HCV NS3- NS4A PROTEASE RESI STANCE MUTANTS BACKGROUND
Field of the Invention The present invention relates to
resi stance nutants of Hepatitis C virus 5 NS3/4A

prot ease. Background of the Related Art Infection by
hepatitis Cvirus ("HCV") is a conpelling hunan nedical
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Hepat ol ogy, 31 (Suppl. 1), pp. 17-24 (1999)]. Nearly
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"Hepatitis C \ﬁrus Infection in the 15 United States,"
J. Hepatology, 31., (Suppl. 1), pp. 88-91 (1999)]. Upon
first exposure to HCV only about 20% of infected
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inflammation, which often leads to more severe disease states such as cirrhosis and
hepatocellular carcinoma [M.C. Kew, “Hepatitis C and Hepatocellular Carcinoma”,

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

Virus Infection is Associated with the Development of Hepatocellular Carcinoma,”
Proc. Natl. Acad. Sci. USA, 87, pp. 6547-6549 (1990)]. Unfortunately, there are no
broadly effective treatments for the debilitating progression of chronic HCV.

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

Cloning of the Human Hepatitis C Virus Genome From Japanese Patients with Non-
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2 A Non-B Hepatitis,"” Proc. Natl. Acad. Sci. USA, 87,
pp. 9524-9528 (1990); A Takam zawa et. at, "Structure
and Organi zation of the Hepatitis C Virus Genone
| sol ated From Human Carriers,” J. Virol., 65, pp.
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2051]. It is known that mutations in the yellow fever virus NS3 protease decrease
viral infectivity [Chambers, T.J. et. al., “Evidence that the N-terminal Domain of
Nonstructural Protein NS3 From Yellow Fever Virus is a Serine Protease Responsible
for Site-Specific Cleavages in the Viral Polyprotein”, Proc. Natl. Acad. Sci. USA, 87,
pp. 8898-8902 (1990)].

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

proteins, including all of the viral enzymes [C. Failla, et al., “An amino-terminal
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al ., "Hepati i Gefye/ 'tﬂe%rreﬁﬂm@éﬁfaﬁ&ﬁ@’o?hCV has not led to any
25  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
Current Approaches and Progress,” DDT, 4, pp. 518-29 (1999); D. Moradpour et al.,
“Current and Evolving Therapies for Hepatitis C,” Eur. J. Gastroenterol. Hepatol., 11,
30  pp. 1199-1202 (1999); H. L. A. Janssen et al. “Suicide Associated with Alfa-
Interferon Therapy for Chronic Viral Hepatitis,” J. Hepatol., 21, pp. 241-243 (1994);
P.F. Renault et al., “Side Effects of Alpha Interferon,” Seminars in Liver Disease, 9,
pp. 273-277. (1989)] and induce long term remission in only a fraction (~ 25%) of
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Current Approaches and Progress," DDT, 4, pp. 518-29
(1999); D. Moradpour at al., "Current and Evol vi ng
Therapies for Hepatitis C " Eur. J. Gastroenterol.
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particularly as anti-HCV agents. An understanding of HCV
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effective HCV treatnents. SUMVARY OF THE | NVENTI ON 15
The present inventSUBHMARYQE FRE IRYENBKM nut ants of
Hepatitis C virus NS3/4A protease. Thus, in certain
aspect s t he Thepesenignvaniion relatss fosissistpres mytgnts of Hepatitis C virus
p%g@)y& F&gdsges that encode mutant HCV NS3/ 4Apr ot eases

i | ogi Cally active analogs or fragnents thereof
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polynucleotide encodes a serine, valine or threonine. Other exemplary embodiments

—10

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



codon 168 of the wild-type polynncl eoti de encodes an
aspartic acid, glutamc acid, an alanine, a glycine, or
a tyrosine. Any conbinations of the nutations at codon
156 and 168 are specifically contenplated. The
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herein. The invention teaches nethod for detecting the

presence of ffveriiea kSbRAtmédeod fop detcbiindt g iptabncs e
conprising detecting the presence of a onnucIeotlde
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pr wg from the HCV infected patient; and evaluating whether the plasma sample

contains nucleic acid encoding a mutant HCV NS3/4A protease, wherein the presence
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
mutation at the codon that encodes residue 156 of wild-type Hepatitis C virus NS3/4A

protease.
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25 of the nutant HCV NS3/4A protease is indicative of
the patient having a drug- resistant HCV infection.
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beepmidaesi stant to VX-950 al so are
Methods of identifying compounds that are able to rescue the activity
of VX-950, wherein a NS3/4A protease has become resistant to VX-950 also are
taught in which the resistant protease is contacted with the compound; and the ability
of the VX-950 to inhibit the activity of the protease is assessed in the presence of that

compound.

The present invention takes advantage of the fact that the three-
dimensional structure of NS3/4A protease has been resolved (sec e.g., WO 98/11134).
Using such techniques and the teachings of the present invention a three dimensional
model of he 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.,



taught in which the resistant protease is contacted with
the conpound; and the ability 25 of the VX-950 to
inhibit the activity of the protease is assessed in the
presence of that conpound. The present invention takes
advantage of the fact that the three- dinensiona
structure of NS3/4A protease has been resolved (see
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Still additional aspects contemplate methods of treating or reducing an

HCYV infection in a patient comprising determining whether the patient has an HCV
25  infection that is resistant to therapy using a method described herein that relies on
detection of mutations described and treating the patient with a composition or

therapy directed at the treatment of drug-resistant HCV.

Other additional aspects teach methods of eliminating or reducing
HCYV contamination of a biological sample or medical or laboratory equipment,
30 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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I oss” of stac
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 A156S mutation (in gray) with VX-950 (top-right, in blue) or BILN 2061
(bottom-right, in red). All allowed torsional angles were considered for the side-chain

of serine at the mutated residue.

Figure 3: A156V mutation causes a loss of binding of PIs due to steric
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).
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Figure 7. The models of protease:inhibitor complexes. The protein is

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: Ala156 (green), Asp168 (orange),
and Argl123 (orange). The Argl55 side-chain of BILN 2061 :protease model is shown
in cyan and that of VX-950:protease model in orange. These side-chains are
highlighted with dot surfaces. The catalytic triad, Ser139, His57, and Asp81 are
shown in gray. (The figure was created by PyMOL Molecular Graphics Systems,
DeLano Scientific LLC, San Carlos, California, U.S.A. Copyright © 1998-2003).



20 during the resistance selection was extracted and the
RT- PCR product covering the HCV NS3 serine protease was
sequenced either directly or after being sub-cloned into
the TA vector. [C50 values of BILN 2061 agai nst the
series Bor the wild type rtoeplicon cells at day 59 were
determined in the standard 48-hour assay (B). gure 7.
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(C) Titration of BILN 2061 against the series B (BILN 2061-resistant) (filled triangle)
or the series D (double-resistant) (open triangle) replicon cells at day 52 by BILN
2061 was shown HCV RNA level was determined after a 48-h incubation with BILN
2061.

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



the presence of 0.25ng/mM (418, 7 or 14 M VX-950 and

i ncreasi ng concentrations of BILN 2061. Replicon cells
were split, and fresh VX-950 and BILN 2061 was added to
mediumtwi ce a week, as indicated by filled rectangl es
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residue 156 of wild-type HCV NS3/4A (the sequence of which is provided as SEQ ID

NO:2) is susceptible to mutation. The mutation of this residue leads to resistance of

25  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 NS3/4 A polypeptide.

30 In yet another embodiment, threonine is encoded at that relative position in HCV
NS3/4A.
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15 It has been determ ned by the present inventors that
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threonine is encoded at that relat
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fragnent “or anal thereof) wherein codon 156 of the
DNAn‘e:anaisﬂmt themutant m%mmenmwmﬂldmosm; giutations at both
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enbodi nent provides a HCV DNA encodi ng a HCV NS3/4A

~ protease (org D&e&ﬁﬁ:@ﬁéct@dﬂﬁ@ﬂﬂv@;&ﬁnﬂﬁﬂa@é HOWEN&M ¢ncodmdariCV

20

156 of the encodes a threonine. In still t her
e NS Aenoteasei (or fragment or 2rrde ethsteaBVRgsen cpﬁlprbleﬁd%f.the DNA

Qagg%%ﬁne Bpg tl’ﬁ?«ﬂ'ﬁ b a chabn 163 %%dé‘ﬂn‘%ﬁpﬁﬁ@ %ﬁﬁ%r lutarmc

va |ne Seri reonine at 10 residue 156 wh
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a valine, alanine, a glycine or a tyrosjne resj %
Wheticeding a&é@Vé}I Sa/émgapzﬁ;g gt €or fjagment or analog thereof) wherein codon

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

The numbering system for the DNA of this invention is in accordance
with the sequence SEQ ID NO. 1. DNA according to this invention may be derived
from SEQ ID NO. 1. The DNA may be derived by solid phase synthesis or through
recombinant means. In specific embodiments, site-directed mutagenesis of the
sequence of SEQ ID NO:2 is particularly contemplated in order to generate one or

other of the mutants described herein.

It 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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contenpl ated that the mutant HCV NS3/4A protease woul d
possess nutations at both 15 the 156 and 165 positions,
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nmut ati ons al so are part of the present invention.
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er’e nent of this invention is provided a HCV
NSafid ér glntaeas@dprot ein (or fragnment or anal og thereof)
conprising amno acid 156 5 of the protease, wherein
am no aci d 1Bfiothsr assddimentad tiih srveendoptovideas arvisolataddICV

i nvention provides NS3/ 4A . pr.otease protein r .

(¢ DG Profease R O ey @ PR LR U HripBiacig1ss
th@ft&@ﬁ%ﬁt@ﬁéﬁwhéﬁﬁ%raﬁhﬂo 24111168 ’Gialind 56 i s valine. Anot her
enbodi rent of this invention provides a HCV NS3/4A 10

protease prohghet QhbddiRGRRIThIO invRARbPEioiles 8BIOV NS3/4A
conprising amno acid 156 of the protease, wherejn

anprueaac prbtels Cori fagnimmtboninatog thereof) comprising amino acid 156 of the

protease, wherein amino acid 168 is alanine, glycine, or tyrosine.

The DNA and the proteins according to this invention may be modified
using routine techniques. For examplé, the DNA may comprise a modification for
attaching the DNA to a solid support. The proteins may comprise a covalently-linked

marker compound.

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

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

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

invention. Suitable vectors are known in the art. One embodiment provides an
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Anot her enbodi ment of this invention provides a HCV
NS3/4A protease protein (or fragnent or anal og thereof)
conprising amno acid 156 of the protease, wherein
amino acid 156 is valine or threonine and am no acid 168
is aspartic 15 acid or glutdam c acid. Another

enbodi nent of this invention provides an isolated HCV

NSSrEgEsion yeeas eApiberembogispent prayiden e vispl vesiorod. vectos meg e a

COmnLLS] . ¢ o
OB AT UA A Sl LD E0EEs Wit o
i nerdnh¢ananpl teridatersaor HGlyaliS8latian 2pnplsot ease protein (or

fragnent or anal og thereof) conprising am no acid 156 of
t he pr ot easé&ccondinglg] thisanventionalsd pida@deas & vattantaeprising a HCV

lyecine, or t ine, The DNA and_t he_proteins accordin
VSRR pratrasa DA Relagment SarmloR e e DrRRe R | ne °

techni ques. For l e, the may. conpri se a

modi fi cat i onchBP%‘ggF%‘EPNfge{l SHRETS: a sol i d support.
The proteins nmay conPri se_a covalently-linked 25 marker
conpound. Th¥dpRASHPL the SR gacodsedvalitey to this
invention may be in conputer readable form including,
but not i mi¢adandée obthe gaeades efdedsine; carri ers and/ or

comput er readabl e dat abases (see, e.g., WO 98/11134).
For certain ¢sles 15¢ pEthplINA cnwdgs agaling or ditkreppine and egdon 168

i ' tor. ‘An i tabl t
wortty bl ad® of Pl ka8 00 Y Th 5™ hvent on.
Sui tabl e vecélo%%ﬁlgg §%ts§?%%$§%<{d§§e?§%ﬂe One enbodi ment

provi des an exp ot her enbodi nent

id | ral t b | oni t ool
or ey addi 11901 PS Stk DA R B w RN & uencos uch a

pronoter, = enhangers.an rmnators or polyadenyl ation

si gnal s. Accmﬁg?ﬁgéﬁfﬁfﬂpi&ieﬂ@gﬁf?g C@Fs‘g’%ﬁ%ovi des a

vect or conprisjn NS3/ 4A protease DNA (or

fragment or SHAP ng’gggg&?ﬁ‘,en%ﬁié?%gﬁ‘?“%don 156 of the

DNA encodes serine; _codon 156 of the DNA encodes a

val i ne; codorothegemirodiment prexidss @B G- CsiqeelvRi ABothehdon

1568mpéaitls: fPDRIGNEARE Sedor/ 3 b DEBRRAL A1 BRthagodon

168 10 encodes an aspgr?]?/c. ag}?%ﬂ{a?ﬁ%% ut a%ﬁg aci d; 2
additionally comprise regulatory sequences such a promoters, enhancers and
terminators or polyadenylation signals. These vectors may be used in any appropriate

host cell. Host cells are known in the art,

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

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



codon 168 of the DNA encodes a valine; codon 168 of the
DNA encodes an al anine; codon 168 of the DNA encodes a
gl ycine; and/or codon 168 of the DNA encodes a
tyrosi ne. 15 Anot her enbodi nent provi des an expression
vector. Anot her enbodinentlmrovides a viral vector. A

vector maybe a cl onin ooI addi tjonally
cobpp$ %glb’@@‘a P asiops %fg]{fl{ t§ E‘HSIQG BREAOne Adso provided are cell

enRARRhLHR DNRrompﬁﬁ&% SocBfaimPloBRGEnAbA ON Signal s.

These vectors nmay be used in any appropriate host cell.
Host cells agfe [ ¥RMELA Asdt ak oYelo

i nvention alggeprgy% dk%#%k%tg%gﬁﬁfcon%{gélng %d£§$%A

pr etcoating foNAisvilveangion ocapioteid 5&ooding toethidhidvemion dad campositions

serl ne 0 6 ,of .t.he DNA encodes a valine; codon
51589 18?1‘1%%&'6;@&‘]“3&888%%@% ‘t hr eoni ne: codon 156 of the °
DNA encodes | i ne or [ d codon 168

encodes an agﬁ%{’ai"?r@n%?c?sdwﬁli as FM&‘?@[}%PT&&H@C?&BW%@@ Hiis
th &V%rﬁﬁﬁ?g@ﬁse@ul\{ﬁh 1sc69@f9@s @8 29in 1bSKit appropriate HCV
encodes an al ani ne; codon 168 of the DNA encodeS a

gl {heraméss. and/ or codon 168 of the DNA encodes a

tyrosine. Expression of the DNA would provide a host
cel |l conpri gicenydmghy @mﬁla@eentb@dim@t ahthyd ing&ntion psevideser method

o TBR R B S A Ao

D1piserico og h MMdriaccoadihg tontisahvemiona Tﬁéﬁ&éth)odsaha}ﬂ&)mpnse the

D168 | ani 15 D168 t
ol SePE TR GiF AT = Dbkt B e eqHsaR §ihe DNAS o

Al &&elﬁﬁlﬁﬂigdﬁ%i@frﬁg‘iﬂ{ejther ird @ DA MG 156 eddIBeOA sdping] Whelfer
accordln% to this invention. The invention al so provides
[

a Hopnapicapdes oivplin wibgthar @mn léé@ﬁﬂmmgymgle@tmesencodesa
in [ 1

15 CHER D s BB REER A s oS B UL 88 dncodes
vaem asptamc il m@lhtaﬁﬁc ztcliua vm&ﬂneaa@lioarlqs reﬁtaﬂems valig) belivhether
to t i nve t|on may be useful in drug di scovery  as

wePT402d 6B ORRHE FBAISHIe B BRI R advIeYe. Hhesr ) wabodiments, the

Ac 6RISHiY .L,amp@e@ﬁtaﬁﬁn PANVR HeriPdd #&h% thaMBAT th¥has been
provides a nethod 10 detecting the presence of HCV in a

bi sifetiewith SKRYD| Petsotpr cpféhwgre@mce ofsush atNA maydeewseéd of

20 20 diapt %ﬁggwo%ﬂeoché Bllagtlljl(gl 1ndlbﬁﬁﬁ 1@6@1%%0%&%6 HCV
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



steps of obtaining (or extracting) a DNA, b) determ ning
the sequence of the DNA, c) determining or inferring
whet her in the DNA, codon 156 encodes a serine, whether
codon 156 encodes a valine, whether codon 156 of the

pol ynucl eoti de encodes a 156t hr eoni ne, whet her codon 156
encodes a valine or _a threonine and codon 168 encodes

anMaEphisprescridn thediCy) ﬂ%rhedoaa%m anaymaeﬁ@fl agesaginglygSuch a
engofss vﬁ)ulﬂa‘% ise:0h) Rl ?é%?ﬁ%%@leapBMC liver

al ani ne ine, or at ros
e ntadkl Dn@herssgrrm}@é frolyi bk olie aifeqteﬂmtlentc ard i avelugtindrehddDy the

is derived.from ected t.h

u/eSh s ST TRITE bt Bted R CE Qs 1AL R e B e
5 20n@tatigh @sdddea il 56 vﬂ&r@ﬂ lt}ﬂﬁnﬁtbt@mﬁfe&ﬂtsllﬁ b @itetindtidalof hlakine with

i ndividual is one in infection will likely

beSEri®si Stk msthqge ﬁ@lﬂlehbg émp@fyrs%éy awﬁwans theakSeeataning fo serine
Pr RLEASE with i &héﬂﬁérau&%svs%ﬂfoﬁﬂ%'aregy ' &@cﬁﬁ&‘nall& hsm%ﬂ thbB6ds

artisan may nodify t herapy of the subjéct having
suctuldinvplve edantifying tb@tAlﬁé to sermﬁpmauqmdmeqbemgutah@l identéfied

ggg%?@)t hde %\ﬁt?%ﬁ&f %sg R Vllogl:: egedrgllf%l ula Vesa gfnn%
10 i SDMNA @ EfBhaiht DNB] dhddiztephininy (he tserqnemtel dimhen'BNAr equire

certain quantities of DNA to be obtained. As would be

recogni zed bxisslptdvi@d HirtBstinvtdnORe S mdihls P asveatih g tHee

S N

' ”S\%ht ﬂl&ﬂods%éﬁﬁn‘s§c£)@o‘fl€&§1gaars%m‘ﬁ@ (&.eX APMraQadiBRS o the HCV -

skill 1n he art”. Al'so provided By this iInvention

ar elfmdtmﬁsntf mrrd h)reyalupting Whetmréh@wltamwsanmhe ¢aDaihguste¢ end
b h de
15 ] Z & S? ing L é{.ﬂl %I§3%Af gro?ease av1 n upalﬁgr\l/ 'flthco%ig@ @,'vﬂierél{x F]h%

p atriuedtion mubselmarmttﬁdh@ﬁ@mﬁnmgwh seﬁimeh Stanildreidilets winyl b
ollecting a s : ., a plasma sanpl e,
% Ty P%téﬁ‘l @@Pﬂler BRoReo! tg}éﬁ%‘reg OF om t he HCV

[ nf ected patient; and b?1 eval yati ng whet her the sna
sanpl e cont aTla%mﬁtaeqi%?fé i§ngneoRyaingndatio Mses&ﬁmeﬂstance

Pr oLeAREn Ay th RvBYLE 4 InierddQHOT p g;?@ase ‘Mh%lﬁin@ Tige

rmut at 1 on esu ts Iin a substitution of anine wth
20 s epiefhod n8iyrtiel mactmd bioal pafmm@ that belnétvrgdnug @datwnt or has undergone

su stltutl 56-.al ani.n Q. serij

ekt "SR T AR Rnprt b AR e S s
si BJ6BB,&28T&’(dﬂOSS489;O@8)d i nvol ve identi fy| ng the Al 56 to
serine nmutation (or other nutation identified herein)

and ot her prat@adiagiflbRt drabdinléie peovides Aekshotofel Bvakhdting
! n\\gv%let\}/lgr a ﬁ%t\famfecte% 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).



