Hepatitis C Virus Variants Field of the Invention The
present invention relates to hepatitis C virus (HCV)
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Accordingly, the present invention provides HCV variants, and related
methods and compositions. In particular, HCV variants and variant HCV proteases
that have reduced sensitivity to one or more protease inhibitors such as VX-950 are

provided.

In one aspect, this invention provides an isolated HCV polynucleotide
encoding an HCV NS3 protease, a biologically active analog thereof, or a
biologically active fragment thereof. The isolated HCV polynucleotide has at least
one codon that corresponds to codon 36, 41, 43, 54, 148, 155, or 156 of a wild-type

HCV polynucleotide that is mutated such that it encodes an amino acid different
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does not encode G. In certain embodiments, the codon encodes E.

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

L.

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

does not encode A. In certain embodiments, the codon encodes S, T, V, or L.
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In further embodiments, this invention provicies methods and compositions
involving an HCV polynucleotide of the invention. For example, an expression
system comprising the HCV polynucleotide is provided, and such expression system
may include a vector that comprises the HCV polynucleotide operably linked to a
promoter; also provided is a host cell transfected, transformed, or transduced with
the vector. Alternatively, an expression system of the invention is based on an

mRNA display technology, e.g., the RNA-protein fusion technology as described in
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An isolated HCV NS3 protease may also include an NS4A cofactor, such as
for example an NS4A protein as represented by the last 54 amino acids of SEQ ID
NO:2. An isolated HCV NS3 protease may be a protein complex formed by
tethering an NS4A cofactor to an NS3 protease domain, for example as described in
U.S. Patent Nos. 6,653,127 and 6,211,338.

In a further aspect, this invention provides an antibody specific to an HCV
protease of the invention. The antibody may recognize an HCV NS3 protease

comprising an amino acid sequence in which the amino acid at at least one position
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protease inhibitor may be VX-950 or another protease inhibitor.

Also provided is a method for guiding a treatment or designing a therapeutic
regimen for an HCV infection in a patient. The method may comprise evaluating
drug resistance or sensitivity to a protease inhibitor of the patient and determining
the regimen for the patient based on the drug resistance or sensitivity. For example,
if drug resistance is predicted or detected (e.g., reduced sensitivity to a protease
inhibitor such as VX-950), one or more other compounds or agents may be included
in the patient’s treatment plan or therapeutic regimen. The method may comprise

any combination of determining the sequence (e.g., genotyping) of an HCV NS3
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A further alternative method for evaluating a candidate compound for
treating an HCV infection in a patient may include introducing a vector comprising
an HCV polynucleotide of the invention and an indicator gene encoding an indicator
into a host cell and measuring the indicator in the presence of the candidate

compound and in the absence of the candidate compound.
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activ
vitro, and/or in vivo, the ablhty of the compound to bind to or interact with the

protease. The method may also involve determine whether the designed or selected
compound can inhibit the activity of an HCV NS3 protease, in particular, a variant
HCV NS3 protease with reduced sensitivity to a protease inhibitor such as VX-950,
in a cell-free or cell-based assay. The method may further or alternatively include
assaying the ability of a designed or selected compound to inhibit HCV replication
‘in a cell or sample. The HCV replication can be determined bﬂr measuring the

replication of an HCV variant of the invention or an HCV replicon of the invention.



Further provided is a nmethod for identifying a

conpound effective in reducing an HCV NS3 pr ot ease
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an HCV protease from at least 2, 20, 50, 100, 200, 500 or more HCV virions from
the sample. For example, such genotyping may include determining the nucleotide
sequence of an HCV protease from at least 2, 20, 50, 100, 200, 500 or more HCV

virions from the plasma sample.

In certain embodiments, the patient subjected to such profiling may have
been treated or be selected to be treated with a protease inhibitor such as VX-950.
In certain embodiments, plasma samples are obtained from the patient subjected to

such profiling at two or more different time points.



different fromthe am no acid at each correspondi ng

position of the wild-type HCV NS3 protease; c)
woreooiosi2zey or recovery potential of a patient;PenuSmp6/044363

altered replication capacitly (increased or decreased)

of the HCV variant. A further aspect of the invention

provi des a nethod of obtaining a profile of HCV
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change. fro 8T L0585 GRR A r&idiacR 19%3H530 khd
of pr i’g%lgg? Shgﬁ%fhg ”?&eeg“%scs’é‘% %219%?2\{#63 rt o} V)% 950.
Fitgddge 7 shows the inverse correl ation between
resi stance to VX-950 and

Figure 8 illustrates the structure of two HCV protease inhibitors: VX-950
and BILN 2061.

Figure 9 illustrates the location of VX-950 variations in the HCV protease

according to structural studies.

Figure 10 outlines the methods for phenotypic analysis of HCV viral

variants.

Figure 11 shows that V36 substitutions confer low-level resistance to VX-

950.
Figure 12 shows X-ray structure of the V36M variant protease.
Figure 13 shows that V36 does not make direct contact with VX-950.

Figure 14 shows the V36M variant in Gla with low-level resistance and

better fitness.



fitness. Figure 8 illustrates the structure of two HCV
protease inhibitors: VX-950 and BILN 2061. Figure 9

w0 bdoamsat es the [ ocation of VX-950 vari ati onsSPCTIUS1066/044363
HCV protease according to dtructural studies. Figure
10 outlines the nethods for phenotypic analysis of HCV
viral variants. Figure 11 shows that V36 substitutions
conf eﬁlﬁh&%‘ SBYRE HEPBEA %Qﬁe?nth?GY&% wWiaProwFiebl@siddnce and
shows ray structure of the V36M vari ant protease.
wogafignet8 shows that V36 does not make direct contact
W th VX-950. Figure 14 shows the V36Mvariant in da
wi t h Figueel Ié\shbws s €360 veriaridn Béb twath Ibivtlnesd sedistgnneand 5

shows, the V36A variant in Ga/b with | owlevel

W@E?\A%‘tt%ﬁ%e and vvorse fitness. Figure 16 shows the V36G

variant in Qb | ow- | evel resistance a

fi t neBigured7phpws 11@ Vhehn¥aniant W0 toHtARGs: W %}qhﬂs ﬁ@o rare in
si stance, which is also rare in G. Figure 18 al so

outlines the nmethods for phenotypic anal yses of HCV

viral .
subet TR Bl e RN By aitysps gy i
argtse 20 shows the X-ray structure of the R155K

vari ant protease. Figure 2 1 shows the conputer nodel

of VXri3af 19 ddivethd ® 158 8ulRtBEIEnY asnfanlowpleotiaasistance to VX-
Fi gure 22 shows that V36 or T54 substitutions confer

PP | evel resistance to VX-950. Figure 23 shows the

conput er nodel of VX-950 binding to the V36M
Figure 20 shows the X-ray structure of the R155K variant protease.

Figure 21 shows the computer model of VX-950 binding to the R155K

variant protease.

Figure 22 shows that V36 or T54 substitutions confer low-level resistance to

VX-950.

Figure 23 shows the computer model of VX-950 binding to the V36M

variant protease.

Figure 24 shows that the V36M and R155K substitutions are additive in

conferring resistance to VX-950.

Figure 25 shows results of structural studies: (A) Superimposition of the X-

155

ray structure of the Lys'® variant and the Arg" wild-type NS3 protease domain in a

complex with the NS4A co-factor. The Co atom traces of both the wild-type (in

blue) and the R155K variant (in red) proteases are shown as lines. The residue 155

155 155
)

is highlighted with either ball and stick model (Arg ") or Liquorice model (Lys

with nitrogens in blue and oxygens in red. (B) Superposition of side chains of
Arg"’, Asp'® and Arg'® in the wild type NS3-4A with that of corresponding
Lys™, Asp168 and Arg'® in the R155K variant. Three residues of the R155K

155) are shown in the Liquorice model, so is

123

variant protease (Argm, Asp168, and Lys

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



vari ant protease. Figure 24 shows that the V36M and
R155K substitutions are additive in conferring
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structural studies: (A) Superinposition of the Xray
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suppressed energence of viral resistance and prevented

viral pRheakdt BN 0 Wel AhIRRMRYS viral variants resistance to HCV

protease inhibitors including previous studies.

