂﬁg%oany
canpafictadmisd8+X1i. f i ed from a conbi natorial chem ca

~library. 6 . The nethod of.any of clainms 54-62,
wherei n said conpound is a conpound prepared through
rati onal drug design. 64. The nethod of any of clains

54-62, whergin SahGsdaePPdVivirtin® cGAPRAHSE pBl/BRAE&S
t hrough rati onal drig designvand 8er?€edgfpo%§tﬂe ©
saqcaushing ® anfy ouxof8RIMEE-14A conpound i dentified
according to any one of clains 56-61.

26.  Anisolated HCV variant comprising a protein according to any
of claims 15-23.

27. A composition comprising the polynucleotide according to any

one of claims 1-14.

28. A composition comprising the polynucleotide according to any
one of claims 1-4 or 7-10 and the polynucleotide according to any one of claims 5, 6
11 or12.

29. A composition comprising a protein according to any one of
claims 15-21.



66. A conposition conprising the conmpound according to

cl aim 65; and a pharmaceutically acceptable carrier,
wW@ayoawa#sro or vehicle. 67. The conposition accoPdi/n§2e035839

clai m 66 wherein the conpodfhd is in an anount

effective to inhibit NS3/4A serine protease. 68. The

conposition according to claim67, wherein said

conposition is fornulated for adm nistration to a

pati ent. 6930.-TheAcwHtresition pmatising diptefeinccedrding t68ny one of

or ej 1k $a| Y ' an_additional agent
O B PF b A LB R ORT §9 o 0aB8 24n anti vi ra
agent; a second inhibitor of HCV protease; an

i nhi bitor of another target in the HCV Iife cycle; a

cytochrome P-450 inhjbitor; or conbinations thereof. i

70. The corrg]osi t f\dRet e%@mlﬁ%tl%th@m%ﬁn@gqf dperesistnt HCV in a
: < [ Y

oSl ATHRIE CUNPHARY dGDls o pRygft i a PBLEREROAR fording to

argrangdif obime d - idhipseidibnglogicaltshmpienhi bi t or of anot her

target in the HCV life cycle is an inhibitor of HCV

hel i case, polynerase, or netalloprotease. 7 . The

conposi tion according to claim 70, wherein said

cytochrome 2 450Thé'hietholl @Ecdrinkitd SRAAM 31 -cofrisifeTEt hod
of inhibiting the activity of a Hepatitis NS3/ 4A

protease cogpri spRfintddati ity Ric1oPRE dok] H§d SRl fe.Serine

;
protease wit'h a conpound according to claimb65. 7 . A

 nethod of | ng - L8 SF Mo !
Tethod of [ (ORBLAR b BLESH ol BBl !

conprising the s nrsteri 0 Sald’patient a

conmpound acgof.¢di . Laim 65., 74. A nethod .of
treating or&r‘%%@‘?‘ﬁéggﬁe@ﬁ}“i Sﬁ’fdel?ﬂﬂwl‘?%ﬁd% 3dpn Lpg and/or codon
cladpre sodugys tlegt agked Rsvilingpadtbhen thal didddoso RdtSendde
HCV infection that is resistant to therapy using a
RSPHEE 281 any of clains 35-44; b treating said patient
with a conposition or therapy directed at the
treatnment of drug-resistant HCV. 75. The net hod
according to claim73 or 74, conprising the additional
step of admhi st'Ehd mgthbd of eliatin f &t whertinasidatbali-wil@p@le codons
aegl?n sel ect ed. fromtggqgi nmunonodul a}jory agent; an

- anEPSA 3 STy EhiRe: F TEEORECh AT BTEUS D ComeRpopn tagigsidue 156 of
afe WildLthpd HICVONSIN fiefeabddrifdr dnBoddWeltib béif, TRk Salanine,
or conbinations thereof; wherein said additional agent
i ycairion tepsine dt & tesisiug thapesriespondsdo pesiduedicSaf shenwgllé-typre HCV