10 DNA, anplifying the DNA, and determ ning the sequence
of the DNA. Al so provided by this invention are nethods
for assessing the effectiveness of NS3/4A protease
inhibitor treatment of an HCV infected patient. Such

nmet hods conprise: a) collecting a sanple (e.g., a plasm
sanple) fromthe i nfected, patient;

; ) db
ev R PTHIORA LSl i doreease %ﬁ@vg&ﬁbﬂ@%&@ﬁy F&g%é{%ﬁéo and

‘ac e SR C P RGsddGVnNPALAD REQRPERHE BRYh&DrdoRERIRAd could

at codon 156; wherein thé mutation’results in a .
subs evalupt¢drrcording tathis envightion. sBy kmevingihei iesistamgsttheidgomay
be arrie t.Wth her mutatjions of this

oG R Al B R s P& [t ended 1o
identify resiLstance tants.in.patients. that, have been
adni ni ster ed USFBPL gﬁ%g"?ﬂ}ﬂ%@&&e E8E20T HEPHEY of
May&epRinds tia€ & abfiveagdaiist BB edididtce nfutaidex @Rt brein.
treatment or has undergone treatment. These and ot her
di agnostic tA@Mﬂﬂ%&ﬁisﬂﬁ@eﬂﬁ@ﬁ‘)ﬁfbv‘i&statil‘i‘qtﬁ(fct fot $PRuatfg oandidate
US 5,631, 128 '‘and US 6489, 098). Accordingly, one
enboRntertd Hor\oiphthéter eomprisier] for eval uating whether a
HCV infected patient conprises Hepatitis C virus NS3/4A
prot ease DNAR) 25 éreilwainga medtertdoprprigingd b rcdddingSo tis a

10 P2 Bl Ao Or 8 oh 30 ATt B0l NS AR B an agent

15

suc e pa nay bé treated
with a therapy that, use ubstitute for VX-950.

Anot her’ enbo rrentcuwtgggoszcgit%gd for eval uating

whet her a infected pati.ent conprises Hepatitis C ..
Virus NS3/ 4A%%hr ot BERETRRAE iAdrRE G BESCcE R IRy gpd in the
168hsenéd &HARiBitsr. Of these nutations result. in a decreased
sensitivity or susceptibility to VX-950. Simlarly,

certain of nyf@ldRiBofRk &k 8éBpdMndmB v KA In dny ome or more of

decreased sensitivity or susceptibility to BILN 2061 (
00458B9D®)- US 6, 608, 027). 17 O her nutations result in
decrease sensitivity or susceptibility to both VX-950

and Bl LN 208unothPeanaismentad s invention movidestapthioldifbr dsyaying
tocei tcbu%ﬁs% bﬁ&.ﬁgo%ﬁﬁ% cooul d. be eval uated accordi ng

t o TSI RAVERET B, &8y i WV HE'® esi stance mut ati on

patterns, nore effective treat

nt reqgi nes mm e
Baver opey. MoREBPv R AR bR LTt BT A Sptf A rpaotease

degit@frai@nd/ or di scovery of conpounds that are active
agai nst the resistance nutants set forth herein.

20 According, thy c%nia‘éﬁi%"?e%ot@is@%iﬁ%cﬁdﬂﬁfer&%ofeﬁﬁal inhibitor in the

25

eval uating a candi d
presence of the substrate; and

d) evaluating or measuring the inhibition of proteolytic activity of

the protease.

Another embodiment of this invention provides a method for

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

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

and
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or potential HCV inhibitor conpri sing: a) introducing a
vector conprising DNA according to this 10 invention
and an indi cator gene encoding an indicator into a host
cell; b) culturing the host cell; and c) neasuring the
indicator in the presence of8inhibitor and in the

absence of | hlbltor In t t he test compoun
may be added® FIRAMSHS T 51"FrBff ge 36‘2 tgel’é?s‘élf )aﬁug)% me%(’d may
Ang&nl@fc(gﬂigg@g ment of this invention provi des a nmet hod
for assaying conpounds for activity against HCV
conpri sing: as@df}@l’{% @k a&i@tyw&tv%?éﬁyp@g%%% Ak %bée'ﬂbéof the
invention and a protease Substraté cont act
t heomppomdase with a candidate or potential inhibi tor i n
the presence of the substrate; and d) eval uating or
measuri ng t he) assdyitg the ectivaty of thet eidd-ystpepratedsevi the ppésendeed
pr ot ease., @rraot her enbodi ment of this invention provides

f 25 identifying an inhibitor of a protease

accordingtothls i.nventi o si ng: .a) ass

activity of PDIfETBAEISERELesE S?ﬁ‘gp %ulFf'fOfleheT%%‘il?g%)@H@ these
b) magsay téidd e @&iﬂally'zéd/b?ffof &@n@l@kslﬁﬁﬁmgkhe B&ufd ﬁéﬁﬁﬁ e

of conpound; and c) conparing the results of a) and

th@lq/@é)latl@ﬂ@frewtsogdbﬁldéorrﬁét hod may further conprise:
d) assaying the activity of a wild-type protease in the
O absence of tAko povidestmedmetiody carapdgingig the activity of
the wild-type protease in the presence of conpound; and
t) conpari ngdx &S%Wl@ﬁhb ta@i\dify af . secrthdtNiSS/4 4 pritease obmpyising

T (R I, 0 4 SRS .
anszrdislit& ih elsdidHsencefof the cdRpoafid;e) .

¢) assaying the activity of the second protease in the presence of

compound; and

f) comparing the results of d) and €). The method may further

comprise:

g) assaying the activity of a wild-type protease in the absence of the
compound;

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

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).

After viruses become resistant to a drug, it is possible that the virus
could further mutate and once again become susceptible to the drug. One way this
occurs is through the virus coming into contact with a second drug. Accordingly, this
invention also provides a method for identifying a compound able to rescue the
activity of VX-950, wherein a NS3/4A protease has become resistant to VX-950

comprising:



10 Al so provided are nethods conprising: d) assaying the

activity of a second NS3/4A protease conprising amno

acid 168 of the protease, wherein amno acid 168 is

val i ne, alanine, glycine, or tyrosine in the absence of

t he conpound; e) assaying th® activity of the second
_protease in the sence of C ound: and f)

Ig onparing t h®) ﬁpé‘ P% 3 gty pé‘f]i‘&aséggpcﬁ‘H%g%?‘l’i‘o‘?ﬂ‘ﬂhﬁV compound of

f uidiest; conprise: g) assaying the activity of a

W | d-type protease in the absence of the conpound; 20

h) assaying B%s@ﬁﬁg ﬁHeta}SﬂRfl of bﬁ-%dt@lﬁlﬁﬂi@ﬂ{ya‘&l@ §£ 8 ]protease
the presence of ‘"conpound;” i) conparing the results o

g) o&d Alprriosisial are similhy metlhndsafonmseumg i dcligity of BILN 2061

”’Qgﬁ‘ih%ﬁ gst ttﬁl%b%}ﬁs; :%131?%1' '{Bg ggﬁ Fliugﬁg&? (%O%g rﬁlayrlllglplrrgssl%{ant mutants.

and/or the r nd/ or ft Vi ruse
beconme resi s e’i %?pgc 31? g.bxg refls'tlmét tﬁa t"“?“‘ﬁ Elay%e

Vi trggtable ethdnbthet Mk, MhbRFScanEtheRCor ﬂﬁﬁﬂlﬂlr%%%&unds that are
susceptible to the dru One way this occurs is through

t hactcragamsidhs dysireTisant A ete VAR weedll despiscatengiools. Methods
AC QLA AhoFein 'y b dpBHEN T 188, R-SRHAAR YL GRS IRLRRL. T OF

|dent|fy|ngac eto ue t ctrvrty of
10 VXAQEtllaUVME,rthcp mvantNgedldoﬁplpmibemﬁloﬁaﬁ)r beryging outsiiohddiug
t o ,VX- 5 3

pr 8 ?Sé%ls cguz?% @gﬁg{ﬁ gﬁuﬁa][ \ﬁf[) ﬁ%‘?ftf?gn b a5 hﬁﬁ&‘%&ggﬁg protease

| ntReidsted hbeird 83 o guit&tﬁma)kﬂphﬁicma@fesﬁdﬁeﬁﬁq 56Qni/RR1 68 bf the
of the protease Al so provided are

the activit
S| fﬁlﬁéwperﬁ.rp%aaés pdpsip &ythe ﬁ@l&lmf e&%@mm nryteeﬁe iphipNomo dors
a93hdaftoall $heb@Bnt mueaméfo@ﬂ%f el ifhe MR tﬁgtgiévls't\ﬂa%g Ot are
doubl y-resi stant nut ants. aspect to drug

15 r esdststaahto twiatrogs dy pw@e:ushanhlbims swahres VXA 0 bed BilkNa20til e
wi th anot her drug. Therefore, nmethods for identifying
conpounds t hﬁaﬁtﬁmbdrugaiebi‘gﬂ ahg angyHe cohdbircbdugith £ Syssdna@dtic method

' are ver scovery toals.

ful ods
te b Bre el SR P i PR Dp e GH e e G s tangets
S C hREBH WS 6P SIHAS 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
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10 Alternatively, the invention also provides nethods
for carrying out rational drug design techniques. Using
structural information about the HCV NS3/4A protease
elucidated herein (i.e., that nutation of particular

residues at 156 and/or 168 @ the wld-type protein) as

a_basis for the si.gn of. effective ot ease. i nhibi
VARBTAA pistist Bam S i SripEuaitn GadlSt SR8 fadaRLPLOAEund
t EDRutidle Mbbfak@$ tdshatoriphbtedst aitilsitdrgichalk eheltbsts @asctibatitierein.
to treatnent by protease inhibitors such as VX-950 and

BI LN 2061. pRatanahbsHisendss istdnfthilatoBihabie caidineed VX-
with a systematic nmethod of Ia&g;—scale screeni ng

e %P8 or BEON 206 dses Ragire 4 may be uetdeassestarting Birycbyre dioywhich

targets . are teste it f ' i

| iagglgipp% gx}ol?%@ffs Il ldbe rea;%n (22? g%&ggznaﬂe?%ﬂé El%ggiegg%c?lgc gfgkt,eases
WhatEdhcH Sies tid thieeasbn ofiv X205 0sio oeduced eStetotures dereved firom HXugs0
receptor or_one of its natural ligands to.identify or

e eore sy i P gueaE b at resrsiosAcT e Setied
of IRNREQER! 156581 vREnd &drRieBr Mg doniks hitlor TR ARARCSSiH @ vaRse,
X-ray crystallography or nuclear nagnetic resonance

s mbaniien gtyoimg or Bivtanhie apidessidirte usefitbnew rptease Ebibifospthat can be

O S anali S AUEL S, Blaidk RO NPRAA RERI LSRR Athe

n er or bo e nutations 0.
r g5CY0es3/28 pidiaser Sl@commoundyalsemey by effective tagainstrvedi-type
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be, cRIPIN&Hi oM Ai1IBwahs ¥ah& Rtk 1086MREnd Qhrrd R kIgEseafA a8 much as
screeni ng experinments where potential protease inhibitor

dregsiblertg éinst thaexpepeseibaragiscrlesowptiohds from |

conmbi natorial libraries. Armed with the information 3
provi ded herlegiparticihe eskpdibedtsatheistueturesf temgitrbipg comperngyhas a

AR I BRSNS 09 4 s
C OffRU RE0iSctierDE VST Eortll BE @séulp ith sl furésheftth@De amDE fisdmdre htythe

to interact with the HCV. 20 NS314A ot.ease fro t he
drirgrapehside ein heing AECERINENSET. JHE OICERE FRHTOr ISR &

i ”de]f?‘?éfé éu{lﬁ d'izf%&?éo%og{&. ‘rﬁ%ti§aﬁrﬁ}9tﬂ}e06f%ﬁ$%ﬁndsrafis%mf§3 (VX-
such as the tests described herein. In‘certain
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Rational drug design may be used to serially modify different positions
on this molecule to produce derivatives thereof that may be useful as protease
inhibitors. The crystal structures of the wild-type HCV NS3/4A protease with the
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
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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phosphodi est &c@sdinglyOpiGvided by tizs irtvextinm igatse aghethed fosnal

dru esi gn have pr ecti .. . .
1d%ntc11fy1$ngga compoung e&\a/c%{\]zeeafg;l%s%tal p\{rgtease of this invention comprising:

a) obtaining a three dimensional model of the protease;

b) designing or selecting a compound,;

¢) 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
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).

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



once the structure of the target of the drug is known,
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i nvention, which reveal the structures of the HCV NS3/4A
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that those of sk .in the art will be able t use
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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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evolution of potential drugs by the creation of second, third and tourth generation

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
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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agent. As used herein the term "candi date substance"”
refers to any nolecule that may potentially act as an
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foregoing considerations, by introducing one or more nucleotide sequence changes

into the DNA. Site-specific mutagenesis allows the production of mutants through
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

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  protease domains from genotype 1a and 1b were identical [Table 1A and 1B] under

our assay conditions. Although the NS4A peptide co-factor was from HCV genotype
1a, no discerable 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
of VX-950 and BILN 2061 were determined using genotypes 1a and 1b wild type
protease, and there were no statistically significant differences between the two wild

type proteases (Table 2).
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detﬁwlmﬁetheu sibsgtugenat Ypelo8Iveasaibseridil e the Ki wpkie of VX-950
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2) 16&rksulted in a mutant NS3 protease that was not inhibited by up to 1.2 pM BILN
2061 (Table 2). 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 uM in the assay buffer, as measured by the absorbance
at 650 nm. The D168V or D168A mutation was also introduced into the wild type
HCYV replicon by site-directed mutagenesis and a stable replicon cell line carrying
either substitution was generated. BILN 2061 had an IC50 of 5.09 pM against the
D168V replicon cells, which is more than 1,300 times higher than against wild type
replicon cells (4 nM) (Table 3). The IC50 of BILN 2061 was 1.86 pM against the
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c OPRCERIEPISICREI¥E greater than 1.2 Min the assay buffer,
as neasured by the absorbance at 650 nm The D168V or
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camphorate, camphor sulfonate, cyclopentane-propionate, digluconate,

25  dodecylsulfate, ethanesulfonate, fumarate, glucoheptanoate, glycerophosphate,
hemisulfate, heptanoate, hexanoate, hydrochloride, hydrobromide, hydroiodide, 2
hydroxyethanesulfonate, lactate, maleate, methanesulfonate, 2 naphthalenesulfonate,
nicotinate, oxalate, pamoate, pectinate, persulfate, 3 phenyl propionate, picrate,
pivalate, propionate, succinate, tartrate, thiocyanate, tosylate and undecanoate. Base

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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replicon cells (4 nM (Table 3). The I C50 of BILN 2061
was 1.86 M against the 28 DI 68A nmutant replicon. There
was little change in I C50 val ues of VX-950 agai nst the
D168V and the wld type replicon cells (Table 3).
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polyacrylates, waxes, polyethylene polyoxypropylene block polymers, polyethylene

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
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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Dosage levels of between about O 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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The pharmaceutical compositions of this invention may also be
administered topically, especially when the target of treatrhent includes areas or
organs readily accessible by topical application, i:ncluding diseases of the eye, the
skin, or the lower intestinal tract. Suitable topical formulations are readily prepared

for each of these areas or organs.