Figure 32 outlines conclusions regarding the mechanisms of viral variants

resistance to HCV protease inhibitors including previous and present studies.
Figure 33 summarizes certain conclusions based on the present studies.
Detailed Description of the Invention

The present invention relates to HCV variants. In particular, HCV variants
that exhibit resistance to a protease inhibitor are provided. Also provided are
methods and compositions related to the HCV variants. The methods and

compositions are useful in identifying viral variants, including variants of an HCV
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etec nor popul ati1ons variants (I nstea
clomds maayt repreemit ep to 80/85 ddfutretviroonsof wi | d-type viruses
and viral variants), which invol ved obtai ni ng
Benventas dnddeldaredPolyudeatidd®abd Protediieyi dual viral

cl ones per subject per tine point, so that viral

vari afespredeat inveyticpoided ACVAvalans. oh gﬁkﬂi@hlﬁﬂ etbbdiments, an
}\I/é-\fgvigiam i%?lugessaegoslgfrtnlc\lgotti%e (s)gqugr?c\:/g1 thgtoen%ogelétan HCYV protease with
reduced sensitivity to a protease inhibitor (also termed “a variant HCV protease”),
such as VX-950. As used herein, a wild-type HCV refers to an HCV comprising a
polynucleotide (also termed “a wild-type polynucleotide™) that encodes an HCV
protease with normal or desirable sensitivity to a protease inhibitor, and in particular
embodiments, the protease inhibitor is VX-950. Similarly, a wild-type HCV
protease refers to an HCV protease with normal or desirable sensitivity to a protease

inhibitor, and in particular embodiments, the protease inhibitor is VX-950.

As used here in, an HCV can be an HCV of any genotype or subtype, for
example, genotypes 1-6.



5% of the popul ati on can be detected and identified.
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NS3 protease is(are) different from the amino acid at each corresponding position of

the wild-type HCV NS3 protease. The wild type HCV NS3 protease may comprise
an amino acid sequence of SEQ ID NO:2 or a portion thereof such as for example
the first 181 amino acids of SEQ ID NO:2. The isolated HCV NS3 protease may
comprise a biologically active analog or fragment of an HCV NS3 protease, for
example, the isolated HCV NS3 protease may not have the N-terminal 5, 10, 15, 20,
30, 35, 40, 45, or 48 amino acids of SEQ ID NO:2.

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

variant HCV NS3 protease are shown in Tables 1-4. The Tables, Figures, and
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e i34 VISHe bl e eE 0 tHe(NSEpﬁimlseactivﬁt@ arsbdhaﬂekétlbick{sts
protease nay not have the N-term nal

tgomingh39 w@duwboaphwglwa%atm&%fanéa@swesm@tgs and
FAABL e ?iss%ﬁgseaggcwng R gl N@Amg%ner Rk bR PRogRt 5.

vari ous position ari ant protease are
Yholugyi6h: lﬁaﬁSl—E&) désofibed kigat ’dfaahleﬁl,onlé[f@hteemnahh@’&sahp‘a efa

sy s BB B B sy N pERST aRteie 85aY, bk Bl

Wthiat VP8 TGRS REQtcaas 8 NI privfelDwithl pmlam@tease activity

Bi ol ogically active fragimsnt s or analo vari ant

OS5 B A AJSBL e I ettt IS A e NSG BAE b Yeihe
AT G Flan 5 riuet Teknfied th g (g ipltive 1 proRiate

ancodp eletibhef detraiihaln 0atsilhdserf mia1es3 ﬁromrasa dotmeni 1d lﬂleesNS3
abol i shed cl eavage at NS4B/5A site, but no effect on
ROkdR 2lsp easpledsinaeronileiplydpadive & BHUCIRESFSpr ot ease
activity: and the deletion of Nternminal 39 residues

abol i Exieressiqnesyviggs ase psHRASHRT axanmssansie dhe egiaahHCV

gl% eagé%%)ﬂlilel ﬁgerﬁ%ﬁ %@8@@10@%&&%&%@8@5&@% %% vector
- thaseimreds ki HCV pelyaledledtide f ¢fe ihldneioni Saitatle prokariydtie or

of a wld-type NS3 praotein had no effect tolie N?S.
w@n@a@éfeateﬁ (91gt yexplteﬁ%ma BeCdQrs W%rlsr&%#ﬁgﬁ pojgysieosige (or
EERIAUES 4P e &%%Haﬂg@abﬂ%er&h?&ﬂh@ iWehfloP8dr bentroduced into

protease ‘acti vi
a suitable host cell by an approprlate method (e.g., transformation, transfection,

electroporation, infection), such that the polynucleotide is operably linked to one or
more expression control elements (e.g., in the vector or integrated into the host cell
genome). For production, host cells can be maintained under conditions suitable for
expression (e.g., in the presence of inducer, suitable media supplemented with
appropriate salts, growth factors, antibiotic, nutritional supplements, etc.), whereby
the encoded polypeptide is produced. If desired, the encoded protein can be
recovered and/or isolated (e.g., from the host cells or medium). It will be
appreciated that the method of production encompasses expression in a host cell of a

transgenic animal (see e.g., WO 92/03918). An expression system may be based on



(normal cl eavage at NS5A/5B, but |ower at NS4A/ 4B and
NS4B/ 5A sites), the deletion of N-term nal 49 residues

wo emalosedi i n a conpl etely inactive NS3 prot easeCT/HRINNG/044363
the deletion of Ctermnal 140 resi dues of the NS3
protease domain in the NS3 protein also resulted in a
conpletely inactive NS3 proteases. Expression systens

AL8I-RES sfé%isucﬁq% RN Srotei? i G809 de8HbeHEVU S.

proteases of the invention. An expressi on system rmay
Pateitidte 6223858 oe ¢l inrvitve ttinss” dh@:tlbqbnﬂﬂ iSs BgteahNHCWB& 943.

| ynucl.eotide of, the.invent t abl.e
RRolErGoby BRyid e obegned. 3ha e BRI GBiet
p@gﬁqm§5qg3a@1HCV pol ynucl eoti de (or "nucleic acid,
used interchangeably herein) of the invention can be

i ntr Odh'x‘f(ﬁg dsEyQ afd p?d’vfd@@lfgr QDI %!séay?&nﬁt‘ﬁleaﬂap pRdHotydhiy

method (e.g., transforngtion, transfection,
HCYst Thpessays may be mirecied tmm@asgungat&'hak activey (e.g., infection,

BRlE: S SRebd ARRBR R ey B B8 bt il e gpotease
hdttvagy. av ﬁ?ﬂ dctivigy hfdeyasy elﬁpﬂob/ cthpldEQﬁfeWed Gt 4 wifus or
host cells can be nai ntai ned under condltlons sui tabl e

vigrl vasipr o8 sihish the a@tmty ify tq brempgsusesn clhesells ppgadaties may be
81'9[51&1 (Ekrﬁ ]gdtfénts éﬁ% g%ﬂfnﬁg p}i‘ﬁl%dri’ | %ﬂ)cg 1 aﬁ{félg %é’illstn (fl"ss?mples

|ot|c
ﬂﬂasz by culwhecﬂ enhxymtféwedemtbdadupoﬂ Vipd phiige in mtmr Ol exditivityf
desired, the encoded protein can_ be %e%ﬁéere gd/or
PSBISRBUETRIOY 2 repliconriased wsiem. swahyas thg sed pgsays

WsklivREnanRprL¢l at @d) bhatr 4. B@teﬁﬁéﬂibﬁgatﬁfn ;ﬁibﬁ@&tﬁirﬂ 98

enconpasses expreSS|on in a host cell of a transgenic
2005036408ee e. g., WD 92/03918). An expreSS|on system
may be based ona cell-free system such as the
RNA- pEmzt}ahanicfanﬁi/mjncambﬂﬂwdm@twddﬁ sell-fise dr cell-bhSd sPsicrent

. 258,558 or the in vitro "virys" described in
Whish Bpseraiy MRBe 4L SRy TIRS P e ARl By A Be B Eahr
Qﬂa@c% t@@reH?@dh A ﬁ%@ﬂat@sfort 18 eARROST iHRREL. | Ib(ﬁ”‘éxhl'ﬂplel 5 S. fpatent

t ent . , 701. Various assays are provid

@(ﬂmﬂlm p@@sm Noi 20960 E52169 dpseeihert 3 pirragateced: bafmbsystem
ted |
SRRl R bt Bl BF aE bR TRy N htoRad, BoA B 13,

Bactib&l BSh vero, 3BI1-ERE YiGEdse agay ithat binploss Peptideciubatsetes and
activity). Viral activity assays may enploy cells or
HRIfIsystenaf ected with a virus or viral variant of

which the activity is to be nmeasured. The cells or

sanpl ke prggent invsbiion tabes 4dventage p%mp éart that gie theseglimengional

at I’cuerg tof N§l3}4§\r pro ea\s/ee Lé’s betertl] ?esgleved %segre. g‘c.’,a&% §5911 134). A three

dimensional model of the variant protease of the invention can be obtained;
compounds are designed or selected, for example based on their ability to interact
with the three-dimensional structure of the variant protease, and the ability to bind to
or interact with the protease is evaluated by modeling in silico and can be further

evaluated by in vitro or in vivo assays.