N P4RPEEALS

34.  The method according to claim 33 comprising determining or

inferring whether, in the polynucleotide,

a) codon 156 encodes éserine, codon 156 encodes a valine, codon 156
encodes a threonine, codon 156 encodes a valine or a threonine and codon 156

encodes an aspartic acid or glutamic acid; and

b) codon 168 encodes a valine or codon 168 encodes an alanine, a

glycine, or a tyrosine.



dosage form 76. The nethod according to claim?75,
wherei n said i munonodul atory agent b- or g

WO paosi0dsron; or thynosin; said antiviral agentPCE882004/035839
ri bavarin or amantadi ne; om®lsaid inhibitor of another
target in the HCV life cycle is an inhibitor of HCV
hel i case, pot-ynefdagthodfordsieamiing whethekan HEV infeption dia

0 |47 g :ing HCV contam nation of a

bf)aot ojtf:;ll{yca g%%%%gcélﬁ%n%ggcal or | aboratory equi pnent,
conpri si ng es f ntacti.ng said bi.ol.ogica —
sanpl e or adi cfa%glgef’ 8?%%%}%?%?%} S%ﬂﬁ%gﬁ%ﬂfhﬁgwﬁke“ed patient;
cafpound according to claim#65. 78. The nethod of

claim 77 wherein said biological sanple or nedical or

| aborat ory gpaaRBRE wWiStHeP HedMsBRl @fhpld ddhtfns nucl%ic acid
drug-resistant strarn of HCV as determ ned accordi ng

t encadingtahputant HEVaNB#/481preigasey 9herbietheptdsetearfseiddimignt HCV
SO BLPLofs RSl Ive3 v B e S SR B iection

tissue, a surgical instrunment, a surgical garnent, a
| aboratory instrunent, a |aboratory garnment, a bl ood
or other body fluid caollectjon apparatus; a bl ood or

ot her bodi | §0-f | uithe BeBiodgé clim i wherspaarharleis aaid garodes a

R NS S ind ity o nlrB b i cqegponds to
arssidye &66 aidlrresidod 168 6Dsai PACYINSBAAL IS HERHH ik presbhcdof an
2003 -. 10- .27 <150> US 60/525 , 222 <151 > 2 003
"o syl Baip nOr astp Ao et copResbaics Tpgepiducg b ol pld-type

. <HBVORSH4AL 4o Ao hciRha 19 RotasPartié 18R at resfdb 055
<212> DNA

.. corresponds to residue 168 of wild-type HCV NS3/4A, is indicative that said patient

has a drug-resistant HCV infection.

37.  Themethod of claim 35, wherein said mutation comprises the
presence of a serine, valine or threonine at the amino acid residue that corresponds to

residue 156 of wild-type HCV NS3/4A protease.

38. The method according to any of claims 35, 36 or 37 wherein
the HCV NS3/4A protease comprises the presence of an aspartic acid, valine, alanine,
glycine, or tyrosine at the amino acid residue that corresponds to residue 168 of wild-
type HCV NS3/4A protease.

39.  The method of according to any of claims 35, 36 or 37, wherein
the nucleic acid encoding HCV NS3/4A protease present in said biological sample
comprises a mutation at codon 156; wherein the mutation results in a substitution of
alanine with serine, valine or threonine or and said mutation comprises a substation of

aspartic acid at residue 168 with glutamic acid.



<213> Hepatitis C Virus <400> 1 gcgcctatta cggcctactc

ccaacagacg cgaggcctac ttggctgcat catcactagc 60
WE@L@an#Foec gggacaggaa ccaggtcgag ggggaggt cc argr/i§1004/635839