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

Topically transdermal patches may also be used.
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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 a-, -, and
v-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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enbodi nent, the conpositions of this invention
additionally conprise anotRér anti-viral agent,

Pﬁ,@;%&g&' %mnrl]léq?gmﬁ%tt}_l‘%\é Lﬁtlgfefn%r&ntl%pegy}ﬁi{iltal AR dl& {egor%)g/fangr%b.

agRBtrSronSHEAbRToPthe phdsent idvhtiol ilciider f erons, pegyl at ed
derivatized interferon-a conpounds, and thyrmS| n; ot her

+30 anti-vi f@{ 1@%&9 tisterfembuit® 78, SeNériig RloagmNt adi ne, and
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internal ri

t el bi vudi ne; | nhi bitors of hepatitis C proteases

(I\ISZ NS3 in and NS3-NS4A inhibitors); inhibitors
ot her t eS|nthe HCV life cycle, including

hellcase an I rase inhibitors; 33 inhibitors of

g@qp ggg’nt ry; broad-spectrum viral

i nhi bitors, ulghfas | MPDH inhibitors (e.g., compounds

of United S(OIRE ent 5 807,876, 6,498 178, 6. 344, 465,

6, 054, 472, V\lgaé) 0028 WO 98/ 40381, WD 00/56331, and

mycophenol i 93¢7'8%%nd  deri vatives thereof, and

i ncl udi ng, but nq%{rl imted to VX-497, VX 148, and/ or VX

5 944); or Pbns of any of the above. See also W

Mar kl and et at Antlmcroblal & Antiviral

Chenot her apy(®) Wellfson.g59 (2000) and U.S. Pat ent

6, 541, 496. The follow ng definitions, are u ei

(vvl th traderfh) «epserspeplp ?1glt?réemlb?%?dlﬁhlﬁéf%gn?g&l}f@‘:ag\’e&bmy

E[bélsr &Ilcatlon s filing date). 10 "Peg-Intron" neans

P ]f ron(r), peginteferon alfa-2b, available from

Scheri ng Cor ?&J n, Kenilworth, NJ; "Intron" nmeans

Intron-A(r),interteron alfa-2b available from Schering

gklar por at i On’(j)@ﬂéfle%@'h’ NJ; "ribavirin" nmeans ribavirin

bet a- D-ri bof | -1H1,2,4-triazol e- 3- car boxam de,

avail able fr mr}%ﬁ)é%@ar maceuticals, Inc., Costa Mesa,

CA; described in the. ntr
Tvvelfth Edi t4®iFreeqstire é{usF‘é]B%ra&

f“ér’ﬂﬂ¥ GRhR LA By Kemnkifweh tishnot tweangradﬁﬁm@mmlgmmy )

mann-La Roche, Nutley, NJ; "Pagasys"

Peglawéa(ele)s np@gilgwlne@emémfﬁ the m&ﬂ@és aRcatipptions Sﬁ%ﬁ‘ﬁe%’n to

Roche N tI y 0 Vo ton
i SYaze s o PRl Thuteath (g drh combination

Laaéﬁ@f»‘dil@g toNhisllﬁ\xentlbﬂ mayBersdfmiuistervd aqmraelyefogethed, or in any

i nterferon tgl fa 2 avail able from 2Q Boehri nger Ingel heim

Ph&yHRaIRG Beeot | ne. | Ridgefield, CT; Sumiferon(r), a

urified s .
P In one embodiment, the protease inhibitor and interferon are

% ta gﬂ'(éice?se i 1b1tor would be

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
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 {U (e.g., about 4 million IU to about

12 million IU).



bl end of natural alpha interferons such as Sum feron

avai | abl e from Sum tono, Japan; Wellferon(r),

interferon al pha nl available fromd axo_Wellcone LTd.,
Great Britain; Alferon(r), a mxture of natural al pha
interferons made by InterfeBdn Sciences, and avail able
from Purdue Frederick Co, 25 Theterm"interferon"

as used her eff*oRERAY> %geﬁﬁrmfgthm aching a5 yigEnoTRedgtgry agent or

hogmLRasy tha ﬁﬁglb%sls%%mb@na%ﬁ LRiNSoohRtnd BPHR ﬁlvé‘ﬂtfoﬂl
repl ication and cellular proliferation, and nodul ate

ninghvde ey prsrwe limsted ko, ageiferoenipbe 3B (émmma‘?x, Salweng Blough);
r | nde
e e
5 pr glpkn(Rdddy,dORi. einal. 'tlif;qfﬁcac@?gﬂgafeqﬂoﬂ Eeg@l-atheﬁit(eﬁ)-ﬂ{ﬁ) Bwerferon alpha-
di t her enbodi nent, a therapeut .
SR pom it T Ton Alshires FHIRIUTHSNC peR Ly W o chiopisrhgpatits C
&t@atcms &8s T@ﬂ@ﬁm“ézb@w Bbhs¥dY intk&oh b@&@@e}yt G,

conbination o resent Invention utilizes nat ural
aI BHécaan @r@ogswuszbterfemlamdhh Ereatdnd df ﬁbmmc emmtitis” J.

ut ?%Faﬁfb%ﬂfekocl Hg Qa'gcJH' f?%g%%h&? Z%@:Q?’O " etonva @})I ﬁg gRofFrr?n A;

1 zes reco |nant’ pna 1 n a or
10 yeRoa@;tlmphmmfid o Maturh énteiféren s i@tepfaranstap ECIMYateCH. ot al.,

oL f f
o SRRt S Plaferore Pted. wita it i ety Faiion Jipl aris)
(25’47 g@hﬁﬁ -5%h ﬁb%bgfh)terleuﬂ%h &%i'lsh G QRal. S F(fte BEHESYSr the

feron, Ber of or, umrteron,

(
V\ef\dwaagem:ﬁnt Qﬂ{m}ltl& GrsSameinars 1la}~m¢aDnsﬁ@S@r f%mn% b12 @BP®);

{/lr ?g%rgﬁg n ( r ]ja%s(fﬁ f% %%{0%) G Hor. té:@%sa&h%enﬁgg §f %Q%aé%ﬂs )bcy"

15s kSéIhmdrspn aiver Dissaer 9, pp. 03ot1ea$299) nintdpieticn I\M(thlsb@.L. et al.,

tered oral I.nterferon is not .
P R o o M Rl g bepaliie Cr bt i [iSrpisgase 19,
heplseumlmma@% e ABEROAR RmpeithihathRiRe @le ddERpment of type

invention to
1 helper T cell response (Davis et al., "Future Options for the Management of

Hepatitis C." Seminars in Liver Disease, 19, pp. 103-112 (1999). Interferons méy
20  ameliorate viral infections by exerting direct antiviral effects and/or by modifying the
jmmune 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
25.  (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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any specific dosage forns or regine. Thus, each
conmponent of a conbination according to this invention
may be admi nistered separately, together, or in any 20
conmbi nation thereof. In one enbodi nent, the protease
inhibitor and interferon ares¢ adm nistered in separate
dosage forns. In one enbodi nent, -any additiona

adninbagectaglings Ot adgren 2 & Wige & b Bagey OF bRt thﬁc lﬁe
Pfﬁ%&fpﬁ&téd%&ﬁngef@&n@e%nas cA@RapHat e dosage form As

hi's tnvention 1 hvolves a conbinati on of conpounds, the

25 speci fic @%ng&}nﬁs R &ﬁﬁlﬂ% ﬁﬂﬁ%&%yﬁ'ﬁerg&@ﬁﬁlt fit on

the specific unt's o eac er conpoun
c o(‘ﬁmzmlakhcma et s Jr Bw@mrz@ytobme Qk:s IZleGSJﬁB)admdmdeoh@ras«? not

( S o et e BNA, Blopk B iombi ORI ohrytn s

ACE& Ginfral (]BM PRARAtSCNBRSBETer,AC Wil \rad Ddimatol. 43, S6-11 (2000)).

IS

|nnunonnd atory agent or otherw se) that maybe used in
conbi nati on #HeP cAnSRBROKESIVIPlo Habe, Sr kY &Y |h@{ﬂe HOW bbigkeral
but are not limted to, interferon-al pha I'ntron A

Somrémtn@ymmwgﬁ)non-m@wapm@duletsahewhﬁglsmson@ e, but are not limited

SO L R B

Pe gmi‘tﬁltoml(\(}a-@w rminbt Iﬁbfflded)]‘neralhh haran@éine aing ained tadinel(Y ounossi

interfer ha-2a in no

Cfichs B SapReR s LAgr Dips, b0 (e85 L 9] BoBicbik. patent

(20833 IGW%ﬁiéseﬂamt AhfiRiesbiiikegntsik l@hsmeﬂle@ipy 34, 2156 2163
Efflcac of Consensus Interferon in the Treatnent

ChEIG8PY; m@p%ﬁyﬂxownymo 6ea§thw@eht4é1danethﬂé&a% ‘bﬂa 918, 10§p
148%%@%—9&%%9 Dhenel 1%35&?&9&1@&1%&@ f( B‘M@fﬁ&& f\1a dfnethyl-9-

Roc | ast ol nat ur a er eron,
I n(®ﬂfeﬁwbpiﬁemzld Gyhyﬂ’id)é 2,R4,4ep, lé?Lloﬁ-ocrahFNotmanfsmN

erfer n etro act ) l ..

o brtbogy sty Fegi OGO G BhioRF bbby R ienyt
( DettiyB.ur (.S Sttt 6,12 Bobyr € options. for 1 he Management
of Hepatitis C." Seminars in Liver D sease, 19, pp.
103-112 (1998}rmuthti¥n8 doBs il Rufddy h&nﬁﬁst@’uon fdrifhdfotegoing
Options for the Nhnagenent of Hepatitis C. " 15 Sem nars
i nniolarsles Preswitiertanght phe refgmneasxited dekgy; of sre avelldimepy in the art
( genent

or HSgprc frhafis o .G WA RBAL X b IR0
10 BhdririhcIb8A) Baski dfaﬂherapautlw;indlndoﬁqhuumcfﬁrdmm etmih Eds:e

tGP %/éq r‘év%'f&{ﬂlfﬁf,gg %{it(g%g),fdﬂﬂg ég%:,g#e%?f) Be efl?esgited

|C tthe&?m AHealivelli 0486 a BbBFASR, thzﬂt%xhllbﬂs Htﬁsaﬁﬂvzra( A998y,
nterferons ma
particularly ant1v1¥a1 activity against a drug-resmtant strain of HCV, has been

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,
and dosing regimens, of such a compound can be easily determined by routine

methods.



20 aneliorate viral infections by exerting direct
antiviral effects and/or by nodifying the imune
response to infection. The antiviral effects of
interferons are often nediated through inhibition of
viral penetration or uncoatdhg, synthesis of viral RNA
roteins,. and/or .viral assenbly and

transl ation |raI
rel ease. n'% naé‘f’f‘?r‘ﬁﬁ the Bresel IXFA PR §3sbeprovided to a

| NEal besedlB, drilo ﬁ‘ﬁhﬁﬁn Bdtierlt, by ialBiae Ea&ac@ﬁtlc%h acceptabIe
"Russi an Experl ence in Screening, analysis, ‘(,Zl I ni cal

Ap frrmedatiopnadminksered simnliendoaslyr pemgnislly; ermullaﬁlom fentaning
I Y f gﬁ{l RSt ’eraé)%utﬁ’cpa 691'.5 g g} m&% A8 o2 19{1%68%1}%3{1 Itiple

Fe sty one or g
5 WI tgent farhmh’mns rReganﬂdbsh nf qielwmel of avhiRisantio, ehist Calgs
unun atory and Phar macol

o Bt Mo RN i Yol ot SRS LS pp.

86 pAdkmadditicABPceptebRE6 AR dngMUNondul at ory or
i mmunonodul atory conpounds may be used in combination

with a conpo f
L 2, OMP OB of AU ARG el g Bl Obans

i ndwt m@t@dd irethe inpetinds o fhermeerent itvetion36: ceraytly apaipble and

10 271?110 dlenﬁ'il 46 2£|%nc gﬁ ﬁ'gr a eglpﬁ%tﬁ&éa’:’ f %@Slﬁgﬁgﬂ%@lﬁ&%@w% @J uvant,

ent%lllltmy)adjlﬁ@nfp,olkjjbﬁ&djmms,SVaﬁﬁl aidgutataeag&ydapﬂﬁﬁsu@mbs therapy,

E:grfer celér% %Tazui akhova et al . . Interferon
Py glucan, 5a @}Bnu 153?64}11])&%0 %gmgfce alpf&ellu]@r factors, Yeda;

I | Mintigsh; taauggmfpwuﬁﬁlhﬁsgéﬁ Bl\!ﬁ\uﬁa& QAR R eysfénp QPR RafkRn

with tobranycin and | m qui mod ( 3M Phar meceut i éal's)

( Starmakation, IDRR; antigaREDamunagen, Apigon; 38utiherpi000jdol; azarole;

15 3% BRGSO 1600 M G bR i Bt R ba RN Eimr
rreBmmomm Camai;tud;aCDRMMMé crwadlinnm tleghokins inlibats ICMS; CMV
i nosi ne 5' - npnophosphat e

eFH G NS Hpe; FY 18D g0 ioscr o meciensh Bt BT Bepradigm;

he . 1 Y o] In
Se%@%“é?? F‘E"E?@?ﬁ R e s R e T

( Uetslotandn, @vvartis; BCE-2069%; {C612408% §CEel454B; FLT-3 ligand, Immunex;
20 Angg:%o)%ﬁ&b ng 9&%21 ﬁR‘%Oﬁmeﬁn I%}/protélnsz agus g?udapcm'
9- gmwuﬁnw giydophésphiepdpaicyl; GMHa; MBS hgDIR gaovéthélaat& viddcihe,
%\/Iaﬂ),\%[{(_‘g enant hrene-| - carboxyli ¢ acid nethyl
esﬁgl‘lre Bl HrGIG; Iﬂéﬁl‘m 4P’ Helicobacter pylori vaccine;
(AndrBtdfecibic REhAAE @aclor}'HImﬂM%pyl Uhi Jg’d él(ﬁﬁ?dg HPedPRveeFah

ydr o- phenant hrene- | car boxyl 1 ¢ "aci
esthamnuMayr bahtoBC§s immune therapy, Connective; 1mmunomodulator Evans;

25 1- I(II%I’I%HHQJCRﬂiRJ)IJS,eﬁXJ/QCGE, 1gmég2- ,B'ni%QgE}’ fndomune; nosine pranobex;
interferon, Dong-A (alpha2); interferon, Genentech (gamma); interferon, Novartis
(alpha); interleukin-12, Genetics Ins; interleukin-15, Immunex; interleukin-16,
Research Cor; ISCAR-1; JO05X; 1-644257; licomarasminic acid; LipoTher; LK-409,
LK-410; LP-2307; LT (R1926); LW-50020; MAF, Shionogi; MDP derivatives,

30 Merck; met-enkephalin, TNI; methylfurylbutyrolactones; MIMP; mirimostim; mixed
bacterial vaccine, Tem, MM-1; moniliastat; MPLA, Ribi; MS-705; murabutide;

marabutide, Vacsyn; muramyl dipeptide derivative; muramyl peptide derivatives
myelopid; -563; NACOS-6; NH-765; NISV, Proteus; NPT-16416; NT-002; PA-485;
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ethyl)-urea (U S. Patent 6,127,422). Fornul ations,
doses, and routes of adm nistration for the foregoing
nol ecul es are either taught in the references cited
bel ow, or are well-known in the art 20 as discl osed,
for exanple, in F.G Hayden3s in Goodman & G | nan's The

Pha coI ogi cal Basis of  Ther apeutl Ni nt h Edi{]j
1 L4 Pegfides, gegs JpepfifdaglycanRive; %&W%@Wﬁ% £ bGM

Ch@éﬂv%fweg @hvﬁ’@haﬁﬂc%%ﬁg@ Rio. 26D, Nae148 Roe NSRS Ne. ‘i% No 1607;

therein. Aternatively, once a conpound that exhib

HCWoahtli0yNeal 778cNpA300¢; NO-pZﬂ@l Dol 296 yNert08%1 NaJ 31&1@INV-I 33¢45;
agﬁ‘f‘o“?zﬁsggxggré&srﬁé'f%g'ﬁl\xl Ca9{9? Qo AogblNo, 138 ﬁgf&gﬁﬂxfﬁ 4500;

I dent’ a pharmac y efrecti ve anbuni
C ONp 4589, Namaze Net494aNoes 17uBslon§adt prlotingdegintehaitidapinafide;

- K kil] I
DR o Rl oo o S p 3P g
Ba§ho°»yuof’oﬂj_neﬂs I—F@Lﬂbdl &ccﬂﬂhﬁ&ﬁ Eﬁﬁ'éﬂﬁ A0 !Berlﬁ!%‘B%Rifén@é P@B.‘:WZVQ

w Yor k , Chapt er ) p
anBsenlﬂ@mme;GfSéﬂéh% dsijini Paanagh@imHTL-T%ﬂlQ; Viegolapymiermeat e

fokg@féag 'ﬁ&%olyng ﬁg@géﬁg%ﬁﬁt ﬁga Q4. Eﬂffsb@%&ﬁ&'rg%uﬁideoﬁu

suc co ermned’b
rretmﬁﬁdsRU&Vl 82TRutatila gmrﬂmdhhsnhésams-mf%ﬁ? IS8 ;een280-636; SDZ-

ok SER- NP AL S sfar D sl b Sk a7z

ac SER7BPE B 78.Qkspubat Iy QRS SHekTI; SESr&ding 'TDT-BOREI nequsiy. or

sequentl ally, formulations cont ai ni n% nor e an one

t h@bdﬁé@@s f@magékzt Thesedipy 3R VaBbard sBaiBYs Torhdet-H5¥aTEHF,

an RE;I{;I% f
r og @c’im ﬁl g{éﬁ%rﬁ tag%él : gjslgﬂg co ?1% Igt% [ %%‘g gﬁ'\%cartm
anthynid@nhlﬂfotmpmg thempentit; ﬂqﬁno@emqnommgses;fthmm;)entm Peptech

o B RR o S B SPRe Gt S e L A A8 e

canactzﬁ Vizsdni ffkiRESRE) ABsiMEx; UNEashit; GAENG’G-' OPEPL: i(RMNagt e
current| y avail abl e and 10 incl ude: AA-

ad SRESEYT QM ihpep GARE-; Q@&I@@.%la@amﬂngw ERzbA+; [F-B+;
dj b
adjpvanis. Gﬂir:}%gggzﬁ%@w &?*D%’ﬁ? gﬁu t iRl tt%@ﬂ%ﬁ%

Adj uvak; age r apy, | ron; ,
al IL&’MNIGRILYMFE;*amBiﬂJ PR+, AHG-dEAT; BNGSTNe SY-CW-; TH-A—I+

?ﬂ'ﬁl" WA&NSL?[S Yeda; Anticort; anti gastrin-17
gen delivery system Vac; antigen

At herpi . RABFRTBIEVS DT 274 Taclcotite sSmgo v nspil e

BChtededd diveRedAiheatié, but Beqdt lifteBlor 00 1eis BLARRS:I-[2- (hydroxy-
methyl) -[1, 3-oxathiolan -5yl]cytosine; (-) -2'-deoxy-3'-thiocytidine-5'-triphospbate
(3TC); (-) -cis-5-fluoro-1-[2(hydroxy-methyl) -[1, 3-oxathiolan-5-yljcytosine (FTC); (-
) 2', 3', dideoxy-3'-thiacytidine[(-)-SddC]; 1- (2'-deoxy-2'-fluoro-beta-D-
arabinofuranosyl) -5-iodocytosine (FIAC); 1- (2'-deoxy-2'-fluoro-beta-D-
arabinofuranosyl) -5-iodocytosine triphosphate (FIACTP); 1- (2'-deoxy-2'-fluoro-
beta-D-arabinofuranosyl) -5-methyluracil (FMAU); 1-beta-D-ribofuranosyl-1, 2, 4-
triazole-3-carboxamide; 2', 3'-dideoxy-3'-fluoro-5-methyl-dexocytidine (FddMeCyt) ;
2', 3'-dideoxy-3'-chloro-5-methyl-dexocytidine (ClddMeCyt) ; 2', 3'-dideoxy-3'-
amino-5-methyl-dexocytidine (AddMeCyt) ; 2', 3'-dideoxy-3'-fluoro-5-methyl-
cytidine (FddMeCyt); 2', 3"-dideoxy-3'-chloro-5-methyl-cytidine (ClddMeCyt); 2', 3'-
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Broncostat; Cantastim CDRI-84-246; cefodizine;

chenoki ne inhibitors, 1C0S; CW peptides, Gty of Hope;
CN-5888; cytokine-rel easi ng agent, St; DHEAS, Paradi gm