The compound may be one identified from a combinatorial chemical library
or prepared through rational drug design. In exemplary embodiments, the

compound is a compound prepared through rational drug design and derived from



may be cultured and infected with a virus or vira
variant in vitro. Viral activity assays may enploy a

wo epliosnat based system such as the replicon- bBESEUS2006/044363
assays described in Trozzi 12t al. (13) and U. S. patent
appl i cation publication No. 20050136400. Enzymatic
activity can be determned in cell-free or cell-based

1Y Si-EdTEre W &ho 98 PESAIsk YnHikiedréden AdTeXEIRY Ratidhall dHig design
or a biologically active fragnent or anal og thereof
aAswimay bebembiaré withra sysfemetie ethagrofilargeseale scregming

exanpl e . S..__patent [ ] ' ' .
Shoabres e RlaHFusER AR ge Rk R,
shouREdaemidmbassaiil igraries Ratidnal tyngafesiphtis NERused
protease. Trozzi et al. (13) describes an in vitro, :
approachy which peasdnfomalioneapouh e SERpER/A regeptor or one of its
AL P o o o e O 2
stuctiet of £pofeiNSdl Wedgeratinabesitpmethodnsuchss Xy (see

e. g[ WO 98/1 1134). A .three di nensional goﬂgl of Ehe
A PRI SRS PeRHC FBHIC SRR Sb i e
ROSRRNER (e difsBREItRCttebes i athnt HUV HR3mRdteastakad
on their ability to interact with

t he
¢dmtains oieemedre whthegnutaigensrad edidues 8 6y Al Hani4. pAdt Baser 156

and the ahpj ity to.hind i i .

oA seRfly el WipkioRind 58 Skaltbdibtidfoaior N
§pé6ﬂr6@61af3‘eb@hﬁiqﬁ@d Rayiohdl dving desig@t alsonmuy b cambimgd withhe
conpound may be one identified froma conbi nator.i al

istematisimethost efrlgreerscile sgasnne SRS Rqre Rajenl pgotease
A8aAP ﬁﬂjgg?rggﬁ Rl t%% (rl gﬁégﬂh%?‘gﬁﬂﬁés ﬁr&ﬂ%oﬁl@m&%ﬁqj libfris.

conpou ared I onal drug design and
dempued pfogeamenderdgeised t whrch throogn dgrbasesnemtaining the

e ek Sa T TR BT B0

L ARSSMIS Bla€ 2R GhQENk&Y t&HRQRETRIN fheWaRiE HOV B3 @bteases, and
protease Iinhibitor drug targets are tested with

siehpdentided compoeshdan battestedin assays 4¢.8 e EiralRaEnBHAILCHSERYS)
design.is focused apprach, which uses information
5‘5%& ft"ﬁgvai’lwrtllﬁlgtpﬁc?[%asgfﬁ% 'ty receptor or one of its
natural |igan o identi .Qr . creat e .capdi dat e, drugs.
B S S0ty SRS ERg g Ao
dShFo S REDitsiE B EHARSURIUGD aAshadinsRutiCllyHeadptatde egatiyr,
or hucl ear magnetic resonance spectroscopy. In the
pdjesanttor vehicle. Preferably the composition contains the compound 1n an
amount effective to reduce the activity of an HCV NS3 serine protease. Even more
preferably the composition is formulated for administration to a patient. The
compositions also may comprise an additional agent selected from an
immunomodulatory agent; an anti-viral agent; a second inhibitor of HCV protease;
an inhibitor of another target in the HCV life cycle; a cytochrome P-450 inhibitor; or
combinations thereof. The various compositions are described in greater details

below.

In another aspect, the present invention provides antibodies that are specific
to an HCV protease, in particular, an HCV NS3 protease with one or more amino

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



i nvention, the three dinensional structure of a
variant HCV NS3 protease that contains one or nore of

wo b@7ms2at | ons of residues 36, 41, 43, 54, 148pC1B5S52000044363
156 may now readily be detds8m ned using routine X-ray
crystal | ographi c and/ or NVR spectroscopy techni ques.
Rati onal drug design also may be conbined with a
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where potential prote bi t or drug target’s are
memOéfdla\]{\mtl’oodmsppn]yudena‘l amnbadmsbchlmbnc patibddidsy muitspecific
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conpoun at are nost kely to interact W|th t he
igER | ERmuMElohde pmqim@a@é@rletmd sevethrally selatetl ipeefeins that are not

ge%gggﬂls,dag?ggdlgse tested in assays (e.g., viral or

assays) suitable for evaluati ng pr ot ease
[ nh| hi t ertain enbodi

i.fied
compodiioody e s BTEOhaG! trash STy S EiRERbly

thb enEMPIHHg 3R darta b RETTAGE Wd igetlct IntRoas) pEﬂl&hﬁles of antibody
carrier, adjuvant or vehicle. Preferably t

fEenmprdts mpblﬂe Eanitlbnd (ehik. axshipotingmends; %amnhnear antibodies
{
GERRESLU RS AE 81 a0 A O e

iholeoniba taad rrﬁﬁﬁspz&dllﬁc rmnﬁbcrcb.etsl form¢dfrempatibedy fragihents.
conposi tions also may conprise an additional agent

sel ectsaﬁglércﬁﬂhem”loﬂﬂwn?w@@tw(ﬂwfagn&ga%mpaﬁe ﬁfetVH\anﬂ AL
agent; a second inhibitor of HCV protease;

GOMHIBS afchn a5fibedo I HSFelE Hegredomaing & PRl mfae%gl% pelypgptide
é?%éeocli}éfé%ly, efly g&g‘ng&tfdg Tortif o6 gﬁ%&gg& ﬁo‘wﬁe LRE e

various’’conp ns are eat er
Iotetvednl the LVEH ond Veroatmxtshhatt eas‘tpies:thp stlh\etopﬁ()ﬁﬁem desired structure
nventl rovjides anti bodjes at ar e fict

dj
epunbee. oF AaV RS Vsegrd e Hrotrensedpsdiot
PRG0 AbndTXib8HH X oRGi1Y q{@éeﬁﬁfrg Qn@M&QME QeptiRgd-Wirlag:

type HCV NS3 protease.” The term "anti body" |sused In
New Yorkal®94), ppee®e3tnd specifically covers, w thout
limtation, intact nonocl onal antibodies, poI ycl onal

ant i bblek team “dlabodkies e ferd olsadhileafibodyt fragpends Hith two antigen-

|bod|es bi s CIfIC ant i bodi es nme

boingate: v sk sinrssan ser R @ bRyt (VS
éJnﬁgéf@({‘fosa ligh- c'hQi‘ﬁgzaﬁﬁblE eHaBX(VIDiik tﬁ&ﬁnﬁ:‘%ﬁﬂf&ﬂtlde chain (VH-
bi ol ogi cal activity. The term "i nmunog|

Vhi| Bylesing aviakerthgt is foosthoride alew u)ylrmglb@t\wnﬁh@tveq ¢ynains on

tthtc] %&mg cl?aln cﬁne domains are forced to pair with the complementary domains of

another chain and create two antigen-binding sites. Diabodies are described more
fully in, for example, EP 404,097, WO 93/11161; and Hollinger et al., Proc. Natl.
Acad. Sci. USA, 90: 6444-6448 (1993). '

An antibody against a variant HCV protease may be developed from a
known antibody against an HCV NS3 protein, for example through molecular
evolution. U.S. patent application publication No. 20040214994 describes an
human recombinant antibody against the HCV NS3 protein. Amino acid sequence

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



necessarily antibodies. "Antibody fragnents" conprise

a portion of an intact antibody, preferably the
wa@rdaor®san2bi ndi ng or variabl e regi on of the i ntBCI/US2006/044363

anti body. Exanples of antilgedy fragnments include Fab,

Fab', F(ab') 2, and Fv fragnents; diabodies; |inear

anti bodi es (Zapata et al., Protein Eng., 8(10):

éfoagl&- tibdA2P} by pShiR@! sGndlak NSAH VLAY iFRLES Wi&kample,

an r?&?lt%slpé%?fi Cygﬁ% P%osgines fornedvfromlant(i%i:iody ampie

daletipme fitos, ati@onigketiohsinte Fd/orcubstiutiens afresiduebywithin the

fragnents conpri he VH and VL _donmai ns . .of .
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kaabe alkynenitiodes mAat f arfvehemhalbinyl conBudtVprovided that the
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1l it e R el et R b Rl el e

dMopweitionrdlglydosyldtdisetss. vol . 113, Rosenburg and Moore,

eds. (Springer-Verlag: New York, 1994), pp. 269-315.