caccgcaaca 120 caatctttcc tggcgacctg cgtcaat ggc

gtgtgttgga ctgtctatca tggtgccggc 180 tcaaagaccc

ttgccggccc aaagggccca atcacccaaa tgtacaccaa tgtggaccag

240 gacctcgtcg gctggcaagc gccccccggg gecgegttcect

t gacaccat g ¢&cct fogyeti®dacaydingggaty ong ofaadaimydis-39 , wherein the

cacgaggcat gc Cc cg_ccqggc . 360
G50 5t B CR e PR o serenls
O o Chgaet G Cat o e gt g ccbstituion of
cHa @é@@fwﬁ@a@@ﬁ@géﬁd@@d@ﬁngagﬁW@ﬂaﬁggaaac cact at gcgg
540 tccccggtct tcacggacaa ctcgtcccct ccggecgtac
' cgcagacatt ccaggtggcc 600 catctacacg cccctactgg
. tagcggcaag agcactaagg tgccggcetge gtatgcagcc 560 .
ca ?g ggtata ?g 8 t ?A:m?h?(t tﬁir@aalom \:/hagfmﬁt Clg’-mtfaﬁéd:t peRi@at has a
cg cg 720 tatatgtcta aggcacatgg tatcgaccct, .
5?@3%%%?&8@85@ 8% f%ﬁ@)@émé? %3%8SG/W%@%? wating whether said
} g&ﬁieﬁ@ﬁ&taq{ AR EGHAL NIEIAR %&&E&setﬂr@z&%g% 9 th@GhibQ5HhE codon
40 gggggcgcct atgacat cat aat at gtgat gagt gccact
. Chattrgadesaegjdoc bt et wildOpedapgtitaCogrug NESAbA podtease.
ggaccaagcg gagacggctg gagcgcgact cgtcgtgctc 960
gccaccgcta cgcctccggg atcggtcacc gtgccacatc caaacat cga
ggaggt ggct 1020 -1l-ctgtccagca ctggagaaat ccccttttat
ggc taaa? ;3 ;3 ta Mi?. cc CA:ﬂtﬁ@ﬁo@ ﬁﬁ%ﬁ&lﬁmt &?&Q?@gm?gﬁmd patient has a
-accica clgccatlcCc aagaagaaal gtgaltgagcl cgccgcgaag
14%63@?(5%6@@@@;8% of susgeritbelaty te gprajeasq szhibitnricaBygine evaluating
e i RS S IR P B A S B ving a mutation
gaitth¢ cghatthaagtglks egiluetigoadndiatyhg Hep T vagaN8gegsrotease.
cttcagcctg 1320 gacccgacct tcaccattga gacgacgacc
gtgcsac?ag acgcggtg:c acgc:f?cag 13??tc?gcga?gcaggagaa
ggactggtag gggcaggatg ggca aca gg gtgac tcca
1440 cggcccisgg ’gﬁé‘ﬁlgﬂfoegécdr&ﬁl?tg 98y bn LS EMQGR3GL42, wherein the
Cpatiion boacloes suics esula frdecansed Smaiitnot actGaDiliy to BILN
cags BreEe gesudlg gradcaas HOC &S 1lity to
g tgcccg tctgccagga ccatctggag ttctgggaga gegtctttac
a &ctcacc 1620 cacatagacg cccatttctt gtcccagact
aagcaggcag gagacaactt cccctacctg 1680 gtagcatacc
?gggtafg?t gtgfngagg ?ctcaggftc cacstccatf gt gggaccaa
a aa ctcatac ct aaagcct acgctgcac
ggccaac g c g g%? g C%@Q @pthpg@gco%ding to S:;:’my one o clai?ns 41942, wherein the

mutation correlates with or results in decreased sensitivity or susceptibility to VX-950
and to BILN 2061.

45. A method for evaluating a candidate or potential HCV inhibitor

comprising:

a) introducing a vector comprising a polynucleotide according to

any one of claims 1-14 and an indicator gene encoding an indicator into a host cell;

b) culturing the host cell; and



aggct gggag ccgttcaaaa cgaggttact accaci acacc

ccat aaccaa atacatcatg 1860 gcatgcatgt cggctgacct
WQ@o@gmi150t ¢ acgagcacct gggt gct ggt aggcggagt c 1BCDUS2004/035839

ctagcagctc tggccgcgta ttgcé8gaca acaggcagcg tggtcattgt

gggcaggat ¢ 1980 at cttgtccg aaagccggc catcattccc, .

