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Therefore, the current understanding of HCV has not led to any
satisfactory anti-HCV agents or treatments. The only established therapy for HCV
disease is interferon alpha-based treatment. However, interferons alpha have
significant side effects [M. A. Walker et al., “Hepatitis C Virus: An Overview of
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P.F. Renault et al., “Side Effects of Alpha Interferon,” Seminars in Liver Disease, 9,
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polynucleotide encodes a serine, valine or threonine. Other exemplary embodiments

25  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

30 IDNO:1. That polynucleotide sequence encodes an amino acid sequence of SEQ ID
NO:2.
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25  of the mutant HCV NS3/4A protease is indicative of the patient 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

30 mutation at the codon that encodes residue 156 of wild-type Hepatitis C virus NS3/4A

protease.
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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
30 model of fhe 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.,
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HCV 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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by D168 in the VX-950 structure and the D168V mutation does not affect its binding.

Figure 2: A156S mutation causes a loss of binding due to steric clash
with VX-950, but not with BILN 2061. X-ray structures of VX-950 (top-left, in blue)
25 or BILN 2061 (bottom-left, in red) with wild-type A156 highlighted in yellow.
Models of A1568 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
30  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).



description of the specific enbodi nents presented herein.
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Figure 7. The models of protease:inhibitor complexes. The protein is
25  shown as a cartoon based on its secondary structure in light gray color. The inhibitors
are shown as a ball-and-stick (VX-950 in purple and BILN 2061 in yellow) with
nitrogens colored in blue, oxygens in red, and sulfur in orange. 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
30  incyan 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).



day 56 were determned in the standard 48-hour assay (B).
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(C) Titration of BILN 2061 against the series B (BILN 2061-resistant) (filled triangle)
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2061 was shown HCV RNA level was determined after a 48-h incubation with BILN
2061.

30 Figure 10. Development of double-resistant replicons from naive
replicon cells. HCV subgenomic replicon cells were serially passed in the presence of
0.25mg/m1 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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NO:2) is susceptible to mutatlon. The mutation of this residue leads to resistance of
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.
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156encod1ng a HCV NS3/4A protease or (or fragment or analog thereof) wherein codon

168 of the DNA encodes an alanine, a glycine, or a tyrosine.

25 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

30  other of the mutants described herein.

1t 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 '
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DN\/Aprotepreoukereis apang #ad 46 is tRIgeBKi ne and codon 168
encodes an aspartic acid or glutanric 20 gcid I
enbodi nent ofAnoghes ephodigen %‘Fmeﬂ@ﬁoﬂa‘?ﬁ Tﬁé&ﬁ%@gf‘ng
a %?e% J RSB torBpri B ABlo aBRINSETOY the
wh reﬁeﬁsjél?’gé}glﬁ(%gg ?ﬁéﬁ{ﬁm_ encod%s?rzﬁlﬁi\%l i _ng. Anot her )
embadieaentvhatintdniso heid éH6 isonlips onvthrtesing apymiDRACIALO8 dtiasRgrtic
a HCv Nng/ 4A. profease or (or fragment or anal og thereof)
130h el oF YA B8 of the DNA encodes an al anine, a

gl ycine, or a tyrosine.. 25 The. nunmberin em. f

DNA of This (ARAERES Df“?ePh“gﬁ’é&?"aegﬁ%%m%‘vﬁ%ﬁ&’t e1a§g(%c'56‘\§ce
SEQ_\IS§94N<BrotéasegNﬁeiaqsng1Mt bioanlattigghdreofpodrmisinpamine acid 156
derived from SEQ ID NO. 1. The DNA may be derived by

sol pithpprateases yerris pmingacidro8 iy ¥plinfeconbi nant means. I n
speci fic enbodi nents, site-directed nutagenesis \p& g}}@n
sequence of SE®h enbodinent pEthisiiBYAEPD ProFisiss a ks ate

rder. to i 156 of the
2 s BPipB REFLEL Fo PR RE araldl BU1ED Bt O R g

nut piioteas witteihemino rpidelcsd iy alawns, glysite, ortyedsioat al | of the
protein is converted to the nutant protein), partial, or_
absent WO 200B#BRE7:dRETHroSRB04¢@ai5S 89this 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

25  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
30 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



13 (i.e., no or about no nutation). Therefore, a
conposition or nmethod of this invention nmay conprise a
WRREWHB425T0 wi | d-t ype and nut ated protein. Accdid/yigoa+@35839
anot her enbodi nent of this ildvention is provided a HCV

NS3 ' f ent | th f
Cong e eass AL LA RSP o Pty 38007 hkeaiR bea
ani ¢loniag ic! d5@ay sdditboriate corApitdchegul aotyadiuenbss sath & Biotnoter,

i nvention pr.vides a 3/ 4A protease protein (or
fra %ﬁersoéﬁ"dgﬁ'ﬁ’rlﬁaéoﬁs ﬂgl%&l’”\%%nﬁlﬁm g3y amino acid 156 of

the prot ease, V\,her?i n .amno acid 156 is valine. Another
enbodi ment  of *FeATENEIY R ISRt 2sA Rre¥ides Hptauggmprsing a HCV

Pr ONSHAR REALIDNA Wr FARREM anQlog MM A wHIREEOS )

conprising amno acid I56 of the~ protéase, wherein am no

aci d 156 T's REGOIBIMEOLPRNGsadgent of this

i nvention provides a HCV protedse protein (or

fragent or aBahogsd (KEBNA GRORLISlfi;am no acid 156 of

the protease, erei n am no. acl i’s valine or

t hreoni ne an ] | 8 i sparti.c 15 acid or
gl utam c aci %?%%h&e}?ﬁeg])nﬁ%d?dﬁé%% ag[ RIS i nventi on
provi des an i 3/ 4A prot.ease protein (or
fragnent or gﬁg(%ﬂg{gsf%dcifr@%o ent%%@eﬁﬁvﬁlfuﬁegora 8“351&385 gedon 168
10of anhedeprohgmsies, acwharghitamandcidy acid 168 is valine.
Anot her enbodi ment of this invention provides a HCV
NS3/ 4A 20 pr evéaskspfaicDNA(@icoddsagaBig; or anal og
t hereof) conprising am no acid 156 of the  protease,
wher ei n. am neodsi Th81G%hd BDNAl @Rbdes an @latifene, or tyrosine.
The DNA and the proteins according to this invention may
be modi fied cogdnH8oTeld INNALRiebdbs AUBfeinel Bd/§xanpl e, the
DNA may conprise a nodification for ~attaching the DNA to

a solid supp@bdon THRfHODRANCHRY aGRBRAESE @
covalently-linked 25 marker conpound. The DNA or

L . rarren y !
15pr ot ei ns acc P ethBodikkst t?r@\)ﬁ&& dnlcé?ﬁ]&?%o&pfac’[oﬁl. AQBRYf er

readabl e form including, but not 0, on comnputer
r e aR9HENGHA provisies a ginal/vsetor.cArvectoemay bad alohimgdedl abasgs

(seqgitd 4 ertain uses, the DNA
accor l(g_ll Iﬁ%l}i T & ?gée%%%goﬁ F%qﬁglgrcﬁy S%Cé FHLLP PRy cgacT Y o
vedtrornatédusypr poliyddenl/latiores edls. Vs elvdtors fal Ge @skdvih bhy Bpprbiftiate
s‘cgtpet OII g%)i S i nviﬁt%i on. Suitable vectors are known in
t hdOSr - E98 SHDHEERRWR IS dtdes an
20 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

25  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 a D168

to glutamic acid mutation; a D168 to valine mutation; D168 to alanine mutation; a
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Anot her enbodi nent provides a viral vector. A vector nay
YO 2005/8426Hi ng t ool or nmy additional ly conpri ET/US2004/035839
regul atory sequences such alﬁrom)ter enhancers and

ter ﬂ'lﬁ? {9 gciu% mi 1X1921ﬁ5%1‘ leg tostlygc%%le rmu’c'o’]g:1 G Ogg%ﬂf&geﬁ Mecell

i nven provi vect or “conp
NS3lidkA cpmptisiag EMIér froteifsraagnading t@ﬂnﬂﬁﬁérm@nt her eof ),
wher ei n: codon 156 of the DNA encodes a serine; codon

156 of the DNFhedinearies aBo palvides a HEV&amant bémpHisihd @ DRMA
encodes_a threoni ne; codon 156 of the DNA encodes a
val §5581dge tg tﬁlﬁ YRS 2RO RS FOrding to oS wrenipmsng gompositions

SiSpéiﬁﬁﬂr%u%Ctth@TA%&'ﬁr@{éhﬁ aci d; codon 168 of the DNA
encodes a valine; codon 168 of t he DNA encodes an

al ani ne;  codgay188.af, & henBhaneadas/ 2 ﬂagé{{in&%%rdﬁ&% His

codon 168 of the DNA €ncodes a tyrosine.
e nb@@?ﬂmnﬂnwmsd@@ inadrugsiscasri arwalkeastio monAmotdhapropriate HCV
nt provi des a viral vector. A vector may be a
cI onl n P'ool or additionally conprise regul at ory
seguences suc not e nh and term nat
pol'yadeny! at i§%°°§ff’ el St crmo il o Gy efiom ROk o
1Gp pdedgating ties prbmée SHHICV it Biolspadall Sandle chiipiding dhtédﬁﬁg atel .
20 Accor di this_ invention also provides host cel |
o iy

confJF3e8rsH RO I@tteé@%nwmqnh&h@ﬁeﬂn%a@rmqss@mlsm@
DNAst@ﬁ%@@ﬁ@nﬁngig% bﬂ@acnﬁgbdaqﬂNA%) dé?érrﬁnlﬁﬁ% il eoﬁ& Qéj@ﬁh@DNA ©)

val i ne; codon hé DNA éncodes a codon
15 6detgsmining omqﬁergng Wbetberanwlm PN4, cndoa 1155 ﬁemdﬁme seamd whatoar