DI SC TA-HSV; JO7B; 101A; 101Z; ditiocarb sodium

ECA-10-142; ELS-1; endot oxion, Novart i S; FCE- 20696

FCE- 24089; FCE-24578; FLT-3 |igand

FRUgepwss-anfne-b oy cyfiding ¢4 erﬁr@ 2nd1d@’ﬁ‘r%tf€}°ﬁ§hymldme
G@;ﬁfr&gﬁ gd §’pcﬁﬂébxy-b%{auﬂ %%%o?&:yuﬁﬁ% CRAOS %??'e (%a/laéoxy.beta.b

growt h factor vacci ne, /
H Bitidacyaiie; 2' J—B'@ldgoxmala-L BIBEAIBO (beteLiddEDR: by 3-gihy doky-2-

f he
Unboeicr kR dabin e R ST RE) Sl it b
t hes:pytiditdMRIBAICYE) ;24 affitie 090 Iijfcﬁbxyn@ﬂ&lﬁﬁv (k@ﬁroxymethyl)

i mmunonodul at or s, Novace | ndo

RGARY: nﬁ‘@ﬂbé@s&’““nr%?f?rgﬁéwﬁlovﬁgn%ﬂ%( @ﬁa‘iﬂpunn-w% ethyl)-1,
' ng g@%ﬁ&wdlﬁ&s Rt 1@ B Bhind- rﬂt%fh@, 9. &Q}S@f&)dy%thoxy)

i nterl euki n-12, “Genetics I nt erI euki n-1

I mmﬂledd6Hrmmr6 -ouskanyci®in); %dééve(dmhy@olnydrmsm}d—but}wm
L- 644257 h
T eGP, kGRS AR I i T SR g pnanine

VDB acka itk (Rriciodsiir) 30 -dvRioek - deﬁﬁithﬁﬁklﬁih‘(&lzm > 3Fbhhipro- S-methyl-

th VP
battbere deedeC s Mot iosse ait) Th Lo pine 2,
VB3 7 @soxFHHRE: 9d@vph0@ﬁ{0§ﬁ9hh§étﬂ§(yeﬂ@9 %Méhmé"@l\@)ﬂ acyclovir

di pepti de derivative; nuranyl pepti de derivatives

rryé'lpclapmate-(@@éf TH&LA@@@GYMWGE@XWWSWKG@G)} glideoxy-cytidine;
Sc Ei-lc()l é&@&?mo@ﬁé% agn%eoés' ua&ﬁﬁ’gﬂ%ﬁ %ﬁ{ai// anced (@ﬁ) ]tE—;S- (2-

PGMonterinylall-dex yiidinatripRbsphatepliajre-atabiddurad9Bjoddaracil; 1- (2'-

L2 8 A oL 0 L AR, gl B

33ﬂ>5a bihSfuradd ~9H>Bur1§:6@§mﬂ3@n n%a -A999:helNoD- 4089
No. ﬁsls I\Io%z{451 1. 00: F %atfg?ga Zlo 2833 No.

49arabmefurmyl@%un%wnm%tmmhoq@bh*é mgnohyibate (Ara-AMP); 2-

P AR BRSSP 5 i CORRD T B e

20 Pol ysacchar S i eicRBah el Tofine B0 R AR SOGE: oA Btidcs

25

30

Pseudononas
Py usefdlin thpypredeat ianeition Ret welflenpwiHetthope ps diREGRaA 3 Acta Biochim

20880 526 DT st MuIEidep DlelsBiicdsgBous!-§78,0 Bfe; Symtesis
SBi7 346§D27Q§99%3@arb§1% OMBLODB 24886 (19986 4 henSNQdleosides
SLO5: SM 433 ol utein; SRI-62-834; SRL-172; ST-570;

STNpglgotidss 3phdlya3s (1994 Ang; Reports it Medfpheagsh ¢pdemicygss and
T- BCEFOpin. Invest. Drugs 4, 95-115 (1995).

The chemical reactions described in the references cited above are
generally disclosed in terms of their broadest application to the preparation of the
compounds of this invention. Occasionally, the reactions may not be applicable as
described to each compound included within the scope of compounds disclosed
herein. The compounds for which this occurs will be readily recognized by those
skilled in the art. 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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30

guani
( 4rifoyiahinxye Batydis @sey ﬂ’etehydi 0¥y 1157 -apld the doctipmnts-cipad Hienan:

United States Patent 5,484,801, United States Application 08/402,690, and
International Applications WO 95/07696 and WO 95/09614).

Methods for measuring the ability of a compound to inhibit
cytochrome P50 monooxygenase activity are known (see US 6,037,157 and Yun, et
al. Drug Metabolism & Disposition, vol. 21, pp. 403-407 (1993).
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effective doses of each when used in combination.

In the methods of combination therapy disclosed herein, nucleoside or
nucleotide antiviral compounds, or mixtures thereof, can be administered to humans
30  in an amount in the range of from about 0.1 mg/persor/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



nucl eosides in order to facilitate their transport

across cell menbranes. An exanple of a chemcally
nodi fi ed nucl eoti de capable of entering cells is

S- 1- 3- hydr oxy-2- phosphonyl net hoxypropyl cytosi ne

(HPMPC, Gl ead Sciences). Nucleoside and 10 nucl eotide
conmpounds used in thls i nvention that are acids n form
samoge prsi%%y from 3oqg] THEZBSIFOY IR (om0 mpeap e and most

#&%kérélﬂ SRk RadBR iR S m 6 A%/ RAGhMEY (PHRS SO HBlperson/day.

crum or TTBQHGSI um or wWth organi C bases or asi c

quat ernary apgDiiof e Haknds C#Pl?;e acdﬁhh{a%gedatﬁta APt TRY sRbR%Yose

chose to adm nister a cytoc xygenase
i nbi ini grogortiGatdhdaseh ilbthedatier wasg, @Eagsmhmonupvsnms easdomipin

||ve 15 c n entrat.ions and/ or i ncreasi bl | evel s

5 of SEARARD Rt RE heFieh < Rak D B8 Jeieame e fospy per
an d%"@éh%ﬂﬁﬁéreéﬁe thdtofal QAKEMIst SRoul MY YedeseddPthe person
i nhibitor, any CYP inhibitor that inproves the

phBreserivng the of the rel evant NS3/4A protease naybe
used in a nethod of this invention. These CYP inhibitors
i ncl ude, but The wgheen o Fpateg axatiew suffprirmhfomma HQPinfection with

9441113%%?18)&111 o o?@&ﬁ?&sﬁmn}s }}%ﬁﬁ] H‘ﬁ)ﬁﬁ{/éﬁ’tmﬁl gﬁf&#él,in accordance

pyrazo spor cl et
10it mmcnaneiymf fidiers,anclnding therdgeowmeight, ecx, diel, land)xmdica]eqondition of

Xehi%n[e the nef %éh(g&g? 1nfg A rtﬁ‘ﬁroéﬁea\)/fll q%gnlggéﬁ?%mwrnnacologwal

l 0 Bd)ﬂb?déhft}onéi gkoa\als 16l dRfvite reyﬁcfaap Pheiniacoltiefkd 4nd 85XEtolOEy profiles
497, Preferred CYP inhibitors include ritonavir,

kePblisirazishlar compruwdnenlpyph and whsthaet s dsljray sysiem is utilized.
Cy%dﬁﬁﬁgﬁét{bn UL G0 BB AT & dsci%%d RE&h&hsRd g@?e?ﬁgﬁo

rltonaV|r see United States Patent 76, 03
15 15%ontamed b admuudmflseszenal weekstth egvierah montisi qrwdarsuawle&srus titers

Patent 5, 484 ation /402
ndFaoh psp Rat ety TRisne e TR 0B Py seRralfy Shadicated
95P@@eﬁﬂ£ﬁndef@‘iﬂ§1@§atrﬁ@ft wigagel ﬂxru@g:ohibmaabmd dikdloeh harem can be
conpound to inhibit 30 cytochrone P50 nonooxygenase

actqufingly na%tomob/we@é@nwmﬂ@%vn@l RNA fripatighis” serum Jy slot-blot,
Dr W& f ﬁpﬁh“' BCR @eci?h gﬁ(%; blt Bﬁﬂeasﬁ@men@&f 1{116%9 1t1s4@ %1ré%?nt1?ﬁns such

(1993). | mmunono tors, 1 munosti nmil ants an
20ag emwrfaus elﬁtugens, fin s¢remdo dblermaine dre dffeeti egupssdtthayaly. €ontimwus

F AP Bio SR 4y Theh® Fieiodh poris o ETaPh e i Wekment

| Nkeyithed Qi tB@apy So thtPépiiatd]l Ymoastsoneheop@ohdnt MAwaNS
for the treatnent of HCV infections jn an anount of from
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abQuiyef Oritis 1A trdRtideR{ REFIAMsHEREhedule can be rationally modified over

25  the course of therapy so that the lowest amounts of each of the antiviral compounds
used in combination which together exhibit satisfactory anti-hepatitis C virus
effectiveness are administered, and so that administration of such antiviral compounds
in combination is continued only so long as is necessary to'successfully treat the

infection.

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



times per week (Sinon et al., Hepatol ogy 25: 445-448
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Upon improvement of a patient's condition, a maintenance dose of a
compound, composition or combination of this invention may be administered, if
necessary. Subsequently, the dosage or frequency of administration, or both, may be

30 reduced, as a function of the symptoms, to a level at which the improved condition 1s
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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thereof); or combinations of any of the above.

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

comprising a compound of this invention.
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anmount (S) omnng to their additive or_ synergistic

ef ﬂ)@thoé com@ﬂm@%ﬁé e pepsetfiprovities pepmpoweitiet thisdnvegtipp aifached to a

£f
v S5 2 SO Dt plr Py et BB
20 st plrotaafse winker epridigonsshateause salgepmte@'e\te hmdlto s&d salid support; and

st.ic_effect 50 e .conpi ne .
o AREEE ¢ Sorbreitonts s i SonholborE aPied iy ihe il enpine
i Spro@faeﬁiseratddh@ﬁhish@etﬁé&ms HCV R33N £4 bradbaseamfdr@fefibularly, it is
gi ven al one. éIEgon i nprovenent of a patient's condition,

a PrEtUAnE FENG o@%%mo&e%%%@aﬁﬂsta@éﬂﬁs@mnw ¥X-905 and/or
CoRRi gaijed %s ‘aEscHBleé hér?lYle%( Bg@;mﬁ p@&%@é ﬁfi:ﬁfd@éjtho%é described

necessary. Subsequent age ‘or frequency o
25 adhemingts havingmyutant (ot ton-widd-tipe) 8Giduechipesifions 3 and/or 168 of a

func I.on tOﬂB to a level at which the
& f%%ﬂ&£ﬁ$§ retai ned when the synptons have
bee” al Tevi af«%%é&éél&, 85 b2 wiSy quirtd, B8 B comprise” and

ﬂﬁrtl%a ﬁr]ael serine

variations thereof indicate the inclusion of the stated element, but not the exclusion of

any other element.

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



shoul d cease. Patients nay, however, require
intermttent treatnent on a long-term basis upon any
recurrence of disease synptons. 44 It should al so be
understood that a specific dosage and treatnment reginen
for any particular patient wel | depend upon a variety of

c R Bt oy o RMaBEningh e e S B Melvtre Biainey

S%hndxrﬁéy &i4oHE, 18E., M‘émanpat Sﬁﬁﬂn@@k I, @fﬁ@soaf}z X GhE Mhtis, T.,
drug conbi nation, and the 5 | %nent of the treati ng
st

physilesiitan Ciomdng: IZPeLM@pTthamfal §grfﬂpg Hatbar L@ipcg@tgg@’ress
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5t he,op7,e56nRae 617 abe,@maﬁ" vatich irb@emhy urcerp@fatéchbzy eedetbideonal
anti- viral agent in the conposition. According to

angih@pleenbodi nent, the invention provides a method for
10 treating a pati ent infected with a virus

charact eri zefh dilerahMithiidwneRCBSREresRILY a@derm@& easellbRilg
IS necessary for the ljife cycle of the virus

adpicpaIgtieg @ngteqt@g%a@pleg, ateiseinforth. phefoliordng 9}ga§ml§,s are included
A GLRERRa16 QPR bl bdUmtoBlrSerk WAL rQBnrid! RBEARIY:
Tt hods o

t he I's 1nvention are used to treat
10 paapmﬂmatedrbf/ ﬁ’xoismgf skilbim the BCVhat ﬂfeémlmcmles dﬁdckﬁdtlnd@tmmples

etel d| cate the vir nfectio reduce.
hE SRR SY feotes b iEaRe s bfar i b E e ol R A FN i e
a PrhaBce dRhdBvedtibnaind@thbecdhceeonsttadd mar&mﬁ;t@mﬁﬁb@dmdes for
of .this _ invention addltlonally step

t h
ad s ATastes Heyevd. thapgohwli wibe st LGy 5 gt &&éﬁrsent disclosure,
pr %ﬁea%rha@ﬂm? emngréwma&%de iPdespaskib eﬂl‘bf)@h‘reﬁﬂ%@h are

i ncl'ude but are not  [imted to, i Munonodul atory
15 ag dmt:bsedsa;ndlstlapbwn a iige or mdalyersuﬁt Eithat depertinggm dhegpirit and

deri V%t'fq%q 20 nterferon a conpounds, and thynosin;
ot REP giq {’lﬁngf’ ‘agents, such as ribavirin and

amant adi ne; other inhibitors of hepatitis C proteases
(NS2-NS3 i nhibitors and NS3- NS4A inhibitors);

i nhibitors of oth tar n the life cycle,

i ncl udi ng heli cas ggoﬁ%ﬂfré%%té‘"r Igsmiglss:
inhibitors of inte naI ri bosone entry; ;bro e

viral inhi bf*ioNé fragient gacoplpemesidues e ¢ é?@ﬁf’zaﬁ%&é{)%83

20 VX3 gébqgasé‘ f@er@;alﬂﬁ CW’I@) P &Ht&lﬁé@b}zﬁCﬂIﬁSﬁﬁ Ql%q{t‘{f oM irdp@don

tes Patent 6, nycophenolic acid

d e mlagrid, \Iaegleo/ﬁwér% 6#19 (,r6~011m@€b¢$b131%3t226ﬂi@\76‘ﬂ e(alﬁyhlé studpll V.
N I T
a Chapbem et 0F pérvoisal comenbicatiord et expreasiorn bf tho&CV proteins with a
~ (C-terminal hexa-histidine tag in E. coli. Resistance mutations against the HCV
25  NS34A 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 PI-resistant mutations in
the NS3 serine protease domain were introduced into the pCR2.1 vector containing
30 the Hind II/BstX I HCV fragment by PCR, and a 579-bp BsrG IBstX I fragment

containing the mutated residue was sub-cloned back into a second generation Conl
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anti-viral agent. Alternatively the additional agent may
be adm ni stered separately 30 fromthe conmpound of this
invention, as part of a nultiple dosage form wherein
said additional agent is adm nistered prior to,

together with or follow ng & conposition conprising a
conmpound of this jnvention. 45 1In yet anoth

e nﬁaapmssmlﬁ@ﬂ@@gsﬁ?mﬁ ARG SRRt R HEVHSee-BYADE (see
PT et §ahll RBnBrubls W POt SHRIrmEY 9§ bEiehcih gt en ded for
admnistration to a patient conprising the step of
contacting said biological substance with a
pharmaceutically acceptable conposition conprising a

conmpound of thiﬁah{g’?‘?ﬁ# S‘Ef‘%é’%mfg*(g{éggg?@h c@ﬂpst ances 5

i nclude, but aren conponents

t her eof such..as~pl.as latelets, su ' f

bl ood cells gﬁedcgrhlesqg?%?rel?lglocrrﬁgﬂﬁcs?n oeh gg&g?@gﬁ ﬁe\gl er,
heHrdhmanti gal., Stizhces RS, pahtD-013(19p9)) evasdigesied aitt Sca I (New
copponent s .t here a ther fluids_ to pe infused int

a gﬁglﬁ%cﬂﬁlc%%h %ﬁf-@awﬁgﬁ‘f e ernnguc replicon KREoWaT #getaid from
anffchBiea St IS Ao 168 @isind U MR Ba-RiRY kH EAmBRI) QekBtrQfted Wih
treating materials that may potenti al IX cone into

coRMNage toemkveatheiteralaigAAN Ac tTgﬁ redff NA &andcripisMerencoded
sefq e e cygh. .
rer O RE L AR SR £ 0AkM e HEX b0t ey | Bloplogpd wit
w 0125 ar ¢ emgparmal GAIQqGanetiint)dn Dintbecen/ e niodified nSuiniml essential

mat er.j al S ude, . but_ ar t limted i cal

ety B it A B Ferl Barine i ey, BB Rtopstable
gardRR¥ére niifade SRl DEM, A09APBS bAd U238 $ngdbte m1T18! i al s;

and i nvasi ve 15 devi ces, such as shunts, stents, etc. In

anot her enbogy,AkHihe cbile GLERRIMHS ,ogfhetﬁtiﬁ sﬁﬁl\g@ﬁ[&ﬁie Peﬂﬁ%?fn

be used as laboratory tools to aid in the 1solation o

a steblalcely lingsc svers] didferans pptesnscefdaptiveinsutatisisivesge identified. One

COMRIURER B8 SLERAAL y Y A AuSRIRONRT Lt Pere

on port:-contacting said
s olrtdaesdiniottharbrigingl pBRIRL-EICVs NI flasidd 8y ¥ite-diret@l R gAesis

rotease under conditions {hat cause. sai [ ot :

bi FeEaste Seops e ! BRI G PRHoPR gﬂéﬁrﬁ p??ﬁ?%éfCV-Neo-
Pr o1 a8s eWHcARSEY FinSGF REUASHRRES ]Sts onehe Bé@i—ﬁneaﬁlﬁﬁldsglskﬁi}
hod is HCV - NS4 A

\
serine protease isolated by this netho

pr HCaadeo-mAPE plesmid watesl¢ojroppratedgntodTuhitcghis, stqblg replicon cell

NS3- i ' . .

U Cbe wafeb gy g il e SHRAAR) e ehd ST Eonttenticon

SUBNAr Dheesietancematitaties iddmdied detis stidydv@b idteydeced ia® the

havj i nQn- wi | d- type). resi dues at .

bR E et e aop i o Gesfel SRusioperiey Stable
replicon cell lines were generated using the T7 transcripts derived from either wild

type pPBR322-HCV-Neo-mADE or the ones with the resistance mutations.