gacagggaag flct t Psaugng fagndicgier 1@8‘4@@8@%@@%@@%@@@ the

ok GmiBitere11> 685 <212> PRT <213> Hepatitis

\zf&r%us <400> 1.2iil a Pro e Thr Ala Tyr Ser Gn Gn Thr

Arg Gy Leu Leu Gy Cys 10 15 lie H e Thr Ser Leu Thr
Gy Arg Asp Arg Asn An Val Gu Gy Qu 20 25 30 VaI

G n Val VaI hr Thr A n Ser eu Al a

Oys val 35 46 ashAbsihed (oFGhsa e Sring i o Ayt vigabpingt HCOV
Cadjnpqis@]@y Ser L Thr Leu 50 55 60 Ala Gy Pro Lys Ay
Pro He Thr G n Met Tyr Thr Asn Val Asp A n 65 70 75

80 -2-Asp L ré/ﬁhmg ra_ﬂ'ereqc@?ﬁkrfgc@raﬂé%EQ g&ﬁtgﬂ 5. fg nd a

Ser Leu Thr
Lmoteﬁgﬁrsubetmatv,al Thr Arg His Ala Asp 100 105 110 Val
lie Pro Val Arg Arg Arg Gy Asp Ser Arg Ay Ser Leu

Leu Ser 115b)]®ﬁtal:ﬁﬁg'ﬂ’feq>rd¥é@e%ﬁ1 ¥adndhtite %Jotérﬁial lahsbitor in the
Ser Eﬁ Pro Leu Leu 130 135 140 Cys Pro
%gs;g]p%ra%pn@y lie Phe Arg Ala Ala Val Cys
Thr 145 150 155 160-Arg Ay Val Ala Lys ‘Ala Val Asp
Phe Val Procheyplugding Gapeagpringthe inaibitiopef pr@eolytic activity of the

protease.

47. A method for 1dent1fy1ng a compound as an 1nh1b1tor of a

protease according to any one claims 15-23 comprlsmg
a) assaying the activity of the protease in the absence of the compound;
b) assaying the activity of the protease in the presence of compound;

c) comparing the results of a) and the results of b).

48.  The method according to claim 47 comprising:

d) assaying the activity of a wild-type protease in the absence of the

compound;

e) assaying the activity of the wild-type protease in the presence of

compound;

f) comparing the results of d) and the results of €).

49. The method according to claim 48 comprising comparing the

results from a) and/or b) and the results of d) and/or ¢).



Thr Thr Met Arg Ser Pro Val Phe Thr Asp Asn Ser Ser

Pro Pro Ala 180 185 190 val Pro G n Thr Phe @ n Val
w@@smis7e.eu His Ala Pro Thr Gy Ser 195 200 2PSI/GE3004/035839

Lys Ser Thr Lys Val Pro Al&Ala Tyr Ala Ala Gn Gy

Tyr Lys 210 215 220 Val_ Leu Val Leu 937“ Pro. Ser Val

Al a Al a ThPO0LeuThepethnd B@Vdmgéozcg%m CFORHBISERD Tyr

Met Ser Lys Ala Hs Gy lie Asp Pro Asn lie Arg Thr

Ay Val 248) 25ayingsn hapbrenceo! Ty copppoualythppetipypiig sscond

Ihe, Tyr Ser Thr Tyr. . L : :

NS e Wit G Brofte el b il
289esp8BIW TSt [@8ofswiil Syasrotase, Adprefesaid amidbhacidis
e Leu Ay He Ay 290 295 300 Thr Val Leu Asp G n Al a

Giutatgthto Avaling glamipg sAy@ng, ntWRINS/al Leu 305 310 315
320 Ala Thr Ala Thr Pro Pro Ay Ser Val Thr Val Pro
H's Pro Asme) kiseyiBgsheastivapsf the seapd@reteass|in fepressgosel
Ser Thr, Ay Gu lie Pro Phe Tyr Gy Lys 340 345 350
ﬂ?’ﬁ‘p?'i“lél’ﬁp% e Gu Thr He Lys Gy Gy Arg His Leu He