© 0820, 308 En AP PRI \n i ol 1 Bl IRl ARl g £QMOR. 108

enc O I Ne;
1 5e ncthcbeainawhdthericndon tircdanodes @ v@ﬁnd hex ﬂd&nﬁh@ Qﬁdi esdoa 168 encodes

lyci .and/.or don 168 of codes a tyrosine.
%x%%f?g%ﬁ g of gt u‘rflaeﬂbqw&%% Heeqes @gpiine, or whether
CONYdbs 1 B erfcoBELILASENd) 8 Sl yRcheabY nfeo 15 8ot CeAbd@hERE ithe
an A156 to valine nutation; an to threonine

mut Riplogical semple1 B tainng HeiFHeV eﬂdempfé &nmrﬁemanmalathm@s bego
g | %Féaea VAl ﬁcﬁw t]fétécﬁgn of'thpl)pe%eﬁc% o\f%.llc!hrheDmtrﬁléyl lg)enllseg) 168
0

ani ne nut at
diagnostically to gu1de the pract1t1oner that the individual is one in whom the HCV

2
infection will likely be resistant or otherwise refractory to treatment by protease
inhibitors. Given such guidance, the skilled artisan may modify the therapy of the
subject having such an infection, but for example increasing the dose of the therapy of
providing additional therapies using agents to which the HCV strain infecting the

25  subject is non-resistant.

Methods of 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

30 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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mut ati on; and/or a D168 to tyrosine nutation. Also
AYQN0FE4SH e cell |ines conprising DNA or pr di(d@/y#3004/035839
according to this invention.1®The invention al so provides

a | Feb Sy . ' t hi.s
v DBt 0 Y e e P RO R 8ol Seckfifity o o

c ompethipd ivonk! coBipeiserpa)icellenging haample (apd a ptastneisnaple HBMC, liver

varjants..as well_ as th and/ or. proteins according to
¢ SRR BB S B s R paa e et
i n preshd @hiphgcoapiisapiciend fidadodiaB BIGIPINSS /4 NG RASH IS|nG

not her. errbogl ngsn' of this invention provides a net hc;(jl
ﬁo Yuiaden phegdeth %W&m@e autaifoy resylia iy sibstfution otalaphewith
CONR¥ihsS | Siehi [ rding. to .
P e b Sl T8 RRRFAEE) Ahe B 05U Rine
obt Biaterywith theeothar amttating set fORAherbin. delgionhlhy, Bignildd@nethods

se - : 1. C t er.m ni or inferring whether
" MEREAR Ve IS nE M SOl GHER BuBRaorighlef F i ikgiinea
15|6heeein)|(mld8).tlgar paitézﬁegluvﬂﬂiehli ghesﬁ(ﬂﬁkﬂib_dl %u\;!\fhall iﬁ@olve, O(Ij)tail’liljl- 5
0 cleotide e es threonine, et her codon
102 n c%]ggs ar’c%plxlxtléﬂqgﬁ]ée ﬁ%oAa apg, 3@:@;&1}13@@ rreawasnotibg Beodes  an
aspartic acid . or glutamc acid, whether codon 168 encodes
a valine, or ‘W‘%’?ﬁ%&ded ey Hennyesioameaeodnonrupsng thea
9l YeFfeB@veneds o NSBIAS hdfeasd _ﬁhﬁ)ﬁf)t@éaﬁ&&/%?% RR} ﬁlgec#&igjatient.
e rom a

biolo?ical sanpl e containing t i's derive
narmigh methiods pespiisse ) coliscting @ehnmile fe.g4\bladhed satplerirond tHelFECV

pr ‘ - ed, 20 dj agnostically to .
i R pAlenk 458 bF v ek 8 1 GBS R 58 e i

15t heenpiling HOVENS3/6A prbtedselhikiag ¢ niigatiofsit S6d0AL1 56 whdrBigIiNg Se
refractor o.treatnent by protease .inhibitors. Gven
sucgﬂ%&tb?ndéﬂ@té ngR Sg%“ﬂl@ alapipe With sere- iR lrymethedsmet bepy
of daftied 0BtW]iR ele TR nMEatfdAS Bf Bk th(dRiehi On, but for exanple
i ncreasi ng the dose of the therapy of providing

addi tional t g aRiRds BENNAGE0h Sretifteltilagh ic}\%tﬁf#(}%{stg#creai n

infecting the 25 subject is non-resistant.
t hiTuiaHey ByRatignts thay bavedeen ednisisteasdHGVamotesseéshibitorDNEhdse

b ' : coani zed by skil | ed
20 R S e R SR S mron
anpteatiieat]. Tlﬁsamﬂhmtﬂeﬁcﬁmgmhtﬁqleﬂm@wg ate kHGR% iIh%l@ tfai't(t%]e%,aé.'g.QUB
t .
m%’é\%gflgg%ﬁfgwoqd’ggﬁﬁ I Ce IS 1 nventlon uc ecnni ques

ar e se of skill in 30 the art..

Accordingly, one embodiment provides a method for evaluating
whether a HCV infected patient comprises Hepatitis C virus NS3/4A protease DNA
25 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.

30 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).



Al so provided by this invention are nmethods for treating
or preventing an HCV infection by nonitoring for the
MR 205/84287%r ovi ded herein. |f a resistance WO PHIOS2040835809
PCT/ US2004/ 035839 16 nutantl’is present in the HCV, then
the t n
g‘%{‘ tn%&trtwgi%s@fm de ﬁ%és%%;aﬁs(ft?vo { r?-%ﬁcépt b%‘lté/t%o %gchle)ggﬁ,g and
s anBIIeN MBMC Detreased sensitivity oﬁﬁus@éﬂmeﬂttﬁ agithey orf Hoﬂmdrhltﬁ)uh'ﬁ:\z’ould
i nfecte tien eval u t|n whet her. the plasm
sanp févag‘lﬂff‘g &‘HE gltst:‘;‘% Uﬁne 4 &PW@g%fewngﬂnbﬁaB?%ase
havp AR, RofolrRbiv iratm& dS8ay B‘@@év%loﬁ ed.ne nutation
results 1n a substitution al anl ne wi serine.
Similar nethogs eg |
156-al anine to se?ili%nlg tﬁﬁnﬁﬁgﬁﬁﬁtﬂa@héﬁ%%t%g&%f é#?%%%
s et cangpaundhibptearpacting daing itlad tesistandermtants sas tforddlsereivoul d
i nvolve identifying the A156 to serine mutation (or other
nut ati on i derdécprdiug, thiemyemtjongmovidestemetpodioe asguatingat dandidate
The all _i.nvolve, obtaining 10 DNA,
anp y| ngpgﬁvm%ﬁk%rcoaipgé?gtm ni ng the sequence of t he
DNA Also pro i ded this invention.ar t hods
assessi ng the ef ﬂ‘é‘ﬁ‘t“&‘é’ﬁé‘s" cigF cwsﬂﬁ@ﬂgf B migrtﬂlﬂBttor
10t r eiavemivh 20f afhdidEMr igblegicedingah ifdiator Su@ B hoRtcbrds
conprise: a) collecting a sanple (e.g., a plasnma sanpl e)
from the HCV p)i nf egii@éing el 6 cellpndl b) eval uati ng whet her
the plasma sanpl e contains nuclelic acid 15 encodi ng HCV
NS3/ 4A prot eage havdaBgin tHb iRlidaRR itthe pRAMe bP Rihitide hfd ﬂlthe
the nutation results in a substitution of alanine with
ser#hsencesf ihibitor.net hods may be carried out with the
ot her nmutations of this invention. The nethods of this
i nvention ar dnithis ewthed thetestgemppingd meshsadded in anyiangor morenof
, 5oat§t§ﬁ 2 hat have been adm ni stered HCV protease
i nhi bit ;. These 20 nethod may be practiced on a patient
that is under r .has..under gone t ment .
These and ot h‘%?()ﬂgeggélhg(?in P?f tg SATHAQ BPY %%Wﬁh\ ﬁ%?rt?ésaymg
ar t copgendsfogactivith aghind HICV 28mpiiind)S 6489, 098) .
Accordingly, one enbodi ment provides a nethod for
evaI uating whetdvalinga ploweasdiceetdath to ik ﬁf%ntfcﬁf@hﬁ'a%ﬁ&tease
%!ﬁ)ltls C virus NS3/4A protease DNA 25 having a
SEAiSat codon 156. Such a patient is likely to be
reS| stant to therapy b an agent such as VX-950
20accor di ngl y, Bgent ﬁfétngé%ft PrRigpseuith ¢ eapdidatagrpricatialishibjigr in the

t NalresSEST the SIHRRAEIAMHe for VX-950. Anot her enbodi ment
provi des a nethod for eval uating

d) evaluating or measuring the inhibition of proteolytic activity of

the protease.