The t ghmhtisdPdheEiaventRnehSy haves@inbstads ialys therapeutic
fragnents with_ two antigenbinding sites, [

: . ! 5, Wwhich
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| - Ch r j [
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on_the sanme chajn, the domains are _forced to pair wth
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I MR AL SRR iriGa ok Sor x@se%mlgbu%%os@geAQ aserticRad the
nore fully in;” for exanple, EP 404,097; WD 93/1 1161,
tands Feb¢ll’ ny@abaded akfers orineorpdlatipn ofgnmdher Sedleculisia, the:

6444-.6448 (1993).. An anti,body al hst vari an .
Aeass b i ik SR MR P AR mA R ladae Sbdration of
26 1abel @ arhity abiddr Ritadhhant td Hpolepepidk of bivtiaybioieties that
nol ecul ar evolution. U S. patent application

g desectasibyNparkod ovidim(e@o stigpiakidihentaipng @rﬂgmrescent marker
GGl géti‘/?rg%é?%% bedakass bgpﬁﬁééﬁ:}{r Nﬁ?ﬁriﬁ(eg{c%&hods). In
se S by

aci dence vari an are prepare
adth@dutiotgneap phohbeladrenarked @atbe dieerapeatigesg.] atingtdogjugate
DNAof a_knpown ant.i b , .. 0r eptide nthesis. Such .
QaloRHint \GATOHE MgEods 93%%@?%5 PR ECOPTOIRITS HFfclgpvm in
{HASE( drldOnsy he\fsed ARLAMPIcS UPRbEL Wi I eBfides'ifSHgd] B8t are not
vl\ﬁ%ﬁtlrndfmh%’ aérﬁsno acilgﬁgequences of tl’?glker?qlvmmang b%rggso
Bmyjted toythenfatlowingofaditgsasopasror radionuclides (e.g., "H, "C, "N, ™S, 7Y,

Pe, Mg, 1257, 131I), fluorescent labels (e.g., FITC, rhodamine, lanthanide

phosphors), enzymatic labels (e.g., horseradish peroxidase, beta-galactosidase,
luciferase, alkaline phosphatase), chemiluminescent markers, biotinyl groups,
predetermined polypeptide epitopes recognized by a secondary reporter (e.g.,
leucine zipper pair sequences, binding sites for secondary antibodies, metal binding
domains, epitope tags), magnetic agents, such as gadolinium chelates, toxins such as
pertussis toxin, taxol, cytochalasin B, gramicidin D, ethidium bromide, emetine,
mitomycin, etoposide, tenoposide, vincristine, vinblastine, colchicin, doxorubicin,
daunorubicin, dihydroxy anthracin dione, mitoxantrone, mithramycin, actinomycin

D, 1-dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine,



insertion, and substitution is nade to arrive at the
final construct, provided that the final construct
w@omsmesees the desired characteristics. The amP@DUSINE044363
changes also may alter post0transl ational processes of
the anti body, such as changi ng the nunber or position
of glycosylation sites. An anti body of the invention
BTBYraRSIGE 26l BARRSIcifarRBandRigh oﬁﬁo&lmgﬁﬂr%%df.c In some
applications. In certain enbodi nents, an anti body of
ampleodimomipitlpleals ars aftadieil b spaiseanes ¢foasionn tenpibd e duge
t he . di.scl osure can be used to detect or
]ﬁgggﬁiggﬁﬁéng%%ygssion of a variant HCV NS3 protease,

and therefore, th re alsp useful in applicatiQns
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Y RMECVYNS 2B6iyhlis1esRRCONCRrRGE HTM £idta8d In S8IbldghE) sample
for diagnostic or research purposes. As used herein,
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her, I l.e | ti
208, B REE b ot 6 B0 0yl B g
duitalsle for ddtéoting Alic presendé of abehsiex Between dei #htibody and the
attachnent to arﬁolﬁgeptidg of,M(ningl_nDietngs t hat
VAL Oaset BRPTHYN FgFaoE dARGatively-ssugh kits max gaclydeq probe or

o . .I

PR ATAO Ryl 100 IO S0 GRRIRLI b e
N1 polysicledtidearfohdiaverdivnoddesttingenheordatbais. dy pivhe keprimer

2 B ST RBTEL bl P S HEBERThHESh Gt e
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Exanpl es of |abels for folypeptldes i ncl ude, but are

§

brsed HICH disemastic kithavailsbleoammyprcialivics sBedisesohgs Amplicor
SRR Vet inedlne (0L 00 PPN AT s

Qhiitaiviengssal aNMRINITHE AMPSITOR $)CV BMIQNIBOR® Tahel29 is an in

(e.qg.,, horseradjsh peroxidase, befa-gal actosi dase,

Yitie ipgleigsasid gRiaiGaHen b H&t%@talf,twééwgrﬁf HiY R0 ghjguman
{TRLK BF élasﬁ’ib.o%@x}m%f ’H@V?ﬁgA%fd%Q&g (Bﬁi\m(aqpa L8l load
epl t opeés recogni zed by a secondary reporter (e.g.
dssajcihaehasibepe provan to whaply detest, a Hlapd D mgors | TlesVERSANT® HCV

ondary.anti bodi es, . metal hindi d ins, '
S e o R Y
ARplifiSatfioh(TMR) REAAISS]. S toxin, taxol, cytochalasin B
gram cidin D, ethidiumbromde, enetine, mtonycin,

g@p@@i@mﬂz gg&ggﬁg&%nd\# Chighhhe, Vvinblastine,

cin, ¢ ubi cin, daunorubicin, dihydroxy
22: |h L%%@Fﬂésgg&of Ml iRsHEbh %%idépp%gﬁ%ﬁ{i&l compositions or
formulations including a compound of the invention, for example, a secondary
compound that is identified as being able to rescue the activity of VX-950, or a
compound that is identified as effective against an HCV variant (e.g., capable of
reducing replication of the viral variant) and/or a variant HCV NS3 protease (e.g.,

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

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

HCYV infection in a patient.



D, 1-dehydrotestosterone, glucocorticoids, procaine,

tetracai ne, |idocaine, propranolol, and puronycin and
wae@bose20r honol ogs thereof. I n sone enbodi NEPCEHUS2006/044363

| abel s are attached by spaceér arns of various |engths
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“Peg-Intron” means PEG-Intron®, peginteferon alfa-2b, available from
Schering Corporation, Kenilworth, N.J.; “Intron” means Intron-A®, interferon
alpha-2b available from Schering Corporation, Kenilworth, N.J.; “ribavirin” means
ribavirin (1-beta-D-ribofuranosyl-1H-- 1,2,4-triazole-3-carboxamide, available from
ICN Pharmaceuticals, Inc., Costa Mesa, Calif.; described in the Merck Index, entry
8365, Twelfth Edition; also available as Rebetol® from Schering Corporation,
Kenilworth, N.J., or as Copegus® from Hoffmann-La Roche, Nutley, N.J.;
“Pagasys” means Pegasys®, peg-interferon alfa-2a available Hoffmann-La Roche,
Nutley, N.J.; “Roferon” means Roferon®, recombinant interferon alpha-2a available

from Hoffmann-La Roche, Nutley, N.J.; “Berofor” means Berofor®, interferon
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combinations of this invention to any specific dosage forms or regime. Thus, each
component of a combination according to this invention may be administered