Phe Cys 355 360 365 His Ser S Lys Cys Asp Gu
Leu Ala Al é)i‘i}gplf’é’@tg%ﬁséf%f’f][‘ﬁ&“é% 375 380 Ay Leu
Asn Ala Val Ala Tyr Tyr Arg Ay Leu Asp Val Ser Val H
e 385 390 395 400 Pro Thr Ser Gy Asp Val H e Val Val
Ala Thr Asp Ala Leu Met Thr 405 410 415 Gy Phe Thr
Gy Asp Phélasp ermaghaed aecerdiapiogiaimpaheorpprisgd val
420 425 430
g) assaying the activity of a wild-type protease in the absence of the

compound;
h) assaying the activity of the wild-type protease in the presence of

compound;

i) comparing the results of g) and the results of h).

52.  The method according to claim 51 comprising comparing the
results from a) and/or b) and the results of d) and/or e); and/or the results from g)

and/or h). -

53. A method for identifying a compound able to rescue the
activity of VX-950, wherein a NS3/4A protease has become resistant to VX-950
comprising:

a) contacting a protease according to any one claims 15-23 with the
compound;

b) assaying the ability of VX-950 to inhibit the activity of the protease
of a).



Thr G n Thr Val Asp Phe Ser Leu Asp Pro Thr Phe Thr H

e Qu Thr 435 440 445 Thr Thr Val Pro G n Asp Al a Val
wWE00sh§76er Gn Arg Arg Ay Arg 450 455 460 TPCT/GE3004/035839

Arg Gy Arg Met Gy He TyB5Arg Phe Val Thr Pro Gy

G u 465 470 475 480 Arg Pro Ser Gy Met Phe Asp Ser

Ser Val LeuS%®ys &imetlyd forydenhidying g sompouubefiontiye agginst a

%?f%‘fe’é%%a%éﬁﬁ%% AR PY it %?318%11’%&42? Pro Gy

Leu Pro V .agn Ls 515 520 .52 u Phe
Trp Gu Ser )%%alﬁ’?g a%ﬁféeg\lyerﬁé%al? %03“ %ﬁ ©Al a
530 535 540)I:—|¢s Phe Leu Ser G n Thr Lys Gln Ala Gy
Asp Asn PhebPSSISHAS Usg GSH@%S@“B@?%W Val Ala Tyr
Gn Ala Thr Val s Ala Arg Ala Gdn Ala Pro Pro Pro
565 570 5750)S¥pluptpg ﬂa@pab@tm of e compopyd tapind fear ibtesact with the
@&t%? Lys Pro Thr Leu 580 585 590 -4-H s Gy Pro Thr
O Leu Leu Tyr Arg Leu Gy Ala Val Gn Asn Gu 595
600 605 Val Thr Thr Thr Hi's Pro lie Thr Lys Tyr lie
Met Ala Cys Met Ser 610 615 620 Ala Asp Leu G u Val

Val Thr S h . Val L Gy Val 625 630

635 640 Leu’ i r ﬂ@m@ 5 %ngteryffmaﬁé VBgreiribe firee

%ﬂheﬁ@&nﬁ’f%o&@is bas&d @14&16@51%}/%%’(5{ Hruldne (ﬁ@lnl: '1 %n!i 'F%ure 2) of
Ay Lys Pro Ala | l1e Pro Asp Arg

6N63@A1plvmaset_eu Tyr Arg Glu Phe Asp G u Met Glu Gu
Cys 675 680 685

56.  The method according to claim 55, wherein the model obtained

by computer-implemented methods.

57.  The method according to claim 54, wherein the three
dimensional model is obtained by x-ray crystallography of the protein according to

any one of claims 15-21.

58. The method according to any one of claims 54-57, wherein the

evaluating is by molecular modeling.

59.  The method according to any one of claims 54-58, wherein the

compound is contacted with a wild-type protease.

60.  The method according to any one of claims 54-59, wherein the

compound is contacted with a protein according to any one of claims 15-19.