Another embodiment of this invention provides a method for

25  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



whet her a HCV infected patient conprises Hepatitis C
virus NS3/4A protease DNA having a nutation at codon
M6B200304288r t ai n of these nutations result in PAERUHYHES
sensitivity or susceptibiliy to VX-950. Simlarly,

certain of i ' r ubty i
decr eased sg}?gi%%l 8{&}51&% g% fegﬁlzsf:‘gﬁ%%h?{ e)/sﬁﬁgo@?)[_ﬁu%%?et%may
00/ B2 onyss6, 608, 027). WO 2005/ 042570 PCT/ US2004/ 035839
17 O her nutations result in decrease sensitivity or
suscepti bi | i td) assayingtihe AKvEDOf awild-tiPelibteR in tHIeBERAS BFkhe
sensi tivi (tl_y or susceptibility to either or both conpound
coufd*P¥HB%eval uat ed according to this invention. By
{novvi ng the resistance nut,atiglpn patterns, nore effective

reat ment red) AREYIREISASUYIEK &f B WY d-trpemspteasedniereseneasol
I nvVestgoRnd;alhliows the design and/or discovery of
conmpounds that are active against the resistance nutants
set forth herj [ \ S ' r gy
met hod for ev@?ﬁgﬁ?ﬁl&@%@x‘gé{gt iogg% énd tgg?%hofttgﬁe?'a?}{w 8m these
i nhngihedsrcoablibemndiengalyzed biynfor oxanplagompanieg the resniisfromsi) ng

' ' 10, invention and an indi cator gene

enciZE Y Hdhe bbb st 8

encodi ng” an 1 ndi host cell; b) culturing the

ost cell; angd c uring the indi.cator in the presence
10T b for St NRRR B R e BB RR o t or bt
nmet hod the tegt conpound.. e add [ n,any one or nore
of 15 steps é?%%@%%%ﬁ%ﬁ%ﬁmﬁﬁs%&m%w FOBREFIBR
pr canidle acid 168 bhide _pfcgéase,sﬂfeyéiﬂ @m;'r%%npmdg; vilffe, Aakihy! gll%e_ine, or
agai nst L conprising: a) providing a protease according
to Sglei};?%@ﬁg?e&ﬁe%eﬁofﬂl?mase substrate; 20 b)
contacting the protease with a candi date or potenti al
i nhi bi tor i n % ABYIPE Bsasiutiod! thaeecendhprpieasedn thawtestnce of
15evagoﬁ%hﬁ}g 2§ neasuring the inhibition of proteolytic
activity of the protease. Another enbodi nent of this

invention praylds e WA HPh) and e). The method may further

comprise:
g) assaying the activity of a wild-type protease in the absence of the
compound;
20 : 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 €); and/or the results from g) and/or h).

25 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

30 comprising:



25 identifying an inhibitor of a protease according to
this invention conprising: a) assaying the activity of

W 209p8126%se i n t he absence of the conpound; RT/ESEHPBIES
the activity of the proteasé?in the presence of conpound;
and WO 2005/ / ar

the results 83?%3;1:9(3’[13 g@(rtﬁﬁ% 4 g?s%%%?cn@%@ h(ggl)nh\%%ln&e ﬂlggound of
mayintdrest;t her conpri se: conpound; d) assaying the activity
of a wld-type protease in the absence of the 5 e)

assayi ng t he lﬁ@tdayini‘g)the)ibihﬂy%fWX—QS(i tyoghipit tHeeRE ity 6f thb?rotease
pres and nparing the results o

f d:
PR A1 rp OO Bitilef el S RGHPE faetb v oRBN 2861 &

4h ea@mt Aty ZA 6PN and/BF oLARIBL find SR a206@ gloh$19.re§§aﬂt&1§1tants
froma) and/or b) and the results of d) and/of

Al'so provi de%ﬁftﬁer%?é&?%r&@f@fs‘taﬁi Nhisedls BRSAY Vs 1 be

activity of a seco NS3/ 4A° pr ot ease coOnprising am
aci Heai@de Wfth Ephey rd@l@ a”E@refmaemeihndsafw rsnhfying codgousds that are

val luﬂl%e a 'tl{% ﬁ{aﬂ?‘h a;rev { gs‘?’elf nledru dlt ho(:i‘zeabS nCE/Ie?t];ods
SsS Ve B i A AT

the conp aying THHEEC Bt Y
pr Oﬂ@aﬁ]&dl herdnhmap be aﬁﬂma m)fngh ﬂ&oﬁgmpnméemﬂ@ dacﬁx(ﬂques

1G5 "Rl Rirety WOrRenan a8 Pratyiee et R oA g pigtol dg

act ﬂééignycedhiuq%eé/\ﬂ Ugng ytﬁﬁ;tlﬁﬁlqhﬁﬁﬁ@tldnrhbbﬂﬁh@ﬁtﬁﬂﬁg3MA frbRase
assay mg the activity of the wild-type protease in the
€1

pr e%léﬁé@e% Pip (coripalrnpgtiothel nagiaylar sesi erg;t 156dndler168 of the

res f £ d

oyl My BRSSO

r esspetigicaly, the passdhtonveition dordhefirst time nmuﬁessthﬁtrm’v G)rains that are
15?1 n d%eglrstalqt) to treatment by protease inhibitors such as VX-950 and BILN 2061. .

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.

Rational drug design is a focused approach, which uses information
20  about the structure of a drug receptor or one of its natural ligands to identify or create
candidate drugs. The three-dimensional structure of a protein can be determined
using methods such as X-ray crystallography or nuclear magnetic resonance
spectroscopy. In the present invention, the three dimensional structure of a HCV
NS3/4A protease mutant that contains one, other or both of the mutations of residues
25 156 or 168 may now readily be determined using routine X-ray crystallographic
and/or NMR spectroscopy techniques.

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

30  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



25 After viruses becone resistant to a drug, it is
possible that the virus could further nutate and once
AYAPWSBEEBe susceptible to the drug. One way RUF/1E2004/035839
occurs is through the virus Xoni ng into contact with a
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PCT/ US2004/ 0B&B338in eﬂx&oa]}nanmttamdnmgmaatndjt}ahﬂme ptrmt@agé VX-
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for rescuing the activi %aof BI LN 2061 agai ns
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25 156 or 168 may now readily be determ ned using routine
X-ray crystallographic and/or NVR spectroscopy
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StIHEbHES. Phe SlysHFLHIcRIré of the wild-type HCV NS3/4A protease with the
10 VX-950 bound thereto is shown in Figure 1. The data shown in that figure shows that
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
15 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
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20 . ¢) evaluating the ability of the compound to bind to or interact with the

protease.

In such methods, the three dimensional model is based on the x-ray
crystal structure (Figure 1 and Figure 2) of NS3/4A protease. Methods are known for
developing models from crystal structure by, for example, computer-implemented

25  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 (such as a

compound being evaluated).

30 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 98/11134, and/or WO
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NS3/4A protease.

25 The ability of the candidate substance to inhibit the protease is
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

30  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
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25 compounds molded of active, but otherwise undesirable compounds.

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

30 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
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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

30  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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25e npreppesg domais fionyganetypeda 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

30  interaction between the NS4A core peptide and the NS3 protease domain. Ki values
0f 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).
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2061 (Table 2). These data indicate that either mutant protease is at least 63-fold less

25  susceptible to BILN 2061 as compared to the wild type protease. The actual
magnitude of resistance cannot be determined since BILN 2061 was not soluble at
concentrations greater than 1.2 pM 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

30  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 uM against the
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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
30  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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25  glycol and wool fat.

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
30  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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conpositions of the present invention may be
Dosage levels of between about 0.01 and about 100 mg/kg body

25  weight per day, preferably between about 0.5 and about 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

30 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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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
30 rectal suppository formulation (see above) or in a suitable enema formulation.

Topically transdermal patches may also be used.
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Most preferred are pharmaceutical compositions formulated for oral

25  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 -, p-, and
y-interferons, pegylated derivatized interferoﬁ-a compounds, and thymosin; other

30  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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25 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

30 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.
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In one embodiment, the protease inhibitor and interferon are
administered in separate dosage forms. In one embodiment, any additional agent is
administered as part of a single dosage form with the protease inhibitor or as a
separaté dosage form. As this invention involves a combination of compounds, the

25  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 IU to about

12 million IU).