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

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

and/or agents, the specific amounts of each compound or agent may be dependent on
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Representative nucleoside and nucleotide compounds useful in the present
invention include, but are not limited to: (+)-cis-5-fluoro-1-[2-(hydroxymethyl)-
[1,3-oxathiolan-5yl]cytosine; (-)-2’-deoxy-3 ’_thiocytidine-5’-triphospbate (3TC); (-
)-cis-5-fluoro-1-[2(hydroxy-methyl)-[1 3-oxathiolan-5-yl]cytosine (FTC); (-)2’, ’3 A
dideoxy-3’-thiacytidine[(-)-SddC]; 1-(2’-deoxy—2’—ﬂuoro—beta—D-arabinofuranosyl)—
5-iodocytosine (FIAC); l-(2’—deoxy-2’-ﬂuoro-beta-D-arabinoﬁlranosyl)-5-
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Synthetic methods for the preparation of nucleosides and nucleotides useful
in the present invention are well known in the art as disclosed in Acta Biochim Pol.,
43, 25-36 (1996); Swed. Nucleosides Nucleotides 15, 361-378 (1996); Synthesis 12,
1465-1479 (1995); Carbohyd. Chem. 27, 242-276 (1995); Chena Nucleosides
Nucleotides 3, 421-535 (1994); Ann. Reports in Med. Chena, Academic Press; and
Exp. Opin. Invest. Drugs 4, 95-115 (1995).
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NSS/4A protease may be included in a composition and/or used in a method of this
invention. These CYP inhibitors include, but are not limited to, ritonavir (WO
94/14436), ketoconazole, troleandomycin,.4-rnethy1pyrazole, cyclosporin,
clomethiazole, cimetidine, itraconazole, fluconazole, miconazole, fluvoxamine,
fluoxetine, nefazodone, sertraline, indinavir, nelfinavir, amprenavir, fosamprenavir,

saquinavir, lopinavir, delavirdine, erythromycin, VX-944, and VX-497. Preferred

CYP inhibitors include ritonavir, ketoconazole, troleandomycin, 4-methylpyrazole,
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immunostimulants, reduced amounts of these HCV serine protease inhibitors can be
employed in the methods and compositions contemplated herein. Such reduced
amounts can be determined by routine monitoring of hepatitis C virus titers in
infected patients undergoing therapy. This can be carried out by, for example,
monitoring HCV RNA in patients’ serum by slot-blot, dot-blot, or RT-PCR
techniques, or by measurement of HCV surface or other antigens. Patients can be

similarly monitored during combination therapy employing the HCV serine protease
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herein should generally be continued over a period of several weeks to several
months or years until virus titers reach acceptable levels, indicating that infection
has been controlled or eradicated. Patients undergoing treatment with the drug
combinations disclosed herein can be routinely monitored by measuring hepatitis
viral RNA in patients’ serum by slot-blot, dot-blot, or RT-PCR techniques, or by
measurement of hepatitis C viral antigens, such as surface antigens, in serum to
determine the effectiveness of therapy. Continuous analysis of the data obtained by

these methods permits modification of the treatment regimen during therapy so that
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effectiveness in completely inhibiting or reducing the accumulation of HCV virions
and/or reducing or ameliorating conditions or symptoms associated with HCV
infection or pathogenesis in patients compared to such HCV serine protease
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effective amounts. In addition, the present invention encompasses the use of
combinations of HCV serine protease inhibitors and compounds having anti-HCV
activity as described above to treat or prevent HCV infections, where one or more bf

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

also be formulated into an enteric-coated tablet or gel capsule according to known
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stabilize the existing unwanted condition or side effects thereof).

In an alternate embodiment, the methods of this invention additionally
comprise the step of administering to said patient an anti-viral agent preferably an
anti-HCV agent. Such anti-viral agents include, but are not limited to,
immunomodulatory agents, such as alpha-, beta-, and gamma-interferons, pegylated

derivatized interferon-alpha compounds, and thymosin; other anti-viral agents, such

as ribavirin and amantadine; other inhibitors of hepatitis C proteases (NS2-NS3
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Such materials include, but are not limited to, surgical instruments and garments;
laboratory instruments and garments; blood collection apparatuses and materials;

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

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

protease under conditions that cause said protease to bind to said solid support; and
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venipuncture of a forearm vein into tubes containing EDTA (K5) anticoagulant.
Plasma was separated by 10 min centrifugation, frozen, and stored at —80 °C for less

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

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

Plasma

Sequence analysis of HCV was done by semi-nested reverse-transcriptase
polymerase chain reaction (RT-PCR) amplification of a HCV RNA fragment
containing the full 534 base pair (bp) N'S3 serine protease region from plasma virus.

The virions were lysed under denaturing conditions, and the HCV RNA was isolated
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Kit (Inv1trogen Corp). Cloning plates were sent to SeqWright (Houston, TX) where

96 clones were amplified and sequenced per patient per time point.
Example 3 Sequence Alignment and Phylogenetic Analysis

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

and an average of 81 sequences were obtained for each patient at Day 14 and at
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an —80 °C ethanol bath and stored at —80 °C until the protease was purified.

Recombinant proteases were purified from E. coli using a modification of a
published method (7). Frozen cell pellets were thawed and re-suspended in 6.8 mL
of cold Buffer A (50 mM N-2-Hydroxyethyl piperizine-N’-ethanesulfonic acid
[HEPES, pH 8.0]; 1 M NaCl; 10% [vol/vol] glycerol; 5 mM imidazole; 5 mM (-
mercaptoethanol; 0.1% Octyl B-D-glucopyranoside [Sigma, Saint Louis, MO]; 2
pg/mL Leupeptin [Sigma, Saint Louis, MO]; 1 pg/mL E-64 [Sigma, Saint Louis,
MOY; 2 pug/mL Pepstatin A [Sigma, Saint Louis, MO]). The cells were lysed by the
addition of 0.8 mL 10X BugBuster reagent (Novogen/EMD Biosciences, Madison,
WI) and 8 uL of 1000X Benzonuclease (Novogen/EMD Biosciences, Madison, WI)
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factor KK4A at 25 °C for 10 min and at 30 °C for 10 min. Protease inhibitor (VX-
950 or BILN 2061), serially diluted in DMSO, was added and incubated for an
additional 15 min at 30 °C. The reaction was initiated by the addition of 5 pM RET-

S1 (Anaspec Inc. San Jose, CA), an internally quenched fluorogenic depsipeptide
substrate, and incubated at 30 °C. Product release was monitored for 20 min
(excitation at 360 nm and emission at 500 nm) in a Tecan SpectraFluorPlus plate

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

Substrate kinetic parameters were determined with an internally quenched

fluorogenic depsipeptide substrate, RET-S1 (Ac-
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HEPES (pH 7.8), 100 mM NaCl, 20% glycerol, 5 mM dithiothreitol at 25°C for 10
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release was monitored for 20 min (excitation at 360 nm and emission at 500 nm) in a

Tecan SpectraFluorPlus plate reader (Tecan US, Durham, NC). Total assay volume

was 100 pl. Protease concentration was chosen such that 10-20% of the substrate
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by VX-950. In agreement with the modeling observation, there were no significant
differences in the enzymatic ICso values of these proteases derived from different
patient isolates within a specific subtype. However, the average 1Cso for genotype
1b patients was slightly higher than for genotype la patients (Figure 2). This
finding is consistent with previous in vitro results measuring the K; value for HCV-
H (1a) and HCV Conl (1b) (7). Modeling analysis of 1a versus 1b genotypes
suggested that the key difference that may affect the inhibitor/substrate binding is at

the residue position 132, whereas other differences are located outside the binding
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resistance mutations and these were then analyzed in all the patients.