Example 3: HCV Replicon Cell Assay Protocol

Cells containing hepatitis C virus (HCV) replicon were maintained in
DMEM containing 10% fetal bovine serum (FBS), 0.25 mg per ml of G418, with

appropriate supplements (media A).
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As used herein, unless otherwise required, the term
"“conprise" and variations thereof indicate the
inclusion of the stated el ement, but not the exclusion
of any other elenment. 30 Routine techniques that are
known-to skilled practitiond¥®s may be used to practice

this |nvent|on uch..t ech nmaybe . found .in i,
document s. jx%fxé“ Ceg]ftrg 3%“&@8 gﬁ%teﬂ gr’ﬁlh ad%%angﬁ%g
MRlieid, ?ém&}e@nhﬂ@ﬁhétﬁﬁﬁ&ﬂa%%s al@edbltd a 48al donowiration b6HhE00,000
art. Seée, M Ausubel, Current Protocols in

Nbb]éﬁ;p_ﬂr al VBi d|0é}99 cellgigH9ouw ]vv@ye Hated fto epcﬁ)cwell m?édwe];} Aissue
roQ °

VOBl plpe dpa sk e e 08 RSB B dr a7

Har bor Labor Press I

the literat Lﬁﬁéga’y e Gnent %ndél elS)OI n M%).)}_\%{ar? gérﬁaué'%%ted%g

G,mﬂlvﬂéﬁnalgﬁl% % B%S 1.3%, DI&!]SIO Wlth/dpbnipnateesupp]embms (media B).

i ncor porate y. reference. S der, that t.his

irT\hérii-p beprieniAdos of DMSP daareneBas ot hebrrsiysghe dilbion
arative and testing exanples are set forth. The

fo ow ng exanples are included to denonstrate certain

preferred eﬂ%&ﬁa ggﬁ{esr f co&b:@ll h{b\h%&?ep\nas rEnovh® %& #ha rdiia B

appreci at ed se o0 In the art that the
t esommmm@sardnus cbsattatians b corapeimds s aggdede IMNMI Bowithout any

resent t d b
 GREBBOH et Fde % et S%Vs.er{:oe Boph ekt on. ' and

t hus can be si der e st I tut rmde I
its practic emld\'ﬁé?/@rcu 2{‘ S?mg%‘q%lé% ngﬁp#é\ﬁgp M Sho ]gfor
| gl o 1n%ft1§sﬁk901ﬂﬁ1€§i%8ﬁba@drfa€ BRUr £t the 2pRHEGE aB&lohhﬁicubatmn
many changes can be nade in the_ specjfic enbodi ment

withe medieev s enmpuesd, sad e zeniicen cell mopelayer vas Wﬂl@ée%?nce “with PBS
S'a'ﬁ'ds?or?c[?thngCﬁﬁ&nQﬁNﬁ Ciﬁ})gg fromthe spirit and

e inventiron e 1: Construction of

e A S A S Gpa A S,
ol @tddedndnt E’f?&o‘tﬁeﬁ) mNAa elrhm@m Bovérd VﬁairDlanheesﬁuds (BVDV)

| 377neo/ NS3- 3' / wt BR322
stiepaddpdsto callg ﬁ%%?i? ez%E? ipadeagsals (S”;’f\flg as i%e‘a}ii‘om

(198 gagsg Kaefwkisaased th@&é?ls Qﬁgl\éhla%elff ® avo@@é’%ﬁfatloﬁlbf RNA.

person comuni cat | on) or expr essi on of
prBatal RS Awivasrexéracted tatmondln@the Hestmictipw of i prrdagtuggr with modification

g SR 08 AR, el
Si heudinaetedeplicon RNA, was eluted and stored at -80°C until further processing.
A Tagman real-time RT-PCR quahtiﬁcation assay was set up with two

sets of specific primers and probe. One was for HCV and the other was for BVDV.
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
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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mut agenesis. To generate the HCV replicon containing the
Pl-resistant nutations, a 1.2-kb Hind MBstX | fragnent
derived fromthe HCV Con | replicon was sub- cloned into
a TA cloning vector, pCR2.1 (hrvitrogen). The
Pl-resistant nutations in #he NS3 serine protease

d [ d t

oo saud PraspiPRCER ol BRed ASB P S ERTRL I Lot loflon
Bsf ¥hich Betinhibii ROV Fa0A igveNishsdried) it a:tcgg (doﬁserdnaﬁon at
was sub-cloned back into a second generation Conl 3{0

r epli¢hex¥e pedashiemioesiraslitygs ?‘Pﬁeéfédgﬁ%]]é?si wae ﬁﬁlﬁ‘é]{;Feé m the

P %tr]agm F\%y% g?&é%g%xc écﬁ'xgﬁ‘ougg ghlﬁ%’kour%la&aﬂé?&%%ﬁnwwax

Generation of
repd).con cells 5 The Conl sub genom c replicon plasmd
pBR322- HCV- Neo [Lohmann et al., Science, 285, pp.
110-113 (1999)] was digested wth Sea | (New England
Bi ol abs). Full-length HCV sub-genom c replicon RNA was

gener ated fygmpleleSkleb@al bzZBAVOPArdsisogpi tateplieon cefisa T7
Mega- scri pt klt (Ambi on) and treated with DNase to

remove the t@gRIHEYTCHNAb-EBsorie Ti}eplfcf)n BBlctoenngerd tislly passed
were 10 el ectroporated into Iluh-7 cells and stable

r eprthecmcsew of O P et (A Bted iy Peeng SORFREagS Gy X
Mostidicl BrEihe 55%%)%% PGLGR S dRAI JriBh TKOIMRInd BILN 2061

ntalrning 10% fetal bovine
s geeties (FBShnd HLVThepdricenrtionabf €X-E56) I‘asgadércen ﬂtﬁ wvlPn Bk

c e e cheur spRGenoTyo ey RSyt 7o BER2bRE e

stablifs S&lclenﬂrétﬂﬁ&vas%@\(rﬁ%@Oﬂlds?eﬁﬂ“the lﬁﬁhl’[(ﬁhéamaﬁon was 12.5 uM
adaptive nutations were identified. One attern_ has

t HA880&uHsp). twringnibe pourshel akoptipm AERTicgB CelsYe15 SBldAee per
V\'lhxlgce ‘%ﬁ‘{b 2 7d ?(S‘%%gﬂﬁ&glcle W rdaife rFrQéhﬁ@tV@%%th‘/eW3 to4

rected nutagenesis to generate t
eda?@ebgﬁn&samemmmbreg\ewmhtom&pl i con plasmd,
pBR322- HCV- Neo- mADE. Wen the T7 ran-off RNA
transcripts fromthe Sea |-linearized pBR322 20
HCV- Neo- mMADE pl asmid were el ectroporated into Huh7

cel l's, - st abl gx4ifiplel i Q@eritiidatioi OF B0 e PIwesistahor nmthtivns a
much hlgher efficiency than the original Conl replicon

RNA. The respatidd@ sBbiadn GIISCV dghtdidta depliton Belss, SélUple)llets
were introduced into the BR322 HCV- Neo- mADE r.epl i
ngﬁ; Weﬁﬁxtracted

pl werei c@llbgtectweey timedlee el qulitesgesrepiis . Tagakgslplar

oML SR ke, Ty cptpceihay, |

t heno@ﬁ@assmg the HHEV NSSi sstinspretaass @iionrveas amplified with a pair of
HCV-specific oligonucleotides (5’-CCTTCTATCGCCTTCTTG-3’ (SEQ ID NO:3)
and 5’-CTTGATGGTCTCGATGG-3’ (SEQ ID NO:4)) using the Titan One-Step RT-
PCR kit (Roche Applied Science). The amplified products were purified using the
QIA-quick PCR purification kit (Qiagen). To monitor the émergence of the HCV PI-
related mutations in the HCV NS3 serine protease domain during the selection, the
purified 1.7-kb RT-PCR products of PI-treated replicons from several different
culture time points were subjected to sequence determination. To determine the
frequency of PI-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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Exanple 3: HCV Replicon Cell Assay Protocol Cells
cont ai ni ng hepatitis Cvirus (HCV) replicon were

mai ntai ned in DMEM containing 10% fetal bovine serum
(FBS), 0.25 ng per m of (418, with 30 appropriate
suppl enents (nedia A). 48 &h day 1, replicon cell

no W t Si Ng .1 .
y&&}%ﬁ RO RSt 4o b BRI S iR DNA wes
gd%@ﬁ&gdatl on of 100,000 cells per mM wit. 10,000 cells

00 ul were plated into each well of a 96-well tissue
culture plate, and cultured overnight in a tissue

cul ture incubator at 37C. 5 On day 2, conpounds (in 100%

DMSO) were ser l|E,§&ﬁ, t lﬂmmt(ﬂ'itﬂé ng 2%

FBS, 0.5% DI\/ISC])haJvI\IAl“%q gappr ogsrslidgltigldsuppl enments (nedia B).

The Fi nal concentrﬂ@%lﬂiﬁﬁfseDIUB@rmgsmmalal ned at 0.5%

throughout the dilution series. Media on the replicon

cel I ronol ajiarch véthe ceprovsal cangttudth for theeldCY 18S3 gqyine protease

cont al ni ng .vari.ous..concentrati o 0

C Rtsin opiania ey ind BHe SEs R SR St AL T e B8 e
wah163vasr D6SAYRARnSRRAhEDInSo BQQl/IDE3VpEIyeS iBneoibaslzd wit h
conmpound or 0.5% DMSO in nedia B for 48

h
t i(Stratazens)-t Hieshly rensfarmetd cells wers Stapn(aha/ &lg'u%ﬁHk Fgdium (Difeo
ﬁlﬂgﬁrioﬁerég%iﬂﬁ e'rr%ﬂ‘fed Wit 16B 4L fertBBoalRYIGH and By ggrb%r ml

con ¢ ayer was shed once with PB 15 and
Stdhﬂceﬁinphemcﬁﬁb zpropircal denBIACEX TS alcil0omM. Dyiuctieewghdirall IPTG

Wth treate i,con ayer.s [e

S RSEOEHOLAT (DR BB GE RIACTPRS "l UERY Cong iilation

Vi e[n@l flabh BoEdeA Voqwﬁn&ﬁv@\/&teln\/}ﬁ@ﬁaﬁdﬁd Albpwifidation stepawhre
RNA extraction r eagen

ésuch assm@g?slfro fveed
Rm@ymﬂﬁl el Codios caccrfdhe BCVhIISE Brateases, Y B 4f efypasty was Iyse
Vi1ds E%%ﬁﬁ S‘OHMME%@HT%)’:‘ oMV MEEL, axt b Io8G1-B-D-

acCordrn structl on manufacturer wit
ITDgiuédp@raa‘nbade Sth Spreoeptoethand ctd% (N/'e)‘ gly@r@lﬂv. @yd atiged for 30

" i e s vl et o OB AR NIkon,

f MAD%H%@& 8% SitAGeentifiasBAM: 588004 b e 4|§'EniﬁC|¥mldazole was added
quantification assay was set up with two sets of

spledh¢ supematangste afingl panspairation®l waaMy alongyith 2 mpj of Ni-NTA resin

ot her a
IEce ng @{ ?%(fg%r %gf)gtgﬁﬁl; ﬂ}% ﬁgfd%%ﬁ% ”gﬁegmfuftﬁf& were
r emkdacbm tifred h@mamd Fashatl woth 28f cobwih véidviesn afbuEED. PS5 oM

t hl%m?lgz ole. P’ﬁfé mlxtu;res were rocked for three hours and washed with 20 column
volumes of buffer A plus 5 mM imidazole. The HCV NS3 proteins were eluted in
buffer A containing 300 mM imidazole. The eluates were concentrated and loaded
onto a Hi-Load 16/60 Superdex 200 column, pre-equilibrated with buffer A. The

appropriate fractions of the purified HCV proteins were pooled and stored at -80°C.
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Experinental failure was flagged and rejected based on
the level of BVDV RNA in each well. The | evel of HCV
RNA in each well was cal cul ated according to a standard
curve run in the same PCR plate. The percentage of

i nhibition or decrease of 381 HCV RNA | evel due to
conpound treatnment was cal cul ated using the DMSO or no
conmpound control as 0% of inhibition. The cytotoxicity

Gnzymo- based cel | ORIBPE T Jogsiy” gars IrBF o6 40"

enzyme- based cel |

AQueous One Sol uti ogC8eNk3 k&ghd pvtédse @onAgsay (Promega).
The 1C50 (concentration at which 50% i nhibition of HCV

RNA | evElpTICSERDARE USehy Biidodefo0 (concentration at  which
50% reduction of cell "viability is observed) val ues were
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Pro). Exanpl : l ection of II1CV Pl-resistant replicon
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C omaéstin TaliSQNs/ 0LMISTIS T hissngatortd alaldudtsP o C. |
| C50) in the 48-hour assay (see above), to 28 pM (80x

10 1 C50) . For BBLier?G9InM HEPES!H VisN90% MRS 800 8 Was] 80

nM (80x 1C50), and the final concentration was 12.5 M

(12, 500x | C59dtal Qgg}}ﬂguﬁlgevagqg@ ge of selection, replicon
cells were split tw ce per 15 week when a 70-90%

cpnfTUuence was reachad. Fres HaV P weas addeqjo%.eﬁlyas“
tp 4 days regardlesg the cell culture was split or not.
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To noni 2HpM he

usi-ag—the RNeasy—m-nH-—prep—kit{Q-agen) 1AL 7-kb long
CD}\MPITQQITEM encongassi ng t He’ HOV NS3 serine prigtMase
r eai s—amplifiedwth a pair of HCO\ specific

0 ﬁ%ﬁ@:ew iBBibilgEs (5' -|CCTTCTATEELCTTCTTG 8 ( SEQ215% K@ 3)
and 5' - CTTGATGGICTCGATGG-3' (SEQ I D NO 4)) using the

Tj $GuMANS3St ep RT 25 |PCR kit QRbche Appl ied Sci eAfeM
The anplified productis were purified usipg the

Q

e

ner gence of the HCV

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.

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 uM 5AB
substrate (25 pM concentration is equivalent or slightly lower than the Km for 5AB).
The reaction was incubated for 20 min at 30 °C, and then terminated by addition of 25

pL of 10% TFA. 120 pL aliquots of the final reaction end product was transferred to
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related nutations in the HCV NS3 serine protease donain

during the selection,

t he

products of Pl-treated replicons from severa
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Stop time: 17 min
Post-run time: 10 min.

B FRET Enzyme Assay Protocol

Enzymatic activity was determined using a modification of the assay
described by Taliani et al., [Taliani et al., Anal. Biochem., 240, pp. 60-67 (1996)]. An
internally quenched fluorogenic peptide (FRET substrate), Ac-
DED(EDANS)EEcAbuy[COOJASK (DABCYL)-NH2, was purchased from

AnaSpec Incorporated (San Jose, CA). The assay was run in a continuous mode in a
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appropriate fractions of the purified HCV proteins were
pool ed and stored at -80C. 51 Exanple 7: Enzymatic
assays for the HCV NS3 serine protease domain A HPLC
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buffer, KK4A, DIT, and wer e combi ned; distributed

7 gregetiongrstinitiaies bl aéideﬁongé ﬂ%‘eFRE% pehsBate pfipia {ggin pro-
| ngubalied oﬁhe%gggr {Rip on@ntg- Qnﬂﬂ‘ gj%ssoj?/ Bica8PRY &Hﬁ' ate

concentration of test oun ed In
( DeB(pemMry The ree@mur\ms)mantdarqu éd"@ reéfahnweing a Mbﬁlewlwas

wnLE PR RO e PR Rl St Bt Pos B b gnd ERRHR"
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ower an e KmTOor e reactl on,
i KB RAaTpErS z@nﬁffq%raatmaﬁ tee FRE{ DERYicls aap Kiiegh o By —70
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final reaction end product was transferred to 52

vi pargmetprseKans Yinerd oeare detgrngei;hbsaﬁfélag theolatastotibe Mﬂh@elem d
KKﬂ?fén% eﬁ@a%lonf %ﬂlﬁ%ﬂ gorﬁ?a'il%o(%:) were determined by titration of enzyme

activity using the assay described above, except that compound dissolved in DMSO
(no greater than 2% v/v DMSO; solvent only was used as control) was added to the
buffer components and enzyme after the 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 wers 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 HCV 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
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M crobore separation nethod: |Instrumentation: Agilent
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acggsg};)itrile+0.1%TPATine(m'n)(%BFIow(nHm'n Max
press. 05 0.2 400 12 60 0.2 400 13 100 0.2 400 16

100 0.2 400. 1o finfry &/ R-oAB iR mhiidfMoms 1o il ERSLnbi:
time: 10 nun. B FRET Enzyne Assay Protoco nzymati c
acteplicdnycella svetteteanlly pasdaged i(ing, siberitiirdd grawnpin thé prebance of 0.25
assa 2 i bed Tal iani et al [ Tal i ani al .,
AnE Persfl oh AT ipfggadion) SocsMneRhudpisniat BPaThafipy )
quengire g Al kdlevtiog emive). PR statting EdNcdntEitids lof FTEY50 Aes 3.5 uM or 10
DED( EDANS EEaAbnp%,OOO] ASK ( DABCYL) - NT32, was. pur chased

f r s thedSpand the bighett sracsniralign WessdS LAy 80-Himes 9 the)/CRAls

R SIS B S8 g 4 oy o
7. $X-93000a3dddnih CRincUXo 1l inbibite the FICVRISOTSErinapdtedSe adtivity and
KKéé?‘lqueu%Hl}g 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 VX-950. Cells with low 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-
950 can replicate in the presence of high concentration of VX-950 and support the
growth of the replicon cells harboring them. Replicon cells in series A grew normally
for the first 10 days in the presence of 3.5 pM 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.

The IC50 of VX-950 against the series A replicon cells at day 56 was determined to
be 8.1 to 12.0 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
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
HCV protease from the original replicon cells are shown in SEQ ID NO:1 and SEQ
ID NO:2. No VX-950 related mutation was observed in the NS3 serine protease
domain of the series A replicon cells at day 7 when compared to the wild type Conl

replicon cells cultured in the absence of VX-950.