La Roche, Nutley, NJ; "Berefor" means Berefor(r),
interferon alfa 2 avail able from 20 Boehri nger | ngel heim
PHARWHOESTM cal , Inc., Ridgefield, CT; Sumi ferd§{I{yS2004/035839
purified blend of natural afpha -interferocélfrch as

Sum feron avaj : r ] - J n; r.on(r

i nterferon al%% chrlngl%\? gﬁ%@%@%ﬁ%@%i@@“ ?:Ig(r)r‘gmﬁt?ﬁ'. %g’em or
G eetherBrige) thiahmay Bé fiexdam Cothbination withis eorapound o fes indbtlon

[ f de. b terf Ci es, an avail abl e
v o RUceF PedipedocBlerStopraiphs Fh5Fen & Sctstae Py
as Réwtoh eSdifindBlaish, dntBRAREAIpI 2B+ FaBivitn) Op eyt hdrferon
honol ogou ecl es-specific proteins that “inhrbit viral

3 eptiPlsliReady, Kokt @l ftisacy mciatots ohPemRatck6-b interkron alpha-

i . i At . L) Fon ...
bt o oA Fni PR Bhal A b o 8 Bs W Shi i kpatiis
Twe(Hephtokegiyt 130 np. 4336188200 ); donscnmes istetfexdin(Ens, JAL., et

resgpt invention -the interferon is a-interferon.,
hcoar iy SS6Pbs i ab Rl i hreents! e RS
conBasnatnterd]l. ¢fephidR 15§15 eA18-1MBR00®MNintfetdnZAsha DR (WG Rlon A;
erferon 2a. Alternatively, the therapeutic

| i ;
16, ﬁlgﬁ?ﬁhléﬂﬁwwlaﬁtﬁ@ o 'adtarl" infexlgens Inmiferen tep £eleyeites Bretial.,

al pheNitat, o New Mkedbon Wp@f‘?z‘it?%[entigémgﬁ'hl[%?%ﬂ "tf{hﬁborl]. Biol. (Paris)

therapeutic conbination o > presen entio
ut i 4% PR 5BeB8bINArinted byt 2 i(Reds,f@E oot aRa Futur@ Pptioy® for the

crour reneR et R SR i pitall 0 SRR 2 0oy

2a Ioteri2bkin 6I(Pbes Bed OFsiee Opabhsefof the Mdrag@nas enHepaaie . on

1o gy pEREvaie 105 5 Befhbyattuea) Rrd g, ol

() "FBai©Options f0f the BIHRLERRQR of Hefdlitis V! $dn@hA8 in LAE: Dlkdase, 19,
consensus ha interferon avail able from en, Inc.,

al | Nt et : -
Nevitiud §3-1 iﬂa{rll?,g%c&baymn; A eqreppundy thatvanharice tisrdavplopmei)of type
|" Nf eRGER T Eell response (Davis et al., "Future Options for the Management of
Hepatit‘is C." Seminars in Liver Disease, 19, pp. 103-112 (1999). Interferons may

20  ameliorate viral infections by exerting direct antiviral effects and/or by modifying the

25.

immune response to infection. The antiviral effects of interferons are often mediated
through inhibition of viral penetration or uncoating, synthesis of viral RNA,

translation of viral proteins, and/or viral assembly and release.

Compounds that stimulate the synthesis of interferon in cells
(Tazulakhova, E.B. et al., "Russian Experience in Screening, analysis, and Clinical
Applicétion of Novel Interferon Inducers" J. Interferon Cytokine Res., 21 pp. 65-73)
include, but are not limited to, double stranded RNA, alone or in combination with
tobramycin, and Imiquimod (3M Pharmaceuticals; Sauder, D.N. "Immunomodulatory
and Pharmacologic Properties of Imiquimod" J. Am. Acad. Dermatol., 43 pp. S6-11

30 (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,
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25 identified, a pharmaceutically effectlve amount of that compound can be determined

using techniques that are well-known to the skilled artisan. Note, for example, Benet
| et al., iﬁ Goodman & Gilman's The Pharmacological Basis of Therapeutics, Ninth
Edition, Hardman et al., Eds., McGraw-Hill, New York (1996), Chapter 1, pp. 3-27,
and the references cited therein. Thus, the appropriate formulations, dose(s) range,
30 and dosing regimens, of such a compound can be easily determined by routine

methods.
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The chemical reactions described in the references cited above are
generally disclosed in terms of their broadest application to the preparation of the
compounds of this invention. Occasionally, the reactions may not be applicable as
described to each compound included within the scope of compounds disclosed
herein. The compounds for which this occurs will be readily 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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Methods for measuring the ability of a compound fo inhibit
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al. Drug Metabolism & Disposition, vol. 21, pp. 403-407 (1993).
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30  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
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30 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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Upon improvement of a patient's condition, a maintenance 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
30  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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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. Altemativeiy the additional agent may be administered separately

30  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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30 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
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 C-terminal hexa-histidine tag in E. coli. Resistance mutations against the HCV

25  NS3+4A PI were introduced into this construct by PCR-based, site-directed
mutagenesis. To generate the HCV replicon containing the PI-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 (Invitrogen). The Pl-resistant mutations in
the NS3 serine protease domain were introduced into the pCR2.1 vector containing

30  the Hind MI/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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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
30  appropriate supplements (media A).
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the spirit ar}g Tagman real-time RT-PCR quantlﬁcatlon assay was set up with two

sets of specific primers and probe. One was for HCV and the other was for BVDV.

25  Total RNA extractants 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 decrease of

30 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
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HCV-specific oligonucleotides (5°-CCTTCTATCGCCTTCTTG-3’ (SEQ ID NO:3)
and 5°-CTTGATGGTCTCGATGG-3’ (SEQ ID NO:4)) using the Titan One-Step RT-

25  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 Pl-treated replicons from several different
culture time points were subjected to sequence determination. To determine the

30 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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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

25 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 -80°C.
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cells were split tw ce per
' The buffer, KK4A, DTT, and tNS3 were combined; distributed 78 pL
each into wells of 96 well plate. This was incubated at 30 C for ~5-10 min.

15

20

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

BL of 10% TFA. 120 pL aliquots of the final reaction end product was transferred to



15 week when a 70-90% confl uence was reached. Fresh HCV

Pl was added every 3 to 4 days regardless the cell

NOWPB42Hs split or not. Exanple 5: Identifi F&TVE3004{035839

HCV Pl -resi stance nutations 32During the sel ection of HCV

Pl < i St.an i

col PRSI b SPISH T8 RENSS sl RF SeRa dhRIGIY by fhe

celfdlvhnang MBAodvas extracted using the RNeasy mi ni-prep

kit (Qagen). A 1.7-kb long cDNA fragnment enconpassi ng

t havickeoNSRpasitionempthotiease regi on was anplified with a

pair of HCV-specific oligonucleotides

(5' - CCTHshAahsatationC RigRedt 1100EQ | D NO 3)  and

5' - CTTGATGGTCTCGATGG 3' (SEQ ID NO 4)) using the Titan
50ne-Step RT BegdRkisR2ARoche Applied Science). The

anplified products were purified using the Q A-quick PCR

purificati Othi'aFylﬁﬁp?lG@B‘MA To nonitor the energence of

the HCV Pl - related nutations in the HCV NS3 serine

prot ease domai,p.Aupirdiit sel ection, the purified
1.7-kb RT-PCR products of Pl-treated replicons from

several diffepent, memidsthid dbiBei®izba were subjected to
sequence determnation. To determ ne the 30 frequency of

Pl - r esi st ant i 14150 kKb RT- PCR products of HCV
RNA of the %ggagp ftkﬁleé%}gf resistant replicon cells

jovere li jnto the TA cloning vector pCR2.1
(I'nvitrogen). For each time point, multiple individual
bacterial co | :
S0 1 sol at od SAETTAG R REIRATA I B ae d i ng 170
t heopwios8iB8d pl asm d DNA was sequenced. Exanple 6:
Expression and purification of the 5 HCV NS3 serine
pr ot ease dom@iohinzaitibroadstathd® €xpr essi on constructs for the
HCV NS3 serine protease domain containing the wild type
sequence or fijectiodSlokin@1¢60 put ati ons (Al 5 6S, D168V, or
D168A) were transforned into BL21/DE3 pLysS E. coli cells

15( St r at agene) SofvefshHPr@BEde MWaRd +Qel% IFaer e grown at 37C
in a 13111 nmedium (Difco 10 Laboratories) suppl enented

wi th 100 g ppiveht 15 arHeNt gtakib bebteigilc35099 PEA Ni |
chl oranpheni col to an optical density of 0.75 at 600 nM

1 ducf[iinﬁ@(l‘lﬁx})h ITTM TP Was fder FRiwgAl/ i) T pur Mas pPessl

24€—Cef Ty pastes|were hgrvesteg by cegprifugafi on apg

f llash fi’ﬁ"cll at 86€ PrEPT to—pgrotet IIOEUFIfIC tTom. 460[
et fi ~n on—at. NG ‘A r o :

P U IWuL1I3Uﬁ StepS—wWet ﬁ.OO 0.2 400

16 100 0.2 400

17 5 0.2 400

Stop time: 17 min
Post-run time: 10 min.

B FRET Enzyme Assay Protocol

Enzymatic activity was ‘determined using a modification of the assay
20  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



performed at 4C. For each of the HCV NS3 proteases, 100 g
of cell paste was lysed 15 in 1.5 L of buffer A {50 nM
MEPRIS/048708. 0), 300 mM NaCl, 0.1 % n-octyl - | 3-A6T/US2004/035839

“ gl ucopyranosi de, 5 nM 13- mséépt oet hanol , 10% (v/v)
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washed with 20 colum umes
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SOREPODFRP R henzymg 2Eenhe initial 10-min pre-incubation as described

above. This mixture was incubated for an additional 15 min at room temperature
prior to an incubation with the FRET substrate for another 20 min at 30°C. Seven to
eight concentrations of compound were assayed, and the resulting data were fitted to
the integrated form of Morrison’s equation for tight binding inhibition [J.F. Morrison,
Biochim. Biophys. Acta, 185 pp. 269-286 (1969)]. All substrate and inhibitor data

were fitted using Marquardt-Levenberg nonlinear regression with GraphPad Prism
software.