For analysis, patients were split into groups based on viral load (plasma
HCV RNA levels) response to VX-950. Patients were grouped into “initial
responders” or “continued responders” in the viral dynamic analysis. In viral
sequence analysis, the “initial responder” group was further divided into two groups
based on the increase in plasma HCV RNA after the initial decline. Patients who
had less than a 0.75 logo increase from the lowest measured HCV RNA level to end
of dosing (Day 14) were categorized as patients with an HCV RNA “plateau”.
Those who had greater than a 0.75 logio increase in plasma HCV RNA were
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currently in progress. Analysis is ongoing for 2 patients with rebound, 3 with
plateau, and 1 with continued decline. In the first group of placebo patients (n=6),

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

There were 13 patients who initially responded to VX-950 with a greater
than 2 log;g drop in HCV RNA, but eventually began to rebound while still being
dosed with VX-950. Of these 13 patients, 6 were in the 450 mg q8h dose group, 1
was in the 750 mg q8h dose group, and 6 were in the 1250 mg g12h dose group.
Complete sequence analysis is available for 11 of these patients at Day 14 (Table 1).
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Example 11  Patients with Plateaued HCV RNA Response During Dosing

In the next group (n=8), patients responded to VX-950 initially, but their
HCV RNA response stabilized and did not continue to decline, although no increase
in HCV RNA was seen. Two of these patients were in the 450 mg q8h dose grouio,
2 were in the 750 mg q8h dose group, and 4 were in the 1250 mg q12h dose group.
Analysis is complete for 5 of these patients at Day 14 (Table 1). All patients
developed a mutation at position 156 from an alanine to either valine (A156V) or
threonine (A156T), and very infrequently to a serine (A1568S) or isoleucine (A1561).
The A156V/T mutation was seen at a very high frequency in 3 of the patients in this
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mutations were detected at follow up.

Example 13 Frequency of Double Mutations

Frequency of double mutations that were found in patients were also
analyzed. The mutations at position 36 were found in combination with mutations at
both positions 155 (36/155 double mutation) and 156 (36/156 double mutation).
Only genotype 1a patients had the 36/155 double mutation, which was seen in all
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or The genotypic analyses performed here allowed a detailed examination of

the relative proportion of different resistant mutants within each patient. To better
understand the level of phenotypic resistance conferred by these viral mixtures,
exploratory analyses were done to obtain an average phenotype for each patient.

The percent of virions with a given single or double mutation was multiplied by the
average fold change in enzyme ICs for that given mutant (Table 3), and then all
values were added for each patient. The relative number (value divided by 100) is
shown in the last column of Table 1. The mean value for the rebound group of
patients was 27 at Day 14 (range 6—70) and 15 at follow-up (range 3—29). The mean
value for the plateau group of patients was 272 at Day 14 (range 26—466) and 32 at
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sequence analysis described above (Table 1). Next, the fold of net increase in
plasma HCV viral load (NVL) for each HCV variant and the whole population of
HCYV in the plasma in the individual patient after dosing (Day 14 to Day 21) was

determined. For example:
NVLa1sevrr, 3201) = VLazi asevir, 3201y / VLa14 a1s6vrr, 3201)
NVLwhote, 3201) = VLd21 (whole, 3201) / VLd14 (whole, 3201)

The NVL of each HCV variant was normalized to that of the whole plasma
HCV population in each patient: %NVL(aisev/r, 3201 = NVL(aisevrr, 3201) / NVLwhole,

3201).
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dimensions of a=225.31 &, b=225.31 A, ¢=75.66 A, 0=90.00", $=90.00" and
v=120.00". There are 5% of data assigned for testing free R-factor in the later
refinements. The crystals of the R155K variant studied here have an identical
crystallographic lattice to that of the wild-type protease NS3-4A published
previously (Kim et al., supra). The published NS3-4A protease domain (PDB code:
1A1R) was used to perform the initial rigid-body and positional refinement of the
model. The difference in the side chains of residue 155 was confirmed to be a Lys

instead of Arg in the electron density map. The protein molecule was visually
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of the protease were allowed to move during energy minimization
for 1000 steps. In the second stage, all the side-chain atoms of the protease were
allowed to move along with the inhibitor for 1000 additional steps. This modeled
structure closely mimics the telaprevir model in the active site of the wild-type NS3
protease described previously (Lin et al., supra). No significant shifts in the
positions of Lys' side-chain or the other active residue side-chains were observed.
The same procedure was repeated for docking telaprevir into the active site of the
R155T variant of the NS3 protease domain. However, the enzyme structure in this

case is not the X-ray crystal structure, but a model built using the R155K variant
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tetapravittedone, had average 48-h telaprevir IC50 values of 3.59 + 0.28 uM for
R155K and 9.60 % 0.87 uM for R155T. This corresponds to a 7.4- or 20-fold

increase, respectively, compared to the wild-type Conl-mADE replicons (Table I).
Similar decreases in sensitivity to telaprevir were observed in HCV replicon cells
containing the other four minor variants at Arg15 >: R155S, R1551, R155M, or
R155G; Table I. These 4 variants were found at much lower frequency than
R155K/T in the telaprevir phase 1b trial. The replicon 48-h ICsj values for these
four variants were 1.97 £ 0.21 uM (R1558), 11.7 £2.5 pM (R1551), 2.68 £ 0.21 uM
(R155M), and 3.58 £ 0.24 uM (R155G), which corresponds to a 4.1-, 24-, 5.5-, and
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2) Substitutions at Arg'> of the HCV NS3 protease resulted in a

decreased sensitivity to telaprevir in enzyme assavs

To confirm whether substitutions at Arg'* in the HCV NS3 protease domain
are sufficient to cause a loss of sensitivity to telaprevir at the enzyme level, Arg'>
was replaced with Lys, Thr, Ser, or Ile in an NS3 protease domain (genotype 1a)
from which the sequences were derived from HCV samples in a patient prior to
dosing with telaprevir. The NS3 serine protease domain proteins containing R155K,
R155T, R1558S, or R1551 mutations were expressed in E. coli and purified prior to

determination of enzyme sensitivity to telaprevir. Resistance to telaprevir was
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The average Kigpp, 1y values and SD of telaprevir were determined for the purified wild-type
and for four variant HCV NS3 serine protease domains using the KK4A cofactor peptide
and the FRET substrate in three to five independent experiments. Fold change was

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

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

To understand why substitution of Arg'> with another residue, including a
positively charged amino acid (Lys), results in a loss of sensitivity to telaprevir, the

X-ray crystal structure of the R155K NS3 protease was determined. The R155K
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Arg'®. In contrast, the distance between Nz of Lys'** and the carboxyl atom Og2 of
Asp'®is 5.8 A in the R155K protease compared to 3.2 A between the corresponding
pair of the terminal NH2 of Arg'> and the Og2 of Asp'® in the wild—typé protease.
Thus, the terminal amine group of Lys"® in the R155K protease is further away

'8 than the comparative terminal azide group of

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

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

and Asp168 pair.
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or even shortel in size and are expected to lose interactions with the P2 group and

have a decreased binding affinity to the telaprevir.

5) HCV variant replicons with substitutions at Arg’> of the NS3

protease remain fully sensitive to IFN-q,

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

emergence of HCV variants with substitutions at NS3 protease residue 155.
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Traditionally, resistance genotyping has been done by population-based sequencing,

which detects the dominant sequence in the plasma virus. Any sequences that
constitute less than 20% of the viral population will not be detected by this method.
Because drug-resistance mutations may take longer than 14 days to accumulate to
this measurable level, a new method was developed to detect minor populations of
variants. Sequences were obtained from about 80-85 individual viral clones per
subject per time point, so that resistant mutations that may emerge in 14 days of
dosing with VX-950 with a sensitivity of down to about 5% of the population can be
identified.

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

variants containing a mutation at position 36, 54, or 155 at ETR and follow up. A
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dose of VX-950 were successfully sequenced for all subjects. In the follow-up
samples from the first two response groups, resistant mutations were found to persist
in the plasma of all subjects. However, in many cases, the frequency of mutation at
position 156 was significantly decreased, as the wild-type as well as the mutations at
position 36 or 54 began to increase in proportion. The proportion of virions with a
mutation at position 155 remained relatively constant. These shifts in mutation
patterns are likely due to fitness differences between variants in the absence of drug
selective pressure. It appears that viruses with mutation at positions 36, 54, or 155,
although less fit than wild-type, are still reasonably fit, whereas the residue 156
mutants are quite unfit in the absence of drug. From these data, there seems to be an
inverse correlation between the level of resistance and the fitness for different single

mutants. The data derived from the group of subjects with a plateau in plasma HCV
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Although the mutation at position 156 confers high levels of resistance, it appears to
come with significant fitness costs, as measured by its relative rate of replication in
the absence of VX-950. There is increasing evidence that antiviral drug resistance is
associated with impaired viral fitness, which can translate into a clinical benefit (1-3,
9). Resistant virus replicating at such a low level may not accumulate compensatory
fitness mutations immediately, allowing the host immune system or other drugs,

such as Peg-IFN, to clear the remaining virus.
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66 | ncorporation by Reference Al publications and
patents nmentioned herein are hereby incorporated by

wo edogsazee in their entirety as if each indivi BOBEUS2006/044363
publication or patent was $pecifically and
individual ly indicated to be incorporated by
reference. While specific enbodi nents of the subject

di scl osur.e e been di scussed, the above
I t L% | | ustrative and not restrictive.
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pol ynucl eoti de of claim1, wherein the codon



corresponding to codon 156 of the wild-type HCV
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consi sting of: codons 36, 41, 43, 54, 148, 155, and

156 of a wld-type HCV pol ynucl eotide are nutated such
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a portion thereort.
A.