At days 21 and 56 in series A, substitutions at Alal56 in the protease

domain was observed, suggesting that mutations at residue 156 might be critical for
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t el 7 ddy8%n REpPEBace 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, IC50 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 NS3 protein, suggesting that substitutions at residue 168 may
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whe
C oﬁﬁ%@w Qpls e stariine gwgnt@glﬁp was 40 nM and the final concentratlon 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, A156S, are expected to die in presence of

increasing concentrations of BILN 2061 since it has been shown to be susceptible to
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25  individual colonies were subjected to sequencing. 6 clones had an Alal56 to Thr
(A156T) substitution, and 3 clones had a substitution of Alal56 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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C PBEEAb Al Y8y 1okl SIRE £0B0GFE L IRIGHORES Lerfle

um vva r ep ent s

f r pitcabed @hdln atle RITLCR PflluviaasdatiestquSiced eo ideiviflise

| ng(l)stl)tllcgn(s) o%plsggﬁ;llpfnutations that could be responsible for the observed reduction
in sensitivity to both HCV PIs. Again, substitutions at Ala156 in the protease domain
were observed, confirming that mutations at residue 156 might be critical for the
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 déy 32 was sub-cloned into the TA
vector and 14 individual colonies were subjected to sequencing. 12 clones had the
A156V substitution, while 1 clone had the A156T mutation. The 14th clone has two

mutations, A156S and D168V.



serine protease activity and consequently bl ocks
replication of HCV RNA, the steady state |evel of HCV
protei ns and neonycin transferase protein gradually
declined and eventually becane undetectable in the
presence of high concentratisen of HCV PI (data not
shown). Cells with |ow or no neomycin transferase
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determn |ch I ndi cates the series replicon cells
at HE&yrepicancaetls that arsissnsdine to ¢ithexig8bitqrFi gure 8C). Tot al
cellular RNA fromthe series Ccells at day 32, which

15 had been cuTha€eul subgeﬂuenipr@éiemeellsfdﬁjzdn M)N/DQEIQ?Z&"&GV-NCO-

.3 BI LN ,2 t ted t
rr&é%fé it i) e CBis 2 P ot o7 e OREE MEf sy
Bs@@dﬁ% tﬁépx‘éﬁbﬂi@é Bf 0.3h %g?ﬁi &R M@le\tmeasmg concentrations of
equenced to identify the position(s pot ent i al
rrub@fihl‘@gE?

59 ped BEA 29610@6%53%’5% W)t dhop @%@?%&twn of
Gézgf %@\gag 95@%)3%& Ik st OnRit iV ad AﬁpMSligy?tEILNtZO@PSthe

rot ea omai n were observe
20s ugtgﬂm@wngcdnhatnonmas%(} ni)wndttherm dwemsaﬁlomvgdsﬁ ZbeM Replicon

Ty L
VXafdBI120 20@1sw§§ adkd. anﬂidoﬁ T@el\lﬂﬁ sémrwl gitefy Ihﬁmélly f(ﬁﬂle{ fGst 10
Lin at al. J. Biol 17508- 17514 fzg%)g} No

rrutiaffsl i Hl%%sefl%ﬁﬁf& %\PMaW %?0 Etnr=‘=iel 6P giyf B 286 qaysg, the
éﬁb@?’!b%’f g{%ﬁnﬁl\%{lfi%ﬂ@rovﬁr Qﬁ@hﬁss‘i\?@ée@lrﬂeﬁﬁ%as%@erved between

cI eave I ne protease. To delineate the
25i ddaysi lt()yanglrid (Frgenpﬁé})cwamnaltgrewéub@npitmsummtlldaﬂv Ketal

RT- PIFRaJH{IQg 816 series C cells at days 10, 21, and 48, were extracted and
subjected to RT-PCR to amplify the coding region of the N'S3 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



the series Creplicon cells at day 32 was sub-cl oned
into the TA vector and 10 25 individual colonies were
subj ected to sequencing. 6 clones had an Alal56 to Thr
(Al 56T) substitution, and 3 clones had a substitution
of Alal 56 with Val (Al56V)60 The 10th clone retains the
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VX-950 [C. Lin et a]. J. Biol. Chem 279, pp. 17508-

17514 (2004)] [1CV RNA wifh tatl ons t hat
are cross- re3|g'f‘g‘HPPet]& &%‘%/‘H"“Wt%@"\zgfnéo WG 1 can
replicate in tiRepisBHe MtafibndadmsRNA6HAtI58rass of both
I CV Pl's and support the growth of the replicon cells

har boring t hem ipdhefarymatc arpRepliconceell 4ssayst he seri es

D grew nornmally for nost of the selection process, which

al so | ast ed T@ﬂO@mb@heﬁhﬂ@@ee@de@e@t eithgr Adﬂ156 or

re duct i d—% the
15 e?&:ééfé%%u‘ I1g§tntgce 1{6 stacrjlge X S?Qﬁg g% Lot ]I%

Y ai'GSﬁ&tlvelfy, é%&ﬁ@tedajim@genbﬁs dzei adedito ﬁdrodb&:ﬂ each mﬂl‘hﬁud;l @nutation

at | east re than 100-fold higher than the I1C50 (-0.3
ae&éﬁwe?%é ﬁélgimt% GBWFJBWBN‘%@@&O 1FaSEISWaR ) repl i con

ceI Is (Figure 15 9B). The |1 C50 val ues of BILN 2061

agai nst the SE§-FResiis meiggsnesis icaofher iachpigye ueefylan the preparation

det, ghﬂﬁ&t:pfb epgﬁelﬁ sodfth Bt hAH EHres 1510&1’{%@] ’Eﬁlﬁztgc ique

rep con ce ay remain resistant to
20 ( Femplogs aie)zlﬁcmufagema's bfitherunihilyifig DINA (thatsecdides tHo anehéd scid

o st B A B LA PRl PhEs sy

e X e ot B repack adape @écﬁﬁn&@vaﬁﬁnﬁ@ﬁcé@oﬁﬁﬁk bhd/ort iEre@Iehd1g

regi on of the NS3 serine
oregoing considerations, by introducing one or more nucleotide sequence changes

10

into the DNA. Site-specific 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-



prot ease donmai n. The RT-PCR product was bul k- sequenced
to identify the position(s) of potential nutations that
coul d be responsible for the observed reduction in
sensitivity to both HCV Pls. Again, substitutions at
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20 et swdh is dot Beamlt to Ehlémitin@ 7 The present ﬂ%ﬁﬁwﬂimcqmm?t]is olbere
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Bl k@@ Gdrr{ing thetSenEbf {nkdrest irfitab@ic agbrds, Stiet 4 droxylamine, to

concentration of VX-950 was 3.5 pM and the hi ghest
coRb@i seavsush valRati4 M For BI LN 2061, the

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 la and 1b were identical (Table 1) under our assay
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t hEgpliggshecdls was 465 1M shich ircle ttl@@ﬂdaglwr\ﬂ)enqlw agaigstghe wild type
20
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ar @1 et ale i i

o confer resistance agai nst VX-950 or
BI LN 2061, respectively, site-directed nutagenesis was
used to introduce each individual nutation

B The major BILN 2061 resistant mutants, D168V and D168A, remain fully
susceptible to VX-950

25 To confirm whether the observed substitution of Asp168 with Val or
Ala are sufficient to confer resistance against BILN 2061 but not VX-950, site-
directed mutagenesis was used to replace Aspl68 with either Val or Ala in the wild

type NS3 protease domain.

The substrate kinetic parameters were not affected by the D168V
30  mutation, and showed only minor changes (less than 10-fold) for the D168 A 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



at position 156 or 168 into the wild type NS3 protease
domai n. Site-specific nntagenesis is another technique
useful in the preparation of the nutant protease
proteins used in the nethods of the invention. This
technique 20 enploys specific mutagenesis of the

under | yi that encodes the ami no acid_s
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of i gHA Pretasarut fat ed Km (M) Keat (™) Keat/Km (M™s™)
Wt (1a) 1.3 1.2 8.97x 10°
Wt (1b) 1.1 1.0 9.47x 10°
A156S (1b) 0.9 0.6 6.64x 10°
D168V (1b) 1.2 0.6 4.98x% 10°
D168A (1b) 2.0 0.3 1.50x 10°
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15 sequence and the second strand bears the desired

mut ati on. This heterodupl ex vector 1is then used to
transform appropriate cells, such as E. coli cells, and
clones are selected that include reconbi nant vectors
bearing the nutated sequencé+arrangement. O course, the

above descri bed roach. for, site-djrected nutagenes
is not the d@bl ?T?E‘DW%OIH mﬁgﬂ‘éf’gﬁsﬁ FoteHEyRR ‘Sg/ass%fﬁllem
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0 ITh14shod} 196 3A Rdfaft MBS Proseise & fie pSdsbhdeifarl pM
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SIBIENZQOG&Ct ed nutagenesis was used to replace Alal56
with Ser in the wild type NS3 protease 30 domain. The
ki neti c par anatile2sKi Galuehef ¥RES0sasbBHN 206 bagaing wi | d

type NS3 r ot ease ns fro and | b were
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[la, no discernable difference in the (H i c paraneters
s observed  This is consistent w-th | ectar

nodel i ngM#@nich suggest s tf%ng%éﬁlconser vati ve VX950
variations in the central region of NS4A between

denot ypedVi(la) and | b |do not &F8Q&ct the ihteracti i QP47
bletvvee’n 5 the NS4A care peptide and the NS3 protease

domai n. KVt @a)ues of |VX-950 &hellBI LN 2061 were 0.100
det ermi ned using gendtypes 1 a and Ib wild type -

pr ot ease, Ap3¥$ there ere no Gteristically signifidant
di ff erences between tihe two wild type proteases (Table

e Kh1eX ¢ paraneters of >the FRET substrate 0i(3 t he
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the vvi]#\)/%gtésype protjease (rabhfe I). However, 10.tjve Ki
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T<OrTN

otease, whch T35 2 foro higher Than that agai nst the
wild type protease (0.1 (Table 2). BILN 2061 had a

6- ford- i gher TRANTOPR %@%? T Ry e, M

1910V ubagdrendd replicon stable cell lines, including the wild type (wt), and three
mutants, A156S, D168V and D168 A, 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 four HCV replicon

cell lines in the standard 48-hour assay.
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The HCV RNA |l evel in the replicon cells containing the
A156S 15 substitution was simlar to that of wild type
replicon cells (data not shown), which is consistent

with the simlar enzymatic catalytic efficiency of the
A156S nutant and the wld type NS3 serine proteases.

The |1 C50 val ue of VX-950 against the AL56S replicon
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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

Confirmation of resistance in enzymatic assay

Mutant Ki (uM)
BILN 2061 VX-950
Wild-type 0.019 0.100
A156T p=) >1.2 9.9
A156V =1y >1.2 33

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
was limited at concentrations above 1.2 uM. 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
A156V substitution was lower than that of wild type replicon cells (data not shown),
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Wild-type 0.004 0.402
Al56T 1.09 >30
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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 Con1 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)1
(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-



15 protease was not inhibited by up to 1.2 pMBILN 2061
(Tabl e 5). These data indicate that either nutant
protease is at least 63-fold | ess susceptible to BILN
2061 as conpared to the wild type protease. The actual
magni t ude of resistance canu®t be determ ned since Bl LN
2061 was not_ _sol ubl e afh concentratiaons greater than 1.

phbindingisife of fiepFoteRser dihe teymunah sahpeyd gEgHm ¢fdh latsemddmr@ted near
at 8R4 sﬁg}ésiﬂ&teeﬂmb ggmnand §6139Takh enf ltﬁeﬁ%%@&q{g%en bonds with

properties of the w/l ype or the nutant
S ethemeiepcrhah'savﬁ élmﬁ? reaiidrrsr 13Q\Is Prebltag dzebakkb¢riv)ankidest ofresidyes 137

T e 5 S i Bl

5 SUEBBIof thelKE® 9rdrl§3q{ fO¥eBarb&ltédied inbitRes R ferahdalph@HRiedSe of the
of __the Conl strain, including the w|d- type proteases

anEZﬁwwtaﬁp@teaAqB@m Fnd makespielveackbanepiodngklpng ydrogen
o PP e A A b SR RO RS
FREDtswbat  sitélar fasklioth Eherafoee, agpeutdized e qondhmﬂcuhfrthis crystal
hown. 10.Tabl e rmat i on .of | St e
SR PR ool T B R e RT6R GO
10 W hibidcMRew 4 Khli9 1rDQ1JQ@~ITM§>@eE(ﬂa2 modelidg shflvade (&éo'éﬁy:( fiiel, Ban
> 1.2 33 Table 5 Ki val ues of VX-950 and,

Bl Dieero6alifeiia U%l/é} @P@rmaewﬂé{gi&f:h%q infohike priyee siigsneh @at itV
ng’arﬁgyf g ug)r &Ieﬁﬁfse\ggl?ﬁﬁ'ﬂf@ ciislitdic %&glﬁ‘g ok?%éé‘@llldiafgfﬁgq%

pr ot ease, two mutants, Al56
t herofgda. I\Ehff\lrﬂﬂdptolr dwlemtd W@dhﬁRETatgth’JShrtM ét m3deenll the following

1 RS Bt o v S S5 St bt R AL

15 o bmx viftdl PB OVH @lithheta1 5P arshll. oThiShRAY oﬁuinaﬁig PiR2d i RRTe

in the presence of 1.2 MBILN 2061.
group of BILN 2061 in direct clash with the Arg155 side-chain. To avoid the clash,
the Argl55 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, only the inhibitor and the side-chain atoms of Arg155, Asp168 and Arg123 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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substrate
was minimized by holding the conformation of the rest of the protein fixed. These

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 catses 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

was used in our analysis.

Alal56 is located on the E2 strand in the HCV NS3e4 A protease
structure [R.A. Love at al, Cell 87, pp. 331-342 (1996)]. Several backbone atoms of
this strand (mainly the carbonyl of Argl55 and both the main-chain nitrogen and
carbonyl of Alal57) make hydrogen bonds with the backbone atoms of substrates or
substrate-based inhibitors. In our structural model of the VX-950:NS3 protease co-
complex (Figure 9), three hydrogen bonds are formed between P1 NH and Argl155
carbonyl, P3 carbonyl and Ala157 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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complexes that are available in the Protein Data Bank (code: 1DY8 and 1DY9) [S. Di
Marco et al., J. Biol. Chem., 275 pp. 7152-7157 (2000)]. These conformation of
Argl55 are in direct clash with the P2 quinoline group of BILN 2061 and destabilize
its binding. Therefore, substitution of Asp168 with any amino acid, other than
glutamate, will disrupt the salt-bridge interactions with Argl55 and result in reduction
of BILN 2061 binding. On the other hand, the conformation of Argl55 in the two
published crystal structures of the NS3 protease:inhibitor complex is similar to that in

our VX-950:protease complex model (color coded in orange in Figure 9). In addition,
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25  contacts with VX-950 and BILN 2061. The other two conformers (with y, = 180° and
-60°) have multiple unfavorable contacts with both the inhibitors either at the P2 side
chain or P3 carbonyl group. In A156T or A156V mutation, the additional group at
the CP atom of the side chain is forced to occupy one of these two positions with y; =
180° or -60°, which makes unfavorable interactions with the inhibitors. The three

30  possible conformations of Thr are shown schematically in Figure 11. In all cases, the
additional group has repulsive interaction with the inhibitor and/or enzyme backbone

atoms. By energy minimization, we found that —60/180° conformation has the least



this strand (mainly the carbonyl of Argl55 and both the
mai n-chai n nitrogen and carbonyl of Al al57) neke
hydrogen bonds with the backbone atons of substrates or
30 substrate-based inhibitors. In our structural node

of the VX-950: NS3 protease cm- conplex (Figure 9), three
hydr ogen bonds are formed between PI NH and Argl55
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25  Bartenschlager, R., et al. (1993) J. Virol. 67, 3835-3844
Bartenschlager, R., et al. (1995) J. Virol. 69, 7519-7528
Bartenschlager, R., et al., (1993) J. Virol. 3835-3844 (NS3 serine protease)

Beaulien, P.-L. & M. Llinas-Brunet (2002) Curr. Med. Chem. 1: 163-176 (HCV NS
target therapy)

30  Behrens, S.E. et al,, (1996) EMBO J. 15: 12-22 (NS5B polymerase)
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25 observed in the crystal structures of the

apo- prot ease and the two protease:inhibitor conplexes
that are available in the Protein Data Bank (code: 1DY8
and IDY9) [S. DO WMarco et al., 7.,Biol. Chem, 275 pp.
7152-7157 (2000)]. These comformation of Argl55 are in

direct clash wiith the P2 quinqline graoup of BILN 2061
anbe@@éli%‘b?({]Ptzaé" &qog)ﬁfeﬁ’?&&ﬁé}” 3‘?5&@%&? ; substitution of
As%168 w th any amno _acid, other than 30 glutamate,.

wi PEnkmgu, 8t o Rl (2903) Hsppiglpsyidedar Abs!; BN R ORd glisisal)
and result in reduction of BILN 2061 binding. On the

ot Rererhaad, ot Ad28dhRspteinsi48n8%B8-ABgPS5 in the two
published crystal structures of the NS3 protease:

| nBliBht efral CHINOD Esicnes 2H0n1 972¢ 1974. (adantivieh  our

VX- 950: pr ot ease conpl ex nodel (color coded in orange in
Fi Gligkt, B) J., ¢tral. dd998)i Aontiviradli Ther I, SuppinB,0f1agit i on of Argl55
confers stabilization of VX-950 binding as it allows the
maBiigitl Knlindtel. (3000) Boicties 200 AP E2-tPHE act s bet ween t he
Argl55 side-chain and the inhibitor. Therefore, VX-950
i s Charides X(peettat.0(2002 ) Hemitdlegy 36 Sg5-11h8 (MAWStdatitiérit 0BG eva)
Aspl68 as conpared to BILN 2061. 5 Exanple 13: Modeling
- Chodvtglel (1989 8 cidfe 294: 359 BI(HideRREBLof MEY dehi@enaéd)i ve
site of the NS3 serine protease domain using the

cr paviet, LI, UEAIY (9% N. ag a. fuddl 33be gtz 490\ p BN PRBYSI N
[N. Yao et al., (Sts?gcturg Fold Des. 7, pp. 1353- 1362?

10 ( 198%rdnctRooR eétial. PaoED) %&ti?ﬁmgg&?siail-ﬂ@(ﬁtm§ irglglggdr%ﬁém
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described [C. Lin et al. J. Biol. Chem 279,
17554 r4nd68 ]1{:3 ango\@ Hdiaikfle 060) . TopNviidiebiA. Igrﬁrél%to[%g

of the HCV . prot ease separates the S4 an

potkEied GICY NS 3efvk prasease réwiew on steucturd apd fingtivgn der

Waal s contact with the P2 group of the two inhibitors

( FDgifeecoy B,, eThig (2R00) dr BibhCheg12¥st 7132717 (BT cbimhFire)
extends the side chain with two additional (nmethyl or 15
hyBaixyT.) etcl PSS )iTnVirok KR, 766H1ACT space between the wild
type enzynme and the inhibitors. The Val 156 or Thr 156

Si Hese D, ot ala Q200038 @ah. WiroRI8R: 143e7330r ee possi bl e
canoni cal conformations of xI = 60, -60 and 180

f oGrakou) @\ tdral. PrIvss duvieoloet, 113Red39pr evi ousl y for the
nodel i ng of ‘A156S nutation [C. Linet al., J. Biol.