Example 8: Development of resistance to
VX-950 in HCYV replicon cells

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



The buffer, KK4A, DTT, and t NS3 were conbi ned; _

distributed 78 pL each into wells of 96 well plate. This

WE@ 200584& ed at 30 C for -5-10 min. 15 2.5 glPCdUS2004/035839
"~ appropriate concentration of¥test compound was di ssol ved
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reagssayon was initiated by addition of 20 pL of 250 M 5AB
substrate (25 .tMconcentration is equivalent or slightly

| over than t 1B identifpV3608) resR@ndheutasany gﬁfﬂdé'ig%uli)-g@ﬁﬂﬂﬁf tgg
for mn.at 30 C..and th term pated by addition o

oL TSP RerBHERer ol sreeri s ST Sro T B grraReafd 25
3 oflp gbr MBS G4 BBNEt g dRaY McMRROOHEOAZRIOEs of VX-950 (series A)
PCT/ 52004/ 035839 52 HPLC vials. The SMsY gr oduct™ was

sepiBredA s selitienysTvatlée spgingkencapirationeof V31956 wiang.5 uM or 10
t : I ; ' : Tent O
o 1 ACHPRRE. SERAE A TBh A28 VIS OUREL GublEso.
AutRepdinph eslls G1e3d $Ait Gothe mredivhe wapspEhated hanp br GiBk6Md fresh
Di t . A.10 | ynm; enpnmenex ..
Jug‘? 'egﬁ?’r“?ér%g@?dg??ﬁ%rfﬁ%g Hﬁ%ﬁl‘a?t B Yligg?znﬁﬁfétwe)aﬁmty and
1000FeoASEn3erdl; bldcks Celidativn JTHITV RN, 'thdéleddy staid RGE1I0PRICY proteins

volunme: 100 L Sol vent A = HPLC grade water + 0.1% TFA
Sol as?ge RECBYSn fppiergiefyateicaadpily %qu@edr ayyl qvepfupftybegams

( mumiBELBWiK the/pRdsB VR high@dReendR2EorZdt3Px 526 0L A0 Tow or no
' neomycin transferase protein proliferate at a gradually decreasing rate and eventually

die in the presence of G418. Only HCV RNA with mutations that are resistant to VX-

15 950 can replicate in the presence of high concentration of VX-950 and support the
growth of the replicon cells harboring'them. Rép]icon cells in series A grew normally
for the first 10 days in the presence of 3.5 UM VX-950. After 10 days, the series A
cells grew significantly slower and massive cell death was observed between days 10
and 17 (Figure 5A, selection curve). Normal growth did not resume until day 21.
20  The IC50 of VX-950 against the series A replicon cells at day 56 was determined to
 be8.11012.0 uM, which is 23- to 34-fold higher than the IC50 (354 nM) against
* wild-type replicon cells (Figure 5B, IC50 curve).

Total cellular RNAs from the series A cells at days 7, 21, and 56, were

extracted and subjected to RT-PCR to amplify the coding region of the NS3 serine

25  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

30  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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described above. This m xture was incubat ed fo

ad diffitasivals i Heprtitis 4 patienis(kapasesrch elyNature Medicine, 2085 HCV

20 . replicon cells resistant to BILN 2061 (series B) were selected in a similar manner as

for VX-950. Again, wild-type Conl sub-genomic HCV replicon cells were serially
passed in the presence of 0.25 mg per ml of G418 and slowly increasing concentration
of BILN 2061 (Figure 6A, selection curve). Series B replicon cells grew normally for
the ﬁrs£ 7 days in the presence of 80 nM BILN 2061 or 80-fold above the IC50.

25  However, the proliferation of series B cells slowed down significantly after day 7 and
massive cell death was observed between days 7 and 17. As before, normal growth
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, ICS50 curve).

30 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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For BILN 2061, the starting concentration was 40 nM and the final concentration was
6.4 uM. Replicon cells were split or the medium was replenished every 3 or 4 days,
25 . and fresh VX-950 and BILN 2061 was added. Since HCV PlIs inhibit the NS3«4A
serine protease activity and consequently blocks replication of HCV RNA, the steady
state level of HCV proteins and neomycin transferase protein gradually declined and
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
30 ( gradually decreasing rate and eventually die in the presence of G418. Replicon cells
with the major VX-950-resistant mutation, A1568S, 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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havige b&RE Cst%bﬁc%h%gllyﬁ%{/ 33 w20 - ABhed into the TA vector and 10 -
25  individual colonies were subjected to sequencing. 6 clones had an Alal56 to Thr
(A156T) substitution, and 3 clones had a substitution of Ala156 with Val (A156V).
- The 10th clone retains the A156S mutation.

B. Development of Cross-Resistant HCV Replicons from BILN 2061-
Resistant Cells

30 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
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were observed, confirming that mutations at residue 156 might be critical for the

25 reduced sensitivity to both PIs. No mutation was found at any of the four proteolytic
sites in the HCV nonstructural protein region that are 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 deiy 32 was sub-cloned into the TA
vector and 14 individual colonies were subjected to sequencing. 12 clones had the

30 A156V substitution, while 1 clone had the A156T mutation. The 14th clone has two
mutations, A156S and D168V.
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series E cells grew significantly slower and massive cell death was observed between
25" days 10 and 21 (Figure 10). Normal growth did not resume until day 21. Total
cellular RNA from the series C cells at days 10, 21, and 48, were extracted and
subjected to RT-PCR to amplify the coding region of the NS3 serine protease domain.
No HCV Pl-related mutation was observed in the NS3 serine protease domain of the
series E replicon cells at day 10 when compared to the wild type Conl replicon cells
30 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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concentrati on was nM and the final concentration was
into the DNA. Slte-spemﬁc mutagenesis allows the production of mutants through

25 the use of specific oligonucleotide sequences that encode the DNA sequence of the
desired mutation, as well as a sufficient number of adjacent 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

30  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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25 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

30 domain.

The kinetic parameters for the FRET substrate for the wild type NS3

protease domains from genotype 1a and 1b were identical (Table 1) under our assay



C Devel opnent of Cross-Resistant HCV Replicons from
Native Replicon Cells In our previous studies of

MR PWEAREY nut at i ons agai nst a single HCV Pl PEVYRR4/035839
VX-950 or BILN 2061, cell gr%8wth was stalled for several

da n erved
ycc‘ondﬂfbﬁﬁ %1&&&%} &8 g;ﬁﬁ%sﬂ ésgeccecl i‘acg? ?@%&%@%eg%&%h no

V\hl @hcesneghallffdenmnehﬂal{lgﬁmqmranfeteremas bweoed nThianié consistent with

repli and, .concurrent death of .non-resistance

repl’ %8‘5} ?éﬁi}@g’e‘?’hl ﬁ&u%gﬁgﬁﬂj@g?‘fa CORSSTVRIIYT vaiaHRDs Bdcantral

cel ieg@h‘b\ﬁNSMAﬁ&t\@&Sl%reﬁ&Sipésrl 2984 €6 Hb A6t Afect A€ interaction between

cross-resistant replicon series C or D as described

NbotPe NSA qoze prpéide prdthe NS rrefease domainy: d%i vetugh 06VX-950 and BILN

mut st ed
1305 BT Bl 98 MG Eb LR L S
r ephd wn;ucaam ssgraicaat diffecancgdpti @nitlontwol wild type ploe@sest (Bable 2).
sel ection schenmes could provide bias toward the A156T or
A156V nut at i dFhedungatic q»lma'retqwmﬁhé FRET ulestiate foLtie 31868 enutant

hird h f d
i RS one il sy lef ok vl Primbreteiee B £ dwerer,

103| t ﬂne Ki ivaine bf VNE950hhasThe i K04painst4Re AN S6% Gkt &1 bfo%a@e %}hé}ﬁs 29-

[ dﬁ from pBR322- HCV- Neg- mADE [C. Lin et al. J.
e%f higher ﬂpﬁ& thaf ageipstHhewild PO Omisaskl- b LB(Table 9) Ibféé\%&ﬁl

oy P ARRATY L2 pEasamel e LSS rih 0 SE0d g pan
( s ethpteagaipyt tbwgd iteper®)teasthid m4T4hled).concent rati on of

VX- 950 was 5 }LM and the highest concentration was 14
M For BI LN Z@EECVMQ@SVSMMMmgliaoomehm«tdnmlmngthmamﬁe'nM

1or b3 s FROSTEN-EH e BPemititee rl Wy il Saogp. yhicn s

were spli

d ay@nmﬂﬁﬁt vfrlﬂeﬁlb sivii1 Blzyaiitic BhtbRtid Ofikides oflid 8 56 SReRItdrE 9 the
grew normally for the first 10 days |n

I ]
Ce ‘i‘? rélsggn@rs‘feﬂﬁe&xifb%w&ﬁfal@@é VelPOB) pgaimt e A
10 @ﬂ}{o%n ctelngewas&ess B8, %hs&ll ik P2 O Shathdd ﬁ?ﬂ%ﬁﬁaﬁh%@g type

and massi ve cell death was observe et ween
andeplicop cplip(Oel010)) (N;Ielﬁil The dafifetende bletween meiﬂmsvaluﬁsl of BILN

2 12A ol A S 80, B ST BRREN Bou e

RT-sioifidant @hplei3hy-t he codi ng regi on of the NS3 serine
protease donain. No HCV Pl-related nutati on was observed
in the NS3 serine protease domain of the series E
replicon cells at day 10 when conpared to the wild type
Cors r e[Iteanyof BILN 581 GedigthntGHuiats, DA SV HQATF 681, péiﬁzﬁn fully
HCV Pls. To delineate the identity and frequency of

subst i t §nscsRdblego VX980, RT- PCR product of the series E
replicon cells at day 21 or 48 was sub-cloned into the

25TA vect or andoranfimpvaethpidhe sbsgisied suhstjtisioned Aspl6SpwitthVal or

30

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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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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15  protease was not inhibited by up to 1.2 pM BILN 2061 (Table 5). These data
indicate that either mutant protease is at least 63-fold less susceptible to BILN 2061 as
compared to the wild type protease. The actual magnitude of resistance cannot be
determined since BILN 2061 was not soluble at concentrations greater than 1.2 pM in

the assay buffer, as measured by the absorbance at 650 nm (data not shown).
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Table 5 summary: The Ki values of VX-950 and BILN 2061 were
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

15

was limited at concentrations above 1.2 pM. No inhibition was observed for either

A156T or A156V mutant NS3 protease in the presence of 1.2 pM BILN 2061.