7. The isolated HCV polynucleotide of claim 1, wherein two codons that
correspond to any two codons selected from the group consisting of: codons 36, 41,
43, 54, 148, 155, and 156 of a wild-type HCV polynucleotide are mutated such that
either codon encodes an amino acid different from the amino acid encoded by the

corresponding codon of the wild-type HCV polynucleotide.

8. The isolated HCV polynucleotide of claim 1, wherein three codons that
correspond to any three codons selected from the group consisting of: codons 36, 41,
43, 54, 148, 155, and 156 of a wild-type HCV polynucleotide are mutated such that
each of the three codons encodes an amino acid different from the amino acid

encoded by the corresponding codon of the wild-type HCV polynucleotide.



13. The HCV protease of claim1l conprising a

bi ol ogically active anal og of an HCV NS3 protease. 14.
wab@7d22pr ot ease of claim 11l conprising a bi oPOLUSENG/§44363

active fragment of an HCV M&3 protease. 15. The HCV

protease of claim 11 conprising an NS4A cofactor. 16.

An anti-HCV protease anti body that recogni zes an HCV

oNS3 prift §@sifed ONRN Sptfn@boRllh NGt aQhith SEAUANLEN! Bhe codons

which the amno acid at at |east one position selecte

chrrespondmggooendono i 4t.i iy i ;1486155 1and4B56 682 widdétype HCV

155 nd.156 of a. wl e rot ease i.s . .

o Ratafioe ¥ atheRe Stam el 5t e Toubir By PhodSh en srgino acid

dp@seht @omahe hidgovcidledcpied b-vhd\N@3reBpHdRRSEdoh bf the wild-type

nucl eoti de probe or prinmer capable of hybridizing

Yeplauelepddat conditions to a nucleic acid sequence
of the HCV pol ynucl eotide of claim1. 18. An
18x pr ssisolateshiEC ¥ vavantpoimpirisigeta s [ yovieptidy ensoldingt anddC ¥t

im1.19. Th ' t f claim.1
Pl s EacTER SRRl DTSR Sk Rl remeronts o2
cbifdh gdagb@akd goup toisingol: censdy, w1l 431kad148) 185, and
pronoter. 20. A host cell transfected, transforned, or

16p #h3avikelyP Y polanycleatisie ipmutated svch dhat it encodegen amino
XOf - [ em.of [ i . i .
BB Sl ol o] R ol SRRl COu S e
teend CM palyyucteotide.pr ot ease i nhi bitor of an HCV
infection in a patient conprising: a) collecting a
10i ol ogi BalateRAPY erétegcohprikial ahRheed &dd pedueted in vaiich the
b). eval uati ng whether the sanple conprises. a nucleic
aginQagd @bdilpast ae nesiionsslesied teoms heigielp ¢msisHng a5 3qn1, 43,
saMm A 136! £d580 89 GH1d- 8@@@&@%@%&5@% A keterbrof] the amino
|'east’ one position sefected fromthe group consisting
aofd: at 86¢ch eblresgddigdpositdd, of iebwildutgpeTHEVATShpritdade.t ype
HCV NS3 protease is different fromthe am no acid at
1each TRIHEY posdiss @ phihtlil oRhatirt the wild|tdpd MO® NEY phétase
protease. 23. A nethod for_quiding a treatnent for an
CRMPTISEH AT aF1A SEAYSHES %frﬁmg 612?1317@%1' 95§ poghorkipgre@ét i ng
drug resistance or sensitivity to a protease inhibitor
18f t Hdwe HCV protease of claim 11 comprising a biologically active analog of an

HCV NS3 protease.

14.  The HCV protease of claim 11 comprising a biologically active fragment of
an HCV NS3 protease.

15. The HCV protease of claim 11 comprising an NS4A cofactor.

16. An anti-HCV protease antibody that recognizes an HCV NS3 protease
comprising an amino acid sequence in which the amino acid at at least one position
selected from the group consisting of: 36, 41, 43, 54, 148, 155, and 156 of a wild-
type HCV NS3 protease is different from the amino acid at each corresponding
position of the wild-type HCV NS3 protease.

17. A nucleotide probe or primer capable of hybridizing under stringent

conditions to a nucleic acid sequence of the HCV polynucleotide of claim 1.

18.  An expression system comprising the HCV polynucleotide of claim 1.



patient according the nethod of claim22; b)

optim zing the treatnent reginen for the patient based
WwW@Rroorios92dr ug resi stance or sensitivity eval uat BdI/UR2089/044363

24. A nethod for identifyim®g a candi date conpound for

treating an HCV infection in a patient conprising: a)

providing a sanple infected with the HCV variant of

9. ai MMHOsxpdssimssystem@f claiam ABichinpyising atvieetos avitirein the vector

SRR el Pobahtiefihel R iy jhG Sprbbleel
??Pg: k\é%t%6$gd13%%§£%@,ﬁ%5gﬁgtgﬁ isoa grsgédgg%%iygtﬁah?z xgq',cto'% of claim

fgeating or preventing an HCV infection in a patient
conprising:a) providing a replicon RNA conprising the

ol y ' | ' RN Qi t t he
B i SO Rn o et Pl 18 MLl B L g S96Em

pligaon f - 27 4 [ f Wi i
Hoh i PR r sy b orpxRlaNEEof QnadyIRPIA 4 pohofinhibitor
¢faini BOV iafeerion & apptiend) comiprisingy: ng an i sol at ed HCV NS3
protease of claim 1l and a protease substrate, wherein
t he psydoBasg@biolodfabisbgls fbm the BIGWirdedad pativas edd
systemor in a cell-free system b) contacting the HCV
NS3 pppdadien %W@th%h&\e canigiedhprisemauide hﬂdteh&)din%]an HCV
presence of the substrate; and c) determ ning whether
NA3 pHTvaskitzt soopHstsan aaTne, 34§ seayiepesiigadych thy amineragid ghat
or, eval uatin ndi ead i<ng
@y ok Potfbh e eSS LBl SIRMIE ol WiPH, s2 AT 155
ndVESH 6ffa WaRypeSHOY NSpmbicascik dofiféret famm dredinnigo tacid at each
claim1 and an indjcatqr gen ncodi ng an i ndi cat or
forrespandipg posiien of thy W@QTtYEF‘rHE@{eNggPFﬂf ®cell; and c)
nmeasuring the indicator in the presence of the .
2andi danethed ﬁg@]ﬁcﬁngﬁ treatpent for an HCV infection in a patient

comprising:

a) evaluating drug resistance or sensitivity to a protease inhibitor of the

patient according the method of claim 22;

b) optimizing the treatment regimen for the patient based on the drug

resistance or sensitivity evaluated in a).

24. A method for identifying a candidate compound for treating an HCV

infection in a patient comprising:
a) providing a sample infected with the HCV variant of claim 10;

b) assaying the ability of the candidate compound in inhibiting an activity of
the HCV variant in the sample.

25.  The method of claim 24, wherein the activity of the HCV variant is

replication.