Cherakour A, fR1., (199HU8VIréb k4 18200RuB (NEB Gertlcdfofelil N

conformati ons 'were energy-m ni m zed by 20 hol ding the

ColtALTRI. QR a0f (1009 Pres NIl ALRE SBf. sl 90:Mips8sl: 3 auto.
A o (287 e MR A5 S8 2L o oS RE 0TS 2-3 auto

t heEeapglt ant enzyme active sites to elucidate the effect

Hijikata, M., et al. (1993) Proc. Natl. Acad. Sci. USA 90, 10773-10777
Hijikata, M., et al., (1993) J. Virol. 67: 4665-4675 (two HCV proteases)
Hinrichsen, H. et al., Hepatology 2002, 36 (4), p.145A

Hinrichsen, H., et al., (2002) Hepatology 36 (4) Abst. 866. (BILN 2061 clinical)
Hirsch, M. S., et al. (2003) Clin. Infect{. Dis. 37, 113-128.

Houghton, M. (1996) Field Virology book, pp. 1035-1058

Kenny-Walsh, E., (2001) Clin. Liver Dis. 5: 969-977 (HepC natural history)

Kim, D.W., et al., (1995) Bichim Biophys. Res. Com. 215: 160-166 (NS3 helicase)



of the nmutations on inhibitor binding. O the three
possi bl e conformations of the Ser side chain at position
156 (Figure 11), the conformation with xI = 60 has the

| east number of unfavorable 25 contacts with VX-950 and
BI LN 2061. The other two cofiforners (with x, = 180 and

-6 have |11 fa tacts with both the
i nhBi f]\c/n’ §tn;é'(H?gib %Qhrég éf?%:g?%%gé? qéﬁ&PWa?ﬁS UpstuEe) bony|
gr up. . In A156T or A156V nutation, the additional group

¢ Ko fbflféalew v Ghilo (19978 Ssienee #ar f0-5 44 figfestions RNAJE ghipp)
one of these two positions with x' 180 or -60, which
mﬁ@évkhhlpﬁwa 5t & 10U d cVirph 2434 0¢A20R b (grvapimp inastive mtpsts in

0 possible conformations of Thr are shown

schemgically in Figure 11. In all cases, the

I h th
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, 56T Al56V

Ma@m@ et QO08) Hftetelpin ik (SwORG ) AR B BHLN 2004 |

of disb&eggnposi tions and/ or nethods disclosed and cl ai med
herein 'can be nade and executed w-t hout undue

10 EXP&ALABIS. bilaNdons) Wahke Deailig, present  discl osure.

Wil e the conp05|t|ons and net hods. of this invention

nay gndae oy gAY (e Ba&hﬁrggsg@og oBAELSI edh Spadl PNt s

it w be’ appa ent’to t

va t h ORPOBtA

et G 3 R R B Bfod Ral el RBO i ui%igf%%%%%
of int titro pesapod descr i bed herein wi thout departi ng from
the concept, spirit and scope of ‘the invention. Mire

spem, Ci,eabl §1995) 1. Witd]. 6% 4appassn@Nsdratofa@ent ai n agent s
whi ch are both chemically and physiologically rel ated

15 mayinbe., esubgioos) elofl Ohefnhe70g@s3ss1dRACr i bed herein
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while the same or simlar results would be achieved.

Al LinsKC b 431, WiX-850: 541 Ht-gilﬁcﬁﬁg 15 (07 ﬁ%géagé ﬁﬁi&ﬁ? %vﬂ@gﬂp Qﬁﬁﬂﬁfm

to those skilled in 15 the art are deened
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te NSRS AR PP iRt e Ghatl b B i e 1y Y
0 CESLRRLE eq ?F é‘fbéb)ké%le%‘éé S8 8056119 Gepiom ™ N9 1 st of
Lohmann, V., et al. (2001) J. Virol. 75, 1437-1449.
Love, R.A,, et al., (1996) Cell 87: 331-342. (NS3-4A protease structure)

McCoy, M.A., et al., (2001) J. Mol. Biol. 305: 1099-1110 (NMR struture of NS3-4A

protease)
McHuntchinson, J.G., et al., (1998) N. Eng. J. Med 339: 1485-1492 (pegIFN + RBV)

McHutchison, J.G., et al., (2002) Hepatology 36 (Suppl. 1), S245-252 (Hep C future
therapy).

Migliaccio, G., et al. (2003) J. Biol. Chem. 278, 49164-49170.



20 herein throughout are specifically incorporated
herein by reference. Alter, H J., and Seeff, L. B.
(2000) Sem n. Liver Dis. 20, 17-35. Alter, MA (1997)
Hepat ol ogy 26:62. (di sease) Babine, R E. , et al. (2002)
in WD 0218369, Eli Lilly andsConpany Barbato et al.,
(1999) J._ Mbol. Biol. 289:. 371- 384§N|\/R struture of NS34A
pridortien)]. Fo OBk Riaehinn Bigpbys: Aqta 15%264236. ((Wy@)e agsay)
Virol. 67, 3835-3844 Bartenschla | 1995)
3. NgisolL, 068, (R62bt pemelons Bt ok iageet 566 (BN 6] PO
(1993) 1. Virol. 3835-3844 (NS3 serine protease)
Bedenmhanm, APU., lef 2lg(1908) $eiense 287 A8t1972002) Curr. Med.
Chem 1: 163-176 (HCV NS target therapy) 30 Behrens,
S. Beunganna A, ., ¢td.96)09BNBaece385:10.0214 3((1&%5@45@@% ase) 73
Benharou, Y. at al., (2002) Hepatol ogy, 36 (4), p.106A.
5 BeNpayeolT. ¥V, ¢t aht(2603) Antin002)p. Adequést ChemgthG647, BP2RAB830. 463
(BILN 2061 clinical) Beyer, B.M., et al. (2001)
PrPduge,ns., é3i., @p0B3). BidhTGhenkdl 27§ h2(374t20880.((29 (0 jin feplies) e
290: 1972-1974. (adaptive) 5 Blight, K J., at al.
( 18448, BARt hlv,i(2@03) Hepitology 38uPwipl. 13: ABk-82 Bl ight, K
J., et al. (2000) Science 290, 1972-1974. Chander, G,
et pahi, et a(l?@@)) Blls gl Ple@OUhed® Lol Bh4d Aks{ HCV tr eat ment
revi ew) (1989) Science 244: 359-362
(dpgaRREBY et HQ\@SiquH@ M85 ery@¥h ﬁﬁhﬂn@r bftheEHep@tltls CNSS-4A
(1998) N. En J. Med 339: 1493-1499 (pegl FN+RBY) Do
10 Fr Biotcageand 4 ot@ntlabﬁep?(hz@@w%Fhwmrm F?é§sen@é at ﬂleféth Annual
, R and C
LHéelin ol gﬁ%gabg\jb&% 2683 BLARE /L0

Stel n Top. | . hnmunol . 242:
fl patt on?HE%’ RPN R 5. RS 5B ol “chem
(185 ?f&rﬁz PP isstRagE A S Vi E?Ls%ﬁ W ot al.

‘ 209041 (APt e 20 el
13 a i%%éauﬁf Wb B0 SR RN ATV AR R
90 R RE et P06 At Biodim 24Bf1S 63 FRET assay)
Tanji, Y., et al. (1995) J. Virol. 69, 1575-1581.
Tomet, L., et al., (1993) J. Virol. 67: 4017-4026. (NS3 serine protease)
Trozzi, C., et al., 2003, J. Virol 77: 3669-3679. (HCV resistance)
20  Tsantrizos, et al. (2003) Angew. Chem. Int. Ed. Engl. 42, 1356-1360
Wasley, A. & M.J. Alter (2000) Semin. Liver Dis. 20, 1-16 (HepC epidemiology)
Yan et al., (1998) Protein Sci. 7: 837-847 (NS3-4A protease structure)

Yao, N., et al. (1999) Structure Fold Des. 7, 1353-1363.
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20 Hjikata, M, at al. (1993) Proc. Natl. Acad. Sci.
USA 90, 10773-10777 Hijikata, M, et al., (1993) J.
Virol. 67: 4665-4675 (two HCV proteases) Hinrichsen, H
et al., Hepatology 2002, 36 (4), p.145A H nrichsen, H.
et al., (2002) Hepatology 36 (4) Abst. 866. (BILN 2061
clinical) Hrsch, M S, et al. (2003) din. Infect.
Dis. 37, 113-128. 25 Houghto 6 M (1996) Field Virol ogy
book, pp. 1035-1058 Kenny-Wal'sh, E., (2001) din. Liver

R e ST e e

biolo ii@dliycaaﬁxe:)fraéﬂaenﬂ(hmofdﬂﬁere,m it cadon o1 @8 Geolael HCB polydebBeoBBSthat

NS3- 4A t t Kol.ykhal A A t al., .
correqopd 5 codipd R & e HHbis Pl ochE ETuEHEd ian pedeia serine.

Kol ykhal ov A.A., et al., (2000) J. Virol. 74: 2046-2051

(enzynme inactive mutants in chinp) 5 Krieger, et a

2001 Y/ JA 4- 462

(2001) 2 Vi iy B 5 BP0 B BELE g o

HCV eblyahclecfid®hai) coNatponds t4 26don 186 ofliBO wild aypgrgosnuddeqtide s Iﬁllltat;ad such that

atolo 36 (Suppl . 4) Abst. 464 (BILN 2061
“d“%P@*’éﬁ?ﬂgaﬁﬁ Yaibrre, D., et al., (2003) Nature

Medi ci ne, Landro, J. A, et al., (1997) Biochenistry, 36,
9340-9348. (enzyne assay) Lin, C., and Rlce

hovitrh acshls el R pobfisjeotep el Gain! 537 Fe?%%e %}Eﬁ oHia

polynd3éaidé B0 cdriSgbhde of @ab0168 of it \ﬂuldr-typequlyrﬁlhleaﬂlde e 284 glhtamic acid.
Biol. Chem 279, 17508-17514 Lin, K et al., VX-950: A
Ti ght - Bi ndi ng HCV Protease Inhibitor with a Superi or
Sust ai ned { nhi bitory Response in HCV Replicon Cells.
Pr esent£d at Thdieoladdt ICANfUldhicledtRie lof Blgin®2, ileeeifhSkdon of said

t ober, 27, 20 Bost.on Lin . K, et al., (2003 .
Polynﬁes%ﬁds |ﬂzsl§9°r§ép%§-ab>pﬁ°d°ﬁ 68 RppIdy e P%uﬁ%ﬂ%d&r?ﬁfoc\% a viljne.
al ., (1999) Science 285: 110-113. (replicon) Lohmann,

V., et aI (2001) J. Virol. 75, 1437-1449. Love, R A,

g: r Slct u? e) 199’?})16 1celated ?I%V po %nuglgc%de (oNﬁgmf' @ \ﬁ{e?etme t%e godon of said

polynucleotide that corresponds to codon 168 of the wild-type polynucleotide encodes an alanine, a

glycine, or a tyrosine.

6. The isolated HCV polynucleotide of claim 2, wherein the codon of said

polynucleotide that corresponds to codon 168 of the wild-type polynucleotide encodes a tyrosine.

7. The isolated HCV polynucleotide of claim 1, wherein the wild-type HCV
polynucleotide has a sequence of SEQ ID NO:1.

8. An isolated polynucleotide that encodes a biologically active fragment of an
HCV NS3/4A protease, wherein a codon of the isolated HCV polynucleotide that corresponds to codon
156 of a wild-type HCV NS3/4 A protease polynucleotide is mutated such that it encodes a serine.



McCoy, MA , et al., (2001) J. Mdl. Biol. 305: 1099-1110
(NMR struture of NS3-4A protease) 25 MHuntchi nson,
J.G, et al., (1998) N Eng. J. Med 339: 1485-1492

(pegl FN+RBVY) MHutchison, J.G, et al., (2002)
Hepat ol ogy 36 (Suppl. 1), S245-252 (Hep C future
therapy). Mgliaccio, G, et al. (2003) J. Biol. Chem
278, 49164-49170. 75 Nbrrisqq, J. F. (1969) Biochim

Bi ophys. Acta 185, 269-286. (enzyne assay) hbrjes H.,

256? b K% ( Zﬁbaﬁﬁ%ﬁga%él%%leo?de(& cfgfni 6’9@&%% a 8%%0n gg& 1so|l'ated HCV

polynik€lSetille ThalNeuresgongs tA.chtlon 1618 ofithe w1(dJIQ;9ﬂ¥CB(N Britep@85se polynucleotide is

110-113. (HCV dynam cs) 5 n . T., at al. (2003
m“tati\%f‘}cﬁlﬁﬁéS?esRﬁéé?{’FéﬁedRéﬁ% e Yde47 3525, 3530 P<(ause, )A.,
at al., (2003) J. Biol. Chem 278: 20374 20380. (1st PI

in replicon) Perni, B., at al., (2003) Hepat ol ogy 38
é]?: pmpl L]e({,l ) f}% 1s<ilzhte Zoégprglc,‘égqi%e?off cﬁm 9,gv2f9e9?41' t}}eI cggv%fé%ed?dlated HCV
polynﬂiheotﬁleslmomfeypoﬁiﬂs @rcoderhi d8iof die wofd-ticHERMNRI/4A proCadiGdlyhAcleotide
(%0 Pr.ot ease and a Potential Hepatitis C Virus
encodgia valliti c. Presented at the 54th Annual Meeting of
the AASLD COct ober 27, 2003 Boston, MA Perni, R B., at
al . (2003) Hepatol ogy 38, Abstract 972 Pietschnann, and

CB:a'rv[t e?i h |6)61 gﬁeei%cgg:%?’ %%thu&; {ch Ociz" cggﬁgzxgéeielg Cf%oall ocf%he isolated HCV
polynSEl@d)tfﬂélﬂﬁhlt ed’rreslﬁnds @tcoddn 168(c2H3WildGype HORFANSIChA pivtead polynucleotide
(% 9-932 Fﬁy’ review) Taliani M at al. 1996 Anal
encodss gRAATHC: SYHPTH)r §6°RF: (FRET assay) Tanji, Y., at al.
(1995) J. Virol. 69, 1575-1581. Tonei, L., at al.
(1993) J Virol. 67: 4017 4026. (NS3 serine protease)

Trozzi 03, . J. 7., 3669-3679. (HCV
resi st a}'?c e) géf igelathd P‘i’ ygigleotide Oeflcgnf‘éoﬁlﬁr ﬁ%&eﬁ?/zo@@?ﬁ isolated HCV
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2000% Semn. Liver Dis. 20, 1-16 (HepC epi dem ol ogy)
encodps A DEPSiNG  (1998) Protein Sci. 7: 837-847 (NS3-4A
protease structure) Yao, N, at al. (1999) Structure
Fol d Des. 7, 1353-1363. 25

13. The isolated polynucleotide of claim 8, wherein the wild-type HCV NS3/4A
protease polynucleotide has a sequence of SEQ ID NO:1.

14. An isolated HCV NS3/4A protease protein or biologically active fragment
thereof comprising an amino acid sequence in which an amino acid residue which corresponds to amino

acid 156 of wild-type HCV NS3/4A protease is serine.

15. The isolated HCV NS3/4A protease protein or fragment thereof of claim 14,
comprising an amino acid sequence in which an amino acid residue which corresponds to amino acid

168 of wild-type HCV NS3/4A protease is not aspartic acid.

16. The isolated HCV NS3/4A protease protein or fragment thereof of claim 15,
wherein the amino acid of the isolated HCV NS3/4A protease protein or fragment that corresponds to
amino acid 168 of the wild-type HCV NS3/4A protease is glutamic acid.



76 1. An isolated HCV pol ynucl eoti de encodi ng a HCV
NS3/ 4A protease or a biologically active fragnment
t hereof wherein the codon of the isolated HCV
pol ynucl eoti de that corresponds to codon 156 of the
w | d-type pol ynucleotide is nutated such that it encodes
a serine. 2. The isolated HCV pol ynucl eotide of claiml
wherein a codon of the isolatgd HCV polynucleotide that
corresponds to codon 168 of the wild-type pol ynucl eoti de
is mutated such that it does not encode an aspartic
acid. 3. The isolated HCV pol ynucl eoti de of claim 2,
wher ei he

Y 7t ﬁ%qg)n é%{q H?g g\@%f/ész hﬁe()%gel pS(Q[El'n%? frgg‘%nt thelreof of céalm 15,
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a“““"ga%l hucl fgl%&lgﬁyﬁw}l?{@%ogrgr/ ‘é% B on géeeltg ga%l?) don 168 of the

mnld type pol ynucl eoti de encodes a valine. 5. The

i sol ated HCV pol ynucl eotide of claim2, wherein the

codon sai Pyeta%d t 1R PICHaim 15

168 ofoy% ‘HBﬁhXe poIyﬁ%@EB%%%%gﬁgﬁ%§§ggggﬁlgﬁ%n?ne,mnl ’
wheredn thg layxmorvel,d ob theasqlayq:cUgCﬁé\I S3HA fieteasepodtein @ fragdvent that corresponds to

cin B I SBL s PV pAIBCA e SRR B

mnld type pol ynucl eoti de encodes a tyrosine. 7. The
i sol ated HCV pol ynucl eotide of claim1, wherein the

WI Id-t yg)e Hq/he & %t%{c[‘igekfe[@éé/&’ﬁ Q@e%segorgt%%%? ﬁ%%‘n&g t}gl;egf l)Pclaim 15,
150l polynuc eot | t encodes a

wherdnm ke :agmrmadcidwf detisolased HEYMETH4 4 progease priein NSBAgZen thot e@wrseponds to

. wher ein 0l ynucl eot i de t hat
armnoc%’%({r gésgpogﬁh S ? tyge ggm%%ggftn%gew S?ype HCV NS3/ 4A

prot ease pol ynucl eotide is nutated such that it encodes
a serine. 77 9. The isolated pol ynucl eotide of claim8,

cor respihas 1 edush TN S Fh Rl BB MR g Wi 15

whergit thic edklety ol § i INS3&1t prateaseshas asdqacred OBSE(DI D &2 t does
not encode an aspartic acid. 10. The isol ated
pol ynucl eotide of claim9, wherein the codon of the
i sol ated HCV pol ynucl eotide that corresponds to codon
168 of 2he wAlwdetbyqenpitius NS3olhAugewide agerdiy tp moyg beeotficthens 1-13.
encodes a valine. it. The isolated pol ynucl eoti de of
claim9, wherein the codon of the isolated HCV
pol ynucl eoti de that corresponds to codon 168 of the
wi | d-type HQX hNS3EU forpprisireabepgplugivoiidesiotdrdieg toemy ode st daims 1-13.
al ani ne, glycine, or tyrosine.

23, A cell line comprising the polynucleotide according to any one of claims 1-13.
24, A cell line transformed or transfected with a vector of claim 21.

25. A host cell transformed or transfected with a vector of claim 21.

26. An isolated HCV mutant comprising the polynucleotide according to any one

of claims 1-13.