The HCV RNA level in the replicon cells containing the A156T or

20  A156V substitution was lower than that of wild type replicon cells (data not shown),
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20051042570 BILN 2061 VX-950
Wild-type 0.004 0.402
A156T 1.09 >30
Al156V 5.76 >30

Table 6 summary: Three HCV sub-genomic replicon stable cell lines,
including the wild-type, and two mutants, A156T and A156V, were generated using
the T7 RNA runoff transcripts from the corresponding high efficiency Conl replicon
plasmids. The IC50 values of VX-950 and BILN 2061 were determined against the
three HCV replicon cell lines in the standard 48-hour assay, and the average of two

independent assays was shown.

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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group of BILN 2061 in direct clash with the Argl55 side-chain. To avoid the clash,
the Arg155 side-chain was modeled in an extended conformation as suggested by the
description of the crystal structure of an NS3 protease complex with a inhibitor which
is analogous to BILN 2061 [Y.S. Tsantrizos, Angew. Chem. Int. Ed. Engl. 42, pp.

20 1356-1360 (2003)]. The inhibitor was energy minimized in two stages. In the first
stage, 6n1y the inhibitor and the side-chain atoms of Argl55, Asp168 and Argl23 of
the protease were allowed to move during energy minimization for 1000 steps. In the
second stage, all the side-chain atoms of the active site were allowed to move along
with the inhibitor for 1000 additional steps. This modeled structure closely mimics

25  the published structure of the BILN 2061 analog [Y.S. Tsantrizos, Angew. Chem. Int.

Ed. Engl. 42, pp. 1356-1360 (2003)].

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

30  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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t heogflpdatthyse canonical conformations of x; = 60°, -60° and 180", and the energy

~ was minimized by holding the conformation of the rest of the protein fixed. These

20" models were used to examine the effects of this mutation on inhibitor binding. The

-60° conformation was found to have the lowest energy as it forms a hydrogen bond
with the neighboring Argl55 carbonyl, but it cauises the maximal number of
unfavorable contacts with both inhibitors. The 60° and 180° conformations are

energetically equivalent, but the 60° conformation has fewer unfavorable contacts and

25 was used in our analysis.

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

30  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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longer energetically favored in the D168V mutant for two reasons. First, it cannot
remain close to the backbones of the E-2 strand in the absence of the salt-bridge
interaction between Argl55 and Asp168. Second, an uncompensated and solvent-
exposed positive charge of Argl55 side-chain will seek a larger solvation shell, as

25  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

30  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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encodes a threonine.

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.
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wherein the codon 156 encodes a valine, threonine or serine residue instead of an

alanine residue.

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
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wild-type polynuclgoti de. PREAAsHRR pfRER0 phdih or fragment or

corr esponds t]‘ *Co
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.



168 of the wild-type polynucleotide is mutated such that
it does not encode an alanine at 156 and/or aspartic

A P0zP42588. 2. The isol ated HCV pol ynucl eot i RETHFS2004435839
1, wherein the codon of said pol ynucl eotide that
corresponds to codon 156 of the wild-type polynucleotide
encodes a serine. 3. The isol at ed HCV poI ynucl eoti de of
claim1l1, whergin ng codon .of I eot i.de t hat
corresponds t Hcfg()cog’ﬂmf‘lﬂg % %@FWE@%&PYB’?“
enceldies 1aiaal ine. 4. The isol ated HCV pol ynucl eoti de of
claiml wherein the codon of said polynucleotide that
corresponds to codon 156 of the wild-type pol ynucl eoti de
encodes a threonine. 5. The isolated HCV pol ynucl eoti de

of claiml, wdereiNnbdieell &o&gnmefcoﬁahgingmem%hae&ta&eaccordmg
that corresponds to codon of the w type
polﬁ?’rﬁyﬁloé@PF@@lﬂédcld’des a valine or a threonine and the
codon of said polynucleotide that corresponds to codon
168 of the wld-type polynucl eotide encodes an aspartic
acid or glutamc acid. 6. The isolated HCV pol ynucl eoti de
of claim1, vd3ereikhosteell tagtnmef ostantfgstdywiticd ewtordd claim
th corresponds to codon 168 of the wild-type

pol yriucl eoti de encodes a valine. WO 2005/ 042570

PCT/ 11 S2004/ 035839 77 7. The isol ated HCV pol ynucl eoti de
of claim1, wherein codon 168 of the polynucleotide

encodes an al.gnhin or a tyrosine. 8.

oot ad oV ol yiibee Bl Setfting eafpisine e draria wqrgms%@ny
chnaqﬁynmﬁgeggude has a sequence of SEQ ID NO 1. 9.

pol ynucl eoti de that encodes a biologically active

fragment of an HCV NS3/4A protease t he fragnent of sald
pol ynucleotide is characterized in that it encodes an

HCV NS3/ 4A prot easgy, Q&%ﬂ@i@‘h@hﬁl@@&hﬁéﬁ@@ & otifat
corresponds to codon 156 of the wild-type polynucleotide

andicsprdfngeo govione efrdaimsdridesponds to codon 168 of the

wi | d-type pol ynucl eoti de, wherein said codon that
corresponds to codon 156 and/or said codon that
corresponds to codon 168 is nmutated such that it does

not encode arkéal ammisolated HEGV aimikind corapypamg a pro&etn sccatdidg®.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.



10. The pol ynucl eotide of claim9, wherein said

pol ynucl eotide is characterized in that it conprises
MRIINSABETf t he HCV NS3/ 4A protease domai n  \VIEEYEN2004{0BI839
codon 156 encodes a valine, ®hreonine or serine residue
instead of an al anine residue. 11. The pol ynucl eoti de of
claim9, wherein said polynucleotide is characterized in

that it conprjses s..that caorrespond to codons 156
and 168 of LY nd R B EE SR e SRE e of
c oddaink56- BnaddasoRingetetiRgas clalii €06} fgim NSt ead of an

al ani ne and codon 168 encodes an aspartic acid or

glutami c acid. 12. The pol ynucl eotide of claim9, the
pol ynucl eoti de characterized in that it conprises a

codon that coir espOaRholl ForCRERAN B seﬁda%fid@é-%%ﬂﬁ{cv ina

prot.ease domai n wherein the codon 168 encodes a valine.
13. biglgicliapmpircswpristie dstecensthaposengef applypkaeotide according to

POl yRUGE @PEIARS 1-34 it DA BEToelhASH I that it conprises a
codon t hat gorrespén%% to g%gon fgg of the HCV WO
20051042570 PCT/ @S2004/ 035839 78 NS3/4A protease domain

wherei n-the codon 168 encodes an al ani ne, glycine, or
tyrosine. 14.,,The 4 . pol ynucl,eot i de .of claim9,
\éﬁégr:eiDanc\;' Ild-%zgllge]k% \ pogldafﬁ%c1n§g?¥§§7§§§°Igp%sé%ence ;)f_

r 1. : .1.s0] at e rof ease protein
or biol ogicalty é’?fhm\}%gfarl% ‘%ﬁ?} Ceglﬁg%ﬁ&nosé‘}écs&fnlp ‘active

I th f I Si [ ' th '
aci @ resi due WALCHTEBR ASOREEIp tephbudiertieise o

W |l d-type HCV 3/ 4A pr.otease i ot an_.al anine residue
and/ or ani no C%é"?%“?‘&&’igdﬁ‘éh%ﬁh}“_cﬁéldsl%og}lﬂ“é@ﬂaeﬁf‘dgow ]éﬁjaﬁ or codon
aci tb8kbSceddots tHaBird A nph AtiRIAg e tdoRoin B sBRIRAASAsTodHot Bncode
resi due. 16. The isol ated NS3/ 4A protease protein or

fr AJREHE @8-  anal og of claim 15, wherein the amino acid

that corresponds to am no acid 156 of the wld-type

protease is valine, threonine or serine. 17. The

i sol ated HCV NS3/4A protease protein or fragnent or

anal og of cl &3m 15heywegtodiof clafre 3amvheeiashid nohatild-type codons

corg.esRonds ' LG 15 the protease is serine, .

ol FERRANCRL LA 00 Ak iR a3k TR 883G et 196 or

or the wildstyme HEWINIS3/4A protease and/or encode a glutamic acid, valine, alanine,
glycine, or tyrosine at a residue that corresponds to residue 168 of the wild-type HCV

NS3/4A protease.

34.  The method according to claim 33 comprising determining or

inferring whether, in the polynucleotide,

a) codon 156 encodes dserine, 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.