26. A method for identifying a candidate compound for treating or preventing

an HCV infection in a patient comprising:

1N3£112Y 1 Fala)



the absence of the candi date conmpound. 29. A nethod of

el imnating or reducing HCV contam nation of a
whe@hosi2zeal sanpl e, or a nedical or | aboratoryPCT/US2006/044363

equi pnent, conprising the géep of contacting the

bi ol ogi cal sanple, or the nedical or |aboratory

equi pnent with a conpound identified according to any

of clAipEvidifig 48eplRon RANATRSMBHsiAE (He RAFURE0ETe b aim 1;
|nfect|on|napat|ent conprising adninistering to

th
e eﬁgem ggﬁaﬂeﬂﬁy Eé&%dte/c&ﬁﬁcﬁﬁmﬂﬁbﬁwn&at% aftme

corrpoun ed according to any of clains 24-
18dlicoA Ri¢Ahdd).f or identifying a conpound able to rescue
the activity of VX-950 agai nst an HCV NS3 pr ot ease
I7hat AastiecfomidentSiing acendidate\0éngmding dompiréasinggn IV
,cggtactlng an HCV NS3 protease of claiml with a

g H?Iﬂﬁkaep%@ﬁbml%‘}g assaying the ability of VX 950
to inhibit the activity of the prot ase of a A
met hodl PERViding anisaiateth S%p@f%aseﬁ plaim 1 ap émfotease

s%ﬁgfparté SHHei ‘{Jlﬁ épo&%%r ddd9nd Sivkhise @?et P%rkfell%ased system orina

arnmgceuti c ective anount e conpound
aeﬁdrfteisfystedl according to claim31. 33. The nethod of
claim 32, wherein the conmpound is adm nistered to the
pat i ef)tcohfactagiherCV 8 3vprbieaddwi@bthe caddiddleeompbivadindhe
claim 32 wher ei n the compound repl aces VX-950 in
RIPEHES Aot Fﬁ%b%féf% . 35. The method of claim 34,
wherein VX-950 is adm nistered to the patient after
e corotsmmemni wBemPr IS H LGN OO RBS SRS TafereRas
rescued the activity of VX-950. 36. A nethod for
18lent Afnyither for cosipaing: @hfidsteicpmponnd Exdurdatigs amHAMY
Nfﬁ” rot ease ct|V|t . conpr|3| ng: a) obtaining a
inffed nB]?TB?{éeil REPPID of an HCV NS3 protease of
claim designin or .sel ect C ound: ¢) . .
cval (R SERret i Era RebSRARCT Beplite Flsiajp 1 and
érﬂhﬁfcﬁf& ghd dhebBiBigRE PR E@S86 iRl Aost Sefl; The net hod of
claim 36 further corrprl sing eval uati ng the ability of

a desj %etqnﬁ%ﬂ%q{oe%eelda&pnpound to inhibit an HCV NS3

prote se actrvity In cellfree
¢) measuring the indicator in the presence of the candidate compound and in

the absence of the candidate compound.

29. A method of eliminating or reducing HCV contamination of a biological
sample, or a medical or laboratory equipment, comprising the step of contacting the
biological sample, or the medical or laboratory equipment with a compound

identified according to any of claims 24-28.

30. A method of treating an HCV infection in a patient, comprising
administering to the patient a pharmaceutically effective amount of the compound

identified according to any of claims 24-28.

31. A method for identifying a compound able to rescue the activity of VX-950
against an HCV NS3 protease that has become resistant to VX-950 comprising:

a) contacting an HCV NS3 protease of claim 1 with a candidate compound,;



or cell-based assay. 38. The nethod of claim 36
further conprising assaying the ability of a designed
w@eros®beet ed conpound to inhibit HCV replicatiBOT/UR20861044363

infected cell or sanple. 391 A nachi ne-readabl e data
storage nedi um conprising a data storage nmateri al
encoded wi th machi ne-readabl e data, wherein the
MRC NI 1)edG Atk anittaf 8 CRITA0!S SiBif Ak AL eST I8 hrdbase of a).
I eastg)t \?\/g??{eégt ur els%Iassoci at ed v%nmltﬁh ana1 I—&va{rhi gﬁt agﬁo )

j ol ogi : | f. - ect ed
B om i i Rang MY Bty PRRHAER, iRl
aitinisteting esihstpaties of pharmaduiedlyeéfsiitd arhdynt o tle compound
Qrotease inhibitor; b) an HCV protease conprising an
lgﬁ‘?tﬁfifaé*&?(ﬂg@gcﬁé 883iqn which the anmino acid at at
| east_one position selected fromthe group consisting

. 3fhe mathod of claun 32.gvheren thegampoypd &t admipisteed (pghe

]ﬂgy ¥ id<perent fromthe am no acid at
eac tﬁ?é?@é@%ﬁ%%ﬁ%}%}gsqspi on of the wild-type HCV NS3

r ot e: i dity or .recover entia . .
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thé psiiedgsed or decreased) of the HCV variant. 40. A

nmet hod of obtaining a profile of HCV variants in an

HCOV- iTeariétBed PAEIRRN B4 GRREREH S50 &) addhAtRed @D Be PAtRmBiter
sanple fromthe patient; b) determ ning the nucleotide
the gorapeundds adminigtsres fothe agkert ppdrhag repengd theoagtieity of VX-950.
virions fromthe plasma sanple. 4 1. The nethod of

. ai rh 40sthedh dereidantiflyingea sompoundCrffedtive dngedinieg an HCV NS3
[ dgent ifi.ed. 42. .The nethod of claim40, wherein at
Rrgggste"’bcbv UPFF8%s were identified. 43. The nethod

of cl ai m 4Q, erei,n at, |l east, 10 [ rions wer .

i dent® PPEIINg A three,dimposiog ra?dei Pgwﬂﬁé&y N aralesrosf claim 1;
| east 200 HCV virions were identified. 45. The net hod

of clRideFignngRheslestmga compaynd;s00 HOV viri ons wer e
identified. 46. The nethod of claim40, wherein the

nucl edevdlvatiifhe Abilitod! the corapoymdde daxkto v igeiagewitly the

of the polynucl eotide of claim1l. 47. The
p%@%ﬁ%g)%%? claim 40, wherein the patient has been

3t7r eat,ﬁ% n\%thlc?d 8¢ 8&% §6'7ttHet Igclngf)rtls?rrlg' evaluating the ability of a
designed or selected compound to inhibit an HCV NS3 protease activity in a cell-

free or cell-based assay.

38.  The method of claim 36 further comprising assaying the ability of a designed

or selected compound to inhibit HCV replication in an infected cell or sample.

39. A machine-readable data storage medium comprising a data storage material
encoded with machine-readable data, wherein the machine-readable data comprise
index values for at least two features associated with an HCV variant or biological

sample; wherein the features are selected from the group consisting of?

a) the ability to exhibit resistance for reduced sensitivity to a protease
inhibitor;

b) an HCV protease comprising an amino acid sequence in which the amino

acid at at least one position selected from the group consisting of: 36, 41, 43, 54,



48. The nethod of claim40, wherein at |east 2 plasma
sanpl es are obtained fromthe patient at at |east two
waledo7eseat tinme points. 49. A nmethod for det ecP@TyS100€044363
presence of an HCV variant 7@n a bi ol ogi cal sanple
conprising detecting the presence of a pol ynucl eotide
according to claiml in the biological sanple. 50. A

Higagsshil 456 bf a Q@Imfyb@ b9y NRs p"f‘(ﬁ’c&és@ Q¥ifRbert rdbMnd @mlno acid
51. A dlagnostlc Ki t" conprising the nucleotide probe

Preagh ¢argasperiding positiciyof the wild-type HCV NS3 protease;
¢) morbidity or recovery potential of a patient; and
d) altered replication capacity (increased or decreased) of the HCV variant.

40. A method of obtaining a profile of HCV variants in an HCV-infected patient

comprising:
a) obtaining a plasma sample from the patient;

b) determining the nucleotide sequence of an HCV protease from at least 2

HCV virions from the plasma sample.

41, The method of claim 40, wherein at least 20 HCV virions were identified.
42, The method of claim 40, wherein at least 50 HCV virions were identified.
43. The method of claim 40, wherein at least 100 HCV virions were identified.
44,  The method of claim 40, wherein at least 200 HCV virions were identified.
45. The method of claim 40, wherein at least 500 HCV virions were identified.

46. The method of claim 40, wherein the nucleotide sequence of an HCV

protease comprises a sequence of the polynucleotide of claim 1.

47.  The method of claim 40, wherein the patient has been treated with a protease

inhibitor.

48.  The method of claim 40, wherein at least 2 plasma samples are obtained

from the patient at at least two different time points.

49. A method for detecting the presence of an HCV variant in a biological
sample comprising detecting the presence of a polynucleotide according to claim 1

in the biological sample.
50. A diagnostic kit comprising the antibody of claim 16.

51. A diagnostic kit comprising the nucleotide probe or primer of claim 17.