61.  The method according to any one of claims 54-60, wherein the

compound is contacted with a protein according to any one of claims 20-21.



<210> 3 <211> 18 <212> DNA <213> Artificial sequence
<220> <223> Synthetic prinmer <400> 3 ccttctatcg
W@ et05082500 18 <210> 4 <211> 17 <212> DNA <213> PCT/US2004/035839
Artificial sequence <220> 4223> Synthetic prinmer <400>
4 cttgatggtc tcgatgg 17 <210> 5 <211> 16 <212> PRT
<213> Artificial sequence <220> <223> Synthetic
peptide <400> 5 Lys Lys Gy Ser Val Val e Val Gy Arg _
H e Val Leuter ’Eﬁ/q/mgshgdp(ﬁanﬁof clgims 54-61, wherein said compound is

a compound identified from a combinatorial chemical library.

63.  The method of any of claims 54-62, wherein said compound is

a compound prepared through rational drug design..

64.  The method of any of claims 54-62, wherein said compound is
a compound prepared through rational drug design and derived from the structure of
VX-950.

65. A compound identified according to any one of claims 56-61.

66. A composition comprising the compound according to claim

65; and a pharmaceutically acceptable carrier, adjuvant or vehicle.

67. The'c‘omposition according to claim 66 wherein the compound

is in an amount effective to inhibit NS3/4A serine protease.

68. The composition according to claim 67, wherein said

composition is formulated for administration to a patient.

69.  The composition according to claim 68, wherein said
composition comprises an additional agent selected from an immunomodulatory
agent; an antiviral agent; a second inhibitor of HCV protease; an inhibitor of another

target in the HCV life cycle; a cytochrome P-450 inhibitor; or combinations thereof.

70.  The composition according to claim 69, wherein said

immunomodulatory agent a, B- or y interferon or thymosin; the antiviral agent is



WO 2005/042570 PCT/US2004/035839
87

ribavirin, amantadine, or thymosin; or the inhibitor of another target in the HCV life

cycle is an inhibitor of HCV helicase, polymerase, or metalloprotease.

71.  The composition according to claim 70, wherein said

cytochrome P-450 inhibitor is ritonavir.

72. A method of inhibiting the activity of a Hepatitis C NS3/4A
protease comprising the step of contacting said serine protease with a compound

according to claim 65.

73. A method of treating an HCV infection in a patient comprising

the step of administering to said patient a compound according to claim 65.

74. A method of trqating or reducing an HCV infection in a patient

comprising:

a) determining whether said patient has an HCV infection that is

resistant to therapy using a method of any of claims 35-44;

b) treating said patient with a composition or therapy directed at

the treatment of drug-resistant HCV.

75.  The method according to claim 73 or 74, comprising the |
additional step of administering to said patient an additional agent selected from an
immunomodulatory agent; an antiviral agent; a second inhibitor of HCV protease; an
inhibitor of another target in the HCV life cycle; or combinations thereof; wherein
said additional agent is administered to said patient as part of a single or as a separate

dosage form.

76.  The method according to claim 75, wherein said

immunomodulatory agent a, B- or y interferon; or thymosin; said antiviral agent is



WO 2005/042570 PCT/US2004/035839
88

‘ribavarin or amantadine; or said inhibitor of another target in the HCV life cycle is an

inhibitor of HCV helicase, polymerase, or metalloprotease.

77. A method of eliminating or reducing HCV contamination of a
biological sample or medical or laboratory equipment, comprising the step of
contacting said biological sample or medical or laboratory equipment with'a

compound according to claim 65.

78.  The method of claim 77 wherein said biological sample or
medical or laboratory equipment is contaminated with a drug-resistant strain of HCV

as determined according to a method of claims 31-34.

79. The method according to claim 77, wherein said sample or
equipment is selected from blood, other body fluids, biological tissue, a surgical
instrument, a surgical garment, a laboratory instrument, a laboratory garment, a blood

or other body fluid collection apparatus; a blood or other bodily fluid storage material.