18. The isol ated HCV NS3/4A protease protein or fragnment
or analog of claim15, wherein the am no acid that

oW PUSPHEAYs to anmino acid 168 of the wild-tydETHGIMEAIWI9
is valine. 19. The isol at ed #4Cv NS3/4A pr ot ease protein

acid hat cortes pondeted Bt HEE S el G e e

pr oparaes idaugalesisianteconglrigimighe, or tyrosi ne. 20. The

i sol ated HCV NS3/4A protease protein of claiml5,

wherei n w | d-d)ype dd@deciiNpd/idogedlseapr fvasthd FEVweBaed fltient;
SEQ I D NO 2. WD 2005/ 042570 PCT/ 11 S2004/ 035839 79 21. A
vectish conprising the polynucl eotide according to any

one of clalms 1- 14 22. A host cell or cell line

conpri si ng t HY epaingtngcyesthar the plessrysamply contringmpyclsireacist

cl r

i t hepdibgh ety MRSl S olsgld SRR RE frbnck ST AN b rCY
conPB3/dAngotelre ipindicelive eftseirmiieny hnvngnylrugsresistaht HCHi infection.
15-21. 25. An isolated HCV variant conpri si ng a
pol ynucl eoti de according to any one of clains 1-14. 26.
An isolated HCV variant conprising a protein according to

any of cl ai M. 15-T#.m&Hod ¥ ct=dm3oswhérein sadiciesd avid éfvedes a

I d t.o ‘any .one of c]ainsg
A cBil ﬁﬁ?t"’&%%%a?&ésg aYipg2 BEAfNG Cf Ebine ac@é‘%%rcan?@o%s to
anyreside15¥ ardlcrirsSdub- 43 QF sald iLl@VaNQ?}Mt‘\e Wﬂ%@}eﬁ{‘tﬂg &)ﬁ&@&ﬂc@ ®f an
accor di ng to any one of clainms 5, 6 i1

conPBEParigihat siintialaning aha ms@pe fhet mmdsgo f%i®995@ﬂéwm-we
cl aprowy N3/4A; aniRr 2B AR AR %P&%@dﬁ@gﬂélﬁ%@%&%& §0; 30- A

conposition conprising a protein ac I'ng to any one of
.. corresponds to residue 168 of wild-type HCV NS3/4A, is indicative that said patient

has a drug-resistant HCV infection.

37.  The method 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.



clainms 15-18 and a protein according to claim219 or claim
23. 31. A nethod for detecting the presence of

FQGOPBELSE ant HCV in a biological sanpl e corf$iyE2efy/035839
detecting the presence of a %ol ynucl eotide according to
any one of clainms 1-14 in said biological sanple. 32. The
nmet hod according to claim31 conprising: a) obtaining

sai d pol ynucl got i fromsaid sanple; b eterpining the
sequence of tte p HH%W%@%*%HEngé AP PSS ”Hé3%hgt rejipthe
sai ghoR@t ¥l 6hRaine FECV NI %&&am%t modiibiolbRBaldaiple

codons that are a non-w | d-type codons in that said
codHPrises mptadiar aigwdon 4 pfivliceein Hieguutaiion resdts i g Rehstigtion of

¢! Al oA IR L RRNvatinb il ¥BEng O0CNS - encode a

seri| aline, or athreonine at” a residue that
corresponds to residue 156 of the wld-type HCV NS3/4A
prot ease and/ or encode a glutam c acid, valine, alanine,

gl yci ne, or tyrosi t residue t C sppnds to
resi due 168 o 'thégﬁfﬁgg??ﬁga y g%ﬁé&%ﬁﬁ%¢§?§%§%ﬁp@%gn}msa
Thedavedabaicseadtivitydirrsgsdeptilsiligy taTV33 9@ eqnprisingevdRiagngrivhether said

or inferri whet her, in.the pol ot.i de, a).codagn
s epitti e Hhodii s R A TR et A BOUhE & imficoe digrpodon

1,5&ha@aﬁ@&&se@demss@ngqtyﬁm?aﬁﬂ@@ VRRE B8 & AP Rhid1e or a
t'hreoni ne and codon 156 encodes an aspartic acid or

ghdanric acid;. and b) codon 168 encodes a valine or codon
168 encodes an alanine, a glycine, or a tyrosine. WO

2005/ 042570 RGT/ 11520009328 3RatilwRetherd I‘i‘@{/hﬁféc{et@ li)iatsient has a

determ ni ng whether an HCV infection in a patien

dr udpcreasddssensitivimmsrsosbitjlity4p apodtease trhihjton coinptising eedluating
sa iy ' | .nat » .and b)l.eval uating, ..
oner Raner R e e s LIRS PN e e AR Bgn
a mitthndodbiCXhalNGRI0d4s psidheBal witietype Hepdiis [0 @BBINS3/HA protease.
said mutant HCV NS3/4A protease is indicative of said
patient having a drug-resistant HCV infection. 36. The

met hod of claim 35, wherein said nucleic acid encodes a

43.  The method according to any one of claims 41-42, wherein the
mutation correlates with or results in decreased sensitivity or susceptibility to BILN
2061. '

44.  The method according to any one of claims 41-42, 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



nmut ant HCV NS3/ 4A protease having a nutation at an am no
acid that corresponds to residue 156 and/or residue 168
YO SWP/A4280v NS3/ 4A, wherein the presence of arPCTAN20{4/035839
acid that is not alanine at 8 residue that corresponds to
resi due 156 off w I d- . L4 and/ or .an..am no. .
acid that is cﬁot gegg%&%cthg@éggg’? 1 @E ipaeﬁ%nctelﬁ)gfnhlb&]r and in the
cor sbespendmiilitoresi due 168 of wil d-type HCV NS3/4A, is
indicative that said patient has a drug-resistant HCV
i.nfection. 37. The nmethod of claim35, wherein said

mut ati on conprises the presence of a serine, valine or
threoni ne at 4éhe avineModChrthss '§c8¢ﬁ1 0Ads 6PINORPY

resi due, . 156 of wild-type Hccﬁﬁ13/4gﬁprotease. gSQﬁ§%E§CV
met WIP 8 or ding to any of claims 35, 36 or 37 wherein

t he HCV NS3/4A protease conprises the presence of an
aspartic aci ) Pieyidinga piotesps arsording tpenyiene efrclaipsd§i2iende
th ] i.¢.residue that corresponds to residue 168 of
mﬁﬁg?ﬁ%ﬁﬁgaﬁ%%%N83/4A protease. 39. The nethod of

according to - Clal r wher ei.n, . {. .
nucl ei ¢ acid @%%%gﬁﬁlg t%aﬁ%%%ﬁ?%?ﬁqgcg%eemﬁ X ¥e6§1 gﬁltm%gltﬁ]ﬁ%rdf‘(ﬁhe
bi airegncadf thaspiseate;,cmadpri ses a nmutati on at codon 156;
wherein the nutation.results in a substitution of

al ani ne w t h Qevilmging vaheasiriap thdinkidbhion®f protévdgticsRiitity of the
nmut atj on conprises a substation of aspartic acid at
red"d78°168 with glutamc acid. WD 2005/ 042570

'PCT/ 11 S2004/ 035839 82 40. The nethod according to any
one of clains 35-39, wherein the nucleic acid encoding
HCV NS3/ 4A protease present in sai'd biological sanple
conprises a Mt at Fofehpd &3ddentifnpe a gprapernd a5 pe inkihiter P

r esﬁ#bt‘é%e'a@ccﬁdﬁxﬁ@@ﬁﬂf&ﬂe'c@a@r_n@fl5-2§%Qﬁkfi.‘siﬁ%%zac' d with alanine,

gl yci ne, valine, or tyrosine. 41. hod for eval uating

whet her a HCY, h&ﬁﬁﬁ%ﬁf%@ﬁﬂf&%@ﬁ@@%@%@% %‘%?Il%gioﬁ ’éhe compound;

sensitivity of susceptibilrty to

Cual it ng iSRGy IR SR OB RORLLE 5 CoM R
oncodes est Weayaklds RESREI GV 1S S 44

HCV-i nfected patient has a decreased sensitivity or
susceptibility to a protease inhibitor conprising

eval uati ng eth sai.d .pati ent has. a atitis Cvirus

NS3/ 4A pr ot Q\Q‘ge ° oﬂac%f’rﬁ‘&gé??alﬁlégfg?wl%don t hat

0 o " W sstife A alhiifl ST RRE bk e bbendS ot e
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 e).

49. The method according to claim 48 comprising comparing the

results from a) and/or b) and the results of d) and/or e).