12. The isol ated pol ynucl eotide of claim9, wherein the

codon of the isolated HCV pol ynucl eoti de that

corresponds to codon 168 of the wild-type HCV NS3/4A

prot ease pol ynucl eoti de encodes a tyrosine. 13. The

i sol ated pol ynucl eotide of claim@8, wherein the

wi |l d-type HCV NS3/4A protease pol ynucl eotide has a

sequence of SEQ ID NO 1. 14. An isolated HCV NS3/4A

protease protein or bIO|OgICgP|y active fragment

t hereof conprising an am no acid sequence in which an

am no acid residue which corresponds to amno acid 156

of wld-type I-1CV NS3/4A protease is serine. 15. The

i sol at elf- HOVANBSlied Hirbretsecopirsisiap fiedrotpin gg fragment Hisreabiocording
to anyPéne®lf BlafRskd:20. CONPri sing an amno acid sequence in which

an am no acid residue which corresponds to amino acid

168 of wild-type HCV NS3/4A protease is not aspartic

acid. 16. The isolated HCV NS 3/4A protease protein or

fragmenjg t he | Rg th Fufd o il ec8iiii3Qo &6 he @F claims

the i sg%gat edAFDP%Igé&4ﬁmg?%t getag\eﬁggr otein or rﬂggrregﬂr:%J
1-13.t hat corresponds to amno acid 168 of the mnld type HCV

NS3/ 4A protease is glutamc acid. 78 17. The isol ated

HCV NS3/4A protease protein or fragment thereof of claim

15, wherein the am no acid of the isolated HCV NS3/4A

pr ot eas®- pr ofePHPGHticRRIRERDRS ¢ ARtciteTrEssHiagetigecostingig any one
oﬂﬂﬁﬁéﬁ4éﬁ8 of the wild-type HCV NS3/4A protease is valine.

18. The isolated HCV NS3/4A protease protein or fragnent

t hereof of claim 15, wherein the amno acid of the

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

correspgnds  hQneral LRkt Ay the ?re@énc& Bdrig- k@.ls%aﬁpﬁCWa blologlcal

NS3/ 4A protease is al anine, ycine, or tyrosine.
samplptrempg Hnmdeseptipiilic RSSPEA Opt mlw@OW@rﬁm& fo W&gﬁeﬁﬁlalms 1-13 in
Emmnhag%gg le.claim15, wherein the amno acid of the

I SO HCV NS3/ 4A protease protein or fragnent that

corresponds to amno acid 168 of the wild-type HCV

NS3/ 4A protease is tyrosine. 20. The isolated HCV NS3/4A

Pr ot easg, pr o Aetbd LUcAATRNL hASSERImpehing! ai m 15

wherein the wld-type HCV I'4A protease has a sequence
of SEQ Jy %G%H}Qa %&';1 it 1AL %m%ﬁ@&hﬁib .ng the

pol ynuc cordlng to any one of clains 1-13. 22.

A host s)epéterﬁm igls eﬁ&%fegkx@ugél&%ec&%daccordl ng to
any one ‘of clal 1 . I'ine conprising the

pol ynu C*: e@étérﬂﬁxl%@ﬂétﬁérrﬁg say@%cﬁﬁmc@&?deoéodGh a5 Mdloﬂh%nall ébdon 168

A cel | i ne transforned ransfected with a vector  of
are cedoas thatare a pan-wikd-hips codass n thatapid cedars do Bet eneqds esnagticagid.
with a vector of claim?21l.

32, The method according to claim 31 comprising determining or inferring

whether, in the polynucleotide,
a) codon 156 encodes a serine; and

b) codon 168 encodes a valine, an alanine, a glycine, or a tyrosine.

33. A method for determining whether an HCV infection in a patient is drug-

resistant comprising:

a) collecting a biological sample from the HCV infected patient; and



26. An isolated HCV nutant conprising the pol ynucl eoti de
according to any one of clains 1-13. 79 27. An

i sol ated HCV nutant conprising the protein or fragnment
thereof according to any one of clains 14-20. 28. A
conposition conprising the polynucl eotide according to
any one of clainms 1-13. 29. A conposition conprising a
protein or fragment thereof according to any one of
clainms 14-20. 30. A nethod f&V detecting the presence of
drug-resistant HCV in_a bi ol ogi cal sanple conpr|3|nq

det ect i Migvelping rdsdacibe sTmpie At Rrles Arid engcesrdrHE dE-V

NS3/@(‘¥ro%§‘e Qheein@hidBautant AAVINS RA r&’éa@é Qpridds a%@ﬁﬁlll@amcﬁr%sldue that is
he met hod accordlngéto claim Cg})rlsm

a)
ennedbatapﬁmgncb toenipp aeifl 48 pltbe fvrléﬁxp@éﬂ N3pAProtpgse,
determ ning the sequence of the ﬁo nucl eoti de; and c)
det er mi Yihegn {iseresenceiof saidmgtapotlyy %@é’é& preisasedpdisatiset said patient

havm% ru\%qfeglkt%ﬁd\ymfé\cﬁgﬁn 168 are codons that are a
on-w | d-type codons in that said codons do not encode

aspartic acid. 32. The nethod according to claim 31
conprising deternmning or inferring whether, in the

pol ynucigot i ggs méhoFFIAmBY 6wﬁ'éi‘89 des (19 rakt &ﬁnprﬁ@sdevgl).latmg whether

codon 168 encodes a valine, an alanine, a glycine,
the mptapigd¢ HANS 381\ pratopsstier peIRPIHEt @mnﬁah@rhf@at\mgﬁq@evd%ﬁ aIH@V acid 168 of

he whibEeH@INSB4R Latdsent is drug- resistant conprising: a)
te“% ﬁ%c#?ﬂg a bﬁgloélcal sanple fromthe HCV infected

patient; and 80 b) eval uating whether the sanple
contai ns nucl eic acid encodi ng a nmutant HCV NS3/4A

proteasgs m‘?ﬁ@ﬂn@thé@&fq:la[mtﬁn&lhé?@( tﬂg%gés%e BE 2t £A96 ﬁm%l that is not

conprises an amno aci d residue that serine
asparg¢oaqiésiponesacidbl 63reif dldaued1q6 &34 4 ﬁencwqtléie th;'flb‘éﬂq-l@vent has a drug-

mm“ﬁ@%#ﬁﬁ“@&ﬁk?ase wherein the presence of said nutant HCV
4A protease is indicative of said patient having a

drug-resistant HCV infection. 34. The nethod of claim
33, wherein step (b) further conprises eval uating

whet her 36. The method according to any one of claims 33-35 wherein the HCV NS3/4A
protease comprises an aspartic acid, valine, alanine, glycine, or tyrosine at an amino acid residue

corresponding to the amino acid 168 of wild-type HCV NS3/4A protease.

37. The method according to claim 34, wherein the nucleic acid encoding HCV
NS3/4A protease present in said biological sample comprises a mutation at codon 168; wherein the

mutation results in a substitution of aspartic acid at amino acid residue 168 with glutamic acid.

38. The method according to claim 34, wherein the nucleic acid encoding HCV
NS3/4A protease present in said biological sample comprises a mutation at codon 168; wherein the
mutation results in a substitution of aspartic acid at amino acid residue 168 with alanine, glycine, valine,

or tyrosine.

39, The method according to claim 34, wherein the nucleic acid encoding HCV
NS3/4A protease present in said biological sample comprises a mutation at codon 168; wherein the

mutation results in a substitution of aspartic acid at amino acid residue 168 with tyrosine.



the nmutant HCV NS3/4A protease further conprises a

nmut ati on that corresponds to amno acid 168 of the

wi | d-type HCV NS3/4A protease. 35. The nethod of claim

34, wherein the presence of an amno acid that is not

aspartic acid at amno acid 168 of wld-type HCV NS3/4A,

is indicative that said patient has a drug- resistant |

I CV infection. 36. The nmethod according to any one of

clai s 33-35 wherein the HCV3S3/4A pr ot ease conpri ses

an aspartic acid, valine, alanine, glycine, or tyrosine

at an amno acid residue corresponding to the am no

acid 168 of wild-type HCV NS3/4A protease. The

met hod 4t cor &piyvitrg methad ferpralugiing mdietiet %chuefeéﬁeé pﬁeﬁnblhas a
decrefd3G 9 Sﬂglt)k@/SUSMIM t(PVRt @@%%m@ﬁﬁﬁ@@&taldafhgsﬁhéﬂhé? sl ?&ieﬁ?ﬂas a

sanpl e conprises a nutation at codon 8; wherein
Hepatitist @ virerING ¥4 proteasaPHA Javisg p mutdtion afot’fle %19& that encadds @mno acid 156 of
. EE@\E NdygAlPRebth glutam c acid. 38. The
Wﬂdﬁgéﬁ%%%accor ?ng to%gﬁg}n134 wherein the nucleic acid
encodi ng HCV NS3/4A protease present in said biologica
sanpl e conprises a nutation at codon 168; wherein the
mut at i ofy r esyhd §1 vith ﬁetﬁé’cpaﬁkbxrdﬂfg't(? Blaif 4R SMBek the &flofl eodes a serine.
amino acid residue 168 wth al &nine, glycine, valine,
or tyrosine. 39. The nethod according to claim 34,
wherein the nucleic acid encodi ng HCV NS3/4A pr ot ease

present 43 n Sajdi Ri tﬁ&h&ﬂcc&%ﬁﬁlt@ clafMRY, 'w%@l%mafhé"hﬁhﬁhbﬁ)ébrrelates
at codon 168; wherein t mutation results in a

with enresits indecispsed fengiéigiy o1 S@S%E'iﬂlihfé(tto BHiM&0dei d resi due 168
with tyrosine. 81 40. An in vitro nethod for eval uating
whet her a HCV-infected patient has a decreased
sensitivity or susceptibility to VX-950 conpri sing

eval uat fthg whetihgifro seethed per dvaletingaehether ¢ quc@d@atwnf bes a
decrelz}géﬁ/ %&t%t%%@ﬂé&g%{h@g gf&)@eage im'lﬁ:)ﬁ&' (%Hl Alin %l&g%awhétﬂétsald patient

no a w | d-t pa itis Vi rus
has arﬂssatzm GviotsESEA mroteastRENA hawing & muwe@rh@sdhea@é@r @htrrgcedss amino acid

I
156 OICE r\ﬁldﬂ}/pdéq{%%tﬁg & lvﬁ"us 1‘5’563/4?/9 : o?erﬁ(ﬁglgﬁﬁt e é&i‘bh @&odes?ﬁsgm;m e

od accordin aim 40, wherein
mutation correlates wth or results in decreased
sensitivity or susceptibility to BILN 2061. 43. An in

vitro gl hOd ftﬁ%}h&f’i@l‘ YA d!aﬁg%ll‘@ﬁhﬁﬁ{e ofpdic¥ial ﬁ&@qhﬁﬁmr compnsmg

patient has a decrease sitrvity or susceptibility

to a pr Q)tlﬁé&ﬁm qlvgétﬁgcrom?ﬂgméhgbl?guc?e\éﬁliéjﬁkérﬁglgwg%% of claims 1-

sai d pat’ent virus NS3/4A protease

13 anddA itrvbisakan gerze qm@(hltg amnnétatcnrhetoeld@dweﬂ hat encodes ami no
acid 156 of wild-type Hepatitis C virus NS3/4A protease
such t hb}culthengibdbest esicanies a serine. 44. A nmethod for

eval uating a candidate or potential HCV inhibitor
conpr i sihmeasuring the indicator in the presence of inhibitor and in the absence of inhibitor.

45. A method for assaying compounds for activity against HCV comprising:

a) providing a protease or fragment thereof according to any one of claims 14-20 and a

protease substrate;

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

the presence of the substrate; and

¢) evaluating or measuring the inhibition of proteolytic activity of the protease or

fragment thereof.



a) introducing a vector conprising a polynucl eotide
according to any one of clainms 1- 13 and an i ndicator
gene encoding an indicator into a host cell; b)
culturing the host cell; and c) neasuring the indicator
in the presence of inhibitor and in the absence of
inhibitor. 45. A nethod for assaying conpounds for
activity against HCV conprisiggg: a) providing a protease
or fragnent thereof according to any one of clains 14-20
and a protease substrate; b) contacting the protease or
fragnent thereof with a candi date or potential i nhi bitor
in thegresgnc t.he ubstrate
neasurlﬁg tﬁgg}ﬁhgfmndmﬁé 018 § rSFB%F Sanl ?%%Pf mggg$ﬁgﬁagnm“
thﬂﬂﬁmgmgmggmmnWMadgmmm420h@m@mhg 82 46 A nmet hod for
identifying a conpound as an inhibitor of a protease or
fragnmem) astaymgelofachcigosfdhagoteme anfragmeat tlegdofii tHelabdéhce of the
ccmp}ﬂﬁpr|3|ng a) assaying the activity of the protease or
ragment thereof in the absence of the conpound b)

assayl t he protease

t her eof QJ&H%%eraecsf‘é &fth fP rOtegr?ﬁ AR ;heﬁe(? ﬁ%ﬂﬁ? Pgepsreot
comppwdyul t s of a) and t he results of b). 47. The net hod

according to claim46 conprising: d) assaying the

acti vi toy cofmparing thelresylpef pr atl elgesesultnof he absence of t he

conmpound; and c¢) assaying the activity of the wild-type

protease in the presence of conpound; f) conparing the

results of d) and the results of e). 48. The net hod

accor di47g t dl'lelnaitimd4gécardinptd diimgiocompeasingng t he results

froma) and/or b) and the results of d) and/or e). 49.

The netd)esskagog e dethdtytod a efilditypedbotesapr ths abisgnad)of desaiyipdiGd; and

in the absence of the conpound, the activity of a second

NS3/ 4A Proteasie avhity ef the saiddysaeatade fir tht prsace of qiipses!;

an amno acid that corresponds to residue 168 of the

wi | d- t yipeompariog hasepltwdfad) endths adsdtsaifieno acid i s mut at ed

to a valine, alanine, glycine, or tyrosine; e) assaying

the activity of the second protease in the presence of

conmpound; and f) conparing the results of d) and e).

48, The method according to claim 47 comprising comparing the results from a)

and/or b) and the results of d) and/or ¢).

49, The method according to claim 46 comprising

d) assaying, in the absence of the compound, the activity of a second NS3/4A protease
wherein said second protease comprises an amino acid that corresponds to residue 168 of the wild-type

protease, wherein said amino acid is mutated to a valine, alanine, glycine, or tyrosine;
e) assaying the activity of the second protease in the presence of compound; and

f) comparing the results of d) and €).

50. The method according to claim 49 comprising:
g) assaying the activity of a wild-type protease in the absence of the compound;
h) assaying the activity of the wild-type protease in the presence of compound; and

i) comparing the results of g) and the results of h).



50. The nethod according to claim49 conprising: Q)
assaying the activity of a wild-type protease in the
absence of the conpound; h) assaying the activity of the
wi |l d-type protease in the presence of conpound; and i)
conparing the results of g) and the results of h). 83
51. The nethod according to claim50 conprising
conmparing the results fromakgsand/or b) and the results
of d) and/or e); and/or the results fromg) and/or h).
52. A nethod for identifying a conpound able to rescue
the activity of VX-950, wherein a NS3/4A protease has
becone ) leSI StiRMetldA a%rg ﬁg t&&ﬁ&réo%g&gnmﬁﬁ cﬁlﬁﬂ %{ehe E%uﬁls from a)

prot ease or fragnent of accor

and/or]t)-apg@ thgjresnlts ¢pfal) a@kﬁ@t‘@lmdl‘or thadesplts %@sgyand@rﬂlhe ability of
VX-950 to inhibit the activity of the protease or
fragnent thereof of a). 53. A nethod for identifying a
conmpound effective agai nst a protease or fragnent
t her eof52acc ot diehgd @ idamifionga esfmpohued abbe @4652@6 the activity of VX-950,

[ nodel of
where R S3/§A2)90tea§é hd3 k%&ln{é' I@QSt tt(b{/ﬁe%g E@E%erggin gni

e prot ase or ragrrent t er eof ng or

S el ecti ) gorﬁ'aa:ﬁﬂ%? EH) se (ﬂ"}gigﬁ&nt%ﬂél:df Q&JOREIF# t%%n?t}t'lé dididhs 94- 28 with the

t he conpoun ind to o nteract wt he” prot ease
compdundandnt t hereof. 54. The nethod according to cla|n153

wherein the three dimensional nodel is based on the

X-ray dpysexhg theabibitynfd/ X-£5Qierivhibit tha detiviity of the Pyoteske or fragment
thaaﬁ§§b4A prot ease. 55. The nethod according to cl ai m 54,

wher'ein the nodel obtained by conputer- inplenented

nmet hods. 56. The nmethod according to claimb53, wherein

the three dinensional nodel is obtained by x-ray

crystal §3Og rap méthgﬁ f&rh& B?Qﬁ%e@&%ﬁﬁnc{ %@g{%n}ggﬁ)g%.ﬂ?&gase or fragment

according to any one of
thereofra¢detstingaio @y @Itrer@ claonsary2(nemprfising: ai ns 53- 56, wherein the
eval uating is by nolecular nodeling. 58. The net hod
accor dingbteivingryhiop dinshsiehad mydel $8 ths protesberrdragmehighereof;
conmpound is contacted with a wild-type protease.
b) designing or selecting a compound; and
c) evaluating the ability of the compound to bind to or interact with the protease or

fragment thereof.

54, The method according to claim 53, wherein the three dimensional model is

based on the x-ray crystal structure (Figure 1 and Figure 2) of NS3/4A protease.

55. The method according to claim 54, wherein the model obtained by computer-

implemented methods.

56. The method according to claim 53, wherein the three dimensional model is

obtained by x-ray crystallography of the protease or fragment thereof according to any one of claims 14-
20.



59. The nethod according to any one of clains 53-58,
wherein the conmpound is contacted with a protease or
fragnent thereof according to any one of clains 14-20.
60. The nethod of any of clains 53-59, wherein said
conpound is a conpound identified froma conbinatori al
chem cal library. 61. The nmethod of any of clains 53-60,
wherein said conpound is a cgapound prepared through
rational drug design. 62. The nethod of any of clains
53- 60, yher eirfl fahsh £LORAYRSalyor oEATRRUBG 6, RR&BAIRbvaluating is by
through rational drug design and derived fromthe
moleeyiar rodeling. of VX- 950.

58. The method according to any one of claims 53-57, wherein the compound is

contacted with a wild-type protease.

59. The method according to any one of claims 53-58, wherein the compound is

contacted with a protease or fragment thereof according to any one of claims 14-20.

60. The method of any of claims 53-59, wherein said compound is a compound

identified from a combinatorial chemical library.

61. The method of any of claims 53-60, wherein said compound is a compound

prepared through rational drug design.

62. The method of any of claims 53-60, wherein said compound is a compound

prepared through rational drug design and derived from the structure of VX-950.