43. The net hod according to any one of clains 41-42,
wherein the nutation correlates with or results in
R PWH8E¥F70sensitivity or susceptibility to Bl IRCT/GIGH/035839
44. The met hod according to 8ny one of clains 41-42,

wher ei h
docr cased e t, Py BH KEoR R BN o BEZ0 "ana (o
BI LN 2061. 4% A fethog for evo%ﬁeaéongg‘&uﬁd SRR BrPLocond

pot enti al

VeRisa)4 ACRRabSWRGeia s@ﬂhb’d’m& lbeatdse eodpries di B@lﬂocamdahglt one
of clains 1-14 and an i nd cator}argene encodi

i naprespordsiteresidye 4 68 pf the mild-tyye RPfeAsH MRGrefhE | nng%@flo agidjis
ang,\ dpgtgoas‘;a%gglﬁghfcglﬁy ihoZ? ¥todif35839 83 c) neasuring
the 1n

ator 1'n esence of inhibitor and in the
absence of ipy thf_é%vng‘o?ﬁferé@&nfd%ot@a?s%%Y’ch@%ré&@ﬁﬂ%‘b‘ﬁnds
for activity agal nprising: ‘a) providing a
pr obmpsemdaambr di ng to any one of clains 15-23 and a
prot ease substrate; b) contacting the protease with a
candi dat e or fotmpatingtheiresnlthbof drandl ).t he presence of the
substrate; and c) evaluating or neasuring the inhibition
of proteolytic activity of the protease. 47. A nethod for
identifying a conpound as an inhibitor of a protease
accordi ng tosany Ohemethal ascoiding® dainpFl einngising) assayi ng
the activity of the protease in the absence of the
conpound;  b}) assdy the attityadtaiwild-yypeprdtdwee prtht elsssrcd of the
the presence of conpound; c) conparing the results of a)
andompeuidsyl t s of b). 48. The nmethod according to claim
47 conprisin d) assaying the activity o
protease in 3%ésswgéﬂ@@%‘fﬂmféhw%&aoﬁdmtsaseé%@&yﬁﬁég%er?é
athio}ﬁipBanch the wild-type protease in the presence of

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).



compound; f) conparing the results of d) and the results
of e). 49. The nethod according to claim48 conprising
MNPPUPPR’® he results froma) and/or b) and tH¢E7FR44{08IH39
of d) and/or e). WD 2005/ 042570 PCT/ 11 S2004/ 035839 84

50. The net hod acc ta.clai.m 47 conpr )
assaying, in %qlh dg h‘é’g f%rfld?rﬁgyl% %8@3‘3{%&[%% g}ﬁ %5??1155/‘1 of
a SRk actidindAo RRPbRATR1IMAS 1 808, Gairisigeond prot ease
conprises an am no acid that corresponds to residue 168

of the wild-typBtaiift £8S6 diMBANGIaNMSaIGIHE fi6tedet d 1S
mutated to a valine, alanine, glycine, or tyrosine; e)

assayi ng the @%élgmhgopgelgchg%%&gﬁauﬁr otease in the

presence of conpound conparing the results of d)

and e). conpqyRduKRERA é‘ﬁlﬁhtg@% the WG pTRADRDIAE Y, frqhtgxgtclt With the

claim50 conprising: g) assaying the activity o

Wi | proteggre prot ease in the absence of the h) assaying the
activity of the wild-type protease in the presence of i)
conparing the results of g) and the results of h). 52.
The met hod according to claimb51 conprising conparing the
r esul ts fr omf&ﬁ) ariﬂiednethx)d anordingego nkaémlSﬂswhﬁreid)theaiﬂmHeor

and/.or -t ul t.s om d 53. A tho
For SRR gl 5 SesHp BT B ot | adTgieg) of
of MX3830roteher ei n aNS3/ 4A prot ease has becone resi stant
to VX-950 conprising: corrpound a) contacting a prot ease
according to any one clains 15-23 with the b) assaying
the ability of VX-950 to inhibit the activity of the

protease of a5 WARARARNEI#ifged chin?38 06 H8a8RPmo8 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.



54. A nethod for identifying a conmpound effective agai nst
a protease according to any one of clains 15-23,
MPPIP828Y. a) obtaining a three di nensional RSTEIS20|/083$89
prot ease; b) designing or ¥l ecting a compound; c)

eval uating the ability of the conpound to bind to or
interact wwth the protease. 55. The nethod according to

cl ai m 54, wherein.the thr di pensi ana del is. based .
on the x-ray%gfystxﬁa’ﬁ%e{t Oqu%&P%OfEF‘atfr &" l’g’%ﬂreﬁ?iﬂf’r%"%ou&ﬁls
NS3d dopuall eRatfiedBom ARembiiaef] aeanEédiliBgry.0 cl ai m 55,
wherei n the nodel obtained by conputer-inplenented

nmet hods. 57. The method according to claimb54, wherein
the three dinmensional nodel is obtained by x-ray

crystall ograpsy ofrhkh@tiRidUrahP oPASRsHAD, Whered NN Eoround is
clains 15-21. 58. The nethod according to any one o

cl o FREnmAng prepegeéd tepyghrionag dadgdasiemg i s by nol ecul ar

nodel i ng. 59. The nethod according to any one of clains
54-58, wherein the conpound is contacted with a

w | d-type protease. 60. The nethod according to any one

of clains 54-039, henwihpdidfeny chetpiosid-G2s whereirasidcebmyjotihd is

Tothan e dBBREh ol ke Bfeesfh B Cierasd Mo et o

conyBdsd. i s contacted with a protein according to any one
of clainms 20-21. WD 2005/ 042570 PCT/ 11 S2004 /035839 86
62. The nethod of any of clainms 54-61, wherein said
conmpound is a conpound identified froma conbi natori al

chemical |ibreary. A6ébmpbhad ihiigel Qb t0hne b dcifths 88-61.
wherein said conpound is a conpound prepared through

rati onal drug design: 64. The nethod of any of clains
54-62, wherein said conpound is a conpound prepared

through rati ggal  dr deeRioHRoRBAsiHE e LEr Bﬁlgm i i
structure of VX-950. I%E 0A (O:o?rpsc%u%d ei deﬁtl [ é’g&g%:ncg&?éluah%

to. 653,3,1941 pplarppcegtiedliyscemptadle carrier, adjuvant or vehicle.

67. The'COmposition 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



66. A conposition conprising the conmpound according to
claim 65; and a pharmaceutically acceptable carrier,
&Eﬁ)mﬂéfﬁ‘t%& vehicle. 67. The conposition accorRﬁTﬂéSZQQﬁmSS”
cI aim 66 wherein the compourfdd is in an anount effective

hi.b 4 Do -
C ah i bR S RO R USRSt and G GOEPAh HOV e

f OEj‘Blld: Rtag dnHilsitor af HIOW Isdlicade] podymeraae pame‘exﬂbpro%se. The
conmposition according to claim®68, wherein said
cohposition conprises an additional agent selected from
an i nmmunonodul atory agent; an antiviral agent; a second
i nhi bi tor of 7HCV THeoaasitioR BedoRdih@iot aimof0, avhetelreyaid
target in the HCV |ife cycle; a cytochrome P-450

i nhYtbPhremePodﬁod%}ﬁde%PB\‘i‘%“fher eof. 70. The conposition
according to claim®69, wherein said i mmunonodul atory
agent a, G- or y interferon or thynosin; the antiviral
agent is WO 20051042570 PCT/ QS2004/035839 87 ribavirin
amant adi ne, @ t hixmesshas ofdrhibiiag iherichitioe! oenatys fS3/4A
Lgrp%g%age €O pﬂfw@ Ltjeﬁ 8f ccﬁ%&ﬁ:lnﬁ %i% ?%}%ﬂgga%tpés%glth%cgﬁWund
coamdlhgmlaﬁo@ﬂ di ng to cI a| m 70, wherein said
cytochronme P-450 inhibitor is ritonavir. 72. A nethod of
inhibiting the activity of a Hepatitis C NS3/4A protease
conprising the step of contacting said serine protease
with a conpouhd Agsahel erdating hieHEVGE ecHSh ink patithiconprising
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accordl ng to cl ai m 65. corrprisi ng: 74. A nethod of
treating or reducing an HCV infection in a patlent a)

det ermi ni ng whet her sai d%é)atl ent has an HCV_j n;
- that is resi’4t an® mehedeltEgsiing ey iegucingut HoY 18 ecg%m&patlent

cl %ﬂ‘@ 3Rs44; b) treating said patient with a conposition
rapy directed at the treatnent of drug-resistant

HCV 75. The ﬁjmt hg% @ﬁ%ﬁg%ﬂ%ﬁl& &1(?{)&%% Ha 2RI infection that is

conprising t ste mnistering to said
patrbﬁstﬁntmt}ﬁd@y using ametigelnif agp bfedalads F5k4n an

b), treating said patient with a composmon 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 o, B- or y interferon; or thymosin; said antiviral agent is



i mmunonodul atory agent; an antiviral agent; a second

i nhi bitor of HCV protease; an inhibitor of another

VEQ gWH/04287 he HCV |ife cycle; or conbi nati ons RHEFEH+035839

wherein said additional agéﬁt is adm nistered to said
ent. as
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i Minhitae dHaVdelicaggnilymera®; onmetglioproteadeer on; or

thynosin; said antiviral agent is WO 20051042570

PCT/ Q52004 /035839 88 ribavarin or amantadine; or said

i nhi bitor of another target in the HCV |ife cycle is an

i nhi bi tor of 7HCV hehéthes ef elitihyirer@selucimg HCV contamination of a

nmet al | oprotease. 77. A nethod of elimnating or redu |ng
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sai oglca sanpl e or nedi cal oratory equi pnent
w témpoundowpuding tadeior 6f-ng to cl aim 65. 78. The net hod of
claim77 wherein said biological sanple or nedical or

| aboratory equi pnent is contamnated with a
drug-resistant strain of HCV as deternined according to
a met hod of @8.ai nBhe3thetBdd oﬁ@ainfﬁkwh%h@didéli@iogidalrsgmpb or

cl ai er ein said e or t

ey M SR e AT R T e
S UhgH&admindd bbb a ndetisdd ¢fickas gaBnENt, a Iabor atory
instrunment, a |aboratory garnent, ‘a blood or other body

fluid collection apparatus; a blood or other bodily fluid
“storage material. ’ ‘

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.



